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MHP, KOTOPbIH HENb3A YBHJETH

... [Tpasur npupoda sewamu nocpedcr-
B0OM TeA HE3PUMbLX.
Jdykpeyuii Kap

HoBbid  nupgep

Uynakd yKpallamT XH3Hb. MHpD Obl BHILJISAIEN BecbMa
6selHO, He OYIb y HEro 4yLakoB, 3THX BEYHO HEHACHITHHIX,
yKacHO GeCIOKOHHBIX, HeOOLIKHOBEHHO MBIT/JIHBLIX H Ge3rpa-
HHYHO JIOOOMBITHBIX JIOAeH. YIOPHO BBHIHCKUBAIOT OHH MaJo
KOMY MOHSITHbie NpoG6JeMbl, GbIOTCA HajJ HHUMH, KONaTCH
B HHX. YNIODHO 4YTO-TO OTKPBIBAIOT, H306PETAIOT, H3IOTOB-
Jasi0T. Xopomo ckasaa kasaxckuit nost Oumxkac Cymeiime-
HOB:

KaxaoMy njemeHH HyxeH OfHH YesOBeK,
Yun6nenuniii 38e3n10i. 3aBOAHTE TAKHX.

He crout paneko Xxonuth, 4ToObl HAaHTH TaKOro yesnoBe-
Ka. JI1060f HCTHHHBIH yueHBIi — XOTb KalefdbKy UYyHak.
JKaxna sHaHHs B HeM HeucrpeGumMa. HHUTO — HH BOMHHDI,
HH TOJIOJ, HH pa3pyxa, HH JIHUHbIe HEB3TOAbl — He B CHJIaX
3arJylnTh J1I0003HATENbHOCTh yYeHOro, 3Ty IparoleHHeH-
IIYI0 4eJOBEYECKYyIo 4epTy.

B ocaxnennoix CHpaky3ax Apxumen pewiajg mMaTeMaTu-
yecKHe 3afauyd. B TiopemHbix 3acreHkax KubGanbunu 3akaH-
YHBa/l INPOEKT KOCMHYecKoro kopa6us. B ronoxnom Iler-
porpaze, B 6iokanHoMm JleHHHrpaje mpono/xKaja XKHTb Ha-
CTOHYHBASA, HeyracHMas MbICJb Hcc/efoBaTenef.

Mmuoro npo6sem craBHT mepei HamH XKH3Hb. OnHH H3
HHX pelllaloTCs OueHb Jerko, Han npyrumu ObioTcs ydeHble
HEeCKOJbKHX INOKOJNEeHHH.

Kazanocy Obl, TpUBHAJbHBIA, IOYTH [ETCKHH BOIPOC:
«Kak ycrpoen Mup?» A Belb oTBeTa Ha 5TOT BONPOC JIIOAH
HmyT 6oJiee ABYX ThICSY JIeT.

Pe6eHoKk GepeT B pyKH HIPYUIKY, H XKIydasi MbIC/JAb MPOH-
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3aer ero: a uto taMm BHYTpH? M cpa3y nosBasioTca pas-
JIOMaHHble KYKJbl, pasOHTble BOJYKH, pasoGpaHHbie OyIHIb-
nukH. MHO! pe6eHoK, He OGHAPYXHB HHYEro CYLIECTBEHHOTO
anst cebs, oT6pacbiBaeT BMeCTe ¢ HTPYLIKOH M HEHHTepec-
HyI0 JJs Hero mpo6JeMmy. ¥ Ipyroro BOHIPOC O BHYTPeHHEM
CTPOEHHH HTDYLIKH OCTaeTcs Ha BCIO XKH3Hb, IepepacTas B
BONIPOC O BHyTPeHHeM CTpoenuu Mupa. Takoii pe6eHOK He-
H36€XHO CTAHOBUTCS TOTOM YUEHBIM.

B VI Beke no Hameil 3pel 3TOT M0-AETCKH HAUBHBIA H
no-Gua0coPcku riaybokuii BONPoC — BOIPOC O BHYTPEHHEM
YyCTDOHCTBe MHPa — BIepPBbie 3aJaj B3POCHBLIH UeJOBeK.

M3 kakoii marepu# COCTOMT MHP? — CIPOCHJI cebs
IpeBHErPedeCKHH MBICJHTENb, OAUH H3 OCHOBOIMOJIOXKHHKOB
Haykd, Pansec Munercknii. EMy, KakK u APYyrHM YUYeHBIM
HOHHMACKOHA IIKOVIBI, Ka3aJloCh, YTO HeH30eXHO NOJ/IKHBI Cy-
MeCcTBOBaTh HEKHE MaTepHa/lbHble YacCTHLBl, KaKHe-TO
BNOJIHE OCsi3aeMble 3JEeMEHTB], U3 KOTOPBIX CKJaAblBaercs,
CTPOHTCS BCe OCTaJbHOE.

Cnycrst crojetne mnochenoBatenb Paneca JeMOKpHT
BIEPBLIE HAllyllaJ OTBET Ha 3TOT KaBep3Hbil Bompoc. demo-
KPHT ToJiarajl, 4To MHP CTPOHTCS H3 IBYX 3JeMeHTOB: H3
HeBHIHMMBIX IJ1a30M MeJbuaHIIHX, HepacceKaeMbIX YacTHII-
aTomMoB H H3 nycrtoThl. as IleMokpura npupoma — 3TO
«6ecnopsloYHOe IBHXKEHHE aTOMOB BO BCeX HampaBJeHH-
AX>.

B kpacupoif, moaTnueckoii popMe H3JIOKHJI aTOMHCTHYE-
cKylo runoredy J[leMokpuTa [ApeBHEPHMCKHH ¢HI0COD-Ma-
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repuaanct Tur Jlykpeuu# Kap. Mmenno co cios storo
mepBoro NOMyJisipu3aTopa HayKH MHP NO3HAKOMHJICH C OX-
HOH H3 BeJHYaHIIHX THIOTe3 — C THNoTe3oif 06 aroMax.

IToutH nABe TBHICAYH JIeT HayKa NOBOJbCTBOBaJach yMO-
3putenbHOi runoresoli emokpata — Jlykpeuus. M snumb
B XIX Beke auraufickuii xuMHK H ¢usuk JlxoH Jlaabron
3aHSJICA OSKCIEPHMEHTAJbHOH NPOBEPKOH aTOMHCTHYECKHX
BO33peHHH JpeBHHX.

OmnbiT cjefoBajt 3a onbIToM. KpomoTiauBo # cKpymyJes-
HO, KaK 3TO yMeeT JieJlaTb TOJbKO XHMHK, B3BemuBas Jlab-
TOH KOJIHYECTBO BelEeCTB, BCTYMAIOUHX B pPeakIHIO, CpaB-
HHMBa/l pe3yJbTaThl C KOJHYECTBOM BeLIeCTB, MOJyuyaeMbIX
nocJje peakLHH.

JlnutenbHble XHMHUYeckHe sKcnepuMeHTHn [JlanbToH 3a-
KOHUMJI BaXKHBIM BBIBOJOM: Ka)Jl0e XHMHYECKOe BellecTBO
COEIMHSIeTCS C APYTHM TOJBKO B ONpefleVIeHHOH NPONOPLHH.
Kak B kanefifockone U3 OJHHX H TeX e KYCOYKOB CTekJa
noJyyaercss OrpOMHOe YHCJIO NPHYYNJIHBHIX KOMIO3HIHH,
TaK M3 MeJbYaHIIHX «KYCOYKOB» Da3HBIX BelleCTB CKJalH-
BalOTC MOJIEKYJIBL.

Annerdt npuxonuT Bo BpeMsa enbl. IlanbToH pasxker
anneTHT XHMHKOB K Ipo6JeHHI0 BemectBa. OHH B GyKBaJb-
HOM CMBbICJe HauaJH «ILITaTb» MaTepPHIO: HarpeBaJH, mepe-
FOHS/IH, HCOApSJIM H PacmaaBJAfJH COTHH XHMHYECKHX
coenunenuii. CoeuHeHHsl pacmajajnch Ha OTAeJbHbe «00-
JIOMKH», Ha OTAeJbHBIE «KyCOUKH» pa3Hbix coprtoB. Ho «Ky-
COUKH» 3TH JepiKaJHuchb CTOHKO M HH Ha 4YTO YyXe Ooublle
He pacmajgaJjiuch.

Hy kax Tyt 6buI0 He NpPUHSITb TH KOCKOJKH» XHMHYe-
CKHX 3/IeMEHTOB 3a 3JeMeHTapHeHllHe YacTHIb MaTepHH,
MeJbue KOTOPbIX YyXKe HHUero HeT H He MOXeT ObiThb?
Kak TyT He OTOXKIECTBHTb HX C THIOTETHYECKHMH aTOMaMH
Hemokpura?

Ha stom, atoMHOM, ypOBHe CTPOEHHS MaTepHH BLICIIHM
JOCTHXXEHHEeM HayKH, CTpeMsiuelici y3HaTb, KaK YCTPOEH
MHD, OBbLIO CO3JaHHE NMEPHOLHYECKOH CHCTEeMb XHMHYECKHX
snemeHToB 1. MenneneeBoiM. OR co3naJj ee, ONHPasCh TOJb-
KO Ha 3HaueHHe aTOMHBbIX BeCOB H3BECTHLIX B TO BpeMs 3Je-
MeHTOB M Ha CBOIO, KaK CKasaJs Bnocsaeacrsud H. Bop, «no-
TPSACAIOLYI0 HHTYHIIHIO®,

Tabnuua [. MenpeneeBa oGoratusia Hac 3HaHHAMH OT-
HOCHTEJIbHO BCEro TOro MHOroo6pasus (opm KHBOH H He-
XHBOH NPUPOIBI, KOTOPOe LApHT Ha Hamel niaadere. Ona
CHrpaJia HCKJIOUHTEJIbHO BaXKHYIO poJlb B XHMHH H B (H3H-
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K€, CTUMYJHDPOBaJa NOHCKH HOBHIX XMMHUECKHX 3JEMEHTOB,
IS KOTOPBIX B HeH OblIM OCTaBJ€Hbl INyCThle MecTa.

CeronHsi OHa CJYXKHT INVIaHHDOBAHMIO CHHTe3a HOBBIX
CBEPXTAXKeJbIX 3JeMeHTOB, NPeJCKa3saHHI0 CBOHCTB elle He
CO3JIaHHBIX CHHTETHYECKHX XHMHUeCKHX coennHenui. Ha ee
OCHOBE CTPOHTCH BCSl XHMHYecKas NPOMBILIEHHOCTD H Me-
TaJJyprus.

Ho cam [I. MeHzeseeB HCHBLITHIBAA 4yBCTBO HeYyHAOBJIET-
BOPEHHOCTH OTTOrO, YTO He 3HaJ, KakHe 3aKOHH NPHPOAH
JieXaT B OCHOBe yraflaHHOH MM INepPHONHYHOCTH B XHMHUe-
CKHX H (PH3HUECKHX . CBOHCTBax 3jJeMeHTOB. PyHmaMeHTaNlb-
Hble 3aKOHE TPHPOJBI, 3aKOHBI KBAHTOBON MeXaHHKH, OTpa-
XeHHeM KOTOpBIX H Obla mepHOoxHuecKas CHCTeMa 3JeMeH-
TOB, YAAJ0Ch OTKPHITH JHIIb NOCJE TOro, KaK yueHble CTaJH
MCCIeI0BaTh CTPOEHHE MaTePHH Ha CJeAylolleM — silePHOM
ypOBHe.

«[Ipo3peHne BHYTPeHHUX NPHYHH SBJEHHH MO UX BHeL-
HEM NPOSABIEHHSM, MOXKeT ObIThb, H €CTb CaMoOe BaXKHOe, Ca-
MOe JOporoe M yBJeKaTe/bHOE BO BCell Hayke», — OTMeYaeT
akagemux $1. 3eabnoBuu.

Cefiuac HaykKa O CTPOEHHH BelleCTBa 00/1aJlaeT TaKHMH
BO3MOXKHOCTSMH, KOTOpDbl€ II03BOJIIOT € NPOHHKHYTb B
r1y6s Mmartepun 1o 10~!5 camrumerpa. PH3HKH H3YydYalOT
CBOHCTBa enie 6oJiee «3JeMEHTAPHBIX» KHPIMHUYHKOB Bellle-
CTBa, 4eM aToMbl, [I/1s1 4ero ato Hy:KHO?

Korma oHu cymeioT HailiTH 3aKOHBI, 0GBSICHAIOLIKE [eTa-
I HX NOBeJeHHs, BCe HX KauecTBa, NpeACcKa3hIBalOllHe,
CKOJIbKO HX JOJIKHO OBbITb, TO Mbl MOJNY4YHM «TabJjuily MeH-
AeseeBay» 1J71d dJeMeHTapHBIX yacTull. OHa 1acT HaM KJIOYH
K TOHHMAaHHIO ropasno 6oJsee IIMPOKOTO Kpyra SIBJEHHMH:
OT MHKPOMHpA [0 KOCMOJIOTHH BKJ/IOUHTEIbHO.

«Onnako, — kak roBoput B. Tefizenbepr, — eaunas
Teopusd MHKPO- H MakKpOMHpa BCe elle OCTaeTcsd Ha Ceroi-
HSIUHMA JeHb B 3HAUMTEJbHOH CTENeHH <«MY3BIKOH rpsany-
L{ero».

Ho, BepofTHO, yKe mojpacTaer TOT KOMIIO3HTODP, KOTO-
PHIHl CyMeeT HamucaThb ee...

A Tenmepb cHOBa BepHeMcs K TeM [aJieKHM BpeMeHaM,
KOTJa aTOMHCTHKA MepexuBaJja CBOH TPUyMd.

XuMHs He TOJBKO NMOJapHia HAM aTOMBbl, HO H CHa6auMa
HX CNeUHaJbHBIM SPJBIKOM. SIpJBIK, MPHUKPENJeHHbH K H3-
Jle1usIM, TPOMOTJIaCHO 3asBJseT 06 HX KayeCTBe H COLEPKHUT
HHCTPYKUHIO 06 HMX HCNOJb30BaHHH. XHMHYECKHH SIDJBLIK Ha
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aTOMax NPOBO3MIACH/ HEH3MEHSeMOCTb H HeReNHMMOCTb HX
OCHOBHBIM KaueCTBOM,

BesaneIsHOHHOCTb CYXKJEHHS XHMHKOB OTpeJe/Tuaa
B TO BPeMsl H COOTBETCTBYIOLee HeraTHBHOE OTHOLIeHHE K
atoMaM. JleficTBHTe/NbHO, pa3 OHH HENENHMBI, TO K ueMy,
CpalluBaeTcs, TPATHTb BpeMsi, MBITASICh MOHATh HX YCTPO#-
CTBO?

Hbloron nucan: «MHe npexcrasasiercsi, 4to 60or ¢ caMo-
ro Hayaja COTBODHJ/ BellleCTBO B BHIe TBEPIAbIX, HElPOHH-
I1aeMBbIX, MOJBMIKHBIX YaCTHIL H YTO 3THM YacTHLAM OH INPH-
JlaJ TakKue pa3Mepbl, M Takylo (opMmy, U Takue JApYyrHe
CBOACTBA H CO3JaJ MX B TaKHX OTHOCHTEJbHBIX KOJHYe-
CTBaX, KaK €My HYXXHO ObLIO AJs 3TOH LeJH, AJIs KOTOPOH
OH HX COTBODHJI».

Bce co6paHHBIe K 3TOMY BpPeMeHH D0Ka3aTeJbCTBa CBO-
AWJIHCh JIHIIL K OJHOMY — K HEeBO3MOXHOCTH XHMHYECKOIo
BO3JefiCTBHS Ha aTOMHBI.

ITouemy TOJNBKO XHMHYECKOro BO3meicTBHS? A rpe Obl-
g Gusnkn? PH3HKH TOrZa He HHTEPECOBANHCH ATOMHCTH-
koii. 1 He moToMy, 4TO aTOMHCTHKa He 3acJyXHBaJa HX
BHuMaHus. [Ipocro-HanpocTo ¢Gu3KKH B TO BpeMsl GbLIH IIO-
4TH Ge30pykHbl. OHHM TJsiie]M Ha aTOMbl Jla3aMH XHMH-
KOB, YHCTOCEPIEYHO NOBEPSsi UM BO BCEM.

®usukn O6pl1u moutH Ge3opy:xHbl. Ho BoT B HebGoratom
HX apceHaJie Hallesacsi OXMH mpHrGOD...

SHaKoMblH HesHaKomel

®usukam nose3no. M He HykHO OblJI0 H306peTaTh H
NaTeHTOBATb HOBOe YCTpOHCTBO. He HyXHO ObIIO CTPOHTb
CJI0:KHEeHIUYyl0 JOPOTOCTOSILIYI0 YCTAHOBKY, IOXOGHYIO COB-
peMeHHOMY yckopHTealo. Bce okasanocb ropasao mpo-
e,

Xpynkasi cTekJsiHHass Ko/i6a NJHHOH B HECKOJNbKO Je-
CATKOB CaHTHMETDOB, C BHNAasiHHBIMH B Hee 3JIeKTPOJAaMu
NpefaHHO CIYXHJAA YyKe He OJHOMY IOKOJEHHIO (hH3HKOB.
C ee MOMOILIbIO H3YYANHCh 3JIEKTPHUECKHE Paspsiibl B rasax
C NOHHXEeHHbIM JaBJIEHHEM.

d1o Oblna paspsinHas TPy6Ka — mNOMyJsipHEHIIHN I1pH-
6op XIX Beka. FiIMeHHO OHa cTa/la TeM HHCTPYMEHTOM, Ha
KOTOPOM 3a3ByYaJlH NepBble aKKODIbl aTOMHOH H siIepHOI
bu3HKH.

CHOKOHHO H HETOPONJIHBO H3ydyaJH (GH3HKH 3JeKTpHYe-
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CKHe paspsiabl B rasax. CiokofHO H HETOPOIJIHBO 3aHOCHJIH
OHH B TeTpaZH QakThl H LHQPPBI C XapaKTEPHCTHKOH 3TOTO,
CTOVIb OOBIYHOFO JJIS1 HHX SIBJIGHHS.

Ecan 6 onu Toapko 3Hauu! Ho HukTO naxe He fpora-
JIBIBAJICS, YTO B TPyOKe HAXOMHUTCS OTHIOAbL HE TO BEIIECTBO,
C KOTOPBIM MBI TNOCTOSSHHO CTaJKHBaeMcsi B OGLIAEHHOM
XKH3HH, YTO B TPyOKe MOA HefiCTBHEM NPHJOKEHHOTO K Hel
HanpsKEHHS MOSBJSETCS BelleCTBO B HOBOM, HEeBeXOMOM
ellle yUeHOMY MHDY COCTOSiHHH. BelllecTBo, pasJ/ioXeHHOe Ha
OTPHLIATEIbHO H TOJIOXKHTENbHO 3apsiKeHHble YacTHIH. Be-
IIECTBO B HOBOM, UETBEPTOM COCTOSHUH!

B oObIKHOBEHHOH, BCEM XOPOIIO H3BECTHOH pa3psanHOf
TPpyOKe HaxomuJach myaasma. Ta camas miaasMa, 6e3 KOTo-
pol cerofHs HeMblcIMMa (H3HKA.

Ho nym Hayku HeHcmoBeIHMbl — 3TO ceffyac 3HAIOT
Bce. Enle B cepefuHe MPOILIOr0 BeKa aHTJAHACKHE (H3UK
H XHMHK YuibsM Kpykc oTkpbmuI, uTO B paspsiiHOi TpyOKe
OT KaTofa K aHOAY CTPYHMTCH NOTOK OTPHLATENbHO 3apd-
JKeHHBIX yacTHU. PH3HKH NPHHAIH 5TO cOOOUIeHHe BecbMa
pasHonymHo. Ho cam Kpykc chesnan us Hero HeoOGLIKHOBEH-
HBIA BBEIBOJ.

«Mul yXe, — mHcaJ OH, — Kak Obl CXBaTHJH IOBHHYIO-
myecsl HalleMy KOHTPOJIO HeNeTMMble YacTHIbL, O KOTOPHIX
€ JIOCTaTOYHLIM OCHOBAaHHEM MOMKHO MpPeANoJaraTbh, 4T0 OHH '
ABIAIOTCA (HH3HUECKOH OCHOBOH BcesteHHoMH». Hayke motpe-
60Bajioch TPHALNATb NOJNTHX JeT, 4TOGbl yOGemHTbCSH, 4UTO
B ra3opaspsjHoH TpPyOKe NOX AeHACTBHEM HAaNpSXKeHHS He-
ceTcsl NOTOK 00JIOMKOB «HENEJIHMBIX» aTOMOB!

IlIpodeccop Kamenaumckoii maGopatopun JIxosed
HOxon ToMmcoH, KOTOPOro Apysbst 3Baiu 3anmpocto «llku-
JIkn», Havaa neTaNbHO H3yuyaTb KaTOAHBIE JIYUH.

Bce Havasmoch ¢ ecrecTBeHHOTO I/ (H3MKa KeJaHHS
y3HaTh NPHPOAY OOHApyXKEHHBIX B TPyOKe HEH3BECTHBHIX ya-
cruu. IlpekpacHbii skcnepumenratop, JIxk. k. Tomcon
CTaBHJ CEPHI0O TOHKHX, OCTPOYMHHIX OHBITOB. W BBHIACHHM,
YTO KaTOLHEIE JIYYH — 3TO NMOTOK 3JIeKTPOHOB — HOCHTeJsel
€JMHHYHBIX OTpHLATeJbHBIX 3apsanoB. Ilosxke oH wH3Me-
pHJI OTHOLIEHHe 3apsija K Macce H, HAKOHEI, Maccy 3JIeKT-
poHa.

B nHoBo# cepun s3kcnepumentoB Jxk. Ix. Tomcon pemnn
BHISICHHTb: 3aBHCSAT JIH CBOHCTBA 3J€KTPOHOB OT TOTO, KaKOH
HMEHHO ra3 HaxoAHTC B pas3psiHOil TPyOKe?

OTBeT 3acTaj yyeHOro Bpacmiaox. Bce 3JIeKTPOHBI OKa-
3aJHUCh COBEPIIEHHO OJHHAKOBBIMH. Tak, 3HAUHT, KpoMme
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aTOMOB, CYIIECTBYIOT H APYTHe MeJbuafinne yactuub? Tak,
3HAYAT, YaCTHULI 3TH BXOJAAT B COCTAB BCEX aTOMOB BceX
sneMeHTOB? M aToMbl, enuHble H HexeTHMble BO BEKH BEKOB,
He TaK yX HPOCTHI?

CnoxoiiHu#, ypaBHoBeweHHb# JIX. JIx. ToMcon u mo
CKJaLy yMa H IO XapakTepy MeHee BCEro MOJXOMHJ K POJIH
HoBaTOpa B HayKe. OH He TOJbKO He 006Jsiafas 3HEPTHYHLIM
TeMIepaMeHTOM HHCIpoBepraTeJss OCHOB, HO HHKOTAAa H
He JXeJlaJl HHCIPOBEPraTh 3TH OCHOBHI.

HoBaropctBo — ymen mosonpexu. CopokajleTHeMY e
npodeccopy KaBenpnuckoil naGopaTopun CBOHCTBEHHO Obl-
JO CKOpee 3aKpelJieHHe Ha 3aBOEBAHHBIX, YCTOSIBIIHXCS
JKH3HEeHHBIX MO3HIHAX. TOMCOH Obl BOCHHTAH B JYYIIHX
TpaguUIHUsAX KJjaaccuueckoil ¢usmku. OH HHKOrZa He COMHe-
BaJIcs B ee BCEOOLIHOCTH H MOTYILIECTBE.

H Bor Bce pyxuyno. Uto ke npenats? Ilpomonxats Mo-
JUTbCS HA APJABIK XHMHYECKOH aTOMHCTHKH? Mnu XKe npu-
3HaTb CyIleCTBOBaHHE ellle KAaKHX-TO uacTul, Oojee 3Jje-
MEHTapHBIX, YeM CaM <«HeJleJHMbIH» aToM?

K uvectn k. Ox. Tomcona Goppb6a B HeM IBYX JIO-
el — HOBaTOpPa M KOHcepBaTOpa — OKOHYHJAach nobGenon
HoBaTtopa. ODH3HK-IKCIEPHMEHTATOp, AN KOTOpOoro ¢ax-
Thl — peaJsibHeHIIas, eC/IH He eJMHCTBEHHO peaJibHasi, Belllb
Ha 3eMJie, moGequs B HEM yeJOBeKa, CKOBAHHOTO MO pyKam
H HOraM KaHOHaMH COBPEMEHHOH eMy KJjaccHyeckoi ¢u-
3HKH.




Atomubifi Py6ukon 6bi1 nepefines. IIpocrefiiine KHpPIH-
dHKH MHPO3JaHHSl OKasaldHChb CJIOXEHHBIMH, [0 KpaiHeh
Mepe, U3 3JIeKTPOHOB.

3a tpu roga po koHnma XIX Beka B Hayke mpou3olLIa
cMeHa Jujepa. XHMHS NMOTecHHJach, a ¢GHU3HKa Hayasla HO-
Boe croserre. Cam (akKT OTKPHITHS NepBOH 2JeMeHTapHOH
YacTHIB — 3JEeKTPOHa, TO ecTb elle OJHOH (OPMH MaTe-
puH, TPYAHO COMOCTaBHTb ¢ yeM-a1H60 apyrum. C Kpylle-
HHeM MHda O HeJeTHMOCTH aToMa pylHJach Ueaas ¢Gujio-
copckast cHCTeMa, MEHSJIOCh CTapoe MHPOBO33DeHHe, BbHI-
paboTaHHOe MHOTHMH MOKOJEHHSMH YyYeHBIX.

Fepemaruys «aToMHYyIO 4epTy», GHU3UKH JHIIHIHCL NMOA-
JIepXKH KJaccuueckoii Mexanukd Hbiotona. OHu JH-
WHJIHCh MOYBB, HAa KOTOPOfl BeKaMH CTOSJO 3JaHHE HX
HayKH.

HoBoit ke Teopun, onuceiBalonleii TOJbKO YTO OTKpPHITHIE
aTOMHble fIBJIEHHS, TOKa He ObL10. PoXIeHus KBaHTOBOH
MeXaHHKH HYXKHO OBLIO KAaTh ellle HEeCKOJbKO JecsATHIIE-
tTii. 1 ¢u3uka moBHcsaa B Bo3ayxe — BecbMa HeyHoGHoe
COCTOSIHHE IJISi HayKH.

Jlsa nperengenta

OTKpbITHE 3JIeKTpoHa, 3a koTtopoe JIkK. k. Tomcon
61 ypocroeH HobeseBckolt nmpeMuu, emle He MPOSICHUJIO
riasHoro, KaBep3Hblif BOIpOC — KaK YCTPOEH aToM? —
0CTaJICA OTKPBITBIM.

Ho He OyneM HecmpaBeJJIHBH K BeKy Hamnx Galyiex
u gexnymek. M60 Ha camoM ¢HHHIIE MPOLLIOTO CTOJETHS
(H3UKH NOJYUYHJIH HAKOHell TOT WUHCTPYMEHT, C IOMOLIbIO
KOTODOrO yXKe B Hall BeK YHaJOoCh NPOHHKHYTb B TIiyOb
aTtoMma.

Bce Hauasnoch B HoBo3esnaHACKOM yHHBepCHTeTe, rie 3a
CTyAeHUecKoH maproil cupes OYAYILH#A OTell siAepHOH (GH3H-
kd dpHcT Pesepdopn. STOT CTyAeHT ocMenuiicsi He IOBe-
pATb L@PUBILIHM B XHMHH B3rMIfaM Ha aToM. M B noarsep-
XJeHHe 3TOro Ha3BaJl CBOIO MEPBYIO HayuHylo paboTy «IBo-
JIIOLHST 3JIeMEHTOBY.

Oxonuns yuusepcureT B 1894 roay, Pesepdopa npu-
exaJ Ha CTaxHpoBKy B Axriuio. EMy oueHb IOBe3JO:
OH monas B Kapenauuickyio sa6oparopuio K JIx. JIxk. Tom-
COHY.

B 310 Bpems npousouuto coObITHE, Ha KOTOpPOE aBTOp
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«DBOMIOIMH 3JIeMEHTOB» He MOT He OGpDaTHTb CaMOro MpH-
crasibHOro BHHMaHug. B 1896 romy npencraButenb GOJIb-
moro ceMmedcrBa ¢(paHuny3ckux ¢usnkoB DBekkepeneii —
AnTyaH-AHDH — OTKpBI/I DPaAHOaKTHBHOCTb. I[PyrHMH CJIO-
BaMH OH OTKDbI SIBJIEHHE CaMOIPOH3BOJBLHOIO pacmnajs
aTOMOB. JTO OKOHYATe/IbHO MOJOPBAJO aBTOPHTET aTOMOB
KaK MeJbYyaHIUNX, HeJeJHUMbIX YaCTHIl BeLeCTBa.

Bmecre ¢ Tomconom Pesepbopn 3aHancs H3yueHHeM
NpUPOJBl HeJaBHO OTKDBHITOro H3nyuyeHus. M Bckope Ha-
TKHYJICI Ha OJHY MHoroobemarpomuyio ocobeHHOCTb. Pesep-
¢oply ylasnock J0Ka3aTb, YTO PaJHOAKTHBHOE H3JyuyeHHe
HEOJHOPOJHO H COCTOMUT IO MeHblLIeH# Mepe H3 JBYX KOMIO-
HeHTOB. M3 Jlerkux Gera-uyacTHl, B KOTOPBIX JIETKO Y3HaTb
TOMCOHOBCKHE 3JIEKTPOHbBI, U TSAXKeJbIX, NOJOXHTEJIbHO 3a-
PAXKEHHBIX a/lbda-4acTHLL.

3om0Thle JHH COTPYIHHYeCTBAa ¢ ToMcOHOM ObICTPO KOH-
ynsnnch. Pesephopx nepeexan na pabory cnepsa B Kanany,
a 3ateM — B Manuecrep. Ho KaBenapumckyio nabopatopuio
HNOKHAAJ OH He C MyCTBIMH pykamu. B 3anHeM KapMaHe ero
OpiloKk JexaJs, o06pa3HO TroBOpsl, 3apsiKeHHbIH NHCTOJET.
A pas nosIBMBIIKCH Ha CBET, MHUCTOJIET 0653aTeJbHO CTpess-
er. O653aTesIbHO — PaHO HJIH NO3IHO.

IMucroner Pesepdopaa BuicTpeana mno3gxo. Emy yxe
6bLIO 3a COPOK, OH NOYHTAJICA YyBa)KaeMblM npodeccopom
MaHuYeCTepCKOro yHHBEPCHTETa, HU3BECTHBIM CIleLHaJIHC-
TOM 10 palAUOaKTHBHOCTH, JaypeatoM HobeaeBckoi
IIPEMHH.

Pesephopr cTpensin  TAXeIbIMH  ajba-4acTHUAME
no atroMaM. Mex/Jy HCTOYHMKOM aJjbda-yacTdl M Qoromria-
CTHHKO!N OH MOMellla] TOHKHE IJIEHKH H3 PasHbIX BeleCTB.
B 3TOM ciyuae yepHOe MSATHO Ha NPOSIBJEHHOH (oTOmIaC-
THHKe — cJie]l monajaHusl Ha Hee aabda-yacTHI — HMeJO
pasMbiThie Kpasi. ATOMBI NJIEHOK CJerka H3MeHsJId Hanpas-
JeHHe noJeta ajbda-yacTHL.

Pesepdopn ctpensn no atomam. Ho ero anbda-cHapsiar
He JOJIKHBI ObIJIH TMOpPaXXaTb lieJb, OHH JOJXKHBI OblIH 30H-
IUpPOBAThH €e.

[MepBble BbicTpPetbl ObliM HeynauyHbl. BoicTpeie anbda-
YaCTHLH JIEFKO NPOHOCH/JIMCh CKBO3b TOHYaMIlMe IJIEHKH,
MIOYTH He OTKJOHASCh OT NPAMOrO NMyTH. BHIXOAHJIO, YTO
npaB Gbl1 cTapuk TOMCOH, yTBepXKAaBIUHH, YTO aTOM —
3TO IOJIOKHTeNbHO 3apsKeHHas cdepa, CIJIOUIb 3aMOJIHEeH-
Has 3JIeKTPOHaMHU?

Ho Pesepdopna uTo-TO He YJOBJETBOPSJIO B MOZAEH
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teree

aroma Tomcona. M 370 4yBCTBO TOJIKaJO ero K MpONOJIKe-
HHIO HayaToil paGoThI.

Crpensats ajibda-yacTHILAMH Peaepcpopn IOPY4YHJ CBOe-
My ydeHHKy Mapcaeny. M mHamyTcTBOBas €ro CJIOBaMH:
«5l He 0XHJa10 HHYEro JIOGOMBITHOTO OT BalHX ONBITOB, HO
Bce Ke NoHabJ/IomanTe».

«ITonaGaionafite» — xapaxrepHefiee cjaoBo Pesepdop-
na! Ono mosHo ontumusMma, «llonaGmiogalite, a BOpPYr o0-
HapyXHUTcAd 4TO-TO HOBoe». Hayka nss Pesepdopma Onuia
HOCTOSHHO DacTYHIUM JAepeBOM, KOTOPOe CaMOMYy CaJOBOWY
HYXHO M ¢opmupoBatb. I Bcerna 6biTb rOTOBBIM 06pYyOUTD
3acoXIIHe BeTBH, YTOObI HaTh BO3MOMKHOCTb NOSIBUTHCH HO-
BBIM POCTKaM.

HoBble pocTku nosiBuJHCh OdueHb ckopo. Mapcaen o6GHa-
PYHJI, 4TO HEKOTOPHle ajbda-4acTHLbl, IPOHHKAS B TOHKH#A
c10# BellecTBa, OTKJIOHAIOTCA Ha 90, a nHorAa u Ha 180 rpa-
LycosB!

Cam Pesepdopn nosnuee mucand: «ITo cobbITHE Ka3a-
JIOCh NPHMEPHO HACTOJILKO K€ BepPOSITHBIM, KaK ecJH Gbl
BBICTPEJNHJH 15-TI0AMOBBIM CHApsAAOM B KYCOK HamHPOCHOfM
OymMars H STOT CHapsad oTpasuiacd Ob Hasal H [onan
B Bac».

Yro ke npousomvio? OTBeT HampallHBajJcs caM coGof:
anba-yacTHIBl CTAJKHBAJHChb C MAaCCHBHBIM 3apSXKeHHBIM
TeJIOM, KyAa 0oJjiee TsXKeJbiM, UEM 3JEKTPOH HJIH caMma ajib-

¢da-uacruua.
IlepBbie pa3BenunKH, 3aGpolLieHHble B IMIyGHHBI MaTepHH,
[IPHHEC/IH HeCABIXaHHYI BeCTb — B LeHTPe MHOJYyIyCTOro

aroMa Jexano aapo. OHO GbIO MOJIOKHTEIbHO 3aPSAKEHO
12



B B CTO ThICAY Pa3 MeHblle CaMOro atoMa. A 3a ero Moi-
HBIM 3JEKTpHUecKHM GapbepoM, KaK 3a BHICOKHMH KPenocT-
HBIMH CTEHaMH, OBLJIH HAaJeXHO CHPATaHbl COKPOBH-
ma atoma. Ho kakue? Moxer GbiTb, TaM HaXOAATCS HEH3-
BECTHblE YaCTHLbI C IOJOXHTEJIbHBIM SJIEKTPHUECKHM 3a-
paxom?

®du3ukn — yBJeKatomuecss Jdioad. OTKpLIB YTO-HUGYIbL
HOBOE, OHH TOTYac HabpachBAIOTCS Ha Hero.

AromHoe sgpo! Tosbko Ha HeM COCpPeJOTOYHJHCH Te-
nepr Bce uHTepech Pesepdopma., Kak nmomo6patbes K saapy
no6/HXKe, KaK INPeoJoJieTb ero 3JeKTPHYecKHH O6apbep?
OTO OueHb JIeTKO cleJaTb CerofHs — JOCTAaTOYHO Pa3o-
THaTh NPOTOH N0 3SHEPrHH BCEro JHUIb B OAHH Mera-sJjek-
TPOH-BOJIBT.

Ho y Pesepdopna Beab He 6bl10o yckopuTes!

Hyman Pesepdopn, aymMann ero COTpyIHHKH, AyMand
ero yueHuku. [lepBeiM Hamien BeIXON BHYK Bequkoro Yapa-
3a JlapsuHa, paboraBunii B e a1uu y Pesepdopaa. Ox npen-
JOXHJ HavyaTb C silep CaMBIX JIETKHX 3JeMeHTOB — Belb
y HAX MeHblle 3apsill H, cJAefoBaTeqbHO, KyAa ciabee 3a-
W HTA.

Cambiil JIerkuil ajieMeHT BceleHHOH — Boaopox. [Toato-
MYy CHelHaJbHYI0 KaMepy HAaMoJIHHJAH BOJLOPOIOM H Haya/u
6omGapaupoBats ero ajbda-uacTunamu. ONbITHL NPOBOAK
BCe TOT xKe MapcueH.

Ho uro 3nauut — npoBoamsi? DTo cefiuac K ycayram
¢u3uKoB camas pasHooGpasHasi perdcTpUpyioUlas ammnapa-
typa. OHa Bce nenaer: oOHapyXHBaer, 3allOMHHAET, 3alH-
chiBaeT, H306paxaeT B Bule rpaduka H naxe CHCTEeMaTH3HU-
pPYeT pe3y/abTaThl ONbITa.

Torpa 6u10 Bce He Tak. MapcieH yacaMu MPOCHKHBAJI
nepex kamepod. Ha sxpaHe ofHa 3a Apyroil BCNBIXHBAJH
CBETJIble 3Be3J0YKH., DTO He ObuIH ajbda-4acTHIbl — OHiA
MPOCTO-HANPOCTO He MOTIH Gbl 1oJeTeTb A0 KpaHa. 3Ha-
9AT, B KaMepe OHM NepelaBaju CBOK 3HEPrHiO JIETKHM si-
paM BOZOpPOZa, BCHBIIKH KOTOPBIX M MOSIBASJIHCH HA
3KpaHe.

3ateM MapcneH oTKauWBaJ H3 KaMephl BOLOPOA H AJ4
KOHTPOJISl HaNOJIHAJ €ro a3oToM. Ho BCHBIKH NOSABJSAMHCH
CHOBa: 4YTo 3TO, omn6Ka? OTKyAa B HamoJHEHHOH a30ToM
KaMepe MOSIBJSIIOTCA siapa Bopopoxa? Moxer ObITb, KaMe-
pa mioxo ouninena? Wau?.. I1poeputh, 00653aTelibHO NMPO-
BEPHTbD.
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IlepBasi MupoBas BOHHa pa3pylu/Ja BCe MJaHbl. 3a He-
CKOJIbKO JHeH omycTesa sabopartopus. B anriniickol apMHuu
cpaxaJcsi MapcleH, a IPOTHB Hero, B TepMaHCKOH, — ero
Apyr u Onuxafdmuit corpyauuk Pesepdopma I'anc Iefirep.
Ha ¢ponte moru6 no6umbiii yueHuk Pesepdopma — IeHpu
Mo3znu.

Peseptdopn ¢ HeckONbKHMH JaGopaHTaMH, 6pOCHB Ha-
yuHble HCC/AELOBaHUS, 3aHSJICS CO3NaHHeM npubopa miast 06-
HapyKeHUs] MOABOAHBIX JIOJLOK.

Ho B MbicAsIX OH MOCTOSIHHO BO3Bpamiaacs K HeOObIu-
HBIM pe3yJbTaTaM, MOJyd4eHHBIM MapcaeHoMm mnepea camoi
Bofinofi. A uro, ecqin KaMepa Gbia oTkKauaHa uucro? Yro,
ecid MapcneH cuuTas Ha 3KpaHe He fiipa aTOMOB BOJOPO-
na? Ho uro Torpa?

U Pesepdopxa, paaysce ¥ cTpamiach 3TOH MBICJH, II0
HOYaM MPOBEPSiJ ONBbITHI CBOEr0 yyeHHKa. MHOro pas oTka-
yHBaJ OH KaMmepy, B Hel, Ka3ajJoch, yXKe He JOKHO OblIO
ocTaThCsi HH OmHOrO atoMa Bomopoxaa. Ho cromno Pesep-
($Oopay 3amOJNHUTbL ee a30TOM, KaK Ha 3KpaHe CHOBA IOSBJS-
JIUCh BCITBILIKH.

Kak emy He XBaTajO B 3TH MHHYTB €r0 eBPONEHCKHX
Apy3el, Kak eMy Mewasa BoiiHa! OHa He TOJBKO Pa3obui-
Jla yYeHBIX, HO U 3aTOPMO3MJa Pa3BHTHe HAyKH.

" Pesepdopn mucan cBoeMy Apyry, AaTCKOMY (DHU3HKY
Hunscy Bopy, B konue 1916 ropa: «$I obuapyxuBamo H
MOACYMTHIBAIO JIEPKHE AaTOMBbl, NPHBOJAHMble B JBHXEHHE
anb(da-4yacTHUAMH, H 3TH PE€3yJAbTAaThl MPOJHBAIOT SPKUH
CBET Ha XapakTep M paclpefejeHHe CHJI BOJIH3H sAApa.
$1 mpiTalOCh TaKUM K€ METOJOM B3/10MaThb aTOM>.

U nanpme, camoe raaBHOe: «5 MOJY4Ha HEKOTOPbIE,
KaK MHe KaxeTcs, JOBOJbHO YJHBHTENbHbIE Pe3yJbTaThl, HO
moTpebyeTcst TSKEIbIH M MPOAONKHTEIbHBIA TPYA, YTOOHI
Npe/ICTaBUTh HaJeXKHble N0Ka3aTeNbCTBA MOMX BHIBOJIOBY.

Urto Xe 3TO 3a «HEKOTOpbie» pe3yabTatel? Hu MHOro
HH Majo, a mnepBasi B Mupe sjaepHasd peaxuusa! Ilepsoe
HCKYCCTBEHHOe paclllelJeHde ajabda-yacTHiel sApa asorTa,
CONIPOBOXKAaMolleecss BblIETOM 6oJjiee JIETKOTO fLpa aToMma
BOJOPOIA.

HccnenoBatenb nNonepeMeHHO 3amoJHAA KaMepy To
a30TOM, TO BO3LYXOM, TO YHCTHIM Kuciopomom. M B mep-
BOM, U BO BTODOM, H B TpPeThbeM CJAydYasix 3KpPaH BbAaBaJ
npucyrcTBHe fgep Boxopoda. Ho choHCOK Hcc/lIel0BaHHBIX
3JIEMEHTOB O4YeHb CKOPO 00opBancsi — GoJiee TsXKeble AAPa
ObLTH HEIOCTYNHBI aJb(a-qacTHaM Majol SHEePrHH.
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Pesepdopay, onHako, HOJYyYeHHBIX pe3yJabTaTOB ObLIO
BHoJIHE focTaToyHo. OH ye He COMHeBaJici B TOM, YTO
HallleJl Ty CaMyio MOJIOXKHTEJNbHO 3apSAXKEHHYIO <«IEeTalby,
KOTODPYIO BKJIO4aloT B ce6d BCce aTOMHbIE sipa.

DTOT BHIBOJ, NOATBEPXKIAJACA H TEMH yYEHHIMH, KOTOpHIE
TOXe HCKa/JH CaMyio JerkKylo 4YacTHIY C II0/I0XKHTeJbHbIM
3apsafoM B paspagHoii Tpybke. Tam B obOpaTHylo cTOpo-
Hy — OT aHOJa K KaToly — JBHrajicid NOTOK HOHOB rasa,
TO eCTb [BHTaJHChb aTOMBI C COJAPaHHBIMH 3JEKTPOHAMH.
U camoli Jerkoii uacTHueH cpelH HHX O0Kasaloch $APQ
atoMa BOAOPOJa, NOTepABIIEr0 CBOH €AHHCTBEHHBIH 3JIEK-
TPOH.

Tak «poaunacb» Ha cBeT BTOpasl 3JeMeHTapHas dacTye
Ia — NPOTOH — AP0 aToOMa BOAOPOAA.

ITpoToH B 1Be THICAYM pa3 TsxKesee daeKTpoHa. OH npa-
HOCTbIO COOTBETCTBOBAJ NPEACTABJIEHHIO YYEHHIX O BO3MOX-
HOM HOCHTeJe MOJIOXKUTEAbHOTO 3apsAfa B aTOMe, IPEKPJCHO
acCOIHHPYSICh C OTPOMHON MaccOi aTOMHOro sipa.

OTKpHITHIO HE CONMYTCTBOBasla HH Gopb6a C KaHOHaMH
HayKH, HH NpeofoJieHHe MCHXOJorHyeckoro 6apbepa. Moxs-
HO CKasaTb, 4TO Becb LIyM H BCIO KPOBb HayuHHIX Garangi
B3J Ha cebs 3JEKTPOH.

U Bor mepen ¢u3nKaMH JieXKaJH [Ba OCHOBHHIX «KHp-
nuya» Mmatepud. M ¢usnku Bpoae 6bl OblIHM 3THM BeCh-
Ma J0BOJbHHL. Jli060oe BellecTBO CTPOHJIOCH Y HHX H3 aTo-
MOB, aTOMbl XKe, B CBOIO OYepelb, — H3 3JEKTPOHOB H
anep.

Ho u Tyt oThickasmach Jorudeckas Inpopexa. fapo ato-
Ma, HeCOMHEHHO, YCTOHYMBO, HO BOT KaK NPeACTaBHTb cg0e
yCTOMYHBOE $APO, COCTOsILlee M3 ONHHX NpoToHOB? Beas
HeJb3sl Xe, B CaMOM Jiese, B3ATh Ja H OTMEHHTb 3JIeKTPH-
yecKoe OTTAJKHBaHUE MEXAY YacTHUAMH ¢ 3apaioM OJIHHa-
KOBOTO 3HakKa!

B Te roam ellle HHYero He 3HAAH O fAAEPHBIX CHJaX
NPUTSIKEHHs] MeXAy uactHumamu. IlosromMy BeIXO4 Hamn4
B HMCKYyCCTBEHHOMH, YHCTO yMO3pHUTeJbHOH KOHCTPYKIHH, pe-
IUUB, YTO SIAPO CONEPXKUT INPOTOHH TMJIOC 3JEeKTPOHhI,
ypaBHOBeLIHBAIOIIHE 3JeKTPOCTaTHUECKHe CHIIbL.

Jlo uero mpocras ¥ BMeCTe C TeM NpPHATHAsA IJs IJ1a31
kaprtuHa! O Takofl KapTHHe CTPOeHHS MHPa MOXKHO TOJi.-
KO MeuTaThb: HHKAaKOH CYTOJIOKH JecsTKOB <«IpoCTeil-
IIHX, HeAEJHMBIX» aTOMOB. BMecTo HHX — BCero nBe 3Jje-
MEHTapHble YaCTHLBI: JETKUH 3JeKTPOH H TAXKENbIA Mpo-
TOH.
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Tpetuil, Ho He nHWHKH

He6onb1uoii Kycouek paiHOaKTHBHOIO BellecTBa JexXad
OKOJIO TJIACTHHKH H3 GepuiiHs. Anbda-4acTHUbl MPOCKab-
3bIBaJH CKBO3b GepuJwiui, BblOMBas npoToHnl. Cuetunk ['eil-
repa, CMeHHB JIeNKO YCTAlONHH H Jerko omubamomuics
IJ1a3 KCIEPHMEHTATopa, IIeJNKalJ, OTCUHTHIBAS YHCJIO BHI-
JIETAIOU[HX H3 INIEHKH YaCTHII.

B oano#i u3 ¢usuueckux jsaboparopuit I'epmanun B ca-
MoM HauaJe 30-x romoB Obln1 OOBIUHBIH TPYAOBOH MEHb.
ITpodeccop Baabrep Bore m ero apyr Bekep mnpuBomuiu
B NOPSANOK OBOM 3aTIHCH.

Korna moacuer mpotoHoB ObT OKOHueH, cueTunk Ieiire-
pPa OTOLBHHYJH HAacTOJbKO, YTOGbI NPOTOHBI, BhLIETAIOILHE
13 Gepu/vus, He AoJeTastu no Hero, U nis omnpenesneHud
yhcaa (OHOBBIX OTCUETOB CHOBA BKJIOUMJIM BBICOKOE Ha-
Ipsi2KEHHe.

Ho cuerunx Tefirepa mpomosikan pa6orate. Ero oto-
IBUHYJH ellle paJjbiie. CueTynk paboTan. YaHBIeHHE CMe-
HHJIOCh PaCTePSHHOCTbIO. UTO MOr PerucTpHpOBATh CUETYHK
Ha TakoM GOJIbIIOM PacCTOSTHHU?

MoxeT ObITb, 3TO GbIIH raMMa-KBaHTBl — 3JIEKTPOMaAr-
HHUTHOe H3JyueHHe, 0oJiee TNPOHHKAIOIlee, YeM IPOTOHBI?
IIpoTuB raMMa-KBaHTOB e€CTb NPEKPaCHbIH 3aCJIOH — CBHH-
noBas miacruika. Ho u cBHHIOBas mIacTHHKa He NMOMOIJIA:
IIeJYKH MPOLOJIKAJIH CIeJOBaTh B TOM Ke putrMe. Bropas
H TPeTbs IVIACTHHKH TaKKe OKa3aJ/JHuChb OeCCHJIbHBI.

K cuerunky lefirepa mura BoJiHa KaKoro-T0 HeOOBIUHOI'G
H3JIyYeHHd, IJs KOTOPOro TOJICTHI cJOH CcBHHIA ObLT He
cTpallHee JucTHKa manupocHoi O6ymard. Ho Bore u Bekep
He CMOIJIH CHeJaTb peMIHTEeJbHBIH IIar H BOCKJIHKHYTb:
«Tak 3T0 Xe HOBBlE, HeH3BEeCTHble HaM YacTHIH, MOCNOAA,
_BbiOuTHIe M3 sifep Oepuiiusl» ITpodeccop Bore m Bekep
Mosiua 3amucand B JsaGopaTopHbli KypHal1: «OGHapyxe-
HBl OGBLIKHOBEHHBIE TraMMa-KBaHThl ¢ OOJBIIOH 39Hep-
ruei». '

Bo ®pannuu «GepuiJHeBbHIM» H3JyUeHHeM 3aHHTepeco-
Basauch cynpyrd Hpen u ®penepuk )Koauo-Kiopu. Ho ¢ppan-
ny3ckdHe QH3HKH MPOCTO MOBTOPHUJH BbIBOJ CBOHX HEMELKHX
KoJter. «Heo6piuafiHO MpOHHKAWOUIHe raMMa-JyuyH» — Ta-
KOH BBIBOA cpenand cynpyrd yKosuo-Kiopw. Cnenanu, He-
CMOTPS Ha TO, YTO 3TOT BHIBOJA HApyllaJ OCHOBHOH 3aKOH
MEeXaHHKH — 3aKOH COXPaHEeHHsl HMIYJbCa.
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«JIHYHOCTb» JBaXKABl HOTepreBlIell (HACKO YACTHIH
NOMOT YCTaHOBHTb yueHHK Pesepdopna, wien JloHmoHCKOro
KopoJsieBcKOro obiuiectsa, Oyaymuit saypeatr HoGeneBcko
npemun JIx. Uensuk.

B ¢despase 1932 rona, coycts Mecsn mnocie coobiieHHs
0 «HeoObIYaHHO TNPOHHKAIOIIUX TaMMa-Aydyax» CYIpyros
7Koano-KropH, B anriufickoMm HayuHoM xypHaje «[Ipupozas
NOSIBUJIOCH KOPOTEeHbKOe IHChbMO B pelaKUHIo, HOANMHCAHHOE
Jx. Yensuxom.

«DTH  3JKCIepHMEHTaJbHble  pe3yJbTaThl, — IHCal
aBTOp, — OYeHb TPyIHO OOBSCHHTL Ha OCHOBAHHH
THIIOTE3bl, UTO H3JydeHHe OepH/JIHS INpeNCcTaBaseT co6of
3JeKTPOMaTHUTHOe H3Jy4eHHe, HO OHH HeIOCPeJCTBEHHO
BLITEKAIOT U3 MPENIOJNOXKEHUS, UYTO H3JTyueHHE COCTOHT H3
YacTHI, KOTOPble HMEIOT MacCy, PaBHYIO Macce IIPOTOHA, HO
He HMeIOT 3apsinax.

Jx. UenBuk naj moYTH TOUHBIA «IOPTPeT» HeHATpasb-
HOM 3/leMeHTapHOH yacCTHUb — HelTpoHa. HeliTpoH He HMen
3IeKTPHYECKOr0 3apsija, MO3TOMY OH OKasajcs TaKHM He-
YJIOBHMBIM.

Taxenass HefiTpajdbHasi yacTHUA — HEATPOH — OdYeHb
nonpasusach ¢usukaMm. OHa CBOMM NOSIBJeHHEM CHHMAaJa
KaBep3HbIli Bonpoc 06 ycroiuuBoctH finpa. C mosBJeHHEM
HEeATPOHOB, KOTOPble MOFJIH HaJeXHO IPOTHBOCTOSTL 3JIEK-
TPOCTATHYECKHM CHJIAM OTTaJKHBAHHS, 3JEKTPOHH OBIIH
HaBcerja M3rHaHBI U3 AApa.

Cnucox afeMeHTapHbIX aTOMHBIX YacCTHIL OblJ 3aBeplieH.
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W3 Tsaxenblx MPOTOHOB M HEHTPOHOB (HX CTaJH Ha3bIBaThb
HYKJIOHAMH) CKJaJbiBaJMch SiAPa aTOMOB JIOGBIX XHMHUC-
CKHX 3JIeMEHTOB, a 3JIeKTPOHHbIE 060/IOUKH 3afaBaji TOH HX
XHMHYECKOMY MOBEIEHHIO.

Hosaa ponb

PebeHok, cobupast KapDTHHKY H3 Pa3HOLBETHHIX IIAapPHKOB,
KJaJeT HX B CHelHaJbHble JYHKH. XYI0XKHHK, CO34aI0IHU
MO3aHYHYI0O KapTHHY, CKDEIJIsieT ee OTAe/bHbE HeTald Ie-
MEHTOM.

®usuxk TOXe co3JaeT CBOIO KapTHHY MHpa, CKJIaJAbBas
aTOMBl H fiIpa aTOMOB M3 Pa3HbIX COBOKYNHOCTEH 3JieMeH-
tTapHEX yactuu. Ho kakasi kapTHHa MOXKeT CUHTATbCs 3a-
KOHYUEHHOH, eCJH OTIeJNbHble ee KOMIOHEHTbl HHYEM He
ckpeneHb? e neMeHT, rie TOT KJelH, KOTOPHIH CKpemsisieT
OpOTOHHl M HeHTPOHH B fiApax? Kakue cuJbl yaep:KHBaIOT
HX BMecTe?

Moxer O6biTh, 3TO XOpOLIO 3HAKOMble HaM TpaBHTallH-
ounbie cuan? Her, cunaM B3auMHOro TAroTeHHs He yAep-
KaTh NMPOTOHbBl H HEHTPOHBI B SIAPax, HX Macchl CAHIIKOM
MaJsbl. DJIEKTPOMArHHTHBIE CHJIBI TOXE€ He NMOJAXOAAT Ha 3Ty
pOJib: OJHHAKOBO 3apsiKE€HHble MPOTOHbl pasJseTeNHch Obl
B pa3Hble CTOPOHBL. A uTO yjaep:kKuBajo OB B 3TOM clydae
HEHTPOHBI?

ITocne oTkpriTHsl aTOMHOrO siapa Pesepdopn crpemuiacs
NPOHHKHYTb B TaHHY CHJI, NeHCTBYIOLUMX BHYTPH OTKPBITOTO
UM MHKpooOGbekra. OH BHHMaTesbHO HabJi0jald 3a «BCTpe-
uefi» aJjbda-yacTHl c sgpaMu. «Pa3 3TH cuabl He OblLIH
o6Hapy»KeHbl paHbllle, — pa3Mblllisa Pesepdopa, — 3Ha-
YHT, OHH MNOSIBJASIIOTCH TOJBKO Ha MaJblXx PAacCTOSHHAX.
Ho xak 6/1M3K0 MOXHO MOYYBCTBOBATb HX BJHSHHE?»

OnwbiT caegoBas 3a onbiToM. [IpoxoauaH roabl, HO OAHO-
3HAaYHOIO OTBETa Ha BONpoC Bce elile He Obln1o. Huuero oco-
GeHHOro He YIaJOCh 3aMeTHTb H NpH COJHKEHHH aTOMHBIX
pasBeJUMKOB C TSXKEJIBIMH sIAPaMH Ha paccTOsiHHE 10
10—!2 cantumerpa. OTMeuasoch JHLIb TPHBHAJbHOE 3JeK-
TpOCTaTHYeCcKOoe OTTaJkiBaHHe. TOUHO Takoe, KaK y OJHHA-
KOBO 3apSIXKEHHBIX LIAPHKOB NpPH [EeMOHCTPAIMH B LIKOJe
3akoHa KyJoHa.

U Bapyr Goabuwias pagoctb! AJbba-uacTullbl, oOKa-
3aBIUNCh HA PAacCTOSIHHH, B JecATb pa3 Obojec OIU3KOM
(paBHoM 10—1% cM) K simpaM BOAOpOAA — MPOTOHAM, BCTpe-
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TuAH HeoOblyHbIA mnpueM. WX B3auMogeiicTrBHe He ObLIO
3/1eKTpoCcTaTHyYecKUM. OHO NPOHCXOAHJIO COBCEM IIO-HHOMY.
ITpocTpaHcTBO Ha paccTosiHMu 10~!% caHTHMeTpa HAXOLUTCH
MO KOHTDPOJIEM SIJIePHBIX CHJI.

3a ofuH 3HaMeHaTeJbHbIH 1924 rox Pesepdopay c co-
TPYAHUKAMH YAAJOCh pacllendTb sApa NMOYTH BCeX JErKHX
aneMeHTOB. M Bcerga, Bo Bcex cayuasix yueHsie Habaiona-
JIM TIOSIBJIEHHE IIPOTOHOB C dHEprueil, 3HaUUTEJNbHO GoJblled,
yeM NepefaBaJH HM ajabha-4acTHIHI,

Ho mnouemy — Goabweii? Heyxenn Bce-Takd Hapy-
IIaeTCsl 3aKOH COXPaHEeHUS SHePruu?

Huuero mnomo6Horo. Ilpocro-HampocTo 3TO pesyJbTat
Ae#cTBUS sAflepHbIX cHJ. [IpOTOHBI MoOJyyaau AOTOJHHUTEND-
HBIH HMIIyJIbC 32 CYeT BHYTPEHHHX 3SHEpPreTHYECKUX pecyp-
coB fAfpa. 3a cyeT TOH caMoH sIIepHOA HEPrUH, KOTOPYIO
MBI yXK€ CeroJHs MCHOJb3yeM B ATOMHBIX 3JIEKTPOCTAHIHSX.

Tax 6bln oOHapyXeH «IeMEHT», ¢ MOMOLIbI0 KOTOPOro
NPUPOJAA CO3JaeT MO3aHKYy pPa3HbiX BELIECTB.

SinepHbie cuJBI B THICSUY pa3 MHTEHCHBHeE 3JIEKTpoMar-
HUTHBIX. OHH OJHHAKOBO JIETKO YAepKHBAIOT BMECTE OJIHH
NpPOTOH M OJUH HeHTPOH B siApe HU30TOma BOAOpOJa — Heil-
TePUS] H COTHH NPOTOHOB, COTHH HEHTPOHOB B TSKEJNbIX
Aapax, mofo6HbIX fnpam ypaHa.

Hrak, GU3HKH OTKPBIIM HOBbIE CUJBI B MPHPOAE H MpH-
Aymanu UM HasBaHue. Ho 3To OTHIOAL He 3HAUYHUT, UTO yuye-
Hble TOTYaC e MOHSAJMH HX CYLIHOCTb, YTO OHH Cpasy xe
BHISICHUJIH BCIO HX MNOAHOrotHyl. OTKpBITBIe CHJBl Ha-
3Bajin «sAfepHbiMu». Ho pasBe MOXHO MO OAHOH TOJBKO
tdamuiaun ViBaHoB noragatbcs, 4YTO 3TO 3a UYEJOBEK?

BrpoueM, CTONKHYBIIHCH C He3HaKOMbIM BaM HBaHo-
BHIM, Bbl, [I0 KpaliHeil Mepe, TBePAO YBEpPEeHbl, YTO 3TO BCe-
TaKH YeJOBeK. A BOT (u3HuecKas OCHOBa SIAEPHBIX CHJ 10
CuX mop Heu3BecTtHa. Ha npo6iaemy silepHBIX CHJI CO BpeMeH
Pesepdopaa O6biio motpaueHo «Gosibliie  YeJOBEKO-4aCOB,
yeM Ha J060f JApyrol Hay4yHbli BONPOC B HCTODHH YeJIO-
BeyecTBa». YYeHbIM yAaJioCh YCTAHOBUTb MHOrHe HX CBOH-
CTBa, HO CTPOrOA TeODHH SAEPHBIX CHJ A0 CHX TOp He Cy-
W eCTBYyeT.

®Qu3uky 1nOKa elle He B COCTOSIHHH 00J/ieyb B TOYHYIO
MaTteMaTH4ecKyl0 GOpMy 3TO HeoObIKHOBEHHO CHJBbHOE BJIe-
YeHHe NPOTOHOB M HEHTPOHOB ApPYr K Apyry. Bcemoryias
MaTeMaTHKa B JaHHOM cJydae GeccHJIbHA.

Henb3st au xorsi 6ol mpeactaBuTh ceGe MeXaHH3M meil-
CTBHUA siiepHbIXx cua? Ho Kak meiTaThCs OMHCHIBATH HOBOE
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siBJIecHHe B MHKDOMHpe, KOTrJla HeT HH TEOpPHH, HH IKCIepH-
MEHTaJIbHBIX pe3yJbTaTOB?

Hayuas makpomHp, GHU3HKH Hepelko mpHOeraioT K aHa-
JIOTHH. A NpPHMEHHM JIH 3TOT METOJ B SIIEPHBIX mpoleccax?

AHaJtorua onmupaercs Ha NPHHUMII MaTepHAJbHOTO €IHH-
crBa MHpa. Kak HH yIMBHTe/bHB 3JleMEeHTapHBle YaCTHIBI,
BCE OHHM MaTepHaJ/bHH IO cBoed mpupone. Bce oun o6aana-
IOT TaKHMH CBOHCTBaMHM OOBEKTOB MaKpOMHpa, KaK JMBH-
KeHHe, SHeprus U T. [. )

) Onupasicb Ha MeToJ aHaJloruH, akageMHk M. Tamm u

npodeccop 1. MBanenko eme B 1934 rony npeanosioxuJH,
4TO siiepHble B3aMMOAEHCTBHUS, NMO-BHAMMOMY, MepealoTcs
C MOMOILBIO 3JIEKTPOHA H HEHTPHHO, KOTOpHIE HCIyCKaloTCs
npu Gera-pacnafne sfep. IIpumMepHo Tak XKe, KaK 3apsKeH-
Hble TesJa AeHCTBYIOT ApYr Ha Jpyra, o6MeHHBasCh 4acCTH-
[IaMH 3JIEKTPOMAarHHTHOrO H3JyueHHs — (OTOHaMH.

IIpenonaBatenb yHHBepcuteTa B ropoie Ocaka aBajna-
THBOCBMHUJIETHHI TeopeTHK Xuasku OkaBa moaxBaTHJ 3Ty
HIEI0 H caesajl HOBBIA, upe3BplYaiiHO cMedblil mar. Uepes
roji OH HalHCaJ HOBYIO POJIb /IS He OTKPHITOIl ellle 3JeMeH-
TapHOH YaCTHIBI — MEepeHOCYHUHl fnepHbX cua. [Togpo6Ho
ONIMCHIBASI CBOHCTBA, KOTOPBIMH HOJIXKHa 006J/1aflaTb NpETeH-
JIeHTKa Ha BAKaHTHOE MEeCTO, ANOHCKHH TEOPETHK NpeaJIOKHUI
9KCIIEPHMEHTATOpPaM MOHCKaTh €e B KOCMHMYECKHX Jydax.

Jo cux nop ¢GH3MKH cIiepBa OTKpPHIBaJH OdYepeJHYIO
3JeMEHTapHYIO YacTHIly, a NOTOM yXe HaXOJWJH eHd MecTo
B o0lIeli KapTHHE CTPOeHHS MaTepHH. Temepp Xe BIepBhie
SKCNIEPHMEHTATOpPH HauyaJH paboTy, HMes TOUHOe 3ajaHHe
TEOPETHKOB,

B To BpeMs yueHble KaK pa3 BCepbe3 3aHHTEpECOBaJIHCh
KOCMHUECKHM H3JyueHHEM, BO3HHKAIOUIMM B BEPXHHX CJIOfX
armocdepnl 3emin. OHH H3yuau MeXaHH3M B3aMMoJeH-
CTBHS KOCMHMYECKHX Jydyell ¢ BelleCTBOM aTMocdepsl, MH-
TaJHCh M3MEPHUTb MX SHEPrHIO C NOMOLIbI0 KaMeph Buib-
COHa.

Kamepa BuibcoHa — HHTEpECHbIH, MPOCTOMH U MOJIE3HbIN
npubop. B Hell nepechillleHHBIH Map OXJaXKJaeTcsi H B BH-
Je Kamnejek TyMaHa ocelaeT Ha HOHAX, KOTOPHIE OCTaBJISIET
3a coboif mpoJeTamllas Yyepe3 KaMepy 3apsikeHHas ya-
cruna. Co3nanuniit eme B 1911 rogy Y. Buiancodom, artor
npubop GriCTpPO mpHOGpesn GoJbIIYI0 NMOMYJASPHOCTb H CTal
«BBICIINM KaCCallHOHHBIM CyIOM B ¢ushke». B camoM neue,
paHplie MOXHO ObIO HabaiO#aTh 3a INOBEACHHEM JIHIIb
Goapiinx macc yactun., Kamepa BuibcoHa nossojuia cle-
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JaTb BHAUMBIMH H cdoTOorpadupoBath CjaeIbl OTAENbHBIX
JXKHUTeJell MHKpOMHpa.

«3aKHHYJ/IH» 3KCIEPHMEHTAaTOpH CBOH «HEBOA» — Ka-
Mepy BHuibcoHa — B KOCMHYeCKHe JIyUH H 4epe3 roj «BhiTa-
IIKMJIM» He3HakoMyio yactuiy. OHa oueHb IOXOAHJIa Ha TY,
o Koropoil nucas IOkaBa. M maccy umena kak pas mpome-
XKYTOUHYI0O MeXJAy Maccoil NPOTOHA H 3JeKTpoHa. IToaromy
Ha3Ba/lM ee Me30HOM OT T'PEYeCcKOro CJI0Ba «Me€30C», UTO
O3HayaeT — CpeJHUM.

BosaukoBann ¢pu3nky, HO HEJOJr0 AJMUJIACh HX PajOCTb.
PaccMorpesnn oHM HOBYIO 4acTHIly MOBHHMATe/bHEH H axHy-
JH OT yAuBJIeHHs. MIO-Me30H, TaK CTajJH Ha3bBaTb HOBYIO
YacTHIly, OKa3aJcfi CBEPXNPOHHMKAIOIIEH YaCTHLEH KOCMH-
4eckoro usaydeHus. OH OueHb HEOXOTHO OO6IIAJCs C HYKJO-
HamH. W Ousaromapsi 3TOMY cOBEpIIEHHO He TOAHJCS Ha
poJib uactui OkaBH.

Bor Benp kak ObiBaer B (u3MKe — KakK B XKH3HH.
Hmews oxuo, a Haxonumsb gpyroe. Ho 3auem cymectByior
9TH MIo-Me30HB? Kakas y HuX «cnenuaibHocTb»? Kyna
IeBaTh ME30HHBIH KHPHHUYHK, IOJAapeHHBIH WIeJpOHd INpH-
pomoii?

Curyauusi, B KOTopo#i okasajuch (hU3MKH, HaIOMHHaJa
3aTPyJHHUTEJNBHOE II0JIOXKEHHEe JMI0603HaTeNbHOH KPHIJIOBCKOM
MapThIIKH, pa3fo0biBIIell OUKH, HO He 3HAIOHIeH, YTO C HH-
MH JlesaTh.

ITourn uerbipe gecATH/ETHs NMBITAIOTCSH (PHU3HKH BHISIBHTH
ocoboe gapoBaHHE MIO-Me30Ha, HO BCe HX YCHJHS IIOKa YTO
Hanpacubl. J)Ku3Hp 3TOH yacTHIBl H3ydeHa JO MeJbYaHIIHX
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nogpobHocrefi. TlosBuioCh JaxKe HOBOe HayuyHOe Hampas-
JIeHHe, HMepolllee NPaKTHYeCKoe NpUMeHeHUe, — Me30XH-
musi. Ho kako#t e xuTpbii 3ToT MIo-Me3oH! Kto on?
HeusBectHo. M3BecTHO JMIIb, 4TO B MHKPOMHpPE OH NpOSiB-
Jaser cebd TOMBKO B JBeCTH pa3 6ojlee MaCCHBHBIM HCIOJIHHU-
TeJleM pOJM 3JeKTpOoHa. 3arajika MIO-Me30Ha 1O CHX IIOp
He pa3rajaHa.

IIpomsno nBenaguateh Jer. M1 BOT ogHAXKIBI NPH CTOJK-
HOBEHHH OBICTPBIX NMPOTOHOB C SApPaMH aTOMOB OGHApPYKH-
Jach elle ojfHa yactHuia. Tsikesnee mpenbiaylied, oHa HMe-
Ja Bce JaHHble, KOTOpPble MO3BOJAIH el NpeTeHI0BaTh
Ha posab yactuusl IOkaBbl. HepaBHomymiHasi K HYKJ/IOHaM,
HOBasl 4yacTHUA B OTJHYHMe OT MIO-Me30HOB OypHO pearu-
poBaJla C aTOMHBIMH SipaMH.

Bocropry ¢usukoB He Obl1o npepena. OTKpHITas 4acTH-
11a — ee Ha3BaJH MH-ME30HOM — MOJHOCTbIO COOTBETCTBO-
Bajla TOMYy 00pa3y, KOTODbIil yuYeHble COCTABHJIH O TMepPEHOC-
YHKaxX SOepHbIX cusl. HenmpepblBHO NepeKHAbIBAsiICh Me30Ha-
MH, HYKJIOHBI B SIIPE OKa3bIBAlOTCS CBSI3aHHLIMH B €IHHYIO
rPynmy TakK 2Ke, KaK CBfA3aHbl MeXAy co00H apTHCTH
IHPKa — JXOHIJIepH, nepebpachiBalouiyecss OIHOBPEMEHHO
HeCKOJbKHMH npenmeraMu. Ho ecanm »KoHrJepnl B LHpKe
M0Jy4yaloT BNOJIHE CTaOHJBLHBIN DEKBH3HT, TO HYKJOHBI Iie-
pe6pachiBalOTCSl Me30HAMM, KOTOPble CaMH MTHOBEHHO Hc-
NyCKaloT M mnorJomaior. HeATpoHb M NPOTOHEI OOMeHHBa-
10Tcs MeXAy co6off Me30HaMH C NOJIOXKHTEeNbHBIM H OTpH-
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HaTeJbHBIM 3apsANOM, a NPOTOHHI C MPOTOHAMH H HEATPOHSH
C HeATPOHAMH — HeHTpaJbHBEIMH...

B 1947 rony OTKpHITHE 3TO 3aBEepHIHJIOCH Bpy4YeHHEM
Xupsku IOxaBa HoGeneBckoit npemud.

K 1950 roay mMup mpepacTaBJ/isijicsi YCTPOEHHBIM H3 IPO-
TOHOB, HEHATPOHOB, 3JIEKTPOHOB, MIO-ME30HOB, NH-ME30HOB,
(OTOHOB. YueHble 3Ha/H, KaK H3 3THX KHPINHYHKOB CKJallbl-
BaeTcs THTaHTCKas NHpaMuia Makpomupa. M monumausw,
noueMy He pa3BajHBaeTCAd Ha 3JieMEeHTapHble YacTHIH JIIO-
601 KyCOK BellleCTBa.

He 3Haau TONbKO OJHOro: KyAa HPHJIOXKHTb MIO-ME30H-
HBIH KHPIIHYHK?

Mlog wWwanKoH-HeBHAUMKOMH

B onny u3 mocnenHux Houeit 1846 roma Hemeukuit act-
poroM Horaun [anne Hamen B 3apaHee ykKa3aHHOH Mmare-
MaTHKOM Ypb6aHom JleBepbe TOouke HeGa HOBYIO IJIaHETY.
Ee nasBanu Hentyn. 1o 6b1 TpuyM¢ KiaaccHueckod ¢u-
3HKH.

«dusnka B Hamu AHH, — nucag B 1956 rony amepukas-
CKHH yueHbH Puiunn MoppHCOH, — XKJIET Apyroro nopo0-
Horo orkphitusi. CymectByer cBoii HentyHn cpeau ee sie-
MEHTAPHBIX YaCTHL — YyIHBUTE/JbHAsl 4YacTUia, YNOMHHae-
Mas ¢Hu3uKaMu B Jilo6oMm 0630pe, XOTS A0 CHX NOP OHa elle
He Oblja OTKpBITa».

Kakas xe eme uactuna nonagobunack ¢pusukam? M nas
4ero oHa UM Oblyia HyXKHa?

[Tocne oGnapyxeHust HeATPOHA, NPOTOHA M 3JEKTPOHA
Ka3aJjocb, YTO H3BEYHBIH BONPOC O CTPOGHHH MaTepHM Ha-
KoHell peuied. M1 Bonmpoc 3TOT MOXHO OBIJIO CHSITh C NMOBECT-
KH JHsl, ecqii Obl He BO3HHKJIO OJHO MaJieHbKOe, HO OY€Hb
cepbe3Hoe 3aTpyAHEHHe.

Herpynuno paccuutaTh 3HEpruio MyJH, BblIeTalolled H3
CTBOJIa BUHTOBKH, — OHAa Bcerfa nocrosinHa. [lyas mnpwu
B3pbIBE IOpPOXa B NMATPOHE YHOCHT € COOOH OmpeleseHHYIO
3HEPTHIO 3apsijia.

HerpynHo paccuuTaTh 5Hepruio sJeKTPOHA, BhIETAWOlIe-
TO U3 paJHOAKTHBHOrO AAPa. DHeprus, 0cBOGOKAAOILAACA
Mpu pacnaje, KaK CYMTaaH COPOK JeT Hasal, JeJHTCS
TOJbKO MeXAy 3JEKTPOHaMH M caMuM sapom. M meautcs
BCerfa 10 CTPOTOMY 3aKOHY MeXaHUKH — O0OpaTHO Npomop-
LHOHAJbHO HX MaccaM.
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Ho xorna ¢usuku uame-
PUJIH SHEPTHIO 3JEKTPOHOB,
TO pacTepanHch. Takoi
KapTHHBI HHKTO HE OXHJaJ:
3JIeKTPOHBl YHOCHJH H3 fiJ-
pa MeHblle SHEepPruH, uYeM
NPHYHTANOCh Ha HX JOJIIO.
Majio Toro, Kaxuabliii pas
KOJIHUEeCTBO 3TOH 3HEpPrHH
6b110 pasHoe,

[TepBoii, kak Bceraa,
6Bls1a MBIC/Ib, YTO NPOH30-
maa omubka. YdeHble JH-
XOpaJOYHO HCKalH ee B
COGCTBEHHHBIX onbiTax. Ias
ONpOBEpPKEHHs  CTPAHHBIX
pe3yJIbTaTOB CTaBHJIHCh BCE
HOBBIE H HOBHIE SKCIEPH-
mMeHTHl. Ho HHKaKue yxuil-
penus He nomoranu. Omnbi-
Thl YNOPHO MOATBEpKIAJH,
4TO YaCTh 3HEPTHH CJIOB-
HO [pOBaJIHBaeTcs  MOJI
3eMJII0.

Tak pomunace Ha cBer
HallyMeBIIasg HCTOPHA O
«IIpomaxe» 3SHEPrHH TNpH
6era-pacmane snep.

" Bor Torna y HekoTo-
phiIX (H3HKOB 3apoausach
KpaMOJIbHasi MEIC/b: a MO-
XeT OBITb, B HEKOTOPHIX
siAePHLIX NpoLeccax 3aKoH
COXpaHEHHSI 3HEpPTrHH He
BhINOJNHsAETCA? MBIC/ab 6bl-
Jla HaCTOJbKO KOIIYHCTBEH-
HOH, YTO ee [POrOHSJIH,
0 HeH cTapaJjuch 3aGHIThb.

YueHrie GBHIIM B 3aMe-
warenscrse. M numb oxuu
H3 HHX, IBeHnapen Boubd-
raur Tlayau, Hamen ynau-
HbIA BBIXOJ, H3 3aTPYAHEHHS
H Te€M CaMBIM JIHKBHAHPO-
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Baj Yrpo3y, HaBHCIIyI0O HaJ 3aKOHOM COXDAaHEHHs 3Hep-
CHH.

B nexa6pe 1930 roga oH OTHpaBHJ MHCbMO HAa HAYYHBIRA
ceMHHap B TIOOHHIreH, 3aKaHUYHBalOIleeCsl CJOBAMH: «...He
DHCKHYB, He BbIMIpaelllb; HEOGXONHMO MO03TOMY Cepbe3HO
o6CyIUTh JI060# NyTh K cmnaceHuio. Mrtak, Monm moporue
panHOaKTHBHBIE AaMbl H TOCNOAA, NPOBEpsHTE H CyaHTe».

ITaysn npennosokuJ, 4YTO CyIIeCTBYeT elle oOJHa, He
OTKpBITasi €llle YacTHLa, KOTOpasi BbUIETAaeT BMeCTe C 3JIeK-
TPOHOM IIpH GeTa-pacnaje spep. M mexny Tpemsi yuacTHH-
KaMH 3TOTO COOBLITHS — 3JIEKTPOHOM, SIAPOM H HEH3BeCTHOH
YaCTHLEH — 3HepPrusi [eJUTCS yXKe NPOU3BOJBHHIM o6pa-
30M, TOYHO TaK e KaK dHeprus nopoxa POH3BOJBHO pac-
npenensieTcsi MexAy ApOOGHHKAaMM, BbLJIETAIOLIMMH H3
PyXbsl.

U Bce cpasy crano Ha cBou Mecta. Eciau 3jexkTpoH
BbJIETaJ C MeHblled 3SHeprueid, To ApPYyrylo, HeIOCTalo-
IIYI0O YacTb HEPTHH YHOCHJa ¢ cobofi TauHCTBeHHasl He3Ha-
KOMKa.

[anore3dy I[laynn npusuanu ganeko He Bce. M Havaum
Torna GHU3HKH CyAHTb na psaauTb. C OXHON CTOPOHHI, TPYA-
HO OBIIO OTKa3aTbCsl OT QYHAAMEHTAJbHOIO 3aKOHA COXpa-
HeHust sHepruu. C Opyroéi CTOpPOHBI — BoJeH-HeBoOJeH INpH-
XOJIHJIOCh BHOCHTb €lle OJHY, Ja ellleé TaKyl HeOOBIUHYIO,
YACTHIY B LEJHKOM H MOJHOCTBIO YKOMIJIEKTOBaHHBIA aTOM.

Cynure camu. Jlpyrde yacTHubl Kak yacTHubl. MX mox-
HO 3aperiucTpupoBaTh B cuerydke [‘efirepa, OHH OCTaBJASIOT
caenbl B kaMmepe BuibcoHa. A HeATPOHBI HJIH raMMa-KBaH-
Thl BBIIAIOT CBOE MPHCYTCTBHE, TOJKAasl NPOTOHbl HJIH BHIOH-
Basi H3 aTOMOB 3JIEKTPOHBI.

Ho TauncTBeHHas yacTHLa HHKaK He JaBaJjacb 3KCIIEpH-
meHratopam. A Ilayau, clnoBHO mNoACMeHBasChb HajJ HHMH,
VIKe 3aroTOBHJI «yJOCTOBEPEHHE», rlie 3HaYHJHCh OCHOBHbIE
MpHMeTbl HE3HAKOMKH: Jerkas, ¢ Maccoi, MOYTH paBHOH
HyJ10, 6€3 3JIeKTPUUECKOro 3apsna — HeHTpasbHasi.

Tak 310 xe «macnopTHble» RauHble HeHTpHHO! «HTO-TO
MaJIeHbKOe H HefTpasibHOe» — TaK IepeBOAHTCS ero HasBa-
HHE C HTaJbsIHCKOTO Ha PYCCKHH.

Ilpopesas Maccy mioTHOTO BellecTBa, HEHTPOH MpOje-
NbIBaeT NyTh B HECKOJbKO METPOB, He 3aJeB HH ORHOrO
anpa. Muoro? Kouneuno. Ho He no cpaBHeHHIO ¢ HEHTPHHO.
OTa npoHbIp/AMBAs YacTHYKA JETHT CKBO3b TOJILY MJIOTHOTO
BelllecTBa 10 NEpPBOro CTOJKHOBEHHS MHJJIMAapAbl JIET €O
CBETOBOH CKOPOCTBIO.
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®danTacTHyecKass NpoOHMKawlas crnoco6HocTh! B Hefi-To
H 3aKJIl0UeHa IVIaBHas TaiHa HeHTPHHO.

B XKH3HH MBI CTaJKMBaeMCs C AByMS THIaMH B3aHMO-
neiictBusi. OIHO W3 HHX — rPaBUTAlMOHHOE IIPUTSKEHHE.
O HeM MBI y3HaeMm elle B PaHHEM [ETCTBE, MOTHpas YLIHOG-
JIEHHble NpH NMajeHHH KOJIEHH H J6b. Ho cuna TsroteHHs
He TOJbKO LIBHIpsieT Hac Ha 3emuio. OHa ke yaepxuBaeT
Hac Ha 3eMJie, HeNKo AepXKHT JIyHy okoso 3emJH, miaHe-
Tl okosio CouaHua. [lpyroe B3auMonxeldcTBHE — 3JI€KTpPO-
MarHHTHOeE.

C HOBBIM, C Tak Ha3blBa€MbIM CHJBHBIM B3auMoJeii-
CTBHEM MBI MO3HAKOMHWJIMCh HAa NpHMepe SAEPHBIX CHJI, KO-
TOpBHIE yAepPXKHUBAIOT B fApe NPOTOHBl H HeHTpoHH. Ha ma-
JBIX PAaCCTOSIHHSIX OHH B TBHICAYY pa3 CHJbHee 3JeKTpoMmar-
HUTHBIX CHJI.

A HeATPHHO OTKpPBLT AJIS HAC ellle OLHH BHJX B3aHMOZeEH-
CTBHSI — cJyaboe. Bce apyrue sjeMeHTapHble YaCTHUBI MO-
ryT obmaThcsi MeXKAYy coboii pasHHIMH crnocob6aMu. HeifiTpu-
HO XK€ MpHpoja o6hesHsa, He NPeJOCTaBUB €My TaKOro BHI-
6opa. Ero ynen — ojHO ToJbKO cnaboe B3auMOJeiCTBHe.

Ouenb ca6oe — B COTHH MHJIJIHApIOB pas ciaaGee
3JIEKTPOMArHHTHOI'O, B3aHMOJefICTBHE 3TO Jesajio HeHTPHHO
HEOOLIKHOBEHHO <«HEOOIHTEeJbHBIM». B TeueHue uyeTBepTH
BeKa 3KCIIepPHMEHTAaTOpaM He ynaBajoch OGHAaPYyXKHTb 3Ty
HeoOBIUHYI0 yacTHIy. HeysoBuMoe HEHTPHHO MPOCKAJb3bl-
BaJIO CKBO3b NMPHOOPHI, KaK KPOLIeYHbIH MaJieK CKBO3b CETH
C KPYNMHOH siueeid.
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A 3HaueHHMe 3TOH yaCTHUB MO Mepe MOHHMMAaHHUS POJIH
ca1abblX B3aHMOJEHCTBHH Bce Bo3pacTajo. ¥Yxe OBLIO sic-
HO, UYTO HEHTPHHO BO3HHMKAaIOT BO BpeMs fIlepHbIX peakuui
na CoJiHLE H Ha JAaslekux 3Be3flax. HeHTpHHO Be3gecyluH.
Kaxablii KBaipaTHHIH CaHTHMETP 3eMJIH eXeCeKyHAHO Npo-
HH3BIBAIOT MHJIHapAbl HeHTpuHo. IloncTHHe MBI KHBeM
B 6€3JOHHOM HEHTPHHHOM OKeaHe.

Hesajonro 10 OTKpBITHS HEHTPHHO OAHH H3 yYaCTHHKOB
9TOro JKCIEPHMEHTa NpenojHec CBOMM KOJljieraM HOBOTOA-
uuil nojapok. Ilox npaspHuuHOi 06GepTKOH HaxoauJach
packpallleHHas cnHyeyHas KOpoOKa ¢ MOANMHCHIO: «3aBeaoMO
COJEPKHUT, N0 KpakHelt mepe, 100 HelATpUHO®.

@®u3HKH CMOIJIM OGHapYXKHThb MaJIeHbKOIO HEBHAHUMKY,
TOJIBKO CO3[aB SAepHble PEaKTOPhl — MOLIHBIE HCTOYHHKH-
HeHTpuHO. Bcero auib onHa yacrtuma u3 10%, mpoxoamus-
Iux yepe3s npubop, 3actpeBana B HeM., Ho noTok HelTpHHO
6bl1 Tak BeJHK, YTO H 3TOH MH3€PHOH JOJH OKas3aJjoch /10-
CTAaTOYHO JJIsi €€ 0OHapyIKEeHHS.

Tak B 1956 rogy @. Paiinec u K. Koysu u3 Jloc-Ana-
MOCCKOH J1a60paTOpHH YHHYTOXKHJIM TaHHCTBEHHHIH OpeoJ
BOKPYT HeHTPHHO.

Heobbiyajikbie KHpNHYM

Bcerga tak: ecan paayeTcs HOXKIIO CafloBOA, TO TYPHCT
NPOKJIHMHAET 3TOT HEKCTaTH pa3pasuBLIMiics JHBeHb. JKapko
CBETHT COJIHIIE — M ONATb KOMY-TO XOpPOLIO, a KOMY-TO
HeT. ¥YBhl, Hleasa Ha cBeTe He ObIBaeT, H YrOAHTb Ha BCCX
HEBO3MOXKHO.

o oTKpbITHSI HeATpPoHAa (HU3HUKH AyMaJsH, YTO aTOMHOe
SIPO COCTOMT M3 NPOTOHOB H 3JEKTPOHOB. DTO OYeHb Orop-
YaJio TEOPETHKOB -— B HX pacyeTax He CXOJAHJIHCb KOHLEI
¢ KoHuamu. Ho 3aTo coBeplleHHO CNOKOMHBI GBIJIM KCIEpH-
MEeHTaTophbl, H3yuyaBlIHe paJHOaKTHBHBIH OeTa-pacnaf sfiep.
MM He npuxoiunmoch somaTh rosioBy HaX TeM, OTKyAa Oe-
PyTCsl 3/IEKTPOHBIL.

HeiiTpoH cBoMM nosiBleHHEM nepeBepHYJ BCe BBepX
AHoM. Tenepb pajoBa/sHCh TEOPETHKH, IOTOMY UTO HEHTPOi-
HO-IPOTOHHAs MOJeJb CTPOEHHs sipa JHKBHAHPOBaja Bce
HX saTtpyAHeHusi. Ho pajzocTb racna M Mepkjaa OT OIHOro
B3rJsila B CTOPOHY TeX, KTO 3aHHMaJjcsl HcCaeJOBaHHEM
pamnoaktuBHOcTH. OHH TpeGoBa/jiM OTBeTa Ha OLMH-EIHH-
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CTBEHHBIH, HO UpE3BLIYAHHO TAXKEJNbIH BONpOC: OTKyAa Ge-
PyTCa 3JeKTPOHBl Npu Oera-pacnaje sigep, €CJAH HX
TaM HeT?

Heyxenn onaTb Halo0 OTKa3aTbCA OT TaKOH HYYAECHO
NpocToii KapTHHBI CTPOEHHS sSApa M clHejaTh LIar Hasan?
HeyxTo, yBUAEB HakOHel, sICHble FOPH30HTHI, CHOBa MOTpY-
XKaTbCA B Myralollyl0 IYyYHHY HENOHSITHBIX, HE COIVIacylo-
MIHXCSA IPYr C APYroM ¢akToB?

ITocTaBsieHHbIl B ynop BONpPOC: OTKyZXa Xe B snpe Oe-
PYTCSl 3JIEKTPOHBI? — 3acCTaBHJ (DU3HUKOB cHesaThb rpoMaj-
HbIfl war Brepel. DHITh MOXeT, He MeHee Cepbe3HBIH, UYeM
IIar ¢ NpU3HaHUeM 3JIEKTPOHOB,

JBanuate Tpu Beka Ha3ajy JleMOKPHT HaJeJHJ MHp aTo-
MOB CBOHCTBOM HeI€JHMOCTH, HeH3MeHseMocTH. B camom
koHue XIX Beka (DM3MKH COpPBa/id 5TOT SIPJBLIK C aTOMOB H
HHYTOXe CyMHsllecsi INepeBecHIM ero Ha SJjeMeHTapHble
yactuusl! OueHb TPyaHO OblIO (pU3HKAM NpPeNCTaBHTb ceGe
KMPIHYHKH MaTepHH 6e3 NPHUBHIYHOIO CIIOKOHHOIrO M Hajex-
HOro SIpJIbIKa.

OcHoBaTenb KBaHTOBOH MexaHHKH B. [efizenGepr mnep-
Bbll paspemMs 3aragky sapa. OH NpPeANOJOXKHJ, YTO
HEATPOH B siApe MOXKeT HHOrIa NpeBpallaThCi B INPOTOH
mIoc JaeKTpoH H HefdiTpuHo. IIpoToH ocraercst B snpe, a
OCTaJIbHble «BO3HHKAMOLIHe» YaCTHIbI MOKHIAIOT €ro. BHel-
He TaKoe NpeBpallleHHe BBINVISIHT KaK pPaJiMOAaKTHBHHIH Ge-
Ta-pacnaf.

Tak BoT oTkyna GepyTcs ajekTpoHbl! BrnepBreie Hccite-
JoBaTeIM MHKPOMHPA OTKPBIJIM B3aHMHYIO HPeBpalllaeMOCThb
3JIeMeHTapHBIX YaCTHIL.

HefiTpoH, Kak NMOTOM BBISICHHJOCb, BHE siIpa XHBET He
6osee 12 MHHYT, pacnajgasicb Ha MPOTOH, 3JEKTPOH H Heil-
TpHHO. Co CBOGOIHBIM NMPOTOHOM HHYEro MORZOGHOTO He CJIy-
yaercss. Ho B paanoakTHBHOM siipe SHepreTHuecKas obcra-
HOBKa CKJIAaJbIBaeTCsl TaK, YTO Jdaxe CTaOMJIbHBIA IPOTOH
MOXKET NpPeBPaTHTbC B HEHTPOH, NMO3UTPOH H HEHUTPHHO
[To umeHH s/eMeHTapHOH YaCTHUH — HO3UTPOH — 3TO CO-
OblTHE B XKH3HH DAaJHOAaKTHBHOIO SiApa CTaJH BeJHYaTh
MO3UTPOHHBIM paclaioM.

UTo 3T0 3a HOBasl YaCTHLa — MO3HUTPOH?

OHa u HoBas, H OyaTo Gbl yXe JaBHO 3HAKOMa HaM.
310 TOYHAs KONMHS 3JEKTPOHA, TOJbKO C OGPAaTHHIM 3HAKOM
9JIeKTpHUYecKoro 3apsna. Kasajocbh 6bl, ¥ YIOMHHATb O Helii
HEYEero, €cJH OHa HeoOXOAMMa JIMLIb [JIsI HECKOJIbKHX CJIOB

0 NMO3HTPOHHOM pacnajie sijep.
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Ho uer. YactHua sta
urpaeT oco0yio posib B Hc-
TOpHH (DH3HKH 3JeMeHTap-
HbIX YacTHL. OTKpBITHE 110~
3HTPOHA TIPHOTKPHIIO JBe-
pu B Mup antHyactuu. OHo
NPOJEMOHCTPHPOBAJIO HaM
ele OJHO CBOHCTBO Mare-
pHH — ee CnocoGHOCTb Ipe-
BpallaTbCsl H3  BECOMOM
¢opMbl B popmy sHepruu!

Bce Hauvanoch ¢ TOro,
yro B 1931 romy M™oJo-
ol ¢u3HK-TeopeTHK KeM-
OPHAKCKOTO yHHBepCHTe-
ta [lonp [upak moay-
YHJT ypaBHEHHE, ONHUCHIBAIO-
mee JIBHXKEHHE 3JIEKTpOHa.
Bckope oH o6HapyxKHJI, UTO
ypaBHEHHE 3TO HMeeT ABa
pelLIeHHs, TO €CTb, TOMHMO
3JIeKTPOHA, OHO IMPHIOJHO
IJIsT ONMHCAHHUS elle OXHOH
gactuusl. [Tosmyyanocs Tak,
4TO 3Ta YacTHIA JOJIXKHA
O6BITb TOJHOCTBIO aHAJIO-
THYHA 3JIEKTPOHY, HO C IO-
JIOXKHTEJIbHBIM ~ 3JIEKTpHYe-
CKHM 3apsiIoM.

B to Bpemsa — a cay-
YHI0Ch 3T0 GoJiee cOpOKa
JIeT Ha3aJ — HHKTO He
cabixajd 06 aHTHYACTHLAX,
a eJMHCTBEHHOH H3BECTHOH
¢bu3ukaM yacTuuel ¢ noJo-
¥KHTEJIbHBIM 3apsJoM ObliI
nporon. Ho mnporton wus3-3a
GonbiIO Macchl He OTBe-
YaJq  BTOPOMY pelIeHHIO
ypaBHenus [upaka.

CHauaja Ka3ajnoch, 4TO
9T0 YHCTO MaTeMaTHYeCKHH
Kypbe3. Ho Bce MONBITKH
HCKJIIOYHTb BTOpOE pelle-




HHue HH K ueMmy He npuBesd. OaHO u3 AByX: nu60 HeBepHa
Teopus Jlupaka, 160 B NMPHPOJAE CYILECTBYET MOJOXKHTENb-
HO 3aps2KeHHBIH JeKTPOH.

Ilpenckazanve JIupaka OBLIO HACTOJNbKO HEOGLITHBIM,
4TO faxke KpyNHefIlHe yueHble NaJleKO He cpa3y MNPHHSIH
ero. Jlannay, HampHMmep, JIHIIb CNYCTS TpU HAECATHIETHS
3asBua: «Krto cmoput, uto JIMpak 3a HECKOJbKO JIeT Che-
Jan njs Hayku GoJsibllle, yeM BCe NMPHCYTCTBYIOUIHE B 3TOH
KOMHaTe 3a BCIO CBOIO JKH3HbP»

Conycra ron, B 1932 rony, B KOCMHYECKHX Jiyuax Obla
oGHapy:KeH NMo3HTPoH. B kamepe BuabcoHa HalIK cJemhbl
4acTHl, KOTOPble MOIJIH NMPHHAJAJEXaTb TOJNbKO 3JEKTPOHY,
HO C MOJIOXKHTENbHBIM 3apsIO0M.

IIpu uccnenoBaHNM KOCMHYECKHX JyYel € HNOMOIIBIO Ka-
Mepsl BH/IbCOHA 3KCHEPHMEHTAaTOpPbI HCMOJNb30BANTH METOI,
npeljioxkeHHbiit eme B 1927 roiy coBeTckUM — (U3HKOM
. CxoGenbubinbiM. Kamepa BusibcoHa nomemasnach MeXAy
HOJIIOCAMH 3JIEKTPOMarHuTa. DTO 1aBaJjio BO3MOXKHOCTb HE
TOJIbKO BHAETb CJeJ 3JeMEHTapHOH YacCTHLb, HO H MO €ro
HCKPHBJIEHHIO B MATHHTHOM IOJIe U3MEPSATh SHEPTHIO H Ol-
penesiTb 3HAK 3JIEKTPHUYECKOTO 3apsiia INpoJIeTeBIUeH ye-
pe3 KaMepy INpenCTaBUTeNbHHIBI MHKpoMHpa. Ha ¢oro-
rpadusx, NoJyueHHbIX B KaMepe BuiabcoHa, GblJIO OTYETNH-
BO BHJHO, YTO CJI€Jlbl 3JIEKTPOHA H MO3HTPOHA OTKJOHSIOT-
€ B MPOTHBOTMOJIOXKHbIE CTOPOHBI.

OneiT moATBepAHSA  TeopHIO. [IBaAUAaTHBOCHMHJIETHHI
IMoap Oupak nomosnua cnucok JgaypeatoB HoGesesckoil
NpeMHuH.

IMocsie OTKPBITHA MO3HTPOHA BO3HHK BONPOC: a HE HMEET
JIM KaxJas 3JeMeHTapHas YacTHUA <«aHTHOTPaXKEHHS»?
OKCNepHMEHTAaTOPhl 3aHsJHChb  NOHCKAMH  aHTHNPOTOHA
B KOCMHUYECKHX Jy4yaX. DJIeKTPOH-NO3UTPOHHAs nmapa GyATo
6nl noaTBepxkAasa Teopuio Hupaka. Ho ner-Her ga u 3a-
KpaJblBasach MBICIb 00 MCKIIOYEHUH, CAEJaHHOM MpPHPO-
0#l HMEHHO AJs 9THX YaCTHLL.

«MHTepBas BpeMEHH MeXAy NpejcKa3aHHeM aHTHIIPO-
ToOHa U ero HaGuofenueM B 1955 romy Gbl1 CJIHIIKOM Be-
JIHK, — TOBOPHJ aKaaeMHK §l. 3eJblI0BHY, — H y HEKOTO-
PHIX TEOPETHKOB HepBHl He BBIAEPXKAJH — B NOCJEIHHE TO-
Abl MOSIBHJINCh MONBITKH MOCTPOMTb TEOPHIO 6€3 aHTH-
NPOTOHOB>.

Jluuwip yeTBepTh Beka CmycTs mocie npeiackasanus Jlu-
paka rpynna aMepHKaHCKHX YYeHBIX TOJ PYKOBOJACTBOM
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dmuauo Cerpe u Oysna UemGepsena oGHapyxkuda aHTH-
npoTOH. A 4epe3 roj, HallIH U aHTHHEHTPOH.

VXBaTHBIIHCL 3a NMO3HTPOHHBIH KOHel, (PU3HKH CHaya-
jga MelJIeHHO, a 3aTeM Bce ObicTpee H GHICTpPee CTajU Bbl-
TArHBaTh CeTb C aHTHYacTHUaMH. W Temepb HHKTO yXe
He COMHEBaeTcs B TOM, YTO Y KaxKAOH 3jeMeHTapHOi
YyaCTHIBl eCTb CBOS TeHb — COOTBETCTBYIOLlasi aHTHYa-
CTHLA.

Msyuas cnelbl MO3UTPOHOB B KaMepe BuibcoHa, (HH3MKH
cpa3y ke OOHapyXHJH, YTO 3JIEKTPOH H IO3UTPOH, BCTpe-
yasicb APYyr ¢ APYroM, B3aHMHO «yHHYTOXKAIOTCSI» — aHHH-
THJIHPYIOT.

3a npupoly 6osiTbcs OLIIO Heyero — OHa IIPH 3TOM
HuYero He rtepsiia. Macca o6Geux 4yacTHl, IpeBpallafach
B ApPYrofl BUJA MaTepHH — B 3HepPrHIO, KOJIHYECTBO KOTOPOH
JIETKO TOACYMTATb IO H3BecTHOH (opmyse AnbGepra iiH-
wrefina E=mc?2.

«DTOT pe3yJbTaT HOBeiliel GU3HKH, — NHCaJ JaypeaT
Ho6eneBckoii npemun Maxkc Jlays, — sBisieTcss caMbIM
NoTpsicalolllUM H3 BCero, YTo KOrjaa-jau60 NMPHHOCHJIO pPa3BH-
THE eCTeCTBO3HaHHUS.

KakuMHu xe CTPaHHBIMH OKa3aJIHCb 3J€MeHTapHble KHp-
nuuukH Mmatepun! Jlaxke Takue cTaOHJbHBIE YaCTHIBI, Kak
NPOTOH H 3JIEKTPOH, MOTJIH «HCUE3HYTb» BMeCTE CO CBOHMHU
aHTHYacTHunaMd. HeBosbHO 3akpajblBasach MBICIb: Kak
MOIVIH [0 Hallero BPeMEeHH COXPaHHTbCs [peBHHE NMOPOAb,
CJI0XKE€HHble U3 TaKOTO HENPOYHOro MaTepHaJsa?

Ho geno Bce B ToM, YTO 3jeMeHTapHble YaCTHIBI IPO-
SIBJISIIOT TOTOBHOCTb K IpeBpallleHHsiM TOJbKO B crenuduye-
CKHX YyCJOBHUSIX PaJHOAKTHBHBIX fiJep H INPH BCTpeue C
aHtuyactiuaMu. B poctynHo#i Ham o6sacTy MHpa cra-
OHUJIbHBIX siiep HeH3MepHUMO G6oJiblie, YeM paJHOaKTHBHBIX.
A OT aHHMIHJISIUMM HAC CIaCaeT OTCYTCTBHE B 3aMETHBIX KO-
JUYeCTBaX aHTHYACTHIL.

dpa runepotos

He rtak nmaBHO eme poGocTb nopoii Memasja ¢H3HKAM
NpPHU3HATL NpenogHOCHMble NMPHPOROH HOBbie wacTHubl. Ho k
Hayasy 50-x rofoB mncuxoJorusi GH3HKOB 3aMETHO H3MEHH-
Jack. OcmesieB, OHH HayajH «COYHHSATb» HOBble POJH AJA
HEOTKPBITHX 3JIeMEHTaPHHIX KHPIHYHUKOB, a NMOTOM MOXbIC-
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KHBaThb JJis HHX HcmosHHTesell. Kak MopemnaBarenH Bpe-
meHn Kosym6a, (H3HKH YCTPEMHJIHCb B MaHALLYI0, HEH3-
BeJlaHHYI0 CTPaHy MHKPOMHpa, yBJIeYeHHble MOHCKaMM HO-
BBIX YaCTHIL.

Yuenble ¢ mOMOIIbI0O KaMep BuabcoHa H3yyasiH CTOJIKHO-
BEHHs 3JIeMEHTapHBIX YacCTHI ¢ sApaMH. B kamepy nome-
IaJIH MJIACTHHKH H3 HEeOOXOIHMOro BellecTBa H NMPOCHEXKH-
BaJu NyTb YaCTHUH JO Hee, a TaKxKe CJelbl TeX YacCTHI,
KOTOpHIE BbIIETAJIH H3 MJIaCTHHKH.

U Bot B 1951 rony Ha «NpHMaHKy» — CBHHIOBYIO ILia-
CTHHKY — KJIOHyJla HeoOblYaHHO «CTpaHHas» YacCTHHA.
Kocmuueckne Jiyun BBICOKOH 3HEPrHH, CTaJKHBascb € IPo-
TOHaMH H HEHTPOHAMH CBHHLQBOH IJIACTHHKH, POJHJH HO-
ByI0 HefiTpajbHyl0 yacTtully. CaMa oHa He OcTaBHJsa CJella,
HO HeBJlaJieKe OT IJIACTHHKH OBblJIH BHAHBI pacxojlsliHecs
H3 OJHOM TOYKH TyMaHHble CJIeIbl ABYX 3apsiKEeHHbIX Ya-
CTHI, Ha KOTOpble pacnaJjach HeBHAMMKa. Tak 3akaHuHBa-
Jacb KOPOTKasi XKH3Hb HOBOH YaCTHILBI, .JJISIASACH BCEro
10-1° cekynnbl. Ho ckosbko BOMHEHHH JOCTaBHJIH (H3H-
KaM 3TH MTHOBeHHs!

Korza nawanu usyuath Qotorpaduu co ciaefaMH nes-
TEJIbHOCTH HOBBIX YaCTHI, TO OGHapyXHJIH TakKoe, YTO BIIO-
py ObL10 cXBaTHTbcs 3a rosioBy. Okasajochb, YTO OTKpbITa
He OJlHa YacCTHIla, a ABa Pa3HBIX BHIA 3JEMEHTapHBIX KHP-
NHYHKOB: TsXKeJble Ka-Me30HH H 6oJjiee MacCHBHbIE, YEM
HyKJIOHBI, runepoHbl. Ceifyac Me30HOB M THIICPOHOB YyxXKe
GoJibllle MIOKHHBL. M XOTSl HHKTO He HYXXJaJCsi B MOsIBJe-
HHH HOBHIX YacCTHL, Ja ellle B CTOJIb GOJIbLIOM KOJIHYECTBe,
H HHKAaKas H3 CYLIECTBYIOIIHX TEODHH HHYEro He IMpeacKa-
3hiBaJla Ha 3TOT CYET, IPHXOJHJIOCH KaK-TO PHUBBIKATb K HO-
BhIM o6cTosTesibcTBaM. IIpHxoauioch NpHHHMATb MHp 3Jie-
MEHTapHBLIX YaCTHI[ TAKHM, KAKOB OH €CTb.

OnHy NpHBBEIYKY, B KOHILE KOHIOB, BCerla MOXHO 3aMe-
HHTb Apyro#i. K «CTpaHHOCTH» XK€ HOBBIX YacCTHL (U3HKH
He MOTYT NPHUBBLIKHYTb 10 cHX nop. Ho mnoueMy HOBBIi
«yJIOB» YaCTHI Ha3BaJH «CTPAHHbIM»? B ueM HX «cTpaH-
HOCTb»?

Ka-Me30Hb! H THIEPOHBI POXKIAJIHCh B PE3yJbTaTe CHJIb-
HHIX B3aHMOAEHCTBHH MeXAY HYKJOHaMH 3a HEBEepPOSTHO
KOPOTKOe BpeMs, HAMHOTO MeHbIlIee TOro, YTO MH OOBIYHO
Ha3biBaeM MrHOBEHHeM oka. PacmazanHch OHH Toxe Ha
CHJIBHO B3aHMOJEHCTBYIOUHE YaCTHLbl, a 3HAYHT, H HCYe-
3aTb JOJIKHH OBIJIH 32 TaKoe Xe KopoTkoe Bpemsi. B nefi-



CTBHTEJIbHOCTH YacCTHIbl 3TH XKHBYT B CTO ThICAY MHJIJIHAP-
nos  (100000000000000) pa3 moabme! Hy kak Tyr He
Ha3BaTh UX «CTPAHHBIMHU»?

U Bce-Taku «CTpaHHBIE» THIEPOHBI, NO-BHAUMOMY, [IO-
BOJIbHO GJIH3KHE POACTBEHHHUKH HYK/JOHOB. OHH MHPHO yXH-
BAIOTCSA PANOM HE TOJbKO B TabJHIe 3JeMeHTapHbIX YacCTHII,
Ho U B ofHOM sigpe. HefiTpanbHble gaM6aa-rUnepoHbl MOTYT
TOIMEHUTh OJIHH WJH JaxKe ABa HeATpoHA.

Cam 1o cefe runepoH B fijpe He BO3HHKAET: SIAPO MOJY-
4aeT ero NPH CTOJKHOBEHHH C KOCMHYECKHM I[IPOTOHOM
Gousbioii 3Heprud. ONHH U3 OCKOJNKOB YHOCHT € COGOH 3TOT
THIIEPOH KaK MaMfATb O NpOHcCHIefed KatacTpode. ['umep-
A0pO —TaK Ha3Balu  OCKOJOK — CYHUIECTBYeT  CTOJBKO
e, CKOJIbLKO H caM THIepoH, NpubausutespHo 10—10 ce-
KYHJIBL

Ho ecnu runeponsl BenyT cebGst GoJiee MJIH MeHee CHOC-
HO, TO PONCTBEHHHKH IIH-M@30HOB — TSXKeJble Ka-Me30-
HBl — OKa3aJIUCh HACTOSIU[UMHU OYHTApAMH H HHUTHJIHCTAMH.
OHH He XealOT CYATATHCS C BaxKHEHIIMMH 3aKOHAMH MHK-
pomupa. C MOMEHTa OTKDBITHSI M II0 CErOAHSALIHHHA JEeHb
ONBITBl C Ka-Me30HAMH BCe BpeMs B LEHTpe BHHMaHHA GH-
3HKOB,

Bunure, kKak He3aMeTHO, JBHXKHMBIE JETCKHM BONIPOCOM
«KaK BCe yCTPOEHO?», MBI HallIH CHadaJa BOCeMb, a K
1960 rony — oxos0 TpHAIIATH COPTOB KHPNMHYHKOB MaTe-
pun. BaXHOCTb ¥ HEOOXOJHMOCTb IEPBbIX TpeX 4YacTHL
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TIACAOPTHBIL
LTOA

6bia Heocmopumoil. [TopasMbiciuB, «IPHCTPOUIH K Heny»
ellle 1IeCTb BHOBb OTKPBITHIX. HO TpuamaTH uacruuam Jo
CHX IOp He HalJeHO NpHMeHeHHs!

BeamepHasi LiefipocTb NPHPOALI O3ajayHBajia. Temepb
yXKe HHKTO He 6Gpas Ha ce0si CMeJIOCTb JOKa3aTb: CKOJbBKO
HMEHHO 3JIeMeHTapHbIX YaCTHI, JOJKHO CYIIecTBOBaTb B
npupozne? Korjga 3aBeplIHTCS CHHCOK KHPIHYHKOB Mare-
pHu? MoxeT GbITb, CIIHCOK 3TOT yXKe 3aBeplieH? A MoxeT
6LITb, OH TOJBKO ellle HaUHHAeTCA?

becnokoiinoe Xo3akcTBO

HexnanHo-HerajanHo (H3HKH CTaJu BJajfesabliaMH Jo-
BOJIbHO OOGIIMPHOT'O, «MHOTOOTPAcCJeBOro XOo3d#cTBay» 3Je-
MEHTapHbIX yacTHU. TyT u MaccuBHBIe silepHbIe HYKJIOHBI
H THNEPOHHI, THAXKeJble Me30HBI H JIErKHe HEHTPHHO, MIO-Me-
30Hb M (¢oroHb. [Togpo6HO Bce M NepPeYHCAHTb HeBO3-
MOZKHO.

YacTul cTajo Tak MHOTO, 4YTO HEBOJIbHO 3aKpaAbiBajIoCh
COMHEHHe: HeyXKeJlH MOXHO JOCTaTOUHO YBEPEHHO OTJIHYHTD
OIHYy OT npyroii? BeccMbIC/IeHHO rOBOPUTH O BHEIIHEM BHe
WIM UBeTe runepoHoB. Ho TeM He MeHee yacTHLa KaXKJIOro
copTa BCKOpe NocJe OTKPHITHA nNoJydasna nacnopr. ®amu-
JIMIO, HALIHOHAJbHOCTb, COLIHAJIbHOE NOJIOXKeHHe el OTJHYHO
3aMeHsIH 3HauyeHHsl MacChl, 3apsiia, BpeMeHH XH3HH. He
MeHee BaKeH GBI M CIIHH YaCTHIbBI — BeJNHYHHA, CBA3aHHas
c ee COOCTBEHHbIM BpallleHHeM, JHOO Ke MarHHTHHH Mo-

34



MEHT, HMEIOLIUHA NpPsIMOe OTHOIIEeHHe K paclpeleseHHI0 TO-
KOB BHYTPH YaCTHIBI.

B MHpe pacTeHHH H B MHpe KHBOTHBIX 0COOHM OZHOrO
W TOrO K€ BHJAAa BCeria XOTh H He3HAauyHMTeJbHO, HO OTJIH-
yaloTCsl APYr OT Jpyra pa3MepoM, OKDAaCKOi, NOBeIeHHEM.
HMHoraa MaJjioONMBITHBIA 6GOTAaHHK HJH 300JI0T MOKET Jaxke
OONYyCTHTb OWHOKY B KJIacCHPHKAUUH H3-3a CHJIBLHOTO
OTKJIOHEHHs] TPH3HAKOB O0COOH OT OOBLIUHBIX BHIOBBHIX
CBOHCTB.

@Ou3HKYy-IKCIEDHMEHTATOPY 3TO HE TPO3HT. DJeMeHTap-
Hble YaCTHIBl OJHOrO «COPTa» COBEpIIEHHO OJMHAKOBBHL
Bce IPOTOHBI U BCe HEeHTPOHBI TOXKJECTBEHHHl APYT APYTY,
¥ HEBAXKHO — IIOJIyYeHbl OHH Ha YCKOpHTEJe HJIH BO3HHKIH
B KOCMHUYecKHX Jyuax. [IoaToMy HeT HHKakKo# HeoGXOLHMO-
CTH KaxX/Jbli pa3 Ha ONbITe AOCKOHAJbHO HCCJIeJ0BaTh BCe
ux cBoicTBa. JlOCTaTOYHO JIHIIL YCTAHOBHTb, K KaKOMY
«COPTY» OTHOCHUTCSl AaHHAs YacTHLA.

ITo ¢ororpadun cnema, KoTopass y 3apsiKeHHBIX YaCTHIL
HrpaeT poJb NacNOPTHO# KapTOYKH, MOXKHO Hai#TH Maccy
yactuubl. Ecnn cnel Bech yknaAbiBaeTcss Ha CHHMKe H BaM
M3BECTHAa CKOPOCTb YaCTHIbl, TO CYMTaHTe, YTO Bbl H3MEpH-
JH B BpeMs ee XH3HH. MarHHTHoe moJjie NMOACKAaXKeT 3HaK
ee 3apsja. ,

Bce ocranbHble HHTepecyioliMe (H3HKAa CBeNEHHs OH
nosydaetr H3 TabGaMIbl 3JeMEHTapHBIX YacTHL, COCTaBJIEH-
HOM MO «NAaCNOPTHBIM» JaHHBIM KaxKIOH M3 HHX. 3ar/sitHATe
B 3Ty Tabauny, H BaM cpa3y ke OpocHTcs B rjasa, 4TO
OMH BHJ YaCTHI OTJIHYaeTCsi OT JAPYroro B NEpByI0 Oue-
pelb no BeJHYHHE MacChl, BPeMEHH XH3HH HJH CI0co0y
pacnana.

Macca 9acTHI H3MeHsieTCsl B OTPOMHOM JHanasoHe OT
HOJIsL (y HeATpHHO M (OTOHA) [0 BENHUMHBI, PABHOH NOYTH
BOCbMH ThICSIYaM MacC 3J€KTPOHA Yy HeJaBHO OTKPHITOH
IKH-TICH yacTHubl. A BpeMs Xu3HH — OoT 10—2 cekyHABH
Y po-me3ona no 10?8 ner y nporoHa!l

Ho kakoe yHbuioe omHooGpasne B rpade «dmekTpuue-
CKHH 3apsia»! HediTpasbHas, oTpHUATENBHO H TOJOXKHTE/b-
HO 3apsxKeHHass — BOT H Becb AHamna3oH H3MeHeHui. [Ipas-
lla, cJ0Ba <«OTPHIATENLHO» H <IIOJOXKHTENbHO» 3apsikKeH-
Hble 03HAYaloT JHIIbL 3HAK 3apsja H HHYEro He roBOPSAT
O ero BeJIHYHHE.

Moxer 6biTb, 3Ta BeJHYHHA BAPbHPYETCS TaK XKE CHJb-
HO, KaK Macca i BpeMsl XKH3HH?
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Hansa sapsaga, oiHaKo, MNpHpoda clenaja MNPHATHOE
uckiaouenve, Yactuna Jaubo BooOllle He HMeeT 3apsia,
an6o ke y Hee 3apsii B TOYHOCTH paBeH 3apsiy 3JeK-
TPOHA.

[MpocmaTpuBast TaGauly 3/M€MEHTApHBIX YacTHLU, MBbl
yKe 3aMeTHJIM, YTO OJHM YacTHIBI Jierde, Apyrue TaKesee,
ONHH XHBYT JOJIO, a JIpyrHe ToJbko MrHoeenue. Ho Tab-
JIMIla HUYEro He TOBOPUT 06 MX OYpPHOU W HaNOJHEHHOH yaH-
BHTEJIbHBIMH COOLITHSIMH XKH3HH.

DieMeHTapHble KHPIHYHKH MaTepHH poxKJaloTcsi JHOO
B silepHBIX KaTacTpodax, IPH CTOJKHOBEHHH YaCTHI| OTPOM-
HbIX 3Hepruii, Aub0 e B «CIOKOHHOM» DPaJHOaKTHBHOM
pacnane. Hecra6unpHbele 4acTHIbl 3aKaHYHBAIOT CBOH «IHH>»
pacmagoM Ha Oosee Jerkue. HMHorma ux 3axBaThlBa-
IOT aTOMHBIe sflpa BellecTBa, B KOTOPDOM OHH OCTaHaBJIHBa-
I0TCSL.

DyeMeHTapHBlE YaCTHLbLl HMCMOBITHIBAIOT MpEeBpallleHHust
npu B3auMmogeficTBHH ApPYyr c¢ Apyrom. Ilpudem kaxnas ya-
CTHIA TPOJeJbIBaeT 3TO Ha CBOH JaJ. MIMeHHO B 3TOM mpo-
SIBJISIETCST OCHOBHOE KauyeCTBEHHOE pa3/jHyHe MeXAy uya-
CTHLAMH.

ITo xapakTepy HX B3aHMOJAEHCTBHSI HYKJOHH H THIIEPO-
Hhl OObeIMHMJH B rpynny afipoHoB. Ka-me3oHel H IH-
Me3OHBI BHRIAEJNHJIM B APYryio rpynny. A Jjerkue 4acTHUHL:
MIO-ME30HBI, 3JIeKTPOHBI H HEHTPHHO — Ha3BaJH JeNTo-
HaMH.

Hyksnonsl He MOryT MOJIMEHHTb Ka-Me30HH B sifep-
HBIX peakiuusix. B rumepsiipe JeNTOHH HHKOIZAa HE 3aMEHST
runepoHoB. HeliTpon He MoxKeT pacmajaTbCcsl TaK, Kak 3TO
AeNaloT «CTPaHHble» YacTHUB. A NH-ME30H He MOXKeT po-
JIUTbCS B paJJHOaKTHBHOM OeTa-pacmnaje szep.

Mano KTo M3 CHASIIMX B LHPKe AOrajblBaercsi, KaKHM
Coco60M HJIJIIO3HOHHUCT COBeplIaeT TOT HJIHM HHOH TPIOK.
Ho HH y KOro 310 He BLI3bIBaeT OLLYIIEHHS HENO3HaBaeMo-
cti. Bce noHmmaoT, 4To aTTPAKLHOH OCHOBAH Ha OIlpefe-
JIeHHBIX NIpaBHJIaX, €CJIH XOTHTe, CBOETO poOJla 3aKOHaX, Iie
JIOBKOCTb DYK COeIHHsAETCS ¢ H306peTaTesNbHOCTbIO H (aH-
Tasued.

[Toka yto PH3HKM NMOXOXKH Ha 3pHTenell nupka. Onu
He Bcerja 3HalOT, OYeMy HMEHHO Tak BeleT cebs Ta HJH
HHasl yactiua. Ho, n3yuass MUKpOMHD, QHU3HKH MOHSJH, YTO
HHKaKoro xaoca B HeM Her. [loBelleHHe YacTHIl NMOAYHHSET-
csl Y4eTKHM, CTPOTHM 33aKOHaM.
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liapctBo 3nepruu

Ham paccka3 06 OTKPBITHH 3JIeMEHTapHBIX YaCTHIL OCTa-
gosuusicst Ha 1960 roay, korza Ha pykax y (H3HKOB OKasa-
jgoch OKoJO 30 COPTOB NpOCTEHIIHX KUPNHUHKOB MaTepHH
H He 0CTaJoChb HUKaKHX COMHEHHH B TOM, YTO B CKOPOM Bpe-
MeHH YHCJIO HX MOXeT YJIBOMThCS.

K sToMy BpeMenn ¢H3MKa 3JieMEHTapHBIX YacTHI Nepe-
cTajla MATaThCs TOJbKO CBelEeHHSIMH, NOCTYNaIOLIUMH OT HC-
caefoBaTesell KOCMHYecKHX Jgydell. B HayuHblx Ja6opaTo-
pHSIX NOSABHJIHCh MOLIHBIE YCKODHUTEIH.

Yxe B 1949 romy B HHcTHTyTe sAepHBIX mnpobieM
AH CCCP mauan pabGoTaTh caMblii MOLUHBIi B TO BpeMs
yckopHTeJb B MHpe. C ero noMmoiubio GH3NKH y3HAJH MHO-
ro HOBOrO O CBOHCTBAaX aTOMHHIX filep, O B3aHMOAEHCTBHH
GbICTPHIX IIDOTOHOB H HEHATPOHOB ¢ BemiecTBoM. [losyueH-
Hble 3KCNepHMEHTa/JbHble pe3yJbTaThl MO3BOJHAH COBeT-
CKHM YYEHBIM Yepe3 HeCKOJIbKO JeT PeUIMTb mpobseMy MHp-
HOTrO MCHOJIb30BaHHSl aTOMHOH sHeprud. Ilyck B 1954 rony
B OO6HHHCKe nepBOfi B MHpPe aTOMHOH 3JIEKTPOCTAHLUH
OTKDBLT HOBYIO 5pY B Pa3BUTHH SHEPreTHKH.

B amnpesne 1957 roza B nmoamockoBHOM ropofe [lyGHa
B OGbelHHEHHOM HHCTHTYTE SIAEPHBIX HCC/IeJOBaHHH Obla
3anylieH HOBBIH YCKODHT€Ibr — CHHXPO(}a30TpOH, «IpPOH3-
BOJASIIKHA» NPOTOHB C sHeprueii Ao 10 MMAIHApDAOB 3JjIeK-
TPOH-BOJIBT.

Hun B omno#i apyro#i naGopaTopun Mupa elle He MNOJY-
YaJid TOrJa YacTHI, CToJIb OGOJILLIOH 3HEPrHH. YUYeHhIM CO-
LUHaJIHCTHYECKHX CTPaH yAaJOCh NPOHHKHYTb ele raybxe
B TailiHy cTpoeHus MarepuH. Ha stom yckopurene ObLIO
OTKDLITO HECKOJIbKO HOBBIX 3J€MEHTapHbIX YacTHl, B TOM
uhcjie ofHa H3 ceMelficTBa THNEPOHOB: aHTH-CUI'Ma-MHHYC-
THIIEDOH.

Bce wactuusl MOryT poxAaTbCs NPH  CTOJKHOBEHHH
JIO6BIX JBYX 4YacTHL, HalnpHMep NPOTOHOB GOJIbLIOH 3Hep-
THM ¢ aTOMHBIMHM fi[paMH. A rje Bce 3TO HPOUCXOJAHT — B
KocMoce Ji¥, Ha rpaHHIe JH ¢ aTMocdepoii 3eMJH HIH B MH-
WIeHH yCKOpHTeJsl — He MMeeT NPUHIUNHAJbHOTO 3HAUEHHSs.

[IpaBna, KocMHueckHe TNPOTOHH 06/1aJal0T HAMHOTO
Gonbinell sHepruei, yeM NPOTOHBI, Pa3OTHAHHbIE HAa CaMbIX
MOIIHLIX yCKOPHUTENSIX. 3aTO HACKOJbKO YyAoOHee paboTaTb
C a6opaTOPHBIMH NyYKaMH NH-ME30HOB, YeM OTJIaBJIHMBATh
HX B KOCMHYECKHX Jlyyax.
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YTouHsiss nmacnopTHble AaHHBIE YacTHL, (GH3HKH OGpaTH-
J¥ BHHMAaHHe, YTO OOJIbIIMHCTBO H3BECTHLIX YACTHI[ XKHBET
noablie 10—!4 cekyHnabl. Menblue Bcex — okoso 10—19 ce-
KyHIbl — CYILIecTBYyeT JIHIIb OJHA YacTHIlA M0J Ha3BaHHEM
3Ta-Me30H.

Ho yuenble ne MOI/IM NOHSTb, MoyeMy He OGHapYIKEHO
YaCcTHI C BpeMeHeM XHU3HH B HHTepBase oT 10-!9 ceKyHAH
IO TaK Ha3blBaeMOro <«sJepHOro»  BpEMeHH, pPaBHOIO
1022 — 1022 cexynabi? Toro caMoro MHHHMaJbHOIO Bpe-
MeHH, Heo6XOAHMOro HOBOPOXKAEHHOH 4YacTHle, YToGhl 3as-
BHTb O CBOEM mOsiBNeHUH Ha cBeT. Ho eaBa ¢usuku ycnean
3ajgatb ce6e 3TOT BONPOC, KaK YaCTHLA, POXKIaloUlasics Ha
CTOJIb KpaTKO€ MTHOBEHHE, YTO H MTHOBEHBEM-TO €ro HeJb-
35 Ha3BaTb, Obl1a OTKpbITA!

3a ABa rojga 10 CMEpPTH NATHAECITHIETHHH ODHPHKO
®epmMu Ha UHKarckoM YCKOpHTeJEe NMOCTABHJ OMNBIT, YTOOHI
BBISICHUTb J€TaJH B3aHMOLEHCTBHS NH-MC30HOB C HYKJIOHA-
mu. PesyabraThl okasannch yauBHTenbHbIMH! IIpn HekoTo-
pofi 3HEepPrHH NH-Me30Ha ero B3aHMOJEHCTBHE C NPOTOHOM
MeHsJI0 CBOH XapakTep. DTO HAaNOMHHAJO, HalpHMep, pe3-
KHA BCIVIECK HHTEHCHBHOCTH 3JIEKTPOMAarHHTHBIX BOJIH,
KOrjla 4acTOTa H3JydYeHHS TeHepaTopa MNpPHXOAHT B pe-
30HAaHC C YaCTOTOH, Ha KOTOPYI0 HacTpoeHa Nepejaomias
aHTeHHAa. 3]iecb XKe B Pe30HAHC BOILJH KHHETHYEeCKas: 3Hep-
rHd NH-Me30HAa H NOTeHUHaJ/ibHasi SHEPrHsi ero B3aHMOJe-
CTBHA C IIPOTOHOM.

Mes3on B TeueHHe BpeMEHH, CPaBHHMOLO C SJEPHBIM
BpeMeHeM, Kak Obl «3aJepKHBaJCs» OKOJNO MNpPOTOHA, H
BO3HHKaJjia HOBas CJOXHas uvactula. Ho B Te m&HH 3TOT
pesoHaHC He paccMaTpHBaJCH ellle KaK 4acTulia.

Korza nosiBuiuch Gosiee MOLIHbIE YCKODHTEJNH, SHEPrus
MPOTOHOB 6blla yXKe TaK BEJHKA, YTO NPH CTOJKHOBEHHH
C HYK/JOHAMH Bell[eCTBA NPOTOHBI POXKAAJH OLHOBPEMEHHO
HECKOJIbKO YaCTHI pa3HbiXx coptoB. PH3HKH 3alyMallHChb.
A uTO, €caiM 3TO OCKOJNIKH KaKOH-TO NMepBHYHOH, CBEepXTAXKe-
JIOH 4YaCTHIBI, KOTOpasl pacnajach B TeUeHHe «sJEPHOTO»
BpeMEHH?

Ecnu u3MepHTb YIJIbl pasjieTa BCeX POXKAAIOHIUXCH Ya-
CTHL, H HX SHEPrHIO, TO MOXHO OBIJIO BBIYHCIHTBR Maccy
oToi «npavacTHubly. [locse mposenaHHblX H3MepeHHH H
pacueToB ()H3HKH NPHUIA K BbIBOAY, YTO <«NpPayacTHUBI»
cymectByior. Onu B TeueHne 10~2% cexyHanl pacmanamoT-
Cs1 Ha OObIYHBIE, YXK€ 3HaKOMble HaM HYKJ/OHBI, FHIIEPOHBI H
ME30HBI.

"38



HoBrle yacTHLBI MOJMYYHIH Ha3BaHHE «PE30HAHCOB», B
KOTODOM OTpaKeHa MCTOPHS HX OTKPHITHS.

Kak BbIsicHH/IOCH, 00pa3oBaHHe PEe30HAHCOB He HCKJIO-
YHTEJbHOE, a [JOBOJILHO OOliee CBOHCTBO CHJBHO B3aHMO-
IeHcTByoUX vactHL. IIpH mocTaToyHO GOJMBLIOH 3HEPruu
CTOJIKHOBEHHSI MOTYT 00pa3oBaThCs [ABe, TPH H GOJible BTO-
PHYHBIX 4acCTHIL, OODBEIHHSIIOMIMXCS B HEYCTOHYHBBHIE KOMII-
JIEKCHI.

[TepBEIe OTKPBITHIE pE30HAHCHl GHIJIH KOMIJIEKCAMH JABYX
yactuu. OfHH H3 HHX pacnafajuch Ha ABa IHU-Me30Ha, Ipy-
rHe — Ha Ka- ¥ nH-Me3oHbl. [loToM 06HapyXuauCh HOBBHIE,
OoJiee cJIOKHBIE KOMOHHALHH.

«JloBseii» HOBBIX YaCTHI CTaj0 3aHHMATbC TaK MHO-
FO  3KCIHEePHUMEHTAaTOPOB, 4YTO GOJBUIMHCTBO pE30HAHCOB
O0HapyXMBa/lH OJHOBPEMEHHO B HECKOJbKHX JabopaTo-
pusx.

«JlocagHo, uto Pepmu, obGuapyxuBwHid B 1953 roxy
NepBbId cayyad TakK Ha3blBaeMbIX aJPOHHBIX PE30HaHCOB,
He cMOr yBHJAETb MNPOJOJIKAIOIIErocsi JO CHX IOp TPHYM-
¢banbHOr0 pasBUTHSL 3TOrO HanpaBJeHHs H TOSBIEHHS B
Tabnunax 3/JeMeHTapHBIX YaCTHL COTEH PEe30HaHCOB», —
lHcan B BOCHOMHHaHHAX 00 DHpuKo DepMH ero YueHHK,
coBerckuii akageMuk bpyHno IToHTekopBso.

Tak ckosbKo Ke, HaKOHEN, 3JeMEHTAapHBIX YaCTHI H3-
BECTHO Ha CeroJHSIIHHI JEHb?

Hacrano Bpems momsectd HTOr, XOTi 3TO H He TakK

39



NpoCTO chenaTb. PaMKH JOBOJIBHO CKPOMHOH, KaK MBI Te-
nepp BHAHM, TabJHUb 3Je€MEHTapHBLIX YacTHI, COCTaBJeH-
Hoi ¢usukamMu K 1960 roay, Oblid cMeTeHB MOTOKOM
OTKPHITHIX 3a KODOTKOE BpeMsl HOBBIX YacTHIL — Pe30HaH-
COB.

HsBectHhie Ham paHee 30 3jieMeHTapHBIX 4acCTHL, KOTO-
pHle ellle HECKOJBbKO JIeT Ha3aJ MOIJH NpeTeHAoBaTb Ha
HCKJIOYHTEJbHOEe BHHMaHHE, OKa3aJIHCh JIHIIb OTHOCHTEJb-
HO YCTOHYMBHIMH H 6oJjiee JIeTKHMH cOGpPaTbsIMH OTPOMHOH
coBOKyNHOCTH o6pasoBanuil. Ho ¥ mo cel neHb oT 3KcnepH-
MEHTaTOPOB TO M [0 MOCTYNmalT coobLieHHs1 06 OTKpbI-
THH BCe HOBBIX H HOBBIX 4acTHU. M Bce oHHM NMOKa 4TO OT-
HOCSTCSl K pPe30HaHCaM.

Jaxe cnmeunanucraM, paboraroliuM B 06sacTH (H3UKH
3JeMeHTaPHBIX YaCTHI, TPYAHO HAa3BaTb TOYHOE YHCJIO BCEX
KUPNHYHUKOB MaTepuu. Mx yxe Gosee nByx coren! Cefiuac
CTMelHaJbHbIH MEXIYHaPOAHBIH LEHTP €XKEeroiHO BBINYEKa-
€T CTOCTPAaHHUYHBIH XYPHaJl CO CBeJEHHSIMH O BHOBb OTKpHI-
THIX YacTHHAX.

HTak, mbiTasicb OTBETHTb Ha BONPOC, «KaK BCe yCTpoe-
HO», (PM3MKH NPOIUJIH JJIHHHBIA MyTh. BHauase Obl1a c10Xk-
Hasl KapTHHa CTPOeHHS MaTepHH — OKOJIO AEBATH OecsT-
KOB «3JIeMEeHTapHBbIX» aTOMOB, .

Ee cmenuna naunpocreiiuasi, CocTosilasi BCEro U3 Tpex
OCHOBHBIX KHPNHYHKOB — NPOTOHA, HEHTPOHA, 3JEKTpOHa.
H B KOHIe KOHLOB NPHUIIH K OTKPBHITHIO YIHBHTENLHOTO
MHpa 3JeMeHTapHbIX YaCTHII.

YBJeKaTeNbHB MyTeUIECTBHST B KOCMOC, Ha JHO Mopef
u okeaHoB. Ho He MeHee yBjekaTe/lbHO MyTelleCcTBHE B
rayOuHbl MaTepuH!

Anbda-uyacTuusl BnepBble mno3Bosuad Pesepdopay Hc-
CJIe0BaTh NMPOCTPAHCTBO Ha paccrosHuu 1013 canTuMerpa.
A coBpemeHHbIe CBEPXCKOPOCTHbIE aTOMHbIE CHAapSiAbl AAlOT
BO3MOXXHOCTb 30HAHPOBATb NPOCTPAHCTBO HA PAaCCTOSHHH
no 10—'% cantumerpal

Kpome HOBBIX MacliTaGOB MPOCTPAHCTBA, JEMEHTapHbIE
9acTHIbl JaJH BO3MOXKHOCTb HaM MO3HAaKOMHTbCA H C
a6Co/IIOTHO HOBBIMH MacLITa6aMH 3HEPTHH.

Ilocne oTkphiTHS peakuufl neneHuss GU3HKH GBUIH MO-
TPsICeHBl KOJHYECTBOM 3HEPrHH, BbIAEJAIOIHMCA NPH Ie-
JIGHHH OJHOTO aTOMHoro sjpa ypana. Ho npu cronkHose-
HHH NPOTOHA C HyKJoHamMH B CepnyXOBCKOM YCKOpHTese
nepefaeTcs M MOIVIOILAETCsl B ThicAYy pa3 GoJiblllee KOJH-
YyecTBO 3Hepruu!
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MrHoBeHHEe — H BO BCE CTOPOHBI OT MHIIEHH pasJiera-
[oTCS TOJbKO YTO BO3HHKIIHE HYKJOHBI M aHTHHYKJOHBI,
ME30HBI M THNEPOHBl. MrHOBeHHe — M pacnajaioTcs Ha OT-
JeJibHble YACTHIBl CaMble TSXKejble M3 YacTHIL -— pe30HaH-
coi. Kaxjoe CTOJNKHOBEHHE BBI3LIBACT K JKH3HH 3TOT Heclo-
KOHHBIH, BOJIHYIOIUHH, H3MEHUHBBLIA MHD, BC€ KPAacKH H pas-
Hoo6pa3He KOTOPOro 3aBHCAT OT 3HepruH. MMenHo sHep-
rusi, H TONbKO OHAa, — Ta MHUTaTeJbHAsA cpella, B KOTOPOH Ha
MTHOBEHHE pacuBeTalOT HeoObluaHble «MHPaXKH» MHKpPO-

MHDA.



MOCAELHAA MATPELIKA?

B mupe atom —
A 3Ha0 — HeT cueTa COKpOBUUAM
Ho secoma noyuuressro 0as ouedl
3a2a9HYT6 NOBHUMATEAbHEe 8 HYTPO
sewam,
IIpamo 8 HyTpO Beweil
J. Mapreinos

Mirua Qennkc

«[To cBoeMy mepBOHaUaJLHOMY CMBIC/IY, — MHIUET aKa-
nemMuk M. MapkoB, — TepMHH «3JieMeHTapHble YacCTHULbI»
no/mKeH Obl1 O6bl 0603HaYaTh MpOCTeHIMe YaCTHIB, U3 KO-
TOPBIX COCTOUT MaTepHsI».

A He MOTOPONHJIKCH JIM TaK HA3BaTh MPOTOHBI, HEHTPOHHI
H JpyrHe uyacTHubl? PasBe TsKesble, MTHOBEHHO pacmaja-
IoLlMecs] THNEPOHBl M Pe30HAHCH MOXOXKH Ha INpocTefiliHe
YacTH MaTepUHu?

ComueHHns ofoJieBasu yueHslx naBHo. B 1950 roay, kor-
na GelI0 OGHAPYXKEHO BCEro JIHLIb JIeBATh KHPNMHUYUKOB Ma-
TepuH, DHPHKO PepMH TOBOPHJ, YTO «ITO YKe AOCTATOYHO
6GoJiblIoe YHCJ0, YTOGBl BHI3BATh NMOAO3peHHE B 3jeMeHTap-
HOCTH XOTSI 6Bl HEKOTOPBIX M3 HHX>.

IMonospurensHocTs HH3HKOB BO3pocia eile GoJblile, KOT-
Jla BCero 3a mATb JieT TPH AecsiTKa KHPIHYHKOB TpEBpaTH-
JIUCh B JIBe COTHH.

«[ToHsiTHE 3JleMeHTapPHOCTH NMOTePsIO CBOH MepBOHAYAJIb-
HBIH CMBICJI, — TaK Pe3IOMHPOBaJI CHUTYallHI0 «B3phIBa POXK-
IaeMOCTH» 4acTHLl (U3UK-TeopeTHK, Jaypear HobeneBckoii
npemuH, akagemuk M. Tamm. — Celiuac MH He MOXXeM OT-
JUYUTh HCTHHHO 3JeMeHTapHble YAaCTHIH OT COCTaBHHIX».

He moxem otnnuute? Ho 3T0, Kaxercs, Tak mpocto!
Ecnn cBoGonHbIt HeHTPOH NpH pPagMOaKTHBHOM pacmaje
npespaulaeTcs B NPOTOH, 3JeKTPOH U HEHTPHHO, CielOBa-
BaTeJbHO, OH, KaK KapTOUHHIH [JOMHK, CJIOXKEHHHH H3 OT-
IeNIbHBIX KapT, MOCTPOEH H3 MPOTOHA, 3JIEeKTPOHA M HeHTpH-
HO; a MIO-Me30H — H3 3JIeKTPOHa U HeHTPHHO.

Ho Tak qu 310 B HeiictBuTeabHocTH? Ecnu «4To-TO» CO-
CTOMT H3 OTHEJbHBIX YacTell, To ¢ GoJibLIell MM MeHblled
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3aTPaTOH CHJI YACTH 5TH BCErJa MOXHO OGHAapyXHTb. AToM,
K NPHMepPY, COAEPXKHT B cebe 3JEKTPOHBl H TSKeJoe SIpo.
3aTpaTUB 3HEPTHIO B HECKOJIBKO AECATKOB 3JIEKTPOH-BOJIBT,
MO>XHO HOHH3HPOBaTb aTOM, OTOPBaB OT Hero Heo6XOJHMOe
YHCJO 3JeKTPOHOB. JIH60 BHIGMTb H3 HEro fAApO, KaK 3TO
Jdenan eue Pesepdopa, ¢ noMmompbio anbga-uacTHil.

Haxkoneu, saTpaTHB B MHJJIHOH pa3 GOJIBIIYIO 3HEPrHIO,
MOXKHO pacCIeNHTb H aTOMHOe $ipo, IeAPO HaGHTOe Mpo-
TOHAMH M HeHTpOHaMH.

CnoBoM, Bce OOGBsBJASIEMble 3JE€MEHTAPHBIMH CYIIHOCTH
MaTepHH caMH e (H3HKH CO BpeMeHeM pa3lessijii, pac-
KpbIBaJIH, KaK [AePeBSHHYIO MaTpeIIKy. 3arysHyB BHYTDb,
OHH BCerfza HaxOQuJH TaM OoJjee Meskue, euie Gojee aje-
MeHTapHble YaCTHLLI MaTePHH.

Ho kak packpbiTh 31eMeHTapHyI0 YacTHny? Kak ysuars,
H3 UYero €OCTOMT, K Ipumepy, npotoH? Mcropus noucka
Bce 6o/iee MPOCTHIX KHPNHYMKOB MaTepHH KakK OYyATO IO-
CKasblBaeT CaMblii eCTECTBEHHLI!I OTBET: Hal0 CTYKHYTb MO
3JIeMEHTapHOH YacCTHIEe KaK MOXKHO CHJIbHee.

Hekoropele ®du3uKH Tak U moctynaloT. MuileHb U3 BOLO-
PoLconmepKallero BeliecTBA OHH OO0JYy4YalOT [POTOHAMH
GOJIbIINX 3HEPTrHi, MoJyYaeMbIX Ha YCKOPHTeJsiX. B KoHIe
60-x romos na Jy6HeHCKOM CHHXPO(A30TPOHE OHH HcCJe-
DOBaJIH CTOJIKHOBEHHE NPOTOHOB ¢ 3Hepruell B 10 muaauap-
JOB 3JIEKTPOH-BOJIbT C JPYTHMH HYKJOHaMH. A cefiuac
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B aMepHKaHCKOM ropoie bBaTaBusa mo MmuimeHu yckopuTess
6bI0T MPOTOHaMH ¢ 3HeprHeil B 50 pas GoJblieH.

Ho fmo cux nop HH B OJHOM 3KCIEepPHMEHTe He yJaBaJjoch
BBIOHTb KaKylO-HHOYIb <«JIeTajb» 3JIeMeHTapHOH 4YacTHIH,
He yJaBaJocb OOHapyXkHTb ee OCKOJKa. Bo Bcex slepHBIX
peaklusix YacTHIla yYacTBOBaJja Kak eluHoe 1enoe. Okasbl-
Baercs, Jiobast, camas y:KacHas Karactpoda OpH CTOJKHO-
BEHHH B MHUKDOMHDPe OOXOAUTCSl 6e3 eHHOH «KEePTBhI».

Tak, MoxeT ObITb, 3JleMeHTapHbIe YaCTHIBI BOOOIILE HEeJlb-
31 paspneiutb? KM sTO coBceM He NpPOCTOH KapTOYHBIA HO-
MHK HJIM MaTpelIKa?

B oTBeT Ha Takoit Bonpoc AUpPEKTOp JabopaTOPHH BHI-
cokux sHepruii OObeAMHEHHOrO HHCTHTYTAa SNEPHBIX HC-
crenoBaHud uneH-koppecnoinent AH CCCP A. Baanun
CKasag: )

«['oBOpss O CTPYKType MaTepHH, MBI HCXOIUM H3 IIPH-
BBIYHOT'O NIPEJCTABJEHHS O AEJHMOCTH IeJIOTO Ha OTHesbHble
yacrtu. Ecau ke nonpo6GoBaTh pasopBaTh, Pa3jieIMTh Ha
KYCOUKH 3JIeMeHTapHyIO YacTHIy, TO B pe3yJbTaTe NMOSBJSA-
I0Tcs HOBble yacTuibl. CaMoe MOpasuTeNbHOE B TOM, YTO H3
3TOH KaTacTpodbl NepBoHayaJbHAs YAaCTHIA BBIXOAMUT, Kak
ntuna QPeHHKce U3 NemJa, HeBpPeINMOH,» TOKIeCTBEHHOH CBO-
eMy HCXOIXHOMY COCTOSIHHIO!»

Hrpa no npasunam

TlpencraBuM cebe, YTO MBI HAXOLHUMCSI OKOJIO YCKOPHTeE-
asi nporoHoB B JlyGHe. Bce roToBo K CJOKHOMY OIHITY.
VkpenseHa muiieHb u3 Bojgopona. IlogaH TOK K MarHutam
yCKopHTeNsl. 3BYKOBOI CHTHAJ, KpPacHBIfl CBET IpenocTepe-
rapoiero tabjJo — H BCe NOKHIAIOT IKCIePUMEHTAJbHHI
3an.

B sroM 3ase cefiuac cOBepLINTCS He BHIMMOE HHKOMY,
HO peaJlbHO perucTpupyeMoe NpHOOpPAMH BEJIHKOE <«TaHH-
CTBO» MHKDOMHPA — DOX/eHHe 3JIeMeHTapHHIX YacTHll B
MOMEHT CTOJKHOBEHHSI YCKOPEHHBIX NMPOTOHOB C POTOHAMH
MHIIEHH.

JlexXypHbIH OIlepaTop BKJIOYaeT BBICOKOYACTOTHBHIH re-
HepaTop, H YCKODHTeJb HauuHaeT paborats. [IpH Kaxiom
€ro «BbIIOXE» IOpUHS OLICTPLIX NPOTOHOB NPOLIMBAET MH-
lIeHb, Yap — W annapaTypa MCHOBEHHO OIO3HAaeT NApHl
HOBOPOXKJEHHBIX OJH3HeloB. JIn60 9TO HPOTOH H AHTHIPO-
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TOH, IH00 HEHTPOH M AHTHHEHTPOH, JUOO XKe Pe30HAHCH H
OBICTPBIE NH-Me30HBHI.

Bce 3to mpoucxoaut B [yGHe. A B Takoi Ke MHuLIEHH
Ha CepHyXOBCKOM CHHXPO(a30TpPOHe POKJaeTcs OJHOBpe-
MeHHO elile GoJibllie yacTUL H B ellle 6osee GoratoM accop-
TaMenTe. Huc/Mo yacTuu, TakuM o6pa3oM, 3aBHCHT JIHIIb OT
SHepruy HaJjeTamllero NpoToHa.

Hsmenurtcs au 4yto-HHUOYAb, eclH  OOJYYHTb HAIDy MH-
meHb He NPOTOHAMH, a APYIHMH YacCTHILAMH?

B EpeBaHe HeJaBHO 3alyllleH CHHXPOTPOH, NAIOWMH Iy-
40K (OTOHOB C Heprueél B b MUIIHAPAOB 3JIEKTPOH-BOMBT,
uwin B 5 I'ss. Ho u B EpeBane, Ha 3TOM MoulHefmeM yckKo-
PHTesle 3JIEKTPOHOB, NPHGOPH cOO6GIIAIOT TO Ke camoe. Ka-
Tactpoda CTONKHOBeHHS (DOTOHA C NPOTOHOM 3aKaHYHBAET-
cst Ges moTephb AN MeMeHTapHbix yacThu. OHa Jnuwb co-
npoBoxKaaeTcss (eliepBePKOM HOBOPOXKIEHHBIX ME30HOB,
HYKJIOHOB M aHTHHYKJOHOB. M KoJIMuecTBO HX ONATb ONpe-
IlensieTcsl 3Hepruell Hajeramoulero GoToHa.

C moMmolbi0 COBPEMEHHBIX 4YYBCTBHT@NIbHBIX NPHOOPOB
GH3MKKM [OMYYaloT MOJHYI0 HHGOPMAIMIO O pe3yJbTaTax
s.lepHO# KaTacTpodbl: CKOJBKO BO3HHKJIO YacTHI, KakKHe
HMEHHO U ¢ KakKoi 3Hepruei.

B cnyuae, korna aTOMHBIM CHapsiaM He XBaTajo JHep-
THH 1)1 POXKAEHHsI aHTHHYKJOHOB, aHTHNPOTOHOB H aHTH-
HeliTponoB, Bce OblIO oueHb HpocTo. [IpoHcxonsduas peak-
IHS NOAYMHSJIACh 3aKOHY COXPaHeHHS SHEPTHH H ellle OLHO-
MY 3aKOHY — 3aKOHY COXPaHeHHS 4YHMCJa HYKJOHOB.
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Ho korzna sHeprus yCKOPeHHBIX NPOTOHOB CTaJloO XBaTaThb
i Ha POXJeHHe aHTHHYKJOHOB, Ha NepBHIX I0Opax Hayajach
Hepa3bepHxa. 3aKOH COXPaHeHHS YHCJAa HYKJIOHOB llepecTad
BHINOJIHAITBCS B SilePHBIX peakuusax. KasaJjoch, 4To nmpouecc
POXKJEHHS HOBBIX YaCTHI, MOJYHHSJICA TOJBKO 3aKOHY CO-
KpaHeHHs1 3HepruH. Bo Bcem XKe ocTaJbHOM OH OBl COBep-
LIeHHO CTHXUHHBIM.

DHeprus, 5Heprus u eile pa3 sueprusa! Heyxenn B MHK-
poMHpe OHa MpaBUT Ge3pa3fesbHO, He OTPaHHUEHHAs] HUKA-
KHMH 3aKOHAMH H NpaBHJAMH?

Ha nepBelfi B3ryisig Kaxercs, YTO BCe HMEHHO TakK H
nporcxoauT. CurubaioTcss ABa nporoHa. B pesyabrate peak-
IIHH CTOJIKHOBEHHSl HapoXKJIaeTcsi HECKOJbKO HOBHIX MPOTO-
KOB, a TaKXe — Ha PaJoCTb SKCIEPHMEHTATOPOB — LeJbIH
COHM aHTHIPOTOHOB, HEHTPOHOB, aHTHHEHTPOHOB H ME30HOB.
Uro-To Bpojle UI'PHI B PYJNeTKy — 3abpachiBaelllb CBOH HPO-
TOH H XKJelllb, YTO OHA Te6Ge B OGMeH BHIKHHET.

" Bckope pH3HKH NMOAMETHJ/H, YTO B 3TOH a3apTHOH Hrpe
He MOJKeT BBINACTb IPOH3BOJIbHOE YHCJIO OYKOB. ECTb H B
Hell CBOM CTpOTHe IpaBHJIA. ‘

CorsnacHo 3THM NpaBHJiaM (H3HKH NPHUIHCATH KaXIOMY
HykaoHy +1 ouko, a aHTHHYKIOHY —I 0uKO. Me3oHH moJy-
yaad 0 ouxoB. Tenepp ma)e NepPBOKJIACCHHK JIETKO MOT
NOACYHTaTh, YTO BO BCeX PeakKIHAX oblllee YHCIO OYKOB [0
CTOJIKHOBEHHS Bcerja GBIJIO PAaBHO YHCJY 3THX OYKOB IOCJeE
CTOJIKHOBEHHSI.

OukH, KOTOpPble NONYYaJH HYKJIOHBI, aHTHHYKJIOHE H Me-
30HBI, (PH3HKH Ha3BaJH GAPHOHHBIM 3apSiIOM 3THX YaCTHIL.
O6Hapy:KeHHOe Ke NMPaBHJIO HIPHl — 3aKOHOM COXPaHeHHS
6apuonHoro 3apsna. CKobko OB HH CTaJKHBAJIHCh IPOTO-
HHl ¢ NPOTOHAMH, C HeHTPOHAMH HJIH C raMma-KBaHTaMH,
noc/e peaKUHH BO3HHKAJIO CTOJNBKO K€ HOBBIX HYKJIOHOB,
CKOJIbKO H aHTHHYKJIOHOB.

«3T0T 3aKkoH, — nucaa npodeccop C. CMOPOAHHCKHE, —
oTpaxaeT (pyHZaMeHTa/JbHOe CBOHCTBO AaTOMHBIX siiep, HX
ycroiunBocTh. IIpH MaseiillieM HapylUIeHHWH 3TOr0 3aKOHA
NPOTOHBl HJH HeHTPOHBI B siApax Hcuye3ad Gbl, MpeBpPaTHB-
IIHCb, HalpuMep, B NO3HTPOHBI, HEHTPHHO HJIH ME3OHBI.
M caMuM cBOHMM cyliecTBOBaHHeM MBI 0Gs3aHBI TOMY, UYTO
3aKOH cOXpaKeHHs1 OaDHOHHOrO 3apsja HHKOrJa He Hapy-
IIAETCA»,

EcTb ¥ Ipyrde npaBH/ia H 3aKOHBl, KOTOPBHIM MOJYH-
HfIeTCSA POXKJeHHe 3JleMeHTapHbIX YacTHI, HO ceffyac Mbl He
6yneM ocTaHaBIHBAaTbCsl Ha HHX. [lepeuncieHHe HX MaJso
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yTo NPOSICHUT B HHTepecyiollell Hac mpobaeme. [laxe mo-
3HaB 3TH NPaBHJa, QH3HKK He 3HAIOT, KaK OObSACHUTbL H IO~
HSATb 3Ty OECKOHEUHYIO HTPY: CKOJIbKO Yero BHITAJeT?

Ho camoe rmnaBHoe — He sicHO, OTKyna Gepercs Bechb
3TOT BOPOX YaCTHI, BO3HHKAIOWHX NPH CTOJKHOBEHHH?

Touka wnu He Touka?

YnapbTe najakol N0 KOBPY — COTHH MBIIHHOK 3aIISIIVT
B COJIHEYHOM Jiyue. M1 HHKOro He B3BOJIHYeT BONPOC: OTKYAa
OHH B3sJMCb? BceM $ICHO, YTO MBIIMHKH NPSATANIHCh B BOP-
CHHKaX KOBpa, IOKa NaJika He BbIOHJIA HX OTTYyAa.

A MOXHO JIM CHPOCHTb, T'le NPSATAJHCh YAaCTHIH], BO3-
HHKalollHe Ha YCKOpHTesJe NPH CTOJKHOBEHHH, HamNpHMeD,
TPOTOHOB?

Henb3da. dto GeccMmbicnenHnii Bonpoc. OHH HHUTAE He
nparanucb. OHH pONHIHCL B MOMEHT yjAapa. BcrmoMHEM:
KOrja IpPOTOH B paJHOAKTHBHOM fpe IpeBpallaercd 8
HeHTPOH, 3JeKTPOH H HeHTPHHO, He TOBOPHM Xe MBI, 4TO
nocJieHHe [Be JIErKHe 4YacTHIB npsaraiauce B siapel Onu
NPOCTO BO3HUKJH B MOMEHT NpeBpalleHHus.

®Du3ukH yKe JaBHO 3HAIOT, YTO MPOTOH MOXeT IpeBpa-
THTbCS B HeHTPOH, a HEATPOH — B nmpoToH. [1H-Me30HH pac-
NaJaloTCsl Ha JieTKHe YacCTHIBI; TsXKesble Pe30HaHCHl — Ha
«CTpaHHble» YaCTHIL H OOBIYHble;, THIEPOHHl H Ka-Me30-
Hbl — Ha NPOTOHBI M HEHTPOHBHL. B TO Xe BpeMs NPOTOHLI
GoJbIIMX SHEPTHil, CTAJKHBasCb C HYKJIOHAMH MHIUEHH,
POXKaIOT Pe30HAHCH, THIEPOHH], HYKJOHbl U ME30HHI.

dra B3aHMHas NpPeBpalaeMOCTb 3JEMEHTaPHBIX YaCTHIL,
BO3MOXKHOCTb HMX POXIEHHS H HCYe3HOBeHHS1 HeH36exXHO
NPHBOJAKJIA K MBICJH O B3aHMHOH O0OYCJOBJEHHOCTH HX
csofictB. CosnmaBaJjioch BneyaTJieHHe, UYTO B o6pa3s oOAHOIl
3JIeMeHTapHOH 4YacTHI[Bl BHOCAT CBOH BKJIaJ Bce ApYrue co-
rpaxaaHe MHKPOMHDpa.

IMocrenenno unes — «Bce cocToHT M3 Bcero» — crana
TpuUBHaJbHOH. AMepHkaHckuii Teopetuk JI. Uy ymauHo
OKpeeTus ee «sANepHOA AeMOKpaTHeH», rOCNOACTBYIOLIEH o
CeMelicTBe CHJBHO B3aHMOLEHCTBYIOIIHX 4acTHll.

Ho, paccyxkmnas takum o6pasoM, pH3HKaM yKe TPYAHO
OBLIO OTHeNaTbCs OT OLLYLIEHHS, YTO YAaCTHUBL, KOTOpbie
TEOpHST HMEHyeT TOYEUHBIMHM, Ha CaMOM Jeje 006/agaloT
NPOTSI:KEHHOCTbIO M CJOXKHOH CTPYKTYpPOH.
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IIpoToHBl M HEeHTPOHH, 3TH HHKOTJa He HCYe3alllHe, a
TOJIbKO TpeBpalialolliHecs: APYyr B Apyra 4acTHIBI, KaxyTcs
BIOJIHE MOXOXKHMH Ha TOuky. Ho mpu omHOM ycC/OBHH: ec-
JIH CMOTpPeTh Ha HHUX H3Aajeka. Hy a ecnnm momoHTH Io-
6anxe?

[MpoToHaMH — CHapslaMH, YCKOPeHHBIMH [0 OIPOMHBIX
sHepruii, o6¢TpennBadn MHUIeHb. OHH Tak G6JIH3KO NMOAXOIH-
JIH K MPOTOHY — MHIIelH, YTO «TOUYKa» HEOXHAAHHO Npoje-
MOHCTpHpPOBaJa Tasuivecs B HeH Oe3fOHHbIe TIJyOHHBI.
ITo o6pa3noMy BuipaxkeHHio npocdeccopa 5I. CMopoaHHCKOro,
IPOTOH OKa3aJjcs CKopee NOXOXHM Ha GYpHHIH BOLOBOPOT,
B KOTOPOM GecrnpecTaHHO POXKAAIOTCS M HCUe3al0T NH-Me30-
HBH, Ha3BaHHBle ¢u3MkaMH mHoHaMH. Ho 3710 eme He Bce!
Kpome nuonoB, BG6/IH3H, HIH Aa)Ke CKOpee BHYTPH TOTO, YTO
MBI HMeHyeM IPOTOHOM, BO3HHKAIOT H THOHYT HYKJOHH H
AHTHHYKJIOHBI.

Tak, 3HauuT, yacTHIBl, KOTOPble MBl Ha3hHIBaeM 3JeMeH-
TapHBIMH, B KOHEUHOM cueTe GECKOHEWHO CJOXKHB H Aaxe,
MoXeT ObITb, HMEIOT ONpefleJIeHHbIH pa3Mep?

Teopusi OTBETHTL Ha 3TOT BONIPOC NOKa He MOXeT.

3arisiHuTe B yueOHHKH, H3JaHHble JeT NATHaALaTb Ha-
3axa. Tam BBl mpouTeTe, UTO 3JeMeHTAapHBEIE YAaCTHIH B NPHH-
IlUIIe He MOTYT HMeTb pa3Mepa, Tak KaK OHH BO BCeX MpO-
[eccax yuyacTBYIOT Kak eJIHHOe IieJoe: He DacllelsioTcs
u He nebopmupyiorcs. Y 310 He omubGKa aBTOPa KHHTH.
DTo yTBepXKIeHHE JIEXKHT B OCHOBE CaMOH KBAaHTOBOH MeXa-
HHKH.

Uro xXe 3ampeliaeT AyMaTb O MNPOTSAXKEHHOH YacTHIlE,
co3llaBaTb KakHe OBl TO HU OBIIO <KAPTHHH® YacTHU H
NPHIHCHIBATb UM CTPYKTYPHI?

JleaTb B uy>Koil MOHACTHIDb CO CBOHM YCTaBOM ONacHO.
A Mbl Bce ray6ike u ray6xke BTOpraeMcsi B HeOOBIYHBIH MHD
5JIEMEHTapPHBIX YaCTHIl C UyXKIBIM €My «yCTaBOM» KJaccHye-
ckoii ¢usuku. M knaccuyeckas ¢usHka, Kak A0O6pOCOBECT-
HHEIH, HO «ycTapeBilHii» cTapuk XoTTaGBH4, HaIIENTHIBAET:
ecJii NmpefMeT NPOSBJsETCS TOJbKO KaK IeJoe, 3HAYHT, OH
abCcoMIOTHO TBep..

PasroBop o ToM, TOYeyHBIe YaCTHIIBI HJIH HET, B paMKax
TEOPHH MOXHO CYHTATh 3aKOHUeHMHIM. Bce paibHefilee
paccyXkaeHHe Ha 3Ty TeMy IpeceKaeT TEODHSI OTHOCHTENb-
Hoctu. Ilo ee mpaBusiaM aGCOJIIOTHO TBepJOE TEJO HE MO-
JKeT HMeTb HH CTPYKTYpbI, HH pa3MepoB. Beiap ecnu croJk-
HyTCsl ABa aGCOJIIOTHO JKECTKHX TeJja, TO TOJNYOK MAOJKeH
nepefaBaTbCsi MTFHOBEHHO MO BCeH ToJILe KaXXAOro M3 HHX.
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MrHOBEHHO — 3TO 3HAYUT OBLICTPee CKOPOCTH CBeTa. A Benb
BCS TEOPHS] OTHOCUTEJNbHOCTH HAa TOM M CTOHT, YTO He Cy-
IeCTBYET CKOPOCTH, 6oJsblllell CKOPOCTH CBeTa.

«DJieMeHTapHasi yacTMLa B KBAaHTOBOH MeXaHHKe, —
roBOpUT akageMuk M. MapkoB, — 3TO TOYeuyHas 4acTHIA
B GYKBaJbHOM CMbIC/Ie cloBa». Bor u Bech otBeT. K coxka-
JIEHHIO, ¥ COBPEeMeHHasi TeODHS HHYero HaM OODBSCHHTb He
MoxeT. OHa BHIIIIJIa M3 HeAD KBAHTOBOH MEXaHHKH H BCJIek
3a Hell MOBTOPSET «CKa3Ky» O YacTHIle-TOUKE.

flsbiK pacceanus

Kak H3BecTHO, CKOJIbKO _HH NOBTOpsi: wiepGeT, Imep-
6eT — BO PTy CJaJAKO He CTaHeT. Bce 3T pasrosopbl o
CTPYKType H O NPOTSKEHHOCTH YaCTHIl He CTOHJH BbleJeH-
HOro dfina, ecau 6bl 3TH CBOHCTBA HeNMb3s OBUIO <«MPOULY-
[aThb» KCIePHUMEHTAJbHO.

HHorpa Bo3HMKaeT Takasi CHTyalHsi, KOrJa MH He MO-
XKEeM HJIM He MMeeM IIpaBa OTKPHITh KaKylO-HHOYIb KOPOOKY
HIM WKaTyJaky. [Ipu sToM MBI TBepio 3HaeM, 4YTO B Helf
YTO-TO ecTb. UTOOH norafaThbcs O XapaKTepe COAEPKHMOrO,
Mbl HayMHaeM KOPOOKY MOKauuBaTb W TPSCTH, HPHCAYIIH-
BasiCb K NOHOCSALIHMCS O HAacC 3BYKaM.

YTOGH BBISICHHTb, HeT JIH B GOJBIIOH OTJIHMBKE MYCTOT
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WJM TpPEIHH, ee NPOCBEYHBAIOT pEHTreHOM HJH TraMMa-
Jy4aMH.

[Ipo6sieMma, crosilias mepel HCCAeLOBaTeNsIMH 3JeMei-
TapHBIX YacTHII, KyAa cjoxHee. YacTHua — 370 He KOpoGKa
CO CTEeHKaMH, a CJlOXKHasl CHCTeMa C pacnpelesieHHHIM 3a-
psagoM H TokaMu. HMccnenoBaTb CTPYKTypy 3JeMeHTapHOH
4aCTHUB — 3TO 3HAYHT HCCIeJOBAThb paclpeleseHHe Bcex
ee 3apsiloB, a TaKXe H3MEPHTb ee 3JeKTPOMArHHTHHIH pa-
auyc.

A MOXHO /I NPOBECTH TaKyl0 [eJHKATHYIO H Upe3Bbl-
4afiHO TOHKYIO ONepalHIo?

BcnoMHHM, Kak OBLIO OTKPHTO aToMHoe fixpo. o onbi-
T0B Pesepdopra Bce npencraBasinid cebe aTOMBI 10 MOAENH
ToMmcoHa: B BHJe HeKOH NOJIOXKHTEJNbHO 3apsiKeHHOH ce-
pPH C <«IJaBaIOLIHMH» B Hel 3JeKTPOHaMH. 3aTeM C MoO-
MOUIbI0 ajb(a-yacTHUB B aToOMe HallynaJu TsXKehoe
SAPO.

DKcnepuMeHTAaTOPH Habmionanu, Kak BeayT cebs anbda-
YACTHIBI — 3TH €CTeCTBEHHble aTOMHEIE CHapsijhl, — NpoJie-
Tasi CKBO3b TOHKHE IJIEHKH BellecTB. BosabmuHCTBO HX MOY-
TH He H3MEHsJIO HampaBJieHusl cBoero ABHxKeHHs. Ho 6blin
H TakHe, YTO OTKJOHHJHUCH OT NMEPBOHAYaJbHOTO HampasJe-
Hus Ha 90 u paxe Ha 180 rpajnycoB. OnHO3HAUHBIH BHIBOJ,
006 HX.BCTpeue C TSKeNbIM KPOIIeyHHM TeJoM OBl clellaH
He3aMelJINTeNbHO.

YHuBepcasbHEIM SI3BIKOM paccessHHS MOXKHO Obl1o Obl
BOCIOJIb30BATbCS. U B HamleM ciyuae. XoTs LJs 3TOH ueJu
TakoH rpyOblii 30HHA, KaK anb(a-uacTHla, COCTOSALLAs M3
IBYX NIPOTOHOB H ABYX HeHTPOHOB, He moaxonua. He roaua-
Csl U OTZeJbHBIH GLICTPHIN HYKJNOH: MEXAY HUM H YacTHIEH-
MHIIEeHbI0 cpa3y Xe HauHHaJOoCh CHJABHOE sePHOe B3aHMO-
JleficTBHe, B pe3yJbTaTe KOTOPOro MNOSIBJASNHCb HOBhle HYK-
JIOHB H Me30HH. A B TakHX YCJOBHSIX pa3ofpaTbecs He
TOJILKO B CTPYKType YaCTHIIBI, a Ja)e BBIACHHUTb, HCXOAHAs
9TO 4YaCTHLa HJH e BHOBb INOJyuYeHHasl, NPOCTO HEBO3-
MOKHO.

IIpo6oBanu «npOCBETUTb» NPOTOHHE YaCTHLAMH CBeTa —
tdotonamu. Ho u 3toT cnocob okasajcsi aas H3ydeHHS [e-
Tajefl CTPYKTYpH 3JieMeHTapHOH vacTHUB HeroxHeiM. UYro-
6l mpubGAM3HTLCS K NMPOTOHY Ha paccTOosiHHe, MeHbllee
10—13 cantumerpa, ¢OTOH gnoJXKeH Obln o06aazaTb OYeHb
Gosbuiofl 3HeprHell. A B 3TOM cjyyae CTOJIKHOBeHHe C HPO-
TOHOM ONATb 3aKaHYMBAJIOCh BO3HHKHOBEHHEM pPe30HaHCOB
u Apyrux uvactull. Boabme Bcero rogmnach AJs 3TOH LeaH
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nepBas 06Hapyx<eﬂﬂaﬁ (pusuKamMu 3JeMeHTapHas qacmua,
Halll CTapbli 3HAKOMBIH — 3JIEKTPOH.

DJIeKTPOHBl B3aUMOAEHCTBYIOT C IPYTHMH YaCTHHAMH
TOJIKO 3JI€eKTPOMAaTHUTHBIM 00pasoM, TaK 4TO CHJbHOE HX
B3aUMOJeHcTBHEe C MPOTOHAMH MHUIIEHH HCKAlodYeHo. I kpo-
Me TOro, ONBIT C 3JeKTPOHAMH MOXHO HOCTaBHTh TaK, 4TOGHI
PETHCTPHUPOBATH TOJBKO Te U3 YaCTHIl, KOTOPHE NepenaroT
[POTOHY MHHHMAaJbHO BO3MOXKHYIO 3Hepruto. pyrumu cio-
BaMH, HCKJIOUHTbH CJAyYad POXKIEeHHS HOBBIX YACTHII.

Htak, o TOM, 4TO YaCTHIIBI-CHAPSAB BCTPEUYAIOT Ha CBOEM
NyTH, OHH PacCKa3blBalOT Ha SI3bIKe pacCesHHUS.

3akoHbl paccesHHs TOUeYHOro 3apsila Ha [LpPyrom 3a-
psile 1aBHO H3BECTHHl U3 TEOPHH 3JEKTPOMATHUTHHIX B3aH-
mognefictBuii. Eciin npeanosiaraTh, 4TO 3J€KTPOH TOYEUHBIH,
TO ero paccesiHHe Ha NMPOTOHe NOKaXeT HaM, MO KakoMy 3a-
KOHY NpoH3ofjeT HX 0oOlleHHe APYT C APYroM, UMeeT JIH
IPOTOH CTPYKTYDPY, TO €CTb OOHApyXKHTCS JH OTKJIOHeHHe
OT TEOPHH pacCesHHS TOUEUHBIX 3apsAO0B.

Ho Takas ckaska ckopo ckasbiBaeTcsi, Ja He CKODPO LeJO
Lenaercs. MoXKHO, KakK TOBOPSIT, Ha HaJblax OOBSCHHTD,
KaK uccielloBaTh CTPYKTYPY 3JeMeHTapHBIX udactau. Ho
ipexne 4yeM NPHUCTYNMHTh K TAaKHM ONbITaM, Haxo OBbLIO
CHayaJia HAyYUThCS MOJYYATh 3JeKTPOHH ¢ TaKOH Hepruef,
YTOOGBl OHH MOTJIH MPHOGJH3HTHCS NMOYTH BIJIOTHYIO K NPOTO-
HaM. BnsiotHyio — 310 3HauHT OsuKe, uem Ha 108 can-
THMeTpa.
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«Hamo ckaszatbh, — OTMETHJ OAHAXAbLl UJEH-KOppec-
nmougenr AH CCCP [. BrnoxuHueB, — 4TO B M3yYEHHH Ta-
KHX Tpo6JeM, KaK CTPYKTypa HYKJIOHOB, ABHTaThCs BIepel
TakK e TPYAHO, KaK B JaJjeKue o6JacTH BceneHHOH. Pa3uu-
Ia Ta, 4YTO B acTpO(HU3HKe NPHXOAUTCH MOJIb30OBATHCH CJIOXK-
HBIMH TeJleCKONaMH, a B aTOMHOH (H3HKe — CJIOXKHBIMH
YCKOPHTEJISIMH .

ONeKTPOHHDIN Recant

B 1954 rony B Crendopackom yuusepcutere CIIIA 3a-
paGoTaJl HOBBIH JIMHeHHBIH YCKOPHTENb 3JIeKTPOHOB. B ToM
XKe ToAy TpyNna 3KCIepHMEHTAaTOPOB TMOA PYKOBOACTBOM
aMepHkaHCcKoro yueHoro PobGepra XoodmTagrepa 3akoHUHIA
MOATOTOBKY K LITYPMY HYKJIOHOB.

dupuko ®epmu roBopuia: «Ha KaxkiaoM 3Tame pas3BUTHS
HayK Mbl Ha3blBaeM 3JIeMEHTapPHBIMH Te YaCTHIbI, CTPOECHHE
KOTODBIX He 3HaeM H KOTOphle paccMaTpHBaeM KaK Toyeu-
HEIEY.

Opnako yxe B TO BpeMs, NBITasChb MNPeACTaBUTh cele
MeXaHH3M SIIeDHBIX CHJI, YUeHble NTOJJ03PeBaJH, YTO JJEMeH-
TapHble YaCTHIB HMEIOT BecbMa CJOXKHYIO CTPYKTYpY.
HykJOHHL mpencTaBasinCch H3UKaM B BHIE «TOJBIX» COG-
CTBEHHO HYKJIOHOB, 3aKYTaHHBIX B «UyOy» uau 06JaKO H3
nu-Me3oHoB, M 3TH, Kaszanoch GBI, HaUBHBIE NPeICTaBJEHH
HMeJIH TOJ co00H HEeKOTOpble OCHOBAHHS.

Urparomye B BOIHY MaJIbUHIIKH OKPYKaloT ceGs BaJOM
M3 CHEXKOB, a NMOTOM 3aGpachiBalOT HMH BOOOpayKaeMbIX
BparoB. Macca cHeXKa OIpelesisieT TO PacCTOsHHE, C KO-
TOPOT0 MOXKHO MOMNAaCTh B «NpPOTHBHHKa». Ha GoJsblieM pac-
CTOSIHUM Hrpa OyJeT HeHHTepecCHOH.

TouyHo Tak Xe Macca IH-Me30HOB 3ajaeT pajuyc neft-
CTBHS SIePHBIX CHJ — TO DAacCCTOSIHHE, HAa KOTOPOM MOIVT
o61maTthcst MeXAy co60H MPOTOHHLI M HEHTPOHBI. A ABHIKeHHe
3apsAKeHHBIX Me30HOB B 00J1aKe CO34aeT MarHUTHBI MOMEHT
HYKJIOHOB. ¥Ye H 3TOTr0 JOCTAaTOYHO, YTOOH CUHUTATb HYKJIO-
HEL H M@30HHl «CTPYKTYPHO» HEOTHENUMBIMH ADPYT OT ApyTa.
Ynaercs i GBICTPHIM 3JIEKTPOHAM HallyNaTh 3Ty ME30HHYIO
my6y?

U BoT HacTym/ieHHe Hayasoch. DJEKTPOHH Ha YCKOPH-
tesie CTeHdOpPACKOro YHHBepcHTeTa ¢ dHepTHed 1o 550 mu-
JIHOHOB 3JIEKTPOH-BOJIBT MOTPYKaJIHCh B HeBeJOMEBIE TJ1yGH-
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HHl MaTepuu. AnmapaTypa NpHHHMasa IepBble NOHECEHHS
5JIEKTPOHHOTO JecaHTa U3 MHIIEHH.

Qu3NKH HETEPIEJHBO pacllindpPOBLIBAIHN CBEeJEHHS, Mepe-
BOJS MX Ha SI3BIK IpadUKOB M Ta6JIHI, 3aNHCHIBAJH B BHIE
dopmya. 'me-to 3mech, B npefiesax paguyca AeHCTBHS siliep-
HBIX CHJ, paBHoro kak pa3 10-13 canTuMerpa, aJjek-
TPOHHBIH [NECAHT [oJiKeH Obl1 OOHAPYXKHTb NepeloBHE IO-
CTHl HYKJ/IOHOB — 3apsi>KeHHOe 06J1aKO IH-MEe30HOB.

[TepBrle e pe3yJbTaTel NPHHECIH pa3ovyapoBaHHe:
3/JIeKTPOHBl PacceuBaJHCb Ha NPOTOHAX, KAK HAa TOYEUHOM
sapsife. Ho Heyzaua mepBbIX ONBITOB HEe 3aCTAaBHJIA YYEHBIX
OTCTYNHTb. PellleHO GBIJIO NePEBOOPYKHUTHCS, YJYUIIHB al-
napatypy H clenaB ee 6ojee TOUHOM.

W cHoBa Ny40K 3JIEKTPOHOB ObLJI HAaNpaBJieH Ha MHIIEHb,
CHOBa — OXHJaHHe H BoJHeHHe. UTo mpoucxoausao Tam, B
Kaxyueficss GeckoHeuHo# ray6uHe maTepuu? C uyeM BCTpe-
THJHCH 3JeKTPoHH? C TOUKOH, He HMelolled pas3mepa, HJH
e C NPOTSKEHHHIM 3apsKeHHBIM 00pa3oBaHHEM?

Ja, HacTOHYHUBOCTb U BHICOKOE 3KCIePHMEHTaJbHOE Ma-
CTepcTBO NOGefHIH. DJEKTPOHH OGHAPYKHJIM Y MPOTOHA
Me30HHOe 06Jako. DTO OBLIO (yHIAMEHTaJbHOE OTKPBITH:,
KpynHe#llee AOCTHXKeHHe (U3HKH. 3HAUHT, dJeMeHTapHble
YaCTHIIEl HMEIOT BHYTPEHHIOI CTPYKTYpY!

HoGenesckast npemus, npucyxaennast P. Xoduwraarepy
B 1963 rony, yBeHuasa ero paGoTel MO OOHapYXKeHHIO H
HCCJIeIOBAHHIO 3JIEKTPOMArHHTHOH CTPYKTYPbl  HYKJIOHOB.
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310, 0JHaKO, He 3Hauujo, 1to P. Xodmraarepy cpasy
e yHaJjoch CHSTb Bce Bomnpochl. [lajseko He Bce (DH3HKH
MHTEPIPeTHPOBAJH MNOJYYEHHblE HM pe3yJbTaThl KaK HaJlH-
yHe pa3Mepa H CTPYKTYpPH y npotoHa. OcraBaJioch ellle Of-
HO OOBsICHEeHHe: a BAPYI H CaM 3JIeKTPOH He TOUYeUHBIH H
3aKOHBI 3JIeKTPOMAarHHTHBHIX B3aHMOJNEHCTBHI MeHSIIOTCS Ha
paccrosuuax 10—!3 caHTHMeTpa MeXAy 3apsgamu?

OKoHYaTeJbHO INOBEPHTb B NPOTSKEHHOCTh HYKJOHOB
MOXKHO OBbLIO JIHIUb TOTAA, KOrJa yaajocb Obl HabJ0aaTh
B3aHMOJEHCTBHE JBYX TOUEUHBIX 3aPSJ0B, PaclOJOXKEHHBIX
Ipyr K apyry 6manxe 10—!3 canTuMmeTtpa.

W Torpa BCHOMHHJIM O MIO-Me30HaX, 3THX HeYMauHBIX
npeTeHEHTaX HAa DOJb NEPEHOCYHKOB saepHbIX cui. Kaku
3JIEKTPOHBI, MIO-ME€30HBl NPOABJAAIOT cebs1 aubo 3JeKTpo-
MarHHTHBIM, JHG0 cinabbiM o6pasoM. Eciu npeneGpeub B
THICSYH Pa3 MeHbLIMM BJHSIHUeM cJaboro B3aUMOJEeHCTBHS,
TO MOXKHO OXHJIaThb, YTO BCTPeYa MIO-Me30Ha C 3JeKTPOHOM
NPOH30HAET N0 3JEeKTPOMAarHHTHHM NpaBHJaM, KaK BCTPeua
IBYX 3aps0B.

Paccesinue M10-Me30HOB Ha 3JIEKTPOHaX aTOMOB — BOT
rie KJIIOY K ONpeleseHHI0O CTPYKTYpH HYKJoHOB! B ombl-
TaxX, Tle JeKTPOH H MIO-Me30H cO/MXKaJHCh Ha PaccTos-
HHe, JaXe 3HauHTeJbHO MeHblle 10—14 caHTHMeTpa, 3TH-
KeJ, NMpelNHCaHHBI TeopHeH 3JeKTPOMAarHHTHHIX B3aHMO-
NefCTBHI 19 TOUEUHBIX 3aPs/J0B, He HapyllaJcH.

3uayut, 3kcnepuMeHnTH P. Xoduwranrepa MoxHO OBLIO
O0BACHHTD TOJBKO TeM, YTO 3JeMeHTapHble YaCTHUB —-
cl0XHble 00pa3oBaHUsl ¢ onpeleNeHHBIM pasMepoM. Kakoii
xKe cefiyac nmpeAcTaBidlOT cebe yueHble 3JIeKTPOMarHHTHYIO
CTPYKTYDPY NPOTOHA H HefATpoHA?

OT ¢Hu3HKOB, H3YYAIOIIHX MHKPOMHP, HEBO3MOXKHO Tpe-
60BaTb BOCCO3[aHHS TOYHOH CTPYKTYpPH 3JIeMEHTapHOIl
YaCTHIBEI HAa OCHOBAHHH 3KCIHEPHMEHTAJNbHBIX HAHHHIX IO
paccesiHHUIO.

Ilo yepeny MOXXHO BOCCTaHOBHTb AeTaJju Juna. Hasep-
HOe, MHOTHE BHJeJH OPHTHHAJbHblE CKYJbOTYpHl [epacH-
MoBa B Mysee aHTponoJiorud. Ero ckyJabntypHble HOPTpe-
TH OYeHb JOCTOBEPHH IIOTOMY, YTO CYLIeCTBYeT CTporas
3aBUCUMOCTb MeXIy pasMepoM H ¢dopmolt J060H KOCTH
Yyepena M COOTBETCTBYIOILeH eH MBIILIBI JHIA.

®dusuK mnocTynaeT cKopee KaK IaJIeOHTOJIOT, KOTOPHI
no ofHoi 6epLOBOH KOCTH HJH YeJIOCTH BBIHYXKIEH BOCCO-
31aTh 00OJIMK HCKOmaeMoro cyulectBa. Pasymeercsi, pekoHcT-
pYHpPOBaHHBIH OOJIMK KakKoro-HHOyIp slllepa MOXET He
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COBIAJaTh B AeTaJsAX C KUBLUIUM MHJJHOHBI JeT Ha3al Cy-
mwecTtBoM. Jla 3TOro W TPYAZHO OKUJaThb. TeM He MeHee B 00-
IIHX YepTax Mbl HoJydaeMm Gosiee WIM MeHee JOCTOBEPHYIO
KapTHHY.

Uto ke, B CyIlHOCTH, yaajoch o6Hapyxutb P. Xodum-
TaaTepy? «DJeMeHTapHbie» NPOTOHB H HEHTPOHH HMeEIOT
BeCcbMa CJIOXKHYIO CTPYKTYypy. DoJbllasg gacTh HX Macchl
cocpenoToyeHa B 06J1aCTH NPOCTPAHCTBA C PAgHyCOM MpPH-
6aunsutespo 0,8-10-13 cantumerpa. Ee okpyxkaer phixnas
Me3oHHas 060JI09Ka, KOTOPYIO (HU3UKH HMEHYIOT TO Me30H-
HBIM 06J1akOM, TO Me30HHOH 1wy6o#. [TMoTHOCTL Me3oHHOMH
060JIOYKH C y[najieHHeM OT HEHTPa yMeHbIIaeTcs.

3apsgn NpPOTOHA pacHpefesieH TOXe HEOLHOPOIHO.
Ha uenrtpanbHylo 4acTh NPHXOAHTCS 4yThb OoJsblle NECHTH
IIPOLEHTOB, OCTaJibHAsl XKe pa3Ma3aHa 0 Me30HHOMY obJaKy.

Panbme Kasasoch, 4TO HEHTPOH, B cpeaHeM HeHTpaJb-
HbIH, uMeeT 06J/1acTH, 3apsKeHHble NMOJOXKHTENbHO H OTPH-
naresapbHo. Ho Takas Momenb HefiTpoHa morepnena ¢HackKo.
O/IeKTPOHHBIH JecaHT, MOAGHPAsACh K HEMY, He OBGHADPYKHJ
3JeKTpuueckoro  ¢opmocta — 3apsSIKEHHOTO  MEe30HHOro
o6siaka. MoxeT ObiTh, 3apsi NPSYETCS Iae-TO Tay6xe?

Cefiyac 3/1eKTPOHB OUYeHb OOJIbIUINX 3HePruii NPOHHUKAIOT
B HEHTPOH yxKe Ha paccrosinue 0,2-10—1% canTuMeTpa, a 3a-
psixkeHHO# 06JsacTH HOKa ellle He HamwaH. Heyxenu HeATpoH
TOYEUHBIH?

Hert, ato ne Tak. Henb3s cka3aTb, 4TO 3JIEKTPOHH, JO-
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CTHTHYB 3TOH HeOOLIKHOBEHHOH TIJIyOHHBI, He BCTPETHJIH Ha
NyTH HHKaKOro conpoTuBjeHHs. HampoTus, kak pas Tam,
rie JoJ/oKHAa HaXOAHTbCS Me30HHass wy6a, HaJeTalollue
3JIEKTPOHBI BAPYr NMOYYBCTBOBAJIH MaTHHTHOe BO3jAeHcTBHe.

3HauHT, H y HEHTPOHA ecTh Me3oHHOe 06s1ako? Jla. OuHo
TaKHX Xe, KaK H y NpPOTOHa, pasMepoB, TOJNbKO 00JaKO
3TO 3JIEKTPHYECKH HeHTpasbHO. BO3MOXKHO, OHO COCTOMT H3
HEeATpaJbHEIX IH-ME30HOB, a MOXKeT OBITb, U3 Iap OTpPHILA-
TeJbHBIX H NOJIOXKHTENbHBIX ME30HOB,

PesynbTaTH 3TH 3aCTaBH/IH (DH3HUKOB 3aCOMHEBAaThCH B
TOYEYHOCTH OCTaJbHHX 4acTHI. Ho Kakx 3To mpoBepuTH?
OnHo peno — posrokuByuHi HykJoH. Hy a kak mccieno-
BaTh YaCTHLy, CyIIecTBylouyw MeHbue 10-10 cekyHan?
Kak 6BITh ¢ TeMH YaCTHIA@MH, KOTOPbIe MOSIBJSIIOTCS HA CBET
Bcero quub Ha 10~19 cekynaw? Kak caenaTb M3 HHX MH-
[IeHb JJIST 3J1eKTPOHOB?

M Bce-Taku B mocsejHee BpeMsl yueHBle HAIJIH CIOco0
«H3MepHTb» NH-Me30H. OKa3ajock, YTO H OH He TOYEUHBIH,
a HMeeT BIIOJIHE OnpeeseHHblil paauyc, okoso 0,8« 10—13 can-
THMeTpa. PasyMHO npeano/sioKuTb, YTO Bce YaCTHIH, HCIHI-
THIBAIOIHE CHJIbHBIE B3aHMOJEHCTBHS, TaKHX e pas-
MepOB.

Hy a u9to ckasaTh 0 MI0-Me30He, 2J1eKTPOHe H HeHTpH-
HO? MIO-Me30H M 3JIEKTPOH JlaXke Ha pAacCCTOSTHHU MeHee
10-!* canTHMeTpa BeAyT cebs MO OTHOUIEHHIO JAPYT K JAPYry
KaK JIBa TOYEYHBIX 3apsana. M3 aToro MoxHO clenaTh TOMhb-
KO ONMH BBIBOJ: €CJH OHHM BCe-TaKM HMEIOT pa3Mmepul, TO
pa3Mmepnl HX MeHbllle 10~!* caHTHMeTpA.

Yro me panbuue?..

Htak, «jereHnbl» O TOYEYHBIX 4acTHIAX 6oJblle He Cy-
ecTByeT. Temepp HHKOMY He HAaAO J[0Ka3blBaTb, YTO MO
KpaliHell Mepe CHJbHO B3aHMOJeHCTBYIOLIHE YacTHHH —
CJIOXKHbIE CHCTEMBI C KOHEYHBIM 3JeKTPOMAarHHTHBEIM pa-
JHYCOM.

Tak uyTO Ke Takoe 3JeMeHTapHas yactHua? [locaenuss
JH 3TO «MaTpelliKa» B CTPYKTYPe CTPOeHHSI MaTepHH HJIH
Her?

CencaluoHHble pe3ysbTaTh 3KcnepuMeHToB P. Xod-
TaaTepa MO PaccesHHIO GBICTPBIX 3JIEKTPOHOB CNOCOOCTBO-
Ba/Ii TOSIBJIEHHIO COCTAaBHBIX MoOJeJeH 3JeMeHTapHHEIX 4Ya-

CTHIL.
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B Haub6oJsiee ynauyHO# cOCTAaBHOI MOJeNH, NPeNJ0KEeHHON
amoHcKuM yueHbIM CakaToll, TAKHMH OCHOBHBIMH YacCTHI2-
ViH, H3 KOTOPBIX CTPOHJIHCb BCE OCTaJIbHBEIE, OBIJIH BHIOPAHEL
1aM6a-TUIEPOH, TPOTOH M AHTHHEHTPOH. B Hell Hamna
:BO€ JaJjibHefillee Da3BHTHe HJIes BBIAAOLIUXCSH TeOPeTH-
0B ®epMu u SlHra, BhepBble NPeNJOXKHUBIUUX NOCTPOHTD
»IeMEHTapHYI0 4acTHUy, NH-Me30H, M3 HYKJOHA H aHTH-
iyKJIOHA, TO €CTh M3 YaCTHI[, B HECKOJbKO pa3 GoJiee TH-
'KeJbIX.

YcnelHoe onHCcaHue 3TOH MOJEJBIO psAfa SINePHHIX pe-
IKIMH M TpelCKa3aHHe el HeKOTOPbiX CBOHCTB YACTHI[ Bbi-
3BaJI0 B3PHIB «MOJbI» Ha COCTaBHble Monend. Temepb 4yTs
TH HE KaXKIbli TEOPEeTHK (M Jaxe HETEOPEeTHK) CuHTaJsl
st ce6sl IeJOM YeCTH CO3LaTh COOCTBEHHYIO, MYCTb AaxKe
JKCTpaBaraHTHy10, MoJeb 3JeMeHTapHo#i yactuun. Ho or-
{pPHITHE HOBHIX YACTHII, HCCJE/]0OBaHHE B3aHMOAEHCTBHS MeX-
1y HUMH OT6pachiBajgd 3TH 3(eMepHble NOCTPOEHHS ONHY
3a apyro#. Jaxe cepnesHasi runmoreza CakaThl He BBLAEp-
Kaja HCINBITAHHS BpeMeHeM, NOTOMY 4TO B Heil HeylauyHO
Sbl/IM BHIGPAHBI OCHOBHEIE YACTHILHL.

OaHako MaTeMaTHYECKHH ammapaT 3TOH MOJeJH NO3BO-
M1 06HAPYXKHTb HOBble 3aKOHOMEDHOCTH B MHpe 3JIeMeH-
rapubeix vactui. Maes CakaThl 0 BO3MOXKHOCTH MOCTPOEHHS
1IX M3 TpeX OCHOBHBIX Oblna OsMKaluefi mpexbiCTOpPHEH
{BaPKOBOH MOJ€eJ1 CTPOCHHS MaTepuH, 0 KOTOPOH MBI y3Ha-
M B cJenyloliel ryaa.e.

JII06ONEBITHO, 4TO ellle B HauaJle BeKa, Korna Oblia H3Be-
‘THA eJIMHCTBEHHAs 3JieMeHTapHas YacTHLA — 3JeKTPOH,
k. HOx. TomMcoH yxXKe NbITaJCs NOHATL €e CTPOEeHHe.
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B Jsekuun, Tak ¥ HadBaHHOH — «IIo Ty CTOpOHY 3JeKTpo-
Ha», — OH CKasall:

«BHITE MOXeT, HEKOTOpHIE H3 Bac TOTOBH MEHS CIpO-
CHTb: CJIeAyeT JU HATH 3a Npefesbl JeKTPoHa, He OyneT Ju
3TO CJAHIIKOM pajsekuM? He Hazno su riae-Hu6yAb NPOBEeCTH
rpanuny? OuapoBaHHe (QH3UKH B TOM H COCTOMT, YTO B Hell
HeT JKeCTKHX M TBepPIBbIX TPaHHIl, B Hel KaxkJoe OTKPHITHE
He fiBAsIeTCS MpelenoM, a TOJNbKO aJjJeel, Bexyuieid B cTpa-
Hy, elle He HCCJEeJI0BAHHYIO, H, CKOJb Obl JOJITO HH CYLIECT-
BOBaJia HayKa, Bcerza OylheT u300uJHe HepelIeHHBIX NPO6-
JeM H (H3uKaM HHKOTJa He OyJeT OmacHOCTH cTaTh 6e3pa-
GOTHBIMHU>.

B cBoeit kuure, m3maHHod B 1958 romy, akameMHukK
M. MapkoB roBopH/ 0 HeOOBIKHOBEHHOH CJIOXKHOCTH COBpe-
MeHHOTO 006pa3a 2JeMeHTAaPHOH YacTHLB, KOrZa Kaxaas
U3 HHX «HAYMHAeT NMPEeACTABJSTbCSA CJIOXKHOH KOMIIO3HIHell
BCeX «3JIeMeHTapHbIX» yactul. Eciau neficTBUTENbHO Bce
YaCTHUB HeOBGXOZMMBI NJIS NMOCTPoeHUs ob6pasa KaxKIoH Hu3
HHX, TO €CTECTBEHHO HCKaTb KaKOH-TO NPyroi «MarepHans,
6oJiee 3JIeMEHTapHBII B TOM CMBICJe, YTO OH SBHJCH Ol
06ILMM [/ BCEro CHuckKa (yHJaMeHTaJbHBX YaCTHI.



HOBbIH JHHHEN

He ocrynuaca s 3roid oceinu,
He cbuaca, Taiiny Tponys,
Hobuaca npasdet kaxdoi ocobu
B muavapdax saextporos.

I1. AnTtokoabckull

Kro ectb Kr0?

KapTuHa cTpoeHuss MaTepuu, AOOGPOTHO HapHuCOBaHHas
TpeMsl UHCTBHIMH <KpPacKaMH»: 3JeKTPOHHOH, NPOTOHHOH H
HeATPOHHOH, — OhlJIa Tak ke NPOCTa, KaK AETCKHIl PUCYHOK.

Ee xomnosuuusi, onpeielNeHHasi CTPOEHHEM aToMa H
aTOMHOrO s1ipa, 6e3 Tpyna TOJIKOBaJlacb Ha OCHOBE KBaHTO-
Boil MexaHHKH. Ka3aJoch, 4TO JOCTaTOYHO NPOPHCOBATH €llle
HECKOJIbKO A€TaJleH, OTHOCALIUXCA K SAPY U COCTaBJSAIOUIHM
ero HyKJIOHaM, U KapTuHa GyJeT 3aBeplieHa.

OnHaKo OTKPHITHE OTPOMHOrO MHpa 3JeMeHTapHHX Yac-
THL Pa3pyLIHJIO 3Ty Hajexny. Buepamnuii meneBp Ha ca-
MOM JleJle OKa3aJscs JIHHIb IpeJBapHTENbHBIM 3TIOAOM K
6ynyuiefi KapTHHe CTPOEHHSI MaTepHH.

Ecin npocTo HaHecTH Ha Hero COTHH Haf[eHHHX Ya-
CTHL MaTepHH, TO, KpOMe OLLYyLIeHHSI Yero-To HeNOHSATHOTrO,
KpaiiHe 3amyTaHHOrO M CJOXHOrO, HOBasg KapTHHa HHUYEro
ne pact. $IcHOCTh BO3HHKHET JHIIL B TOM CJydae, €CJH
KaxJaasi yacTuua 3aiMer B oOlleidl KapTHHe NpelHa3HayeH-
HOe el MeCTo, KOraa BHAHA GyJeT B3aMMHas CBSI3b MeXAy
BCeMH OT/eJbHBIMH 3JIeMEHTaMH LeJIOTO.

Ho uyem pyKOBOACTBOBAaTbCA y4YeHbIM B CBOHX [OHCKaX,
€CJH HeT Ja)Ke CaMOro NMPHUMHTHBHOTO «PaHXHpa» cpeiH
dJleMeHTapHBIX yacTun? MoxeT 6BITh, yAacTcs pa3obpaTncs
B OOINECTBEHHOM IOJIOXKEHHH TIpaxJAaH MHKPOMHPA, eciH
HAaATH MPHHUMI «3JeMEHTapHOCTH» YacCTHL?

Ho coBpeMeHnHast Teopusi mo-mpexHeMy rOBOPHT O TO-
YeYHOH YacTHlUEe U B 3TOM CMBICJE He «BHIHT» PasHHLH
MeXJy JIerKHM 3JIeKTPOHOM M TsIXKeJILIM pe3oHaHcOM. A pas-
tiila 3Ta npsAMo-Taku 6pocanach B IJasa.

JIenToHHI: 3JIeKTPOH, MIO-Me30H M HEHTPHHO — He yua-
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CTBYIOT B CHJIbHBIX B3aUMOJeHCTBHSIX,. Y HHX He oOHapyxe-
Ha BHYTDEHHSISI CTPYKTYypa.

B orpoMHOH apMHH CHJIbHO B3aHMOJEHCTBYIOLUIHNX Yac-
THI: HYKJIOHOB, TSI)KeJbIX Me30HOB, THIIEPOHOB, pPe30HaH-
COB — HHBIe 3aKOHbI H NOPSAKH. DOJNBIIHHCTBO U3 HUX pac-
uayiaeTcsl Ha 6oJiee JierKHe YacTHIB. A HalJeHHAs CJIOXKHas
3JIEKTPOMAarHUTHasi CTPYKTypa Yy HYKJOHOB U INH-ME30HOB
eme 6oJiee YKpenujaa HOJO3PEeHHS YUYEHBIX B «HedJieMeHTap-
HoCTH» 3TUX uactul. Ho, He nMes mokKa BO3MOXKHOCTH HO-
Ka3aTb 3TO, (PU3UKH NPOCTO JHUIUKJIH UX NPaBa HA3BIBATbCS
3JIeMeHTapHBIMU H CTaJH NOJb30BAaThbCS TePMHHOM «(yHHa-
MEHTaJIbHBIEY,

Ecnu cpaBuuTh gaThl OTKPBITHS PasHBIX YacTHIl, TO Jer-
KO 3aMeTUTb, YTO YHCJO JENTOHOB 3a MOCJefHee BpeMs
MOYTH He H3MEHHJIOCh, a Ipynna QpyHIaMeHTaJbHBIX YaCTHIL
CHJIbHO BBIpOCJIa, NOJNO0OHO HEeNPepHBHO pacTylleMy hefi-
cTByolleMy ByJkaHy. OHa yBeqHuYHBaeTcsl B OCHOBHOM 3a
cueT pe3oHaHcoB. M3Bepraomuiics noTox OGIIKPHO# Hayy-
HO!l HH(OPMALUU O BCe HOBBIX H HOBBIX YaCTHIIaX TPO3HJ
3aTONUTb BCIO (DU3UKY BHICOKHX SHEPTHH M JUIIHUTb OPUEHTH-
POBKH B MHpPe 3JieMeHTapHBIX YaCTHIL.

PengruBucTckass KBaHTOBas  TeOpHs, MNBITaBIIasICs
ONHCAaThb MUP 3JIeMEHTapHBIX YaCTHIL HA OCHOBE HECKOJbKHX
aKCUOM H TNPHHUHIOB, He B COCTOSIHHM OBlIa BBECTH 3TOT
IOTOK B ONpeJleJiIeHHOE PYCJIO.
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U Torma BO3HHKJO HOBOE TeopeTHUECKOE HaNpaBJieHHE,
caefys KOTOPOMY yueHble HAUJIH MOPSAJOK B MHpe 3JEMeEH-
TapHbBIX 4YaCTHL, HAUlJIH CKPBbITble B HeM 3aKOHOMEPHOCTH,
onHpasAcChb TOJBbKO Ha H3BECTHBIE H3 OIbITa CBOHCTBA YacCTHL,
TakHe, KakK 3apsan, Mmacca H T. O.

CTpanHble 3KCMOHATDI

CocraBjieHHBHH (DH3HKaMH CIIHCOK [JBYX COTEH 3JIeMeH-
TapHBIX KHPIIHUHKOB MaTepuH HamoMHHaJ repbapuii ueso-
BeKa, He3HAKOMOro C CHCTeMaTHKOH pacTeHHil. DTOT rope-
60TaHUK, NPHAaBass abCcoJMIOTHOe 3HaueHHe JIIOOBIM pasJu-
yHsIM MEeXJAY PacTeHHSIMH, OTBeJ OBl OTHeJbHOEe MeCTO KaX-
JIOMY H3 COOPaHHBIX HM 3KCIIOHATOB.

3acayra Kapsa Jlununes, co3maTtens CHCTeMAaTHKH pac-
TeHHH, COCTOsl1a He TOJbKO B BHIOOpe TJIaBHBIX NPH3HAKOB
MPHHAJIEXXHOCTH pacTeHHH K ONpeJeJieHHOMY BHAY, HO M B
YKa3aHHH TeX Pa3JHuuil, KOTODHIMH MOXKHO TipeHeOpeub
npn oGbelHHEHHU BHJOB B CeMeHCTBa, a CeMeHCTB B OT-
pSAIBL.

Ho mMoXxHO /1M co34aTh CUCTeMaTHKY 2JeMeHTapHbIX dac-
tan? Kakoll HMeHHO pasHHIeHd MeXAYy YacTHIAaMH MOXKHO
npeHebpeub A/ 06beIHMHEHHS UX B IPYNMNBI?

Ou3UKH, NpaBra, YKe 3HaJH, UTO B CHJBHBIX B3aHMO-
DellCTBHAX MeXJY NPOTOHOM H HeHTPOHOM, MPOTOHA C TNPO-
TOHOM H HeHTpPOHa ¢ HeHTPOHOM HeT HHKaKOH pa3HHIHL.
MexAy 3THMH mapaMH 4YacTHL HAeHCTBYIOT OJHHAKOBHE
CHJIBI.

Bce 3TH 3KcnepuMeHTasbHble (AKTH H TNOACKa3ajd#
[efizenGepry maonorsopHyio uuero. OH mepBHIil Horajascs,
YTO ecJIH He o6pallaTh BHUMAaHHS HA NOJOXHUTEAbHBIH 3J€K-
TPUUECKHH 3apsii NMPOTOHA W Ha OTCYTCTBHe 3apsjaa y Hel-
TPOHA, TO HX MOXHO NPHHATb 32 OLHY M Ty Xe yacTHUY —
Bellb B sIePHBIX B3aHMOJeHCTBHSIX OHH COBEpIIEHHO HJeH-
THYHBHI.

Tak ke, Kak B CyMepKax Bce NpeaMeThl KaxyTcs OfHHa-
KOBO cepbIMH, TaK HECKOJbKO TYCKHeeT NecTpoTa 3JieMeH-
TapHBIX YacCTHL, ecJH He obpallaTh BHHMaHHS Ha 3JI€KTPO-
MarHHTHble OTHOLIEHHS MeXAy HHMH. 1 mpoToHa M Hel-
TPOHa OyHeT BIOJHe AOCTATOYHO OJHOH «HYKJOHHOH» Kpac-
KH, a 1Jis TpeX TIH-Me30HOB C Pa3HbLIMH 3JIeKTPHUECKHMH 3a-
PsiiaMu — OXHOH <IH-ME30HHOM>.
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PaccuutaBluascs Ha
«NepBBIH-BTOPOH» M Ha
«TEPBBIH-BTOPOH-TPETHI»- —
HeyNopsLOoUeHHasA «TOJNNa»
3JIeMEeHTapHBIX YacTHL, NPH-
obpena yxe HeKOTOPYIO
cTpykTypy. M naxe 210T
He Tako#l yK 60JbLIOH 1mIar
K CHCTEeMaTHKe IOMOI Te-
opetukaM. OHH cpasy xe
YyCTaHOBHJIH HEKOTOpPHIE CO-
OTHOILIEHHSI MeXIY BEposT-
HOCTSIMH IIPOLLECCOB, NIPOHUC-
XONSIIIHX C YyyacTHEM yac-
THI, OOHOH W TOH Xe
IpYNIHL.

Ho B TO BpeMms eule He
6Bl OTKPBITH «CTPAHHBIEY
wacTHIH # pe3oHaHcH. C ux
nosiBjieHHeM  «repbapui»
3JieMeHTapHBIX YacTHL, Yy-
nopuiiHo pacnyx. K Bor
Torga-to, B 1960 rony yue-
Hukn CakaThl BHepBHIE [0O-
JIOKHJAH paenerataM Mex-
LyHapomgHOH KOH(pepeHLHH
0 ropa3no OGogee o6uieh
3aKOHOMEPHOCTH, CyLIecT-
BylOLlleH cpefu 3jeMeHTap-
HBIX YacTHl. AHaau3upys
MOZeJb CBOEro YyuuTeJd,
OHH OOGHAapYXHWNH HEYTO
BpPOZAe NepPHOIHYECKOTO 3a-
KoHa Jjasi ¢yHIaMeHTalb-
HBIX KHPIHYHKOB MaTepHH.
A rox cmycTsi, onupasich Ha
3TO AOCTHXKeHHe, JBa ¢u-
suka — M. T'ean-MaHH u
IO. HeemaHn — He3aBHCHMO
HAPYT OT Apyra npenoXuan
CHCTEeMaTHKy  3JeMeHTap-
HBIX YacCTHII, BKJIIOYHB B Hee
H pesoHaHce. Ha ocHoBe
3TOH CUCTEMAaTHKH yAaJoCh

62




BCE CHJIbHO B3aHMOJeHCTBYIOIHe YacTHIB cobpaTb B He-
CKOJIBKO OOJIBIIHX TPYIIL.

M.Tenn-MaHH fan cBoell cHCTeMaTHKe OSTHYHOE Ha3Ba-
HHE — «BOCbMEPHYHBIH myTb». [ToueMy BocbMepuunbléi? Jla
MOTOMY, YTO B HeM NPOM3BOAMJIUCHL NEHCTBHSI Hal BOCEMBIO
KBAHTOBBIMH UHCJIaMH. A Takxe NOTOMY, LIYTSi FOBOPH.1
M. Tenn-ManH, 4TO «OHAa HamoMuHHaeT adOpPH3M, TPHUIHKCH-
paeMbll Bynne: «[la,. 6paTbs, cylecTByeT cBSTas MCTHHA,
foMoramwlilas yKpoTHTb CcTpafaHusi: 3T0 6JiaropojiHble BO-
ceMb MNyTe#, MMEHHO: BepHbIe B3IJIsIAbl, BEepHble HaMepe-
HHsl, BEDHbIE PeyH, BepHble AeHCTBHSA, BeDHBHI 06pa3 XKH3HH,
BepHHIe IOILITKH, BePHble 3a60Thl, BEPHOE COCPENOTOUEHHE.

IIpennoxennas M. Temn-Mannom u H. Heemanonm
kaaccudukamnus, 6e3 BCAKOIO COMHEHHS, «YKPOTHJa CTpa-
naHus» ¢pusnkos. Xaoc Ob1 MuKBUAKpPoBaH. OnHAaKo BOHPOC,
HACKOJIBKO «BepHa» 3Ta NONLITKA, IPOJHKTOBAHHAs CaMbIMH
«BepDHBIMH» HaMeDEHHSIMH, OCTaBaJICsl OTKPBITBIM.

[Tocne pabor M. T'ensn-Manuna u 10. HeeMana nosiBusnch
U APyTHe BapHaHTH JHKBHIAIIMH Xaoca, Ka3aBUIHeCs] CBOHM
aBTOpaM He MeHee «6JarOpasyMHBIMHY,

Caoxuiace ctpaHHas curyanus. C oIHOH CTOPOHH, MHO-
rie B TO BpeMsl CYHTAJH CO3[JaHHe CHCTeMaTHKH QyHAaMeH-
TaJbHBIX YAaCTHIl HellePCHEKTHBHHIM HalpaBJieHHeM B (PH3H-
Ke. CTOPOHHHKH CTPOTOH TEODHH CUHTAJH 5TO 3aHSITHE HEJO-
CTOHHBIM HACTOSILIETO YUEHOTO.

C Ipyro# CTOPOHBI, YCHJIMBIUKICS NOTOK TEOPETHUECKHX
pa6oT Ha 3Ty TeMy BBbI3BaJ Jaxe <«HCIYT H HaCTOPOXKEH-
HOCTb» B psile HayuYHHX XypHasoB. Cosxasnoch Breyarie-
HHe, YTO <IPH CBeTe JAHS TEOPETHKH CKJOHHBl OT3BIBATBCS
06 3TOM HampaBJeHHH HPOHHUYECKH, a B THIIH Houel MHIMYT
0 HeM paboThl, YHCJO KOTOPHIX PacTeT SKCIOHEHIHAJbHO»,

Kak 6bl TO HH 6BLJIO, HO Bce 6oJbllie (PH3NKOB BOBJIEKa-
JOCh B «KOHKYpPC» Ha JYYIIHH «repbapuil» sjJeMeHTapHHIX
yactiu. Hayunas armocthepa B (u3HKe BHICOKHX 3Hepruif
CTaHOBHJIaCh Bce HanpsikeHHee. Kakoii BapuaHT GyneT NpH-
3HaH ayuminM? Yro ckaxeT caMoe 0ObeKTHBHOE H CIpaBefl-
JIHBOE «KIODU» — IKCIIEDHMEHT?

A on nmoka mouauasa. MoJsuas, Kxak MyAapel, 3a1yMaBIIn#i-
cs Haj CJO0XKHOH 3amaveli. Bocnosib3oBaBHIHCH 3THM 00-
CTOSITETLCTBOM, IIOTOBOPHM TOKa O TOM, Yero e XXJAajJH OT
SKCMEPUMEHTA aBTOPHl «BOCbMEPHYHOTO NYTH>.

IIponycTHB cBOIO HAEl0 Yepe3 «MaTeMaTHYeCKHe Omepa-
unu», paspaborannble eue B XIX Beke HOpPBEXKCKHM MaTe-
MaTtukom Codycom JIu u no3TOMYy Ha3BaHHule asnreGpolt Jlu,

63



117
\\\\\\\ /f/,///

( :j \ |
W
\}\\\\\\ II//,I/

[ J
O lum\\\\\\\

+7‘A,3D%§§; )‘ > W
IRt 'lem Al

5
TN

OHH TIOJYYHJIH YEeTKHH IJVIaH «NOCTPOEHHS» (PYHIaMEHTa/b-
HBIX YacTHL. YacTHIAM OPeANHCBHIBAJOCh BHCTPOHTHCS B
CPYOOE M3 TPeX, H3 BOCBMH H H3 JecATH 4ieHoB. [Ipuuem
B OJIHY H Ty XKe TPYNNy NONAJaJH YacTHUH C ONpeleseH-
HEIMH KBaHTOBBHIMH YHCJaMH.

Koria HYKJOHB, Me30HH H DPe30HAHCH pa3bpocajH Mo
3THM TIpyNnaM, 0Kas3ajoch, UYTO, KpPOMe HeJHKOM IyCTo#
FPYNNHL H3 TPeX, B I'PYNIe U3 AeCATH TSXKeJNHX YaCTHIL OJHO
MecTo Takxe mycTyeT. Koro e He xBaTaer?

Krto unTepecoBasics ucropueit cocrasienus . Menne-
JIeeBHIM CBOeH NMepHOJHYECKOH TabJHUbl 3JEMEHTOB, TOT
3HaeT, 4YTO OHa BKJIOYaja M MycThle MecTa [Jis ellle He
OTKPHITHIX BemlecTB. [IpuueM CBOHCTBa 3THX 3JIEMEHTOB Obl-
JIu yxKe npeackasansl JImMutpuem MBaHoBuuewm.

C moMoImbio NPaBH/, KOTOPHIM NMOAYHHSIOTCS pasjeseH-
HHe Ha TPYNNbl YacCTHIB, HETPYAHO ObIIO YCTAaHOBHTH, 4TO
HEeJ0CTaBAJI0 CaMOH TAXKeJOH YacTHLH H3 JeCATKa COrpax-
naH Mukpomupa. HesHakoMKy Ha3BaJd oMera-MHHyc-rHIe-
POH H HAINHCAJH €€ <NOPTPeT» — MacCy H KBAHTOBHE UHC-
Jla, — KOTODHIH OKa3aJicsl BIOCJEJNCTBHH OYeHb OJH3KHM K
OpHTHHAJY.

HafineHnass ynopsiiouyeHHOCTb TOMOIJIa CBfI3aThb APYT C
IpyroM siBJleHHSI, B KOTODBIX TeODHS He HaXoJH/Ja HHYEro
o6Il1ero, H BHIYHCAHTbL BepPOSITHOCTH sSIAePHBIX peaKuui c
yyacTHeM YacTHI[ OJHOH M TOH Ke rpynnsl. BnepBue yna-
noch ¢ 60JbIIOA TOYHOCTbIO TEOPETHUECKH BBLIYHCIHTb OYeHb
BajKHOe /s NOHHMaHHs CBOHCTB YacCTHL OTHOLIeHHe Mar-
HHTHBIX MOMEHTOB HeHTPOHa H NPOTOHA.
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U Bce-TakH, HeCMOTPSI Ha 3TH YCIIEeXH, «IbIpKa», 3UAIO-
mas B JeCATKe TsXKeJ0BeCOB, CO3[aBajia HEYBEPEHHOCTh
B IPAaBHJIBHOCTH caMOH kKJaccuukamuu. DKCnepHMeHTaTo-
pbl OYKBaJIbHO C «NOPTPETOM» B PYKaX YCHJEHHO HCKaJH
oMmery-MuHyc-runepoH. «Ecniu ona Gymer Halfinena, — mu-
can B 170 BpeMsi M. I'enn-ManH, — TO NpPaBHJIBHOCTb BOCh-
MEPHUYHOTO MyTH OyAeT B CHJbHeilleldl CTeNEHH MOATBEpK-
JAeHa».

OnHako TJaBHBHIH HENOCTaTOK HOBOM CHCTeMAaTHKH, Kak
Ka3aJochb BceM, 3akJiodajics B ApyroMm. Eciau Ha OTKpbiTHE
oMera-MHHYC-THIEPOHA ellle MOXKHO ObLIO HaZesaThCH, TO
3aMOJIHUTL ellle Heaylo NYCTYIO TPYNNy M3 TPeX YacTHIl He
NPEACTaBISIOCH BO3MOXKHBIM.

W neno 6bl10 BOBCe He B TOM, YTO He XBaTaJo ellle TPex
yacTull. MicTopusi GU3HKH BHICOKMX 3Heprufi CBUAETENbCTBO-
BaJia, YTO 3TOT HENOCTATOK BOCIIOJIHHM, HaJO TOJBKO NOJO-
xaaTb. Curyauus Gbla 3HaYUTEJNbHO CJOXKHee. Maremartn-
yeckast JIOTHKa BOCBMEPUYHOTO TYyTH 3ape3epBHpPOBaJA
3TH MeCTa AJsI COBepIIeHHO HEOGBIYHBIX TpaKJaH MHKpO-
MHpa.

Bce yacTHilbl, ¢ KOTOPBIMH (pU3HKaM NPHXOAUIOCH HMETb
fies10, ObITH WJIM HeHTpaJibHBI, HJIH UMeJNH 3apsf, PaBHBHIHA
3apsiny 3JekTpoHa. M BApPyr OTKphIIach BaKaHCHS AJIS dac-
THI[ ¢ APOOHBIM 3apsanoMm!

IIperenmeHTaMn Ha 3TH MecTa MOrJIH OBITh YaCTHUH €
3apsaioM, PaBHBIM !/3 ¥ 2[; snekTpoHHOro. IlouTH HHKTO He
COMHeBaJicsi B aGCypAHOCTH TakKoro mpeickasanus. OtcyT-
CTBHE OMera-MHHYC-TMIEPOHA H SIBHAsl HeJIENOCTb NMpelcKa-
3aHUS TPYNOBI U3 TPeX YaCTHL C APOGHBIMH 3J1eKTPHYECKH-
MH 3apsiiaMH 3HAYHTEJbHO CHHXKAJIM IIaHCHI BOCbMEPHYHOTO
MyTH.

B 371X c/0XHBIX yciaoBusix M. I'enn-ManH (4 He3aBH-
cuMo ot Hero LlBeiir) chemnan Xox, aHAJOrMYHBIH TOMY, KO-
Topuiil caenan Typ XeHepman ansi noKas3aTelbCcTBa CBOeH
Teopuu 3acesenusi ocTpoBoB [lonmuHe3uu. M3yuuB ocTaTku
npeBHelt kyapTypbl [Tosmunesuu, Typ Xeilepman mpuien K
BBIBO/Y, YTO OCTPOBa OBbLIM 3acejeHbl He M3 A3HM, KakK
YyTBep:Kaajoch paHee, a Bhixoxuamu us IOxHOH AMepHKH.
[Iporusuuku Teopun Typa Xefiepaana yTBepxKaanu, uto 6e3
HaBHTauMOHHbIX NPHOOPOB, 6€3 NpeJHa3HAaUeHHbIX MJIs 1aJb-
Hero nJjaBaHHS CYLOB HEBO3MOXKHO INPEOJA0JIeTh OTPOMHYIO
BoJHyl0o mycThiHio Tuxoro okeana. M torma Typ Xekhepnad,
Beps B CBOIO THIIOTe3Y, MOCTPOMJ IJIOT H3 GasJbCOBHIX Je-
P€BbeB M N0KAa3aJ, 4YTO HAa HEM MOXKHO TPEoLOJeTb 3TO pac-
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crosinne. TeM caMbiM OH 06paTh ceGe Ha MOJIb3Y IVIaBHBIH
apryMeHT CBOHX NPOTHBHHKOB.

I'ny6oxo Beps B cBolo cucTeMaTHKy, M. Iean-Mann
NpEeANONOXKHUJ, 4YTO HeoObIYHBle YacTHiBl ¢ JApOOGHBHIM 3a-
psSiloM He TOJbKO CYLIEeCTBYIOT B IIpPHpOAe, HO HMEHHO
H3 HHX «CHeJIaHbl» BCE OCTaJbHbIE, BKJIOYas U HEAOCTao-
my?o.

Tak coeiuHH] OH HECXOAMBUIHECS <«KOHIBI» CBOeH Te-
opuH. A, BeposiTHO, Ty JOJIO COMHEHHH H HeyBepPeHHOCTH,
KOTOpas ellle OCTaBaJach B €ro Ayllle, OH BJIOXKHJ B Ha3Ba-
HHMe 3THX YacTHL, B35ITOe M3 HayuyHO-(paHTacTHUeCKOro po-
MaHa,

CroBo MopH

«KBapkH, KBapKH, KBapKH» — TaKOe HEMOHSTHOE CJIO0BO
BIPYT 3aMeJibKaJio B HadaJe 1964 rona Ha cTpaHHLaX Hayu-
HEIX H HayYHO-NONYJISIPHEIX KYPHAJIOB.

Korza B HayuHylo cpefy BHNepBHE IPOCOUHJIHCH CAYXH
0 KBapKaX, HHKTO He MOT TIOHSTb, YTO 3T0 Takoe. M cioBapu
He MOTJIH [OMOYb, IIOTOMY YTO TNeEePEBOA 3TOTO 3arajoyHoro
CJIOBA HH C AHIJIHACKOro, HH C HEMeLKOro SI3blKOB He HMel
POBHO HHKAKOTro (pM3HUYECKOTO CMBIC/a.

Bce pasbsicHHIOCH TTOC/IE BBIXOAA OUePEIHOr0 aMepHKaH-
ckoro xkypHana «Physical Review Letters». B ne6oabmioit
cratbe M. Tenn-ManH Hanucasn, 4YTO HeoOBIYHOE HMS
«KBapK» NOJYYHJAH TPH «30JYUIKH» BOCbMEPHYHOTO NMyTH —
Te CaMhle TPH FHIIOTETHYECKHe YaCTHIHl ¢ APOOGHBIMH 3aps-
naMH. Cuso#i BooOGpayKeHHsSI TeODeTHKa OHH NPeBPaTHJIHChH
B CaMbIX I[VIaBHBIX JIHL, MHOTOYHCJIEHHOTO OGINECTBa CHJIBHO
B3aHMOJEHCTBYIOIIHX YaCTHIL

IIpoToHbl, HEATPOHB M TFHIEPOHB], a TaKXKe PE30HaHCH!
HNpeKPacHO CKJAaABIBaJHCh H3 PpasHbIX COYeTaHHH Tpex
KBapPKOBHIX KHDIHUHKOB H COOTBETCTBYIOLIHX HM aHTHKBap-
KOB, @ Me30HbBI — H3 KBapKa H aHTHKBapka. C MX OMOLIBKO
JIETKO OOBSICHHJIHChL BCE JOCTHXKEHHS CHCTEMATHKH, B TOM
4HcJie H YNIaKOBKa IO BOCEMb H [ECATh YAaCTHIL

«Mo0XXHO NPOCTO H SCHO, — TOBOPUT aKaleMHK . 3enb-
IOBHY, — OODBSICHUTb Haxe pebGenky, uro ectb 10 uacrun,
NOTOMY YTO Ka)K/Jast YacTHIa COCTOHT M3 TPeX KHPIHUHKOB,
ecTb 3 copra KHMPIHUMKOB, M JIEFKO IPOBEPHTb, YTO ecTb
10, 1 Tonbko 10, pasHbIX KOMOHHALHITS.

U onHa U3 TakuX HecsSTH KOMOGWHAUHI B TOUHOCTH COOT-
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BETCTBOBaJia «OOJHKY» IpeACKa3biBaeMOT0 BOCbMEPHUHBIM
nyTeM oMmera-mMuHyc-runeposa. Tak B Teopun M. 'eqn-Man-
Ha KBAaPKH OKa3a/JHCb HeOOXOAHMBI He TOJbKO IJIf 3amoJi-
HeHHS NMYCTYIOIWeH TPYNNB], HO H MJs OOGBSICHEHHS BCel CH-
CTEMATHKH 3JIeMEHTapHBIX YacCTHIL,

B ucropun QHU3HKH yxKe OblIM aHAJOTHYHble CHTyaHH,
KOTZA TEOPeTHKHM  «IPHAYMBIBAJH» HOBBle  YaCTHILHL
B 1932 rony Ilaysm mpuayman MajieHbKYIO HeATpPaJbHYIO
JaCTHIY HefATPHHO IJISl CHacCeHHs 3aKOHA COXPaHEeHHS 3Hep-
riud. A rogom panblle JlHpak Ha «KOHYHKE Tepa» OTKPHLI
no3uTpoH. Ml Hamo ckasaTh, YTO HH Ta, HH APYras THIOTE3HI
He BbI3BaJIM TOHaYaJy BOCTOpPra y OOJIbIIMHCTBA (H3HKOB.

Teopusi KBapKOB npeTeHjgoBaja Ha Gosbuliee. IIpusnas
CcyllleCTBOBaHHE KBapPKOB, CJIeJ0OBaJO TYT XK€ NPH3HATbh HO-
BBl THI MaTepHH, aTOMH3M HOBOTO THHa C elle GoJiee
«3JIeMEHTaPHBIMH CYIIHOCTSMEY,

[unote3a, npensarasinasi NpoOJOMKATh NPHEBIIYIOCS HT-
py B MaTpelikH, Obljla BCTpeueHa Oosiee 4eM HPOXJIAZHO.
3HauuTeJbHO NO3XKe akaxeMuk B. I'mH36ypr mucas, uyTo «He
Bce OOsi3aHBl BEPHTb B CYyllecTBOBaHHE  «OeCKOHEUYHOH
MaTpeWKH»: OTKPbLI OLHY KYKJIY, a B Hell JIeXKHT Apyras —
1 Tak Ge3 KOHIAa». Bo3HA ¢ KBaDKOBHIM KOHCTPYKTOPOM>»
KasaJach TeOpeTHKaM mpocToil 3a6aBoi. M onm 6wplin mo-
CBOEMY IpPaBHl.

Bexp Bce npeaplayuisie MOMBITKH «CTPOHTH» (TeopeTHUe-
CKH, KOHEYHO) (yHIZaMeHTaJbHBle YaCTHUH H3 APYTHX pe-
aJbHBIX YACTHI[ He NPHBOAMJIH K ycrnexy. MoxKHO GblJIO KaXK-
IyI0 YacTHLY CYHTAThb COCTaBJIeHHOH M3 JIOOBIX APYTHX C
NOAXOAALIMMH KBaHTOBBIMH uHcaaMH. Ho Hesb3st 06bSCHHTD
ee CBOMCTBA C MOMOLIbIO STHX YAaCTHL, H3 KOTOPHIX OHa
AKOOBl caenana. Onu, o6pa3oBaB HOBYI0 YaCTHIYy, KaK Obl
TePSIIOT MPH STOM CBOE KJIHIOY.

KBapkoBasa ke Mozenb HacTauBajla KakK pa3 Ha TakoM
IPHIMHTHBHOM NOCTPOEHHU YaCTHL, HO H3 TPeX COPTOB KBap-
KOB, He TepsIIOUIMX CBOIO HHAMBHIYyaJbHOCTb. BoT mouemy
yrnoMuHaHHe 06 3TOH TeOPHH YaCTO BBI3BIBAJIO YIBOKY 60Jib-
IIMHCTBA YYEHBIX.

B 3TOT-TO KPHUTHYECKHH MOMEHT M 3aroBOPHJI HaKOHeL
BeJHKHH «CyAbf M MYIpPeU» — SKCIEPHMeHT. MrHOBeHHO
PasHecsiach CceHcAaMOHHAs HOBOCTb: OOHapyXeH oMera-
MHHyc-runepoH! 3amnosHeHa JecATKa TAXKeJBX YacTHI!

PHUrHHAT B TOYHOCTH COOTBETCTBYET 3a0YHO HapPHCOBAHHO-
My moprpery!
Ha gpyxxeﬁaeucxom yckopureie B CILA nporonammu
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6oMbLIMX 3Hepruil 06Jayyaju JBYXMeTPOBYIO BOAOPOLHYM
ny3bpbKOBYI0 KaMmepy. O6paloTaB CTO THICSY MOJYYEHHHIX
dororpaduil, Ha OJHOH M3 HHX yueHble OGHAPYKHJIH STY
q4acTHLy.

Hoaro pasbicKHBaeMasi KHTeJNbHHIIA MHKpOMHpa Oblia
TOP2KECTBEHHO «BOABODEHAa» Ha MecTo. 3aMKHYJach JECATKa
TAXeJNHX YacTHU. Tak MOATBepAHJAach NPAaBHIBHOCTh BOCh-
MEpPHYHOro NMyTH. DKCIePHMEeHT BHIGpas HaWJYUYIUHH Bapu-
aHT «repbapusg» GpyHIaMeHTaJbHBIX YACTHIL.

3HaueHHs] HaHJEHHOrO CPeJM YacTHI NMOpsJKa He yMa-
JsieT U TO OO6CTOSATEJNbCTBO, YTO IIOKAa HEH3BECTHO, KaKHe
ray6oKHe 3aKOHBI NMPHPOAB! JexXKaT B ee OCHOBe. Bexb He
sHan xe JI. MeHzeneeB 0O COOTBETCTBHH NMOPSIKOBOTO HOMe-
pa sjeMeHTa cBOell nmepHognMyeckod TabJauuBl 3apsALy flpa.

HoBul#i cnoco6 kiaaccHpHKAaUMM YacTHI, 3@ KOTOPHIIi
M. Tean-Manny 6nuia npucyxjena HoGeneBckasi mpe-
Musi, — (yHIaMeHTa/bHelllee OTKPbITHe (H3HKH 3J€MeH-
TapHBIX YaCTHIL. .

Hy a kak e KBapky; 3HAUHT, H OHHU CYLIECTBYIOT?

Mypeubl HHKOrJa He Pa3:KeBBLIBAIOT CBOHl OTBET, 4acTo
npeBpaulasi ero B HOBYyIO 3araiky. M Hy:HO GbITb He MEeHb-
UM MYZAPeloM, YTOGHl MOHATb €ro CMBICI.

OTKpBITHE HeNOCTaBaBIllefi B CHCTeMaTHKE YacCTHUL He
pemrasio KBapKoBo# 3aragku. OHO He OTPHIAJTIO HX HAJIHYHUS,
HO M He TNOJTBEPXKAANO KBapKOBYI0 MOJeNb CTPOEHHS
4acTHIL

Kak moHfiTb 3TOT OTBeT, HANOMHHAIOLUIMH NpeACKa3aHHsA
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neib®HACKOro opakysna? MoxeT GbiTb, C MOMOIIBIO HOBBHIX
TeOPEeTHUYECKHX MOCTPOEHHH?

B onHO# M3 Hay4HBIX AHCKYCCHH 1O 3TOH mpobieme
yneH-KoppecnonaenT AH CCCP JI. OkyHb Jan 4YeTKHil OT-
peT: <«Bompoc o ToMm, cyliecTBylOT JH B NPHPOJe HOBHE
cTaOH/IbHBIE YAaCTHLBI, B YaCTHOCTH KBapKH, MOXeT OBITb
peliell TOIbKO SKCNEPHMEHTaJbHO, 2 He € MOMOLIBI Teope-
THYECKHX MOMesei».

0X0Ta Ha KBapHH

Tsxxeno panoce Typy Xefiepaany mosyyeHde OJHOrO H3
J10Ka3aTeabcTB cBoell Teopud. Ho M. I'esqs-ManHy He GbLIO
JlaHO H TaKol BO3MOXKHOCTH. JI/1s1 JoKa3aTe/bCcTBa NPaBHIIb-
HOCTH TEOPDHH KBapKOB HaA0 OblJIO OOHAPYXKHTb 3TH TCHIO-
TeTHUYeCKHEe YaCTHIHL.

[TocJie ceHCAHOHHOTO OTKPHITHSI OMera-MHHYyC-THIIEpPOHA
aKIHH KBaPKOB NOAHS/IHCb. KBapku cpa3y npeBpaTHJHCH B
JJAKOMBIH Kycouek IJs1 3KcnepuMmeHTaTopoB. Hauasnach oxo-
Ta Ha KBapKH. AJHOTax OXBaTHJ MHOTHe J1aGOPaTOPHH.
KBapkn nckasu B cTpaHaX BOCTOYHOTO H B CTPaHax 3amaj-
Horo moJayuapuil. MUx uckanau Ha caaxpodaszotpone JyOHsl,
na yckopurtese IIEPHa u B CepnyxoBe. HMx umyT Ha camoM
00/1bIIOM YCKOPHTesle MHpa B BaraBun.

Ho 3HaJu 1M 3KCIepHMEHTATOPHI, YTO HCKAJH, KaK «BH-
TAAASAT» 9TH KBapku? M na, n HeT. TBepao H3BECTHO ObHLIO
TOJILKO OJHO: Y HHX NPOGHBIH 3JeKTpHUYEeCKHH 3apsii. A BOT
OTHOCHTEJIHO Macchl — MOJIHasi HeonpeaeaeHHocTb. [lo Te-
OpPHH KBapKH MOIJH GHITb BTPOe Jierde IpPOTOHA, HO MOIVIH
BECHTDb LeJayI0 TOHHY!

Ecan 661 KBapKkH OBLIH Jierde NPOTOHOB HJIH XOTS OB Me-
Hee MacCCHBHBHI, YeM caMas TsxKeJsasi H3 H3BECTHHIX Ha Cero-
AHS YacTHU-Pe30HAHCOB, MX OBl JaBHO OOHADYXHJIH Ha
yckoputensix. [axe npoGHbi 3apsin He NOMOr OB HM
CKPBITbCSI OT ONMBITHOTO B3IJsiAa dKcnepuMeHTaTopoB. [Ipo-
CTO HX cJeX B (OTO3MYyJbCHH ObLT OBl TOHbIIE U OJefHee,
YeM y OOBIYHBIX YacTHI[ C TaKOH XKe 3HeprHed.

[ToBcenneBublli onbIT Hac yGeaus, YTO 4YeM KpylHee
Belllb, TeM OHa 3aMeTHee H TeM Jerye ee 06HapyKHTb. Benb
PaspickaTh B KOMHaTe MPOMNaBLIYI0 KHHTY HeCpaBHEHHO Jier-
Ye, yeM MaJsieHbKYI0 HroJKy. Kasajoch Obl, TaK e JOJKHBI
06CTOSITh Mesia M C MOHCKOM TSIXKeJIBIX YacTHIL.

Ho B onmiTax Ha yCKOpHTe/siXx KBapKH He HILYT, a IbI-
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TaloTCA «co34aTb». M 3Heprus CTONKHOBEeHHs, HeoOXOAHUMas
A TOro, 4TOOH BBI3BATh K 2KH3HHM 3TOT (DaHTACTHUECKHH
NpPH3PaK MHKPOMHPA, NOJKHA ObITb NPSAMO IPONOPLHOHAb-
Ha Macce KBapka.

Bce omnbiTh, NpOBeJleHHblE HA YCKOPHTENSAX HO CHX IIOD,
3aKOHYHJHCb OTPHIATeJbHHIM pe3y/JbTaToM: CBOGOJHbIE
KBapKu He OblnH HalifieHH. [To-BuaHMOMY, YCKODEHHBIM NPO-
TOHaM MOKa ellle He XBaTaeT SHePTHH JUIA POXIEHHS TsiKe-
JIOTO KBapKa.

Ecnu or6pocuTb KpaiiHe 3aBBILIEHHYI0O M KpaiHe 3aHH-
KEHHYI0 OLleHKH Macchl KBapKa, KaK 3TO JeJaercss Npu
OLleHKE BLICTYMJIEHUWH (HrypHCTOB, TO HauGoJee IpHEM-
JIEMOH Ka)XeTCf BeJHYHHAa B HECKOJbKO  MPOTOHHBIX
macc.

Ho kKak MOXHO M3 Tpex KBapKOB, KaxKJAblli H3 KOTODBIX
B HECKOJIbKO pa3 TsixKeJiee NPOTOHA, CJOXKHTb POTOH? 3aja-
ya 3Ta He CTOJb YK HepaspellnMa, Kak KaxeTed. Slapo
JefiTepuss — THAXKeJOro H30TONa BOAOPOAA — COCTOHT H3
NPOTOHa H HeHTPOHA, a Macca ero YyTb MeHblle CYMMBH
Macc mpoToHa H HefitpoHa. M macca soboro sizpa Bceria
MeHbllle CyMMbl MaccC BceX ero HeHTPOHOB M NpoTOHOB. Pas-
HHIIA HAeT Ha JHEePTHIO B3auMoOJIelicTBHS, YAeP:KHUBAIOLLEro
HYKJIOHBI B siJpe.

[TocmoTpuTe, KaK ABYXJEeTHHH MaJblll JIErKO YKJalbl-
BaeT B KOPOGKY BHIHYTHIE H3 Hee KyOHKH. 3/ech Bce IPOCTo.
O6muit 06beM KyOGHKOB B TOUHOCTH COOTBETCTBYET 00beMy
camoil KopoOku. Ho npeisoxuTe eMy YJOXHTb B MajeHb-



Kyl0 KOPOOKY TPH OTDOMHBIX HaAyThiX Pe3HHOBBIX LIapa.
Takyl Npocb0y OH BOCHPHMET HPOCTO KaK IUYTKY HJIH H3-
neBaTesnbCcTBO. OHAa MOKaXKeTcst eMy COBepIIEHHO HEBHIIOJ-
HHMOH.

A MexJy TeM 3ajaya 3Ta COBEpUIEHHO aHaJOrHYHa TOM,
0 KOTOPOH TOJbKO 4TO IIIa Peyb: KaK MpPeACTaBHTb cebe
NPOTOH, COCTOSAILHE H3 TPex TaxKeJblXx KBapkoB? Kopobka c
TpeMA UIapHKaMH MOACKaXeT ee PellleHHe.

JaBaiiTe BHINYCTHM M3 KaXAOro IIapHKa CTOJIbKO BO3-
AyXa, 4TOObl BCe OHH NMOMECTHJIHCh B 3Ty MaJsIeHbKYIO KOPO-
gouxy. M BOT mepex BaMH HarsdsiiHash MoJeldb INPOTOHA
H3 Tpex kBapkoB. He Gena, uTo KBapku TepsioT YyThb He
90 npoUEHTOB cBoell Macchl. DTol moTepe mo ¢popmyde DiiH-
[uTefiHa COOTBETCTBYET OrpOMHAsi SHEPrHsi CBSI3H, BO3HH-
Katollasi IpH COeJHMHEHHH MX B OAHY 3JeMEHTapHylO ua-
CTHLY.

B03M0XHO, KBapKH HeyJOBHMBI H3-3a TOro, 4To y cy-
1[eCTBYIOUIMX YCKODHTeJel He XBaTaeT SHEPruH, 4ToObl «Ha-
IyTb» KBAPKOBbIE «IIaPHKH»?

O6patuMcs Toraa K KOCMHYeCKHM JydyaM. MoxeT GbITb,
y HIIX XBATHT Ha 3TO SHEPrUu?

B armocdepy 3eMJsH NOCJAaHUB LajeKHX MHPOB IONa-
Jal0T ¢ HeoOBIKHOBEHHO GOJIbLIOA 3Heprueil. DHeprus Koc-
MHYECKHX Jy4eHd B CTO M THICAYY MHJJIHOHOB pa3 GoJblie
TOH, KOTOPYI0O MOTyT COOGIIHTh NPOTOHAM YCKOPHTEJH.
U ut0, ecau TaM, B 3a06/aYHBIX BHICAX, B SJEPHBIX KaTa-
cTpotdax poKAAIOTCS HEOOLIKHOBEHHBIE KBAaPKH?

YueHble TLIATETbHO MEPECMOTPENH MHOMKECTBO 0OJyyeH-
HbIX B KOCMHYECKHX JyuaXx (OoTOsMyJbCcHH, HO Bce Ge3pe-
3yJbLTATHO.

U1 Bapyr ocenbio 1969 roga HayyHblfi MHD BCKOJIBIXHYJIO
U3BecTHe, MOJydyeHHoe ¢ MexayHaponHO#H KOH(pepeHUHUH B
Bynanewre. PykoBonuTenb ueHTpa Mo H3yYeHHIO KOCMH4e-
CKuX syuelt B ABcrpasuu npogdeccop Makkackep cOOGLIHJ
00 OTKPBITHH KBapKOB!

On nomeman B kaMepy BuiabcOHa B LEHTpP IIHPOKHX aT-
MOCepHBbIX JIHBHEH — IJIOTHBIX TOTOKOB YaCTHI, — KOTO-
pble co3faBasIMCh MPOTOHAMH YYJOBHILHONK 3Heprud B 101 —
1020 31ekTPOH-BONBT, NPUXOAAIMX H3 TJyGHHB KOCMOCA.
H umMenno sgech Makkackep u Halles, KaK eMy I0Ka3asoch,
ST runmoTeTHyeckue yactuipl. Cpeau 60 000 cienoB yactuu,
choTorpadupoBaHHBIX B Kamepe BuabCOHA, NATb OKa-
sanuce BABoe OJenHee. DTO KaK GYATO COOTBETCTBOBAJO
BABoe MeHbuled HoHu3auuu. VIMEHHO TaKo#l Cjel M HOJXK-
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Hbl GBIIH OCTaBHTb KBaDKH C 3apsiioM, paBHBIM 2/3 3apsja
9JIEKTPOHA.

OnbiT Makkackepa CTaJjl CeHcallued B HayYHO-NOMYJisIp-
Holi mpecce. Ho yueHble, HemocpeaCTBEHHO 3aHHTEPECOBaH-
Hble B OTKPBITHH KBapKOB, OBbLJIH ropasjo clepxKaHHee.

Hecomuenno, uro cienn Ha (ortorpadusx Makkackepa
OblIH TOXOXKH Ha KBapKOBBbIE, HO CYIIECTBYeT MHOXKECTBO
NOCTOPOHHHUX MPHYHH, HO KOTOPBLIM CJI€Abl 3TH MOLJIH BO3-
HHKHYTb. B cOOGlIeHHH aBCTPaJMHCKOTO YYeHOro He OBbLIO
IJIaBHOTO — KOHTPOJBHOTO aHaJu3a, H 3TO cpasy NOCTaBH-
JIO TIOJl COMHEHHE pe3yJIbTaT SKCIepHMEHTa.

B To BpeMsi KaK OJHH HCKaJdH KBapKH Ha YCKODHTEJSX,
a Jpyrue B KOCMHUECKHX JyYaX, TPeTbH MbITAJHCh OGHapY-
XKHTb HX B TOHYaHLIHX 3KCIEePHMEHTaX Ha... 1abopaTOPHOM
cToJie.

«He MbITBEM, TaK KaTaHbeM», — TOBOPHUT HapoAHas IO-
roBopka, «He moxeM cosjgath, Tak 6yJeM HCKaTb», — pe-
HIUJH yUyeHbIe.

ITo Teopun OAMH H3 Tpex KBapKOB AOJIKEH OLITb CTa-
O6unbHBIM. M eciim KBapku XOTb H3pelKa, Aa o6pasyloTcs B
aTMocepe, TO, MOCTeNeHHO TOPMO3sicb, OHH OYAyT HaKam-
JHBaThCsl B OGBIYHOH MaTepuH. B mouse, B MOpCKOH BOJE, B
BO3J1yXe, BO BCEM, YTO Hac OKpYXKaeT, MOIYT HaXOAHTbCS
cBOGOJHBIE OCTAHOBHBINHECH KBapkH JuOO XKe sApa, NOPH-
COeIHHHUBLINE K ce6e TakoH KBapK.

Ho uem oTauuaercsi, HanpuMep, Kanis BOALI, 3apsiKeH-
Hasl KBapKaMH, OT KaIllH, 3aps)KeHHOH sjekTpoHaMu? Ilep-
Basi MMeeT JAPOGHBIN 3/IEKTPHUYECKHH 3apsl, a BTOpas —
KpaTHBIH 3apsly 3JIeKTPOHA.

U npo6sema nonckoB KBapKOB NpeBpaTHJach B npobJe-
MY NOHCKOB JPOGHOTO 3JIEKTPHYECKOTO 3apsja B YacTHUKaX
yrJisi, B MeTeOpHTaX, B KaleJbKax BOAB H B Bo3ayxe. Me-
TOAbl, TpaJHUHOHHBIE JJs (PU3UKH 3J€MEeHTapHbIX 4a-
CTHL, YCTYNWJIH MeCTO TPAZHLHOHHBIM MeTOAaM MaKpodH-
3HKH.

Takum oGpasoM, cTpeMJyeHHe OGHapyxKHTb eile OoJiee
aJieMeHTapHble YacTHIBl MaTePUH NPHBENO YUYEHBIX K ONbI-
TaM ¢ MakpooObekTaMH. [pymma ¢u3nkoB MOCKOBCKOTO
yHHBepcHTeTa ¢ OGOJBbIIOH TOYHOCTBIO H3MepHia 3apsijbl
YTOJIbHBIX NMBIIHHOK, KaleseK BOXBI, HO JpoOGHOro 3apsiia He
o6Hapyxuna. He oOHapyXuJH ero u aMepHKaHCKHE H
HTaJbSHCKHE HCCJIEeHOBAaTENH.

OG6wuil BLIBOJ, K KOTOPOMY NpPHILIX yueHble, TaKOH: ec-
JH KBapKH H CyIIeCTBYIOT B mpHpoxe, To HX B 1017 —
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108 pa3 MeHblIe, YeM HYKJOHOB. [la, ManocTb 3TOH LHGPH
npPOH3BOAMT yApyuarolllee BheuatsieHHe., Ho He Ha camux-
y4eHbIX.

ITouckn KBapKOB NPOAO/IKAIOTCS AO CHX MOP.

M Botr uTo uHTepecHo. CoBeTcKHE (DH3HKH-TEOPETHKH
1. 3enbnosuy, JI. Okysp u C. [TukenpHep cAenaIH MOMBLITKY
1€0PETHYECKH TOJACYNTATh: CKOJIBKO K€ 3aMelJHBLIHXCS
KBapKOB MoOXeT ObiTb Ha 3emuie? OleHKa Hajla MU3EPHYIO
peNHYHHy: KBapko B 100 — 103 pa3 MmeHblle, 4eM HYK-
JIOHOB.

[To npusnanmio usneHa-xkoppecnonfesta AH CCCP
E. Qefinbepra: «dTo yxe CHHMAeT HEKOTOPYIO TSAKECTb C
AyLIH: NOHATHO, NOYEMY HX JO CHX IOp HE 3aMeyaJiH, Jaxe
€CJIM KBaDKH — PeajibHOCTb».

Becno#t 1971 rona B XypHajiax NOSIBHIOCH HOBOe CO0G-
meHue o HabawojeHun Apob6Horo 3apsapa. HuoGuesnifi wma-
PHK, OXJIaXKAEHHBIH JO TeMnepaTyphl XKHAKOTO TefHs, «IOA-
BEIIHBAJIC» Ha MarHUTHbIX CHJIOBBIX JIHHHAX MeXAy 06-
KJ1agKaMH KOHJeHcaTopa B BakyyMe. lllapuk momepeMeHHO
06CTpeJINBaJId MOJIOXKHTENbHBIME H OTPHIATEIbHBIMH 3J€K-
TPOHAMH H3 PajHOAKTHBHBIX HCTOYHHKOB, aBTOMAaTHYECKH
NOJBOAUBIIHMHCSH K HEMY.

[Tocne Tako# omepauuu 3apsj Hlapuka, KPaTHBIA 3JeK-
TPOHHOMY, JOJIKeH Obl1 NMOJHOCTbIO KOMIIEHCHPOBAThCS.
Ho korjga k oOknajkaM KOHAEHcaTopa [MOJBEJIH BBICOKO-
YacTOTHOE MoJie, LIAapHK moBea ce6s Tak, OyATO Yy HEro
ApOGHbIA 3apsif, paBHBIH !/3 3apsafa 3JeKTpoHAa. 3HAUHT,
KBapKH HalJeHbI? :

TpynHo ckasaTb. DTOMy ONBITY, KaK H pe3yJbTaTaM
Makkackepa, He XBaTaeT JOKa3aTeJbHOCTH.

«[To-BHAHMOMY, MOXKHO yTBEep:KHAaTb, 4TO HET TAaKHX ua-
crun ¢ Maccodl Medbie 6—8 I'aB (10 ecThb B 6—8 pas Taxe-
Jlee HyKJOHOB)», — MHLIET akafeMuk $1. 3enabrosuu. «JIn6o
OHH He CTOJb YK TsKeJbl (CKaxKeM, Macca KBapka npHO/H-
3UTeJbHO paBHA 2,5 Macchl NPOTOHA), HO CHJBLHO B3aHMO-
LeACTBYeT ¢ MH-Me30HaMH H NMOTOMY... B XOJe KOHKYDPEHIHH
PasHbIX NpoueccoB YCTymaloT MecTO NHOHaM», — TakKoro
MHeHHsi npuaepx)uBaercs udneH-koppecnmonnenr AH CCCP
E. ®eiin6epr.

«COMHHTENBHO, YTO KBAapKH CYyLIECTBYIOT B CBOOOIHOM
cocrosinuH. Tak ke, KaK 3BYK He CyLIeCTByeT B yCTOTE, Tak
H KBapKH He MOTYT CylIecTBOBAaTb B CBOGOJHOM COCTOSIHHH,
XOTs1 BO3MOXKHO, YTO OHH HrpaloT BaXKHYIO pPOJb B CTPYKTY-
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pe 3/eMeHTapHBbIX YacTHU», — CKa3aJl 4Y/eH-KOPPECMOHAEHT
AH CCCP [. broxuHues.

CnycTa moJrofia nocje Co3faHUA KBapKOBOH MOJENH e€e
aBTOp, aMepukaHcKHH ydeHblt M. Ieqsi-MaHH, npHexaa B
Hy6Hy Ha MexayHapoAHyi0O KOH(pepeHUHI0 N0 (HH3HKE BhHI-
cokux sHeprufi. Ha 3angannmiii emy Bompoc: «CylUIeCTBYIOT
JIH KBaPKH?» — OH OTBETHJI COBCEM KOPOTKO: «KTO 3HaeT?»
(«Who knows?»)

«bBotochk, yTO HYkKHO ObLIO OB Apyroe nepo — nepo MH-
carensi, 4yToObl NepefaTb BCe, YTO OH BJIOXKHJ B 3TH [Ba
KODQTKHX CJIOBa. 3J€Chb 3By4YaJO OTPOMHOE yBajKeHHe K
3KCNIEePHUMEHTY, KOTOPHIH B MOCJAEAHEM CueTe pemiaeT H BeleT
HayKy BIepen; 3lech Gwuiia W npucywas M. Tenn-Manny
HHTe/JIEKTyaJ/IbHasl CMeJOCTb, U YYyBCTBO HOBOTO, H TOTOB-
HOCTb NMPUHATH BCE, YTO AaeT NPHPOAA, U CO3AATb H3 3TOro
HOBYIO TEOPHIO, BbI3BATh K KH3HH HOBBIE 9KCIEPHMEHTBI», —
tak oueHusn orser M. lenn-Manna akagemuk §I. 3eabpo-
BHUY.

Keapkosbiit «xop»

OnTHMHCTE BCe-TaKH HAJEITCS HAa OTKPHITHE KBAapPKOB,
apryMeHTHpyst cBoe yGexnaeHue npumepHo Tak: «Ilonckn
HEATPHHO W aHTHNPOTOHA PACTSHYJIHCh HAa YeTBEPTh BEKa,
a BCSl HCTOPHS KBAPKOB He HACUMUTHIBAaeT H JecsTH JeT. Eie
MOCMOTPHUM, YTO MOKaXKeT OyAylees.

Hy 4to Xe, 3TH cji0Ba He JiHIIeHB H0JiH HCTHHBL Heko-
TOpHI€ yueHble AYMAIOT, YTO, €CJH He yAajoCh OOHAPYKHUTb
kBapkH B CepnyxoBe, HaJ0 Gy/JeT UCKATh HX HAa YCKOPHTEJE
B DartaBuu, rlJe mNpPOTOHB pAa3roHAIOTCA AO JHEPrHH B
500 I'sB. A B ciyyae HeyAauu OTJIOKHTb NMOMCKH 10 CO3[a-
HHA APYro#, 607ee MOIIHON MaluUHHL...

He crout ynpekaTb 3THX yYeHbIX B H3JHUIHEH HaCTOHYH-
BocTH. HacrofiunBocTb MX HMeeT moj CO60H BeCKHe MPHYH-
upl. OTKpbITHE KBAPKOB 3aCTaBHJO Obl HAC NO-MHOMY B3IJs-
HyTb Ha npupoay Marepud. [la u kiaaccubukauus ¢yH-
JaMeHTaJbHbIX YacTHL, TaK €CTeCTBEHHO IoJyyawllas-
C H3 KBAPKOBOH MOJeNH, Nosaydusaa Obl XOpOlIHe TWOJ-
TIOPKH.

Koe-kakue ¢akThl B 3amace y ONTHMHCTOB YK€ €cCTb.
O6Hapy:KeHO, YTO CTOJKHOBEHHS YaCTHI[ BBICOKOH 3Hepruu
BO MHOTHX CJydYasiX IPOHCXOAAT TakK, OYATO MOMapHO cTas-
KHBAIOTCA KBAPKH, H3 KOTOPHIX COCTOAT 3TH YaCTHIIBL.
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HAYYUbLIK

A HHOMYy NeCCHMHCTYy MHTYMUHs TOACKa3biBaerT: «Kmap-
KOB HET, NO3TOMY HX U He HallJIH».

KoneuHo, kaxAblil HMeeT cBOe COGCTBEHHOE MHeHHe. TeM
Gosiee UTO CBOGOAHBIE KBapKH AEeHCTBHTEIbHO He HaHJIEHHI.
M MoxeT Tak CIyYHTbCH, YTO OHH H He OYAYT HHKOTJa OT-
KPHITHL. VIMEHHO TakO# TOYKH 3peHHs TNpHAEPKHBAETCH
Oonbumias rpynna y4yeHelx. Ho B OLleHKe «CMEIC/Ia» caMoOH
KBapDKOBOH MOJeJIH H BCero BOCbMEPHYHOTO NyTH MHEHHS
ONTHMHCTOB H NIECCHMHCTOB COBITaJaioT.

Hssectnniit Teopernk B. Bafickond, cam ckenTHueckn
HaCTPOEHHBIA 110 OTHOLIEHHIO K KBapKaM H COMHeBaIOLIHH-
¢ B HMX CyLIeCTBOBaHHH, B Oecelle C KYDHAJHCTaMH pac-
ckasan Takyio uctopuio o H. Bope. Ilocetus nom cBoero
ToBapuula, H. bop 3aMeTnn npuGuTYylo HaA ABepbiO MOAKO-
BY H CIIPOCHJI XO35iHHA, YTO 9TO 3HAYHT.

— OHa NpPHHOCHT CYyacTbe, — YCJBIIIaZ OH B OTBeT.

— BHl geficTBUTesIbHO BepHTe B 3T0? — cripocua H. bop.

— O, 1 He Beplo, HO JOJIKEH BaM CKa3aTh, YTO 3TO JAeH-
CTByeT JaxKe B TOM cJyuae, eCJIH BEl He BEDHTe.

M xBapkM He3aBHCHMO OT TOTO, BEDHM MBI B HHX HJIH He
BepuM, Toxe «paboTaloT». Bocemb Jjer Hasag M. [enn-
Mann «BbiBen» ux B «Gosibwiofi cBeT». C TeX MOP KBapKH
NepexuIM paBHOAyUIHE H HeNOBePHe, BCIBIUKH IKIYyYero
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HHTepeca W pa3oyapoBaHHe 3KcmepuMeHTaTopoB. Hakower,
OHHM O6GpenH CHOKOHHYIO, pOBHYIO NPHUBSI3aHHOCTb TeOpe-
THKOB.

B npouioM roay B KHHXKHOM Mara3uHe ObICTPO Packy-
masiacb KHHra noj Ha3BaHHeM «Teopust kBapkoBy. [Tonucras
ee, Mbl cpa3y HalLJIH OBl TO, YTO HCKAJIH.

«3a HCTeKIIHe lIeCTb JieT MOJAeNb KBapKoOB NMPOYHO BO-
msia B GU3UKY, XOTS CaMH KBapKH OTKPHITb He yAaJioch.
Teopust KBapKOB 3aKpelHsa CBOM IMO3HLHH, U Hapsly CO
crenHasNbHBIMH CTaTbIMH, NOCBSAILEHHbIMH KBapKaM, MOJle/ib
KBapKOB HCNOJb3yeTcsi OyKBaJbHO BO BCEX KHHrax, IOCBs-
IEHHBIX 31eMeHTapHbLIM YacTHIaM, GUTypHPYeT B JOKAalaX
H 0630pax Ha BceX KOH(pepeHUHAX MO0 (QH3HKEe BBICOKHX
SHepPruil».

Tpynso ckasaTb Gosee yGequTesabHO O «paGoTOCMOCOO-
HOCTH» KBapKOB, ueM 3To cienan mpodeccop JI. MBanenko
BO BCTYIJIEHHH K KHHre. Tenmepb Bompoc CBOJHTCS K OJHOMY:
ABJAIOTCA JIH KBapKH TOJbKO HAIVISIAHBIM Bbipaxk€HHEM
CBOMCTB, MPHUCYIIHX 3/1€MEHTaPHBIM YaCTHIIAM, HJIH XKe KBap-
KH — peaJibHble YaCTHILbI?

M coBepluieHHO HE3aBHCHMO OT TOrO, KaK pPELIHTCS 3TOT
BONPOC, yXe cefyac sICHO, YTO KBapkoBas MoJesab OKa3sa-
Jlachb MJIOAOTBOPHOH MOYBOMH AJ151 BOSHHKHOBEHHS HOBBIX T€O-
peTHyeckux uaed. 371ecb H NONBITKH OOBSICHEHHsS CBOHCTB
JIETKHX YaCTHL, H pa3BUTHe acTPOPHU3HUECKHX H KOCMOJIOTH-
4eCKHX TeOpHi.

«Mogenb kBapkoB, — mnuiuer npodeccop . VMBanen-
KO, — IIPOYHO yJep:Kajach B BHJe «Xopay, 6€3 moJJepKKH
KOTOPOTO «COJIHCTbI» He MOIVIH Obl Pa3yMHO ONepPHPOBATb
B [IEPBBIX PsLax».

Momentanbhas dotorpadpua

[Toxa TeopeTuxkH obcyxaanu npobjeMy KBapKoB, KCIe-
PHUMEHTATOpPbl MOJArOTOBH/IH [JIsi HUX BeJHKOJENHBbIH CIop-
npu3. B Crandopiackom yHuBepcuTeTe GblJ 3alylLleH HOBBIH
YCKODHTENb 3JIeKTPOHOB Ha 3HEpPTHIO B 17 MHJJIHapIOB
3JIEKTPOH-BOJIBT.

C noMolIbio YCKOPEHHBIX A0 TaKOH CTelleHH 3JIeKTPOHOB
y2Ke MOXKHO OBIJIO MONBITATLCS «3arJIIHYTb» B IJy0b HYKJO-
HOB. M npodeccop IlaHopckuil mocTaBu/ cnenuasbHbIN 3KC-

76



NEPUMEHT, HaJesACh, YTO eMy YAacTcs OOHAPYXHTb COCTaB-
Hble 4acTH nporoHa. Ecan oHH, KOHeyHO, cyllecTBYIOT. Hles
9TOrO ONbITa Obljia NOJACKa3aHa MOAENbIO KBaPKOB.

IIpenocraBuB TeopeTHKaM NPaBO OTTauHBaTb CBOE Teo-
peTHYeCKOe OpYKHe B CJOBECHBIX NOeJHHKax Ha MexXJAyHa-
POIHBIX KOH(epeHUHsX H COBEUlaHHSX, SKCIEePUMEHTaTOphl
PEeLIHJIH HaKOHell B3ATb «ObIKa 3a pora». Ec/in KBapKH HeJlb-
351 IOKa HH €03[aThb, HU OOHApYyXHTb B MaKpooObeKTax, TO
Hesb3sl JIH MOMBITATbCS Y3HaTb, €CTb JIU OHH B HYKJO-
Hax. Ho kak aTo syuine cnenath?

B crapeix onbirax P. Xoguiranrepa mno omnpeneseHHIO
pasMepoB HYKJIOHOB JJIHHA BOJIHB 3JIEKTPOHHBIX pa3BeluH-
KOB ObljIa TaK BeJHKa, YTO HEBO3MOXKHO OBLIO Pa3JjIHYHUThb
HeTasid, H BOCIPHHHMAJHCh JHIIb OOUIHE KOHTYPHl HYKJIO-
HoB. Hy Tak e, Kak NaJbHO30DKHe JIOAH BOCHPHHHMAIOT
IeTajy mpeiMeTa, PaclmoJoXeHHOro B6.u3u raas. [lostomy
I pellleHHs HOBOH 3aflayd TOAMJHCh TOJbKO 3JeKTPOHBI
OueHb GOJILIION 3HEPrHH ¢ MaJjoii AJHHOH BOJHHEL. Tenepb
HeoOX0ZUMO OBbIJIO BBISICHHTb, KaK DAacCeHBAIOTCS 3JEKTPO-
HEl, OTHAB NPOTOHY 3HAUHTEJbHYIO YacTb Hepruu. 3ajnaya
He U3 nmpocThiX. Hy:KHO He TOJIbKO 3aperucTpUpoOBaTh 3JeK-
TPOH, JeTsAUHUl MoJ OnpelesieHHBHIM YIJOM, HO H H3MePHTb
€ro 3HeprHIo.

M BoT KOrza Bce TeXHHYEeCKHe TPYIHOCTH OCTaJHCh IO-
33/, B pyKaX Y4eHbIX 0Ka3aJiiChb JJHHHbIE BePeHHIb HHPD,
YApyualomie AeHCTBYIOIHe Ha HeclelHaJducTa. A 3To ObLI
IpekpacHBI# HTOr CJOXKHOro 3KcnepuMeHTa. Ho 6bio 6H
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olu6Koi AyMaThb, YTO (DU3UKY AOCTATOYHO OGPOCHTb HA 3TH
nu@pbl GerJblfl B3rJsh, YTOOB BOCKJHKHYTb: <«OBpHKal»
Bcem He Tepnesoch Y3HaTb: UTO HAllJIM B HYKJOHAX OBICT-
pHle 3JeKTPoHB? Kak OHHM OTZa/H CBOIO SHEPTHIO: IEeJTHKOM
OJIHOMY HPOTOHY HJIH KaKHM-TO €ro 4acTsaMm?

A noka Hazno 6blIO KaK MOXHO TOYHee yYeCTb BCe BO3-
MOKHBIe OUIHOKH, KaKHe MOIJIH BHECTH CaMH YCJIOBHS JKCIle-
pHMeHTa, ¥ TPOBECTH 3aK/MIOUHTENbHHI 3Tanm — MaTeMaTH-
yeckylo 06paboTKy pe3yJbTaTOB. BOT TYT-TO M 3aroBOpHXE
nuopH, Aa euie Kak!

«[IpoTOH MOX0X Ha LIApHK He M3 XKeJe, a H3 MaJHHOBO-
ro JKeMa C ceMeyKaMH», — TaK IlepeJlaJl CBOe BledaTJe-
HHe OJHH H3 TEOPETHKOB, HHTePNPETHPOBABIINX Pe3yJbTaTH
ITanodckoro. PaccessHue 9/IEKTPOHOB TPOHCXOAMJIO TaK,
OyATO TMPOTOH COCTOSIT M3 TOYEUHBIX YaCTHIL

HsBecTHHHl aMepukaHckuil ¢usuk-treopetur Definman
OKPECTHJl HX HMEHeM <IapTOHBI». DTO CJIOBO 06pa30BaHO
OT aHrJIMHcKoro «part», 4To O3HayaeT «cocTaBHasi YacTb».
Takoe mpocToe NOHSITHE CONEPKHUT B cebe He MeHee Iiy6o-
Kylo 6e3HY HeH3BeJaHHOTO, 4eM 3arafio4Hbi «KBapK».

B 1969 roay na MexnayHnapoaso#t Pouecrepckoit kKoHpe-
pennuu B KueBe (M3UKH BHepBBIe yCJABLIIAMH O MapToHaX.
MHorue M3 HHX Cpa3y 3ajAyMaJIUCb: MOXKHO JIH OTOXKIe-
CTBHTh NMAapPTOHBE C KBapKaMHu?

K coxaneHHnio, 4eTKoro oTBeTa Ha 3TOT BONIpOC He Cy-
nectsyer. Ilpupona maproHoB He sicia. OnHM mnpexanoJa-
raioT, YTo NMapTOHBl — DH- HJIH Ka-Me30HH. Jlpyrue cuu-
TalOT, YTO MapTOHH MNOZOOHH KBapkaM. [leficTBUTeNBHO,
€CJIH HM NpHNHCcATb APOOHBIA 3JIeKTPHUECKHH 3apsh, TO Teo-
peTHUeCKHe pacyeThl XOPOLIO COIVIACYIOTCA C 9KCIepH-
MeHTOM.

W Bce-Taku Hesnb3si CUMTaThb NOKa3aHHBIM CYlleCTBOBA-
HHe KBapKoB. PaccesiHue OBICTPHIX 3JIEKTPOHOB Ha HYKJIO-
Hax JaeT HaM, Kak ropoput PeiinmaH, JHIIL «MOMeHTaJb-
HBIH CHHMOK» COCTaBHBIX TOYEUYHBIX YaCTHL, B HYKJIOHe,
A 1o HeMy HeBO3MOXKHO CYAHTb O TOM, KaK OHH JOJIKHH BHI-
rISeTh B CBOGOJHOM COCTOSIHUM H KakKHMH CBOHCTBaMH
IOJIXKHBL 06J1a1aTh.

OpOIIO 3HAKOMBIII HaM HEHTPOH HMeeT pa3Hbie CBOM-
CTBa B 3aBHCHMOCTH OT TOTO, Tle OH HaXOAHTCH: B CBOOOJ-
HOM COCTOSIHHM HJIH XKe, Hanpumep, B J1060M aTOMHOM

anpﬁ.
ApO 3TO CTaGH/IbHO, a H3BJEYEHHHIH H3 Hero HeHTpOH



jectabuied. He NpoXoAHT ueTBepTH uaca, Kak OH pacna-
jaeTcs Ha MPOTOH, 3JEKTPOH H HeHTPHHO.

KBapk ¢ HpoOGHBIM 3apsioM M 6oJbiiofi mMaccoft To-
;e JOJIXKeH TOABEPTHYTbcs MeTaMopdo3e, eciaH 'Korpa-HH-
§yab OUYTHTCS B CBOGOAHOM cocTosinuH. PasBe cMmopuieH-
HEIll KOMOUYEK pe3HHbl TOX0X Ha KPAacHBBIH HaAyTHIH Ima-

?
pHK!

Kakumu OKaXxyTCs NapToHBl, e€eCJH HX YyJhacrtcs pac-
cMOTPETb HOﬂpOﬁHO, — wneussectHo. M 3zmech OTKpPBIBAET-

csi 6e36pexHBI TNpPoeTop M TeOpeTHYecKoro BooOGpa-
:KeHHs!



YTPAYEHHBIE HINO3HH

On wen cpedv mpaka HeOX8aTHO20
Bcred 3a 38e3doii nadyued,

CkB03b6 HeonpedeaeHHOCT6 KBAHTOBGOL
Mexanuku 2padyueil.

Koz0a e caedyrowuii 3anasec
Bresanno 66wa pacnaxuyr,

On @374 unoil npedea u 3aHOB0
Cmewan pueypru waxmar.

II. AntokoarbcKkud

daragna «¢Teta-Tay»

Benukosennele (QefiepBepkH  37eMeHTapHBIX  4aCTHI
BCKOpPe NepecTaNu NopaKaTb BOOOpaKeHHEe NePBOOTKPHLIBA-
Tenell. Perucrpauus KaxkKIOro CJeXyIOLIETo pe3oHaHCa —
a YHCJIO UX NepeBaJIMJIO 3a COTHIO — JOCTaBJSAIA HCCIAENO-
BaTeJsIM Te JKe SMOIIMM, KOTOpble BJIAJLEIOT MeIHLHHCKOH
cecTpoll MpH B3IJIsAe Ha AJHHHYIO odepelb OOJIbHBIX.

Ecnu 6Bl nesnb u 3amada (U3MKH MHKPOMHpPa 3aKJ/I0Ya-
JIach TOJILKO B «BBIMHCHIBAHUM NAacCHOPTOB» AJS BCE HOBHIX
H HOBBIX YacCTHI, To GoJibllle He O YeM OblIO OB M paccKa-
3BIBATh.

«YesroBeK ocBauBaeT 3eMJI0, B 3TOT IpoLecc Henocpen-
CTBEHHO CBSI3aH C pacCIiMpeHHeM ero 3HaHHH O 3aKOHaXxX IpH-
pombl», — mnucan (GHU3UK-TeopeTHK, jaaypeaT HobeseBckoi
npemun E. Burnep. CiiejoBaTesnbHO, Lie/lb HAYKH He TOJBKO
OTKPHITHE H ONHCaHHe SBJEHHH H IPOLECCOB, MPOTEKAIOIIHX
B npupone. [1aBHOe — NMOMCKH 3aKOHOMEPHBIX CBSI3eH MeX-
Ay HUMH,

HeckosbKo cToJIeTHl Hasam OBLIM OTKPHITHI H H3yUYeHH
TPH OCHOBHBIX 3aKOHAa MEXaHHKH — 3aKOH COXPaHEHHS
SHEPTUH, 3aKOH COXPaHEHHS MMINYJbCa M 3aKOH COXpaHeHHd
MOMeHTa KOJIMuecTBa HABHXKeHHs. Ha aTu Tpm 3akoma co-
XpaHeHHs olHpaeTcs BCA KJaccHuecKas (u3UKa.

OTKpLIB aTOMHOE SIAPO M 3JIeMeHTapHble YaCTHIIbI, yue-
Hble IPOHHKJH B HOBYIO 006J1aCTh NPHPOABL. 371ech BHEepBbIE
o6HapyKHJ/1achb OrPaHHYEHHOCTh HEKOTOPHIX 3aKOHOB Mak-
pomupa. B Mukpomupe feficTBOBaJH CBOH, KBAHTOBble 3aKO-
HBl. ATOMBI H 3/IeMEHTapHble YaCTHUbI TOXe IONUHHSJIHCh
TPeM BeJHKHM 3aKOHAM COXPaHEHHs, HO ONHCHIBAJIHCh YikKe
He MexaHukoH HbloToHa, a MexaHuKo# KBaHTOBOH.
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Jo nayana XX Beka (H3HKU He MOJ03PeBaJsH, YTO Cylle-
CTBYeT IpsiMasi CBSI3b MexXAy TpPeMs 3aKOHaMH COXpaHeHHs
H TAaKHMH IPOCTHIMH CBOHCTBAMH IPOCTPAHCTBA H BPeMeHH,
KaK HX OJHODOAHOCTb U OJMHAKOBOCTb (DH3HUECKUX CBOHCTB
0 BCeM HamNpaBJIeHHSM, Ha3biBaeMasi H30TPOMHOCTHIO.

3akon Oma 17151 2/MeKTPHUYECKUX Ienell NpPeKpacHO BHI-
NOJNHSETC KaK B MOCKOBCKOH IIKOJIe, TaK M 32 TBHICSYH KH-
JIOMETPOB OT Hee — B MmKoJax Muaun. A nouemy 3TOT, #
a1060# Ipyrofi, 3aKOH NPHPOABI «paGoTaeT» CErojHs Tak
’Ke XOpolllo, KaK BUepa, a 3aBTPa HaBepHsKa OyneT TakKuM
XKe, Kak H cerogus? [la Bce mMOTOMY, YTO HOPOCTPAHCTBO H
BpeMs, B KOTOPBIX MBI XHBeM, OAHOPOAHEL. HX cBoficTBa
BesJie U Bcerja OAHHAKOBBHI.

Mbl HHKOrZa He ofpalllaeM BHHMaHHS Ha 3T0 06CTOS-
TesabcTBO. OHO Bpoje Obl Hac M He Kacaercs. A cyabOH 3a-
KOHOB NPHPOJbl — OBITb UM HJH He OBITH? — IpPSIMO 3aBH-
CAT OT CBOHCTBA OAHOPOJAHOCTH, CHMMETPHH, IPHCYILEro
NPOCTPAHCTBY M BPEeMEHH.

Ci0oBO «CHMMeTPUSI» OOGHIYHO BBI3HIBAET aCCOIHALHMIO
TOMbKO ¢ o6pazaMH TeOMeTPHUYECKH CHMMETPHYHBIX INpel-
MeToB. Ho moHsTHe cHMMeTpHH B OGIeM CMBICJe CBSA3aHO
C eAHHCTBOM JBYX NPOTHBONOJOXKHEIX MOMEHTOB — COXpa-
HeHUs ¥ u3MeHeHHsa. CHMMeTpHsI — 3TO COXpaHeHHe KaKHX-
Mu60 3/7eMeHTOB MO OTHOMIEHHIO K ONpeleseHHHIM H3MeHe-
HUSIM.
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ITocse co3faHHs TEOPHH OTHOCHTEJNbHOCTH H KBaHTOBOH
MeXaHHKH HEOXHJaHHO BBISICHHJIOCb, UYTO Bce TPH 3aKOHa
COXpaHeHHS, KOTOPHIM NMOAYMHSAIOTCS MakpPOMHP H MHKPO-
MHD, BCEro JIHIIb CJeACTBHS Gojiee OOLIMX IIOJIOXKEHHH, a
HMEHHO: NPHHIHIIOB CHMMETDHH NPOCTPAHCTBAa H BpeMeHH!
U ¢ 1ex nop atu ¢QyHZaMeHTaJbHble NPUHUHUILI IPHPOIBL
38HAJIH CaMyI0 BEPXHIOIO CTYNeHbKY B HepapXHyecKoil JIecCT-
HHIle (QH3HUECKHX TOHATHH.

CrnepBa (U3HKH He COMHeBaJHCh B CIPaBeJINBOCTH 3THX
npuHuHNOB. Ho BApyr Kak rpoM c sicHoro He6a BO3HMKJa
3arajia «TeTa-Tay», KaK ee 3allHCaJH B CBOH aHHaJH Gu-
3ukH. CyTb 3TOH 3arajKu CBOAMJIaCb K €IHHCTBEHHOMY BO-
npocy: OJHAa YaCTHIA HJH IBe?

BHHOBHHKaMH 3arajkK# CTaJld TsKesble YacTHUB Ka-Me-
30HH. Cpa3sy Ke HocJe HX OTKPHITHS Ka-Me30HH NPHBJIEKIH
K cebe IpHCTaJbHOe BHHMaHHe (DH3HKOB H MOJYYHJIH INPO-
3BHILlE «CTPAaHHBIX» 3a (heHOMEHaAJbHYI0 CIOCOGHOCTb POXK-
JaTbhCsl B CHJbHBIX B3aHMOJEHCTBHSX MeXIYy YacTHLAMH, a
pacnazatbcsi — B cnabbiX. B Te MrHOBeHHsI, KOTla Me30HH
JOCTYNHB HabJIOJeHHI0, YueHble Y3Ha/lH O HHX He MeHblle
YAHBHTENbHBIX MCTOPHH, UeM MHOH SHeprHYHBIH XYPHAJHCT
0 KaKOoH-HuOyab 3HaMEeHHTOH KHHO3Be3[e 33 MHOTO MecsleB.

OG6HapyKu/10Ch, YTO MOJ Ha3BaHHEM <«Ka-Me30H» CKpbI-
BaeTCs cpa3y TPH THNa 3JeMeHTapHHX uacTHu. OfHH H3
HHX HeHTpaJlbHBI — Ka-HOJIb-Me30HH, APYIHe HMelOT INOJIO-
XKHTeNbHBIH — Ka-NJI0C-Me30Hbl, & TPeTbH — Ka-MHHYC-Me-
30HBl — OTPHUATEJNbHBIN 3JeKTPHUECKHH 3apsn.

Hcropuss nepsass mnpousowmsa ¢ Ka-NJIOC-Me30HaMH.
OGriuHO OHM pacmafaioTcsi Ha GoJiee JlerKHe YacCTHLBL He-
CKOJIbKHMH crnoco6aMu, H B 3TOM He OBLIO HHYero YJHBH-
TEJILHOTO. YIHBJeHHe BBbI3bIBasio BOT yTo. [lo TeoperTnue-
CKMM INpeACTaBJeHHSIM, JABa H3 3THX CcIoco60oB pacnaja
6binu TakoBbl, GYATO OHH NpHHAJJIeXalH He OZHOM H TOH
Xe yacTHIe, a AByM pasHbiM. Co6/a3H mpUOHCaTh 3TH CIO-
co6bl pacmaja OJHOH YacTHue ynupaJcs B Taby, HCXOAsllee
H8 elle OJHOro oblLIero 3akoHa, KOTOPbIA Ha3bIBaeTCs 3aKO-
HOM COXPaHEHHSl NPOCTPaHCTBEHHOH YEeTHOCTH.

YeTHoCTh — 3TO MaTeMaTHYeCKOe MOHSATHE, H ero TPyX-
HO OOBSICHHTb C NOMOILIBIO OJHUX TOJNbKO (DH3HUECKHX Npej-
craBjeHuil. UeTHOCTh — CBOHCTBO cllenuasibHO! BOJHOBON
$yHKIHH, KOTOpasi B KBaHTOBOH MeXaHHKe OIHCHIBaeT CO-
CTOSIHHE 3JIeMEHTaPHO! YacTHUbl. A 3aKOH COXpaHeHHS Npo-
CTPAHCTBEHHOH UYeTHOCTH O3HayaeT, YTO MapaMeTp 3TOT He
IOJIXKeH MEeHSIThCA.
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Hecneuuasnucty stu caoBa MaJgo uto rosopsar. Ho smm-
TeT «POCTPAHCTBEHHAS» § CI0Ba «UETHOCThb» yXKe HaMeKaeT
Ha TO, YTO 3TOT 3aKOH NOMABJAETCS B KBAHTOBOH MeXaHHKe
KaK NpsMoe CJeIACTBHE HEH3MEeHSIeMOCTH NPOCTPAHCTBA MPH
ero 3epKaJibHOM OTPaKeHHH.

®u3MKH B NPONLIOM YXKe 3HAJH, YTO 3ePKajJbHOe OTpa-
MeHHe KOODAHHAT, KOTAAa MX 3HAKH 3aMEHSJIHCh NPOTHBO-
N0JIOKHBIMH, a JIEBOe K NPaBoe MEHSAJO0Ch MeCTaMH, MHKPO-
MHpa He Kacasoch. PeasbHHe npoueccsl B MUKpomupe 06-
Jajlany NPOCTPAHCTBEHHOMH, HJIH, K&K ee Ha3HBAaIT, P-CEK-
meTpueii. Kasanoch TBepAG yCTaHOBAEHHBIM, YTO NpPHPOAA
He 3HaeT, Ile y Hee «NpaBO», a TAE <€JeBO>.

Ho BoT o6GHapyXuauCt HOBHe THION PaclajioB Ka-MJIKc-
Me30HOB. M 3T0 sacraBuao ¢H3MKOB npHusagymaTbes. TIpw-
3HaHHe TOro, YTO OJHA M Ta Ke YacTHI& B OJHHX M TeX e
YCJIOBHSIX pacnajaercd TaK, KakK OYZTO Yy Hee MeHAETCH
YeTHOCTb, 3aCTaBJISIC NPEANONATraTs, YTO NPHYHHGH 3TOro
SIBJISUIOCh HapyllleHHe 3aXOHA COX[}2HeHHS NPOCTPAHCTBEH-
Ho# yeTHocTH. Ho 06 3TOM Hapymies®d, CBSI3aHHOM C NPHH-
LHIOM 3ePKaJbHOH CUMMETPHYM, BHT¢KAIOUUM, B CBOIO Oue-
pelb, U3 OXHOPOJHOCTH NMPOCTPAHCTBA, GLIJIO faXe CTPAWIHG
noayMars!

[TosToMy (H3MKH PeLIHIH CYHTATb, YTO CYILECTBYeT He
OJMH COPT Ka-IJIIOC-Me30HOB, pacHalalomHXcs ABYMS CHO-
cofaMu, a JBa C NPOTHBOMOJIOXKHOM Y4ETHOCTHIO, KOTOPhIE
pacmajanuch no-pasHomy. Mx HasBaau TeTa-Me30HH B Tay-
Me30HEI.

Kasanocb, HHIHAEHT 6Bl HCUepNaH, HO 3TO He NPHHEC]IO
CIIOKOMCTBHSI HH TeOPeTHKaM, HH 3KCIepHMeHTaTopaM, Yue-
Hble TIPUBBIKJN JOKaNnbiBaTbCs A0 CaMO¥ CYTH, He OCTaBJIsIR
HEsICHOCTeHi M HeZOMOJBOK. A 3jech ObJIO H TO K Apy-
roe.

Hukro He nmoHHMaJ, NoYeMy Hepa3JHYHMbIE SKCIEePHMEH-
TaJbHO, C OJHHAKOBOH Maccoi M BpPeMeHeM XKH3HH Tay- H
TeTa-Me30HB pacnajajuch mo-pasHoMy? Moxer GHTb, 3TO
Bce-TakH 6bla OJHA U Ta Xe yactuua? Ho Toraa pyumunocs
yOexxaeHHe B He3HOJeMOCTH (pyHIaMeHTalbHbIX NPHHLHUICE
CHMMeTpUH.

«[lTonoxkenne, B KOTOPOM OUYTHJAHCh (U3UKH B TO Bpe-
Msi, — BCHOMHHAJ OAMH H3 y4YeHHX, — NOJ0GHO MOJIOXKe-
HHIO Yes0BeKa, HAIYNHIBAIOILEr0 BHIXOA H3 TeMHO# KOMHa-
Tbl, OH 3HaeT, YTO rJe-TO AOJKHA OHTb JBepb, Beaylias
Hapyxy, HO B KAKOM HalpaBJIeHHH 3Ta ABEPbP»

Bui6paTbcsi «HapyxKy» ypajaoch Toabko B 1956 roay.
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IMepBbiMH «OTHICKAJAH JABePb» aMepukaHckde (usurn Jlu
Lisyu-nao u §lur Uxenb-suH. Ho BriGpanuch OHH 4Yepe3
9Ty ABepb, KaK BCeM Ka3a/JoCb, CAMBIM HENOAXOASIUM CIIO-
co6oMm. OHH «CTepsiu» CI0Ba «TeTa» U «Tay» M 3asBHJH, UTO
CYLIECTBYET BCe XKe TOJIbKO OJHH COPT Ka-Me30HOB — C IO-
JIOXKHTE/IbHBIM 3JIEKTPHUECKHUM 3apsIOM.

3To 6bI71I0 HEOOLIKHOBEHHO CMeJioe 3asiBjeHue. [IBa ame-
PHKaHCKUX (H3HMKa MOABEPIJIH TeM CaMBIM COMHEHHIO He-
3pI6eMbIll IOHBIHE 3aKOH COXPaHeHHsI NPOCTPaHCTBEHHOH
yerHocTH. HoBasi rumoresa nepsko mpoBoariaiiajia, YTO B
pacnaje Ka-Me30Ha NpPH cjJaboM B3auMOAeHCTBHH Hapylla-
Jlach 3epKaJibHasi CHMMETpPHsi pocTpaHCcTBa!

Tak, snauur, npocTpancTBo HeogHOpoxHO?! B 3TO HeBo3-
MOXXHO. OBIJIO TIOBepHTb. Belp Bce npyrue 3KCIlepHMEHTHI
NOATBEPXKAAJH CTPOroe BHINOJIHEeHHE 3aKOHa COXpaHeHHs
YETHOCTH H B aTOMHBIX SIBJIEHHSIX, U B CHJbHBIX B3aHMoJeli-
CTBHSIX MeXJy YacTHLlamu!

JIun u SIHr mepBHIMH MOHSJIHM, YTO BCe NMPOBEePKH NPHHUK-
1a 3epKajbHOH CHMMETPHH «MOTYT He HMeTb lEeHH B 3TOH
He HCC/eJ0BaHHOH elle 06JacTH Hcye3awoolle caabbiX B3au-
MOJeHCTBUHHY.

PackpriTHiO cyllecTBOBaHHS B NpHpoAe caaboro B3aH-
MOJEHCTBUSA, KOTOPOe B CTO MHJJIHAPAOB pa3 ciaabee 3J€K-
TPOMarHUTHOIO, «yXKe CONYTCTBOBAaJIO0 BpeMeHHOe COMHeHHe
B CNpaBeJJIMBOCTH 3aKOHA COXpaHeHus sHepruu». [TomHHuTe,
IpH KakUX OG6GCTOSITe/NbCTBaX ObLIO NPOBO3TrJallieHO H OT-
kpeiTo HefiTpuHO? Tenepb ke cinaboe B3auMopeicTBHe IO-
KylIaJoch ellle Ha OAMH (yHIaMeHTaJbHBIH NPUHUHUN HpPH-
POABL.

HsBecTHBlfl (pusuk-reoperurk @. Jlaiicon BcnoMuHal, 4TO
OH «mpoues cTatblo fIHra u JIu ellle B PYyKOMHCH ABaXKAbl
H CKa3aj: «JTO OYeHb HHTePeCHO», HJIH elile KaKue-TO CJIOBa
B 3ToM poze. Ho y MeHs He XBaTuio BOOGpaKeHHs BOC-
KJIHKHYTb: «Bor Th MOH, Aa Belb ecaW 3TO MpaBja, TO 3TO
OTKpPHIBaeT llesyl0 HOBYIO o6sacTb B dusuke!» M a1 nymaro,
4TO BCe OCTa/bHble (H3MKH, 32 OYeHb HEeBGOJBIIMMH HCKJIO-
YeHHsIMH, OBIIH B TO BPeMs TaK JKe JHLIeHB BooOpakeHUs
Ha ITOT CUeT, Kak H f».

Jlaxe runoresa, He BHI3bIBalolllasl BO3paxKeHHH, OYK-
BaJbHO BHTalollasi B Bo3dyXe, H Ta He MNojyyaeT IpaBa
rpaxjaaHcTBa, MI0Ka He NMOATBEPAHTCS Ha ONBITe. A UTO YK
roBopuTh 06 3TOH NPUHSATOH B ILUTHIKH HJIee.

Bce nonxeH ObLT peliMTb dKCIEPHMEHT, B KOTOPOM Ips-
Mo OHl IpoBepsiach 3epKajbHasi CHMMETPUSI MPOCTPAHCTBA.
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Myrewectene B 3asepkanve

MHorue yBepeHB, UTO B 3epKaJjie OHH BHIAT CBOEro
nBofiHuKa. Ho ecnu mpucmorperbcsi K HeMY HOBHHMaTeJib-
He#f, TO HeTPYAHO 3aMeTHTb, KaK CHJIbHO OH OTJIHYaeTCsl OT
opuruHana. ¥ 3epKaJbHOTO OTOGpaKeHHs] NMPUNOAHSIT Tpa-
BbIH yroJl pra, a He JIeBHH, fa H HOC y HEro CMOTPHT B
Ipyrywo cropoHy. JleBoe W mpaBoe NMOMEHSIIHCh MeCTaMH:
cepAlle y uesqoBeKa M3 3asepKajbsi HaXOAHUTCH CIpaBa, a
cesle3eHKa — CJieBa.

UenoBek HecuMMeTpHuHbLT 06bekT. OH He 06/anaeT Ipo-
CTPAHCTBEHHO! CUMMETPHeH M NMO3TOMY HHKOTJa He BCTpe-
THT B CKa30YHOIl cTpaHe 3a3epKaJsibsl MOJHOCTbIO HAEHTHU-
HOro cebe ABOHHHKA.

A B Mupe 3jieMeHTapHBIX YacCTHI[, KaK Kaszaaocb (u3H-
KaM, BCe INpOIlecChl COBNAJAIOT CO CBOMMH 3ePKaJbHBIMH
JIBOHHHKaMH.

Tenepb ke, mocsie nosiBjenuss rumotessl JIlm u Slura,
HOPEACTOSIO YCTPOUTh OUHYIO CTaBKYy» HpOIlecCy pajuoax-
THUBHOTO OeTa-pacnana sijiep (OpHTHHAJM) C ero 3epKajbHbIM
u3obpaxeunueM. [Ipomecc pacmaga Ka-IJIIOC-ME30HOB Obla
Heyno6GeH NJisi Tako#l IPOBEPKH M3-3a X MaJjloro BpPeMeHH
®Ku3Hu — 10710 cekyHab.

Jns1 mosnyueHust U H3YYEHHs] Ka-Me30HOB NOHAaA0OH/IHCH
CBePXMOLIHBIH yCKOpHUTENb M OrPOMHble NMPHOOpPH A/ pe-
FECTPallMH sIAePHBIX mpolleccoB. [Ipu yyacTuu 3Tol Bmeuat-
Jaouell TeXHHKH M BO3HHKJAa 3HaMeHHTas 3arajka «Te-

Ta-Tay».
Pasrazka sTo# raiiubl 6blJia HalileHa B MPOCTOM, OUYeHb
TOHKOM, KaK TOBOPSIT (PM3UKH — HACTOJbHOM, TO €CTb IO-

CTaBJeHHOM B J1ab0PaTOPHH, BJAJH OT YCKODHTe/s, JKCIe-
pumenTte. Bei6op maj Ha PagMOAKTHBHEIH H30TON XHMHYe-
CKOro 3/eMeHTa KoGajbra. OH XOpOLIO H3BeCTeH TeM, UYTO
laJ Ha3BaHHe MeIUIMHCKOMY MNpH6OPY — KoOasbTOBOM
nyluKe,

JlaBHO H3BeCTHO, YTO B Pe3yJsibTaTe cjaaboro B3aHMOJAeH-
CTBHS B siipax KoGaJjibTa MpH ero OeTa-pacnaie HeHTPOHBI
CaMOIPOU3BOJILHO MpeBpalialoTcs B MNPOTOHHL H OJHOBpe-
MEHHO BBIJIETAIOT U3 SiAPa 3JeKTPOHBl M HeHTPHHO, a BCle]
3a HUMH — raMMa-KBaHTBl, Te CaMble, KOTOPbIe HCIOJIb-
3YIOTCS 115 JiedeHus: GoMbHBIX. [IpH 3TOM 3J/IeKTPOHBI BhL/Ie-
TalOT NpeMMYIleCTBEHHO BIOJb OCH MarHHTHOTO MOMeEHTa
anpa. Jo 1956 roma Bce ¢usumKM cuuTasun oba Hampabiie-
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HHSI BAOJIb OCH PaBHONIPaBHHIMH — M MpsiMoe ¥ oOpaTHoe;
Bellb NPOCTPAHCTBO-TO oOAHOpPoAHO! CKOJBKO 3JEKTPOHOB
BbIJIETa€T BOPABO, CTOJBKO K€ M BJIeBO. TO eCThb OHH CUH-
TaJH, 4To mpouecc OeTa-pacnafa siapa KobaabTa 3epKalb-
HO cuMMerpuueH. [locie OnMHITOB ¢ Ka-Me30HAMH 3aponH-
JIOCh B 3TOM coMHeHHe. Bce Hafo 6blJI0 IIPOBEPHTb HA ONHI-
te. Ho sKcnepuMeHT MoXHO OBbLJIIO HOCTaBHTb JIHLIbL B TOM
caydae, ecau 6Bl yrajoch Bce fapa KoOajbTa BBICTPOHTD
TaK, YTOOH MarHMWTHhHIE MOMEHTHI MX COBHajastl C Hampas-
JIEHHEM BHELIHEero MarHHTHOI'O IOJsi, CO3LaBaeMOro KaTyli-
koii. Torma ocraBasoch 6Bl TOJMBKO CPaBHHBATh YHCJIO
3JIeKTPOHOB, NONafaloOUMX B CYETYHK NPU OJHOM Hamnpas-
JIEHHH BHEIIHEro IMOJIs, C YHCJOM 3JIEKTPOHOB IpPH MpO-
THBOIIOJIO}XHOM HanpaBjeHHH noJs. DTo Obiia Obl, IO CYTH
Jena, NPOBepKa CYLIeCTBOBAaHHS 3epPKaJbHOH CHMMeTpHY-
HOCTH PaJHOAKTHBHOTO OeTa-pacnajfa KobaJibra.

Ho aToMmHBble siipa He KerJid, PacCTaBJsITb KOTODPHE lie
cocTaBJsieT 6OJILIIOTO TPYAA.

Moxer OHITb, eCTb elie cNOCOOG OPHEHTHPOBKH sifep?
OnuH y4yeHBIHl XODOILIO CKasaJl, YTO €HHCTBEHHAS] «PYKOST-
Ka», B3SBIINCh 3a KOTOPYIO MOXKHO HOBOpPadyHBaTh $SIIpO
aToma, — 3TO ero MarHuTHoii MomeHT. Ho pykositka 3ta
TaK CHJbHO CHeHJieHa ¢ MarHUTHBIM MOMEHTOM BCEro arto-
Ma, 4TO IIOBEPHYTb €€ MOXKHO, TOJIbKO IOBEPHYB BeCb aTOM.

[Monroaa anunace NOArOTOBKAa K IITYPMY 3araikd «Te-
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ra-Tay». B crneuuasbHOM KpHOCTaTe 3aMHpasId aTOMBl KO-
6asibTa, 3aMOPOXKeHHble A0 TeMllepaTyphl Ha OJHH JHIIb
rpaayc Beliie abcomoTHOro Hyas. TemnoBoe OBHXKeHHe YiKe
He MOIJIO MelliaTh BHEIIHEMY MAarHUTHOMY IIOJIIO KOMAaHJO-
BpaTb aTOMHBIM <«HapaioM>.

PykoBojHia 3THM 3KCHepHMEHTOM aMepHKaHCKas yue-
nasi goktop By Ll3siHb-cion us KoaymGuiickoro yHHBepcH-
TeTa.

«§l momHO, — pacckasniBaa snocaencteuun @. dafi-
coH, — KakK B OKTsi0pe 1956 ropa st Bcrperna $SlHra u cka-
3an eMy: «Bbblo GBI Bce-TakH 3710pOBO, €C/H GBI STH ONBITH
By uto-HHOYAb nanu». — «Jla, — OTBeTHN OH, — 3TO OBLIO
Obl 3J0POBO», — H NPOAOJIKAJ MHEe pAaccKa3hiBaTh O CBOHUX
BHIYHCJIEHHAX B TEODHH HeHJeabHBHIX razoB. J1 nymaio, 4To
Jake H OH B TO BpeMs He NOHHMaJ $ICHO, HACKOJbKO 3]0-
pOBO 3TO GBLJIO ObI».

dkcnepuMeHT By, Ha NOArOTOBKY KOToporo Gbllo 3aTpa-
ueHO MOJITOZA, AJHUJCS BCero msATHaguath MHHYT. Ensa ¢u-
3HKH BKJIIOUH/IH amnnapaTypy, Kak cpaay e IMOHSJIH, YTO
B cJa0BIX B3aHMOIEHCTBHSAX NPUHIHI 3€PKaJbHOH CHMMeT-
pUH NpPOCTpPaHCTBa Hapyulaercs. [IpoTHB HanpaBJ/eHHs Mar-
IIUTHOTO TOJIS 3JIEKTPOHOB BBLIETANO 3HAUHUTENbHO OoJiblle,
yeM MO ero HallpaBJIEHHIO.

[Tytemwectsrne B 3asepkajbe He coBepuinsiock! Hecubl-
xaHHoe neno! CnabGoe B3aumMoOjeficTBHE OT/IHYAJNO IPYr OT
Ipyra npaBoe H JeBoe HampaB/ieHHs. OGHapy:KeHHHI Ha
OTbITe TPEUMYILleCTBEHHBIH BBLIET 3JIeKTPOHOB B OJHOM Ha-
NpaBJEHHH, KaK U MPHMETbl HECHMMETPHUHOCTH Yy YeJOBeKa,
HCKJIIOUAJ CYLUecTBOBaHHe 3ePKaJbHOrO ABOHHHKA Y Ipolec-
ca Gera-pacmaja aTOMHBIX sfep. eHcTBuTeNbHO, B OOHIY-
HOM 3epKaJie, Ha3oBeM ero «P-zepkamom», GeTa-pacnan sii-
pa BHIIVISIZEN HO-ZPYrOMY: TaM 3JeKTPOHBI BHIJIETalH B OC-
HOBHOM IO HalpaBJeHHI0O MarHUTHOrO MOMeHTa siapa. A Ta-
KOTO Mpomecca B NPHPOJE He CYIIeCTBYeT.

Tpynno onucath BosnHeHHe (PHU3MKOB. TeopeTHKH MNbITa-
JTHCb OCO3HAThb NOJYYeHHHH pe3ysabTaT. DKCIePHMEHTATOPH
NPHHANHCH HCCJIeJ0BaTh APYTHe NpPOLECCH, CBSI3aHHBIE CO
c1abbiM B3aHMOJEHCTBHEM, KOTOPHIE €llle He NPOBEPSIUCH
Ha «BePHOCTb» HNPHUHIMIOY 3epKajbHOM cHMMeTpuu. Eule
TJesia HafeXAa, YTO ePeTHUECKHi pe3yJibTaT ombiTa ¢ GeTa-
PacmagoM B ApDYrHX SIBJMEHHAX He NOATBEPIUTCS.

Ho Bce uamepeHdsi NPHBOJH/IN K OJHOMY H TOMY XKe BBHI-
BOAy: B CHJAbHBIX B3aHMOJEHCTBHSAX NPHHLHI 3epPKasJbHOH
CHMMeTpPHH HEeNOK0JeGHM, a B cl1abHX He AeHCTBYeT.
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AToMHasi pu3HKa BriepBble BCKPHLJIA OrPaHU4EHHYIO NpH-
MEeHMMOCTb HEKOTODHIX 3aKOHOB MeXxaHukH HprooToHa. M Bot
Tenepb B MHpe 3J€MEHTapHbIX 4YacTdul OGHAapyXKuJach
HEYHHBEPCaNbHOCTb, OTPAHUYEHHOCTb (YHIAMEHTAJNbHOTO
NPHHUHNA CUMMETPHH NPOCTPAHCTBA.

KakuMm ke Tenepn Halo NMpeACTaBJAsATb Halle MPOCTPAH-
CTBO?

Heyxenu ero uaeanpHasi OZHOPOAHOCTb M €ro CHMMeT-
pusi HAM030pHE? M Kak 3TO corsacoBaTh ¢ TeM, YTO BCe
NpoLecCH B MHPe 3JeMEHTapHHX YacTHI MOJYHHSIOTCA 3a-
KOHY COXpaHeHHSl HMITyJbca, KOTOPHIA KakK pas u eCThb CJel-
CTBHE OJJHOPOJHOCTH NPOCTPAHCTBA?

Mlepsbie «KepTBbI»

JIu n flur oxasanuch npaBel. B npupone cyuiecTBoBan
TOJILKO OJHH COPT Ka-IJIIOC-MEe30HOB, pacnaj KOTOPBIX HHO-
rja He NMOJUHHSJICS 3aKOHY COXPaHEHHS MPOCTPAaHCTBEHHOMH
uyeTHOCTH. [Ipunnun sepkanpHoii P-cuMmMerpun B cjaabhix
B3auMoelicTBusAxX HapywaJcsa. CnabomMy B3auMomeliCTBHIO,
KaK H JPYTHM 3epKaJibHO HECHMMETPHYHBIM SIBJIE€HHSM, BXOJ
B 3asepKasbe Obl1 3amnpelieH. Ho He ycnenn ¢usuku npui-
TH B ce0sl mocje NepPeHeCeHHOTO MOTPSICeHHS H 06AyMaTh
BO3HHKIIME BONPOCH, KaK HA HUX OOpylIHJach elle OJHA
HOBOCTb.

DKCNepUMEHTAaTOPH OGHADYXKHJIH, YTO NMO3UTPOHHLIHA pa-
JHOAKTHBHBIA pacnaj Ipyroro Hsorona kKobaJjibTa, MpPH KO-
TOPOM H3 sJpa BBHIJIETAeT aHTHYACTHLA 3JeKTPOHA — IO-
3UTPOH, NIPOHCXOJHUT He TaK, KaK 3JEKTPOHHBIH: NO3HTPOHHI
BHIJIETAJIH B NPOTHBONOJIOXKHOM HaNpaBJEHHH.

HoBoe cooluieHne NpPOH3BENO HAa YYEHHIX HE MeHbllee
BlleuaT/ieHHe, yeM nepBoe. Ho 4To uX Tak B3BOJHOBaMO?
[ToueMy, coGcTBEHHO rOBOpPS, NMO3HTPOHHHI pacmajn siaep
JOJI2KEH TPOHUCXOJHTb TaK K€, KaK 3JeKTPOHHBIH?

A xak OBblJIO He BOJIHOBATbCS, €CJAM Ha IOJHOM COBIIa-
JeHHH, Ha HIEHTHUYHOCTH 3THX [BYX MpPOIlECCOB HacTauBaJ
OIMH H3 OCHOBHBIX NPHHUHUNOB (DH3MKH 3JeMEHTapHHIX Ya-
CTHI, NPHHLHN 3apSfOBOH CHUMMeTDHH, HIH C-CHMMeTpHH
(ot anrauiickoro cioBa «charge» — sapsan).

«Jler copok Haszan, — nucana JI. OkyHb, — uzes 3aps-
RoBoH C-cHMMeTpHH YpaBHeHH! (H3HKH Ka3ajacb CTpaH-
HOH JaXe CaMHM cO3ZaTesNsiM KBaHTOBOH Mexauuku. OnHa-
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KO BCSI CTPYKTypa OCHOBHBIX ypaBHeHHH Tpe6oBaja TakoH
cHMMETPHH, H TOC/eLyIOliie OTKPHITHS Ha ONbITE aHTHYa-
crul GJecTsle ee NMOATBEPAMHIIHY.

«AHaJIOTHUHBIE TIpOLlecCH C YYaCTHEM YacCTHI[L H aHTHYa-
CTHIl, — I[POBO3IJIalUaeT TeOPHsA, — IPOUCXOASAT OJHHAKO-
po». Ho Teopust TeopHei, a npakTHka ¢ 3JeKTPOHAMH H
[O3HTPOHAMH, BHUJIETAIOLHMH B aHAaJIOTHYHBIX Ipoleccax
paJiHOAKTUBHBIX DAcHajoB sjep, NOKAa3biBaeT YYEHBIM, YTO
570 He TakK. OKasbiBaeTrcsl, B cjlaGbIX B3aHMOJeHCTBHSIX OT-
CYTCTBYEeT He TOJbKO 3epKajbHasi CHMMETDHS INPOCTPaH-
cTBa, HO M 3apsanoBas cumMmerpusi! «Ho Kak e MOXKHO Obl-
JI0O BO3BOJHUTb B IPUHIMI HOJIOXKEHHE, KOTOpoe He NpoBeps-
JOCb Ha ONBITE?» — CHPOCHT HHOH UHTaTENb.

Ja B TOM-TO H JeJ1o, YTO HPOBEPSIOCh, H MPOBEPSIOCH
He pa3, HO TOJBKO He CO cJaGbIMH B3aHMOLEHCTBHAMH.
M BCIJIBLI 3TOT, AOCeJe YCHEeUIHO CKPHLIBAIOMIMICSA OT (H3H-
KOB NapaioKc JULIb B ONKITAaX, TJle HCCAeN0BaJJuCh Npolec-
CBHl, TMOAUHHAIOIHecS caaboMy B3aHMOJEHCTBHIO.

Ecnu HapyuleHHe 3epKasbHOH CHMMETPHH BCeM Ka3sa-
JIOCh CBSI3aHHBIM C HEOOBIYHEIMH CBOMCTBAaMH CaMOro Hpo-
CTPaHCTBa, & YacTUIHl ObIJIH BPOLE HH IPH ueM, TO Hapylle-
HHe 3apsAJOBOH CHUMMETDHH 3aTparuBajo YyXKe CBOHCTBa
caMoii Matepuu. Belb 3JIeKTPOH SIBJISIETCS 3J€MEHTapHHIM
KHPIOUYHKOM OOBIYHOH MaTepHH, a MO3HTPOH — 3JIeMeHTap-
HBIM KHPIHYHKOM aHTHMaTepHH. DTH OMNBITH cpa3y XKe IMO-
CTaBHJIH Tepefi YUeHbIMH JBa THTAaHTCKHX Bomnpoca. OquH —
OTHOCHTEJbHO CBOHCTB NPOCTPAaHCTBa, a APYyrod — cBfA3aH-
HBIf, MO-BUIHMOMY, C pas3jiHuMeM MeXIy uYacTHIIaMH H aH-
tTHYacTHaMid. He paspemuB HX, HEBO3MOXHO OBLJIO [BH-
raThCsl Brepen.

W Bce-Taku cnycTsi HEKOTOpoe Bpems (HH3HKaM yIajaoch
pacmyTaTh 3TOT CIOXHeHIHHA Kay6ok npobaem. IIpeacraBs-
Te cebGe, UTO CYIIECTBYeT Takoe HeoObIUHOe 3epKaJo, Ha3o-
BeM ero «3apsjoBeiM», uiax «C-zepkasom», B KOTOPOM Ya-
CTHIBI BBHINVIAASAT KaK aHTHYacTHOB. Toraa 3/1eKTPOHEI, BHI-
JeTalollde NpU pagHOaKTHBHOM pacrnaje siipa nepej 3THM
3epKaJioM, KaXyTcsl B HEM He «3ePKaJbHbIMH 3JeKTpOHa-
MH», a MO3HUTPOHAMH, JIETAUIHMH B TOM JXe CaMOM Halpas-
JIEHHH, 4TO M 3JeKTPOHBI. [losyunBIIasicss oTpaXKeHHas Kap-
THHa — 3epKaljibHoe H300paKeHHe peajIbHOTO Npolecca —
eme «6e3KNU3HeHHa», 6e3:KH3HEHHA B TOM CMBbICJeE, UTO OHa
He 1Moxoxa HH Ha OJMH peasibHO CYLIEeCTBYIOLUHH B IPHpOAe
npouecc. ¥ rtorga BhxoauT, uTo «C-3epKanso» B ciabbix
B3auMO/eiiCTBHSAX TOXe He paboTaer.
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Ho nocroiite, BeAb ¢ 4eM-TO MOAOGHBIM MbI yXKe CTa.l-
KHBAJHUChb paHblle, KOr4a ONepHpoBajd C OOBIYHBIM
«P-sepkasiom». B Hem H300pakeHHe cTpagajno JAPyrdaMm
HEJOCTATKOM: 3JIeKTPOHbl OCTaBaJHCh 3JEKTPOHAMH, TOJb-
KO BBLJIETAJH OHH B OOPaTHYIO, <HENPABHJbHYIO» CTODOHY.
A 4To, ecnu ucmosnb30BaTh 00a 3TH HENPHUTOAHBLIX 3epKaJa
OJHOBPeMeHHO H NOCMOTpPeTb, KaK OyAeT BHIIVISIAETb HaLI
nporecc?

Oka3sbiBaeTcs, 3JeKTPOHBL B HeM CTaHYT [O3UTPOHAMH
H BbLIETaTh OYAYT B CTOPOHY, «HENPaBHJIbHYIO» IJS 3JIeK-
TPOHOB, HO COBEPLICHHO 3aKOHHYIO [IJisi MO3HTPOHOB. A Ham
TOJIbKO 3T0 H Hago. Hama orpaxennas B «CP-3epkaie»
KapTHHA cTaja BHOJHEe «XH3HeHHo#». OHa Kak JBe Kamlad
BOJbl I0X0XKa Ha peajibHO CYIUECTBYIOIIMi Impomecc —
[O3UTPOHHBIH paNHOaKTUBHBIA pacnaj aTOMHBIX siJep.

«M306perTeHHOe» BBHIAAIOLUIUMCS COBETCKHM (DH3HKOM-
TEOPEeTHKOM, JiaypeatoM HoGesesckoit npemuun JI. Jlanmay
cnBoeHHoe «CP-3epxajio» H3MeHsleT KCOPAHHATHl OTpaKeH-
HBIX B HeM [OpPOIECCOB Ha NPOTHBOIOJOXHBIE H OIHOBpE-
MeHHO YacTHlbl IpeBpaljaeT B aHTHyactuunl. Ilocse Tmia-
TeJAbHOH 3KCIIepDHMEHTAJbHONH NPOBEPKH BBISICHHAOCH, 4YTO
OHO 6e30TKa3HO [IeHCTBYET BO BCeX Ipolleccax, B TOM YHCJe
H B NpoleccaX, BbI3BaHHBIX CJaOblM B3aHMOJEHCTBHEM.

UYro xe moayyusnocs? Pansuie o6a mnpuHIMna — H
3epKaJbHOH CHMMETPHH HPOCTPAHCTBA, H CHMMETDPHH 3apf-
IOBOH — CYHTAJNHCh (PyHAAMEHTAJbHBIMH NPHHIHIIAMH NPU-
ponsl. Temepp ke, mocse TOro, Kak OHH OKa3aJHCh HHCKpe-
JUTHPOBAaHHBLIMH, YU€HBble BBIHYXKIEHH OBLIH OTKAa3aTbCS OT
HHX M NPOBO3rJIacHTh ofuH — npuHIun CP-cuMmmerpuy,
KOTOpbIH YAOBJETBODPSAJ BceM BHAAM B3aHMOJEHCTBHH, B
TOM YHCJIEe K caaboMmy.

ITpoueccel, cBsi3aHHble C CHJIbHBIM B3aHMOJEHCTBHEM H
CHMMETPHYHBIE OTHOCHTENbHO 3epKaJbHOO  OTpaXKeHHA
KOODJMHAT ¥ 3aMeHbl YacCTHUIl Ha aHTHYACTHLHI, OLYHHAIOT-
csi v npyHuuny CP-cuMMeTpHH.

Ho nns cna6bix B3aHMOAEHCTBUE HOBBIH NPHHIHI O3HA-
yaJ, YTO B JIOOBIX TaKHX Ipoueccax He TOJbKO MeHseTcs
3HaK IPOCTPAHCTBEHHBIX KOODJAMHAT, HO M IPOHCXOAHT 3a-
MeHa yacTull Ha anTuyacTuubl. Ilomuure, Kak y Ilymkuna:
«Hper HanpaBo — HecHb 3aBOLHT, HAJIEBO — CKa3Ky T'oBO-
put». Ilpupoaa xak Obl TpeGoBaJsa, YyToGbl B cJabbIX B3a-
HMOZEHCTBUAX NpPU Hepexole OT MPaBOTO K JIEBOMY <«CMe-
HAJIACh NJIACTHHKa», TO eCTh COBEpLIAJICS nepexo] OT OJHO-
ro THIIAa MaTepHH K APYTrOMY.
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[IpaBoe M JieBOE OKa3a/HCh CLENJEHHBIMH C BELieCTBOM
W aHTUBEHIECTBOM; pa3JiHyHMe MexJAy O0OOHMH HalpaBJIeHHS-
MH CBSI3aHO C DAasJIHYHEM MeXIy 4acTHIlaMH H aHTHYacTH-
aMH — BOT OTBeT Y4YeHBIX Ha 06a TPYRHEHIIHX BOIpPOCa,
BO3HHMKIUHX M3 pelleHHst 3arajku «Tera-tay». [lycToe mpo-
cTPAHCTBO, OTpPaxKeHHOe H B 00niyHOM H B «CP-3epkase»,
OCTAeTCsi CHMMETPHYHBIM, OAHOPOAHHIM. Ecju Xe M mpouc-
XOIUT KaXXyIlasiCs yTeps MM 3epKaJbHOH CHMMETDHH B
c/71a06bIX B3aHMOJZEHCTBHSIX, TO BHHa B 3TOM JIEXKHT He Ha
NPOCTPAHCTBe, a4 HAa CAMHX YaCTHIAX.

OcHOBHOE NOIOXKeHHEe IHAJEKTHYECKOTO MaTepHaaH3Ma
0 €IMHCTBE CBOHCTB NPOCTPAHCTBA U MAaTepHH HALLIO HOBOE
KOHKDETHO€ NOATBepXKIeHHe B (H3HKe 3JeMeHTapHBIX 4Ya-
CTHII.

Xoreqoch 66l HAOMHHTb, UTO YYeHble BIEpBble 0GpaTH-
JH BHHMaHHE Ha CBfI3b MEXAY IeOMEeTpPHYeCKHMH — IIpO-
CTPAHCTBeHHHIMH — CBOHCTBaMH MaTepHH U ee (PU3HUECKH-
MH CBOMCTBAMH B CepelHHe NpoIIoro Beka. I[IpoGaema
3Ta BO3HHKJA B HayKe O KpucTamiax. Kpynueiiliue KpH-
cTajjorpaps OB CMYIIEHB XOPOIIO H3BECTHBIM 3KCIle-
pHMeHTaJbHbIM (AKTOM: HEKOTOpble XHMHUECKH HIEHTHY-
Hble BellleCTBA MMeJIH pasHble ONTHYeCKHe cBoficTBa. Ilo-
yemy?

«B yMBl Tex, KTO pasMBILISA Haj 3THM BOIPOCOM, —
TOBODHT B cBOel KHHIe «KpHcTaanbl, HX poJab B NpHPOJE
il HayKe» KPYNHBII COBpeMeHHBIH Kpucrtasjaorpad Yapibs
BanH, — 3amagu MyunTeabHbie COMHEHHS, KOTOpble Hepel-
KO CIIOCOOCTBYIOT HOBBIM OTKPBITHSIM».

IIpo6aemoit 3auntepecoBancsi Mosomoit Jlyu ITacrep.
«f1 He cnocobGeH 6Gbl NMpencTaBHTb cebe, — mHcaad OH, —
yTOOBl JBa BellleCTBA MOIVIH OBITh HACTOJBKO IOXOXKHMH,
He GyAyuH NMOJHOCTbIO HAEHTHYHbIMH. ExBa 3akoHuHB Bhic-
VIO HOPMAJIbHYIO LIKOJY, S pPEeLIUJ NPHIOTOBHTb IN0OGOJb-
e KPHCTANNOB, uToGbt H3yyuTh HX ¢Gopmy». M Bckope
JI. TTacrep oGHapyXua, 4TO XHMHYECKH OJHHAaKOBbHE Be-
llecTBa COCTOSIT M3 KPHCTAJJIOB, MO-Pa3sHOMY OpPHEHTHDO-
BaHHBIX B IIPOCTPAHCTBE.

Kpucranab 3TH oKa3afiHch 3epKaJbHBIMH  H300paxe-
nusMu Apyr apyra. OHH He coBmajaau Mexay coOoH H
o6safasH pa3HOH ONTHYECKOH aKTHBHOCTbIO. «OTKpBITHE
NpaBoH H JIeBOH BHHHOKaMEHHBIX KHCJIOT (3T0 U OBbLIO 3a-
cayroit JI. Ilacrepa) coneficTBOBa/JO TOMY, YTO MOJIEKYJIbI
OBl BHIBeleHHI H3 O6GJacTH TYMaHHBIX paccyXKIexHil B
BecbMa KOHKDETHBI MHp reomMerpuH», — nuumer Y. Bann.
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Cefluac Hac  GoJsblue
BCEro HHTepecyeT TOT ac-
NeKT 35TOH  HUCTOPHH, UTO
BIIEpBHIE TOTa B Hayke 06-
Hapy»Xujaacbh 3aBHCHMOCTb
CBOHCTB MaTepHH OT ee
NPOCTPAHCTBEHHOH OpHEH-
Taluy.

W Bor cro ser cmycrs
yKe He B Makpo¢Hu3HKe, a
B MHUpe 3JeMeHTapHBIX dac-
THL Yy4eHble BHOBb CTOJIK-
HyJHCh ¢ mnpobsieMoH, 3a-
Tparupalollen CBOHCTBa
MaTepHuu OJTHOBPEMEHHO.
Ho npo6siema sta Gblsia ro-
pasno ciaoxHell, H60 B Hel
y4acTBOBaJH He TOJBKO ua-
CTHUbI, HO MU AHTHYACTHIBL.

Ecau JI. ITlactep 3aMme-
THJI CB3b MeXIy CBOMH-
CTBaMH NpaBO- H JIEBOODH-
€HTHPOBAHHOIO  BellecTBa
(neBble W TpaBble KPUCTAJ-
JIBl), TO MHpD 3JIeMeHTap-
HBIX YacTHI TNpeAOoCTaBUN
VHHUKAJbHYIO BO3MOKHOCTb
O0GHapyXKHUTb CBA3b MEXIY
CBOHCTBaMH IPaBOOPHUEHTH-
POBaHHOr'O BeleCTBa H Je-
BOOPHEHTHPOBAHHOTO aHTH-
BelllecTBa.

Actpodu3ukn mbITAOT-
Csl C IOMOILBIO Pa3HOro TH-
ma KOCMHYECKHX H3Jyde-
HAH OOHapy>XKHUTb AHTHMH-
pel B MeXK3Be3JHOM IpO-
crpancrBe, Ilucarenu-dan-
TAacThl CTAJKHBAIOT CBOHX
repoeB C HpHLIENbLAMH H3
TaWHCTBEHHOIO aHTHMHpA.

Jlo cuX mop HeH3BECTHO,
CylLLecTByeT JIH aHTHMHD,
MOJHOCTBIO  aHAJIOTHYHBIHA



namemy mupy. Ho cnaGeie B3aumoneiicTBusl uepes Hapylie-
HUS TPOCTPAHCTBEHHOH M 3apsLOBOH CHMMETPHH y¥XKe CBs-
3aJ1 MEX1y COGOH 3JIeMeHTapHble KHPIMYHKH BELeCTBa H
aHTHBellecTBa. AHaJorHss Mexay npuuHuunoM CP-cummer-
pun u casoeHHbiM «CP-sepkanom» Hampauiupaercs cama
co6ol. Ho kakoe ke 310 3epkaso? OHO HANOMHHAaeT CKO-
pee «OKHO B aHTHMHD».

Ecnn B3risiHyTh B 3TO 3epKajo BMecTe C HEHTPHHO, TO
MOXKHO YBHAETb TaM aHTHHeHTPHHO: uacTuly 06e3 Macch
u Ge3 2JIeKTPHYECKOro 3apsiia, KOTOpas MMeEeT JHIUb COG-
CTBEHHBIH MOMEHT KOJIMYECTBa ABHIKEHHs, CBSI3aHHBIH C ee
BpalieHHeM. Ho B 3epkasie HampaB/ieHHe BpallleHHs HEHT-
PHHO Cpa3y MeHseTC Ha NPOTHBOIOJOXHOE H CTaHOBHTCS
TaKUM, KakK y aHTHHeHTpuHOo. Kak 3auapoBaHHas Kpaca-
BHIa, 9Ta YacTHLa HHKOrZa He «yBHIUT» ceGs B 3epKale.

Hy a anektpon? Urto Buaur on B «CP-3epkajie», Bbiie-
Tasi U3 PaXMOAaKTHBHOrO siipa? DJIEKTPOH BHAHT CBOIO aH-
THYACTHIY — MO3HTPOH.

KaonoBbie KokTelnu

B asrycre 1964 roza B ropose Ily6He nox MockBoi,
rie Haxoaurcsi OGbeAHHEHHbIH UHCTHTYT SIAEPHBIX HCCJIAEHNO-
Bauu#i — OUSIH, — cpexanuch yueHble H3 MHOTHX Jabopa-
TOPHi M HayYHBIX HMHCTHTYTOB MHpa Ha TPaAUIHOHHYIO
MexnyHapoaHyio KoHQepeHUHIO 10 (HU3HKE BLICOKHX
3HEprui.

OO6BIYHO yueHBIe ¢ HETEPIEHHEM XKAYT OYEPELHOTO CMOT-
pa 00beXMHEHHBIX CHJI TEOPETHKOB H 3KCIEPHMEHTATOPOB.
31ecb MOXKHO 0GCYAUTb CBOM IMOCJAEIHHE PE3yJbTaThl C KOJI-
JleraMH M3 DasHBIX CTpaH. Y3HaTb O CaMbIX CBEXHX, elle
He HamneyaTaHHBIX B XKypHajJaX HayYHbIX HOBOCTSIX.

OIHH XOTeNH BCTPETHThCS C aBTOPOM TEOPHH KBapKOB
M. Tenn-MaHHOM, NepeXHBABIIMM TPUYM( BOCHMEPHUHOTO
MyTH B CBSI3H C HeJaBHO OTKPHITOH yacTHleH oMmera-MHHYC-
runepoH. JIpyrue Medtany yciablliaTh YTO-HHOYyAb HOBoe 06
SKCIIepHMEHTaX ¢ HeHTPHHO.

Ho Bcex Ge3 HCK/IIOYEHHS] BOJIHOBAJH CJIYXH O MPEACTOs-
lleM cooGiieHHH YyueHBIX I[IpHHCTOHCKOrO YHHBepCHTETa
CIIA. Cayxu o ceHcanMsX Yallle BCEro GLIBAIOT NpEyBeJH-
YeHHbBIMH. Ho Ha 3ToT pa3 onmpaBJasHCb OXKHIAHHS U XKyP-
HaJMCTOB M CIIENHAHCTOB.
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Huuto, Kasajoch, He nNpeasemano ceicauuu. [oa, npo-
weaHe nocyae o6HapyXKeHUs] HapyLIeHHsi 3aKOHa COXpaHe-
HUSl YETHOCTH, Bce GoJblle y6exAanu QU3HKOB B XKH3HECHO-
COGHOCTH HOBBIX NpeJCTaBJAEHHH O CBOHCTBAX NMPOCTPAHCTBA,
MaTepPHH H aHTHMaTepHH.

B Takoii cnoxkoiHOM H, Ka3ajoch Obl, 6J1aromnoJyyHoi
o6cTaHOBKe (pU3HKH BCTPeTUIH 1964 roa. M HMKTO He OXH-
JaJ, YTO HMEHHO B 3TOM TrOJy HOCpPenH 3aGOTIHBO YXOXKeH-
HOH «KJYyMOBI» 3KCIEPHMeHTaJIbHBIX pe3y/JbTaTOB BADYT
BbIpAcTeT KOJKHM H HENPHIJIAAHBIM MaJHHOBHIM MPYTOM
HOBOE OCJIOXKHEHHe — HapyluieHHe npuHiinna CP-cuMMeTpuH.

Hoknan aMepHKaHCKHX YYeHHX O HOBOM 3KCIEPHMEHTe
¢ HeHTPaJbHBIMH Ka-Me30HAMH NPOM3BeJ CHJ/bHelilllee BIe-
yaTjeHue. «CTpaHHble» YaCTHUH ONSTb «3aMaxXHYJHCb» Ha
OCHOBHI COBPEMEHHOI KBAHTOBOH TEODHH.

Hupexrtop naGopatopuu BHcOKuX suHepruit OUSIH, unen-
koppecnonnedT AH CCCP A. Bangud ckasaja, 4TO ONBT
aMepHKaHCKHX HCcaeJoBaTesell «nan MakCUMyM HH(popma-
LMK, TaK KaK U3MEHHJ HalllH OCHOBHGLIE mpexacTaBsieHus. OG-
HapyKeHHbIH 3((eKT HaCTOJIbKO He YK/AaJblBaJjCsi B COBpE-
MEHHYIO TeODHIO, YTO OH OCTaercsl [JIaBHBIM COOLITHEM B (H-
3HKe 33 MOCJAeJHHE TOLBI».

Uro ke oTkpeltoch yueHnIM? Ilpexpme ueM yaHaeM 06
3TOM, NMO3HAKOMHMCS MOOJMKe C HEHTpaJbHBIMH Ka-Me30Ha-
MH — yAMBHTeJNbHEeHIIHMH O0BbEKTaMH MHKPOMHpa, HacTos-
[MMH XaMeJleOHaMH MHpa 3JIeMeHTaPHBIX YaCTHUIL

Bo3pMeM npu6op, YYBCTBHTENBHBIH TOJBKO K 3THM Yac-
THUAM, H TOCTaBUM €ro TMnpsAMo Ha BHIXOJe HX H3
yckoputens. Yepe3 HeCKOJbKO YacOB H3MEpPeHHH MBI
y3HaeM, YTO Ka-HOJb-Me30Hbl XHBYT Bcero 10-10 cekyHam
U pacnajaioTcsd Ha JBa IH-Me30Ha.

A tenepr oTHeceM NpHGOpP HA ABaxUaTh METPOB [aJb-
me. Yto nmoskeH perucTpuposath 3ToT npubop? Kasa-
Jocb Obl, HHuero! 3a HHUTOXKHOE BpeMS XH3HH, OTMe-
pPEeHHOe Ka-HOJIb-Me30HaM, Jaxe IPH CBETOBOH CKOPOCTH
OHHU yCIeBAaIOT IMPOJIETETb BCErO HECKOJbKO CaHTHMETPOB,
npoJeTeTb H HeH36eXXHO NOrHOHYTb, pacnaBLIMCh Ha JBa
ni-MesoHa.

Ho npu6op, cTosuuit y:xe B JBaJaTH MeTpPax OT YCKO-
pHTeJsl, Bce HNPOAOJKAeT CYUTATh HeHTpaNbHbHE Me30HH,
CPOK XH3HH KOTOpHX B 600 pa3 Goublle, MOCKOJbKY OHH
ycneBaioT noJieTeTh Ko mpuGopa. Ja u pacnagaroTcs 3TH
JOJIFOXKUBYIHEe Me30HH He HAa JBa, a Ha TpH I[H-Me30Ha.
3HaAYHT, NMOTOK YaCTHL, POXKIAIOUWHXCA HPH CTOJNKHOBEHHH
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npOTOHOB GOJIBIIONH 3HEPrHH C MHILEHbIO, COCTOMT M3 HEilT-
paJIbHbIX Ka-Me30HOB [IBYX COpTOB.

Ho 310 ewe naneko He Bce. CTOHT 3KCIEPHMEHTATOpPY
3a6bITb Nlepell CYETYHKOM, CUHTAIOUHM HOJITOXKHBYIIHE
Ka-ME30HBI, KAKOH-HUOYAb MpeiMeT, KaK MPOHUCXOXHT Uy[oO:
npu6Op ONATH HauMHaeT PerHCTPHPOBATb KOPOTKOXKHBYLIHE
xa-Me30Hbl. OHH, KaK H Te, 4TO PErHcTPHPOBAJIHCH HA BbI-
X0J€ M3 YCKOpHTeJs, TaKXKe pacmajaloTcsi Ha [Ba IH-Me-
joHa!l

Uyno obbscHsaerca npoero. OkasbiBaercs, NOJrOXKUBY-
u(H€ ME30Hbl, CTOJKHYBHIHCh C BEleCTBOM, NPEBPaLIaloTcs
& KOpoTKoxHBYyuHe. [ToroGHBIM CBOACTBOM He o6JafaeT HH
0llHA U3 H3BeCTHBIX HaM dYacTHlu. HeHTpoOHBI, NIPOTOHBI WJIH
7IH-M€30HBl HHKOTJa He MEHSIIOT CBOMX CBOHCTB HPH CTOJK-
HOBEHHH C BEILECTBOM.

B Tabsuue 3neMeHTapHBIX YacTHL, KaxKAas MKUTEJbHH-
ta MHKpOMHpa 3aHHMaeT MakcHUMyM ABe cTpouku. [lepBas
CTPOKAa [pPHHAIJIEXKHUT YacTHUe, BTOpas — aHTHYACTHIE.
M TonbKo HeHTpasJbHBIM Ka-Me30HaM YZajoch pacmoJso-
JKHTbCS Cpa3y Ha yeThIpeX CTpoukax!

IlepBylo, KakK H NOJIOXKEHO, 3aHHMaeT HEHTPAJIbHHII
(xa-HOJIb) ME30H, BTOPYIO — aHTH-Ka-Hoab-Me30H. Ha Tpe-
TheM MeCTe HaXOAHTCS yXKe 3HAaKOMhII HaM KODOTKOXHBY-
UIMH Ka-HOJb-Me30H. Y HakoHell, Ha 4eTBEPTOM — ROJTO-
JXXHBYIIHMH Ka-HOJb-Me30H.

DKcHnepHMEeHTaTOPhl, KAK HH CTapaJjuch, He MOIVIH OOHa-
DYKHTb B NPHPOAE aHTH-Ka-HOJMb-Me30H. Hy uTo XK, B 3TOM
iie ObLIO HUYero yauBHTeabHOro. Her aHTHYacTHUH Yy ¢o-
TOHA, HET ee H y HeHTPaNbHOrO MH-Me30Ha. JTH YacTHLH
¥ [0 TEOpDHH MAOJKHBI OBITh COBEpILIEHHO HAEHTHYHHI CO
CBOMMH «aHTHPOJCTBEHHHKAMHY.

Ho xorpa M. I'enn-ManH co3pan cBolo KaaccHdHKa-
UHI0 3JIEMEHTapHBIX YacTHI, y Hero MoJyd4HJochb, 4TO Ka-
HOJIb-ME30Hbl [TOJIXKHBEI BCe-TaKH OTJIHYaTbCs OT aHTH-Ka-
HOJIb-Me30HOB. [IpoHunaTenbHuiit D. ®epMu cpasy xe CIpo-
cu1 y Hero: «Kak BH Moxere npenctaBuThb cebe Ka-HOJb
1 aHTH-Ka-HOJb DAa3/IMYHBIMH, €CJIH OHH pacnafawpTcs He-
pa3nHyHBIM 00pa3oM?»

«Kak Tenepp sicHo, — nuier B BocnoMHHaHuax b. ITon-
TEKOpBO, — B 3THX CJIOBaX CKphITa FrIybokas Jorajika o
AyaJbHBIX — JBOHCTBEHHBIX — CBOHCTBaX HEHTPaJIbHBIX
xaoHoB». (KaoHaMM (HM3HKH Ha3bIBAIOT Ka-HOJb-ME30HHI.)

BcTpeun wacTHIl M aHTHYACTHI MeXAy co0oi IPOHCXO-
AST KpaitHe peiKo. JIMLIb He3HAUHTE/IbHAsl AOJs NPOTOHOB
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WM 3JeKTPOHOB BCTpPeYaeTcss CO CBOMMH AHTHABOMNHHKAMH.
OO6pbsicHsIeTCA 3TO TeM, YTO MaTepuss W aHTHMaTepHs Bce-
rma pasiesneHbl B IPOCTpaHCTBe. TOJMbKO B MOMEHT HX
nepBoro (M INOCJeJHEro) B XXKH3HH CBHIAHHS HEKOTOpHIe
YaCTHLbI W aHTHYACTUUB HEHAAO0Jro o6pasyioT CBS3aHHYIO
cucremy. Tak 3J€KTPOH U IO3UTPOH N0 AHHUTHJSIHH B BH-
Jle aToMa — IO03UTPOHUSI — YCIEBAIOT MOMOYb YYEHBIM B
pellleHHH HEKOTOPHIX XHMHYECKHX 3aj1av.

OnHakKo aHTH-Ka-HOJAb-ME30HOB He OblJIO HHUrJe — HH
B KOCMHYECKHX JydYaX, HH CpelH YacTUl, POXKAAIOUIHXCH
Ha yckoputensx. Ho ouum pomxkubl ObiTb]! — HacTrauBaJa
Teopusi. M1 OHH ONBIT CMEHSJICS APYTHM, HaCTOMUYHBHE I1O-
HCKH mpojoJsxanuce. Ilpojoskanuce KO TeXx mop, Moka
GU3UKM ONHAXKABI He MOHSJIH, YTO HCKAaTb-TO, COGCTBEHHO,
Heyero. Bce OblI0 IMPOCTO M OXHOBpPEMEHHO (PaHTAaCTHUECKU
HeoOblyalHo.

CnaGble B3aUMOJEHCTBHS KaK Obl «COMTU3UIU» MHD M aH-
tuMup. OHH CBSI3a/lM HapylleHHe 3epPKaJbHOH CHMMeETpPHH
NPOCTPAHCTBA C PAa3jiMUHEM MEXJAY YacTHIaMH M aHTHYac-
THIIAMH, HanpuMep, B 3HaKe 3JEKTPHUECKOTO 3apsijia.
B HefiTpa/bHBIX Ka-Me30HAX MHUD H aHTHMHP COCYILECTBYIOT
60K 0 60K BIJOTH N0 HMX pacnaga. OHH He YTO HHOe, Kak
cMechb vYacTHl, H aHTHyactTun. WM He omHa, a LeJbX
IB€ CMeCH — JBa CTPOr0 COTJIACOBAHHBIX, ypaBHOBeLIeH-
HbIX COCTOSIHHSI C OIpeJeJleHHOH Maccoi, ¢ IOCTOSTHHBIM
BpeMeHeM XHM3HH M APYTHMH KBAHTOBBIMH CBOHCTBaMH.
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OJHy CMecb yueHble Ha3BaJH HEHATPaJbHBIMH KOPOTKOXKH-
BYLUHMH, a APYTYIO — JOJITOXKHBYIIHMH Ka-Me30HaMH.

BOoT 3TH-TO <«KOKTeHJIH», TIAaTeJbHO NPHIOTOBJEHHBIE
NpUPOAOH H3 NABYX OAHHAKOBBIX KOMIIOHEHTOB, H NPONEMOH-
cTpHpOBasu cBoe Hecorsacue ¢ npunuunom CP-cummer-
pHH.

Teatp opxoro autepa

B ueM Xe 3akgaouanach CEHCAIHOHHOCTb COOGIIe-
Husl, caenansHoro B Jly6He Ha MexnayHaponHoll KoHpepeH-
LHH?

B IlpuHCTOHCKOM YHUBepCHTeTe aMepHKaHCKHe (UIUKU
Kpucrencon, Kponun, ®uty u Typaeir usysanum csoiicTa
pOXAIOMUXCA Ha YCKOPHTENE HOJNTOXKHBYLIHX Ka-Me30HOB.
Yuenble pacnoJ/IOXHU/IH CBOIO YCTaHOBKY HAa DAacCTOSHHUM [Ba-
JLATH METPOB OT BbIXOJAA ME30HHOTO KaHaJsa, YTOOHl IMOJ-
HOCTbIO H30aBUTbCA OT BCeX OBICTPO pacnajamliuxcs Ko-
POTKOXKHBYILIHX Ka-Me30HOB.

Bo Bpemss paGoThl ¢u3uk# 06paTHIM BHHMAaHHeE, YTO
OYeHb pellKo — OAuH pa3 Ha 500 OOBIYHBIX pacmafoB —
JOJNTOXKMBYI{HEe KaOHbl HapyllaJu 3ampeT, HaJOXEeHHbIH
npunnunoM CP-cuMmmerpuu, U pacnajajiuch Ha JBa NHU-Me-
3oHa. [lo 3aKoHaM genaTp 3TO OHH <«HE HMEJH NpaBa».
AmepukaHckue ke (pu3nMKH 0OHAPYKUJIU HMEHHO TaKue CJy-
yad pacnajga. 3HauuT, He paboraer Takxke H «CP-3ep-
KaJo»?

Y onsth BCNIBIBaeT HEIKBHUBAJEHTHOCTb MEXAY IpPaBBIM
W JIEBBIM, KOTOPYIO yXKe He OGBACHHIIb Pa3iHuHeM MexXay
YaCTHIIAMH U aHTHYaCTHIAMH.

YueHble pearupoBaJiM Ha 3TO OTKPHITHE IO-pPa3HOMY.
CkenTuky Hamupasdd Ha OIIMOKY B M3MepeHHAX HJH obpa-
6oTKe pesyabTaToB. Jlpyrue cceliajJuChb Ha TO, YTO 3JKche-
PHMeHT NPOBOAMJICA He B BaKyyMe, a B BO3lyXe, a Ha IO-
CJIeZHEM 3Talle Me30Hbl NPOXOAMJH ellle H yepe3 GalljoH ¢
reineM. Berpeua e ¢ JIOGBIM BellleCTBOM KpHMHHaJIbHA
A/l HeHTpPaJbHOrO KaOHA: CTAJKHBAsICh C BelleCTBOM, Kao-
HOBble «KOKTEHJH» TaK CHJIbLHO BCTPSIXHBAIOTCS, YTO HOJ-
TOXHUBYIIAasi CMeCh YaCTHIL M aHTHYaCTHI, NpeBpallaeTcs B
KODOTKOXKHBYIIYIO W NMOTOM YK€ 3aKOHHBIM INIyTEM pacmna-
JaeTcs Ha ABa NH-Me30HA.

OO6Bunenne OBLIO Cepbe3HBIM, Hayajach TIIaTeNbHas
Ipoeepka. Jxcnepumentatops! H3 IlpuHcTOHAa mocTaBHIH
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CTeHHaTbHbIH KOHTPOJBHBIH ONBIT, KOTOpHIA MOKasaJ, uTo
nonoOHEle NpeBpalleHHs] AOJTOXKHBYIIHX Ka-Me30HOB HpO-
nuexonsar B 108 pas pexe, uyeM 3adHKCHpDOBaHHBIE paHblIe
3anpeTHbIe pacrnajbl.

[Tpomyo eme HeMHOro BpeMeHH, H H3MEpEHHs, clesaH-
Hble B PasHBIX IPyNIax ¢ NMOMOLIbIO COBEPLIEHHO HHOH 3IKC-
NepUMEHTANbLHOH METONHKH, MOATBepAHaH 3TOT (akT. [lo-
CIeHHe COMHEBAIOMIKECs BBIHYKAEHH ObLIH COIVIACHTbCS C
JIOCTOBEPHOCTBIO OOHAPYKEHHOrO SBJEHHS.

CrpaHHOe OTKpDHITHE CHOBAa BO3BpalllaJioO YYEHHIX K «pas-
GUTOMY KOpPBHITY», K HEMOHHMAaHHIO TOro, NOYeMy OJHOPOA-
HOe TMPOCTPAHCTBO He OGJiajiaeT 3epKaJbHOH CHMMETpHEH B
crnabeix B3auMoneiicTBusfiXx. Hapmo OblIo  #eficTBOBaTh.
U yueHnle, Kak cjefoBaTeNH, pacKpbiBalollHe MpecTymJe-
HHe, CTaJH HCKaTb CPelH «rpaxjaH» MHKDOMHpa Jpy-
FHX JIHH, BeAYIIHX cebsl Tak ke, Kak HeHATpa/bHble Ka-Me-
30HBHI.

CkpynyJe3HOfi NpoOBepKe NOJBEPrJIHCh pacnajbl rHIe-
POHOB M ME30HOB, pachlaibl saep H siAepHble peaKIUH.
Ho Hurme, Hu B ONHOM SIBJIEHHH HapylleHHs NpPHHIHNA
CP-cuMMerpHH O0OHapyXuTb He yaajgoch. Hefitpanbubie
Ka-Me30Hbl JefiCTBOBAJH B OIHHOUKY.

B 5TOM OTHOIIEHHH CHTYyallHsi Pe3KO OTJHYajach OT TOH,
KoTopasi Gbljla NPH OTKPHITHH HapyUIeHHS 3€PKaJbHOH CHM-
MeTpuH. Torza ONBITHI C MNOJOMXKHTENbHO  3apsiKeHHBIMH
Ka-Me30HaMH NOCJHYXHJH CHTHAJOM K NOAHATHIO 3aHaBeca,
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3a KOTOpHIM OOHapyXXHJach Gojiblliasi TPyNna Y4acCTHHKOB
«3aroBopa» NPOTHB 3aKOHA COXPaHEHHS YETHOCTH. DTO Obl-
JIH TIPOIIECCH], MAYLIHE INPH c1aboM B3aHMOLEHCTBHH 3je-
MEHTapHBIX YacTHII.

Ho Tenepr 3a 3aHaBecOM oOKasaJjici BCEero ORUH-eIHH-
CTBEHHBIl aKTep — NOJTOXKHBYIIHA HeHTpa/lbHHIH Ka-Me-
30H, KOTODLIH He INOJUUHSAJICA pEXHCCEPCKHM YKa3aHHAM
CP-cumMerpuu. A ciabuie B3aUMOJEHCTBHA €CAH H ObLIH
NOBHHHBI, TO JIHIIb B <«IPHrOTOBJEHHH» CAaMHX Ka-Me30H-
HBIX «KOKTeHJeH» H3 CMeCH YaCTHI| H aHTHYaCTHIL,

Kak ke OTHOCHTbCS K 3TOH HHIHBHAYaJbHOCTH e€IHH-
CTBEHHOr0 rpa)kJaHHHa MHKpoMHpa? MoxeT OHTb, IOMODH-
cTHuecKH? Moxer Ghith, npaB akaxeMuk H. Tamm, koTto-
pHIH ToJsaraJ, YTO HCTOPHS MOJTOXKHBYIIEro Ka-Me30Ha Ha-
IOMHHAEeT H3BECTHYIO HCTOPHIO, CBSI3aHHYIO C HEHTPHHO H
3aKOHOM coXpaHeHHs dHeprun? M uTo B KOHewyHoM cuere
CP-cumMmeTpus oKaxeTcs He3bnlOeMOM?

Ho ¢usmkam He m0 cmexa, H He H3-32 OTCYTCTBHS UyB-
cTBa IoMopa. BpeMs uzer, a <«HOMep» HJIIIO3HOHHCTAa —
Ka-Me30Ha Bce elle He paso6saayeH. A HaMekaeT OH Ha
oueHb MHoroe. IloMHHTe, KaK He CMeIIHO GLIJIO YeXOBCKOM
HapneHnbke, KoTopast HHKaK He MOIJIA MOHSTh: TO JIH BETEp
CBHCTHT B €e YylIaX, TO JH COCeld B CaHKax IIemyeT ed o
JI0GBH. A 4TO HallenTHIBAaeT Ka-HOJb-ME30H?

Cnacasi ¢yHIaMeHTa/NbHBIA NPHHIUHN CHMMETPHH MpO-
CTpaHcTBa, (DHU3HKH A/ Hayasna OCBHHHJIH BO BCEM BHeIl-
HHe JaJbHOXEHCTBYIOIHE CHJIBI, HCTOUHHKaMH KOTOPBIX MOT-
Jau 6biTh 3emust, Connue unu amakruka. Ho skcnepumen-
Thl NPOTHBOPEYHJH STOH THNOTe3e, H OT Hee MNPHIILIOCH
OTKa3aThCA.

Ect u apyras Mblcab, KoTopasi cefiuac npoBepsieTcs.
A 4To, ecniu HeOObIUHBIH pacmaj HeHTPAJIbHOrO KaoHa
BLI3BIBA@TCS THIIOTETHYECKHM CBepXcnabLiM  B3aHMOZIEH-
CTBHEM?

Tak mnim uHave, HO BOmpOC: MOYEMY JMOJTOXKHBY-
llHe Ka-MesOHbl paclajalioTcs Ha JBa INH-Me30Ha? —
ocraercss KapJAHHaJbHEHIIMM BOMPOCOM COBpeMeHHOH ¢H-
3HKH.

«CyiIHOCTb 3TOro SIBJIGHHSI HENOHSATHA, — TOBOPHT
uned-koppecnongesr AH CCCP . Ilanupo. — Ho 3to
Takoe paAHKaJbHOE H3MEHeHHe HAlIMX B3IVIANOB, YTO KO-
rna-Hubyab, s LyMalo, OTCiofa NMPOHCTEKYT Aajleko HAyliue
H0c/1e[CTBHS /151 BCEro 3MaHHA (PH3UKHY.
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YrepAnubld pail

«CTpaHHbIe» TOJIOXKHTENBHO 3apsiKeHHbE Ka-Me30Hbl
NepBLIMH ChIPaJId CHTHAJ ONACHOCTH IJisi (yHAAMEHTaJb-
HOro NPHHUHNA CHMMETPHH NPOCTPaHCTBA. DTy OMACHOCTh
yIanoch ocJabHTb, IPHHSAB «YJIbTHMATyM» CAa0blX B3aHMO-
JNeACTBHA — 3aMeHATb YaCTHIbl aHTHYACTHLAMH NpH 3ep-
KaJbHOM OTpaxKeHHH.

Hapymenne To npocTpaHCTBEHHOH, TO 3apsHOA CHM-
MeTPHH B cJabblX B3aHMOJAEHCTBHAX OOJNE3HEHHO BOCIPH-
HHMasnoch ¢u3MkaMH. Ho onHOBpeMeHHOoe HapyuieHHe i
C- u P-cuMMeTpHH 3aTparuBajio yXe caMble OCHOBBI CO-
BpeMeHHOH (HU3HKH.

Jli060e ypaBHeHHe KBAHTOBOH MeXaHHKH CHMMETPUYHO
He TOJIbKO OTHOCHTEJNbHO H3MEHeHHS 3Haka y BCeX KOOpHH-
HaT (P-cuMMeTpus) uJM K 3aMeHe 4YaCTHII Ha AHTHYACTH-
bl (C-cHMMeTpHSI), HO H K H3MeHEHHIO HampaBJieHHs Bpe-
MeHH. To ecTb K «00pallleHUI0O BO BPeMeHU».

dra BpeMeHHAs, HJH, KaK ee obo3Hauawor, T-cuMMer-
pHsl yTBepKIaeT «BEYHYI0O MOJOLOCTb» ITPOLECCOB MHKPO-
mupa. T-cHMMeTpHSI O3HAauyaeT OTCYTCTBHE «CTpeJbl BpeMe-
HH», KaK NO3THYECKH FOBOPAT O HampaBJEHHOCTH BpeMe-
HH B Makpomupe. K MHPY 3jieMeHTapHBX 4YacTHU
HEMPHMEHHMO NOHSATHE «cTapeHHe». ECTb TONBKO paBHO-
npaBHble Jpyr Ipyry npsiMoe H oOpaTHoe HampaBJeHHS
npoiecca.

Ham npumioch BcnoMHHTH 06 3TOM NOTOMY, 4TO B OcC-
HOBE COBPEMEHHOH KBAHTOBOH TEODHH 3JIeMEHTapHbIX udac-
i JexHuT teopeMa CPT. CMblca ee B ToM, 4TO Bce IIpo-
Hecchl JOJIKHBI OJHOBPEMEHHO IOAYHMHATBCA MPHHIHIY
npocTpaHcTBeHHOH — P-, 3apsinoBoit — C- u BpeMeHHOH —
T-cummerpun. IpyruMu ciaoBami, J060e sBJIeHHe B MHK-
pOMHpe, ecJH €ro OTpPa3uTh B 3epKaJje, YaCTHIL B HEM 3a-
MEHHTb Ha aHTHYACTHIBI, 8 KOHEYHOE COCTOSIHHE 3aMeHUTh
Havya/JbHbBIM, TO €CTb M3MEHHUTb HalpaBJEeHHEe BpeMeHd,
JOJNKHO TUPEBPAaTHTBCA B SBJEHHE, TOXE peaJbHO Cyllle-
CTBYIOILlee B MPHPOJE.

Jo 3KcnepHMEeHTOB ¢ Ka-Me30HAMH HHKTO He COMHEBaJ-
csl, 4TO BCe TPHU THNA CHMMETPHH KaK BMecCTe, TaK H IO
OTIeNbHOCTH — 3TO CTpPOrHe 3akoHbl mpupoirl. Ho mepsuie
JBa yXe YyTepsJH CBOIO YyHHBepcaJbHOCTb. UeM 3710
rposuT?

Ecan napymaercas CP-cuMmmerpus, a T-cummerpus
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ocraercs, To pymutcs Bcs teopema CPT. Ona, sta ob6uias
CPT-cumMeTpusi, MOXKET OCTaTbCSl B CHJIE JHIIb B TOM CJYy-
yae, ecau Hapywarorcs onaHoBpeMenHo CP u T-cummer-
pHH.

Tak, JUIIHBIINCH ABYX (yHIaMeHTAJbHBIX 3aKOHOB, (H-
3UKH <«J1006pOBOJIbHO» OTKa3bIBAIOTCH OT TpeTbero. bBoJee
TOTO, OHH CTapaloTcs 0Ka3aTh ero HapyuieHue, 4yTobbl cnac«
TH OCHOBbl TeopHH. MMeer su BpeMsi BJacCTb Haj MHKPO-
MHPOM?

BhISICHUTH 3TO HaMHOTO CJIOXKHee, 4YeM B MaKpOMHpeE,
Bpemenuas T-cuMMeTpHsi HaKJaJblBaeT 3alpeT Ha HEKOTO-
pole (H3HYecKHe sBJeHHS. Hamnpumep, y sneMeHTapHBHIX
YacTHIl He JOJI)KHO OBITH 3JEKTPUYECKOTO IMUMOJBHOIO MO-
MedTa. MOXHO [OpPEACTaBHTh, YTO HEHTPOH COCTOHT H3
IOJIOXKHTEJNBLHOTO H OTPHIIATENBHOTO 3aPsl0B, IEHTPH TsXKe«
CTH KOTOPBIX pasaBHHYTH. OTCIOfa BO3HHKAeT 3JeKTpHUes
CKH# mumosbHblH MoMmeHT. Ecau sapnepHsie mpoueccel obpa-
THMBI, TO 3TOT MOMEHT y HeHTpPOHa HOJKeH ObITh PaBHBIM
HYJTIO0.

B na6opatopuu HeHTPOHHOH (H3UKH NyOHEHCKHE yd4eHble
NaBHO yXKe MUIYT BO3MOXKHOCTb JJISi IPOHHKHOBEHHSA B Tai-
HY 3JIeKTPHYECKOro IHNOJbHOrO MOMeHTa yacTul. Bo Bcex
NpeXHHUX SKCIepUMeHTax OH He Obl1 obnapyxen. Ho cka-
3aTh, 4TO MOMEHT 3TOT paBeH HYJIO, NOKa HHKaK Helb-
39 — TOYHOCTb OIbITA ellle HeAOCTaTOuHO Bbicoka. HeiiTpo-
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HbEl Tak OBbICTPO NPOCKAaKHBAIOT pabouuit o6beM YCTaHOBKH,
YTO OYeHb MaJioe HX KOJHYeCTBO pacmajaercs 3a 3TO Bpe-
ma. Jlaxe wMelJeHHble, HJH TelJOBble, HEHTPOHB H T€
ABHXKYTCS CO CKOPOCTBIO JiBa KHJOMeTpa B cekyHAy. HeilT-
POHHLIA «IIKBaJ» 3a HHYTOXKHBbIE HOJH CeKYHJH IepeceKaer
Bech npubop, a I/ H3MepeHHs QUIOJLHOTO MOMEHTa OYeHb
BaXKHO, YTOObl HEHTPOH KaK MOXKHO JOJIbllle HaXOAHJACs B
noJsie 3peHust HabaonaTenell, «<B pyKax KCIE€PHMEHTAaTOPOL>.
Beznb 3a 3T0 BpeMs HaJo H3YUHTb €ro nopejeHHe MOJ LeH-
CTBHEM 3JIEKTPHYECKHX H MAarHHUTHHLIX MOJIEH.

Bosnukgaa, TakuM o6pa3oM, HeEoOOGXOAHMOCTb B HEATPO-
Hax ropasno OoJsiee MeJJIeHHBIX, 4eM TemJjoBble. KMmeHHo
TaKHe YJbTPaxoJojJHble HEHTPOHH], CO CKOPOCTbIO HECKO.Ib-
KO MeTpPOB B CeKyHIy, BCTPeualoTCs CpeiH 4YacTHL, Bblje-
TaloWHUX U3 sifepHoro peakropa. Ho HX oyeHb MaJo: Ha CTO
MHJJIHAPIOB BCeX HEHATPOHOB HPHUXOAMTCA TOJBKO OJIHH
yAbTPaXoJOAHbIH.

Bor ecan 6b cob6path Ja 3aKOHCEPBHPOBAaTh 3TN
HeHTPOHBI, TOrJa W 3KCIEPHMEHT MO H3MEPEeHHI0 HHIOJMb<
HOTO MOMEHTa MOXHO ObLIO OBl IPOBECTH C BBICOKOH TOY:
HOCTBIO.

U sra, kasamoch 6bl, daHTacTHYecKas HJes oKasajaach
npaKTHYECKH BbIMONHHMOM. OKoso JABafuaTH JeT Hasaj
HTaJbHCKUI yueHbIi D. PepMHu U coBeTcKHH (PH3HK-TeOpe-
tHK M. TlomepaHuyk mokKasajH, 4YTO YJbTPaxoJOAHbie
HEATPOHB NOJIXKHBE MOJHOCTBIO OTPa)KaTbCsl OT MOBEPXHO-
CTH HEKOTODPBIX BeELIECTB.

HecsTe Jer cnycts akageMHK §I. 3esnbJoBHY TEOpETH-
YyecKH JOKa3al, YTO, HCNOJb3ys CBOHCTBO OTPAaXKEHHA, MOK-
HO «BBLJIOBHTb» YJbTPaXoJOJHbIe HEHTPOHBI M3 peakropa H
HAKONHTb HMX B CcNlelMaJIbHOH JOBYIIKe B KOJIHYeC1Be [0
CTa MHJVIHOHOB B OJHOM KyGHuecKoM wMeTpe!

B sto TpyzHo Oblo moBepHTh. Belb HEHTPOHH AOBOJID-
HO NpPOHMKAIOILIHe YacCTHLH, a TyT NpeACKas3blBajoch, 4YTO
OHH HE CMOTYT NOKHHYTb JIOBYIIKY, CA€JaHHYIO U3 TOHYalii-
weft MexHOH GONBTrH.

Heo6nikHOBEHHOE NOBeleHHE YJbTPAXOJOILHBIX HEHTpO-
HOB OOGBACHSAJOCh HX BOJNHOBLHIMH CBoHcTBaMHu. [lJiHHA BOJI-
Hbl 9THX YacCTHL, pPaBHa OJHOH CTOTHLICIYHOH [oJie CaHTH-
merpa. Ho B Mukpomupe naxe ona kaxerca I'yaausepom
cpeau aToMoB-AuaHNyTOB. [lo3TOMY, Nanas Ha MOBEPXHOCTb
BellecTBa, BOJHA B3aHMOJeHCTBYeT ORHOBPEeMEHHO € 00Jb-
IIUM YHCJIOM sanep atoMoB Menu. M xors 3Heprus rtaxoro
B3aHMOJEHCTBHS OYeHb MaJia, OHa BCe-TaKH TOTO Xe nopsal-
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K4, 4TO H 3Heprus caMHX yJbTPaxXoJOIZHHX HeHTPOHOB. Bor
foyeMy yiKe TepBble CJIOH aTOMHBIX siep (oJbrd co3AalT
Ha NYTH BOJHB YJIbTPaxoNONHEIX HEHTPOHOB HeIpPeojo-
JUMBIH 3HepreTHyecKMii Oapbep. YIoapsasicb O Hero, Kak
MOpCKasl BOJIHA O KPyToii Geper, oHa OTKaThiBaeTcs Hasal.

Ipynna yuenbix JaGopaTopud HeATPOHHOH (GH3HKH
OUAHU non pykosoactsom ®. Illamupo yKe mpHCTynNHJIA K
CO3/laHHI0 «KOHCepBOB» M3 HefirponoB. X 3ajmaua dopmy-
JHPOBajaCh OYeHb NPOCTO: HAHTH M OTOOpPaThb HTOJKH —
yJAbTPaxXoJIOfHBIe HEHTPOHBI — B CTOTE CEeHa, TO eCcThb CpelH
COTE€H MHJIIMADIOB BCEX OCTAJbHBIX HEHTPOHOB.

B moTok HeATPOHOB, BBIXOASIIHX U3 aTOMHOT'O PEaKTO-
pa, S5KCIepHMEHTaTOpbl NMOMECTHIM MEeAHYI0 TPyGy, U3OTHY-
TYI0 Ha yJajJeHHOM OT pPeaKTopa KOHIe. TemJoBble HEHTPO-
HBI, JIETALIHE C OIDOMHOH CKOPOCTbIO, «IIPOLIHBAJIH» CTEHKH
TpyObl B MecTe ee M3ruba H Muajuch Aajblie. ¥YJbTpaxo-
JIOAHBIE XKe, IoNaB B TPyOy, yxKe He MOIVIM M3 Hee BhIOpaTh-
cs W NIpeBpalllaJUCh B ee IJEHHHKOB. Kak cJjennle KOTATa,
THIKAJIHChb OHH B CTEHKH H, OTpaxKasch OT HHX, MOJ3JH
BIOJb TPYOH, ciaenys ee usrubam.

DKcrnepuMeHTaTOpH y3HaAH 06 3TOM, IIOMECTHB Ha H30-
THYTOM KOHUe TPy6Gu cuerunk. OH W 3aperucrpupoBad
HeHTpOHBI, HaxoxuBLIHecs B TpyGe okoso 200 cexyHa!

Korja yuenble HaywaTcsi cO3[aBaTh «KOHCEPBHI» H3 JO-
CTaTOYHOTO KOJHYECTBA HEATPOHOB, OHH CMOTYT ¢ GOJIbILOH
TOYHOCTbIO M3MEPHTh JHIOJNbHEIA MOMEHT HeHTpOHa.

B nmecatkax JsaGopaTopufi MHpa CTaBATCA OIBITHl IO
NpoBepKe HapylleHHs BpemeHHOH cuMmMerpud. Ho okonua-
TeJIbHOTO OTBETa IIOKa ellle HeT.

HaBaiite xe modaHTasHpyeM H INPEANOJIOXKHM, YTO Ha-
pywenue mnpuHuuna T-cummerpun oO6HapyxkeHo. Teopus
CPT Oygmer Toriga cmaceHa, HO Kako# ueno#! Bezap omnsars
BCI/ILIBAET HENOHATHAsT HEIKBHBAJEHTHOCTb MPaBOTO H Je-
BOTO, HEIKBHBAJIEHTHOCTb NMPSIMOrO M OGPaTHOTO HampabJie-
HHH BpEMeHH, HEIKBHBAJIEHTHOCTb YACTHIL H aHTHYACTHI,.
[Tpugercs mpu3HATh, YTO MHKPOMHD <«rpelleH» TEeMH Xe
aCCHMETpPHSIMH, C KOTOPHIMH MBI JAaBHO YXe CBHIKJHMCh B
HalleM MaKpOMHpe.

B Mupe, DOCTYymHOM HaIUM opraHaM 9yBCTB, MBI IIO+
CTOSIHHO CTaJIKHBaeMCs C IpeIMeTaMH, KOTopole He 006Ja-
IaoT 3epkaabHOil cumMerpHefi. He Hazo najseko XOAHThb
3a J0Ka3aTelbCTBaMH: Hallle cOOCTBeHHOe 3epKajlbHoe OT-
PaxKeHHe TOJNBKO MOXOXe Ha Hac.

W3 yero cocroum MBl ¢ BaMH H BCe, 4TO HAC OKpykKaer?
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M3 npoToHOB, HEATPOHOB H 3JEKTPOHOB. M1 BOKpYr HET Hu-
4ero M HHKOro, KTO Obl COCTOSI1 M3 aHTHIPOTOHOB, aH-
THHeHTPOHOB M NO3HTPoHOB. Hanuuo sapsimosasi acuMMer-
pust MakpoMHupa.

O BpeMeHH Xe H TOJNKOBaThb Heuero. BesxkasocrHas ero
CTpeJia HampaBJleHa BCerja TOJbKO BIepes.

Huxorza nukoro

He 30BuTe 06patHo.
OG6GpaTHMOCTb — BpaHbe,
CyTb IBHXKeHbsl 3JI0paiHa,
Hu ero, Hu ee

He ornacr Bam o6patHo

HU. CHeroBa

B ueM Ke, HaKOHell, CMBEICA 3TOH oOGHApYKEHHOH c Io-
MoLIbI0 (U3HKH BBHICOKHX SHEPTHH IOXO0XKEeCTH, 3TOH coBIa-
Hamollefl acUMMeTPHH Hallero OOBIYHOTO MHpa H MHpa
cBepxMaJbx MacmraboB? KakoBa cBsi3b MeX1y Hapylle-
aueM C-, P- u T-cummerpun B Makpo- U B MHKpPOMHpe?
Orsevator aun CPT-cummerpun Mukpomupa CPT-cummer-
pHsIM MakpoMHpa?

OGa 3TH BoOmpoca, TOBOPAT YY€Hble, YBOAAT 3a]aloLlero
WX B IMIyOHHB KocMOJIOTHH. Benb u 3apsfoBast 1 BpeMeHHas
acHMMETPHH OKDYXKaIOIlero Hac MHpa sABJAAIOTCS Clel-
CTBHSIMH OCOGBLIX «HaYaJbHBLIX® YCJHOBHH, CYIIECTBOBABIUIUX
BO BceJleHHO# npumepHo 1010 jer nasan.

* kK

Hapyuenne npocTpaHCTBEHHOH H 3€PKaJbHOH CHMMeET-
puil B caabhix B3auMoJeHcTBHAX, HenpHroaHoctb «CP-3ep-
KaJlas JJaa He6oJbIIOro uHcJaa pacnajgoB HEHTPaJbHBIX
Ka-Me30HOB... Tak /M yX BaXHbl 3TH MH3epHble OTKJOHe-
Hus Ha GecnpeleJbHOM (OHe CHJbHBIX B3aHMOJEHCTBHH,
o6napaomux 1 C-, u P-, u CP-cummerpueii? Ha ¢done Tex
CaMBIX CHJI, YTO YIEPXKHBAIOT HYKJOHB B sApax H KOTO-
pHIM MOAYHHSETCS MoAaBjsionlee OOJNbUIHHCTBO MeJabyai-
IIMX KHpNUYHKOB MaTtepun? M nouemy, HakoHell, QH3HKH ¢
TAaKHM yCeplIHeM HCCJelyloT 3TH HeGoJIbLIME HapyLIEHHS
CHMMETDHH B MHKpOMHpe?

«Jla moTroMy, — FOBODHT AOKTOp (H3HMKO-MaTeMaTHye-
ckux Hayk [I. ®pank-Kameneukuit, — 4To B HayKe Her
meaodeli. Ona o6s3ana OGBSACHUTL BCe A0 KOHIA, a KaX-
Joe ellle He MOHSATOe SIBIEHHE MOXET TauTb LEJblid OKeaH
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{eBeJIOMOTO. HH‘iTO)KHOE YepHOoe MATHBLILUKO Ha ¢oTomaac-
THHKE, JI@KABIIEH PAJOM C MpenapaToM ypaHa, 0KasaJoch
npeATedei BCeH slepHOH (U3MKH H TeXHHKH>.

Y (U3HKOB yXKe CIOXKHJOCH BNeyaTJeHHE, YTO MHD B
o6LIHX 4epTax MpPOCT, HO B YAaCTHOCTAX O4YeHb cjoxeH. Ca-
Mblii CTPALIHBIA CHMOTOM CJIOXKHOCTH — 3TO HapyleHHe
ciMMeTpHH. Bellb Bce mpocToe cHMMeTPHYHO.

O TOM, KaK OKOHYaTeJbHO OTPa3saTCsl Ha COBPEMEHHOM
MHPOTIOHHMAHHH PacCKa3aHHble 3JeCb HCTODHH, IIOKA Heu3-
BecTHO.

A BOT B caMmoe MnocjelHee BpeMsi MO BCEMY HAay4YHOMY
MHPY NPOKaTHJAch FTHraHTCKas BOMHA BO30YKAEHHS, CBS3aH-
Horo ¢ oOHapyeHHeM NpeACTaBHTeJeH elle 0JHOre HeoObIY-
HOTO MHPa CHJbHO B3aHMOAEHCTBYIOMHUX YacTHL. OTKpbITHIE
ofHoBpeMeHHO B BpykxsBene u B CraHdopae, IKH-IICH ya-
CTHIB He TOJNBbKO caMble TsiXKesble (B TPH C JHIIHHM pasa
TKeslee IPOTOHOB) «KHPIHYHKH» MaTepHH HA CeroTHSIIHUH
JeHb, HO H XXHBYT B HECKOJIbKO THICSY pa3 HOJblle MeHee
MaCCHBHHIX pe3oHaHcoB. HoBOsIBJIeHHBIX TrpaxKaaH MHKPO-
MHpa AOBOJBbHO JIETKO BIIHCATh B CHCTEMATHKY BCEX OCTaJb-
HBIX YACTHL, €CJIH NPHHSTb T'MIOTE3y O CYLIeCTBOBAHHH J0O-
NOJIHHTENbHOTO, YeTBEPTOro THNA KBAPKOB C HOBHIM KBaHTO-
BBIM YHCJOM, HMEIOLIMM II03THYeCKOe Ha3BaHHE «0OYapoBa-
nues. EcTp Jgpyrue, He MeHee WHHTepeCHble TeOpPeTHYECKHE
HleH, W Ka)[ash H3 HHX INpeljiaraeT SKCIepUMEHTaTOpaM
yBleKaTe/JbHble TOHCKH LeJOro psifa «O04YapoOBaHHBIX» 4a-
CTHL, KOTOPBIMH H 3aHuUMawoTcsi ceiiuac ¢usuku B Cepmy-
X0Be ¥ BO MHOTHX KPYHNHeHIUHX J1abOpaTOpHAX MHpa.



BENHKHE HAQLEMK[bI

Hayka — 3r0 30asue, a ne epyda
Kupnuued,
CKoab GbL yennoil Hu 6Gbiaa 3Ta 2pyda.

E. Buenep

KoHpnHKT HAM B3aHMHOE NOHHMaHHe?

«S5l ayMmalo, 4To OTKpHITHE, MOJOGHOE HLIOTOHOBCKOH M-
HaMHKe HJM KBAaHTOBOH MeXaHHKe, BPSIA JH GyIeT cleJaHo
paHbllle, yeM 4epe3 CTO JieT, — nHcau B 1958 romy ussecrt-
HblH (usuk-TeopeTHk @. [laficon. — Mo#l B3rasi] COCTOHT
B TOM, YTO Mbl TaK e Ja/JieKH OT NMOHHMAaHHs NPHUPOJHI
3JIeMeHTaPHLIX YaCTHII, Kak nocJjenoBatenn HbloToHa Gblian
AaJieKH OT KBAHTOBOH MeXaHHKH. BroJiHe MoXeT cayuyuThes,
4TO BCE OIBITHI, KOTOPble MOTYT GBITb CHE€JTaHbl Ha YCKOPH-
TeJsIX NMyTeM B3aHMHBIX CTOJKHOBEHHH DPa3JIHUHBEIX YaCTHI,
KaKde TOJbKO MOXHO NpHAyMaTh, OYAYT clestaHbl; BCe pe-
3yabTaThl OyAyT TILaTeNbHO 3alPOTOKOJHPOBAHBI H coGpa-
Hbl, a Mbl BCe ellle He OyJeM HMeTb HHKAKOTO IOHATHA O
TOM, YTO K€ IIPOHCXOAHTY.

A Bot Gosee onTHMHCTHYECKOe MHeHHe saypeata HoGe-
JeBcKo# npeMuH akajeMuka M. TamMa, BhHICKazaHHOe HM
B 1966 roxy: «S1 He corjaceH ¢ aMepHKaHCKHM TEOPETHKOM
®. HaiicoHoM. TpymHOoCcTH HOCTpPOEHHS HOBOH TEOpPHH, KO-
Topasi JoJkKHa BKJIOUHTb B ceGs KaK YacTHBIH ciaydail Bce,
4TO HaM M3BECTHO NO CHX IOp, OuYeBHAHH. TeM He MeHee
®. [laficoH He YYHTHIBaeT SKCIOHEHIHAJbHOTO POCTa HAYyKH
B Hallle BpeMsl, He YUYHTbIBAeT, YTO Bce GoJblliee KOJHYECTBO
Jnonell 3aHuMaercsl (U3HKOH. DHHIITEHH — penkas QJIok-
Tyanus, Ho Ha (oHe Upe3BHIYAHHO BO3pOCIIEro cefyac 4uc/a
CIIELHAJIUCTOB IOSIBJIEHHE HOBOTO FeHHSI CTAHOBHTCS ropasio
6oJiee BEPOATHHIM>.

A BOT Kakoro B3rJasiia INpHIEPKHUBAETCS aKaleMHK
B. T'uu3bypr. B navazne 1971 roma Ha cemHHape B Pusu-
yeckom uHctuTyTe AH CCCP O0H ckasan: «B o6aacru teo-
pHH, KaK MHe KaXeTcsi, FOBODHTb O KaKOM-TO MOAJHHHOM
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ycrexe He NPHXOAHTCA. Tak neno OGCTOHT yKe JecATHJe-
THSl, H HAKTO He MOXET IpencKa3aTh, KOTAa XKe, HAaKOHel,
«ael TpoHercsi»>. Ho korza-ro ato mpousoiizer, u, HeCMOT-
psl Ha BCe Pa3oyapoBaHHs, 3TOr0 HCTOPHYECKOTO COGBITHSI
MpOLOJIKAIOT KJAThb ¢ HeocsaGeBalOIUM H HANPSKEHHBIM
BHHMaHHEM>.

OTH OTKPOBEHHble BBICKA3blBaHHsI KPYMHEHIIHX YYeHBIX-
(M3HKOB TO3HAKOMMJIH HAC C [VIaBHOH W CaMoOH TPYyAHOH
npo6aeMoii — npob6JaeMoil MOCTPOEHHS TEOPUH 3JeMEeHTap-
HBIX YaCTHIL.

K coxasenuio, cerofHsi, Kak W HECKOJbKO JIeT Hasa,
OCTalOTCsl cOpaBefJUBbIMH caoBa P. OmnnenreiiMepa, uro
«0Ka Mbl He NOHHMaeM NPHPOAbl MaTepHH, 3aKOHOB, KO-
TOpHIe YNPaBJSAIOT €l0, H s3blKa, Ha KOTOPOM CJeIyeT ee
OTIHCHIBATBY.

Hu npas koro He cekper, 4To ¢ Tex MOp, Kak GblIH OT-
KPHITHl TlepBble YacTHIbI, HayKa clleJajla OTPOMHBIH CKayoK
snepel. Boopy:KeHHble T'HIaHTCKHMH YCKOPHTENSIMH, HCCJe-
JOBaTeJIH BTOPralmorcsl HblHe B caMble TMIyGOKHe, 3amoBef-
Hple 06JIaCTH SIBJIEeHHH. YXKe NHIIYTCS MNOMYyJsPHble KHHTH
0 CBOHCTBax 3JileMEHTapHbIX 4YacTHI, O TOM, KaK YZaJocCh
CO3JaTh €JHHYIO KJacCH(PHKaUHIO AJIsE MHOTHX «TpaxKaaH»
MHKpoMHpa. OTKpPLITH HOBBIe 3aKOHbl NPHPOJbI, HANPHMeEP,
3aKOH COXpaHeHHs 6apHOHHOrO yHcaa — TOT caMbid, 6Ja-
rogapsi KOTOpOMy MBI CyLlecTByeM, W60 HMEHHO OH 3aipe-
L[aeT NPOTOHAM H HeATpOHAM pacnajgatbcs Ha GoJiee Jier-
KHe Y4aCTHLBI.

YKe HalJIH nmpakTHYeCKOe NMPUMEHEHHe B XHMHH H ¢H-
3HKe TBEPHOTO TeJla MIO- U MH-MEe30HHI.

Haxkonen, ¢ noMompio 3JeMeHTapHBIX YaCTHI aHaJH3H-
PyIOTCSl BeJHKHE INPHHIHMBI NMPUPOIL — CHMMETPHS MpO-
crpaHcTBa H BpeMeHH. O KakoM Xe HEMOHHMaHHH 3aKOHOB
U sI3blKa IPHPOZALI HIET peub?

KBaHTOBast TeopHsI He COJEpXKHT Ja)ke HaMeKa Ha
CyLIeCTBOBAHHE OrDOMHOIO H IIECTPOro MHpa 3JeMeHTap-
HbIX yacTull, QPH3HKH ObINIM HACTOJbKO He NOATOTOBJIEHH K
BCTpeye C 3THM MHDOM, YTO [OHaya/Jy OTYasHHO CONPOTHB-
JISJINCh TIPH3HAHHIO KaXJOH ouyepeJHOH YaCTHIIHL.

«[Ipunomunaim, — ckasan HexasHo II. Jlupak, — Kak B
Te faBHHe BpeMeHa s OeceloBaJ C JIOAbMH, paboTaBUIMMH
B jnaGopatopun KaBenpuma, H Ha6Gaofan HyThb 4acTHI B
MarHuTHOM moJie. OHM TOBOpPHJIH, YTO HHOrZa Habaoaalor,
KaK 3JIGKTPOH BO3BpallaeTcs B HCTOYHHK. ¥ 3KCNepHMEHTa-
TOpOB GblJIO TepeR r1a3aMH AOKa3aTeNbCTBO CYIIECTBOBA-
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HHsl 9THX HOBBIX 4acCTHIl (HO3UTPOHOB), HO OHH He GBLIIU B
COCTOSIHUH OLEHHTb TO, UTO BHAENHY.

A uctropus oTkpbiTHs HefirpoHa? Bore u Bekep B I'ep-
vauuu, HMpen u Openepur )Kosauo-Kiopu Bo @DpaHuuu
yKe JepxKaJu B pyKax HeHTPOHbI, HO NPaBHJIBbHO OLEHHTb
HOBOE fIBJIEHHE cyMeJ Julb yueHHK D. Pesepdopna M. Uen-
BHK, 3HAKOMBIH € HAeeH CBOEro yuuTe/s O CYLIeCTBOBAaHHH
TsKeJol HeATPaJbHOH YaCTHILHL.

Haxkonen, ncuxosnornueckuit 6appep Obli peojfoJeH, mo-
CJIE[ICTBHSI TMEPBOHAYAJbHOTO LIOKA JHKBUAMPOBAHBl, HO K
yeMy 3TO NPHUBEJO, MBI YXKe 3HaeM: YYyeHble M3 OTHs [O-
naJju B NMOJABIMS.

«C Tex maBHHX BpeMeH OOCTaHOBKa COBepIIEHHO H3Me-
Huaace, — rosopua II. Jlupak, — Temepb HempephiBHO B
OrPOMHOM KOJIMUECTBe INPEeANoJaraloTcsi H mpejJararworcs
HOBble YaCTHI[B. JIIOAH ¢ BeJIHKOH TFOTOBHOCTBIO NMYyOJHKYIOT
I0Ka3aTe/bCTBA CYLIECTBOBAHUS HOBOH YacTHIB — He3a-
BHCHMO OT TOro, JOOBITa JIH OHA MyTEeM SKCIEepHMEHTa HJH
Xe 6Jjarogapsi KakoH-HHOYIb NJOXO OOOCHOBAHHOH Teope-
THUECKOH Hjee».

Ho mnouemy BO3MOXKHO mnomo6HOe MOJOXKEeHHe BeLlel?
Jla moToMy, YTO COBpEMEHHasl TeOPHsI He MOXKeT MOACKa-
3aTh, KOrJla HYXXHO NMOJABOAHTb UePTy NOJ CHHCKOM 3JeMeH-
TapHbix vacTHm. Heckosbko coTeH pas3roBHmHOCTEH! ITO
[J10X0 3BYYHT, U (H3MKH [JaBHO JONBITHIBAIOTCS, KaKkHe Xe
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{3 HHX JEHCTBHTENBHO 3JIeMEHTApHble, a KaKHEe — TOJBKO
npelCTaBASIOTCS HMH. ‘

W Her HMKakoi noMoliu ot Teopud. la H Kak 3TOH
nomMolly OLITh, €CIH caMa TEOpPHsS He 3HaeT CaMOro 3Hauye-
HHS CJIOBA «3JIeMEHTapHbIll» AJAs MHKpOMHpa!l

@®H3HKH OLIYWAIOT, YTO KOraa-HHOYIb BCe Hepopasyme-
HUSI MHKPDOMHDa NPHUBEAYT K (yHAAMEHTaJbHOH PEBOJIOLHH
B TEODHH, K CEPbe3HOMY NepecMOTpy NPEeACTaBJeHHH M No-
uatHi. Bynxer cosmaHa HoBasi Teopusi, KOTOpas, HCXOAS H3
HECKOJIbKHX OOLIMX NPHHUMNOB, OOBSICHHT BCe MHOroobpa-
3H€ YacTHll ¢ NOJAPOOHBLIM ONHCAHHEM 3THKeTa B3aHMOJeH-
CTBHSl MeXAY HHUMH. 3arjisiHyB B 3Ty TEOPHIO, Mbl CMOXKEM
TOrJa NpeAcKasaThb, YTO NPOU3OHAET NPH CTOJKHOBEHHH JIIO-
6bIX 3JIeMEHTapHBIX YaCTHIL.

Botr Ta mporpamMma-MakcUMyM, KOTOpasi CTOHT CEroJHs
nepei TeopeTHyeckod (HU3HKOMH.

fpoctak WK renmii?

MoOXKHO [0JTrO rOBOPUTH O TOM, KaKOH NpeacTaBJsiercs
yueHbIM HOBasl TeOpHsl 3dJeMeHTapHbx uyactul. Hekoropoie
npeanoJiaraloT, YTo ee ypaBHEHHsl B CKaToM BHAe Oyayr
COllepKaTh BCIO (DH3MYECKYI0O KApTHHY NPHPOAbI H BKJIO-
4aTh BCEe H3BECTHblE CBOMCTBA MaTepHH.

Boipaomuiics COBETCKHH yuyeHBIH M HCTOPHK HayKH
C. BaBusoB eme B 1944 roay nMcasd, yto «(H3HKa €CTb
Hayka o mpocrefmux ¢opmax Martepuu. Efl, mo cymectsy
Jlesia, CBOHCTBEHHA HEKOTOpPAasl TEHAEHIHS K YNPOLIEHHOMY
nogxony K siBjaexuam». C. BasuioB npepocreperad ¢H3H-
KOB OT CJIMIIKOM NBbIKHX MEYTaHHH O TOM, 4TO «yueHHe 06
3JIEMEHTaPHBIX YaCTHLAX BEIIeCTBA JOJKHO OOBACHHTb He
TOJBKO 3JieMeHTapHbie (opMBl SBJIEHHH, HO B KOHIle KOH-
OB H BCEJIEHHYIO B LEJI0M>.

Kaxko#l B IeHCTBUTEJBHOCTH OKa)eTcs HOBAas TeOpHS —
nokaxer Oyayllee, a HaM NOpPa BEPHYTbCH K CErOMHSIIHUM
3aboTaM TEOPETHKOB.

[ToyeMy BApPYr «HNOAKOCHJHCb» HOTH y KBAHTOBOH MeXa-
HHKH M OHa He B3sija N06aBOYHBIH Bec — (PH3HKY 3JeMeH-
TapHbelx yacTun? Hajgo ckasaThb, 4TO YNPeK 3TOT OTEH< ~1 *~q
He cOBCeM K KBaHTOBON MexaHHKe. C camoro Hauva,
NpefHa3Hayajdach AJS ONMHCAHUS aTOMHBIX SIBJEHHH L ..,
KPacHO CIIPaBJSIETCS C 3THM H TIO cefl leHb. YTpeK 3TOT OT-
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HOCHTCH K BHIpOCLIEH H3 KBAHTOBON MEXaHHKH TEODHH dJie-
MeHTapHbIX YacTHIL.

" OcHOBBI KBaHTOBOIl TEOPHH MOJIA CO3[aBaJHCh KPYIHeli-
LIHMH yUYEHBIMH MHPa, TaKHMH, Kak B. [efisen6epr, B. [Tay-
au, I1. Jupak, B. ®ok. I1. [lupak Ha ocHOBe KBaHTOBOH
MEXaHHKH H TEOPHH OTHOCHTEJHHOCTH BII€PBbHIE MOJYYHJ
ypaBHeHHE [JISI 3JIEKTPOHA, ABHXKYLIErocs IOYTH CO CKO-
pOCTBIO cBeTa. DTO TO caMOe ypaBHEHHe, H3 KOTOPOro (u-
3MKH Y3HaJH O CYHIECTBOBAHHH NO3HTPOHA.

JAs onucaHus YIUBHTEJNbHBIX CBOHCTB 3JIeMEHTapHBIX
YacTHI, HX B3aHMOIPEBPAIlaeMOCTH, BO3HHKHOBEHHS B
SIePHBIX PeaKUHfAX, MX HCUE3HOBEHHS TEOPETHKH CO3JajH
CHenuabHbI MaTeMaTHYeCKHH amnapaT — METOJ BTOPHY-
HOoro kBaHToBaHHsA. Ho Merox -— 310 eme He Teopus. Teo-
pusl [OJKHA OIHCHIBATb B3aHMOJEHCTBHA MeXJAy dYac-
THILAMH.

ITocTeneHHO BO3HHKJA KBAHTOBas 3JE€KTPOAHHAMHKa —
Ta 4acThb KBAHTOBOM TEOPHH IOJIS, KOTOpas HMeJa Aeo
TOJIbKO C 3JIeKTPOMarHHUTHHIMH B3aHMOJEHCTBHSIMH 3JieMeH-
TapHeiX yacThl, Ee yacto HasbiBaloT npoo6pasoM TeOpHH
3JIeMEeHTapHHX YacTul. KBaHTOBas 3JeKTpOJMHAMHKa Ipe-
BOCXOJHO CIpaBJISIeTCsi CO CBOeH 3ajaued M CerojHs, Ko-
raa HCCAeLYIOTCs 3JeKTPOMAarHHTHHE B3aHMOJEHCTBHS MeX-
[y 4acTHIIaMH OI'DOMHBIX 3HEDrHil.

Ho cronp xe Xxopouleli TeOpPHH [Jil CHJbHBIX B3aHMO-
JeficTBHI co3jgaTh NmOKa He yxaJjoch. CHauala KasaJioch,
YTO NMOCTPOHTH €€ MOXKHO aHAJOTHYHO KBAHTOBOH 3JIEKTPO-
nuHamake. ToJbKO Tam vacTuisl 0OMeHHMBAIOTCS (POTOHA-
MH, a 3[J€Cb MH-M€30HaMH — BOT M BCS pasHHUa.

BHemrse Bce Tak H BHINSAAUT. OJHAaKO CHJIbHBIE B3aH-
MOJEHCTBHS MeXIYy YacTHIAMH Ha MaJbiX DacCTOSIHHSX B
THICAYH Da3 HWHTEHCHBHeE 3JIEGKTPOMATHHTHHIX, H 3aKaHYH-
BalOTC OHH HEPEJKO pOXKIEHHEM BOpPOXa HOBBIX YACTHIL
A B Teopun nosBaAIOTCSH OGECKOHEUHbIE IENOYKH YPaBHEHHH.
C MaTeMaTHYeCKOH TOUKH 3PEHHS T€OpPHS CTAHOBHTCS KOII-
MapHO TPYAHOMH, H, €CJH AONYCTHTb, YTO OHA BepHa, HHKTO
He 3HaeT, KaK HaHTH TOYHble pelIeHHS MNOJy4aeMBbIX ypas-
HEeHHH.

Ha Bompoc, uro Xe Mellaer CO3JaHHIO HOBOH TEOPHH
a/ieMeHTapHuX uvactul, [, BuoxwnHueB otsBerusi: «Hawm
TPYAHO ceifyac peLINTh, B 4eM Jesi0: He XBaTaeT IJIyOHHHI
NMOHUMAHHA #ABJeHHH, HIeH, KoTopas Morja Onl HpOJHTH
€BeT Ha BeCb OPOMHBIH KOMIJIEKC (PaKTOB, HJIH He XBaTaer
caMux dakros? Eciu O6bl Oblin 06GHapyXkeHb KaKHE-TO IJIy-
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60KUe TPOTUBOpPEYHUS C TeopHell OTHOCHTENbHOCTH HJH ¢
KBAaHTOBOH MEXaHHMKOH, 3TO COOBITHe AaJo OBl TOMYOK KO«
JIOCCAJIbHOM CHJIbI AJIS1 HOBBIX HIEH».

Henb3si or6paceiBaTh M Apyrod Bo3MoxkHocTH. [loka
YTO TOPHI» SKCIIEPHMEHTAaJbHBIX MAaTEPHAJOB [OHCTBHTE b+
HO He JaloT HUKAKHX Cepbe3HBIX YKa3aHHH Ha TO, B KaKHUX
HampaBJeHUsIX BeCTH NOHCKH Oyayuleii Teopud. Boaee To+
ro, OHH CaMH elle XKAYT TeOPeTHYeCKOH HHTepIpeTanHH.

«Ho, roBopsi Mexay HamH, QH3HKaMH-TeOPeTHKaMH, KaK
Mbl HCIOJb3yeM pe3yabTaThl 3THX HccienoBaHuil? Hukak.
A MoxeT OHIThb, pe3yJabTaThl SKCIEPHMEHTOB NPHHECYT HaM
HECKOJIbKO HIHOTCKHUX CIOPIIPH30B, a KaKOH-HHOYAb NMPOCTaK
CyMeeT MOJYYHTb HX TeOPeTHYeCKH M3 KaKOro-To 3JeMeH-
TapHOTO NpaBHJaP»

KoHeuHo, mpocTak, 0 KOTOPOM TOBOPHT ()H3HK-TEOPETHK
P. ®defiuman, O6bi1 OBl CPOXHH TEHHIO, CyMeBIIEMY IIOHSTb
0c0o6eHHOCTb MHPa 3JEMEHTAaPHBIX YacTHI, II0 HMeIOUHMCS
ceegenuaM. M B ucropun (U3HKH, H B HCTOPHH JAPYrHX
HayK MOXHO HalTH HeMaJso NMPHMEPOB, KOrjJa BeJHKHE OT-
KPBITHSL JEeMaJHCh TOJNBKO B pe3yJbTaTe HOBOTO MOAX0AA
K U3BeCTHHIM (aKTaMm. )

Cro Jer Ha3an Hemeukuil komMepcant I'. Illauman mo-
HOBOMY NpOYeJ HU3BECTHYIO BCeM C He3amaMSTHBIX BpeMeH
«HUnuany» Fomepa. Bormpekn OGBITOBABIIMM TOrla MHEHHSM
OH OTHeCCS KO BCeM ONHCHIBAEMBIM TaM COOLITHAM Kak K

11



peanbHO cyuiecTBoBaBIHM. CKpymyJesHo cJefysi oOmuca-
nuaM omepa, I'. lllnuman otkonan Tpoio ¥ HAlIEA COKpPO-
Buiia uapsa [Ipuama.

A BblAaomasicss apxXeosJorHuyeckas Haxo[AKa, CAENaHHas
I'. Kaprepom u Jopnom KapuapBorom B 1922 romy! Ouu
Hawau rpo6uuny TyraHxaMmoHa, 6ykBajbHO JO OTKasa 3a-
NOJHEHHYIO0 OeCleHHBIMH H3AeNHsIMH MacTepoB JlpeBHero
Erunra, B JlonuHe nape#, 1aBHO NepeKONaHHOH BIOJb U IO-
nepek. M3BecTHble apXxeoJIorH TOro BpeMEHH CUMTAJH, 4TO
B JOJIHHE HEeBO3MOXHbI HHKAaKHE HOBble HAXOAKH, MOTOMY
4TO TaM He OCTaJoChb HH OJHOH NMeCUHHKH, KOTOpYIo Obl MO
MeHbllIell Mepe TPHXKAbI He MEPEMECTHJIH ¢ OMHOro MecTa
Ha apyroe. OfHAKO MO paHee HaHAEHHBLIM APYTHMMH Hccje-
ZoBaTe/sIMH NpefAMeTaM c HMeHeM TyTaHXaMOHa H COCyHOB
co cBeprtkamu mosotHa [. Kaprep u Kapuapson mnocie
psla HeyJdauHbIX MONBITOK HAKOHEI NMPAaBHJIbHO YCTAHOBHJIH
npeAnosaraemMoe Mecto rpo6uuubl TyraHxaMoHa, a 3arteM
U HalllJIk ee.

Heuto anasoruuHoe BroJiHE MOXKET NPOU3OHTH H B (H-
3UKe BbICOKHX 5Hepruéi. Korza?

ATOro HUKTO He 3HAeT.

ToBopHT CGepnyxos

3a OKHOM MaLIMHBI HEOXKHJAHHO BO3HMK U TaK XKe GbICT-
po mpomnaja crapuHHbH# pycckuii ropon Cepnyxos. Eme ne-
CATb MHHYT e3llbl — H Iepeld HaMu ropox ¢usukos IIpot-
BHHO, TAe B Houb Ha 14 okrabps 1967 rona BnepBble 3apa-
Gorasm caMbli MOIUHBIH B TO BpeMs  YCKOPHUTEIb
3jieMeHTapHbIX YacTul. CeMbiecAT MHJJIHAPAOB 3JEKTPOH-
BOJIbT 5HeprHH HaOHPAIOT MPOTOHLI, MYalllecss B €ro KoJlb-
eBOl BaKyyMHOH KaMepe [IJHHOH OKOJO TNOJYTOpa KHJO-
meTpos!

B Ko/bIeBOM 3aje, CKPHITOM OT YeJOBEYEeCKHUX /a3 H
3achlIaHHOM 3eMJedl JJs 3allUThl OT pajuaunuH, cobpaH
MarHuT yckoputessi. C ero momouplo GH3HKH yIepKHBAIOT
BHYTPH YCKODHTeJsl COTHH MHJJIHAPAOB SIAEPHBIX CHapsAAOB
KOJIOCCAJIbHOH 3HEepPrHH, CKOPOCTb KOTOPBIX MOYTH JHOCTH-
raer CKOPOCTH CBeTa.

Cro paBaanath OJIOKOB, KaxJbl#i paauHO# 11 Merpos,
¢ obuium BecoM okoJo 30 THICSIY TOHH — BOT I'VIaBHBIH «JHC-
neryep», CAeASIIUH 3a NPaBHUJbHBIM ABHXXEHHEM IPOTOHOB.
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IOns cpaBHeHHs ckaxeM, 4To MarHut JlyGHeHcKoro ycko-
purens Ha 3Heprui0 B 10 MHANIHApIOB 3JEKTPOH-BOJBT
(10 I'a) BaBoe Tsi:kesnee. DTO OOBACHAETCS TEM, YTO «IHMC-
netyep» CepmyXoBCKOro ycKopHTenas: 6oJiee BBICOKOH «KBa«
JudUKalUU», TaK KaK HCIOJb3yeT NPHHLUHUN XKeCTKOH (OoKy-
cupoBkH uyactul. Kak xokkeuct Befer waiify, ymapsis mo
Hell KJIOIIKOH TO cIpaBa, TO cjeBa W He JaBas ILuaiibe
VKJIOHHTBCSI OT HaMe4YeHHOro HalpaBJIeHHS, TaK H MarHuT
CepnyxoBCKOH MalIMHBI BeJeT ycKopsieMble HM IPOTOHBI IO
y3eHbKOH KOJIbLeBOH AOPOXKKe LIMPHHON Bcero 16 caHnTtH-
MeTpoB. OTciofa ¥ IPOMCXOJHT BHIMIPHIL B Macce CaMOro
MarHura.

Ho Takoe oTiaHyHOe BJafieHHe [OPOTOHOM BO3MOXKHO
JHUIIb NPH ONHOM HEINPEMEHHOM YCJOBHH: OTHOCHTEJbHhIE
OTKJIOHEHHS] 3HA4YeHHH MarHUTHOro nojs ot 6J0Ka K GJIOKY
He JOJIKHBI MNpeBblLIaTh BeauyuHol 10~* (omHOH mecsTH-
TBICSTYHOIT) .

MBI 70 CHX MOp BOCXHINAEeMCsl HCKYCCTBOM CTPOHTeJNeH
mupamux JpeBwero Erunra. Hac mopaxaer MacrepcTBo
apeBHHX KameHoTecoB. OrpomHble OJIOKM TaK TILATENBHO
NpPUCHAHBI APYT K APYTY, YTO MeXJy HHMH He BCTaBHTb d
aucTka Gymard. M Bce 3TO yXKHBaJOChb C HeODPEKHOCTbIO
OTHEJKH BHYTPEHHHUX CTeH, CO0PKH capkodaros — TeX MeCT,
KOTOpble HHKTO He BHUIHT.

31ech Xe, B yCKOpPHTese, He clesaellb HEOPeXHO TO,
YTO He BHAHO: MalllMHA B IIPOTHBHOM cJydae IPOCTO He 3a-
pab6oraer. A yckopuresp 3apaboran cpasy, C NepBOro
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BKJIIOUeHHs. 3HAUHUT, CTPOUTEIH NOOHIHCH OTKJIOHEHHS 3Has
YeHHH# MAarHHUTHOTO MOJISI Yy pPa3HbIX OJIOKOB MeHbIlle OXHOMH
AECATUTBICAYHOH. XOTS HM3BECTHO, YTO Ja)e CTajb H3 pas-
HBIX NUIaBOK HMeeT HecKOJbKO Gosbliee OTJIHYHE B MarHHT-
HBIX CBOHCTBaX.

Kaxnapiit 13 120 marHuTHEIX 6JIOKOB coGHpaJjics M3 TIa-
TeJIbHO NepeMellaHHbIX CTaJbHBIX JIUCTOB TOJIIHHON 2 MHJI-
JHMeTpa, NOJY4YeHHBIX H3 DPasHbIX IJIaBOK. B pesysbrare
MarHHTHBIX H3MepeHHd BHIOpa/JH ONTHMaJbHBIH BapHAHT
pPacCTaHOBKH MAarHHTHBIX OJIOKOB IO KOJBLY YCKOPUTEJS.
Ias ycroiluuBoii paGoTel Bce MarHMTHble GJIOKH BeCOM IO
240 ToHH HaJO OHJIO YCTAaHOBUTBb C TOYHOCThIO A0 100 MuK-
poH. Jro npobieMa, KOTOPyl0 Ja)Ke MpeACTaBHTb cebe
TpyaHo. Ho u ona Gbln1a pelileHa ¢ MOMOILBIO CIEIHANBHBIX
reoJe3nyecKHX MeTOJOB.

B KkoHIle KOHIIOB Bce TPYAHOCTH OCTAaJHCh M0O3aJaH, U PH-
3MKH MOJYYHJIH HOBBII CBEPXMOIUHBIH «MHKDOCKON» MIJIst
H3yyeHHs MHKpomupa. Ha 4To Ke OHH HOJMXKHBI OBLIH €ro
HalpaBUTb?

He nano 3a6biBaTh, 4TO TeOpHs 3JeMEHTAapHBIX YacTHL,
KakK IOM Ha (yHIaMeHT, ONMpaercss Ha HECKOJBKO OCHOB-
HBIX aKCHOM H IIOCTYJAaTOB, NpeACTaBJASIOHX cO6OH ecre-
cTBeHHOe 0600IeHHe KBAHTOBOH MeXaHHKH H TEOPHH OTHO-
curenbHOCTH. [ToaToMy M pellieHo GBIJIO C IOMOIIBIO HOBQIO
«MHKPOCKONa» IIpexJe BCEero IPOBEPHTb CaMble OCHOBBI
TEOpHH.

Eme B 1956 rony akamemuk H. Boromio6oB, HblHe aH-
pexrop OUSIY, nokasaJ, uTo Tak Ha3blBaeMble NHCIEPCHOH-
Hble COOTHOLIEHHS] — CBSI3bIBAIOIIHE BeJHYHHBI, HENOCpPe.-
CTBEHHO H3MepsieMble Ha OINBITe, — BBITEKAIOT H3 OOIIHX
NPHHIHIIOB COBDPEMEHHO! TEODHH.

Kakas yHukasnbHass Bo3MoxkHocTb! [Ipn usmepenuu moJ-
HOH BepOSITHOCTH B3aHMOIEHCTBHSI YAaCTHLBl C BEIIECTBOM H
BEPOSITHOCTH pacCesiHHsl ee Ha MaJble yribl OJAHOBPEMEHHO
NpOBepsIHCh OCHOBHBIE IOCTyJdarhl TeopHH. [Iporsrusa-
Jach TeM CaMbIM HHTOYKA CBSI3H MeXAy (QYHIaMEHTOM cO-
BpeMeHHOH (PH3MKH M dKCIEepUMEeHTaMH B MHpE 3JieMeHTap-
HBIX YaCTHII.

Cnycrs naBa roja uJeH-koppecnonziesr AH CCCP
. TMomepaHYyK NOJy4yuJ elle OJHO H3 GyHIaMEHTAJbHBIX
cootHomenuli. Teopema IlomepaHuyka TOXe CcBs3bIBaja
HCXOJHBIE aKCHOMBI C SKCIIEPHMEHTOM.

Ha Jly6ueHcKOM cHHXpOGa30TpPOHe AHCHEPCHOHHBIE CO-
OTHOLIeHHs1 OblLMM npoBepeHsl mo dHepruun 10 I'ss. Huka-
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KHX TPOTHBOPEYHH TaM He OGHAPYXKHJIOCh, HO KO€-4TO GLLIO
noka HesicHo. Teopemy Ilomepanuyka onnT He moOA-
TBEPKJAJ, HO 3TO HHKOTrO He YAMBJAJIO0. B TeopeMe ropo-
PHJIOCh, YTO NPH GOJbUIHX YHEPrHUSAX YACTHIL H AHTHYACTH<
Ibl DOJIXKHBI C OJHHAKOBOH BePOATHOCTHIO B3aHMOMAEHCTBO-
BaTh ¢ OAHOH H TOoi xe MHueHb0. Ho kakywo ob6aacts
SHEPrH# HaM0 CYHTATh JOCTATOYHO BBICOKOH, OBLIO HEH3-
BecTHO. OcTaBasnach HalexJa, uTO TeopeMa HOATBEPAHTCA
B OyAyUIMX SKCEPHMEHTaXx.

[ToHATHO, ¢ KaKHM HeTepIeHHEM XKJaJH H TEOPETHKH H
SKCNEPUMEHTATOPH BCTYNJEHHS B CTPOH HOBOro, OoJiee
MOIIHOro yckopuTess. CepryXoBCKOH THTaHT NMpPeAOCTaBJsI
B HX pacHops:KeHHe He TOJbKO INPOTOHBl C peKOpIHOH
sHepruefi. 310 Obla Hacrosimas (abpHKa MJisi MPOH3BOJ-
CTBAa YHHKAJbHOH MNPOAYKUHH BTOPHUHBIX YaCTHI; IH- H
Ka-Me30HOB, aHTHIIPOTOHOB, HEHTPHHO.

OcCHOBBI TeOpPHH MOXKHO ObIIO MPOBEPHTh Cpasy Ha pas-
HBIX coprax uyacTHL. M ofHHM H3 caMbIX YJOGHBIX 0Gbek-
TOB /I 5TOH LeJH OKa3aJHChb yXe H3BeCTHble HaM YHIH-
BUTeJbHble HeHTpasbHbie Ka-Me30Hb. QHH POXKIAJNHCHL ITIPH
CTOJIKHOBEHHH MYAILHXCS CO CKOPOCTbIO CBETa IIPOTOHOB C
MHLIEHbIO, HaXxoJsllelicd npsAMO B BaKyyMHOH Kamepe
YCKOpHTe/ISl. A MTHOBeHHe CHycCTs Ha Bhixoxe 50-MeTpPOBOro
KaHa/a MOSIBNSUINCh HAllM CTapble 3HaKOMBIE, AOJTOXHBY-
IiHe HeHTpa/JbHHE Ka-MEe30HBHI.

OTH YaCTHIB, KaK TOBOPST (HU3HKH, — HIEAJNLHHIH <IIO-
HapoKk» NPHPOAH A/ npoBepkH TeopeMbl IlomepaHuyka.
Kaxnas u3 HHX — ONpeleNeHHBII THI CMEeCH YacCTHIH H
4HTHYACTHIIBl, Ka-HOJb-Me30HAa H aHTH-Ka-HO/Mb-Me30Ha. Te-
nepp AOCTAaTOYHO OBIJIO MOCTABHTh HAa HX NYTH BELIECTBO, H
B OJHOM 3KcIepHMeHTe (H3HKH MOTJIH CPaBHHTb, KaK Be-
IyT ceOsi NpeACTaBHTEIH MHpPa H aHTHMHpA.

B xouue aBrycra 1970 roga B KueB Ha koHGepeHIHIO
no (H3HKe BBICOKHX SHEPTHH CheXaJHCh yYeHble H3 COpOKa
cTpaH. B XuBOmHCHOM LEHTPaJbHOM pafioHe ropoja, B 3a<
Jge Oktsabpbckoro JBopua KyJbTypel cOoOGpajiHCh T€, KOro
BOJIHyeT JaJjibHeHlllee pa3BHTHe (H3HKH 3JIEMEHTapPHbIX
YacTHLL.

[19TbCOT AOKNAJOB NPENCTOSJIO MPOCHYUIATH YYaCTHH+
KaM 3Toro kpymHeflmero ¢opyma yuennix. Ho caMbiMu npH-
TATaTeJbHBIMH, CAMBIMH HHTEPECHBIMH ObLIH JOKJIaibl, CO-
oOlaBIIHe pe3yJbTaThl SKCNEPUMEHTOB, BBINIONHEHHBIX B
CepnyxoBe 10 NpoBepKe AHCIEPCHOHHBLIX COOTHOLIEHHA H
teopemnl [ToMepaHuyka.
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dusuk-3KcnepuMenTaTop ujeH-koppecnongenr AH CCCP
IO. TlpokolIKKH pacckasaJj O pe3y/bTaTax ONLITOB MO B3aH-
MOJIeHCTBHIO C HYKJOHAMH IPOTOHOB H AHTHUIIPOTOHOB, IIH-
IUIIOC-ME30HOB H IH-MHHYC-ME30HOB, Ka-IIIOC-ME30HOB H
Ka-MHHYC-Me30HOB ¢ 3Heprueil Jo 70 MHJIIHAPAOB 3JIEKT-
POH-BOJIBT.

Bosnbuioli uHTEpec BBI3BaJH 3KCIEpPUMEHTaJbHBIE pe-
3yJbTaThl, NOJyueHHbe B paboTe ¢ HeATpajbHLIMH Ka-Me-
30HaMH Tpynno# HOOKTOPa (HU3HKO-MaTeMaTHUYECKHX HAayK
M. CaBuna u3 Jsabopatopun BbicOKHX 3Hepruiti OUIH.
BBICOKYIO OLEHKY JaJ MM KpymHeHUIH# aMepHKaHCKHI
(H3HK-TeOPEeTHK JIHT, BLICTYNABIUHA B AHCKYCCHH NO JO-
KJaany.

Y4acTHHKH KOH(epeHIHH AaIllIONHCMEHTaMH BCTPETHJIH
nosiBjleHHe Ha TpHOyHe OOKTOpa (DU3HKO-MaTeMaTHYeCKHX
Hayk B. Huxutuna. ITox ero pykoBoxctBoM yueHble I1y6-
Hbl Ha CEPNyXOBCKOH YCTaHOBKe NpPOBEJH OJUH H3 MepBhIX
ONLITOB MO MHpoBepke (yHAAMEHTAJbHBIX OCHOB  Te€O-
puH.

HeTpyaHO NOHATH, NMoYyeMy CepHyXOBCKHe 3KCIEepHUMeH-
Thl BbI3BAJH TaKOH HHTepec yueHbIX Bcero Mupa. [Ipence-
JlaTteJb OPrKOMHTeTa KoH(epeHnuu akajgeMuk H. BoroJio-
60B ckasaj: «MHorue BaxKHble BBIBOIBI TEOPETHKOB JeJa-
JIUCh JI0 CHX NOp, HA OCHOBe 3JKCIepHMeHTaJbHBHIX (haKTOB,
LOOGBITHIX C HOMOIIBIO YCKOpPHTeNeH ¢ 3Hepruell NpoTOHOB [0
30 muanHapaoB 3JeKTpPOH-BOJbT. Kakhe 3aKoHOMepHOCTH
NpOSIBJAAIOTCS INPH ropa3fo OoJbUIMX 3HepPruax, Kyhaa Io-
IIJI1 2KCIepUMeHTalbHble KpuBble? He oNpokHHYT /M OHH
YCTOH TEOPHH?»

OpaHako Ha 3TOT pa3 clopupusoB He Oblo. O6cykaeHHe
pesyJibratoB, noaydeHHbix B CepnyxoBe, y6enuno ¢u3n-
KOB, UTO aKCHOMBI, Jlealllde B OCHOBe KBAaHTOBOH TeOpHH
H TEOpPUH OTHOCUTEIbHOCTH, NOAXOAAT H JAJi OIHCaHHs
3JIEMEHTAaPHBIX YacCTHIL.

datHwbe nepen Oypei

BriBaer B NpHpolLe YAHMBHTENbHBII MOMEHT, KOTOPHIH
Mbl Ha3biBaeM 3aTHIIbeM nHepen Gypeii. Bce samupaer, Bce
KasxeTcs HeMoABHUXKHBIM H INOJHbIM oxuiaHud. Ho mocmor-
puTe HaBepX — TaMm C OOJIBIION CKOPOCTBIO NepeMellaloTcs
HH3KHe, HaNoOJIHEHHble Biaroii o6/saka. Bor o cobpaJnuch
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B 0OJIBLIYIO YEPHYIO Tydy, KOTopas, TsiKeJses, ONyCKaeTcs
BCE HHXKE M HHXe.

TakuM 3aTHIIbEM KaxKeTcsl COBpeMeHHBIH MepHOl B Teo-
pHH 3JIeMeHTapHBIX dYactull. Ho pocratouno moaucraTth
Hay4Hble XKYDHaJIbl, TOTOBOPHUTb C TEOPETHKAaMH, KaK HauH-
Haelllb OINYILaTh, KaKyl0 HaNpsKeHHYI0 PabOTy OHH BeHyT,
KaK JOCKOHAJIbHO M3y4aloTCs SKCIepHMeHTaJbHbBle De3yiib-
TaThl, KAK MHOTO MOMNBITOK JesnaeTcs IJs HX O0ObsICHEHHS.
Benp Kak pas M3 HHMX, M3 3THX ellle He OTHLIH(OBAHHBIX
TEOPETHYECKOH MBIC/IbIO OINBITHBIX JAHHBIX, U HPELCTOHT
BO3BECTH CJEAYIOLUIMH 3TaX HayKH.

YyeHble NMOKa He 3HAIOT, KaK 3TO CAea1aTh, HO ykKe BH-
IAT OT[le/IbHbIE AeTaJH HOBOH TEOPHH.

Hecomnenso, 4To 3a mnoporom 3To#f HapoxKparoulelcs
TEOPHH OCTaHeTCsl ycTapeBUIee MOHATHE O TOYEUHOH yacTH-
ne. Touka—3TO TO, YTO He [eJUTCI HA 4YacTH. DJeMeH-
TapHble YacTUlbl OyATO OB MOAXOIAT IOJ 3TO OIpeneJe-
HHE — HHKTO ellle He HaOJ0[aJ 10J-3JeKTPOHA WJH TpeTb
HeiiTpona. Ho npu CTONKHOBEHHH 4YacCTHII BBICOKOH 3HEp-
TMH pOKJaeTcs LeJbli Habop HOBBIX 4acTHI. Tak 4YTo Ke
Takoe 3JeMeHTapHas vactuna? Ilpocrefilminf, TOYedHBIT
KHPIIHYAK HJH CIOXKHAs cucTeMa?

BcnomnnTe, Kakde BeCTH IPHHECTH SJIEKTPOHHblE CHa-
psAAbl, BIepBble NPHOJH3UBILINECH «BIJIOTHYIO® K HYKJIO-
HaM? Kakyio CeHCalHI0 BBI3BaJIO OTKPLITHE 3JEKTPOHHOM
CTPYKTYpHl NPOTOHA, HEHTPOHA, ONpeje/eHHe HX HpOCTPaH-
CTBEHHBIX pa3mepoB! A oOGHapyxkeHHEe NapTOHOB?!

Ho B Tecpum Bce yacTHLBI NPOROKAIOT QHUIYPHUPOBATH
KaK ToyeuHble. HacTHYHO BCJEACTBHE 3TOTO H I10OJY4arOTCS
O6ecKOHeYHble BEJHYHHBI NPH BBIYHCIEHHH Macchl 4acTHIL
Kak BBecTH B TeOpHIO HOBOe IOHSTHe «3JEMeHTapHas yac-
THIIa», HaNOJHEHHOe BCEM TeM, 4TO HM3BECTHO O HeH H3
ONBITa?

He syume o06CTOHT J[eso ¢ KOOPAHHATOH YaCTHIHL.
IMpunuun Heompenenennoctu B. TefizenGepra mnokaseiBaer,
4TO B MHKDOMHpE Hesb3s OJHOBDEMEHHO HM3MEPHTb KOOp-
IVHATYy U HMIYJbC yacTHUB. Ho TOYHOCTb 3HauyeHHH KaX-
IO U3 5THX BEJHYHH B OTAEJIbHOCTH He JIUMHTHPYETCS.

HonycTuM, HaM Haj0 H3MEpPHTb KOOpPAHMHATY MpPOTOHA.
Uro penarth? Jilo0ofi SKCIepUMEHTATOp MOJCKAXKET, YTO
MeCTOHaX0XK/eHHe NPOTOHA MOXKHO YCTaHOBHTb IO pacces-
HHIO NaJalolluX Ha Hero raMMa-kBaHToB. Bocno/bsyeMcs
ero coBeroM. SIcHo, 4TO yeM OJHKe MOAOHIYT raMMa-KBaH-
Thl K 4aCTHIE, TeM C GOJbIIeH TOYHOCTbIO MBI ONpeesuM
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ee KoopauHaty. Ho 3To moa cuay To/lbko KBaHTaM ¢ 60Jib-
moi sHepruedt. Hy 4TO 2K, mpennoJiokum, 4To MBI pasno-
OblLIH U TakHe W pajyeMcs B NPeIBKYIIEHHH TOYHeHIIero
skcnepuMeHTa. Ho uro Taxkoe? Mz BomoposHofi MuIleHH,
KOTODYI0O Mbl [OMECTHJAM B IYYOK raMMa-KBaHTOB caMoii
6o/bIIOA SHEPTHH, BO BCEe CTOPOHBl pasjieTaloTcs HOBHIE
IIPOTOHBl H AHTHINPOTOHH. BO3HHKAIOT TakHe Ke YacTHILH,
KOODIHHATHl KOTOPHIX MBI H3MepseM. Temeppr u He pasbe-
pellibcs, TAe CTaphlil IPOTOH, a I'le HOBHIL. '

«B ocHOBe HOBOHl TE€OpHH, IO MOeMy MHEHHIO, — IHCaJ
N. TamMm, — 6yner JexaTb NPHHUHIHAJAbHOE OrpaHHYeHHe
TOYHOCTH 3HaYeHHS KOOpIHHATHI, B3siTOH caMoil mo cebe,
BHE 3aBHCHMOCTH OT HMIyJIbCa».

3HauuT, H CcTapoe NMOHATHE KOODAHHATH YaCTHUBI He
BbIIGDKHBAaEeT HCIHTaHHA B (PU3HKe 3JjeMeHTapHHX ua-
CTHIIL.

HekoTophle yueHble npeamnosaraioT, 4TO B yJAbTpaMaJsbiX
mMacmiTabax MPOCTPAHCTBO OKaXKeTcsl He HENPepHIBHHIM, a
puckpeTHelM. Ha ocHOBe rumoressl O CYIeCTBOBaHHH 3Je-
MEHTapHOH MAJHHBI NPOCTPAHCTBA Je/]alOTCA INONBITKH IIO-
CTpOeHHs HOBO# TeopHH. Ho peasbHBIH ycnex STHX uueH
NOoKa HeBeJHK.

Bor B 3TOM W JApaMaTH3M [OCTPOEHHs HOBO# TeopHu!
Cne-To BlepeAM NMpeKpacHbIM BHAEHHEM C HEACHBIMH, pac-
MJBIBYATHIMH KOHTYPaMH CBETHTCS BeJHKOJIENHBH ABOpel
¢U3HKH 3JEMEHTapHbIX YacTHl. A B peajbHHIX 006CTOSATE]b-
cTBax nepel (U3MKaMH JeXHT Hepa3oOpaHHast rpyfla 3KC-
nepuMeHTaNbHHIX pe3yabTaToB. M 4TO gmenaTb ¢ 3THM
CTPOHTENBHBIM MaTepHaaoM, yueHbe [0Ka elle He 3HaIOT.
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He Oygem perexTHBamH

B kunodpuiabMe «Bpuniamantosasi pyka» oauH M3 ero re-
poes, Hebe3nisBecTHBi Cemen CeMeHOBHY, TaK paccKasbl-
Bal O cayuuBlledcs ¢ HHM Gepe: «[lockosb3nyucs, ymad,
MOTepsiJl CO3HAHHe, OYHYJCA — Ha pyKe THICY.

[Ipu6IH3HTENIBHO TO Ke caMoOe paccKaxKeT BaM O sfep-
HOH peaKkUHMH 3KcnepuMmeHTatop: «bBpocusa npoTonnl 60.b-
IIOH 3HEeprHH Ha BellleCTBO, CTOJKHYJHCh [B€ YaCTHIH,
9TO TaM INIpH 3TOM INPOHUCXOAMJO — He 3Hal0, CMOTpIO —
CUCTUHKH PETrHCTPHUPYIOT HOBBIE YACTHIIBI».

IlpuHuunuanpHasi pasHulla MeXAy TEeM H APYTHM pac-
CKa3aMH Toabko B ToM, uTo CemeH CeMEHOBHY Ha CaMOM-
TO Aese BHJeJ, 4TO JeJaJH C ero pyKoi, a ¢u3nuKa 06BH-
HHUTb B JIYyKaBCTBe HeJb34.

KoneuHo, yueHble He 3aHMMAIOTCS MepecKasbiBaHHEM IIO-
Ho6GHBIX uctopuii. OHM NHUINYT Hay4YHble CTAaThH U JEJAIOT
IOK/nanpl, o6jieueHHKEE B CTPOTYI0 MaTeMaTHYecKylo (opmy
TEOPHH S-MaTpHIEL

Ho Hu crporas ¢opma, HU BHyWalollee yBaXKeHHe Ha-
3BaHHe He MOTYT, J1a U He MBITAIOTCH, CKPBITh TIJIABHOeE:
[IOJIHOE OTCYTCTBHE CBeJEHHH O caMOM IIpollecce CTOJIKHO»
BEHHS.

®usnk, nomeulas BOAOPOJHYIO MHIIEHb B IYYOK IIpo-
TOHOB, TOYHO 3HAEeT, YTO ceHyac NMPOU30HIET CTOJKHOBEHHe
YCKOPEHHOTO HpPOTOHA C IPOTOHOM, HaXOASIIMMCH B MHIle-
Hu. Bor HauanbHble ycaoBust peakuuHd. [lomuurte: «Ilo-
CKOJIb3HYJICA, ynaJ..» Cron! Bce BeIXoAsT H3 3ana. Bkiaio-
YaeTcss YCKOPHTesb. DJIEKTPHUECKOoe Noje Bce ObICcTpee H
ObicTpee MOArOHsieT yacTullbl. HakoHen, rurantckas mpauja
BHIMyCKaeT uX Ha cBoboay. CtosikHOBeHUe!

Ho pasBe 3aTo c0BO colepXHT B ce6e HHyIO HH(popMa-
LMIO, KPOMe TOM, UTO Ha OTPOMHOH CKOPOCTH BCTPETHJIHChb
IBa OCHOBHBIX <«TpaXAaHHHa» MHUKpoMHpa? A Kak OHH
BCTpeTHaHCh? Kakne mpoMexyTouHble YaCTHUH BO3HHKJIH?
Kakue cHOBa MOTJIOTHJIHCH?

CoBpeMeHHass KBaHTOBasi TeOpHsl He B COCTOSIHHHM OTBe-
THTh HM HA3 OJMH M3 3THX BONpOCoB. [IpH TakHX OrpOMHBIX
SHEePTUsAX CTOJKHOBEHHS MaTeMaTHYeCKHH ammapar TeOpPHH
coBeplueHHO OoTKa3biBaeT. [Tomuure: «IloTepan cosHaHue...»

A B 310 BpeMs NpPHGODPH yXKe DErHCTPHPYIOT pe3yJ/bTa-
TH SIIEPHOH peakiHu. B M3MeDHTEJbHOM LEHTPE 3JIEKTPOH-
HbIE YCTPOHCTBA — aHa/NU3aTOPhl — MOABEPralOT NepBHYHOM
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o6paGoTke undopmanuo. Hakonew, wuccaenoBaTesp MHoJy-
yaeT 3HaUeHHe BEPOSITHOCTH HHTEpECYIOLIero ero mpouecca.

A 3Ty BeJHUYMHY corJiacHO OOIIHM TNPHHUMIAM KBaH-
TOBOH MEXaHHKH KaK pa3 H MOXKHO BBIPa3uTb C NMOMOILBIO
Habopa mareMaTHuecKuX QyHKuui S-martpunsl. Hy uem He-
M0X0XKeE Ha 3HAMEHHTOE: KOYHYJICA — Ha PYKE THIC»?

S-MaTpuua — 3T0 BeJHYHHA, CBA3blBaloilas HadaJbHOe
COCTOSIHHE Npollecca ¢ KOHEYHBIM, BeJIHYHHA, KOTOPYIO H3-
MEepSIIOT Ha ONbITe M BHIYHCJAAIOT TEOpPETHYECKH. Temepn
OHa — HEHTPaJbHOEe 3BEeHO, CBA3BIBAIOIlee TEOPHIO U IKC-
NEPHMEHT, «Y3JI0BOH NMYHKT», Tle MPOUCXOAUT BCTPEUa TEO-
PETHKOB H 3KCIIePHMEHTaTOPOB. S-MaTpulla — 3TO A3bIK, Ha
KOTOPOM OHH OOLIAIOTCA IPYT C APYTOM.

Hy xopomo, BcTperunuch, paso6paJjuch, TNOHAJH pe-
3yJIbTaT ONBITa. 3HAYHT, MOXKHO M TEODHIO C03[aTbh, YTOO
ero (3ToT onmbIT) H 06bACHUTH! MOXKHO, HO KaK?

OnmvH nyTh NPHUBLIYHBIA, Ha KOTOPLIA TOJIKaeT KBAaHTO-
Basi MexaHHKa. [lockoHa/nbHO, mar 3a MIaroM H3ydyaeTcs
MOBeE€HUE YaCTHI, YYaCTBYIOIUHX B peaKUHH, NoJo6HO TO-
My, KakK JeTEKTHB BBIC/I€XXHMBaeT NpecTylNHHKa, He BBIIYC-
Kasi ero U3 NoJisl 3peHUs HH JHEeM HH HOYbIO.

Ho ecnn nmerekTuB ellle MOXeT HalesThbCA Ha yclleX, TO
MONMBITKA TEOpeTHKAa C caMoro Hauanla ofpeyeHa. Hukro
IOKa He yMeeT pelIuTb OecKOHeUYHYI0 LieNb YPaBHEHHH.
A Benp TOJNBKO OHA C NMOMOIIBIO BOJMHOBOH (YHKHHH MOXET
onucath COOBITHS, NpOHCLIeNIIHe B MOMEHT CTOJNKHOBEHHS.

Bor nouemy eute B 1941 rogy oAuH H3 ocHOBaTeJell
KBaHTOBOH MexaHHKH, B. [efizenfepr, BricKasaJl HIEI0 O
TOM, 4TO S-MaTpula A0JMXKHa OBITh OCHOBOH pabouero an-
napaTa COBpeMEHHOH KBaHTOBOH TEOPHH.

He 6ymeM neTeKTHBaMH — TaK MOXHO TIOHATb CMBIC]
stoft unen. He OymeM saHuMaTbcsi paccielfoBaHHEM TOrO,
YTO NMoKa HeJlOoCTynmHo aHaau3y. Hauo cosgpats TeopHio,
ypaBHEHHSI KOTOPOH MOXKHO Gbljo 6bl pemHThb. Takas Teo-
pusi, He NBITaOIIAasCsd KOHKPETHO yCTAHOBHTb, YTO INPOHU30-
IO B MOMEHT <«IOTePH CO3HAHHSA» — CTOJNIKHOBEHHS, —
YZOBJIeTBOpHJIA OBl BCEX.

Apxeosor MoxeT 060iTHCH Ge3 3HAHHSA TOro, KTO HMEH-
HO, C NIOMOIIbIO KAaKOro KOHKPEeTHOro HHCTPYMeHTa H B
KaKofl TOUHO AeHb cHeJaJ LEHHYI0 HCTOPHYECKYI0 HaXOLKY.
Apxeosiory BaXHO JIHIIb 3HAaThb, B KAKOM MecTe H B KaKOM
KyJbTypHOM Cjoe OGHApyXeH IpeBHHH mpeaMmeT. DTO BIOJ-
4e COOTBETCTBYET Haua/JbHbIM YCJIOBHSM fiJepHOH DeakIlHH,
XOpOLIO M3BECTHBIM 3KCIEPUMEHTATOPY.
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3areM apxeoJior JO/NXKEH HMeTh BO3MOMKHOCTb HeEIO-
CPeACTBEHHO HccJefoBaTh OOHapyxXeHHbIH 3KcmoHaT. Omu-
CaHHe HAXOAKH, KaK M 3KCHeDHMeHTaJbHbIH pe3y/bTaT, Mo-
JyuaeMblli B (PU3HKe 3JeMeHTapHBIX 4acTHll, NpHobpeTaeT
[eHY TOJIbKO MOCJe TeopeTH4eCKOH 06paboTKH.

ApxeoJsior o6s3aTesqbHO MOCTapaercss XOTs Obl MPHUGIH3H-
TeJIbHO AATHPOBaTh HaliJeHHbIH NpeAMeT H TeM OIpeje-
JHUTb ero 3HauuMocTb. Ho Korga ¢u3HKu nbITaroTes clenaTthb
TO JKe caMoe — IOJIyYHTb 3JeMeHThl S-MaTpHlbl U3 ypas-
HeHUH, — Ha HMX OYTH BCTAlOT HeNMPeoAOJHUMble TPYNHOCTH.
«CTonBoBasti Jopora» U B MAaTPHYHOM MOAXOAe K CO3MaHHIO
HOBOH TeOpHM MOKa 3akpbiTa. M Torma BO3HMKaeT MHOXe-
cTBo 0o6x0AHBIX myTeH. TeopeTHkH mnpucrnoco6uanch obpa-
6aTeiBaTh JKCHEPHMEHTaAbHYI0 HH(MOpPMALHIO, NMPOCTO NO-
CTYyJINPYsl HEKOTOpHle OMNpefeJieHHble CBOHCTBA 3JeMeHTOB
MaTpHIUbI, BbICKa3biBasi KOHKpeTHble THIOTe3bl 06e3 HX CBs-
34 ¢ QyHIaMeHTaJAbHBIMH aKCHOMaMH.

Kaxnas u3 o6XoqHBIX Aopor o6sizaHa He CTOJBKO Ke-
Je3HOH JIOTHKe TMepBONPOXOALA, CKOJNbKO ero HHTYHIHH,
0co60My 4yTbi0 B MOAXOJe K 3KCHEPUMEHTaJbHbIM JAaH-
HBIM. N

HenssecTHO, MOXKHO JH, ABHUrasichb MO 3TAM JOporam,
OPUATH K KOHEUHOH UeJH — MOCTPOUTb 3JaHHe M3 TDYAbl
kupnuueit. [Toka Joporn BelyT HelasieKO H Pe3KO OOphIBa-
toTca. Ha ocHOBe 3THX 4aCTHBIX THIIOTe3 MOXKHO HHOTI1a
YCTAHOBHTb HEOXHAAHHbIE CBA3M MEXAy Da3JHYHBIMH Npo-
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neccaMu. Ho kaxaplit pa3 yfaercs CI0XKHTb B HeUTO LeJioe
JIHIIbL OYeHb MaJjleHbKOe KOJNHYECTBO KHPIHUeH.

«CyecTBylouas TeOpHsi HOCHT MO3aHUHBIH XapaKrep, —
rOBOPHT JHPEKTOp JMabopaTOpPHH TeOpeTHUeCKOH (PH3HKH
OUAU . BnoxunueB. — MoXHO NOHATb H Ha)e PacCyu-
TaTh OTAEJbHbBIE siBJeHus. Ho yacTo Touka 3peHus, cnpasej-
JHBasi [IJIsi OJHOH TIpynnbl SIBAEHHH, IJIOXO COrJacyeTcsi C
TOYKOH 3PeHHs, XOpOoIlo oObsicHSIOWEA APYryl rpynny sB-
geHufi. Her o6uieft xapTHHBI, HaMeUeHHl TOJBKO OTAe/bHbIE
ee KyCOUKHY.

U3 rpyabl skcnepuMeHTabHHIX (PAKTOB TEOPETHKH MOKa
H3BJIEKAIOT JIHUIb OTAe/bHbIE JeTaJH OYyAyLIEro 3LaHHfA CO-
BpeMeHHOH (PU3HKH.

Ho, moxet 6biTb, KTO-HHOYJb, OJHAXKABK B3rJSHYB Ha
3Ty MO3aHKy H3JaJH, CMOXKET pAacCTaBHThb N0 MecTaM Bce
HalifieHHble JeTaJ/ii, a YacCTHble THIOTe3Bl CJAHTb B eNHHBIA
apXHTEKTYPHBI IJaH 34aHUsi (PH3HKH — TEODHIO 3JIeMEeH-
TapHBIX 4aCTHIL.

«MaKpoB3rnAf» Ha MMKPOMHD

UHnorna KpafiHe HeOOXOAHMO HMETb BO3MOMKHOCTb YBH-
IeTb BCIO KAPTHHY Ipolecca B LEJIOM.

OnHoro B3risja ¢ camoJieTa JAOCTAaTOYHO, 4TOGH B Ba-
JiaX, MeIIalolluX apXeoJOTHYECKHM pacKomKaM, Yrajaarh
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norpe6eHHbIe OCTAaTKH JOMOB. HeNOHsITHbIEe MOJIOCH], BHI-
6uThle Ha KaMHfIX MEKCHKaHCKOrO IJIOCKOTOpbs, ¢ 060Jb-
uiofi BHICOTHI  CJaralTCsi B THraHTCKOoe H300paXkeHHe
NTHLBIL.

Pa6ora (H3HKOB-TEOPETHKOB, nepeGHpPAIOILHX U OLIYIIh-
BalOLIHX KaXXIbli 3KCHeDUMeHTaJbHbI# (aKT, O4eHb Hamo-
MHHaeT HayaJlo PacCKONOK upe3BblYaffHO HHTEPecHOro, HO
HEMOHATHOrO COOpyKeHHsl. PU3HUKH yBepeHbl, YTO KOTJa-HHU-
6yab M Kak-HHOyab 3aBan Oymer pacuuiued. «[IpaBma, —
roBopur @®. JlaficOH, — MBI MOXKeM IMPOTaJKHUBATb TOJbKO
mo OJHOMY OpeBHBIIKY 3a pa3, H O4YeHb MaJoO KaKue H3
HHX IIeBeJATCS, KOrJa Mbl HX TOJIKaeM».

He oxBaueHHBII TeOpETHYECKOi MBIC/AbIO, HENO3HaHHBII
MHD 3JIeMeHTapHBIX YaCTHI HPOH3BOJAUT <«CTPaAHHOE» BIIe-
yaTiaeHue. AHraufickuil ¢dumocod ®. Bakon mucan: «He cy-
LECTBYeT MCTHHHO IIpeKpacHoro 06e3 HEKOTOpPOH J0OJH
crpaHHocTH». OQHA M3 HAUIMX JYYIIHX HayYHO-NOMYJSIPHBIX
kHur — kuura M. JlanuHa — Tak u HasbiBaercsa «HensGex-
HOCTb CTPAHHOTO MHpay.

A Tak qu yx Hens6exHa 3Ta CTPAaHHOCTH?

JaBafiTe oTopBEMCS OT HAE€TaJbHOTO pas3risiibIBAHHS Ya-
CTHI, MU HUX [OBeleHHs H monpobyeM HOCMOTPETb «CBEpXy»
Ha BCIO IPYAy SKCIEPDHMEHTAaJbHBIX pEe3yJbTaTOB, OXBATHB
eIMHbIM B3TJISIOM 3TOT HOBBIH yJHUBUTEJbHBIA MHD.

«PasBe cauimikoM 6oJbliHe HapylleHHs IIPONOpPUMH,
CTpaHHBlE OTKJOHEHHS OT NOpsiika He ry6sit KpacoThI? —
cnpamuBaer M. lenn-Mann. M orBeuaer: — B  Tedenne
MHOTHX JIeT OJHa M3 IVIaBHeHMIHX objacTell (pu3ndeckoi Ha-
YKH — y4eHHe O CTPOEHHH BellleCTBa — CTpajana 60Je3HblO
crpanHoctd. Korpa ¢u3uku HccllenoBalu BellleCTBO Ha ca-
MBIX MaJbIX DacCTOSIHHSIX, OHO SIPeACTaBJAJNOCh UM Kak
NPOM3BOJIbHASL CMeChb OTAENbHBIX 3JIeMEHTapPHHIX WYaCTHII,
CpeAM KOTOpBIX Hellb3sl OBIJIO 3aMETHTb HHKAaKOrO CTPOroro
nopsiaka. Temepb, HaKOHell, KapTHHa HayMHaeT HeMHOTO
nposicHATbesl. CaMO CIOBO «CTPAHHOCTb» BOLLIO B CJOBaphb
($u3UKOB, a ee JOJs YMeHbIIHJIAaCh HAcCTOJNbKO, 4YTO YyXe
HNpOCTynaeT KpacoTa yHopsiJOUYeHHOCTH.

Takue pasHble npu OJH3KOM pPacCMOTPEHHH UYAaCTHIIH,
KaK NPOTOH M HEHTPOH, CTaHOBATCH COBEpIIEHHO OAHHAKO-
BBIMH C TOYKH 3peHHsS] CHJBHBIX B3auMmojeicTsuii. Bpeld
HOBOE KBAHTOBOE YHCJO «CTpaHHOCTb», M. T'enn-ManH H
A. Hummaxuma cyMmelu yJIOXKHTb H CTPaHHble Ka-Me30HbI
B 00L1YI0 cCXeMy KJacCHOHKaIMH 4acCTHIL.

WU uyem Gosblue pgetasell yHAaercss OXBaTHTb B3TJsOM,
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TeM BCe YNOpsilOYeHHel CTaHOBHTCA Ka3aBLUHHACH paHblile
GecopMeHHBIM 3aBaJl 3KCIEPHMEHTAJbHbIX pe3yJ/bTaToB.
B nauase 1960 roga B aMepHKaHCKOM HAay4HOM XYp-
HaJe TOSIBHJIAch CTaThsd MOJIONOTO (PU3HKa-TeOpeTHKa
HOx. Cakypan. Ee nosiBjeHHIO B meyaTH NpefuIecTBOBaJ
MepuoJ MYYHTeNbHBIX pa3AyMHH aBTOpa: medaTaTh HJH He
meuyatath? [loXkasy#, TrJaaBHYI0 pOJib B TOJIOXKHTEJAbHOM
OTBETe Ha 3TOT BOIPOC chbirpana MosofocTb. Eff 6bli0 Jerue
NpeoJoJieTb CTPaxH, HCIIbITbIBaeMble KaXKIbIM HcCJeJoBaTe-
JeM, HaJeloMHMCcs JOCTHTHYTb BaXHBIX pe3yJ/bTaToB.

«Bboi  Moxere mnoaymath, —roopur I1. Hupak, — uto
XOpOLINA HCCJaeL0BaTe b OLlCHHBaeT NOJYUYEHHHH pe3y/bTaT
COBepLIEHHO CIOKOHHO, 6e3 MaJieHIllero BOJIHEHHS, Paccyx-
Jasi BIOJIHE JIOTHYHO H pa3BHBasi Jajiblie CBOIO MBIC/Ib
BIIOJIHE palHOHAJbHBIM myTeM. DTO fajexko He tak. Mccae-
AOBaTeJb — TOJbKO YeJOBeK, H eCJH OH INHTaeT BeJHKHe
HaJeX/bl, TO OH HCIBITHIBAeT H BeJHKHE CTPAXH».

Eme no ny6aukanuu cratbu k. Cakypau 3Han o6 oOT-
pHIIaTeIbHOM OTHOLIEHHH K HeH KoJuier mo pabore. «He cy-
IIeCTBYEeT YacTHI, KOTOPble Thl NpeAcKa3blBaelib!» — ClIbl-
mwaJ oH or BceX. Kakofi :Xe BHyTpeHHell yBePeHHOCTH, MO-
®KeT ObITb, NaXe HEOCO3HAHHOH CaMHM aBTODOM CMEJIOCTH
¥ peluTesbHOCTH norpe6osan ot Ix. Cakypau 3aBepialo-
wuit war! CropHas craths 6bl1a cAaHa B NeyarTh.

TeopeTHku BCTPETHJH ee NMOABJEHHe NPOXJagHO, MHOTHE
BooOlle He oOpaTuju Ha Hee BHHMaHHA. Ho cosepiueHHO
HHOH Oblila peakiusi sKcnepuMeHTatopoB. He Tak yx uacto
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OT TEOPETHKOB INOCTYNaJH ONpefeleHHble yKasaHHA. B oc-
HOBHOM OHH 3aHHMAJIMCh «PAaCKONKaMH» H 06paGOTKOH yiKe
MOJYYEHHBIX Pe3yJbTaTOB.

Ha KpynHeHWIHX YCKOpHTe/siX MHPa Obl/IM NOCTaBJEHbI
onelThl. M BCcKope OGHapYXHJAHCh BCe TPH THMA YacCTHIL
onucanubix K. Cakypan. D10 6blJIH HajeKo He OGBIKHO-
BeHHble yacTHUbl. Beab 6e3 OTKPHITHSI BEKTOPHBIX ME3OHOB,
KaK HX Ha3BaJ/iM, He CMOrJjia Obl BOSHHKHYTh HAes KBapKOB.

M. Tean-Mann cKaszan Kak-To, 4TO NPHPOAA IPOCTa, ec-
JH 3HaTh, KaK K Hel nopoiitu. McTopHueckH TakK NOJyYH-
JIOCb, 4TO CHayaJja Obla co3[aHa KBaHTOBAsl TEODHS 3JIEKT-
DOMAaTHHTHBIX B3aHMOJAEHCTBHH, a 3aTeM yiKe MO aHaJOTHH
C Hefi BO3HHMKJIa TeODHS CHJbHOTO SiIEpHOro B3aHMOjei-
crBus. OOlleHHe MeXIy HYKJIOHAMH MBICAHJIOCH 10 06pasy
H NOAOGHIO OTHOIUEHHH, CYLIECTBYIOLIHX MEXAY 3apsiKeH-
HBIMH 4YacTHIAaMH. DJEKTPOHbl OGMEHHBAJHCh KBaHTaMH
3MIEKTPOMAarHUTHOIO I0JS1 — (POTOHAMH, a HEATPOHBl HJIH
NPOTOHB — NH-Me30HaMu. Ho KTo mopyuuTcs, YTO 3TO eAHH-
CTBEHHO BO3MOXKHBIA H NPaBHJbHBIA NOAXOM?

«Hama reopusi, —rosopua k. CakypaH, — 1o-cBoeMy
HaloMHHaeT o 3aMeuaHHn P. QPeilHmMaHa, YTO HOBble HIEH
Hallo co3naBaTh, 3afaBasi BOIPOC: YTO OBLIO GBI, ecaH Gbl
HCTOPHS IOIJIA APYTHM NyTEMS.

IlyTb, npeasioxennbiii k. Cakypan, HauuHaJACsd OT TO#
JKE€ «MEeYyKH», YTO H HpeAbAYIUHH, — OT aHAJOTHH C 3JEKT-
pPOMarHUTHBIM B3aHMOJeHCTBHEM.

JI1060#1 cTaplueKnacCHHK 3HAaeT, 4TO JMEeKTPHUYEeCKHH 3a-
pSi— 3TO HCTOYHHK 3JE€KTPOMATHHTHOTO [0OJS, YTO 3TOT
3apsj onpenessieT CHAYy B3aHMOIEHCTBHSI MeXAY 3apsiKeH-
HBIMH Tejjamd. Ho, kpome Toro, Mbl 3HaeM, 4TO 3JIEKTpH-
YeCKHH 3apsii C OTPOMHOH TOYHOCTBbIO cOXDaHAeTCs HpH
JI00bIX TpeBpallleHHsiIX MaTepuH. M B slepHBHIX peakuHusx,
U NIPH CTOJKHOBEHHSX 3JIeMEHTapHBIX YacTHIl OGIUHH 3/1eKT-
pHUYECKHH 3apsil YacTHI, 1O peaKlHH BCerja paBeH 3apanLy
BCeX YaCTHI[ MOCJae peakiuH. 3Jechb HET HHYero HOBOTO.
3aKOH COXpaHEHHs JJMEKTPHUYECKOTO 3apsifia OTKPHIT Obla
JaBHO, H 3KCIepHMEHTaTophl YOeXIeHbh B €ero HernokoJe-
GuMOCTH.

HsBectHniit ¢usuk-reopetuk E. Burnep emwe B 30-x ro-
nax o6paTHJ BHUMaHHE Ha 3Ty JBOHCTBEHHYIO DOJb 3JIEKT-
pHYEeCcKOro 3apsna: Ha TO, 4TO TaKoe BHYTPeHHee CBOHCTBO
3apsiia, KakK ero CoxpaHeHHe, NMpPOSBJAAeTCS AHHAMHYECKH
(onpenensier cuny B3aumoneiicTBuf). Hy Tak Xe, Kak xa-
pakTep yesoBeKa, OCHOBa KOTOPOTO — THII TeMIlepaMeHTa, —
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3aJOXKeHHasi rAy6oko B reHeTHUYGCKOM KOJe, NPOSABJAETCH
B IIOBCEAHEBHOM ero NOBEJeHHH, B ero MOCTYNKax.

Cyts uzen Burnepa, llIBunrepa, fura, Muaica, ¥Ytu-
AMa 3aKJoyajJach B TOM, YTO CHJa JIO60r0 B3auMOZEH-
cjsaﬂ HOJIXKHA OHITh CBI3aHa C coXpaHswulelcs IPU 3TOM
B3aUMOJAEHCTBHH BeJHUYHHOH 3apsaza.

B cuipHBIX B3aHMOAEHCTBHSAX TOXKEe €CTh TPH COXPaHd-
IOlIHECH BEJHYHHB: H30TONMHUECKUH CIHH, rHnep3apsai H Oa-
PHOHHBIA 3apsA. A 4TO, ec/IM U OHHU NPOSIBJASIOTCH AHHAMH-
YeCKH B CHUJBHBEIX B3aHMoJelicTBuax? Beab Torza oTkpoercs
IyThb K CO3AaHHUI0 HOBOM TeOpHUH!

Hx. Cakypan u mocraBus mepex co6oii 3azaqy MOCMOT-
peTb — He COOTBETCTBYIOT JId 3THM TpeM COXPaHSIONIHMCS
BeJMYWHAM TPH THHA B3aUMOAEHCTBHH? B pesynbTaTe ero
HCCIeAOBAaHUA BBISICHHJIOCH, UTO, NMOXOOHO MNEepPEeHOCYHKAM
3JIEKTPOMArHUTHOTO MOJIsS — ()OTOHAM, B NPHPOAE MOJKHO
CyHeCTBOBaTh TPH THIIA BEKTOPHBIX Me30HOB — IIepPeHOCYH-
KOB CHJIBHOTO B3aHMOJeHCTBHS, — KOTOPHE H OBIJIH BCKOpE
0oGHApYXKEeHBl 5KCIIePHMEHTATOPAMH.

«Ecnu npensaraemMas TeopHsi OKaxKeTcs BepHOM, — mu-
mer JIx. Cakypau, — TO BO3HHKHET, €CTECTBEHHO, BONPOC:
He OCHOBBHIBAIOTCSl JIH BCe (PyHAaMeHTa/JbHBe B3aHMOJel-
CTBHS, CYILIeCTBYIOIIHe B NpPHPOAe (3JEeKTPOMarHUTHOE,
AnepHoe, cjaboe, rpaBHTAllHOHHOE), Ha 3aKOHAaX coXpaHe-
HHS BHYTPEHHHX CBOHCTB?»

CMmorpuTe, KaKOi IUHDOKHH BHIPHCOBHIBAETCS OXBAT OJ-
HOBpeMEHHO Bcex THUNOB B3auMoiefictBuii! Kakas ysieka-
TeJbHas BO3MOXKHOCTb AAaTh €JHHBIH «aJ(aBHT» — eJHHYIO
TEOPETHYECKYI0 OCHOBY «MHOT'OSI3BHIUHBIM» B3aHMOOTHOILIE-
HHAM 3JeMeHTapHBX uactuu! M, yro camoe riaBHOe, BO3-
MOXHOCTb 3Ta BO3HHKJA He B pe3ynbTaTe NpHMeHEHHS
JIOTUYeCKH CTPOHHBIX AaHAJHTHYECKHX MeTONOB, KaK 3TO
JleiaeTcA NPU NMOCTPOEHHH KBAHTOBOH TEODHH MOJs, a B pe-
3yJbTaTe IOHCKOB NpPOSIBJEHHA CHMMETDPHH BO B3aHMOJIEH-
CTBHU MEXAY YaCTHIIaMH.

«Ha ¢oHe coTeH MONBITOK HOCTPOUTH YAOBJETBOPHTEJD-
Hyl0O TeOpHI0 fIBJIeHHMH MHKpOMHpa, — NHlleT npodeccop
S1. CMOpOAMHCKHIl, — BO3HHK HOBBIi MeTOA, HOBasi (opMa
paccyXAeHHH, JHIIEHHAss Ha MepBHIH B3IVIAL YETKHX OCHOB.
DTOT MeTOA CHMMeTpHl, OKa3aBIIHHACS 0YeHb 3P PeKTHBHBIM
B IPUMEHEHHH HMEHHO K TeM IpolieccaM, AJs KOTOPHIX CTa-
pasi TeopHsi 6eCCH/IbHAY.

K Ttomy Bpemenu M. I'enn-MaHH yKe HECKOJbKO JeT
3aHHMAJICA CHCTEeMAaTHKOH 3/eMeHTapHBIX YaCTHI, IIOHCKOM
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NOAXOAsIIeH TOUKH 3PeHHs,
c KOTOPOH MOXHO OblI0
OXBaTHTb  B3ILJISIIOM BCe
¢yHILaMeHTalbHBIE YaCTH-
upl. Korma  mosiBHIach
cratest k. CakypaH, oH,
MOXeT OHTb, 00Jlee JpPYrHX
6Ll1  BHYTPE€HHe  TOTOB
K BOCHDHATHIO COJepKa-
muxcs B Hed upei. U, He-
CMOTPsS Ha HeJO6GpoKeaa-
TEJIbHOCTb  OCHOBHOH Mac-
CHl TEOPETHKOB, OH Cpasy
NPHMEHHJ CofAepKallylocs
B Hell HJeI0 K KaaccH(HKa-
OMH  3JIeMeHTapHHIX 4a-
CTHILL. (BOCBMEpHYHBIH
uyTh).

B cBoux BocmomuHaHH-
ax XocmoHaBT B. Cea-
CTbSIHOB INHIIET, YTO, MpO-
Jetass Haj Bapmasoii, oH
pEIINT BLISICHATH, 4TO BOe-
per B ce6sl «MaKpOB3IVISA»
H3 KOCMOCa Haj IeHTPOM
EBpomefickoro  MaTepuKa.
Ox yBupen cpasy Ckan-
OHHaBCKHH HOJIyOCTPOB,
Bantuky, Jlenuurpan, An-
puaTtuky, UepHoe Mope, a
Bmepein 1o Kypcy — Mo-
CKBY.

Unen Slura — Muna-
ca — Cakypaun T03BOJIH-
JU 6pOCHTb «MaKPOB3TJISA»
Ha MHp 3JeMEHTapHHBIX Ya-
CTHIl H IIpH 3TOM 0oOHapy-
XHTb €ro yNopsiAOYeH-
HocThb. Bee wacTuus paspe-
JHJIUCh Ha  HECKOJbKO
60/IbLIMX CeMEHACTB MO BO-
ceMb WJIH JeCiThb UJIEHOB.
W B kaxiom H3 3THX ce-
MeHCTB YacTHIL BHITJAALE-




JH MaTeMaTHUeCKHd 5KBHBAJEHTHBIMH, CAMMeTPHUYHBEIMH Jpyr
Apyry.

A 3T0 nmaeT He TOJbKO 3CTeTHUECKOe HacaaxIeHHe.
HalineHHast «rapMOHHSI NPHPOJBI» YECTHO CJHYXKHT NPaKTH-
geckdM 3ajgauaM (U3HKH MHKpoMHpa. Biaromaps e#l Bmep-
Bble YAAJI0Ch BHIYHC/JIHTb BEPOSITHOCTH IIPOLECCOB C y4acCTH-
€M YaCTHI — Y/JIeHOB OJHOro M TOro ke cemefictBa. Ilpo-
SIBHJIACh 3aBHCHMOCTb MEXIy TaKUMH $BJEHHSAMH, B KOTO-
pBIX paHbllle He HaXOAMJH HHYero ob1uero.

3akpsiBasg 12-10 MexAyHapoaHyio KOH(epEHIHIO O Pu-
3uKe BLICOKHX 3Hepruit B JlyOGHe (Ty caMylo, Ha KOTOPOH
yueHble BIEpBble YCJAbILIAMH 00 ONbITaX C Ka-Me30HaMH),
. ByioxuHLEB cKa3aJj, YTO Mbl yXKe He TaK JajeKH OT Ha-
meft o6uledl [esH — OTKPBITHSI HOBBIX INPHHLHUIIOB TEOPHH,
ynpaBJsiiollefl MUPOM 3JeMeHTapHbIX yacTHl. OaHako, npo-
JOJIXKAJI OH, CKENTHKH MOTYT 3aMEeTHTb: Ja, Bbl, BEPOSTHO,
npaBbl, H Mbl COBCeM OJIM3KH K ILleJH, eCJH TOJbKO eleM
B NPaBUJIbHOM HalpaBJEHHH...».

Kakoe 13 coBpeMeHHBIX HaNpaBJeHHH, CYILECTBYIOILHX
B TEOPHH, MPaBUJIbHO — CKa3aTh NOKa HeBO3MOXKHO. [lo-Bu-
JAMMOMY, TpaBbl Te ydyeHble, KOTOPble CUHTAIOT, 4TO KaxKjasi
H3 KOHKYDUPYIOUIHX TEODHH COAEPIKHT [JOJI0 HCTHHBI M B
H3BECTHOH Mepe AONOJHSIeT OAHA APYTYIo.

YactHiya-npuspax

CepnyXoBCKOH ycKOpHTeNb... BepHeMmcs emle pas K 3To-
MYy YHHKAQJbHOMY HHCTPYMeHTY (PU3HUKH 3JeMEeHTapHBIX yac-
tal. OH NO3BOJIIeT HPOHHKATb B TaKHe 3amoBeJHBIE TJIy-
OGMHBI MaTepHH, Tle KaXAblH 1mar Bnepel — OTKPHITHE, XOTs
IesaTh 3TH LIard Bce TdXKejee H TsKelee.

TpynHo otopBaTh Ifa3a OT YeTKOH JIHHHH KOJbLEBOr0O
marguta. Ho uto 3to? [TouTH HpeanbHas CUMMeTPHS cep-
MYXOBCKOTO MarHuTa HapylieHa. Mexay ABYMs ero mpsMo-
JUHEHAHBIMH CeKUHSAMH BOKPYr BaKyyMHOH KaMmephl YCKOpPH-
TeJliss TOABHJOCH 060JbINOE, OKOJIO 5 METPOB B JHAMETpe,
mwapoo6pa3Hoe COOpYy¥KeHHe. «YCTaHOBKA JJISI PerHCTpalHi
MoHomnoJssi Iupaka» — Tak opHUHANLHO Ha3bIBAlOT ero Qu-
3HKM. A NONpPOCTy roBOpSl, 3TO HOBefllass KOHCTPYKLHUS JIO-
BYWKH [IJs OLHOH M3 CaMblX NPU3PAYHBIX YaCTHI, O BCTPe-
ye ¢ KOTOPOH LaBHO MeYTalOT yueHhIe.

D/IeKTPOMAarHUTHBlE B3aHMOAEHCTBHA — 3TO, MOXKaJYH,
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elMHCTBEHHass 00JacTh cOBpeMeHHOI (GU3UKH, Tle, KaK ro-
BopuT npocdeccop SI. CMOPOAUHCKUE, «TEOPHS H ONHIT CO-
r1acyloTcsl yXe ceHyac A0 THICAYHBIX JOJeH TpoleHTa,
octaBadsl (GU3HKOB B NMOYTHTENLHOM H3YMJIEHHH Iepej Bce-
06beMJIIOILEH CHJION 3JeKTPOAMHAMHKH, YECTHO ONHCHLIBAIO-
el npoleccel B raJakTHKax H B aTOMHBIX SIAPax».

Ho nmaxe B Heil, B KBaHTOBO# 3JeKTpPOAHHAMHKe, B KO-
TOpOH MHOrHe BHASIT Nmpoo6pa3 OyAylleH TEOPHH 3JEMEeH-
TapHBIX YaCTHI, eCTh elle «Oesble naTHa». OQHO M3 HHX —
3TO TO, YTO HEOOBIKHOBEHHO pa3Hble MO Macce, N0 BPEMeHH
XH3HH M 10 APYTHM CBOHCTBaM 3JeMeHTapHble YaCTHIBI
HMEIOT COBepLIEHHO OJMHAKOBbIA 3JEeKTPUUYEeCKHH 3apsi, B
TOYHOCTH DaBHHIH 3apsily 3JeKTpOHA.

EnuncTBeHHOE OOBACHEHHE TOMY YAMBHTEJIbHOMY 3KC-
nepuMentasbHoMy daxry paa B 1931 roay II. lupak. Ero
3aMeyaTeJbHOE ypaBHEHHe [Js JeKTPOHa, JexXKallero B oc-
HOBe 3JEeKTPOAHHAMHKH, BIEpBbEe PacMNaxHyJ/Jo ABEPH B aH-
TUMHp. Y OHO Xe MO3BOJIMJIO eMy cAesaTb ellle OAHH BaX-
HBIH BbIBOJ O BO3MOXHOCTH CYLIECTBOBAaHHSI UAaCTHIBI C
MAarHHTHBIM 3apPSANOM — TaK Ha3bIBaeMOro MOHOIOJIS.

Ecin MoHONMONL — peaJbHOCTb, TO COMVIACHO TEOPHH
cpa3y TMoJyyaeTcsl, YTO 3JIeKTpHUeckMe 3apsiibl BCeraa
JNOJIKHBI GbITb KPAaTHBI KBAHTY 3J/eKTPHUECTBA, DABHOMY
3apsiay 3jaekTpoHa. [locse OTKDHITHS INO3HTPOHA YueHbIe
yKe Tropasfo cepbe3Hee OTHECAHCb H KO BTOPOMY Ipen-
CKa3aHHIO.

CopOoK ¢ JHIUHHM JIeT NPOULIO ¢ TeX Iop, Kak ObuIa
BhicKasaHa 3Ta ujess. Ho W cerogHs HeT HHBIX KOHKYpH-
pyloux ¢ Helf rumortes. K KoHeuHO, 3KCHEPHMEHTATOPBI
XaBHO MPHJAATAIOT YCHJIHS AJsi MOMCKOB MoHonodss. [loxo6-
HO MHMpaXy B NYCThIHe, NPa3HHT OH BooOpaxeHHe ¥ 3a-
CTaBJsieT yueHBIX NMpeANpHHHMATh Bce Gosiee m Gosee H30-
LIpeHHbIe MOTBITKH 0OHAPYXHUTb ero.

H3BecTHo Ju 4TO-HHOYAbL (u3nKaM 06 3TOH YacTHLe-
npuspake? He HanmoMHMHAIOT /M TMOHUCKH ee CHTyallHio, Tak
XOpOIIO ONMHUCAHHYI0 B PYCCKHX HapoAHHX cKaskax: «Iloinn
Tyna, He 3HAW0 KyJa, HalAH TO, He 3HAIO UTO»?

[epoli oxHOH AETEKTHBHOH IbeChl FOBODHT, UTO «OH .HE
06yueH TMOKCKY NMpPeCTYNHHKAa-NPU3paKa, UTO OH JOJKeH
3HATb O HEM XOTb YTO-HHOYIAb KOHKDETHOE».

Teopust He 6ajlyeT HH OXOTHHKOB 32 KBapKaMH, HH OXOT-
HUKOB 3a MoHomoJseM. M Te u ApyrHe UMelOT B PYKax TOJb-
KO OJHY TBepJO YCTAaHOBJEHHYH NPUMETY: APOOHBIA 3JeKT-
pHUeCKH# 3apsif Y KBapKoB H GOJIbLIOH, B CeMbJeCsiT pas
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6ONbIIKEA  3JEKTPOHHOIO, MArHHUTHHIH 3apsam Yy TacTHIH,
npexncka3annoi [1. JlupakoM.

CBeleHHl, KaK BHAHTE, He TaK YK MHOIO; CKOpee paxe
ogenb Majno. Ho ecnd ONEITHHIE clefoBaTeib fAa)Ke [0 aHAa-
JIH3y TNHIJIH Ea KOCTIOMe OOBHHSEMOr0 MOXEeT BOCCO3AaTh
KapTHHY TpeCcTyIJIeHHsl, TO (QU3HK, HCXOAA H3 BeJHUHHHI
MArHATHOTO 3apsijia 4YacCTHIB, MOXeT B KaKo#-To Mepe
Npe/icTaBHATH ee NOBe/leHHE B BellleCTBE.

3apsg — BaxHeHIIasi YJHKa, CKDPBITb KOTOPYIO HEBO3-
moxkHO. OueHb CHJIbHOE 3JIEKTPOMarHHTHOE B3aMMOJeH-
CTBHe — BOT YeM MOHOIOJb OTJHYaeTcsi OT BCeX APYTHX
3JleMeHTapHbIX YacTul. [lonaau oH B (HOTO3MY/bCHIO, B Hel
nocse NposiBJeHUs OblT GBI TaKOH Ke TYCTOH H TOJCTHIH
cllell, KaKOH OCTaBJIsieT TAXKeJI0e ALPO.

MoHonoap co cTosb GOJNBIIHM 3aPSJA0M AOMXKEH Jerko
MOAYUHATHCS BJHSHUIO MarHuTHoro noss. J[lamxe caa6oe
noje 3eman Oyner AeliCTBOBAaTb Ha HEro TaK XKe, Kak JeH-
CTBYeT Ha JJIEKTPOH 3JIEKTpPHUeCKoe TI0Jie BEJTHYHHOH
100 000 BosibT/CM!

Henb3s M Kak-TO HCNOJAL30BaTh Takoe HeoObFHOe 006-
CTOSITEJILCTBO IJIst ero 06HAapYKeHHsA?

3amonro 10 MOSIBJEHHS MOLIHHIX YCKODHTeJTeH pOTHIACh
niesl MOHCKaTh B IpHpPOJe CBOGOAHBIEé MOHONOJH, KOTOpbe
MOTJIH IIoMacTh Ha 3eMJH0 B COCTaBe KOCMHUECKHX Jyuel
HJIH BO3HHKHYTb B 3eMHOH atmocdepe. Ho rme ux uckats?
Benb HHKOMY He M3BeCTHO, Kyfla HMEHHO NONAJH OHH, IPH-
JIeTeB K HaM Ha 3eMJo.

U Tyr BenuibiBaer rsiaBHas MpHMeTa MOHOMNOJISA: MarsdT-
Hbif 3apsif JenaeT ero 0cOGEHHO YYBCTBHTEJNBHBIM K Mar-
HHTHBIM BellleCTBaM., JTa yacTHLa Jo/KHa 6Gynxer apekido-
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BaTb N0 CHJIOBBIM JIMHMSM MAarHHTHOTO TOJf HaUIeH mJaa-
HETHl IO TeX MOP, MOKa He BCTPETHT Ha CBOEM MYTH JKEJe30
WIH KeJe3Hhe PYyAn. B3aAMOmeHCTBYsS ¢ HHMH, SacTHIH
6yLyT HaKamAHBATbCHA B 9THX NOPOAAX.

[TonaBmyio B IJ1a3 MeTAJAHYECKYIO COPHHKY HSBJIEKAIOT
c IOMOINBIO MATHHTa, NOABENEHHOTO K Iia3y. TouHo Tax
XKe, C IIOMOIIbIO CHALHOTO MATHUTHOTO MOJS, NHTAIHCH Bbi-
TACMBATb MOHOIOJIH, - BO3MOXKHO, 3aCTPABII#E B MAaTHHTHBIX
nopojax.

B CIHA B ropax Azmuponjaka, rage €CTb BHIXOAH Ha
TIOBEPXHOCTh MArHETHTOBHIX HOPOJ, OPSMO Ha CKaZax ycra-
HOBHJIH MOILHBIH HMIYJIbCHHIE COJieHOWA. MarHHTHOe moJie
B IIEHTPe COJIEHOHJAa M Ha NOBEPXHOCTH CKaJbl COCTaBJIAIO
60 xunoraycc. B Bepxmeil yacTu coJeHOHZA PacHoOJAaraluch
c10u POTO3IMYABLCHH, HAa KOTOPHX 00A3aTe/NbHO AOMKEeH GbLI
«paCIuCcaTbCA» KaX/WH MOHOIMOJb, BEHITAHYTHH H3 MOPOJH
M yCKOpeHHHH B cojeHoufe. Ho korga omyadbcusi Onlia
NposiBNieHa, OKA3a/J0Ch, YTO OHA He COJEPXKHT HH OIHOTO
XKeJaHHOro «ayTrorpadar.

IIpo6oBanu «oTCcachiBaTb» MOHOINOJH H3 MKeJe3HBIX Me-
TEOPHTOB, KOTOpHIe B TeueHHe COTeH MHUJIJIHOHOB JieT OJyX-
Janu B mpocropax kKocMoca. Mckaau B ob6pasunax MaruurT-
HBIX MHHEDaJOB, NOOBITHX CO IHA OKeaHa: OLICTPhHE MOHO-
MOJH, poXKJaiollvecss IPH CTOJKHOBEHHH KOCMHYECKHX
yactun ¢ sHeprue#t 10 102° 37eKTPOH-BOJIBT C BELIECTBOM
arMocdepbl, MOIJIH HaKallIMBaTbCA 37ecb B TeyeHHEe MHJI-
nnoHOB JeT. Ho noucku 6blIH Ge3ycHenlHH.

IlniTannce yueHHle HaHTH cleflH OBICTPHIX KOCMHYECKHX
MOHONOJIeH B CHIOfie H B ByJKaHHYeckoM crekae. Ho cie-
JIOB TaKHX YaCTHL OOHAPYKHUTb He YAAJOCh.

Heckoabko JeT Hasal, KOra YYacTHHKH 3KCTeJHIHUH
«Anosson-11» BHepBele HOCTAaBHJAH Ha 3eMJIIO JYHHBIH
rpyHT, npodeccop Anbsapen u3 KanudbopHuuiickoro yHusep-
CHTETa NOCTAaBHJ OPHTHHANBHBIHA onbIT. OH pelllny NOHCKaTh
MoOHOIOJIH B o6pasuax JyHHo# nopoabl. Bospacr JIyHel Jo-
CTaTOYHO COMHAHBIA (3—4 MHJAJIHapna JeT), NOBEPXHOCTb
ee HM3MEHfA/NAacCh HE3HAYHTEJbHO, H TaM MOIJIO HAaKOIHThCA
JIOCTATOYHO MHOTO KOCMHYECKHX MOHOIOJEH. .

JparoueHHyio mopoAdy Ha MeJAJeHHO IBHXKYLIeHcs JeH-
Te MHOr0 pa3 HPOTACKHBAJH Yepe3 3/JeKTPHUECKHH KOHTYD
H3 CBepXNpOBOJfAILIEro MaTepHasna. Moromoan — 3To 3aps-
Ibl — HCTOYHHKH MOLIHOTO MarHHTHOTO moJs. A pa3 Tak,
TO B 3aMKHYTOM IPOBOJHHKe AOJIXKEH BO3HHKATh 3JIEKTDH-
4eCKHH TOK.
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HcceoBaHHIO TNOJABEPIJIMCh IOYTH Bce MAEBATh KHJIO-
rpaMMOB TPYHTa, NPHBE3eHHOTO aMEPHKAHCKHMH KOCMOHaB-
tamid. Ho HaBejeHHOro Toka O6HapyKHTb He YZAaJOCh.

Kasanoce 6B, MOXKHO cleNaTh OKOHYAaTeJbHBIH BHIBOJ,
4yTO MOHOMNoOJIell B nmpHpoxe He cyiuecrByer. Ho ¢usuku ra-
KOro BBIBOJA He cienand. Belb B TOYHOCTH HHKOMY He
H3BECTHO, KaK BelyT ceGs MOHONOJM B BelllecTBe. B ombl-
Tax MO BHLITATHBAHHIO HX H3 Pa3HbIX BellleCTB IpejnoJara-
JIOCh, YTO 32 BpeMsi HAKOMJEHHS C MOHONOJSIMH HHYEro He
npoucxoausno. Ho oTKyna B3sisach TaKasi yBepEHHOCTb?

A BoT H eme onHa HeompejeNeHHOCTb. [0 HeKOTOpBIM
pacueTaM NOJy4Yasoch, UTO 3HEPrUsl CBSI3W MOHOMNOJSA B Be-
IlecTBe paBHAa XHMHYECKOH — BCEro HECKOJIbKHM 3JEKTPOH-
BosbTaM. Ho mo jgpyrum pacuetaM 3Heprus 3Ta MOXKET
JIOCTHTaTh COTeH Mera-sjekKTpoH-BosbT! Ho Torpa uspae-
KaTb MOHONOJIM M3 MOPOAbI ¢ NMOMOLIbI0O MArHUTHOTO NOJS
NONPOCTY HEBO3MOXKHO...

IlepBble onbiThl B Bepkiau Ha mpoTonax c sHepruedl Bce-
ro 7 I'sB He H3MeHHJM CJOXMBLIeHcS cuTyanuu. He usme-
HHJIM ee H ONBITHI ¢ mpoToHaMH c 3Hepruefl 30 I's. Pusuku
npeanosaraloT, YTo Napbl MOHONOJEH, KaK H JApyrue sJe-
MeHTapHble YaCTHIBI, MOT'YT POXKAAThCS NPH CTOJKHOBEHUH
YaCTHL BHICOKOH Hepruu ¢ BeuiectBoM. Ho Kakoit snepruu?
Teopus Il. lupaka He oTBeuaeT Ha 3TOT Bompoc. Heo6xo-
JUMasi JJs POXKJEeHUST MOHOIOJS SHeprusi 3aBHUCHUT OT €ro
Macchl, a 0 Helff HaM HUYEro He U3BECTHO.

Hrak, HM OJHOro yTelIMTEeJBHOTO pe3yJbTaTa 3a JBa-
JuaTh JeT HelpepbiBHBIX MOMCKOB 3TOH YacCTHIbI-NpH3paKa.
3a cTOJb AJUTEJbHBIH CPOK YueHble MOIVIH U OXJAaAeThb K
npo6JieMe MOHOMNOJIS.

Ho BOT uTO cKasaJ HeCKOJbKO JieT Ha3aJl caM aBTOD Teo-
puu moHomoas I1. Hupak: «Ilocie Toro Kak s ycTaHOBUJ
CYylLIeCTBOBAHHe IO3HTPOHA, s TMPHLIEN K MBICIH O CYylue-
CTBOBAaHHM HOBONM 4YaCTHLbl — MAaTrHATHOTO MOHOMOJS. ITO
060CHOBBIBAETCSI 3aMeuaTeJbHBIMH N0 KpacoTe MaTeMaTHue-
CKHMH BBIYUCJEHHSIMH, U MBI OyJeM CYaCTJIMBBI, €CJIH OKa-
JKeTCS, YTO MOHONOJIH AEHCTBHTEJNHHO CYIIECTBYIOT B MpH-
polle M BEJHKOJIENIHble MaTeMaTHYyecKue pacueThl OyAyT
HMeThb NpHMeHeHHe».

Her, I1. lupak He oTkKasajcsi OT CBOEro mpeicKa3aHHs.
U nossieHne mapoo6pa3HOro, MOXOXKero Ha CNYTHHK YCT-
poiictBa Ha kaMepe CepmyXOBCKONO YCKODHTeNS — Jyullee
CBHJETENbCTBO TOMY, YTO NOMCKH 3TOH YaCTHIBI IIPOILOJ-
XaloTcesl ¢ HeocJabeBalolum HHTepecoM. CepnyxoB OTKpHLI
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HOBYIO CTPaHHIY B JIETONHCH NoHcKOB MoHonoJel I1. Hupa-
Ka. DHeprus, KOTOPYI0 4acCTHUB NPHOOGpeTaloT B YCKODHTe-
Je, HOCTaToYHa JJIs CO3JaHHSI MOHOIOJEH B NATb pa3 TH-
JKeJjiee TIPOTOHOB.

B nepBbix skcnepumentax B CepnyxoBe rpynna ¢usu-
ko8 MHcTHTyTa aToMmHO# 3Hepruu umeHu M. B. KypuartoBa
nmoMeniaja B NOTOK IIDOTOHOB OIPOMHOH 3HepruH MHIIEHbD,
B KOTOPOH, KaK TNpeANoJarajoch, H HOJKHB OBUIH DPOXK-
LaTbCsl MOHONOJH C Pa3HbIMH 3HaKaMH MAarHUTHBIX 3aps-
J0B. MarHuTHOe moJie YCKOPHUTEJSI LOJKHO GbLIO OTKJIOHSATD
HX B IIPOTHBOINOJIOXKHBIE CTOPOHBHI, Ile HaXONUJIHCh HAKONH-
TeJbHBIE IJIEeHKH M3 QeppoMarHuTHoOro BelnecTBa. Yepes
[OJITOpa rofa, B TedeHHe KOTOPBIX B HHX MOIVIH HAaKallJH-
BaTbCS MOHOMNOJH, NJIEHKH IIOMECTHJH B MarHUTHOe noJe
BeJMuMHON Gosiee 2« 10% spcren. U omare Heynaua! He Gui-
JI0 06HapyKeHO HU OLHOH YaCTHILHL

ATH KCNepUMeHTH He OBLIM NOXOXH Ha MpeXHHe NMOHUC-
KH MOHONOJIell B NpHPOJe, HANOMHHAaBIIHe PO3BLICKH HEH3-
BECTHO TJle 3aphITOro kKjaasna. Temeph yueHble TOYHO 3HAJH,
rie MOIVIH BO3HHKHYTb TaWHCTBEHHBIE YacTHLB, HO OOHa-
PYXKHTb HX NBITAJIHCh, K COXAaJEHHIO, METOJOM HaKoIJe-
HUS, UMEIOI{HM OIIpeJieIeHHble HeJOCTaTKH.

H36aButbcsi OT HUX MOXKHO OBLIO TOIBKO B TOM CJy-
yae, ecJlM PerHcTPUpPOBAaTb MOHONIOJNH cpa3y, B MOMEHT HX
poxjeHusi. Bor Takas ycraHoBKa M nossuiaach Ha Cepmy-
XOBCKOM ycKopuTedge. Ha 3T0oT pa3 B MOHCKax YacTHI
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Jdupaka nmpHHAJA yyacTHe HHTepHallHOHaJbHAs IpPynna co-
TpyaHuKoB OODbeIHHEHHOr0 HHCTHTYTa SIAEPHBIX HCCIeNO-
BaHHI.

JI106y10 3aps:KeHHYI0 YacTHHY, [ABHXKYHIYIOCS B Belle-
cTBe OLICTpPee CBeTa, MOXKHO OGHADYKHThb IO 3JeKTpoMar-
HUTHOMY YepeHKOBCKOMY H3JyYeHHIO, Ha3BaHHOMY Tak
B 4eCTb aBTOpa OTKpbITHSA, Jaypeata HobGeneBckoit nmpemun
akagemuka II. UepenkoBa. Cefiuac MeTox perHCTpaiHu
CBepXOBICTPHIX YACTHI, O YePEeHKOBCKOMY H3JYy4YeHHI0O —
OJMH H3 OCHOBHHIX B (pU3HKe BEICOKHX SHEprHii.

Ha sToit unee u cTpoHscs HOBHI ONHIT. B HcMOMB30-
BaH TOT ¢akT, uro Ha CepIyXOBCKOM YCKOPHTEJE€ MOTJIH
pPOXJaTbCS YAaCTHUH CO CKOPOCTbIO, GJH3KOH K CKODOCTH
cBeTta B BakyyMme. [Tonanasi ke B BellleCTBO, TaKasl 4acTHLA
HCIyCKaeT YepPeHKOBCKoe H3jayueHue. F3 cmemuasnbHOro
IIJI03a ¢ NMOMOUIBIO aBTOMATHKH BBIABHTAJCS H 3aKpel-
Jsycd B LeHTPe BaKyyMHOH KaMephl HeGoJbLIOH, TIaTelb-
HO OTNOJHPOBaHHBIH KOHYC H3 ONTHYECKOrO KBapla.

Ilponerasi ckBO3b KYCOK KBaplia — CepJlle YepEeHKOB-
CKOT'O CYeTYHKa, YaCTHIUBI, POXKIEeHHbIE CTOJKHOBEHHEM IyY-
Ka NPOTOHOB C KBapLeM, Cpa3y HOJIKHBI BEICBEUHBATHCS
B HeM. A chnpsiTaHHas NOJ KOXYXOM CJIOXKHasi ONTHYecKast
CHCTeMa H3 JIHH3 U (oTOyMHOXKHTeNed — co6HpaTh H pe-
THCTPHPOBAThL 3TOT CBET.

DKcIepHMEHTATOPH HaGJIOfaNH M0 TeJIeBH30PY 3a IIo-
JOXKEHHEM MHILIEHH, BHIe/NH, KaK H3YMHTEJbHO NOJIBIXaJa
H TepejHBajJachb OHa NPH BCTpede C NMPOTOHHBIM INYYKOM.
H xaszanoch HeBepPOSITHBIM, YTO CPeAH ITOTO CHSIHHA (oTO-
YMHOXHTEJIH MOTYT YJOBHTb JIy4H, NPHHAJJeXKallHe HMeH-
HO MOHOIIOJIIO.

Ho ¢usuku ne comHeBanuch B 3ToM. X mpuGop co
CTONPOLEHTHOH BEPOATHOCTBIO MOI OOHAPYXKHTb KaXKABH
MOHOIOJIb, BO3HHKAIOUHHA B yCTaHOBKe, Bellb IO TEOPHH, 32
KoTopylo akajemuku M. Tamm u WM. ®pank noayunian Ho-
GesleBCKYIO MpPeMHIO, MATHUTHBHIH 3apsx u3aydaeT B 104 pas
Gosbilie cBeTa, 4eM J06ast Apyras 3apsKeHHas YacTHIA.

Bonee Toro, monomoans [lupaka GyaeT 3aperHcTpHpoO-
BaH, €CJIH OH OKa)KeTcs HeCTaOHJbHHIM H BO3HHKHET JIHIIb
Ha KOPOTKHH MHI. «§I mpocTo yGexaeH, — TOBOPHJ PYKOBO-
OUTeJb 3TOTO 3KCIePHMeHTa KaHAHAAT (HU3HKO-MaTeMaTH-
JeckHX HayK B. 3penoB, — 4TO MarHHTHble 3apfIbl Cylue-
ctByloT. [loka Her a6GCOJIOTHOTO TeOPeTHUECKOro 3alpera,
a OpuAyMaTb TakOH 3alpeT HHYYTb He IMpOILe, YeM OT-
KPBHITb MOHONOJBb. BHl yXXe 3HaeTe, KaK PYXHYJ PSIA OCHOB-
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HBIX TOJoXKeHH# (U3NKH, MOXKeT OHITh, JOTMATHYECKHX,
B obnactu cnaleIX B3auMojedcTBHiA. MHe KaKeTcfl, uTO
B HacTosilllee BPeMs IOJIOXKEHHEe TAaKOBO, YTO YeM IKecTye
sanpelaoliui TeoOPeTHYeCKUi MPUHIHN, TeM SPOCTHell ero
aTakyloT (PH3HKH-3KCIePHMEHTAaTOPH. §I nyMalo, 4To KoMy-
TO BCE-TaKH MOBE3eT OTKPHITb MOHOIOJIbY.

® k%

B 1972 roay BcTymus B CTPOfi caMblii GOJBILIONK YCKOPH-
TeNnb NPoTOHOB B DBaraBum 6am3 Uukaro Ha 9Hepruio
400 T's. HoBast MamnHa — HOBble 3aJa4H?

Her, 3agmaun ocrannch mpeXHHMH, NMOCKOJNBKY OHH BCe
ellle He pellleHbl. YHHKajbHasg YycraHoBka B. Hukurnua
Co cTpyHHO!N BONOPOJHOH MHIIEHBIO NEepeKOoYeBaja BMeECTe
CO CBOHUMH CO3JaTeNIIMH 3a OKeaH AJi1 H3MEpeHUH B HOBOH
obJsiacTu 3Hepruii mporoHoB. Bosee MOMOBUHBL BCEX NpoOeEK-
TOB JKCIIEDHMEHTOB, NPEIJIOXKEHHBIX [/ OCYLIeCTBJEHHUS
B DaraBuu, OTHOCHTCS K MOHCKAaM KBapKOB H MOHOIOJSA
Jupaka. IlpogonxaioTcs HAcTOHYHBHIE MOHCKH NPOMEXKY-
TOYHOro 6030HAa — MepeHOCUHKa cJaGhX B3aMMOAEHCTBHH,
OueHb BaXKHH ONBITH ¢ HEATPHHO HEAOCTYIHHIX paHee 3HEp-
TH#i, IpeAcTaBasOLe 60/bIIONH HHTEpeC AJs NPOBEPKH HO-
Bofi Teopun cnaGeix B3aumomeiictBuit C. BaiinGepra. Ity
TEOPHIO OJHH M3 BeAYLIHX TEOPETHKOB Ha3BaJl CAMBIM KpyH-
HBIM JOCTHKeHHEM 3a mocjefHue 15 ner. Ycuius, Kak Mbl
BHAHM, COCPefOTOYEHB HAa HEMHOTHX Y3JIOBHIX NpoGseMax.

B 1969 rony ¢wusuk-teoperuk IO. IlIBunrep eie GoJee
CY3HJl KPYT 3KCNEeDHMeHTaJbHBIX 3a/ay, NMPeNJOXKHB THIO-
Te3y, MO KOTOPOH COCTaBHOH YacCTbi0 BCEX 3JIEMEHTapHBIX
YacTHIL siBJseTcs JafoH. A Kak Xe KBapKoBas MoJeslb Ma-
TEpHHU? N

W MoHOMONH H KBapKH B HECKOJIbKO pa3 TsKesee NPO-
TOHOB M CBsI3aHHl C MpPeJCTaBlIeHHEM O CYLIECTBOBAHHH
HOBeIX BuaoB Matepuu. [O. IlIBunrep coenumHusn «cyabOBI»
3THX JABYX 4YacCTHI: NPo6JeMy 3/eKTPOMAarHHTHHIX B3aHMO-
JneficTBuit — MoHomosb Jupaka — oH 06beIHHHJ C NMPOG-
JaeMofi KjaccH(PHKAIUK 3JeMeHTapHEX YacTHI — KBapKa-
mMu. Ecan MoHomoss Oyner HafijeH, cpa3y e NPOSICHHTCS,
nouyeMy Bce 3JIeKTPHUYeCKHe 3apsiel KpaTHh. Ho B TOT-XKe
MHT HCUe3HeT HJesi KBaPKOB, YAaCTHIL ¢ 3apaaoM /o u 2/3 3a-
psala 3JMeKTPOHa.

Haiion, npeanaraemuii I0. IllBuHrepom, cmacaer noJio-
weHue. Tonbko nafioH, yacTHL@ C MAarHUTHBIM  3apsIOM,
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MOMKeT HMeTb, II0 TEOPHH, APOOHBIA 3JEeKTPHUYECKHH 3apsm.

JIpoGHbIl 3/eKTPHYECKHH 3apsad 3Toro Tru6pHAa co-
BMECTHM C IIeJIOUHCJIEHHBIM 3apsiioM, KpaTHHIM 3apsay
9JIEKTPOHA, 3JIeMEeHTapHbIX YaCTHI, He HMEIOUIHX MarHHTHO-
ro 3apsna. Ecau 6 galfoHBl HalJIKCh, TO 3TO NMOMOIJIO GBI
00bsICHHTD faxe HapyumeHHe CP-ciMMeTpuu B ci1aGbix B3aH-
MOJEHCTBHSAX.

CMOTryT JIH 3KCIIePHMEHTATOPH aTh YeTKHe OTBETH Ha
MOCTaBJIEHHBIE TeOpeTHKaMH Bonpoce? JlocTaTouHo Ju HX
6yler OJs NMOCTPOEHHS HOBOH TEOPHH 3JeMeHTapHBIX Yac-
tun? [loka 3To HensBecTHOo. MoxkeT ObiTb, BCe peLIMTCS
B TeueHHe OJIMXKAHLUIHX HECKOJNBKHX JIET, a2 MOXET OBITb,
HOJIyYeHHBEe OTBETHl NPHBEAYT K NOSIBJEHHIO HOBOIO Kpyra
BoNpocoB. Pyuartbcsi MOXKHO Jumb 3a «GecHpenesbHOCTD
HeO3HAHHOTO U 6eCKOHeYHOCTb PafOCTHOrO MyTH MO3Ha-
HHS»,

Henapom B ¢unane xomenrarenckoro «®aycras, Ha-
nucaHHoro yueHHkamun H. Bopa u ucmosHeHHoro Ha «Ka-
OyCTHHKe», 3aBepUIMBIIEM KOH(EPEHIHI0  TEOPETHKOB
B 1932 rogy, Meducrodenr ropopui:

DKCepHMeHT — KaK OTKPOBeHbe:
Ilycts B HeM TeOpHil HH KpYMHIHI,
3o0Ber Hac K HOBHIM Pa3MBILLIEHbIM
[Mpupoasl HOBas CTpaHHUA.



bOJIbILIAA  HAYKA

H eoavrasom arbozo nanpsscenus,
H Odaavrum pybescom e006pascenus
A evibuparo 6ydyujee 8 epyde

Ewe nuxkem ne usdanrbix opyouil.

I1. Autokoabckuid

Panbwe W Tenepb

B uem TaiiHa «peMecia» COBPeMeHHHIX (PH3HKOB-3IKCIIE-
pPHMEHTaTOPOB?

Panblie panekuit oT HayKH 4YeJOBEK MOT, CTOS 3a CHH-
Holt Pesepdopna, nerko npenacraBuTh ce6s yUaCTHHKOM OT-
KPLHITHSL aTOMHOrO siipa, HabJuaiogass 3a peIKHMH BCHBIIIKA-
MH-3Be€3J0YKaMU Ha CUUHTH/JISIHOHHOM 3KpaHe. Hy Tak
Xe, Kak, cjaels 3a paboToll yeKaHIIMKA, MBI MOXeM BOOOG-
pa3uTbh ceGs ero COydaCTHHKaMH, IIOTOMY 4YTO BHAUM BCe
ero nocJjefoBaTe/NbHbIe ONEepPalHH.

UeaBHK B pellalolleM KCNEDHMEHTe OTKPBLITHS HeHTPO-
Ha HCNOJb30BaJ OAMH-eAUHCTBeHHHIA Npubop — HOHH3a-
uHOHHYI0 KaMepy. [losiBleHHe 3JIeKTPHYECKOTO HMIYJbCa
Ha ee BHIXOJe COOTBETCTBOBAaJO NONaJaHHIO B KaMepy 3a-
psxeHHoro nporoHa. HarasaHocTh onelTa 34ech MeHblle,
yeM npH paboTe CO CHUHTHJNSLHOHHBIM 3KpaHOM, HO Bce
XKe HocTaTodyHo Gosbuiasg. CTOMJIO OTHECTH B CTOPOHY HcC-
TOYHHK anbda-yacTUL UIU yOpaTb PacHOJIOXKeHHBIH mNepen
KaMepoH KyCOK NapadHHa, H3 KOTOPOro BBIIETaJH MPOTO-
HH, BBIOMTBIE HEHTpOHAMH, H MeXaHHYECKHH CUETYHK 3a-
MOJIKaJI.

. Pesepdopn denan BeJHKHE OTKPHITHS C NMOMOLIBIO
NPHUMHTHBHOrO 06OPYAOBaHHUsI, KOTOPOEe 3a4acCTylo caM Xe H
H3TOTOBJSJ 4YYyTb JH He H3 KOHCEPBHHIX GaHOK. Pu3nKH
TOorfa paboTajau He C, YCKOPUTENSIMH — HX ellle He OBLIO, —
a4 ¢ pajHOAaKTUBHBIMH HCTOUHHKAMH, HMesl [eJ0 MaKCHMYM
¢ aByMsi copraMu vyactull. M Kakue 310 OBIM «ynOOHBHIE»
yactuubl! CrabuibHBE, KaK 3JeKTPOHb H NPOTOHH, HJH
JONTOXKUBYIHe, KaK HeHTpOHHL. KX perucrpanus He JOCTaB-
JsJla HUKAKHX 3aTPYAHEHHH: OHH OTJHYaJuCh APYr OT ApY-
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ra o CTeHeHH NPOM3BOAHMOH HOHHM3auuH. Jlaxe HOBHYOK
6e3 Tpyna OTJAHYHJ OB ajbda-4acTHLy OT 3JeKTPOHA MO
BeJHYHHe HMNYJbca H3 HOHH3aIlHOHHOH KaMephl,

Ho npocTtoTa s3KcnepHMeHTOB Hauasla BeKa Oblia Kaxy-
medca. [Ipu Bcell NPUMHTHBHOCTH OGOPYAOBAaHHS ONBITHI
0O OTKPHITHIO aTOMHOIO fipa H 3JeMeHTapHBIX 4acTHI OBl
JIH HeBepPOSITHO TPYAHBI TeM, YTO CBSI3bIBAJHCb C CaMBIMH
NepPBRIMH IIaTaMH B HCCJAeIOBaHMH MHKpoMHpa. Matepus
HeOXHIAaHHO MNpeAcTaBaJja INlepell YUeHHIMH B COBepIIEHHO
HOBOM KauecTBe. TpyAaHO OBLIO OpHEHTHPOBaTbcsd Ge3 KOM-
naca-TeOpHH B 3TOM 6Ge306peXHOM OKeaHe HeNO3HaHHOTO.
KBanTOBasi MexaHHKa TOJbKO Hapoxjiajacb, a O TeOPHH
3JleMeHTapHbIX YaCTHI elle He ObIO H peud. [Iposnoxurs
NpaBUJbHBIA KYypCc B 3THX CJAOXKHEHIUHX YCJAOBHAX Obl-
JIO HOA CHJIY JUUlb KPYNHeAUIHM ¢GH3MKaM Halllero CToJe-
THSI.

Tenepb 1eHTp TAXKeCTH B 3KCIEPHMEHTAJbHOH (H3HKe
BBICOKHX 3HePTHH NlepeMeCTHJ/ICSl CKOpPee B BOILUIOLIEHHE YiKe
H3BECTHOrO 10 Hlee 3KclepHMeHTa. Mccaenyemue 06BeKTH
TaK CJHOXKHBI, YTO <IPOCTHX» MeTOJOB IJSi UX H3YUYeHHs
npocto He cyulectByeT. Celiuac /060# aKCepHMEHT B (H-
3HKe BHICOKHMX 3HeprHH HAacTOJbKO Xe CJOXKHee IepBOHa-
YaJbHBIX, HACKOJBbKO aTOMHBIe Yachl CJ0XHee COJIHEUHHIX.
N pabora ¢(pHu3MKOB-3KCIEPHUMEHTATOPOB AABHO yXke YTpa-
THJIAa TIPMBJIEKaTeJbHOCTh NePBOHAYaJbHOH MPOCTOTHI.
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Tonbko B maMsTH BeTepaHOB HayKH OCTaJHCh Te, He
TakHe YX JlajleKHe BPeMeHa, KOrja «Ccyabby (usHyeckoro
9KCIIeDHMEHTa pellajl OAHH XOPOIUHH CTEKJOAYB, a HaJH-
yde B Ja6opaTOPHH TOKAPHOTO CTAaHKa CUHTAJOCh OCHOBar
HHEM JJIs1 ONTHMHCTHUECKHX HPOTHO30B».

Co3naHHe yHHKaJNbHOH YCTAHOBKH — a HUMEHHO TaKOH M
ABJIEeTCA COBpPeMeHHasi «psifloBasi» yCTaHOBKa — TpebyeT
OTPOMHBIX MaTepHaJbHHIX pecypcoB. Ee cToMMOCTb AOCTH-
raeT HECKOJbKHX MHJJIHOHOB pyGuei. [lostomy Kaxnas
pabora, KOTOPYIO NPOBOAST, Hampumep, Ha CepnyXoBCKOM
YCKOPHTeJle, IpeXjae Bcero obcyxkaaercs Ha y4eHOM CcoBe-
te MHcTHTyTa du3HKH BhICOKHX 3Hepruit. M TosbkO mocie
NMOJIYYeHHOT0 «J06p0o» 3IKCHEePHMEHTATOPH HEmoCpelCTBeH-
HO NPHCTYNAIOT K CO3JaHNI0 HeoOXOAMMOH yCTaHOBKH.

A sT0, nmpAMO cKaxeM, 3afaya uUpe3BHYalHOH TPyAHO-
ctu. M pelllnTh ee MOryT TOJBKO Te, KTO BJajeeT FJIaBHOH
TalfHOH cBoero peMecsia, KTO codeTaeT GosbiiMe 3HAHHA
0 CBOHCTBAaX W NOBENEHHH 3JIeMEHTAapPHBIX YacTHL C BHICO-
KHM 3KCIleDHMEHTaJIbHHM MacTepCTBOM.

Kynauue B MHgxom Bogopoge

ITpoBepka TeopeMn IloMepaHuyka ¢ MOMOILIBIO Ka-HOJb-
Me30HOB (UeJb 3KCIepUMeHTa) He TeHHAJbHOEe OTKPHITHE,
a, Kak ckasaad pykoeoautenb rpymnsi U. CaBul, «coBep-
IIeHHO Npo3padHasi Belllb. Dosbllle mATHaAUATH JeT Hasaj,
KaK TOJbKO Obla MOHATAa NPHPOAA 3THX YacTHL, CTaJjo
AICHO, KaK C HX MOMOLIbI0O MOXKHO NPOBEPUTb OCHOBH TeO-
pun. Ho npemnonaraeMuift sKcmepuMeHT GBI CTOJb CJIO-
XeH, YTO JIHLIb COBPeMEHHHH# ypOBeHb Pa3BHTHA 3KCHepH-
MEHTAaJIbHOH TeXHHKH cHeNaJ 3Ty HAE NPaKTHUeCKH BH-
HOJHUMOR».

YcraHOBKa 1151 NPOBEePKH 3TOH (pyHAAaMEHTAJbHOH Teo-
pemn co3naHa B CepnyxoBe. Bosiee necsiTH ceKyHA mNoOHa-
pobunoch 6H faxe MacTepy cmopra, 4ToObi 406eXaTb OT
MecTa POXKJeHHS TsKeJbX HeldTpalbHBIX YACTHI, B BakKy-
YMHOH KaMepe YCKOPHTeJNSl N0 KOHIIA BCEro 3SKCIIePHMEH-
TaJIbHOrO KOMIWIeKca, pacTaHyBulerocd noutd Ha 100 meT-
poB B ajauHy. MH XKe maBafiTe mpoitaeM 3TO pacCTOsIHHe
CMOKOHHO, He TOPONSCh, OCTAHABJIHBAACH Y CAMBIX IVIABHHX
y3JI0B YCTaHOBKH.

Ha nepBeIX naTuiecaTH MeTpax ¢ HeHTPaJbHHMH Kao-
HaMH Huyero ocoGeHHoro He caydaercss. OHH NPOCKaKHBa-
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IOT 4Yepe3 HEeCKOJbKO OTKJIOHSIOIIUX 3JeKTPOMAarHHTOB ¥
MAarHHTHBIX JHH3, yOHpalOIIMX NOCTOPOHHHME YacTHUH, H
HEIPSIOT B KOJJHUMAaTOpH, (OPMHpYIOIIHEe HX B IYYOK.

Me3oHHBIA KaHaJ, BAOJAb KOTOPOTO MBI NPOXOAHM
Jnanblie, «6epeXHO» AOBOAHT MaKCHMAaJbHO BO3MOXKHOe
KOJIHYECTBO YaCTHI JO MHIIEHH H3 XHIKOro Bopopona. Urto
INPOUCXOAUT C JOJIFOXKHUBYIIMMH Ka-HOJb-Me30HaMH Iocie
KYyNaHHS B XKHAKOM BOAOpOZe?

OTHOCHTENILHO YaCTHIL ¢ MaJjiof 3Heprheil OBLIO H3BeCT-
HO, YTO OHH 0O6S13aHBH NpPEeBPaTHTHCS B KOPOTKOXHBYIIHe
Ka-HOJMb-Me30HH. A Temepb NPEACTOSNIO y3HaTh, KaK INOBe-
LyT cebsl Te Ke JOJTOXHBYIIHE Ka-HOJb-ME30HH, HO yXe
C OrpPOMHOH 3HeprHe#f BJiaMBIBaloliHecss B MulleHb. Ecian
cnpaBeanuBa TeopeMa [loMepaHuyka W YacTHUH M aHTH-
YaCTHIBEI, U3 KOTOPBIX COCTOSIT Ka-HOJIb-ME€30HH, NPH 60Jb-
IUUX DHEPTHsIX NMPaKTHYECKH OAHHAKOBO B3aHMOAEHCTBYIOT
C NPOTOHAMH MHIIEHH, TO KOPOTKOXHBYIIHX Me30HOB
JOJIZKHO TOSIBHTbCS 3HAYHTEJNbHO MEHBLIE.

®u3uKH NpeAbSBUJIH Maccy Tpe6OBaHHH K COCTOSIHHIO
Bojopoja B MulleHH. OH noJiKeH GBI HMETh H MOCTOSIHHYIO
TeMIepaTypy, H NOCTOSIHHYIO IJIOTHOCTb, HO CaMoOe [IJaB-
HOe — HH B KoeM ciydae He KuneTb! I[ly3nIpbKH, NpoHH-
3LIBAIOLIHE BCIO TOJIy MHIIEHH, — CTPAIIHBIA Bpar, MO-
TOMY UYTO HCIOJBOJb MEHSIIOT ee TOJIIHHY, a Yy4eCTb 3TO
H3MeHeHHe NOKa 4TO HeBO3MOxkHO. He Tak-To mpocro yxo-
BJIETBOPHTbL BCEM 3THM TPeOOBaHHAM JaxXe B TOM claydae,
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ecid 06beM KHIKOBOZODONHOH MHIIEHH HeBeauk. Ho
B 3TOM OIbITe I YBEJHYEHHS BEPOSITHOCTH CTOJKHOBEHHA
KaOHOB C NPOTOHAMH Heo6XoAuMO 6bIo pa6oTaTh C MH-
1eHbI0 AJIHHOIO B TPH MeTpal -

TpexmeTpoBylo TPy6y M3 HepiKaBelolleil CTaJH, HamoJ-
HeHHYIO XKHIKHM BOJODOJOM, NOMECTHJH B APYrywo, AHa-
METPOM OKOJIO TOoJyMeTpa, M AJs NpPeJoTBpaLleHHs KHIle-
HHS OTKayaJH BO3JYyX M3 3a30pa MeXIy HHMH.

Ho Ttorna BosHuk/aa HoBasi TpyaHocTb. Ilo ycloBusM
ONbiTa HeJMb3s YHHHTHL MJOTNOJHHTENbHBIX HPeNnsaTCTBHH Ka-
Me30HaM Iepel] BXOJOM H BBIXOJOM H3 MHILIeHH, A sTH
OpensitCTBUs OLJIH B BHAE IJIOTHBHIX TOPLEBEIX CTEHOK.
OxHa MHIIeHH NPHINIOCH 3aKPHTb JaBCaHOBHIMH ILJIeHKa-
mu TonmuHOH 120 mukpon. Ho ToHeHbKas mM/eHKa MpOru-
6anacb MO AaBJeHHeM JXHIKOIO BOILOPOZA B CTOPOHY
BaKyyMa. A IONYCTHTb 3TOr0 HHKaK GbUIO HeJb3si — Bellb
H3 ME@30HHOTrO KaHaJjla BBIXOLHJ NYYOK YacCTHL, AHaMeTp KO-
TOPOro JOCTHIaJ HEeCKOJIbKHX CAHTUMETPOB. 3HAUHUT, AJIs pa3-
HBIX YaCTHI JJIHHa BOAOPOAHOH MHIIeHH OblJa OBl HeondH-
HaKOBOH, a pe3yJbTaThl SKCIepHMEHTa — HEeOXHO3HAYHEIMH.

Pemenne, Kak Bcerfa, NpHILJIO HEOXHIAHHO H OKa3a-
Jocb coBceM mnpocTeiM. OKHa MHIIEHH cHesJatdH H3 ABYX
cl0oeB JaBcaHa. Bo BHYTpeHHeHl IVIeHKe INPOKOJIOIH Ma-
JIEHbKYI0 ABIPOYKY TaK, YTOOGHl JAaBjleHHe MO 00e CTOPOHHI
STOr0 OKHa BHIDaBHHBAJOCh, a XKHAKHHA BOLOPOA B HPOCBET
MeXJy OKHaMM He NpoHHKaJ. OpHrHHa/JbHasi KOHCTPYKIHS
OKOH M CHelHaJbHO CO3MAHHBLIA JJs 3TOH MHIIEHH cTabu-
JIU3aTOD [aBJIeHHs1 TO3BOJIHJH HPOLOJKHTeJNbHOE BpeMs
HOAJePXHBaTh KOJHYECTBO BOAOPOAA Ha NYTH YacCTHI, MO-
CTOSIHHHIM ¢ TouyHOcThIO0 10 0,05 mpouenTa.

oniua B HopoOie

MuHoBaB MHIIEHb C €€ CJOXKHBIM KPHOTeHHBIM X03si-
CTBOM M ABYMS NYJbTaMH yIpaBJieHHS, Ml JoGupaeMcs 10
MecTa, rie Yy GH3HKOB KaK GYIATO OCTaeTcs OJXHa-eJHHCT-
BeHHas 3ajauva. 31ech, B TPeX MeTpaX OT KOHIIa Me30HHOro
KaHaJla, HaJi0 IPOCTO MOACYHTAThb KOJHYECTBO KOPOTKOXKH-
BYIIHX HeHTpaJibHBIX ME30HOB, MOABJSIOLIMXCS M3 MHIlle-
Hu. HIX 4ncio npsaMo COOTBETCTBYeT Pa3HOCTH BePOSATHO-
cTell B3aMMOAEHCTBHS Ka-HOJb- H aHTH-Ka-HOJb-ME30HOB C
BozoponoM. He mpaBna Jsiu, KaxKeTcs, HHYErO CJIOXKHOTO
3Jiech Het?
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Ho tsKenble KOPOTKOXKHBYILHE Ka-HOJb-ME30HB! JIHIIb
Ha MTHOBeHHE TOSIBJISIOTCS M3 MHIUIEHH H TOTYacC 3Ke pacma-
JapTcs Ha OoJiee JieTKHe NH-TUIIOC- M NH-MHHYC-Me30HHL
U B sTOM rsaBHasi TPYAHOCTH 3KCmepHMeHTa. Temeps Hamo
He TPOCTO 3apPerHCTPHPOBATH JBe HOBBHIE YAaCTHIBL, HO H JO-
Ka3aTb, UYTO OHH BeAYT CBOe TIPOHCXOXKJAEHHe OT MEePBHYHOTO
KaoHa — KOPOTKOXKHBYILEro Ka-HOJb-Me30Ha. A pelnaTs
3Ty 3afayvy NPUXOLHTCS B NPHCYTCTBHH GeCYHCIEHHOTO MHO-
’KeCTBa HOCTOPOHHHX (DOHOBBIX HACTHI, JETHIMX KaK OT
YCKODHTeJs, TaK H OT MHIIEHH,

Io yray Mexny nu-Me30HaMH # TO HX SHEPTrHH MOXHO
HaWTH MacCy 4aCTHHBI-POXHTeNbHHIBL. Ecnn oHa coBmamaer
C MaccoH Ka-HOJIb-Me30Ha, 3HAYHT, BIOJHE BEpOSITHO, YTO
9TH 3apsKeHHble YacTHIB Te caMble, HA KOTOpPble pacnalj-
¢ KaoH, TO eCTb NH-Me30HH. /s NOJHOH yBepeHHOCTH
CPaBHHBAIOT HaMpaBJeHHe ABHXKEHHS YaCTHIBI, IIOL03pe-
BaeMoll B HIEHTHUHOCTH C Ka-HOJb-Me30HOM C Hampasiie-
HHEM Me30HHOro mydYka, majamoliero Ha Muiiedb. O6a 3TH
HANpaBJeHHs NOJKHH COBNALATh.

Hasa Bcex 3THX M3MepeHHH HYXKHa TaKasl KCIepHMeH-
Ta/lbHasi YCTaHOBKA, KOTOpasi B MHJLIMAPAHbE TOJH CEKYH-
bl CPeJH MHJIJIHOHOB YaCTHI| «y3Haja Gbl» HYXHble (uA3H-
KaM H 3a(HKCHpPOBaJia Obl UX KOODJHHATH B NPOCTPAHCTBE
€ TOYHOCTBIO 10 fnosed MuaauMerpa! Xopoiuo 6bl elle BH-
JeTb nposierapomue yacTHusl! KoHeuHo, 3/ieMeHTapHbBIe dac-
THUB YBHAETb Hesb3s. Ho HX cleasl — TpekH — YueHHe
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yXKe NaBHO HAYYHJIHCh AeslaThb «BHAMMBIME> B oTorpadu-
YeCKHX 3MYJbCHAX. (DMYJbCUSIMH C YCIIEXOM NQJIb30GBa-
JUCh ellle HAa 3ape Pa3BUTHs (GU3MKH MHKpoMipa. € ycrme-
XOM TOJb3YIOTCS HMH M ceifuac. BJok, H/IH, Kak roBopsT
(pH3HKH, «BeAPO 3MYJbCHKH», OYIeT y4acTBOBaTb B OINbITe
no oOHapyXeHHIO MoHomoss Jlupaka Ha yckopuTele B
IXEPHe.)

Ho, yBel, 1151 npoBepku TeopeMbl [loMepaHuyka Takoil
npu6op He HOAXOZHT, HO0 ero paGoToll HEBO3MOXKHO YIpaB-
aATb. B mocaenHre roan B QH3HMKe 3€MEHTapHBIX 4aCTHIL
NOSIBHJICS HOBBIA mpubOop — HCKpPoBas KaMepa. Muorue
¢Gushuyeckne 3amayd, B TOM YHCJe U 3aj4aya C Ka-HOJb-Me-
30HaMM, He MOIJIM OBIThb pelleHbl 0e3 IIPHUMEHEHHH 3TOTO
npubopa.

YeTpolieTBO HCKPOBOH KaMmephl HeClOXHO. B repmernu
CKOH KOpOOKe, 3aNOJIHEHHOH HHEPTHBIM [a30M, Pa3MerreHsl
Ha HEKOTOPOM pacCTOSIHMM JPYr OT Apyra MeTaJlJIHuecKne
IJIaCTHHKH HJH NMPOBOJOYKHE. 3apsiKeHHasl 4acTHIa, IpoJe-
Tasi MeXJy NJacTHHKaMH, OCTaBJasieT 3a cobol COpBaHHHE
C aTOMOB 3JIEKTPOHBl U 3apsiKeHHble HOHH. Bricokoe Ham-
psixKeHHe, NPHJIOXKeHHOe K IJACTHHKaM, cOoo6LlaeT ITHM
aTOMHBIM OCKOJIKAM JOHOJIHHTEJNbHYI0 3HEpPruio, U OHHU
npuoGpeTaloT CHocoGHOCTb, B CBOIO oOYepelb, BHOHBATH
3JICKTPOHH H3 aToMoB. HoBBHle 3/IeKTPOHH H HOHH [1e/1aloT
TO e caMoe, H B peaysbTaTe oOpasyeTcs JaBHHA — KaHaJ
H3 HOHH3HPOBAaHHOrO rasa. Temepb OyTh Pa3pany OTKPBHIT,
H B TeX rasoBBIX NPOMeXYTKax, rie NpoJeresna YacTHNa,
NpPOUCXOANUT NPOOOH: BO3HHKAIOT SIPKHE HCKDHI, KOTOPHE ¢
JeJal0T MYyTh YaCTHIBL BHAUMEM HJIH JOCTYIHHIM AJS aBTO-
MaTHYeCKHX H3MepPeHH.

Kpynubiit BKJaj B pasBUTHe 3TOH HOBeHlIeH MeTOZHKH
BHECJIH COBeTCKHe YyueHble. FIM ynaznoch BMellaTbhest B Ipo-
ecc pasBHUTHS Da3psiia. YKOPOTHB BBICOKOBOJIbTHBIH HM-
NyJIbC HanpsiKeHHs, T0JaBaeMOro Ha NJacTHHLE KaMephl, OHH
CyMeJii OCTaHOBHTb €r0 B CTPUMEDPHOH CTanHH, KOTda JIeKT-
puyeckoe IoJe ycleBaeT €O31aTh TOJbKO 3apOABILIK 3aps-
JIOBBIX JIaBHH — CTPHMepH. 3TO 1aJ0 BO3MOXKHOCTH OUYeHb
TOYHO H3MepATb KOOPIHHATHI TpeKa NPH NPOXOXKJIeHHH ya-
CTHIBI TQJ JIOGBIM YIVIOM K HalpaB/eHHIO NJIACTHH.

3a cosnanue CTPHMepHOH HCKpOBo# Kamepst B 1970 ro-
oy rpynna yyeHnx HMucrutryra ¢usure AH I'pysuHckoil
CCP nox pykosoacrBom I'. UukoBauu B cCOBMecTHasi rpym-
na yuensix ®dusuueckoro uncruryra AH CCCP # Mockos-
CKOTO HHKeHepHO-H3HUeCKOTO HHCTHTYTa NOX PYKOBOACT-
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BOM JOKTOpa ()H3HKO-MaTeMaTHuecknx Hayk Bb. Iloaromen-
Ha Gblyia ynocroeHa JIeHHHCKO# nmpeMuu.

HecMoTpa Ha Bce JOCTOMHCTBA HCKPOBOH KaMephl, HCK-
pHl B Hell OTMeyaJH NyTh He TOJbKO «HAUIHX» NTH-Me30HOB,
HO M JIOOBIX JPYrHX 3apsKeHHBIX yacTtul. Kak e 3acra-
BHTb HCKPOBYIO KaMepy He pearupoBaTh Ha INOCTOPOHHHeE
YaCTHII?

EnuHcTBeHHast BO3MOXKHOCTb COCTOSlJIa B TOM, YTOGH
BKJIIOUHTb €€ HMEHHO JJIS TeX YacTHI, KOTODHIe <«IPOHCXO-
HASIT» OT HeHTpaJbHBIX Ka-HoJb Me30HOB. [TouTH copok Mert-
pPOB YCTaHOBKH AJisi NpoBepkKH TeopeMnl ITomepaHuyka 3a-
CTaBJIeHbl CJIOXKHBIMH npu6Gopamu. OHH NMOHaZOGHIHChL AJS
TOro, 4ToOBl BOINIOTUTb 3Ty BO3MOXHOCTb B JAeHCTBHTEJb-
HOCTb. DKCIIEDHMEHTATOPBl XOpOIIO MpeACTaBJAsIOT cebe
reoMeTpHIO TPaeKTOPHH NH-Me30HOB OT paclaja KOPOTKO-
JKHBYILIEro Ka-HoJb-Me30Ha M0 KOHIa BCeH OrpoMHOH ycTa-
HOBKH.

HeBATb HCKPOBBIX KaMep MO MarHHTa H CTOJbKO IKe
nocje Hero HeOOXOJHMEBI JJISI JOCTATOUYHO TOYHOI'O (HKCH-
pOBaHHS KOODJAHHAT YacTHI, B mpocTpaHcTBe. [oBOps s3HI-
KOM YHCeJ, 3Ta CHCTeMa B COCTOSIHHH OGHapYKHUThb H3MeHe-
HHe B KOOPJAHHaTaX, paBHOe | MHJUIMMeTDY, Ha PacCTOSTHHH
NSATH MeTpOB!

Ho ecnu He ynpaBisite paGoTofi HCKPOBHIX KaMep, TO
OHH NOCTOSIHHO 6YAYT 3a0HTHl TPeKaMH (DOHOBBIX YaCTHI, H
HalTH cpelH HHUX HHTepeCYIOIlHe Hac IPOCTO HEBO3MOKHO.
C npyroi#t CTOpOHBI, 3apaHee Heab3s yrafaTb, KaKyl H3
YaCTHL, NONaJalollHX B YCTaHOBKY, HaJ0 PErHCTPHPOBATh,
a Kakylo HeT. Heo6xomum XOTb KaKoH-HHOYIb 3amac Bpe-
MeHH, 4TOoOBl pa3o6paThcs BO BCEX 3THX YaCTHIAX.

3Zech-TO H NPHXONHT Ha NOMOILL CaMoOe IJIaBHOe Ka-
YeCTBO HCKPOBOH KaMephl. Eciiu uyepe3 Hee mpoJerena 3a-
psAXeHHasl YaCTHIA, TO MeXJY ee MeTaJJMYeCKHMH IJIacTH-
HaMH o0pa3yeTcs HOPOXKKa H3 HOHOB H 3JeKTpoHoB. Ho
OHa OCTaeTCs HeBHIMMOH HO TeX NOp, NOKa He BKJIOYeHO
BBICOKOe HanpsiKeHHe. B TeueHHe MHJIIHOHHOM JOJH CEeKYH-
JBl POJIeTa YacTHLBI PacNoJIoKeHHe aTOMHBIX 00JIOMKOB B
NpPOCTPAHCTBe He ycneBaeT H3MeHHTbcs. [loaTomy Kamepa,
BKJ/IIOYEHHAsl Jaxke ¢ TaKOH 3aJepKKOH, ellle crocobGHa cle-
JlaTb BUAHMBIM ee NyTh.

Hrak, y (GH3HKOB BHIKpOHJACh ILeJasi MHKPOCEKYHMA.
3a 3TO BpeMsl OHH JOJIKHBI YXHTPHTbCS HE TOJNBKO ONO3HAaTh
«CBOM» YaCTHUbl, HO H JaTh NPHKa3 O BK/IIOUEHHH HCKPO-
BBIX KaMep.
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Ot Mononora K pwanory

Hackoabko xe Temepb yC/OBHS PaGOTHL SKCIEpHMEHTa-
TOPOB OTJIHYAIOTCA OT TeX, 4YTO OLLIH JIeT TPUAUAThb Haszan!

Torma Mexay HccnemoBaTesneM M NPHOGOPOM Mies HETO-
POIVIHBHIH Da3roBOp, COCTOSIIIMA M3 IJHHHBIX MOHOJIOTOB.
ITomnunute, kKak D. Pesepdopn, sanonnsis kaMepy noouepen-
HO BO3JIyXOM, a30TOM, BOZOPOAOM, CIOKOHHO NMOACYHTHIBAJ
KOJIHYeCTBO BCHHIIEK OT BHIIETAIOMHUX M3 KaMepHl siaep
Bomopona. I. UenBHk cHauana H3Mepsl YHCJIO NPOTOHOB,
BHIOHBaeMbIX HeHTPOHaMH H3 napaduHa, NOTOM y6HpaJa ma-
padHuH M He TOpomsch yOexnaajcs, YTO Tenepb IPOTOHOB
HeT.

Takue TeMInel «pa3roBopa» B COBPEMEHHOM 3KCIepPHMEH-
Te (DH3MKH BBICOKHX 3HePrHH [POCTO HeMBHICJHMBHL. Tenepb
HeOOXOIHM OXHBJIEHHBIH IHAJIOT, H 0 BO3MOXHOCTH 6e3
nays.

B apceHase 5KCnepHMEeHTAaTOPOB AaBHO HaXOJIHUTCS MpH-
60p — CUHHTHJISIUOHHHIA CUETYHK. 3apsKeHHHE YacTH-
Ibl, MONajasi B Hero, BO30yXKAal0T CBETOBYIO BCIHILKY, KO-
TOPYIO UYBCTBHTEJNbHAsl JaMna-QOTOYMHOXKHTeNb TOTYaC
npeBpaniaeT B dJeKTpHYecKHH HMmysabc. C MOMOILIBIO 3TOTO
CUETYHKA MO aMIIHTyLe HMNYJbCa MOXHO JIETKO OTJIHYHTD
IPOTOHHI OT 3JIEGKTPOHOB H Me30HOB, €CJIH SHePTHH HX HeBe-
aukd. IlpaBiaa, y pPeqATHBHCTCKHX YacTHL, IBHXKYIIHXCS
MOYTH CO CKOPOCTbIO CBETa, BCe MMNYJbCHl OAHHAKOBH, H
[0 HAM HEBO3MOXKHO ONpedesIuTh «cOpTa» uacTHun, Ho skc-
NnepHMeHTaTOPhl, paboTamomue B (GH3UKe BHICOKHX IHEPrHi,
yBHIEJNH B 3TOM NPHOODe OJHO I€HHOEe KadecTBO: CHTHaJ
OT KaxJoH NpoJieTeBLIeH YaCTHIB MOCTYNaeT OT CIHHTHJ-
JISIMHOHHOTO CUETYHKA OUeHb GBICTPO, 3a 10~ ceKyHAB, KakK
pas To, YTO HYKHO.

Hrak, Ha OPOTSIKEHHH BCefl YCTAHOBKH PacHOJOXKHIH
0K0JIO 50 CUMHTH/ISALUHOHHBIX CYeTYHKOB. KX moMmecTHsH
nepefl HCKPOBBIMH KaMepaMH, Ilepell MarHHTOM H 32 HHM.
CUeTYHKH YCTAaHOBHJH TaK, YTO YaCTHIbl, KOTOpble HeoG-
XOJHMO 3apErHCTPHPOBATh, 06I3aTeNbHO JOJKHB ObLIH IPO-
JeTeTb uepe3 HHX. Temepb N0 MOPSAKY MNOCTYIJIEHHS HM-
NyJbCOB, KOTOPHIH COOTBETCTBYET F€OMETPHH I0JIeTa YacTH-
Ibl Yepe3 YCTAHOBKY, MOXHO HAafTH NH-Me30HH, 006pa3o-
BaBllIHecs OT pacnaja HeHTPaJbHBIX KaOHOB, H JaTb KOMaH-
Ny HCKPOBBIM KaMepaM, YTOObl OHH BKJIOYHJIHCH IJ pe-
THCTPALHKH.
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Ho serko ckasatb — Hafitn nu-Me3on! UenoBeky, Aaxe
CaMOMy DacTOPONIHOMY, He IOJ CHUIY CHeJaTb Bce 3TO 3a
Ionu cexyHIH. IToaTomy BMecTo Hero paGoTaloOT CHEKHAaJb-
HHe 3JeKTPOHHHe <«JIOTHUECKHe» cXeMH. B TeueHHe MR-
JHAPIHON NOJM CEKYHIH OHH YCIeBaloT NPoaHaJU3HPOBaTh
HMIYJbCH BCeX CHAHTH/JISHHOHHBIX CYETIHKOB, B €C/H JBe
9acTHUH OJHOBPEMEHHO «YHPKHYJH» MO BCEM cUeTUNKaM
B 3aJlaHHOM NOpsiAKe, 3JEKTPOHHAS CXeMa «CYHTaeT» HX
HCKOMBIMH YaCTHIIaMH M <«paspellaeTs 3alycKk Kamep.
U Torpa B Tex MecTax KaxKIod KaMmepsl, [e IIpoJeTesaa 4a-
CTHIIa, BO3HHKaeT HCKPOBOH pa3psai. B Bume ajekrpuue-
CKHX MMIYJbCOB ¢ MHOT'OYHCJIEHHHIX NPOBOJIOUEK KaXJol
3 18 kaMep HaumHaeT moctynaTh HHGOpPMAUMS O KOOPIH-
HaTax (X ¥ y) TPAeKTOPHH YAaCTHUH B HaHHOH TOYKe Npo-
CTPaHCTBaA.

Hy BOT MBI H mpoOUIJH Bee MeTPBl, Ha KOTOPHle NMPOTH-
HYJIKCb Me30HHHEIH KaHaJ H €aMa JKcllepBMeHTalbHas ycTa-
HOBKAa [/l perHcTpalHH KOPOTKOXKHBYUIHX Ka-HOJb-Me30-
HOB, BO3HHKAIOIIUX B XHIKOBOJOPOLHONH MHIIEHH.

Ho yBuIeHHOe HaMH ellle He HCUEPIbIBaeT CIHCKAa BceX
BaXKHeHIIHX Y3JIOB YCTAHOBKH. B cTOpoHe OT Hee B «3Kcoe-
PHMEHTAJbHOM JOMHKe», I'ie HCCaeJoBaTelld MOFYT Haxo-
JIHTbCH BO BpeMst pPaGOThi YCKOPUTENS, CTOAT CTORKH C He-
CKOJIbKHMH COTHSIMH GJIOKOB 3JIeKTPOHHOH amnapaTtyphl, Ha-
YHHEHHHE [eCTKaMH THICSY TPaH3UCTOPOB, KyAa IPHXOAST
BCe HMNYJbCH OT YCTAaHOBKH. A ellle B OZHOM IHOMellle-
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HUH PACNOJIOKEHO YCTPOACTBO, KyAa CTeKaeTcsd BCA UH(OP-
mauus. 31ecb NPOHUCXOAUT KOHTPOJIbL 3a paGoToH OIHOBpeE-
MeHHO BceX NPHOOPOB M KAaXKAOro H3 HHX B OTAEIbHOCTH.
be3 aToro KoHTPONA YCTAHOBKA, coelHHsOuUas B cefe Bce
caMoe mepe/l0OBOe B IKCHMEPHMEHTAJbHOH HayKe H TeXHHKe,
npeBpaTHaach OHW NPOCTO B BLICTABKY COBPEMeHHOH alma-
patypsi. KotieuHo Xe, 3T0 37eKTPOHHO-BHUHC/IHTENbHAS Ma-
HIHHA.

«Panbllle, 10 pa3paGoTKH MeTOJHKH IPOBENEHHS 3KCIe-
pUMeHTOB Ha Juuuu ¢ ODBM, — ckasan M. CaBun, — cra-
BHTb TaKHe ONBITHI OblIO0 GeccMbicieHHO», O6beM uHObOP-
MalldH ONbITa TAaK BeJIHK, YTO JazKe BbIYHCJAHTEJNbHAsA MallH-
Ha, Hampsrasi OO IpefieJia CBOIO <MAMATb» H BbIXKHMas
MaKCHMAaJIbHYI0 CKOPOCTb, €[IBa yCIleBaeT NPHUHATb H 3alH-
caTb Ha MAarHATHYIO NAEHKY CBeJeHHSl O TPaeKTOPHAX HYX-
HBIX MaCTHIL

OxoHueH ouepenHOH ceaHC PabOTHL Ha ycKopurene. Pu-
3HKH BO3BpalalOTCS C IleHHeHIIHM TIPy30M 3KCIepHMeH-
Ta/JbHHX Pe3yJabTaTOB, 3alIH(GPOBAHHHX B MAarHHTHHIX MJIEH-
kax. Hacrynaer HOBBI# 3Tanm pa0OTH, KOTAa yUeHHM HY3KeH
He ycKOpHTeNdb, a Apyras DBM ansa o6pabGotku «nonydab-
pHKaTa» HHGOPMaILHH.

B riaBHOM BHIYUCAHTENHHOM -leHTpe [yOHB CTOHT MOLUL-
Hast M OblcTpasl BHIYHCJIHTe/NbHasi MawmHHA. [lo crmenuass-
HOH MaTeMaTH4eCKOH TNporpaMMe «DeKOHCTPYKUHH» OHa
BOCCTAHAB/IHBAET H3 OTPE3KOB TPaeKTOPDHH BCIO KapTHHY
pacnaja KOPOTKOXKHBYHIMX HeHTPaJbHBIX Ka-HOJb-Me30HOB.
Mamuna cama HaXOJHT TOYKY pacmaja, yrol MexAay IH-
Me30HaMH, SHEPTHIO 9THX YACTHIL HO OTKJIOHEHHIO B MarHHT-
HOM ToJe.

W xorga Bce cOOHTHS, CBSI3aHHble C KaOHaMH, BO3HH-
KalOUIMMH B XXHAKOBOZOPOJHOH MHIIeHH, O6yAyT BOCCTaHOB-
JleHbl H HX XapaKTePHCTHKH B yA0OHOM BHAe 3alHcaHbl Ha
HOBble MarHHTHble IJIEHKH, IJIEHKH NOHAYT Ha JajbHedInyIo
06paboTKy.

HecMmoTpst Ha TO, YTO JIOrHYecKHe cXeMbl HOOPOCOBECTHO
BHINOAHAIH CBOH OOSI3aHHOCTH, HEKOTOPHE H3 3aHKCHPO-
BaHHBIX COOHITHH, TOJNBKO BHELIHE NOXOXHX Ha TY fePHYIO
peakuuio, JJIsi NOUCKOB KOTOPOH M co3JaHa 3Ta CJOXKHafA
3KCHepHMeHTalbHasi YCTAHOBKA, MOTYT OKas3aTbCfl CJydai-
ueiMH. [1o3ToMy nocienHee cJiOBO OHATHL HpeloCTaBlisieTcs
¢du3ukam.

[laenkd c pesysabTaTaMH, NOJYYeHHHIMH HHTEDHALHO-
HaJbHO# rpynno#l ¢usukos noj pykosoictsoM M. CaBuHa,
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6buTH NpoAYy6NIHPOBAHH H  OKOHYaTeNbHO 06paGoTaHH B
Hy6ue, IIpare u Bynaneiure. '

Heckonbko JeT HanpsxkeHHOH paboTel 6OJBLIOrO KOJI-
JIEKTHBA YYeHHIX noTpe6oBasoch HJs1 NPOBEPKH TeOpPEMH
ITomepaHuyka Ha NPOTOHAX, HEHTPOHAX H sApax H30TONA
BoJopofa — JeiiTepHs. BaxHefilllasg TeopeMa COBpeMeHHO¥
(H3UKH moATBepAHIAach: YyeM OOJblile SHEePrusi YacCTHI, TeM
MeHbllle Pa3HHIlAa B NOBeJeHHH MEXAY 3THMH YacCTHIAMH H
HX aHTHYACTHIaMH.

Muwenb ~ cTpya Bofiopogia

«T'oBopsaT, uTO HIeH moporo crosT. DTo BepHo. M Bce
JKe B Halllell MpaKkTHKe yallle BCero «Apama mujeii» pasbirphl-
BaeTcs He B BHICOKOH cepe Ayxa, a B INIOCKOCTH HX pea-
JIH3aLIHH», — CUHTAIOT 3KCIEPHMEHTATOPHI.

Ecnu pna  skcnepuMeHTa ¢ KaOHaMH moTpe6GoBaJiach
yHHKaJbHasi IO CBOHM pa3MepaM H KauecTBY MHILEHb, BMe-
marounas J0BoJbHO 60JbllIoe KOJMHYeCTBO BOAOPOZAA, TO AJA
ONBITOB 10 PAacCesHHIO NMPOTOHOB Ha NPOTOHAX, BHIIOJHEH-
Hbix B CepnyxoBe nox pykosoactsoM B. HukuruHa, nonano-
6uJach CBEPXTOHKasi MHIIEHb C IJIOTHOCTBIO B MHJIJIHOH-
HYIO JOJI0 rpaMMa Ha OJHH KyOHUYeCKHH CaHTHMETD.

Jlio6ast 060/104Ka, B KOTOPYIO 3aKJIOYHJIH OB Takylo
MHIIEeHb H3 ra3oo6pasHoro BOAOpoAa, 6e3HanexKHO HCHOP-
THJIa GBl BCe pe3y/bTaThl. A H3IOMHHKAa SKCIIEPHMEHTa KakK
pa3 H 3aKJKuajach B TOM, YTOOBI MOCMOTpETh, KaK BeAyt
cebst 6bICTpble NMPOTOHH HPH CTOJKHOBEHHH C MHIIEHBIO H3
yhcToro BojopoAa. Y B .n1a6opaTOpHH BBICOKHX 3Heprui
OHSIH BnepBhle B MHpe 6blia Co3faHAa YHHKa/lbHas CTPYi-
Hag BOZOPOAHAsl MHIUEHb, pafoTamoliasi BHYTPU KaMephl
YCKOpHTeJ4.

Ceiluac maxe caMHM CO3/aTe]sIM 3TOr0 OPHIHHAJBLHOIO
ycTpoiicTBa TPYAHO CKa3aTb, Koro O6blIo OoJsbllle BHaya-
Jle — CTOPOHHHKOB HJIH NPOTHBHHKOB 3TOH HAeH. B ee pea.
JH3alHH COMHEBAJHCb Ja)Ke KPyNHHE yueHble, H He Ge3
OCHOBaHHH.

ITpoTtonsl B CepnyXoBCKOM yCKOpHTeJe HaGHpaJH 3Hep-
ra0 B 70 MUJIJIHAPAOB 3JE€KTPOH-BOLT. OHH ABHTaJHCH 1O
3aMKHYTOMY KOJbIY BaKyyMHOH KaMepBhl, TIIATeJIbHO OTKa-
YaHHOH N0 AaBseHHs B 10~7 muanHMeTpa pTyTHOro cronba.
H cronno BakyyMy XOTb HEMHOrO HCIOPTHTHCS, KaK KOJH-
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YeCTBO YCKOPsieMBIX NMPOTOHOB Pe3KO yMeHbIIaJOCh: cTal-
KMBasChb C YacTHIAMH BO3[1yXa, OHH INONaJajJd Ha CTeHKH
KaMephl M BHIOHIBaJIM M3 Mpomecca yckopeHusa. Mx nBuxke-
HHe HaNOMHHaJo OecNOpSJOYHBle NBHXKeHUS IMaiOB NoA
yAapaMH KJIOIIKH HauMHAIOIero XOKKeHcTa.

W npm TakuX XKecTKHX YCIOBHSIX IO BaKyyMy HYXKHO
OBLJIO peryJsipHO BIHPHICKHBATh B KaMepy TaKoe KOJHYECTBO
BOZOPOZA, YTO €ro XBaTWJO Gbl Ha yBeJHYeHHe HAaBJEHHUS
BO BceM OGbeMe yCKOpHUTesdsl. A pe3koe HapylleHHe BaKyy-
Ma B KaMepe YCKODHTeJsl BO BpeMd 3KCHepPHMeHTa NpHBeJO
6Bl K 3JIeKTPHUYECKHM NPO6OSIM B BHICOKOYACTOTHEIX yCTPOH-
CTBaX, H YHHKaJbHHH YCKOpHUTeJb Ha MAJHUTEJbHOE BpeMA
6nis1 OBl BEIBElEH M3 CTPOSI.

3ajnaya, KOTOPYI NOCTaBHJH Nepel COO60N KOHCTPYKTO-
pH, HallOMHHa/la Ty, YTO BO3HHKJa INlepell repoeM BOCTOYs
HOM CKasKM, KOrjla OH HeOCTOPOXKHO pacrneyaTas OyTHLIKY
€ 3aKJIYeHHBIM B He#l MKHHHOM. Ho uyTOGH He momacTh
B CHTyalHI0, aHaJOTHUYHYIO CKa30YHOH, OHH DPelIHJH BIIyC-
THTb JXKHHHa — CTpyl0 razoo6pasHoro Bojopoza — B Ba-
KYYMHYIO KaMepy, 3aTOTOBHB C I POTHBOMNOJIOXKHOH CTOPOHBI
IpYryio «OyTHIJIKY» — BaKyyM-Hacoc.

Pa3 3a pasom cTaBH/IH COTPYAHHKH KPHOTEHHOTO OTZHeJsa
nabopatopun Bbicokux sHepruit OV onbiTH Ha MoAensx,
HpexJe YeM BBICOKHI BaKyyM H IVIOTHH MNOTOK rasa Ie-
pecTasu NPOTHBOPEYHTh APYr APYry H Hayaja BHPHUCOBBHI-
BaTbCA KOHCTPYKLHS 6ynyliero ycTpoHCTBa.
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Crpys rasoo6pasﬂoro BOJOPOJA, BHIMYIIEHHAs H3 CIe-
{IHaJbHOTO YCTPOHCTBA CO CBEPX3BYKOBOH CKOPOCTbIO, me-
pecekasa MyYoK GHICTPHIX MPOTOHOB BHYTPH KaMepbl yCKO-
pUTeJasi — H B 3TOT MOMEHT OHa Hrpajaa pojb MHUIEHH.
A 3atem mnonajfiaja B <«TOPJBILIKO» TeJHeBOro KOHJIEHCa-
IHOHHOTO Hacoca, JEHCTBHTENbHO MOXOXKEro Ha IUIHPOKYIO
OyTBUIKY. B 10oaM CeKYHIBl OH yKpOUIa/ BIYUIEHHOTO B Ka-
Mepy [UKHHHA, MOpeBpallas TOTOBBIH pacnpOCTPAHUTBLCH
BO BCe CTOPOHbl Ta3 B HEMOJBHXHBIA M COBEpIUIEHHO He-
onacHuIfi BOJOPOJHbIN HHEI.

M Bor B Mmapre 1968 roga HacTymuJ aeHb, Korja pa-
60THHKH TPAHCIOPTHOTO OTAeNa OUMM nauanu mnepeBo3-
Ky roroBoit ycraHoBkn B CepnyxoB. OpHoii H3 TNepBBIX
OHa MOfIBHJACh B OTPOMHOM, ellle MYCTOM 3ajie YCKOpHTe-
nsi. Hauanach HanpsikeHHas MHoromecsyHas paGora mo
NOArOTOBKE amnmapaTtypbl K pa6oTe Ha HOBOH MallHHe.
M naxkoHelm HACTYNHJM AHH KPYIVIOCYTOUYHBIX H3MEPEHHH,
HenpephIBHBIX SKCIEPHMEHTOB.

[Moka ¢usukn 3aHHMajauCh 06pabOTKOH MNOJYYEHHBIX
pesy/bTaTOB, HHMKEHEPHI-KOHCTPYKTOPHl MPOJOJIKANH yayd-
WaTh METOJHKY CTpYHHbIX muienei. Hago 6b110 AOGHTB-
ci MeHblIe#d IMPHHbI CTPYH [Jsi TOro, 4TOOb JIMKBHAHPO-
BaTb OWHOGKH B OMNpeJeJeHHH YIJOB BblIeTa BTOPHUYHBIX
9aCTHI[ MPH B3aHMOIEHCTBHH YCKOPEHHBIX NPOTOHOB C MH-
wenbio. KpoMe Toro, cTpylinas MHLIeHb OKasaJjacb AJs He-
KOTOPHIX 3KCMNEePHMEHTOR BCe-TaKH HeJOCTaTOYHO MJIOTHOH,
H3-33 4Yero yBeJIMYHBAJOCh BpeMsi pabGOTHl Ha YCKODHTele.

Buixon 6wt HaifigeH. CTpPyl0 VYNJIOTHHAH, Tepedasi OT
CBEpPX3BYKOBOII CTPyH Trasa K TMIOTOKy G6oJee MeJieH-
HO IBHIXKYIIHXCS Kamesjek >XUIKOro BOAOPOJa H TBepABIX
ero yactuuek. [IluprHa HOBOH MHIIEHH H3 CKOHJIEHCHPOBaH-
HOTO BOJOpPOJaA cTaja B 4 pa3a MeHblle, IJIOTHOCTb YBEJH-
uHJach B JecATb pa3, a KOJHYECTBO BNYCKaeMOro B YCKO-
puTeNb Ta3a COKpaTHIoCh B 2—3 pasa.

Ipynna B. HuxkHTHRa C HeCKOJILKHMH COTPYAHHKaMH
KPHOTEHHOTrO OTAeNa, NMPHHHMAaBIIHMH YyY4acTHe B CO3JaHHH
cTpyfiHO# MHuIIeHH, BecHOH 1972 rona Bolexana B AMepHuKy.
Onu npoBesH 3KCNEPUMEHTHl C HOBBIM YHHKaJbHHIM YCT-
poACTBOM Ha TOJBKO YTO 3amymleHHOM B BartaBuum camom
MOIIHOM YCKOpHTese B MHpe npu sHepruu 400 I'ss.

PesyabraThl nepBbIX H3MepeHHH, MOJYyYeHHbIE Ha STOH
yCTaHOBKe, y¥Ke JAOKJajablBajaHch JeToM 1972 roma Ha KOH-
¢depennun mo ¢u3uKe BHCOKMX 3Hepruii B BaraBui.
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sHupyctpuanbhan» Hayka

DKcmepHMeHTabHBIH 3aJ COBPEMEHHOr0 YCKODHTEJS.
CToMeTpoBasi ycTaHOBKAa, paboTaiolmiasi COBepIIEHHO aBTO-
MaTHYeCKH II0J, pOBHOE ryAeHHe 3jieKkTpoMarautos. He mo-
X0Xe JIH 3TO Ha 3aBOJ C aBTOMAaTHYeCKOH INOTOYHOH JIH-
auei? C Tofi JHmIb pasHHUIEH, YTO K 3aBOACKOH JIMHHH
MOXKHO MOAOHTH B JI060H MOMEHT W MOAPETyJHPOBATh, €C-
JII 4TO-TO pasnaaunocb. A jasi GH3HKOB 3Ta mpobJema
CBfi3aHa C BHIKJIOYeHHeM yckopurens. M, xpome TOro, oHH
He BHAST CBOMMH Ija3aMu o6paGaThiBaeMble HX YCTaHOB-
KOH «JeTanuy.

OG6BIYHO TIOTOYHAS JUHHST OGCJHYXKHBAeTCs HECKOJbKHMH
onmepatopaMu. TouHo Takasi Xe KapTuHa W 3Aecb. Hampu-
Mep, B ombiTe mo mpoBepke TeopeMbl IloMepaHuyka 3a pa-
6oTofi 50 CUMHTHANAUHOHHBIX CYETYHKOB, 18 HCKPOBBHIX Ka-
Mep M GOJbIIOrO MarHATa KPYTrJOCYTOYHO NPHCMAaTPHBAIOT
yeTbipe uYesoBeka. JlBoe HeXYpAT OKOJIO  3JIeKTPOHHBIX
cXeM, KOTOpble NPUHMMAIOT U NepefaloT 3KCIepPHMEHTaJ/b-
HyI0 MH(pOpPMAalHI0O B BbIYUCJAHTENbHYI0O MaIUMHYy. A eme
ABoe — HenocpeacTBeHHo y OBM, rae MoXHO mpocieidTh
3a mojpayeii MHGOPMauWH B MAaUIMHYy W IPOBEPHTb PaboOTy
OTIeJbHBIX CUETUHKOB U BCeHl yCTaHOBKH.

OBM — cepaune COBpeMEeHHBIX 3KCIepPHMEHTAJbHBIX
ycrpoiictB. PU3HKH yXe NaBHO HCIOJB3YIOT BbIYHCJIUTENb-
Hble MamHHb. Ho paHbllle OHM mpUMeHAJHCH JHUIIb HA CTa-
Iuy  0o6paboTKH pe3ysabTaToOB. Temepb Ha KpyNHeHIIHX
YCKOPUTEJNSIX MM TOpydYaeTcsi <«AUPHXKHUPOBAHUE» CAMUM
3KCIEePHMEHTOM.

JI1060NBITHO NpPU3HAHUE PYKOBOLUTEJsS OJHOTO M3 ca-
MBIX MHTEPeCHBIX M BaXKHBIX 3KCIEpHMEHTOB, HMPOBeJEHHBIX
B CepnyxoBe, B. HukuTtuHa: «dxcnepuMeHTaNbHYI0 (PUIHKY
ceffyac HeBO3MOXKHO IpeAcTaBUTh cebe Ges DBM. Tlopasu-
TeJbHO, KaK GBICTPO MeHseTCs ICHXOJIOrus desoBeka. Bce-
ro JecATb JIeT Ha3aJ MHOTHEe H3 HAacC H3pelKa 3aIVISALIBaJH
B 3a/1 «crapyuiku» M-20, mpucoeauHssicb K Kakof-HUGYAb
3KCKypcud. HacMenuinBas yabibKa KpuBusa ryObl NMpHU BHU-
Jle 6ucepa uMdp BOCbMEPHYHOrO MAIIMHHOTO Koxa.. A Te-
nepb 6e3 BCero 3TOTO0 KHUTb HEe MOXKeM, JI060Bb — 10
rpo6al»

B Cepnyxose rpynna B. HukuTHHa HeZaBHO 3aKOHYHJ/a
700-yacosoit skcnepuMenT. Mamnna BICM-3M Gecnpe-
PBIBHO COpPTHpOBaJa ¥ 3amuceiBaja uHdopmauuwo. Eciu 6bi
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He NMOMOLIbL MAIlMHBl, TO TOJIBKO Ha 3alHCh De3yJbTaTOB
3KCIIepUMEHTA yYeHbIM NOTpeGoBasnach Gbl CTONKa TeTpaiel
BBICOTO! B KHJIOMeETp!

«Pa6ora Ha coBpemeHHO# Goaboii IBM, — rosopun
B. Hukutun, — nacaaxjenue. OcoOeHHO 3TO OTHOCHUTCHA
K MOMEHTaM, KOTrJa YHTalollee yCTPOHCTBO He ChbeAaeT Kap-
Tbl, MarHUTHAs JIeHTA He pPeBepCHpYyeT, MarHUTO(POH He 3a-
THpaeT NMEPCOHaJNbHYI0 OHOJHOTEKY, napaJJenbHas 3ajaya
He BHIGpachBaeT Ballly MPOrpaMMy H3-3a HeJOCTaTKa MecTa
Ha MarHUTHOM OapabaHe, a AeBYLIKH-ONEPATOPHl C YJbIO-
KOH coO6LIAIOT, 4YTO, XOTs Ballle BpeMsl MCTEKJO, OHH TOTO-
Bbl 106aBUTh BaM 30 cekyHA (pa3ymeercsi, B cueT 3aBTpall-
HEro ceasca)s.

He Tak pnaBHO ¢u3uK-3KcnepuMeHTaTOp AusbBapell
B HOGeJIEBCKOH peyH CKasaJ, 4TO «IPOIJIO TO BPeMsl, KOTAA
B CTaThsX, TMOANHCAHHBIX OJHHM (DHU3UKOM, MOKHO OBLIO
npoyecTb B KOHUE: «$] xoTes Gbl no6JaarogapuUTh TaKOro-TO
3a pas3spaGoTKy ammapaTypbl M HoJyueHue OoJjbliell YacTH
pe3y/bTaTOB».

Tenepp HayuHBIEe COTDYAHHKH, HHXKEHEPH!, IPOrpaMMHC-
Thl, KBaJH(GHUMPOBAHHbLIE J1a60paHThl ¢ BHICIIMM 00pa3oBa-
HHEM — paBHOIIpAaBHble COABTOPHl COBMECTHO IPOBOJHMOH
pa6otel. Crathsi 0 mpoBepke Teopembl [Jomepanuyka Ha
MHUIIeHH H3 BOZopoja noamucana 28 abBropamu! U cpeau
HUX — HECKOJbKO (H3HKOB, HHXKEHepOB-3JeKTPOHLINKOB,
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CTEeIHaNHCTOB NO HCKPOBHIM KaMepaM H COTPYJAHHKOB BHI-
uyhcauTenbHoro neurpa OUAN.

Koneuno, 310 BOBce He O3HauaeT, YTO B (H3HKe 3Je-
MEHTAPHBIX YacTHI He paboTalOT TakKxXe H HeGOJbIIHE
rpynnsl yueHelX. B aTux rpynnax Gaarozapsi niesiM, rese-
pHPYEMbIM HX PYKOBOAHTEJSIMH, yAaeTcs HHOrja C MOMO-
IIbIO JIOBOJbHO CKPOMHBIX CpeACTB NOGHBaTbcs OJecTSIIHX
pesyabTatoB. OcoGeHHO 3TO OTHOCHTCA . K (H3HKaM,
paboTalollUM Ha YCKOpHTensx ¢ 3Hepruer nmo 1 I'sp —
1 munnunapna snektpos-sosibT. Ho Ha mammuHax c sHepru-
efl OT HEeCKOJbKHX JecATKoB I'3B W BHILIEe 3KCIEpHMEHTAaTO-
pbl BHIHYXKJEHB COeAMHATbCS B GOJblIHe rpynmbl. A B Ta-
KOM KOJIJIeKTHBe, pafoTaiouieM ¢ IPUMEHEHHEeM COBpeMeH-
HOH 3aBOJCKOH TEXHHKM H BHIYHCJIHTEJNbHBIX MalUH, Cylie-
CTBYeT sIPKO BhIPaXKeHHOe pasjie/ieHHe Tpyaa.

«ITockoanbKy HCCaENOBaHHSI CTAHOBATCS MacCOBBIMHM, —
roBopus akajgeMuk B. Kajomues, —— Hepeako moJsyuaercs,
4TO Ha JAOJI0 OJHOI'O HaydyHOro paGOTHHKA NPHXOLSATCS
HNOBOJIbHO MeJKHe 3ajaud. DTO H ecTb OnpeleseHHHIH He-
JOCTaTOK COBPEMEHHO! HaykH: MOSIBJASETCS Macca Jwonef,
KOTOpbi€ BHIHYXKJIEHBI pelllaTh TaKHe 3afayHy.

Hecomuenno, xapakrep paGoThl KaxKAOro u4jeHa GOJib-
IIOr0 HAYYHOTO KOJJEKTHBa u3MeHHiaca. Ho kpymHbIM
rpynnaM cTajo 1o IJiedy pelleHHe TaKHX HayyHbIX 34j1ay,
O KOTOPLIX He MOIVIH H MeuTaTb YyueHble, pa6GoTaBLIHe
B 310Xy «peMecJeHHO-MaHy(}akTypHOro» TpyAa B Hayke.

CoTpyAHHKH GOJIbIIMX T'PYINN, KaK NPaBHJIO, C YAOBOJb-
CTBHEM PabOTalOT Ha CJOXKHBIX ycTaHOBKaX. Mx anTy3nasm
NoforpeBaTth He Hano. [opa3mo TpynHee NPUXOJUTCS HHOMY
BLINYCKHHKY, NpHIIeALIeMy B HayuyHoe yupexjieHHe. Bocmu-
TaHHBIH Ha KJAaCCHYECKHX NpHUMepax HCTOPHU (HU3UKH, OH
laxe He NOJO3peBaeT O CYLUIeCTBOBAHHH COBpPEMEHHOI
«60JIbIIOA» HAYKH, Ile MHOTOUYHCJIEHHbIE KOJIIEKTHBH 3aHS-
Thl CJOXHefllefi paGoTOH, pe3yJbTaT KOTOPOH OXKHAaeTcs
yepe3 HECKOJbKO JieT. A OH caM KejaeT CAeNaTb 4YTO-TO
Takoe, 4T0 ObICTPO mpHBeso 6bl ero Kk OTKphiTHIO. 1 Korna
OH B KOHLe KOHIIOB BHIHT, YTO 3TO INIPOCTO HEBO3MOXKHO,
€ro 0XBaThlBaeT YyBCTBO Pa3ouapoBaHHs.

IToyemy ke Tak NPOMCXOAHT?

«Hayka cefiyac odeHb CJOXHA, — CUYHTaeT aKajieMHK
b. KagoMieB, — H IOCTHYb BHIIAIOUIMXCS YCIEXOB yjaaeTcs
JHIIb HEMHOTHM. SICHO, YTO, €CJH CTYJeHT, OKaHYHBAIOUWIHH
YHHBEPCHTET, Hamepesl MOCTAaBHT mepel coO0H TAaKyIO Lenb,
TO CKOpee Bcero ero xjaeT Heyjnauya. OH MOXET B KoHIE
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KOHIIOB BO3BPATHTBCHA K «IOHOIIECKOMY MAaKCHMAaJH3MY», HO
yxe Ha HHOH OCHOBE — JIOCTaTOYHO Pa3BHB CBOH CNOCOG-
HOCTH H yOeJHBIIHCb B COOTBETCTBHH CBOHX CHJ BHIABHrae-
MEIM Iepen co60i mesam».

Jla, xapakTep HayKd 3a NOCJeJHHE TPH-UeTHipe HAECATH-
JeTHS CHUJIbHO H3MeHHJCA. OIHAKO «HayUYHHE HCCIEIOBaHHS
COXPAHHJIH CBOH CTAPOMOIAHHH AyX HEYTOMHMOTro TBOpUe-
CKOTO TIOHCKa».

«Bonmwednas nanoyxa»

TBopuecknii MOHCK.. DTO OH He AaBaJ MOKOA yXe Aa-
JIeKO He MOJIOZOMY OTIy aToMHo# ¢u3ukn . Pesepdopay.
K 1924 rogy emy ynaJjoch pacUIeNHTb BCe JIeTKHE SAPa,
B KOTOpPHIe MOTJIH IPOHHKHYTh ajbda-yacTHIBI, HCHyCKae-
Mble pafueM. A uTo ke Janplie?

UssectHuiit yuensiii @. Actor mucan B Te ronwi: «Te-
neph HAaCTYNHJI HeH3GeXHBI IepHoJ MOKOS B OXHAAHHH
OTKDBHITHS HOBEIX OpPYAMH HccaenoBaHHs». Y KoHeuHO, 3TOT
3acTofi HambGosiee OCTPO INEPEXHBAJ CaM aBTOP OTKPBITHA
atoMHoro sigpa. Emy Heuem G6bl0 «06pabGaThiBaTh» Jiexa-
YO Tmepel HUM <«sijepHYIO ueaunys. Ecnu 6 B ero pacro-
PAKEeHHH ObLIH YaCTHLBI GOJBIIHX IHEPTHH...

D. Pesepdopn mompocua csoero sabopanta Kas Bhisc-
HATb: MOXKHO JH cob6paTh cucteMy Oatapell HJIM AHHAMO-
MalIMH AJs NOJNyYeHHs OOJbIIUX 3JIEKTPHYECKHX moJel?

Korpa Kbsit nokasan 3. Pesepdopay crommocts Ta-
KOH CHCTeMBl — COBEpUICHHO HHYTOXKHOW IO COBPEMEeHHBIM
macmirabam, — 3. Pesepdopa orSpocus mpoekT, «n0g06HO
pacKaJleHHOMY KHPIIHUY>.

Hawm, XKHBYIIHM B 3MOXY CO3ZaHUS BENHKOJENHBIX YCKO-
pureneff, Takux, kak CepnyxoBckofi uian B BataBuu, Tpyn-
HO NpeJCTaBHTh, YTo BO BpemeHa J. Pesepdopna Hempe-
OZONIHMON Ka3asachb Npo6iemMa cO3JaHUS HCTOUHHKOB TIO-
CTOSTHHOTO BBICOKOTO HamNpsiXKeHHA.

pynna uTanbsHCKMX (DH3HKOB mbITajach HCIOJb30OBaTh
I/ YCKOPEHHsI 4acTHIl, IPO30Bhle pa3psiinl B ropax. Oaua-
KO BeCTH 3KCNEePHMEHTbl C TAKHM HEHNOCTOSIHHBIM HCTOU-
HHKOM HanpsxKeHuss OBJIO 10 MeHbIIell  Mepe He-
yA06HO.

U Bor nacran 1932 rox, koraa corpyauuku . Pesep-
topna — «ero manabuuku» — JI. KokpodT u E. Yosarox no-
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JYYHJIH NYy4YOK NPOTOHOB, YCKOPEHHLIX B pa3psJHOH TPyOKe
A0 3HEePTHH NOYTH OXHOTO MHJIJIHOHA 3JIEKTPOH-BOJLT. To-
ria srto Oblla KpynHeHuas nobGefa. BrnepBele B HCTODRH
(HU3HKH MOXHO ObLIO HabJI0OfaThb siepHbie DEeaKIHH, BbI-
3BaHHble HCKYCCTBEHHO YCKODEHHHIMH uYacCTHIaMH. MOXKHO
noHATb BocTopxXeHHocTh H. DBopa, koTophii B nHucbMme
K . Peseptdopny HasBan 3To NPUMHTHBHOE YCTPOHCTBO
«MOILHBIM CPEJCTBOM» HAaYKH.

Tak Hauanmace spa yckoputesneif B (u3HKe 3JeMeHTap-
HBIX YaCTHIL

CaenyioliuM BaxKHHIM IIaroM Oblio co3naHre . Jloy-
PEHCOM KOJIBILIEBOIO YCKODHTeJS — LUHKJIOTPOHA, GOpMy KO-
TOPOro0 YHac/leJOBalH M COBPEMEHHBIE THFAaHTCKHE MalH-
Hbl. OHaKo NPUHUHN PaGOTH LHKJIOTPOHA He MO3BOJSJ IO-
Jy4aTh YaCTHLBl € SHeprueil BEIIe HECKOJbKHX [IeCATKOB
MHJIJIIOHOB 3JIEKTPOH-BOJBLT. [105TOMy MOXKHO CuHTaTh, 4TO
HCTOPHSI YCKODHTeJEH, ChIrpaBHIHX OTPOMHYI0 POJb B IO-
3HaHUH MHKpPOMHpaA, HauuHaeTcd B 1944 rony. B stom roay
coBeTcKuil yueHnli B. Bekciep coobuun 06 OTKPHITHH
npuHnuna asrodasrpoBku. ITyTh K BbICOKHM SHEPTHAM OblLa
NPOJIOKEH.

Tenepb yckopHTenn ¢ sHepruei B HECKOJBKO MHJIIHAD-
IOB 3JIeKTPOH-BOJIbT M BbILle €Ta/H HIPaTh POJib «BOJIEE-
HOH MaJIOYKH», C MOMOLIbI0O KOTOPO# MOXKHO B JI060H MO-
MEHT CO3/laTb <KPACOUYHYI0 (eepHIO» H3 MHOXecTBa a3Jje-
MEHTAapHbIX 4aCTHII.

153



BcnomunTe, Kak BCe 3TO NPOHCXOJHT. YCKOpEHHBIE 10
OI'DOMHOM 3HEpPTHH IIPOTOHBI CTAJKHBAIOTCS C MHIIEHbIO,
pacrmoJIoXKeHHOH Jn60 BHYTDH BaKyyMHOH KaMephl, JHG60
Ha BBIXOJEe NPOTOHHOrO mMydyka M3 yckopurens. M1 Bo Bce
CTOPOHHl DPa3JleTaloTCs. HEHTPOHBI, NPOTOHBI, ME3OHH, pe-
30HAHCHI...

K coxasenuio, He Bcf 3HepPrus CTaJKHBAIOUIHXCA 4Ya-
CTHIL PacXoAyercsi Ha pOXJeHHe HOBHIX. Macca OBICTPHIX,
YCKODEHHBIX MPOTOHOB 3HAYHTEJbHO GOJblIe Macchl MPOTO-
HOB, HAXOJALIHUXCS B HemoABHXKHOW MumieHHn. M npm ux
COy/lapeHHH 3HAUHTeJbHAas NOJS SHEPTHH NPOTOHA-«CHApH-
na» yXOJAMT Ha JABHXKeHHe o0eHX uyacTHL. A Ha pOXJAeHHe
HOBBIX OCTaeTcsi COBCeM HeMHOro. TOJNBKO NMpPH BCTPEUHOMH
OJIMHAKOBOH CKOPOCTH OHH MOTYT BCIO CBOIO SHEPTHIO Mpe-
BPaTHTb B 5HEePruio B3auMoieiicTBua. Ho Henb3s ke mepe-
IBUTaThb MHIIEHb C OKOJIOCBETOBOH CKOPOCTBbIO HaBCTpedy
YCKOPEHHBIM NPOTOHAM.

A nouemy Hemp3d? — 3afiyManuch yuewsie. Mrpa crout
CBeY: ecJH CKOPOCTH BCTPEUYHBIX YacCTHI GyAyT GJIH3KH
K CKOpOCTH cBera, To 3P ¢deKT HX B3aHMONEHCTBUA MOXKeT
yBeJHYHTbCA He B 4 pasa, Kak NpefcKa3biBaeT MeXaHHKA
HeroTona, a, nanpumep, B 4 Toicsiun. IIpu cTONKHOBEHHH
ABYX 3JIEKTPOHOB C 5HepPrueii B MHJUIHAPA 3JeKTPOH-BOJBT
3¢dexT ux B3auMoAeHCTBUSI GYNET SKBHBAJIEHTEH SHEPTHH
yckoputesnss Ha 4000 MH/IJIHADAOB 3/1€KTPOH-BOJBT!

Kak xke ce6e sTo npencraButb? Moxer 6biTh, 3TO yCKO-
putesnb 63 OGBIYHON MHULIEHH? A MOXKeET GbITh, 9TO YCKOPH-
TeJNb C MHIUIEHBIO, «PAaCKPy4eHHOM» NO CKODOCTH CBeTa?
Ho rtorma oma mpeBpaTuTcs B Tako#l e My4oK yCKOpeH-
HBIX NMPOTOHOB. Tak BO3HHK/IA HAEsl yCKOPHTENs HA BCTpeu-
HBIX MyYKax.

Tonbko He momymaiiTe, 4To OH COCTOHT M3 ABYX YCKODH-
TeJed, CTOALIMX HANPOTHB APYr ApPyra CO CKPELIEHHBIMH,
CIOBHO pamuphl, nyukaMu. Ha camom gese 3TO OZMH H TOT
Ke YCKODHTENb, KOTOPBIi «HaKauuBaeT» JBa MeTaJlJHye-
CKHX KOJIbIla, KaK BeJIOCHNEeJHble MIHHBI, JETAIHMH B NpO-
THBOIOJTOXKHbIE CTOPOHBI TIPOTOHAMH.

IlBa nepenuieraloluxcst Kosbia Aunamerpom 300 mer-
pOB — TaKOBa yCTaHOBKA MJIsi BCTPEYHBIX NyYKOB, 3amy-
menHas HenaBHO B LIEPHe. [TpoTonsl, BIpbICHYThIE B KOJIb-
Ia H3 OOBLIYHOrO YCKOPHTeNsI C 3HeprHei 23 MuuiHapia
3JIeKTPOH-BOJIbT, B3aHMOAEHCTBOBAJH JPYr C JpPyroM Kak
yacTHUB ¢ SHeprueii B 50 pa3 GoJblleli — ofHa ThICAYA
CTO MHJIHAPJOB 3JIEKTPOH-BOJIBT!

156



% S .., s

iy oo™ i,

/////////;/2??‘/,,.,.
/

YueHble BnepBbie HalJIOJAJH paccessHHe NPOTOHOB Ha
MPOTOHE NPH TAKOH HENOCTHKHMOH HH Ha KAKOM KJaCCH«
YyecKoM YycKopuTene sHeprud. CiloxKHas cHcTeMa MarHHTOB
BecoM B 5000 TOHH yZAepxKHBasa 4YacTHUB Ha MarHHTHOH
JIOpoXKe B KaMepe JHHOIO Okosno 1000 mMeTpoB H JecaTb
cantuMerpoB B Jauamerpe. Ocraercsi N06aBHTb, YTO BCe
3TO YCTPOHACTBO CcO34aBajoCh B TeueHHe 5 JIeT KOJJIEeKTH-
BOM (pu3uKOB, cocTosiuM H3 300 yenoBeK.

Ho y HoBbIX yckopuTeneil Obl OJHH cepbe3HbIH HeJlo-
CTaToK, cBoe ciiaboe MecTo. AXHJiecoBa NsATa TaKHX YCKO-
puTesefi Ha BCTPeYHBIX NyYKax — Manasl IVIOTHOCTb IIO-
JABHXXHOH MHIIeHH: BTOporo nyyka. OHa B COTHH MHJIJIHO-
HOB MHJIJIHApPAOB pa3 MeHblle IJIOTHOCTH OOBIYHOH Hemo-
IABHXXHOM MHIIeHH. BOT mnoueMy yCKOpHUTeNH 3TH HayaslH
CTPOHTL HEAABHO, XOTA HIesl HX CO3JaHHsl H3BeCTHa yxke
JlaBHO.

«CTONKHYTb JBe 4aCTHUB, — T[OBOPHJI aKadeMHK
I'. Byakep, — 3ajaua mo CJI0XKHOCTH MPHUMEPHO Takas XKe,
KaK «yCTPOHTb» BCTPedy ABYX CTpeJ, OAHY H3 KOTOPHIX BHI-
nyctus 6er Pobun I'yn ¢ 3eman, a BTopyio Busibreanm
Tenap ¢ nnanersl, Bpamaoueiicss Bokpyr Cupuycas.

®du3nkaM NPUXOAHTCA HOGHBATbCA TOrO, YTOGHI NYTH
YaCTHI MepeceKaJuch Kak MOXHO yalie. LlepHOBCKHe KOJIb-
a HMEIOT TaKyl0 FeOMeTPHIO, YTO INPOTOHBI BCTPEYAIOTCS
B BOCbMH CNIELHaJbHBIX y4acTKaXx.
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B Hucrutyre spepHoi ¢usukun HoBocubupcka mom py-
i KOBOJCTBOM aKajaeMmuka I'. Byaxepa BepyTcs ucc/ieJOBaHHS
BCTPEUHBIX MPOTOH-aHTHHPOTOHHBIX MyukKoB. CTPOHTCS yCTa-
HOBKa, e OyAyT BCTpPeyaTbCs NPOTOHBI M AHTHNPOTOHBI
c sHeprue# mo 25 I'aB, 4TO 5KBHBAJIEHTHO OGLIYHOMY YCKO-
purenio Ha 1200 3. CkpecTsitcs IyTH 4YaCTHL MaTepHH
H aHTUMaTepuu. EcTb HaJexja, YTO eClH KBAapKH CYILe-
CTBYIOT H HX Macca He Gosblie 25 Mmacc MpoTeHa, TO OHH
6yayT oOHapyKeHI.

«CBepxBLICOKHE 3HEPIHH — 006J1aCTb TOJbKO BCTPEUHBIX
NyYKoB», — cunTaer akajemuk I'. Byakep. ITostomy yxe
cerogHs ¢usnkuy HoBocuGupcka 06CyKAalOT HPOEKT HOBOW
YCTaHOBKY CO BCTPEYHBIMH NYyYKaMH IPOTOHOB H AHTHIPO-
TOHOB, COOTBETCTBYIOLEH YCKODHTENIO C JHEPrHefl 2 MHJ-
JHOHA MHJIMApPIOB 3JeKTPOH-BOJIbT. KiaccHuecku#l ycko-
puTe/b Ha TaKyl0 5HepPruio uMeJs Gbl AHAMeTP 3eMHOro Ia-
pa, a ero CTOMMOCTb NPHUOJIH3HJIACh Ob K HaLHOHAJbHOMY
JOXO1y BCEH MJIaHeTHI.

On1HaKO H YCKODHTEJNH Ha BCTPEUHBIX NyYKaxX MOBOJIBLHO
CNIOXHbIe M TpoMO3akHe ycTpoiicTBa. Jla X TOMy 3Ke OHH
CBA3aHH C OOBIYHEIM, KIaCCHUECKHM METOJ0M YCKOPEHHS.

B 1956 rony akamemuk B. Bekciep Npelaoxuia CoBep-
LUIEHHO HOBHIA CNMOCO6 YCKOpeHHs 3JeMeHTapHbIX YacTHIL
o cux nmop Bce MaUIMHBI PAaCCYUTHIBANIACH Ha YCKOPEHHE
KaxJI0H OTHenbHO B3ATOH YacTHubl. XOTS MBI H TOBOPHUM
0 myyke IPOTOHOB, 0GCYyKJaeM ero MJIOTHOCTb, HO BCE 3TH
NPOTOHH, 60K O GOK Muallliecss B BaKyyMHOH KaMepe IO
MarHUTHOH JOPOXKKe, MO CYyTH Jejd, He3aBHCUMBI APYT OT
apyra.

B. Bekcnep mepsulil MOHSJ, 9TO He HYXHO YCKOPSTDH ya-
CTHUB 1O OJHOH, UTO «BCH CHJa — B KOJUIeKTHBe». U BhI-
CKasaJi HJEW, KOTopas NokKasajach COBEepLIEHHO (haHTaCTH-
yeckodl. Ee He MOHANM NMOHauasy naKe TaKHe CTEMHAJIHCTBI
B o6siacTH yckoputeseit, kak D. JloypeHc n Mak-Muanan.

IleficTBHTENbHO, TPYIHO IPEICTABHTb, YTO MOMKHO yCKO-
pHTH, HanpHMep, NPOTOHBI 3JIEKTPHUECKHM [OJIEM, KOTOPOE
cosjaercs He BHEUIHHMH HCTOYHHKAMH, a CTYCTKOM 3JI€K-
TPOHOB. DJIGKTPOHHI C 3HeprHeit Bcero B 1 MaB yxe npu-
KYTCA CO CKOPOCTbIO, 6JIM3KO#H K CKOPOCTH cBeTa. EciH xe
60/IbLIOA CTYCTOK TakKHX 3A€KTPOHOB 3aXBaTHT H YyBJjeyeT
3a co60f NPOTOHSBI, TO Yepe3 HEKOTOPOoe BpeMs HX CKOPOCTH
cpaBusiorcsi. Ho npotons! B 2000 pa3 Taxkesee 3JeKTPOHOB.
Bo crosbko ke pa3 Gosbile Gyaer ux sHeprusa. OHa J0-
CTHTHET HECKOJIbKHX MHJIJIHAPIOB 3JIEeKTPOH-BOJBT.
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He ucknioueHo, 4To 3Ta ulesl BOIJIOTHTCS B HOBOM Me-
TOJle MOJYYeHHs ClelH(HIeCKHX OYYKQB YacTHIL IS HC-
cJIefloBaHUH B fglepHOH (H3HKe.

Ousuna Ha paccroAHMM

B konne amnpesis 1953 roma Ha cbe3fe aMePHKaHCKOTO
¢usuzeckoro obuiecTBa BO BPeMs JieH4Ya B cally FOCTHHHIH
HO3HAKOMHIHCh aBa Gynymux Jjaypeata HoGeneBcro#i mpe-
MHH — y3Ke H3BeCTHHIH (u3HK-3KcnepuMeHnTatop JI. AnbBa-
pen. ¥ HHKOMY He m3BecTHBi . 'masep. II. Fi1azep oueHn
cozKaJies1, YTO HHKTO He YCJHHIIHT ero JeCATHMHHYTHOTO CO-
O6IIeHHsT, TOTOMY YTO OHO OyJeT CaMbiM MHOCJeIHHM J0-
KJIaJoM Ha cbe3jie.

«B TO BpeMs, BpeMs THXOXOZHHX CaMOJeTOB, — BCIO-
munaa JI. AnbpBapel, — mnocJeXHHHA NOKJaj Ha chbesle
CAyIIAJO ellle MeHbIlee YHCIO JIoLeH, yeM cefdac (ecaH
3TO TOJBKO BO3MOXHO). §I nomyckaJ, 4To, OHTb MOXeT,
ToXe He Gydy NPHCYTCTBOBaThb Ha 3TOM [OKJjale, H NOHPO-
CHJl ero OOBSCHHTbL MHE TO, O 4eM OH cobupaeTcs paccka-
3niBaTh. Tak g BmepBhle ycanmaa ot J. I'masepa 06 u3o-
OpeTeHHH HM TNy3bIpbKOBOH KaMepel. Ero pa6oTa OKasaJa
Ha MeHsl CH/IbHelillee BIe4YaTieHHe, H s CPa3y XKe MOYYB-
CTBOBaJ, YTO 3TO, BO3MOXKHO, KaK pa3 Ta cClacHTeJbHas
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Hiest, B KOTODOH TaK HyxXJanachb (H3HKa SJ€MeHTapPHBIX
4aCTHI>.

HckpoBHIX KaMep B TO BpeMd ellle He ObLJIO, H 3KCNePH-
MEHTAaTOpH He 3HaJH, KaK HM IDHCTYNHTb K H3y4YeHHIO
TOJIKO YTO OTKPHITHIX H 033JaYMBLINX BCeX CTPAaHHHX Ya-
CTHL[ — KaOHOB H THIePOHOB. SIcHO: 4TOOH Hcc/enoBaTh
TaKyl0 DeakliHio, Tlie IPH B3aHMOAEHCTBHH OTpHIAaTeNbHHIX
MH-Me30HOB C NPOTOHAMH POXKAAIOTCA MABe HeHTpaJbHbIE
CTpaHHBIe YacTHIH, (PH3HKY HPOCTO HeoGXOJHMO BCe YBH-
HAeTh CBOMMH IJla3aMH C Hayajla H Jo KoHua. To ecTp Haii-
TH TO MeCTo, I'le o6pHIBaeTcs cjell HH-Me30Ha H 4epe3 He-
KOTOPBIH NMPOMEeXYTOK NOSIBJSIOTCS JBe «BHJKH» H3 CJeNOB
3apsKeHHBIX YaCTHL, Ha KOTOPHle pacmajaloTcsi CTPaHHbIe
HeATpaJibHble YaCTHILHI.

A npo6Gnema HeliTpaabHOro curma-runepona? Hwmen-
HO peaklMs ero pacmaja NOCHAyXHJa HPeAMeTOM IIYTKH
B. Baiickonda Ha oxHo#i M3 HayuyHHIX KoH(pepeHuui. H3-
BeCTHHIH TEOPeTHK BLHI3BaJl B ayJHTOPHH Becelbe, NOKa3aB
abconmoTHO yHcTylo (ortorpaduio, CHETaHHYIO B KaMmepe
BusnbcoHa, H cka3aB, YTO OHa SIBJASETCSA AOKa3aTeJIbCTBOM
pacmaza HOBOH HeHTpPaJbHOH YacTHLB CHI'Ma-rHIepoHa Ha
ABe Ipyrue, ToXe HeATpaJbHHE. DTa IIyTKa XOPOMIO OTpa-
XKajla 0ecnoMOLIHOCTb 3KCIIePHMEHTAaTOPOB Iepel TaKOro
pola peakKuMsAMH 00 H300peTeHHS My3HPbKOBOH KaMepHI.

@ororpadHueckHe SMYJbCHH JJS H3yueHHs peaKIHH,
B KOTOPHIX €CTh OODBHIB — NYCTOH HNPOMEXYTOK, COOTBET-
CTBYIOLIHH NpOJeTy HeHTpaJibHHX YacCTHL, — He TOAATCA.
He roguncs u mepBblfi yNauHbIi TPEKOBHI NETEKTOp: yxke
3HaKoMasl HaM KaMepa BuJbcoHa.

Ee ponb B HCTOpHM MO3HAHHS MHKDOMHpDa OrPOMHa.
Eume B Hauaje Hallero BeKa HeKOTOpble (DH3UKH COMHeEBa-
JIHCL B CYLeCTBOBAHHH He TOJIbKO 3JIeMeHTapHBIX YacTHIL,
Ho maxe M aToMoB. KaMepa BunabcoHa, B KOTOpPO# MOXKHO
6blI0 BHAETb CleJbl OTAEJNbHBIX 3apsKeHHBIX YacTHI, H
HOHH3HPOBAHHBIX aTOMOB, IOJIOXKHJIA KOHeIl BCKHM COMHe-
uusiMm. H. Bop B mucbMe k 3. Pesepdopay npexpacho me-
penaeT BheuaTJeHHs (PH3HKOB TOro BpEeMeHH, BIepBHe
CBOHMH IJ1a3aMH YBHJAEBLIHX IpeBpallleHHe aTOMHOrO siApa:
«Koraa ysHaémp, YTo NPOTOH H SAPO JHUTHS NMPOCTO COENH-
HAIOTCA B aJb(a-yacTHIy, YYBCTBYyellb, YTO 3TO He MOIJIO
6bITh HHAaUe, XOTS HHKTO He OTBaXKMBAJICA TaK AyMaTb».

DKCIepHMEHTaTOpH H IO ceff JeHb He pacCTaloTCs C
3THM npuH6OpPOM, HO HCHOJb3yeTcs KaMepa Buibcona His
orpaHH4YeHHOro Kpyra 3agady. Ilap, KoTopei B HeH Haxo-
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JHUTCSl, HMeeT HeGOJbUIYIO MJIOTHOCTh, IIO3TOMY BEpOST-
HOCTb B3aHMOJEHCTBHS, HanpuMep, OTPHULATENbHHX MeE30-
HOB C NPOTOHaMH B 06'beMe KaMephl OYeHb MaJia.

Bor Takasi cuTyauus napuja B SKCIepHMeHTaJbHOH (H-
8HKe B MoMeHT co3fanusi II. I's1asepoM HOBOro TpeKoBoOro
npubopa — MNy3BIPbKOBO# KaMephl. KopoTKo o ee mpuHuu-
ne. B neperperoii KHIKOCTH, Haxojsllefics B KaMepe, Iy-
3bIPBKH N1apa O4eHb GBLICTPO PacTyT BAOJb NMyTH MpPOJeTalo-
mefl 3apsiKeHHOH yacTHubl. OHH BBICAXKHBAIOTCH Ha <ILJIeil-
(he» H3 3JIeKTPOHOB H HOHOB, KOTOPHI OCTaBJsNa 3a co6oi
9Ta YacTHIA.

Kamepy MoxkHO OBLIO HANOJHSATH PAa3HBIMH KHAKOCTS-
MH, noa6upasi UX TaK, 4YTOOB NPOHUCXOAUJIH Te pPeaKUHH,
KOoTOpble Hu3yyaroTcs. [ljsi HcClefOBaHHS B3aHMOJEHCTBHS
PasHBIX YaCTHI[ C IPOTOHAMH KaMepa HalOJIHAIACh KHAKAM
BOZOPOJOM, KOTOPHII HMMeeT 3HAUHUTEJNbHYI0 IIJIOTHOCTb.
W B XuAKOM BOJOPOJAe KaMephl MOXHO GBIJIO HalJaI0AaThb
BCIO IIENIOYKY PeaKUHH — OT POXKJAEHHS H JO pacmaja JIo-
60t s3MeMeHTapHOH YaCTHIBL.

ITy3bipbKkOBBIE KaMephl CTaJid MONyJspHEHIIMM NpHOO-
poM Bo Bcex snaGoparopusx Mupa. M HeTpyaHo morajaTtbest
nouemy. Koraa yckopurenu GBIJIH MeHee MOLIHBIMH, B silep-
HBIX peaKHHAX OZHOBPEMEHHO POXKJAAJHCh JBe HIH TpPH
YacTHIB. 3a HHMH BCeria MOXHO OBUIO YCJIeAHTb C IHoO-
MOLIbI0 HECKOJbKHX CUMHTHJISLHOHHBIX cueTynkoB. Ho Te-
nepb, NpH GOJNBIIHX SHEPrHAX, MOSBHIACh BO3MOXKHOCTb
HCC/Ie0BaTh NPOIECCHl MHOXKECTBEHHOTO 006pa3oBaHHSI dHa-
CTHI — OT NATH JO YeThIPHAJUATH Pa3HBIX HAHMeHOBaHHH.
B 3ToM ciyuae my3bIpbKOBbIe KaMephl — HauGoJiee MOLXO-
ASILUUA UHCTPYMEHT.

Bo Bpemst Gecensl ¢ JI. AnpBapenoM Ha chbe3lle aMepH-
KaHcKoro ¢usuueckoro obumecrsa II. T'asep nmokasan emy
cBoH nepBhie (oTorpaduu NMy3bIPbKOBHIX TPEKOB, MOJyUYeH-
Hble B CTeKJSHHOM 0aJ/lioHe JHAaMeTPOM OKoJIO 1 caHTHMer-
pa W AJHHOH B 2 CaHTHMeTpa, 3alOJHEHHOM AHITHJIOBBIM
apupoM. A yXKe CHycTs 4eThipe roja 3apaboraja MysbIpb-
KoBas KaMepa Auamerpom 180 caHTHMeTpOB.

PesonaHcH, ycrneBalmollne NPONTH [0 pachoajga INyTh
B HECKOJIbKO SIIEPHBIX PajJHyCcOB, PeJlKHe PEaKUHH C POXKIe-
HHeM CTPaHHBIX YAaCTHI — BCe 3TO OKa3aJioCh NOCTYIHbIM
«30PKOMY OKY» Iy3BIPbKOBOH KaMephl, HENPEPBIBHO BCMaT-
puBaloleMycsi B XKH3Hb MHKpommpa. B 1960 ropy oTkpw-
te JI. Tnasepa O6bio oTmMeueHo HoGeseBcKoit mpemmueti.
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HMeHHO B IBYXMETPOBOH Ny3HIPbKOBOH KaMepe Bpyk-
XeHBeHCKOH JabopaTopuu Obl1 OOHapyXeH 3HaMeHHTHI
oMera-MHHYC-THIIEDOH, YTO TaK CHJIbHO NOJIHSJIO aKIHH aB-
TOpPOB BoCbMepuuHoro nytiH. B 1970 rogy B AproHHCKOH
na6opaTOPHH CHELHAJbHO HJS SKCIEePHMEHTOB C HeHTPHUHO
Obl1a 3amylleHa XXHAKOBOAOPOJAHAas KaMepa 3,6 merpa AJH-
Ho#. Tox Hasanm Bo ¢paHIy3cKoM siiepHoM HeHTpe B Cak-
Je O6bJia co3JlaHa [Ny3HIPbKOBasi KaMepa JHaMeTPOM
B 4,7 MeTpa. .

CoBpeMeHHasi Ny3bHIPbKOBAsi KaMepa — 3TO 3aBOJ ¢ 06-
HIMPHBIM BaKyyMHBIM, SHepreTHYeCKHM, ra3oBHM H 3JeK-
TPOHHHIM X03sHcTBOM. [IpuGop AJs HCClIelOBAaHHA Melb-
yalfliuX KHPNHYHKOB MaTePDHH KOHUeHTpHpyeT B cebe Bce
HOBeliliHe NOCTHKeHHS1 (H3UKH HH3KHX TeMIepaTyp, KpHO-
reHHOH TeXHHKH, PacTPOBOM ONTHKH H MHOTHX ADYTHX pas-
JleJIOB HaYKH H TEXHHKH.

Kaxnoe Takoe ycTpPOHCTBO co3jgaeTcsi B TedeHHE MHO-
FHX JieT OOJIbIIMMH KOJIIEKTHBAMH Hay4YHHX COTPYAHHKOB,
CIEIMAHCTOB-KPHOT'eHIIUKOB, HHXXEHePOB H TeXHHKOB.

Tpekn, Bo3HHKaOLIMe B XKHIKOM BOJAOpOJe KaMepH,
dboTtorpadupyloOTCs Yepe3 OKHA, COeJaHHBIE H3 ONTHYECKOro
CTeKJia, Becsllero HeCKOJbKO cOTeH KujorpammoB. Korza
CTPOMJINCH TlepBhle KaMephl, npobJjieMa GOJIbIIOTO OKHA IO-
po¥ kasanach HempeoposuMoH. JI. AsbpBapel, oauH H3 CO-
3naTesiedl NEPBHX GOJBIIHX Ny3HIPbKOBHIX KaMep, BCIOMH-
Has: «Kak-To, mpocMaTpuBasi NepedeHb MAOKJAAOB, Npel-
CTaBJEHHRIX Ha HEJNABHIOI KOH(EPeHLHI0O N0 KPHOreHHOMN
TeXHHKe, 1 OOHApYKUJ CPelH HHX OJHH, KOTOPHH rJacui:
«Bosbllioe CTeKASIHHOE OKHO [/l HAOJMIOJEHHS 3a XHUIKHM
Bogoponom». CxKuraeMuil HeTepneHHeM, 51 GPOCHJICS pashi-
CKHBaTh caM JOKJaj, HO B HEM OIHCHIBAJCHA MeTaJJHue-
ckuil cocyn Jpioapa ¢ OKHOM AHaMeTPOM... B OAHH HIOfM!»

B na6opatopuu Bhicokux sHepruii OUSAU B [y6ue co-
3JaHa ABYXMeTpOBas XKHIKOBOJOPOAHAS My3bIpbKOBas Ka-
Mepa. «JllogMuia» — TaK Ha3BaJH 3Ty YCTaHOBKY (usm-
KH — moTpe6oBajia HalpSAXKeHHOH pa6GoTh GoJblieH YacTH
coTpyaHuKkoB Bcedl saGoparopuu. I[lo duHaHCOBHIM H TpY-
JOBHIM 3aTpaTtaM «JliogMuna» B 5—10 pas npeBniaer 3a-
TPaTH Ha CJOXHHI SKCIIePHMEHTANbHBIH KOMIJIEKC AJS pa-
60THl C HeATPaJbHBIMH Ka-Me30HaMH.

3axartag B 0OJIBIIOM MarHuTe, OKpyXXeHHasi cO Bcex
CTOPOH MHOTOYHCJIEHHBIMM Tpy6aMH H TpyOKaMH, BCIOMO-
raTeJIbHBIMM KOHCTPYKUMAMH, KaMmepa, cKa)keM IIpsSMO, He
NPOH3BOAUT 0COOeHHO NpHsITHOro BnedatseHus. He myzpe-
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HO, YTO OJHH H3 IPHCYT-
CTBYIOILHUX Ha €€ OTKPHITHH
CIpOCHNI: «3aueM MOITHYe-
CKHM HMEHeM Ha3BaJld Ta-
Koe uyjpoBuile? Moxer
ObITb, 3/1€Cb CBHIFPAJH pOJb
Te e coobOpaxKeHHs, IO
KOTODHIM CaMbIMH KpacH-
BbLIMH JKCHCKHMH HMeHaMHu
Ha3bIBAlOT YyXacHble Tali-
GYyHBI I0XKHBIX MOpeii?»
Hupekrop  maboparo-
pHH  BLICOKHX  3Heprud
npodeccop A. DBanpun
O0DBACHHJI 3TO HMfA TakK:
«HasBanne kamepnl «Jloxa-
MHJIa» BO3HHKJIO Gojee
WIH MeHee cCJydaiiHO, HO
OHO MHOI'HM NOHPaBHJIOCH:
«JTrogmuna» — «MuJjas
JIOAAM». Mbl XOTHM, 4YTO-
6b «J/lloAMHIa» NPHHOCH-
Ja JIOASIM MHOro pajfoCTH
Hay4HOI'O TBOPYECTBa H Ha-
CTOSIIUX  KPYINHBIX Hayd-
HbIX pe3yJbTaTOBY.
ITepBoro SIHBaps
1970 roma <«J/IrogmMuiays B
HepBbLIH pa3 Hayasdy 3amoJi-
HAITb KHJAKHM BOLODPOJLOM.
Penkuii  skcmepuMeHT B
ob6nacTH ¢GH3HKH BBLICOKHX
SHeprud He HyXJaJjcs B
60/IbIIOM yYaCTHH CIelHa-
JIHCTOB-KPHOTEHUIHKOB. A
B CO3JaHHH JKHAKOBOJO-
poAHOH Ny3bIDbKOBOH Ka-
Mepbl HX ydacTHe GbLIO
pewmatomum. IlosTomy mep-
BHIH TycK  «JII0AMHIBI»
HOPOXOJHJN IION PYKOBOJICT-
BOM COTPYJHHKOB KPHOTEH-
Horo oraesna. Ero HauaJb-
HHK, JHOKTOD TEXHHYECKHX
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Hayk A. 3eJblOBHY, C NMOYTH NAOKYyMEHTAJbHOH TOYHOCTBIO
OmpcaJ caMbli BOJIHYIOIIHH MOMEHT 3alycka KaMephl:

«Kamepa mnoutu mosna. Cron! Omnsatp 3akynopka. Me-
gsieM ¢uabtp. Ilpn mepBoM 3amycke Bcerfa 4TO-HHOYIb
«jaetut», [IpomonkaeM 3anuBKy. HauumHaloT myTaTbCs AHH
U Houn. HakoHeu mMOSABHJCS ypOBEHb XKHAKOTO BOAOpOJa
M JOCTHI BepXHero creksaa. J3anupaeM Kamepy. ['peem.
JaJsbiue onsite 3aKymnopka, u eue ogHa. ITorom mpuuioch
CPOYHO INepemauBaTh B NyJabTe ympasJeHus.. K, Hakonel,
BKJIIOYaeM KaMmepy Ha UHKJA. J[Ba COTpyAHHKA yNOPHO BBI--
CMaTpPUBAOT TpekH rjaa3oM. Ho BOT KOHuaeTcss MOHTaxK
cucreMbl QororpadupoBaHus, U HauuHaeTcs cbhbeMka. [lep-
BbIfi NPOOHBIA KYCOK MNJeRKH. B onepaTuBHOM XKypHaJe
nosiBasieTcss 3amuch: «8 sHBaps, 14.20, Illadpanos obHa-
pyxun Ha mieHke Tpekulll» Bce xomsit cuactiusble. Brl-
NoJIHEeHA TPOrpaMMa-MaKCHMYyM. YCTaHaBJHBAaeM elle OJAHH
IKCNepHMeHTaNbHbll (akT — npobxka OT aMIaHCKOTo J0
NOTOJIKA He J0JIeTaeT, TOJbKO JO0 MOCTOBOTO KpaHas.

B ¢espane 1971 roga kamepy Hauyajad AeMOHTHPOBAThb
1151 nepeBo3kd B CeprnyxoB, B MHCTUTYT (DU3HKH BBICOKHX
sHeprufi. B TeueHHe mosyroga IpojoJiKaJcs 10 Npepeia
HampsKeHHbIH TPYJA NO AEeMOHTa)Xy, MepeBo3ke H cBGopke
«Jlroamuabr». MHOrga K0 ceMH rpy30BHKOB B J€Hb OTNPaB-
Jsin 13 JIyGHBI B cOOTBeTCTBeHHO NpuHHManu B CeprnyXoBe
COTPYJIHHKH OTAEeJa BOLOPOJAHBIX Kamep.

HauanbHuk ycTaHOBKH B3J0XHYJ OGJErdyeHHO, KOrjaa
B OKHO KaMeppl 6saromnosvudo BcTaBHsId 700-Kuiorpammo-
BOe ONTHYECKOe CTek/a0. B centabpe «J/lroamuna» Bo3posu-
Jlacb W3 OTHeJbHBIX AeTastell Ha HoBOM Mecre. Hauaamcp
BOJOPO/IHble HMCIBITAHHA. YYeHbBIM MPEACTOSVIO BTOPHYHO
BIOXHYTb B KaMepy XKH3Hb.

«IlepBbiM BreuatTieHneMm, — BcnomuHada A. Bangun, —
OCTaBIIMMCA Yy OOJBLIMHCTBA JIIOAeH, O03HAKOMHBILHXCS
¢ cucTeMamH kKamepsl, 6pl10: «He MoxeT 6BITb, 4TOOB 3TO
6ecKOHeuHOe YHCJIO Y3JIOB H COelMHeHHii 6e30TKasHo pa-
60Tan0, — CJIULIKOM OHO BEJHKOY.

«Bo" BcsikoM ciydae, He MOXeT ObliTh, 4TOOBI moOCJE
cO6opkH Bce cpa3y 3apaboTrano, — Tak He GbIBAeT» — 3TO
yXKe MHeHHe HEKOTOPBIX H3BECTHBHIX CIELHAaJHCTOB, BbICKA-
3aHHOE B KaTeropuueckoi ¢opme.

Ho cpasy, «6e3 ngpiMa», Kak HHOrAa cjyuyaercs, 3apa-
6oTas 3/7€KTPOMAarHUT — OJHA M3 HaHOoJee KDYNHBIX H
BaXKHbIX uyacTeli Bcefi ycTaHOBKH. OH €O34aeT MarHUTHOE
none go 30000 raycc B maxrte o6bemMoM 6 KyOHUeCKHX
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METpOB, KyJa B «Jbloape» (TepMoce) omyckaeTcss BOAODOI-
Hasl My3bIPbKOBAsl KaMepa.

Crporo no rpaduky u 6e3 c6oeB mnpouies mePBHA MyCcK
kaMmepnl. Bce cucreMbl ycTaHOBKH paGoTann 06€30TKa3HO.
B koHUe ceHTa6ps — HauaJje oKTAOpa «JliomMmuiaa» yxe
pa6oTana B mydke MPOTOHOB C 3Heprued 35 MHIIHAPAOB
3JIEKTPOH-BOJIBT, U Ha Hell ObLIH NOJyYeHbl mepBuie (oTo-
rpacduu SAepHBIX peaKuuii.

Tenepr y (H3MKOB NOSBHAHCH HOBble 3a60THI: YTOOBI
HayaTh paboune o6jyueHHs, HaZO ObLIO MpexJe BCEro
JIMKBHAMPOBATh KPYNHBIE U MeJKHe HedoJesKH. Kak Hu npu-
BJIEKaTebHA AJS (PU3HKOB-3KCIEDHMEHTAaTOPOB  GoJbluas
JUYMHA MAarHUTHOTO TOJIsl, OHAa CTAHOBHUTCSl elle HHTepec-
Hel, ecau ToyHO HM3MepeHa. IIpuueM wusMepeHa B oGbeMme
BOJOPOJHOH KaMepnl NpH pabouHX YCJIOBHAX — IHpPH TeMIle-
patype mMunyc 248° C!

JIeHHHTpajcKue cneuvaJucTel CKOHCTPYHPOBAJIM "Mexa-
HHM3M, aBTOHOMHO paboTalollHii B Kopmyce co6paHHOH Ka-
Mephl IO KOMaHJaM CHCTeMbl TeJeynpasienus. Corsacu-
Tech, YyCJAOBUS PAaGOTH 3TOro mpubopa HEHAMHOIO Jierde,
4eM Yy 3HaMeHHUTOTO JIYHOXOJa.

14 suBaps 1972 roma B [IpoTBuHe cocTosioch odHUHU-
aJIbHOEe OTKPBITHE XXHIKOBOJOPOAHOH KaMephl «JllogMmumas.
Axapemunx H. Boromw6os ckasan: «B Mupe cymectByer
BCEro JIHIIb HECKOJAbKO NoLo6HBIX Kamep. OpHako 3Ta
HIMeeT CYIIEeCTBEHHOE MNpeHuMyllecTBo. DTo OyaeT mnepsast
KpynHasi ycTaHOBKa Nofo6HOro poja, paborawliasi Ha ca-
MOM GOJIbIIOM B MHpPE COBETCKOM YCKOPHTEJE 3apsKEHHBIX
yactuun B Cepnyxose. [lyOGHeHCKas XHIKOBOJOPOLHAA Ka-
Mepa AacT BO3MOXKHOCTb HHCTHTYTaM H YHHUBEPCHTETaM CO-
UHAJUCTHYECKUX CTpaH, B ToM uucie U Coerckoro Coo3sa;
BKJIIOYHTHCS B HCCJAENOBaHHSI 3JEMEHTapPHBIX B3auMOJeEH-
CTBHH M 3JIeMEHTapHBIX YaCTHI NPH CaMbIX BBICOKMX 3Hep-
THSIX, MOJIYYEHHBIX HAa THFaHTCKOM YyCKOpHTeJe. YdeHble pas-
HBIX CTPaH CMOTYT MOJIy4aTb W HCCJAENOBATh COTHH ThHICHY
CHHMKOB CJIE[OB YHHUKaJbHBIX SAEPHBIX «COOBITHH».

BosHHK naxe TepMUH — «(hH3UKAa Ha DPaCCTOSHHUY,
O3HayawIINA, 470 (HU3NKOH BEHICOKHX 3IHeprufi Moryr 3sa-
HHMaTbCsl HE TOJBKO Te, KTO HemnocpelCTBeHHO paboTaeT
Ha KPyNHEHINNX YCKODHTEeNAX M YCTAHOBKAX, IOJOOHBIX
«J/liogmunes. B nysbpbKOBO#i KaMmepe, HalOMHHAWOIEH 3a-
BOJ HE TOJIbKO N0 TeXHHYECKO# CJIO0XKHOCTH, HO M MO KOJIH-
YECTBY «NPOAYKLHHY», NeIal0TC MHJJIHOHB CHHMKOB B o[,
Ha KOTOPHIX «GeCCTPacTHO» H «HENPEeAB3ATO» — Ge3 BCSKO-
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ro or6opa — 3aQUKCHPOBAHBEI BCE 3JEeMEHTapHbE YaCTHILHI,
nonaBllHe B KaMepy, H BCe, YTO ¢ HHMH NPOH30LLIO B €e
obbeme.

[Tocae nepsuuHoit 06paboTkKH 3THX (¢ororpaduii Ha
CrenuasbHOM IPOCMOTPOBOM aBTOMaTe BCS COJAeprKalllasics
B HAX HH(OpMAUHs 3aNHCbIBaeTCs Ha MAarHATHYIO JIEHTY.
B Ttakom ypmoGHom Buie «mosydabpukaTbly HHPopMauMH,
nocrynawoilHe H3 GOJBbIIOA KaMephl HJIH H3 TaKOro 3Kcme-
pHMeHTa, KaK ONBIT HO NpoBepKe TeopeMul [lomepaHuyka,
MOXHO yXKe pacchllaTb B CaMble pa3jiHYHBle HHCTHTYTHI.
B 3TOoM ¢akTe BHIHO poXKIeHHe HOBOTO crocofa HcCJero-
BaHHH Kak OBl Ha pacCTosiHHH. «PH3HKa Ha PacCTOSAHHH» —
TaK MHOTJa Ha3blBalOT cefiuac 3TOT cnoco6 — CMOXKeT B He-
JajekoMm 6yaylleM NpHOJH3HTH K NepejoBOMY (QPOHTY Ha-
yKH ropaszno OGogblie Jiofeli, 3aHHMAIOLIHXCA H3yYeHHEM
MHKDOMHpa.

YueHnlfl, paboTaolluii 3a MHOTHE TBHICAYH KHJIOMETPOB
ot CepnyxoBa, CMOXKeT OGHapYKHTb HOBBIE 4aCTHIbI, AAeP-
Hble peakUHH HJIM HEH3BeCTHHI paHbllle THN B3anMOIeH-
CTBUSA MeXZy 3JleMEeHTapHbIMH YacCTHIAMH.



MAOAbl H KOPHH

Hsaenuii 3nak ysuai
u 6ydew saacren...
Beaukoe flzy

Ot GynbiMHHKA K aHTHBeLICTBY

CeronHsi Bce OOGBACHAIOT ¢ UHOpaMH B pykax. K HuM
aneJJIIPYIOT MaTeMAaTHKH H GHOJIOrH, KHOEDHETHKH H JeMO-
rpadbl, 5KOHOMHCTH M INHCaTeNH-ouepKHCTH. HauHem
C HHX H MBL )

CTpouTeNbCTBO HeJaBHO 3anmylleHHoro B Darasun,
B CIIIA, kpynHefillero ycKkopuTenas Ha sHepruio a0 400 ['aB
obourock rocynapcrsy B 250 MHJIJIHOHOB foJsuapos. Ilpu-
MEpHO CTOJMBKO Xe OGyAeT CTOHTb aHaJIOrHyHas MallH-
Ha, K COOpyXeHHI0 KoTopoi mpHucrynuian B LIEPHe — un-
CTHTYT@, OODBEIUHSIONIEM VYEHBIX 3aHaJHOEBPOMEHCKHX
CTpaH.

Pacxonsl Ha KOHCTPpYHpPOBaHHE H H3rOTOBJIEHHE SKCIe-
PHUMEHTAJIbHO! anmapaTypsl AJst paGOTHl Ha YCKODHTeNAX
COCTaBJISIIOT ZOOPYIO MOJOBHHY CTOHMOCTH CaMOTO YCKODH-
Teus.

Hn onna npyras ob6macTh (pyHZaMeHTaJbHBIX HCCJIENO0-
BaHHH, KpoMe (H3HKH 3JeMEHTapHBHIX YacTHI, He MOXKEP
«MOXBACTaTbCSA» CTOJNb TpaHAHO3HBIMH 3aTpaTaMH. Ho sto
He TIPHXOTb YYEHBIX, He ynyllleHHe (HHAHCOBHIX HJH IJa-
HUPYIOUIHX OPraHoB. DTO HacyllHasi HeOO6XOAHMOCTb.

Kaxpas HOBas KpPynHHKa 3HAHHS O MHpe 3JeMeHTap-
HBIX dacTul TpeOyeT Bce OGOJBHIHX M GOJBINUX YCHJIUH.
Iponsuxenne Bnepej B 3TOM HANpaBJECHHH 3aTPYAHHTENb-
HO He TOJIBKO AJIS1 OTHAeJbHOH n1aGopaTOpHH MJIH HHCTHTYTA,
HO M JJ/If OTHeJNbHOrO rocynapctBa. Brixonm — B pa3BHTHH
MeKAYHaPONHBIX KOOMepalHi y4eHBIX, B paMKax KOTODHIX
CTas0 BO3MOXKHBIM CO3laHHE H 3¢ (EKTHBHOe HCMOJb30Ba-
HHe MHOTHX JOPOTOCTOSILIHX yCTAHOBOK.

Yxe Gosiee msATHanauaTH JeT cyumectByeT OO6benHHeH-
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HBIi HHCTUTYT S$JePHBIX HCCJIeLOBaHUil B IMOAMOCKOBHOM
ropofie [ly6Ha. BMecTe ¢ COBeTCKHMH y4eHBIMH 3AeCh pa-
6orator 400 HHU3UKOB W KHKEHEpPOB M3 COLMAJUCTHYECKHX
CTpaH — Y4YaCTHHI HHCTHTyTa. TOJbKO B OAHOH HAayuHOH
rpynne jsabopatopuu Boicokux 3sHepruit OMSIH, HemasHO
3aKOHYMBLIell BaxHbIH 3KcnepumeHT B CepnyxoBe, ObLIO
yeTblpe pabodyux si3blKa.

Mexay OHSN u LIEPHoM naBHO ycTaHOBJeNbl Hesc-
Bbie KOHTaKThl. Ha CepnyXoOBCKOM YCKOpDHTeJe CTaBSIT COB-
MeCTHBIE 3KCIEeDHMEHTbl COBETCKHE YuYeHble M HX KOJJIer:
u3 ®panunn, CIIA, IIEPHa.

HenaBHo Ha MHTHHre, TOCBSILICHHOM YyTBEPXKIEHHK
npoekra npoToHHoro yckopuresas Ha 400 I'sB, mnpodeccoi
Jxx. Apnamc, aupektop JgaGopatopun LIEPH-2, Bripasus
MHEeHHe, YTO YCKODHUTEeNb CJEIYIOIero MOKOJEeHHS — Ha
sHepruio 10000 I'sB — Gyzner «Tpofika-TpOHOM» — Mallu-
HOH, co3faHHON coBMecTHhiMu ycunnsima CCCP, CUIA u
3anannoit EBpons.

Ho ne canmkom /u noporoit crana ¢usnka 3jeMeHTap-
HBIX 4aCTHL? AMepHKAaHCKHe YuYeHble MOJCYHMTAJH, YTO BCE
3aTpaThl Ha (yHAaMeHTaJbHble HCCJAENOBaHUA OT Apxume-
Ja 10 HAlUHUX JHEH He MPeBBIIAIT CTOHMOCTH HBIHEUIHEro
JecATHHEBHOIO BaJOBOTO HAalUHOHaJAbHOro npoaykra CIHA!
Bort mepBblit HeOXKHAAHHBIH BLIBOJ: pacxoisl Ha (QyHIaMeH-
Ta/bHble HayKH PacTyT Me/JieHHee, yeM GOraTcrBo oOlile-
crtBa. A BK/IajJ HX B CO3JaHHe COBPEMEHHOTO YPOBHSI MaTe-
PHAJBHOTO NPOU3BOJACTBA OIPOMEH.

HurepecHo, ofHako, 4TO 10 3TOMY IOBOAY TOBOPAT Ca-
MH (H3HKH.

«Kax mokasbiBaeT HCTOpHSI, — TOBOPHJI uJIeH-KOppec-
noufiedT AH CCCP A. Banaun, — oTKpbiTHe QyHAAMeH-
TaJIbHBIX 3aKOHOB NPHPOJAbLI PAHO MM MO3JHO OUeHb CHJIb-
HO OTpa)kaercs Ha XKH3HH obulectBa. Cuia ¢QyHraMmeH-
TaJbHOH HAayKH B TOM, YTO Ofa JaeT KauyeCTBEHHO HOBBIE
uneu. A ¢ uX moMoulpl0 yHaercsl BIPYT, CpPasy, CKaukoM
peluTh MHOTO CJOXHEHIIHX NPaKTHYeCKHX 3axau. ¥YOemu-
TeJbHbIH NpPHMep — MNPOHHKHOBEHHE HOBBIX METOJOB KBaH-
TOBOH TeOpPHH MOJsi (KOTOpble pPa3BHBAJKMCh CHEIHAJBHO
IJis1 IOCTPOEHHS TEOPHH 3JIeMEHTapHBIX YacTHI) B (U3UKY
TBEpHOro Tesa. A yxK (u3HKa TBepHOro Tesna (CBEPXMPOBO-
JAUMOCTb, (DU3HKa TOJYIPOBOJHHKOB, (H3HKA MeTaJJoR
U [Ip.) HMeeT caMoe NpPsiMOe OTHOIUEHHE K TeXHHKe».

«HeB03MOKHO 3apaHee npeiyrafatb NpakTHUECKHe MPH
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MEHEHHs Belllell, KOTOpDble ellle He H3yueHBl, — CUHTaeT
yneH-koppecnonfiedt ®. Hlanupo. — Bor npuMep u3 mnpo-
uroro. JIx. k. TOMCOH OTKDBIJI 3/1€KTPOHBI: B pe3yJbTa-
Te Mbl HMeeM 2JIeKTPOHHKY, TeJEeBH30Dbl, MOJIYIPOBOLHUKH.
A emy npocto OBLIO JIOOONBITHO H3yuaTb, KaK TaM HpOTe-
KaloT TOKH B rasdax. Cefiuac Heslb3si TOBOPUTb O KaKHX-TO
KOHKDETHBIX OYAYLINX BO3MOXHOCTAX HCIOJb30BaHHS siep-
HbIX CHJ B NpakTHKe. MOXKHO TOJIBKO yTBepXKIaTb, YTO ec-
JIM HX HeC U3y4aTb, TO HUKAaKMX BO3MOXKXHOCTEH He MOSIBUTCS.
ByayT HoBble 3HaHHS, NOSABATCS U M306peTeHHsT B 3TOH OG-
jgactd. Ho ecan ux He 6ylner, TO MOXKHO NHCATb TOJBKO
Hay4YHO-(paHTAaCTHUYECKHE POMAHbBI».

«$5l Mor 6bl MPHUBECTH MHOXKECTBO MPHMEPOB, — TFOBOPHT
akagemMuk H. Boromio6os, nupekrop OMHM, — koraa, ka-
3aJ0Ch Obl, YHCTO TeopeTHUYeCcKHe (yHAaMeHTaJIbHBIE HCCe-
IOBaHMsA JaBajd TOT 3ajes, KOTOPHIH BbI3BaJ K KHU3HI
cogjanue HOBHIX oOsiacTefi TexHukH. [lo MoeMmy ruy6Gokomy
yOexK1eHHIO, NIPOHHKHOBEHHE B TalHbl [JIYOGHHHOTO CTPOEHHS
MaTepPUH HOJIKHO NMPHBECTH K OOJIBIINM, MOXKeT OBhIThb, CO-
BEPIIEHHO HEOXKHMIAHHBIM INPaKTHYECKHM [PHJIOKEHHSIM,
Koneuno, Bcex HHTepeCyIOT MJIOJBI HayKH, H 3TO ecTecTBeH-
HOo. Ho mpu 3TOM c/eayeT ylensiTb BHHMaHHe H TIYGOKO
3apHITHIM KOPHSIM TOTO JepeBa, Ha KOTOPOM TaKHe IJIOJbl
MOT'YT pacTH».

Xopowio ckasan naypeat HoGeseBckoit npemuu A. Cent-
Hpepau: «IlocTaTouHO caMOro CpelHero yMCTBEHHOTO pas-
BHUTHS, YTOObl YCMOTPETb TOT OTPOMHBIA BKJaj B Pa3BUTHE
ue/0BeYeCTBa, KOTOPHIH BHecJa HoOBelIlass Hayka, 4TOGBI
HUMEHHO B HayKe yBHJeThb JeHTMOTHB mporpecca U TO, 4TO
3agaer ToH HameMy XX crosetuto. HeBosMOXKHO He BH-
HeTb, 4TO NPAKTHYECKH BCE Mbl B JNOJTY Iepel HayKoii,
H ecsJM H3BATb €e IJIOALl M3 Halllefi KHU3HM, TO OT BCefi Ha-
el NUBUAM3AILMHE HUUErO He OCTAaHETCSI».

A Tenepp monpobyeMm 3arasHyTh B Gynyiiee. M3pecrtHo,
4YTO ypOBeHb TEXHHUYECKOTO pas3BHUTHSl LUBHJIM3ALUH 3aBH-
CHT OT ee 3HeproBoopyKeHHOCTH. CHelHaNHCTHl 1O HHO-
IJaHeTHHIM LHUBHJAH3aUMsIM (yXKe ecTb W Takue!) ompele-
JIAIOT HECKOJIbKO CTyMeHell B Pa3BUTHH LMBHJIH3aLUHMH — Ha-
YHHasi C CO3JaHHsI €IMHOTO JHEepPreTH4ecKoro Xo3sficTBa
IJIaHEeTH W KOHYasl ynpaBJsieMblM S3HEPrOBbIAeJeHHEM 3Be3/1-
HBIX CKOIJIEHHH.

o MpOHHKHOBEHUS B MHKDPOMHD 4YeJOBEeK MO0JIb30BaCs
CJAyualiHO HaliJleHHBIMH HM Ha NOBEPXHOCTH 3eMJH HCTOY-
HHKaMH SHEPTHH: KOCTPOM M3 BeTOK, KaMeHHHIM YrIJeM,
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HedTbio. [loToM OH Hayumics HCIOJNB30BaThb 3HEPTHIO Na-
Jamouel BOJH.

Us Bcex Hayk O NpHpoJe TOJbKO (DH3HKA 3JjeMeHTap-
HBIX YaCTHI[ Jajia YeJOBEUeCTBY HOBBIH HCTOYHHK 3Hep-
I'HH — aTOMHBI. DTO KJIaCCHYECKHil IPUMeD TOro, Kak QyH-
IaMeHTa/bHOe HCCJIeJOBaHHe peaKLUHH TAXKeNbX aTOMHBIX
slep BHE3allHO pPeIlUJIO KIyuylo JJIsl 4YesjoBeuecTBa IpoO-
6/1eMy TOJTy4eHHs] SHePrHH. :

YueHble 06HAPYKUIH, UTO B PeaKIUH CAHSHHS JBYX Jier-
KHX siiep TOXe BhileJsieTcsl OrPOMHasi 3Heprus — TepMo-
silepHasi. YNpaBiasTbh €l0, OJHAKO, eule He Hayuusauceb. Ceii-
yac 3TO mepBooYepefHas NMPaKTHyecKas 3ajaya, Haj pelle-
HHeM KOTOpOH paboTaloT OOJblIHe HayYHHIE KOJIJIEKTHBBHL

Jns pasBHTHS HUBHJH3ALHH Ba’KHO He TOJbKO MOJyYe-
HHMe - SHePTHH BO BCEBO3PACTAIOMHX KOJHYECTBaX, HO H
ee KOHLIEHTPAUHs U yNpaBJeHHe ee BHJeJIeHHEM.

[TepBOGHITHEIH Ye/OBEK HCIOJb30Baj HHYTOXKHYIO 4acTb
SHEprHH, 3aKJ/IOUeHHOH, ckaxKeM, B OJHOM KHJOrpaMMe Be-
miecTBa, Korga 6pocas Ha OXOTe KaMeHb. Peakius neneHus
aTOMHBIX SiIep TAXKeNBIX 3JeMeHTOB — HeoOBYaiiHo Moll-
Hblfl, ynpaBJisieMbli U BeCbMa KOHLEHTPHPOBAHHBIH MCTOU-
HHK 3Hepruu. KujorpaMm ypaHa WM NJAYTOHHsSI «3aMeEHSIET»
TBICSTYH TOHH JIYYIIErO XHMHYECKOro roployero H «aeldcTBHe»
10 18 GyJBIXKHHKOB. DTO YHCJIO MPEBLILIAET KOJHYECTBO KaM-
Hell, 6pOLIEHHBIX BCEMH XKHBHIHMH Korja-tu6o Ha 3emJe
JI0AbMHU!
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Ho B «3amacHukax» ¢u3uKOB ecTb KOe-yTO ellle.
[1pu BCTpede yacTHUB H aHTHYACTHIB NPOHCXOAHT peaklHs
AHHHTHJISIHH — «YHUUTOXEHHsS». DJEKTPOH H MO3UTPOH HC-
ye3aloT, NpeBpalllasfch B KBAHT 3HePruu. Bor oHa, BekoBeu-
Has MeyTa YeJOBeyecTBa O MOJIHOM INpeBpAlleHHH MacChl
BellecTBa B 3Hepruio! A ¢heKTHBHOCTb HCNONb30BaHHA BCei
9HeprHH, 3aKNI0YEHHOfi B BellecTBe, B THICAYH pa3 GoJblle,
yeM INpH AesneHuu sanep. Ho...

«Ho noka aHTHBeIeCTBO CTOHT MHOTO JOpOXe TOi 3Hep-
[HH, KOTOpPasi BBIAEJNHTCA TPH €ro CropaHHH, — TOBOPHUT
yieH-koppecnonfieir AH CCCP . Bnoxunues. — He wuc-
KJIOYeHO, OJHAKOo, UYTO ero MOXKHO OyIeT HCINOJb30BaTh
B KayeCTBe KOHIEHTPHPOBAHHOI'O TQIVIMBA [/ KOCMHYe-
ckoro TpaHcmopta. Ho cHauana, koHeuHO, mpHAeTcs Tmpe-
0JI0JIeTh TPYAHOCTH, CBsSI3aHHble C XpaHeHHeM, TPaHCIOPTH-
POBKOHl aHTHBELIECTBA H T. A.».

Hy a ecau pate mpoctop ¢daHTasuu, To Rajekoe OYAy-
Iee SHEPreTHKH MOXKHO NMpPeACTaBHTh cebe Tak...

Ha acreponse niu Ha HCKyCCTBEHHO CO3JaHHOH mJaHeTe
NoJIydaeTcsi 3HePrus MO IHUKJIY CHCTeMbl DeaKUHi{l CHHTe3a
Jerkux siiep — TO, YTO fABJISIETCS HUCTOYHHKOM 3HEpruy Ha-
wero CoJsiHIA H MHOXECTBa JAPYTHX aHAJOTHYHBEIX 3Be3[.
B t0 xe BpeMs Ha 3emJie 3HEpraw YepnalwT ymnpabJse-
MBIM CHHTE30M 3JIeMEHTapHBIX YacTHI H3 CBOGOAHBIX KBap-
KOB, KOTOphle HayYHJHCh MOJIyYaTb B JIIOOOM KOJHYECTBE.

BesynepxHas ¢antasusa? Ha cerogusAmnuii neHp — za.
Ho BoT uTo ckasan o kBapkax akafemuk B. [TonTekopso:
«Ecan KBapKH CyIIeCTBYIOT, S HE COMHEBAalOChb B TOM, YTO
OHH MOryT OHITb HCIIOJIb30BaHH: CTaGH/IbHOE «BellecTBO»
C COBepIIEHHO HOBHIMH CBOHCTBAMH 006s3aTeJbHO “Halger
npakTHYecKoe npuMeHeHHe». To ke caMoe MOXHO CKa3aTb
H O <«MarHUTHOH MaTepuH», MOCTPOEHHOH H3 MOHOMOJIeH
Jupaka. OnsiTb-Takd — €CJIH OHH CYLIECTBYIOT B IpPHUPOJE.

A yHHYTOXHTb BCE 3TH H MHOTHE ADYrHe «ec/jH» MOTYT
TOJbKO (PyHAaMeHTasbHBle HCCIeJOBaHHS B (H3HKe BHICO-
KHX 5HeprH#l, B QH3HKe 3jIeMeHTaPHbIX JaCTHIL

YHHBepcanbhbie MawMHbI

Ilpenckasanue Gyayuiero Bceria OLIO AEJNOM HENErKUM
A HebaarogapHbIM. JleficTBUTENBHOCTD OKa3bIBalaCh HAMHO-
ro Goraue H 3HAYHTeJbHel, uYeM 3TO NPEACTaBAANOCH
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TPUTCKAZHIB ALy
BYAYWye
Pucuwy/

B mporHo3ax. Y mocienyonye mokoJeHUs yale BCero yIuB-
JAMUCh O6ecKpbLIoH (paHTa3HH MpellleCTBEHHHKOB.

Cefiuac HaM TpPYZHO MOHSTh, Kak Mor . Pesepdopn
BCEro 3a roj-iBa 0 OTKPBITHSI peaklnu HeJeHHsi siep co-
MHeBaTbCsl B BO3MOXKHOCTH KaKOro-1u60 NMpHMeHeHHs sep-
HOH 3Heprum.

Ho Bompoc o cerogusiniHe#t mojb3e (GU3UKH 3djeMeHTap-
HBIX YaCTHII MOXKHO pacCMaTpHBaTh He TOJBKO B IJaHe
TYMaHHBIX OGemaHHH, HO W KOHKDETHBIX peasbHBIX MpH-
MEHEeHHH.

B 1950 ronxy B amMepHKaHCKOM XypHase Obuia onyGiu-
KOBaHa CTaThsl U3BeCTHOro (u3HuKa, jJaypeata HobeneBckoit
npemun E. Burhepa, B koropoii Gbiia Takas CTpPOYKa:
«Hama nayka c GOJBIIMM ycCHeXOM YBeJHYHBaeT Haly
MOIlb, YeM Hajies]sieT Hac 3HaHHAMM, MPeJICTaBSIOIAMU
YHCTO YesJIOBeUeCKHl HHTepec».

Ceifiuac, aBajlaTh C JHIIHAM JIET COYCTH, C 3THMH CJIO-
BaMH HeJb3sl COraacuTbes. [laXke ecin He CUHTATh OTKPHI-
THS aTOMHOTO HCTOYHHKA 3Hepruf, (H3HKa 3jJeMEeHTapHBIX
yacTHll Tpuiwia Obl Ha CMOTP HaykK, NMOJIE3HBIX YEJNOBEKY,
He C MyCTBIMH PYKaMH.

Hakanyne I MexayHapoaHoii KOH(epeHIUH MO MHPHO-
My HCIOJIb30BaHHIO aTOMHOH 3Hepruu 1955 roma co6panachk
ceccust Akanemun Hayk CCCP, nocssimeHHast 5THM xe mpo-
6nemaM. Akazemuk A. HecmesiHoB yxke Torma ckasas, 4rto
«aTOMHasl MPOMBIIIEHHOCTb JaeT HayKe H TeXHHKe pajiHo-
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AKTHBHbIE 3J€MEHTbI, H3JyUYeHHsI KOTOPHIX HCIOJb3YIOTCS
B MCAMLHHE JJI5l JIeYeHHS M JHWATHOCTHKH, HaXOAAT IpUMe-
HEHHE B THINEBOH INPOMBILIJIEHHOCTH, aBTOMAaTHKe, fAe(dek-
TOCKONKH, TOPHOH pa3Belke U BO MHOXKECTBe APYIHX Ha-
npap/jeHuH. XuUMHSA H (DU3HKa, METa]yprus, MeXaHHKa ra-
3000pa3HOro, XKHUJAKOI0 U TBEPAOrO Tejga U 0COGEHHO GHOJO-
russ ¢ ec OoraTcTBOM oOJacTeli M HalnpaB/JeHHH, HauMHadA,
OT (DU3MOJIOTMH BbIClIeH HEPBHOH AeATEJbHOCTH H KOHYasl
arpoHOMHeH, cTaju WIHPOKHUM MoJeM IPHMEHGHHA Meuc-
HbIX aTOMOB, IO3BOJIMJIM BBECTH HOBblE METOAbl PaboThi,
ClesaTh HOBbIE OTKPBITHSI.

Ho uto xe Temepb n06aBMIOCH HOBOTO K 3THM IIpHMe-
HeHusM? W npuHOCAT s KaKy0-HUOYAb NOJbL3Y JIOAAM Ca-
Mble 6O0JbIIME H AOPOrHe YCcTpOHCTBAa (H3UKH 3JeMeHTap-
HbIX YaCTHI — YCKODHTENHu?

[Ipu coopyKeHHH OJHOTO H3 MNEPBBIX YCKOpPHUTEJNeil
B JlyOHe CTPOHTENH YAMBJSIIHCH TOMY, 4TO He INOJBOJHUTCS
CIelHaabHasl KeNe3HOJOpOXKHas KoJsiesd [Js BbIBO3a <H3-
Jequii», KOTopble OyJeT NpPOH3BOAMTL 3Ta OoJbuiasg Ma-
LIHHA.

HuxnoTponsl, ¢a3oTpoHbl... OKyTaHHbIE «TAHHCTBEHHBIM
TYMaHOM» HayKH, OHHM IpPUBJeKalOT K cebe BHHMaHHe, KaK
Bce HeusBecTHoe M HemoHsATHoe. Cloja 4acTo IpHe3kKaloT
Ha 3KCKyPCHIO JIIOAW, Jajekue OoT Hayku. BosabmuHCTBO M3
HHMX MOYTHUTENbHO M POOKO B3MPAIOT Ha TPOMO3JKHE COODY-
JKEHHSl U3 XKeJje3a u ellle 6ojee OTAAJAIOTC OT HayKH, IJs-
Isi Ha ee 0e3JylUHble YCTAHOBKH — CHMBOJIbI COBpEMEH-
HOCTH.

Ho pasBe cj0KHbIe KOHCTPYKIMH HedTeleperoHHoro 3a-
Bofa Gosiee udesoBeunbl? [IpocTo n10AH 3HAIOT, YTO 3]€Chb
IIPOH3BOASIT KePOCHH N GeH3HH. Jlaxke OorpoMHble CPeACTBa,
3aTpaueHHBbIe JJIs1 BBICAJKH JIofel Ha JIyHy, IpeAcTaBasIOT-
csl ToJIe3HeH, YeM pacXolbl Ha HCCAEAOBaHHA B (DU3HKe
BLICOKHX 3HEPTrHil, — TaKyl0 MBICJAb BbICKa3a/J H3BECTHbIN
amepukaHckuii ¢usnux B. Baiickond na T6uaucckom cumio-
auyme 1969 ropna.

K coxanenuiwo, ajs umpoxoﬁ ny6JIHKH NpaKTHIECKH J10
CHX TOp HEH3BECTeH OTPOMHBIH BKJaj, KOTOPHIH yCKOpHTe-
JM, a | BCsl SKCIIepUMeHTasibHasi GH3NKA BLICOKHX SHEPTHil
BHOCSIT B MOBCEHEBHYIO XKH3Hb Y€JIOBEKA.

Ha MoIHOM CHHXPOLMKJIOTPOHE, CO3JaHHOM €lle B KOH-
ne 1949 roma — B TsXKejaoe INOCJEBOEHHOE BpeEMd, —
UncrutyT szepumx npobiem Axanemun nayk CCCP me-
CJleoBas Tpollece AeNeHHs TSKeNbIX ffep MOA AeHCTBHCM
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HeATPOHOB. DTH Pe3y/bTaThl HEOOXOAUMBI ObUTH JJIsl pelle-
HMsl 3aJa4 MPAaKTHYECKOrO MCNOJb30OBaHMSI aTOMHOH 3Hep-
run. Temepb Ha YCKODHTeNISIX 3TOr0 Kjaacca paboTalT He
TOJNbKO (H3HKH, HO H INPEACTaBHTENH COBEPIIEHHO HHBIX
crelHaJbHOCTe!: pafOXUMHKU U MeIHkH, paJHOGHOJOTH H
reOXHMHKH, COTPYAHUKH Hay4YHBIX HMHCTHUTYTOB, Hemocpen-
CTBEHHO CBSI3aHHBIX C NIPOMBILULIEHHOCTbIO.

31ech HCOBLITHIBAIOT Ha YCTOHYHBOCTh K pajHallHOHHBIM
o6ayuyeHHsIM COJIHeuHble OaTapen W pemiaercs mnpobseMa
3alIMTH 4YeJIOBeKa OT JeACTBHS pPaAMalHOHHBIX [0SICOB
3eM/IH ¥ COJTHEUHBIX BCIIBILIEK.

Pa3Butie ycKOpUTe/NbHOH TeXHHKH JaJjieKo BIepej Ipo-
JBHHYJIO Y€JIOBEYECTBO B sAEPHOH MeJHLHHE M pajHOoTepa-
muH. DBosibllie TMOJNIOBHHBI BCEX H3BECTHBIX PajHOaKTHBHAIX
siiep OGHAapyXKeHbl B peaKUHsX, KOTOpble (H3HKH H3ydasu
Ha YCKOPHTeNSX. BoJMBLINHCTBO H30TONOB NOJYYaloT B Afep-
HbIX peakTopaX. Ho pajguoaKTHBHBIH H30TON LHHK-72, KO-
TOPBHI TpUMeHseTcs AJAs paHHero OOHapyXeHH paka
IpeicTaTeJbHOH Kene3bl, INOJY4YyalOT TOJAbKO Ha YCKO-
putensx.’

Meaukin [aBHO TNPHMEHAIOT KOOAaJbTOBYIO NYIUKY MJIS
JIeUeHHsI 3JI0KayecTBeHHBIX OIyXoJsieli raMMa-KBaHTaMH, KO-
TOpHIe HCTycKaeT paJHOaKTHBHBIH H30TON KoGasibTa. Ho aro
H3JyyeHHe MopaKaeT H DPacCIOJOXKeHHble PSJOM 3A0POBLIE
TKaHH. DoJsiee nepcrneKTHBHO IpHMeHeHHe NPOTOHOB H 0OCO-
GeHHO MHU-Me30HOB. IIpH OcTaHOBKe B BellleCTBE OHH BHIJE-
JISTIOT OOJIBIIIYIO 3HEPTrHI0 B OYeHb HeOOJbIIOM oObeMe.

®du3uKN yxKe HAYYHIHCh CO3[aBaTh CIIENHANIbHBIE «Me-
JIMIIMHCKHE» MYYKH MPOTOHOB HAa CHHXPOLHKJIOTPOHe B J1y6-
He W IIPOTOHHOM CHHXPOTpoHe B MockBe. MeJuKu-KIHHHU-
nucTel u3 MIHCTHTYTa 3KCNEepUMEHTAJbHOH H KJIHHHYECKOH
oskosorun AMH CCCP wusyuarmT cefiuac BO3MOXKHOCTb HX
HCNOJIb30BAHAST JJIs1 YJydlleHHss MeTOAHKH JyueBOH Tepa-
NHH paka.

Tak, mouTH He3aMeTHO, YCKODHTEJNH yxKe AaBHO BCTpe-
THJIACh C YeJIOBEKOM.

o cux mop HHYEro He FOBOPHJIOCH 00 HCIOJB30BaHUH
YCKOPHTEIST B NPOMBILIEHHOCTH. C NOMOIIBI0O NPOTOHOB
c 3Heprueit okoJsio 150 M3B MOXKHO H3MEePHTb TOJIIHHY rpa-
¢uta c Tounoctbio mo 00015 mnpoueHTa N0 CpaBHEHHIO
C 2 npoUEeHTaMH, KOTOpbie MOJy4YaloTcs NPH HCIOJb30BaHHH
IJsi 3TOofi Leau ajbda-yacTHil WiaH sjaekTpoHoB. [locie
pafuanMOHHOH 06paboOTKH MaTepHaJIOB Ha YCKOpHTeJe II0-
BHIIIAETCS MX TOYKa IJIaBJICHHS, yBeJHUHBaeTcs cu/jia Ha-



TAXKEHHs, NPOYHOCTb, MEHSIIOTCH CTPYKTypa M CBOHCTBa
MOJIUMEPHBIX MaTepHaJIoB.

AwmepukaHckuii ¢usuk JI. PoseH, BeicTynmas Ha Hauuo-
HAJbHOH KOH(EepeHUHH N[O ycKopHTeasaM B Uukaro, coof-
mug, yro u3 1000 yckopurenedr, paboraiomux B CIIA,
Jullb MeHee 150 HCMONIB3YIOTCS HCK/AIOUHTENBHO AJS (BYH-
JaMeHTaJbHbIX HccaenoBanuit. Okoso !/3  Hcnoab3dyercs
B NPOMBIIJIEHHOCTH H MeJHIHHE, a OCTajbHble — B IpH-
KJIaJHbIX HayKax.

KocBenHbiM o6pasom ¢u3HKa 3JeMeHTapHBIX YacCTHIL
BJIHSIET Ha XOJ TeXHHYECKOro Inporpecca yesoBeyecTBa.

«Bynyun pefictBuTesNbHO mepeoBOH HayKO#H, — TOBOPHJI
akaneMuk B. IToHTekopBO, — OHa s CBOHX HYXJI HPAMO
pa3BHJIa PAL HOBHIX METOJHYECKHX Pa3pabOTOK HJIU CTHMY-
JIHPOBaJia UX pa3BuTHe. DTH pa3paboTKH, YacTo Ha Ipefele
BO3MOXXHOCTell COBPEMEHHO! TeXHUKH, HALIH IpaKTHIecKoe
HpHMEHEeHHe B fIepHOH TeXHHKe, B MeIHilHHe, B GHOJIOTHH,
B HCCJIeJOBaHMHM KOCMHYECKOTO INPOCTPAHCTBA, B pas3BelKe
NOJIE3HBIX HCKONaeMbIX, B BBIUHCJIHTEJNbHOH U 0OOPOHHOMH
texHuke. He cnyua#iHo, 4To HMeHHO ¢H3HKA 3J€MeHTapHbIX
Ya€THL, CTHMYJHpPyeT ceHyac CO3JaHHe CBEPXHPOBOISIIHX
MarHuTOB, KOTOpHle, 6€3 COMHEHHs, HAHAYT BaXKHOE MPaKTH-
gecKoe NpPHMEHeHHe B PAa3JHYHHX 06JacTAX TEXHHKH».

I'pynma kpHoreHHoro orgena J1aGOpaTOPHH  BBICOKAX
sHepruii OUSU npoaro paGortana Haj co3fgaHHEM XKHIKO-
BOZOPOAHOH H [AeHTepHeBO# MHIIEHH AJAS 3KCIEPHMEHTOB
C Ka-HoJb-Me30oHaMH. B mnpomecce 3T1oit  paboTH  yue-
Hble pa3paboTaid «Aploapbl» ClHeNHaJbHOH KGHCTDPYK-
uud. My 3aunHTepecoBasHch MHOTHE NPOMBIHIJIEHHEBIE Opra-
HH3auMH. A HeHaBHO TIpHe3XKaJdH M TNPEACTABHTENH
CENbCKOTrO X03stiicTBa. HauasnbHEK —KPHOTE€HHOrO OTHEAa
A. 3enbjoBHY BCIOMHHAJ, KaK <IONYTHO» € CO3LaHUEM
JHJIKOBOJOPOAHBIX KaMep HM MPHILIOCh pa3paboTaTh KPyn-
Hble BOJOPOAHble OXIXKHTeTH. OXKMKHUTENTU 3TH IO 4YepTe-
)KaM (QH3HKOB CTaJIH BHIEYCKaTh cepuiino. Brneperie B CCCP
Ha HHX NOJy4aJiCs XHIAKHI MapaBOAOPOX.

Axanemuk I'. ®nepoB, fupeKTOp na6OpaTOPHH sAEPHBIX
peakunii OMSIH, Tak ckazanq o MpakTHYECKOM HPHMEHEHHH
JOCTHTHYTBIX B J1a6OpaTOpHH pe3ysnbTaToB: «Bcs H3oLipeH=
Hasl TeXHHKa, paspaboTaHHass y Hac B JaGopaTopud HJjsl
BbIJE€JIEHHS OTHEJNbHBIX TSAXKEJbIX siAep U3 GOJbLIOH Macchl
BEILeCTBA, YK€ HCHOJb3yeTCsl B TOHKOH# [POMBIILJIEHHO
TexHosiorud. O6Gpas3HoO BHIPakKasfck, MH MOXKeM HAHTH HTOJ-
Ky B crore ceHa. UyscTBUTeJbHEHINNe MeTOAH aHaAu3a,
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NpHMeHsieMble Y Hac, JaBHO HCIOJIb3YIOTCS NMPH IOJNy4eHHH
0060 YHCTHIX XHMHUYECKHX BEUIEeCTB».

Vnanocs o6paTHTh Ha MOJb3y Ja)Ke NPHHUMOHAJbHBIA
HEeJOCTAaTOK, MPUCYLIHH YCKOPUTENIO 3JeKTPOHOB — CHHXPO-
TpoHY. [IBHrasicb no KpyroBbIM OpOHTaM B MarHHTHOM MoJie
YCKODUT®JNS, 3JEKTPOHB TOPMO3ATCA, HCIYyCKass «CHHXPO-
TPOHHOE H3JyYeHHe». DTO sIBIeHHe, C KOTOPHIM NpaKTHYe-
CKH HEBO3MOXHO 60DOTbCS, MNPEenATCTBYeT MajbHellllleMy
pa3roHy 3JIEKTPOHOB B HUKJIHYECKHX MamuHax. Ho axas 6u-
0JIOTOB, XHMHKOB H MeJIHKOB «CHHXPOTPOHHOE H3JyueHHE» —
XKeJlaHHOe, NMOCKOJbKY HHKaKHM JPYTHM CIHOCO60M' HEBO3-
MOXKHO MOJIYYHTb CTOJIb MHTEHCHBHBIE NMOTOKH MSATKHX (MO-
JIpU30BaHHbIX!) pEeHTreHOBCKHX KBaHTOB. M, Kak 3To HH
napafokcasjbHO 3BYYHT, yXKe CO3JaloTCd CHelHaJbHbe YC-
KODHUTENIH, Ha KOTOPHIX AJS HCCJAeNOBAHHH HCHOJb3YIOTCH
yXKe He CaMH YCKODEHHble 3JIeKTPOHbI, 4 KaK pa3 TO, 4TO
MeIlaeT UX YCKOPEHHIO.

YcKopHTenb = reHeparop 3Heprh

YckopuTeny sjeMeHTapHBIX YaCTHI, HCMOJIb3YIOTCS Cero-
IHs odueHb mHpoko. Ho naxe mpu GoraToM BOOGpaXKeHHH
TPYAHO NepeOPOCHTb MOCTHK OT CJIOBA «YCKODPHTENb» K CJIO-
By «[eHepaTOp» — amnnapaT, Bbipa6aTbIBAaIOIHH 3HepTHIO.
IIpsiMmo-Taku GpeT B rjiasa BOMNHMIOILee NPOTHBOpEUYHE B Ca-
MOM COYETaHUH 3THX cJI0B. Kak ycCKopHTe/Nb MOXKET ObiTh
reHepaTOpOM 3HEPrHH, KOTJa OH CaM HeNpepbiBHO MOTpel-
JISIET ee B COJIMJHBIX KOJHYeCTBaX?

B caMoM pHese, eclH NMPeKPaTHTh NMOJayy TOKa, OrpoM-
Hasi MaHIMHa ToTyac 3aMpeT. I HHKOMY He H3BECTHO O Ta-
KHX cJlyyasix, KOoria Obl YCKODHTe/Nb BO3BpPaTHJ 3aTpayeH-
HYIO SHEpruio, He rOBOpS YK O TOM, 4TOGHl MPOH3BOAHTDH €€.

U Tem He MeHee TO, YTO YTBepXKJaeT 3aroJIOBOK, He
cka3ka. Enie, npaBaa, 4 He Obl/Ib, HO y2Ke BIOJIHE peajibHas
BO3MOXKHOCTb. OKasbiBaeTcsi, C NMOMOILIbI0 YCKOpPHTeNs 3Jie-
MeHTapHbIX YaCTHI MOXHO NOJy4YaTh TOMJIHBO IJs1 AAepHOH
SHePreTHKH.

B 1955 rony nana Tok mepBasi B MUpPe aTOMHasi 3J1eKTPo-
craHnus B OGHHHCKe noJg MOCKBO# MOLIHOCTbIO BCEro JIHIUb
B 5 meraBatt. Cefiyuac BO Bcex cTpaHax paGoraer GoJee
230 aTOMHHX SJIEKTPOCTaHUUM o6uieli  MOIIHOCTBIO
B 20 000 meraBatT. I[Toka'»To Bcero Juinb 2 MpOLEHTa 3HEP-
reTHYecKHX wmomHocteft mMupa. Ho mno mporHozam aHepre-
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THKOB, K 1980 roxy mpoueHt 3ToT YyBeamuurcas ngo 30,
a K KOHLy croaeTusd — no 50!

Ilpuiuno Bpems, KOrja aTOMHasi SHEPrHs U3 HEOXHMAaH-
HOHl HaxoJKH (PUSHKH MHKPOMHpa MNpeBpallaeTcs B BaX-
Hblll HEepreTHYEeCKH# pecypc NJaaHeThl.

«Jlerko yGenutbcsi, — roBopHT akazemuk H. Borosio-
60B, — uTo 3a mepuoA oT I MeXAyHapOonHOH 3KeHEBCKOH
KOoH(epeHUHH N0 MHPHOMY HCIOJb30BAaHHIO ATOMHOH 3Hep-
rud 1955 roga po IV — B cenrs6pe 1971 rona npousomin
pajuKajbHble H3MEHEHHS BO B3aHMOOTHOLIEHHSAX «aTOM —
0611eCTBOY.

HeficTBuTenbHO, npobieMa, HajJ KOTOpoRt paHblie pa6o-
TaJ| JIMIIb YUeHBle, 3aHUMalOL[Hecs 1AePHBIMH peakTopaMH,
HHTEpecyeT Telepb OYeHb UIHPOKHH KPYr CHeLHaJHUCTOB.
lenepanbnas Accam6ness OOH mnocraBuia nepen IV xe-
HEeBCKOH KOH(epeHIHedl HOBYI0O BaXKHYH LeJb: OHa JOJXK-
Ha OLITb NOJNE3Ha He TOJbKO AJISI YYeHBHIX H HHXKEHepoB,
HO Takxe AJs OpPraHH3aTOpOB NPOMBIILJIEHHOCTH, agMHHH-
CTPaToOpOB, 3KOHOMHCTOB. ATOMHasi 3HepreTHka mpeBpa-
maeTcs B XKH3HEHHYI0 HEOGXOJHMOCTb.

A Tenepn BepHeMcs K nmpoGsieMme siiepHoro tomausa. Uro
MblI HOApa3yMeBaeM NOJ 3THMHU cioBamu? Ypax? Ila, Tonan-
BOM JJs SIAEPHBIX 3JEKTPOCTAHUHH sBJASETCS NPUPOLHBIHA
ypaH. Ho uto napyer nam npupoza? Toabko 0,7 mpoueHTa
OT 3TOro NojapKa COCTaBJsIeT H30TON ypaHa-235 — Te «cy-
XHe JIYYHHKH», YTO Cropawmt B peaktope. Bce ocrasbhHoe —

12 B. Uepnoropopa 177



«chipble JpoBa», Heroprounii ypaHn-238. Ecaum 6 MoxHO
OBIIO HCHOJB30BAaTh €ro, TO AOOBITOrO ypaHa XBaTHJ/IO GHl
Ha coTHH JeT. Ho B TennoBbIX peakTOpax BBIXKHIaeTcs
JIHIIb HHYTOXKHASA €ro 49acTh.

Ecnu cpaBHHTH cCOBpeMeHHble MacliTabGbl AOOGBIYH ypaHa
C €r0 «HEMOJHBEIM» CTOpDaHHEM B peaKkTopax, TO BHIBOJ OKa-
3BIBaeTCsl HeyTelIHTeJbHbIM. HecMOTps Ha upe3Buluafinyio
«KaJIOPHAHOCTb» YPAHOBOTO TOIJIHBA, €r0 CJAHLIKOM MaJjo H
He XBaTHT aTOMHOH 3HepreTHke GyayIuero.

Ho npupona e ckyrma. Kpome ypana-235, ona nagenunna
CIOCOOHOCTBIO K JAeJeHHI0 NMIYTOHHA-239 u ypaH-233, nnInB
Hac B TO e BpeMs BO3MOXHOCTH HOOBIBAaTb HX €CTECTBEH-
HBIM NyTeM: HH TOFO, HH JPYroro H3oTona B NPHPOJE He
CYILECTBYET.

OHU3UKH-4epIIHKH 3HAIOT, OAHAKO, YTO NJYTOHHH MOXKHO
MOJyYuTh U3 ypaHa-238, a ypaH-233 — u3 HEropoyero mpu-
POJHOro TOPHS, eClH OOGJNYYHTb HX MOLIHBIM NMOTOKOM HeH-
TPOHOB. A

Ha VII mMupoBoM 3HepreTHyeckoM KOHrpecce akaje-
MHK A. AunekcanzpoB ckasaa: «Korma Mbl  rosopum
O NpaKTHYECKH HeHCUeplaeMblX 3Hepropecypcax siaepHOro
ropiouero, To HMeeM B BHAY HeOGXOAHMOCTb H BO3MOXKHOCTb
BBOZAa B HTPy BTOPHYHOTO FOPIOYEro — MJIYTOHHS H HCNOJb-
3oBaHusi 6narojapss 3TOMy O6oJjbliefi YacTH 3amacoB ypa-
Ha-238. Bes aToro He MOXeT GLITh PeyH O AJHTEJBHOM pas-
BHTHH slepHOH 3HepPreTHKH B TeX Maciitabax, KOTOpHE
ONpeleNsiloTC  COBPEMEHHBIMH TeMIaMH  TeXHHUYECKOro
nporpecca, Tak Kak pecypchl ypana-235 mas storo GyayT
HeJJOCTaTOYHEIS.

Paspenannbie 3amacel  ChHIPpSi MOTYT YAOBJETBODHTb
noTpeGHOCTH B ypaHe TOJIbKO A0 Koula 70-x romos. ITosto-
MY yXe cefiuac BcTaeT 3ajauya HaJaXKHBAHHS NPOU3BOJACTBA
BTOPHYHOI'O ropioyero B GOJbIINX MaciiTaax.

ITnyToHHE MOXHO MOJNYyYHTb, HMesi OTPOMHOE YHCJIO Hel-
TpoHoB. Ho rze ux B3aTh? Bosuukaer eme ojgHa mnpoGie-
Ma — TOJIy4eHHs] HHTEHCHBHBIX NOTOKOB HEeHATPOHOB.

Heckonpko HEATPOHOB pOXKAaeTcss NpH AEJEHHH sjep
B aTOMHBIX peakTopax. HacThb H3 HHX TyT XKe MNOTJOILaeTcs
NS MOAJAepKaHHsl LENHOH peakUHH. A HEeKOTOphle HEHTPO-
HH Bce-TaKH CTaHOBATCA MOOHYedl simep ypana-238. M3 or-
paboTaHHHIX YPaHOBBIX CTEePXKHell H3BJEKAalOT HOBOe sijep-
HOE TOMJIHBO — ILTYTOHHH.

lopasno sp¢exkTHBHEE ITOT mpouecc MPOHCXOXHT B pe-
aKTOPax Ha OBbICTPBIX HeHTPOHaX. BOKPyr aKTHBHOH 30HBI
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peakTOpa, paboTalollero Ha YHCTOM ypaHe-235 HJH IJIyTO-
HHH, BBIKJAaAbIBAIOT HErOPIOYHH, «CHIPOM» H30TON YpaHa
uau Topuil. Ilorsourass OblcTpbie HEATPOHBI, BblJIETAIOLIHE
U3 3TOH 30HB, OHHM MNpPEBPAIlalOTCs B PpacCIlensOMHACT
maTepuaj).

Ho moka 4To nepej co3faTeNsMH 3THX PeakTOpPOB CTO-
HUT LEeJBIH PAX HepelleHHBIX HHXXeHePHbIX H (U3HYeCKHX
3ajad. PeakTopbl A0/IXKHBl GbITh 5KOHOMHYECKH BBHIFOAHBI-
MH. A riaBHOe, 4TOGbl 0GecneynTh HeOGXOAUMBIH TeMN pas-
BUTHSl SI/ICPHOH 3HEPreTHKH, KOJIHYECTBO IJIyTOHHS B HHX
JIOJIXKHO yABAaHBAaTbCsl MaKcHMyM 3a 5—7 Jser. Bee xe cy-
IIeCTBYIOIHE H CTpPOsLHecs PeaKTopbhl Ha OBICTPBIX HeHT-
poHax obecneunBalOT YJBOEHHe IJIYyTOHHS B 2—4 pasa
MeJJieHHee, yeM Tpebyercs.

Torna ¢usuxkM NpPeAsOXKHIH APYrOH MeTOJ MHOJydYeHHS
Je/ISIIHXCS MaTepHaJ/oB, CBA3aHHBIH He C TEIVIOBBIMH HJIH
OLICTPLIMH PeaKTOPaMH, a C YCKODHTENSIMH 3JeMeHTapPHBIX
YaCTHII.

ArtomHBle silpa — 3TO HACTOsIL[HE KJalOBhle, HaGHTHIE
HykJ1oHaMH. Ho Kak UX BCKpPHITb — BOT B 4eM mIpobJema.
B sanepHbIX peakTopax HeATPOHBI OCBOOOXKAAIOTCH B peak-
1HuAxX AeneHds. Ho ecTb U Apyras BO3MOXKHOCTD.

B Havane Hamero Beka 3. Pesepdopay c momormbio
NPUMHTHBHOTO HHCTPYMEHTa — HCTOYHHKA aJb(da-yacTHI
BIEpBBIE Y[aJoCh BLIOUTb H3 JIETKHX sifep TNpoToHb. Ho
MHOTO JIH MOXKHO NOOHTBCS, «KOBBIPSIA» 3aMOK XHTPOYMHO-
ro saepHoro cefipa mouyTH rosbIMH pykamu? A korpa yue-
Hble BOODYXKHJIHCbh OPYAHAMH O6oJblioro Kaju6pa — Mo~
HBIMH YCKODHTe/SIMH 3/JeMeHTapHBIX YacTHL, HM YZJaJjoch
BbI3BaTh pEeaKLUHIO DacllelJeHHs SfAep TAXKeJAbIX aTOMOB,
YckopeHHble NMPOTOHBI TaK CHJBHO BCTPSXHBAIOT MNepenoJ-
HeHHble c1a60 CBS3aHHBIMH HYKJIOHAMH spa, 4YTO H3“HHX
OJIHOBPEMEHHO BBICHIAETCS HECKOJBKO JEeCSITKOB YaCTHIL
OnuH TNpPOTOH G6OJBLIOH 3HEPTHH MOXKET BHITPSAXHYTh OKO-
Jo 17 HeHTpOHOB U3 f[pa ypaHa H OKoJo 12 u3 Ajapa CBHH-
na. OcBo60XKAeHHbIE YaCTHIBl UMEIOT JOCTATOYHO OOJbIIYIO
3HEepPrui0 M, CTAJKHBAsCh C JIPYTHMH s/lpaMH, B CBOIO Oye-_
peab, BCTPsAXHBAOT HX. Tak onHa 3a APyro#l packpbiBaloT-
Cs «JBepH» SAEPHBIX KJaJ0BBIX.

B peakumsx J[eJeHHs yJAaeTcsd H3BJeYb JHIIL 1O He-
CKOJIbKY HEHTPOHOB H3 sijep Ae(hHUHUTHBIX AeJALHXCH Ma-
TepuajoB. Ho ecin NMOMECTHTbL KyCOK CBHHI@ B MOUIHBIH
NYy4OK NPOTOHOB, BHIJIETAIOMIUX H3 YCKODHTENs, CBHHell
NpeBpaTHTCA B reHepaTop HEHTPOHOB,
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A Temepb BMECTO CBHHLA NOMECTHM JOCTATOYHO NpPOTH-
JKEHHYI0 MAaCCHBHYIO MHLIEHb H3 ypaHa-238 uau U3 TOpHs.
JocTaTouHO BKJIOUHTb YCKODHTENb, H JeJNO 3aKHIIMUT: IPO-
TOHBl HAUHYT TPACTH s/pa MHUIEHH, a OCHIMAlollHecs Hel-
TPOHBI OYAYT «HMOJACYyLIMBaTh» Heropwoouuii ypaH. Takoit me-
TOJ TOJIYUeHHS BTOPHUHOTO $SIJE€PHOTO TONJHMBA Ha3BaJjl
3JIEKTPOSIIEPHBIM,

Hnes storo merona, ero ¢pu3HuYeCcKHE OCHOBbI H3BECTHHLI
naeHo. Ho paHbile oH He mor GHITh MpHUMeHEH H3-3a OTCYT-
CTBHSI HEOOXOAMMOTO JJsi Hero ycKopureas. ¥ (QH3HKOB
cerofHs1 GoJbliof BHGOp: UUKJIOTPOH, (pa30TPOH, CHHXPO-
tdasorpon... Ho Hu ofHa M3 cCyllecTBYIOLMX MallUH AJSsI
9TOH LlesiU HE MOAXOIHT.

CepnyXoBCKOH YCKODHTeNb pasroHsieT BNyLIEHHLIE B He-
ro npotoubl g0 70 000 mera-asekTpoH-BoJbT. Ho unciao oxn-
HOBPEMEHHO YCKOpDSeMbIX HM YacTHL HEeBeJHKO — OKOJO
10'2 mpoToHOB B ceKyHny. I/ MPOMBILIJIEHHOI'O K€ NPOH3-
BOJICTBA HEHTPOHOB 3JIEKTPOSJEPHBIM METOJOM IOCTAaTOYHO
coo6uiuth nporonaM sHepruio 1000 MsB, HO yCKopHTelNb
JnoJkeH BhIGpachiBaTh B MHJIMOH pa3 6oJiblle yacTHLL.

Kak 3actaBuThb MarHuTHOe moJie YCKODHTEJNsl coOHpaTh,
yIepXKHBATb U Pa3rOHATh TaKoe OrPOMHOE KOJIHYeCTBO IIPO-
TOHOB? B CHJIBHOTOUHOM YCKOpDHTese YaCTHIB JOJMKHBI (O-
KyCHpPOBaThCSi MarHUTHBIM NOJIEM ellle 6oJsee KecTKO, yeM
naxe B CepnyxoBckoM. Ho MOXHO /I OJHOBpPEeMEHHO yBe-
JIHYUTh MJIOTHOCTb MyduKa MPOTOHOB M COXPAHHTh OJHHAKO-
BOH uacToTy ero o6paleHus?

Kasasoch, 4To ylOBJIETBOPUTh OJHOBPEMEHHO H TOMY H
Ipyromy TpeGoBaHHI0 HEBO3MOXKHO. Ho 4To ckaxer 3kcnme-
PUMEHT, la H C 4eM 3KCIepuMeHTHpoBaTh? Beab mpexne
yeM CTPOHTb CJIOXKHBIH H JOPOTOCTOSAIIHH YCKOPHUTE/b, HANO
6LITh yBEpEeHHBIM, UTO OH o0s3aTesbHO 3apaboraer.

PasopBaTh 3aK0/110BaHHBIH KPYT yAAJI0Ch COBETCKHM yue-
HBIM, KOTOpble MOJ PYKOBOACTBOM YJ/eHa-KODPECNOHIEHTa
AH CCCP B. IIxkenenosa u npodeccopa B. I murpuencko-
ro cosfgaJd MOJeJb CHJIBHOTOYHOTO MPOTOHHOTO ILHK-
JIOTPOHa. .

Korma roBopsiT 0 CO34aHHH MOAeJNH HOBOH MalllHHBI,
peub HIET O €e YMEHbIIEHHOH KOmMH. A 4TO O3Hayaer co-
3naHHe MOJENH ycKopuTenss? MuHHATIOpHBIH YCKODHUTEND,
BCe pasMephl KOTOPOro COKpalleHhl B HECKOJbKO pas, Mo-
}KeT GBITb JULIb MaKeToM, a He MopeJblo. MajeHbKHA Mar-
HUTHK He CMOXKET pa3orHaTb MNPOTOHBl /10 3IHEPTHH B
1000 MsB, a mpoMoxenupoBaTb [BHKEHHe YacTHI HaLO
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HMEHHO C TOH CKODOCTBIO, KaKyl0 OHH HMMeEIOT IPH TaKOH
-9HEepruu.

Jlerko ckasartb, HafiTH MOJeJb HJs npoToHa. M Bce-Taku
ee Hamu. JduektpoH! [losHOnmpaBHBIA rpa)KIaHHH MHpa
3JIeMEHTaPHBIX YaCTHI, 3JIEKTPOH TOXKE BJIafieeT eIHHUYHBIM
3apsA0oM, HO NOYTH B THICAYY pa3 Jierye MpoToHa. DJeKTpo-
HH ¢ 3Hepruell Bcero 0,5 M3B uMeloT Ty Xe CKOPOCTb, YTO
M TsXKeJble NPOTOHBI, ycKopeHHble g0 1000 MsB, u mpe-
KPaCHO HMMHTHPYIOT JBHXKE€HHe TMPOTOHOB B MAarHHTHOM
noJe.

Ha maneHbKo#f 3/1eKTPOHHOH MOJENH NPOTOHHOTO ILHK-
JIOTPOHA AHaMeTPOM BCero B ABa MeTpa yxaJjoch nNofobpaTh
HeoOxonuMyl0 KOHburypauuio mnoss. Mopneilp oKa3sajachk
BIIOJIHE JXHM3Hecnmoco6HON. B nHauane 1971 roma nupekrtop
naboparopuu spepHuix npo6sem OUGAN B. [xenenos co-
o0muI: «DKCIEepUMEHTHl Ha 3JEKTPOHHOH MOJEJH NOKasa-
JIM, YTO MOXKHO YCKOPSTb INPOTOHBI A0 3HEPrHH NOpsIKa
1000 MsB u oxnoBpemenHo OynyT BblaeTats 10'® wacrun
B cekyHAy! MomHocTh Takoro nyuka OyHeT DOCTHTaTh
COTEH MeraBaTT. A 3T0O NyTb K CO3ZaHHIO CBEPXMOIIHBIX
Me30HHBIX (paOpUK, HEHTPOHHBIX T€HEPATOPOB M HP.».

«Me3oHHas1 ¢pabpukay — Takoe Ha3BaHHE 3aKPENHJIOCH
332 YCKODHTeJISIMH, PAaCCYMTAaHHBIMH Ha 3HEPTrHI0 NPOTOHOB
He Goubiie 1000 M3B, HO ¢ MHTEHCHBHOCTBIO YaCTHI| HA He-
CKOJIbKO MOpPSAKOB BHIIIE, yeM y OOBIUHBIX MalluH. Ha atux
yCTaHOBKaX MOXHO OyAeT NoJiyuaTh MOILIHBIE MYYKH HH- H
Mi0-Me30HOB. Ilyuku 3TH HeOGXOOUMBI He TOJBKO 1Js (yH-
JlaMeHTaJIbHBIX HCCIeIOBaHUH, HO W AJS YHCTO INpaKTHye-
CKOr0o NpHUMEHEHHS.

B Halle#i cTpaHe ecTb MaJIOOCBOEHHBIE MecTa c fellle-
BBIMH MCTOYHHKaMH 3Hepruu. Hanpumep, Bocrownas Cu-
6upb Cc ee HeMcUeplaeMblMH 3amacaMu ruaposnepruu. Ceii-
yac TOK, BblipabGaTeiBaeMblii cubupckumu I'DC, mo JuHHAM
BLICOKOTO HaNpsikKeHHs] GOJBIIOH NPOTSXKEHHOCTH BJIMBaeT-
cs1 B obmylo sHeprocucreMy. IloTepn Ha 3THX JHHHSAX JO-
BOJMbHO Be/IHKH. CHJIBHOTOUHBIA YCKOPHUTENb € MHIIEHbIO-
peakTopoM MOr Obl NMPSMO Ha MecCTe ¢ GOJIbLIOH KOHOMH-
YecKOH BBITOJOH mnepepabaThiBaTh MIELIEBYI0 3HEPTHIO B
iIePHOE TOIIMBO. A KOMIAKTHYIO MPOAYKIHIO TAaKOro «3a-
BOJa» HETPYNHO IepenpaBHTh TyAa, TIe OHAa Heo6XOaHUMa.

HeBo3MOXHO cKasaTb, Korga, rie U B KaKOM BapHaHTe
OyZer co3jaHa Takasi YCTaHOBKAa JJsi NOJYYEHHs] BTODHY-
HOro Tropiodero. dTO 3aBHCHT OT MHOTHMX OOGCTOSITE/BbCTB:
U OT JaJibHeHIIero pasBUTHSI YCKODUTENbHOH TeXHHKH, U OT
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TOro, yAactcs JH HafATH yJayHOe HHXKeHepHOe pelleHHe
KOHCTPYKUMH peakTopa-MHIIEHH, H OT Toro, 6yJeT JiH 3Ta
peaJibHasi YCTaHOBKAa 3KOHOMHYECKH BLITOJHOH.

Ho sicHo ogmno. IIpennoxen HOBbI crnoco6 NoJydYeHHs
pacuenJisilOIIMX MaTepHaJOB, OCHOBAHHBIH Ha TIJyO6OKOM
3HAHHH TOBEJEHHS  3JEeMeHTapHbHIX yacTHL, GOJbHIHMX
SHeprui.

PyHotBOpHbIE aTOMbI

Jletom 1971 roma nomMocKoBHHIH ropox JlyGHa BHOBb
BCTpeuas rocrefi — ydyacTHHKOB IV MexXayHapogHOH KOH-
¢depenunn no (u3nKe BHICOKHX 3HEPrHH M CTPYKType sapa.
Ha omnoM u3 3acemaHuii KoHbepeHUHH K Kadeipe OLHH
3a JAPYrdM MOAXOAHJIH TPOE COBETCKHX YYeHBIX H paccKasbi-
BaJH O JOCTHXKEHHSIX B HOBOH 00JacTH HcC/IeJOBaHHH, po-
nuplieiics B JlyOHe, — Me30HHOH XHMHH.

«Pa6oThl COBETCKHX YUeHbIX B 006JaCTH ME30XHMHH Jyd-
mue B Mupe. Mbl xoreiu Onl paboTath B COTPYAHHYECTBE
C HHUMH», — CKa3aJ BBICTYNHBHIHH Ha KOH(epeHUHH Npo-
¢eccop JI. Pozen u3 CIIA.

UTo Takoe Me30XHMHS?P

Broap creHnl 60JbIIOrO 3ajla CHHXPOUHKJOTPOHA
OUAUN wupmer psin oOTBepCcTHH-KaHAJOB, N0 KOTODHIM H3
YCKODHTEJS] <«NORKAIOTCA» MJs1 SKCIEDHMEHTOB pa3JHYHbIe
4acTHIbl: NMPOTOHEI, HEATPOHH, NHU-Me30HH. TaM, riae mnpo-
XOASAT Ny4YKH MIO-ME30HOB, CTOSAIT YCTAHOBKH, Ha KOTOPHX C
MOMOUIbI0 3THX YacTHI H3YyYaloTCs BaXHeMllIHe Xapakre-
PHCTHKH XHMHYECKHX peaKUHH. YCTaHOBKH 3TH QUYeHb IO-
XOXH Ha MHOTHe IpYyrHe, pacloJioXeHHble B 3aje. B HHX
MHOTO «(H3HUYECKOro» — CUeTUHKH 3JeMeHTapHbIX YacTHll,
MaccHBHbie GJIOKH CBHHIIOBOH 3alllHTHl, H HET HHYEro «XH-
MHYeCKOro» — HH KoJ6, HH NpPoOHPOK, HH MeperoHHbX
anmapaTtoB. OTCYTCTByeT TaKXe H HeNOCPeACTBEHHBIH KOH-
TaKT Y4eHOro-XHMHKa ¢ HccJelyeMhIM BelllecTBOM. Bo Bpe-
Msi paGoTHl yCKOpHTeNs YyueHble HaXoHATCs 3a HeCKOJbKO
NeCSATKOB MeTPOB OT 3aJla M TOJbKO MO IOKa3aHHsIM HpH-
GopoB cJaefAT 3a HAYIHMH B  BellleCTBe MHIIEHH
peaxkuusMH.

Kak BO3HHMK 3TOT HOBbIH YJAMBHTEJbHHIH METOJ H3YyYeHUs
XHMHYECKHX CBOHCTB 3JIeMEHTOB?

Mio-Me30H — OJAHMH H3 BeTepaHOB TaOJHLbI 3JeMEHTap-
ubx uactuu., Ero Hamam B KOCMHYECKHX Jiyyax elle B
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1938 romy, uepe3 HeCKOJBKO JeT IOcje IpeAcKa3aHHd
snoHcKuM ¢usukom-treopetukoM X. lOkaBa nerkoit Hecta-
OUJIBHOH YacTULBl — MNEepPeHOCYHKa SIEPHBIX CHJI.

OnHako GHICTPO OTKJHKHYBLIASICS HAa NPH3BIB (PU3HKOB
YyacTHlIa BCKOpe pasoyapoBaja HX: MIO-Me30H He TOAHJCA
st mpenJaraemoii emy poJu. Ho Torna BosnuKaer Bompoc:
Kakoe MeCTO B NMPHPOJAe 3aHMMaeT 3Ta YacTHIA, BO BCEM
MOX0XkKas Ha 3JEKTPOH, HO C Maccoi, B JBeCTH pa3 60Jib-
mei? Bompoc, 3ajaHHbi TPHALATb JeT Has3ajd, OCTaeTcs
H mo cell feHb 6e3 OTBETa, XOTS HAXOJAHTCS B LIEHTPe BHH-
MaHHST (U3HKOB.

«[To-BurumoMy, — roBopuT akageMuk M. Mapkos, —
onHa u3 GyHAAMeHTaJbHBIX NMPOGJEeM COBpPEMEHHOH TEOPHH
3JIEMEHTapHBIX YacTHl, — 3To mpobJjema, cBsI3aHHAsl C IIO-
HHMaHHEM pa3ju4ui B (DU3HUECKHX CBOHCTBAX MIO-Me30HA
H 3JeKTPOHA H MECTa MIO-Me30Ha M 3JeKTpoHa B chcreMa-
THKE 3JIeMEHTAPHBIX YaCTHIY.

DKCHepHUMeHTaToOphl, paboTalolide Ha YCKODHUTeAsX, Ha-
uyurasi ¢ 50-X rogoB [eTaJbHO HCCIeNOBAJIH CBOHCTBA Gbi-
CTPbIX ME30HOB H ME30HOB, OCTaHABJHBAIOLIUXCS B Bellle-
cTBe. A 3arajouHasl yacTHLUA He BBIAANA CBOEH TalHH yue-
HbIM. 3aTO HMEHHO 3TH paboThl CTHMYJHPOBAJH pOXJAe-
HUe MEe30XHMHH.

Mio-iioc- ¥ MIO-MHHYC-Me30HBI DOXJAAIOTCS IPH pac-
najge GoJjee TsxKeNnOH HecTaOMJIBHOM yacTHLUBI — IH-Me30-
Ha. [TosaBad10TCA OHU Ha CBET B CONPOBOXKAEHHH HEHTPHHO.
A 3ta ynuBuTeNbHAs wacTHIA BCerja HarpaKiaeT CBHe-
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TeJeld CBOEro POXKAeHHs KakKUM-HHUOYyAb HEOOBIUHBIM CBOH-
CTBOM.

He ocratorcs 6e3 «mnomapka» H MIO-Me30HH (MIOOHBI).
MarHuTHble MOMEHTBl BCeX YacTHLl OJHOTO 3HAaKa 3apsna
HMeEIOT CTPOro oOIpelesieHHOe HamnpapJjenue. [lpo Taxue
MIOOHBl OBOPSIT, YTO OHH MoJsspu3oBaHul. Ho KakoBo ObliI0
yIMBJeHHe (U3HKOB, KOTJa OHHU OOHAPYKHUJIH, YTO CTOHUT
3THM YacTHIAM 3aTOPMO3HMTbCS H OCTAHOBHUTbCS B Belle-
€TBe, KaK 3a HEeCKOJBbKO MHJJHOHHBIX JOJiell CeKyHAH,
ocTalolXxesd 40 HX pacnana, OOJNbLIHHCTBO ME3OHOB Tepf-
€T CBOI0 NOJsAPH30BaHHOCTb. [louemy? Uto mpoucxomgut B
MHILEHH, NOCTaBJEHHOH Ha HX MyTH?

Vamepenuss NnpoBOAMJIM B pasHBIX BeIECTBax, HO pe-
3y/abTaThl HM3MEpPEHUH He TNOAJaBa/JHChb HHTEpIpPeTallHH.
B onHHX MHIIEHSIX paBHeHHE HapylUaJiid MeHblIe IOJOBHHL!
BCeX ME30HOB, B JPYrHX — IOYTH BCe YaCTHULI TEPSJIH
nepBOHAYaJbHYIO ToJsipH3alnio. OHA MeHsIach U OT TeMIle-
paTyphl BellleCTBA MHUIIEHH, H OT €ro MOJIEKyJIIPHOH CTPYyK-
Typbl, HaJHYUS HNpHUMecell H BeJUYHHBl HANPAKEHHOCTH
BHEUIHEro MAarHUTHOTO IOJIA H OT MHOTHX JAPYTHX BHELIHHX
ycJa0BHAH.

Kpynuefimnit coBerckuit ¢usuxk-treoperux JI. Jlanpay
ONlHUM M3 TNepBBIX OOBSCHMJ, YTO XKe NPOHCXOAUT C MIO-
IJII0C-MEe30HOM, OCTaHaBJHBAWOLIUMCH B BeulecTBe. Me3oH,
0oKa3blBaeTcd, OTPHIBAET OT OAHOTO M3 OKDYKaIOIUX aTo-
MOB cjab0 CBsI3aHHBIH C HUM BHELIHHH 3JIEKTPOH M CO3AaeT
CBOl COGCTBEHHBI aTOM — aTOM MIOOHHS.

Mioonu#t skcnepumentatopsl obHapy:xuau. Ho ocrasa-
JIOCb HEMOHATHBIM: YTO NPOHMCXOAHT C HHUM Janiblie, B
caMble mocJeJHHe MHJIJIHOHHBIE JOJH CeKyHAB JO pac-
napa?

Y MIOOHHSI «SAPO» C NOJIOXKHTEJIbHLIM 3apsIAoM — MIO-
IJII0C-ME30H, — a Ha OpOHuTe ONLMH OTPHIATENbEbLIH 3JIEK-
TpoH. MIOOHHH OYeHb NOXOX Ha aTOM BOAOPOAa. BoT ToJb-
KO II0 BeCy He JOTACHBAeT, Belb Me30H B 9 pa3 Jerde mpo-
TOHA, AApa atoMa BoZopona. Jla M KHBeT MIOOHHUIl JIHIIb
[0 pacmaja Mi0-Me30Ha Ha [ABa HeHTPHHO u mo3uTpoH. Ho n
3a 3TO HUYTOXKHOE BpPeMs OH He OCTaeTcsl «He3aMeYeHHBIM»
COCEJHHMH aTOMaMH.

[To XMMHYECKHM CBOHCTBAM MIOOHHMH — IBOHHHK aTOMa
pogopona. OH BCcTynaeT B Te ke XHMHUYECKHe DeaKIHH, uTo
i aToM BOJOpojaa. 3HAUHT, MIO-ME30H B COCTaBe.MIOOHHS
B IIOCJEIHHE MTHOBEHHSI CBOETO OLITHS BEeHEeT HEOOLIYHYIO
IJisl 3JeMEHTapHbIX YacTHI[ JKH3Hb — XHMHYecKylo. A 3To
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cpasy e OTpaxaeTcsa Ha HaNpPaBJEHHH €ro MarHHTHOTO
MOMEHTA.

Corpyanukn MHCTHTYTa TeOpeTHUecKOHl W 3KCHEpHMEH-
TaJbHOH (PH3HMKM INOHAJM W HAa ONBITE A0Kas3aJH, 4TO IO
M3MEHEHHIO MOJIAPH3AaUHH MIO-ME30HOB MOMKHO C BBICOKOI
TOYHOCTBIO ONpPENeNUTb abCOIOTHYIO CKOPOCTb M THI XHMH-
4yeCKOH peaKUHH MIOOHHS, a CJeJ0BaTeJIbHO, H BOJAOPOIA
¢ BeulecTBOM. OGBIYHBIMH XHMHUECKHMH CIOCOGaMH Y3HATD
3TO HEBO3MOXKHO. A [/ ME30HHOrO MeToJa 3AeCh HeT
HHKaKoO# mnpobjeMbl. MeueHblH paAHOAaKTHBHBIA aTOM MIO-
OHHsSl C MOMOILBIO TMO3HTPOHA, KOTOPBIH BBLIETAET MPH €ro
pacmnaje, «coodliaeT» 0 X0J4e XHMHUECKOH peakUHu U3 TBEP-
[0ro, XHIAKOro HJH raszoofpasHoro ob6pasua. d1o H3baB-
JISeT yYeHbIX OT HeoOXOAHMMOCTH H3BJEKATb H3  HCCJIe-
IyeMOro BellleCTBa KOHEUHBII NPOAYKT XHMHUECKOH peak-
1A,

Huas cynpba y Mio-MHHyc-Me30HAa. Kak TOJBKO OH 3a-
TOPMO3HUTCS B BEIECTBE, aTOMHOE AP0 Cpas3y e 3aXBaThl-
BaeT ero Ha cBoio opOury. OTpuuaTENbHEI MIOOH MpPH 3TOM
UTPAaeT POJb «TSKEJOTO» 3JeKTpoHAa. Tak BO3HHKAET Me30-
aTOM — CBOeOOPa3HBIl «H30TOM» CYILECTBYIOLIEro B MpH-
pole ssaeMeHTa. B XHMHUecKOM cMEBIC/]Ie Me30aTOM I[1OXOXK
Ha aTOM peaJIbHO CYLIeCTBYIOLIETO BeLIecTBa, KOTOPBHIH Ha-
XOLHTCA B MePHOJHYecKOl Tabiaule Ha OJIHY KJETOUKY
JieBee BeIlleCTBA MHILIEHH, B KOTODOH OCTAHOBHJICS OTPH-
aTeJNbHBIA Me30H.

Fpynna HayuHBIX COTPYAHHKOB J1abOpaTOpUH sAEPHBIX
npo6sem OHWSN HeckosbKO JeT 3amuManach BOMPOCOM:
noueMy, o0pasys Me30aTOM, MIO-M€30HB B Pa3JIMYHBIX
VCJOBHAX NMO-Pa3HOMY MEHSIOT HanpaBJeHHe CBOMX MarHHT-
HbIX MoMeHTOB? Ilocsie MHOroYHCJIEHHBIX U Pa3sHOOOpPa3HBIX
3KCINEePUMEHTOB Ha ycKopuTese (DM3HMKH HaAKOHel [OHAJH,
4TO CTaJH TNepBLIMH CBHAETEJNSIMH HHTepecHefllero spJe-
HHA — XHMHYECKHX peakuuii me3oatoma! B Muluenu, Ha-
IIOJIHEHHOH BOJOH, aTOMBI KHCJOPOJa 3aXBaThlBAaJH MIO-MH-
Hyc-Me30Hbl M MNpeBpallaJuch B Me30aTOMBI, NOXOXKHe Ha
aToOMBl a30Ta: MOJAEJH aToMmMapHoro aszorta. M molenu 3TH
ObLIM NEeHCTBYIOLIHMH.

AtomMBl Me30a30Ta CTAJKHBAJHCh C aTOMaMH, MOJIEKyJIa-
MH HJIM OGJOMKAaMH MOJEKYJ cpelbl W ObICTPO 0Opa3OBHI-
BaJu XHMHueckHe coeluHeHHA. M ondTh y Me30HOB Hapy-
Wajach moJsipu3auusi. A dyTkue OpUOOpHl, perHCTPHPYs
3JIeKTPOHBI, BLIIETAIOLIHE W3 MHIIEHH MOCJe pacrnaja Meso-
HOB, TOTYaC YyJaBJHBanu 3TO u3MeHeHHe. [lo HapyleHHro
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Ke TOJIAPH3aLHH Jerko ONpele/HTh XO4 XHMHUECKOH pe-
aKIHH.

Boaopox — ONHO M3 TVIaBHBIX JAEHCTBYIOIUMX JIHI
B opranuyeckodi xuMuH. IToutn 90 mpoueHnToB Becex peakuufi
CJIOXKHBIX TEXHOJOrHYECKHX NPOLECCOB, TAKHX, KAK KPEKHHT
HedTH, MPOHCXOAHT C YyYacTHEM aTOMapHOro BOAOPOAA.
U ecam Obl ¢ GoJbllof TOYHOCTHIO OBLIM H3BECTHHI abCo-
JIIOTHBIE CKOPOCTH €ro peakiui, To ¢ momouibio 9BM Mox-
Ho OBLIO OBl 3apaHee pacCYHTaTh ONTHMAJbHbBIA BapHaHT
M060r0 XMMHYECKOTO NMPOMBIILJIEHHOr'O Ipolecca.

Ha ceropnAlIHui NeHb 3TO MOKa JHIIb Meura. TexHOJO-
rusi 6yJeT OT/1aKUBaThCS METOJOM Npo6 H OMIHGOK B Teye-
HHUE HEeCKOJBbKHX JIeT HJH JaxKe AeCATHJETHH.

OOGBIYHBIMH XHMHUYECKHMH METOLaMH IPOCTO HEBO3MOXK-
HO BBIIGIUTH ONpefe/NeHHbI KaHaJl XHMHUYeCKOH peaKIHH.
[IpakTHyecks Bcerfa peakiusi NPOTEKaeT HEOJHO3HAYHO,
oGpacras B Pa3HbIX YCTaHOBKaX Pa3JHYHON «IayTHHOH» U3
nereab NoGo4YHBIX peakumi. [TosTroMy 3HaueHus aG6coJIOT-
HBIX CKOpOCTeH peakluH, MOJIyieHHble Da3HBIMH HCCJeNO0-
BATEJSIMH, CHJIbHO pasju4aloTcs. PacxoXaeHHsi Tak BeJH-
KH, 4TO, KaK TOBOPAT XHMHKH, Pa3HHLa MeXAy CKOPOCTHA-
MH peaKuMit B CTO pa3 CuUHTaeTcs XOTb M IJIOXOH, HO
TepIHMOH, B JecATb pa3 — yIOBJETBOPHTEJNbHOH, a B JBa-
TPH Ppasa — BIOJIHE YAOBJETBOPHUTEJIbHOH.

CoBceM B HHHIX YCJOBHSX paboTaloT (PU3UKH, H3yyalo-
mye 3jeMeHTapHble yacTuubl. X MeTolbl HaCTOJNBKO TOYHHI,
YTO TMOJyyaeMble pe3yJbTaThl NPAKTHUECKH He 3aBHCAT
OT YyCJIOBHE 3KcHmepHMeHTa. TakuM Ke KauecTBOM obJjajaer
U HOBBI Me30HHEIH Merod. C MOMOIIbIO MIO-ME30HOB MOXK-
HO ¢ TOYHOCTbIO N0 10 mpoleHTOB ompefeJHTb a6COJIOTHBIE
CKODOCTH OYeHb OBICTPBHIX XHMHUECKHX peaKuuii BOJOPOAA
u 6oJiee TSAXKeNBIX aTOMOB C PAa3JHYHBIMH BeLIECTBAMH H
[Ipu pasHOH TeMmmepartype.

MHoro GecnmokoHcTB AOCTaBAsieT XHMHKaM H Apyroe, He
MeHee TONMYJSpHOe, YeM BOJOPOX, BelllecTBO — a30T. A30T-
Hasi KHCJIOTAa — XJ1e6 XHMHUYECKOH MPOMBIIIJIEHHOCTH. BoJb-
ass XMMHS HeMblcauMa 0e3 aMMHaKa Tak e, Kak IOJeT
KOCMHYECKOH paKeThl 6e3 THApa3uHA.

XuMuueckue CBOHCTBA aTOMapHOro asoTa, JAaBHO H3-
BECTHOTO JIIOASIM 3JeMeHTa, 0 CHX NOp OYeHb MJIOXO H3yye-
HBl. A cBfI3aHO 3TO B NEPBYIO ouyepelb C ero BHICOKOH XH-
MHUYEeCKOH aKTHBHOCTHI0. OHa MelllaeT BHJEIUTh MeXaHH3MH
€ro peakliiii, onpeleNuTh HX KOJHYECTBEHHble XapaKTepH-
CTHKH, CTOJb BaXKHBIE JJI51 NPAKTHYECKHX INpHMEeHeHHH,
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Tenepr Ha mMOMONIp NMPHXOAAT Me3oaToMul. M3ayuas me-
30aTOMBl a30Ta, YYeHble TOJYYHJIH IIepBble CBeJeHHs
0 XapaKTepe XHMHYeCKOro B3aHMOIeHCTBHSI aTOMOB a30Ta
Cc aTOMaMH BOJOPOXA H MOJIEKYyJaMH INePeKHCH BOLOpOJa.
C mnoMOIUBI0 3JEKTPOHHOH anmapaTtypsl YAaJoOCh YCTaHO-
BHTb, YTO B BOJle H BOLHBIX pacTBOpPax NPH KOMHATHOH
TeMIlepaType Me30a30T BCTylmaeT B XHMHYeCKHe DeakKIHH
3a HHYTOXHO MaJjioe Bpemsi, mopsiaka 10—!! cexyHanl. Yna-
JIOCh TaKXe H3MepHThb aObCOMIOTHBIE CKOPOCTH HEKOTOPHIX
U3 3THX peakuui.

Pasymeercs, Bogopoaom W a30ToM Je0 He OrpaHHYH-
Baercsi. [lonGupas BeliecTBO AJisi OCTAHOBKH OTPHIATe/]bHO
3apsKeHHbIX MIO-ME30HOB, MOXKHO CO31aTh «AeHCTBYIOIIHE» .
MOJeJH MHOTHX APYrHX aTOMOB H H3yuaTh HX HOBeJIeHHe.
JIubo ke — c NMOMOIIbIO ME30ATOMOB — HCCJeI0BaTh pas-
JHYHbIE TNPOLECCH B OKpyXKalouled cpese. ’

JllyOna — «MexHa» Me30XHMHH

Ha cuene npupoanl B mnbecax <«Xumusi» n «DH3HKa»
HTpaT, B CYUIHOCTH, OJHH H T€ XKe HCIOJHHTeNH. TOABKO
B TPaAHUHOHHHIX XMMHUYECKHUX HeHCTBHSAX aTOMBl U MOJIEKY-
JIbl TIPHKPBITHL TaKHMH IBEIIHBIMHE OJeXJaMH H3 yCTpalialo-
LIHX Ha3BaHHA pa3HBIX COEIHHEHHH M TaK CKOBAaHBHI XHMH-
yecKMMH KaHOHaMH, YTO 3a BCeM I3THM TaK Xe TPYAHO
pasrysieTb ¢pH3NUECKYI0 OCHOBY HX NMOBeJeHHsA, KaK B TeaT-
pe MacoK pacCMOTpeTb HacToslilee JIHLO aKTepa.

Il. MeHleneeB yiKe nocje CO3JaHHA NEPHORHUECKOH
CHCTEMBl 3JIEMEHTOB YacTO TOBODHJ, Kak €My XodeTcs
y3HAaTb O MpPHYHHE MNEPHOJHYHOCTH XHMHYECKHX CBOHCTB
BellecTB. ®uH3uka, pasrajaB CTpPOeHHe aTOMa, HOMOrJa
XMMHH TIO3HaTb camoe ce6f — YBHIETb 3aBHCHMOCTb, €Y-
IIeCTBYIOILYI0 B IIPHPOJE MEXKAY CTPOeHHeM 3JEeKTPOHHBIX
060/104eK H XHMHYECKHMH CBOHCTBaMH BellleCTBaA.

Ho, kaK 3T0O HH mNeyaJibHO, TPAaAHLHOHHbHE METONH
3KCIIEPHMEHTAJbHOX XUMHH He I03BOJIFAIOT BCKPHIBATb 3TY
3aBHCHMOCTb B KaXKJIOM KOHKpeTHOM cJayuae., [Tonyuaercs
TaK, 4YTO 3KCMEPHMEHTAaTOpPH He MOrYT ONHUpaThCs Ha Teo-
PHIO, a TEOPSTHKH He HMeIOT HeoOXOJHMOro 3KCIEpPHMEH-
TaJbHOI'O MaTepHaja [Jjs [NPOBEPKH CBOMX pacyeros.
He nomoramoT u MOIIHbE BHYHCAHTEJNbHble MamuHE. Bos-
MOXKHOCTH TE€ODPETHUYECKOH XHMHH IOKa YTO OTPaHHYEHHI.

187



NN ZF =

B ’ TN \7§\-—g¢‘\\1§' = /\
A St RN W =S
o (A - < VNN oS /2— SN

EE RNy = —
]

M BoT cefiyac Ha mepelHeM Kpae COBpeMEHHOH HayKH
«pa3BOJUT NMaphbl» «CKOpas MOMOILb» C NMH- H MIO-Me30HaMH
Ha GOpTYy, HanmpaBJAOLIAACA N0 MapHIpyTy «(pH3HKa 3Je-
MEHTapHBIX YaCTHI — XUMHUS>,

CoTpynHuku Jna6opaTopuH siiepHBIX NpobJeM BlepBbie
06HaPYXHUJH, UTO XapPaKTEPUCTHKH PEHTIEeHOBCKOTO H3Jyue-
HHSL U3 Me30aTOMOB OTPaXaloT OCOOEHHOCTH XHMHUYECKOTO
CTpoeHHsi BelllecTBa MumieHH. Hceienys OKHCabl pasHBIX
3JIeMEeHTOB, GOHU3MKH HALIIM YeTKYI0 NepHOIHUYHOCTh CBOMCTB
Me30peHTreHOBCKoro uanyuenns. He Oynp nepuoanueckas
cucteMa 3jeMeHTOB oTKphiTa 100 JeT Hasan, ee MOXHO
ObLIO MpefCcKa3aTh Ha OCHOBAaHHH ONBITOB C MIOOHAMH.

Mio-munyc-Me30H, nonajgas B Kakod-HuUOyldp aToM, ycme-
BaeT [0 3aXBaTa €ro fJPOM NOCJaTh CEPHUI0 CHTHAJOB —
PEHTreHOBCKOe H3JyueHHe, — IO KOTOPHIM HeTPYAHO Jora-
IaThCsl, B «IJIEHY» y KaKOro atoMa OH HaXOIHTCS.

A MoryT JqM yugHble ONpefesHTh, KaKoe BEleCTBO HaXo-
IUTCA B HArJyxo 3amepToii Kopo6ke? CKOJbKO HH BepTH ee
B pyKax, y3HaTh, UYTO y Hee BHYTPH, HeBo3MOxHo. Ha mo-
MOIIb OPHXOIUT (U3NK-IKCIepUMeHTaTop, paboralomui
Ha MIO-Me30HHOM nyuke. O6ayunB KOpPOGKYy OTpHLATENbHbI-
MH Me30HaMH, OH TYT e IO HAylIeMy OT Hee PEeHTIeHOB-
CKOMY H3JYYeHHIO Y3HaeT, KaKHe XHMHYeCKHe 3JIeMeHThl B
Hell Haxo#sATCH.

Toukuii, KaK KapaHJall, NY4OK 3JeMeHTaPHbIX YacCTHI,
cosnaBaeMblii Ha Jloc-Amamocckoit «Me30HHOH ¢abpuke»
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g CIIA, 6e3 TpyZna NIPOHHKHET B JIIOGOH BHYTPeHHHII opraH
yeJoBEKa H JACT BO3MOXKHOCTb CPaBHHTh H3JyueHHe 310pO-
BOll TKaHH C H3JyUeHHEM, HCIyCKaeMbIM TKaHbio 3a00JieB-
mell. PaHHAS MeAuUMHCKAass AHATHOCTHKA — HEOOXOAMMe-
[ee yCJOBHe st GBICTPOro BLI3JOPOBJEHHST ue€jJOBeKa —
BOT YTO MOXKeT JaTh (yHIaMeHTajbhoe HCCIeJ0BaHHe
CBONCTB Me30aTOMOB.

YIUBUTENbHBIM OBLIO TaKXe OTKPbITHE BJIHUSHHS 3JIeK-
TPOHHOH CTPYKTYpPBl BOJOPOACOJEpIKAIINX COeJHHEHHH Ha
BEPOSITHOCTb SIIEPHOH peakKiuy MOTJIOLIeHHUS OTPHUATE/]IbHO
3aps2KEHHbIX NH-Me30HOB npoToHaMHu. [1u-me3onbl mpHobpe-
JIW BTOPYIO crenuajbHocTh. Mx cnoco6HocTh GbICTPO pa3bu-
paTbcd, B KAaKHX YCJOBHAX HAXOAATCS aTOMBI BOAOPOAA
B MOJIeKyJaX CJIOXKHBIX BeIleCTB, OTKPbIBAET Iepe] 3THMH
YaCTHIAMH MHOTO XHMHYECKHX TaiH.

Kax BausiiorT Apyr Ha Apyra pacTBOPUTEJb U PacTBOPEH-
HOe B HeM BellecTBO? DTOT BONPOC ocTaBaJjcs 6e3 oTBeTa
necatku JjeT. [l. MeHnseneer npeamnoJsaras, 4To pacTBOpeHHe
He MexaHuuyeckoe JpobJeHMe HA Bce 0oJiee MeJKHe YacTHU-
Bl BIJIOTH [O MOJIEKYJ, a XHMHUeCcKOe B3aHMOJeHCTBHE.
Ho noxasartenbcTB HH y HEro, HH y NOCJAELYIOIHX HOKOJIe-
HUH XUMHKOB He ObLJIO. .

He Tax maBHO (pU3HKKM MOMECTHJH B IYYOK [H-ME30HOB,
BBLJIETAIOIINX M3 CHHXPOLUUKJIOTPOHA J1a00paTOPUH SAEPHBIX
npo6nem OUYHM, cHauana MulleHb, HAMOJHEHHYI IHCTHJI-
JIHPOBAHHON BOLOH, a NMOTOM — Ty e MHIIeHb, COAepKa-
Iyi0 BOAHBIH pacTBOp olipedeseHHoro BemiectBa. M uyto
Ke? Bo BTOpOM cilyuae BepOSITHOCTb 3aXBaTa HH-Me30HOB
H3MEHUJIaCh, 3HAUUT, H3MEHHJAChb 3JEKTPOHHAs CTPYKTypa
MoJsieKyJl BOAbl. Tak OBLJIO MOJYYEHO CBHAETENbCTBO BCTYII-
JIeHHs] BOLBI B XMMHUYECKYIO PEaKIHI0 C PACTBOPEHHLIM Be-
ILIIECTBOM.

Uro takoe kucaora? [IpsaMo#i oTBer Ha BONpPoOC 3aTpPyA-
HUTEJIeH faxke AJs crnenuasnucroB. B monorpacdum «Teope-
THYeCKasi HeOpraHHuecKast XHMHS», usgaHHo# B 1969 rony,
yepHbIM HO GesoMy HamucaHo: «M Bce-taku mocse Tpex
croseTHi#i paGoTBHl C KHCJIOTAMHU e€lle HeT eJHHOI0 MHEHHA
[0 ONpEeNeJEHUI0 IMOHSITHS <«KHCJOTa» M 0[O TEOPHH HX
CBOHCTBY.

B uem ke TpyaHOCTh? B03MOXKHO, B TOM, UTO 10 CHX
IOp HeT YeTKOro OINpefeseHUs] TIJIaBHOrO CBOHCTBA KHC-
JOT — HuX cUJbl. PaccyxkaeHus O TOM, 4TO CHJIA KHCJOTHI,
MO-BUAHMOMY, CBfI3aHAa CO CTPYKTYPOH €€ MOJeKyJbl, He
HoBoCTh AJa xuMuKoB. Ho B ux pykax He ObLJIO MOAXOIS-
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[IEr0 MHCTPYMEHTAa JJIi H3MEDPEHHs IJIOTHOCTH 3JIEKTPOHOB
B Pa3HBbIX MeCTax MOJIeKyJbl. M meno He NBHrajoch IO Tex
nop, MOKa Ha NOMOILb He MoAocHeNy (H3HKH.

HeckosbKO KHCJIOT OJHA 3a JPYrod MHOJBEPIVIUCH BO3-
IefiCTBHIO NH-ME30HHOro 30HAa. [lo M3MeHeHHIO mpouecca
3axBaTa IH-ME30HOB BOAOPOAOM, BXOASIIUM B COCTaB 3THX
KHCJIOT, HallIH paclpefesNeHHe MJOTHOCTH 3JIEKTPOHOB
B MoJieKyJax. A KOTfa N0 MOJyYeHHbIM pe3yJabTaTaM KHC-
JOTHl PAclOJIOXHIN B Psill, 0Ka3aJoCh, YTO TOYHO B TAKOM
JKe TNOopsiKe OHH CJAeAYIOT IO yObhIBaHHMIO HX CHJBL. Me30H-
HBI# «CHJIOMeEp» He MOJABEJ.

Me30HHBIH MeTOH HCCJeJOBAaHHS BelleCTBA — KpYNHOE
IOCTHXKEHHE yUYeHbIX COLHAJHCTHUECKHX CTpaH. Me3oxuMud
ceffluac OGypHO pasBuBaercsi. OHa YyxKe BBHIIIA 33 CTEHH
Jabopatopun sigepHbIx npobsem. IlyGHa cerogusi — IpH-
3HaHHBIH BCeMH IIEHTP Me30XHMHMYECKHX HCCJAeLOBaHUM.
Cioza mpues3KaloT yueHble MHOTHX CTPaH HJS CTaXXHPOBKH
B HOBOH 006J1aCTH HayKH.

[ny6unHble uccnenoBanus B (HU3HKe 3JeMEeHTapHBIX
YacTUI[ cIOocOOCTBOBAJIM INOSBJEHHIO HOBOI'O MOILUHOTO IIO-
Gera Ha npeBe HayKd. 1 Ha BeTBsX ero ckopo 3acBepKaloT
IparoueHHble IJIOJHL.

HagBepHoe, Hegaseko TO BpeMs, Korga OyAyT CO3ZaHBI
KOMIIJIeKCHble KOMOHHAThl Hayku. K MOLIHOMY CHJBHOTOY-
HOMY YCKODHTEJIO NPOTOHOB OYAYT NPHMBIKATb HHCTHTYTHI
¢u3uKn u OHOJIOTHHM, HHCTHTYT IOJY4YeHHS BTOPUYHOTO
SIEPHOTO TOIJIHBA, NPOMBIIIJIEHHEE HayuHble HHCTHTYTHI,
GoNbHHLBL U Opyrue yupexieHus. 1 KoHeuHO ke, aTOMHas
3JIeKTPOCTaHLUSA, TOpIoYee MAJs1 KOTOPOH IIOCTaBJseT caM
YCKOpPHTEJb M KOTOpas CHabXaeT BeCb 3TOT KOMILJIEKC
noytd GecnyaTHOH 3Heprue.



MANEHbHAA BCENEHHAA

Cser Bcenennodl, naseptoe, Tax e
He npocr,
Kak noka ewje xusmns Ha 3emae
He npocTa.

Apocraas Cmearsakos

NlaGoparopua gna Bcex

Hap namiefi rosoBoii — 6e3fOHHAast ray6uHA NOCTOSIH-
Ho MeHsitouerocsi He6a. OHO TO MOKPHITO 0OJaKaMH H Tyuya-
MH, TO UIPaeT BCEMH Iepe/MBaMH roJyGoro H CHHero use-
ta. He6o BocmeBalOT JHPUKH H PHCYIOT NeH3aXKHCTHL.
W naxe ¢u3uKH, KOTOPEE PacCMaTPUBAIOT €ro BCero JHIIb
KaK atMocdepy, BHAAT B 3TOM CJIOBEe 3J€MEHT POMAaHTH-
KH — POMaHTHKH HayKHU.

BMmecte ¢ aTMmocdepolt uesioBeK NOJY4YHsN B CBOE pac-
NopsiXKeHHe LeJdyl0 HPHPOLHYI0 JabopaTopHio. Y3HaJ OH
06 3TOM He TaK [aBHO, B HayaJie HAllero CTOJIETHS, XOTH
nousitue o6 arMocdepe BO3HHK/IO HamMHOro panpme. Cefi-
yac (PH3UK 3HaeT, YTO B MeXK3Be3JHOM O0e3BO3LYIIHOM
[IPOCTPAHCTBE, CJOBHO B BaKyyMHOH KaMmepe yCKOpHTeJs,
IOUYTH CO CKOPOCTbIO CBETa JIETSIT NMPOTOHH, M3 KOTOPHX Ha
95 NMpOILEHTOB COCTOHT MEPBUYHOE KOCMHUECKOEe H3JyueHHe.
IonereB no armocdepn 3eM/H, OPOTOHH BTOPralTCs B
Hee. UTo mpu 3TOM NPOHCXOLHUT?

Ha 1o ke caMoe, uTo H Ha CeprnyXoBCKOM YCKODHTeJe
MpU CTOJKHOBEHHH NyYKa NPOTOHOB ¢ MHIIeHbIO. ToJbko B
MPUPOAHEIX YCJOBHAX COGHITHE 3TO Topaslio (eepuuHee.
[TpoToHEI KOCMHYECKHX Jyuelfi ¢ 4YyAOBHIIHOH 3Hepruei
CTAJIKHBAIOTCA ¢ aTMoc(depodi W pa3buBalOTCs Ha MHOXKe-
CTBO OTJEJIbHBIX OPBI3r — 3JEMEeHTapHBIX 4acCTHL, OCHMIalo-
IMX MOBEPXHOCTh 3EMJIH.

Hraxk, naue npekpacHoe cuHee He60 He YTO HHOe, KakK
MHLIEHb KOCMHYECKOrO IPOTOHHOTO YCKODHTEJS. ITOMY
YCKODHTEJIO NPHHALJNEXKHT PEKOPHA He TOJbKO IO SHEepruH,
HO M MO YHCJY OTKPBHITHIX Ha HEM YYeHHIMH 3JleMEHTapHBIX
YacTull.
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DJeKTPOHEI, (OTOHBI, MPOTOHBI, HEHTPOHE — BOT Iepe-
YeHb YaCTHI, OTKPBHITHIX ellle 0 CO3LaHHUS YCKOPHUTeJeH H
6e3 ygactus KocMuueckux Jaydeidi. Ho ¢usuka snemenrap-
HbIX YaCTHI POJAHMJIACh JIHIIb TOTZAA, KOI'la B KaMepe Buib-
coHa Obljla BIepBble OOHAapyXKeHa <«IPOAYKUHS» KOCMHUe-
CKOT'O YCKODHTEJS: MO3HTPOHE,, MIO-ME30Hb, IH-ME30HH,
Ka-Me30HbI, THIIEPOHHL...

B 1956 roay yaajsoch HaKOHel ¢ TNOMOLIbIO sAepHOro
peaktopa o6GHapyxkuTb HeiTpHHO. [Iucarempnuuna I'. Hn-
KoJlaeBa TaK OTKJIHKHYJacb Ha 3TO COGHITHE B CBOeM He-
OKOHYEHHOM poMaHe: «$I M6l HeHTPHHO, NMpPeACKa3aHHO-
ro ¢ HafexJaoH, POXKIEHHOTO C BOCTOProM, OKPELIEHHOro C
HeXHOCThIo. §I M06MI0 HEHTPHHO, BCENPOHHKAIOLIETO Ma-
JIIOTKY, CIOCOGHOrO0, CMesich, IPOH3HTh ["asaKTHKY, faxe ec-
JH ee 3andTh GeToHOM. §1 M0G0 HEATPHHO!»

Pa3sMmbllLIsisi Hag CBOHCTBaMH cJaboro B3aHMOJEHCTBHS,
yueHble NPHILJIY K BBHIBOLY, YTO 3TH BOCTOPKEHHBIE CTPOKH
MOXXHO OTHECTH K HEHATPHHO MaJIbIX JHEPruil, a HeHATPHHO
GoJbLIMX HEPrHi HX He 3acayxuBaioT. [louemy? Benb Bce
ocTaJbHBE 3JEeMeHTapHble YacTHIB CTaHOBATCA OoJjiee mMpo-
HHKAIOI[HMH C YBEJIHYEHHEM HX SHEPTHH. A HeATpHHO —
HaoGopor! Ho kKak mpoBepHTb 3KCHePHMEHTAaJbHO INpeAro-
JoxeHHe ydeHbix? [e B3iTb HEHTPHHO JOCTaTOYHO O00Jb-
IHHX SHEPTHA?

BoT TyT-TO H BCHOMHHJIH ONSITh O KOCMHYECKHX JIyuax.
Axajgemuk M. MapkoB BbICKa3aJ HAel0, 4TO IJS1 H3yYeHHSH
c1a6oro B3aHMOJEHCTBHS MOXKHO HCIOJIb30BaTh HEHTPHHO,
MeCTO POXKAEeHHsl KOTOpbiXx — 3eMHas atMoctepa. Ha kaxk-
IblH KBafpaTHBI MeTp MOBEPXHOCTH 3emJH ¢ He6Ga majaer
TPHALATL aTMOCHEPHBIX HEATPHHO B CeKyHIy C 3SHeprueH
Gonbmie 10 MHJIAHAPAOB 3JeKTPOH-BOJbT! (QueHb MHOrO,
ec/qu MpeiacTaBisiTh cebe HEHATPHHO 4eM-TO BpoJe Kamnejek
poxia. Ho ouenbp MaJjio, ecjH HMeTb B BHAY NOCTaHOBKY
KOHKPETHBIX SKCIIEPHMEHTOB.

[ToMHHTe, KaK YAaJOChb 3aPErHCTPHPOBATh HEHTPHHO?
Uepes HeGeosblION GaK cO CUMHTH/UIHPYIOLIEH KHAKOCTHIO
NpPOMyCKaJd KOJOCCANbHOH HHTEHCHBHOCTH NMOTOK HEATPHHO
u3 peaktopa. Ho KocMHuyecKHi yCKOPHTE/b He 3aCTaBHIIb
HaBaThb 3THX yacTuil moGosbuie. [Torpe6oBasics GB THraHT-
CKHi 6aK, 4TOObl ¢ AOCTOBEPHOCTbIO 3a(PHKCHPOBAThL B HEM
aTMoc(epHble HEHTPHHO.

U Torna yueHsie MOCTaBHJ/IH ONBITH, B KOTOPbIX y4acTBO-
BaJ BeCh 3€MHOH IlIap: BCe BElIECTBO 3€MHOro llapa urpa-
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JIO [0 O0JIbIIOH MHILEHR
B cnaboM TIOTOKe Majamp-
WHX HeHTPHHO.

iama 3emas npospau-
ga nuas  uefitpuno. U Ttem
He MeHee OJHA MHJIJIHOH-
Hasi JOJd HX TOTOKa 3a-
cTpeBaeT B 3TOH OrpOMHOHN
muileHn. B momeHT peak-
Uud HEHTPHHO ¢ Bellle-
CTBOM 3€eMJH BO3HHKAET
Jerkas sapsKeHHAasi 4acTH-
Ha — MIO-Me30H, KOTOpYIO
MOXKHO 3aperHCTPHPOBATH
0OLIUHBIM CYETYHKOM. A 3a-
perLCcTpUpoOBaB ee, Y3HaTh
0 B3aHMOJeHCTBHH HeHTpH-
HO OoJsbIIMX 3HEpPruil ¢ Be-
IeCTBOM.

Ho BoT TpymHOCTB.
Touno Takme xe MIO-Me-
30HBl BHIJI@ET M KOCMHYe-
CKHH YCKODHTeNb; H OTJH-
YATb HX OT MIO-ME30HOB,
KOTOpBElE pOXKJAalTCd OT
HeATpUHO, HEBO3MOXKHO.
'ne ke Buxon? On
OJHH — Hal0  HAaJeXHO
YKPBITbCSL OT HeXKeJaHHBIX
rocrefi (KOCMHYECKHX MIO-
Me30HOB), [OCTaBHB Ha
HX NyTH HENpPOHHLAEMYI0
nperpagy —  TpeXKHJO-
METpPOBYIO TOJILY 3eMHOH
KODBI.

B 1966 rony rpanamnos-
Has ycraHoBKa H3 36 ns-
THMETPOBHIX CUETYHKOB,
codepxawux 16 ToHH cre-
LHaJbHOM XHAKOCTH, Obi-
Ja cobpaHa moa 3eMJeH
Ha rayb6uHe O6osee Tpex
KHJIOMETPOB B [IaxTe 30-
JOTBIX PYAHHKOB  OKOJIO

13 B. Uepuoroposa




Horaunec6ypra B IOxuo#t Adpuke. Ilosropacra uyscTBH-
Te/bHEHIIHX (POTOYMHOXKHTENEH, HeNpepbiBHO HPOCMaTpH-
Basi CHHHTHUJJIMDYIOLIYIO TOJA [JeHCTBHEM 3JeMEHTapHBIX
YacTHI JKHUJIKOCTb, 3aperucTpUpoBaJ¥ B TeUeHHe Troja
10 aTMochepHbIX HEHTPUHO.

Takne ke HeliTpuHO OOHapyxuJja W [pyras rpynna
yueHblXx Ha ray6une 2300 merpor B HMunun. Pesyabprath
3THX 3KCIEPDHMEHTOB, a 3aTeM H ONbITOB Ha YCKODHUTEJSX
MOLTBEPAHNH [PEANONOKEHHS YUEHbIX.

B nmocnennue rofbl KOCMHuUeCKHe Jyud BHOBb BBILIJIH HA
aBaHcleHy. Ilsis MOCTpOEHHs TeOpHH 3JEeMeHTapHBIX uyac-
THL Ba)XHO He CTOJbKO IOCKOHaJbHOe HW3y4yeHHe CBOMHCTB
U3BECTHBIX YaCTHIL. YTO, KOHeYHO, yaoOHee [eJlaTb Ha YCKO-
PHTENSAX, CKOJbKO NMOUCKH HOBBIX 4aCTHI — KBapKoOB, IPO-
MeXyTOouHblX 0030HOB, MoHonoJei Jlupaka ©W NpOBEPKY
(yHIaMeHTaJbHBIX TeopeM. A 31ech Bce pelllaeT 3HEPTHS.

«BecnyiaTHBIl» KOCMOTPOH  ceffduac — eNHHCTBEHHBIH
HCTOYHHK YaCTHL TaKHX 3HEPru#l, KoTopble MOKa HeBO3-
MOXXHO TIOJIYUHTh HCKYyCCTBeHHbIM mnyTeMm. Hekoropble yue-
uble (Hanpumep, @. laficon) maxe cuuTaloT, 4yto Oynmy-
mee (pU3KWKH BBICOKHX HEPTHH He B CTPOUTEJbLCTBE YCKO-
pureseli Ha Bce OoJbIIHe 3SHEPTHH, a B COOPYXKEHHH TH-
FaHTCKHX PErHCTPUPVIOLINX YCTAHOBOK, paboOTaloOLIHX Ha
KOCMHUECKHX Jyyax.

Ha caMBIX TSXeJbIX COBETCKHX CIyTHHKAX 3eMJH THMA
«[lpoToH» Gwlna ycTaHOBJEHa clellHasbHas annaparypa H
MHIIEHH [JIs HCCJeNOBaHHUs B3aHMOJEHCTBHA IPOTOHOB
MepBHYHOrO KOCMHYECKOIrO H3JYYeHHA CBePXBBLICOKHX 3Hep-
raf ¢ BemectBoM. [lpoHusbiBasg atMocdepy, COYTHHK BHI-
HOCHJI coflepxalliecs B HeM MUlleHW 4 NpHOOPH B MOTOK
YCKOpeHHBIX B KOCMOCE IPOTOHOB NMOLO6HO TOMY, Kak MH-
meHb, HaXOASLIASCH B WIJIO3e, B ONpelesNeHHbIA MOMEHT
BbLICKAKHBAeT HAaBCTpeuy mpoToHHOMYy HyuKy CepmyXoBcko-
ro yckopuress. [lomyTHo 3aMeTHM, 4TO Ha CNyTHHKax ce-
pun «KocMoc» HaxoaaTcsi MeTEKTOpPH AJsl PerHCTPAllUK aH-
THYACTHIl M AaHTHALEP B NEPBHYHOM KOCMHUYECKOM H3JY-
YeHHH.

MBbl rOBOpH.IH, 4TO MIO-Me30HBl 3HAUYMTEJNbHO THAKeJjee
3J1eKTpOHOB. B03MOXKHO, B 3TOM pa3/HuWi 3aKJl0ueHa Of-
Ha u3 caMbiX ray6Gokux Taiin Mukpomupa. Ho otauuaiorcs
JM OHH OT 3JIEKTPOHOB ueM-HUGyIb ellle, KpPOMe Macchi?
A ecsu Her, TO B ueM e TOTLa TPHYHHA <TYYHOCTH» Me-
30Ha?

Teoperuku nbiTaloTcsl OTBETHTb HA 3TH BOIPOCH, Hpel-
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foJsiarasi, 4To CyIIeCTBYIOT KaKHe-TO B3aHMOJEHCTBHs, cIle-
uudHyecKHe 1Js TOH WM JAPYyrofl yacTuubl. 3afada 3KcIe-
pPUMEHTAaTOPOB — HAHTH pasjiHuHe B NOBEJEHHH MIOOHOB H
aJeKTpoHOoB. Ha yckopurensx HHKaKoil pasHHub OO6Hapy-
KHTb He yAanocb. Moxer ObiTb, OHa MPOSABJAETCA TOJbKO
IpHU OYEHb BHICOKHX HEPrusax?

Ha BHICOKOropHbIX Hay4HBIX CTAaHLUMSAX MHpa BHHMa-
TeJbHO H3y4yaloT POXKJEHHe MIO-Me30HOB KOCMHYECKHMH
MPOTOHAMH OTPOMHBIX 3Hepruil. A Ha JIHe rJy6OKHX WIaxT
ydeHble H3MepsIIoT YIVIOBOE paclpelle/leHHe Me30HOB, O6pa-
3ylomuxcs B atMmocdepe.

B nocnennee BpeMsi B 3THX 3KCIEDHMEHTax M[OJYYeHh
pesyJ/bTaThl, OTJHYHbIE OT TeX, YTO Hal0T TeOpPeTHUECKHE
pacuerbl. PesysnbraTel 3TM cTanu HOpeiMeTOM OXHBJEHHHIX
JHCKYCCHH.

¢Jloxka» gna Connua

OnHaxnabn B crapofi 3abpoumleHHOH IIaxTe B IUTaTe
IOxnasa Hakora, B CIIIA, onsitb nosiBHAHCL JoaH. OHE
He OblIM NOXOXKH Ha LIaxTepoB, W NpHBeJa HX Tyla He
npo6JjeMa BOCCTAHOBJIEHHS 3a0pOLIEHHBIX DYIHHKOB H He
MNOHCKH IMOJIe3HbIX HcKomaeMblx. B 1968 roay P. IaBuc ¢
rpynmo#i COTPyAHHKOB Ha rJy6GHHE MOJyTOpa ThICAY METPOB
cobpaJ NMepBHI «TeJeCKOM» NJisg NoJyuyeHHsi HHbOpMaUHU
o... Conxue.

Teneckon mon 3emJell? Ho Benb 1akde mpuGophl pac-
noJiaraloT o6bIuHO B ropax, raie atMocdepa GoJiee mpo3pau-
Ha. HakoHew, 1Js u36ekaHHs ONTUYECKHX MOMeX HX MOJI-
HHMAlOT Ha a’pocTaTax MOYTH IO IPaHHLbl 3eMHOH aTMO-
chepbl HJAM Ha COYTHHKax B KOCMHYeCKOe MPOCTPAHCTBO.

Hosuili mpu6op P. I3BHca — coBeplleHHO HeOOBIYHBIH
TeJecKoNn. DTO OrPOMHbIA UHJAMHAPHUECKHH OaK LecTH MeT-
poB B AMaMeTpe M MATHAALATH MeTPoOB AJuHOH. OH 3amoJ-
HeH  TeTPaxJOP3THJIEHOM — XHAKOCTbIO, COAepxKallef
xJgop. Y npubopa HeT JIHH3 M BCEro TOro, YTo OGBIYHO ac-
COLMHpYEeTCs C MOHATHEM onTuHueckoro tejeckona. Ho ¢
NOMOIbI0 OGBIUHOrO TeJleckola W HEBO3MOMKHO 3arJsHyTh
B ray6unubie caoun ConHua.

@DOoTOHB BO3HHKAIOT B LEHTPAJbHOH 4YacTH HALIEro cae-
THJa, KOTOPas 3aHHMMaeT BCero JHIUb ONHY MHJIJIHOHHYIO
noato o6bema Coasnua. Ilostomy ¢oroHam Halo mpeono-
JIeTb OPPOMHYIO Maccy BellecTBa, 4ToObl BbhIGpaThbcsl Ha MO-
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BepxHocTh, KoHeuHo, oHu O6BICTPO MOru6alOT NOPH HEPBBIX
XKe B3aUMOIeHCTBHAX, poxaas Apyrue (OTOHH C MeHbIIeH
suepruei. Uepes MHJJIHOHBEI JeT H3HYTPH O MOBEPXHOCTH
CosiHua no6uparoTcsi gajieKue MOTOMKH MePBHYHBIX YacCTHL,
KOTOPHIE YK€ HHYero He <«HOOMHAT» O CBOeM IPOHCXOXK-
IEeHUH.

Cxo/JbKO HH CMOTPH Ha M[OBEPXHOCTb CyNa, HH 3a YTO
He JoraflaThCs, 'yCTOH OH WM Xxuiakuil. s storo Hafo mo-
MelllaTh Cyn JoxXKkKo#. He mMmes rpanycHuKa, HEBO3MOXKHO
ONpeNeNUTh W €ro TeMIepaTypy. YueHble, H3yyalollue
CosiHlle ONTHYECKHMH MeTOJaMH, HAaXOJSATCS B TaKOH Xe
curyanud. OHM MOTYT HCC/I€IOBaTh COJIHEUHHH cBet, o6pa-
3YIOMMACS B OCHOBHOM Ha MOBEPXHOCTH, HO He HMEIOT HH
«JIOXKKH», HH «TepMoMeTpas [Jis MOJIyueHHs CBeJeHHH O
ero sape.

A Bompocos Hakomuiaoch MHoro. Jlo cHX mop Juilb B
o6lLIBX uYepTaX H3BECTHO, 9TO MPOHCXOAHT B LEHTPaJbHOH
yacty Cosanna. Eme B 1920 rogy A. DIIHHTTOH BBIABHHYJ
runotesy, yro CoJiHIIe yepIaeT SHEPTHIO H3 TEPMOSIAEPHBIX
peakuuii, mpu KOTOPBIX JIETKHE 3JIeMEHTH IpeBpallarTcs
B GoJsee TsiKesable. Ho Kak HaliTu moATRepxKAeHHe 3TOH TH-
noresnl? Kak y3HaTbh, KaKue HMEHHO siiepHble U TepMo-
falepHble peaknuu TaM NpoTekawT? Kakyio TeMmmepatypy
H MJOTHOCTL HMeeT cepaueBuHa CosHiua? MOXHO TOJBKO
JorajgbiBaThCs, YTO SAPO HAIIero CBETHJAA 3HAYHTEJBHO
NJIOTHEe CBHHIA H pacKajeHo A0 15 MH/JIMOHOB rpajiycos.
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Bonpochl ocranuck Gul Ge3 oTBeTa, ecan O6bl He HEHTDPH-
Ho. Jlis mpocseunBanus CoJsiHIA KaK pa3 M HyXHa Oblia
AMEHHO TaKasl YacTHIla CO «CKBEPHBIM», KHEOOUIHTeJbHEIM»
xapakTtepoM, oGnajamllas H3-3a 3TOro HeoOblYaHHOH Mpo-
HuKaloueil cnocoGHocThio. HelTpHHO pOXKIAOTCA B LEHTpE
Cosrla, Korjla BOJOPOJ MHpeBpalllaeTc B TeJHH# H Bhie-
JsIeTCsl OTPOMHOE KOJHMYeCTBO dHepruy. Hactp 3TOH 3Hep-
THH pacxolyeTcsl Ha OCBellleHHe W OTONJIeHHe Halled nJja-
HETHOH CHCTEMHI.

Ecnu npencrabienusi yueHblx 00 HCTOYHHMKE 3SHEPrHH
CosiHLla MPaBHJIbHBI, TO, 3HAYHT, 3eMJisl NMOCTOSAHHO IPHHH-
maeT Hactosmuii «aym llapko» H3 CONHEUHbIX HEHTPHHO.
CTo MWIJIHApAOB 9THX YaCTHI[ [JOJKHO €XKeCeKyHIHO
nagaTtb Ha KaxIbld KBaJpaTHbIH CaHTHMeTp ee MOBepX-
HocTu!

Ho camoe rsiaBHOe He B 3TOM KOJIOCCAJTLHOM UHCJE.
I'naBHOe B TOM, YTO HeATPHHO, pOLMBLWIHCH B LeHTPe CoJsH-
1a, PasJeTalTCsd BO BCe CTOPOHBI, Jaxe He 3aMmeuas Ipo-
MaJHOH COJIHEUHOH Macchl, CKBO3b KOTOPYIO OHH IBHXYT-
cda. Jocturawot 3eMsiH OHH B «NepBO3JaHHOM BHIE», NPH-
Hocs ¢ coGolt He Tosbko 10 mpoueHTOB BCell H3uMydaeMoH
CosHLIEM 35HEPrHH, HO W UEHHEHIIHe CBEIEHHS O ero sijpe.

YIuBATENIbHAS CHTYalMs: COJHEYHBI CBET He AAeT yue-
HbIM OTBe€Ta Ha Myuarollyne HX BONPOCH, H B TO e Bpe-
Ms HeoOxonuMmas uHpopmauus OYKBaJbHO HOCHTCA B BO3-
Jyxe B BHIAe coJiHeuHbIX He#iTpuHo. Ecau 6bl ymaJjoch us-
MepHUTb HHTEHCHBHOCTb M SHEPTHI0 HEHTPHHO, TO YuyeHble
nosyunsau €bl B CBOH PYKH ONHOBPEMEHHO H <«JIOXKKY» H
«TepMOMeTp» AJsI ONpeleseHHS TeMIepaTypsl W NJOTHOCTH
cepaueunn CoJHla.

Bor Tako#t HeHTpHHHBIA TesnecKon AJs udyueHus CouH-
na u cobpajsn aMepuKaHCKHe yueHble IMTy60KO MOA 3eMJei.
[TonyTopakuaoMeTpOBHIA CJIOH MOPOILH OTJIHYHO 3alUHILAJ
npubop OT KOCMHUECKHX Jiyueli M COmepXalluxcid B HHX
MemalIHX Y4eHbIM MI0-Me30HOB. I B TO e BpeMms He
CO3maBasl HHKaKHX HOMex MJsi «pasrasiasiBanusy CosHua
C MOMOIIbI0 HEHTPHUHO.

P. JlsBuc Bocnosb3oBafiess MeTOAOM, KOTOpHIH B
1946 romy npennoxun B. TTonTekopBo a/isi MOHCKOB TOTAA
ellle He OTKpbITOro HefiTpuHo. HeliTpuHo, crankuBasce B
9TOM «TeJIeCKOlle» C aTOMOM XJopa, IpeBpalllaloT ero B pa-
IHOAaKTHBHOE SIIPO aToMa aproHa. A cnennasbHble (HU3UKO-
XHMHUeCKHE MeTOAbl MO3BOJISIOT BHIJIOBHTb [axKe HecKoJb-
KO aTOMOB aproHa mu3 O6OJibIION Macchl JKHIAKOCTH. Bce
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ocTajbHOe OueHb MpocTo. Yucjao rakux pagHOaKTHBHBIX
aTOMOB aproHa, TO €CTb YHCJAO HEHTPHHHBIX «CJELOB», He-
TPYAHO MOACYHTATb OOBIYHBIM CUETUHKOM 3JEMEHTapPHBIX
YacTHLL.

Kakoii ke KoHel y 3TOH HCTOPHH? A KOHla y Hee ellle
HeT. [la u BooOLle 3TO HHKaKas He HUCTOpHs, 4 OJNHA H3
npo6aeM ceroiHsIUIHeH (HU3HUKH 3JeMEHTAapHBIX YacTHL H
acTpOU3UKH.

Jletom 1972 ropa B Banaroudiopene, B Benrpuu, co-
cTOsl1ach MeXAYHaponHas KoHpepeHuus ¢usukoB «Heii-
TPHHO-72». «HeynuBuTebHO, — pacCcKasbiBaj ee y4acTHHK
b. TloHTeKopBO, — 4TO 3aJbl KOH(pEepeHUUH Bce BpeMsi ObI-
JU [epenoJiHeHbl, HeCMOTPs Ha Xapy U 6JH30CTh NpOXJaai-
HbIX BoJ 03epa DBasarod. Cpeam yuyacTHHKOB Obliu Haubo-
Jlee aBTODUTETHblE CIIELHAJHUCTB M0 (PU3UKe HEHTPHHO H3
caMbIX KpyNHBIX Jabopatopuit mupa. Hekoropele u3 mok.a-
J10B KOH(epeHUHH BBI3BAJH YTO-TO BPOJE CEHCAlHH, NMPaB-
na, ¢ MOel TOUKH 3DeHHs, NpeXIeBpeMEHHOM.

Peub ma mpexae Bcero o cooblleHdH HOpodeccopa
P. IlsBuca 006 oTpHuUATEJNBbHBIX De3yJbTaTax MOMNLITOK 006-
HapYXKHUTb COJIHeYHble Hel1pHHO. HekoTophle yueHble roTo-
Bbl ObliM OODBABUTh HENPAaBMJIBHBLIM Hallle MpeAcTaBJ/eHHe
0 TepMOsiLePHOM HCTOYHHKe sHepruu CoJiHUA, a 3HAUHT, H
IPYTHX 3Be3l.

Ilo muennio B. IloHTexkopBo, momoGHBIE «PEBOMIOUHOH-
Hble» BBIBOIBI ApeXIeBpPeMeHHH.

[To-npexxHeMy MOXHO cuuTaTh, uTo CoJHle MnoJyuaer
3HEePrHi0 B peaKUHUH COeJIHHEHHs 4YeThIpeX NPOTOHOB B fil-
po reausi. Ho Kk 3TOMy KOHeuHOMY MpollecCy BeIyT pasHble
UMKAL fnepHBX peakuui. Helitpununiit teneckon P. 13-
BHCa MOXET PeruCTPHPOBAaTb HEHATPHHO TOJBKO OT HebOJb-
IOA yacTH TaKuX peakuui.

OTpunaTenbHblii pe3yJbTaT MOXKET MONPOCTY O3HAYaTh,
yto Ha CoJsiHUe OCYLLECTBJSETCA APYroH UMUK/ peaKUHH H
yTO ero teMmneparypa Ha 1—1,5 MUJJIHOHA rpafyCcoB HHXKe,
yeM DpelNnoJarajoch paHblIe.

BoT ecnu cosHeYyHBIX HEHTPHHO OKaxeTcs ellle B TPH
HJIH 4eTblpe pas3a MeHblle — 3TO OyIeT HepPeBOPOT B Ha-
weMm npeiacraBieHdn o pa6ore CosmHua. A ceffuac MOKHO
npeanosiaraTth, 4YTo HeHTPHHO o6/afaer elle HEU3BECTHBIMH
HaM cBoiicTBamH. Hampumep, pacmajgaercsi, He ycneB Jo-
JeTeTh 1O Tejeckoma, qu6o ke no mopore ot CosHua 1o
3eMJi1 HefiTpHHO CaMONPOH3BOJIBHO MpPeBpallalOTCs B aH-
THHeHTpuHO, a npubop P. Il3BHca Ha HHX He pearupyer.
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Helitpunnoe uynamu

ConHune — 3Be3jla, AalOllas HaM KH3Hb, TemJao, CBeT.
CO/IHIIENOK/IOHHUKY  BbIpaxaJd NPH3HATENbHOCTb 3TOMY
MOCTOSIHHO JefCTBYIOIIEeMY uydy, Hajeasiq ero THTYJOM
ra1aBHOro GoxectBa, Oyab To Pa erunTdH uan c/aaBsHCKUH
6or Slpuao. Hepapom oHu Tak myrajucb COJNHEYHbIX 3aTMe-
HHH ¥ NPOH3HOCHAM O6/arofapcTBEHHble MOJIMTBLI, KOria
CBETHJO, <«IMOTyXIlllee» BeuepoM, YTPOM CHOBA 3aJIHBaJO
CBETOM 3eMJII0.

[To cyrn pmena, ToNbKO B Hayajle Hallero Beka, Mocjae
OTKDBLITHS aTOMHOrO spa, BO3HHUK/IO HayyHoe OGbsCHEHHE
TOro, rae uepnaloT sHepruio CoJHLE W ApYyrHe 3Be3ibl.
UesnoBeK Ha 3eMJle MOKa elle He OPHPYYHJ 3TOT BHJ 3HEp-
rud. laxe B camblX Jy4YIIHX TEPMOSAEPHBIX YCTAaHOBKax
tina «Tokamak» BOZOpOJHAsl M/1a3Ma He HMeeT AOCTAaTOu-
HO BBICOKOH TeMIepaTyphl U MJIOTHOCTH.

Eume acTpoHOMBl [ApeBHOCTH 3aMeTH/IH IMPOUCXOAALINE
CO 3Be3JlaMHM H3MeHeHHs. B ApeBHUX J/eTONHCAX W KHHrax
COXPAHHJHCh 3aMeTKH O HeOObIUHbIX 3BE3IHLIX SIBJIEHHSX,
KOTOpble Mbl Ha3blBaeM Telepb BCHBILIKAMH HOBBIX H CBEpPX-
HOBbIX 3Be3d. [locTeneHHO odopMuaach uies 06 3BONIOLHMH
3Be3/.

Koraa Bomopoa BcejeHHOH cobupancs B JOCTATOYHO
MJIOTHbIE CTYCTKH — 3apOAblild OGyAylHX 3Be3ll, — HauH-
HaJOChb CXKaTHe H OAHOBPEMEHHOe pa3orpeBaHHe BelllecTBa.
Bechb «KH3HeHHBI NyTb» 3Be3Abl MNPOXOAMJA [PH OFPOMHOM-
IaBJleHHH M TemnepaTtype. B Heapax rpomMaaHbIX rOpsuux
3Be3[l BCe BpeMsl MOAJEPKHUBAJICH «KJIUMAT», OJarOnRpusT:
HbIl AJIf peakluil 3/JeMeHTAPHbIX YACTHIL.

Moxer OblTb, C WX M[OMOIIbI YyYeHble CMOrYT Yy3HAaTh
HEUTO BajKHOE O [JIaBHbIX 3TaNax 3BOJIOLHH 3Be3[?

DHeprusi TeMJI0BOr0 H3JyuyeHHUs rOpsSYMX 3Be3l CTOJb Be-
JHKa, 4YTO B ee MyOHHe NOCTOSIHHO BO3HHMKAIOT MApbl Jers
KHUX YaCTHIL — 3JEeKTPOHOB M N03UTPOHOB. CTa/KHBasCh,
OHH QHHUTHJIHMDYIOT, H ONSATb RO3HHKAIOT (DOTOHBI TEIJIOBO-
ro usnyyenus. Kaxercs, uto sta urpa, B KOTOpOil (OTOHbI
¥ 3JIeKTPOH-NO3UTPOHHbIE NApbl, KaK M4, nepebpacbiBaior
Jpyr Apyry 3Hepruio, MOXKeT INPOJONKaTbCs OECKOHEuHO
noaro. Ho uer. Kak ToabKo TemmepaTypa 3Be3ibl AOCTH-
raeT COTeH MHJJIHOHOB TrpajycoB, B ee KHU3HH HacTylaer
nepenoM. HekoTopble 3/€eKTPOH-NO3HTPOHHBIE MNAPHI mpe-
BpamaloTcsd yxe He B (OTOHB, Kak paHblle, a B ma-
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py HeATpHHO — aHTHHeH-
TPHHO, KOTOPble MOKHJAIOT
3Be3ly. Hapymas npasuia
UTpbl, HEHTPHHO YHOCAT
¢ co60if MONYYEeHHYIO OT
3JIEKTPOHHO - MO3HTPOHHBIX
nap osHepruto. Hukakumu
cnoco6aMi BO3BpPaTHUTh ee
o6paTHO 3Be3la He MOXKET.
DHeprus sra NoTepsiHa Ha-
BCerua.

YeM BhllIe Temneparty-
pa 3Be3npl, TeM OoJblie
HeHTPHHO OHA HCIyCKaeT.
Hefitpuno wurpalor poab
OKHa, pacnaxHyToro Ha
yJauIy H3 XapKo HaTon-
JEHHO/ KOMHaThl. A Kax-
Iblfi 3HaeT, 4ToOBI MpH OT-
KPbITOM OKHE KOMHAaTa He
OCThLJIa, B Ne€4Yb HAJO MOA-
KNaJbiBaTh Bce GoJblie
IpoB. 3Be3ma Bce HHTell-
CHBHEE pACXOAYyeT CBOe
TePMOSIAEPHOE TOIJIHBO.

YueHble npeanoJaaraior,
4YTO B MOCJEJHHE CTOJETHS
CBOEH KH3HH 3Be3Jbl B OC-
HOBHOM TepSIlOT SHEPruio
He B BHJAE CBeTa, a B BH-
e wHefitpuno. Hacrynaer
MOMEHT, KOT'Zla SHepreTHye-
CKHEe 3amachl 3Be3Jbl OKa«
3BIBAIOTCH  «PACXHLUIEHHBI-
MU», U el yxKe HedyeM BOC-
NOJIHUTb 3Ty yObLIb: ropio-
Yee 3Be3Jbl — BOJOPOJ, ==
NOJIHOCTBIO «BBHIFOPEJIO».

Ho 3Be3na He ocThiBaer.
Ona pacxoiyeT TrpaBHTa-
[HOHHYIO 3HEPrHi0 CBOEH
maccel. Hauunaercss kara-
cTpodHuecKH 6bicTpoe
cxKaTHe  3Be3fbl — KOJ-



jganc. B TeueHue cOTBIX JoJiefi CeKyHIbl oHa Boi6pacelBaer
OrPOMHOE KOJIHYECTBO HEATPHHO. 3HAUHTENbHO OoJblie, YeM
UX GBIJIO BHIGPOIIEHO 3a BCIO ee XKH3Hb. MHorza BO BpeMs
KOJLIAaNCa OT 3Be3hbl oTjhensercsd HebGoJbllias 4acTb ee Be-
IIecTBa, KOTOpasi ¢ rpoMaiHOA CKOPOCTbIO pacuiHpsieTcs.
Torma-to acTpoHOMbl M HaGMIONAIOT  BCOBILIKY CBEPXHO-
BOH — cBeueHHe 3Toro o6saka. Bmecre ¢ TeM ecTh 3Be3-
Jbl, KOTODBlE KOJJIANCHPYIOT <«CIOKOHHO», o0xolfch 6e3
«(eriepBepkas.

Ecau yueHnele cymeloT 06Hapy:KHTb HeHATPHHHbIE BCIbILI-
KH OT KOJLIAaNCHPYIOUIMX 3Be3X, TO Mbl y3HaeM, UTO MPOHC-
XOAHT C HUMH B TOT MOMEHT, KOTa OHM KOHYaIOT CBOe pa3-
BHTHE.

HefiTpuHHYIO BOJIHY OT CBEDXHOBOH, €CJH OHa BCIIBIXHET
B IleHTpe HameH [alakTHKH, MOXKHO 3aperucTpHPOBaTh B
CUeTUHKe, coliepxKallleM COTHH TOHH XHAKocTH. HocraTou-
HO HEeCKOJbKO TaKHX CUYETYHKOB pAacloJOXHTb B pPasHbIX
MecTax 3eMHOro liapa, H IO MOCJHeAOBaTeJbHOCTH 3aperu-
CTPUPOBAHHbIX HMH HeATPHHHBIX CHTHAJIOB CTaHeT SICHO, OT-
Kyla NpHlla HeHTpHHHAsA BOJIHA.

Bcenbliika cBepxHoBoll B Hamieit ['amakTuke — H0BOJb-
HO pellKoe sBJIEHHe: IPUMepHO oJHa Benblmka 3a 300 jer.
Ho ecTb eme «TuxHe» Kosjamlchl, H €CJIH IMpeINoJoxe-
HHe 00 HUX CYLIeCTBOBAHHM  BepHO, TO HEHTPUHHOE
LyHaMH JOJIXKHO o6pyLIHBaTbCcs Ha 3eMJi0 IOYTH pas B
mecsn!

A uTo mpousofier, ecnM HaNpaB/EHHBIH IIOTOK 3BE3J-
HbIX HeHTPHHO, HECYILHXCS CO CKOPOCTbIO CBe€Ta, BCTPETHT
Kakoe-HUOYAb KOocMHuYeckoe Teso? Macca NOKosl HeHTPHHO
paBHa Hyuaio. Ho, ABHradch co CKOPOCTbIO CBeTa, OHA IpPH-
ofperaeT MHEPUHOHHYIO MacCy, a BMecTe C HeHl M 4YyBCTBHU-
TeNbHOCTh K BO3JeACTBHIO I'PaBHTAIlHOHHOrO IMOJS.

[TapannenbHbI Iy4oK CBeTa, NafalolHiA HAa ONTHYECKYIO
JHH3Y, (GOKycHpyeTcsi B HEKOTOpOH Touke. TOUHO Tak Xe
rpaBUTALHOHHOE TOJIe CJY4aHHO BCTPEUEHHOr0 KOCMUYECKO-
ro tena choKycHpyeT HeHTpHHHBIA moTok. Mecro, rae mno-
SIBHTCS HEATPHHHOe «H300paKeHHe» 3B€3Jbl, 3aBUCHT TOJb-
KO OT pajuyca H IJOTHOCTH KOCMHHUECKOro TeJa.

CoJiHIle TOXKEe MOXET HrpaTh POJib 'PaBHTALHOHHON JIHH-
3bl. OHO CcOKycHpyeT HeHTPHHHOe H300paxKeHHe 3Be3/bl Ha
pPacCTOSHHM CTa MMJJIMAPAOB KHJIOMETPOB OT CBOEro LEHT-
pa, TO eCTb Ha PAaCCTOSIHHH B ABaalaTh pa3 GoJiblie pajuy-
ca op6uTHl caMoil yJajeHHOH mNJaHeThl COJHEYHOH CcHCTe-
mel — [lnyrona.
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Jlunza-3emns, obpamasch Bokpyr CoJiHua, Tak xXe He-
npepeIBHO (OKycHPYeT cosiHeuHble HefiTpuHo. HefiTpunHoe
nzobpaxenne CoJHLa Bcaeld 3a ABHXKEHHeM 3eMJH Mepe-
MelllaeTCsl B IPOCTPAHCTBe Ha DACCTOSIHMH B THICAYY MHJ-
JUapl0oB KHJIOMeTpPoB OT ee LeHTpa. OcTaeTcs NOCTaBHTb
TaM <«IJIeHKy» W NOJYYHTb H300paxeHHe 3BE3[bl, YBHIEH-
HOH «rjiasaMu» HeHTPHHO.

K coxasenuio, njeHKH AJs TaKOro KOCMHYeCKOro «(oro-
annapata» He CYlIeCTBYeT, Ja H CaMOro ammaparta TOXe.
Ho coBerckuil yuennéi U. Jlanugec npeamosaraer, 4to, HC-
noJ/b3ys (OKycHpyIOlLiHe CBOACTBA MaCCHBHBIX KOCMHUYECKHX
TeJ, MOXHO OblI0 Obl «MOCTPOHUTb» HEHTPHHHBIA TEJECKOl
IJ151 TIONCKOB HCTOYHHUKOB HeHTpHHHOrOo u3ayyexus. Hanpu-
Mep, Tak.

BoJabmoli kKocMuueckuii kopabsab, Ha OOPTYy KOTOPOrO
YCTaHOBJIEH XOPOLIO 3alIWINEHHbIH OT KOCMHYECKHX JydeH
HeHTPUHHBIH AETEeKTOpP, BbIBEJEH Ha OKOJIOCOJHEeYHyiI0 opOu-
Ty C paAHycoM, paBHbIM HeHTPHHHOMY (OKyCHOMY pac-
croaanio Cosnna. Ilpu nepeMemienun Kopabas Mo moBepx-
HOCTH cdepbl Takoro paauyca ero npubopn OyayT mpouly-
NbIBaThb  YY4acTKH  IPOCTPAHCTBA, PpAacloOJOXKEeHHble 33
CosnHueM. Kak ToJNbKO Ha JHHHH, COeJHHAIOIMIEA KocMHuye-
ckuil kopabab ¢ uneHrpom CoJiHIA, OKaXKeTcs 3Be3da, Hc-
nyckamoouas HeHTPHHO, NEeTeKTOp 3aperucTpHpyeT peskoe
yBeJHYeHHe NMOTOKA 3THX YacTHIL.

Hns rtakoii uean nomouren Obl KOCMHYECKHH Kopabib,
JIBHXXHMbIH B3pblBaMH BOZOPOILHbIX 60MO, B NPOEKTHPOBA-
HuH Kotoporo yuacrtBoBaa @. [laficon. OH cduTaer, 4To KO-
pabnb rpy3oHOABEMHOCTbIO B JeCATKH H COTHH ThICAY
TOHH — & HMEHHO TaKOMY MOA CHJY NOAHATb HEATPHHHbIM
CUETUHK C 3al[UTON — MOXKHO NOCTPOHMTDb yKe CerolHs, IpH
COBPEMEHHOM YpOBHe HayKH M TeXHHKH. ONHaKO CTOUMOCTb
KopalJis elle CTONb BeJHKa, YTO ero NMOCTPOHKa MOKa Helo-
CTyNHa [Aake CaMblM Pa3BHTbIM CTPaHaM.

PoBecHHKH BCeNeHHOH

Mbl He 3HaeMm, uTo npoucxoAHT Ha CoJHIe B 3TOT MHI
Toabko yepes BoceMb MHHYT CBETOBble JIYYH, HJIH COJIHEY-
Hble HeHTPHHO, coobuar, uto CoJHle paboTaeT HOPMaJdbHO

[Tocaenuuii CHrHaA OT KoJJancUpyollel rie-To Ha Kpai
FanakTuku 3Be3abl NOHIeT A0 HAac 4Yepe3 MHOro ThicsY Jiel
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NC3HARHOE HEREAOMOE

MOIIHBIM BCIJIECKOM HEATPHHHOH BOJHBI WJH «CyILOPOTOR®
rpaBuTanioHHoro moas. Kak HH goJjor mytb 3THX BECTHH-
KOB Ja/eKHX COOHITHH, Tr0JOC yXKe 3HAaKOMOH HaM BCeJeH-
HOH MHl y3HaeM.

A kako#i oHa Obula MHMJAMapAbl JeT HaszaA? Bor «Bo-
Ipoc BOMPOCOB» KOCMOJIOTHH, KOTOpas, MO CJOBAM akaje-
muka B. ['mH36ypra, «MpHHAANEXKHUT K YHCJAY TeX OUeHb He-
MHOTHX HayuyHbIX HalpaBJeHHWH (ApyrdM TaKHM HalpasJje-
HHeM sBJsieTcss (U3HKA 3JeMEHTAaPHBIX YaCTHI), TAE MH
cTankuBaeMcs ¢ raybouadIMMH NMPHHUMIHAJbHBIMH BOIPO-
caMH. 3/1ecb NMPOXOAMT TFPaHHIA MeXAy CBETOM 3HAHHSA M
a6CcoJ/I0THOH TeMHOTOH HeBeLOMOroy.

B 1929 rony 3. Xa66s o6HapyXKUJ, 4TO rajJakTHKH pas-
GeraloTcsi BO BC€ CTOPOHBI C IOCTOSIHHOH CKOPOCTbIO, Kak
OCKOJIKH B3opBaBlueiicss 6oMO6b. Ecau MBICIEHHO HpPOKpY-
TUTb Ha3ajd C TAKOH XK€ CKOPOCTbIO MVIEHKY BBIMBILIJIEHHOTO
¢uabMa, (GUKCHPYIOLLEro 3TO SBJEHHE, TO OKaXKeTcs, 4To
BO3pacCT BCeJEHHOH OT TOro MOMeHTa, Korja ee ILIOTHOCTb
6bi1a  6eCKOHEYHO BeJIMKa, O COBPEMEHHOro COCTOSIHHSA
BecbMa NOYTeHHbIH — okoso 10 muannapnos Jer. Ho kak
CKJIaJbiBaslach «HCTOPHS» BCeNeHHOH?

Apxeosoruueckue HaxXOAKH LAlOT HaM BO3MOXKHOCTb CO-
CTaBUTh MNpEACTAaBJeHHE O APEBHEHIIHX Ha 3eMmJie ULHUBHJIH-
3a0HUAX, Y3HATH O COOBITHSIX, NPOHUCXOAHBIINX OKoJO 30 THI-
cay Jer Hasal. [lameoHrosorust pacckasbiBaeT O JpeBHeHs
mux ¢opmMax Ku3HHM, 006 3BOJNIOLHH OpPraHHYECKOro MH-
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pa, PEKOHCTPYHPYSl €e IO YacCTsM CKeJeTOB, OKaMeHeJso-
cre#f u ormeyatkoB. [laseonTosorn kak GyATO COBepuIAlOT
myTelleCTBHE MO BPEMEHH Ha3al <«/IJHHOI» B MHJJIHApA
JIeT.

Ho o kakux HaxoJkax MOXHO AyMaTb, KOTJa peub HAET
0 TaKoif INpomacTH BO BpeMeHH, Kak JecsiTh MHJJIHAapHOB
ger? [losToMy cpeiH yueHBIX Hayajcsg YMO3PHTENbHBIN
cnop. OnHUM HpaBuJach HAes, KoTopyio B 40-x rojax BHI-
cKa3aJs Hu3BeCTHHIH (u3nK-TeopeTur [. ['aMoB o «ropsueii»
MOJeJH 3BOJIIONHMK BceseHHoH. OH moJarall, 4to ecau ObLIO
BpeMsl, KOrla ee MJIOTHOCTb IIPeBbILIAaJa TOHHY Ha KyOHue-
CKMH CAHTHMETpP, TO OYeHb BBICOKOH Obl1a H TemmepaTypa
BenlectBa. Jlpyrve noimep:KHBaJH HAECIO O «XOJOLHOH» MO-
JeJlH Pa3BHTHA BCeJeHHOH.

Cnop pmoaroe BpeMss Gbll 6eClyIOfHEIM — HH Ta, HH
Ipyrasi CTOpOHa He MOIVIa NPEACTaBUTh 3KCIEPHMEHTalb-
HBIX ¢axkToB. M BIpyr Hamsoch JOKa3aTelbCTBO, 4pe3-
BbIYafHO YCHJIHBIIEe MO3UIHI0O CTOPOHHUKOB «ropsiyel» Mo-
AeJsn.

Actpodusuku 30 sner Hasax H3yyaaH ONTHYECKHE CBOM-
CTBa MOJIEKYJ LIMaHa B MeXK3Be3[JHOM rajlakTHYeckoM rase.
IIpu sTOM OHH OOHAPYKHJIH B KOCMHYECKOM HpPOCTPaHCTBE
3JIEKTPOMArHUTHOE H3JyyeHHe ¢ AuHOH BoJaHH 0,25 caHTH-
MmeTpa. PaJHOBOJIHBI IIIH H3 KOCMOCa CO BCEX CTOPOH C
HHTEHCHBHOCTBIO, B CTO TbICAY pa3 INpeBHIIIAIONIEH MOLL-
HOCTb aHAJIOTHYHOT'O H3JYUeHHsI OT BCEX HM3BECTHBIX Hebec-
HBIX HCTOYHHKOB. OOHApyXKUJH, NOAUBUHIHCE, H... Bce. Y Hu-
KTO, KaK HH CTPAaHHO, Jae He NONBLITAJNCH YCTAHOBHTb €0
IPOHCXOXKAEHHE.

B 1965 romy corpyaHHkH Jaboparopuu bBenn-renedon
A. Tlensnac u P. Yusncon paspabGaTbiBalH CHCTEMY CBSI3H C
NOMOILBIO CIYyTHUKOB Ha BoJHe 7,3 caHtuMerpa. das Hop-
MaJibHOH paboThl ammapaTyphl Hamo ObLJIO HCCIENOBaTh Bee
moMexy Ha 3TOH AJHHe BOJHBL. UM Korjia, Kak HM Kas3aJoch,
OHH JIMKBHAHMPOBAJH BCE BO3MOXKHBble PaJHOUIyMbl, HCKJIO-
YHTENBHO TOYHBlE HPHOOPH NPOJOJKAJIH PErHCTPHPOBATH
OYeHb HHTEHCHBHOE H3JIyueHHe, NPHXOJfALIEe pPaBHOMEPHO
€O BCEX CTOPOH.

Tak — yxe BO BTOpOH pa3 — ObLIO OTKPHITO TEIVIOBOE
PENHKTOBOE KOCMHYECKOe H3JydeHHe — CBHIAETE]b HaBHO
OpOLIETIIHX JIET.

Uero TONbKO He HCIBITAJH 3TH PaJHOBOJHBI C TeX AaB-
Hux nop! Ha nytu xk 3emye oHH GeCUHCIEHHOE KOJHYECTBO
pa3 pacceHBa/iChb Ha BCTPEYHOM BellleCTBe, Bce 6oJiblie H
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GoJsbiie 3a0biBast 0 CBOEM NepPBOHAYaJbHOM cocTosiHuH. Ha-«
KOHell, BMeCTe C paclIHpeHHeM BCeJEHHOH OHH OCTBUIH IO
temneparypsl 3° no KenbBuny.

Ho naxe rakue, ¢ ocnabaeHHON «MaMsATbIO», CBHIETe-
JIH — [leHHasl HAaX0JKa /IS ydeHbX. DHeprus KaxJAoro Tako-
ro KBaHTa TEIJIOBOTO H3/1yYyeHHS B [JBe ThICSAYH pa3 MeHblle
9HEPrUH KBaHTOB BHAHMoro cBeta. Ho HX Tak MHOro, uto Ha
KaXIbli aTOM BCeJeHHOH NPHXOZUTCH OKOJO CTa MUJIIHO-
HOB DEJIHKTOBBIX KBAaHTOB. M yueHble HMEIOT BO3MOXKHOCTb
CTaBUTb TOYHble SKCNEDHMEHTH MJIS MOJyueHHS CBeleHHH o
XapakTepe pacIIMpPeHHsl BCeJeHHOH.

Hy a Heaw3s ;in ysHath, uto 6bl10 eule panbuie? Kakoil
Obljla BCceJeHHast B NepBble MHHYTHI H CEeKYHIbl CBOEro
ObITHS?

YpaBHeHHS MeXaHHKH H 3aKOH «OXJaXKAEHHS» KBaHTOB
PEJHKTOBOTO H3Jy4YeHHS HaJH BO3MOXKHOCTb yUeHHIM COBep-
WIATh OyTellecTBHe B Takue IyOUHBI BpeMeHH, Kyla He Mpo-
HUKaJ Jaxe caMblil peTHBLIi repofi (paHTacTHYeCKOro po-
MaHa.

HecaTs MuaJIHapooB JieT Hasal BCeJeHHassh COBCEM He
IOXOJHJIa Ha TO, YTO MBI cefiuac NMoJpa3ymeBaeM MOL ITHM
cjaoBoM. Torza emie He ObLIO HH 3Be3[, HH rajdakTHk. Torga
cylllecTBOBaJ/ia JIMIIb CBEPXNJIOTHAs pacKaJjeHHas MaTepHs,
COCTOABIIAS M3 OTAEJbHBIX dJeMeHTapHbIX YacCTHIl, CMelIaH-
HBIX C H3JyueHHeM.

[lpn pacummpeHnn BceseHHOH TeMmepaTypa 5TOrO H3Jy-
UeHHd MOCTeNeHHO najaJna, U, HaKoHell, HACTaJ MOMEHT, KOr-
lla ero BJHSIHHE Ha BellecTBO NpekpaTHjaoch. [Ipenocras-
JeHHoe caMoMy cefe B KOCMHYECKOM INPOCTPAHCTBE, pesHK-
TOBOE H3JyYyeHHe «IOXKHJIO0» A0 HAIIHX AHeH.

Ho 510 eme He Bce. B Tak HasbiBaeMyl0 <«JIENTOHHYIO
3py», KOrAa BO3PACT BCEJNEHHOH HCUHCISANCA LOJASAMH CeKyH-
Ibl, OCHOBHYIO pOJIb HrpajH JIerkKHe YacTHIbl — JENTOHbI
(MI00HBI, 5JIEKTPOHBI, HEATPHHO H aHTHHeHTpHuHO). Ho peak-
MK ¢ 3TUMH YacCTHLAMH OBICTPO NPEKPATHIHCH, H HeHTPUHO
cTaji cBOOOJLHBIMHU.

CKOJIbKO HHTEPeCHOr0 MOIVIH Obl COOGIIHTD STH «XKUBHIE>
POBECHHKH cOBceM I0HOH BceseHHoOf! PesikToBbie HEeATPHNO
nomor/au 6bl yueHbIM BOCCO34aTb 00pa3 TOJBKO YTO POXKEeH-
Horo Mupa. CBHAeTeJH 3TH 006/ajal0T (eHOMeHaNbHO
«naMaTbio» Gaarofapsi ciaGoMy B3aHMOJAEHCTBHIO C Bellle-
crBoM. Ecain 6Bl X ygasoch 3aperHcTpHpoBaTh, 3TO MO3BO~
Jn10 6bl OKOHYATENbHO PElIHTh BONPOC 00 yCJAOBHSIX, HAPHB-~
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WX BO BCEJEHHOH B NepBble CEKYHIh H MHHYTH ee Cylle-
CTBOBAHHUS.

«[ToHcKH peNHKTOBBIX HEATPHHO, KAKHMH Obl CJIO0KHBIMU
OHH HH OKAa3aJIHCb, — I'OBOPHT aKajaeMHK 1. 3eabloBHY, —
ype3BLIYAHHO Ba’KHb! JJI pelleHHs BONpOCa O CaMbiX pal-
HUX CTafMfX KOoCMoJioruueckoro pacmupenusi. [lonctune
H3MEpPEeHHEe PEJHUKTOBBIX HEHTPHHO OYJeT <«3KCIHepHMEHTOM
BEKa».

AnTmupbi?

Korpa mosiBusioch 310 ¢10B0? Jl0CTOBEPHO M3BECTHO, UTO
nost Auppeii BosHeceHCKHH He ObL1 TepBLIM YeJOBEKOM,
ynorpe6uBuiuM ero. OnHako Gnarogaps eMy Mbl HMeeM BO3-
MOKHOCTb NMpPOYECTb CJIOBO «3aHTHMHUPHI» B YTBEPAHTENbLHOM
MHTOHANHH, OrPOMHbIMH OyKBaMH HameuaTaHHoe Ha adwu-
mwax MockoBckoro Teatpa Ha TaraHke.

Ho kTo e Bce-Taku ckasan «A»? O6partuTe BHHUMaHHe
Ha JIOTMYeCKHHl TeHe3HC 3TOro CJOBa: «aHTHUACTHIBI — aH-
THBEILECTBO — aHTHMHP». fIcHO, uTo «A» cKasaau (u3MKH,
OTKpBIBLIHE aHTHYacTHUBl. CHayajla MO3HUTPOH, a NMOTOM aH-
THIIPOTOH U IpYTHe.

B HoBocuOupcke yueHbie BOEpBble MOJYUHIH <KYCOK»
aHTHMaTepHH — MYyYOK MO3HTPOHOB, KOTOPHIH CYLIECTBOBAJ
yacaMi. «9T0 ObLIO y»Ke HeuyTo [OYTH peasbHOe W OLLyTH-
MO€ He TOJIbKO AJa (H3WKOB, HO M AAsA J1000ro uesnoBeka.
[Toxkanyiicra, cMOTpHTE, BOT OH— CBeT aHTHYacTHL!» — ro-
Bopua aupekrop HoBocHOGHpCKOro HHCTHTYTa sdepHOl (u-
3uKku akajgeMmuk . Byzxkep.

Ho anrtuuactuuel — 310 elie He aHTHBewlecTBO. OO6br'i-
HOE BEIleCTBO COCTOHMT M3 aTOMOB, a aTOMbl — H3 aTOMHBIX
filep W 2JeKTPoHOB. Bce KOMIOHEHTH aHTHBeELleCTBAa — aH-
THIIPOTOHBI, aHTHHEHATPOHE H NMO3HUTPOHB — OblIH OOHapy-
JKeHbl dKCnepHMeHTa bHO. Ho ocTaBascsi OTKPHITHIM BONPOC:
MOTYT JIH fleDHble CHJIbI «CKJEeHBaTb» aHTHYACTHLbl B aH-
THSIApA?

Y TeopeTHKOB Ha TOT CyeT He ObIJI0O HHKAaKMX COMHEHHH.
Mx ypaBHeHHs TOBODHJH O TOM, YTO HapsAldy C aHTHYaCTH-
IlaMH JOJIKHBI CYLLECTBOBAaTh M aHTHAAPA, COCTOAILIHE U3
aHTHNPOTOHOB W aHTHHeHTpoHOB. Huuro nHe Memaso BooG-
pa3sUTb aHTHMHD, B KOTOPOM BCe XHMHYECKHE 3JIeMeHThl Obi-
au Gbl aHTH3/MEeMEHTaMH M 3anoJHAAH Obl «aHTHTaGaHIy»
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J1. MenneneeBa. A no GoraTcTBy XHMHUECKHX COeJHHEHHH
3TOT MHMD HH B yeM He ycTynag Obl Hauliemy.

Ha yckopurene ¢ sneprueit 8 30 MHJIIHADPIOB 3J€KTPOH-
Bo/IbT B BpykxefiBene, B CIIA, skcnepuMeHTaTopam yha-
JIOCb OCYUIeCTBHTb MeuTy TeopeTHkoB. [Ipubopsl 3aperucr-
pHpoBaJ/M PoXKJAeHHE AaHTHSAEpP LeHTepHs — TAKEJOro H30-
Toma BOAOPOJA. AHTHIPOTOH U AHTHHEATPOH COENHHHJIHCH
B aHTUa1po!

Caenyomuii sjeMeHT B nepHoguuecKoil Tabuuie — re-
nuil. A uTo, ec/M aHTHYACTHULI HE MOTYT CO34aBath siiep 6o-
Jlee TSKeblX, yeM JeiTepuii? [y BbISICHEHHS 3TOTO BOIPO-
ca HeoOXOAHM YCKOpDHTeJab ¢ 3Hepruefl B 70 MHANHapHOB
3/1eKTPOH-BOJIBT.

Boabuias rpynna y4eHblXx noJ pyKOBOJACTBOM 4J€Ha-KOp-
pecrionnedra AH CCCP IO. ITpokowkuna Hauana Ha Cep-
TYyXOBCKOM YyCKOpHTEeJe 3KCIePHMEHT [IOMCKa aHTHAAep
reaua. IlpoananusupoBaB Gosee 200 MuAIHAPAOB 4YaCTHII,
5KCIIEPUMEHTATOPbl OMNO3HAJH CPefH HHX NSATh siiep aHTH-
resus. :

CnoXHOCTb pellicHHOH (H3HKaMH 3ajayd XOpOLIO Mpo-
WJIIOCTPUpPOBaAJ AupekTop WHCTHTYTa GH3HKH  BBICOKHX
sHeprufl akafemuk A. Jlorynos: «Ecau Obl MBI [OXesaJu
rpaduyeckd H306pa3uTh oblilee YHCJIO MPOMYIUIEHHBIX uyepes
YyCTAHOBKY YaCTHIL MO OTHOLUEHHIO K 3aperuCTPHPOBAHHBIM
f/1paM aHTHreNus W npencTaBHad Gbl Ha rpadHKe 4YHCIO
f/lep aHTHTeNHs] OTPEe3KOM AJNHHON B MHJJIHMETP, TO YHCJIO
OCTaJNbHbIX YaCTHU ROJIKHO Obl10 H306pasHTbCs OTPE3KOM,
pPaBHBIM AJIHHE 3eMHOro KBaTOpas.

OTKpbITHE A1ep AHTHTreNHs HOATBEPXKIAET TEOPHIO CY-
LIeCTBOBAHHA aHTHEellecTBa. A HaJlHuHe aHTHBELIECTBA MO-
XeT HMeThb BaxkHefllllee 3HaUeHHe IJIS MOHHMAaHUS 3BOJIOLHH
BCEJIEHHOH U IPOMCXOASIIIHX B HEH MPOLECCOB.

YacTuipl MU aHTHUACTHI! NMPH CTOJKHOBEHHH aHHHTHJH-
PYIOT — «B3pLIBAIOTCSI» C BbljeJeHHeM OTPOMHOH 3HepTHH.
M3-3a »TOH peakuun aHTHBELIECTBO He MOXKET CYILEeCTBO-
BaTh BMecCTe C BellecTBOM. [103TOMy FHIOTE3y O CYILECTBO-
BaHHM «aHTHMHPOB» acTPO(U3NKH HCMOJB30BAJIH A5 00BsI-
CHeHHs] OOHApYKEHHBIX BO BCEJEHHOH MOIIHBIX HCTOYHHKOB
H3JYUeHHS.

DJieMeHTapHble YaCTHIB! H U3JyueHHe — BOT obLiue npej-
KM BCeX 3Be3J U rasakTHk. M ecau meitatbes pemats npo6-
JIeMbl KOCMOJIOTHH Ha OCHOBe 3HaHHH 00 3jeMeHTapHBIX ua-
CTHIIAX, MOOBITBHIX YUYEHBIMH C I[IOMOIIbIO YCKOpHTeJeH, TO
mpexje BCero HaJo BCIIOMHHTb O 3aKOHe COXpaHeHHs OapH-
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OHHOTO YHCJa. 3aKOH 3TOT O3HAYaeT, YTO NPOTOHH H HEHT-
POHBI BCeria POXKAAIOTCS B Nape cO CBOMMH aHTHYACTHIAMH.
JIpyrdMH CJOBaMH, BelleCTBO BCeraa pOMXKAaeTcs B OMHOH
U TOH e TOUKe NMPOCTPAHCTBA H B TeX XKe KOJHYEeCTBAX, UTO
u aHTHBellecTBO. [ToaToMy BIOJIHE ecTecTBEHHO ObIJIO Npel-
NOJIOXKHUTh, YTO H «IepBOOBITHAS» I1a3Ma COCTOSIA H3 OfH-
HAKOBOrO YHCJIA YaCTHIL H aHTHYACTHIL.

VuyeHbie JaBHO yKe yOeqHNIHCh, YTO COJHEYHAs CHCTEMa
COCTOHT TOJbKO M3 BellecTBa. DBoJee Toro, ecaun 6 Belie-
CTBO WU aHTHBellecTBO ObLIM NepeMellaHbl B Ipejejax Ha-
mei [anakTuky, To npubopel Ha 3eMJe HeNpepbiBHO peru-
cTpupoBasd Obl MOLIHOE AHHHTHJSLHMOHHOE H3JydYeHHe.
A ono orcytcrByer.

EcTb /¥ Bce-TaKMH aHTHBELIECTBO BO BCEJEHHOH?

OTtBerbl, KOTOpble MOXKHO yCJABINAThL CEroiHd, JHaMerT-
pajibHO TPOTHBONGJOXKHBL. «AHTHBENIECTBA HET, 3TO Npel-
MET pacCy>XJIeHHs YBJEUEHHBLIX JIUPUKOB», — TOBODAT OLHH.
OHH CYHTAIOT, UTO BCEJIEHHAS B NIePBHIE K& MIHOBEHHS CBoOe-
ro 6biTusi Obla y:Ke HECHMMEeTPHYHOH — BellecTBa B Hel
6n1s10 GoJiblile, YeM aHTHBELIECTBA.

«AHTHBeLIEeCTBA BO BCEJEHHON MOMKeT OHITh CTOJBKO XK€,
CKOJIbKO M BeII[eCTBa, — YTBEPXKIAIOT Ipyrue, — Belb He Cy-
[IeCTBYeT JA0Ka3aTelNbCTBAa, UTO €r0 HETY.

3agaguMcsi APYTHM BOIIPOCOM: €CJH aHTHBEILECTBO BO
BCEJIEHHOHN eCTh, TO Ile e oHo? [loueMy OHO HHKakK He Ipo-
BJIseT cebs?

Hssectubie mBenckue yuenbie X. AnbBen u @. Kueiin
CYHTAIOT, UTO BEIIECTBO H AHTHBEIIECTBO Pas3les]HJIHCh IOj
JeHCTBHEM 3JIEKTPOMATHHUTHOTO IOJS HA PaHHHX CTaausix
pasButus BceaeHHoH. [ToaToMy, Bo3MOXKHO, Kax/Jas BTOpas
3Be3/1a HJIH raJakTHKa COCTOHT H3 aHTHBEIIECTBA.

«[ToueMy-TO Jlerye MHOBEPUTb B TO, — NMHLIET B KHHre
«Mupsl M aHTHMHDBI» TIOYETHBIE YieH AKaJleMHH Hayx
CCCP, npodeccop X. AnbBeH, —UTO H3 aHTHBeLIeCTBA CO-
CTOHT Kakasi-HUOyIb ynaseHHas ranaktuka. CJOHLIKOM YxX
HeOpHSITHEIM ObLIO OBl ONAacHOE COCEACTBO C aHTH3BE3MOi.
Onanako aHaJau3 NMPHBOAHT HAC K NPOTHBOIOJOXKHOMY BBHIBO-
Iy: 3HAYHTEJbHO TPyAHee 06OCHOBATb pasjielieHHe BellecT-
Ba B rajakTHuecKux Macmrabax, Hexenu B Macurrabax
cpaBHHUTEJbHO HeboJbIINX 06/1aCTell BHYTPH KaXJOH rajak-
THKH>.

OTKpHITHE PEIUKTOBOrO TEIJIOBOIO H3JyYEHHS J0Kasajo
CIpaBelJIMBOCTb «ropsiuedi» MOJENH PasBHTHS BCEJEHHOH.
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Ho npu aToM Bonpoc 06 aHTHBELLECTBE OCTaBaJCsd NO-NPexK-
HeMy O4eHb TPYAHBIM. He 6b10 AOCTaTOYHO OGOCHOBAHHOIO
MexaHHu3Ma pasjieleHus ABYX BHJOB BellleCTBa Ha caMoii
paHHed cTaauH.

A BOT Bcero HecKOJBKO JeT Hasan (paHIy3CKHH Yue-
Helft P. OMH® NpefJIOXHI OPUTrMHAJNbHYIO THIOTe3y pasie-
JeHHs! BellleCTBa M aHTHBELIECTBA B paMKaxX KakK pa3 <«ro-
psadeil» mozmenu. [loBeneHue NPOTOHOB M AHTHIPOTOHOB,
XOpOWO H3yuyeHHOe B JaB0opaTOpHsIX Ha YyCKOPHTeNAX, NO.-
CKas3aJo eMy HIel0 MexaHH3Ma pa3jeseHHs, HallOMHMHaIo-
mero o6pa3oBaHHe KamneJeK KUAKOCTH B IEPeHaChILeHHOM
nape. Bosee Toro, okaxuchp CBOMCTBAa 3THX YacTHI[ HHBIMH,
pasnesieHHe yKe Helb3sd OBIIO OBl 06BICHUTD.

3a Bpewms, MeHbliee 10—° cekyHIBI, U3 MEPBUYHON ONHO-
poIHOH NJa3Mbl ofpa3yeTcs HEUYTO BPOJE «IMYJbCHH» H3
OTHEJbHBIX yYacTKOB MPOCTPAHCTBA, 3aMOJNHEHHHIX YacTH-
IaMH M aHTHYacTHIAMH. A [ajbliie — Kak B TeOpHH AJib-
BeHa u KueliHa: olHHAKOBbIE YYacTKH, CTaJKHBAasCh, CJIH-
BaloTCs, a NPOTHUBONOJOXKHBIE 1O OapHOHHOMY 3apsiAy
OTTaJIKHBalOTcs  6aarodaps JAaB/JeHHIO AHHHUTHJSLHOH-
HOro HaaydeHusa. Taxk [OCTeNeHHO OHH pacxojaTcs
Ha 3HAUUTEeNbHbIE B KOCMHYeCKHX MacmTabax paccTos-
HHUS.

TeopeTuueckue crnopsl MeXAYy CTOPOHHHKaMH 3apsI0BO-
CHMMETPHUHOH M aCHMMETPHYHOH BCeJEHHOH MpOoJA0JKaloT-
csi. Ho oxoHuaTenbHOe penleHne JacT, KOHEUHO, 3KCIle-
pPHUMEHT.

Ornuuaercsi i CBET OT 3Be3Jbl H OT aHTH3Be3xbI? Kax
OOHapyXHTb pasjuuyde MeXJy MHPOM M aHTHMHpOM?
He uckmioueHo, yTo meped rjasaMu acTPOHOMOB pasBOpa-
YUBAIOT CBOM CIHHpPAIN H <«PyKaBa» aHTUraJaKTUKH, Mep-
[aloT aHTH3Be3dsl. Ho sjeKTpomMarHuTHOe H3/JydeHHe Bellle-
CTBAa U aHTHBeEILECTBA «Ha IJa3» COBEPIIEHHO OJHMHAKOBO H
HEpas3JHuHMO. A TpOBEPEHO JIK BCE 3TO HA ONBITE?

[Toka wer. Ho Bor 0 ueM meuraer akazeMmuk . Byn-
Kep: «MBl XoTHM mompoGoBaTh CO34aTh B Na6OPaTOPHH He
IpOCTO AHTHYACTHIE, a aHTHaToMH. HanZeeMmcsa mHOJXy4uThH
JOCTaTOYHO 3aMETHYI0 CTPyl0 aHTHBOJAOPOAA, CIOCOOHYIO,
CKaxeM, mpoxeup Juct Oymarun. Tak 4To MOXKHO 6yaeT
H3yUHUTb CBOHCTBA AaHTHBOAOPOAA, B YACTHOCTH, HCCIAEO-
BaTb ero cnektp. Celiuac actpodu3uKu CIOPAT, €CTb JH BO
BCEeJEHHOH aHTHUraJaKTHKH, DaBHONIDPAaBHH JH MaTepHs H
aHtuMaTepusi? MoxeT GbiTb, HAlIW 2KCIHEPUMEHTHl CTaHYT
«CyIbeH» B 3TOM CIOpe».
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B npuHuunme 3TOoT CIOp
MOXKHO PELIUTh C IIOMOLILbIO
HefiTpHHO. 3Be3fa H3 aH-
TUBELIeCTBAa WJH aHTHTa-
JlaKTHKa BMeCTO HeHTPHHO
JOJIKHbl H3J1y4aTb [iOTOKH
aHTHHEHTpUHO. Brnoaune Be-
POSITHO, UTO OHH JOCTHTAIOT
U  TOBEPXHOCTH  3eMJH.
Onnako HefTpUHHAsA acTpo-
HOMHS 3/4ecb BeccusabHa 1o-
mMoub. [laxe OT caMbIX sip-
kux 3Be31 tuma Cupuyca
Ha 3eMJI0 MonajaeT BCero
JUlb OAHO HEHTPHUHO HJH
aHTUHEATPHIIO HA KBaJApart-
HbIH CaHTUMETp B CEKYHAY.

Bosee peasbHa MOMBIT-
Ka 00HapyXHTb aHTUBeLLe-
CTBO BO BCeJIEHHOH, Hccie-
oysl KOCMHYeCKHe  JIyUH.
BO3HHKAIOLLHE 3a npedena-
MH COJIHEUHOH CHCTEMBl.
MOXKHO CYHTaTh, 4YTO OT-
Ie/bHble aHTHYACTHUB MO-
TyT BO3HHUKATb INPH CTOJK-
HOBEHHH KOCMHUYECKHX ya-
cTHLl  0OJILUION  SHEPruu
C MeX3Be3JHbIM ra3oMm.
Ho BeposTiiocTh 06pasosa-
HHUS  CJOXHBIX aHTHUSIEp
npaKTHYECKH paBHa HYJIO.
Ecau onn 6yaytr Bce xe
oBHapyxKeHB, TO TeM ca-
MbiM  OyaeT YyCTaHOBJEH
(hakT cyllecTBOBaHUsA [na-
JICKHX aHTUMHDOB, OTKYyJa
¥ [pHJEeTaloT TOTOBble aH-
THAApA.

[Toka uyto HH aHTHOpO-
TOHOB, HH aHTHUSAEpP B KOC-
MHYeCKHX Jyuax He oOHa-
pyxeHo. Ho TouHOCTH 3KC-
nMepuUMEeHTOB Bce  BpeMd



noBbIlaeTcs, W, BO3MOXKHO, HAacTaHeT BpeMs, Koria yue-
Hble CMOTYT paciiudpoBaThb COAEpPKALIYIOCA B KOCMHYECKHX
Jydyax HH(OpMalHI0 006 aHTHBeLLeCTBe BO BCENEHHOM.

Axanemuk B. Koncrauruuos B 60-x ronax BbICKa3sad
FHIOTE3y, YTO €C/IH aHTHMHPHl CyLIeCTBYIOT, TO A0 3eMJH
LOJKHBl J0/eTaTb AOCTaTOYHO Oo/bliHe Tejla M3 aHTHBe-
11{eCTBa.

AcTpoHOMBI 3HAIOT, 4TO AaJieKO He Bce KOMETHl H MeTeo-
pbl ABHMIKYTCS NO 3MJUNTHYECKHUM OpOHTaM H, TaK CKasaThb,
«IpUNEKCaHb» K cosiHeyHoH cucteme. HekoTopble H3 HHX
nonajalT K HaM U3 oueHb Jajekux obnacTell ['anaKTHKH.
A notom au6o cropator B atmochepe 3emau, aubo HaBce-
ria Hcye3alOT B KOCMHYeCKHX mnpocropax. Her .m cpean
HHX MOCJaaHIeB aHTHMHPOB?

Bcem xopoiuo usBecTHa uctopus TyHrycckoro Mereopu-
ta. On Bsopsasacs B 1908 rogy B pafione [loakamenHo#
Tyurycku Ha BbicoTe 5—10 KHIOMeipOB Hal MNOBEPXHOCTHIO
seman. Cuna B3pbiBa Gbljia orpomHa — okoso 10% spr. Cy-
UlecTByeT MHOTO BepPCHH 3TOro coObiTHS, BINJIOTb IO POMaH-
THYECKOH TUMOTe3bl O B3pLiBE KOCMHYECKOro Kkopabuas c
npHlleNblaMH U3 BHe3eMHON UMBHJAH3aLUUH.

Ho ectb mpyroe, Gojiee ectecTBeHHOe, Gojee BeposATHOE
U He MeHee YBJ/leKaTeJbHOe fpeanoJoxeHue. Moxer ObITh,
TyHryccKHil MeTeOpHT — KYyCOK aHTHBellecTBa, CJaydaiiHo
3ajieTeBLINi B armochepy 3eman?

B3pbiB, aHaJOrMYHbIH B3pbIBY aTOMHON MJH BOAOPOA-
HOli GoMObl B aTMocdepe, TpeGyeT cleLHaNbHbIX yCJAOBHH,
co31aTh KOTOpble MOXET TOJNbKO pa3yMHOe CYyLIecTBO.
Jns aHHUrWJISILHOHHOTO XKe B3pbiBa HeoOXOAMMO TOJIBKO
HaJIHYHe CaMOro aHTHBELeCTBa.

[Ipu TakoM B3pbIBe B aTMoc{epe AO/KHO YBeJHUHTbCA
KOJIHYECTBO fiiep PalHOAKTHP.IOrO yriepoaa. 3aCBUAETeNb-
CTBOBaTh 3TO MOTYT TCAHKO [OI/OLIAIOUIKE YrJIepon Ae-
peBbsi — coBpeMeHHUKH TyHrycckoro MeTeoputa. K coxa-
JIEHHIO, MOKa 4TO NpPH HCCJAeJOBaHHH Ha PadHOaKTHBHOCTb
roJ0BbIX C/IOEB CTapbiXx AepeBbes, oTHOcAUMXca K 1909 ro-
1y, 3aMe4eHO JHUIb OAHOMNPOLEHTHOE NpeBhllIeHHe H30TONA
yriepoaa-14 mo cpaBHeHHIO CO CpPellHUM €ro KOJHYeCTBOM
3a Ccopok JeT. A sra uudpa HaxoduTcs B lpesesax TOY-
HOCTH H3MepeHHH.

[MonyyeHHble pe3ybTaThl He AOKa3aaW runoresbl o6 aH-
THMETeOpHTE, HO M He OMpPOBEpryIM ee OKOHuaTeabHO. Bo-
Mpoc, KaK rOBOPST yueHble, OCTaeTCA OTKPbLITLIM.

Jlyna, Kotopas craja Tenepb HeNOCHeACTBEHHBIM O00b-
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€KTOM 3KCIIEePHMEHTAJbHBIX HCCJHeNOBaHHA COBETCKHX H
aMepHKaHCKHX YYeHBIX, MOXET OBITb, TOXe MOMOXeT HaM
B pelleHHH Npo6JieMBl HAJH4YHSA BellecTBAa H aHTHBELLECTBA
B mpHupole. Y Hallero CNyTHHKa HeT aTtMocdeph, H eCsH
aHTHMETEeOPHTHl KOria-HUOYAb Majajid Ha ero MOBEePXHOCTb,
TO MpPH AHHUTHJAAUHH OHU JOJIKHBI GBLIM OCTaBUTb paguo-
aKTHBHbIE MSITHA C MOBBIIIEHHBIM COLEPIKAaHHEM TAaKOro JOJ-
FOXKHBYLIErO 3/1eMeHTa, KaK aJlOMHHHH-26.

Bunmanune akagemuka B. KoncrantiunoBa oco6eHHO mpH-
BJIE€KAJH KOMEeTH — HeOOhIYHBle KOCMHYECKHe Tesa, KOTO-
pble npH He6OJILIIOM pa3Mepe, B MpefeNax HECATH KHJO-
MeTpOB, HMEIOT NJIHHHBIH XBOCT, TAHYWHHCH Ha COTHHU KH-
AometrpoB. OO6bluHO 3TO OOBACHAETCA TEM, YTO KOMeTa
COCTOHUT M3 JeAsHbIX MIb6. A MOXeT ObITb, HEKOTOPbIE KO-
MEeTBl — 3TO He 4TO WHHOEe, KaK aHTHACTEepPOHMIH, MOMaBlIHe
B COJIHEUHYIO CHCTEMY M3 aHTHUMHpa?

Takoe npeanosoxeHue MOPOIAHIIO ellle OJUH METOJ, MOHC-
Ka aHTHBellecTBa. KoMeTH 3aKaHUHBalOT CBOe CYLIECTBO-
BaHHe, NpeBpallasch B MeTeopHhle moTokd. Ho npu BcTpe-
ye MeTEOpOB W3 aHTHBeEILeCTBA ¢ aTMocdepol 3eMJH HZOMK-
Ha [MPOHCXOAHTb MX AHHHTHJAALHSA — NOJKHbB BO3HUKATDL
raMMa-KBaHThl C ONpeJesIeHHOH SHepruem.

[pynna yuenmix JleHuHrpaackoro pusnKo-TEXHHYECKOIO
HHCTHTYTa NOA pyKoBOZcTBOM mnpocdeccopa M. Bpenosa
yXKe HECKOJIbKO JIET 3aHHMAaeTcsl SKCIePUMEHTalbHBIM HC-
cleloBaHHeM mnpo6GJeMhl CHMMETDHH BelllecTBa H aHTHBe-
mectBa B npupoje. C moMomlblo paxHOJOKAIHOHHOIO Me-
TONA OHH DErHCTPHUPYIOT MOMEHT BXOXKJEHHS MeTeopa B
atmocdepy, a Mo ApyruM npubopaM OJHOBpeMeHHO HabJo-
JalOT, He YBeJHYHJIach JHU HHTEHCHBHOCTb W3Jy4YeHHS, TH-
NHYHOTO A/ aHHUTHJISIUM.

3a ueThlpe roga OblJIH HCCJIENOBAaHBl BCe OCHOBHEIE Me-
TeopHble MOTOKH. Pe3y/bTaThl OKa3ajuch OOHALeXKHBAIOLIH-
MH. BxoxneHue MeTeopoB B aTMocdepy COMPOBOXKAANOCH
ycH/IeHHEeM clielH(UIECKOro H3/IYUeHH .

Buiin npoBenenn u Apyrue ombiThl. Ha ucKyccTBeHHOM
CMyTHHKe 3eMJIH MOMeCTH/IM MPHOOpPBl 1Sl DPerucTpauuH
raMMa-KBaHTOB CTpPOro ONpefie/leHHOH 3HepIHH, BO3HHKAIO-
IIAX TIPH BCTpeye 3/1eKTPOHOB W MO3UTPOHOB. Brlno 3adux-
CHPOBAHO, 4TO UHCJO TaMMa-KBaHTOB MeHseTCsl B 3aBHCH-
MOCTH OT METEOPHOH aKTHBHOCTH.

YBesnueHHe MHTEHCHBHOCTH H3JyueHHS, OOHapyXKeHHOE
IBYMs pPasHbIMH METONUKAMH, [O-BHAHMOMY, MOXHO CUH-
TaTb AOKa3aHHHIM J0OCTATOYHO Ha/EKHO.
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«Bonpoc 0 cHMMeTpPHH BCeJeHHOH, — roBOpHJA mOpodecs
cop M. bpenos, — npuo6pen cefiuac ocTpory He TOJBKO B
naaHe TeOpeTHYEeCKOH MAMCKYCCHH, HO H B GHCTO 3JKCIIEpH-
MEHTa/bHOM [JIaHe, NMOCKOJAbKY (aKThl OyATo OBl CBHIE-
TeJbCTBYIOT B NOJb3y Hamiel rumoTe3sl. Ho Mbl He puckyem
CKasaTb pelINTeJbHOE «Aa» TaM, e NMoKa MHOroe HescHO.
A tpynHocret ewe ovenbp MHOro. IIpo6semMa ocTpopHCKYC-
CHOHHA, H, OBITb MOXKET, HMEHHO MOJTOMY OHa KpaHHe HH-
TepecHa».

KocMuyeckue nepeKpecTHu

3Be3dHbI MHD, KOTOpPHIH Hab./0jajlH acTPOHOMH Ipo-
IIJIOTO CKBO3b Y3€HbKOE OKOLIKO BUIHMOIO CBETa, NpeNCTaB-
JsJCd pa3 W HaBCerfAa YCTAHOBJEHHHIM M 3aCTHIBIIUM.
JKu3Hb KocMoOca Ype3BbIUANiHO PEelKO Hapyllajach TOJIbKO
BCIBIIIKAMH CBEPXHOBBIX.

Tenepb pamuoBOJIHBL, PEHTTeHOBCKOe H3JyueHHe, HHbpa-
KpacHble Jy4YH, raMMa-KBaHTH [0Ka3aJd HaM COBepLIeHHO
uHyl0 BceseHHYI0. CraTHuecKHe KapTHHB OXHJH. AcTpo-
($U3HKYM HemnpepblBHO BHAAT yBJAeKaTeJbHHH GuabM o 6yp-
HOM KH3HH MeTaraJaKTHKH.

Co06biTHSl pa3BOpaYHBAIOTCS CTPEMHTENbHO fHaxe B Ha-
meM, 3eMHOM MOHHMaHHH MacmTta6os Bpemenu. Ecun
BCIBIIIKA CBEPXHOBOH AJIMTCS OKOJO cTa AHefl, TO mepuoA
M3JaydyeHUs1 camMoro ObICTpOro IyJabcapa BCEro JHilb
0,033 cexyHnabl! 3Be3bl packajslOTCH, OCTHIBAIOT, YIJIOT-
HSAIOTCSA, BbiGpachiBas B KOCMH4Y€CKOe MPOCTPAHCTBO POCCHI-
oM 3JeMeHTapHbIX yacTHL. Poxpaioorcs s3Be3fHble acconua-
IIAH, PacCeHBAIOT TMTAaHTCKYIO 3Hepruio KBasapbl H B3PHIB-
Hble 3Be3/Hl.

«['oBOpAT, 4TO W BCce MHpO3AaHbBE — ellle He OKOHYEH-
HbIfl, AasLiaiics B3phiB», — nuieT noat JI. MapThiHOB B
craxotBopenuu «apmonus cheps.

Hsyuaa rny6uHbl MaTepuH, QH3UKH OOGHAPYKHIH MHD
3JleMeHTapHbIX 4acTHI, Ha CBePXIJIOTHYI0O H PaCKaJeHHYI0
cMechb KOTODhIX, KaK yTBepxKJaeT «ropsuasi» Mojenb, Oblia
TaK N0X0Xa loHasl BCeJeHHas. A Heab3sl JIH Tenepp € IO-
MOLULIO 9TOH MOJAENH paspeiliTh HEKOTOPphe MpoGJeMbl
(U3NKH 1eMeHTapHbIX YacTAL?

[IpunymMann TEOPeTHKH KBapKH, a 3KCIEPHMEHTATOpBI
HaiiTH UX He MoryT. lasd cummerpun ypaBHeHHH Maxcsen-
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Ja U KBAaHTOBOH 3JIEKTPOLHHAMHKH TaK He XBaTaeT MOHO-
noseil [upaka, HO IO CHX MOp HUKTO UX He Bugesa. Oxor-
HAKH 32 KBapKaMu U Te, KTO OTNPaBUJICS B MOrOHIO 33
MarHUTHBIMH MOHOMNOJISIMH, BEPHYJHCb C MYCTBIMH DYKaMH,
Hu B KOCMHUecKHX JyuaX, HH Ha [1He OKeaHOB, HH B rop-
HBIX MOpPOJax HX He okasaJsoch. [louemy?

KoHeuHO, MOXKHO OTBETHTh: IOTOMY YTO HH KBapKOB, HH
moHonoJsieii He cywecrByeT. Hy a ecam Bce-Taku cyiue-
CTBYIOT? MOXKHO JIH XO0Tb NPHOGJH3HTENTBHO CKa3aTh, CKOJIb-
Ko ux B npupozne? Hanpumep, kBapkos?

CoBerckue ¢usnku-teopetuku 1. 3embnosnu, J1. OkyHb
u C. lNukenbHep MOMBITANHCh MPOCIAENHTHL CYALOY cBO6GOA-
HbIX, PEIHKTOBBIX KBapKOB KaK peaqbHO CYILIeCTBYIOLIHX
4acTHL, HCXOAS H3 «ropsiuefi» MoIeNu BCeJeHHO.

BHauase, Korma Temnepatypa H3JyyeHUs Oblla OueHb
BeJIHKa, POXKAAJHCHL NAPH J0ObIX YacCTHL, B TOM YHCJIe H
kBapkoB. Ho orpomMHasi IJIOTHOCTb BelLeCTBa <«CXKHMaJa»
HX BpeMsi XKH3HH N0 HHUYTOXKHBIX MrHoBeHuil. EaBa ponus-
LIACh, OHH TYT e AHHUTHJIHPOBAJH APYr C APYroM — Hc-
yesaJif, IpeBpalasicb B H3JyUEHHE.

Kak omHH H3 caMbIX TSXKeJbIX YacTHL, KBapKH, M0-BH-
IHMOMY, TNEPBbIMH OILUYTHJAH H3MEHeHHEe K/AHMAaTa BCeJeH-
Hofl. TemmepaTypa BceJIeHHOH NOHH3HJI4Ch, W BO3HHKJIH
yCJIOBHS, NOAOOHBIE YCJIOBHSAM Ha COBPEMEHHBIX YCKOpHTe-
JAX, KOrla AJs POXKIEeHHS KBAPKOB Y¥Ke He XBaTa/JoO 3Hep-
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rud. Bcesennass pacmupsiiach, IJIOTHOCTb ee BellleCTBa
yMeHblllasach. KBapkaM H aHTHKBapKaM Bce TpPYyAHee OblI0O
HaxXO[HTb APYr ApYyra, M NpollecChl aHHHTH/ISUHMH MNpeKpa-
THJIUCB.

KBapxu, cnacuinecsi OT «BHITOPaHHS», MOINIH <«A0XKHTb»
po Hawux AHedi. OQHAKO YHCIO HX 3aBHCEJO OT HCTOPHH
pa3BuTus OnMKalimell K HaM oGJacTH BeeJeHHo#. Ecan 310
OblIM OYeHb ropsyue 06J1aCTH, TO NMPOUECCH AHHHTHJISLUHH
MOIJIH YHHUTOXHTb 3HAUHTENbHOE KOJHYECTBO KBaPKOB. DTO
00CTOSITE/IbCTBO ZeJaeT OTBeT HECKOJIbKO HeonpejeleHHBIM.
Ho BbIBOA O TOM, 4TO B NpHPOAE MOXKET CYULeCTBOBAThb
toabko 10—10—10-13 xBapka Ha KaXXAbll HYKJOH, [1a/ BO3-
MOXHOCTb O0O0J/IerYeHHO B3JOXHYTb <«OXOTHHKaM» 3a 3THMH
9K30THYECKHMH YaCTHIAMH.

A 4TO MOXKeT cKasaTb TeODHS 3BOJIOUHH BCEJEHHOH O
CYLLeCTBOBAaHHH B NpHpoje MoHonoJel Ilupaka?

YueHnble B pamMkax «ropsueii» MOJeJNH BCeJeHHOH Olle-
HWJH BO3MOXKHYI0O KOHUEHTDAUMI0 «PeJHKTOBBIX» MarHHT-
HBIX 3apsifoB. Kak u B caydae c KBapKaMH, B KakKo#-TO
MOMEHT 3BOJIOLHH BCeJIeHHOH aHHHTHJALUM MOHOMNOJER H
aHTHUMOHONOJeH NpeKpaTH/IHCh H3-3a HeJOCTAaTOYHOH MJIOT-
HOCTH 3THX YacTHI. Kakol e 4acTH 3THX YaCTHI CyXAEHO
ObIO NOXKHTL U 10 Hawux AHeH? OTBeT HeyTeLIMTE/bHBIH:
10-13 yacTHupl Ha KBaApaTHHIH CAHTHMETP B CeKYHIY.
Heslerko o6Hapy:KHUTb YacCTHIbl, NPUCYTCTBYIOWIHE B NPHPO-
e B TaKOM HHYTOXKHOM KOJHYecTBe. DTHM BbHIBOJAOM KOC-
MOJIOTHSI BHeCJa HeKOTOpOe YCHOKOeHHe B Ay (PU3HKOB-
9KCIIEePHMEHTATOPOB, ONpaBAAaB MNOJYYEHHBIH HMH OTpHLa-
TeJbHbIH pe3yJbTar.

[Tocneanue ROCTHXKEHHS KOCMOJIOTHH COBCEM B HHOM
CBeTe MPeACTaBJSIOT HaM KH3Hb BcesaeHHoH. [IpecsoByTas
KOCMHYECKas «MYyCTOTa» yCTylnaeT MECTO OLIYUIEHHIO TeCHO-
Tol. HeTblpecTa pe/IMKTOBHIX TeNJOBBIX KBAHTOB NPHXOIHT-
csi Ha 06beM B OLMH KyOHueCKu#l caHTHMeETp!

Ha HeBe#OMBIX HaM KOCMHMYECKHX IepexkpecTKax MOTo-
KH 3JIeMEHTapHbIX YacTHII, BEIOPOILEHHBIX 3Be31aMH, HaBep-
HKa BCTPeYaloTcsl C «BeYHbIMH CTPaHHHKAaMH» — DeJIHK-
TOBBIMH TeIJIOBbBIMH KBaHTaMH M HeHTPHHO, 3aMOJHSIOLIH-
MM KOCMHUEcKHe MpOCTOpbl. ¥2K He H3-3a «TPEHHS» JH
MeX/y KOCMHYEeCKHMMH 4acCTHUAMM H DEJHKTOBbIMH KBAaHTa-
MH MakKcHMaJ/bHasi JHepPrds KOCMHYECKHMX Jy4eH, [AOCTH-
raiolnx atmochepbl 3emau, He npesblmaer 109 —
1020 3,1eKTpOH-BOJILT?
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«[Tpo6embl GoablLIOH BceJeHHOH TecHedmuM o6pasom
nepenyieTaloTCsl C 3ajJadaMM TEOPHHM 3JIEMEHTapHbIX yac-
THIl, — FOBOpU/ akageMuk B. Am6apuymsan. — Kak senmyt
ce6s1 4acCTHIbl CBEPXBBICOKHX 3HEPruH, Npoxois depe3 pas-
peXeHHOe MeX3Be3JHOe BeILeCTBO ¥ KOCMHYECKHE MarHHT-
Hele mossi? MMeloTcst JIM aHTHYACTHOBl B KOCMHYECKHX JIY-
yax ¥ KaKOBO MX KoJauyecTBO? Kako#t poj 3/eMeHTapHBIX
YaCTHl] SIBJSIETCS] OCHOBHBIM HOCHTEJNEM TOH OrpOMHOH 3Hep-
THH, KOTOpas COCpeJoTOUeHa B pajHOrajakTHKax H IOCTe-
NeHHO H3JYydYaeTcs B BHJAe paiuHoBOJH? EcrecTBeHHO, uTO
MHOTHe acTpPO(H3UKH CBSI3bIBAIOT BO3MOXKHOCTb TEOpETHYe-
CKOro pelleHUs NpoGJeMbl NPOHCXOXKAEHHS 3Be3[ H raJak-
THK ¢ OyIylWHMH ycnexaMd (H3HKH 3JeMEHTapHHX ya-
CTHL».

Manenbkas Bcenenxas

B koume XVI Beka Gblia BIepBhle MOCTaB/JeHA 3anada
NOCTpOeHHs1 eNHHOH KapTuHb Mupa. Moran Kensep -
Tajcsi OObeIHHHTh B NMOHSITHH «BCeJeHHasi» JIBe, KaK Kasa-
JOCb B TO BpeMs, He HepeceKaioluecss 06JaCTH 3eMHOrO U
HebecHOro.

W BoT B3BOIHOBaHHAsl peakLHsl JHPHKA, COBPeMeHHHKa
H. Kenaepa, anrauiickoro noata JxoHa [louHa:

U3 napanneneii 1 MepuguaHoB

CeTb YeJsioOBEK COTKaJ H 3Ty CeThb Haﬁpocu.n
Ha HeGeca, u HblHe — OHHM B €ro BJlaJeHbe.

Tak ou nucan B 1611 rony B mosMe «AHAaTOMHsI MHpa».

Mtuoro Boasl yrekso ¢ Tex mop. Muoro nepemes mpo-
H30IL10 B MHpe. ApDMHSI yueHBIX-eCTeCTBOHCIbITaTe el AaB-
HO pasiesusaach Ha OTAeabHBle mMoxpasneneHusi. OmHu Bce
ray0xe yXOIWJIH B HCCJAeNOBaHHEe CTPYKTYpPHl MaTepHH,
Ipyrue CTpeMHJIHCh NPOHHKHYTb B TaliHBl KocMoca. Kasa-
JOCh, YTO OHH HAYT B IPOTHBONOJOXKHbIE CTOPOHBI M 4YTO
CBSI3b MeXAY CTPYKTYPOH NPOCTPAHCTBA, KOTOPOE H3YYeHO
yxKe Ha paccrosHHaX B 1015 canTumerpa, u mpouecca-
MH, TPOMCXOJSAIIMMH B Npelenax BHAHMOH BCeNeHHOH, yaa-
JeHHo#l Ha 10% caHTHMeTpOB, CTAaHOBUTCSI MeHee 3aMeT-
HOH.

Ha camoM e nese Hies MaTepHa/bHOTO eIHHCTBA MH-
pa cefiuac oTueTJHBee, yeM Korja Obl TO HH OBLJIO B NPO-
UlIoM, OGbeJHHSeT Hallle NMOHHMAaHHe CBepX60JbLIIOro H
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cBepxmajoro. Bece npeacraBieduss o 60JbIIOM KOCMOCE OMH-
paloTcsi Ha Te XKe MPHHLHUIB, KOTOPHIM MNOAUYMHSIOTCH 3a-
KOHBI MHKpPOMHpa.

«Kak HH 3ameuaTe/bHH [OCJHeZHHE aCTPOHOMHUYECKHE
OTKPBITHS, OHH ellle He BBHIBeJH Hac 3a NpefeJbl H3BeCTHHIX
¢usnuecknx npeAcTaBJeHHHd U 3aKOHOB», — IHLIET aKaje-
muk B. I'unaGypr.

Yero ke XKAYT HU3UKH- anemeHTapann OT acTpodu3su-
KOB H acTpOHOMOB?

CeronHa cymMMma BceX 3HaHHH, HAaKOMIEHHBIX O MHKpO-
MHpe, He MOXeT OCBeTHTb TOH TeMHOTHl HEBeAOMOro, 4YTO
CKpBIBaeT OT HAc TepBble MTHOBEHHSl CYIeCTBOBaHHS BCe-
JNeHHo#l. M3BecTHhle HaM 3aKoHBI MPUPOAB yXe He pabo-
TalOT OpH MIOTHOCTH, Goabwedr 109 r/cm3. Ho, Moxer
ObiTb, HMEHHO B 3THX «HaYaJbHBIX YCJOBHAX», LapHBIIHX
BO BCEJIEHHOM, H NpAYYTCH TafHBl HOBHIX, ellle HEH3BeCTHHIX
B3aHMOJEHCTBHH, [OeACTBYIOLIUX B MHpe 3JIeMEHTapHHX
qacTun?

«B Ttakom cnayuae, —rosopun ®. Ilaficon, —MB He
MOXeM OXHAATb HAKAaKOro OKOHYaTeJbHOrO MOPOSICHEHHS B
¢u3uKe 37eMEHTAapHHX YaCTHI, [OKa MyTeM HabJIOdeHH
He OyneT HalfeH OTBeT Ha GOAblLIHe H eudle COBEPUIEHHO
OTKDHITHIE BONIPOCH KOCMOJIOTHH».

Cnabble B3aHMOJeHCTBHA 3JeMeHTapHBIX 4aCTHIL CBepr-
NH OpHHLIHMBl 3apAAOBOA H MPOCTPAHCTBEHHOH CHMMETDHH.
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A He cBS3aHO JHM 3TO HapylleHHe C acHMMeTpHeH Makpo-
mupa? Mian, MoxeT ObITh, C OTCYTCTBHEM AaHTHBeILIECTBa
BO BceseHHOH? W onsiTh OTBeT CKpbIBaeTcs, MO-BHIHMOMY,
B «HayaJbHbIX YC/JIOBHSX» KH3HH BcejeHHo#l. Orciona
Xe HauyuHa/Ja CBOH HeNpepbIBHbIA MOJET M «cTpesa Bpe-
MeHH», KOTOpYI0 cefuac MbITalOTC 0OHApyXHTb B MHKpO-
MHDpe.

A npo6iemb rpaButanun? ®u3uka dj7eMeHTapHBIX Hac-
THII BIVIOTHYIO 0OJOLIIA K HEOGXOAUMOCTH YYHTHIBATb POJb
rpaBHTallHOHHOrO B3aHMOJEHCTBHS MPH CO3MaHHH TEOPHH
3JleMeHTapHblX uYacTHU. B nocienHne roael akaaeMuk
M. MapkoB pa3pabaThiBaeT MOLeJb 3JeMeHTapHbIX 4acTHll,
CTPYKTypa KOTOPBIX ONpeJessieTCsl rpaBHTALHOHHBIM B3aH-
MolelicTBHEM OPPOMHBIX OObEKTOB KOCMHYECKHX MacliTa-
6oB. B mamsats coserckoro ¢usmka-reopernka A. @Ppuama-
Ha, OTKPBIBIUEr0 HOBble CJIeACTBHS AJs1 KOCMOJIOTHH B Teo-
pHH OTHOCHTelAbHOCTH, M. MapkoB HasBaJ CKOHCTpPYHpO-
BAHHYI0O MM MOJeJb 3JeMeHTapHOH YacTHIH (DPHUAMOHOM.
Teopusi ¢puamoHoB MapkoBa — nepBasi NONBLITKA CO34a-
HASl MPOTSXKEHHOA MOIeNH 3JeMeHTapHOH YacTHLUb He Ha
OCHOBe KBaHTOBOH MeXaHHKH, a B paMKax KOCMOJIOTHYe-
CKOro fOJAX0Aa.

«Teopuss ¢punmoHos, — nuier akageMuk M. Map-
KOB, — [IO3BOJIsSIET PacCMaTPUBaTb BceseHHble KaK 3JeMeH-
TapHble YacTHIB W 3JeMeHTapHble 4YacTHUbl KaK Bce-
JIEHHBIE, KOTOpble [pH  BHeLIHel TOK/JI€CTBEHHOCTH
MOTYT HMeTb H pa3HooGpasHeiilllHe BHYTPeHHHE CTPYKTY-
pbI».

Kaxercsi, 4TO 3TH CTPOUYKH B3SITHl M3 HayuHO-(paHTACTH-
YyecKoro MpOM3BelleHHs, a He U3 CTaTbH BCEMHDHO H3BeCT-
HOro Y4eHOTO.

«CaMa BO3MOXKHOCTb TakKoro OObeIHHEHHS MPOTHBOMO-
JIOXKHBIX CBOHCTB, — nuuler gasnee M. Mapxos, — cBoiicTB
yJabTPabo/bIIOro H yJabTpaMaJioro ofbeMa, MpeACTaBJseT-
csi He MeHee yIMBUTeJNBHOH, ueM oObelHHEHHE B OLHOM
06beKTe CBOHCTB KOPNYCKYJIE U BOJIHLL».

Teopus M. MapkoBa maeT oueHb HHTEPECHYIO BO3MOX-
HOCTb IJs pa3BUTHsl Haulero MHPOBO33DEHHsI O CTPOEHHH
MaTepHH.

Uto Hac XKAeT B ITOM IJaHe, HalmpuUMep, B KBAHTOBOMK
eHHOH TeODHH moJis, KOTopylo ceiiuac passuBaerT B. Ieii-
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senbepr? [locsennsis cymHOCTh Bceifl MaTepHH — «mpama-
TepHsi», MNpe[CTaB/JsfieTcd UM B BHIE HEKOTOPOro eLHHOro
noas. «B pesyibTaTe 3aBepuleHHs MOeH TeOpPHH, — MHIIET
B. Teiizenbepr, — ¢usnka GyneT BeCTH HCCIAELOBAHHS Y¥kKe
He Bry6b, a BUIHPbY.

A d4rto paer mpyroft MOAXOL K CTPOEHHIO MaTepHH, CBA-
3aHHBIH C pa3BUTHEM TPALHLHOHHOTO TOHSITHSI «COCTOHUT
u3..»?

[TosiBieHMe HAeH O TOM, YTO NMH-ME30HBI MOTYT COCTOAATH
H3 HYKJOHOB H aHTHHYKJIOHOB, a HYKJIOHBl H3 KBapKOB, TO
ecTb HIesl O TOM, YTO 3JeMeHTapHble YaCTHIbl MOTYT CO-
CTOSITb H3 APYTHX, ropadfo O0oJiee TsKeJbIX, MO CA0OBaM
akajeMnka M. MapkoBa, «MOXHO pacleHUBATh KakK camoe
fpKOe M 3aMeTHOe cOObITHe 32 BCIO ThICSUYE/IETHIOI HCTOPHIO
CYLIEeCTBOBAHHSA MOHSATHH O BElIECTBE>.

Ho MOXHO /M OTOXAecTBJASITL KBapKosyio ¢opMmy wma-
TepUu ¢ nepBomatepuel? Mian HYXKHO cuuTaTh, YTO KBapKH,
B CBOI0 oyepelb, COCTOAT H3 Oonee TAXKeJAbIX YacTHU?
Ho rtorna «camas ssemeHTapHasi» yacTHlla OyIeT HMeTb
OecKOHeyHyIo Maccy?

«CoBpemenHasi Gusnka, — namwer M. Mapkos, — naer
BO3MOXHOCTb COBEpIIEHHO MO-HOBOMY TpaKTOBaTb COJep-
XKaHHe TIOHATHS «COCTOHT H3...». BceneHHas B uejoM MOXKer
0Ka3aTbCsl MHKPOCKONHYeCKOH uactuueli. Mukpockomuue-
CKasl 4acCTHLAa MOXKeT COolepKaTh B cebe Leayl0 BCEJEHHYIO.
DneMeHTapHas 4acTHUA MOXET COCTOSATb M3 Or'POMHOTrO
yhcJia yacTull, Booblile roBops, BceX pOLOB uacTHll. B ra-
KON KOHIIENIHUH HEeT MepBOMaTepHH, U Hepapxus OecKoHeu-
HO pa3HooOpa3HbIXx (opM MarTepun Kak Obl 3aMblKaeTcs
Ha cebs».

mnoresa M. MapxoBa — sipkoe NOATBEp:KAeHHE MBIC-
Jau BhlAaoerocs cosetckoro yueroro C. BasusoBa, koto-
pblfi npedmnosaral, 4To ecJH CBOACTBA 3JIeMEHTapHON dyac-
THIB MHOroe OOBSICHSIIOT B NOBeJeHHH MHpa B LeJOM, TO,
¢ ApYrof CTOpOHH, MO OGLIMM NpaBHJIAaM [AHAJEKTHKH Mbl
BOpaBe OXHIAaTb, YTO CBOACTBA CaMHX 3JeMeHTapHBIX Hac-
THIL OTIPEESIOTCSI CBOHCTBAMH MHPa B IIEJIOM.

Moxer ObITb, «B caMbIX ryGHHAX MHKpomHpa pabo-
TalOT Te e CHJbl, KOTOphle ofecneyyBalOT CTPOeHHe BCe-
JeHHOH? — nuweT npocdeccop . CmopoanHckuit. — IBo-
JIIOLIMS  BCEJIeHHOH, B YaCTHOCTH, CBSI3aHa C sAepPHBIMil
peakUHsAMH, a ee KPUBH3HA, ObLITh MOXKeT, OOyCJ/aOBJEHA MO-
TOKaMH HeHTPHHO. TpyaHO mMOHATH B3aUMOCBSI3H B MHpE
37eMeHTapHblx yacTul. Ho Bce Gosblie yKpenJsercs yse-
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PEHHOCTb, YTO B 3TOM MHpPE HeT JIMIIHUX YacTHl, 4YTO B
KOHIle KOHLOB Be/JMUYHHA 3apsilia 3JeKTPOHa KaK-TO CBsfi3a-
Ha C MNOCTOSIHHOH 3aKOHA TSATOTEHHS, ONMpeAessiolulero ABH-
JKeHHs MHPOB, a CTpaHHOe I[OBeJleHHe KAOHOB KaKUMH-TO
HeBeJIOMBIMU TIOKAa HHUTSIMH CBSI3aHO C pOXKJEHHEM ra-
JAaKTHK.

Tak Haya/n0 KHMIM NPUPOABI MepemJeTaercs C ee KOH-
oM. M HMUTO He OKas3biBaeTcsl B Hell JIHILHUM>.
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