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* ATOMHOe PO

ATOMHOE AP0 — 3TO LIEHTPAJIbHAS YaCTh aTOMa, B KOTOPOX COCPEIOTOUYEHA
MPAKTAYECKHU BCSI €70 MACCa U BECH TMOJIOKHUTEIBHBIN AJIEKTPUYECKUN
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ATOMHOE SJIpO - CUCTEMA CBSI3AHHBIX U
B3aMMOJICHUCTBYIOIIUX APYT C APYIrOM
HYKJIOHOB:

IIPOTOHOB P U HEUTPOHOB .

[Ipomon-noI0KUTEIBHO
3apsKeHHas 4acTHIA M PABeH I10
MOIYIIIO 3apsiLy
9IIeKTpoHa:q,=+1,6 - 1071°Ku, a
macca m,=1,6726 - 10™%"kr,

YeTHOCTh +1, couH Y.

Heuumpoun-310 HEUTpanbHas
4yacTHIlAa, Macca KOTOPOM paBHA
m,,=1,6749 - 10~ ?’Kkr He UMeeT
3apsja , YeTHOCTh +1, criuH 2.
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*Hz]epﬂble CUJIBI

CuJibl, KOTOPBIE HE JIAl0T IPOTOHAM Pa3JIETEThCS
I10JT ACMCTBUEM KYJIOHOBCKHMX, HOCST HAa3BAHUE
AO0EPHBIX CUT.

S nepHBIC CUIIBI SIBIISIOTCS IPOSBICHUEM
CUIbHO20 B3aUMO/JICHCTBHUS 1 JICHCTBYIOT Ha
paccrosHuax 1074 - 101° M (pasmeps! saapa).




SnepHBle CUIIBI 3AMETHO TIPOSBIAIOTCS
Ha PACCTOSIHUAX MOPSIKA PA3MEPOB
saapa 10714 - 1071 M. Ha Gonbmmx
PACCTOSHMAX KYTOHOBCKHE CHIIBI UX
1oaBJIAIoT. Ha MEHBIINX PACCTOSHHUAX
sJIEPHBIE CUJIBI CTAHOBATCS CHIAMU
OTTAJIKUBAHUS.

Kaxx b1l HyKJI0H B OOJIBIIIOM SITIpE
CBSI3aH SIACPHBIMU CUJIAMHU HE CO BCEMU
HYKJIOHAMHU, @ C HEKOTOPBIMH COCESIMHU.
WX 4nciio He 3aBUCUT OT pa3MepoB sAIpa

s pa3pviea ymux ceazeil HeodX00UMO 3ampamums OnPeOeieHHYI0 IHEP2UID .




*JHeprus cBsI3M sApa

MuHuManbpHasa SHEPI U,
HEO0OX0oauMast s pa3icacHUN
€ro Ha OTJECIbHbIC HYKIIOHBI
HA3bIBACTCS IHEPZUCUH CEA3U
aopa.



OHeprusi CBS3M 3aBUCUT OT MAcC MOKOs MPOTOHA U HEUTPOHA, KOTOPhIE B MaciiTadbax
AIpa BECbMa Pa3INYMMBI:

my = 1.00728 a.e. m.

m, = 1.00867 a.e. m.
la.e.M. = 1.67-10"%%r

E=mc? = 931.5 M3B - sHeprus >kBUBaeHTHad | a.e.M.

Macca saapa, HaIeHHAs SKCIIEPUMEHTAIBHO M MAcca SIpa, MOJTyYECHHAs: CYMMHAPOBAHUEM
YHrcCJa MacC MPOTOHOB Y HEUTPOHOB HE OJIMHAKOBBI, €CJIU MOCJICTHUE HAXOISATCS B
CBOOOJHOM COCTOSIHHH. DTO Pa3INYre MOXKET ObITh OXapaKTEPU30BAHO BEITUUNHOM

)

Am=2“mﬂy}<—mo:Zmpr(A—Z)mn—M;I

KOTOpasi HOCUT Ha3BaHUE dehekma macc. YMEHBIIICHHUE MacChl IPU 00pa30BaHUU
sJipa U3 CBOOOIHBIX YACTHUI] O3HAYAET, YTO IIPHU TOM YMEHBIIAETCS SHEPT s ATOM
CUCTEMBbI YaCTHI] HA BEJIMYMHY SHEPTUU CBS3U

= Amc? = (Zmy, + (A—Z)m, — M,)c? (20 popmyna e cnucke gpopmyn)



Puc.1. Npumepsbl gedekt macc B NRV

Binding energy (MeV)

Experiment Theory Sh.corr.

[2] [31 [31
il U] |
. mass Excess 0.00000423
L l BE 39.245
BE/A 5.606
Experiment Theory Sh.corr.
2] [3] [3]
S 1 0 0 Mass Excess : -57.870
n BE 325,298 825.885 A0:620
BE/A 8.2 8259
Experiment Theory Sh.corr.
[2] [3] [3]
U 2 3 8 Mass Excess e 47.770
-1.270

BE 1801.689 1801.228
BE/A 7.570 7.568




*YnoOHee paccMaTprBaTh YHEPTHUIO
CBSI3U, IPUXOSIIYIOCS Ha | HYKJIOH
- YOenbHYI0 IHEPIUI) CBA3U:

Ecg
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YaenbHas SHEPrus sIBIISIETCS
cpeaHer paboToi 10 yIaJeHUK
HYKJIOHA U3 spa.

Y JIErKUX 3JIEMEHTOB € PACTET C
poctom A. Jlocturaer ~ 8 MaB
(MaccoBoe uncio B npeaenax S0-

65).

3areM mamaer 10 7.6 MaB y U438,
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Puc.3. N'padpmK 3aBUCMMOCTU YAE/IbHOM
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Puc.2. Mpumepsbl yaenbHOM 3Heprum cBasmu B NRV

SnlOO

U238

Binding energy (MeV)

Mass Excess

BE
BE/A

Mass Excess

BE
BEJ/A

Mass Excess

BE
BE/A

Experiment
(2]

14.9071052
(0.00000423)

39.245
5.606

Experiment
(2]

-57.282072
(0.301518)

825.298

Experiment

2]
47.309112
(0.001881)

1801.689

Theory

Theory
(3]

-57.870
825.885
8259

Theory
3]

47.770

1801.228
7.568

Shcorr.
(3]

-10.020

Sh.corr.
3]

-1.270




*Marnueckue sapa

B ocoOyto rpyIimy MOKHO BBIACIUTH AaTOMHBIE SIAPA, COJIEPIKAIIME
TaK Ha3bIBACMBbIC MaAZUYUECKUE YUCTIA TIPOTOHOB UJIM HEHTPOHOB.
OCOOCHHOCTSIMH TaKHUX SJIEP SABIISIOTCS:

[IDneprus cBst3u Gomblie, 4eM y COCEIHUX SAEP;

[ TToepimennas pacupoOCTPAaHEHHOCTD B IIPUPOJIE.

Z 2 8 20 28 50 82
N 2 8 20 28 50 82

CylleCTBOBAHNE MATUUYECKHAX YUCEN ABIISAETCS MPOSBICHUEM
000JI0YEYHOM CTPYKTYPHI sijpa. Marnueckum 4uciaM HYKJIOHOB
OTBEYAIOT SJIpa C 3al0JIHEHHBIMU HYKJIOHHBIMUA 000JIOYKaAMH,
MMEIOIIMMHU TTOBBIIICHHY YCTOMYMBOCTD, MMOJIOOHO aToMaM
MHEPTHBIX Ta30B C 3alI0OJTHCHHBIMH 3JICKTPOHHBIMHU 000JIOUKAMHU.



Anpa, conepxaiue MarudeCcK1Me 4uciia MpOTOHOB M HEUTPOHOB, HA3BIBAKOTCS

08adcovl mazuyeckumu. K HUIM OTHOCATCA cTaOUIIbHBIC siapa. SAapo 10cae
camoe Tskenoe ctadbuibHoe sapo ¢ N = Z. [Tocue 40Ca Bce u3BeCTHBIC aapa
¢ N = Z aBasiorcst IPOTOH M30LITOUHBIMU M PACIIaaroTcs B pesyinsrare B -
pacmaja u y-3axBara.
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*HOﬂyaMnnpnquKaﬂ
(bopmyiia Bannzekkepa

Ha »T0#1 0CHOBE OBLII CO37IaH CIIOCOO OIMCAHMS SApa B
MOJEIIN KUAKOM KaIUIW, IIPEIIOKEHHBIM B 19335 1.
Bauuyszexkepom:

(21 popmyna 8 cnucke oopmyn)



Yiaensr popmynbl Ban3ekkepa

1. Ejg = aA | Obvemnan snepzus. Y TBEPKAAET, UTO IS
OECKOHEYHOM SIJIPHOM MaTepHUH, HE UMEIOIIEH
OBEpXHOCTH E ;~A.

HOQO! snpo nMeeT noBepXHOCTh M HYKJIOHBI HAa MOBEPXHOCTU CBSI3aHBI ciiadee,
yeM BHYTpH. Clie1oBaTesibHO, Y€M OOJIbIIe TIOBEPXHOCTh, TEM MEHbIIE E .

[TosTOMy BBOIUTCS ClaraéMoe MOBEPXHOCTHOW 3Hepruu E .
[IPONOPIIMOHAILHOE TTOBEPXHOCTHU siApa CO 3HAKOM -

2
[ToBEpXHOCTH S1/[pa MPONOPIMOHAIbHA R? = (roAl/ 3) , T, = 1.2 —1.3 dm.
3HAYUT

R2~A°/3.

2
2. Eqos = bA™/3. | Iogepxnocmmuasn snepzus. Y TBEPKIAET, UTO
PO UMEET IOBEPXHOCTD.




SnepHast KUAKOCTb UMEET 3apsij Z, 00yCIOBIECHHbBIM MTPOTOHAMH,
KOTOPBIE UCIIBITHIBAIOT KYJIOHOBCKOE OTTAJIKUBAHUE, & 3HAUUT
OCJIA0JISAIOT YAEIBbHYIO SHEPTUIO CBA3U JJISI TSKEIBIX SIAEP.

KynoHoBckas 3Heprus - cocraBHas 4yactb E g co 3Hakom "-".

JI71s1 paBHOMEPHOI'O pacIpeNeeHus 3apsaa SJIEKTPHUECKast YHEPrus
paBHa
3Z2%2¢2
5R

KynoHoBCKHE CUJIIbI — JaTbHOACHCTBYIOIIME, U MIOATOMY KYJIOHOBCKAs
SHEPTUs MPOIOPIUOHATIBHA YUCITY B3aUMOJICMCTBYIOILIUX T1ap, TO €CTh

ZZ
As" Kynonoeckasn snepzusn

3. Exya=c¢




OnbIT TTOKa3all, 4To SApa, COCTOSIINE U3 OJUHAKOBOTO YHCIIa
HEUTPOHOB U POoTOHOB (N=Z), 00sa1ar0T O0bIlIEeH YCTOMYNBOCTHIO,
OOJIbIIICH PHEPTUEH CBA3U, YEM C PA3HBIMU.

OTtkioHeHue oT paBeHCTBa (N=Z) B J1100y10 CTOPOHY BEAET K
YMEHBIIICHHUIO SHEPTUH CBSA3U. ITO JIOJKHO OBITh YUTEHO B (popMmyIie
TSI DHEPTUH.

YiieH, yYUTBHIBAIOIIMN TaKOE YMEHBIIIEHUE dHEPTUHU, MMOJTYIUI Ha3BaHUE
sHepruv cumMmeTpun. OH OepeTcs B CIEIYIOIIEM BHJE:

4. E yn

—7)2 _ 2
_ g W-2? 422

A

A

IHepausa cummempuu

¥ BBOJIUTCS B (DOPMYITy CO 3HAKOM MHUHYC.



[focnennee ciaraemoe B (hopMysie JJIs DHEPTUM CBS3H CBA3aHO CO
CIEAYIOLINM:

H):[pa C YETHBIM A MOXKHO pa3acInTb Ha ABC I'PYIIIIbLI:
a) YCTHO-YCTHLIC s/1pa C YCTHBIM YHCJIOM HeﬁTpOHOB " IIPOTOHOB,

b) HEYETHO-HEUETHBIE sJIpa C HEYETHBIM YHCJIOM, KaK HEUTPOHOB, TaK U
IPOTOHOB.

OIBIT MTOKA3bIBAET, YTO YETHO-YETHRIC Sapa UMEIOT CHCTEeMaTHYSCKH
OONBIITYIO PHEPTHIO CBSA3H, YEM HEUETHBIE, B TO BpeMs Kak spa HEUETHO-
HEYETHBIE UMEIOT MEHBIITYIO SHEPIHIo CBA3U. OCOOEHHO YETKO ATO
HaOII0aeTcsl B 00J1aCTH JIETKUX SEP.

Takast 0cOOEHHOCTh B TTOBEICHHUH YACIHHOM YHEPTUU CBSI3HM OTPAXKAETCS B
dbopmysie ISl SHEPTUU CBSI3M J0OABKOW YJIEHA, UMEIOIIEro BU/I

5 A_3/4,

+|6| — s yeTHO — YeTHBIX A€ep
e 0 = 0 — /1 HEYETHBIX SAJep
—|&| — s HedeTHO — HedeTHBIX A€ep



B ToM 00CTOSITENILCTBE, YTO IHEPTHUS CBSI3U OKA3bIBACTCS
CUCTEMaTUYECKU OOJbIIEH IS SIAEP, CONECPKAIIUX YETHOE YHUCIIO
HEUTPOHOB M ITPOTOHOB, MPOSBIISIETCS APPEKT MaApPHOTO
B3aUMOJICHCTBUS MEXKAY YaCTULIAMM OJTHOTO TUMA. DTOT 3 PEKT
MOJTY4MJI Ha3BaHUE CIIApUBAHMS OJUHAKOBBIX HYKJIOHOB B siape. [Ipu
CIIapUBAaHMUH, KaK MTOKA3bIBAIOT U3MEPECHUS SJCPHBIX MAcC, SHEPIUs

CBSI3M BO3pacTaeT Mpuodan3uTeIbHo Ha 1 MaB. Orta nonojHuTeIbHas
SHEPIUS:

5. E.,=8 A"/, Duepeusn cnapusanusi.




Z° A —27)2
ECB=aA—bA2/3—CT—d( )

3
+A™/ag
A3 A

Ota QopMylia Moay4duiia Ha3BaHUE MOTYSIMITUPUUECKON (DOPMYIIBI
Batinzekkepa. KoaddunumeHTsl B (hopMyiie mog0UparoTCs TaK, YTOOBI
MOJIYYHJIOCh HAMJIY4IlIee COIlacue ¢ ONbITOM. B HacrosIiee Bpems
IPUHATHI CICAYIOIINE 3HAYCHUS:

a = 15.75 M»aB;
b=17,8 M»B;
c=0,71 M»B;
d=23,7 M»5B;

6=34 M»B

®opmyna Banzekkepa 11l SHEPTUHU CBA3U B OOJIBITMHCTBE CITy4YacB
CIIPABEJIMBA C TOYHOCTHIO 10 HECKOIBKUX M»3B 1 upe3BbhIYaiiHO
MOJIE3HA MPU BBISICHEHUH BCEX CYIIECTBEHHBIX OOIIMX CBOMCTB SIEP.
OpHako HEKOTOPBIE JETAIM HE OTPAXKAKOTCS 3TOM (POPMYIION JOIKHBIM
oOpa3om. Crofa OTHOCATCS, HaIPUMEP, 0C00asi YCTOMYUBOCTh
“Maru4eckux’’ saep U QIyKTyalluu SHEPTUN CIapUBAHUSL.



[prmep 1 B Mathcad dopmy bl Bamusekkepa

al = 1575 aZz2 =178 a3 =071 ad = 237
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[Mpumep 2 B Mathcad: yaenbHada 3Heprua CBA3M Kak
MYHKUMA aBYX NepeMeHHbIX - Zu N

al = 1575 a2 =178 a3 =071 ad = 237

=

2 2
EE(N,Z) = al (N + 2) - a2(N + 2> - a3 —2= _ a4 =2
N EY- Mz

50 100 150 200



*JInTepaTypa:

DMyXHH. DKCNEpUMEHTAIbHAS sIACpHas (PU3MKA.

Kaura 1. ®usuka aromHoro sapa. Hacrs 1.
CBOMCTBA s1/Ipa, HYKJIOHOB M PAJIMOAKTUBHBIX
U3JIYYEHUM.

DB.C.HIHX&HOB,H.M.K&HI/ITOHOB, H.IL.KOaun
YacTunpsl 1 aromHsIe sapa. Mocksa, 2002.

DIO.M.IJ_[HpOKOB, H.IL.YOaun SAnepnas dusuxka.
MockBa «Hayka»: 1980.
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