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TEMA Ne 1
BYOOBA AOAPA ATOMY

TeopeTnyHa YacTunHa

3rigHo agepHin  mopgeni E. Pesepdoppa (1911 pik) aTtom
CKMafaeThCA 3 NO3UTUBHO 3apPAMKEHOIO A4pa Ta HEraTUBHUX e/IEKTPOHIB
(e), AKi 0bepTalOTLCA HaBKO/IO HLOrO. B cknag fapa BXoAATb MO3UTUBHO
3apamKeHi NpoToHn (p), Ta HerTpoHK (n), SiKi He HecyTb 3apsd. Macwu
MPOTOHY Ta HEMTPOHIB G/IM3bKI OAMH A0 OAHOr0 Ta NPUPIBHIOKOTLCS 1

a.0. BignosigHo, NO3HAUKM aTOMHMX YaCTUH BYAyTb HAaCTyMHUMM: e,

1P, oN. TyT 3apsg yKasaHo NiBOPYY 3HU3Y Bif, CUMBOJTY, & Maca — 38epXy.
Maca enekTpoHy maike B 1840 pa3 MeHLLA Macy NPOTOHa Ta HEMPOHIB,
TOoMy Maca atomy (A) NpPakTUYHO AOPIBHKOE CyMi Mac NpPoToHiB (Z) Ta
HelTpoHIB (N) abo Cymi HYK/OHIB:

A=Z+N.

3Biacu:

N=A-Z

Hanpuknan, ana atomy Si Z = 14, A = 28, 0T>XXe YMC/I0 HENTPOHIB
N=A-Z2=28-14=14.

ATOMW 3 O[HAKOBMM 4MC/IOM MPOTOHIB, afie PI3HUM YUC/IOM
HEUTPOHIB Ta 3BIACK PI3HMMM aTOMHMMM MacaMu Ha3MBalTbCA

i3oTonamu. Hanpuknag, isotonu xnopy >Cl, 37 ClI.

CepefiH0 aTOMHY Macy, fika 3anucaHa B Tabnuui A.1. MeHaeneesa,
BMPaxXOBYOTb, BUXOAAYN i3 3MICTY MPUPOAHUX 130TOMIB €1eMeHTy 3a
(hopmyoto:

Z Mi ) Ni
A=t
100
ae  M;—wmacai-roisorony;
N; — loro BiACOTKOBWIA BMICT.
3BiACK CTAHOBUTLCA 3PO3YMIIMM , YOMY aTOMHI Macu efleMeHTIB
MatoTb APOOHI 3HAYEHHS.



ATOMW 3 Pi3HUM 4YmnC/ioM MPOTOHIB (Z) Ta HenTpoHiB (N), ane 3
O[lHAKOBMM 4YMCNOM HYKIOHIB (A) HasmBaloTbCA i300apamu, a 3
0[lHaKOBUM YMC/IOM HEWTPOHIB — i30TOHaAMM.

fAnpa 3 YicnoM NPOTOHIB Ta HEMTPOHIB, piBHUMKU 2, 8, 14, 20, 28,
50, 82 1 uncnom HeTPOHiIB 126, 152 NOMITHO BifpI3HAOTLCS 3a CBOTMU
BNacTMBOCTAM Bif iHWKMX agep. MNpunyckaetbea, Wwo Wi marivyHi ymcna
HYK/TOHIB BiNOBIAat0Th 3aBePLUEHNM AAePHUM LuapamM Ta nigliapam.

CTINKICTb aTOMHUX A[ep XapaKTepPWU3YeTbCS EHEPTIEH 3B’S3KY
AApa, TOOTO eHeprieto, AKa BUAINAETLCA MPU CTBOPEHHI JaHOro fAgpa.
Yum 6inblua eHeprisa 3B°A3KY, AKa MPUXOAUTLCA Ha OAMH HYK/OH, Ey
TUM AP0 CTiNKiwe. EHepPrito 38’A3KY MOXKHa BU3HAYMTK 3a (HOPMY/IOHO:

c __ AE _ Am-c?
" YN+Z YIN+Z’

ae  Am — gedekt macu;

C — WBMAKICTb cBiTy (3:10° M/c).

JedekT Macu — ue pisHMUA MIXK CYMOKHO Mac BCiX HYK/IOHIB Ta
Macoto A4pa, BU3HAYEHOK eKCMePUMEHTa/IbHO:

Am = Zmn + Zmp - m;‘p‘pa.

MpuKnagm BUKOHaHHS 3aBAaHb

1) HanuwiTb NOBHI MO3HAYEHHS I30TOMHUX HYKNIAIB
e/IEMEHTIB 3 MacCoOBMMM Ymcnamm: 0/10B0 — 122, miab — 65, a/ltoMiHil
- 29.

[MOBHI MO3HAYeHHA I30TOMHMX HYKNILIB OyAyTb HACTYMHUMMU:
2, SCu, ZAl.

2) BKaXiTb 4MCNO MNPOTOHIB, HEMTPOHIB Ta €/IeKTPOHIB B
aTomax isoTonHux Hyknigis: ¢TI, *'Cd, **Ag.

3anvwemMo MOBHI MO3HAaYeHHA 130TOMHUX HYKNIAIB 3 BKa3iBKOK

sapagis sgep: o T1, 2 Cd, "5 Ag. 3Biacu, uncna NpoTOHIB, HEMTPOHIB Ta

ENeKTPOHIB ByayTb HacTynHumMu: ans ‘Tl (81 p; 81 e; 198 — 81 =
=117 n), ana 2 Cd (48 p; 48 e; 63 n), ana ‘S Ag (47 p; 47 e; 59 n).



3) Bn3HaunTb NOPSALKOBUIA HOMEP e/leMeHTa, AKLLO BiAOMO, L0
AOro BiJHOCHa aTOMHa Maca [0pPIiBHIOE 32, a YUMC/I0 HEMTPOHIB B A4pi
[IOpiBHIOE 16.

BusHaunmo umcnio npotoHiB N = A — Z = 32 — 16 = 16. TobTo
NopsiKOBUIA HOMeP enemeHTa 16. LiInm enemeHTOM € cipka.

4) Bu3HauuUTbL fAKi 3 anBe,qumx HWKYe ﬂ,qep € i30TOMAMMN,

i306apamu, isoToHamu: 5 E, SE, S E, 19E, 1.E, WE, SE.

IsoTONamu € AApa Kanito pisHOT macu
39 40 41
19 K’ 19 K’ 19 K.

I306apamu € aApa eNeMeHTiB 3 0AAHAKOBOH Macolo:
39 39 39 39
7ETajs E abo 5Clta oK
W ETal E abo 40Ar Ta 40K
PETalE a0 JZnTa DGe

I30TOHAMK € ﬂApa 3 Op,HaKOBI/IM YMC/IOM HEWTPOHIB
40 39 41 40
S E P E 3 E a0 HAr 2Cl K, B AKUX UMC/IO HEWTPOHIB
fopiBHOE 40 - 18 =39 -17 =41 -19 = 22.

5) BKaxiTb sAapa atoMiB MaridHi 3a 4Yncnom p, 3a YMC/IoM n

Ta fBivi MariuHi 3a uucnom p Ta n: 2Sn, ®®pb, 0, *Mg, “Ca,
201
Pb.

23n (50 p; 62 n) — AP0 MariyHe 3a YNCIOM MPOTOHIB

208Pb (82 p; 126 n) — A4p0 ABiYI MariyHe 3a YACNOM MPOTOHIB Ta YNC/IOM
HeliTpOHIB

0 (8 p; 7 n) — AAPO MariyHe 3a YNC/IOM NPOTOHIB

Mg (12 p; 14 n) — 54O MariuHe 3a YNCTIOM HENTPOHIB

59Ca (20 p; 20 n) — AP0 ABiYi MariyHe 3a YMC/IOM MPOTOHIB Ta YMCIOM
HeliTpOHIB

2Pb (82 p; 119 n) - A4P0 MariyHe 3a YMCIIOM NPOTOHIB

[NprKnagm po3B’A3aHHA 3aa4

1) Byrneub mae gBa npupogHuX i3oTonn 3 MacoBMMW Yucnamm
12 Ta 13, BMICT AKuX cKnagae signosigHo 98,89 % ta 1,11 %.
BusHaunTb aToMHYy Macy BYT/ieLto.



HaHe: M; =12 a.o.

M, =13 a.o.

N; = 98,89 %

N,=1,11%
3HanTn: A

PilieHHs:

SM,-Ni 12.9889+13-111

BusHauumo A 3a dopmynoto: A=
hopny 100 100

=12,011 a.o.
2) Migb mae aBa isoTonu 3 mMacoBMmuM ymcnamm 63 Ta 65 a.o.
ATomHa maca migi 63,546 a.0. BUsHaunTb BMICT KOXHOI0 i30TOMy B

NPUPOAI.
HaHe: M; =63 a.o.
M, =13 a.o.
A =63,546 a.o.

3HanTn: Ny Ta N,

PilLeHHs:

a) Mo3HayMmo BMICT nepiuoro isotony Ny, TOAi BMICT Apyroro
i3oTony N, =100 - Ny;

0) 3HaingeMo Ny, BUxXogsauu i3 hopmynm A= %
Toai 63,546 = 63-N, +65-(100-N,) _ 63-N; +6500-65-N, |
100 100

3Bigcn Ny =73 %; N, = 27 %.

3) BUsHaunThb sKe 3 siep HalbinbL CTilike L (Mgpa = 6,0160
a.0.) a6o ;Be (Mg, = 7,0169 a.0.).

[aHe: maca aapa gu =6,016 a.o.

maca sipa , Be = 7,0169 a.o.

m, = 1,00728 a.o.
m, = 1,00867 a.o.

3HanTu:

>Z+N



PileHHs:

a) BU3HAUMMO AedeKT Macu KOXHOro 3 aaep:
Amg; = Zmp + ZMp - Mygpe = 3:1,00728 + 3-1,00867 — 6,0160 =
=0,03185a.0.;
AMge = ZM, + XM, - Mggp, = 4:1,00728 + 3-1,00867 — 7,0169 =
=0,03823 a.0.;

6) 6inbWw CTiKUm Byae Te AP0, AN SKOro Ginblia BenmunHa Ey
ab0 nponopuinHa i1 BeNnunHa gedeKTy Macu Ha OivH HYK/10H, TO6TO

Am,, 003185

= 0,005308 a.0.;
SZ+N 6

Amg, _ 003823 _ 4 505461 a.0.:
>Z+N

Haii6inbL CcTiikum 6yae a4po aToMy 6epunito.
4) BU3HAUYNTb eHeprit 3B’A3KY Ha OAWMH HYKJ/IOH B i30Toni
a3oTy 4N (maca atomy 14,00691 a.0.)

Nane: maca atomy N = 14,00691 a.o.
mp =1,00728 a.o.

m, = 1,00867 a.o.
m. = 0,0005486 a.o.

3HanTu:

Z+N
PiLleHHs:
a) BM3HAUYMMO [edeKT Macu sgpa 5 N:
AM = Tmy + M, - (Marowy - =Me) = 7+1,00728 + 7-1,00867 - (14,00691 -
7-0,0005486) = 0,10858 a.0.;

B nepepaxyHky Ha 1 monb as3oty ue cknage 0,10858 a6o
0,10858-10™ kr.

6) BM3Ha4YMMO eHeprito 3B’ A3Ky Aapa:
AE = Am-c® = 0,10858-10™*(3-10%)? = 9,7733-10" [x/monb;
B) BU3HAYMMO EHEpPrito 3B8’A3KY Ha 1 HYK/IOH:
AE  9,7722.10%
Z+N 14

=6,981-10™ [IX/HYKNOH.



3aBfaHHA 4519 CAaMOKOHTPO/1H0

1) HaBefiTb MOBHI NMO3HA4YeHHSA I130TOMHUX HYKNIAIB BaHafito-51,
MULL’AKY-75 Ta Tenypy-127 Ta BU3HAYMTb YMC/O NPOTOHIB Ta HEMTPOHIB
B IX Apax.

2) 3 HaBe[leHOro psay BMAINITL 130TONKM, 1306apKn Ta iI30TOHMW:
134Xe, lSZCS, lSSXe, 131CS, 133|’ 129|, 133

3) YpaH Mae Tpu npupodnux isotonn U, U Ta ?*U, BmicT
AKNX cknagae signosigHo 0,0057; 0,72 ta 99,27 %. BusHaunTb aTOMHY
Macy eNemMeHTy ypaHy.

4) BKaxiTb sapa aTOMiB MariyHuMx 3a 4YMc/ioM p, 3a YMC/IOM N Ta
&Biqi MariuHi 3a uucnom p Ta n: “°Te, *°0, .0, *®Ca, #Si, *'Sn, %Y,

Y.

5) BU3HauMThL €Heprito 38’A3KY Ha OAWH HYK/IOH B Aapi (hTopy “SF
(Myzpa = 18,00095 a.0.). (Bianosigb: 7,13-10" HK/HYKIMOH).

6) Akuii i3 i30TONIB Byr/iewto HalbinbL CTiKUA 'tC (Myps =

=12,0000 a.0.) 860 *;C (Myypa = 13,00335 a.0.)?

127|
)

TEMA Ne 2
NPNPOAHA PAAIOAKTVBHICTb

TeopeTnyHa YacTunHa

PafioaKTUBHICTb — Lie CamOBifIbHE MEPETBOPEHHSA HECTabiNIbHUX
aTOMHUX Afep B IiHWI fA4pa, AKe CYNpPOBOLXKYETbCA BUMYCKAHHAM
efleMeHTapHMUX 4acToK abo afdep. PafioakTMBHICTb, fKa BUSABNSETLCA
NPUPOLHMMM i30TOMaMK, Ha3MBAETLCA NPUPOLHOLO.

PaflioaKTBHI NEpeTBOPEHHsI MPOTIKaTb 3 PI3HOK LUBUAKICTHO.
KiflbKiCHO LWBMAKICTb PajioakTUBHOINO po3nafy XapaKTepusyeTbCs
CTaoK pafioakTmBHOro posnagy (A), fka Nokasye 4YacTUHY 3arasibHoro
yncna saep pagioakTMBHOIO efleMeHTY, AKUIA PO3nafaeTbCs B OAVHULIO
yacy. MpOMIKOK 4acy, 3a AKWUA PO3KNafaETbCA MOMOBMHA MOYaTKOBOI
KiIbKOCTI  paflioaKTUBHOIO  €NleMeHTY,  Ha3MBaeTbCA  MepiofoMm
nonyposnaay (T abo Ty).

BennurHa 3BOPOTHA MOCTIMHIN  pagioakTMBHOIO posnagy A,
Ha3MBa€ETbCA CepefHbOID TPMBANICTIO XUTTA i30Tony (T) — Ue uac,



HeoOXiAHMW  ONn4  NOBHOTO  PO3KIagaHHA  /itloboi  KiNbKOCTI
PafioaKTMBHOIO €fIEMEHTY 3a YMOBW, WO LWBWUAKICTb MOro po3sknamy
[OPIBHIOE NOYATKOBI LUBMAKOCTI.

3aKOH paflioaKTMBHOIo po3naay MOXHa 3anucaTti B HaCTYMHOMY
BUTNALI:

N = Ng-e™

ne  Ng— noyatkosa KifnbKiCTb f4ep;
N — KiNnbKIiCTb fi4ep y yaci t;
A\ — CTasa paflioaKTMBHOI0 po3nagy.

AKLLO po3nanack NosoBMHa atomie, To0 N = % abo
No
2
3Bigcu: In2 = 0,693 = AT.
3B'A30K MK A, T Ta T BUPAXKAETbCA 3a/1EXKHOCTAMM:

- NO 'e_)\T .

- 0,693 :1’
T T
T= L =144T .
0,693

ICHYE e oaHa opMyna, fKa 3B'A3Y€ KifIbKICTb pevyoBuHU (M), WO
He po3nanacb, 6e3nocepeiHbo 3 T:

t
m=mg2" =my2T7,

e My — no4yaTKoBa Maca pafioakTVBHOI PeYOBUHU,

N — 4ucno nepiodis nonyposnady, AKe MPOWLLIIO 3 MoYaTky
po3naay.

Bugn pagioaktuBHoro posnagy. /O  OCHOBHUX  BWAiB
pagioaKTMBHOINO po3nagy BigHOCATHCA 0, [-po3nagn, eneKkTPoHHe
3aXOM/EHHS Ta CMOHTaHHE [i/IEHHS.

Mpu a-posnagi A4po BUNycKae anbja-y4acTky, T06To A4p0 3 He. 3a
3aKOHOM 3MillleHHA B pe3ynbTaTi 0-po3nagy YTBOPHETHCH aTOM



efleMeHTy, 3MillleHOro Ha fBa Micus Big BWMXIAHOro pafdioakTUBHOIO
e/IeMeHTY 10 MoYaTKy nepiognyHOT cucTemMun. AApo, LWo YyTBOPWUIOCH Mae
MacoBe YMC/0 Ha 4 OANHNULLE MEeHLLE.

Hanpuknag: %2Th  SHe + %22 Ra.

CKopoyeHo: 2*Th— %Ry,

B" - posnaa. Mpu B - po3nagi OOMH 3 HEUTPOHIB Aapa
MepeTBOPHOETHLCA B NPOTOH. BUHMKatouMiA Npu LUbOMY €NeKTPOH BUNITae
3 A4pa. 3a 3aKOHOM 3MillleHHSi YTBOPKOETLCSA A0YipHE aapo (i306ap
BUXIAHOMY S4pYy) efleMeHTa, 3MIlLeHOro Ha OfHe Micue A0 KiHUA
nepioAnYHOT CUCTEMMN.

Hanpuknag: “2Np e + %, Pu.

CKOPOYEHO: 239Np—>239Pu.

B* - posnag. Mpu B* - posnagi ogvH 3 MPOTOHIB Aapa
MepPeTBOPIETLCA B HEWTPOH. BWHMKaOUMA Npu  LbOMY MO3UTPOH
BUNITaE 3 fAgpa. 3a 3aKOHOM 3MILLEeHHSI YTBOPHOETLCA [AOYIPHE A4p0
(i306ap BuxigHOMY SApY) eNemMeHTa, 3MILLeHOro Ha OfHe Micue [0
noyaTKy nepiogn4HoI CI/ICTeMVI

Hanpuknag: 5;Co  %e+ >Fe.

CkopoueHo: *Co —E— %Fe,

ENeKTpOHHe 3axor/ieHHA Bif0YyBacTbCA NPU 3aXOMJIEHHI A4POM
e/IeKTPOHa 3 [JOBKOJIMLLUHIX €eKTPOHHUX 060/10HOK. YacTiwe BCbOro 3
000/10HKM K, B UbOMY BMNAAKYy TroBopsATb Mpo K-3axonsieHHs.
3axonnieHnini enekKTPoH 06’€AHYETLCA 3 MPOTOHOM fApa 3 YTBOPEHHAM
HeWTpOHa. 3aKoH 3Mi|.|.|,eHHFI nogibHuii B -posnagy.

Hanpuknag; 18K %6+ 1Ar+hu.

CKopoquo: K K —3axonneHHs >40Ar.

CnoHTaHHe [iNeHHA Adep — LUe CcaMOBiflbHMIA po3nad agep
BaXXKUX enieMeHTiB Ha 2 (iHogi 3 abo 4) agpa efneMeHTIB CepeanHu
nepiognMyHoi CUCTEMU, L0 CYMNPOBOLXKYETbCA BUMYCKaHHAM 2-4
HEWTPOHIB.

Hanpuknag: 55U 2'Ba+ %2 Kr+2 in

[Mpasun 3MILL|,eHHﬂ 3a neplo,qquoro CUCTEMOIO He ICHYE.

PaflioakTuBHI cimeiicTBa (pagn). EnemeHTn, sKi po3TalloBaHi B
nepiognyHiA cucTemMi nicnsa BICMYTY, He MarTb CTabiflbHMX i30TOMIB.
Migoatouncb pagioakTMBHOMY po3nady, BOHW MEePeTBOPHOOTLCS B IHLLI




e/1eMeHTW MO0 flaHLUory, B KOTPOMY He3aKOHOMIPHO YepryoTbcs a 1a B -
posnaau. Psg, YTBOPEHUX TakMM YMHOM €/IEMEHTIB, Ha3MBa€EThbCH
pafioakTUBHMM  CiMeliCTBOM abo psgom. B npupopi icHye 4
pagioakTMBHI  pAdM, MacoBi 4MC/Ma YYaCHUKIB AKUX BUPAKAETHCH
3ara/ibHUMN (Popmynamu:

4n - psg Topito (pogoHaYanbHYK pagy 2*2Th)

An+1 — psaf HeNTYHito (PoAoHaYanbHUK psady 2'Np)

4n+2 — psag ypaHy (pofoHaYaibHUK pagy 2 U)

4n+3 — paf aKTUHIO (POAoHaYanbHUK pagy “U).

PagioaktuBHa piBHoBara. [lpu posnagi  pagioakTMBHOIO
e/leMeHTa 3a3BMyali TaKoXX YTBOPHETLCA PafioaKTUBHNIA eN1eMEHT. 3aKOH
pagioakTMBHONO  posnagy  [A03BO/MISE  BMpaxyeaTM 3a  3a[aHoH0
MOYaTKOBOK KifIbKICTIO PaflioaKTUBHUX eIeMEHTIB TX BMICT 41151 NH060ro
yacy. Hanpuknag, sSkwo my maemo N; aTOMIB pafioakTMBHOT PEHOBUHN,
TO 3 HUX B OAMHMLIO Yacy po3nageTbcs Ni-A; aToMiB, OTXKe, CTINIbKUN XKe
YTBOPHETLCA aTOMIB HAaCTYMHOIr0 PagioakTMBHOIO enemeHTy Ny = Nyi-A,
B feskuiA MOMEHT 4acy HacTyrnae piBHOBara, KoM 4ucno aToMis, LUO
PO3MafarTbCA B OAMHULIO Yacy APYrol Pe4OBUHU AOPIBHIOE YMCY MOr0
aTOMIB, L0 YTBOPKETLCA, & CaMe:

N, A, 1, T

Ni:A;=NyA, ab0 —=—%4=—"*+=—+,
i e N, A 1, T,

Umncna atomiB ABOX pafioaKTUBHUX e/IEMEHTIB, SKI 3HaxX0OATbCA B
PafioakTVBHIA  piBHOBa3i MK CO60KH  3BOPOTHO  MPOMOPLHI
KOHCTaHTaMm 11 po3nady Ta nNpsMo NPonopLiinHi nepiogam nosyposnagy
Ta cepefHiM TPUBANOCTAM TX XUTTA.

[Mpuknagn po3B'sa3aHHA 3a4ad

1) BusHauuTb Mepiof Moayposnagy Ta CepefHio TpUBaiCTb
XUTTA i30TOMy pagito 3 A = 4,27-10" pik ™.
NaHe: A = 4,27-10™ pik™*

HanTn: TTat

0693 0,693

PiweHHA: T = = Z
A 427-10°

=1620 pokis,



T1=144T =1,44-.1620 = 2330 pokis.

2) 3HaligiTe macy isoTony *Sr (T = 8,5 rog.), Sska po3nanach 3a
25,5 rognHmn 36epiraHHs, SKLO noyaTkoBa maca mMoro cknagana 200
M.
HaHe: my =200 mr
T=28,5roga.
t=25,5ron4.

3HaNTW: My — m
PileHHs:
a) BM3HA4YMMO Macy i30TOny, fka He po3nanach 3a 25,5 rog,.:

t 25.5

m=m,-2T =200-285 =200-27° = 200 _ 200

2 8
6) BM3HA4YMMO Macy i30Tony, fka po3nanacb 3a 25,5 rogmHu:

Myon =My —M=200-25=175 wmr.

poan

=25 mr;

3) Mepiog monyposnagy i3otony *“C cknagae 5760 pokiB. 3a
CKifIbKW POKiB aKTUBHICTb 3pasky “‘C Bnage fo 90 % Bif BMXigHOT
BE/INYNHN?

BukoprctoByemo opmyny, fKa 3B'A3Ye KifbKICTb s4ep, WO He
PO3NasInCh 3 TX NOYATKOBMM UYNC/TOM:

t N t
N =N, -2 abo —=2T.
NO

N t t
Mponorapudgpmyemo: lg—2 =—1Ig2 =—0,3010.
p prdmy 9y —7l92=1

0
T'g(ﬁ) 5760'( ) _ 5760-0,0458

3sigcu: t = = =877 pokiB..
0,3010 0,3010 0,3010

4) Ckinbkn rpam pagoHy (T = 3,825 [006.) 3HaxoguTbCA B
piBHOBa3i 3 2 rpamamu pagito (T = 1620 pokiB)?



NaHe: Tr, = 3,825 106.
Tra = 1620 pokiB
mRa = 2 r

3HaNTU: Mgy,
a) nepeseiemMo Tg, B OAUHULI BUMIPHOBaHHS POKN:

Try = 3825 _ =0,0105 pik;
365

6) BM3HAYMMO Mg, 3a 3aKOHOM PafioaKT1BHOI piBHOBAru:
NRn _ TRn

NRa TRa
3aMiHVMBLUWN BIAHOLUEHHS MIX 4yuMcnamn aToOMIB BILHOLLEHHAM 4umcen

MO/, KOTpe CKNnaaae 2 ona Ra Ta X ana Rn. Toai:
’ 226 222 ' '

1620 2 X ‘- 0,0105.222-2
0 0105 226 222 1620- 226

=128-10"°

MpuKnagm BUKOHaHHS 3aBAaHb

1) 3anuwiTb pPIBHAHHA O-po3nagy Pu y MOBHIN Ta CKOPOYeHin
opMmi.

?®Pu jHe + °>U (nosHa thopma),

29py 523 (ckopoyeHa hopma).

2) 3anuLiTb PiBHAHHA B - posnagy *Rb Ta f* - posnagy °F y
MOBHIl Ta CKopoquil‘/’l (hopMmi.

5Rb e+ 5 Sr(nosHa hopma),

%R —E®8Sr (ckopoueHa dopma).

BF e+ 20 (nosHa hopma),

B B 4380 (ckopoueHa hopma).

3) AKNiA enemMeHT YTBOPHOETLCA Npu K-3axonneHHi NiTito?

Hali6inbll po3noBCHOAKEHNM i30TONMOM Li € gu, 3anuwemMo Ans
HbOr0 PiBHAHHA K-3aX0MneHHs Y NMOBHil Ta CKOPOYeHii hopmi:

°Li+ e  SHe (nosHa popma),



6y : K —3axomnneHHs
LI

>°He (ckopoueHa dopma).

4) EnemeHT E; BMNyCcKae 0-4acTKYy Ta YTBOPHOE efieMeHT E; 3
HY/IbOBOKO BaJ/IEHTHICTIO. BKaXiTb HaibifibLl CTIAKY BaNleHTHICTb
enemMeHTy E;.

[MpoTikae afepHa peakuis:

E,  iHe+E,.

[Mpn upomy enemeHT E, 3pylleHO Ha ABa Micud [0 MoYaTKy
nepiognyHol cuctemn. OKpiM LbOro BiH Ma€ HY/bOBY Ba/IEHTHICTb,
T06TO € iHepTHMM rasom (VIII rpyna nepiognyHoi cuctemm). Takum
YMHOM, E; — enemeHT Apyroil rpynu, Koro BaJIEHTHICTb AOPIBHIOE 2.

Hanpuknag: 5Sr  5He + 5 Kr.

5) [0 AKOro pafioaKTUBHOIo CiMeCcTBa BiAHOCATLCA i30TOMU
210PO, 215P0, 225Ra, 220Rn, 222Rn?

3a MacoBMMK uYMcnamm i30TOMIB BU3HAYAEMO TX HaNIEXHICTb A0
pagioakTuBHOro psgy. Hanpuknag, ana “°Po, Haiibnmxue MeHLue
MacoBe 4mncno, fke AinnTtbca Ha 4 ue 208. OTxe, macoBe umcno 210
Biano.igae dopmi 4n-2. ?°Po BigHOCKTLCS [0 PAAY YpaHY.

AHanoriuHo: *>Po 215 = 212 + 3 = 4n+3 psj aKTUHIIO
**Ra 225 = 224 + 1 = 4n+1 pag HenTyHito
RN 220 = 4n psg Topito

222Rn 222 = 220 + 2 = 4n+2 psg ypaHy

3aBJjaHHSA /151 CAMOKOHTPO/IHO

1) KoHcTaHTa posnagy pafoHy cknagae 0,1813 ao6™. BuumcniTb
nepiog nonyposnagy Ta CepefHto TPUBANICTb XKUTTA  PafoHy.
(Bignosiab: 3,823 0o6; 5,15 1006).

2) Mepiof nonypo3snagy akTUHIO cknagae 21,7 poku. HKa YacTuHa
OIHOrO rpamy akTUHIA 3a/IMWLNUTLCA He po3nasLuotoca 3a 86,8 poku?
(Bignosigb: 0,0625 yactuHa).

3) Bun3HaunTb 3a CKi/lbKM POKIB 3 2 rpamiB pafito 3a/IMLLINTLCA He
posnaswmumca 0,1 r pagito. lNepiog nonyposnagy pagito 1620 pokis.
(Bignosigb: 7560 pokiB).

4) YKaxiTb AKUI pajioi3oTon yTBOPHETLCA 3 ‘U nicns n'atu
NOCNiAOBHUX A-po3nagiB Ta ABOX [ - po3nagi..



5) CKifbKy MOCNIA0BHMX O Ta B~ - posnagis BUTPUMYE “5oTh mpu

MepeTBOPEHHI Y 53 Bi? HanuiLiTh PiBHAHHS peaKLiji.
6) Ckinbkn rpamie nonoHito (T = 138 pfi6) 3HaxoguTbCs Y
piBHOBA3i 3 1 rpamom pagito (T = 1620 poki)? (Bignosiap: 2,16:10).

7) Buuucnite nepiog nonyposnagy ‘g Pb, AKWO Bigomo, Lo

0,0126 r inoro 3HaxogAaTbcs y piBHoBa3i 3 1 r pagito. (Bignosigb: 22
POKN).

TEMA Ne 3
AOEPHI PEAKLLIT

TeopeTnyHa YacTmnHa

AfepHI peakuii — Ue peakuii B3aEMOAIT A4ep 3 enemMeHTapHUMM
yacTkamun abo 3 iHWKUMK fapaMu. B TenepiwwHiA Yac BigOMI HaCTYIHi
TUNW peakLuii:

- peakuisi 3aX0n/eHHs, fKa Nondrae B 06'eAHaHHI ABOX 4acToK, L0
3yCTPINNC;

- peakuisi 06MiHY, iKka NOMIAra€e B 3aXOM/eHHI A4POM OfHIET YaCTKK
Ta BUKWUAAHHSAM THLLOT;

- peakuia gineHHA (po3LUensieHHA S4pa) NPOTIKAe nig Aieto eHeprit,
OTPUMaAHOT AAPOM Y Tild UM IHLWIA hopmi.

YacTilwe BCbOro afepHi peakuii BiadyBatoTbCsA Npu 6ombapayBaHHi
f4pa o-4acTKamu, HeMTPOHaMK Yx NPOTOHaMU.

Mig Aiero 0-4acToK A4PO MOXe BMKWAATM MPOTOH — peakuisa Tuny
(0, p) 4UM HeWTPOH — peakuis TNy (a, n). TakKUM YMHOM, B [Yy>KKax
BKa3yloTb 6omMbapayrody YacTKy Ta YacTKy, AKY BUKUZAE A4po0.

Mig piero HEMTPOHIB NPOTiKaloTh peakuii Tuny (n, a), (n, p), (n, 2n)
Ta (n, y). OCTaHHIA TN peakuii He CYNPOBOLKYETbCA BUMKUAAHHAM
4aCTKM, @ HAA/IMLLIOK eHepril BUAINAETLCA Y BUTNAAI Y-NPOMIHIB.

IMig Aieto NPOTOHIB YacTile BCbOro 3MiMCHIOTLCA peakuil Tmny
(p, @), (p, n) Ta (P, Y).

AnepHy peakLito MOXHa 3anucaT y NOBHIlM Ta CKOPOYeHiin opmi.
Hanpuknag,

BF+1p 0+ jHe (nosHa thopma),



F (p, o) *°0O (ckopoueHa dhopma).
MpuKnagm BUKOHAHHA 3aBaHb

1) HanuwiTb pIBHAHHA A4epHUX peakLuii, AKi BifbyBalTbCA
npu 6ombapaysaHHi ''B  o-yacTKamu, B pesynbTaTi  SAKWX
BUKUAAETLCA HEMTPOH Ta OTPUMYETbCA LUTYYHWIA pPagioi3oTon
a3oTy. OCTaHHii, BUMYyCKatumn MNo3NTPOH, YTBOPHOE CTIMKKUIA i30TOM.
BusHaunTb cTabifIbHUIA i30TOM SIKOro e/leMeHTa YTBOPUBCA.

AnepHa peakuis, ska NpPoTiKae BigHOCUTLCA A0 Tvny (a, n)

B+ jHe N + ;n (nosHa (hopma),

°B (0, n) **N (ckopoyeHa hopma).

Micns usoro ige npupodHuit posnag N 3  BUMYCKaHHAM
nosuTpony (B - posnag):

BN %e+%c a0 “N—LUC
B pe3ynbTaTi yTBOPMBCA CTabi/IbHWUIA i30TOMN BYT/IELHO.

2) 3aKiHYiTb PIBHAHHA A4epHOT peakuii Ta 3anuwiTb 1Oro y
CKOPOYeHiii popmi: ; Be + ? PB+ .

Buxoasaun 3 3aKoHy 36epexxeHHA Macu Ta 3apsagy, 6ombapayroya
YacTKa MOBMHHA MaTy 3apsag 1 Ta mMacy 2, TO6TO Ue 5d. Y CKopoueHiii

thopmi:
°Be (d, n) B

3) Mig fieto Tema0BOro HeTPOHY aTtom 2>°U po3LuensitoeTbes
Ha °Xe Ta *Sr. Ski yacTKM Ta B SKill KiNbKOCTI MpW LbOMY
YTBOPKOOTLCA?

3anvwemo piBHAHHA Y MOBHI (hopMi

235 1 139 94
U+ on s Xe+ 6Sr+7?

Ma€eTbcsl 6anaHc 3apafiB Ta HEBMCTa4YaHHA 3 OAWUHULUL Macu Yy
NpoAyKTax peakuii, TO6TO B Nepebiry peakuii 4ieHHA YTBOPKETLCA TPU
BTOPUHHKX HEWTPOHa abo:



235 1 139 94 1
wU+on =, Xe+ 5.Sr+3 n.

3aBJaHHA /19 CAMOKOHTPO/1H0

1) 3akiH4iTb PIBHAHHS SAepHMX peakuid Ta 3anuwitb iX Y
CKOPOUYeHIii hopmi:

a) SNi+1H 2?2 ?2+/!n
9 1 )
6) ,Be+y n+*

2) 3aKiHYiTb HaBefeHI HKYe CXeMU ALEPHNX NepeTBOPEHb, B AKNX
BiZCYTHS YacTka 3aMiHeHa cumBoniom X: N (n, a) x; **C (n, x) °Be; Z’Al
(d, o) x.

3) ®T0p-19 npwv BUMPOMIHIOBaHHI HEWTPOHaMW BUKMAAE $4P0
renito. OTpuMMaHWini  nNpy  UbOMY  pagioizoTon nposeBnse [ -
PafioakTVMBHICTb. HanuwiTb PIBHAHHA AAEPHUX peakLiii.

TEMA Ne 4
IOHI3YHOUYE BUTTPOMIHKOBAHHA

TeopeTnyHa YacTmnHa

IoHI3yto4e BUMPOMIHIOBAHHA — Lie MOTOKN (OTOHIB abo 4acToK,
MOMeKy/n.  Po3pi3HAOTb  (DOTOHHe  abo  efleKTpoMarHiTHe  Ta
KOPNYCKY/ApHe 10Hi3yo4ve BUNPOMiIHIOBaHHA. [0 (DOTOHHOro Bi4HOCATH
Y-BUMPOMIHIOBaHHS Ta [iBa BUAW PEHTIEHIBCbKOro: XapakTepuUCTUyHe Ta
ranbMoBe. JlOBXWHa XBUAI PEHTrEeHIBCbKOro BUMPOMiHIOBaHHA 1072 < A
< 10° cm, a y-BumpomiHioBaHHA A < 10° cm, TO6TO BOHWM MalOThb
NnepekprBaHHA 3a LLKA/IOK efIeKTPOMAarHiTHUX XBUb.

Cepef, KOPMyCKYNAPHUX BUMPOMIHIOBaHb HEOO6XIAHO 3a3HaYuTU
MOTOKN O, [3-4aCTOK, HEUTPOHIB, NMPUCKOPEHMX IOHIB, YNaMKiB AiNeHHS
BaXXKUX Afep Ta iHLue.

KiNbKICHI XapaKTepuCTUKN iOHI3yHOHOro BUMPOMIHIOBaHHA.

Y-BUNPOMIHIOBaHHSA. [poHMKatoua 34aTHICTb Y-BUNPOMIHIOBaHHS
3pocTae i3 36inblIeHHAM eHeprii. Tlo Mmipi  NPOXOMKEHHA V-



BUMPOMIHIOBAHHSA CKpPi3b PEYOBMHY WOM0 IHTEHCUMBHICTb 3MEHLLYETbCH
BiANMOBIAHO PiIBHAHHIO:

- -pd
I=1y-e",

fe  lp— noyaTtkoBa IHTEHCUBHICTb MOTOKY;

| — IHTEHCUBHICTb MOTOKY MICNSA MPOXOMXKEHHA LUAPY PEeYOBUHU
3aBTOBLUKM d, CM;

U — NiHiiHWI KoeiLlieHT NocnabneHHs BUNPOMIHIOBAHHS, CM ™.

NiHinHMA  KoedhilieHT  nocnabfieHHA  BMMNPOMIHIOBaHHSA
XapaKTepu3ye 3MEHLUEHHS [HTEHCMBHOCTI BWMNPOMIHIOBAHHS Micns
NPOXOXKEHHA 1M MOr/IMHAKYOro CcepefoBulla TOBLMHOK 1 CM.
BennunHy p 6epytb 3 Tabnuub «MacoBi Ta NiHIAHI  KoegilieHTH
nocnabneHHs 41 PisHOMaHITHUX enemeHTiB» (Tabnuusa 1 [logaTky).

U NPOMNOPUiAHO LWiNLHOCTI PEYOBMHW, TOMY 3pPY4YHO BBECTU
MacoBWin KoeqiLieHT nocnabsneHHs BUNPOMIHIOBaHHSA OAMHULEKD Macu
PEYOBMHU Hpy:

u = e,

P

[na peyoBMHU CKNagHOro XiMiYHOro cknaay:

Mm =Hme- Pr+Hm2- p2+"':Z“mi' Pis

[ile  pi— BIAHOCHI BaroBi Ki/IbKOCTi PeYOBUH.
CepefHiit npobir y-kBaHTiB (R,) OLiHIOOTbL 3a BENMYNHOLO
1
R, =—,cm.
M
3MiHa IHTEHCMBHOCTI BWMPOMIHIOBaHHA YacTO BUPaXalTb He
yepes |, a Yepes LWap NOMIOBMHHOIO nocnabneHHsa A. Lle Taka ToBLMHA
MOrNIMHAKYOro CepeaoBuLLa, NP MPOXOMKEHHI AKOro IHTEHCUBHICTb
BUNPOMIHIOBaHHS 3MEHLUYETLCA Y 2 pasn. BU3HauMMO BiJHOLLIEHHA MiX
A Ta . Buxogaum 3 Bupasy ans iHTEHCMBHOCTI Y-BUNPOMiIHIOBAHHS:

=1, e



npu 1 =05 I, Tad = A, OTpUMaEMO IL: % —e " a60e" = 2.
0

Micna norapugmysaHHa pA = Ig2 = 0,693 abo A = %

M

O-BMMNPOMIHIOBaHHS. O-4aCTKM BOJIOAIKOTb BUCOKOK 10HI3YHOYO0H
3[aTHICTIO, fiKa MPUBOAUTL [0 TOrO, L0 AOBXMHA iX Npo6iry y nositpi
He nepeBuULLYE [AEKiNIbKOX CM, a B XXMBUX TKaHMHAX — Yy TUCAYI pasiB
MeHLLe.

[oBXuHa npobiry o-yactkn (Ry) 3anexuTb Big 11 NOo4aTKOBOI
eHeprii, a TakoX BiJ NOPSAKOBOro HOMepPY, aTOMHOI Barn Ta LWifIbHOCTI
MOrfMHaKYol PevyoBMHU. [OBXWHY nNpobiry R, MOXHa BU3HAUUTU 3
eKcnepuMeHTa/IbHUX HopMYyII:

Ans nosiTps npu 3 < Eq < 8 MeB BUKOpUCTOBYHOTL thopmMyny [Meitrepa

pe  E,— eHepris a-yacTku;
ANA THWNX cepefoBuLL

e

thopmyna bperra R, = ———

A-EZ
, MKM,
p
(hopmyna "necceHa R, = —-—, MKM,
03022
ne A — aTOMHa Bara;
Z — NOPSAAKOBUNIA HOMEP e/IEMEHTY;
P — WINBbHICTb PEYOBUHM,
[na BU4ncneHHs noBHoOro ymcna ioHis (1), WO YTBOPHOKOTLCA Ha
LUNAXY MPOB6ITY A-4aCTKKU, BUKOPUCTOBYHOTH CMiBBIAHOLLEHHS:

| = ko-R?? = 6,25-10* A/R? nap ioHiB.

3Bigcy NUTOMA LLiNTbHICTb 10HI3aUiT (Pioy) AOPIBHIOE:

Pion. = Ri nap ioHiB/CM (MKM).

a



LLIBMOKICTb O-4acTKM B NH06IKM  Touui 17 npobiry MOoxHa
BM3HAYMTK 3a 3aKOHOM ["elirepa:

v=3/108-10% -(R, —x), cmlc.

je X — BiACTaHb, fKYy MpofeTina a-yacTka Bifg — AKepena
BUMPOMIHIOBaHHS.

AKLWO BiAOMO MPOGIr 0-4aCTKM B OYAb-AKIi PeYOBWHI, TO 3HANTU
BE/IMYMHY MPOBIry B iHLWIA PEYOBMHI MOXHA, AKLLO 3HAEMO LLiIbHOCTI
LINX PEYOBWH, BIANOBIAHO CMiBBIAHOLLEHHIO:

Ry p1=Rz-p2.

YacTilue BCbOro BioMo nNpobir y nosiTpi, a Wi/IbHICTb MOBITPS p =
1,293-10° r/cm®,

B° - BuMnpomiHOBaHHA. lMocnabneHHA NOTOKY (7 - 4acToOK, AKi
NPOMLLNN Yepe3 Lap pPeyoBUHU ToBLMHOK d (CMm), BibGyBaeTbCA 3a
3aKOHOM:

N = No - €™ (akuwo d < Ry),

fe N TaNy—umcno B - 4acTOK B CEKYHAY Ha CM° MOBEPXHi LUapy nicAs
3aXUCTY | JO 3aXMUCTY.
NiHINHMA  KoeqiLieHT | MOB’A3aHO 3  LIAPOM  MOSIOBMHHOIO
nocnaéneHHs B - BUNpPoMiHOBaHHA Al CMiBBIAHOLLIEHHAM:
u_ 0,693

M —
P OB
MacoBuiA  KOeiiLliIEHT  MOrMHAHHA  MOXHa BM3HAUUTU  3a
eKCrnepuMeHTa/IbHOK (DOPMY/IOHO:

H =22 E,%%, enrr,
p

ne Epg — MakcumanbHa eHepris 3 - BUNPOMiHtOBaHHSA, 6epyTb 3 Tabnuui
2 [opatky «MakcumanbHi npobirm [ — 4yacTok y nosiTpi, Boai (abo
M'AKIA TKaHWHI) | Al»,

3siacu:



0693 0693

A _
B y 22 . E|3—1,33
P

[Mpuknagn BUKOHaHHA 3aja4

=315-1072 - E**®, r/cm®,

1) Po3paxynTe 3MiHY IHTEHCMBHOCTI BY3bKOro nmny4yka Y-
BUMPOMIHIOBaAHHA MPU NPOXOMPKEHHI MOro yepe3 CBUHLEBWIA eKpaH
3aBTOBLLKM 1 cM, Ko p = 0,78 cm™.

[laHe: p=0,78 cm™

d=1cm

o |
3HaUTN: —
I0
PilLEeHHS:

] - I
Buxopgauu 3 popmym I =1y - e M BL3HaUMMO CMIBBIAHOLLUEHHS I—:
0

I
— =ell=¢?8=217.
I0
IHTEHCUBHICTb Y-BUNPOMIHIOBaHHA 3MeHLWnAach y 2,17 pasu.
2) BuumncniTtb cepefHiii Npobir y-KBaHTIB, MacoBUiA KOeiLlIEHT

NOrIMHAHHA SKUX B MOBITPi AopiBHIoe 0,03 cm/T.
[laHe: iy, = 0,03 cm?/r

3Haitu: R,

PilleHHs:

a)  BM3HAYMMO  NIHINHWA  Koe(iuieHT  nocnabneHHs V-
BUMPOMIHIOBaHHS

U =pn-p=0,031,29310°=3,810"cm™;
6) BU3HA4YMMO cepefiHili Npoo6ir y-KBaHTIB

R, = 1/u = 1/3,8-10° = 2,5:10" cm = 250 wm.



3) EHepria y-BunpomiHioBaHHA fopiBHIOE 1,5 MeB. BusHauntu
TOBLUWHY 3aXUCTYy i3 GeTOHY, MoravHaro4dy BUMPOMIHIOBaAHHA y 5
pasiB.

HaHe: E, = 1,5 MeB

I, _

3HanTL: d 6eTOHY

PilueHHs:

a) 3a Tabnuueto 1 [opatky «MacoBi Ta NiHIAHI KoeilieHTn
nocnabneHHs A1 Pi3HOMaHITHUX eNeMEHTIB» BU3HAYMMO [ BiANOBIAHO
eHeprii y-lBI/II'IpOMiHIOBaHHFI E, = 1,5 MeB ana matepiany 6eToHy W =
0,122 cm;

. I
6) nponorapnmyemo cnisBigHOLLEHHS |—° = e 1a BMpasmmo d:

|
In(oj
d=_ /105 13190
U 0122

4) Bu3HauMmoO nMpo6Iir 0o-4aCTKM B TKaHMHaX JHOACbLKOro
OpraHisMy (Priaw = 1 r/cM?), AKLLO Ti NPOGir y NOBITPi AOPIBHIOE
3,5 CMm.

HaHe: Rpogimps = 3,5 CM

Priann = 1 T/CM°
Prosips = 1,293-10° r/cm®

3HANTU: Rexanman

PiLleHHs:

3i CniBBIJHOLEHHA Rpogimps * Prosips = Rk Prx. BUPA3MMO Ta
BM3HAYMMO

R .o 10°2.
RTK. _ noBsITps pnomTpﬂ — 11293 110 315 — 0,0045 CM = 45 MKM.

P

5) BM3HaunTb JOBXWHY MPo6iry o-4acTtku 3 eHeprieto 5 MeB B
6i0N0rYHIN TKaHWHI, AKWO Ar = 15,7; Zegy = 7,5; pre = 1 ricm®,




HaHe: E, =5 MeB

A =15,7 a.o.
Zey. = 1,5
pre = 1 r/ecm®
3HainTn: Ry
PiLLEHHS:

Mo>xHa BUKopuCcTaTu ABi hopMy/n:
a) 3a hoopmyrioto bperra

/AE3 / . 3
R, = 4= 15’17 > =443 MKM;
P

6) 3a qhbopmynoto MnecceHa

_AJE: 15745
T 0z2 1315

BigHOCHa NOrpiLHICTb pe3y/bTaTiB Po3paxyHKy:

498-443 10006 = 11009 ~ 3%.
458 458

=458 MKM:;

6) Bn3HaunTb AOBXWHY NPO6Iry 4actok 3 eHeprieto 5 MeB y
noBiTPI.
HaHe: E; =5 MeB

3HanTu: R
PiLLeHHSs:
3a thopmyrnoto errepa BU3Ha4YMMO Ry:

EZ 5

=——=23,7 CM.
3

R =
‘ 3
7) Po3paxyinTe NOBHY iOHi3aLit0 Ta NMUTOMY LLINbHICTb iOHI3auii
0-4acTOK TOPOHY, NPO6Ir KOTPUX Y NOBITPI JOPiBHIOE 4,982 cMm.
[aHe: Ry, = 4,982 cm

3HaNTU: 1, Pion.



PilleHHs:
a) MoBHY i0Hi3aLi0 BM3HAYalOTh 3@ PIBHAHHSM:

| =6,25-10°3R? =6,25-103/(4,982)% =1,82-10° nap ioHis;
6) LLLiNbHICTb iOHI3auii BM3HaYatoThb 3i CMNiBBIAHOLLEHHS
) ~ 1 182:10°
"R, 4982

a

=3,7-10* nap ioHis/cm.

8) AKa WBMAKICTb O-4aCTKM HaA MOMEHT BUAITY 3 A4pa Ta Ha
BigcTaHi 3,5 c¢cM npobiry y nosiTpi, AKLWO Ti 3ynMHKa y Kamepi
BinibcoHa Bifgbynacb Ha 4,7 cMm.

HaHe: x; =0 cm

X2 =3,5CM
Rqe=4,7CcMm

3HaNTW: vy, V,
PilLeHHs:
a) BM3HAYMMO V; Ha BifacTaHi X; = 0, TOBTO Ha MOMEHT BUNITY 3

sapa:

v, =3/108-107 (R, — X, ) = %/1,08-10% - 4,7 =1,7-10° cwm/c;

6) BU3HA4YMMO V, Ha BiAcTaHi 3,5 cM Big aapa:

v, =3/1,08-10%" -(4,7-35) =1,08-10° cm/c.

9) BusHaunTb TOBLWMHY 3axuUcTy 3 nosiTpA Big p -
BUMPOMIHIOBaHHSA, MaKCMMasIbHUIA NPO6IT KOTporo y nosiTpi 0,13 m.
Buuuncnitb .

faHe: Rg =0,13 m

3HanTun: Ag, Y
a) BU3HauMMO Ag, BUXOJAYN 3 eMMNIPUYHOTO PIBHAHHSA:

— -2 1,33
Ng=3,15- 107 g%,



3HayeHHsa Eg 3Haxoaumo 3a Tabnuueto «MakcumanbHi npobiru B-
4acTOK Y MOBITPI, BoAi (260 M'AKI TKaHWUHI) | Al» (Tabnuusa 2 JoaaTtky)
BIAMOBIAHO 10 3HaYeHHA npobiry Rg y nosiTpi 0,13 m: Eg = 0,1 MeB.

As=3,15-107.0,1"* =15 10" ricm?,
6) BU3HAYMMO :

0693 _ . p-0,693 1,293-10°-0,693
My =—= , 3BIACK U = = — =06 cm
P A Ag 15-10

-1

3aBJaHHA 4519 CAMOKOHTPO/1H0

1) EHepris y-BunpomiHoBaHHSA aopiBHoe 0,8 MeB. BusHauuTb
TOBLLUMHY 3aXUCTY 3i CBUHLIIO, IKa NOT/IMHAE BUMPOMIHIOBaHHSA y 8 pasis.

2) MacoBuin  Koe(iuieHT nocnabneHHa  y-BMNPOMIHIOBaHHS
antoMiHiem aopisHioe 1,13 cM/r (par = 2,7 r/cM®). BU3HAUUTb TOBLUMHY
3aXUCTY 3 a/IFOMIHI0, IKa NOCc/1ab/e BUNPOMIHIOBaHHA y 5 pasis.

3) Buuucnitb cepefHiin Npobir y-KBaHTIB, MacoBWiA KOeiLlieHT
AKVX Y MOBITpi AopiBHIOE 0,056 cM2/r.

4) Po3paxyinTe 3MiHY IHTEHCMBHOCTI Y-BUMNPOMIHIOBaHHS EHEpPrieto
0,142 MeB npu npoxoyKeHHi MOro Yepes Wwap BOAM 3aBTOBLUKK 2,8 M.,

5) BusHauuTb JOBXMHY MPo6Iry o-4acTtku 3 eHeprieto 20 MeB y
noBiTpi Ta Mifi (pcy = 8,92 r/cM®) Ta 1i LWBMAKICTb HA MOMEHT BUMITY 3
fApa Ta Ha BIfCTaHi MOMOBMHU LOBXWHW NpPo6iry. Po3paxyiTe MOBHY
IOHI3aLit0 Ha BCiil OBXMHI NPO6Iry Ta NMTOMY LWiNIbHICTb 10HI3aLil.

6) BM3HAUMTb TOBLUMHY 3aXWUCTY 3 aflOMiHit0 (pa = 2,7 r/cm’) Big,
B - BMNPOMIHIOBAHHS, MaKCMMa/lbHUIA MPOOBIr SKOro B LbOMY MeTaii
aopiBHoe 11,889 mm. YoMy AOpPIBHIOE  NiHIAHWIA  KOE(ILIEHT
nocnabneHHs B - BUNPOMIHKOBaHHA?



TEMA Ne 5
4031 BUTTPOMIHKOBAHHA

TeopeTnyHa YacTmnHa

OAnHUUi pafioaKTUBHOCTI. [N BUMIpPHOBaHHA PafioaKTUBHOCTI
B cuctemi oauvHumup CO npuitHata oguHuua Bk (Bekepens).

1BK = lp()ﬂ. [MonepefHbOKO no3acucTeMHot oguHuLeto € Ki (Kropi)
C

1Ki = 3,7-10*° Bk a60 16k = 2,7-10 Ki.

OKpIM LMX OAnHUL e icHye P (Pesepcopa): 1Pa = 10° Bk.

KOHUeHTpauito pafioaKTUBHMX PEYOBMH 3a3BM4all BKasylTb Y
Ki/n a6o y Kilcm®,

EHeprist iOHI3y04Oro BUNPOMiHIOBaHHS 3a3BMYaii BKa3yeTbCs Y eB.
1eB = 1,6:10™ [Ix — Le KinbKicTb eHeprii, AKy HabyBae OaAWH eneKTPOH
NPy NPOXOMKEHHI Pi3HUUiI NoTeHuianis 1 B. YacTo BMKOPUCTOBYHOTb
oanHuLi KeB abo MeB.

[l03a BMMNPOMIHIOBaHHA — Lie BeNMUYMHA, SKa BUKOPUCTOBYETLCSH
ANA OUIHKK AiT Ha O6yAb-AKi pe4oBMHM Ta BIOHTK. PO3pi3HAOTL AeKi/bKa
03 B 3a/IE)KHOCTI Bifl 0CO6/MBOCTE BUMNPOMIHIOBAHHS Ta XapaKTepy
oro fii.

MornuHeHa fosa BUNPOMIHIOBAHHA (Onorn) — L€ BiAHOLUEHHS
nornvHeHor eHeprii (W) 4o macv onpoMiHKOBaHOT peyoBUHN (M):

W
nﬂmorn -

m

Oamunus Onorn. B CO Ip (Mpeit) signosigae nornvHaHH 1 [
BUNPOMIHIOBaHHA 1 KI pevOBUHN

1rp = 1A
Kr

Mo3acuctemHa oAuvHMUA paf Bignosigae nornvHaHHO 100 epr
BUNPOMIHIOBaHHS 1 I pe4oBUHN. 3BiAcCK:

1pag = 107 Ip.



EkBiBasieHTHa [03a BUMPOMIiHIOBaHHA ([c) abo 6ionorivyHa
[03a BU3HAYAETbCA LWIAXOM MHOXEHHSA MOr/IMHEHOI 03X  Ha
nepeknagHuin KoeiuieHT K — KoegilieHT AKOCTi BMNPOMiHIOBaHHA (Y
BMNAaAKY 30BHILLIHLOI0 BUNPOMIHIOBAHHS):

Heve. = K Ororn..
OanHnua Oee. Y CO 3B (3iBepT). [No3acmucTteMHa oamHuLUA 6ep
16ep = 107 3s.

[l03a BMNPOMiHIOBaHHA AOPIBHIOE 16ep, AKLIO BOHA BUPOO/SE TaKy
X 610N0riIYHY Ait0, WO | PeHTreHiBCbKe BUMPOMIHIOBaHHA 1 P.

Tabnuua 5.1 — 3HaveHHA K onsa pisHOMaHITHUX BUAIB BUNPOMIHIOBaHHSA

K By BUNPOMIHIOBAHHSA, eHepris iOHI3yHUYMX YaCToK

1 Y-, PEHTreHiBCbKe BUMPOMIHIOBAHHSA, MOTIK €/IeKTPOHIB Ta
MO3UTPOHIB

3 IMOoTiK HEMTPOHIB 3 eHeprieto MeHwe 20 KeB

10 MoTiK NPOTOHIB 3 eHeprieto MeHLe 20 KeB; NoTik HENTPOHIB 3
eHeprieto mix 0,1 Ta 10 MeB

20 Baxki siapa Bigaayi Ta NOTIK 0-4aCTOK 3 eHeprieto meHwe 10 MeB

3rigHo HuWHI  pitounx  «Hopm  pagiauiiHoT 6e3nekn» pidHa
ponyctuma e BUNPOMIHIOBAHHS BCbOro Tina ansa HaceneHHs 0,005 3B,
a and npogpobiTHukie — 0,05 3B.

Ekcno3uuiinHa fgo3a BUNPOMIHIOBAHHA  Oeken.  [OPIBHIOE
BiJHOLLEHHIO CyMapHOro eneKTpuyHoro 3apsagy Ag ioHiB OAHOr0 3Haky,
YTBOPEHOr0 BUMNPOMIHIOBAHHAM, A0 Macu NOrAnHaryoi peyosmHu (m):

A
IDIEKCI'I. = _q '

Dexen. — U Mipa iOHI3aUil pevyoBMHM PEHTreHIBCbKMM Ta Y-
BUMPOMIHIOBaHHAM.

[o3acrcTeMHO 0AnHNLELD € P (PeHTren). 1 P = 2,58 - 10™ Kn/kr.

1P =0,873 pag Hexen. = 0,873 - Onorn. (Y MOBITPI)
1P =0,96 pag Deven. = 0,96 - Ororn. (y 6i0/10M14HI TKaHWHI)

OanHnuero Oecn. B CO € K (Kepma). 1 K= Mﬂ.
Kr



EdekTnBHa fo3a ([ey) BUKOPUCTOBYETLCA [/14 OLIHKM 3[aTHOCTI
opraHiamy noAvHW BifHOBMOBATU 6ifblly YacTUHY pafdialiliHoro
ypaxeHHs. Lla yactnHa cknagae 90 % 3arasibHOT 03U Ta Ha3MBaETbCA
060poTHOI 103010. 10 % pagialinHOro ypaXKeHHs! He BiHOB/OETLCSA —
e 3anmwikoBa fo3a. o6 oTpumatn [, Tpeba cknactn 10 %
3a/IMLLKOBOI 403K Ta TY YaCTUHY 0O60POTHOT 03U, Bifl AKOT OpraHiam Ha
[aHnin Yac Wwe He BU3B0MBCA. OAMHMLEI BUMIPHOBaHHS € P.

Po3paxyHoK [y, [1p1 04HOPa30BOMY BUMPOMiHIOBaHH:

Iule(p:aIAOv
fe  [o— 04HOPas3oBoO OTPMMaHa [03a;
a — KOe(iUieHT, SAKWA BpaxoBye 3HAYeHHA 0O0OPOTHOT Ta

3a/IMLLKOBOT 403K, MOro 3HaxoAsATb 3a rpadikom (puc. 5.1)B 3a1eXHOCTI
BiA yacy.
Po3paxyHoK [es NP 6araTtopasoBomy BUMPOMiHHOBaHHI:

Nep=a-[o+8- [,

ne [ - po6osa f03a ONPOMiHIOBaHHS;

B — KOEiLIEHT, (DI3NYHWNIA CEHC AKOr0 aHanorivyHo a, 3Haxo4MTbCs
3a rpadpikom (puc. 5.2) B 3a/1€)KHOCTI Bif yacy.

EdekTBHa eKBiBa/leHTHa f[03a — Lie eKBiBa/leHTHa [03a, fKa
BPax0OBYE PI3HOMAHITHY YYTAMBICTb TKaHWH Ta OpraHis MOANHU [0
ONPOMiHIOBaHHSA. i BU3HAUalOTb CKMafaHHAM eKBiB/IEHTHOI [03W,
MOMHOXXKEHOT Ha Koe(ilieHTN pagialiinHOro pusnKy Ans pisHUX CUCTEM
opraHismy. OAnHMLA BUMipIOBaHHS 3B.

KoneKTnBHI 103W.

KonektnBHa edeKTMBHA eKBiBaJleHTHa f[03a — Le e(eKT/BHa
eKBiBa/IeHTHa [03a, OTpMMaHa rpynoto fitofen Bifg 6yab-SKoro mxepena
pagiauii. OanHMUA BUMIprOBaHHA Ntoa-3B8 (NH0ANHO-3iBepT).

Ouikyema (MoBHa) KONeKTUBHA ePeKTUBHA EKBIBa/IEHTHA A03a — Lie
KONeKTUBHA e(DEKTMBHA eKBiBaJIEHTHA [03a, AKY OTPUMYIOTb MOKO/IHHSA
Nnoaen Bin 6yab-SKOro mkepena pagiauii 3a BeCb Yac Moro nofanbLioro
iCHyBaHHA. OANHMLA BUMIPHOBaHHS N0f-3B.

[MOTY>XHICTb 4031 BUMPOMiHIOBaHHA (P) — Le BIAHOLWEHHA 403K
[0 yacy:

p_A

t
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Puc. 5.2 — KoeilieHT B 4115 BU3HAUYEHHSA e(heKTUBHOT L03W Npu 6aratopasoBoMy

OMPOMiHEHHI

[Mpuknagn po3B'saA3aHHA 3aja4

1) 1 rpam ““Ra Buginse 3,7:10° o-uacTok B ceKyHAy.
BMUMCAITb MOCTilHY pagioakTVBHOrO po3nagy “°Ra.
HdaHe: mra=1T
X =3,7-10"

3HanTn: A



PilleHHs:
MocTiHa pafiocakTMBHOrNO po3nagy MokKasye fA0N0  saep, SKi
pO3MagarTbCA B OANHULIKO Yacy abo iHLWMMK CnoBamm
C

)\:_1
a

ae  C—uucno agep, Lo po3nafaroThCs;
a — 3arajibHe 4ncno agep.
[na BuNagKy, Lo po3rnisgaemo, 3HainaeMo A 3a CeKyHAY Ta 3a pik.
a) Bu3Haummo umcnio atomis abo Agep, AKi MicTaTbea y 1 rpami
pagito. [na yboro BukopuctoByemo ymncno Asoragpo (Np) — KifIbKiCTb
aToMiB, fAKi MICTATbCA B 1 MONi OYyAb-AKOI PevyoBMHM | [OOPIBHIOE
6,02-10% aTomis. 3Biacu:
226 1 pagito MicTATb 6,02-10% anep
ir a—anep

o 6,02-10%
226

6) BrsHaummo A 3a 1 cekyHay

C 37-101°.226
A=—= 23
a 60210

B) BusHaunmo A 3a pik A = 1,35-10™".365.24-3600 = 4,27-10™ pik™.

=135-10"¢ ™,

2) Bu3HAuUMTb NWUTOMY aKTUBHICTb U, sikwo T = 7,1.10°
POKIB.
HaHe: my =1000r
T=7110°

3HanTn: X
MTOMa aKTUBHICTb — Lie YMCNO Po3najiB Ha 1 Kr peyoBuHM B 1 C,

TOOTO posnaa .

Kr-C
a) BM3Haummo cKinbKn atomis, a omke i agep Mictatecs B 1000 r
235
U:

235 1 ypaHy MicTATb 6,02-10% aaep
1000 r -a Aaaep



~1000-6,02-10%
235 '

6) BM3HAUMMO BeNMUMHY MOCTIHOT padioakTWBHOIO po3nagy B ¢
3Haroun T, 3Haxo4MMO:

0,693 iK™ 260 X = 0,693 o
71 108 71-10%.365-24-3600

i CcC .
B) BM3HAUMMO NUTOMY aKTUBHIcTb “°U (x): A =—, 3Bigcn C = A-a
a

23 3
_ 602 1o8 10°-0693 oo 107 POSN _ o013 BK
235.71.10%-365-24-3600 KF-C KT

3) B 10 r TKaHMHW NOr/INHAETbLCA 10° 0-uacToK 3 eHeprieto = 10
MeB. 3Hanaite Ororn Ta Hexs..
HdaHe: m=10r
N = 10° a-uacTok
E =10 MeB = 10" eB

3HanTL: ﬂunorn. Ta |u|eKB
PilueHHs:
a) BU3HA4YMMO Lorn.
W
Arorn. = —,
m
ne W —eHepris, aKy nornvHae Bca maca pevosmHn W = E-q-n,
A€ N —YnCNo 0-4acTok;
g — NepeknagHuii koedivieHT 3 eB B [k, AopiBHioe 1,6:10™;
E — eHepris a-yacTku B eB.
Toai: W=10"10°1,6-10" = 1,6-10"* I
w _16-10"
10-10°°

Hewe. = Anorn. * K
K gns a-yacTok gopiBHtoe 20, Togi Hes = 20-1,6-107 = 3,2 3 =
320 6ep.

=1,6-10"2I'p = 1,6 pag;

SBIACM Hrorn, =

6) BU3HAUNUMO [eye:



4) BusHauntb [Oes. Y 3B Ta 6ep, AKWO B 3MillaHOMY
BUnpoMiHioBaHHI 30 % cknagatoTb MOBiSIbHI HEUTPOHU, a 70 % -
LUBUAKI HEWTPOHW NpWU 3arasibHIA Be/IMYUHI MOrJIMHEHOT A03n 5
mIp.

HaHe: 30 % NOBi/IbH. HEWTP. K noBifbH. HenTp. = 3

70 % WBNAOK. HEUTP. K weungk. HeitTp. =10
|£I|ﬂ0rﬂ. = 5'10-3 rp

SHaUTU: ey

PilleHHs:

a) BU3HAUYUMO [exs. 32 PAXYHOK MOBISIbHUX HEMTPOHIB, BPaxoByOUn
X MOpUiHMIA BHECOK B 3MilLaHe BunpomiHioBaHHs 30 % abo gonto 0,3:

Do = Moorn - K=3:0,3-5:10° = 4,510 3g;
0) BU3HAYNMO [eys. 38 PAXYHOK LUBUAKUX HEATPOHIB:
N =0,7-10-5.10°=35.10" 38;
B) cymMapHa e, = 39,5107 3B a60 3,95 6ep.
5) BusHaunTb BeMUYMHY eKBIBasIeHTHOI A03n B 3B Ta 6ep 3a
MICALb NPX  OMPOMIHEHHI  JIIOAMHW  E€KCMO3ULIAHOK  [030H0
PEHTreHIBCbKOrro BUMPOMiIHIOBaHHA NOTYXHicTio 0,05 MKP/c.

NlaHe: Pecn = 0,05-10° P/c
T =1 micsub

3H8.I7ITI/IZ |£||6KB. MiC.
a) BN3HAYNMO BeJ'IVIl-II/IHy |D|eKCI'I 3a MICHLI,I:Z

Hexen -1=510"-30 - 24 - 3600 = 0,1296 P;

6) BM3HAYMMO BeUUMHY e 3a  Mmicaub, [Ans  UbOro
BUKOPUCTOBYEMO 3B'A30K Hewen Ta Oorn:
Dexen = 0,96 Oiorn (ONPOMIHEHHSA NHOAMHK, TOGTO 6i0/IOMIYHOT TKAHUHN).
Tak 9K Onorn = [Jeke ANA BMNAAKY PEHTreHiBCbKOro
BUNpomiHtoBaHHA (K = 1), To:
— IuleKCI'I. 0’1296

O.. = = =0,135 6ep = 1,35-10" 38.
0,96 0,96




6) PasoBa ekcnosuuiiHa fo3a aopiBHe 150 P. HacTynHe
ONpPOMiHEHHA Ha npoTA3i 20 4i6 cknano npnéansHo no 15 P Ha fooy.
BrsHauntb ey,

HaHe: O,=150P

n=15P
t =20 ni6

3HanNT: Oeg,

PiLLeHHs:

Dep. ANA BUNAAKYy 6araTtopasoBoro onpoMiHeHHA BU3HAYaETbCA 3a
(hopmynolo:

Hep. =a-Oo+8- [

a Ta B BM3HaA4aeMO 3a BignoBigHMMUK rpadikamy ana yacy t = 20
[i6. 3Haxoanmo, wo a = 0,7, 8 = 10, 3BiAcK:

Hep. =150 - 0,7 +15 - 10 =225 P.

7) TIOTYXHICTb [03M  Y-BUMPOMIHIOBAHHA B MPUMILLEHHI
cknagae 20 MmkP/rof., yac nepebyBaHHsS B NPUMILLIEHHI 14 roguH Ha
aoby. Ha npucagubHii ainsaHui noTy>HicTb go3n 15 MKP/rog.
Po3paxyinTe 060BY [03Y 30BHILLHLOI0 ONPOMIHEHHS.

faHe: Pppu. = 20 MKP/rog

Peyn. = 15 MKP/rog
Tnple. =14 rog

3HanTK: |D|SOBH.OI'IpOM.
PiLleHHs:

a) BusHaummo uac nepeGyBaHHA Ha NPUCAAMBHIN AINAHLI: toy, =
24-14 = 10 ron/no6;
6) BM3HAYMMO 03y OMPOMIHEHHS B NMPUMILLEHHI:

Hopima. = Prpam. * topum, = 20 - 14 = 280 MKP;
B) BU3HAYMMO A03Y OMPOMIHEHHS Ha NpUCaAMOHIn AinsaHLU:
Dayn. = Peyn. * tayn, = 15 10 = 150 MKP;

) Toai 4060Ba 033 30BHILLIHLOIO ONPOMIHEHHS CKNage:



Hiosn. = Hnpum. + Heyn. = 280 + 150 = 430 mkP.

3aBAaHHS 1151 CAMOKOHTPO/I0

1) KoHcTaHTa posnagy 2**Th cknagae 510 pik™. Ckinbkn o-
yacToK BuMKuaae B 1 cekyHay 0,1 rpam Topito? (Bignosigb: 410 a-
4acToK).

2) BusHaunTb Macy “*°Po, akTMBHICTb sikoro gopisHioe 1 Ki, sKLLO
T =138 gi6. (Bignosigs: 2,2-107 kr).

3) Y 20  TKaHWHW NorAnHaeTbest 10° o-yacTok 3 eHeprieto 5 MeB.
BusHauntb BenMUnHy oo Ta Qews. (BignoBigb: 4 paa; 80 6ep).

4) Bnuncnitb BeNNUUHY e 32 PIK NPU ONPOMIHEHHI NOANHWN
eKCNO3NLIINHOK 103010 Y-BUMPOMIHEHHS MOTYXHICTIO 72 MKP/rop.
(Bignosigp: 65,7-107 6ep).

5) BusHauntb e, AKWO Yy 3MillaHOMY BuNpoMiHeHHI 40 %
CKnagarTb y-npoMiHi, 30 % weunaki HedTpoHn Ta 30 % - Baxki Agpa
Biffaui, Npy 3arasnbHiA BENMYMHI NOrnnHeHoT fo3un 2 mICp. (Bignosigp:
18,8 m3B).

6) MOTYXHICTb 403K Y-BUNPOMIHEHHSA Y PO60YOMY MPUMILLLEHHI
cknagae 25 MKP/rog, B »XMUTNOBOMY npumilleHHi — 20 MkP/rog, a Ha
Bynuui — 18 w™KP/rog. PospaxyinTe p[o60BYy 03y 30BHILUHLOMO
OMPOMIHEHHS 3a YMOBW, L0 /IKOANHA 3HAXOAUTLCA Ha Po6OoTI 9 rognH Ha
Ao6y, a B KBapTupi — 11.

TEMA Ne 6
PALIALIIHNA 3AXNCT

TeopeTnyHa YacTmnHa

Po3paxyHOK 031 30BHILLHbOrO OMPOMIHEHHA Y  BUMagKy
(hOTOHHMX BUNPOMiHIOBaHb PO3Pax0BYETLCA 32 HACTYMHOK (POPMY/IOH

P, -t
R? '

ae [l — [03a 30BHILLHLOrO ONPOMIHEHHS, P;
t — yac OnpoMiHeHHs, rof.;

0=




R — BigCTaHb Bif fkepena, CM;

Po — MOTY)XXHICTb A03W Ha BifAcTaHi 1 cm Bifg gxepena, P/rop,

[na 6i1bwocTi pagioakTUBHMX i30TOMIB BKA3YETLCA TX aKTUBHICTD.
B LboMy BUMaAKY NOTY>KHICTb BU3HAYAETHCA 3a (HOPMY/IOHD:

PO = Q'Ky;

ae. Q- aKTMBHICTb gkepena, MKi;
2

: P-cm
K, — rama-ctana paHoro isotony, ——— (BM3Ha4al0Tb 3a
rog. - MKi

Tabnmueto 3 [odatky «XapakKTepucTuka [OesKux panioakTUBHUX
HYK/IAIB SK Y-BUMPOMIHIOBaYiB».
3Biacu go3sa:

K, -Q-t
A=

AKLWO aKTUBHICTb [pKepena BMPaXKaeTbCcAd B Mr-eke Ra (m), TO
(hopmyna ana pospaxyHky [ 6yae iHwa.

M — rama-eKBiBalleHT pafilo — LUe Maca mMkepena 2°Ra,
YTBOPHOKOYOr0 Ha [aHiin BIACTaHI Taky >X MOTY)>KHICTb eKCMo3uUiAHOT
[03K, AK aaHe pkepeno. 1 mr-eks Ra = 8,4 P/rog,.

B ubomMy BUNagKy:

Takum unHom, 8,4m = Q - K.
MpM BUKOPUCTAHHI 3aXWCHUX E€KpaHiB B 3HaMeHHUK (opMyn
BBOAUTBLCA KOeiLieHT nocnabneHHs BUNPOMiIHIOBaHHS K:

ae: Py — NOTY>HICTb 031 6e3 3axXUCTy;
Py — flonyctumMa noTyXHICTb [03W.



AKWO rpaHNYHO AonycTUMa pivHa Ao3a Ansa nNpoMpobiTHUKIB

popisHioe 0,05 3B, TO 3a TUXKAEHb Lie CKaae 00538 _ 0,001 38 =0,1
6ep=0,1P.
TobTo:
84m-t
=01=- :
A=01 R

Micns NnepeTBOPeHHS OTPMMAEMO:

Mt 120,
k-r

fe.  r—BiAcTaHb, M;
t — poboui roAnHN Ha TUXKAEHD.

[Npnknaan po3s'dA3aHHA 3a4a4

1) Pobounii mae 36-rogMHHNIA TUXKAEHb, MOro poboye Micle B
1,5 M Big mkepena y-BUMPOMiHIOBaHHSA. 3 SIKOKO NPUAYCTMMOIO
aKTUBHICTIO [pKepesna MoXKHa poouTu 6e3 3axXncTy?

HaHe: r=15M
t =36 rog
k=1

3HaiTK: m

PiWeHHs:

3a ymoBaMu 3afadi CkasaHo, WO pobouyni pobutb 6e3 3axucTy,
TOOGTO MK HUM Ta [Kepenom 3HaxoamTbCA Lwwap nosiTpsa 3 k = 1,

BukopucTosytoun gopmyny km =120, BU3HA4YMMO m:

7 =

k-r?.120 (1,5)°-120
t 36

2) dedhekTockonucT Ha npoTA3i 30 roguH Ha TUXKAEeHb POOUTDL 3
[oKepesioMm  y-BUMPOMIHIOBAHHA aKTMBHICTIO 4 Mr-ekB Ra.

=75 Mr-eks Ra



Bu3HaunMTb [JONyCTUMY BifCTaHb, Ha AKIA MOXXHa 3HaXOAUTUCb
NeheKTOCKOMUCTY BKasaHU vac.
HaHe: t =30 rog
m =4 Mmr-eks Ra
k=1

3HanTK: r
PiLLeHHs:
k = 1, TaKk AK OeeKTOCKONUCT pobutb 6e3 3axucty. 3 dopmynu

M1 _120 BMPA3NMO T

k-r?
\/ m-t \/40-30
r= = ~1M
120-k 120-1
3) Ha BiagctaHi 0,3 meTpa Bij gxepena y-BUMPOMiHKOBaHHA
MNOTY)XXHICTb eKCno3uuinHoi fo3n cknagae 40 mP/rog. Ha sAkin
BiACTaHi  BIi4 [Kepena cnif BCTAHOBUTU  AUCUMNAIHAPHY
Nneperopoaky, wob6 3abesneynTn poboTy Ha NpoTA3i 36 roauH Ha
TWXAeHb ANA rnepcoHany?
HaHe: P, =40 mP/rog
R;=30cm
t =36 rog

3HanTn: R,

PilueHHs:

a) BM3HAYMMO MOTY>XXHICTb A031 Ha BiACTaHi 1 cm Bif mkepena Po.
[MOTYyXHICTb [03X 3BOPOTHLO MpOMopLiiHa KBagpaTty BiAcTaHi, TOMy

Po  ninon
P, =R—g, 3BigCMK:

Po=P;-R*=40-107- 900 = 36 P/rog,
6) BM3HAYMMO BifiCTaHb 10 AUCLMMNIHAPHOI NePeropoakKm.

Bukopuctosyemo gopmyny 0,1 = Png , 3BIAKMN:

2

R, =JP° ! —\/36'36 =110 cm

01 \ 01



4) [xkepeno 3 edekTnBHOW eHeprieo 0,9 MeB Ta vy-
ekBiBasieHTOM 0,1 r-ekB pafito po3talloBaHe Ha BiAcTaHi 2 M Bij
onepaTtopa. AKWW 3axucT 3 3anisa Ta uernm (Puern = 1.4 r/cm®)
HeobOXigHO nepenb6aunTn ONA  NPO¢ECINHOro OMPOMIHEHHS Ha
NPOTA3I TVXKHA NMPU 6-rogMHHOMY PO60YOMY [HI?

HaHe: E=0,9 MeB

m =0,1 r-eks = 100 mr-ekB Ra
R =200cm

t =30 roga.

Puern. = 1,4 rlcm®

3HaNTU: dsan Ta dyerp

PilleHHs:

[na Toro, wo6 po3paxyBaT¥ TOBLUMHY 3aXUCTy 3 OyAb-KOro
martepianly HeoOXi[IHO BW3HAYUTU KpPaTHICTb MNOCMabNeHHA MOTOKY
BUNPOMIHIOBaHHA UMM maTepiasiom (K) 4o AonycTUMOro piBHA. MMOTiM,
3HaluM K Ta eqeKTUBHY eHeprito [mkepena, 3a «YHiBepcajbHUMU
TaONMMUAMW AN PO3PaxyHKY 3axucty Bif  Y-BUMPOMIHIOBaHHSA»
BU3HAYal0Tb TOBLLUMHY 3aX1CTY 3 BU3HAYEHOr0 MaTepiany.

a) BW3HAYMMO  KpaTHICTb MOCfabfieHHs  BMMNPOMIHKOBaHHS,
84m -t

k-R?

BMKOPUCTOBYOUM hopmyny 01 =

3siacu:

84m-t 8,4-100-30
k: > = > :6
01-R 01-200

6) 3a TabnuLeto «TOBLMHA 3axMCTy i3 3anisa (p = 7,89 r/cm®) ans
PI3HOT KPaTHOCTI MOCNabfieHHst K Y-BMMPOMIHIOBaHHSA» (Tabnvus 6
[lofaTtky) BM3HAYMMO BEMNYMHY TOBLUMHM 3a/1i3HOTO 3aXMCTYy. Mu
3Harwm, wo k = 6,3, ane B TabnuUi MarTbCA TiNIbKM KPaTHOCTI
nocnabneHHs 5 ta 8, skum ans E = 0,9 MeB BignosigaoTb TOBUMHK 6,1
cMm Ta 7,5 cm. [Ans BU3HAYEeHHS TOBLUMHK npu K = 6,3 NpoBeAemMo NiHiHY
IHTepnosALito, nonepesHLO NO3HAYMB:

k1:5 d1:6,1
kg =6,3 dy
k2:8 d2:7,5

Toni:



d, :d1+—d2 0, (k, —k )=61+ 7’5_61-(6,3—5):
2 M -
14-13

= 6,1+T =6,7/06cM = 6,7M

B) BMW3HAYMMO TOBLUMHY 3axuUcTy i3 uernn. [na  uUboro

CKOPUCTAEMOCH CMiBBI4HOLLEHHAM g _P abo B Hawomy BWMagky
d, p
Qn _ P . 3Bifem:
du,ern. psan.
duern. = oD = 6.7 789 =37,/6 C™m
Puern L

TakMM YMHOM, 3i 3MEHLUEHHAM LWiNbHOCTI MaTepiany 3axucTy
36I/bLLYETLCA NOr0 TOBLUMHA.

5) Bu3HaunTb HEObXiAHY TOBLUNHY 3aXUCTYy 3 6ETOHY, AKLW0 Ha
BigcTaHi 3 MeTpiB Bif onepaTopa 3HaxoAMTbCA Mkepeno ‘'Ca 3
aKTuBHicTiO 2 Ki. Tpuanicte pobotn 4 roguHu npu 6-gHeBomy
PO60YHOMY TVKHI.

HaHe: R =300 cm

Q =2-10% MKi
t=24rop

3HaNTW: dger
a) BW3HAUMMO KpaTHICTb nocnabneHHs  BUNPOMIHKOBAHHS,

BUKOpUCTOBYIOUM hopmyny 01= Ky Qt Bigcy k= Ky-Q-t
p y p yy - kR2 ’ |D| 0’1.R2'

Hesigomy BennuuHy K, 3HaxoAuMmo 3a Tabnuueto «XapakTepuCcTUKM
[EeSKNX pafioakTUBHUX HYKNIAIB SK y-BMNPOMiHIOBadiB» (Tabnuuysa 1
Nopatky). na 'Ca:

2 3
K, =514 M qopik= 210042 o0y
rog. - MKi 01-9-10

6) BM3HAYMMO TOBLLMHY 3axXMCTy 3 6eTOHY. [ns LUboro HeobxigHo
3HaTM e(eKTMBHY €Heprito  y-kBaHTIiB. Ii onTMManbHe 3HaYyeHHS



BU3HauUMmMo 3 Tabnuui 1 [dogaTky $K BiAnoBiAHY MaKCMMaibHOMY
BUXOAY Y-KBaHTIB Ha OAMH po3nag, To6To 1,299 MeB, wo Bignosigae
71 % Buxopy. B Tabnuuyi «ToBLMHA 3aXUCTY 3 BETOHY...» (Tabnmusa 5
Joaatky) He HaBefeHI Taki  BEMYWHW  eHepril  Ta KpaTHOCTI
nocnabneHHs. [Ana 36iMblUeHHA MILHOCTI 3axUCTy MpuUimemo, Lo
eHeprisi y-KBaHTIiB 6inbLue, TO6TO He 1,299, a 1,5 MeB, Toai NiHinHY
IHTEPNO/IALI0 NPOBOAMMO TiflbKK 3a K.

4,65-4,25

4.7.4

doo, =42,5+ (27,4-20)=425+ = 45,46 cMm

6erT.

6) OO0 NyHKTY, SIKMA 3HaxXoOAUTbCA Ha BigcTaHi 250 KM Bij
3aB0Ofy, TPAHCMNOPTYETLCA Ha aBTOMALLUMHI [)Kepesno akTUBHICTIO 610
MKi 3 etpeKTMBHOLO eHeprieto 1,5 MeB Ta y-ekBiBasieHTOM 2,0 Mr-eKB
Ra Ha 1 mKi. Oykepeno 3HaxoanTbecs Ha BiagcTtadi 0,5 M Big Bogis.
CepefHsa WBNAKICTb aBTOMO6IM0 50 KM/rog. BusHaunTb HeobXigHY
TOBLWMHY CTIHKM CBUHLEBOIO KOHTeMHepy, SAKWO fJo3a npu
nepeBe3eHHI He MOBMHHA MepPeBMLLYYBaTU [eHHOI 03K NPOGECIAHOIOo
OMPOMIHEHHSA,

NaHe: Q =610 mKi

E =1,5 MeB

m _20 Mr —EK-BRa
Q MKi

R =50 cm
t=250:50=5rop

3HanTu: dpy

PilLeHHs:

YUac nepebyBaHHS BOfiA G1M3bKO [MKepena [AOPIBHIOE Yacy pyxy
aBToOMO06iNs, T06T0 250:50 = 5 rognH.

a) BW3HAYMMO KpaTHICTb Moc/nabneHHsa BUMPOMIHIOBaHHA. [ns
LibOro HeobxifHo 3HaTh abo Q Ta K, abo m. Tak AK Ham HEeBIJOMO fKe
[DKEPEeNo TPaHCMopPTYETLCA, TO BU3HAUMTK K, HEMOX/NNBO. Buxoaaum 3
AaHNX, WO MaeMO BM3HAYMMO M i3 nponopuii:

2,0 mr-ekB Ra — 1 MKi
m mr-ekB Ra — 610 mKi



m= &12 =1220 mr-ekB Ra.

Togi k = 8,4m 2'[ _8,4-1220-5 _ 205
01-R 0,1-2500
0) BM3HAUMMO TOBLUMHY 3axXUCTy i3 CBUHUIO. Tak ak k = 205

(MOXXHa npuBecTH A0 2:10%),70 dpy, = 11,1 M.

3aBAaHHA AN CaMOKOHTPO/I0

1) MNepcoHan npaytoe 3 mKepenom, y-eksiBanieHT akoro 40 r-eks
Ra. BusHaunTb BiAgCTaHb, Ha SKiA MOXE 3HaXO4MTUCb Onepartop Bif
[PKepena, AKLLO0 BUMIpHOBaHHA MPOBOAATL 18 roAuH Ha TUXKAEHb.

2) HAKMA  4yac MOXHa 3HaxoAuUTUCb  6ina  mKepena V-
BUMNPOMIHIOBaHHS aKTMBHICTIO 50 Mr-ekB Ra Ha BigctaHi 0,75 m?

3) MepcoHan Mae 36-rognMHHUIN poboUunii TUXKAeHb. Poboue micle
3HaXoAMTLCA BIA [Kepefna BMMPOMIHIOBAHHA Ha BiacTaHi 3 meTpiB. 3
AKOK [ONYyCTMMOK AaKTMBHICTIO [DKepesia MOXHa npaytosatn 6e3
3axXucTy?

4) BusHauMTb HEOOXiAHY TOBLUMHY 3aXWUCTY 3 OETOHY, AKLIO Ha
BiACTaHi 2 MeTpiB Bif onepaTopa 3HAaXOAUTbCA [kepeno *Co
akTuBHicTi0O 3 Ki. TpuBanictb poboTn 24 roAMHW Ha TUXKAeHb. HAK
3MIHUTBCA TOBLUMHA 3aXUCTY, AKLWO Ti MaTepianioMm Oyae YaBYH (Pyas =
7,2 riem®)? (Bignosigb: 95,0 cM, 30,4 cm).

5) AKOl TOBLWWHN MOBUHHO OYTWM CBMHLEBE CK/MO Mapkum Td-1,
AKLLO npautoBaTn He BGinblie 18 roAnH Ha TVXKAEHb 3 IDKEPEIOM, eHepris
Y-BUMNPOMiHIOBaHHA KOTporo 1,75 MeB, a y-eKBiBa/leHT He MepeBuLLYE
10 r-ekB Ra? BigcTaHb o onepatopa 1,8 m. (Bignosigb: 42,7 cm).

TEMA Ne 7
PAOIOAKTVBHICTb BYAIBE/IbHNX MATEPIAJIIB

TeopeTnyHa YacTunHa

PafioakTUBHICTb  OyfiBeNbHUX  MaTepianis nepw 3a Bce
06YMOB/eHa HasBHicTIO i30ToniB “°Ra, **Ra, **Th, ?*®u, #°Pb, #°po,
K. PagioakTVBHiCTb  6YqiBENIbHOIO  KaMiHHS  3a1eXWTb  Bif



BUKOPWUCTaHOT A9 1MAOro BMPOOGHMUTBA TIPCbKOT MOpoau, MicCLS
BUPOOHNLITBA CUPOBUHW Ta BiAX04iB MPOMUCIOBOCTI, AKi 3aCTOCOBYHOTb
B AAKOCTi 3aM0BHIOBAYIB.

PiyHa e@ekTMBHa eKBiBa/leHTHa [03a Y-BUMNPOMIHIOBaHHSA
(MK3B/piK) Ons NOfeRn, AKi XUBYTb B CyYaCHUX KaM'SHUX OyaiBnsx,
OLIHIOKOTbCA 3a POPMYNOHO:

.ﬂmpmm. = 4,74 ) Cer, ]

- Z(Ceqa.)i -m;
Ceqo = , BK/KT,
. Zmi

ne:  (Cegp)i — ePeKTMBHA MMTOMA aKTUBHICTb MPUPOAHNX pafioHyKnigiB
B Pi3HMX OyiBeNbHUX MaTepianax.

Ans byamatepianis, siki BukopucToBytoTbes B CHA: C,, =93
BK/Kr.

[MOTYXXHICTb [03U Y-BUMNPOMIHIOBAHHS B LErNIAHUX Ta GETOHHMX

oyaniBnax cknagae 0,05 — 0,07 wmklp/rog. 3a paxyHOK reometpii
OMPOMIHEHHS [,03a 30BHILUHBLOrO OMPOMIHEHHS Ha BIAKPUTIN MiCLEBOCTI

1 1 : :
MeEHLUa I'IpI/I6I'II/I3H0 Ha g—é 003N 30BHILLHBOTO OMPOMIHEHHA NTHOAUNHN,

fKa NPOBOANTbL Oi/ibLUY YaCTMHY Yacy B KaM'SHUX NMPUMILLEHHSAX.
3amiHa OyaiBenbHMX MaTepianis 3 NiABULLEHOK PafioaKTUBHICTIO
Ha anbTepHaTMBHI € YMICTHO, AKLLO AOTPUMYETLCA HEPIBHICTD:

0,0095[(Ceg.)o — (Cep )il = (Xi — Xo),

[e:  Xj Ta Xg — BapTiCTb OfHIET TOHW a/lbTEPHATMBHOMO Ta 3aMiHAEMOrO
mMartepiasly,  BpaxOByWuuM  BapTICTb  MOro  BUMpPOOHMLTBA  Ta
TpaHCMopPTyBaHHSA, py6/T (YMOBHI rpoLIOBI OANHNLL).

[Mpuknagn po3B'sa3aHHA 3a4ad
1) Po3paxyiiTe [03y Y-OMPOMIHEHHA /tOAeN, SAKiI XUBYTb B

byaiBni, nobyaosaHiii i3 2 T uernm 3 Cep, = 130 BK/KT, 10 T 6eTOHY 3
Cep. = 210 BK/KT Ta 6 T 6yfiBeNbHOI0 Po3umnHy 3 Cqp, = 80 BK/KT.



JaHe: m en =27
Cecp_ |_||er_r|_ = 130 BK/Kr

M ger. = 107
Ceq.6er. = 210 BK/KT

Ce(p_ posu. = 80 BK/Kr

3HanTn: [ npum,

PiLleHHs:

a) BU3HAYMMO CepedHI0  e(eKTMBHY MUTOMY  aKTMBHICTb
NPUPOOHNX paaioHYyKNIAIB:

 2Cwdit™ 5 130410.2104+6-80 2840

Ceqo = =158 BK/KT;
' 2m; 2+10+6 18

6) po3paxyemo Lapum:
Doome. =4,74 - C,y = 4,74 - 158 = 749 mk3/pik.

2) BusHaunTb 4m gopeyHa 3amiHa OyaiBesibHOro matepiany 3
Cep, SIKA MepeBULlye HOpMaTMB  ANns  matepianis,  AKi
BMKOPUCTOBYIOTLCA B XXUTN0BOMY OyAiBHULTBI, Ha MaTepian 3 Ceg
= 89 BK/KT.

AaHe: (Ceg)o = 200 BK/KT

(Cecb.)i = 89 BK/Kr

SHanTU: (Xj — Xg)

PilLeHHs:

[oUiNbHICTL  3aMiHM  OyfiBeNbHOro Martepiany BM3HAYMMO 3a
HepIBHICTIO

0,0095[(Cep.)o — (Cep )il = (Xi — Xo),
0,0095(200-89) = (X; — Xo),
1,05 = (X; — Xo).



TakMM YMHOM, 3aMmiHa € LOUiNIbHO Ta BUTPATK Ha Hel BunpasaaHi,
AKLO BapTICTb a/flbTEPHATMBHOIO MaTtepianly nepeBULLlYE BapTICTb
BUXIZHOrO0 He Binblue, HDK Ha 1 py6 5 Kon 3a 1 TOHYy.

3aBJaHHA 4519 CAMOKOHTPO/1H0

1) Po3spaxyiTte [03y Ta MiLHICTb 4031 Y-OMPOMiHEHHS B MK3B/rog,
nofen, SKi XKUBYTb y 6yaisni, nobyaosaHin 3 15 T cunikaTtHol Uernm 3
Ces. = 103 BK/Kr, 25 T 6eTOHY 3 Cy = 184 BK/Kr Ta 18 T byfiBesibHOro
po3unHy 3 Cep = 150 BK/Kr. (Bignosigb: 722,85 MK3B/pIK; 8,25-107
MK3B/pIK).

2) Un popeuHa 3amiHa OyaisenbHoro matepiany 3 Cep = 180 BK/Kr
Ha Matepian 3 Cep = 93 BK/KI?
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SMICT

Tema Ne 1 bypoBa ffpa atomy

Tema Ne 2 MpupoaHa pafioakTUBHICTb

Tema Ne 3 ApepHi peakuyii

Tema Ne 4 10Hi3youe BUNPOMiHIOBaHHS

Tema Ne 5 [103v1 BUNPOMiIHIOBaHHS

Tema Ne 6 PagiauiiHuii 3axuct

Tema Ne 7 PafiioakTUBHICTb OyAiBeNbHUX MaTepiais
NiTepartypa

Jopatok



NOJOATOK

Tabnmya 1 — MacoBi Uy, Ta NiHIAHI Y KoeiyieHTU nocnabneHHA ans
PI3HNX eNIeMEHTIB, JOBXWHA BiJIbHOr0 npoobiry

hv, CBuHeUp 3aniso
MeB U, CM/T H, cM U, CM/T U, CM™
0,01 84,6 956,956 179 1405,15
0,015 135 1531,845 58,8 461,58
0,02 72,0 816,984 26,3 206,46
0,03 23,5 266,655 8,26 64,84
0,04 10,5 119,144 3,64 28,574
0,05 5,73 65,018 1,93 15,150
0,06 3,55 40,282 1,20 9,420
0,08 1,66 18,836 0,595 4,671
0,10 5,47 62,068 0,372 2,920
0,142 2,50 28,250 0,220 1,727
0,15 1,92 21,786 0,196 1,539
0,20 0,942 10,689 0,146 1,146
0,279 0,45 5,085 0,118 0,926
0,30 0,377 4,278 0,110 0,864
0,40 0,220 2,496 0,0940 0,738
0,412 0,20 2,260 0,092 0,722
0,50 0,152 1,725 0,0840 0,659
0,60 0,119 1,35 0,0769 0,604
0,661 0,103 1,186 0,0730 0,573
0,80 0,0866 0,983 0,0669 0,525
1,0 0,0704 0,799 0,0599 0,470
1,25 0,058 0,655 0,052 0,408
1,5 0,0522 0,592 0,0485 0,381
2,0 0,0463 0,525 0,0424 0,333
2,75 0,043 0,486 0,0370 0,290
3,0 0,0423 0,48 0,0360 0,283
4,0 0,0421 0,478 0,0330 0,259
50 0,0426 0,483 0,0313 0,246
6,0 0,0436 0,495 0,0304 0,239
8,0 0,0459 0,521 0,0295 0,231
10,0 0,0489 0,555 0,0294 0,231




[MNpopoBXeHHA Tabnnui 1

hv, BeToH (p = 2,35 r/cm?) Boga
MeB U, CMZ/T Y, cM U, CM/T U, CM™
0,01 24.6 57,81 531 531
0,015 7,68 18,048 1,64 1,64
0,02 3,34 7,849 0,789 0,789
0,03 1,10 2,585 0,370 0,370
0,04 0,542 1,274 0,264 0,264
0,05 0,350 0,822 0,222 0,222
0,06 0,267 0,627 0,204 0,204
0,08 0,197 0,463 0,183 0,183
0,10 0,169 0,397 0,171 0,171
0,142 0,142 0,334 0,155 0,155
0,15 0,139 0,327 0,151 0,151
0,20 0,124 0,291 0,137 0,137
0,279 0,109 0,256 0,121 0,121
0,30 0,107 0,251 0,119 0,119
0,40 0,0954 0,224 0,106 0,106
0,412 0,0940 0,221 0,105 0,105
0,50 0,0870 0,204 0,0966 0,0966
0,60 0,0804 0,189 0,0896 0,0896
0,661 0,0770 0,181 0,0860 0,0860
0,80 0,0706 0,166 0,0786 0,0786
1,0 0,0635 0,149 0,0706 0,0706
1,25 0,0560 0,132 0,0630 0,0630
15 0,0517 0,122 0,0575 0,0575
2,0 0,0445 0,104 0,0493 0,0493
2,75 0,0340 0,0869 0,0410 0,0410
3,0 0,0363 0,0853 0,0396 0,0396
4,0 0,0317 0,0745 0,0339 0,0339
5,0 0,0287 0,0674 0,0301 0,0301
6,0 0,0268 0,0630 0,0275 0,0275
8,0 0,0243 0,0571 0,0240 0,0240
10,0 0,0229 0,0538 0,0219 0,0219




[MNpopoBXeHHA Tabnunui 1

hv, ANOMIHI MoBiTps BionoriyHa
MeB TKaHMHa
U, CM2/T U, cM™ U, CMZ/T U, cM™ U, CM?/T
0,01 26,8 72,332 5,09 6,581 -
0,015 8,08 21,807 1,59 2,056 -
0,02 3,48 9,392 0,764 0,988 -
0,03 1,13 3,050 0,349 0,451 -
0,04 0,558 1,506 0,245 0,317 -
0,05 0,360 0,972 0,204 0,264 -
0,06 0,270 0,729 0,186 0,240 -
0,08 0,198 0,534 0,166 0,215 -
0,10 0,169 0,456 0,155 0,200 -
0,142 0,140 0,378 0,139 0,180 -
0,15 0,138 0,372 0,136 0,176 -
0,20 0,122 0,329 0,123 0,159 -
0,279 0,109 0,294 0,109 0,141 -
0,30 0,104 0,281 0,107 0,138 -
0,40 0,0927 0,250 0,0954 0,123 -
0,412 0,0920 0,248 0,094 0,121 -
0,50 0,0844 0,228 0,0868 0,112 0,0936
0,60 0,0779 0,210 0,0804 0,104 0,0867
0,661 0,0740 0,200 0,078 0,101 -
0,80 0,0683 0,184 0,0706 0,0913 0,0761
1,0 0,0614 0,166 0,0635 0,0821 0,0683
1,25 0,0550 0,148 0,056 0,0724 -
1,5 0,0500 0,135 0,0517 0,0668 0,0556
2,0 0,0432 0,117 0,0445 0,0575 0,0478
2,75 0,0370 0,0999 0,037 0,0478 -
3,0 0,0353 0,0953 0,0357 0,0462 0,0384
4,0 0,0310 0,0837 0,0307 0,0397 0,0329
5,0 0,0282 0,0761 0,0274 0,0354 0,0292
6,0 0,0264 0,0712 0,0250 0,0323 0,0267
8,0 0,0241 0,0650 0,0220 0,0284 0,0233
10,0 0,0229 0,0618 0,0202 0,0261 0,0212




Tabnuua 2 — MakcumanbHi nNpobirn B-4acTtoK y nosiTpi, Boai (abo

M'SIKIA TKaHWHI) Ta a/TtoMiHil

EHeprisa | MNositpsa, | Bopga, | Amomi- | EHepria | MNosiTpsa, | Bopga, | Antomi-
B- M MM HilA, MM B- M MM HilA, MM

YacToK, 4acToK,
MeB MeB
0,01 | 0,00229 | 0,00274 | 0,00127 | 0,70 2,513 2,78 1,315
0,02 | 0,00773 | 0,00841 | 0,00422 | 0,75 2,746 3,04 1,437
0,03 0,0161 | 0,0175 | 0,00870 | 0,80 2,985 3,31 1,559
0,04 0,0266 | 0,0290 | 0,0143 0,85 3,217 3,57 1,685
0,05 0,0394 | 0,0431 | 0,0212 0,90 3,449 3,84 1,807
0,06 0,0541 | 0,0591 | 0,0289 0,95 3,697 4,11 1,933
0,07 0,0708 | 0,0774 | 0,0378 1,0 3,936 4,38 2,059
0,08 0,0889 | 0,0974 | 0,0474 1,2 4,896 5,47 2,563
0,09 0,109 0,119 | 0,0578 1,4 5,868 6,36 3,070
0,10 0,130 0,143 | 0,0693 1,6 6,821 7,66 3,574
0,15 0,256 0,281 0,135 1,8 7,781 8,75 4,074
0,20 0,407 0,448 0,214 2,0 8,732 9,84 5,593
0,25 0,747 0,638 0,304 2,2 9,683 10,90 5,074
0,30 0,763 0,841 0,400 2,4 10,611 | 12,00 5,593
0,35 0,959 1,06 0,504 2,6 11,510 | 13,10 6,074
0,40 1,168 1,29 0,611 2,8 12,459 | 14,20 6,593
0,45 1,384 1,52 0,722 3,0 13,411 | 15,30 7,741
0,50 1,601 1,77 0,837 4,0 17,858 | 20,60 9,841
0,55 1,817 2,01 0,952 5,0 22,281 | 25,80 | 11,889
0,60 2,050 2,27 1,070 6,0 25,156 | 31,00 | 14,259
0,65 2,274 2,52 1,193 8,0 34,377 | 41,30 -




Tabnuua 3 — XapakKTepuCTUKM  OedKUX  pafioHyKnigiB 4K
Y-BUNPOMIHIOBaYiB
Hyxknig, Mepiog EHepris y- | Buxigy- | MoBHi rama-cTani
nonyposnagy, | KBaHTIB E,i | KBaHTIB Ha K.,
Ti MeB oavH posnag | (P-cm’/rog.-mKu)
n; ,.%
1 2 3 4 5
1212 Na 2,58 p. 1,275 99,9 11,89
0,511 180
2 Na 14,9 rog. 5,22 2:10° 18,55
4 24 1,510
3,85 9-10°
2,75 100
1,37 100
ﬂ Sj 2,62 rog. 1,26 0,07 0,005
SAr 1,82 rog. 1,29 99,0 6,58
40 ¢ 1,39 10°p. 1,46 11,0 0,80
19
47ca 4,5p. 1,290 71,0 5,14
0,812 5,0
0,500 5,0
47Sc 3,3 4006. 0,159 60,0 0,48
56 Mn 2,576 rog, 3,39 0,15 8,28
2,96 0,5
2,66 0,5
2,52 0,85
2,12 14,5
1,81 25,5
0,845 98,8
%co 5,27 p. 2,158 1,210° 12,93
1,333 100
1,172 99
0,825 2,810°
% cy 12,8 roa. 1,34 0,05 1,12
0,511 38,0




[NpopoBXeHHA Tabnunui 3

1 2 3 4 5
% Zn 245 n06. 1,120 49,0 3,02
0,511 34
4 As 17,9 po6. 2,22 0,04 4,43
1,60 410
1,19 0,7
0,635 16,0
0,600 0,17
0,596 63,0
0,511 55,6
% Zr+ %M N 65 106. 0,757 43 4,10
0,724 55
0,231 2
% Nb 35 106. 0,768 100 4,31
119 Ag+119 cq 253 106. 1,565 1 14,25
1,506 14
1,476 5
1,384 26
0,935 29
0,885 69
0,818 8
0,762 21
0,742 5
0,705 17
0,686 6
0,677 8
0,656 0,17
0,619 5
0,556 95
0,511 1,2
0,447 5
0,116 0,02
131 8,08 A06. 0,722 3,0 2,15
0,637 9,0
.0,364 78,4
0,284 5,0
0,080 0,74




[NpopoBXeHHA Tabnunui 3

1 2 3 4 5
134 o 2,2p. 1,370 33 8,58
1,170 2,5
1,040 15
0,960 0,6
0,801 10
0,796 80
0,605 95
0,570 0,119
0,569 14
0,563 10
0,475 0,128
W Cs+¥nBs | 26,6p. 0,661 82,5 3,10
140p, 12,8 6. 0,537 25,0 1,16
0,436 5,0
0,304 4,6
0,162 5,0
0,132 1,4
0,030 16,0
190 5 40,22 rop, 2,890 0,08 11,14
2,515 35
2,343 0,74
1,507 95,0
0,923 9,1
0,868 5,0
0,815 18,6
0,748 33
0,491 40
0,400 2,8
0,323 20,0




[NpopoBXeHHA Tabnunui 3

1 2 3 4 5
18 16 p. 1,277 42 6,24
1,007 17
0,998 14
0,875 13
0,725 21
0,593 4
0,248 6
0,123 14
85 17p. 0,132 55 0,861
0,125 16,7
0,106 275
0,100 30,4
0,087 72,5
0,061 24,6
70T 129 1106. 0,084 25 0,01
192 74.34 706. 1,060 0,395 4,65
0,613 6,34
0,604 10,9
0,588 5,65
0,485 2,93
0,468 475
0,417 1,27
0,375 1,46
0,316 83,3
0,308 272
0,296 26,1
0,283 0,488
0,206 273
0,201 0,34
203 46,9 706. 0,279 81,5 1,25




[NpopoBXeHHA Tabnunui 3

1 2 3 4 5
26Ra 1622 p. 2,446 1,6 9,36
2,410 0,2
2,297 04
2,204 5,2
2,117 1,4
2,090 0,1
2,017 0.1
1,900 04
1,862 0,8
1,848 2,0
1,764 16,3
1,728 2,4
1,668 1,0
1,605 04
1,583 1,1
1,541 0,8
1,509 2,2
1,403 4,0
1,378 48
1,281 1,7
1,238 6,0
1,207 0,6
1,155 1,8
1,120 16,0
1,050 05
0,960 0,5
0,935 3,3
0,885 0,4
0,837 0,9
0,806 1,5
0,787 1,2
0,769 5,3
0,740 04
0,721 07
0,703 0,8
0,666 2,3
0,609 47,1
0,535 0,9




[NpopoBXeHHA Tabnunui 3

1 2 3 4 5
0,509 1,3
0,485 1,5
0,465 1,0
0,450 1,0
0,417 1,8
0,395 1,3
0,352 37,7
0,295 18,9
0,285 5,2
0,242 10,5
0,184 1,2
28y 45 -10°p. 0,112 0,023 0,072
0,048 18,7




YHiBepcanbHi Tabnmui Ans po3paxyHKy 3axXuUCcTy Bif Y-BUMPOMiIHOBaHHS

Tabnuusa 4 — ToBLMHA 3axMCTY i3 Boam (p =1,0 r/cm®) ans pisHOT KPaTHOCTI 3MeHLLEHHS K Y-BUNPOMiIHIOBaHHS
(LLMPOKNIA NMYYOK)

KpaTHicTb ToBLMHa 3aXUCTY (CM) NpW eHeprii y-BUNpomiHioBaHHA, MeB
MERE 101102 (10,3| 04 0506070809 1 [1,25/15(175| 2 |22|3 | 4 |6 | 8 |10
1,5 19 123123 |22 21202020 (20|20 | 19 |19 | 19 |20 |20 |21 |22 |23 | 25 | 25

21 | 27 | 28 | 28 | 28 | 27 |27 |27 |28 | 28 | 28 |28 | 29 |30 |31 |34 |35 |39 | 41 |41

25 | 37 | 43 |45 | 46 |47 |47 |48 |49 |50 | 52 |54 | 56 |59 |61 |67 | 71|83 | 89 |93

8 27 | 41 | 49 | 52 | 54 | 54 | 54 | 56 | 57 | 58 | 62 |66 | 68 | 72 | 74 | 81 | 89 |105| 113 | 120
10 30 | 45 | 51 | 54 | 57 |57 |58 |60 |61 |62| 66 | /0| 74 | 78|80 |88 |97 115|124 131
20 33 |50 | 60 |64 |68 |69 |71 |72 |74 |76 | 82 |87 | 91 |96 |99 |111|125|144 | 159 |170
30 37 | 54 | 65 |70 | 73| 75| 77| 79|81 |83 | 89 |94 | 100 |105|109 122|139 |162| 178 | 190
40 38 |57 | 69 |74 77|80 |82 84|87 |8 | 9 |101| 106 | 112|116 |131 149|173 | 192 | 204

50 39 |60 | 71 |77 |8 | 8385|888 |9 |93 | 99 [106| 112 |118|122|138|156|184 | 204 |21/




MpofoBXXeHHA Tabnuui 4

60 40 162 ] 74 | 79 1 83 | 86 |88 | 91 | 93 | 96 | 102 | 109 ] 116 | 123|127 | 144|162 ] 191 | 213 | 226
80 45 | 65 | 77 | 83 | 87 | 90 | 93 | 96 | 99 | 102 | 110 | 116 | 123 | 130 | 134 | 153 | 171 | 204 | 225 | 240
107 46 | 67 | 80 | 86 | 89 | 93 | 96 | 100 | 103 | 105 | 114 | 120 | 128 | 134|139 | 150 | 180 | 211 | 235 | 251
210 | 48 | 73 | 87 | 94 | 99 | 103|107 | 111 | 115|118 | 127 | 135 | 1431 | 152 | 157 | 179 | 204 | 242 | 268 | 285
510° |52 | 83 | 97 |104|110| 115|120 | 124 | 120 | 133 | 145 | 155 | 164 | 173|180 | 207 | 236 | 278 | 310 | 330
10° 58 | 89 | 105 | 113 | 119 | 125 | 131 | 136 | 141 | 145 | 157 | 168 | 178 | 188 | 195 | 225 | 257 | 305 | 343 | 366
210° | 63 | 95 | 112 | 120|128 | 134 | 140 | 146 | 152 | 156 | 170 | 182 | 193 | 204 | 212 | 245 | 280 | 330 | 372 | 398
510° | 68 | 102 | 121 | 131 | 140 | 146 | 153 | 160 | 165 | 171 | 185 | 199 | 212 | 224|234 | 271 | 308 | 368 | 413 | 443
10° 74 1109 | 129 | 139 | 148 | 155 | 162 | 160 | 177 | 183 | 198 | 213 | 227 | 241 | 251 | 290 | 330 | 303 | 444 | 477
210° | 80 114 135 | 147|157 | 165 | 172 | 180 | 187 | 104 | 211 | 227 | 243 | 258 | 270 | 311 | 354 | 420 | 475 | 511




MpofoBXXeHHA Tabnuui 4

5.10" 82 |121| 144 | 157 | 168 | 177 | 185|193 | 201 | 208 | 227 | 244 | 261 | 277|290 | 334 | 383 | 457 | 516 | 556
10° 88 | 126 | 150 | 164 | 176 | 185|194 | 203 | 211 | 220 | 240 | 259 | 276 | 294 | 306 | 353 | 404 | 484 | 547 | 590
2:10° 90 | 133|157 | 172 184|194 | 203 | 213|221 | 231 | 252 | 272 | 290 | 308|322 |372|426 | 511 | 578 | 622
5-10° 97 | 140 | 166 | 182 | 195|205 | 216|226 | 235|246 | 268 | 289 | 310 | 329 | 343 | 380 | 454 | 543 | 616 | 665
10° 102 | 146 | 172 | 189 | 203 | 213 | 224 | 234 | 245 | 254 | 279 | 302 | 324 | 345|360 | 417|478 597 | 649 | 701
2:10° 110 | 153 | 179 | 195|211 | 221 | 232 | 242 | 252 | 262 | 287 | 310 | 334 | 357 | 373|435 498|597 | 677 | 773
5-10° 120 | 160 | 187 | 205 | 221 | 234 | 247 | 258 | 270 | 281 | 308 | 333 | 357 | 379|397 | 462|528 |633 | 719 | 7/8
10’ 129|167 | 193 | 212 | 229 | 242 | 256 | 269 | 280 | 292 | 318 | 345 | 370 | 393 | 411|480 549|959 | 748 | 810




Tabnuua 5 — ToBWwMHA 3axucTy i3 6eToHy (p = 2,3 r/cm®) gna pisHOi KpaTHocTi nocnabneHHs k

Y-BUMPOMIiHIOBaHHS (LLUIMPOKNIA MYy4YOK)

Kpar- TOoBLUMHA 3aXMUCTY (CM) NPV eHeprii y-BUNPOMiHIOBaHHSA, MeB

o

wel- | 01 (02 | 03 | 04 | O5 | 06 | 07 | 08 | 09 | 10 |125| 15 | 1,75 | 20 | 22 3 4 6 8 10
I
15 26 | 47 | 63 | 75 8,2 8,2 8,2 8,3 8,3 85 | 86 | 87 | 87 8,8 8,9 9,4 10,0 | 11,7 | 11,7 | 11,7
2 47 | 76 | 69 | 11,3 | 123 | 124 | 124 | 126 | 126 | 129 | 133 | 13,6 | 13,8 | 141 | 143 | 153 | 164 | 188 | 18,8 | 188
5 56 | 11,0 [ 155 | 188 | 21,1 | 21,8 | 22,3 | 22,6 | 23,0 | 23,5 | 246 | 258 | 27,0 | 28,2 | 29,4 | 329 352 387 (393 399
8 7,0 [ 129 | 17,8 | 220 | 24,6 | 256 | 26,4 | 272 | 279 | 28,8 | 305|322 | 338 | 352|364 | 399 | 434 | 481 |487 | 493
10 | 82 | 146|197 | 237 | 258 | 26,8 | 27,6 | 284 | 29,1 | 29,9 | 31,9 | 340 | 359 | 376 | 39,0 | 434 | 475 | 516 |528 | 54,0
20 82 153 (214 | 258 | 299 | 319 | 336 | 350 | 36,2 | 37,0 | 39,9 | 425 | 448 | 47,0 | 48,6 | 54,0 58,7 | 64,4 | 65,7 | 69,3
30 | 85 | 164 | 28 | 277|329 | 348 | 364 | 378 | 39,2 | 405 | 43,7 | 46,5 | 49,3 | 51,6 | 535 | 59,9 | 657 | 71,6 | 728 | 78,1
40 | 85 | 17,6 | 24,2 | 296 | 44,0 | 36,2 | 37,9 | 396 | 41,3 | 42,8 | 453 49,8 | 52,8 | 55,2 | 57,3 | 64,0 | 69,8 | 775|792 | 845
50 | 99 |188 |251|308 | 350|376 | 394 | 41,2 | 428 | 44,6 | 485 | 52,1 | 552 | 58,1 | 60,1 | 66,9 | 72,8 | 816 | 839 | 89,8
60 | 11,0 | 20,0 | 26,1 | 31,7 | 36,4 | 385 | 40,5 | 425 | 44,1 | 458 | 50,1 | 54,0 | 57,5 | 60,5 | 62,7 | 69,8 | 740 | 851 | 88,0 | 93,9




MpofoBXXeHHA Tabnuui 5

80 115 | 20,4 | 27,7 | 33,6 | 38,7 | 41,1 | 43,0 | 448 | 4655 | 48,1 | 52,4 | 56,4 | 59,9 | 63,4 | 65,7 74,0 81,0 | 90,4 | 93,9 | 100,4
102 | 115|211 | 289 | 352 | 39,9 | 430 | 458 | 472 | 488 | 505 | 54,5 | 583 | 62,2 | 657 | 68,6 77,5 835 | 951 | 98,0 | 1051
2.10° | 12,7 | 23,5 | 32,4 | 39,2 | 446 | 479 | 50,5 | 52,6 | 54,6 | 56,4 | 60,8 | 65,3 | 69,7 | 74,0 | 77,2 88,0 95,7 | 1080 | 112,1 | 120,9
5.10° | 13,8 | 24,6 | 352 | 439 | 50,5 | 54,5 | 57,3 | 58,8 | 625 | 64,6 | 69,8 | 74,8 | 79,8 | 84,5 | 88,5 | 101,0 | 1104 | 1244 | 1297 | 139,7
10° | 155 | 28,2 | 39,2 | 48,1 | 55,2 | 59,2 | 625 | 653 | 67,8 | 70,4 | 76,1 | 81,7 | 87,6 | 92,7 | 97,0 | 1109 120,9 | 137,9 | 1432 | 155,0
2.10° | 17,6 | 30,5 | 42,3 | 52,4 | 59,9 | 64,1 | 67,4 | 70,4 | 732 | 757 | 82,2 | 88,5 | 94,6 | 100,4 | 1040 | 1209 132,1 | 150,3 | 156,1 | 168,5
5.10° | 18,8 | 33,1 | 456 | 56,4 | 65,7 | 70,0 | 74,0 | 77,0 | 80,2 | 82,8 | 90,2 | 97,4 | 104,2 | 1109 | 1155 | 1327 146,8 | 166,7 | 173,8 | 186,7
10* | 18,8 | 352 | 485 | 60,3 | 69,3 | 747 | 79,1 | 82,9 | 86,2 | 89,2 | 97,2 | 1045 | 1115 | 1186 | 124,7 | 1432 156,7 | 179,0 | 187,8 | 201,3
210 | 21,1 | 384 | 51,9 | 634 | 72,8 | 78,2 | 83,1 | 87,3 | 91,1 | 945 |102,7 | 110,8 | 1186 | 126,2 | 131,7 | 152,6 167,3 | 190,8 | 201,9 | 216,0
5.10* | 23,3 | 42,3 | 56,4 | 68,6 | 78,1 | 83,4 | 88,7 | 934 | 97,9 |1021 | 111,5 | 124,0 | 1284 | 136,2 | 142,0 | 164,9 181,4 | 206,6 | 218,4 | 233,6
10° | 30,5 | 50,5 | 64,6 | 751 | 82,8 | 88,3 | 93,5 | 98,1 | 1025 |106,8 | 1169 | 126,6 | 1357 | 144,4 | 150,7 | 1738 1914 | 2184 | 231,3 | 248,9
2:10° | 38,3 | 56,7 | 69,8 | 79,4 | 86,9 | 92,4 | 97,7 | 102,8 | 108,0 | 1127 | 1251 | 135,6 | 1451 | 153,8 | 160,2 | 1773 201,9 | 231,3 | 2455 | 263,0
5.10° | 44,8 | 61,5 | 73,7 | 83,7 | 91,6 | 98,1 | 103,9 | 1095 | 114,8 |119,7 | 1338 | 142,5 | 152,6 | 162,0 | 169,2 | 196,0 2148 | 247,1 | 261,8 | 281,2
10° | 49,3 | 66,4 | 79,8 | 89,8 | 97,4 | 103,7 | 109,2 | 114,1 | 119,5 |124,4 | 140,2 | 149,8 | 160,6 | 171,4 | 178,6 | 2054 2254 | 260,6 | 274,7 | 2958
2.10° | 67,6 | 73,1 | 84,5 | 93,3 | 101,0 | 107,4 | 113,6 | 119,7 | 1256 | 1315 | 1484 | 157,8 | 169,2 | 179,6 | 187,2 | 2137 237,1 | 272,4 | 287,6 | 308,8
5.10° | 59,4 | 79,7 | 91,6 | 100,6 | 108,0 | 141,1 | 120,2 | 126,0 | 133,7 | 1338 | 154,7 | 1658 | 178,0 | 189,0 | 197,8 | 2278 250,1 | 287,6 | 302,6 | 327,5
10" | 64,0 | 84,9 | 95,7 | 130,7 | 110,3 | 117,4 | 123,6 | 130,0 | 136,2 | 142,0 | 160,0 | 170,8 | 183,6 | 194,9 | 2034 | 236,0 259,4 | 2994 | 3146 | 340,5




Tabnnys

Y-BUMPOMIHIOBaHHA (LUMPOKUIA NMYYOK)

6 - ToBwwnHa 3axucty i3 3aniza (p =7,89 r/cm3)

ANA PI3HOT  KPaTHOCTI

nocnabneHHs k

KpaTHicTb ToBLLWHa 3aXUCTYy (CM) MpwW eHeprii y-BUNpomiHtoBaHHA, MeB
LUZ'\HAE:- k| 01]02|03]|04 05|06 |07]|08]|09]|10/]125| 15 |175] 20 | 22 3 4 6 8 10
15 05 (09|12 |14 |16 |17 |18 | 20 {20521 |215| 22 | 23 | 24 | 25 | 27 2,8 29 | 24 | 20
2 07 (12 |17 22|25 |27 |29 |31 |32 |33 |345| 36 | 38 | 39 | 41 | 44 4,5 46 | 40 | 34
5 14 | 25|34 |41 |48 |51 |55 |57 61|64 |69 74|78 )| 81|83/ 89 9,4 96 | 90 | 80
8 17 | 31 |42 |51 |58 |63 |67 |71|75|78]|85]| 91|96 101|103 |11,2| 116 | 121|112 | 10,4
10 19 | 35 | 46 | 56 | 63 |68 | 73|77 |81|85]|93]100 106|110 | 11,4 | 122 | 126 | 132 | 124 | 11,4
20 23 | 43 | 57 | 68|77 |83]|88|94 |98 |103|113| 122|130 | 136 | 14,1 | 153 | 159 | 16,6 | 16,0 | 150
30 24 | 45 |62 | 75|85 |92 |98 104|109 114|126 | 136 | 144 | 151 | 156 | 170 | 17,7 | 18,8 | 18,0 (17,0
40 25 | 48 | 66 | 80| 91|98 |105|11,1|11,7|12,2|133| 144 | 153 | 161 | 16,6 | 182 | 19,1 | 20,4 | 19,4 | 18,4
50 29 | 52|71 |84|95|103|110|116| 122|127 |139| 151 | 161 | 169 | 175|191 | 200 | 21,5 | 20,6 | 19,6
60 31|56 |75|88 |98 |10,7|11,4|121|12,7|132|145| 157 | 16,7 | 176 | 182 | 199 | 210 | 224 | 21,3 | 20,6
80 32 |59 | 77|92 |104|11,2|12,0| 12,7 | 13,4 | 14,0 |155| 163 | 17.8 | 18,7 | 19,4 | 21,2 | 22,2 | 240 | 23,0 | 22,0
10? 34161 |81]|96 |108|11,7|125|13,2|139|145|16,1| 17,3 | 185 | 195 | 20,2 | 22,1 | 233 | 250 | 24,0 | 231
2:10° 42 70 |91 |107|120|131|140|148| 156|163 |180| 19,6 | 20,8 | 22,0 | 228 | 25,0 | 26,6 | 28,4 | 27,4 | 26,6




MpofoBXXeHHA Tabnuui 6

510° | 44 | 77 [101[120]137[149]160|170[179[187[206] 223 [ 237 [ 250 | 25,9 | 288 | 306 | 327 | 320 | 314
10° 45 | 82 [11,0]132 150|163 | 17,5 | 18,6 | 19,6 | 205 | 226 | 24,4 | 26,1 | 27,5 | 28,6 | 31,7 | 337 | 36,0 | 354 | 34,6
210° | 49 [ 90 [11,1[144[162[177[190[202 212222245 265 | 283 [ 300 | 31,2 | 346 | 36,8 | 392 | 387 | 37,9
510° | 56 | 101|134 |158 (17,7193 [20,7 [220[ 232243270 2904 | 31,4 [ 333 [ 343 [ 382 | 40,7 | 432 | 430 | 42,2
10° 6,8 | 11,5 | 14,7 [ 17,1 19,0 [ 20,7 | 223 [ 23,6 | 24,9 | 26,0 | 28,8 | 31,3 | 33,6 | 355 | 36,9 | 40,9 | 437 | 46,5 | 46,3 | 45,2
210" | 80 [ 129160 183|202 [ 21,9 234 248263 | 27,6 [ 306 | 332 | 356 | 37,8 | 39,2 | 434 | 465 | 50,8 | 496 | 48,6
510° | 80 | 138170190 | 21,8 | 23,6 | 252 (269|284 299|330 359 | 38,4 | 40,8 | 423 | 472 | 50,4 | 550 | 54,0 | 53,0
10° 10,0 | 15,8 | 18,2 | 20,8 [ 23,0 | 24,9 [ 26,7 | 28,4 [ 30,0 | 31,5 [ 34,9 | 38,0 | 40,7 | 432 | 447 | 50,0 | 534 | 583|572 | 56,1
210° | 11,3 | 159 | 19,3 | 21,8 | 241 | 26,1 | 281 | 29,9 | 31,5 [ 33,3 | 36,8 | 40,1 | 43,0 | 454 | 47,1 | 52,6 | 56,4 | 61,8 | 60,8 | 59,8
510° | 12,0 | 16,9 | 20,4 | 23,2 | 256 | 27,8 | 29,9 | 31,8 | 33,6 | 354 | 39,1 | 42,5 | 455 | 48,3 | 499 | 56,1 | 60,2 | 66,0 | 650 | 64,0
10° 12,8 | 17,9 | 21,4 | 242 [ 26,7 | 28,9 | 31,2 | 33,3 | 352 | 37,0 | 40,1 | 447 | 47,8 | 50,6 | 52,3 | 58,8 | 63,3 | 69,0 | 68,3 | 67,0
210° | 13,5 | 18,9 | 22,1 | 250 | 27,7 | 30,3 | 32,7 | 34,8 | 36,8 | 38,7 | 42,9 | 46,6 | 499 | 52,8 | 54,7 | 614 | 662 | 723 | 71,2 | 70,3
510° | 14,5 | 19,4 | 232 | 26,5 | 29,3 | 32,2 | 34,6 | 36,7 | 38,8 | 40,9 | 455 | 49,4 | 52,7 | 55,7 | 57,7 | 64,9 | 70,3 | 765 | 755 | 748
10’ 150 | 20,3 [ 24,3 27,6 | 30,5 33,2 | 35,8 | 38,1 | 40,2 | 42,4 | 47,1 | 51,3 [ 54,8 | 57,9 | 60,1 | 67,5 | 731 | 79,4 | 78,8 | 78,0




Tabnuusa 7 — TOBLUMHA 3aXUCTY i3 CBMHLEBOrO ckna Mapkn TP -1 (p =6 r/cm®) 4ns pisHOT KpaTHOCTI nocnabneHHs
K y-BUNPOMiHIOBaHHS (LLIMPOKNIA MYy4YOK)

Kpar- ToBLWWMHA 3aX1CTy (CM) MpW eHeprii y-BUNPOMiHIOBaHHSA, MeB.
HiCTb
3MeH-
wen- 10102 (03|041|05]|06)|07]|08]09]|10/|125| 15 | 175 | 20 | 22 3 4 6 8 10

Ha K

15 (0406 |09 |12 |15 |18 |21 |23 |25 |27 |31 35 3,8 40 | 42 | 46 | 48 | 48 | 44 | 40

2 05|08 |14 19|24 |29 34|38 |43 |46 | 51| 58 6,3 66 | 70 | 75 | 80 | 73 | 64 | 58

5 10|16 [ 29 | 40 |51 |62 | 73 (82|91 |97 112|125 | 134 | 142 | 148 | 16,0 | 16,7 | 16,1 | 14,7 | 135

8 1120 | 36 | 50 |64 |79 |92 102|113 |123 |140| 157 | 169 | 179 | 18,7 | 20,3 | 21,0 | 20,4 | 19,0 | 17,8

10 12122 |40 | 54 | 71|86 |100 (112|124 |134 154 | 171 | 184 | 194 | 203 | 22,2 | 22,8 | 22,2 | 21,0 | 19,7

20 (16| 27 | 49 | 6,7 | 89 108|126 | 141|157 (169|193 | 21,4 | 23,2 | 245 | 255 | 28,0 | 28,8 | 28,6 | 27,2 | 25,8

30 1,71 30 | 55 | 74 | 99 (121|140 158|174 |188 |216 | 240 | 258 | 27,3 | 284 | 31,1 | 32,2 | 32,4 | 30,8 | 29,4

40 |18| 32 | 59 |80 |106 13,1 | 150 | 16,9 |18,7|20,2 |23,2| 256 | 27,6 | 29,2 | 30,4 | 33,3 | 346 | 350 | 33,4 | 32,0

50 (19| 34 |62 |84 |11,2 13,7158 |178|19,7 212|243 | 26,9 | 290 | 30,8 | 32,0 | 38,0 | 36.4 | 37,0 | 354 | 34,0

60 (20| 36 | 65| 88 |116 143|164 |185|204 | 22,0253 | 280 | 30,2 | 32,0 | 33,2 | 36,2 | 38,0 | 36,6 | 37,0 | 355

80 [(21] 38 (69|93 |124 152|174 |19,7|21,7|234|268 | 296 | 320 | 340 | 352 | 38,4 | 404 | 41,2 | 39,6 | 38,1

10 (22| 40| 72|97 |129 (148|182 (205|226 (244|279 309 | 333 | 354 | 36,6 | 40,0 | 42,2 | 432 | 41,5 | 40,0




MpoaoBXXeHHA Tabnuui 7

210° | 24| 47 | 82 |11,1|14,7|17,8 205|231 | 254 | 27,4 |31,4| 350 | 37,6 | 40,0 | 41,4 | 453 | 48,2 | 495 | 47,8 | 46,1
510° | 2,8 | 54 | 9,4 | 12,8 |16,8|20,4 | 23,6 | 26,5 |29,2|31,4 |36,1| 40,2 | 433 | 46,1 | 47,7 | 52,4 | 55,8 | 57,8 | 56,0 | 54,2
10° [ 30| 6,0 | 10,4 |14,2|185 | 225|260 | 29,2 (32,2 |34,5(39,7 | 443 | 47,9 | 506 | 52,4 | 57,7 | 61,8 | 54,3 | 62,6 | 60,4
2:10° | 3,2 | 6,7 | 11,4 | 156 | 20,3 | 24,4 | 28,3 (31,8 (350|375 (432|482 | 51,9 | 553 | 573 | 63,2 | 67,7 | 70,6 | 68,7 | 66,6
510° | 3,6 | 7,4 12,6 17,3 224|270 31,4 (352 (387|405 [48,0 | 534 | 576 | 61,4 | 636 | 70,2 | 754 | 78,8 | 77,0 | 74,6
10* | 4,0 80 | 136|186 | 24,0 (29,0 |33,8 (27,8 (41,6 |445|51,6| 57,4 | 62,0 | 66,0 | 68,6 | 757 | 81,1 | 854 | 83,4 | 80,8
210" | 42| 8,7 | 14,6 {200 | 258 | 31,1 | 36,1 | 40,5 | 44,4 | 47,5 | 55,2 | 61,6 | 66,4 | 70,4 | 73,4 | 81,0 | 87,0 | 91,7 | 89,6 | 87,2
510* |44 | 94 [158|21,7 | 27,9 33,7 (39,2 (439|482 |515|600 | 668 | 720 | 76,7 | 79,6 | 88,0 | 94,7 [ 1000 | 97,9 | 95,2
10° | 4,6 | 10,0 | 16,8 | 23,0 | 29,4 | 35,6 | 41,6 | 46,4 | 51,0 [ 54,5 | 63,4 | 70,3 | 76,2 | 81,2 | 84,2 | 93,4 | 100,4 | 106,2 | 104,2 | 101,2
2:10° | 5,0 | 10,7 | 17,8 | 24,4 | 31,2 | 37,6 | 43,9 | 49,0 | 53,8 | 57,5 | 67,2 | 74,8 | 80,6 | 859 | 89,2 | 98,6 | 106,4 | 1126 | 110,4 | 107,3
5.10° | 5,2 | 11,4 | 19,0 | 26,1 | 33,3 | 40,2 | 47,0 | 52,5 | 57,6 | 61,6 | 71,8 | 80,0 | 86,3 | 92,0 | 954 | 1058 | 113,8 | 120,9 | 118,6 | 1154
10° |54 | 12,0 (20,0 | 27,4350 | 422|492 (560|604 (644|753 840 | 90,8 | 96,3 |100,0 | 110,0 | 1195 | 127,2 | 1248 | 121,5
2.10° | 58 | 12,7 | 21,0 | 28,8 | 36,8 | 44,2 | 51,9 | 58,8 | 63,2 | 67,4 | 79,1 | 88,5 | 952 | 101,0 | 1050 | 1162 | 125,5 | 1336 | 131,0 | 127,6
510° | 6,0 | 13,4 | 22,2 (30,5 | 38,9 | 46,8 | 55,0 | 62,3 | 67,0 | 71,5 | 83,7 | 93,7 | 100,9 | 1079 | 111,2 | 1234 | 132,9 | 141,9 | 139,2 | 137,7
10’ 6,2 | 13,0 | 23,2 | 31,9 | 40,6 | 48,8 | 57,2 | 65,8 | 69,8 | 74,4 | 87,2 | 97,4 | 1052 | 111,4 | 115,7 | 128,4 | 138,7 | 148,2 | 1454 | 141,8




Tabnuua 8 — ToBWmHa 3axucTy i3 cBuHUA (p =11,3 r/cm®) Ana pisHOi KpaTHOCTi mocnabneHHs k v-

BUNPOMiIHIOBAHHSA (LUMPOKMUIA NYYOK)

KpatHicTb ToBLIMHA 3aXMCTY (CM) NPW eHeprii V-BUNPOMiHIOBaHHA, MeB

3“"e”fe””” 01]02|03|04]|05|06|07]08|09]10|1,2515|175(20|22| 3 | 4| 6 | 8 |10
1,5 005|021 (01502 |02]03|04(06|07]08109]|11 |12 (12|12 |13 12| 10|09 ]09
2 01({02}03]04|05(07]08]10]115|13 (15|17 (18520 |20(|21|20]| 16 |15 ]1,35
5 0210410609 (|11|15]191(22|25|28|34|38 |41 |43 |44 |46 |45 38 |33 |30
8 020508 |11 1519232832 |35]|42| 48 |525|55|57|59|58]| 50 |43]38
10 03/05(09|13|16|21] 261|305/ 35|38|45|51|56|59]|61]|65]|64]|551|49]42
20 03|/06|11|15|20|26|325|385|44 |49 |58|66|72|76|78|83|82]| 71 |63]|56
30 03|07 |115| 17| 23|30 |365(43|49 |55 |65|73[80|85|88|93|92]|380]72]6,3
40 04108113 |18 (24 |31|38|45|52 581685 78|86|91]94|100[99| 87 7868
50 0,4 1085| 14 |195| 26 |3,25|395|46|53|60]|72|82]|901|96]10,0|106[105| 92 |83 | 7,3
60 045] 09 [1,45|205| 2,7 |3,45| 4,2 |495| 56 |63 |75|86 |95 (101|104 (11,0(109| 9,7 | 87 | 7,7
80 045| 10 |155(215|28 |37 |45 |53|60]|67 (80|92 (10,1(10,7|11,1|11,7(116] 10,4 | 9,4 | 8,2
10° 0511016 |23 |30 (38|47 |55|63]|701845/965|10,6|11,3|11,7|12,2|12,1| 10,9 | 9,9 | 8,7
2-10° 06 |125|19 |26 |34 |44 ]|53|63|72|801]965/11,1]|122|129|13,4|140(138| 12,6 |[11,4|10,2
5.10° 0651422 |31|40|51|61|72]|82]92|11,3{129|14,2|150|154|16,3|16,1| 149 |13,3|119
10° 071152433 |44|57]09 (81|92 |10,2]12,3|14,1|155|16,5|17,0|18,0(17,8| 16,5 |151 13,3




MpoaoBXXeHHA Tabnuui 8

2.10°

0,85

1,7

2,7

3,8

5,0

6,3

7,6

8,8

10,0

11,1

13,5

15,4

16,8

17,9

18,5

19,7

19,5

18,1

16,6

14,8

5.10°

0,9

1,9

3,0

4,2

9,5

7,0

8,5

9,9

11,2

12,4

14,9

17,0

18,6

19,8

20,5

21,9

21,7

20,3

18,5

16,6

10*

1,05

2,1

3,3

5,95

5,9

7,5

91

10,6

12,0

13,3

16,1

18,3

20,1

21,3

22,1

23,5

23,4

22,0

20,1

18,0

2.10*

1,1

2,2

3,9

4,85

6,3

8,0

9,7

11,3

12,8

14,2

17,2

19,5

21,4

22,7

23,5

25,1

25,0

23,6

21,7

19,5

5.10*

1,15

2,35

3,7

5,2

6,9

8,7

10,5

12,3

14,0

15,6

18,8

21,4

23,3

24,7

25,5

27,3

27,2

25,8

23,7

21,5

10°

1,15

2,4

3,8

5,4

7,2

9,2

11,1

13,0

14,8

16,5

20,1

22,7

24,7

26,2

27,0

28,9

28,9

27,5

25,3

22,9

2.10°

1,3

2,6

4,1

5,7

7,6

9,6

11,6

13,6

15,6

17,4

21,3

24,1

26,1

27,6

28,5

30,5

30,5

29,2

26,9

24,3

5-10°

1,4

2,8

4,4

6,1

8,2

10,2

12,3

14,4

16,5

18,5

22,3

25,4

27,8

29,5

30,4

32,7

32,7

31,4

28,9

26,3

10°

1,45

3,0

4,7

6,5

8,7

10,9

13,1

15,3

17,5

19,5

23,5

26,8

29,2

31,0

32,0

34,3

34,4

33,0

30,4

21,7

2.10°

1,55

3,2

5,0

7,0

9,1

11,5

14,0

16,3

18,5

20,4

24,4

27,8

30,5

32,4

33,5

36,0

36,1

34,6

32,0

29,2

5.10°

1,65

3,3

5,3

7,3

9,6

12,1

14,7

17,2

19,5

21,6

26,2

29,7

32,3

34,3

355

38,1

38,3

36,8

34,0

31,1

10’

1,7

3,4

5,4

7,6

10,1

12,6

15,2

17,8

20,3

22,5

21,5

31,2

33,9

35,8

37,0

39,7

39,9

38,4

35,5

32,5




