34 BYOOBA I

BITIACTUBOCTI
ATOMHOIO AOPA

§ 34.1. CTpykTrypa sigpa. [30Tonu

ATOMHOMY SIIIpY TaHOTO €JIEMEHTA, SIK 1 Oy/Ib-SIKOMY 1HIIIOMY MaTepialbHOMY 00’ €KTY, IIpHTa-
MaHHI ITeBHI XapaKTepHi BIACTHBOCTI, SKi BHPAXAIOTh 1HAWBITYalbHICTh IIHOTO S/Ipa: €JIeKT-
PUYHMI 3apsil, Maca, eJIeKTPUYHUI | MATHITHUH MOMEHTH, eHeprisi 3B 13Ky TOLIO.

EnexTpuunmii 3aps spa KpaTHHiT 3apsy enextpona € = + 1,602:10™° Kz i #ioro moxua
MIPE/ICTABUTH Y BUTIISIAL O, = €Z, e Z — 1ijie YHCIIo, SIKe Ha3MBAEThCS aTOMHUM HoMepoM. Ync-
J10 Z BU3HAYAE KiJBbKICTh TPOTOHIB B SIJPi T4 YUCIIO €IEKTPOHIB B aTOMI.

[HIIOI0 BayKIIMBOIO XapaKTEpHCTHKOIO sapa € Horo mMaca. Macu szep, SIK IpaBWiIO, BHMi-

PIOIOTH B aTOMHUX OMHUILIX MacH (a. 0. M.). 1 a. 0. M. nopiBHioe 1/12 Macu atoma ByIiemo 15 C.

1 a. 0. M. = 1/12 macu atoma 2C =1,6606-107% ke = (931,5016 + 0,0026)MeB . Enepre-

THYHMI BHPA3 MACK OTPUMAHO [IPU BHKOPHUCTAHHI PENATHBICTCHKOrO criBBimHomenus E = mc.
Macu aTomiB CbOTOIHI BUMIPSTHO 3 BEJIMKOIO TOYHICTIO 32 JIONIOMOT0I0 CYJacHHX Mac-CIeKTpO-
METpiB.

3riiHO Cy4acHMM JIaHWM $/Ipa CKJIQAAI0ThCS 13 YACTHHOK JBOX TUIIIB: MPOTOHIB i HEHTPO-
HiB, SKi MalOTh 3arajibHy Ha3BY HYKJIOHIB.

Iporon (p) — MO3UTUBHO 3apsPKCHA YACTHHKA: MOTO 3apsijl 338 BEJIUYHHOIO JOPIBHIOE 3a-
pagy enextpona e =+1,602-10 °Kn, a iforo maca CIOKOIO m,=1,007276 a.o.Mm. =

1,6726 - 10 2 gr= 938,28 MeB. IIpoToH € sS1poM HAUTIPOCTIIIOTO aTOMa — ATOMa BOIHIO ll H.

[poToH, K i €IEKTPOH, BOIOIi€ BIACHUM MEXaHIYHUM MOMEHTOM — CITIHOM, SIKHI JTOPiBHIOE
72, Ta MarHiTHIM MOMEHTOM, 1110 AOPiBHIOE My = + 2,79 Wo (e Ho = efi / 2 myc = 5,05 - 10 2T A2
— SIICPHUI MArHETOH, SIKMI € OJJMHUIICI0 MATHITHOIO MOMEHTY B siIepHii (i3uiii).

HeiiTpon — enekrponeiitpansra yactuaka (g, = 0). Maca nelitpona my, = 1,008665 a. o. M.
=1,6750 - 10 #' kr = 939,6 MeB.

BriacHuii MexaHiYHIA MOMEHT HEHTPOHA JOpiBHIOE /i/2. X04 HEHTPOH eNEKTPOHEHTpab-
HHH, BCE K BiH BOJIOJII€ MarHiTHUM MOMEHTOM, SKWi NOpiBHIOE L, =—1,981 . 3Hak MiHyC

BKa3ye, 1[0 HAIIPSIMOK MarHiTHOrO MOMEHTY IIPOTHJICKHHH CIIIHY HEHTpOHa.
VY BijbHOMY CTaHI HEUTPOH He cTadUIbHMI 1 MprbIM3HO Yepe3 12 XB BiH po3nagaeThes 3a
CXEMOIO!

n—>p+e +v,

TYT TI03HAYEHHs 03HAYAIOTh. 71 — HEUTPOH, p — MPOTOH, € — eNEKTPOH, V — elleMEHTapHA Jac-
TUHKA, 5IKa HA3UBA€THCS AHTHHEHTPHHO.

UYucno mpoTOHIB B spi JIOPIBHIOE aTOMHOMY HOMepY Z XiMIiYHOTO eleMeHTa. 3arajbHe
YHCIIO HYKJIOHIB B S/Ipi O3HAYa€ThCs! OyKBOIO 4 1 HA3WBAETHCS MACOBHM YHMCJI0M. YHCII0 Heil-
TpoHiB N B s1/1pi BU3HAYAETHCS TAK:
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34 Byoosa i enacmugocmi amomHoz2o 10pa

N=A-Z

Hanpuknan, B sapi 3aiiza (4 = 56; Z = 26) micturbes 26 npotoniB i N= 4 —Z =56 — 26 = 30
HEHWTPOHIB.
[[To6 xapakTepu3yBaTu AaHEe AAPO, HEOOXITHO BKAa3aTH TITHKU A 1 Z. Sk mpaBwmio, XiMigHi

€JIEMEHTH NIPUHUHATO MO3HAYaTH CUMBOJIOM ZA X abo ?Y .

AromHi sipa (SIK i aToMH, 10 iM BiJIOBIIaI0Th) 3 OAHAKOBHM YHCIOM Z, TOOTO 3 OIHAKO-
BUM YHCJIOM MPOTOHIB, ajie PI3HUMH MAaCOBUMH YUCIaMi A (PI3HOKO KIIBKICTIO HEUTPOHIB), Ha-
3MBaIOThCs i30TOmaMm. Tak, HaNPUKIAA, B IPHPOAI 3YCTPIUAIOTHCS TPHU CTAOUIBHI 130TONH

kucuo: 50, 150, 80 ; tpu crabinsni isoTomn kpemmino: 2Si, ZSi, 3Si . Boxens mae tpu

i3oTomu: ll H,2H, fH . CporoziHi MPakTUYHO BCI Spa MaIOTh 110 JICKIIbKa 130TOMIB.

[30TONM BONOMIFOTH OJJHAKOBHMH XIMiYHVMH i B TIPUHIIAII OJTHAKOBHMHU ONITHYHUMH BIIac-
THUBOCTSIMH.

B nepmomy HaOMIKEHHI aTOMHI Sipa MOXHA BBaXKaTH c(h)epUUHUMH 1 BBECTHU ITOHATTS pa-
niyca R Tiei cdepn, sika oOmexye simepHy peuosuny. ll{onpasna, mpo TouHi paniycu siiep ro-
BOPHUTH Ba)KKO, OCKUIBKH SIJIPO € CUCTEMOIO YaCTHHOK, VIS SIKMX XapaKTepHUH KOpIYCKYJIsp-
HO-XBWJILOBUH TyaiizM. ToMy IpocTOpOBi po3MipH siep JEI0 PO3MHTI, a TIOHATTS pajiyca € B
SIKINCh Mipi yMOBHHM.

ITix po3mipamu sizep po3ymiloTh po3mipH Ti€i o01acTi, B siKiii MposABJsSIETHCA st siaep-
Hux cui. [TpubnusHi po3mipu siep Oynu Briepiie Bu3Ha4YeHi Pesepdopiom B ocmigax mo pos-
CISTHHIO 3apsPKEeHNX YaCTHHOK. J{OCIIiPKEeHHS MOKa3yIoTh, IO PajiycH siiep 3aJIeXaTh BiJ| YHc-
J1a HyKJIOHIB B SI7Ipi, 1 JOCTaTHHO JOOpE BUPaXaroThCs (hOPMYIIO0

1

R = RyA3, (34.1)

neRo=(1,4-1,5)- 10"

Ockinbku 00°em chepu V = 4/3 (7rR3), TO MOXXKHA 3pOOUTH BHCHOBOK, 10 V ~ A, a Iie O3Ha-
Yae, 10 BCl spa MaroTh NPUOIN3HO OAHAKOBY IyCTHHY. [ 'ycTHHA “sepHOl pedyoBHHHU' HA3BH-
YaifHO Benrka. BoHa JOpIBHIOE p, ~ 1,8 - 10Y kv, [MomiOHMX TYCTUH UTS MAaKPOCKOITIYHUX TiJT
B IIPUPOJI HE 3YCTPiYaeThCs. BUKIIIOYHO BHCOKa TyCTHHA “S/IEPHOT PEHOBHHH CBIIUUTH TPO Te,
III0 PEYOBMHA B SAPAX 3HAXOIWUTHCS B OCOONHMBOMY CreM(iYHOMY SIEpPHOMY CTaHi, i, MaOyTh,
TUTBKY NPY TaKii BUCOKIH TYCTHHI “siiepHa pedoBrUHA” OCSATAE JAESKOTO PIBHOBAXXHOTO CTaHY.

3ayBaKUMO, 110 TIOPSIT i3 3apsIOM 1 MacOr0, PO BOJIOIE CIIHOM (BIIACHIM MEXaHIYHAM MO-
MEHTOM), SIKUii OOYMOBJICHHI HASBHICTIO CITIHIB y HYKIOHIB. SIKIIO SIIPO CKIAIAETHCS 13 HAPHOTO
Yycia HyKJIOHIB, TO CHiH SApa € MapHUM, SIKIO X YHCIIO HYKJIOHIB, 11O BXOMATH B S/PO, HE TapHe,
TO CIIiH sI7Ipa € MBIUIM (B OMUHHLSX 7 ).

HasBHICTB y simpa MEXaHIYHOrO MOMEHTY MPHU3BOIUTH JIO MOSIBU Y HHOTO MarHiTHOrO MO-
MEHTY, SIKHi 00yMOBJICHHI1 IBOMA MPUYUHAMH: 1) CIIHOBUMY MarHiTHUMH MOMEHTaMH HYKJIO-
HiB, sIKi BXOJSITH JI0 CKJIay siapa; 2) opOiTaIbHUM PYXOM IPOTOHIB Y SP.

8§ 34.2. lehexT MacH i eHeprisi 3B’ 3Ky

Jly)xe TO4HI eKcliepiMEeHTaIbHI BUMIPIOBAaHHS aTOMHUX Mac XiMIYHMX €JIEMEHTIB MOKa3a-
JIM, 10 1X MacH AEIIO MEHII BiJ CyMapHHX Mac HyKJIOHIB, IKi BXOISTB 0 ckiaxy siaep. Ha-
IIPUKJIAJ], Maca HEWTPaIbHOTO aToMa ;‘ He nopiBaroe m ( ; He ) = 4,002603 a. 0. m. CymapHa

Maca JBOX HEUTPOHIB 1 IBOX MPOTOHIB (BKJTIOYAKOYH Macy IBOX eIeKTpoHiB 11, = 0,00054858 a. 0. M.)
JopiBHIOE: 2my,+ 2m, +2m,= 2(1,007276 a. 0. m.) + 2(1,008665 a. 0. m.) + 2(0,00054858 a. 0.m.) =

4,032979a.0.m. BumipsiHa maca ; He ma Bemmuuny AM = 4,032979 a. 0. m. — 4,002603 a. 0. m.
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8 34.2 Jlehexm macu i enepeis 36 513Ky

=0,030376 a. 0. M. MeHIIIa CyMapHOi MacH HYKJIOHIB, SIKi BXOIIATh B CKIIA] siIpa ; He . Lo pi3-
HUIIIO B Macax Ha3MBaIOTh Je()eKTOM MaCH siapa.

3rifHo 3aKoHy B3aeMO3B’s3Ky MacH i eneprii (E = mc®) nedexr macu AM, 1O BHHHKAE
IIpY YTBOPEHHI 571pa, € 03HAKOIO TOTrO, IO NPW YTBOPEHI s/ipa BUBUILHIETHCS TIEBHA €HEpTis
cucremu. Ll eHepris € Miporo MIITHOCTI si/ipa i HA3UBA€ETHCS MOBHOK) €HEPTi€l0 3B’ SI3KY aToM-
HOTO s111pa, i MU 1i Oynemo nozHavatu E,,. BoHa noka3sye, siky eHepriio moTpioHo 3aTpaTnTH,
100 po3iINTH SIAPO Ha ¥ioro ckJanoBi — NpoToHu i HeliTponu. 1100 cTabinbHE IAPO PO3-
JIUINTH HA HOTO CKJIaJOBi — NPOTOHM 1 HEUTPOHM, HEOOXITHO 3aTPATHTH SIK MIHIMYM €HEpTiio,
110 piBHA eHeprii 3B s3Ky. TakuM YMHOM, JUISI eHeprii 3B 3Ky MOXKHA 3armcaTd Gopmydy:

E,, =(Zm, + Nm,)c? - M c?, (34.2)

ne M, — maca spa, m, i m, — BIANOBIIHO MacHu BUIbHUX IpoToHa 1 Heifrpona, N = 4 — Z.
Koxny mMacy B dopmyri (34.2) MU IOMHOXIUIH Ha ¢?, 1106 OTPHMATH BifIOBIAHY iif eHeprifo.

SIkio Macy BUpa3suTy B a. 0. M., TO, HEpeMHOXKYIouu aedekt macu AM = Zm,+Nm, — M,
Ha nepeBiguuii MHOXHEK (1 a. 0. M. = 931,5 MeB), orpumaemo exeprito 38’s3ky B MeB:

E,, =(Zm,+Nm, —M,) 9315 MeB. (34.3)

3ayBa)knMo, 1110 €HepTis 3B 53Ky HYKJIOHIB B sIJIpi Teflito B MUIBHOHN pasiB MEpEBUILYE CHEp-
Ti10 3B’s13KY BAJICHTHUX CIICKTPOHIB B aTOMaX, ¢ BoHa cTaHoBUTh 1 — 10 eB. Ham3pruaiino Bemu-
Ki 3HaYeHHs EHeprii 3B’s3Ky aTOMHHX sJep CBIiAYaTh IPO iCHYBaHHS HAJ3BHYAMHO BEIMKHX
SIIEPHUX CHJT B3a€EMOJIIM MiXK HYKJIOHAMH B MEXax siIpa.

[HONI KOPHCTYIOTBCS TMOHATTSAM NMHUTOMOI eHeprii 3B’sI3Ky siApa, TOOTO eHeprii 3B A3KY,
PO3paxoBaHOi HA OAWH HYKJIOH B Oyab-sikomy siapi. [Turomy enepriro 3B’s13Ky sapa MOXKHa
po3paxyBaTH, SIKIIO ITOBHY €HEPTII0 3B SI3KY s/[pa HOMIINTH Ha YHCIIO HYKJIOHIB B HHOMY.

Hpurnang 34.1. Pospaxysamu noeny ma numomy eHepeii 363Ky A0pa KUCHIO 1860
(M (0) = 15,994915 a. 0. m.).
Po3B’s130K: /151 po3paxynxy nonoi enepeii 36 's13xy ckopucmaemocs gpopmynoio (34.3):
E, =(Zm,+Nm, —M_) 9315 MeB.
Tooi
E.,=[8(1,007276) + 8(1,008665) — 15,994915] 931,5 MeB = 123,53 MeB.

Enepein 36’a3ky 1860 6 DO3PAXYHKY Ha 0OuH HyKIoH (numoma enepeis 36’a3Ky) OOpIiGHIOE
123,53/16 MeB = 7,72 MeB.

Hpuxaan 34.2. Pospaxyeamu enepeito ¢iopugy E.y,, 5Ky HeoOXiOHO 3ampamumu Ha 6i0-
pus 00HO20 NPOMOHA 8I0 0pa 186 O . Enepeicto 6iopugy Hazusaioms MiHiMAIbHY eHepeiio, KV Heob-
XIOHO 3ampamumut, woo eidipsamu 6i0 10pa HAMEHW 368 A3AHULL 3 HUM HYKJIOH.

Po3B’s130K: Arwo npomon sidipeamu 6i0 s0pa 1860 , MO OMPUMAEMO 5L0PO 175 N :

0 5N + b
Pospaxymnox enepeii nposedemo, kopucmyrouuce gopmynoio (34.3):

Eqop = [M(5N) + m, — M(;0)] 9315 MeB = [15000108 a.o0.m. + 1,007276 a.o.m. —
15,994915] 931,5 MeB = 11,6 MeB.
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34 Byoosa i enacmugocmi amomHoz2o 10pa

Tym M( >N ) = 15,000108 a. 0. m. — maca amoma azomy, M(} O) =15,994915 4. 0. m. —
maca amoma KucHo.

§ 34.3. sInepHi cuiin i iX BJIacTUBOCTI

Benuesna eneprist 38°3Ky HYKJIOHIB B s/Ipi Ta 3HaYHA TYCTHHA SIEPHOI PEUOBUHU CB1TYaTh,
110 MK HYKJIOHAMH ICHYE Jy)Ke iHTEeHCHBHA B3aeMoisi. LIst B3aemozist HOCHTD XapakTep MpUTsTaH-
us1. Bona BTpuMye HyKionH Ha Bicransx ~10™° M ouH BiX OZHOTO, He IMBIISUHCH HA CHITBHE Ky-
JIOHIBCHKE BI/IIITOBXYBAHHS MK IpoToHaMu. Crumi B3aeMoZii MK HyKJIOHAMU B SITIpi HE MOYKHA 3BECTH
Hi JIO TpaBITaIlifHMX, Hi 0 MATHITHUX, Hi 10 KYJIOHIBCEKUX cril. Lle ocoOnmBui, crienmdigamiz BAI
CHII, SIKi OTPHMAJIV Ha3BY "'silepHUX CIUT'. PO3IIISTHEMO OCHOBHI XapaKTepUCTHKH SIIEPHHX CHIL.

1. SInepHi cuim XapaKTepU3yIOTHCS BeJIN4e3HOI0 iIHTEHCHBHICTIO, siKa 3a0e3mnedye cepen-
HIO CHEPTiI0 3B’ 3Ky Ha HyKJIOH (7 — 8,6) MeB. Lle Ham3BUUaiiHO BENMKa CHEPTis.

2. Ha BinmiHy Bij IpaBiTalifHuX 1 eJ‘IeKTpOMaFHlTHI/IX CHJI SIJIEpHI CHITH € KOPOTKOAiI0YH-
Mu cuiamu. Ix paxiyc mii cknamae ~107° m i i3 3GiIbIIEHHsIM BiCTAHI Mi HyKIOHAMH BOHH
Iy’Ke MBHUIKO 3MEHIIYOThCA. Ha Bifcransx, Outbmmx Ry (muB. dopmyny (34.1)), saepHi crnu
MIPAKTHYHO JIOPIBHIOIOTH HYIIO.

3. SlnepHi cwiM BOJIONIIOTH BIACTUBICTIO HACHYEHHS, 110 CBIIYHTH PO TE, IO KOXKHUA
HYKIIOH B sIIpi B3a€MOJII€ 3 OOMEKECHUM YHCIOM HAHOMIKYHMX CyCiHIX HYKIOHIB. Ha 1e BKa-
3ye TOH (akT, 110, TOYUHAIOYH 3 ; He , enepris 3B’s13ky Ha OWH HYKJIOH JUTS BCIX siep MpHUO-
JM3HO ofHaKoBa. CBiAYEHHSAM HACHYEHHS SACPHUX CHII € 1 Te, IO T'yCTHHA “‘S/IepHOi pedyoBH-
HU TIPUOJIM3HO OJHAKOBA JUTA PI3HUX s/IEP, OCKIIBKU 00’eM sipa V mponopmidauii A.

4. SlnepHi cwiu He 3aJeXaTh BiJ 3apsay HYKIOHIB. CHIM B3aeMOJii MiK IBOMa IPOTOHA-
MH, ITIPOTOHOM 1 HEHTPOHOM 1 IBOMa HEHTPOHAMH MalOTh OHAKOBY BEIWYMHY. L5 BIacTuBicTh
Ha3UBAETHCS 3aPS/I0BOI0 He3AJIesKHICTIO sigepHUX cuil. Toitl ¢akT, mo ryctuHa “suepHoi pe-
YOBMHN MaiiKe OfHAKOBa JUISl BCIX siep, TeX BKa3zye Ha Te, IO CHJIM HPUTATaHHS MiXK OKpe-
MHUMH HYKJIOHAMH NPUOIN3HO OJJHAKOBI.

5. SnmepHi cum 3aeXaTh BiJi B3a€EMHOI OpIEHTAINi CITIHIB B3a€MOJIiFoUnX HYKITOHIB. Tak, Ha-
TIPUKJIAJ1, HEUTPOH 1 POTOH BTPUMYIOTBCSI Pa30M, YTBOPIOIOUH SAPO BAXKKOI'O BOIHIO %H (neit-
TPOH) TUIHKH B TOMY BHITAJIKY, SIKIIO 1X CHiHU MapajenbHi OJHH OJHOMY.

6. Haele CHJIM HE € IEHTPaIbHUMHU. IX He MOKHA MPEICTABJIATH HANPABIEHUMH B3/I0BXK
IIPSIMOi, sIKa 3°€JJHY€ LEHTPH B3aEMOJIIIOUNX HYKJIOHIB. HeneHTpalbHIiCTh sIIEpHUX CHIJI BUILTU-
Bae 1 i3 TOro (axTy, 110 BOHHU 3aJISKATh BiJl OPi€EHTALI] CITiHIB HYKJIOHIB.

KopoTtkoniro simepHUX CHIT BIAIOCs MOSCHUTH Ha OCHOBI HPHITYIICHHS PO OOMiHHMI Xa-
paxkTep X CWil. Inero mpo Te, mo ABI YaCTHHKHA MOXXYTh B3a€MOJISTH 3aBISIKM OOMiHY Tpe-
TBHOI0 YACTHHKOIO, Briepiie BucnoBiwin B 1934 p. pociiiceki ¢isuku I. E. Tamm (1895 — 1971) i
A. O. Isanenko (1904 — 1994). Bysno 3po0ieHO NPUITYIICHHS, IO B3aEMOMis MK HYKIOHAMH
3MIMCHIOETHCS Yepe3 SIKiCh BipTyallbHi YaCTHHKY (B KBAHTOBIH MEXaHilll BipTyaJbHAMH HA3UBAIOTH
YaCTHHKH, SIKI HE MOXXYTh OyTH BUSIBIICHI 3a Yac iX iCHyBaHHs. B boMy 3MicTi BipTyasbHi dac-
THHKU MOKHA Ha3BaTH YSABHHMH), SIK, HAIPUKIAJ, L€ BiAOYBAETHCS MIXK 3apsIHKCHIMH YaCTHHKA-
MH 32 JOIIOMOTOIO KBAHTIB EIEKTPHYHOro a00 MarHiTHOro momiB. Ha Toif yac, KpiM HYKJIOHIB,
Oynu BizoMi nmmre (POTOH, eNEKTPOH, TTO3UTPOH 1 HeWTprHO. HaiiBakua i3 IMX YaCTHHOK — eJIeK-
TPOH — BOJIOJIIE KOMITTOHIBCHKOKO JTOBXKHHOFO XBHITI A, = 3,86'10_13M, sika B ~ 200 pasiB Oinpmia
paniyca mii seprnx cun (Ro = (1,4 —1,5)-10™°m). Ta i cumm, siki mormu 6 Gyt 0GyMOBIeHI
BipTyaJIbHUMH €JIEKTPOHAMH, SIK MOKA3aIN PO3paxyHKH, Oynu 6 ayxe MaiuMu. TakuMm 4uHOM,
nepmia crpoda MOSICHEHHS SJIEPHUX CHJI 3a JOIOMOrol0 OOMiHY BIpTYaJbHUMH YaCTHHKaMHU
BHSIBUJIACh HEBJAJIOIO.

B 1935 p. smoncekuit pizuk X. FOkapa (1907 — 1981) BrCyHYB rinoTe3y mpo Te, o B PHPO-
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8§ 34.4 [Ipupooua padioakmusnicms. 3aKoH padioaKmueHo2o po3naocy

Ili iICHYIOTh ITOKH IO HE BHsABIICHI YacTHHKH 3 Macor B 200 — 300 pa3iB OiIbIIO0 MacH eJek-
TpOHA, SIKi i BUKOHYIOTb POJIb NIEPEHOCHUKIB siaepHoi B3aemopmii. [lizHime mi yacTHHKH Oyiau
Ha3BaHi me3oHamu. Uepes 12 pokis (1947 p.) anrmiiiceki dizuku Oxkianini (1907 p.u.) i ayen
(1903 — 1969) Bimkpmiu B KOCMIYHOMY BHUIPOMIHIOBAHHI YaCTHHKH, SIKi OTPUMAIN HA3BY T-Me-
30HiB 200 MioHIB. 1i YaCTHHKY BUSIBIIINICh HOCISIMHE SIIEPHUX Cril, ependadeHux X. FOkaBoro.
3a mependaveHHs iCHYBaHHS ME30HIB 1 30KpeMa 3a TEOPETUYHE JOCHIPKEHHS SIIEPHUX CHII B
1949 p. X. IOxkagi Oyna npucymkena HobemiBecbka mmpemis, a 3a BIOCKOHAJICHHS METO/IB BHB-
YEeHHS SICPHUX IPOLECIB, SKE NMPHU3BEJIO JIO EKCIIEPUMEHTAILHOTO BiIKpUTTS Me30HIB, Hobe-
JiBcbKa npeMist Oyna npucymxena B 1950 p. C.®. [Tayemny.

IcryroTs nosutHBHMiL ('), HeratusHuii (1) 1 Heitrpanbhuit (n°) Mesonn. Sapsin 7 i 7 — Me30-
HiB JIOPiBHIOE €leMEHTApHOMY 3apsily e. Maca 71" i & — Me30HiB 0/[HaKoBa i jopiBHIOE 273 11, Ma-
ca 7’ — Me3ona — 264 m,. Yac Uttt 7 i 7 — Me30HiB ckianae 2,60-10 B C, 7° — Me30Ha — 0,8 10%.

3’sicyemMo xapakrep (MexaHi3M) OOMiHHOI B3a€MOJIiT MidK HYKJIOHAMH 38 Y4acTIO 7T — ME3OHIB.
B pesyibTati BipTyansHux npouecie N+7z° 2 p, p+7- o n, n+z° 2 n, p+72° 2 p Hyk-
JIOH BUSIBIISIETHCSI OTOYCHHM XMAPUHKOIO BIPTYaJIbHHX 7Z-ME30HIB, SIKi YTBOPIOIOT ITOJIE SIAEPHHX CHIL
TNornHaHHs IMX ME30HIB IHITMMHU HyKJIOHAMU TIPU3BOAMTH JI0 CHIIBHOT B3aEMO/Iii MIXK HYKJIOHAMH.

MexaHi3mM 00MiHHOT B3a€EMOJIii Mi>K HYKJIOHAMH 3aJISKUTh Bill BUILY 77 — ME30HIB, SIKUMH OOMi-

HIOFOTECSI I1i HYKJIOHH. MOXKITHBI KiJTbKa CXEM B3a€MOJIi1 HYKJIOHIB 3a IOIIOMOTOFO 77 — ME30HIB!
p+n 2 n+zx +n 2 n+p.

IIpOTOH BUIPOMiHIOE 7T -ME30H i HepeTBOpIoEThCs B HeifTpoH. HeiiTpon normunae ' - me-
30H i IEPETBOPIOETHCS B MPOTOH. Jlani Takuii e npoliec NpoTiKae B 3BOPOTHOMY HAIPSIMKY:

nN+p 2p+7 +p < p+n.

HeiitpoHs i mpoTOH 0OMIHIOIOTBCS 7T~ — ME30HAMH.

B 060x Bumaakax HyKJIOHH OOMIHIOIOTHCS 3apsSOM, IPOTOH CTA€ HEUTPOHOM, a HEHTPOH —
MIPOTOHOM, HYKJIOHM HiOM MiHSIOTBCS MICISIMH, BiIOYBa€ThCsi OOMiH MPOCTOPOBUMH KOODPIH-
HAaTaMH.

Abo
- 0 -
p+p 2 p+7+p - PP,
n+n 2 n+z%+n 2 n+n,
p+n 2 p+x’+n 2 p+n

B3aeMoii0ui HYKIOHH OOMIiHIOIOTECS T — ME30HOM. B pesysibTaTi Takoro oOMiHy 3apsiu
HYKIIOHIB (p —p, n—n, p—N) 3IMILIAIOTHCS HE3MIHHUMH, TOOTO HYKJIOHH HE OOMIHIOIOTBCS
IIPOCTOPOBUMH KOOpAuHaTaMy. He QUBIISTYMCH Ha Te, 0 ME30OHHA TEOpis SAEPHUX CHII LIe He
3aBepIIeHa, 0cOOIMBO B YaCTHHI 11 KITbKICHUX BHUpPA3iB, OCHOBHI i iJ1e1 TAfOTh KIFOY IO PO3yMi-
HHS 0araTbOX SAEPHUX IPOIIECIB.

§ 34.4. llpuponHa pafioaKTHBHICTb. 3aKOH PaJi0aKTHBHOI0 PO3NALY

B 1896 p. A. EeKKepeJIL*,_BI/IBanqu JFOMIHECIICHITIFO Pi3HUX PEYOBHH, BUSBHUB, IO COJMi
ypaHy BUIIPOMIHIOIOTH HEBiJJOMI IIPOMeHi 0e3 monepeaHsoro ix ocBiTiaeHHs. e BunpominioBa-
HHS 3[]aTHE BHUKJIMKATH IMOYOPHIHHS (POTOIDTACTHHKH, 10HI3yBATH ras, 30yKyBaTH QIiryopec-
LICHI{ 10, BUKJIMKATH XIMIYHY 1 010JI0Ti4HY /i0, BOJO/I€ BEIUKOIO MPOHMUKAIOYOI0 3aTHICTIO.

* Aupi Bekkepens (1852 — 1891) — . cr. 502.
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34 Byoosa i enacmusocmi amomHozo 10pa

Hoxansmi pocmimkenns, nposeneni I1. Kiopi i M. Ckmagoscskoro-Kiopi®, Pesepdopmom i
{HIIIMH BUCHHMH, [TOKA3AJTH, 1O 31ATHICTb BUIPOMIHIOBATH MOGH] IPOMEHI BIACTHBA HE TiTbKH
JUISL ypaHy, a W Uil psdy iHIMX XIMIYHHAX €JIEMEHTIB, 30KpeMa IOJIOHII0
(Po), panito (Ra), aktunito (Ac), Topiro (Th). IikaBoro 0COGIMBICTIO BHSB-
JICHOTO BHUIIPOMIHIOBaHHS € HOr0 CaMOYMHHICTD 1 CTaJIiCTh, NOBHA HE3aJICK-
HICTB BiJl 3MiHH 30BHIIIHIX YMOB i THCKY, TeMIEpaTypH, OCBITIICHOCTI TOLIO.
3a nponozuuiero M. CxiaioBebkoi-Kiopi pedoBuHH, SIKi 374aTHI BHIPOMi-
HIOBaTH Binkpute bekkepeneM BUIPOMIHIOBaHHS, Ha3BAIN PagioaKTUBHU-
MH, a caM¢ SBUIIE — PATi0AKTHBHICTIO.

Ionanpmn gocmipKeH s TOKa3ald, [0 PaioaKTHBHE BUIIPOMIHIOBaHHS
CKJIAZIA€ThCS 3 TPHOX BUJIIB IPOMEHIB: o, B 1 7. 3a XapakTepoM BiIXMICHHS
OPOMEHIB B MarHitHOMY mofi (puc. 34.1) 6yI10 BCTaHOBJICHO, LIO O-[IPOMEH —

1€ TO3UTHBHO 3apSUDKCHI YACTUHKH 1 BOHH € SUIPaMU Temiro ( ; He );B-npome-

Hi € TOTIK MBHAKNX eleKTpoHiB. Exepria B-uactiHok Moxke caratu 10 MeB,

10 BiJTOBIIA€ TX MBHUIKOCTI, OMM3BKOI O MIBHIKOCTI CBITIIA Y BaKyyMi; Y-

Puc. 34.1 MIPOMEHI He 3a3HAI0Th BiIXMJICHHS B MATHITHOMY IIOJIi — I1€ )KOPCTKE eJIEeKTPO-

MarHiTHe BUIIPOMIiHIOBAaHHS 1 Ma€ HalOLIbIITy IPOHUKHY 3/1aTHICT. Ha prc

34.2 HaBeJEHO TOPIBHAHHS IPOHUKAIOYOL 3ATHOCTI O-, 3-4ACTHHOK i Y-KBaHTIB (3 OIHAKOBOIO
CHEPTI€I0), 8 TAKOXK PEHTTeHIBCHKOro BUTIpOMiHIOBaHHs (eHepris 40 MkeB) B atoMiHil.

o - BunpoMinioBanss, E=5 MeB 1=0

> lem
f - BunpomintoBanns, E=5 MeB =0
—_—

1,5cMm
Pentreniscbke _
BunpomiHioBanus, E=40 xeB =0,0011,
—_— 1M
Y - BunpomiHioBanus, E=5 MeB
I=0,0011,
Puc. 34.2

Sk yxe BiaMiuasocst BUIIE, paJiOaKTHBHAHN po3Iiaj] — i€ BIACTUBICTh CAMOr0 aTOMHOT'O spa 1
3aJISKHTh BiH TUIBKH BiJ] 1Or0 BHYTpIIIHEOTO cTaHy. He MOJKHA BIUTMHYTH Ha IPOTIKaHHS NPOLIECY
PpaioakTUBHOTO PO3Majy, He 3MIHHBIIN CTaHy S/pa.

CripoOyeMO BCTAaHOBUTH 3aKOH paJlioakTHBHOTO po3nany. Hexait N — uucio aromiB B 3pa3-
Ky B JaHuii MoMeHT 4acy t. Toni uucno aromiB dN, mo po3nainucs 3a iHTepBain yacy Bigt not +
dt, nopiBHrOBaTHUME:!

dN = —ANdt, (34.4)

“Anpi Bexxepens (1852 — 1891), IT’ep Kiopi (1859 — 1906) i Mapist Cxranoscska-Kiopi (1867 —
1934) — ¢ppaniy3bki (hizvKe, 32 BIIKPHTTS i 32 BUBUCHHS SIBHILA PaIioaKTHAHOCTI yrocroeni Hobe-
JiBchKoOi tpemii 3 dizuxu (1903 p.).
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8§ 34.4 Ipupoona padioaxmuenicme. 3aKoH padioaKmueHo20 po3naoy

Jie A — cTaya BeJIM4MHa, sIKa XapaKTepHa Ul PaliOaKTHBHOI PEYOBHHH 1 HA3MBAETHCS CTAJIO0
po3manay. 3Hak “—" TyT BKa3ye, MO KUTBKICTh aToMiB N, sIKi He po3manucs, 3SMEHIIYEThCS 3 Ya-
com. I3 (34.4) BurutuBae, 1o cTana po3majiy sBisie COOO0 BiIHOCHE 3MEHIICHHS YKCIa SIIEp, SKi

3a3HAKTH p03nazxy 3a OAUHUIO qacy:
_—dN/N
dt

[Hakmie kaxxydw, crana po3nary XapakTepHu3ye JOJI0 saep, SAKi po3NaJaroThCs, 32 OAMHHMITO Ya-
cy, TOOTO BU3HAYa€ MBUAKICTH Pai0aKTUBHOTO PO3MALIY.
[NeperBopuBmn piHsHHA (34.5) 10 BUISALY

dN

2 (34.5)

— =—Adt,
N
MoxkHa 3HalTH N, 5K QyHKII0 yacy t. s poro npoiaTerpyemMo ocransiii Bupa3 Bint =0 ot =t
N t
dN
N,
No 0

ne No — uncio matepunchkux simep mpu t = 0 (mepBicue uucio siep), a N — unciio siaep, mo 3a-
JIMIIVIINCS. HA MOMEHT vacy t. [HTerpyroun, orpuMmyeMo

Ini = —At,

No
abo

N = Nge ™. (34.6)

CriBeinHoieHHst (34.6) Ha3UBAETHCS 3AKOHOM PATiOAKTUBHOIO PO3NALY, i3 SKOr0 BUIHO, IO
YUCIIO PaIiOaKTHBHUX SIEP B JIAHOMY 3Pa3Ky 3MEHIIYETCS 3 YaCOM eKCIIoHeHIanbHo (puc. 34.3).
el 3aK0H € CTATUCTHYHMIL | BUKOHYETBCSI CTPOTO JIMIIE VTS Ty)Ke BeIMKOro yucia sizep N, mo

0 t 2t 3t t 0 t 2t 3t t

Puc. 34.3 Puc. 34.4

PpO3IaatoThesl. SIKINO YMCIIo sAep, IO PO3MaNaloThes He JTy’Ke BEIUKE, TO, 5K 1 B OyIb-IKOMY
IHIIOMY CTaTUCTUYHOMY SIBHII, OyayTh crioctepiratucs Gpiaykryarii.

[IBuakicTh po3mamy abo YHCIO PO3MAiB 32 OAMHHMILO Yacy B YHCTOMY 3pa3Ky JOpiBHIOE
dN/dt. IIs BenuvrHa HA3MBAETHCS AKTHBHICTIO JIAHOTO Pa[i0aKTUBHOTO TIperapary. I3 criBBia-
HotueHb (34.4) i (34.6) cuimye, mo

dN

b —IN = —ANye ™. (34.7)

Takum unHOM, Mae Micie popmyra
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34 Byoosa i enacmugocmi amomHoz2o 10pa

A=Ae ™ (34.8)

ne Ag = —ANg — mouyatkoBa akTuBHiCTh, A = AN — aKTHBHICTB IIpenapary B MOMeHT dacy t. I3
(34.8) BumHO, M0 AKTUBHICTH Pali0AKTHBHOTO MPENAPaTy 3MEHIIIYETHCS 38 CKCIIOHCHIIATbHIM
3akoHoM (pucC. 34.4).

3a OMHUIIIO AKTUBHOCTI B3SITO aKTUBHICTH TIpEIIapaTy, B SKOMY BiZJOYBa€TbCS OJIMH PO3MaJ 32
cexyry. 1o omuHMIO Ha3uBaroTh Gexkkepenb (BK). [HOm KOPUCTYIOTHCS TIO3aCUCTEMHOIO OJIHHH-

1€10 aKTHBHOCTI nperapaty — kopi (Ki): 1Ki = 3,7-10"°Bk. Taxy akrusricTs Mae 11 paio — 2586 Ra).
OOepHeHa BENTMYMHA CTANIO] Padi0aKTUBHOTO PO3Iaay A HA3UBAETHCS CEPeTHbOI) TPUBAJIiC-
TIO KUTTSl PaJiOAKTUBHOIO aTOMa

T =" (34.9)

Bpaxoyrouu (34.9), popmyny (34.6) iHozi 3amKCyIOTh y BUTIISI

_t
N = Noe T,

YacTo Ju1s XapaKTepUCTUKH TPUBAJIOCT] XKUTTS Pa/ii0aKTHBHOTO 130TOIY KOPUCTYIOTHCS MO~
HATTSM Tiepiony mniBposnany 7. Ilepiomom miBpo3naay Ha3WBaIOTH 4Yac, HA MPOTA3i AKOro
PO3NAKAETHCA MOJIOBHHA MOYATKOBOI KIJIBKOCTI JaHOI PagioakTMBHOI pe4oBuHH. [lokmna-
nmaroun t =T, N = No/ 2, 32 hopmynoro (34.3) 3Haxoqumo:

& = Noe’“,
2
3BIIKHU
712 _ 069 _ 6o (34.10)
A A

Tepio miBPO3Ma Ly CHOrO/HI BiIOMIX NPHPOIHIX PagiOaKTHBHIX i30ToIiB pisHi—8ix 3-107 ¢
bi (o) 5.10%° POKIB.

Mpuknan 34.1. Ilepioo nisposnady isomony gyeneyio lg C cxnaoac T = 5730 poxie. B sxuiice

Momenm uacy spasok micmums N = 1,0-10% s0ep ayereyio lg C . 3naiimu axmugnicmo 3paska.
Po3B’s130K: 3naiioemo, nepw 3a 6ce, cmany poznady A, axky eupasumo iz popmynu (34.10):
P 0,693 _ 0,693
T (5730 poxis)(315-10" ¢/ pix)
(mpusanicmu poky 6 cexynoax (60)(60)(24)(365) = 3,15 10'c.)
3a popmynoio (34.7) axmuernicme dopisHioe (3HaAK MIHYC ONYCKAEMO)

A=N =(384-102¢71)(1,0-10%) =38-10"° pocn/c =1 Ki .

= 384-107%¢71,

Mpuknan 34.2 B rabopamopii ¢ m = 1,49 mxe uucmoeo isomony 173 N 3 nepiodom nigpos-

naoy T = 10,0 xs. a) Ckinrbru sdep 173 N micmunoce 6 nouamxogomy 3pasky? 6) HAxa tioeo no-

yamkosa akmusnicme? 6) Aka tioeo akmuenicms uepes t = 1,00 200? 2) Yepes axuit wac (npub-
JIU3HO) AKMUBHICTb [30MONY 8Nade MeHW HIdc 00 00HO20 po3Nady 3a CeKYHOY?
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8 34.5 Ipasuna smiwenns

Po3B’si30k: a) Ockinbku amomua maca izomony 173 N oopignioe 13, mo 13,0 2 itoeo micmsame
6,02:10% 510ep (uuicno Asoeapoo). Maca nabopamoprozo spaska cknadae 1,49-10° 2, momy uucio
sa0ep 173 N 6 HbOMY BUBHAUAEMBC NPOROPYIEHD

N  149.10°
6,02-10% 1302

3gioku N = 6,90-10" z0ep.
6) I3 ghopmynu (34.10) maemo:
P 0,693 0,693

= =116-10"3c7%.
T (600c)

Tooi, nput=0
A, = AN = (1,16-103¢71)(6,90-10%) = 8-10" pocn/c.
8) Yepes 1 200. = 3600 ¢ axmusHicmb 3paska 3MeHWUMbCSL 00
A= Aoe*’“ _ (8.1013071) e—(l,lG-lO’sc’l)(SGOOC) ~123.10%2¢72,

2) Yac t, nicaa saxoeo A = 1,00 ¢, susnauumo is popmyau (34.8), nonepednvo nponocapudp-
myeaswiu ii. Tooi
in A 1,00¢7*
a0 Mgiot 32,01
Ao _ 81077 _ : =2,76-10" ¢ = 7,66 200.

~ Alne  116-103¢!  116.1073¢7!

§ 34.5. TlpaBuiia 3MileHHs

SIk yxe Bimmivdanocek Bumie (§ 34.4), icHytOTh TpH BUIH PaIi0AKTHBHOTO po3mamy: o-, B- i
y-po3nag.

a-po3naj. binbicte Baxkux spep (nmpu Z > 84, A> 208 ) po3nagatoThCs 3 BUIPOMIHEO-
BaHHSM 0-9ACTHHOK 32 CXEMOIO:

AX = 57 +a(3He), (34.11)

e » X — MaTepHHChKe Apo (PO, 1O PO3MATAETHCA), 5 5Y — A0UipHe suIpo (PO, MO YTBO-
puiocs), af ;‘ He) — gactunka, sika e sgpom renito. Hanpukia,

22%Ra — 22Rn+ JHe.

TakuM 4MHOM, BHACHIZOK O-PO3Maay YTBOPIOETHCS HOBHH XiMiUHMIi ejleMeHT: jodipHe

sIpo (B HAIIOMY TIPHKIIAJI Zgé Rn). Ilpuuomy HOBUil XiMiYHHMI eleMEHT (Zgg Rn) posmimenuii

B TaOyuii MeH/iesieeBa Ha JIBi KJTITHHKY 3JTiBa BiJ] BUXIJHOTO ejieMeHTa ( 2586 Ra ). Slapa pamony Ta-

KO PaJli0aKTHBHI 1 CIy)KaTh MOTY>KHUMH BHUIIPOMIHIOBaYaMH O-4aCTHHOK. BiH 3yCTpidaeThest B 1pH-
POIHUX JpKeperax, BOJa SIKUX, SIK IIPUHHATO BBAKATH, BOJIOJIIE JIKyBaJbHUMH BIaCTHBOCTSIMU.
3ayBa)XMMO, II0 NPY BUIPOMIHIOBAHHI 0-9ACTHHOK SIJIPO MOXKE 3HAXOJHUTHCH B 30yIPKEHO-
My CTaHi, TOMY IIPH IEPEXOi B OCHOBHHH CTaH BOHO MOXX€ BHUITPOMiHIOBATH Y-()OTOH.
B-po3naa. B-po3nanoM Ha3MBaIOTH MPOLIEC CIIOHTAHHOTO IIEPETBOPEHHS HECTa0lIILHOTO Spa
B sZIPO 13 3apsaoM, BiaMiHHEM Ha AZ =11 3a paXyHOK BUIIPOMIiHIOBaHHS €leKTpoHa (€7) abo
nosutpona (e*).

505



34 Byoosa i enacmugocmi amomHoz2o 10pa

Mepumii Tun B-po3nany (3 BUIPOMiHIOBAHHSM €JIEKTPOHA) BiZOYBAETHCS 32 CXEMOKO
7X > 2 AY +fe+v, (34.12)

e ?X — MaTepUHCBKE SIpO, 7 +A1Y — JoUipHE SIpOo, f{e — €NIEKTPOH, V — aHTHHEHTPHUHO.
Hamnpuxnan,
14 14 0. =~
cC = IN +je+v.
Ipomec B-posmany 3BOMUTHCS A0 TIEPETBOPESHHS HEHTPOHA B TIPOTOH 32 CXEMOO
n > jp+de+v.

TaxkuM YMHOM, BUTIPOMIHIOBAHHI €JIEKTPOH HE Ma€ HisIKOTO BiJJHOIICHHS JI0 OpOITAJIbHUX EJIEKTPO-
HIB B aTOMI, BiH HAPOIUKYETHCS B CAMOMY SI/IPi.
13 (34.12) BuaHO, 11O AAPO, SIKE YTBOPHIIOCS NPH B-pO3Mafi 3 BUIPOMiHIOBAHHSM CJICKTPO-
Ha, 3HAXOJUThCS B TaOmuni MeHnyeneeBa Ha OfHY KIIITHHKY CIIpaBa BiJl BUXiTHOTO €JIEMEHTA.
Apyruit Tun f-po3nany (3 BUIPOMiHIOBAHHSM [IO3UTPOHA) BiIOYBAETHCS 38 CXEMOIO!

AX o Ay + e +v, (34.13)

ne ZAX — MaTEPHUHCBKE SAPO, 7 ,AlY — JIoUipHE AApO, f{e — mo3uTpoH (YacTUHKA 33 BCiMa Biia-
CTHBOCTSIMH CXOKa Ha €JIEKTPOH, aJie 3aps/l Ma€ JIOJaTHUIA), V — HEMTPUHO. B 1ibOMY BUIIAIKY
OJIMH 13 MIPOTOHIB MTEPETBOPIOETHCS B HEUTPOH 33 CXEMOKO

Ip> in+le+v.
Hanpuxian,
BN 5Bc+ %e+v.
TakuM YHHOM, Y BHTIAJKY JPYTOrO THITY B-posnany (3 BUIPOMIHIOBAHHAM ITO3HTPOHA) YTBO-
PIOETHCS PO aToMa (B HAIIOMY TIPHKIIAI 163C ), 1110 3HAXOAUTHCA B Tabnuili MeH/eneeBa Ha

OJIHY KJIITMHKY 3J1iBa Bijl BUXiJJHOTO €JI€MEHTa.
opsia 3 BUMpoMiHIOBaHHAM B~ i B’ -4acTHHOK (Tak YacTO MO3HAYAKOTH BUIIPOMiHIOBAHHS

€JIEKTPOHA (,ge ) 1 mo3utpoHa ( ﬁe) iCHye 1€ 1 TpeTii mporec Toro X Tuity. BiH Ha3uBaeThCs
3aXOIUIEHHSIM eJIEKTPOHA 1 BOHO IMOJIATa€ B IMOTIMHAHHI SAPOM OIHOTO i3 OpOITATBHUX EIIeK-
TPOHIB CBOTO )X aTOMa, B PE3y/IbTaTi YOrO ONUH i3 MPOTOHIB sJpa IMEPETBOPIOETHCS B HEHTPOH,

BHIIPOMIHIOFOYH TIPH LIBOMY HEHTPHHO ( % p+,ge - Oln +v ). Le#d nporiec BinOyBa€eThCs 32 CXEMOIO:
X+ o5 Ay +v. (34.14)

Hanpuknan, sapo Kamito fg K mpu 3axoIuieHHi eNeKTpoHa IepeTBOPIOETHCS B SIIPO ApTOHY fg Ar:
K+ e - PAr+v.

Sk mpaBmIIO, 3aXOIUIEHHS €IEKTPOHA BiZIOYBA€THCS i3 caMoi BHYTpIIHBO0I K-000/0HKN aTtoma,
3Bigcu i Ha3Ba “K-3axommenns”. Micne B K-enekTpoHHIN 000JOHIN, SIKE 3BUTHHIIIOCS B pe-
3yAbTATI 3aXOIJICHHS, 3aIlIOBHIOETHCS €ICKTPOHAMH 13 BUILUX EJICKTPOHHHUX OOOJIOHOK, B CHITY
YOT0 BUHHMKA€E PEHTT€HIBChKE BUIIPOMiHIOBaHHs. CaMe 1o TakoMy BHIIpoMiHIOBaHHIO y 1937 p.
i Oyio BinkpuTo K-3axormenns amepukancbkuM ¢izukom JI. Anpapecom (1911 — 1988).

I3 (34.14) BunHO, O B pe3ynbTaTi K-3aXOIUICHHST YTBOPIOETHCS PO aTOMA XIMIYHOIO ejie-
MEHTa, KU 3HaXOANTHCS B TaOmni MeHzeneeBa Ha OJHy KIITHHKY 3J1iBa BiJl MATEPHHCHKOTO
eJIieMeHTa.
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8 34.6 Hoepni peaxyii. [lImyuna padioakmusnicmo

Bupasu (34.11 — 34.14) Ha3uBaOTh NPABUJIAMH 3MiLIEHHS PAIiOAKTUBHOTO €JIEMEHTA B
nepioAndHil TabnuIl ereMeHTiB MeHeneeBa.

ITpm Bcix TppoX BuAax P-posnasy MOXKIMBE BUIIPOMIHIOBaHHS y-(OTOHA.

v-po3naa. CtabinbHi sipa, sIK IPaBUIIO, 3HAXOITHCS B CTAHAX 3 HaMCEHILIOIO EHEPriero
abo B CBOIX OCHOBHHMX cTaHax. OjHak, MOAIOHO aToMy, siipa MOXKHA IEPEBECTH B 30yIKeHi
cTany, 6omMOapayroun X YacTHHKaMH abo (poToHaMM BenMKUX eHeprii. [loBepratouuck B cTan
3 OUIBII HU3BKOIO eHeprielo ab0 OCHOBHHMN CTaH, sIPO BUMIPOMiHIOE y-(poToH. Lleit nporec Bin-
OyBaeThcs yacTinie 3a Bce. CXeMaTHYHO MPOLIEC Y-PO3IIany 3alHCyeThCs TaK:

(5X) > X +7. (34.15)

3ipouka B (34.15) o3nauae, 1o sapo € 30ymrenuM. OOUIBa spa’ i MATEPUHCHKE, 1 IOYipHE —
MaIOTh OJJHAKOBHH CKJIajl HYKJIOHIB (IIPOTOHIB i HelTpoHiB). [aMmma-po3man, 5K i a- i B-po3manmy,
BiIOyBa€eThCA 3 000B’I3KOBHM BHKOHAHHSIM 3aKOHIB 30€peKEHHS MacH — CHEPT1i 1 IMITYITBCY.

8§ 34.6. SlnepHi peakuii. LHITyuna pagioakTHBHICTD

B sBumax npupoaHoi pafioakTUBHOCTI, K OyJI0 IMOKa3aHO BHIIE, BiIOYBAa€THCS MEPETBO-
PEHHsI OHUX s7ep B iHIII. BUsBIseThCs, 1110 MOAIOHI EPETBOPEHHS MOKHA 3/TiiCHIOBaTH OOM-
Gapyroun sipa YaCTHHKaMH 3 BENHMKOIO eHepriero. IlepeOynoBy (mepeTBopeHHs) siep B pe-
3yAbTATi TAKMX BIUIMBIB HA3WBAIOTh AAE€PHOI0 peakuiero. Ilepmry sinepHy peakiiio 37iHCHUB
E. Pesepdopa y 1919 p., bombapayroun o-yacTuHKaMH 3 eHepriero 7,68 MeB, siki Bunpominio-

BaMCA AapaMu 2&2 Po, snpa 1;1 N i orpumas sapa 1; O i npotonu. SnepHa peakuis BinOyBa-
Jacst 3a CXEMOIO:
JHe + YN - 1p + Yo. (34.16)
Iro peakuito MOXXHA BiTHECTH J0 THITY SIIEPHHUX PEaKIii, SKi CHIMBOJIIYHO 3alHCYIOTh PiB-
HSIHHSIM
a+X —>p+Y, (34.17)

4 e .
AC 0-9JaCTHUHKa , He — 60M6aszyI0qa YaCTHUHKa, 11 € Ha3MBAaOTh YaCTUHKOIO-CHAPAJA0M, X -

PO, sike 00MOapAyIOTh — APO-MillleHb; p — MPOTOH; Y — sipo Bigadi. Yacto piBHAHHS peak-
uii (34.17) 3anucyroTh B TAKOMY BHTJISIII

X (a, p)5i3Y .
B nmx mosHaueHHSX saepHa peakiis (34.16) BurasgatiMe Tak:
YN(a, p)'50.

Takoro Tumy peaxuii Ha3uBarwTh (0, p) — peakuisiMu. [lepiia yacTiHKa B Dy)KKaxX € 4ac-
THUHKOIO-CHApPS/IOM, a JIPYyra, € YaCTUHKA, 110 YTBOPIOETHCS ITOPSI 3 HOBUM SIAPOM.

V 1934 p. nogpyxoxst Ipen i @penepix XKomio-Kropi” BUSBIIIH, 110 IPH ONPOMIHCHHI IESKUX
Sep O-YaCTHHKaMH YTBOPIOIOTHCS HOBI PajiOaKTHBHI 130TOMM, SIKI PO3MAAAIOTHCS 33 TUMH XK
caMMMU 3aKOHaMU. Takuil po3naj OTpUMaB Ha3By IITY4HOI pagioakTuBHocTi. Hanpuknan, npu

OTIpOMiHEHHI siziep 6opy 1§,’ B o-yacTMHKaMH, YTBOPIOIOTHCS SIIpa 30Ty 173 N i mefirporn 01 n:

* Moppyxoks Ipen (1897-1956) i ®penepik (1900-1958) HKoumio-Kropi — ppaniysski Qpizukm.
3a BIIKPUTTS IITYYHOI pajiOaKTUBHOCTI 1 CHHTE3 HOBUX eJeMeHTiB moapyxxks JKomio-Kropi
yaocroeni HoGenisebkoi mpemii (1935 p.) 3 ximii.
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34 Byoosa i enacmugocmi amomHoz2o a0pa

JHe+ 2B — BN+gn. (34.18)
B ckopouenomy Burisini peakuito (10.18) 3anucyroth Tak:
10 13
5B(c,n)¥N .
Lle#i Tum peakuiii Ha3uBaroTh (0, N) — peakIisIMy | MAFOTh TAKUI 3aTJIbHUAI BUTIIS
A A+3
7 X(a,m)z55Y.
I30T0m azory 173 N (muB. 34.18) cam pagioakTuBHHIi 3 miepiogoM miBpo3maxy T = 10 xB i po3-
TIaJIA€THCS 38 CXEMOIO:
BN e e

V 1934 p. E. ®epmi” i3 criBpoGiTHUKAMH BCTAHOBHB, 10 NLIIXOM GOMOApIyBaHHs s/Ep HEH-
TPHHAMH TaKOXX MOXKHA OTPUMATH s/Ipa HOBUX palliOaKTUBHUX i30TomiB. Hanpukian, Gombapmy-

1041 HEMTPOHAMH sI/Ipa AITFOMIHII0 fZ, Al , oTpuMyIOTECS SIIpa HATPIO ﬁ Na i a-yactuHKH ( ; He):
dn+ ZAl > 2Na+ JHe, (34.19)
abo
2TAI(n,a)?Na .
Le#i Tvn peakuiii B 3araJbHOMY BUIIISII 3aITUCY€ETHCS TAK:
A A-3
zX(na)z 5.
[3oTon Harpiro ﬁ‘Na panioakTHBHUI 3 nepiofom miBposnany 7 = 14,9 rox posnamaerbes
3a CXEMOIO:
24 24 0
11Na — Mg +_je.
ITig giero HEWTPOHIB MOXeE BimOyBaTHcs 1 iHIui THO peakiiii — (N, p). Hampukias,
LA, p)EMg (T =9,51200).
Marsiit f; Mg panioaktusnuii (7= 9,51 rox) i po3nanaeTbes 3a CXEMOXO:
IMg — ZAl+ %,
PamioakTHBHI i30TONMM MOXYTb BUHHMKATH 1 MPW ONPOMIHEHHI siiep NpoTOHaMH. TyT Mo-
KYTh IPOXOAUTH sACpHI peakuii Tamy (p, o) i (p, n). Hampuknan,
27 24 . 18 18
13Al(p, @)1;Mg L gO0(p,n)oF. (34.20)

Jlesiki pagioakTHBHI 130TONMH MOXKHA OTPHMATH IIiJ| JI€l0 Y- (OTOHIB (simepHUil (portoe-
¢exr). Leii Tun peaxuii 3amucyOTh Tak:

X, p)7aY .

"Enpiko ®epmi (1901-1954) — Bunaruuii itaniiicekuii (izuk, maypear HoGeniscbkoi npemii
(1938 p.) 3 di3uku 3a BIAKPUTTS MITYIHOI Pai0aKTUBHOCTI, BUKIIMKAHOI GOMOGAapIyBaHHIM MO-
BiJIbHUMH HEHTPOHAMHU.
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Hanpuxian,
2Be(y, p)3Li. (34.21)

SAnpo G6epuiiro iz Ai€ro y- (oTOHA NEPeXOaUTh B 30y/PKEHNH CTaH 1 BUIIPOMIHIOE TIPOTOH,
MIEPETBOPIOIOYXCH B PAIi0AKTUBHUM 130TOI JITIiIO 3 Li . Yucmo BiTOMHX CHOTOJHI SIEPHUX pea-

KII# BUPAKAETHCS TUCTIAMH.

3a JONOMOT 010 SIZIEPHUX PEeakiiid OyIo OTpUMaHO Psi HOBHX XIMIYHMX €JIEMEHTIB, sKi B IIpH-
pori He icHyroTb. Lle enementy 3 nopsakoBuMu Homepam Bix 93 1o 107 i BOHM Ha3UBAIOTHCS
TPaHCYPAaHOBUMH (3aypaHOBHMH) eJieMeHTaMHU. B 1pupo/i 3ycTpi4aroThCsl SNEMEHTH 3 aTOM-
HuMH HOMepamu Bij 1 no 92, Bkiouatouu i rutyronii (Pu, Z = 94), monpasjia BiH ClIOYaTKY
OyB OTpHMaHHUIl HITYYHO, a TIOTIM BUSIBJICHHUH B IIPHPOI.

TpancypanoBi enemeHTH Kiopiii (9sCM), elirmrreiiniit (o9ES), dpepmiit (100FM), Menmenesiit
(100Md) orpumanu Ha3By Ha wecTh BumaTHHX BucHuX. Kypuartosiii (104KU) oTpumaB Ha3By Ha
YecTh BUIATHOTO paasHcbkoro ¢izuka I.B. Kypuarosa.

8§ 34.7. loain snep ypany

VY 1938 p. nimenpki ¢izuku Otro [an (1879-1968) i ®pin HIrpaceman (1902 — 1980) Bus-
BIJIH, 110 TIpy OOMOapAyBaHHI ypaHy HEWTPOHAMH BUHHUKAIOTH SApa MPHOIM3HO BIBII JIETTI, HDK
BUXiJHE Aapo ypaHy. [Togansiii peTenbHi OCTIKEHHS [TOKa3aly, 10 B pe3yJIbTaTi ONpOoMiHe-

HHS ypaHy HEUTPOHAMH YTBOPIOIOTHCS €JIEMEHTH JIAHTAH lg’? La i Gapiit lgg Ba.

i pesyabratu B 1939 p. aBctpiiiceki ¢isuku Jliza Meiitaep (1878 — 1968) i Orro ®pimt
(1904 - 1979) mosicHUIM TaK: SIAPO ypaHy, MOTIMHYBIIA HEUTPOH, PO3MANAEThCs HA ABi PUO-
JIU3HO PiBHI YacTHHU. Take MepeTBOPCHHS BUTIISAIAI0 HE3BUYHO, OCKITLKA J0 IHOTO BCi BiIOMi

peakiii CypoBOPKYBAIMCS BIIITAHHSAM 13 sipa OKPEMHX 4YacTH-

> Gl
n% HOK (Hampukiaz, N, p abo o).
Hose sBuie orpumMaio Ha3By moaisty sipa. Bussrnocs, 1o i3o-

a TOI 2§’§U IUTATHCS JIETIIe, HiK OLTBII MOMUPEHUH B IPUPO/I 130~

U(36) TOI 2§’§U . Ilpu kOXKHOMY aKTi OALLY 2§’§U Bupierses ~200 MeB

€Heprii, BHACTIIOK 4Oro o0MBa OCKOIKH, PO3JITAIOUYNACH MailkKe B
MIPOTHJICKHUX HATPSMKAX, BOJOMIFOTH BETUKOIO KiIHSTHIHOKO CHEp-
Ti€fo.

[porec mozity MOXXHa HAOYHO 300pa3HTH, YSBHBILIH SIPO ypa-
HY y BUIIISAI KpatuTi pianHu. BiAmoBigHO i€l KpamimHHOI Moje-
Ji s7Ipa, HeUTPOH, TIPH TTOTIIMHAHHI SIPOM 2§’§U , iepenae Homy a0-
JATKOBY BHYTPILIHIO €HEprito (MoxiOHO J0 HarpiBaHHS Kparuli BO-

1) (puc. 34.5, a). VTBOproeThCst MpOMDKHUIA CTaH, abo 30ymKeHe

B SIPO 2§’§U . HapmmikoBa eneprist poro siyipa Ipu3BOANTS 10 O1IbII

N, n N, IHTEHCHUBHOTO PYXy OKpemux HYKJIOHIB, B Pe3yJIbTaTi 4Oro sipo Ha-

/ OyBae nonopxeHoi hopmu (puc. 34.5, 6). Komu siapo HadyBae dop-

MH, 300pakeHoi Ha prc. 34.5, 6, KOpPOTKOiIOYa STIEpHA B3aEMOIIS Hy-

KJIOHIB cTa0He BHACIIIOK 30UTBIIICHAS BiJICTAHI MiXK HAMH, a CJIEKTpPO-

%/ N\ CTaTHYHE BiAIITOBXYBAHHS CTAE JOMIHYIOUHM, B PE3YJIBTaTI 4OTO SAPO

n n posuierunoeTses Ha Bl yactuau. Sapa Np i N, | ki yrBopwimcs B pe-
r 3yJIBTATI [HOTO MPOILIECY, HA3UBAIOTH OCKOIKAMH Moty (puc. 34.5, 2).

Puc. 34.5 BaxximBuM € 1 Te, M0 MO siapa CYMPOBONKYETHCS BATIPOMI-

HIOBAHHSIM KiTbKOX HEHTpoHiB. [Ipomixee sapo icuye menmme 10 ¢,
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34 Byoosa i enacmugocmi amomHoz2o 10pa

TOMY HPOILIEC ITOALTY TPOTIKAE Ty’Ke IIBUIIKO.
Slapa (poAyKTH MMOAITY) MOXKYTh OyTH pi3HOMaHITHUME. HaliOi1bII THIIOBUM PHUKIIAI0M
peakuii noxity €:
dn+ °B5U - Y¥Ba + #Kr+3In+Q (enepris). (34.22)
Ha puc. 34.6 HaBenmeHa cxeMa I[pOro moaiuTy. MOXITUBHI TaKOX IO
n+ 2BU - ¥la+ ¥Br+2in+Q. (34.23)

[NpomyxTy noziTy Halpi3HOMAHITHIII, X HapaxoBYeThCs OlbIIe ABicTI BUIiB. B pe3ynbrari pe-
aKIIii MOALTY BUBLIBHAETHCS BEITHKA
KUIBKICTB eHeprii. Tak, B KO)KHOMY
aKTi OAILTY SiApa ypaHy, sK BiMi-
YaJI0Ch BUIIE, BUIUIAETHCS €HEpPTis
~200 MeB. B sinepHomy maciraOi
— IIe BeJIMYe3Ha eHepris. 3 Ipax-
Bropmsi TI./I‘IHO'I' TOUKH 30pY eHeprig, 1O BY-
Heifrponn  AUBIETBCS TIPH OZIHOMY aKTI IOZLIY,
Jy)ke Maja. AJe sIKIIO OfHOYac-
HO JIJIATHCS BEMKA KUTBKICTB sIIep
ypaHy, TO B MaKpOCKOIIYHHAX Mac-
1) A , , mrabax Oyne BmMCﬂ (bamac-
X % . THYHO BEJIMKa KUTBKICTh €Heprii.

E;;:;I::W .BI/IH.I/IKHGHHSI TP KOXKHOMY

aKTI TOALITY siiep KiIbKOX HeHTpo-
HIB pOOWTH MOMKIJIMBUM 3JIiCHEH-
H JAHIIOroBoi peaxmii. Jlitic-
HO, SKIIIO SAPOM BHIPOMiHEHO Z
HEWTpPOHIB, TO BOHH MOXYTh BH-

91¢36p
Krs { 5sn

235, 92p
Ugs™{ 143

Bal42 g 56p C
56 U86n KITUKATH MO Z HOBHUX S/Ep, B
€3yJIbTaTI YOro OyIe BUIIPOMIHE-

Puc. 34.6 pesy. YAIE BUTID

HO Z? HEHTPOHIB, K B CBOKO Uep-
Iy BUKIHYYTH DO Z2 siztep i T. 1. TakuM YHHOM, KiTbKICTH HEHTPOHIB, SKi HAPOIKYIOTHCH,
pocte B reoMeTpHYHIl nporpecii (puc. 34.7).

Opnak, Tak Oyso 6 B ineanbHiN cucteMi. B pilicHOCTI faneko He BCi HAPOPKEHI HEUTPOHH
MIOTJIMHAIOTHCS sipamMu. YacThHa 3 HUX BHIIITA€ HA30BHI, HE B3a€MOJIIOUH 3 SIPAMH, YaCTHHA
TIOTJIMHAETHCS SIIPaMU JAOMIIIOK, SIKi HE JUISATHCS, BHACTIJOK YOro BOHM TaKOX HE IpUiiMaTH-
MYTh y4acTi B peakiii. Po3paxyHku OKa3yloTh, 110 BiTHOCHA JI0JIS1 HEWTPOHIB, SKi BUIITAIOTH
Ha30BHi, 3MEHIIYETHCS 3 POCTOM Macu PEeYOBUHH, IO JIJTUTHCS.

IMpupoauuii ypan micruts 99,27 % izoromy 2§§U ,0,72% 2§§U 1~0,01 % Zg’g U . Ockinbku

IiT Ti€f0 HEWTPOHIB MOXKYTbH JTUTMTUCS TIIBKHU S7Apa 2§§U , TO B IIPUPOJHOMY ypaHi JIaHIIOTOBa
peaxilist He BUHHKAE.

JlanioroBa peakiist B ypasi Moxe OyTH 3iiicHeHa 1Boma criocodbamu. CyTh MEpPIIOro crnoco-
Oy 3aKII09A€THCS Y BUJICHHI 13 IPUPOAHOTO YpaHy 130TOIy 2§§U , IKMH TMThCsL. Xo4a 1 3a7a-
Ya He i3 JIerKuX, BoHa OyJia po3B’s3aHa.

B mmarky uucroro 2§§U (abo Zg’f Pu ) npu koxxHOMY mOALNI sAApa BUHUKAE ~2,5 HOBHX

HeWTponiB. OpHAaK, SKIIO Maca TaKOTO IIMaTKa MEHIIa MEBHOIO KPUTHYHOIO 3HAYECHHS, TO
OiNIBIIICTH BUITPOMIHEHNX HEHTPOHIB BWIITAIOTh HA30BHI, HE BUKJIMKAIOYH MO, 1 JAHIIOrOBa
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peaxilisi He BUHMKaE. 3a migpaxyHkamu B. Teiizenbepra’, Maca ypany nosuHHa Oy He MeHe 9 kT

(xputraHa Maca). [Ipu Maci ypary > 9 kr Heif-
TPOHH MIBHIKO PO3MHOMKAIOTHCS, 1 PEaKIist
HaOyBae BHOYXOBOro xapakrtepy. Ha mpomy
TIPUHLIMIT IPYHTYETBCS JIisl aTOMHOI OOMOU.
B arommiit 60MOi spmepHUI 3apsiy pe;t-
CTaBisiE co00I0 ,uBa abo Oumblre mMaTKiB
— 0

MaibKe 9UCTOro 9 U abo 239Pu Maca

© ©06

KOXXHOI'0 IIMaTKa MCHIIIa KpI/ITI/I‘lHOI, BHacC-

JIJOK YOro JIAHIIOroBa PEakilist He BHHH-
kae. 1106 BinOyBcst BUOYX, AOCTaTHBO 3001H-
3UTH IIMATKH SIIEPHOTO 3apsily 1 yTBOPHUTH
HaJKpUTUYHY Macy, a B 3eMHili atmMocdepi
(@ neiitpouu 3aB)K/IH € TIeBHA KUIbKICTh HEHTPOHIB, HApo-
. S pa-0CKoITKH, K JDKCHUX KOCMIYHUMH MIPOMEHSMH, SIKi PO3-

YTBOPHIIACH MIPH PO3TIaii

@@@

©)

TIOYHYTh MPOLIEC MTOJUTY SIIEP.
SAnpa IHmmii crroci® 3aiMCHEHHS JIAHIIOTO-
BOI peakmii BUKOPUCTOBYETHCS B SIIEPHUX
Puc. 34.7 ..
peakTopax, IepIuuii i3 sSKux OyB 1moodymo-
Baunii E. @epmi i3 cIiBpoOiTHUKaMHU B
Yukarcekomy yrisepcuteri (CIIA) y 1942 p. B peaktopax B sSIKOCTi sICPHOI PEYOBHHY, IO Hi-

JIMTHCS, BHKOPHCTOBYIOTH MpupoiHuii (abo memo 30aradenwii) i30TOm ypaHy ZS’ZSU . 11o6 =He

JIOIYCTUTH 3aXOIUICHHS HEWUTPOHIB sSpaMu ZS’ZSU, HEBEJMKI OJIOKM SIEpPHOI PEYOBHHH

PO3MIMIYIOTh Ha JIESAKii BiJICTaHI OMWH BiJl OJJHOTO, & TIPOMIDKKHU MiXK OJIOKaMH 3aIIOBHIOIOTH CITO-
BUTBHIOBAYEM, PECYOBHHOIO, B SKil IIBUIKI HEUTPOHHU CHOBITHHIOIOTHCS IO TEIUIOBHUX IIBHAKOC-
Teil. B sKOCTI CHOBLTFHIOBAaYiB BUKOPHCTOBYIOTH BAXKKY BOAY — II€ BOJAA, B MOJIEKYJaX SKOI

1 . . . . . o .
aTOMH BOJHIO ¢ H 3amineni aromamu ACUTCPIIO %H y Fpaq)lT, SIKAU CKIIAIA€THCA 3 aTOMI1B BYIJIC-

wo 2C , i Gepmiii (Be).

JI1st caMoniATpUMYIOUOl JIAHITIOrOBOI PeaKiii B cepetHboMY IIPUHAMMHI OZMH HEUTPOH, SIKHUH
BHHHMKAE NPU KO)KHOMY aKTi IMOJALUTY, TOBHMHEH BHKJIMKATH TMOAUT OIHOTO sApa HA HACTYITHOMY
erarti. CepeiHe YKCIIO HEUTPOHIB B KOXXHOMY aKTi TOJLTY, SIKi BUKJIMKAIOTh TTOJIUJI iHIIKX siiep, Ha-
3UBa€ThCS KoeQillieHTOM po3MHOKeHHs1 HeiliTpoHiB f. J[si camomiaTpuMyr04oi JIaHIFOrOBOT
peakLii MoBHHHA BUKOHYBATUCh HepiBHICTH T > 1. Tpu f < 1 peakrop Ha3HBa€ThCS MIKPUTHYHUM,
npu f> 1 — nankpuTaHuM. B peakTopax € pyXOMi CTEp>KHI JUIsl PErYITIOBaHHS IIPOLIECIB B HHOMY.

LTi crepxHi MicTATH KaMii ( >Cd )i6op (% 5 !B ), sIKi iHTEHCHBHO MTONIMHAIOTH HEHTPOHH. Beese-

HHSI CTEP)KHIB B PEaKTOp 3MEHIITye KOe(illieHT pO3MHOKCHHSI HEHTPOHIB, 8 BUBE/ICHHS — 30UIBIIYE.
CrerjiaylbHUl aBTOMAaTHYHHUIN TIPUCTPIM Kepye CTEpXKHSAMH Tak, 00 MiATPUMYBATH ITOTY>KHICTb,
1110 PO3BUBAETHCS B PEAKTOPI HA 3a7aHOMY PiBHI.

Cxema ypaH-TpadiToBOro peakropa HaseneHa Ha puc. 34.8. Tyr mudporo 1 mo3nadeHo
crioBiIbHIOBaY-TpadiT, 2 — 6JI0KH i3 ypaHy (TBein), 3 — pyxoMi CTEpIKHi.

INepi TpOMKCIIOBI peakTOpy BUKOPHUCTOBYBAJIHUCS JUIsI BUPOOHHUIITBA SIIEPHOI PEUYOBHHHU
UL aTOMHUX OOMO — ILTYTOHITO.

* Bepuep leiizentepr (1901-1976) — mimennkuii dizuk — TeopeTuk, naypeat HoGenisebkoi npe-
mii (1932 p.) 3a po3poOKy MAaTpUYHOI MEXAHIKH — IIEPIINii BAPiaHT KBAHTOBOI MEXaHIKH.
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34 Byoosa i enacmugocmi amomHoz2o 10pa

3acTocyBaHHs aTOMHOI €Heprii B MUPHUX LUIIX Briepie 3xiiicneno B CPCP nix kepiBHUIITBOM
3

s ’

Lofllo o B'Ll - €]
2 1 — -
<\o o offlo 4
\3 o olllo \
oJo olo T 3
Puc. 34.8 Puc. 34.9

LB. Kypuarosa'. B 1954 p. B Pasicekomy Corosi Gyia BBeIeHa B €KCIUIYATALlfO TepIlia aTOMHa
enexTpocTaHuist moryxkHicrio 5000 kBt. Ha puc. 34.9 300pakeHa cxemMa aTOMHOI €JIeKTPOCTaHIII.
Terwto, sIKe BUAUIAETHCS B 30HI peakropa 1, BiBOAUTHCS TEIUIOHOCIEM (Boga abo piiKuii HATpiif),
SIKUHA LPKYITIOE B KOHTYp1 2. LlumpKymsmist 3a0e3neuyerbest HacocoM 3. B TermmooOMiHHMKY 4 Ten-
JIOHOCIH BIZIIA€ CBOE TEIUIO BOJI, IIEPETBOPIOIOUH i B Mapy, sika odepTae TypOiny 5.

Hpuxnan 34.3. Bupaxysamu enepeiro, ska udiiicmvpcs npu peakyii nooiny
n+ U > Bsr 4+ Bxe + 12¢n.
Po3B’s30K. /151 mozo, wob 3Havimu enepeio, aKa 6UOLIAEMbCL NPU peakyii nodiny, Heoo-
XIOHO 3HQUMU PIZHUYIO CYMU MAC YACMUHOK 00 I nicat nooiny i nomroxcumu it Ha 931,5 MeB
(1 a. 0. m.=931,5 MeB):

Ho nooiny Iicas noodiny
235,043925 a. 0. m. (35U ) 87,905625 a. 0. m. (385r)
1,008665 a. 0. m. (3n) 135,90722 a. 0. m. (13 Xe )
1,008665 a. 0. m. (124n)
236,052590 4. 0. . 235,91683 a. 0. u.

Pisnuys mac dopisnioe AM = 0,1357 a. 0. m. Benuuuna enepeii Q = AM(931,5 MeB) =
(0,1357 a. 0. m.)(931,5 MeB) = 126,5 MeB. 3aysasicumo 01 nopisHsiHHsl, WO eHepeis, sIKa 6UOi-
JIIEMbCSL NPU 0, - PO3nadi 00Ho20 s0pa = 5 MeB, a enepeis, sika eudiniemocs 8 00HOMY akmi Xi-
MiuHOl peaxyii eopinns, = 4 eB.

Hpuxnan 34.4. Crinoku axmie nodiny eiobysacmuca 3a 1 ¢ 6 adepromy peaxmopi no-
myaicricmio 2,5 MBm, skujo npu koodchomy akmi nodiny euoinaemocs enepeis 200 MeB.
Po3w’s130k: Enepeis, wo suditiemocsa 6 peakmopi 3a 1 ¢, dopierioe
2,5-10°
E=25-10° Jfoc = WeB =156-10%¢B =1,56-10"° MeB.
16-10"

* Kypuaros I.B. (1903-1960) — pansuchkuii (i3uk, OpraHizaTop pajsHCBKOI SIEPHOT HAYKH,
tpuui Tepoii Comianictuanoi pari (1949, 1951, 1954 p.p.), maypeat Jlenincokoi (1957 p.) i
nepxaBaux npemiit (1942, 1949, 1951, 1954 p.p.).
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8 34.8 Tepmosidepni peaxyii

Ockinvku npu KodicHomy akmi nodiny sudinacmucs enepeis 200 MeB, mo kinvkicms akmis

156-10"° MeB
nodiny 3a 1c oopisuioe: N = 2002 VeB 7,810 .
200 MeB

8§ 34.8. TepmosiaepHi peakuii

TepmosiiepHi peakiiii — 1ie peakiiii CHHTe3Y (3IUTTS) JETKUX sAep B OIHE PO, SIKi CYIpOo-
BODKYIOTHCS BHJIUICHHSM BEIMYE3HOI KUTBKOCTI eHeprii. OmHak, mo0 30JM3UTH sAapa Ha Bif-
cramp mii smepaux cmn ~ 2:10™° m, noTpiGHO BHKOHATH POGOTY IPOTH CHII EIEKTPOCTATHIHOIO
BiIITOBXYBaHHS

 Z,7,8°
4rggR,

ne Z; i Z, — mOpsSAKOBI HOMEpH elIeMEHTiB, R, ~ 210" u — paniyc Oii snepHUX cull, & =
=8,85-10 2 Kn? /(H - m?) — enexrpuuna crana. Hasits st sinep 3 Zy = Z, = 1 (szep isoromy
BOJTHIO (11H , fH , fH ), i poboTa A0opiBHIOE
e (1,6-107"° Kn)®
4regR,  4(314)(8,85-10 2 Kz-H ™ 4 2)(2-10 ) m

=1,15-10"5 Jfoic = 0,72 MeB .

J1s BUKOHAHHA Wi€l Po0OTH KOKHA 3 JIBOX YACTUHOK NOBHHHA BOJIOAITH KiHETMYHOIO
eHeprier

ng - %(1,15.10*13)g.wc ,

3BiJIKH BHILTMBAE, IO PEAKIlis TOBUHHA IPOXOAMTH mpu Temmepatypi T ~ 2:10° K. Takum un-
HOM, CHHTE3 siJIep IIOBHHEH POXOWTH TIPH Jy’KE BICOKMX TeMITepaTypax. Y 3B’S3Ky 3 IIHM IIi peak-
1ii HA3MBAIOTH I1Ie TepMosiiepHUMH. OIIHAK JOCBIJT ITOKA3YeE, IO ASSIKi TEPMOSIICPHI PEaKLlii MOXKYTh
TPOTIKATH i IPH 3HAYHO HIDKUMX Temrepatypax nopsuky 107 K.

CrpusT/INBILI YMOBH iCHYIOTb JUTS PEAKIIii i30TOIIB BOJHIO, SIKI MOXYTh JIaBaTH Taki YOTUPH
THITU PEaKliif (B Iy)KKax MOKA3aHO CHEPrOBH/ILICHHS):

2H + 2H—-3H + {H (4,03 MeB), (34.24)
2H + 2H—3He + {n (327 MeB), (34.25)
2H + 3H—>JHe+ in (17,59 MeB), (34.26)
3H + 3H—JHe+ 27n (11,33 MeB). (34.27)

3 HalOLIBLION BipOTiTHICTIO BiIOYBA€EThCs peakilis cUHTe3Y Aeiitepiro i Tputito (34.26). [Ipu
Till caMili TeMIepaTypi cuHTe3 aeirepiro i Tputito BinOyBaeTscst B 100 pasiB mBuIe, HixX suep
neiirepiro( (34.24) i (34.25)) i cunres simep Tputito (34.27).

Sk BugHO (34.24) — (34.27), spepHuii cuHTE3, SIK 1 O BAXKHUX SIEP, CYHPOBOMKYETHCS
BUJILICHHSAM BEJMKOI KiIbKOCTI eHeprii. OmHaK, OCKITBKH ITUTOMa €HEPTist 38°s3Ky (cepeHst eHep-
rist 3B’S3Ky Ha OIMH HYKJIOH) Y JIETKHX SIIEp MEHIA, HiK y mpoMikaux syiep (3 A Big 50 1o 100),
TO B PEAKIliSIX CHHTE3y BHALIIETHCS OiiblIa eHepris, HDK NpH mmoxaut siiep. Po3paxyHku moka-
3yIOTb, 1110 B pe3yJbTaTi MOBHOI peakiii cuHTe3y siaep 1 Kr cymimi AeHTepiro i TPUTIO BAIIIS-
etbes eneprist E = 72:10" [, sixa y BiciM pa3is 6inbima Bix eneprii mogimy 1 kr 2§’§U .
[Nepa TepmosiiepHa peakuis Jeirepito i Tputiro Oyna 3aiiicHena B 1953 p. B CPCP y Bur-

513



34 Byoosa i 1acmugocmi amomHo2o a0pa

ns71i BUOYXY MOTYKHOI BOJHEBOI OoMOM. Y BomHeBoi 60MOM TepMosiiepHa peaxiisi HOCUTh He-
KOHTPOJIbOBaHHUIA XapaKTep.

BuBuIbHEHHST BENTMUE3HOI KITBKOCTI €HEprii B peakmisix CHHTE3Y Ta BEJHKI 3arlacH sIEpHOrO
HAIBHOTrO (IeliTepiii B HeOOMEKeHi# KUTbKOCTI MICTHTBCSI B MOPChKiil Bofi ~1 r Ha 60 11 Bozy, 1m0
ekBiBanienTHO 400 11 HahTH), pOOISTH AKTyaJbHOK NPOOIEMY 3/IHCHEHHS KEPOBAaHUX TEPMOSIIE-
HUX PEAKIIii, OJHAK TS IFOTO MOTPIOHO PO3B’S3aTH MUK PsI CEPHO3HMX 1 BAXKIIMBUX TEXHITHIX
npo6siem. OfHa 13 HUX — PO3IrpiB AEHTEPiI0 B IEBHOMY OOMEKEHOMY 00’€Mi 10 TeMIIepaTypH
10° K, mpu sikiii pedoBuHa icHye y Ui mwiasmu. 11e CKiIagHiIoo € mpobiemMa CTBOPEHHS MicT-
KOCTI, B SIKii MO)KHa O yTpHMYyBaTH rapsy IU1a3My IPH BUCOKOMY THCKY, SIKM HEOOXiTHMH JUTs 110
YaTKy sSUICPHOI PEaKIIil 3IUTTS. 3pO3yMLITO, IO 3BAYAHA MICTKICTb TS ITi€] METH HE TOJIUTHCS, OCKUTEKU
IpY Takii TemmepaTypi cama MiCTKiCTh niepeTBopuiiacs 0 y ma3my. ToMy 3apa3 poOssITCst CIpo-
6u, 1 He Oe3yCITIIIHI, BIpIMATH IUIa3My 1 KOHTPOIIOBATH il MOBEHKY 3a J0IIOMOTOI0 MarHiTHOTO T0-
JIs1 crienianbHol (opMu. € Hail, 10 IIPY BiNOBIIHIN HAIPyKEHOCTI oI 1 Horo ¢popmu (y BUILSI
TOpOINa), B TaKidl “MarHiTHI IWIIIL” BIACTHCS HATPITH IUIa3MY JI0 TOTPIOGHOI TeMIiepaTypH i 1o-
BECTH i 10 TAKMX BUCOKHMX THCKIB, sIKi IIOTPiOHI JUIS TIOYATKY SICPHOI PEaKLil 37HTTS.

[HI1Ia 11iKaBa MOXJIMBICTh — BUKOPUCTOBYBATH MOTYXHUN (Pmax ~ 5 I'BT) iMirynbcHuit nazep
Ha HEOIMMOBOMY CKJI. [IpHITycKaeThes, 10 3a JOMOMOrol0 TaKOro Jiazepa BAACThCS IOCATHYTH
TemrepaTypu twiazmu 7—10 mim K. Peakuist spepHOro 31urTs MOBUHHA Oy/ie MPOXOAWTH B Millie-
HSIX TBEPJIOTO JACHTEPir0 y BUIVIS IPIOHIX KPYITHHOK.

Henpocroro cripaBoto € i BUMIpIOBaHHS TeMIIEpaTyp B MiIbiOH rpajycis. MoxHa O BUMipioBa-
TH TEMIIEpPaTypy 32 PO3LIMPEHHAM CIEKTpaJbHUX JIiHIH, OfHAK, IIPH BKAa3aHUX TEMIIEpaTypax BO-
JICHb TTOBHICTIO 10HI3YETBCS 1 B CIIEKTpi BUIPOMIHIOBaHHS HOTo JIiHIM Hemae. Tomy 3 1i€r0 METoro
BHKOPHCTOBYIOTH MaJIi JOMIILIKK a30TY, aTOMH SIKOr'O MOBHICTIO HE 10HI3YIOThCS 1 30€piratoTs crek-
TpaJIbHI JIiHIT Y BUIPOMiHIOBaHHI HaBITh IIPU TAKUX TEMITEpaTypax.

Hpuxnan 34.5. Ckineku detimepiro HeoOXIOHO 01 3a0e3neuenHsl eleKMmPOeHEP2IEI0 cepeoHbO-
20 OYOUHKY HA NPOMS3i POKY, KO cepedHbo00606a gukopucmosgysarna nomyoicHicms cknaoae 300

Bm. Ipunyckaemucs, wo enepeisi 6UOLAEMbCA 8 pe3yibmami peakyii %H + fH - 23 He + Oln .
Po3B’130k. Kinbxicmo enepeii, HeoOXiOHOT 0151 CROJICUBAHHA NPOMSOM POKY
W = (300)(365)(24)(3600) Zorc = 9,4608 -10° IDrc. (@)
(1 pix = (365) (24) (3600) c.)
Enepeis, axa sudiniemocs 6 00HOMY akmi cunmesy
AW =[2m(H) — (m(3He) + m({n))] 931,5MeB =
=[2(2,014102) —(3,016029 + 1,008665)] 931,5MeB =

=(3,51-1073)(931,5) MeB = 3,269565 MeB-1,6-10 2 % =5,23-10" [ )
e.

Poszoinuswu (1) na (2), snaiioemo kinbkicme yukiie 3aummsi si0ep oeumepiio 3a pix;
W 9,4608-10° orc
AW 523-1075 o

Baza 060x s10ep detimepiro, wo npuiimaroms yuacms 8 00HOMY YUK pearkyii 6 spamax
2m(?H) = 2(2,014102 a. 0. 1.)(1,6606-1072* 2) = 6,6892355-10 % 2. 4)

Kinvkicme Oetimepiro, sika HeoOXioHa 051 3a0e3neuents eneKmpoeHepeicto OYOUHKY, OOPIGHIOE
xinokocmi yuknie N peaxyii ¢ pix (3) nomuooicumu na macy 2-x sioep oetimepiio (4). Toomo

M = N2m = (1,808948-10%2)(6,6892355-107%*2) = 0,121 2.
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8 34.8 Tepmosidepni peaxyii

Mpuknan 34.6. Axa enepein sudinsemocs npu cunmesi My = 1 2 nanvnozo 6 peaxyisix (34.24)
i (34.26)? IMopisnsmu ompumani pesyiemamui 3 eHepaicio, Kka eUOLIAEmbcs npu nodini My = 1 2

VDauy.
Po3w’s130k. 1) [Teput 3a 6ce 3naiioemo enepeiio, wo 6UOLIAEMbC 6 OOHOMY YUK CUHIME3Y
6 peaxyii (34.24):

TH+H > 3H+ [H.
Bona oopisnroe
AW = [2m(lH) (m(lH )+m(GH))] 9315 MeB =
=[2(2,014102) — (3,016049 +1,007825)] 931,5 MeB =
=(4,33-107°)931,5 MeB = 4,03 MeB = 4,03-10°¢B.
Kinvkicmo yuxnie N peaxyii snumms 6 1 e mpumiro 0opisHioe
1 1
C2m(CH)  2(2,014102)(1,6606-107%2)

Enepeis, wo sudinsemocs npu cunmesi 1 2 mpumiio (y éunaoky peaxyii (34.24)),

=1,4949391-10%%,71,

W = NAW = (1,4949391.10%%)(4,03-108) 5 —
et
— 6,0246045-10%° B (6,0246045.102)(1,6-1071 7€) = 9,639.1010 ¢
et et et

2) V 6unaoxy pearyii (34.26) SH-+3H — sHe +4n mamumeno:

AW =[2,014102 + 3,016049 — (4,002603 +1,008665)] 9315 MeB =17,58 MeB =17,58-10%€B,
1 1
T (mCH)+mCH))>  (2,014102 + 3,016049)(L,6606 - 10 2*-)

Enepein, wo sudinacmocs npu cunmesi 1 2 pevosunu,

=11971648-10%2-71.

W = NAW = (11971648-10%)(17,58-10°) 2 — (2.1.10%)(1,6 10 ﬂ”’c _336.101 2
pes pes

3) Tunosoio peakyicro noodiny s10pa ypauy ¢
n+ U > %Ba + JKr+ 3in.

Enepeis, wo sudinaemovcsa npu o0nomy axmi nooiny,

=[1,008665+ 235,043925— (140,913740+91,906960+ 3-1,008665)] 931,5MeB =191,81 MeB.
Kinvkicmo yuxnie posnady ¢ 1 2 ypany
1 1
m(235U )2 235043925(1,6606-10 %)

Enepeis, wo euodinumocs 3 1 2 ypany,

=256-10%271

W = NAW = (2,56-10% l)(191,79 -106)§ = 401102 2B _ 7861010 2
pes pes pes pes

B nepwiii peaxyii npu cunmesi 1 2 nanvnoeo sudinaemoca enepeii 6 1,2 pas dinvute, Hidie npu
posnadi 1 2 ypany, 6 opyeomy eunaoky — 6 4,3 pasu.
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34 Byoosa i enacmugocmi amomHoz2o a0pa

8§ 34.9. 3acrocyBaHHs Pali0AKTHBHHUX i30TOMIB

BupoOHHIITBO 1 3aCTOCYBaHHS pali0aKTHBHHX 130TOIIB CTAHOBHUTDH BAXKJIMBY Ialy3b HE TUIBKU
TIPUKIIATHOL (Mi3UKH aJie 1 MEAUIIHH, 010JI0Tii, CUTBCHKOTO TOCTIONApCTBa. MU OBEAEMO MOBY TIPO
3aCTOCYBAaHHS Pa/IlOaKTUBHUX 130TOIIB JIMIIE B MEIMIMHI, OI10NOrii 1 CiTbChKOMY TOCHONAPCTBI.
Binpasy, sk TibKu OyiTH BiIKPHTI pajii0oaKTHBHI 130TOIH, CTaJI0 3p03yMiJIO, 0 3a TX BUIPOMIHIOBA-
HHSIM MO)KHA ITPOCTIAKYBATH iX IUIAX, TOOTO iX MOXKHAa BUKOPHUCTATH K Pai0aKTUBHI 1HIMKa-
Topu. OcoOIIMBO 1el HANPSAMOK IHTEHCUBHO II0YaB PO3BUBATHUCS TICIS IOYaTKy MAacOBOrO BUPOO-
HUITBA IITYYHHUX PATiOAKTHBHUX eJieMeHTiIB. Ll 103Bosie BUBYATH (hi3i0OTivHI MPOIIeCcH 3a J10-
TIOMOTOI0 PaliOaKTHBHHX 130TOIIB THX EIEMEHTIB, i3 SKHX MOOYJIOBaHMI HAIll OPraHi3M i sKi Oe-
PYTb y4acTb B OOMiHi PEUOBHH.

Kpim Toro, pamioakTuBHi i30TOIH, Tak camo SIK i CTaOiIbHI, YTBOPIOIOTH CIIOYKH 3 1HIIIMMH aTo-
Mamu. Tak, HaNpHUKIIAJl, MO’KHA BUPOOJISITH Tak 3BaHi MideHi Mosieky/u i cnoiayku. CioBo "Mive-
HUH'' BHpaka€, 0 MOJIEKYIH, SIKi MICTSITh PaAiOaKTHBHI 130TOIMH, 3aBISKH X BUIIPOMIHIOBAHHIO,
MO)KHa BiJII3HUTH BiJl IPOCTHX MOJICKYJI, B IOPIBHSHHI 3 SKUMH BOHH HiOM MideHi. MideHi More-
KyJIM B PI3HMX XiMiUHHMX, O10XIMIYHHX, a TOMY 1 OloforigHuX mporecax (pakTHIHO BeLyTh ceOe Tak
caMmo, sIK 1 mpocti Monekynu. ITopsi 3 OB IPOCTHMK HEOPraHIYHUMH CIIOTYKaMH 3apa3 € BeJH-
KHii BUOIp MiYCHHMX OpPraHiYHUX CIOMYK (MiYeHi aMiHOKHCIOTH, TOPMOHH, JIKH TOLIO), i HABITH €

MOXJINBICTh 3aMIHUTH aTOM lgC , SIKOICh MOJIEKYJIH, i30TOIIOM BYIJICHIIO léC . Hacto BHeceHa

B JKMBHUM OpraHi3M MideHa CIIOIyKa B IPOLECi HOPMAIBHOI AISUTBHOCTI TIEPETBOPIOETHCS B OUTBII
CKJIaJIHy OpraHiuHy crionyky (6iocHHTes).

3Ha4YeHHs pa/ji0aKTHBHUX 130TOMIB MOXHA ITiICyMYBaTH HACTYITHHAM

1.3a atomamy pajioakTHBHHX i30TOMIB, BHECEHHX B OpraHi3M, MOXHA IPOCIiIKYBaTH, iX
MO’KHa BiZIpi3HUTH BiJl aTOMIB, SIKi paHillle 3HaXOMIIKCS B OpraHizmi. Tak, JoCTaTHhO IPOCTO MOX-
Ha oTpuMary iH(opMalio Mpo AMHAMIKY mpomneciB, B sIKUX OepyTh y4acTh MideHi aroMu abo iX
CHomyky. [HOZI MOYKHA OTPUMATH BiJIIOBIIh HA TaKi MATAHHS, HA sIKi IHIIMMH CIIOCO0aMU HE BJIa-
€Tbes 11 OTpUMATH.

2. Meroy MiueHHX aToMiB y:Ke ayTamBuii. Hioks Mexa ayrmusocti ckmagae ~ 10°r. 3a no-
TIOMOTOI0 CyJacHHX Paji0aKTHMBHUX BUMIPIOBAIBHUX NPWIIAJIiB B IPUHIMIIL MOXKHA BUSIBUTH IPH-
CYTHICTb HaBiTh OJJHOTO aToMa. YyTIHBiCTh pa/iioaKTHUBHOTO METOJIa Ha LIICTh — BIiCIM ITOPSIIIKIB
BHINA YYTIMBOCTI MIKPOCKOITIYHUX METOIIB.

3. Brucoka 4yTnuBicTh pOOMTH MOXKJIMBOIO NPHU BUBYEHHI THX a00 IHIIMX IpOLECIB po-
00Ty 3 TAaKMMH Mi3epHIUMH KUTBKOCTSIMH PEUOBHH, SIKI MPAKTUYHO HE BIUIMBAIOTH HA )KUTTEBI IPO-
necu. Hanpuxnan, 11 BuBYeHHS yHKIIT muToBHIHOI 3251031 HeoOXxiqHo 10 MkKi pamioakTus-

HOTO 15331 | , a iforo maca nopisaioe ~ 8-10™ 2. Lls KiNbKiCTb He BIUIMBA€ Hi HA CTAH i QisUTbHICTE

OprasizMy, Hi Ha ()YHKIIIO IIUTOBUAHOI 3as1031. Yepe3 MaJIeHbKY KiIBKICTh pajliOakKTHBHOTO 130-
TOITy B OUTBIIIOCTI BHTIA/IKiB MOYKHA 3HEXTYBATH TAKOX 1 IPUCYTHICTIO TIPOYKTIB PO3MALLY, IO YTBO-
PIOIOTBCS B IPOLIECI Pai0aKTHBHOTO PO3IIALy.

B sixocti iHmuKaTopiB (MiYeHHX aTOMIB) MOKHA BUKOPUCTOBYBATH i CTabUIBHI i30TOIH, TIOT-
PiOHO TiIBKM 3a0€3MIEYNTH BiNOBITHII METO/I peecTpartii.

VY cUIBCBKOMY TOCTIONAPCTBI METOJ] PAIi0AKTHBHUX 1HANKATOPIB 3aCTOCOBYIOTH ISl KOHTPOITIO
3a PIBHOMIPHMM BHECEHHSIM JIOOpWB Y IPYHT, PIBHOMIpPHMM PO3IOJIIIOM MaJlMX 03 BiTAMiHIB 110
yciit Maci KOpMIB, a TaKOX JIsI pO3B’SI3aHHS 0araTrhox IHIINX 3a/ad.

PanioakTrBHI i30TOMM, SIK AKEepena BUCOKHX €HEPrii, 3aCTOCOBYIOTH JUIS JI030BAHOTO OIpPO-
MIHIOBaHHSI PI3HMX PEYOBHH 3 METOIO CIIPHYWHUTH HaTlepe/l 3aIUIaHOBaHi 3MiHH B X CTPYKTYpI, a Ta-
KOX B CTaHax ix MoJneky i atomiB. Ha HpOMy IpyHTYIOTBCS MeTOqM pagiauiiinoi ximii Ta paaia-
uiitHoi Giostorii.

Papiamiiina xiMist po3B’si3ye poOiemMy, TTOB’s3aHi i3 CTBOPEHHSIM PEYOBHH 3 MAKCHMAIIBHOIO OITIp-
HICTIO PYHHYBAHHIO, I1I0 CIIPUYMHIOETHCS PA/Ii0aKTUBHAM BUITPOMIHIOBAHHSIM Ta CTBOPEHHSIM HOBHX
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8 34.10 Jfia padiayii na moouny

MaTepiaiiB 3 I[iIHHUMH BITACTHBOCTSIMH.

Paniamniiina Giororisi BUBYa€ 3MiHM B JKHUBHX OpraHi3MaX, CIPHYMHCHI HI€F0 PaJli0aKTUBHIX
BHUIIPOMiHIOBaHb. Hampukiaz, KociipKeH s 3MIHH CTIaIKOBHX SIKOCTEH pociuH 1 TBapuH. Bennky
KUIBKICTh HOBHX IIEPCTIEKTUBHUX COPTIB CUTLCHKOTOCTIONIAPCHKUX KYJIBTYP CTBOPEHO BHACIIIOK 3MIHH
CIIaIKOBOCTI POCJIMHHHUX OPraHi3MiB Mif i€l0 pajli0aKTHBHUX BUIIPOMiHIOBAHb.

§ 34.10. dis paniauii Ha J0aUHY

PisHi Bumm BunpominioBanb (1uB. § 34.6) CynpoBOMKYIOTHCS BUBUIBHEHHSM Pi3HOI KUTBKOCTI
€Heprii 1 BOIOMIIOTH PI3HO MPOHUKAIOYOK 3[ATHICTIO, @ TOMY BOHH CIIPABIIIOTH HEOTHAKOBHIA
BIUIMB Ha TKAHWHH KUBOrO oprauizmy (puc. 34.10). o-BUNpOMiHIOBaHHS (0-4aCTHHKH sApa ; He)

3aTPUMY€ETHCS, HATPUKIIAZ, JINCTKOM Marnepy 1 MpaKTHYHO HE3JaTHE MPOHUKATH Yepe3 30BHIIIHIH
ap MIKipH, SIKWA yTBOPIOETHCS BIAMEPIMMH KIITHHAMH. TOMy BOHO HE MPEACTaBIIsIE HEOE3IEKH
JI0 THX TIip, IOKU 0-4aCTHHKY HE TONalyTh BCEPEAMHY OpPTaHi3My uepe3 BIIKpUTY paHy, 3 Dhkero abo
3 MOBITPSIM B NPOIEC] JUXaHHA. TOAI BOHH CTAlOTh HAA3BHYANHO HeOe3MeYHUMH. [3-BUITPO-

Anbda -
YaCcTHHKa

_________ bera -
» ). YaCTUHKa

"

‘;)AQ'M
ﬁvau

lamma -
YacTHHKa

Manip Jlionuna Meran

Puc. 34.10

MIHIOBaHHIO [TpUTaMaHHa OiJIbIIIa MPOHUKAIOYA 3/1aTHICTh. BOHO NMPOHUKAE B TKAHWHHU OpTraHi3-
My Ha TTIHOMHY OAMH-IBa CaHTUMETpH. [IpoHMKaIOua 31aTHICTh Y-BUIIPOMIHIOBAHHS, SKE€ HOIIN-
PIOETBCS 13 MIBUIKICTIO CBITIIA, JyXKE BEJIMKA: Oro MOKE 3aTpUMATH JIMIIIE TOBCTAa CBUHIIEBA ILIac-
THHA 200 OETOHHA IINTA.

YIIkompKeHHs], BUKIMKaHI B )KUBOMY OpraHi3Mi BUITPOMIHIOBaHHSM, Oy/ie THUM OubIie, 9uM Oltb-
1IIe BOHO €Heprii IepesacTb TKaHWHAM; KiJIBKICTh Takoi eHeprii, repefaHol opraHiaMy, Ha3UBaIOTh
A03010.

KinbkicTh eHeprii BUIPOMiHIOBaHHSI, IIOTTIMHYTOI OAMHHUIICI0 MACH ONIPOMiHIOBAHOIO TijIa
(TKAHHHAMH OPraHi3My), HA3MBAKTHh NOMIMHYTOK0 103010. B CI norjuHyTa 1032 BHMIipIO-
erbes B rpesix (Ip). 1 Tp = 1 Tar/kr.

OpnHax, pi3Hi BHIM BUIIPOMIHIOBAHHS MAIOTh Pi3HY 37aTHICTh YIIKO/PKYBATH TKAaHHHHU OpraHi3-
My. Hampuknaz, o-BUIIPOMIHIOBAaHHSI BBaXKA€ThCS ~ B JIBAIATh pa3 HEOE3MEUHIIIMM IHIINX
BHIB BHUIIPOMiHIOBaHb. BpaxoByloun 1ie, MOMIMHYTY /103y ITOTPIOHO TTOMHOXHTH Ha KOE(MiIieEHT
BiTHOCHOI 0i0JIOTIYHOI AKTHBHOCTI, KU1 BiToOpaXkae 3MaTHICTh BUTIPOMIHIOBAHHS JAHOTO BHIY
YIIKODKYBAaTH TKaHUHH opraHizMy. [lepepaxoBaHy TakiM YHHOM JI03y HAa3MBAIOTh €KBIBAJIEHTHOIO
n03010. B CI exsiBasieHTHY 7103y BUMIpIOrOTH B 3iBepTax (3B). 1 3B = 1 JIX/KT U1l peHTTeHIBCHKO-
TO, Y- i B-BUNIPOMIiHIOBaHb.

Kpim Toro, ciii TAKOK BpaXxOBYBATH, IO OJIHI YACTHHHM Tilla (OpraHH, TKAHWUHK) OLIBII YyTId-
Billli 10 BUIIPOMIHIOBaHHS, HIX iHII. Hanpukiasn, npy oaHAaKOBIH eKBIBaJICHTHIH 1031 ONPOMIHEHHS
BUHHMKHEHHSI PaKy B JIETCHSIX OUTBII IMOBIPHO, HIXK B IIUTOBHIHIHN 321031, @ ONPOMIHEHHSI CTaTEBHX
3aJ103 0COOIMBO HEOE3TIEUHO 13-32 PU3HKY F€HETUYHHX YIIKO/DKEHb.
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34 Byoosa i enacmueocmi amomHozo a0pa

Ta6mms 34.1
Edexru nii pi3HuX 103 10HI3yI090Tr0 BUIIPOMIHIOBAHHS Ha OPTraHi3M JIOJHMHU
IHTeHCHBHICTD
ONPOMIHCHHA 100 -200 P 200-600 P 600 — 1000 P 1000 - 5000 P >5000 P
Edexr
Bunaaxu 100P-5% o o o o
GIOBAMHS 200 P — 50 % 300 P -100 % 100 % 100 % 100 %
Hepes AKHH 3roxn. 2 rox. 1rox. 1/3 ron. 1/2 ron.
TepMiH
HOBHUM . . . HTpaJIbHA
Ocuo o KposotBopHi KposotBopHi KposotBopHi TxanuHn Uenrp
Bpa)XCHUI HEpBOBa CHC-
TKAaHUHU TKAaHUHU TKQaHUHU LITyHKa
opraH Tema
Baxka neiikemis,
XapaxkTepHi TIOYEPBOHIHH, _ _ IIponoc, KonBymnscii,
O3HAaKH KpOBOTEYA, JTMXOMaHKa COHJIUBICTb
iHbeKIis
Kputnunnit
Tepioz micist - 4 — 6 TIKHIB 4 — 6 TIKHIB 5 - 14 nuis 1-48ron.
OIPOMIHEHHS
INcuxoreparis, Ilo moxmuBoOC- .
IlepenuBanus . [lixTpumka -
. KOHTPOJIb 32 . Ti mepecaaka . 3acnokiinBe,
Teparmist . KpOBI, . €JIEKTPOJITHIHO- o
CTaHOM KpOBI, . KiCTKOBOT'O cHopiitHe
. aHTHO10TUKH ro Oanancy
aHTHO10THKH MO3KY
[Iporuos Bigminamii CrpuatinuBuit HOHBI.H HHH Be3naniiinmii Besnaninmii
HACIIII0K
Iepi . . L N
cpion Kinbka TrxHIB 1 - 2 micsii Tpusanuit - -
OJTy)KaHHS
Bunazxi Hi ozmoro 0-80% 80 — 100 % 90 - 100 % 90 — 100 %
CMepTi
MEpTh L L . .
Cnep - 2 micsni 2 micsi 2 TIKHI 2 nui
HacTymae
. nxajabHa
[Tpraran _ Kposoteua, Kposoteua, Hupkynrorounit i[e oCTaT-
cMepTi iHpeKuil iHpeKmil KOJIAIC ﬁiCTb

ToMmy 11031 OIPOMIHEHHS! OpraHiB 1 TKAHUH TAKOX CITi/I BPaXOBYBATH 3 PI3HUMU Koe(ilieHTamu.
IMomMHOXWBIIM eKBIBAJIEHTHI /1031 Ha BIAOBIIHI KOe(ili€EHTH i TPOCYMYBABIIH 10 BCIM OpraHaMm i
TKaHWHaM, OTPUMA€EMO e(peKTHBHY eKBIBaJIEHTHY 7103y, sIKa BioOpakae cyMapHHH e(eKT onpoMmi-
HEHHS IS OpTaHi3My, BOHa TaKOX BUMIPIOETHCS B 31BEpTax.

Li Tpu HOHSATTS ONMMCYIOTH IHIMBIAYaJIbHO OTpHMYBaHi j03u. [IpocymyBaBIIM iHAMBIMYAIbHI
e(eKTUBHI eKBIBAICHTHI JI03M, MU TIPUAZIEMO 10 KOJIEKTHBHOI e()eKTHBHOI eKBiBaJIEHTHOI 103U,
sSIKa BUMIPIOETHCS B JIFOUHO-31BepTax (JII-3B).

HeraruBauii BIJIMB BUIIPOMIHIOBaHb, OYEBHJIHO, TIOB’SI3aHUI 3 10HI3awi€r0 1 30y/HDKEHHSIM aTo-

MiB KMBHUX KJIITHH OprafiaMy. B pe3ynbTaTi okpeMi CKJIaoBi YaCTUHM >KMBOI KIITHHU 3MIHIOIOTHCS
a00 pyHHYIOTbCS, a TIPOAYKTH PO3KJIa Ty TOYMHAIOTH JISTH K OTPYTa.

Yacto HOpMaJIbHHUI MPOIIeC 3aMiHH KJIITHH OpraHi3My HOBUMH TOBHICTIO MOPYIITYEThCS Yepe3
HE3/[aTHICTh ONPOMIHEHNX KJIITHH BUPOOISTH c001 TTOiOHMX, KOMH Ha 11i KIIITHHH II0TIa A€ 10HI3y-
104€ BUIIpOMiHIOBaHHs. HalOimbI qyMBi 0 BUPOMIHIOBaHHS KJIITHHM KICTKOBOTO MO3KY, MEHIII
YYTIUBI — TKAHUHH M s131B, HEPBH, MO30OK.

3ayBaXKnMo, 110 1HOJ JUIsl BUMIPIOBAHHSI ITIOTTIMHYTOI JJO3W BUKOPHCTOBYIOTb CHEL[ialIbHY OJIH-

518



8§ 34.11 Memoou peccmpayii enemeHmapux 4 acmunox

HHULIO, Ky Ha3uBaloTh Pagom (pax). 1 pax — ue no3a, npu sikiii onpomiHeHiii pe4oBuHi Ma-
coio 1 Kr nepenaernest eneprisi, sika gopisuioe 0,01 [k, 1 pax = 102 I'p = 102 /K.

YacTo mie KOPUCTYIOTECS TIOHATTAM excno3umiitna go3a ([e): Excrnosumiitna xo3za (e) —
KiJIbKiCHA XapaKTepUCTHKA M0JIsI i0HI3yI040ro BUNIPOMIHIOBAHHS, SIKA IPYHTYETBCSI HA Be-
JIMYMHI ioHi3awii cyxoro mosiTpsi npu atMoc)epHOMY THCKY: OAMHHIEI0 BUMipIoBaHHs Jle €
penrren (P), 1P = 2:10"° map/m® = 0,011 Ji/m°.

KopucHo 3anam’siTaTn 3pydHe NPaBUIIo, SIKE YacTO 3aCTOCOBYETHCS B NMPAKTUYHIA JT03MMET-
pii: no3a 1 P nakonumuyethbes 3a 1 roa. Ha Bincrani 1 m Bin mkepesa paairo macoro 1 r, T06-
TO aKTHBHicTIO Mpuoau3Ho 1 Ki.

B tabanmi 34.1 HaBeneHo nopiBHSHHS e(DEKTIiB Iii Pi3HMUX /103 ONPOMIHEHHS 10HI3YIOUMMHU
BUIIPOMIHIOBaHHSIMU Ha OpPraHi3M JIFOJMHH.

8§ 34.11. MeTtoau peecTpanii eJJleMEHTAPHUX YACTHHOK

3riJHO MepBiCHOMY 33/IyMy €JIeMEHTapHI YaCTUHKH € HAMIPOCTIIIMMH YaCTHHKAMHY, i3 SKHX T10-
OymoBaHa pedoBUHa (aTOMH) iCHYIOUOTO CBiTy. ENleMeHTapHi YaCTHHKY Ha CAMOMY TIOYATKY YSIBIIS-
JIUCB SIK IIOCh BidHE, HEe3MiHHE, HENOPYILHE, 1 00pa3 eleMeHTapHOI YaCTHHKY I10B’SI3yBaBCs 3 00pa-
30M O€3CTPYKTYPHOI MaJICHBKOI KYIIHKH.

IoHsTTS «eneMeHTapHa YacTHHKa» 1 B HAIlll JHI € JOCTaTHHO CKIIAIHKM, 1 PsiJl eKCIIEpHMEH-
TaJIbHAX (AKTIB MPU3BOANTH JI0 IPOOIEMH CTPYKTYPH €lIEMEHTapHUX YAaCTHHOK.

IcTOpUYHO MEPIIOI0 eIeMEHTAPHO0 YacTUHKOIO OYB erextpoH ([Ix. Jlx. Tomcown, 1897 p.). Hari
OyJIM BIIKpUTI IIPOTOH, (.-4aCTHHKA, ATOMHE SIIPO, HEWTPOH, HEUTPHUHO, |1~ 1 - ME30HH TOIIO. Bi-
JIOMO, III0 KO’KHA eJIeMEHTapHa YaCTUHKA Ma€ o0l MPOTWIISKHY — aHTHYACTHHKY. 3arajibHe YMCIIO0
€JIEMEHTapPHUX YaCTHHOK ChOTO/IHI CKJIaae Ot ABICTI. BibIIiCTh 13 HUX HEeCTaOUIBHI 1 IIOCTYIIOBO
TIEPETBOPIOIOTHCS B OUIBII JIETK] €IEMEHTapHI YACTUHKHU. BiZIKpHTTSI HOBHX YaCTHHOK IPOJIOB)KYETHCSL.

OCHOBHIMH XapaKTEpUCTUKAMH (Hi3MUHMX BIACTUBOCTEH €IEMEHTAPHHUX YACTHHOK €. BJIACHA
Maca, CHiH, eJIeMeHTAPHHI 3aps/l, MATHITHAIA MOMEHT, 4ac sKATTA Tomio. HazBaHi xapakrepuc-
THKH €JIEMEHTAPHUX YaCTUHOK JIO3BOJISIFOTh PEECTPYBATH 1X 1 BUBYATH IXHI BJIACTHBOCTI 32 JIOTIOMO-
TOI0 YHCIICHHUX ()i3MIHUX METOiB. PO3TIIsTHEMO JesKi 13 HUX.

Kawmepa Binbcona. B 1911 p. anrniiicekuid ¢izuk Y. Binscon (1869 — 1959)*_H06YIIYB3B TIpHIIaj,
3a JIOTIOMOTOIO SIKOTO MOKHA Oyito Gaunti i ororpadyBaru Tpaekropii (TpeKu) 3apsupKeHUX eie-
MEHTapHUX YaCTHHOK

Kamepa Binbcona (puc. 34.11) ckiagaerses i3 WTHAPA 3 MOPII-
ol HeM. BepxHst yacTHHa Ui HAPa BUTOTOBJIEHA 13 IPO30poro Marepiainy. B
—L__  ImwIiHAp BBOJUTHCS HEBENIMKA KUTBKICT BOJM 200 CITUPTY, BHACIIZIOK YOTrO
BCEPEIIMHI HEl YTBOPIOETHCS CyMIIll HACHYECHOI 1apH 1 moBitpst. [Ipu mBuy-
=  KOMY OITyCKaHHI MOpPIIHS CYMIIll aaja0aTHYHO PO3IIMPIOETHCS 1 0XONO-
JDKY€ETBCSI, BHACIIZIOK YOT0 HACHYEHA T1apa IIEPETBOPIOETHCS B TIEPECHUCHY.

SIKIIO MOBITPSl B KaMepi OYMIICHO Bill MEXaHIYHHUX JOMIIIOK (Ha-
NPHKIIA], ITWIMHOK), TO EPETBOPECHHS HA/UTUIIKY TIApH B PIIMHY YTPY-
JIHEHO Yepe3 BiAICYTHICTh LIEHTpiB KoH eHcallii. OfHaK, HEHTpaMH KOH-
JieHcanii MOXXyTh CTaTH 1 10HH, SIKi MOXKYTb YTBOPUTHCS, SIKIIO Yepe3
Kamepy MpOoJIiTae B el Yac 3aps/DKeHa YaCTHHKA, SKa Ha CBOEMY IIUIS-
Puc. 34.11 Xy ioHi3ye Morekynu noBitpst. TpaekTopis (Tpek) pyXy 4acTHHKH BCe-

peavHi KaMepH CTa€ BUAUMOIO Y BUIVISII HUTKK TyMaHy. OnHaK, Ten-

*Y. BiJIbCOH 3a CTBOPSHHS KaMepH [UIsl peecTpallii eeMeHTapHUX YacTHHOK B 1927 p. OyB yz0-
croenuii HobemniBepkoi mpemii.
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34 Byoosa i enacmusocmi amc

JIOBUH pyx MOJIEKYJT TIOBITPSI pO3MUBAE HUTKY TYMaHY 1 TPa€eKTOpii YACTHHOK YiTKO BUIWMI JIMIIE =
0,1 ¢, mo mocratHRO It ToOro, moEO cgo-
torpadyBatn ii. Ha puc. 34.12 HaBenmena
¢otorpadis Tpekis

0-9aCTHHOK, IO YTBOPIOIOTHCS NPH pO3Majii
siep Topito (Th).

[Ilo6 BumamiTH i0HM 3 PoOOYOro 00°eMy Ka-
MepH, BCEpeMHI Hei CTBOPIOIOTH EJIEKTPHYHE TI0-
JIe, SIKE TIPUTSTAE 10HH JI0 SIIEKTPOIiB, JIe BOHU Hel-
TPaJi3yFOTHCSL.

[Miznime xamepa Binscona Oyma BIocko-
HayeHa pociiicekuM ¢izukom [1.B. Crobers-
anM (1892 p.H.) Ta aMepHKaHCHKUM BUCHHM
K. Aunepconom (1905 — 1991). IMepuwmii 3acro-
CyBaB KaMepy B CWJIbHOMY MarHiTHOMY IO, 1a-
pasenbHOMY ii Oci, a Apyruii po3podHB 10 Kame-
pM aBTOMAaTHYHUM NPHUCTPid Juist 11 3amycky i
¢ororpadyBaHHS B TO MOMEHT, KOJIM YaCTHH-
Ka Torajae B KaMmepy.

Burmsan TpekiB Ha (hOTOIUIACTHHII YacTO 1103~

Puc. 34.12 BOJISIE CYIUTH TIPO TIPUPOAY YACTHHKU 1 AesKi i
BJIACTUBOCTI. TaK, 0-4aCTHUHKA 3aJIMILAE BIIHOCHO
TOBCTWH CYLUTBHUIA CJTiJT, TPOTOHH — OUIBIII TOHKWH, & eJIEKTPOHU — TOHKHI ITyHKTHPHUH CITi I

B marniTHOMy noJii Ha pyxomy 3apsmmeﬂy yacTUHKY Jie cuia Jlopenna i i TpaexTopist crae
; BHKpPHBJeHOI0. [10 BUKPHBJIEHHIO TPA€KTO-
. pii BAAETbC BUBHAYUTH 3HAK  3apsay
yactuHkH i i immynse. Ha dororpadii (puc.
34.13), orpuMaHoOi 3a JOIOMOIOI0 Kamepu
BinbcoHa, mnomileHoi B MarHiTHe IIoJIe,
BH/IHO TPEKH eJIeKTPOHA i MO3UTPOHA.

3a momoMoror Kamepu BigbcoHa Oyio
BIIKDHTO €JIEMEHTApHI YaCTUHKH MO3UTPOH Ta
Me30H, 3a(iKCOBaHO SJEpHI peakxiii, sSBUIIA
NIepeTBOpEeHHsT (JOTOHA B TMapy EJIEeKTPOH-
TIO3UTPOH TOLLIO.

Judysiiina kamepa. Henomikom xamepu
Bimbcona € Te, mO  BOHA IIpaIroe He
HerepepsHo, a mukiamu. Koporkwuii (= 0,1 c)
Yac YyINBOCTI KAMEPHU YEPryeThCs 3 MEPTBUM
gacoM (B 100 — 1000 pa3 Gibamm), Ha IPOTS3i

Puc. 34.13 SKOrO Kamepa TOTYETbCS JO HACTYITHOIO

pobouoro Ky, dudysiliHa kamepa BOJIOAIE

HEIepepBHOIO Yy TIMBICTIO /10 yacTHHOK. Bona Oyia crBopena B 1939 p. amepukaHchkuM diznkom

Jlaarcnopdom. PoGouoro pedyoBmHOO B mudysifiHiii kKamepi, sIK 1 B Kamepi BuibcoHa, €

niepecnyena napa. OHaK, CTaH HepPeCHYeHOCTI CTBOPIOETHCS HE a/iabaTHIHNM PO3LIMPEHHSM, a B

pe3ynbTati cranioHapHOi Au(y3il Tapy CIUPTY Yepe3 Ta3 Bij TEIUIol KPHUIIKA KaMEpPH J0 XOJIOIAHOL

rioBepxHi jtHa. 1100113y JHA BUHHKAE Iap NepecuyeHol napy, TOBIIMHOIO B AEKUIbKA CAHTUMETPIB,

B SKOMY 1 YTBOpIOIOThCS Tpeku. Ha BigMiHy Bix kamepu Binbcona, mudysiiiHa kamepa mparioe
HETIEpPEpPBHO.

520



8§ 34.11 Memoou peccmpayii eremeHmaphux Y acmuHok

Benmkoro niepesaroro [mdy3ifHIX KaMep € 1 Te, [0 BOHW MOXKYTh OyTH JyXe BEJIHMKHAX PO3Mi-
PpiB, a 1e BaYKJIMBO IIPH BUBUCHHI KOCMIYHHX TIPOMEHIB.

Byas6amkoBa kamepa (/. I'mazep (1926 p.u.), CIIA, 1952 p.). Po6ounm cepemoBuiiemM
Oynp0aIIKoBOI KaMepH € IIPO30pa MeperpiTa pituHa. 3apsmKeHa YacTHHKA, sIKa MPOJTITAaE Yepe3
Kamepy, BUKJIMKAE pi3Ke 3aKUIIaHHS IIEPerpiToi PiMHK B3IOBXK CBOTO CIIiTY, 1 IUIIX YACTHHKH

CkisiHE
BIKOHIIE

Pignna

|
[opmenn I I

Puc. 34.14

Puc. 34.15

BiZIMIYa€THCS JTAHITFOKKOM OYITHOAIIIOK TTAPH.

PinvHa B KamMepi 3HAXOMUTHCS ML IMiIBUIIICHUM THCKOM, SIKHI 3aTPUMY€ 3aKHIIaHHS HarpiTol
pimuan. J{nis pi3sHUX piguH el THCK Mae pi3HE 3HAUYCHHS 1 BiH CTBOPIOETHCS PYXOMHM IOpIITHEM
(puc. 34.14). Ilicns panToBOro MaAiHHS THCKY IO HOPMAIBHOTO PiIMHA BUSBISETHCS IIEPEPITOIO
1 mounHaeThCsl OypXJIMBE KHUITIHHS B 00JIacTi, B sIKiii CTBOPEHI 10HHM, TPOJTAIOUOI0 3aps/IKEHOI0
YaCTHHKOIO.

Jist peectpaii mpoxXomKeHHs! HOBHX 3apsDKEHUX YaCTHHOK KaMepa IMOBHHHA OYyTH Imiaro-
TOBJICHA JI0 HACTYNHOTO pobodoro mukiny. TpuBaiicts pobodoro mukiny Oyiap0amKkoBoi kaMe-
pu ckianae 4 — 10 c. 3HiIMKH, OTpHMaHi 3a JOITOMOI0I0 OYIIHOAIIKOBOI KaMepH, OB YiTKi B
MIOPIiBHSHHI 31 3HIMKaMH B BUIBCOHIBCBKMX KaMepax. 3aBsSKH BUCOKiil T'yCTHHI poOo4oi pedo-
BHHHM BECb CJIil YaCTMHKH B OUIBIIOCTI BUIAJIKIB BKJIAJIAETHCS B TI0JIE 30DY.

3a cTBopenHs OynpoOamkoBoi kamepu B 1960 p. 1. I'mazepy Oyna npucymkena Hobemics-
Ka 1peMist 3 Bi3uKH.

Ha puc. 34.15 HaBeneHO ciij eleKTpOHA B PiAMHHOBOIHEBIH OyIE0aIIKOBIH KaMepi, TIoMi-
IIIEHOi B OHOpiTHE MarHiTHe nosne. Pajiyc KpUBH3HM TpeKa 3MEHIIYETHCS i3 3MEHIIIEHHSIM [IBUI-
KOCTI €JIEKTPOHA B PiZIKOMY BOJIHI.

B 1970 p. B m. Ceprmyxosi (Pocist) Gyna myrueHa GyssbarnkoBa kamepa “Mipabens”: i Bucora
— 15 M, maca — 2000 T, 06’em kamepu — 11 M°, 06”eM, B AKOMY MOKYTh OyTH coTorpadoBani
nomii — 6 Ms, JTIOBXKUHA MOMUIMBOI (piKcarii TpaeKkTopii yacTUHKHU — 4,5 M.

I'azopo3psigHmii TYMIBHUK — II€ IPWIAJ, B SKOMY 3aps/DKeHA YaCTHHKA PEECTPYETHCS 3a
IMITYJIbCOM Ta30pO3PSTHOTO CTPYMY, IO 3yMOBIIFOETHCS 10HI3aIIiFHOIO JTI€F0 YaCTUHKH B razax. ['azo-

K Ppo3psiHi JHYAITEHAKH

X — LIMPOKO
BHKOPHCTOBYIOTBCSL  TIPH

” - ,, peecTpariii Ta BUMIpIOBaHHI

Cxnsuuit A Meranesuit o {OHi3y0HOr0 BUIIPO-

Puc. 34.16 MIFIOBHIL Borut

PI3HATBCSI KOHCTPYKTUBHO B
3aJIKHOCT] BiJ| IPHPOAM BUIIPOMIHIOBAHHS Ta NPU3HAYECHHS yYCTAHOBKH. AJjie (i3WUHI SBHINA, II0
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34 Byoosa i enacmugocmi amomHo2o a0pa

JIeXKaTh B OCHOBI iXHBOI POOOTH, Ta OCHOBHI KOHCTPYKTHBHI €JIEMEHTH OJHaKoBi. Bci BoHHM
CKJIAJIAFOTHCS 13 IUTIHAPHYIHOro GaoHa (MeTaneBoro abo CKISIHOTO0), 3aOBHEHOTO CYMIIIIIIIIO Ta3iB
(puc. 34.16). Haiibinpm nommpera cymim Ha ocHoBi aprory 3 10 %-0ro 100aBKOKO OpraHigyHHX
crionyk, abo nodaBkaMu rayoreHis. KatoqoM ciry>kuth caM MeTajieBHil 6aJIoH ab0 TOHKHH 1ap mMe-
Tajly, HAHECEHWH Ha BHYTPILIHIO IIOBEPXHIO OAlOHA, aHOJOM — TOHKAa MeTajeBa HHUTKa. Mix
KaTOJIOM 1 aHOIOM CTBOPIOETHCS PI3HHUILI MTOTCHINATIB, OTM3bKA IO PO3PSIHOL. SIKIIO 3apsmKeHa
YaCTHHKA TIOIIaJa€ B JIYMIBHHUK, TO BOHA 10HI3ye B OaJIOHI ra3. Y TBOPEHI NP LbOMY €JIEKTPOHH, Py-
Xalo4nch 10 aHOJa, B CBOIO 4Yepry OYyAyTb CTBOPIOBATH JOAATKOBY IOHI3allil0, BHACIIZOK YOTO
nporsrom 107-10° ¢ B Ganomi BuHMKHE PO3DS, IMITYTBC PO3DSIHOTO CIPYMY, SIKHH MOXHA
peecTpyBaTH 3a JOITOMOTOI0 BUMIpIOBAIBHIX NpHiaaiB. OTKe, TOMajaHHs 3aps/PKEHOl YACTHHKH B
00’eM JYWIPHAKA BHUKIMKAE KOPOTKOYACHWH, ajie JOCUTH CIJIBHWUH IMITYJIBC CTpyMY.
JliYnbHYUKY, SKI IPAIOIOTH B TAKOMY PEXHMI, HAa3UBAIOTh JIiYMIbHUKaMH [ eiirepa — Mrotepa.

EnemenTapHi 4acTHHKM MOXHA PEECTPYBATH JIHIIE 32 TIOYATKOM I'a30BOT0 po3psiny, 00 Ko-
JIM PO3PAL YK€ TI0YaBCsl, MTONaIaHHs HOBUX YaCTHHOK Y JIYMJIBHUK ICTOTHO HE BIUIMBAaTHME Ha
PO3PSITHHI CTPYM 1 1X HE MOXKHA BUSIBUTH. TOMY ITiC/Isl KOJKHOI YaCTHHKH, IIO ITOTaia B JIiYH-
JIBHUK 1 3yMOBWJIA PO3PsiAL, HOTPIOHO aBTOMATHYHO MIOTACUTH PO3PSi, 00 3pOOUTH JTIUMIEHUK
TIPUIATHAM JI0 peectpanii
HACTYITHOI YaCTHUHKH.

3a crocoboM TNpPUNHMHEHHS
O3PSIy JIYHIBHAKA TOIUISTFOTHCS
Ha HECaMOTacHi i caMoracHi.

R ~10°Om = -I v HECAaMOTaCHHX

JYWIBHUKAX B KOJIO JIYMJIBHUKA

(puc. 34.17) BMUKAa€eThCs JOCHTBH

— semixuii omip (10 — 10° Owm). Ipu

Pug 346y BUHHMKHEHHI PO3psiTy BeCh CIia]| Ha-

npyru BinOyBaeThes Ha oropi R, Ha-

TpyTra MK aHOZIOM 1 KaTo/IOM JIUMIIBHUKA PI3KO Crajae 1 po3psia npurmHsiersest. Kpim toro, neit omip

BIUIMBAE 1 HA 3POCTaHHS HANPYTH B PO3PSAHOMY IPOMDKKY, B PE3YJIbTaTi 4oro 00’e€M 3BUIBHSAETHCS BiJJ

no3uTiBHKX ioiB. Llei nporec TpuBae 6mmbko 107 ¢ (MepTBuit yac miumbHIKa). TakiM 4IHOM,
MaKCAMAJTGHA TBIIKICTE JI'YOH TAKUX MYMMIFHAKIB He TiepeBumtye 100 imr/c.

[MpunrHeHHs po3psiLy B CaMOracHUX JIYMIBHUKAX JIOCSATAETHCS CIENialbHUM J000poM
cymMimmi ra3iB; Hanpukiag, 6epyrs 90 % aprony i 10 % napu eTunoBoro cnMpTy UM iHIIMHA Oa-
raToOaTOMHUU Ta3, 10HI3aI[iHMI MOTEHIaN SKOTO MCHINHH, HiXK aproHy. 3arajlbHUHA THUCK iX
cranoBuTh 61136K0 1 KITa. MepTBHii yac camoracHuX iumisHUKIB ~ 107 ¢.

Metoa ToBcTOmIapoBux (poronyactuHok. Lleit meron OyB 3ampononoBanuit B 1927 p.
pociiicekumu ¢isukamu JI.B. MucoBcekum (1888 — 1939) i A.II. XXnanosum (1938 — 2006).
3apsipKkeHi YaCTHHKU BIUIMBAIOTH HA (oTorpadiuHy eMyibCiio Tak camo, sk i ¢oronu. Tomy
micist XiMigHOT 06pOOKY (IIPOSIBIICHHS | 3aKPIIUICHHS) IUIACTHHKH B €MYJIbCIT 3aMIIAETHCS BU-
MU i1 (TPEeK) YaCTHHKH, IO MpOJIeTia.

Tpeku BHBYAIOTH 32 JOIMOMOI'OI0 MiKPOCKOIA BEJIUKOTO 301IbIICHHS. AHali3 TPEKiB Jae
3MOTy 3 BUCOKHMM CTYIIEHEM TOYHOCTI BH3HAYMTH 3apsil 1 Macy YaCTHHKH, HAIPSMOK ii pyxy,
eHepriro 1 yac kutTs. OTXKe, 32 TPEKOM YaCTHHKHM MOYKHA IIPOBECTH MOBHY 11 iIeHTH]iKamiIO.

Jlo nxxepena Hanpyru

1500 B
o
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Jlooamxku

A. ODyHaaMeHTAIbHI (Pi3MYHi KOHCTAHTH

KoncranTa Tlo3HaueHHs Yucnose 3HaUCHHSA
IIBuIKICTD CBITIA y BaKyyMi c 299792458 m/c
I'paBitamiifHa crana G 6,673-10 H-m¥/kr?
Yucno ABoraapo Na 6,02214199.10% mons*
VHiBepcabHa ra3oBa cTajia 8,314 Jxx/(mop-K)
Crana bonsmana k 1,3806503-10% JIxK
3apsi elneKTpoHa e 1,602176462-10° K
Crana Credana-bonpivana c 5,670400-10® Br-m2K™*
Enextpuyna crana £ 8,854187817-10 % d/m
MaruitHa crajga Lo 12,566370614-107 Tu/m
Crana ITnanka h 6,62606876-10™ Ix-c
Maca cHokoro enekTpoHa m. 9,10938188:10° kr =

=0,00054858 a. o. m.
Maca crnokoro npoToHa m, 1,67262158-10% kr =
=1,007276 a. 0. m.
Maca cnokoro HelTpoHa m, 1,67492716-10% kr =
=1,008665 a. 0. m.
ATOMHA OMHUIIST MacH a.0.M 1,66053873-10%" kr

5. MHoKHHMKH i npedikcH 11 YTBOPEHHS JeCATKOBUX KPATHHUX i 10IbHUX OJUHAIb

Ta ix HaiimenyBanHus (CI)

[Noznauenns npegikca

MHOXHUK Ipedikc - -
YKpaiHChKE ‘ MDKHApOIIHE
10% eKca E E
10% rmera IT P
10" Tepa T T
10° rira r G
10° Mera M M
10° KiJIo K k
10? TEeKTO r h
10* ieKa na da
10 nenu I d
10 CaHTH C c
10° Mimi M m
10° MIKpO MK H
10° HaHO H n
102 KO II p
10" bemTo ) f
1078 aTTo a a
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Jlooamxku

B. Oxpemi nepeBigHi MHOKHUKH

JoB:xxuna

1 mikpon (Mk) = 10° m

1 manomerp = 10°m

1 arrcrpem(A) = 10 m

1 ixc-omuunus (X) = 10" m
1 pepmi = 10™° M

1 cBiTIIOBMIA PiK = 9,46'1015M

IL1oma
1 mm? = 102 em? = 10° M2
1 Gapu (3) = 1028 m?

Yac
1 no6a = 1,44-10° x8 = 8,64-10% ¢
1 pix = 5,26:10° xB = 3,156-10" ¢

Maca

1 aToMHa OIMHULSA
macu (a. 0. M.) = 1,66-107 kr

Enepris

1eB=1,602-10" ik
1 xBr'roxn = 3,8-106 Jx

HortyxHicTh

1Br=12%
C

Tuck

1amm = 1,013-10532 = 760 MM.pT.CT.
M

ll'Ia:lE2
M

Kyt
1 panian (pam) = 57,3° = 57°18°
1°=0,01745 pan
1" (xyrosa xB.) = 2,91:10pan
1" (xyroBa cex.) = 4,85-10° pan

190 = 01047 P24

XB C

I'. Ini kopucHi gani

Ha3zBa Benuunnu ITo3znauenns UucnoBe 3HaYCHHS

CoHue:

Maca Mc 1,99-1030 KT

pamiyc Re 696-16° m

ryctuHa (cepeiHs) pPe 1400 kr/v®
3emust:

Maca M; 5,98-1024 KT

pamiyc R; 6,371-10° m

ryctuna (cepeiHs) D3 5518 kr/m°
Micsp:

maca M, 7,36:10% kr

pamiyc R, 1,738:10° m

ryctuHa (cepeHs) D 3350 kr/m®
Bizncrans Bix 3emii no Conns (cepems) L 1,5-10" M
Bizncrans Bix 3emist 1o Micstii (cepeust) 3,85-10° m
Cepennst mBHAKICTE 3emiti 1o opOiTi ) ~ 30 xm/ron
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Jlooamxku

/. I'penbknii ajngasit

Anbpa Aa Hro Nv
bera BB Kci =
T'amma Iy OMikpoH Oo
HenbTa Ad ITi In
Encinon Ee Po Pp
H3zera Z¢ Cirma Xo
Eta Hn Tay Tt
Tera ®0 Incunon Yo
Hora Ij @i Dog
Karmma Ke Xi Xy
JIsm6na A Ici Yy
Mio Mpu Owmera Qo

E. Oxkpemi maTemaTnuHi popmyin

1. Kopeni kBagpaTHOTO PiBHAHHA

a) SIkmo ax’> +bx+c=0, T0 X o=

|
N o
I+
=
N o
—
N
|
o

6) Sxmo x>+ px+q=0, T0 X2 =

2. Teopema KocuHyciB
a® =b%+c? —2bccos a
b® =a®+c?—2accos 8,
c?=a’+b%*-2abcosy,

ne «, B,y — KyTH, POTHJIEKHI CTOpOHaM a, b, C BianosiaHo.

3. Teopema cunyciB

a b ¢
sina sing siny

4. TTnom 1 06’ emMu

IIinoma a6o mroma

dirypa abo Tino . 06’em
TOBEPXHi
Kpyr paziyca r r? -
. 4
Cdepa pamiyca r 4rr? Eﬂr 3
KynboBwuii cermenT Bucotoro H 27 r?H %nH 2@Br-H)
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5. 3B’5I30K Mi>K TPUTOHOMETPUYHUMH (PYHKLISIMH OJTHOTO apryMEHTY

sina Cos tga ctga
tga 1
- _ 2 = =
stiha =1vl-cos“a J_r\/1+tgza J_r\/1+ctg2a
1 ctgo
oS — 41 _cin2 - = =
“ =tVl-sin“a J_r\/1+tgza J_r\/1+ctg2a
tga __Sine 1 1 \1-cosa _ __1
+4/1-sin’a . cosa Ctga

Ctga _i'\/l—Sinza :& =L
T sina +4/1-cos® tga

6. TpuroHomeTpryHi QyHKIIT CyMH 1 pi3HHILI ABOX KYTiB
sin(e £ B) =sinacos g £cosasin g,
cos(a = B) =cosacos fFsinasin B,

tgo £ tgp
tg(a + f) =,
9(@=f) 1Ftgatgp
ctga -ctgf 1
ct tp)=—""—7—"—.
9(@=p) ctgp tctga

7. TpuronomeTpryHi QyHKIIT TOABIHHNX 1 IOJIOBUHHUX KYTiB

sin2a = 2sina cosa

cos 2o = cos’ a —sin®a =1-2sina = 2cos® a -1,

2t9a

t92a = ctg2a =

ctg?a -1
1-tg%a 2ctga

.o l1-cosa a 1+cosa
sm—=J_r‘/—, cos—=i‘f—,
2 2 2 2

a l-cosa Sina l1-cosa
tg—:i = = - s
2 l+cosa 1+cosa Sina
a 1+cosa Sina 1+cosa
ctg—=1= = = .
2 l-cosa 1-cosa Sina

8. IleperBoperts cymu (Pi3HHIL) TPUTOHOMETPUYHKX BYHKIIIH B 100YTOK

sino +sin f = Zsinﬂcosﬂ,
2 2

sina—sin B = Zcosﬂsinﬂ,
2 2

Cos o +Cos 3 = Zcosgcosg,
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cosa—cosﬂ=—Zsinﬂsinﬂ=25inﬂsinﬂl,
2 2 2 2
CoS ¢ +Sina =+/2 cos(45° - a) ,
cosa —Sina =+/2 cos(45° + ) ,
in(a + in(8 +
tgaitgﬂ=M, Ctgaictgﬂ=M,
CoS & CoS B sinasin
1+cosa =2cos? % 1-cosa =2sin? <,
2 2
. 2 (04 . ) (04
1+sina =2cos (450—5), 1-sing =2sin (450—5),
. oy
14tga = ﬁsm(45 ta) ,
cosa
1-tg2a = C05220l , 1-ctg’a =_C9522a ,
cos“ o sin“a
tgza—tgzﬂ=Sm(a+ﬂ)sm(a_ﬂ),

cos? acos® 8
sin(a + B) sin(f —a)

sin®asin? g

ctg2a —ctg?p =

tgza—sinzaztgzasinz a,

ctg®o —cos? a =ctg?a cos® o .

9. IleperBopeHHs 100YTKY TPUTOHOMETPUIHHX (DYHKIIIH B CyMy
sinasin = %[cos(a — ) —cos(a + ﬂ)];
CoOsa Cos 3 = %[cos(a — ) +cos(a + [3)];

sin ¢ cos B =%[sin(a —ﬂ)]+sin(a + B).

€. Iloxinui Ta inTerpanu

1. TToxinHi: 3aranbpHi NpaBUiIa 2. IMoxiaHi pi3HUX QYHKIIH
%:L E:0 (a=const),
dx dx
d df n n-1
—laf (x)[=a— (a=const), — X' =nx" -,
A l=a ) o
d df de d .
) +0x)]=—+ -2 —sinax = acos ax,
L [F00+000]= + dx
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—[f(x)w(x)] o192,

*[ (y )] —— (IlH(bepeHuuoBaHHx

CKJIAJIHOI (byHKull),

dx 1 dy

—=— —~#0.

dy dy O ax
dx

3. HeBusHaueHi iHTerpanm: 3arajibHi paBuiia

Idx= X,
Iaf (x)dx = aj f (x)dx (a=const),
[T 00+ 001dx = [ £ (x)dx + [ p(x)dx,

Iud v=uv- Iudu , (IHTErpyBaHHs 10 YACTHHAM).

4. HeBu3HaueHi iHTerpaiy Bifl pisHUX QYHKIINA

dx

d .
—Ccos ax =—asinax,
dx

d 2
—tgax =asec” ax,
dx

d 1
—Inax==
dx X'
d

eax — aeax.

(Jlo mpaBoi yacTHHK piBHOCTI MOKe OYTH J0aHa JOBiJIbHA CTalla)

Iaf (x)dx=ax (a=const),

XMdx = — L xm+1 (m=-1),
m+1

. 1
sinaxdx =—--cos ax,
a

1.
cos ax dx = =sinax,
a

jtgax dx =+ Injcos ax|,
a

Ildx=lnx,

J‘eaxdx 1 o
a 1

j o =larctgi (a=0),
x?+a? a a

1 X—a 2 2
—1In npuX® >a‘,
I dx 2a (x+a
x% —a’ 1, (a+x
——1In
a-—x

] npu x* < a’.
2a
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— "cma TsokiHHES' " 63 — Credana-bonpmana 444

Edexrusanii 3ip 355 — TepMoAMHaMikH nepmuit 166, 171
— — npyruit 166, 179, 184, 185, 188, 189

€MmHicTh enekTpuaHa 237, 238 — —, oomexenicTs 188, 189

— 3eMHoOi Kymi 237 — — Tperiii 166

— MemOpanu kiniTiHn 239 — Croxkca 463

— IJIOCKOT0 KOHJIeHcaTopa 238 — ®ika 161

— cthepuuHoro konaencaropa 239 — Ilapns 145

— I HAPHYHOTO KOH/IeHcaTopa 239 3akonu poroedexty 450 — 453
3Byk 124

XKopcrkicts npyxunu 101 —, Bucora 127
—, ryunicts 127

3akoH (Bu3HauCHH:) 5 —, iHTeHCcHBHICTH 127

— ABoranpo 147, 148 —, Tembp 127, 128

— Awmmnepa 289, 290, 338 3ByKoBi xBumi 124 — 128

— Boitna-Mapiorra 144 — —, WBHUJKICTH mompeHts 125, 126

— Bprocrepa 411 3B's130k Ban gep Baanbca 209, 210

— Byrepa-bepa 437 — eneprii 1 macu 350

— Byrepa-JlambepTa 436 — ionnwuit 208, 210

— Bant-T'odda 203 — xoBanieHTHui 208, 210

— — mapanenbHe 263, 264 — metaiiyanii 209, 210

— —3Mimane 264 3’ennanns prepen EPC 263

— KoHieHcaTopiB 239 — —nociigoBHe 263, 264
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TIpeomemnuii noxasicuux

— — mapanensHe 239

— —nocimigoBHe 240

— IIpoBiTHUKIB 261

— — mapanensHe 261

— — nociigoBHe 261, 262

3iBept (oauHMLS BUMiproBaHHs) 517
3iTkHEeHHS HenpyxHe 37

— ipyxHe 37

3minnui crpym 320

— — aMIUTITyJHE 3Ha4eHHs cmm ctpymy 320
— —, ——Hampyru 321

— —, reHeparop 322, 323

——, 1iroue (eeKTUBHE) 3HAYEHHS CHITA CTpyMy 321
-—, EPC 321

— —, ——Hanpyru 321

— —, IOTYXHICcTb 321

3ona BanenrHa 270, 455

— 3a0oponena 270, 455

— no3Bosiena 270, 455

— nposimHocTi 270, 455

3oHanpHa mIacTuHKa 383

— — amroriTynHa 383

— — dazona 383

3onu ®penens 380, 381

30HHa Teopis TBepANX Tin 267

IneanpHuii raz 143 — 149

— —, piBHAHHS cTaHy 146

— —, BHyTpimHA eHepris 170
[300apuunnii mporec 144, 145
[30Tepma Amara 190

[30Tepmiunmii mponec 143, 144
I30Torm 136, 498

[30xopuunwmii mponec 145
ImMmienaHce enekTpudaHOro Kona 328
Immynee (kimekicTs pyxy) 34

— cunu 34

IuBepciiiHa HaceneHicTh piBHiB 492
IunykruBHicTh 313

Iunykrorepmist 317

Iumykiis enekrpomaraitHa 309 — 311
— enekrpocraTrndyna 236

- EPC309-311

Inepruicts 33

InepuianbHi cucremu Biamiky 33
IaTeHCcHBHICTD cBiTia 358
Iarepdepenriitnuii unen 359
Iurepdepentis ceitia 357 — 360

— — IBOX KOTepeHTHHX JpKepen 361, 362

— —, MeToau 3ailicHenHs 363 — 368

— — B TOHKUX IUTiBKaX 1 miactuHkax 368 — 374
— — nonsipu3oBaHoro 419 — 421
Iarepdepenuiiini cmyru 359, 362

— MakCUMyMH 362

— MiHiIMymMH 362

— —, BigcTaHp MK HUMU 362

— — piBHOro Haxmry 369, 370

— — piBHOI ToBmIKHN 371, 372

— —, mmpuHa 362

Iurepdepomerp (Busnauenns) 375

— Maiikenscona 375, 376, 379

— texHiunuii Penes 376, 377, 378
Iadpassyk 125, 129

[adpauepBone Bunpominrosanus 348, 354
Icnmanncexmii mmat 413, 415

Kapenguma ekcriepument 41
Kauopist (omuauIs BuMiproBanus) 74
Kamepa Binscona 519, 520

— Oympbamkosa 520, 521

— —"Mipabens" 521

— mu¢yziitaa 520

Kanancekuii 6ans3am 414

Kaminspni ssuma 197, 198, 199
Kaninspricrs 198

Kapniepur 415
Karogomominicuentis 440, 461
KBanrosa rinore3sa [1nanka 447
KBanrose unciio 482

— —rojioBHe 482

— — MmarHiTHe 482, 483

— — opGitansHe (asumyTaibhe) 483

— — criHoBe MarHiTHe 483

Ksanrogi reneparopu (imazepu) 491
KganroBuii Buxij JiroMiHecueHii 464
— — doroedexty 453, 454
KBanToBO-MexaHiuHa Teopist atoma 481, 482
Kenein (omummuis BuMiproBanns) 142
K-3axomrenus 506

KinoBar-romuna (oguHuMIs BUMiproBaHHS) 265
Kinorpam (omuuuis BuMiproBanHs) 6
Kinbkicts pyxy (immynsc) 34

— peuoBunu 137

Kinbg Herotona 373

Kinematuka Touxu 8

— tBeporo Tina 8, 28 — 31

Kinetnuna teopis rasis 150

— enepris 152, 153

536



Tlpeomemnuil nokasicuux

— — obepranns 85

KorepeHTHicTh cBITIIOBHX XBHIb 359
Koeoimnient B3aemoinmykuii 314

— BHyTpiuHboro tepts (B s3xocti) 165

— mugy3ii 161

— sopctrocTi 101

— KOpHCHOI [ii TeruioBoi MammHu 181, 182
— 00’emHoro posmmpenus 144

— IlempThe 280

— PO3MHOXXEHHS HEUTpOHiB 511

— camoinxykiii 313

— TeruonposigHOCTI 163

— TepTs criokoro 46, 47

— — xoB3aHHA 47

— Tomcona 280

KonekripHa edekTrBHA eKBiBalIeHTHA 1032 518
Konupausst BineHi (Bracui) 115, 116

— Bumymreni 115, 337

— rapmoniyni 101

— —, nomaBauHs 106 — 110

— enexrpuyni 331 — 333

— enexrpomarHiTHi 334 — 335

— 3racaroui 114, 334

— —, IekpeMeHT 3racaHas 115

— nepiomrani 101

— Ipy>KHHHOT0 MasiTHAKa 101

Komaren 53

KonuBansanit korTyp 331

— — Bigkpurtuid 343

Kososi mportecu (mmkomm) 180, 181
Komnbopu Herotona 374

Kowmipka enemenrapua 205

— Keppa 423

Kousexkmis 162

Konnencarop 237

— iockuil 237, 238

— —, eMHicTb 238

— chepuunmii 238

— —, eMHicTb 238

— nmtiHApuaHUi 239

— —, eMHicTb 239

KonrakrHa pi3nuist norenmiams 275, 276, 277
KonrakTHi sBuma 275

Koutpactaicts (kouTpacrt) 359
KopoTKoXBIITEOBa MeKa PEHTTEHIBCHKOTO CIIEKT-
pa 489

KopnyckynspHo-XBHIb0OBU yanizm 352
— — — yacTUHOK peuoBunu 478, 479, 480
KpaiioBuii kyt 197, 198

Kpammanaa monens supa 509
Kpucranizanis 213

Kpucramu atomni 208, 210
—ionHi 207, 208, 210

— meraimyuni 209, 210

— moutexyisipai 209, 210

— oztHOBicHI 413

Kpucraniuna rparka 205, 206
Kpucraniuna cucrema 206, 207
Kpucranomrominecreniis 462
Kpurepiit Penes 401
Kpurnuna izorepma 192
—maca 511

—00’em 192

— cran 193

— temmnepatypa 214, 253
—Ttouka 192, 214

— trck 192

Kcnema 200

Kymnon (oxuauis BumiproBansst) 216, 217
Kyt Bprocrepa 411

Kropi (omummurst BumiproBansst) 504

Jlazep 491, 492

— remi-Heonosuit 494 — 496

— pyOinoBuii 494

—, 3acrocyBaHHs 496

Jlaminapna Teqis 90, 91

Jlammn nenHoro ceitia 465
Jlanmrorosa peakuis 510, 511
Jlayerpama 405

JliumnpHUK Ta3opo3pamHmii 521, 522
Jlo6oBuit omip 96

Jlorapudmivnuii nexpemenT 3aryxanas 115
JIrominecuenTHuii anamnisz 465
JIrominecuentist (BusHaueHust) 461
— BuMytieHa 462, 463

— pe3onancHa 462

— crionTanHa 462

— pexomOiHariiina 463

—, 3acrocyBanHs 464, 465

MarsiTHa pOHUKHICTH abcoimoTHa 285, 304
— —BigHocHa 285, 304

— crpuitasiuBicts 285, 304

Maruitauii moment atoma 300, 301, 302

— — — opbitansuuii 300

— —— cmi”osuii 301

— — KoHTYpa 31 ctpymom 299, 300
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TIpeomemnuii noKasiCcuux

Maruitae noiue 283, 284

— —, mist Ha xwuBi opranizmu 307, 308
— —, ——enekTpuyHnii crpym 290 — 292

— —, 3B 530K 3 eJIeKTpuyHIM 316
— —3emuti 284

— —, iHaykmis 284, 285

— —, HanpyxeHicTh 284, 285

— —Ha oci conenoina 288

— — CTBOPIOBAHE EJIEKTPUYHUM CTpyMoM 286 —

291
— — — KOJIOBUM CTpyMOM 288

— — — mapajeIbHUMH cTpyMamu 287

Maruitauii norik 309, 337, 338
Marnuitai gomenu 305

— Oypi 284
Marnitookymnorpama (MOT') 307
Manowmetp 88

Maca 33, 34

— aromua 136

— TpaBitamiitHa 46

—, nedexr 498, 499

— enexrpoHa 215

— 3emmi 43

— imeptHa 34, 45

— xpurnaHa 511

— MoJteKkysipHa 136

— mousipHa 138

— porona 215

— sippa 497

Macose uncno 136, 137, 497
Mac-cnektporpad 296, 297, 298
Mac-cnekrporpama 298
Masrtauk matematnuanii 110, 111
— npyxuwuii 101

— ¢iznurmit 112

— —, 3BeJleHa noBxuHa 113
Mezxa minHocri 50, 55

— npyxHoCTi 49

Mesonn 501

MemOpannuii noteHmian 233
Mesnick 197

Meramu 270

Meracrabinpumii crag 193
Meroz 6iomaraitorpadii 307

— enexrporpadiunuii 307

— 301 ®Openens 380 — 382

— Jlaye 405

— moxiny amriTyau 363

— — ¢ponry xBuiH 363

— Makpockoniyauii 166

— TepMoAnHaMiYHIH 166

— QorompyxHocTi 421, 422

Mertp (oauuuis BuMiptoBanHs) 6
Mexanika (BusnaueHms) 8
Mexaniuna Hanpyra 50
Mixuaposna cucrema oquauilp (CI) 6
MisimMeTp pTYpTHOTO CTOBITYHKA (OIUHUILISL
sumiproBanms) 89, 100, 160
Mideni aromu (Mosexyn) 516
Mona xonuBab 355

Mopnens atoma Pesepdopna-bopa 469
— — Haraoxka 467

— — Tomcona 467

Monys 3cyBy 52

— 00’eMHoOI IpykHOCTI 51

— npyx#ocrti (FOnra) 51

Mornexyra 136

—, BiacHui 00’em 191

— Boauro 208

— nBoatomua 172

—, KiHeTn4Ha eHepris 152

— "emomspHa 191, 243

— nomsipHa 243, 245, 191

—, po3mipu 136, 243

—, TIOTeHIiampHa eHeprisd 191
Mornekymsipaa Teopis rasis 135
Mous (opuauIyst BuMiproBanrs) 137
MowmenT immmynbcy 80 — 83

— imepmii 79

— —ronoBHuH 84

— — TBepHoro Tina 83, 84

—cuum (7, 78

Momnoxkpucrtanu 205, 206

Harpiticts Tina 141

Hannposiguicts 253

Haxkauxa 492, 493

Hamarnivyenicts peuoBunn 303, 304
Hamnisnposigauku 271

— BiacHi 271, 272

— noMmimkosi 271

— n-tumy 273

— p-tuny 274

HaniBnposigaukoBuit miof 276
Hampyra enexrpuuna 230, 251
Hampyxenicts enekrpuunoro moins 219, 221
— Mar”iTHoro nois 284

— MOTOKY ENEeKTPUIHOrO moist 222 — 224

538



TIpeomemnuii noxasicuux

Hesaromicts 44, 45, 61
Hetipomarnermzm 307

Heiipon 234

Heiitpon 497

—, nornuHangs 509

—, posmag 497

Hepenbepra npmian 412
HepiBaoBaxxuwmii ctan 140

Hyxnonn 497

Hetoron (oxuuuis BuMiproBaums) 34

Ob6epransauii pyx 25 — 28

— MeXaHIYHAI MOMEHT /78, 242

— — TBepaoro Tina 28 — 31

O6eptonu 124

0O6’emHa ryctuHa eneprii 121
O06’emuwmii po3xiz pimuau 91

Owm (oaununs BuMiproBanms) 251
Oneparop Jlarutaca 481

Omip enexkrpuunnit aktuBHAN 251, 252, 323
— —, 3QJICXKHICTH Bi Temrepatypu 252
— BHyTpimHIN 258, 259

— emuicHuii 324, 325

— igmykTuBHUH 326, 327

— nuromuii 251, 252

— mosHwui (iMmenanc) 327, 328

— peakTuBHHA 327

Onmc crany 140

— — Makpockomiuauit 140

— — Mikpockomiuauit 140

Ormrruka (Busnauenms) 346, 348
Onrtuuna pizuuis xoay 360
Ontryanii norsix 360

OnrtuuHO aKTHBHI pedoBunn 424

— — — iBooGepratoui 424

— — — npaBoobepTarodi 424
OpOiTabHAI MOMEHT IMITYJIbCY elleKTpoHa 483

[Maneonronoris 465
IMapamaruerusm 305
IMapamarueruku 285, 305, 306
— anomaibHi 306

— Hopmaibhi 306

IMapamerp BuaHOCTI 359
IMackans (oauHUIS BUMipIOBaHHs) 87
IMepenaua teroru 162, 163
Iepemimienns 9
IMepeoxonomkena mapa 193
Iepiox konusans 102, 111, 113

— obepranHs 29

— miBpo3nany 504

[MuToma mpoBigHicTs 252

— TeIUIoTa IUIaBiieHHs 212

ITigitimansaa cua 95, 96

[TnaBmenss TBepaUX T 212

7 — Me3o0uu 501

IInomuna xonusans 410

— momsipu3aii 410

— —, oBepTanHs 424 — 426

— —, —urome 424, 425

— —, — MarHiTHe 426, 427

[Tama Ilyaccona 386

ITosepxuesa enepris 195
IToBepxHeBo-akTHBHI peuoBuHn 197
IMoBepxueswmii HaTsT 195 — 200
ITornuuanbHa 30aTHICTE 442
ITornuuanns ceitiaa 435

— —Bixg’emue 438

— —, koegirmient 436, 437

IMoxgiiine npomenesanomieHHs 413
Homin sinep ypany 509, 510

IMozuTpon 506

IToxa3uuk 3anomuenus 365, 367, 369
ITone 6iomarnitae 307

— rpasitamiitae 41, 42

— enmektpuane 340, 341

— enexrpocrarnyne 219

— — o003y HECKIHUEHOI piBHOMIPHO 3apsiiKe-
HOI TUToIMHE 226, 227

— — — IIPOBiAHUKA AOBLIBHOI hopmu 227
— — — piBHOMIipHO 3apsymkeHoi chepu 224, 225
— — — HenpoBiAHOI Kyl 225, 226

— — — 3apsHKEHOro JIOBroro nposigHuka 226
— enexkrpomarsitae 340, 341

— MarHitHe 283 — 285

— (izuuna peanbhicTs 41, 42, 219, 343 — 345
IMomixpucran 205

[onspuzarop 412, 416

[onspusaniiini npuctpoi 414 — 416
[onspuzaris ceitia 408

— — niniiina 410

— — npu BigOuBanHi 411

— — —3anmomireHss 411

— — xpomatuyHa 421

— —yacrtkoBa 410, 417

Ionspoin 416

ITonrocu maruiTai 283

——3emu1i 284
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TIpeomemnuii nokasicuux

[opir 6onboBoro BiguyrTs 127

— gyrnuBocti 127

[octynatn bopa 472

ITorenmian 229, 230

— nii 234, 235

— enexTpuaHOTO mons 229, 230

— MeMOpanHumii 233, 234

— cIoKoro 233

[Morenmiansuaa eneprist 68

— — rpaBiTariiina 68, 69

— — enexktpuaHOTO TIOJs 230

— — pyxuHA 69

[orik maraiTHOI iHmyKMii 309, 310
— Halpy>KEHOCTI eJIEKTPOCTATUIHOTO OIS
222,223, 224, 228

[Morpiitaa Touka 214

IMoryxHicTs (Bu3HAYCHHS) 67

— 3MiHHOTO CTpy™My 321

— TocTifHOTO CTpyMy 265
ITpaBuia Kipxroga 259, 260

— sMmimennsa 505 — 507

[paswio Jlenma 310

— niBoi pyku 291

— IpaBoro rBuHTa 286

— mpaBoi pyku 286, 312

[Tpn3ma Bomactona 415

— Hikomns 414

— dyko 415

[Mpuiimaui 3ByKy 125

[Mpuamwmn [Noiirena-Openens 380
— JOHOBHIOBAJILHOCTI 352

— eKkBiBaJICHTHOCTI 46

— 3a00ponu [Tayni 302

— cymnepriosuii 218, 284, 285

— — xBwWIb 357

IMpuponna pagioakrusHicts 501 — 503
IMpuckopenns (BusHayeHHs) 13

— BinpHOrO naxinug 17, 43, 44

— nmorenTtpose (HopMmaibhe) 25, 26, 30
— xopiomicose 60

— kyToBe 27

— murTeBe 13

— moBHe 28

— cepenne 13

— TaHreHuiagbHe 27

[TpoBiIHUKH B €IEKTPOCTATUYHOMY T0ITi 236

IMpoBigHicTh enekTpuyHa 252
— mipkosa (p-tumy) 274
— oMimkoBa 273

— enekTpoHHa (N-Tuy) 272

— ionna 250

— muroMa 252

Ipocroposwuii nepepo3mnonin cBiTiIoBoi eneprii 360
ITporon 497

Iporec 141

— agiabarnunmii 176, 177

— i300apuunnii 144, 145

— i3oTepmivnmii 143, 144

— i3oxopmunnii 145

— xonosuit 180

— "HeobopoTtHuit 167, 179

— HepiBHOBaxkHmit 141, 167

— obopotauit 167, 179

— piBHOBaXkHMIT 141, 167

— TepMoAnHAMIYHIH 167

ITya3 (oguuuis BumiptoBamss) 97
[TyanocTi crostaoi xBui 123

p-n — nepexoam 275

Pan (oquaus BuMiproBarHs) 519
PanioaxtuBHi iHmUKaTOpU 516
Panioaktusnicts 501, 502

— npupoxHa 501 — 503

— mrtyana 507

Paniamiiina 6iosorist 516, 517

— ximis 516, 517

PanioakTusHi i3oromm 508, 509
Panionoriuna HeOe3neka 517, 518
Pamioxsumi 344

Pe3onanc enextpuunnii 328, 336

— Mmexaniuamii 115, 116, 117
PexomOinaris 272

Pentren (oquauis BuMmiproBanus) 519
PenrreniBcbke BunpominoBanus 488 — 491
— —ranpMiBHe 488, 489

— — xapaktepucruune 489, 490
PenrreniBcbka Tpyoka 488
PentreniBcbki cepii aroma 490
PentreniBebki cnektpu 489, 490
Pentrenomominecrenuis 461
Penrrenocnextpanbuuii anamiz 406
Penrtrenoctpykrypuuit anamniz 406
— — Gionoriuaux 06’exriB 406, 407
Penepni Touxn 141

Penosnsipizanis 236

PiBenb ryunocri 127

PiBHOBa)kHe BunpomiHioBanHs 440
PiBusirus beprynmi 92, 93
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TIpeomemnuii nokasicuux

— Obxyyoi xBuii 120

— Ban-nep-Baansca 192

— BJIACHUX CIIEKTPUYHUX KomBaHb 332, 333

— Elfnmreitna st poroedexry 452

— KiHeTH4HOI Teopii razy 150 — 152

— xonuBanp 102

— Maiiepa 175

— MenneneeBa — Knanetipona 147, 191

— Makcseima 341, 342

— MOMeEHTIB 81

— "eposzpusHocTi 90, 91

— Ilyaccona 177

— cTaHy igeanpHOro raszy 146

— — peanpHOTO Ta3y 191, 192

— pyxy matepianbHoi Touku 13, 14, 15

— Hpeninarepa 481, 482

— crostdoi xBmi 122

Pimuna ineansna 90, 91

—, Oynoa 194

— meperpirta 193

—, "posrsrayTra” 200

—, TeIyIoBe po3mupeHHs 194

Pi3HuIS MOTEHIiaiB €IeKTPUIHOTO MO
229, 230

— ¢az 358, 360

Pobora (Bu3naueHmHs) 65, 66

— Buxony 453

—1iTemora 167, 168

— MepeMIlLEeHHS 3apsIy B CIICKTPOCTATHYHOMY

o 228, 229

— TOCTiIHHOTO CTpyMY 265

Posnopin bonemana 157

— eNeKTpoHiB B aToMi 485 — 487

— eHeprii 3a cryneHnsmu BinbHocTi 171 — 173

— MOJICKYIT 3a MBHUIKOCTIMHU 154

— — 3 BICOTOIO B IOJI TSDKiHHS 157

Posmmpenns razy 167 — 183

— —aniabatuune 176 — 178, 183

— — i300apuune 167

— —i3orepmiune 182, 183

Pyx BigHocHwuit 19, 20

— KpuBOMiHIAHMH 21 — 25

— Moutekysipauit 137

— obepramsHuii (o komy) 25 — 28

— npsiMOTTiHIMHKMN piBHOMIpHHUI 9, 10, 13

— piBHOIIpHECKOpeHuit 14

— TiJl KHHYTUX BEpTHKajIbHO 16 — 18

— — — ropu3oHTaNbHO 21, 22

— —magarounx 16 — 18

— 3aps/HKEHO] YACTUHKH B SJICKTPUIHOMY ITOJI1
295, 296

— — — — MarsiTHOMy nomi 293 — 295

Camoinmykis 312

Camomudysist 160

Csitio 346

—, eJIEKTpOMArHiTHA (XBIIbOBA) Teopist 346 — 349

—, inTepdepennis 357 — 360

— xorepeHTHe 359

—, Kopryckyisipaa (kBanToBa) teopis 349 — 351,
454

—, KOPITYCKYJISIPHO-XBIJIHOBHUH Jyamizm 352

— niHiiHO-TToNsipu30oBane 410

— npupoxnue 408, 409

— 4acTKOBO momnspusoBane 410, 417

—, MBUAKICTH NomupeHHs 346, 347

CBiueHHS TUCKPETHHUX LEHTpiB 463

— peuoBuHu 464

Ceticmorpad 126

Cexynza (OfMHHISI BUMIpIOBaHHsT) 6

CepemHe ymcio 3iTkHeHb 158

CepenHs T0BXHHA BUTbHOTO Tpodiry 158, 159

Cepis bamemepa 469, 470, 471, 474

— bpekxkera 470, 471

— Jlatimana 470, 471, 474

— [Tamena 470, 471, 474

—Ilpyrnma 471

Cwia (BusHaueHss) 32

— Ammepa 292

— Baru 44

— Bignaui 96

— Biauentposa 58, 59

— BHyTpinIHs 36

— rpasiTauiitna 32, 39, 40, 41

— nouentposa 58, 59

— ejekrpoMarHiTHa 39

— enekrpopyuuiiina (EPC) 257, 258

— 3eMHOTO0 TSDKiHHSA 43 — 45

— 30BHIIIHA 36

— inepuii 56, 57

— KOHTaKTHa 32

— Kopiomica 59, 60

— KyJoHiBChKa 217

— no6oBoro omopy 96

— Jlopenmna 293, 312

— obminna 208

— ocuuisitopa 435
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TIpeomemnuii nokasicuux

— migifiManeHa 96

— npyxHocTi 49, 50

— piBHOmitHa 33, 34

— cirabkoi B3aemomii 39

— ctpymy 249, 250

— Tepts 46, 47

— simepua 40

Cunu agresii 197

— numnonbHO-opieHTariiHI 191

— mucnepcinai 191

— 3B’s3Ky Ban-nep-Baanbca 190

— —ionHi 207, 208

— — koBayieHTHI (00MinHi) 208

— koresii 197

— xoHcepBatuBHi 70, 229
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dynnamenrtanbHi B3aemoii 39, 40
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IBunkicTs 3ByKy 125
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— KyToBa 26

— KpoBi B Kanirsipax 99
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— Ji”iitHa 25, 26

— murresa 11, 12
—cepenHs 11

— cBiTia 349, 350
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— 3MouyBaHHs 197
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— ocmocy 202, 203
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—, paaiyc 498
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