Anpeav 1999 2.

Tom 169, Ne 4

YCIHHEXMN PUZNYECKHNX HAVYK

®U3UKA HAINIMX JHEN

Kaxkmne npo6.1emb! ¢pu3nuku u acTpopu3nku
NpeJICTABJAIOTCS CeiiMac 0COO0EHHO BAKHBIMH i MHTEPEeCHBIMH
(TpuamaTh JeT cmycTs, npu4eM y:ke Ha nopore XXI Bexa)?

B.JI. T'un36ypr

Houmu 30 aem Hazao Oviaa ony6auxosana cmamvs agmopa ¢ mem xce Hazeanuem [1]. Ee ocnognas yeav, 6
SHAUUMEABHOI Mepe UMEruds 00pa308ameAbHblil XApaKmep, COCMOAAA 8 MOM, YMOoObl PACUUPUMb 20PUZOHM
MOA00bIX PusuKos. J[as1 amo2o 6bla cocmas.ien u nPoKoMmenmuposan Hexkomopwiii ""cnucox" npodaem, npedcma-
BAAIOWUXCA OCOOCHHO BANCHBIMU U unmepecHvimu. Pazymeemces, aoboii nodoonwiit "cnucox" cybvexmusen u
Henoion, Ho "Heab3a 00vamb Heo0saAMHOE" U KAKOe-MO 02pPaHuYeHue CRUCKA Heu30eicHo. A6Mop HeckoabKo pas
00NOAHAA CNUCOK U NOACHEHUA K Hemy (nocaednuii eapuanm cm. 6 [2]). B Hacmoaweil cmamve npeciedyemcsa ma
J1ce Yetb, YUMo U panbule, HO ¢ yuemom cumyayuu Ha koxey XX Beka.
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1. BBeaenne

CKOpOCTh pa3BHUTHS HAYKH B HaIlle BpeMsl mopaxaer. Byk-
BAJILHO B IIPOJOJDKEHUN OJAHON-IBYX 4€JIOBEUYECKUX KU3HEH
MPOU3OLIIM TUTAHTCKIE U3MEHEHUs B (PU3UKe, ACTPOHOMUM,
Omosiornu, Aa W BO MHOTHMX APYrux obnacTsax. Uumratemn
MOTYT TIPOCIEIUTh CKa3aHHOE Nake Ha MpUMepe CBOei
cembu. Tak, Mol ortemn, poauBmmiics B 1863 1., ObLI
MJIQIIIIAM cOoBpeMeHHuKoM Makceiura (1831—1879 rr.).
Mue camomy Obu1o yxe 16 jet, xorga B 1932 r. Obuin
OTKPBITHI HEUTPOH W MO3UTPOH. A BeAb /10 3TOro ObLIU
W3BECTHBI TOJBKO 3JIEKTPOH, MpOTOH u (doToH. Kak-To
HEJIETKO OCO3HATh, YTO JJIEKTPOH, PEHTTCHOBCKUE JIyUH W
PaInOaKTUBHOCTh OTKPBITHI JIUIIb OKOJIO CTa JIET Ha3aj, a
KBaHTOBAas Teopus 3apoauiack Toybko B 1900 rony. Bmecte
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C T€M CTO JIET — 3TO TaK Majio He TOJIbKO IO CPABHEHUIO C
MPUMEPHO 3 MUJUIHAPIAMHE JIeT ¢ TeX MOop, Koraa Ha 3emiie
3apoIniIach XHU3Hb, HO U C BO3PACTOM COBPEMEHHOTO BUA
smroneit (homo sapiens), coctapisiromiuM nopsiaka 50 Thicsu
siet! ITos1e3H0 BCHOMHHUTD U TO, YTO NEPBBIE BEJIUKHE (PUBUKU
Apucrorenb (384322 rr. no H.3.) 1 Apxumen (oxoso 287 —
212 rr. mo H.3.) OTHAEJIEHBI OT HAc Oojee 4yeM AByMS
TeICsIuesieTusiMA. Ho B JajpHEHIIeM Hayka IpOTpeccHupo-
BaJla CPaBHHUTEJIbHO MEJJIEHHO, U HE MOCJEIHIOI POJIb
3/IeCh MI'Pajl PEJIMTHO3HBIA JorMatu3M. JIumb co BpeMeH
Tanunes (1564—1642 rr.) u Kennepa (1571-1630 rr.)
(u3nka crana pa3BUBATHCS BCE YCKOPSIIOLIMMUCS TEMIAMU.
Ho, xctatu ckazats, naxe Kemiep cuurtas, 4yTo cymecTByeTt
cepa HEMOABUKHBIX 3BE3[I, KOTOpast "COCTOUT U3 JibJa UiIn
kpucrajuia". O6men3BecTHa u 6opbba [Nasmies 3a yTBepxk-
JleHHe TeJMOLEHTPUYECKUX NPEeIACTABJICHUH, 3a 4TO OH B
1633 r. 611 OCykaeH nHKBU3KNIUEH. Kakoii myTh mpoiiieH ¢
Tex nop Beero 3a 300—400 set! Ero ntor — u3BecTHas Ham
coBpeMeHHast Hayka. OHa y)e 0CBOOOIMIACH OT PEJIUTHO3-
HBIX YT ¥ IIEPKOBb CETOJIHS, 110 KpaifHeil Mepe, He OTpUIaeT
posb Hayku [3]. IIpaBoa, aHTHHAy4YHble HACTPOEHHUS U
pacrpocTpaHeHHe JKEHAYKHU (B 0OCOOEHOCTH, aCTPOJIOTHH) U
B HAIIIM JTHU UMEIOT MECTO, B YacTHOCTH, B Poccun. OqHako
Inmb mobena toranutapuzMa (00JIbIIEBU3MA-KOMMY-
HEU3Ma, (pamm3ma) MOXKeT paJuKaibHO MOMEIATh MPOo-
rpeccy B HayKke B pe3yJIbTaTe BOSHUKHOBCHUS SIBJICHUI THIIA
JIBICEHKOBILMHBL. ByieM HaaesThesl, YTO 0 9TOTO HE OMIeT.
Tak nnm nHaye, MOXKHO PACCUMTHIBATDH Ha TO, 4YTO B X XI Beke
Hayka OyJeT pa3BUBATHLCS He MeHee OLICTPO, YEM B YXO.s-
meM XX crosietur. TpyAHOCTh Ha 3TOM Iy TH, OBITH MOXKET,
Jlaxke TJaBHAsh TPYAHOCTh, KAaK MHE KaKETCs, CBs3aHA C
TUTAaHTCKUM YBEJIMYCHHEM HAKOIJICHHOTO MaTepuaJa,
o6bema nnpopmanuu. dusuka Tak paspociack u nuddepen-
IUPOBAJACh, YTO 324 JEPEBLSIMU TPYIHO Pa3rJsleTh Jiec,
TPYJIHO OXBATUTh MBICJICHHBIM B30POM KapTHHY COBPEMEH-
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HOW (U3MKU KaK 1eJoro. Mexay TeM Takas KapTHUHA
CYIIECTBYET W, HECMOTPSI Ha BCE OTBETBIJICHHS, Y (U3UKU
MMeETCs CTEPXKEeHb. TaKUM CTepIKHEM SIBIISIFOTCS (hyHIaMEH-
TaJIbHBbIC TIOHSTHS W 3aKOHBI, CHOPMYJIUPOBAHHBIE B TEOPE-
Traeckoil ¢pusuke. ComeprxaHue MocieTHel sipko OTpaXxeHo B
Kypce JI.[. Tannay — E.M. JIudimna — JI.IT. TTutaeBckoro.
ITocnenuuit U3 3TUX aBTOPOB MPOAOJIKAET JI€J0 CBOUX
Mpe/IIIeCTBeHHNKOB. Kypc B TOTIOJTHEHHOM BHJIE TIEpen3/ia-
eTCsl, XOTS, K COXaJIeHHIO, HegocTaTouHo OwicTpo. Kypce
JUITI, xax ¥ MHOTOYUCIICHHASI Apyrasi y4eOHasi U MOHOTpa-
¢uueckas nurepartypa, obpasyer Ty 0aszy, Ha KOTOpOH
OCHOBBIBaeTCs paboTa BO Bcex pas3jeiax (pU3UKU U B
Omm3kux HampaBiieHusiX. OIHAKO BCE 9T KHUTH HE MOTYT
OTpa)xaTh MOCJIETHETO CJIOBA B HAYKE, IO HAUM TPYIHO, €CJIN
HE HEBO3MOXHO, UyBCTBOBAThH OWEHHWE IyJIbCa HAYYHOUH
xku3HK. Takoil 1enm, Kak U3BECTHO, CIYXKAT CeMHUHAphI. S
cam pykoBoxy B PUUAHe onHMM 13 Takux CeMUHAPOB yxke
6oubie 40 jet. OH MPOBOIUTCS €XKECHEACIIBHO (110 cpeiaM) U
MPOJIOJDKAETCs ABa yaca. TUMUYHAS MOBECTKA THS: HOBOCTH
W3 TeKyIel JUTepaTyphl, a 3aTeM ABa (W pexe OJIUH)
JTOKJIaJla Ha CaMble pa3JIMYHbIe (PU3HIECKUE U OKOJIOpH3HIe-
ckue Tembl. 1500-e 3acemaHue ceMuHapa OBLIO NMPOBEICHO
24 mast 1996 r. B opme, Gimskoi k "kanyctHuky", oHO
otpaxkeno B xypuase "[lpupona" [4]. 1600-¢ 3acenanue
coctosiyioch 13 staBapst 1999 r. Ha cemunape ceituac ObiBaeT
B cpeaHeM 0koJ10 100 4esoBeK — 3TO Hay4YHbIE COTPYIHUKU
n3 ®UAHa u gpyrux MHCTUTYTOB, a TaK)Xe HEMHOTHUE
cryneHTel MOTU. C HEKOTOPBIM YAMBJICHHEM dOJDKEH
3aMETHUTh, YTO TOJOOHBIX CEMHUHAPOB IIUPOKOTO MPOUIIs,
MO-BUIMMOMY, TIPOBOAMTCS TOBOJIBLHO Maio. [IpeobnanatoT
y3K0 mpodeccnoHanlbHble CEMHHAPBI WJIHA, OCOOCHHO 3a
TpaHUIE, Tak Ha3blBaeMble KOJUIOKBUYMBI. [lociennue
JUTATCS OJIUH Yac U TOCBSIICHBI TOJBKO OJHOMY 0030pHOMY
JIOKJIaay. 3aTO 3a IpaHMLECH pacpoCTPaHEeHbI CONEPIKaLIe
MHOTO HOBOCTE# )ypHaibl Nature, Physics Today, Physics
World, Contemporary Physics m Hexotopsie apyrue. K
coXaJleHHro, y Hac B Poccum Bce 3TH >XypHajbl ceifuac
CPaBHHUTEJIBFHO MaJIO JOCTYIHBI, OCOOCHHO Oe3 3armo3IaHusl.
HOymaro, uto "Vcmexu ¢usmyeckux Hayk" AOCTATOYHO
JOCTYIHBI ¥ MPUHOCAT HEMAIYIO MOJb3y. OIHAKO, Kak s
JIaBHO CYMTAIO, BCETO ITOTO Majio, M 5 MPONATAHAUPYIO
"npoekt" (kak ceivac CTaio MOJHO TOBOPUTH), OTPAKEHHBIH
B Ha3BAaHUM HACTOSIIEH CTAaThu. PeUb WIET O COCTaBJICHUU
HEKOTOPOTO CIHUCKa IPpo0JIeM, IPeACTABIISIOLIUXCS B JAaHHOE
BpeMsi HanboJiee BAXXHBIMH M MHTEPECHBIMU. DTH TPOOJIEMBI
JIOJDKHBI B IEPBYIO OYepeb 00CYKAATHCS HITH KOMMEHTHPO-
BATHCSI B CIIENUAILHBIX JIEKIUSAX WK CTaThsax. Dopmya "Bee
006 OITHOM U K0e-4TO 060 BceM" BecbMa MPHUBIIEKATEIbHA, HO
yke HepeaJbHa — 3a BCEM HE YrOHHWIILCS. BMmecre ¢ Tem
HEKOTOPBIE TEMBI, BONIPOCHI, TPOOJIEMBI KAK-TO BbIACJIECHbI
[0 Pa3jUYHBIM NpUYUHAM. 31eCh MOXET UIrpaTh POJIb
BAXHOCTh TeMBI AJs cyned uyemoBedecTBa (BBIpaXasch
BBICOKONIAPHO) BpOAe MPOOJIEMBI yIPABISIEMOTO SIAEPHOTO
CHHTE3a C IEJIbIO TIOJTyYeHHs SHepT UK. BbiTeieHbl, KOHEYHO,
W BOIIPOCHI, Kacarolyecss caMoro (yHnamMeHTa (U3UKH, ee
nepeaHero (poHTa (3Ta 00JACTh YACTO MMEHOBAJACH U
UMEHyeTCsl (PU3MKOM 3JIeMEHTapHBIX YacTull). HecoMHeHHO,
ocoboe BHUMaHHE NPHUBJIEKAIOT M HEKOTOPBIE BOMPOCHI
aCTPOHOMHH, KOTOPYIO ceiuac, Kak u Bo BpeMeHa ["ames,
Kemtepa u HproToHA, TPYAHO (12 ¥ HE HYXKHO) OTIEISATh OT
¢usuku. BoT Takoil cnucok (pazymeercs, MEHSIOIIUICS cO
BPEMEHEM) U COCTABJISET, MO MOEMY YOEXJIEHUIO, HEKUU
"pusnueckuit MuaEMyM". DTO TEMBI, O KOTOPBIX KaXIbII
(pU3HMK MOJDKEH MMETh HEKOTOPOE Mpe/ICTaBjIeHNe, 3HATh, O

4eM UIET pedb. BEITh MOXKET MeHee TPUBUAILHO MHEHHUE, YTO
JOCTHYb 1T0JOGHO 11eJT BOBCE HE TAK YK TPYIHO, HE TAK YK
HA 3TO HYXHO MOTPATHTH MHOTO BpemeHH U cwii. Ho st
9TOr0 HEOOXOMMBI U3BECTHBIE YCHIIUS HE TOJBKO CO CTO-
ponbl "o6yuaromuxcs", HO U CO CTOPOHLI "'cTapIIKMX TOBAPU-
meit". VIMeHHO, HYX)HO 0TOOpaTh TeMbl sl "duzmuHu-
Myma', COCTaBUTh COOTBETCTBYIOLIMIA "criucok U mpoKom-
MEHTHUPOBATH ET0, OSCHUTD, HATTOJHUTH COJIEPKAHUEM. ITO
s W nonblTaics caenath Ha xadenape "IIpoGieM ¢pusuku u
actpopusuku" MOTU, opranuzosannoii B 1968 r. Jlus sToi
[eJId YUTAJUCh CIENHMalIbHbIE JOTOJHUTEIbHbIE JEKIUU
(Bcero ux GBLIO MPOYTEHO O0KOJIO 70, MPEKPATUINCH OHK "0
TeXHHYecKuM npuarHam'; cm. [2], ¢. 229). st 9Tol e eu
B 1970 1. Obuta HammcaHa cTaThs [1], HOCHBIIAS TaKoe ke
Ha3BaHUE, KAK U HACTOsIIAsl. B nabHEIIIeM cTaThsl HEOIHO-
KPaTHO Iepen3aBaiach (KOHEYHO, C M3MEHEHUSIMH), €€
NOCJEHUN BAPUAHT OTKPLIBAET KHUTY [2], M3JaHHYIO B
1995 r. 3a npormeaime ¢ TeX MOP HECKOJIBKO JIET HEe TaK YK
MHOTO MOSIBUJIOCH HOBOro. Takoll HEJOCTaTOK MOXHO
KOMIIEHCUPOBaTh. XyXe Apyroe — 3a 30 yer Bce moe
U3JIOKEHUE B KAKOW-TO Mepe MOpaJibHO ycrapeso. TpyaHo
3TO YETKO ChOPMYJIMPOBATH, HO TAKOBA CyIb0a BCEX CTATE
1 XHUT mojobHoro tuma. Kcratu ckasaTb, B FOHOCTH JUJIS
MeHSs OO0JIBIITYIO POJIb chirpasia Takas kaura O.J1. XBoJjibcoHa
"®uzuka HamUX OHEH (HOBLIE MOHSTHUS COBPEMEHHOM
(bu3MKU B OOIIEIOCTYITHOM U3JI0KeHNH)", Omy6InKOBaHHAS
B 1932 r. yeTBepTHIM "IIPOCMOTPEHHBIM U JONOJIHEHHBIM"
uzganreM [5]. OHa, Kak MHe ceiluac MpeACTaBJISETCS, YiKe
TOT/Ia HECKOJIBKO YCTAapesia, eClIM TOBOPUTh O CAMOM HOBOM
(torma — o kxBaHTOBOUW Mexanuke). A O.J]. XBOJIbCOH
(1852—1934 rr.) OBLT TOTIA JAXKE HEMHOT'O MOJIOKE, YeM 5 B
HacTosiiee Bpemsi. B oOiem, ecim OblI 51 1axe 3axoTel ceifuac
HANUCATh HYXHYIO (HA MOM B3IJISJ) KHUI'Y 3aHOBO, TO HE
cMor 6b1 aToro caenath. Ho, kak uzBecTHo, "nydiiiee — Bpar
xoporero" u B Hajaexkae, ObITh MOXET HJUIFO30PHOM, YTO
Mol "mpoekt" Bee ke, ecau He "xopowt", TO moJe3€eH, nULIy
HACTOsIIYIO cTaThio. Hmke mpemiaraercs "cmucox 1999
roga" tex mpobJeM, KOTOpbIE MPEACTABIAIOTC ""0COOEHHO
BaXXHBIMU M uHTepecHbIME". Kaxk s mojiararo, Kaxaplii Gu3mnk
JIOJDKEH OBITH 3HAKOM C 9TUM "pu3MuHEMYyMOM" — 3HATB,
IYCTh ¥ BECbMA MOBEPXHOCTHO, O YeM HIET Pedb B OTHOIIIE-
HUU KaX/[0T0 U3 TIEPEYUCIICHHBIX BOIPOCOB.

HyXHO JIi MOMYepKUBATH, YTO BbLeseHHE "0COOEHHO
BAXHBIX U HHTEPECHBIX" BOMPOCOB HM B KAKOW Mepe He
OKBHMBAJIEHTHO OODBSBIEHUIO MACChl APYIHX (DU3MIECKUX
BOIIPOCOB HEBAXXHBIMHU WMJIM HEMHTEPECHBIMHU? DTO XKe ove-
BHU/IHO, HO IPUBBIYKA K IEPECTPAXOBKE MOOYXKIAET BCE Ke
crenath eie mapy 3amevanuit. "Ocobenno Baxubie" mpo-
OJIEMBI BBIJEIISIOTCS HE TeM, UTO JPYrue He BaXKHBI, a TEM,
4TO Ha OOCYKIAEMBIN IIEPUO] BPEMEHN HAXOAATCS B POKYCe
BHUMAaHMsI, B KAKOW-TO Mepe HAXO/IATCS Ha TJIABHBIX HATIPAB-
JIEHWsIX. 3aBTpa 3TH MPOOJIEMBI MOTYT OKa3aThCs YkKe B
TBLTY, HA CMEHY MM IIpUAyT apyrue. Boigesnenune "ocobeHno
BaXHBIX" MPOOGJIEM, KOHEYHO, CYOBEKTUBHO, BO3MOXKHBI U
HYXHBI Da3JIMYHbIE B3[JIAALI Ha 3TOT cueT. OpHAKO s
PEIINTEIBHO XOTEN Obl OTMECTH YIIPEK B TOM, YTO BbIelie-
HHUE TPOU3BOIUTCS MOJ JUKTOBKY COOCTBEHHBIX HAYYHBIX
MHTEPECOB, COOCTBEHHOM aKTUBHOU paboThl B (usmke. Tak,
6OJIbIIIE BCETO MHE B MOEU HAYYHOM JIEATEIBHOCTH ObLIH U
OCTAIOTCS JOPOTW BOMIPOCHI, CBA3AHHBIE C U3JIyYEHUEM
PABHOMEPHO BIKYILMXCS MCTOYHUKOB [6], HO ux B "cru-
cke" He Ob110 1 HeT. K coXkaleHn o, IPUIILIOCH CTaJIKUBAThCS
¢ ocyxaenreM "criucka" Mo Tol NPUYUHE, YTO TAM HET TEMBI,
HHTEPECYIOIIEH KPUTHKYIOIEro. BeroMunaro B 3TOM CBs3H,
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kak Mol crapumid apyr A.JI. Musnn (1895—1974 rr.) nocne
nosiBiieHns crathu [1] ckazan mue: "Eciu 661 Bl Hanucaim
9Ty CTAaThIO 10 N30paHUs aKaJEeMHUKOM, TO HUKOTJA HE CTAJIN
661 uM". BO3MOXHO, 4TO OH OBUI TIPaB, HO BCE K€ BEPIO B
OOJIBIITYIO IIUPOTY B3TJISIOB KOJLIET.

2. Cncok "0coGeHHO BaKHBIX
M HHTEpecHbIX npodaem' 1999 r.

Kak roBopuTCS B U3BeCTHOM moroBopke: "UToObI y3HATD,
KaKoB Iy IuHT — HykHO ero ecth" (The proof of the pudding
is in the eating). [Toatomy mepeiay K Aesly U NPEIbSBIIIO
"crmcok", 0 KOTOPOM YIOMMHAJIOCK.

1. VopaBiisiemblii sIepHBINA CHHTE3.

2. BeicoxoTemmepaTypHasi I KOMHATHOTEMITEpATypHAs
CBEPXIIPOBOJIUMOCTb.

3. Meraymueckuii Bojopoxd. [pyrue sKk30THUECKHE
BEIIIECTBA.

4. JIByMepHasi 3JICKTPOHHAS JKUIKOCTh (aHOMAJIbHBIN
abhdexT Xoiia 1 HeKOTOPbIe Ipyrue 3QGeKThI).

5. HexoTopble BOMPOCHI (PU3UKU TBEPIIOTO Tesa (TeTepo-
CTPYKTYpPBl B IOJIYIPOBOJHUKAX, MEPEXOJbl MeETasll— Iu-
3JIEKTPUK, BOJIHBI 3aPsI0BOM U CHMHOBOH MJIOTHOCTH, ME30-
CKOITUKA).

6. ®a3oBbIe MepexoIbl BTOPOTO POJa U POJACTBEHHBIE UM.
HexoTopble mpuMepbl Takux mepexomoB. OxiaxaeHue (B
YaCTHOCTH, JIa3€pHOE) /10 CBEPXHU3KUX TemuepaTyp. boze-
SUHIITEMHOBCKAsl KOHACHCALIUS B ra3ax.

7. ®usuka noBepxHoctH. Kiactepsl.

8. Kunkue xkpucrasibl. CErHETOIIEKTPUKH.

9. ®dynnepensl. HanoTpyOKy.

10. TToBefeHUe BelleCTBA B CBEPXCHJIBHBIX MAarHUTHBIX
MOJISIX.

11. Henuneiinas ¢usuka. TypOysieHTHOCTh. COJIMTOHBI.
Xaoc. CTpaHHBIE aTTPAKTOPHI.

12. Pazepsl, rpa3epsl, CBEPXMOIIHBIE JIA3€PHI.

13. CBepXTsiKemble 3JIEMEHTBI. DK30THYECKUE SApa.

14. Cnextp macc. Kapku u rimoonsl. KBaHTOBast Xxpomo-
nuHaMuKa. KBapk-riitoonHas mjiasma.

15. Emunass Teopusi ci1aboro M 3JIEKTPOMATHUTHOTO
B3aumoeiicTeus. W*- u Z°- 6030mb1. JlenToHEL

16. CrammaptHass Momesb. Benmkoe o0bequHeHUE.
Cynepobbeaunenue. Pacman mpotona. Macca HEUTPHHO.
MaruuTHblE MOHOIIOJIN.

17. dyngamenTanbHas AjuHa. B3auMmopaeiicTBrue yacTuiy
TIPH BBICOKUX M CBEPXBBICOKHX dHeprusx. Koutaiiaepsr.

18. Hecoxpanenne CP-uaBapranTHOCTH.

19. HenmHeliHbIe SIBJIEHHS B BAKYYME U B CBEPXCHIIbHBIX
3JIEKTPOMATHUTHBIX MOJIsIX. Pa30BbIe IEPEXO/IbI B BAKYyME.

20. Ctpynbl. M-Teopus.

21. DxcnepuMeHTaIbHAs TPOBEpKa 0OILIeit TEOPUHN OTHO-
CHUTEJIbHOCTH.

22. I'paBUTAIIMOHHBIE BOJIHBI, UX IETEKTUPOBAHUE.

23. Kocmomnoruueckast npobsiema. MHbsmus. A-diieH.
CBs13b MKy KOCMOJIOTHEH U (PU3UKOIN BHICOKHX SHEPTHUH.

24. Heiitponnble 3Be3nbl M myJibcapbl. CBEpXHOBBIE
3BE3/bL.

25. Yepnsie npipsl. Kocmuueckne cTpyHsI (?).

26. KBazapsl u siapa rajaktuk. OOpa3oBaHue rajJakTHK.

27. IIpo6iieMa TeMHOR MaTepuu (CKPBITON Macchl) U ee
JIETEKTUPOBAHUS.

28. IlpoucxoxaeHrne KOCMHUYECKUX JIyuell CO CBEpPXBBICO-
KOU 2Hepruei.

29. I'amma-Bcrutecku. ['unepHoBbIe.

30. Helitpunnas ¢usuka u acrpoHomusi. Heilrpunusie
OCLUJUISIIUY.

Brigenenne umenno 30 mpobGsiem (TouHee, MYHKTOB B
CINCKE), KOHEYHO, KpaiiHe yCIOBHO. Ja ¥ HEKOTOPBIE U3 HUX
MOXHO ObLTO ObI pa3aesmThb. B[1] 0610 17 pobiiem, B [2] nx
6bu10 yxe 23. B 3ameTke [7] nepeunciens 24 npo6iemsl. B
nUchbMax, MOCTynuBIIMX B Physics Today 1o moBomy 3Tou
3aMETKH, BBICKA3bIBAJIOCh MHEHHE [§], YTO B CIIUCOK HYXXHO
OBLIO OBI TOMECTUTD TaKXke 00pa3oBaHUE 3BE3/l, ATOMHYIO U
MOJIEKYJISIpHYTO (pU3uKYy (s, MpaBa, He 3HAIO, YTO KOHKPETHO
AMEETCSl B BH/Y), BOINPOC O HEKOTOPBIX OYEHb TOYHBIX
u3MepeHusix. [Ipunuioch MHe MO3HAKOMUTLCS U ¢ IPYTUMHU
IPEIIOKEHUAMU JoNoIHATE "criucok"”. HekoTopele U3 HUX
YUTEHBI, HO Jpyrue (HampuMep, Kacarollrecsi KBaHTOBBIX
KOMIILIOTEPOB, "onTuku" aTOMHBIX IIyYKOB, OJIYIPOBOIHH-
KOBBIX TPHOOPOB ¥ T.JI.) IPUILIOCH OCTABUTH O¢3 BHUMAHUSI.

Hecomuenno, mo6oii "crimcok" He JorMa, 4To-TO MOXKHO
BBIOpACHIBATD, YTO-TO AOIMOJHSTH B 3aBUCUMOCTU OT UHTE-
pPECOB JIEKTOPOB U aBTOPOB COOTBETCTBYIOIIUX CTATEH.
Bouiee unrepecen Bonpoc 06 ssoronun ""crucka' co Bpeme-
HeM, n0O 3TO OTpaxkaeT Wpolecc pa3BuTusi ¢Gusmku. B
"crimcke" 1970—1971 rr. [1] kBapkaM ObUIO yIEJEHO JIMIIb
TP CTPOYKH TPU MEPEUUCICHUU PA3JIMYHBIX TOMBITOK
OOBSICHUTH CHEKTP Macc. DTO HE CBUAETEILCTBOBAJIO O
MOEl MPOHUIATEILHOCTH, 4TO THpu3HaHo B [2]. Opnako
torga (B 1970 r.) Bemb KBapkaM ObLIO Bcero JjieT 5—6 (B
CMBICIIE BO3pAcTa COOTBETCTBYIOIIECH THIIOTE3BI), U CYAbOa
MPEICTaBJICHUN O KBapKax Oblaa JEHCTBUTEJIHLHO HE SICHA.
Celfuac cuTyauus, KOHEYHO, coBepluieHHo uHas. [IpaBna,
caMblil TSDKEJIBIA t-KBapk ObLT OOHapyxeH Jiuiib B 1994 r.
(ero Macca, mo maHHbIM Ha 1999 r., cocraBisler m; =
=176 + 6 I'3B). B crmcke [1] HeT, ecTecTBeHHO, (yIepe-
HOB, OTKPBITHIX B 1985 1. [9], HET ramMmma-BCILIeCKOB (TIepBOE
yIIOMHUHAHUE 00 UX OOHAPYXXEHHHM ObLIO ONMyOJIMKOBAaHO B
1973 r.; cM. [2] u HuXke). BeicokoTeMnepaTypHbIE CBEpXIIPO-
BOJIHUKHU OBbLITM CHHTE3UPOBaHbBI B 1986 — 1987 IT., HO B criMicke
[1], Tem HE MeHee, 3Ta mpobiIeMa paccMaTpuBaIach JO-
BOJIBHO TOAPOOHO, 160 oHa 00Cyx1aeTcst HaunHas ¢ 1964 r.
Boo0iuie 3a 30 stet B pusuke cAelaHO HEMAJIO, HO, IO MOEMY
MHEHHIO, HE TaK yXX W MHOI'O MOSBHJIOCH CYIIECTBEHHO
HoBoro. Bo Becskom cayuae, "coucku" B [1, 2] ¥ BblIENpH-
BeJICHHBII B KaKOW-TO Mepe XapaKTepu3yloT pa3BUTHE U
cocTosiHue PU3MYECKOil 1 acTpOoPU3NIECKON TPOOJIeMATHKA
¢ 1970—1971 rr. 1 IO HacTOSIIIEE BPEMSI.

3. Hekotopble komMeHnTapun (Makpodusnka)

B [2] cTaThs TOTO K€ HA3BAHUS, YTO U HACTOSAIIAS, 3AHUMAET
155 crpanui. B ueit mo kaxmoit npo6eme "crmcka" cienanbt
nosicieHus. [locTymuTh 3/4eCh TaK € HEBO3MOXHO.
ITosTOMy s OrpaHHYyCh OTHCIBHBIMH, UHOTAAa OTPBIBOY-
HBIMHM 3aMeYaHusIMH ¥ KOMMeHTapusmu '. VIx ocHoBHas
[eJib — OTPa3uTh Pa3BUTHE 3a TocieqHue 4—5 JeT, T.e.
mocJe [2].

[Tpobnema ynpasiseMoro sigepHoro cuTe3a (Homep 1 B
"crmcke'") Bee ele He peliena, XoTs el yxe, Kak pas, 50 jer. S
MOMHIO, Kak paborta B 3Tom Hanpasienuu B CCCP 3apoau-

! TIpakTHYECKH 110 KaXKIOMY IMYHKTY MOXHO OBLIO GBI IPUBECTH GOJILIIOE
YHCJIO CCBUIOK Ha Jmtepatypy. Ho 3TO mpexncraBiisieTcst 37ech SIBHO
HeyMecTHbIM. K ToMy ke Bo3HMKJIa ObI IpoOJieMa MPUOPUTETA, KAcAThb-
Cs1 KOTOPO#t 0COOEHHO He XOTeJI0Ch Obl. Hibke st cTapasicst CBECTH YHCIIO
CCBUTOK K MUHHMYMY, HHOTJA OHH HOCSIT CIIyYalHBIA XapakTep, mpel-
MOYTEHUE OTIABAJIOCh, €CTECTBEHHO, CChLIKaM Ha V®H, a Taxke Ha
Physics Today.
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sack B 1950 r. A.JI. CaxapoB u U.E. Tamm pacckazaiu MHe
00 ujiee MarHUTHOTO TEPMOSIICPHOTO peaKkTopa, u s ObLI paj
3aHATHCS 3TOM MPoOJIeMOit, nOO B pa3paboTke BOAOPOTIHOMN
60MOBI MHE TOT[IA JIeJIaTh YKe, MPAKTUYECKH, ObLIO HEYeTro
(060 Bcem 3TOM pacckaszano B coopruke [10] B crathe 9, C.
205). Pabora 3ta cuuTanach TOrja cBepxcekpeTHoil (rpud
"cTporo cekpeTHo, ocobas manka'). Kcratu ckasath, s Toraa
W JOJITOE€ BpeMs BIIOCIEACTBHU AyMall, YTO HHTEpeC K
"repmosiny" 6bu1 B CCCP 06yCII0BIIEH KeTaHUEM CO3/1aTh
HEHCCSIKAaeMbIid KICTOYHUK dHepruu. OIHAKO, KaK MHE yXe B
HenaBHee BpeMsi pacckasa M.H. I'osioBuH, TepmosiaepHbIi
peaKkTop TOraa HHTepecoBal "koro Haao0" B OCHOBHOM BOBCE
Mo JAPYroy NpuyYMHE — KaK UCTOYHUK HEUTPOHOB (n) Ajis
MPOU3BOACTBA TPUTHS (t) (OYEBHTHO, C TIOMOIIBIO PEAKIHA
SLi+n —t+*He+4,6 M3B). Tak wim wnHadYe, TPOEKT
CYUTAJICSl CTOJIb CEKPETHBIM M BaXKHBIM, YTO MEHs (TO JU B
koHIe 1951 1., To iu B Hauase 1952 r.) OT HEro OTCTPaAHUIA —
MPOCTO-HAMIPOCTO MEPECTANN BbIAABATDL B 1-M oTaene pado-
4Ke TETPaJId U COOCTBEHHBIC OTUETHI 110 3TOM paboTe. TakoBa
Obuta BepiuHa Moeit "crienaestenproctu". K cuactoro, yxe
B xpymeBckue Bpemena M.B. KypuatoB um ero xosuieru
HOHSUIM, YTO HPpoOsIeMy TepMosiia ObICTPO PELIUTh HEJIb3s
u B 1956 r. ona ObLIa paccekpeueHa. B kayecTBe peaknuu Ha
nepexxutoe s B 1962 r. onyOIMKOBa CBOM TEPMOSIICPHBIC
otueThl [11], XOTS 1 OTHIOIB HE PETEH/TYIO HA TO, YTO CETIAT
B 3TO0if 00J1aCTH YTO-IHOO0 CYIIEeCTBEHHOE.

3a rpanwuieit paboThl HAJT TEPMOSITIOM TaKKe HAUNHAJINCh
(IpUMEpPHO B TOT K€ NEPUO.T), B OCHOBHOM, KaK CEKPETHBIE, U
ux paccexkpeunBanue B CCCP (coBepIlieHHO HETPUBUAJIBHOE
JUTSL HAIIIEH CTPaHbI IO TEM BPEMEHaM) ChITPajio OOJIBIIYIO
TOJIOKHUTENILHYIO POJIb — pelIeHre MPoOIeMbI CTaI0 OO BEK-
TOM MEXIYHAPOIHBIX KOH(EpeHIMA U coTpyaHniecTBa. Ho
BOT MPOLLIO yXke 45 JieT, a padoTaroimui (Iaroinii SHEPruto)
TEPMOSIACPHBIA PEaKTOp elle He CO3AaH M, BEPOSITHO, 110
3TOr0 MOMEHTA MPUJIETCS XKIATh eltie JieT 10, a MOXeT ObITh
u Goubine (cM. [2], § 1; mocieaanii M3BECTHBIN MHE OOIIIETO-
CTYNHBIA 0030p Ha 3Ty TeMy — cTaThsl [12]; ccbUIkM Ha
coBeTckue padotsl cM. B [13]). PaGoTa Hax TepMosiiepHbIM
CHHTE30M BEIETCS BO BCEM MHPE U [JOBOJIbHO LIMPOKUM
¢ponTOM. OCOOEHHO MPOABUHYTA U SBJISETCS (PAaBOPUTOM
cHCTeMa TOKaMakK. Y’Ke HECKOJIbKO JIeT pa3pabaThIBaeTCs
MexayHapoaabii mpoekT ITER (International Termonuclear
Experimental Reactor). 9To THTAaHTCKHI TOKaMaK CTOUMO-
CTBIO OKOJIO 10 MIJIIMApAOB JOJUIAPOB, KOTOPBIA Impeamno-
Jlarajnoch nmoctpouth kK 2005 roay B KayecTBe MOJJIMHHOTO
nmpoodpa3a TepMosiiepHOTO peakTopa Oymymiero. OmgHako
ceifyac, KOrma KOHCTPYUPOBAHHE B OCHOBHOM 3aKOHYEHO,
BO3HHKJIN TPYIHOCTH (UHAHCOBOrO XapakTepa. Kpome
TOTO, HEKOTOpble (U3UKU CYUTAIOT MEJIECOOOPa3HBIM
paHblIe OOAYMBIBATbL AaJIbTEPHATUBHBIE KOHCTPYKIHMU U
MPOEKTHI MeHbIIEro MaciiTaba (cM. [12] u, Hanpumep, [14]).
Jluckyccusi Ha 3TOT CYET BeIeTCs Ha cTpaHunax Physics
Today M OpYrux >XYypHAJIOB, HO MPEICTABISETCS HEYMECT-
HbIM OCTAHABJIMBATBHCS HA HEWl B HACTOSIIECH cTaThe. B
o0lleM, COMHEHHI B BO3MOXHOCTH CO3[aTh peasIbHBII
TEPMOSIJICPHBIN PEAKTOP YK€ HET, M LEHTP TSDKECTH IMpPO-
0J1eMBl, HACKOJIBKO SI HOHUMAIO, TIEPEMECTHIICS B HHXKEHEP-
HYIO U 9KOHOMUYECKYto obactu. OTHAKO CTOJIb TUTAHTCKAS
U yHHKaJIbHAsl yctaHOBKa, Kak ITER nnu kakas-To KOHKypH-
pyromiasi ¢ Hedl, COXpaHSIOT, KOHEYHO, CBOM HWHTepec s
($usuky.

UTto KkacaeTcs aJIbTEPHATUBHBIX MYTEW CHHTE3a JIETKUX
sIIEp JIS MOJTYYeHU sl SHEPTUH, TO HAIEXKIbI HA BOZMOXXHOCTH
"xosoaHoro TepMosiia" (HampuMep, B DJIEKTPOJIATHIECKHX

3JIEeMEHTax) ocTaBJieHbl [133], a MIOOHHBII KaTaJiu3 OYCHb
u3sieH (4, Kak s cuMTaro, JOJDKeH ocsemarthes B Kypce
o011el (PU3UKH), HO TPEICTABIISETCS HEpeaJbHBIM UCTOYHH-
KOM JHEpPrum, 1o KpaiiHeil mepe, 6€3 KOMOWHAIINU C Jelie-
HUEeM ypaHa U T.11. CYIIECTBYIOT TAKXe MPOEKThI HCIOJIb30-
BaHUsl YCKOPUTEJCH C pa3IMYHBIMH YXHUIIPEHUSIMH, HO 00
ycmexax B 9TOM HalpaBJIeHUH s He 3Haro. Hakonern, Bo3Mo-
JKE€H MHEPLUOHHBIA AepHbIA CUHTE3 U, KOHKPETHO, "1azep-
ubiii Tepmost”. CTpOSITCS TUTAHTCKHE COOTBETCTBYIOIIME
YCTaHOBKH, HO O HUX MAaJIO M3BECTHO B CHJIy 3aCEKpeUeHHO-
CTH — Ha HHUX, BUJAMMO, HAJCIOTCS UMUTHUPOBATH TEPMO-
siIepHbIe B3PbLIBBL. Brnpouem, BO3MOXHO, YTO s MPOCTO HE
3HaIO CUTyaluro. Tak Wiy uHave, npobjemMa HHEPLMOHHOT O
CHHTE3a SIBHO BA)KHA U HHTEPECHA.

[Ipo6iema ynpaBiasieMoro sIepHOTO CHHTE3a TeTeph yxkKe
CKOpee TexHu4eckast, yeM ¢usnueckasi. M, Bo BCskoM ciydae,
371eCh HET KaKOW-TO TAUHCTBEHHOCTH, XapaKTEPHOU TS psia
HepelleHHbIX (uszndyeckux 3amad. IloaTomy CyIIecTByeT
MHEHHE, YTO NMPOOJIEMY SIIEPHOTO CHHTE3a MOXKHO B Halll
"crmcox" He BHOCHTD. Peun, 0fHAKO, HAET 00 OYEHb BAXXHOM
BOIIPOCE, HO BCE XKe ellle He pereHHoM. [1oaTomy st Ob1 yopam
9Ty npobaemMy u3 "cnucka" aMIIb TOCIE TOro, Kak 3apabo-
TaeT NepBbIil 3PPEKTUBHBIA TEPMOSIACPHBINA PEaAKTOP.

Teneps 0 BbICOKOTEMIIEPATYPHON U KOMHATHOTEMIIEPA-
TypHO#l cBepxnpoBoaumoctu (kpatko BTCIT u KTCII,
mpobiema 2). YenoBeky, majiekomMy OT (pU3WKH TBEpIOTO
Tela, MOXET TMoka3aThkes, yTo mpodsiemy BTCII mopa u3
"crmmcka" BeIGpocuTh. B 1970 1. [1] BTCII erue co3mansl He
OblIM, WX IOJIyuyeHHEe ObLJI0O MEUYTOH, HacueT KOTOpPOH
HekoTopble exuaHndaan. Ho Benp B 1986—1987 rr. Takume
MaTepHabl CO3JaHbl, IIyCTh OHH IO MHEPUUU (GUTYypHPYIOT
B [2], HO He mopa JIM MePEBECTH UX B KATETOPHUIO OTPOMHOTO
yuciaa JPYTHX BEIIECTB, M3YYaeMbIX (PU3MKAMHU M XUMH-
kamu? Ha nene 3To coBeplIieHHO He Tak. JlocTaTodHo
CKa3aTb, YTO MEXAaHU3M CBEPXIPOBOJUMOCTU B KymlpaTax
(mamBpiciast temmepatypa T, = 135 K gocrurmyra mis
HgBa,Ca,Cu30g 6e3 maBiieHus ; IO JOBOJHHO OOJIBIITAM
JIaBJIeHHeM JJ1sl 3Toro Kymparta yxke 7T, ~ 164 K) ocraercs
HesicHbIM [15—17]. Het comHenuid, y MeHsl BO BCSIKOM Clly4ae,
4TO OYEHD CYIIECTBEHHYIO POJIb UTPAET JJIEKTPOHHO-(POHOH-
HOE B3aMMOJCUCTBUE C CHJIBHOH CBSI3bIO, HO 3TOTO MAJIO.
Hyxuo eme "uto-10", GBITH MOXKET, KAKOE-TO SKCUTOHHOE
WJIM COIMHOBOE B3aMMO/IeicTBHE. B 0011IeM, BOIIPOC OTKPBHIT,
HECMOTPS Ha OIPOMHBIE YCUJIUS, 3aTPAuYeHHbIE HA U3YYeHUE
BTCII (3a 10 jet Ha 3ty TeMy mnosiBWiIoch okoJio 50000
nyonukanuit). Ho riaBHBIA Bompoc B 3Toi oOJactw,
KOHEYHO, TECHO CBSI3AHHBIA C MPEABIAYLINM, 5TO BO3MOX-
Hocth co3manusi KTCII. Huuemy Takasi BO3MOXHOCTb HE
NPOTUBOPEYHUT [15], HO ¥ OBITH YBEPEHHBIM B yCIIEXe HEJIb35.
[TosoxeHue 34eCh BIOJIHE AaHAJIOTMYHO UMEBLIEMY MECTO 10
1986—1987 rr. B oTHOIIeHnn BTCII.

B crnucke [2] § 2 ¢urypupoBana Takxke mpoOiiema
CBEpXIMaMarHeTU3Ma — BO3MOXKHOCTH CO3JaHHsI paBHOBEC-
HOTO HECBEPXIPOBOJSIIETO NUAMATHETAKA C MArHUTHOU
BOCIPHUMYUBOCTBIO ), Oym3koit k y = —1/4n (kak
13BeCTHO, GOPMATILHO MOXKHO CUUTATh, YTO JUJISI CBEPXIIPO-

BOJHHUKOB, Kak pa3, y = —1/4n). Ha omnbiTe U3BECTHBI
IUAMATHETUKA C } = —(10‘4—10‘6). CaepxamaMarHeTh-
KaM# MOXKHO Ha3BaThb MaTepuaIbl c

x=—(0,1/4n — 0,01/4m). He 3Haro, mouemy Obl OHH He
MOIJIM CYIECTBOBATb, HO HHUYEro MyTHOTO HAa 3TOT CYET
COOOIIUTH HE MOTY.

Meramueckuii Bogopoa (mpobiiema 3) ellie He co3/aaH
Jlaxe T0J TaBJICHHEM OKOJIO 3 MHJUIMOHOB aTMochep (peusb
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HJIET 0 HU3KOU Temmepatype). OqHaKo UccieJOBaHUE MOJIe-
KYJISIPHOTO BOAOPOAA O OOJIBIINM AABJICHUEM BBISIBIIIO Y
9TOTO BEIECTBA IEJBIA PSII HEOXKHUIAHHBIX U MHTEPECHBIX
ocobennoctel [18]. [lasee, mpu cxaTUU yIapHBIMA BOJTHAMHA
u Temnepatype okoso 3000 K oOHapykeH, MO-BHINMOMY,
nepexo] B METAJUIMYECKyIo (T.e. XOPOLIO MPOBOJISIIYIO)
KUAKYRO Bazy.

[Tpu BEICOKOM aBJIeHMH OOHAPYKEHBI TAKXKE CBOEOOpa3-
Hble 0COOCHHOCTH y BOoIbI (TouHee, y H>O) u psiga apyrux
BeniecTs [18]. [ToMruMoO MeTaIIIMUECKOro BOJIOPOJA K YUCITY
"sk30THYeCKUX" BEIIECTB MOXHO OTHECTH (hyJUIEPEHBL.
CosceM HemaBHO, kKpome "oGwramoro" ¢ysuiepena Ceo,
HauaJl uccienoBatbes QysuiepeH Csg, ObITH MOXeET, o0Jia-
JTAFOIINI TIPH JOMUPOBAHUN OYeHb BBICOKOI TeMIepaTypoi
cBepxipoBosiero nepexona [19]. Ilpumeps! sKk30THUECKUX
BEIIIECTB MOXXHO YMHOXUTD.

HobGenesckas npemus no ¢usmuke 3a 1998 roa npucyx-
JIeHA 32 OTKPBITHE M OOBSCHEHHE APOOHOrO0 KBAHTOBOTO
3¢ ¢pexta Xosna. KcraTu cka3aTh, 328 OTKPBITHE IIEJIOYHCIICH-
HOTO KBAHTOBOTO XOJUT-3(d(deKkTa Toxke ObLIa MPHCYXKICHA
HoGenesckast mpemust (B 1985.). S ymoMuHaro 371ech 1 HUXeE
o mpucyxiaenun HoOeseBckux npemuii He U3 KaKOIo-TO
0co0oro, MHOTIa HAOJIIOJAIOIIEIOCs YPE3MEPHOIO YyBaXKe-
HUS K 9THM IIpeMusiM. Kax 1 Beskoe es1o pyK 4eJIOBEeUeCKuX,
MPHUCYXXACHUE HArpaa He cleayeT abcooTH3upoBaTh. B
OOJIBIIMHCTBE CIIyYaeB JIaXe JIYUIIHEe HArpaabl HECKOJIBKO
YCJIOBHBI, /1a U OBIBArOT ommOku (cM., Hanpumep, [20, 21]).
Bmecte ¢ Tem HoOGeneBckue npemun 1o (usuke B IEJIOM
3aCIIy>KHJIA BBICOKHI aBTOPUTET W SIBJISIOTCS BexaMu, puk-
CHPYIOUIMMHU MPOTpecc B hU3UKE.

HApoOHbIif KBaHTOBBIA XOJUI-3(D(HEKT OBLI OTKPHIT B
1982 r. (LeJI0YUCIIEHHBINH KBAHTOBBIN X0JII-3h(ekT 0OHapy-
xkeH B 1980 r.). KBantoBblil X0/11-3¢GekT HabIr01aeTCs IpU
OPOTEKAHUU TOKA B JIBYMEPHOM 3JIEKTpOHHOM 'raze"
(pakTHUECKH, KOHEYHO, B JKUIKOCTH, NOO B3aUMOCHUCTBHE
MEXJIy 2JIEKTPOHAMH CYIIECTBEHHO, OCOOEHHO [IJIsi Tpo0-
Horo addekra). Pasymeercs, "cucrema" (aBymepHBIi mpo-
BOJAIIMIA CJIOW HA TMOBEPXHOCTH KPEMHHs) HAXOIUTCS B
HNEPHEHIUKYJISIPHOM €My MArHUTHOM IIOJIe, Kak U IpHU
0o6bryHOM 3ddekTe Xoyuta. OrpaHudych 34eCh CCBLIKAMU
[22,23] u 3amevyaHueM, 4YTO HEOXHUIAHHONW M OCOOEHHO
UHTEPECHON OCOOCHHOCTBIO JIPOOHOTO KBAHTOBOTO XOJLI-
abdekTa SBISETCS CYIIECTBOBAHHME KBA3MYACTHI[ C IPOO-
HeiMu 3apsgamu e = (1/3)e (e — 3apsin dJIeKTpOHA) U
IpyruMu IpoOHbIMHU 3apsiiamu. HyXHO OTMETUTB, 4YTO
JIBYMEPHBII 3JIEKTPOHHBIN ra3 (Wi, BOOOIIe TOBOPS, JKUA-
KOCTb) HMHTEPECeH He TOJBKO NPU HCCICTOBAHUH XOJUI-
addekTa, HO B IPYTUX CIydasix U yCIOBHsX [24, 25].

IIpoGiema 5 (HeKOTOpPBIE BOMPOCH! (DUBUKU TBEPIOTO
Tena) ceiiuac OykBasbHO Oe30OpexHa. S nuiib HameTwn (B
CKOOKaX) BO3MOXHBIC TEMbl W, €CJIU ObI YUTAJ JICKIHIO,
OCTaHOBMJICST OBl Ha TEeTEPOCTPYKTYpax (BKJIOYAsl CIOAA
"kBaHTOBBIE TOUKH'") U Ha Me30cKomuKe. [IpOCTO HECKOJIBKO
JIydIlie 3HAKOM C 3TUMH BOIIPOCAMH, YeM C JIPYTHUMU U3 TOU
ke obsactu. OrpaHUYyCh CCHUJIKOW Ha IIeJIbIi BbITyCK Y@ H
[24], mocBsitieHHbBIM 3TOM TeMaTuke. COILTIOCH M Ha TOCIIEI-
HIOIO 3aMEUYEHHYIO CTAThIO O MEPEX0JaX METaJlI — AUIJIEKT-
puk [26]. BeiOpaTh HanboJiee HHTEPECHOE HEJIETKO, B 9TOM,
KaK pa3, i Hy>KHO TOMOYb YUTATEIISIM U CITYIIATEIISIM.

B oTHomeHun npodsieMsl 6 (Ppa3oBbie IepexXoabl U T.11.)
Xouy 100aBuTh K [2] § 5 ciieqyroniee. OTKPBITHE HU3KOTEMIIE-
paTypHbIx cBepxTekyurx (a3 *He ormeueno HobGeneBckoi
npemueit o ¢usmke 3a 1996 r. [27]. Ocoboe BHUMAaHUE 3a
MOCJIE/THNE TPH TOJa MIPUBJIEKAET K cebe 003e-3UHIITEeHHOB-

ckast konaeHcaus (B9K) razos. 9T0o, HECOMHEHHO, OY€Hb
HHTEPECHbIE paboThl, HO "GyM", KOTOPBIN C HUMH OKa3ajcs
CBSI3aH, IO MOEMY MHEHHUIO, B 3HAUUTEILHON Mepe 00yciio-
BJIEH He3HaHUeM uctopud. Eie B 1925 1. DitHmTelin o6paTu
panManue Ha BOK [28], u ceituac 3TOT BOpoc, eCTECTBEHHO,
ocBemiaercs B yueOHukax (cm., Hanpumep, [29], § 62). diu-
TeJIbHOE BpeMms, ipaB/a, Ha BOK He oOpaiiiainy BHUMAaHUS U
WHOTJA JaXXe COMHEBAJIUCh B ee peanbHOCTH. Ho otm
BpEMEHA JIaBHO MpOoILIU, ocobeHHOo mocie 1938 r., korga
®. Jlonmon cesasan BOK co ceepxrekyuectro “He [30].
Pazymeercs, renmit I — 310 *)unkocts, u BOK mpo-
SIBJISIETCS, TaK CcKa3aTb, He B 4UCTOM Buae. CTpemiieHHe
Habmonate BOK B pa3pexeHHOM rase BIOJIHE NOHSITHO U
OTPaBIaHO, HO HECEPHE3HO BUAETH B 3TOM OTKPBITHE YeTO-TO
HEOXXHJIAHHOTO W TMPHUHIUIHAILHO HOBOTO B (u3mKe (CM.
a”aynoruuHoe 3amevyanue B [31]). JIpyroe neno, 4To HaOIrO-
nenne BOK B razax Rb, Na, Li u, Hakonen, B H, ocyiue-
cTBieHHOEe B 1995 . W 1mO3Xe, SBISETCS OYeHL OOJIBIINM
JIOCTUXKEHUEM OKCIIepUMEHTaIbHON (u3uku. OHO cTalio
BO3MOXHO TOJIbKO B Pe3yJIbTaTe Pa3BUTHUS METOJIOB OXJIaXK-
JICHHSI TA30B JI0 CBEPXHU3KUX TEMIIEPATYP U YACPKAHUS UX B
JIOBYIIKaX (3a 3TO, KCTaTH, ObLi1a pucyxaeHa HobemneBckas
npemus o ¢usuke 3a 1997 r. [32]). OcymectBiienne BOK B
razax IMOBJICKJIO 32 COOOM MOTOK TEOPETUUECKUX PabOT (CM.
00630p#I [33, 34]; HOBBIE CTATHU HEMIPEPHIBHO MOSIBJISIIOTCS, B
vactHOCTH, B Physical Review Letters?). B 603e-siHIITEN-
HOBCKOM KOHJICHCATE ATOMbI HAXOJSATCS B KOTEPEHTHOM
COCTOSIHUM M MOXHO HaOJtojgaTh HHTEp(EpPEHIIMOHHBIC
SIBJICHHSI, YTO MPUBEJIO K MOSIBJIICHUIO MOHSATHS 00 "aToM-
Hom Jaszepe" (cMm., Hanpumep, [35, 36]). BecbMa unTEpECcHa 1
B3OK B nBymepnom rasze [127].

Tembl 7 u 8 BecbMa IIUPOKHE, S 32 HAMH HE CIIEKY W
MO03TOMY HE MOTY BBIICJIUTh YTO-TO HOBOE M BaxkHOe. Pa3Be
YTO XOYETCS] OTMETHUTH MOBBIIIEHHBIN W BIIOJIHE ONpPABIaH-
HBII HHTEPEC K KJIACTEPAM U3 PAZTUYHBIX ATOMOB U MOJIEKYJT
(peup mmetr 00 0Opa3OBaHMSX, COMEPKAIIMX HEOOIBIIOE
yrcso yactul [134]). HyxHo OoTMETHTh Takke HCCienI0Ba-
HUS XKUIKUX KPUCTAJJIOB U OJTHOBPEMEHHO CETHETOIJICKTPH-
KOB (WJIM, IO AHIJIMHCKONH TEPMMHOJIOIHH, (eppO3TIEKTPU-
koB). COIUIOCh JIMIIb HAa IMOCJIEIHIOI0 HM3BECTHYIO MHE
pabotry mo manHomy Bompocy [37]. IlpuBnekaer k cebe
BHUMAaHHUE TAKXe U3YUYCHHE TOHKUX CETHETOIICKTPHUYECKIX
TIeHoK [38].

O ¢ymrepenax (npobiema 9) yxe BCKOJIbB3b YIOMHUHA-
Jock (eM. Takke [9, 19]), u BMecTe C yriiepoJHBIMU HAHOT-
pyOkamu (nanotubes) [39] aTa o0sacTh MCCIIeIOBAHMIA HAXO-
JIUTCS B IIBETY.

O BelecTBe B CBEPXCHUJILHBIX MATHUTHBIX MOJISIX (KOH-
KpPETHO, B KOpe HEUTPOHHBIX 3BE31T), @ TAKXKE O MOJCIUPOBA-
HUU COOTBETCTBYIOIIMX 3(PQPEKTOB B IOJYIPOBOJIHUKAX
(npobisiema 10) He 3Haro HU4Yero HoBoro. [TogoOHOE 3ameya-
HUE HE [IOJDKHO O0ECKypaXMBATh FJIM BBI3BIBATH TaKOH
BONPOC: 3a4eM e TOrJa IOMelaTh 3TH NpoOJieMbl B
"crimcox"? Bo-mepBbix, B [2] § 8 s mombITAaNCS TOSCHUTH
(bu3MUEeCKyrO CYIIHOCTh 3TOH 334X U 1MOYeMY OHA, Ha MOU
B3IJISIJl, UMEET HEKYIO MpesiecThb I (GU3UKA; HOBTOPSITHCS
3JIeCb HET OCOOBLIX OCHOBAaHMII M, TJIaBHOe, MecTa. Bo-
BTOPBIX, IIOHNMAaHHE BAXXHOCTH BOIpOCAa BOBCE HE

2 DTOT *KypHall IPEBPATUIICA CelYac B CaMblii MPECTHXHBINA B 06J1acTH
(usuku. OH BBIXOJUT €XKEHEIETbHO, MPHYEM B KaXKIOM HOMEpE IoMe-
maeTcs 0kojo 60 craTeil, 3aHUMAOIIUX (33 PEAKUMHU UCKJIFOUCHUSIMU) HE
Goutee 4-x cTpanul Kaxaas. B tome 81, oxBaThIBaroIeM 2-e MoJIyroaue
1998 r., okoso 6000 cTpaHuI.
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00513aTEJIbHO CBSI3aHO C JOCTATOYHBIM 3HAKOMCTBOM C €TI0
COCTOSIHUEM Ha CErOIHSIIHMIA AeHb. Besa Mos "nporpamma,
KakK pa3, ¥ IMeeT [eJIb CTUMYJIUPOBATh HHTEPEC U OOy TUTh
CHENUATICTOB OCBENIATH COCTOSIHUE MPOOJIEMbI HECTICTINAITH-
CTaM B JIOCTYMHBIX CTAThSIX U JICKIUSX.

B oTHomeHun HenuHeWHOW ¢u3uku (mpobiiembl 11 B
"comcke") cuTyanus WHas, 4YeM B HPEALIAYIIEM ClydYae.
Marepuana oueHb MHOTO, B Physical Review Letters cTaTbu
MOSIBIISIFOTCSI B K@XIOM HOMEpE, TaM UMEETCs JTaxe CIe-
LUAJIBHBIA pa3/esl, YaCTUYHO MOCBSIICHHBIA HEJTMHEWHOU
nuHamuke. Ho, xpome Toro, HenuHeWHas (u3Mka W, B
YACTHOCTH, MPOOJIEMBI, MEpeYUCIICHHbIC 101 HOMepoM 11,
HAXOJST OTPAXXEHHUE U B IPYTUX pa3/ieax KypHalla; B CyMMe
HeJIMHEeHHO# ¢usuke nocsiieno 1o 10—20 % Bcero mate-
puaia (cm., Hanpumep, [40]). BooOiiie, HY>KHO, OBITh MOXET,
JIMIIHWIA pa3 MOMYepKHYTb B jomnosHeHue k [2] § 10, uto
BHUMAHUE K HEJIMHEHHON (hu3MKe BCe YCUIIMBAETCS U YCUIIM-
BaeTcsi. B 3HauMTeNbHONW Mepe 3TO CBSI3aHO C TeM, YTO
UCIIOJIb30BAHNE COBPEMEHHOW BBIYHUCIUTEILHON TEXHUKU
MO3BOJISIET AHAJIM3UPOBATH 3a/1a4M, 00 UCCIIEIOBAHUN KOTO-
PBIX paHbIIe MOXHO OBLIIO TOJBKO MEUYTAT.

Henapom XX Bek nHOT 1A Ha3bIBAJIU HE TOJBKO ATOMHBIM
BEKOM, HO U Jla3epHbIM BekoM. COBEpILIEHCTBOBAHUE JIa3e-
POB U paclIpeHne 00JaCTH X MPUMEHEHHs AT TOJHBIM
xomoM. Ho Tema 12 310 He j1a3epbl BOOOIIIE, a paHbIIE BCETO
CBEpXMOIIIHbIE Jla3epbl. Tak, yXe JOCTUTHYTa WHTEHCHB-
HOCTB (mioTHOCTH MotHocTH) I ~ (10%°—10?!) Bt om2.
IIpn Takoif MHTEHCHMBHOCTH HANPSIKEHHOCTb 3JIEKTpHUYE-
ckoro moust mopsaka 1012 B cM™!, T.e. oHO Ha ABa mopsaKa
CHUTbHEE TIOJISI MPOTOHA HA OCHOBHOM YPOBHE aTOMa BOJO-
pona. Marnutnoe mone mocturaet 10°—10'0 3 [41]. TIpn
9TOM HCMOJIL3YIOTCSI OY€Hb KOPOTKUE UMITYJIbCHI JTUTEb-
HocThio 10 10713 ¢ (T.e. 1o pemToCcekynbl). cnonb3oBanue
TaKMX UMIYJIbCOB OTKPBIBAET LEJBIN Psii BOZMOXKXHOCTEH, B
YACTHOCTH, JI1 TOJY4YeHHs] TapMOHHK, JeXalluxX YyXe B
PEHTTEHOBCKOM JHAaNa30oHe M, COOTBETCTBEHHO, PEHTTEHOB-
CKUX WMIYJIbCOB C JUTUTENBHOCTBIO B  aTTOCEKYHIBI
(1a=10""8 ¢)[41, 42]. PoacTBeHHas npobieMa — co3aaHne
U UCIIOJIb30BAHUE PA3EPOB U IPA3EPOB — aHAJIOT OB JIA3€POB,
COOTBETCTBEHHO, B PEHTTEHOBCKOM M ramMMa-Aramna3oHax.
Yero-mu60 HOBOTO B 3T0# 0611acTH (110 cpaBHeHuto ¢ [2], § 9)
sI, K COXAJIEHUIO, HE 3HATO.

IIpobiema 13 — wu3 obyiactu saepHOW GuU3MKU. DTO,
KOHeyHo, OoJjbiiasi o0jacTb, IUIOXO MHE 3HaKoMas.
IToaToMy $ BbLIEIMII TOJBKO J1BA BOIpoca. Bo-nepBoIx, 310
JaJieKre TPAHCYPAHOBBIE DJIEMEHTHI B CBSI3U C HAAEKIAMU HA
TO, YTO OTJICJIbHBIC H30TOIBI B CHITY 000JI0YeUHBIX 3 PekToB
XKHUBYT JOJITO (B KAa4eCTBE TAKOr'O0 M30TONA B JIMTEPAType
YKa3bIBAJIOCh Ha sApo ¢ Z = 114 u ¢ uucioM HEHTPOHOB
N =184, T.e. ¢ maccoBeiM uucioM A =Z+ N =298).
N3BecTHblE TpaHCypaHOBBIE 3JIeMEHTHI ¢ Z < 114 xuByT
JIMIIb CeKYHABl WM [TOJH CeKyHIObl. I[losBisBIIMecs B
sutepatype (cM. [2] § 11) yka3zaHus Ha CyIIeCTBOBaHHE B
KOCMHYECKHX JIYUax JOJITOKUBYIIHX (peub UIIET O MIJLINO-
HaxX JIET) TPAHCYPAHOBBIX sIIEpP TOKAa MOATBEPXKJICHBI HE
Oobutn. B Havase 1999 r. nosiBUIIOCh NpeaBapuTesibHOE (e1ie
He TpoBepeHHoe) coobdiuenue [124] o Tom, uto B [yOHe
cuHTe3upoBaH 114 3meMeHT ¢ MaccoBbIM 4uciaoM 289,
skuBymuid okosio 30 cekyna. [Toatomy Bo3HHMKIIA HajgexAa
Ha TO, YTO 3JIEMEHT (;ég), JIEHCTBUTEIBLHO, OKAKETCS OUYCHb
JIOJITOKMBYILIUM. BO-BTOPBIX, YIOMSIHYTHI "sk30THYecKHE"
siapa. DTO sapa U3 HYKJIOHOB M AHTUHYKJIOHOB, KaKHE-TO
TUIOTETUYECKHE sIIpa C TOBBIIIEHHOW IUIOTHOCTBIO, HE
TOBOPSI yXKe O siapax Hechepruaeckoil GOpMBI U C HEKOTO-

pbiMu  ApyrumMu  ocobeHHocTsiMU. Croia e MPUMBIKACT
npobjieMa KBApKOBOW MAaTEPHH U KBAPK-TJIFOOHHOU TIIa3MBbI
(cm., Hampumep, [43, 135—137] u ykazaHHYIO TaM JMTEpa-
TYpY).

4. Hekotopble koMMeHTapuu (MHKPO(du3nKa)

IIpo6aemst ¢ 14-ii mo 20-10 OTHOCATCS K 00JACTH, KOTOPYIO
AMEHYI0 MHUKPOGU3UKOHN, XOTs ee NMpaBHIIbHEE BCETO, MO-
BUIMMOMY, Ha3bIBaTh (PU3MKON 3JEMEHTAPHBIX YACTHII.
OmHo BpeMsl, mpaBaa, 3TO HAa3BAHUE KAK-TO CTAJIO PEIKO
YIOTPeOISAThCS, MOCKOJBKY ycTapeso. VimeeTcst B BUIly TOT
(bakT, YTO Ha ONMPEIEICHHOM JTAalle JIEMEHTAPHBIMU CUUTA-
JIUCh, B YACTHOCTH, HYKJIOHBI 1 Me30HBI. Ceifuac e N3BECTHO,
9YTO OHHU COCTOSAT (IIPaBa, B HECKOJIBKO YCIIOBHOM CMBICITIE)
73 KBapKOB M aHTUKBApKOB. BBICKA3BIBAMCH MPENOTIOKE-
HUS, 9TO ¥ KBapKH ""coCTOAT' M3 KAKMX-TO YacTUII (IIPEOHOB U
T.1.). OIHAKO HA CETONHSALIHINA IeHb I TOAOOHBIX THIIOTE3
HET HMKAaKMX OCHOBaHuii, a "matpemka" — mnejedue Belie-
cTBa Ha Bce OoJiee "Mesnkme" wacTu, TOJDKHA XK€ KOTJa-TO
nucuepnatbes. Tak WM WHAYe, HA CETOHSIIHUN JEHb MBI
CUUTAEM HEACIUMBIMU, U B 3TOM CMBICJIE 3JIEMEHTapHBIMU,
KBApKM — HX, HE cuYMTass aHTUKBapku, 6 "apomartos"
(flavours): u (up), d (down), ¢ (charm), s (strangeness),
t (top) u b (bottom); aHTUKBAPKU OOO3HAYAOTCS C MTOMO-
IbI0 YepTouku cBepxy (U m T.1.). Hasee, ajleMeHTapHBI
JIENTOHBI: 3JIEKTPOH U MO3UTPoH (e~ u e¥), u*, 1, cooTseT-
CTBYIOLIME HEUTPHUHO Ve, V., V;. HakoHel, sj1eMeHTapHbIMU
ABJIAIOTCS 4 BEKTOPHBIX 6030Ha ((pOTOH v, rtooH g, Z0, W),
HetanpHee 0 cOCTOSIHUM (DU3UKU DJIEMEHTAPHBIX YacTUIl, B
[IeJIOM, TIACATH 37eCh He Oyy, H00 MOTY COCIAThCsl, TOMUMO
[2], Ha 0630p JI.B. Okyns "CoBpemenHoe cocTOsIHUE (PUBHKU
3JIEMEHTaPHBIX yacTu", onyoaukoBaHubil B YO H B 1998 .
[44]. Bce, yTo TaM HamUCaHO, s BKJIIOYAro B "(pu3MdyecKuil
munumyM". Crenaro, oQHaKo, psj 3aMeyaHuil U jgo00aBiie-
Huil. OHA U3 CaMBIX aKTyalIbHBIX 3a7a4 (B [44] oHa maxe
nMeHyeTcs 3amadeit Ne 1) Gu3uKu dJIleMEeHTapHBIX YaCTUI] —
MOUCKU W, KaK BCE HAJNCIOTCS, OOHAapyXeHHe XUITca —
ckajigpHoro xurrc-6o3ona co cnunom 0. ITo omeHkam,
macca xurrca menbliie 1000 I'9B, Ho ckopee maxe MeHbIle
200 I'3B. IMoucku BeayTcs v OYAYT BECTHCh HA UMEIOIIMXCS U
pexoHcTpyupyembix yckoputesx (B LIEPHe u ®epmmitabe).
I'naBHas xe HaIexk1a (PU3UKY BBICOKMX JHEPT Ui (BO3MOXHO,
¥ Npu mouckax xurrca) — 310 yckopurteab LHC (Large
Hadron Coleider), crposiumiics B LIEPHe. B nem Oyner
nocturnyTta s3Heprus B 14 T3B (B cucteme meHTpa macc
CTaJIKUBAFOIIUXCS HYKJIOHOB), HO TOJIBKO, BUAUMO, B 2005 T.
Hpyras Baxxneiimas 3amgada (Ne 2, corsracao [44]) — moucku
CyNepCUMMETPUYHBIX YacTull (cM. Hioke). Hesb3s He oTMe-
TUTh ucciegoBanue npobiaembl CP — HecoxpaHeHus u, B
cmty cupasennuBoctd CPT-nHBapHaHTHOCTU (COBMECTHBIX
MPOCTPAHCTBEHHON HWHBEpcUHU P, 3apsiioBOTO CONMPSIKEHUS
C u obpamenus 3HaKka BpemMeHu 7), Takke ¥ HECOXPAHEHHS
T-uHBapHAHTHOCTH (HEMHBAPUAHTHOCTDL MPH 3aMeHe 3HaKa
BpeMeHHU ¢ — —f). Pa3ymeercs, 310 pyHIaMEHTAIbHBIN
BOIIPOC, B YACTHOCTH, C TOYKHU 3pEHHS] OOBbsCHEHUs HeoOpa-
TUMOCTH (pu3mueckux mporeccoB (cMm. pazaen 6). CP-necox-
panenue 6pL10 0OHApYX)eHO B 1964 r. Ha mpumepe pacnaga
Me30Ha Kg — T 4+ n~. Kcratu, 310 oTKphiTHE B 1980 T.
6b110 oT™MeueHo HobeneBckoii mpemueii 1o ¢pusnke. Bmecrte ¢
TeM M3BeCTHbIe mpoiiecchl ¢ CP-HecoxpaHeHHeM AOBOJILHO
MaJio BEPOSTHHI (II0 CPABHEHHIO C MPOILIECCAMH, COXPAHSIIO-
mumu CP-uHBapuaHTHOCTB). MccieqoBaHue MpOIECCOB C
CP-HecoxpaHEHHEM MPOJOJIKAETCS, UX HPUPOJA HESCHA.
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HenaBHo oOHapyxeH emie oauH mpouecc, uaymmid ¢ CP-
HECOXPAHCHUEM, HO TAKXKE OTHOCHUTEJIHHO MaJIOBEPOSITHBIIA
[45]. Hakonen, unyt noucku CP-HecoxpaHeHue Ipu pacnaje
B-me3ono0B [46]. Pacmag nmpoToHa moka He obHapyxeH. [1o
MOCJIETHUM JaHHBIM [125], cpeaHee BpeMs )XKU3HM MPOTOHA,
eCllM OIpee]uTh ero mo peakmuu p — et + 10, Gonbie
1,6 x 10% roma. O mMacce HEWTPHUHO, YIOMUHAEMOI! B YHCIIe
npouux "pasaenos" mpobaemMsl 16, OymeT cKazaHO HUXKE IPU
ob6cyxaennn npoosiemsl 30 (HeHTpUHHAS PHU3MKA U ACTPOHO-
Musi).

OcraHoBirOCh 37ech Ha mpobsieme 17 u, Gosee KOH-
KpeTHO, (pyHAaMEHTaIbHOU MinHe. "DiieMenTapiuuku’, Kak
HHOT/Ia HA3bIBAIOT CICHUATM3UPYIOLIMXCS B 00jacTu
(GU3UKM  3JIEMEHTAPHBIX YACTHUI[, BEPOSITHO MPEHEOPEKH-
TEIFHO MOXMYT IJIEYaMH — 4YTO 3TO elle 3a mpodiema?
B0O3MOXHO, 4TO ecyiy OBl S HaYaJI COCTaBIATh cBOM "crcok"
CeroJHs, s TOXKE HEe YINOMSHYJ ObI O Takoil mpobieme,
3Byuasieii "Bo Bech rojoc" JMIIb MHOrO JI€T Haszaa U
otmeuenHou B [1], a 3atem u B [2]. JIump B xoHme 40-x
roJI0B OBLIM Pa3BUTHI CIIOCOOBI (METO/] IEPEHOPMUPOBOK U
T.1.; CM., Hampumep, [47]), mo3BosmBIIKEe O€3 OrpaHUYCHHUN
HCIIOJIb30BAaTh KBAHTOBYIO 3JICKTpoAMHAMUKY. J[0 3TOTO IpH
pacdeTax BCTPEYAHCh PACXOJSIINECS BBIPAXKCHUS W IS
MOJTy4CHHs] KOHEYHBIX PE3yJbTATOB IPHUXOIMIOCH MPOBO-
maTh "obpe3anue" Ha HEKOTOPOH MAKCUMAJLHOW SHEPrUH
E;, wmu otBevarowed eif pmmmue I, = fic/E; (3mech
7= 1,055 x 10727 3prc — KkBaHTOBas MOCTOsSTHHAs). Yaime
BCero  BCTpewasioch — 3Hauenme [ ~ 10717 oM wm
Ey, = fic/ls, ~ 3 apr ~ 101?3B = 1 T3B. IIpumepHo Taxue
)K€ 3HAYCHHSI OTBCYAOT HAUOOJIBIINM HEPIHUSIM (B CHCTEME
[EHTPA MACC) ¥ HAUMEHBINUM "TIPHUIEIBHBIM MapameTpam",
JIOCTUTHYTBIM Ha COBPEMEHHBIX YCKOPUTEJsX. [lpu 3ToM
"Bce B mopsake" — u3BecTHAs (pU3MKA, HAIPUMED, KBAHTO-
Bas OJIEKTpoaMHaMMKa xopomio '"paboraer". Orcroma
MOXHO 3aKJIIOUUTh, 4TO JI0 paccTosuuit f, ~ 10717 cm
(uamme, mpaBza, ykasbiBaroT mmmHy B 107! cM) m Bpemen
tr, ~ I,/ ~ 102" ¢ cylecTBYIOIIME NPOCTPAHCTBEHHO-BPE-
MEHHBIE NPEICTABJICHUS CIIPABEIJIUBEL. A YTO IPOUCXOIUT B
MeHbIINX MaciTabax? Takoil BOIpoc B COYETAHUH C UMEB-
LIMMHUCST 3aTPYTHEHUSIMH TEOPUHM U TPHUBES K TUHOTE3e O
CYIIECTBOBAHMK HEKOTOPOil (hYyHIAMEHTATIBHON [JIMHBI /f U
BpeMEHH I ~ It/c, IpA KOTOPBIX BCTYmaeT B CTpoil "HoBas
¢usuka" U, KOHKPETHO, KAaKHe-TO HEOOBIUHBbIE MPOCTPAH-
CTBEHHO-BPEMeHHbIE npezcTanieHusi ("'3epHUCTOE TPOCTPaH-
ctBO —BpeMs" 1 T.1.). Cero/Hst HeT HUKAKUX OCHOBAHUI JIITsI
BBeieHns JUTHHEL ; ~ 107!7 M. C mpyroit cTOpoHsI, B pusnke
U3BECTHA M UTPAET BAXHYIO POJIb HEKOTOPast Apyras GpyHaa-
MEHTaJIbHasl [JIMHA, & UMCHHO IUIAHKOBCKAS MJIM TPaBUTA-
nuonHas JumHa lp = \/Gh/c3 = 1,6 x 1073 oM (371ech
G =06,67x10"% cm (r ¢?)~' — rpaBuTaIMOHHAS MOCTOSH-
Hast); eil OTBeYaroT BpeMsl fy = ly/c ~ 107% ¢ u osneprus
E, = hc/l; ~ 10" ToB. Hepeaxo (urypupyer u IUIAaHKOB-
ckast mMacca my = Ey/c* ~ \/lic/G ~ 107> r. ®unsnuecknit
CMBICT IJIMHBI /; 3aKIFOYAETCS B TOM, 4TO IPU MEHBIIHX
MacmTabdax yxe HeJib3sl MOJIb30BAThCS KJIACCHYECKON petsi-
THBUCTCKOW TEOpHUEH TpaBUTALMU M, B YACTHOCTHU, OOIIeH
teopueir otHocutesbHOCTH (OTO), MOCTpOEHUE KOTOpPOU
OBLIO 3aBepiIeHo DifHImTeliHOoM B 1915 1.3 Jleso B ToM, 4TO

3 B OTO rpaBUTAIMOHHOE MOJIE TIOJHOCTHEO ONMUCHIBAETCS METPUYECKIM
TEH30POM gi. KpoMe TOro, g MOJYUHSFOTCS BIIOJIHE OINPEIC/ICHHBIM
ypaBHeHUsIM (cM., Haripumep, [48]). CyiiecTByeT HEMAaJjIo APYTHUX KJIACCH-
YECKHX PEJISTUBUCTCKUX TEOPHH I'DABUTALMH, B KOTOPBIX (DUI'YPHPYIOT
MOMHUMO gj U OPYrue mepeMeHHbIe (HalpuMep, HEKOTOPOE CKaJIIpHOE
0JIE (), MOSIBJIIFOTCS 00JIee BHICOKHE IPOU3BO/IHBIC U T. .
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npu [ ~ [, ¥ mogaBHO NpH MacwTabax / < [, ykKe BEJIUKH
KBAaHTOBBIC (PIIYKTyanuu METPHUKH gjr.. [103TOMY 3[1eCh HYKHO
UCMOJIb30BATh KBAHTOBYIO TEOPHUIO TPABUTAIUH, CIIE HE
CO3/IAHHYIO B CKOJIbKO-HHOY/Ib 3aKOHUeHHOU (hopme. UTak,
JUMHA [; — 9TO ABHO HekoTopasi GyHJaMeHTaIbHAsl JUIMHA,
OTrpaHMYMBAIOLIAST KJIACCHYCCKHE MHPEACTABICHUS O IIPO-
CTpaHCTBE — BpeMeHu. HO MOXHO JIM yTBEPKAaTh, 4TO ITH
npencrabieHus He "oTkaspiBaroT" ellle paHblle, IPU HEKO-
Topoit pyHaaMenTanbHol aymne I > [? Kak ckazaHo, sBHO
Iy < I, ~ 10717 cM, HO Beab 9TO 3HaueHme [, Ha uenbIX 16
HOPSAAKOB 00JIbINE /. PU3UKK NPUBBIKIIN K IKCTPATIOTISAIHUIM
TUTAaHTCKOTO MacliTaba, HAIpuMep, K MPEIIOIOKECHHIO O
TOX/IECTBEHHOCTH 3aKOHOB U Pa3JIMYHBIX JAHHBIX, IOTyYCH-
HBIX Ha 3emJie U BO Beell BeesieHHO nin, BO BCSIKOM cllydae, B
KOJIOCCAJILHBIX ~ TIPOCTPAHCTBEHHO-BPEMEHHBIX  00JIACTSIX.
ITpumepoM 1mogoOHON OYEHb NAJIEKO MAYLLEH 3KCTpamois-
K SIBJISCTCS M THIIOTE3a O TOM, YTO Ha BCEM HMHTEpBaje
mexay [ ~ Iy, ~ 1077 emu [ ~ Iy ~ 1073 oM nukakoit uHoi
(byHIaMeHTaIbHOM IJIMHBI /p He cylnecTByeT. Takas rumoresa
ceifuac ecTeCTBEHHA, HO He JJoka3aHa. O TOC/IeTHEM ClIeAyeT
TIOMHUTD, B CHITy Yero sl ¥ YIOMHUHAI0 00 3TOH mpobiieme B
"crmcke". ITo cylmecTBy e Jejla MOXKHO OTMETHTb, YTO
"ataka ma qmHY" Bemercs ¢ ABYX CTOpoH. CO CTOPOHBI
CPaBHUTEILHO HHU3KUX 3SHEPIHUil — 3TO CTPOUTEIBCTBO
HOBBIX YCKOpUTEJeld (KOJUIAa#IepOB) W B TEPBYIO OYepelb
yxe ynomsinyToro LHC (cm. [44,49]urn. 11 u 12 B [50]). Ha
HEM, KaK YIOMHHAJIOCh, OyJeT IOCTHTHyTa JHeprus (B
cucteme 1eHTpa macc) E. = 14 T3B, uro orBevaeT ajuHe
| =Tc/E. =14 x 10718 cMm. B KocMuYecKuX JIyyax 3aperu-
CTPUPOBAHBI YaCTUIBI C MAaKCUMAJIbHOM  3HEprueu
E =3 x10% 5B (B n1abopaTopHO#l CHCTEME OTCUETA; HPO-
TOH C TAKOW JHEeprueil Mpu CTOJKHOBEHHH C TMOKOSIIIAMCS
HYKJIOHOM B CHCTeMe IIGHTpa MacC HUMeEEeT OJHEPTHIO
E. ~800 ToB u [, ~ 1072 cm). OgHako TakuX YacTHII
KpailHe Majo M HEeMOCPEeICTBCHHO HCIOIb30BaTh HX B
(u3nKe BBICOKHMX JHEPruil HEBO3MOXHO [S51, 52]. [muHbI,
COTIOCTaBUMBIE C [y, GUTYPUPYIOT JIUIIIH B KOCMOJIOTHU (U, B
MPUHIUIE, BHYTPU TOPHU30HTA COOBITHI UYePHBIX IbIp). B
(uU3MKe 3JIEMEHTAPHBIX YaCTHIl JOBOJBHO HIMPOKO OIEpPH-
pyIoT ¢ smeprusmu Ey ~ 10'6 I'9B, ¢purypupyrommmu B eine
He3aBeplIeHHOM Teopun "Besukoro oobeaunenus"” — oobe-
JIMHEHUsSI JJIEKTPOCIaboro W CHJIBHOTO B3aWMOJIEHCTBUIA.
Juuna Iy = fic/Ey ~ 10730 ¢cMm u Bce %e Ha Tpu mopsjika
6ombmie /,. UTO MPOUCXOIUT B 0OJIACTH MACIITA60B MEXIY
lo 1 ly, TO-BUAMMOMY, CKa3aTh COBCEM TPYIHO. BBITH MOXeT
3[1eCh M IPUTAWIACH Kakas-To GpyHIaMeHTalbHas [auHA If,
Takasi, uTo [y < Iy < [y? Koneuno, Ha cerogusiuiHuii 1eHb
TaKoe MPEAOJIOKEHHE — ITO YUCTAsI CIIEKYJISIIHSI.

Kcratn, o tepmunosiorun. Teopusi CHILHOTO B3aWMO-
NeACTBUST MMEHYETCS KBAHTOBOW XpomojauHamMukoi. Kak
yke OBLIIO CKa3aHO, cXema, OOBCeIUHSIOIIAs IJIEKTpoMAar-
HUTHOE, C1aboe U CHUJIBHOE B3aMMOJICHUCTBHSI, HA3BIBACTCS
BEJIMKAM OOBeAMHEHHEM. BmecTe ¢ TeM, peabHO HCHOJIb-
3yemasi COBPEMEHHAsI TEOpHUs OIJIEMEHTAPHBIX YACTHII,
cocTosiasi M3 TEOPHHU 3JIEKPOCIadoro B3aMMOMACHCTBUS H
KBAHTOBOU XpOMOJIMHAMMKY, HA3BIBAE€TCS CTaHAAPTHOMN
mopenbto (standart model). Hakonen, Teopuu, B KOTOPBIX
BeJIMKOe OOBeAWHeHne (IO KOHIA eIle He CO3IaHHOE)
0060011aeTCS TAKUM 00pa30M, UTO BKITIOYAET €Ille W TPABH-
TAIWIo, HA3bIBAIOT CynepoOBeauHeHneM. Takoro ymoBiie-
TBOPUTEJILHOTO CYNEpOOBEIUHEHUSI TOCTPOUTH eIlle He
ynanock. O0cyxnaeMasi HUXKe TEOpUS CYNEPCTPYH MPETEeH-
JIyeT Ha POJIb CYyNepOOBEeIUHCHHUS, HO 1IEJIb [IOKA UTO eIie He
JIOCTHTHYTA.
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B oTHomeHun coBokymHOCTH TmpobOsieM 19 MOXKHO
YTBEPXKIATh, YTO OHM OUEHb AKTYaJbHBI, HO S HE 3HAIO, YTO
JT00ABUTH 11O CPABHEHUIO CO CKa3aHHBIM B [2]§ 17. BeposTHo,
VIIyCTHJI KAKUE-TO HOBOCTH, JIOCTOWHBIC YTOMUHAHHS (YKAXKY
JIIIIIB Ha CTATHIO [53], MOCBSIIEHHYIO (a30BBIM MEPEX0IaM B
panneit Beenennoii). Mexay npounm, B [2] § 7 g nuTupyro
3aMevaHue, caejaHHoe DiHmTeiHOM emie B 1920 r. [54]:
"...00Imast Teopuss OTHOCHTELHOCTH HAEISeT MPOCTPAaH-
CTBO (PM3MYECKUMH CBOWCTBAMH, TAKMM OOpa3oM, B 3TOM
cmbiciie adup cymectsyert...". KBantosas Teopus "Haemuia
npocTpaHcTBO" ellle BUPTYalbHBIMHM MApaMU Pa3JIMYHbIX
(epMHOHOB U HYJIEBBIMH KOJIEOAHUSIMU 3JIEKTPOMATHUT-
HOro W aApyrux Oo3ze-moJieii. Kazaynoch Obl, 3TO Bcem
n3BecTHO. TeMm He menee, Physics Today — opran AMepukaH-
CKOro (pU3MUYecKoro ooOIecTBa W emle 9 aHaJOTHYHBIX
obirecTB oTkpeiBacTcst B 1999 romy crarbeit "The persi-
stence of ether", mocesieHHO# paccyxaeHusM o (usnye-
CKOM BakyyMe, UMeHyeMoM 3¢upom [55].

Jo Toro, kak nepeiiTu x nmpobdiemMam acTpopU3MIECKOro
Tana u Oym3kuM K HuUM (Homepa 21-30 B "cromcke"),
OCTaHOBJIIOCH Ha mpobisieme 20: cTpyHbl © M-Teopus. IT0,
MO>HO CKa3aTb, (PPOHTOBOE HANPABIIEHHE B TEOPETUUECKON
¢usnke Ha cerogHsuHuA neHb. Kcratu, BMecTo TepMuHa
"crpyabl" 4yacTo ymoTPeOJISIOT HAa3BaHUE CYNEPCTPYHBI
(superstrings), BO-TIEPBBIX, YTOOBI HE OBLIO IyTAHHUIBI C
KOCMHMYECKHMMU CTPYHAMH (CM. HIDKE O mpobieme 25) U, Bo-
BTOPBIX, YTOOBI MOTUEPKHYTH HCIOJb30BaHUE MPEACTABIIC-
HUSI O CyNepCUMMETpuu. B cymepcumMMeTpuyHON Teopuu
KaXJIOW YaCTHUIlE OTBEYaeT (COAEPKHUTCS B YpABHCHHUSIX) €€
MapTHEP C APYTroi CTaTUCTUKOM, HaTIpumMep, poTony (0030HY
CO CIIMHOM €IMHUIIA) OTBeYaeT (HOTUHO ((epMUOH CO CTUHOM
1/2) u 1.1. HyXHO cpa3y OTMETHTh, YTO CyNEPCHMMETPHY-
HbIe ApTHEPHI (YaCcTHIBI) elle He oOHapyxkeHsl. X macca,
no-suaumomy, He Menbiie 100—1000 I'sB. IToucku stux
JAaCTUI] — OJHA U3 OCHOBHBIX 3aJa4 IKCIIEPUMEHTAJIbHON
(U3MKM BBICOKHMX OJHEPIWil KaKk Ha CYIIECTBYIOIIHMX WA
PEKOHCTPYUPYEMBIX yckopuTelsix, Tak 1 Ha LHC.

Teoperuueckass ¢u3nKa enie HE MOXKET OTBETHTh Ha
LEJIbI psii BONPOCOB, HAaPUMEP: KaK IOCTPOUTh KBaH-
TOBYIO TE€OPHIO T'DAaBUTAIMA U OOBEOMHUTL €€ C TeopHeil
PYTUX B3aUMOICUCTBUIl; MOYEMY CYIIECTBYET, IMO-BHIH-
MOMY, TOJIbKO 6 THIOB (ApOMaTOB) KBApKOB M 6 JIESNTOHOB;
MoYeMy Macca 3JIEKTPOHHOT O HEUTPUHO OUeHb MaJia; HoYeMy
}l- ¥ T-JIENTOHBI OTJIMYAIOTCS IO CBOEH Macce OT JIEKTPOHA
UMEHHO B M3BECTHOE M3 JKCIEpUMEHTA YHUCIO pas; Kak
OIpEACTUTh U3 TEOPHH IMOCTOSIHHYIO TOHKOW CTPYKTYDBI
o = e*/hic =~ 1/137 u psn JAPYrux MOCTOSIHHBIX U T.1. Jpy-
TUMH CJIOBAMH, KaK HH TPAHIMO3HbI W BIEYATIISIONIN
JIOCTIDKEHU ST (PU3MKH, HEPEIIEHHBIX (DYHIaMEHTAIBHBIX MPO-
611eM mpenocTaToyHo. Teopust CTpyH elle He OTBETHJIA Ha
o00HBIE BONPOCHI, HO 00CIIAeT YCIeXU B Hy)KHOM HaIpas-
neanu. TTOCKONBKY s HE MOTY COCIATBCS Ha AOCTATOYHO
JIOCTYIHYIO CTAThIO O CTPYHAX HA PYCCKOM SI3BIKE, sl OBLIO
cobpaJicst 371eCh KOe-4TO IOSICHUTH IO cyImecTBy. OmHAKO
0Ka3aJIoCh, YTO HE CMOTY CIIeJIaTh 9TOT'0 Ha JOJDKHOM YPOBHE
B KPATKOM BHJI€ ¥ TOJIBKO MEPECKa3bIBaT Obl N3BECTHBIE MHE
nonyJisipabie 0030pbl [56—59] u [50] ri. 13. Caenaro nunib
pSI 3aMevaHuil.

B kBaHTOBOIl MeXaHWKE M B KBAHTOBOW TEOPHH IIOJIS
3JIEMEHTAPHBIC YACTUILI CUMTAIOTCS TOUCYHBIMH. B Teopuun
CTPYH 3JIEMEHTApPHBIC YACTHUIIBI — I3TO KOJEOAHUS OJHO-
MEPHBIX OOBEKTOB (CTPYH), MMEIOIIUX XapaKTEepHbIE pa3-
Mepbl s ~ I ~ 1073% cMm (umm, ckaxkem, /s ~ 100/y). CTpyHbI
MOTYT OBITh KOHEYHOU JUTHHBI (HEKOTOPHIH "oTpe3ok") nim B

Buje kosieuek. CTPYHBI pacCMATPUBAIOTCS HE B 4-MEPHOM
("oOb1yHOM") IPOCTPAHCTBE, @ B MHOTOMEPHBIX IPOCTpPAH-
cTBax, ckaxem, ¢ 10-to umu 11-r0 m3amepenusimu. Teopus
CylmepCUMMETpUYHA. 3aMeHa TOYEYHBIX YACTHUI[ HETOYeU-
HBIMHJ — 3TO JJaJIeKO He HOBasl Ujesl, €€ OCHOBHAS TPYIHOCTh
— penaTuBHCTCKas (HopMyupoBKa. B kauecTBe mpumepa
o3BOJIrO cede cocnathest Ha padboTy M.E. Tamma u cBotro [60]
(cm. Taxke [61]). Hukakux ycnexoB Ha 3TOM IyTH JI0 TEOPUU
CTPYH NOCTHTHYTO He Obuto. Mmess MHOTOMEpPHBIX MPO-
CTPAHCTB, T.€. BBEJICHAS 5-TO M OOJIBIIIETO YICIa N3MEPEHIH
emie 3HaunuTeNbHO crapuie (teopust Kamynsr—Kusitna [62,
63]; cMm. [64], c. 296), HO TaKXe 10 TEOPUH CTPYH HE IIPUBEJIA K
KaKUM-JTIM00 (U3MYECKUM pe3ysibTaTaM. Bmpouem, u B
TEOPUU CTPYH MOXHO YHOMSHYTb TJIABHBIM OOpazoM o
"pusnagexnax", kak mobun rosoputs JI.JI. Jlangay, a He 0
pesynbTaTtax. Ho uyto Ha3weBaTh pesyiabraTtamu? Benb mate-
MaTUYECKAE TOCTPOCHHUST W OOHApYXEHHE PE3JIMIHBIX
CBOICTB CHMMETPHHN — TOXE Pe3yJIbTaThl. UTO ke KacaeTcs
(u3uKu, TO OTBeTa Ha KaKOW-HUOYAb BOIPOC THUIA TEpe-
YHCJIEHHBIX BBIIIE TEOpHUs CTPYH €lle He [ajia. DTO He
nomermano (U3nKaM, HUCCIETYIOIMUM CTPYHBI, TOBOPHTH
yXe He TOJLKO O "mepBoWl CymepcTpyHHOM peBosrorun”
(1984—1985 rr.), HO yxe U O "BTOpOIl CymepcTpyHHOM
pesomroruu” (1994-?) [57]%. Vnorpebisanack B IpIMEHEHAN
K TEOPHHU CTPYH U HE CIMIIKOM CKPOMHAsI TEPMHUHOJIOTUS —
"reopus Bcero" ("Theory of Everything"). HyxHo oTMeTHTB
7 TOT (axT, 4YTO TEOPHS CTPYH HE TaK YK MOJIOZA; COTJIACHO
[50], ron. 13, eit yxe 30 mer, ma u mocie "mepBoii cymep-
CTPYHHOM peBoJirolK" MPOIUIO OKOJIO 15 JIeT, a SICHBIX
(u3MUecKuX pe3ysNbTAaTOB €llle HeT. B 3TOW CBS3M CTOUT
HAallOMHUTb, YTO MOJJIMHHAs peBOIonus B (usmke —
co3/laHNe KBAHTOBOW MEXaHUKHU, B OCHOBHOM J¢ Bpoiiiem,
Ipénunrepom, I'eiizenbeprom, Hdupakom u bopom —
npoaoJpkaiack He 6osee 5S—6 set (1924—1930 rr.). OOuryro
TEOPUI0 OTHOCHUTEJIbHOCTH OWHINTEHH co3daBan & JeT
(1907—-1915 rr.). Ho »THM 3ameyaHWsIM sI HE WPHIAIO
ocoboro 3Hauenus. Crosiye mepes; TeopeTnieckoit pusm-
KOW 3alayd W BOIPOCBI, O KOTOPBIX WJAET peub, KpaitHe
CJIOXKHBI U TJIyOOKH, M CKOJIBKO €llle IOTpedyeTCsl BpEMEHH,
4TOObl HAWTH OTBETHI — HEM3BECTHO. YUYBCTBYyeTCS, YTO
TEOpHUs CYNEPCTPYH — 3TO HEYTO IIyOOKOe M pa3BHBAIO-
meecst. CaMu ee aBTOPBI IPETEHTYIOT HA TTOHUMAaHUE JIUIIb
HEKOTOPBIX MPEJEJIbHBIX CIIy4aeB W TOBOPST TOJBKO O
HaMeKax Ha HEKOTOpyro OoJjiee OOIIyI0 TEOPHIO, KOTOPYIO
Ha3bIBatoT M-teopueii. [1pu 3ToMm OykBa M BeIOpaHa B CBSI3U
C TeM, YTO 3Ty OymyIIyro TEOPHIO HA3BIBAIOT MarmyecKoi
WJIM MECTHYECKO# (magic or mysterious) [56]. Teopus cymnep-
CTPYH CIJIHO YKpenuJia ObI CBOM IIO3HINH B CITydae OOHapY-
JKEHUSI CYNEPCUMMETPHYHBIX YACTHUI[, XOTS HMEIOTCS U
JIpyrue MyTH ee mpoBepku [59].

4 B 1IMPOKO U3BECTHOI 1 monyisipHoii Ha 3anae kuure Kyna "CtpykTypa
Hay4HbIx peBosronuit” [65] ee aBTop mumimer: "t MeHs PEBOJIFOIUS
NpeICTaBIseT co00i Bl M3MEHEHHUS, BKJIFOUAROIIMI ONpe/IeIeHHbIN BT
PEKOHCTPYKIUK MPEINUCAHUN, KOTOPBIM PYKOBOZCTBYETCs rpymma. Ho
OHO He 0053aTENIbHO OJDKHO OBITH OOJIBIIMM H3MEHEHHEM I Ka3aThCsl
PEBOJIIOIMOHHBIM TEM, KTO HAXOIUTCS BHE OTIEIBHOTO (3aMKHYTOTO)
COOOIIIECTBA, COCTOSILETO, OLITH MOXKET, He OoJiee yeM u3 25 vesnosek"
([65] c. 227). Eciiu 10s1630BaThCS MOA0OHBIM OTNIPE/IEICHUEM PEBOJIFOLINH
(cBOE MHEHHE O HEM $1 YK€ UMeJI BO3SMOXHOCTD BBICKA3aTh; CM. [2] ¢. 159),
TO B GOJILIIMHCTBE 00J1aCTeN (PU3MKY PEBOJTFOIMHI IPOUCXOIAT 9y Th JIM HE
yepe3 KakIble HECKOJIBKO JIET.
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5. Hekotopbie kommenTapun (actpodu3nka)

K actpodusuke orHOCHM mipobaemsr 21 — 30, 4TO B HEKOTO-
pBIX CIydyasx BeCbMa YCJIOBHO. B wacTHOCTH, M naxe B
OCOOCHHOCTH, 3TO OTHOCHTCS K BOMPOCY 00 IKCIEPUMEH-
TasbHON npoBepke OTO — o011el Teopruu OTHOCUTEIBHO-
ctu (npobsiema 21). JIoruuHee ObLIO ObI CTABUTH BONPOC 00
aHaJIM3e PEJISITUBHCTCKUX 3(PQPEKTOB B rpaBHTAIUH (CM.,
Harnpumep, [66]). OmHaKo, yIUTHIBasI Kak (HAKTHIECKH CYIIe-
CTBYIOIIYIO CUTYAIUIO, TAK U UCTOPUIO COOTBETCTBYIOLIUX
WCCJICIOBAHUM, IPABUIbHEE MIMETh B BUTY HMEHHO TIPOBEPKY
OTO — mpocreiinieil peIITUBUCTCKOR TEOPUM T'PDaBHUTA-
mun >, Dpdpextol OTO B mpepenax COJHEYHOU CHCTEMBI
BecbMa MaJibl (Haubonbinue 3hdekThl opsxa |¢|/c?, rie
¢ — HBIOTOHOBCKHIA TPABUTAIIMOHHBIN IIOTEHIIAAIT; JaXe Ha
nosepxuoctu CosHna |¢|/c> = GMy /(roc?) = 2,12 x 107°),
VMMeHHO mO3TOMY MPOBEPKA, € ycrexoM HauaTasi B 1919 1. u
MIPOIOJDKAIOIIASICS IO CUX MOP, HE MPUBOJIUT K TOYHOCTSIM, K
KOTOPBIM MBI IPUBBIKJIH B aTOMHOH pusuke. [To mociaenanm
JIAaHHBIM, cooOmieHHbM Ha 19th Texas Symposium "Relati-
vistic astrophysics and cosmology" (nexabpn 1998 r.), mis
OTKJIOHeHMS! paauoBosiH CoJIHLEM OTHOILIEeHHE HabJromae-
MOH BEJIMYMHBI K BbIUMCIeHHOM cortacHo OTO cocraBisieT
0,99997 + 0,00016. Takoe xe OTHOIIEHWE AJISI MMOBOPOTA
nepurenust Mepkypust pasao 1,000 £ 0,001. B o6mem, OTO
NMpoBepeHa B cJabOM TpPaBUTAIMOHHOM IOJIe, KOTJa
|¢|/c* < 1, ¢ MOTPEIIHOCTBIO 10 COTOM J0JIM MPOLEHTA; IPH
9TOM HHKakuxX oTkJoHeHU oT OTO He oOHapyxeHO.
HanpHeiias nmposepka gaxe B ciabom moJie (Hanpumep, ¢
Y4ETOM uJIeHOB (°/c*) BIOJIHE OCMBIC/IEHA, HO KAK-TO HE
BBI3BIBAET JHTY3Ma3Ma — YK OUYeHb MAaJIOBEPOSTHO 3aMe-
TUTh OTKJIOHEHHS OT OTO, a IKCMePUMEHTBI OYEHb CJIOXKHBI.
TeM He MeHee TeJIblA PSA MPOSKTOB HA 3TOT CYET UMEETCS U
Oyner, Mo-BUAUMOMY, ocyllecTBisAThes. Ocobo cTouT
BONPOC O MPOBEPKE MPUHIINIIA SKBUBAJIEHTHOCTH; €TO CIpa-
BEIMBOCThH HOATBEpAKIEHA ¢ TOYHOCThIO 107!2, 1O 31O He
HOBBIU pe3yJbTart [66].

B cBsi3u ¢ 00CYKICHUEM OTKJIOHEHUS CBETOBBIX JIydel B
noJie CoJIHIA €CTh MMOBOA U151 HEOE3BIHTEPECHBIX 3aMEUaHU
HACTOPUYECKOTO XapakTepa. Boobie-1o, mo MoeMy MHEHHIO,
BONPOCHI MPHOPUTETA HE TOJDKHBI 3aHUMATh BUTHOE MECTO B
JIEKIHSIX U CTAThSIX, IPOTpaMMa KOTOPBIX H3J1araeTcs 37eCh.
Heno B TOM, YTO 4acTO MOJO0OHBIE BOMPOCHI BeChbMa 3aIry-
TaHbl M PEIIAIOTCS B JIMTEPAType AOBOJIBHO CIy4YaiHBIM
06pa3oM. HexoTopble yTBEp)KICHUS IPU 3TOM HOCSIT Xapak-
tep adapted by repetition only (T.e. IPUHSTBIX B pe3yJibTaTe
MHOTOKPATHOTO TOBTOpeHUs). [lpeanpuHEMATh XK€ IO
KQXJI0M TeMe HCTOPHIECKOE MCCIIEOBAHIE — JIEJIO XJIOTIOT-
HOE, J1a W OTBJIEKAeT OT (Qu3muecKoil cyTu aena. Bmecte ¢
Te€M, HEKOTOPBIE UCTOPUYECKHE 3KCKYPChl TIOMOTAIOT TTOHU-
MaHHUIO, He TOBOpS yke 00 OO0sS3aHHOCTH OTAATh [JaHb
MePBOOTKpBLIBaTEISIM. OTKJIOHEHUSI CBETOBBIX JIyYell B Tpa-
BUTAIIMOHHOM TI0JIE XOpOIIHMA ToMy npuMmep. Hamex Ha
Ttakoi apdexT nmeercs yxe y Herorona. B pamkax kopry-
CKYJISPHOW TEOPUH CBETA U B MPEINOJIOKEHIUH O PAaBEHCTBE
WIH Ja)ke MPOMOPUUOHATIBLHOCTH TSDKEJIOW W HMHEPTHOU
Macchl HaJIMYKMe OTKJIOHEHUsl OYeBUAHO. Pacuer st oTKII0-
HEHHs CBeTOBOro Jyda B mosie CoJsiHIa ObLT IPOU3BEICH

5 Jloru4ecku pocTeiieii peiaTUBUCTCKOM TEOpUEN IpaBUTAIUM SBJISET-
Csl TEOpUsl, B KOTOPOW I'PABUTALMOHHOE I0JIC OTUCHIBACTCS HEKOTOPBIM
CKaJIIpOM, 4 HE METPUUYECKIM TEH30POM gi, Kak B OTO. Ho ckansipuas
TEOpHUsl 3aBEAOMO NPOTHBOPEYUT OMNBITY (HANPHMED, B ITOH TEOPUHU
cBeTOoBbIC JTyur COJIHIIEM COBCEM HE OTKJIOHSIFOTCS).

5*

3osnanepom eme B 1801 1. Yron OTKJIOHEHUs oOKa3aJics
paBHBIM

,_26Mo _rg

- 1
=R TR (1)

rjae R — mpuieabHbIi napaMeTp (HAaMMEHbIIee PACCTOSIHUE
Mexay sydom u neatpom Connua) u re = 2GM/c* —
IrPaBUTALUMOHHBIN paguyc (rgo =3 X 103 cM, IIOCKOIBbKY
macca Comnma Mg, = 2 x 103 1).

DUHIITENH, OYEBHUIHO, HE 3Hasi 00 3TOM pe3yJIbTaTe, eIle
B nepBoi nmyOnukanuu Ha nyTtH co3dganus OTO (B 1907 r.)
yKa3aj Ha OTKJIOHeHHe Jyueid, a B 1911 r. mosyunn BeIpaxe-
nue (1) Ha ocHoBe emie HezaBepiieHHOH OTO — yuuThI-
BAJOCh JIMIIL W3MEHEHHE KOMIOHEHTBI goo = | + 2¢/c%.
ITocne cozmanust OTO B 1915 1. B TOM e roay ObLI ITOJTy4YeH
OKOHYATEJILHBIN Pe3yJIbTaT

4GMC/‘ 2}‘g® ”
=——=——=1.725
2R R ’
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i (2)

rIe ro =294 x 103 cm — pamnyc doTocheps ComHma.
OTtmume (2) ot (1) CBSI3aHO € y4€TOM TOTO, YTO U3MEHSIFOTCS
U KOMIIOHEHTBHl METPUYECKOTO TEH30pa g =g»n =
= —(1 — 2¢/c?). Bopaxenus (1) u (2) oTIIMYaIOTCS POBHO B
JIBa pasa, HO KJIACCHYECKHIA pacueT HemocenoBaTelNeH (peub
HAJET O MPUMEHEHUH KJIACCHIECKOW MEXaHUKH K KOPITYCKYJIe,
JIBUXKYIIIEHCS CO CKOPOCTBIO CBETA), U TOITOMY OTHOIIICHHE 2
ciaydaitHo. OTKJIOHEHHE CBETOBBIX Jiyueil B moJsie CoJiHna
BHEepBbIe ObII0 HabOmrogeHo B 1919 r. m moaTBepauio
Boipaxkerne OTO (2), XxoTst U ¢ HEOOJIBIIOW TOYHOCTBIO. O
JAJIbHEWINX YTOYHEHUSX CKA3aHO BBINIE (CCBHUIKH 37eCh He
MIPUBOSTCS, IX MOKHO HAWTH B [66, 67]).

B acTtpodusuke OTKJIOHEHHE JyYel B MOJIC TSHKECTH BCE
[IApE UCTIOJIBb3YETCS IPU HabJroIeH!H " TMH3NpoBaHus", T.€.
(OKYCHPOBKH 3JIEKTPOMATHUTHBIX BOJIH TOJ ACHCTBHEM
TPaBUTAMMOHHOTO TOJIS, B IPUMEHEHNU KaK K rajJakTUKam
(OHU JTUH3UPYIOT CBET W PAJMOBOJHBI KBAa3apOB U JIPYTHX
rajakTUK), Tak ¥ K 3Be3gaM (MUKPOJIMH3MpOBaHUE OoJiee
yaajeHHbIX 3Be311) [67]. PazymeeTcsi, peub Ipu 3TOM HE UJIET O
nposepke OTO (TOYHOCTH U3MEPEHUI CPABHUTEIBLHO HEBE-
JIuKa), a o0 ee WCIOJb30BaHUU. 3amedy, 4YTO IPPexT
JIMH3UPOBAHMSI C €r0 XapaKTePHBIMH YePTaMHU BIEPBHIE,
HACKOJIbKO HW3BECTHO, OBLI paccMOTpeH XBOJLCOHOM B
1924 r. [68] u DiHmTeiiHOM B 1936 1. [69]. Bo3Hukarommit
IpU JIMH3UPOBAHNUYU XapAKTEPHBIN KOHYC HA3bIBAIOT KOHYCOM
OitHiuTeliHa win DiHIITEHHAa — XBOJbCcoHA. Paszymeercs,
MPaBUJILHO JIMIIbL TOCieaHee Ha3BaHue. Korma-to Habmro-
aTh TPABUTAIMOHHBIE JIMH3BI CYUTAJIOCH MPAKTHYECKH
HEBO3MOXHBIM (cM., HampuMep, [69]). Ognako B 1979 T.
ObUTO OOHAPYXKHO JIMH3UPOBAHUE OJHOTO M3 KBa3apoB. B
HacTosillee Bpems HaOJIIOEHHE JIMH3UPOBAHUS U MHKDPO-
JITH3UPOBAHMSI — JTOBOJILHO IIIMPOKO UCIIOJIB3YEMBIH aCTPO-
HOMUYECKHN MeTo. B yacTHOCTH, TaHHBIE O TMH3UPOBAHUU
TO3BOJISIFOT OTPENEINTh NMOCTOsIHAYI0 Xa60mna Hy. Pe3ynb-
TaT HAXOJUTCS B COTJIACHU C JIPYTUMU JIAHHBIMU, KOTOPBIC
TIPUBOISITCS HIDKE.

ITo Hacrosimemy aktyasibHa npoBepka OTO B cHIIBHBIX
NOJISIX — [JI1 HEUTPOHHBIX 3Be3] (HA HMX TMOBEPXHOCTH
l¢|/c* ~0,1—0,3) u B6IU3M UYEPHBIX ABIP M, BOOOIIE, IS
YepHBIX IbIp. Tak, HeaBHO MpeiioxkeH MeTo 1 [70] mpoBepku
OTO B CUIILHOM TIOJIE TIO KOJICOAHUSIM U3JTyUeHUSI B TBOMHOMN
3Be3/€, OJIHA U3 KOMIIOHEHT KOTOPOH SIBJISIETCS HEUTPOHHOMN
3Be3/I0M. XOTS YepHbIC JIbIPbl U MOXHO OBLJIO BOOOPA3HUTH
cebe B IOPEIATUBUCTCKOW (pU3MKE, HO TIO CYTH Aejia — 3TO
3aMeYaTebHBIA PEJIITHBUCTCKHIA 00BbeKT. O YepHBIX TbIpax
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elLe MOMIeT peyub HUXKE, HO YXKe 3eCh MOXXHO OTMETUTD, YTO
ux oOHapyxenue noareepxkaactT OTO. OmHAKO, HACKOJIBKO 5
cebe MPENCTaBIISIO CUTYaluio, HENb3sl YTBEPXKOATb, YTO
M3BECTHOE O YEPHBIX JbIpax moarBepxaaet umeHno OTO, a
HE HEKOTOpbIC OTJIHMYAIOIIUECS OT Hee PEJISTHUBHCTCKHE
TEOPUU IPaBUTALIUH.

CymecrBenHoil nposepkoid OTO (BIJIOTH 70 4JICHOB
nopsiaka (v/c)’ SBISETCS HCCIIEIOBAHME ABOMHOTO ITYTh-
capa PSR 1916+ 16. Ono moka3ayio, 4TO NOTEPS] 3HEPIUU
JIByMsl TBIXKYIIIMMHUCS HEATPOHHBIME 3Be3/1aMU, 00pa3yro-
IIUMU JBOMHYIO CUCTEMY, HAXOUTCS B MOJTHOM COTJIACUH C
OTO npu y4yere rpaBUTAIMOHHOTO HM3JIyYeHUs] (MHTEHCUB-
HOCTb KOTOPOTO OblLjIa BhIYUCIIEHA DUHIITEtHOM B 1918 T.).
3a 3ty pabory Obuta mpucyxaeHa HoGesieBckas mpeMust 1mo
¢uzmke 3a 1993 1. [71].

VnomsinyTas ceiiyac paboTa HE OCTABJIIET COMHEHHI B
CYLIECTBOBAHUY I'PAaBUTALMOHHBIX BOJIH. Bipouem, HU oquH
KBaJM(PUIUPOBAHHBIA (PU3UK HE MOT B 9TOM COMHEBATHCS U
paHee (Apyroe A€o0, YTO KOJHYECTBEHHOE COOTBETCTBHE
OTO 3apanee rapaHTHpOBaTh OBLIO HeJb3s). Ho mmeercs
npyras npo6ieMa (oHa GUTYpUPYET B CHHCKE IO HOMEPOM
22) — mnpueM T'paBUTAIMOHHBIX BOJIH, NPUXOJSIIUX W3
KocMoca. 3aj1aya TeXHUYECKH OYeHb CJIOKHA, JUIS ee pelle-
HUSI CTPOSATCSI TUTAHTCKUE ycTaHOBKH. Tak, cuctema LIGO
(Laser interferometer gravitational-wave observatory, CIIIA)
COCTOUT M3 IBYX JAJIEKO pa3HECEHHBIX "aHTeHH" IIMHOM 4 KM
Kaxjas. B 3Toil ycTaHOBKE MOXHO OyJIET 3aMETUTh POUC-
Xojsiee oA ACUCTBHEM NPUXOOSIIEH TI'paBUTALMOHHOU
BOJIHBI CMelrleHue 3epkan Ha 107! cm, a B manbHeitem n
MeHblne cMmemenus. B 6mmkaiiimme roast LIGO u anamo-
TUYHBIE YCTAHOBKH, cTposimuecs B EBpome m Smonunm,
BCTYNST B cTpol. Tak OyJeT MOJIOKEHO Havyallo TpaBUTa-
IIMOHHO-BOJIHOBOU acTpoHOoMHuH (1mojpoOHee cm. [72]). s
M3BECTHOM OpHUEHTAIIMM 3aMedy, 4YTO PpaauoacTpOHOMHUS
pomwrtace B 1931 r., a Hayajsa MHTEHCUBHO pPa3BUBATHCS
nocie 1945 r. IanakTuyueckas peHTIE€HOBCKAs aCTPOHOMMUS
Bo3HHKJIa B 1962 r. 'amMma-acTpoHOMHS M HEUTpHUHHAS
acTpoHoMus emle MoJioke. C pa3BUTHEM TPaBUTAIIMOHHO-
BOJIHOBOH aCTpOHOMUU OYAET OCBOEH MOCIEJHUN N3BECTHBII
"kanan", o KOTOPOMY MBI MOXKEM I10J1y4aTh acTpodhU3uye-
ckyro nH(popmanuto. Kak u B Apyrux cirydyasix, BeCbMa BaXKHbI
OyayT COBMeCTHBIE (OTHOBpEMEHHBIE) M3MEPEHUS B Pa3JIny-
ueiX "kananax". Peub MOXET UATH, HAIPUMED, 00 UCCIIEN0-
BaHUU OOPA30BAHUSI CBEPXMACCUBHBIX YEPHBIX [bIP COB-
MECTHO B HEUTPUHHOM, TI'PABUTALMOHHO-BOJIHOBOM U
ramma "kanasax" [73]. [TogpoGHee 0 mpreMe rpaBUTALMOH-
HBIX BOJIH NHCATh 37ech He Oyay, oTcbutast K [2] § 20 m,
TJIABHOE, K [72] ¥ IUTUPYEMOH TaM JIUTEpaType.

COBOKYIHOCTh TpO0OJIEM, YKa3aHHBIX B CIHUCKE TOJ
HOMepOoM 23, 3T0, MOXKaJyl, caMoe IrJIaBHOE B aCTPOPUBHKE.
Cro/1a OTHECEHa U KOCMOJIOTHS (He BCE COTJIACATCS C TaKOU
Kkinaccudukanueir, Ho CyThb Aella OT 3TOrO He MEHSETCs).
HecomueHnHO, KOCMoJIOTHYeCKast MpodieMa — BeJIMKasi po-
6sema. Baumanue oHa mpuBiiekasa k cebe Bcerma — Belb
cucteMmbl [TTonemest u KonepHuka — 3T0O TOXE KOCMOJIOTHYe-
ckue Teopur. B pamrax ¢usuku XX Beka KOCMOJIOTHS B
TEOPETUYECKOM IJIAHE CO3/1aBajach B paboTax DWHIITEHHA
(1917 r.), ®puamana (1922 u 1924 r.), Jlemerpa (1927 1.)
3ateM MHorux apyrux. Ho go kxonma 40-x romoB Bce
HAOJIFOJICHUS, CYIIECTBEHHBIE C KOCMOJIOTHYECKON TOYKH
3peHMs, BEJIUCh B ONITUYECKOM Auana3oHe. [103ToMy OTKpBIT
OBl JIMIIb 3aKOH KPACHOTO CMEIICHHUs, U TeM CaMbIM
YCTAHOBJICHO  paciiupeHue Merarajaktuka — (paboThl
Xab6a, KoTOpble 00BIMHO maTHpyrOTCs 1929 rogom, XoTs

KpacHoe cMelleHue HabJIIoAaloch U paHee, U HE TOJIbKO
Xab06s0m). KocMmostornieckoe kpacHOE CMEIICHHUE CIIPABE/I-
JIMBO CBSI3AJI C PENISITUBUCTCKON MOJCITBIO PACIIUPSIFOIIICHCS
Bcenennoit @puamana, HO JHEPTUYHOE PA3BUTHE KOCMOJIO-
TMU HayvajJioCh TOJIBKO IIOCJEe TOro, kak B 1965 r. ObLIO
OTKPBITO PEJIMKTOBOE TEILJIOBOE PAAMOU3ITyYCHHUE C TEMIIepa-
typoit T; = 2,7 K. B HacTosi1Iee BpemMsi UMEHHO U3MEpPEHUSI B
paauonuana3oHe UTParoT HamOojee BaXHYIO POJIb Cpenu
HAOJIIOICHAH, UMEIOIINX KOCMOJIoTnueckoe 3Hayenue. Ocra-
HABJINBATHCS 371eCh HA JTOCTYDKCHUSIX U COBPEMEHHOM CUTYa-
U B 00J1aCTH KOCMOJIOTHU HET BO3MOXHOCTH, TeM OoJiee,
4TO KapTuHa OBICTPO HM3MEHSIETCS, M JIMIIb CIEIHAJUCT
MOXET 3TO cAeNaTh. OrpaHuvych 3aMe4aHueM O TOM, YTO B
1981 r. ¢puamMaHOBCKass MOMC/b ObLIa pa3BUTAa TAKUM
00pa3oM, UTO Ha CAMBIX paHHUX 3TAIIaX 3BOJIIONUH (BOIM3U
CHUHTYJISPHOCTH, UMEIOIIECHCS B KJIACCHYECKUX MOJIENISX, B
qacTHOCTH, ocHOBaHHBIX Ha OTO) pacmmpenue Beenennoi
MPOUCXO/INJIO HECPABHEHHO OBICTpee, YeM BO (pHIAMAHOB-
ckux moaensx ("pasmysanme" niam undusuus — inflation).
WNupusanus npoucXoauT JUIIb HA BPEMEHHOM HWHTEpBaJie
At ~ 1073 ¢ B6IM3K CHHTYIAPHOCTH (HATIOMHIO, YTO ILIAH-
KOBCKOE Bpems /; ~ 10™* ¢ 1, Takum 06paszom, nHpIAIMOH-
Has CTaJMs eIlle MOXET paccMaTPUBATHCS KJIACCUUECKU, OO
KBaHTOBBIE I(PQEKTHl CHIBHBI, MO-BUAMNMOMY, JUIIb HpPU
t ~ tg). Ilocne undaanun Beenennas paspuBaeTcs mo Gppua-
MaHOBCKOW MOJIEJM (BO BCSKOM CJIy4ae TakOBO Hambolee
pacripocTpaHeHHOe MHEHHeE). BaxHeinmuMm mapameTpom
3TOU M3O0TPOMHOU U OJHOPOJHON MOIEIH SIBISIETCSI IJIOT-
Hocth "Matepuu" p MM, 4TO yaoOHEe, OTHOILCHUE ITOM
IUIOTHOCTU Q2 = p/p,, TAE p, — IJIOTHOCTb, OTBEYAIOLIAS
peieIbHON MoJienn (Moaenu DifHinTelHa — ae CutTepa), B
KOTOpO# MPOCTpaHCTBEHHAsT METPUKA SIBJISIETCS EBKJIAIO-
BOH, M pAaCHIMpPEHHE MPOUCXOJUT HEOTPAHUYCHHO JIOJITO.
Jst atoit momen 2 = Q. = 1. Ilpu stom
3H? 3
Pe = 8nG ? ( )

rae nocrosinHast Xab6ya H ¢urypupyer B 3akoHe Xab06s1a
v=Hr, (4)

CBSI3BIBAIOILEM CKOPOCTH KOCMOJIOTHYECKOTO PACHIMPEHHUS U
(ymaneHHUs OT HAC) C PACCTOSIHHAEM F IO COOTBETCTBYIOIIETO
00BeKTa, CKaxkeM, Iedenabl B KaKOH-TO rajakThke. Bemn-
yiHa H W3MeHsieTcs co BpeMeHeM; B Hally 3noxy H = Hj.
N3amepenuem H 3aHUMAIOTCSl BCe BpeMsl IOCJIE YCTAHOBJIE-
HUs 3akoHa Xab6ma B 1929 r. (oH cumTad, 4YTO
Hy ~ 500 xm ¢! Mnc™!). Ceituac pasmuunbiMu ciocobamu
opuny K 3Havenuo Hy ~ 55-70 xm ¢! Mnc™! (tak,
CPaBHHUTEILHO HEIaBHO MPUBOAUIOCH [74] 3HaueHUe
Hy=064+13xmc™! Mnc™"). llpu Hy = 64 — xputuyeckas
IJIOTHOCTh
2
pCO:ﬁZS x 1070t em ™. (5)
3aMeTHM, 4TO U3 COOOpakeHUH pa3sMEPHOCTH IUIAHKOBCKAs

IJIOTHOCTB

A h

pgNWNJQQSXH)%FCM 3. (6)
BeposiTHO, p, — 9TO MakCHMaJbHAas IIOTHOCTH BOJIM3H
CUHTYJISIDHOCTH, B KOTOPOH IO KJIACCUYECKOH Teopuu
p — oo. Takum oOpaszom, 3BoJitorusl BeesieHHoM Wi, TOY-
Hee, Tol ee 00J1aCTH, KOTOpasi HaM TOCTYIIHA, U3MEHSIETCS 10
HAIllero BpeMeHH (ecim ceifuac p ~ p,) Ha 123 mopsnka
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(pazymeeTcs, mocienneit nudpe 3/1ech 3HAYCHUS TPUIABATH
HEJIb35).

OnaHoli U3 OCHOBHBIX, & MOYET OBITEL M TJIaBHOM, 3aJa4uei
B KOCMOJIOTHH SIBJISIETCSI OIIPE/IeSICHHE BEIMIUHbL Q = p/p...
Ecm Q > 1, To pacumupenne BceileHHOW mnpekpatutcsi U
CMEHUTCS CKaTUEM (3aKpbITasi MOJIENb; peub UACT O (pH-
MaHOBCKHX MoiesIsixX). Ecimm Q < 1 —Mozenb OTKphITHS, T.€.
paciupenue Oesrpanmyso. IIpocreiiast mojaenb ¢ Q = 1,
KaK yXe yIOMHUHAJIOCh, — OTKPBITasi C €BKJIHMIOBOW IMPO-
CTPAHCTBEHHOW MeTpUKOii. [ HAXOXACHUS Q JOCTATOYHO
3HATh Py, HO HAXOXACHUE ITON BEJIMYNHBI HJIH OTIpEICIICHHE
Q IpyruMHu METOJAaMH BeCbMa CJIOXHOE 1ej0. OTChIIAI0 K
KHUTaM IO KOCMOJIOTHH (K COXKAJICHUIO, COBPEMEHHAsI TaKas
KHUTA Ha PYCCKOM SI3BIKE OTCYTCTBYET; CeifiYac MOTy COCIATh-
cs UL Ha KHUTH [75, 76]). BaxkHblil pe3yabTaT, N3BECTHBIN
yoKe JIOBOJILHO JIABHO, 3aKJIFOYACTCSI B TOM, 4TO B Q (WJIH, 4TO
TO €, B p) BHOCUT BKJIaJl HE TOJIbKO "00bIuHOE" GaproHHOE
BEIIECTBO (M, KOHEYHO, 3JICKTPOHBI), HO €Ill¢ 4TO-TO, HE
BHOCSIIIIEE BKJIaJa B HAOJIIOJaeMOe CBEUCHHE 3BE3[ M rasa.
9710 "4T0-TO" HA3BIBAIOT CKPBITOM WM TEMHOM Maccoi (dark
matter). O Heil peub HUXe. Ho, mo-Bumumomy, BkjiIam B Q
BHOCHT elIlle HeKoTopas "BakyymHast matepust”, CBSI3aHHAS C
/A-4J1eHOM.

Ha sTom uniene, oocyxaaemMom ¢ 1917 1., Hy’)KHO OCTaHO-
BUThCsl. MenHo, B 1917 r. DitHiNTeliH, 0OpaTUBIIUCH K
KocMoJiormueckoi mpodiieme B pamkax OTO, paccMoTpen
cTaTuyeckyro Moaesb [77]. [Ipu 3TOM OH NpHIIIEST K 3aKJIIO-
YEHHIO, YTO PELLICHUE CYLECTBYET TOJBKO B CIIydae MCHOJIb-
3oBaHus ypaBHeHud OTO ¢ A-41eHOM, UMEIOIINX BUJL

Ri — % gikR — Agix = 8?—4G T - (7)
O6o3HaveHNs 37ech OOBIYHBIE M HATIOMUHATH UX HE Oydy
(cMm., Hampumep, [48] § 95). B cBoux mpeniiecTBYOIIMX
paborax DiHIITEHH A-ujleH He BBOoAWI (T.e., PopMalibHO
roBopsl, nmojarain A = 0). dusnueckuit cMbich A-uieHa (mpu
A > 0) — 3T0 HEKOTOPOE OTTAJIKMBAHUE, OTCYTCTBYIOIIIEE B
HBIOTOHOBCKOW Teopuu TsAaroteHus. [Tockoibky 6e3 A-uieHa
OTO nepexoauT B ¢1ab0M MOJIE B HbIOTOHOBCKYIO TEOPHIO,
SICHO, YTO CTaTU4YecKoe perienue 0e3 /A-uieHa HEBO3MOXHO.
IMosTomy DifHImTeliH U BBead /-4jeH, KCTATU CKa3aTh,
eIMHCTBEHHOE BO3MOXHOe o0o0meHune OTO, ymnoBieTBO-
psiroriee TpeOOBAHUSM, MOJOXEHHBIM B OCHOBY BBIBOJIA
ypaBHenuii (7). OxHako nociie pabotsl @puamana (1922 r.)
u oOHapyxeHus pacinpenus Beenennoi (yciaoBHo B 19291.)
CTaJIO SICHO, YTO CTATHYECKAsI MO/IEIIb HE UMEET OTHOIICHUS K
peaJibHOCTH, ¥ HEOOXOAMMOCTh B /-ujeHe oTnajia. bosee
TOTO, DUHINTERH CUes BBejieHre A-ujieHa "Heya0BIeTBOpH-
TEJIBHLIM C TEOPETHYECKOM Touku 3penus” [78] u or6pocui
ero. Ilaynu, B nmpuMeyaHuu K CBOEH M3BECTHOW KHHTIE,
U3IaHHOM TO-aHrjMicku B 1958 r., "menukom npucoenu-
HUJICA K Touke 3penus Ditnmreitna" (cm. [64], c. 287).
JI.A. Jlammay pake cibIIIaTh HE XOTea O /-4jeHe, HO
IOOUTHCST OT HEro MPHYHMHBI TAKOW MO3WIMUA MHE HE yna-
Joch. DiiHImTeHA U [laynm s, eCTeCTBEHHO, CIPOCHTH HE
Mor ¢ . Kak yxe ObUIO OTMEUYEHO BEILIE, BBEACHUE /-4JIeHa C

6 5] Kak-TO aBTOMATHYECKU HAmUCcA clioBo "ecrecTBenHo", moapasyme-
Basi HCBO3MOXHOCTb IOTOBOPUTH ¢ DiiHITeitHoM u [Taymu. Ha camom xe
Jejie 3Ta HEBO3MOXXHOCTb HE €CTeCTBEHHA, a IPOTHBOECTECTBEHHA.
OitHiureitn ckonvascs B 1955 r., a ITaymu B 1958 r., xorna MHe ObLIO
yke 0k0J10 40. O6IIATBCS ¢ HUMU I © MOHM TOT/Ia COBETCKUE KOJLIETH HE
MOTJIM B CHIJIy CyIeCTBOBaHMs 'kene3Horo 3anaseca'. Bmepsbie Ha
Hay4yHyrO KoH(epeHmuro 3a rpanuieil (B Iosblue) s cMOr moexathb
TOJIKO B 1962 1.

JIOTHYECKON M MaTEMATHYECKOI TOUYEK 3PEHUSI BIIOJIHE JAOILY-
ctumo. [Touemy e Beukue GU3NKU TAK BOCCTABAIIU IIPOTUB
aroro? 1o Bcell BEpOSITHOCTH, OHM TOHUMAJIH, YTO BBEJICHHE
A-ujieHa SKBUBAJIEHTHO MPEIIOIOKEHUIO O CYLIECTBOBAHUI
Kakoii-To "BakyyMHO# maTepuu" ¢ TEH30POM 3HEPIHU-
HMITYJIbCA T,.%V) = (c*4/81G)gi (cM. (7) ¢ TEH30POM-HMITY Tb-
coMm "o6brunoii" Matepun Ty). YpaBHEHHE COCTOSHUS ITOM

"BakyyMHOIi MaTtepun", €CIHM HOJIOXKATHL goo = 1, guy = —1,
TAKOBO
c*A
&y = —pv = 817G (8)

T.€. IIPU HOJIOKUTEIbHOM IUIOTHOCTH 3HEpruu &, > 0 gasJe-
HUE py < 0, 4TO W OTBevyaeT oTTajkuBaHWio. Celdac 3TO
SICHO, HO, TIO-BUIMMOMY, COBCEM He OBLIO MOHSTO B JOCTa-
TOYHO IIUPOKHX KPyrax GU3NKOB U KOCMOJIOTOB. Bo Besikom
CJIydae sl 3TOro He MOHMMAJI, U ObLJI CTOPOHHUKOM BBEICHUS
A-4JIeHa JMIIb U3 YIOMSHYTHIX (POPMaIbHBIX COOOPaKEHHH.
Hackonbko 3maro, Buepsble o "Baxyymuoii saepruu" (8)
Hanmcas 'imuep B 1965 1. [79]. ITockonbky dKOT® penaktu-
posaics Torga E.M. JIudimuieMm, sICHO, YTO ¥ OH HE CUMTAJT
paborty [79] oueBHAHOIM.

A-4JIeH WIpaeT pellarollylo pojib Ha HHQIISIMOHHON
CTaauy, TOrna OH ObUI OodYeHb BeiwkK. Celyac 5TOT 4JIeH
OUeHb MaJjl WM, B INPHHIUIE, AaXe MOXET OBITb paBeH
Hyr0. Bompoc o /-4jieHe W ero 3BOJIIONMM BO BPEMEHU
mmpoko obeyxmaics [80] m obcyxmaercs [132]. U3 ckazan-
HOT'O MOHSATHO XeJIaHHe HEKOTOPBIX (PU3UKOB, YTOOBI A = 0.
Ho, eciu A-unen BBOAMTCS HA PAHHHUX CTAIUsIX U YMEHb-
mraeTcsl ¢ pacmmpenneM BceeneHHOU (yMEHBIIIEHUE MPOUC-
XOJUT B MPOCTEHIIell cxeMe CKaukaMu Ipu (a30BBIX Tepe-
X0JlaX BaKkyyma), TO, Ka3aJIOCh Obl, HeT HUKAKUX OCHOBAHHI
CYHTATh €r0 PaBHBIM HYJIIO B HAIly 910XYy. Tak Wi nHave, B
HaCTOSsIIIIee BpeMs mapaMeTp €2 3amUChIBAIOT B hopme

Q=0+ Q4+ Qy, 9)

rae Q, oTBevaeT BKJIAAy OapHMOHOB (M, KOHEYHO, DJICKTPO-

HOB), 4 YU TBIBaeT TeMHYI0 MaTepuro (dark matter) u Q4 —

BkJIaz "Bakyymuoii sneprun". B cuiy (3) u (8)
Py A _ 3QuH 2

Q=4
A . 3HY 2

(10)
Mpu Q ~1, H~Hy~2x 10718 ¢ Ay~ 1075 cm~2.
CornacHo HaOIIOACHHUSIM, MPUBOASTCS TAKHUE OICHKU:
Qp ~ 0,03 £0,015, T.e. GapuoHOB MaJjo. [ TeMHOM MaTe-
pun Q4 ~03+0,1, u 3Hauur, ecoim Q@ =1, To Q, ~
~ 0,7+ 0,1. Ho, HackoJIbkO MOHMMAaro, 3TO €Ile COBEP-
1IeHHO HeHajexHo [132]. Tem He MeHee, O-BUIUMOMY,
"BaxyymHass Matepus" 3aMeTHa, 3TO OYKBajbHO '"HOBBIA
s¢gup", pazymeercs, HaXOMAIIUICS B IOJHOM COTJIACHHU C
TEOpHed OTHOCHUTENILHOCTH. B Gimmkaiiiiime Toabpl MOXHO C
YBEPEHHOCTBIO OKUJIATh HOBBIX YCIEXOB B 00JIACTH KOCMO-
JIOTUH.

Pannsis Beenennasi okazajach TeCHO CBsI3aHHOM C (u3n-
KO 3JIEMEHTAapHBIX 4acTuil. Peub uaer o0 obiiacTu oueHb
BBICOKHX DHEPTHii, O JOCTUKEHUH KOTOPBIX MHBIM CIIOCOOOM
HE NPUXOJUTCS M TOBOPHTh. HamomHio, 4To maxe Ha
yckopuresie LHC 6ynet nosyyena (Haaeroch, B 2005 rony) B
cucTeMe TIeHTpa Macc 3Heprus B 1,4 x 10* 9B, B kocMuye-
CKMX Ny4ax 3adukcmpoBaHa sHeprust mo 3 x 10'! T'3B, a
IJIAHKOBCKask sHeprus myc? ~ 10 apr ~ 10" I'sB. B Teo-
pun "Bemukoro oObenuHEHUS" (GUIYPUPYIOT DHEPTUH [0
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106 I'3B (vacTumsl ¢ Maccoit mgyt ~ 1078 ). DTa ob61acts
SIBJISIETCS. ADEHON MHTEHCUBHBIX TEOPETUUECKUX HCCIIeIOBa-
HUH.

Obpamasice k npobiieme 24 (HEUTPOHHBIE 3Be3Ibl U
MyJIbCAPhI, CBEPXHOBBIE 3BE3/IbI), 3aMeUy PaHbIIIE BCETO, YTO
TUIIOTE3a O CYIIECTBOBAHMM HEHTPOHHBIX 3BE3J, HACKOJIBKO
3Haro, ObLIa BbIckazaHa B 1934 r. CyliecTBEeHHO paHbIIe OHA
TOSIBUTHCS BPSI JIM MOTJIa, TOCKOJIbKY HEUTPOH Ha IKCIEPH-
MeHTe ObUT 0OHapyxeH Jmib B 1932 r. Bravyase xa3zajiocs,
YTO HEWTPOHHBIE 3Be3[bl (XapakTepHbli pamuyc 10 kM,
M ~ M) oObHapyXuTb 1OYTH HEeBO3MOXHO. Ho ¢ co3na-
HUEM pEHTIeHOBCKOW acTtpoHomuu (1962 r.) mosiBuiIach
HaJeXJa Ha TO, YTO TOPSYME HEUTPOHHBIE 3BE3/IbI yIaCTCS
3aMETUTh B PEHTT€HOBCKOM nuamna3one. Ceiuac maxe oam-
HOYHBbIC HEHTPOHHBIC 3BE3[bI, HE TOBOPSI yXKE O JIBOIHBIX
3Be37aX, JCHCTBHUTENbHO, M3YYAIOTCS B PEHTTCHOBCKUX
ayyax. Opnako eme g0 3toro B 1967—1968 rr. OnuIO
OTKPBITO PaTIUOU3JIyUeHHE HEHTPOHHBIX 3BE3] — IIyJIbCa-
poB. OT0 (OTKpbITHE) OBLIO TOBOJIBHO IPAMATHYECKAM, YTO
OBIJIO OCBEIIEHO BO MHOTHX MECTax, He XOoueTcs 31ech 00
3TOM NHUCAThH (CM., Hanpumep, [81]).

Ceiiyac u3BectHO 0Ko0Ji0 1000 myJibcapoB € MEPUOJIOM
paauouMIyJIbcoB P (3TO TakXke NMepUo BPALIEHUS 3BE3/IbI)
oT 1,56 x 1073 ¢ 7 10 4,3 ¢. Y MIJUTHCEKYHIHBIX ITyThCAPOB
MAarsuTHOE HoJie (Ha moBepxHocTH) mopsaka 108107 2.V
GonpIMHCTBA MyJbcapos (P ~ 0,11 c¢) mone H ~ 10'2 2.
Kcrarn, cynecTBoBaHUE B IPUPOJIE CTOJIb CUIBHBIX MATHAT-
HBIX TIOJIEM TOXXE€ Ba)XHOE OTKpbITHE. B mocienHee Bpemsi
OOHapyXKeHbI HEHTPOHHBIE 3BE3/IbI C elle 0ojiee CUIbHBIMU
moysiMu (magnetar’sl), JOCTUIAIOIIMMH MO omeHkam 101 —
10'° > (1). Paguonsryyenne 3TH MAarHeTaphl HE UCIYCKAIOT,
HO HaOJIIOTAFOTCS B MSATKUX FaMMa-JIydax.

'aMMa-BCIIBIINIKA, TMO-BHAAMOMY, TaKOro MarHetrapa
3aukcupoBana 27 aprycra 1998 r. (mepmoj BCILIECKOB
W3JIyYeHUs MOCJe BCIBIIKY 5,16 C; sHepreTUYecKuil HHTep-
BaJt m3nyueHust 25— 150 KoB [82]). BosBpamasich x mysbca-
paMm, HY)KHO OTMETHUTD, YTO CO3/IaHHE TEOPUH UX U3ITyUECHHS
0Ka3aJIOCh TBEPABIM OPEIKOM, HO B IIEJIOM OHA IOCTPOCHA
[83]. CoBpeMeHHBIIT 0030p 0 myJsibcapax [84] OyaeT mocTyneH
ynTaTteasm Y OH.

HeiiTpoHHble 3Be3[bl Kak paauousiyvaromue (myJsib-
capel), TaK W BCE OCTaJbHbIe (OJUMHOYHBIC, B JBOIHBIX
CHCTEMax, MarHeTapbl) — WHTEPECHbIE W HEOOBIYHBIE (PHU3H-
4yeckue OOBEKTHl. VX IIOTHOCTH JIEXUT B HpeAesax OT
10" r cm™? ma mosepxmoctu mo 10 rcem™3 B mentpe.
Mex 1y TeM, B aTOMHBIX sijipax p = p, ~ 3 x 10" rem™> u
HET TAaKOro pa3HoOoOpasms IUIOTHOCTeH. BHemmHsiz kopa
HEATPOHHOW 3BE3IIbI, Pa3yMEETCs, COCTOMT W3 ATOMHBIX
saep, a He HeiTpoHoB. [Iporece HeliTpoHr3anuy ¢ yriryore-
HHEM B HeJpa 3Be3/1bl, COOTBETCTBYIOIIEE YPABHEHUE COCTOS-
HUS, BOBMOXHOCTh NMUOHM3aIMKU (0Opa3oBaHUsI MUOHHOTO
KOHJIGHCATa) W TIOSBJIEHME KBApPKOBOT'O BEIECTBA B
[EHTPAJBHBIX 00JIACTSIX 3BE3/bl, CBEPXTEKYYeCTh HEUTPOH-
HOW JXKUJKOCTH (OHA COCTaBJISIET OCHOBHYIO KOMIIOHEHTY
3BE3/bl), CBEPXMPOBOJUMOCTbL  MPOTOHHO-IJIEKTPOHHOMN
XKHUJKOCTH, MPHUCYTCTBYIOIIEH B 3Be3/le B KOJIMUECTBE He-
CKOJILKMX MPOICHTOB (OT 4YMCIa HEUTPOHOB) — TaKOBBI
HEKOTOpble MpoOJieMbl (GU3NKU HEATPOHHBIX 3Be3d (CM.
taxoke [128]). B iutepaTtype oOcyxmaercs Takke BO3ZMOXKHO-
CTb CYILIIECTBOBAHMUS 3BE3]1 THIA HEUTPOHHBIX, HO COCTOSIIIIUX

7 Hesnb3st He MOPa3UThCS TAKOM 3BE3/IE C MACCOM, OJM3KON K macce
ComHia u paauycoM okoJtio 10 kM, aenaroreit 640 000poTOB B CEKyHIY!

U3 CTPAaHHBIX KBapkoB M T.n. Oco0O HYXHO BBIICIUTH
BOIIPOCKI, KACAIOLIMECS KOPBI: CYLIECTBEHHEI e¢ "pa3ioMbl",
BO3HUKAIOIIME B CHJIy YMEHBIICHUS CKOPOCTH BPAILCHHUS
3BE3/bI U3-32 TOTEPh HA €€ AIEKTPOMATHUTHOE U KOPITYCKY-
JIAPHOE HU3JIyYeHHe;, C TakKUMM 'pasjoMamu" CBS3aHbI
"3Be3morpsicenns", HABIIOqaEMbIE TI0 U3MEHEHUIO YACTOTHI
U3IyueHUs1 mysibcapoB. i (U3UKH ITyJIbCapOB BaXHO,
KOHEYHO, M CTpOeHHUE MarHuTochepsl 38e3/1bl. Oco00 HYKHO
BBIICJIUTH BOIIPOC 00 OCTHIBAHWHU 3BE3/bI U, TIaBHOE, 00 ee
o6pa3zoBanuu. [lo-BuamMomMy, OCHOBHOHM kKaHajd oOpa3oBa-
HUSI HEHTPOHHBIX 3BE3]] — BCIIBIIIKYA CBEPXHOBBIX. Peub nier
0 moTepe ycroiunBocTu "oOBIMHOM" 3BE310i U €€ B3pHIBE.
Bo3MoOXxHBIA, HO He OO0s3aTeNbHBIA MPOIYKT B3pbIBA —
HeHTpoHHAas 3Be34a. [Ipu BCIBIIKE CBEPXHOBOM "Bapsrcs"
6osee TspKelble (IO CPABHEHWIO C TEJIMEM U HEKOTOPBIMHU
JIPYTUMU SIPAMU) 3JIEMEHTHI, B 00pa3yFOIIUXCS B MEX3BE3/I-
HOM rase yJapHbIX BoJHax W B obosoukax ("ocratkax")
CBEPXHOBBIX YCKOPSIFOTCSI KOCMHYECKHE JIyYH, BO3HHKAET
MEKTPOMATHUTHOE M3JIYYCHHE BCEX auamna3oHoB. Ilpu
CaMoii BCIBIIIIKE M3JIy4arOTCsl Takxke HedTpuHO. Ham moBe-
310 — B 1987 r. cpaBHHTETHHO OJM3KO OT Hac (B Bombiiom
MarennanoBom OO6Jake, HaxoHsIIEMCsi Ha PacCTOSHUU
okoJio 60 xmc) BenbixHyJ1a cBepxHoBas SN 1987A. TTosesso
MOTOMY, YTO MpPEIbLAyINasi CBEPXHOBasl, HaOIOIaBIIAsICS
HEBOOPYXEHHBIM TJIa30M, BCIbIxHyJa B ['amaxtuke B 1604
r. (ceepxHoBas Kemnnepa). 3namenmrtass KpabopumHas
TYMaHHOCTb 00pa3oBajiach OT cBepxHOBOH 1054 r., BHYTpH
Hee Haxomutcsl mysibcap PSR 0531, w3nywarommii naxe B
ramMMma-aranazoHe. HefiTpuHHOE M3IyueHHe BIEpBBIC 3ape-
TUCTpUpOBaHO OT cBepxHOBOl SN 1987A. Tlone3no s
OPUEHTHPOBKHU 3aMETUTh, YTO KMHETHUYCCKAs SHEPrHusi 000-
JIOYKH 3TO¥ cBepxHOBOit Ex ~ 10°! 5pr, a aneprosuineenye
B Heifitpuno E, ~3x 10°* ospr (mamoMHio, uTO
Moc? ~ 3 x 10°* apr). CkasaHHOe, HAJEIOCh, SICHO CBHE-
TENBCTBYET O TOM, CKOJIb HHTEPECHA M COAEpKaTesbHa
npobiema 24. Jlymaro, 4TO OJHO#M JBYXYacCOBO# JIEKIIUU
nim 0030pa B 1—2 aBTOPCKUX JIUCTA JOCTATOYHO, YTOOBI
OCBETUTDH 3TOT KPYI BOMPOCOB B 00beMe, MpeIycMaTpHUBac-
MoM "pusmuHIMyMOM".

UepHble IbIPBI U, 0COOEHHO, KOCMUYECKUE CTPYHBI — CIIIe
3HAYUTEJILHO 00Jiee IK30TUYECKUE OOBEKThI, YeM HEUTPOH-
Hble 3Be3/1bl. KocMmieckue CTpyHbI (He CeTyeT, KOHEUHO, UX
MyTaTh C CYNMePCTPYHAMH) — 3TO HEKOTOPBIE (HE €IMHCTBEH-
HBIE BO3MOJKHBIE) Tomosiornueckue "medektol", Moryiue
BO3HUKATh NpH (a30BbIX NEpexojax B paHHed BcejeHHOU
[85, 129]. OHu mpeAcTaBiasSIFOT COOOW HUTH, MOTYIIUE OBITh
3aMKHYTBIMH (KOJIbIIa) KOCMHYECKHX MACIITA0OB U C XapakK-
TepHOH ToMuHON [cs ~ ly(mGut/mg) ~ 107210730 cm
(3mech mgGuy — XapakTepHasl Macca, OTBEYAIoIasi BEJIH-
KoMy 00BemuHenno, T.e. mgut ~ 10781 ~ 10'° 3B, B TO
BpeMst Kak ny ~ 1071 ~ 10" T'3B). Kocmuueckue cTpyHb
ellle He HAOIIoAaIUCh, Aaxe "KauauaaTe" Ha 3Ty POJIb MHE
He W3BeCTHBI. I103TOMYy 51 OBLIO BKJIFOYHJI KOCMHUYECKHUE
cTpyHbl B "cnucok" psaoM ¢ YepHBIME JIBIPAMHE, HO MOCTa-
BUJ 3HaK Bompoca. Emle pa3 MOXHO MOBTOPUTH, YTO
"HEBO3MOXHO O0BATHL HEOOBATHOE", U MO 3APaBOMY pas-
MBIIUICHAIO TYMalo, YTO BKJIFOYATh KOCMHYECKHAE CTPYHBI B
CIIMCOK BCe Xe He clienyeT (CM., oHaKo, [96, 138]).

CoBceM HHaYE J1eJ10 OOCTOUT C Y€PHBIMU JIbIPAMU — OHH
SBJISIFOTCSL BXXHEMINIMMM aCTPOHOMHYECKMMH W (DU3nye-
ckuMu 00bekTaMu. HecMoTpst Ha TO, 4TO "CXBATHTh YEPHYIO
IBIpY 3a pyKy'" OuYeHb TPYOHO, B MX CYIIECTBOBAHUM U
GOJIBIIION POJIM B KOCMOCE CErOJHsSI HEBO3MOXHO COMHE-
BaThCs. JIFOOOMNBITHO, YTO HYEPHBIE JbIPHI B HEKOTOPOM
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cMbIcie ObuIM Tpeackasanbl emie B koHie XVIII Beka
MuTtueniom u Jlanmacom. OHE 3a1a1MCH BOIIPOCOM, BO3MO-
JKEH JIM 0OBEKT (3B€3/1a) CO CTOJIb CHIBLHBIM TIOJIEM TSTOTE-
HUS, YTO CBET OT HETrO YHTH Ha OECKOHEYHOCTh HE MOXeT. B
paMKax HbEFOTOHOBCKOW MEXaHUKH U MIPEJICTABJICHUS O CBETE,
KaK 0 KOPIYCKYJaX ¢ HEKOTOPO! Maccoi 7, 3aKOH COXpaHe-
HUSl SHEPTUM NPU PaJUaJIbHOM JBIKEHUH KOPIYCKYJBI CO
CKOPOCTBIO v mMeeT B G Mm /ry = mv] /2 (npeanonaraercs
PaBEHCTBO MHEPTHOM U TSIKEIION Macc, 1) — PaIIyC 3BE3/IbI C
Maccod M WM, TOYHEE, PACCTOSIHAE OT ee LEHTpa, C
KOTOPOT'O UCIIYCKAETCs Ha OECKOHEYHOCTD U3JIyICHUE, NMCFO-
mee CKOpocTh vg). Ilomarast vyp = ¢ — CKOPOCTH CBeTa,
BHUJIUM, UTO €CJIA ry < I'g, TO CBET YHTH OT 3B€3/bI HE MOXET,
pIYeM
2GM M

Fe = =3— KM.
£ 2 M,

(11)

I'paBUTAIIMOHHBIN PAARYC Iy OKa3aJICst mpH TakoM "pacyere"
TOYHO coBmaaaromum ¢ BeraucisieMsiM B OTO. Pazymeercs,
COBIAJICHNE TaKe YUCICHHOTO KOd(hPHUIUeHTa CITydyaltHo (s,
BO BCSIKOM CJIyYae, NMPUYHMHBI [JI1 TAKOTO COBIIAJICHUS HE
BuxXy). Hackonbko 3Haro, B pamkax OTO obGpasoBaHue
noxosieics: (Hespamaronieiicss) "yepHoit apipbl" OBLIO
BIIEPBBIC PAacCMOTpPeHO ToJibko B 1939 r. [86]. B actpodu-
3uKy uepHble AbIpbl "Bormu" swmins B 60-¢ roapl. CeromHs
YepHbIE ABIPBI, UX U3yueHHe — 310 nejas riaa OTO u
actpodusuku (moapoOHBIA 0630p, 3aHMMaromuit 770 crpa-
Hui, cM. B [87]). 3mech MOXHO caejaTh JIMIIb HECKOJIbKO
3aMevaHuil.

Habmronarorcst uim, ecyia ObITh O4€Hb OCTOPOXKHBIMH, T10
BCel BEPOSATHOCTH HAOIOOAIOTCS YEpHbIE MOBIPBHI JIBYX
TUIIOB — €O 3Be3aHbIMU Maccamu M S 100 M, u TuTaHTCKUE
JBIPBl B TaNaKTUKaxX U KBaszapax ¢ M ~ (10°—10%) M.
JbIpbl cO 3BE3THBIMH MaccamMd HaxOAST B OCHOBHOM B
pe3yiabTaTe HaOJIIOJIeHUs IBOWHBIX cucTeM. Eciam ogHa u3
3Be€3/1 B TAKOH IBOWHOII 3Be3/1e He BUAHA (HE U3JIy4aeT) U B TO
ke Bpems ee Mmacca M = 3M, TO 110 Beell BEpOSITHOCTH — 3TO
yepHasi Ablpa. Jleso B TOM, 4TO JApyrasi BO3MOXHOCTH
UACHTUGUIUPOBATL B IBOWHON 3Be3/1€ HEBUAUMBINA KOMIIO-
HEHT — 3TO MPEINOJIOKUTh, YTO PeYb UIAET O HEUTPOHHOU
3Be3ae. Ho macca HEUTPOHHBIX 3BE3[ HE MOXET MPEBOCXO-
ATh IpuMepHo 3M,, ipu O6OJIBITIEN Macce 3Be3/1a KoJutal-
CUpYET, MpeBpalaeTcs B uepHyro abipy. KcraTu, He HYy)XHO
IymaTb, 4YTO YepHas Ablpa, caMma 1Mo cebe HUYero He
n3nnyvaromas (T.e. He HCIycKarolas U3JIyueHus u3 ooactu
r < Ig), He MOKET OBITh BUIUMOI — OHA MOXET HCITyCKaTh
U3JlyueHue U3 00JIaCTH 7 > Fg, TJIe HAXOUTCA NaJjaroliee Ha
Hee WJIM Bpalllalolieecsi BOKPYr Hee BELIECTBO (aKKPEUUOH-
HbIH 1uck). B Tanaktike oGHApyXeHO ykKe JOBOJIBLHO MHOTO
YEPHBIX AbIP, HACHTU(UIUPYEMBIX Pa3HBIMHU cHOCOOaMu, B
OCHOBHOM B JBOMHBIX CUCTEMax MO YKa3aHHOMY NPU3HAKY
(Macca HeBHAUMOTO KoMmoOHeHTa M > 3M). I'urantckue
YepHbIE TBIPHI HAXOISATCS B sIpax TAJIaKTUK W KBa3apos. B
LIEHTPE TAJIAKTUKM HMMEETCsl IOTEHIMAJIbHAS sMa U TyAa
CTEKaeT BEIECTBO, MOCTENEHHO TEePsStolllee CBOW MOMEHT
KOJIMYeCTBa JBIKEHHUS. Takoe BEIIeCTBO MOXET o0paso-
BBIBATh 3Be3/IHBbIC ckorieHus. Cyapba CKOTUJIEHUH CIOXKHA,
HO TOBOJILHO €CTECTBEHHO, YTO BO MHOTHUX CITy4asiX, €CJIA He
BCEr1a, B KOHIE KOHIIOB JOJDKEH NMPOUCXOAUTH KOJLIAMC C
oOpaszoBaHueM uepHOii AbIpbI. C Ipyroil CTOpOHBI U3BECTHO,
4TO B LIEHTPAX MHOI'MX I'aJJaKTUK BUHBI SIPKUE, HHOT 1A JaXKe
OueHb sIpKUe sApa. K 4nucily Takux rajJJakTHK C OYEHb SIPKIMHU
sIIpAMK OTHOCSTCS KBa3aphl, BIIEpBbIe OOHAPYKEHHBIE (WIIH,
TOYHEe, UACHTUPUINPOBAHHBIE B KAUECTBE NAJIEKUX BHETa-

JlakThueckux oObekToB) B 1963 1. Ha mpuMepe KBazapa
3C273. MHe He XOTeJloCh OBl 3/IeCh B/IaBAThCS B MCTOPUIO
Bompoca. JlocTaTOYHO cKa3aTh, YTO HE Y BCeX FaJIAKTHK U HE
BCE BpeMsl CYIIECTBYIOT SIpKHe B onTuke sigpa. KBazapamu
HAa3bIBAIOT T€ U3 HUX, KOTOPBIE K TOMY € SIPKH B pajJiio-
muana3one (QSR wimm QSS — quasistellar radiosources). B
cIydae e KBa3U3BE3OHBIX OOBEKTOB, HE SIBJISIOLIUXCS
MOIIHBIMHU paJIMOUCTOUYHUKAaMU, ToBOpsAT 0 QSO (quasistel-
lar objects). Bumumo, mmeeTcs HEKOTOpasi IMyTaHUIA B
TEPMUHOJIOTHH, [l HAC HeBaXKHAs. SIPKUMHU siTpaMU TraJiak-
THK MOTYT OBITb KOMITAKTHBIC 3BE3/IHbIC CKOIUICHUS HJIA
4yepHble AbIPEl. OTIMYUTL UX MOXXHO HO IBIDKCHUIO 3BE3[
BOJIM3M sigpa. Ecim Mbl mMeeM Aelio ¢ 4epHO# AbIpOH, TO,
OUEBHIHO, TNPUTSTUBAIOIIAS Macca COCpPeJOTOYeHa B
paguyce, MEHBLUEM Iy, M Jaxe Npu Mpy ~ 10°M,, atOT
paamyc rg ~ 3 x 10 cm, T.e. mo Macmrabam rajakTHKH
HUYTOXEH (HAIIOMHIO, YTO ACTPOHOMHYECKAS] €IMHHULA —
paccrosaue ot 3emymm  go  CojHIIA  COCTaBJISET
1,5 x 1013 cm). TToaToMmy, ecit 651 6BLIO BO3ZMOXKHO TPOCTTe-
JIUTH JABIDKSHUE 3BE3]] BOJIM3H SIpa IO PACCTOSIHUAMN, CPABHU-
MBIX C Fg, TO cpa3y Bce cTajio Obl scHo. Ho mogo6Gnoe
HEBO3MOXHO Jaxke B ciydyae Hamed [ajmaktuku, IEHTp
KoTopoil Haxomutcss oT CoOJiHIIA Ha PACCTOSIHUM OKOJIO
8 kmc=2,4x 10> cm. TeM He MeHee, B 3TOM cCiydae
YAAaJI0Ch, MCHOJb3Ysl paauouHTephepoMeTp, YOSIUThCS B
TOM, YTO UCTOYHUK U3ITyYECHUS MOPSAKA aCTPOHOMUYECKON
enuHANBI. ONTHYeCKe HAOJIOASHUS TIOJIsSI CKOPOCTEH 3Be3]
BOJIM3U TaJJAKTHUYECKOrO LEHTpa MOKAa3aJH, 4TO JBIKCHUE
MIPOUCXOAUT BOKPYT MACCHI C pa3MepaMH, MEHBILIUMHU CBETO-
BOil Helemu, T.e. ¢ pa3MepaMu MenpnuMu 2 x 10'¢ cm. B
pe3yJIbTaTe CO3[IAeTCsl YBEPEHHOCTh B TOM, YTO B IIEHTPE
lanaxTWkl HAXOMUTCA WMEHHO 4YepHas Jblpa C MacCou
Myn =~ 2,6 x 10°M, (1pu 9T0M ry ~ 8 x 10! cm) [88]. [us
JIPYIUX TajakTUK, Aaxe OJU3KUX, pa3pelleHue, KOHEYHO,
xyxe. Tem He MeHee, HanboJiee BEPOSITHO, YTO U UX spa,
KOTJa OHU BUMIHBI, SIBJISIIOTCSI YEPHBIMHU [bIpaMHU, a He
KaKUMHU-TO ILUTOTHBIMY CKOTUICHHSIMU 3Be3 /1 Iud ra3a. Mcce-
JIOBAHUS B 9TOM 00JIACTH IHEPTUYHO TPOIOJIKAIOTCS.

I[ToMuMO yNMOMSIHYTBIX YEPHBIX ABIP BO3MOXHO CyILE-
CTBOBAHUE PEJIUKTOBBIX MHUHHUABIP, OOPAa30BABIIUXCS HA
paHHuX Tanax soyronnu Beenennoit. 11 MUHUABIP Cyliie-
CTBEHHO, BOoOOIIIe TOBOPSI, cAeIaHHOe B 1974 T. 3aKIroueHne O
TOM, YTO B CHJIy KBAHTOBBIX 3((HEKTOB UYEpHBIC IIBIPHI
JIOJDKHBI BCE JK€ H3JIy4aTb YacTHILbI BCEX COPTOB (B TOM
uncie (poToHbl) [89] (cM. 06 3TOM [87], mocIieTHsSI U3BECTHAS
MHe paboTa, UMerolasi OTHOIIIEHUE K 3TOMY Bompocy, [90]).
W3mydeHne YepHBIX JbIP SBIISETCS TETUIOBBIM (T.€. TAKHM XK€,
KaK JIJIs YepPHOTO TeJia) C TeMIepaTypoit

2% 10%
M (rpamm)

Ah
8TCGM/€B

Mo

=107 i K=10"

TblLr: K7 (12)

rae kg = 1,38 x 1071% s5pr/K — mocrosunas BonbimMana.
OueBHIHO, AaXe A 4.0. ¢ Maccoit 10 2M, (MeHbIIHX
CaMOCBETSIIMXC OOBEKTOB-3B€3/] HE OBIBAET) KBAHTOBOE
M3JIyYyeHue HUYTOXHO. Ho 11 MUHMIBIp CUTyalusl u3Me-
HSIETCS, U MUHHUOBIpA C MAaccOd, MEHBbIIEH MPUMEPHO
My, ~ 105 1, He goxmBeT 10 Hamei smoxu (cM. [2], § 22).
N3nyvyeHne TakuxX MUHUIBIP, B MIPUHIIUIEC, MOXHO OOHApy-
KHUTh, HO HUKAKUX YKA3aHWI HA CYIIECTBOBaHHE MOJOOHBIX
00bexTOB ele HeT. Hy>KHO UMeTh B BUIY, YTO MUHHIBIPHI
MOTYT 00pa30BbIBATHCS, HO HACKOJIBKO 3TOT Mporiecc 3P Qek-
THBEH, HE U3BECTHO. [103TOMY BO3MOXKHO, YTO MUHHUBIP BO
BcenenHoit HET WM UX OYEHB MAJIO.
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ITo cyTtu nmena, Bbie ObLIa 3aTPOHYTA U Mpodiema 26,
TOYHEe, BOIIPOC O KBa3apax u sapax rajakTuk. Bompoc xe 00
00pa3oBaHUU TaJaKTHK, HECKOJIBKO UCKYCCTBEHHO OOBEIM-
HEHHBIHA C IPEBIIYIIIM, COCTABIISIET OCOOYIO TJIABY KOCMO-
sornu. Ee comepxaHue B TEOPETHIECKOM IUTaHE COCTOHT B
aHaJu3e TUHAMUKU HEOJHOPOAHOCTEH IJIOTHOCTU U CKOPO-
CTH BellecTBa B paciuupsiroiieiicss Beenennoit. Ha nekoTo-
pOM JTame 3TH HEOJHOPOTHOCTH CHJIBHO BO3PACTAIOT H
00pa3yroTcsl, Kak TOBOPSAT, KPyMHOMACIITAOHBIE HEOITHO-
poaHocTH BellecTBa Bo BceenenHoil. B koHue storo mpo-
recca MOSIBJISIFOTCS TAJITAKTHKY U UX cKoruieHus. [ToBTopsiro,
3TO 1ejasi o0JIacTh KOCMOJIOTHH (CM., B 4aCTHOCTH, [126]).
AHajlorM4Ha B HEKOTOPOM CMBICJIE U TpobJieMa oOpa3oBa-
HUsl (CHHTE3a) XUMUYECKHX JJIEMEHTOB B XOJIe PACIIAPEHUS
Bcenennoit. DTo TOXe WHTEpPeCHBIH W BaXHBIM BOIPOC,
KOTOPBIii BrloJIHE MOT ObI Gurypuposath B "crucke", HO OH
U TaK pa3poccsi, ¥ YeM-TO IPUXOIUTCS KEPTBOBATh. BbIOOD,
KOHEYHO, OTHIOAb HE OJHO3HAYEH.

Tenepb OCTAHOBJIIOCHL Ha MpobOieme 27 — Bompoce O
TeMHO Matepuu. OH yxe kpatko obcyxnancsa. [lo cyru
Jlena, 9TO OYeHb KPYIHOE M HEOXHJIAHHOE OTKPBITHE,
UCTOpUSl KOTOPOIo, HACKOJBKO 3HAI0, BocxoauT Kk 1940 r.
[91]. KonmuecTBO CcBeTSIIEHCS MaTepUU ONPEIEISeTCS B
pe3ysibTaTe HaOJNIOACHUI, B OCHOBHOM, B BHIWMOM CBETE.
[TostHOE X€ KOJMYECTBO TPABUTUPYIOIIEH MATEPUH CKa3bI-
BaeTCs Ha TUHAMHUKE — JIBUXKCHUH 3Be3J] B TaJlaKTUKaX U
rajakTHK B CKoIUIeHHWsiX. Ilpome m mpo3padHee BCero
JIMHAMUKA TIPOSIBIISIETCS MIPH ONPEJEeJICHUH KPUBBIX Bpallle-
HUS 3B€3/] B CIUPAJIbHBIX FAJIAKTHKAX, B YaCTHOCTH, B HAIIIEH
lanaktruke. DTOT METO, B IPUHIIMIIE, JIEMEHTAPEH U ObLT
nosicieH B [2] § 23. OgHako ymOOHO KOCHYTBCSl €TO BHOBBD,
160, KaK 51 yOSXKJCH, €CJIH YTO-TO MOXKHO TOSICHUTH yKe Ha
IIKOJIFHOM YPOBHE, TO 3TO TOJIBKO ITOJIC3HO M TSI CHCIHAIIU-
CTOB B JIaJICKMX OT acTpoHOMHUHU obOjactsax ¢usuku. Urtak,
paccMOTpUM [JBIDKEHHE 3Be3]Ibl ¢ Maccoil M mo KpyroBoit
opbute BOKPYr chepryecKd CHMMETPHYHOTO CKOTUICHUS
Macc. O4eBUIHO, JOJDKHO MIMETh MECTO PABEHCTBO

Mv?  GMM,(r) (13)

r r? ’
rae v — CKOPOCThb 3BE3IbI, F pamuyc ee OpOUTHI
OTHOCHTEJIbHO TaJIAKTHYECKOTO TIeHTpa U My(r) — macca

TaJJAKTHKH, COCPETOTOUCHHAS! BHYTPH O0JIACTH C paiycoM
r; u3 (13) cpasy xe cineayer tpetuir 3akoH Kemiepa:
72 = (4n’r¥)/GM,, Toe T — nepuoj oOpalleHUs 3BE3bL.
Ilycts, nanee, macca M cocpenoTodYeHa B 00yacTu ¢ r < ry,
a Tpu r > ry Macc yxe HeT. Torma, 04eBuIHO, IPH I > i

v (r) = GMolro) ;

; (14)
Tax BOT, HAOIIOACHUSI CBUIECTEILCTBYIOT O TOM, YTO 3aBH-
CUMOCTB v(r) — 3TO U €CTh KPUBBIE BPALIICHUSI, CYIIIECTBEHHO
OTJMYHA OT 3aKoHa v(r) = const/\/r B 00JacTH 3HAYCHUI
r > rp, TOE CBETALLErocs BellecTBa yxe Majio. Kopotko
rOBOPSl, BHE BCSIKMX COMHEHUI YCTaHOBJIEHO, YTO BO Beenen-
HOHM MMeeTcs HecBeTSIIAsICd MaTepHsi, MPOSBISIONIAsCS B
CUJIy CBOEro T'PaBUTAIMOHHOTO B3amMoAeUcTBus. TeMHas
MaTepus pacrpeeieHa OTHIOAb HEPABHOMEPHO, HO MPHUCYT-
CTBYET BE3Jle, U B raJlAKTUKAX, U B MEXIAJIAKTHUYECKOM
npocTpaHcTBe. Tak BO3HUK OAWH W3 BaXKHEHIINX U, sI OBI
CKa3aJjl, OCTPeHIuX BOIIPOCOB COBPEMEHHOM ACTPOHOMUM —
KakoBa mpupona TeMHoit matepum (dark matter), yacto
WMEHOBABIIEHCST paHee Takxke CKpbITod maccoid? Ilpoime
BCEro MIPEAINOJIOKUTh, YTO pe4Yb UAET O HEUTPAJIbHOM

BOJIOPOJIE, CHJILHO HOHU30BAHHOM (M TIO9TOMY CJ1ab0 CBETSI-
1eMcsl) rase, IJIaHETaX, cIabo CBETSAIIMXCS 3BE3JaX —
KOPUYHEBBIX KapJIMKaX, HEHTPOHHBIX 3BE34aX HJIM, HAKOHEII,
yepHbIX AbIpax. OTHAKO BCE ITU MPEIOJIOKEHHS OIPOBEP-
rarotcsi HaOJIONEHUSIMH pa3HbBIX TUNOB. Hampuwmep,
HEUTPAJILHBIA BOJOPO (PUKCUPYETCS PagrioacTpOHOMHYE-
CKUM METOJIOM, TOPSTYnii ra3 — M0 PEHTI€HOBCKOMY U3JIyue-
HUIO, HEUTPOHHBIE 3BE3/IbI U YEPHBIE JBIPHI TOXKE 3aMETHBI,
X0Tsi ¥ ¢ TpynoM. Henerko HaOmogaTh KOPHYHEBBIE KAPJIUKA
(brown dwarfs) — kapJIMKOBBIE 3BE3/bl CO CTOJIb MAaJIbIMU
maccamMu M < M, 4T0 OHU OueHb ci1abo ceersTcs. OaHaKo
¥ TaKue 3Be3/bl OOHAPYXEHBI [92] 1, 10 BCell BEPOSITHOCTH, HE
BHOCSIT CyILLIECTBEHHOT'0 BKJIaJa B TEMHYIO MaTepHio. AHAIN3
BCEX ITUX BOINPOCOB HEMPOCT, CYIMIECTBYIOT DPa3JIUIHBIE
MHEHHSI HAacYeT BKJIAJIa TeX WJIM MHBIX BHJOB OAPUOHHOTO
BEIIIECTBA B IMOJIHYIO IUTIOTHOCTh MaTepuu. Bhlilie MbI yKa3bl-
BaJIM Ha oOIleHKY Q,<0,05. B o0mem, yctaHoBuBIIEeCs
MHEHHE CEeTOJHS TAKOBO: TeMHAs MAaTEPHsI UMEET, B OCHOB-
HOM, HeOapuoHHyt0 mpupoay. Haumbosiee ecTecTBEHHBIN
KaHauaaT — HeWTpmHOo. OJHAKO 3TOT BapHAHT, CKOpee
BCEro, HE MPOXOIWT: MO-BHIUMOMY, Macca 3JeKTPOHHOTO
HEUTPUHO V. HEIOCTATOYHO BeJMKa (IO M3BECTHBIM MHE
JaHHBIM m, < (3—4) 3B), a Hy’xHa macca m, > 10 3B. O
Maccax vy, M V; peub HIKE, HO, BUAUMO, ¥ OHa HEAOCTATOYHO
BeJinKa (BO3MOHAsi pojib v, obcyxmaercs B [93]). Becbma
MOMYJISIpHA THIOTE3a, COTJIACHO KOTOPO#W POJb TEMHOU
MaTepuu UrparoT runorerudeckue yactunsl WIMP b1 (Wea-
kly Interacting Massive Particles) — crmabGoB3aumo/ieii-
CTBYIOIIME YACTHILI C MAacCAMU B THTa3JIeKTPOHBOJBLTHI U
BhIILE (Macca npotona My, = 0,938 I'3B). K uuciiy WIMP’oB
OTHOCSTCSI TUIIOTETHYECKUE (IOBTOPIO 3TO) TsDKEIbIe HeCTa-
OMJIbHBIE HEHTPUHO, CYNMEPCHUMMETPHYHBIE YACTUIBI —
¢dortuno, HedTpanauHo u T.A. MMeroTcs u apyrue "KaHau-
JaThl" Ha POJIb TEMHOM MaTepuu (HalpuMep, IICEBIOCKAISP-
Hble dacTuibl akcuoHbl) [130]. HyxHO Takke ymoOMSIHYTh
KOCMHMYECKHE CTPYHBI ® Apyrue '"Tomojoruveckue
nepextrr’". WIMP b1 HaJ€r0TCSl OGHAPYKUTH 110 UX U3JIyYe-
HUIO (TaMMa-(hOTOHOB M IPYTMX YACTHII) TIPU AHHUTUJISIIAH C
COOTBETCTBYIOUIMMH aHTU4YacTHUIaMu. pyroi myre —
HaOJIIO/IeHNe, MYCTh M OYeHb PEAKHX aKTOB COYIAAPEHUS C
qacTuIiaMu o0bIMHOTO BemecTBa [94, 131]. Becbma uzsingHa
unest o Bo3Moxuoctu crymenuss WIMP’oB B Hekue phIxJjibie
KBa3W3BE3/Ibl, KOTOPbIE MOXHO, B MPHHIUIE, BBISIBUTD TPU
MUKpPOJIMH3UpOBaHuu [95].

ITpoucxoxaenue KOCMHYECKUX JIydel (K.J1.), OTKPBITHIX B
1912 r., MHOrO JIET OCTaBajJoCh 3arajgodHbiM. Ho ceifuac
MOJHO HE COMHEBATHCS B TOM, YTO OCHOBHBIMH X UCTOYHH-
KaMH SIBJISTFOTCSI CBEPXHOBBIE 3Be3/1b1. BoOOI1Ie, B OTHOIIICHUN
KJd. ¢ Eg < 10 —10'® 3B ocranmch, KOHEYHO, HESICHBIC
MOMEHTBI, HO B ILIEJIOM KapTHHA JoctaToyHo sicHa [51]. K
qucity xe "0CoOEHHO BaXXHBIX U MHTEPECHBIX ", 10 IPUHSATOM B
9TO# CTaTbe TEPMHUHOJIOTHH, MOXHO OTHECTH JIUIIb IPOUC-
XOXJIEHHNE K.JI. CO CBEPXBBICOKUMH dHeprusmu. Tax, He IO
KoHna scua npupona "uznoma" ("kosena") B sHepreTmye-
CKOM CHeKTpe K.JI. mpu E. ~ 101°—10'® 5B u, ocobenno,
cutyanus B obmactu smepruit E > 10" 3B — Takme k.o
WHOT/Ia Ha3bIBaroT yJbTpaBbicokodHepruyHbiMu (UHECR;
cM. [97]). HawuBeicmiast HaOirromaBIasicss B K.JI. JHEPTHUS
COCTaBJISIET, KaK YK€ YIOMHUHAJIOCH MO APYroMy MOBOIY,
Ee ~ 3 x 10%° 5B. YckopuTh yacTHIB! (CKaXXeM, IPOTOH) [0
TaKOil SHEPIUU HEJErKO, HO, MO-BHUIUMOMY, BO3MOXHO,
OCOOCHHO B AaKTUBHBIX sapax TrajakTuk. Ho mpu sTom
BO3HMKAET TaKas TPYIHOCTH: YACTHIBI C yJIbTPABBICOKIMH
SHEPIHUsIMU, COYAAPSISCH C MAKPOBOJHOBBIM (PEJIMKTOBBIM)
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u3nyueHueMm (¢ temnepatypour T, = 2,7 K), mopoxpaaroT
MAOHBI, ¥ TO3TOMY TEPSFOT 3HEPTHIO, 4 B Pe3yJIbTATe HE
MOTYT JOWTH JI0 HAC C OYCHB OOJIBIIIUX paccTosTHUM (3P PekT
I'peiizena, 3anenuna u Ky3pmuna, 1966 r.). ITostomy B
CIIEKTPE K.JI. JOJDKHO BO3HHMKaTh "oOpesanue" (YKpyueHue
CIIEKTpPA); B MPOCTEHIIIEM TPEINOI0KEHUN OHO TIPOUCXOTUT
npu XapakTepHoit sHeprun Egg = 3 x 10! 3B [97]. B meii-
CTBUTEJILHOCTH %€ 3TO 00pe3anue oTcyTcTBYeT [52, 97]. Kak
ke OOBSACHATH MOSBIIEHHUE K.J1. ¢ Eyr > 3 x 10" 1 mo 3 x 102,
BOT B 4eM Bompoc. OOCYkIar0TCs HECKOJIbKO BO3MOXKHOC-
Tell. AKTHBHBIX FaJJaKTHIECKHX siiep Ha paccTosHusX 20 — 50
Mrc, no-Buagumomy, HemocraTouyHo. Kpome Toro, HesiCHO,
MOTYT JIM HW3BECTHBIE TaJaKTHYECKHE siipa OOECIeYuTh
yckoperue 10 sHeprum 3 x 1020 3B. YacTumel Mormm 6wl
YCKOPSATHCS KOCMUYECKHME CTPYHAMU U HEKOTOPBIMH  IPY-
rumu "TonosorudeckuMu aedekramMu", HaXOISIUMUCS BHE
Tamaktuku Ha paccrosiHusx no 20 Mnc [97]. Hukakux
yKa3aHMid Ha Hajduke Takux 'medekros", ma eme Ha
CpPaBHUTEJIbHO OJIM3KUX PACCTOSHUSX, He uMeercs. Jpyras
runiote3a — nepBuaabiMa UHECR wactuniamu sBistFoTCS HE
"00Obrunble" yacTUNbl (MPOTOHBI, (POTOHBI, AApPa U T.1.), &
KaKUe-TO TOKa HEW3BECTHBIC, CKaXeM, He MpETEpIeBatOIINe
CUJIBHBIX MOTEph. TOorJga OHU MOTYT HPHUTH H3JaJieKa, a
OJTHOKe K HaM WJIH JIaKe B 3eMHOM aTMocdepe TpeBpaTUTHCS B
OOBIYHBIC YACTHUIBI U JIATh IIMPOKUNA aTMOC(EPHBII JTUBEHb
(EAS). Haxomnern, mpoiie Bcero, moxaayid, IPearnoJoXuTh,
YTO B COCTaBe TEeMHON MaTepud, oOpa3yrollell COOTBET-
CTBYIOIIIEE Tajio, B ['aJlaKTUKE UMEIOTCS CBEPXMACCHBHbBIC
yacTHIbI ¢ Maccoit M, > 10?! 3B, xkuByIIde q0bIIE BO3pPa-
cra Beenernoit 1y ~ 10'" jeT, HO Bce ke HecTaGUIIbHBIE.
IMponykTel mx pacnaga u HabmromaroTcss B atMocdepe,
nopoxaass EAS (muist uutateseil, oueHb HAJICKUX OT 3TOMU
npoOJIeMATUKH, OBITH MOXET, HEJUIIHE MOSICHUTh, YTO
UHECR — uacrtunpl, 1a ¥ MEHEe 3HEPTUYHbIC, CKAXKEM, C
E.. 210" 5B, B k.1. HabmogaroTca Toibko mo EAS). B
o61rieM, mpobJieMa K.JI. ¢ caMO#l BBICOKOW 3HEpPTrHeid, Iei-
CTBUTEJIBHO, 3araJI0YHa U YK€ MO3TOMY MHTEPECHA.
Ilepeiinem x mpobieme 29 — Kk ramma-Berieckam. B
koHIe 60-x rooB B CIIA Oblia 3amylieHa cucteMa CIyTHH-
koB Bema (Vela), ocHallleHHBIX NpUOOpPaMH, MOTYIIMMU
perucTpUpOBaTh MSTKME TaMMa-JIy4Yd M MpeIHA3HAYCHHBIX
JUISL KOHTPOJISL HaJT COTJIAIIeHIEM, 3aIPEIIaroliM aTOMHBIE
B3PBIBEI B aTMOC(epe. B3pbIBbI HE TPOU3BOIUIINCEH, HO OBLITH
3a(pUKCUPOBAHBI TAMMA-BCIIJIECKH HEM3BECTHOT'O MPOUCXOXK-
nenusi. Ix tunmunbie sHeprus (0,1-1) MasB  u anurenn-

HOCTb — CeKyHAbI. [IpoMHTErpupoBaHHBIA MO BpPEMEHH,
NPUHUMAEMBI TOTOK 3HEPrMM BO BCIUIECKAX [TOBOJIBHO
BEJIMK — jocTHraeT sHaueHmit @ ~ 107* apr cm~2. Ecim

HAXOJISAIIMIACS Ha PACCTOSHUM R MCTOYHUK W3Jy4aeT U30T-
pPOMHO, TO, OYEBHIHO, €rO IMOJIHOE 3HEPrOBBIACICHUE B
ramma-potonax W, = 4nR?®,. O6 3TOM OTKDBITHH ObLIO
coobreno ymmib B 1973 1. [98]. 'amMa-Berjiecku ¢ TeX mop
SHEPTrUYHO U3YYaJIUCh, HO MX IPUPOIA AOJTr0oe BPEMs OCTa-
BaJIach HEsCHOU. [les0 B TOM, YTO YIJIOBOE pa3pellcHHe
raMMa-TeJIECKOTIOB HEBEJIUKO, J1a ¥ HAOJIOJICHHs B JAPYTrUX
nuana3oHax (paaMo, ONTHYECKOM, pPEHTIEHOBCKOM) B
HANPABJICHUN TaMMa-BCILIECKA MPOU3BOIIINCH He cpa3y. B
00111eM, MCTOYHHK OCTABAJICSI COBEPIIEHHO HEM3BECTHBIM.
OHUM U3 BEpOSITHBIX KaHIUIATOB CUMTAJINCH HEHTPOHHBIE
3Be3bl, Haxojsmecss B [anaktuke. B aToM ciydae juist
CPaBHHUTELHO OJIM3KMX HEHTPOHHBIX 3BE3[] HA PACCTOSHUU
R~100mc ~3x 10 cm W, <10% spr. Dro yxke ouenn
MHOTO, €CJIH BCIIOMHUTb, YTO IOJHAsI cBeTUMOCTh CoHIa
Lo =3,83x 10 spr ¢!, Ommako pacmpeseneHne naxe

cJIa0bIX TaMMa-BCIUIECKOB MO HeOy OKa3aioch H30TPOII-
HBIM, B CHJIy Yer0 MX HUCTOYHUKM HE MOTYT HAXOAMUTHCS B
raJJaKTHYEeCKOM AucKe. Eciiu ske OHU paciookKeHbl B TUTAHT-
ckoMm rajno 'amaktuku Tak, uto R ~ 100 Knc (3to yxe He
MPOTUBOPEYUT JAHHBIM 00 YTJIOBOM pacIpeieIeHIH UCTOY-
HMKOB), TO W, < 10* spr. HakoHel, B cllydae KOCMOJIOTHYe-
CKOU MpUpOIbI BCILIECKOB U, HanmpuMmep, R ~ 1000 Mc yxe
W,< 1032 5pr. DT0 3HAYEHHE CTOIIb BEIMKO, 9TO MHOTHE (1 51
B TOM YHCJIe) OTAABAJIHN MPeanoYTeHne Moiesn ¢ Tano. Ho
BOT B 1997 r. ymanock, HakoHel, ObIcTpo "mocMoTpeTs" B
HAMpaBJICHUN TaMMa-BCILIECKa, U OBLITM OOHAPYKEHBI HCTOY-
HUKHU C OOJIBIIMM KpacHbIM cmetreHuem [99, 100]. Tak, nis
Bcriecka GRB 971214 (u3 o0Go3HaueHHs SICHO, YTO 3TOT
BeIieck HaOuromasics 14 nexadbps 1997 r.) mapamerp kpac-
Horo cMerenus ® z = 3,46 [101]. dns serutecka GRB 970508
3HaueHue z > 0,8. Mcrounmnku (ux, yKe U3BECTHO, HECKOJIb-
KO) HaOiroJajguch Kak B PEHTIEHEe, TaK U B ONTHKE, a
HEKOTOPBIE U B paanoanana3zone. Pabora B camom pasrape,
u OyKBaJIbHO 4epe3 JeHb MOCJIE TOro, KaK ObLIO HAIMCAHO
BBINIIEN3JI0XKeHHOE, 23 staBaps 1999 r. Habromasics MOITHBIA
Berieck GRB 990123 Bo BceM mcciieioBaBIIEMCSl TaMMa-
nuanasone ot 30 KoB 1o 300 M5B, mmBmiuiics okosio 100 c.
OHOBpPEMEHHO C FaMMa-BCIIJIECKOM Ha0JII01aJ1ach CBETOBAS
BCIBIIIKA, CBETUMOCTb KOTOPOW B MaKCHMyMe IOOCTUTAsa
Lo~ 2 x 10" L, ~ 10°° apr ¢~!. O6mmee sneprosuiiesienne
BO BCEX DJIEKTPOMATHUTHBIX JuanazoHax W ~ 3 x 10°* spr
(xpacHoe cwmemienue coObitust z = 1,61). ITogpobuee o
ramma-BcIUieckax oyneT coobieHo B o63ope [102]. Ho yxe
ceii'yac MOXXHO KOHCTATHUPOBATH, YTO FaMMa-BCIUIECKH —
caMoe MOIIHOE B3pBIBHOE sIBJIeHHE, Habmomnaemoe Bo Bcee-
JICHHOH, HE CUMTasi, KOHEYHO, caMoro boubioro B3apbiBa
(Big Bang). Peub umet 06 3HEproBBIICICHUH 1O MTPUMEPHO
10°* 10 5pr, ToNbKO B TaMMa-IUamna3oHe. DTO CYIIECT-
BEHHO OOJIbllle, YeM ONTHUYECKOe H3JydeHHe IPU B3PbIBAX
CBEpXHOBBIX. Il03TOMY HEKOTOpBIE HMCTOYHUKH TraMMa-
BCIUIECKOB Havyajll Ha3bIBaTh TunepHoBBIME (hypernovae).
KaHaumaTsl Ha poJIb THIIEPHOBBIX: CIIMSIHUE ABYX HEHTPOH-
HBIX 3Be3/I, KAKOEe-TO CTOJIKHOBEHHE UJIH CIUSHIE MaCCHBHON
3Be3bl C HEUTPOHHOI U T.II. Bripouem, u Takue UCTOYHUKI
JIMIIb ¢ OOJIBIION  HATSOKKOM ~ MOTYT  UM3JIyYaTh
10 9pr ~ M c?. Tak uanm WHadYe, TPYAHO COMHEBATHCS B
TOM, YTO OTKPBITHE KOCMOJIOTHYECKOW MPUPOIBI raMma-
BCILTECKOB (HJIH, €CJIN YK OBITh OYeHb CTPOTHMHU, OOHAPYKE-
HHE PEHTTeHOBCKOIO, OITHUYECKOIO0 M paguoOU3JIydeHUs,
CBSI3aHHOT'O C TaMMa-BCILIECKAMH) SIBJISIETCSI CAMBIM BBIIAIO-
IIUMCS JOCTHXKEHUEM acTpOo(U3UKHU He TOJIbKO 3a 1997 1., HO
W 32 MHOTO TOCIEIHUX JIeT (MOXaJyld, MOCie OTKPBITUS
myabcapoB B 1967—1968 rr.).

Ocranoch o6cymuTh mnocienHior, 30-r0 npobiiemy
"crmcka" — HEHTpUHHYIO (U3MKY M aCTPOHOMHIO.
HanomHio, uyTo rumoTe3a O CyIIECTBOBAHUU HEUTPUHO
Oputa BbickazaHa [laymm B 1930 r. InmrenapHOe BpeMs
CYHTAJIOCh, YTO [ETEKTUPOBATH HEHTPHHO INPAKTHYESCKU
HEBO3MOXKHO, MO0 CEUCHUE PeaKINU

p—|—§e—>n—|—e+

(15)

(311eCh Ve — BJIEKTPOHHOE AHTUHEHTPUHO) HUYTOXKHO MAJIo:
o~ 107 cM?. Ommaxo B 1956 1. 3Ta peakmus (15) 6wu1a
3auKcHpoBaHA HA aTOMHOM peakTope, 3a 4To B 1995 r.
ObL1a npucyxaena Hobemnesckast npemust o pusuke (TouHee,

8 Ha Bestkmii ciydaii HAOMHIO, 9TO Z = (Auagn — Aucr )/ uer s TAE Auagn —
HabJjroaemMasi JJIMHA BOJIHBI CIEKTPAIBHOU JIMHUM U Ay — JUIAHA
BOJIHBI B UICTOYHHUKE.
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ObL1a mpucyxaeHa nojosuHa npemuu [103], npyras ee 4actb
TIPUCYXKJIEHA 3a OTKphITHE T-JenToHa [104]). Bonpoc o macce
HEUTPUHO BO3HHUKAJI, BEPOSTHO, C CAMOTO Havalsla, HO OBLIO
SICHO, YTO Macca m,, OYeHb MaJia [0 CPaBHEHMIO C MacCou
anexkTpona. [Ipeamnosioxenune xe, 4To Macca HEUTPUHO (peUb
BHAuaJIe 1J1a, KOHEYHO, TOJIbKO 00 3JIEKTPOHHOM HEHTPHUHO)
paBHa HYJIIO, HUYeMY He poTuBopeumio. [locae OTKpbITUS
MIOOHHOTO U Tay-HEHTPUHO V, M V; (TO4Hee, ObLT OTKPLIT
JIUIIb T-JIEMITOH, HO HUKTO HE COMHEBAJICS B CYIIIECTBOBAHHUA
U V;), TO XK€ caMO€ MOXHO OBbLJIO cKka3zaTb M 00 3THUX
HelTpuHo. OnHako BO3HHWKIJA upaes (eme B 60-¢ roawl) o
BO3MOXXHOCTH HEHTPHHHBIX OCHWJUISLUI, T.€. B3AUMHOM
MpeBpaIlCHUA HEUTPUHO Pa3HBIX THIOB (apomMaToB). Takoe
BO3MOXHO TOJIbKO, €CIIN Macca, 10 KpaifHei Mepe, HeHTPUHO
oxnoro u3 apomatoB (flavours) otmmuna ot Hysst. Tak wimu
MHAYe, BOMPOC 0 Macce HEUTPUHO TABHO BO3HUK U OCTAETCS
OueHb aKTyalbHbIM. Maccy m,, TUBITAlOTCS ONpPENeTUTh
MyTeM HCCJeqoBaHusl obyiacTu BOJM3U KOHIA f-crekTpa
tputus (peakmust "H —3He + e~ +¥.; B cunmy CPT-Teo-
peMbl ceffuac He MPUXOIUTCS COMHEBATLCS B TOM, UTO
m, = my). MakcuMalibHas JHEPTUs pacnaja B 3TOM cliydae
Mana — Onuszka x 18,6 KaB. M3mepeHus npoBousitcs;
HACKOJIbKO 3Halo, ceifuac cuutaercs, 4to m, < 4 3B. Tpyz-
HOCTb U3MEPEHNH CBsI3aHa C HEOOXOIMMOCTBIO IPOKOHTPO-
JIMPOBATH SHEPTHIO, OTAABAEMYIO MOJIEKYJIAM OKPYKAIOIIeH
cpenbl. KcTaTtw, HEKOTOpBIE TEOPETHYECKHE OIECHKH (CM.,
Hanpumep, [105]) TakoBBbI:

my, ~107° 3B, m, ~1073B, m, ~ 10 3B. (16)

KakoBbI BO3MOKHBIE, B IPUHIIAIIE, CIOCOOBI HETOCPEICTBEH-
HOTO U3MEPERUS M1, U M, , He 3Hato0. Ho m3ydyenme ocrmis-
OHU OTKPBIBAIOT TakWe BO3MOXHOCTH. He nuinHee,
BEPOSITHO, TOSICHUTh CaMy MO OCHMJUISAIMA. Peub uaer o
OPEANOJIOKEHHH O TOM, YTO HEHTPHHO TeX MJIM HHBIX
apOMAaTOB, UCIYCKAEMBIC [IPU PACHaaX UM POXKIAFOIIUECS
TIPH c1a00M B3aMMOJICHCTBHH, HE SIBJISFOTCSI COOCTBEHHBIMHA
COCTOSIHUSIMH OoTiepaTopa Macchl. [ToaTomMy mipu pacmpocTpa-
HEHUU B MPOCTPAHCTBE-BPEMEHN HEHTPHHO KAKOTO-TO apo-
MaTa MOCTEICHHO IPEBpAaINacTCsi B HEHTPUHO APYroro
apomarta (moapo6uee cM. [105, 106]). HeittpuHHbIe OCIMILIS-
muu uiyT yxe 30 jet, u B 1998 r. mocTUTHYT BIOJTHE
ONpeeICHHBIN, O-BUANMOMY, yCIeX — OOHApYXeHO Ipe-
Bpamenue v, B v; [107, 108]. 3To kpymnHeliee OTKPLITHE B
(¢u3uKe 37MeMEHTApHBIX YacTUI 3a MHOrme roabl. OHO
C/IeJIaHO Ha SITOHO-aMepuKaHcKoii ycraHoBke Cynep Kammo-
kanze (Super Kamiokande), OCHOBHBIM 3JIEMEHTOM KOTOPOU
aBisietcs "0ak" (Haxonsinuiics Ha riryoune 1 KM o1 3emJieit)
¢ 50000 ToHHAMM NpEAENbHO OYMILEHHOW Boxbl. "Bak"
okpyxeH 13000 hoTOyMHOXHUTENCH, PETUCTPUPYIOIINX
YEPEHKOBCKOE M3JIyYCHHE OT MIOOHOB, JJICKTPOHOB U MTO3UT-
pOHOB, 00pa3yeMbIX B Boje, nonagaroummMu B "0ak" HeiT-
puHO. B maHHOM Cilydae MMEIOTCS B BHIY 3JIEKTPOHHBIC H
MIOOHHBIE HEUTPHHO, 0OPa30BaABIINECS KOCMHUYCCKUMHU
JiydaMu B aTMocdepe 3eMId, MpHYeM Ha TPOTHBOIMOJIOXK-
HOHN ee cTopoHe. Eciam HeT ocHMISIIUIl, TO, COTJIACHO
HaIeXKHBIM pacueTam, B ycranoske ("'6ake") 1ookHO HAGIIIO-
JATHCST BABOE OOJIbIIE 3JIEKTPOHHBIX HEUTPUHO, YeM MIOOH-
HbIX. Ho Ha [ej1e KoJIM4ecTBO Ve U vy, OJUHAKOBO (MX SHEPrus
nopsiaka ['9B’a). Hanbosee BeposiTHOoe 00BsICHEHNE HADITIO-
JIEHU# COCTOUT B TOM, YTO HAOJIIOMAIOTCS OCIMJLISIIH,
HpUYeEM MEXIY v, U vy IIpu 3TOM m3MepsieTcs BeluyuHA
Am?* = (m3 — m?), tae my, — Maccel HeiTpuHo. COrnmacHo
[108] 5 x 107* < Am? < 6 x 1073 (3B)?. Ecau mpexmoio-
JKUTB, YTO OJTHA M3 MACC TOPa3Ja0 MEHbIIe ApYroii, To boee

Tskesas Macca m, ~ 0,05 3B. Takoe HEUTPUHO (3TO v, WK
V) OJIsI KOCMOJIOTUHM WHTepeca He mpexacTtaBiser. Kak
yTrBepxmaaercs (cM. [107]), ecim my u m; oueHb OJMU3KH, TO
JIOTIyCTUMBI TaKHE€ MAacCChl, KOTOPbIE MOTYT OBITH OTBET-
CTBEHHBI 32 TeMHYIO MaTeputo. O 3HAYCHUU OTJIMYUS MACChI
HEUTPUHO OT HYJS AL PU3MKHM DJIEMEHTAPHBIX YacTuIl 5
CyIIUTh HE OepyCh.

ComHIle W 3Be3/bl, KaK H3BECTHO, M3JIyYalOT 3a CYET
MPOUCXOSIINX B UX HEAPAX SIIEPHBIX PEaKIHid 1, ClIeI0Ba-
TEJIbHO, JOJDKHBI MCIYCKaTh HEWTpuHO. Takue HEUTpHHO,
nmerolue sHepruto E, <10 M»sB, moryt B Hacrosiiee
BpemMsl peructpupoBaThesi b or Comnpa. W Takue
HaOmroneHust BeayTcss yxke JieT 30, paHbIle BCEro MyTeM
ucnonp3opanus peakmun S/ Cl+ v, —37 Ar4+e”. AToMbl
aprosa B eMkocTH (0ake) ¢ XJIOpoM (TouHEe, C KUIKOCTHIO,
cofepKalleil XJ0p) BBIACISIOTCS XUMUYECKUM IIyTEM.
Hab6mromaeMblii moTok cocrtaBisger emuuHunbl SNU, rae
SNU — conHeuHasi HEUTpHWHHAs €IWHMIA: MPU TMOTOKE
1SNU 10%¢ amep 37Cl unm Kakux-Tu60 HHBIX SAEp 3aXBATHI-
BAIOT B CPEIHEM OJHO HEUTpHHO B cekyHay. [lo pacueram
JUTSL Pa3JIMYHBIX COJIHEUHBIX MOJEJIEH MOTOK JOJDKEH COCTa-
BisITh (8 —4)SNU, nocneaHux HaHHBIX s He 3Hato. He cran
ceiyas yTOYHSTH, MO0 BAXXHO TO, YTO CUATAETCS YCTAHO-
BJICHHBIM TaKoW (GakT: HaOIF0gaeMblil TIOTOK CYIIECTBEHHO
MEHbIIIE BBIYHACIEHHOTO, TPyOO TOBOps, pa3a B ABA-TPH.
Taxoit pe3ynabTaT, YYUTHIBASl CJIOKHOCTH PACYETOB ISl
mogpesedt CosiHIA ¥ T./1., KOHEYHO, HEe BlieuatisieT. [TloaTtomy
CTPEMIUIUCH HAOIONATh COJIHEYHbIE HEUTPUHO APYTUMU
meronamu. Taxk, Ha ycraHoBke KamuoxkaH/ie (Ipe/aiiecTBeH-
mure Cynep Kammokanpme) HaOIrogam0Ch paccesiHie HEWT-
PHMHO Ha 3JIEKTPOHaX Ve + e~ — V. + (e7)". ITpu sToM duxk-
CHpOBAJINCh JIMIIbL HEUTPHUHO C 3Hepruen E, > 7.5 M»sB,
ucnyckaemble sapoM SB. W omnaTh HaGJIrOJAEMBI MOTOK
IPUMEPHO BIBOE MEHbIIIE BblUMcIeHHOTro. HakoHen, ObLin
CO3/1aHbI JIBE YCTAHOBKH: coBeTcKo-amepukaHckas (SAGE) u
esporeiickasi (GALEX), B KOTOpBIX paboYnM BEIIECTBOM
sBisieTcss Tajumii 7'Ga, npeBpalnarolMiics MU 3axBaTe
HeiTpuHo B repMannii 'Ge. Takoii IETEKTOP UMEET HUBKUI
SHEPreTUYeCKUil Mopor U, B OTJIUYME OT XJIOPHOTO, pearu-
pYeT Ha OCHOBHYIO Maccy HEHTpHHO, ucimyckaembix CostHIeM
(310 HEUTpHUHO OT peakumu p +p — d +e* +v.). 1 onsate
HAOJIIO/TaeMBIl TOTOK MEHbIIIE BBIYHCICHHOTO (MOCIIeTHIE
JaHHble ¢ coTHeuHbIX HeWTpuHO [109]). CoBOKYNMHOCTH BCex
MMEIOLIXCS CBEIEHUI MpUBEa K 3aKJIF0UYEHHIO, YTO MOTOK
Heitpuno o1 CosHua, AEHCTBUTENBHO, CYIIECTBEHHO
MEHbIIIEe BBIYUCIEHHOTO. HO BBIYMCIIEHHOTO 0€3 yueTa BO3-
MOHBIX HEUTPUHHBIX ocnmiunsimuid. OTCrofa mpearnooxe-
HUE O CYLIECTBOBAHMM TAaKUX OCHMJUISIMHI 115 ve U 00 MX
BJINSIHUM Ha HAOJIIOJAeMBbIH TOTOK COJIHEYHBIX HEUTPUHO
(cm. [106]; mociieqHee M3BECTHOE MHE OOCYXKICHHUE 3TOTO
Borpoca cM. B [110]). Ceituac cTposTcs WM yXe HavaJld
9KCILTyaTHPOBATHCS HECKOJBKO COBEPIICHHBIX YCTAHOBOK
ISl IETEKTUPOBAHMSI COJTHEUHBIX HEUTPUHO C Pa3IMIHBIMA
sHeprusMu. [ToaToMy 5 1 cues1 HeyMeCTHBIM BIaBATHCS 3/1€Ch
JIeTaJbHee B YK€ U3BECTHBIE JaHHBIE, OHM MOTYT yCTapeTh
paHblle, YeM HACTOSIIAsl CTaTbs YBUIUT CBET. TpyaHO
COMHEBATBHCSL B TOM, YTO MPOOJIEMa COJHEYHBIX HEHTPHHO
Oyner, B OCHOBHOM, pellieHa B OJIrKaHIme TOAbl, €CII U He
coBceM CKOpo. BeposiTHO, IPOSICHUTCS M1 BOIIPOC O HEUTPHH-
HBIX OCHMJUISALUSX U Macce HEUTPUHO.

HeliTpuHHast acTpPOHOMMUSI — 3TO HE TOJIbKO COJIHEYHAs
acTpoHOMHS. YXKe YHNOMHHAJICI MpUEM HEUTPHUHO TMpHU
Benbiike cBepxHoBoit SN 1987A. Ceituac BeeTcss MOHUTO-
PHUHT |, ecjIi HaM ToBe3eT, u BOm3u CosHna (B [amakTuke
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wm B MaremanoBbix OO0J1aKkax) BCIBIXHET €IIE OJIHA
CBEpPXHOBAsI, TO OYJIET MOJIyueH OOraThIii MaTepHas (CBepx-
HOBBIE B ["alTaKTHKe BCIBIXMBAIOT B CPETHEM IIPUMEPHO pa3 B
30 sret, HO 3Ta 1M(pa HETOUYHA U, TJIABHOE, BCIBIIIIKA MOXET
npou3ouTH B JI0060 MoMeHT). Oco00 HYXHO YNOMSHYTH
3a7a4y AETEKTUPOBAHMS PEIUKTOBBIX HEUTPHUHO C MaJIbIMU
9HEPIrUusiMH, OBITH MOXET, BHOCSIIMMH BKJIAJ B TEMHYIO
matepuro. Hakonen, OykBanbHo "Ha BhIxoze" Haxogutcs
HEWTpPUHHAS ACTPOHOMHS BBICOKHX dHepruii E,>10'2 5B.
CTpouTcsi psiii YCTAaHOBOK IS JETEKTHPOBAHUS TAaKHX
meditpuno [111, 139]. HaubGosiee BEpOSITHbIE WCTOYHUKH:
siApa TaJIAKTUK, CIMSIHAE HEHTPOHHBIX 3BE3J, KOCMHYECKHE
tononoruyeckue "medexTel". ByayT, HakoHel, HOpOU3BO-
JIUTHCSL OHOBPEMEHHBIe HAOJIOIEHHsI BO BCEX JEKTpOMaAr-
HUTHBIX TMANA30HAX U HA TPABUTAIIMOHHO-BOTHOBBIX AHTEH-
Hax. B 0611eM, nepcrnekTHBbI CaMble BIICYATIISIOIINE.

KommMenrapuu k "criucky", B OCHOBHOM, 3aKOHYEHBI,
TeM OOoJIbIlle OCHOBAHUI BEPHYTHCS K 3aMEUaHUIO, CleJIaH-
HOMY B Hauaje ctaTbu. [Iponuio Tonpko 69 yer ¢ Tex mop,
kak [laymu, ¢ HecBOWCTBEHHON eMy poOOCTBIO, BBICKA3aj
MBICJIb O CYIIECTBOBAHMM HEWTPUHO B MUCHME, aJPECOBaH-
HOM Hekoemy (HU3UUYecKoMy KOHIpeccy (cM., Hampumep,
[103]). A ceroanss Mbl mMeeM Ileible obyiactu (PU3UKU U
ACTPOHOMMH, TOCBSIIIEHHBIE HEUTpUHO. [1pn Takux Temmax
TPYIHO MPEABUACTH Jaxe B IPyOBIX UepTax, 4yTo ke OynaeT
MPEJICTaBIIATh cOO0i pusuka jet yepes cto. Ho 006 aToM erre
OyzaeT peyb B paszmele 7.

6. Eme o Tpex "Besmknx" npoGiemax

Bechb moit "mpoekt" — cocraienne "crcka" u ero KoMMeH-
TapUU B Ka4eCTBE HEKOTOPOI MENarorMveckoi uim obpa-
30BaTEJBHOM MPOrpaMMbl U, B U3BECTHOH Mepe, PYKOBOI-
CTBa K JeHCTBUIO He BceM Mo aymie. HekoTopbIM He
MOHPABSTCSI TAKIKE MaHEPa U CTUIIb U3JIOKEHUS. ITO eCTeCT-
BEHHO. $I MOry 3alUIIaTh JIMIIb PABO UMETh W M3JIAraTh
CBOE MHEHME, YTO HE MENIAeT yBaXaTh UHbIE MHEHHS.
Hazeroch, HacTosAIIAst CTaThs MPUHECET MOJb3Yy. BMmecTe ¢
TeM, /I8 U3BECTHOU MOJIHOTHI KAPTHHBI X0Yy YIOMSHYTb
emie o Tpex mpobsiemax (MJIM Kpyre BOIPOCOB), KOTOpPBIC
OCTAJIUCh 34 MpeesiaMU U3JIOKEHHOro. B To ke Bpems
npenoiaBanue GU3MKA U 0OCYKIECHUE €€ COCTOSHUS U Iy Tel
Pa3BUTUS HE MOXKET M HE JOJDKHO OOONTH BHUMAHUEM 3TH
TpH HanpasiieHus, Tpu "Besmkue" npobsieMbl. Bo-niepBbIX,
pedyb MAET O BO3PACTAHWUHM IHTPOIHHU, HEOOPATHMOCTH U
"crpene Bpemenn". Bo-BTOpPLIX, 3TO Mpo6jieMa UHTEPIPETa-
[V U TIOHUMAHUSI KBAHTOBON MeXxaHuKu. U, B-TPEThUX, 3TO
BOIIPOC O CBA3U (PU3UKHM C OMOJIOTHEH U, KOHKPETHO, MPO-
6JieMa peyKIMOHN3MA.

JI.A. Jlanpgay oTimuyasncs oveHb OOJIBIION SICHOCTBIO
HOHUMaHHs (DU3UKK, BO BCSIKOM CIIy4ae TOrO, YTO YXKe
"yerosiocs". B M3BECTHOM COOTBETCTBMU C 3TUM OH HE
mo6ui Besikux "ob6ocHoBaumit" (Neubegrundung, xak oH
TOBOPHJL, YIIOTPEOJIsist 3TO HEMEIKOE CJIOBO), T.€. MOJIYYCHHS]
U3BECTHBIX PE3YJILTATOB HHBIM MYTEM, APYTHM METOIOM °.
B 31Ol CBSI3M OCOOCHHO ILIEHHBI KPUTHYECKHE 3aMevYaHUs
Jlaunay, kacarommecs 3aKOHa BO3PACTAHUS SHTPOIIUH U €T0
ob6ocHoBanms. B Kypce (cm. [29] § 8) mpsimo roBopuTcs o
HESICHOCTSX, OCTAIOUIMXCA B 3TOM oOmactu: "Bompoc o
(bU3MYECKMX OCHOBAHMSAX 3aKOHA MOHOTOHHOTO BO3pacTa-

9 TlosBomo cebe 3aMETUTb, YTO B 3TOM OTHOLIEHMM g ¢ Jlammay
COBEPIIICHHO HE COTJIACEH, O Ye€M yXKe MHOTO pa3 Mmucaj (CM., Halpumep,
pasiamuHble cTaThi B [2, 10].

HUSI SHTPOIIMK OCTAETCsA, TAKMM 00pa3oM, OTKpeITHIM" ([29],
c. 52). Otkpeite B 1964 1. Hecoxpanenuss CP-yetHOoCTH (a
cJe0BaTeIbHO, U HeCOXpaHeHHs T-4eTHOCTH, T.e. HeoOpa-
THMOCTH BPEMEHH) SIBHO MMEET OTHOIIEHUE K Aelly, HO BCe
3TO ellle HeTOCTATOYHO MCCIIeI0BaHO U 0co3HaHO. KakoBo B
JAaHHBIHE MOMEHT COCTOSIHUE NpPOOJIEeMBbI, HE 3HAIO U, K
CO’XAJICHUIO, HE MOTY COOOLIUTD Jake MOAXOISIIEH CChUIKU
Ha JUTepatypy. TpyaHO COMHEBATLCS B TOM, UTO SICHOCTH
3/IECh €IIIe HET, 1 3TO 0OCTOSATEILCTBO, BO BCSKOM CIIydae, He
CIIeIyeT 3aMa3bIBaTh.

B oTHOINICHNN KBAaHTOBON MEXaHUKU (AMEETCS B BUIY
HEpeJSITUBUCTCKAsl TEOPHS) CUTyauus WHas. BOJIBIIMHCTBO
(U3MKOB, BUIUMO, CUUTAIOT, YTO TAK Ha3bIBa€Masi OPTOI0K-
calbHAs WUIM KOTIEHTareHCKasi WHTEePIpEeTAIns KBAHTOBOM
MEXaHHKH TOCJIEAOBATeIbHA W YAOBJIETBOPHUTENbHA. DTa
Touka 3peHmsi oTpaxena B Kypce [112]. Jlammay wacTto
J0GaBIIs IpUMeEpHO cieayromiee: "Bee, B 00111eM, SICHO, HO
BO3MOXHBI KaBep3HbIE BOINPOCHI, Ha KOTOPBIE OTBETHTh
MOXeT Tojbko Bop". B 1939 r. JI.M. ManaebIITaM YATAI
B MI'V nexninm 06 OCHOBaxX KBaHTOBOW MexaHuku. OHH ObLITH
TMOCMEPTHO u3aansl [113], mpuueM NOArOTOBJIEHBI K MeYaTH
E.JI. ®eitnbeprom u npocmorpensl MN.E. Tammom u
B.A. ®okom. JI.M. ManpaeabIiTaM, HACKOJBbKO MOHUMAIO,
HOJIHOCTBIO pas3zeisi "opToaoKCcalbHyIO" HHTEPIPETALIUIO,
rIyO0OKO mpoaHam3upoBal ee. K coxaneHuto, 9TH JEKIUN
MaJIO U3BECTHBI HAyYHON OOIIECTBEHHOCTH, ONMYOJIMKOBAHBI
OHH OBLTH ¢ OOJIBIIIM TPYJOM H B OYEHB Tshkesioe Bpems. K
TOMY € B 3TOT nepuof (B 50-e roasl) 0OCYyXIEHUE UHTEP-
IpeTalyy UM, IpaBUIbHEE CKa3aTh, OCHOB U NOHUMAaHUS
KBAHTOBOU MEXaHUKH Kak-TO mpuyTuxyo. Ceiiuac ata mpo-
OJeMaTHKa CHOBa IIMPOKO MPEICTABICHA B CEPbE3HOMN
smtepatype. Conutrock Ha MoHorpaduu [114, 115] u craTbn
[116—118], rme npuBemeHO HEMAJIO CCBHUIOK. YacTuyHO
COBpPEMEHHBI HHTEpeC K OCHOBAM KBAHTOBOW MEXaHUKU
CBSI3aH C HOBLIMHU OJKCIIEPUMEHTAMH, TJaBHBIM 00pa3oMm,
onrtuieckumu (cM. [116]). Bee aTu skcriepuMeHThI CBUACTEITb-
CTBYIOT O TOJHOW CHPAaBeIJIMBOCTH M, MOXHO CKa3aTh,
TOPKECTBE KBAHTOBOW MEXaHWKH. Bmecte ¢ TeMm, OHH
BBISIBUJIM T€ 4YePThl TEOPHHU, KOTOPBIE JABHO U XOPOIIO
WU3BECTHBI, HO KaXyTCS HEHATJATHBIMHU. 3/1eCh HE MECTO
00CYX/1aTh BCIO 3Ty MPOOJIEMATHKY. XOUY JIHIIb OTMETUTh,
YT0 OOCYX/ICHHE OCHOB HEPEJIITUBACTCKOM KBAHTOBOW MeXa-
HUKHU COXPAaHSET U3BECTHYIO aKTYaJbHOCTh H HE CIIETyeT UM
nperebperath . 3HaunTeNnbHas, €CIM HE TOMAABJISIONIAs
4acTb KPUTHUKOB KBAHTOBOM MEXaHUKH HE YIOBJIETBOPEHBI
BEPOSITHOCTHBIM XapaKTEPOM YaCTH ee mpenackazanuii. OHu
xoTenu Obl, BUIUMO, BEPHYTHCS M IPH AHAIIN3E MUKPOSIBIIE-
HUI K KJIACCUYECKOMY JIETEPMHHU3MY W, HATJISTHO TOBOPSI,
y3HaTh B KOHIIC KOHIIOB, KyJla MMEHHO MOMAIET KaXKIbIH
3JIEKTPOH B U3BECTHBIX AU(PAKUUMOHHBIX ombITax. Ceifdac
HAJeSIThCSl HA 3TO HET HUKAKUX OCHOBAHMIA.

10 Cka3aHHOE OCOGEHHO SICHO, €CIIM, HAIPUMED, YYECTh, YTO B KOHIIE
1998 . B 1OCTaTOYHO CEPbE3HOM XKypHaJle olyOkoBana ctaThs [119], B
KoTopoi "Hanbosiee riry6oKuM OTKPBITHEM B HayKe" (BUIUMO, 32 KaKOM-
TO nepuon) npopo3riamiarorcst padotel [1.benna. ®axkruuecku be 6611
(1 octasics 1o cBoeii cMepTu B 1990 1.) Hey1OBJIETBOPEH OPTOIOKCAIBbHOM
UHTEPIpPETAINEH KBAHTOBOM MEXAHUKH U [ILITAJICS €€ 3AMEHUTh TEOpHeit
co "ckpeiThiMu mapamerpamu". OjHako, kKak pa3, aHanu3 Bewa u
MOCJIEAYFOINE 3KCIIEPUMEHTHI MOJHOCTBIO TMOATBEPANIIN KBAHTOBYIO
MEXaHUKY B 3HAYMTEJbHON Mepe BOIPEKH ero ycrpemiieHusM. [pyroe
neno, 4ro Beir Hazesuics Ha TO, 4TO Oyayliasi Teopusi NMPUBEICT K
JIy4IIeMy HOHMMAHHIO CYLIECTBYIOILEH HEPENSTUBUCTCKON KBAHTOBOI
mexaHukn. Ho 310 He Gouiblile, 4eM Haaexaa. YCMOTpeTh B paboTax
Beiuia "riiy6okoe OTKpbITHE" B HAYKE MHE HE yIaJI0Ch.
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Ecnu 06patuthCest K UICTOPUU, TO MBI 3HAEM, UTO CO3JaHKE
TEOPHUH OTHOCUTEJILHOCTH X KBAHTOBON MEXaHUKH MPUBEJIO K
MOHUMAHUIO  00JIACTH  MPUMEHUMOCTH  KJIACCHYECKOMU
(HBIOTOHOBCKOM) MexaHuku. Ho cama 3Tta MexaHuka ocra-
Jlach HemnokosieOuMoii. CBsiI3aHHBIE C PEJISITUBU3MOM Tpa-
HUIBI IPIMEHUMOCTH HEPEJISITUBUCTCKON KBAaHTOBOW MeXa-
HUKHU yXe u3BecTHbl. O0O0OIIeHNE CYIIECTBYIOIICH peJsTH-
BHACTCKOW KBAHTOBOW Teopuu (OBITH MOXET, Ha TWYTH,
HAMEYaeMOM B TEOPUH CTPYH) BPSII JIX MOXET YTO-IHOO
BHECTH B HEPEJIATUBUCTCKYIO KBAHTOBYIO MEXaHUKY U OTBE-
THTh HA TPECIOBYTHIA Bompoc "Kyma momaner 3aekTpon”.
OJ1HaKO, KOT1a pe4b UIET O BO3MOXKHOCTSIX OYIyIIei Teopun
7 ee BIMSHUM Ha CYIIECTBYIOIIYIO, HEJIb3s AaTh alpHOPHBIHA
otBeT. Kak ObUTO cKa3aHO, OpTOMOKCANbHAS (KOIEHTareH-
CKasl) MHTEPIPETAIUs MPEJICTABIISIETCS TOCIeTOBATEILHOM,
U OYeHb MHOTHE €10 YIOBJIETBOPEHBI. MOTY BBICKA3aTh JIMIIb
CBOE UHTYUTUBHOE CYXJCHUE — HEPEJISITUBUCTCKASI KBAHTO-
Basi MEXaHMKA CYIIECTBEHHBIX W3MEHEHHH HE MPETePIUT
("kyga momageT 3JeKTPOH" MbI HE Y3HAEM), HO KaKOEe-TO
Ooee TIIyOOKOE MOHMMAHKE (32 TpeeslaMH OPTOIOKCATIh-
HOW MHTEPIPETAINH) BCE JKe HE UCKIIFOUCHO.

TOJIBKO YTO s BOCHOJIb30BAJICS TEPMUHOM "HHTYUTHBHOE
cyxpaenue". Tloustue, Bpomae Obl, SCHOE W3 HA3BAHHUS.
DaKTHUECKH K€, PeUb UIET O IIIyOOKOM BOIPOCE, MPOaHAIH-
supoBanaom E.JI. ®eiinbeprom [120]!!. MeTtomonorus u
¢unocodpust Haykm y Hac B Poccuu ceifuac He B IodeTe.
TakoBa eCTeCTBEHHAs! peakIisi Ha U3BPAIICHUS] COBETCKOTO
neproga, KOrJa HE CYyIIECTBOBAJIO CBOOOABI MHEHHH U
HacaxJaJjica gormaruyeckuil nuamat. Ho meronosorus u
¢bunocodus HAyKH OCTAIOTCS, KOHEYHO, BAXKHEHIIIMMU MHT Pe-
MUEHTaMHU HAYYHOT'O MHPOBO33peHUs. B ycioBHsx maeoso-
THYECKOl CBOOOJBI BHUMAHHE K 3THM BOIMpPOCAM HEO0OXO-
JIAMO Y HAC BO3POIUTh.

IMocnenusis "senukas" npobiema, KoTopas OYAET 3/1€Ch
3aTpOHYTa, Kacaercs cBs3u ¢pu3uku ¢ 6mostorueit. C xKoHIA
XIX Beka u mpumepHo 10 60-x mwm 70-x rogoB XX Beka
(usmka ObLIa, MOXHO CKa3aTh, MEPBOW HAYKO, I'JIaBHOM,
noMuHUpyromeld. KoHeyHo, BCsIKie paHrd B HAyKe YCJIOBHBI,
A peyb MIET JMIIb O TOM, 4YTO JOCTIDKEHUS (QU3UKM B
yKa3aHHBIA 1epruoa ObLIM OCOOEHHO SIPKUMHM U, TJIaBHOE, B
3HAYUTEJbHOM Mepe OMpeAessii IMyTH W BO3MOXHOCTH
Pa3BUTHSI BCETO €CTECTBO3HAHHS. Beap BBISICHEHO OBLIO
CTpOEHHE aToMa W ATOMHOTO SApa, CTPOCHUE MATEPHU.
CKoJIb 3TO BaXXHO M, HAmpumep, ISl OMOJIOTUM, COBEP-
IIEeHHO o4eBUAHO. Pa3BuTue Qusuku mpuBeso B cepeauHe
HAIIETO BEKA K M3BECTHON KYJIbMHHAIUM — OBJIAICHUIO
SIIEPHON 3HEPrUeil U, K BEJIMKOMY COXAJIEHUIO, CO3IaAHUIO
ATOMHBIX W BOJOPOJTHBIX O0MO. [losrynmpoBOAHUKH, CBEpX-
MPOBOJTHUKH, JIA3ePbl — BCE ITO TOXE (PU3UKA, OTPEICIISIO-
as JIMIO COBPEMEHHON TeXHHKH M TeM CaMbIM, B 3HAYH-
TeJIbHOI Mepe, COBpeMeHHOM nuBuian3anuu. Ho nanpHeiee
pasButHe (PyHAAMEHTAILHON (QU3UKKU, OCHOB (UMKH W,
KOHKPETHO, CO3JIaHNe KBAPKOBOW MOIENN CTPOSHHS Bellle-
CTBa, 3TO yXke (u3mieckue mpoOJIeMBbl, Ui OMOJIOTHH M
JIPYTUX €CTECTBEHHBIX HAYK HEMOCPEICTBCHHOTO 3HAYCHUS
He uMerole. B To ke BpeMsi OMOJIOTHS, HCHOJIb3Yys B
OCHOBHOM BCe 0oJiee COBEpIIICHHbIC (PU3UYECKUE METOJIbI,

11 Tepmun "uHTYUTHBHOE CyX)/IeHUEe" IPEACTABIISETCS OYEHb YIAYHBIM B
[PUMEHEHNH K BBICKA3BIBAHUAM U YTBEPKIEHUSIM, KOTOPbIE HEJb3sl HU
JI0Ka3aTh, HH ONMPOBEPHYTh. B Takux cilydyasx yalie BCEro roBOPST O
"Bepe" (mampumep, "Bepro B TO, YTO yaacTcs moayunth..."). Ho Tepmun
"Bepa" oOKaszajics TECHO CBS3aHHBIM C BONPOCOM O Bepe B Bora u
penurueii. Bepa B Bora 9To HHTYHTHBHOE CyKJIE€HHUE, HO IPUHIUIHAILHO
OTJIMYHOE OT MHTYUTUBHOTO CYXXAeHUs B Hayke (cMm. [120, 121]).

OBICTPO MporpeccupoBaia, u nocie pacmmdpopku B 1953 r.
TeHeTHYECKOT0 KOJ1a Havaia 0coOOeHHO OYpHO pa3BUBATHCS.
CeromHsi UIMEHHO OMOJIOTHSI, OCOOCHHO MOJICKYJIIpHAsi OMO-
JIOTHS, 3aHsjIa MECTO JIMAMpYIoIledl Hayku. MOXHO He
COTJIAIIATHCS ¢ NOJOOHON TEPMUHOIOTHEH U MaJIOBAXXHBIM,
10 CYILECTBY, pacipeeicHueM "mMect" B Hayke. S Xo4y JidIib
MOAYEPKHYTHh (PaKTbl HE BCeMHU (U3MKAMHU, OCOOEHHO B
Poccun, monnmaemsbie. [l Hac ¢u3mka OCTAETCS JEJIOM
J)KU3HU, MOJIOAOW M NPEKPACHOW, HO OJId 4YEJIOBEYECKOrO
00IIIeCTBa M €r0 Pa3BUTHSI MECTO (PH3UKH 3aHsIa OHOJIOTHSI.
Xopolied WUIFOCTpAllMEd CKa3aHHOTO CJIYXHUT Takas
neranb. XKypHan Nature, 0 pOJIM U MECTE KOTOPOTO B HayKe
H3JIUINHE HAMOMHUHATH, B CBOEM €XEHEICIBbHOM HOMeEpe
OCBEIIAeT BCE HAYKHU U, B YACTHOCTHU, (DU3HUKY, ACTPOHOMUIO
u Ouosoruto. U ompnoBpemenno Nature cerogus "o6poc"
[EJIBIMHA ITIECTBIO CATeJNIATAMU — EKEMECSYHBIMU KYpHA-
namu: Nature-Genetics, Nature-Structural Biology, Nature-
Medicine, Nature-Biotechnology, Nature-Neuroscience u
Nature-Cell Biology. Bce OHM TOCBSILIEHbI OMOJIOTHM U
menurmee. 151 GU3UKM Ke U ACTPOHOMHHU BIIOJIHE JTOCTa-
TOYHO OCHOBHOTO WM3JaHWs Nature ¥, KOHEYHO, MHOTOYH-
CJICHHBIX YHCTO (PU3UUYECKUX KYPHAJIOB (B OMOJIOTHM TaKHe
KYPHAJIBI TOXe, pa3dymeeTcsi, uMeroTcs). O TOCTHKEHHSIX
OHOJIOrMK TaK MHOTO MUIIYT AaXe B MOMYJISIPHOM JHTepa-
Type, YTO HET HYXKBI 3/IeCh O HUX YIOMHHATh. [Tuiry xe s 0
OMOJIOTHH TIO JBYM MPHUYMHAM. BO-TIEpPBBIX, COBpEMEHHbIE
OMOJIOTMYECKIE U MEUIINHCKIE UCCIIeTOBAHNS HEBO3MOXKHBI
6e3 caMOoT 0 IUPOKOTO UCIOIH30BaAHUS (PU3UYCCKIX METOI0B
U ammapatypsl. [loaToMy 6HosIornyeckasi 1 OKOJI00MOJIOTH-
YecKasi TeMATHKA JO0JDKHA U OyIeT 3aHUMATh B (DH3UIECKUX
HHCTUTYTaX, Ha (husmueckux (akyibTeTax M HA CTPAHHUIAX
(usmueckux KypHaJIoB Bce OoJbiiee Mecto. HykxHO 3TO
MOHAMATh U AKTHBHO 3TOMY COJIEHCTBOBATH. BO-BTOpBIX,
BOIIPOC O PEIyKUHMOHU3ME — 3TO OJHOBPEMEHHO BeJIMKAas
¢usmueckas u Owuojioruyeckass mpoodjieMa, W OHA, KaK s
yOex ieH, OyAeT o/IHO# U3 eHTpaJIbHBIX B Hayke X XI Beka.
MBI ToJIaraeM B HACTOSIIIEE BPEMSI, UTO 3HAEM, M3 Yero
YCTPOCHO BCE KMBOE — U3 BJICKTPOHOB, AaTOMOB W MOJICKYL.
3HaeM CTPOCHUE ATOMOB M MOJIEKYJI, @ TAKKE YIPABJISIOIINAE
MU ¥ H3JIy4eHIeM 3aKOHbL. [103TOMY ecTecTBeHHA TUIIOTe3a
O penyKuuH — BO3MOXHOCTH BCE JXHBOE OOBSICHHTH Ha
ocHOBe (hU3uKH, yiKe u3BeCTHOM Pusnuku. KOHKPETHO, OCHOB-
HBIMH SIBJISTFOTCSL BOIIPOCHI O IPOHCXOXJCHUW KU3HU U
MOSIBJICHUN co3HaHUs (MbluieHus). OO6pa3oBaHue B YCIO-
BUSIX, NAPUBIIMX HAa 3emJje HECKOJbKO MUJIIMAPIOB JIET
HA3aJ, CJIOXKHBIX OPraHMYECKUX MOJICKYJ YKe MPOCIeKEHO,
HOHSTO U cMoaeupoBano. Kazanocek Obl, Iepexo OT Takux
MOJIEKYJT ¥ IX KOMIUIEKCOB K IIPOCTEUIIIM OpraHI3MaM, K UX
BOCIIPOM3BOJACTBY MOXHO cebe mpeacraBuTb. Ho 3mech
UMEeTCsl KaKoW-TO CKayok, (a3oBblii mepexon. IIpobiema
HE pellleHa, W sI CKJIIOHEH JymaThb, OyAeT Oe30roBOPOYHO
pellena ToJIbKO nocse co3aanus "xu3nu B npodupke". Uro
KacaeTcst (PM3MIECKOrO OOBSICHCHUSI MEXaHU3MA IOSIBJICHUS
CO3HAHWSI W MBIIUICHHS, TO s CHTyallid He 3HAI0, MOTY
COCIIAThCSl JIMIIb HA OOCYXJIEHUS BO3MOXHOCTH CO3JIaHUS
"uckyccTBenHoro muTeUiekTa'. Pasymeercs, Bepyroime B
Bora "pemaror" npoGiieMbl 0Y€Hb IPOCTO: XU3Hb M CO3HA-
uue "Broxnyn" B wexusoe bor. Ho nono6noe "o0nsacuenue"
OPEACTABIsICT COOOM CBEIEHHWE OTHOTO HEHU3BECTHOTO K
JIPYrOMY, ¥ BBIXOJIUT 3a MPeIeIbl HAYYHOTO MHUPOBO33PECHUS
1 nmoaxoaa. BMecTe ¢ TeM, MOXHO JIU CYATATH, YTO BO3MOXK-
HOCTb PEAYKIIUU OMOJIOTHMM K COBPEMEHHOU (PU3nKe HECOM-
HeHHa? 3/1eCh KJIIOYEBLIM sBIIETCA 1080 ""coBpeMennas". U
C YYETOM 3TOTO CJIOBA AaTh HOJOKHUTEIbHBIA OTBET OBLIO
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ObI, Kak MHE KaXXeTcsl, HepaBmIbHO. [Toka Je1o He ¢aes1aHo,
HEJb3s UCKJIFOYAaTh BO3MOJKHOCTH TOTO, YTO MBI JaXKe Ha
(hyHTaMEHTAJILHOM YpPOBHE €Ille He 3HAEM 4Yero-To HeoOXo-
JIIMOTO JUTsSL peayKiuu. Takyro OrOBOPKY Jiejaro M3 OCTO-
POXHOCTH, XOTSI MO€ MHTYUTHUBHOE CYXJCHHE TAaKOBO: Ha
(dyHIaMEHTAILHOM YPOBHE HMKakou "HOBO# (usmku" mis
PENYKIIMH — MOHUMAHUST BCEX OMOJIOTMYECKUX SBJICHUN He
HyX)HO. KOHEYHO, CIOPUTH Ha 3TOT CYET HETUIOAOTBOPHO —
OymyIee moKaxer.

O6 sToMm OymyiieM Heab3sl HE OyMaTh C 3aBUCTBIO —
CKOJIb MHOTO BR)XHOTO Y MHTEPECHOTO MBI y3HAeM JaXe B
Ommxkaitinme jetr mecsath! [To3Bosro cebe caenath Ha 3TOT
CYET HECKOJIbKO 3aMeYaHUH.

7. IlonbiTKa Nporuo3a Ha Oyayiee

B cBsi3u ¢ mporHozamu Ha Oyayllee dalle BCErO MOXHO
BCTPETUTh (ppa3y: MporHo3bl — Jejio HebyaromapHoe.
Nmeetcs, oueBHIHO, B BUAY TOT (DaKT, UYTO KHU3HB, IEHCTBH-
TEJIHLHOCTD OOTaue HAIIIETO BOOOPAKEHHUSI, ¥ TPOTHO3BI 4ACTO
OKa3bIBAIOTCS OMMUOOYHBIMU. BoJiee CyIIeCTBEHHO TO
00CTOATENBCTBO, YTO HamboJiee HHTEPECHbI HENpeACKa3aH-
HbIE, HEOXHUJAHHbIE OTKPBITHS. VX, ecTeCTBEHHO, HEJb3sl
NPOTHO3UPOBATH, U TE€M CaMbIM II€HHOCTb HPOTHO30B
KaXXeTcsl 0COOCHHO COMHUTEIBHOU. TeM He MeHee, IOTBITKU
MpeIBUACTh Oy IyIliee MPEICTABIISIOTCS pa3yMHBIMH, €CITH HE
NpUAaBATh UM CIUIIKOM OOJIBIIOrO 3HaveHus. Tak s u
MOCTYILIIO, 3AKOHYUB HACTOSIIIIYIO CTATHIO HEKOTOPBIM IIPOT-
HO30M, KaCaroIMMCsI TOJILKO MPOoOJIeM, YHOMSIHYTHIX BbIIIIE
(M3BUHSIIOCH 32 HEKOTOPBIC TOBTOPEHHMSI).

Pemienne o Havasie COOPYKEHUSI TATAHTCKOTO TOKaMaka
NTOP croumocTtrio B 10, a To 1 20 MIJITHAPAOB TOJIAPOB
OTCPOYEHO Ha TpH roaa. Jlymaro, 4To 3TOT MPOEKT BOOOIIIE
OCYIIIECTBJISITbCSL HE OYIEeT, HO HCCIIeIOBaHMS B 00JacTH
TEPMOSIIEPHOTO CHHTE3a HE MpPEeKpalleHbl, pa3padaTel-
BAIOTCs AJIbTEPHATHBHEIE CHCTEMBI U IPOEKThI. COMHEHHH B
caMoOil BO3MOXHOCTH TOCTPOUTDH JEUCTBYIOIIHN (KOMMED-
YeCKHii) peakTop ceiiyac HeT. A OyIyliee 3TOro HarpaBJICHHS
ONPE/IETISETCSI B OCHOBHOM 3KOHOMMYECKMMH U 3KOJIOTHYe-
CKUMH cOOOpakeHusIMHU. JlyMaro, 4TO B JIFOOOM cityuae yepe3
napy JeCATHJICTUN KaKON-JIMOO IKCIePUMEHTAJIbHBIA peak-
TOp (HO, KOHEYHO, C MOJIOKHUTEILHBIM BBIXOJIOM JHEPTHM)
Oymer moctpoeH. Bymer ocymiecTBiieH u "jasepHbIil Tep-
Mosi1", TIOCKOJIbKY TaKasi YCTAHOBKA BO3MOXHA M HYXHA
JUUTS. BOCHHBIX Liejieidl. Ha Helt Oy1yT, KOHEUYHO, TPOBOAUTHCS
u puzmyeckue ucciae 0BaHMS.

Kax 6b110 YHOMSIHYTO B pasjelie 3, mpobIeMoil BLICOKO-
TEMITEPATYPHOU CBEPXIIPOBOANMOCTH HAYAJIN 3aHUMATLCS B
1964 r., m s cumTan ee BIOJHE peaJlbHOW BCE BpeMs H 10
nonyuyenuss BTCIT B 19861987 rr. OgHako peub He 1A O
MOJJIMHHOM Tipeacka3anuu Bo3MmoxkHoctu BTCII, Owuio
JIUIIb BBISICHEHO, YTO HUKAKUX HM3BECTHBIX NMPUHIUMHATb-
HBbIX TpyaHocTel Ha nmyTu co3ganus BTCII we cymecTByer.
TakoBa e CEroJHs CUTYyallWss B OTHOIIEHHM KOMHATHO-
TeMnepaTypHoit cepxnposoaumoctu (KTCII). B 1964 r.
MakcHUMaJlbHas U3BECTHAsT KPUTHYECKasl TeMmrepaTtypa s
cBepxnpoBoaHNKOB paBHsinack 23 K, ceriuac mis BTCIT
Te.max = 164 K, 1.e. Temnepatypa 7. Bo3pocia B 7 pas.
Yrtobbl n00paThcst 10 KOMHATHOW TeMIIEpaTyphl, JOCTa-
TOuHO TOBBICUTL T, "Beero" B 2 pasa. ITosTomy, eciu
HCXOMUTh U3 "KYXOHHBIX" COOGpPaXeHUi, BO3MOXHOCTH
noctuxenuss KTCIT npenacrasisieTcss BeposiTHON. Bmecte ¢
TeM COMHEHHSI 0e3yClIOBHO ocTaroTcs. Ecnm MexaHusm
BTCII B kympartax, Bce ellle HEBBISCHEHHBIH, SIBJISETCS B

OCHOBHOM (DOHOHHBIM WJIM COHHOBBIM (MM (DOHOHHO-CIH-
HOBBIM), TO MOBBICUTH T Aaxe B 2 pa3a oueHb TpyaHO. Eciin
WTPAET POJIb SKCUTOHHBIN (JIEKTPOHHBIN) MEXaHH3M, TO,
Hanpotus, co3ganue KTCII Bnonne npaspomono6HO. S
3/IecCb MOTY BBICKAa3aTh JIMIIb WHTYUTHUBHOE CYXKJCHHE.
Nmenno, aymato, uro KTCII OyneT mojy4deHa B HE CTOJb
YK OTJaJIeHHOM OyayiiemM (MOXeT OBbITb 3aBTpa, a ObITh
MOXET, U Yepe3 ACCATUIIETHUS).

ITomHIO BpemeHa, Korna CoO3JaHHE MeETAJIMYeCKOTO
BOJIOPOJIA Ka3aJ10Ch "nestom Texuuku". KoHevHo, U cero s
MOJHO TaK CKa3aTh, HO TOCTUTHYThIE CTATUYECKUE TABJICHHS
O0KOJIO 3 MJIH. aTtMoc(ep Ui TOJIyYCHUS] METaJIMYeCKOn
(da3pl oOKkazamUCch HEAOCTATOYHBIMHU. Kak CyliecTBeHHO
MOBBICUTh [IaBJICHWE, €CIM He OYAYT OTKPBHITHI HOBBIE
MaTepHaJibl, 60Jiee MPOYHbIE, YeM ajiMa3, He U3BECTHO (MHE
BO BCSAKOM ciydae). JIMHaMHYeckoe CKaTHe MPUBOIUT K
HarpeBy U Kak ero u30exaThb, TOXe He SICHO. Moe UHTYUTUB-
HOE CyXJeHHe Ha OyayIiee TAKOBO: UMEIOLIUECs: TPy IHOCTH
yIACTCSl MPEO0JIeTh CPABHUTEIBLHO CKOpOo. BmecTe ¢ Tem
HAJEKAbl (OHM WMEJIMCh) MOJyudTh "Kycok" Meraymue-
CKOTO BOJIOPOJIa WM HCIOJb30BaTh €ro MPEJICTABISIFOTCS
COBEPLICHHO HEPeaJIbHBIMMU.

B oTHOIIEeHNN BceX ocTabHBIX pooOieM 4 — 13 paznena 3
SICHO, 4TO OymeT MpOWCXOAWTh WHTEHCHBHOE pa3BUTHE,
BBISICHATCSL MHOTO HHTepecHoro. Ho Ha kakme-TO sipkue
YeTKAE OXHJIAHUS yKa3aThb HE MOTY, BO3MOXHO, B CHIY
HellocTaTouHOW MHpopMupoBaHHOCTH. Pa3Be yTo cropmpu3
MoryT mupenogHectu ¢yuiepeH Cig M COCIMHEHHS THUIA
K3Cs6, eciu B HuX Oyner Habmomatbess BTCII. Tlepcrek-
THBHO HCCIIEIOBaHWE ¥ NpPUMEHeHHe HaHOTpyOok. Bos-
MO’HO, TO-BUJAUMOMY, MOJIYYEHUE JOJITOKUBYIIUX TPAHC-
YPaHOBBIX SIEP.

K makpo¢usuke Hy>)KHO OTHECTH U MPOOJIeMY IIapOBOK
MOJIHMY, KOTOPYIO s He cTaj Bkiarouath B "cmucox". B
CYIIECTBOBAHUH IIAPOBOW MOJHUU COMHEBATLCS HE MPHUXO-
mutcsi. Bompoc o ee mpupose oOcyxaaeTcs ¢ JaBHUX
BpemeH. [IpemiokeHo MHOro Mojeliedl W THUNOTE3, HO
MPECIOBYTOr0 KOHCeHcyca HeT. [lymaro, 4TO mTpHpoaa
IApOBOM MOJHMU OyHEeT 4eTKO M OJHO3HAYHO BBISICHEHA
JIMIIb TIOCJIE CO3JaHUsl ITUX OOBEKTOB B JAOOPATOPUH TIPU
SICHOM KOHTpOJIE Bcex ycioBuih u mapamerpoB. Kcratm
CKa3aTh, TaKWe MONBITKH HEOJHOKPATHO IpeIpHHAMA-
JINCh W BBICKA3BIBAJINCh MPETEH3WH HA TO, YTO IAPOBBIC
MOJIHMM ObUIM poxaeHbl. Ho, BUuAMMO, Bce Takue yTBEpX-
JIeHUSI HE BBIIEPXKAJIHM IPOBEPKH.

B o6nactu mukpoduszuku (pu3uKkKd 3IeMEHTapHBIX
YACTHIl) B TMOCIEAHUE [Ba JeCATHIeTHS HaOmromaercs
SIBHBIA cniaj] (M0 YUCITy OTKPBITUI W T.I.) MO CPABHEHUIO C
MPEIIECTBYIONIUM MEPHOIOM. BeposTHO, 3TO B 3HAUUTEIIb-
HOM Mepe CBS3aHO C OTCYTCTBUEM YCKOPHUTENS HOBOTO
nokoJjieausi. Ho B 2005 r. Bcrynut B ctpoit LHC, a mo atoro
JIPYTHe CYIIECTBYIOIINE, HO PEKOHCTPYHPYEMBIE YCKOPH-
Tenu. [103TOMy MOXHO OXHAATH OTKPBITHS CKAJSIPHOTO
XUTTC-0030Ha WK Jaxe Heckoybkux "xurrcos". Ecam Takas
yacTua He Oyner oOHapyxkeHa (Kak-TO TPYAHO B 3TO
TOBEPUTH), TO TEOPHS OKaXeTcsl mepes OOJIBIION TPYAHO-
crpto. Hamportus, ecnn naxe Ha LHC He HaWayT HOBBIX
qacTHI U, O0Jiee KOHKPETHO, CYMIEPCUMMETPHUYHBIX MapTHE-
POB U3BECTHBIX YACTHII, TO 3TO MOXET JIUIIb 03HAYATH, YTO
Macchkl 3TuX yactur 6ombine 14 TaB =14 x 1013 3B. Ha-
CKOJIbKO NOHHMMAlO, 3TO HU O YeM OCOOEHHOM CBHIETEJIb-
cTBOBaTh He Oyaer. U3 oxmaaeMbIx pe3ysbTaTOB MOXHO
yKa3aThb Ha JaJIbHeIee n3yueHue HeUTPUHHBIX OCIUJIISIINN
U OTPE/ICNIEHHE MACCHI Ve, Vy ¥ V; HeHTpuHO. By1yT nosryueHs
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TaK)Xe HOBBIE Pe3yJIbTaThl, Kacaromuecs Hecoxpanenus CP-
MHBAPUAHTHOCTHU, B YACTHOCTHU, IIpH OOJiee BHICOKHX JHEP-
rusix. Bo3aMOXHO, 3TO BaXHO NpH aHAIHM3E MPOOIEMBI
"cTpensl BpeMeHu". MHOrO JIET UIYT MArHUTHBIE MOHO-
MOJIM, HANIEXKIA UX OOHAPYXUThb NMPAKTHYSCKU OCTABJICHA.
Ho k1o 3Haetr? Ha HOBBIX ycTaHOBKax (B 0COOEHHOCTH Ha
Cynep Kamuokan€) mpoaonKaTcs TOMBITKH OOHAPYKHUTH
pacnaag mpotoHa. IIpm CTONKHOBEHHUH PEISITUBHCTCKUX
TSDKEJIBIX SIIeP MOXHO OXHIATh IpOrpecca B BOIMPOCE O
KBapK-IJIFOOHHOH MJIa3Me U, BOOOIIE, KBAPKOBOH MaTepHH.

HecMoTpst Ha TO, YTO CaMblii iepe A GPOHT PU3UKYT —
(du3MKa 3JIEMEHTAPHBIX YaCTHI IepecTala ObITh "mapuieit
Hayk", WcclenoBaHMs B 3TOH 00JacTuU BeayTcs BechbMa B
OoJspIIMX MacmTadax W B PAa3HOOOPA3HBIX HAIPABJICHUSX.
Hecomuenno, Oyayiee mpuHeceT HaM MHOTO HOBOTO U B
9TOM 00JIaCTH, HO IBITAThCs 6oJiee TOAPOOHO MEPEUUCIIATH
HPOEKTHI, 3a7a4l U OT/EJIbHBIE BOIPOCHI OBLIO OBI 311€Ch
OeccMbIcieHHo. UTo He0OX0aMMO, OJHAKO, BBIAEIUTE, 3TO
"Bompoc BOHPOCOB'" — KBAaHTOBYIO TPABUTALMIO U €€
00beAuHEHNE (CYNIepOObeIMHEHNUE) C IPYTHUMHE B3AUMOIEHCT-
BUSIMH (CHJIBHBIM H 3JIEKTpocsiabbiM). Ha Heuto momobHOe
MpEeTeH1yeT TeopHsi CTpyH (cymepcTpyH). CuuTaTh, 4YTO €
yxke okojio 30 JeT, mpeAcTaBisieTcs NMpeyBeJnYeHueM, HO
BEIb M IpPECIIOByTas 'lepBasi CylepCTpyHHas peBOroms”
npowusoiia yxe 15 et Hazan (cMm. pasaen 4). Tem He MeHee,
HH O KaKOil 3aKOHYEHHOI Teopuu, 0 "reopun Beero" (theory
of everything) He mMoxeT ObITh U peur. J{a, OBITH MOXKET,
Teopus CYEPCTPYH 3TO BOOOILE HE TOT MyTh, IO KOTOPOMY
Oynet pa3BuBathest Oynyias reopusi. Ho MoXHO 11 cuuTaTh
MoA00HBIE 3aMEYaHUsI KAKIM-TO YIIPEKOM, YMAJICHUEM TE€O-
pun crpyn? [Ipomry He MOHMMATHL CKa3aHHOE B TaKOM
cMmpbicie. Peus Beap uaet o nmpobiieme Ype3BblYaifHON TIIyou-
HBI ¥ TpyAHocTH. YUTo Takoe 15 mim paxe 30 jieT Ha Takom
myTu? MBI TaK NPUBBIKJIU K OBICTPOTE pa3BUTHUS PU3UKH, K €€
ycmexam, 4YTO TepsieM, KaKk MHE KaXeTCsl, MEPCHEeKTHUBY.
[Momo6HO 3KOHOMHKE M HAPOJOHACEIICHHUIO, HE MOXET Ke
OUYeHb [IOJITO TMPOJOJIKATHCS IKCIOHEHIUABLHBIA POCT, B
JIAHHOM CJTy4ae pocT HAIKX (pusmdeckux 3Hanuit. [Iporaosu-
pOBaTh pa3BHTUEC B OOJIACTH KBAaHTOBON KOCMOJIOTHH H
BOOOIIle HOBOW TOWCTHHE (PYHIAMEHTAJIbHON TEOpUU HE
6epych.

Iepeiiny ¥ Tomy, uro B "crucke" GbLIO OTHECEHO M
HMHOTJIa HECKOJIBKO YCIIOBHO, K acTpodu3uke.

OxcnepuMenTaabHas npoBepka OTO B cnalbIX U CUIIb-
HBIX MOJISIX IPOJIOJDKAETCs U OyIeT npoaokaThesi. CaMbIM
WHTEPECHBIM ObLIO ObI, KOHEYHO, OOHApPYXEHHUE XOTS ObI
manednmx otkjioHeHHH oT OTO B HEKBAaHTOBOW 00JIACTH.
Moe MHTYUTHBHOE CYXJIEHHE COCTOUT B TOM, UYTO B HEKBaH-
toBoii obsact OTO He HykaeTCsl HU B KAKOH KOPPEKIUU
(BIpoueM, BO3MOXKHA HEOOXOAMMOCTb KAKUX-TO U3MEHEHUN
B CBEPXCHJIbHBIX TPABUTAIMOHHBIX IOJISIX, HO CKOpPee BCETrO
9TH W3MEHEHUsS! BCE XK€ KBAHTOBOHM MPHPOJIBI, T.e. OYAyT
nucue3ath upu /i — 0). ITogoOHOe momylieHHe OTHIONb He
npeactasisier coboit abcomoTuzanuto OTO. Peus umer
JIMIIb O TOM, 4TO TpaHuipl npuMeHuMocTd OTO ToJbKO
KBaHTOBBIC. JIOTWYeCcKH k€ BO3MOXHBI U APYrUe OrpaHuye-
Hus. s ICHOCTH TIpUBeAy pUMeEp HbIOTOHOBCKOM (Kj1ac-
CHYECKOi1) MeXaHUKU. MBI 3HaeM, YTO 3TA MEXaHUKA OTpaHH-
YeHa, TaK CKa3aTh, C JIBYX CTOPOH — DEISTUBUCTCKOU U
KBaHTOBOM. JIOTMYECKH K€ MBICJIUMBI U JPYTUE OTrpaHHye-
HUSs1, HAIIpUMED, B CJIy4ae OYeHb CJIaObIX yCKOpeHuit (cM. [122]
u [2] § 23). Usmenenne OTO, cBsI3aHHOE C KBaHTOBOU
TEOPHEd, 3TO yKe Jpyras mpodjieMa, 0 KOTOPOit peub ObLIa
BEIIIIE.

C camoro Hayasna XXI Beka pa3BepHeTCs NPUEM I'DABU-
TAIMOHHBIX BOJIH Ha PSAE CTPOSILIUXCS ceiiuac yCTAaHOBOK, B
nepByro ouepenar, Ha LIGO B CIIA. Panbine Bcero, mo-
BAJMMOMY, OYAyT HPUHUMATBLCS HMITYJIbCBI, OOpa3yro-
MeCs TIPU CIUSHUM IBYX HEUTPOHHBIX 3Be311. BO3MOXHBI 1
JTake OYeHb BEPOSITHBI KOPPEJISIMU C TAMMa-BCILUIECKAMH, a
Tak)X€ HEUTPUHHBIM U3JIyUYCHHEM BBICOKON sHepruu. B
00111eM, POJIUTCS TPABUTAIIMOHHO-BOJIHOBASI ACTPOHOMHS (O
€€ BO3MOXHOCTSX cM. [72]).

C xocMmoJiorueid B TOH WJIM MHOW Mepe cBsi3aHa BCS
BHETAJIAKTHYECKAasl aCTPOHOMUSI, pa3BUBAKONIASCS OYPHBIMU
TeMIIaMH. Y>Xe BBEACHbl B CTPOH HOBBIE CBETOCHUJIBLHBIE
testeckonbl. Hanpumep, B 1Byx "Kek" (Keck) — teseckomax
(na I"aBaiickux ocTpoBax) AuameTp 3epkaja paseH 10 M (oHI
BCTYMIUIA B CTPOH COOTBETCTBEHHO B 1992 m 1996 1T1.), B TO
BpeMsi Kak y 3HameHuToro Ilamomapckoro Tteneckona,
Havapirero paborats B 1950 r., 3epkajio uMeeT nuamMeTp B
5 M; pOCCHICKMI Tejieckonl B 3eJIEHYyKe HMMeEeT 3epKajo
auameTpoM B 6 M (Hawan paborath B 1976 r.). OueHn
sppextusen u Buezemuoi teseckon "Xa661" (Hubble Space
Telescope, 3amymen B 1990 r., quameTp 3epkaia 2,4 M).
CTposTCs BCe HOBBIE TEJICCKOIBI I PA3JIUYHBIX TUATA30-
HOB OT PEHTIE€HOBCKUX 10 paauBoJH. Oc000 MOXHO yHnoMsI-
HYTb CIyTHUKH — raMMa-oO0CepBATOPUHN U YCTAHOBKH IS
mprueMa KOCMHYECKHX HEHTPHHO (WX, KOHEYHO, MOXKHO
Ha3BaTh HEUTPUHHBIMH TeJleCKomamu). B pesyibrarte
TUTAHTCKOM Mo MacmTaly paboThl HA BCEX 3THX TEJIECKO-
rax, HeCOMHEHHO, yxe B Havasie X XI Beka OymeT, HAaKOHeII,
YTOYHEHO 3HAYeHHE MOCTOSHHOW XabOja W ompenesieHbI
napamMeTpbl Qy,, Qq 1 Qp (cM. BeIiIe pasgen 5). Tem caMbiM
Oyner, HaKoHeN, BBIOpaHA KOCMOJIOTHMYECKasi MOJEb, IO
KpaiiHell Mepe, Ha CTaIuH 110cjie 00Pa30BaHUs PEJIUKTOBOTO
paauounsiyueHus (T.e. UL napaMeTpa KpacHOrO CMEIeHUs
2z<10%). ByayT BBLISCHEHBI: PONb /-4eHa, BKIAJA TEeMHOM
MaTepuu He TOJBKO B CpeaHeM (mapamMeTp £4), HO W JJIs
pa3mmuHbIX 00bekTOoB ([MaakThka, CKOIUICHHH TaIakTHK,
CBepXCKOIUIeHMit)... Kak-To s cOwics Ha mepevnciieHune
BCEBO3MOXHBIX aCTPOHOMHUYECKHX 33724 U OOBEKTOB, UYTO
He uMeeT 31ech cMblcia. KoneuHno, HoBoe OyaeT moJiydyeHo
MPAKTHYECKH JJIS1 BCEX 3a/Ja4 M BOIPOCOB, HO 0COOO CTOUT
OTMETHUTD CIIOPHOE M HESICHOE, B KaKOW-TO Mepe mpobiema-
TruHOe. K 4HMCiy Takux BOIPOCOB OTHOCHTCS OOHAPYKEHHE
YePHBIX MUHUIBIP U KOCMUYECKUX CTPYH (OHU MOTYT OBITH
pPa3HBIX THUIOB), & TAKXE HEKOTOPBIX IPYIMX BO3MOXHBIX
"TonoJyioruueckux nedekTos".

IMockonpky mpupoma TEMHOW MaTepuu ceidyac COBEp-
IIEHHO HE SICHA, DEIIeHHe 3TOW MpoOJeMbl B HACTOSIIEE
BpEMsI MOXKHO CYUTATh CAMbIM Ba)XHBIM B aCTPOHOMUH,
€CJIM He KacaTbCs OCHOBHBIX BONPOCOB KOCMOJIOTHH (00-
JIaCTh BOJIM3HM KJIACCMYECKOH CHHIYJISIPHOCTH, T.€. KBaHTO-
Basi 00JiacTh; Hallla BeesieHHas Kak 4acTh 0oJjiee pa3BeTBIICH-
HOHM, BEpOsITHO, OeckOHeuHOU! cucTteMbl). O BO3MOXKHBIX
MyTSIX UCCIEAOBAHMS TEMHON MaTepUH yKe ObLIO CKa3aHo B
pasgene 5. Ha ycnex 31ech MOXHO TOJIBKO HAJEsIThCS, 3TO
MOJJIMHHO 3arafoyHblid Borpoc. Ho He yIuBIIIOCH, €CiIi OH
OBICTPO pa3peruTCs.

B oTHOMIeHUN Tpo6IeMBI 28 — MPOUCXOKICHHUS CAMBIX
BBICOKOOHEPTUYHBIX KOCMHYECKUX JIyYeil, Kak OBbLIO MOsiC-
HEHO B paszjesie 5, UMeeTCs] MPHUHIMIUATIbHAS HESCHOCTD.
Cutyarusi aHAJOTUYHA WMMEIOIIEd MECTO B OTHOIICHUU
OpUPOAbl TEMHONH MaTepuu M, OBbITb MOXeET, 00a Bompoca
cBs3anbl. [lyTw JasibHEHMIIMX MCCeIOBaHUM SICHBI M OHU
npoBoasaTcs. To ke MOXHO CKa3aTh B OTHOIIEHUH raMMma-
BCILUIECKOB M HEMTpHUHHOM acTpoHoMuH. KcTaTn ckaszaTs, 3a
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MOCJICTHHUE JIET MSATh CAMOE BaXXHOE B (pu3mKe U acTpodusuke
— 9TO J0KA3aTeIBCTBO KOCMOJIOTMYECKOW MPUPOIbI TaMMa-
BCILJIECKOB (TOYHEE, 3HAYUTEJILHON UX YACTH) U OOHApYKEHHE
HEUTPUHHBIX OCIVILISAINN, U TEM CaMbIM JIOKAa3aTEJIbCTBO
TOTO, YTO IO KpaltHEN MEPE Y OTHOTO COpTa HEUTPUHO Macca
OTJIMYHA OT HYJISI (HY’)KHO BCE XK€ 3aMEeTUTh, YTO YCTAHOBJIE-
HHE HEUTPUHHBIX OCHMJLISLIUN HYXXIAeTCs eIle B JOMOJIHU-
TeIbHOW TpoBepke). M3yueHne raMma-BCIIECKOB BBISICHUT,
BEPOSITHO, HEMAJI0 HWHTEPECHOTO, HO TPYAHO OXHIATH
OOJIbIIICH CEeHCAIlMU, YeM C€aMO OTKPBITHE THUIEPHOBBIX.
BeTynuiau U ckopo BCTYIAT B CTPOIl HOBBIE YCTAHOBKH JIJISI
u3y4YeHust HeUTpuHO. [103TOMY MOXHO OXHIATh B OJIM3KOM
OyaymieM pelleHre BONpoca O COJHEYHBIX HEHTPHHO
(umeeTcst B BUY COIOCTABJICHHE JKCIIEPHUMEHTOB M pacue-
TOB TIOTOKOB HEWTPUHO C Pa3IMIHBIMU JHEPTUSIMH). Bbisic-
HUTCSI U POJIb HEUTPUHHBIX OCIMILISIUN. [IOJDKHBI BCTYIUTh
B CTpOiIl HeWTpuHHBIE 'TejiecKombl" Ui AETCKTUPOBAHUS
HEUTPUHO C BBICOKMMH dHeprusimu. Kak yxe ymoMuHAaIoCh,
WX COBMeECTHasl (BO BpeMeHM) paboTa ¢ TpaBUTAIIMOHHBIMU
AHTEHHAMH U TaMMa-TeJieCKonaMu 0€3yCIIOBHO AACT TLIOBI.
Yro xacaeTcs mpueMa PeJIMKTOBBIX HEUTPUHO, KaK M PEJTHK-
TOBBIX I'PABUTAIIMOHHBIX BOJIH, TO CUTYyalus MHE He sicHa (B
OTHOIICHUU TPaBUTAIIMOHHBIX BOJIH cM. [140]).

Beizmesienne kakux-to mpobsieM cpeau OpYrux, Kak yxe
TOYEPKUABAIIOCH, JOBOJBHO YCJIOBHO M CBSI3aHO C KAKOH-TO
HEJIOBKOCTBIO — Bellb 32 OOPTOM OCTaeTCs TaK MHOTO
JIpyroro Baxxuoro u uarepecuoro! Kak-to ocobenno octpo
s1 TO OYYBCTBOBAJI, BBLIACINB FaMMa-BCILJIECKU U HE YTIOMSI-
HYB O Pa3BUTUM JIPYI'HX BETBEH raMma-aCTpOHOMHUH (CM.,
Hampumep, [123]).

IMonBonsi W3BECTHBII WTOT, MOXHO KOHCTATHUPOBATH
MPEKPACHBIE MEPCIIEKTUBBI PA3BUTHS MOYTH BO BCEX OOCYXK-
naBIIMXcsl HampaslyieHusix. ymaro, uro B mpepaenax 20—
30 1eT MBI TOJlyYMM OTBETHI Ha BCE YIMOMSHYTHIE B TEKCTE
BOIIPOCHI, 332 MCKJIFOYEHUEM, OBITb MOXET, (PyHIaMEHTAJIb-
HBIX TPo0JIeM (PHU3UKH 3JIEMEHTAPHBIX YACTHIIL (CYNepCTPYHBI
W T.I.) U KBAHTOBOW KOCMOJIOTHUH BOJIM3M KJIACCHYECKUX
CHHTYJIIPHOCTEH. B 3THX ABYX HAIpaBJICHUSX Sl MPOCTO HE
6epych HUYETO MPEABHICTD.

B 3axirouenne — o Tpex "Benukux" npobGiemMax, 3aTpo-
HYTBIX B pasuesie 6. Uto kacaercs "crpennl Bpemenu', He
BIXKY KAKUX-TO HOBBIX IKCIIEPUMEHTOB, MOTYIIIIX CIOCOOCT-
BOBaTh MpOrpeccy B MOHUMaHWU. HTYUTHBHO ymMaro, 4TO
BaxHO HecoxpaHeHue CP, a Tem caMbIM U T-uHBapuaHTHO-
ctu. Ho, 4T0 MOTYT IPOSICHUTH HOBBIE 9KCIIEPUMEHTHI B 3TOM
HampaBjieHnn! B OTHOIIIEHWM OCHOB HEPEISITUBUCTCKON
KBAaHTOBOW MEXaHMKH UMEIOIIUICS BOIIPOC 00 MHTEepIpeTa-
UM HOCUT B 3HAYUTEIBHON Mepe THOCEOJIOTUIECKUN Xapak-
tep. [IpoBoasimuecst HOBbIe OYeHb TOHKUE IKCIIEPUMEHTBI IO
MPOBEPKE COOTHOIICHUN HEONMPEIEIEHHOCTEN, MPECTOBYTOU
TeJICIOPTAIMHY U T.II. HA B KOEH Mepe He BBIXOIST 3a MPEIeIIbl
M3BECTHOM Teopnu. THTYUTUBHOE CyXIeHHe — MPeAcKa3aTh
"Kyna nonager" 3eKTpoH B AM(GPAKIUOHHBIX OINLITAX, MBI
HUKOTJa He CMOXeM. byayimast Teopust (YyCIOBHO — TEOPHS
CYIEPCTPYH U €€ pa3BUTHUE) MOXET ObITh HOBOE M BHECET, HO
4TO UMEHHO, HE MPEICTABJISIO (IO MOJO3PEHUEM — IOHS-
THE O BpPEMEHH B KBAHTOBOW MexaHuke). UTo Kacaercs
TpeThell u3 "Benmkux npobseM" — penyKIMOHW3MA —
CO3HAIO CBOKO HEKOMIIETEHTHOCTh. BBITH MOXET, IMEHHO
mosToMy He ObL1 Obl yuBIIeH, eciu Ob1 B XXI Beke co3ganu
"xu3ub B mpobupke". Ho, ecit 370 1 OyIeT TOCTUTHYTO, TO
OMOXMMHYECKUMHU MeTOdaMM, (HU3UKa 37eCh SBHO MOXET
UTPaTh JHIIb BCIIOMOTATENbHYIO POJb. Tak WM WHAue,
KaKHX-JIMOO0 IPOTHO30B B 3TOM OOJIACTH sI IEJIATh HE MOTY.

3aKOHYMB CTATHIO, SICHO BIXKY HEKOTOPBIE €€ HETOCTATKH.
HecomHenHo, mmpoTa oxBaTa MaTepuanta o0epHyJach
MOBEPXHOCTHOCTHIO M3JIOKEHUSI M, BEPOSTHO, HEKOTOPBHIM
BEPXOTJISAJCTBOM. 3a BCe MPUXOAUTCS IUIaTHTh. Ho ciui-
KOM JIM BeJINKa NeHa — CYIUTh ynTaTeasM. OQHaKo, Te Win
WHbIC HETOCTATKU HE MOTYT JUCKPEIUTUPOBATH CaMy UICIO
ctaTbu. Tex, KTO ¢ Heil corytaceH, NPU3bIBAIO K KOHCTPYKTUB-
HOM KPUTHKE — CIIEIaTh JIy4llle TO, YTO MHE He YAAJI0Ch.

Haxkownen, mocreanee 3aMeyaHue.

Ha ocHOBaHUM BCEro W3JIOKEHHOTO SICHO, YTO H B
Omkaifime rofabl U TeM Oosiee B mepBoil mosoBuHe XXI
BEKa MOXHO OXHIaThb OYE€Hb MHOI'O HOBOI'O, BaXXHOI'O U
UHTEPECHOro. BceTpewarouyecss B JuTepaType JOBOJIBHO
MIECCAMICTAYECKIE TPOTHO3Bl B OTHOIICHUU PA3BUTHUS
¢uzuku m acrpodusuku B 0003pHMOE BpeMs MpeJCTa-
BJISIFOTCSl TUIOJIOM HEIOCTATOYHOW WH(POPMHPOBAHHOCTH,
HEKOMIIETEHTHOCTH WJIM TPOCTO Hemopasymenwus. [pyroe
JIeJI0, YTO OSKCIOHEHUHMAIbHBIA 3aKOH Pa3BUTUS HAYKH B
OTHOIIEHUU psiaa "mokasarenei” (KOAMYeCTBA HAYYHBIX
pabOTHUKOB, wYHMCIa MyOJMKANUd W T.O.) OTpaHHYEH BO
BpEeMEHH, W HACTYMAeT M3BECTHOE HACBHIIMIEHHE (HECKOJIBKO
nogpobuee cM. [2] § 27 u [120]). OgHaKO 3TO 06CTOSTEIBCTBO
HE TPOTUBOPEUMT, B IEJIOM, CKa3aHHOMY, H0OO BBIIIE peyb
nia o 6imzkoM OyayieM. Jlymaro, 4To JIeT uepe3 JecsTh
OyAeT BIOJIHE YMECTHO HAMUCATH HOBYIO CTATHIO C TAKUM XK€
Ha3BaHUEM, Kak U HacTosmas. IaTepecHo OyIeT KOHCTATH-
poBaTh, 4YTO COBUIOCH, YTO He COBUIOCH W Kak HYXHO
u3MeHuTh Moii "criucok", yOpaB yxe ycrapesiiee u 100aBUB
HoBoe. Hazeroch, HaliieTcst pu3nK, KOTOPBIN 3TO CIENaeT, a
"Venexu dusnueckux Hayk" OpegoCTaBAT CBOU CTPAHMIBI
JUJIS1 COOTBETCTBYIOILEH CTAThU.

B 3axiroueHne MoJb3yI0Ch BOZMOXHOCTBIO TIOOJIaroia-
PHUTH BCEX, C KEM COBETOBAJICS IO TEM WJIM MHBIM 3aTPOHY-
TBIM BOIIPOCAM M KTO COOOIIAJ KPUTHUYECKUE 3aMEUYAHUS O
pykonucu (HE HA3bIBAO MMEH, YTOOBI HE BO3JIOXUTH Ha
IPYIHUX, XOTsI Obl U KOCBEHHO, OTBETCTBEHHOCTBH 3a HEHO-
CTATKU CTAThH).
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O KOHKYPCAX

HA COMCKAHUE 30JIOTHIX MEJAJIEM U TTPEMUI NMEHU BBIJAIOIINXCS
VUEHBIX, ITPOBOJJMUMBIX POCCUNCKON AKAJEMUEN HAVK B 2000 TOOY

Poccuiickas akageMusi HayK OOBbSIBJISIET KOHKYPCBI HA COMCKAHHUE CIISIYIO-
[HUX 30JI0THIX MEAANICH U IPEMUil IMECHH BBIIAFOIIMXCS YICHBIX, KAXKIAsI
W3 KOTOPBIX MPHUCYXIACTCS B 3HAMCHATEIBHYIO JATy, CBSI3AHHYIO C
JKU3HBIO U JIESITEIbHOCTBIO YUEHOTO, IMEHEM KOTOPOTO Ha3BaHA Mealb
WJTH TIPEMHSL.

30JI0TBIE MEIAJIN

(IpHCYKIAOTCS OTE€4ECTBEHHBIM YHeHbIM)
1. 3omotas memanpy uvenn JI.C. Bepra — 3a Bbimaromnuecss paboThl B
obmnactu reorpadun, 6uoreorpadun 1 UXTHOJIOTUH.
Cpoxk npeacrasiieHus pabot 1o 14 gekabps 1999 rona.
2. 3osiotas menajbe umenn C.M. BasuioBa — 3a Bblgatrouyecst padboTsl B
ob6sact (PU3KUKH.
Cpok npeacrasieHus padbot 1o 24 nekabps 1999 rona.
3. 3omotass megans uMmenn C.A. Yanapiruma — 3a BBIIAIOIIHECS
TeopeTHdYeckre pabOoThI IO MEeXaHUKe.
Cpoxk npeacrasiieHust padot g0 S saBaps 2000 roga.
4. 3osiotas Menanb uMeHn M.M. CnepaHckoro — 3a BBIIAIOIIHMECS
Hay4uHbIe pabOTHI B 00JIACTH FOCY1aPCTBOBEICHHUSL.
Cpoxk npeacrasienus padot no 1 ¢pespans 2000 rona.
5. 3omoras meaans umenn A.C. [TonoBa — 3a BBIIAIONIHECS TOCTHKCHUS
B 00JacTH pa3BUTHS METOJOB U CPEACTB DPATHOIJIEKTPOHHKH, B TOM
Yrclie IS epefavd HHPOpMaInH.
Cpok npeacrasierus pabot 1o 7 ¢pespaist 2000 rona.
6. 3os10Tast menaias umenn H.C. KypnakoBa — 3a Bbliaronyecsi paboThl B
06macTi PU3UKO-XUMUIECKOTO AHATN3A, XUMHUH U TEXHOJIOTHH.
Cpoxk npencraBieHus padboT 1o 6 centssopst 2000 roga.

NMPEMUN !
(IpUCY?KJAKOTCS 0Te4eCTBEHHBIM YUEeHbIM)
1. IIpemuss umenu C.B. KoBajeBckoil — 3a Jydine pe3ysbTaThl B

00J1aCTH MaTEMATHKU.
Cpok npeactapyieHust padbot g0 15 oktsidpst 1999 roaa.

! Pasmep npemun ycranasiusaetcs [Tpesumuymom PAH exeroso.

6 YOH, 1. 169, Ne 4

2. [pemust umenu B.O. KiodeBckoro — 3a 60J1b1110# BKJIa B 001acTH
OTEUECTBEHHOH UCTOPUH U CIABSHOBEICHHUS.

Cpox npeacrasieHus padboT 1o 16 oxta6pst 1999 rona.

3. IIpemust umenn A.@. Konn — 3a Jtyuiye HayqHbIe paboOThI B 00J1aCTH
npasa.

Cpok npejicraBiieHust padbot 10 28 oxtsi0pst 1999 rona.

4. Tlpemuss umenu b.B. Tommubima — 3a jydvinde HaydHble pabOTHI B
00J1acTH Te0PU3UKHU.

Cpox npeacrasieHus padbot 1o 18 HosiOps 1999 rona.

5. Ipemust umenn B.U. Bekciepa — 3a Jjyumme paboThl 1o (pu3mke
YCKOpHUTEJIEH.

Cpok npejcrabiienust padbot 1o 4 nekadbps 1999 rona.

6. IIpemust umeHu A.A. AHAPOHOBA — 3a Jyuiuue paboThl B 00JACTH
KJIACCHYECKON MEXaHUKH U TEOPHHU yIPABIICHHS.

Cpoxk npencrasienns padot 1o 11 saBaps 2000 roxa.

7. IIpemust umenn A.H. KosimoropoBa — 3a Jydinne pe3yJjbTaTsl B
00J1aCTH MaTEMATHUKU.

Cpok npejcrabiienust padbot g0 25 suBaps 2000 roa

8. ITpemus umenu JI.A. Manaeabirama — 3a Jyyiiue padoTsl o ¢pusuke
u panuodusuke.

Cpox npencrasienus padboT 10 4 despas 2000 roza.

9. Ipemust umenn A.A. lllaxmaTtoBa — 3a Jydiie paboThl B 00JIaCTH
HCTOYHUKOBEICHNSI, TEKCTOJIOTUH, SI3bIKO3HAHHUS.

Cpoxk npeacrabiienust padbot 1o 5 mapra 2000 roaa.

10. [Ipemust umenn A.A. MapkoBa — 3a JIydIlne pe3yabTaThl B 00JIACTH
MaTeMaTHKN.

Cpoxk npencrasienns pabot 1o 14 mapra 2000 roza.

11. ITpemus nmenu U.B. I'peGenimkoBa — 3a J1yuiiye paboThl B 06J1acTh
XUMUH, GU3UKOXUMUH ¥ TEXHOJIOTUH CTEKJIA.

Cpok npencrabienus pador g0 24 mapra 2000 roga.

12. TIpemust umenu A.A. YXToMcKoro — 3a jydmie paboTel B o0jgacTu
(u3noTorUN HEPBHOM CUCTEMBI U (QU3HOTIOTUH TPYJOBOH AESTEILHOCTH.
Cpoxk npencrasieHns padbot 1o 25 mapra 2000 roza.

13. TIpemust umenn H.K. KosnbuoBa — 3a jy4iime paboTsl B 061acTu
MOJIEKYJISIPHOM TeHETUKH.

Cpoxk npejcraiieHust padot o 15 anpesst 2000 roa.
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14. Ipemust umenn FO.A. OBunHHHKOBA — 3a JIyullke paboThl B 00J1aCTH
(DU3UKO-XUMHUUECKOI OMOIOrUU U OMOTEXHOJIOTUH.

Cpok npeacrasienus padbot no 2 mast 2000 roga.

15. ITpemus umenn A.A. Pacniiernna — 3a JIydIiie JOCTIDKEHHS B 00JICTH
CO3/IaHHsl PAJNOTEXHUYECKAX CHCTEM aBTOMATH3UPOBAHHOIO yIpaBJe-
HHUS.

Cpok mpecrabiienust padbot g0 25 mas 2000 roza.

16. ITpemus umenun H.C. lllaTckoro — 3a syuinye Hay4HbIe pabOTHI O
TEKTOHHUKE.

Cpox npeacrasieHus padbot 1o 28 mast 2000 roja.

17. Ipemust umenu C.H. Bunorpaackoro — 3a jy4inye paboThl B 00J1aCTH
0011eil MUKPOOHOJIOTMH.

Cpok npeacrasienus padbot 1o 1 urons 2000 rona.

18. TTpemus umenu A.H. HecmesiHoBa — 3a Jyuiie paboThl B 00J1aCTH
XUMHH JIEMEHTOOPraHMYECKUX COeTMHEHHI.

Cpok npeacrasieHus pabot 1o 9 urons 2000 roja.

19. ITpemust umenu C.®. Oubaendypra — 3a Jiyuiine padboTsl B 00J1acTu
BOCTOKOBEICHHS.

Cpok npeacrasieHus padbot no 15 urons 2000 rona.

20. IMpemust umenu C.C. CMupHOBa — 3a JIy4IllIMe Hay4HbIE PAOOTHI MO
U3YYCHUIO MECTOPOXKICHUH MOJIE3HBIX HCKOIAEMBIX ¥ METAJIIOTeHIH.
Cpok npejcrasieHus pabot 1o 16 urons 2000 rona.

21. IIpemus umenn MU.E. 3a6emna — 3a 60JIb110# BKJIA]] B UCCIIEOBAHUE
npo0JIeM apXeoIOT .

Cpok npeacrasienus padbot go 17 urons 2000 rona.

22. [pemus umenn JI.A. Uyraea — 3a nyurime paboTsl B 00JIaCTH XUMUH
KOMILJIEKCHBIX COCANHEHUI.

Cpok npeacrasieHus pabot 1o 5 urosist 2000 roja.

23. Ipemust umern A.M. BytiiepoBa — 3a Jiyuiuue paboThl B 00J1aCTH
OpPraHuYecKOil XUMHUU.

Cpok npencrasienus padbot mo 30 uronst 2000 rona.

24. Ipemust umenn A.A. I'puropseBa — 3a Jiyuinme paboThl B 00JIaCTH
(u3mueckoii reorpadum.

Cpok npencrasieHus pabot o 1 aBrycra 2000 roaa.

25. Ipemust umenn C.A. JleGeneBa — 3a syumume padoThl B obJiacTu
Ppa3pabOTOK BHIYMCIUTEILHBIX CHCTEM.

Cpok npencrasieHus padbot mo 2 arycra 2000 roga.

26. ITpemus umenu E.C. Bapru — 3a nyuinve HayqHble paOOTHI B 00JIaCTH
MHPOBOI 9KOHOMHUKH.

Cpok npencrasieHus padbot 1o 6 aprycra 2000 roza.

27. Ipemust umenu E.B. Tapae — 3a jtyuiiue HayyHble pabOThI B 00J1aCTH
BCEMUPHOU UCTOPUH U COBPEMEHHOT'O Pa3BUTHS MEXIYyHAPOIHBIX OTHO-
LLICHUH.

Cpok npezacrasienus pabot g0 § asrycra 2000 roga.

28. Ilpemus nmenu A.H. TynoaeBa — 3a jyumme paGoThl B 00J1acTH
ABHAIMOHHON HAYKH U TEXHUKH.

Cpoxk npeacraienust padot go 10 aBrycra 2000 roaa.

29. Ipemus umenu I.H. A6m0ukoBa — 3a syuiire padboThl B 00s1actu
INMEKTPO(PUBUKH U ITEKTPOTEXHHUKH.

Cpoxk npezcrasienust padbot 1o 17 asrycra 2000 roga.

30. IIpemuss umenn M.A. JlaBpeHTheBa — 3a JIydIlIM€ PE3yJIbTATHI B
00J1acTH MATEMATHKY ¥ MEXaHHUKH.

Cpoxk npeacrapienust padot go 19 asrycra 2000 roaa.

31. ITpemust umenn A.O. KoaneBckoro — 3a jyuiuue paboTsl B 00jacTu
O6uosoruu pa3BUTHUS, OOIIEH, CPAaBHUTEIBHOH U JKCIEPUMEHTAIBLHOU
9MOpHOIOTNH OECIIO3BOHOYHBIX H II03BOHOYHBIX )KHBOTHBIX.

Cpok npejcrasieHus pabot 1o 19 aBrycra 2000 rona.

32. Tpemusi umern B.H. UnatbeBa — 3a syumnne paGoTsl B obJactu
TEXHUYECKON XMMMU.

Cpok npeacrasieHus padot 1o 21 aBrycra 2000 rona.

33. Ilpemus umenun H.M. KapeeBa — 3a OoubllIoi BKJIaa B M3Yy4YCHHE
pobJieM BceoOIIelt HCTOPHH.

Cpok npecrasieHus pabot 1o 24 aprycra 2000 roja.

34. Ipemus umenu A.W. MaJsibueBa — 3a JIydiiye pe3yjbTaThl B 00JacTu
MaTeMaTHKU.

Cpok npencrasieHus padbot mo 27 asrycra 2000 roga.

35. IIpemust umenn I'.B. IlnexanoBa — 3a Jydinne Hay4Hble paOOTHI B
obsactu ¢pmrocopun.

Cpok npencrasieHust pabot 1o 11 centsaops 2000 roxaa.

36. [Ipemust umenu E.C. ®eopoBa — 3a Jiyuine padOThI IO KPUCTAILIO-
rpa¢umu.

Cpok npencrasieHus padbot mo 22 centsops 2000 roga.

OBIIME IOJIOXKXEHUSL

B memsix moompeHHs YYEHBIX 3a BBLAIOLIHECS HAYYHBIC TPY.IBL,
HayYHbIE OTKPBLITHS M M300peTeHUs, NMEIOIINe BaXXHOe 3HAUCHHE IS
HAyKH W HpPAKTHKH, Poccuiickasi akaleMus HayK IPHCYXXAAeT 30JI0ThIe
MeaJIi ¥ IPEMUH HIMEHHU BBIJAIOIIUXCS YUCHBIX.

3010Thle MeAaJIH IPUCYKIAIOTCS 3 BBIAAIOLIIECS HAyYHbIe PaOOTHI,
OTKPBITUS U U300pETEHUS] WJIM MO COBOKYHMHOCTH PadOT OOJIBIIOTO
HAYYHOTO U MPAKTHYECKOTO 3HAUCHHS.

B koHKypcax Ha COHCKaHHUE 30JIOTBIX MeAajiell MOTyT y4acTBOBAaTh
JIMIIb OT/IeJIbHbIE JIMA IEPCOHATIBHO.

IIpeMun mpuUCyXIar0TCsl 32 OTAEIbHBIC JIYYINe HAay4YHbIe paOOTHI,
OTKPBITHSI, H300pEeTEeHNUs], a TAKXKE 32 CEpHU HAYYHBIX PabOT 1O eIuHOU
TeMaTHKe.

Ha couckanme mpeMuii MOTYT OBITH NpPEACTABJICHBI PAaOOTHI WIH
cepur pabOT eQWHON TeMAaTHKH, KaK IPAaBHJIO, OTACJIBHBIX aBTOPOB.
Ilpn npencraBieHHH pabOT BBIABHTAIOTCS JIMIIbL BEIYILHE aBTOPBL,
nmpuyeM He 6oJiee TpeX YesloBeK.

IIpaBo BeIABIIKEHUS KAHIUIATOB HA COMCKaHUE 30J0ThIX MeJajel u
npeMuil pe10CTaBIISIETCS:

a) akaJieMHIKaM U 4JIeHaM-KoppecnoHaenTaM Poccmiickoif akagemun
HayK;

0) HAYYHBIM YUPEXKICHUSIM, BBICIIIM yUeOHBIM 3aBEICHUSIM;

B) HAYYHBIM U HH)KEHEPHO-TEXHIYECKHM OOIIeCTBAM;

r) HayYHbIM coBeTaM Poccuiickoil akajgeMuu HayK H JIPYrHX
BEIOMCTB 110 BaXXHEHIINM IpobieMaM HayKu;

1) HayYHO-TEXHHYECKHM COBETaM TIOCYIApCTBEHHBIX KOMHTETOB,
MEHHCTEPCTB, BEIOMCTB; TEXHHYECKIM COBETaM IPOMBIIIICHHBIX Ipe/-
MIPUSITHI; KOHCTPYKTOPCKAM OIOPO.

Oprasu3anyu HiIH OTAEJIbHbIE JIMIQA, BBIIABHHYBIINE KaHIUIaTa Ha
COHUCKaHME 30JI0TOM Menaji WU NPEMHUH, OOS3aHBI 32 TPU Mecsila 10
JaThl TPHCYKACHUS TpPeACTaBHTb B Poccmiickyro akageMuro Hayk
(117901, T'CII, MockBa B-71, JlenuHckuii mpocnekt, 14) ¢ HaIIHUCbIO
"Ha couckaHue 30J10TOM Meaaau (IpemMun) UMenw...":

a) MOTHBHPOBAHHOE NPe/CTaBJICHAE, BKIIIOYAIOIIee HAYIHYIO XapaK-
TEPUCTUKY PAOOTHI, €e 3HAYEHUE [JIsl Pa3BUTUS HAYKM M HAPOJHOIO
XO3SIICTBA;

0) IpU BBIABIKEHUHN PAOOT HA COMCKAHME IPEMUH — OILyOJIMKOBaH-
HYIO Hay4YHYIO paboTy (cepuro paboT), MaTepUabl HAYYHOTO OTKPBITHS
WM M300peTeHHs] — B TPeX dK3eMIUIIpax (IPU BBIABIKCHUH 3aKPBITHIX
paboT JOIycKaeTes MPEICTABIICHHE PYKOMHUCHBIX MAaTEPHAJIOB B OJHOM
9K3EMILISIPE);
ITpumeuanne. Ilpu BBIABMXKEHUM KaHAMJATa HA COUCKAHUE 30JI0TOM
MeIald MPEACTBICHHE OIMYyOJMKOBAHHBIX HAYYHBIX
paboT (cepum paboT), MaTEpPUATIOB HAYYHOTO OTKPBI-
THS WX N300peTeHNsI He 0053aTeIbHO.

B) cBedeHUs1 00 aBTOpe (IepeyeHb OCHOBHBIX HAy4HBIX paboT,
OTKPBITUI, N300peTeHnii, MecTo paboThl M 3aHMMAaeMasi TOJDKHOCTb,
JIOMAIIHUI aJIpec).

PaboTsl, ynocTOCHHBIE TOCY JaPCTBEHHOM IPEMHH, 4 TAK)KE IMECHHBIX
TOCYIapCTBEHHBIX IIPeMHH, Ha COMCKaHUE 30JI0THIX Medaslell W IpeMui
HMMEHY BBIIAIOIIXCS YICHBIX HE IPUHUMAIOTCSL.

VueHbIM, YAOCTOCHHBIM 30JIOTBIX MeAajiedl M MpeMHuil, mpenocra-
BJISICTCSl TIPABO NIPU IIeYaTaHUM paboT oTMevaTh B 3arosioBke "V o-
CTOEHA 30JI0TO# MeAau (IpeMuK) UMEHH... Poccuiickoii akageMun HayK
3a... ton".

Pemenust Ilpesumguyma PAH o npucyxaeHnn 30J0ThIX Meaajiell u
MIPEMUIA, a TaKKe KpaTKUe aHHOTAIMA O paboTaxX, YIOCTOCHHBIX 30JI0ThIX
MeIaliell Wi IpeMuil, myGinkyroTes B "BectHuke Pocemiickoii akageMun
Hayk" u B "UsBectusax Akaaemun Hayk'" COOTBETCTBYIOIUEH CEpUH U B
razere "Ilouck". B "Becruuke Poccuiickoil akamemun Hayk" mome-
IIAFOTCS IOPTPETHI YUEHBIX, YIOCTOCHHBIX 30JI0THIX MeiajIeil I mpeMuii.

Paccmotpennsle Ha 3aceqanun IIpesunuyma PAH neuaTHble Hayd-
Hble paboTHI, 32 KOTOPBIE IPHCYXKACHBI 30JI0ThIe MeIAIH MM IPEMHUH,
nepeaarorcst B bubmmoreky Poceniickoif akanemMun Hayk Ha XpaHEeHHE.

30710ThIe MeJalH, a TaKKe AUIUIOMBI O HPHCYXICHUH 30JIOTBIX
Mefasiel Bpy4aroTcs yOOCTOGHHBIM HX JIMIAM Ha rogmiHoM OO6meM
coOpannu Poccuiickoit akagemMun Hayk. [IUIUIOMBI O NPHUCYXICHUU
IIpeMUii BpyYaroTcs yIOCTOCHHBIM UX JIMIaM Ha 3acefnanuu [1pe3naumyma
PAH.

Cupasku 1o tejeponam: 237-70-05
237-99-65
952-25-86
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