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Dusukia Ha A0BOIL Dasmep
[locBsswlaemcs 101-uU rogoBwuHe
COo gHA porkgeHuss BA.TuH3bypra

B 3TOM HOMepe MBI OTMEYAEM CTOJETHE HOOeIeB-
CKOTO Jjaypeara akageMHuka F'HH30ypra C morpem-
HOCTBIO B 1%, 4TO BIIOJIHE B AyXe I0OWIApa. Baaxesa
BCEMH TOHKOCTSIMH MAaTE€MAaTHYE€CKOIO ammapara,
Buraaui JlazapeBud, 10 MHEHHIO KOJUIET U YUE€HH-
KOB, OBIJI HACTOSIIHMM BHPTYO30M OIeHOK. Tak mpo-
ABJSAIACH €r0 IMIyOOKAasi HAYYHAsA HHTYHUI[US, KOTO-
pasi MO3BOJISLJIA €MY YIOBUTH (DHU3HIECKYIO CYTh (he-
HOMEHA, U3 OOIIUX COOOPAKEHHUI IPEJICTABUTH €TI0
MacmTad, HAUTH NIPOCTOH MOAXOJ K CJIOKHOM 3a7a-
4ye M IOJYyYHTh HETPHUBHAJBHBIE PE3YJbTATHI YK€
C IOMOIIBIO OIEHOK. U MIPAKTHYECKH yIKE€ YyIPadeH-
Hasi COBPEMEHHBIMH YIYEHBIMH CIIOCOOHOCTH BH/IETH
HEO>KHJAHHBIE NAPAIIETH B PA3JTHIHBIX ABJICHHUAX,
IOHHUMATh HUX IOJHYIO KAPTHHY, OIIYIATh HACTOM-
mee eIHHCTBO NPpHUPOoABl. IIOJOGHBIN YHHBEPCAIB-
HBIA moaxoj ObuL1 1ia I'MH30ypra ecreCTBEHHBIM
dyHgameHTOM HCcaexoBaHUI. CBOM 3HAMEHHTBIH
CIIMCOK CAMBIX Ba3KHBIX NPo6aeM (GU3UKH H ACTPO-
(PU3HUKU OH CYHTAT HE TOJIBKO YKa3aTEJIE€M MHOTIO-
00CMAYOIINX HANPABIEHHUH HAYYHOIO IIOHCKA,
HO U CBO€ro poaa «hpHU3MHHHMYMOM»>, IIPEICTABIIE-
HHE O KOTOPOM /[JOJKEH HMeTbh JI000¥ (H3HUK.
Ja 1 He TOJBKO Y4€HBINM — BurTanui JlazapeBud or-
POMHOE 3HAYE€HHE NPHUJAABAT PACHPOCTPAHEHHIO
HAYYHBIX 3HAaHHH. KaXAbI¥ roj BEIX0/JHUJIA IIO MEHb-
med Mepe OJHA-IBE €r0 HAyYHO-NMONYyJJIApPHBIE CTa-
THH, IPUIEM OH HE€ YIIyCKAJ BO3MO>KHOCTH ITyOJIH-
KOBATh HX Ja’Ke B MHOTroTupakkax. K coxxairenuro,
Tenephb MAJI0 KTO MOKET IMOXBACTAThCI CPAaBHUMBI-
MH YCII€XAaMH B HONY/JAPU3ANUH HAYKH. Tak, B JaH-
HOH HOJ0OpPKe BHI HE HAHWJIETEe HH OJHOM CTATHH
HIPAMBIX HAYYHBIX HACJE€JHHUKOB Buranusa JIa3zape-
BHYAa — COTPYAHHUKOB Teoperndyeckoro orgena du-
3U9€CKOIro HHCTHuTyTa nMeHH II.H.JIeGeneBa Akage-
muu Hayk (PHAH), B KOTOpOM TOT mpopadorTaix
(B TOM 4YHCJE U B KaYe€CTBE 3aBEJYIOIIEr0) BCIO
CBOIO KH3HB. He O0y/IeM CKpHIBATh: HAM CTAHOBHTCSA
BCE TPyJHEEe YyOeaIUuTh YIEHBIX HAamucaTh 1iasa «Ipu-
poasl>. IIOHATHO, YTO CEHYaC OHH NOCTABJIEHEHI B TA-
JKeJIbIe, 32a9aCTYI0 IPOCTO A0CYypHBIE YCIOBH A, KOT-
a IPUXOTUTCI B OOJBIICH CTEIIEeHH PaboTaTh HE HA
pe3yaprar, a Ha oruer. Korga mpoBoO3IjIallI€HHbIE
JIO3YHTH <«OCBOOOKJAEHHUS HAYYHBIX COTPYIHHKOB
OT HECBOMCTBEHHBIX HM (PYHKIHII» OOEPHYIHCH
CBOE¥ IPOTHUBOIIOJOKHOCTHIO — HACTOANIUM OIOPO-
KPATHYIECKHM <«KPEIOCTHHUYIECTBOM», O0IOKHBIIAM
Y4€HBIX OyMarorBOpYeCKHM OOPOKOM, periaMeH-

Akagemuk Butanuit asapesuy MuH3bypr
(4.10.1916 — 08.11.2009)

THPYIOIIMM KaKIBIM IIAr, BIUIOTH 0 IUIAHHPOBA-
HHUA TOYHOTO YHC/IA OyAYIIHX CTAaTeH B KypHaIax
C 3aJaHHBIM YPOBHEM IHUTHPOBaHHA. H moaydaer-
CcA, 9YTO HAYYHO-NONMYJIAPHAA CTAThA, KOTOPYIO ITH-
CaTh CJI02KHEe, 9€M CIEIIHAJbHYIO, B 3a4eT He HIeT.
OcTaeTca TOABKO HAAEATHCA, YTO IIOTOHA 34 OTYET-
HBIMH IOKA3aTE/SIMH HE€ BBITECHHT OKOHYATEJIBHO
M3 HAYYHOH JeATETbHOCTH €€ IJIABHOTIO CTeP KHA —
TOTO JIOOOIBITCTBA, KOTOPOE U J€IA€T Y€JOBEKA Ta-
KOBBIM, — IOTPEOHOCTH IOHATH, KAK YCTPOEH OKPY-
Karomui Mmup. HMEeHHO 3Ta MOTHBAIIUA HAIIOJIHAIA
JKM3HBb Buranusa Jlazapesnua 'mH30ypra, ocTaBUB-
IIeT0 BECOMBIH HAYYHBIH BKJIAJ B CAMBIX Pa3HBIX
001aCTAX TEeopeTHIeCKoH (PHU3HUKH, KOTOPHIE OXBa-
THIBAIOT BECh HA00P MACIITA00B IPOIECCOB BO Bee-
JeHHO¥. O4eHb HHTEPECHO OBUIO OBI B3IVIAHYTh Ha
YCHEeXH CEroAHANIHEH MHUPOBOM HAYKH, IIPOHIACH
o BceM IyHKTaM CIHCKAa, H, BO3MOKHO, KOIZA-TO
YAACTCA OPraHU30BATH H3JaHHE MOJOOHOTO (Poau-
aHTa. HaM Xe MO NOHATHBIM NPHIYHHAM NPHXOIHUT-
CsA OTPAHHYHTHCA JIHIID OTAEJIbHBIMH MOMEHTAMH...

IMPHUPOIJA » Ne10 « 2017




ACTPODPU3UKA U 3BE3AHAA ACTPOHOMMUS

Cnucok Nuusbypra:
rpaBumayuoHHbIé BOAHBI,
YepHble gblpbl, MEéMHAs 3Heprus

A.M.Yepenamyk', A J.9epuun'
Tocyoapcmeennuvlii acmponomuveckuti urncmumym umenu I.KIImeprubepza Mocko8crkozo 2ocy-
oapcmeennozo ynueepcumema umenu M.BJlomonocoea (Mockea, Poccus)

Cnucok I'mH36ypra — KpaTkad CBOJKA NMpobieM GU3UKH M ACTPOHOMHMH, KOTOPBIE NMPEACTABIANUCDE AKAJEMUKY
Burtanuio Jlazapesuuy Fuu36ypry (1916-2009) caMbIMU Ba’KHBIMM, HHTECPECHBIMU U AKTyaJbHBIMU. COCTABIICH-
HBIM UM Brepsbie B 1971 I. CIMCOK OOHOBJIAICA CO BDEMEHEM B T€YEHHME TPEX JECATUAECTUM, OTPAXad KAK IIPO-
I'pecc HAYKU, TAK U €€ HOBBIE NEPCIEKTUBLI, KIIOUYEBbIE 334a4M Ha Oyjymee. [To3guedmui sapuanT Cuucka 6bu1
BraIOueH TuH36yprom B ero Hobenesckyio neknuio (2003). Acrpodusnka ¢ caMOro Hayajaad MPUCYTCTBOBAIA
B CIIMCKE Cpeau OCHOBHBIX €ro TeM. Oco6oe mecTO 'MH36ypPT OTBOJANUI PENATUBUCTCKON aCTPOMPUIUKE U KOCMO-
JIOTHH, 110J14rasd, YTO 061mad TeOpUU OTHOCUTENbHOCTU (OTO) cayXuuia U CIYKUAT HALEKHON TEOPETUUECKONH OC-
HOBOM /11 IPEJICKA3AHUHN U OTKPBITHUI B PU3UKE U ACTPOHOMHUU. PYHJAMEHTAJBHBIE UJIEU B 3TOM 00JIACTH HAYKHU
IOJIyYHJIN AJIbHENIIEE PA3ZBUTHE B TEOPETUYECKUX U HAOIIOAATENbHBIX MCCIENOBAHNUAX NOCNEJHUX seT. [Ipobe-
Ma IMHAMUKU Bcenennoi, KoTopyio I'mu30ypr cumuTa) «OCHOBHBIM BOIIPOCOM KOCMOJIOTUM», HAIIIA HAGII0/JaTENb-
Hoe pemenue B 1998-1999 rr., Korjza Ha r106aTbHBIX KOCMOJOTHYECKUX PACCTOAHUAX OBIIA OTKPBITA TEMHAS
SHEPrus, O6HAPYXKUBLIAA CeOs B yCKOPAIOWEMCS pacUpeHun BeeneHHoH. JpyruM BaKHEHIIUM HELABHUM [JO-
CTUKEHUEM CTAJIO HAOMIOAATENbHOE OTKPBITUE B 2015-2017 I'T. IPABUTALIMOHHBIX BOJIH, IPEACKA3AHHBIX pPaHEE
OTO. OTOT pe3ynbTaT CAYKUT BMECTE C TEM HOBBIM CUJIbHBIM API'YMEHTOM B IIOJIb3Y CYIECTBOBAHUA YEPHBIX JBIP,
TaKKe npejcka3piBaeMbix OTO.

KaroueBsie cioBa: O6mias TCOPUA OTHOCUTCIBHOCTH, YCPHDBIC ABIPBI, I'PABUTAINUOHHDBIC BOJIHBI, HCIZTpOHHbIC 3BE€3-

Jbl, TCMHAsA 9HCPI'Usd, KOCMOJIOTUA.

1971 r. Buranuit Jlazapesuu TuH36ypr ony6au-

KOBQJI B )KypHaJI€E «YCIexXnu (PU3NIECKUX HayK> [1]

CIIUCOK Npo6neM (PU3UKU U ACTPOHOMUHU, KO-
TOPBIE PEACTABIAINACE EMY TOTZA CAMBIMU BAKHBI-
MU, UHTEPECHBIMU U AKTYAJIbHBIMU. DTO ObLI HE 06-
30p TEKYHMUX HAyYHBIX JOCTHXEHHUH, a, CKOpee,
COOPHUK NMEPCIEKTUBHBIX TEM U TPYJHBIX 33744 HA
6yaymee. T'mH36ypr ropopui, 4ro €ro CHUCOK —
«(YHKIUA BpEMEHU»>. M NENCTBUTENBHO: OH HE Pa3
OOHOBJIAJICA, OTPAXKAA MEHAIOMMUECA CO BPEMEHEM
I[eJId, IPUOPUTETHl U HANPABICHUS B HayKe. CaMbll
no3aHui BapuaHT Cnucka 6bl1 BKIIOUEH B Hobe-
JIEBCKYIO Jekuio Tmn3bypra [2]. XoTd CBOIO Ipe-
MU0 Burtanuy JlazapeBuUY MOJYy4YHJ 34 TEOPHUIO
CBEPXNPOBOAUMOCTH, CPEAN €TI0 NPUOPUTETOB HA
nepejHeEM Kpae BCETJa MPUCYTCTBOBAAA ACTPOPH-
3uKa. O6paTuMCAa MO3TOMY K aCTPOPUIUYECKOMY
pazgeny CIUCKa ¥ HOCMOTPUM, UTO U3 OTMEYEHHO-
ro B CBOE BpeMA [MH30YproM mony4unao pa3sBUTHE
B TEOPETHUYECKUX U HAOIIOZATENBHBIX HCCIENOBA-
HUAX NOCIENHUX JIET.

© Yepenamyk A.M., Yepuun A.J],, 2017

Ipeocrasvieams mpyono. Ocobenno 6yoyusee.
HapoaHnad myapocTb

Actpocdusuka
U 061an TEOPUA OTHOCUTENLHOCTH

OTkpbIBad acTpodusndeckuil pazjen Cnucka 1971 ro-
Ja, 'mu30ypr 3amevaer, 4yro 3a 10 €T, IpeamecTBo-
BABIIUX 3TOH /1aT€, B ACTPOHOMUM OBIIN C/ICTAHbI OT-
KDBITUSA «[I€PBOCTEIIEHHOI'O 3HAYEHUA>: KBA3APHL, pe-
JINKTOBOE U3JIyYCHHUE, IIyJIbCAPBL. YTO MOKHO OXKUJATD
B 3TOM HAYKE B MOCIEYIOIINE I'OABl U IECATUIECTUA?
Buranun JlazapeBud HAXOAWI CAMBIMHU INEPCIEKTUB-
HBIMU CJIEIVIOMME HATIPABJICHUS UCCIIEJOBAHUIL.

— IIpobaeMy 3KCIEPUMEHTAIBHON MNPOBEPKU
obmer TEOPUU OTHOCUTENBHOCTU: OHA «OCTAETCA
JKUBOTPEIEMYILEN U IPOAOJIKAET HAXOAUTHCS B LI€H-
Tpe BHUMaHHA. Bce yKazaHHbE DUHIMTENHOM 3(-
(PEKTHI CYyIECTBYIOT U HAOIIOJAI0TCS, XOTS JJOCTUTHY-
Tasl TOYHOCTD €IIE HEBEIUKA.

— TI'paBuTanMOHHBIE BOJHBL OHU «1OJIKHBL UCIIY-
CKATbCS JIIOOBIMH MaCCAMH C OTJUYHBIM OT HYJIA
U [IEPEMEHHBIM BO BDEMEHU KBAPYIIOJIbHBIM MOMEH-
TOM. ITpoCTENMUMU KOCMUYECKUMU OOBEKTAMU Ta-
KOTO THIId ABJIAIOTCA JBOMHBIE 3BE3/bI WU IUIAHET-
HBIE CUCTEMBI>.
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— OCHOBHOIT BOIIPOC KOCMOJIOTHH: «BBIACHEHHUE
CaMOr'0 XapaKTepa 3BOJION WU BceneHHol BO BpeMe-
HU, BBIOOD OTBEYAIOWEN LEUCTBUTEIBHOCTH KOCMO-
JIOTUYECKOU Mojenu. BcenenHas B COINIAaCUU C [JaH-
HBIMU HAOJIOJJEHUN NPEACTABNAET COOOM pacmups-
IOIYIOCH CUCTEMY>.

DTU KJIIOUEBLIE ACTPOHOMUYECKUE NYHKTH CIIUC-
Ka COXPAaHSJIUCh U B OOJie€ MO3JHUX €T0 BEPCUIX,
OHH HANPSIMYIO CBA3AHBI C OOILIEH TeOpUE OTHOCHU-
tenbHOCTH (OTO) DrtnmrertHa. OTO cayxuna u cuy-
KUT TEOPETUUECKOU OCHOBOM (PyHIAMEHTAIBHBIX
NIPEJCKA34HUN U OTKPBITUHU B (PU3UKE U ACTPOHO-
Muu. U TOYHOCTB, C KOTOPOU PETUCTPUPYIOTCA TE
win uHble €€ 3(P@EKTh, HEYKIOHHO IOBBIIIACTCA.
[Tpobnema, HazBaHHad ['mH36yprom B 1971 1. «OC-
HOBHBIM BOIPOCOM KOCMOJIOTHMM», HAamu1a ybeau-
TEJIbHOE HAOMIOAATENBHOE U TEOPETUUECKOE pEIIE-
HHE HA pybexe HOBOTO THICAYENETHS, KOIJIA aCTPO-
HOMMYECKUM HAOGIIOACHUAM CTANIU JOCTYIIHBI IJ0-
6a1bHBIE KOCMOJIOTHUECKUE PACCTOAHUA MOPALKA
TBHICAY Meranapcek (Mnk) u 6osnee. Ha aTux paccro-
AHUAX B 1998-1999 IT. 6b1J12 OTKPBITA TEMHAS SHEP-
I'ud, KOTOPasd NPOABIAET CEOA B YCKOPAIOMEMCH PaC-
mupenuun Beenennoi [3, 4]. B 2000-2001 rr. remHas
3Heprusa Obula OOHAPYXKEHA TAKXKE U B JIOKAJIbHON
BcenenHoil — na paccroanuax nopapka 1 Mok [5].
OTKpBITHE I'PABUTALUOHHBIX BOJH IPOU3OIIIO COB-
ceMm HeaBHO — B 2015-2017 rT. [6-8].

Xorsa y T'mH3Oypra npobiemMpl I'PaBUTALIMOHHBIX
BOJIH U YEPHBIX JbIP (IIOCJIEIHUE OH HA3BIBAJ «BAXK-
HEUIUMU ACTPOHOMUYECKUMU U PUNUECKUMU O0'b-

Anamonuii Muxaiinroeuu Yepenamyx, axa-
oemux, 00Kmop @PU3UKO-MAMeMaAmusecKux
Hayk, oupexmop Iocyoapcmeenrozo acmpoHo-
munecko2o uwcmumyma umenu ILKIITmepr-
| Oepea MocCKOBCK020 20CY0apCmeenn020 YHiL-
sepcumema umenu M.B.Jlomonocosa (TAHII
MI'Y), 3a6edyroujuii acmporomuseckum omoe-
) nenuem gusuveckozo garxyrsmema MIY. Bu-
ye-npesudenm Eeéponetickozo acmpoHomue-
K020 0bujecmea, unern Aneauiickozo Kopoaes-
CK020 acmpoHoMU“ecKo20 obujecmed. 3arii-
MAeMCA UCCAeO08ANHUCM O0B0UNLIX CUCMEM, peurernuem 00PammnoLx
3aoav acmpopusurxu. Ynemn peoxonnreun wHypranda <IIpupooa».

Apmyp dasuooeuu Yepnun, ooxmop Pu-
3UKO-MAMeMaAMmuLeckux Hayx, npogeccop,
2NABHBLIL HAYUHBLIL COMPYOHUK MO20 HCe UH-
cmumyma. OOnacme HAYUHbLX UHMEPecos —
KOCMON02UA, PUSUKA 2ANAKMUK.

€KTAaMU») IPUBEJECHBI PA3/JEJIbHO,
Ha NPAKTUKE OKa3aJI0Ch, 4TO 06€
OHM TNPHUYY/IUBBIM 006pa3am Ie-
pECceKaTCA: aMEPUKAHCKON 00-
cepsaropuen LIGO (Laser Interfe-
rometer Gravitational-wave Ob-
servatory) ObUIM OTKPBITHL T'pa-
BUTAITMOHHBIC BOJIHBl OT CJIHA-
HUS YEPHBIX /IBIP B IBOMHBIX CHUC-
Temax [6-8]. [T03TOMYy MOXHO
PaCcCYUTHIBATh HA KAYECTBEHHO
HOBBIE PE3Y/BTATHl, KACAIOUHUECs
(pU3UKN NPOCTPAHCTBA-BPEMEHU
B 3KCTPEMATbHO CHJIbHBIX I'DABU-
TAIIMOHHBIX TOJIAX, BAKHBIC IS
BBISICHEHHUSI IPUPOJABl UYEPHBIX
JBIP, 4 TAKXKE JIIS TOHUMAHUS Me-
XaHU3MOB 06PA30BAHUS ABOUHBIX
YEPHBIX JIBIP.

VYauBuTenoHaa B3auMOCBA3b
ABYX Npo6nem

To, 4TO NepBbIE I'PABUTAIIMOHHO-
BOJIHOBBIE CUT'HAJIbI OBLIU OTKPBI-
TBL OT CJIMAHUA Y€PHBIX AbIp (Y1),
a4 He HeUTPOHHBIX 3Be3y (H3) ne
CTAJIO HEOXKUAAHHOCTDIO /IS y4e-
Heix. Eme B 1997 1. acrpodusuku uz AU MI'Y
B.M.JIunynos, K.AIloctHoB u M.EIIpoxopos npej-
ckasanu, 94To obceppaTopust LIGO mepBEIMU JOJKHA
3aPErUCTPUPOBATL CUTHAIBL OT ciauaHusg Y. XoTsd
yacTtora cauAHuA 4/ B IBOMHBIX CUCTEMAX CYIIECT-
BEHHO HmxeE (~107°-10"° cimgHUNA B IOJl HA OJHY
CTAH/IAPTHYIO TAJIAKTUKY), YEM 4YacToTa causaHug H3
(~107), paug MEPBBIX BBIAENAETCA HAMHOTO OOJbIIAA
9HEPrUd B BUJE I'DABUTANMOHHBIX BoaH (I'B). Oro
IIO3BOJIAET PETUCTPUPOBATD I'PABUTALUOHHO-BOJIHO-
BO€ U3MYYEHHUE C TOPA3J0 OOJIBIIUX PACCTOSHUI, UEM
npu causgHuu H3. TTOCKOABKY 06'b€M NPOCTPAHCTBA
IIPONOPLIMOHAJIECH KYOY PACCTOSHUS, KOJIMYECTBO [10O-
CTYIHBIX I HAOGIIOACHUN CauBaomuxca nap 47
YBEIUYUBACTCA U, COOTBETCTBEHHO, BO3PACTAET BE-
POATHOCTD UX OOHAPYKEHUS C MOMOIIBIO CIEIUAIb-
HBIX TEJIECKOIOB. [Ipu 3TOM, BBUY BIUAHUA d(PPEK-
TOB HAOMIOAATENbHON CENEKIIUU, TIEPBBIMUA [OJIKHBI
OTKPBIBATHCS HAUOOJIEE MACCUBHBIE CIMBAIOLUECH
napsl Y71, 4TO U NIPOUCXOAUT B JCHUCTBUTEIBHOCTH.
OTKpPBITHE IPABUTAIIMOHHBIX BOJH 06CEPBATOPU-
el LIGO nmeer rpoMajiHOE HAYYHOE 3HAYEHHE, TAK
KaK OHO JJA€T HOBBIA KaHaJa uHdopMauuu o BeceneH-
HOU (HApAAy C 3JEKTPOMAIHUTHBIM, HEUTPUHHBIM
KaHaJIaMHU, 4 TAKXKE KAHAJIOM KOCMUYECKUX JIyden).
HanoMHUM, 4TO I'PABUTALMOHHBIC BOJIHBI, IIPEJ-
ckazanuele OTO, npeaCcTaBasIOT COOOHU MONEPEUYHbIE
BOJIHBI KDUMBU3HBI IPOCTPAHCTBA-BPEMEHH, KOTOPbIE
M3JIy4dIOTCA TeJIaAMHU, JBUTAIOIUMHUCA C IIEPEMEHHBIM
YCKOPEHUEM, U PACIPOCTPAHAIOTCA CO CKOPOCTHIO
cBera. Beupy €i1ab0CTU I'paBUTALUOHHOIO B3dUMO-
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JEUCTBUS UX OYEHb TPYAHO OOHAPYXKHUTb. YUCHBIM
MOHA06MIOCH O00JI€EE TONYBEKA, YUTOOBI PEAIU30OBATD
npaMoe JeTeKTuposanue I'B Ha COBPEMEHHBIX Jd-
3E€PHBIX UHTEP(HEPOMETPAX.

Hapno ormeruts, 4To BJL.IMH30YPT BCAYECKU CTU-
MYJUPOBAJI U TMOAAECPKUBAI POCCUNCKUX YYEHBIX
(M.ETepuenmreina, B.M.ITycrosonra, B.b.Bparun-
CKOI'O U JIp.) B UX YCUIMAX 110 CO3JAHUIO BBICOKOYYB-
CTBUTENBHBIX JeTeKTOPOB I'B. Tak, Hanpumep, OCHO-
BOIIOJIATAIOMIAA UesA UCIIOJAb30BATh OIITUYECKUI JId-
3epHBII uHTEpPEpoMeTp MaKeIbCOHA ISl PETUCT-
pauun I'B 6bu1a BbicKazaHa Tepnenmrerinom u Ilyc-
TOBOHUTOM B 1962 1. [9] B paboTe, KOTOpast Oblaa CTH-
MyJaupoBaHa [MH30yprom.

WMHAIMATOPAMU CO3JAHUA JIA3€EPHON 0OOCEpPBA-
Topun LIGO 6putn amepukanckue ydensie K.Toph,
P.Baticc u PJIpusep. B coCTaB MHTEPHALMOHAIBHOT'O
ABTOPCKOTro KoJuleKTHBa (60see 1000 y4eHbIX U3 IIpHU-
MEpPHO 15 cTpaH) BOLUUIKA NPEACTABUTEIN MOCKOBCKO-
I'O I'OCY/JapCTBEHHOTO yHUBepcuTeTa nMeHu M.B.JIo-
MOHOCOBA (Ipymmna, BO3TiaaBagBimaica B.b.Bbparun-
CkuUM) U HMHcTUTyTa npukiagHon ¢pusuku PAH (mof
pykoBoacTBOM E.A.X23aHOBA).

HoBBIA KaHaI MHOOPMAIIMUA IO3BOJIAET HAOIIO-
JATb PA3JIMUYHBIE KATACTPOPUUECKUE ABJICHUA, [IPO-
UCXOASIKE BO BCENEHHOM: CIUAHUE OEIBIX KAPJIU-
KOB, HEUTPOHHBIX 3B€3J] U YEPHBIX ABIP B ABOUHBIX
CHCTEMAX, B3PBIBBI CBEPXHOBLIX 3Be3[. He nckimoue-
HO, YTO C €T0 NOMOIIbIO MOXKHO OyaeT OOHAPYKHUTDH
U TAKHUE IPOLECCHl, O KOTOPBIX MBI IIOKA HE UMEEM
HUKAKOI'O IIPEACTABACHUS (HAIIPUMED, ABICHUS, CBS-
3aHHBIE C KOCMHUYECKUMHU CTPYHAMH, JOMEHHBIMU
CTEHKAMH, OEIBIMU IBIPAMH, KPOTOBBIMH HOPAMH
U T.IL.). JajpHENIIEE TOBBIEHUE YYBCTBUTEIbHOCTU
JETEKTOPOB U BBOJ| B CTPOU HOBBIX IPUOOPOB (B IIEP-
BYIO O4Yepe/ib, KOCMUYECKOTO I'DABUTALMOHHO-BOJI-
HOBOro uHrepdepomerpa LISA) moszsonut HabIIO-
JaThb TAKXKE pa3JIuyYHble (POHOBBIE M3TydyeHUA B,
B TOM 4mucae (OH O4YeHb MIMHHBIX B (A > 1 Mnk),
06pPA3YIOMUXCA HA MEPEXOJHBIX CTAAUAX PACHIMpPE-
HUA BcelenHow, a TAKXKE M3JIy4eHUE OT CIUAHUA
JBOMHBIX CBEPXMACCUBHBIX YJI B Apax TaJaKTHUK.
Hanpumep, ceepxanunnbie ¢poHosbie I'B mornu gop-
MHUPOBATbCA B KOHLIE UHPIALUOHHON CTAAUU PA3BU-
TS BceneHHOM, KOorja BO3pacT HOCHAEAHEN OblI
~107% ¢, B 310Xy pacnaja CKaagapHOro nojust u pop-
MUPOBAHUA YACTUL] MATEPU.

C OTKPBITHEM TI'DABUTALMOHHBLIX BOJH BCTAE€T HA
IPOYHBIN HA6GMIOAATENbHBIN 6a3UC HOBAsA HAyKa —
reomerpoguHamuka [10], Koropas Hauyana pa3BU-
BAThCA B Hauasne 1960-X rofoB B paborax K. A.Vure-
pa, K.C.-Topna, 4.b.3enpnosuua, U.JI.HoBUKOBA U ApY-
T'UX YYEHBIX. [eOMETPOAMHAMUKA — HAYK4, U3Y4aIO-
mas HCIIPIHCIZHYIO AVHAMUKY UCKPUBJICHHOTO IMPOCT-
paHCTBA-BpeMeHU. I'paBUTANMOHHO-BOJHOBAA dC-
TPOHOMHUSA [JA€T HAM YHUKAJIbHYIO BO3MOXHOCTDb MUC-
CJI€0BATb HE TOJBKO PA3JIUYHBIE MATEPUAIbLHLIE TE-
JIa, TAKME KaK 3BE3/bl, TAJIAKTUKU U T.IL, HO U IIyCTOE
NPOCTPAHCTBO-BPEMA, KOTOPOE TENEPL MOXKHO PaC-
CMATPUBATDH KAK OJJUH U3 BUAOB MATEPUHU U C IIOMO-

IIbI0 COOTBETCTBYIOUIUX TEJIECKOIOB PEANbHO H3Y-
4aTb (HANPUMEP, HAXOAUTDb IAPAMETPbl KPUBU3HDI
U 3dBUXPEHHOCTH).

Ho 0co6eHHO APKO CBOUCTBA NMPOCTPAHCTBA-BPE-
MEHU PACKPBHIBAIOTCA IPU CAUAHUU Y]] B JBOMHBIX CHU-
CTEMAX. 3/1€Ch Mbl UMEEM YAUBUTEIBHOE B3dUMOIIPO-
HUKHOBeHUE npodaem I'B u Y. C oJHOH CTOPOHHL, OT-
kpeitue I'B or ciuanusa 971 peanusyer NIpUHIUINAIb-
HO HOBBIM KaHAJI MH(MOPMAILUU O BceneHnon, ¢ apy-
ol — CTAaBUT NpobaeMy uccieposanus 4/ Ha kadecr-
BEHHO HOBBIN YPOBEHD. PaHblne IMpu UCCAEJOBAHUAX
Y/l B IBOMHBIX CUCTEMAX Mbl MOTJIM JIMIIb HAOIIOIATh
PEHTIEHOBCKUIT «OPEOJI» BOKPYT HUX, KOTOPHI 06pa-
3yeT rops4das miazMa, CGOPMUPOBAHHAS B PE3YILTATE
AKKPELMM BEIIECTBA CIYTHUKA — HOPMAJIbHOU 3BE3-
Jbl, U TIO JABIKEHUIO 3TOM 3BE3/BI ONPEJENATh MAC-
cbl Y]I. Teneps ke, 6arogapst HAOMIOACHUAM I'DABUTA-
IIMOHHO-BOJIHOBBIX COOBITHIT, MBI MOXKEM CIEAUTH 32
NIPOLECCOM CIUAHUA ABYX Y/ 1 06pa30BAHUA OOIETO
TOPU30HTA COOBITUI BHOBb POJAUBIIEHCS, OONIEE MaAC-
cuBHOMU, Y/I, B TOM YHCJIE U U3YYATh PASITUYHBIE MOJIBI
KOJIEOAHUI MOCIEAHEN. DTO a€T NPUHIUIHUAIBHYIO
BO3MOKHOCTb OKOHYATEJIbHO JIOKA34Th JKCIIEPUMEH-
TAJIBHO HAJIMUUE TOPU3OHTA COOBITUI Y Y/I, UTO HEOO-
XOJUMO, YTOOBI IPUCBOUTD (PEHOMEHY UEPHOI JIBIPBI
«IOPUJUYECKUIT» CTATYC «OTKPBIT.

B noucKax «3BeHALEro» ropusoHTa

HanomuuMm, uto nnoj 4/ nonumaercs 061acTb NPOCT-
PaHCTBA-BPEMEHHU, I KOTOPOU I'PABUTALIMOHHOE I10-
JIE CTONb CWJIbHO, YTO HUKAKON CUI'HAJ, JAXKE CBET,
HE MOXET BBIPBATHCSA HA NMPOCTPAHCTBEHHYIO OECKO-
HEYHOCTD. XaPAKTEPHBIN pazmep Y/l 3ajaeTca mBapii-
HIMJIBAOBCKUM PaJUYyCOM ¥y, = 2GM/c* riae M — macca
YJI, ¢ — CKOPOCTD CBETA B BAKyyMe, G — I'PABUTAIIMOH-
Hasa nocrosgHHad. 'panuuein Y/ CayXuT ropu3soHT CO-
OBITHH, HA KOTOPOM C TOUYKHU 3PEHUSA AJIEKOTO HAGIIIO-
Jaresd X0/ BpEMEHM OCTaHaBIuBaeTca. Paguyc ropu-
30HTA COOBITUI #;, PABEH HMIBAPIIIMIBJOBCKOMY PajIN-
yCy 7y A HeBpamaoomenca Y v MeHbIIE HEro
(7w < ry) A Bpamaomerica Y. B ciyuae Bpamato-
merica YJI ropu30HT COOBITUN MOTPYKEH BHYTPb 3Pp-
roC(EPH, II€ COAEPKUTCA BUXPEBOE I'PABUTAIIUOH-
Hoe 1ose. g AbIPbl 3€MHOM MACCHI IBAPIIIINIBLOB-
CKMU PafuyC COCTABIAET BCEro 9 mm, ana ConHua
T = 3 KM, Ju1s1 MacChl 2-10° Mg (Takue Y/ Habn01a10T-
€A B A/IpaX HEKOTOPBIX FAIAKTHK) 7y, = 40 a.€., 9TO paB-
HO paccrosnuio oT ConHua A0 ILyrona u COOTBETCT-
ByeT pazmepaM COJHEYHON CUCTEMBL.

TopuzoHT cobpiTui Y/ — ee rnapHad, cuenudu-
YeCKad 4epTd. DTO HE KAKAA-TO TBepAad Habmojae-
Masl IOBEPXHOCTDb, 4 TAK HA3bIBAEMasl CBETOBAS I10-
BEPXHOCTD B IPOCTPAHCTBE-BpeMEeHU. OCOHBEHHOCTU
Ha TOPU30HTE COOBITUHM MOTYT OBITb YCTPAHEHBI BbI-
60pPOM COOTBETCTBYIONEN CUCTEMBL OTCUEeTA. Hanpu-
Mep, 11 HaOII0AATeNs, CBOOOJHO MaAaomero Ha 4/,
OCOOEHHOCTH HAa I'OPU3OHTE COOBITUN OTCYTCTBYIOT;
B 3TOM CJlydde HaO/I04aTENb MOXET IIPOHUKHYTb
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BHYTPb Y/ 1 32 KOHEUHOE BpEMSA JOCTUYD LJCHTPAJIb-
HOU CUHTYJIAPHOCTH, TJI€ OH OYAET pa3opBaH Hapac-
TAIOMMUMU NPUIUBHBIMU CHIaMH. TakuMm 06pazom,
JJI1 OKOHYATEJIbHOIO JOKA34TENbCTBA CYLECTBOBA-
Hug YJI BO BcenmeHHOM HEOOXOJUMO C TOMOIIBIO HA-
6JII0/ICHUN YOEAUTHCA B OTCYTCTBUU Y HUX TBEPJBIX
HA0/II0JAEMBIX IOBEPXHOCTEN U B HAJIMYUU TOPU3OH-
Tad COOBITUIL.

Bor yxe nosnseka ydensle usydaior 9 B peHTIre-
HOBCKHX JJBOMHBIX CUCTEMAX, IJ€ 110 JBUKECHUIO OIITH-
YECKOM 3BE3/bI MOKHO HU3MEPATH MACCHI KOMIIOHEHT.
Hccneposanus npuMepHo 30 Y u okosno 80 H3 B rec-
HBIX IBOMHBIX CUCTEMAX YK€ JAJIU BAXKHOE KOCBEHHOE
CBU/IETENBCTBO OTCYTCTBUSL TBEPJLIX HAOIIOLAEMBIX
MMOBEPXHOCTEN y KAHAUAATOB B Y/l 3BE3HBIX MACC.
A MMEHHO: BO BCEX C/Iy4adX, KOI4Ad PEIATUBUCTCKUI
OOBEKT JJEMOHCTPUPYET ABHBIE IPU3HAKU TBEPJOU
HA6MI04AEMOM MMOBEPXHOCTU ((PEHOMEHBI PAJMO-
U PEHTIEHOBCKOI'O IY/IbCdPa WINM PEHTIECHOBCKOI'O
6apcrepa 1-ro Tuna, xapaxrepusie a1 H3), ero uzme-
pEHHAA MAaCcCa HE MPEBBIMAET 3Mg — A6CONMOTHOIO
BEpXHEro mpepena maccol H3,
npezackaspiBaemoro OTO. B To xe

OTANUYUTH OT Y/I; KpOME TOTO, OUEBUJHO, YTO HENIb34
OKOHYATEJNBHO CYJUTb O IPUPOJE OOBEKTA IO OTCYT-
CTBUIO Y HETO HEKOTOPBIX IIPU3HAKOB.

YTOOBl JOKA34aTh CYIECTBOBAHHUE T'OPU30HTA CO-
OBITHI, HECOOXOAUMO HAOMIONATh I(P@PEKTHI, CIIELU-
puunbie g Y. Takumu 3HEKTAMU MOKHO CYUTATD
perucrpupyemble ¢ noMmouipio I'B pasnudnbie MOJbI
KOJIEOAHUU BHOBb OO6PA30BABIIETOCSI T'OPU3OHTA CO-
OBITUH NPU CAUAHUU ABYX Y/ U XapaKTEpHOE 3aTy-
XaHHUE 3TUX KOJEOAHUH TOCIE MPOLECCA CIUAHUA
(CcTazug TaK Ha3bIBAEMOT'O ITOCIE3BOHA — ring-down).
Bce st 3ddeKTs B NPUHIUIE MOXHO HAOGJII0/ATh
C IOMOTIBIO COBPEMEHHBIX U OYYIIUX I'PABUTAIIMOH-
HO-BOJIHOBBIX TEJIECKOIIOB.

DBOJIOMS TECHOU JBOUHOU cUcTEMbl Yl MOXKET
OBITh paA3/l€JIEHA HA TPU 3Tamna: cOMmKenue asyx 4/
110 CIMPAJIN, BBI3BAHHOE IOTEPEN JBOUHOU CHUCTE-
MOW yTJIOBOI'O MOMEHTA 34 CYET u3nydeHus I'B, ciansa-
Hue AByxX YJI 1 KoHeuyHas CTaAus 3aTyXaIOMEero «3B0-
Ha» OOIIEr0 TOPU3OHTA COOBITUIT BHOBb OO6PA30BAB-
meiics 6osnee maccusHout Y1 (puc.l).

BpeMA HU OJIMH U3 TPEX JECATKOB
MACCUBHBIX (M > 3Mg) KOMIIAKT-
HBIX PEHTTEHOBCKUX HCTOYHUKOB
(kanpupaToB B Y1) HE MOKA3BIBACT
NIPU3HAKOB HA6J10/]A€MOI TOBEPX-
HOCTH (HE ABIAETCA HU PAAUO-,
HU PEHTTEHOBCKUM IIyJIbCAPOM,
HU PEHTTEHOBCKUM 0apcTepoM
1-ro Tuna) B IOJHOM COIVIACUU
¢ npexackaszanuem OTO 06 orcyr-
creun 'y Y/l HAOGMIOZAEMBIX IO-
BepxHOCTEN. [TOCKONBKY oOmee
YUCJIO PENATUBUCTCKUX OO6BEKTOB
NIPEBBINIAET COTHIO, MOXHO CYH-
TaTh, YTO CTATUCTHUKA B JAHHOM
C/y4a€ BECbMA MNPEJCTABUTEIBHA.

strain, 1072

inspiral
merger

()
‘e
©

Takum obpazom, H3 u Y] pasznu-

YaIOTCA HE TOJBKO IO MACCaM,
HO U 110 HAa6IIOAATENIbHBIM IIPOSB-

JICHUSAM — B IIOJTHOM COOTBETCT- >
BUM C npepckazanuamu OTO.

0.6
0.5 +
0.4 4

0.3

Tem He MeHee YKA3aHHOE fp-
KO€ pa3IM4ue B IMOBEJEHUHU dK-
kpenupyomux Y u H3 He moxer
CJIYKUTb OKOHYATEIbHBIM JOKA34d-
TEIbCTBOM OTCyrcTBUs vy Y/ Ha-
6J11I0/1aEMBIX MOBEpPXHOCTEN. [leno
B TOM, 4TO U HeKOoTOpble H3 MoryT
CBOM MOBEPXHOCTH «IIPATATH>. Ha-
NIPUMEpP, €CJIU OCb MATHUTHOI'O
JUIIOJA Y OBICTPOBPAIAIOMIEICS
CUJIbPHO HaMarnudeHHou H3 tou-
HO COBIIAJAET C OCbIO €€ Bpale-
HUA, (PEHOMEH PEHTIEHOBCKOIO
yJbCapa IIPU aKKpeUuu HabJIo-
Jarbca He Oyner. B arom ciyuae
TspKenyio (M > 3Mg) H3 tpyaHo

0.35 0.40 0.45

e

0.30

Puc.1. TpaBUTaLMOHHO-BOJHOBOW CUTHAN OT CIUAHUSA ABYX YEPHBIX AbIP, BKlOYas CTa-
awnio ring-down (cooteeTcTByeT cobbiTuio GW150914) [6]. BBepxy nokasaHsl Tpu cTa-
Aun: inspiral — cnupanbHoe cONMKEHNE BYX YEPHBIX AbIP NOA BAUSHUEM U3NYYEHUS
rpaBUTALMOHHbBIX BOJIH, Merger — MNpoLEecc CAUAHUA ABYX YEPHbIX Ablp, ring-down —
cTapus chopMUPOBAHHOTO 06LLEro rOpU30HTa COBLITUI BHOBb 06pa3oBaBLIenCs CHilb-
HO BO306YKAEHHOI YepHOIl ibIpbl, KOTOPAs UCMbITEIBAET KBA3UHOPMabHble MOABI KONe-
6aHuii, 3aTyxalolume co BpemMeHeM; strain — oTHOCMTenbHas AedopMaLus METPUKK
NpOCTpaHCTBa-BpeMeHU, t — BpeMs. BHU3y npuBefeHbl 3aBUCUMOCTH OT BPEMEHU ANs
op6uTanbHON CKOPOCTU ABYX COAMMKAIOLNXCA YEPHBIX AbIP V (B AONAX CKOPOCTU CBETA)
1 [N PACCTOAHUA MEXAY LEHTPAMM [BYX YEPHbIX AbIp I (B [ONAX WBAPLLWMUABJOBCKO-
ro paguyca ry, = 2GM/c?, rpe M — cymmapHas macca iByX CIMBAIOWMUXCA YEPHbIX AbIP).
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ACTPODPU3UKA U 3BE3AHAA ACTPOHOMMUS

Crapusa CnupaabHOro conmxkeHus AByX Y/ Mo-
JKET OBITh OIMCAHA B MOCTHBIOTOHOBCKOM NPHUOJIU-
JKEHUHU, UTO NPEJACTABAAET COOON CPaBHUTEIBHO
IPOCTYIO 3aza4y. Ho pacuer JMHAMUKY IBYX CJIUBA-
omuxca Y — 3aa4a O4EHb CJIOXKHASA, TPEOYIOmas
YHUCJIEHHOI'O MOJEIUPOBAHUS B PAMKAX TOYHBIX HE-
MUHENHBIX ypaBHeHUI OTO HA CymEepKOMIbIOTE-
pax. HecMoTps HAa OIPOMHBIE TPYAHOCTH, TAKOM
pacdeTr NpPOBEAEH I MHOTUX BAPUAHTOB CIUAHUSA
aByx Y1 [10]. Ha KOHEYHOH CTAJUU ABE UCXOJHBIE
Y 06pa3yioT OHY HOBYIO, OOJBIIYIO 10 MACCE, JbI-
Py, HAXOJAALIYIOCS B OYEHb BO30OYXKJECHHOM COCTOS-
HUU, IPUYEM CO BPEMEHEM 3TU BO3OYXKACHHUS 3a-
TyxaT. Cornacno B.IL.®ponosy u HU.J.HOBUKOBY,
OHM OKAa3BbIBAIOTCA HEIMHENHOHU CYHEPIO3ULUEN
KBA3MHOPMATBHBIX MOJ| KOJEOAHUN, IPUYEM 3ATYy-
X4aHHUE KBA3MHOPMAJIbHBIX MOJ CO3MA€T XaPaKTep-
HYIO «3BEHAIYIO» (POPMY NPODUIA I'DABUTALUOH-
HBIX BOJIH.

I'paBUTALMOHHO-BOJIHOBOE U3JIYYEHUE, UCITYCKAE-
MO€ Ha CTaiuu caugHus yx Y/ u craguu ring-down,
HeceT MHPOPMAIUIO O CUJIBHO HEJIUHENHONU KPYIIHO-
MACIITA6HON JUHAMHMKE KPUBHU3HBI NMPOCTPAHCTBA-
BpeMeHU. [I03TOMY A€TATBHOE HUCCIEAOBAHUE ITUX
I'PABUTALIMOHHO-BOJIHOBBIX CUTHAJIOB (IIPU JOCTATOY-
HO BBICOKOM OTHOLIEHUU «CUI'HAJI/IIYM») IIO3BOJIUT
NIPOBEPUTH HENUHENHBIE YpaBHEHUS OTO BO BCell UX
CIIOKHOCTH.

BriojiHE BO3MOKHO, YTO MMEHHO Ha 3TOM IIyTH
YAACTC IOJIYYUTh OKOHYATEIbHOE [JOKA3ATEIbCTBO
CYIIECTBOBAHUA TOPU30HTA COOBITHI y Y/l 1 TEM ca-
MBIM IIOCTABUTDb MIOCIEAHIO TOYKY B IIPUHIUIINA/Ib-
HO BA)XKHOM BOIIPOCE O PEAJIBHOM CYIIECTBOBAHUU Y/
BO BceneHHOM. DTO OyJIeT UMETh KAK OTPOMHOE HAy4-
HOE, TAK U 00JbIIOE (PUIOCOPCKOE 3HAUCHUE.

Ta6auua 1

Pa3nunuHbie ABOHHbIE CUCTEMBbI

«Macnopta» rpaBUTaLMOHHO-BONHOBbIX
ABOWMHbBIX CUCTEM

[To aHaJIOruu C PEHTI€HOBCKUMMHU ABOUHBIMU CUCTE-
MAaMH, OTKPBIBAEMBIMU IIO0 PEHTTEHOBCKOMY H3JIy4e-
HHIO, KOTOpOE€ C(HOPMUPOBATOCEH NPU AKKPELUHN Be-
LIECTBA, TECHBIE JBOMHBIEC CUCTEMBI, OOHAPYXUBAE-
MBI€ 110 I'PABUTALUOHHO-BOJIHOBOMY U3JIYYECHUIO, €C-
TECTBEHHO HA3bIBATb I'PDABUTALMOHHO-BOJIHOBBIMU
JTBOUHBIMU CUCTEMAMHU.

K Hacrosmemy BpeMmeHu obcepsaropueir LIGO
OTKPBITBHl YeThIpe NMOJOOHBIX cucreMbl (GW150914,
GW151226, LVT151012, GW170104), faHHbIE O KO-
TOPBIX COOpaHbl B Ta6J.1. 31€Ch XKe sl CPABHCHUS
NPUBEJEHBl XAPAKTEPUCTUKU HANOOJIEE MACCUBHBIX
PEHTTEHOBCKUX ABOMHBIX CUCTEM C Y/I, 2 TAKXKE JAHDI
MIapaMeTPhl HEKOTOPBIX HAN60JIEE MACCUBHBIX «KJIAC-
CUYECKUX» TECHBIX JJBOMHBIX CUCTEM B Haleu [anmak-
TUKE U Bosnbpmom Maremnanosom O6nake (LMC) —
ONMKANIIEN K HAM T'aJIAKTUKE.

Maccet Y/1 B I'B cucremax onpenensiorcs no popme
I'PABUTANMOHHO-BOJHOBOI'O CUI'HaJIa (KaK T'OBOPAT,
4YUpIa), KOTOPBIN B ciydae cauparomuxca /1 B gBon-
HOM CHUCTEME IPEACTABIAET COOOU KBA3ZUCHUHYCOU-
JJIbHBIE KONEOAHUA C YBEIMYUBAIOUIENHCA 4aCTOTOU
U BO3PACTAOWEH AMIUIMTYAOMN, KOTOPLIE 3aTEM PE3KO
34TyXaI0T (YIOMAHYTAasA BBIE CTauA ring-down).
Ha puc.2 mokazaHsl I'PABUTAIIMOHHO-BOJHOBBIE CHUI-
Hantbel OT Tpex cucrem: GW150914, GW151226,
GW170104 (curHan ot cucreMmbl LVT151012 mony-
YEH C MEHBIIEHU JOCTOBEPHOCTBIO, IOATOMY HA PUC.2
OH He npuseneH). Popma CUrHaAA ONPENEIIET TAK
HA3BIBAEMYIO YUPI-MACCY Mo, = (MM,)5 (M, + M),
KOTOPAs BBIPAKAETCH UEPESZ UACTOTY KOJEOAHUN CUT-
HaJIa U €€ NEPBYIO IPOU3BOAHYIO IO BDEMEHU. 3/1€CH

Crcrema THIB KOMIOHERT Macco HavansHbie Macchr 3837 | OpOHTaIBHBIT HepHop | TeMI MOTEPH MaCCHI
(Mo) (o) (cyT) (Mo/ron)
IpaBUTAIHOHHO-BOJHOBBIE TBOMHBIE CHCTEMbI C YEPHBIMH JBIPAMH, OTKPBIThIE 00cepBaTopuei LIGO
GW150914 BH+BH 36+29 100+80 = =
GW151226 BH+BH 14.247.5 50430 — —
LVT151012 BH+BH 23+13 75+50 = -
GW170104 BH+BH 31.2+19.4 80+60 — —
MaccHBHbBIE PEHTI€HOBCKHE JBOMHBIC CHCTEMBI C Y€PHBIMH JbIPAMHU
Cyg X-1 09.71ab+BH 19.16+14.81 = 5.60 =
LMC X-1 O(7-9)111+BH 30.6+10.3 - 391 -
M33 X-7 O(7-8)111+BH 70.0+15.6 = 3.45 =
Knaccuueckne MacCCHBHBIE T€CHBIE JBOMHBIE CHCTEMBI
WR20a WNG6h+WNG62 83+82 = 3.09 ~107
NGC3603-A1 WN6a+WN6 116+89 - 3.77 ~2:10°
R136-38 (LMC) 03V+03V 56+30 = 3.39 ~10°
R145 (LMC) WNG6h+0 >116+>48 — 158.8 ~2:107
WR21a 03f/WN6a+04 >87+>53 — 31.67 ~107

[Tpumeuanue: BH (black hole) — Y.
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M, v M, — maccet Y1 B IBOUHOM CHU-
creMe o caugHusd. JleranbHoe
CpaBHEHMUE HAOJIIOAEMOTO CUTHA-
JIa C COOTBETCTBYIOIIEH TEOPETHU-
YECKOW KPUBOM, PACCUMTAHHOU
B pamkax OTO, nmossosnsger pas-
JEIbHO ONpeaenuTb MmMaccel Y,
4 TAKKE HANUTU P JPYTUX BAXKHBIX
XAPAKTEPUCTUK CUCTEMBI. DTH Xa-
PAKTEPUCTUKN, 4 TAKXKE OKOHYA-
TeJIbHbIE 3HauyeHus macc Y/ go
U IOCJIE CIUAHUA MOXHO HAUTHU
B Ta6.2 (BCE IApAMETPBL OTHECE-
HBl K CUCTEMAM OTCYETd, COIYTCT-
ByIOIUM OOBeKTaM). OTMETUM,
YTO MACChl pe3yaprupyromux 47
[IOCJE CJIUAHUSA MEHBIIE CYMMBI
MAacC ABYX UCXOAHBIX Y]] u3-3a
TOI'O, YTO 4YaCTb MaCCBI-3HEPIUU
(~1-3Mg) wm3ayuynnach B BUJE
3HEPIUU TPABUTALMOHHBIX BOJIH.
[TOCKONBKY CaM TI'PABUTAIMOHHO-
BOJHOBOW CHUTIHAJ JUIMUTCS JIMIIb
JOIU CEKYHJBI, COOTBETCTBYIOLIAS
[IMKOBAsl MOWJHOCTb, U3JIy4EHHA
B Buje I'B, cocrasiasger 4yfoBUIL-
HO OOJBIIYIO BEJIUMYUHY, TOPSIKA
(3-4):10°° 3pr/c. dTa rpaBUTALU-
OHHO-BOJIHOBASl CBETUMOCTb OT
OJJHOI'O ClnugHuA ABYX Y/ B cOTHH
pa3 MPEBBIIAECT 3JCKTPOMATHUT-
HYIO CBETUMOCTb BCEX 3Be3[ Bce-
nenHon (). Bo Bcex Tpex cayvanx
CUTHAJBl NPHUIJIX K HAM C pac-
CTOAHUU, JICKAIMMUX B JUANTA30HE
400-900 Mmx, mosTOMy IpPHU BbI-
YUCJICHUAX [APAMETPOB CUCTEM
HEOOXOJUMO YUUTBIBATH KOCMOJIO-
rudeckue 3P@EKThL

X3Hdopa JIMBUHICTOH
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strain, 102

residual

Puc.2. Habniopaembie Ha o6cepBaTopun LIGO rpaBUTaLMOHHO-BONHOBbIE CUTHAMbI OT
Tpex CMBaWMXCA Nap YepHbIX Ablp (cBepxy BHU3): GW150914 (36Mg + 29Mg) [6],
GW151226 (14.2Mg + 7.5Mg) [7], GW170104 (31.2Mg + 19.4Mg) [8]. 3nechb cnpasa
BBEPXY HAa OAHOM W TOM e puUcyHKke (ana cobbiTus GW150914) nsobpaxeHbl CUrHa-
Jibl, 3aperucTpupoBaHHble aHTeHHamu B B XaHdopae (kpacHblii uBeT) u JIMBUHICTO-
He (CMHWI UBeT) C YYeTOM COOTBETCTBYIOLETO BPEMEHM 3anasfblBaHWUA CUFHANOB.
Residual — ocTtato4yHoe oTknoHeHue, UTC — BcemupHOE BpemMs.

B Ta6/1.2 IpUBEAEHDBI TAKKE 3HAYEHUA OE€3PA3MEP-  HO-BOJHOBOTO CHUI'HAJIA, COOTBETCTBYIOMIUM CTaJUU
HOI'0 MOMEHTA BPALCHUSA o, peayabrupyomux Y  ring-down. B ciyuae mBapummibJOBCKONU, HEBPAIa-
[IOCJIE NIPOLIECCA CAUSHUSA, KOTOPBIE HAJEKHO onpe-  omeicd, Y7 o,, = 0, B ciiyuae kepposckoit Y]I ¢ npe-
JEIAI0TC 110 POPME U JJIUTEIbHOCTH I'PABUTALIMOH-  JICJIBHO OBICTPBIM BPAIICHUEM O, = 1. MHAUBU/YyAIb-

Ta6nuua 2

MapameTpbl IPAEBUMTALNOHHO-BOJIHOBbIX ABOWHBIX CUCTEM C YEPHBIMM AbIpamm,
oTKpbITLIX 06¢cepaaropueii LIGO (no aanubim pa6or [1-3])

ITapameTtp GW150914 GW151226 GW170104
Macca nepBuYHOIl YepHOI Jbipbl, Mo 365 14.2%%2 31.2%%
Macca Bropr4HOM 4€pHOH AbIPLL, Mo 207 754 19.47%
Yupn-macca, Mo ~30 8.9%1 21,153
CyMMapHas Macca JIByX YepHbIX Jbip, Mo ~65 21.85 50.7%
OKOHYATE/TbHAA MACCA YEPHOM JIBIPBI TTOCHE CusAHus, Mo 624 20870} 48770
V31y4eHHAA SHEPTHS B BU/IE TPABUTALMOHHBIX BOMH, Mo C? S0 L0 2,05
[THKOBAs IPABHTALIHOHHO-BOIHOBAS CBETHMOCTD, 3PI'/C 3670107 33108107 3.177-10%
QUHATBHBI MOMEHT BPAMECHU YEPHON JIBIPBI TIOCTE CTHAHUS 0.67550 0.74%5% 0.64*0%
PacCTOAHHE, OLIEHEHHOE 10 TPABUTAIMOHHO-BOTHOBOM CBETUMOCTH, MIIK 410715 44075 880740
KpacHoe cMenenre HCTOYHUKA TPABUTAIIMOHHBIX BOJH 0.09%00 0.09° 0% 0.185%
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HBIC MOMEHTBI BpameHus 1t Y/ [0 CIUAHUSL HAXO-
JIATCS ¢ GOIBIION MOIPEMIHOCTRIO. TeM He MeHee, Ha-
npumep, st cucteMbl GW 151226 (14.2Mq + 7.5Mg)
Y4AJI0Ch aThb OLCHKY MOMEHTA BPALECHUA ONHOU U3
Y cucrtembl O CauAHud, KoTopasd npespimaer 0.2.
MowMmenTnl Bpamenus Y/l mocie mpouecca CauaHusd
OK43BbIBAIOTCA MEHBIIE C€JUHULBI U COCTABJIAIOT Oy =
=0.74, 0.67 u 0.64 g cucrem GW151226 (14.2M¢q +
+7.5Mg), GW150914 (36Me+29My) u GW170104
(31.2Mg + 19.4Mg) COOTBETCTBEHHO. DTO O3HAYAET:
Yl 1o mpo1ecca CIuAHudg, CKOPee BCETO, BPAMAIUCh
ME/UIEHHO W OBIIN MMOYTH MIBAPUIIHILLOBCKUMHU, YTO
HAKJI4/IbIBA€T OTPAHUYCHUA HA MEXAHU3MBI UX O00pa-
30BaHUA. [laNbHENIIEE [MOBBIIEHUE TOYHOCTU Ha-
O6MIOJEHUI TPABUTALMOHHO-BOJTHOBBIX CUTI'HAJIOB
1 HAKOIUIEHHE YUCJIA COOBITHI MO3BOJAT H3Y4aTb
MPENECCUI0 BEKTOPOB MOMEHTOB BPAIEHUA OT/AE/b-
HBIX Y/I OTHOCHUTENBHO BEKTOPA IOJHOIO MOMEHTA
BpameHus ABOMHON cucTeMbl 9/ (TaK HA3BIBAEMYIO
npeueccuio Jlenze—Tuppunra). dra npereccus
JOJDKHA IIPUBOJUTD K XAPAKTEPHON MOAYIALUU OI'U-
6aroeit ynupna.

BakHO NOJYEPKHYTH, YTO I'PABUTAIMOHHO-BOJI-
HOBBIC HAOJIOAECHUSA IIO3BOJISIOT HE TOJNBKO HU3ME-
purh Maccol Y, HO W ONPEJAENAUTL UX JUAMETPBHL
HanpuMmep, B MOMEHT CIUAHUA ABYX 9/ B cOOBITUH
GW150914 paccTosHuE MEXAY HUMU OKA3BIBAETCA
OGIM3KUM K BEJIMYUHE MBAPIIMIUIbLOBCKOTO PaJAyCa
aas Y7, o6pasyromeiicsa nocae nponecca ClIusHus,
a4 opbuTanbHaAA CKOPOCTh ABYX Y]l B 3TOT MOMEHT
JOCTUTAET IOJOBUHBI CKOPOCTU CBeTa (CM. puc.l).
[TOCKOJIbKY 3a7a4a OIPENENCHUA IAPAMETPOB CUC-
TeMBl U3 BYX Y/ U3 HAOII0/[A€MOTI'0 I'PABUTAIIMOH-
HO-BOJHOBOI'O CHUTHAJA IepeonpejgencHa (Yucio
HCKOMBIX [IAPAMETPOB 3HAYUTEIbHO MEHBIIEC YUCIA
YPABHEHUI, ONIUCBIBAIOMIUX HAOIIOd€MbIE TOUKY HA
KPUBOM CHUI'HAJIA), YAACTCA TAKXKE MHOTOKPATHO
NPOBEPUTH CHPABEANIUBOCTh ypaBHeHuin OTO
B CHJIbHBIX I'DABUTALMOHHBIX ITOJIAX. BO BCcex ciyda-
X TIOK4 HE OOHAPYKEHO KAKUX-TUOO HECOOTBETCT-
Buil mexy OTO 1 HaGII0JCHUAMU.

Kpome Toro, npejrnonaras, 4To rpaBUTOHLI (KBAH-
TBI 'PABUTALMOHHOIO [10JIA) AUCIIEPIUPYIOT B BAKYYME
MOA0OHO MACCUBHBIM YaCTUIIAM, U3 AHAIU3A IPABUTA-
LIMOHHO-BOJIHOBOI'O CUTHAJIA YAAE€TCA JATh OIpaHuYe-
HUA JUUISL MACCHI [TIOKOS I'PaBUTOHA: m, < 7.7:107#3B/c?
(nny, 9TO TO XKe camoe, m,c* < 7.7-1073B).

Kak uepHble abipbl 06pa3yioT napbi?

Bosbmue maccol Y7, B IEPBOM OTKPHITOM I'DABUTALIM-
OHHO-BOTHOBOI cuctemMe GW 150914 (36Mg + 29My),
BBIXOJAIUE 3a IIPEJEBl MHTEPBAIA MacC Y/l B U3BECT-
HBIX PEHTTCHOBCKHUX JIBOMHBIX CHUCTeMax (4—16Mg),
34CTABUIN OOCYX/JATh O6PA30BAHUE TECHBIX ABONHBIX
Y/l 10 CIECHAPUAM, OTIUYHBIM OT KJIACCUUECKUX. TaK,
paccMaTPUBAICA MEXAHU3M (POPMUPOBAHUA ABONHBIX
Y/ n3 nepsuyHbX Y/, cCOPMUPOBABIIUXCS HA PaH-
HUX CTaAUAX 3Bosonuu Beenennoi [11]). OgHako no-

caepyiomee OTKpreiTre obcepsaropueit LIGO BToporo
IPABUTAIIMOHHO-BOJHOBOTO Bcruiecka GW151226
(14Mg +7.5Mg), C «pasyMHBIMU» MaccamMu Y]], mokasa-
JIO, YTO KJIACCUYECKUI CII€HAPUI 3BOJIOIUN M30JIH-
POBAHHOIN MACCUBHOM TECHOU JABOUHOMN CHUCTEMBI
(TAC) [11], no-BUAUMOMY, CIOCOOEH OOBSCHUTD I1OSB-
JIECHUE TAKUX CUCTEM. TeM He MEHEE OCTAETCS BOIIPOC:
IIOYEMY MBI HE HAOII0JJA€M OYEHb MacCUBHbIE Y]]
B PEHTIEHOBCKUX JBOWHBIX CUCTEMAX? JI€JI0O B TOM,
4TO MACCH YJ] B PEHTTEHOBCKUX JIBOMHBIX CUCTEMAX
VAAETCA U3MEPUTD MO ABUKEHUIO ONTUYECKUX 3BE3]]
animb B MiaeuyHoM ITyTu M HECKONBKUX OJIMKANIINX
K HaM rajakrukax (LMC, SMC, M33 u ap.). Onruuec-
KHE 3BE3/IBl B PEHTTEHOBCKUX JBOUHBIX, PACIOJIO-
JKEHHBIX B yJAJIEHHBIX TaJaKTUKAX, CJIA0Bl U HEJO-
CTYIIHBI 111 UCCIELOBAHUSA 1aKE CAMBIMU KPYITHBIMU
COBPEMEHHBIMH ONTHYECKUMHU Teaeckonamu. C apy-
ro cropoHsl, 471 ¢ maccamu B ~30-40Mg 06pa3yror-
Csl M3 OYCHD MACCHUBHBIX 3BE3J, ¢ Maccamu B 100M
u 6onee [12] (cm. Tabnl). Ho, cornacHo (yHKUUU
3B€3/1000pa30BaHUsA (TaK HAa3bIBaeMON (PyHKuu CO-
MUTEPA), YUCIO 3BE3] ¢ Maccamu 6onee 100Mg B Ha-
mei FalakTuKe O4eHb MAJIO — COCTABJIAET IOPAAKA
HECKOJIBKUX JIECATKOB, 4 MOJHOE YUCIO 3BE3[] TAKUX
MACC OT BCEX ONIKAMIMNX TaJIAKTUK HE MPEBBIMACT
HECKOJBKUX COTeH. [T03TOMy (DOPMUPOBAHUE OYEHD
MaccuBHBIX Y/ (M = 30-40Mg), ZOCTYIIHBIX U3MEPE-
HHIO B PEHTTEHOBCKUX JBOMHBIX CUCTEMAX, OUEHD Ma-
JIOBEPOSATHO. DTUM U OOBACHAETCA TOT (PAKT, 4TO
O4eHb MaCCuBHBIE Y/l B PEHTIE€HOBCKUX JABONHLIX CU-
CTEMaX MOKA HE OTKPBITHI.

B 1O e BpeMs IpaBUTAIMOHHO-BOJHOBAS a4CTPO-
HOMHMUS OIIEPUPYET HE TOJIBKO C OOBEMOM IIPOCTPAHCT-
B4, 3AHATBIM MECTHOM CUCTEMOM I'AJIAKTUK, HO U C I'O-
pazfo 60ApIUM OOBEMOM, IMOPSAAKA OJJHOI'O KyOudec-
KOI'O I'MI'alldPCEKA, B KOTOPOM COJIEPKATCS MHOIUE
MIITHOHBI TaJAKTUK. [I03TOMY OOHAPYXHUTb OYEHD
maccusHble Y1 (M = 30-40Mg) ¢ IOMOIIBIO TAKUX TE-
JIECKOTIOB BIIOJIHE PEATBHO, YTO U MPOUCXOJUT.

13 (popMynsl I HU3IY4EHUSA T'PABUTALMOHHBIX
BOJIH JIBOMHOI CUCTEMOI CIEAYET, 4TO 1JIst POPMUPO-
BaHUs HAOJIIOAAEMOTO I'DABUTAIMOHHO-BOJHOBOI'O
BCIIECKA HEOO6XOJUMO, YTOOB HAYaIbHOE paszjere-
Hue A Mexay AByMsA 0o6pazoBaBmuMucsa Y/ 6ul10 He
60see 40—-50 COMHEYHBIX PAUYCOB. JINIMIDb B 3TOM CIIy-
yae aBe Y/l yCreoT CanThCA 34 CYET MOTEPU IHEPIUU
Ha usnaydeHue I'B 3a Bpems, MeHblee Bo3pacra Bee-
JIEHHOM (TAK Ha3blBaeMOe Xab6JI0BCKOE BpeEMA
~13.7-10° ner). Jna nap Y[ ¢ HAYaIbHBIM PA3/IC/ICHU-
eMA > 40-50Rq BpeMs CIIMAHMA 32 CYET U3nydeHusd I'B
60JblIEe Xa66JI0BCKOTO, U I'PABUTALIMOHHO-BOJIHOBBIE
BCIUIECKM OT TaKuX nap Y/l He 6yyT HA6II0/1aThCA.

Ho oyenbs MacCuBHBIE 3BE3/bl [JTABHOM MOCIENO-
BareabHOCTUH (M > 100Mg), 13 KOTOPBIX 0OPA3YIOTCA
MaccupHble Y], 06/1a7a10T ABYMS OCOOEHHOCTAMY,
KOTOpPBIE 3aTPYAHAIOT (POPMUPOBAHUE JOCTATOYHO
KOMMNAKTHBIX nap Y/I: OHU UMEIOT 6OJbIINE PAAUYCHI
(R > 20Re) 1 06/1a1al0T BeCbMA MOIIHBIMU 3BE3/IHBI-
MU BeTpaMu ¢ TeMnoM M ~ 10°Mg/ron (cMm. Tabmr.1),
YTO IPUBOAUT K BEKOBOMY YMEHBIIEHHUIO UX MACCHI
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(B ciygae, €CJIM COJIEPKAHUE METAJIOB B UX BEIIECT-
Be OIU3KO K COTHEUHOMY).

Bosibmine HAYAIbHBIE PASUYCHl 3BE3] — IIpPEALIE-
CTBEHHUKOB MACCUBHBIX Y]] O3HAYAIOT, YTO HAYaJlb-
HO€ pPa3/IcIEHUE KOMIIOHEHT B COOTBETCTBYIOLIECH
«KJIACCUYECKOM» TECHOM JBOMHOWN CUCTEME JOJIKHO
OBITH BECbMA BENUKO: > 5S0Rg. B TO e Bpema paju-
AJIbHAS [IOTEPS BEILECTBA 3BE3LAMU B BUJE 3BE3JHOI'O
BeTpa (TAK HA3bIBAEMAsd JKUHCOBCKASA MOJAA NOTEPU
BEIIECTBA) IPUBOJUT K TOMY, UTO PA3JEIECHUE MEKIY
KOMIIOHEHTAMU CHUCTEMBI BEKOBBIM 00pPa30M BO3paC-
TAET U CO BPEMEHEM 3HAYUTEIBHO IMPEBOCXOJUT
Kputudeckoe 3Hadenue 50Rq. [Ipy 3TOM M3-32 3HA-
YUATENBHOU MOTEPU MACCH BOJJOPOJHON OOOTOYKU
3BE3/bI TOCJIEAHASL HE PACIIUPAETCA B IPOLIECCE IBO-
JIOLIUH, HE 3aII0JHAET CBOIO KPUTHUYECKYIO IIOJOCTD
Poma* u B cucreme He NPOUCXOAUT NPOIECC MeEpe-
HOCA MACC OT OJJHOM KOMIIOHEHTBI K JPYION, KOTO-
PBI MOT OBl IPUBOAUTD K COKPAIIECHUIO PA3/IC/ICHUSA
A MexXJy KOMIIOHEHTAMU.

B urore B npouecce 3BONIONNN TAKOU MACCUBHON
TECHOU cucreMsl (Hanpumep, 100Mqy + 80Mg) 06pa-
syercs napa 4/ ¢ 6onpmuM paszpeneueM A > 50Rg,
JJIS1 KOTOPOU Bpems cinusgHus JByx 4/ 6onbiie xab-
6JI0BCKOTO U OT KOTOPOM BCILIECK I'B HE MOXeET Ha-
OJIIOIATHCS.

TeMn mOTEPU MACCH 3BE3/J0U NPUMEPHO MPOINOP-
LMOHAIEH COAEPKAHUIO METAUIOB (METAIIMNYHOCTH)
3BE3JHOT'O BELIECTBA BBU/Y TOI'O, YTO UCTCYEHUE B BU-
JI€ 3BE3HOI'O BETPA KOHTPOJUPYETCS JABICHUEM U3-
JIY4EHUSA 3BE3JBlL, 4 METALINYHOCTb OOYCIOBIUBAET
HENPO3PAYHOCTDb 3BE3JHOIO BewecTsa. [ToaroMy s
(OopMUPOBAHUA KOMIAKTHBIX JBOWMHBIX Y/ O4YeHDb
MOJAXOJAT 3BE3/Ibl C HU3KOU METAJIMYHOCTBIO. B Ha-
men FamakTrKe BCTPEYAIoTCA 3BE3/ABI C CUIBHO ITOHU-
JKEHHBIM COZEPKAHUEM ATOMOB METAJJIOB; BO Beenen-
HOM TaKX€E CYIIECTBYIOT IIEJIBIE TATAKTUKN TOJOOHOTO
cocrasa. Hanmpumep, METAJIIMYHOCTb BEIECTBA OJIU-
sKanmen K Ham LMC BABO€ HMKE COMTHEYHOI, 4 JPYTroM
OGJIM3KON K HAM T'AIaKTUKU — Manoro MaremiaHoBa
O6naka noutu B 10 pa3 HUKE CONHEYHONU. OCOOEHHO
UHTEPECHBI JUJI I'PABUTALIMOHHO-BOJIHOBOMN aCTPOHO-
MHU BOJOPOJHO-TeNUeBble 3Be3Abl HaceneHusa III —
nepBUYHbIE MaccuBHbIE (M > 100Mg) 3B€371bI, 06PaA30-
BABIIMECA HA PAHHUX CTA/IUAX IBOJIONUU BCENEHHOM,
KOTZIa €€ BO3PacT OblI MOpsA/Ka MWIAAPAA JET. Me-
TAINYHOCTD TAKUX 3B€3/ 6JIM3KA K HYIIO, U BIUSHUC
3BE3JJHOT'O BETPA HA UX 3BOJIOLUIO HE3HAYUTEIBHO.
Eciyu mapaMeTpbl UCXOJHOM «KJIACCUYECKOMN» JIBOU-
HOU CUCTEMBI TAKOBBL, UTO COOTBETCTBYION[As 06PA30-
Bapmasgcsas napa Y/ umeer pasjencHue, OIU3KOE
K 50Rg, Bpemsa cnuaHUA Y1 B TAKON ApE OUYEHD BEJIN-
Ko, 6onee 10 mupp net. [I03TOMy UCXOJHAS «KJIACCHU-
YECKass» JABOMHAS CUCTEMA MOMET OBITb OTHECEHA
K OYEHb PAHHEN CTAJUU 3BOJIOLMU BCeleHHON, Korja
€€ BO3pacT ObUI MOpsAKA MWUIMAPAA JET U KOIZAad

* Top, KPUTHYECKON TOJIOCTBIO POl BO BPAMIAIOMICHCA ABOMHONM
CUCTEME TIOHUMAETCS OOJIACTh B OKPECTHOCTSAX 3BE3/IBL, I7I€ ITPEOO-
JIAIAET €€ CUJIA TPABUTALIMOHHOI'O IIPUTSKEHHS.

B M300UINUU CYUIECTBOBAINU MACCUBHBIE BOAOPOAHO-
reauessble 38e3/bl 1 Tra HaceaeHus.

Jpyrasg BO3MOXHOCTb C(POPMUPOBATH KOMMAKT-
HyIO (A <50Re) mapy Y COCTOUT B IPHUBICYECHUU
Pa3JIMYHBIX MEXAHMU3MOB IIOTEPU YITIOBOIO MOMEHTA,
YTO NPUBOJUT K COKPAILICHUIO Pa3JC/ICHUA MEKIY
KOMIIOHEHTAMM TECHOM JIBOMHOM cucreMmbl. Hampu-
M€pP, MOXHO PACCMATPUBATH 3IBOJIOLUIO UCXOLHON
CUCTEMBI, UCHOIB3Ys CTAJUIO C OOIIEH 0OO0JOUYKOH,
KOTOpPad P ONPEJENEHHBIX YCIOBUAX MOXKET CHOp-
MUPOBATBCA B PEZYIBTATE OOMEHA BEMIECTBOM MEXKIY
KOMIIOHEHTAMHU U B KOTOPOM M3-32 JUHAMUYECKOT'O
TPEHUSA MOXET NPOU3OUTU PE3KOE CHUKECHUE PaC-
CTOAHUSA MEXJY KOMIOHEHTAMU. MOXHO TAKXKE UC-
IIOJIB30BATh HJEI0 HAYAJIBHOTO TONMYKA («KHUKA»),
BO3HMKAIOUIETO M3-3d ACUMMETPHUM B3PbIBA CBEPX-
HOBOW 3BE3/Ibl, B PE3YILTATE KOTOPOro CHOPMUPO-
Banach Y. Takoil «KHK» MOXKET CIOCOOCTBOBATH
YHOCY YVIVIOBOI'O MOMEHTA U3 CUCTEMBI U COKpalle-
HUIO PA3JEICHUA MEXK]Y KOMIOHEHTAMHU. MOXHO
paccMaTpUBATD IBOIIOLUIO CUCTEMBL B INIOTHOM MO-
JEKYJIAPHOM MEXK3BE3JHOM OOJAKE, TJ€ U3-34 JUHA-
MHUUYECKOI'O TPEHUS KOMIIOHEHTBI CHUCTEMBI TAKXKE
6yayT CcOMMKAThCA (UAesd, HEJAaBHO BBICKA3aHHAA
AB.TyrykosbiM U A.M.YepenamykoM [13]).

K HacrosAmeMy BPEMEHU PA3BUTHL YETBIPE OCHOB-
HBIX 3BOJIIOIIMOHHBIX CII€HAPUA, TO3BOJAIOMHE CHOP-
MHPOBATH KOMIAKTHYIO (A < 50Ry) nmapy Y/, cinanue
KOTOPBIX IPUBOAUT K HAOIIOAAEMOMY BCIIECKY I'B.

1. VIIOMMHABIIMICS BBILIE CLEHAPUN (OPMUPOBA-
HUs JBOUHBIX Y/ U3 NEPBUYHBIX OJUHOYHBIX. B 3TOM
CLIEHAPUU HET OI'PAHMYEHUU HA MACChHl JbIP; KPOME
TOTO, B IAaHHOM ciydae Y/[-mapsl JOJKHEL ¢1a60 Bpa-
marbes [11].

2. CueHapuil JUHAMMYECKOTO (POPMUPOBAHUSI
MACCHUBHBIX TECHBIX /IBOI;IHbIX CHUCTCM U3 UCPAPXUYCC-
KUX TPOMHBIX CUCTEM 3B€3[] — WICHOB IUIOTHBIX AJEP
CKOILICHUHU — IOCPELCTBOM TAK HA3BIBAEMOI'O MEXa-
HusMma Jlugosa—Kozau. TpouHBIE CHUCTEMBI 4aCTO
(OpPMUPYIOTCA B PE3YIBTATE TECHBIX COMMKEHUN 3BE-
3JHBIX TAP B IUIOTHBIX A/paX CKOIUIEHHUH. B ciydae
TPOMHON CUCTEMBI, €C/IM OPOUTA TPETHEN 3BE3/bI HA-
KJIOHEHA 110 OTHOWIEHUIO K IIJIOCKOCTU OPOUTHI BHYT-
pEHHEN 3BE3/HOI MApbhl HA 3HAUMUTENBHBIN (Hojee
39°) yroi, rpaBUTALMOHHOE B3aUMOJAECUCTBUE MEXKIY
BHYTPEHHEN U BHEIMHEN OPOUTAMU MOXKET BBI3BIBATDH
BBICOKOAMIUIUTY/HbIE OCUMIIIALIMYA 3HAYEHUS IKCLICH-
TPUCUTETA BHYTPEHHEN OpO6UTHI (UUKIBI JIngosa—Ko-
34M), YTO CHOCOOGHO NPUBECTU K CTOJKHOBEHHIO
U CJIUAHUIO KOMIIOHEHT BHYTPEHHEN MAPDL.

3. CieHapuil 3BOJNIOIMN XUMHYECKH OJHOPOJ-
HBIX INPUJIUBHO JEeMOPMHUPOBAHHBIX MACCHUBHBIX
3B€3/l B OUYECHb TECHBIX, IIOYTU KOHTAKTHBIX, ABOU-
HBIX CUCTEMAX.

B TakuX CHUJIBHO AE(MOPMUPOBAHHBIX U OBLICTPO
BPALIAIOMMUXCA MACCUBHBIX 3BE3/1dX IIPOUCXOAUT ME-
PUAMOHANbHAA IUPKYIALUA BEMECTBA, OGraropaps
KOTOPOU XMMHUYECKHUE IJEMEHTHI, nepepaboTaHHbIE
B TEPMOANCPHBIX PCAKIUAX, BBIHOCATCA M3 LCHTPA
3BE3/IBI HA €€ MOBEPXHOCTb. 3B€3/1a OBICTPO CTAHO-
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BUTCS XUMUYECKU OAHOPOJHON, B OCHOBHOM I'€JIHE-
BOH, PAZUYC €€ MPAKTUYECKA HE PACTET B IIPOLIECCE
3BOJMIOLMUU. M3 TAKUX MACCUBHBIX I'€JIHUEBBIX 3BE3[
MOTYT (POPMUPOBATHCSA BECbMA MACCUBHBIE Y/I.

4. KnmaccnyeCcku CreHapuil 3BOJIOIIAN TECHBIX
JBOMHBIX CUCTEM C OOMEHOM MACC MEX/Y KOMIIOHEH-
Tamu [12, 14].

B pa6orax Hamel rpynnel [15], a Takke TPYIIIBI
K.BenpunHckoro [16], ¢ MCHONB30BAHMEM [IPOrPAMM
MOMYIAIMOHHOTIO CHHTE32, OBUIM PACCUYUTAHBI KJIACCH-
YECKUE 3BOJIOLMOHHBIE CLUEHAPUHU I MACCHUBHBIX
TECHBIX ABOMHBIX CUCTEM, IPUBOAAIINE K (POPMUPOBA-
HUIO IBOUHBIX Y/l 1 06beKTOB TopHa— KUTKOB, KOT/AA
B KOHIIE 3Bojouuu Y/ mo cnupanum najgaer B LNEHTP
MACCUBHOI IIPO3BOTIOLIMOHUPOBABIIEN 3BE3/bL.

Opun u3 cruenapues (puc.3), COOTBETCTBYIONUN
PEHTIE€HOBCKON JBOMHON cucreme M33 X-7 (cm.
Ta671.1), npuBOAUT K (OpMUPOBAHUIO 0O6bEKTA Top-
Ha—KUTKOB, npryeM npu gpuxenuu Y71 no cnupanu

| CragwA | M| I M| AT
I+1 |[1132 P (@ M4 34 | 0
m+1 (1083 @)@ 378 | 36 | 24
WR+1 | 750 D& 710 | 22 | 24
sN | 525 | X @ 69.6 | 26
BH+1 | 15.8 ® - 699 | 46 | 26
SBH + llls| 15.8 ..‘."_. . 693 | 38 | 3.2
CE |158 @3 |644) 22 | 32
TZ | 553 \/ 3.2
BH | 55.2 @ 33

Puc.3. MocnenoBatenbHOCTb 3BOJIIOLMOHHBIX CTaguin pns
PEHTreHOBCKOI LBONHOM CUCTEMbI C YepHOit gbipot M33 X-7,
paccyuTaHHas ¢ nomolbio MawmnHbl cLeHapueB U NpuUBOASA-
was k hopmupoBaHuto o6bekta TopHa—IKuTkos (MaccuBHas
3Be3/1a, B LIEHTPe KOTOPOii pacnonaraetcs YepHas aeipa) [15].
YkasaHbl Macchl KoMmnoHeHToB M (B Maccax ConHua), pas3aene-
Hue Mexay KomnoHeHTamu A (B paguycax ConHua) u Bpems T,
B TEYEHMe KOTOPOro 1BOHAA cucTeMa HaxoANTCA Ha COOTBET-
cTBylowWwein cragun 3sonouun (B MuanMoHax net). 3pechb
CE — cTaguns c o6uweit o6onoykoit, SN — BcnbilwKa CBEPXHO-
Boit, SBN — cBepxkpuTudyeckas akkpeuus Ha Y[, TZ — 06b-
ekT TopHa—XKuTKOB.

BHYTPb MACCHUBHOI 3B€3/IB B KOHIIE CTAJUU 00pa30-
BaHUA OOBEKTA MOXKET HAOMIOAATHCA BCIUIECK H3IY-
yenus B [17].

OnumeMm nojpobHee 3TOT ClecHapuil. B Havane
3BOJIIOLIMU MACCA TIEPBUYHON 3BE3/bI CUCTEMBI HAXO-
Jurcs B guanasone M, = (80-120)Mg, Mmacca BTOpUY-
Ho1 cocrasnser M, = (40-60)Me, 2 HauaIbHASA GOND-
mas 1noayocb opoutsl A< 100Ry. 3BE3OHBIN BETEP
KOMIIOHEHT TECHOW JIBOMHOMW CUCTEMBI IIPEJIIOIATa-
€TCqd CaObIM. BaXKHO MOAYEPKHYTH, YTO MACCUBHBIE
«KJIACCUYECKUE» CUCTEMBI C TIOJJOOHBIMU MACCAMU pe-
A1pHO HabmogaTcs (cMm. Tabil). ITocne BhIrOpaHUs
BOZIOPO/IA B s/Ip€ MEPBUYHAS, 60JIee MACCUBHAS 3BE3/IA
pacImupaeTCsa U 3aIOJHAET CBOIO MOA0CTh Poma. Ha-
YUHAETCS MEPETEKAHUE BEMIECTBA HA COCEAHIOIO 3BE3-
Iy, KaK IIPaBUJIO, C TEMIIOM 060s€€ OBICTPHIM, YEM
B AJJEPHOM IIKAJIE€ BPEMEHU IBOIIONNY (TIPU ITEPETEKA-
HUM BEIECTBA OT 60J€€ MACCUBHOM K MEHEE MACCHB-
HOI 3BE3/I€ PA3/EICHUE MEXKAY KOMIIOHEHTAMU YObIBA-
€T, UTO JOIOJHUTENBHO CTUMYIUPYET OOMEH MACC).
[Tocne noTepu BOJOPOJHON OO0IOUKHU I1EPBOM 3BE3/bI
Ha €€ MeCTe OCTaeTca 3Be3fa Bombpa—Parie (WR) —
«0OOHAKEHHOE> TEIUEBOE AAPO IEPBUYHON 3BE3[BI
C HEO6OJBIION BOAOPOAHON 000104YKOU. 3Be3na WR,
B3PBIBAACH, KaK CBepXHOBad THUNA Ib/c, o6pasyer Y/
Hanuume numb CI1a60ro 3BE3JHOTO BETPA, 4 TAKKE
NPEJNONOKEHUE, YTO OKOJIO ITOJOBUHBI MACCHI 3BE3/IbI
WR kosnancupyer B Y/, 103BOAIOT OOBACHUTD (POP-
muposanue YJI tpedyemont maccel (15-20)Mg B f0-
CTATOYHO TECHOM cucTeme. CymeCTBEHHO TO, YTO BBU-
JIy OOJBIIOrO0 HAYaJIBHOTO OTHONIEHUS MaCC KOMIIO-
HEHT, g = M,/M, = 0.35, ob6mas 060J04Ka HA CTAJUU
MEPBUYHOIO OOMEHA MACC HE 0OPA3YETCA U CUCTEMA
3BOJIIOLIMOHUPYET KAK MOJYPA3/IeICHHAS.

Bropaa 3Be3/a CUCTEMBI, HAPACTUBINASA MaCCY
B IMpoOIlecce MEPBUYHOIO OOMEHA, 3aMONHAET CBOIO
II0JIOCTH PoIma, BCIEACTBHUE YETO HAUMHAETCA CBEPX-
KpUTHUYECKAA aKKpenusa Ha Y/I, 3areM NpOUCXOLUT
o6pa3oBaHue OOIEH 060I0YKH, U JBOUHAS CUCTEMA
334KAHUYMUBAET CBOE CYMIECTBOBAHHUE B PE3YJILTATE Ia-
JeHud 1o cnupann 4/ B HeHTp ONTUYECKOU 3BE3/IBI
Cc o6pazoBanueM oO6beKTa TopHa—Kurtkos. Koneu-
HBIM PE3YJIbTaTOM 3BOJIOIUU TAKOH CHUCTEMBI (C OT-
HOCHUTEJIBHO MaJIBIM HAYaJbHBIM Pa3/l€/ICHUEM KOM-
nmoHEHT A < 100Rg) OKa3bIBAETCA OJJMUHOYHASA MACCUB-
nasa 9. Bo spema gsukeHusa 4/l o cuMpanu BHYTPb
3B€3/bl (cTagus o6pa3zoBanus oobekra TopHa—Kur-
KOB) CHCTEMA, KaK YK€ YIIOMMHAJIOCh, MOXET OBITH
MOTIHBIM UCTOYHUKOM usnyueHus I'B [10].

Ha puc.4 npeacrasiaeH 3BOMIOIUOHHBIN CIIEHAPUT,
NPUBOAAINY K 06PA30BAHNIO KOMIAKTHOU (A4 < 50R4)
aBorHOU cucreMmbl Y. B fanHOM cayudae, 6aarozaa-
psa BbIOOpPY 6OJBIIOIO HAYAJBHOI'O Pa3JeICHUSA
xoMnoHeHT A = (170-200)Rg, 0b6mas 060104Ka BO
BpeMs BTOPUYHOI'O OOMEHA MACC PACCEUBAETCH BO
BHEIIHEE MNPOCTPAHCTBO H3-32 MEPEJAUYN 3HAYU-
TENBHOW Y4aCTU OPOUTATBHOIO YITIOBOTO MOMEHTA
1 QHEPTUU CUCTEMBI B 000JI0UYKY, U 06beKT TopHA—
JKurtkos He ycnesaeT o6pa3osarbca. Popmupyercs
TecHas napa «4J1 +3se3ga WR». 3arem 3Besga WR,
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Cragmad | M | 0 I M | A | T |
I+1 | 943 ® Xeo 567 | 180 | 0
M+1 | 925 YO 56.2 | 190 | 25

e+ |608 | (@B ) |608| 180 | 25
WR+1 | 581 @ o) 610 | 180 | 31
sN |s523| JBXe) |[610] 190
BH+I | 261 ® - 610 | 270 | 3.3
BH+1l | 261 e - 609 | 270 | 35
SBN + Ilis| 26.1 545 | 270 | 38
CE | 261 530 | 260 | 338
BH +WR| 261 316 | 18 | 38
SN | 261 o [ 284 19
BH +BH | 26.1 ® @ 142 | 30 | 41
BH | 403 4 4300
L

Puc.4. MocneposatenbHOCTb 3BONIOLUOHHLIX CTaguil Ans
peHTreHoBCKOW ABOMHOI cuctembl IC10X-1, paccuyuTaHHas
c nomouwbio MawwnHbl cueHapues 1 NpUBOAALLAA K POPMUPO-
BaHMI0 KOMNaKTHOM (A = 30Rg) ABOMHOW CUCTEMBI U3 YEPHBIX
Aablp [15]. B TedeHune 4.3 mappa net fBe YyepHble Ablpbl CIMBA-
0TCA 1 (OPMUPYIOT MOLWHBIA TPaBUTALUMOHHO-BOJIHOBOM
Bcnneck. 0603HayYeHNs Te xe, 4TO Ha puc.3.

B3PBIBAACH, KAK CBEpXHOBas TUNA Ib/C, popmupyer
BTOpylo Y/, m 0o6pasyeTcs KOMMIAKTHAsS Iapa M3
aByx YJI ¢ paspenenueM A = 30Rq. Jlanee B TeyeHue
4.3 mappg net 3tu Ase Y1 cOMMXKA0TCI U3-32 IOTEPU
3HEPIUU CUCTEMOI B BUJEC I'DABUTALUOHHBIX BOJIH
1 B KOHIIE TAKOTO CIHUPATBHOIO COMMKEHUA (Hop-
MUpYeTCA MOWHBIHA BCmieck I'B. B wurore, nmocue
caugaHud IByX Y/, o6pa3yeTcs OJUHOYHAS MACCUB-
Hag Y. B panHOM Ciy4yae TAKXKE MPEANOIAraeTcs,
4YTO HUCXOJHBIE 3BE3/bl «KJIACCUYECKOU» TECHOU
JBOMHOM CUCTEMBI UMEIOT Cl1a0BIN 3BE3JHBII BETED,
4 IIpu KoJutarnce okosao 50% maccel 38e34b WR 110-
NagaeT IOJ] TOPU3OHT COOBITUIT Y/I.

Ha puc.5 npuseseH 3BOJIOIUOHHBIN CIEHAPUN
MACCUBHOMW TECHOMW [JBOWUHON CUCTEMBI, IIPUBOAA-
MU K POPMUPOBAHUIO APl MACCUBHEIX Y]] cO 3HA-

AR e
60.2M, MS| 2463 015

T, mnpg net
00000 | Ms seam, () ZAMS

A, RLOF
3.5445 [HG s22m, | . seam, MS|2.140 0.00
HG
3.5448 | unu 423 m,] . » sagm, MS|3.112 0.00
CHeB - -

3.8354 | He star 3s0m. @ sa7M, MS5|3.579 0.00

* direct BH
3.8354 |BH 3sam, . . sa7mM, MS|3.700 0.03

5.0445 [BH 351 M, > 82.2 M, CHeB | 3.780 0.03

5.0445 [BH 3e5Mm, - ® 36.8 M, He star | 43.8 0.00
5.3483 [BH 3s5Mm. - ® 342 M, Hestar | 45.3 0.00
{ directBH
5.3483 [BH 365M, ., . 308M, BH|47.8 0.05
|' merger
10.294 ° 0 0.00

Puc.5. lNocnepoBaTesbHOCTb 3BONIOLUOHHbLIX CTaAMN MACCUB-
HOM ABOMHON CUCTEMbl, cocTosAlen n3 3Be3f HaceneHus III
C HU3KOW MeTannuyHocTblo [16]. PopmupyeTcs KoMnaKTHas
(A =47.8Rg) cncTeMa N3 ABYX YEPHBIX ibIp C MACCAMM, COOTBE-
TcTBYIOWMMY cOGbITUIO GW150914 (36Mg + 29Mg), KOTOpbIE 3
Bpema 10.294 mMnpA neT CAUBAIOTCA WU NOPOXAAIOT MOLYHbIN
rpaBUTaLMOHHO-BONHOBOI BCnieck, nNofobHbin GW150914.
3pecs MS (Main Sequence) — cTapus MaBHOW nocnegosa-
TenbHocTH; ZAMS (Zero Age Main Sequence) — Hayano ctaguu
rnaBHoii nocneposatensHoctu; RLOF (Roche Lobe Over
Flow) — nepenonxexue nonoctu Powa; He Star — renuesas
3ee3paa; CHeB (Core Helium Burning) — ropeHue renus B agpe
3Be3/bl; merger — pe3ynbTaT CAUAHUA; € — SKCLEHTPUCHTET.

IUTEAbHBIM pasfencHueM A = 47.8Ry [16]. Bpems
cnudanud ByX Y/ B 1aHHOM C/Iy4yae BECbMA BEIHUKO
(10.294 mapp net). DTO JaeT BO3ZMOKHOCTh OTHECTHU
COOTBETCTBYIOMYIO UCXOAHYIO «KIACCUYECKYIO» CUC-
TEMY K OYEHb paHHEN 3MOXE pacmupeHus Bcenen-
HOM, KOT/IA €€ BO3PACT ObLI BCETO OKOJIO 2 MJIP/J JIET
1 KOI'ld CYMECTBOBAJIO MHOTO MACCUBHBIX BOJJOPOJI-
HO-TenueBbX 3Be3x Il Tuma HaceneHus ¢ HU3KON
METAIJIMYHOCTBIO (~3% OT COJHEYHOI). B TakoM
cay4dae MPEJIIOJOKEHNE O CIa60CTU 3BE3HBIX BET-
POB KOMIIOHEHT UCXOJHON CHUCTEMBI KAXKETCS €CTe-
CTBEHHBIM. [IpU 3TOM HAYAJbHBIE MACCHl UCXOJHBIX
KOMITOHEHT COCTABAAOT M, = 96.2Mg 1 M, = 60.2Mg,
4 HAYQJIbHOE Pa3/ICJIEHUE BBIOUPAETCA BECbMa OOJIb-
muM: A = 2463R.

BBIUMCICHUS TPYIIBI BebYUHCKOTO [16] A71st City-
4yas KIaCCUYECKOT'O 3BOJIOIIMOHHOTO CIIEHAPUS U30-
JUPOBAHHBIX MACCUBHBIX ABOMHBIX CUCTEM IPEJCKA-
3BIBAIOT, UTO IPOABUHYTLIE HA3€MHBIE IPABUTALIMOH-
HO-BOJIHOBBIE OOCEPBATOPUMU BTOPOTO IOKOJEHHUH,
JOCTUTIINE TPEAENbHON YYBCTBUTEIBHOCTH, JOJIXK-
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HBI PErUCTPUPOBATL OKOJIO 1000 cauanuit map vep-
HBIX JIBIP B F'OJI, IPUYEM UX CYMMapPHBIE MACCHI JIEKAT
B npepenax (20-80)Mg.

Jnsa gpyrux CLEeHAPUEB 3BOJIOINY, YIOMAHYTHIX
BBIIIE, YACTOTHI PETUCTPAIUN BCIIIECKOB ['B oT cimda-
Hug YJI B ABOMHBIX CHUCTEMAX OXKUJAIOTCI TOTO K€
MOPsI/IKA WU MEHBIIE.

Ha ocHoBe nepBbix 16 gHel HAGTI0JeHUIT KOMaH-
ga LIGO onenHuna 4actoTy CAUAHUA JBOUHBIX Y/
B (9-240) Tuk~ rog' [6—8], 9TO B [[EIOM COTIACYCTCS
C TEOPETUUECKUMH MPENCKAZAHUAMU.

HeaBHO MOCTYIHIIO COOOMIEHNE O TOM, YTO OKOH-
YATEJIbHO BCTYNWIA B CTPOM UTANBSIHCKASA TPABUTAIIU-
OHHO-BOJHOBas o6cepBaTopust VIRGO. C 16 uions ce-
IO rojla HA4YaJquChb peryiaspHele HabmopeHus ['B Ha
3TON 06¢cepBaTopun. COBMECTHAA PETUCTPALUAA CHUT-
Ha10B I'B Ha o6¢cepBaTopusax LIGO n VIRGO nozsonut
YBEJIMYUTb HAJCKHOCTb PE3YJIbTATOB HAOMIOACHUN
U YMEHBIIUTD PAa3MEPBI BO3MOXHBIX O0NACTEN JIOKA-
JIM3aIUU OOHAPYKEHHBIX COOBITUH Ha HEOECHOU ce-
pe€, 4TO OTKPBIBAE€T HOBBIE MEPCIEKTUBEI KAK JIJIS I'pa-
BUTALJMOHHO-BOJHOBOW ACTPOHOMMH, TAK U I dC-
TPOHOMHUHM 3JNIEKTPOMATHUTHOIO JUANA30HA. YUEHBIE
BCEr0 MUPA C HETEPIIEHUEM KIyT HOBBIX CEHCAITMOH-
HBIX OTKPBITUH B O6JACTH IPABUTAIIMOHHO-BOTHOBBIX
uccaenoBaHui BeeneHHoM.

PopocnosHas TeMHOM 3Hepruu

B gononnenue K nepsoHavaabHoMy Cnucky I'muséyp-
ra, 8 Bapuanrax 1995-2004 rr. [18-20], nossiagercs
pAJl HOBBIX TEM U 33JJa4 KOCMOJIOTUH: MOJIETb PACHIN-
paomerica Bcenennon @puamana, UHQIALNAL, KOCMO-
JIOTUYECKAA NOCTOsAHHAA JIAMOMa, €€ TPAKTOBKA IO
[MHEPY KaK XapaKTEPUCTUKU BAKYYMOIOJOOHON
Cpebl, KBUHTICCEHITUA, CBI3b MEXKJY KOCMOJOTUEH
1 (PU3UKOU BBICOKMX 3HEPIUil. DTOT HA60P T€M KOH-
LEHTPUPYETCA B OCHOBHOM BOKPYT POOIEMBI TEMHOM
3HEPIUU — OJIHOM M3 CAMBIX OCTPBIX IpobeM PyH/1a-
MEHTAJbHON (PU3UKU U ACTPOHOMHUHU HAIIUX JHEH.
Hcropus TeMHON aHEPIruu HaunHanach 100 neT Ha-
3azx, B 19171, co crarbu OUHIITENHA «BOIPOCH KOC-
MOJIOTHHU U 0611as TEOPUS OTHOCUTENBLHOCTH >, BBIIIE/]-
ment B «CoobmeHuax IIpycCKOM aKafieMUM HAyK»
B bepimne. COrnacHO MHTEPIPETALUHU, IPEAIOKEH-
Ho1 no3anee (B 1965 1) D.B.Imuuepom (Torga coTpya-
HUKOM JIEHUHTPA/JCKOTO (PU3UKO-TEXHUYECKOTO HH-
CTUTYT4) U CTABIIEH CeNYac (OYTU) OOLEIPUHATOH,
TEMHAA SHEPIUA — 3TO OCOOGOT0 pOAa KOCMHUYECKAA
CIUIONIHAA CpeJid, KOTOPAsA PaBHOMEPHO 3AINOJHAET
BeCh 06'beM BceleHHOI U CO3Ja€T B HEM BCeOOIIee OT-
TAJIKMBAHUE — BCEMHUPHOE AHTUTATOTEHHE. TeMHasA
SHEPIrUs HE MEHSETCS CO BPEMEHEM, U €€ €IUHCTBEH-
HOHM HE3aBUCUMON (PU3UYECKON XAPAKTEPUCTUKOU
CITYKUAT 3UHIITEMHOBCKAA KOCMOJIOIMYECKAA IIOCTOAH-
Has, 0003HA4YAEMas TPEUYECKON OYKBOM A (1sMO7a).
Kak BCAKaA MAKPOCKONMYECKAA CPENd, TEMHAA dHEP-
rusg 06JIAfAEeT IUIOTHOCTBIO M JaBiaeHueM. Ee minor-
HOCTDb TIOJOXKMUTENbHA, 4 JABJIEHUE OTPULLATEIBHO

U PABHO IVIOTHOCTH (YMHOKEHHOM HA CKOPOCTDb CBETA
B KB4JpdTe) IO A6COMOTHON BeanuuHe. COraacHo
OTO, TArOoTeHUE ONPEAENAETCA HE TOIBKO IIOTHOC-
TBIO CPeAbl (KAK B MeXaHUKE HpIOTOHA), HO U ee JaBiie-
HueM. OTPULIATENBHOE JABIEHUE TEMHOI 3HEPIUU CO-
3/14€T OTPULIATENBHOEC TAIOTEHUE, T.€. AHTUTATOTECHUE.
[To cBOMM MEXAHUYECKUM CBOMCTBAM TEMHAS SHEPIUs
nofo6Ha BAKYYMY: OHA CONYTCTBYET JIOOOMY JIBUXKE-
HuIo0. Eciiu, Hanipumep, UMEIOTCA ABA TEJIA, JBUKYIINE-
€A OTHOCHUTEJIBHO JPYT APyrd, TO TEMHAasg 3HEPrus CO-
IIYTCTBYET KAKJOMY M3 HUX. [10 3TOI NPUYMHE KOCMU-
YECKUU BAKYYM HE MOXKET CJIYKUTb CUCTEMOM OTCUETA.

Takux CJI0B, KaK «T€MHasd 3HEPTUSL», «KOCMUYEC-
Kasd Cpefid», «<BAKYYM» WIN «BCEMHUPHOE AHTUTATOTE-
HUE», B pab60Te DUHMITENHA HET; B HE TOBOPUTCS (HA
MIEPBLIA B3IJIAJ, HECKOJIBKO (POPMAIBHO) O MOCTOSAH-
HOW BEJIMYMHE, JOOABIEHHON UM B IIEPBOHAYAJIbHBII
(1915-ro roga) sapuant ypasaenutt OTO. [eno, ko-
HEYHO, HE B CJIOBAX M HA3BAHUAX; BAXKHEE U IIOYyYU-
TeJlbHEE Ipyroe: B pabore 1917 rofa u B JaIbHENIINX
paboTax OUHITENHA HET HU CJIOBA O (PUIUUECKOU
NPpUPOAE KOCMOJOIMYECKOU IOCTOAHHON. DUH-
HITEMH OTKPBLI BCEMUPHOE AHTUTATOTEHUE, HO HE
CTaJI U3MBIILIATH I'UIIOTE3 HA 3TOT CYET — KaK 3a/0JI-
o A0 TOro mocrynul HpIOTOH, KOrja OTKPBLI BCE-
MHUPHOE TATOTCHHUE.

Ceituac, yepes 330 ser mocjie HBIOTOHOBCKUX
«Havam» n vepes 100 yeT nmocie 3MHMTENHOBCKON
OTO, MBI TAK U HE 3HAEM HA CAMOM JIeJie, YTO TAKOE
IO CYTU BCEMUPHOE TATOTEHUE-aHTUTATOTEHUE. CO-
BpeMEHHAs (PyHJAMEHTANbHAA (PU3UKA OJEN U YaC-
THUI] HE IA€T OTBETA HA 3TOT BONPOC; B HEN HE OBLIO
paHee U HET 10 CUX IIOP HUKAKUX YKA3aHUI HA CYILIle-
CTBOBAHME TEMHOU 3Heprun. Jo6asuM, 410 B PyHIa-
MEHTAJIbHON (PU3UKE OTCYTCTBYET U IIPEACTABICHUE
O CTOJIb K€ 3ar'aJOYHOM IO CBOCHU NPUPOJE TEMHOM
MATE€PUHU, K OTKPBITUIO KOTOPOM 4ACTPOHOMBI LUIU
40 net (1933-1972). Kak Tenepp U3BECTHO, HA TEM-
HYIO 3HEPIuio npuxoaurcsa 70%, a Ha TEMHYIO MaTe-
puo — 26% MOTHOM MaCChl/3HEPTUN HAGIIOAAEMOM
Bcenennoii. Ha «0OBIYHOE» BENIECTBO U KOCMUYECKOE
3JIEKTPOMAIHUTHOE U3JIyYEHUE, T.€. HA TO, C UEM YC-
MNEMHO CHPABIAECTCA CETOAHAMHAA (PU3UKA TOJIEU
U 9ACTHI], OCTAETCA B KOCMOJIOTUU He 6omee 4%. Kak
Hazgesics 'MH30YpPr, «QU3KUKE IPEJCTOUT B OYAYILEM
CAENATh ropa3fo OOJBIIE, YEM TO, UTO YKE CAETAHO
€10 10 CUX II0p»>.

B pa6ore 1917 1. DUHIITENH NPEATPUHSI IEPBYIO
B MCTOPUHU HAYKU HONIBITKY CAEJIATD IPEIMETOM TOY-
HOTO (PU3UKO-MATEMATUYECKOTO ONUCAHUA U U3yUe-
HHA BCIO BceleHHyo, TOHUMAEMYIO KdK HEKOE €J1U-
Hoe nenoe. Crosb HEOPAUHAPHAA 3a4a4a TpeboBala
HOBOU (PU3UYECKOU UJEU, COPA3ZMEPHOI ITOM 3a1a4€
10 OPUTHHAJIBHOCTU U TEOPETUYECKON MOIHU. Takou
HjIeer CTAN0 SUHIMITEMHOBCKOE AaHTUTATOTEHUE. POb
1 MECTO 3TON UJIEU B (DU3NUKE U ACTPOHOMHUU JAEMOH-
CTPUPYETCA y DUHIITENHA HA IPUMEPE €I'0 KOCMOJIO-
I'MYECKOM MOJENIN — MEPBOM B COBPEMEHHOMN HAyKeE
TEOPETUYECKON KOHCTPYKLIUU TAKOTO POLA. DTO ObLI
NPOCTENIUNA PUMEP TOTO, KAK AHTUTATOTEHUE —

14
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3Ta U300pETEHHAd UM MOTy4as HOBAsA CHUIa — MOIJIA
6Bl IEHCTBOBATh B MUPE KaK I[€JIOM HAPSAAY C BCEMUP-
HBIM TATOTEHUEM U KOHKYPHUPOBATb C HUM.

B mozpenu DuHmTenHa BecenenHaa o61a1aeT MaK-
CUMQJIBHOU IPOCTPAHCTBEHHO-BPEMEHHON CUMMET-
puen: ona craTuyHa (T.e. OJJHA U TA K€ B KAXKABIU MO-
MEHT BPEMEHU), 4 €€ TPOCTPAHCTBO OJHOPOJHO (OU-
HAKOBO BO BCEX TOUYKAX) U U30TPOIMHO (OJJMHAKOBO BO
BCEX HampapieHUsX). CTATUYHOCTh OOCCIEUUBACTCS
TOYHBIM OA7TAHCOM TATOTCHUS U AHTUTATOTCHUS: CYM-
M2 3THUX JIBYX CUJ (IOBOPS A3BIKOM HBIOTOHOBCKO Mé€-
XAaHUKN) PaBHA HYJIIO B KKAOUM TOYKE NIPOCTPAHCTBA
BO BCE€ MOMEHTHI BpeMeHU. Takas Mojens BeeneHHOM
HE NPOTUBOPEUYNIA HUKAKUM ACTPOHOMUYECKUM JIdH-
HBIM TEX JIET. B aCTpPOHOMMU NEPBBIX ABYX JECATHIIC-
Ui XX BEKA CUMTAIOCh, YTO BeenenHas — 310 Mup
HETO/IBMKHBIX 3BE3/I, 1 DUHIITENH B CBOEH CTAThE HE
A3 CCBIIAETCA HA 3TY CTATUYECKYIO KAPTUHY MUPA.

Crenyomun mar B TEOPETUUYECKON KOCMOJIOIUHU
OBUT C/l€/IAaH NETEPOYPICKUM MAaTEMATUKOM A.A. Opus-
MaHOM. OTKa34aBIIUCh OT UJIEU CTATUYHOCTU U HEU3-
MEHHOCTU Mupd, Ppugman nocrpons B 1922-1924 .
MO/JIE/b 3BOJMIOLMOHUpYyIomel BcenenHnon. OHA, Kak
1 Mofenb DHHITENHA, ocHOBaHA HA OTO u npeatno-
JIATaeT OJJHOPOJHOCTb U HU30TPOIHUIO IPOCTPAHCTBA.
CXOACTBO MOJIENIEN €IIE€ U B TOM, 4TO PpuamMaH HE OT-
6pOCUI KOCMOJOTHUECKYIO MOCTOSHHYIO, COXPAHUB
TEM CAMBIM B CBOCH TEOPUM JUHAMUYECKUU (PAKTOP
BCEMUPHOI'O aHTUTArOTeHUA. B Mozmenn Ppuamana
HET CTAaTUYHOCTH. B HEHM JONyCKaeTcs KaK pacliu-
peHUE, TAK U CKATUE MUPA Kak 1enoro. Ilpeanoyre-
HUE SIBHO OTJJABAJIOCH KAPTUHE paciupenus, u ®puj-
MaH JaX€ OL[CHWUJI — IPABUIBHO IO MOPSAAKY BEIUYHU-
HBI (!) — COBpEMEHHBII BO3PACT BceneHHol, T.€. Bpe-
M, IPOTEKINEE OT HAYaIa KOCMOJIOTUYECKOTO PACIIN-
penus. C yueTOM KOCMOJIOTHYECKON IIOCTOSHHOM 3TO
«I10 TTOPAAKY BEJUUYNHBL JECATKHA MULIAAP/JOB HAMUX
OOBIYHBIX 3€MHBIX JIeT». TaKOB cTwiIb [leTepOyprckoi
MATEMATUYECKON IKOJIBL: CYATATH 10 YUCIA.

[TospHee, B 1920-€ rojpl, pe3KO U3MEHUIACH dAC-
TPOHOMHYECKAA KapTUHA Mupa. Tpygamu acTpoHO-
MoB-Habunonarenet B.Cnaitpepa, M.XpIOMACCOHA,
D.Xa66mna (Bce uz CHIA) u D.9nuka (TOraa CBEKEro
BBIITYCKHUKd MOCKOBCKOTO YHUBEPCUTETA) OBUIO YC-
TAHOBJIEHO, 4YTO BceneHHas — He MUP 3BE3[], 4 MUP
TaTaKTUK, TUTAHTCKUX 3BE3JHBIX CHUCTEM, KOTOPBIE
CIY’KaT OCHOBHBIMU 3JIEMEHTAMU CTPYKTYpHI Beenen-
HOM. OKa3a4JI0Ch TAKKE, YTO TAIAKTUKUA HE CTOSIT HA
MECTE, 4 JBUXKYTCA, pa30erasach OT HAC B PAa3HBIE CTO-
ponsl. B 1927 1. JK.JleMaTp, O€IbIUACKUNA TEOPETUK
(n a66art), cobpan onyOINKOBAHHBIE K TOMY BPEMEHU
HA0JI0ATEIbHBIC JAHHBIE O PACCTOSHUAX U CKOPO-
CTAX TFAJIAKTUK U OOHAPYKUJ, YTO pa3beraHue raaak-
TUK CJIEAYyEeT MPOCTOMY 3aKOHY: B KaXKABII MOMEHT
BPEMEHU CKOPOCTD Y AJCHUS JTI0O0U TAIAKTUKHU MIPS-
MO INPONOPIMOHANBHA PACCTOSHUIO O HEE. DTY 3a-
BUCHUMOCTD, IIPaB/d, TPAJAULIMOHHO HA3BIBAIOT 34KO-
HOM Xa66sa (TOT IEPEOTKPLLI €€ B 1929 1.).

Hepeako roBopdT, 4TO KOCMOJOruio dpupmana
noarsepaAna B 1929 r. Xa66a1 B CBOUX HAOIIOJCHUIX

pa36€rammuxcs raJakTukK. B 1efiCTBUTENbHOCTH HA-
6nronenus Xa661a OrpaHUYUBAIUCH OJIMKHUM 00'be-
MOM MHMpPa — PACCTOSAHUA Yy HETO HE MPEBOCXOJUIN
20-30 Mnk. Cam OH omUO60YHO CUUTA, YTO €I'0 IIpe-
Jie alIbHOCTH He 6oiblie 2—3 MIK, U 1ojaaraji, 4To
3TO U €CTb BCA Becenmennas ueaukoM. 1o HAGMIOAEHU N
B ITTOOANTBHBIX, UCTUHHO KOCMOJOTUYECKUX MACIITA-
64X MOPsA/IKA THICAY MEIrANAPCEKOB OBLIO TOIJA €Ile
Janexo. Mogenb PpujgmMaHa ¢ IUHIITECHHOBCKUM dH-
TUTATOTEHUEM JIOTO K/AaJ1d AIMIUPUUIECKON TPOBEP-
KM M HAamula HaJeXHOE NOJTBEPXK/JEHUE JUIIb
B 1998-1999 rr. B HaOMIOJEHUAX HA KOCMHUYECKOM
Teneckone «Xa66m» (Hubble Space Telescope — HST).
B nericTBUTENBHOCTH HE Ye€OBEK Xa60JI, a TEJIECKO
«Xa66m1»> noarsepaua reoputo Ppuamana.

AHTUTArOTEHUE Ha BCENEeHCKUX npocropax

I1aHOMEPHBIE KOCMOIOTHYECKHE HAOIIO/ICHHUS HA KO-
CMUUYECKOM TeJIeCKomne «Xa66s» BENUCh C CEPEAUHBI
1990-x rOog0B ABYMA MEXKIYHAPOAHBIMU I'PYIIIAMU dAC-
TPOHOMOB-HAOIIOAATENEN, OLHOU U3 KOTOPBIX PYKO-
poguan b.Imuar m A.Puric [3], a apyroun — C.Ilepi-
marrep [4] (B 2011 1. aT1 TpU ACTPOHOMA MOJTYYHUIN
HobeneBckyto npeMuio no ¢gusuke). Ux HabmoaeHus
IIOKA34/IM, YTO Y Kpasd BUAMMOU BceleHHON HA Mac-
mTabax MopsAgKa THICAY METANAPCEKOB U HOJIee MPOo-
CTPAHCTBEHHOE PACIPEJEIEHUE TATAKTUK BBITIAJAUT
CTATUCTUYECKU OJHOPOAHBIM, PABHOMEPHBIM B CpPEJI-
HeM. KpynHomacmTabHas OfHOPOAHOCTb — BasKHEMH-
nmee CBOMCTBO HAOII0gaeMOM BeceeHHOM KaK 1eI0To.
OHO 03HAY4EeT, 4TO, IOACUYUTAB YUC/IO I'AJTAKTUK B HE-
KOTOPOM OOJIACTH C MOMEPEYHUKOM, CKAXKEM, B 3 THIC.
MIIK, MBI MOKEM OXH/IATb, YTO NPAKTUUYECKU CTOJIBKO
JKe TAJIAKTUK HANUZETCA B JIIOOOM IPYTOM OOBEME TOTO
’Ke pasmepa. Takoro posia NPOCTPAHCTBEHHASA CUMME-
TPpUA NPEANONATralIaCh — 110 CYTU [Jeld, OHA NPEICKa-
3BIBAIACh — B KOCMOJIOTMYECKUX TEOPUAX DUHIITEN-
Ha 1 Ppupmana (cM. Bbiie). OTKPBITHE TJI00ANBHON
OHOPOAHOCTH MHUPA B paborax [3, 4] 6bUI0 BOCIPHU-
HATO B ACTPOHOMUM U (PU3UKE KAK HEYTO CAMO COOOM
pasyMeroneecs — APyroro, CO6CTBEHHO, U HE KA.

CTONb K€ OXKUIAEMBIM OBLIO U OTKPBITUE B PAbO-
Tax [3, 4] 17106aIbHOIO KOCMOJOI'MYECKOTO PACIIU-
peHus, NpeJCKa3aHHoro B Teopun PpuamMana: rajak-
TUKU U UX CHUCTEMBl JEUCTBUTEIBHO Pa30€raiorcs,
VOAAACDh APYL OT Apyra. U3 Treopun PpupmaHa BbITE-
K4€T, YTO CKOPOCTU AAJICKUX T'AJAKTUK IIPOIOPLUO-
HQJIbHBI PACCTOAHUAM O HUX (3aKOH Xa66sa). Ha-
6moenud [3, 4] TOATBEPAUIN TY 3aBUCUMOCTD HA Ca-
MBIX IAJIEKUX PACCTOSAHUAX.

Ho HUKTO He oxuan (CYUTas U UX aBTOPOB [3, 4]),
YTO 3TU HAOJIIOJICHUS IPUBEAYT K OTKPBITHIO TEMHOU
sHepruu. B Habmoaenuax Ha HST ypanocs usmMepurs
HE TOJBKO CKOPOCTHU YAANAOIUXCA TAJAKTUK U pac-
CTOAHUA JIO HUX, KAK 3TO NMPEXK/AE JENAUIOCh HA MEHb-
MIUX PACCTOAHMAX, HO — BIIEPBBIE — EIIE U YCKOpe-
HUE, KOTOPOE HUCHBITBIBAIOT IIPU 3TOM TI'dJIAKTHUKHU.
OKa3aJ10Ch, YTO YCKOPEHUE HAIIPABICHO B Ty XE CTO-
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POHY, UTO U CKOPOCTH YOEIdIOMUX I'AJIAKTUK, TAK YTO
TAJIAKTUKU YIAIAIOTCSA OT HAC U IPYT OT APYyTra BCE Obl-
cTpee u 6picTpee. VIX pacTaIKUBAET TEMHAA SHEPTrUs
C €€ 3UHIITEHHOBCKUM AHTUTATOTEHUEM.

B na6moneHusx [3, 4] ygaaocb U3MEPUTh ILIOT-
HOCTb TEMHOH 3HEPTuu: p, = 0.7:107* r~cm™. DTa BENIU-
YMHA HUYTOXHO MaJIA IO HAIIUM 3€MHBIM MEPKAM —
OH4 Ha LeJbIX 29 NOPALKOB MEHbLIE, HAIIPUMED, IIJIOT-
HOCTU BOABL IIPU «HOPMAJIBHBIX YCJIOBUAX»; U TEM HE
MEHEE TEMHAA JHEPIUA MOUTH OE3PA3AENBHO YIPAB-
€T AUHAMUKON BCed BceneHHOM Kak I1eJ0To.
W3 npumepHo 14 MipJ jieT M3BECTHOM CEMYac UCTO-
pumn BceneHHON (CpaBHUM € NPUOIMKEHHOHN OIlEH-
koI OpujMaHa — CM. BBIIIE) HA IPOTAKECHUU IIEPBBIX
7 MJIPJL B HEW JOMUHUPOBAJIO TATOTEHUE, d 3ATEM 3TA
pOJb IEPENIa K aHTUTATOTEHUIO, KOTOPOE npeodna-
JAET B COBPEMEHHYIO 3MOXY U OyJET CUIbHEE TATOTE-
HUSA TAKXKE U B CKOJIb YIOAHO OTAAJICHHOM OYAYIEM,
HACKOJIBKO 06 3TOM MOXKHO CEHYAC CYAUTD.

W3BECTHO, 4TO BO BpEMEHA DUHIITENHA UEA KO-
CMOJIOTHYECKOM MTOCTOTHHOM HE HAXOAuIa 6OJIBIIO-
ro npusnanug. Kopuden nayku XX B. — B.Ilaynny,
5.Xa66u, I Jlagay — ObUIM pE3KO NpOTUB Hee, Kak
BCIOMMHAN TuH36ypr, «/Jay W CHBIIATh HE XOTEJ
O KOCMOJIOTUYECKOU MOCTOSIHHOM»., B XXI B. ujaes
DHHIITENHA 06peTa HOBYIO KU3Hb. OHA 3aHAIA CBOE
MECTO B OJHOM PsAAY C CAMBIMU 3HAYUTEIbHBIMU 10~
CTHUKEHUAMU HAYKH, JIETTA B OCHOBY OCHOB KOCMO-
JIOTUU HAmMuX AHen. Kak Hexkorjaa 6b10 CKa3aHo, Ka-
MEHb, KOTOPBIA IIOHAYATY OTOPOCHUIU CTPOUTEIH,
CTaJI TENEPD BO IVIABY YIJIA.

KoHKypeHuua cun no cocepcTey

OTKpBITHE TEMHOU 3HEPTUU B INIOOAIBHOM KOCMOJIO-
IMYECKOM MacCIITabe MO3BOJUIO MO-HOBOMY B3IVIfA-
HYTb HAa MUpP TAJTaKTUK B OTHOCUTEIbHO MAaJIBIX MAC-
mTadax. JenuCTBUTENBHO, €CIU TEMHAA SHEPTUS ONU-
CBIBAETCA KOCMOJIOIMYECKON IIOCTOSAHHOM, TO OHA
JOJIKHA IIPUCYTCTBOBATD BCIOJY B MUPE U BE3JIE UMETD
OJIHY M Ty K€ IUIOTHOCTb. MOKHO 7M1 3TO NMPOBEPUTD
B HAO/M0/IeHUAX? B r11o6a1bHOM MaciTabe Takas npo-
BEpPKA yAAIACh 6JArojlaps TOMY, 4TO aHTUTATOTEHUE,
CO3/1aBAEMOE TEMHOI 3HEPTUEH, CUIBHEE TATOTEHUSA
Apyrux (hopM KOCMHUYECKON SHEPTUU/MACCHL Y AAJIb-
HEY rpaHunsl BceneHHoM. BO3MOXHO M 110JJ0OHOE
JOMMHUPOBAHUE AHTUTATOTECHUSA TILE-TU00 B OJIMK-
Hen Bcenennoir? B 2000-2001 rr. ObLI JaH IIOJIOXKHU-
TEJNBHBIII OTBET HA 3TOT BONPOC: HA PACCTOAHUAX
1-10 Mok ot MneyHoro IlyTu CymecTByloT 06JaCTH
NPOCTPAHCTBA, IIE AHTUTATOTEHUE CUJIBHEE TATOTE-
HuA [5]. Kak 1 B 1106a1bHOM MACIITA6€E, «<U3MEPUTEINb-
HBIM IIPUO6OPOM»> I TEMHOM SHEPTUU B MAJIBIX MAC-
MTA0aX MOCTYKUIN OTOKU TATaKTUK.

JlokanbHad Bcenennasa ycrpoena He 1o Ppujgma-
HY: HUKAKOU OJJHOPOJHOCTUA B HEUM HET, U HACEJAIO-
M€ €€ TAIAKTUKU PACIPEAEIEHBI IO OIMKHEMY OOb-
€My KpanHe HepasHomepHo. [Togasngionee ux 4ucio
COOpPaHO B MACCUBHBIE CI'VIIECHUS, HA3BIBAEMBIC I'DYII-

namu (C pasMepamu nopsajgka 1 Mik) u CKOIIEHUAMU
(¢ pasmepamu nopsagka 10 MIK), Torga Kak B IpocCT-
PAHCTBE MEXKIY CIYIEHUAMH I'dJAKTUK OYEHb MAJO.
JIoxkanpHag BcenenHas — 3aMedaTeNbHBI OOBEKT AC-
TPOHOMHHU U ACTPODUIUKH, JONYCKAIOMMI BHICOKO-
TOYHBIC U3MEPECHUSA B MUPE T'AJIAKTUK U UX CUCTEM.
OHa cTajna ceryac €eme M eCTECTBEHHON KOCMHYEC-
KOH 1a60paTOPUEH /I U3yUYEHUI TEMHON HEPTUMU.

[T0 TOHATHBIM NPUYHUHAM OCOOEHHO HUHTEPECHBI
CaMble OIM3KUE CTPYKTYPHI B HAIIEM T'dJIAKTUYECKOM
Ookpyxenuu. Ham Mieunsiii Ilyre BMeCTE C Apyrom
CTOJIb K€ KPYITHOU TYMaHHOCTBIO AHIPOME/Ibl 00pa3y-
€T MeCTHYIO IPYIILY I'AJIAKTUK, B COCTAB KOTOPOU BXO-
JUT €LIE IATb AECATKOB MEHDBIIUX 10 MACCE U pa3Me-
paM TaIaKTUK. MeCTHAasA Ipynna — IPABUTALMOHHO-
CBA3aHHAA KBA3UCTALMOHAPHAA CUCTEMA C IIOTHOMU
Maccou M = (2-3):10"Mg. DTy MaCCy COCTABISIOT BE-
IECTBO 3BE3J, U MEX3BE3/HOIN Cpeabl (6ApUOHHOE),
4 TAKXKE TEMHAs MaTEPUsl, KOTOPOH pa3 B IATb GOJIbIIE
10 MaCCE U KOTOPAsA HAXOJUTCA B OCHOBHOM B IIPOTH-
JKEHHBIX I'JIO JIBYX F'MI'AHTCKUX FJIAKTUK TPYIIIBL Pas-
Mep IpymIbl — IPUMEPHO 2 MIIK B IonepeyHuke. Bue
I'PYHIIBI HA PACCTOAHUAX OT 1.3 10 3 MIIK OT €€ LeHT-
pa HAOMOAAIOTCA 24 KapIMKOBBIE T'dNAKTHKH; BCE
OHM — 6€3 UCKIIOYEHUS — JIBIKYTCS NIPOYb OT IPYI-
B, IPUYEM UX CKOPOCTU TEM OOMbIIE, YEM OOJIBIIE
pacCcTOAHUE 10 HUX. DTO OMMKANIIMK K HAM MOTOK
pasberannsd TraJakTUK. TakoBa SMIUPHUYECKAd KAPTH-
Ha OmykHen Beenennoi no ganueiM U.JI Kapaueniesa
U €r0 COTPYAHUKOB [21-24], mOny4eHHBIM B HAOII0/1€-
Husax Ha HST, 6-merposom BTA (Bonbmowm Teneckorne
AsumyranbHoM CAO) 1 Ipyrux KPYIHLIX UHCTPYMEH-
Tax (puc.6).

MecTHyIO Ipynmny ¢ NOTOKOM pa3OeraHus BOKPYT
Hee OyJleM HA3bIBATD Jjajiece MECTHOM CUCTEMOU I'PYII-
1a—IOTOK. E€ OCHOBHBIE UEPTHl ONUCBIBAIOTCS TEO-
pPETUYECKON MOJICNIBIO, YYUTBHIBAIOMECH (BIIEPBLIC)
JIOKQJIbHBIE AUHAMUYECKHE 3(PPEKTE TEMHON 3HEP-
ruu 5, 25-27]. B 3T0it Mozenu Ipynmna npejcTaBicHa
cheprdeckon Maccoit M, a IOTOK pa3beraHus pac-
CMATPUBAETCA KAK COBOKYIHOCTD JIETKUX («IIPO6-
HBIX») YACTHII, ABWKYIIUXCA 10 PaJAUATIbHBIM TPACK-
TopuaM. (IToaHasg Macca KapauKoOB PEAJIbHOIO ITOTOKA
JENCTBUTENBLHO Mala — HE OOJBIIE HECKOIBKUX IIPO-
LIEHTOB OT MACCHI I'PYIIILL.) ['pyIina BMeCTE C IOTOKOM
NOI'PYy’KEHA B OOIMHU KOCMUYECKUIN (DOH TEMHOU
3HEPIUU C OJHOPOAHOM MOCTOAHHOMN TNIOTHOCTBIO P4

Ha KaXy10 U3 4aCTUIL IOTOKA JAEUCTBYIOT JIBE CHU-
JIBl: HBIOTOHOBCKAsl CHJId IIPUTSKEHUA K Macce M
U 3MHIITEHHOBCKAA CHId OTTAJKMBAHMWA, CO3/aBac-
Mas TeMHOU 3Hepruein. Ilepsas u3 CUI CIEAyeT HbIO-
TOHOBCKOMY 34KOHY OOPATHBIX KBAPATOB; OHA NMe-
€T OTPULATEJIbHBIN 3HAK M YOBIBAET (IO MOJYJIIO)
C POCTOM PACCTOSAHUA OT LIEHTPA TPYNILL. Bropas cu-
JIa, HAIIPOTUB, UMEET IIOJOKUTEABHBIN 3HAK U PACTET
C PACCTOAHHUEM IO JIMHEHHOMY 3aKOHY — TaK CUJY
aHTUTAroTeHus onuceiBaer OTO B npubamxeHun
€1aboTo IMOJA, KOI/ld KBAAPAT CKOPOCTH TEN U Iepe-
M1a/Ibl TPABUTAIMOHHOI'O TOTEHIIUANIA TOPA3/10 MEHD-
me (110 MOJYJIIO) KBajpara CKopocTu csera. Ilocues-
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Pnc.6. MectHas cuctema rpynna—noToK: Anarpamma 3aBu-
CMMOCTW CKOPOCTU OT PaccTosiHMA no AaHHeim HST [21-23].
MpencTaBneHbl ranakTUKM € UX pafuanbHeiMKM ckopoctamu V/
W pajnanbHbIMU PaccTOAHUAMU R, M3MEPEHHbIMU B CUCTEME
LeHTpa MecTHo rpynnbl. Ha nnoCKOCTM CKOPOCTb—paccTosn-
HUe U300paxalolyne TOUKM 3aN0JHAIT ABe YETKO pasinyato-
wuecs obnactu. Mepsyio U3 HUX, OTBEYAIOLLYIO PACCTOAHUAM
40 1-1.3 Mnk, 3aHMMaloT ranakTuku rpynnsl. B 3toit o6nactu
CKOPOCTM MMEIOT KakK NMONOXUTeNbHble, TaK 1 OTpuLaTeNbHble
3HayeHus B uHTepBane oT —150 go +170 km/c. CymmapHas
CKOpOCTb BCEX ranakTuk 61u3ka 3gecb K Hyntw. CpefHasa nu-
HellHas pucnepcus (pa3bpoc) paananbHbIX CKOPOCTEN ranak-
TUK Tpynnbl cocTaBnser 72 km/c. ipyryto obnacts guarpam-
Mbl Ha paccToAaHuax oT 1.4 po 3 MnK 3aHMMaeT MeCTHbIN no-
TOK pa3beraHus ranakTuk. B o6nactu noToka HeT oTpuua-
TeNbHbIX (HanpaBfeHHbIX K HaM) CKOPOCTE; BCe ranakTuKu
noToKa yAanAaTCA oT rpynnel. VX CKOPOCTW UMEIOT 3HayeHus
oT 60 km/c B6NU3M paccTosHusa 1.5 Mnk go 250 km/c Ha pac-
CcToAHMUM B 3 MnK. MeCTHBIN NOTOK chepyeT IMHERHON 3aBUCK-
MOCTW CKOPOCTU OT paccTosiHus (3akoH Xab6na). 3Ta 3aBucH-
MOCTb MOKa3aHa NPsAMON NUHWEN, TY4OM, BbIXOAALLNM U3 Ha-
yana KoopAuHart. Jlyy AenuT COBOKYMHOCTb M306paxarolmx
TOYeK MOTOKA Ha [iBe paBHble MO YMC/Y YaCTH, PacnofoXeH-
Hble Bbille 1 HUXKe ero. TakuM NyTem HaxoANUTCA 3HAYeHue no-
KanbHOW BenuyuHel H, = 60 km/c/Mnk. OHa He cAUWKOM
CUNBHO OTIMYAeTCA OT KOCMONOTMYECKO MOCTOAHHOW Xab-
6na (70 km/c/Mnk), onpeseneHHon No HabNOAEHUAM Ha r10-
GanbHbIX paccTosHuAX. [lucnepcus CKOpocTell BOKpYr nps-
MO cocTaBnser 25 KM/C, 4TO MOYTU B TPW pa3a HUXKe, YeM
Ancnepcus ckopocTeii B rpynne. 370 onpefeneHHo yKka3bia-
€T Ha BeCbMa BbICOKYIO CTeNeHb YNOPALOYEHHOCTN B KUHEMA-
TUYECKOIi CTPYKTYpe noToka Kak uenoro. CornacHo npuHATOM
TeopeTUYecKol MOAenyu cCUcTembl Tpynna—moToK, perynsp-
HOCTb BO3HWKAeT B NOTOKe Gnarogaps TEMHOM 3HEPTUm, KOTO-
pas LOMUHMPYeT B ero fuHamuke. IhdeKT unncTpupyercs
Ha puc.6 Habopom TeopeTUyeckux Ga3oBbix TpaeKTopuit (T.e.
KPUBbIX CKOPOCTb—PACCTOAHME ANA YacTWL, MOTOKA), KOTO-
pble CXOAATCA C POCTOM PacCTOAHUA K Ny4y, NpeAcTaBastoLe-
My 3aKOH Xab6na.

HEE YCJIOBUE BBINOJHACTCA /I JTOKAIBHON CUCTEMBI
I'PyNIIa—IIOTOK C XOPOUIMM 3aI1ACOM.

Tak Kak CHUJIBI UMEIOT PA3HBIE 3HAKU U MO-PA3HOMY
BEAYT CE0S C PACCTOSHUEM, CYIECTBYET TAKas JIUC-
TAHIMA, HA KOTOPOU UX CyMMa OOpAIAETCA B HYJb.
DTO KPUTHUUECKOE PACCTOSHUE BBIPAKACTCI 4EpPE3
MACCy I'pynisl M U IJIOTHOCTb TEMHOM 3HEPTUU P
Ry =[3M/(8np.r)]"* = 1+(M,)"* Muk. 3pech M, — mac-
ca rpynnsl B eguHunax 10“Mg. Benuuuna R, Ha3bIBa-
€TCsI PAIUYCOM HYJIEBOTO TATOTECHUS: IPU R = R, Me-
€T MeCTO OalaHC TATOTEHUA M AHTUTATOTEHHS.
Ha MeHbIIUX paccTOAHUAX, R < R,, IpeoOaagaeT Ts-
roTeHue, a Ha 60X, IPU R > R,, JOMMHUPYET aH-
TUTAroTeHUE. [IpU YKA3aHHBIX BBIIIE 3HAYCHUAX MAC-
CBbl I'PyNIBl M U INIOTHOCTU TEMHOU 3HEPIUU P, Pa-
anyc R, cocrasager 1.3—-1.4 Mnk. Kak MBI BUAUM, OH
BECbMa OJM30K K U3BECTHOMY U3 HAOMIOLEHUH pajiu-
A7bHOMY pa3zMepy MecTHo# rpynnsl =1 Mok. 1o 03-
HA4Y4€T, 4TO B OO'bEME I'PYNIBI TATOTEHUE CUJIbHEE
AHTUTATOTEHUS. TaKue CUCTEMBL (HO 6€3 KaKUX-11ub0
NPU3HAKOB AHTUTATOTEHUSA) OBIIM U3BECTHBI B ACT-
POHOMUHU U pAHEE.

YT0 ke KacaeTcsa MOTOKA pa3beranusd, To OH HAXO0-
JUTCA HA PACCTOAHUAX R > R, T.€. TAM, I/I€ JOMUHUPY-
€T 3NHIITEHHOBCKOE aHTUTATOTEHUE. CUld AHTUTATO-
TEHUA 3ACTABJIAET YACTULIBI IOTOKA JBUIATHCA C YCKO-
penueM. Takoro pospa (PU3NUECKUX YCJIOBUH B MUPE
TIAKTHUK (14 U BOOOIIE B JIOKATbHOM (DUBUKE U ACTPO-
HOMMHN) IIPEX/IE HE 3HATN. YCKOPAIOMMUNCA TOTOK PaA3-
O€eraHus TrajJakTUK BOKPYI' MeCTHOH IpyHIbl HpEX-
CTABIAET COOOM OMMKAUIINKI K HAM NPUMEP JOKAb-
HOI 4CTPOHOMUYECKOU CTPYKTYPBI HOBOI'O, HEU3BECT-
HOT'O paHEee TUMA, IOCTPOEHHON 110 3akoHaM OTO.

Teopuss B KOMOMHAIIUU C HAOMIOAEHUAMHU IO3BO-
JIAET CAENATD PAJl 3AKITI0YEHUIT OTHOCUTEIBHO KaK Ca-
MOM CHUCTEMBI I'DYNIA—IIOTOK, TAK U TEMHOM 3HEP-
'Y, B KOTOPYIO 3Ta CUCTEMA NTOTPykeHA. OJUH U3 pe-
3YJIBTATOB TAKOI'O POJA — HE3ABUCHUMAA 3MIIUPUYEC-
Kas OL€HKA JIOKAJIbHON IJIOTHOCTU TEMHON 3HEPIUMU.
[IppuMeM HA OCHOBAHUHM MMEIOIUXCA HAOIIONATEND-
HBIX JAHHBIX (CM. BBILIE), YTO PAJUYC HYJIEBOTO TATO-
TEHUSA R, NPUOIMUKEHHO PABEH PAJUYCy I'DYIIBL Re.
JIOKa/1bHAs IJIOTHOCTD TEMHOI 3HEPruu, 0603Havae-
Mas B 3TOM CJIy4d€ KaK Pioc, CYUTAETCA HEUZBECTHON
BeaU4MHON. Tora u3 GopMyJIsl i pajuyca HyJI€BO-
T'O TATOTEHUS HAXOTUM: Pioc = 3M/(81) M/RS.

[ToxcTaBasgsa Crofa HAGMIOgAeMbIC 3HAYEHUA st M
" Rg, IONy4aeM INIOTHOCTD Pio, KOTOPAS COBIAJAET —
10 KpaMHEN Mepe IO MOPSAAKY BEJIUYHUHBI — C IJIO-
0aIbHON IUIOTHOCTBIO P,, U3MEPEHHOMN HA KOCMOJIO-
IMYECKUX PACCTOSAHUAX. TakuMm 06pa3om, U3 KoMbu-
HAIIUU IBYX JIOKAJbHBIX BEJIUYUH M U Rg, JONYCKAIO-
MUX IPAMOE HAOGMIONATENBHOE U3MEPEHUE HA BECHMA
CKPOMHBIX ACTPOHOMHMYECKUX PACCTOAHUAX, BO3HHU-
K4€T TPEThs BENUYNHA — (PYHJAMEHTAIbHAS KOHCTAH-
Td, UMEIOLIAsA YHUBEPCAAbHBIN (DU3UYECKUIT CMBICIL.

Mogenb rpynna—IoTOK IO3BOJIAET IPOCAECSUTD
CJIOKHYIO HEJIMHENHYIO MEXAHUKY YCKOPAIOIUXCA I10-
TOKOB. KaK OKa3bIBAETCSA, AHTUTATOTEHNE, JOMUHHUPY-
IOLEE B JIOKAJILHOM IIOTOKE, HE TOJBKO YCKOPSET Pa3-
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O€raHue raJakTUK 110 PAJUAJIBHBIM HAIIPABICHUAM,
HO BMECTE C TEM €ILIE U IIPUJACT IIOTOKY PEIYIAPHYIO
«Xa60IOBCKYI0» KHHEMATUKY C TMHEHHON 3aBUCUMOC-
TBIO CKOPOCTH OT PACCTOAHUA. [10 3TOI IpUYNHE J10-
KaJIbHBII IIOTOK BBHITTIAAUT KaK KOCMOJIOTMYECKOE PAC-
IMUPEHUE B MUHHUATIOPE.

Takoro posa 61u3K0€E M0/J06HE JTOKAIBLHOTO MOTO-
Ka U INIOOAIBHOI'O PACIIUPEHUA NPEACTABIAIOCH 10
HEJABHETO BDEMEHU «3AI'dIOYHBIM>, KAK HE Pa3 IMUCAJ
06 aTtoM A.Canaumx (CIIA), KI1ACCUK BHETAIAKTUYE-
CKOU ACTPOHOMUMU. «YIUBUTEIbHBIM>» HAXOJUI ITOT
(paxr u A.B.3enppoBud. IeACTBUTEIBHO, PEIYIIPHOCTD
pasberanusa TpebyeT, Ka3anocChb Obl, PETYIIPHOCTH —
T.€. (PAKTUUECKU OJHOPOJHOCTU — B IPOCTPAHCTBEH-
HOM PaCIPEAENEHNUN TATAKTUK. TaK OHO U €CTb B IJIO-
6a7IbHOM KOCMOJOTrHYEeCcKOoM Macmrabde. Ho BOKpyr
H4C, B IOKAJbHBIX MACIITA04X, HUKAKOHU OJJHOPOJHOC-
THU B PACIIPEJICEHUH TATAKTUK OTIPEEIEHHO HET. DP-
(bekT IUHMTEHHOBCKOIO AHTUTATOTEHUS C €TO YHU-
BEPCAJIBHBIM XAPAKTEPOM CHUMAET 3Ty 3ArafKy: BCE
JIENO B TEMHOH 3HEPTUU, B KOTOPYIO OTPYKEHBI 002
MMOTOKA — TJIOOAJbHBIN KOCMOJIOTUUYECKHUU TOTOK, T/IE
jgercrsyer mogenb PpuaMaHa, U JIOKAJABHBIN IIOTOK,
Iji€ IPUMEHUMA JIOKAJIbHAS MOJIE/Ib, OIMCAHHAS BBILIE,
B o6oux ciydasx UMEET MECTO JOMUHUPOBAHUE TEM-
HOU 9HEPIUU KAK PEMAIOMNI JUHAMUYECKUN (DAKTOP.

JIoKanpHAsA MOJENb IMOJAYYMUIA JaJbHENIIEEe TIO/J-
TBEPAKJCHUE B HAOMIOAECHUAX TATAKTUK HA PACCTOA-
HUAX 10 10-11 MIK, BBIIOJHEHHBIX KapadyeH1eBbIM
u ero xosneramu [21-24] ¢ nomompio HST. IIpume-
YaTEJbHO, YTO 3TOT KPYNHEHIINI KOCMUYCCKUI UH-
CTPYMEHT HALIECJIEH HE TOJbKO HAa PEKOPJAHO JAJIEKUE
KOCMOJIOI'MYECKUE PACCTOAHMUA, HO TAKXKE U HA CPAB-
HUTEIbHO CKPOMHBIE IPOCTPAHCTBEHHBIE MACHITAOBI
B MUpE I'aIaKTUK. 32 6oisee yeM 300 nnepuoos oopa-
MEHUA KOCMUYECKOTO TEIECKONA OBUIM OTKPBITHI
1 U3YYEHBl TPU C JMIIHUM COTHH OJMU3KUX Talak-
THK, IO OOJIBIIEN YACTH COOPAHHBIX B 12 CUCTEM TH-
ma rpynna—IoToOK, CXOJAHBIX C MeCTHOHU cucre-
MO [23-25]. TTogo6HYI0 AMHAMHUYECKYIO CTPYKTYPY
HUMEIOT, KAK ObIO HAMJEHO, TAKXKE U JJBC OJIU3KUE CUC-
TEMBbl CKOIUIEHUE-IIOTOK — CKOIuleHUA Bupro u ®op-
HAKC C MOTOKAMHU pa3beraHus BOKPYr HUX [28, 29].
Kaxgas U3 3Tux JByX CUCTEM IIO Pa3Mepy IPUMEPHO
B 10 pa3 6osbiie MecTHOU cuUCTEMBL X CTpyKTypa
IIOBTOPSIET B IVIABHBIX UEPTAX BHYTPEHHEE YCTPOUCT-
BO IIOCJIEQHEN — HO C YBEJIMYECHUEM BCEX PA3MEPOB
U JJIMH (BKIIOYAas U NOTOKM) B Te ke 10 pas. Teopus
[PEACKA3BIBAET CYLWECTBOBAHUE CTPYKTYPHI C IIOTO-
KOM pa36eraHus TAKKE U BOKPYI KPYIMHENIIETO CKOII-
nennsa Koma, HaXOJAMErocsa Ha OTHOCUTENBHO JaJie-
KoM (~100 MnK) ot Hac paccrosanuu [29].

VrnomsaHyTele 12 06BEKTOB 0OOpPa3ylOT BMECTE
¢ MeCcTHOM CHUCTEMOH KOJUICKTUBHYIO CTPYKTYpPY IO-
nepeyHukoM B 20 MIIK ¥ IIOJTHOU MAaCCOU (TEMHOM Ma-
TepUN U 6APUOHOB) OKONO 10"Mg. Bce 06bEKTH 3TOM
CTPYKTYPBl PACIOJNATAIOTCA B YIUIOMIEHHOM OOBEME,
npuieraomeM K CBEPXTANIAKTUYECKOU IITIOCKOCTH.
ITo npepnoxennio Kapadennesa CTpyKTypa Moay4dnia
Ha3BaHue <«JIokaapHbI OnuH 3enpgosuuar (JIB3,

puc.7). 12 o6bexkros JIB3 ygandorcsa ot nenrpa Mecr-
HOI rpynnel co ckopocramu or 100 zo 1000 km/c,
6JIM3KO CIelysd MPU 3TOM JMHEHHON (Xa66JI0BCKOI)
3aBUCUMOCTU CKOPOCTU OT PACCTOAHUA.

JIB3 — 3TO JOKAJIbHBIN IIOTOK pa30eraHus, KOTo-
PBIN 3AMETHO OTANYAETCA IO CBOEMY YCTPOUCTBY OT
CUCTEMBI I'DYNIIA—IIOTOK. /11 €ro onucanus Tpeody-
€TCA TaKasg MOJENb, B KOTOPOU BCe 13 06beKkTOB JIB3
B3aMMO/ICHCTBYIOT MEKY COOOH U ¢ TEMHOM 3HEPIH-
en [30]. Takag MOJENb MPEANONATAET PEMEHUE 3a/1a-
un N tei (35ech N = 13), IOIpyKEHHBIX B 00U (POH
TEMHOH dHEPruu. «HavanbHbple yCIOBUA> 3a1a4M 34-
JIAIOTCSL U3BECTHBIMU IO HAOIOAECHUAM PaJUaIbHbBI-
MU CKOPOCTAMH OOBEKTOB U PACCTOSHUAMU MEXKIY
HUMU. YUCIEHHOE PENIEHUE 33/JaUU MTO3BOJIAET HAM-
TH YCKOPEHHUE I KAKLOT0 U3 Tea. OKA3bIBAETCH, YTO
B COBPEMEHHYIO 3110XY BCe Teja JIB3 UMET NOT0XKU-
TEIbHOE YCKOPEHHUE. DTO O3HAYAET, 4YTO B 0O0BEME
JIB3 JOMUHUPYET 3MHIITEHHOBCKOE AHTUTATOTECHUE,
CO3/1aBA€MO€ TEMHOMN 3Heprueil. I1o 310l npudnHe
CKOPOCTH yJAJNEHHUA PA3OEraOMUXCca TeJl BO3PACTa-

B0

Puc.7. JlokanbHblit 611H 3e1b0BMYA: NPOCTPAHCTBEHHbIE TPAEK-
Topum B Mofenn N-Ten, NOrpyxeHHbIX B TEMHyI0 3Hepruto. bau-
Hbl B TeOpuW 3enbfoBUYA — YMIOLEHHbIE CUCTEMbI FanakTuK,
KOTOpble BMECTe CO CKOMAEeHWAMU W dunameHTamu 06pasyioT
KpynHomacwTabHyto cTpykTypy BcenenHoit. B 6anxHeit Becenex-
HOW TaKoro pofia yniouieHne B NPOCTPAHCTBEHHOM pacnpepene-
HUW TanakTUK W3BECTHO KaK CynepranakTnyeckas MAOCKOCTb.
JIB3 pacnonaraertcs B paiioHe 3TOW MAOCKOCTU U 3aHUMAET 06b-
em ¢ pasmepom B 20 Mnk. Maccel Ten, Ux paccTosiHUA U papu-
aNbHble CKOPOCTU HaliaeHbl o HabntoaeHusm Ha HST [23-24].
Bce Tena ypansiotca oT MecTHOI rpynnbl CO cKopocTamu, 61u3-
KO COOTBETCTBYIOLMMYU NTMHENHON 3aBUCMMOCTH OT PaCCTOAHUIA.
KpyKkamu Ha pUCYHKe OTMEeYeHbl COBPEMeHHble MOJOXKeHUs
Ten. Tonctele NMHUN — TpaeKkTOpuUM 12 Ten c y4eToM BAMAHUA
ABYX GAMKANWMX CKOMNeHuit ranaktuk Bupro u ®opHakc. ToH-
KWe TMHUM — TpaekTopumn 6e3 yyeTa CKOMNEHUN; pasnnyue Ba-
pUAHTOB He 04eHb Benuko. Mopenb MokasblBaeT, 4To B 06oMX
CNyy4asx ABMKEHME TeN NMPOUCXOANT C YCKOPEHWUEM, HanpaBieH-
HbIM B[LONb CKOPOCTU. 3TO 03HA4aeT, YTO B AMHAMUKE CUCTEMbI
AOMUHUPYET aHTUTATOTEHNe, CO3[laBaeMOe TEMHOII 3Hepruen.
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I0OT CO BPDEMEHEM CE€MYAC U OYAYT ele OhICTpee BO3-
pacrarb B OygyLeM.

[Tpu BceM paznuuuu Mexny JIB3 u cucremon rpyi-
Ia—IOTOK Y HUX UMEETCA OJHA IPUHIIUIINANbHAA 06-
mag 4epTa: B OO0UX CIydadx JOKAIbHBIE TOTOKH BBIT-
JAAAT KAK YMEHBIIEHHbBIE KOITUH INIO6AJIBHOIO IOTOKA
pacmupenus. YCKOPAIOMHUEC JIOKAJIbHbIE ITOTOKU —
HOBBIN PEHOMEH ACTPOPUIUKHU, 1IETUKOM 0OS3AHHBIN
3MHMTENHOBCKOMY BCEMUPHOMY AHTUTATOTEHUIO.
M3yyeHne JJOKAIbHBIX JUHAMAYECKUX 3(P(PEKTOB TEM-
HOI 3HEPIUU INIPOJOJLKAETCS; B 3TOM paboTe BMECTE
¢ corpyanukamu AW MTY n CrenimaabHON acTpo-
(pusuueckon o6cepsaTopun PAH y4acTByloT aCTpOHO-
Mbl CaHKT-I1eTepOypPrCKOTO rOCyAapCTBEHHOIO YHU-
Bepcurerd, MHCTUTYTA KOCMMYECKUX HCCIEJOBAHUN
PAH, Yuusepcurera Typky (Punaangng), YHUBEPCHU-
TeTa Anabambr (CHIA).

«be3bpexxHoe mope npo6nem»

B Hobenesckoit neknuu I'muaoypra ckazaHo: «B npom-
JIOM MO’KHO OBITIO M Ja’KE€ B HAIIK JHU MOXHO BCTpE-
TUTbCA C MHCHHUEM, YTO B (PU3HUKE YK€ IOYTH BCE CJie-
JIAHO... {1 CYNTAIO TOJJOH6HBIE MHEHHUSA IPOCTO KAKOH-TO
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Ginzburg’s List: Gravitational waves, black holes, dark energy

A.M.Cherepashchuk', A.D.Chernin’
Sternberg Astronomical Institute of Lomonosov Moscow State University (Moscow, Russia)

Ginzburg'’s List is a brief account of problems in physics and astronomy that were seen by Academician Vitaly Lazarevich
Ginzburg (1916-2009) as most important, interesting, and actual. It was collected by him for the first time in 1971, and
then renewed with time for three decades reflecting the progress in science as well as new prospects and key tasks for
the future. Ginzburg included the latest version of the List to his Nobel Lecture (2003). Astrophysics was presented
among the basic topics of the List from the very beginning. The emphasis was made by Ginzburg to relativistic astro-
physics and cosmology; and General Relativity (GR) was considered as the reliable theory ground for predictions and
discoveries in physics and astronomy. The fundamental ideas in this area of science found further development in
recent theory and observational studies. The problem of the dynamics of the Universe considered by Ginzburg as the
«basic question of cosmology» was solved in observations of 1998-1999 when dark energy that revealed itself in the
accelerating expansion of the Universe was discovered at global cosmological distances. The other most important
recent advantage was observational discovery in 2015-2017 of gravitational waves, predicted earlier by GR. This result
provides also a new strong evidence for the existence of black holes that were also predicted by GR.

Keywords: General Relativity, black holes, gravitational waves, neutron stars, dark energy, cosmology.
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XPpOHUKU YepHOU gbIpbl,
3dnNUCAHHbIE B MOAEKYASIDHbIX

obrakax

E.M.Yypazos', U.M.Xa6uobynnun', P.A.Ciousen’

"Uncmumym Kocmuueckux uccaeooeanuit PAH (Mocxea. Poccus)

LleHTpanbHAas 30HA Hael [ATaKTHKY — 3TO YPE3BBIYANHO HHTEPECHAS O6IACTb, B KOTOPOI «<KHUBYT» CAMBIC HK30THYC-
CKHME OOBEKTBI, CBOMCTBA KOTOPBIX OINPEIENAIOTCA COBEPIICHHO PA3HBIMU paszzienaMu (Gpusuku. Cpein TaKuX OObeK-
TOB — CBEPXMACCHUBHAS YCPHA IbIPA, U3BECTHAS KaK UCTOUHUK CTpesiert A*, U TUTIAaHTCKUE MOJIEKYJIIPHbIE 06J1aKa, pa3-
GPOCAHHBIEC IO OGJIACTH B COTHU CBETOBBIX JIET. OKA3BIBACTCS, YTO O6JAKA M YEPHAA JIbIPA MOTYT MHOTI'OE PACCKa3aTh
Apyr o apyre. O61aka XpaHsIT WHOOPMAIIHIO O BCIBIIIKAX PEHTICHOBCKOI'O U3JIYYEHUsI OT YEPHOM JIBIPbI, CIYIUBITHXCS
COTHH JIET Ha32/. B CBOIO 04epe/ib, BCIBIIIKH IIOMOTAIOT IPOSICHUTH BHYTPEHHEE YCTPOMUCTBO MOJICKYISPHBIX OBIAKOB.

KiaroueBsie CiroBa: LCHTP lanakTuky, YCPHBIC ABIPBI, PCHTTCHOBCKOC U3JIYYCHUEC, MCK3BC3/IHAA CPCA.

epHble Ablpbl Buranun Jla-

3apeBuY [MH30YpPr HA3LIBAJ

«CAMBIMU BOKHBIMU OO'bEKTA-
MU (puU3UKU U actpodusuku». Ce-
I'OJIHS MBI 3HAEM O MHOXKECTBC 4yep-
HBIX JIBID 3BE3JAHBIX MACC B ABOJ-
HBIX CUCTEMAX, 4 TAKKE CBEPXMAC-
CUBHBIX YEPHBIX JbIP. bivkarimas
K HaM CBEPXMACCUBHAA YE€PHA JIbI-
pa pacIoNoKeHa B JUMHAMUYECKOM
LIEHTPE HAIIEN [ATAKTUKH.

Hackonbko spka yepHas abipa
B LeHTpe lanakTuku?

Hama lFasakruka Mieunsii [Tyrs —
CPaBHUTEJIBHO OOBIYHAS CIIUPAJIb-
Hasl TAJIAKTHUKA, KAKUX MHOTO BO
Bcenennoit. ConmHeunas cucrema
pacnojoxena Ha nepudepun
3BC3/IHOIO JIMCKA, HA PACCTOSIHUU
pUMePHO 8—8.5 KIIK OT LeHTpa [a-
JIAKTUKH. B ee 1ienTpe, Kaxk u B aApy-
I'MX TaTaKTHUKAX, HAXOJAUTCA CBEPX-
MACCHUBHAS 4YepHas AbIPA, U3BECT-
Had KaK PaAUOUCTOYHUK CTperner; A
(puc.1). Maccel TaKUX YEPHBIX
JbID OTCIEKUBAIOT XdPAKTEPUC-
TUKU CAMHUX TaJAKTHK, HallpuMmep
IIOJIHBIE MACCHI 3BE3J, B LJEHTPAJIb-
HOM «OasiKe» WIN TUIIHYHBINA pa3-
6poc ckopocTeit 3Be3] B HeM. [To-
JOOHBIC APTYMEHTB! JJAIOT OI[CHKY
MACCBl HAIIEN YE€PHOM ABIPHI I10-

© Yypazos E.M., Xabubymiun N.1.,
Croonses PA., 2017

Eezenuii Muxainroeuu Yypa3oe, uneH-
Koppecnonoenm PAH, 6e0yujuii HayuHoLil co-
mpyonux omoena acmpoPusuKu 6biCOKUX
anepeuil Uncmumyma KOCMUHECKUX UCCILe-
oosanuti (MKH) PAH. Hayunoie urnmepeco, —
meopemuuecxkan acmpopusuxa, pemnmzernoes-

CKas AacmpOoOHOMUSL, CKONJCHUS 2aALAKMUK.

Havoap Hu3unoéuu XaO0uOyarun, Kanou-
oam Gu3nUKo-MamemamuuecKkux Hayx, Ha-
YUHBLLL COMPYOHUK MO20 Jce omoend. 3anii-
MAeMCa MOOCAUPOBANHIUEM DeHM2eH0ECKO20
usnywenus acmpoPuuueckux 00sexKmos,
MeMOOUKaAMiL U unmepnpemavuesi ux Ha-

01100 eH UL,

Pawuo Arueeuu Cionaes, axaodemur, 2146-
Mol HAYUHOLLE COMPYOHUK 1020 e 0moela.
Obaacmb HaAYUHOLLX UHMEDeco8 — meopemiu-
yecKas acmpopuduKa, guurnecKue npoyec-
cbl 60 Becenennoil u peauxmogoe usiyuenue,

pernmeeHo8CKaL acmpOoOHOMUA.
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LieHTpanbHas MoneKynapHas 30Ha
1 CBEpPXMacCMBHaA YepHas abipa

ConHe4yHas cuctema

Puc.1. CxematnyHas KapTuHa Hawen fanakTuku (BUA U3 TOUKM, PACMONOXKEHHON Hap,
Hel), Ha KOTOpoil Noka3saHo pacnonoxeHue ConHua u LeHTpa fanakTukm.

0.175
0.15 —
0.125 —
0.1 —

0.075

CKNoHeHWe, yrn.cexk

npaMoe BoCxXox aeHue, yrn.cex

Puc.2. Habniopgaemas op6uta 3Be3abl S2, fenatoleir noaHbli
060pOT BOKPYT CBEPXMACCUBHOI YepHOi Abipbl 3a 16 net [1].
KpyoK noka3biBaeT NOA0XeHNEe YepHOM LbIpbl.

psaka 6-8 muH Mg. Ho B ciyuae
Hameil [ATakTUKU MBI UMEEM TIO-
pasno O6onee HAJEKHBIC HU3MEpPE-
HHS MACCBl YEPHOU ABIPHL, MPEXKIE
BCETO MO JBMKEHHUIO OTJENbHBIX
3B€3/, BOKpPYr Hee (puc.2). Takue
U3MEPEHUS CTAIU BO3MOKHBIMU
C pa3BUTUEM UH(PPAKPACHOU aC-
TPOHOMHUU U UIUTEIBHOTO MOHHU-
TOPUPOBAHUA HENOCPEACTBEHHOMN
OKPECTHOCTH YE€PHOI ABIPHL. Cero-
AHA OPOUTHl HECKOIBKUX 3BE3J,
NIPOJIETAIONMMUX OKOJIO HEE Ha pac-
CTOAHUU MeHbIE 1 MIIK, U3BECTHBI
C XOpOIIEN TOYHOCTBIO, U IIPUME-
HeHME 3aKOHOB Keriepa (¢ yueTom
PENATUBUCTCKUX IIONPABOK) [JAET
MaCCYy YEPHOM JABIPBI B 4 MIIH M.
ITpr TaKOHW I'MIraHTCKOM Macce
ncroynuka Crpenen, A MOr 6Bl
OBITH ApYaAUMUM OOBEKTOM HaA
BceM HebHe. CBETHUT, KOHEUYHO, HE
CaMa 4YepHad JbIpd, 4 BEMIECTBO,
najgamoumee (aKKpenupylomee) Ha
Hee. Teopus aKKpELUU BEIECTBA
HA YEPHBIE JbIPbI IPEJCKA3BIBACT,
YTO CBETHMMOCTb OOBEKTA C MacC-
comt 4 MiH Mg MmoxeT gocturatb 10" apr/c — rak Ha-
3bIBAEMOM 3IJUHITOHOBCKOU CBETUMOCTHU

ARGMI 1o My ore,
Mg

Lyaa =

Or

rae G — IrpaBUTAIMOHHASA MOCTOSIHHAA, 7, — MAaCCa
IIPOTOHA, ¢ — CKOPOCTb CBETA, St — CEYEHUE TOMCO-
HOBCKOTO pacceanus. Ee BennynHa JMHENHO CBA3AHA
C Maccoi M yepHOI JbIpbl. [Ipu 60/b1IEH CBETUMOC-
TH JIdBJICHUE U3JIYYCHUA CIIOCOOHO OTOPOCUTD Bele-
CTBO OT YEPHOU JBIPBl U OIPAHUYUTDL TEMII AKKpE-
nud. MMEHHO TUTAHTCKAsA CBETUMOCTb TAKUX OOBEK-
TOB C MACCAMU B MWIJIAAPABI COJIHEYHBIX MMO3BOJIAET
H4AM PETUCTPUPOBATH U3IMYIEHUA OT HUX C KOCMOJIO-
I'MYECKUX PACCTOSHUN, KOI'/la BO3PACT BCENEHHOM HE
NpEBBLIMANT 5% OT CerojfnHfAmHero. Ho Hu4Yero gaxe
6JIM3KO NPUOIMAKAIOMIETOCH K YPOBHIO 3JIUHTTOHOB-
CKOM CBETHUMOCTH MBI HE BHUJAEIU OT UCTOYHHUKA
Crpeseny A" B COBPEMEHHYIO 310Xy. Hanpumep, ero
PEHTIEHOBCKAA CBETUMOCTb HE IPEBBINIAET OJHOU
MWUIMAPAHOU OT 3JJAUHITOHOBCKOU. COBPEMEHHBIE
00CepBATOPUU PETUCTPUPYIOT BCIBIIIKA OT HUCTOY-
HUKA (IIPUMEPHO Pa3 B [J€Hb), HO U BO BPEMs BCIIbI-
HIEK CBETUMOCTb OCTAETCA HUUTOKHO MAJIOU — MHO-
IU€ TATAKTUYECKUE YEPHBIE ABIPBI 3BE3JHBIX MACC
B JIECATKU U COTHHU Pa3 sApye UCTOYHUKA Crpeel A"
O3Ha4aeT MU 3TO, YTO YepHasd JbIpa B IeHTpe Mieu-
noro Ilyru Bcerga 6buia CTOJb Ke TyCKI0H? KoHeuHO,
HeT. Ha paHHUX 3Tanmax oOpa3oBaHUA [ANIaKTUKH,
MWIITHAAP/ABI JIET HA34/[, KOT/IA MIEJ IEPUOJ UHTEHCUB-
HOTO 3B€31006PA30BAHUA, POCT YEPHOI JIBIPHI TOYTH
H4BEPHAKA COIPOBOXKJAJACSI MOLIHBIM H3JIYYCHUEM.
AKTHUBHOCTb UCTOUHUKA CTpenen A’ B 6osee GIU3KYIO
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3MOXY (MUJUIMOHBI JIET HA34[]) CBA3BIBAIOT U C TAK Ha-
3bIBAEMBIMU Ny3pIpAMU PepMu (PUC.3) — OTPOMHEI-
MU CTPYKTYPAMHM, PA3MEPOM HECKOJLKO KHUjOIapce-
KOB, OOHAPYKEHHBIMU CIHYTHUKOM UMeHU DPepmu
(HACA) B ramma-guamnasone. OJJHAKO B 3TOM Cay4dde
NPAMBIX CBHUJETENBCTB, YTO OOPA3OBAHUE Iy3bIPEN
CONPOBOXKAAIOCH MOIHBIM M3ly4eHueMm, Her. Ha-
NIpUMeEp, B CKOIUICHUAX TAJAKTUK CBEPXMACCHUBHBIC
YEpHBIC JIBIPBI HAAYBAIOT IY3bIPU PEAATUBUCTCKON
I1JIa3MBl [3], OCTABASICh IPU 3TOM CJIA0BIMU UCTOYHU-
KAMHU U3Jy4EHUA.

[Tyspipu ®epMu GOPMUPOBANUCH MUJITTUOHEL JIET
Ha3aA. MOXHO 1M HANUTH CBUJETENbCTBA, YTO UCTOU-
Huk Crpenen A® ObUl ApOK B elje 60ee GIU3KYIO
K HaMm 31n0Xxy? OKaspBaeTcdA, Jd. 11 HEeHTPaIbHYIO
pOJb B 3TOM HTPAIOT O6JIaKd MOJIEKYIAPHOIO Ia3a,
KOTOPBIE YACTO BCTPEYAIOTCA BOIU3H LieHTpa anak-
THKH, B 06J1aCTH, Ha3bIBA€MOH LIeHTpaIbHON MoOJe-
KynapHon 3ono# (ILIM3), mmeromen pasmep B He-
CKOJIbKO COTEH MaPCEKOB.

MoneKynapHbIi ras B ueHTpe fanakTMKu

MonekyasapHble 06/1aka COCTOAT U3 CPABHUTEIBHO
IIJIOTHOTO /Il MEK3BE3JHOU Cpeibl ra3a (IJIOTHOCTD
Boimre 100 9acTUI Ha KYOUYECKUNT CAHTUMETP) C TEM-
neparypou okosno 100 K ninn Huxe. OCHOBHYIO MACCY
06JIaKOB 06€CIIEUUBAIOT MOJIEKYIIBI Bojopoaa H,. Of-
HAKO HaO6/II0/JaTh MOJIEKYIAPHBIA BOJOPOJ OYEHD
CJIOXHO — Y TAKOU CUMMETPUYHON MOJIEKYIIBl OTCYT-
CTBYIOT PA3PEIIEHHBIE BPAN[ATEIbHBIE U BUOPALIMOH-
HO-BPAIATEJIbHBIE TEPEXO/LL. [I03TOMYy OCHOBHBIM
HCTOYHUKOM UH(POPMALUU O MOJEKYIAPHBIX 06Ja-
KaX CJIYXKAT JUHUU JPYIUX MOJEKyd, nHanpumep, CO,
SiO, CS u T.a. Ha cerofHAMHUN JE€Hb MHOXECTBO
Pa3IUYHBIX MOJIEKYJ, Y4aCTO JOBOJBHO CJIOXHBIX,
OBLIN 3APETUCTPUPOBAHBI B MOJIEKYIAPHBIX O0IAKAX,
B TOM 4HCJIE PACHOJIOKEHHBIX B IIM3. Pasuble Moie-
KYJIBI XdPAKTEPHBI I Ta3a C PA3JIMYHBIMU INIOTHOC-
TAMU U TEMIIEPATYPAMH, YTO MO3-
BOJIAET IOJY4ATh MHPOPMALUIO
O BHYTPEHHEI CTpPyKType 06ia-
KOB, 4 TAKX€ MEPECUYUTBIBATD IO-
TOK M3JIYYEHUA MOJEKYIAPHBIX
JUHUA B IOJHYIO Maccy rasa. Ta-
KO IepecyeT HE BCETJA TOYEH,
HO IO MOPSAJKY BEIUYUHBI MaCCy
OLICHUTH MOXHO. UTaK, HabIIO/mE-
HHUS MOJIEKYJISPHBIX JIMHUI JAIOT

Puc.3. «My3bipn ®epmu», oGHapyxeHHble 06cepBaTopueil
umeHn ®epmu B ramma-nyyax (Hanpumep, [2]). Ha kapte, Ha-
PUCOBAHHOW B ranakTMYeCcKux KOOpAKMHaTax, CBepXxMaccuBHas
yepHas fiblpa HAaXOANTCA B LeHTpe KapThl, @ Ny3blpy — 3TO Ap-
Kue obnacTu csepxy U CHU3Y OT Hee. MHOr1e Mofenu CBA3bI-
BatoT (hOpMMUpOBaHME Ny3blpeil C aKTUBHOCTbIO CBEPXMACCHB-
HOW YepHOW AbIpbl MUANNOHbI ET Ha3ap.

CTHU UCTOYHHKA CTpesen A" MOXET IOMOYb HAM Y3-
HAaTh, HACKOJbKO MOIIIHBIM ObUIO PEHTI€HOBCKOE U3-
JY4EHHUE CBEPXMACCUBHOM UYEPHON ABIPHL B IPO-
maoM. CaMu MOJEKYIAPHBIE O0MaKa, COCTOAIUE U3
XOJIOJHOTO ra3a, HE CIYKAT UCTOYHUKAMHU DEHTTE-
HOBCKOI'O M31ydyeHHusA. Tem He MeHee HAOIIOLEHUA
reneckona APT-IT Ha cOBETCKO-(PPaHLY3CKON OpOU-
TanbHOU ob6cepsBaropuu «['panar» B 90-xX rogax npo-
IJIOTO BEKa IMOKA3aJH, YTO KapTel AUPDY3HOTO
JKECTKOro (¢ snepruent spime 10 k3B) peHTreHOB-
CKOT'O M3JIY4EHUSA HAMMOMHUHAIOT KAPTH pacnpejee-
HUA MOJEKYIAPHOro ra3a (puc.5, ciesa). Yepes ne-
CKOJIBKO JIET 3TOT BBIBO/J] TO/ATBEP/IMIIA AITTOHCKAS 00-
cepparopust ASCA, KOTOpasg OOHAPYXU/IA JTUHUIO HA
sHepruu 6.4 K3B, U3IydaeMylo TeMU Ke OBIaKAMU
(puc.5, cupasa). PEHTIeHOBCKOE U3JIy4€HHUE OT MO-
JIEKYJIIPHBIX OOJIAKOB OBIIO TAKKE 34PETUCTPUPO-
BaHO ob6cepsaropuamu INTEGRAL [9], Chandra
n XMM-Newton (Hanpumep, [10-11]).

MoneKkynapHbie obnaka (13C0)

peHTreHoOBCKOe nany4yeHne

HaM HaJeXKHbIE KapThl pacmpepe-
JIEHUA T332 U OLIEHKY €ro MaCCHI,
B TOM yucue B LIM3 (puc.4, csep-
xy). Camble MaCCUBHBIE 06/aKa
HMEIOT MacChl /IO MMHJIIMOHOB
macc ComHIa, XOTsa 60ee TUIINY-
Hbl 00J1AKA C MACCO¥ NOPSAJKA CO-
TEH THICAY COJTHEYHBIX.
OKaspIBA€TCA, YTO INPHUCYTCT-
BUE XOJIO/JHOTO I'a32 B OKPECTHO-

Puc.4. Pacnpenenenue monekynapHeix o6nakos B LM3 no nauHum monekynbl CS
(BBepxy) [4]. HuxHsAs kapTa nokasbliBaeT pacnpejefneHne NoBepXHOCTHON APKOCTU
PEHTTEHOBCKOT0 M3NyYeHUs, OTPaXKEHHOTO MONEKYNAPHbIMU obnakamu [5].
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12-17 k3B

Sgr B2 SgrA

SarC

% 2 s

obnactb Sgr B2

Puc.5. Kapta peHTreHoBCKOro u3nyyeHus, nonydyenHas teneckonom APT-I1 (cneBa). KoHTypamu nokasaHo pacnpegeneHue Moseky-
nApHbIX 06nakoB. [6, 7]. Pacnpeaenenue ApKocTi BO (GNYOPECLEHTHON NIMHUN HERTPANbHOTO Xenes3a Ha 3Heprum 6.4 k3B — no paH-
HbiM o6cepBaTopun ACKA (cnpasa) [8]. [anakTuyeckas naocKoCTb Ha 3TOM PUCYHKE NOKa3aHa KpacHOW NnHUei.

Bce 3t (akrel MOXHO OOBACHUTD, IIPEAIOJIO-
JKHUB, YTO XOJIOJJHOE BEIECTBO OOJAKOB O6JIy4acTCs
MOIIHBIM BHEHIHUM IOTOKOM PEHTTEHOBCKUX (POTO-
HOB. JKeCcTKO€E u3aydyeHue TOra CBA3aHO C PACCEIHU-
€M Ha 3JIEKTPOHAX B MOJIEKY/JIAX BOAOPOJA, 4 JTUHUSI
6.4 k3B BO3HHMKAET MPH MOHU3AIUU BHYTPEHHUX

| 200 net

20 100 net

Puc.6. TeomeTpuyeckoe MecTo TOYeK, paccesHWe B KOTOPbIX
NPUBOANT K OAMHAKOBOMY 3amna3AbiBaHMIO NO CPaBHEHUIO
C Camoit BCnbIWKOW. Bpema, npoweplee ¢ MOMEHTa BCMbILWKY,
YKa3aHO OKONO KaX[oW KpuBoit. [lna unaocTpaumm nokasaHa
Mofenb pacnpefenerns rasa, MCnonb3oBaHHas B pabote [5].
[laHHas mopenb ocHOBaHa Ha MpeAnoNOXEHUW, Y4TO 3Hauu-
TeNbHAA YaCTb MONIEKYNAPHOTO rasa ABMXeTCA N0 eAWHON
(cnoxHoit) op6ute B noTeHunane fanaktukm [12].

060JIOUEK ATOMOB XKe€Jl€3ad U MOCIEAYIOMETo (yo-
PECLEHTHOTO u3nydeHus. [Ipu 3TOM pacCeSHHOE U3-
JY4EHUE NPONOPIIUOHANBHO MHTEHCUBHOCTHU MaJa-
IOMErO U3IYYEHUSA U ITNIOTHOCTH PACCEUBAIOMIETO T'a-
3a. C 3TO¥ r'UNIOTE30M €CTh OJjHA NIPOOIEMA — HA CO-
BPEMEHHBIX PEHTIEHOBCKUX KapTax I[M3 MBI HE BU-
JUM JOCTATOYHO APKUX HCTOUYHUKOB, CIOCOOHBIX
obecneunTh TPEOYIOMUHNCT MOTOK. DTad IpobiaeMa
6bLIA PEIIEHA MPEANONOKEHUEM, YTO TAKUM MCTOU-
HUKOM OKa3BbIBAETCA MMEHHO CBEPXMACCHUBHAA 4€Ep-
Hag ABIPa, IPUYEM BCIBIIIKA PEHTTEHOBCKOI'O U3IY-
yeHusa npowusomaa 6onee 100 yer Hazaj, 3a10J110 10
MOSABIEHUS PEHTTEHOBCKONU acTpoHOMHHU. TOT (haKr,
YTO CAM MCTOYHHUK yXKE€ IOTaC, HO MBI IPOJOIKAEM
Ha6JII0/JATh €T'0 U3JIyYEHUE, PACCEAHHOE MOJEKYIAP-
HBIMU OOJIAKAMH, CBA3AH MCKIIOYHUTENBHO C KOHEU-
HOM CKOPOCTBIO PACIPOCTPAHEHUS CBETA.

Ha puc.6 CXEMATUYHO MOKA3aHA MPUPOJA BO3-
HUKHOBEHHUA 34TMA3[BIBAHUA PACCEIHHOTO CHUTHANA.
PeHTreHoBCKHE (POTOHBI, PACHPOCTPAHAIOMUECS
HEMOCPENCTBEHHO B CTOPOHY 3€MJIN, MOTIHU OB
OBITb 3apETrUCTPUPOBAHBI 601ce 100 neT Hazax (ec-
a1 6Bl B TY NOPY CYIIECTBOBAJIU PEHTIEHOBCKUE
cnyTHUKN). Te ke (POTOHBI, KOTOPBIE CHAYAJIA JIETE-
11 B CTOPOHY OO6JIaKa, a4 MOCJIE PACCEAHUA JIETAT
B CTOPOHY 3€MJH, JOCTUTHYT HAOMIOAATENd C 3a-
JEPKKOI, CBA3AaHHOU C 60Jiee JUIMHHON TPACKTOPU-
eil. MaccuBHbplE 06/1aKa OTCTOAT OT HUCTOYHHUKA
Crpenen A" Ha 30-50 nK, IO3TOMY U BpEMS 3aI1a3-
JBIBAHUA COCTaBasgeT nopaaka 100 netr. MOXHO 1O-
INBITATBCA CAENATH OONIEE TOYHYIO OIIEHKY — BCE 006-
JIAKA, UMEIONIHUE OJTMHAKOBOE 34MA3/JbIBAHUE, PACIIO-
JIOKEHBI BJIOJIb ITOBEPXHOCTU AJITUICOUAA (HATIPHU-
Mmep, [13]). IeACTBUTENBHO, U3 IKOJIbHOTO Kypca re-
OMETPUHU MBI IOMHHUM, YTO 3JUIUIIC — 3TO TEOMETPU-

24
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YeCKoe MECTO TOYEK, /I KOTOPBIX CyMMd PACCTOsA-
HHI 10 IBYX 3a1aHHBIX TOYEK (POKYCOB) OZMHAKO-
B4. B HameM ciyyae B OZHOM (DOKYCE 3JIJIUICA HAXO-
JUTCS UCTOUYHUK Crpenen A’ a B JpyroMm — Ha6J10-
Jarenb. M1 KOHEYHO, CyMMa pPAaCCTOSHHUI OOIblie,
YEeM paACCTOSHUE MEx]y (POoKycamMu, Ha (PUKCUPO-
BAHHYIO BeaU4uHYy. CI€JOBATEAbHO, B KAXK/bIN KOH-
KPETHBIII MOMEHT BPEMEHU MBI JOJIKHBI BUJIETh BCE
06maKa, KOTOpbIE nepecekaeT ammuncons. C Tede-
HUEM BPEMEHM 3JUIMICOU] JOJKEH 3BONIOLHUOHU-
poBaTh (3aI1a3bIBAHUE YBEIUUUBACTCS), U 00JIACTD,
«OCBEIA€eMast» BCIBIMIKON, PACMIUPAECTCI U OTO/IBU-
raercs Ha 60JbIKe paccrosuus (puc.6). [Ipu atom
4aCcTh OOJAKOB CTAHOBUTCS HEBUJUMOMU, 4 JPYTHUE,
HA000pOT, APKUMH, TAK KAK «JIUICOUJ> IPOXOJUT
yepes HUX. [1Iogo6HAd 3BOMIONNA TPOUITIOCTPUPO-
BaH4 HA PUC.7, I'/le MMOKA3AHbl PE3YIBTATH MOJE/IHN-
pPOBAHUA PACIPOCTPAHEHUA OCBEMIAIONMErO (PPOHTA
yepes IIM3. 3amerum, 4TO0 PPOHT MOXKET PACIPO-
CTPAHATLCA CO CKOPOCTBIO, NMPEBLIIAIONEH CKO-
pocTb c¢BeTa. HUKAKOro HapyHICHUS CICHUANbHOM
TEOPUU OTHOCHUTENBHOCTU NPHU ITOM HE INPOUCXO-
JUT, KAK U B CTAHZAPTHOM 3a7d4€ NPO CKOPOCTb
ABUJKEHMS COJIHEYHOTO 3aM4YMKa Ha crTeHe. Takue
«CBEPXCBETOBBLIE» IBUXEHUA JEUCTBUTENBHO Ha-
OMIOAAI0OTCSA, JUIIHUN Pa3 MOJTBEPKAAS THUIIOTE3Y,
YTO MBI (DAKTUYECKU HAOMIOAAEM OTPAKEHUE U3IY-
YEeHUs UCTOUHUKA Crpelel A' B «3€pKaIc» MOJIEKY-
JAPHOTO ra3a. 3aMeTUM, YTO OBLICTPBIE U3MEHEHUA
Ha MacITabax HECKOJbKUX JeT (puc.8) cpasy Ha-
KJIaJIBIBAIOT JKECTKOE OIPAHMYCHUE HA NPOJOJIKHU-
TEJIbHOCTb BCHBIKUA. B panpHEmeM Mbl 6ygeMm
NIPEATNIOAATATD, YTO BCIBIMIKA ObLIA OJJHA U KOPOTKAA
(KOpoye, 4eM HECKOJIBKO JIET).

2000-2008

Puc.7. MogenupoBaHue pacnpoCcTpaHeHus BCMbIWKY MO MoJie-
KynapHoMy rasy (reomeTpus 3ajayuM nokasaHa Ha puc.6).
Yucna Ha OTAeNbHbIX MaHensx MOKa3biBaloT BpeMs, npoles-
lWee c MOMeHTa BCnblwkK. C Te4eHeM BpeMeHU OAHU obnaka
«racHyT», TOraa Kak gpyrue cTaHoBATCA ApKUMU. Yepes npu-
MepHo 500 neT nocne BCNbIWKKM CBET nokupaet LiM3.

2' (5nK)

2009-2015

Puc.8. PentreHoBckue nsobpaxeHus yyactka LIM3, nonyyeHHbie o6cepeatopueit Chandra 8 2000-2008 n 2009-2015 rr. BugHo,
KaK 3aMeTHO MeHAeTCcs MOpdhONOrus U ApKOCTb OTAENbHbLIX YYaCTKOB. Takue 6bICTpble M3MEHEHUS TOBOPAT O KaXyLEMCS KCBEpPX-
CBETOBOM» XapaKTepe NepeMeHHOCTH, YTO ABNAETCA BaXHbIM NPEACKA3aHUEM MOLENU OTPAKEHUS.
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PekoHcTpyKumnA 3D-KapTUHBI
MONeKynApHbIX 061aKOB

Kazanock 6bl, 3HAS MOJOKEHUE OOJIAKOB, MBI MOXKEM
Cpa3y PACCYUTATH BPEMS, KOTOPOE MPOTIIO C MOMEH-
Ta BCIBIIKHU, UCIIOJIb3Yd IPOCTYIO TEOMETPHIO 32/~
YU, TOKA3aHHYIO Ha puc.6. K COXANEHUIO, MBI XOPO-
110 3HAEM JIIIb OJOXKEHUE MOJNEKYIAPHBIX OOIAKOB
B IPOEKLIMU HA HEOECHYIO C(PePY, B TO BPEMS KAK B3a-
HMHOE PACIIOJOKEHUE UCTOUHUKA Crpenel A® u 06-
JIAKOB BJOJb JIy49a 3PEHUA HU3BECTHO OYCHb IIIOXO.
[Tpo61eMy MOXHO YCTPAaHUTH, €CIU U3MEPUTH CKO-
pocTh mepemenieHus (POHTA BJOJIb JIyda 3PEHUS.
DTa CKOPOCTh MOJXKET OBITh TOYHO MNPEACKA3AHA,
1 OHA 34BUCHUT HCKIIOUHUTEIBHO OT BPEMEHU, MPO-
HIEAIIETO C MOMEHTA BCIBIIIKYU, U OT PACCTOSHUS OT
HCTOYHUKA /10 001aKa. B6/IM3U UCTOYHUKA CKOPOCTD
COCTABJISIET IOJIOBUHY CKOPOCTU CBET4, 4 HA 6OJb-
MIUX MPOEKIIMOHHBIX PACCTOSHUAX HEOTPAHUUEHHO
BO3pacTaeT. YTOOBl ONPEACIUTh €€ M3 JAHHBIX Ha-
OMIOZIEHUH, JOCTATOYHO NPEATIOAOKUTD, YTO HA MAC-
mTa6ax 3aMETHO MEHBIIUX, YEM pazMep O01aKa,
(bAyKTYyauu MIOTHOCTH UMEIOT U30TPOIHYIO CTPYK-
TYpy. JApyrumu CI0BAMH, XapaKTEPHbIE pa3MEPHI HE-
OZIHOPOJHOCTEN IJIOTHOCTH OJMHAKOBBI BJIOJIb JIy4dd
3PEHUA U B HANIPABICHUU, NEPIEHJUKYIAPHOM EMY.
[Tpu TAKUX OPEANOTOKEHUAX U3MCHCHUS PEHTTE-
HOBCKOTO IOTOKA B JAHHOM MECTE MOJIEKYIIPHOTO
0071aKa CO BPEMEHEM /[IOJIKHBI COOTBETCTBOBATH
(B CTATHUCTUYECKOM CMBICIE) U3MEHCHUAM PEHTIE-
HOBCKOT'O MOTOKA HA MH/IUBU/YATbHBIX U300 PAKEHU-
aX. QAKTUYECKH, CO BpeMEHEM (DPOHT «CKAHUPYET»

0071aKO BJOJb JIy4ya 3peHUA. ENUHCTBEHHBIN HEU3BE-
CTHBIA MAPAMETP B 3TOU 33jjaue — KOI(D(PULUEHT IIe-
pecdeTra BpEMEHU MEX/Y OT/EIbHBIMA HAOMIO/JCHUA-
MU B PACCTOSIHUE, UTO U ABJIAETCA CKOPOCTDBIO JIBUKE-
HUs (POHTA BJOJb JIyda 3PEHUsL. AHAINU3 CYyIECTBYIO-
MUX JAHHBIX 19 HauboJjee ApKoro 06yaKa moKasal,
YTO 3TAd CKOPOCTH cocTaBugeT 70% OT CKOPOCTH CBe-
Ta. JaHHOE 3HAYCHUE CPA3Y MMOKA3LIBACT, YTO, C y4e-
TOM IIOJIOKEHUA 00aKa HA HeGE OTHOCUTEIBHO MUC-
TO4YHMKA Crpesen A’ BpeMs, IpoIeAIee C MOMEHTA
BCHOBIMKH, cocTaaser 110 mer. CinegoBaTenbHO,
JUIsL OTIEIbHBIX HAOJIO/JEHUI MBI MOXEM BOCCTAHO-
BUTbh NOJOXKEHUE JIIUINCOUJA U ONPEAEIUTD IIOT-
HOCTb MOJIEKYJIAPHOI'O I'a3a BAOJIb €I'0 IOBEPXHOCTH.
[ToBTOPAS 3TY NPOLEAYPY I BCEX HAOIIONCHU, MBI
BOCCTAHOBUM TPEXMEPHOE PACIPENENIEHUE TIIOTHO-
cTu rasa (puc.9).

Kone4yno, nmoka yjaaercda noay4uTh 3D-xapruny
TONBKO B OTPAHHUYEHHOM OOBEME, «IIPOCKAHUPO-
BAHHOM» (PPOHTOM 34 15 seT HabMoAEeHUN. B npuH-
nune BCo IIM3 MOXKHO IPOCKAHUPOBATD 34 CIEYIO-
mue 400-500 zner. D10 3aza49a Ausd OyJyIUX [TOKO-
jpeHuid. Ho yxe renepp Mbl MOXEM, KDOME BO3PACTa
BCHBIIIKH, OLIEHUTb U MOJHBIN IOTOK 3HEPTUHU, U3-
JIy4EHHBIM CBEPXMACCUBHOMN YEPHOM ABIPOU, €CIU
NIPEANOA0KUM, YTO INIOTHOCTb PACCEUBAIOIIETO I'd-
34 U3BECTHA U3 HAOIIOLECHUI MOJIEKY/ISIPHBIX TUHUM.
[Togo6HbIE PACCYKAEHUA IPUBOAAT K CPABHUTENIBHO
He60NbPIUM (JII1 CBEPXMACCUBHOM YEPHON JBIPHI)
3HAYEHUAM 3Hepruu — nopsagka 10Y-10* spr. ITo-
JOOHYIO 3HEPIUIO CBEPXMACCUBHASA 4YEpHASA [JbIPd,
M3JIy4alonas Ha 3JAUMHITOHOBCKOM IIpEJese, MOIJa

Puc.9. BoccTaHoBnEHHOE TPpEXMepHOe pacnpeaeneHne MoeKyaspHOro ra3a Ha OCHOBE PeHTTeHOBCKUX HabaoaeHnit [14]. MNoka-

3aHbl B€ pa3Hble NpoeKuuun.
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Obl M3JIY4UTb 31 HECKOJIBKO 4acoB. IlonmHas macca
BELIECTBA, «[IPOIJIOYEHHAA» YEPHON JbIPOI BO BpeE-
Ms BCHBIIIKH, CPABHUMA C MACCOM miaHeThl. COObI-
THUE TAKOI'O MACIITA0a HE BBITJISAAUT 4YEM-TO COBEP-
IMMEHHO HEOOBIKHOBEHHBIM.

TOHKasA CTPYKTYpa MONeKYNAPHbIX 06/1aKOB

Eme 6osee NMpuBIEKATENbHA BO3ZMOKXHOCTD MCCIENO0-
BATb BHYTPEHHEE YCTPONCTBO MOJEKYIAPHBIX 06Ja-
KOB, HCIIOJb3ysl PEHTIEHOBCKOE H3JIyUEHUE CBEPX-
MACCHUBHOM YEPHOM ABIPHI B KAYECTBE CBOCOOPA3HON
noacseTku [15]. CTPyKTypa MOJIEKYIAPHBIX 0OTaKOB
OYE€Hb CIOKHA — B CBEPXXOJOJHOM TIa3€ IPHUCYT-
CTBYIOT CBEPX3BYKOBBIE TYPOYJIEHTHBIE ABUKEHUS,
KOTOPBIE CO3/JAI0T MHOTOYHMCIEHHBIE CUIbHBIE yap-
HbIE BOJHBL Taknue BOJHBI CKUMAIOT Ia3, EPECEKa-
10TC, (POPMUPYS CAOKHYIO KaPTHUHY M3 IIOTHBIX
n 60Jiee PA3PEKEHHBIX 0b6sacTeN. [IpU 3TOM YBEIU-
YEHUE TEMIIEPATYPHI IPU CKATHUU I'a3a KOMIIEHCUPY-
€TCA BO3PACTAIOIMUMH IMOTEPAMU 3HEPIUM Ta3d 32
CUET M3JY4YEHHUS. B UHMCIEHHBIX pacyeTaX OOBIUHO
CUYNUTAETCS, YTO YPABHEHHUE COCTOSHUSA I'a3a U30TEP-
MUUECKOE, T.€. ABJIECHHUE 3aBUCUT TOIBKO OT IJIOTHO-
CTH ra3a. B CaMBbIX IVIOTHBIX U KOMIAKTHBIX 001ACTAX
HA4YUHAET UTPATh POJIb CAMOTPABUTALIUA I'a3d, U JU-
HAMHUKA I'a3a ONPEAENAETCA YK€ HE TypOyJIeHTHOC-
ThIO, 4 TATOTEHHEM. B 3TUX 06JACTAX HAYUHAETCA
KOJIJIAIIC I'a3a B emie 60Jiee TUIOTHRIE «Apa», IJJ€ B KO-
HEYHOM UTOTE U (POPMUPYIOTCH 3BE3BL.

YauBUATENbHO, 4TO B IIM3, HECMOTPSA HA OI'POM-
HbIE MACCBHl MOJIEKYJIIAPHOTIO Ia3d, TEMI 3BE31000pa-
30BAHUA HE OYEHDb BEIMK. B mepecdere HA €JUHUILY
MA4CCBI MOJIEKYJIAPHOTO I'a3a 3(P(OEKTUBHOCTD 3BE3/10-
o6pazosanug B IIM3 Ha MOPAJOK HUKE, UEM B IDYTUX
obnakax. UIMEHHO MONBITKA MOHATH, KAKUE YCIOBUS
HEOOXOAUMBL g 3((PEKTUBHOTO 3BE3L000OPA30OBA-
HUdA, MOJAOTIPEBAIOT MHTEPEC K NpoOIeME TOHKOU
CTPYKTYPBl MOJIEKYJSIPHBIX OO0JaKOB. BO3MOXKHO,
yPOBEHDb TYPOYIEHTHOCTU B [IM3 HACTOJIBKO BBICOK,
YTO TYPOYJIEHTHOCTb HE MOMOTIAE€T CO3[JAHUIO IIOT-
HBIX OOJIACTEN, 4, HA060POT, NPENATCTBYET UX BO3-
HUKHOBEHUIO. BaHeNIen XapaKTepUCTUKON, KOTO-
padg MO3BOJIUAA OBl MPOBECTU AETATBHOE CPABHEHUE
YUCJIEHHBIX PACYETOB U HAOIIOJLCHUH, MOINd Obl
CTaTh (DYHKIUS PACIPEACICHUS IJIOTHOCTU B OObEME
obmnaka. C HaGMIOATENBHON TOUKHU 3PEHUS, CEPbE3-
HBIM MHPENATCTBUEM OKA3BIBAETCA TO, YTO OOBIYHO
(Hanpumep, NpU HAOTIOAEHUN MOJIEKYIAPHBIX JIH-
HUHI) MBI BU/JUM IIPOEKIUIO BCErO 0OIaKa HA Hebec-
HYIO cepy, T.€. U3MEPAEM HE paACIpesieIeHAe TIOT-
HOCTH B 06'beME 00J1aKa, 4 PACIPEACICHUE KOJIOHKU
BEIIECTBA B IEPECUETE HA €AMHUILLY IUTomaau. Hapsany
C 3TUM YCJIOBHA BO3OYKIEHUA MOJEKYT OTIUYAIOTCA
B PA3HBIX MECTAX OOMAKA, YTO JENAeT MePECUYET U3
IIOTOK4 B INIOTHOCTH CHJIBHO HEOJHO3HAYHBIM. B pe-
3yJbTaTe s 00J1aKd CO CJIIOKHOU CTPYKTYPOH BOC-
CTAHOBUTb (PYHKLMIO PACHPEAENEHUSA IJIOTHOCTHU
OYEHD CJIOKHO.

DTU TPYJHOCTU MOKHO OOOWUTH, €CIU UCIOJB30-
BATb PEHTTEHOBCKYIO «IIOJCBETKY> U3JY4CHUEM Y€P-
HOU ABIPBL. JeNCTBUTENBHO, /11 KOPOTKOU (IIOPAAKA
I'0/1d) BCIBIIIKKM PEHTTCHOBCKOI'O HU3JIyYEHHUS OYEHb
Y3KHUH CJION BBICBEUYMBAECTCA B KAXKABIM MOMEHT Bpe-
MCHH, KK 3TO IOKa3aHO Ha pUC.6. [Nl CAMOTO SIPKO-
ro Ha cerojHs obsaka B IIM3 ronmunHa cios oyaer
Bcero 0.2 nmk! Takum 06pa3oM, PEHTIEHOBCKUE Ha-
OII0JJCHNS MOTYT HANIPSAMYIO 1aTh (DYHKIJUIO pacIpe-
JEJICHUS IVIOTHOCTHU H4 MACIITA0aX MEHBIIE Iapce-
ka. bosee Toro, aHEKTUBHOCTD PACCEAHUA IPAKTH-
YECKU HE 34BUCUT OT MOHU3ALMOHHOI'O COCTOSHUSA
WM JETANEeN MOJEKYJIAPHON XUMUH, JABAg BO3MOK-
HOCTb IPAMBIX U3MEPEHUN IIIOTHOCTU. EQUHCTBEH-
HBIM OTPAHUYECHUEM MOXET CTATh OOJIbIIAS ONTHYE-
CKasl TOJNIIMHA CAMBIX IJIOTHBIX OOJIACTEH, CAETAB UX
HEBUAUMBIMU. K C4ACTBIO, C y4ETOM NPOHUKAIOIEN
CIIOCOOHOCTH PEHTTEHOBCKUX JIYUEN 3TO MPOUCXO-
JUT TONBKO B 3KCTPEMANBHO ILIOTHBIX OOJIACTAX.
[TepBBI€ IKCIEPUMEHTEI, OCHOBAHHBIE HA 3TOM O]~
X0Ji€, I0KA34/11 HEIJIOX0€E COIJIACUE PEHTIEHOBCKUX
Ha6II0/ICHUI C PE3YAbTATAMU YHUCIEHHBIX PACUCTOB.
B wacrnocru, GyHKLUA pacnpepeleHus IIOTHOCTH
nmeer (GopMy, MOXOXKYI0 HA NPEACKA3ZAHUA [
CBEPX3BYKOBOM TYpOYJIEHTHOCTH. XOTA CYIECTBYIO-
MUX JAHHBIX ITOKAa HEJOCTATOYHO JIA OJHO3HAYHO-
I'O BBIBOJI4, 3TO BHYIIAET HAJEKAY, UTO PEHTTCHOB-
CKHE Ha0OJIOICHUS CMOI'YT IOMOYb PENIUTh BOMPOC
O TOHKOHN CTPYKTYPE MOJIEKYIAPHBIX OOJIAKOB.
bes BcnbimKku OT ucTouyHnka Crpenen A crenaTsb Ta-
KOI aHAJIU3 OBLIO ObI HEBO3MOXKHO.

Yro MoryT fatb HOBble o6cepBaTopumu?

B 3akimoueHne KOPOTKO OCTAHOBUMCH Ha IEPCIEK-
TUBAX JJAJIbHEHIIUX UCCIEJOBAHUN OTPAXKEHHOTI'O U3-
Ay4eHus 6yyIIUMU PEHTIEHOBCKUMHU OOCEPBATOPU-
AMU. BaKHOE IpeACKa3aHUE ONMCAHHOTO BhIIIE CLiE-
HAapus — CUWIbHAA NOJAPU3ALUA PEHTTEHOBCKOI'O 13-
JY4EHUSA, BOSHUKAIOWAA IIPU PACCEAHUU (DOTOHOB HA
3JIEKTPOHAX (KOMIITOHOBCKOE paccedHue). B nacros-
mee BpeMss B HACA u EKA pa3pabaTeIBaIOTCS HE-
CKOJIBKO 06CEPBATOPUH, CIIOCOOHBIX U3MEPSATH MOJIS-
PU3ALUI0 PEHTTEHOBCKUX (POTOHOB IO HAIPaBIIE-
HHIO BBUIETA (POTOINEKTPOHA B BEMECTBE AETEKTOPA.
YyBCTBUTEIBHOCTb 3TUX OOCEPBATOPUN IO3BOJIUT
HAJI€XHO U3MEPSTh OIAPUBALUIO OT APKUX OOIAKOB
B LIM3. I110CKOCTb NOAAPU3ALUHU JOJIKHA OBITH IIEP-
NEHJUKYIAPHA JTUHUU, COEJUHAIONIENH HCTOYHUK
u o61ak0. CregoBaTEAbHO, HAOMIOAEHNSI HECKOIBKIX
OOJAKOB MO3BONAT HANPAMYIO JOKATU30BATH IEP-
BUYHBIN UCTOYHUK PEHTTEHOBCKUX (POTOHOB U IOJ-
TBEPAUTD, UTO ITO AeicTBUTENbHO CTpenen A'. C apy-
I'OM CTOPOHBI, IPU KOMIITOHOBCKOM PACCEAHUU CTE-
IIEHb [IOJAPU3ALUN OLPEAEIACTCA YIJIOM PACCEAHUS,
KOTOPBIA 3dBUCUT MCKIIOYUTEIbHO OT B3AUMHOIO
pacnonoxeHnus 061aKa 1 UCTOYHUKA BJOJIb Iy4d 3pe-
Huda. CreOoBaTeNbHO, U3MEPUB CTENEHDb TONAPU3A-
LMY, MBI IIOJYYUM HE3ABUCUMBII METOJ BOCCTAHOB-
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Puc.10. 06wuii Bua Teneckona ePosuta o6cepsatopumn Cnektp-PeHTreH-famma. Boi-
COKas YyBCTBUTENbHOCTb U 6O/bLIOE NOJA 3PEHNUS NO3BONAT BECTU NOUCK NEPEMEH-
HbIX UCTOYHMKOB BO BpeMs 0630pa Bcero He6a (CHUMOK neyataeTcs C paspeleHus
NHcTutyTa BHeaTMocdepHoit thusnku obuectsa Makca Mnatka — MIE).

Jnenus 3D-pacnpejenenus MONIEKYIApHOro rasa. I1o-
JOOHBIE UCCIEAOBAHUSA YXKE BKJIIOUEHBI B IPOIPAMMBI
3TUX MPOEKTOB.

Jpyrum BaKHEUIINUM 3TANOM CTAHET 3AMYCK B KOC-
MOC KPUOI'€HHBIX PEHTI€HOBCKUX O00JIOMETPOB, CIIO-
COOHBIX U3MEPATH JHEPTUIO (POTOHOB C TOYHOCTHIO

1 rpagyc/neHs
-—

ConHue
-

Jlyna 1 rpamyc/40 ¢

Puc.11. CkaHupoBaHue Heba obGcepsatopueit CPI Bo Bpems
0630pa. Ocb BpalleHus HanpasneHa Ha ConHue, B TO BpeMs Kak
0CM TeNeCKONOB NepneHAnKyNApHel HanpasneHuio Ha ConHue.

B HECKOJIBKO 3JIEKTPOHBOJLT. IT0-
JOOHBIE JETEKTOPHI yKE JOKA3AIU
CBOIO 3(P(PEKTUBHOCTb HA SMOH-
CKOM criyTHUKe Hitomi, KOTOpHBIH,
K COXAJIEHUIO, PA3PYUIMICA, PO-
pa6oTras HA OpPOUTE TOJBKO OJLUH
Mmecal. Het coMHeHUH, 4TO B OJIU-
JKAUIIKME IECATUIETUS 06CEPBATO-
pun tuna Athena (EKA) nnn Lynx
(HACA) cMoryr uU3MepuThb 3HEp-
a0 PIAyOpPECIEHTHON JIMHUU XKE-
JIe3a C TOYHOCTBIO, KOTOp4As I103-
BoaUT 1o addexry Jomiepa or-
peNENnuTb CKOPOCTDb JBUKEHUSA T'a-
34, PACCEUBAIOLEIO PEHTTEHOB-
CKO€ M3JIy4eHNE UCTOYHHKA CTpe-
pen A'. Takum o0Opa3zoM, Kpome
3D-kapTel IJIOTHOCTH B HAIIEM
pacCHOpsKEHUU OYAYyT U U3MEpe-
HHUSI CKOPOCTHU I'a3d C TOYHOCTBIO
B HECKOJBKO KHJIOMETPOB B Ce-
KyHJy. DTO AaCT BO3MOXHOCTD
CBSI3ATb PEHTICHOBCKUE U MOJIE-
KYJIIPHBIE JAHHBIE, HCIIONb3YS UH-
GopManuIo O CKOPOCTU [IBHUXKE-
HHS T'a32, 4 TAKXKE NPOBEPUTD, HA-
XOAATCA JIU MOJIEKYJIAPHBIE 0OaKa Hd KPYTOBBIX Op-
6UTAaX B IPABUTALMOHHOM INOTEHIHAIE LeHTpa [a-
JAKTUKH.

Kpome TOro, BaXHEHUIMUN BKIAJ B UCCICAOBAHUE
MOIIHBIX BCHBIIEK OT CBEPXMACCHUBHBIX YEPHBIX JIBIP
B IPYI'UX FATaKTUKAX JOJIKHA BHECTH POCCUICKO-TEP-
MaHCKag ob6cepBaropus «Cnekrp-Penrtren-lamma»
(CPT). Eciu ONIMCAaHHBIN BBILIE CLIEHAPUH YHUBEPCA-
JIEH, MOXHO OKHJATh, YTO BPEMSA OT BPEMEHU (CKa-
JKEM, PA3 B CTO WIM THICAUY JIET) «TYCKJIbIE» CBEPXMAC-
CHUBHBIE UEPHBIE JABIPDI B AIPAX OOBIYHBIX MAJIAKTHUK HA
BpemsA (NMOPAAKA Iojd) CTAHOBATCH B MUJIJIMOHBI Pa3
apue. B atom cnydae ob6cepsaropus CPI, koTopas B Te-
YECHHUE YETBIPEX JIET JOJLKHA IIPOBECTH BOCEMb 0630-
pOB BCEro Heb6a B PEHTIEHOBCKUX J1ydax (puc.10, 11),
CMOXKET OOHAPYKUTb TAKUE BCIBIXUBAIOMIUE CBEPX-
MACCHUBHBIE YEPHBIE ILIPBI U OTBETUTDH HA BOIPOC, Ha-
CKOJIBKO «OOBIYHO» BEJIET Ce0s1 UCTOYHUK Crpenen A’
10 CPABHEHMUIO C AJJPAMHU JPYIUX FAUTAKTHUK.

MTaK, BOCIONIb30BABIIUCH COCEACTBOM CBEPXMAC-
CUBHOU YEPHOM JILIPB C MOJIEKYIAPHBIMHU OOTaKaMH,
MBI MOXEM OJHOBPEMEHHO UCCIEAOBATH HUCTOPHUIO
BCIIBIIIEK YEPHOU JBIPBl U BHYTPEHHIOIO CTPYKTYPY
061aK0B. [TogoOHBIE UCCIEAOBAHNSA OBIIN OBl HEBO3-
MOXHBIMH 0€3 3TOIO0 HEOOBIYHOTO «CUMMOM03a». Ho-
BbI€ OOCEPBATOPUU OTKPBIBAIOT IIOUCTUHE YHUKAJIb-
HBIE BO3MOXHOCTH JUATHOCTUKU ra3a B LeHTpe [a-
JAKTUKU — OT HOJSAPU3ALUU JJO CKOPOCTEU ABUXKE-
HHSA 06Jy4a€MOTO BEMECTBA — U CMOTYT AdTh MHOT'O
BAKHEHIIEN HHPOPMAUHU O (PU3UYECKUX ITPOLIECCAX
B 3TOM HHTEpeCcHenmen obnactu Miaeunoro Ilyry,
4 TAKXKE B IIEHTPAX JIPYTUX IATaKTHUK.

OJMH U3 ABTOPOB B CBOU ACIIUPAHTCKUE U 3MIHI-
COBCKHE TO/IBI TIOOUI XOAUTb HA CEMUHAPHL B [OCy-
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JAPCTBEHHOM ACTPOHOMHYECKOM MHCTUTYTE UMEHU
[1.K.IITepubepra, KoTopeie Beau Torga BJLITun3oypr,
A.b.3enpposuy U U.C.IIKIOBCKUH. 3AIIOMHMJICSI OCO-
6p11 uHTEpPEC Buranusa JlazapeBndya K HEOOBIYHOMY
paguoncTouynuky Crpenern A, pacmoONTOXKEHHOMY
B LEHTpE Hameld [aIakTuKu. OTO Cefuac Mbl 3HAEM,
YTO JAHHBIM UCTOYHUK C VAUBUTEIbHBIM PAJIUOCIEK-
TPOM OKPYKAET YEPHYIO ABIPY C MACCOU B 4 MUJUINO-
Ha Connu. O4eBUHO, YTO CTATHSA, IPEATArdeMas Ce-
TOJIHA BHUMAHUIO ynuTaTensaMm «[Ipupopasl», 6bu1a Obl
nHTEpECHA i BJL: TyT U MOWHENIIAs PEHTIECHOB-
CKas BCIBIKA, npoucmenmas et 100 Hasan, u ee
3X0 (3aMYMK) BO (PAYOPECIEHTHON JTUHUU JKEJIE3a,
6erymiee Ha HAIIUX I71a33aX C PENATUBUCTCKON CKOPO-
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Chronicles of supermassive black hole, written in molecular clouds

E.M.Churazov!, I..LKhabibullin!, R.A.Sunyaev'
'Space Research Institute, RAS (Moscow, Russia)

Central region of our Galaxy is an exceptionally interesting place that harbors a number of the most exotic objects,
which properties are governed by entirely different branches of physics. Among them there are a supermassive black
hole, known as Sgr A", and giant molecular clouds scattered over few hundred light-years region. It turns out that the
molecular clouds and the black hole can tell us a lot about each other. The clouds keep record of powerful X-ray
flares from the black hole that happened hundreds years ago. The same flares help us to understand the inner struc-

ture of the molecular clouds.

Keywords: Galactic Center, black holes, X-rays, interstellar medium.
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Kak usmepssrom marHumHbie
noAs raaakmuk

Om kHuru BA.Tun3bypra

go gpapageeBckoro cuHmesa

H.J1.COKOI0OB
Mocrosckuil zocyoapcmeennsiti ynusepcumem umenu M.B.Jlomornocosea (Mockea. Poccus)

YyTb 6OJIbIIE CTOJETUS HA3A]] AMEPUKAHCKUN ACTPOHOM JIKOP/sK XEMNI BIEPBBIE N3MEPUJ PACILEIVIEHUE CIIEKTPATb-
HBIX JIUHUHW B W3JIYyYCHUHU, IIPUXOAAIIEM OT COJTHCUYHBIX IISATCH. Tak BHCpBbIC OBLIIO OIIPEACJICHO MAI'HUTHOEC I10JIC HA
Counne. C nomompio 3 dekra 3eeMana U3MEPAIOT MATHUTHOE MIOJIE U HA JPYI'UX 3BE3/1AX, OJHAKO 3TOT METOJ] IIEpe-
CTA€T YBEPEHHO padOTaTh sl MAIHUTHBIX IIOJCH I'aJIaKTUK, IOCKOJIbKY T€ CYLMIECTBEHHO C1a0€€ 3BE3HBIX MATHUT-
HBIX NOJEHU. MAIHUTHBIE NTOJIA T'AIAKTUK U3MEPAIOT IIPEXKIE BCErO ¢ TOMOMmbIo apdekra Papajesd, T.e. BpalleHUA IO~
CKOCTHU NOJIAPU3ALNHU B ONITHYECKU AKTUBHBIX cpefiax. OddexT Papages NIpUMEHAETCA B IPOMBIIUIEHHOCTH I U3-
MEPEHUS COAEPKAHUA Caxapa B PACTBOPAX. MOJIEKY/IBI CaXapa MOT'YT UMETD JIBE 3€PKAJIbHO CUMMETPUYHBIX KOH)U-
I'ypaluu, IPUYEM TOJIBKO OJJHA U3 HUX IIPOU3BOAUTCS OGHUOJOTUYECKUMHU IIpOLiecCcaMu. II0aTOMy pacTBOp caxapa sB-
JIAETCSL 3€PKAJIBHO ACUMMETPUYHON cpefoil. IIpu NPOXOKACHUU CBETA YEPE3 3€PKAJBHO ACUMMETPUUYHYIO CPELy
IUIOCKOCTD IOJAPU3ALUY IOBOPAYUBACTCA. 3AMATHUYCHHAS I1J1a3Ma — TOXKE 3€PKAJbHO ACUMMETPUYHAS CPEJA U TO-
JK€ BPALIAET IUIOCKOCTD MOJAPU3ALNU IPOXOAALIEIO YePe3 Hee U3NydeHUsA. [IOCKONbKY BEJIMUMHA 3TOTO BPALCHUA
NIPONOPIUOHAIbHA TONIMMHE CJIO0S TIA3MBI, YAAETCA UCIIOJAb30BATh OOJIBIION IPOCTPAHCTBEHHBIN pa3Mep IraJaKTHK.
B ToM, 4TO ucnonb3oBanue apdexra Papajes CTaaI0 OCHOBHBIM UCTOUYHUKOM HAMIMX 3HAHUM O MATHUTHBIX IOJISAX I'd-
JIAKTHUK, OOJIBIIYIO POJIb CHII'PAJa 3aMedaTesnbHas KHUra BJLTuH36ypra «PacnpoCcTpaHEHUE IEKTPOMATHUTHBIX BOJIH
B IU1a3Me». [10 MHOTUM NPUYMHAM U3BJICKATh UHPOPMALMIO O MATHUTHBIX MOJIAX I'JIAKTUK U3 JAHHBIX 110 (papasees-
CKUM BpAIIEHUAM CUHXPOTPOHHOI'O M3JIYYCHUS I'OPA3J0 TPYAHEE, YEM [€1aTh AaHAJOTUYHYIO PAbOTy B CAXapHOU
NIPOMBIIITIEHHOCTH. MeTObl HHTEPHPEeTALUN (PAPAJEEBCKUX BPAIEHUIT IPOIIIX 32 IIOYTH IIOJIBEKA IIYTh OT IEPBLIX
YCIEMHBIX NONBITOK UX IPUMEHEHUSA JJO COBPEMEHHBIX H30IIPEHHBIX METOJ0B.

KirodeBnie C10BA: PAJUOACTPOHOMHUS, IOJAPU3OBAHHOE PAJMON3IIyUEHUE, IAIAKTUKY, d(pdekT Papajes.

yTb OOJIbIIE CTONETUA HA3AT,

B 1908 1., aMEpPUKAHCKUN AC-

TpoHOM JI>KOpK Xei Briep-
BbIC U3MEPUJI PACHICIICHUE CIIEK-
TPAJIbHBIX JUHUHN B U3JIYYCHUU,
NIPUXOAAIIEM OT COJIHEYHBIX IIf-
TEH, U TAKUM OOpPa30OM OI[EHUI
MAarHUTHOE IIOJ€ B INATHAX [1].
OHO 0Ka3aJ10Ch OOJIBIIUM, OKOJO g
1 xI'c (g aCTPOHOMOB HEAKTY-
AJIbHO pAa3IU4YUEe MEXJY Hanps-
JKEHHOCTBIO MATHUTHOTO IOJIA
U €ro UHAYKIUENU, MO3TOMY OHHU
OTKA3bIBAIOTCA IIOJb30BATHCA 3P-

Amumpuii Amumpuesuny Cokono8, 00Kmop
| PUBUKO-MAMEMAMULECKUX HAYK, NPOPHecCop
Kageopv, mamemamurxy Puduueckozo @a-
Kyavmema MoOCKO8CK020 20CY0apCcmeeHH020
yHugepcumema umeru M.BJIomornocoea. O6-
AACMb HAYUHBLX UHMEPeco8 — ANeKmpPOoOUHa-
: _"= MUKA KOCMUMCCKUX CPed, PUSUKA CNYHATHbBLX
== cpeo, zeomempuneckue memoos. 6 Ppusure.

Ynewn peorxoanezuu ayprana <[1pupooa».

fess

CTEJAMH M H3MEPAIOT MATHUTHOE IIOJIE B I'dyCCax).
Taxk MarHUTHBIE MOJA BOILIM B ACTPOHOMHIO. Ha BO-
IIpOC O TOM, KAK U3MCPAIOTCA MAIHUTHBIC ITOJIA B AC-
TPOHOMHH, XOPOIIUI CTYJACHT JOJUKEH YBEPEHHO OT-
BeuaTh: «IIo apdexry 3eemanal> (IIMOXOH CTYJEHT,
€CTECTBEHHO, 3TOT'O HE 3HACT.)

© Coxkousos .., 2017

DTOT CTAHJAPTHBLIN OTBET HE OTHOCUTCH, OAHAKO,
K MAUHUTHBIM IIOJIAM TaJIAKTUK (CM. Hanpumep, [2]).
Jesno B TOM, 4TO B MUPE T'AJIAKTUK IPUXOJUTC CTAJ-
KUBATbCSA C UHBIMU IOPAAKAMU BEJIUYUH, YEM B 3BE-
3AHOM (M COTHEYHOI) ACTPOHOMUU. MATHUTHBIE 110-
JIA TATAKTUK (MIPEX/E BCETO — CIUPATbHBIX) HA MHO-
I'O MOPAAKOB C1abee, YeM MATHUTHBIE TIOJIA B COJTHEY-
HBIX IIATHAX. BMECTO KHUJIOTAyCCOB pedb TEIEPh UAET
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O €JUHUIIAX MHKPOIAyCCOB. DTO
COBCEM HE 3HAYHUT, YTO T'aJIAKTH-
YEeCKUE MATHHUTHBIC ITOJNSA CIAA0BI
1 HEUHTEPECHBI — TaM JICHCTBYIOT
SBJIEHUSI COBCEM JPYIUX MACHITA- 30
608, ueMm Ha CosHile. OKa3bIBAECT-
cd, TIOTHOCTb dHEPTUU MATHUT-
HBIX TIOJICH TAJIAKTUK COMNOCTABH-
Ma C IJIOTHOCTBIO KMHETHUYECKOU 30
3HEPIUU MEK3BE3/JHON CPEJIbI, T.C.
OHH CITOCOOHBI, KAK 1 MATHUTHOE
nosie CoMHIlA, BIUSATD HA TUHAMHU-
Ky cpeasl. C Ipyrod CTOPOHEL, IPO-
CTPAHCTBEHHBIN MACIITA6 MarHUT-
HBIX MOJIEW TAJAKTUK HAa MHOTO
MOPAAKOB OO0bIIe MacmTaba 3Be- 30
3JIHBIX MATHUTHBIX ITOJIEH M COIIO-
craBuM € 10 KIIK.

Mar"uTHbIE TOJIS T'ATAKTUK UH-
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TEPECHBI, KOHCYHO, U CAMHU IIO CC- 30

6€: CHUPAIbHBIE TATAKTUKN OKA3bI-
BAIOTCA CAMBIMU OOJBIIMMU H3BE-
CTHBIMM HaM Mmaruutamu®. Kpome
TOTO, 3TU MOJA OOBACHAIOT UHTE-
pECHBIE IPOLECCH B IAJIAKTUKAX —
HAaIllpUMEP, 10 CTPYKTYPE MAIHUT-
HOI'O IIOJA B TI'AJAKTHUKE C Iepe-
MBIYKOU BUJHO, YTO OHO TTIOMOTAET
IIUTATh BEIMECTBOM €€ IE€HTPAIb-
HYIO YEPHYIO AbIPY [3], puc.l.

1100

033345 40 35 30 25

npamMoe BoCxoxgeHne

Puc.1. MarHutHoe none B ranaktuke c nepemblukoit NGC 1365. KOHTYpHbIMY AUHMAMY
nokasaHa MHTEHCMBHOCTb MONAPM30BAHHOTO WM3NYYEHUA MO HABNIOAEHUAM Ha AJWHe
BOJIHbI 6.2 CM. YepTouKM N306paxaloT HanpaBieHne MarHUTHOTO BEKTOPa, BOCCTaHOB-
NEHHOE MO MOJIOXEHMNIO NAOCKOCTH NonApu3aLmMu. YTobbl NOCTaBUTb Ha 3TUX YePTOUKAX

CTpenKu, O603Ha‘-IaIOLI.I,VIe Hanpae/iieHUe BEKTOPa «BNEBO-BMNPABO», TpE6yETC)'-I AONOJIHU-
TenbHaa N HenpocTasa pa60Ta. PVIcyHOK P.beka HanoxeH UM e Ha ONTUYecKoe |/|306pa-

Jctaera ot Papapes
K TMH36ypry

B TO, 4TO aCTPOHOMBI YBEPEHHO
U3MEPSAIOT MATCHUTHBIE MOJA Ta-
JIAKTUK, OOJIbIION BKJIAJ BHeC Buranui Jlazapesuu
I'mH36ypr, XOTA U3YYEHUE MATHUTHBIX MOJEH Tanak-
TUK U HE NPUHAAJIEKANO, OBITh MOXKET, K €T0 U3II00-
JIEHHBIM TeMaM. JIeJI0 B TOM, 4TO LIEHTPAIbHYIO POJIb
B HM3MEPEHUN MATHUTHBIX MOJEH TaJTaKTUK UTPAET
appexr Papages. Koe-4To MOXHO y3HATD U U3 3€€-
MAaHOBCKUX Ha6JIOJEHUN, OJHAKO 3PPexTy 3eeMaHa
(pacujemIeHue CIEKTPANIbHBIX JIMHUI B MATHUTHOM
II0JIE€ U3-32 Pa30UBKU SHEPTETUYECKUX YPOBHEN ATO-
Ma HAa TOJAYPOBHM) MNPUXOAUTCA KOHKYPUPOBATH
c appexrom Jlonnepa (YIIUPEHUE CIEKTPATbHBIX JIU-
HUI U3-3a CIYYAWHBIX JBMOKCHUH Cpejibl). Maruur-
HOE NOJIE B TAIAKTUKAX HAMHOT'O MEHbIIE COJHEYHO-
ro, a4 ABUKEHUS — OUYEHb UHTEHCUBHBIE, TOITOMY 34-
METUTb 3(PdEKT 3eeMaHa YAAETCA JHUIMb B CPABHU-
TEJIBHO PEAKUX CAy4aaX (HANPUMEDP, B INIOTHHIX 06-
JIAKAX TAIAKTUYECKOIo ra3a). ITose3Hsl u gpyrue Ha-
6s10/1eHUs. TIepBBIM O CYIIECTBOBAHUU MATrHUTHOTO
1ot Miteunoro I1yTu, raJakTuKu, B KOTOPOU MBI XKU-
BEM, JOTafanca B Havane 50-X rogos XX B. DHPUKO

* TMoppo6ree cm.: Cokonos /.. Cambie 60IBITUE MATHUTHI // TTpu-
poaa. 2015. Ne7. C3—-11.

KEHUE ranakTuKu, nojyyYeHHoe Ha Teneckone «Xab6s». Mepembiuka ranakTuku uaer us
HUKHEro NeBOTO B BEPXHUIA NpaBbiit yros. BewwecTBo cTekaeTcs BAOAb MAarHUTHbIX JiU-
HWUI1 B NepemMblyKe B LEHTP ranakTuKKU U NUTAET PacnosioXeHHYo TaM YepHyIo AbIpy.

depMu, U3ydasg pacOpOCTPAHEHUE KOCMUYECKUX Y-
4yer (3TO TOXKE TEMA, OYeHb Onu3kas Buranuio Jaza-
pesuuy). Tem He MeHEE, BCE 3TU UCTOYHUKU UH(POP-
MAaIlM¥ HECOMOCTABUMBI IO CBOEHM LIEHHOCTH C TEM,
yTo Aaer apdexr Papages.

dpdexr Papases ObII, €CTECTBEHHO, U3BECTECH
¢ XIX B. ¥ TOBOPHUJI O TOM, KdK B ONTHYCCKU AKTHUB-
HBIX (U1 HAC JIYYIIE CKA34Th «3€PKAJIbHO ACUMMET-
PUYHBIX>) CPEfAX MPOUCXOJUT BPAIEHUE ILIOCKO-
CTU TOJAPHU3ALUNN ITEKTPOMATHUTHBIX BOJH (TJIOC-
KOCTH, IPOXOJAIIEI Yepe3 HANPABIECHUE PACIPOCT-
PAHEHUS BOJHBL U BEKTOP HANPAKEHHOCTH JEKTPU-
yeckoro noJjd E), puc.2. I[Ipu 3T0M TEPMUH «ONITHYE-
CKHM AKTHUBHAA CPENA> YUTAICA KAK «PACTBOP CAXaAPa».
06 31OM 3(PdEKTE U €I0 TPUMEHECHUAX B CAXAPUMET-
puM NUIIYT, HAIPUMEDP, 3HAMEHUTBIA JJOPEBOJIIOLM-
OHHBIA DHUUKIONEIUYECCKUN CJI0BApPb Bpokraysa
u EppoHa u Bospmiasg COBETCKAS IHIUKIOMETUI*,

** Caxap // DHLMKIONEANYCCKUI CI0BAPb Bpokraysa u Edpona:
B 86 . CII6., 1890-1907; CaxapumeTrpusi // Bonbiias COBETCKasT
sHuukoneaus: B 30 1. / I'm. pea. AMIIpoxopos. 3-e usj. M,
1969-1978.
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Puc.2. Cxema adhdekta Papapes (0603HaYeHMA CM. B TEKCTE).

Cyrp M€TOJa CBA3AHA C TEM, YTO MOJIEKYJBI CaxXapa
B IPUHIIUIIE MOTYT HUMETH JBE NPOCTPAHCTBEHHDBIE
KOH(UIypauuy, OJHA U3 KOTOPBIX IIOJY4AETCA M3
Jpyroy orpaxeHuem B 3epkajge. OLHAKO PEaNbHO
B OMOJIOTUYECKUE MPOIECChI, B YACTHOCTH TE, IJI€ Ca-
Xap 006pPA3yeTCs, BOBAECUYCHBI MOJEKYJBl JUIIb OJJHOM
KOHurypauuu. [1oaTomy pacTBop caxapa npeacTas-
JI1€T CO60M 3EPKANIBHO-ACUMMETPUYHYIO CPELY, B KO-
TOPOH U IPOUCXOAUT BPALIEHUE INIOCKOCTU IIOJIAPU-
3a1iuu. Heo6X0UMOCTh 60POTHCSI C MAXUHALUAMU
HEYECTHBIX NPOU3BOAUTENEN CAXApAd HE BBIZBIBAET
COMHEHHUA (/11 KOHTPOJIA €TO KA4ECTBA, T.€. CTENEHN
OYMCTKH, U HYXHA IPEXKIE BCETO CAXAPUMETPUA —
10 YIJIy BPAIEHUSA CYAAT O KOHIIEHTPALUN AKTUBHO-
I'O BELIECTBA B PACTBOPE), HO HA MEPBBIA B3IJIAJ HE-
SICHO, KaK 3Td 60pbbHa CBA3AHA C MATHUTHBIMU HOJIS-
MU TIAKTUK. BripoueM, 37€Ch, ObITh MOXKET, BUJHA
OI'PAHUYEHHOCTDh B3I/ (PU3UKA — XOPOLIO IIO-
MHIO, 4TO, KOT/1a €le He Obu1o MHTEpHETA U OTTUCKU
HAYYHBIX CTATEH PACHPOCTPAHSIUCH 11O IIOYUTE, OC-
HOBHAs M4CCa 34IPOCOB O CTATHAX 110 MATHUTHBIM
MOJISIM TATAKTUK NPUXO/JUIA U3 OUOJIOTUYECCKUX OpP-
raHu3anuil Tuna Kanpckoro 3oomnapxa.

OrpomHas 3acayra B.JL.TuH36ypra coCTOUT B TOM,
YTO OH SICHO OCO3HAJ U JJOBEJ 10 CBEJAECHUS HAYYHON
O6IIECTBEHHOCTH B CBOEH KHUTIe «Pacnpocrpanenue
3JIEKTPOMAIHUTHBIX BOJIH B ILJIa3Me» (PYyCCKOE U3Ja-
Hue BeIO B 1960 1., aurnuiickoe — B 1970 1. [4]) ToT
(haxT, 4TO 3aMarHUYEHHAS (ACTPOHOMBI NPEATIOYU-
TAIOT TOBOPUTD TAK, 4 HE YIIOTPEOIATh CJIOBO «HAMAT-
HHUYCHHAA» — 9TUM l'IO/i[‘{CpKI/IBZI_CTCS[y YTO MATHUTHOCEC
[10JI€ BO3HUKAET HE HA ATOMHOM YPOBHE, 4 B PE3YJlb-
TaTE ACHUCTBUA NEKTPOMATHUTHON UHAYKLUU B CpeE-
J1€) TJIa3Ma TOXKE ABIAETCA 3€PKAIbHO-ACUMMETPUY-
HOH Cpefou. B NpUHIUIIE 3TO CTAHOBUTCA OYEBU]L-
HBIM Cpa3y IOCJIE TOTO, KAK BOIPOC XOpomo chop-
MYJUPOBAH. B caMOM feje, MarHUTHOE II0JI€ — HE
OOBIKHOBEHHBIM BEKTOP, 4 IICEBLOBEKTOP. DTO 3HA-

YUT, YTO Ui ONPEEIEHN] HATIPABIEHUI MATHUTHO-
IO MOJSA HY)KHO BIAJETh PA3IUYUEM MEX]Y MPABBIM
1 JIEBBIM — JIMOO 3HATD, KAKAd PYKA Y YEJIOBEKA JIEBAS,
MO0 OOPATUTHCS K TOMY, 3AKPYYEHHBIE B KAKYIO CTO-
pOHY ITONOPH! NPOJAIOTCA B Marasunax. Onpegene-
HHUE HANPABIECHUA JIEKTPUIECKOTO MO (U APYTUX
OOBIYHBIX BEKTOPOB) TAKUX 3HAHUH HE Tpeodyer. I1o-
3TOMY MATHUTHOE IOJIE HAPYIIAET 3EPKANBHYIO CUM-
METPUIO CPEBL U MOKET IPUBOJUTD K a(pPexry Da-
paznes. KonuuecTBeHHO 3TOT 3(PPEKT OMUCHIBACTCS
YIJIOM IOBOPOTA IUIOCKOCTH IOJAPU3ALUUA @, KOTO-
pBIF B IIPOCTEHUIIEM CJIY4YA€ IPOINOPIUOHAIEH MIPO-
HU3BEICHUIO KOMIIOHEHTBI MAarHUTHOTO MOJSA BJOJb
Jy4a 3peHud B, JAMWUHE NYTH JIyda 3PEHUS B cpefe L
U IJIOTHOCTU TEIIOBBIX (HEPENATUBUCTCKUX) 3JIECK-
TPOHOB 72, 4 TAKXKE KBAJPATY JJIUHBI BOJTHBI 3IEKTPO-
MAIHUTHOTO U3JIydeHUA A. B ciydae N3MEHAIOMUXCSA
10 IIyTU MATHUTHOT'O IOJIA U 3JIEKTPOHHON INIOTHOC-
TU IPUXOJUTCSA NPUOETATh K HHTEIPUPOBAHUIO:

2

e? L

Zn(mc)lojBlndl’ M

IJl€ M — MAaCCa JIEKTPOHA, ¢ — CKOPOCTh cBeTa. O6-
paTUM BHUMAHHE, YTO B ACTPOHOMUM IPUHATO CYHU-
TaTh TOJOXUTEJbHBIM HAINpPaBJICHUE MATHUTHOTO
[IOJIL OT HA6JII0/JATeNs, 4 HHTEIPUPOBAHUE B (POPMY-
ne (1) Begerca OT UCTOUHHUKA K HAOMoAaTeno. B ca-
XAPUMEPHUNH, HATIPOTUB, MPEANONATAETCA, UTO Ha-
6JII0/1ATEND PACTIONOKEH TAM K€, II€ ICTOYHUK. MHO-
I'H€ ACTPOHOMBI ObIIM OBl CYACTIUBBI XOTb HEHAJJOJI-
IO MOOBIBATHL TaM, I/l (DOPMUPYETCSI KOCMUUYECKOE
MU3IYYEHHUE, HO 3TA MEUTA OCTAETCSA HEPEAIUIYEMOU
B 0603pUMOM OYAYIIEM.

[IpousBeeHUE TPEX BENUYUH OOBEAUHAETCA B BE-
JIUUMUHY, KOTOPAd HA3BIBAETCA MO-PYCCKU MEPOM (Pa-
pajsieeBCKOro BpameHus, Ho 06o3Havaercs RM, or aH-
IJIMHCKOTO rotation measure (Papajgelt ObUI CKPOM-
HBIM YEJIIOBEKOM):

RM (pag/m?) = 0.81n (cM~)-B, (MKIC)-L (k).  (2)

¢ =2

Popmyna (2) nepenucana B T€X €JUHUNAX, KOTO-
pbl€ MCIIOJB3YIOTCA HA IPAKTHUKE. B HUX 3J1€KTPOH-
Had IUIOTHOCTb M MATHUTHOE I10JIE HOPMHUPOBAHBI
TaK, YTO B JUCKAX CHUPATbHBIX TAJAKTUK /IBE IEPBLIE
JpoOu uyThb GOMbIIE €UHULBL, A TUIMYHAS TOJIIUHA
3aMArHUYEHHOI'O ITIAKTUYECKOI'O JUCKA COIIOCTABU-
Ma ¢ 1 KiK. B utore RM 06BIYHO OKA3bIBAETCS OPSL-
ka 100 paguaH HA KBAJAPATHBIN METP (YIJIBI MOXKHO,
KOHEYHO, U3MEPATh U B I'PAJYCAX, HO 3/J€Ch B pajua-
Hax yjobHee).

Bce 3TO OUeHbD SICHO NMPOCTIEKUBACTCA B KHUTE Bu-
Tanus Jlazapesuua. [IOKOIEHNA NCCAEJOBATENEN U3Y-
yaau U n3ydaoT agdexr Gapajges (a TAKKE MHOIOE
Jpyroe) mo €ro KHure (3amedareibHas pedepaTus-
Hag cucrema Astronomical Data System HaCYUTBIBACT
614 CCHUIOK HAa AHIVIHUHUCKOE H3IAHHUE, MPUYEM BO-
CeMb 34 IIEPBBIE YETBIPE MECALA 3TOrO Ioja — 3TO
O4YE€Hb HEMAJIO IS JAHHON 06JIACTU HAYKH). ICHOCTD
MBICJIM — 3dAMEYATENBHOE U PEAKOE CBOUCTBO, KOTO-
pbIM 06s1ajan Buranui Jlazapesuy!
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B a¢pexre Papases 04€Hb BAXKHO TO, YTO MOBO-
pOT ILIOCKOCTU IIOJAPU3ALUU IIPONOPLUOHAIECH
JJIMHE IIYTU L CBETA B MATHUTHOM I10JI€. OTO 3HAYUT,
YTO NPU U3YUYEHUN MATHUTHBIX TAJAKTUK MOXKHO
KOMIIEHCHPOBATH HEOOJBINYIO HANPSKEHHOCTb Mar-
HUTHOI'O IIOJII OTPOMHBIMHM Pa3MEPAMU T'aJAKTUK.
dopwmyna aina agdexra 3eeMaHa He COAEPKUT L, 110-
3TOMY OTPOMHBIE PA3MEPBI I'AJIAKTUK UCIONIb30BATD
HE YA4AETCA.

B caxapumerpum 3KCIEPUMEHTATOP CaM 3ajaer
HA4YaJIbHOE TOJOXKEHUE IIOCKOCTU IONAPU3ALUU.
[ToaTOMY [UIs1 U3MEPEHUSA YIVId €€ IIOBOPOTA JOCTA-
TOYHO IOJIAPU3OBAHHOI'O U3JIYyYEHUA C OJHOU (PUK-
CUPOBAHHOM JUIMHOM BOJIHBL IIpy U3y4eHUU MAIrHUT-
HBIX IOJIEHU I'IAKTUK IIPUXOAUTCH UCIIOJIb30BATD ABE
JUIMHBl BOJHBI U IPEAINONATATh, YTO HU3IYYEHHE HA
06€uX JUIMHAX BOJIH CBA3AHO C OJHUM U TEM Xe (pu-
3UYECKUM MEXAHU3MOM — KaK IIPABUJIO, 3TO CHUHX-
poTrpoHHOE uznydenue. Toraa, COnoCTassas NOI0XKe-
HUS IUVIOCKOCTH MOJIAPU3AUU I JBYX JUIMH BOJH,
MOXKHO HAaUTH U MePY (PapafieeBCKOro BpaleHUS,
1 HAYAJbHOE MOJTOKEHUE TUNIOCKOCTH NMONAPUIALIUN.

Ha camoM jenie u3MepeHue «KOCMHUYECKOTO» (Pa-
Pal€eBCKOr0 BPALIEHUA — OYEHb CJIIOXKHAA U TPYJO-
eMKag npoueaypa. IIpuxogurcs y4YUTHIBATb U KOM-
MEHCUPOBATH MHOTI'O MEMIAIOMUX 3(PQPEKTOB, HANPU-
Mep, hapajseeBCcKoe BpaleHUe B HoHOChEpe 3eMIn.
Heo0X0uMO TaKKe IPOBEPATh, JEUCTBUTEIBHO JIU
NOJSPU3OBAHHOE H3JIYYCHUE HA PA3HBIX [JIMHAX
BOJIH UCXO/IHO UMEJIO OJJHO U TO K€ IIOJIOXKEHUE ILJIO-
CKOCTH noJgpusayuu. I[Ipocrenmas npoBepka 3TOro
TpeOYET HAOMIOEHUN HA TPEX JJIMHAX BOJIH, U3 KOTO-
PBIX MOXKHO COCTAaBUTBb JIBE IAPBl U YOEAUTLCA, 4TO
COINOCTABAEHUE TOJOKEHUIN IVIOCKOCTEN IMOIAPU3A-
LU U1 OOOUX IIap NPUBOAUT K OJHOM M TOM XK€
(B Ipegenax NOrpeIHOCTeN U3MEPEHUIT) OLICHKE Me-
pbl hapajgeeBCcKoro spamenusd. HakoHel, caMmo usme-
pEeHUE yIId NOBOPOTA IUIOCKOCTU MOJAPU3ALUN /IS
HCIOJb3YEMOTIO M3AYYEHUA M3 PAJUOANATAZOHA
(0 BBIO6OPE NOAXOAAMIMX JIJIMH BOJIH PEYD IIOUJIET UYyTh
HUXKE) CJIOKHEE, YEM B OIITUKE — BMECTO aHAJIOI'OBBIX
METOJJOB (KOMIIEHCAMKU 3P PEKTA C MOMOIIBIO NPHU-
BBIYHOM IOJIAPU3ALUOHHON IIPU3MBI) 3/1€Ch UCIIOJIb-
3yI0T IU(poBbIe. Y HATOMHHUM, UTO KOTAd MATHUTHOE
IIOJIE U PACTIPEENIEHUE SIEKTPOHHON INIOTHOCTH He-
IIOCTOSIHHBI BJIOJIb Jlydd 3PEHUs, BMECTO IPOCTOrO
npousseneHus B, L mepa QpapageeBCKOro BpallCHUS
OIpeAENAEeTCA COOTBETCTBYIOMUM HHTEIPATIOM.

U3meputenbHas KyxHsa

Onupasace HAa KHUT'Y [MH30Ypra u npejcrasiss, O Ka-
KMX MaCHmITa6ax BEJIMYMUH HMJAET pedb, MOXHO Olle-
HUTb, B KAKOM /JMaMAa30HE €CTECTBEHHO HA6JIO/AThH
MATHUTHBIE 10JIA TATaKTHK. B camoMm jesne, ToBOpoOT
IIJIOCKOCTHU MOJIAPU3ALUHI IOJKEH OBITh HE OYEHD Ma-
JIEHBKUM, XOPOMIO 6Bl I'PagycoB 10 (4TOOBI €TO MOXK-
HO OBLIO JIEIKO U3MEPUTD), HO U HE CIUIIKOM OOJIb-
muM. [leJI0 B TOM, UTO TOJIOKEHUE TVIOCKOCTHU T10JIS-

PU3AIUHU ONPE/IEIEHO C TOYHOCTBIO /10 IPUOABICHHUA
nnn BerauTaHug 180 rpagycos. ECiu mIOCKOCTD I0-
BEPHYIACH OosbIIe, yeM Ha 180°, 06 3TOM NPUXO/IUT-
€4 JOTraJbIBATbCA, COINOCTABIASA HAOMIOLEHUA HA
OM3KUX JJMHAX BOJH, UTO IPEACTABIICT COOOU
OY€Hb HENPOCTOE 3aHATHE. [IOCKOIBKY O TOM, KAKOBA
HaNpPAKEHHOCTb MATHUTHOTO MOJIA B TAJIAKTUKAX, J10-
ragancsa PepMmu, a NPOU3BEAEHUE [JIMHBL U 3JIEK-
TPOHHO! IVIOTHOCTH (TaK HA3bIBA€Masd AUCIIEPCUOH-
Hasd M€pPa) MU3BECTHO IO HAOIIOJEHUAM IYIbCAPOB
(3TO OTAENBHAA UCTOPUA ), HETPYJHO OLIEHUTD U TOT
JIUATa30H JIIUH BOJIH, B KOTOPBIX HYXHO BECTH Ha-
6/II0/ICHUSA MAarHUTHBIX MOJIEH TajJakKTHK. IIpocToe
BBIYMCJIECHUE TOKA3BIBAET, YTO ONTUMAIBLHBIM OKA3bI-
BAETCA JUATA30H JUIMH BOMH OT IPUMEPHO 3 CM J0
yyTh 60osiee 20 CM — KJIACCUYECKUIT JUATIA30H PA/IUO-
actpoHomuu. Ha 6osiee JIMHHBIX BOJHAX MJIOCKOCTD
[OJIAPU3ALUU [IOBOPAUUBAETCA OOJIBIIE OJHOIO pa-
34, 4 Ha BOJIHE 3 CM IIOBOPOTOM ILIOCKOCTH IOJIAPU-
3aLMH OOBIYHO YK€ MOXKHO NpeHeOpeYb U HANTH Ta-
KUM 00pPa30M HAYATBHOE €€ MOJIOKEHUE.

Bce aTr paccyXJeHUA MOJYANUBO IPEAIONATAIOT,
YTO UCTOYHUK U3JIYUYCHUS OTHEIEH OT CPEABL, B KOTO-
poOH IPOUCXOAUT (papajeeBCcKoe BpaleHue. Manyue-
HUE 06PA3YETCs TE-TO JANEKO 34 CJIOEM 3AMaTHUYEH-
HOM IIJIa3MBI, KOTOPAs TONBKO BPAIAET INIOCKOCTD T10-
JNAPU3ANUN — TAKOU CJION HA3BIBAETCA (PAPALEEBCKUM
9KPAaHOM. B 3TOM KapTUHE €CTh ONPEJENEHHOE BHYT-
peHHee nporupopeune. CUHXPOTPOHHOE U3IYYEHUE
o0pasyercs B 3aMarHU4eHHON cpene. Ecau B UCTOY-
HUKE HU3JIYYECHUS €CThb U TEIIOBBIE JIEKTPOHBI —
4 OHHU YaCTO TaM €CTb, — TO (PapaZEEBCKOE BpAIIEHUE
MIPOUCXOJUT HE TOJNBKO B 9KPAHE, HO U B UCTOUHHKE.
TeMm He MeHEE CYMIECTBYIOT TAKUE UCTOUYHUKU CUHXPO-
TPOHHOT'O U3JIYYEHUSA — TYT TOAATCS MYIbCAPHL U Pa3-
HOOOPA3HBIEC JUCKPETHBIE BHETAIAKTUYECKUE UCTOY-
HHUKU, — B KOTOPBIX HA IPEACTABIAIONUX HHTEPEC Pa-
AMOYACTOTAX COOCTBEHHOE (PapaTeeBCKOE BPAIEHNE
HUCTOYHHUKA Maso. Tak yxe B 70-€ rojjbl IPOMIJIOTrO BEKA
VIA7I0Ch MHOI'O Y3HATb O CTPOEHUN MAI'HUTHOI'O MOJIS
Muneunoro Ilyru, a CO BpeMEHEM U 110J06paTh M1OJX0-
JAMIME UCTOYHUKY, KOTOPBIE NMPOCBEYUBAIOT PA3HO-
00pa3Hbl€ BHECIIHUE IATAKTUKU.

Ho MarucTpanabHbId IyTh UCCAECLOBAHUA MATHUT-
HBIX TOJIEN CIUPATbHBIX T'AIAKTUK IPOJIETAT YEPE3
aHanu3 (apajgeeBCKOro BPaleHUA U3JIYIECHUS, KOTO-
po€ BO3HUKAET B CAMOIN H3Y4a€MOH TAJIAKTHUKE.
B 3TOM Cilydae CBSA3b MEX/Y MATHUTHBIM [1OJIEM U IIO-
BOPOTOM IIJIOCKOCTU MOJAPU3ALUNA HAMHOTO CJIOX-
Hee, ueM g (PpapafeeBCcKoro skpana. Teopusa usme-
pEHNA MATHUTHOIO IOJIA B U3/Iy4dIOMIEN U BPAIalo-
el cpejie 6b11a pa3BUTA B 3HAMEHUTON pabore bep-
Ha [5], KoTOpaA OTTAJIKMUBAIACH OT CBOUCTB (apaje-
€BCKOTO 3KpaHa. XOoTa CTaThd bepHa mogsunrach
B IIPOMEXKYTKE MEXJY PYCCKUM U AHTJTUUCKUM H3/1a-
HHUEM KHUTI'M [MH36ypra, ee CTUIUCTUKA COBCEM JIPY-
ras. B cymHoOCTH, CEHYAC JaKE HEUZBECTHO, KEM OBbLI
aABTOP, KaK €ro 3BaIu (COXPAHWINCDH JUIIb UHUIINA-
JIBl). Bupumo, 310 acnupaHT, KOTOPBIA HAIIUCAI OLHY
(PYHJAMEHTAIBHYIO CTATBIO, 4 TTOTOM €II[€ HECKOJIBKO
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XOPOIINX, HO PAJOBLIX PabOT M HABCEIZA VIIET W3
Hayku. CraTbd IOJYYUIACh OYEHDL TsKenas. B mHen
OIyIIEHbl MHOTHE COBEPIIEHHO HETPUBUAIbHBIE BbI-
KJI47KU. YuTas ee, BCe BpeMA [yMa€elb, 9TO ABTOP Ha-
BEPHAKA OTEPSAT MHOTI'O KPACUBLIX 3 PeKTOB. Yepes
MHOTO JIET MHE NPUIIJIOCH Y4aCTBOBATH B HANIMCAHUHU
Pa3BEPHYTOTIO KOMMEHTAPUs K CTaThe bepHa, B KOTO-
pOM aBTOpPBHI MOAPOOHO MOKA3BIBAIOT, KAK 3AMOJIHSA-
IOTCA MHOTOYHCJIEHHBIE IBIPHI B €TO PACCYXKACHUAX,
B YEM COCTOMUT JIOTMKA PA3TUYHBIX NPHUOIMKEHHI.
Hama cTaTha ¢ 61arofapHOCTRIO IUTUPYETCA MHOTH-
MU UCCIEAOBATENAMU, HO OCTABIAET Y MEHA YYBCTBO
OropueHUsA — OKa3aJI0Ch, YTO BEpH Hamen BCE MO-
JIE3HbIE MPUOIMKEHNA U €T0 (POPMYIBI IPABUIbHBIE
(TOYHEE, B ONHOM MECTE OH 3a0bUI HE OYEHD CYMIECT-
BEHHBII MHOKHUTEND V2). 3462BHO, UTO B CaMOIi CTa-
Tbe BepH 06CyxkAaeT (papaeeBCKOE BPAIEHUE JTUC-
KPETHBIX PaJMOUCTOYHUKOB, a4 HE T'AIAKTUK, KOTO-
pble PajiOTENECKON MPOCTPAHCTBEHHO PAa3pEIIACT.
Ha agexkBaTHOE MOHUMAHMUE PA6OTH bepHa ymIIo He-
MaJIO BDEMEHU U YCUIIUI.

ITepBbIM BLIBOJJOM U3 TeOpUM BepHa 6b110 TO, 4TO
Ha6JIOEHNU HYXKHO BECTH HA TAKUX JUIMHAX BOJIH,
Ha KOTOPBHIX (DapaJeeBCKOE BPAIEHUE €IE HEBENU-
KO — YI'OJI IOBOPOTA CYIIECTBEHHO MeHbue 180°. B Ta-
KOM CJIy4d€ rOBOPAT O (PapafieeBCKU TOHKOM HCTOY-
HHUKE (MBI YK€ OOCYXKAAIN 3TO OIPAHUYEHHUE BBIIIE).

[TpakTuyeckoe HCIOAb30BAHME (DAPAJEEBCKOTO
BpallleHUs Uil U3YYEHUS MATHUTHBIX MOJIEH Tanak-
TUK OBLIO C/IEIAHO B OTPOMHOM CepuU paboT pajinuo-
aCTpOHOMOB MHCTHUTYTA pagnoacTpoHoMun O61e-
crea nmenn Maxca Ilnanka B bonne (Iepmanus).
Ha py6exe 80-X rojjoB €ro TOrJallHuM JUPEeKTop Pu-
XapJ BuUIEOGUMHCKUN NOJAYYUIT B CBOM PYKH 3aMeda-
TEJBHBIN paJUOTENECKON B Dddenbcobepre, Hegane-
KO OoT boHHa, puc.3. Hy)XHO 61710 HAUTU IPOPLIBHYIO
TEMATUKY HCCIEJOBAHNUN. [lepBbie HAOMIOAEHUA T1O-
K434JIM, YTO PAAUOUBIYUYEHHUE OIU3KUX CIUPATbHBIX
TJIAKTHK, IPEX/E BCErO TaMakTUKu M31 (TymMaHHOC-
TU AHJZPOME/IbI), OJAPU3OBAHO. K 10 3TOr0O BCE Jy-
MaJId, YTO B CHUPAJBHBIX TaTdKTUKAX €CTb MArHUT-
HOE I10JI¢, HO OHO MOJYAJMBO MPEAIONATaI0Ch MEJ-

Puc.3. Bup papnoteneckona cuiabHO 3aBUCUT OT €ro KOHCTPyKUMM. Ha pucyHKe ofHOBpeMeHHO MoKasaHa Tapesika Tejaeckona
B Ihdenbcbepre, a nepef Hell BUAHbLI aHTEHHbI HAaXoAAWeECs Tam e cTaHumu Teneckona LOFAR. MocnegHuit — nutepdepometp,
OH COBMpPAET CUrHaM CO MHOTUX CTaHLMIA, PaCnoNoXKeHHbIX B HECKOJIbKUX €BPONENCKMUX CTPAHAX, @ LLeHTpanbHoe AAPO Teneckona
HaxoauTcsa B fonnananu. Ha nepefHem nnaHe Mbl BUAUM aBTOPa CHUMKA — OAHOTO W3 Bepyluux HaboAaTeneil MarHUTHbIX no-
neit ranakTuk PaitHepa beka u3 WHcTuTyTa pagnoactpoHomun obuiectsa umenn Makca Mnaxka.

34
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KomacmTabueiM. HabmogeHue mo-
JIIPU3AL MUY IBHO HAMEKAIO HA TO,
YTO NMPOCTPAHCTBEHHBIN MACIITA0
MAarHdTHOTO IOJA COIOCTABUM
C pa3MepOM CaMOW TaJlaKTUKH,
IIO3TOMY CJIOKEHHUE U3TYYEHUN OT
Pa43HBIX €€ 4YaCTEH, NPUXOJAIICE
B PaJUOTEIECKOI, HE IPUBOSUT
K ero genonsgpusanuu. Konewyno,
3TO MOXHO OBUIO OBl NPEANOJO-
KUTb HA OCHOBAHWUHM MMEBIINXCA
TOIJla 3HAHUK O MAaTHUTHOM II0JIE
Muneunoro Ilyrtu, HO fanu o cebe
3HATb HAy4YHBIE IPEAPACCYAKU.
ITo aCTPOHOMHUYECKOU KIACCUDU-
Kauuu usydyenue Mieunoro Ilyru
1 BHEIIHUX TATAKTUK IIPUHAJJIE-
JKAT PA3HBIM O0JIACTAM HAYKH, TAK
YTO MOJOOHAS MBICAb IMPOCTO HE
NPUXOAUIA B TOJIOBY.
BuneObuHCKUI YyIA4YHO OpPHECH-
TUPOBAJI pabOTy CBOEI I'PYIIIBI HA
HU3y4EHUE TONAPU3OBAHHOTO pa-
JUOU3NYYECHUSA U (PapajeeBCKOro
BPALIEHUS CIIMPATbHBIX TATAKTHUK,
1 BCKOPE KOMAaHZAA, B KOTOPYIO

Puc.4. Innu bepkxay3eH — 3ameyatenb-
HbI TONNAHACKUIA acTPOHOM, COTPYAHUK
WHcTutyTa papmoactpoHomMun B BoHHe,
OAMH U3 MMOHEPOB HAbNIOAEHUI MarHuT-
HbIX MOJel ranakTuk.

Obl, ecau OBl MATHUTHOE TIOJE
BCTPEYANOCh TOJNBKO B MileuHOM
[yt M OTCYTCTBOBAJIO B JPYIUX
CITUPAJIBbHBIX FATdKTUKAX.

Yepes nATh JIET HAKOIIMIICA Ma-
TEpUal HAa KHUTY [2], MOCBAIEH-
HYIO CHENUAJIBHO MATHUTHBIM I1O-
JIAM TaJIAKTUK. MBI BBIYCTUIN €€
B TOJUIAHJCKOM  H3/JJATENbCTBE
Kluwer (B Hauajne paboThl OHO €l1e
HOCHJIO I'pOMKO€E ums «JypHeba-
a1b Paijens»), HO O4€Hb XOTEI0Ch
ONyOIMKOBATH €€ U B U3JJATEIBCTBE
«Hayka». bpiio sfcHO, 4TO 3€1b/0-
BUY HAM IIOMOYb HE MOXET, TO3TO-
MY MBI IIOIIUIM B [MH36Ypry, KOTO-
pPHIF C YAOBOJLCTBUEM IIOCIYLIAI
npo ($apageeBckoe BpalleHUE
1 CyMEJI PEMUTH IPOHIEMY.

B 1O Bpems OGBICTPO YKpEIId-
JIUCh HAYYHBIE CBA3U HAIIEHU CTPa-
HBI C BHEIIHUM MHUPOM. MBI 6BICT-
PO TMO3HAKOMMJIUCH U TOJPYKHU-
JUCh C HAIUMU HEMEIIKUMU KOJI-
JIETaMy, 4 MOTOM M C KOJIJIEraMu
U3 APYI'UX CTpaH. Mup crajn Ha-

BXO/JMJIN TAKUE 3AMEYATEIbHBIE
ACTPOHOMBI, Kak PaitHep bek, diin

bepkxayseH (puc.4), Mapura Kpayse, Boasdranr Pariix
1 JIp., CTaJ1a 3aKOHO/IATENIEM MO/J] B HAOIOACHUAX Mar-
HUTHBIX II0JIEH CIUPAIBHBIX I'IAKTUK. CO BpEMEHEM
Ha6IIOEHNA CTAJIU NPOBOAUTBLCSA HE TOJIBKO HA pa-
auoreneckone B dddenbcoepre, HO U HA AMEPUKAH-
CKOM paauoreneckone VLA, KOHCTpyKIIUA 3TUX Tee-
CKOIIOB PA3JIM4YHA, II03TOMY OCOOEHHO 3(P(PEKTUBHO
X COBMECTHOE UCIOJIBb30BAHUE — TAK YAA€TCI COENU-
HATb UX IPEUMYIIECTBA U MOAABIATD HEJOCTATKU.

Mnoabl 06wWMx ycunuit

B 3T0 e BpeMs TEOPETUYECKOE U3YyUeHUE 0OPA30Ba-
HHS MaTHUTHBIX MOJIEH B PA3JUYHBIX HEOECHBIX Te-
JIaX Pa3BUBAJIOCH B HAWIEHW CTpaHe B rpymie fAKosa
bopucosuua 3enppouua. B 1983 1. BpImIA KHHUTA
A.b.3enpposuua, A.A.Pysmatikuna u JI.JI.Coxonmosa
«MaruuTHbIE IO B aCTpodu3uke». Ceryac TpyjHO
cebe NPEeACTABUTD, YTO /I U3BECTHOI'O AKaJEMUKA,
Tprx/bl fepost ConuanucTudeckoro Tpyjaa u 0gHOTO
13 HAYYHBIX JIMAEPOB ATOMHOI'O IIPOEKTA OKA3AJIOCH
HEBO3MOXHBIM ONYOIUKOBATH 3Ty KHUIY B CBOEU
crpane. OHa BhIIA TO-aHTIMICKE B Hpio-Hopke.
OJHAKO €710 OO6CTOSI0 UMEHHO TaK. blopokparuue-
CKHE NPENOHBl OKA3AJUCh CHJIBHEE HAYYHOI'O ABTO-
puTETA, IO3TOMY KHUTY CHAYAIA YUTAIU U LJUTUPO-
BAJIM UHOCTPAHHBIC YUTATEIHU, 4 K OTEUYECCTBEHHBIM
OHA [IPHUILJIA JUIIb Y€PE3 YETBEPTD BEKA.

B 32T0M KHUI'€ MAIHUTHBIM I1OJIAM BHEIIHUX IaJIaK-
THK ITOCBAMIEH OJWH KOPOTKUH pa3fen, B KOTOPOM
JEJIAETCA OYEBUJAHOE YTBEPXKACHUE: CTPAHHO OBLIO

CTOJIBKO TECEH, UTO yXKE HE BCET/a

NIPOCTO PEMHUTD, KAKYIO CTPAHY
NPEACTABIACT TOT WIM HHOHN CHEIUANIUCT. Tak uiu
uHaye, B 1996 1. Bhiiea 60abION 0630p MO MATHUT-
HBIM IOJIAM TaJAaKTHUK, HAMUCAHHBINA COJPYXKECTBOM
JTUIUPYIOMUX B 3TOM BOIIPOCE CIECIHATUCTOB [6]. o
CHUX TIOP JAHHBINA 0630P OCTAETCA CTAHAAPTHBIM HC-
TOYHUKOM 3HAHHUN O MATHUTHBIM IIOJISIM T'AJTAKTHK,
XOTs, KOHEUYHO, C TEX IOp IMOJY4YEHO HEMANIO KOH-
KPETHBIX PE3YABTATOB B 3TON OOIACTH.

[ToHayany peanbHbIM ObUIO HAOMIOAECHUE TOJSAPHU-
30BAHHOTO HA6JIOJEHUA HA ABYX-TPEX, PEAKO YETHI-
pexX-IATH JJIMHAX BOJH. JI€JI0 B TOM, 4TO HA6II0/€-
HHE HAa KaX/JOM JIIMHE BOJHBI TPEHOBANIO CBOETO
NPUEMHHUKA, 4 Ha60p NPUEMHUKOB HAa KaXKIOM pa-
JUOTENECKOINE OBbII OTPaHUYEH. BpeMsa uper — 1o-
CTENEHHO B PAAUOACTPOHOMHUIO MIPUIIIXA ITHUPOKOIO-
JIOCHBIE TIPUEMHUKHU pPAJUOU3NYyYE€HHUA. Boabmon
BKJI4J| B UX BHEJPEHUE BHECIH TOJUIAHJACKUE PAJUO-
ACTPOHOMBI: [OJIaHIUA 11O TPABY MOJKET HA3BIBATHCS
€Ie OJHOU BEIUKOU AEPKABON PALUOACTPOHOMHUHU.

C moMOmbI0O MUPOKOMOJOCHBIX NPUEMHUKOB
MOXHO HAOIOAATh YOl MOBOPOTA IIOCKOCTH TIOJIA-
puszanuu Ha OOJBIIOM, KBA3UHEIIPEPBIBHOM HabOpE
JUINH BOJIH. Peajn3oBaTh 3Ty TEXHUYECKYIO BO3MOXK-
HOCTb HE TAK IPOCTO — 1 HabmogeHud Ha 100 giu-
HaX BOJH (Kak rosop4r, B 100 kaHa1ax), Hy>kHO B 50
pa3 60JbIIE BPEMEHU, YEM I JBYX JIMH BOJIH. A I10-
TOBOPKA time iS money BIOJHE aKTyaJIbHad U B PAJUO-
ACTPOHOMHUM — COBPEMEHHBIE PAJJUOTENECKOIIBI CTO-
AT OTPOMHBIX JICHET, TAK YTO 32 HAOJII0/]ATEILHOE BpE-
Ms CYHIIECTBYET HANPSKEHHAS KOHKypeHUus. I1oaTo-
MYy HYKHO, 4TOOBI IPOBOJUMBIE PAOOTH OOEIAIN
YTO-TO OYEHD BAKHOE.
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Fme oaHa XapakTepHas 4epTa COBPEMEHHOI'O
3Tana PasBUTHUA (PAPaJEEBCKUX HAOMIOLEHUN COCTO-
UT B TOM, YTO HAd CMEHY KjaccudeckuMm VLA u Tene-
ckony B dddenbcdepre NpUXOJUT HOBOE MOKOJIE-
Hue paguoreneckonos. Oxaun n3 Hux — LOFAR (Low
frequency array) — npsAMO CBOMM HA3BAHUEM YKA3bI-
BAECT HA TO, YTO HAOIIOAECHUSA BEAYTCH HA JJIMHAX
BOJIH, JI/I1 KOTOPBIX TAJIAKTUKU OOBIYHO OKA3BIBAIOT-
¢ (papajieeBCKU TOJCTBIMU. BBITh MOXKET, 3TOT BBI-
60p BOJHOBOTO AWANIA30Hd U HE KAXKETCA ONTUMAJIb-
HBIM C TOYKH 3PEHUA M3YYEHUS MATHUTHBIX IOJEN
I'aJTAKTUK, HO OOJIbIIME HOBLIE UHCTPYMEHTBL PEJKO
CTPOAT IIOJ OJAMH KIACC 334a4. [T03TOMY IPUXOJHUT-
Cs IpeMIaraTb METOABI, BIIMCBIBAIOIMUECSA B CYLIECT-
BYIOLIME YCAOBUS.

OJMH U3 3TUX HOBBIX METOJOB IIOJIYUYUI HA3BAHUE
(bapageesckoro cunresa ([7], a O NEPCHEKTUBAX IIPHU-
MEHEHUS 3TOI'O METO/JA CIELUAIBHO JIsI MATHUTHBIX

[IOJIEH IM'AIAKTUK CM., Hannpumep, [8]). OH CBA3aH C HO-
BBIM IIPOUTEHUEM OHOU U3 (POPMYI B CTaThe BepHa.
OKa3BIBAETCA, YTO 33/ja4y 06 ONPENENIEHUN CTPOEHUSA
MATHUTHOTO IIOJIA TATAKTHUK (M JAPYIUX NIOAOOHBIX
0OBEKTOB) MOXHO IEPEPOPMYINPOBATh KAK 3aa4y
06 OIpEAENCHUHN TOI'O, KAKON IIOTOK IOJAPU30BAH-
HOTO U3AYYEHUS UJET OT 4aCTU UCTOYHUKA, AN KO-
TOPOTO BeIUYUHA B/7L paBHA 3a4ldHHOMY 3HAYCHUIO.
dror nmoaxoj poawuinca B lomnmanauu. OH KaxXeTcd
MHOT'OOOEMAIOMUM — MOABIAETCA HOBOE U3MEPEHUE
B TOM HA06Op€ JAHHBIX, KOTOPBIM XaPAKTEPHUIYETCA
MATHUTHOE I1oJie. HECKONBKO I'PYIII BO BCEM MHUPE
VIOPHO HIYT, KaK 3(PPEKTUBHO HUCIONb30BATb 3Ty
njeio. He Bcerna HaXOAKU KaKyTCs yOEeJUTENbHBIMH,
HO IIOCTEIIEHHO METOJ, COBEPIIEHCTBYETC. OTEUeCT-
BEHHBIE MCCAEAOBATENN TOXE NPUHUMAIOT y4aCTHE
B 3TOU pabore. [TocMOTpUM, K 4EMY OHA IPUBEJAET
B HEJAJIEKOM OyJylieM. m
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Measuring galactic magnetic fields: From Ginzburg’s book up to Faraday synthesis

D.D.Sokoloff
Lomonosov Moscow State University (Moscow, Russia)

A century ago, American astronomer G.Hale first measured splitting of spectral line in sunspot radiation. It was first
measurement of solar magnetic fields. Zeeman effect is useful for magnetic field measurements in various stars, how-
ever this method is much less helpful for galactic magnetic fields because these fields are much weaker than solar
and stellar ones. Magnetic fields of galaxies are measured in the first line using Faraday effect, i.e. rotation of polar-
ization plane in optically active media. Faraday effect is exploited in sugar production to measure the sugar concen-
tration in sugar containing solutions. Molecule of sugar has two versions mirror symmetric, one in respect to the
other, and only one of these configurations is producing in biological processes. It is why the sugar containing solu-
tion is a mirror asymmetric medium. Polarization plane rotates in propagation of polarized radiation through such
a medium. Magnetized plasma is a mirror asymmetric medium as well and do rotates polarization plane of a radia-
tion propagating through such medium. The rotation is proportional to the depth of the magnetized layer. It gives an
opportunity to use huge spatial scale of galaxies. A crucial role in establishing the Faraday effect as a leading method
for investigation of galactic magnetic fields played the famous book by V.L.Ginzburg “The propagation of electro-
magnetic waves in plasmas”. Of course, it is much more difficult to extract information from the Faraday rotation
measures for galaxies rather to do similar job in the sugar industry. The methods for interpretation of the Faraday
rotation data in galactic magnetic field studies developed from the first successful attempts of their application
a century ago up to contemporary sophisticated methods.

Keywords: radioastronomy, polarized radioradiation, galaxies, Faraday effect.
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®U3UKA KOHAEHCUPOBAHHOIO COCTOSIHMA

dusuka BzaumogelucmBusa
cBepxnpoBogumocmu
U MmarHemusma

AN.bysnun', A.C. MEJIbHUKOB®
Yrnueepcumem bopoo (bopoo, Pparnius)
Uncmumym Ppusuxu muxpocmpyxmyp PAH (Huxcnuii Hogzopoo, Poccus)

B mocnegnue rOAR AKTUBHO PA3BUBAECTCA HANPABICHUE (DU3UKNA CBEPXIPOBOJAMMOCTH, CBA3AHHOE C 3KCIIEPUMEH-
TAJIbHBIMA U TEOPETHUYECKUMHU PAO6OTAMHU IO MCCIEAOBAHUIO B3AUMOLEUCTBUA CBEPXIPOBOAALMIEIO U MAIHUTHOTI'O
YIOPAAOYEHUI B PA3JIMUHBIX CUCTEMAX. OPUTHHAJIBHBIE HJIEW IO 3TON NPoOaeMe ObLIN BbICKa3aHbl BJL.TuH30yprom
B OJIHOH U3 €r0 NMOHEPHBIX PA6OT B 50-X ro/1aX NPOMIEAIIEIO BEKA. DIEKTPOJUHAMUYECKUA 1 OOMEHHBINA MEXAHU3-
MBI B3AUMOJIEHCTBHA MATHETU3MA U CBEPXIPOBOJAUMOCTH MPUBO/AT K HOBBIM UMHTEPECHBIM 3((DEKTAM B €CTECTBEH-
HBIX (PEPPOMATHUTHEIX CBEPXMPOBOJHUKAX M HMCKYCCTBEHHBIX T'MOPHUAHBIX CTPYKTypax. IIpUCYyTCTBHE NOMEHHOU
CTPYKTYPH B (DEPPOMATHETHKE CYMIECTBEHHO MOAUMUIUPYET CTPYKTYPY CBEPXIPOBOJAMIETO COCTOAHMA. MHTEpec
K TAKUM CUCTEMAM BBI3BAH KaK OYEBUAHOMN BA)KHOCTDBIO (PYHAAMEHTATBbHON NPO6IEMbl KOHKYPDEHIIMH PA3THYHbBIX TH-
IIOB YIIOPAJOYEHUA B PU3MKE KOHJEHCUPOBAHHBIX CPEJl, TAK U BO3MOKHOCTBIO UCIIOJIb30BAHMUA I'HOPUIHBIX CTPYKTYD
CBEPXIPOBOJHUK—(EPPOMATHETHK JIJISI CO3AHUSA TPOTOTUIIOB YCTPOHUCTB CBEPXIIPOBOJSAIIEH CIUHTPOHUKH, TAKUX
KaK CIIMHOBBIE BEHTHU/IN, CBEPXIPOBOJAINIME KAHAIBI YIIPABAAEMON T€OMETPUN U JKO3E(MCOHOBCKHUE KOHTAKTHI CO
CIIOHTAHHOM Pa3HOCTBIO CBEPXMPOBOAAMUX (a3. Maed MCIONb30BAHNA JAHHBIX CTPYKTYP Ui 3JIEMEHTHOHU 6a3bl
KPHUO3NIEKTPOHUKH 3AKII0YAETCA B BO3MOKHOCTH YIPABICHUA KDUTHYECKON TEMIIEPATYPOH CBEPXIPOBOJAAIETO TIE-
pexoJa U CBEPXNPOBOAAIUMU TOKAMH IIyTEM U3MEHEHUA MATHUTHOTO COCTOAHUA (PEPPOMATHUTHOI OACUCTEMBI.

KnroueBrI€ CI0OBA: CBEPXIIPOBOJUMOCTD, (PEPPOMATHETU3M, CHUHTPOHNKA, KYIIEPOBCKUE MApBl, 0OOMEHHOE IOJIE.

IepBbIE NPOGIEMA COCYIIECT-

BOBAHUS CBEPXIPOBOJUMOC-

TH U MAHETU3MA OBLIa TEOPE-
TUYECKU C(POPMYIMPOBAHA B CTd-
The BJLIMH36ypra s <KypHaie skc-
IIEPUMEHTAIBHON U TEOPETUYEC-
Kot pusuku» B 1956 r. [1]. Baaum-
HBII AHTATOHU3M 3THUX JIBYX SBJIE-
HUH OYEBHU/IHBIM OO6PA30OM CIICAYET
VK€ U3 (PYHJAMEHTAJIBHOI'O CBOMU-
CTBA CBEPXIPOBOJAMIETO COCTOSA-
HHUS METAJIOB, MOJIYYUBIIETO Ha-
3paHuce adgdexra MeiiccHepa, —
CIIOCOOGHOCTH BBITAJIKUBATH Mar-

Anexcanop Heanoeuu By3oumn, 0oxmop @hu-
3UKO-MAMEMAMUMECKUX HAYK, npogdeccop
Ynuseepcumema BLopoo (Ppawnuus). 3anuma-
emcsa meopuetl C6epxnposoOUMOCU, Ma2He-
musma, cemepocmpyxmyp. Jlaypeam pparixo-
anznutickoi npemuu Xonsexa (Holweck Prize
| and a gold medal, 2013), unocmpanHoLil Uren

Axaoemuu Jombapouu (Hmanus), xasanep
ppanyy3ckozo Opoerna Axademuneckux naiom
(Ordpre des Palmes académiques) — 3a 3acayu
8 06pasosanu U HayKe.

Anexcanop Cepzeesuu MenvbHUKo08, 00kK-

HUTHOE 1os1e. Hezaryxawomue To-
KN CBEPXMPOBOJAAIMMUX 3IEKTPO-
HOB, KOTOPBIE OTBEYAIOT IIPU 3TOM
32 9KPAHUPOBKY BHEITHUX MATHUT-
HBIX TIOJIEN, B CBOIO OYEPE/b, OKa-
3BIBAIOT PA3PYIIAONICE BIUSHUC
Ha CaMy CBEPXIIPOBOJUMOCTD: OHA
MCYE34€T NPU NPEBBIINICHUU He-
KOTOPOT'O KPUTUYECKOTO 3HAue-
HHUS NPWIOKEHHOTO MATHUTHOTIO
noss. JIIo60i1 MATHUTHBIN MaTEPU-
aJI TIPEJICTABISIET COOON E€CTECT-

© Bysaun AWM., MeabHukos A.C., 2017

mop Pu3UKo-Mmamemamureckux Hayx, 3ase-
oyruuil rabopamopueit meopun  Mme3o-
cxonuueckux cucmem Hucmumyma Pu3uxu
murxpocmpyxmyp PAH (Huxcnuii Hoezopoo).
Obnacms HAYUHbLX UHMEPeCO8 — CEePXNPO-
600UMOCMb, KEAHMOBbLIL MPAHCIOPM, ME30-
CKONUKa.
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BEHHBIM HCTOYHUK MATHUTHBIX IOJIEH, KOTOpHIE
JIOJIKHBI, TAKUM OOpa30M, pa3pylIaThb CBEPXTEKydee
COCTOSIHME 3JIEKTPOHOB B Marepuaie. [IpusejeHHbIE
APTYMEHTHl WITIOCTPUPYIOT TaK HA3BIBAEMBIN JJIEKT-
POMArHUTHBIN (MWJIXM OPOUTANIBHBIIN) MEXAHU3M KOHKY-
PEHLIMU CBEPXIIPOBOJUMOCTA W MATHETHU3Md4. Takoe
COIIEPHUYECTBO [JOJDKHO CYIIECTBEHHO 34dTPYJHUTH
OJHOBPEMEHHOE COCYLIECTBOBAHUE 3TUX ABJICHUN
B €CTECTBEHHBIX MATEPHUANAX UIN HCKYCCTBEHHBIX
CTpyKTypax. B pa6ore B.JL.ImH36ypra 6su1a mogpooHO
NPOAHAIU3UPOBAHA JIOHJOHOBCKASA 3JIEKTPOJAUHAMU-
Ka (peppPOMATHUTHOI'O CBEPXIIPOBOJHUKA, PACCUUTA-
HO PACIPEAEICHUE CBEPXIPOBOAAIIUX TOKOB, KOM-
NEHCUPYIOMUX TOKA HAMATHUYEHHOCTH, OCTPOEHBI
(pazoBrle AMATPAMMBl (DEPPOMATHUTHBIX CBEPXIPO-
BOJHUKOB BO BHENTHUX MOJIAX.

[Tpu BCEY MUPOTE HAYYHBIX UHTEPECOB Buranus
JIazapeBnda TeMa CBEPXIPOBOJUMOCTU ObLIA Y HETO
Ha oco6oM cuery (HOGENEeBCKYIO IPEMHUIO OH IOMIY-
YMJI UMEHHO 32 PAa0OTHI IO CO3/1aHUI0 (PEHOMEHOIIO-
I'MYECKOU TEOPUU CBEPXIIPOBOJAUMOCTH), TOITOMY
[I0JIE3HO NPOBECTU KPATKUI 0030p pa3BUTUS UJIEH,
BBICKA3aHHBIX [MH30ypromM B OJHOM U3 €TI0 IMHOHEP-
HBIX PabOT, U B3IJIAHYTb HAd COBPEMEHHOE COCTOSHUE
3TOU 061aCTH (PUBUKHU.

MarHuTHble CBepXNPOBOAHNKM

[TepBoe BaXKHOE 3aMEYAHHE, KOTOPOE CIEAYET Clie-
JIATh, YTOOBI JIYUIIE MOHATH B3AUMOJICHCTBUE MaTrHeE-
TU3Ma U CBEPXIPOBOJUMOCTHU, CBI3AHO C TEM, YTO
JNEKTPOJUHAMUYECKUN MEXAHU3M TAKOT'O B3aUMO-
JEUCTBUS OTHIOAb HE ABJIAETCA €IUHCTBEHHBIM, XOTS
U JJOMMHHUPYET BO MHOTUX C/Iy4adx. JJeJo B TOM, 4TO
YIOPSAAOYEHUE MATHUTHOI'O MOMEHTA B (deppomar-
HETUKAX NIPUBOJUT K MOABICHUIO JOMOIHUTEIBHOTO
BECbMA CHJIBHOTO 1OJIA, JEHCTBYIOMETO Ha COOCTBEH-
HBIE MATHUTHBIE MOMEHTBI IEKTPOHOB NPOBOAUMO-
CTH, HATUYNE KOTOPBIX OOYCIOBIEHO CYIECTBOBAHU-
€M CIIMHA Y 3JEKTPOHA. DTO IOJIE, AENUCTBYIOMEE CO
CTOPOHBI MATHUTHBIX aTOMOB, UMEET CYI[ECTBEHHO
KBAHTOBO-MEXAHUYECKYIO NMPUPOJY U HA3BIBACTCSA
OOMEHHBIM 1ToJIeM. COOTBETCTBYIOMAS BEITMYUHA O0-
MEHHOTI'O B3dUMOJIEUCTBUA B I'pajaycax (IO MHIKaje
Kenpuna) cocrasager 100-1000 K, yro npeBocxo-
JUT KPUTHUUYECKYIO TEMIIEPATYPY CBEPXIIPOBOJHUKOB.
VKa3aHHOE OOCTOATEABCTBO UMEET BEChMA APAMATH-
YECKUE MOCIEACTBUA C TOYKU 3PEHUS BO3HUKHOBE-
HUSA CBEPXIPOBOJAMIETO COCTOAHUS MATHUTHBIX MeE-
TannoB. [IpobneMa 3/1eCh 3aKII0YAETCA B TOM, 4TO
B OOJIBINIMHCTBE CTAHJAPTHBIX CIIEHAPUEB ITOABIECHUE
CBEPXIPOBOAUMOCTH OOYCIOBICHO (POPMUPOBAHU-
€M CBSI3aHHBIX MaP 3IEKTPOHOB (KYIIEPOBCKUX Map),
UMEIOMUX HNPOTUBOMOJIOXKHBIE HANPABIEHUA CIU-
HOB. OOMEHHOE XK€ IMOJIE MATHUTHBIX 4TOMOB CTpE-
MUTCS YIOPAJOYNUTH CIHUHBI 3JEKTPOHOB, pa3pymas
TEM CAMBIM KYIIEPOBCKUE IAPBHI.

DTOT (PEHOMEH OOBACHAECT, IOYEMY CPEAU OT-
KPBITBIX B 80-X rojlax IPOIIJIOrO BEKa MEPBBIX Mar-

HUTHBIX CBEPXIPOBOJHUKOB HE ObLIO (heppoMarte-
TUKOB [2, 3, 4]. BONIBIIMHCTBO 3TUX COCAUHEHUN TUIIA
RRh,B, 1 RMOeSs, /1€ R — peikO3EMEIbHBIN 4TOM, OKa-
3IUCh aHTU(EPPOMATHUTHBIMUA CBEPXIIPOBOJHUKA-
mu. [Io MEpe NOHMKEHUA TEMIIEPATYPHI OHU MEPEXO-
JAT B CBEPXIPOBOJAIIEE COCTOAHME, 4 3d4TEM B HUX
HOABIAECTCA AHTU(MEPPOMATHUTHOE YIOPAJLOYCHUE
MAarHUTHBIX MOMEHTOB aTOMOB R. B anrtudeppomar-
HETUKE CpefHue (Ha JUCTAHLUAX IIOPAAKA pasMepa
KyIIEPOBCKOH MaPbl) OOMEHHOE U OPOUTATBHOE MO
00paIaTcsa B HOJIb, U B PE3YJbTATE AHTU(DEPPOMAT-
HETU3M MOXKET CIIOKOMHO COCYIIECTBOBATL CO CBEPX-
[IPOBOJUMOCTBIO. B CBOIO ouepe/b, CBEPXIIPOBOJU-
MOCTb TAKXK€ IPAKTUYECKU HUKAK HE BIUACT HA AHTU-
(peppoMarueTusM.

He Tak gaBHO (B KOHIE 90-X) O6BUI OTKPHIT JPYroM
KJIACC aHTU(PEPPOMATHUTHBIX CBEPXIPOBOJHUKOB:
RNi,B.C. Becbma HEOOBIYHAs, BO3BPATHAS, CBEPXIIPO-
BOJUMOCTD OblIa OOHAPY:KEHA B coeauHenuax ErRh,B,
1 HOMOeSs. D1 MaTepuaibl IPU HUZKUX TEMIIEPATY-
pax — (PEppPOMArHUTHBIE HOPMAJIBHBIE METAJUIBL VX
remneparypa Kiopu (KpuUTudeckasd TeMIeparypa,
IIpU KOTOPO¥ NPOUCXOAUT (PEPPOMATHUTHBIN (Pa30-
BBIN [1€PEXO/]) BECbMaA HU3KA, M BHAYAJIC IIPU ITOHMKE-
HUU TEMIIEPATYPHl OHMU, €I[€ HE YCIEB IIPUOOpPECTH
MATHUTHBIA IOPAJOK, IIEPEXOAAT B CBEPXIIPOBOJAALILEE
cocrosHue. IIpu AalbHEUMIEM OXJIAXKAECHUU B HUX
BMECTO (PEPPOMATHETU3MA BOZHUKAET HEOJHOPOJHOE
MATHUTHOE YIIOPAJOYEHHUE C TIEPUOJOM OKOJIO COTHHU
AHI'CTPEMOB. TeMIIepaTypHBIN UHTEPBAJ COCYLECTBO-
BAHUA 3TOI'O HEOAHOPOJHOI'O MArHETU3MA U CBEPX-
nposogumoctu Hesenuk (0.05-0.1 K), u npu ganpuei-
oreM [MOHMKEHUU TEMIIEPATYPBl CBEPXIIPOBOAUMOCTD
paspymaercs, 4 HEOJHOPOAHBIN MATHUTHBIA MTOPAJJOK
[IPEBPAILAECTCSA B OOBIYHBIN (DEPPOMATHUTHBIN. MIMEH-
HO H3-32 PA3PYLUIEHUSA CBEPXIIPOBOJUMOCTU IIPU OX-
JIAKICHUU €€ B JAHHOM CJIy4yae HA3BAJIU BO3BPATHOM.
BO3HUKHOBEHUE HEOAHOPOJHOI'O MAIHETU3MA BMECTO
deppomarnerusma ObLIO IMPEACKA3daHO B pabore
[LAngepcona u X.Cyna [5]. Bosmoxnocrs hopmupo-
BAHUA HEOAHOPOJAHOI'O MATHUTHOIO COCTOSIHUSA CBA-
3aHA IO CYTU C CYIIECTBEHHOM Pa3HUIICH MEXJYy Xa-
PAKTEPHBIMU MACIITA0AMU MATHETU3MA U CBEPXIIPO-
BOAUMOCTH. JI€HCTBUTENbHO, Pa3MEpP KyIEPOBCKOM
apsl (JIMHA KOTEPEHTHOCTH) CIOCOOEH HA HECKOJIb-
KO HOPSJIKOB IPEBBIATh ATOMAPHBIA MacmTad (Xa-
PAKTEPHBIN MACHITA0 I MAIHUTHOI'O YIOpPSAOYE-
Hus). B pesynsrare MOXET BOZHUKHYTb KOMIIPOMMCC-
Has CUTYalus: S3HEPIETUYECKU BBIIOJHBIM OKA3bIBACT-
CA COCTOAHUE C HEOAHOPOJAHBIM MATHUTHBIM MOMEH-
TOM, IPUYEM MACIITA0 €r0 HEOJHOPOJHOCTH CYIECT-
BEHHO IPEBBIAET ATOMHBIN (B 9TOM IIAHE HET MIPO-
TUBOPEYUA TEHJEHLIMUH K (PEPPOMATHUTHOMY YIIOPA-
JOYEHHUIO), HO B TO K€ BPEM MaJl IO CPABHEHUIO CO
CBEPXIIPOBOAAIECH JJIMHON KOT€PEHTHOCTHU (4TO IIPHU-
BOJUT K 3(P(PEKTUBHOMY YCPEJHEHHUIO HEOJHOPOJHOTO
OOMEHHOTO NOJIA HA PA3MEPE KYNIEPOBCKON MAPHI).

[TepBple HCTUHHO (PEPPOMATHUTHBIE CBEPXIIPOBO-
JHUKM ObLIM OTKPBITHI CPABHUTEIBHO HEAABHO [6—8]:
310 coepgunenusa UGe, (2000r1.), URhGe (2001 1)
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n UCoGe (2007 r.). IIpopeccuonanbuelii 0630p IO
CBOMCTBAM 3TUX COCJUHECHUI MOXKHO HauTu B [9].
MarHuTHBIN NEPEXOJ] B HUX OOyCIOBIEH (eppo-
MATHUTHBIM YIIOPAZOYEHUEM MOMEHTOB ATOMOB Ypa-
Ha U. B nepBoM U3 3TUX COEJUHEHUHN CBEPXIIPOBO-
JUMOCTb BO3HHKACT HpI/I BHCIMHUX [JABJICHUAX p:
=10-15 k6ap ¢ MAKCUMAIbHON KPUTHIECKOI TEMIIE-
parypoit T. mumb oxkono 0.7 K, olHAKO TeMIepartypa
Kiopu 11pu 3TOM CPpaBHUTENBHO BBICOKA: © ~ 10-30 K.
B URhGe ¢BepXIpOBOJUMOCTb CYHMIECTBYET YK€ O€3
nasnenus, .= 0.3 K, a2 © ~ 10 K. Jlng UCoGe Mbl ume-
eMm © =3 K, 7. = 0.8 K. [Ipn TakuX BbICOKUX 3HAYECHU-
AX TeMIepaTypsl Kiopu Hanu4due CBEpXIPOBOASIIETO
IIePEXO0/ia O3HAYAET, UTO KYIIEPOBCKHUE MAPHI JJOIKHBI
OBITH TPUIJIETHBIMH, T.€. UMETb COHANPABIEHHBIE
CIIMHBI 3JIEKTPOHOB B 11ape. TakuM 06pasom, aTu dpep-
POMAarHUTHBIE CBEPXIPOBOJHUKH IPEACTABIAIOT CO-
6011 BECbMA PEJKUHU IPUMED TPUIIETHON CBEPX-
NIPOBOAUMOCTH. IIOATBEPXKAECHUEM TOMY CIYKUT
1 CUIbHAA YyBCTBUTEJIBHOCTb KPUTUYECKOU TEMIIE-
pPATYpPHL K YUCTOTE KPUCTAIIOB. COBCEM HEAABHO IO-
ABUJICS HOBBIN KIaCC (PEPPOMATHUTHBIX CBEPXIIPO-
BOAHUKOB EuFe,(As;_.P,), ¢ Kputnueckumu remmepa-
Typamu 7. =22 Ku © = 17.7 K, 7151 KOTOPBIX Y/1a710Ch
MOJAYYUTh BECbMA BIECYATIAIONMNE SKCIEPUMEHTAb-
HBIE IaHHBIC IO BU3YAJINU3AIUN PACHPECICHUA Mar-
HUTHOI'O IIOTOKA B JOMeHHOU cTpyKType [10]. [Togso-
JS UTOT JAHHOTO Pa3fena, MOKHO KOHCTATHPOBATD:
(peppOMATrHUTHEIE CBEPXIIPOBOJHUKH ITO3BOJIAIOT CO-
YETATh MATHUTHBIC M CBEPXIPOBOJAMIME CBOUCTBA
B OJIHOM COEJUHEHUH, YTO OTKPBIBAET MHTEPECHBIC
IIEPCIEKTUBDL I UX NIPUMEHEHUN. 3aMEYATCIbHbIC
TEOPETUYECKUE M IKCIEPUMEHTANBLHBIE YCIEXU
B 3TOM 061aCTH 6E€3YCIOBHO CTAJIU PA3BUTHUEM HU3HA-
YAJIbHOT'O CcOoOOpaxkeHus 'MH36ypra 0 KOHKYpPEHIUU
MATHETU3Ma U CBEPXIPOBOJUMOCTH 32 CUET YHUCTO
3JIEKTPOMATHUTHOTO MEXaHU3Ma (B3aUMO/ICHCTBUA
yepe3 HMHAYUUPOBAHHBIE (DEPPOMATHUTHBIM MOPSJ-
KOM 3KPAaHUPYIOMUE CBEPXTEKYUHE TOKH).

TMépuaHbIe CTPYKTYpbI:
3/1eKTPOMArHUTHbBIH MeXaHU3M

Cnepnyer BCe )K€ OTMETUTD, YTO B IUTAHE TPUIOKECHUI
3HAYUTENBHO OOBINNIT MHTEPEC BHI3BIBAET KOHKYPEH-
LM CBEPXIIPOBOAMMOCTH U MATHETU3MA B TAK HA3bI-
BAE€MBIX TMOPUAHBIX CTPYKTYPAX, T.€. CUCTEMAX, U3IO-
TOBJICHHBIX U3 KOMOMHAIIUI MATHUTHBIX U CBEPXIIPO-
BOJAIIMX MATEPUATIOB, KOTOPLIE PA3/ICICHbBI U30JIALIU-
OHHBIMU WJIM IIPOBOAAIMMHU NPOCIONKAMU. Uesa uc-
IIONb30BAHNA JAHHBIX CTPYKTYD /I 3JIEMEHTHON 62a-
3bl KPUO3JIEKTPOHUKHU 3AKII0YAETCS B BO3MOKHOCTHU
VIIPABJIEHUA CBEPXIPOBOAAIUMHU TOKAMHU IIyTEM H3-
MEHEHUA MATHUTHOTO COCTOAHMUA (PEPPOMATHUTHON
MO/ICUCTEMBL. Be3yCcIOBHO, TAKOM CIIOCOO yNPABIEHUA
MO/IPA3YMEBAET HUCIOIb30BAHUE JOCTATOYHO CIAOBIX
YOPABAAIOMMAX MATHUTHBIX IIOJCH, NPUIOKECHHBIX
K CUCTEME. YCIIEXU COBPEMEHHON TEXHOJOTUN (HAIIbI-
JIUTEIbHON TEXHUKUA U JIUTOIPADUN) TO3BOJUIN K-

CIIEPUMEHTATOPAM M TEXHOJIOTAM H3TOTOBUTb U UC-
CIEA0BATh BECbMA OOMIMPHBIN KIACC OOCYXKIAEMBIX
CTPYKTYp. Boisee Toro, B mocnefgHee JeCATUIETHE T10-
TOK paboT B JAHHOM HAaIIPABJIEHUN HEYKIOHHO BO3Pa-
CTA€T, OTKPBIBAA BIIOJHE PEANbHBIE TEPCIEKTUBEI I
CO3/1aHUS TMPOTOTUIOB 3JIEMEHTOB TAK Ha3BIBAEMOU
CBEPXIIPOBOAAINIEH CIUHTPOHUKU. HecMoTps Ha He-
06XO/JUMOCTb OUEHb HU3KUX TEMIIEPATYP [JIs1 paOOTHI
MOJOOHBIX YCTPOUCTB, MCIOJb30BAHUE HMX MOKET
OBITH BIIOJIHE 11€€CO0OPA3HO, ITOCKOJBKY IIO3BOJAET
CYIECTBEHHO CHU3UTD JJUCCUMIATUBHBIE ITOTEPH, BIU-
A10I1E HA (DYHKIIMOHUPOBAHUE 3JIEMEHTOB OOBIYHON
(HECBEPXIIPOBOAAILECH) CIMHTPOHUKY [11].

HauyneM KpaTkoe 006CykaeHNuE (PU3UKU THOPUTHBIX
CTPYKTYP CBEPXIIPOBOAHUK—(EPPOMATHETUK C KIAC-
€4 CHUCTEM, B KOTOPBIX B3AUMOJAEUCTBUE CBEPXIIPOBO-
JAITNX SJ'ICKTpOHOB W MAI'HHUTHBIX ATOMOB HpOHCXO-
JUT UCKJIIOYNUTENBHO 32 CUET JIEKTPOMATHUTHOTO Me-
XaHu3Ma (IO CYTH, 32 cUeT I(PPEKTA, NIPEACKAZAHHOTO
[MH30YProM, U 3aKII0YAIOMIETOCAd B TOM, YTO MATHUT-
HOE YIOPALOYEHNE UHAYLUPYET CBEPXTEKYUHUE TOKU
B cucreme). Ha puc.l u3o6pakeHbl IPUMEPBI TAKUX
CHUCTEM: CJIOHUCTBIE CTPYKTYPhl U HAHOCTPYKTYPUPO-
BAHHBIE CUCTEMBI MATHUTHBIX TOYEK HA CBEPXIIPOBO-
Jmen TeHKe. VCKIoueHne 0OMEHHOIO MEXAHU3Ma
B3AUMO/JIEHUCTBUA MOAPA3YMEBAET OTCYTCTBUE MIEPEXO-
J1d 3JIEKTPOHOB MEXKAY CBEPXIPOBOJALIEN U (DEPPO-
MATHUTHOM ITOJICUCTEMAMU — 3TO MOXKET OBITh 06€eC-
NIEYEHO MCHONb30BAHUEM 160 (PEPPOMATHUTHBIX
HU30JATOPOB, MO0 U30IAIMOHHBIX OApbEePOB, pasfe-
JAIOMUX NOJACUCTEMBL. [TONE3HO OTMETUTD, UTO YIIPAB-
JIAIOMIME MATHUTHBIE ITOJIA HE IPUBOJAT K IIEPEOPUEH-
TAUMA MATHUTHOTO MOMEHTA (PEPPOMATHUTHON
IIJIEHKHU KaK IEJI0TO: peajbHas (peppOMArHuTHAS MO -
CHUCTEMA XaPAKTEPU3YETCS, KAK IPABUIIO, HEOJHOPO/-
HBIM PACIPEJEIEHUEM HAMATHUYEHHOCTH, T.€. pa3bu-

heppomMarHeTuk

CBEPXNPOBOAHUK

Puc.1. Mpumepbl rMBpUAHBIX CUCTEM CBEPXNPOBOAHUK—ep-
pOMarHeTUK: CNOUCTble CUCTEMbl C AOMEHHON CTPYKTYpOil
teppomarHeTka (@) M HAHOCTPYKTYPUPOBAHHbIE CUCTEMBI
MarHUTHbIX TOYeK Ha cBepxnpoBoasaLleil nneHke (6). KpacHele
CTPeNKM NOKa3blBaloT HanpaBieHMe HaMarHN4eHHOCTH.
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HOpMansHas thaza

1ol CBepXnpoBoasLlas ha3a

Puc.2. TunuuHas dhaszosas guarpamma GUCNOEB CBEPXNPOBOS-
HUK—deppomarHeTuk Ans 6onblWworo (KpacHas ANHUA) U Ma-
noro (CUHAA NTUHWA) NePUOLOB [OMEHHON CTPYKTYPbI.

Td HA MATHUTHBIE JOMEHBL B IIpoCTENIIEN CUTyaLUU
MATHUTHBIE MOMEHTBI COCEHUX TOMEHOB MOTYT OBITDH
NPOTUBOHANIPABIEHEI (CM. pUC.1,a). MarHUTHBIE 11O,
MH/YIUMPOBAHHBIE B CBEPXIPOBOAAIIEHA IIEHKE Ta-
KOH JJOMEHHOI CTPYKTYPOI1, OKa3BIBAIOTCA CUJIBHO
HEOJHOPOAHBIMU, U, COOTBETCTBEHHO, IJIOTHOCTD
CBEPXTIPOBOJAMUX KYIEPOBCKUX MAp MOJYy4deTCs
TAKKE CUJAbHO HEOJHOPOJHOU. B 3aBUCHMOCTH OT
T€OMETPUU JOMEHHOU CTPYKTYPBI KOHIEHTPAIMUA
CBEPXIPOBOJAIUX HOCUTEJIECH MOXKET OBITH OOJBLIE
BOMIU3U T'PAHUIL JOMEHOB — 3TO SIBJICHHUE IOJIYUYUIO
HA3BAHUE JOMEHHOU CBepxmposoaumocTtu [12, 13].
[IpoTs:keHHAA NOMEHHAsA CTEHKA, TAKUM 00pa3oM,
MOXKET NPUBOAUTDL K BOSHUKHOBEHUIO CBEPXIPOBOJA-
MEro KaHanaa B o6pasue. [Tonoxkenue Takoro KaHaua
U €I'0 CBOMCTBA IIEPECTPAUBAIOTCS IIyTEM U3MECHCHUS
TEOMETPUN JIOMEHHON CTPYKTYPHI MOJ ACHCTBUEM
BHEMIHETO MATHUTHOTrO o, Tunuunas ¢pasosas Au-
arpamMma OMCIOEB CBEPXINPOBOAHUK—(dEPpPOMATHE-
TUK IpUBeEJcHA Ha puc.2. [TogpoOHBIN npodeccuo-
HAJILHBII 0630p 3KCIEPUMEHTAIbHBIX U TEOPETUYEC-
KUX paboT MO SIBJICHUIO JOMEHHON CBEPXIPOBOUMO-
CTHU U CONYTCTBYIOMUM 3P PEKTAM MOXKHO HAUTH, Ha-
npumep, B [14]. B 3axkmodyenne 3Toro pasjeia same-
THM, YTO MHOTOCJIIOMHBIE CTPYKTYPHI TUIA CBEPXIPO-
BOJJHUK—(EPPOMArHETUK OOJAJAI0T TAKKE BEChMaA
HCTpI/IBI/IH_JIbeIM 3H€KTpOMaFHI/ITHbIM OTKJIMKOM
U B 3TOM IUIAHE MOTYT PACCMATPUBATHCA KaK HOBBII
THUI CBEPXIPOBOAAMUX METAMATEPHUATIOB.

MMOpuaHbIE CTPYKTYpPbI: 0OMEHHbIN MEXaHU3M

COBEPIIEHHO HOBAsI UHTEPECHAS (PU3NKA BO3HUKAET,
KOI/Ia MBI PACCMATPUBAEM CTPYKTYPBI CBEPXIIPOBOJI-
HUK—(EPPOMATHETUK C BO3MOXKHBIMHU IIEPEXOJaMU
3JIEKTPOHOB MEXy NOoACUCTEMaMu. [IpoHuKas B (pep-
POMATHETHUK, KYINEPOBCKUE MAPBI UCHBITBIBAIOT BO3-
JeficTBe OOMEHHOTO MOJIsA, KOTOPOE CTPEMUTCS Pa3-
PYIIUTD CBA3AHHOE COCTOSHUE JIBYX ANEKTPOHOB. DTO

0OCTOATENBCTBO OYEBUAHO NIPHUBOJUT K 3aTYXaHUIO
CBEPXIPOBOAAIIUX KOPPEIALUN B (PEPPOMATHETUKE,
NPOUCXOAANIEMY Ha MACHITA6aX MOPA/KA HECKOIBKUX
HaHOMETPOB. HOBBIM 3(P(PEKTOM 3/1€Ch OKA3BIBACTCS
BO3HMKHOBEHHE KBAHTOBO-MEXAHUYECKON MHTEPDE-
PEHIIUMU CHELUAJIBHOIO THUIIA, KOTOPAs OTBEYAET 32
OCUMJIIALMOHHOE IIOBEJEHUE BOJTHOBON (DYHKLIUU
KYNEPOBCKOU mapsl. [IPOCTPAHCTBEHHBIN MACIITA0
OCLWJLIALIAN OKAa3bIBAETCA INOPAAKA [JIMHBL 3aTyXa-
HHA BOTHOBOH (DYHKIUHU (PHUC.3). APKUM U3MEPUMBIM
CJIEJICTBUEM JIAHHOI'O UHTEP(EPEHIITUOHHOI'O 3P PEK-
Td CTAHOBUTCS BOZHUKHOBCHUE CIIOHTAHHOU Pa3HO-
ctu pa3 MEX/Y KOMIIEKCHBIMU BOJTHOBBIMU (DYHKIH-
AMH CBEPXIPOBOJHUKOB, HAXOAAINUXCA B KOHTAKTE
yepe3 (PEPPOMATHUTHYIO MPOCIONKY ONPEAETIEHHON
TOMIMHEL [laHHAA CUCTEMA — YACTHBIA CIy4al TaK
H43bIBAEMOTO JPKO3€(DCOHOBCKOTI'O KOHTAKTd — CTald
BA’KHBIM 3JIEMEHTOM PA3JIMYHBIX KPHUO3IIEKTPOHHBIX
cxeM. byyuu BKJIIOUEHHBIM B 3AMKHYTYIO CBEPXIIPO-
BOJAILYIO L€IIb, KOHTAKT CO CIIOHTAHHOM Pa3HOCTBIO
CBEPXNPOBOAAIUX (Da3 BO3OYK/JACT CIHOHTAHHBIN He-
34TyXaI0MUI TOK B 3aMKHYTOH ienu. CylmecTBOBAHNUE
TAKOT'O KOHTAKTd CO CIIOHTAHHOU PA3HOCTBIO (a3 Obl-
JIO IPEJCKA3AHO TEOPETHYECKH B paGorax [15, 16]
U IPOJEMOHCTPUPOBAHO 3KCIEPUMEHTAIBHO B I'PYII-
ne B.B.Pa3anosa us MHCTUTYTA (PU3UKU TBEPAOTO TE-
na PAH (epnoronoska) B Havyaiae 2000-x rogos [17].
B kauecTBe (PEPPOMATHUTHON MPOCIOUKHU IIPU ITOM
HCII0JBb30BAIUCH CIIaBbl TUIa CuNi, KOTOpBIE TIO3BO-
JIAIOT YBEJIWUYUTh MACHIITAOBI 3ATYXAHUSA U OCLUJLIA-
LU BOJTHOBON (DYHKIJUU CBEPXIIPOBOAAMUX HOCUTE-
JIEV 3apAaja.

HeoaHOpOAHOE CBEPXNPOBOJAIIEE COCTOAHHUE,
KOTOPOE BO3HUKAET B KOHTAKTAX CBEPXIPOBOJHUK—
(peppOMATHETUK—CBEPXIPOBOJHUK, MOXKET OBITh
0OBACHEHO KAK CJIEJCTBUE OOJIEE OOIErO MEXAHNU3MA,
OOYCIOBIEHHOTO BO3/IEUCTBUEM OOMEHHOTO OJIS Ha
CIIMHBI 3JIEKTPOHOB. Peub nuger o mexanusme Jlapku-
Ha—OBunHHUKOBA—Dynpne—Peppemta. D10 ABIE-
HUE Y0OHO IPOULIIOCTPUPOBATH € IOMOLIBIO PUC.4.

&

‘P~Aexp(—%)cos(%) §f=\/E

Puc.3. 3atyxaHue u ocunnnauun BONHOBOW MYHKLMUM Kyne-
POBCKMX Nnap BOMU3M rpaHnLbl cBEpXNPOBOAHUK (S) — dep-
pomarnetuk (F).
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3a cyeT OOMEHHOT'O B3aUMOJICUCTBUS IS 3TEKTPO-
HOB C IIPOTHUBOMIOJIOKHBIMU CIIMHAMH IOBEPXHOCTU
®epmu* OKaA3bIBAIOTCA PA3NIUYHBIMU. I3 PUCYHKA fAC-
HO CJIEJIYET, YTO PACHIEIVIEHNE TOBEPXHOCTEN Pepmu
B UMIIYJIbCHOM IIPOCTPAHCTBE MOPOXKIAET MOABIEHUE
HEHYJIEBOIO CYMMapHOI'O MMIYJIbCA Y KYIEPOBCKOU
Hapel. DTOT CYMMAPHBINA UMITYJIbC U HPUBOAUT IO CY-
IIECTBY K HMCKOMOHM HEOJHOPOJHOCTH BOJHOBON
(PYHKIIUHM KYNEPOBCKOU MAPHL, T.€. K €€ OCHUIIAIINOH-
HOMY IIOBEJEHUIO B (DEPPOMATHETHUKE.
HHTEp(EPEHIIUOHHBIC SBJICHUSA B KBAHTOBOM Me-
XAHUKE KYIIEPOBCKUX I1Ap CTAHOBATCA €lje 6osee He-
TPUBHUAJIBHBIMUA B NPUCYTCTBUU HEOJHOPOJAHBIX 00-
MEHHBIX nojeit [18; 19]. Takasg HEOJHOPOJHOCTb MO-
KET MO0 BO3HUKATH E€CTECTBEHHBIM OOpa3oM INpHU
paszéuenun GeppoOMarHUTHON MOJJCUCTEMBI HA JOME-
HBI, TUOO CO3/JaBATHCA U KOHTPOIUPOBATHCA UCKYCCT-
BEHHO B CUCTEMAX, COJICPKAIUX HECKOIBKO IIOCIEO-
BATEJIbHBIX (PEPPOMATHUTHBIX CJIOEB C PA3IUYHON
OpPHUEHTALMEN BEKTOPA HAMATHUYEHHOCTHU (PUC.5,4).
Ecnu Tenepp HAMArHUYEHHOCTD B OTHOM U3 CJIOEB Oy-
JE€T MUHHUHIOBATHCA (3AKPENIATHCA), HANPUMED,
C IIOMOMIBIO JIONOJHUTENBHOIO aHTU(MEPPOMATHUT-
HOI'O CJIOsl, BO3HUKAET BO3MOKHOCTD YIIPABICHUS B3a-
HMHOU OpHEHTALMEN BEKTOPOB HAMATHUYEHHOCTU
B COCEJHUX (DEPPOMATHUTHBIX IJIEHKAX NPU IPUTIO-
JKEHUU CPABHUTENBHO CJ1AOBIX MATHUTHBIX NONEN. 13-
MEHeHME POt OOMEHHOTO O BOINU3U IIOBEPX-
HOCTU CBEPXIPOBOJIHUKA OKA3bIBAET CUJIBHOC BIIMSA-
HHUE HAa INPOHUKHOBEHHUE KYIEPOBCKUX Map B Qep-
POMArHUTHYIO MOJCUCTEMY U, COOTBETCTBEHHO, CME-
LIAET KPUTUYECKYIO TEMIIEPATYPY CBEPXIIPOBOAAILETO
IIEPEXOA BO BCEI CUCTEME. B pesynbrare temnepa-
TypHAas 34BUCUMOCTL CONIPOTHUBIEHUSA CABUTAETCH
(puc.5,0), 1 MBI IIONYYAEM BO3MOKHOCTb (PHEKTUB-
HOI'O YIIPABJICHUA CONPOTUBICHUEM 00pa3la B CJa-
O6BIX MATHUTHBIX NOJAX. Takasg CTPyKTypa MOJTy4msIad
HAa3BAHUE CIIMHOBOI'O BEHTUJIA; €€ TOXKE MOXKHO OTHE-
CTH K INEPCHEKTUBHBIM 3IEMEHTAM OYAYIUX KPHUO-
3JIEKTPOHHBIX cXeM. K COXANEHUIO, CABUT KPUTUYEC-
KOHM TeMIEPATyphl A1 GOJBIMUHCTBA (PEPPOMATHUT-
HBIX METAJIOB OKA3bIBACTCSA KPAUHE MAJIBIM (IIOPAAKA
JOJeN rpajsyca), OAHAKO BEJIMYMHA CABUI'A CYLIECTBEH-
HO BO3PACTAET IIPU UCIIOJb30BAHUN METAJJIOB C CUJIb-
HOW CIMHOBOI NOJAPU3AIUEN HOCUTENEN 3apAnd
(korjla B 30HE NPOBOJUMOCTHU IPUCYTCTBYIOT 3JI€K-
TPOHBI TOJILKO C OJIHUM HaIlpaBJIecHUEM crinHa). Heog-
HOPOJHBIN NPOPUIb OOMEHHOTO MOJIS JAET BO3MOXK-

* TloBepxXHOCTH PEPMU — U303HEPIETUYCCKAS IOBEPXHOCTD B KBA-
3U-HUMITY/IbCHOM IIPOCTPAHCTBE, OTAC/IAIONIAS 3AIIOJIHCHHBIC 3ICK-
TPOHHBIC COCTOSHISA OT HE3AIIOIHCHHBIX IIPH HYJICBO TEMIIEPATYPE.

Nlutepatypa / References

~k,+ 8k k. + 8k

MMMYNbC KyNepoBCKOW napbl  ps = 28k ~ vﬁF

Puc.4. PacwenneHue nosepxHocTeit PepMu B UMNYNbCHOM NPO-
CTPAHCTBE W MOSBNEHWE HEHYNEBOrO UMMY/bCa KyNepoBCKOW
napbl NoA fieiictenem o6MeHHOro nons.

a 6
F | F Rl
fi |
M

Puc.5. Cnunosble BeHTunu. CTpykTypa cnuHosoro BeHTuns (a)
ncasur TeMnepaTypHon 3aBUCUMOCTM €ro ConpoTuBNIEHUA NPU
N3MEHEHUW B3aUMHOW OpueHTaumMn MarHUTHbIX MOMEHTOB B CO-
cefHux cnosx (6).

HOCTb HAOMIOEHUSA €Il€ OHOTO UHTEPECHOTO U BAXK-
HOIO (pu3ndeckoro ap@exra: Takoe 06MEHHOE MOJIE
MOJXKET HE TOJBKO PA3PyIIATh KYINEPOBCKUE MAPBHI
C IPOTUBOIIOJIOKHBIM HAIIPABJICHUEM CIIMHOB CBOMX
3JIEKTPOHOB, HO U BBI3BIBATH OOPA30BAHUE NMPOHUKA-
IOMUX Ha OOJBIIOE PACCTOSHUE OT I'PAHUIBI CBEPX-
[IPOBOJHUKA KYIEPOBCKUX HAP C OJUHAKOBBIM Ha-
MPABJIEHUEM CIUHA (YK€ YIOMHUHABIINXCA TPUILIET-
HBIX CBEPXIIPOBOJAIUX KOppeasanun). Takue JanpHue
CBEPXINPOBOAANINE KOPPEIALUHN YCIENHO Hab6II0/a-
JIUCh B PAJE IKCIIEPUMEHTOB.

B 3akimo4eHne Xxo4eTcs NO4YEPKHYTh, 4YTO UCCIe-
JOBAHNA (PU3UKU KOHKYPEHIIUU CBEPXIPOBOAUMOC-
TM U MArHETU3Ma OTHIOAb HEJIb3A CYUTATL 3ABEP-
HICHHBIMU, PA6OTHl 3TU NPOJOJIKAIOTCI BECbMA HUH-
TEHCHUBHO B L[€JIOM PAJI€ SKCIIEPUMEHTAIbHBIX U TEO-
PETUYECKUX TPYII, U MBI HAJIEEMCH, YTO B OIMXKAN-
MIME TOABl OOIUE YCUIUA NPOJEMOHCTPUPYIOT HAM
JaJpHEHUIIEE YCIIEMHOE PA3BUTHE Uaen Burtanna Jla-
34pEBUYA, BBICKA34HHOM UM B €I'0 IMOHEPHOU pabo-
Te 50-X roJIoB.m
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Physics of interplay between superconductivity and magnetism

A.I.Buzdin' A.S.Mel’'nikov?
'University of Bordeaux (Bordeaux, France)
‘Institute of Physics of Microstructures, RAS (Nizhny Novgorod, Russia)

Experimental and theoretical works studying the interplay of superconducting and magnetic orderings in different
systems are known to form a rapidly developing modern direction in the physics of superconductivity. Original ideas
of V.L.Ginzburg on this problem were suggested in one of his seminal works more than half a century ago.
Electrodynamic and exchange mechanisms of interaction between superconductivity and magnetism manifest them-
selves in many exciting phenomena in ferromagnetic superconductors and artificial hybrid structures. The presence
of a domain structure in a ferromagnet results in additional interesting peculiarities of the superconducting state.
The interest to such systems is motivated by the obvious importance of the fundamental problem of the interplay
between different types of orderings in condensed matter physics and also by the perspectives to use the supercon-
ductor-ferromagnet structures for the design of devices of superconducting spintronics such as spin valves, super-
conducting channels with a controlled geometry and Josephson junctions with a spontaneous difference of super-
conducting phases. The idea to use these structures for the development of a modern cryoelectronics is based on the
possibility to tune the superconducting critical temperature and the superconducting currents changing the mag-
netic state of the ferromagnetic subsystem.

Keywords: superconductivity, ferromagnetism, spintronics, Cooper pairs, exchange field.
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HoBas #HU3Hb meopuu
CpDegHero noaAs

B.M.®pugkun
DeoepanvrHulil HAYUHO-UCCACO08AMENbCKULL yenmp «Kpucmanno2padus u Gpomonurda»
(Mockxea, Poccus)

PeHOMEHOJIOTUYECKYIO TEOPUIO CETHETO3IEKTPpUYeCTBA B.JLTUH36Ypr padsuil Ha ocHOBE Teopuu Jlanjgay i (pasoBbIX
nepexojos Il poga eme B 1945 r. HoBas Teopus, NOJAYUYUBIIAL HA3BAHUE «TE€OPHU CPEJHETO MOJISA», XOPOIIO OObACHSIA
BCE HAOJIIOJJAEMBIE CBOMCTBA CETHETOIEKTPUKOB, 3d UCKIIOYEHHEM O/IHOTO. A UMEHHO: NIPE/ICKA3BIBAEMBIC €10 3HAYCHUSA
KO3PIMUTHUBHOTO MO, TP KOTOPOM MPOUCXO/UT MEPEKTIOYEHUE HATIPABACHUA MOJAPHU3AINH KPHUCTAJIIA HA TPOTHUBO-
MTOJIOKHOE, OKA3ATMCh HA /IBA-TPH MOPAJIKA BBIIIE SKCIIEPUMCHTATBHO HAOMIONAEMBIX. DTO IPOTUBOPEYHE YJATOCh OOB-
SACHUTD TO3/IHEE, KOTAA 6BIIIO OTKPHITO PA36MEHME CETHETORIECKTPUKA HA JOMEHBI, O6JIACTH C PA3HBIMUA HANIPABICHUSA-
MU BEKTOPA MOJIAPU3AIHUU, UTO OBUIO CBA3AHO CO CTPEMJIEHHEM KPUCTAIIA MUHUMH3HUPOBATh CBOOO/IHYIO 3HEpTHIO. ITe-
pEKIIOYEHNE B PEATbHBIX, MOTUJAOMEHHBIX, 06pa3iax 6bUIO HA3BAHO HECOOCTBEHHBIM, B OTJIHYHUE OT COOCTBEHHOTO,
NIPUCYIIETO MOHOJJOMEHHOMY KPHUCTAJy. JIONroe BpeMs MOCJIEHEE OCTABANIOCh JINIb TEOPETUYECKON a6CTPAKIIUEH.
OJHAKO B KOHIIE MPOIUIOTO BEKA OBIJIM PA3BUTHI HOBBIE TEXHOIOTHH, MTO3BOJUBIINE ITOJYy4aTh MOHOKPHUCTAJUINYECKHAE
YABTPATOHKHUE CETHETOIIECKTPUYCCKHUE IVICHKN TONIUHON HA YPOBHE €/JUHUIL HAHOMETPOB (B OJJMH-/IBA MOHOCJIOSN), T.€.
MEHBIIE, YEM AUAMETP KPUTHUYECKOTO 3aPO/IBIITA JOMEHA. B TAKMX O CYTH JIBYMEPHBIX CEIHETOINEKTPUKAX Y/1AT0Ch Ha-

6/II0ATh HACTOAIIEE COGCTBEHHOE NMEPEKIIOUEHNE, KOTOPOE ONMUCHIBAET Teopus [nu3bypra—Jlanaay.

KiaroueBsie CI0Ba: q)QSOBbIﬁ IICPEXO/Z, CCTHCTOIJICKTPUKHU, TOMCHBI, IICPCKIIOYCHUC.

nranuga Jlazapesuua Inns-

Oypra (pU3NKU HA3BIBAIOT 110-

CJIECJHUM KIACCUKOM. [uamna-
30H €ro paboT U UHTEPECOB NPO-
CTUPAJICA OT aCTpopusuku u pu-
3UKMA 3JIEMEHTAPHBIX YaCTHUI JJO
CBEPXIPOBOAUMOCTH U KPHUCTAJ-
jJoonTuku. Cpeiu NpoYux AOCTHU-
JKEHUU YYEHOI'O HE ITOCIEAHEE ME-
CTO 3AHUMAET CO3JAHUE TEPMO-
JUHAMHUYECKON TEOPUHU CETHETO-
3JIEKTPUYECTBA (TEOpUU CpEJHe-
ro noJssa I'muzbypra—Jlanpay).

3arapka nepexkalo4YeHUA CerHeTo3JIeKTpuKoB

HamomHIO CyTh (DEHOMEHA CETHETOINEKTPUYECTBA, U3-
BECTHOTO YK€ OKOJIO CTOJIETHSA: HEKOTOPHIC JUIJICKT-
PUYCCKUEC KPUCTAJUIBL MPHU TECMIICPATYPAX HMKE TAK
Ha3bIBACMOM TeMmIepaTypsl Kiopu caMoOnpous3BOIbHO
MOJAPU3YIOTCA — B HUX NOABIAETCA MOCTOAHHBIN 11~
MIOJIBHBI MOMEHT B MaKPOCKONMUYECKUX MACHITA0aX.
[Tongapu3anusa BOSHUKAET B OTCYTCTBUEC BHEIIHETO 3JIC-
KTPUYECKOI'O MOJIs (IIPU €ro IPUIOKEHUU HAIIPABJIC-
HUE MOMEHTA MOXET OBITh U3MEHEHO) 6J1arofaps me-
peCTPauBAIOIIEMY KDUCTAIIIMYECKYIO CTPYKTYPY (a30-
BOMY nepexoy. Ilepexoapl 6bIBAIOT PA3HOTO XapaKTe-
pa — MOI'YT CJIETKA C/IBUHYTHCA U3 CBOUX IOJIOKCHUM
HMOHBI, MOTYT YIOPAZOYUTHCS YKE HMCIOMIMECSA B pe-

© ®puakun B.M., 2017

Baaoumup Muxaiinoeuy @Ppuoxun, 00Kmop
PUBUKO-MAMEMATMUTLCCKUX HAYK, NPOPeccop,
2NABHBLI HAYUHbLL compPyonurx Hucmumy-
ma xpucmaniozpapuu umenu A.B.IIYOHUKO-
8a PAH. Obnacmb HayuHolX unmepecos — me-
opuUs KOHOCHCUPOBAHHBLY CPeo, Pa3o6sie ne-
pexoont, ceenemodieKmpuK.

mIeTKE JUNONN. HacToAmuil NHTEPEC K SABJICHUIO BO3-
HUK IIOCJIE TOTO, KaK B 1945 1. b.M.Byn u U.M.Tonpaman
OTKPBUIH 3TOT 3 PekT y TuTanata 6apus (BaTiOs), Bbl-
JAIOMMUECH HETUHEUHBIE XAPAKTEPUCTUKU KOTOPOTO
BEHYAJINCh TIOMCTUHE TUTAHTCKUMU 3HAYEHUAMHU JIUI-
JIEKTPUYECKOHN MPOHUIIAEMOCTH, YTO OOECIIEUNIIO JaH-
HOMY MaTe€pHUaly JOIIYIO IPUKIAJHYIO cyaboy. Korna
CTaJIO SICHO, YTO CETHETOJIEKTPUYECKUMH CBOUCTBA-
MU JOJDKHO OONaJaTbh OTPOMHOE YHUCIO KPUCTAJUIOB,
NpUHALIEKAMUX K 10 TOYEYHBIM I'PYIIIIAM CUMMETPUU
(TaK HA3BIBAEMBIM MHPOITEKTPUUYECKUM IPYIIIAM),
[MH30YPT B TOM € TO/ly (4 HECKOIBKO MO3%e A.JIeBOH-
mup) pa3Bul GEHOMEHOIOIMYECKYIO TEOPUIO CEIHE-
TO3JIEKTPUYECTBA (TEOPUIO cpeHero nomud) [1, 2], oc-
HOBAHHYIO Ha TeOpnH (PA30BBIX IIEPEXOAOB BTOPOTO
pojaa Jlagzay [3]. CBOo€ Ha3BaHUE OHA MOJIyYUId IIOTO-
MY, UTO IIPYU AHATU3E JIEUCTBUSA JOKAILHOIO 3JIEKTPU-
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Puc.1. Cxematuyeckoe npeacraBneHne 3aBUCUMOCTH NONAPU-
3alMn CEerHeTO3NEKTPUKA OT BEIMYMHbBI MPUNOXKEHHOTO 3NEKT-
puyeckoro nons. Co6CTBEHHbIN [UNObHbIA MOMEHT 3[1€Cb MO-
XeT CylecTBoBaTb U B oTcyTcTBME nona (P,). 3acTaBuTh Bek-
TOp nonApu3auun U3MEHUTb CBOE HanpaBiieHWe Ha NpOTUBO-
NONOXHOE YAAEeTCA, NNWb KOrfa BHEWHee noje AOCTUraeT no-
poroBoit BenuuuHel (E.). KpacHoit nuHuel nokasaHa 3aBucu-
MOCTb OT MO ANA HAaBEJEHHON UM NoNApU3aLNUU B OObIYHOM
(nHeitHOM) aManeKTpuKe.

YECKOTO IOJIA BHYTPHU JMIIEKTPUKA UCTUHHOE IIOJIE,
KOTOPOE MEHAETCA HA ATOMHBIX MACIITA04aX OYEHb
CUJIbHO, 3AMEHAETCA HEKUM CpeJHUM 1osieM. COIIacHO
nozaxoay Jlanzaay, IpeArnoaaraeTcs, YTo B OKPECTHOCTH
Iepexo/a CBOGO/IHAA SHEPTUA MOKET OBITh 3aNMCAHA
B BU/IE PA/IA IO CTENEHAM IAPAMETPA, KOTOPBIA XapaK-
TepUsyeT nepexoj (MoJdapu3aluy B JJAHHOM Cllydae),
npudeM KO3(G@UIMEHTHI NIPU HEKOTOPHIX CTENEHAX
napaMeTpad 3aBUCAT OT TEMIIEPATYPLL. PaBHOBECHA BE-
JIMYMHA NOJIAPHU3ALNH IIPU TI0O0M TEMIIEPATYPE COOT-
BETCTBYCT 3HAYEHMIO, KOTOPOEC MUHUMHU3UPYET CBO-
GO/IHYIO HEPIUIO.

Teopua I'mnsbypra—Jlangay 0ObACHNAIA BCE U3BE-
CTHBIE CBOMCTBA CEIHETOINEKTPUYECKUX KPUCTAII-
JIOB U IUICHOK C (pa30BBIMM IIEPEXOJAMU BTOPOTO
U MEPBOro poja (B OOJACTU KPUTUUYECKON TOYKHN),
BKJIIOYAs IOABJICHUE TETAM I'MCTEPE3UCa, KOTOPasd
Ha6JII0JJA€TCA B IIPOLIECCE NMMEPEKITIOUEHUA — U3MEHE-
HUA HANPABIECHUA BEKTOPA IMOJAPU3ALUU TIPHU JIO-
CTUKEHUM BHEIIHUM 3JIEKTPUYECKUM II0JIEM IIOPO-
roBOIo (TaK HA3bIBAEMOTO KO3PIIMTUBHOIO) 3HAYE-
HuA (puc.l). C 0OfHUM, HO CYLECTBEHHBIM HUCK/IIOYE-
HHUEM — JIAaHHAA TEOPUA IPEJCKA3BIBAIA KOIPIUTUB-
HBIE TIONA HA JBA-TPU MOpsAAKA OOJbIIE, YEM HU3ME-
pEHHBIE KAK B CETHETOBOM COJIU, TAK U B TUTAHATE 62-
pua. DTO NPOTUBOPEYHE OCTABAIOCH HEBBIACHEHHDIM
B TCYECHUE HECKOJbKUX JIET, UHAYE TOBOPSA, MCXAHU3M
NIEPEKTIOUEHNA ObIT HETOHATEH.

CnacuTtenbHble OMEHbI:
noyemy OHH BO3HUKAIOT?

B 1948 T. Ba)KHOE OTKDPBITHE HA NYTH OOBACHEHHUA
MEXAHU3MA MEPEKIIOUEHNA CETHETOINEKTPUKOB OBI-
Jo cjenano B pabore M.B.KnacceH-Heknon0BOM,
M.AYepueimesort u AAlllten6epra [4]: 6piam BIEP-

BbIE OOHAPYKEHBl CETHETOIIEKTPUYECKUE JOMEHHI,
T.€. OTAEJIbHBIE OOJACTH KPUCTAINIA C ONIPEAECTEHHBIM
HaIPaBJICHUEM BEKTOPA MONAPU3ALUN, OTIUYHBIM OT
TAKOBOI'O IIO COCEACTBY. B mocaeaymomue rojbl
M.AYepuspiuesa 1 BJLUHAEHOOM UCCIELOBANN TUHA-
MUKy JOMECHOB B CETHETOBOM COJIM BO BHEITHUX MEXA-
HUYECKUX U AIEKTPUUYCCKUX MOJIX [5, 6], a2 BIL.KoH-
CTaHTUHOBA, B.AXOpUH U p. — B TPUIVIMLUHCYIb]A-
e (TT'C) [7, 8]. To 6buIM HEPBBIC MATU B HTOHUMAHUHU
MEXAHU3MA MEPEKIIOYEHNUA CETHETOIIEKTPUKOB.
B.Mepn, OOGHApYXWUJ JOMEHBl U UX [JBUKECHHUE BO
BHEIIHEM II0JIE B TUTAHATE Oapud [9], MOJYyYUB IpU
3TOM CJIEJYIOIYIO 3dBUCUMOCTb BPEMEHU IEPEKIIIO-
YEHUS T OT NPUTOKEHHOT'O HANpsukeHus V:

T:TOCXP(%), €Y)

rae T, Vo — KOHCTaHThl. Pesynbrarel YepHbleBOMN
u Mapen6oma it CErHETOBOM Cou U Mepua i TU-
TaHata 6apud MO3BOJUIN HAKOHEL OObACHUTL PAC-
XOXKACHUE MEXKAY TEOPETUUECKUM, O [MH36ypry—
Jlanjay (Tak Ha3bIBAEMBIM COOCTBEHHBIM), U 3KCIIE-
PUMEHTAIbHBIM (HECOOCTBEHHBIM) 3HAYECHUAMU KO-
3puuTUBHOrO noJs. Teopus I'muzbypra—Jlanjgay pac-
cMaTpuBand 6€CKOHEYHYIO OAHOPOJHYIO CPEY, B TO
BpeMsA KAK PEalbHBIE CEIHETOINEKTPUYCCKUAE KPHUC-
TaJIJIBl HEOAHOPOJHBL U PA36UTHI HA JOMEHBL. B uem
MIPUYNUHA 3TOTO pa3zbueHusn?

Jns MPOCTOTHI MPEJCTABUM CEOE CETHETOIJIEKT-
PUYECKUI OJJHOOCHBIM KPUCTAI — JUJICKTPUK CO
CIIOHTAHHOW Tosgpusanuein P (B HeM BeKTop P Mo-
JKET ObITh HANpaBleH JU6O B OJHY CTOPOHY, TUOO
B NPOTUBOIIOJNOXHYIO). BO BHEIMHEN GECKOHEUHOU
cpejne OH cosfaer noJe E = P/e Tlie € — NTUIJIEKTpUYe-
CKas NPOHHUIIAEMOCTb. YTOOBI CBECTH K MUHUMYMY
CBOOOJHYIO SHEPTUIO, KPUCTAILI Pa3ObUBAETC HA JJO-
MEHBI (B JAHHOM cyydae co 180-rpajyCHbIMU CTEHKA-
MU, KOTOPBIE 0O03HAYAIOT «I'0JI0BA K XBOCTY»: UMEET-
Cs B BUJY, YTO HA I'PAHULIAX JOMEHOB BEKTOPHI I10OJIA-
pU3ALMU HAIIPABJIEHB B IIPOTHUBOIIOJIOXKHBIE CTOPO-
HBI), puc.2. PagymeeTcs, B 3TOM OOBbSICHEHUN MBI [1pe-
HebperaeM BO3MOKHBIM 9KPAHUPOBAHUEM MTOJIAPU3A-
IIMM BHEMHUMU (a7 COPOUPOBAHHBIMU MOHAMU BO3-
JyXa) WIN BHYTPEHHUMU 3apagaMu. YTOOBI CO314Th
MOHOJOMEHHBIN KPHUCTA/UI, €ro CJIeAyeT IIOAAPU30-
BATH BO BHEIIHEM KO3PIUTUBHOM Tone E.' = P/e, KO-
TOPOE HA3BIBAETCS COOCTBEHHBIM. [JoMEHBI ObJerya-
I0T MOHOJJOMEHHU3ALUIO CETHETONEKTPUKA. B 3aTOM
ciydae KO3pUUTHBHOE Tone ES << E™. Koaprurus-
HOe noise E, CBA3aHHOE C JJOMEHAMM, CTAJIO HA3bI-
BATHCSI HECOOCTBEHHBIM.

JoMeHHasd CTPYKTypa CETrHETO3JIEKTPUYECKUX
KPUCTAJJIOB HE ABJIAECTCA MPOU3BOJIBLHON U OJAUYNHA-
€TCH, COINacHO npuHIuny Kiopu, npasuiaM CUMMET-
pumn [10]. CuMmmeTpusa COBOKYIIHOCTH JOMEHOB B CEr-
HETO3NIEKTPUUECKON (Pa3€ — 3TO MOATPYIIA CUMMeE-
TPUU KPUCTAJIA B MAPAINEKTPUUECKON (pase (BhILIE
TeMneparypsl Kiopu, rge ClioHTaHHAaA IOJAPU3ALUA
OTCYTCTBYET). BriepBble aHAIN3 BCEX BO3MOKHBIX IT€-
pPEXO0/I0B U3 32 TOYEUYHBIX TPy cUMMeTpuU B 10 nu-

a4
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PO3JIEKTPUUECKUX TPYII, a4 TAKKE BAPHUAHTOB Ha-
NPABJICHUIN CIOHTAHHON NOJAPU3ALUUA U JOMEHHOMN
CTPYKTYpH O6b11 caenan M.CoKenyneseim u JLA.lyBa-
aoBbpIM [11].

A A Konmoropos, M.AAspamu 1 U.Mmubamu (KAI)
NPEMNOKUIN TEOPUIO JOMEHHOTO IEPEKII0Ye-
Huda [12-14], koropasa moxkasaua, 4To 3aBUCUMOCTD
t = 1(V) onpegpensercas pa3zMEPHOCTBIO U (POPMOI
JOMEHOB, UX PACIPEJEIECHUEM 110 PAZMEDPY U BEPO-
ATHOCTBIO 3aPOABIMIEOOPA3OBAHUA. TaK HUINU HMHAYE,
3Ta 3aBUCUMOCTDL B Teopun KAI okasmiBaercs, mo-
Jo6HO (1), 3KCnoHeHUMaAbHOU. Hajgo 3aMeTurs,
YTO 3KCHOHEHIIUAIbHASA (PYHKIUSA, OTPAXas aKTUBA-
LIMOHHBINA XapaKTep Ipoleccda, He IpeArnoaaraer
HAJIMYUA UCTUHHOTO NMOPOTd — BEJIUYUHBI MOJ,
HMKE KOTOPOTO NMEPEKIIOYEHNE SHEPTETUYECKN HE-
JOIYCTUMO, K4K 3TO UMEET MECTO B TEOPUU CPEJHE-
ro nonst. Ho merin rucTepe3uca no-npexHeMy Ha-
6JII01AI0TCA, XOTh U HE TAKOW NPABUABLHON (OPMBI,
KaK Ha pUC.]1, ¥ UIMEHHO IO UX NOJYIIUPHUHE OIpE-
JENAeTCa KO3PUUTUBHOE TOJIE.

B 2009 r. AK.Taranues, J.LKpocc u Ix.doycek
ONYOIMKOBAIM MOHOI'PA(UIO, TOCBALIEHHYIO JJOME-
H4AM U MX POJIM B IIPOLIECCE TIEPEKTIOYEHUSA CETHETO-
3JIEKTPUYECKUX KPUCTAUIOB U IIEHOK [15]. Henbsd
CKa3aTbh, YTO KOHIENMLIHA JOMEHHOI'O NEPEKIIOUYEHUA
HE BCTpedYaJa IPHU CBOEM PA3ZBUTUHM INIPENATCTBUIL.
Ho B pesynprare Ux NpeojoNeHUs YAaBaNOCh TOHU-
MA4Th NIPOTEKAIONMHUE MPOLECCH BCE JIy4dlle, KaK 3TO
NIPOU3ONIIO € TAK HA3BIBAEMBIM ITapagoKkcom Jlanpaay-
3pa [15]. PJlangayap cuural, 4ToO B 3KCIIEPUMEHTA/Ib-
HBIX YCIOBHUAX 3HEPIUSA BO3ZHUKHOBEHMA KPUTHUEC-
KOT'O 3apOJBINIA JOMEHA CIUIIKOM BENIMKA U IIOTOMY
BEPOATHOCTb BO3HUKHOBEHMA JOMEHOB OOPATHOTO
3HAKA CJIMUIIKOM Majid. DTOT MAPaJOKC ObUI YCTPAHEH
TaraHuesbplM C IOMOINBIO yu€Ta B3AUMOJEHUCTBUA
KPUCTAJIA U 31eKTpoja [15]. Bbl1o mOKa3aHo, 4To
peanbHasg 3HEPrus 06pa30BAHUA KPUTHUYECKOTO 3d-
pOABIA JOMEHA 3HAYUTEAbHO MEHbBIIE U 3dABUCUT OT
IIOBEPXHOCTHOM IHEPIUU B3AUMOAEUCTBUA.

MKM

Y10 Kacaercs reoOMETPUUYECKUX COOOPAXKEHUH,
TO pa3Mep KPUTUYECKOTO 3aPOJbIINA JOMEHA OLLEHHU-
BaeTcd B pejenax 1-5 HM: B CDABHEHUU C PA3MEPOM
OOBEMHBIX KPUCTAUIOB WJIM CETHETOINEKTPUUECKUX
IJICHOK, IIOJYYEHHBIX PA3HBIMU METOJAMU K HA4AIY
90-X rojoB, OH HUYTOXHO Mal. [T03TOMYy HUKAKUX
npobJeM € IPOCTPAHCTBEHHON OPTaHU3AIUEN JOME-
HOB HE BO3ZHHUKAIO U COOCTBEHHOE MEPEKIIOYEHUE
OCTAaBAJOCh JIMIIb TEOPETUYECKON aOCTPAKIUEH.
Ho 3arem cutyanusa u3MEHUIACD.

Bo3MO0)XHO nu nepeknoyeHue 6e3 JOMeHOB?
JAByMepHble CErHeTO3JIEKTPUKH

HOBBIM 3TalOM HCCIEJOBAHUHN CTANIO U3YyUYEHHUE IIE-
PEKIIOUEHNA CBEPXTOHKUX MOHOKPUCTAINYECKUX
IUIEHOK. DTy paboTy a4BTOP JAHHOI CTATbU C COTPY/J-
HUKaMU BBITIOIHAI COBMECTHO C 1a6OpaTOpUEH KUJI-
KUX KPUCTAINOB MHCTUTYTA KPUCTALIOTpaApUU nMe-
Hu A.B.Ilyénuxosa PAH u Jlaboparopueit CJomap-
Ma B YHusepcurere Hebpacku—JIunkonpua (CIIA)
B 1993-2003 rr. [16, 17].

Havano ObUIO MOJOXEHO OTKPBITUEM HOBOI'O ME-
TO/IA BBIPAMIUBAHUSA CBEPXTOHKUX MOHOKPUCTAJIINYE-
CKUX CETHETO3JIEKTPUUECKUX IUIEHOK COMOIUMEpPA
BUHUNUAEHPTOpUAA-TpUpTOpaTUIEHA [18]. B Ccerne-
TONEKTPUYECKON (Da3e INUIEHKH OPTOPOMOUYECKHUE
(TodyeuHas rpymnmna 2m), 4To ObUIO HOATBEPXKICHO
PEHTTEHO- U 3NEKTPOHOTIPADUIECKH, a4 TAKKE CKAHU-
pylomeil TYHHEJIbHOH MUKpOCKonuer. ITneHKu To-
IMWHOM B OJMH-IBa MOHOCIOS 0.5—1 HM HOKa3bIBAJIU
MEPEKIIOUEHNE U (PA3OBBIN NEPEXO] B MAPAITEKTPHU-
4yeCkyo (pasy. CTONb TOHKHE CETHETOINEKTPUYECKUE
IUVIEHKU («IBYMEPHBIE CETHETONEKTPUKU») ObUIU
ONUCaHbI BIepsbie. [TOCKOABKY UX TOJIINHA MEHBIIE
pasMepa KpUTUUECKOTO 3aPOAbIIIA JOMEHA, BCTAI BO-
IIPOC O MEXAHU3ME NEPEKNIOUEHUA. TaK KaK JOMEHHA
Teopus KAI B 3TOM cllydyae HENPUMEHUMA, IIPUILIOCDH
JyMaTbh O 6€3JOMEHHOM (OJHOPOJHOM) IIEPEKII0YE-
HHU 3TUX IUICHOK. MccnegoBaHue
KMHETUKU UX MEePEKII0UYEeHUs MO/-
TBEPAUIO [JAHHOE IIPEAIOJIONKE-
HHE U MTOKA3aJI0, YTO OHA XOPOIIO
ONMUCBIBAETCA B PAMKAX TEOPUU
'mu30ypra—Jlangay ¢ MOMOIIBIO
ypasHenud Jlanpay—XajaaTHUKO-
B4, T.€. MEXAHMU3M OKA3BIBAETCH OJI-
HOPOJHBIM [19]. 3aBUCHMOCTD Bpe-
MEHH NEPEKIIOUEHNU T OT HANps-
JKEeHUA V 1 CETHETOAJEKTPUKA
C (pa30BBIM MEPEXOAOM IEPBOIO
pAA JAETCA COOTHOMEHUEM

05

Puc.2. MogenbHoe pazbueHune obbema CerHeTo3eKTpUKa HUXe Temneparypsl Kiopu Ha
AOMeHbl (@) W peanbHble AOMeHbI, Habnwpaemble Ha nosepxHocTu (010) kpucTanna
TPUMNLMHCYNb(ATa C NOMOLWbI0 CMELMANLHOMO PeXnMa aTOMHO-CUMI0BON MUKPOCKO-
nuuM — pexuma nbe3ooTknuka (6). N3obpaxeHne npepoctasneHo P.B.TaiiHyTAMHOBbIM.

-0.5 HA Tl = ’C’o(l — 1)1/2, (2)
VC

rae V. — KO3PpIUTUBHOE HATIPSKE-

Hue [mH36ypra—Jlanaay, 1o — KOH-

CTaHTa. JOMEHHOE NEPEKIIOYCHUE,

KaK VXK€ YIOMHHAJIOCh B CBSI3U
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Puc.3. 3aBUCUMOCTL BPEMEHU NEpeKIoYeHUs OT NPUIOKEHHOTO HANPSXKEHUA AAs 06bEMHOr0 Kpuctanna (a) U MOHOKpUCTanaInyec-
Ko# nneHku (6) TuTaHata 6apus. PasHblit xapakTep 3aBMCUMOCTM (OTCYTCTBME MOPOra B NepBOM C/ly4ae, KOTAa NepekioyeHmne JoMeH-
HOe, U ero Hanuyue BO BTOPOM ANsi OAHOPOAHOTO NepeKNioYeHns) oTpaxaeT pasHULly B MexaHu3mMe nepekniodeHus [21].

¢ popmynoit (1), HE UMEET KPUTUUYECKOTO MONA (Ha-
NPSKEHUA), T.€. IO CYIIECTBY HE UMEET KOIPLUTUBHO-
ro nons E., Tak Kak nocjaeaHee (HECOOCTBEHHOE KO-
LIUTUBHOE I10JIE) 3aBUCUT OT BPEMEHU NEPEKIIOYEHUSA
(gacrorsr). Hanporus, OJHOPOAHOE IEPEKIIOYEHUE
HUMEET HE 3aBUCAILIEE OT YACTOTBI COOCTBEHHOE KO3P-
LHIUTUBHOC I10JI€, COBIA/AAIONIEE C TEOPETUUYCCKUM IO
mH30ypry—Jlanaay. g sHanpspkeHui V < V. ogHOpOJ-
HOT'O NMEPEKIIOYEHNUA CETHETOINEKTPUKA HE MIPOUCXO-
auT. Kak 3T0 HM napajoKCalbHO, Teopus TnH36ypra—
JIanjay ONMCBHIBAET CEIHETORNEKTPUYECKOE TIEPEKIIO-
YEHUE JIMUDb U1 CBEPXTOHKUX KPUCTAJUIOB, TOIIUHA
KOTOPBIX MEHbIIE (MM CPABHUMA) C PA3MEPOM KPUTH-
YECKOTO 3aPOJBIIIA JJOMEHA.

Mpepackasanue MMH3Gypra

Bckope mociie Toro Kak B «Nature» BbIIIA CTaThsa [16],
OHAa OOCYX/JATACh B OYEPEHYIO CPEY HA TPALUIIMOH-
HOM ceMuHape Buranus Jlazapesuua. I'op cnycrs
IMH36ypr B CBOEH HOBOM CcTaTbe B «YDH», mocBAmeH-
HOHM Haubojee NMEPCHEKTUBHBIM HANPABIECHUAM HUC-
CNEeOBAHUN B (DU3UKE, OTMETUI BAKHOCTb U3YyUECHUs
CBEPXTOHKHUX (ABYMEPHBIX) CEIHETOIJIEKTPUYECKUX
naeHOK [20], BbIIEAIUB UX B cBOEM CHHCKE U3 006IeH
npo6seMbl pa30BBIX NEPEXOA0B ((PUI'YpUPYIOLIEN
B HEM) B OT/C/IbHBIN IIYHKT.
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New life of the Mean Field Theory

V.M.Fridkin
Federal Science Research Center “Crystallography and photonics” (Moscow, Russia)

A phenomenological theory of ferroelectricity was developed by V.L.Ginzburg on the basis of Landau theory of II kind
phase transitions as recently as in 1945. The new theory called Mean Field Theory let to explain all the properties of fer-
roelectrics with only one exception. Namelly, predicted values of coercive electric field at which switching of polariza-
tion direction occurs, appeared to be two-three order larger than experimentally observed ones. This contradiction was
eliminated later when ferroelectric dividing to domains (regions with different directions of polarization) related to
crystal seeking for free energy minimum was discovered. Switching in real polydomain samples is called extrinsic in
contrast to intrinsic in monodomain crystal. The later remained a theoretical abstraction for a long time. But a new
technology was developed in the end of the previous century which allowed to obtain ultrathin ferroelectric films of
thickness at nanometer level (one-two monolayers), i.e. less than critical domain nucleation size. In those practically
two-dimensional ferroelectrics the true intrinsic switching described by Ginzburg—Landau theory was observed.

Keywords: phase transition, ferroelectrics, domains, switching.
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KJIMMATOJNIOrMus

JleHIPOXPOHOJIOTUS — 3TO HAYKA, KOTOPAs U3y4aeT OCOOEHHOCTU I'OAMUYHBIX
NIPUPOCTOB JepeBbeB. OHA 3apoAmwIach B Havane XX B, KOI7ld AMEPUKAHCKUEC
YYEHBIC, UCCIICYsl CIIUIIBLI THICAYEIECTHUX CCKBOH, HAIM, YTO TOJIIINHA UX I'O-
JUYHBIX KOJIEL, MEHAETCS C IEPUOAOM, IOXOKUM HA ONUHHAJLATUICTHUI I1€-
pHOJ M3MEHEHHUA YMCaa nATeH Ha CosHLe. BCKope pAfbl TONMMH I'OJUYHbBIX
KOJIel, CT4JA HCIOJAb30BATh KAK MHAMKATOPBHl M3MEHEHUH KJIMMATa B IIPO-
nuioM. OCOOGEHHO MOKA3aTENbHBIMU B 3TOM OTHOUIEHUH OKA3AJINChH PAABL Jle-
pEBBLEB, IPOU3PACTAIOMMUX BOIM3HU BEPXHENH (IM6O CEBEPHOM) IPAHUILBI JIECa.
Cpely HUX BBIEIAIOTCA PAABI MOACKEBEIbHUKA [IPIKEBATBCKOIO, PACIIPOCTPA-
HEHHOT'O B BBICOKOTOPBSX HAa CEBEPO-BOCTOYHOM Kpalo THOHETCKOro maaro.
Bo3pacT TaKuX IEPEBbEB MOKET MIPEBBIMIATD THICAYY J€T. [0 pALY TONMMH I'O-
JUAYHBIX KOJIEL] TBICAYEETHUX MOXIKEBEIbHUKOB [IPKEBATLCKOIO y1aJ10Ch YC-
TAHOBHUTB, UTO NPUMEPHO 3a 4200 JIET 1O H.3. POCT IEPEBLEB PE3KO 3AMEJINII-
Cs1. DTO IPOU3ONLIO B TO BPEMs, KOI'/Id, COTJIACHO aPXCOJOIHYCCKUM JAHHBIM,
pacnanoch camoe ApesHee Erunerckoe apcTBo U HECKOJILKO APYIUX YEI0Be-
JyecKux nuBuanisanun (B Kurae, Uaanu, Meconoramun). meromuecs reosio-
THYECKUE JaHHBIE MO3BOJAIOT CBA3ATh 3TH LMBWIM3ALMOHHBIE KaTACTPOQBI
C MOIIHEUIINM U3BEPKEHUEM Bynkana lexna B Mcnangun. Emje ogun nepuoj
PE3KOI'0 yXyALIEHUSI POCTA JEPEBBEB OTMEUAETC NpuMepHO 3a 3000 ner 10
HACTOSIIEIO BDEMEHU U COBIIAAET IO BDEMEHU C U3BEPKEHUEM BysiKaHa Tepa
B BOCTOYHOM CpeJU3EMHOMOpPBE, MOBIEKIINM I'MO€e/Ib CAMON JIPEBHEN 1IUBU-
JU3auuu Ha ocTpose Kput. CBsA3b 000UX BYJIKAHMYECKUX U3BEPKEHUN C TUOE-
JIBIO JPEBHENIINX YETOBEUYECKUX [IUBUIN3AIUI YKE OblJIA YCTAHOBJIEHA PAHEE.
OJHAKO TOJUYHBIE NMPUPOCTHI KUTANCKUX MOMIKEBEIbHUKOB-JONTOKUTENEN
BIIEPBBIC ITOKA3AJIH, YTO CIYCTS HEMHOI'HME COTHU JIET ITOCJIEC ATUX U3BEPIKCHUI
YCJIOBHUS JUIL POCTA AEPEBBEB CTAIU OCOOECHHO OJIArONPUATHBIMU. BepoaTHO,
3TO IPOU3OLLIO U3-34 TOTO, YTO NPOAYKTHI BYJIKAHUUECKUX U3BEPIKCHUI, Clle-
Jbl KOTOPBIX HAUAECHBI IPAKTUYECKHU O BCeMy CEBEPHOMY MOJIYIIAPHUIO, 060-
TraTWIM IOYBBL. HEYAUBUTENBHO, UTO B 3TH IIE€PUO/BI BOSHUKJIU MHOTUE HOBBIE
4€JIOBEYECKNE IUBUIU3ALUH.

KnroueBbple CI0Ba: [EHIPOXPOHOJIOTUSA, MOXKEBEIbHUK IIpKEBANBCKOTO,
TOAMYHBIC KOJIbLA JCPEBbEB, BYJIKAHEL, JPECBHUC LIUBUIN3ALINUN.

OBPEMEHHOE N3MEHEHUE KINUMATA MHOIUMU PACCMATPUBAETCA KAK
GeCIpenesleHTHO ObICTPOE M3-34 BBI3BAHHOI'O YEJOBEKOM YBEJIU-
YEHUSA KOHLECHTPALUU B ATMOC(PEPE TAK HA3ZBIBAEMBIX IIAPHUKO-
BBIX TA30B, IPEXK/AE BCETO YITIEKUCIOrO. Te, KTO B 3TOM COMHEBAETCS, I'O-
BOPAT, UTO TAKOE OBIBAJIO U B NPONLIOM. [lJIsl pa3penicHUs 3TOU JUIeM-
MBI B TEYECHUE NOCIECIHUX HECKOABKUX AECATUIETUI OBLIU CYHIECTBEH-
HO AKTUBU3UPOBAHBI UCCIENOBAHNA KIUMATOB PONUIBIX THICAYEIETUN.

[TOCKOIBKY IPSIMBIE U3MEPEHUSA KIUMATUYECKUX XAPAKTEPUCTHUK
(Temieparypsl BO3JyXd, KOJIMYECTBA OCAJKOB U /IP.) B T€ AAJIEKUE BpeE-
ME€H4 HE BEJIIMCh, ITU JAHHBIE I10Y4YAI0OT HA OCHOBE KOCBEHHBIX OTKJIU-
KOB HA4 U3MEHAIOMNICA KIMMAT PA3INYHBIX HHAUKATOPOB — N30TOIHO-
'O COCTABAa JIOHHBIX OTJIOKEHHUHN B OKEAHAX U 03€PaX, JIETHUKOBBIX KEpP-
HOB AHTAPKTU/BI U [pEHNAHANHN, CTATAKTUTOB U CTAJIAIMUTOB U T.[.

K oguuM n3 HamboJI€€ 4aCTO HUCIONb3YEMBIX MANICOKINMATUYECKUX
UHJUKATOPOB OTHOCATCS KOJIbIIA I'OJAUYHBIX IPUPOCTOB AepeBbeB. OnHA-
KO JAJIEKO HE BCE AEPEBbA MOTYT XPAHUTD B CBOUX CTBOJIAX IAJICOKINMA-
TUYECKYIO JIETONUCH. [IePBBIMU OOBEKTAMU UCCIEJOBAHUI OBUIM 3HAME-
HUTBIE CEBEPOAMEPUKAHCKUE CEKBOIU, CIOCOOHBIE JKUTh /IO 3 THIC. JIET
U jlaxxe 6osiee. [INOHEPHI HAYKU JEHIPOXPOHOJIOTUH, AMEPUKAHIBL . [ly-
riac, BJIa-Mapiue, EIllyapMaH U Ap., ONPEAEIUIHN, YTO IPUPOCTHL CEKBOU
MEHAIOTCA LUKINYECKU C HNEPUOAOM, OIU3KUM OJUHHANLATHICTHEMY
LUKy U3MEHEHUI uncia nared Ha ConHne. Ho, HecMOTps Ha CBOIO JOJI-
TOBEYHOCTh, CEKBOUU OKA3AJIMCh HE OYEHb IMOJE3HBI IS BBISBICHUS BE-
KOBBIX Y MHOTOBEKOBBIX KINMATUYECKUX KosebaHuu. JIeqo B TOM, UTO
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Huna Muxaunoeéna Jayenko, KaHouoam
PUBUKO-MAMEMAMULECKUX HAYK, 6C0YUjULL
HAYUHbLIL COMPYOHUK Tuopomemuyenmpa Poc-
cuu. Obnacmes HaAYuHbLX UHMEPECO68 — OUHA-
MUKA KAUMAMA 8 NPOULLOM U HACMOAUCM,
YUCTCHHBLLL 00N120CHOUHBLLL NPO2HO3 1102000bL.

Amumpuiit Muxaiiroeuu Coneuxuu, O00xK-
mop Pu3auKo-Mamemamueckux nayk, npo-
gpeccop, enaemuvili HAYUHbLL COMPYOHUK HH-
cmumyma oxearono2uu umernu HILITupuio-
6a PAH. Hayunoie unmepecs. c813aHbl C NPU-
MeHeHUeM MeMm0o008 COBPEeMEeHNHOL MameMmd-
Mmuveckoll. meopuu OUHAMUMECKUX CUCIEM
K 3a0avam OUHAMUKU KAUMANA U YUCTLeHHO-
20 00120CPOUH020 NPO2HO3A 1102000

Yyn Kun (Chun Qin), nayunsiii compyonurx
Hncmumyma uccareoo8anuil oxpyicarou el
cpeobl XONOOHbLX U 3ACYUAUBHIX Pe2UOH0E
Kumaiickoii akademuu nayk. Sanumaemcs
DPEKOHCMPYKYUAMU U UCCACO08AHUCM KAU-
MAMO8 NPOULO20.

dowcun-ucun Jduy (Jing-Jing Liu), nayu-
Mol COMmPYOHUK mozo xe urcmumyma. O0-
NACMb HAYUHUIX UNMePeCcO6 — NALeOKIUMA-
mol U UX PEKOHCMPYKUU.

Bao Anz (Bao Yang), 3asedyoujuii rabopa-
mopueil mozo xe urncmumyma. Cneyuairucm
6 obnacmu naneozeozpaPuil u nNaieOKAUMA-
mosno2uu.

CEKBOMHU CIIOCOOHBI XOPOUIO afiall-
TUPOBATHCA K NPOUCXOJAIIUM T10-
CTENEHHO JOJTONEPUOJHBIM U3-
MEHEHUAM KIUMATA.

HekoTopele pyrue cesepoame-
PUKAaHCKHE XBOMHBIC JKUBYT HE Me-
Hee [JOJAro, 4eM CEKBOUU. DTO,
HAIlpUMeEp, OCTUCTbIE COCHBL (Pi-
nus longaeva). Tak, BO3pacT OCTUC-
TON cocHbl [Ipomerednt, cpybieH-
HOM B 1964 1., cocTasui 4862 roja,
4 BO3PACT CTAPENIIEN U3 HBIHE KU-
BYIIUX COCEH — Madycauna — go-
cruraet 4847 ner. Takue gepesbs
pacTyT Ha BBICOTE HECKOJbKHUX
TBICAY METPOB HAJl yDOBHEM MODH,
H4 BEPXHEN I'PAHUIE ApeaANa CBO-
€r0 pacCnpoCTpaHEHUH, TIIe HUX
JKU3HDb JePKUTCA HA BoJOCKe. ITo-
3TOMY OHM PEATUPYIOT HA JOJIO-
MEPUOJHBIE U3MEHEHUA KINMATA
BECbMd CYIECTBEHHO.

Mcnonb3ys gaHHBIE, MOJYYEH-
HblC IIpU UCccaegoBanuu Madyca-
nia U JJPYTUX OCTUCTBIX COCEH,
NPOU3PACTAIOMUX B TOHU XKe Ca-
MOI ropHo# gonune B Kanudop-
Huu (CIIA), aMEepUKaAHCKHUE yue-
HBIE COCTABUJM JIETONHUCH TOJI-
MUH HUX TOJUYHBIX IPUPOCTOB
(nenppoxpononoruio) — «Ipomy
Madgycanna». OHa TOKPBIBAET IIE-
puoj 6osee 7 THIC. KAJIEHJAPHBIX
JeT. B 310l n Apyrux nogoOHBIX
J€H/IPOXPOHOJIOIUAX, COCTABIEH-
HBIX [UI1 PAa3HBIX PalOHOB CEBE-
poamepukanckux Kopaunbep, Ha-
IpUMEP B JAEHJPOXPOHOJTOTUU
«X0341H bebix rop», BUAHBI LIUK-
JIMYECKUE M3MEHEHUA T'OJUYHBIX
IPUPOCTOB C CAMBIMH DPA3HBIMU
IEPUOJAMU.

Haubonee BEIPAKEHHBIM B aMe-
PUKAHCKAX JEHJPOXPOHONOTUAX
OKa34JIC IEPUOJ NPUOIU3UTEND-
HO 1600 ner. Camoe KpymHOE MO-
XOJIOJJaHNE (PUKCUPYETCS OKOJIO
5 TBIC. JIET HA34/, 4 CAMbIU HEIAB-
HUN TEPMUYECKUNA MAKCUMYM — 34
TBICAYY JIET JJO HACTOAIIETO BpEME-
HU. OH COBIAAAET IO BPEMEHU
C Tak Ha3bpiBaeMou Cpe/JHEBEKOBOU
TEIUION 3MOXOM, MHAYE Ha3bIBaE-
MO DTIOXO¥ BUKUHI'OB, OO UMEH-
HO TOI'/]Ja BUKUHI'U OTKPBUIA U KO-
JIOHU30BAIU [peHnanguio. OTOT
NIEPHUOJ JIETANbHO H3Y4EH IaJIEO-
KJIMMAaTOJIOTAMH 110 MHOTUM JIpy-
UM UH/IUKATOPAM, BKII04as €BPO-
MENCKUE UCTOPUUECKUE XPOHUKU.
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TbicayeneTHne moxkeBenbHUkK Knutas.

OJIHAKO CTOUT 3AMETHUTD, YTO JIPYras XOPOIIO U3Y-
YEHHAA NAIEOKIUMATONOTAMHU TEIUIAS 110X4A, IPUXO-
JUBLIAACA HA BpeMd pacuserTa PUMCKON umnepuun
(camoe Ha4YaJIO HALIEH 3Pbl), B JEHAPOXPOHOIOIUAX
OCTHUCTBIX COCEH NPEACTABIEHA HE YIYUIIEHUEM, A CY-
MIECTBEHHBIM VXVANIEHUEM KIMMATUYECKUX YCIOBUIL.
Takoe BIe4aTI€HUE, YTO HA HAYAJIO HAIIEH 3PBI CABU-
HYTO MOXOJO/IaHUE, KOTOPOE ObUIO CBOMCTBEHHO TAK
HasbiBaeMoMy TeMHOMY cpejHeBEKOBBIO (400-800-€
rOJbl), 4 JUJIMHA BHIIEYTOMAHYTOTO 1600-meTHErO
LIMKJIA B MHAOHEPHBIX JEHJPOXPOHOJOIUAX AMEPHU-
KAHCKMX MCCJIE/JOBATEICH KAXKETCS 3ABBIIICHHON (TEM
60JIee YTO ATOT LMK/ HE ObUI HAMJEH HU B OJHOU U3
JEHPOXPOHONOTUH, ONTyOTUKOBAHHEIX MO3XKE).

DTOU cUTyalUU €CTh OObSICHEHHUE. TaK, HEKOTO-
pble AMEPHUKAHCKUE yde€Hble, pabOTABIUIME YKE BO
BTOPOI1 MoJOBUHE XX B., 06PATWIN BHUMAHHUE HA TO,
YTO OCTHUCTBIE COCHBI CIOCOOHBI OOPA30BBIBATH HE-
CKOJIBKO KOJIELl IPUPOCTOB B TEYEHUE OAHOTIO BEre-
TaIJMOHHOTO NEPUOJA. DTO OBIBAET, HAIPUMED, B CIIy-
yae, KOIjJa u3-3a JOJII0I0 OTCYTCTBUSA JOXKIEH 3a11aCh
BJIAT'Y B IIOYBE UCYEPIIBIBAIOTCA U JIEPEBO NPEKPAIA-
€T POCT, 4 3aTEM BO30OOHOBJISAET €ro MOCJE BbINaje-
HUsA JOCTATOYHOI'O KOJMYECTBA OCAAKOB. Ecim ne
INPUHHUMATh 3TO BO BHUMAaHHME (YTO U CIYUYHUIOCH
B UCCIENOBAHUAX AMEPUKAHCKUX YYEHBIX), 0Omas
JUIMHA TIOJIyYa€MBIX AEHJPOXPOHOJIOTUI OCTHUCTBIX
COCEH NPEYBEINYUBAETCA U, 3HAYUT, IEPUO/BI BUJIU-
MBIX B HUX IIUKJIOB 3aBBIMIAIOTCH.

3pecb u panee doto Y.KnHa

34ech ClaeAyeT YIOMAHYTb, 4TO BOIPOC O JaTH-
POBKE KOJIEL T'OJUYHBIX IIPUPOCTOB JEPEBBLEB, T.C.
00 YyCTAHOBJIEHNHM KAJIEHLAPHOIO I'0Jja, KOTAa 06pa-
30BAJIOCh TO UM UHOE KOJIBIIO, JOCTATOYHO CJIOXKEH.
PaguoyriepoaHslil METOM, KOTOPBIIN 4ACTO UCIIOIb3Y-
€TCs /I YCTAHOBJICHUSA BO3PACTd UCTOPUUECKUX aAP-
T€()AKTOB, HE MMO3BOJIAET YCTAHOBUTD ATy C TOYHOC-
TBIO JIO TO/ld, KaK 3TO TpebyeTca B AEHAPOXPOHONO-
run. IT03TOMy CIENUATUCTBl OOBIYHO HE MOIb3YIOTCA
3TUM METO/IOM, 4 HAUMHAIOT JATUPOBKY C )KUBBIX Jl€-
PEBLEB, UbU KEPHBI B3AThl B U3BECTHOM KaJI€HAADHOM
rogy. Bapuanuu npupocTroB 3TUX JEPEBBEB U TEX,
YTO JKMJIM HECKOJIBKO PaHEe, CPABHUBAIOT U HAXOAAT
COBIIaJaromue y4acTku. I1o HUM ZATUPYIOTCH paHee
JKUBIIHE JEPEBbA. 34TEM AHAJIOTUYHBIE CPABHEHUA
JEIAI0TCA C ele 60JIee CTAPBIMU JJEPEBbAMU, TE TAK-
K€ LATUPYIOTCA U T.4. KOHEUHO, IIPU 3TOM BO3MOXKHBI
omu6xku. HO OHM MHUHUMHU3UPYIOTCA IPU AHATU3E
6OMBIIOTO KOJNYECTBA IK3EMIUIAPOB JEPEBBEB.

C cepeaunbl XX B. IEHJPOXPOHOJOTUYECKUE HUC-
CJIEOBAHUS HAYAIUCh B 3anafHoi Espone, Azuu, As-
crpanuy, IOxHoU AMepuKe. B Hamen cTpaHe BO3HUK-
JI JIBE€ LIKOJIBL JEHAPOXPOHONIOIOB: O4HA — HA Ypale
(B CBEPATOBCKE, HBIHE EXKaTEpUHOYPre) MO/ PYKOBOJ-
crsoMm C.ILIIuaToBa, gpyrag — B KpacHosapcke noa py-
xoBoacTBOM E.A.Baranosa, HeiHe akajemuka PAH. Co-
BETCKUE JEHAPOXPOHOJIOIUM MCIOIb30BAIM B CBOUX
HCCIEIOBAHUAX TOpa3fo 6oyee KOPOTKUE DPAABI IO-
OUYHBIX IPUPOCTOB (06b19HO MeHee 400 1eT) coceH,
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MoxoxeBenbHUK TpKeBaNbCKOro, pacTylimini Ha COBPEMEHHOI BepxXHel rpaHuue neca
(npumepHo 3500 M Hap yp.M.) Ha CEBEPO-BOCTOYHOM Kpato TubeTckoro nnaro.

OCTaHKW MOXKeBenbHUKA FIp)KeBaanKoro, O6Hapy)KeHHbIe Bblle COBDEMeHHOI‘;I
BerHeVI rpaHnLbl neca Ha CeBepo-BOCTOYHOM Kpato TubeTckoro nnaro.

JIMCTBEHHUI[ U eyieil. TeXHUKa 06-
PabOTKH ps/IOB B UX UCCAELOBAHU-
AX OblJIa YCOBEPIIEHCTBOBAHA C Lie-
JIBIO UCKTIOYEHNS BIUAHUA HEKIIN-
MATHYECKUX (PAKTOPOB (BO3PACTA
JE€PEBA, MUKPOIKOJOIMYECKUX YC-
JIOBUH ero npowuspacranus). Ilpu
3TOM, KCTATH, BBIACHUJIOCH, 4YTO
11-7IeTHUU IUKJI COJHEYHOU aK-
TUBHOCTHU, KOTOPOMY IPHUIABAIN
60JIbIIOE 3HAYEHNE TTMOHEPDI AMe-
PHUKAHCKON JEHJPOXPOHOIOINH,
HE BIUSET HA POCT IEPEBBLEB CYIIE-
CTBEHHO. [71aBHOM cTaysa 3ajada
BBIABJIEHUSA BEKOBBIX U MHOTOBEKO-
BBIX BApHUAIIUHU NPUPOCTOB, OOYC-
JIOBJIEHHBIX M3MEHEHUAMU KINMa-
Ta. SICHO, 4YTO peneHne 3ToM 3a/a-
Yyl OBUIO OIPAHUYEHO CPABHU-
TEJIBHO HEOOJBIION UIMHON pac-
CMATPUBABUIUXCA PAAOB T'OJUU-
HBIX IIPUPOCTOB JiepeBbeB. O6pas-
HO TOBOPA, 3TU PAJBI MOXKHO OBUIO
CPaBHUTDb C U3MEPEHUAMU, HATIPU-
Mep, TEMIIEPATYPHI, CACTAHHLIMU
B rpagycax Lenbcus, ®apeHremnra,
Peomopa u T.J. 6€3 Kakoun-mubo
B3AUMHOI KaJTUOPOBKH.

3a/1a4a BBIABIECHUA JOJIIONEPH-
OJHBIX KOJIEOAHUN KIUMaTa IO
JEHIPOXPOHOJIOTUAM CYIIECTBEH-
HO YIPOCTUIACH MOCTE TOTO, KAK
HCCIENOBAHNUA TOJUYHBIX TIPUPOC-
TOB JepesbeB Havyanuch B KHP. Ku-
TAMCKUE YUYEHDbIE OOHAPYKUIH, YTO
B ropax (Ha Bbicorax 3000-3500 m
H4J| YP.M.) Ha CEBEPO-BOCTOYHOM
kpao TuOETCKOro mmaTo IpPOu3-
pacTaloT MOXKEBEJIbHUKH, BO3-
pacT KOTOPBIX JOCTUIAET THICAYU
net u 6onee. Hanbonpuiee BHUMA-
HHUE NPUBJIEK MOXIKEBEABHUK Sd-
bina przewalskii, BIEpBBIE ONU-
caHHbI eme B XIX B. BBIAIOIUM-
C POCCHUMCKUM HCCIENOBATEIEM
Henrtpansnon Asuu H.M.IIpxe-
BaJIbCKUM. JKuBbIE IcpEBbA S.prze-
walskii COCTaBIAIOT COBPEMEHHYIO
BEPXHIOIO TI'PAHUIY JIECA B 3TOM
perunone LenTpanpHoro Kuras.
Bpime 3TOM IpaHULBI B YCIOBUAX
CYyXOr'o KJIMMAaTa U IIPU OTCYTCT-
BUHM CVIIECTBEHHBIX 3KOJOIHYEC-
KUX 3arpsA3HEHUN COXPAHUIUCH
OCTATKU [JE€PEBBEB, KUBIIUX 32
MHOTO BEKOB /IO HAIIETO BPEMEH.

CobpaHHas1 K HACTOAIIEMY
BPEMEHU KOJUIEKLIUA TOJIUH TO-
JUYHBIX KOJICIl MOJKKEBEJTbHUKOB
[TpK€BATBCKOTI'O COCTOUT U3 THICS-
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Yy C JTUIHUM pAgoB. Cpeau HUX
€CTb OKOJIO COTHHU PAJOB IIPOJOJI-

JKUTENbHOCTBIO Oosiee 1000 ner, = [
B TOM 4ucCJIE 43 paaa JUHOHN 60- S 60
nee 1500 ner. OMH YHUKAJIbHBIA s
pan umeer aauHy B 2504 roja. 7 °0
DTOT MONKKEBETPHUK POC € 2534 S 4o
no 130 r. 10 H.3. &=
[TonyyeHHsie JAEHIPOXPOHO- i 30
JIOTUYECKHE JAHHBIE ITOKA3BIBAIOT, g 504
YTO HA Nepuoj oxkono 2250 r. 10 o
H.3. IPUXOJUTCSA TPYyIIad CAMBIX g 10
MaJIBIX TOJUYHBIX IPUPOCTOB. Ca- =

i il

MBIC K€ OOJIbIIME MPUPOCTHI HA- 0
6/1I01A7TMCh BHYTPHU JIBYyX BPEMEH-
HBIX HMHTepBanos: ~2000-1800
n 1000-800 ner po H.3. Mexay
HuMH (npuMmepHo 32 1600-1200
JIET O H.3.) IPUPOCTHI OIATb Obl-
JIX HEOOJIBIIUMU.

31eCh YMECTHO YKa34Tb, YTO
KPUTHUYECKUM (PAKTOPOM JIJIs1 pOC-
T4 MOXJKECBEJIbHUKA IIpKeBab-
CKOTI'O CUYUTAETCA KOJUYECTBO OCAAKOB. ECU UX BbI-
[Iafd€T MHOI'O, 3TO OJArOIpPUATCTBYET POCTY, €CIU
MaJI0 — POCT 3aMEJIAETCA. B paccMaTpuBaeMblil pe-
ruoH lenTpanbHoro Kurasg ocaku NIpuHOCATCA BMeE-
CTE C JIETHUMHU MYCCOHAMHU, IEPEBAIUBAOIMUMU [U-
MajIafiCKue TOpbl. MyCCOHBI HECYT HE TOJILKO BJATY,
HO U 60J1€ee TEMBH BO3ayx u3 Unauu. [Toatomy, eciu
MUPUHA KAKUX-TO TOJUUYHBIX KOJIEI MOKKEBEIbHU-
KOB [1pKeBANBCKOTO OOJIbIIE CPEHEN, 3TO O3HAYAET,
YTO MYCCOH OBLI CUJIBHEE OOBIYHOTO U, CIELOBATENb-
HO, Ul pOCTA JIEPEBbEB CKIAJbIBAINCH OIATONIPHUAT-
HblE yCaI0BUA. Ha060poT, y3KHe Komblia POPMUPOBA-
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KaneHgapHble rofbl

Pag TONWMH rofMYHbIX NPUPOCTOB MOXIKEBeNbHMKA [pKeBanbCKOro, 0CTaTknM KoTo-
poro 6binM HalifeHbl Bbille rpaHuLLbl leca Ha CEBEPO-BOCTOYHOM Kpato TubeTckoro
nnato. [lepeso npoxuno 2504 roaa.

JIUCh B HC6JIH.FOHpI/IHTHbIX CYyXUX " XOJIOAHBIX YCJIO-
BUAX C1260T0 MYCCOHA.

WHAUUCKUIT MyCCOH — HE O0O0COOGJIEHHOE SBJIE-
HHUE B JWHAMHUKE KinMara. CTEIEHb €ro pPa3BUTHUSA
CBA3daHA CO MHOTHUMHU JPYTHUMU OJHOBPCMCHHBIMH
U3MEHEHUAMU B CUCTEME OOWEN UPKYIALUNA ATMO-
cdepsnl. II03TOMY HEYAUBUTEIBHO, YTO OTMEUYCHHBIC
MMIKOBBIE OCOOEHHOCTHU JIEHAPOXPOHOTIOTUH MOKKE-
BEIbHUKA [IpKEBAJIBCKOTO B3aUMOCBA3AHBI C KINMa-
TUYECKMMU AHOMAIUAMU B IPYTUX PETUOHAX 3EMIIN.
Tak, K HACTOSMEMY BDEMEHU HAKOIIJIEHO OYEHb MHO-
I'O HAJCOKINMATUYCCKUX CBUACTEILCTB TOI'O, YTO
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KaneHgapHble rogbl

[leHApOXPOHONOTUSA, MOCTPOEHHAA MO [AHHbLIM 43 PALOB rOANYHbLIX MPUPOCTOB MOXKEBENbHIUKA [1PKEBANIbCKOTO, KaX bl U3 KO-
TOPbIX NPOXUA He MeHee 1500 net. KpacHas ctyneHyaras JMHWsS YKa3blBAET, CKOMbKO TOAUYHBIX KOJIEL MPUXO[UTCS HA Kbl

KaneHgapHbIA rog.
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KJIUMATOJNIOrus

KJIMMATHYECKUE YCIOBUA B MacmTabax scero Cesep-
HOI'O IIOJIyIIApus NPUMEPHO 32 4250 €T 10 HACTOA-
METO BPEMEHU OBIIM KpaliHE HEOGIArONPUATHBIMU.
Hanpumep, UMEIOTCA aPXEOTOTUYECKUE CBUJETEID-
CTBA U UCTOPUUYECKUE XPOHUKU, KOTOPBIE COOOMIAIOT,
UTO 3TO BPEMS COBIANACT C KPYUIEHUEM CAMOI'O
JapesHero Erumnerckoro napcraa. Torja e Ipou3on-
J1a IeTpajjalus IPEBHEN [UBUINU3AIUY B MEX/YPEUbE
pek Turpa u Edpara. CXoHOE KATACTPOPUUECKOE
pa3BuUTHE COOBITUN 3dJIOKYMEHTUPOBAHO A JPEB-
HEW UMBUJIM3ALMU HA TeppuTOopun MHI0CTAHA.

B monbITKax BBISICHUTH, Y€M BBI3BAHBI BCE 3THU Ka-
TaCTPOPBbl, Y4EHBIE OOPATUIN BHUMAHUE HA TO, YTO
npumepHo B 2310 1. 10 H.3. IPOUSOLLIO YPE3BbIYAN-
HO MOINHOE M3BepKeHue BynkaHa lexma B McmaH-
aun. B atmocdepy 6610 BEIOPOMIEHO HECKOIBKO JlE-
CATKOB KYOMYECKHUX KMIOMETPOB IPOAYKTOB 3TOTO
u3pepxkeHus. ClIOM BYJIKAHWYECKOIO memsa IeKisl
Hal/JJeHbl BO MHOTUX TOYKAX IUIAHETHL. 3aNbUICHUE
aTMOC(epHl IPUBEJIO K PEZKOMY MOXOJIOAAHUIO, KO-
TOPOE, TO-BUAUMOMY, UMEJIIO MECTO BO BCeM CeBep-
HOM nosymapun. CeBeEpOAMEPUKAHCKUE OCTUCTHIE
COCHBI TAKXK€ 32(PUKCUPOBAIN 3TO COOBITUE, 3AME]L-
JIUB CBOM POCT.

YTO KACAeTCA COKPALUIECHUS I'OJUYHBIX IIPUPOCTOB
MOKKEBEIbHUKOB IIpKEBAIBCKOIO B CEPEJUHE 2-TO
TBICAYEIETUS JO H.3., TO €I'0O MOXKHO CBA34Th C JPYIroi
U3BECTHON KaTaCTPOPOU — HU3BEPKEHUEM BYJIKAHA
Tepa Ha rpedeckoM octpose CaHTOpuH. OHO IpO-
M“301UI0 0K0JIO 1610 . 10 H.3., U C HUM PUHSITO CBS-
3bIBATh MCYE3HOBEHHUE CAMOW JIPEBHEI I'PEYECKOU
LUBUIM3AIMH, HA3bIBAEMOU MUHOUCKOM,

Takum 006pa3oM, KUTANCKUE MOXKKEBEIbHUKHU-
JONTOXKUTENHN €lle Pa3 MOATBEPJUIN, YTO MHOTHUE
JPEBHUE [UBUJIM3ALUM, CYLIECTBOBABIIUE B 3-M
U 2-M TBICAYEIETUAX O H.3., CTAJIU KEPTBAMU KaTa-
CTPO(PUUECKUX BYJIKAHUYECKUX U3BEPKEHUI.

MHTEPECHO, YTO HECKOJABKO COTEH JIET CIYCTA I10-
CJI€ 3TUX M3BEPKEHUN TOJNIMMHA TOLUYHBIX KOJIEI]
MOXKEBETBHUKOB [IPKEBAIBLCKOIO PE3KO BO3POCIA.
[TpeaCTaBIAeTCa BEPOATHBIM, YTO OIPOMHOE KOJIHUYE-
CTBO BBIIIABIIEIO BYJKAHUYECKOI'O NEIUIA CHAYAIa I10-
JABWIO JKU3HELEATEIbHOCTb PACTEHUM, A 110 IPOIIe-
CTBUM HEKOTOPOTO BPEMEHH, HA0O0OPOT, OOOTATUIO
IIOYBBI MUHEPAJIAMH M TEM CAMBIM YCKOPUJIO POCT Jie-
pesbeB. Tak B JJOJIOCPOYHON NIEPCIEKTUBE CBEPX-
MOIIHBIC BYJIKAHUYECKUE U3BEPIKEHUS CIIOCOOCTBOBA-
JIA PA3BUTUIO HOBBIX U€JIOBEYECKUX LIMBUIN3ALIUIL B

IIpu BHINOTHEHUH AAHHOU padorsl H.M.JanmeHko u JI.M.COHEYKHUH MOJb30BATHCH (PHHAHCOBOM MOJ-
aepkkort POOU (mpoextst 16-05-00140 u 16-05-00092).

Annual tree-rings of Chinese junipers — a unique chronicle of the climate

N.M.Datsenko', D.M.Sonechkin, C.Qin?, J.-J.Liu’, B.Yang®

'Hydrometeocentre of Russia (Moscow, Russia)

:Shirshov Institute of Oceanology, Russian Academy of Sciences (Moscow, Russia)
*Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences (Lanzhou, China)

Dendrochronology is a science which studies features of the annual tree growth. This science arose at the beginning
of the 20th century when some American researchers, studying time series of the annual tree-rings of the sequoia
species, found that widths of the tree-rings changed with a period similar to the 11-year period of the Sun spot varia-
tions. Interest in the dendrochronological studies increased during the second half of the 20th century when scien-
tists began to use records of the tree-ring width as indicators of the past climate changes. In this regard, tree-ring
records of the trees which grew near the upper and northern timberlines of the corresponding tree species were con-
sidered carefully. Among them especially interesting are records of the junipers growing on highlands on the north-
east margin of the Tibetan Plateau such as Juniperus przewalskii which age can exceed one thousand years. Based on
a number of the records of thousand-year-old Juniperus przewalskii it was succeeded to establish that approximately
in 4200 years before present the tree growth was sharply slowed down. It occurred just at that time when, according
to archaeological data, the most ancient Egyptian Kingdom and several other ancient human civilizations broke up
(in China, India, and Mesopotamia). The available geological data allow to attribute these civilization catastrophes to
the very power explosive eruption of the Hekla volcano in Iceland. One more period of a sharp deterioration of the
tree growth was found near 3000 years before present. It coincided with the very powerful eruption the Santorino vol-
cano in the eastern Mediterranean which entailed the death of the ancient civilization on the Crete Island. Connection
of both explosive volcanic eruptions with the deaths of the most ancient human civilizations was established earlier.
However, tree-ring records of the Chinese junipers long-livers, specified for the first time that after the few hundred
years after these eruptions conditions for the tree growth became very favorable. Perhaps, it occurred because prod-
ucts of the volcanic eruptions, which traces were found practically everywhere in the Northern hemisphere, enriched
soils. It is not surprising that during these periods many new human civilizations arise.

Keywords: dendrochronology, juniper, tree-rings, volcanoes, ancient human civilizations.
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CAegbl 3emaempsiceHUs
B NeujepHom ropoge Bapg3ua

A.M.KopxeHnkoB, A.A.Bapgauan, P.IO.CraxoBckas
Hruemumym Gusuxu 3emau umenu O.FO.IlImuoma PAH (Mockea, Poccus)

B cTaThe NPpUBOAUTCS ONMUCAHUE IePOPMAIIUIT B IENEPHOM ropojie Bapaszua — ucropndyeckom namsaTauke XI1-XIII Bs.
B IOxHO# I'pysun. CTPOUTENBCTBO MEMIEPHOTO I'OPOJAd C MHOI'OYMCJIEHHBIMU MOCTPOMKAMH, HAPCKUMH IMAJATAMH,
LEPKBSAMU U MOHACTBIPEM IPOBOJUIOCH CIIEIIUAIBHO, YTOOBI CKPBITh €I'0 OT 3JIEMIIUX BPAI'OB — IEPCOB U TYPOK. O/1HA-
KO B PE3YJIbTATE CUIBLHOIO 3eMieTpsacenns B KoHue XIII B. IpUIIOBEPXHOCTHBIN CJI0U HA CKJIOHE I'OPBI, CKPBIBABIIMH I'O-
poJ, OOPYIINIICA U BCE BHYTPEHHUE CTPOCHUA OOHAKUINUCE. [JO CUX IIOP HEU3BECTEH TOYHBIHN I'0OJ] IPOU3OIIEJIIEl CEUC-
MHYECKOHN KATACTPOPHI, 4 TAKXKE MOJOKEHUE €€ INMUIEHTPATBHON 061ACTH. B X0/1€ HAmMUX UCCIeI0BaHUi B Bapaszun
OOHAPYXUIUCH CENICMOIE€HHbIE TPEMMHBI B CTEHAX IEIEPHBIX TOCTPOEK, 4 TAKXKE NPOABJECHUE TAK HA3bIBAEMOU 1IBET-
KOBOW CTPYKTYPBI, KOTOPAsl OJJHO3HAYHO CBUJETEIBCTBYET O BBIXO/IE CEMCMUUYECKOTO O4Yard JPEBHETO 3EMJIETPICEHUSA
MMEHHO B IIEMEPHOM I'OpOi€, 0113 INIOCKOCTU OI'POMHOIO JIPEBHETO ONOJI3HSA. 3[J€CH XK€ IPOXOJAT AKTUBHBIE PA3JIOMBI
CEBEPO-3AMAAHOIO IPOCTUPAHMA, KOTOPBIE CMEMIAIOT YETBEPTUYHDBIE OTIOXKEHUA P.Kyprl, IpOTEKAIOMEN Y OLHOXKHUA
CKAJIbHOI'O KOMIIIEKCA. MBI IPEAIIOIArdeM 1 110 CAMOM JOJIMHE PEKH HAJTUYME AKTUBHOM PA3JIOMHOM CTPYKTYPBI, CKPBI-
TOU 34 CEMb CTOJETHH IIOCJIE 3EMJIETPICEHUS PEYHBIMU HAHOCAMU. ['PY3MHCKHUE CEMCMOJIOTH, OJIHAKO, 0003HAYAIOT
3MUIIEHTP OOCyx)/jaeMoro semserpsiceHuss B 100 KM ceBepo-BocTOouHEe Bapjasuu, Heganeko or r.fopu. Bo3amoxkHO,
BO BPEMS JIDEBHET'O CEMCMUUYECKOTI'O COOBITHS (IIPOJLOJIKABIIEIOCS, KCTATH, TPU MECSAIA) IPOU3OLIIO BCIAPbIBAHUE HE-
CKOJIPKHX CEMCMOICHHBIX PAa3pbIBOB HA OGOJBIION IUIOMAAUN I0KHOU U LEHTPaIbHOU vacTel I'pysun. Takum o6pa3omM,
UCCJIENOBAHME NTAPAMETPOB CUIBHOIO 3emieTpacenus XIII B. HAXOAUTCA €lle TOAbBKO B CAMOM Haudase. ApXeo-, Majaeo-
U UCTOPHUKO-CEUCMOJIIOTUYECKUE UCCIEAOBAHUA B PETUOHE JOJLKHBL OBITh IPOJOJIKEHBI g 00JI€€ NPABUIBHON OLCHKHU
cericMuuyeckoi onacHocTu Pecnybnnku I'pysus.

KnroueBsie ciaoBa: I'pysus, Bap/jsus, nemepHsie ropo/ia, IPEBHUE 3€MJIETPSICEHUS], AKTUBHBIE PA3JIOMBI, [IBETKOBAS
CTPYKTYpa, CEHCMUYECKUE 1eDOPMAITHH.

Ap/I3Na — MEMEPHBIM MOHACTBIPCKUU KOMILIEKC

XII-XIII BB., BBIAAOMMUUCA NAMATHUK CPETHEBE-

KOBOT'O TPY3MHCKOTO 30j4ecTBa. OH pacno-
JIOKEH BOJIU3U OJHOUMEHHOIO Celd B ACIUH/J3CKOM
p-ue nposunnuu Campxe-/JxaBaxeTu, B JOIUHE
p.Kyper, npumepHo B 70 KM K 101y OT r.bopxxomu. Ha
NPOTSKEHUHU TOYTU KMJIIOMETPA BIOJIb JIEBOTO Oepera
Kypel, B OTBECHOI Ty(OBOH CTEHE I'Opbl DPYHIETH
(Megpsexbpen) BpicedyeHO Oonee 500 moMemeHu:
LIEPKBEI, YACOBEH, JKUJIBIX KEJIUMH, KI4JOBbIX, OdHb,
TPANE3HBIX, KABHOXPAHUIUII, OGUOIUOTEK. DTOT KOM-
IIJIEKC YXOAUT HA 50 M BIIyOb CKAJIBI U TOAHUMAETCA
Ha BBICOTY B 13 3Taxer. COXPAHUINCD IIOTANHBIE XO-
Jbl, CBA3BIBABIINE IOMEMIEHUA U OCTATKH BOJOIPO-
BOJIA U OPOCUTENBHOI CUCTEMBDI.

NcTopuueckuin akcKypc

CrpownrennscTBo Bapasnu navanocs B 50-€ roant XII B.
1o npukasy naps leoprus III. OgHAKO €My HE XBATHU-
JIO BDEMEHHU, YTOOBl 3aKOHUYUTH Aeno. B 1184 1. oH
CKOHYAJICA, OCTABUB COOPYKEHHUE IEIEPHOIO KOM-
IIeKca B camoM pasrape. Tpou nepemien govepu Te- PacnonoxeHue uctopuyeckoro namaTHuka Bapgsuma (nokasaHo
oprust I — Tamape. UMEHHO NPU HEW ObLT 3a/[yMAH  KpacHbIM NPAMOYroNbHUKOM) 6113 rpanuubl ¢ Typuueit. 3ses-

AOYKOWN 0003HAYeH MpefnosaraemMblit AMULEHTP 3eMaeTpsace-
© Kopxenkos A.M., Bapgansan AA., Craxosckas PIO., 2017 Hua 1283 r. (1275?).
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Anopeit Muxaiinroeuu Kopicenxog, 00k-
mop 2e01020-MUHePANO2UHECKUX HAYK, 3d6e-
oyrouuti rabopamopuett naneoceicmonoun
u naneozeoournamuxu Hucmumyma Guuxu
Semnu umenu OJOIlImuoma PAH. Obracmo
HAYUHBLX UHMEPeCO68 — apXeoceiicmMoN02Us,
naneocelicmonozus, CmpyKmypHas 2eomop-
ponozus, oyeHKa ceticmueckol OnacHoCmi.

Acmux Amomoeéna Bapoaunan, xanouoam
PUSUKO-MAMeMAMULECKUX HAYK, HAYUHbLI
compyonur moti ae nadopamopuu. Cneyua-
AUCT 8 00NACMU APXeOCeliCMON02UL, Ma2He-
MU3Ma 20PHLLX NOPOO, NALEOMALHEMUSMA.

Pumma IOpveena Cmaxo6écKkan, Kanouoam
PUUKO-MAMEMAMULECKUX HAVK, CMAPULLLL
HAYUHBLIL COMPYOHUK MOLL e n1abopamopuu.
Kpye nayuneix unmepecog oxeamoiéaem ap-
Xeoceicmonozuro, 2pasumalilOHHO-Mexar i -
yeckoe U 2e00UHAMUTLECKOe MOOAUPOBAHIE.

HoO HUYTO HE BEYHO, B KOHIIEC
XIII B. 1 3Ta KPENoCTh naja —
NIPUYEM TIaJ1d B IPIMOM CMBICIIE
csoBa. I[Tokopunu ee He Bpa)ec-
KHE CUIbl, a4 KyAa 6oJjiee MOIl-
Hbl€ — CHJIBI IPUPOALL. B 1283 1.
3EMJIETPACECHUE PA3PYLIIUIO 6O0JIb-
VIO Y4CTh KOMIUIEKCA. B pe3yib-
TATE€ CEMCMHUYECKON KaATACTPO-
(Bl OT CKaJabl OTJAEAWICH U yHaJl
B Kypy BHEHNIHUN NPUCKIOHOBLIN
IIACT IIOPOABI TONIMHOM 10 15 M.
OH 06HaXUJ OOJBITUHCTBO BHYT-
PEHHUX INOMEUIEHUH, 4 MHOI'UE
13 HUX U BOBCE paszpymunia. CKphI-
TBIMH B TOJIIE KAMHSA OCTAaJIUCh
JINIITb HECKOJIBKO BHYTPEHHUX ITe-
pexojoB U 3a10B. B ogHOM U3
HUX 10 CHUX IOP YUCTBIU XOJIOJ-
HBI MCTOYHUK CHAOKAET BOJOM
MOHA4XOB.

Takum o6paszom, Bapasua yr-
paruia OOGOPOHHOE 3HAYECHUE.
B xonme XIII — nHauvane XIV B,
BO BpEMSl MPABJICHUS CAMIIXUIL-
CKOro KHf3s bekn J[’Kakemu, Mo-
HACTBIPb BOCCTAHOBUJIU U JOCT-
pounu. CHApPyKU BO3ABUIIU KO-
JIOKONBHIO. B 1551 1. ropop uac-
TUYHO PA3PYIIUIN NEPCHL, 4 YEPE3

3TOT MPOEKT, U NPU €€ KU3HU CTPOUTEILCTBO, IPO-
JOJUKABIIEECa MoJyBeKa, B 1205 1. 3aBEPHINUIOCS.
Bapjasua He MMeNna HUCKYCCTBEHHBIX YKPEIJIEHUU.
KpenocTHoi CTEHON CIyXuJIa CKanad, BHYTPU KOTO-
POl OT YyXKUX IJIA3 HAJICKHO YKPBIBAJICSA I'OPOJA-MO-
HACTBIpb. KpoMe penuruno3Hoi OpueHTAIuN, OH BBI-
MOJIHAN ellfe (PYHKIUIO 3aMUTHYI0. MOHACTBIpb-KpeE-
NOCTh 3AIUINAT JOMUHY PEKU OT MOTEHIIUAIBHBIX
ATAK TYPOK M IEPCOB. B BOEHHOE BpeEMA 3[4€Ch HAXO-
JIMJIa CBOE YOEXKHUIIE 11APCKAS CEMbS. C «BHEIMIHUM MU-
pom» Bapasuio coeJUHATN TPHU MOA3EMHBIX BBIXO/A.

O IPOUCXOXK/JEHUU HA3BAHUS TOPO/IA CYIIECTBYET
Jerenia. JapHo, korja mnapuia Tamapa 6b1a ene ma-
JIEHBKOU JE€BOYKOI, OH4 IIPOCTO 0OOO0XKANAd HUIPaATh
B HEJOCTPOEHHBIX Iemepax. OJHAXKAB B UTPAX IPHU-
HAJI YIACTHUE €€ A1, KOTOPBI HEOXKUJTAHHO TOTE-
psan pebeHKa M3 BUJA, U TOIJA JJEBOYKA I'POMKO
U 3BOHKO KPDUKHYJIA «AK Bap, A3ual> — <« 3nech, -
nsil». [TocneiHue CoBa 3TOM (PPa3bl MOJXBATUIO IXO
U TYJIKAM 3BOHOM PA3HECIO MO BCEM KOMHATAM Ka-
MEHHOTI'0 TOpo/a. DTO 3X0 ycabiman leoprun 111 u no-
BEJIEJI UMEHHO TaK — Bap/i3na — Ha3BaTh CTPOAMIMUII-
€5 MOHACTBIPb.

20 nmer mpuLUIM TYPKH, U MOHAC-
TBIPb IMPEKPATUI CBOE CYMIECTBO-
BaHue. TypKHM COXIJIM KUBbEM
BCEX MOHAXOB B €I'0 IJTABHOM Xpa-
Me. B 1828 1. pycckasd apmust OTBO-
€Basia 3Ty 06J1ACTh, © MOHACTBIPD
CHOBA HAa4aJl JCUCTBOBATH
CoBpeMeHHas Bapas3ua — HE6O0IbIIAs 4aCTh TOTO,
4TO OBLIO NMOCTPOECHO U3HAYAIBHO. 3EMIIETPICECHUE
1283 1. IPAKTUYECKU YHUYTOXKMUIIO IIEIEPHBIA 'OPOJ,
Y MBI BUJIMM JIMIIb PyUHBL B centabpe 2004 1. Munu-
CTEPCTBOM KYJIBTYPBI, OXPAHBI NAMATHUKOB U CIIOPTA
I'py3um 6bIM NPOBEAEHBI PAOOTHI IO PEAOUIUTALIUN
MOHACTBIPCKOTO KOMIIJIEKCA: BOCCTAHOBUIIM OTBOJA-
e CUCTEMBI U l'IO,E[I'IOpKI/I7 yL[Cp)KI/IBHIOH_U/Ie KaAMHU,
OYUCTUIN BEPXHIOID CKaly, 3AJI€YUIN ONACHBIE Tpe-
MIUHBI U OCTAHOBUJIN NPOIECC UX PACHIUPEHUS.

Cneabl celcmuyeckux pedopmauuni
B Bapa3uu

To, uTO Bap/3uIo paspymuno CpeHEBEKOBOE 3EMIIE-
TPACEHMUE, HU Y KOT'O HE BBI3BIBAET COMHEHUM. A OCTA-
JIUCh I CPEJU PYUH CJIEABI, IO3BOJIAIOIUE CYJUTD
O CEMCMUYECKUX JlehopMaALIUAX?

Tak Kak IMOMEIIEHUSA TOPOJiA BLIPE3AHBI B CKANb-
HBIX TPYHTAX, HE CIEAYET OXUJATh OOJBHIOTO KOJHU-
YeCTBA «MCTUHHBIX> CEMCMUYECKUX IOBPEKACHUMN:
HAKJIOHOB U BBIJIBUDKEHUI, 4 TAKXE IOBOPOTOB CTPOU-
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Komnnekc newepHbix COOpyxeHuii B Bapasnu.
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Cy6Mepl/IJJ,VIOHaJ'IbeIe TpeWwNHbl Haf, OKOHHbIMU U ABEPHBIMU NpOE€MaMUN BHYTPEHHUX
KOMHAT nelepHoro ropoaa.

TEJbHBIX KOHCTPYKIUI. Bo BpeMms
CEUCMUYECKUX KOJIEOAHUN B IIe-
MIEPHOM TOPOJIE€ HETAE MPOABUTD
cebs cune wuHepnuu. OcobeH-
HOCTb Bapaszun — 60JbIIOE KOJIU-
YECTBO TPEIIUH, KOTOPBIE MOTYT
6BITh HEOONBIIUMU. OHU pa36UBa-
I0T Y9aCTH CTEH Haj JABEPHBIMHU
1 OKOHHBIMU NTPOEMaMH, PACIPO-
CTPAHSIOTCS HA MTOTOJNOK U YXO/AT
Ha BCPTHUKAJbHBIC CTCHBI 3HAYU-
TEJIbHBIC TPEIIUMHBI CO CMEIEHUEM
CEKYT JIECTHUIIB U BEPXHHUE YACTH
JIECTHUYHBIX Mapiiei. MeXaHu3M
00pa30BaHU MOAOOHBIX TPEIUH
IIOK434aH Ha PUCYHKE (CM. €.59).

CaMbl€ 3HAYUTEIBHBIC 110 IIPO-
TSOKEHHOCTH TPEI[MHBl HaO6II0-
JaoTca 6J1U3 CKJIOHA TOpPBl Dpy-
meTu. MIx o6pazoBaHue BO Bpe-
MsA CPEJHEBEKOBOTO 3E€MIIETPACE-
HHUS U CMCIICHHUE O HUM IpH-
CKJIOHOBOTO Maccusa [1] npuse-
a1 K OOHAXXKEHHUIO BHYTPEHHETO
Aa/]pa TOPOJA, CKPBITOTO JJO CEHC-
MHUYECKOH KaTaCTpOdhl OT HE-
CKPOMHBIX I'7123.

TpeLI.lVIHa B KOJIOHHE, BepTVIKaJ'IbHOVI CTe€He U Ha NOTONKe.
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L0 3eMNeTpaceHns

BO BpemsA 3eMNeTpAaceHmA

—_—e—
nHepLMa

ceﬂcwjecme
BO3QENCTBUE

1

nocne 3emMNeTpaceHmns

npOTﬂ)KeHHble Cy6|.|.|VIpOTHbIE TPeLWNHbI CO CMelleHneM (CJ'IEBa) B I'IpMCKJ'IOHOBOVI Yactn Mogpenb 06pa3OBaHVIﬂ TpewWwnH Hag u nopj,
Bapp,3vwl U TpeLlnHbl, CEKyLWKNE NeCTHULbI U NPOCTPAHCTBO HAf IECTHUYHLIMU MapLllaMu. BXO4AaMU U OKOHHbIMWU NpoemMamMu.

Cy6BepTuKanbHas CTEHA Ha I0XKHOM CKJIOHE ropbl IpylweTy, npeacTaBasiowas co60i NN0CKOCTb CKONbKEHUS CKANbHOTO OMOJ3HS,
KOTOpbIIl COWEN BO BPEMA 3eMIETPSCEHNA. Y NOAHOMKMUA CTEHbI IEKAT KaMeHHble 6I0KN — NpPOAYKTbI 06pyWeHuUs.
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Fpe pacnonaranca oyar 3eMmneTpaceHus
XIII BeKa U KaKOB ero TOYHbI BO3PacT?

B cericmuyeckom Karanore EM.broca (1948) mbl Hax0-
guM: «1283 1. CuapHOE 3EMIETPACEHUE NTPOABUIOCDH
B Muxera. Pazpymen kagpeapanbHblil CO60P; OHO IIPO-
JIOJIKAJIOCh ITOHE/IEIbHUK, BTOPHUK, CY6O0TY U TOBTO-
pusoch B Bennkoe Bockpecenbe. B Anksape [HbiHe All-
XypH, OKoJIO bopxomu. — AK| paspylieHa LEPKOBb.
ODTUM K€, BEPOATHO, 3€MJIETPACEHUEM PA3PYLIEHO Ce-
seHue OxoHa. B obnactn Camuxe 3eMIeTpsICcEHUE
NPOJOJIKAIOCH TPU MECALd. BO3MOXKHO, K DALY 3eMIIe-
TpACeHUN 1283 I. I0JUKHO ObITh IPUYUCIEHO 3€MJIE-
TPACEHUE, UMEBIIEE MECTO B JIeuxyMme, Ipu KOTOPOM
6bLT paspyineH JIa6eImHCKUN MOHACTHIPD (6 KM OT AJl-
MIaHBI)»>. B KauecTBe UCTOYHUKA HH(MOPMaLnnu bBioc uc-
1oJ1b30BaJ «KaTanor semerpacenut Poccuiickom nm-
nepun» M.Mymxkerosa u A.Opnosa [2], «feorpapuio
I'pysun» napesnuya Baxymru [3] 1 KHUTY «3eMieTpsace-
HUA B Ipomiom» M. Jxanamsunu [4].

B camom nonHoM «HOBOM KaTaJI0re CUIbHBIX 3EM-
nerpacenunt Ha teppuropun CCCP ¢ gpepHenmux
BpeMeH 0 1975 r» [5] aBrOopamu pasjena «I'pysus»
(B.IITananamsunu, M.A Arisagumsuinu u O.Il.Bapasa-
HAIBWIN) CO CCBIIKOM HA JIETOIIUCHBIE MATEPHAIIEI (O]
NIPUBOJUTCS HIDKECIEAYIOUIEE ONMMCAHUE 3EMIETPACE-
nus: «Hacrynuna CrpacrHas Hepend. B Benukylo cpeny
COTPACIACH 3€MJIA CTPAIHO. [IOTOM OHA COTpACANACDH
eme B 4yersepr, HO cjaabo. Hacrynuna cy66ora. K 34
JHs THEBOM BO33pes1 [ocnionp Ha BeeneHnylo u coTpsc
3EMJIIO C OCHOBAHUEM €€ TAK, YTO PA3BAJIMINCH I[EPK-
BU U MOHACTBIPH, NPEBPATUIUChL B O€C(POPMEHHYIO
MACCY KPENOCTHU, JOMA; TOPBL M XOJIMBI BBICOKUE CMA-
JIUCh, CKAJIBI PACCENIUCH; 3€MJIA TIOTPECKANIACH U U3BEP-
IJ1d BOALY, IIOXOKYIO Ha CMOJIY; BLICOKHE [IE€PEBbs BAJIN-
JIUChb U KA4alIuCh. 1IepKOBb B AKLBAPE PA3BAIUIAC:
AKKypckas boropoauna IOKOMIACh IOCEPEAUHE
LEPKBHU, KyIIOJ OOOPBAICS U, MOAOOHO IIAIKE, OIYC-
TUIACA Ha Hee. [HeB boxuil mocTtur TojsbKO Camiixe,
U 3€MJIETPACEHUE TAM JUIMJIOCh HA NPOTAKEHUHN TPEX
mecanes. Paspymmuica Takke MIXETCKUH XpaM.
B Camiixe noru60 MHOXKECTBO JIIOJCH, U HUTJIE HE OC-
TAJIOCh B LIEJIOCTU HU XPAMa, HU LIEPKBY, HU KPEIIOCTH.
[T1a4 ¥ pbJaHUE OBITM HEU3MEPUMBI>. DTO KE OMUCA-
Hue ncrnoab3yioT AJl.IIxakas u B.I.[lananamsunn B pa-
6ote «Cericmnueckue ycnosusa Kaskasa» [7].

'PY3HHCKHE aBTOPBI AAI0T CIAEAYVIOMUE IIAPAMET-
pul cobbiThs: 1275 1., 14 anpend, KOOPAUHATHL 3€M-
nerpsacenus — 42.1°c.., 44.2°B.11.; I/IyOMHA TUIOLEH-
Tpa — 28 KM, maruutyga M = 6.7, UHTEHCHUBHOCTb
CEMCMUUECKOTrO BO3jeHcTBUd [, = 8-9 6amnos (1o
mKane MSK-64). [To MHEHUIO UCCIEI0BATENCIH, 3eMITe-
TPACEHUE CIYYUJIOCh HE B 1283 I. (KaK 3TO YKA3aHO
B KaTanore bioca), a 14 anpena 1275 r. (Kak 310 060-
3HA4YEHO BJieTonucy). [Tamanamsunu u lIxakas Taxkxe
KpuTukyloT B.CXpoMOBCKUX [8], KOTOpPBIH, CKOpeEe
BCETO, 3aBbICMJI MHTEHCUBHOCTb 3TOIO 3€MIIETpsCE-
HUS B 3IUIEHTPE 0 9 6A/I0B.

Ho 13 06Cyx/1aeMO¥ CTATbU HE SICHO, IOYEMY aBTO-
PBI IOMEIAIOT AMULIEHTP 3EMIETPACEHUS K CEBEPY OT

r.fopu 1 Kak OHU ONIpeeUIN ITyOruHy odara (28 Km)
1 9HEPTETUYECKYIO MOIHOCTD 3eMaeTpaceHus. Cyad
IO TOMY, YTO Pa3pPYIIAINUCh HAUOOIEE KPETIKUE, XO-
pOIIO MOCTPOEHHBIE 3AAHUA (KPEMOCTH U MOHACTHI-
pPH) U IPOUCXOAUIN 3HAYUTENbHBIE U3MEHEHUA pe-
apeda («ropel U XOJMBl BBICOKHE CMSJIHCh, CKaJIbI
paccenuch»), MHTEHCUBHOCTb KOJIEOAHUN B 3MUIICH-
TPAJbHOU O6JACTH JJOJIKHA JEUCTBUTEIBHO OBITH HE
MeHee 9 6aIoB.

BaxXHO OTMETHUTB, YTO, COTTTACHO JIETOMTUCAM, CEVC-
MHUYECKHE YAAPBl MPOJOJIKAINCH HA IMPOTAKEHUU
TpeX MecAleB. B CBI3M € 3TUM y HAC BO3HUKAET P
BOINPOCOB. Korja xe npou3onies IIaBHbIHA yaap, KAKOK
CUJIBL OH GBI U NPEBAPSAIICS IU UHTEHCUBHBIMU (DOP-
moxkamMu? HaCKOJIbKO ObLIN CHIIBHBEL A(PTEPIIOKU U TAE
pacmosaraiuch MUX 3SMUIEHTPBI? AKTUBU3UPOBAICA
JIAIIb O/INH CEHCMOTE€HEPUPYIOMUI PA3/IOM WU B «UT-
Py» BCTYIIWIJIU ONEPSIONINE UIN COCEAHUE?

Bonpocel atu coBceM He mpazjHble. Ham onbT
U3YYEHUS CUJIBHBIX 3EMJIETPACEHUHN yUUT, UTO MpU
HHX 32494CTYI0 AKTUBU3UPYETCA HE OIUH PA3JIOM, CUH-
TAIOMUICA TIaBHBIM. Tak, MCCIEJOBAHUE SMULEHT-
panpHON o6sacTu CyyCAMBIPCKOI'O 3EMJICTPIACCHUS
1992 1. (M, =7.3,1, = 9-10 6am10B) Ha ceBepe Kupru-
3UH1 [TOKA34710, YTO BO BPEMS CEHCMUYECKOTO COOBITHS
IIPOU3ONUIO BCHAPBIBAHUE JIBYX PA3JIOMOB: KPA€BOI'O
CyyCaMBIpCKOI'O U HPEATOPHOrO ApaMCyHUCKOro [9].
Bronp HUX OOPA3OBAIUCH CEMCMOYCTYIBI (BBIXO/BI
CEMCMHUYECKOIO 0O4Yara Ha IOBEPXHOCTDH), PACIIOJIO-
JKEHHBIE HA PACCTOSHUU 25 KM JIpyT OT apyra. Kpome
TOT'O, IVIABHBIIN TONYOK C M = 7.3 CONPOBOXK/AJICSA CUJIb-
HBIMHU adTepmokamu ¢ M = 6.0-0.5, KOTOPBIE IPOUC-
XOJHWIN B TEUEHUE YETBIPEX YACOB MOCIE OCHOBHOTO
semneTpscenus. bonee cinabele aTEPMIOKU IPOAO-
JKAIUCh B PETHOHE HECKOJIBKO JIET.

[Ipu 3eMIETPSACEHNH, MOBpeAUBINEM Bap/asuio,
MO-BUJUMOMY, UMEI MECTO aHAJOTUYHBIN Ciydait.
Ha TeppuUTOPUIO JIPEBHETO TOPOAA COTPYJHUKAMU
Téunucckoro ynusepcureTa uMeHu Mnpu Yasuasaj-
3€ COCTABJIE€HA TEOJOIMYECKas KapTra Macmrada
1:10 000. Ha HEH Ha 1€BOM (CEBEPHOM) CKJIOHE J0-
nuHE! p.Kypsl MOKa3aHBI AKTUBHBIE PA3JIOMBI CEBEPO-
3aMaIHOTO NPOCTUPAHUSA, CMEIAONUE BCE IOPO-
Jbl — OT HWKHEMJIHUOIIEHOBBIX aHJAE3UTOBBIX U JALIU-
TOBBIX TY(POB /IO COBPEMEHHOTO PEYHOTO AJUIIOBHUS.
JaHHbBIE pa3lIOMBl — COPOCO-CABUTH — OOIAAAI0T
[IPaBOCABUIOBON cocTassAwomen. CeBepo-BOCTOY-
HOE UX KPBIJIO OMYIIEHO U CBUHYTO K I0I'O-BOCTOKY.
JIIOB6ONBITHO, YTO PA3JIOMBI JOXOAAT A0 PyCla PEKHU
1 TaM OOpPBIBAIOTCA. HET HUKAKUX MNPU3HAKOB HUX
NIPOJOJKEHNS HA MIPABBIN OEPET NONTUHBI.

OcMmenumes NPeANoNOK AT, YTO TAKOE MOBEJEHUE
BBITNECOITMCAHHBIX CprKTyp MOKHO OOBSICHUTDH JIMIIh
B €AMHCTBEHHOM ciydae. OHU JOJKHBI YIHPATHCA
B €II€ OJUH Pa3JOM MNEPHEHAUKYIIPHOIO IPOCTUPA-
HUsA, KOTOPBIA INPOXOAUT MPAMO 1oj pycioMm Kypel
1 HE BUJEH M3-34 COBPEMEHHBIX OTIOXKEHWUI DPEKM.
Y HaC €CTb KOCBEHHBIE CBUJIETENBCTBA TAKOTO PA3JIO-
Ma. OH, IO-BUJIUMOMY, IIPEJCTABIAET COOON HE €au-
HUYHYIO IVIOCKOCTDb PA3PbIBA, 4 LIENYI0 PA3TOMHYIO 30-
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CxemaTuyeckas reonoruyeckas kapta panoHa Bapasum u ee ok-
pecTtHocTeil (no matepuanam TOUIMCCKOTO YHUBEPCUTETA UMEHM
Wnbu YaBuaBapse, C U3MEHEHUSMU U AONONHEHUAMMN). 1-3 — co-
BpPEMEHHble OTNOXKEHUSA: 1 — AentoBuanbHble U ONON3HEBbIE, 2 —
NpoNoBUaNbHble, 3 — aNOBUANBHLIE; 4 — HUKHEYETBEPTUY-
Hble 6a3anbTOBbIE CIOM, C ONIMBUHAMU W JONEpUTaMU; 5 — Bepx-
HeNMOLEHOBbIE—HMUKEUYETBEPTUYHbIE BA3aNbTbl, LONEPUTHI, aH-
Ae3UT-6a3anbThl, NECYAHUKM U TUHbI; 6 — HUKHENNNOLEHOBbIE
aHAe3NThbl, aHAe3NT-falNThl, AALUTEl U PUOAUTLI; 7 — BEpPXHe-
MUOLLEHOBbIE—HWKHENMOLEHOBbIE aHAE3UT-AALUTOBbIE BYNIKA-
HUYeckne Bpekynn 1 Tydbl, aHAE3UTOBbIE NMOTOKW; 8 — HUXKHe-
MUOLIeHOBbIE CneKwneca Tyd)bl aHae3nT-faunoToBoro U AauunTo-
BOro COCTaBa (MrHUMOPUTHI); 9 — aKTUBHbIE Pa3NoMbl. KpacHbiM
LITPMXOM MOKa3aHa Tpacca npegnonaraemoro pasnoma no p.Kype.

Hy. ITocneaHas MOXeT COCTOATh U3 HECKOJIbKUX (MHO-
I'X) Pa3PBIBHBIX IJIOCKOCTEHN, KOTOPBIE PA3AEAAIOTCA
HEPA3JPOOIEHHBIMU YYACTKAMU ITOPOJI.

MBI yK€ YIIOMUHAJIU O TPEWUHAX CO CMELEHUEM
B IemepHoM ropozge. OHU NPOCTUPAIOTCA TApa-
JIEJIbHO CKJIOHY U JOJIMUHE PEKU. ECM 10 HUM NIPOUC-
XOJAT TEKTOHUYECKUE CMEIIEHMs, TO IIPABUJIbHEE Ta-
KM€ CTPYKTYPBI HA3LIBATh PA3PBIBAMU. B 1aHHOM CI1y-
Yyae OHU BXOJAT B COCTAB KypHUHCKOH PA3JIOMHOHN 30-
HBL BoJjiee TOro, 3Tu pa3peiBbl COCTABIAIOT TAK HA3bI-
BAEMYIO IIBETKOBYIO 30HY. OHA XOpOIIO BU/JHA B OJI-
HOU M3 JIECTHUIL B BOCTOYHOU YaCTH MEMEPHOTO T'O-
pojaa. [Tpobnema 06pa30BAHUA LBETKOBLIX CTPYKTYP
HE pa3 00CyXJalach C HAMKUMU KOJuIeramu. Mul uc-
KpeHHe npusHareabusl npodeccopy Camupe Ounun
(Ppannus) 32 y4aCTUE B TAKUX JUCKYCCUAX U I[CH-
HBIE€ COBETHI.

HeyausurenpbHo, 4yro pexa Kypa Teder 1o 30HE
passioma. ITouTu BCe KPYIIHbIE PEKU MUpPa (U OCOOEH-
HO B TOPHBIX O0OJIACTAX) HACACAYIOT HUMEIOMIYIOCS

o AnHua

1 .2

3[4 05 M6 7 I8 ~9

Bnok-auarpamma, oto6paxalowas UBETKOBYIO CTPYKTYpY, KO-
TOpas BO3HWKAET B BEPXHE YaCTW 3€MHOI KOPbI B 30HE Kpyr-
HbIX COBWUTOB. cheJ’IKM NOKa3blBAKOT HaNpaBaeHUe CMeleHna
Mo PasfoMHbIM MAOCKOCTAM. KpyXKOK C TOYKOI 03HayaeT aBu-
KeHue 60Ka N0 PassoMy No HanpaBieHUIo K YnTaTento, Kpy-
OK C KDECTUKOM — OT yuTaTens.

He6onblmne paspbiBbl CO CMelLeHWEM B MPUCKNOHOBOI YacTyW newepHoro ropoaa Bapasua, coctaBnsiowme LBETKOBYIO CTPYKTYPY.
Cnesa — o6wuit BuA. TpewMHbI-paspbiBbl HE TONLKO B IECTHULE, HO U BbIlE, U HUXKe Hee. CNpaBa — yBeANUYEHHbI GparmeHT.
MpucknoHoBas pa3buTas YacTb NECTHULbI BbILWE, YEM LEHTPANbHARA YaCTb, YTO NPOTUBOPEYNT [ECTBUIO CUI FPaBUTALMN.
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Pa3JIOMHYIO CeTb. MBI HE MOXKEM CeHYaC YBEPEHHO
CK434Tb, B KAKOM T'OJy W I'Z€ IIPOU3OUIE] IJIABHBII
TOJNYOK CPEAHEBEKOBOro 3emierpsaceHusd. OQHAKO
COBEPIIEHO TOYHO BO BpeMsA CEPUU JIPEBHUX TPEXME-
CAYHBIX 3EMJIETPACEHUN AKTUBU3UPOBANACH U Ky-
PUHCKAaA pa3JOMHAsA 30HA. B TO BpeMA IPOU3OILIO

CMEI[EHHUE 110 HECKOJIBKUM €€ pa3phiBaM. SHAYNUTENb-
HBIA (MOIMHOCTBIO 4O 15 M!) IPUCKIOHOBBIN ILIACT
MOPO/Ibl PYXHYJ BHU3, OOHA)KUB BHYTPECHHIOIO CTPYK-
TYPy T'OPOJa-MOHACTBIPS, rOpoja-Kpenoctu. Iloce
3TOro coobITUs Bapasua crana J1erkou Joosryen s
HE/IPYKECTBEHHBIX COCE/IEH-31XBATYHNKOB. |

IIpoBeAeHHBIE UCCAETOBAHHUA BHIIIOTHEHBI IPH MOAAep:KKe nporpammsl «<HATO pyia mupa u 6€30IacHO-
cTh»> (MpoekThl 983142 u 983284).
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Traces of earthquake in Vardzia cave city

A.M.Korzhenkov', A.A.-Vardanyan', R.Y.Stakhovskaya'
'Schmidt Institute of Physics of the Earth, RAS (Moscow, Russia)

The article describes the deformations in the cave city Vardzia, Southern Georgia historical monument of the XII—
XIII centuries. The construction of the cave city with numerous buildings, royal chambers, churches, and the
monastery was held specially to hide it from the worst enemies, the Persians and the Ottomans. However, as a result
of a strong earthquake in the late XIII century, the near-surface layer of the mountainside, that hid the city, collapsed,
and all the internal structures were exposed. Until now, the exact year of the seismic catastrophe and the position of
its hypocenter, are not known. Our researches in Vardzia found seismogenic fissures in the walls of the caves build-
ings and also the development of the so-called flower structure. This structure unequivocally indicates the seismic
source of the ancient earthquake in the cave city, near the slip plane of a huge ancient landslide. There are also active
faults of the north-western strike, which shift the Quaternary sediments of the river Kura, flowing at the foot of the
rock complex. We assume that there is an active fault structure along the valley of the river that was hidden seven
centuries after the earthquake by river sediments. Georgian seismologists, however, denote the epicenter of the men-
tioned earthquake in 100 km northeast from Vardzia, near the city Gori. It is possible that during the ancient seismic
event (which lasted, by the way, three months), several seismogenic ruptures occurred on a large area of southern
and central Georgia. Thus, the study of the parameters of a strong earthquake in the XIII century is still only at the
very beginning. Archeo-, paleo- and historical-seismological studies in the region should be continued for a more
correct assessment of the seismic hazard of the Republic of Georgia.

Keywords: Georgia, Vardziya, cave cities, ancient earthquakes, active faults, flower structure, seismic deformation.
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FTEOXUMUNA

30A0mMo u opraHu4yeckoe
BeuwecmBo 3eMHOU Kkopbi

TOKTOp reonoro-murepanorndeckux Hayk JI.A. Ku3uapmrenu
I0oxcHbLl peoepanvrbiti yHugepcumem (Pocmos-ua-Aony, Poccus)

B cTaTbe IPUBEAEHBI APTYMEHTHI B MOJAB3Y XUMHUYECKOTO U OMOXUMHYECKOTI'O B3ANMO/IEHCTBUS 30JI0TA C OPTraHUYEC-
KHM BEIECTBOM 6HMOCGHEPHL. DTH B3AUMOJEHCTBUS OIPEJE/AIOT MPOIECCH TEPEHOCA U KOHIIEHTPUPOBAHUS 30JI0TA
IIpu 06PA30BAHUN MECTOPOXK/AECHNUH. B kKayecTBe NpUMeEpa pacCMaTPUBAETCS 30JI0TO B YEPHBIX CJIAHIIAX, C KOTOPBIMH
CBSI3AHBI KPYITHEHIINE MECTOPOXKACHUS 3TOTO 3AeMeHTa. HaKoIIeHNe 30710Ta IPOUCXOUT U B IIPOILIECCAX XUMUYEC-
KHUX B3AUMOJCHCTBUH C TYMUHOBBIMU KUCJIOTAMHU PACTUTEIBHOTO MPOUCXOXKIECHUSA, GAKTECPUATBHON PEAYKIIUH CYIIb-
¢aToB u Mpu MOTEPE OPTAHUYECKOTO BEIECTBA B PE3YJIBTATE METAMOP(DHU3MA.

KiaroueBsie C10Ba: 30J10TO, OPTraHUYECCKOEC BCIIECCTBO, MECTOPOK/ICHHUC, CYJIb(pI/IHbI, YE€PHBIC CJIAHIIBL.

OJIb OPTAHUYECKOTO BEMIECT-
Ba (OB) B 06pa30BAHUU MEC-
TOPOXJEHUN METAJJIOB J1aB-

HO OTMEYEHA U UCCAEL0BAHA I'€0-

JIOTAMHU U TEOXUMHUKAMHU. BBIIO

BBIICHEHO, YTO METAJLJIbI CBSA3AHBI

¢ uckomnaeMmpiMm OB, BO-NEPBHIX,

B PE3YNABTATE TOTO, YTO €HIE NPHU

KU3HU MHOTHE OPTdHU3MBI, BOJIO-

pOCIN U HA3€MHBIE PACTEHUSA Ha-

KaIllJIMBAIOT €r0 B TKAHAX U KJIET-

KaX. BO-BTOpPBHBIX, MTOCJIE TOTO KaK

opranusMmel noru6aior, OB cra-

HOBUTCA XWUMHUYECKUM pPEareH-

TOM, CIIOCOOHBIM BCTYHIATb B peE-

AKI[UU C METAJJIAMHU, KOTOPBIE Ha-

XOJATCS B OKPYKAIONEH TPUPOJ-

HOH cpejie.

Bonpoc o ¢BA3u MeTANIOB € UC-

konaeMpiM OB mpexncrasnger He
TOJIBKO [103HABATEbHBI HHTEPEC,
HO UMEET U BIIOJHE IIPAKTUYECKOE
3HAYEHUE, TOCKOJIbKY UMEHHO 3T4
CBA3b IIpUBENd K (POPMUPOBAHUIO
IIPOMBILIUIEHHBIX MECTOPOXKIEHUN YpaHa, F€PMAHUs,
MHOI'MX HOJUMETALINYECKUX pyJ. B nociaegnue ro-
Jbl CTA1d OYEBUJHOM 3KOJOTUYECKAS POJIb METAILIOB,
Bxoaamux ¢ OB B cOCTAB rOPIOYUX IIOJIE3HBIX UCKO-
naeMmbix (yried, Hedry, crnanues). Copepxamuecs
B HUX METAJUIBI BBIOPACBIBAIOTCA B ATMOC(MEPY C JbI-
MOBBIMU T'a3aMHU, CTAHOBACH CEPBE3HBIM (PAKTOPOM
3arpsI3HEHUS NPUPOAHON cpeabl [1]. Teme «MeTasnbl
1 OPraHUYECKOE BEIECTBO» IOCBAIMIEHO MHOI'O OTE-
YECTBCHHOU U 34PYOEKHONI JTUTEPATYPHL. Y €€ UCTO-
KOB CTOAT KJIACCUYECKUE TPYALL akazgeMuka B.M.Bep-
HaZCKOIO.

Opranuyeckoe BEMECTBO 3€MHOM KOPBI IPUHUMA-
€T y4aCTHUE U B (POPMUPOBAHUN MECTOPOXKIAEHUI 30-

© Kusunpmreitn J.4., 2017

06pa3sey YyepHOro cnaHua ¢ MH30# 3on0tuctoro nuputa (FeS,). Pasmep o6pasua no
IMHHON ocn 13 cm.

JI0TA. DTO MOKHO WIIIOCTPUPOBATDH HA IIPUMEPE 30J10-
TOHOCHOCTH YEPHBIX CJIAHIEB. TaK HA3BIBAIOT OCA/10Y-
HBIE TOPHBIE MTOPOJIBl, KOTOPBIE COCTOSIT B OCHOBHOM
13 MUHEPAIOB INIMH U OPTAaHUYECKOTO BEI[ECTBA, CO-
JEPAKALETOCH B HUX B KOJTUYECTBE OT AECATHIX JONEN
10 2—3%, a uHorja u 6osee. O6pPa30BAHO OHO MPEUMY-
MIECTBEHHO OCTATKAMM BOJOPOCIEN (CATIPOIENEBOE
OB — 1O TEPMUHOJIOTHH, IPUHATON B OPIdHUYECKOI
reoOXUMHNN). TeMHBIN, YaCTO MOYTH YEPHBIN IBET Ta-
KUX CJIaHIEB OOYCIOBIEH IPUCYTCTBUEM KOJIOUIHO-
ro moHocyabpuaa xenesa (FeS+nH,O), KoTopeiit OKpa-
MUBAET IOPOAY B UEPHBIN IIBET JIAXKE NIPU OUYEHb Ma-
JIBIX €T0 KOHIEHTpanuAX. OObBIYHBIE KOMIIOHEHTBHI
YEPHBIX claHueB Takke — nupur (FeS,), pasposHen-
Hbl€ (DPArMEHTHI PAKOBUH MOJUIIOCKOB, CKEJIETOB PbIO
U TKAHEN BBICIIMX PACTEHUI. YepHbIE CIAHIILI IPU-
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TEOXUMMUSA

CYTCTBYIOT B OCaJOYHBIX (POPMALUAX BO3PACTOM OT
apxes 10 IOJIOLECHA.

CpenHee (KIApKOBOE) COJIEPKAHUE 30I0TA B UEP-
HBIX CJIAHIIAX OKOJIO 8 MI'/T [2], T.€. IPUMEPHO BABOE
BBHIIIE, YEM B OCAJOYHBIX IOPOJAAX 3EMHOHN KODBL
OHO, KaK NPaBUJIO, HAXOJQUTCS B AUCIEPCHOM (pac-
VQ CCAHHOM) COCTOAHHMH. Pa3Mep OTACNBHBIX 30J0TH-

¢) HOK — OT JIOJICH /IO HECKONBKUX JICCATKOB MHKPO-

MeTpoB. KOHLeHTpanusd HUX MEHIETCA OT CJoA

) K CJI010, 9TO YKA3BIBACT HA HAKOTUIEHHUE B OCAIOYHOM

nponecce. YacTubl UMEIOT PA3HOOOPA3HYIO INPH-

W XOoTauBylo dopmy. [To cymMe reHeTudeckux (Qanu-

AJIbHBIX) IIPU3HAKOB YEPHBIC CJIAHIIBI IPECTABAAIOT

3 COOOU JJOHHBIE OTIOXKEHUI MOPEH, JTATYH UIU O3€D,

@ HAKOIMBIINECA B YCIOBUAX Je(UIUTA KUCIOPOAA
&(BOCCTQHOBI/ITCHBHOIX I€OXMMHUYECKON CPEJBI).

30J10TO, O KOTOPOM IOWUJIET PEUD, CBA3AHHOE C II€-

ﬁ PHUOJOM OCAIKOHAKOIICHUS, MOKHO OOO3HAYUTD KAK

[IEPBUYHOE, 4 OKA3ABIICECA B YEPHBIX CJIAHIAX B pe-

3y/IBTATE OOJIEE MO3JHUX I'€OJOTMYECKUX IPOLIECCOB

(TEKTOHMYECKUX U T'MAPOTEPMATIbHBIX) — BTOPHUY-

Hoe. Kak mpaBuno, OT nopsl GOPMUPOBAHUSA IEPBUU-

HOTO OHO OTAEJIEHO 60JIee NN MEHEE 3HAYUTEIbHBI-

MU IPOMEKYTKAMU BPEMEHHU.

[TnacTel ClaHLEB (U B UX COCTABE IIEPBUYHOE AU)
pacnpoCTpaHEHBI 6€3 IEPEPHIBA HA OONBIIUX TEPPHU-
TOpUAX. BropuynHoe XK€ 30/J0TO HAKAIIMBACTCA
B YEPHBIX CJIAHIAX, KOI/Id OHU IIOJ BIUAHUEM META-
MOp(}U3MA U3 0CA/IKA IPEBPATUINCH YK€ BO BIIOJIHE
Cc(OpPMUPOBAHHYIO I'OPHYIO ITOpOAY. Teosmornueckue
[IPOLIECCHl HAKOILJIEHUA BTOPUYHOI'O AU JIOKAJIbHBL
Yame BCEro OHO TATOTEET K TEKTOHUYECKUM HAPY-
meHugaM. TakuM o6pa3oM, pasjelicHUE 30710Ta CIaH-
I[€B HA MEPBUYHOE U BTOPUYHOE C T€HETHUYECKON
TOYKH 3PEHUS BIIOJHE OLPABJAHO.

C 4EpHBIMU CAAHLIAMU CBA3AHBI KPYIHEUIINE MU-
poBrlie MecTopoxjeHusa Au: Cyxoit Jlor (3a6aikase,
Poccus), Kapaun (CIOA), Bursarepcpany (IOAP),
Kymrop (Kuprususa), Mypynray (Ysoekucran). ITo-
CJIE/IHEC 10 3211ACAM 30710Ta — O THIC. T — OTHOCHUTCS
K KATErOPUHU «CYNEPTUIAHTOB>. MUDPOBBIE PECYPCHI
Au B YE€PHBIX CIAHLAX OLEHUBAIOTCI OTPOMHOMN HUP-
poit — npumepHo 50 ThIC. T.

VICTOYHUKOM NEPBUYHOTO AU B CHIAHIIAX CIIYKAT
Pa3MBIBAEMBIE MATMATUYECKHE TOPOABL CrIOCO6 mepe-
HOCA 30JI0T4 OT 30HBl PA3MBIBA K MECTY OTJIOXKECHUS
B BOJIHOM 0aCCENHE — IIPUHUUIINAIBHO BAXKHBINA dJI€-
MEHT T'UIIOTE3 (POPMUPOBAHUA IIEPBUYHOI'O 30JI0T4,
TAaK KK BCJIEJCTBUE BBICOKOU INIOTHOCTH 3TOT'O APATO-
LIEHHOI'0 METAJUId IIEPEHOC OCYLECTBAACTCSA IIPEUMY-
IIECTBEHHO B BUJ/IC PACTBOPECHHBIX COCJUHEHUN [3, 4],
Hanpumep, noHa xjaopoypara [AuCl,]. B cepoBogopoj-
HOM (BOCCTAHOBUTENBHOM) CPENE XJAOPOYPAT Pa3py-
MAeTCA ¢ 06PA30BAHUEM CBOOOJHOTO 30JI0T4, KOTOPOE
MOXET COPOUPOBATHCA INIMHUCTBIM MATEPUAIOM OCA]L-
Ka WM OPTaHUYECKUM BEUECTBOM [5].

dpdextuBHag popMa EPEHOCA PACTBOPECHHOTO
30/10Td — KOMIUIEKCHBIE COEJIMHEHU C T'YMUHOBOM
KUCJIOTOU, OOpa3yIoIencs B IPUPOJIE B PE3YIbTATE
OUOXHUMHUUECKOI'O PA3JIOKECHUS PACTUTEAbHBIX TKa-

“oeee sy

Hed. [yMUHOBAA KMCJIOTA — IJIABHBIM KOMIIOHEHT
INPUPOJHBIX MPOIECCOB, BEAYIIUX K OOPA30BAHUIO
OPrdaHOMMHEPAJIbHBIX COCJUHEHUNU, B TOM YHCIE
u OB ¢ 3010toM [4]. [IpuMepOM, NOATBEPKAAOIUM
pPEAIBHOCTD ONMUCHIBAEMOI (POPMBI IEPEHOCA, CIIY-
JKUT 30JI0TOPYJHOE MECTOPOX/geHUE KapinH, B KOTO-
pom 6osee 50% meTa/mia HAXOJUTCA B BUAE I'YMUHO-
BBIX COEJJMHEHUI. B CBOE BpEMS 3TO OKA3aJIOChH IIpe-
OATCTBUEM JUIS U3BJIECUEHUA AU U3 PYJbl METOAOM
HUAHUPOBAHUA. CyI[ECTBEHHOE OOOTramEHUE PYJbI
6BIJI0 JOCTUTHYTO IIPU PA3PYIIEHNUN KOMIUIEKCOB II€-
JIOUHOU 0OpabOTKOM.

Menpyuaitnine (MUKPOMETPBI U JJOTH MUKPOMET-
pa) gactuibl Au, 06pa3yIouUeCs IPU PA3MBIBE 30J10-
TOCOJEPKAMUX TOPOJ MU PA3PYIIEHUN PACTBOPEH-
HBIX XUMHMYECKUX COEJUHEHUN, MOTYT TPAHCIIOPTH-
pOBATLCA BOAON KAK UCTUHHBIE PACTBOPBL

Taxum 006pa3zoM, Au BMECTE C MUHEPAIBHBIM Ma-
TEPUAJIOM U PACTBOPEHHBIMU COCAUHEHUAMU OKA3bI-
BAIOTCA B COCTABE JOHHBIX OTI0XKEHUN, 0OPA3YIOMUX
YEepHBIEC CAAHIBL. 30JI0TO B 3TUX OCaJKax (OYAYIIUX
IIJIACTAX CIAAHIEB) PACHPEJNENAECTCA B COOTBETCTBUU
C majeoreorpauIeCKuMm OCOOEHHOCTAMU IIEPUOAA
OCa/IKOHAKOIIJICHUA: peabeoM JHA 6accerHa, B KO-
TOPOM IIPOUCXOAUT HAKOIUIEHUE OCALOYHOI'O MaATE-
puana, OPUEHTUPOBKONU OABOSHBIX TEUEHUH, I10J10-
JKEHMEM 30H pPa3MbIBa U Ap. IIpu nmpeobpasoBaHuu
JOHHBIX OTJIOXEHUM (IO I'E€OJOTMYECKON TEPMUHO-
JIOTUH, CUH- U JIMAI€HE3 OCAJKa) IIEPBUYHOE pacce-
SHHOE AU MOXET KOHLICHTPUPOBATHCA KAK U3OMOP(P-
Has [NPUMECh B KPUCTAIMYECKOU PEUIETKE IIUPUTA
WX IPYTUX CYAb(UJHBIX MUHEPATIOB, HAIPUMED, Ap-
cenonupurta (FeAsS).

HanoMmHuM, Cyabpuabl B JOHHBIX OTJIOXEHUAX 00-
pAa3yloTCsa B PE3YNBIATe XUMHUYECKOI'O B3AUMOJCHUCT-
BUA CEPOBOJOPOJA C MOHAMU METALIOB. B ciyuae nu-
pura — C MOHOM JBYXBAJIEHTHOIO Xeje3a. CepoBo-
JOPOJ B OCAZIKE TIPEACTABIAET COO0U MPOAYKT KUZHE-
JEATENbHOCTU CYJIb(ATBOCCTAHABINBAOMUX OaKTe-
puit [6]. BUOXHMHUSI 3TOTO IPOI[ECCA U €I'0 I'eOIoInYe-
CKHUE IIOCIEACTBUS IOAPOOHO UCCIEJOBAHEI [7, 8].

B nupure KOHLEHTpAuus Au MOXKET OKa3aTbCH
60J1€€ BBICOKOH, YEM B OKPYKAIOIEM OCAJIKE, U JIO-
CTUT4Th HECKOJBKHUX JIECATKOB I'DAMMOB Ha TOHHY
nopojbl. [TOfOOGHBIN 307I0TOHOCHBI TUPUT BO MHO-
I'MX CJAY4YasIX CTAHOBUTCS OCHOBHBIM MUHEPAJIOM, OII-
penenaomUM KaueCTBO CIAHLEB KaK pybl. Copepxa-
HUE 30JI0TOHOCHBIX IHUPUTOB HA MECTOPOKAECHUU
Cyxoit Jlor cocrasnger 2—10%, a 301012 B pyjge —
3-15r/T (KCTATH, IPOMBIIIJIEHHBIE 3411ACBl TOTO M€-
CTOPOXIEHUS OKOJIO 2 THIC. T Au). Hakonnenue nep-
BUYHOI'O AU B CyJIb(UJAX, IO CYIECTBY, — CJIEACTBUE
ydacTud B mporecce Kuporo OB.

B yepHBIX CJIAHIAX 30JI0TO KOHLIEHTPUPYETCH 11y-
TEM XHUMHUUYECKOTO B3AUMOAEHUCTBUSA C HEXKUBBIM
(xocupiM) OB. [IpruMepoM 3TOTrO CAyKAT YIOMAHYTHIE
BBIIIE AU-TYMUHOBBIE KOMIIJIEKCHL

PacrBopeHHOE Au MOXET Hakamiusarbcst B OB
MOPCKUX OPraHU3MOB, CHOCOOHBIX U3BJIEKATb €TI0 U3
NPUPOAHBIX BOJ. II0 CpaBHEHHUIO C MOPCKOH BOAON

64
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KOHIIEHTPALIUA 30JI0Ta B BOJJOPOCIISAX YBEIUYHUBACTCSA
B ThIcAYM pa3. ITo crmosam B.M.Bepnajckoro: «Mul
BCTPEYAEMCS HA 3TOM ITANE TEOXUMUHU AU C IPOSAB-
JIEHUEM KOHIIEHTPAIIMOHHON (PYHKIIMU KHUBOTO BE-
mecTsa» [9].

Kpome TOTro, Ba)KHBIE TEOXMUMUYECKHE MOCIE/CT-
BUA HakomaeHus Au B OB coCTOAT B ClIE/YIONIEM.
B uckomaeMoM COCTOSIHUU TOJ] BO3JIEHCTBUEM META-
MopdpusMa (TEMIEPATYPHI U ABJIECHUA 3EMHBIX HEJP)
OB Mo)eT TePATD 3HAUUTENBHYIO (10 90%) JOJIO CBO-
€1 Ha4yaJIbHOM Macchl [10]. DTO yBEIMUNBAET KOHLICH-
TpHLH/II/I CO,E[Cp)KHH_U/IXCH B HCM MI/IHepHIIbeIX HpI/IMC-
ced. B ToM uucie nojob6HOE «BTOPUYHOE Oboralie-
HHE» IPUBOAUT K OOPA30OBAHUIO BBICOKUX KOHIIEHT-
pauuit Au, yCTaHOBJIEHHBIX B OB 4epHBIX C/IAHLEB.

O6cyxaas npobieMy HA4aJbHOI'O HAKOIIECHUS
MIEPBUYHOIO AU B CJIAHI[AX, HEOOXOJUMO UMETD B BU-
JIy IEPHUO/JUYECKOE YBEIUYEHUE CO/ICPKAHNS 30I0Ta
B rugpocgepe 3eMnu (M, CIEL0BATENbHO, B OOUTAIO-
MUX B OKEAHE OPTAHU3MAX U B FEOXUMHUUYECKON Cpe-
Je). Bonpoc o mpuunHax nojo6HOro riaodaabHOTO
BAPbUPOBAHUA KOHIIEHTPALMII HE TOJBKO 30JI0TA,
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Gold and organic matter in the Earth crust

L.Ya.Kizelshtein
Southern Federal University (Rostov-on-Don, Russia)

In the article arguments in favor of chemical and biochemical interactions of gold with organic matter of the bios-
phere are adduced. These interactions define processes of transfer and concentration of gold during deposits’ for-
mations. Gold in the black shales with which the largest deposits of this element are connected is considered as an
example. Accumulation of gold occurs also during chemical interactions with phytogenic humic acids, bacterial
reduction of sulfates, and at loss of organic matter as a result of metamorphism.

Keywords: gold, organic matter, field, sulfide, black shale.
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[layk—cepebpsiHka
BbiXOgum U3 BOghbl?

Kauauzaar 6uonorndeckux nayk K.I'LMuxannos', I[I.P.Horosuinbsixa*

'3oosoeunecrkutl mysei Mocko8CK020 20Cy0apcmeennozo ynusepcumema umernu M.B.JIomorocosa
(Mocrea, Poccus)

*0iickan cpeonan wxona umernu A.BJAmumpuesa (ceno Oil, Xawzanacckuil yayc, Pecnybaurxa Caxa
(Arxymus), Poccus)

ITo maTepuanaM U3 JIKyTHUN ONUCAH YHUKAJIbHBIA CJIydail MACCOBOI'O BBIXO/[d MOJOJBIX NAYKOB-CEPEOPAHOK (Argyro-
neta aquatica) U3 BOJOEMA U CTPOUTEIBCTBA UMU CETEU HA OKPYKAIOMEH PACTUTENBHOCTU. O6CYXKAAIOTCA TOXOKUE

(eHOMEHBI y APYIUX MAYKOB.

KiaroueBbie Ca0Ba: Aranei, Hayku, OMOJIOT U, IAyTUHHBIC CETH, SIKYTHS.

4K U TOJIOKEHO XUIHBIM JKH-

BOTHBIM, IIAYKH B IO/ABJIAIO-

meM OOJBIINUHCTBE JKUBYT
MOOJMHOYKE, COCJUHAACH TapaMu
TOJILKO HA MEPUOJ PA3MHOXKEHUS.
Kosonunaneusle (pOPMBI U3BECTHEI
OYKBAJIBLHO U1 HECKOJIBKUX JECAT-
KOB U3 60s1€€ 4eM 45 ThIC. OIUCAH-
HBIX K HACTOSIIEMY BPDEMEHH BU-
JIOB. BOJBIIMHCTBO KOJIOHUAJIb-
HBIX (DOPM OOUTAET B TPOIHUUEC-
KHUX CTpaHax. KoJOHHANbHOCTD
NPOABIAETCA B IEPBYIO OYEPE]D
B COBMECTHOM INPOKUBAHUH O6OJIb-
MUX TPYMI, KOTOPbIE, KAK MIPaABU-
JIO, MUTAIOTCA BCE-TAKU PaA3[IEib-
HO. COBMECTHBIE OXOTA U TUTAHUE
I0OBIYer HAOMIOZAIOTCS JIHUIIb
Yy HECKOJBKHUX BHJIOB; Haubojee
HCCIENOBAH B 3TOM OTHONIEHUH
HEOONbION NAYYOK Anelosimus
eximius (cemericrso Theridiidae),
JKUBYIUIA B IOKHOIM AMEpUKe.

BBIABUHYTO /IBE THIIOTE3BI IPOUCXOKAEHUA KOO~
HUANBHOCTH Y MAayKOB. OfHA M3 HUX NPEANONATAET
CKOIIJIEHUE U KOONEPALMIO B3POCIBIX OCO6€EN BOKPYT
HM300MJIBHOT'O MMUIIEBOI'O PECYPCA, KOT/IA €/Ibl XBATAECT
BCEM U HET OCOOBIX NPUYHUH /I IPOABICHUS arpec-
CHUBHOCTH K cocegaM. COTJIaCHO BTOPOU THIIOTEIE,
MIOTOMCTBO OJHOW CAMKH, ITOJJPACTadA, HE PACCENACT-
Csl, 4 NIPOJOJIKAET KUTb COBMECTHO. BO3MOXKHO, 06€
3TU TUIIOTE3bI HpI/IMeHI/IMbI K paSHbIM BU/JAM KOJIO-
HHUAJTBHBIX AYKOB.

Ha reppuropun Poccuu u conpeneabHbIX CTPaAH
KOJIOHHAJbHBIE TAYKXA HE 06UTAIOT. HO B I0KHBIX pe-
THOHAX HEOJAHOKPATHO GBI OTMEYEHBI CKOIIJIEHUA
[IAyKOB-KPYyronpagos (cemMeucrTso Araneidae) Ha

© Muxaiinos K.I'., Horosunsiua I1.P., 2017

Camka nayka-cepebpsHKy.

®oto N.Jluccrepa (flanuns)

nobepexbax BOJOEMOB. OHH, CKOpP€€e BCETO, CBA3AH-
HBI ¢ MACCOBBIM BBIIIOJJOM KAKHUX-TO MEJIKHUX JIETA-
IOMUX HACEKOMBIX, KOTOPBIMH 3TU MayKU MUTAIOTCH.
Ha no6epexbe 0.banxam onucaHsl CKOMIEHUA Ara-
neus pallasi [1], a Ha 6epery Kacnuiickoro mops,
K cesepy oT Kpacnosoacka, — Larinioides folium [2].
Jerom 2012 r. B r.Eficke Ha nob6epexbe A30BCKOIO
Mopsa K.I.MuxaisioBy yaajaoch HaOII0/JaTh CKOILIE-
HHUE NAYKOB L.folium Ha PACTUTENBHOCTU U CTEHAX
IIOCTPOEK, PACIOJNOKEHHBIX HA EACKON Koce B He-
MIOCPECTBEHHON OIU30CTH OT MOPS. Takas KOHIIEH-
Tpanug O6blIa CBA3aHA C €KETOJHBIM MACCOBBIM JIE-
TOM KOMapa-3BoHLa (Chironomus plumosus, cemen-
crBo Chironomidae). COTpyAHUKH CAHATOPHUS €/1BA
ycrnesaan o6MeTaTh MayTUHY, YTOOHBl HE MyraTh OT-
JOBIXAIOIUX...
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3oonorua

OJHAKO €CTh IAyKU, MACCOBBIE CKOILJICHUS KOTO-
PBIX TPYJHO IPEJCTABUTB, TEM OOJIEE HA CylIe. DTO
BOJAHOU TMayk-cepebOpsaHka (Argyroneta aquatica),
€JUHCTBEHHBIN U3 IAYKOB, BECb KU3HEHHBIM LIUKI
KOTOPOT'O NPOXOJAUT B IIPEAENAX IIPECHOTO BOLOEMA.
CepebpsAHKU — 3TO NPUMEP BTOPUYHOI'O BO3BpallE-
HHS NAYKOOOPA3HOTO B BOJAHYIO CPE/lY, HE OYEHb Xa-
PAKTEPHOI'O [JJId IPEACTABUTEICH 3TOTO KJIACCA.
13 ApYyrUux apaxHu/| NEPENUIN K TOCTOSHHOMY OOUTA-
HHIO B BOJIE€ TOJIbKO BOJAAHBIE KJIEIIH, BCTPEYAIOIHUE-
Csl KK B IIPECHBIX, TAK U B COJIEHBIX BOJaX. Cepebd-
PAHKA IIUPOKO pacnpocTpaHeHa B CEBEPHOM IIOJY-
mapuu, B Poccuu u conpee/bHbIX CTPaHaX BCTpeda-
€TCs IIOBCEMECTHO, OTMEYEHA [JAXKE B HEMHOI'OYUC-
JIEHHBIX BOJIOEMAX IIYCTBIHHOM 30HBI CpeiHEN A3HUHU.
B HEKOTOPHIX CTpaHAX CepebpAHKA PEAKA; HAIPHU-
Mep, B Amonuun 3TOT BUJ BHECEH B KpacHyio KHUTY
eme B 1995 1. Onumem KpaTKO 6MUOJTOTHUIO 3TOTO 32-
MEUATEJIbHOIO IAyKa (3, 4].

Bbuonorus cepebpAHKU

CepebpsAHKA, KAK U BCE MTAYKH, JBIIIUT ATMOCHEPHBIM
BO3/IYXOM. JIbIXaTEIbHASA CUCTEMA TAYKOB IBOHCTBEH-
Ha IO CBOEHU NIpPUPOAE: pabOTAIOT KaK JIETKUE, TAK
1 pa3BUTas TpaxelnHasa cucrtema. Ho y BOAAHOTO nay-
K4 JIETKUE MAJIOAKTUBHBI U (DYHKIIMOHUPYIOT B IEP-
BYIO OYepeab Tpaxeu. BOLOOTTATKUBAIONIHE BOJIOCKU
Ha OPIONIKE MayKa yAEPKUBAIOT CJION BO3/yXa, KOTO-
PBIM U IBIIIUAT IAYK I10J BOLOH. IMEHHO U3-3a cepeod-
PUCTOTrO MOJBOJJHOTO MY3BIPS BOKPYI OPIONIKA MayK
MOJIYYMJT CBOE MM, KaK JATUHCKOE, TAK U PYCCKOE.
[ MOCTOSIHHOTO NPOXKUBAHUS IOJ| BOAOU cepeb-
PAHKA CTPOUT MOABOAHBIN KOJOKOJ U3 MAYTUHHBIX
HHUTEH, B KOTOPOM yJEPKUBAECTCA Y3BIPb aTMOC]ep-
HOTO BO3/lyXa. HUTH NayTHUHBI IPUKPEIJICHB! K OKPY-
JKAIOWEN MTOABOJHON PACTUTENBHOCTHU. BhIEnIa€e MBI
[I4YKOM VIJIEKMCJIBII I'd3 PACTBOPSETCA B OKPYKAIO-
el BOJE, 4 KUCJIOPOJ HA/J0 MOCTOSSHHO IOJHOCUTD
C TIOBEPXHOCTH BOJBL 15 IEpeMeneHNs BO3AYITHO-
IO My3BIps C OPIONIKA B KOJIOKOJ MAaYK HCIIOJb3YET
YETBEPTYIO Mapy HOT. ITO/IBOJIHBIE KOJOKOJA HYKHBI
cepebpsIHKE /1A TPOKUBAHUS B TEIJIOEC BPEMS I'Ojid,
CHAPUBAHUS U PA3MHOXKCHUS, NOEAAHUA J00OBIYU
1 3UMOBKHU. KOTOKON /7 3UMOBKM HAMOOIEE MPO-
YEH, €r0 CTEHKHU NOYaC HEIPO3PAUHBI, B OTIUYNE OT
CTEHOK JIETHET'O JKWJINIA, KOTOPOE YCTPOEHO MEHEE
H4/IE’KHO U 4aCTO JIOIOJHUTENBHO NPUKPEIIAETCA
K OKPYXKAI0MUM BOJOPOCHIM. CepebpsHKa CIOCOOHA
3UMOBATh B TOJIIE JIbJJd, BMEP3as Ty/ld BMECTE C KO-
JIOKOJIOM WJIH JIPYTUM YKPBITHEM, HAIPUMEDP MYCTOH
PaKOBUHOH IPECHOBO/HOT'O MOJITIOCKA.

JlaBHO M3BECTHO, YTO KOJIOKOJ CEPEOPAHKH CIIy-
JKUT CBOEOOPA3HON «(PU3UYECKOI KAOPOU»: TyJa U3
TOJIIM BOJIBI IPOHUKAET KUCIOPO/] (CM. OJJHY U3 TO-
CJIIEIHUX 3KCIEPUMEHTANBHBIX pabor [5]). [To aToit
MpUYNHE MTaVK MOXKET CHUJIETh BHYTPHU KOJIOKOMA Ife-
JIBI€ CYTKU, HE MOJJHUMASACh K TTOBEPXHOCTU BOJIBI 32
HOBBIM IY3BIPEM BO3/IyXd. HaCTOE MEXAHUYECKOE Ha-

Monopas cepebpsiHka, 03.banatoH.
®oto B.Mdnurepa (fepmarus)

IIOJIHEHUE KOJIOKOJIA HEOOXO/JUMO B IIEPBYIO Oue-
peab B 6€HOM KUCIOPOAOM BOJE U JJIS Iy3bIPEH Ma-
JIOTO pasmepd.

CepebpsaHKA KUBET B CTOSYUX U CAA00IPOTOY-
HBIX BOJOeMaxX. OHa JTOBUT JOOBIYY € MOMOIIBIO MaY-
TUHHBIX HUTEN, PACIOJOKEHHBIX PAJOM C KOJOKO-
JIOM. DTH HUTHU BBIIIOJHAIOT B IIEPBYIO OUYEPEAb CUI-
HAAbHYIO (QYHKUIHUIO. YCTPONCTBO CETH JOBOJIBHO
NPUMUTHUBHO U NPEJCTABIAET COOOHU OTKIOHSIIOMNIA-
€ BAPUAHT BOPOHKOBUAHOU CETU, KOTOPYIO CTPOAT
€€ CyXONYTHBIE POJICTBEHHUKU U3 CEMENCTB Ageleni-
dae, Cybaeidae n HekoTOpHIX Ap. (Panbime BCIO 3Ty
I'PYIITY IAYKOB OO'bEAUHANH B CEMENCTBO Agelenidae,
TENEepPb TOBOPAT 06 «areICHOUTHOM KOMIIJIEKCE» Ce-
MeNCTB.) HuxKe Mbl ONUIIEM, KAKUE IIOCTPONKHU CEpe-
OpsIHKA CIIOCOOHA CTPOUTH HA OEpETY.

Jn MayKoB areJ€HOMJHOTO KOMIUIEKCA, K KOTO-
PBIM OTHOCHUTCSI M CEPEOPSAHKA, XAPAKTEPHO HETH-
MIUYHOE B I1EJIOM JII OTPSI/1a TAYKOB SIBJICHUE: CAMIIbI
3/1eCh HEMHOTO KPYyIHEE CAMOK. B mojaBiasfiomem
OONBIIMHCTBE CEMENCTB MAyKOB MBI HA6JII0[aeM KaK
pa3 oOpaTHOE ABJIEHHE: CAMKU KPyIHEE CaMI[OB.
VHOI/1a TOBOPAT 1aKE O KAPJIUMKOBOCTU CAMIIOB U I'M-
FAHTU3ME CAMOK (HAIpUMEpP, Y TPOIHUYECKUX Iay-
KOB-Kpyronpsajos pojaa Nephila). 3auHTepecoBaH-
HBIIl B CHAPUBAHNUU CAMEL] CTPOUT CBOIT KOJOKOJ Ps-
JIOM C KOJIOKOJIOM CAMKHU. B3aMMOOTHOMEHUSA MEKIY
MIOJIAMH y BOJAAHOI'O MAyKa JJOBOJBHO AIPECCUBHBIE®,
ITpu yJaYHOM CHAPUBAHUU CAMEI] OCTAETCA B KOJO-
KOJIE CAMKH KaKO€E-TO BPEMS, HHOI/IA JO HECKONbKUX
YaCOB, OKMU/Ad, KOT/Ia CAMKA IPUCTYIUT K IOCTPOUKE
AUIEBOTO KOKOHA. B OCTa/IBHOE BpEMA CAMIIBI U CAM-
KU CEPEOPSIHKU KUBYT PA3/CIbHO, KAXKABIA B CBOEM
KoJsioKosie. CaMIibl, KaK BOJUTCS, 60Jiee aAKTUBHEI
1 IPOBOJAT OOJbIIE BDEMEHU BHE CBOETO KUINIIA.

* ClieHa CPAKCHUS CAMIIA U CAMKH SIPKO OIHCAHA B IPEKPACHOM
JIETCKON HAy4YHO-NIONyIApHON KHure S.JIappu dIpukmouenus Ka-
puKa u Bann».
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B KaKO¥M-TO MOMEHT (B IPOMEXKYTKE OT CEPEAUHDBI
3 BECHBI JJO KOHIIA JIETA) CAMKA CEPEOPAHKU OTKIA/[bI-
BAET B ANLEBON KOKOH OT 70 0 130 suy [4], U3 KOTO-
3 PBIX BBUIYIIAIOTCS JIMYUHKH, KOTOPbBIC KUBYT BMECTE
W MATEPBIO 2-4 HEJIENH, BIUIOTH 10 YETBEPTOU JIMHb-
R\KH. [Tocse 3TOro MOJOABIE MAYYKH HAYMHAIOT KUTb
CaMOCTOATENbHO, IPUCTYIAS K TOCTPOUKE COOCTBEH-
HBIX MAJICHBKUX «KOJIOKOJBbYUKOB».

0 BoasaHOM MayK OXOTUTCA 110 BOAOM, CUIA B CBOEM
e KOJIOKOJIE, KaK B 3acaje. [Toiimas 06bIYY, TAYK BO3-
BPAlAETCsA B KOJIOKOJ, IJ€ MPOUCXOJUT BBICACHIBA-
: HUE JKEPTBBl U BHEKUIICYHOE ITUIIEBAPEHUE, HEBO3-
MOJKHBIE B TOJIIE BOALI. Hambosiee aKTUBHAI OXOTa

3 NPOUCXOJUT B HOYHOE BPEMS CYTOK.

3

¥ CepebpsaHKM Ha cywe

B pamkax mocTosHHO JAeHcTByomen (¢ 1994 r.)

%) LIKOJbHOU 3KCIECJULUHU «DJI3NAana» IPYILIA MKOJIb-
HUKOB OHUCKON CPeAHEN IIKOJBL I10J PYKOBOLCTBOM
[1.P.HorosuiplHa NPOBO/MAA HAOMIOAEHUA ¢ 1 o 21
nioHga 2010 1. Mecto pabor — fKyTHs, OKPECTHOCTH
cesa Ot XaHI'aJaacCcKoro yayca (paioHa), JoauHa Op-

QO K33HHU p.JIeHa, OKOJIO MAJIEHBKOT'O 03¢epud (II0mab
0.5 ra) HA KpaIO MAJIEHBKOTO JIMCTBEHHUYHO-6€EPE30-
BOTO JIECOYKA (KOOPAMUHATEL MecTHOCTH: 61.550°C.111.,
129.153°B.5.) O3epLO BO3HUKIO CPABHUTEIBHO HE-
JABHO IIpU NPOKIAAKE aBTOMOOUIBHOMN Tpacchl ITo-

KpaeBas yactb cetu Agelena labyrinthica. ®paHuus.
®oTo XK.-®.Tabepne (PpaHums)

KPOBCK—KYTCK, KOTOpass HEePEropoauaa HebOJb-
myI0 HU3UHKY. O3€PLO HE UMEET POJHUKOB U BIa/a-
IOMUX PY4YbEB, HATIONHAETCSA TONBKO TaNONH BOJOI.
Drcneguuug 2010 1. 6pl1Ia TOCBAIMIEHA U3YYEHUIO
6MOJOTUN 3EMHOBOAHOIO — CHOUPCKOro yriosyba
(Salamandrella keyserlingii). Ilpu 3ToM 6bUI0 OOHA-
PYXEHO, 4TO KaKHE-TO, IEPBOHAYAIBLHO HEOMO3HAH-
HBIE, TAYKU B MACCOBOM KOJIMYECTBE ILICJIU NAYTUHY
Ha TPABE U KYCTAPHUKAX IO 6epery BojoeMa. [1aykos
6BIJIO CTOJIb MHOTO, YTO OHU CTPOUJIN IEJIBIE MTOJIOT-
HHIA TAyTUHBIL.

Hauano ctpoutenbcTBa HaseMHoii ceTn cepebpsHku. 1 uioHsa 2010 r.

3pech v panee GoTO WKONLHOM IKCNEANLUN «INN3naafa»
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AHATM3 MHOTOYHCJIEHHBIX (hO-
TOrpaduil MOKa3bIBAECT, YTO MAYTU-
Ha, HECOMHEHHO, MOCTPOEHA MO-
JIOILIMU CEPEOPAHKAMH, ITO KAKON-
TO NPUYUHE B MACCE BHIIEAINMU
n3 popoeMa. Ilo mpuciaHnHoMy
B 2010 r. 3K3eMILIAPY OLpEAee-
HHE MayKa ObUIO MOATBEPXK/JEHO
JOKTOPOM OUONOTMYECKUX HAYK
I0.M.Mapycukom u3 Hucruryra
6uonornueckux mnpoodnem Cesepa
IBO PAH (Maragan). OueBUIHO,
MAyYKU BBUTYIUINCH U3 SAUIL, OTJIO-
JKEHHBIX CEPEOPAHKAMHU-POJUTE-
JIIMU BECHOM TOTO roja. U3obunue
MOJOJU CBUJETETbCTBYET O OOJb-
HIOM KOJIMYECTBE B3POCHBIX ceped-
PAHOK, yJA4YHO INEPE3MMOBABIINX
B BojloeMe. TPyIHO NPEATIONOKUTD
NIPUYMHY, IO KOTOPOM MAyYKH, 110-
JOOHO JIEMMHUHT'AM, MACCOBO TTOKU-
HYJIM TIPUBBIYHYIO Cpejy OoOuTa-
Huga. CKopee BCEro, 4ucao MOJIO-
JIBIX CEPEOPSAHOK OKA3aJI0Ch CTOb
BEJIUKO, YTO UM CTAJIO IBHO HE XBa-
TA4Th NUIIEBOro pecypca. C apyroun
CTOPOHBI, MAYYKU MOTJIH, TOJOOHO
IIYK4aM, IMHATATbCA CBOMMU MEHbD-
MUMHU COOPAThAMU... TAK WU MHA-
4ye, UX JIBIXATeIbHAs CUCTEMA T103-
BOJIAET CYI[ECTBOBATH HA CVIIE,
4 HOT'H C BIIOJIHE CYXOIYTHO YCTPOEHHBIMU JIANIKAMU
«He 3a0bUIN» CIIOCOOB! MEPEBUKEHUA BHE BOJIBI, KAK
3TO YMEJH JIENATh UX IPEKU.

IMpocmarpusas ororpaduu, MOXXHO BUJAETh, YTO
IPYINB MOJOAEHBKUX CEPEOPSIHOK CTPOAT BOKPYT
BEPIIMH NPUOPEKHBIX PACTEHUI YTO-TO BPOAE Or-
POMHBIX KyIOJOB, HAIIOMHUHAIOMIUX YBEJIUYEHHBIE
B JIECATKH W JJAK€ COTHHU PA3 WH-
JUBHUJIyaJIbHBIE ITOABOJHBIE IOCT-
pouku. XOTs TaKkas aHaJIOTHUs, KO-
HEYHO, J0OBOJIBHO IOBEPXHOCTHA.
CTpyKTypa Ha3¢MHOM NMAyTUHBI CC-
peOPAHOK OYEHD MOXOKA HA MOCT-
pOMKN JPYTUX BOPOHKOBBIX Iay-
KOB, )XKMBYIIUX BHE BOJJOEMOB, Ha-
NpUMEpP JA6GUPUHTOBONH aAreJIEHBI
Agelena labyrintbica, OObBYHOU
B CTEITHOM 30HE EBPOIENCKON 4aC-
T Poccun. DTO XOpPOmO BUAHO
npu cpasHeHUU QGororpaduit us
Akyrun (nayruHa CepeOpsSHKN)
1 PpaHuuu (MayTUHA ATEJIEHDI).

Yro mpous’omao IMo3jHee —
MBI MOKEM TOJIBKO I'aiaTh. Hanb60-
JIe€ BEPOATHO, UTO BCE CEPEOPAH-
KM, BBIIIEAIINAE HA CYIIY, IOTU6IH,
MOJBEPTIINCH HATIALEHUIO JPYTUX
XUMIHBIX WIEHHCTOHOTUX UJIU
ITUL IUOO HE CYMEB HAUTHU B He-

Kpait Bogoema, 0611bHO 3anneTeHHbI nayTuHoU cepebpsaHku. 12 uioHs 2010 .

CBOVICTBEHHOMU /I CeOsl Cpejie AOCTATOUYHOTIO IPO-
nUTaHUA. YKke Ha poTorpadusx, cjeJaHHbIX 19 uoHs
2010 r., BUZHBI IBHBIE IIOBPEKIAEHUA PAHEE TOCTPOCH-
HOI nayTuHsl. K 21 HIOHA KOJIUYECTBO MOBPEKACHUI
eme 60see BO3pOCio, u GoTorpadupoBaHue «HEKpa-
CHUBBIX» IIAYTUHHBIX IOCTPOEK MPEKPATUIU. BO3ZMOXK-
HO, K4Kas-TO HEOObIIAS YACTh IIAYYKOB BEPHYIACH

BbICOKUI KyCTapHUK, 3aNNeTeHHbIN ceTbio cepebpsaHKu. 12 nioHa 2010 .
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3oonorusa

06paTHO B BOfoeM. Tak MIM MHAYE, MBI UMEEM [IENIO
3 C peyaiiliiuM SBJICHUEM B KU3HU BUJA, U HEOOXO/U-
MO HPOJOJIKATb PETYIAPHBIE HAOMIOLCHUS.
3 VpOBEHDb BOABI B HEOOIBIIOM BOJOEME, HA OEpETy
v KOTOPOI'O OBLIN IPOU3BEACHBI HAOMIOLEHHUS, NU3MEH-
W s, Hanpumep, B 2017 1. HOroBULBIH OOHAPYXKUII,
YTO O3EPLO IOJHOCTHIO NEPECOXIIO, U HUKAKUX CJIE-
JIOB CEPEOPAHOK HANJJEHO HE OBLIO.
LY HazemHas mayTuHa 6bIIA OTMEYEHA U B IYCTHIH-
'Q HOM 30HE KazaxcraHa, rae nayk-cepebpsiHka HaljieH
B NPUOPEXHBIX COOOIECTBAX (MIPEUMYLIECTBEHHO
3 B 32pOCJISIX POro3a U TPOCTHHUKA) B moiime p.Wiu [6].
OnHAKO, K COXAJIEHUIO, HUKAKUMHU MaTepuaaaMu
3 1 TOCHAEAVIOMUMU HAOTIOAEHUAMU 3TO COOOIIEHUE
He ObUIO MOATBEPAK/EHO. bosiee TOTO, aBTOPHI MUIIYT,
YTO MECTAMHM MAYK «BCTPEUAETCA OOJBIIMMHU CKOTLIE-
HHUAMHU, CTPOTO COOMIOLAA MPOMEKYTKHA MEXY JIOB-

30&444«6(44«56“«

pasnoo6pasus> (AAAA-A16-116021660077-3).

Jiuteparypa / References

yuMu ceTaMu». [logobHoe, ckopee, XapaKTepHO i
MAYKOB-KPECTOBUKOB, YIIOMSIHYTBIX B Ha4aJle HAIIEH
cTaTpy. [103TOMY JOCTOBEPHOCTD OTIPE/ICACHUS May-
K4 B JJAHHOM CJIy4a€ BBI3BIBAET COMHEHHE.

% k%

[TpuBengeHHbIE MATEPUAILI CBUAECTENLCTBYIOT, YTO
JAJIEKO HE BCE ACHO JaXe B TAKOU TPAAUIIMOHHOM
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TOB MUPOKOTO NPOPUIIs, KOTOPbIE CMOT'YT IPEAOCTA-
BUTb HOBBIC TAHHBIC, KOTOPHIE IIPOJIBIOT CBET HA IIPU-
POy 3TOI'O YAUBUTEABHOI'O (DEHOMECHA. B
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Water spider comes out of the water?

K.G.Mikhailov', PR.Nogovitsyn*

'Zoological Museum of the Lomonosov Moscow State University (Moscow, Russia)
*A.V.Dmitriev Oyskaya School (Oy, Khangalasskiy Ulus, Sakba (Yakutia) Republic, Russia)

A unique case of mass dispersion of young water spiders Argyroneta aquatica out of water body and construction of
webs on surrounding vegetation in Yakutia is described. Similar phenomena for other spiders are also discussed.

Keywords: Aranei, spiders, natural history, spider webs, Yakutia.
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MMUHEPAJIOTUSl. KPUCTANJIOTPADUSA

KyBbipkarowjuecs

rskenesomapraHyeBblie KoHEpeyuu

Ha gHe PuHckoro

3dAUBd

KaH/U/AT reonoro-MmuHepanorndyeckux HAyK B.I'KosoKoab11€B,
Bceepoccutickuii ceonozuvecxkuti uncmumym umenu Al Kapnuncrxozo (Canxm-Ilemepoype, Poccus)

OHTOIr€HUYECKUN AHAIN3 ITO3BOJINJI BBIIEAUTh PA3HOBUJHOCTH Kejle30oMapraniespXx KoHkpenuun (OKMK) dunckoro
3AJIMBA, 3BOJIOLMUA KOTOPBIX CONPOBOKAAIACh UX MHOIOKPATHBIMHU IIEPEMENEHUAMU 110 AHY Bogoema. IIpeanonara-
€TCA, YTO IPUYUHON NPBIKKOB M BpAIATENbHBIX ABMKeHNH JKMK 6b111 HE TONBKO NIPUIOHHBIE TEYEHUSA U HEPOBHO-
CTH J1HA 6ACCeiiHA, HO U NPOIECCH (POPMUPOBAHUSA MOKMAPKOB — KPATEPONOJLOOHBIX (POPM MOABOJHOTO penbeda
B MECTAX PA3IPY3KU BOCXOJAAMIMX I'A30BO-KUJAKUX (DIIOUIOB.

KiarogeBnie ca0Ba: xejaezoMmapranuessle KOHKpenuu (JKMK), KOblieBble KOHKPEILMU, YHUBEPCAJIbHBIN 3AKOH CUM-

MCTpUH, OHTOTE€HUYECKUU AHAIN3, TOKMAPKH.

€1€30MAPTraHIIEBbIE KOH-
kpenun (CKMK) nHa pue
MOpEH M OKEAaHOB BIEp-
Bble O6HApyXUIM OKojao 200 ser
Ha3aJ], 4 UX KOHTUHCHTAJIbHbIC I'O-

30Ha NNOCKKX KOH KpELI,I-‘II;‘l
B

30Ha CHEpUHECKIX KOHKPELIA

MOJIOTH (B 03€pax U 6010Tax) Obl-

JIX U3BCCTHBI HANINUM IIPCAKAM CIIC ——

Ha PAHHUX CTAAUAX )KEJIE3HOTO BE-
ka. Ha Pycckodl paBHHMHE HUX BBI-
YEPIBIBANIU U3 60JIOT U O3€P U UC-

2 =3

BEB4E510116

MOJIB30BAJIM KaK JKEJIE3HYIO PYAY.

B Poccum nocnegnue xenesojne-
JIATEJbHBIC 34BOJbl, pabOTaBIINE
HAa OOJOTHBIX PYyJaX, 3AKPBUINCH
B Hauale XX B. [Ipomuro 100 ner,
Uy HAC BHOBb, C LIEIbIO IPOMBIII-

Puc.1. Cxema cTpoeHus KoHKpeLnoHHOro nnacta 8 ®uHckom 3anuse. BepTukanbHbiit
W rOpU30HTaNbHbI MaclTabbl pa3pesa oTIMyaloTCcs B €TO pas. 1 — Boja, 2 — uno-
BO-KOHKPELMOHHbIN CNOIA, 3 — Necok ¢ rpaBUeM U ranbKoii, 4 — cepas HacblleHHas
BOAOW IMUHA, 5 — CBETNO-Ccepas, NoYTH Genas HacblleHHas BOAON MUHA, 6 — CTaH-
uun npobooT6opa. 06bsCHEHNE B TEKCTE.

JIEHHOTO W3BJICUECHUS JUOKCHU]A
Maprasua, ooparunuch K JKMK, HO HE K 6OJIOTHBIM,
a 3ajeraromum Ha gHe PUHCKOro 3aJuBa. DTUM IJId-
HaM HE CYXAE€HO OBUIO COBITHCA, HO B MAMATh O HUX
COXPAHUIACH KOJIJIEKIIUSA KOHKPEIIUI, COOpAHHAA IIPU
paboTax Mo NOACUETY UX 34I1ACOB B DUHCKOM 3aJIUBE.
B kosneknuu MOp@OJOTrUYeCcKOe pazHOOOpa3ue
JKMK Kaxercss 6€3rpaHUYHBIM, OJIHAKO OHO IOJYH-
HAETCS YHUBEPCAIBHOMY 3d4KOHY CUMMETPUU (IIPUH-
nuny Kiopu), COrmacHO KOTOPOMY CUMMETPHUSL CPEABL
OTPAXAETCA B CUMMETPUU CHPOPMUPOBAHHOTO JIAH-
HOW CPEJOI TEIA, HO IPHU 3TOM COXPAHAIOTCS TE€ COO-
CTBEHHBIE 9JIEMEHTBI CUMMETPUHU Te€JId, KOTOPBIE COB-
agaT C 3JEMEHTAMU CHUMMETPUU CPEAbl. «3HAA
CUMMETPHIO CPEJBl U COOCTBEHHYIO CUMMETPUIO TE-
JId, MOXXHO BCEIZld OIPEAEIUTD BBIHYX/JCHHYIO CUM-
METpUIO nociepaHero» [1, ¢.183]. Cummerpus cpeabt
dopmuposanus JKMK Ha aHe PUHCKOrO 3a/1HUBA
0OyCIOBIEHA, TJIABHBIM O0pa30M, IPABUTAIMOHHBIM
nosieM 3€MJIHM, JUHAMUKONU NPUJOHHBIX CJIOEB BOJBI

© Konokounsnes B.I', 2017

u peabedoMm gHa B 6acceiine. O6uiee IpeCTaBICHUE
O pa3MEIEHUN OCHOBHBIX MOP(OTOIHYECKUX TUIIOB
JKMK B paccMaTpuBaeMOn aKBATOPUM IA€T PUC. 1.

CaMO# BBICOKOU CHUMMETPUEU — CHUMMETPUEH
mapa — XapaKTepU3yrTca KOHKpenuu (puc.l,e)
B MJIOBO-KOHKPEIIMOHHOM CJIO€ (TOJIMUHON OKOJIO
30-40 cm). [InaBas B CJIO0€ MJId, OHU HAXOAATCH B CO-
CTOSIHUM HEBECOMOCTH, HE HCIBITBIBAS IIPU CBOEM
poCTe JEUCTBUS CUJIBL TSKECTU U JBUXKCHUS IPUJJOH-
HBIX BOJI. B TAKUX YCIOBUAX BCE HNEMEHTHL COOCTBEH-
non cummerpuun KMK coBmajamoT ¢ 3J1€MEHTAMU
cumMmerpun gopmupymomein cpeasl. llaposas cum-
MeTpusl (MO-BUAUMOMY, COOCTBEHHAA CUMMETPHUS
JKMK) yKa3bIBA€T €II€ U Hd POCT KOHKPELUI B OJHO-
poanou nurampumen cpeje. Jaxe yMEHbIIEHUE TOJI-
LIMHBI UII0BO-KOHKPELIUMOHHOI'O CJIOS BEAET K IIOTEPE
KaKHUX-TO 3JIEMEHTOB COOCTBEHHON CUMMETPUHU
JKMK. K npumepy, noaBasioTcs CpeEpsl, JUIIEHHbIE
BEPXHEIr'O MIAPOBOTr'oO cermenTa (puc.l,0).

B 30H€ [TOJIHOI'O BLIKJIMHUBAHUA WIOBO-KOHKPELIU-
OHHOT'O ¢J10 poxAaI0TCA JKMK € BRIHYX/JEHHON CUM-
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MMUHEPAJIOTUSl. KPUCTANJIOTPADUSA

METPUEH, IOJHOCTBIO HABA3AHHOU (POPMUPYIOLEH

3 cpenon. YIOpsAAOYEHHAs OAHOHAIIPABICHHAA OPUCH-

TUPOBKA OOJBHMINX OCEH IUIOCKUX 3/UIMICOUANBHBIX

3 KMK (puc.l,a) MOXET OBITb PE3YABTATOM CJIA0O0TO,

W 1o YCTONYUBOTO OJHOHANPABIEHHOI'O MPUAOHHOTO

Q\TC‘ICHI/IH. [ 00pa3oBaHUS KPYIJIBIX AUCKOB Ooiee

6JIArONPUATHBI 3aCTOMHBIE OOCTAHOBKU. B mose Heyc-

TONUYUBBIX TeueHUH ¢popmupyorcs KMK CIoXHBIX

VQ OYCPTAHMI, BKIIOYAA MHPOKO PACHPOCTPAHCHHEIC

‘Q oJKOoBOOOpasuee (puc.1,6) dopmel. IIpu moaHOM

OTCYTCTBUHM HIOBO-KOHKPELIMOHHOTO CJIOA JIEXKAIHe

3 Ha JHE 00JIOMKHU IIOPOJ I'PABUMHOU U I'AJICYHO-BAJIYH-

HOU (PpaKLUil OIOACBIBAIOTCA KOHKPELIUOHHBIMU

3 KOJIbLIAMHU (PHUC.1,6). A IpU HATMYUU 3TOI'O CJI0S TAKUE

06PA30BAHUA TIOYTH BCEI/IA MOKPBITHI KEJIE30MAPTaH-

LIEBOM KOPKOM HMKe KojbLa (puc.l,2). [IpuMeyaresn-

HO, 4TO HA XKEJIE30MAPTaHIIEBLIX KOPKAX HEPEJKO Ha-

6JII0/JAI0TCA PA3HOOPUEHTUPOBAHHBIE U B PA3HOM CTe-

§ MIEHU BBIPAKEHHBIE KOIBIEBbIE BAJIMKU (WX UX (ppar-

%) MeHTH). Te u pyrue npeAcTaBIsaioT COO0M 3apO/IbIIN

§ KOJIBLIEBBIX KOHKPEIUH, KOTOPLIE MOTYT OBITh UCTOY-
HUKOM YHUKAJIBbHO! nHpopmanuu o KMK.

ﬁ Eme pa3 nmog4epKHeEM, 4TO KOJIbLIEBbIE KOHKPELIUHU

U UX 332pOABIIN (POPMHUPYIOTCA CTPOTO IO PaA3LEIy

QO IpyHT—BO/a. OTCIO[IA CJIEAYET, UTO €CIU HA OOJIOMKE

IIOPOJBI C JKEJIE30MAPraHLIEBON KOPKOM BCTPEYAIOTCH

KOJIbLId HECKOJIbKMX I'€HEPALUM, TO, ONPEAEIUB OYe-

PEAHOCTh UX OOPA30BAHMA, MOXKHO IOJYYUTh MpPEJ-

CTABJICHUE O NEPEMEIICHUH JAHHOIO OOJIOMKA B IIPO-

CTPAHCTBE U PEKOHCTPYUPOBATH €I'0 <«IIOIIATOBYIO»

JUHAMUKY. B Hamen Ko/IeKIuNu 06bEKTOM TaKOM pe-

KOHCTPYKIMU (OHTOI'€HUYECKOI'O AHAIN3A) CTAI I'Pa-

HUTHBIN BAJIYH JUIMHOI OKOJIO 8 CM B (pOPME TPEXOC-

HOT'O 3JUIMIICOMJA C KPYIIHOM APKO BBIPAKEHHOM

KOJIBLIEBON KOHKPEIUEN U MHOTOYMUCIEHHBIMUA KOJIb-

LIEBBIMU 3A4POJBIIIAMU. 3aj€eras Ha youHe 27 M, OH

12 cm

Puc.2. KonbleBas KOHKpeLns Ha rpaHUTHOM BanyHe. @ — BUf,
cboKy; 6 — BW CBEPXY; B — HWXHAA MOBEPXHOCTb BajyHa
C OMOACHIBAKIWMMY BaMKaMu; 2 — MpeablAyWwuin pakypc ¢ fe-
W1PUPOBAHHBIMU ONOACHIBaOWMMU Banukamu. Lindppamu no-
KasaHa nocnefoBaTeNbHOCTb 06pa3oBaHWA Banukos (3MGpUO-
HaNbHbIX KoneL).

Ha TPU YETBEPTHU IOTPYKAICA B MONYKUAKUU TEMHO-
CEpBIH, MOYTHU 4YepHbIA KA. CTPOro mo pasgeny uia
C BOJJOV BAJIYH OCJIONKHAJICA KPYIHBIM IJIOCKUM KOJIb-
oM (puc.2,a) TommuHou 1.0-1.3 CM ¥ UPUHOM OT 2
JO 4 cM, HaJl KOTOPBIM TOpYald [IOYTH YUCTAS OKPYI-
JIas IIOBEPXHOCTD BAJIYHA, CJIETKA OKPALICHHAS PBIKU-
MU IUICHKAMU TUJIPOKCUJIOB Keae3a (puc.2,0).

Bcd HIDKHAA TOBEPXHOCTD MOJ KOJNBIIOM OBLIA MO-
KPbITA YEPHOM KEJIE30MAPIaHIEBOU KOPKOU TOJIU-
HOI OKOJIO 1-2 MM. Ha HEHM OTYETIMBO BBIC/ISIIUCH
Pa3HOOPUEHTUPOBAHHBIC YTOJIIIEHUSA B BUJE OIIOACHI-
BAIOIMX BAJIMKOB BEICOTOH OT 1 710 5 MM (PHC.2,8), KO-
TOPBIE CAYXWUIMA 3aPOABIMAMU KOJIbLEBLIX KOHKpE-
nui, COOPMUPOBAHHBIX HA Pasjene IPyHT—BOJA.
B camoe 6onpmoe (nocnaeaHee) Koaplo (HoMep 5 Ha
puc.2,2) cHusy nop yriom 40-45° «ynupaiacs» ppar-
MEHT BBICOKOTO (5 MM) Banuka (Homep 4). Ero Bepx-
HAA 4aCTb IIOJHOCTBIO PAaCTBOPUIACH. PacTBOpeHue
3TOY YACTU, HAXOJHUBIIEHUCA BBIIIE OOJBIION KOJbIIE-
BOHM KOHKPELMH, MOIJIO IIPOM30UTH B IIpoLecce (MiIun
nocie) eec (popMUpPOBAHMIA, T. €. BAJIUK 4 crapue
(ApeBHEE) OOIBINON KOIbLEBON KOHKpenuu. He 6yaer
OMIMOKOI BBIBECTU BBITEKAIONIEE OTCIOAA OYEBU/IHOE
NPABUJIO: U3 08YX nepecexarouuxca (Kax 6 mauem
cayuae) uau CoONPpUKACAIOuUxXcs Koaey, cmapuie mo,
KOMopoe 8 301e UX HALONCeHUL 00RA0aAem NPpusHaKad-
MU pacmeoperus. DTO IPABUJIO MOJTBEPKAACTCH IPY-
I'MMU HAOMIOACHUAMU, U IOTOMY IIOIIBITAEMCS UCIIOJIb-
30BATb €I'0 I8 ONPELEIECHUA OYEPESJHOCTH (POPMUPO-
BAHUS OCTAJbHBIX TPEX KOJBLEBBIX BAJIUKOB.

CpaBHMBAA BANUKU 4 U 3, 3AMEYAEM OTUYETIUBBIE
NIPU3HAKNA PACTBOPEHUA TOCAEAHETO U 3AKII0YAEM —
OH cTrapuie. MeHee penbeHbIE NPU3HAKA YACTUYHO-
I'O paCTBOPEHUS BATUKA 2 HAOIIOAAIOTCA B MECTE €TI0
COIIPUKOCHOBEHUSA C BAJIUKOM 3, OTKY[a BBIBOJAUM —
BaMK 2 crapiie. Cnabble, HO 3AMETHBIE CJIE/Bl paC-
TBOPEHUA OTMEUAEM HA HEOOJBIIOM yU4aCTKE CONPH-
KOCHOBEHUS BAIMKaA 1 ¢ BasMKkoM 2. Ha 3TOM OCHOBA-
HHUHM 3aKII04aeM — Koublio 1 crapmie. Takum obpa-
30M, BAJIMK 1 — camblil gpeBHUNA. OH IIOKA3bIBACT UC-
XOAHO€ IIOJIOXKEHUE HAIIEI'0 BAJIYHA, YIOAUBIIEIO
B 30HY KOHKPEIIMEOOPA30BAHUS.

Eme pa3s HAIOMHHUM, 4TO KaXIbI U3 BAJTUKOB
purcupyer ObLIYI0 INIOCKOCTb pPa3fiesd JOHHOI'O
I'PYHTA C BOAOM, 4 B LI€JIOM OHU JAI0T IIPEJCTABICHUE
O NPEPBLIBUCTOM (CKAYKOOOPA3ZHOM) XapaKTepe Iie-
pEMEIECHUA BAJIYHA U €I'0 IATU OCTAaHOBKAX. [Tocinen-
HAA BU3YAJIU3UPOBAHA KPYIIHOMN KOJbLEBOU KOHKpE-
IIUEN, 4 IPEABIAYIINE — KOJbIEBBIMU BAIUKAMU. KO-
POTKHE NIPOMEXKYTKM BPEMEHU MEXKAY OCTAHOBKAMU
CO CKa4KOOOPa3HbIM M3MEHEHUEM IMO3UIIMN BATYHA
(puc.2,2) — 3TO «Waru», U BCE OHU IOAAAIOTCA pe-
KOHCTpyKuu (puc.3). Ha nmocnegnen, camon Jan-
TEJIBHOU OCTAHOBKE IMPOUCXOAUIO (POPMUPOBAHUE
60JBIION KOJBLEBOIM KOHKpeuuu. Ee pocT 6bL1 nipe-
pPBaH IPOO6OOTOOPHUKOM.

[IpuBeeHHAA PEKOHCTPYKIUA (PUC.3) MOXKET CIIy-
JKUATb 34TPABKON [JJIA PA3MBILUICHUA O BEPOATHBIX
NPUYMHAX «[IPBUKKOB» BalNyHA HA IayouHe 27 M. OHa
MTOKA3BIBAET, YTO U3HAYATbHAA, 3A(PUKCUPOBAHHAA Ba-
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auKkoM 1, mosunua (puc.3, MO3u-
nug 1) KpariHe HEyCTONYNBA U3-32
O4YE€Hb BBICOKOT'O PACHOJOXKEHUSA
€ro ILIEHTPA TAKECTHU. 1A BBIXO/A
13 PABHOBECHSA C IPUIAHUEM Bay-
HY JIETKOTI'O BPAIATENbHOTO [IBU-
JKEHUS U TEPEMENIEHUS U3 IO3U-
oy 1 B HO3UILIMIO 2 JOCTATOYHO
OYEHb HEOOJBUION CHUIIBI, SKBUBA-
JIEHTHOM TOH, KOTOPAs BO3HUKAET
IIPU HE3HAYNUTEIBHOM M3MEHEHUU
B HAIIPABJICHUU IIPUJOHHOI'O T€YE-
HUA, 4TO B OUHCKOM 3IMBE OOBIYHO HAOIIONAETCA
B BECEHHE-OCEHHUE CE30HBL. AHAJIOTMYHBIMU NPUYU-
HAMH MOKHO OOBACHUTD BTOPOU «IlIar»> BATyHA U3 T1O-
3ULMUNU 2 B To3unuio 3. [To Mmepe norpyxenusd B Ui (1mo-
3UIMA 3 HA PUC.3) CMEIAETCS K HU3Y €TI0 LIEHTP TsKe-
CTH. OTO NPUBOJUT K POCTY YCTOMYUBOCTU BAJIYHA.
Eme 60Jie€ yCTOMYUB OH B TO3UIUU 4. /171 €r0 BBIXO/a
13 NO3ULUN 3 U 4, IO-BUAUMOMY, HEJJOCTATOYHO CHUJIbL
OOBIUHBIX IPUJOHHBIX TEUYEHUI. Takas cuia MOTIa Obl
BO3HHUKHYTb IIPHU ITOpME. HO, MO MHEHUIO CIIETUANIH-
CTOB, B BOCTOYHOM 4aCTH PUHCKOIO 3aJIMBA JIaXKE Ka-
TACTPO(PUYECKUI IITOPM HE B COCTOSHUU IPOHUK-
HYTb Ha I71yOuHy 60J€e 15 M. MHBIMU CTTOBAMH, ITOP-
MOBBIE SIBJIEHUS TNPEJCTABIAIOTCI MAJIOBEPOSATHOU
IIPUYUHON «KyBBIPKAHUA» HALIEH KOHKPELUHU HA IJIy-
6une 27 M. ITOCKONBbKY 3K30T€HHBIE NMPOLECCH Oec-
CHJIbHBI 34CTABUTD €€ CKAYKOOOPA3HO NMEPEMENATHCA
O AHy 6acceriHa, OOPaTUMCS K aHANIU3Y BEPOATHBIX
3H/IOTE€HHBIX (DAKTOPOB.

B nocnepnue fecATUIETUA NOABUINCH MHOTOUHC-
JIEHHBIE NYOIUKAILUU O CYMECTBOBAHUU HA JHE PUH-
CKOT'O 32/7IMBA IMOKMApPKOB (IIOK-MAaKOB) — KpaTepo-
IOJ0OHBIX (POPM IOABOAHOTIO penbeda, KOTOpbE 00-
pPa3yIoTCsa B MECTAX PA3IPY3KU BOCXOAALIUX I'd30BO-

Jiutepatypa / References

Puc.3. MNpepbiBuCTOE nepemelieHne BanyHa B 30He MapraHueHakonnewusa. Lud-
pbl — 3Tanbl nepemMeLeHus.

KAJKUX PAIOUA0B. JluaMeTpel KpaTepoB O6OJbIIEH
Y4CTU IIOKMAPKOB B BOCTOYHOH 4acTU PUHCKOIO 3a-
JnrBa cOCTaBIA0T 10-20 M, C XapaKTEPHOU INTyOUHOI
IIPOCA/IKA OT HECKOJIBKUX [JEIUMETPOB /10 3 M [2].
B 3anagHoit yacTu PUHCKOIO 3aJIMBA OIIUCAHBL 00JIee
KPYIHBIE MOKMAPKU AuaMeTpoM cBbime 150 m. Jlo-
CTATOYHO NPABAONOA0O6HA BEPCUSA O BEPOATHON Ia-
PATEHETUYECKON CBA3U <«KYBBIPKAIOMMUXCSA» KOHKpPE-
IIUN C MOKMapKamu. ECIM y4ecTb NyabCAIMOHHBIN
X4paAKTeP PA3rpy3KU BOCXOJANNUX HAMOPHBIX (DIIOU-
JIOB, TO MOXHO OOBSCHUTH U NOJUT'CHEPALIUOHHBIN
Ha60p KOJIbIEBBIX 32APO/IBIIIEIN HA HUX.

TOJIBKO 3MIUPUYECKUMHU HAOMIOJEHUAMU MOKHO
NOATBEPAUTD (MM ONPOBEPIHYTH) BEPCHUIO O Iapa-
I€HETUYECKON CBA3U <«IIPBITAIOIMMUX KOHKPEIUN»
C IIOKMAapPKAMU U ONIPEJEIUTD LIETECOOOPA3ZHOCTD UC-
[IOJIb30BAHUSA IIPEAIOJAIAEMOU IPUUYUHHO-CIELCT-
BEHHOU 3aBUCHUMOCTH Ul MONOJHEHUS HAIUX 3HA-
HUI (O TOKMAPKAX, 4 BO3MOXKHO U 06 HCTOYHHUKE KOH-
Kpenueoopas3yomux 3J€MEHTOB). HenumHue Hanom-
HUTD CJIOBA OJHOT'O U3 BEJUKHUX, KOTOPBIH, TOJYEPKU-
Basi OCBOOOXK/JAIOIYIO CUIJIY HAYKU, YTBEPKAAIL, YTO HO-
BbIE TUIOTE3Bl U «TEOPUHU BAXKHBI, JAXKE €CJIM OHU HE
6oJiee ueM YIPaKHEHUS I HALIETO BOOOPAKEHUA>. m

1. Mlagparnosckuii .M. Cummerpus B nipupoge. J1., 1968. [Shafranovsky 1.1 Symmetry in the nature. Leningrad,

1968. (In Russ.).]

2. XKamoiioa B.A., Pabuwyx /1.B., Cnupuoornos M.A. u 0p. Teonoro-reomop@osorundeckue yciaoBus (GOpMUPOBAHHUS
IIOK-MaKOB B BOCTOYHOH 4acTu PUHCKOI'O 3a711UBa. PErMOHANbHAS T€0J0TUA U MeTatorenus. 2013; (54): 25-37.
[Zbamoyda V.A., Ryabchuk D.V., Spiridonov M.A. et al. Geological and geomorphological conditions of formation
of pockmarks in the east part of the Gulf of Finland. Regional Geology and Metallogeniy. 2013; (54): 25-37.

(In Russ.).]

Tumbling ferromanganese nodules on the bottom of the gulf of Finland

V.G.Kolokoltsev

A.P.Karpinsky Russian Geological Research Institute (Saint Petersburg, Russia)

Ontogenetic analysis made it possible to distinguish different varieties of ferromanganese nodules (FMN) of the Gulf

of Finland. Their evolution was accompanied by multiple displacements along the gulf bottom. It is assumed that the
reason for the jumps and rotational movements of the FMN were not only the bed flows and bottom unevenness, but

also the processes of formation of pockmarks crater-like forms of underwater relief in the places of discharge of

ascending gas-liquid fluids.

Keywords: ferromanganese nodules (FMN), ring nodules, symmetry universal law, ontogenetic analysis, pockmarks.
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UCTOPUSA HAYKU. DUSUKA

Q\Omhpblmun U npegyyBcmsBus

3 pusuka BuabreAbma Bebepa
3

'Q KaHIUAAT GU3nKo-MaTeMaTudeckux Hayk b.B.bymo6am
3 Huocezopoockuil zocyoapcmeeninsili mexuuveckuil ynugepcumem umenu P.E.Anekxceega
(Huxcnuit Hoezopoo, Poccus)

M cTOpUKO-HAYYHBIN aHAIU3 6uorpaduu HeMenkoro gpusuka B.D.Bebepa (1804-1891). PaccmoTpeHa €ro COBMECT-
®) Had pabora ¢ [ayccoM 1o M3YYCHMIO MATHUTHOIO HOJIs 3EMIIH, B TOM YHCJIC CrO BK/IA/ B Pa3paboTKy HPUGOPOB /s
g\nsMepeHHs{ apaMeTpPOB 3¢ MHOI'O MATHUTHOIO MOJIA. DTU YYCHBIC Pa3paboTanu A0COMIOTHYIO CUCTEMY CJUHHUILL, B KO-
TOPOI BCE U3MEPAEMBIC BEJIMYMHBI BBIPAKAIUCh YEPE3 €AUHULIBI BDEMEHU, MACCHI U AIMHBL. OOCYKAAECTCA UCTOPUYE-
@ CKO€ 3HAYEHUE «3aKOHA CUJIB» Bebepa. B KoHTeKCTE paccka3a 06 axkcnepumenTte Bebepa—Konbpayma oTMed€eH ero
OCHOBHOM pE3YJIBTAT: COBHAJEHUE CO CKOPOCTBIO CBETA B BAKYYME OTHOIIEHMS €IMHHI] 3JIEKTPUYECKOIO 3apAza
B JIBYyX CUCTEMAX CAUHUI] U3MEPEHUA. DTOT IKCIIEPUMEHT CTAJI IIEPBLIM YKA3aHUEM Ha GJIHU30CTbh TEOPUU CBETA U Te-
OpHUU 3JICKTPOMAIHUTHBIX fABicHUU. U png Bebepa, u ans Makcsesia 6bl1 B PABHOHM CTEIECHU AKTYaJIEH BOIIPOC 00
3JIEKTPUYCCKON IPUPOJE CBETOBOrO 3pupa. Bebepa He ciefyeT pacCMAaTPUBATh KAK OE3yCIOBHOIO CTOPOHHUKA
NPUHLKIA AAAbHOAEUCTBUA. PaccMoTpena auckyccus lenbMmroneia u Bedepa, B Xxojie KOTOpoit Bebep BBIIBUHYII I'ii-
IIOTE3Y O CYIECTBOBAHUU NPEAEIbHON CKOPOCTH U NPEJBOCXUTUI OCHOBHBIE TOJTOKEHUA 3TEKTPOHHON Teopuu. OT-
MEYEHO BIMAHME 3aKOHA CUIbl Bebepa Ha PA3BUTHE TEOPUU I'PABUTALUH B JOPEIATUBUCTCKUNA IEPUOJL. YKA3AHO, YTO
CTOPOHHUKH OJHOI'O U3 HAIIPABJIEHUI B COBDEMEHHOMN TEOPUHU I'PABUTALIUM CBA3LIBAIOT C paboTamu Bebepa (1 aneK-
TPOJUHAMUKON NAJTBHOJACHUCTBUS B LI€JIOM) IIPEABOCXUIECHUE HEKOTOPHIX ITOJOKEHUHN TEOPUHU IPAMOI'O MEKIACTUY-
HOT'O B3aMMO/JICUCTBUS.

Kiarouesnie ciaoBa: Bebep, Iaycc, Tenpmrosbll, a6COMOTHAS CUCTEMA €IMHUILL, JaIbHO/AENCTBUE, MATHUTHOE TOJIE
3eMJIH, 3JIEKTPOHHAs TEOPHUsI, CKOPOCTb CBETA.

TO MIECTBJECAT JIET HA3a4 — B 1857 1. — B «Ipy-
Iax KoponeBCKOTro CakCOHCKOI'O HAy4YHOI'O 06-
mecTBad» ObIA HanedaraHa cTarbd B.Bebepa
u PI'A.Konbpayma [1] ¢ 1OAPOGHBIM OIIMCAHUEM IKC-
MEPUMEHTA, BHIIOJIHEHHOTO UMHU B 1855 1. B akcme-
PUMEHTE U3MEPSIOCh OTHOUIEHUE €IMHULL CUJIBI TO-
Ka B IBYX PA3HBIX CUCTEMAX €/JUHUI] U3MEPEHUS; ObI-
JIO TOKA3aHO, YTO IO NOPAAKY BETUYUHEL OHO (OTHO-
MIEHHE) COBMNAJAET CO CKOPOCTBIO CBETA B BAKYYME.
DTO O6CTOATENBCTBO CAEAANO IKCIEPUMEHT Bebe-
pa—Koubpayma 0JHUM U3 KJIIOYEBBIX COOBITUI UCTO-
pun Gusuku nosanpouuioro cronerusd. Jx.K.Makc-
BE/UI MUCAT: EOUHCMBEeHHbLIM NpUMEHeHUeM C6ema
8 IMUX ONLIMAX ObIIO UCNONBLI0BAHUE €20 015 MO020,
4IMooObL 6UOCN UHCIPYMEHINbL. SHAYCHUEe CKOPOCMU
ceema, Hatioennoe PyKo, 6610 NOAYUEHO NYMeMm On-
peoenenus yend, na KOmMopuiil ROBOPAUUBACTNCA BPA-
wiaroujeecs 3eprano, noxd Ompaxncemnovili um ceem
npouen myoa u 00pammno 60016 USMEPEHH020 NYMU.
IIpu amom HUKaKx He NOAL30BAAUCH AeKMPUUECH-
80M U mazHemudmom 2, c.90].
Bunerensm Bebep popuinca 24 okrabpsa 1804 r.
B ceMbe npodeccopa TEOJOrnu BUTTEHOEPICKOTO
yHuBepcurTera Muxasis Bebepa. M3 12 nereit o 3pe-
JIOTO BO3PACTA LOKHUIHU TOJIbKO CECTPA U YETBIPE Opa-
Ta. Crapmuid 6par CTal MUHUCTPOM, TPOE OCTAJb-
HBIX OPATHEB — YHUBEPCUTETCKUMU IPO(PECCOPAMHU.

Bunbrenom 3pyapa Bebep. Jlutorpadus P.XotdhdmaHa, 1856 r.
© Bymio6am B.B., 2017 [anepes 3HaMeHUTLIX HaTypanucToB B BeHe.
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Anarom u dusnonor dpucr lenpux (Bunbreabm
MIaame ero nodtru Ha 10 jer) 6b11 npodeccopoM
JIENNIUICKOI'O YHUBEPCUTETA. B TOM K€ YHUBEPCU-
TeTe paboTan u Maaamul 6par dayapa. YTo xe Kaca-
€Tcs BuibresnbMa, TO OH BCIO CBOIO JKU3HD (34 MCKIIIO-
yeHueM nepuogos 1826-1831 u 1843-1849 rr.) pa-
6otan B I'érTuHrene.

B 1814 1. cembst Bebepos nokumaeT Burrenbepr
B CBA3HM C YTBEPXKACHUEM OTILA NMPOPECCOPOM TEO-
poruu YHusepcurera r.lamre. B 1822 1. B 310T YHU-
BepcuTeT nocrynaer Bunesreasm Bebep, a yxe uepes
TPU I'OAA BBIXOAUT B CBET TPaKTAT O6parTbeB Buisb-
rejapbMa u OpHcTa Bebepos «YueHnue 0 BOJHAX, OCHO-
BAHHOE Ha 3KCIEPUMEHTE». B HEM ONUCHIBAIUCH
MHOTOYUCIEHHBIE ONBITH IO U3YUYEHUIO BOJIH HA BO-
J€ 1 3BYKOBBIX BOJH. XaPaKTEPU3yd COAEPKAHUE
Tpakrara 6parees Bebepos, ®.Po3enbeprep 0co60
BBIIESAET UX MPUBEPKEHHOCTb BOJHOBOHU TEOPHUU
cBeTa [3, ¢.240-244].

B 1826 1. Be6ep oxonuns YHuBEpcHUTeT lamie, ero
BBIIIYCKHAA JAUCCEPTALUA OBbLIA MOCBALMIEHA TEOPUU
OpraHHbIX Tpy6. B 1828 1. 0H Havan paboTars B alma
mater, CH44aJa B JOJ/UKHOCTH JIEKTOPA, 4 34TEM
B JJOJLKHOCTH ACCUCTEHTA mpodeccopa. Ve B mep-
BBIE JIBA I'0/1a PA6OTH B yHUBepcuTeTe Bunbrensm Be-
6ep OomybIMKOBAI YETLIPE CTaTbU B «Annalen der
Physik und Chemie» — ogHOM U3 BeAyIUX (pusnyec-
KUX JKYPHAJIOB TOI'O BpeMeHU. B centTabpe 1828 r.
B €r0 XM3HU IPOUCXOAUT BAKHOE COOBITHE: BMECTE
CO CBOMM O6paTOM OPHCTOM OH NPUHUMAET y4yacTHE
B ceibMO kKoH(pepeHIUN OOIECTBA HEMEI[KUX €CTE-
CTBOUCIIBITATENIEN U BPA4€U, OPraHU3aTOPOM KOTO-
pOIi OBLT BBIIAIOMUICS HEMEIKUH €CTECTBOUCIIBITA-
Tenb A.poH I'ym60apaT. CetanHbl Be6epom HA KOH-
depeHuun JOKIaL O TEOPUU OPTraHHBIX TPYO ObLI 3a-
MmeueH U A.pon I'ymb6oapaToM, u K.®d.I'ayccom — Benu-
KHUM HEMELKUM MATEMATUKOM, npodeccopom Tér-
TUHT€HCKOTO YHUBEPCUTETA U AUPEKTOPOM YHUBED-
CUTETCKON 4ACTPOHOMMUYECKON ob6cepBaTopuun. Mx
HHTEPEC K paboTaM MOIOAOIO (pusuka us lamie 6b11
CBSI3aH C HAYAJIOM MACIHITa6HOT'O NMPOEKTA 110 U3yde-
HUIO MATHUTHOTO IO 3EMIIU.

B anpesne 1831 1. B TETTUHICHCKOM YHUBEPCUTETE
MOABUJIACH BaKaHCHUA npodeccopa pusuku. [1o nnu-
nuaruse Iaycca 3Ty JOJKHOCTb Ipeanaraior Bebe-
Py, KOTOPBIA NMPUHAN NPEAIOKeHUe U 15 ceHTadps
1931 r. npuexan B [ETTUHIEH; C 3TOI'O AHA HAYAJIOCh
IIJIOAOTBOPHOE COTPYJHUYECTBO (U py:x6a) Bedepa
u Taycca. Taycc 6Bl JOCTATOYHO KOMIIETEHTEH K4K
(pU3UK-3KCIIEPUMEHTATOP, 4 Bebep Kak maTemMaTuue-
CKUH (DPU3UK, HO IIPHU 3TOM B UX TBOPYECKOM COIO3€
l'aycc 6bL1 B IEPBYIO OYEPEb TEOPETUKOM, 4 Bebep —
9KCIIEPUMEHTATOPOM.

B xoHue 1832 1. 3aBEpIIM/ICA IEPBBIA ITAI COBME-
CTHOM paboThl Bebepa u aycca, mOCBAMEHHON Mar-
HUTHBIM U3MEPEHHUAM. B TOM K€ rojly Ha 3aC€JaHUU
Koposesckoro yueHoro ob6mecrsa B I'érrunrene Ia-
YCC PacCKa3as O pe3ynbraTax padboTsl B foknaje «Mu-
TEHCUBHOCTb MATHUTHOW CHJIBI, IPUBEJEHHASA K a6-
COJIIOTHOM Mepe». B HeM yu4eHbIN BIIEPBbLIC B KAYECTBE

”éo)v 2 vﬂnewed?

Anekcanpp ¢oH l'ym6onsar. MopTpet kuctu .B.Mukepcrunna,
1831 r. Konnekuns KapTuH B reopruaHckom ocobHske Mapk
basunpoH B bepkwupe (AHrus).

Kapn ®puppux Taycc. Moptper kuctn K.A.Mencena, 1840 r.
Apxus bepnuHcko-bpaHaeHOYprckoi akageMum Hayk.
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Dxenmc Knapk Pocc. Moptpet kuctu x.P.BunmaHa, 1834 r.
HauunoHanbHbIt MOpPCKOM My3eit B [puHBMYE, JIOHLOH.

OCHOBHBIX €IUHHUIbI JJIMHBI, MACChl U BPEMEHU HUC-
[OJIb30BAJI MUJIIUMETP, MUJJIUTPAMM U CEKYHIY [4].
PaccmarpuBas 3T €AMHHUIBI KaK A40COMIOTHBIE, [aycc
HCIIONb30BAJ UX JIJIA ONPEAETEHUA HEMEXAHNYECKNAX
BEJIMYMH. EQUHNIIA MATHETU3MA B TAKON CUCTEME OII-
penensaercsa B COOTBETCTBUU C 3aKOHOM Kysona s
B3AUMOJENUCTBUA «MATHUTHBIX MaCC» B IYCTOTE,
4 €JUHULA 3JIEKTPUYECTBA — B COOTBETCTBUU C 3d4KO-
HoMm KynoHa g B3aUMOJENCTBUA «JIEKTPUUECKUX
Macc». Mcnonb3oBaHuEe pPAUOHAJLHON CUCTEMBI
€QUHULl O3HAYAJIO, YTO U3MEPEHUI UHTEHCUBHOCTU
MAI'HUTHOI'O HOJIA CBOAATCS B KOHEYHOM CUETE K U3-
MEPEHHUIO JJIMHBL, BDEMEHHU U MACCHL TeM CAMBIM OHU
CTAHOBATCA BOCHPOMU3BOJUMBIMU M CPABHUMBIMHU,
Gmarofaps 4emy ucue3aeT HeOOXOAUMOCTDb B CIICIU-
AJIbHOU KAJIMOPOBKE HMHCTPYMEHTOB B KAXKJOM OT-
JEJIBHOM CIIy4ae.

[TporpaMmy U3MEPEHUI MATHUTHOI'O I10JI 3€MIU
KOOPAMHHUPOBAIO OCHOBAHHOE 'ayccom u Bebepom
FETTUHIEHCKOE MarnutHoe o0mecTBo. B pamkax
3TOU MacmTAO6HOHU IPOTrpaMMbl (€€ C IIOJHBIM OCHO-
BAHUEM MOXHO CUMTATh IIEPBBIM MEXJYHAPOJHBIM
HAYYHBIM IIPOEKTOM) B PA3HBIX PAMOHAX 3EMHOIO
mapa B CIENUATbHO COOPYKAEMBIX MATHUTHBIX 06-
cepBaTOpuAX (M € IMOMOUIBIO CKOHCTPYUPOBAHHBIX
layccom n Be6epoM MATrHUTOMETPOB) IIPOBOAUINCH
U3MEPEHUS NAPAMETPOB 3€MHOI'O MATHUTHOI'O IIOJIA.
OHM TO3BOJANIN BHOCUTH KODPEKTHUBHE B pa3pabo-

TAHHYIO [ayCCOM TEOPHIO 3€MHOT'O MarHETU3Ma. B co-
OTBETCTBUU C pacyeTaMu [aycca ObLI, B 4aCTHOCTH,
NIPOJOXKEH MApHIPYT APKTUYECKOU IKCHEJUIUU
I K.Pocca, craprosasuest B 1831 r. OnHOU U3 ee 1e-
Jeit 6BUIO ONpEJieicHUE KOOPJUHAT CEBEPHOIO Mar-
HUTHOTO NOJI0ca 3eMan. TOuHOE MECTOIOJIOKEHUE
I10JII0CA 6BLIO YCTAHOBIEHO 1 nioHd 1831 T.

B 1834 r. TonpKO B EBpone (yHKIMOHUPOBAIO 23
MATHUTHBIX 06cepBaTOpun. CONMOCTABIEHUE MOCTY-
Ma1oIeN U3 HUX NH(MOPMAIIUU ITO3BOIHUIO, B YACTHO-
CTH, YCTAHOBUTb CYI[ECTBOBAHWE MAaTHUTHBHIX OYpb.
B 1836-1841 rr. BHIIUIM B CBET IICCTh BBHINYCKOB
c6opHUKA «Pe3ynbpraTel HAOMIOLEHUN MAarHuTHOTO
001IECTBA»; CPEU IIPOYETO B HUX OBLIN ONYOJINKOBA-
Hbl 15 cTaren laycca u 23 Bebepa, a Takxke (B BBITYC-
ke 1840 r.) CO3/JaHHBII MU COBMECTHO «ATJIAC 3€M-
HOI'O MarHeTusMma». OTMETUM, 4TO B BeIIyCKE 1840 1.
YIOMAHYTH MATHUTHBIE OOCEPBATOPHUH, (DYHKITUOHHU-
posasmue B 3anaguHoul Espone (I'punsnu, [1y6iuH,
Jennnur, Map6ypr, bepnun, bpecnay, lengensbepr,
Croxkronbm), B Poccuiickoit umnepuu (XeJIbCUHT-
¢opc, Cankr-Ilerepbypr, Mocksa, Kues, Kazausp, bap-
HayJ, Hepunnck, Hukomnaes, Tudauc), a Taxxke B CHIA
(Punapenvus), B Kurae (Ilekun) u B Kanage (To-
ponTo). Ha Tepputopun POCCUICKOI UMIIEPUNA Mar-
HUTHBIE U METEOPOTIOTUYECKHUE OOCEPBATOPUN OBLIN
IIOCTPOEHBI MO MHUIUATHUBE [yMOONBATA, MOCETUB-
mero Poccuio B 1829 1.

C Poccuen Be6epa CBA3BIBAIN HE TOJBKO JAHHBIE,
MOJIy4a€MBI€ M3 MAarHUTHBIX ob6cepBaropuil. Tak,
B 6uorpaduu U3BECTHOTO POCCUICKOTO (PU3UKA He-
MEIKOTO NPOUCXOXAeHusa bopuca CemeHoBHYA
(Mopuna I'epmaHna) SIKOO6M YIIOMUHAETCS O €0 KOH-
TakTax ¢ Bebepom. B 1842 r. dAxo6u paspaboTan pe-
TYJIATOP 3JNEKTPUUECKOTIO TOKA (PEOCTaT). 11 npak-
TUUYECKOTO UCMONAb30BAHUA PETYIATOP HYXKAAICH
B TPaJlyUPOBKE, B CBA3U C 4eM fAxo6u paspaboran
COOGCTBEHHBIA 3TAJOH CONPOTHUBIEHUS — OTPE3OK
ME/[HO MPOBOJIOKU UINHOM 25 GyToB (7.62 M), Mac-
cou 345rpan (224493 1) u auamerpom 0.75 MM.
IIpu temneparype 0°C COIPOTUBICHUE TAKOI'O 3Ta-
JIOHA COCTABJIANO TMPUOAU3UTETHHO 6.3 Om. CoBET-
CKUH HUCTOPUK Hayku A.BJSIpouxuit nucam Jxobu
8nocreocmeul He 6e3 ycnexa noelmascsa 3mom Ima-
JOH pacnpocmpanams 6 lepmaruu wepe3 B.Bebepa,
3ameuas, 4To Bebep mne moavko cam noav3yemcs
8 ceoell pabome paspabomannvim AKOOU 3MALOHOM
CONPOMUBNEHUS, HO NOOYOUNL K IMOM) eue 08a Oe-
cama opyaux yuernusix 5, c.168].

l'aycc u BebGep 3aHUMAINCH HE TOJBKO (PYHJAMEH-
TAJILHON HayKoH. B 1833 . moj UX PyKOBOACTBOM
B FéTTUHIEHE OblJIA TOCTPOECHA O/IHA U3 MEPBBIX B MU-
pe JUHUI 3JEKTPUUECKOTO Tenerpada. dra JuHUA
MNPOTAKEHHOCTBIO B 9 THIC. PyTOB (0KON0 2700 M) Co-
€IUHANA (PU3HUUECKYIO J1AOOPATOPUIO U YHUBEPCHU-
TETCKYIO ACTPOHOMHUUECKYIO 06CEPBATOPUIO. B Hava-
ne 1833 r. no rtenerpady 6bBUIM NMEPEJAHBI NEPBLIE
CII0BA, 4 BCKOPE — LIEJIbIE IPEMIOKEHUA. [IpekpacHo
CO3HABasg MEPCIEKTUBHOCTb 3JIEKTPUUECKOTO Telle-
rpada Kak CpejcTBa CBA3M, [aycc TeM He MeHee He
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CMOI' yOeAUTh B 3TOM HU IIPABU-
TEJIbCTBO, HU IIPOMBIIIJIEHHUKOB.
B urore nuHuA (YHKIIUOHUPOBA-
JIa TAIb 10 1845 1., KOrga BO Bpe-
MA CHUJIBHON IPO3Hl Tenerpad Ouur
CUJIBHO TNOBPEXAEH U IOCIE ITO-
I'O YK€ HE BOCCTAHOBJICH.

YcnemHoe cCOTpygHUYECTBO [a-
ycca u Bebepa npepBanu NoJIuTH-
yeckue cobnituia. B 1837 1., mocne
KOpOHAMMU B BennkoObpuTaHuu
KOpoJeBbl Bukropuu, B laHHOBE-
pe mpumesn K BIACTU €€ Adaf
DpHCT ABIYCT, OJHUM U3 CBOUX
MIEPBLIX YKA30B OTMEHUBIIUIL JIU-
6€panbHYI0O KOHCTUTYIUIO 1833 T.
B orBeT HA 3TO CceMb npodecco-
poB I'éTTUHIEHCKOTO YHUBEPCHU-
TeTa ONyHJUKOBANIU COBMECTHOE
nuCcbMO 1mporectd. OJHUM U3
MOAIIMCAHTOB OB Bunbrenasm Be-
6ep. B «ré TTUHI€HCKYIO CEMEPKY»>
BXO/IMJIN TAKXE 3HAMCHUTBHIE PU-
aonoru 6parbsa fAxko6 u Buis-
reapM I'pumm. Bce cemepo 6buIH
HEME/JIEHHO YBOJIEHHI C 3aHUMA¢E-
MBIX UMH JOJIKHOCTEWN; IIPU 3TOM
TpouUM (M B UX uncie Bebepy) 6bI-
JIO pa3pemeHo ocTrarbcia B I'ér-
TUHreHe. Ilocie yBONbHEHUSA U3
yHuBepcurera Bebep npojoKul
CBOIO paboTy B MarHMTHOM 06-
mecTBe. laycc u ['ymO60abAT NbITA-
JIUCh yO6EeAUTh KOPONA OTMEHUTD
YK43 O €ro yBoJbHeHUHU. KOpoib,
OJIHAKO, TpeboBas oT Bebepa nmyod-
JUYHOTO OTK434 OT CBOEN MOJ-
MHUCH, 9TO JII YIEHOTO OBLIO HE-
MIPUEMIIEMO.

o

by » 1041'244/’9&{%{

P lelorech:

Bebep mnpojosxkan paborarb
B I'éTTunHreHe 1o 1843 1. B ToM ro-
JIy IOSIBUJIACH BAKAHCHUSA Ha Kadea-
pe ¢usuku Yuusepcurera Jlenn-
nura (mpodgeccopamu KOTOPOTO,
HAIIOMHIO, OBIIN €r0 OPATha DPHCT
Tenpux u Oayapn). [Ipodeccopom 3101t Kadeapsl ObLI
6anskuit gpyr Bunsrensma Bebepa — I'ycras dexnep.
B ucropun ¢pusuxku Pexuep u Bebep U3BECTHH CBOU-
MU UJEAMU 00 ATOMUCTUUECKOIN NPUPOJIE ITEKTPUYIE-
cTBa. COINIACHO UX B3IJIAAM, SNEKTPUUECKAST MATEPUAL
6blId HE HENMPEPBIBHOM, 4 JUCKPETHOU CYOCTAHLIMEN
1 COCTOAA U3 ATIEMEHTAPHBIX «3JIEKTPUIECKUX MACC».
dexHep 3aHUMAJICA HE TOJBKO (PU3UKOM, OH MPOBO-
JUJT MHOTOYMCIEHHBIE NCUXO(PUZUOIOTUYECKUE IKC-
IIEPUMEHTH (B XOJi€ KOTOPBIX €My U DPHCTY Bebepy
YJA70Ch, B YACTHOCTH, YCTAHOBUTD ITEPBBIN 3aKOH JKC-
[IEPUMEHTAIBHON NICUXO(pU3NOJIOINU — 34KOH Bebe-
pa—®exHepa). B xoae Takux skcnepumMeHTos Pexuep
MOBPEUII 3PEHUE, VIIET B OTCTABKY U MEPEKIIOUUIIC
Ha 3aHATUA punocopuen u ncuxonoruei. OCBo60-

«léTTMHreHckas cemepka»: B. u A.lpumm (BepxHuit pag), B.3.Ansbpext, ®.K.Oans-
maH u I.I.TepBuHyc (cpesHuit pag), B.3.BeGep u I.[.A.3Banba. Jiutorpadus K.Pox-
ae, 1837-1838 rr. lopoackoit my3eit [€TTuHreHa.

JUBIIASACA JJOJUKHOCTb npodeccopa (pU3UKK OblIa
npejoxeHa Bebepy.

Hmenno B Jlernuure Bebep cpopmMynupoBat ujeio
3aKOHA B3AUMOJICHCTBHUSA <«JICKTPUYCCKUX MaCC»,
KOTOPBIHM, KaK OH CYHUTAJI, JJOJKEH 3aMCHUTH 3aKOH
Kynona. COrnacHO 3TOMY 3aKOHY, CHJIa B3aUMOJICHCT-
BUA «JICKTPUYCCKHUX MACC» 3ABUCHUT HC TOJIBKO OT
pacCcTogHusg MCKAY HUMHW, HO U OT UX OTHOCHUTEIbHOU
CKOPOCTH M OTHOCHTEIBHOTO YCKOpeHHud. Ilepsas
(opmynupoBka 3akoHa BeGepa mospseTcs B 1846 1.
B IIEPBOM TOME TPYAOB Bebepa, M3AaBaBIIMXCA MOJ
OOIMUM Ha3BaHUEM <«DIEKTPOAMHAMUYECKUE MEPO-
onpejenenusn». Ilepejy OTHPABKOM CTATbU B IEYATDH
Be6ep mocnan ee Ha oT3BIB layccy. B mucbMe or
18 mapra 1845 r. Taycc, IONOXKUTENbHO OLCHUBAS HA-
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NamatHuk fayccy u Bebepy B TETTUHreHe. MoHymeHT paboTtsl K.®.Xapuepa, 1899 r.

yaryio Beb6epom pabory, ykazaa HAa HEOOXOAUMOCTb
861600d O00NOIHUMENLHOU CUNLL, KOMOPaad 0006a6/5-
emca K 83aumMHOM) 0LLCMBUI0 NOKOAUUXCA dNeKm-
puneckux wacmuy, eciu OHu HAX00AMCA 6 OMHOCU-
MENLHOM OBUNCEHUU, U3 He M2HOBEHHO, HO (110000-
HbM c6emy 00pa3oMm) 60 6peMmeni Pacnpocmpansio-
wezoca Oeticmsua [6, ¢.627]. OrBevas layccy, Bebep
Hanucax: Hecommenno, obsacHenue, npeononazaio-
ujee nocmenenHoe pacnpocmpanenie 0elicmeusl, Obi-
210 0bL npexpacnetiuium peurernuem sazaoxu [7, p.109].
Peruiuku Taycca u Bebepa CBUAETENBCTBYIOT, YTO CO-
OTHOCUTb UMA Bebepa ¢ 6e3yCTOBHBIM NPU3HAHUEM
NPUHIIUIA JANbHOAEHUCTBUSA HE BIIOTHE KOPPEKTHO.

B 1849 r. Bebep mony4ua BO3MOKHOCTb BEPHYTHCA
B I'érrunren. Tam cpOpMHUPOBAICA HOBBIM TBOPYEC-
KA COI03 — Ha 3TOT pa3 ¢ (puzukom Koubpaymem.
[71aBHBIM UTOT'OM UX COTPYJJHUYECTBA CTAJ yIIOMUHAB-
MIMICA BBIMIE 3KCIEPUMEHT 110 U3MEPEHUIO OTHOIIE-
HUA €IMHUL TOKA B JIBYX PA3HBIX CUCTEMAX €JUHUILL

BaxxHoe MeCTO B JaJbHEHUIICH HAYy4YHON OHOrpa-
¢puun Bebepa 3aHUMAET AUCKYCCUS C OJJHUM U3 ABTO-
POB 3aKOHA COXPAHEHUS SHEPTUU — HU3BECTHBIM He-

menkuMm ¢pusukom LJLP.TenpMm-
rojabLeM. 3aTPOHYBINASA BECbMA
BA’KHBIE (PU3UUECKHE TPOOIEMBI,
auckyccus Tenpmronsna u Bebepa
npoxozauna B 70-x rogax XIX B. Xa-
pakrepusya ee B neaoM, I0.AJlo-
OMMOB 3AMEYAET: ..B 0AUmMenvHoll
HAYUHOU OUCKYCCUL 08YX U3BECT-
HOLX HeMeUKUX PUUKOE 1He Obi1o
1n00eN0eHH020 UL 1N0OOUMENA:
CNop 6 KOHUe KOHY08 NPeKpamu-
Ca Kax-mo «cam coboti» [8, c.153].
IIpu BCEeM TOM OJHHUM M3 €€ IIO-
CIEACTBUIL MOKHO CYUTATb BEIOOP
HA3BAHUA JJI €AUHUIBI CUJIBI TO-
ka. B 1881 1. B [Tapmxe npoxoui
[TepBBII BCEMUPHBIA 3JIEKTPOTEX-
HUYECKUI KOHI'PECC, HA KOTOPOM
PYKOBOJUTENb HEMELKON Jenera-
MU [ebMIONbIL BEICTYINT C TIPEJ-
JIO’KEHUEM HA3BATb €JUHUILY CHUIIBI
TOKa «aMIEep» — IPU TOM, UYTO Jie-
(axkTO HA TOT MOMEHT BPEMEHHU
6OJIBITUHCTBO (DU3UKOB CBI3BIBA-
JIM HA3BAHUE €IUHUIBI CUIBl TOKA
HCKJIIOYUTENBHO C UMeHeM Bebe-
pa. OJHAKO B CHUJIY 4aBTOPHUTETA
[enbMroJplia B Hay4HOM COO0O0IIe-
CTBE 6BUI IPUHAT €ro BapuaHt. He
HUCKJIIOYEHO, BIPOYEM, UTO NPEA-
JIO)KeHue [enpMrosplia Ha3BATh
€UHHUIY CUIIBI TOKA B YECTDb (PpPaH-
1IY3CKOTO (PU3UKA OBbLIO BBI3BAHO
He cnopoM ¢ Bebepom, a ¢ xena-
HHUEM aBTOPUTETHOI'O HEMEIKOTO
YUEHOTO BHECTH NMOCUIBHBIN BKJIA]
B CHIKEHUE HATIPSKEHHOCTU MEX-
ay Tepmanuen u ®panHnuenn nocmue
HeaHeN OPaHKO-TIPYCCKOM BOMHHI [8, ¢.160.]. Creay-
€T NPUHATh BO BHUMAHUE U MOMIATHYBIIHUNICI K TOMY
BpEeMEHU aBTOPUTET Bebepa n3-34 €ro yuacTus B CeaH-
Cax amepuKaHckoro Mmeauyma I.Cianaa. [IOKIOHHUKOM
Ci31/1a ¥ OPTaHU3ATOPOM CEAHCOB OB JICHIIIUTCKUI
actpopusuk u apyr B.Be6epa K.®.Lénnpuep. Mcropu-
YEeCKas CIPaBeINBOCTh B IIPU3HAHUU 3aCIyT Bebepa
B Pa3BUTHU 3JIEKTPOJUHAMUKN OBUIA BOCCTAHOBJICHA
TOJALKO B 1935 I, ¢ IPUHATUEM PEIIEHNUS HA3BATb B €O
YECTh €IMHUIY MATHUTHOTO NMOTOKA B cucTeMe CH.

[To moBoay puckyccuu lenpmronnia u Bebepa Jlo-
OGUMOB TAKXKE OTMETUJI, YTO (PU3UKH, B TON WJIN UHOU
CTENEHU IPUHUMABIINE B HEN y4acTUE, He 6ce20d Obi-
QU 00CMAMOUHO KOPPEKMHbL 10 OMHOULEHUIO O0p)2
i Opyzy [8, c.163]. BO3MOKHO, UIMEHHO MO3TOMY OCT-
pOTa TOM JUCKYCCHUU OMYIANACh U YK€ TIOCIE €€ (Pop-
ManbHOTO OKOHYaHus B 1881 1. Tak, B 1887 1. TérTuH-
IeHCKOE (PUI0COPCKOE OOMECTBO IO UTOTAM KOHKYP-
Ca IPUCYAUIO BTOPYIO MPEMUIO TpakTaty M.IImaHKa
O IPUHITUIIE COXPAaHEHUs dHEPrun. CKOpee BCETO, 3TO
OBUIO CBA3AHO C KDUTUUECKUMU 3AMEYAHUAMUI B TPAK-
TATE B 4JIPEC ANEKTPOJUHAMUKH Bebepa.
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Be6ep yuren us )xu3Hu B Bo3pacte 86 net. CoBpe-
MEHHMKH BCIIOMUHAIOT €TI0 KAK CKDOMHOTI'O U JpYXe-
JMIOOHOTO YEJIOBEKA, JNIOOUBIIETO €3AUTh BEPXOM
1 COBEPIIATh MPOJOJKUTENBHBIE MENNUE TPOTYIKH.
OH He OBIJ JKEHAT, U XO35UCTBO B €T0 JOME BEIA CHA-
4yaJ1a €ro CECTPa, 4 MO3/AHEE €I'o JIEMAHHUILA.

PaccMOTpUM HMXKE IMOJPOOHO OCHOBHBIE HAYY-
HbIC JOCTHKEHUS Bebepa.

3axoH cuiabl. COTIacHO 3aKOHY Bebepa, cuna B3a-
UMOJIENCTBUA [BUXKYIIUXCA JIEKTPUUECKUX 3APANOB
onpenensercs (B COBpEMEHHOI 3a11ucu) POpMyJIOi:

(drjdry | 2r dr
C\;;‘ C\%’ dtz

= 99 _
F=-27R0

3eChb ¢ U ¢, — 3APAABL, ¥ — PACCTOSHUE MEX/Y HU-
MU, dr/dl — nepBast Ipou3BoAHas, d*r/di* — BTrOopas
NIPOU3BOAHAA 7 IO BPEMEHH, Cy — MOCTOSHHAA Be-
6epa. IMEHHO KOHCTAHTA Cy OblIAd (PAKTUYECKU U3-
MEpEHa B X0/l 3KcnepuMenTa Bebepa—Konbpayma,
OKa3aBmUCh B V2 pa3 60JbIle CKOPOCTH CBETA B Ba-
KyyMme. bonee-MeHee moJpo6HO NPOLLECC BEIBOAA 34-
koHa Bebepa mpocneaun Ji0OUMOB, OTMETUBIIUIT,
yTOo Bebep, pa3suBasi TEOPUIO B3AUMO/IENCTBUS dJlE-
KTPUYECKUX 3dPAJJOB, OCHOBBIBAJICA HA 3JIEKTPOJH-
HAMUUYECKUX paborax AM.Amnepa. Mcxons us npej-
CTaBJIECHUS 06 NEKTPUIECKOM TOKE KAK COBOKYITHO-
CTH IPOTUBOMOJOKHO HANPABIEHHBIX IOTOKOB MO-
JIOKUATENBHBIX U OTPULIATENBHBIX 3NEKTPUYECKUX
macc, Bebep peaynupoBal IOJYYEHHBIN AMIEDOM
31KOH B3aUMOJCHUCTBUS TOKOB K «b0OJICE 3TEMEH-
TAPHOMY» 34KOHY B3AUMOJEHCTBUSI TAKUX MACC.
biarogapss 3TOMy, YYUTBIBAA OTKpbBITOE PapageeMm
ABJIEHUE 3JEKTPOMATHUTHOU UHIYKIIUU, CAMOM)
3AKOHY ANCKMPOMAZHUMHOU UHOYKUUL 0AeMCH U-
mepnpemayun u 060CHOBAHUE HA OCHOBe 6e6epos-
CKUX COOMHOULeHUIL, KAK yJa4HO BbIpasuics Jroou-
MOB [8, ¢.150].

ITo cnoBam HeMeNKOro ucropuka ¢gusuku @.Po-
3eHbeprepa, COBpEMEHHUKHN Bebepa pearuposaiu Ha
€ro 3aKOH KaK Ha «PEBOJNIOIIMOHHBIA aKT MEPBOCTE-
MIEHHOW BAXKHOCTU» — IJIABHBIM OOPA30M M3-34 TOTO,
YTO 3aBUCHUMOCTb CHJBl OT CKOPOCTEN M YCKOPEHHUU
O3HA4ajaa OTXOJ] OT KJIACCHYECKON MEXaHUYECKOU
KapTUHBI MUPA, B KOTOPOU 0OPA3110M CUJIBI ObLIA CHUIA
TATOTEHUS, 3AaBUCAINASA TONBKO OT PACCTOAHUA MEXKY
B3aMMOJICHCTBYIOMUMY 06beKTaMH [3, €.166]. Hetpys-
HO BU/JICTb, YTO NIPU dr/dl = CONSt TPEThE CIATAEMOE
B CKOBKAX 06PAIIAeTCs B HOMb, 4 IPH dr/dl = ¢y = c\2
CTAHOBHUTCS PABHOI HY/IIO U CHUJIA B3aUMOJCHCTBUS
3JIEKTPUYECKUX MACC B 11esI0M. [TepBoHauansHO Bebep
n Konppaym, He mpejnosarass, 4ro KOHCTAHTA Cy
CTOJIb BENUKA, HAMEPEBAIUCh U3MEPUTD €€ B OIBITAX
C JABMKYIIMMUCH 3MEKTPUYECKUMHU 3apsagamu. OHU
IJIAHAPOBAIN YBEJIUYUBATD OTHOCHUTEIBHYIO CKO-
POCTBb 3aps/IOB JJO TEX MOpP, OKA OHU HE NPEKPATAT
B3AUMO/IEVICTBOBATD.

duznuyeckue usmepeHua. C uMmeHeMm Bebepa
CBA3aHO CTAHOBJIEHUE HOBOI METOMOJOIUU (pU3nye-
CKoro 3KkcnepumenTa. Mcropuk Hayku C.P.OuioHO-
BUY TAK HAMMHUCAT 06 31OM: CYmb HOBAMOPCMBEa co-

b1 » vﬂzwed%

Pynonbd lepman ApHat Konbpayw. PucyHok nepom ®.Hctu,
1886.

lfepma Jliogsur ®epaunang doH fenbmronsl. MopTpeT KUCTKH
X.0.10.WapnoBa, 1891 r. Apxus bepnuHcko-bpaHpeHbyprckoit
aKajemmm Hayk.
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cmoAra 6 pa3pa6om1ce MUNOBLIX USMEPUMECIbHBLX

Q\npu@poe, suipabomre eounoll cucmemol usmepenul

Q
<

3
3
0

u npoyedypo. obpabomru pezyromamos. B yenrom
AMOM N0O0X00 MONMHO ObLAO Obl HAZEAMb <YHUBEPCA-
ausayuetl usmepernuti» [9, c.84]. B cBa3u ¢ nporpam-
MOW UCCIELOBAHUA 3€MHOTO MarHeTuaMa Bebep yka-
3pIBATL: Haue ybexcoernue cocmoum 6 mom, 4mo mpa-
OUUUOHHDBLLL cnocob pabomul 6 usuxe ycmapean
u mpebyem pepopmol, a maxice 6 mom, Umo Haiu
Cnoco6 mpaKmosK MazHumnoil nPooreMo. A6ALCM-
ca nepeoti racmouroli. OH uoem npomue MHOZ0UUC-
NeHHBIX 21YO0KO YKOPEHUBUUXCA NPUBHIMEK U 3a-
CIMABAAEN MHOUX MEUMAMb O MOM. 4MOoObL HUHEe20
100061020 6806Ce He 803HUKAN0. Ho ecau on Oydem

)
g\aoeeaeﬂ 00 KOHUd, MO BCKOPe DA306bemca u odnee

Q

u oxaxcem nio000meopHoe 8030elicmeie Ha 6ce 00a-
cmu nayx [9, ¢.85]. B onpeaeneHHoM CMBICIE 1E€ATENb-
HOCTb BeGepa 6bl1a CBA3d4HA C U3MEHEHUEM METOJ0-
JIOTUM HUCCIEJOBAHUA, ¢ (DOPMUPOBAHUEM OOBIYHOMN
JUIsl COBPEMEHHON HaM (PU3UKU OPUEHTALUU HA KO-
JIMYECTBEHHYIO 3KCIEPUMEHTAIbHYIO IIPOBEPKY T'H-
nores. CIeAyeT y4ecThb, 4TO /I HEMEIKON (PU3UKHU
Hayana XIX B. TUIIMYHON OblJI2 OPUEHTAIMS HE HA KO-
JINYECTBEHHBIIN, 4 HAa KAYECTBCHHBIN 3KCIEPUMEHT.
Tako¥ MOAXOJ OTIUYAI, K IIPUMEPY, UCCAETOBAHUA
T.M.3eeb€eKa, OTKPBIBUIETO TEPMOINEKTPUIECTBO. [1e-
pPEMEHBI K€ B METOJJOJIOTUN HAYYHOT'O UCCIEJOBAHULA
ObLIM BO MHOTOM CBsI3aHBI ¢ paboramu [.C.OMa, KOTO-
pble, KCTaTH, BeGep o1eHUBAI OYEHb BBICOKO.

TaHreHc-ranbBaHomeTp, npumepHo 1910 r. My3eit Hayku u npo-
MbllWIeHHOCTU B YuKaro.

BaXHBIM CI€4CTBUEM OCYILECTBIABIINXCA IO, PY-
KOBOJCTBOM laycca u Bebepa MEXAyHAPOAHBIX I'€O-
MAarHATHBIX U3MEPEHUM CTAJI0 OCO3HAHHOE CTPEMIIE-
HUE (PU3UKOB PACIIOJAraTh TUIOBBIMU IPUOOpAMY,
MIO3BONAIOMUMHU NPOBOJAUTH U3MEPEHUA B PA3HBIX
1260pATOPUAX C OAMHAKOBON U BBICOKOIH TOYHOC-
TbIO. TaK, UCTOPUKU HAYKH YCTAHOBUJIH, YTO NMPHUOO-
PbI, UCIIOAB30BABIIUECSA B TEOMATHUTHBIX U3MEPEHU-
ax B bonne, [ybinune, Kazanu, Munane, 'punsuye
1 JIPYTUX TOPOJAX, OBIIM U3TOTOBJIEHBI OTHUM U TEM
JKe MacTepom u3 I'érrunrena. Vxe K Koy 19-ro cro-
JIETUS B pS/ic CTPAH MOABUINUCH KPYIHBIE (PUPMBL,
CIELUAIU3UPYIOMUECH HA BBIIIYCKE HAYYHOI'O MHCT-
pyMEHTApUA.

B kadecTBe mpuMepa PaCCMOTPUM KOHCTPYKIIUIO
pa3paboTaHHOro BebepoM TaHI€HC-raJlbBAHOMETPA
(TaHTE€HIUATBHOIO TaJbBAHOMETPA) — OJHOI'O M3
NIEPBLIX B UCTOPUM (PU3UKKA U3MepUTeleh Tokd. OH
NPECTABIAN COOON KPYIIYIO PAMKY C OOMOTKON M3
OJHOT'O WUJIN HECKOJBKUX BUTKOB. B IIEHTPE PAMKHU Ha
OCH Kpyra C JEJEHUAMH PACIONOKEHA MATHUTHAA
crpenka. Ecium mo o6MOTKE NMPOTEKAET TOK, TO B €€
LIEHTPE CO3J4A€TCA MATHUTHOE II0JI€, 3dBUCUMOCTD
KOTOPOT'O OT CHJIBI TOKA JIEI'KO pacCYnTaTh. PaBHOBE-
CHUE CTPENKU OYJET MPHU 3TOM ONPEAEIAThCA PABEH-
CTBOM MOMEHTOB CHJI, JEHUCTBYIOIIUX HA CTPEIKY CO
CTOPOHBI MATHUTHOT'O MOJIA TOKA U MAIHUTHOTO T1OJIA
3emnu. Onpegendsa yrojg IOBOPOTA CTPEJIKU U 3HAA
MAarHUTHOE II0JI€ 3EMJIU B IAHHOU TOYKE, MOXKHO paC-
CUMTATb MATHUTHOE IIOJ€ TOKA U, COOTBETCTBECHHO,
CHJIy TOK4, NPOTEKAIOMETO MO OOMOTKE TAHIEHC-
TaTbBAHOMETPA.

dxcnepumeHT BeGepa—Koaspayma. Onbir
OCYILECTBIJIANCA MO CIeAyIouen cxeme. JIenaenckas
6aHKa 3apsAXKaNaACh OIPEJEIECHHBIM KOJIHUYECTBOM
3JIEKTPUYECTBA U PA3PAKAIACH YEPE3 TAHICHC-TAJIb-
BAHOMETD B TE€YEHHUE ONPEJEIEHHOIO IIPOMEXKYTKA
BpeMenu. [1o yriay OTKIOHEHUA MATHUTHOU CTPEIKUA
raJbBAHOMETPA MOXKHO OBIIO ONPENETUTDH CUIY TO-
Ka B TaK Ha3bIBAEMBIX «MATHUTHBIX EJUHUIIAX>.
A pazaenus 3apsj 6aHKU HA BpeMs, U3MEPUTD €€ XKe
B «MEXAHUYECKUX eAUHULAX>. IIpOBegd HECKOIBKO
cepuit uzmepenuit, Be6ep u Konbpaym yCTaHOBUIIH,
YTO OTHOHMIEHUE MEXAHUYECKON €IMHHULIBI CUJIBI TO-
Ka K MATHUTHON paBHO 155 370:10° D10 4mcno 6bI-
JIO IPUMEPHO B /IBAd PA3d MEHbBIIC CKOPOCTHU CBETA
B BAKYYME€, BRIDAKEHHON B MIIJINMETPAX B CEKYH]Y.
TakuMm 06pa30M, UYUCIEHHOE 3HAYEHUE HEKOTOPON
BEJMYUHBI U3 OOJACTH 3JEKTPOMATHETU3MA OKa3a-
JIOCh OJIHOT'O ITOPAJIKA CO CKOPOCTBIO CBETA, OTHOCS-
IIEHCA K ONTUKE — COBEPIICHHO JJPYIOMY pa3jieiny
(pU3UKN. DKCIIEPUMEHT MMO3BOJIUI ONPEAENTUTD KOH-
CTaHTY Cy, OKa3aBIIYIOCS TPUMEPHO B V2 pa3 60/1b-
e CKOPOCTH CBeTA. Yepe3 HECKOJILKO JIET HEMEI-
xut pusuk ILP.Kupxrodp nonyunn gudpdepennmnainb-
Hbl€ YPABHEHMUSA, ONUCHIBAIOMINUE PACIPOCTPAHECHUE
KOJNEOAHNUH CUJIBL TOKA BAOJb IPOBOJA — TAK HA3BI-
BaeMBbIE TeJerpadHbe ypaBHEHUA. M3 HUX ClIef0Ba-
JIO, 4TO CKOPOCTb PAaCHPOCTPAHEHUA BOTHBI TOKA
BJI0JIb IPOBO/IA M/1€AIbHOMN IPOBOJUMOCTH B \2 pas
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MEHBIIE KOHCTAHTHI Cy U, TAKUM OOpPa30oM, COBIIA/A-
€T CO CKOPOCTBIO CBETd B BaKyyMe. OJHOBPEMEHHO
1 HE3aBUCUMO OT KupXro@a TOT K€ pE3yabTraT Mo-
nyuun Bebep [10, c.411]. IIpu atom Kupxrogp — cro-
POHHUK (PEHOMEHOJIOTUUECKOTO MOJX0/ld — HUKAK
HE OTPEearnpoBa Ha 3TO coBnajenue, Bebep xe or-
MeYaJl CYIECTBEHHBIC PA3INYU MEXAY BOJHOU TO-
Ka U CBETOBOU BOJHOU B 3(pupe. Kak m3BeCcTHO,
CBSI3b ONITUKU U 3JEKTPOMATHETU3MA OblJIA B KOHEU-
HOM CYETE YCTAHOBJIEHA B 3JIEKTPOMAIHUTHOMN TEO-
pum csera Maxcsesia.

Yro xe Kacaercsa usmepeHHoro Bebepom u Kosb-
payieM OTHOIIECHUS €JUHULL CUJI TOKA, TO, YYUTBIBAS
NIPUHATYIO Be6epoM MOAeNb TOKA, MOXHO OBLIO Che-
JIATb BBIBOJ, YTO OTHOIIEHUE €JUHULL JJIEKTPUYECKO-
IO 3ap4/d B JBYX CUCTEMAX €QMHUL, YUCIEHHO PABHO
CKOpPOCTHU CBETA B Bakyyme. Ha 3TO 06CTOATENBCTBO
obparuyl BHUMaHUE MaKCBE/I — BblIIE OBLIO IIPUBE-
JEHO €ro BBICKA3bIBAHUE 10 IIOBOJY OIILITOB Bebepa—
Konbppayma. OneHuBas UuX pe3yabraThl, OH IPUXOAUT
K HUCKIIOUUTENBHO BAXKHOMY BBIBOJAY: ..Co8naoenue
De3ynvmamos, no-6uUoUMOMY, NOKA3bLEAeN, 4mo ceem
U MAZHEMUSM ACAAIOMCA NPOABICHUCM CBOLUCME 00-
HOLL U MOl Je CYOCMAHUUL 1 YmMO C6em ABAACMCA
SNCKMPOMAZHUMMHBIM B03MYULCHUCM, DACNDOCMPA-
HAIOUUMCA Hepe3 nocheocmeo noai 8 COOmeemcm-
Ul ¢ 3axonamu anexkmpomazrnemusma [11, c.321].

Hpes npeneapbHOM CKOPOCTH H IIpeACTaBIe-
HHE 00 3JIEeMEHTAPHOM JIEKTPHIECKOM 3apiaje.
B nuckyccuu Ienpmronsiia ¢ Bebepom aHanu3nposa-
JIUCb B TOM YUCJIE MBICJICHHBIEC SKCIIEPUMEHTHI C IBU-
KYLIUMUCH <«3JIEKTPUYECKUMU Maccamu». IlepsoHa-
YAJIBHO BO3PAXEHUA [enbMronbpna ObIM CBA3AHEI
C 3ABUCUMOCTBIO CHJIBI B3AUMOJAEUCTBUA 3JIEKTPUYE-
CKUX 3apsJ0B B 3aKOHE BebGepa OT UX OTHOCHUTENb-
HOU cKopocTu. [To MHeHuio IeabMrosblia, Takas 3a-
BUCUMOCTb HE COOTBETCTBYET 3aKOHY COXPAHECHUA
3HEPIUU. B X04e AUCKYyCCUM OH OTKA3JICA OT OIpa-
HUYCHU, HAKIQJBIBABIINXCS UM HA 00IACTh [IpUME-
HUMOCTH 34KOHA COXPaHEHHUs 3Hepruu. Ilpu atom,
pa3bupas Pa3JUYHBIC MBICICHHBIE JKCIIEPUMEHTHI,
Be6ep BBIBUIAET HECKONBKO HEOOBIYHBIX THIIOTES.
Tak, OH HPEANONATAET CYMIECTBOBAHUE B MPUPOJE
NIpeAEeAbHON CKOPOCTH ABUKEHHUA MATEPHUAJbHBIX
T€J, COBHAMAIONIEN, BO3ZMOXHO, C KOHCTAHTOHU Cy.
(IpeaBOCXUIEHUE PENATUBUCTCKUX upaei). OH TaK-
JKE€ BBIJIBUHYJ I'HIIOTE3Y, YTO IJEKTPUUYECKUE YACTHU-
LIBl, JIBUJKEHHUE KOTOPBIX OOPA3YET 3JICKTPUYECKUI
TOK, UMCIOT OIPEACIEHHBII U OJUHAKOBBIA 3apsj
1 Maccy (IPEABOCXUILECHUE 3JIEKTPOHHON TEOPUU).
HMMeHHo B AUCKyccuu € [e1bMIonbIeM OH BBEJI IOHA-
THE 3JJIEKTPUYECKOTrO aToma. Brocuneacrsum Bebep
B pabore «DIEKTPOJUHAMUYECKUE MEPOOIpPEAEIe-
HUs, OCOOEHHO O CBSI3U OCHOBHOI'O 3JICKTPUYECKOTO
334KOH4 C I'PABUTAIIMOHHBIM 3aKOHOM», OIIUCAT MOJIE-
KYJIBL BELIECTBA C TOYKU 3PEHUSA IUIAHETAPHOM MOJE-
JIM: UX LEHTPAAbHAA 4aCTb 3aPKEHA OTPULLATENBHO,
4 B IOCTOHHOM BPAIl€HUU BOKPYT LEHTPA HAXOAT-
Csl TIOJIOKUTENBHBIE JIEKTPUUECKUE YACTUIIBL. B Me-
TAJUIAX 3TU YACTULBI HENIPEPBIBHO IIEPEXOJAT C OJf-

HOM OPOUTHI HA JIPYTYIO, B U30JATOPAX K€ TAKOTO IIe-
pexoza He IPOUCXOAUT. Bebep NCIONb30BAN IITaHE-
TAPHBIM 06PA3 MOJIEKYJ BEMIECTBA B pabOTax MO Jnua-
MATHETHU3MY, CBSI34B 3TO ABIEHHUE C BO3OYXK/JEHUEM
MHAYKIUMOHHBIX TOKOB. HamoMHUM, 94TO 06pa3 MoJle-
KyJSIDHOTO TOKa OBUI BIEPBBIC HCIOIB30BAH AMIIE-
pPOM, OOBICHABIHIUM C €TI0 MOMOILIO NPUPOJY Mar-
HUTHBIX ABJICHUH [12].

3akoH BeGepa u TeopHA IpaBHTAIHH. B 110-
caeguue pecsarunerus XIX B. K 3aKOHY cuiibl Bebepa
OOpaTUINCh CHELUAIUCTB 110 HEOECHOIN MEXAHUKE.
Kak U3BECTHO, OJHOU U3 €€ NMPobyeM HBLIO HEOOBAC-
HUMOE CMeljeHue nepurenus Mepxypus. McTopuk
Hayku B.I1.Busrun tak Hanucan o6 atom: Bebep ¢ ca-
MO20 HAUANA NOHUMALL BO3MOICHOCb DACNpOCmpa-
HeHus c80ezo 3axond u Ha zpasumayuio. B 1846 2.,
K020a 00 AHOMANLHOM cmewjeHuu nepuzeaus Mepry-
pusa emy ewe ne ObLIO U3BECMHO, OH OMMEHUAN, UINO
UCTIONB30BANHUE €20 3aKOHA 6MeCMO HbIOMOHOBCKO20
6 HeOecHoll mexanuxe e Moxcem npueecmu K Ha-
onooaemvim dppgpexmam [13, ¢.406]. Pacyersl, Caeaan-
HBIE HA OCHOBE 3dKOHA BCEMUPHOI'O TATOTEHUSA, PAC-
XOAWINCH C JIAHHBIMH ACTPOHOMMYECKUX HAOJIOfIE-
HUI. B CBA3U C 3TUM HEKOTOPBIE ACTPOHOMBI IIPEATIO-
JIOKWJIY, UTO 3AKOH BCEMUPHOTO TATOTEHN HBIOTOHA
JOJDKEH OBITh MOJU(MUIIMPOBAH MO 06pa3y U MOJO0-
6110 3aKOHa Bebepa. 3aBepmasg 0630p TAKUX IOIbI-
TOK, Busrun numer: [Ipocmoii nepernoc anexmpoou-
HAMUYCCKUX 3AKOH08 60eP06CK020 MUNA Ha ZPasU-
mayuio 6vl2N1A0e, 8000uje 2080PA, HeonPasoanHblM.
Moxcro 6610 2080pUMb 00 AHANOUHHOCINU KM -
poounamuxu u pasumayui, Ho He O NOOAUHHOM
cunmese [13, ¢.51]. 34eCb HENb3sl HE YIOMAHYTb TEO-
pumn uranpaHckoro gusnka O.®.MocorTH, COTraacHO
KOTOPOM I'PaBUTALIMOHHOE B3aUMO/IEHCTBUE HE OBLIO
MEPBUYHBIM U CBOJUJIOCH K 3JTEKTPUYECKUM CHJIAM.
BoT ur0 06 aTOM nucan Busrun: Mocommu ne ozpa-
HUYUILCA KAYECNBEHHbIM PACCMOMpPeNnuem, on paspa-
60Man MAMEMAMULECKU COUHYIO MEeOPUD MOSCK)-
JAPHBLX U 2DACUMAUUOHHBLX CUJL HA OCHOBE ANLeKMPO-
cmamuiecxozo e3aumodeticmeus [13, c.44]. B 1876 .
YK€ YIIOMUHABIIUICS BBIIIE ACTPODPU3UK U3 JleHnnuu-
ra lJémnbHep CoeJUHUI TEOPUIO MOCOTTH € 3aKOHOM
Beb6epa. B niesom ke MONBITKHA 3aMEHUTD 3aKOH BCe-
MHUPHOI'O TAIOTEHUS HA 3AKOH CHIIbL BebGepa cienyer
[IPU3HATH O€3yCcnemHbIMU. [Ipo6iema Oblia pazpenie-
Ha TOJIBKO B Hauaje 20-TO CTOJETUS B PAMKaX O61ei
TEOPUU OTHOCUTENBHOCTH A.DUHIITENHA.

HHTEPECHO, YTO COBPEMEHHBIE CIENUATUCTEI IO
Teopuu rpasuranuu 10.C.Bnagumupos u M.A.badeH-
KO CBA3BIBAIOT C paboramu Bebepa (u B 1jeaoMm
C 3JIEKTPOJAUHAMUKON JAJIbHOJENUCTBUA) NPEBICTO-
PUIO meopuu npamo2o MenCuacmuno20 3aumo-
oeticmeus. OCHOBBIBASICh HA AHAJIU3E JNEKTPOJUHA-
MUKH JATbHOJNENCTBUA [14], OHM OTMEUAIOT, 4TO Be-
6ep chenan 8axnchulil waz om mpaouyuoHno20 1no-
HUMANUA 83AUMOO0CLLCNEUS, K020d NOAA2AN0CH, YO
CUNLA 3ABUCUN MOSLKO OM PACCMOANUA MEHCOY 06)-
ma meaamu [15, ¢.87]. IIo uX MHEHUIO, 8 pabomax
HeMeUKux Pusuxos YCmanasiusaluco C6A3u ¢ Pu-
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Ixeiimc Knepk Makcsenn. (Popular Science Monthly. 1880.
V.17. ®poHTuCnuc).

NOCOPCKUMU HANPABLEHUAMU, 8 KOMODLLX YIMEepisc-
0an0Ch, YIMO N0BCOCHUE OMOCALHBLY ILeMEHMOE Cli-
cmemor He moxcem Ovimb onucano 6e3 ywema
CBOLICME CUCMeMbl 8 UeAOM.. B 0anvretiuem 6 Ppusu-
Ke amu uoeu Cmani HA36l8AMd NPOABLEHUAMU
npunyuna Maxa [15, c.87]

CsertoBoI1 3¢up B padoTax Bebepa. [Ipumepom
NpOOAEMBL, AKTYAIBHON B PABHOI CTENEHU U i Be-
6epa (OAHOTO U3 INIABHBIX JEUCTBYIOMUX UL JJIEKT-
POAMHAMMKH AATbHOAEUCTBYUA), U 11 Makcsena (Co-
3/1aTENAA TEOPUU IEKTPOMATHUTHOIO TOJS), ObUIa
npobaeMa «yCTPOMCTBA» CBETOBOTO adupa [16]. Kak
1 Maxcsesl, Bebep akTUBHO OOCYX/Jal BO3MOKHBIE
MOJENU TaKOro 3(upa. Pacnpocrpanenue cBeta OH

Jlutepatypa / References

OIUCBIBAJI, UCXO/ U3 IPUHATOIO UM MPEJCTABICHUS
00 3MEKTPUYECKUX KOPIYCKYJIaX KAK O YaCTHUIAX,
13 KOTOPBIX MOCTPOEHBI 3(PUP U «BECOMASA MATEPUS».
[maBHOE OTIMYME CBETOBOrO 3upa Bebepa oT momy-
JISIPHBIX MOJIEJIEH «yIIPYroro» 3upa — B €r0 JNEKTPH-
YECKOM NMPOUCXOXAEHUU. CIeAyeT CKa3aTh, YTO TEMa
CBETOBOTO 3(Upa MOABUIACH €ILIE B NEPBOIH CTAThE
Be6epa no anekrpoaunamuke (1846). OH, B 4aCTHOC-
TH, TUCAT: CUsbl, ONUCHIBACMbLE OCHOBHbIM 3AKOHOM
[T.e. 3aKOHOM cunbl. — B.B.], M02ym Obimo Aub 4ac-
molo CULAMU, C KOMOPbIMU 068€ INeKMPUHECKUe HUdC-
MULYbL HeNoOCPeOCMBeHHO 0elicmeyom opy2 Ha opyaa
U NOMOMY MOV 3A6UCCb OM NPOMENCYMOUHOLL che-
oul.. lanee s 00Jcer OMMemums neoasree omrpul-
mue Papaoeem AUAHUAL INCKMPUUCCKUX 1MOKOE HA
subpayuy ceema, U3 KOmMopozo ciedyem, 4imo 6cenpo-
HUKAOWaa HelUmpaivhas INeKxmpuieckas cpeoa 00-
pasyem scenponurarouwuli 3¢up, nepeoaroujuil cee-
moeoie subpayuu [17, S.169]. Boree Toro, B 1878 T.
B paboTe «DNEKTPOJUHAMUYECKUE MEPOOTIPEAEIEHUH,
B YACTHOCTU OO 3HEPIUU B3AUMOJAECUCTBUS» Bebep
ccplnaercs Ha Maxkcsemia! ITo cnosam Bebepa, s
NpeaIaracMo UM Mojenun 3pupa 0eLcmeumensts.
nonyuennsie Maxceeinom 3aKons. 0BUNCCHUL OUNA-
MUHECKOLL CPedbl, 2AaABHbIM 00PA30M 3aKOH pacnpo-
cmpanerus 6011, CO8NAOAIOULUIL C 3AKOHOM Dacnpo-
cmparenusn ceemogolx 6041 [18, 5.395].

% ok %

S yxe ormeual, 4To 0ObIYHO paboTrsl Bebepa cBs-
3BIBAIOT C MPUHIIUIIOM JJAJTbHOAEHCTBUA, «I10 yMOJI4a-
HUIO» NPEANONAras NPU3HAHUE UM MTHOBEHHOMN IIe-
penadyu B3AUMOJEUCTBUNA. B COOTBETCTBUU C 3THUM
3JIEKTPOJUHAMUKY Bebepa MPOTUBOMOCTABIAIOT TEO-
puH ANEKTPOMATHUTHOIO 1oy Papages—Makcsenna,
a mporpecc GU3NKU CBA3BIBAIOT C MOOEN0M OHON Te-
OpUM U MOPAKEHUEM JIpyroit. Kak Mbl BUAUM, HA Ca-
MOM JIeJI€ 3BOJIONUA (PU3UUECKUX WJIEH B [TO3ANPOII-
JIOM CTOJIETUU ObLIA CYIECTBEHHO 60JIEE CIOXKHON. B
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Discoveries and anticipations of the physicist Wilhelm Weber

B.V.Bulyubash
Nizbny Novgorod Alekseev State Technical University (Nizbny Novgorod, Russia)

The article examines the biography of the German physicist Wilhelm Eduard Weber (1804-1891) from the history-
of-science point of view. The joint work of Weber and Gauss on the study of the Earth’s magnetic field, including
Weber’s contribution to the development of instruments for measuring the parameters of the earth’s magnetic field,
is analyzed. It is noted that Gauss and Weber developed an absolute system of units in which all measured quantities
were expressed in terms of units of time, mass, and length. The historical significance of Weber’s “law of force” is dis-
cussed. In the context of the story of the Weber—Kohlrausch experiment, its main result is marked: the coincidence
of the ratio of electric charge units in two systems of units with the speed of light in vacuum. It is emphasized that
this result was the first indication of the proximity of the theory of light and the theory of electromagnetic phe-
nomena. It is noted that the question of the electrical nature of the light ether was important not only for Maxwell,
but also for Weber. It is emphasized that Weber should not be regarded as an unconditional supporter of action at
a distance principle. The Weber—Helmholtz discussion was analyzed; in its course Weber put forward hypotheses
about the existence of a limiting velocity and anticipated the main provisions of the electron theory. The influence
of Weber’s law of force on the development of the theory of gravitation in the pre-relativistic period is noted. It is
indicated that the supporters of one of the directions in the modern theory of gravitation are associated with Weber’s
works (and with the action-at-a-distance electrodynamics in general) as a whole) the anticipation of certain provi-
sions of the theory of direct interparticle interaction.

Keywords: Weber, Gauss, Helmholtz, absolute system of units, action at a distance, Earth’s magnetic field, electron
theory, velocity of light.
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VuebHO-HaAYUHOLIL YeHmMD MUNOA0ZUL U CEMUOMUKU PONLKA0PA POCCULICK020 20CY0apCMBEeHH020

2YMAHUMADHO20 YHUBED CUIMEMa

SUncmumym ooujeti cenemuxu umernu H.H.Basunrosa PAH
m4My3eﬁ anmponoaouu u Imuozpapuu umenu Iempa Berurxozo (Kyncmramepa) PAH

CoBpeMEHHbBIE HAYYHbBIE IPEACTABACHUA 06 AHTPONOTEHESE, OJKPEIJIEHHBIE JAHHBIMU AHTPOIIOJIOI'MU U I'€HETUKH,
OJJHO3HAYHO JOKA3BIBAIOT, YTO YEJOBEK IIPOU3OME/ OT 0O6E3bAHONOJOOHDIX IIPEJAKOB B IIPOLIECCE ECTECTBEHHOTO OT-
60pa. BHEe HAYYHBIX KPYTOB JOJIs PA3/C/IAIONUX TOAOOHBIN B3I/ Ha IPOUCXOXKICHUE YEIOBEKA B PA3BUTHIX CTPA-
Hax kosnebuerca oT 6onee 70% no meHee 40%. Hanbonee pacIpoCTPaHEHHON «<KOHKYPUPYIOIICH I'HIIOTE30U» ABIACT-
¢ 6ubeiickuil MU@ O CO3AaHNU YeaoBeKka TBopuoM U3 npaxa. OJHaAKO B MU(PAX HAPOJLOB MUPA COLEPKUTCSA U MHO-
JKECTBO MHBIX BEPCUI, MAJIO U3BECTHBIX MUPOKOU NybanKe. CPABHUTEIbHBIE UCCIENOBAHMUA MO3BOJIAIOT OLEHUTD I1€-
PHO/Ibl BOSHUKHOBEHMSA U IyTH PACIIPOCTPAHEHUA BAPUAHTOB IIOBECTBOBAHMN O IMOSABJIEHUHU YEJIOBEKA. B cTaTbe npu-
BEJ/ICHBI PE3Y/IBTATHl TAKOI'O UCCACJOBAHUS U CJENaH 0030p KAK TPAHCKOHTUHEHTAJIBHO PACIHPOCTPAHCHHBIX, TAK U

JIOKAJIbHBIX BEPCHUM.

KiaroueBspIe CI0BA: MPOUCXOXKIECHUE YEIOBEKA, MU(DBI HAPOJAOB MUPA, POTBKIOP.

CIIOKOH BEKOB JIIO/I 34/JAI0TCA BOIIPOCOM O IPO-

UCXOXJICHUU YeJ0oBEKa. B Halie, Ka3aaoch Obl,

INPOCBEIMIEHHOE BPEMS MNPEJCTABIEHUSA MHO-
JKECTBA JIIOJEN 3HAUUTENBHO OTIUYAIOTCA OT HAy4-
HbIX (puc.l) [1]. Josg COrnacHbIX C TEM, 4YTO YEJIOBEK
NPOMU3OUIEN OT CYIECTBOBABIIMX PAHEE BUJOB NIPU-
MATOB, B PA3HBIX CTPAaHAX Kosuebnerca oT menee 40%
(Typuus u CHIA) gno 6oxee 70% (IIsenus, Janus,
Hcnangusa) (puc.2) [2]. OcTaabHbE IPULEPKUBAIOT-
Cs1 MHBIX B3TJIAJOB JIMOO BOBCE HE 33YMBIBAIOTCS HA
3Ty TEMY.

B Poccuu, 1o faHHBIM Bcepoccuiickoro neHrtpa
usydyeHusa obmecrtseHHoro Mmuenuda (BUMOM), npu
pas3HbIX (OPMYJUPOBKAX BONPOCA JIULIb OT 19% 10
36% ONPOIIEHHBIX CYUTAIOT, UTO YETOBEK U 0OE3bsI-
HBI IPOU3ONUIN OT 0bmero npeaka (rtabn.l, 2) [3, 4].
Cpeau MHBIX BEPCHUIN HNIMPOKO H3BECTHA OUOIIEN-
CKasl, COIVIACHO KOTOPOM 4eI0BEK ObLI CO3/1aH TBOP-
IJOM U3 IPaXa 3€MHOT'0, IPU 3TOM /1a5K€ GOJIbITHHCT-
BO BEPYIOHMIUX POCCHUAH HE OTPHUIAET, UTO KUBAA
NPHUPOLA IBOJIOIUOHUPYET, OGHAKO JJIA UENOBEKA
jgenaerca uckiaoodenue [4]. MHOorga nmpuxopuTcs
CTAJIKUBATBCA C YTBEPKAECHUAMH, YTO UEIOBEK 34-
CJaH HA 3€MJIIO UHOIUIAHETAHAMU, IPOUCXOKAECHUE
U LI KOTOPBIX JOCTOHHBI TPUJIEPAa HUIU KOME-
auu. IIOHATHO, YTO UCTOPUU O NPUIIEbIIAX MOABU-
JIUCh TUIIL B XX B. — BMECTE C POCTOM NOMNYJIAPHO-
CTH (PAHTACTUYECKUX POMAHOB M HAYAJIOM OCBOE-
HHSA KOCMOCA.

© CoxkonoB A.B., Bnacosa E.M., bopunckas C.A.,
Bepeskun IO.E., 2017

1 ’—

Puc.1. HayuHble BONPOCHI, N0 KOTOPbIM PACXOXAEHUA Mpej-
CTaBNEHUN yYeHbIX (CBETAbIE CTONOMUKM) W WMPOKON NyOanKH
B CLUA makcumanbHbl [1]. 1 — npoAYKTbl NUTAHUA, COLEPKA-
wue MO, 6e3onacHel, 2 — YenoBeK NOABUICA B pe3ynbrate
3BOAIOLMM, 3 — BaKUWHALMA feTeil HeobXxo[uMa.

CoBpeMEHHBIE TIPEJCTABIEHUA 00 3BOMIOLUN MU-
pa )KMBOTI'O U YEJOBEKA KAK €r0 YaCTHU TOXKE OTHOCHU-
TEJIbHO HEJABHEI'O IPOUCXOKACHUSA, XOTS O BO3MOX-
HOCTH 3BOJIIOLUU TOBOPUJIU €1I[€ AaHTUYHBIE (PUIOCO-
(Bl YTBEPKAECHUE, UTO YETOBEK NIPOU3OLIEN OT Obe-
3bAHBI, Cpopmynuposan B XVIII B. MOTIAHACKUI
opuct u ucciaeposarens [J.BEpuerr — apyr moara
P.BEpHCA ¥ ONIIOHEHT (PPAHIY3CKOI'O ECTECTBOUCIIBI-
tarens JK.Bioppona. O 4eT10BEKOOOPA3HBIX 06€3bs-
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Puc.2. OTHoweHMe K yTBepKAeHMI0 «YenoBeKk 3BONIOLMOHM-
pOBa/ U3 paHee CylecTBOBaBLWNX BULOBY [2].

Ta6nuua 1

NMpeacTaBneHUs POCCUAH O NPOUCXOIKAECHUM
yenoseka (no pesynnraram onpoca BLIUOM
B HOS6Gpe 2009 [3]).

C KaKMM U3 BHICKA3BIBAHUI BbI B 60JbINEN CTEIIEHH COITTACHBI?

YesoBek 1 06€3bAHA IPOUBONLIH OT OJHOI'O TIPE/Ka 36

YetoBek ObLT CO3/1aH BOrOM, BHICITMMU CHIAMU 48

3aTPyHAIOCH OTBETUTD 16
Ta6nuua 2

NMpeacTaBNieHUs POCCUAH O NPOUCXOIKAECHUM
uenoeeka (no pesynsnraram onpoca BLIUOM
B 2006 u 2009 rr. [4]).

Kakoe U3 3THX yTBepIKICHHIT, HA BANI B3I/IAL,

2006(2009
ABJIAETCA Hauboiee BEPHBIM?

CyuTao, YTO COBPEMEHHAS HAYKA II0KA 35 | 37
HE B COCTOAHMY OTBETHTb HA 3TOT BOIPOC

YenoBeK ObUT CO3/IaH BOTOM, BEICIIUMHU CHIAMU 24 | 23
Yes0BeEK NIPOU3OIIEN OT 0OE3bAHbI 24| 19
B XO/I€ €CTECTBEHHON 3BOJIONHUN

Mens mpoMCXOX/IEHUE YETOBEKA MAJIO HHTEPECyeT 718
Yen0BEK IPOUZOMEN OT KOCMUYECKUX NPUIIENbLIEB | 5 | 3
3aTPYAHAIOCh OTBETUTD 510

HAaX, KaK U 0 JKUTEJIAX JPYIUX KOHTUHEHTOB, B TO Bpe-
M 3HAJIM MaJIO, IIO3TOMY KTO-TO CUMTAJI HIMMIIAH3E
JUKUMU JIIOAbMU, 4 KTO-TO IPEACTABUTENICH PA3ZHBIX
pac OTHOCHUJI K PAa3HBIM OHOJOTMYECKUM BUJAM.
Y.JapsuH B KHUTE «JIpONCXOXKIEHUE YEIOBEKA U I10-
nosor oT60p» (1871) nucan 06 061meM NpeaKe 4euo-
BEKa 1 00€3bsSH U M0JIATAJ], YTO MECTOM BO3HUKHOBE-
HUSA 4eI0BeKa 6bU1 APPUKAHCKUI KOHTHUHEHT, 4 ad-
PUKAHCKHUE YETOBEKOOOPA3HBIE (IIUMIIAH3€E U TOPUII-
J1a) — 3TO HE HALIM IIPEJKH, 4 CBOETO POAA JBOIOPOJI-
HblE 6paThs [5].

Ecim ucropus HaydHOM MBICAU MU3y4€HA JOCTA-
TOYHO XOpPOLIO, TO BPEMs IIOABJICHUS INPEJCTABIIC-
HUI O TBOPEHUM 4Ye€JIOBEKA borom HenssecTHO. Hau-
6omee ApEBHUE JOMIEANNE JO HAC TUCbMEHHBIE UC-
TOYHMKHN HA IIYMEPCKOM U AKKAJCKOM A3BIKAX, B KO-
TOPBIX OIIUCAHO COTBOPEHUE IIOJIEN U3 ITTUHBI, OTHO-
carca K CrapoBaBUIOHCKOMY nepuoay (XX-XVI Bs.
710 H.3.). OIUH U3 TEKCTOB MOBECTBYET O 6Ore DHKU
u ero marepu Hunmax (oHa xxe Hammy). B neM roso-
PUTCA, 4TO YCTABIIME OT TPYAOB OOT'M PEIIUIN CO-
3/1aTh JIIO/IEH, AA0bl T€ paboTaaN BMECTO HUX. DHKU
JIEMIUT JIIOJIEN M3 IVIMHBL, 4 HUuHMAaxX ompenensaer ux
Ccyabp6Bl. JII0aM e(PEKTHBl, HO KaXKAOMY HAXOAUTCA
IIPUMEHEHUE — CJIEIIOU I'OJUTCA B IIEBLBI, KDUBOHO-
TU MOXKET OBITH I0BETHPOM U T.I1. [6]. He HCKII0UEHO,
YTO DHKHU JOOABUI B INIMHY COOCTBEHHYIO KPOBB, KaK
B AKK4JCKOM BAPUAHTE, B KOTOPOM IIPSAMO I'OBOPUTCA
O KPOBH, CMEMABIIEUCA C TJIMHOM.

OjuH U3 60roB Jja 6yJeT NOBEPIHYT,

Jla 09UCTATCS 6OT'U, B KDOBb OKYHYBIIUCD,
W3 ero mioTH, Ha €ro KPoBU

Jla namemaetr HUHTY ranHb!

BoucTrnHy 6G0KbE U YEIOBEUBE COCAUHATCS,
CMEemaBmuch B riinHe!

Y106 BEYHO MBI CABIIIAIU CTYKHA CEPJLLA,
Jla >KUBET pa3yM BO ILJIOTH 6OTa,

Jla 3HaeT KXUBYIIUI 3HAK CBOEH KU3HHU,

He 3a6b1Ba Obl, YTO UMEET PA3yM!

OT1oMMIa YETBIPHAALATD TOMTEN TJIMHBL.
CeMb OHA ITOJIOXKMUJ/IA HAIIPABO,

CeMb OHA ITOJIOKHUJIA HAJIEBO.

Kupnuu — nocpeiuHe MexXJy HUMU.

<>

CeMb MyXeN OHU COTBOPUIIH,

CeMb OHU COTBOPHJIM KEHIUH.
IIpamareps, CO3AaTENBHULLA CYIED,
Coeaunuia Ux NOIapHoO,

VuacTe moaed Hayepraaa Mamu.

MOXHO pPy4aTbCs, YTO JAHHBIN CIOXKET OBLT U3BEC-
TeH B MecomoTaMuu U B 3-M TBHICSYEIETHUH /IO H.3.
A 49TO B 4-M Uau B 5-M? BBl I OH 3HAKOM OOUTATEAM
[Tepepnein A3uu «OT AfaMa» WIN IOSIBUIICS ITO3KE (MO-
JKET OBITh, OBLI Y KOTO-TO 3aUMCTBOBAH)? CyleCcTBO-
BAJIU JIU NIPEJICTABICHUS O IPOUCXOXK/ICHUU YETOBEKA
JI0 TTOABJIEHUA MU(A O TBOPEHUN MUPA OOKECTBAMU?
YTOO6BI NONBITATHCSA OHATD 3TO, OOPATUMCS K CDABHE-
HUIO PA3JUYHBIX MU(POJOIUYECKUX TPASULIUIL.
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K mHacrosmeMmy BpPEMEHHU 3THOTrPadBbl, S3bIKOBE/IHI,
(DONMBKIOPUCTBI, 4 paHEE MYTEMECTBCHHUKN M MHC-
CHOHEPHl 3aIMUCATH MHOTHE COTHH TBICIY TEKCTOB
npefaHui, MU(pOB U CKA30K PA3HBIX HAPOJOB MHUPA.

?HO,ELQBJ’IHIOH_ICC OONBIIUHCTBO 3AMMCEN  CIETAHbI

Q

3
N4

B XIX-XX BB. M JHIIb HEOONBIIASA (XOTs, KOHEUYHO,
Y OYEHDb LICHHAA) YACTb COLEPKUATCA B CPEJIHEBEKOBBIX
U JPEBHUX IIMUCbMEHHBIX NAMATHUKAX. CaMble PAHHUE
HIYMEPCKUE U ETUIIETCKUE TEKCTHI, IEPEJAIIUe CO-
JepkaHue MU@OB, OTHOCATCA K 3-My TBHICAYEICTHIO
JO H.3., CEMUTCKUE — KO 2-My, I'DEUYECKUE U KUTAM-
Cckue — K 1-my. OJHAKO paHHUE MUCbMEHHDBIE UCTOY-
HUKHM 33aBEJOMO HE COJIEPKAT CBEAEHUII 000 BCEX

S\ POTBKIOPHBIX CIOKETAX COOTBETCTBYIOIUX 3IOX:

3

y ABTOPOB IIPOCTO HeE OBIO TAKOW LIEJH, 1A U JOIILIN
JI0O HAC JUIIb (DPArMEHTHl JPEBHENIUX TEKCTOB. OJ-
HOBPEMEHHO C ETUNTAHAMU U TPEKAMU JKUIU THICAYN
IJIEMEH U HAPOJOB, Y€ (POJTBKIOP HUKTO HE (PUKCU-
poBan. YTO MBI 3HAeEM O (PONBKIOPE U MHUQPONIOTUU
cnasan VI B., KOTJJa OHU HAYAINd PACCENATHCA 11O basn-
KaHaM 1 Bocrounoit Espone? IIpakTuyeckd HUYETO.
K ToMmy e IO CPaBHEHUIO C UCTOPHUEH YETOBEYECTBA
WU JJAXKE CO BPEMEHEM, IIPOMIE/IMIUM M10CJIE OKOHYA-
HUA NOCJIEAHETO OJIEICHEHHUS, IBE, TPU WU JaAXKE Ue-
TBIPE TBICAYU JIET — CPOK HE CTOJIb VK OOJBIION.

O3H44aeT 1 3TO, 4YTO (POJIBKIOPHO-MUPOIOruYe-
CKO€ HACJIEINE YETTOBEYECTBA TTOYTH 1IEIUKOM yTpade-
HO? He coBceM, XOTS KOHKPETHBIE TEKCTHI MPEJKOB
CNaBsiH, KEJIBTOB WM aJ0AHIIEB PEKOHCTPYUPOBATDH
JENCTBUTENBHO BPAJ] IU YAACTCA. HO MOXKHO nmpumep-
HO OINPEAENUTD BpEM PACIPOCTPAHEHUSA ONIPEENIEH-
HBIX MHM((OJOTHYECKUX CIOKETOB, 4 TAKKE TEPPUTO-
puH, 1 KOTOPBIX OHU ObLIN XaPAKTEPHBL. MCIoab3ys
JIAIb caM (OJNBKIOPHBINA MAaTEPUaN, CJAENATh 3TO
HEJIb3s1, HO €C/IM HAHECTU OOIACTH PACIPOCTPAHEHUS
TEX WU UHBIX MU(OJOTUYECKUX SMU30J0B U 0OPA30B
H4 reorpaUuIeCcKyo KapTy, 4 34TEM CONOCTABUTD 3Ty
MHMOPMAIUIO C JAHHBIMU T€HETUKOB U APXEOJIOIOB
O MyTAX U BPEMEHU MUTPAINU APEBHUX JIIO/ICH, TO He-
KOTOPBIE MPEATIONOKEHUS CJIETATh MOXKHO.

Takass pa6oTa 6bLIA IPOBEJEHA HA OCHOBE «AHA-
JIUTUYECKOTO KATAJIOrd MU(POTOTUYECKUX MOTUBOB»,
KOTOPBIN BKJIIOYAET MOBTOPAIOMUECT 3JIEMEHTHI
(ponpknopa (IOBECTBOBATEIbHBIC 3MU30J4bl U O0Opa-
3bl), BBIIEICHHBIEC U3 6osee yeM 50 ThIC. TEKCTOB, 34-
NMCAHHBIX HA PA3HBIX fA3BIKAX y HApojoB CTaporo
u Hosoro Csera. XOTA KATAJIOI HE BKIIOYAET BCE
ONyOJIMKOBAHHBIE U XPAHANUECA B APXUBAX 3AMUCH
(KaKk yke ObLIO CKAa3aHO, UX COTHU TBICAY, €CIU HE
MUJITHOHBL), OH COJIEPKUT JAOCTATOUYHO MPE/CTABHU-
TEJIBHYIO BBIOOPKY JAHHBIX U — YTO KPaHHE BAXKHO —
NPUMEPHO B OJMHAKOBOI CTENEHU OTPAXKAET (POJIBK-
JIOPHBIE TPAAULIMU BCEX KOHTUHEHTOB.

Ecnu TOT 1 HHOM MU(OJIOTUYECKUN CIOXKET ObLI
34MMCAH B MECTAX, KOTOPBIE JIEXKAT HA MyTU U3BECT-
HBIX MUTI'DALMI, U B APYIUX PETMOHAX HE BCTPEYACT-
€Sl WK BCTPEUAETCA €JUHUYHO, TO JIOTUYHO NPEJIo-
JIOXKUTDb, YTO PACHPOCTPAHSICI OH UMEHHO B XOJ€

3TUX MUTpAnUH. KII04eBpIMU NYHKTAMU JATUPOBKU
pacnpocTpaHeHus (POJBKIOPHBIX 3MU3040B U 00pa-
30B ABJIAIOTCA BPEMA BBIXOJd COBPEMEHHOTO Y€JIOBE-
Kka u3 Appukn u 3acenenue Hosoro Csera. Ilo gan-
HBIM 4PXEOJIOTOB U I'€HETUKOB, U3 AQppuku B EBpa-
3UI0 HAIU IpeAKyd NpoHuKIn 70-50 ThIC. IET HA34[,
3Jacenenue AMEPUKUA HAYAI0Ch 17-15 ThIC. JIeT HA3a]
1 JJIMIOCH IPUMEDPHO TPH ThICAYeneTus. I1osxe or-
J€JNbHBIE TPYNNL Jiofed n3 Cubupu NPOHUKAIU
JIAIIb Ha AJIACKY U B AMEPUKAHCKYIO APKTHUKY. Ilep-
BbI€ TPYIIBI MUI'PAHTOB B AMEPUKY HNPOJBUTAIUCE,
CKOp€e BCETO, BAONb OEpera OKeaHa, a KOrfa KaHaj-
CKUE U AJIACKMHCKUE JIEAHUKHU CTAIU TaATh, B HOBbIN
CBET IPONUIN TAKKE T€, KTO )KUJI B KOHTUHEHTAJIBLHOI
Cubupu. JatupoBKu B 15 uau 50 THIC. JIET HA3A]] IIPU-
6JIM3UTENbHBL, OHU €Ille OYAYT YTOUHATHCS, HO IOCIe-
JOBATEIBHOCTb IPOLIECCOB M UX 3MOXAJIbHAA IPU-
HAUIEKHOCTD YCTAHOBJIEHDI JOCTATOYHO HAJEKHO.

O61aCTb PAaCIPOCTPAHEHUA HECKOJIBKUX MU(OJIO-
TMYECKUX CIOKETOB COBIAAAET C IMYTAMU PACCENEHUA
JIOJeN ¢ appUKAHCKON IIPapOAUHBL BAOJIb IIOOEpeE-
JKbsl A3UM U 32T€M AMEPUKU. BOJIBIINUHCTBO 3TUX CIO-
JKETOB OMUCBIBAIOT IPOUCXOKAECHUE CMEPTH U OOBAC-
HAIOT, MOYEMY JIOAU YTPATUIN CIIOCOOHOCTb KUTb
BEUHO WJIMA ITIOYEMY HE JIOAH, 4 3MENU (WU ALMIEPUILHL,
MayKu U T.01.) cranu 6eccmepTtHeiMu [7]. K Hanbonee
PACIPOCTPAHEHHBIM HUCTOPUAM O INPOUCXOXKICHUU
CMEPTU OTHOCHUTCH CIOXKET CMEHBI KOXHU (COINIACHO
OJHOMY €TI0 BAPUAHTY, PAHBIIE JIOAU, TOZOOHO 3Me-
AM, MEHAIN KOXY U OMOJIAKUBAJIUCDH; COITIACHO ApPY-
oMy, CIIOCOOHOCTb K CMEHE KOXKHU JJOJUKHA OblIa J1O-
CTAThCA JIOJSAM, HO 110 PA3HBIM IPUYUHAM JOCTAIAChH
gpyrum cymectsam). HIUpoxko pacnpocTpaHeHo
1 IPOTUBOIIOCTABIEHUE CMEPTHBIX JIIOJIEH HECcCcMepT-
HOMY, BEYHO BO3POXKIAI0IEMYCa Mecaly. EcTb u gpy-
THE CIOXKETBl — OOJEE PEJKUE, HO PACTIPOCTPAHEHHBIE
HA TEX K€ TEPPUTOPUIX, T.€. B Appuke, IOro-Bocrou-
HOM U orvactu IOxHON u Bocrounoi Azuu, ABCTpa-
nuu, Menaneszuu, AMepuke. Tak, B COTBETCTBUU C OJI-
HUM U3 HUX, IEPCOHAXK 6POCAT B BOJY LIENIKU U TOBO-
PHII, YTO KdK LIENKU BCIUIBIBAIOT B BOAE, TAK U JIOAU
6yAyT BO3POKAATHCA MOCAE CMePTU. OQHAKO JIPYroi
IIEPCOHAXK OPOCUI KAMEHD, U, TIOCKOJIBKY TOT YTOHYII,
JIIOIN CIENANNCHh CMEPTHBIMU. K 3TOM K€ COBOKYIIHO-
CTHU JPEBHEUIIUX MOTUBOB OTHOCHUTCS OTOX/ECTBIIE-
HUE PAJYI'U CO 3MEEH U, BO3MOXKHO, TEMA IIPOUCXOXK-
JeHUs OrHs. Bo BCAKOM ciydyae TONBKO B Adpuke
1 B MHAO-TUXOOKEAHCKOM MHPE PACHPOCTPAHEHBHI
NPEACTABICHUSA, OYATO 4O TOT'O KAK JIIOAU MOJYy4YUIN
OI'OHb, OHU I'OTOBUJIM IIHINY HA COJIHLIEIIEKE WIN CO-
I'PEBAIN €€ IO/ MBIMKAMU. B 3TUX K€ PErHOHAX HE-
PEJKO CYUTAETCS, YTO NEPBOHAYAIBLHON OOIaAATEND-
HHUIEH OTHS ObIJIa HeKasd JKeHIHHA. B KOHTUHEHTA/Ib-
HO¥ EBpaszun Takue NpeACTaBICHUSA HE 3a2(PUKCUPO-
BAHBL. 3/J1€Ch KEHIIUHA, HO TAKXE HEPEJKO U MYKUU-
HAa — 3TO IyX OT'HA, CAM OI'OHb.

To, 4TO mEpBOU TEMOMU, NPUBJIEKIIEH BHUMAHUE
HAIIUX MPEJKOB, OBbIIA CMEPTHOCTDb JIOJEH, COBEP-
LIEHHO JIOTMYHO — pPa3B€ €CTb YTO-TO 3drajiloyHee
u BaxxHee? OCBOEHUE Or'Hs OBLIO JPEBHEUIINM U BAXK-
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HEHUIIMM LIArOM B PA3BUTUHU TEXHOJIOI'MHU, IIOITOMY
U 3[€Ch BCE 3AKOHOMEPHO.

[ToguepkHEM ewle pas: O BO3PACTE COOTBETCTBYIO-
mMUX MUQPOB CBUAETENBCTBYET UX HAJIMYHUE HA TEPPU-
TOPUAX, KOHTAKTBl MEXAY KOTOPBIMA MMEIU MECTO
JUIb B OTJAJIEHHOM IPOHIJIOM, 4 3aTEM HAJOJIr0
IPEPBAIUCh. MU)BI O CMEPTHOCTH YEIOBEKA HE IIPO-
CTO npoHUKIN B HoBBIN CBET, HO 3a(PUKCUPOBAHBI
B OCHOBHOM B lOxHOHU AMepuke, rge jaydue, dyem
B CeBEPHON, COXPAHUIOCH KYJABTYPHOE HACIEANE Ca-
MBIX PAHHHUX MHUTPAHTOB. YTO K€ KACAETCA Mapaie-
Jer Mexy AQPUKOH U UHJJO-TUXOOKEAHCKON OKpau-
HOM A3uu U ABCTPAJIUEH, TO OHU JJOKA3BIBAIOT IIOSB-
JeHue NOoJO6HBIX MU(MOB paHee 50 TBHIC. JET HA3A[,.
Cy/is IO IAaHHBIM T€HETUKH, IOTOK MEPBBIX A(PPUKAH-
CKUX MUI'DAHTOB HAIPABUICA IPEXKIE BCEIO BLOJb
I0’)KHBIX 6€peros Asuu u jajnee B ABcrpanuio. Jloay,
KOTOPBIE 34CENNUIN KOHTUHEHTAIbHYIO EBpasulo, To-
K€ BBIIIUIM U3 AQPUKH, HO UX KYJIbTypa JJOJLKHA OBIIA
MOJIBEPTHYTLCA rOpa3jo GOJbIIUM U3MEHEHUAM, HE-
JKEJIU KYJIBTYPa T€X, KTO HAIIPABUJICA HA BOCTOK BJOJIb
no6epexbs MHIUNCKOTO OKEaH4, BEJJb «CEBEPHBIC €B-
pasuiilbpl> M3 TPONUKOB IIONANU B XOJOJHBIE JIECA
U TyHJpOCTENU. K TOMY XK€ 3HAYUTENIbHASA YACTh ITUX
PAHHUX IIEPECEJICHLEB BbIMEPJIA B 3IOXY JIEJHUKO-
BOI'O MaKcuMyMa (24—-18 TbIC. 1€T HA3ax). B urore or
A(QPUKAHCKUX KYJIBTYPHBIX KOPHEN B KOHTUHEHTAJIb-
HOU EBpa3uu Majio 4TO OCTANOCH, 4 B UHAO-TUXOOKE-
AHCKOM A3uu jgpeBHenmee appUKAHCKOE HACIESUe
COXPAHMJIOCHh OTHOCUTEBHO XOPOUIO.

B mudax u onbknope HapoaoB Mupa

CIOKET COTBOPEHHUA YEIOBEKA 6OKECTBOM B AppuKe
10kHee CaXapbl OTCYTCTBYET, YTO MO3BOJIAET MPEATIO-
JIOKHUTB, YTO OH IOABMIICH IO3xKe 50 TBIC. JIET HA34[,
Tounee cka3arb, B ApHUKe, 2 TAKKE B MenaHE3uu
1 ABCTPaJINU NOAOOHBIE TOBECTBOBAHUSA XOTS U3PE-
Kd U BCTPEYAIOTCA, OJHAKO MalIO MOXOXH JPYr Ha
JApyra, Tak 4TO HA MX INPOUCXOXKAEHUE U3 OAHOTO
IIEHTPAa HUYTO HE YKA3BIBAE€T. 34TO B TEX JKE€ CAMBIX
PETUOHAX, T€ PACIPOCTPAHEHBI MUMBE O CMEPTHOU
NPUPOJIE YETOBEKA, MPAKTUYECKU MOBCEMECTHO 3a-
(PUKCUPOBAHBI UCTOPUHU O TOM, YTO JIIOJU HE ObLIU
COTBOPEHBI OOKECTBOM, A BBIIIIN HU3-TIOJ 3EMIH —
OJHU WJIX BMECTE C KMBOTHBIMH. 3/I€Ch K€ PACCKA3ZBI-
BAIOT, OYATO JIOAU CIIYCTUINCH ¢ HEGA (puc.3). Mox-
HO NPEATIONOKUATD, YTO ITU CIOKETHI VK€ CYIIECTBO-
BAJIX JIO BBIXO/A YENOBEKa M3 AQPUKH, 4 CIIE/JOBA-
TEIbHO, UX BO3pacT — 6osee 50 ThIC. neT. OJHOTO 11
OHH BO3PACTa C MU(DAMU O MPOUCXOKAECHUU CMEPTU
I MOABUINUCH PAHBIIE WK MTO3KE UX — 00 3TOM Cy-
JUTh HEBO3MOXHO. B mpuHIIUIE JONYCTUMO, YTO Ka-
KHe-TO MUMBI MOABUINUCH B Appuke panpuie 50 ToIC.
JIET HA3aJ, HO HU JOK434Th, HU OIPOBEPIHYTb 3TO
NPEANONOKEHNE MBI HE B COCTOSAHUM.

BapuaHT ¢ BBIXOJOM JIIOJEN U3-110/1 3€MJIU Hoee
MIOKA34TEJIEH, YEM TOT, YTO ONMUCHIBAET CIIYCK JIIOJEN
¢ HeHa. CornacHo emy, Jojed O6BIJI0 MHOTO, Cpeiu

HUX HAXOAWIUCH MYXYHUHBI U JKEHIIUHBI, JETHU
U B3POC/BIE. DTO COBCEM MHAA KOHLENLUA, HEXENIN
B OOJBIIMHCTBE MU(OB O TBOPEHUHU UEIOBEKA HOXKeE-
CTBOM. UTO KacaeTcs COyCKa JII0Jel ¢ Heba Ha 3EMIIIO,
TO TAM €CTb Pa3HbIC BEPCUU — KAK CO MHOI'MMH
JIOJbMHU PA3HOI'O II0JA U BO3PACTd, TAK U C IAPOU
IIEPBONPEAKOB, OT KOTOPBIX 34TEM IIPOUSOILIO YETI0-
BEYECTBO. DTOT NOCIEJHUN BAPUAHT (C MAPOU IEp-
BOIIPEJKOB) M3pEAKA BCTPEYAECTCI U B KOHTUHEH-
TanpHON EBpaszum (Hanpumep, y XaHTbl). OJHAKO
B LIEJIOM KaK «CIIYCK C HE€0Aa», TAK U «BBIXOJ, U3-I110[]
3EMJIN» IPUYPOYEHBI K TEM TEPPUTOPUAM, HA KOTO-
PEIX 3a(DUKCUPOBAHBI U JPYTUE CIOKETHL, BEPOATHO,
BO3HUKIINE €€ Y HAMUX a(PPUKAHCKUX IIPESKOB.

BecbMa APEBHUM MOXKET OBITb U NMPEACTABICHHUE
O NIPOUCXOXKAEHNU JIOJIEN OT PACTEHUN U UCTOPUA
O TOM, 4TO JIIOJU BBIPOCJIH KaK TpaBad. OZHAKO KOH-
KPETHBIE BAPUAHTBHl 3THUX IMOBECTBOBAHUIN CUJIBHO
Pa31IMYaAIOTCs, TAK YTO HE3ABUCUMOE BOSHUKHOBEHUE
MOJOOHBIX MOBECTBOBAHUHN B Pa3HBIX PETHOHAX
BIIOJIHE BEPOATHO.

Crepyromas rpynna MU@OB O IPOUCXOXKIACHUU
YEJIOBEKA IPEACTABIEHA B HHAO-TUXOOKECAHCKUX
parioHax A3uu U B AMEpPUKE, HO OTCYTCTBYET B Appu-
K€ 1 Ha OOJIbIIEN YACTU KOHTUHEHTAIbHOU EBpasun.
Y1066 OTIacTh B HOBBIN CBET, 3TH CIOKETHI JIOTIKHBI
ObLIN OBITH U3BECTHBI B BOCTOYHON A3UM KAK MUHU-
MyM 15 TBIC. JIET HA34/l, TOTJA KAK OTCYTCTBUE appU-
KAHCKUX aHAJIOTUH YKa3bIBaeT, 4TO 50 THIC. JIET HA34]
MOJOOHBIE TOBECTBOBAHUS €I¢ HE BO3HUKIU. BO3-
pacr B 15, makcumyM 20, B KparineM ciaydae 30 ThIC.
jer BepoarHee, yeM B 30—-50 ThIC. JI€T, TOCKOIBKY JIIO-
J€ COBPEMEHHOIO Tula panee 30 TBHIC. JET HA3a[
B BoCTOYHOIl A3uM, IO-BUAUMOMY, €Il HE OBLIO.
Cnenys BJONb 6€pera OKeaHa, OHU OYEHb JJABHO MPO-

Puc.3. MOTMBbI O MPOMCXOXAEHNN Y€I0BEKA, MPEANONOKUTENb-
HO cylecTBoBaBwue Gonee 50 Toic. neT Hasaa. Beepxy «Jliogu
BbILWAN U3-MOJ 3€MAN», BHU3Y — «JloAM CYCTUAUCH C Hebay.
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HUKJIU B ABCTPAINIO, HO B (POJBKIOPE ABCTPATIUN-

¢ CKUX 260pUIEHOB AHAJIOIMH IOJZOGHBIM PACCKA3AM

:

9
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KaK pa3 HE OOHAPYKEHO.

K rpynne Mu@oB, KOTOPBIE, BEPOATHO, BIEPBBIE
pacnpoOCTPAHUINCH B IpeEAeNax MHJO-TUXOOKEAH-
CKOIl OKp4MHBl A3UM, OTHOCATCS MNPEJCTABICHUSA
O NIPOUCXOXKIEHUN JIIOJEH U3 Kaleab Kposu. Ha o-Bax
AIMUDPANITEACTBA PACCKA3BIBAIOT, YTO JIIOJM BO3HUKIN
13 KaIelb KPOBU OOT'MHU, TOpE3aBIieii cebe majel pa-
KOBHUHOM, y HAHANIIEB 6OKECTBO YKYCHUJIO CEHE Maell,
y 1041 Ha 10r0-BoCcTOKE CIIIA mepBble M0 BO3HUKA-
I0T U3 MEHCTPYaJbHOM KpoBu COJIHLA, 4 SHOMAMH
B I0’KHOM 4aCTU BEHECYa/Ibl CUMTAIOT, YTO HEKUM Te-
pon noxcrpenun Mecan U U3 €ro KpOBU POJUIUCH

Puc.4. MoTtuBbl, pacnpocTpaHeHuWe KOTOPbIX AaTupyertca
15-30 Tbic. neT Ha3aa. CBepxy BHU3: «JTI0AM U3 Kanenb KPOBUY,
«Jllopn — noTomMku cobakny, «Jlioan u3 3epeHy, «Jlioan cosaa-
Hbl U3 COWEeLINX C KOXM NEPCOHAXA YellyeK Uan rpasu».

NIPApOJUTENN TJIEMEHHU. K TOH Xe Ipynie OTHOCATCH
CIOKETBL O IPOUCXOXKIECHUU JIIOJEN U3 3€PEH, O COTBO-
pEHUN UX U3 KOXHBIX YENIyeK UJIU I'PA3U, COOPAHHON
CO CBOEH TPYAHU HE MBIBIIUMCA JOJITOE BPEMA OOTOM.
B aT0T %€ 11eproj; B BOCTOYHOI A31UM pACIPOCTPAHU-
JIUCh UCTOPUM O TOM, YTO JIIOJIA BOOOIE WIN OTAEIb-
HBIE POJIOBBIE I'PYIIILI U IIJIEMEHA — MOTOMKHU COOAKU
(puc.4). XapaxkrepHo, 4T0 B IOKHOU AMEPUKE BCE 3TU
CIOKETBI TUOO BOBCE OTCYTCTBYIOT, TUOO BCTPEUAIOTCA
JIMIIb B OTHOCUTENBHO ONIM3KUX K [TaHaMCKOMy mepe-
HIEHKY palioHaX, HO HAa OIrHEHHOU 3€MJI€ U HA BOCTOKE
Dpas3winu ux HeT. B OCHOBHOM OHU XapaKTEPHBI s
3aMaJHBIX ¥ CEBEPHBIX PaioHOB CeBEPHOM AMEPUKIL.
[Topo6HOE pacnpeeneHne CBUAETENbCTBYET B IIOJIb3Y
TOTO, YTO B MH(POJOTHU CAMBIX IEPBBIX MUIPAHTOB
B HoBbII CBET COOTBETCTBYIOIUE CIOKETHI OTCYTCTBO-
Basiu. B 10 xe Bpems B CrapoM CBETE OHU XaPAKTEPHBL
He g1 Cubupy, a 1us IOro-BocrouHoit Asuy, a B Ame-
PUKY NPOHUKIU, BEPOSTHO, C TEMU IEPECENCHIIAMH,
KOTOPBIE IIJTK BIOJIb 6EPEra OKEaHa.

K 1aHHO¥M IpyIe MOI'YT TAKXKe IPUHALICKATD UC-
TOPUU O TOM, 4TO INEPBBIE JIOAU OBIIN CO3/JAHBI U3
HENPOYHOI'0, HEMOAXOJAMErO MaTepuana (Macia,
BOCKA, CHEr'a WU TECTd) U IO3TOMY OKA3WIUCH HE-
[IOJIHOLEHHDL. JIMIIb CO BTOPOU, TPETbEH, 4 TO U YET-
BEPTOM MOMBITKU 6OKECTBAM YAAETCA CO34ATh HACTO-
AMux aoge. [TogoOHpH MOTUB B MU(AX TBOPECHUS
BCTPEYAETCA, OAHAKO, PEAKO. OH ropasio Xapaxkrep-
HEE I IOBECTBOBAHUM, B KOTOPBIX I'OBOPUTCS HE
0 JIIOJAX BOOOIIE, 4 O KOHKPETHOM IIEPCOHAXKE (THUIIA
CHerypoukn).

Hauboiee No34HUMH MOI'YT OBbITh CIOKETBI, UMEIO-
M€ PETMOHANBHOE PACIHPOCTPAHEHHUE: TAKHUE KAK
IIPOUCXOXKAEHUE JIIOAEH OT CBUHBU WM HUCTOPHUU
O TOM, YTO YI4BIIKUE C AEPEBA IUIOJbI WU JTUCTbSA KO-
KOCa MIPEBPATUINCDH B XKEHIIUH. O6a CIOXKETa BCTpEYa-
IOTCA B BECbMA OI'PAHUYEHHBIX apeanax B Asuu u Oke-
aHuu (puc.5). JIOTM4HO, YTO JIEreHa O IPOUCXOKIE-
HHMU KEHIIMH U3 KOKOCa BCTpevaerca B IOro-Bocrou-
HOM A3um U Menanesuu, T.€. Kak pa3 TaM, OTKy/Ja po-
JOM KOKOCOBAs IayibMa [8].

Bosbmero BHUMAHUA 3ACHYKHUBAET CJIEAYIONUI
Xapaxkrepuplil g Oro-Bocrounon Asun ¢ npusiera-
omumu obnactamu Uuaun u lOxuHOoro Kuras mud:
JKEHIIMHA POKAET THIKBY, MEIIOK C ANIAMH, KYCOK M-
Ca U T.IL; POXJECHHOE Pa3pe3aioT, pyosaT, U KyCOUKHU
NIPEBPAMIAIOTCS B JIIOAEH; U3 THIKBBI WIN MEIIKA TOXE
BBIXO/JSIT MHOTOUYUCJIEHHBIE JIIOJU — OOBIYHO MPEJKU
OTAENbHBIX IIEMEH. Kak IpPaBUIO, 3TOT CIOXKET CO-
CTABJIAET YACTD JJIMHHOI'O MU(OTOTUIECKOTO MTOBECT-
BOBAHUA, KOTOPOE HAYMHAETCA C PACCKA3d O TOM, Ka-
KUM 00pa30oM 6pary C CECTPOM YAIOCH CIACTUCDH OT
IIOTONAd U KaK OHHU PENMJIUCh HAPYHIUTb 3aIPET
1 BCTYIUTD B 6pak. Hapaay ¢ MHAUICKO-CUOUPCKO-Ce-
BEPOAMEPUKAHCKUM CIOKETOM JOOBIBAHUA 3EMIU CO
JHA OKE€aHa (32 9YEM HEPEJAKO CIEJYET MOABIECHHUE JIIO-
Jei) MU O IIOTOIIE U O «POXKJIECHUHU JIIOJCH U3 KyCOU-
KOB> — HanbOJIeE CIOXKHBIM U Pa3pabOTaHHBIH BO
BCEH MUPOBOI MU(DOIOIUM. [TOCKOIbKY HU B AMEpH-
Ke, Hu gaxe B Cesepnom Knrae nnm MHIOHE3UH OH HE
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Puc.5. CioxeTbl C peroHanbHeiM pacnpocTpaHeHnem. CneBa — asmatckue CloxeTbl, CBepxy BHU3: «JllofM 13 KycouKoBy, «Jliogn —
NOTOMKM CBUHbNY, «eHWMHbI N3 KOKocoB». CnpaBa — ClOXeTbl C NpenMyLyecTBeHHbIM pacnpoctpaHeHnem B Hosom CeeTte, cBep-
Xy BHU3: «BblnoBNAeHHbIE pbibbl NPEBPaLLalOTCA B NEPBLIX NIOAEN UIU B XKEHWMHY, «HOBbIE NIOAM U3 KOCTEN NpexHUXY», «/lioan Obl-
NV cienaHbl U3 nanoyek, TPOCTUHOK UK CTPen».

M3BECTEH, JAHHBII UK B 1I€JIOM BPAJ 1 CPOPMUPO-
BAJICS B MAJIEONIUTE. BMECTE C TEM B €70 OCHOBE JIEKUT
6osee 06Mmasd TEMA: MOPOKACHUE HBIHECIIHUX JIO/ICH
6paTOM U CECTPOM, OOBIYHO CHACIIUMHUCS OCIE KaTa-
CTPOdBI, KOTOPAd YHUYTOXKUJIA JJPEBHEE YEIOBEYECT-
BO. DTOT MOTHUB B AMEPUKE €CTh, 4 €TI0 PACHIPEJEIEHUE
B Crapom CBeTe OJJHO3HAYHO YKa3bIBAET HA €O Iep-
BOHAYAJILHOE MOSBIEHUE B MPEJENaX UHJO-TUXOOKE-
AHCKOH OKpauHbl A3UH; COOTBETCTBEHHO, €I'0 BO3PACT
BIIOJIHE MOKET OBITh H60Jee 15 ThHIC. eT. YTO KacaeTcs
MOTHBA MOABIEHUA NEPBBIX JIOJEN U3 TBIKBBI, TO, CYAS
110 U300pPAXKEHUAM JPEBHUX MAlA U HEKOTOPBIX MX
cocefieit, OH OBIT M3BECTEH B Me30aMEpHUKe, XOTd
B TEKCTAX, 3AMMCAHHBLIX MOCAE MPUXOJA HCHAHIIEB,
JAHHBIIA CIOKET HE 3a(PUKCUPOBAH. Bpsj T OTpaXKeH-
HBIA H4a 3THUX ME30AMEPUKAHCKUX H300PAKEHUAX
MU} HCTOPUYECKU CBA3AH C BapuaHTamu us lOro-
BocTounoit A3un, CKOpEE 3TO CIy4aiHOE COBIA/ICHUE.

YaCTb CIOXKETOB BCTPEYAETCS TOJBKO WU NPEUMY-
MIECTBEHHO Y AMEPUKAHCKUX HHJEUIIEB, IPUYEM HE
MIOBCEMECTHO, 4 JINIIb B OTAEABHBIX PETMOHAX: JIOAU
BO3HUKIIM U3 NTAJIOYEK WM U3 KOCTEH NIPEKHUX JTIOEH
60 ObLIN BBUIOBJIEHBL, KAK PBIOBI (pUC.5). YTO Kaca-
erca Craporo CseTa, TO Hd OTPOMHBIX IIPOCTPAHCTBAX

or Banruxku 0 TUXOro OKeaHa B HEJABHEE BpeEMs
(Bpsl 11 paHee CEPEAuHbl 1-IO THICAYENETHA) PAC-
NPOCTPaHUICA MU O TOM, KaK Bor caenan mojaen, oc-
TAaBUJI COOAKY CTOPOXKEM, 4 CAM IOIIENT IIPUHECTH JIIO-
JAM aymn. B 310 BpeMsa NPOTUBHUK Bora moaxymmi
CO0aKy, 1aB €¥ TEIIYIO MKYPY, U UCIOPTUJ YelI0BeYe-
CKHU€ 3aIOTOBKU — OIUIEBAJI UX WIM OXUBUJI CAM, JIU-
MIUB TEM CaMBbIM OeccMepTHUs. [IPOUCXOXKAEHNUE ITOTO
CIOKETA CJIOKHOE M 3AIYTAHHOE U OTPAXKAET TPAHC-
KOHTUHEHTAJIBHBIE CBA3U TOCIEAHUX TBICAYEIECTHUIL.
[Toxoxe, 4TO CIOKET CHPOPMUPOBAICH Yy HMHJOEBPO-
MEHIEB, )KUBIINX B 3TIOXY OPOH3BI B €BPA3UIICKUX CTE-
AX. B 3TOM MCXOAHOM BapUAHTE IPOTUBHUKOM Bora
ABJIAJIACD JIOMIA/[b, IBITABIIASACA PACTONTATD YEJOBEYE-
ckue Gurypel, a cob6aka JOO6JECTHO HUX 3AIUTUIIA.
B 1ojo6HOM BUJIE CIOKET COXpaHuiIcs B Muaun, [Taku-
crane, Tapxukucrane, A6xasuu, I'py3un (y CBaHOB),
ApmeHun. Ero OTrosoCKu OTMEYEHBI Y 3aMaHBIX MOH-
I'OJIOB, KUPI'UM30B U JAXXe HA JAJIEKOM CEBEPE Y HI'AHA-
can. Ilocie pafuKaJIbHON KyJBTYPHOU M A3BIKOBON
TpaHC(POpMAUU BTOPOU IOJIOBUHBL 1TO ThICAYEIE-
THS, KOTZA 30p0acTpusM (TaMm, I'ic OH ObLI) YCTYIINII
MECTO MCJIAMY, 4 UPDAHCKHUE A3BIKK OB B 3HAYUTEIb-
HOHM MEpE BBITECHEHBI TIOPKCKUMH, CIOKET OKA3aJICH
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«BBIBEPHYT HAM3HAHKY» MECTO «IbSIBOJIbCKOM JIOLIA-
JIW» 3aHAIA PAHEE TOYNTAEMASA COOAKA. 3 «IIPEATEIb-
CTBO» BOT 32CTABUII €€ OBITh CIYIOU YENOBEKA U TEP-
MIETHh HEB3TO/BL. B MHANIICKUX U KABKA3CKUX BAPUAH-
TaxX MOJOOGHOMY HAKA3aHUIO IOJABEPIAETCA JIOIMANb,
4 cO0aKa IOJIy4YaeT HArpajy.

BeLn in MU O 1omaau, Co6aKe U COTBOPEHUU Ye-
JIOBEKA 3HAKOM OOJIBIIUHCTBY HH/IOEBPOINENIIEB, 4 HE
TOJIBKO OOUTATENAM CTEMHON 30HBI (BEPOATHO, UH-
JO-UpPaHNaM)? B JaTCKOM, HOPBEXKCKOM HJIU JUTOB-
CKOM (DONBKIOPE KOE-KAKME MAPAUIENH HUMEIOTCH,
HO K4C4I0TCSl OHU B OCHOBHOM JIMIIb [IPEJCTABICHUS
O JIOWAJX KAK O TBOPEHUU 4uepTa. JOXPUCTUAHCKAL
mudosorus Haceaenusa Mcnanuy, @panuuu, Uranuu
HU3BECTHA OYEHD IIOXO (JIATUHCKUE UCTOYHUKU B OC-
HOBHOM CJIEAYIOT TPEYECKUM 0Opasnam). Tak 4To Ka-
KOM-TO CIOXKET, XaPAKTEPHBIM UMEHHO JUIA JJPEBHEN
EBporbl, TeM 60JIee I IEPUOJA PAHEE HEOIUTA, pe-
KOHCTPYUPOBATb TPYLHO.

Bepuemcsa k 6u61€HCKOMY MUY O TBOPEHUH Ue-
JIOBEKA. BIIOJIHE BEPOATHO, YTO OH IPUHA/IEKUT K 00-
HMIEMECONMOTAMCKON TPASULIUH, K KOTOPON OTHOCATCH
TAKXKE IYMEPO-AKKAJCKUE BApUaHThL. OJHAKO O bojee
OTJAJIEHHOM POJACTBE CYAUTh HEBO3MOXHO — JE€TAJIb-
HBIE COBIAJICHUS IPAKTUUECKU HE BCTPEYAIOTCH, 4 06-
MUA MOTUB CO3MAHUA U3 IVIMHBL (B CYLIHOCTH — U3
3E€MJIM) CAUIIKOM IPOCT. Ha 3HayuTenbHON 4yacTu EB-
pasun U APPUKU BO3MOXKHBIE IPEBHUE MECTHBIE Ba-
pI/IZHTbI HﬁperbITbI u H.CCI/IMI/LHI/IpOBaHbI XpI/ICTI/IQ.H-
CKOI U UCJIIAMCKOH TpajuLueil. MOXHO JIMIIb C BBICO-
KOI BEPOATHOCTBIO YIBEPXKIATb, YTO TEMA TBOPECHUA
IIEPBOTO YEJOBEKA (4 HE IOABJIEHUSA JIOJEU, BBHIIIEN-
IMX HA 3€MJIIO U3 HEKOEI'0 BMECTU/INIA NN POKACH-
HBIX OOXECTBEHHOI NAPOH) HE OTHOCHUTCI K YHUCIY
T€X, KOTOPBIE C CAMOI'O Hayald NPUBJICKAIN BHUMA-
HHME HAIINUX NPEAKOB. HEab3sl UCKII0YATh, YTO TAKOI'O
pojia MOBECTBOBAHUSA 3/1€Ch U TAM IOABJIAIUCD B Pa3-
HOE BPEMs, HO B IOIY/IAPHBIA, MIMPOKO PACIPOCTPA-
HEHHBIN CIOXKET OHU JOJIO HE IPEeBPAlaInch. B 3a-
[aJHON IIOJOBUHE OWKYMEHBI CUTyallusA CTaaa Me-
HATBCSA B IIOCJIEAHUE THICAYECICTUA, KOTAA 3€Ch paC-
IPOCTPAHUIOCh XPUCTUAHCTBO (U JAPYIUE ABPAAMU-
4eCcKUe penurun). He uCKIo4eHo, 4TO CTEIIHON UH/O-
€BPOMENCKUI (KAK MBI TIOJIAra€M) MU O JIOMAJH, CO-
6aKe M TBOPEHMUH UYEJOBEKA (MMEHHO YEJIOBEKd, MO-
JKET OBITh, IAPBI JIIOZACH, HO HE O IOSBJICHUU CPA3Y
MHOKECTBA JIIOZIEH) C IEPEAHEAZUATCKUMU BEPCUAMU
KaKUM-TO OOpa3oM CBS3aH, OJHAKO JOKA34Tb 3TO
TPYAHO. B BOCTOYHO! ITOJIOBUHE OMKYMEHDBI CO3JAHUE
YeJIOBEKA OOKECTBOM M3 3€MJIU (IJIMHBI) BCTPEYACTCS
JIUIb KAK OJJUH M3 MHOXECTBA BAPUAHTOB MHU(OB
O MOABIEHUM JIIo/IeN. [Tpr 9TOM Yale BCEro caM 1o ce-
6€ aKT TBOPEHUS MAJIOBAXKEH, BHUMaHUE COCPENOTO-
YEHO HA JPYrOM — IIPOTUBOIOCTABICHUU JBYX TBOP-
LIOB, YbM TBOPEHUA PA3INUYAIOTCS, WX ONATb-TAKU HA
TOM, II0YEMY CO3/IaHHbIC JTIOAN HE KUBYT BEYHO.

B ienom 0630p MU(OB U IPERAHUN B IVIOOATBHOM
MacmTade IIOKA3bIBAET, YTO PA3HOOOpA3UE INPEA-
CTABJICHUH O NPOUCXOKACHUHU JIOACH UPE3BBIYANHO
BEJIUKO. [IOMUMO IIEPEUYUCIEHHBIX BEPCUN €CTh €LIe

MHOKECTBO JTOKAJILHBIX BAPDUAHTOB. B IpeKu I10aM
3AMUCHIBANIN KAPJIUKOB U I'MI'AHTOB, PA3JIUYHBIE PAC-
TEHUS U KUBOTHBIX — HE TOJBKO PbIO, COOAK U CBU-
HEM, HO U MypaBbeB, JATYIICK, YepBel, NTull. B man-
TEOHE NPEJKOB HANIIOCh MECTO U s 06€3bsH. MU
Makya (Mo3aMOHK) COOOIAET, 4TO CO3/4aTENb MyIyKy
COTBOPWJI MYKUYMHY U )KEHIIUHY U IBITAJICA YIUTb UX
OCHOBAM KYJIBTYPBI, HO OHU HE 3aXOTEJHU YUYUTHCA
u yoexanu B sec. Torga pasgocajioBaHHBIA TBOPEL]
00yuMJI ABYX O0O€3bAH, KOTOPBIE OKA3aJTHUCh OYEHD
TOJIKOBBIMHU. OTPE3aB UM XBOCTBI, MyJIYKy IPEBPATUI
00€3bAH B JIOZEHN, 4 XBOCTH IPUJEIAT HEPAJAUBLIM
JIOJIAM, 00paTuB UX B 06€3bsiH. TaK 4TO N0 — 3TO
IIOTOMKHM COOOpPA3UTENbHBIX 00€3bSH, 4 OOE3bIHBI
NIPOU3OIIIN OT HEPA/IUBBIX JIOZIEI.

IInpoOKOE PaCHPOCTPAHEHUE HEKOTOPHIX CIOXKE-
TOB O NPOUCXOKACHUHN YEIOBEKA CBA3AHO C BKJIIOYE-
HHEM UX B COCTAB MUPOBBIX peauruil. I[1pu 3ToM BO3-
HHUKAJIM HOBBIE BEPCUU, B KOTOPBIX MECTHBIE U 3AUM-
CTBOBAHHBIE MOTHUBBI OOPA30BLIBAIN NPUYYAIUBLIE
xomb6bunauuu. Hanpumep, B CU6UPU y XaKACOB, XaH-
TBI, MAHCH, IKYTOB, 3BEHKOB 6UOIEHCKAsA UCTOPUSA 00
U3rHaHUM Aflama U EBBI U3 pas B HAKA3aHUE 34 Cbe-
JEHHBIA IIJION, KOTOPBIX BOor UM €CTh 3anpeTn, 1mo-
JIy4uIa COOCTBEHHYIO MHTEPNPETANUIO. [IepBrIE MI0-
1, KOTOPBIX U JIOJbMU-TO B IIOJHOM CMBICJIE CJIOBA
H43BATb OBUIO HEJb3d, MOENU TI'ONyOUKHU, OPYCHUKU
MJIM UHBIX JIECHBIX ATOJ. [TOCI€ 3TOTO € UX TEJ COULIN
MIEPCTb WUIM POTOBOE MOKPBITUE M OHU MOPOJUIU
MHOT'OYHMCIEHHOE MOTOMCTBO. KCTaTh, BOBCE HE Oue-
BHU/IHO, YTO MOTHUB 3AIIPETHOIO IO OBLT 3AUMCTBO-
BAH CHOUPCKUMHU A00PUTE€HAMHU OT PYCCKHUX, OH MOT
ropaszio paHblle IPOHUKHYTH CI0fa ¢ BianxHero Boc-
TOKa uepe3 CpeaHIonn A3UI0.

B cka304HOM (POJBKIOPE, CIOKETH KOTOPOT'O MU-
POKO pacnpoCTpaHUANCh IO EBpasum n CepepHOU
Adpuke 32 NOCIEJHUE TOJTOPHI THICAUU JIET, IOPOK
BCTPEUYAIOTCS TE€ XK€ MOTHUBBL, UTO U B MU]PAX O IIPO-
HCXOX/JEHUU 4YeloBeKa. HAaCKONIBKO CJIydyaiiHBl IO-
JOOHBIE COBNAJEHUA, CKA34Th YAIlE BCETO HEJb3A.
[TepecTaB OBITb YACTBIO MUMOTOTUYECKON TPALU-
IIMHM, CKAa30YHBIE MOTHUBBI JIETKO 3aUMCTBOBAJIHCD
1 PACHPOCTPAHANIUCL HA OIPOMHBIE PACCTOSAHHUA.
OmnpenenuTs B 3TOM CJIy4ae UX NEPBOHAYAIbHBIN
apean Cl0XHO. BOT, kK mpumepy, ckazka 00 yMHOM
myxuke laspuie, 3anucannas 100 jger Ha3ag 3THO-
rpadom B.H.JJo6poBOabCKUM B CMOJEHCKON I'yoep-
Hun. POPMANTbHO OHA COOTBETCTBYET CIOXKETY O IO-
ABJICHUN JIIOJICH U3 HETIPOYHBIX MATEPUAJIOB, OTHAKO
3Ta UCTOPUSA B JAHHOM CJIydae BOCHIPUHUMAETCA KaK
34BEJOMAsA BBIAYMKA, 1d U COOTBETCTBYIOIIMU MU
BpAJL TN KOTJA-Tu60 ObLI U3BECTEH B EBpone. CKa3bl-
BAIOT, 4TO ['aBpUIIA XOTEJ CIENUTH INIMHAHOTO Y€EJNIO-
BEK4, YTOOBI TOT KOMAH/JOBAJI My:KMKaMu. Ho rinns-
HBIN 4enoBEK norud mnoj poxzaeM. Bropo:n Bapu-
AHT — U3 PXKAHOTO TECTA — COXpajaa CBUHbA. CBU-
HbBIO CTAJIX OUTD AYOOBOM MANKOM U JIO30H — TaK IO-
JYYUIUCE NaHbl Jy6uHCKUI 1 JIO3UHCKUIL.

HexoTopele MU(DONIOTHUECKUE CIOKETBI CENYAC
NIEPEKUBAIOT BTOPOE POKAECHUE B MACCOBOM KYJBTY-
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pe, Korja B Mu(ax pa3HbIX HAPOJAOB MBITAIOTCS HANUTU
OTPAXXEHUE PEAJTBHBIX COOBITUH, UMEBIIUX MECTO
B Iy6OKOI ApeBHOCTU. CIOIa MOXKHO OTHECTH IIO-
IBITKA KPEALMUOHUCTOB MOABECTU HAYYHYIO 63y MOJ
6ubIEUCKOE IIPELAHUE O COTBOPEHUN MUpa. Minn, Ha-
NIPUMED, JNIOJH, CIYCKAIOMUeca Ha 3eMII0 C HebA, —
YEeM HE HAUBHAS UHTEPIPETAIUA «IATEOKOHTAKTA»,
njen 06 MHOIIAHETHOM IPOUCXOKACHUU YEIOBEKA.
OHAKO BO3HUKAET BONPOC: MOYEMY MU O CITyCTUB-
MIMXCA C HEOA IPEAKAX OTPAKAET PEATBHOCTD B OOb-
HIef CTENEHH, YEM JIETEHABl O TIOAAX, BBUIE3AIOMUX
U3-110/1 3€MJIM, U3 TPEUIUHBI B CKAJIE€ WUJIN U3 HAPOCTA
Ha aepese? I1ceBAoHAayYHbIE (PUIBMBL O JPEBHUX I'U-
TaHTAX — MNPEJKAX COBPEMEHHBIX JIIOJEH — NEMOHCT-
PUPOBANUCH AaKE MO (PEJEPANBHBIM KAHANIAM POC-
CUUCKOTO TEJNEBUAEHUA. 3/1€Ch HAPOJHBIE CKA3AHUA
O BEJIMKAHAX IEPEIUIENNUCh C YYEHUAMU MUCTHUKOB

XIX B. ¥ JIETTIH B OCHOBY O€3TPAMOTHBIX, HO TIPUBJIE-
KATEJIbHBIX /I TyOJUKH HEJIENBIX TUIIOTES.

TpaauLIMOHHBIN (POJIBKIOP, B TOM YUCIE MUDBI, —
3TO KJIOY NPouuioMy. TaKuX KI04eil HECKOIbKO, O/1-
HUMHU PACHOPSIKAIOTCA APXCONOTH, JPYIUMHU — Te-
HETUKHU, TPETbUMHU — JIMHTBUCTHL U T.J|. COnOCTaBIIE-
HUE PE3YIbTATOB, MOJYYEHHBIX 3TUMU HAYKAMH, UX
CHHTE3, TO3BOJIACT BBIABUTH HE TOJLKO IYTHU JPEB-
HUX MUTPAIMA U KOHTAKTBI MCK/Y PA3HBIMU KYJIBTY-
pamMu, OCTABUBIIMMU MATEPUANbHBIC CJIC/AbI, HO
U NIPEACTABAECHUSA JTIOEN JAJIEKOTO MPOIUIOTO 06 OK-
pyXKaIoMmeM UX MUPE, TO, YTO UX BOJHOBAJIO, U TO, UTO
OHM PACCKA3BIBAIU CBOUM JieTAM. POIBKIOP OCTACT-
CA YHUKAJIbHBIM UCTOYHUKOM JAHHBIX IS PEKOHCT-
PYKIIMHM 3IEMEHTOB JYXOBHOU KyJIBTYPHI IDEBHUX 00-
IICCTB, ¥ HA 3TOM IYTH CII[C MHOI'OE IPECJCTOUT UC-
CJIE/JOBATh. W

Pa6oTa BRIOJHEHA IPH NOAAepKKe Poccurickoro HayaHoro pouga (mpoekr 14-18-03384).
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Myths about the descent of man
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The scientists who study the origin of man using the data of genetics and physical anthropology possess an over-
whelming amount of facts that prove the development of Homo sapience from more primitive primates in process of
natural selection. Beyond the academic community, from more than 70% to less than 40% of the population of deve-
loped countries share such a view. The Biblical myth about the creation of the first man from dust or mud is the most
widespread «alternative hypothesis>. Myths recorded in different parts of the Globe contain also other versions
which usually are not known to the public. The comparative analysis of mythological traditions related to the origin
of man opens possibility to assess the time when particular versions emerged as well as the routes of their further
spread. In our paper we present results of the study and shortly describe the versions of myths, recorded both across

continents and locally.

Keywords: descent of man, myths, folklore.
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HEKPOJIOI

06 Arekcee AHgpeeBu4e

fApoweBckom

3 cenTabpsa 2017 1. yuiesn U3 )KuU3HU AJIEKCEN AHpee-
BUY SpOIIEBCKUNA, JOKTOP I'€OJOTIO-MHUHEPAIOTHUYECKUX
HayK, Ipodeccop MOCKOBCKOTI'O IOCY1apCTBEHHOI'O YHU-
BepcuTeTa MeHU M.B.JIOMOHOCOBA, BEYIINIT T€OXUMUK
HaIlIEX CTPAHBI MU MUPA.

Anexceit Anzgpeesud o6sagan QyHAAMEHTAIbHBIMU
3HAHUAMU U MIUPOKOU 3PyAULHUEH 10 MHOI'UM HAaIpaB-
JICHUSIM €CTECTBCHHBIX HayK. OH ObLI WICHOM pEAKOJLIC-
ruu XypHana «IIpupoga» ¢ 1991 1., goaroe BpeMsa BO3-
TJIABJIAA OTJET HAYK O 3eMIe.

CBOIO HAY4YHYIO JIEATENBHOCTb AJIEKCEN AHJ/IpEEBUY
Ha4al eme 6yJydyu CTYAEHTOM I'€OJIOTUYECKOTO (PaKYIIb-
Tera MIY. Ero pokias Ha HAaydHOH
KOH(pEPEHLIUHU O 3ABUCUMOCTHU (POP-
MBI KDUCTAJUIOB TPAHATOB OT XUMHU-
YECKOI'0 COCTABA CPEJbl MUHEPAIO-
oO6pa3oBaHus OblT  ONYOJIMKOBAH
B Tpymax MuHEpPAIOIrHYECKOrO My-
3ess AH CCCP. I1y6iMKanuio 3aMeTu-
. OHA BbI3BAJIA U IIOJIOKHUTEIBHYIO,
U KPUTHUYECKYIO PEAKLIHUIO.

B 1957 r. pomeBCKUl OKOHYMII
Kadeapy reOXuMHU IreoJIOTH4eCKOro
daxynprera 1 ObLI NPUITIAIIEH AKa-
nemMukoMm A.JL.BUuHOTrpasmoBbIM B ac-
nupantTypy HHCTHUTYTA T€OXUMHUU
U AHAIUTHYECKON XUMHHU HMEHU
B.M.Bepnanckoro (FTEOXW) AH CCCP.
B 1966 1. OH 3aIUTHIT KAH/TUIATCKYIO
auccepranuio. B Hen Anekcent AHj-
peeBrUY BIIEPBBIE B I'€OJIOTUU IIPEJ-
CTABUJI (PU3BUKO-XMMHUYECKYIO MO-
JI€JIb HEKOET'O I'€OJIOIMYECKOTO IIPO-
necca. EMy npumiaoch 3agymarbes,
KaK HEOOXOJUMO C(HOPMYJIHUPOBATH
(reosIoruueckKyo!) npoo6aemy, 4ToOsl
METOJIOM TEOPETHUUYECKOI'O U IKCIIE-
PUMEHTAJIBHOIO MOJEIUPOBAHUSA MOJYYUTh PEIICHUC,
HMEIONIEE I'EOJTOTUUYECKUM CMBICI. B anpHEnmeM 1moJji ero
PYKOBO/ICTBOM ObLIA CO3/1aHA IIEPBAS B MUPE (PU3UKO-XU-
MUYECKASA MOJEND JUHAMUKN MAIMATHYECKUX IIPOLIECCOB.

Jpyroe HampasieHue paboT ApOomEeBCKOro CBS3AHO
C YY44CTHUEM B CO3/IAHUU MOJEIU XUMHUUYECKOTO CTPOEHHUS
3€MHOU KOPBL. OCHOBOI 3TUX UCCIEJTOBAHUN CTAIU KJIAC-
cudeckue paboTsl akageMuka A.b.PoHosa 1mo pazpaborke
KOJIMYECTBEHHOH MO/IENIN CTPOEHUS OCAJJOYHON 0601049~
KN 3€MJIM U I'DAHUTHO-METAMOP(MUYECKON O0O00T0UYKHU
KOHTUHEHTOB. B 3azauy Asekces AH/pEEBUYA BXOAMJIO
06001€HNE JAHHBIX O XMMHUUYECKUX COCTABAX IJIABHEN-
IUX TUIOB NOPOJ 3€¢MHONH KOpPBHL. IIOJNy4€HHBIE B 3THUX
paboTax pe3yabTaThl HIPUHATH B COBPEMEHHOM I'€0JIOTUH
U UCIOJIb3YIOTCA B POCCUUCKUX U MEKIYHAPOJHBIX CIIPa-
BOYHMKAX MU MHOI'OYMCIEHHBIX IIyOJUKAIUAX.

Anekcen AHgpeeBuy fpoleBcKkuit
(6.09.1934 — 3.09.2017)

CoszjlaHue MOJENU XUMHUUYECKOIO CTPOEHUSI 3EMHOM
KOPBI IO3BOJUIO SIPOIEBCKOMY OOPATUTBLCA K paspa-
GOTKE KOJIMYECTBEHHON MOJEIU JUHAMUKUA I€OXUMHUYEC-
CKOTI'O IIMKJIA. DTH MATEPUAJIBI U UJI€H ObLIN ONTyOIHUKOBA-
HBI B CEPUU CTATEN U 3AMUIIEHDBI B KAYECTBE JJOKTOPCKONU
guccepranuu B 1986 r.

B 1971 1. AApomeBCKUIl HAYUHAET YUTATb KypC «[eo-
XUMUA> 1151 CTYAEHTOB F€OXUMHYECKOI'O OTJEIEHUS €0~
JIOTUYEeCKOTo (pakynvrera MI'Y, nepepannsiit emy Buno-
IrpajioBbIM. DTa padoTa 3acTaBUia AleKces AHJpeeBrYa
BHUKHYTb B INIMPOKMH KDPYI' IPOOJEM I'€OXMMHH, YTO
IIPUBEJIO K Pa3pabOTKE LETOTO PsALA CIELKYPCOB.

Pa6ora ApomeBcKoro Kak OHOI'o
U3 BEAYUUX I'€OXUMHKOB CTPAHbI
U GJIECTALIETO JIEKTOPA 3dACHYKUIN
€My ABTOPUTET B MUPOBOM I'€OXHUMHU-
YEeCKOM COOOmecTBe. AJEKcer AH/I-
peeBrnY BOCIUTAN 38 MOKOJIEHUN BbI-
IIYCKHUKOB Ka(eAPbl IT€OXUMUH, T1O]
€r0 PYKOBOJCTBOM M IIPU €r0 IOJ-
JE€PKKE 3AIMUINEHbl KAHAUIATCKUE
U JOKTOPCKUE AUCCEPTALUN, MHOI'O-
YHUCIEHHbIE KYPCOBBIE U JUILJIOMHBIE
pa6oThl. OH 6BLI YIEHOM 3KCIIEPTHO-
ro cosera BAK no naykam o 3emie,
YJIEHOM 3KCIIEPTHOI'O COBETA IO Ha-
ykam o 3emne Poccurickoro ¢donzaa
dyHIaMEHTANbHBIX HCCIELOBAHUI,
YJIEHOM Yy4Y€HBIX coBeToB ['EOXMU
U T'€OJIOrHYECKOTO (hakynsrera MIY,
YJIEHOM PEAKOJIIETHI HECKOJIbKUX
AKAJEMHUYECKUX KYPHAJIOB. Spomes-
CKMUM BBICTYIIAJI C JEKLIUAMU BO MHO-
I'UX POCCUHICKHUX U 3aPyOEKHBIX YHU-
BepcuTeTax. EMy NPUCBOEHO 3BAHUE
34CJIYKEHHOTO JedaTess Hayku Poc-
curickon dejepannu.

ImaBHBIM yCcTpeMJIIEHUEM SPOMIEBCKOIO B HAYYHOM
JEATENIbHOCTU OBbLIO JKEJIAHUE IEPEBECTU I€OXUMHUIO HA
A3BIK (PU3NUECKON XMMHUU U TEM CAMBIM CO3/JAThb OCHOBBI
TEOPETUYECKOM I'€OJIOTMU. DTO HAIPABJIEHUE B HAYKAX
0 3emie CTAJIO LEHTPAJIbHBIM BO BTOPOII 1ToioBuHe XX B.
u B XXI B. Briajg ApomeBcKoro B €ro pa3BuTHUE, HECO-
MHEHHO, 3HAYUTEJICH.

Anexcert AuppeeBud ApoOmeEBCKUN CO3/4a]1 HAYYHYIO
LIKOJY, BOCIIMTAB MHOI'O YYEHHKOB, KOTOPBIE IPOLOJI-
JKAI0T €ro jeno. OH NPOXKUI JOJIIYI0 M HACHIIEHHYIO
JKU3HDb, LIEJUKOM peaJn30Bal ce6s B MCKPEHHE JII00U-
MOH UM OTPACIHU HAYKU. DTO OBl BEJIUKOAYIIHBIN Y€EJI0-
BEK, 00JafalomUl SHIUKIONECAUYECKUMUA 3HAHUAMU.
Hacrosamuil ecTecTBOUCHBITATENb. MBI I'TyOOKO COXKa-
JIEEM O €TI0 YXOJI€ U CYACTJIMBEBI, UTO OH JOJIO€ BpeMs
OBIJI C HAMU.
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Asnauua. KocmonasTuka

B.T.Tpymona3. UCTOPUS ITOJETOB. M.: Hayka, 2017. 168 c. (Cepusi AKafeMKIacc).

Hayuno-nonyaspHas kHura Banepus Tuxonosuua I'pymonjsza —
JIOKTOPa (PU3UKO-MATEMATUUYECKUX HAYK, Ipodeccopa Kadeapsl Au-
HAMUKU U YIPABJICHUSA JIETATEIbHBIX allIapATOB MOCKOBCKOTO aBHA-
LMOHHOI'O MHCTUTYTd — IOCBALIEHA BCEM TPEM CIOCOOAM IOJIETA.
HaymHaETCA PACCKA3 C aNNapaToB Jerde Bo3jayXa (BO3AYNIHBIX IMd-
pPOB, A3POCTATOB U JUPUKAOIICIT), 1aJIE€ OXAPAKTEPU3OBAHBI Alladpa-
TBI, KOTOPBIE JIETAIOT 34 CYET a3POJUHAMUYECKAX CHUJI, CO3/1aBAEMbIX
KPBIIBAMHU U BUHTAMU, 4 3ABEPIIAECT KHUT'Y Pa3/ieJl, TOCBSAIMIEHHBIE pE-
AKTUBHOMY JABHKEHUIO. ONUCAHBI HAUO0JIEE UHTEPECHBIC 3TAIbBI UC-
TOPUHU MOJETOB; IYTH PA3BUTUSL BO3JYXOIJIABATCIbHOM, aBUALMOH-
HOMH M KOCMHUYECKOU TEXHUKHU; (PU3NUECCKUE NPUHLIUIIBL IIOJIETA JI€Ta-
TEJIbHBIX AINAPATOB PA3IUYHBIX TUIIOB; TPYAHOCTH, KOTOPBIE IPUXO-
JUIOCH MPEOJOJNEBATh YEJOBEKY NPU CO3/JAHMM HOBOMU TEXHUKH.
He 3a6BITHI U MEPBBIE «UCIBITATENN> JIETATENBHBIX ANNAPaTOB — 6a-
paH, yTKa U NEeTyX, noAaHasmueca 19 cenra6psa 1783 r. 8 He60 HA BO3-
JymHOM Imape 6parbeB MoHronbdbe; cobaka Jlaika, mojaeTeBImas
B KOCMOC 3 HOs16pst 1957 I. HA BTOPOM UCKYCCTBEHHOM CIIyTHUKE 3€M-
JIM, U MUMIAH3€-ACTPOHABT X3M, COBEPIIUBIINI CyOOPOUTAIBHBIN
noset 31 sHBapst 1961 1. Ha KOCMUUYECKOM Kopabie «Meprypuii-Pej-
CTOYH-2». IHTEPECHBI IVIaBbl, TOCBAIMEHHBIE HEOOBIUHBIM CAMOJIETAX
bBepra Pyrana, skpaHoIulaHaM, 6€CXBOCTKE M JIETAIONMEMY KPbITy. Pac-
CKa3aJl aBTOP U O TPEX CBOUX cTyAeHTax — 10.B.Ycauese, M.B.Tiopune

Nl AT T

n O H.IOpynxuHe, CTABIUX KOCMOHABTAMU.

Feorpadua. Feonorua. Buonorus

H.M.Byaues, I0.M.3BepeBa, B.A.KopoTkopyuko u ap. O3EPO BAWKAJ / OtB pex. M.H.Kysbmun. M.: Poccuticknii

doug pynpamenTanpHexX uccaegoBanuit, 2016. 108 ¢. (CrmenuaabHbI BHIIYCK XKypHana «Bectuuk POOU». 2016. Nel.)

B kpacouHoM anb6oMe, BRIIyIIeHHOM PO®U, npuseneHa KpaTkas
UCTOPpHUA U3ydyeHus barkana, HaYMHASA OT BIEYATIEHUN IIEPBONPOXO/I-
neB XVII B. 1 3aKaHYNBAA YHUKAJIbHBIMHU MMOJBOJHBIMHU HUCCIEJOBAHUA-
MM C UCIOJIb30BAHUEM COBPEMEHHBIX ITTyOOKOBOJHBIX OOUTAEMBIX aIl-
naparos XXI B. [IpuBeseHbI CBEAEHUS O MACHITAOHBIX, MHOTOJIETHUX
HAay4YHBIX MPOEKTAX, PEATU3YEMBIX COBMECTHO C MHOCTPAHHBIMU y4e-
HpiMu. C 2001 1. PODHW COBMECTHO C NPABUTENBCTBOM UPKYTCKOM 0O
(H2a YCJIIOBUAX NAPUTETHOTO (PUMHAHCUPOBAHMA) IPOBOJAAT PETMOHAIIb-
HBIM KOHKYPC IPOEKTOB PODU «[IpropuTeTHBIE HAYYHbIE UCCIIEN0BA-
HHUA IO npo6aeMaM o3epa barkan u bafikanbCKoro peruona» («POPH-
Batikan», ¢ 2008 . — «POPU-Cubups»). 3a nepuog 2001-2015 rr. moj-
JaepxxkaHo 6oisee 220 npoeKkToB. KHUra COCTOUT U3 CAEAYIOIUX IJIaB:
«O6mue ceegenud o barikane», «YenoBek Ha bankane», «[eomoruyeckas
ucropus baukanar, <Kupoit mup baikanar, «OT “pacCOPOCHBIX pe-
4er»” — K CUCTEMHBIM HAYYHBIM HMCCJIEJOBAHUAM O3€pa», «I[TogBogHbIE
HCCIEJOBAHUA C MCIIOJb30BAHUEM ITYOOKOBOAHBIX OOUTAEMBIX aIllla-
partos: “IlIaticuce” u “Mups” Ha Barikane», «YHUKaJIbHBIC 6ANKAIBCKUEC
HAYYHBIE IIPOEKTHI>, «BaMKaNIbCKUI My3€d — BU3UTHAA KApPTOYKA Bari-
Kana», «COXpaHUM MUPOBOE HACJIEAUE — 03€pO Barkan 11t 6yAymux
IIOKOJIEHUT >,
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HCoboe wecerce

Ucropua nayku. ®usuka

BUTAJIMN TASBAPEBUY TMH3BYPT: K 100-JIETUIO CO IHA POXAEHUA / AsTOpbI-cocTaBuTenu: B.M.Bepesanckas,

M.AJIyknués, H.M.Illaynbckaga. Apocmasab: M3gartenbcTBo «PMIT», 2017. 200 c.

Knwura-anp6om mnocsameHa (GU3UKy-TeopeTuky BJLIMH36ypry

BuTanuii Jlazapesu4

TMH3BYPT

(1916-2009), 0JHOMY K3 KPYIHEHIIUX y4eHBIX XX B., 1aypeaty Hobe-
JeBCcKkoUd npemuu no ¢dusuke (2003) U 04EHb APKOMY UeIOBEKy. OH
ObUI pEAKUM B HACTOALIEE BPEMSA (DU3UKOM-YHUBEPCAIOM, 3HAJI BCE Ha-
IIPABJICHUA CBOEHU HAYKHU U CJEJIAJI BAXKHBIE OTKPBITUSA B PA3HBIX €€ 00-
JIACTAX: B 3JEKTPOJAMHAMHUKE, KBAHTOBOIN (PU3MKE, (DU3UKE ATOMHOI'O
aapa. Ceoum Tpyaamu Buranuii JlazapeBud Ja1€Ko IPOABUHYJI 3HAHUA
O CBOMCTBAX U IPOTEKAHUU CAMBIX PA3HBIX (DU3NYECKUX IPOLLECCOB —
OT AICPHBIX PEAKIIUI U U3JIYYCHUS OBICTPBIX 3JICKTPOHOB BO BHEIIHUX
IIOJIAX JO MPOLECCOB B HEAPAX I'MIAHTCKUX 3Be3[. [MH36ypr ObL1 n3-
OpaH BO MHOTHE MHOCTPAHHBIE AKAJEMUM U HAy4YHbIE€ OOIECTBA, B TOM
yncae B JIOHJOHCKOE KOPOJIEBCKOE OOIeCTBO, HalnoHaIbHYIO aKaje-
Muio Hayk CHIA, EBpOnercKyo akajeMuio, MeXAyHApOJHYIO aKaje-
MHIO ACTPOHABTUKHU, AKAJIEMHUIO HAYK U UCKyCcCTB CIIIA. MHOTO JIET OH
ObLI YWICHOM PEAAKIMOHHON KOJUIEI'HH, 4 34TEM U ITIABHBIM PELAKTO-
poM skypHana «Ycoexu (PU3NYECKUX HayK». ExXXE€HeJeNbHbI CEMHHAP
110 TEOPETUUYECKON (PU3UKE MO/ €ET0 PyKOBOACTBOM B PMAHe nocema-
1 (PU3UKH BCEN CTPAHBI M TOCTHU U3-3a PyOEXKA.

dororpad@uu U JOKYMEHTBI NPEJCTABIAIOT 6uorpaduio Buranusa
JlazapeBrya — C NEPBBIX U JJO MNOCAECJAHUX JAHEN ero KXu3Hu. McTouyHu-

KAMHM MATE€PHUAJIOB CTAIMN: TUYHbIEC apxuBbl H.U.Iun3bypr, U.B.Jopman
u JLE.HYepupimesa; oAbl ['mu3dypra B apxusax PAH, MI'Y u ®HAHa;
MEMOpPHUAIbHBIN KabuHeT B.JL.IMH36ypra, TEOPETUYECKUN OTJEN U Ka-
ouner ucropun ®PHMAHa; mysen ¢pusuueckoro paxyasrera MIY, xyp-
Han «[Ipupojar, a TaKKe JTUYHbIE ADXUBBI COTPYAHUKOB DHMAHa. PoTo-
rpaduu U JOKYMEHTBI COIIPOBOXK/AAIOT PAaCCKa3bl O Buranuu Jlazapesu-
Y€ €ro POAHBIX U OGJIM3KUX, €I'O YYEHUKOB, COTPYJHUKOB U Apy3cit. 3Ha-
YUTENbHASA YACTh TEKCTOB — BOCIIOMUHAHUSA CaMOro 'mH30ypra, Hanu-
CAHHBIE UM B pazHoOe BpeMsA. M300pa3uTENbHBIN MATEPUATL U TEKCTHI
B KHHUI€ IMOAOOPAHBI TAK, YTO OHU JONOJHAIOT APYr Apyra. [IpouynTas
KHUI'Y M IIDOCMOTPEB €€ KAK aJIbOOM, MOXKHO IOJYYUTh HUCYEPIIBIBAIO-
miee IPeACTABIEHUE O 3dAMEYATEIbHOM YEJIOBEKE U O TOM BPEMEHH,

KOoraa eMy JOBEJIOCH JKUTh U pa6OTaTb.

He ocraBagior paBHOAYMHBIMU HUCbMa Buranua Jlazapesuua
K JKE€HE, C KOTOPOU OH MO3HAKOMHJICS B KOHIIE 1946 1. Hura UBaHOB-
Ha 6blId AaPEeCTOBAHA B MapTe 1945 I. O NOJO3PEHUIO, YTO AKOOBI U3
OKHa €€ KBAPTUPBI HAa ApGaTe 3arOBOPIIMKU COOUPANUCH CTPEIATD
B M1.B.Cranuna. Ha CJIeICTBUU BBIACHUIJIOCDH, YTO OHA IIPOKUBANA C Ma-
TEPbIO B KOMHATE OKHAMHU BO JBOP, 4 KOMHATBl C OKHAMU HAa Ap6aT 3a-
HHUMaJU YEKUCTBL. Bbla OCy:X/€Ha HA TPHU roja Jarepeu, B ceHTsabpe
1945 1. 0cBOOOX/IEHA IO AMHUCTUH B 4eCTb [To6e/ b HAJl PAUCTCKOM
ITepmanuent, HO 6€3 NnpaBa NPOKUBAHUSA B PEXKMMHBIX MECTHOCTIX.
Pacniucarbcs cynpyru cMOTau Jumb B 1947 1., nocne yero I'musbypr
Ha4dal IPOCUTb IPOMUCATD KeHY B Mockse. C.M.BaBUIOB MOAAEPIKAIL
€TI0 324BJICHUS, HO PACCKA3aJI 06 OTKA3€ IPOINUCATb CECTPY €TI0 JKEHBL
(oHa ObLIa TAKKE CECTPOU KEHBI IPE3UAEHTA AKALEMUHN APXUTEKTYPBI
B.A.Becuunna). [Tosxe 3asaBnenus nojajaepsxusai /I.B.Cko6enbliblH, Opa-
Ty KOTOPOI'O OTKA43BbIBAAM B NPONUCKE B Mockse. YTOOBI BUAETHCA
C )keHOM, TMH36YPr NOAPAJUICSA B KAYECTBE HATPY3KU 34BEOBATH Ka-
denpoit B ToppkoBckoM yHuBepcurere. JIump B 1956 I. ceMbst BOCCoe-
guHunacek B Mockse. A B 1980 1. TuH30ypr nepBuIM npuexal B [opbKkuit
K COCJIAHHOMY TyZld COTPYAHUKY TeopeTtudeckoro orgena PHAHa aka-

aeMuky A.JI.Caxaposy.
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®otorpaduu u3 kHurn-anbboma: B.J.MMH36ypr Ha cemuHape B PIAHe (BBepxy) u c konneramu B Bapwase.
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UHpopMmayusa gass aBmopos

Kypuan «IIpupospa» nybankyer padoTsl 11O BCEM
pasjenaM e€CTECTBO3HAHUS: PE3YJAbTaThl OPUIMHAJIb-
HBIX 3KCIEPUMEHTAIBHBIX MCCIEOBAHUM; TPOGIEM-
HBIE U OOG30PHBIE CTATbU; HAYYHBIE COOOIIECHUS
U KpaTkue pedepaTel HAMOOIEE NPUMEUATENbHBIX
CTATEN U3 HAYYHBIX KYPHAJIOB MUPA; PELIEH3UH; IIEP-
COHAJIMU; MATEPUAJIBL U JJOKYMEHTBI 110 UCTOPUHU €CTE-
CTBEHHBIX HAYK. ABTOPAMU MOI'YT OBITh CIIECIIUAIUCTBI,
paboramomue B TOM HANpPaBIEHUH, TEMA KOTOPOIO
PAaCKpBIBAE€TCA B cTAThe. CyTh IPOOGIEMBI HEOOXOAUMO
U3J1aTaTh ACHO U NIPOCTO, u3beras y3kompodeccuo-
HAJIbHBIX TEPMUHOB U MATEMATHYECKHU CIOKHBIX BbI-
paxkeHu#. CTaTbU PELEH3UPYIOTCA U IPOXOAAT PELAK-
IIMOHHYIO ITOJITOTOBKY.

JomnyctuMpld 06beM CTaTb — O 30 TBIC. 3HAKOB
(c nmpobenamun). B pegakiiuio MaTepuasbl MOXKHO

NIPUCIATD 11O JIEKTPOHHON noyTe. TeKCT CTAThH, AH-
HOTAMA (HA PYCCKOM U aHIJIMMCKOM A3BIKAX), TAOIN-
1B, CIIUCOK JINTEPATYPHI U MOJIMUCH K WUIIOCTPALAAM
odopmnsiorcs oquuM (daiiom B dopmare doc, txt
ninn rtf. WmocTpanuu npejoCTaBasioTCa OTAEAbHbI-
MU (painamu. [IpUHUMAIOTCS BEKTOPHBIC U PACTPOBBIE
nzobpaxenus B popmarax EPS mnn TIFF (6e3 LZW-
KoMIpeccuu). LIBETHBIE U IIOIYTOHOBBIE M300paXKe-
HUA JIOJUKHBI UMETh paspemenune He Huxke 300 dpi,
yepHO-6¢enble (Bitmap) — ne menee 800 dpi. Bexrop-
HBIE U300PAKEHUSA TOJLKHBI OBITH BBIITOJHEHEI B IPOT-
pamme CorelDRAW unu Adobe Illustrator.
[TocTymieHue CTaTby B PEAAKLUIO TOATBEPKIAET
IIOJTHOE COIVIACHE ABTOPA C MPABWIAMU XKypHaiad. CM.:
www.ras.ru/publishing/nature.aspx;
www.naukaran.com/zhurnali/katalog/priroda/

OTBETCTBEHHBII CEKPETAPH
E.A.KYIPAIIIOBA

JIuTepaTypHBINA peaKTOp
E.E.JKYKOBA

XyIOKECTBEHHBIN PEJAKTOD
T.K.TAKTAIIIOBA

3aseayiomias peakiuen
U.®.ATEKCAHAPOBA

Hayunbie pelakTopbl
M.B.BYP3UH
T.C.KTIOBUTKHHA
K.JI.COPOKHHA
H.B.YJIbAHOBA
O.M.IIYTOBA

ITepeBon cojepKaHusa
T.A.KY3HEIIOBA

I'paduka, BEpCTKa:
C.B.YCKOB
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Nel1202 or 13.12.90
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IIpesuanym POCCUICKOI aKaIEMUU HAYK
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117997, Mocksa, IIpodcorosdnas yi., 90

Anpec pepakuuu: 117997,
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Ten.: (495) 276-70-36 (106.4171, 4172)
E-mail: priroda@naukaran.com
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www.ras.ru/publishing/nature.aspx; www.naukaran.com/zhurnali/katalog/priroda/
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