Anexcanap Bopucosuu Poioakos

Kanoudam usuko-mamemamuueckuxr Hayx,
yuumenv Pusuku 8 sumnaduu Ne 144,

2. Canxm-Ilemepbype.

OO0 sHepruu cBA3U SAAEP

OHeprusA CBA3Y — BasKHeJIllee IOHATME SANEPHOV (PUBMKM, M OHO 3a-
CIIysKMBaeT OoJiee TTIOAPOOHOTO PasroBopa, UeM OfHA CTPAHUIA B YUeOHUKeE.

B craTthe moxasbIBaeTcs, KaK Pa3JIMUHbIE «3HEPIUM CBSA3M» JICIIOJb-
3yIOTCA JJIA aHaJM3a BO3MOYKHBIX MEXAHM3MOB PacCaza sAfep, U IIPOBO-
JITCA KPUTUYIECKNIT aHAJIN3 HEKOTOPBIX MIPUBLIYHBIX YTBEPIKIEHNIA.

BBenenue

fAnepnasa dusura — ocobObll pasmgesn
IIIKOJILHOTO Kypca. B 1eHTpe namosKeHns
TeMbl CTOMUT He KaKOi-TO (PyHIaMeH-
TaJIbHBI 3aKOH (KakK IOYTM BO BCexX
IPyIUX pasnesax Kypca), a OTAeJbHbIe
OTBITHBIE (PAKTBHI (B YACTHOCTM — Tpa-
QUK B3aBUCUMOCTY YIEJbHOI SHEPTUN
CBSA3U Apa OT MaCCOBOTO HMCJTA).

Bo Bcex apyrux pasmenax Kypca
MBI MOJKEM CKa3aTb, YTO «IIOJHAA TeOo-
pus  DTOrO  ABJIEHMSA  IIOKA3bIBAaeT,
4TO...». B AnepHONl Ke (puU3UKe, YBEI,
MBI BO MHOI'UX CJIy‘-IaHX TaK CKa3aTb
He MOYKEeM — HUKAKOM IIOJHOLIEHHON
TeopMsi aTOMHOTO SApa y HaC HeT.

IIpn maydyeHum sTOI TeMbl yUeHU-
KaM OPUIETCA OTKA3aTbCA OT MHOTUX
[pesCTaBJIeHNI, KOTOpbIE [0 HTOr0
Kas3aJiChb VM COBEpPIIEHHO €CTEeCTBEH-
HBIMU ¥ OYE€BVSHBIMIL

Yero cTouT OOMH OTKa3 OT ally-
TUBHOCTY Macchl!

Bor emé mpumep. Atom Bomopona
MOYKHO MOHM30BATL, IIPU BTOM OH pac-
rnmajaeTcsad Ha DJEKTPOH ¥ MOPOTOH.
I MBI TOBOPMM, YTO 3TOT ATOM COCTOUT
u3 TIpoTOHa U 3JyeKTpoHa. C apyroii

CTOPOHBI, MBI TOBOPMM, YTO HEWNTPOH
pacrazaercsa Ha IIPOTOH M 3JEKTPOH,
HO HE MOJKEM CKas3aTb, UTO HENTPOH
COCTOMUT U3 MPOTOHA U BJIEKTPOHA.
YuebHUKM roBOpAT 00 o-pacrnajne
KaK MeXaHusMme rubesu sanep, HO u3be-
ralT pasroBopa O AEeTasigX JTOr0 fAB-
JeHud. VI juib Ha (PaKyJIbTaTUBE MbI
MOJKEM paccKkasaTb O TeX HOBBIX
[IPEJICTaBJIEHNAX, KOTOPble BO3HMUKAIOT
[IpY aHAJM3€e TYHHEJBHOTO IIepexofa.




Emé oamn npuHOUONANBHBIN MO-
MEHT: B MMKpoMUpe (B OTJIMYME OT
06JacTy MaKPOCKOIMYECKUX SABJICHMUIN)
ecJaM KaKOM-TO IIpollecc He 3allpelleH
3aKOHAMM COXpaHeHNs, TO OH Bcerja
IIPOVICXOIUT.

JIBa cjioBa 0 T€PMMHOJIOTUN.

fAnpo aBaserca usomonom (t. e.
aHumarnwum mo e camoe me-

cmo B tabsuie MeHgesgeeBa) TOJBKO
[I0 OTHOLIEHMIO K JPYTUM sAIpaM C
TakuM ke Z. B obmem e ciydae
npaBuJibHee ObLIO OBl Ay 0Oo3HaUe-
HUA A7ep C onpeneJéHHbIMU A n Z
JCIIOJIb30BATb TEPMUH «HYKJINA». Ho
aBTOp He pPeIIMJICA MEHATH CJIOYKWB-
myrocsa B y4deOHOM JmuTepaType Tep-
MMHOJIOTHIO.

Yro Takoe dHePrus cBA3U?

IlonaTtne sHeprum CcBA3U MOYKHO
BBECTM [JIA Pas3HBIX (PU3NYECKUX CU-
cTeM: AJIsI aTOMHBIX fAfep, AJs aTOMOB,
MOJIEKYJI U JJIS UX Pa3HbIX CTPYKTYpP-
HbIX enuHmIl. Huske MBI IOKa)keM
HeoOXOAVIMOCTb BBEJIEHMA CaMBIX Pa3-
HBIX BeJUYMH TAaKOTO TUIIA.

Bo Bcex cayuasx MBI JOJKHBI Be-
CTM Pedb O ABYX COCTOAHMAX CUCTEMBbI
u3 M 4acTull (cpeiu KOTOPBIX, BO3-
MOSKHO, €CTb YaCTUIIbl Pa3HbIX TUIIOB).
ITyemsv y cucmemnt, Kpome C8a3aH-
HOo20 cocmoaHus I, ecmvb u 0pyzoe

cocmosinue II — wxo20a cucmema
paiddeaera Ha 08e yacmu, He 83aU-
modeticmgyrowue  mexncdy  coool.
OHepausi, KOMOPY Heodrooumo
ampamums, uUmobvL mnepesecmu
cucmemy u3 cocmosanus I 8 cocmo-
anue 11, nasdvieaemcsa sHepauell c8s-
3u cucmemvl (OMHOCUMEALHO KOH-
KpemHozo cocmosHus II). Mer cre-

LMAJIbHO JAaEM CTOJb 00lllee ompene-
JeHye, 4ToObl OHO OBIJIO IPUTOIHO JJIA
CaMbIX Pa3HBIX CJIyYaeB.

YTOUHMM CKa3aHHOE Ha IIPUMEpPax.
SOHeprusA, KOTOPYH HeoOXOoAuMMOo 3aTpa-
TUTb, YTOOBI OTAEJIUTb KaKyI-TO YaCTU-
Iy OT OCTaJIbHBbIX, Ha3bIBAETCA DHEPruei
CBA3YM DTOV YaCTUIbI B JIAHHOM CUCTEME.
C BeJMYMHOM TaKOro THUIIA YYallMecs
yoKe BCTpeduasinchb. OHEPIUs CBA3U Ba-
JIEHTHOTO BJIEKTPOHA B aToMe (B OCHOB-
HOM COCTOSHUI) — DTO DHEPTMS MOHM3a-

i atomMa Ejon.

VIMeHHO Tax onpeznesigeTcsa JHEPIruUd
CBSABM HYKJIOHA B aTOMHOM Anpe (MHOraa
€€ HaBBbIBAIOT DHEPTMEN OTHeJIeHUA HyK-
JoHa). Ilom «wacTuiei», KOHEYHO, He
00s3aTeJIbHO IIOHMMATDL BJIEMEHTAPHYIO
yacTully. VIMEHHO Tak oIpefesisfeTca U
QHEPIUs CBA3U 0-4aCTULBL B A4pe.

MoskHO cTaBUTHL BOIIpoc 00 BHep-
IMM CBA3YM KAaKOIO-TO JIETKOTO fAnpa B
TAMKETIOM fAJpe.

Bce ynomsanyTbhle 31ech sHeprun
cBA3M OynyT mopobHee OMMCaHbI HIKE.

AHaJIOTMYHO OIpenessaeTcsa «II0JI-
Has DHEPrus CBA3UM CUCTEMBI» U3 N
YacTUIl, HAIpUMep, 3JHeprusa CBA3U
Anpa OTHOCUTEJIbHO pas3leJleHus ero
Ha OTheJbHble HYKJOHBL Onua pas
Ha3BaB OTY BeJMUMHY IIOJHOCTBHIO, MBI
B JaJibHelIIeM OyJeM Ha3bIBaThb €€
IIPOCTO DHEPruey cBA3U Anpa Ecp.

Hamomumm obmienpuuaTbie  0060-
3HAYEHUA. Mp, My, Me — MACCHI MPO-
TOHA, HEMITPOHA U 3JIEKTPOHA COOTBET-
CTBeHHO, Z u N — dYncJja IPOTOHOB U
HEWTPOHOB B HAApPEe COOTBETCTBEHHO,
A = Z + N — MaccoBoe 4YUCJIO, AIPO



éX B popmysax Oynem 0003HAUATH

(A, Z), a B TeKCTe — CUMBOJIOM XUMMU-
YeCcKOro dJIeMeHTa C  yKa3aHUeM

A, M4(A, Z) — macca aznpa.

Tenepb MBI MOXKeM 3alucaTb, YTO
3Heprus CBA3U Anpa ‘%X paBHa
Ecs(A, Z) = [mpZ + mpyN —
~ Mu(4, Z)]c>. (1)

3amMedyaHUsA U JOMOJIHEHUS

HecmoTpa Ha TO, 4TO B DHUMKJIO-
nenuaAx WU yueOHMKAX MPUBOIAUTCH
dopmysna (1), B yuebHOM Tmporiecce
Hale II0JIb3YIOTCA NPYToi popMyJIOui.
Hdeno B TOM, YTO B caMbIX Pacrpo-
CTPaHEHHBIX NIKOJbHBIX 3aJauHMKAX
[1, 2] B rabauuax npuBOJATCA He
MacChl fAlep, a MacCChbl HeNTpaJIbHBIX
aTomMoB. KoHeuyHO, MOKHO OBbIJIO ObI
OTHATbL OT MacChl aToOMa Maccy ero
SJEKTPOHHON 000JIOUKM ZMme, TOJY-
YNTh MAacCy COOTBETCTBYIOIIEro fAnpa
¥ JMCIOJIb30BaThb popmyny (1), HO
IIpoIlle IMOMTU II0 APYTOMY IIYTU — JC-
[IOJIB30BaTh JJIA pacdéTra JHeprumn
CBA3U Anpa ‘%X dopmyay

Ecs(4, Z) = m(H)Z + m,N —
- Marl(4, 2)c” (2)

B aTo0it hopmysne Besne croaT mac-
Cbl HENTpPaJIbHBIX 4HacTull (a He Anep),
Mgyr — Macca COOTBETCTBYIOILIETO aTo-
ma, m(H) — macca aroma Bomopoza
(a He mMmacca mnporoHa!). AHAJOrMYHO
HaJ0 I[OCTYHAThb IIPU pacuéTe HHepre-
TUYECKOT0 BBIXOJA KaKOM-TO pPearnun
C y4JacTueM MIPOTOHA.

Bripaskenne B KBagpaTHBIX CKOO-
kax B opmyse (2) mimn (1) B mIKOJb-
HOM Kypce Ha3bIBAIOT JedeKToM
maccel. Ho OynmeTe  ocToposkHBI!
B By30BCKUMX yueOHMKAX, B HAYUHON
JuTepaType ¥ CIPaBOYHMKAX 3ITUM
TEPMMHOM Ha3bIBAIOT COBCEM APYTYIO
BEJINYINHY.

ToyHO JIM COBIAJAIOT 3HAYEHUA
E.s, noncuntanuble 1o dopmynaam (1)
u (2)?

B aT0i1 hopmyse macchl dyeKTpo-
HOB B pa3HbIX CJlaraeMbIX CKOMIIEHCU-
pyOT mpyr apyra. A DHepruu CBA3U

3JIEKTPOHOB, CTPOTO TOBOPS, KOHEYHO,
He KOMIIEHCUPYIOTCHA, BeJlb DHEPTUHU
CBA3YM BHYTPEHHUX 3JEKTPOHOB aToMa
MOryT orandaTbesa oT Eygy(H) Bo MHO-
ro pas. Ho oOycsnoBnennoit sTum 06-
CTOATEJILCTBOM MAaJIOl IIOTPEITHOCTHIO
Bcerzia mmpeHeOperaror.

B panHeit yueOHOM JuTepaType
10 AZepHOV (puauKe (CM., HAIIPUMED,
[3, 4]) cumraanu, uro E.z<0. Bo Bcex
CepbEBHBIX yUYeOHBIX WMBAAHUAX II10-
CJIeTHUX IEeCATUJIETUI B IIOJJHOM CO-
orBercTtBUM C (1), (2) cumuraercs, 4To
Ecz>0. 910 Ke cupaBegJuBO U IJdA
IPYTUX «DHEpPruit cBA3U» (KOTOpbIe
OynayT BBeIEHbI HUIKeE): IJIA CBA3AH-
HOTO COCTOSAHUSA BTa BeJUYMHA CUU-
TaeTCcA IOJIOXKUTEJbHOI.

Ilonesno mmersr B BuUAy, 4uTo Ecp
TOJIBKO B3HAKOM OTJIMYAETCA OT BHYT-
penHelt 3Heprum Anpa Egy: Ecg= — Egg.
Mue kaskercs, 4To ydammyMcsa ymoOHee
COCTaBJIATH DHEPTETUYECKUN OaJaHc ¢
JICIIOJIb30BaHNEM BeJIMUMHBI Epy 1 yixe
IIOTOM TIEPeXOIUTh K 3aIlUCU C WC-

TI0JIb30BAHMEM BeJIMYMHBI Ecp.
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Pa3nble «3HEprum cBA3U»

Bemunna Eyy =Ecg/A, tne A —
MacCOBO€ YICJIO, HAa3bIBAETCA YIEJbHOM
SHEpTMell cBA3M Anpa (MHOTHA — cpen-
HeJl SHepruell CBA3M HYKJIOHA B AApe).

K coskasenuoo, B MIKOJIbHBIX yueb-
HUKaxX M T0COOMAX, MPU YIOMMHAHUMU
SHEPTUM CBA3M HYKJOHA B  AzApe,

OTOYKJIECTBJIAIOT BTy BeJauunHy ¢ Eyp,
YTO NPUHLOUIMAJIBHO HEBEpHO (3aMe-
TUM, YTO B BY30BCKUX y4UYeOHMKaX DTOT
BOIIPOC MBJIOJKEH BIIOJIHE aJ[€KBATHO).

HecnoskHo poranmatbes, Kak BO3-
HUKJIO TaKOe OTOXKIEeCTBJEHME. 3JIYI0
IIYTKY CBhITpaJia ¢ aBTOpPaMM HaIpa-
mBamMasgcad MeXaHudecKas aHaJio-
IUA MesKAy AApoM (T. e. HyKJOHaMU
B IIOTEHIMAJbHON AME) U KaMeIIKaMu
B OOBIYHOJ fAMKe, KOTOPYIO, KOHEYHO,
MOJKHO C TIOJIHBIM OCHOBaHMEM TOXKe
MMEHOBaTh IIOTEHIMAaJbHOM  SAMOII.
Ho ecTp cymiecrBeHHelIIaA MPUHIN-
nMaJibHAA pPa3HUIA MEeXAY OSTUMU
cucremamu. Ilpm BbIHMMaHUM Ka-
MeIlllKa OH C APYTUMMMU KaMeIllKaMU He
B3aMMOJIEVICTBYET U AMKa B 3eMJie He
usmeHndaercda. Ilpu ypajeHum Ke
HYKJIOHAa OH B3aUMOJENCTBYET CO
CBOMMM COOpaTbAMM, M MHOTEHIIVAJIb-
Hasg AMa, B KOTOPOI OHUM «JIEeXKaT»,
usMeHdaercA. Tak 4TO BTy aHaJIOTUIO
Hazo 3a0bITh.

ObcynuMm 3TOT BOIpPOC IIOLPOOHO.
IIycte peur mnér obd oTmeseHMM IMIPO-
ToHa OT Axpa (4, Z), T. e. 0 IIporecce

(4, Z2) —» (A-1, Z-1) + p. (3)

Yro0Obl He 3amyTaTbCAd B 3HAKAX,
ynobHee, KaK y’Ke CKa3aHO, II0JIb30-
BaTbCA O0IIEe(PU3NIECKUM IIOHATUEM
BHYTpPEHHEe} SHeprum. SaluileM SHep-
reTdecKuit OaJslaHC AJIA Ipoljecca Ie-
pexonma cucTeMbl "3 cocTOsAHMA [ B
cocrosaame II. Oneprusa, saTpadeHHasd
Ha OTJeJieHMe IpoToHa OT sAzapa Ep,
paBHA M3MEHEHUIO DHEPIUM CUCTEMBI:

Ep = Ent — E1 = Egn(A-1, Z-1) -
—Epu(A, Z) = Ecs(A, Z) - Ecs(A-1, Z-1) (4)
(3mecp HyJb DHeprMyM BbIOpaH Tak,
4TOOBI DHEPIUA CBOOOJHOTO IIPOTOHA
ObLTa paBHA HYJIIO).

C npyroit CTOpPOHBI, MBI, KakK BCe-
I7a, MOKEM 3aIMCaTb DHEPTUIO CBA3U
E, uepes cooTBeTCTBYMOUWMII JedexT
Macc:

Ep = [Mag(A-1, Z-1) + mp —
~ Mu(A, Z)]c%. (5)

B saBmcumoctu oT TOrO, Kakue
JaHHble y HacC IIOZ PYKOM, Mbl MOXEM
MOJIb30BaThCA Jmbo opmysoit  (4),
Jubo cpopmyioii (5).

Orgenenne HeNTpoOHaA OT Afpa —
3TO IIpolecc

(A4, 2) - (A-1, 2) + n. (6)

[ sHeprum OTHeJsieHus HeNTpPo-
Ha OT AApa UMEeeM:

En(A, Z) = Ecs(A, Z) — Ecs(A-1, Z) =
= [My(A-1, Z) + mn — Ma(A, Z)|c2. (7)

Her Hu maJjgeliinmx ocHOBaHMUI OJId
OTOYKIECTBJIEHUA STUX TPEX PasImUd-
HBIX «3Heprmit cBA3U». Epn, Ep, Eyp
(aBTOp IOCBATUI BTOMY BOIIPOCY OT-
JIeJIBHYIO CTaThIO [D]).

SaMeTI/IM, HTO OTUM BeJIMYVMHBI MO-
IyT CYIIECTBEHHO OTJIMYATBHCA APYT OT
opyra. IIpuBeném piyia mpumepa naH-
Hble 0 Pas3HbIX «JYHEPIUAX CBA3U» MIJIs
PanMoOaKTUBHOIO M30TOIA a30Ta BN

Eyy = 7,2 MoB, E, = 20,1 MsB, E, =



=1,9 MbsB (Bce maHHble 0 AApPaX MbI
3ayMcTByeM M3 Tabsmil B [6]).

Ho ecou mbI BaxoTum moacumTaThb
9TV BeJUYUHBI IJA A1pa 19Na, Hac
sxknér croprnpus! Bor uro mosydaerca:

!

Eyy = 6,9 MsB, E, = 19,3 MaB, E, =
= — 0.3 M»aB — pHeprusa cBA3M IIPOTOHA
LIS DTOTO ANpa OKa3bIBAETCA OTPUILA-
TesibHOM. Yrto »TO0 3Haunmr?! Bor 00
3TOM U MOMIOET peub JaJjiee.

dAnpa — crabmiIbHBIE M HECTAOIIbLHBIE

g naspHeero pasroBopa He-
00X0OMMO HAIlIOMHUTbL HEKOTOPbIE CBe-
IEeHNUA O Agpax.

B yuebuoit Jsureparype OOBIYHO
TOBOPAT O TOM, CKOJIb IIPOYHBIM 00pa-
30BaHMEM ABJIAIOTCA aTOMHBIE fAnpa.
Mexxkny Tem momaBisiAroliiee OOJBIIMH-
CTBO M3BECTHBIX HAM fAfep HecTabOmMIb-
HBI, T. €. PAHO MJIM IO3HO PaCHamyTCHd.

Pacrmagom (mim  paanoaKTUBHBIM
pacmazom) Ha3bIBAIOT JIIOOOW caMo-
IIPOM3BOJIBHEIA IIpolecc IpeodbpasoBa-
HHUA Aep C BBLIETOM M3 fAfpa KaKoi-
HUOYb YaCTUIBL Y CJIOBHO TJIABHBIMU
THUIIAMM ~ PaAMOAKTMBHOTO  pacriama
MOJKHO CUMTATb O~ U [-pacrajbl U ca-
MOITPOM3BOJIBHOE JlesieHre Aanep. Tojb-
KO DT TUIIBI paclaja M yIOMUHAIOTCH
B IIIKOJIBHOM KypCe.

ITosscuuMm craszaHHOe. B IIKOJIb-
HOM Kypce YIIOMMHAeTCA eIleé u -
pacnaz, MbI He BKJIOYMJM €r0 B HAIll
Hepequb, HOTOMy YTO OH He HpI/IBO—
JUT K M3MEHEHMIO CTPYKTYPBI AIpa.

Puc. 1

Ilox p-pacmamomM B IeiCTBUTENIBHO-
CTU ODOBIYHO MMEIOT B BUJY HECKOJIb-
KO pasHbIX TUIIOB pacnajga. B dacTHO-

cti, Kpome f -pacrana (BbLIET BJIEK-

TPOHa W3 #AnOpa), TOBOPAT U O ,B+—
pacriaze (BbLIeTe MIO3UTPOHA). 3a paM-
KaMl IIIKOJIBHOTO Kypca OCTaloTCHA
Ipyrue TUOBI paclajna: U3 Anep Mo-
I'yT BBLIETaTb MPOTOHBI (OHM MOTYT
BbLIETaTh M IIO JABa) U Jaske fAnpa
MeHBIIIET0 pas3Mepa, ecTb U Apyrue,
«DK30TUYECKNE», BUIBI paclaja.

HecrabuibpHble Anpa xapakTepu-
3yIOTCA CPEeNHMM BpEMEHEM JKU3HU T
(mmm  mepmozmom moxypacmama Tp/o;
MeXOy 9TVMMU BeJIMYVMHaMI CyILIeCTBY-
eT mpocras cBAsb: T1/2 = 7 In2).

Ouenbp wuH(pOPMaATUBHAA KapTUHA
II0JIy4aeTCsA, €CJIM COIOCTAaBUTb KasK-
JIOMy M30TOIy KJeTO4YKy B ocax N, Z
Y 3aKpacuUTb €€ B COOTBETCTBUM C
TJIABHBIM [JIA S5TOT0 M30TOIA TUIIOM
pacnaga. VIMeHHO Tak IIOCTPOeH puc. 1.

e

114
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CrabuyibHbIe M30TOIBI HA DTOM PU-
CyHKe IIpeJicTaBJIeHbl YEPHBIMU KJe-
TOYKaMI. Y3KYIO [OPOXKKY, KOTOPYIO
oHU 00pas3yloT, Ha3bIBAIOT O00POHCKOU
cmadbuavrocmu (mHorma — OOAUHOU
cmabuavHocmu).

Jloposkka CcTabMIBHOCTM PAaCIOJIO-
JK€Ha BJOJIb KPUBOIL, OIMCHIBAEMOI]
3aBUCUMOCTBIO

N/Z = 0,98 + 0,01564%%.  (8)

IlBeTHBIE KJETOYKM BOKPYT [H0O-
POKKM CTaOUIBHOCTY — BTO U3BECTHBIE
B HACTOAILlee BpeMdA HecTal0UJIbHbIE
usoronsl, nx oOosiee 3000. A crabuab-
HBIX M30TOIIOB Bcero 264.

CropaBa OT IOPOKKM CTaObMJIBHOCTHU
pacmosarafotess  AApa, y  KOTOPBIX
0oJIbIlle HENTPOHOB, YeM y CTaOUJIIb-
HBIX C TeM ke Z. OCHOBHOf/I MeXaH3M

rubesm aJA BTUX Anep — B -pachan.
CyneBa " BBIINIE — ApPa, UCIBITHIBAIO-

e /)’+—pacnan. Hoposkka cTabuibHO-
cTu oOpwIBaeTcsa B obyacTu OOJIBIIMX
MaccoBBIX umceJy. Tam HaxomaTcsa
anpa, JICHIBITHIBAIOIIIVIE o-pacnag,
Y CIIOHTAHHO nesdinecA axpa. IIyHK-
TUPHAS JIWHUSA, OrpPaHMYMBAIONAA 00-
JIACTb CYIIECTBOBAHUA aTOMHBIX sMEep
cJeBa U CBEPXY, COOTBETCTBYET YCJIO-
Buio Ep = 0. 3zmecy ysxe HalifieHbl Af-
pa, BILUIOTHYIO IIOJOLIENIINE K yKa3aH-
HOt rpaHmite. IIyHKTUpHAA JUHUSA,
OTpaHNYMBAKOIAA 00JacThb CYIIEeCTBO-
BaHNMA aTOMHBIX flep clIpaBa U CHU3Y,
cooTBeTcTByeT ycjoBuio E, = 0. Mex-
Iy M3BECTHBIMM SAApaMy M STUMMU Tpa-

HUIIAMM €CTb IIIaHCHI OOHAPYIKUTH eI
OKOJIO TPEX ThICAY HOBBIX sAnmep. Kak
ysKe CKa3aHO, eCTb MHOTO Pa3HBbIX TU-
[I0B pacrnazoB, ¥ Mbl He OyIeM IosfcC-
HATH I[BETA BCEX KJIETOYEK Ha OTOi
IyarpamMMe.

Ectp HekoTOpBlE OCHOBaHUA Iy-
MaTb, 4TO0 B obsactu Z =110 —114
u N =178 — 184 ynmacrca oOHapy>KUTH
HOBBIE CTaOMUJIbHBIE MBOTOIBI («OCTPO-
BOK CTaOMJIBHOCTII»).

Koneuno, B sKcrepuMeHTe MOYKHO
co3zaTh IIpakKTU4decKy Jiroboit KoM~
ILJIeKC "3 IIPOTOHOB U HENTPOHOB, HO
ecnIy cpenHee BpeMs KU3HU UX CBdA-
saHHOrO cocTosHMA T < 10722 c, TO
cUMTaeTCHA, UTO ANPO HE CYIECTBYET.
JImeHHO TakadA cuTyauus MMeeT MECTO
BHE YKa3aHHbIX o00JacTeil Ha 9TOM
JyarpaMMe.

W cnoBa 00 sueprusax ceasu Ecg n Eyy

Kakux  TosBKO  yIOMBUTEIBHBIX
YTBEpsKAeHUII 00 DHEeprumu cBA3U He
JIOBOAUJIOCHh BCTPedaTh B Pas3HbIX KHIU-
rax ¥ Ha npocropax JIHTepHera!

Hanpumep, npoBommiock UKUTATh,
UTO «DHEPIUs CBA3U Afpa XapaKTepu-
3yeT ero IPOYHOCTb».

Hauyuém c¢ Toro, uro sTo yTBeEp-
JKIIeHMe YAMBIIAET Jaske Ha JIeKCHUde-
CKOM ypOBHe. A UTO Takoe dTa caMmasd

«IIPOYHOCTb» BooOIIe? OOpaTmmca K
«BOJIbIIIOV COBETCKOV SHIIMKJIOIIEIA»
IIPOYHOCTL — DTO CBOMCTBO TBEPIBIX
TeJI COIIPOTUBJATHLCA PA3PYIIEHUIO IO
IeicTBUEM BHEIITHUX Harpys3o0K.
A Henb3A Ju NOKOHKpeTHel? OKasbI-
BaeTcd, HeT, Hesb3da! BCO Tak npamo

Y OMIIEeT: «...B TeXHMKe IIPUHATHI pas3-
JIMYHBble Mepbl IIPOYHOCTU (IIpenes Te-
KydecTy, BpeMeHHOe  COINPOTUBJIIEe-



HHUe, TIIpedes ycTajocTu U Jp.)
...TeXHMYEeCKMUe Mepbl [POYHOCTU —
YCJIOBHBIE BeJIMUYMHBI ¥ HE MOIYT CYU-
TaTbCA MCUEPIBIBAIOIMMI XapaKTepu-
cTukaMm». VITak, HeT HUKAKOIO OIIpe-
JIeJIEHHOTO COJlepsKaHuA y TepMMHA
«IIPOYHOCTb.

Ilovimém paspmre. fcHo, 4TO 2HEP-
rua cBA3U Ecp pacTéT ¢ pocTOM Macco-
Boro umcya A, Tak UTO HauOOJbIIVE
9HEPTUM CBA3U Yy AZepP TPAHCYPaHOBBIX
3JIEMEHTOB — HO O KaKOil ’Ke UX IIpOod-
HOCTM MOSKHO roBopuTh? Benb xoporio
M3BECTHO, YTO OHM «HE JKMJIbIILI Ha
3TOM CcBeTe». Bripouem, 3TOT nmpmumep —
JIMIITb CaMblil APKMII, BCEM M3BECTHBIN
npuMep HecTaOMIBHBIX sAnep. Beime
y)Ke CKa3aHO, dYTO OoJsplllasg dYacTb
Anep M3 M3BECTHBIX HaM — Kak pas
HecTabuibHble Anpa. Ctout jgu BooOIIEe
TOBOPUTHL O IIPOYHOCTU OO'BEKTOB, KO-
TOpBIE PAaHO MJM IIO3THO caMu IIo cebe
pasBaJATca?

BcecnomHMM  emjg, 4YTO HEKOTOpbIe
TSOKEJbIE ANpa Pas3BaJMBAIOTCA Kak
pas moxm gelictBueM — MeOAeHHBLE
HEMTPOHOB — O KaKOl Ke «IIPOYHOCTU»
371eCb MOYKHO TOBOPUTL?

HexoToprie aBTOpBHI mpexmmoumra-
I0T TOBOPUTBH HE O <IIPOYHOCTM», a 00
«ycToyauBocT» Axep. OT BTOr0 CMBbICI
BBICKA3bIBAHMUA CTAHOBUTCA eIlé Hosee
TYMaHHBIM.

CkrasxeM COBEpPIIEHHO YETKO U
oIpesieJIEHHO. ¥ M30TOIla €CTb BasK-
HelImaAa XapaKTepUCTUKa — DHeprusd
cBA3M sAnpa Ecp. Y m3oToma ecTb Bask-
HeJIllasg XapaKTepUCTUKa — CpenHee
BpeMsa oKM3HM sAnpa t. llpuBenéHHoe
BBIIIIe YTBEPIKAEeHMe UMeJOo Obl CMBICI,
ecau OBbI CyIeCcTBOBaJa MOHOTOHHAA
3aBUCUMOCTb T OT Eq.z. Ho HuKakxoii
KOPPeJIANNY MeXIy STUMM BeJMdyiHa-
MM He cyllecTByeT. Benb anpa rubayT
COBCEM He B pe3yJbTaTe pasBajia Ha
OoThAeJIbHble HYKJIOHBL.

Teneppr obpaTumMcaA K YAEJbHOM
oHeprumn CBA3U Eyy.

Her mHa cBere Takoro yudeOHUKA,
roe B TeMme «flnepHas ¢usuka» He

!

npuBoauicsa Obl rpaduK 3aBUCUMOCTY

Eyn(A) (moTomMy-TO HET HMKAKOlM HeoO-
XOOMMOCTY TIPUBOAUTHL BTOT TpaduUK
3nech). Ouenb mose3Hasa kpusasa! Ioa-
Asd Ha 9Ty KPUMBYHO, MBI BUAMM, YTO
LA IpyObIX OLIEHOK MOSKHO II0JIaraThb
Eyy ~ 8 MaB/HyKJoH (MCKIIOYad ca-
Mble JIETKMe fAfpa). VIMeHHO BuUJI 3TON
KpMBOM €O Bcell OIpenesEéHHOCTHIO
ToBOpUT HaM O TOM, 4YTO AOepHble CHU-
JbI 00JIaZAI0T CBOMICTBOM HACHIIEHUA
OTa KpuBad Upe3BBIYANHO yAoOHA AJid
00bACHEHNA BHEPreTUIEeCKOro BbIXOJA
IIpM JleJIEHUM TSAMKEJbIX ALlep UM NpHU
CUHTEe3e JIETKUX AHep.

Ho wmnorma yrBepskzaercda, dUTO
«OCOOEHHO IIPOYHBIE ANpPa PaCIIOJIONKEe-
HBbI B MaKCUMyMe 3TOV KPUBOIL».

IIpoBepuM »TO yTBep:KAeHME, 00-
pPaTUBIIVCE K KOHKPETHBIM JAaHHBIM 00
M30TONaX.

B wMmakcumyme 9TOiI  KpUBOH
pacnosiokensl snapa ¢ Ey;  oxomo
8,7 M»B. Bo3bpMEéM psAjx M30TOIIOB C
Ec.z = 8,7 M»5sB u BbIIUIIEM UX TEPU-
onel moJsypacmazna Ti,9 (OHM HpuBe-
JIeHbl B CKOOKax):
49Ca (8,7 wumH), 48Sc (44 gac),

Yse 67 wm), °MTi (5,8 wum),
25 (1,7 mum),
"V 50 ¢), >'cr (21 ¢), %*Fe (68 o),
%06 (0,3 c)...

A BoOT y wm3soroma “Fe Ey.= 8,8
M5B (Gonbiie we OviBaer!), HO Tp/9 =
=44 cyT.

O xakoil ke 0cob0ii IIPOYHOCTHU
(MJM yCTOMYMBOCTM) BTUX ANEP MOMKHO
TOBOPUTH?

B To xe Bpema Bpasm ot obJsacTu
MaKCUMyMa, Ha KOHIIAX 3TOM KpPUBOI

MOSKHO HaiiTV 1 cTaOMJBbHBIE Anpa (HY,
7

HaIlpuMep, 6Li, Li, U). Uraxr, Ha
PasHBbIX y4acTkKax KpuBoii Eyn(A) pac-
IIOJIOSKEHBI fAApa C CaMbIMM Pa3HbIMU
BpeMeHaMM SKM3HM, HeT HMKaKO KOop-
pesAanuy MeKIy BPEMEHeM KU3HU U
YAEeJbHOV DHepruell cBA3M (BOIPEKRU
YTBEPIKIEHNAM y4eOHOI JMTepaTyphl
pasHoro ypoBHA). CHOBa TIOBTOPUM:



Anpa TMOHYT He B pe3yJbTaTe pa3BaJa
Ha OTJEeJIbHble «KUPINYUKU» (HYKJIO-

HBI), & B pe3yJbTaTe COBCEM JIPYIUX
IIPOLIECCOB.

Pacnmaael u sHEprum cBA3U

OOcynuMm «caMble TJIaBHbIE» TUIIBI
pacnazos aznep.

Kax ysxe crkaszano, B MUKpoMmupe,
ecJIy IIpoIlecCc He 3allpelléH KaKUMMU-
TO B3akoHaMM (OOBIYHO — 3aKOHAMMU
COXpaHeHNs), TO OH BCETJa IIPOMCXO-
IUT (XO0TsA, OBITH MOMKET, C OUYeHb Ma-
JIOVI BEPOATHOCTBHIO).

Jlroboit Tun pacnaza fAnpa BO3-
MOJKE€H, TOJBKO €CJIM OH DHepreTuye-
CKM BbITOIEH, T. €. IIPOUCXOAUT C BbI-
IejeHueM oHepruu. Jlnade roBops,
ecJM CcyMMapHasd Macca IIPOLYKTOB
pacmaza MeHBbIIe, YeM Macca MCXOJ-
HOrO Anpa. Iloaromy B AxepHO u-
3UKe MHQoOpMauua O Maccax dAxep
(1, cnemoBaTesibHO, 00 DHEPTUAX CBA-
31) II03BOJIAET JeJaTh BBIBOABI O
BO3MOJKHBIX MeXaHM3MaX MX pacla-
Ja. 3aMeTuM, BIIpOYeM, UTO CPopMy-
JMPOBAaHHOE YCJIOBUE ABJIAETCA He-
006X0AMMBIM, HO He BCerjga JOCTaTO4-
HeIM. Jlaske IIpM BBINOJHEHUM 3DTOTO
YCJIOBUA Ppacrajg MOMKeT ObITb 3a-
IpeléH APYyTIMMM 3aKoHaMM coxpa-
HeHUsA  (PJIEKTPUUECKOro  3apdAna,
4ycJsa HYKJIOHOB ¥ OPYTUMM «CIIEIU-
aJbHBIMM»  3aKOHAMM COXpPaHEHU:A
AnepHON (PUBUKMA).

IlorkaskemM poJsip TakuX PacyETOB
Ha HEeCKOJbKUX NOpuMepax. HaunéM
C CaMBbIX IIPOCTBIX, HO OYeHb BajKHBIX.

Camoe mpoctoe Anpo — npotos. He
MOKeT JIM OH pacnacTbCcAd Ha KaKue-
HuOyab 9acTUIbI?

IlepBoe, uTo momapmaeTr moOx IOHIO-
3peHne — 9TO pacnaj Ha HEeUTPOH U
no3utpod. Ho a1y mpero nmpuxommres
cpady orOpocuTb — Macca HeNTpo-
Ha My OOJIbIIle MaccChbl MPOTOHA Myp:
mp = 938,27 MbaB, my= 939,57 MbB,
me = 0,51 MbsB.

Torma obpatmm Bompoc! A He MO-
JKeT JIM HEeMTPOH pacnacTbCcAd Ha IIPO-
TOH U DJIEKTPOH?

Jlerko BuIeTh, 4TO 3aKOH COXpaHe-
HUA DOHEPTMM BTOro He 3alpellaer,
BeJlb

My > Mp + Me. 9)

Tak BOT, IIOTOMY-TO CBOOOIHBI
HETPOH M pacrnajaeTcsa Ha MIPOTOH U
DJEKTPOH, YTO B3aKOH COXpPaHEHU:A
SHepruu (M Apyrue 3aKOHBI COXpaHe-
HIA) II03BOJISET eMy 3TO ceJlaTb (aB-
TOP HOMHUT O POJIM HENTPUHO B pac-
CMaTpPMBAEMBIX IIpoOIleccax, HO B WH-
TEePecyIX HaC 37eCb COOTHOLIEHMU-
AX HEUTPMHO He UrpaeT HUKAKON po-
JU, BeOb CUMTAETCsd, YTO €ro Macca
paBHA HYJIIO).

A B anpe? Pacnamaerca Ju
HEWTPOH B Axnpe?

OrBerT HaM B O0UIMX HEpTax yiKe
M3BECTEH: B TeX AApax, I'Je 3aKOH COo-
XpaHeHU:A DHEPruy eMy 9TO II03BOJIUT,
pacnazaercd, U TOrZa MBI TOBOPUM O

B -pacnaze snpa. B npyrux ske agpax
BTOTO He mpoucxoautT. HeTpyaHo 3amm-

caTb  HeoOXOoIMMOoe
pacmagna anpa (A, Z):
Mg(A,Z)> Mg(A,Z +1)+ m,. (10)
CHOBa BCIIOMHMM, YTO Ha YpPOKaX
Mbl OOBIYHO IIOJIbL3yeMCA TalJmien
Macc aToMOB, a He Anep. Kak samucats
9TO YCJIOBME dYepe3 MacChl aTOMOB?
HobaBum B HepaBeHcTBe (10) cmpasa

ycnosue S -

u cneBa Zm,, Temnepb ycjoBue f -
pacrnaga OPMHUMMAET COBCEM IIPOCTON
BUZ;
Mg (A Z) > My (A,Z4+1) . (11)
3HaunT, YTOOBI HANTU Anpa, IIOA-

BepyKeHHbIe [ -pacrhaiy, Jaske HIHYero
CYMTATh HE HAZ0 — IIPOCTO CMOTPU Ha
TabJIMIly Macc aTOMOB U JieJiail BbIBOJIbI!

To 06CTOATELCTBO, YTO C80000HBLU
MPOTOH HE MOMKET pPacrhacTbCs Ha
HeITPOH M IIO3UTPOH, He 3aIlpeniaeT
BTOT IIpoliecc B Axpe. Beab mnpu BblLIeTe
MIO3UTPOHA U3 AAPa MOJIKHO MMETb Me-
CTO SHEPIUM JIMIIbL AJIA SApa B I[EJIOM,



KaK MHOTJ@ TOBOPSAT, IIPOTOH MOMKET 3a-
MMCTBOBaTh HEOOXOIMMYIO JJI STOTO
pacrmaza SHEPTUIO ¥ CBOUX «COCEEl» 10

+
anpy. Vrak, HeoOXomumoe ycijoBue f -
pacnajga MMeeT B!

Mg(A,Z)> Mg (A, Z -1+ m,. (12)
Herpynno, xak u Bblllle, 3ammcaTthb
3TO yCJIOBME Yepes3 MacChl aTOMOB:
M, (A, Z) > M (A, Z - 1)+ 2m,. (13)
Tenepb MBI IIOHMMaeM W CMBICJI
TOr0, YTO OHEPIMUSA CBSA3M I[IPOTOHA B

Aanpe YNa oxaszamaco OTPHUIATEILHON
(cm. 1. 3), TO 3HAUUT, YTO AJPO IIO-
rmbHeT (M oOYeHb OBICTPO), BBIOPOCUB
IIPOTOH.

B 1935 r. Mapusa T'enmepr-Mariep
o0paTuyia BHUMaHMe Ha OOWH par-
MeHT B Tabjuile macc fnep:

Macca sanapa,
N3zoTon MoB
lggTe 120980,30
130
5a 1 120980,21
130
54Xe 120976,74

Kak BBl nymaere, 4To 37ech npu-
BJIEKJIO €€ BHUMaHUe?
Ona BsameTmJia, YTO Macca AApa

130

130 54Xe

5o Te mpeBblllaeT Maccy snpa

Oosiee, uem Ha 2m,. J oHa cpejaJja

!

BBIBOJ], UTO IIEPBOE ANPO MOKET UCITY-
CTUTH JIBa DJIEKTPOHA (M ABa aHTUHEN-
TPUHO) U TepelTu BO BTopoe. Ho atu;
IBa BJEKTPOHA HEe MOTYT BBbLIETETH U3
Anpa JApyr 3a JApyroM, ubo B 3TOM
cIydae XOTsA Obl Ha MTHOBeHUe obpa-

30BBIBAJIOCH ObI SIPO 1§g I, a sT0 3a-

IIpelieHo 3aKOHOM COXpPaHEeHUA oSHep-

30
rmyu, BeAb Macca Te mnpeBbIIIaET

130

maccy 1 meHee, yeM Ha M, (cM. Tab-
guiy). CienoBaTesbHO, IBa 3JIEKTPOHA
¥ OBa aHTUHENTPUHO OOJIXKHBI BbLe-
TaTh cTporo onpHoBpemenHo! Ilocie
IOJITUX IIOMCKOB DTOT IIpoliecc (MMer-
M TPOMAaHBIM Iepuoi IoJypacHa-
la) JelCTBUTENbHO ObLI OOHApYIKeH
[7, ctp. 159 — 163]. Bor Tak wuHOrma
JIeJIal0TCA OTKPbITHA!

Emé o pacmamax

CrasxkeM B371eCb HECKOJIBKO CJOB O
pacraziax ¢ BBLIETOM M3 AOpa TAMKE-
JpIx 4yacTuil. HamomHMM, o-pacnap
ObLI OOHapysKeH Ha 3ape ANEepHON pu-
3UKM, CIIOHTaHHOEe aejeHme — B 1940 .
IIpn cnoHTaHHOM mOeJeHUM AAPO He-
JUTCA Ha JBa A4pa, CPaBHUMBIX IIO
macce. B 80-e rozbe! 661710 00HAapY KEHO,
YTO U3 TAMKEIJBIX fAJlep MOryT BbLIe-
TaTh JIErKMe Anpa (MX B 3TOM CJiydae
Ha3BbIBAIOT KJylacTepamn). Bece aTu BUAbI
pacnaza o0yCJOBJIEHBI CUJbHBIM B3a-
MMOJeMICTBMEM B fANpe.

OueBupHO, YTO MO OOILMM IIpPaBU-
JaM DHepruelt CBA3U 0-YaCTUIILI B AL-
pe ‘%X HaJ0 Ha3bIBaTb TaKYIO BeJl-
UUHY:

E,=[MgA-4,Z2-2)+ Mg(4,2)

2
-Mg(A,Z)]c". (14)

Ecin E;<0, 1. e. Macca IPOLYKTOB
pacrmaza MeHbIIIe MacChl MCXOJHOTO
AApa, TO o-pacraj Aapa MOKeT IIPo-
M30MTH, TIPU DTOM BBIAEJIUTCA DHEPIUA
AE = — E, Ecmu xe E,>0, To Anpo
YCTOMYMBO OTHOCUTEJBHO O-pacnaja.
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AHaJOTM4YHO TOMYy, KaK MbI 3alll-
cayy yCJIOBUE o-paclajia, MOXKHO 3a-
mycaTh yCJOBME BbLIETA U3 ANpPa JIHO-
Ooro Kyacrepa. 3amaauMcs, HaIpUMeD,
BOIIPOCOM — He MOYKeT JU U3 dAnpa
24 14

Ra Beurerers " C?

CocraBiisieM ypaBHEHUE PeaKIIUN:

228Ra — 210Pb + 1tC.  (15)

OHepruen cBA3U 14C B Anpe 224Ra
HaJI0 HA3bIBATb BEJMYMHY:

E14(224,88) = [M4(210,82) + My (14,6) -
~ My (224,88)]c% (16)

Cmorpum B Tabauiel B [6]: macca

anpa 22 Ra pasma 208628 M»sB, a
210 14

cyMMa Macc Anep Pb u "°C paBna

208597 Mb»aB, T. e. nHTepecylolasa Hac

SHeprus cBsA3u MeHblle HyJdd. Cierno-

BaTeJIbHO, TaKOJ pacnaj MOKeT MMeTb
MeCTO.

fnpa B sTOM npumepe MbI BIOpa-
JI, KOHEYHO, He CJy4dailHO — MMEeHHO
Takoil pacnan ObwLl obHapyskeH B 1984
rogy. MoskHO norajaTbcs, B YeM CO-
CTOAJIA CJIOYKHOCTb BTOTO DKCIIEPVMEH-

Ta: OCHOBHOJ MeXaHU3M TrubeJn Apa

224 1
Ra — a-pacnan, anep ~C BbLIETAJO

B 1010(!) pa3 MeHbllle, YeM G-4aCTUIL.

Koneuno, pgna wakxoro-to sAzxpa
MOTYT OJHOBPEMEHHO BBIIIOJHATHCHA
YCJIOBUA PaBdJIMYHBIX TUIIOB pacraja.
Ina Takoro cihydad OpU HOCTPOEHUNU
puc. 1 1BeT KJETOYKM BhIOMpAaJCA
COOTBETCTBEHHO TOMY TUIIYy pacraza,
KOTOpBIi  obecmeumBaJ  MeHbIIIEe
BpeMdA JKU3HU AJpa.

Heckoabpko 3amau

3akpenyM  M3JIOYKEHHBIVI  BBIIIE
TeopeTUYeCcKNii MaTepyuaJ B KOHKpET-
HBIX pacuérax. PakTUYIeCKU B IIKOJE
B OTOM TeMe pemIalT 3ajady JMIb
IOBYX TMUIIOB: 1) HaWTM yAeJbHYIO
SHEPTMIO  CBA3M  KaKOro-To  fAjpa
U 2) HAWUTU DHEPreTUYECKUIl BBIXOJ
peaknuu. IIpm sTOM B KadecTBe McC-
XOOHBIX JAaHHBIX MCIOJb3YIOTCsS MacCChl
anep. IlonpoOyeM HEMHOro pacHIMPUTH
aTOT peneptryap. Ho cHaudajsa ckaskeMm
IBa cjoBa 00 OCOOEHHOCTAX PaCUETOB
B 9TOI TeMe.

B yuebHbIX B3azauyax BIIOJIHE IPU-
eMJIeMbl OTBETBI C TpeMdA (MM Jaske
IByMA) 3HadammMy mudpamu. Ho mopn
pacuére sHepruil CBA3M C TaKOM HEBbI-
COKOJ TOYHOCTBIO MBI MCXOZHBIE JaH-
HBblE, T. €. MacChl sep, JOJOKHBI 3ala-
BaThb C OOJIBIION OTHOCUTEJBHON TOY-
HOCTBIO (T. e. ¢ DOJBIIMM YMCJIOM 3Ha-
qanmx udp). Pusmdeckasa NpUUIMHA
5TOTO0 B TOM, YTO MHTepecylollye Hac
SHEpPIruy CBA3M OYeHb MaJbl 110 CpaB-
HEeHMIO C IIOJIHOM DHepruemn snpa Mﬂcz.
VI moromy mpu pacdérax HaM IIPUXO-
OUTCA BBIUMCJIATE Pa3HOCTU JIBYX

OJMBKNX BEJWYMH — IPU ITOM UUCJIO
3HAYAIMX IU(PP B pe3yJabTaTe OKa3bl-

BaeTCcsd 3aMEeTHO MeHbIIle WX YNCJa
B MCXOJHBIX JaHHBIX.

Tabauibl B IIIKOJbHBIX 3agadyHN-
KaX OYeHb MaJibl, II09TOMY MBI, KaK
ysKe CKasaHo, OyJeM MCIO0Jb30BaTh
tabmuiel B [6], Toe Macchl Amep Opu-
BenmeHbl B MbaB. 3ameTum, 4To B 3TUX
ske Tabsmiax comepsKuUTca MHEopMa-
VA O BPpEMEHAX $KMU3HU M MEeXaHU3MaX
pacrazia pagyoaKTUBHBIX Anep. A KHU-
ry [6] ;merko HaviTm U ckadaTb B JH-
TEpHETE.

1. Beibepem kakoe-HUOYAb SIPO,

HaIpumep, gB M cocymMTaeM IJisi HEero

pasHble BJHEPIrUM CBA3M. BbirmieMm mu3
[6] HEOOXOMMMBIE naHHBIE B MoB:

Ma(IB) = 8393,31,

M(8B) = 7472,32,

My($Be) = 7454,85.
yHeJIbHaH OHEPINs CBA3Y paBHa
Eyn(IB) = Gmptdmy, — My)/9 =

= (5-938,37 + 4:939,57 — 8393,31)/9 =
= 6,26 MbaB. (17)

IIpu orpeiBe oT Anpa gB HeNTpo-

Ha oOpasyerca Anpo gB. ITosTomy

DHePIrus CBA3U (MJIM DHEPTUA OTHese-
HIA) HEIITPOHa paBHA



En(2B) = Ma(§B) + my, — My(2B) =
=7472,32 + 939,57 — 8393,31 =
=18,58 MbB. (18)

IIpu orpeiBe or axpa gB IIPOTOHA

obpasyeTcsa Anpo iBe. IlosTomy sHep-
I'Ms CBA3UM (MM DHEPrus OTJeJIeHNs)
IIPOTOHA paBHAa
En(2B) = Ma(§Be) + m, - Ma(2B) =
=17454,85 + 938,27 — 8393,31 =
=- 0,20 M»aB. (19)
CHoBa oOOpaTuM BHUMaHME Ha
OoJbIlMe pPa3aMUMA ITUX BEJIMUNH.

!

A 4YTO 3HAYUT yCJOBUE Ep<0, MBI y3Ke
3HAaEeM — HTO 3HAYUUT, UTO AJPO CO Bpe-
MeHeM TIOTMOHeT, BBIOPOCUB M3 CBOUX
HeJ[p OAWH M3 IMIPOTOHOB. Tak Oyner,
ecJi HeT APYroro MeXaHu3Ma pacraja
C MEHBIIIMM BpeMeHeM »KusHu. Ho amsa
DTOTO fANpa TaKOTO KOHKYPUPYIOIIETO
MeXaHU3Ma Her.

2. Mosxuo ObLio OBl B KauecTBe
MCXOMHBIX MJAaHHBIX MCIOJb30BATh HeE
MaccChbl sfiep, a UX DHEPIUM CBSA3IL.

A 9TM maHHBIE MOKHO CHATH (XOTS
ObI ¥ C HEBBICOKOI TOYHOCTBIO) IIPAMO

C KpuBOii Eyy(A):

2 3

dAnpo H 3

H He

4 6 7 8
He

Li Li Li

Eyy, MaB 1,1 2,8 2,7

7,1 5,3 5,6 5,2

ITo aTumM pmaHHBIM OompenesMTh, Ka-
kad oHeprusa W BblzesnseTca npu 00-
Pa30BaHMM [BYX (-HaCTUI] B Pe3yJIb-
TaTe CUHTE3a ANep OLi m *H.

3amnuireM 3aKOH COXPaHeHUsd DHep-
TN

Epu(§Li) + Enu( TH) =
=2 Epy(3He ) + W. (20)
ITepeiiném ot Egy K Ecg:
W = 2Ecs(3He )= Ecs(SLi )~ Eca(3H) =

=87,1-65,3 -2-1,1 = 22,8 MaB. (21)

Hesricokasa ToyHOCTH OTBeTa 00y-
CJIOBJIEHA HEBBICOKOM TOYHOCTLIO MC-
XOIHBIX JTaHHBIX.

3. A BOT 3azada B JyXe IIPUKJIIIO-
YeHYeCKOro POMaHa.

B pykm Huromaa momnas oOpbIBOK
Tabanuibl macc spep. VsBecTHO, YTO
TOJILKO 00 OJHOM M3 3TUX ANEpP MOMK-
HO C YBEPEeHHOCTBIO CKa3aThb, YTO OHO
p-paanoakKTuBHO. VI3BECTHO, HYTO B
4ycJe, BBIPAMKAMOIEM MacCy 3TOro
Anpa, 3amnu@poBaHO BajKHOE C€000-
mieHne. IlomormTe Huxosarmwo HaliTH
BTO AXPO.

YcsoBue TOTO, YTO ANPO ABJAETCA

[-panoaKTUBHBIM, — 9TO HEPaBEHCTBO

(10). B npuBenEéHHOM CIIMCKEe €My YIO-
6
BJIETBOpPAET TOJbKO He.

"He 5605,5 MaB
"Li 5601,5 MaB
"Be 5605,3 MaB
°B 5630,0 MoB
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4. A HamocJenoK 3aliMEMCA HeHa-
YUHOI (PaHTaCTUKOIL.

3amaguMcsa OPOCTBIM  BOIPOCOM:
4TO OBLIO OBI, ecay ObI ME}KIy Macca-
MM IPOTOHA M HEWTpOHa ObLIO obpar-
HO€ COOTHOIIIEHME, T. €. IPOTOH OBbLI
OBbI HEMHOTO TsXKeJiee HENTpPOoHA?

Torza pacmaj IpoToHa

+
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mpoucxonusi Obl He TOJIBKO BHYTPHU
Anpa, HO U B CBODOJHOM COCTOSAHWN,
T. e. aapo H ObL10 OBl HECTAOUIIBHBIM,
[IO-BUAMMOMY, C MaJbIM BpeMeHeM
skm3HM. VI He ObLIO OBI B IIpUpOJeE HU-
KaKoro Bozopoza. VI HMKakoi BOIBL
JI mac c Bamu. IlogymaTe TOJIBKO, OT
KaKOll MaJIOCTM BCE 3aBUCUT!

3akJo4yeHne

Hanomuum, yuto mamnosxkenue pusn-
KM aToMa B y4eOHMKAX OTJIMYaeTCHd
JIOTMYECKOV CTPOMHOCTBIO: ONBITHI Pe-
sepdopna, NIaHeTapHAA MOJEJNb aTO-
Ma, npobjemMa yCTOMYMBOCTU DTOM MO-
Jesy (IO OTHOLIEHMIO K BdJEeKTpoMar-
HUTHOMY M3JIyUYEHUIO) — U pa3pelleHne
9TOV IpoOJIeMBbI B pPaHHEM BapuUaHTe
KBAHTOBOJ MeXaHUKI.

AHaJOTMYHO B ANepHOV (QU3UKe
rocje M3JIOMKEHMs CBeIeHUl o cTpoe-
HUM Afpa Hajgo 0003HAUUTL BasKHeN-
II11e BOIIPOCHI — 00 YCTOYMBOCTY ALEp
OTHOCUTEJIBHO Pa3JIMYHBbIX TUIIOB pac-
nazoB (M1 0 BOBMOYKHOCTM KOHKPETHBIX
AnepHbIX peakuuii). IlonAaTue 3Heprumn
CBA3Y II03BOJIAET OTBETUTH Ha BOIIPOC
0 BO3MOYKHOCTM TOTO JJIM MHOTO IIPO-
Iecca C TOYKM 3peHUs 3aKOHa coxXpa-
HEHUs DHEPTUIL.

Msr moxaszasam, 49ro Bompoc, He
MOXKeT JM ALPO paclacTbCA KaKUM-
TO OIpeNeJIEHHBIM 00pa3oM, COBCEM
He CJIOKeH — [IJdA OTBeTa Ha Hero
HaJO0 JIMIIb MMEeThb II0J PyKol TalJsm-

1y Macc fAnxep (May aTOMOB) M MUK-
POKAJIBKYJIATOP.

Ho, orBeTuB Ha OAVH BOIPOC, MBI
Bcerja MNpuUXOoLVM K OPYTUM BOIIPOCaM,
3a4acTyIo 0oJiee CJIOKHBIM.

Ecin sanpo wmoxcem pacnacrtbes,
TO 4Yero sKe oHO xAET? Ilouemy He
pacrnanaerca? VIHorga B TedeHME MUJI-
JuoHoB JeT? Hukyza HaM OT 9TUX BO-
IIPOCOB HE YUTH.

Ho 3xeck MBI Ha 9TOM OCTaHOBUMCH.

e
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