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AOnuHa npoGera anbca yacTnubl BO3ayXxe:

Npumep 1. Onpexennts AAHMY mnpolera -uacTHI C 3HeprHei Eg=5 MsB B
BO37YXe.

Pemenne Ilo ¢opmyac

—]/53/3 = 3,7 cm.

OnuHa npobera anbga YyacTuubl B ApYyrmx cpenax:

_ E _ AV]':—_s"
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Mpumep 2. Onpexgeants aauny npoGera @-uacTHy ¢ sicpruei E, =5 M3B B
6HO.10rHUCChOIT TKami, eC.dH A.x=157, Zya=75, o=1 rfcm?
Pewenne Ilo dopmyae
— 10—4 y 15,7.53%
R, = Vl = 44,5-10—¢ cm.
TK
[To ¢popmyne
& 10—4.15,77/5%
o« = 3 o = 46,3-10—4 cm.
= 1y/7,5%

Sueprus Bosayx, | Amomunnft,| DBHONOTHYe- Oxe prus Boanyx, | AJioMunaf,| Dronoraye-
-4acTHy, M 2 MKM CKaa TKaHb, &~-4acCTHY,, oM MKM CKad TKaHb,
MsB MKM MsB MKM
4,0 2,37 16,5 26,2 750 5,58 36,2 62,4
4,5 2,82 19,2 31,2 7,5 6,23 40,1 69,9
9,0 3,29 22,2 36,7 8,0 7,19 43,4 78,0
5,5 3,82 25,4 42,6 9,0 8,66 52,2 94 4
6,0 4,97 28,8 48,8 10,0 10,2 61,6 112

6,5 4,96 32,4 55,5




[lon agppexrusnoim aromuoim nomeposm Zp CNOXKHOTO BelllecTBa
cjaeAyeT NMOHHMATb ATOMHLIH HOMep TAaKoro MmpocTOro BeuecrBa, A
KOTOpOro Ko3¢pQHIHEHT NOrJOUeHHs 3HEPrHH, PAcCUHTAHHBIA HA ONHH
3JIEKTPOH Cpenbl, ABJsieTcs TAKHM K€, KaK W AJs HaHIOro CJO0XKHOTO
BelllecTBa.

Zaqb = ZalZl.

BemiecTsa, HMemome TOT Xe 3P GEKTHBHBIH aTOMHBIA HOMeEp, 4TO H
BO3AYX, HA3LIBAWOTCA B030yXO03KBUBAAEHTHbIMU BElECTBAMH, a Be-
EeCTBa, HMeEIOLIHe OJIHHAKOBHIH 3()D(EKTHBHBIH aTOMHBIH HOMeEp C
TKAHbIO, — TKAHEIKBUBANCHTHOIMU.



[Tpofier a-uacThi, B Pa3JHYHBIX BellleCTBAaX MOXHO BHpPa3HTh ue-
pe3 npober B BO3AyXe, HCIOJb3ysl OTHOCHTENLHYIO TOPMO3HYIO Crioco6-
HocTb BemectBa S. OTHOCUTeAbHOL TOPMO3HOL cNOCOGHOCTHIO Ha3bl-
BaeTcs OTHOLIeHHe TOPMO3HOH CNOCOGHOCTH BO3AyXa Sy K TOPMO3HOM
crrocOGHOCTH BeniecTBa (c aTOMHHM HomepoM Z) Sz (npu 3ToM
9HEPrui0 YaCTUIL CUHTAIOT OJHHAKOBOH).

[Ipu BHIpaXKeHHH TOPMO3HOH CHOCOOHOCTH KaK MOTepH 3HEePrHH Ha
eXHHHIle KJHHB OYTH NOJYUYRKOT AUHEURYIO TOPMO3HYIO cnOCOOHOCTS.
Torpa oTHOcuTerbHAA AURECLHAR TOPMO3HAA cNOcOOHOCTS

SL = SBISZ - k—anlﬁap

rae Raz, Ra, —npober YacTUIL B BemtecTBe C aTOMHHM HoOMe-

poM Z H B BO31yXe COOTBETCTBEIIHO, CM.
OTHOCUTEABHAA MACCOBAR TOPMO3HAA CNOCOOGHOCTS

Sm = pnﬁ%/(pzﬁaz)

onpenessieTcs NOTepeH 3leprid Ha efHHHUIle TOJIIUHBI CJOS BelllecTBa,
BbIpaXXeHHOH yepe3 Maccy, NMPHUXOASUIYIOCH Ha eNHHHIY MJOLIanH.



OTHOCHTEeNBHYIO TOPMO3HYIO CNOCOOHOCTD MOXKHO pAacCYHTaTh TAakK-
Ke Ha aTOM BeleCTBa; TOTJa OTHOCUTEAbNAR ATOMHAA TOPMO3HAR CRO-
COOHOCTS

paﬁan 4

R = e
pZRG'.z =

S, =

rie Pz, Ps— IIOTHOCTh BelllecTBa I BO3AyXa COOTBETCTBEHHO, r/cM3;
A, Ay;=14,4— aTtoMHasg Macca BellecTBa I BO3AYXa COOTBETCTBEHHO.

pBﬁ—?—aB l’ AZ

S

——=10,3 —
VAZ pZR(ZZAB
Orcrona
5 psRa, VA7, 1,203.10-%.10¢ Rq VA =
*2= 0,34, 03144 py ' C
R, /i
— 3.10° L s , CM.
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Mpumep 3. Onpeneants 17HHy npolera a-vacTHuw ¢ sHeprhelt L,=5 MaB B

6HOTOTHYCCKOA TKAHH, €caH Ay =157, pr=1 rfcw?, 72-% =3,7 cM (cM nmpuMep 1),
Pceurenne, [lo dopmyne (17)

3,7
Ry = 3108 = V157 = 4410~ e,

Kak BHOHO M3 NpHBeNEHHLIX NPHMepOB, 3HaueHHe npolbera a-yac-
THL B OHOJOTHUYECKOH TKAaHH MaJo (okoao 44-10-% cvm npu Eq=
=5 M3B), nosromy To.muna IOBepXHOCTHOrO C.JI051 KOMXKH BIIOJIHE
JOCTATOYHA AJIS 3aUIHTH.

Ilpn pa6oTe ¢ OTKPHITHIMH @-HCTOUHHUKAMH HeOOXOXHMO NpenoTBpa-
1aTh NonajgaHHe pPagHOAKTHBIIBIX BellleCTB BHYTpb opraHuama. [las
3TOH 1IeJH HCIOJbL3YIOT CPeACcTBa HHAHBHAyaJabHoi 3auutet (CHU3)
OPraHoB [BIXaHiifA, MHUIeBapeHus U KOXHBIX NOKPOBOB UeJNOBeKa.



B3aumogencTBue 6eTa-u3nyyeHus C BeLeCTBOM
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PaguaunoHHble notepu — popmyna Nantnepa:

dE e 2_§i 2 2 (E + muc?) 4 —
( = )pan NATO = (E + mac)[4 In ]

mqc? 3
— L0748 2 _‘?i : 2 (E + myc?) 4
3,44.107* (E+ me") = p[4ln = = ]

rie  ro=e? (mqec?) — KJaccHYecKHii  pajulyc  3JeKTpOHA, paBHbI

2.8.10-13 em.
(dE) / dE) =(E+mac"')2
dx /pan ( dx /uon 1600/m,c?

IToTepH cTaHOBATCS paBHBIMH IPH KPHTHUECKOH SHEpruH

mgycl
E,, =~ 1600 .

Tak, nn1s cBuHIA

EPY "6022‘0’5 ~ 10 MsB.



NMonHas noTepu aHepruu:

(dE) B (dE, ,[ﬂ dE | ]
dx ooJNH dx /KOH' dx 7 pan




[Mpober:

s MpaKTHYeCcKHX IeJed NMPelnouHTaoT HCMOJb30BAaTh IKCTPano-
JHPOBAHHKH npober Ryxe. Hasi MouosnepreriuyecKix 3JeKTPOHOB C
sneprued ot 0,0003 go 30 M3B npn HOpMaJLHOM najeHHll HA BeLIecT-
BO C Zsp, paBuULIM OT 5,3 A0 82, 3KCTpanoJHPOBAHHBIH mnpoder Ryxe,
r/cM?, MoxeT OHITL onpejesieH no COOTHOUIEHHIO

Rowe = 04 [1/a;In (1 + ayay) —aoas/(l + ag’a,,)],

rae ao=Ee/mq.c? (E,— 3Heprusi anektpoHa, MaB; m,c?=0,511 MaB —
SHEPTrHs MOKOs 3JekTpona); a;=0,2335 A/Z129; a,=1,78-10—* Z;
a;=0,9891—3,01-10—* Z; a4=1,468—1,18-10"2 Z; a;=1.232/201%9,
A — aTomHasi Macca; Z — aTOMHHH HOMED.



[1na npakTnyecknx pacyeTos:

Tomuuna 3amuTH, r/cM?, U3 aMIOMUHHS ONpefelseTcs mo R
fi-qacTHI:

Rp e = 0,407E5%8 s 0,15 < Ep, < 0,8 M3B;
Rp ... =0042E3—0,133 nma 08¢ Efpue < 3 M3B.
Has Rﬁmm, CM, A/ BO3AyXa H JIeTKHX MarepHasoB (OprcTekyio, aJloMH-
HHA H Ap.) peKOMEHAYIOTCH CJIeRyouHe (opMyJnl:
Rg™* =~400Ep cM;

M3KC
RBM&HO ~ 0,2Eg oM p1s1 Eg > 0,5 MsB;
Rp,...~ 0,1Eg cv ina  Eg < 0,5 M3B.

MAKC



NMpoGer B pa3annyHbIX BelecTBaXxX:

Z1/4,
Zy/Ay

Tak kak Z/A u3MeHsieTCS He3HAUHTEJbHO, NPOU3BefeHHEe R.p 6JH3KO

K MOCTOSIHHOMY 3HayeHH0. JleliCTBHTENIbHO, AJIS NJATHHHE H aJIOMHHHS
5TH BeJIHUlIIBl OTJnyatoTes Ha 20 %.

Re,00 = Re, 0y

3aKoH ocriabneHusa N3nyJYeHus:

Pg = Pg, XP (— px),

rie @g, Qp, — NJIOTHOCTb NOTOKA (-uacTiil 3a CJOEM IOTJIOTHTEJS
TOJULIHOIT X H ;10 TOTJIOTHTEe s COOTBETCTBCIIHO, uacT /(cM?-¢); u—

AHHeHYBIA KO3(¢(UIHeHT OcaabJgeHus, 3aBICALMH OT 3nepruil fB-uac-
THO I OT ATOMHOIO HOMepa MOrJIOTHTEJ s, cM~.



Mpumep 4. OnpeReants MaKCHMaNbHYIO ZAHHY npoGera B-uacTHU B BO3LYXC M
ATIOMHUHH, €CJIH MaxkcHVaLHas 3HCPrHa f CnCeKTpa Eﬁ =3,15 M3B (ucrounuk
Maxc

RaC)

Pewenxre 1. Ilo d¢opmyie navonns Rg™2 - =—400.3,15-10 2=
—126 W MaKC
2 Tlo dopuy.e Ré‘; o =0:542:3,15—0,133=1.38 r/cx?

Mpumep 5. Onpcaeants npoler MOHOIHCPTOTHUCCKHX ICKTPOIOB B aJOMHINI,
ecaH u3RecTenn HX mpobBer B Boaavxe [p=3.15 MsuB, 0 —27 rfevdt.  Ongsn=

=1,293.10-2 rfemd, Rgosn =126 W

MAaHKC

Pemcure Tlo (opuyic jom =126 1.293-10 %2.7=0,606 cm.

IIpumep 6 Onpeneduib MAKCHMAILIYIO AIHIY HpoGera B-vacTHIl B ATIOMHITHE
A8 HeTounHKa P-vactHu RaC.

Pemenne, Ilo ¢opuy.1e RA

8 =02.3,15=0.63 cMm
MAKC



B3aumogoencrtBme HEUTPOHHOIO N3NYYEHUSA C BELLEeCTBOM

1. ¥asTpaxosodnbie HelTpOHb. — HEATPOHB C 3HeprHefi MeHee
107 3B.

2. X0200Hble HElUTPOHbL — HEHTPOHBI C 3HeprHeil MeHbiue 5-10-33B.
YabTpaxosofAHble H XOJOAHBIe HeHTPOHb! OTJHYAIOTCH aHOMAJLHO
60MbIIOH NMPOHHKAWIEeH CnocoOHOCTRIO NMPH NPOXOXKIEHHH yepe3 Io-
JHKPHCTAJJIMYeCKHe BellecTBa.

3. TennoBbie HedTponbl, HaxonsilIHecss B TePMOAHHAMHYECKOM paB-
HOBECHH C pacCeHBAMOUIHMH aToMaMH OKpyxalouwel cpenn, aHpdyH-
AHPYIOT yepe3 OTHOCHTeJLHO cJab0 morJioulaloumHte cpeanl TakK, YTO HX
CKOPOCTH CTPeMSITC K MaKCBeJJIOBCKOMY pacnpeflesenHio. Ilosromy
HX HasblBalOT TenJioBuMH. Mx sneprus 0,025—0,1 3B,

5. Heurpoubz NPOMCHCYTOUHBIX dHepaull OT 0,5 k3B 10 0,2 M3B.

JAnsi HeHTPOHOB 3THX 3Hepriil HauboJee THMNHUHLIK Mpoilecc
B3aHMOIEHCTBHSI C BCLUECTBOM -— VIIPYroe paccesiiue,

6. boicrpole nedrpons: ¢ 3Heprueir ot 0,2 no 20 M3B. Xapakrepu-
3yIOTCSt KaK YNPYTiM, TaK H HCYNPYTCHM paccessHHeM H BO3HIIKHOBEHH-
€M ITOpPOroBbiX SIEPHLIX peakliiH.

7. CsepxObicTpoie HedTpoxst o0aaialoT sHepruein Buime 20 M3B.
OHYW OTAHYAIOTCH SAEPHBIMH PEAKUMSAMH C BbiJIETOM OOJBIIOrO 4YiC/a
yacTtull. [Ipu sHepruu "HedTpoHoB Bolie 300 M3aB nabmonaercs caaboe
B3aHMOAEUCTBHE HEHTPONOB ¢ f1pOM (npo3pavyHOCTb sipep JJs CBepX-
OBICTPBIX HeHTpOHOB) H fTOsiBJIeHIIe «peaKUHll CKaJLIBAHUA», B Pe3y.ib-
Tare Kotopod OoMbapaupyeMmMoe siApPO HCMycKaeT HeCKO.ILKO OCKOJKOB.



[Ipi paccMOTpenHH 3aMCIJAILHX CBOHCTB DA3NUIHBIX MaTepHa-

JOB BBOJAHMTCH BedllynHa &, nasbisaeMas cpednenozapupmuteckold no-
Tepeil IHepeuu (1020pUPMUUCCKUM OCKPEMECHTOM 3HEpeul):




Torna

[Tpn Maznom 3HayeHHH A pexomeunyercn 6ojiee TouHas ¢opMyJia

n=(

[Ipu aocrartoyHo Gospliux 3nauveHuax A (A=12)
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JamegaeHue om 2 MaB go 0,025 MaB

Beme cTpO A T n
Boxopon 1 1,0 15
Hefitepni 2 0,726 25
Bepummﬁ 9 0,208 85
Yraepon 12 0,158 115
Ypan 938 0,00838 2172




