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CTPOEHME ATOMHOIO AgPA

1.0TKpbiTHE NpoTOHA — 19192. — 3.Pe3epgopo
YN + 3He — 70 + 1H (nporton — 1p)

2.0TKpbiTUE HelTpoHa — 19322, — []xnc.YeOBUK
aBe + 3He — 12C + ln(ueiiTpon)

HeWTtpoH: - HecmabunbHaa yacmuya (n = p + e + HeUTpUHO) — 15MuUH
- g omcymcmasyem
-m = 1839m;
- He UOHU3upyem 8030yx
- «moay4ee opyxcue» 014 A0epHbIX peakyull
BN+ in - 1B + 3He

3. CtpoeHue aTomHoOro agpa — 1932r.
L.NeaHeHKo u B.leli3eHbepa — npomMOoHHO-HelimpOoHHAsA Modesb

Appo = HyknoHbl = MPOTOHbI + HEUTPOHDI
A=N+2Z;

A — maccosoe 4ucso

Z — yucno npomoHos (nopsadkossili Homep) A X 7 L -

N — yucno HelimpoHos (N=A-Z) Z 1
M,=Zm,+ Nm,
q:=4q,

4. U3oTomnsbl — oduHakosvle Z, pasiuuHol N u A
g — OAVHAKOBbIN — O MHAKOBbIE XMMUYECKME CBOICTBA
N — pa3Hoe — pasHble pU3nYecKme CBOMCTBA

Umeromca y ecex sanemeHmos

Mpumepsbl: MpumeHeHUe B meguumnHe:
1.Kucnopod — 3 1.UccnedosaHue obmeHa sewsecmsa
2.CeuHey — 10 2.UccnedosaHue KposoobpaujeHusA
3.YpaH - 10 3./leyeHue 6azedosoli 6onesHu

4. Bodopoo - 3 4./leyeHue pakossix 3a6onesaHuli
5.30n0mo -37

lNonyyarom e amomMHbIX peaKkmopax U Ha yckopumenax
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Iosicnenua Kk OK-11.13.62
1. HHcxyccmeeHHoOe npesepauieHue sioep

[TepBoe HMCKyCCTBEHHOE IpeBpallleHUe sSfep OBIAO OCyIllecTBAEHO Pesepcopmom
B 1919r. Pe3epdopa oOHapyKHA, YTO OAS Pa3pyILIeHHsS HUAH IIpeobpa3oBaHUS
anep HyzKHa 0oabliadg dHeprud. Hamboaee mOAXOASIIMMU HOCUTEAIMH OOABIIION
SHEPrUuU B TO BpeMsl OBIAU O- UaCMUYbL.

[lepBBIM SAPOM, MOABEPTIIMMCSH HCKYCCTBEHHOMY MIpPEBpPAIIECHUIO0, OBIAO SIAPO
azora. [Ipu OombapmupoBKe Pezepdopn oOHAPYKHUA TIOSIBAEHUE NPOMOHO8 -
s0ep amoma godopoda. Ilpu 3ToOM gaApo azoTa MIPEBPAIlaAOCh B PO H30TOIIA
KHCAOPOA.

[ApyruMu yd4eHBIMH OBIAM OOHApYKEHBbI I[pPEeBpaIleHUsS IO BAHSHUEM
a- wacmuy, - aaep dropa, HATPUS, AAIOMUHUS U APYTHX.

dnpa saeMeHTOB KOHIA Tabaullsl MeHzeaeeBa He HCIIBITHIBAAU ITPEBPAIIlEHUH,
OOABIIION AEKTPUUECKUY 3apsi/l HE TI03BOASIA - YACTHUILIE TIPUOAUZUTHCS K SIAPY.

B 1920r. Pesepdopa BbICKazaa IPENIIOAOKEHHE, YTO JOAXKHA CYIIECTBOBATH
JyacTHlla C Maccoi, paBHOM MacCe IIPOTOHA, HO HE HMEIOIIATd 3AEKTPHUYIECKOTO
3apsaa . Ho o6Hapy=KUTh Takyio dacTuily Pesepdopay He yaasoCk.

Cnoycra 10 aer HeMenkue ydeHble bore u bBekkep 3ameTuau, 4TO IIpHU
boMbapoupoBKe o-uacmuyamu OEpHUAAMS BO3HHUKAIOT KaKHUe-TO AYYHU C
OTPOMHOM IIPOHUKAIOIIEH CIIOCOOHOCTBHIO, OHH IIPOXOAUAU CKBO3b TOACTBIE CAOU
CBUHIIA, [IOYTU He ocrabagasachk. Bore u Bekkep perrnau, 9To oOHAPYKHUAU OYeHb
KECTKHE AYYHU (IIPEAIIOAOKHUAU, UTO 3TO Y -Ay4H).

B 1932r. ®penepuk u Upen XKoano-Kropu perinam U3y4duTh STO U3AY4YEHHE U
OOHApPYKUAHU, YTO OTU AyYH IIOYTH HE HOHUZUPYIOT BO3AYyX, Yepe3 KOTOPBIH
OHU ITPOXOAAT.

2.0mxpoimue HelimpoHa

B 1932r. anrauiickuii yueHbl#i YeaBuK (coTpyaHUK aabopatopuu Peszepdopna)
BBIIBUHYA TUIIOTE3Y, COTAACHO KOTOPOI BBIAETAIOT HE Y - AYYH, & ITIOTOK OCOOBIX
YaCTHUL, AHUIIIEHHBIX 9AEKTPUYECKUX 3aPA0B U II0 padMepy U Macce OAM3KUX K
IIPOTOHAM. DTH YACTHUIBI OH Ha3BaA HeUmpoHamu.

HeATpoH IIpu NOPOXOKAEHUH dYepe3 BEIIeCTBO He TepsdeT CBOEH HEPruu Ha
MOHU3AIIMI0O AaTOMOB JTOT0 BeIIeCTBA. IOmMum 00bsICHSIemcs: 02pOMHAs
npoHuKarouwas. cCnocobHocme.

[To aToif K€ HpPUYMHE HEAb3s HEIMOCPEACTBEHHO OOHAPYXKHUTH HEHUTPOHBI B
KaMepe Buabcona. Ho ecan HEHTPOH CTOAKHETCS C SIAPOM aToMa, HalmpuMep, C
IIPOTOHOM, TO ITOCAE€IHUH IIPU 3TOM MOAYYUT OOABIIYI0O KHUHETHYECKYIO S9HEPTHIO,
a 3HA4YUT, CHOCOOHOCTHL HOHH3UPOBATh aToMbl. TakuMm oOpa3omM, U ObIA
oOHapYzKEH HEHUTPOH.

HetlimpoH HecmabusnbHasi uacmuuya: CBOOOAHBIM HEeUTpoH 3a 15 wMuH
pacrnamaeTcs Ha MOPOTOH, IAEKTPOH M HEUTPUHO-YACTHILY, AHIIEHHYIO MaCCHI
TIOKOSI.

P.S. B 2015 rony HobeaeBckass mpemuss mo ¢pHu3HKe Oblaa NpHCyXKAeHA
Taxaaku Kansure (Amonusn) H ApTypy MakanoHaAbay
(KaHaza) 32 OTKPBITHE OCIHAASIIIHH HEHTPHHO, UTO MOATBEPAHUAO HAAUYHE Y
5THUX YaCTHIL HEHYAE€BOH MaCCHI.
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OCLHAAFIIITHH HEHTPHHO — 3TO IIPOIIECC, IPHU KOTOPOM HEHUTPHUHO OIHOIO THIIA
(HampuMep, 3AEKTPOHHOE) II0 MEPE PacCHpOCTPaHEHHd OT MCTOYHHUKA K
JETEKTOPY IIEPUOAUYECKHU ITpeBpalllaeTCs B HEUTPHUHO APYroro THUMA (MIOOHHOE
WAU Tay-HEUTPHUHO).

He#iTpoH He mMeeT 3AeKTpHUUecKoro 3apsaa. Ero macca 60abIlie Macchl IIpOTOHA
Ha 2,5 9A€KTPOHHOMN MacChl.

He¥#TpoHbI MOryT OBITH HCIOAB30BAHBbI [AS IIpPEeBpAallleHHs SA€eMEHTOB. Takum
obpa3oM, yueHble IIOAYyIHAH B PyKH HOBOE «MOTydee OpyzKHe» BO3IeHCTBUS Ha
anapa aToMOB.

3.CmpoeHue asapa amoma

B 1932r. nocae OTKPBITHS HEUTPOHA, COBETCKHE y4yeHble [IBaHeHko u 'amnoH, u
HeMeIKUM ¢(usuk [eiizeHOepr IIPEemAOKUAM MIPOTOHHO-HEHTPOHHYIO MOEAD
anpa aroma. CoraacHoO 3TO¥ MOIEAU:

- 510pa 8cex 3/1emMeHmo8 COCMOosIMm U3 NPOMoOHO8 U HellmpoHOs,

- macca s80pa pasHa Cymme mMacc NPomoHo8 U HellimpoHOos,

- 3apsi0 20pa 06ycno81eH MObKO NPOMOHAMU,

—- UUCJIO NPOMOHO8 8 sI0pe PasHO NOPSLOKO8OMY HOMEPY dNeMeHma,

- UUCNO HEeUMPOHO8 PABHO PA3HOCMU MEKOY AMOMHOU MACCOU U UUCIOM
NpPOmMoHo8.

4. H3omonusl

HN3yueHne paroaKTUBHOCTH II0KA3aA0, YTO B IIPHUPOE BCTPEUYAIOTCH aTOMHBIE
dapa ¢ OAUHAKOBBIMU 3apdaamMiu Z, HO C Pa3AUYHBIMU MaCCOBBIMU UHUCAAMHU A.
AHrauiickuii yuyeHoli Connu NPENAOKHA Ha3bIBATH IApa C OAWHAKOBBIMU Z U
pa3Au4YHBIMU A usomonamu.

OTH 5A€MEHTHI IIOMEMIAIOT B OAHY U Ty K€ KAeTKy Tabaunkl MeHpaeaeeBa. B
1912r. ToMCOH, UCCAENysT AYyYH B TpPYyOKe, 3alI0OAHEHHOM HEOHOM OOHAapyZKHA
aToMbl HEOHa [ABYX THUIIOB. OJTO [OOKAa3bIBAAO, YTO HM30TONBI MOTYT OBITH HeE
TOABKO Y pPaAHOaKTUBHBIX BEIIECTB.

N3-3a ogmHaAKOBOro 3apgna sSapa - aToOMbl pas3HBbIX HM30TOINOB OJHOTO
XUMHUYECKOTO SAEMEHTAa UMEIOT OQHHAKOBOE CTPOEHUE IAEKTPOHHBIX O0OAOUYEK
(4UCAO 3AEKTPOHOB y HHUX OAHHAKOBO) M IIO3TOMY OHH 00A3JAIOT OOUHAKO8bLMU
Xumuueckumu ceoticmaamul.

N3-3a pas3HOro umcaa HEUTPOHOB - sApa Pa3AUYHBIX M30TOIOB OJHOTO
XUMHYECKOTO dAE€MEHTa 00AaoaioT Pa3HbIMH MacCaMH U MOTYT OTAMYATBCH NO
¢gusuueckum ceolicmsam, HaAIIPUMEpP, IIO0 CIIOCOOHOCTH K pPaaHOaKTUBHOMY
pacoany.

JaapHeNIIne uccAeNOBaHUA II0OKa3aAM, UYTO M30TOIIBI HMEIOTCI Yy BCEX
XUMHUYECKUX IA€EMEHTOB.

Hanpuwmep:

1) y Kucaopoga UMeeTCsl TPU CTaOUABHBIX U30TOIIA,

2) y oroBa - 1ecaTh CTabHUABHBIX H30TOIIOB,

3) U30TOIIBI €CTh y CAMOTO TSXKEAOTO B IIPUPOAE IAEMEHTOB ypaHa. M3ydeHue ux
CBOMCTB II03BOAHAO OCYILIECTBUTH NPAKTHUUYECKOE HCIIOAB30BaHUE SNEPHOU
sHepruu. Hamboaee BazkKHBI M30TONEI ypaHa-235 u ypana-238. [JoObiBaeMbINd U3
pyabl ypaH B OCHOBHOM COCTOHUT H3 CMECH ABYX 3THUX H30TOIOB, HNpHU4YEM Ha
[0AI0 ypaHa-238 npuxoautcd okoao 99,3%,a Ha goaro BToporo - 0,7%.
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4) M30TOIBI €CThb U y CaMOI0 AETKOTO 3A€MeHTa - Bogopona. Kpome mzoroma
Boziopozia JH CYIIeCTBYET TS¥KeAblif BOAOPO/, ATOMHEIE SApa KOTOPOTO COCTOSIT
M3 OJHOIO IMIPOTOHA M OJHOrO HeHTpoHa. ATOM C TaKHUM SAPOM IIOAYYIHA
HasBaHUe melTepuit ;D. Boma, B MoAeKyAe KOTOPOii BMECTO aToMa BOAOPOAA
HaXOOUTCs AedTepuii, Ha3bIBaeTCs TAKEAOH BomoH D2O.

Heboabimoe yucao moaekya D20 Bcerma umeercd B npupomHoi Bozae (0,01%).
TeMmnepatrypa KuneHusa Tsaxeaol Boas! 101°C, a orBepaeBanuga 3,8°C
Buroaorumueckue IIpollecChl B TSIKEAOM Boje IMIPOTEKAaIOT, HHAa4Ye, 4YeM B
oOBIYHOM, TO3TOMY OHa He IIpUronHa Oad nuTaHud. Ha opraHusMm aedcTByeT
yrHeTalollle, B OOABIIMX [403aX BbI3bIBAeT rubesb. BrineaeHue TAKeAOH BOIbI
IIPEeACTaBASIET JOBOABHO TPYAHYIO 331a4y.

[IpumeHsgeTca Taxkesas BOoJla B SNEPHBIX peakTopax, KakK 3aMeIAUTEAb
HeHATPOHOB U OTHOBPEMEHHO KaK TE€IIAOHOCHUTEAB.

HNmMeercsa u TpeTuil U30TOII BOAOPOAA - TPHTHH —iT, AP0 KOTOPOIr'0 COCTOUT U3
OHOTO IIPOTOHA U ABYX HeUTpoHOB. Tputuii 6ema - paduoakmueeH ¢ IepruoaOM
roAypacrmazga oKoAo 12 aer.

5) usBecTtHb! 37 H30TOIIOB 30A0Ta C MAacCCOBBIMHU 4YHcAaMu oT 169 mo 206.
EQUHCTBEHHBIM CTaOHMABHBIM HM30TOIIOM SIBASIETCS 9

%3Au. TakuMm o6pasom,
IIPUPOHOE 30A0TO SIBASETCS MPAKTHYIECKH U30TOMHO-YUCTHIM SAEMEHTOM.
UsoTon %3Au aBAsieTcsl caMbIM MOATOXKHBYIIHMM H3 PaAHOAKTHBHBIX H30TOIIOB

30A0Ta C IEPUOAOM HoAaypacnaza 186 CyTok.

Honyueuue u npumeHeHue paauoanmueublx usomonoe

C IIOMOIIIBIO AOC€PHBIX peaKL[I/Iﬁ IIOAYY€HBI PaANOAaKTHBHEBIE HM30TOIIBI BCEX
XHUMHYECKHUX JOAEMEHTOB. HpI/II‘OTOBAHIOTCH PaaTuoOaKTHUBHBIC H30TOIIbI B
ATOMHEBIX PE€aKTOpax U Ha YCKOPUTEAIX DAEMEHTAPHBIX YaCTHILIL.

[ITrpokoe MPUMEHEHHUE PAAUOAKTHUBHBIE N30TOIIbI HAIIIAM B MEIUIIUHE.

1) OgHOo M3 IPUMEHEHHUH 3TO HUCCAeqOBaHUe oOMeHa BellecTB. Brlao moka3aHo,
4TO 3a CPAaBHHUTEABHO KOPOTKOE BpeMsI OpraHHU3M [IOABEPraeTcd II0YTH [IOAHOMY
obHoBAeHUIO. CAararolye ero aToMbl 3aMEHSIOTCS  HOBBIMH. AHIIL  KEAE30
ABASIETCS UCKAIOUeHUeM. 2Keae30 BXOIUT B COCTaB reMoraobuHa. [Ipu BBeIeHUH
B ITUIIy PaAHOAKTHBHBIX aTOMOB XKeae3a ObIA0O O0HapPy’KEeHO, YTO OHHU IIOYTHU He
IIOCTYIIAIOT B KPOBb. TOABKO B TOM CAydae, KOTZla 3ariachl XKeAe3a B OpraHu3Me
UCCIKAIOT, JKEA€30 HaUYHUHAaEeT YCBauBaTbCAd OPraHU3MOM.

2) PagmoakTUBHBIH HaTPUH, BBOAUMBINA B HEDOABIIIMX KOAWYECTBAaX B KPOBB,
HUCTIOAB3YETCS JIASL HCCAEIOBaHUS KPOBOOOpaIleH!.

3) lom WHTEHCHBHO OTAAraeTcs B IIUTOBUAHOM IKeae3e OCOOEHHO IIpU
O0azemoBoii Ooae3HH. Habaromass ¢ IIOMOHIBIO CYETYHMKA 34 OTAOXKEHUEM
PanMoOaKTUBHOIO Hoaa, MOXKHO OBICTPO IIOCTaBUTH AUATHO3.

Boabmine [03bl paguOaKTHUBHOIO MoOAa BBI3BIBAIOT YaCTHUYHOE paspylleHue
AaHOMAaABHO pPa3BUBAWOIIUXCA TKAaHEHW UM II0O3TOMY pPaavOaKTUBHBIA Hon
HUCIIOAB3YETCH JIAS AedeHUsI 6a3eq0BOH OOAE3HH.

4) VHTEHCHUBHOE 2aMMa - U3NYueHUue KODAAbTA HCIOAB3YETCS IIPU ACYECHHUH
PaKOBBIX 3a00AeBAHUH.


https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%BE%D0%B2%D0%BE%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%B8%D0%B7%D0%BE%D1%82%D0%BE%D0%BF%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D0%BE%D0%B4_%D0%BF%D0%BE%D0%BB%D1%83%D1%80%D0%B0%D1%81%D0%BF%D0%B0%D0%B4%D0%B0
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OK-11.13.63 T

AOEPHBLIE CUJIbI D

-cunsl, delicmsyrouue mex0y NPoOMoHaAMU U HelimpoHamu 8 a0pe u obecnequsaroujue
cyuecmeosaHue ycmolivyuebix A0ep

CBoiACTBa AAEPHbIX cuA: - 1.6 100 pa3 6os1bue KYysnOHOBCKUX,
2.1poABAAIOMCA HO PACCMOAHUU 105m,
3.8enuKa 3HepauA 83aumodelicmeaus (A0epHas).

MexaHu3m: pont+ n[1072c]; n+nt >p

9HEPIrmnia CBA3N ATOMHDLIX AQEP

JHeprua cBA3un — sHepaus Heobxodumas 018
pacwersneHus 0pa Ha omoesibHble HYKAOHbI

Usu 3Hepeus, 8bl0enaoWascs npu obpasosa- p
Huu A0ep U3 HYK/A0HO8

MepoW aHeprum cBssm aBnsetca — gedeKkr maccbl (1905r. — A.DMHLWTENH)

Am =Zm,+ Nm, -M,

AE = (Zm, +Nm, — My) c?

AQEPHbBIE PEAKLIUU

- U3MeHeHue amoMHbIx A0ep nMpu 83aumodelicmeuu ¢ 31eMeHMAapHbIMU YacMuyamu.
A+a—-C ->B+b
«Mlcmopuyeckue» peakyuu
1.1919r. Pesepdoppa, N +3He > 0+ 1p

2.1932r. Yepsuk 2Be + sHe — 2C + In

3.1932r.Ucnonb3oBanue npotoHos  3Li+ ip — 5He + 5He

4.1932r.®.Xonu-Kropu 27Al+ 3He — 32P + In; 32P - 3%si + e (mosutpon)
5.1938r. laH,LLUTpacmaH 2350 + in > 22Ba + 88Kr + 3ln
6.C1HTe3 D+3T > jHe + {n

Pacyém sHepzemuyvecKko20 ebixo0a adepHoli peakKyuu.
Ona 37T0ro He0bx0AMMO ONpPeaeNnTb:

1.Maccy agep n 4actuu, my 40 peakumm,

2.Maccy agep v 4actmu, m; nocae peakuun,
3./13meHeHne maccbl my; — m;

4.PaccunTtaTb U3MEHEHUE SHEPTUHN E=mc’
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Iosichenua Kk OK-11.13.63
1.50epHble cunbl

B cocraB gnpa BXOOAT HPOTOHBI M HEWUTPOHBI, U SAEKTPOCTATHYECKHE CHABI
OTTaAKMBaHUS NPOMOHO8 [HOOAXKHBI OBl HX PaCTOAKHYTb, HO OTOr0 He
IIPOUCXOUT.

eao B TOM, YTO MeEXKAYy IIPOTOHAMH M HEUTPOHAMH CYLIECTBYIOT CHABI,
IIPEBOCXOASIINE SAEKTPOCTATHYECKHUE. DTU CHABI IIOAYYHAN Ha3BaHUE s10epHbLX
cusl, T.€. CHA, AEHUCTBYIOIINX MEXAY IIPOTOHAMU U HEUTPOHAMHU.

1. 9dnepubie cuapl B 100 pa3 mpeBOCXOOAT SAEKTPOCTATHUYECKHE CHABL. OTO
caMble MOIIHBIE CHABI U3 BCEX, KOTOPBIMH paclioraraeT IIpupoaa.

2.9 nepHble CHABI TIPOSIBAFIOTCS AWIIbL Ha paccrogHugax 10-15mM, HO Ha
paccroguuu 10 -14M OHHU y2Ke HUYTOXKHO MAaAbI.

3.Y HUX BeAUKa 3HEPTHUs B3auMOAeUCTBHSI, OHA HA3bIBAETCS SHYMPUSIOEPHOU
unu sL10epHou.

MexaHU3M CHABHOIO B3aMMOAEMCTBHS COCTOUT B TOM, YTO B d/p€ ITOCTOSHHO
IIPOUCXOOUT IIPEBPAILIEHHUE IIPOTOHA B HEUTPOH U HEUTPOHA B IIPOTOH.

[IpoTOH HM3AyYAET AEMEHTAPHYIO YACTUILy NU-NJIIOC- Me30H U depe3d 10-23c cam
IIpeBpalaeTcd B HEUTPOH. Heirrpon, 3axXBaTUB Nnu-N1r0C-MEe30H,
npeBpaiaerca B IIpoToH. Yepes 10-23c  mpollecc HIPOUCXOAUT B OOpaTHOM
HAIIPaBA€HHUHU U T.[I.

BHyTpugnepHoe INpeBpallleHHuEe HEUTpPoOHa B IIPOTOH IIPHUBOAUT K 3axBaTy
"oaykmaromiero” 3aeKTpoHa. OOpaTHoe IIpeBpallleHHe - K yXOay N3 00OOAOYKH
CaMoOT0 SAE€KTPOHA.

2.9Hep2usn cest3u amoMHbLX 10ep
OHeprua CBA3H (ompuyamesibHa No 3HAKY) — IHepausi Heobxooumas Ons

pacwenneHus 10pa Ha omoesibHble HYKIOHbL UNLU SHepauUsl, 8blOeNOULASICSL NPU
obpazoeaHuu si0ep U3 HYKJIOHOS.

[as Toro, 4ToOBI yAAAUTH HYKAOH H3 SApa, HALO COBEPLIUTH OOABIIVIO paboTy,
T.€. COOOIIUTD APy OOABIIYIO SHEPTHIO.

CoraacHO 3aKOHY COXpaHEHHUS SHEPTHH, SHepPrus paBHa TOH 3HEPruu, KoTopas
BBIZIEASIETCS IIPU 00pa30BaHUM Spa U3 OTACABHBIX YACTHUII.

BaxxkHyio HH(MOpPMAIIHIO O CBOMCTBaxX d4ep COAEPKUT 3A8UCUMOCMb YOebHOU
9Hepauu ces3uU (9Hepaust c8s13U HA 00UH HYKJIOH) OM MACCO8020 UUC/A.

He cumTag caMbIX A€TKHUX 40€p, YA€ABHAd SHEPIUd CBS3U IIPUMEPHO ITOCTOSHHA
u paBHa 8MsB/HykaoH. MakcHUMaAbHYIO YAEABHYIO SHEPTHUIO0 CBSA3U
8,6 MsB/HYKAOH UMEIOT 3AEMEHTBHI C MacCOBBIMH yucaaMu oT S50 mo 60, T.e.
JKeae30 W OAM3KHEe K HEeMY OJAEMEHTHI. Sapa 3THX SAEMEHTOB Hauboaee
YCTOUYUBEI.

[To mepe meperpy3kH sgzep HEHTPOHAMU, yAeAbHAsI SHEePrusd CBsa3U yOrIBaerT. g
dep PacIOAOKEHHBIX B KOHIIE TabAWIBI MeHaeaeeBa (HAIIpuMep, DA ypaHa)
yaAeAbHad 3Heprud CBs3U paBHa 7,6MaB/HyKAOH.



H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

[paduUK yaenbHOW CBA3U HYK/JIOHOB B
aape

* MaKcMmanbHyto
SHepruto ceasn (8,6 . S
4 T I {
M3B/HYKNOH) : ’/“° ATr | \?‘"\

UMEKOT 3/1EMEHTDBI C 28

Bl | S S | | (S (S (S (N S )

AE_ /A, MaB/ayxnor

MaCCOBbIMMU A 353
yncnamm ot 50 go  sffsy
60. y
* Aapastux s 1 1 1 1 1 [ |
3 He
3/1EMEHTOB P v chia SN [N A ) I (N N O (N I
i
Hambonee 1[5 )
YCTOl\;IL‘WleI_ 0 20 40 60 80 160 1éo 140 160 180 200 220 240
Jerxue Taxenre
anpa . anpa

Hanpumep, B 1kr reaus umeercd 1,5 *1026 atomoB. [IpH CAOKEHUU €ro U3
anep aevTepus HOAXKHA BbIAEAUTCH 2Heprus 3,5*1026MaB.

YTOOBI MOAYYUTH TAKyI0 HEPTHUIO OOBIYHBIM IIyTeM, Hy:KHO cxkedb 13600 TOHH
6eH3uHa.

Apyzoii npumep. IlorHas sHePTUS CBA3H sapa aroMa ypaHa -235, COCTOSIIETO
u3 235 HyKAOHOB, paBHa 1780 MsB.

[Ipu meaeHuu Bcex gnep 1 Kr ypaHa-235 BBIAEAUTCH 3HEPTHUSI, KOTOPYIO MOXKHO
OAYYUTH AHIIBb ITpu ckuraHuu 180 ToHH OeH3mHa MAu 3000 TOHH KaMEHHOTO
YTASL.

Takum obpasom, TPU PEaKIIUH CAHUSHHUS SIEP AETKHX JAEMEHTOB Ha 1Kr
pearupymolero BellecTBa BbICBoOOOkmaeTcd IipuMepHo B 80 pas 06oablie
SHEPTUH, YeM IPHU PEAKIINH AEACHUS SAOep TAKEABIX SAEMEHTOB.

Hedgpexcm macceot

H3mepeHua Macc gaep IoKasbIlBaloT, YTO Macca oKos sapa My Bcerga MeHbIIIe
CYMMBI MacC IIOKOSI CAQTAOIINX €r0 IPOTOHOB U HEUTPOHOB.

M, <Z+my,+Nx*m,
CylecTByeT, Tak Ha3bIBaeMblii OdegheKm MacC, KOTOPBIH SIBASETCS Mepoi
9HEPTHUU CBLA3U aTOMHOIO gapa.
HedekT Macchkl paBe€H Pa3HOCTH MEXAY CYMMapHOH Maccod BCEX HYKAOHOB
dapa B CBOOOJHOM COCTOSTHUH U MacCoH sapa:

Am=Zsmy,+ N=*m, — Mg
Hampumep, y reana macca gapa Ha 0,75% MeHbIIIe Macc ABYX IIPOTOHOB ABYX
HEUTPOHOB.

AE = Amc? »sHeprus cB€3U gapa aTroMa
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

YMeHbIIIEHHMEe MAacChl IIpu O6pa3OBaHI/II/I dgapa oO3Ha4daeT, 4YTO IIpU OSTOM

YMEHBIIIaeTCd SHEPTHd CHUCTEMbl HYKAOHOB. Ho Kyda desaemcst ama sHepaust U
macea?

[enro B ToM, UTO IIpU 06pa30BaHUU SApa U3 YACTHUIL, KOTOPbIE 3a CUET IOepPHBIX
CHA YCTPEMASIIOTCS C OTPOMHBIM YCKOPEHHUEM APYT K APYTY.

Hznyuaemole npu amom 2amma-KeaHmol Kak pas obradarom sHepauell U Maccoll.

3.Pacuem sHepauu ces3u

1.B apepHoOY (pr3MKe MacCy 4acTHIL BhIPaAXKaIOT B a.€.M.(amomHas eOUHULA MACCbL)
1 a.em. = 1,660566*10-27Kr.

2.0HepruIo B d/epHON PU3UKE ITPUHATO BbIpaKaTh B 3.B. (anexkmpor-eonom)
13.B. = 1,60219*10-19/1x

1,660566 *10 ™27 kr*9+1016 M2 /2

TOT
oraa 1,6019%10~19 [xx/3B

2
= 931M3B (E = =)

e
T.e. AE = Am *931M3B
3.IloacuynTaeM 5HEPTHUIO CBA3U SApa aToMa IeANs ‘Z*H e

AE = Amc?
M, = 4,002603 a.e. M

2m, = 2,01730 a.e. m.
2m, = 2,015650 a.e. M.

= 4,032980 a.e. M.
Am =4,032980 — 4,002603 = 0,030377
AE = 0,030377 a.e.M.x931 = 28,2 M3B

4.IloacynTaeM yaeAbHYIO0 S9HEPTHUIO CBA3HU

AE  28,2MsB

1 2 = 7 M3B (Ha HyKJ/IOH)

4.510epHule peaKkyuu

YlaepHBIMM  peakLMaMH Ha3bIBAIOTCA IIPOLIECCHI, PE3YABTATOM KOTOPBIX
ABAdETCd IIEPECTPOMKA aTOMHBIX A1€EP.

YlaepHbIE peakIU IIPOUCXOAAT B COOTBETCTBHH C 3aKOHAMH COXPaHEHUM.
CobaAroaroTcsd  3aKOHBI COXPAHEHHS JAEKTPUYECKOro 3apsiga, JSHEPruH,
HMIIyABCA U YHCAQ HYKAOHOB (MaCcCOBOI'O YHCAQ).

He cobnrodaromesi 30KOH COXpAHEHUsT MACCbL NOKOsl, NOMoOMY UMO OHU
npomexKarom c 0ecpeKmom Maccol.

SlmepHble peaKIMU MOTYT IIPOUCXOIUTH C 6bloesleHUem I3Hepauu unu
noanowieHuem.

AnepHada peakiius IIPOTEKAET C 8bl0esieHUeM SHepauu, Koraa cymMMapHas Macce
danep U 4dacTull, oOpas30BaBIINXCS IIPU SAEPHOM peaKIlMH, MEHbBIIe MacCChl
HCXOMHBIX saep U yacTtull. OcBoOOXKIAOIASLCSI SHEPrUs paBHA PA3HOCTH MEKIY
CYMMapHOM 5HEPruii CBdA3U O0pPa30BaBIINXCS HAEP W CyMMapHOU SHeprueu
CBA3U UCXOJHBIX AIEp U HA3bIBACTCHd 9HEPreTHYECKHM BBIXOJZOM pPeaKIIHH.

9



H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

dnepHass peaklyd IMIPOTEKaAeT C noailouweHuem sSHepauu, Korja cyMMapHas
Macca gaep M 4acTUll, o0pa30BaBIINXCS IIPU ANEPHON peaKInH, 60AbIIIe MacCChl
HUCXOOHBIX gep YacCTHIL.

Coanacto meopuu Bopa, sidepras peaxkyust npomexaem 8 0ga smana.

Ha mepBoM aTame saapo A cAuBaeTcd C 4YacTHIEH a, obpa3ys HOBOE SIapo
C*,KoTOpO€E HAXOAUTCHA B BO3OYKIAEHHOM COCTOSTHUU.

Ha BTOpOM sTame BO30yKAEHHOE AAPO pPaclagaeTcss Ha KOHEYHBIE ITPOAYKTHI
danepHoU peakyuu B u e

A+a—->C*¥>B+B

Paccmompum HECKONbKO s10epHbLX peaKyull, cmasuiux UCmopuuecKumu.

1.IlepBoe nmpeBpaieHue gapa -1919r. - Pesepdopa.

2.0T1kpbITHE HEUTpPOHA -1932r.-YenBuk.

3. IlepBo€e HUCIIOAB30BaHNE YCKOPEHHBIX IIPOTOHOB - 1932r.

4. IlepBoe HCKyCCTBEHHOE IIOAYYEHHE PaJUOAKTHBHOI'O 3A€MEHTA U OTKPBITHE
HO3uUTpoHa - 1932r.

5. Peakiiusa neaenus ypana -1938r.-I'an,llITpaccmas.

6. Peakmiua cunresa.

5.IIpumep pacuema 3HepzeMuUUECK020 68bLX00a s1I0epHOU peaKuuu
JIAst TOr0 HEOOXOUMO OIIPENEAUTD:

1. Mmaccy gaoep ¥ 94acTHIL mi OO0 PEaKIIUU,
2. MaccCy gep U 9acTHUL] Mz IIOCAE PEAKIINU,
3. U3BMEHEHHE MacCbl mj - mz
4. paccyuTaTh U3MeHeHHe dHepruu E = mc?.
PaccmoTpuMm B KadecTBe nmpuMepa pacdéT IepBOU (ucmopuuecku nepeoii) AAEPHOMU
peaknuu.
N + %He - 170 + 1H

Ho peakumuu: N — 14,003242 a.e. M.
%He — 4,002603 a.e. m.

my; = 18,005845 a.e. m.

Iocae peakuuu: 50 — 16,999134 a.e. M.
1H — 1,007825a.e.m.

m, = 18,006959 a.e. M.
Am = my —m, = 18,005845 — 18,006959 = —0,001114 a.e. m.
H3meHeHue 3Hepruu OyaeT paBHO:

AE =-0,001114 931 = —1,04 M3B
SHAK (MUHYC» 2080pUM O MOM, UMO PeaKyusi NPOUCXOOUM C NO2NOUEHUEM FHEepauU
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

D OK-11.13.64 T

OEJIEHUE A0EP YPAHA

1.ApepHaa peakuusa Ha HEUTPOHaX.
1942r. 3.®epmu — He TONbKO HbICTPble HENTPOHbDI, HO U Mep,neHHble agppdpekmusHee!
BbICTpble «N» Ha4o 3amMepNATb — 3amep,/1MTenb—Bo,c|,a( H+ On — WHTEHCHBHAas Nepejiaya IHepTUH)

2.[leneHue agep ypaHa - 1938r. lan, LrpacmaH (Hem.)

235U + dn > 122Ba + 88Kr + 3n + 200M3B + ¥

MexaHusm:

ému@

3.UenHasa agepHan peakuus

200M>B n

nT.A.

k — koadduumeHT pasMHOKeHUs

k <1-peakyusa 3amyxaem,
k >1— «amomHelli 83pbisy,
k =1-cmauyuoHapHas peakyus.

1r.ypaHa — 2,3 * 10*kBT * 4 > 3T.yrua

Ycnosuma npoTeKaHusa LI,EHHOFI ﬂﬂ,epHOﬁ peakuunn:

1.Ckopocmeb HelimpoHos donxcHa 6bims docmamoyHoli, Ymobbl 8b138aMb OesieHue A0ep YPaHa,
2.[loaxHBI OMCymcmeosame npumecu, noaaou,aroujue HelimpoHel,

3.Kpumuyeckaa macca 0nsa U*** ~50 ke,a npu Haau4uu 3amedsaumens (800a unu 2pagpum) u
ompaxcamerns «n» (Be unu epaghum ) — 250 a.

1942r. - depmn — CLUA
1946r. — KypuaTos - CCCP
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

IlosicHeHuss Kk OK-11.13.64

1.510epHble peakKIHH HAa HEHTPOHAX

Tak KakK HEUTPOHBI AWUIIEHBI 3apda, TO OHU CBOOOJTHO MPOHUKAIOT B ATOMHbBIE
dqpa U BbI3bIBAIOT UX IIPEBPAIIEHUS.

UraabgaHckuil pusuk JHpuko DPepMHu (IOL €ro pPyKOBOACTBOM B AeKabpe
1942r. B CIIA  ObIA 3amyllleH IIEepBBIM SAEPHBIM peakTop) OOHaAPYKHUA, UTO
AnepHble IPEBpPAaIlleHUs BbI3LIBAIOTCH HE TOABKO OBICTPHIMH HEHUTPOHAMHU, HO U
MEeIA€HHBIMHU - 3T0 Aazke 3PpeKTUBHEE.

[ToaToMy OBICTpPBIE HEWUTPOHBI HAIO 3aMEIASITh. 3aMeIA€HUE ITPOUCXOOUT B
OOBLIKHOBEHHOM BoOze, T.K. BOJA COAEPZKUT OOABIIOE YHCAO HPOTOHOB (dapa
BOAOpPOOa), Macca KOTOPBIX IIOYTH  paBHaA  Macce HeliTpoHOB. Ilpm
CTOAKHOBEHHH OJWHAKOBBIX 'HIapPOB"' MNPOHUCXOAUT HWHTEHCHUBHad Iepenada
SHEPTHUH.

2. JeneHue sidep ypaHa

[enrenue gnep ypaHa ObIA0 OTKpEITO B 1938r. HEMeIKMMH y4eHBIMH ['aHOM H
[IITpaccmaHOM.

BBISICHHAOCE, YTO AEAUTBHCS MOTYT TOABKO siipa HEKOTOPBIX TIXKEABIX IAEMEHTOB.
1)a0po ypara-235 umeem gpopmy wapa,

2)noenomug  AUWHUL ~ HEeUmpoH, sI0po  eo3byskdaemcss U HauuHaem
degdpopmupo8amoCsi,

3)sa0po pacmsieueaemcst 00 mex nNop, NOKA CUJbl OMMANIKUBAHUSL MeEXKOY
NOIOBUHKAMU HEe HauuHarom npeobnadams HAO CUNAMU NPUMSIIKEHUSL,

4) nocne smozo s10po paspeleaemest Ha 08e uacmu,

5) noo Oelicmguem KYMOHOBCKUX CUL OMMANKUBAHUSL 9MU  OCKONKU
paznemaromesi co ckopocmuwto 1/30 ckopocmu ceema,

6)camoe saxHoe 8 peaKyuu 0esleHus - 5mo nosieaeHue 08Yyx-mpex HetlmpoHOs.

Y eosHukarmwux npu OeneHUU OCKOJIKO8 UUCIO0 HelUmpoHO8 oKa3bleaemcs
b6onvwe, uem amo donycmumo. B pezynemame Heckonbko HelimpoHoe nokudaem
s10po.
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

MexaHn3m npoTeKkaHa LienHoW
OEepHON peakuum

36 K1
1
On.—’
ITepBHYHBIA 135 & ~a
HeHTPOH s6 Ba

) S —
Bropuunrie ©F
HEATPOHEI
© .\
143
WXew X
He#rpoHrr ~"

3-ro noxoneHud 22Sr™\

Henrponu
4-ro noxoneHuA

3. IlenHvble si0epHble peaKyuu

llemHaa daaepHas peaknus 3TO IIPOLIECC, B KOTOPOM OIIPEAEACHHASI peakIud
BBI3bIBAET ITOCAEAYIOIINE PEAaKIIUH TAKOT0 K€ THUIIA.

[Ipu peaeHUMM dapa ypaHa, obOpa3oBaBIIMECS HEUTPOHBI MOTYT BBI3BATH
CAEYyIOINE NEeA€HUS SAep, IPU 3TOM YHCAO HEHTPOHOB OBICTPO pacTeT.

Yucao HEUTPOHOB B OMHOM aKT€ MAEA€HUd K YHUCAYy TAaKUX HEUTPOHOB B IIpe-
OBIAYILIEM aKTe Ha3bIBAeTCHd KO3 PUUUEHMOM PASMHONIEHUSL HeUMPOHOS.

[Ipu k < 1 - peakmus 3aTyXaeT, T.K. YUCAO MOTAOIIEHHBIX HEUTPOHOB OOABIIIE
4HcAa BHOBb O0pa30BaBIIIHXCS.

[Ipu k > 1 - naxxe npu k=1,01 moYTH MrTHOBEHHO ITPOUCXOOUT B3PHIB.

[Tpu k = 1 - uaér crallioHapHOE Te€YEHHE 1IETTHON peaKIUuU.

LlemHaga peaknud CONPOBOXKAAETCA BBIACACHHEM OIPOMHOMN 5SHepruu. llpu
IIOAHOM CropaHHHU Bcex saep 1r. ypaHa Bwlaeaserca 2,3*10% kBrt*u sueprum.
OTO 5KBUBAAECHTHO SHEPTUM IIOAYYaAEMOM IIPU CrOpaHUU 3 TOHH yrAsS HAU 2,5
TOHH He(TH.

[AsT OCYLIECTBAEHUS IIEITHON peakIIMU HEAb3d HCIIOAB30BaTh AIOOBIE Sapa,
[EAdIecs 10 BAUSHUEM HEHTPOHOB.

EcrecTBEeHHBIH ypaH COCTOUT M3 ABYX H30TONOB ypaHa-235 u ypanHa-238. Ho
u3oTomnbl ypaHa-235 cocraBagroT Bcero 0,7%. dapa ypanHa-238 MOTryT OeAUTCH
AUING TI0Z1 BAUSTHEEM HEUTPOHOB C 00ABIION 3Heprueil. Takyro 3HEPTrHU0 UMEIOT
60% HENUTPOHOB, MOABALIOIINXCS NPU AeAaeHHUH. Ho mpuMepHO OOAWH W3 IIATH
HEUTPOHOB BBI3OBET AE€A€HUE ypaHa-238, ocTasbHbIE HEUTPOHBI 3aXBaThIBAIOTCS
5THUM H30TOIIOM, HE IIPOU3BENd JEACHUS.
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

YCcAOBHA NPOTEKAHHS ANEPHOH pPeaKIIHH LIEITHOH peaKIHH B ypaHe-235

1. CKopocTh HEHUTPOHOB MOAXKHA OBITH AOCTATOYHOM, 4TOOBI BBIZBATBH [AEACHUE
anep ypaHa.

2. [1o0A>KHBI OTCYTCTBOBATh IPHUMECH, IIOTAOLIAIOIINE HEUTPOH.
3. HeobxomuMo wuMeTh MHHHMAaAbHOE KOAMYECTBO BeEIIEeCTBa, HYXKHOE AL

OCYILIECTBACHUS SIIEPHOM peakIU, HAa3bIBAEMOM KpUmMuueckoll mMaccoti, nHade
IIPU MaABbIX pa3Mepax BeAHuKa yTedKa HeHTPOHOB.

[lepBag ympaBaseMas IlelTHad sAepHas peakius Oblaa ocyuiectBaeHa B CIIIA
1942r.- depmu. B CCCP Takas peaxkmus ObIra

IIOAyYE€HAa IIOL
pykoBoactBoMm UM.B.KypuyaToBa B 1946r.

A (megn EHHEILT )

3a,Me(g/)urenb

/ f \\
/Me‘;;n e \HnHél e |
/ I X
oK
G s,
13 % i Fomednuren e
7 I <
/ l X
J 2 gna- f , \
% 24000 ner
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

BocnpoH3BOACTBO S1ZE€PHOTrO roproYero.
B peakTtope, paboTrarollieM Ha IPUPOIHOM ypaHe, YacTh BTOPUYHBIX HEHTPOHOB
3axBaTblBaeTCd AApOM ypaHa-238, nmpeBpaliadack B ypaH-239:

50+ dn > 30 + 7
N3oron ypana-239 paanoakTUBEH C IEPHUOAOM Ioaypacnaga 23,5 MmuH. B
pesyabTaTe f - pacnaga oH IIpeBpaIlaeTcsd B U30TOII HENITYHUSI:

23U > Z3Np + e+ v

B cBoro ouepens, mpereprenad 3 - pacnan, SApo HENTYHHS IIpeBpallaeTcs B
A0PO HNAYTOHHI-239:
239Np > 23Pu+ Je+v

H30T0on NAyTOHHA UMeEET IIEPHO IToAypacnaga 24 ThIC.AE€T U 110 CBOEH
CIIOCOOHOCTH K JIEAEHUIO He ycTyaeT ypaHy — 235. OH MoxkeT OBbITh
HUCIIOAB30BaH B S/IEPHBIX PEaKTOpaxX B Ka4eCTBE rOPIOYEero.

[Ipu meaeHMHM omHOTO dapa ypaHa — 235 B cpemHeM ocBoOoxKaaeTcss 2,5
HelTpoHa. Ha nogaep:kaHue 1IEMHOM peakIuU pacxoayeTcd OOAUH HEUTPOH, a
1,5 HelTpoHA UAeT Ha 06pa3oBaHUe AAep AYTOHUS.

Takum oOpasoM, IIPU AEACHUH dep ypaHa-235 peakTop OJHOBPEMEHHO

BOCIIPOU3BOAUT AAECPHOE IrOPOYEE B KOAUIECTBE, ITPEBOCXOOAIIIEM
HU3pacxogoBaHHOE.
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OK-11.13.65 G]

AOEPHBLIN PEAKTOP

ycmpolicmeo 014 ocywiecmeneHus ynpasnasemoli a0epHol peakyuu (k=1)

1942r. — nepesoili A0epHsil peakmop - CLUA — 3.Pepmu
1946r. - nepseoili 8 CCCP peakmop — N.B.Kypuamos
27 vioHA 1954~ CCCP —r.06HMHCK — nepBas B mupe A3C (5MBT)

OCHOBHbIE 3/1IEMEHTbI A4EPHOro peakTopa:

1.loproyee — U235, U238, pu**?

2.3amednumens HelimpoHo8 (maxcénasa eooda, 2pagum)
3.TennoHocumens (800a, #udKuli Hampudi)
4.Ycmpolicmeo 0415 pe2ynuposKu peakyuu (kaomul, 6op)

5.3awuma (0b6ono4ka usz 6emoHa, »eenesa)

PeaKTopbl Ha BbICTPbIX HEUTPOHAX — PA3MHOXUMENU.

235y(15%) + n(6bicTphIit) —» 239Pu ;
1kr 235U - 1,5«kr 23°Pu

ATOomHaa 6omba

roprouee — 235,233y, 23%9py
KpUTHYeckas Macca — 10 — 20xkr (p = 18,7 r/cm3)
LWAP R = 4-6cm

B3pbiBaTe/sib D

1945r. — AnoHua (Xupocuma m Haracakmu)

Mpenmyuwiecrea A3C:

- A0epHble peakmopbl He Mompebasam KUC/0pP00 U Op2aHUYECKoe moriauso

-omcymcmeyem 3azpsA3HeHuUe oKpyxcaroweli cpeobi

-buocghepa 3auwuieHa om paduoaKkmusHo20 8030elicmaus npu HOpManbHol aKkcrayamayuu A3C
Hepocratku A3C:

- Npobaema 3axX0poHeHUA pA0UOAKMUBHbIX 0MXx0008 U OeMOHMaxa 0bopydosaHus
-paduoaKmMuBHoe 3a2pA3HeHuUe 8 C/y4Yae asapuu

- 0M1ACHOCMb 3Kos02u4ecKux Kamacmpoda (1986e. — asapus Ha YepHobbinbckoii A3C)

TEPMOSAOEPHBLIE PEAKLIMU
CUHMe3 néz2Kux a0ep
nasHoe ycnosue — Heobxoauma Bbicokasa T ans npeogonenua F ..
2D +3T - 3He + {n+ 17,5 M3B

[ 1r gHe - 1,17 = 10° kBT * 4 — 10000 Kr 6eH31Ha ]

HeynpaBnaemana TepmosaepHas peakuua — BogopogHaa bomba!
1953r. — CCCP — nepBasa B mupe BogopoaHaa bomba
Ynpasnsemas TepmosgepHan peakumsa — npobnemal

«ToKamak-10» - 13 mnH.K
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H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

ITosicnerus k OK-11.13.65
1.50epHvule peaxkmopbsl
[lepBas ympaBagemas IleIHas sAepHad peakiiud Obiaa ocyriectBaeHa B CIIIA
1942r.- depmu. B CCCP Takad peaknug ObIra  TIOAyYEHA TIIOf
pykoBoacTBoM U.B.KypuaroBa B 1946r.

SnepHBIM PEaKTOPOM Ha3bIBaeTCs YCTPOUCTBO, B KOTOPOM OCYIIECTBALETCH
yunpaBageMaa peakinud geseHus ganaep (k=1). OcCHOBHBIE 3A€MEHTBHI SAEPHOTO
peakTopa:

1. AnepHoe roprouee ypan-235, ypaH-238, nnayToHuii-239.

2. 3amenauTeab HEHTPOHOB (TdKeaad Boaa, rpadur)

3.TennanoHOCUTEAD (BOOA, JKUAKUH HATpUl).

4.YCcTpOUCTBO A PETYAUPOBKHU pPeaKIUU (KaaMUi, 60p).

5.3amuTa (0boaouKa U3 OeTOHA, Keae3a).

[TepBas aTomHasa craHiusa B CCCP Obpiaa 3amyiieHa 27 uioHs 1954r. B ropone
O6uwuHCcke (100 kM. o MockBrb1, Kaaykckasg o0AacTh).

2.Peaxmopbl Ha 6blcmpblx HelmpPOoHaX

910 peakTopkl, paborarolre 6e3 3aMenAnTeAsd Ha ObICTPBIX HeHiTpoHax. OHU He
MOTYT paboTaTh Ha €CTECTBEHHOM ypaHe.

Peakiinio MOXKHO MOAIEP>KUBATH AUIIb B 00OTAIlleHHOH CMeCH, coaepsKallleil He
MeHee 15% ypana-235.

[IpenMy1riecTBO TaKUX PEAKTOPOB B TOM, YTO 00pa3syeTcs OOABIIIOe KOAHMYECTBO
IIAYTOHHS, KOTOPBIM MOXKHO 3aTEM MCIIOAB30BaTh B KadecTBe roptodero. Takue
peaxkTophbl HAa3bIBAIOTCI peaKmopbl - Pa3MHOKUMENU.

Cy111ecTBYIOT pPeakTopbl C KO3(PUIIMEHTOM BOCIPOU3BOACTBA A0 1,5Kr. OTo
3HAQYUT, 4YTO B peakKToOpe IpHU [OeA€eHUH 1Kr ypaHa-235 noaydaetrcd 1,5kr
TIAYTOHUS.

AToMHasa Gomba - SIBASETCSI OCOOBIM pPEaKTOPOM Ha OBICTPBHIX HEUTPOHAX, B
KOTOPOM IIPOMCXOAUT HeyIpaBAdeMas LenHas peaklus ¢  OOABIINM
KO3(p(pUIIMEeHT pPa3MHOXKEHUS. JAepHOM TOIAWBOM CAYKHUT ypaH-235, ypaH-
233, nayToHUN-239.

Kputnueckaa macca cocraBageT 10-20Kr mpu mAOTHOCTH paBHOM 18,7r/cm3 u
3aHHUMaeT 00BeM IIapa paguycom 4-6¢cM.

BrHauyaae Macca meauTcd Ha OBE YacTH, a 3aTe€M C IIOMOIIBIO0 B3pPbIBATEAS OHHU
COEIUHSIOTCS.

[lepBag atroMHasa O6oMba Obiaa co3maHa amMepuKaHIaMu B 1945r. A ucObITaAu
OHU e€ Ha XKUBBIX AIOAAX - 6 U 9 aBrycra c auna 3emMau ObIAM CHECEHBI [Ba
ropoaa B 4noHuu - Xupocuma U Haracaku.

3.IIpeumywecmea A3C

- siAepHBbIE PEaKTOPhI HEe MOTPEOATIOT KUCAOPO U OPraHUYECKOE TOIIAUBO,

- OTCYTCTBYET 3arpsi3HEHHE OKpPYXKaIOIlle¥ cpeabl 30A0M U APYTHIMU BPEOHBIMHU
[AS 9€eAOBEKAa MPOAYKTaMH OPraHUYEeCKOTO TOIIAWBA,

- Omocdepa HaAAEKHO 3allUIIEeHa OT PagUOAKTHBHOTO BO3AEHCTBUS IIPU
HOPMAaABHOM pexuMe 3Kcriayararyu ASC.

4.Hedocmamxu A3C:
- npobaeMa  3aXOpPOHEHHS  PaAUOAKTHUBHBIX  OTXOJOB U  OEMOHTazKa
OTCAYKHUBIIUX CPOK PEAKTOPOB,
- panuoaKTUBHOE 3arpsi3HEHHE MECTHOCTHU ITPU aBapUMHBIX BhIOpOCaX,
- ONAaCHOCTb 3KOAOTHYECKUX KaTracTpod (1986r. aBapus Ha YepHOOBIABCKON
ABC).
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5. TepmosidepHule peaxuuu

SlnmepHass SHEPTHUs OCBOOOXKIAETCS HE TOABKO IIPHU JAEACHUH TIKEABIX saep, HO U
IPpU CUHTE3€e (CAUSHHU) AETKUX SIEP.

[ag cuHTe3a OJHOUMEHHO 3apszKEHHBIX IIPOTOHOB HEOOXOIUMO IIPEOSOAETH KY-
AOHOBCKHE CHABI OTTAAKUBAHHS, YTO BO3MOXKHO IIPHU JOCTATOYHO OOABIIIHUX CKO-
POCTSX CTAAKHBAIOIIUXCA JYacTUIl. HeoOXonmMble YCAOBUS AL CUHTE3A SIep re-
AWS U3 IIPOTOHOB MMeloTcs B Heapax CoaHlla U apyrux 3Be3n. B nentpe CoaHila
pocturaercd Temieparypa B 13maH.rpagycoB. B cocraB CoaHIla M MHOTHX
3Be3q BxonuT 80% Bogopona u 20% reaud.

Ha 3emae TepMognepHas peakllsd CHHTe3a OCYIIIECTBA€HA IIPU 3KCIIEPUMEH-
TaAbHBIX B3pbIBaxX.

CuHTe3 reAus M3 AETKOTO H30TOoIla BOAOPOAA IPOUCXOOUT IIPHU TEMIIEpaType
okonro 108K, a nag cHUHTe3a I'eAUs U3 TSIXKEABIX M30TOIOB Bonopoaa-AedTepusa U
TpUTHA - Tpebyercd HarpeBaHue npumepHo mo S*107K. [Ipu cuHTe3e 1r.reaus
U3 pgedTepusd U TPUTHA Bblaeadercsa sHeprusa 4,2*1011/Ixk.Takasg sHeprud
BbIfleAsieTCs IIpU cxkUranuu 10 ToHH OeH3MHA.

2D + 3T > 3He + {n+ 17,5 MaB

YrnpaBageMylo TEPMOSAEPHYIO PEaKIIMI0O CUHTE3a I'eAUd H3 TAXKEABIX H30TOIIOB
BO/IOpOZla IIyTEM  HarpeBaHUS  IIPEAIIOAATAE€TCS  OCYIIECTBHTH  IIyTEM
IIPOIIyCKaHHS 3AEKTPUYECKOTO TOKa depes3 IaasMmy. [aa yaepzKaHHsS HarpeTou
IIAa3MBbl OT COIIPHMKOCHOBEHUSI CO CT€HKaMM KaMephbl IPUMEHAETCS MarHUTHOE
noae. Ha skcnepumeHTasbHOHM ycTraHoBKe "Tokamak-10" (Tok,KaMepa,MarHHUT)
yaaAoCh Harpetrb maasMy pno Ttemneparypbl 13MaH.K. o 6Goaee BBICOKHX
TEeMIIepaTyp BOAOPOMA MOXKET OBITH HATPET C IIOMOIIBI0 AA3EPHOI0 H3AYUEHUS.
[lag  2TOro CBETOBble IIyYKHM OT HECKOABKHX Aa3€poB MOOAXKHBI OBITH
choKycHupoBaHbl Ha CTEKASHHOM IIIapHKeE, BHYTPHU KOTOPOTO 3aKAIOUEHa CMECh
TSKEABIX H30TOIIOB AedTepuss M TPUTHA. B Takux 53KCIIepUMeHTax Oblaa
IIOAyY€Ha I1Aa3Ma B HECKOABKO JIeCATKE MHUAAMOHOB I'pPaIyCoB.

HeympaBagemas TepMosigepHasi peakiius Obiaa ocyiiectBaeHa B CCCP B 1953r.
B BOJOPOAHOM OoMOe, rae IMPOHUCXOOUT CaMOIIOAAePKUBAOIIAT TepMOosAepHas
peakiiysg B3PBIBHOIO XapakTepa. BapbIBUaTbIM BENIECTBOM HIBAFAACh CMECH
nevitepua u Tpurud. HeobxomuMmas [Oas TIpOTeKaHUS peakKIUMH BBICOKAd
TeMIiepaTypa Oblra IToAydeHa 3a CYeT B3pbIBa OOBIYHOM aTOMHOM O0OMOBI.
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. D OK - 11.13.66
BNOJIOrNMECKOE NEUCTBUE

PAOVUOAKTUBHbLIX U3NYYEHUMU

PaduoakmusHsle usny4yeHuUs — cusnbHoe delicmaue Ha Huable 0P2aHU3MbI.
MexaHuU3M — UOHU3aYyUA amMOMO8 U MOsEKY/ — U3MEHEHUA XUMUYeCKol akmusHocmu.
OeiictBua — a0pa Knemok, Komopele 6bicmpo denamca (KocmHolli Mo32, nuwes.mpakm u op.)

Monb3a — nodasneHue pakosol onyxonu y — JIy4aMH.

[o3a nsnyueHua — sosodelicmesue uzny4yeHull Ha #cusble OP2aHU3MbI.

1.MornoweHHana po3a n3nyvyeHnAa — omHoweHue I708!70U4€HHOL7 3Hepeuu E UoHuU3upyrouw,eeco
usslydYeHuUA K macce m 06/7)/‘406M020 sewecmea

E 1/x 1 I'p paseH noznowéHHoOU 003€e u3dny4yeHus, npu Komopol
D = p— = 1xr = 1I'p(I'pair) 0bnyuéHHomy seujecmay maccoll 1 Kr nepedaémcsa sHepaus
UOHU3Upyow,e20 usnyvyeHua 1 Ok

EcmecmeeHHbiii poH 3a 200 2*10°° p Ha Yesoseka.
[ns cneyuanucmos 3a 200 5*107 p

[osa 3-10 'p —CMEPTb!

2.Ko3adpuuymeHT Kauecrsa (k) — xapaktepumsyeT pasinyume BUAOB U3/1yYEHMA.
33 eANHNULY NPUHUMAETCA 3HaYeHWe y @ — YaCTHIL.

Koadduunent oTHocHTENbHOI OHOI0rHYecKor 3P PEeKTUBHOCTH ISl Pa3IMUHBIX BUJIOB U3ITy4eHUN

Bupa uznydenus Koy punuenr k , 38/I'p
PeHTreHoBCcKOe U y-M3JIydeHHe

B-u3nyuyeHne(3IEKTPOHBI, TO3UTPOHBI)

Hetitpousl ¢ sHepruei Mmedsiie 20 k3B

Heiitpons! ¢ daeprueii 0,1-10 M>B 10
IIporonsl ¢ >Heprueit MeHsiie 10 M»rB 10
o-u3JIyYeHue ¢ sHeprueii Mmenpine 10 MhB 20!

3.JKBUBaNIeHTHaA A,03a NOrNoWweHHOoro usnydyeHusa (H) — 4na oueHKN AeNCTBUA U3NYYEHUS

H=Dk-1 36 (3usepm) Mpu H >0,5 36 — nopaxceHue opzaHu3ma, Hapyuwaemcs
OeneHue Knemok u 06pa308aHU€E HOBbIX
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B2%D0%BE%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B9%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B2%D0%BE%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D0%BD
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B2%D0%BE%D0%BB%D1%8C%D1%82
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SNEMEHTAPHBLIE YACTULbI

AnemeHmapHsie Yyacmuybl — 3TO nepBunyHble, HEPa3NoXKnMmble ganee 4aCtmuuybl, N3 KOTOPbIX
NOCTPOEHA BCA MaTeEPUA.

Bce anemeHTapHble YacTMLUbl NPeBpPaLLaoTCcs APYr B APYra, U 3TU B3aMMHble NPeBpalLeHns —
rnasHbIN GaKT UX CYLLECTBOBAHMUA.

Kaaan yacTmua uMeeT aHTUYacTuLy. Yactmua n aHTMYacTuLa MMelT O4MHAKOBbIE MaCChl, HO OHM
NPOTUBOMNO/IOXKHbI MO 3HAKY 3apAaa (3/1eKTPOH e-; NO3UTPOH e+).

Bce vacTtuubl CNOCOOHbI B3aMMOAeﬁCTBOBaTb Apyr c opyrom. Pasnunyatot YyeTblpe TUna
d)yHAaMEHTaJ'I bHbIX B3aMMO,CI|ef;1CTBMﬁI epasumayuoHHoOe, 31IeKmpoMacHUMHoOe, CusibHoe, cnaboe.

MexaHu3m ecex e3aumodelicmeauli — obmeHHbIl, m.e. cunel, delicmayroujue mexoy 08yms
YacmMuyamu, oCcyu,ecmenaomca 8 pesysnomame ux obmeHa npomexcymoyHol yacmuyel —
NepeHOCYMKOM B3aMMOLENCTBUA.

1.MpasumayuoHHoe 83aumodelicmaue NPoABNAETCA B BUAE CU/1 BCEMUPHOIO TATOTEHUS MeXKay
Tenamu BceneHHoi. MepeHocYnKamMm ABAAIOTCA FPaBUTOHbI, KOTOPbIE HA CEeroAHALIHUIN AeHb He
HalaeHsbl.

2.9nekmpomaz2HUmMHoe e3aumodelicmsue XapPaKTEPHO ANA INEKTPUYECKN 3aPAKEHHDBIX HaCTuL,
KOTOpblE obmeHMBatoTCA d)OTOHaMM.

Flp,pa N 3NTEKTPOHDI B3aMMO,CI|el‘;1CTByIOT Apyr C 4pyrom nocpencrsom aNEKTPOMArHUTHOIo nNonA,
KBAaHTaMu KOTOPOro ABAAKOTCA (bOTOHbI.

3.CunbHoe 83aumodelicmeue CBOMCTBEHHO Me30Ham 1 bapMoHam.

BsaMmopenctene mexxay NnpoTOHaMM U HEMTPOHAMU OCYLLLECTBAAETCA T —Me30HaMM N KBaHTaMMU
A4epHOoro nons.

CornacHo coBpeMeHHbIM BO33pEeHUSAM — BCE CUIbHOB3aUMOLENCTBYIOWME 3/1eMEHTAPHbIE YaCcTULbI
— Me30Hbl M 6HapMOHbI — MOCTPOEHbBI U3 KBAPKOB — UCTUHHO 3/1€MEHTaPHbIX YacTuu, KBapku bbiam
0B6HapY*KeHbl BHYTPM NPOTOHOB U HEUTPOHOB, HO HE HailAeHbl B CBOBOAHOM COCTOAHUM.

Mpu CUNBHOM B3aMMOAENCTBUM OBMEH MeXKAY KBapKaMm NPOUCXOAMUT 3a CYET 2/1H00HO8.

4.Cnaboe s3aumodeiicmeue xapaKTePHO A/1A BCex YacTul, Kpome ¢oToHoB. Cnaboe
B3aMMOENCTBME TaK¥Ke CBOMCTBEHHO IENTOHAM U KBapKaMm.

B3aumopgencteme mexay KBapKamu 1 IeNTOHaMM OCyLLecTBAAETCA c1abom B3aMmoaencTemnm
W' W; Z° - 6ezoHamu.

Ce200HA obwiee YuCn0 31eMeHMApHbLIX Yacmuy emecme ¢ aHmu4yacmuyamu npeessviwiaem 350.
Ux Hux 6osee 30 cmabunbHbIX Yacmuy ¢ epemeHem xu3Hu He meHee 10" c u 6onee 200
KOopomKoxcugyuwjue — pe30HAHCbI, C 6pemMmeHeM HU3HU 10%c.

20




H.A.Kopmakos dusrkKa aTOMHOTO gApa 11 knacc

Bnok - 13 Nuct - 13

MNosTopum Teoputo!
®U3UKA ATOMHOIO A4PA

1.3anuwnTe nepByt UCKYCCTBEHHYIO peaKumMio No NpeBpaLleHmIo aTOMHbIX A4ep.

2.B yém 3akntovanacb runoTesa Peseppoppa?

3.3anuwunTe peakumio NoNy4eHMA HEUTPOHOB.

4.Kakmmum cBoMcTBamMuM ob6nagaeT HEUTPOH?

5.0nA KaKnX Lenem ncnonb3ytoT HEMTPOHbLI?

6.B 4ém CyLHOCTb NPOTOHHO-HENTPOHHOM MoAen aToma?

7.470 Ha3bIBAOT M30TOMNAMM?

8.Moyemy M30TONbI UMEIOT OANHAKOBbIE XMMUYECKME CBOMCTBA M pasHble pU3nyeckne cBOMCcTea’?
9.KakK HasblBatoTCA M30TOMbI BOAOPOAa? 4e UCNosb3yTCA 3T U30TOMbI?

10.lf'ae nony4atoT pagnoaKTUBHbIE N30TOMbI?

11.NpuBeanTe NnpuUmepbl NCNOAb30BAHUA PASMOAKTUBHbLIX N30TOMOB.

12.Kakue cunbl HasbIBalOT AAePHbIMU? KaKnmun cBOMCTBaMM 061a4atoT sfepHble CUbI?

13.KakoB mexaHM3M BO3HMKHOBEHMA AAEPHbIX CUA?

14.470 Ha3bIBaAOT 3HEPruer cBaA3M aToOMHOro sapa?

15.470 Ha3bIBalOT AedeKToM Mmacchbl? Hanuwunte popmyny aedekra macchl.

16.KakoBa npuynHa noasneHua gedekrta maccol Nnpy 06pasoBaHMmM A4pa?

17.Hannwwute dopmyny ana pacyéta sHEprnumn cBA3N aTOMHbIX A4€ep.

18.410 Ha3bIBAlOT yAe/1bHOM 3HEprmuen cBasn?

19.A4pa KaKNX XMMUYECKUX 3/1eMEHTOB 0613 43t0T MaKCMManbHOW yae/lbHOM SHeprmen cBasun?
20.470 Ha3bIBAKOT AAEPHBIMU PEeaAKLUAMN?

21.HanuwuTe AfepHYO PeaKkuuto Mo Noay4YeHUo NPOTOHOB. KTO M KOrga OCywecTBUA 3Ty peakumio?
22 .HanuwuTe afiepHyo peaKkLuto Mo NoAy4YeHU0 HEUTPOHOB. KTO M Korga ocyluecTBu aTy
peakuuio?

23.HanuwuTe agepHyto peakumo No NCNOAb30BaHMIO NPOTOHOB. Koraa bbina ocywecrsaeHa ato
peakums?

24.HanuwuTe agepHYy0 peakumto No Noay4yeHuto No3nTpoHa. KTo 1 Koraa ocyLwecTBua 3Ty peakymio?
25.HanuwuTe agepHyto peakuuto aeneHunsa ypaHa. KTo 1 Korga ocyLecTBua aTy peakymio?
26.Hannwute agepHyo peakLuunto CMHTe3a NErkmx agep.

27.470 Ha3bIBAOT SIHEPreTUYECKMM BbIXOAOM AAEPHON peaKkumnn? Kak paccumTaTb SHEpreTMyeckui
BbIXoA4,?

28.Moyemy HENTPOH UCNONb3YeTCA ANA OCYLLECTBEHMA AAEPHON PeaKLMN AeNeHNa TAXKENbIX aaep?
29.KaKne HeNTPOHbI adpdeKTUBHEE M NOYEMY?

30.0nuwunTe mexaHMU3m geneHunAa agep ypaHa.

31.4710 Ha3bIBAIOT LENHOM AAepPHOM peakunen?

32.4710 Ha3bIBalOT KO3IPPMUMEHTOM PA3MHOKEHMA HENTPOHOB?

33.Mepeuncnunte ycnoBmusa NPoTEKAHUS LENHOMN SAepPHOMN peakuumn B ypaHe — 235.

34.4710 Ha3bIBAlOT AAEPHbIM peakTopomM? Ha3oBUTE OCHOBHbIE 3/IEMEHTbI A4EPHOI0 peakTopa.
35.PacckaXkute o npeBpaLLeHN BHYTPUALEPHON IHEePrumn B anekTpmnyeckyto Ha A3C.

36.B 4ém 0COHEHHOCTb PEAKTOPOB HA BbICTPLIX HEUTPOHAX?

37.B 4ém npemmyLectsa n HegoctaTkn A3C?
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Bnok - 13 Nuct - 13

MNosTopum Teoputo!
®U3UKA ATOMHOIO A4PA
(npodonxiceHue)

38.Kakune peakumn Ha3bIBAOT TEPMOALEPHBIMN?

39.4Yem 06BACHUTD, YTO NPU CUHTE3E NIETKUX AAEP BblAeNAeTCA IHeprmns?

40.KaKoBbl YC/I0BMA OCYLLECTBNEHMA SAEPHON peakuum cMHTe3a?

41.MpuBeguTe NpUmepbl TEPMOALEPHBIX PEAKLMIA U HANULLINTE UX NPUMEpPbI?

42.Kakoe Bo3aelncTBMe NPOU3BOAMUT PAANOAKTUBHOE U3/TyHEHNE Ha XKMBOW OpraHmU3m?

43.470 Ha3bIBAOT NOI/IOWEHHOM 40301 U3nyyeHua? Kakaa popmysa BbipaxKaeT CMbICA 3TOroO
noHaTMA? KakoBa eanHMLA U3MepeHns?

44 Kakana cywecTByeT BHECUCTEMHAA e4MHNLA U3MEePEHUA A03bl U3nyvyeHna?

45.470 Ha3bIBaOT KO3PDULMEHTOM KayecTBa U3lydeHmna?

46.470 Ha3bIBAIOT 3KBMBANIEHTHON [A,0301 NOMNOWEHHOr0 U3Ny4YeHns?

47.Kakue mepbl NPUHUMAIOTCA A1A 3aLLUNTbl OPraHU3MOB OT U3/1y4yeHuAa?

48.4T10 Takoe aneMeHTapHble YacTULbI?

49.KaKoB r/1aBHbI GaKT CyLeCcTBOBAHMA 3/1EMEHTaAPHbIX YacTuL?

50.Mepeuncnunte Bce cTabusibHble 3/1eMEHTapHbIE YacTULbI.

51.Bce 1 anemeHTapHbIe YaCcTULLbl UMEIOT aHTMYACTULY? Yem OT/IMYAeTCA aHTUYACTMLA OT YacTuLbl?
52. Kakue Tnnbl pyHAAMEHTaNbHbIX B3aMMOLENCTBMIA Bbl 3HaeTe?

53.410 06ero Mo»KHO CKa3aTb 0 MexaHM3Me Bcex GyHAAMEHTAIbHbIX B3aUMOLENCTBUN?

54.470 ABNAETCA NEPEHOCYNMKOM FPaBUTALMOHHOIO B3aMMOLENCTBMA?

55.MocpeacTBom Yero oCyLLeCTBAAETCA SNEKTPOMArHUTHOE B3aMMOAENCTBUE MEXKAY 3apPAKEHHbIMMU
YacTULAMM U YTO ABNAETCA NEPEHOCYHMKOM B3aMMOAENCTBNA?

56.3a c4ET Yero ocyL,ecTBNAETCA B3aMMOAENCTBME MEXKAY NPOTOHAMMU U HEUTPOHAMM NPU CUABHOM
B3aMMOAeNCcTBMN?

57.4710 TaKoe KBapKn?

58.3a cYéT yero npomcxoamT ob6MeH mMmeXay KBapKamu Npu CUIbHOM B3auMOAENCTBUN ?

59.B yém 3akntoyaeTca npupoaa cnaboro BsaanumoaencTemna?

60.4T10 ABNAeTCA NnepeHocYMKOom cnaboro B3aumoaencTemna?

61.CornacHo Teopumn cnabbix B3aMMOALENCTBUI ONULLMTE pachnag HENTPOHA Ha 3/IEKTPOH U
AHTUHENTPUHO.

62.Kakune yactunubl Ha3bIBAOTCA YaCTULAMMN-PE30OHAHCAMM?
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