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AHHOTaAMSA

Jxum Barrorr, ydeHblid, Mmucarenb, MOMYAsSpU3ATOp HAYKU, B
CBOEM KHHIe MOAPOOHO paccMaTpuUBaeT MPOILecC MpeacKa3aHus U
OTKPBHITHSI HOBOM vacTHIbl — 0030Ha XWIrca, MOMYTHO OCBEIas
TaK1e BOMPOCH (PyHJaMEHTANbHOUN (PM3MKHU, KaKk CTPOEHUE MaTepuH,
MPOUCXOXK]ICHUE MACChl U SHEPTHU. ABTOpP OOBSICHSIET, UTO BAKHOCTD
OTKPBITHS YaCTUIIBI 3aKJII0YAETCS ellie U B TOM, YTO OHO JIOKa3bIBaeT
CyIlleCTBOBaHWE TONsl XUIrca, Onarogaps KOTOpoMy Oe3MaccoBbIe
YaCTHUIIB TPUOOPETAIOT MACCY, UTO SIBJISIETCS HEOOXOMMMBIM YCIIOBUEM
IJ15 BO3HUKHOBEHUsI Matepuu. V3 KHUTW BBl y3HaeTe O pa3BUTHU
(puznyeckux Teopwii, HAUMHAS C AHTUYHOTO TIOHATUs 00 atome, U
TEXHUYECKOM Tporpecce, MO3BOJMBIIIEM MX OCYIIECTBUTh, a TaKke
UCTOPUIO OOHAPYKEHU I SJIEMEHTAPHBIX YaCTHII.
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OT aBTOpA

4 wions 2012 roga MrHOBEHHO, CJIOBHO UPE3BbIYAMHO 3apa3-
HBII 3JIEKTPOHHBIN BUPYC, 10 BCEMY MUPY PacHpOCTPaHUIIOCh
M3BECTHE O TOM, 4TO B keHeBCKOM LIEPHe oTkpbliin HEUTO Bech-
Ma HaroMuHamoiee 0030H Xurrca. Bee 3arooBku Kpuyaiu o
HOBOM TpuyMde (PU3NKU BHICOKUX SHEPruil. OTKPHITHE MONAI0
B ra3eTHbIC NIEPEAOBUIIbI M BEUEPHUE BIITYCKU HOBOCTEW, O HEM
ycablany Muwumapasl. Hakonen-to, cnycrs 48 niet mocie Toro,
KaK yacTulia Obljia BIIepBbIe MPEANoIoKeHa N IpecKa3aHa B
1964 roay, 1ieHOM MIWJUTMAPAOB I0JIJIApOB HalICHBI TPU3HAKY €€
CYIIIECTBOBaHMSI.

N3-3a yero xe nogHsuics Takou mym? YTo 31O 3a Takas Baxk-
Has nTuiia — 6o30H Xurrca? Eciv HOBast yacTuiia JeUCTBUTEb-
HO TOT caMblii 0030H XUrrca, TO YTO €€ OTKPBITHE TOBOPUT HAM O
MaTepualbHOM MHpe U paHHel 3Bomonnu Beenennoin? Crouna
JIM HaXOJKa BCEX 3aTpavyeHHbIX YCHIINM !

OTBeThl Ha 3TU BOMPOCH JAeT UCTOPUs TaK Ha3bIBa€MOM
CranpaptHoi Mozeny (pU3MKH 3NIeMeHTapHbIX yactull. Kak cre-
JyeT U3 ee Ha3BaHUsl, 9TO TeOpeTUUECKast KOHCTPYKIIUS, PH MO-
MOIIM KOTOPOU (PU3MKHM ONMCHIBAIOT COCTaBHBIE JIEMEHTHI Ma-
TEpUU U CUJIBI, KOTOPbIE YAEPKUBAIOT €€ WU 3aCTaBJISIOT pacra-
JaTbCs. DTa TEOPUs CO3/1aBAJIACh TOJTUMU JECATWIETUSAMU TsI-
JKEJIEHINEro Tpy/a v MpeCcTaBIIsseT COOOW UTOT MOMBITOK UHTEp-
IIPETUPOBATh OKPYKAIOIIMI HAC (PU3UIECKUN MHUP.



Opnako CranzapTHast MOAEJIb — 3TO €IIe HE «TEOPUST BCETro».
Ona He yuuThIBaeT rpaBuTauuvio. B mocnennue rogst B (pusu-
Ke MOSIBWJTUCH HOBBIE K30THYECKUE TEOPUH, CTPEMSIIUECS 00b-
€IMHUTH B ceOe Bce PyH1aMeHTaIbHbIE B3aUMOJICUCTBUS, B TOM
YKCJie U TPaBUTALMOHHOE. DTO, HAIIPUMEDP, TEOPUU CYNEPCUM-
METPUM U cynepcTpyH. HecMoTpsi Ha ycuinsi COTEH 3aHUMalo-
IIMXCSI UMU yUEHBIX-TEOPETUKOB, 3TH HOBbIE TEOPUM OCTAIOTCS
YUCTO YMO3PUTEIbHBIMU U MAJIO TIOATBEP K ACHBI, €CJI MOATBEP-
JKJIeHBl BOOOINE, SKCIEPUMEHTATBHBIMKA JIaHHBIMU. [laxe mpu
CBOUX HE/IOCTATKaX, BBISIBUBIIUXCSI C MOMeHTa poxaeHus: CTaH-
JapTHOU Mojesv B KoHle 1970-X rogoB, oHa 10 CUX MOP HAaXO-
JIUTCS Ha MIepeJHEM Kpae Hay4YHbIX UCCIIEAOBAHUM.

Bo3on Xwurrca urpaer BaxHyio poib B CTaHIapTHOW Moje-
JIM, TaK KaK OH CBUJIETEIbCTBYET O CYIIECTBOBAHUY MOJIs1 XUITCA,
HEBUAMMOTO SHEPTETUYECKOT'O 0151, KOTOPOE MPOHU3BIBAET BCIO
Bcenennyio. be3 nons Xurrca aneMeHTapHble YacCTUIIbI, U3 KO-
TOPBIX COCTOUTE BHI, 51, BCS BUAMMas BeeneHHas, He uMenn Obl
macchl. be3 nons Xurrca macca He Moryia Obl BOSHUKHYThH U HE
OBUTO OBl HUUE20.

BbIxomuT, Mbl JOBOJTBHO MHOTMM OOsI3aHBI CYIIIECTBOBAHHUIO
9TOro 1nojisi. IMeHHO mo3aToMy, cpely Ipyrux MpUyuuH, O030H
Xurrea, T0 €CTh YaCTUILy XUITCOBCKOTO TOJIs1, B MACCOBOM Mpec-
Ce Ha3bIBAOT «dacTulie bora». YdeHble MPOCTO HE BBIHOCAT
9TOrO MPO3BUINA, MOCKOJILKY OHO CJUIIKOM IpEeyBeInYUBaET
BAKHOCTB YACTHIIHl U HETTPUSITHO HAMEKAeT Ha CBsA3b MeKIy (hu-
3UKOU U Teosioruer. OIHaKO OHO CTaJI0 OYEHb MOIYJISIPHBIM Cpe-



I MALIYIIUX O HayKe )KYPHAJIMCTOB U MUcCATeNeN.

MHorue mnpeacka3aHHble CJEeICTBUSI CYIIECTBOBAHUS TMOJISI
Xwurrca ObLTH IOATBEPKICHBI B IKCIIEPUMEHTAX Ha KOJITaiaepax
emie B Hayasie 1980-x. Ho BbIBeCTH JIOTMUECKOE 3aKIIOYEHUE O
THoJie — He TO K€ caMoe, YTO OOHAPYKUTh CBUIETEHCTBYIONTYIO
o HeM 4actuily. [loaToMy Tak oTpagHO 3HaTh, YTO MOJIe BECbMA
BEPOSTHO CYIIIECTBYET U 371€Ch, M TaM, U MOBCIoy. bo3oH Xwurrca
BIIOJIHE MOT ObITh He OOHApYKeH, U 3TO UMeJIO Obl KaTacTpodu-
yeckue nocaencrsus aias CTaHAapTHON MOJENH.

A B3snca 3a 31y kaury B utoHe 2010 roga, 3a gBa roga 1o or-
KpbITHA 0030Ha. He3amonro 10 Toro s 3akOHUYMIT PyKOMKCH JIPY-
roll KHUTHY, Ha3biBaBleics «KBaHTOBasi uctropusi: pacckas B 40
MI'HOBEHUSIX», T€, KaK CJIeAyeT U3 Ha3BaHUsl, U3JI0KUJI UICTOPUIO
KBAaHTOBOM (pM3MKM ¢ Havyajla XX BeKa JO0 Hammx JHer. KHu-
ra oxpartbiBajia pazButie CTaHAapTHOUN MOZENH U MpeICKa3aHue
NO0JIS1 ¥ YaCTHIIbl XUrrca. 3a HECKOJIBKO MECSNEB /10 TOro bosb-
mou aapoHHbIN Kostaaep B LIEPHe Boitien Ha pekopaHbie mo-
Ka3aTe/ii SHEPTruu MPOTOH-ITPOTOHHBIX CTOJIKHOBEHUI B 7 TPUII-
JIMOHOB JIEKTPOHBOJIBT, U 51 PELIHJI, YTO OTKPBITHE MOXCen ObITh
crenaHo B Onmwkaiiime rofpl. U, K cuacteio, okasascs rpas.

«KBanToBas ucropusi» Beiia B peppaiie 2011 roga. Kuura,
KOTOPYIO BBI IEPJKUTE B PyKax, OTYACTU OCHOBAHA Ha HEW.

Sl xoren Ol mobnarogaputh Jlarxy MeHOH M Tpe/icTaBuTe-
neit uznarenbctBa Oxford University Press, kotopsie He 1o0o0-
SUIACh PUCKHYTh U 3aKa3aTb KHUTY O €lle HEOTKPbITON YacTh-
ne. A cnennn 3a coosrtrsivu B LIEPHe mo odunmansaeiv kaHa-



JlaM, HO Tak’ke 00si3aH MHOTMM OJiorepam, MUIITYITUM O (pU3HKe
BBICOKUX dHepruid — 310 Gwun [m66¢, Tommazo Jopuro, [1u-
tep Bout, Anam Pankoscku, Matt Ctpaccinep u [Ixon barrep-
BopT. Takxe Becbma npusHaresieH Ixxony barrepsopry, Codu
Tecopu, Txeiimcy ['mmmucy, Jloperr Ilonc u JInngony DBaHcy
32 UX MOTPAYEHHOE BPEMS U Pa3ZCJICHHOE BOJIHYIOIEE OKUAA-
Hre. Erie MHe XoTesock Obl BRIpa3uTh OarofapHoOCTh podecco-
pam [IsBuny Musuiepy u [Tutepy Boiity, KoTopblie mpoysiu u mpo-
KOMMEHTHUPOBAJIM YEPHOBYIO PYKOMKCh, U IIpoeccopy CTUBEHY
BaiinOepry, KOTOpbIi BHUMATEIBHO MIPOYES MPeJBAPUTEIbHBIN
BapUaHT U JIIOOE3HO TOJIENIUIICS] CBOMMU B3IJISIIAMH BO BCTYIIH-
TEJIbHOM CJIOBE. YBEpsIO YUTaTENsA, YTO BCE OCTABUIMECS B TEK-
CTe OIIMOKY TOTHOCTHIO JIeXkKaT HA MO COBECTH.
Loicum brzzomm

Peoumne,
6 uonsa 2012 .



IIpeaucaoBue

[Tocie MHOTHX BaXXHBIX OTKPHITUH B HAyKEe BBIXOJWJIN Hayy-
HO-TIOMYJISIPHbIE KHUT'H, KOTOPble OOBSCHSIIN OOBIYHBIM UUTATE-
JISIM, YTO 9TO 3a OTKpbITUSA. HO 51 BriepBble BUKY KHUTY, KOTOpast
B OCHOBHOM HaIKCcaHa B npedsocxuujeHuy OTKpbITUs. To, 4To 3T
KHUra Oblla FOTOBa K IyOJIMKAIMKU cpasy ke Mocie OObsBICHUS
B miosie 2012 roma 06 otkpeiruu LIEPHoMm (nipu yuactuu ®ep-
MmTada' HOBOW YaCTHIIBL, 1O BCEW BUAMMOCTH YaCTHUIIBI XHITCA,
CBUJIETEJILCTBYET 00 YAMBUTEIBHOW HAXOMYUBOCTU U TIPEATNPU-
umuuBocTH [Ixuma barrorta u Ox ford Universiry Press.

Ckopasi myOnuKanyst KHUTH Takke TOBOPUT 00 MHTepece K
TOMY OTKPBITHIO ITMPOKOW IMyomuku. [Toatomy, MOXeT ObITh, BO
BCTYNUTELHOM CJIOBE MHE CJIe[lyeT MPUOaBUTh HECKOJIBKO COO-
CTBEHHBIX 3aMEUYaHUM O TOM, YTO K€ IMTPOM301I0. YacTo npuxo-
JWUTCS CIBILATh, YTO B MOMCKAX YacTULBl XUITCA peyb UIET O
TOM, OTKY/Ia B3s1J1ach Macca. Takoe 0ObsICHEHHE TOCTATOYHO Bep-
HO, HO ero TpeOyeTcsl yTOYHHUTb.

K 1980-M rogam y Hac cioxuiach XOpoliasi BCECTOPOHHSA
TEOpHs1, OXBATHIBAIOIIAsl BCE HAOJMIOIaeMble JIEMEHTAPHBIE Ya-
CTHLIBI ¥ MX B3aMMOJEUCTBHUS IPYI C APYroM (KpoMe I'paBUTa-
IMOHHOTO). OAHKUM M3 OCHOBHBIX 3JIEMEHTOB TEOPUU SIBJISIETCS
CUMMETpHs, N0X0XKasl Ha CEMEMHBIE OTHOLUEHUS MEXAY ABYMS

! Gepmmnat — cokpamennoe Hassanne HaloHansHOl yCKOPHTENLHOI 1aG0paTo-
puu umenu Supuko ®epmu, CIIA. (IIpumeu. nep.)



U3 9TUX B3aUMOJCHCTBHIA: JIEKTPOMArHUTHBIM U CJIA0BIM siiep-
HBIM. DJIEKTPOMAarHeTU3My Mbl 00sI3aHbI CBETOM; OJ1aroziapsi cia-
O0My SiIEpHOMY B3aUMOJEWICTBUIO YACTHUIIBI BHYTPH sIEp aTo-
MOB MEHSIIOT 3apsi]l B Ipoliecce PaJMoaKTUBHOTO pacnana. Cum-
MeTpusi OObeUHSET 00a B3aUMOJCHCTBUS B €IMHOW SJIEKTPO-
cnaboii cTpyktype. [1aBHBIE MTONOKEHUS TIEKTPOCIaboi Teopun
NPOIIUTH TINATENIBHYIO MTPOBEPKY; MX MCTUHHOCTh HE CTOsIa Ha
KOHY B mocieHux skcnepumentax [[EPHa u ®epmunada u He
NIOJIBEPIJIaCch Obl CEPhE3HBIM COMHEHUSM, JIake eCJIi Obl YacThIa
Xwurrca He OblJTa OTKPBITA.

OnHako OIHO M3 CIIE/ICTBUI 3MIEKTPOCTa00i CUMMETPUM 3a-
KJTIOYAETCs] B TOM, UTO, €CJIM TEOPUI0 HUYEM He JIOTIOJHSATh, BCE
9JIEMEHTapHbIE YACTHIIbI, BKJIIOYAs IEKTPOHBI M KBAPKH, JTOJIK-
HBI HE UMETh MaCChl, YTO, pa3yMeeTcsl, He TaK. 3HAYNT, B TEOPHIO
NIEKTPOCIA00ro B3aMMOJICHCTBHSA HYKHO YTO-TO JOOABUTD, Ka-
KOW-TO HOBBIW BUJI MaTepPUU WM TIOJIA, ellle He HaOIoqaBIIni-
cs HU B Mpupojie, HH B Jadopatopuu. [Touck yacturpl Xurrca —
MIOMCK OTBETa Ha BOIPOC: YTO K€ ITO 32 HOBAs INTYKa, KOTOPYIO
HYKHO TyJa 100aBUTh?

YroOsl ee HaliTH, TPeOOBATIOCh HE MPOCTO TONTATHCS BOKPYT
YCKOPUTEJISI BBICOKOW SHEPruu, AOKHUIASCh, HE OOBSBUTCA JIU
YTO-HUOYAb. DIEKTPOCIadass CHMMETpHs, TOUHOE CBOWCTBO, Jie-
)Karlee B OCHOBE YPaBHEHUI (PU3UKY JIEMEHTAPHBIX YaCTHII, Ka-
KHUM-TO 00pa3oM J0JKHA ObITh HApYIIIeHa; OHa He J0JDKHA TIPH-
MEHSITbCSI HEITOCPEICTBEHHO K YacTHIIAaM U B3aUMOJICHCTBUSM,
KOTOpBIe Mbl HaOmonaem (aktuyecku. Eie ¢ pa6otsl Eutrpo



HamOy u [Ixxedpdppu [onacroyna B 1960-1961 ronax muzBectHo,
9TO MOAOOHOE HAPYIIIEHHe CUMMETPUHN BO3MOXKHO B Pa3IMUHBIX
TEOPHSIX, HO CUUTAJTIOCh, YTO OHO 00s3aTeIbHO MOJpa3yMeBaeT
CYIIIECTBOBaHUE HOBBIX O€3MACCOBBIX YACTHII, O KOTOPBIX TOI/a
He ObUIO U3BECTHO.

U1 TonmpKo mccnenoBanusl, MpoeaanHbie He3aBrucuMo Pobep-
toM bpayrom n ®pancya Suriepom; [lutepom Xurrcom; [xe-
pasbiom ['ypanbarkom, Kapinom Xeiirenom 1 Tomom Knu6610m
B 1964 romy?, nokasaym, 4To B HEKOTOPBIX TEOPUSIX ITU Oe3Mac-
coBble yactuipl HamOy — ['oncroyHa vicuesaior v cyKar ToNb-
KO JUIsI TOTO, YTOOBI IPU/IATh MACCy YacTHIIAM — MIePEHOCUMKAM
B3auMojieficTBUs. VIMEHHO 3TO MPOMCXOOUT B TEOPUU CIabOro
Y JIeKTPOMArHUTHOTO B3aUMOJEUCTBUIL, KOTOPYIO B 1967-1968
rofax npemioxmm Aomyc Canam u st. OHaKO BOIPOC, KAaKOH ke
HOBBII BUJ MaTepuu WM TMOJIe B IEHCTBUTEBHOCTU HapyIiaeT
MEKTPOCIadyl0 CHMMETPHIO, BCE TaK K€ OCTaBaJicsi 0e3 OTBeTa.

MOXHO MPeanooKUTh IBE BO3MOKHOCTH. OJHA BO3MOX-
HOCTb 3aKJTI0YAJIaCh B TOM, UTO CYIIECTBYIOT He HAOMOAABIIMECS
JI0 CUX TIOp TOJIsl, KOTOPbIE MMPOHU3BIBAIOT BAKYyM, U UTO, KaK Yy
MarHUTHOIO MOJisi 3eMJIM CEBEpP OTVIMYAETCS OT OCTAJIbHBIX Ha-
TIPaBJICHHH, Y 3TUX HEU3BECTHBIX IMOJIEH c1a00e B3aMMOJIEHCTBHE
OTJIMYAETCA OT IEKTPOMATHUTHOTO U YACTHUIIBl — IEPEHOCUUKHU
c1aboro B3aMMOJEWCTBUS M JPyTUe — MPUOOPETAIOT Maccy, HO
1pu 3TOM (POTOHBI (IIEPEHOCHIINE INEKTPOMArHUTHOE B3aUMO-

% Ilns KpaTkocTy 51 Oymy HasbiBaTh MX paboramu 1964 roma. (IIpumeu. Cmueena
Baiinbepea.)



JIENCTBUE) OCTAIOTCS C HYJIEBOM Maccoi. Takue 1osisi Ha3bIBaIOT-
Csl CKQISIPHBIMU, 9TO 3HAYUT, YTO, B OTJIMYME OT MArHUTHBIX TO-
JIed, y HUX He Pa3JInvaloTcsl OObIYHBIC HAITPABJICHUS B IIPOCTPaH-
crBe. CKaJisApHBIe OIS TAKOrO OOIIEero BUa MCIIOIb30BaHBI B
HalISIIHBIX IPUMEpPax HapyuieHus: cummerpun y l'onacroyHa u
nosaHee B padotax 1964 rona.

Korma coBmectHo ¢ CajlaMOM WCIOIb30BAJIM HapyIlIeHUE
CUMMETPHH, pa3padaTbiBasi COBPEMEHHYIO JIEKTPOCIadyIo Teo-
PHIO CJ1a00T0 U IEKTPOMArHUTHOTO B3aMMOJIEHCTBUI, MBI ITPEJI-
TIOJIOXKWJTH, YTO HapyIllIeHre CUMMETPUN TIPOUCXOAUT Oraroia-
Ps TIOJISIM TaKOTO CKAJIIPHOTO TUIIA, IPOHU3BIBAIOIIM BCE MPO-
crpancTBO. (ITomoOHYI0 CUMMETPHIO YKe TUITOTETHYECKU MPe-
soxwm Hlennon oy, a takxke Canam u IxoH Yopn, HO He
B Ka4eCTBE TOYHOTO CBOWCTBA YPAaBHEHUI TEOPUU, TOITOMY OHHU
HE TOIILN JIAJIbIIIe U HE BBEJIM CKaJISIPHbIE TOJIS.)

OpaHO U3 CIeICTBUM TEOPUH, B KOTOPbIX CUMMETPHIO Hapy-
IAI0T CKaJISIpHBIE TIOJIS, B TOM YMCIIe MOJIENIer, pacCCMOTPEHHBIX
[onacroynom u B padotax 1964 roaa, u Hamei ¢ Canamom Teo-
U eKTPOCIa00ro B3aMMOJIENCTBUSI, COCTOUT B TOM, UTO, XOTS
HEKOTOPbIE U3 ITUX TMOJIEH CITyKaT TOJbKO JJ1s1 IPUJAHUST MACChl
yacTulam — MepeHOCYMKaM B3aUMOJEHCTBUM, APYrUe CKasip-
HbIE TIOJIsE OYIyT MPOSIBIISATHCS B MPUPOJIE B BUJIE HOBHIX (pU3H-
YEeCKMX YacTHII, KOTOpble MOKHO Oy/IeT Moydarh U HaOMoAaTh
B yCKOpUTENIsAX W Koutahaepax. Oxazayioch, yto Ham ¢ Caina-
MOM HYKHO BBECTH B TEOPHIO IEKTPOCIA00r0 B3aUMOICHCTBHS
YeThlpe CKAISIPHBIX MOJIsA. Tpu CKaISPHBIX MOJIS1 UCHOIb30BAHBI



U1 coodteHns maccbl W+-, W -u Zo-qacmuaM — «TSIKEJIbIM
(poroHam», — KOTOpBIE B HaIllell TEOPUH MEPEHOCAT cllaboe B3a-
uMozercTBre (3TU Jactuiibl Obli OTKpHITHL B [IEPHe B 1983—
1984 ropax u, Kak OKa3aJloCh, UMEIOT MACCHI, MPEACKA3AHHBIE
Teopuel eKTpociadoro B3aumoeicTeus). Ocrapieecst cKa-
JIIpHOE TOJIe IOJKHO TTPOSIBIATHCS B KauecTBe (PU3MUECKON Ya-
CTHIIbI, CTYCTKA SHEPTUU U UMITYJILCA STOTO MOJIsl. DTO U €CTh Ya-
cTHhLIA XUITCa, KOTOPYIo (pU3UKK UcKanu rmoutu 30 Jier.

Ho Obi1a 1 BTOpasi BO3BMOKHOCTb. BBITh MOXKET, HAPOTUB, HET
HUKAKUX TMPOHU3BIBAOIINX MMPOCTPAHCTBO CKAISIPHBIX TOJIEH,
HET HUKaKOU yacTuipl Xurrca. Haobopot, anekTpociadyio cum-
METPUIO MOTYT HapyIllaTh CUJIbHbIE B3aUMOJEUCTBUS, KOTOpPbIE
Ha3bIBAIOTCS] TEXHUIIBETOBBIMHU U JIEICTBYIOT HA HOBBI KJIACC Ya-
CTHII, CJUIIKOM TSIKEJIBIX U TIOTOMY JIO CHX IOp He HaOJo/1aB-
mmxcs. Heuto mojgoOHoe nMeeT MecTo B SIBJIGHUU CBEPXITPOBO-
auMoctu. [TomoOHyI0 TEeOpHIo 3IEMEHTApHBIX YacTHUI] B KOHIIE
1970-x npegnoxunu HezaBucumo Jleonapa CacckuHa U S cam.
Omna noByiekJ1a Obl 32 COOOM LIETYIO Yally HOBBIX YaCTHII, CBSI3aH-
HBIX TEXHMIIBETOBBHIM B3auMojeicTBueM. Takum obpa3om, me-
pell HaMM BCTajla ajJbTepPHATUBA: CKAJISIPHBIC TMOJISl WM TEXHU-
BeT?

OTKpBITHE HOBOH YaCTUIIBI OUEHb CHJILHO CKJIOHWJIO OBl BECHI
B TI0JIb3Y TOTO, UTO IEKTPOCTA0YI0 CAMMETPHIO HAPYIIAIOT CKa-
JISIpHBIE TI0JI51, @ HE TEXHUIIBETOBOE B3auMozencTere. Bor noye-
My OHO HACTOJIbKO BaXHO.

OpHako HYXHO OTBETUTh €Illle Ha MHOXECTBO BOITPOCOB,



IpexkJie YeM BCe CTaHeT sICHO. Teopust AJIeKTpocaadoro B3auMo-
neiictBus 1967-1968 ronos npeckasalia Bce CBOMCTBA YaCTUIIBI
Xwurrca, KpoMme ee Macchl. Ceifyac, Korja Macca rnojyyeHa Kcrie-
PUMEHTAJIbHO, Mbl MOXKEM [TOCUMTATh BEPOSITHOCTb BCEX PA3HbIX
opm pacnaga yactui Xurrca v mpoBeCTH JaJIbHEHIINE JKCIIe-
PUMEHTBI, KOTOpbIe IOATBEP/ST WK ONPOBEPTHYT ITHU MPEICKA-
3anus1. Ha 310 notpeOyercsi HEKOTOpoe BpeMsl.

OTKpBITE HOBOHM YacTUIIbl, KOTOpasi, MO-BUJUMOMY, SIBJIS-
eTcsl YacTulield XUITca, CTaBUT MEpel TEOPETUKAMU €Ille OJHY
CJIOXKHYIO 3a/1a4y — IIOHATH ee Maccy. Yacrtuua Xurrca — ra camas
3JIeMEHTapHasl YaCTUlIa, Ybsl Macca BO3HUKAET He U3-3a Hapylle-
HUS neKTpocinadboil cummerpun. C TOUYKM 3peHust pyHAaMeH-
TaJIbHBIX MPUHIIMIIOB TEOPUU NIEKTPOCIA00TO B3aUMOIEHCTBUS
Macca 4acTUllbl XUITCa MOKET UMETh KaKOe YTOJHO 3HAYeHUE.
Bot nouemy Hu CanaM, HU sl HE CMOTJIM €€ Mpe/ICKa3aTh.

Ha camom niene B mMacce yacTtuiibl XUITca, KOTOPYIO TeNepb
MBI TaKM HaOJIOIaeM, €CTh HEUTO HermoHsATHoe. Yarie Bcero 3to
Ha3bIBAIOT IpoOIIeMoil nepapxuu. I1ockobKy IMEHHO Macca Ja-
cTullbl XWrrca 3a/1aeT BeIMUYMHY MacC BCEX OCTAJIbHBIX U3BECT-
HBIX 3JIEMEHTAPHBIX YacTUIll, MOXHO MPEANOJIOKUTb, YTO OHA
JOJDKHA OBITh aHAJIOTUYHA APYTOM Macce, urpaoiei (pyHjamMeH-
TAJIBHYIO POJib B (PU3MKE: TaK HA3bIBAEMOM TUIAHKOBCKOM Macce,
KOTOpasi MpeJICTaBIsieT coO0i (PyHIaMEHTAIBHYIO SJMHUITY Mac-
Cbl B TEOPUHU TPaBUTALIMM (ITO Macca T’MIOTETUYECKUX YaCTHLL, Y
KOTOPBIX CUJIa TPABUTAIIMOHHOTO IIPUTSIKEHUSI IPYT K IPYTY pPaB-
Ha CWJIE IEKTPUYECKOTO B3aUMOJECUCTBUS MEKAY ABYMS JIEK-



TPOHAMMU, HAXOASAIIMMUCS Ha TAKOM K€ PACCTOSIHUU JPYT OT APY-
ra). Ho miankoBckas macca mpuMepHo B 100 TeICAY TPUIUIMOHOB
pa3 Oosbiiie Macchl yacTuilbl Xurrca. CrieioBatesibHO, epe;] Ha-
MU OMSITh BCTA€T BOIPOC: XOTS yacTula XUITca TAK MAaCCUBHA,
YTO JIJ1s1 ee OOHApYKEHU s MOTPeOOBAJICS TUTAaHTCKUH KOJUTalep,
MoYeMy ke ee Macca HaCTOJIbKO Maja?

kM Barrort mpemyiokun MHe JI00aBUTh UYTO-HUOYAb 00
9BOJIOIMY UJIEW B 3TOU 00J1aCTH (PUBUKH, UCXO[ISI U3 MOETO JINY-
HOT'O OIbITa. $1 pacckaxy TOJNBKO O IByX MOMEHTAX.

Kak pacckassiBaer barrort B rase 4, ®unun AHAEPCOH elnie
1o 1964 roma ytBepkjai, 4to OGe3MaccoBble YacTuilbl HamOy
— T'onacroyHa He ObLTM 00sI3aTeNbHBIM CJIEJICTBUEM HapyIIeHUsI
cummeTpun. [Touemy xe 1oBoabl AHIEpCOHA He yOeIuIu HU Me-
Hsl, HU APYTUX TEOPETUKOB? JTO HU B KOEU MEPE HE 3HAUUT, YTO
AHJepcoHa He ciefoBajio MPUHUMATh Beepbe3. Cpen Bcex Teo-
PETHKOB, 3aHUMAaBLIMXCS (PU3UKON KOHJIEHCHPOBAHHOIO COCTO-
sIHUS, AHIEPCOH sICHEEe BCeX IOHMMaJI, HACKOJIbKO BasKHBI ITPUH-
UMbl CAMMETPUYH, PUHIIMIIB, UTPAIOIINE BAXKHEHIIIYI0 POJib B
(puzmke seMEeHTAPHBIX YACTHIL.

Hymato, 1oBoabl AHAEPCOHA ObLTN OTBEPrHYTHI IJIABHBIM 00-
pa3oM IMOTOMY, YTO OHU OCHOBBIBAJIMCh HA AQHAJIOTMM C TaKU-
MU (peHOMEHaMU, KaK CBEPXITPOBOJUMOCTb, KOTOPbIE SIBJISIIOTCS
HEPEeIATUBUCTCKUMU (TO €CTh 3TO (DEHOMEHBI, TPOUCXO/SIINE B
o0JacTsiX, Tie MOKHO O€30MacHO MpeHeOpeub MPUHIUIIOM OT-
HocuTeNbHOCTU DiHINTeHa). OaHako [onacroyn, Canam u s
CTPOTO HAy4YHO TIOKa3aJl HEeM30ekKHOCTh OE3MACCOBBIX YACTHII



HamOy — l'onzcroyHa B mokazarensctse 1962 roga, KOTopoe oc-
HOBBIBAJIOCh Ha OECCIIOPHOUM UCTUHHOCTU TEOPUH OTHOCUTEITHHO-
cru. TeopeTrku (pU3UKU YaCTUI] OBLTH TOTOBBI COTJIACUTHCSI, UTO
AHJEpCOH NpaB B HEPEISATUBUCTCKOM KOHTEKCTE CBEPXITPOBO-
JMMOCTH, HO TOJIbKO HE B TEOPUU JIEMEHTAPHBIX YaCTHII, KOTO-
past o HeOOXOIMMOCTH BKJTIOYAET B ceOsI TPUHITAIT OTHOCUTETh-
Hoctu. Padotsr 1964 roga sicHO rokasau, 4ro Hare ¢ ['oncro-
yHoM 1 CaslaMoM J10Ka3aTebCTBO HEMPUMEHUMO K KBAHTOBBIM
TEOPHSM C YaCTUI[AMU — MIEPEHOCUMKAMH B3aUMOJICCTBUH, TO-
CKOJIbKY, B OTJIMYME OT (PU3UYECKUX SIBJICHUU, KOTOPBIE YIOBJIE-
TBOPSIIOT MPUHIIMITY OTHOCUTEJILHOCTH, MareMaTudeckas op-
MYJIMPOBKA 3TUX TEOPUI B KOHTEKCTE KBAHTOBOW MEXAHUKHU MY
HE Y/IOBJIETBOPSIET.

W3-3a 3101 %e MpoOIeMbl C TPUHITUIIOM OTHOCUTEILHOCTH S,
KaK HU cTapajcs, He cMor nocie 1967 roga aoka3aTh, Kak Mpu-
ayMamd Mbl ¢ CanmamMoMm, 9To OecCMBICIEHHBIE O@CKOHEYHOCTH,
BO3HHMKABIIIE B TEOPUH 3JIEKTPOCTA00ro B3aUMOJCHCTBUS, CO-
KPAIATCs, KaK COKPAINAIOTCS aHAJIOTHYHbIE OECKOHEUHOCTU B
KBaHTOBOW TEOPUHU JIEKTPOMArHETU3MA, UTO yke ObUIO MOKa3a-
HO. [TpUHIIUTT OTHOCUTETLHOCTH ObLT BaKeH JIJIs1 AEMOHCTPAILIU
TOr0, KaKk COKpAIIalTcs OECKOHEYHOCTH B TEOPUH JIEKTPOMAr-
HetuzMa. B nokazarenscrBe ['epapna 't Xoodra 1971 roma, o
KOTOPOM BaITOTT pacckasblBaeT B IJ1aBe S5, UCHOIb30BaH METO]I,
pazpadoTtaHHbIi ‘T X00pTOM coBMecTHO ¢ Maptunycom Bent-
MaHOM, B KOTOPOM IPUHIIMITBI KBAHTOBON MEXaHUKHU pacIIupsi-
I0TCS, TIO3BOJISIsE C(hOPMYJIMPOBATh TEOPHIO TaK, YTOOBI OHA CO-



r71acoBajiach C MPUHIIMIIOM OTHOCUTEILHOCTH.

Bropoi1 MomeHT: B r1aBe 4 Barrort npeamnonaraer, 4ro s He
BKJIIOYWJI KBApKU B CBOIO CTathio 1967 roga, u3nara,iiyio Teo-
PHIO 3IEKTPOCIad0ro B3aMMOEHCTBUSI, TTIOCKOJIbKY MeHs 3a00-
THJI TOT BOIIPOC, YTO TEOPHs, BO3MOXKHO, MPe/ICKa3bIBaeT Mpo-
LIECCHI C YYACTHEM TaK Ha3bIBAEMbIX CTPAHHBIX YaCTHL, KOTOPBIE
(bakTrueckn He HaOmomamuch. Eciam Obl TONBKO MOW paccyxk-
JeHus1 ObLTM HACTOJIKO KOHKpeTHbhIMHU. CKopee 51 He BKJIIOUMI
KBapKH B TEOPUIO TOJILKO NMOTOMY, 4TO B 1967 rogy nonpocry B
HUX He BepwI. HUKTO HUKOTra He HAOMoaal KBAPKOB, U TPYIHO
OBUIO TIOBEPUTD, OY/ITO JIENIO B TOM, UYTO KBAPKU Tropas3fio TsKe-
Jiee HaOMIOMAeMbIX YaCTHI], HAIPUMEP MTPOTOHOB U HEWTPOHOB,
Be/Ib 9T HAOJII0JaeMble YaCTHIIBI, KaK MPE/IIoIarajoch, COCTOST
U3 KBapKOB.

Kak 1 MHOrMe Apyrue TeOpeTUKH, sl He BIIOJIHE IPUHUMAJT CY-
IecTBOBaHMEe KBapkoB 110 1973 rona, 1o padotsl aBuaa ['poc-
ca, @panka Bunbueka u [IBuaa [Honmuriepa. OHu okaszasu, 4To
B TEOPUU KBAPKOB U CUJIbHBIX SIIEPHBIX B3aMMOJEUCTBUIA, Ha-
3bIBAEMOU KBAHTOBOW XPOMOJAMHAMUKOW, CHUJIBHOE B3aMMOJEH-
CTBHE CTAaHOBUTCS cllabee ¢ yMeHbIlleHueM paccTosiHus. [lotom
KOMY-TO U3 HAC MIPUIILIO B TOJIOBY, YTO B TAKOM CJIy4ae CUJIbHOE
B3aMMOJEVCTBAE MEKAY KBAapKaMU JIOJKHO, BOIIPEKH OYEBHI-
HOMY, YCUJIMBATbCS 110 MEPE YIaJIeHNsI KBAPKOB JIPYT OT Apyra U,
MOeT ObITh, HACTOJIBKO, UTO KBAPKH HE CIIOCOOHBI Pa3/IETUThCSI.
Jlo cux Top 3TO He JI0Ka3aHO, HO TAKOBO OOIIETTPUHATOE MHe-
HUe. KBaHTOBasi XpOMOIUHAMUKA K HACTOSIIIIEMY BpeMeHU Obl-



JIa JOCKOHAJILHO MPOBEPEHa, U OJJHAKO HUKTO HUKOTAA HE BUJIEN
M30JINPOBAHHOIO KBapKa.

Sl ObUT OYEHBb pajl TOMY, UTO 3Ta KHUTA HAYMHAETCA C Tep-
BbIX JieT XX BeKka U MateMaTuka dmmu Hertep, kotopasi paHb-
11I€ BCEX OCO3HAJIa Ba)KHOCTh IIPUHIIMIIOB CUMMETPUU B TIPUPO-
J€. DTO HAIIOMUHAET HAM, YTO TPYJl COBPEMEHHBIX YUEHBIX — BCE-
IO JIUIIb HOBBIM IIar HA BEJIMKOM U3BEYHOM MYTH K TOHUMAHUIO
TOr0, KaK yCTpO€Ha MpUpo/Ia, HA KOTOPOM KakJas Hallla J0raj-
Ka nojisepraercsi mpoBepke skcnepumenToM. Kuura [Ixxnuma bar-
rOTTa AACT YUTATENI0 BO3MOKHOCTb OLIYTUTh BKYC 3TOTO UCTO-
PHUYECKOTO ITpoLecca.

Cmueen Batinbepe

6 urons 2012 e.



IIpoJor
dopma u cyocTaHmus

N3 4vero cnenan mup?

[TonoGHBIEe TPOCTHIE BOMPOCH TEP3aJiv YeTOBEYECKUH pa3yM C
TeX CaMbIX MOp, KaK YeJIOBEK CTaJl CIOCOOEH PAlMOHAIBLHO MbIC-
Tk, KOHEUHO, CerofiHsi 3T0T BOMPOC CTaJl TOPa3o CIOKHee U
nojipoOHee, a OTBETHI HA HETO — ropas/io 3allyTaHHee U OOXOISIT-
cs1 upe3BbIuaiiHo noporo. Ho yBepsiio Bac, B camoii CBOel OCHOBE
BOIPOC OCTAETCsI OUYEHb MTPOCTHIM.

JIBe C MOJIOBMHOM THICSIYM JIET Ha3aj JApeBHerpedyeckue ¢u-
JI0CO(pBI MOTJIM OTUPATHCS UCKITIOYUTETHHO HA CBOE TIOHMMAaHHe
KpPacoThl ¥ TAPMOHUYU B TIPUPOJIE U CHITY JIOTHUECKOTO MBIIILIE-
HUS U BOOOpasKeHU sl TPUMEHUTEIIBHO K BelllaM, KOTOpbIe OHU Ha-
OJTrIoIaI HeBOOPYKEHHBIM B3MJIsIoM. JlymMast 00 3ToM ceifvac,
HEJb351 He TTOPaKaThCsl TOMY, KAK MHOTO UM YAAJIOCh TTOHSITh.

['peku TmaTenbHeHIIMM 00pa3oM paznmudaiu popmy u cyo-
cranimo. [lo UX MOHATHAM, MUP COCTOSUT U3 MaTepUasIbHOU
CyOCTaHIIMM, KOTOpast MOIJIa MPUHUMATh CaMble pa3HOOOpa3HbIe
popmbl. Cununmiickuii pusiocodp V Beka 10 H. 3. DMIEAOKI
TIPEINOIOKIIL, YTO 3TO Pa3HOOOPa3re MOKHO CBECTH K YEThIpEM
OCHOBHBIM (pOopMaM, KOTOpPbIE Ceiiuac Mbl HA3bIBAEM JIEMEHTa-
MU. DTO ObLIM 3eMJIs, BO3YX, OTOHb U BOAA. DJIeMEHThl CUMTA-
JIVICh BEYHBIMH I HEYHUUITOXKVUMBIMU, COETUHEHHBIE B IOBOJIBHO



POMAHTHUYECKUX COYETAHUSIX Oarofapsi MpUTITUBAIOIIEH Cuie
JIioOBU W pazfesieHHble OTTATKUBAIIIUME CHIIaMKU Bpaskibl, u
BCE B MUPE COCTOUT U3 HUX.

Hpyras 1iKona, Ha4ajo KOTOpor mnosyoxkun dpuiiocod Jles-
KMIN Takke V BeKa 10 H. 3. (M KOTOpas TECHEE BCEro CBA3a-
Ha C €ro Y4eHUKOM JIeMOKpUTOM), yTBEPKAAJIA, YTO MUP COCTO-
UT U3 KPOIIECYHBIX HEACTUMBIX U HEYHUUTOKMUMBIX YACTUI] Ma-
TEPUM (ATOMOB) M MYCTOrO MPOCTPAHCTBA (ITYCTOTHI). ATOMBI —
9JIEMEHTbI, COCTABJISIONIHE BCIO (PU3UYECKYIO CyOCTaHIINIO, KOTO-
past onpenenser Bco Mareputo. Kak yrep:xaan JIeBkunm, aromsl
HEOOXOAMMBI TTPUHIIMITAAILHO, TTOTOMY YTO CyOCTaHIus, Oe3-
YCIIOBHO, HE MOXET JeJUThcsl OeckoHeuHo. Ecnu oHa morna Jie-
JMTHCS1 OECKOHEYHO, B MTOTE JIEJICHUSI Mbl MOTJI ObI TIONYYUTh
HUYTO, a 9TO, OUYEBU/IHO, TPOTHBOPEUHT HETIOKOIEOUMOMY, KaK
Ka3aJ10Ch, 3aKOHY COXPaHEHMsI MaTepUHU.

[IpumepHO BekoM no3:ke [11aTtoH pa3Buil Teopuio, ONUCHIBAB-
IIy10, KAK OPraHU30BaHbI aTOMBI (CyOCTaHITUsI), COCTABIISIONINE
yeThlpe 1eMeHTa (popMel). OH NPEACTABUI YETHIPE IEMEHTA B
BU/JIE TEOMETPUYECKUX (WM TIJIATOHUYECKUX) TeJl U B TpPaKTaTe
«Tumeil» yTBep:x a1, YTO FPaHU BCEX TEJ MOKHO JJAJIbIIIE pa3yio-
KUTb HA CUCTEMbI TPEYTOJIbHUKOB, KOTOPBIE MPEACTABIISIOT CO-
00l aTOMBI, COCTaBJISIIOIIME TIeMeHTH. [lepecTaBuB Tpeyrosb-
HUKH — TO €CTh NIEPECTABUB aTOMbl, — MOKHO ITPEBPATUThH OJIUH
JIEMEHT B APYroy U pa3HbIMU COYETAHUSIMU JIEMEHTOB IOJTY-
Yarh HOBbIE (POPMBI>.

3 Cwm. Iaamon, Tumeii 1 Kpuruii. ITo ITnarony, Bo3ayx, OrOHb U BOJA COCTOSIT U3



MBblIcib, 4TO JOTKHBI CYHIECTBOBATh KAKME-TO KOHEUYHBIE KOM-
TIOHEHTHI, KaKasg-To OeccropHasi peasibHOCTb, KOTOpasi MOAep-
’KMBAET OKPYKAIOIIUKA MUP U TpUJaeT emy popmy, Kaxercs JIo-
ruyHoi. Eciu Matepust MOXeT AennuTbcsl OECKOHEYHO, TOrA Mbl
JOCTUTHEM TOYKH, I7leé CaMM KOMIIOHEHTBI CTAHOBATCSI YEM-TO
3(peMepHBIM — O TAKOM CTENEHH, YTO IMEPECTAIOT CYILECTBO-
BaTh. Torna NCYE3HyT COCTABHBIE YACTH, U Y HAC OCTAHYTCS OIHU
B3aMMOJIENCTBU S MEXK/ly HEOIIPEAEIMMbIMU, HEBEILIECTBEHHBIMU
(banTOMaMM, KOTOPBIE JINIIL TPOU3BOIAT BIEUYATIEHHE CyOCTaH-
LUH.

MoxeT ObITh, 3TO HE CIIUIIKOM MPUSATHO, HO B OOJIBIIION CTe-
IIEHNU 3TO MMEHHO TO, YTO M JIOKa3aJa COBpEMEHHas (pU3HMKa.
Macca, 1o COBpeMEHHbIM MPEJICTABIEHUAM, HE SIBJISAETCS HEOTb-
EMJIEMBIM WIN «IIEPBOCYIIMM» CBOMCTBOM (PYHAAMEHTAIbHBIX
COCTaBHBIX 4acTer npupoasl. Ha camom zesne mMaccel He cylie-
cTByeT. Macca MOJIHOCTBIO CJIaraeTcs U3 SHEPrMU B3aUMOJIEU-
CTBUI MeXk 1y O€3MaCCOBBIX OT IPUPO/IBI EMEHTAPHBIX YaCTHII.

du3MKY AWM U JETWIA U B UTOTE HAILUIA HUYTO.

Tonbko ¢ pazBuTUeM (HOPMAILHOW IKCHEPUMEHTATIBHOU (PU-
sgocoum B Havane X VII Beka y yenoBeka MmosiBUIaCh BO3MOX-
HOCTb BBIMTHU 32 PaMKM TOTO POAA YMO3PUTEIbHBIX pa3MBbIIILIe-
HUIiA, KOTOpble ObUTM XapaKTEPHBI ISl TEOPUIl APEBHUX I'PEKOB.
HpeBHsAA pustocopusi UHTYUTUBHO MBITANACh MTOHATH MPUPOLY

OOHOI'0 BUJa TPpEYrojlbHUKOB, a 3€MJISI U3 APYTOro. HOSTOMy, KaK yTBEpKJajl HJ'IaTOH,
3E€MJII0O HEBO3MOKHO Hpeo6pa3mb B IPYryue 3JICMCHTHI.



MaTepUaIbHON CyOCTaHIIUM U3 HAOMIONEHNI, UICKaKEHHBIX TTPe/I-
B3SITHIMU TIPE/ICTABICHUSIMU O TOM, KaKUM JIOJUKEH OBITh MUD.
HoBble yueHble B3SUUCh 32 camMy TIPUPOLY, YTOOBI JOOBITh Y Hee
JaHHBIE O TOM, KAKOB MUP Ha CaMOM JieJie.

dopma ¥ CyOCTaHIUSI TMO-TIPEKHEMY BbI3BIBAIIA BOIPOCHI.
KoHreniyst Macchl — KOJIMUECTBO BEIECTBA, MPOSIBIISIONIECECs B
JMHAMUYECKUX JIBUKEHUSAX (PU3NUECKUX 0OBEKTOB, — IIpUOpe-
JIa KJIIOYEBYIO pOJib B HallleM NMOHUMaHuK cyoctanimu. Comnpo-
TUBJIEHHE OOBbEKTa YCKOPEHUIO CTAJIO MOHUMAThCS KaK WUHEPT-
Hast Macca. [Ipu ynape ¢ OmMHAKOBOW CHJION HEOOJBIIION OOBEKT
YCKOPSIETCSI TOpa3io ObicTpee, YeM KPYITHBIM.

CrniocoOHOCTh 00BEKTa TeHEPUPOBATh I'PABUTAIIMOHHOE TIOJIE
MIOHMMAETCsl KaK TpaBUTAIIMOHHAs Macca. Cuiia IPUTSKEHUS
Jlynsl cabee, yem y 3emutu, moromy uto JIyHa MEHbIIIe U, C1e/i0-
BaTeJIbHO, 00J1a/IaeT MEHBIIICH rPaBUTAIIMOHHON Macco. HepT-
Hasl ¥ TPaBUTALMOHHAS MAcChl SMITMPUYECKH TOXICCTBEHHBI,
XOT$1 yOSAUTEIbHBIX TEOPETUUECKUX MTPUIKH, TIOUEMY ITO JIOJIK-
HO OBITh UMEHHO TaK, HE HAWJIEHO.

Takoke y4yeHble pacKpbUIA TallHY OTPOMHOIO pa3HOOOpa3us
npuponHbix popm. Bona, pyHIaMeHTaIbHBIN JIEMEHT Y TPEKOB,
KaK OKa3aJi0Ch, COCTOUT He M3 FTEOMETPHUYECKUX TeJ M TPEYTOJib-
HUKOB, Kak moyarai [1maToH, a u3 MoJieKyJ1, KOTOpble CKJIabIBa-
I0TCSl U3 aTOMOB XMMHUYECKUX JIEMEHTOB BOJIOPO/Ia U KHCJIOPO-
114, cOYeTaHre KOTOPBIX MbI 3anuckiBaeM B Buae H20.

CoBpeMeHHOe ITPUMEHEHHE CJI0Ba «aTOM» CHavyaJla MMeJIo OT-
HOITIEHNE K TOMY CMBICITY, KOTOPBII BKJIaJJbIBIA B HETO TPEKH,



TO €CTb HeJleIMMOM yacTtulibl MaTepun. Ho erie B To BpeMsi, Ko-
rja CyleCTBOBaHME aTOMOB BBI3bIBAJIO ropsiune cropsl, B 1897
rony, aHMcknd gpusuk [xozed [xoH TOMCOH OTKpbUI OT-
pUILIATEeNIbHO 3apsKEHHbIM 1eKTpoH. OKa3allock, 4TO aTOMBI, B
CBOIO OUepe/ib, COCTOSAT U3 CYOATOMHBIX YaCTHII.

3a orkpeitueM Tomcona B 1909-1911 rogax nocnenoBaiu
9KCIIEpUMEHTHI HOBO3elaH1a JpHecta Pezepdopaa B ero man-
gyecTepckoll Jaboparopuu. Ero skcriepumMeHThl MoKa3aid, 4To
aTOMbl B OCHOBHOM COCTOSIT M3 IyCTOIrO MpocTpaHcTBa. B 1ieH-
TPE aTOMa HaXOAWUTCH KPOIICYHOE MOJNIOKUTEIBHO 3apsSKEHHOE
SIPO, BOKPYT KOTOPOro 0OpalialTcsi OTPULIATEIbHO 3apsiKeH-
HBIE JIEKTPOHBI, IOYTH KakK I1aHeTsl BOKpYr ConHia. bonbiias
YacTh MAcChl ATOMOB, COCTABJISIIOIIMX JIEMEHThl MaTepUabHON
cyOCTaHIIMH, CKOHIIEHTpUpOBaHa B siape. [109ToMy UMeHHO B si11-
pe coenuHsoTcst hopMa U CyOCTaHITHS.

DTa «IJIaHeTapHas» MOJENb aToMa U IO Cel [IeHb OCTAEeTCs
HarIsIHOW Bu3yaibHOW Metaopoid. Ho puznkam yxe B TO Bpe-
MsI Cpa3sy ke CTaJI0 OYEBUIHO, YTO TaKast MOAEIb (DAKTUYECKU HE
umeer cmbiciia. OHU CUMTANIM, YTO IJIAHETAPHBIE ATOMBI JIOJIK-
HbI OBITh 110 CYTH HecTaOWIIbHBL. B OTiMume oT ABMKYIIUXCS BO-
kpyr CoJiHIa TUIaHET JIEKTPUYECKU 3apsKEHHbIE YaCTHUIIbI, IBU-
KYIIMECS B IEKTPUUECKOM I10JI€, UCITYCKAIOT SHEPIUI0 B BUAE
JIEKTPOMArHUTHBIX BOJIH. Takue IulaHEeTapHbIE IEKTPOHBI MC-
TOIIMIA Obl CBOIO SHEPTHIO 32 JIOJI0 CEKYH[IbI, U TOTIa BHYTPEH-
HsIsl CTPYKTYpa aToMa MpOCTO PyXHYJIa OBl
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(a) B npennoxenHoit Pesepdopnom «iianetapHoW» Moje-
JIM aTOMa BOJOPOAA €JUHCTBEHHBIN OTPULIATEIIBHO 3aPSKEHHbINA
9MEKTPOH [BUXKETCSl MO (PUKCUPOBAHHOW OpOMTE BOKPYT Sij-
pa, COCTOSIIIIETO U3 €JUHCTBEHHOI'O MOJI0KUTEIBHO 3apSKEHHOTO
npotoHa. (b) KBaHTOBasi MexaHMKa 3aMeHMUIIa OpOUTY JIEKTPOHA
BOJIHOBOM (DyHKIIMEN, KOTOpasi B KOH(PUTYpaLMU C CaMOU HU3-
KoM 3Hepruen (1s) umeer cUMMETpUYHYI0 cepruueckyio ¢op-
My. (¢) Takum 0Opa3oM, JTEKTPOH MOXKET «HAXOMUTHCSI» BE3-
Jie B TIpefieiax BOJTHOBOW (DYHKIIMH, OTHAKO HAUOOJIee BEPOSTHO
€ro HaXOXJICHUE Ha PACCTOSTHUM, KOTOPOE MPEACKA3BIBAET CTa-
pasi IuIaHeTapHasi MOJIENb

Perienne 3Toit 3aragku MmosiBUWJIOCH B BUAE KBAaHTOBOW MeXa-
HUKMA B Hadaje 1920-x rogoB. DEKTPOH — HE MPOCTO YaCTH-
112, KOTOPYIO MOKHO TPE/ICTaBUTh ceOe B BU/IE KPOIIEYHOTO I11a-
pUKa OTPULIATENIBHO 3aPSKEHHOIO BEILLECTBA, OH OJHOBPEMEH-
HO U BOJIHA, ¥ Yactuiia. OH He «3/1eCh» WM «TaM», KaK MOXHO
CKa3arh O JIOKAJTU30BAHHOM (pparMeHTe BEIIeCTBa, HO OyKBaJlb-
HO «Be3[ie» B IpeJesiax ero MpU3pavyHo, HEJOKAITM30BAHHOM
BOJTHOBOM (pyHK1uu. ITo cyiiecTBy, 271€KTpOHBI HE 0OpaliaT-
cs1 BOKpYT sapa. HanpoTus, ux BOJIHOBbIE (DYHKIIMU CO3/1AI0T B
IIPOCTPAHCTBE BOKPYT s1/ipa XapaKTepHbIe TPeXMepHbIe (POPMBI,
KOTOpBIE MBI Ha3bIBaeM OopOUTAIsAIMU. MaremaTnueckast hopma
KaXJ0i OpOMTaIM ONHUCHIBAET 8EPOSMHOCHbL HAXOXKIAECHUS Te-
1Iepb YK€ COBEPLIEHHO 3arafloyHOro J1€KTPOHA B KOHKPETHOM
MECTE — «3[IECh» WU «TaM» — BHYTpH atoma (cM. puc. 1).



[lepron KBaHTOBOH PEBOJIOLMK OKazajcsl OecrpeleJeHTHO
IUIOJOTBOPHBIM KaK JUIsl TEOPETMYECKOW, TaK W I SKCIIEPH-
MeHTanbHOU (pusuku. Korma B 1927 rony aHrmiickuid (pysmk
[Mons Jupak 06beJMHMIT KBAHTOBYIO MEXAHUKY CO CHIELMAIbHOM
TeOpHUer OTHOCUTEJIbHOCTH DWHIITENHA, BAPYT MOSBUJIOCH CO-
BEPIIEHHO HOBOE CBOMCTBO, HA3BAHHOE 9/1€KMPOHHBLIM CNUHOM.
OHo yke ObLIO NU3BECTHO IKCIIEPUMEHTATOPAM U MTPUOTU3UTEb-
HO TOJIKOBAJIOCh B CMBIC/IE BPAILLEHUS IEKTPOHA BOKPYT CBOEU
ocH, ToI0OHO BOJTUKY, TPUMEPHO TaK ke, KaKk 3eMJisl BpalaeTcs
BOKPYT CBOEU OcH, IBHrasick BOKpyr CosHua (cm. puc. 2).

Ho 310 Obl1a OuepeHas Bu3yasibHasi MetTadopa, He UMeBIIasi,
Kak OBICTPO BBISICHUJIOCh, HUKAKMX OCHOBAaHUI B JIEICTBUTEIIb-
HocTU. CerojiHs Mbl IOHUMAEM CITUH KaK YUCTO PEIATUBUCTCKUAN
KBaHTOBBIN 3(P(PEKT, B KOTOPOM JIEKTPOHBI MOT'YT IIPUHUMATh
OJIHY U3 IBYX BO3MOXHBIX OPUEHTAIIU, KOTOPbIE Mbl Ha3bIBAEM
«CITMH BBEpX» U «CHHMH BHU3». DTO HE OPUEHTAIUS 110 U3BECT-
HBIM HaIpPaBJICHUSIM B OOBIYHOM TPEXMEPHOM ITPOCTPAHCTBE, HO
OpPHMEHTALMs B TaK HA3bIBAEMOM CITMHOBOM IPOCTPAHCTBE, KOTO-
pOE UMEET TOJBKO /1BA U3MEPEHUS — BBEPX U BHU3.
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CnuH BEEpX CnuH BHK3

Puc. 2

B 1927 r. [lupak coeguHWI KBaHTOBYIO MEXAaHUKY U SMH-
IITEHHOBCKYIO CHELHAIbHYI0 TEOPUI0 OTHOCUTEIBHOCTH, YTOObI
CO3JaTh MOJHOCTBIO PEATUBUCTCKYI0 KBAaHTOBYIO Teopuio. [Tpu
9TOM ITPOSBWIOCH TAKOE CBOMCTBO, KAK CIMH JIEKTPOHA, MPeJ-
CTaBJIsIBLLIEECS B BUJE BpAIlEHUs1 OTPULIATEJILHOTO 3apSIKEHHOTO
9JIEKTPOHA BOKPYI' CBOEH OCH, KOTOPBI TEM CaMbIM I'€HEPUPY-
eT HeOoJIbIIoe JIOKAJIbHOEe MarHUTHOe 1oJjie. CeromHs Mbl mpef-
CTaBJISIEM CITUH JIEKTPOHA C TOUYKH 3PEHUS €TO BO3MOKHOU OpH-
€HTallMu — BBEpX WM BHU3

Kak okazasioch, Kakaasi aTOMHasi OpOMTaIb CONEPXKUT J1Ba
— W TOJBKO [1BA — MEKTPOHA. DTO 3HAMEHUTBIM NPUHUUN 3a-
npema, uau npuryun [layau , copMyIMpOBaHHBIN ABCTPUNCKUM
(puzukom Bonbdranrom INaymu B 1925 romy, KOTOpblii yTBEp-
KJIAET, YTO MEKTPOHbl HE MOT'YT HAXOAUTHCS OOHOBPEMEHHO B



OZIHOM ¥ TOM K€ KBAHTOBOM COCTOSIHUM. [IpvHIMI BBIBOOUTCS
U3 MaTeMaTUYeCKOro BbIPAXKEHUSI BOJTHOBOW (PYHKLIMU AJIsI JIIO-
00ro CJI0KHOrO COCTOSIHUS, BKJIIOUAIOIIEro JBa 3JEKTPOHA WU
6onee. Ecim ciiokHOe COCTOsIHME BKJIIOYAET JjBa 3JIEKTPOHA C CO-
BEPLIEHHO OJIMHAKOBBIMU (PU3NYECKMMHU CBOMCTBAMHU, TO Y BOJI-
HOBOM (DyHKIIMM HYJIEBAsl aMILIMTY[A — TAKOE COCTOSIHUE HE MO-
XKET CyIecTBOBaTh. YTOObI BOJIHOBAS (DYHKIMSI UMeENa HEHYJIe-
BYIO aMILUIUTYAY, 1Ba 3JI€KTPOHA JOJDKHBI TaK WM MHAYE OTJIM-
YaTbCs. DTO 3HAUUT, YTO HA AaTOMHOM OPOUTAIIM OJVH JIEKTPOH
JOJIKEH UMETh OPUEHTALIUIO CIIMH BBEPX, a APYIOi — CIIMH BHU3.
WHBIMU CTIOBaMHU, €KTPOHbI IOTKHBI OBITh CNAPEHHBIMU.

EcTb ucKyllleHre NonbITaThCs MPEACTaBUTh cede, Kak BIIVIsA-
JAT 9TU OPUEHTALIMU HA CaMOM JIeJle, OJHAKO HE CTOMT eMY NO[-
nasartbcs. [Ipy aTom nx 3¢pdexTsl BrionHe peanbHsl. CriH onpe-
JeJIAeT BEJIMYAHY MOMEHTAa UMIIYJbCA y JIEKTPOHA — MOMEH-
Ta, CBA3AHHOIO C «BpAllaTEIbHBIM» JBUKEHUEM clirHa. CrnivH
TAK)KE YIPABJIAET B3aMMOJECHUCTBUEM 3IEKTPOHA C MAarHUTHBIM
nosieM. DTH 3(PHeKTH MOKHO JOCKOHATBHO MCCIIEI0BATH B J1a00-
paropuu. Ho, roBopsi 0 KBaHTOBOW MeXaHHKe, TaKOe BIevaTyie-
HME, YTO MBI IIEpELLIarHyJIM TPaHb MEKAY TEM, UYTO MOKHO y3HATh
O MTPOMCXOKAEHUU ITUX I(P(PEKTOB, U TEM, YETO HEJIB3A.

PenaruBucTckass KBaHTOBasg Teopust 3JeKTpoHa J[lupaka
TaKke Jjajia BABOe OOJIbLIIE PEIIeHH, YeM, 10 er0 MHEHUIO, ObLIO
HYXHO. JIBa pelieHus1 COOTBETCTBYIOT IBYM OPUEHTALUAM JIEK-
TPOHHBIX CIIMHOB. YeMy e COOTBETCTBYIOT [IBA «JIMIIHUX» Pe-
merns? Y Jlupaka ObUTH KOe-Kakue CBOU UEH, HO B KOHIIE KOH-



110B B 1931 romy oH ObLT BBIHYKJEH MPU3HATh, YTO OHU TIPE/-
CTaBJISIIOT OPUEHTALlMU CIIMHA BBEPX M BHU3 HEM3BECTHOIO JIO
TEX MOP MOJIOKUTEIBHO 3aPSKEHHOTO JIEKTPOHA. [{rpak OTKpbLT
AQHTUBEIIECTBO. AHTUYACTHUIIA JIEKTPOHA, Ha3BaHHAsl MO3UTPO-
HOM, BITOCJIEJICTBUM ObliIa OOHAapykeHa B SKCIIEPIMEHTaX ¢ KOC-
MUYECKUMHU JIydaMH, TaK KaK OHa 0Opa3yercsl B OKOJIO3eMHOM
MPOCTPAHCTBE MPU CTOJIKHOBEHUSIX BBICOKOIHEPreTUYECKUX Ya-
CTHUII.

B 1932 rogy namesncs, Kak Ka3ajloch, MOCJAEIHUI KycOUeK
TOJIOBOJIOMKH. AHImMUcCKUM (pusuk xenmc YenBUK OTKpPbUI
HEUTPOH, JIEKTPUYECKU HEUTPAJIbHYIO YaCTUILy, KOTOpasi YIOT-
HO pacroIOKUIaCh PSAJOM C MOJOKUTEIBHO 3apsiKEHHBIM TTPO-
TOHOM BHYTPH aTOMHOTO sijipa. PU3MKHM Kak OyATO MOy YU BCe
HY)XHBIE WHTPEUEHTHI, YTOObI C(DOPMYTUPOBATh YETKUN OTBET
Ha BOMPOC, MOCTABJICHHBIM B HAYaJIe TJ1aBbl.

OtBer BbllIeN NMPUMEPHO TakuM. Bce BemiectBo B Mupe
COCTOHUT U3 XMMHYECKUX 3JEMEHTOB. XHMMUUYECKHE SJIE€MEHTHI
BCTPEYAIOTCS B TIPUPOJIE B CaMbIX pa3HOOOPA3HBIX BUAAX U CO-
CTaBJISIIOT MIEPUOJMYUECKYIO0 TaOIUIy OT CAMOTO JIETKOTO — BOJIO-
poaa — A0 CamMoro TSKEJOro U3 U3BECTHBIX MPUPOIHBIX IeMEH-
TOB — ypaHa*.

Bce anemenTsI cocToAT M3 aroMOB. Bece aromel MMEIOT AApa,
COCTOSIIIIME U3 PA3HOT'O KOJIMYECTBA MOJIOKUTENILHO 3aPSAKEHHbIX

4 Cy1ecTBYIOT 21IEMEHTBI TSKETIEE ypaHa, HO OHU He BCTpevalotcs B npupone. OHu
HeCTaOWIIBHBI, TIO9TOMY MX TPUXOAUTCS CKYCCTBEHHO ITPOM3BOMHTH B JIAOOPATOpUH
WM siepHOM peaktope. Camblil U3BECTHBIN IPUMEP — 3TO, 0Ky, IUTyTOHUI.



MIPOTOHOB U JIEKTPUYECKU HEUTPAIbHBIX HENTPOHOB. CBOIICTBA
KaXkJIOT0 3JIeMeHTa OIPEIeIISIOTCS KOJTMUECTBOM MPOTOHOB B SI1-
pe ero aroma. Y BOJOpO/a OJIVH MPOTOH, y TeJUs JBa, Y JIUTHS
TPH, U TaK Jlajiee BIUIOTh IO ypaHa, Y KOTOPOro MX JAEBSIHOCTO
JBa.

SInpo OKpyKalOT OTPUIIATEIHHO 3apsKEHHBIE SJIEKTPOHBI B KO-
JIMYECTBE COOTBETCTBYIOIIEM YKCITy IIPOTOHOB, TAKUM 00pa3oM,
YTO B UTOTE aTOM OCTAeTCsl MEKTPUUECKU HelTpasieH. Kaxaplii
JIEKTPOH MOXKET UMETh OPUEHTAIIMIO JIMOO BBEpX, JUOO BHU3,
Y KaXIyI0 OpOUTAITL MOTYT 3aHMMATh JIBA JIEKTPOHA MPH YCJIO-
BUH, YTO OHM CITAPEHHBIE.

OtBer o4eHb 0OcTOATEbHBIN. VIMes aneMeHTapHble COCTaB-
HbIE YaCTH B BUJIe IIPOTOHOB, HEUTPOHOB U SJIEKTPOHOB U MPUH-
1 [aym, MOKHO OOBSICHUTD, IIOUEMY TIepHOUecKast TaOv-
11a MMEET TaKyl0 CTPYKTYpY, a He ApYyrylo. Mo)HO OOBSCHUTS,
noyeMy marepusi umeer (popMy U IJIOTHOCTh. MOKHO 0OBsic-
HUTH CYIIIECTBOBAHME M30TOINOB — aTOMOB C TAKUM € KOJInJe-
CTBOM TPOTOHOB, HO JIPYTHUM KOJIMYECTBOM HEUTPOHOB B sIIIpe.
[Tpy HEKOTOPOM CTapaHUU MOKHO OOBSICHUTh BCIO XMMHUIO, OUO-
XMMUIO U MaTepuaioBe/ieHue.

B Takom 0ObsicHeHUM Macca He MpeCTaBIIsIeT HUKAKOU 3ara/i-
ku. Maccy Bcero MatepragbHOTO BEIIeCTBA MOKHO MTPOCIIETUTD
JI0 COCTABJISIIONIMX €€ TPOTOHOB U HEUTPOHOB, Ha JIOJIO KOTOPBIX
MIPUXOAMUTCS OKOJIO 99 MPOLIEHTOB MACChl JTIOOOTO aToMa.

[MpencraBbTe ceGe KyOMK Jiba, 3aMOPOKEHHOW BOIBI TPOW-
HoW uctuiuisiuu. Kyouk ¢ peOpamu ymmHOM 2,7 cCaHTUMETpa,



4qyTh OoJbllie moima. Bosbmute ero B pyky. OH XOJNOAHBINA U
cKoJIb3KUU. OH HE TSAKEeNbIM, HO JIAJOHb OlTylIaeT ero Bec. Utak,
U3 Yero CKJIa/IblBaeTcs Macca Kyouka?

Monexynsapuas macca BOAbl CYUTAETCA 10 CYMMapHOMY KO-
JIMYECTBY MIPOTOHOB M HEWTPOHOB B siipaX ABYX aTOMOB BOJO-
polia ¥ OTHOTO aTOMa KUCJI0PO/a, KOTOPbIE COCTABIISIIOT MOJIEKY-
ay H20. Snpo kaxioro aroma BOIopojia COCTOMT BCErO U3 Of1-
HOT'O ITPOTOHA, a AP0 aToMa KUCJIOPOJa COAEPKUT 8 IPOTOHOB
U 8 HEUTPOHOB, UTO fNaeT B cymMme 18 HykJioHOB. KyOuk umncro-
IO JIb/Ia, KOTOPHIY BHl JEPXKUTE B PyKEe, BECUT OKOJO 18 rpam-
MOB’, 9TO Macca ero MoJIeKyJ B TpaMMax. TakuM 00pa3oM, KyOuK
NPEe/CTaBISAET COOOM CTaHAAPTHYIO €IMHUILY U3MEPEHUsI BObI B
TBEPAOM COCTOSIHUM, KOTOpasi Ha3bIBAETCSI MOJIEM.

Ham wu3BecTHO, 4TO MOJIb BELIECTBA COAEPKUT YCTAHOBJICH-
HOE KOJIMYECTBO aTOMOB WJIM MOJIEKYJI, U3 KOTOPBIX COCTOUT 3TO
BeiiecTBo. OHO Ha3bIBAGTCSl YUCIOM ABOTaipo, OHO 4yTh OOJIb-
e 600 MAUIMAPIOB TPULTMOHOB (6 X 10%%). 3necs u coaep-
KUTCS OTBET. Bec sienstHoro KyOuka y Bac B JIAJIOHU — 3TO CyM-
Ma macc 600 MuwLTMapAOB TPUUTMOHOB MoJieky 1 H20, wiu npu-
MepHo 10 800 MusIMapa0B TPUIUIMOHOB IIPOTOHOB Y HEMTPOHOB
(cm. puc. 3)°.

3 [I10THOCTb YHCTOTO JIbia npu 0 °C pasHa 0,9167 rpamma Ha KyOMYECKUIA CaH-
tmerp. O6beM KyOuKa okosio 19,7 KyOndecKoro caHTUMETpa, TAKUM 00pa3oM, ero
Macca 9yTh Oosbire 18 rpaMMoB.

® Koneuro, Heb3s myTath Bec 1 Maccy. Kyouk npaa Becut 18 rpammoB Ha 3emie,
ropaszio MeHsIle Ha JIyHe 1 BoOOIe HUYEro Ha OKoJ03eMHO# opoute. OqHAKO €ro
Macca He MeHsIeTcs. YCJIOBHO Mbl CUMTAEM Maccy PaBHOM €ro Becy Ha 3emile.



[punutock Npu3HATH, YTO aTOMBI HE SIBJISIIOTCSI HEJETMMBI-
MU, KaK KOIJIa-TO CUUTAJIM I'PEKU. ATOMBI MOXHO Mpeodpaso-
BBIBATh, IIPEBpAIlaTh U3 ofHOU (hopMbl B Apyrylo. B 1905 rony
DRHIITENH UCTIONb30BAJl CHELMAIbHYI0 TEOPHIO OTHOCHUTEIBHO-
CTH, YTOOBI MOKA3aTh SKBUBAJICHTHOCTh MACChl U SHEPTUH B TOM,

YTO BIIOCJIEICTBUU CTaJ0 CAMOM 3HAMEHUTOM Hay4HOM (hopmy-

noit E = me?: SHEPrusi paBHA MPOU3BEACHUIO MACChl HA KBapaT

ckopoctu cBeta. [Ipy 3TOM MBICIIb, UTO Macca MPeCTaBIISIET CO-
00 X paHWJIHIIIE SHEPTUH, OTHIOb HE MOIOPBaJia ee KOHIIETIIIHNIO,
a KakMM-TO 00pa3oM cjefana ee erie 0ojiee 3HaYMTETbHOM.

(@) (b) ()

Puc. 3

Ky6uk npaa ¢ aamHou pedpa 2,7 cm Becut okojio 18 1 (a).
OH nipeacTaBisieT cOOOM KPUCTATUIMYECKYIO PEIleTKY, Coflepxka-
Iy uyTh 6osbitie 600 MUUTMAPIOB TPHJUTMOHOB MOJIEKYIT BOJIBI
H20 (b). Kaxapiii atoM KUCIIOpoa COAEPKUT 8 TTPOTOHOB U 8
HEUTPOHOB, a KaXIbIK aTOM BOAOpPOAA COAEPKHUT 1 TIpoToH ( ¢).



Ky6uk nbaa, takum odpazom, comepxut okosno 10 800 mum-
ap/IOB TPUUIMOHOB ITPOTOHOB ¥ HEUTPOHOB

3HaYnTEILHOM, HO HE HEU3MEHHOU. DUHIITENH IMOKa3aJl, 4TO
Marepusi (Macca) He COXPAHSIETCS — OHA MOXKET IMPEBPAAThCS
B 3Hepruio. Korga atom ypana-235 paciieruisiior 6oMoapaupoB-
KOM HEUTPOHAMM, OKOJIO MSTOM YaCTH MacChl OJIHOTO MPOTOHA
IIPEBPAIIIAETCS B SHEPTHIO B Pe3yJIbTaTe sepHOM peakuuu. Eciu
B3SITh S6-KMJIOrpaMMOBOe siipo OOMOBI U3 ypaHa-235 90-mpo-
IIEHTHON YMCTOTHI, TO BHICBOOOXKJEHHOTO KOJIMYECTBA SHEPIUU
0Ka3aJI0Ch JOCTATOYHO, YTOOBI CTEPETH C JINIIA 3eMJTH SITTOHCKUI
ropon Xupocumy B aBrycre 1945 ropa.

Ho Ha camom jienie DiHIITEHA MHTepecoBal OTBET Ha OoJiee
nryookwmii Boripoc. B ero cratee 1905 rona ecth Hamek: «3aBu-
CHUT JIU UHEpIUs Tesla OT COAEpPKaHUsI B HEM SHEPruu?» DiiH-

HITEH NoHUMaJ, yto (opmyaa E = mc? (pakTHueckn 03HAYA-

er, uto m = E/c?: Best MHepTHASL Macca — 5TO BCero JIMIb MHAs
opma sHeprun’. [lasiekue ciaeacTBYS STOro HAOTIOAEHNS CTAaHY T
OYEBU[IHBI TOJIBKO uepe3 60 JeT.

B cepenune 1930-X ronoB Ka3auioch, 4YTO CTPOUTENbHBIE KUP-
MUYUKU MaTepuud — MPOTOHbI, HEUTPOHBI U SJIEKTPOHBI — Ja-
10T MCUEPITBIBAIOIIMI OTBET HA BOIPOC, MOCTABJICHHBIN B HAYaJIe
rnaBbl. Ho ocraBanack onHa npo6iema. Eme ¢ konna XIX Be-

7 Ha camom nene ¢popmyna E = mc? He BCTPEYAeTCs] B TAKOM BHUJE B CTaThe DMH-
HITENHA.



Ka OBbUIO M3BECTHO, YTO U30TOIBI HEKOTOPHIX JIEMEHTOB HecTa-
OoubHBL. OHM paTMOAKTUBHBL: UX SI/Ipa CIIOHTAHHO PacnaaioTcs,
3aIlycKasl LIEMHYI0 AAEPHYIO peaKLuIo.

Ectb pa3Hble BUbl painoOakTUBHOCTU. OOUH U3 HUX, KOTO-
poiii Pesepdopn HazBan Gera-pagroakTuBHOCTHIO B 1899 ro-
1y, TIpE/ICTaBIsieT co0OM TpeoOpa3oBaHre HEUTPOHA B sApe B
IPOTOH, YTO COMPOBOXKIAETCS U3TyYEHUEM BHICOKOCKOPOCTHOTO
9NeKTpoHa (0eTa-4yacTuIpl). ITO eCTECTBEHHAS AJIXUMUS: U3Me-
HEHHUE KOJIMYECTBA MPOTOHOB B sIIpe HEN30Ee:KHO MEHSIET €r0 XH-
MHYECKHE CBOMCTBAS.

bBera-paguoakTMBHOCTh MOApPa3yMeBaeT, YTO HEUTPOH —
HecTaOWIbHAs COCTABHAS YAaCTHUIIA U TIOTOMY COBCEM HE SIBJISI-
ercsl «(yHaaMeHTanbHOI». KpoMe Toro, BOZHMK BOIIPOC U OT-
HOCUTEJIbHO OajlaHca SHEPriH B STOM IpoIecce. DHEpruen ms-
JIy9aeMOro 3JIEKTPOHA HeNb3sl ObUI0 OOBSICHUTH BCIO TEOPETH-
YEeCKYyI0 SHEepruio, BHICBOOOKJAEMYI0 MpeBpallieHueM MPOTOHA
BHyTpU sAnapa. B 1930 rony Ilaynu pemm, 4To y HErO HET UHOTO
BHIOOpA, KPOME KaK MPEeANOoNOKUTh, YTO SHEPrHsi, KOTOPOH «HE
XBaTaeT» B PEaKIIUH, YXOIUT C ellle HeHaOI0IaBIIeCs SNeKTPU-
YEeCKU HENTpaIbHOW YacTHIIel ¢ HeOOJIbITIION MacCoi, KOTOPYIO B
KOHEYHOM UTOTE HAa3BaJIU Helimpuro («<HEUTPOHYUK» ). B To Bpe-
MsI CUMTAJIOCh, YTO OOHAPYKHUTh TAKYI0 YAaCTUILy HEBO3MOKHO,
OJIHAKO BIIEpBbIe OHA OblIa OTKphITa B 1956 romy.

[Mopa 6s110 oBectu utor. OHO ObLIO siIcHO. Matepus yaep-

8 ITO He ABJIAETCA JCHIEBBIM crocoooM TpaHC(i)OpMI/IpOBaTI) HeOar OpOOHBIE METAJI-
JIbI B 30JI0TO, TaK YTO MUPOBBIM 3allaCaM 30JI0Ta HUYTO HE YI'POXKaACT.



JKMBaeTcsi BOeAMHO Omaromaps cuse. [loMuMo cuitbl mpuTsiKe-
HUs, IEUCTBYIOIIEN YHUBEPCAJIBHO Ha BCE MaTE€pHUaJIbHBIC TeJa,
HayKa IIPUALUIA K BBIBOLY, YTO €CTh €1IE TPY POJia CUJI, Ha3blBae-
MBIX 63aUMOOEHCMEUAMU, KOTOPbIE AEUCTBYIOT HEMIOCPEICTBEH-
HO BHYTPH aToMa.

BupTyansHeiA
IOTOH

Bpems

SNeKTPoH
SNeKTPOoH 2
1

MpocTpaHCcTED

Puc. 4

CxeMa B3auMOZEWCTBUS IByX JIEKTPOHOB, KaK €ro OIUChIBa-
€T KBAHTOBasl JIEKTPOAUHAMUKA. DIEKTPOMArHUTHAS CUJIA OT-
TAJIKMUBAaHUSI MEX]y IByMsI OTPULIATENILHO 3apsiKEHHBIMU JJIeK-
TPOHAMMU MOJpPa3yMeBaeT 0OMEH BUPTYaIbHBIM (DOTOHOM B TOY-



Ke HanOoubiero npuomkeHus. POToH Ha3BaH BUPTYAIbHBIM,
TaK KaK ero HeJib3s1 HaOMoaTh BO BpeMsl B3aUMOJCHCTBUS

BzanmMoneiicTBusl Mekay IeKTPUUYECKU 3apsiKEeHHBIMM 4a-
CTUIIAMU TIPOUCXOASAT Oarogapsi MeKTPOMarHeTU3My, XOpOIo
U3BECTHOMY U3 TPYHOB (pU3MKOB-iepBOOTKpbIBaTeern XIX Be-
Ka, KOTOpble, IOMMMO MHOTMX JPYTMX BbIJAIOIIMXCS JTOCTHKE-
HUU, 3QJI0KUJIM OCHOBBI JIEKTpO3HEepreTuku. [ToHoCThIO pesi-
TUBUCTCKAasi KBAHTOBAsl TEOPUS IEKTPOMATHUTHOIO MOJIsA, KO-
TOpasi Ha3bIBaeTCsA KBAaHTOBOM 31ekTpoauHaMukon (KI]1), Oputa
pazpaborana B 1948 romy amepukanckumu pusukamu Pudap-
noM ®Pennmanom u Jxynmuanom IlIBuHrepom m sAnoHckum ¢pu-
3ukoM Cunbutupo Tomonaroiu. B Kl cumnbl nputskeHus: u
OTTAJIKUBAHUS MEKAY NEKTPUUYECKU 3apsSKEHHBIMU YACTULIAMU
NEPEHOCAT TaK Ha3blBAEMbl€ YAaCTULIBl — MIEPEHOCYUKH B3aUMO-
JEUCTBUI.

Harnpumep, korna aBa 51eKTpoHa cONMMKAIOTCS IPYT C IPYToM,
OHM OOMEHMBAIOTCS YACTHIIEH, KOTOpAst 3aCTaBIsIET UX OTTAJIKH-
Batbcs (cM. puc. 4). IlepeHOCUMKH B3aUMOAEUCTBUSA NIEKTPO-
MarHUTHOTO TOJISI — 9TO (DOTOHBI, KBAHTOBBIE YACTHIIbI, U3 KO-
TOPBIX COCTOMT BceM u3BecTHbI cBeT. K] OvicTpo modunach
MPU3HAHMS KaK TEOPH s, MO3BOJISIONIAS eIaTh OecpelieIeHTHO
TOYHBIE MPEJICKa3aHMsl.

Ocranock pa3oOpaTbcsl elle ¢ JBYMsI B3aUMOJEHCTBUSIMHU.
DJeKTpOMarHeTU3M He MOT OOBSICHUTb, KaKUM 00pa3oM Mpo-
TOHBl U HEUTPOHBI CBS3aHbl BHYTPU aTOMHOIO sijipa, a TaKxke
KaK MPOMCXOANT OeTa-pacnai. DTH MPOIEeCChl MPOUCXOAAT B Ha-



CTOJIBKO Pa3HbIX SHEPreTUIECKUX MacCITabax, 4To HUKAKOe B3a-
MMOJICHICTBIE HE CITIOCOOHO YYecTh cpa3y 00a. YdeHble MpHu3Ha-
JIM, YTO JJIs1 3TOro TpeOyloTCs 1Ba Pa3HbIX B3aUMOIEHCTBUS —
CUJIbHOE sIJIEPHOE, OTBEYAIOIIee 3a CBSI3b MEX Ay COCTABHBIMU Ya-
CTSIMU aTOMHOTO sI7Ipa, ¥ c1a00e sSAepHOe, YIPABIISIONIee HEKO-
TOPBIMU SIAEPHBIMU ITPEBPALICHUSIMHU.

Tak Mbl MOAXOAMM K NEPUOAY B UCTOPUU (PU3UKH, O KOTOPOM
U noizieT peub B 3Tou KHuUre. [locneayromue 60 jeT teopetu-
YECKOW U IKCTIEPUMEHTAIbHOM (PU3UKHU JIEMEHTAPHBIX YaCTHIL
npuBed Hac K co3manuio CTaHIapTHON Mojenu — COOpaHUIo
(pyHIaMeHTaTbHBIX KBAHTOBBIX TEOPUI MOJIS, KOTOPBIE OMUCHI-
BAIOT BCI0O MAaTepHIO U BCE B3aUMOJEICTBUS MEXy MaTeprasib-
HBIMM YaCTUIAMU, 32 UCKJIIOUeHneM rpaButanuu. [Iporie Bcero
HOHSATH, 4TO Takoe CTaHAapTHas MOZENb U YTO OHA 3HAYUT IS
NOHUMAaHUs1 MaTepUaIbHOIO MUPA, MOKHO, COBEPIIUB KPaTKUIA
9KCKYPC B €€ UCTOPHIO.

Hame nyremecrsue HaunHaetrca B 1915 rony B I'ertunrene,
TUXOM YHMBEPCUTETCKOM ropojike B I'epmanum.



YacrTs nepsas
N3o00peTeHne

1
Ilo33u4a Jorndyeckux uaen

I'nasa, 6 komopoii Hemeuxuii mamemamux Immu Hemep om-
Kpbleaen c8si3u Mexcoy 3aKOHAMU COXPAHEHUSL U 2AYOUHHOLUL CUM-
Mempueti npupoobl

[Moxamyii, MBI MOKEM COIJIACHTBLCS, YTO OJIHA U3 IIeJIel HayKu
COCTOUT B TOM, UTOOBI OOBSCHUTD, U3 YEr0 COCTOUT MHP M TIO-
yeMy OH TaKOB, KaKOB €CTb. [[J151 9TOro oHa CTpeMUTCS TPOJTUTh
CBeT Ha 0A30BbIE IEMEHTH MATEPUH U YIIPABJISIONINE €10 3aK0-
HBI IPUPOIBI.

Ecnmu mMbl cornacumcst ¢ TUM, Tora MPUAETCs MPU3HATh, YTO
HE Bce «3aKkoHb» oauHakoBbl. B XVII Bexe Morann Kemuiep gosn-
O KOpIIies Hajl aCTPOHOMUYECKUMH TAHHBIMH, KOTOPbIe JOOPO-
coBecTHO coOpan Tuxo Bpare, u B KOHIIE KOHIIOB BBIBEJT TPH 3a-
KOHa, YIpaBJISOIIMe JABWKeHUEM TUiaHeT BoKpyr ComiHma. ITu
3aKOHBI OUY€Hb YOeUTEbHBI, HO OHU He JAI0T OoJiee TIIyOOKOro
OOBSICHEHH I, HE COOOIIAIT MPUYUHBI, TTOYEMY TUIAHETH 00pa-
marotcs Bokpyr ColHIla MMEHHO TaKMM 00pa3oM. ITO 00bSICHIIT



3aKOH BceMUpHOro taroteHus Mcaaka HpiotoHa. 3akoH Bcemup-
HOTO TATOTEHHUsI POCTOsLT Herokoneonmo ere 200 siet, mpexe
YeM B KOHEYHOM UTOre €ro He CMEHUJIO B3aMMOJIEICTBHAE MaTe-
UM U UCKPUBJIEHHOTO MPOCTPAHCTBA-BPEMEHU B OOIIIel TeEoprn
OTHOCHUTEJIbHOCTU DUHINTEWHA.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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