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VYike moiroe BpeMsi yYCHHbIC 3aHMMAIOTCS MCCICIOBAHUEM aHTUYACTHIl U UX CBOWCTB, TaK,
yxKe B Onmkaiiiee BpeMsl MOJy4eHHbIC 3HAHUSI MOTYT MTO3BOJIMTH MCIIOJIb30BaTh aHTHBEIIIECTBO KaK
MEXaHHU3M BIIMSHUS [UIS TPOBECHHS 00JIee TOUHBIX HCCIICIOBAHUI AIIEMEHTAPHBIX YACTHII.

Teoperrueckoe 1 IPAKTUYECKOE OTKPHITUE AHTUMATEPUH.

Hawano ucTOpuM OTKpPBHITUSI CYIIECTBOBAaHMS AHTHMBEIIECTBA OBUIO ITOJIOKEHO, KOrjga DWH-
WTeiH chOPMUpPOBAT ypaBHEHHE SHeprud E = MC’, s IBHKYIIEil YacTHIB yPABHCHHE HMEET
JpYyroi BUJ U y4uThIBaeT e€ ummyibc (1):

E?=p%-c?+ m?-c? (1)

J1st Toro 4TOOB!I MOMYYUTH 3HAUEHHUE YHEPTHM U3 ypaBHEHUS, HEOOXOAMMO H3BJI€Yb KOPEHb.
Opnaxo, MpY U3BJIEUYECHNUHN 3HAYEHMSI U3-TI0J] KOPHS MBI II0Jy4YaeM €ro Kak ¢ MOJIOKUTEIbHBIM, TaK U
¢ orpunarenbHbiM 3HakoM. Tak B 1930 r. [Tone upak — aHrauickuil pU3MK-TEOPETUK, OAUH U3
CO3/aTesel KBAHTOBOM MEXAHUKH — BBIYMCIIWII C IIOMOILBIO MaTpPUILl 3HAUEHUE DHEPTUH JIJIS1 YACTHUIL
JIBUTAIOIIUX C OOJIBIION CKOPOCTHIO. M3HAaYaIbHO B HAYYHOM OOIIECTBE YTBEPXKAAJIM, YTO OTPHUIlA-
TEJbHBIA OTBET B 3TOM CiIy4yae HE UMeeT (PU3NYECKOr0 CMBICIA, HO Bellb peyb 1uia 00 3JeMeHTap-
HBIX YaCTHIIaX, MHOIO€ O KOTOPBIX J0 CHUX IOp OCTAETCs HE M3BECTHBIM. JlMpak 1osro padoran Hal
JI0Ka3aTeIbCTBOM CYLIECTBOBAHMSI YACTHIL] C OTPULATENIBHOM JHEPTUEH, BBIABUTAs pa3HBIE TEOPHUH.

Jis nokaszarenbcTBa CYLIECTBOBAHMSI YAacTHUIBI C OTPULIATENIbHOM SHEpruell HeoOXoIuMo
ObUIO HAWTH YTO-TO, YTO JOJDKHO OBITH 3apsKEHO IOJIOKUTENIBHO U IO Macce COOTBETCTBOBATH
AJIEKTPOHY.

[Ipeamonaraercsi, 4To TEPBBIM CTpaHHbIE yacTUlbl HaOmoman Jmutpuit CkOOENbIBIH B
1920-x romax. EmMy ynanoch 3aMeTHTh B JI€TEKTOpE TPEKH, OXO0XKHE Ha DJIEKTPOH, HO C MOJOXKHU-
TEJIbHBIM 3apSA0M.

[Tocne acrupanTt HoOeneBckoro ynaypeara Musuinkena Yynr-flo Yao Habmoman mpoxoskie-
HUe (DOTOHOB Yepe3 CBUHIIOBYIO (OJIbIY U TOKE OOHApYKMJI HEOObIYHBIC YacThIlbl. Ho pykoBomu-
TeJb U HAyYHOE COOOIIECTBO HE MOBEPHIIO PE3YNIbTaTaM.

Bropoit acnupant Munnukena, Kapn AnnepcoHn, Habmonan ¢oroHsl B kamepe Buibcona
(pyKOBOIUTENb OKMJAJI YBUAETh, KAK OHH OYAYT pacKajblBaTh aTOMBI Ha MPOTOHBI M AJIEKTPOHBI).
YacTuipl B Kamepe JIeTeTM B OCHOBHOM CBepXy BHHU3. M CHOBa cpenu HUX OOHAPYXHIIUCH «DIIEK-
TPOHBI», OTKJIOHSIOLIMECS B MArHUTHOM I10JI€ JPYTYI0 CTOPOHY — TO €CTh IOJIOKUTENBHO 3apsKEH-
Hele. CHauana AHAEPCOH MOAYMaJl, YTO 3TO OOBIYHBIC JEKTPOHBI, HO JIETAIINE CHU3Y BBepX. OH
N00aBMJI B SKCIEPHUMEHT CBHHILIOBYIO IUIACTHHKY, YTOOBI yOEAMTBHCS, YTO YaCTHIBI MPUIIETENN
HWMEHHO CBepXY (pUCYHOK 1).

MuWIMKeH BHOBb HE TIOBEPUJI CBOEMY aclUpPaHTy. AHJIEPCOH MOCIIE MPOAODKUTENbHBIX 0e3-
YCIEIIHBIX TOMBITOK YOSIUTh IIeda Bee ke OImyOIMKOBaI CBOIO padoty [2].
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6 Mm Pb T

Pucynok 1 — DxcriepuMeHT AHAEpCOHA

Cnenyroumii mar cuenanu B KemOpumke biskerr u Oxkkuanunau. OnHu cymenu cororpadu-
pPOBaTh 1I0CTATOYHO OOJIBIIOE YUCIIO TPEKOB JIETKUX MOJOKHUTEIbHBIX YACTHII.

AHJEepcoH, mpouynTaB pabOTy KOJUIEr, OonmyOiMKoBall BTOpoe, Oosee MOJIpOOHOE ONKcCaHue
CBOMX 3KCIIEPUMEHTOB U, I10J] HAIOPOM OOJIBILIOT0 YKCia JOKa3aTeNIbCTB 00IIECTBEHHOCTh MpU3Ha-
Ja OTKPBITHE MO3UTPOHA — MMEHHO TaK ObUla Ha3BaHa Npezcka3aHHas Jupakom yactuna. 3a cBoe
OTKpbITHE AHJIepcoH noiayuui B 1936 rogy HobGeneBckytro npemuro.

Antumarepus. [lonsitue u cBoiicTsa.

AHTUMaTEepUs — MaTepusi, COCTOSIIAs U3 aHTUYACTULl — PsiJ 3JIEMEHTApHBIX YacTHI], KOTO-
pble 007a/1al0T OAMHAKOBBIMU CIIMHOM M MAacCOW, HO OTJIMYAIOTCA JPYr OT JApyra 3HaKaMu BceX
JIPYTUX XapaKTEPUCTUK B3aUMOACUCTBUS: NEKTPUUYECKOTO U IIBETOBOTO 3apsi/ia, KBAHTOBBIX YHCEN
(pucyHok 2).

Ecnu cpaBHUTH NPOTOH M aHTUIIPOTOH, TO HEKOTOPbIE XAPAKTEPUCTUKH y HUX OJUHAKOBBI:
Mmacca y 06oux 938.2719(98) MerasnekTpoHBOJIBT, ciuH Y2 [1]. Ho anexTprueckuii 3apsi mpoToHa
paBeH 1, a y anTunpoTtona — —1, 6apuoHHOE 4Kcio (OHO ONpeaeNsieT KOJIUYECTBO CHIIBHO B3aUMO-
JeMCTBYIOIMX YaCTHUL], COCTOSIIIUX U3 TpeX KBapKOB) | U —1 COOTBETCTBEHHO.

Lithium Atom Antilithium Atom
electron. positron +

proton ‘ neutron antiproton ‘ antineutron

® & + +

Pucynok 2 — CxemaTn4Hoe H300pakxeHHe aToOMa JINTUSA U aHTUIIUTHUS

He Bce wacTuiibl UMEIOT CBOM aHTUYACTHIIBI, TaK, Hampumep, 6030H Xurrca u (HOTOH, HE
MMEIOT AaHTUAHAJIOIOB U HAa3bIBAIOTCA UCTUHHO HEUTPAJIbHBIMH.

Korma aHTHMaTepusi BCTpedaeT MAaTepuio, OHM MTHOBEHHO aHHHWTHIHPYIOT B 3Hepruio [3].
Tak, [To3uTpoH sIBIseTCS CTAOMIBHONW YacTHIIEH M MOKET B ITyCTOM IPOCTPAHCTBE CYILECTBOBATH,
TakK *e, Kak 3JIEeKTPOH, 0eCKOHEYHO A0aro. OQHAKO MPH B3aMMOAEHCTBUM MEUICHHBIX JIEKTPOHA U
IIO3UTPOHA NPOUCXOJUT UX AaHHUTWIALMA: 3JIEKTPOH U IO3UTPOH MCUYE3al0T, a BMECTO HUX POXKa-
I0TCS J1Ba Y-KBaHTa (prcyHOK 3) [2]:
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PucyHok 3 — AHHUTWIALIUS TO3UTPOHA C 3JIEKTPOHOM

B npupozae aHTHYaCTHIIBI BO3HUKAIOT MPU CTOJIKHOBEHHHM KOCMHUYECKUX JIydel ¢ atmocdepoit
3eMiiu, BHYTPU MAaCCHUBHBIX 3BE€3Jl, PAJOM C IyJbCapaMH U aKTUBHBIMH SJpaMU TalaKTHK. Yde-
HBIE K€ UCIIONIB3YIOT VISl 3TOT0 KOJUIAMIEPbI-yCKOPUTEIH.

Bcero ropctka aHTUMaTepuu MOXKET MPOU3BECTH OIPOMHOE KOJIMUYECTBO SHEPTrUU. ITO JEJIaeT
ee MOMYJISIPHBIM TOIUIMBOM AJIsl GyTYPUCTHUUYECKHX TPAHCIOPTHBIX CPEACTB B HAyYHOH (haHTACTHUKE.
BooO1ie, pakeTHbIi 1BUraTellb Ha AaHTUBEIIECTBE TMIIOTETUYECKU BO3MOXEH; IJIaBHOE OrpaHuye-
HUE — 3TO HAKOIJICHHE JI0CTaTOYHOI'0 KOJIMYECTBA AaHTUBEILECTBA, YTOOBI HCIOIb30BATh €T0.

ITo npeaBapuTenbHBIM OCYETAM SHEPTUU | MUJUIUTPaMMa aHTUBEIIECTBA XBATUT JJIsS TIOJIe-
Ta Ha Mapc.

Bce anTunpoToHsbl, co31aHHbIe HAa ycKopuTeie yacTtull TaBarpon B @epmuiiadbe, COCTaBISAIOT
Bcero 15 nanorpamm. Te, kotopsie nmpousBoastcs B [IEPHe, coctaBnstor okosio 1 Hanorpamma. Ha
ceroansiHuii AeHb B DESY B ['epmanuu npounsBeneHo NpuUMepHO 2 HAaHOTpaMMa MO3UTPOHOB.

HeoxxngaHHBIM OTKpBITHEM 3a IMOCIEIHHUE 5 JIET CTAJIO TO, YTO aHTUMATEPUs MPOU3BOIUTH
KOTOpYIO Tak JIOporo B jlaboparopusi, poxaaercs npsmo B atMmocdepe 3emnn. J[0BOJIBHO JaBHO
OBbUIO U3BECTHO, YTO BCIBIIIKK MOJHUN CO3/1AIOT siA€pHbIE peakuy. UToOkI Jydille HOHATh UX MpH-
pony, yUeHble YCTAaHOBUJIM BJOJb 3alaJHOTO MOOepexbsi SAMOHUU HECKOJIBKO JIE€TEKTOPOB raMma-
u3nydyeHus. Bo Bpems 0HOM W3 Ipo3 OHU MONYYWIM CIEAYIOUINE Pe3yabTaThl: ObLIM 3a(UKCHPO-
BaHbl KPYIHbIE BCOBIIIKA FaMMa-U3JIy4€HUs OT yAapUBLICH HEMOAANEKy OT AETEKTOPa MOJIHUU.

[TonpobHas pacmmdpoBKa Mokaszaiga, YTO MPOM30LLUIO 3 THIA BCHBILKU TaMMa-H3JIyuyeHUs,
MPOJOJDKABIIMXCS pa3iauuHoe Bpems. IlepBas n camas KOpoTKas raMMa-BeIIblllIKa Oblia BbI3BaHA
HEMOCPEACTBEHHO yAapoM MosiHuU. [lopoxneHHsle et HOTOHBI 00a1aIM 10CTaTOYHON SHEprueH,
YTOOBI BBIOUTH (POTOHBI U HEUTPOHBI U3 aTOMOB ra30B, HAXOASIIUXCS B aTMoc(epe — Tak MOSIBU-
Jach BTOpas ramMma-Bemblmika. [losBuBIIMecs HecTaOWiIbHbIE aTOMbl a30Ta —13 u kucimopona —15
pacnanuch, UCIYCTUB MO3UTPOH — AHTHYACTHUILY 3JIEKTpoHA. Yepe3 HEeCKOIbKO MICHOBEHHUH MO3U-
TPOH, KaK U I0JIaraeTcsl aHTUMATEPUN, AaHHUTHIIMPYET C DJIEKTPOHOM, BBIIEIASA IPH 3TOM SHEPTHIO.
OTHMH IPOLECCAMH U BbI3BaHA TPEThS — caMas MPOOJKUTENbHAs BCIBIIIKA FAMMa-U3JTy4YeHUsI.

WonHas noBymIKa.

AHTUMeTEpHUs YK€ 1aBHO M3ydaeTcsl cama Mo cebe, HO Terepb OHa OCBOEHA JOCTaTOYHO XO-
pOIIO, YTOOBI JIFOJM MOTJIM HavyaTh MCIIOJIb30BaTh €€ B KauecTBE 30HAA i1 MaTepuu. EnMuHCTBEH-
HBIM MPEMSATCTBUEM OCTAETCS CIOKHOCTh XpaHEHHUS] aHTUMATEPHH.

K coxanenuto, peakocTb U HeCTAOMIBHOCTh aHTUMATEPUU MEIIAIOT YYEHBIM U3ydaTh €€ 0CO-
OeHHOCTH. AHTUMAaTepus MOXXET ObITh MOJydeHa B KpPOIIEYHOM KOJIMYECTBE TOJBKO B HEIpax
MOIIHBIX YCKOPUTENIEH, TaKuX, KaK OOJIbIION aJApOHHBIN KOJUTaljep, I7ie B CTOJIKHOBEHUSIX YaCTHIL
POXKIAIOTCS Mapbl YaCTHUIl M aHTUYACTULl. DTU aHTHYACTHIIbl YJIaBIMBAIOTCS, U30JUPYIOTCA U TO-
MEIIAIOTCS B CIELMATIbHBIE JIOBYIIKH, KOTOPBIE Ha3bIBAlOTCS JoBYIIKamMu llenHnunra. Brepssie cio-
BUTh aHTUBEINECTBO yuEHBIM yaaiocsk B 2010 roay [4].

B noBymikax [leHHHMHIa MCHIONB3YIOTCS 3JIEKTPUUYECKHE M MarHUTHBIE MOJIsSL, KOTOPBIE yAep-
’KMBAIOT YaCTHULIBI aHTUMATEPUH U HE NAIOT UM BO3MOYKHOCTH BOWTH B KOHTAKT C YAaCTHIIAMH BEIIlE-

CTBa, U3 KOTOPOT'O M3TOTOBIICHBI CTEHBI JOBYIIKU. [ToliMaHHBIE TaKMM 0Opa3oM YacTHUIIbl aHTHUBE-
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IIECTBA OXJIAXKJIAIOTCS 10 CBEPXHU3KHMX TEMIIEpaTyp JUIsl M30aBJICHUS OT TEIUIOBBIX LIYMOB IPH
IIPOBEICHUH U3MEPEHUM.

B cents6pe 2021 roxa ydyensie EBpornelickoit opranm3zarmu siiepHbix ucciegopannii CERN
3aKOHYMJIN pa3pabOTKy U CO37aHKe HOBOH JIOBYIIKH, B KOTOPOIl aHTHBEIIECTBO MOXKET OBITH OXJIa-
KJICHO JIO CBEPXHHM3KUX TeMIlepaTryp OyKBaJIbHO 3a HECKOJIBKO CEKyHJ, a HE 4acOB, KaK 3TO OBLIO
panee. beicTpoe oxJaxkJeHHE aHTUMATEPUU OCTABUT YUYEHBIM OOJIbIIE BPEMEHH JUIsl MIPOBEIICHUS
AKCIIEPUMEHTOB,

Ve B 2023 roay miaHUpPyeTCs 3aKOHYUTH MPOEKT CO3/JaHUs JIOBYIIKH, B KOTOPOM aHTHBE-
IIECTBO MOXXHO OYZET TPaHCIIOPTHUPOBATh B IPY30BHUKE MEXAY J1a0OpPaTOpUsMHU U, BOZMOXKHO, HA
0O0JIbIINE PACCTOSHUS.

Cdepsl npumeHeHne aHTUBEILECTBA.

[ToMuMO yk€ ONMMCAaHHOTO BBIIIE MPUMEHEHHSI AHTUBELIECTB B KaU€CTBE 30HJOB IIPU UCCIE-
JIOBaHUU SIACP «HOPMAIILHBIX» BELIECTB, CYIIECTBYET TAK K€ CIOCO0 MCIOIB30BAHUS aHTUMATEPHU
B MEJIULIUHE.

[TosutponHo-amuccuonnas Tomorpadus (I19T) ucnonb3yercst A JUArHOCTUKU B OHKOJIO-
UM, KapJAHOJIOTHH U HEBPOJOTUHU. B OCHOBE MO3UTPOHHO-3MUCCUOHHON TOMOTpa(UH JIEKUT CBOK-
CTBO OMOJIOTH-YECKOM TKaHU BBHIOOPOYHO MOTJIONIATh ONpeeNiCHHbIe BemecTBa. Ecinu B cocTaB mo-
IJIOLIEHHOTO BEUIECTBA BXOJAUT PAJMOAKTUBHBIN U30TOI, IO PETUCTPALMU €r0 pacmnana MOXKHO Cy-
JIUTh O COCTOSIHMM Omosiornueckoit Tkanu. Meroxa [I9T ocHoBaH Ha perucTpanuu IByX aHHUTHIIS-
LMOHHBIX FaMMa-KBaHTOB, BbUIETAIOLIMX B IMPOTUBOIOJIOKHBIX HAMPABICHUSX, YTO MO3BOJISET IO-
JYYUTh U300paKEHHE UCCIIeIyeMOoro oprana [5].

[Tpy aHHUTWIIAIMK BElIeCTBa M aHTUBEIIECTBA BBICBOOOXKAaeTCs OOJIBIIIOE KOJIUYECTBO IHEP-
UM, YTO B TEOPUU MOTJIO ObI IMO3BOJIMTH CO3AaTh YPE3BbIYAHO MOLIHBIN JABUraTeNb, Ipeanoiara-
€TCs1, UTO OH MO3BOJIUT BBIBECTH KOCMUYECKHUE UCCIIEI0BAHUS HA IPYTrOil yPOBEHb.

Hcnonp30BaHne aHTUMATEPHH B KOCMOHABTHKE: BapIl-JBUTaTelb, KOTOPBIH paboTaeT oT pe-
aKTOpa, BBIIEISIONIETO SHEPTUI0 NMPU aHHUTWIISIIMKA MAT€pUU W aHTUMarepuu. Tak, CyllecTByeT
HECKOJIbKO MaTeMaTH4YECKUX MOJIEJIeH, ONMUCHIBAIOIINX pabOTy MOJ0OHOTO ABUTATENs, U, UCXOS U3
ATHUX PAcUETOB, JUISI MEK3BE3IHBIX KOpabiiel MOHaJ00UTCsl COBCEM HEMHOTO aHTHYacTull. Beero 3a
MecsI MOXHO OyeT nosnereTs 10 Mapca, ucnonb3oBaB 0koj0 140 HAHOrpaMMOB AHTUIIPOTOHOB.

B nenom, BO3MOXHOCTh CHHTE3a OOJIBIIOr0 KOJMYECTBA SHEPTUH, HCIIOJb3YSl aHTUBEIIECTBO U
BEIIECTBO, SIBJISIETCS PELICHUEM OTPOMHOI0 KOJMYECTBA HBIHEITHUX MPOOJIEM, TaK YTO UCCIIEJOBAHNE
AQHTUYACTHUL] M SKCTIEPUMEHTBHI IO MX T0OBIYM JOCTATOUYHO NEPCIIEKTUBHOE 3aHATHE Il YUEHBIX.
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