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VKyB-TabIuM-TapObUsl NapaXacHHU OKOPU KYTapULI yuyH sH-
11 YKYB aqaOuETIapuHm SpaTHULIl OMpPUHYM Japaxanu Baszuda XHU-
cobiiagaan. 1y HyKTad Hazapgas Myaumugiap Y3apuHMHD KT
NWIIMK M Taxpubanapu acocuia Nefaroruka ofui yKyB OpT-
HMPMHUHT (PU3MKa Ba MaTeMaTuKa HyHammnuiapu OYinyYa TabiIuM
onysyy Tanabanapura MyJKalaHral Karop VKYB KyJUiaHMaijiap-
nnn gparmokpanap. [Ilynapnan 6upu «Snpo Ba snemeHTap 3ap-
panap ¢pusukacu. Kpapknap» ae6 HOMIaHTaH YKYB KyJ/UTaHMacH-
Hip.

Ymby xymwiagMa onuil YKyB IOpPTIapHHUHI OakanaBp OOCKM-
Miylary Tanabanap yuyyH VKyB Ky/UtaHMa cugaTHAa TaBcUs dTHIA-
n. Yagad ¢usuka, MateMaTuka, Tabuuil pannap UyHaIumuiapu-
)it TABIMM ONyBUM Tanabanap, HIYHHHIOCK, aKafeMHK JuIed Ba
ricO-XyHap Kowrexiapu (4HUK Ba TaOWui HyHanwingaru) yKys-
111 Ba YKUTYBYMWIapu poialaHUIIapyd MyMKHH.

Myamudnap, OupuHuunaH, TanabagapHu 4Apo (PHU3MKACH,
VICMEHTap 3appajiap, Kpapkjap Oyiimda Maxcyc NpaKTHKyM, ce-
MHHAp MAIOFYIOTIapy Y4yH ¥30eK Twiujgard Kyjananma OwiaH
rVGMHHJTAHHIIY, UKKUHYUIaH, Oynaxak OakamaBp JKUTYBUMIAp-
IMHC 90po (pU3uKacu acociapy, a7IeMeHTap 3appanap, KBapkjap
wi ynap 6wian GeBocura Gormuk OynraH (pU3MK Xomuca, KOHYH
Ba Kapa€HnapHU YyKyppoK YpraHULIIapura KyMakiallUIIHH Y3
OJIdIapyUra Makcaj Kb Kyipunap.

Kynnanma tykku3 606nan ubopar 6§aub, yHHHr Ma3MyHU
YMyMuil ¢pusuka Kypcu gactypura MOcC Kelad.

Kurobra Maxcyc KMpUTWIraH TYKKH3MHYH 60612 Tanabazap-
IWHY «SJgpo Ba aneMeHTap 3appanap (U3MKach Ba KBapKiIap»
MaB3ycHary OWIMMJIApMHM Ha30paT KWIMII Ba MycTaxKamiaul
makcaguaa 130 jaH OpTUK TecT CaBON-XKaBOOJAapUHUHI' HaMyHa-
J1apy KeINTUPUITaH.

Tascug sTHNanuran aaabuETIap KUTOOHUHT oXupuia Gepruirasd.

Myannugpnap
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CV3 BOIIN

XKamuatumus xaétuga cogup Oynaérrad Xajgajl y3rapuuuiap
MmycTakmi PecnyOavKaMU3HMHI XallkKapo MaifoHrd jaaun Kupubd
GopaéTrannury Ba MKTUCOAMN OapKaMOJUIMKKa WHTWIHIIA Tab-
JIUM TH3MMM XOAUMJIapH 3MMMAacura XaMm Karop Xumuuil Basuda-
napny 1okiaMokia. PaH CcoXalapMHMHI PHBOXJIAHWILM, TalKu-
KOTJIADHMNII' SIHTM YCyl Ba HyJulapd WHMIIaH-HWIra Kynaiuimm
ax6oporTny  y3nykeus ommpu6 Oopuilra onub xenagu. Bynpait
MapouTaa YKyB TabIUM-TapOus jJapakacHMHM IOKOpHM KyTapuin
yuyll yKysyu Ba Tatabaniap OMIMM OJMILMHMUHT SHIM YCya Ba yc-
NyOMSIIIAPUEM M31a0 TOMHIN, SHTH YKYB anabuETnapuuy SpaTHIN
Jio3uM 6ynany.

[Ily wykrau HazappgadH Hwmzommit Homimu Touukent [JlaBnar
INeparoruka yHuBepcuTeTH «@U3MKa Ba YHM YKUTHIN METOAMKa-
cu» Kapenpacu npodeccop-YKUTYBUMIAPHY Y3TaPUHUHT KYII HUII-
JIMK MII Taxpubaiapw acocuia MeJaroruka YHHUBEPCHUTETH Ba
MHCTHTYTJIADUHUHT (PU3MKa Ba MaTeMaruka HyHanuuuiapu Oyiu-
ya TaBIUM OJNyBUM Tanmabanapura My/XaUIaHraH KaTop YKyB
Kyuranmanapau sgpatvokianap. Iynapnan 6upu «Slgpo Ba ane-
MeHTap 3appaiap ¢usukacd. Kpapknap» ne6 BoMmaHraH KysulaH-
Mma 6ynub, myawtudgnap nejarorska onuii yKys ropriapu Oaka-
JaBp YKYB JacTypuHH acoc KWnub onpmnap. Bynna ymap, 6upus-
uywiad, TanabaiapHu appo (U3MKacH, 3sJeMeHTap 3appalap,
kBapknap Oyiimua y36ex TWIMOard 3aMOHaBUH KyiiaHMa Ownad
TabMUHJIAIIHY, UKKWHYWIAH, Oynaxak YKUTYBUMIAPHMHT SIPO
¢puznkacy acocsapy, 3JIeMEHTap 3appanap, KBapkjap Ba yjap
OmnaH G6eBocuta OOFMUK OYiIraH UMK XoaMca, KOHYH Ba Xapa-
EHJIapHU 4YyKYyppoK YpraHMuulapura KyMakIalUMIUHM Y3 OJjuia-
pura mMaxcaj XKuiub Kynnumap.

Kysnnanma nepgarorvka yHUBEPCUTETH Ba UHCTUTYTIIAPUHUHT
¢pusrKa-MaTeMaTvka hakynpTeTH Tatabanapy ydayH MyJXaiaH-
radg. Lllyaunrgex, ymby Kyutanma KuUME, Guosorus, Kach-Tab-
auM, (pakynpTeTnapy TanabanapH, aHUK, Ba TaOuMil pamap Hy-
HaJTMIIMAAard akajieMUK JMued Ba Kach-XxyHap KOJUICKJIAPHIIMHT
(U3MKa YKUTYBUMIAPH Ba YKYBUMIApH XaM (POMUAJIANMIINIAPU
Yy4YH TaBCHsl STHIaIM.
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Kynnanma Tykku3 606maH ubopar O0Ynub, YHUHI Ma3MyHU
yMyMUi1 pusuKa KypcH JacTypura Moc Kejalu.

Buprinun 606 s1po (pu3sMKacHHUHT acOCHi TacaBBypliapd Ba
AApO TapKUOHM XaMa YHUHI' acOCHi Xoccanapura GaFuIlUIaHraH.

HMxxuHuu 606 panguoakTHUBIMK XoAycanapura GaruuLiaHIraH.

Yuyugup 606 qapo peakuMangapura Ternuuid 6apya Xopuca-
JIapHM y3 MYMUra ONira.

Typtuaun 606pa  g4po  (PUBMKACUHUHI  3KCIEPHMEHTA
yCy/ulapu: caHarHwiIap, Kaill KuiyBuwiap, Macca-TeKIUUpyBYU-
Jap, Ao3uMeTpuK acGobiap Ba yJapHUHI KYJIJIaHWIMIIN XaKuia
€3mIra.

Kynnaamanvdr 6emnuyy Gobupa sKcrepuMeHTal Sapo u-
3UKacHra Teruuuty jaboparopud MUUIapuHH Oaxapuiira TaBCHS-
HOoMa €3wirad 6ynub, yHaa nacTnad UIUHMHT MaKCajyd CYHIpa WL
TYFPUCHIA aHMK Ha3zapuil MamiymoT 0aéH aTwiagu. MIuHuHr Ha-
3apyACH YHUHT TaBcHuuua eTapiad Aapaxaja Tyjaa EpUTHIMILKTA
Xapakar KwidHrad. Jlexwn tanaba umHM Oaxapuiuga Owidiu
3apyp OynraH Haszapuil OwiumiapHd, Oy KyJUlaHMajaH TallKapH
xap Oup nabopaTopus WIIM y4YyH TaBCHAd ITWIraH [JapCciIUK Ba
YKYB KynalaHMmanapiaad (poiiganaHu0, y3nalmTHpulid MyMKHH.

Tapcua arunagurad afabuérnap KUTOOHUHI OXHpHUAA Kel-
TUPWITaH, ylapra KypcarMma 3ca Xap OMp HIIHUHI TaBCHSHOMa-
cupa 6epuran. Jlaboparopust MalUKMHU GaXxapuill y9yH Kepakiind
ac600-aHXOMJIaPHUHT HOMJIApU, KypUIMaHHHI TaBCU(H, UIIHUHT
Oaxapuinul TapTHOM Ba HUXOST, J1ab0OpaTopusi HIUMHUHT OXHPH-
na tanaba Y3MHUHT Hazapui Ba aMaauil OMIMMIApHHM TEKIIMPHO
KypULIapHd YYyH HazopaT caBOJUTapH KeNTHPHIraH.

TanabanapHUHT BaKTUHU TeXaul Makcaauia Ky/UTaHMaHWHT
OXHpHAa sifpo pH3uKacH OyJMMHOa KYMNpOK KyJUIaHWIaJUrad
(PU3MK KaTTIMKJIAp KUMMAaT/JapMHUHT XalBaLlapH, YIapHHHT
XaIKapo cucTeMajlard yia4oB OMpIIHKIapU KeJITHPHIITaH.

Tabkumpiab YTMOKYMMM3KHM, SApo (PHU3MKACHOaH KYyiHuwiran
Ba MIUra TYWHpWIraH jabopaTopus HMILIapu KadeapaMusia WIK
Gop Kyimmumy. By umnapHuHr Kydmwimmuna Ys6ekucron DA-
HUHT SIapo ¢usukacu vHCTUTYTH «Paguanuod dusMka» nabopa-
ropuscu Karra wimui xoaumu ¢.m.cp. poxtopu F.O.Opudos
paxOapnuruaa KynmuWwivuK XoOuMmiiap dKuUHOaH &ppam Oepaouiap.
by Gopaga aifiHukca, ¢.M.¢p.H. KarTa wimuil xonuMm B.Kyp6oHoB-
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HUHT KVIUraH xHccach Karra. Y acbob-ycKyHalaphuu ypHaruo,
UOIra TYHMIypUIIAa XamJa MIUIapHA TaBCH(UOMACUUM C3ULIAA
Kyn Xxu3Mmat KwiraH. Myauudap ynapra y3 caMMMHI MUIIHAT-
JNOPUWIMKIIapUHU Ouiupagunap.

OntuHuK Go6la sneMeHTap 3appajap TapuxH KHcKaua GaéH
3TUNAAM, IWIYHMHIZEK, 3appajap, aHTU3appaiap, Y3apo TabLcup
Kywlapy Ba CaKJaHWII KOHYHJIapH KMCKaya TabpH(IIallagu.

ETruHun 606pa X03Upru 3aMOH HazapHil Ba aMaivii ¢us-
KacMHUHT 3HI' SHIU IOTYK/IapUHU MHOOAaTra OJIraH XOoJyjla JIEMCH-
rap 3appalMHT TaBcugH, Xap OUp aJeMeHTap 3appaHMI Xocca-
Japy, KBaHT COHJIapH Ba THU3HMJIADH pacM Xamja LUlak/liapja
KCJITUPWIAAHN.

CaxxusuHun 606 kBapkiapra OaruuuliaHrad 6ysm0, yiap-
HMIIF CUCTEMaTUKacH, KBapKJIapHHHI Typliapu, Xoccajapu Ba
KBaHT cOHNapu KeHr &purunapu. Hly 6unan Gupra, nyksoiap-
HHHT Ba ME3OHJIAPHMHI TapKUOM Ba YJApPHHHI «3JIeMeHTap» 3ap-
pa ®Mac/luIy KBapK Ha3apMaCH acoCHjia Ba MUCOJIAp OpKIM
TYUIYHTUPUIaAH.

Tykxusmauun 6o6ma yKyBuM Ba TanabaiapHUHT «Sliupo Ba
aiieMeHTap 3appaiap ¢usukacy. Ksapknap» MaBsycupard OWiInM-
JIApMHU HazopaT KWIMII, MycTaxKamlall y4yH TECT CaBOJI-XaBoO-
sapu GepuiiraH.

KutoGHuHr oxupuaa xyiaoca, WiaoBa Ba (Poijlaianusiray
anabuéTinap pyixaTH KeJTHPWITaH.
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1.1-§. Anpo pusnkacu xakujga TymyH4a

bByryuru xynpa aroMm pu3udKacu KyHIAIUMK Xa&€THMH3HUHT
ce3wIapiu KUcMura aitnanu6 Gopmokna. Tabuuil Ba cyHbui Tau-
€piaHraH pajiMoOaKTHB 3JieMEeHTIap (Mojaganap) HadakaT WIMHIT
TaJKUKOTIapia, Oalky MenuilHa Ba OuHoNOrdgga AMarHoCTHKA
Ba jaBojlauiga ToOopa KeHrpoK KYJ/UIaHWIMOKAA, 3aps/UlaHraH
3appajiap Te3IaTTHWIapy 3ca WIMHN TaAKHKOT MIUIADHHUHT aco-
cHil KypwiManapuiaH Oupu xucobnaHagd. Slapo »HepruscufaH
doiinanaHyBud aTtoM 3JIEKTp HMHIIOATIapH uiwiab Typubau. by
WIMMH Ba TeXHMKaBHil TacakKyp IOTYKJapH OJluia, aTOMUCTHKA
IOTYKJIapuHu  Kypub, GeuxTn€p OyaapHM XammacH OHpAaHHIa,
Taiéprapiukcus rnaigo GyaranmukaH ne6 yitnad xonacus. Baxo-
jlaiku, OyHnad smac. Aciuga sca OOLUIAHFMY HOAHWK TacaBByp-
Jlap, aOcTpakT HasapMsd Ba aifTunrad ¢uKpjapra Moc KejaMmaraH
TaxXpubanapfad amanuil HaTHXajap Ba TEXHUK IOTyKjapra opH-
LM YYYH QYHE ojiuMiIapy MKKY KK YU aRTOAMHUHT pUM acpilaH
OpPTHK, OETUHUM MEXHaTH 3apyp OVimH.

Onumnap 6upunyu 6ynub, 1896 Hunpma dpanuys Udrd
Bexkepenb, pagloakKTUBIUKHUHT MaBXYIIUTHHU Kamd) KWiIraHaa
SApo (pU3MKacura TaaJUTyKJIM Xapa€Hinapra ayd Kenpwiap. BHPOK,
aTOM SApPOCH TYIIYHYAaCHHUHI V3U 3Ca KeHHHpPOK mnaino 6ymanu.
PanuoakTUBIUK XOQUCACHHU Ky3aTHIUIapia OUp KaTop HOAaHUK-
JuKJiap 6op aau.

XIX acp xuMm€ ¢aHM yuyH xarra MyBacdakudgTiap JaBpH
oynau. .M. Mengenees (1834-1907) 6uznu ypab Typrad onamia-
ru Oapya HapcaJapHd WIK Gop KHUMEBUH 3JeMEHTJIapHUHI Tap-
THbMaHTal TH3UMHUra xoivtamrupay. Iy naBprava Mabiym 6yi-
MaraH ajemeHT/IIap MeHOelneeBHUHT NaBpHi KOHYHMIard KOoMAaa-
napra acocnanu6, xaup kwinHau. Kumérapiap xypga Kyn siHru
OPraHUK Ba AHOPIaHWK MOAJATApHH TaMEpNallHU, CUHTE3 KH-
JMIUHU Ypranu® onmunap. A.M.Byrnepos (1828-1886) kamd
KWIFaH OpraHuK OUpUKMaNapHUHI KUMEBMM TY3WIHIIU XaKuaar
Haszapuscu GopraH capu puBOXUIaHHMO Gopau. By Hiutapia KuMé-
BUI 3IEMEHTIApHUHT OOHUIAHFHY 3appacy — aTOMHMHI MaBXyA-
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nury acoc 6ynu6 xucobnanany. YiapHMHT Typnu OupraliManapu
HaTuXacujaa 6apya Typaard KUMEBHI OUPHKMaIap XOCHI KWIIU-
Hagy, Bomka tomonpan, yuma aroMMcTHK Tacaseyp M.B.Jlomo-
HocoB (1711-1765) nmaBpuziad Gormnanu®, pu3MKIap TOMOHHAAH
rasjlapHUHT XYCYCHSITJIADM Ba a3 KOHYHJIAPHHM TYUIYHTHPHILILA
KyulaHwinbd KenwHap »iau. KelMHYanuK pUBOXJIAHTAH HWCCHUK-
JIMKHUHT MEXaHHK Ha3apuiACH XaM aToOM TacaBBYpPHMIW acocjiaHap
DIU Ba y KMCMHMHI MCUIIMHHM Iy XHCM TapKUOMWIard atomsiap-
HUHT KaTTa Te3/IMKAard XapakaTH Tyailay lo3ara Kciaiu, neb
TYLIYHTUpUIAp D0H.

bupok, XX acp Oomnapuraya ¢puszuka Ba KUME hanuparu
6y 6apua 10TyKJ1ap y3uaa ajloxyia OJMHIAH aTOMHMHI XYCYCHSIT-
napunn  MoUATOBUM Taxpubanap OWIaH MyCTaXKaMIlAlMaras
30U. ATOM XaKugard TacaBByplap XakMKaTUall Y30k Oysmo,
aTOMIAPHUHAT OFUPIMIH Ba JiIuamiapy HOAIMKIBITLGY  KOJITaH
oau. bup Tomuu cyBHUHr kyn coHuary H,O monckynwiappnan
TAWKWI TONTAaHJIMTH MabiyM Oysca XaM aHuK KaHyad MOJICKYJIa-
Jad WOOPATIUTH MabiIyM ®Mac 3Ad. ATOMJIAPHU Xeu KHUM wIOXH-
Ja Xojjla Ky3aTrMaraH, YJIapHHMHI TaOMaTH Xeu KHMIa MalJiyMm
aMac 9AU. XaTTo WIOXHIa aTOMHUHI WUKM TY3WIMIUM XaKUDAIH
CABOJIHHMHI Y3 XM Naifo OyjiMaraH aju.

HuxosT, aToM OFMPJIUIM YIYaHUH, COHH Ba Y/IuaMIIapH
aHukaH M. 11lyHyu scnaTu® yTHII XOM3KHU, aTOMIAPHHHT VIIUaMit
Ba OFUPJIMTH Xyla KUYHK OYinub, aToMnap COHH 9ca XHCMIMHD
Kyda KHUMK XaXMHAa XaM Xyda Kyn Oyiarad. Macwian, MuUc
aroMunuar orupiurk 10-107%r, quametpu [-10% em 6yimi6, | om®

xaxmaa 8-10™ ta aToM MaBxyu 6ynaum.

Tabuuiiky, aTOMIIAPHMHE COHM Ba YjIuamJlapd alHKJIaH-
raHfial KeduH ajloXuia aToM KaHiai Ty3wirad, ynuumr rapkHOui
KHUCMJIapH KaHlal, Yy HUMalapAaH TallKWil TOHFAH JICill CaBos

nafngo 6ynamu. By epna €pymiuk Ba KT COXACHUArM OMIIIIM-
J1ap €paamra KeyajiM.

XIX acpHMHT OXMpHIAEK EPYNIMKHUHI' MICKTPOMMIIHT TCO-
panuLIapaay MOOPATIUIM aHUKJAaHTaH 3a4. Jlekuii 2iiek rpoMar-
HUT HYpJAQHULI YUKAPULL YYYH HYPJIAHTUPIMWIA DIICKTP tapsil-
Jlapy XapakaTJIaHHIIN 3apyp.

8
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Arap Xyja Kyr aTomapialH Ty3wiraH 6Mpop XHMCM EpYRIMK
quKapa€Trad Oyica, 6y HypjlaHa€TraH aroMnap XMYKMHaIMHa pa-
ONOCTaHUMA KaGW HULIanulapy Ba ynap ®JIeKTp 3apsajura arad
O6ynuuulapy Kepak. AtoMaard MycOaT Ba MaH(UH 3apsjylap COHU
O6up xun OYIMINM Kepak, YyHKH OfaTAard IIApoMTia MOaia
JIEKTP XUXaTHMAaH HelTpan Oynagu. by anekTp 3apsiaiapu MHUK-
HOpPH  XaKHIard MablIyMOTIapHU  2JIEKTPOIM3  XOJMCACUHH
ypranuil opKatu ofuHau. Xap OUp aTOM 3MEKTpOiu3 Xapa€Hua
6upop yIeKTp 3apsaau MUKIOpUMHHU onubd yragM. By 3apsai MHKIO-
pHl ®JIeMEeHTap 3apsil je6 atanagy Ba y Xyaa KMYMK Oynub, 3apsn
mukgopy 1,6:107"° Ki1 HE TaluKu1 oTagu.

SIkkananran (W3ondUMANAHraH) Xonja dakar MaHuHA 3a-
pSUTH 3appanap, 9pHM O6W3 XO3UPIU BaKTla YJIapHU 3IeKMpPOHAAD
ne6 arafnurad 3appamap MaBxyd Oynaou. AJioXxuaa OJMHIAH
afleMeHTap Mycbar 3apgmiap MaBxyn O6yjiMaiaM Ba ynap JOUMO
ofatnary aromnap 6wiad Oortadrad 6ynaau.

By epaa XIX, XX acpmapiard aToM (pM3HKaCHHAHI TaXpH-
Oa HaTHXajlapu XakMaa rarmupuiaéTraHiHd sciaaTub yramms. Ke-
finHyanuk Oy MablyMoTIap KeHraifu, MablIyM MabHOAa y3rapiau
XxaM. Maupuil sIeKTpoHNaH TalIKapu Mycbar eIeKTpOH-TIO3MT-
POHHUHI MaBXYUIUTY aHUK/IAaHAM; aTOM WYMAA 3apsjijiaHrad 3ap-
panapiaH TaUIKapH 3apsUlaHMaraH dJIEMEHTap 3appa — HeUmpou
HUHT OYNMMINY aHUKJIaHIH.

DexTpoH Kauigy XKUIuUHraHlaH CyHI, Te3 opaja yHHUHI Mac-
cacd Yyiyauiu. DAeKTPOHHUHT Maccacd MaBxXyJ Oyyiran aTrom-
JApHUHT HI EHTWIM XucobraHraH BOJOPOL aTOMM MaccachiaH
1840 mapra XWuMK »KaHIMru Taxpubaga aHMKIadrad. Llywnadi
Kunub aToM wyuga Oup Xun MUKIopAa Mycbar Ba MaH(pUN 3a-
pamrap Oynagu. YHpa MaHguil 3apaanap SpKUH Xapakar/jaHa
onagy, MycbaTigapy 5ca aTOMHMHI acCOCHM MAacCaCHHH TallKHi
kwianu. Jlekun, OGapubup aToM KaHmail Ty3wiraH? AroMpaaru
Mycbar Ba MaH(}puil 3apsmiap TEKUC apajlallilaH XOolAa TaKCHM-
JaHraHMH €xu aTomia Oupop Mapka3z OopMMKaH, KaHOalaup
TapTUONaHrad Ty3WIMIUM MaBxyn sKauMmu? By capommapun XIX
acp oxvpu Ba XX acp Oouuiapuraia HMHCOH TOMOHMAAH fpa-
TWiIrad acbobnapnan apk/iv, aHUKJIWIY IOKopH OynraH acbobra
sra Oynui Kepak oau. Bynnail acbo6 tenungMm. ¥V pagnoakTHs
eMUPWIMII XOAMCACHHU YpraHMII XapaéHula TOIMIAU.
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1.2-§. Slupo —~ mypaxkad 3appa.
SAPOHHUHT TAPKHON B ACOCUI XYCYCUSTIAPH

ATOMHUHT $Upo Mojenra Ounoan aroM Mycbat 3apsyyian-
ran xyga kuduk yauamiu (1077 cm) atommuHr Mapkazupan
YpHH osraH x0podan Ba silpo aTpoduya KoOHUKJIapra rpyrmaia-

mu6, 10°% cM piywmycnn chepadn TYAnMpu6 XapaKaTaaHagura
MaHhUH 3apsyuianral 3JIeKTporsiapaaH ubopart.

Bapua guponap 3ca 32/7eMEHTap 3appalap Aeb aralyBum
RPOMOMAAP Ba HEUMpOoHAapOar TawKwi TorraH. By zappanap my-
kaoiap Jjed HOM onrad. fnoponard IpOTOHNAp COHU Z aToM Ko-
OMrugary 2NeKTpOHJap coHMra Ba MeHneneeB XagBanmugaru
9JICMCHTHUHT TapTuO HOMepura TeHr Oynanu. Sopoparu npomon-
Jap Ba HeUmpoHJapHuHe YMyMUHA cOHM A OmnaH OenrunaHany Ba
y macca conu neb atanagu. ByHnan xenn® 9MKanuku, sSpomard
HeiiTpoHnap conn N=A-Z 6ynanu. MacanaH, Al HUHI Macca
coHn 27 ra, MeHpgenees xanBanuparu TapTu® nomepu 13 ra
TeHr. Bynnan kenu6 yukaguku, Al gapocu 13 Ta npotoHgan Ba
27-13=14 Tta Heitfrponpan ubopar. Bapua saponap yuyn N > Z
(,H', ,He’ 6ynnan uctucHo). MeH/enees AaBpuil CHCTEMACHHHHT
OUpPHHYHM SpMMIa XOWIalrad eHrwn saponap ydyH N/Z =~ 1.
JaBpuii cuUCTEMaHUHT OXHpHWa XXOHIAllraH 3JIEMEeHT aroMilapu-
HUHT gApoJiapuila NpoToHIapra HMcOaTan HeHTporiap xym. Yimap
yayH N/Z = 1,6.

Typnu agponapHu OGenrwialll ydyH Maxcyc CHUMBOJIMKA KyJi-
naHwiany: KuMEBmil ameMeHT dupocu OGepwiraH Z Ba A opKaiu
%X Ba ;X" ne6 Genrmnanamu (6us xenaxaxma ,X* XypuHMLIIArH
Benrunan Kynpok goiiganagamus), 6y epna X — 37eMeHT CHMBOJTH.
Macanas, ;Al” amoMuHri SapocuHn udoxanain.

Slnponaru npotouiiap Ba HEHTpoHNap coHM Gwian Gepuiran
aTOMHH Hykauo ned aram Kabyn xununrad. Ilporonnap couu
Oup XW1, HEMTpPOHIap COHM Xap XWI OYJraH HYKIMmIap uU3omo-
naap 1eb atanagu. MacaiaH, BOJOPOA Y4Ta W30TOIIA 3ra:

H', H? (neittepuit), H® (tpurmii), resmit HU30TOIIapu:
,He?, ;He*, ypan uzoromnapu: ,U?*®, U,

Bbapya Maraym Kumésuii aieMentnapsMur 300 ra skuH Gap-
Kapop (ctabun) Ba 2000 ra SKUH palMOaKTHUB H30OTOILIAPU MaB-
XKYI.
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V3-§3upaH eMUpIIYBYM HYKIIMAIAD PAOUOGKMUGAGD [EHIIa-
. Z > 84 xamaga A > 210 6ynragna crabun HyKIMAIap MaBXyH
6ynmaiiay. PanuMoHYKIMUTapHUHT AipoNiapi eMUpWING, 3appanap
Ba 3JICKTPOMAarHUT HypJjaHUII 4YMKapainu. EMupwium xapaéHuna
A/lpojla aTOM HOMepHU Z XaM, Macca COHH A XaM ¥3rapuild MyM-
KUH. bapua ysrapunulap sHeprus, MMIIYJIbC, MMITYJbC MOMEHTH,
QJIEKTpP 3apsay Ba OOINIKA KaTTaJIUKJIapHHUHI CaK/JIaHMII KOHYHHIa
6uHoaH cogup Gynamu.

Macca conu 6up xun 63116, 3apsn coHu Gwian dapk Kuna-
QMraH HYKIMANap wuzobapnap ne6 arananu. Macanan, H® Ba
,He?, ,Be’ Ba ,Li’, B' Ba C", .C" Ba ,N", ,N" pa ;O", ,Si”
Ba ;sP” Ba X.K. — uzobapnapaup.

AToM SIpPOCHHMHI Maccacu amajija 6up OyTyH aToM Macca-
cura /Jesipiyd TEHr, YyHKM aToOMJard 2JeKTPOHJIapHUHI Maccacu
KM4YMK. DJIEeKTPOHHHHI Maccacu m,, IPOTOH Maccacu m, HHHT
1/1836 HU TalIKWI STanH.

HejliTpoH Maccacu m, Ba MpPOTOH MacCacH m, aToM Macca-
JIApUHUHI yDiepol MaccacH (M.a.6.) Oa:

m, = 1,00865017 M.a.0;
m, = 1,007276470 M.a.b;

HeiirpoH Ba MPOTOHHHHT Macca COHIapy OMp XWI Ba 1 ra TeHr.

Slipo — crmHra sra, Xycycui XapakaT MMKIOPHMHHUHI MOMEHTH
(MMIIYJIbC MOMEHTH). Y al0Xua ONHUHIaH HYKJIOHJIap CIHHIapu-
HUHT KYIIWIMIIMOAH TAKWI Tonamgud. Xap OMp HYKJIOHHUHT
cnuHM #/2 ra TeHr. Ky(pT coHgard HyKJIOHIapiaH TalIKWI TOII-
raH gApo cnuuiapu (4 Oupnukiapuga) OyTyH COH EKHM HOJb
6ynagu. TOK COHEard HYKJIOHJapAaH TalKWI TOIraH SApo
crnivuiapy (# OGupiMKIapuia) SpUMTaIMK COH Oyianu.

Adpo yauamu — acocuil XapaKTepUCTHKanapaaH OMpU XH-
cobmaHagu. ATOM spocu KecKUH OenrunaHraH yerapara osra
aMmac. By X0/ HYKJIOHJIapHUHI TYJKHH Xoccara ara OyIMLLIapH
6wian Oommuk. LIIyHWHr yuyH sOpo yyIYaMd IIapTAM MabHOra
ara. Sopo Xaxmu sapofard HYKJIOHIap COHM A ra IIpoIropuMo-
Hal. Arap supoHm pamuycd R Gynran ciepa ne6 xabyn KwiMH-
ca, R HUM Ky#unary smMnupuk ¢opMmynagaH xucobnab Tonunanu:
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R = RoA"",

6ymuary Ry = (1,3+1,7)-107" m.

DHr OFMp ApoJIap, Macaial ypaH SIPOCHHHUHT pamdycu 107* M
ra SKUHIaIaIH.

Adpo 3uvnueu p. Sapo MOANACUHHUHT YpTava 3UUIIUTU

M.
P=W

cdopMynagan ronunagu. bydna M, — saapo Maccacu. Arap m, -
HyKJOH Maccacu Ae6 onMHca, yHIa M, = m, A Oynagu. Supo
MacCacHHHUHT YpTavya 3UWIMIM y3rapMmac 6Ynub, sapomard HyK-
JIOHNapHUHr A Macca coHura Gormuk aMac; p = 1,3-10" xr/M’.
By anya xarra xuitMar. [lemMak, SAPOHUHT 3UYIMIUra SKHH Kella-
AWrad 3UWIMKHUHT Y34 HYK.

1.3-§. SIapo Kywiapu

Snpo Tapxubugarm MKKuTa IpOoTOH opacupga KynoH xoHy-
HUTa acocaH:

F = £ ; ~34H
4megr

OynraH y3apo WTapuIl Kydd Tabcup Kunaad. Orup spposapia
6up Hewya yHnab nporomnap Masxya. Lllynusr yuyn ymapma Ky-
JIOH KyYMHMHI MHKAOpU OMp Heua MHUHI HBIOTOHIa eTaiu. ByH-
Jail Kywlap TabCUpHMAa SOpOJard IPOTOHJIap Tapka® KeTHIUM
no3uM 3aM. BaxosnaHku, Oapkapop anposiap MaBXyd. banku si-
ponmap 6apKapOpIUTMHHMHI cababuHU HYKJIOHIApD OpacHar
y3apo TOPTUILMIU IPaBUTALIMOH Ky4YIAapHMHI TabCcUpM OWwiaH Ty-
WIYHTHPHII MYMKUHIUP. BUpOK, MKKM IIPOTOH Opachiaru rpapu-
TallOH KYYHUHT MHUKIOpH

Fp = 722 2 28107 H

by 2

ra TEeHT, SbHM IpaBUTalMoH Kyy KynoH Kydunan Taxmupan 10%

Mapra KW4MK. IIyHUHr yuyH OapkKapop sIpoJapHUHI MaBXYMTH-

TMHU S0pO M4YM[a TOPTHULIMII XapakTepura sra OyjiraH siaeKTpo-

MarHuT Xywilapura HHcOaTaH 1031a0 MapTa Kyopamiu AOpoeuli

Ky4aap OWIaH TYWIYHTUPHIAIU. AOpo KyunapuHuHe XycCyCUAma-
12
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pu Taxpubanapia 4XIIMIMHA YpraHwirad. by XyCycHATIIapHUHD
acocuiiapu KylngarwiapaaH ubopar:

1) Hyksonnap opacuaaru macoda r=(1+2)-10""° m 6ynranna
ANpo Kywlapy mopmumuuwi Xapaktepura, r < 1-107° M macoda-
Japa sca umapuwuu XapakTtepura sra 0ynagu.

r > 2-10"° M macocpanapga SApOBMIl KYWIADHUHI TabCUPH
Jeqapii ce3unMaiiou.

2) Sppo KywlapUHUHI MUKAOPM ¥3apo TabCcupala&rraH
HYKJTOHJIAPHUHT 3apsauTi €Ku 3apsaacus Gynumura GOFIMK 3Mac,
SBHM HKKM IPOTOH, UKKM HEHUTPOH EKHU IPOTOH Ba HEMTPOH
opacHaard y3apo TabCUPHMHI KaTTalnHMrd 6Mp xun 6ymamu.

3) Snpo Kywrapu §3apo TabcUpJalllajurad HyKJIOHJIap
CRUHAAPUHUHZ UYHaruwuea OOFIMK. DByHra WKKHUTa HYKJIOHAAH
TAlUKWI TONTaH cucTeMa Mucoi Oyna omaau. HeiTpon Ba Ipo-
TOHHUHT CIMHIapU (pakaT Dapaien Oyirad TakauprardHa cuc-
TeMa GOFMMK Oynanu, sweHm nmeiitepuit ((H?) xocun Gynamu.
Cruenapy aHTUHDApaLien GynaraH HedTpoH Ba mporoH M HH
XOCHI KWIMaHIH.

4) dupo Kywiapd TYHMHMII XyCYCHSTHIa 3ra, SbHH Xap Oup
HYKJIOH gfipojard Gapya HYKJIOHJIap Ounad aMmac, 6alkM Y3UHUHD
arpodyiary 4eKJIM COHJIM HyKJIoHnap GuiaH O6Mp BaKTHHHI 3M-
Ja Tabcupiala ojagu. Snpo KywlapuHHHr TYHUHMIOM — yiap
AnMAWUHY8UY Ky4iap SKaHNUTHAaH Jatonar Oepamu. Ymymadw,
AIMalMHYBYH Kywiap KBaHTMEXaHHK TymyH4apup. ByHna MKku
3appa Oup-Oupy OwiaH YYMHYM XWI 3appaHd [JOHUMO anMammo
TYpHIll BocuTacua OoftaHrad Gynanu.

3amoHaBUIl TacaBBypJiapra acocaH, sIpoJard HyKJIOHIap GHp-
6upy OGWiIiaH T ME30HIap aMalmd Typaad. T Me3oHIap yd4 xui 6y-
nagu: Mycbar (n*), mancduil (n7) Ba wmeiitpan (n°). Ilpoton Ba
HEUTPOHHMHT {3ap0 TabCUpJIAMIMIIM KyHMAarudya amalira ouiajiu:
p-nipoToH 7" YMKapub, §3u n-HelTpoHra ailnaHamy, ° HA HEHTPOH
IOTaJId Ba y NIPOTOHra aitnaHaay. by kapaéHHM cXxeMaTUK Tap3ja

p+non+nt+non+p €KU n+pep+n +p<«>p+n
waKiuia €34 MyMKUH. ByHIa npoTOH Ba HEHTPOH opacuia 3a-
pan aTMalvHMIIM pyi Gepamy. IlpoToH Ba HeATpoH opacHparu
¥3apo TabcHp T° BOCHTAcHMAa XaM Pyl GepHiIM MyMKHH, JIEKHH
Oy X0Jiia HYKJIOH/Iap 3apai alMailiMaiau:
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p+neop+n’ +nop+n
[Ipoton Ba nporoH &Kkm HEATPOH Ba HEATPOH OpacHari
¥3apo Tabcup xam n° BocHTAUMIMIHAA yTanu:
p+peop+rn’+pep+p EKHM
n+neon+n’+non+n
MyHpait KMnub, HYKJIOHIAap HOUMO Me30H YuKapub Ba
0TU6 Typanu, smHu Me3onnap Oynytd OwiTaH KorutanraH Oysiamu.
Xycycan, HCHTPOH §3 YMPUHMHT MabjlyM KMCMHHU p + 1~ XOJaT-
Ra (6yunait xomar eupmyan yonam neiiuwnanm) yTKa3agd. T HUHT
opburai xapaxaru Tydaiiim HeHTpoH MaH(UI MarHUT MOMEHTH-
ra (M, =~1,91 p, oKaHJIMIMHA 3CIaHT) ra Oymanu. XyooM Imy-
“.“Hl‘J.leK, NIPOTOH MabiyM MyQJar n + n* BHpPTyan xonarga 6yiamu.
by Bakr maupa 7t opbutan xapakaraa KarHawand. IIyHuHT yayH
POTOHHMHI MarHUT MOMEHTH |i, Ta 3Mac, 6anKy KaTTapoK, Kuii-
Marra, abHu 2,79 |, ra TeHr.

1.4-§. SlxponuHr TOMYH Ba KOGMK MOme/LIApH

Wy naiirraya arom sapocuuusr Gapua XOCCaIapUHM Ouprai
TYWYHTHPa  onamnran 6up OyTyH TyraJUlaHTaH Hazapusl Haijo
6Ymaran. Bynunr ca6a6u:

1. Snpona myxonnap opacmuaru T@bCHP Ky4Yjapura Teruui-
M GUnMMMnapHUAHT €Tapiy 3MACIUIY; 2) Ky COHIM XUCMIIap
Uliponarn A pona HYKJIOH/Iap) KBAaHT MEXAaHUKAa MAacCaJJaCHHUHT
Xa1aH TamKapu MypakKabnurupa-aup. AXBOJ siHa U1y OGHIAH My-
Pakkabinalmanuky, HYKJIOHJIap OPaCHard y3apo TabCHUp Kywlapu
PaKar yrap opacudazu macogazazuna 6ornuk, 6ynub Konmai,
§Ef”K” YIApHUHT XapakaT me3Aukaapuea, UIYHHHTIEK, CIMHIap
HYHanummra xam GoFmUKaHp.

. Xarro, arap HYKJIOHJIap OpacHuiard y3apo TabCHp KydJiapu
:)BC/llelznnmqa MabiayM Oynranfa XaMm, SIpo HazapusiCHia Kyn COH-

KUCMAAPHUNZ KGAHM MEXAHUK MACANACUHU X1 KWIHLI Ke-
PaK G6ynapau.

N Bynpait macananu XO3UPIM 3aMOH MareMaThKacHu (XaTrTo y4ra
Y3apo TabCUPNAIYBYM XUCM Y4YH XaM) Xal KWIMIIra oxus. Ma-
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caliad, arap AApo A Ta HYKJIOHIapiaH TAIUKWI Tomrad 6yimo,
YIApHUHT CIIMHJIApMHM XMcobra ofMaraHia giapo xonartu 3A cdazo-
BUIl KoopauwHaTanapra Oornuk, 6ynraH w(r,, I, .., I,) TYJIKUH
dyskuusicy Owirad aHukaHamd. by ¢yHKuua 3A SpKHH y3ra-
pysunnyn IllpeauHrep TeHINIaMacwiaH aHUKJaHraH Oynapuu. Hy-
KJIOHTap CIUHHUHU XHcobra onum Oy MacalaH¥ Ky3 YHIHUMHU3ra
KenTupu6 6yIMaiiiuran gapaxajga MypakkaGnamrtuprad Gyiapiu.
LUyHuHT yuyH XaM sapo (pu3HKacuia TypId XWI S1pO MOAeUIapu-
faH ¢odaaHwIay. YIapHUHT Xap OUpY dyerapajiaHraH sapo Xo-
AUCATapUHUTHHA TYWIYHTHpa onagd. Slapo Mopemnapu  sapo
XOAUCATaDUHUHT XaKUKHH HasapusicHHM OepmailaM, JIEKMH SIpO
(PU3HKACHHUHT TYpIH COXaTapuaard XOQMCAIapHU CUCTeMasIallTH-
pHUlUra, SHI ACOCUICH SHIWIAPUHU OJMHIAH KYPCaTHII UMKOHMHU
Gepanu. YnapHUHT KenTHpanurad poijganapd XxaMm aHa wyHpa. by
bopaga TaxpubalapiaH MabiIyM OYiaraH XOAMCATAPHU TYLIYHUIL
AHIWIAPUHY OYWIMIIWHY OJjMHAaH Xxabap Gepumn 6yiuya Xxaipar-
Ja KOJQMpaIuraH Japaxana Kyl Hapcara spUiliIraH.

Slapo moneiulapuHu Oup 3appanu (KoO6HK), KOIIEKTUB (TOM-
qp) Xamia yMyMJIaliraH Mofeulapra aXpaTUIl MyMKUH.

AnpoHUHT TOMYH MO

DHr oMl Ba TapuxaH OHPUHYU SpaTWIraH MoOJellUlapiaH
Gupy 20poHunHz momuu modeauoup. Y 1939 mmnna S1.H.®penxensb
TOMOHHIAH Taknug Kuimurad spu. Hunse Bop Ba Gomka onmM-
Jlap YHU PUBOXJIaHTUpIaH dAMWIap.

Tomuy Mopenuna aapo Y3UHU CUKMIMAaMiUraH 3apsjjlaHra
CYIOKJIMK TOMYHCHIa yXuiaml TyTagu. TOMYMHU cepa KYpUHH-
muaa nebd xucob61ab YHUHT paguycHHH

R =1,A" (1.1)
nad tomwiann. By epma r, y3rapMac KarTanuk 6yimb, orup fa-
pojap y4yH

1, = (1,2+1,5)107" cm (1.2)

opatuKaa e onuHamu. BymapmaH «Sapo CylOKJIUTH»HHUHT 6ab3u
napaMmeTpiapyUHH aHUKJall yuyH oiimananuiaii. SAapogaru Hy-
KJIOHJIap KOHLEHTPAaLMiCH y4YH:
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n=—~A_—=-3--087-10"® ~10% cu
47R> 3 4wy

SAPOAary MOJJa 3UWINIH YUyH
p=nm ~ 1,45:10" r/em®,

GyHma m — HYKJIOH Maccacy; 1, = 1,4-107"% cM ne6 Kabyn KiiuH-

rad. Hyknonnap opacuparu yprada macoda

_%/47(R3=3M‘ ~23.10°M
l = IA 3 "To ®23-107" cu

6ynanu.

DHI eHIWN gupojiapHM Xucofra onMarasia HyKJIOHIap KOH-
LUEHTPALMACH, MOJJa 3UWINTH, HYKJIOH/Iap opacujard Macoda
amayia Oapua sapomnap yuyH Oup xuin. By xon ToMuM Mopmenuga
SAPO XYM CYIOKIUK TOMYHCH Kabu CHUKWIMaHAM JeraH Tacas-
Bypra acoc 6yma onany.

«S1apo CyIOKJIMIMHHMHI» CHUKMIYBYaHMACIUIU SAPO HYKJIOH-
Jlapy opacuja Xyla KyWwIM y3apo mabvcup MaBXYMIMTHHH Kypca-
U6 6epagy. IIIyHMHr yuyyH XaM TOMYM MOJE/IH KOJUIEKTHB MOMLEN
Karopura KupuTwiagud. ToMuu Mojenu sapofard 3appajlapHUHT
GOFIaHUII PHEPTUACH YYyH IpMM SMIMPHK (HOPMYITaHH KeITHPHO
YUKapHILl UMKOHUATMHU Oepau, IbHU

Eﬁor _ A2/3 —a ZzA—l/s _

A cupr Kyn

A "5

A —

aanpo
o (1.3)

—ag(A - 2ZY AT +a,gy
Beiiuzekkep opmynacn ne6 aramyBun 6y copMynaaaH
MyBachdakuaTiM QoinanaHwnagy. bysjarn xypcatkud € ydyH
TYpaM ajabuérnappa +1/3 gan to | rava xuiiMaT Kabya KuiudHa-

OU. & HUHT KUPAMAaTH:

+ 1 kxydr-xydT saponap yuynu,
§= 0 tok agponap yuyH
— 1 Tox-TOK saponap yuyn

ra TeHr. (1.3) dopmynagara xosddHuMeHTNap Y4yH Taxpuda
HaTHXajlapy OwlaH BSHT SXUIM HIAPOWT l03ara KeJaiuraH KMid-
MaTiap TaHJIaHau:
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Xo3upry nmaiitaa KyHunaru xuiMaTnap Kabysl KWIMHraH

8,000 = 15,75 M3B, a,,,, = 17,8 MaB, a,,,=0,710 Ma2B,

eupr T
Aoy = 23’7 MbaB, ailydﬂ =34 M3B, ¢ =3/4. (14)

Snponunr tomuu Mozenu (1.3) dopmynaHuHr OGUpUHYH Yd-
Ta X4AHHUHT (PH3MK MabHOCHHM OCOHTMHA aHMKJIall OJajlH.

(1.3) Ba (1.4) parn ko>hUUMEHT a,,,, — SAPOHUHI l03ara
KEIUINAIard SHeprusiHA XapaKTepIoBYM KaTTaIHMK XHcoOnaHalu.

SIApOHMHT TOMYM MONENM KEeHHMHIW MKKM Xal Hasapaa Ty-
TWIraHaa SOPOHMHI OOFIaHUII SHEPTUACHHUHI Z 3apdj COHM Ba
A Macca coHura OOFTHUK/JIMTMHY AXIIMIHMHA TYIUYHTUpPA OJaiy.

By Mozesra acocan yiiFoHMaraH XonlaTfard supo cepux Iuakira
sra neb xucobnadany. By Xon oFvp snpoNiapHUHr GYJIWHMIN Xapaé-
HM Ba OollKa KyIuia® XoavicaTapHy TYLIYHULITa UMKOH GepraH.

SInpoHrHr KOOHUK MoaeTd

SlaponuHr Ko6uK Mojenn Mapus I'ennepr-Maitep Ba Gom-
Ka oJiMMJIap TOMOHMIAH pUBOXJIaHTHpWIraH. by Mogenra acocan
HYKJIOHJIAp Oup-Ouprapuza 602aux Oyamazan x0a0a Maprasuii-
CUMMEMpUK MAldoHda xapakamaanaourap ned Kabysl KUNHHaIH.
Bynra MyBoduK (aroM sHepruacd caTxura yxumaul) ouckpem
Hepeemux camxaap Mapxyn 6ynu6, ynap Ilaynu npHHLRNHMHA
Hasapla TyTraH XOnJa HYyKJIOHjgap OwilaH TyagupwiraH Oyiaanu
(HYKJIOHJIApHHHI CIIMHA 1/2 ra TeHDIUTHHH 3cnatid jramus). By
SHEPreTHK caTXjap Kobukaapza Tpylnnanamagunap. Xap 6up Ko-
OuKga MyalsH COHjard HYKJIOHJAp XoWnauran Oymamu. Hy-
KJIOHIap OwiIaH TYNUK TYJAUPWIraH KOoOuk aloXuua Mycmaxkam
6yaaqu. Taxpubanapaad MawkiIyMKM € IPOTOHIAp COHH, € HeH-
TpoHsap COHM, (KM yNapHMHI HKKalalapHHUHI coHM) 2, &, 20,
28, 50, 82, 126 ra Tenr OynaraH soponap aloxXyAa MycCTaxKam
xucobnananu. Bynpait aaponap cexpau aoporap ne6 HOM ONraH.
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Kobukapoaru »Hepreruxk carxjiapHuHr xoibtaumi [Hpe-
JUHTep TEHINIaMacUHM edMIil OUIaH aHuKjIaHaau. By xon kyiuma-
r'u XxajBaiga KypcarManu Kunub Oepuiras.

1.1-sxao0ean
Kobukgaru #nponaru
Kobux| Xonatnap HYKJIOH-
HYKJIOHJIZp COHY
Jlap COHM
I 18,5 2 2
11 1pss 1pin 4+2=06 8
1 1dg, 1d,, 25,, 6+4+2=12 20
v 165, 1fsp 2P 2Pin 183n 8+6+4+2+10=30 50
\Y 18, 2(15/2 Ih“/2 2d3/2 351/2 8+6+12+4+2=32 82
VI 126, h, lijay, 3pan 2f5n 3pin |8+ 10+ 14 +4+6+2=44| 126

Xap Oup xaTopaa MyailsH KOOMKKa KMPYBUM (TYFpu Kemys-
YY) HYKJIOHJAPHUHT XONaTiaapy KeITUpMHIIraH.

Kobuxiapau Homepriam 1 Kobukipan Oomuaun® KeiduHrH
KelyBud XKoOukjapra Kapab optud Oopaau. Yuunuu ycryija xap
6up xonatgarn (Xap Oup KoOMKNAru) HYKJIOHIAD COHM KeNTH-
punrad. OXdprd ycTyHAa SAPOAAr¥M HYKJIOHJIApHUHI (anoxuna
NIPOTOH, AIOXUAAa HEUTPOHIAPHUHY) TYJIHK COHW KENTHUPWITaH.

DHepreTHK caTXJIapHMHI Ba YJapHUHI KOOUWKjapra rpyma-
JAlMIIM MYHUHIAEK |-pacmua Kenrupunrad. 2Kaupan Ba pacm
ycraraH HYKJIOH TUIIMra: IIPOTOHJApra XaM, HeHTpoHapra Xam
TYFPU KeJaau.
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1-pacm. Inepeemux camxnap 6a
YIapHUHE KOOUKAapea 2pynnaiauilidy.
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II BOBb

PAINOAKTHUBI/INK

2.1-§. PaguoakTB eMHPHWIHII TYpJIapH

1896 #unpa mawxyp ¢ppanuys dpusurn A.Bexkepens, KelinH
sca Mapua Ba Ilsep KropunapHHHT TaOkukoT/iapu Tygaiim Tta-
OuaTna MaBxya OyiraH ypad, TOpUi, paiuii Ba I1OJIOHMH Kabu
9HT OFMp 3JIEMEHTNAp ¥3-Y3udaH sfieMeHTap 3appajap €KU eHIE]
anponap yukapub Oomika OuUp BJIEMEHTHUHT M30TOIMUIa alnaHu-
M Ky3aTWiraH Ba Oy Xapa€H paouoaxkmueiuk X00ucacu neraH
HoM onraH. Panjary Xxap KaHgad SHIWINK CUHrapu, 6y SHIUIUK
XaM KYNUWIMK MallXyp OJMMMIapHU KU3UKTHUPHO Kyiau. Onum-
JIADHUHT M3JIaHvIunapy Hatuxkacuaa 1912 junrawa 30 ra sxun
PafiMoakTUB ?JIEMEHT TONMJAM Ba YJApHUHI Xoccalapd Ypra-
HWIM. Yiua naiitna MeHjleeeBHUHT dleMeHTIap N1aBpHil CHCTe-
macuga dakar 12 ta ypun 6ym spu. Lllynunr yyyn suru 30 Ta
sneMeHTHH Oy YpuHIapra >XOMIALITHPHII Macanach MyamMMo OV-
m6 xonmu. Iy maktna mHmus ¢usurn @.Comom (1877-1956)
U30TOIUIADHUHI MAaBXYUIMTH Xaxujard ¢apasHd WIrapu cypad
Ba IIYH/IaH CYHT Oy MyaMMOHH Xajl KIIHALI YW TOMHI/IN.

Paquoak THBIMKHMHT aCOCUH XYCYCHATH — OUp 9NeMeHTHHUT
TallKY TabCUPCU3 ¥3-Y3upaH eMHUpwiub, Mycrakun Oouika sie-
MEHTIA aliaHUMMIUD.

Ypan Ba Oapzn OolIKa OFMp NIEMEHTIAPHUHT EMUPUITMILIHN
Kauldp STWIraHHWJaH CYHI opajaH Kyn BakT YTmai, Oy eMuUpwinu-
jlapaa 1o3ara KeJaaurad HypIaHWIUIADHUHT MYypakKaOmaurd, yriap-
HUHI Tapkubuiga ansda, 6era, raMma — Hypraap jeb aTatyBuM
dJIEMEHTAp 3appanap Ba XaTTO €HIWI Ba ypra sapojap Oopiuru
anuislanay. By 3appanapay MarHuT MabiioHua TEKIWIMpUIL KyJai-
Idp. Ynapnaru Myc6aT 3appanap 6Mp TOMOHIa, MaH(Mii 3appalap
UKKMHYH TOMOHIA OFajH, 3apsACcU3 HypJaHUNUIap 3ca MyIJako Oy-
pUwiManay.
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2-pacMaia pafMOaKTUB MOMLAHU KywId MarHvt MaHIoHura
XOWNalUTUPWIraHAa pyi Gepagurad MaHsapa TacBUpJiaHrad. byH-
na O6Mp rpynna Hypjaap 4dan TOMOHra oflaH. By MycOar anextp
3apsa/uIM 3appadap okumuaup. ByHpail 3appailap oKuMHU ajssgpa
(o) 3appanap neb aranagy. o-3appanap 6Up XWina OFanu, LIYHUHT
Yy4yH yNapHUHI oHeprusgcu Oup xwiga Oyjaanu, HEeHUIN MYyMKHH.
Boiwka rpynma Hypnap aca, VHT TomoHra orauu. By mancduil 3a-
pPAAnaHTaH 3appanap OYnub, yJapHMHr JacTalapH Oup-OHpHaaH
aH4a papK Kunagu, JeMakK, MasKyp 3appainap Typiu XWJI 9HeEp-
risaa TapKamvuiap skaH. YmapHu 6ema () 3apparap ne6 arana-
au. Texmwumpuinap 6y HypJapHHHI 3JI€KTPOHJIAp OKUMH 3KaHIIU-
TMHMA KypcaTagd. Y4u0 YMKa&TraH 31eKTPOH/IAp XWIMa-XH1 Te3-
NUKKa ora 6ynu6, TeanuknapuHudr Kuiimata ~ 10° cM/c Taprm-
O6una’ 6ynany.
IOxopunary MynoxasanapiaH KypuHuo
TypubaHKy, 6era- 3appanap SHI Te3 3JeK-
/

TPOHJIap SKaH.
HuxosT, MarHdT MaijioHoa MyTiako
OFMail yraguraH YYMHYM Cpylia Hypiap /
eamma Hypaap ne6 atanagy. Maruut Maii- s
JOHAa Y3apo TAbCUPHUHT MaBXyn Oyiamac-
JIMTM TaMMa Hyprnap & 3JeKTp 3apsinucHu3
3appajlap OKUMHM, € codp TYIKMH XoaMcacH
— 37eKTPOMAarHUT HypJaHuliaH Hbopart- 2-pacm. Paduoax-
nurude  aurmaragy. KelMHYaink, ramMma mue HypAaHUuL
HYp/IADHUHT EPYFIMK TYIKUHIapura yxmab — MYPAGPUHU GHUK-
nHTepdepeHIys Ba Autpakusl Xocw1 Ku-  Adied 00Up cxema.
JMLUTITY TaxpuOanap époamuaa 6eBocUTa
Kypcarub Gepwnmu. By Xon ramma HyprnapHUHT TaOHaTH peHITeH
HypJlapura yxmam Oynrad S/IeKTpOMarHuT TYJIKHWHIapoaH HOo-
pamIMIMHA Kypcarany. [aMma HypiapHUHT PEHTTEH HypllapuiaH
acocuil ¢apky YJapHUHT TYJKWH Y3YHIUIM PEHTIeH HypIapuHHHT
TYJIKMH Y3YHIMIUra Kaparaiga KucKapok —Oymuwmugup. Jlekun
IOKOpUIa 3UKp 3TWIraH Hypjap ypracuiard acocwid ¢apk yniapHU
103ara KeITHPYBYX MaHOamapHUHr Typaunurupagup. LyHunr yayn
XaM y HOMJap cakJlaHaiM. SopopaH TallKapuia BYXydara xefa-
AvraH HypJapHU penmezen Hypaapu je6 atvamamy. I'amma- Hypiap
saponad 9uKand. ['aMMa-HypiapHH palHOaKTUB eMHUPHIMILHHHT

o
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UKKUHYM Japaxand maxcymu e xucobmaur MyMKMH. Yiaap K-
nyH4Ya anbda- €ku Oera- zappanap O6wian Oupra uvkanu. Hatrxa-
Ja pajvoakTUB 3NeMeHT ysrapagd. Kynwxda OyHpail y3rapuuigad
BYXYAra KejlaluraH M30Toll YHFOHran xosnja 6ynagu. By xon yid-
FOHTAH SIAPO BHEPIMSICH HOpPMal XoOJIaTAAru SApo SHeprusichra
HUcHaTaH KYNpoK, skaHujaH janonar bepaiy.

MazKyp opTHKYa 3HEprud raMma Hypsap Aeb aTaltyBuM dJieK-
TPOMarHUT HypJIaHHLI ILAaKIuAa Yukub Ketangu. By XapaéH yiiroH-
raH XoJaTAard aroMpa coiup Oymamurad Xapa€Hra ¥XImaiyiup.
SIIpOHMHr HOpMa@I Xofnarra KaTUK EpYFIMK YMKApUIUU OuiiaH
bupra 103 Oepamu. Sloponary MaBXyA SHEpPrus aTOMHMHI CHPTKH
KOOMFUIAry 3Heruscuaal Kapuib MWUIMOH MapTra OpTHK OyiraHu
YYyH XaM pajJuoaKTHB MOJjalap TapKaTaluTaH ramMMa- HypJap
ypra xucobpa EpyRINK TYJIKMHIAPU SHEPTHACHOAH Aedpid MILIU-
OH MapTa 3ME€j dHeprusra sra Oyaaau.

PannoakTHB MOAJATApHUHI TefMM SOpOCcH €KH 2JIeKTPOHHM
y3upaH YMKApUIIMHU aHMK/1a0, OyHmalt HyprIaHMUIHUHT HaTHXacu
KaHnail 6ynangu? - nerad capoil TYFWIHMUIM MyMKHH. B.Pezepdopn
(1871-1937) Ba ®.Copan 6y 6opajna GMPHUHYM TAUKHUKOTYH DIRUIAp:
6u3 Oy MacalaHM SAPOHMHI TY3WIMIIM XaKMAard XO3UPIH 3aMOH
TacaBBYPH HYKTaWl HazapujaH TaxIwl Kwiamus. [anHu ansta-
3appajiap 4MKapu6 eMmupwiagurail paduiioan Oominaras MabKyil.
By aneMeHTHHHT aToM HoMmepu 88 Ba Macca coHHM 226 paH ubopat
OynraHu ydyH YHUHT siipocu 88 Ta 1poToH Ba 138 Ta HeilirpouiaH
Ty3unrad. Arap gapolaH anbga- 3appa, SbHM 2 Ta IPOTOH Ba 2 Ta
HEHUTPOH 4YMKCd, KOJITaH 3JIEMEHTHHUHI aToM HoMmepu 86 Ba Mmacca
conu 222 6ynagu. JaBpumii Kansanga 80 HOMepNIU 3JIeMEHT WHepT
raziap (Tenuii, HEOH, aproH, KPUIITOH Ba KCEHOH) FPyNIIacHra KH-
pany Ba y padox geb atanaiy.

Dlynnait xunub, anbha- 3appanapHUHI HypilaHWIIM Tydaim
panMi pajoHra aiianagu. By xapa€H my OwiaH TYxTab KosMaii-
JM, y sHa JaBoM 3Tagd. PajoH Xam anbta- sappanap Tapkaraiu.
ByHuHr Hatuxacupga aToM HoMmepu 84 Ba Macca coHu 218 GynraH
nOAOHUL 3JIeMeHTH Xocuil Oynamu. V30TOIapHUHT MaBXYIluri
aHUKJIaHWmMra Kajap Oy monna papuii-A neb aranap spu. By sipo
V3 XycycUTUra Kypa palUOaKTHB, LIYHHHT YUYH Yy ¥3 HaBOaTuaa
anbga- 3appaiap uuKapub, Homepu 82 Xamua Macca conu® 214
6ynran paani-B ra aiinamapu. Panuwit-B Huur ysupau Gera mypriap
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yukapuil Hynm OwiaH eMUpWIMIUN aHHUK/IaHrad. MabiyMKu, Hei-
TPOHHUHI NpOTOHTra ailaHuIuM Tydalid SApo 3JEKTPOH YUKapa-
au. IlpoToH OwnaH HEHTPOHHUHI MaccacW JesApiad TeHr OyiraHu
Y4YH y3rapuil Tycaii onuHaaurad sneMeHT XaMm ailHan 214 mac-
ca couura sra 6ynanu, GMpoOK HeHTpoHIapaaH 6MpH MPOTOHra ai-
TaHraHy cababnu supo 3apsany OGupra opTagu Ba JeMak, oJe-
MEHTHUHT aToM HoMepu 83 Oynamu, Oy sca eucmymoup. Hemax,
panuii-B uuHr emupwium Maxcymd paguid-C (BHCMYT) M30TOIH-
JUP.

Bapua panuoakTuB MOIUUIapHUHI eMUpWINO €Ky mnapdana-
HUO OoliKa Mojfanapra ailaHUIOMHU XYQUM LIy HycHHAa Kysa-
TUII MYMKHMH. Xap ran, ainbga- 3appajlap HypjlaHraHjga 2JIeMEHT.
aTOMMHUHT TapTud pakaMmu 2 ra, Macca COHM 3ca 4 ra Kamaspu,
xap Oup Oera eMUpWIMIIa 3ca Macca COHM y3rapMapau, aToM-
HUHD TapT6 pakamu sca 1 ra opramu. Macanan, ,X* anemenr-
HUHT O- 3appa YduKapuul Wynu 6wiaH Y sieMenTra aijiaHdIuM-
Jarv 44po peakuysacy Kylunaruya €3uiaiu:

2 XA XA He ! (2.1)
Bera emupwini yu typaa 6yiuuimm Mymkus: 1) saexmponiu
éxu 3 emupunuw; 2) nosumponnu éxu [t emupunruw; 3) srex-
TPOH Kamparl.
BupuHyM TYp eMMpHWIMIL Y4yH SAPO PEAKLIVSICUHUHI KYpHHUIIN
Kyiuiaryia:

ZXA—B——>Z+IYA+_160. (2.2)

Hosurponnu papmoaktusiuk 1934 ivnna Mpen Ba Dpepne-
puk Konuo-Kropunap Ttomonugan (amanga Oup BaKTIOa CYHbUll
PacuoaKmueauK XOAUCAcH XaM) OUWIAM. DNEKTpoH Kampaljia
ANPO aTOMHMHI 3JIEKTPOH KOOWFUIaH 37IEKTPOHHHM y3ura TOpTUO
OJIaiM; 3apaf COHM Xynuu (37 emupuauigarura yxma6 oup Gup-
JMUKKa KaMasad, Macca COHM ®ca ysrapMaiaMm. Arap 3JeKTpoH
atoMHUHT K KkoOurvpad Topru6 onuuraH 6ynca, Oy xommaru
®JIEKTPoH KaMmpaiuHu K-gampaus ne6 atain Kabya KWIMHraH.

YMymaH onrasga paaMoakTHB Xapa€Hra: 1) o-eMupunuir; 2)
-eMupuIMil (2/MEKTPOH KaMpall XaM ILIyHTa Kupagu), 3) sajapo-
JTAPHUHT Y-HYpJIAaHMULTApMAAH TallKapu fdHa 4) OFMp sapoap-
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HUHT CHOHTaH OYIMHMIIM Xamua; 5) NPOTOH pajroaKTHBIMKIAp
KUpajiy.

1940 jiunpa I'H.Mnepos Ba K.A.lleTpxakiap ypaH siupo-
CUHHHT CIIOHTaH OyIMHuIIMHM o4raH. Bynra mucon

5 UPB 55y Xe'™ 4+,5r% +30n! (2.3)

IIporonnapy opTUK OjiraH syjponapia HPOTOHIM Ba XaTTo
UKKURPOMOHIU DAOUOGKMUGUK 103aTa KeMII MMKOHUATH 6op,
nexuH Oy Xapa€HnapHu o Ba [3* eMupwIMHOUIap POHHJA XyHa
KUAMHYIWIMK OWIaH Ky3aTWUIaiH.

sippoman o-3appa (;He*) naphad Taurkapy HUpHMKpOK 3appa-
JIAPHUHT, MacalaH, YIJIepol SIPOCHHHMHI XaM ydu0O YMKHMIIM Kysa-
rwtam. 1984 fwima Oxcdopa YHUBEpCUTETHAA PaIMHUHT panuo-
aKTUB M3OTOIUIRPUHMHT ¥3-Y3WIaH KYPFOIIKHIA aiIaHULl Kapa€Huy
xysarinrad. By xapaénna C™* axpanu6 unxxan:

222 208 14, 223 209 14,
gsRa“ =g Pb 77 +cC™; ggRa™ g, Pb77 +4C™;

4
24, Ph204 C4,

(2.4)

g8 Ra

2.2-§. PagnoakTuB Karopaap (owiaiap).
Crnkuim KOHyHI

Bapua pagHoakTUB Mojfaiap TabHaTda KyNuMHYa SHI OFMp
sAeMeHT/Iap OpacHia ydpalau. Ynap TYpTTa ajioXxula pafuoax-
TUB OWIaHM TalIKWI dTagu. Bynapnan yuracu Tabumil pagmoak-
TUB OWIa Ba TYPTHHYUCH CYHBUH PaHOaKTHB owia 10 HOMIaH-
ran. TabWaTaa paJloakTHMB MOAJAIADHHMHI Y-HYpIapHH MYyCTaKMiI
paIMOaKTHB HYpJaHUII cudaThia YUKapMaciaH, KynuHda o- €Ki
B-aypnap Ounan 6HUpra YUKapUILIK Ky3aTIa[IH.

HypjiaHuII HaTHXacHia pagdoakTHB MOJJANlap Y3WHUHT
KMMEBMIA TaOMAaTHHU y3rapTHpagu. o- KU P-HypjlapHH YHKapuo,
yaap MabiyM Oup paIMOaKTHB SEMEHTHHHI M30TOIUIapHra au-
naHagy. PaaMoakTVB ailyTaHUIIM HaTHXacula XOcwI OyiIraH SHIU
M30TON XaM KYTMHHYa paguoaKTUB Oyiamu.
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MengeneeB oieMeHTnap [NaBpUil CUCTEMacUHUHI OXUpMAA
XoinauraH 6apya paJuoakTHB 3JEMEHTIIApPHMHI M30TOMJIapH
ydyH OGowmiaHfFud Mojanap (KYIuHYa yIapHH «OHa» 3JeMeHTIap
pe6 artaitiunap) ypad, Topuil Ba aktuHoypaH (U*®) 6ynras.
bomxa pagMoakTUB H30TOIUIap 3Ca, YJIAPHHUHI XOocWialapy
(«xyu3napu»)aup. 3-pacMaa ypaH, HENTYH, TOPUH Ba aKTHHO-
YPaHHMHI alWIaHUIN KeTMa-KeTJIUIU KeJITUPUITaH.

by cxemama pajuioakTHB HM30TOINHMHI Macca COHM Ba aTOM
HoMepu KypcaTwirad. PacMparu crpenkalapHUHT Y3yHM Ba KMCKa-
Jlapy pajMoaKkTHB aaHMUI XapaKTepuHH Owngupand. bup ona
(bou1) MOANAHMHT KeTMa-KeT ailaHUIIN HaTUXacujia Xocwl 6yi-
raH W30TOIUIAPHMHI TYIUIAMHHHU paduoakmué xamop (ouna) ned
aTaml Kabym KWIHHTAH.

(2.4) maru yygana TabuMii pagMoOaKTHB OWIAHUHI Xap Gupu
(TYypTUHYM CYHBUH OWIa XaM) Y3MHUHI OOUUIAHFUY €MUPHIYBYM
«OHa» 3JICMEHTHMHHMHT HOMU OwWiIaH IOpUTIUIAH.

Xap 6up omna yugyH Macca COHHU A:

A=4n+C (2.5)

conu Ounad wudopananagd. bynma C xap Oup owmna ydyH
yarapmac KaTTanMK. n — YarapyBud OyTyH coH. OwiaHHHI Xap
OUp aJIeMEHTH Y3WJaH OJOMH TypraH SJIeMeHTHaH o- éku f3- aii-
JIaHMIN HaTwxXacuaa Xocwi Oynamu. HIyauHr yuyn xap Oup oma-
Ja VMKKUTa KYUIHU 3JeMEHT HKKHTa OMp XWJI Macca COHHUra sra
6ynanu €xu Oy comnap Ttyprra ¢apk Kwiagwiap. C =0 mopuii
ownacura, C =1 nenmyn ounacura, C =2 ypan omnacura, C =3

akmuno ypan ownacura moc. C =1 ra Moc O6yiraH HeNnTyH owia-
cu Tabuaraa ydpaMaiouraH, JIEKWH CYHBUH WY OWiaH ONMHAIU-
raH M3oTOIUIapAaH TawkuWil Ttonrad. ILlynunr y4yyn Oy owna
CYHBUI pailoaKkTVB owiia 1e6 HOM OJIraH.

Kylinpa my owsnasapHUHT Xap OUMpUHMHI KeTMa-KeT eMHpU-
JIMIN CXEMaCUHU KeITUPaMU3.
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PagnoakTue onmlaj1ap

236 20
p2U = ,ng ouracu

A=4n

‘:;Np - 22;’51 vusacu

A=4dn+l

(dasomu xeiiuneu 6emoa)
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(Oasomu)

zgiu - zzgpb ousacu

A=4na+2

Z;,’_U ~ 2079b owiacu

A=4n+3 @
507

3-pacm. Paduoakmue ounanap yuyHn my3unean cxema.

Cxemajiai KypUHANWKY, OWIA O-PajHOaKTUB o,U>* u3orom-
naH GoLUIaHaNy. O.-eMUPWIMLIIAH KeHHH XOCW OYIraH HU30TOIL
TOPMItHUHT 3~ pajMoakTHB ¢ Th>* msoronmra yramm. Kerma-xer
Kelairad 2 Ta B~ eMUPWIMIITAH KeiUH YpaHHHHT Gomka o,U™*

paloaKTHB M30TONMIa aiinaHand. Y Kerma-KeT GMITa o- aiinaH-
raHgaH CYHI, SHa pamuoakTuB m3oron (g,Pb*'?) xocmn Gynamm Ba
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X.K. aiinanunuiap rosara Keaub, 6opa-6opa ypaH ounacu Kypro-
WIMHHUHT ¢,Pb** Gapxapop (crabun) usotonu 6unan Tyraiian. By
U™ — ,Pb™ omna yuyn A =4n. Bomka Xonrad pagHoakTHB
OWNIap INyHra yXmlam Ty3WIMIOra ara. 3-pacMia GoIIKa oOmia-
Nap y9yH XaM TY3WIraH CXeMa KeaTupwiand. Bapua Tabumit pa-
JM0aKTHB OWIANap KyPFOMIMHHMHT TYpld CTabH M30TOINIApH
(2Pb™%, &,Pb™®, o Pb>) 6unan Tyrananagu.

2) Mxxuaan tabumii topuit (5,U** — ;,Pb™) omnacu yuayn
A =4n + 2 6ynanu.

3) Yunpum Tabumii akruHO-ypan omnacu (;,U™° — o Pb?Y)
yuyH A =4n + 3 O6ynagy Ba HUXOMT,

4) Typrunum cyHbMid HenryH omnacu (;3Np™ — 5,Bi*) yuyn
A =4n+ 1 6ynanu.

3-pacMia KeJITHPIWITaH PaidOaKTHB OWIANapHUHT GO Ba XO-
CUIa 2JIEMEHTIAPUHUHT KUMEBHH XYCYCHATIADUHM TEKIIAPHUII Ha-
tixkacuia @aguc Ba CofiM pagUOaKTUB CUMKUWL KOUOACU
(xOoHYHH) 1€ aTayB4u KOMAAaHU TOTIaHiap:

1. Arap paavoakTHE eMUDWIMII XapaSHuIa O-3appaiap
yuKapuica, MeHeneeB XalBaTugard 6Gepuiral paioaKTHB
SIeMEHTHaH WKKM KaTak OJIMHIa XOMlamuraH 6oIIKa KMMEBHi
BIEMEHTHUHI U30TONM XOCHa Oyamm.

2. Arap pajiMoaKTUB eMMPWIHII HaTHXacuya [3™-3appaiap
HypiaHca, eMUpWIaETral pagvoakTHUB B3JIIeMEHTAAH KEHHHIM Ka-
TaKAaru 3JIEMEHTHUHI M30TOIM XOCHI Oynamu.

PajnoakTup eMUpWIMIN XKapa€HUAa SApojary 3appajiap co-
HM y3rapaiM. PaguoakTuB eMUpWIALLIap aToM dapocuua Gynanu-
rag xapa€aaup.

2.3-§. PapmoakTyB eMUpIINII KOHYHH.
SpuM eMupIIMII JAaBPH

ATOM HOMEpPH Ba Macca COHMAAH TalKapHu Xap 6up pammo-
aKTUB MOJUla ¥3 aTOMMHMHI E€MMPHIIMII Te3IUIH OWIaH Xapak-
TepiaHag. MyaiidH pagumoakTHB Mopjanappary Gapya aromnap
ailgy OMp BakKTha eMMPHJIMAi/M; YIapHUHT O0ab3uiapuia eMUpH-
JMIN XyJda y30K BaKT JaBoMupaa coaup Oynamu. Momma xynruna
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Gekapop arowsiapra sra Oynap sKaH, OyHHa eMUPMIIMII CTaTH-
CTUK KOHYHIa aMail Kwiagd. By KOHYHHUHI MOXMATH IIYHOAKH —
TEHI' BaKT JAaBOMHUJAa YMYMHI aTOMJIapPHUHI TEHI YJIyLIH €MHpH-
naad. Opartpa, Gapya aTOMJIAPHUHT SpPMH e€MHUPWIaJUIaH BakT
eMUpUIUWL me3nusuHuHe Yauoeu OYNIUO6 XuaMaT Kunagu. YHU
ApUM emupuiuw oagpu neb arajgagd Ba MyadsH paJMOaKTHB U30-
TOIIHMHT XapaKTepiu XyCyCUSTH XucobiaHaau.

TaxpubamapHUHT K{pcaTUIIHYa, MOONATAPHUHI PaMOaKTHB
eMUPWIHIIM XaMMa BakT KyHujaard dKCIOHEHIMAT KOHYH 6yiinda
amajira OLIaju:

I =TIe™, (2.6)
6ywia I, - panvoakTUB MOIAHUHI OOIWIAHFUY BaKTAATW, SbHM
t=0 garM HypIaHUIUMHMHI MHTEHCHBIMIH, [ - YHUHT t BakT
§TraHgard HypJaHWII WHTCHCUBIWMIU, A - OepuiraH paguoakTHB
U30TONTra XapakTepau OYnub, paduoaxmue emupuiuus OOUMUCU
KU KoMcmarmacy JeO aTajjalld Ba y PagvOaKTHB HM3OTONHUHT
(hu3KK Ba KUMEBUH Xoccanapura GORIHK, OYnMaiiny.

PajyoakTUB HypiaHWII WHTEHCUBIUIU PaJUOaKTHB MOJa-
HUHI' MUKJIOpHTa IpornopuydoHamaup. HIyHuHT Yy4yH pajguoakTUB
EMUPWINII KOHYHUMHN KyHWJaru aknia €3uil MyMKUH:

N=Nge™, 2.7)

Oyuna N, — Gepwiral paJuoaKTHB U30TOIl aTOMJIAPHHUHI OOII-
naHruy coHd, N 3ca t BaKT YTraHZaH KeUHHIH cakjaaHuO KomraH
aTomJlap COHHU.
(2.7) dopmynanan Kyiunara ngona Kenud yuKamu:
dN
- =\N,e M=AN (2.8)
t

dN
- Oup cexyH)i BaKT JaBOMEA EMUPWIYBYH siIpOiap COHMHUP.
t

Jlemak, BaKTHUHI MabayM OUp MOMEHTHIA paJyOaKTHUB
MOIUTAaHHHT XamMMa aToMJyiapuiaH (pakaT alpuUMiIapd eMUpUIaiu-
nap, XapaéHHUHT §3U aca cTaTUCTUKIMP. (2.8) ndonanan

A= - (2.9)

SKAHIUTM Kenub Juraiu.
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JeMak, eMUPWIUII JOUMHIMCH A OUp CeKyHJ JaBOMMAa eMH-
PWIYBYM pajiMOakTHB MoJJa aTOMIapd COHMHMHI t BaKT yTras-
JaH KeHMHIM KOJraH pagvioakTHB MOAa aToMJIapy COHMIa HUC-
GaTunup.

PanuoakTUB eMHUPWIMII Te3UIMHY XapakKTepjlaml Y4YyH
Apum emupuaunwi oagpu e atanysuM KaTTaluWKlaH (oliaanasu-
nanu. PaguoakTHB MOJJAHMHI TYJIUK E€MUPMIMIN JaBPHHU aHUK-
Jlall MabHOra sra smac, uyHkd (2.7) ucopara O6uHOAH TYIIHK
eMUPWINII t=c0 BaKTIa aMalra OIIajy.

Slpum eMupwinin naspu T, MyHHDai BakTKH, 6y BaKT JaBo-
MHJa pajiMoakTUB MOJNAHUHI IpMH EMMpHUIaau.

- N 1
e 7\.T]/2 -

= —, 2.9'8
Ng 2 (2.9-a)
T,, Ba A opacuna Kyiugaru MyHocabaT MaBXya:
0,695
Ty = " (2.10)

A KaTTal¥K KOHCTaHTa Oyiranmurd yuyd, T,, KaTTaquk Xam
KOHCTaHTagup.

Jemak, paiuoakTHB MOja MHK-
nopH KaHua OYNIMIIugaH KaThuil Haszap,
YVHUHT SpMM OMp XWI BaKTda €MUpH-
nagu. EMupunum joumwuiicd pajguo-
aKTMB EMUPUIMII YHM3UFUOaH XHCOO-
nab tommnagu (4-pacMmra KapaHr). 4-
pacMiard srpd 4YU3MKHM IpUM Jiora-
puhMuK Macmrabnapjia YM3UI Kysda-
pok. byHnail KoopaMHaTtanapia pajido-
aKTUB EMUPWIHII YU3UFU TYFPU 4YH-
3UKJaH ubopar 6ynamu. By Tyrpu qu-
3UKHMHI X VKU OWiaH XOCHJI KWIraH
OypyarHMHI TAHTEHCH paJMOaKTHB
EeMUPWINII JOMMUACUHU Udogalaiiy.

4-pacMaa KypcarTwiral pajyioakTHB EMUPWIMII YU3MFUHH
Oab3aH dKCIOHEHIMAN YM3UK, e XaM I0pUTHIany.

Tabuuil pagnoakTUB MOANAIAPHHUHI SPUM E€MMPWIMII AaBpU
MWwUIMapA WwulapgaH Oouuiab CeKyHOHUHT MWLIMOHJaH OMp

4-pacm. Paduoaxmue
EMUPUNUUL KOHYHUHUH2
epauk Kypuruuuoa
MACEUPNAHUUU.
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yaymuraya OynraH opatukaa €ragu. DHI Te3 aibga- 3appalapHu
HypiaWjaural Husoron-topuit — C HHUHI SpUM EMUPWIUII HaBpH
FOST KucKa 6ymu6, y 3-10 '° cexyHira TeHT, KMMUK SHEPIMIA
anpha-3appaapHu TapKaTajuraH TOPU-232 HUHI SPUM e€MUPH-
JIULI JIaBpH aH4a XarTa 6yim6, y 1,4-10' jiunra tenr.

2.4-§. bapkapop aaponap

Huma yuyn 6ab3u anementnap 6apkapop »Mac? Huma yayH
6ab3u Mopnaap anbpa- 3appaitap, GomKaiapu sca, H6eTa- 3appa-
nap TtapkaTtagu? By caBoimapra xaob6 OepHlll y4yH 6Gapkapop
A0ponap Xakuua siHa OMpMyHYa TYXTanub YTHINra TYFPU Kesagu.

Tabuatna maexyn 6ymran 81 Ta OGapxapop 37ICMEHTHHHT
arura 275 ta 6apkapop uzotomu 6op aeb XucobnaHagu.

Enrun snemeHTIapigard MpoToHIAp COHM HEHTPOHJIAP COHH-
ra TaXMHHaH TeHT OYIMIUM, OFUp 3JeMeHTNapra SKWHIalrad ca-
pM ®Ca, HEHTPOHJIAD COHM IIPOTOHJAp COHMra HucbaTaH Te3
opTu6 GOpHIIM Ky3aTWIajy. YTa OFMp 3NEMEHTNapia HEWTPOH Ba
IpoTOH counapu Hucbatu 1,6 ra TeHr. ByHuHr cababuHu aHUK-
nam ocoH. Hykyionnap opacujia TabCHp KWIIYyBUH SHPOHUHT TOP-
THII Ky4uJaH TallKapyu NPOTOHJIAPHUHT 3JIEKTPOCTATUK HTAPHUII
Ky4d XaM MaBXyl. Sopo Kywiapu KUCKa Macogala TabCHp DITa-
HH y4yH ynap Oup-6upura GeBocuTa SKMH OYJraH HyKJIOHIap
opacufia Mapxyn O6ynamu. HlyHra xypa, yMyMHil TOpPTUIN Ky4u
AIpojlary 3appajlap MUKIOpPHIa IpOINOpIMOHAN OYIduiM Kepak.
WKXMHYM TOMOHHaH, NPOTOHJIAPHU UTApYBYM BJIEKTPOCTATHK
Ky4nap y3oK Macodajga Tabcupra O6ynagu: 6y Xap KaHpall mpo-
TOH 4ipojard KcTauraH Oolnka OMp NPOTOHHH WTapaid, NeraH
cy3. Mabiym Oynumuya yMyMUil MTapwidil Kydd IIPOTOHJIAp
COHM KBajpaTHra IIpoIopUHoHan 6ynagu. Snpojardt MpoTOHNAp
COHMHUHI OIIMIIM OWIaH HTapWIMII KYYM TOPTHUILUMII Kydqura
Hucbatad opTa Oopany, MyBO3aHATHM cakKJjall yuyH TalairuHa
HEWTPOH/IADHUHT 3apypiMIM Tako3a 3TWiIaid. [leMak, HEUTpOH-
Jap npoToHnapra HucbataH Kym Oymamu. XakuKaTaH XaM, 5-
pacma 6apKapop H30TOIUIApPHMHT KYNIHHACH TPAUKHUHI Xyda
TOp KMCMUHH 3rajijiaras.
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Bapkapopnuk coxacupaH I0KopHuia €KM nactia €TyBUU PO
xocun 6yica, Kangait xon pyil 6epanu? Bynpmai syipo Gapkapop
6ynub, y NPOTOHHMHI HEHTpoHra €KM, aKCHMHYa, HEUTPOHHUWHI
NpOTOHra aWIaHMMMAAH Xocwn OyiaraH xonaira YTHINTa MOWMI
O6ynagu. Bysnmail xapa€H HaTuXacula 3JIEKTPOH Ba HEUTPUHO
103ara Kejgagu. DJIeKTPOH Apoja 4Ilail OJIMaraHd Y4yH Xam y
acra-CeKMH SIpOJaH TalllKapura 4ukapu6 TanuiaHajgu. Bydpa Ge-
Ta- eMUPWIMIL (aMIaHUIN) XOAMCACH Ky3aTWiIagy.

MabiyM H30TOIUIADHUHT PajUOaKTHUBIMIU Ba OeTa- eMUpH-
JIMIIra MaxKyMITUTH SHIM TyluyHapiad. bupox anba- eMHpwiuim
XOAMCACUHM XaM TYILYHTUpUII Kepak.
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S-pacm. Helimpon 6a npomon Ouazpammaci.
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2.5-§. Macca nedexru.
AnposriBr GOFIaHKEII YHEPTrAICH

Huma yuyn Gera-emupunuinra HucbaTaH OGapkapop O¥iara
0ap3u M30TOIUIAp alb(a- 3appaiiap YuKapubd emupiinanu? Anbga-
3appa ajeMeHTap 3appa Oyimaii, OGanky TYpT HYKJIOHHUHI Max-
MyunaH ubopar 6ynranu yuyH Oy xoiuca ranaT Tyonagu. ByHu
TYLIYHTUPHII YYYH SOPOHHHI ®HepreTHK OajaHcuHM Kypub yu-
KUl Kepak.

Aupda- €xu Gera- emupunuLl Hyau OWwiaH AAPOHHUHI ¥3ra-
pHlLINIa MablIyM 3Heprud, sbHU aibda- €KU OeTa- 3appaiap
BHEPrUsACH Xamla ramMma Hypiiapra xoc OyaraH KOJIMK SHeprus
FOAT IOKOPU — OMp Heya MIUIMOH 3JeKTPOH-BOJIBT OYIMINN MyM-
KUHIUIMHY 1oKopuia aitud yrran »auk. By sHeprus kKaepnmaH
kenagu? By caBomra kapo® Oepuil yuyH H3OTOIUIAPHUHI ATOM
OFMPJIMKJIapU MHUKIOPUHH CHHYKOBIMK OWiIaH YpraHuil Kepak.
Mabnymky, 6apya H30TOIUIAPHUHT OFUPIMKIAPU KApHHO SXIuT
COHNapra s#KuH. Xa, JIKVHJIUKKA SKUHKY-1, aMMo OyTyH COH
smac. XamMma ran mysga. [y kuuuk 6§nub Kjpunrad ¢apk xam
MYXHUM axaMusT Kach sTaum.

Anbpa- 3appalapHUHT TY3WIHLINIa SbTHOOp KapaTailiuk. Y
rejIuii aTOMHHMHI gipocuiaH ubopar O6ynub, MKKU TMPOTOH Ba
MKKH HEHTpPOHNAH TY3WIraHaura cababiy reluél SIpocu OFup-
JIMTY UKKYA NMPOTOH Ba UKKH HEHTPOH OFUPIMKIIADUHHHI HHUFHUH-
Jucura TeHr 6ysnamu, meb yinmam tabumil. AManna OyHmait sMmac.
Arap ©u3 BOJOPOOHUHF WUKKU aroM OFUPJMIFHU Ba WKKH Hell-
TPOH OFUPJIMIHHH Kyuicak, 4,0342248 M. a.6. kenu6 uyuxamy. Ie-
JUAHUHT aToM orupnuru aca 4,003873 M. a.6. man ubopar. «Hy-
KOJITaH (papKHUHT XONM HUMa Keyaau? A.DHHIITEHHHUHI Macca
Ba SHEPrUAHWHI SKBUBAJICHTIMIU [PUHIMIIUIA MYBODUK Yy 3Hep-
rusra ainanrad. IIpoToH Ba HeHTpoHnaphaH $Apo Ty3mwiraHaa
MabIyM MMKJOpHa dHeprus Ba LIyHra moc pasuurga AM wmacca
axpanu6 wukanu. Oparna, AM Hu macca degpekmu («ETHLIMOB-
YWIUTH») Aeb opuTunagd. ¥ HeHTpoH Ba MPOTOHJIAD Maccanap
HUFUHEUCHAAH A/IpO MacCacUHMHI aliupuiraHura TeHr:

AM(Z,A)=Z-m,+(A ~ Z)m, - M(Z,A) (2.11)
Oy ephia my, — IPOTOH MaccacH, m, — HeHTpoH Maccach, M,(Z,A)
aca ;X" — M30TONHUHT MAcCCACH.
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Macca pecektn 6apya MabiyM M3OTOIUIapAa Mycbar Kuid-
MaTra ara.

Slaponap HeWTpPOH Ba IPOTOHIApHAaH CHHTE3 KWIMHIAHAA
Macca IedpeKTUra sKBUBANEHT OYJIraH SIPOHUHT OOFIaHUIN DHEp-
rudcu naipgo 6ymapd. Arap Macca jedekTy MabiyM Oyica, si-
POHMHI' OOFIaHMII SHEPIUACHHH, SBHH SJPOHM TaIIKWI STYBYU
3appajiapra axpatub ro6opuiml yuyH capd KWIMHAIUIaH dHEpIus-
0¥ Xucobiau KUiMH aMac:

Es.axl:AM.Cz (2 12)

Sipo y3WMHUHT TapKuOMil KMCMIapuIOaH TalUKW1 TONMIIMIA
MabiIyM PHEprus axpajud yuKagu Ba Oy dHeprus MasKyp Sapo
6apKapOPIMTMHUHT YI4oBM O6Yiub xusmar kunagy. emak, xyio-
ca IIyKHW, Mypakkab Ipo Maccacl YHM TalUKWI STYBYH TapKu-
OUi KMCMIApH MacCallapuHMHI HUFMHAMCHIAH KaM; OomKadva
kw6 aiTraHna, Maccanap allpMmacu, SbHU Macca AedexTH sij-
posiapHUHT OOFIaHUII 3HEprUscumaH ubopar.

I'enuit aupocu yayH OomTaHMIN 3HEPrH4cH Macca aToMm Oup-
nard (M.a.6.)HuEr 0,030 kuemugan ubopar 6ymagu. By mukiop,
ojlaTia, Heprus OMpIUKIapuaa, Macaial, 3JIeKTPOH-BOJbT XHUCO-
6una udopanaHagy. Macca Ba ®Heprug opacupard DHHIITEHH
MyHocabaTyiaH LIy Hapca Kenub 4YMKaJMKM, MAaCCAHUHT aTOM
Ooupiuru 931 MuwUIMOR 3MeKTpoH-BosibT (931 MsB) ra skBuBa-
nentivp. [Jemak, renmil APOCHHMHI OOFIaHMIN SHeprusicu 28
MWUIMOH 31eKTPOH-BOIbT (28 MoaB) ra Tenr. By ansda- 3appa-
JIAPHUHT XOCWI OynMIIuAa axpanub YUKaouraH sHEPTHS MUKIO-
puavp. Bornanum sHEepruicHHMHI IIyHUYaldK Kartta O6ynuimm [e-
JMMHA SOPOCHHUHL FOAT GapKapop CTPYKTypara ®ra SKarIMIHMAAH
nanonar Gepany.

Bomnanyin sHepTHACHHMHI 3KCIIEpUMEHTaNT HaTHxXanap Ou-
naH XyJda 9KMH KWiaguran ucogacusu 6MpuHYu MapTa Baiingze-
Kep aHMKjaraH. Y Gem Xxainu TeHrmamanad ubopar (13-Germaru
(1.3) dopmynara Kapaur).

by udoganuur 6MpuHYM Xamy TYAMHUIN SApo Kywiapura GOF-
UK, 6ynraH SOpOHMHI XaXMMH ®Hepruscura teruuuid. MKKuHum
Xagy SApO CUPTHUra INPONOPLUOHAN OynraH OGOFIAHMIN DHEPruis-
CUHHHT KaMafWiuura TysaTuil kuputamu (4nR*S = a, A™?).

cHpI

CupTrary HyKJIOHJIAp YHYaNUK TyiuHran OYnmainu. I[IIydauur
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y4yH YNapHHUHr OOFIaHMII SHEpPruscura KyIIajuraH XHCCacH YH-
YalIUK KaTTa 3Mac. YUHMHYM XaJHd MPOTOHIAPHHUHI 3JIEKTPOCTATHK
UTAPHIINII BHEPTUICUHM Xucobra oJyiafu:

3 72e% _ 72 A-13
S ' ——R——d‘Kyn = 4= .

E

TYpTHHUM Xaj yd4uHUM Xaj Kabu sgapo 3apsagura GORIMK
6ymub, y KiaccHK TalKuHra ara amac. Kypr-XypT aaporapHUHr
Oapkapop H3oTOIUIApH Tabuaria Xyda KaM ydpadgMrad TOK-TOK
agponapra HucbaraH TypryH. Illy xomHu xucobra omu6, HyKJIOH-
JMapHUHT Xy(Taanmin 3¢pgeKTHHA XUcobra ol1yBud Xag O KUpH-
tunrad. TaxpubanapHudr Kypcaramuda, y A** ra nponopuuo-
HATAIP (8=a,,, A™").

Slkuaaa amepukanvk (u3uk ['pun Taxpuba HaTHXanapUHH
nyxra ypraHub, GOFIaHHII ®HEPruaCcH yu4yH KOHHMKAPIH HaTHXa-
JapHM 6epyByYM Ko3puIMeHTIap KMHMaTHHA aHUKJIajiM:

a,,,,=15,75 MsB; [+(8) - XKypr-XydpT gaponap ydyH

ANPO

n=17,8 MaB; & =)0 - Tox sypoap yuyH

CHpT

8,,=0,71 MoB; *—~(8) — TOK-TOK sjtposiap yuyH.

An=23,7 MaB;
Ay4r=34 MoB;

Enrun sapomapia 6uUTTa HYKJIOHTa TYFPU KefaiuraH 3sHep-
TMSHYHT JCHIIM Ba Macca COHM Karra Oynrad suposap ydyH E/A
HUHr Yeuum Baiinzexep udpopacuan paslinaH KypuHUO Typubam.
Hapxakukar, KoapHLUAEeHTIapHUHT IOKOPHAa KeJITHPWITaH KHi-
MaTiapuiad poitganann® Ba uomagary OXUPrH XagHH Xucobra
onMacak, OWTTa HYKJIOHIa TYFpW KeJlaJuraH SHEPIUsHU Kykuja-
ruya €3uil MyMKUH:

_EJA=—15,75+17,8A7+0,71Z°A "+
+23,7(% _ 7% A (2.13)
Eurun saponap yayH 6y WQOHAHMHI OXMUPTM Xaiud HONTra

TEHT, YHJAH ONIMHIU XaIu 3ca Xy#a Kuuuk. [LIyHHHT y4yH BrpH
YHM3MKHUHT eHrWI SAposiap yu4yH Keckud oprumu 17,8A7 xanra
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6omuK. By xan siipo CYWOKJIHMIMHUHT CHUPT TapaHIIUTMHU XUCOG-
ra oynand. Orup gpponap yyyH Oy ®rpu YM3HKHHHT (6-pacM) KE®-
KUH Y3rapuil cab6abu 77 ra NpONOpPUMOHan 6yiIrad yduHYHM
XaJHUHI OpTHIIWIa OORIMK, SBHHU JaBpUH CcHCTeMa OXHMpUIArd
SIPOJIAPHUHT OMITa HYKJIOHTa TYFPH KeJlaJuraH GO¥IaHUII SHep-
TUSICHHUMHT KaMalHUIIy I[IpOTOHAp OpacHlard UTapuul KywiapH-
HUHT' OpTHMIIMra OGOFIMK. 6-pacMAa TacBUpJaHTaH rpaduk sSapo-
naH OuTTa 3appaHM axpaTu® ONMII Y4yH 3apyp OynraH sHeprus-
HHMHT ¥pTaya MUKIOPUHHU OWUIIMpany.

DHIM YTa OFUp BNeMeHTIapaa 103
Gepagurad anbga- EMHPHIMIL MyaM-

Mocura Tyxtamumbd yramus. ByHma xap ; LT

Oup HykstoHra Kapuit6 7,5 MaB sHep- A T
ISl TYFpY Kenaau, 6Upok 6-pacMuaru X 4

®IPU YU3UKHHUHT OFUIIMra Kapab, xap ”‘:‘?J .

6up 3appara Kapuitb6 5,5 MsB 6omia- w 4

HUII BSHEprusicyd TYFPU Kenaju, Je- ‘;

fivm MyMKuH. By orup saponan 6up SRS RIS Y
NpOTOH €KUM OUp HEHTpOHHM axpaTtud A
ONMuI YYyH snpora 5,5 MoB sHeprust  6-pacm. Hyknownapuune

Oepuil 3apyp, AeMakiup. Arap UKKM  GoaiaHuut BHep2UACU.
NpoTOH OWlaH HKKH HEHTPOHHH OHT-

Tafad axpaTud oauml Jo3uM Oyiica,

anpora TaxmuHaH 22 MosB »sneprua 6epumira Tyrpu xemagm. Uk-
KMHYM TOMOHAAH, MAamIyMKH, alb(pa- 3appajlapHUHT OOFIaHMII
sHeprusdcu 28 MaB nan ubopar. bopnuto, 6y 3appanap Gurragan
aMac, Oanku OMpHKKaH Xonua, albga-3appaigap IHaKiIuga YUKCa,
y xonga 6 MsB cod sHeprus yukkaH Oynap »Ou, YyHKH Ous 22
MeB eneprus xymub, 28 MsB sHeprus ONUIIUMHU3 Kepak SIu.
Mynnai Kunub, rapym 6yHpail apo MPOTOH €KM HEHTPOH YMKA-
pulira Kypa 6apKapopiuK SXTMMOJIMIA ®ra OYIHMIINra Kapamai,
anba- 3appanap YUKAPHIIM XYCyCHIa Xald XaM aHMKJIUK HYK,
9YyHKM anb(pa-3appalap 4YHKKaHIA, Xap [IOMM Kapui6 6 MbsB
MycbaT sHeprus axpainbd yukangu. Hapkapop OFup »JjeMeHTiIap-
HuHr 4 gaH 9 MoeB rava sHepruanM anbga-3appaiap 4ukapub
eMUPWIMIIMHMHT cababu xaM 1uyH[ja.
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2.6-§. ANpoHUHT 3HEPIeTHK CaTXJIapH.
PanmoakTHB eMUpHIHII CXeMAacH

AToM gppocy KBaHT MeXaHHUKa KOHyHNMapura OyicyHyBYM
cucreMagup. VIXTHEpHMIT KBaHT MeXaHUK cucTeMa (akar aHHK
O6up sHepreTHK Xxojaraa OynaumM MyMKMH. MUHMMal sHeprusua-
TH XOJNaT acocuii xyonam €KW acocuil camx 1ed aramamu. Slapo-
HuHr Gomika Gapya 6ynum MyMKUH OynraH sHEprETHK XoJjar-
aapu yheomunezan camxaap ne6 aranagu. Taxpubana Tacouxia-
HUIIWYA, YHAFOTWIraH caTxJlap SHepruscu (9HepreTHK CIIEKTPH)
TYpIH sjpofapaa Typianda Oynagy, JIEKMH JUCKPET CHEKTPHHHT
MaBxya Oynum maptu 6apya saposap y4yH yMyMUHIUD.

PannoakTuB eMUpWIMIIHKA KYpHO YHMKMII y4yH SHEPreTHK
JuarpamMmanap Xyga Kynaangup. CucTeMaHUHI SHEpreTHK XoJiar-
NapuHK TOPU3OHTAN 4M3HKJap OunaH (papkiaidgunap, 6y YH3UK-
JIAPHUHT XOMIamui OGalaHUINIK XoJaTjap SHeprusacu ¢apKUHU
MerasiaekTpoHsonbT (MeB) napoa xapaxtepnanmu. Kymainux
y49yH HOJMHYM 3HEpruis KWiub SOpOoHM acOCHH XONaTHHard sHep-
rusacy xabyn kwinHanu (7- pacMra KapaHr).

fal

3
Y32

Y10 Y20| Y30

'+ r

7-pacm. ,X* A0ponunz IHepzemux camyiapu Cxemacu:
E, — adponune acocuii camxu; E, E, E; - yuzomunrzan xo-
Aamaap Camxu.

Sluponap §¥3 xonaTnapu OWlaH XapaKTepiaHUILAAH TallKapy
GolKa XycycuaTiapd (CIIMH, MarHUT MOMEHT Ba XO0Ka3o) OuiaH
XaM XapakTepiaHuO, ynap XaM KarbHil aHMKJaHrad (JUCKper)
XoNnaTna UITHPOK 3Taju.

SINpOHWHT YHAFOTWITaH XOJaTHaH KaMpOK BHEPIUsUIA XOJIaT-
ra YTWIIM, OfaTAa Y-HypiaHMI OwiaH Oupra cogup 6yaub, -
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KBaHTHUHI 3HEprusicd hv amanmil Xuxatgad yTuin coaup Oyna-
€TraH caTXJIapHUHT BHeprusiiapu ¢apKura TeHr Gynamu:
hv=E-E_ (2.14)

Y-HYPIaHUILIHUHT CIIEKTPU Xap JOHM AUCKPET Ba YIapHUHT
coHura Ba Oomika cababrnapra xjpa 6y cCHOEKTp O3MM-KyNIMU My-
pakkab OYIHINM MyMKWH.

X" anponnnr sHepretux cnektpu By, E,, E,, E, (7-pacm)
carxjiappad ubopar neb6 TaxMMH Kwiaimuk. Y xomna OyHmai
BHEPreTUK caTXap CTPYKTYypacHd YJYyH Y-HYpJaHMILIHUHT KyHu-
Jard «creKpan YM3HKIapH» MaBXy[ OVIUIIM MyMKWH.

Eyw:El - E,, Ey30=E3 - E,, Ey31=E3 -E,,
E'YZ():EZ - EO’ E’YZ]:EZ - E]a Ey32:E3 - Ez (2. 1 5)

Bupox, 6y yruuuapHUHr Oapyach XaM amanra ollaBepMaiiH,
YYHKH YJIApHUHT MaBXyn OYIMIIMHH «maniauw Kouoacu» e ata-
JyBYM Kowmna aHukja® Oepamy Ba KaHpgall yTunuiap Gapuya cakjia-
HMII KOHYHIapHIra MyBOMUK, pyXxcaT STHIHALIMHY KypcaTtub Gepanu.

Y-HypJIaHMIL OpKaJiu YHFOTWAraH XOJjaTJHaH HOPMaJl XOJiaTra
JTULI 3HI 3XTUMOIIM Yycylnapiad Oupu Oynca xaM, JexkuH Oy
STOHa ycyn sMac. MacasiaH, arap Xapa€H SHEpreTHK XWXaTJaH MyM-
KuH 6y1nca, a-3appanapHi Ba HYKJIOHJIAPHH YHUKAPUII MYMKHH.

PamnoakTuB eMUPMIMIUHM Ba AP0 pEaKiMSNapuBHM TalKUK
KWINO SIPOHUHT 3HEPreTHK CHEKTPHHHM 3KCIEPUMEHTAN XUXAT-
AaH aHMKJIall MyMKMH.

PajyoakTuB SAUpPOHMHI ailaHUI XapaEHUHU paJHOAKTHB
cMUpMIMII EpIaMuyfia Xyda KyprasMall HaMOMMIN KWIHII MyM-
KuH (8-a pacm).

Emupuiaérran (GolutaHfyd OHa) SOPOHUHT Ba MaxCyJIoT
(KM3) SOPOHUHI acOCHIl XOJIAaTIapUHM TOPU3OHTANl YM3MKJjap Ou-
JaH TacBUpnaHagM, Oy epaa OOLUIaHFUY SApOra MOC KeyBYM
caTxJjlapHy IOKOPUPOK, XOMIalITUpUIagy. SUpOHUHI acoCH#l XO-
JaTIapy AKMHHra MOC SAPOHUHI CUMBOJIM K¥iunamu. Bomwanruy
Bd HaTHXaBUA SIPOHMHI YMFOTWITaH XOJaTlapd MOC SIPOHUHT
acocuil XonatugaH 0XKopuia XodnamraH 6ynamu. By carxnap-
HUNT €dura ynapra Moc sHeprus MsB nappa ésmwmamu. 3, o-
emupuiviiap, E, — xampab onuun (3a0T »TMIN) XapaéuIlapuHU
IOKOpH caTxjaH IlacTra yan TOMOHra Kapab (MeHpaenees cucre-
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MAaCUHUHI KUYMK Z Ia TOMOH) HYHaNraH CTpeNKald YU3MK Ounax
OenrwiaHand. (3 - Xapa€HHM IacTra, yHI TOMOHIa HyHairaH &
acoCHi, € YUFOTHIIraH XONATHU XOCWI KWIaguraH cTpeika GuwiaH
Tacupnanagd. Bymu acocmii (I, T, I" yTmmmap) &éxkum Moc
YAFOTWIraH XoJlaTjiapia Tyradiiurad cCTpelkaiap €plamuiua Kyp-
catwiagd. BepTukan crpenkanap OwnaH (Z ys3rapmadiu) Y-
KBaHTJIAPHUHT HypJaHUIUW KypcaTwiamd. Opatna, cTpelka €Huia
HypJIaHaETraH 3appaHUHr CHMBOJIM, YHUHI 3HEPIHACU KypcaTuiia-
o1 (B* Ba B~ yrumutap ro3ara Kenragfa [3-3appaHMHI YerapaBUA
SHEepruACH KypcaTwliagd, SHa Iy MOC YTUIUIADHMHI MHTEHCHB-
JIUTK), IbHA EMUPWIMII YMYMUH COHUHHHT carXra YTUIIap XHC-
CaCUHM (pomanapiary KMiMartu €3uIaam.

8-a pacm. ;X" A0poOHUHZ eMUPULUL CXEMACH.

Mucon Tapukacuaa s,Cs'’ 4IpoCHHUHI eMUPHUIMII CXeMa-

cuHM KYpub uukamus (8-6 pacm). ,Cs'’ wkku xmn ity 6unan:
1) makcuman 11,8 MsB sHeprusuid (yMyMUd eMUpWIHILLIAp
COHMHHHT 8% Hu) EKH
2) B-sappanap uukapu® €KW aBBAITH XONra HUcOATaH KM-
YHKPOK MaKCUMall sHeprusuin (3 -3appaitap Ba y-KBaHT (6y xonua
6apya eMUpWIMLUTApHUHT 92%u) YMKapub eMUPWINIIA MYMKHH.
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8-6 pacm. ssCs"7 a0pocunune
EMUPURUUL CXEMACH.
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8-6¢ pacm. bav3u paouoHykMUONAPHUNE eMUPULUUL CXEMARAPIL.
(B-, y-Hypranuwnapuunz snepeuscu MsB aapda bepunzan.)
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ssBa'” xocun 6ynamm. Amanuér-
Jla Te3-Te3 MUUIaTWIMb Typuia-
Jurad 60IKa SApPOapHUHI eMU-
pWIMLE cXeMacH 8-B pacMaa Kell-
TUPWITaH.
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2.7-§. Anpda-eMupWwINILI HA3APUACH Ba
TaRpUGa HaATHKAIApH

Anbtpa-3appanap SAPOHUHI TY3WIMIIMHY YPraHMdIijard po-
U XKUXaTHIaH MyXuM axamuar xac® stagu. Pesepdopn ansda-
3appalap aToM TY3WIMHIMHU YpraHUIfa 3HT KyJpaTid OMHI
SKAHHHU Xy#a 3pTa Kypa Owiau. Y Y3MHUHT KYNTUHA HIiapuia
aliHaH Iy 3appajgapra acociiaHag. Pesepcopi 3appajapHUHT
3JIeKTp Ba MarHduT MaiIoHigapuaa yerra OypWIMIIMHM Ky3aTuO,
anba 3appanap TE3NUTMHE Ba 3apsSgHUHI Maccara HACOATUHM
ymuamira mysaddak 6yiam. Amnba-zappanmapHUHI YMYyMUH 3apsi-
AMHM Yiagam 6yiuua YTkasrad Taxpubaiap acocuia, alpuM 3ap-
panap 3apsaylapHHU XaM yirdaul MMKOHM TYFUIIIaH.

Vrxasunran Taxpubaiap 6apya pPajMOaKTHB MOMIAIap
YUKapajuras aibga- 3appadapHUHT TabuaT OMp XWI SKaHIMIH-
HU Kypcaragu. Yiap mycbar 3apsjora sra 6yau0,UKKUTa IPOTOH
(MKKUTa 2JEKTPOH 3apsifura TEHI), MacCach 3ca BOJOPOM aTOM
MaccacuaH TYpT Mapra Kyn. XOo3uprd TyLIyHYanapra Kypa,
atbpa-3appanap Tenuit aToMH gipocHpan ubopar 6ynub, UKKUTa
IIPOTOH Ba MKKHUTA HEHUTPOHIAH TALUKUJI TOIIaH.

Bupox ymra maiitnapna sgpornap Xakuga OMpop Hapca Mab-
JyM Mac 94U Ba aTOMHMHI, aWTaMIMK, DaJlMHHUHT Hyp TapKa-
v Gopacujia TaXMUH KMUTHII LIYHYATHK FalpuTabuMil oiuKu,
Oy (pUKpHA aHdTUIIIaH OMIMH OUpop Nanwi OYIMINU 3apyp B/H.
Pesepdopn Kyitmiaru Taxpuba acocuga OyHUad NaJWIHM 4paTa
olau. MabiyM MUKZOpHard pajoH (pagdoakTUB Ta3) Halyara
Xoinamrupuianid. MasKyp HallaHUHI JeBOpilapy pagoHJaH Tap-
KairaH artb(a-3appalapHu CHPTKY Haifdara GeManon yTKasa oja-
JMraH Japaxajia ionka spy. Taxpuba GouulaHIyHra Kagap TallKu
Hafya WYUOArd XaBo IIyHJal cypud OMMHraH 3OUKH, XaTTo
CIIEKTPOCKOIMK aHaIM3Aa XaM yHia Iellid KOJIMFU TOIMIMAraH.
Opagan Oup Heda XyH yTrad, TalKH Haiiya MYMia KaHHaugup
raz tymwiana Gomnarad. BocuM opTa Gomutaran capu Oy ras pas-
pANIM Hafyara kamanrad. Maskyp Hafyajard ras CreKTpPOCKO-
UK aHalu3 KWIMHMAH Ba OJHHIAH CIEKTP TeMHHMHT TYJIHK
CrieKTpY 3KaHu aHukjIanrad. Illyspail xunub, ansga- 3appanap-
HUHT TeNuii OwraH JXWIauUIurd Xamjla pafoHiaH TIeluid OJIMILL-
HUHI' MYMKHUHIUTH GeBOCUTa MCOOTIIaHTaH.
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HOxopuna xaig »TUO yTUIradaeK, MyalsH paluoakTuB H30-
TONJaH YMKapwirad Gapua aibda-3appanap OMp XMl BHEprugra
sragup. ByHra marmuT MaigoHAa anbga-3appanap JacTaCHHUHT
yerra OYpWIMIIMHM Ky3aTHIN, HIYHUHIZEK OeBocHTa ynyam EKu
BunbcoH xamepacuipa anbda- 3appaapHMHI H3JIapMHU  pacMra
onuil OWIaH MIIOHY XOCWI KWIMII MYMKHH. Anbga-3zappajlap
M3l Jedpnau Gapyacd TYFpH 4M3MKHaH HOopaT, 6y sca, ambda-
3appajapHUHI yMyMaH ¥3 HyHaIMIIMHKM Y3rapTUpMaraHd XoJjja
XaBO KaTJaMuiaH §Ta ONMIl XyCyCHATHIa dra sKaHIMIMHH Kypcar-
anu. Anboa- zappanap YTaguraH OPaJMK, YHUHI 3PKUH 102YPUl
iyau y3yHaueu fedvinapu. Xap OUp pagHoakTHB MOjfia y3HUra Xoc
SPKUH IOTYpHII WM y3yHIMIHra »ra 6yiras aibca- 3apparnapHy
yuKapany. YmyMmaH Oy Y3yHIMK 3Hepruara OORIMK: 3appanap
SHEPruACH KaHYaJldK KaTTa Oyica, y IIyHYalHK y30KKa Oopa
ofay. DPKYH OrypULI UYIN Y3yHIMIMHM Yidall acochia 3appa-
Jlap SHEPIUACHHM aHWKJIalll MyMKWH.

Tabuuit o-HypraHyBdM (EMUPWIYBYHM) BDJIEMEHTIAp KYIPOK
MeHpeneeB Japuii CUTeMacHHUHI OXUpMa Xomnamrad. Anbga-
aKkTHB M30TOIIap Maxmyacua 40 ta Tabumit Ba 100 Ta cynbuii o-
Hyp/IaHyBY¥ H30TOIUIAp MaBXyl.

Ol-eMUpPWIMII TeHIVIaMach KyHAUIard KypHHUILra sra:
XA = LY 4a+E, (2.16)
Ol- EMUPUNMIIHUHT SHEPreTUK MIapTH:
M (Z,A) > M(Z -2, A — 4)+M (GHe"+E/c®  (2.17)

Emupuim suepriacy E 2 0 Oynrasu yuyyH o-eMUpUIHII
oHa (6OII) W3CTONHMHT MaccacH Maxcyl M3oTon Ba ,He' usoronu
Maccatap AMFMHAMCHMiIaH KaTTa €K TeHI OYnraHmardHa ByXyara
KeJlagH.

O-eMHPWIMLL Xapa€HW TaXpubaja TOIMITaH KyHuaard HK-
KHMTa XyCycUsTIa ara.

Bupunuyynad, o-HypJaHyBYM 3JI€MEHTIApDHMHI EMUPHIHII
JOMMHUMCH A Ba Q-3appalapHUHr sHeprudcu E, Typnu derapaja
y3rapagu. MacanaH, ypaH OWIacHia O-€MUPWIHII SHEPIHscH 2
MaprafgaH Oup o3 KYpox ysrapranu xompa (4-9 MsB), MKkuH4H-

pan emupwiim goumuiics 107 mam 10° ¢ rawa opanukza
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yarapamu. A Ba E, KaTTanvKJIapHUHT y3rapumpga OyHoal Karra
thapk Gynmmmra xapamaii, ynap ysapo [eirep-Herron xonyHura
OyiicyHanu:

InA=AInE +B, (2.18)

Oy epua A Ba B — 3apsap coum Ba aroM OFupnurdra GormuK 6¥.i-

raH KOHCTAHTalIapaup. Y4ub 4uKaéTraH o-3appaHMHI SHEPrHsCH
OpTHIUM OWIAH eMHUPWIMII OSXTUMOJUIMTH Te3 OopTHO Oopuiiu
(2.18) udonapan kypunu6 typubau. E, 9 MsB ra akunnaniras-
Ja SAPOHMHT O-eMHUPHIMIINIA HUcCOaTaH sIjall BakKTH CEKyHI-
HUHT XyOa KHYMK Oyi1aKiapyH{ TAIIKI Tagy Ba sHeprud 9 MsB
B4 yHIAH KaTTa OVJraHfa eMHpWIHMLU, ofaTia OMp oHJa yTaiM.
Teiirep-Herron amrupuk xonyHu (2.18) anbta emupumai
Hazapusicu spatwiryara (1928 iwira) xagap wapxjaHMarad Sad.
Maskyp Hazapus Oapua (pakTiapHH cHdar TOMOHH[OAH 3Mac,
GanKyd MUKAOP XHUXATHAAH XaM M30XNaimy. Ynapnan orup 6yi-
rad sjeMEeHTIapHUHI anbga-3appajlapy SHEPrHACH aH4a IOKOpH,
aeMak, OyHiall ajeMeHTIapHUHI SPUM EMUPWIMII JaBpH KHCKa
6ynub, ynap OU3HHUHI AaBpHMHU3rada caxkjaHMaraH.
Anbha-eMupwIHII TabWaTH KBAaHT MeXaHHKa acocHia TYFpH
TymyHTapunrad. Kiaccuk MeXaHHKaHHHI, arap anlba- 3appanap
SHEeprufACH TYCHUK OalaHyIMIUiaH KH4YMK Oyica, y TYCHKIaH
MYTJIaKO yTa ONMACIHIM XaKuJard TabIMMOTUra Kapama-KapIiuy
ymapok, KBaHT MeXaHHKacu 6ab3u ainbga-3appalapHUHI TYCHK,
OpPK&IM «CU3UO YTHUIIN» MYMKHHIUTHHH KypcaTau (TyHHeNnb 3d-
dexTr). By KBaHT MEeXaHMKACHHHUHI SApO (PU3MKACHATH OUpHH-
yu MyBapakusaTIM Ky/ulaHwinmy Ooynnd. KsaHT MexaHMKara
Kypa, HypJIaHHULI KyIHHYa MOAXa Tap3u[a, MOMANa 3Ca HypiaHHII
Tap3uga HaMo&H Oynajgu. By Hazapusara MyBodHK, anbga- 3appa-
Jap XapakaTd TYJIKUH Xapakare cudaTuia, NOTEHIHal TYCHK,
poupacujuary 6K sca TYnKuH Kupub 6opamuran Homagpdgod
MYXMT Tap3ujaa TabpuIaHUIIM MYMKHH. Arap sapo arpoduaa
TYCUK, MaBXyl AeO ¢apas Kuwicak, y Xxonga Oy TYCHK AeBOpH
nyuna y éknanH Oy €Kka xapakar Kwia€TraH Ba TYCUK AeBOpMIra
ypwiaérran aiabda- 3appajiapHd KypHira mysccap 6ymap sauk.
Maskyp TYKHAIIyBIapHUHT KYITYWINTHAa anbga-zappanap opkara
Kaiitapunanu, 6upox xap xonma 1-10' ta ansta 3appa TycuknaH
yTub, rtamkapura wukanu. [Ilysnait kw6, anbda- 3appaHMHT
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TYCUKHU eHrn® VTumm Ttacopucuil 6ynub, MyalldsH Moanajaru
Gab3n aromisiap Xyaa Te3, OOLIKalapu 3Ca FOSAT Y30K BakT JaBO-
MUJa eMUPWINIIMHUHE cababu xaMm uiyHaa. Tycux opkanu anbga-
3appaap VTHIOM LIy TYCUKHMHI KaluHiaurura Oornuk. Karra
SHEPrUsIM aTbga- 3appanap IOKOPH NEBOPHAH OCOHIVHA YTaj.
By Mmynoxasanapra acocaH, IOKOpPH 3HEPIHANM anbga 3appajlapHU
YUKApagurayd pajuoakTUB MONAANAPHUHI SpUM €MHPWIHII HaBpy
aHya y30K OYiagu, e MymkuMH. XakukaTaH XaM, aibga-
3appajap 3Heprusacu OwiaH MyaldH MONJAHMHI SIpUM eMMPHJIHII
JaBpU opacuia NIyHjail MyHocabaT MaBXynakd, y «[eirep-Herron
Koujacu» HoMH OunaH toputwiagy (2.18-ncopara x.).

2.8-§. bera-aiilaHUIIHAHT HA3APHACH

Bera- aiinanum Hasapusacy aHya Oolukaya, YyHKH OyHAa d1-
pO 3appajlapu Tallkapura YMKMapgy, 6anku OMp HyKIoH OOLIKa
HYKJIOHIA aiyTaHaqyu Ba HaTHXajla 3/1EKTPOH Ba HEHTPUHO YHKAIM.

Bera- aiinanuvinga saponap y3-Y3uOaH 3JIEKTPOHNIAp, MO3M-
TPOHIAp YUKApUUl €XU ¥3 aToMMHMHr K-KoOurmaaru aneKTpoH-
napHU KaMpab onumn wynu O6wnaH ysrapanu. bera- sappamnap 6u-
JIaH BJIeKTPOHIAPHUHI aifHaH OWp XWUIMIM Taxpubalapaa Tac-
JVKJIAHTaH.

Bera- aiitapuim XoaucacHuyl TYIIYHTUpHI Oup o3 xuiiuH. Pa-
AMOAKTHB CHJIXUII KOMZACUra acocaH [3- eMUPWIHIIIA SAPOHUHT
3apgiu Oup OMPIMKKa OpTajy, Macca COHH aca yarapMail Konaau.

B- aiftaHuin aroM gapocupa Oynamurad Xapaén. MUKKuH4M
TOMOH[aH, MabIyMKH, [3- Hyplap 3/JeKTpOHNap OKMMMAAH ubo-
par. bupox gapona snexTpoH HyK.

HelTpoHHUHI MaBXYUIMIM aHUKJAHIYHIAa Kanap SOpOHHM
NpOTOHIAapAaH Ba dJIEKTPOHIapiJaH TalIKwil Tonrad, ned Xucob-
nanap sau. By Hykrau HazapjaH [-alinaHuin Xyjua ofmuil Tyumy-
HuIaou. [-3appa gapo aneKTpoHH Jeb xucobnaHap sau Ba [3-
eMUPWIMII SIpofiaH OWTTa 3NEKTPOHHMHI YMKMIOM OunaH Ty-
LIYHTHPUWIAp 31U. BHUPOK SIPOHUHI IMPOTOH- BJIEKTPOH MOIEIH
KaTop KUHUWHYWIMKIIApra Ayd Keagud Ba IIYHUHT Y4YYH YHOaH
thoiinaiaHwIMai KyHumnau.
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Arap [ - 32eKTpoH fApoJaH YHKMaca, [ -eMHpPWIHILHUA
KaHfal Kwinb TymyHTHpUIN MyMKUH? 37-3appa KaepaaH Maigo
6ymamu? PaBmaHky, -3appa aTtoM KOOWFHIATH SJIEKTPOH 3Mac,
BaxONaHKHM, WIEKTPOHHUHI KOOWKHAH YHKAPWIMIIM aTOMHHMHE
KMMEBUI TabuaTu y3rapummra ogu0d KeIMaHiuraH aroM HOHJIa-
HMIIMAUP.

B -anextpornap sapopa 03 GepaguraH XapaéHjap HaTHXa-
cuia gapona xocun 6ynamu ne6 xucobnab, Oy xapa€wnap peak-
UMACHHYA KyHAHugarunya €3uill MyMKUH:

XA L Y+ e (2.19)

B-aiiraHuma supo 3apsHMHUHT Oup GUpPIUKKA OPTHILU
S1pOfa TIPOTOHJIAp COHMHHMHI OMp OHpJIMKKa OpPTHIIMHYU Ba SA-
POHMHI Macca COHM y3rapMarajurd y49yH HEUTpOHIap COHH

(N=A -7) 6up Oupiukka KaMaWWIIUHKU KypcarTagd. [lemax, -
pona copup 6ymaguran (3 -ailaHuIn SApPONArd HEHTpOHIapiaH Ou-
PMHUHT NPOTOHra alIaHWUIIMHUHI HATHXacCUIOHUp, SbHU n—>p+3~.
Arap sjpoja NpOTOHJAp COHU HeHTpoHra HucOataH Kym Oyica,
IPOTOHHUHI HEUTPOHTa ailTaHULIN 103 Oepaiu:

p—n+p". (2.20)
(2.20) afinaHum pakar SAPOHMHI HYMAATMHA YPWHIM
Oymmb, ®pKMH X0J[a MPOTOH MYTIOK GapKapop zappamup. (2.20)
XapaCH nosumpon atiranuw Ne6 aranagyu. byHna gapo maccacu
y3rapMaiiy, sapsaad aca 6up OUpIMKKA KaMasiu.
VYmyman onrappa, 3apsau Z Ba Macca coHH A 6ynraH supo
yuyH [ -alinaHuil wapTy Kylugarnda €3uwianu:

M(Z,A) > M(Z+1,A)+m,, (2.21)

ABLHU [3-pafiioakTHB SUPOHMHI Maccacu Xocwia sapo — (Z+1,A)

XaMOa BJEKTPOH MAaCCAIApMHMHI WMFUHAMCUIAH Karra. [37-
alTasyI IIapTHHU aTOMJIAPHUHI Maccalapd OPKaid udoanaul
Kynai. ByHMHr y4yH (2.21) TEHICU3JIMKHUHT YHI Ba 4Yall TOMOHH-
ra Zm, KyUWIYBYUHY Kyiuu Kudos. Y xomaa

M,.(Z,A) > M,(Z+1,A) (2.22)

xocunn 6ynagu. Maskyp adnanumia
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Ep= [M,, (Z,A) ~M,, (Z+1,A)]¢? (2.23)
DHEPIUs XKpaId YuKaiM.

ITosutpoH aiinanum ydyH (2.21), (2.22), (2.23) udonanap
MOC paBHIIa KyHujard KYpHUHUIIHM ONajuiap:

M(Z,A)=M(Z - 1,A)+m, (2.24)
M_(Z,A) > M, (Z - 1,A)+2m, (2.25)

Ep'= [M.(Z,A) -M,, (Z-1,A)-2m]-c* (2.26)

1938 jmnpa OeTa-alIaHUIUHUHT YYHUHYU TYpPH 3BJIEKTPOH
KaMpall MaBXyUIMrd auukjiaHajd. Ilporonnapu HucbaTan op-
TUK4a OYNraH «oHa» Sapo 6ab3aH aTOMHUHI ®/IeKTPOH KOOMKa-
pumaH Oup 3/MEKTPOHHM Kampab onamy — «wraim». By xompa
XaMm, HO3UTPOH-ainaHupa Oyaranunek, 61uTTa NPOTOH HEUTPOH-
ra aunaHagu:

p+e —n (2.27)

DIIeKTPOH ATOMHUHI' Kaiic KOOWFMIaH IOTWICa, L1y KOOUK-
HUHT HOMU OwnaH K-snexktpoH, L-3MeKTpoH Ba XOKa30 IOTHUIMLL
neb opUTWIand. DIEeKTPOH IOTWITaHA2 SAPOHUHT TapTHO HOMepH
Oupra xamasgu. DeKTPOH KaMpaUIHMHI SHEprud IIapTé Kyhuna-
ruda €3mnany:

M(Z,A) > M(Z - 1,A) —m, (2.28)

K-xampam «oHa» H300apHUMHT Maccach XOCWJ1a M300apHUHT
MaccacupaH Kynpox, Oynaranna KysaTunand. by xapaéuia

E= [M, (Z.A) - M,(Z - LA)}c® (2.29)

SHEPrHd aXpaTud YUKaau. DNEeKTPOH Kampad onum Xapa&Hu
HeWTpOHM KaMuWl Sipoiap YYyH aHda KEHT TapKalraH.

(2.26) Ba (2.29) ra Kypa NMO3UTPOH-ailJIaHUII OOUIIAHFUY Ba
OXMpPIM aTOMJIap MACCAIapMHMHT (apku 2m.c’ HaH XarTa
6ynaraHgarkHa, SIEKTPOH-KaMpall XOQMCACH ca 2m.c® JlaH Kam
6ynranga xam pyi Gepamu. Alinanuin sHeprusicd 2m.c’ KaHda-
AWK 0KOpK 6¥ca, IO3UTPOH UMKApUIN Xapa€HU OwilaH MIyHYa-
JMK KyWwIM pakobaT Kwialu. DHT OFMp 3JeMEHTIap opacHuia
NO3UTPOR-AITaHUII XyJa KaM yupaigu. [-ailnadum xapa€Hu
MyMKuH Oynradpa K-xampam xam 6ymmum Mymkus. Jlekud K-
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Kampail Xap JouM XaMm [-aijlaHuim OwnaH Oupra  Kys3aTu-
nMaBepMaiiny. DitekTpon K-KOOUKJIapHUHT pafuycd KHYUK OYiran
OFMp aTomiiapia K-KaMparmHuHT YTHIO 3XTHMOJIM KaTTapokK.

Arap (2.24) mapr OaxapwiMaca, y Xonga PB*-aiinanuin
BHEPrusd XKUXATUIAH MyMKUH OymMmaiiny Ba eMUPWIHIIHUHT STOHA
nyimu K-xampam xapaéau 6ynub xomagu.

Bawau 6up (Z,A) saponap y4yH Oup BaKTHHHT y3upa [3-aii-
JapumHUHT 6apua — (2.20), (2.24) Ba (2.28) mapTiapyHy SHep-
M KUXaTHAaH KaHOATNaHTUpaJUraH XOoJlapyd XaMm ydpaiau. byH-
ra Cu® mumr aftmanumm mucon 6yna onagu. By smpopa [-afina-
HUIDHMHT yYaqa KYpPHHMINE XaM OHp BakTaa pyi Gepamm: Cu®
40% xonna snexktpoH umkapuui, 40% xonma SIeKTPOH KaMpaul
xamaa 20% xonfa MO3WTPOH YMKapumn iyiiapu Giwian Ni* Ba
Zn* gpponapura ajinaHaim.

B-attnapumauar (2.21),(2.24) xampa (2.28) mapriapupaH
3apsiapy Oup OupinMkka papk, KwiyBdd, sbHu M(Z,A) Ba
M(Z+1,A)6ynran ukkura Oapkapop u300apHMHr OHp BakTAa
MaBXyJ OYIMIIM MyMKHH ®MAac/lurd Kejud umkanu. XaKuKaTaH,
6y xonma arap M(Z,A) > M(Z+1,A) Gysca, y xonga [3- aiina-
Hy pyi 6epuiu MymxmH, M(Z,A) < M(Z+1,A) 6ynragna aca
K-kampam pyit 6epanm. Wlynpait xwinb, yinapnan Oupu pagyo-
axtus Oymamgu. Llyunait w3obap (Z — 1,A), (Z,A) Ba (Z+1,A) 4an-
ponap MaBXYIKH, yiapfia KeTMa-KeT [3-ailiaHHII

MZ -1, A)—b s M@Z, A)—F 5> M@z +1,A) (2.30)

TACAMKJIaHTaH, JIEKHMH O®HEpPrus XuXaThlaH Kydupary YT
OYIUIIN MyMKHH:

MZ -1,A) —B M@z +1,A) (2.31)

By xomnna xym B -adtnanuin coqup 6ynul, sapo 3apaau UK-
KM OupiuKKa y3rapaid.

3apsutapi MKKM GMpinKKa ¢apk KHIYBYM MKKH XKyt (Z'
Ba Z) 6apxapop uzobapriap ydyH SHeprus HyKTad HazappaH Oe-
Ta- alJlaHWIN UMKOHMSATH MaBXyid. Arap Oy Xonmga KWYMK Z ra
sra 6yaran supo Maccacu M(Z,A) > M(Z',A) 6ynca, y xym -
ailapum  Wynu Owiad ailaHMIOM MYyMKuWH, arap Oopuu-io,
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M(Z,A) < M(Z',A) 6ynca, Z' 11 sjipoia UKKHTa SJIEKTPOH KaM-
paru éku 6urra K-xampaiu Ba 6urra 3*-ainanun,éku UKKaTa -
afTaHuIn pyi 6epuI MyMKHH.

Ky P-alutaHum sXTUMOJUIMTH XyJa KUYMK OYnu0, YHMHT
ApUM eMMpPWIMIN HaBpu Kammjga 10'® Pummm Tamxun Xumamd.
Opanapupa xym [(3-aiinasumy MyMKHH OyiraH 58 ta Gapxapop
m3obapnap XypTu MaBxyd. JleknH Kym B-alUlaHUIIHMHT (pakat
OUTTarMHa UIIOHYIY XOJIM MabilyM:

e
Te!30 B X 130

Kynruna Goluxa xojuiap y49yH ApUM aiilaHMIl JaBPUHUHT
Kydd derapacu aHUKJIaHTaH. YJapHMHI W4YMAa BHT SXILM Ypra-
HUTaHIapu Kyiujarunap:

T(Sn'*) > 3-10"7 jinu, T(Ca*®) > 6-10'® iun,
T(Nd®®) > 2-10" jun T(U?*) > 6:10'® fiu.

Konrannapu ydyd Kyiim gerapanap 10' imn pan 10" jun-
raya Oynran JaBpHU TalIKWI Kuinagd. ByHpail gdpuM gmani JaBp-
JIApMHU YI4am aHya MYIUKY/ HI.

2.9-§. bera-ajinanuni CIEKTPHHMHT [IAKIH BA
HEeUTPHHO XAKUAAru TUnoTesa

bera- aimanuiiyia Xam anba- eMUPHIMIIIATUICK SJIEKTPOH-
NapHUHT OMp HeuTa AWCKPET SHEeprus TPyImacy Ky3aTHIMLIM Ke-
pax oau. bupox Oera-ainaHum Taxpubaga TeKIIHpWIraHa
Gera- 3appanap 9-pacMaa TacBUpPIAHIAHAEK, Y3NYKCU3 DHEPrHAra
ara SKaHIUTH MabiyM OVinu.

bopauio, HeWTpoHnapaaH OMpH NpPOTOHra afiiaHca, 3apgi-
Jlap MyBO3aHATHHM Cakjiall yYyH XOCH/ OyniraH sJIeKTpoH sapoja
Typa ONMaMAu Ba YHAAH Te3nMKila uuKuO ketamu. By xosnma Ge-
Ta-Hypiasum 103 6epapgu. Illynra yxmiami, arap ggpona oprukda
nporounap 6yica, ynapiaad GMpU HEWTPOHIra ailTaHUIIA MYMKUH.
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Bynpa Mycbar ayIeKTpOH XOcun G¥iafy Ba Te3ja SApONaH IMKUO
KeTauu. Bansu Oup paluoakTHB 3JEMEHTIAPHUHI MycbaT aeK-
TPOWIap TapKaTULIM aHa LUyHAal M30XJ1aHadu.

P(E)+

0,9
08
0,7
0,6
05
0.4
03
0,2

4] 1 2 3 4 5 6 7 8 9 10 11 12 E<10%3B

9-pacm. Bema-3appanapuune snepeus cnexmpu. (Te™)

HlyHn aifTuimn xepakku, HEUTPOHHMHI ¥y3u Oekapop 3appa-
JAp. Y y30K BakT syipojaH Tallkapuia Oyyica, §3 Xolu4a IPOTOH
Ba 3JIEKTPOHTa aXpasialii.

YMmyMaH onragpa, 6era-aiimaHull KaTop Mypakkabd Myammo-
JapHY eYHIIHM Takosza sTagu. Bymappan Oupwu siaponaH axpainud
YUKAETTaH BJIEKTPOH SHEPIUICH Macalacuup. PaguoakTup atoM
OeTa-Hyprnap Tapkartib eMUpHIraHia »IeKTpOHIap KaTTa SHeprus
6rian oTwING uuKamd. By SHeprusHd Typiu ycyia OwiaH, maca-
JIaH, MarHUT MaiJOHUa SJIEKTPOHIAPHUHI OFUIIMHY yiayall Hynu
OunaH aHUKJA MyMKHH. KBaHT HAa3apHICHHHHI acOCU KOHYH-
Jlapura MyBO(UK, SIpojia MyailsitH MUK/IOpAaruHa sHeprus 6ymanu.

XaKkuKaraH XaM, 4Apo [OUM MyaisaH JUCKpeT MHKIOpAa
BHepryAra era Oynran agpa- 3appaiap Ba raMma- Hypilap Tapka-
tangu. Hly ca6abnu Gera-Hypnanumiga XaM aidHaH LIy XOJHH KYy-
3aTHII MYMKHH. AHHKTaHUINFMYa, MYaHdH H30TON 4JpPOCH YHKa-
pagurad SJICKTPOHIAp HOJJAH TO MabjiyM OHp MakKCHUMal MHK-
Joprada OyiraH y3IyKCH3 3Heprus chexTpura sra 6ymamm. 10-pacum-
fard orpu yusuk Al”® Ba P*° munr 6era-Hypnap ydyH xoc 6¥nrad
SHEprys TaKCHMJIAHUIIWHU KYpCaTaiu.
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Abmycca §Kkuaa sHEprus, opaMHaTa YKHAa 3ca dIIeKTpOHIap
COHM Kypcarmirad. [emak, MyailfH AHUCKpPET MHUKAOpP YpHHra
SHEPIMSHUHI Y3TYKCH3 TaKCHUMJIAHMIIM Ky3aTwiamgd. Bupok ram
SHEPIUsl CIIEKTPUHHMHI Y3IyKCM3IHIMIaTMHa sMac, OGaJku sHep-
IUAHUHT ucpod Gynaérrauga xamuup. bera- aitmanumpga axpa-
b 4YMKKaH dHeprusd MUKIOPMHHM, KyNMHYa OOINKa MabIyMOTiap
acocupa xucobnab yuxum MyMKuH Oynmagu. Bera-nypnap swHep-
rHdcy aHa Iy MUKJOpra TeHr OY/IMIIM Kepax.

4

i ﬂ)\
4
b\m\ k\
F N s
<
g 00 1200 100 MO0 J000 3500

Eﬁ, X38

10-pacm. Bema- cnekmpHUHe KYPUHUULL.

Acnuna TYNMK aXpalubd 4MKKAH SHEPrUSIHM Xap rajl Xucoo-
JaraHjia y CHeKTPHMHT I0KOpM KuiMaTwura TeHr 6§iud umkanu Ba
Gapua BIeKTpOHNAap MasKyp KHMMaTHaH KaM 3Heprus Ouian
rapkananu. Illynnail skaH, KonraH sHeprusd Kaékka iykomagu? -
Jlerad CaBOJIHUHT TYFWIMIIM Tabuuil. MDUBHKaHUHT acocuil KOHY-
HY OY/IMHII SHEPTHSHHHI CakJIaHWII KOHYHM Gera-aifllaHMul Iua-
pourHna Oysmwiagu. XapakaT MUKIOPH MOMEHTUHMHI CaKJIaHMIIH
€KH CNUH KOHYHM XaM HyKonraHjaek 6ymamu.

By MKXM acocuil KOHYHHHHI' MYCTaxXKaMJIaHWUIUTA SPHIIMIIT
y4yH Xoccanapu OeTa-allaHUIIHM IIAPXJIOBYH (PUKPHH TacOUK-
Jamra MMKOH Oepa omanuraH 3appaHd «yinab Tomui» Tanab
xunuHand. By Gopaja mseduapusiiuk ¢dusnk Bomsgraur Iaynu
KyHuaarnya Myjoxasa opuUTagd. Arap Oera-aliaHMIN XyCycHST-
Japu cakJIaHWII KOHYHJapHra TYFpH KelMac 9KaH, lJeMak, Oy
Xapa€H HOTYFPM TaJKMH TWIraH. AMJIaHWII BaKTHAA SHEPrUSCH
Ba XapakarT MUKIOPM KaMm OynraH Kysra KypHHMac Hedrpan sap-
pa XaM HIITHPOK 3Tanu. JlexkuH Oy 3appa Taxpuba naBoMmja ce-
3VIIMaH.
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Iiynpain kunub, Oera-ailaHuiiga n—p+e” sMmac, Oanku
n—p+e +X Kysatunany, 6ynaa x — Gupop He#Tpan 3appa. DHpH-
Ko ®epmu Oy 3appaHu Heidmpuno 1eb6 atagu. By urangHua «Hew-
Tpanya» peMakaup. B.Ilaynu TymmHTHpraH 3appa X03uprd 3aMOH
Kilaccugukaupicy 6§Hnya »MeXTpoH aHTHHEHTPHHOCH AeHHiiagu
Ba V, €ku v, KypuHumpa Oenrwna”Hagu. Illynmnr yuyn Ilaynu

THIOTE3acUra acocaH SAPOHHUHI [-alTaHUII peaKLMSCUHU KyHu-
Jarvya €3ull Kabya KWIMHIraH:

(Z,A ) (Z+1,A) +e+v,. (2.32)
He#iTpoHHuHr aiinaHuimg oKopuaarura Moc paBHIIAa
n—op+ e+9, (2.33)

cxema Oy#inva YTagu arap NpOTOHJIAp COHU OpTHKua 6yiica, ynap
COHMHMHI OUpra KamaluInd, HEeHTpOHJIap COHMHHHI 3ca Oupra
opruiuy [*-aiitanumna pyi Gepanu:

(Z,A)—> (Z — 1,A)+e*+v (2.34)

By xonna $apo NMO3UTPOH Ba HEHTPHHO YUKApaiH.
ATOM 3JIGKTPOHMHUHI $ApPO TOMOHHUIAH IOTWIHIIM YPUHIH
O6yaran xon

(Z,A)+e” =>(Z - 1L,LA)+v (2.35)

KypuHninaa wuconananagy. B.Ilaynunuar B-ainaHum BakTHAA
®NIEKTPOH (IIO3WTPOH) HaH TalUKapy COMHU 1/2 ra TeHr, aIeKTp
XMUXaTAaH Helrpan OynaraH wedmpuro e atalyBdu SHa Oup
3appa XxaM axpanub 4Mkand, fe6 KWiIraH TaxMHUHHM TabuaTr Ko-
HyHIapuHM JesApiad Oy3MaciaH Taxpuba HaTHXaIapUHU TYUIyH-
TUpUILUra UMKOH Gepanu.

HeMak, sHAM XamMMacd MaHTHKUH Ba KaTbHHAUp. DieMeH-
Tap 3appajlap COHMHMHI OPTHIIM XHcoOMra cakJIaHMUI KOHYH-
Japu y3rapMmail KONOM. AMMO HEHTPHHO XaM «LIyHYaKu» Kauig
oTunranaup. Hasapuii xuxatiaH ofraHaa YHUHI XOccalapl Tax-
pubara acocianmaii, 6anku uc6oTCH3 KoupanamTapwirad, «Hei-
TPaTYa»HUHI MaBXYWIUrMHM Taxpuba Wyiu OwnaH Kalo KWwidin
nosuM sxu. Kanpait kumm6? Heiftpuno - axoinu6 3appa. Sapo-
HUHI MYKM CTPYKTYpacH XaKMAard xamMma OWIMMIIapuMu3 KaHda-
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JUK KaM OyiMacuH, OMpOK y HEMTPHMHO XaKujard MablymMoTia-
puMmsra HucbaTaH xyna Goinup. HeHTpUHOHMHI UYKM CTPYKTY-
pacuHu Jedpiau OunmaiiMus. HedTpuHO Ba aHTHHEHTPHUHO BJIEK-
TPOH Ba NO3UTPOH Kabu Typyiu 3appanapMu €KM aliHu Oup 3ap-
PaHUHT ¥3uUMHU?- feraH MyHO3apa XO3Mpra Kajap AaBOM 3TMOKIA.
By 3appaHMHI ce3wiIMacinurd ¢akaT XapaKaTCU3NUK (TUHYIMKAR-
M) Maccacd Ba 3apsOHUHI HYKJIUTHAaH aMac, GaJKyd YHUHI HM-
X04T [apaxaia CHHrHI KoOwiudarumanup. By xycycma muxpo-
JyHENa HEATPUHOra TEHr KeJaJUraHu HyK. ¥ yTa KaiuH XHCM-
JlapfaH XaM yTa oJIafiu.

HeATpUHOHUHT «Ha3apuii» XUXaTAaH IMafgo Oyaumu Owax
Ma3Kyp 3appaHMHI MaBXYIIMIU Taxpubana UcOOTIaHryHra Kagap
opajian #imrupma Gewr dwn yram. 1948 iunra xenu6, Amien 6y
HO3MK TaXpuOaHW amaira omupuira Mysaddak 6ymimu.

HeATpUHOHWHI XaKUKaTaH XaM MaBXYHLJIMIVHM Y3UI-KECHI
Xal STHUII Y4yH HEUTPUHO Ba aHTUHEHTPUHO Typiau XW 3appa-
7apMH, JeraH MacalaHM Xal oTuil josuM aau. b.M.IToHTexopso
GyHM OpUrMHaI Hyn OwiaH Xal KWIMLII MyMKUH, jJeraH (puKpHU
auTau.

Xyu, aHTUHEUTPHMHO Ba HEUTPUHO JeraHua HUMaHd Ty-
INyHMOK Kepak? Xosupra Kagap aHTHHedTpuHO — Oy Oera- aii-
JAHUIIA DNEKTPOH OWlaH TapKalamuras sappaiup, Aeb6 Kapaia-
pu. P-aimasum ne6 atranapuraH Gomka OWp ailylaHUII TIPOTOH-
HUHT ¥3-y3ugaH HeHTpOH Ba HEWTpWHora ailaHWiyd OwnaH Xa-
paktepnaHagu (2.34, 2.35-cxemajiapra Kapasr).

HedTpyHOHM aHTHHEHTPUHOAAH aXpaTAukK-Ky, ammo Oy
zappanap OUp XWIMH €KUM KaHJaWaup (UsUK Xoccalapd XHXa-
Toad Gup-OupumaH (hapKjiaHaauMH? —[JeraH casoira xasob Oep-
ragumusua HykK. Xo3up «HEHTPHUHO 3apdiu» ycTHaa Tyxtab yra-
MHU3. Arap HEHTPUHO Ba aHTHUHEHATPUHO KapaMa- KapliM «HEHT-
pUHO 3apsuiapu» ra sra Oynca, y BakTAa ylIapHU OMpU HUKKHH-
YyUCHIra yXoiamaraH MyCTakul 3appaiap 1e0, arap yiaap HedTpal
6ysca, 6yHaa yHH aiiHM Oup 3appa, Ae0 TaIKUH KWINII MyMKMH.

Kyiingara peakuusgaH Taxpuba NpUHLMIUHA O6wiub osca
oynanu:

v+p—> n+e’ €ku V+n—> p+ e’ (2.36)
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KypuHu® TypuOIMKHM, MKKajna peakLysd XaM HEHTPUHOHMHT
aHTUHCHTpUHOCH OWIaH Ba aKCHHYA, AHTUHEUTPUHOHHUHI Hell-
TpUHO OWIaH OIMI alIMalIUMHYBMIaH coiup 6ynran. Arap 3appa
ypracuma dapk 103aku Oysnca, Tabuuiiku, peakuus OGemanosn
amaira ommpwiaBepaad. Arap HEWTPHHO §3 HWYKU XOCCajapura
Kypa aHTUHEHTpUHONAH KecKUH papk Kwica, OyHnail peakums-
JapHd amanra omupu® Oynmadipy. By Macamanu Xal Kuimin
y4yH peakuusulapfiad OGUpUHU TeKIupud Kypum Kudod KuiaM.
Heittpunonusr 6oit Man6au GyjiMmaraHu y4yH HKKMHYM peakuusd-
HH KypULITa TY¥pu Kenagu. SIKMHIA aHTUHEHTPUHOHMHI Xnop-37
ajpocy OWwIaH y3apo TabCUPUHM YpraHWII ycTuaa unr onub 6o-
paérran amepukatuk onuM [eBuc Oy TaxpubaHU cUHab® Kypad.
Anuxnanummya, v+CI—>Ar'+e” B amarra omupu6 6yimac
9KaH.

ByHnaH HeWTpuHO Ba AHTUHEUTPUHO «HEUTPUHO 3apsiu»
Kapama-Kaplid uuiopajgapra sra OyiaraH MycTaKwl 3appalapiup,
JeraH Xysjocara Kenuil MyMkuMH. HelTpuHo Myammocunu Xan
STHII AaBOM STMOKJA.

2.10-§. Tamma—Hypiaanum. Hukn KoHBepcHs.
Anpo nzomepuacu

Tabumit pajnoakTUB H30TOIUVIApHM ypraHuiiga aibda Ba
Oeta- 3appanap OunaH Gupra raMMa-Hypinap, 9bHM ramMma- KBaHT-
napy, TUHY XOJIaTHard Maccara sra O6yiMaraH HeWTpal BJIEKTpo-
MarHuT Hyp DadKairad 5Ad. ['aMMa-HYpHM Omauil Ky3 Ounax
Kypub 6ynamaiiiy; YHUHI ®HEprUsiCd peHTIeH HYpUHUHI BHEprHd-
CUra KaparaHjga aH4a kartta (1031ab Mapra opTHK) Oynub,ymap
KMCKa TYJIKUHIapAup. DIEMEHTNaH raMMa-HYypHUHT HypJaHUIIH
yHu OOLIKa ®JleMeHTra aiaHumura onud kemmabnd. Y dakar
yUFOHTaH SOpPOHUHI OUp BHEpreTHK carxjaH Oolllka IacTpox
XKOUTAINTaH caTXra YTUINJArd SHeprusHUHT y3rapumura OGOFIHK.
Onpartita, ankga Ba Gera- eMUpWIMIa raMMa-KBaHTIap HypilaHa-
IM, YYHKM paJuoakTHB eMHPWIMII BaKTHOa Xocki Oynagura
SApO yiiFoHTaH xojatoa Oynmamy.

SIApOHUHI ramMMa-KBaHTIapHH Hypialld WYKH 51eKmpoH
KkoHeepcua xapaéHu Owian 6ommK. By xapa&n myHnan nbopar-
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KM, YHFOHTaH $pO raMma-KBaHTIapHU HypjamaciaH, ¥3 9Hep-
TUACUHM SJIpora SKMHPOK, XOWIaliraH KOOMKIaru sieKTpOHIap-
naH 6upura 6esocuta Gepany, HaTHXaja IeKTPOH ATOMIAH Y3H-
Jub yuKanu.

Huxy KoHBepcusjaH CYHI XapaKTEpUCTHK PEHTICH HypJia-
HUIIM Ba ONTHK KadTa Hypiladul OoluiaHamyl, 4yHKU aToM KO-
Ourpary BleKTPOHAaH OUpH SAApo SAKMHMAA Oyinarad Xoira
yTanm, OomiKa BJIEKTPOH «KOUYOK» BIIEKTPOH YpHMIa YTagu Ba
XO0Kazo.

HMukn kxonBepcus XoOMcacupa SAPOHMHI YHFOHMII SHep-

THSACH BJIEKTPOHHUHT A0p0 OwnaH OORIaHWIN SHEPIHsCH €, HU
CHIMINra Ba YHUHI KHMHeTHK sHeprugcu E, ra capd 6ynajuu:

hv=E_ - ¢, (2.37)

SIIpoBMHT YHFOHMII BHEPIHACHM XaMJa aToM KOOHFHiaru
OOmIaHUII SHEeprusulapu akaT MyailsH KuiiMarTiapra sra Oyirad-
JMIY y4yH MYKH KOHBCPCHS BaKTHIA ®NEKTPOHIAPHUHT JAUCKPET
BHEPIETHK CINEKTPU XOcwl Oynanu. [-ailTlaHUIIHUHT HYKH KOH-
BepCUgaH acoCUl (papKH XaM MaHa LIyHJa.

PafgnoakTUB H30TONHMHI anbda-€ku  OeTa-eMUpHIMIUNIA
€KN TYpJIM SIAPO peaklMsUIapuia XOCHI OYIyBYM aToM SApoiapu
yHFroHIraH XOJaTJIapUHMHI SIAll JaBpd, ONaTHa, Xyda KHIUK
6ymu6, 10 °+10""? cexynnraua 6opamu. Babsm Xomnmapma sca aHa
IIyHAald XoJlaT aH4a y30K (yHnad Huwnapra) JlaBOM STHINM XaM
MyMKuH. Slutamn Bakr 107 ceKyHmnaH opTHK, GYiaraH TypryH €Ku
PafiMoaKTHB SAPOHUHI YAFOHTAH XOJAaTH A0po usomepu 1eb ara-
Jaiy. M3zomep eMUpWIMHIIMHUHT MKKM TYpH MaBXyR. bup typuna
U30Mep SOpOCH acoCUil XonaThard Aapo Kabu emupwrianu (Maca-
naf, B éku B aiinanuin, sNeKTPOH Kampar), GyHIa SpUM €MH-
PMIIMII JaBPH Ba 4MKAPafWraH 3appa SHepruscH Oomkada G-
nany. Msomep emupunuiuHMHI GolIKa TypH HIyHNaH HOOpaTKu,
U30MEP #APOCY TaMMa-HYpHM 4YMKapub, acocMii M30TOIl SAPOCHra
aiiitanany. Bab3nna usomep SAPOHMHI Oy MKKH €MUPWIMLI TYpU
Oupra yupaiiou.

Bera-aiinanum sakraga Pa™* pan Th** maitno 6Ynanu. Bys-
fail afblasmin BakTiaa Pa®* GwiaH OGupranmvkna yHFOHMII 3Hep-
rusacd 0,4 MsB ra skun 6ynran Pa® msoTommuHr sHa 6Gowka

YHFOHHII XOJIaTH 103ara Kejagu. Pa®* w3zorTomm sapum eMupumui
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naBpy 6,7 coar OyiraH (3 -afmaHulra Qydy Keica, yiFoHraH 6era-
PafiMOaKTHB SAPOHMHI SPUM EMHPIIMLI JaBpH Oomikaua Oymaiw.
Vuuner sHeprusicu sca 1,15 M»B ra tenr. Ilynunr yuyn Pa**
HUHI' YUFOHTaH XOJaTH MYCTaKWl M30Mep HOMUHHM Oyiu. ByHu
1921 #umnpa O.l'an anukiarad. M3oMmep XOoNaTHHHHI aHUKJIaHU-
LM S0PO W3OMEPUHUHI TOIWIHINK OWiTaH OOFMMK. 3apsa Ba Mac-
ca coHu Oup xw1 6ynub, pagMoaKTUB eMHPHUIMII MEXaHU3MU Ba
TE3IUTM Typimya G¥yray sy(poJapHUHI MaBXYWIMK XOAUCACH A0-
po uzomepuacu Neb atanany.

Bupok, Tabuuil paiHoakTHB HM30TOIUIap opacuma Pa”* mso-
Mepusacy saroHa mucongvp. 1935 nwna M.B. KypanOB J1.B.Mu-
coBckMii Ba JI.M.Pycunognap TOMOHKIAH Br” anpocu HeHTpOHHU
KaMparamijla xocua1 6ymagurag Br*® pajpioakTUB H30MEpHHM OJ-
ramjiapuiad CYHI SApO H3OMepHSICHra KM3UKHII Ba CyHBMH pa-
IMOAKTUB H30MEpIapHU YyKyp TeKiupum 6ountanmd. Hsomep
A0poJIap, OHaTHa, SNPOHUHT KUMEBHH Oenrvcy €Hura m xapdu
KyMub OGenrmnaHagy, XymiajaH, MeTacTabwi XxonaTgark Gpom
wzomepu Br*™™ kypunumga &smnapu. ly snpoHuar y3u acocuit
xonatna Bre

Tabuuit 6poMiM HeHTpOHWIap OKMMM OWIaH HypJIaHTHMPUII-
raifia Kyiugard sSapo peakLMsICcH o3ara KeJaju.

4sBr’® + on' —> 3B (2.38)
JOnmysda (*) 6Gunan GenrunaHraH supo ,sBr’”" yiironran xosmaraga
Oymanu. Arap HEHTpPOH SHeprHicd Xyjda Kam E€KHM Hora SKuH
6ynca, Br® gipocHHMHI yiFOHUII SHEPIUACH HEMATPOHHUHT ILY
aapojard OOfIaHUII dHeprusicura TeHr 6ynamu. YHroHraH sapo-
JapHUHT OUp KUCMU Y3WHaH ramMma- KBaHTJIap 4MKapub, Meracra-
6un (macTpox yI/IFOHFaH) Xonatiapra yTu6 Kxomnangm, KoJirawnapH
3ca, acoCHil XoaTra yTajy. Br*® M30MEpUHMHI SpUM SLIALI JaB-
pu 18 mun. LIHyHUHr y4yH gapo peakLMsICH HaTUXacHUia OJIMH-
ran Br® gagpomapu Hmc6araH KucKa BakTHa HYKOMMG KeTauu.
Mertactabun sapo B (apum smranr aaspu 4,4 coar) raMmma HYp
unkapub, Br® usomepura aiinabanu, cyHr 18 MHUHYDIM SpuM SIHALT
naBpuja B-aiinanu6, Kr* uszoronura aiinauany.

Xo034pry BaKrda TYpPFYH Ba paJUOaKTUB SAPOJADHUHT MKKHU
103 SJUTMKAAH OPTHK, U30MEPH MabJIyM.
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2.11-§. HonnamrupyB4yi HypJIaHHIUHUHT OHOJIOTHK TABCHPU
XaKkuaa Tymrysya. JlozuMeTpusa jieMeMT/IapH.
Hypnaaum no3zacuHu yimyam GHpIMKiapu

Tupuk opranu3Miapia HOHJAQHMLIHM 03ara KeJITHPYBYH
HYPIAHUIUHMHI Mojjga OWinaH y3apo TabCUPIaHHUII Xapagunapu
cnetUK OHONOIUK TabcHUpra Oaub KeaIu.

Mopna 6unad Kydcus §3apo TabCUPJIAHYBUM 3appaiiap, Ma-
canad, HEHMTpMHO OMoONOrHK Tabcup KypcarMaiigu. Conuiurupma
MOHA3alMOH HYKONMIIapy KaTra Oyirad 3appajiap XaMm opra-
HU3MIA KYy4YCH3 TabCHp KypcaTaid, LIYHHHT Y4yH yiaap XarTo
CHPTKHM KaTJlaMAaH XaM yTa OfIMaiiu, o- 3appajap IUylap XyM-
JacuiaHamp.

By axT GupiamMum TabcHpa MOJEKYJIATAPHUHT YHFOTHIMILK
Ba MOHIAHWIIMIMP, OYHUHT HaTYDKachlla SpKMH 2eKTPOHIap Maijio
6ynagn. Hypmamum Tabcupuia OpraHu3M TapKUOWJIard CYBHMHD
KMMEBUHN y3rapuiin (paduonuz) OolwaHagy Ba Y3TapULIHHHT
Maxcyan (OH pamuxarn, BOROpoX NepOKCHIM Ba Gowkanap) Guono-
IMK CHCTeMa MajleKynalapy OunaH KUMEBHMH peaKUusdra KMpHIla-
1M, Oy aKT HYpJIAHWIIHHHT OMIBOCHUTA TabCHUPH XHCOOIAaHAM.

HonnoBun HypiIaHWIUHUHT OHONOTMK TahCUPH YYYH Xapak-
Tepau 6yiaraH 6ab3y yMyMUH KOHYHHSTIAPDHUA KYpUO YHKaMus.

HypnanmisHuAr Xyga KaM MUKAOpAArd SHEPrUSCHHHUHT IOTH-
JUIIY aH4Ya KaTTa OMOJIOTMK IIMKacTIaHWIUIapra oaub KesIuiiu
MyMKHMH. buonorux rabcup cakar O6eBocuTa HOHIOBYM HYpiia-
HUIlra Ay4 KenraH obbekTiapiardHa o3 OepMail, Oaaxu WHCOH-
HUHI KEHMHIW aBJIOAMra XaM YTUIOW MyMKuH. By xomar, my-
HUHIIEK, YHA LIAPTIK NPOrHo3 KWwia OWIHIL, OpraHU3MIapHU Hyp-
JIAHUIIKMAAH XMMOSUIAIl MacaTacCHM IOXUAA XUIWMK KWTUO K.

Hypnanum xyxaiipa sppocura Kynpok 3HEH KeITHPaIU.
XyXaiipa yHKLIUSATApULaH pajualydsra sHT KYI CE3rHpd YHMHT
GynHHnm KOOWIMSATHIND, HYpIaHWIN BaKTHOa SHC aBBAT YCYBUM
TyKI/IMaHap 3apaprmanany. Hypnammm aiipuM XyXaipaiapd Kam
AMIaiJUraH TyKuManapra: MebJa Ba HWYAKJIApHUHI HNIWUIMK KaT-
Tamiaapy, KOH spaTUIl CcUCTeMac, XWHCMU XyxXaipaiap Ba
Oowkanapra, aliHUKca HOOYI KWIafuraH Japaxana TabCUup Kuila-
au. Karra Muxpopnars HyplIaHWIUIapia «HYp OCTHOa YJIMM» 103
OepuIld MyMKHH, KaMpOK MHMKAOpHAard HypJIaHHUILIapa sca Ka-
TOp Kacalyiukiap (Hyp KacaUINTH) Iakuo Oyiand.
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XKonnu Ba XOHCHU3 TaOWATHHHI TYpJIM MOJJlalapura HOH-
JIOBYM HYpJIAaHUII TAbCUPUHU MUKIOpPUE Gaxonail 3apypUsiTH 00-
FuMempuanure Maigo 6ynuimra cabad 6ynanu.

Hosumempus ned sppo (pU3NKACHHMHL Ba YI4YOB TEXHUKACH-
HUHT Terumwd Oyiummura aWTwiud, MasKyp OyiumMuaa MOHIOBYM
HYpJQaHUIIHUHT MOJJara TabCHPHUHM XapaKTep/IOBYM KaTTAIUKIIap,
IIYHUHIIEK, YIapHH Yirdani MeTosiapy Ba ac6obnapy yprauuiaiu.

Jo3UMeTpUSHUHT JacTIabKy PHUBOXIAHUIIMIA DEHTIEH HYp-
JIAPVHUHT OfaMra TabCHp BTUINMHHM XucoOmall 3apypusTd TyFu-
aumy cabab 6ymanu.

Honnammupysay HypJaHHLIHMHT Mojllara TabCcUpH hakar ury
Moja Tapkubura KMpyBYH 3appanap OwiaH y3apo TabCupail-
ragja pyi 6epuruu unrapy TabKUIaHTaH SOU.

Axmuenux. PaguoakTvs MaHOGaHUHT aKTHBIMIH A Jeb eMu-
pwirad sigponap cond AN HUHr emupwiuil pyi Gepa€rran At
BaKT Opajurura HucbaTura aiTUmIaju:

A=AN/At (2.39)

AxTUBIMKHUHT Oupiuru — Gekkepenb (Bx); 6up 6exkepens
IyHAall MaHOaHMHI aKTHBJIMIUra TEHTKY, yHaa 1 c MobGaiixHupa
Ourra saapo emupwiuinu pyi Gepanu. Axtusmaru 1Bk Gynran
PaIMOaKTUB MaHOaHMHI MAacCacMHM Kydugard copmyna OwiaH
Xucobnam MyMKHH:

M= 241107 - A, - T, (2.40)

Oy epra M - macca (xr), T - emupwidul gaspH (c), A, - paiuo-
aKTHB MOJIA SIPOCHHUHI Macca COHM.

HoHnamTupysYs HyplaHUIHUHT TaOWaTuiaH KaTbUH Haszap,
YHUHT ¥3ap0O TabCHUPU MUKIOp XUXaTHOAH Mojjga MaccacH Oup-
JIUTMHKHT I0TraH SHepruscu O6wnaH 6axonaHuimy MyMKuH. By xa-
PaKTEpUCTHKA HYDAAHUWHUHZ omuizan oosacu - [, nedwunapu.
HounamTupysud HypJaHULIHUHT Typiau sgdekTnapu OMpvHIM
HaBOaT#a IoTwiraH gosa 6unan OenrunaHanu. By nosa uonmam-
TUPYBUH HYpJIAHUUIHUHT TYpH, YHMHI' 3apapjid SHEPIUSCH, HYyp-
JaHYBYM MOJAHHUHT Tapkubu OGmilaH Mypakkab OoFraHagM Ba
HypJIaHMII BaKTHra IponopuuoHan O6ymanu. BaxkTr Oupnurura
HucOaTaH OJHHTAH J03a 0o3a Kyseamu Jed aTanajiu.
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Xankapo OUpIHKIap CHUCTEMACHAA IOTWIraH [O3aHMHL VII-
yair 6upmury epeii (I'p), mo3a KyBBaTHHMKH sca | I'p/c. ¥Orui-
TaH JIO3AHUHr CHCTeMalaH TaliKapd Oupnurm — pan=10~2 Ip,
YHUHT KyBBaTH — 1 papn/c.

Orwiran jmozamn Tomumn yuyH xwcmra TYIIraH WOHIOBYM
HYPTAHMIIHHUHT SHEPTUACHHH, XKHUCM ODKATH YTraH SHEPrUsSCHHU
y/I9aul Ba yIapHUHI alMPMAacMHU XHCM MAacCachra Oy Kepak
Oynranmait Kypunamy:

dE

0T
am

bupox amamga Oyns Gaxapum  Kuiium, YYHKH  KUCM
KymiHda GMp XMHCTMMAC GYlIamu, SHEPrHs XHCM TOMOHMIAH
Xap Xuil HyHanuuuiap OViinya coymiau. Ilysusr yuyn anux,
«IOTWITaH N03a» TYMIyHYacH Taxpubana KaM coiipanun 6ynap
OKaH. JIeKHH XMCM IOTTaH JO3aHM HYPIAHMIIHAHT XHCM aTpo-
unary XaBoHM HMOHJIANITHUPHII TabCHPH Oyilmua Gaxomarm MyM-
KHH.

Illysra xypa peHTren Ba y-HypNaHUIN yYyH HO3AHMHT fHA
bup Tymyndacu — skcnosuyuon dosa — X TymyHuacu KHpUTWIa-
Au; Gy JIMOB PEHTICH Ba y-HYPJIApH TOMOHHJRH XARO MOHJIAIIHU-
HIMHUHT YIT90BH Gimanu.

Xankapo OMpIHKIap CHCTeMAacHjia SKCIIO3ZMIMOH JO3AHUHL
Onpinry kumu6 1 Ko/kr xabyn Kwinurad. Jlekun amanma penm-
een €6 aranypun OWpAMK MUUIaTWIanM. Pentren (p) vy-
HYPJIaHHIN 3KCIIO3ULMOH J03aCHHUHT GUpIurd 6ymu6, OyHuail
fo3aa 1 cM' KypyK XaBOHMHT T§Ja MOHIANTHIIN Haruxacuaa (0
°C Ba 760 mM. cum.ycr. 6yiraH BakTia) GUp BIEKTPOCTATHK
SJICKTp MUKJIOpUYa Xap GHMp HIIOpajiary 3aps TallyBdd HOHIap
Xocwn 6ynamu. 1 p skcnosumuon posammmr 0,001293 r KYPYK,
xapona 2,08 - 10° xydr UOHIap XOocui OVIMINMra MoOC 3KaHIIH-
ruHy Xxpucobab, asuk/iam KAHHH sMac:

1 p=2,08 - 10 Ku/kr.

Xankapo GMPAMKNAp CHCTEMACHA 9KCITO3UIHOH 1034 KyB-
BaTHHUAT Oupmvra 1 A/kr 6yimb, cucreManan TalKapyu Oupiuru
— 1 p/c 6ynanm.

Y0tuiran fo0sa Tymysun poHmamTHpyBUM HypraHmuTa npo-
NOpUMOHan OYIraHd yYyH IOTWITaH HOSKCIO3ZMIHON aosanap
Opach/ia IPONOPLUOHAT MyHOCaBaT GJnMum Kepak, ShHu
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o =f X, (2.41)

6y epna f - Gupop yrum Kod(PUIHCHTH 6116, y Karop cabad-
JTapra, aBBajgo, HypilapaéTraH MoJla Typura Ba ¢oToHIAp PHEP-
rusicura OOFTUKIMD.

CyB Ba olaM TaHACHHHHI IOMINOK TYKUMAalapu Y4yH f=1,
jileMak, pajl Japia XpcoOnaHraH IOTHITaH 033 COH KMXATHAAH
penTrennapiga udofanaHrag 9KCHO3MIUOH Jo3ara TEHLIMD. by
XOJI CHCTeMaaH Tamukapu OyiiraH OMpIUKIIap paji Ba PeHTreHHaH
doiinananmura Kynaiuk TyEgupagy. Cysk TyKuMacy yuyH f-
K05 HULIUEHT (DOTOH BHEPrHACH OIIMPUIAIIN 6unan 4,5 pan 1
raga Kamasjau.

Bepwirad TypAary HypIaHuLI YUyH, OfaTia, IOTHIraH Josa
KaHda Gyica, GHONOIMK TabCHp XaM LIyHYa KyIl 6ymanu. JlexuH
TypaM HypJaHHIUIAD XaTTo Ouplad IOTWIraH [o3aja XaMm Xap
XHJI TabCHp KYpcaTHIIapy MyMKHH.

TospMmeTpusana TYpIU HypIaHHUIITAPHWHT 6ronoruk sgdex-
THHH PEHTIeH Ba Y-HypJjap lo3ara KenTHpaauraH appexinap 6u-
JIaH COJMUITHPUIN KaOyJjl KMIMHIAH.

TyKkuManapia IOTHIrag Jo3a Oupiai Gyaragna Oepuiiran
HYpIAHUIT TYPUHUHT GHOMOTHK TabCHPH S(PhEKTHBIATHHHAT PEHT-
reH ku y-HypriaHuu sheXTUBIUINIAaH Heua MapTa KaTTaTuriHu
Kypcatypun K-xosdduuent cugam Kosppuyuenmu 1ebd ataia-
ni. Paguobuonorusiga YHH HUcCOUl OUONOUK dPdermusiuk neb
XaMm arapgunap.

Cudar kodhPUIHEHTHHE TaXPUOABUH MabIyMOTIapra aco-
can Genrmnaiimwiap. Y hakar 3appa TypHTarmHa SMac, Oanku
VHUHT sHeprusgcura xaMm Gomimk. bav3u HypilaHunap yd9yH K
HUHI TaXMHHUHM KWAMAaTIapiHi KeJaTupamus (KaBC WUHja 3appa-
Jlap 9HEprusicd KypcaTHiraH):

Pentren Ba y- Hypiap, {3-3appaiap 1
Uccukmk Heditpornapu (0,01 sB) 3
Heiitponnap (5 MsB) 7
Hetirporiap (0,5 MsB), mpoTornap 10
o-3appaap 20
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IOTtunran nosa cudar xosdpunventd O6unad OGuUpraTHkiIa
HOHJIOBYM HYpJIAHWLIHUHT OHONOTHX TabCHPH TYFPUCHIA Mabily-
MoT Oepany, wyHuHr yuyH [, - K kynalitMaiu 6y TabCUpHUHT
yMymu# O6Mpaura cucpathia MIUIAaTaiuIap Ba SKEUEALEHmM 0034
H ne6 araiinunap:

H=1, - K. (2.42)

Xankapo OHpNIMKIAp CUCTEMACHIa SKBUBANEHT NO3aHMHT
Oupnuru — 3ueepm (38). Hypnammmsbuur cudar xoshduumenTH
K=1 6ynranma rormnran nosa 1 rpeid Gyiica, 3KBUBaIEHT fo3a 1
3UBepT OYnanu.

ByHnan Tamkapy SKBUBAICHT JO3aHHHI CHCTEMATaH TAIUKAPU
Ovpiury - Gop (GUOSOTHYECKMil DKBHUBANIEHT DEHTIEHA — PEHT-
TCHHUHI OMONOIrMK SKBUBAICHTH) HuwIaTwiagy. 1 6sp=0,01 35.

«Boap»napra xucobnaHran »KBUBANEHT H03a «pai»Jiapia Xu-
cobnaHrad XTwiral no3a O6unad cudar KoshhUIMEHTH KyIaiT-
Macura TeHr. Tabumil paguoakTuB (KOCMUK Hypnap, ep Oarpw,
CYB palUOaKTHBIMIH, OHaM TraBJacHh TapKuOujaru giaposiap ax-
TUBJIUIU Ba X0Ka30) TaxMHHaH 125 MOsp KBHBaJIEHT m034ara MocC
¢oH xocun Kwiany. HucOuil HypnaHuin BaKTHAa pyXcaT STHJIraH
YerapaBUii 3KBHBAIEHT Jo3a Oup Huia yuyH 5 Gop xucobmaHaiw,

Y-HYpJIaHHUIIIHUHT MUHUMaN Jo3acd TaxmuHaH 600 63p.
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I 0B

AXPO PEAKIIMAUIAPH

3.1-§. SInpo peakHUANAPHHMHT ACOCHH KOHYHHATIAPDH

SAnponap ycruga onub OGopwiaaura SKCIepHMEHTIapHUHT
KYIYWIHK KUCMH 3JICMEHTap 3appanap, eHrun sgposnap €ku ¢o-
TOHJIAPHUHT SApoJiapfa COYMIMIN XapaéHupup. MacanaH, He#-
TPOHJIAPHMHT, IPOTOHIAPHUHT Ba o-3appanapuudr (;He* sapocu)
Xap Xwn suponap OWwiaH TYKHAIIYB Xapa€Hu. Arap 6y Typ
TYKHAaUIyBJIapAa HUINOH-SIPOHMHT XOJNaTH Y3rapca, y Xomnga OyH-
Jail Xapa€Hra A0po peaxyuacy NeWwWIald, aKC XOJjJa BIaCTHK
couwtnl 103 Gepanu. HumoH - gapo Ouian 3appalapHUHI TYK-
HalyByja y3apo TabCHUpJAIlyB XapaéHUHHUHI BaKTH SApO peak-
nusUIapu yayH, oparia, 107'? ¢ ra akun 6ymagu. Humon — sapo-
HAHr OOITAHFMY XOJIATHHUHI V3rapHIIM peaklus HaTHXacuia
6up €xku OUp Hewya SOPOJIAPHUHT XOCHI O6yiuimura onub Kemuiu
MYMKUH.

Oparna, SApo peakuusutapy Kydunarpya KMcKa €3yB OmnaH
Gepuanu. MacanaH, o-3appaHMHI A HMIIOH-9ApO OHIaH TyK-
HAIllyB peakUUsIcd HaThXacuga B sipo Ba b 3appa xocun 63i-
CHH JeinuK. Y xonna Oy peakuysd KWCKada IIyHAAH €3uIaiu:

A(a, b)B (3.1)
E€KH
A+a—>B+b 3.2)

Kch HYni[a peaKlusaga HWIITAPOK 3STYBYH CHITI 3appajlap
OJIIMH peaKuuAra KUpUIIyBYH, CYHI peakluid HaTHXacujaa axpa-
nu6 YMKYBYM 3appa KypcaTwiaid. YMyMaH KyHUIOaru xapa€miap
103 GepUid MyMKHH:

A +a, éku Kuckava A(a, a)A,
A+a—>{A+a, éku kuckada A(a, a)A*,
B +b, éxku xuckaua A(a, b)B.
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Bupundm Xkapa€H, anbarra smacTHK COYMIMIIFA Kupany,
YyHKH Oy kapa€Hia HacTnabKu AHPOHMHI XONATH §3rapMaiim.

A(a, a)A* xapa€H HOSNMACTHMK COYMIMIN XHCOGnaHau, 6yH-
Aa A SNPOHMHT MYKH XONATH Y3Tapaiu.

Yunnan A(a, b)B XxapaéHga HUINOH - SAPOHMHT a 3appa
bunan TyxHauysuna Gouwika B smpo Ba b 3appa maiino Oynam.
Xy 1wy Xun KapagHnapHi 40po peakyusnapu neb IOpUTHITANIH,

ANpo peakuusnapu SHePrHs aXpalUild KM SHEpIHs I0TH-
AWK OUNaH comup OYNMINE MYMKHMH. DHeprus axpanuuu 6u-
NaH COTMp Oynaiuran Sjpo peakUHsUTAPHHU 9K30MepMUK, BHEp-
Tud JOTHNMIIM Ounad comup Gynajmran syipo peaKIManapuHu
SHOOMepMUK peakyusanap fed atam XKaGyn KHIMHIAH. Bx3o0Tep-
MUK SIpO peaKNMANapy KaTTa aManuid axaMusTra sra. bapua sp-
po  peakuminapuia KyWMarn —CakjlaHHU —KOHYHJIapH — aMal
KWIau:

1) saexmp 3apadunune caxnanuw Komymu. Anpo peakis-
CHIa KHMPUIIYBYM 3apPaapHAHT YMyMHH 3apsiy peaxiusjia By-
XYAra KeNraH 3appajlapHUHI YMyMUii 3apgjiura TeHT:,

2) HYKROMAGD COHUHUHZ CAKNaHUW KOUOACU. Anpo peakuus-
chra KHMpMIMAEIraH s3appaiapiard HYKJIOHIADHMHT TYIHMK COHH
peakMaian KeWUH XaM CakJIaHajy.

Bynnan ramkapu:

3) sHepauAHUHZ CaKAQHUUL KOHYHY,

4) uMnyIbCHUHZ CAKAAHUW KOHYHIL:

5) UMARYNOC MOMEHMUHUHZ CaKAaHUM KOHYHIIQpU XaM JpuH-
JIUIUP.

Q-3appajiapu TakCHpMAa 103 GepaiuraH SAPO peaxlusiapy
TapuXaH OMpUHYWIapiad oay. Mucon Tapukacuga 1919 imwina
Pesepcopn amanra ommpraH GHPUHYM FIPO PEAKLUACHHM Kel-
TUPUIIAMA3 MyMKUH. ByHna asotau o-3appanap Guian 6omGap-
AUMOH KWNMII HaTHXacupa Kucimopoj ;O' Ba mporon H' xocun
6ymran. IOkopuma 6agn srunran supo peaklUUIapUHU  E3111
yCyaura acocinanuo:

N'"*+,He* - ,07+H' (3.1
€KHM MX9aMpOK,
N"*(a, p)O"’ (3.2
KYpuHULIIapaa udogaiam MyMKIH.
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Pesepdop aToM AIpoCHHU napiaiaut yIyH TabUUil paguo-
aKTUB €MUPWIANI HaTMXacHuja lo3ara KejraH O- 3appanap OKH-
MUJIaH (po¥ifanaHraH.

CyHBMil TeMAIITHpPRUITAH 3appanap Takcupyuia o3 Gepran
6upunun sapo peakumscu 1932 #mnmna Kokpodr Ba Yonrennap
TOMOHM@H aMaira omupwiran. Yiap mportonnapuu 0,8 MaB
BHeprusiraya Te3NaTHpud Kyhugard peakiusHu XysaTraHnap:

Li'(p, a),He*

KeluHyanuk 3apsiylaHrag 3appalapHy Te3/laTHIl TEXHUKAcH
PUBOXUIAHUINY HaTHXAcHa CYHBMH #yn OwmilaH Xyaa Kyl COHAa-
I SApO peakuusnIapy Ky3aTHraH.

slnpo ¢usukacuga adposui eagm TyUIyHIacUaH doiina-
NaHMI opar GyaraH. SnpoBmil BakT Jerapia sHepruscu 1 MsB
Oynran HyKJIOH (u~10° cm/c ra Moc Kelaju) SIPOHMHI AHaMeT-
pura (~10"% cM) TeHr Macoparu Gocub YTHIIM YUyH KeTraH
BaKT

-12 -
107" em _ 107 ¢

10% cmic

Ty

TYLUYHIIAAH.

3.2-§. Heirpon. Kanip KiIMHUIIH.
HeliTpornyuHr Moa Ouiad y3apo TabCHPH

DHr Ky axamusira sra Oyiras sjipo peaklusnapy — Oy
HeiimpoHaap TabCUPHAA aMalra OMIMPHIaJUIraH peaxlusAnapiup.
Bapsyytanrad sappanap (p, d, o) jaH QapKIn papulija HEeHTpOH-
nap Ky/moH WTapunuil Kydura sra aMac. Haruxaga Xyga KH4uK
BHeprusra sra Oynranja Xam HEUTpOHIAp AApPO WIHIa Kkupub 60-
pa onaguiaap.

Bapua aToM syIpocH TapKubura KHpa OJIafiirad HI MyXiM
sleMenTap 3appa — Hedirponnup. 1932 iwma J.Hensuk o-3appa
6iaH GepwIIMil METATMEM 6OMOAapIUMOH KWIHLI TaXpubacuia
3apaIM MYK, Maccacd NPOTOHHHHI Maccacura SKUH 6ynraH AHIU
aIeMeHTap 3appaHy KyHu[ara 44po peakUuaCHiaH TOIM Ba yHIA
nelimpon Ne6 HoM Gepumuu:
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Be’+,Het - CP+n'! (3.3)

By peakuusnaH To Iy KyHrada HeHTporjap Mad6aum cuda-
tina doinananunangyd. bynpmail ManbGanapuu Gepwiuil Meranura
OL-HypJIaHMIL YHKAPaJuraH IpenapaT apajlaliTHpUd XOCHUN KUJIH-
HaJU.

HeifiTponnap Te3nuryd 6yiuda IapTinu paBUIINA me3 Ba ce-
KuH HEUTpOHJapra aXpaTuiajiu:

1) 0,1+50 MsB opanmuknarsd sHeprusra ara OynraH Heu-
TpoHJNap me3 Helmpouaap e aranaigy;

2) sHeprusuiapu 0,1 MsB man xuyux 6yarad HeWTpoHIap
cexun wetimpouaap Ne6 HoMnaHamu. KynwHya ceKuH HeUTpoH-
napauHr sHeprudcd 100 k3B gan ommaiinu. Bueprusutapu 0,025
3Bpan T1O0 0,5 3B raya 6ynran ceXwH HEHTPOHJIAD UCCUKAUK
Helmponaapu Ae6 aramagy. Dueprusutapu 0,025 »B naH KU4uHK
Oynran HeUTPOHIAPHH COGYK Ba YAbMPACOEYK HEHUTpPOHIApra ax-
pataguiap.

HeiirpomwiapHuHr sgpponap OuwilaH ¥3apo TabCHpH, acocaH,
spponapia couunuuiudan Moopar. byHmaH Tamikapu HeHTpoHIap
qAposapra IOTWIMIIM MYMKHH, SbHHM yJap 3pTapokK €K Keupok
GApo yuyura Kupub Oopaiu Ba PO peakUMICHHU aMalila OIH-
paju.

HelTpoHnapHUHT g0poja COYMINUIN MKKU XWI OYmany.

1. Heiitpon szppo OwiaH saacmux mykHawieanoa ydra V3
KMHETUK SHEPIMICHHUHI Oup KucMuHuM Oepamu. Bepmtanuran
®HEpIUd SApO Ba HEHUTPOH MaccalapuMHUHT Hucbartura OGOFIUK,
IHynuar ydyH eHrmi saaponap OunaH TYKHAIUrauwja HEHTpOH-
HUHI ®HEPIUACH aHYarvHa KaMasiy.

Cexunnameuy ne6 aranagurad Moamagap (rpadur, OFUp CYB
D,O, HDO, 6epuinuil KoTHImManapu)ga Te3 HEHTPOHJIAp SAXPO-
Japia CoyMIauuiap Ba SHEprusilapy CEeKHHIATIUY aTOMJIapUHUHT
VCCUKJIMK XapakaTl ®Heprusilapura aiiaHamd. Harumxana Heid-
TPOHJIAD MCCHKJIMK HEUTpOHIapura ainaHub Konagwiap. Ymap-
HUHI BHEpruscy yil Temiieparypacupa taxmuHad 0,025 »B Hu
TAIKWI 3Talu.

2. He#TpoHnmapHUHI $0p0 OWIAH HOZIACMUK MYKHAULYSU
coqp OynraHfa HEUTPOH 3HEPTHACHHUHT OUp KHCMM SIpOHH
ylieonean xonamea yTKasmura capd 6Ynagu. By sapo acocwii

XOJIITa KaWTull XapaéHupa y-HypJIaHHUl dukKapaiu. Exrun sa-
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ponapna OUpUMHYM YiFOHraH caTX ®Heprudcu O6up Heda MoaBra
tenr. IIyHuHr yyyH eHrwi gaposiapila HeHTPOHJIApHHHI HOB®/Aac-
TUK COUMIMIIE XHcoOra OMMHMANMIaH fapaxana KHYMK Oymanu.
JlexuH orup sponapia OMpUHYM yHFOHIaH PHEPIETHK CaTX, aco-
CHi caTxra aH4a sKMH. YnapHuHr ¢apxu 100 xeBnap yamacuaa.
IIyHuAr yuyH Oy XoJulapAa HO®JIACTHK COYMIMII Ky3aTHIajiu.

3.3-§. Cynnuil paqMoaKkTHBIMK

Sinpo peakuuscu Tyaiau XOCWI KWIMHIaH H30TOIIAPHUHT
PaluOAKTUBIINTH CYHbUll paduoakmueauk Je6 HoM onraH. CyHb-
Al PaIUOAKTUBIMK aTOM SAPOCHHUHT 6apKapopiuK (CTaOMIUIMK)
IAPTUHUHT Oy3WIMIK OuinaH OOWIMK.

Eurun appo (A < 50) napga CyHBMH paBULIja HEWTPOH-
JIApHHMHT COHWHH IIPOTOHNApP COHHIa HUcOaTaH OPTTHPHIMIIM Ha-
Tuxacuga crabwiuk mapru Oyswiamy. Hartmxama 7 paauoak-
THUBJIMK l03ara Kenajd. P -paiHoakTUBIUK AeraHja AgposapiaH
3JICKTPOHJIAp YMKMINKM TYLIyHWIaAW. ByHra TUIHMK MHCOJI HaTpuit
;Na” cTabuin M30TONMHMHT HEMTPOHIAP TabCHPUNA HATPUIHUHT
Na** panuoakTys uszoTommra ainanu® xonummumup. By mzororn
B-pannoaKTHB, INYHHHT YYyH Yy ¥3-Y3umaH eMHUpHIMO, Marsui-
HuHT ,Mg?** crabun umszoronmra ainauu® Konamu. By xapaén
Kyiugaruya Kedaiu:

Na* — ,Mg*+_ e+, +y, (3.4)

Oy epia v, — 9JIEKTPOHNIM aHTUHEHUTPUHO Jie6 HOM OJIraH.

Crabun snpora opTUKYa IMPOTOH KUPHUTWITAHAA YHUHI Myc-
TaxKamuurd Oysmwnagu. By Xonja SApOHUHI 3HEpIUsiCH OpTajiH,
SPOHUHT MYCTaXKaM/IMK IapTH Oy3wiaau Ba cyHBUH ['-paduo-
aKmueauKk 103ara Kemamu. ['-pagvoakTHBIHKAA no3umpoH ned
aTalyBuM 3appa naino Oymamu. ITo3UTpOHHMHT 3apsau Mycoar,
KHIMaTH 9JeKTPOH 3apsiiura TeHr, (pakar uiopacu OuiaH papk
Kwinand. Maccacd sJIeKTPOHHMHI MaccacHura TeHT, CIIMHMU /2 ra
TEHT. ['-eMMpWIMII SOpojard OpPTHKYa IPOTOHHMHI HEHTpOHTa
aiIaHUIIM HaTHXacuja cogup Oyaamu:

P e (3.5)
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Oy Typ peakiugga THHWIMKIAU Maccacd HoJra TeHr Oyirad 3a-
P4CH3 3appa — BJIEKTPOHIM HEUTpUHO Jie0 aTalnyBYM 3appa I0-
3uTpoH (4,¢°) Guan 6upra YUKAIH.
Cynpuil B’-pammoakTUBIMKKa KyHHIard Sgpo peakiusiapu
Mucoln 0¥na onanu:
13A127+2He4 —> 15P30+07’L1; ]5P30 —> 14Si30++1€0+0 Vg; (36)
sB'%4,He* — ;NP+gn'; NP - (CP+, €%,V (3.7)

3.4-§. Tpascypan »1eMeHTIAp

YpaH 491poTapuHUHT HEUTpOHNIap OWIAH peaKuusiiapy 3apsjl
COHM Z=92 paH Karra OyJaraH KHUMEBUI 3JIeMEHTIApHU OYHIIH-
mura onu6 xenmamu. byHnail KumEBMil aiemeHTIap (ypaHuaH
KeWMHTH) €K GomIKaua mpancypax snemeHmiap 1ed HOM OJITaH.
YnapuuHr 6apuacu y €ku 6y OFup 21eMeHT TYpJId Spo 3appalapu
6uaH HyplaHTHpHWITranaa ¢ku O6oMOapAMMOH KWIMHIEHIA TYpPITH
A1po peaklMsTapy HaTHXacuna CyHBHH Uy OGunan omuHaw,

Vpan appocurinr U*® uzoTonuHu HEWTpoHIap oKuMU Ou-
NaH HyplaHTHpWIranaa opamuk, sapo U? xocmn 6ynammu. Op-
THK4a HeWTpoHra sra Oynrad Oy siIpo [ —eMUPHIMINTa Iy4op
6ynanu Ba Z=93 ra sra GYynraH TpaHCYpaH dMeMEHTIa ailaHalu.
By snementra Kyém cucremacuparu caii€paiapra yxmarub Hen-
myn (Np) ne6 HoM OepunraH, yyHkH Kyéil cucremacuiga YpaH
caii€pacunan xeiinmH Hentyn caitépacu typagu. Henrys panmoax-
TUB dieMeHT. Y 3 ypuupa [~ emupwivb, aHda Myxum Oyarad
CyHpMH Z=94 Oyiran TpaHCypaH 3/IeMEHTTa aillaHagu. YHH SHa
Kyém cucremacura yxmaru6 riayrosuii (Pu) neb araumnap, uyH-
ku Henryn caii€épacupan xeimu Iliyron caiiépacu kemamud. by
A1pO peakUUATapUHMHT Ky pUHUILIN:

0n1+92U238——>92U239~ B 93NP239 p 94Pu239 o (3.8)

X03Upry naiTia HeTyHUMHMHr 12 naH xaMm OynMmaraH mac-
ca connapu 230 man 241 rava 6ynraH msoToIUIapu Mapxya. Her-
TYHHUHT o,Np** M30TOIM OFMp KyMyLIpaHT MeTall 6yamb, Xasona
CEKMH OKcuulaHu6 Oopaau. YHUHI >pull TemmepaTrypacu 640

°C, suwmrya sca p=19,5 r/cm’; miIyronMitHu sca Macca coHU 232
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naH 246 raya 6yiran 15 gaH kam OyiMarad M30TONU MaBXynd. Y
XaBOPAHI KypUHMuIra ara 6ynub, suTupaml XycycHusTra era 6yi-
raH MeTalJ]. YHUHT 3UWIUIH Typiad Moiudukanusia 15,9 gan 1o
19,8 r/em’ rava ysrapamu. Dpum Temneparypacu 640 °C. Uusuk-
JIM KEeHralfini KospunueHTn MaHUit.

Helitponnap OwnaH IUIyTOHHHHU HYpIaHTUPHII HaTHKacuia
Z=95 6ynran TpaHcypaH sneMeHT onuxrad. ¥ AKlIllpa onunran
6ynub, amepuyuii (Am) ne6 HoM onraH. Sapo peakropuia onu-
HMLI peaKIUsCH:

o'+ PUS > 4,PU; (3.9)

0n1+94Pu24° 4 94,1)“24l - 95Am24l (310)

cxema 6yiirya amanra ommpuwiagu. Amepuimii o;Am?**! Kymyi-

panr Metawl 6§au6, yHuHr suwiuryn 11,7 r/em’.

Heitrpornap 6unan osAm*' HM HyprIaHTHPUII HaTUXAacHia
osAm**? OpaTuK M30TON 103ara Kenaau. By paaHOaKTHB SAPOHUHT
B~ — emupwnMIUM HaTHXacuaa SHrHM Z=96 TpaHCypaH 3JIEMEHT
03ara KexaaM. ¥ Kyfdugard sSipo peakidsUlapd CXeMach acocHja
103ara Kenaiu:

ol +95 Am —) Am242ﬁ—)96Cm (3.1 1)

By onunran gHru snementra Mapus Ba Hbep Kropumnap ma-
padura kwpu (Cm) HOMHU Oepwnrad. By Xam KyMyuICUMOH Me-
Tann 6ynub6, suwmry 7 r/cm’. Y o-paguoakTUB SieMeHT. SIpuM
emupwin jaspu 160 xyH.

[Hysu Tabkumiab YTMOK Xousku, 97 Ba 98-simemeHTNap
TUTYTOHMIA o,Pu”™ HE 4po peakTopiapuia HeWTPOHIap GHNaH y30K
BaKT [aBOMHIA HYpJaHTHPWIMII Hyau OwWwiaH ONMHagW. Yiap
moc papuinga Gepkau (Bk) Ba xamugopnuii (Cf) ned6 somsanran
spwiap. by Homnap AKUInaru Bepxuiu maxpu Xxamaa Kamadop-
HYS YHMBEPCUTETHHUHI HOMJIApUIaH KeauO 4MKKaH, YyHKH yuap
Juwa epna OGupuHuM 6yimG onudran spu. bBepkiu Ba Kanudop-
HUAHH ONMIIHUHT XyIUIM aMepulfii Ba KIopwiapra yximam Oup
Heya ycy/utapyd MaBxyln. Bupox 6Gapua 0y ®IeMEHTIApHM KyII
MUKZOpAa OJHII (pakaT peakTop yCynu OWIaH amanra OMIHUpPWIAM.
Xo3upru BakIfa aMepUIMHHUHT Macca coniapd 237 paH 247 rava
6yran 11 Ta w3oTomy, KiopuHMHr 13 Ta wzoromy (238 < A < 252),

67
www.ziyouz.com kutubxonasi



OexpnuitEMHr 9 Ta M3oTOomM (243 < A < 251) xamma xanugop-
HURHUHT 16 Ta mzotonm (240 < A < 255) maBxyn.

PeakTop ycymu TpaHCypaH ®JeMeHTJIapuHHM KYII MHUKIOpAa
OJTMIIHMHT SToHa ycynu 6ysca Xam yHHM Xap JOHUM XaM Kymiab
o6ynmaitnn. Kanucopumit (Z=98) man xeituaru (Z=99), (Z=100)
anemerTnapan 1952 #ymna AKlllna Bonmopon GombacuuHM mHOpPT-
JaTVII HaTHXacuga OJIMMIIap Xyjla KaTTa KMUMHYWIMKIIAp OpKa-
IM XKyjla KaM MUKAOpHa ONMIra Mysdccap Oynramwnap. YnapHu
onumiap ORHIUTEHH Ba PepMu umapagura Moc paBHIILA k-
wmelinuil Ba grepmuil ned ararad sauiap.

Diurreiinnil (,0Es®?) Ba epmuii (;ooFm*’) mzortomwmap Ky-
Hugard xapa€Hiap HaTMXacHAa OJIMHIAH: BOJOpPOA OOMOACHHUHT
HopTiam HaTWXacHfa ypaHHUHT 6ab3u gaposiapu OMp BaKTHUHT
y3una 15 €xu 17 ta HelTponHH TopTuO onanunap. CyHr xarop
[ -emMMpHIIMILIAp 3aHXUPHU SHIM TPaHCYpaH SJIeMeHTIapHHUHT
Jo3ara KeJuLIura onub Keaaau:

238 1 vr253 B 253 B
02 U™ +155n =9, U7 ———¢;Np ™" ——— ..

(3.12)
LN -
92U238 + 170n1—>92U255—E_—)93Np 255 —@:—)... (3 13)

g 255
o> Fm

Xo3upm BaxTia sHHIITeHHMMHUHT 14 Ta msoromu (243 < A < 256),

thepmuiinuar 16 Ta msoronm (242 < A < 258) mabiaym. By uso-
TOIUTAp XaM pafMoaKTHUB. YNapHHMHI SpUM E€MUPWIHII JaBpJIapu
y3napujgaH aBBajJId TpaHCypaHiapra HucOaTaH KHYMK Oymumu
Owlad XapakTepiaHaiu. OWHINTeHHMIUIap opacujia BHI Y30K,
AMadIAral o Es™™ 6Y1u6, yHMHT SpuM eMupwiMm gaspu 480
KyH, depmuit ,,,Fm*’ H30TONMHMHT 9puM eMHEpWIHIN Haspu 80
KYH, 150Fm>® U30TOUMHMHI SpUM eMUpPWIMII NaBPH XaMMAcH
6ymu6 160 MUHYTHU TalUIKuI 5TajH.

IOxopuna 6aén stwirad ycymwiap €ppamupa Z > 100 6yiran
A/ipoNiapHA Xocwi Kwinb 6ynmac skaH. Cababnapy — HeHTpoHmap
OKMM 3WYIMIVHM €Tapiy 3Maciurd, KyIl COHJAard HeHTpOMIapHU
TOPTHO ONIMIN SXTVMOJUTMIVIHMHT KMUMKITHIM Ba ®Hr MyxuMmu Z > 100
SPONIapHUHT PagMOaKTUB EMHUPWINIIAHUHT TE3NUTVIMD.
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AKlllpa enrun sapomap (\H', H?, wynunrmek, ,He' -
o-3appa) OWiaH ONIMHAAH PeakTOpAa XOCHI KWIMHIaH 3HT OFMP
TpaHCypaH 3JeMeHTIapHu OoMOapIUMOH KMIMII Hymu OuiaH
1940, 1944, 1949, 1950 iumrapaa o,Pu™®, Cm*?, Bk Ba
0oCI** m3oTorumap xocun xunmupmm. Ly iyn OGanan 1955 iwina
oxupri gurat 101-snement Gupuaun 6ynmu6 AKIIxuar Bepxiu
IIaxpuia XOCH1 KMIHHIIH:

2H€4+99E5253 —> 101Md 256"‘0“1 (3.14)

By 101-anementra Oyrox pyc kumérapu H.H.MeHnenees
mapagura mMenoenesuii 16 Hom OepHIraH.

Illyspan cyHr 6yTyH nyHéga guru Z 2 102 symemeHTIapHA
XOCHWJI KWidil Hyjiupa OFdp sAposiapHH GoMOapAuMOH KHIIyBYH
3appanap meiamKuUdAAPUHY MyKaMMTAIITUPHUILL JIO3UMIIMIU KY-
punu6 Komgu. By Gopaja Typnu Mamiaxamiapia Typid X Te3-
naTKUWwIap Maiigonra xena. 1966 hunpa Mocksa maxpugad
y30K G6ynmaran [y6Ha maxapuacuga sHra Y-200 nukioTpoH Ky-
pwiIMKY, yHaa 6upuHyn 6§nu6 106- Ba 107- sneMeHTIap OJNMH-
rad. 1956 iwinan Gomna6 Crokronsmaa, bepkinugarn Kamudop-
HUPF WHCTUTYTUOA Xamia MoCKBajaru aToM SHEPIUsCH HMHCTUTYT-
napuga 102-37meMeHTHH OJMINra KUpUIIWwirad. JIEKMH HINOHYWIN
Hatmka 1963 iwnma Jdy6uama onumran. dybna omamiap o,U**
aa ,Ne* wnomnapu Gmian GoMOapIMMOH KWIMIN HATHXacuia
102%* p30TONMAM ONMILTaH. YHUHT SPUM eMUPWIHII JaBpH 55 ¢
6ymu6 uukkau. Kehumaanuk HyOHama 6y snemeHTHuHr OGapya
u30TOIUIapu Oyiinda oMuHraH HaTHxXanap bexpauja onuHraH Ha-
THXajap OwiaH COJHIUTUPWITaH. By fAHIM ®IeMEHTHH OJIUM
Amspen HoGenb mapadura Hobeauti 1e6 ataml Kabyl KHIHMHTaH.

1961 imwiga Bepxnuaan 103”7 a/leMEeHTHHHD TOMWITAHIIHIA
XaKuna xabap kxenraH. by sneMmeHTra LUMKJIOTPOHHM Kaiid Kun-
ran JloypeHc mapadura soypencuti ned Hom Oepuiran. Jlexun
103%7 uszoton Xakumard XaGapHMHI XaTO SKAHIUTH AHUKIAHIaH.
1965 imnna Hdybxama wmmonunu 103%¢ msoron Kyiimparm sjpo
peaKiig HaTHXacuia OJIMHIaH!

g0 840 Am® 51037 45,0 (3.15)

1964 wwnna Hybnaga Y-300 unuxnorponupma 104-smemeHT
(anukporu 104’ wmsoron) xamd KuiuHmu. Y Ky3ra KypUHraH
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¢usux M.B.Kypuarop mapacgura xkypuamosuii (Ku) ne6 aramran.
By aneMeHTHM 103ara KeJTUpULI Y4yH 6GoMOapauMon KuwiyBuu 115
MbsBnu sHeprudra sra 6yiarad sappanap Ne” HUHI HOHIapH,
6oMGapAUMOH KMIIMHYBYHM Mojna cugaTuia o,Pu**? onunran:
woNe? 4, Pu?? 5 0 Ku?® 14,5 (3.16)
XO03Upru BakKTAa KypYyaTOBUMHUHI XamMmacH Oyiau6 8 Ta
H30TOIY OJIMHTaH.
1970 #iunna dybHana GupuHYM GYIHG

oNe Z+9sAam** - 1057 4+4,n! (3.17)

40po peakiuuacu Harmxkacupa A=105 anemeHT Xocun KWIMHIU
Ba y Hunec Bop mapacura Hunecbopuit (Ns) ne6 HomnaHam.

1974 ianpa Qybnaga 106- Ba 1976 fmnpa 107-snementiap
TONWIrad. YJjlapHU XOCHJI OYIMII peakiiysiapu:

2aCr > 44, P62 5 1067 +24n’ (3.18)

2 Cr > 45 Bi%® 51077 420! (3.19)

Mennenees aneMeHTNIap JaspMii cucremacuparu 108, 109,
110-aneMeHTNapHY MaBXYWIMIYM XaKHUIaIrM ®KCIEepHMEHTaTOpIap-
HUHT Xabaprnapu WiMMH agabuérnapna yupab Typanu. Xosupru
3aMOH Hasapuérumnapu aca 110-114 HoMmepnu »neMeHTIApHUHD
MaBXYIJUIH XaKuia ojauHiaH 6aiopar KuiMoxuanap. By coxa-
Ja XaM Hazapuil XaM aMaldii H3JIaHuIUIap WHTEHCUB JIAaBOM BT-
MOKa Ba SKMH KeJlaXak[Ja SIHTH-1HTM TPAaHCypaH 3JieMeHTIap-
HMHT Kani KWIMHUII KYTHIMOKIA.

3.5-§. ATOM AnpoNapUHMHT OV IHMHUINH.
3amKup A1po OYIMHUIN peaknusIapy.
Anpo peakropnapu

ATOM SApPONIAPHHMHT OVIMHMIINA — SHI MyXUM (yHIaMeHTal
KamgiéTnapaan  Oupu  6yaub, KYI COHIArd WIMMH-TEXHHMK
Kyutaunuiapra era. by xawmdbu€raunr tapuxu 1934 fwinapra
6opub Takanagu. Utamuanuk onum D.Pepmu §3 xogumsapu 6u-
JIaH SHTY KAMEBHH 3JIEMEHTJIaDHM ONMII MaKCaaufia aToM SIpo-
JapyUHM HeHTpoHnap OunaH HypJaHTHPMIUHM OGOLWUIAraH o[y,
Viap Xakukarad XaM ypaHHM HeWTposnap OWnaH HypJaHTHpIaH-
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Aa SHTH pajyoaKkTUB SApOIap XOCWI OYIMINMHM Kys3aTradiap.
N.Krwopu Ba I1.CaBua (@panuus), O.'an Ba @.Ilrpaccman (I'ep-
manus), O.Ppum Ba JI.MeiltHep (ABCTpUS)IapHUHI SKCIEPH-
MEHTa]l Ba Ha3apuil M3JIaHUILIapu Ty(aiiu HedTpowiap OunaH
6oMmOapAMOH KWIUHIAH OFUp siiposap (MacajaH, YpaH)HU UKKU
b6yaakka Gyaunuwy aHUKIanagy. Bynapra KymMmya HeATpoHnap,
BJIEKTPOHAAp Ba Y-HypJIaHUILUIApHUHI XaM BYXyAra KeJXuIUH Ky-
satunanud. By xomuca aodpoaapnume 6yaunuwiy 1e6 HOM  OJIH.
Byaunumn kapa€Huia BYyXyAra Kenrad d4apoyiap sca OYAUHUU
napuanapu ne6 arammu. TalIKUKOTNADHHHT KypcaTminuya o,U>
AP0 MCTaraH, Wynap KaTOpulIa CEKWH, HEHTPOHIAapHH TYTHO
(Kampab) onraEfaH CyHr OymUHMIra Aydop 6ymamdmap. 4,U>*
ypaH SApocH YYyH HEHTpPOHHM IOTraHjaH CcyHI asHeprugcu 1
MsBaan xarra 6jnrad Te3 HeHTpoHNap Kepak 6yianu.
SlaponapHUHr xed KaHAail Tami- a)
KU TAbCUPCH3, CNOHMAH OYJIUHUULL XaM
MYMKUH. YpaH SOPOCHHUHI CIIOHTaH
Oymunumuny K AIlerpxak  Ba
["H.®nepo Oupunym 6y1ub Ky3at-
raginap. JlekuH cHooHTaH OynMHU-
WHUHI TaXpubala aHUKJaHraH ®XTH-
MOJUIMFM XKyAa KHYMK, SbHH SIpUM 8)
eMUPWIINII JaBpy HUXOAT KaTTa. Ma-
canas, ypaH yayH 0,8 - 10'° iwra Temr.
SJNpOHUHI TOMYH MOJENHra Ky-
pa aTtoM SAPOCH CYIOKJIMK TOMYKCHUIa
yXWaTWIaA¥Ky, DIYHUHT Y4yH S1po-
HUHT OVYJIMHMII Xapa8HHHM Kyiu-
Jarpya Ky3 YHIMMH3ra KEeITHPULL MYyM- A)
KHH. Arap ToMyura erapjipya Karra
Oynrad TypTku Oepuiica, TOMYUHUHT
OouutaHFud  cepacUMOH  ILIaKJura
KaiTU UMKOHMATH Hykosanu. ly-
HUHT y9yH Yy Oup Heua OocKUWIapaaH
(11-pacmra K.) yTHO, MKKHUra axpaaaiu.

6)

n

5680

11-pacm. Tomuyu moodeauza
Kypa A0poHuH2 OYAUHUUL
KAPAEHUHU CXEMAMUK
MaceupaAarHuy.
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SINpOHMHT OYIMHMINA XaM TOMYMHMKMIa yxmam Oysiamm.
HejitpoH 9apo wyMra Kupub, Y3UHUHI KMHETHK Ba OOFIAHUIN SHep-
TVSUTAPUHMHT MUFUHANACKTA TEHI MHKJOpAary sHeprus Gepanu. SAn-
pora Gepwiran Oy »Heprus TabCUpUIa AP0 Y3UHMHT cepacHMOH
IIAaKJIMHY THKTal onMaiiny. HarvXana SOpOHUHT MKXHM yerapanapu
opacuiard Macodanapaa snpo Kywiapyd TOPTHIHMII 5Mac, aKCHHYA
uTapuil xapakTepura sra 6ynami. Ulynunr yayn 6y xommard sSupo
KyWwIapd A[pOHMHI OymuHumivra xymaxnamamy. Hamiokapa snpo
MKKH sjipora — OYJIMHUIN Napyalapura axpaiai. JIpoHudr 6ynu-
HUIIA Y9yH eTapnu Oynrad SHEeprusSHUHT KUHAMaTH OV AUHUUHUHZ
kpumux snepauacu W, (EKM axmueéraut sHepeuscu) Ned aTanai.
Enrun gnposiapia Supo KyWIapUHUHT SHEPIMACH YCTYHIMK KHIaiu.
Ilynunr yd4yH yAapHMHT OYyJIMHMIIN Xyfa KaM couup Oymany.
A=100 Gynran snponmap yuyn W,, munr kmiivatu 50 MsBnapra
eranu. Orup gaponappa, macanaH, Macca coHu A=230 6ynraH sm-
ponap yuyH KpUTHK SHEprUsSHHHI KuiiMaTi Oup Heya MaBiapra
TeHI. 1IyHVHT Y9yH OFMp SApOSapHUMHT OYIMHUNIMHA aMajira OLIH-
pULI aHya OCOHpOKmMp. A=260 6ynran gmpomap yuyd W, Hoira
TeHr. JeMax, CyHbUI paBUIlja XOCWI KWIMHIAH OFHpP sIpoJiap Y30K,
Aai onMaliawIap, ynap CrioHTaH OYIuHamy.

Slppo O6YyNUHMIN XOAMCACUHMHI HaszapusacuHu 1939 #wina
H.Bop, K.Yuinep Ba S1.M.®Dpenkens sparau. Ynap sparran Haza-
pHs MeXaHU3MMHHM COHOanNallTHprad Tap3jla SAPOHU TOMYM MOJe-
Jara yxuiarrad Xojjua IoKopujaa 6aéH KUInuK.

DHAY, JOPOHMHT OYIMHMIINAA Ky3aTHIaiurad KOHYHUSTIa
TyXTaiMu3. YpanHuHr 60 ra axuH 6ynunumm xysatwnai, 80 ra
AKMH Typnd OYNMMHMIO mapyanapyd Xocwi1 Oynagu. Viap wamua
Oynuuu napyanapHHUHT Macca COHJIapd Hucbatu A,/A, HUHD
2/3 ra dkuH OyNraHIapUHUHT KaTTa 3XTHMOJUIMKKA STa OyIHuIM
MabiyM. MIKxkura O6up Xun Maccara sra 6yiaraH OynuEMII napya-
MapuHUHT Xockn Oymumm 1072% Hu TalIKWI KWIaj, Macca COH-

mapu 95 Ba 140 (95 : 1402 : 3) raprubuuga 6yiarad 6y IUHALI
HapyalapyHUHT Xocunl 6Ynumm 7% Xonga Ky3aTWiagu.

bynunnm peaknusuiapuna Xocun Gynaguran napyanap Kyi-
YUK XOJUIapia pafpMoakTUB OyaMIuIapu KysaTwiaguw. Yiap f3 -
AWIAHKII 3aHXHpUra Ayyop Oynamunap, OyHmad B -emupwimiu-
nlapaa y-KBaHTaap 6upra uMxagunap. byHra MHCON KeaTupamus:
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5 U +on! —55Cs™0 4, Rb* 420! (3.20)
Bynunuin napuanapu — we3uil Ba Rb papmoaxTus 6ynran-
Japu y4yH Oup Heua {3 emuprutagunap:

SSCS'“’l)% Ba“"_JL)” La“o_‘l-—)sacema (321)

NG TS AR NN Y NN VA L B L (3.22)

1 pa nupkommi Zr’* map

Oxupru maxcynoriap — nepuit Ce
crabuigupnap.

U, Pu™, U** guponapurunr GyamHumuga 6up Heutanab
HEWTPOH UMKAPHLIAPU 3aHKUp AOPO DPeaKyUARApUHK aMaira
OUIMPUII MMKOHUSTHHY spaTamu. Xap 6up saapo OyIuHHIIANA
j03ara KejiraH HEHTPOH/IAp COHM IE€OMETPUK Iporpeccus Rymu 6u-

naH opTa 6opamu. U™’ gupocuHuHr 6yaMHMIINAA l03ara Kelajiu-
raH HeiTpornap ypraua ~2 MaB sHepruara ara, 6y ~2 - 10° cm/c
Te3NMukKa TYrpu Kemapu. HIyHHHr yayH HEHTPOH YUKapuil OuiaH
YHU 9HTH GyNHHaETraH 4apora HTWIMII (KaMpab ONMHHUIN) BakTH
Xyga xkuyuk. Hemak, OynuHaétraH MoAnana HEUTPOHIAPHUHT
KyMalum xapa€Hu XalUlaH TalKapy Te3 Kedau.

Vpanpga 3aHXUp SAPO peaknysiCH MKKMTa ycyl Owiad amaira
omupinany. BupuHay yeyn tabumil ypannan GymmHamuran U™ -
M30TONHHU axpaTuiaup. By xon xyga KuidnHYWIMK Ounad amanira
OLIMPWIAIN, YYHKU YIAapHA KUMEBUI papKiab O6ynaMainu.

Toza U** (&xu Pu™) mapuacu (6ynarm)ua supoHUHr Xap 6up
Kampab onran (Y0TraH) HEHTPOH ~2,5 SHTM HEMTPOH XOCUI KH-
SyBYM OYJIMHMIIHM [03ara KejiTHpaau. Bupox, arap 6ysnail mapya
(6YmaK)HUHr Maccacy MabiyM Oup kpumuk Kuimamoan KaMm 61-
ca, KYIYWINK YMKApWIraH HEATpOHIAp TalKapura Ketub, 6ymu-
HUIU aMmanra OIIMaijid, Ba AeMak, 3aHXUp peaKiMd XaM XOCHN
6ynmaiinn. KpuTuk MaccagaH xaTTa OyaraH xoJulapia, HEHTPOH-
nap Tesla Kydasgwiap Ba SIpO peaKUUsICU nopmiaut XapaKTepH-
ra sra 6ymamm (12-a, 12-6 pacmiapra K.). Amom OombacunuHe
TabCUPU IyHra acociaHrad. ByHmail GoMmbaHUHI S1po 3apsiu
(6ymuuyBuM aapo Maccacu) cod U &kn Pu®” pan ukkwm éxu
yHIOaH Kyn Oynaxk (rmapya)Hu TalUKWI 3Tagd
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(12-8 pacmpa I paxamu Ounax
Genrunanran). Xap 6up Gynax-
HUHI Maccacd KpHTHK Macca-
JaH KWYMK, HaTIDKaja 3aHXHp
peakuug amaira ommaiyu. Jle-
KMH YyJapHU OUpJaluTHpwica,
Maccanapyd OMpranukiga KpUTHK
MaccajiaH KaTta Oynanu Ba Te3-
Ja 3aHXUp peakius lo3ara Ke-
Jagy. YiapHu OupramTUpyI
YIyH OflaTard MOPTIIOBYM MO
2 jag oipanaHWIAgU. YHUHT
époamufia 4po 3apsyIMHUHT Oup
KUCMM MKKHHYM KUCMH OwiaH
6upnamaau. BynapHusr xamma-
CHM KaTTa 3MWIMKKa dra OynraH
3 MaccuB Kobux 6unadH Kol-
nanran Oymagu. Kobuk, HeHT-
poHNapHM KaWTapu® Typanud Ba
OyHAaH TamKapH, SIpo 3apsau-
HU OymiaHu® xerwingaH cakjiab
Typamy. ATom GomOacuaru 3aH-
XUp peakliMs Te3 HeWTpoHap-
Ja amanra omanau Ba Oy peak-
UUA  Gowkapuimanouzan g9apo
peakuusicH HoMH OuwiaH Iopu-
THJIAJIH.

Adpo peaxmopnapuda 3aH-
KMp peaklMSHM 03ara KelTH-
PHUIHMHT OoliKa ycynuuad (o-
Aananunagd. Ynapna 6owkapu-
Aaduzad  SAPO  peakuusIapu
aMmanra omyvpunagu. Peakxrtop-
Nappa 6yauHyBYM Mojia cuda-
TUna Tabumh (EKM ypaHHHHT
U* uszoronu 6umad GORMTHII-
ran) ypaH oinuHagu. Sapo pe-
aKTOPUHUHT aCOCHM KHUCMIIapH:
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B8
[ ]
12-a pacm. Hoponune metimpon
mavcupuoa A0po 6yarakiapuza
axpanud Kemuu cxemacu.

CeKHH
HEHTPOK

GPAHMIL)
1apman

OVAMKAW
naprack

[

Kt oani)

OVAHHKI
napuarH

GYARHMLL
napusch

COKHHARUTHREHY I

12-6 pacm. Heiimpon mavcu-
puoa U nune 6yaunum
cXemacu.
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O6yJIMHYBYM MOMja, HEUTPOHJIApHU CEKHH-
JaTKU4 Ba KalTapruy peakTopra Xocuil 6yii-
raH UCCUKJIMKHM OJM0 KeTkuy, OYJIMHUIL
3aHXUp peakiMsICUHU OOpHUill Te3IMIHMHA
Oowikapub TypruwiapaaH ubGopar Oyianu.
CexkuH (UCCUKIMK) Ba Te3 HeHTpoHIapia
UiLUTaiaural peaktopnap 6ymanu. PeakTop-
Japa HeWTPOHJIapHUHI Kynaium Koshdgu-
meHTr k=1 [ap o3ruHa KaTTa KuidMaTtiia-
pUa 32HXUP peakludHd OOoLLIall MMKOHUS-
™M MaBXyl 6ynamu. By xongma peaktopuuur 12-6¢ pacm. Amom
aKTHB 30HACUOArd HEUTPOHIAp KOHIICHTpa- bombacunune
LWSCH Ba PEaKTOPHUMHI KyBBaTH opTa Gomr- CXemMamur
naiiau. Kepakiau KysBarra spummwiragga k=1 maceupianuuiu
KWIHO TypuIl UMKOHMATH OYJIUIIN Kepak.

By xoija 3aHXup peakuus y3rapMac Te3IHK Ounan JaBom
DTaIU, HATHXala PEaKTOp CMAYUOHAD pexumoa WllIail Gollnai-
Ju. BynuHMI 3aHXUp peakuMsICHHMHI aHYaIMHa BapHaHTIapU
MaBxKyJ. BU3 X03Upru 3aMoH 3HEpreTHKacHia KeHr (poinaraHu-
Ja8TraH UCCHUKJIMK HEUTPOHJIap TabCUpHa HUUIAHguraH peak-
TOplap Xakuia ram ropuramus. Mccukimuk Heiitpornap U™ uu
adppexTB pasuiga Gynuaumura cabaduu 6ynany.

Iyuuur yays OYIMHULI peaklMsacHa ByXy[Ara KejraH Tes3
HEATPOHNAPHU CeKMHNaTKU4aap EpaaMuia CeKHHIaThm Hyau
OWTaH UCCUKJIMK HeHWTpoHsapra ainaHtupuinagd. Onaria, CeKUH-
narkuunap cudarupa rpagur €ku orup cys (D,0) maH, Gav3an
aca ommit cyB (H,0) pan xam Qoiipananwiany. 13-pacMza peakTop
aKTHUB 30HACHUHMHI COMIANALUTHPUITaH CXeMacH TacBUpIaHraH.

PeakTOpHHHI aKTHB 30HAaCH CEKUHJIATKMY OWNIaH TYIH-
pwirad. CeKMHJIAaTKHY WYMIra CTEpXEH €KW IUIAaCTHHKa NIaKiIuaa
O6ynuHYBYM Mojana OViIakiapu XOWIAIUTHPWIANW. 3aHXHUpP peak-
LU Te3IUrMHU OOIIKApYBYM CTepXeHnap €paamuia y3rapTHUpULL
MYMKMH. DBy cTepxennap HEUTpOHNapHH WHTEHCHB paBHIIAA
I0TQUUrad Mmarepuamwiap (Macanad, 60op €kM KagMuH)AaH Taiép-
naHagu. bBomikapyBuM CTepXEHTapHMHI KYNpPOK €EKH KaMpoK
KUCMMHY aKTHB 30HA WYMra KUPHTHII Hynu 6unan Koagdunu-
enT k Hu y3rapThpuiura spumwmnagu. Snpo sueprudcupan ¢oi-
JajaHuIlra acocjaHraH KypWIMalapHUHI acocHil KHCMHU SO
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peaxropuaup. AToM oiekTp crapuusd (ADC)mapuHMHI MLOIALd
NPUMHLMIIE peakTopiapAa coivp Oyiajurad 3aHxup OYIMHWII
peaKkLMACH HaTHXAcHOa axpadafuraH dHeprusjian poHnaraHuii-
ra acocnanrag. ADCrapia 41po SHEPIUSACHHHU 3JEKTP SHEPIUSICH-
ra allaHTUpWIAIH.

Bowsapybut
CMEPRENIAD

t‘[u,"ﬂll/f
H W myb

22

A\

D

2| Cexunpamwuy ba
uccuguK b

g\\\\\\\\\\}\ﬁ

A\

o BN
g o //////////%
By vodia

13-pacm. Peakmop akmueé 30HACUHUHZ
COO0ANAUMUPUNZAH CXEMACU.

ATOM BIEKTD CTaHUMSAJIAPMHMHI KYBBAaTH S1pO peakToplia-
PUHMHT KyBBaTH Omnad anMKjaaHamd. Erapnu Kyseatra sra 6§i-
rad peaxTopilap CyB OCTHM Kemanapuja »Heprus MauGau 6yam6
xyaMar Kwiagwiap. ADC sHeprusnapuaad ASHIU3 CYBIapHHU 4y-
YyKIAIITHPUII YYyH dolinananunamy. by cyBmap Kyprok. epiap-
HU CYFOpHMILUra WIWIaTWIagv. bynapnan Tamkapu peakropiapiaH
TypIM KUMEBUH SJIEMEHT/IADHMHI PaJUHOaKTHB MH30TOILIApUHH
yuuiab yuxapvuina goipananunagy. bynap xakupna KeiuHr# 606-
napaa 6aracecun TyxTab jramus.

3.6-§. Tepmoanpo peakumanap

Tepmospo peakuuscu nebd, eHIWI sApONapHUHT y3apo 6u-
pUKMIIM (CHUHTE3M) HATHXacHMIa y3lapMlaH OFUPPOK sipofiapra
alllaHalMlard 9K30TEPMUK S1pO peakiMsnapura aitwiang. Tep-
MOSApO peakumsitap xyna okopua 10-10° K raprubuparu Tem-
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neparypaiapia agdekTus 103 Oepagu. TepMmosapo peakuusapaad
Kyda KaTTa HEprus axpaialud. Y OFUp SJpONapHUHT OYyIUHU-
IIHJard axpajauraH SHeprusra Kaparanga aHua KarTa Oynmaim.
Macanau, meiirepuit \D? agpocu 6wiad Tputuil T° sSAPOCHHUHT
6upukuo, 2He4 AAPOCUHU XOCHI KWIMUIHIArd axpailagurag
sHeprus 6uTTa HYKJIOH yayH 3,5 MaBra T{rpu kenagu.

Typrra npoton ,p' y3apo 6upuxub Gurra ,He' supocunu
XOCWI KUIMI CHUHTE3 PeaKIMsICH:

4,p'——,He* +2,,¢° (3.23)

Aa axpajaguraH sHeprusicupga Ourtra 3appara TYFpU KelaluraH
KuiiMatd 6,7 MeBra TeHr. Slmpomap cHHTE3M aMalra OIIKINH
YUYH 91pO KyWIapUHUHT TabCHPM Ce3Waagura Macoga (r~107"°
M) raya SKYHJIalIUIM Kepak. JlekuH suponapHuHr Oy gapaxana
skuHnamumuyra KynoH uTapunuin Kywlapd KapLUIMIMK Kypcara-
nd. Bynjait moTeHiuman TycuxHM edrvm yuyd ,D? pa T siapHunr

2
CUHTE3 peakKUHiaCHIa sjpoiap ;n‘;_—;z 01 MsB sHCprusara sra
-0

6ynumapu kepak. ByHWHr y4uyH siiponap MCCHKJIMK Xapaka-
TUHUHT 3HEPIUACH %kT ra kjpa T=2 - 10° K raya Kusgupwiras

6ynuninapu kepak. Karop caGabmap (macanaH, TyHHedb 3(gekT
Ba X.K.)ra kypa Tepmosapo peakumanapu 10° K smac, Gamku 107
K rtaprubunara Temiieparypajiapja amaira omagd. Saponap CuH-
Te3d OKOPHM TeMIepaTypajlapia COAHp OYJIraHiurd yuyH yHH
mepmoAOpo peakuus ned xam adtunand. By Kajap 1OKOpH TeM-
neparypa losnysnapia, xymiagas, Kyémnga masxyn. Kyémr Hyp-
JaHUII CIEKTPUHM YPraHuil acoCHa IJy3ap TapKHOH, acocaH
Bosiopoll (~80% raua) Ba renuit (~20% rada) xamia O3rHHA MHK-

moprard (~1% raya) yriepoft, a30T Ba KHEIOpOALaH Hbopar, je-
rai xyjgocara xemuHraH. Ky€m sHeprusicu, acocaH YHUHI TapKu-
Ougard SIPONAPHUHT CHHTE3W, IbHH TEpPMOSAPO peakLusiap Ty-
dadiiu axpananu. By peakuusiapHUHr BapUaHTIapHAaH OUpH
(pp) uwmxmuaup. By muxnpary OUpHHYM peaklMsaia UKKY NPOTOH
OUpHKUO, NEUTOHHM XOCWII KWIaju:
H' +H' — > H? +e* +y, (3.24)
UKKMHYM OocKuyja:
H? +H' — >y +He?, (3.25)
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peakuus amanra omaay. Ilyngan cysr

He? +He® ——>He* +21!, (3.26)

peaklusaa TIefuil SAPOCH Ba HKKHTa MPOTOH XOCWIT OVilaiu.
bynnan Ttamxapu bere taking aTraH yriepol IMEIH XaMm amai-
ra omagu. By muxipa xaMm renuwil gapocu xocwn 6¥iamu. 3amo-
HaBuil TacaBBypiapra acocaH Ky€m sHeprugcuHuHr ManOau
acocaH pp-UMKJIIHD.

Onumnap CyHBMH paBUILIA TEPMO-
ApO PEaKUMACUHM aMajira OLUMPHIL
YCYIMHH Tonuwiap. ByHUHT yuyH Tep-
MOSApPO peaklusfa KaTHAILWIIM JO3HM
6ynran Momma (macanan, H® Ba H* apa-
namMacH) HYMja Maxcyc KOMIaITH-
punray aroM 6omba (14-pacMm) moptia-
Tiiaca 6ac. Atom 6oMb6a mopTnaraHma
FOAT KHCKAa BakT WYHOa TeMueparypa
~10" X ra erwb, meifrepuit Ba TpuTHii
6upukagy, 6yHna »Heprug axpanud yu-
KHUIM SHAaga KyWidpoK mopmiam Tapsu- L 4-pacm. Booopoo
ja HamoéH 6ynamm. IopTnampa pogo- —OOMOACUHUHZ Cxema-
PO M30TOILIApHM KaTHAWTaHIurkaaH 6a- MUK MACCUDIAHULUL.
€H 3TWIraH NPUHIMILA MIUTaliI|rad Ky-
poinra 600opod b6omba ned HoM Gepuiran. Arap Bogopoxn Gomba-
HUHT feBopiapura U™ usoTon korumanca, TepMoaapo peaknusna
axpanub umkagurad Te3 weitpornap U™ syiponapususr 6§muHu-
mura cababum 6ynanu. ByHMHr Hatmxacuna 6OMGAHUHT HOpTIALI
KyBBaTy sgHafa OpTaiH.

Slmpo cuATe3 peakuMAcH, XO03Mpua, OOMIKapHiIMaiauray
Tap3ia amajra OIUMPWIMIIKM MYMKMH. BollKapunamuraH tepmo-
SIpO peakKUUSHY aManra OIIMpHII YU9yH, acocaH, UKKU KUAMHYM-
JIMKHM €HIWII KepakK. bupuHuUMaaH, TepMOSapo EKWIFUHMHL TEM-
neparypacunu ~10° K raua Kjrapuil ycyqMHM TOTMII JIO3HM.
«Tepmodanpo Exunru» OyHmail IOKOPH TeMilepaTypalapia TepMo-
SIpo IViasmara ainaHagd. Bepk XaxXmparn masma Kamepa Je-
BOpJIapy OM/laH KOHTaKTra KMpajy Ba YHra MCCHKJIUK 6epub co-
BUMAM €M KamepaHu sputub robopanu. [IyHUWHr yuyH TepMmo-
S7Ipo IIa3MaHU OepK Xaxmaa OMpop MymjaT AaBOoMMAa cakjiab
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TYpPHUII MyaMMOCH TYFWIald. DBy WKKMHYM KUAMHYAIHAKIUP.
N.E.Tamm Ba yxunHr xogummnapd 1950 iiunpa rulasMaHd MarHuT
MalaoH épaaMufa U3oAAUMANall MYMKHH, A€TaH (PUKPHH WIrapH
cypaunap. By ¢ukpra acocnanu® O6Mp KaHya KypwiMmaiap scai-
rad. Ynap uumpa Poccus onumnapu sicaraH Ba «Tokomak» HOMH
OwiaH OPUTHIALUTAH KypwiManap bTubopra noiukaup. «Toxo-
Mak»jap éppamuga Xalkapo XaMKOpPJIMK acocuia OoLuKapuiiaju-
raH TEpMOSAPO peakUMsCHHM aMajira OLIMpUIN OYAMYa M3jIaHMII-
nap onub GopuUIMOKaa.

3.7-§. 3apsananrad 3appajapHi Te3J1aTHIN
ycynapu. Teznarkuanap

3apsinaHrad 3appajapHy Te3JlaTHII y4yH KyJUlaHWIafurad
KypWwiManap mesiamkuyaap Ae6 HOM ojiraH. Yiapia 3apsjylaH-
raH 3appajlapra sJIEKTp Ba MarHUT MaHJOHJIApHUHI TabCUPUIAH
coipananmuIany.

TesnaTwiaéTraH 3appaHUHT TPACKTOPUACH TYFPH YH3MKKA
SKMH OYraH Te3NaTKUUIap 4U3UKAU me3ramku4iap 1ed HoM ojl-
raH. Ynap ukxura 6yjaMHaam:

1) 3appajiapHu Te3NnaTull YYyH y3rapMac SJIEKTp MaHAoHIaH
cholifananuirad KypiwiManap Hu3ukiu 3AeKmpocmamuk me3snam-
Kuy 1eb atamanu,

2) Yu3uUKAU Pe3OHAHC me3NamKuiiapoa >ca 3appaiap ysaa-
PYSUaH OKOpU dacmomanu SIeKTp MalJoH TabCHpHAA Te3/aTH-
JIa[u.

YM3uK/IM 3JIEKTPOCTaTUK Te3narkuwiapaa (15-pacm) yxnapn
O6up TYFpM 4M3MK OYyiuya XolUtamrad Oup Heda LHMIMHAPCHMOH
XaTKaiap KeTMma-KeT Xoinawran O6ysamu. By xankamap Ttesna-
TYBUM 3JEKTPOVIAp BasugacuHu yTaigu. DiaexTpoiap IOTEHLHM-
AUTADUHUHT KUAMATH Xalkalap HOMepUra MOC paBHIAa opTHO
Gopany, MaH6alaH YMKKaH 3appajiap dJIeKTpo/ylap opacuijars ys-
rapMac 3JeKTpOoCTaTHK MalonIapia Te3namaau. Xankanap H4u-
Ia aca WHepuusicu 6yinua xapakatiaanagn. Iy Tapsga Tesnarui-
raH 3appajlap OKUMU HUILOHra 60pu0 TylIauu.
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15-pacm. Huzugau snexmpocmamux me3namikuy cxemacu.
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16-pacm. Qu3uKkau pe3oHaHC Me3NaAmKUY CXeMACU.

YUn3uknu pe3oHaHC Te3naTKuyjga Tok Homepnu (1, 3, 5, ...)
XalKalap IOKOPHM 4YacTOTaId Y3rapyBuaH TOK TIeHEpaTOPUHUHT
6up Kyrbm Owmnan, Xypr Homepim (2, 4, 6, ..) xankanap aca
UKKUHYM KyTOu Ounan ynaHran (16-pacm). Xaikamap opanukia-
puiary SJIEKTp MalJOHHMHI OHMHI MyHaJMLIAPDH pacMla CTpel-
Kanap OWinaH KypcaTwirad. XajlKaJapHUHI Y3YHIMKIapy IHyHIai
TaH/lIaH0 ONMHANMKY, HaTIXaja 3appalap XaaKalapHUHT HaBOaT-
Jary opajiMFura ysrapyB4aH TOKHHMHI 4pUM JaBpura TEHI BaKTAa
etn6 xenagu. By BakT MuMAa 3eKTp MaHAOH HyHAIMIIM TecKa-
pucura yaraprad 6ynamu. Lysunr yqyH 6y xagkanap opaiurdia
XaM SJIEKTp MalloH 3appanapra TeanaHuiu Gepagu. 11y Tapspa
3appalap XauKalapHHHI Xap O6up HaBOatnaru opanuruia Tesna-
wapepagy. YM3MK/IHM 2JEKTPOCTAaTHUK Te3NaTKHYla 3appa dpHILU-
IUM MyMKUH OyJIraH 3HEprUSHUUT KUUMATH 10KOpU NOMEHLUa-
AAP AUUPMACURU XOCUNL KUAUWL KURUHHUIU2U2Q Oy4 Keaalou. Iu-
3UKJIM PE30H4HC Te3NlaTKWYJa aca 3appara IOKopu sHeprus Oe-
PWIMOKYM Oyiica me3ziamkuy YA4aMaapu Kammdaiauub Kemaou.
bynnait xuduMHYWIMKNapaaH xomu Oynuiu yuyH Jloypewc zoa-
cudan okpananwiagy. By rosmaH oinamaHwnajgMrad Tesnar-
Kuwiapia 3apsjjlaHraH 3appa 3ekmp MAaillooHuoa Te3aTuiagu
(17-pacM) Ba maehum maiioon épdamuda SpuM aiinaHaBUil Tpa-
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exkropus Oyiimdya XapakaTinaHu® $SHa Te3/laTWIaluraH OpanuKKa
KalTanH, fHa 3/eKTP MaiJOH TOMOHHUIAH Te3JlaHWIl OJlaju Ba
X.K. AHa my rosra acoclaHraH OUPHMHYM Te3JIaTKU4JIap YukKLo-
mpouHaap ne6 HomnaHraH. BHpoK LMKJIOTpOH &pAamMuia 3appara
OepUIuIINM MYMKHH O¥JIraH ®HEprMSHHMHI KHUHAMaTH XaMm dYerapa-
jadraH. ByHuHr cababu MUKJIOTPOHA2 MarHMT MaWJOHUHMHI Kar-
TIMTY NIyHAall TaujgaHaiuke, Oy MaHEOH TabCHpMIa 3appa
Oyanmaap OpacHard y3rapyB4aH 3JIeKTp MaWJOHHUHT 4pUM JaB-
pHI'a TEHT BakT W4uia siHa JyaHTJap OpajuFdra Kaitub etud xe-
Uy Kepak. boimkaua xunub aifTraHia, 3appaHUMHT XapakKaTH Ba
TE3NaTyBud MaitnoH Oup-Oupu Ounan cuuxpor (6Up BaKIIu)
Gymminy kepak. JIeKUH 3appa Te3NHIH OPTTaH capH, HUCOMIINK
Ha3apHscHra acocad, YHHMHI Maccacd XaM opTaid. Hatuxana
3appaHyHI MarHUT Mailonja aljJaHuIl JaBpd Xam OpTaiH, Iy-
HUHT YYyH JyaHTjap opanuFdra 3appa Keuukub etub xesagm. By
BaKT OpaIWFUia 3appaHM Te3/NaTHLI JIo3uM OyaraH ysrapyB4aH
BNEKTP MaiijloHHuHr pasacu 180° ra sMac, GaIKM KaTTapokK Kui-
Marra ysraprad Oymagu. 3appaHuHr OyHoail KedyuKMIIM OopraH
capd Iy Kagap KarTajnaliub KeTaiuKd, HaTMXada BJIeKTp Mad-
JOH 3appaHM Te3NaTUIl YpHHUra YHra TOPMO3JIOBYM TahCUp KYp-
cataguraH 6yaub Konamu.

17-pacm. LuknompoHHUH2 NPUHYUNUAT CXEMACU.

HUKIMK Te3NaTkuwiapHM TaKOMWITaluTupumpna Bexcrep
(cobux, CCCP) Ba Mak-Munan (AKLL) rosnapunan ¢oupaniaHu-
JMagu. Ynap 3appa MacCaCHHUHI Y3rapyBUHM MAarHMT MaiioHHH
KydJalTupuil iynu OunaH €KW Te3naTyB4M 3J€KTp Mai)OHHUHT
OaBpUHHU KaTTATalITHPHIN HYjau OunaH KomIleHcauusUlaluHM Tak-
mug srawnap. Cunxpoyuxnompon (azoTpoH) [ed aTanajurad
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Te3NATKWYAa MArHUT MaidoH MHAYKUMACH XyIId LMKIOTPOHAA-
THAEK y3rapMaciuryya cakjiaHagu, JICKMH Te3laryBud MakJoH-
HUHT JaBpu acTa owwupub 6opmitaan. CHHXPOLMKIIOTPOHIA Xam
3appa SHEprUsScH OpTTaH capu YHHHI TPaeKTOPUSCH CHUDAICU-
Mon xeHrau6 Oopamm. Ilynusr yuyd bBupnamran sapo Tagku-
Komiapu uHcTUTyTHaard (dyOHa maxpu) CHHXpOLMKJIOTPOH Mar-
HutuRUHAT oFupsiuru 7000 toHna 6yiub, nporonnap yHpa 680
Mb3Braua Teanmarwiany. DJIeKTPOHHH TE3TATHIU YUYH Gemampon
ne6 aranaguraH Kypuwimanapiad oiaanadwiaau. Berarponna
3NIeKTPOHJIAD YIOpPMaBMH 3JIeKTp MaHUOH TabcHpula Te3nallanu.
DNeKTPOHHUHT TEJTAHUINMHU TYLIYHMII Y4yH OANMM HKKH ypam-
JIM TpaHcgopMaTopHu TacaBByp KWIMHI (18-pacwm).

o

4
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-
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18-pacm. Tpancopmamoprune UKKUHSY Ypamu 6a3u@pacunu
Oemamponaa KUpumuizan 3NeKmpoHAap 6axapaou.

bupunyn ypam ysrapypyaH ToK MaHOGaura ynaHanu. Haru-
Xafja ysrapyBdaH MarduT MalOoH o3ara keigagd. Maraurt mai-
AOHHMHT y3rapuiy coaump OyaaguraH pasoma 3IEKTPOMAarHHT
MHIYKIHS XOAMCACUIa acocaH YIOPMABUH BJIEKTP MailloH BYyXy.-
ra Kenapu. By coxara aiIeKTpoHJIap OKMMM KHPMTWICA, YJap
YIOPMaBUI BJIEKTp Mai[loH KywIaHTaHNHK 4YusuKIapu 6¥itnab aii-
naHagu. OollKada aifTranja, TpaHC(OPMATOPHUHI MKKHHYM Ypa-
MU BasH(QacHHM y3rapMac pajuycliM ailflanma opbutanap Oyiinua
XapaKaTjlaHagurad sjexTponnap 6axapann. BeraTpomparu snek-
TPOHJIaDHY TE3NaTHIIHUHL XaM 4erapacyt MaBxyd. BynuHr caba-
6u 1uyHDaKkW, Te3JaHW OwWilaH XapakaT/laHaéTraH 3JIeKTPOH
3JIEKTPOMAarHUT TYJKHMH HYypJIaHTUpajiu. YHHUHI sHeprusicu 6up
Heya 103 MsB rada erraHga HypJIaHMII xucobura HyKOTaJWUTIaH
SHepruacu ceswnapiau Oynub Konanu. Haruxama »meKTpOHHHMHT
TpPaeKTOpHUscU aiaHa »Mac, OalKU HYKapyd TOMOHIra KaWpuiraH
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crnipan maknura ytanu. [demak, a1eKTpoHHM O6ollika Te3naTub
6ynMaiiny.

V3una GeraTpoH Ba CHHXPOLUMKIOTPOHHMHI MITALI HPHH-
OUIUIAPUHM  MyXaccaMJIalTHprad KypwiMaiap XaM MaBxXyl.
DIeKTpOH/IapEM Te3NaTHI YYyH KyJUlaHWMagvrad OyHmail Ky-
pwiManap cunxpompon ned atamapu. OFMppPOK 3appalapHM, Ma-
cajaH, MNPOTOHJApPHM TeITarTull MaKcaauaa KyJUlaHuwiagurad
OyHnail xypwiMa cuHXpoda3zorpoH Jeb HomilaHraH. Yiapaa 3ap-
panap Outra aiianMa opbura 6yinabd XapakaTIaHIaHIUIU YYyH
Kamepa KaTTa TOpouj Liakiuja sicanapy. by y3 HasGaTuga KaTTa
BNIEKTPOMArdHuT gcallylaH KyTKapagu. by aca asieKTpOMarHMTHH
SXJIMT INakiga sMac, Ganku Oup Heda OyiaxiiapiaH mbopar K-
b gcall UMKOHUSTHHY apatanu (19-pacm). By 6ynaxsiapau xoi-
NAIUTUPHLII HUXOST KaTTa aHUKJIMK Ominan Gaxapunamu. [Iporon-
jap, aBBal, 4M3UKIM Te3markudpa S0 MoBraua Tesnatunagu.
Cyur cuuxpoga3oTpoH Kamepacura Kuputwiagu. Kyuainub 6o-
pyBUM MarHuT MaiijfoHpa 6y npoToHiap ailtaHma opburta 6yilnab
Xapakar Kwiagu. Jaspu optub Oopaguran 3/I€KTp MauIoH Ipo-
TOHJIapra TednaHuil Oepanu. By Ttapsajga 6up Heda yu I'sBraua
TIPOTOHJIApHYU Te3naTUIra spuinunand. 1972 innraga Cepryxo-
BOfa KypWiraH CHHXpoQa3zoTpoH AyHEAA 3HI KarTa I[POTOHJIAp
Te3naTkuyu cudaruna Mawxyp 6yanb xenran. 1980 iunra xkenu6
cuHxpodpazorporsars Makcuman sHeprus 500 I'sBra erran (ba-
tausi, AKII Ba Llepn). 500 I'>B »Heprus 6epaguran Te3narkud-
nap (Uepn) acocupa W*, Z°-6o03ommap owwira. 1985 imina
Barapusna 1000 I'sB Gepaguran Te3naTKuy MIUra TYMIMPIUITaH.

! <7
[ o MNiHIG
dipranmipybu
J"ev ST \ Ty purrms
Lorrarmton

19-pacm. Cunxpoha3zompornunz NPUHYURUAL CXEMACH.
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3.8-§. fAnpo dusukacH OTYKIAPHIAH THHWIHK
MaKcajiapuia (poiranagn

slppo du3MKacu Y3UHUHT KUCKA BaKT/IM TapuUXH HYWAa KyII-
I'MHa IOTYKJIapra ®pULIIHKH, yaap ¢daH-TeXHHKA Ba CAHOATHUHT
KYNruHa coxafapuia KyulaHUIMOKIA.

[lynapHunr 6ab3wiapu Xakuna TYXTauiub yramwus.

1. Aopo snepzemukacu xakuoa. Snpo sHeprusicu XHpocUMa
Ba Haracaku doxuanapuigad CYHF KEHr XaMmOoaT4YWwINKKa aéd
Oynau. flapo aHeprudcMpaH THHYIMK Makcaulapuga doiigana-
Hum cobuk CCCPpa 1954 iiwn mionga OMpUHYM aTOM 3JEKTPO-
CTaHUMACHMHM MIUTa Tymwupuii Owiad GouutaHau. Xo3upru BakT-
na [dynenmnr 16 mamnakatupa 100 gaH OpTUK aroM 3meKkTpo-
cranius (ADC)nap umnab Typubau. YIapHHUHT yMyMuil siekTp
KysBatu 4-10" xBT gan optuk. Bynnan 6yén sHepreTux GanaHcaa
PO dHEPreTUKACUHUHI yiyiind optu® Gopanu. ByHuHr cababwm
LWYHAAKH, AYHENA MUUIATUIAETTaH SHEePrUSHUHT TaxmuHad 70% n
Hed)Th Ba rasHM €KMIU XHcoOWra olMHMOKAA. bopran capu oum6
OopaéTraH sHeprudra OyiraH sSXTUEXIApDHUM Xucobra oJcax,
Hed)Th Ba Tabuuil ras 3amaciapy y3oru Ounan 50 #imnara eraam.
Kymupun €xuimi xucobura sca 3HEprusi SXTHEXJIAPUHU Y30FM
6wran 500 #un paBoMupa KoHAUpHO TypHIn MyMKuH. By pakam-
Nnap MHCOHMATHMHI 3HEpPrud TabMMHOTHIA BYyXyAra KeJiraH My-
aMMOHM XapakTepnaiau. By MyaMMOHM XaJi KWIWILA Sjpo
SHEpreTUKacura MyxXUM poJib  axpaTwirad. Xo3Wpru BakTaa
ADCrnapHyHr peaktopnapuia, acocad U™ pan doiinanaHunmMox-
pa. Jlexun U nan Te3 meiitpornap Tabcupuna Pu™® xocun xu-
IMII MYMKMH. DBy Xapa€H XynalTHpruu peaktopiapa amajira
owanu. Haruxama OyHmall peakTopnapia HMKKM Xapa€H, SbHU
SIPOHUHT OYMUHMINIM Ba SHCU «EKWIFM» — IUTYTOHHHHHHI XOCHI
6yaumu amanra owany. Kymalitupruy peakropnapian goiinana-
HK1O fHa OMp «EKWIFU»HHM XOCHN KWIMIH MYMKMH:

Th™24on! — 5 Th?® P ,pa® P ,u23 (3.27)

U** Ba Pu®™ mapga xynmum U? ra yxumiamr HCCHKNHK Heil-
TPOHJAp TabCUPHAA OYIMHULI peakuMscH amanra omaau. Myra-
XaCCUCNAPHUHT (puKpHda, OOMIKapWIaiuraH 3aHXWp peaKiussia-
P YYyH Kepak OynaiuraH «EKWIFM»IapAaH 1y tapsjga doigana-
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HWICa, YJap MHCOHUAT DHEPrus 3XTUEXIApUHU OMp Heya 103 Hui
JlaBOMMJa KOHZKpa oJlap 3KaH.

TepMosipo peakUUsICHHM OOLIKAPUII MyaMMOCH Xan Oyi-
rag TakJupia HHCOHMAT Y4YYH DHEprud TaHKMCIUIUM XaBhu Oy-
TyHnai HykonraH OYnagM, 4yHKU OKeaH CyBJIapHa «Te€PMOSApO
EKWIFM»HMHT 3allaciapy Xyja KaTTa.

2. Cynvuii paduoakmuénukoar goidaranuu. 1934 imnna Upen
Ba @penepuk XKonvo-Kiopuap anioMUHUIHY o-3appaiiap GuilaH
Hypiagwiap. Hypnawmw TyxraTunrafgaH CyHI XaM HHINOHAAH IIo-
3UTPOHJIAPHU 2XPaTu® YUKAETTAHIUIK aHUKIauav. Bakr yrunm
OWIaH TTO3UTPOHIADHWHI AKTHUBJIMIYM KCIIOHEHLMAT KOHYH Oyiiuda
Kamaiiub Gopmu. By xomuca cyHsMil paguoakTHBAMK 3au. Tax-
pubana

A1 +He* —>P* +n (3.28)

ANPO peaknuacu Tydaiin xocun Oynran P-dapum emuprinim
maspu 150 ¢ ra Tenr 6ynran paiuHoakTHB sapogup. Axa nry P
AJPONAPUHN  eMUPWIMILM Tyaili MO3UTPOHNAp Ky3aTWIITaH.
Xo3upru BakTua CYHBUH PpajgMoaKTHBIMK Xocui OynamuraH pe-
aKuuaiap gXimM yprawwirad. By coxana, allHHMKca, XHCMJIapHU
HeliTpoHnap okumu GwiaH Hypraaml Tydailld CyHBUM pajnoak-
TUBJIMK XOCHI KWINII KeHr KyJUulaHwiagd. Macanal, Oupop Xucm
TapKubuar apajalmMa MUKAOPUHM aHUKJaul JIo3uM OYJICHH.
Byuu paduoaxmusayuon amanru3z ned aranyBudm ycynl €paaMmuua
aHUKJIaHa/IH.

PagpoaxTus usoToluiapaad, Macanad C'* pan anTtporoso-
rusna coitnananaguniap. C'* KOHLUEHTPaUMSCHHA myam Hyam
O6wnaH XaéT TyraraHfaH KeHHHIW BaKTHU XHcoOnab TOmWII MyM-
kuH. Tu66buérna sca rtamxuc yd4yH cpoinananmwnanud. Macanan,
PaHOaKTHB HOANaH KaIKOHCUMOH Oe3HMHI (DyHKUHOHAT XOoJa-
THHU aHUKJIawgia QoifanaHnul MyMKUH. Maskyp ycynHu vimiab
YHKKAHIMKJIAapU yuyH pecnyonukamus omumiapd E.X. Typakynos Ba
P.K.HUcnombekoB gaBnaT MykooTH O6unaH TaKaup/IaHranap.

CaHOoaTHUHT TYp/U coXajlapyia ramma-iedeKTOCKOmM, Tex-
HOJIOTHK Xapa&HJIapHU KOHTPOJ KWIHII Yycy/ulapuiaH domgana-
HIIMOKJa.

WwWw.ziyouz.com kLélgbxonasi



IV OB

AAPO OU3UNKACHUHUHT
HKCIIEPUMEHTAJ YCYJUIAPHU

Mabnymky, OUp MyXMTra Tymia€TraH 3apsyulaHraH 3appaHduHr
Iy MYXUTHZArd aToM SOpOCHra SKHUHJIAIMIN ®XTUMONM XyJda KaM
OyaramMrvaad 3appa fAacTiab aTOMHHHI SJIEKTPOHIapH OwiaH
y3apo rtancupiamany. Illynpait TabcupmaH KefMH aTOMHHHT YH-
FOHUII Ba MOHIAHUII XoAucalapu cogvp O6ynagu. Myxurra Ty-
iiaéTrad 3appa M3M aTpoduia MOHIaHMI pyiH Oepub, mycbat Ba
MaHohuil HoHIapaaH ubopaT HOH XydTiapu nadgo Gymaaum.

Slnpo HypnaHMIUM TabcHpHa MYXMTAa XOCW1 OyaraH Hyp-
JIApHUHT TapKWOH, SHEeprus CHEeKTPH Ba MHTEHCUBIMIU XaKMAa Te-
TUILTH MakIyMOT OJIaMU3.

SAnpo HypiAaHMUUIAPMHU TEeKIUWpPUIIAA KyJUTaHWIaJWUTaH ac-
60o6nap — demexmopnap y3ugaH yTa&TraH 3appaHd Kail Kwiajau.
Bap3u perekToprnap €paamupa OGeBOcHMTa 3appajlapHUHI  TYiia
OKMMUHHM, YJIapHUHI MAacCacHHM, 3apsiM, TE3IWIH, HeprusicH Ba
11y KabuIapHU aHMK/IAall MyMKUH.

3appasiap AETEKTOPMHMHI KYIITMHA TYpPJIM TUIIApH MaBXYA
6ysnnb, ynap TypTTa acocuil rypyxiapra GyjuHraH.

1. Cyeryuknap (ca”aruunap).

2. 3appanap «U3M» HM Ky3aTHILra My/DK&UTaHraH JAeTeKToprnap.

3. l'omockonuk kamepanap.

4. Macc-ananu3saropnap.

4.1-§. Canaruwiap

Caparvynap ¢a3oHHMHI MaKpOCKOIMK KMCMMaH YTaérraH 3ap-
panu Xyda Kucka Bakraa (10 *+107° ¢ opamukjapuia) Kaila Ku-
nagy. Typnu caHaruwiap Typiy Makcamiap Y4yH MyJiXa/UlaHIaH.
Ynap sappanapHy caHalld MYMKHH, YJIQPHUHI SHEPTUSCH Ba Te3-
JMUTMHU  yN4allly, 3appajlapHd Maccailapd Oyiuya aXxpaTuiuu,
3appajap OKUMHHUHI TYJa HEPIUACUHU Yia4amid MyMKHH.
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l'as myndupunzam canazuunapda Kaip KWIMHAIUFaH 3appa-
Jlap IOKOpM Ky4laHMIl KYHuIrad ras MalekylajlapdHd HOHIalll-
tupanu. Hatuxaga sappatap ¥3 dynupa ac6ob 3anxupunu bBep-
KUTaJuraH, YUKUIIAA 3Ca KyWwIaHUIl UMITYJbCUHM 03ara KelnTH-
panuraH sJ1eKTpPOHIap Ba MycOaT HOHIApHU XOCWI KUWIalu.

HeTekTopAa KywIaHHII XOCHJI KWJIraH MycGaT Ba MaH(Hi
HOHNAp SJIeKTP MaHOoHM Tabcupunaa Oup-OupuaaH axpaiuo,
Mmycbar HOHJNAp Karoara Ba MaH(UHA HOHIap aHoara Kapab
WyHanaqM, HaTHXaja 3eKTp 3aHXHUpuIa ToK xocwl 6ynany. I'as-
ra Tymla€TraH HypJIaHUII TYfpMcHia LIy TOKHUHI KHUHAMarura Ka-
pab xymoca uxKapuiamd. HMOHIaHMII TOKMHWHT Ta3faH oOKub
yTumura eaz paspaou xooucacu pedwnagd. by Xomuca rasHUHT
XYCycHUSITUra, TabCUp ®Ta€TraH HYpJ4aHUINra Ba 3JIeKTpOHJapra
6epuiaérrad KywiaHuuira GOFIUK.

I'a3 pa3psguMHUHT BOJIBT-aMIEp XapaKTepUCTUKAacH jAeraHia,
raziapaard HOHJaHUII ToKW I OumiaH anekTpojulapjgard Kydia-
Huit U opacuparu 6ormanuin TymryHwiIand. Kywianviugy ommpa
fopcak, TOK aBBaIMra oOlaud, KeluH Mabiym Oup Meépaa
TYXTalam, cyHr gHa omanu. | Ba U ypracupars myHmad Mypak-
ka6 6omanuu 20-pacMia KypcaTWiras.

By GomlaHHIIHUHT Xap OUp coXacH y3ura Xoc Xycycwarra
sra. SlApo HypIaHMUIMHU TeKIIHpUIHIa Ky/ulaHwiagurad ac6o6-
JIapHUHI Oab3WwiapM BOJbT-aMIllep XapaKTePUCTUKaHMHI MabiyM
bup coxacu XxycycusaTura mMocnab sipaTwiaiu.

1, d

a . 6 ar_rrl

0 U, U, “u

20-pacm. I'a3 pa3padunune 601bm-amnep xapaKmepucmuKacu.
a — UOHILAUIMUPYBHU KaMepa coXacu; 6 — NPpONOPYUOHAN CaHa-
2UY COXAcU; 6 — YeKNaH2aH nponopyuoran coxa; e —Ieiizep—

Mionnep canazuuu coxacu; 0 — begocuma pa3piaod Coxaciu.
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Hucbaran xwuumk xywianum 100+1000 B nappa camaruy
TYHAUHHUIN TOKHM pexuMuia UuUlaipu. By uonnawmupysuu kamepa
6yu0, y 3appajlapHUHT HHFUHAM Heprwsicu Owiad OGormK, 6yiran
Ba yJap XOCWI KiUTaurad Tyjla MOHM3aUMgaHU Kaha xuiagy. IOko-
pM KywIaHMIUIApJa MKKWIaMYd HOHH3alHs I03ara Kemamu, JIEKUH
rasfla HOMYCTaKiil pa3psi AaBoM »Taad. By pexumua nponopyuo-
HaN cavaeyy VLUTainu byHna 4uKum uMmynascu OuprnaMyid HOHU-
3alMara, SbHY Kail KUIUHaETraH 3appa SHEeprusacura Mporopivo-
Han 6ynagu. By ac60o6 3appamapHu caHabruHa KoiMmacnaH, Oaiku
YTapHUHI SHEPIUACHHU XaM Viiyapgu. SlHa XxaM I0KopH KywIaHUII-
JlapJa MycCTakKuWl paspsil ByKyara xenagd. by wapoutna [efirep-
Mronnep caHaruyy MIUTaiou Ba y OMplaMuyd MOHM3ALMsra OOFIHK,
6ynMaral, TOX paspsAMHUHI YaKHALLUIapUHU KAkl KElaau.

Caparvyra Tylmrad 3apsuld 3appalap IeKTPOH TYIacHHU
Jo3ara Kentupaay; Oy Tyhma y3 HaBbaTmma MycbaT sneKTpojra
ypunub, yHiaH ¢hoTOHIap YHKapaiw, (POTOHNIAp 3Ca MKKWIAMYH
3JIEKTPOHIAPHU ypUO 4YuKapanu Ba xokazo. XKapa&u ury hwycunna
IaBoM 3TMO, OupnaMyu HOWIaHMLI (CYHMAcC) ra3 pazpsouHH Xo-
cuil Kwiand. Jlekun 6y tunparu Ieiirep-Miosuiep caHaruumsu 6y
XoJ1ga MIuTaTi® O6ynaMaiiny, 4yHKM Y TalIKApHAaH TYMIAETTaH SH-
Td 3appalapra ajoxuaa paspan 6epmaiiid Ba ynapra OSedapk
6yn1u6 xonagu. ByHpmail caHardwiapiaH QoifagaHuil MyMKHH
OynuIIM y4yH ra3 paspHaguMHM yuupuil Kepak. a3z paszpagunu
yuupuil ycynura xapab, Ieiirep-Mionniep canaruaiapu UKKH Ty-
pyxra OynuHanu: y3u yuap ea y3u yumac canazuuiap. ¥3u juap
caHarv4jlapHH aproH OwIaH XaBo €KH CIMpT OyFiapu apajaiiMa-
cu Kabu Xyn atowmu ra3 OwnaH tyagupwiaad. Hartuxapa, 6u-
PUHYMIAH, IOTUII MMKOHHMSTH Karrta OyiraH ras Mosekyraiapu
toronnapuu Tyrub Konamu, oTozneKTpoHaap hakaT aHOLIard
JoIIKa KaTlaMpad ypub uukapunany. MkxuHumpaH, mycbar MoH-
Jlap XaToi TOMOH XapakaTJaHraHJa CIOUpPT OyFIapHHUHT MOJeKy-
nmanapy 6unaH TYKHAWMG, HeWTpaUlamiaaW, my cababmaH anek-
TPOH ®MMCCHSHM XOCHI KWwia oJMailnu Ba (pakar yHFOHTaH XoO-
natja Konauy, KeWuH sca auccouuanaHagd. [y tapuka y3um yuap
caHaruwiapaa paspsi Ooup Gockuuam XapakTepa 6yaub, Taxmu-
Ha 10™ + 107 ¢ napna Juanm.

V3u Jumac canarmunapma paspanHu R Kapmuiik (21-pacmra
KapaHr) Ba yHra KyHwiran KydiaHum €ppamuna yuupwnatu. IlyHnai
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KaplUIWHIK OJIMHAIVKH, OyHoa BakT

poumuiicu T=RC myc6ar momnap- <—\
HUHT aHoAjaH Karoira Kapab e — |
YVUMID BaKTHJaH TaxMHHaH 103

6apaBap karra G6ymanu. a3 pas- =
psan OouulaHraHgaH KeHWH Kap-
LIWIKKAArkd Ky4IaHAID Kamauuo, 9
GouUIaHFUY  KydYIaHUIIJAH Xam 1

KaMm 6ynu6 xomamu: U < U, Hu- .

FYBYM QJIEKTPOAHHUHI Oy Kydia- 21-pacm. Y3u yumac
HUWH TaxmuHan 107 c cakia- CaHAUHHU YAAUL CXeMACU.
HUO Typagu. BUpHHYHM TYOaHUHT

Myc6aT Homnapu Karoara TomoH 107" ¢ ga eru6 xemu6, rasna
Y4yBUM ra3 pa3paad Byxyara Kenu6, canarnunary paspsa 102 ¢ ma
y4any Ba caHarud SHIU 3appaHd Kabyn KWiIuira taif€p 6ynanu.

V3au Jumac camarmynapra reimii, HeoH, aproH Ba GOLIKa
razap, y3m yyap cueTydKjapra sca, oflaTia, aproHra MeTaH, »Tal
Ba cnupT Oymtapu Kymumb6 tynoupwiagu. [eiirep-Miotep caHa-
THYMHUHT OOLUIAHFMY Ky4IaHHWIIM rasHUHT Tabuatura Ba 6ocH-
mura Gornuk. BocuM opTtumu OwiraH 37eKTPOHIAPHMHI Tasfialu
yTUII HyId KMcKapagy. Harumxana aiaexTpoOH ra3 MojekyiajiapH
OWwIaH UKKM TYKHAIUULII OpaIMFUAA 3JIeKTp MalIOHHAAH KaM SHep:
rus oJiajy. DHeprusHyu OILUPULI YIyH KyWIaHHMII Kepak Gymauu.

[eiirep-Mioiiep caHarMUMHUHT OOLUIaHFUY KyWIaHUIIM Xap
XW1 rasnap Ba yryamiap yuyyH xap xun 6yiam6, 600+1300 B opa
nuruganup. DBy cueTyukpaH QofjasaHWIraHaa SIeKTpoTap
opacuiard KywiaHHMIra Karra axamMsaT OepuIl Kepak, YyHKU ca
HarMYHUHT caHall Te3uru Gepwirad Ky4JaHMIIHUHL KHAMaTHI%
6ormuK O6ynagy.

Kammug sxucmau canazuwnapHune WUIYUA IeMEHTH Oyinh
Kapama-KapIluy Kuppajapura Ky4IlaHull KyHWIraH MOHOKPUCTN
xucobnanagu. Kpucmann canazuyda HOTOYTKa3yBUaHIUKKA YX
Al XoAucanaH QoifaniaHwIajy, SbHH 3apAUIH 3appa dJICK
TPOHJApHH BaJIcHT 30HajlaH yTKa3yBYaHJIHUK 30Hacura oiaub6 §ruh
OepK 3aHXWUp XOCWI KUnanu. Apum ymKazuuau Canazuy Xyjyiu
ApuUM YTKa3ruwik auvon Kabu uuviaipd. KpemHuil €ku repma
HUHaH sicairaH MOHOKDUCTLI IUIaCTMHAHMHI OHp TOMOHM Ji0
HOp KHpumMa (n-KamiaM), OOlllKa TOMOHHM 3ca akKLEenTop Kif
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puiiMa (p-KaTiaMm) OunaH nerupiaHagy, SbHM IUTacTHHA CHpTHIa
KHMpHIIMa aTomiapd KHpUTWIagd. By Tomonnapra nvopsu Gep-
KMTYBYM Ba YTHII KaTJaMHUHHU KaTTalallTUPHO, SPKUH 3IeKTPOH-
7ap Ba TeLIMKJIApHU TOPTUO OMyBUM KapaMa-KapIliy KyWIaHWII
Gepwiaiy. 3apsalaHrad 3appa p-n YTHIU COXacHIa KHpalu Ba y
epia voHu3zalMs Tydailli KymmMya JIeKTPOH — TELUHKIM OyayT-
nap Xocwl Kulagd. Xocua OynraH HOMYBO3aHAT/IM TalIyB4MIap
TAllK¥ MaHAOH TabCHpUIA 3IEKTpOMIap TOMOH Kyyagunap Ba
TAlIKY 3aHXHMpJa Ky4aaHWII MMITYJbCUHHU [03ara KeJTHpaauap.

Onmuk caunazyyaapoa 3apsiiid 3appa HINYM MOARaIapiaa
thoToHHM Xocun Kwnamu. By xocwi 6ynran doroH Kjnruna ¢o-
TO?MEKTPOH Kynaiituprua (OBY) Eppammpna Kalxy KWIMHAagU.
Yaguawnu camazuqnapoa VIIY4M KMcM OYnub MoonaHMHI pakar
cupTH aMac, OajJKH MOANAHUHI OYTyH XaXMH XucobjaHaau Ba
EpyFIMK YaKHaUUIapUHH K§3 OWnaH KysarMaciaH, OYHUHT yuyH
@®DY nappan doipananwnagd. Bywpail caHaruwiappa  Hinum
KMCMZla XaXMM OMp Heda YH MHHT JIUTpraya eTajuraH akKTHB CY-
10K, MOJJAJIap XaM MUUTATHIAMIH.

Yepenkos canazuyununz vutamu I1.A. Yepenkor (1934
nwi) TomoHMaaH eurnrad xamaa W.E.Tamm Ba .M. ®pasx To-
MOHHUAZH TYWYHTUPWITaH 3apaUIM 3appaHd HyplIaHWIUMHU Kaux
KWIMIOIa acoclaHrad. MabiIyMKH, 3apsind 3appa, Xarto y n
CUHAMPHII KYPCAaTKUWIN MYXMTAA V > c¢/n Te3NMHK OWIaH TeKHC
XapakaT KWica Xam Hyp 4uKapap »KaH. Bapua Hypnanumm sappa
Teamurura GOMIMK OYnraH KOHYC CUPTHHMHI KUYMK JOUpacHia
Xamnanrad. KoHyc cupTHHUHr OypyarMHu Vi14ab Te3NTMKHU
aHMK/Iall MyMKUH, KeHMH 3ca Macca (sHeprus)HH Owiras Xxosjia
YHUHI HEPIUs (Macca) CUHU aHMKJIall MyMKMH,

4.2-§. 3appanap «H3MHM» KYy3aTHIIIA
MYJKa/UIaHraH Kaix KWIyB4miap (aereKropiaap)

Tpexima («M3»M) JeTeKTopiap 3appalapHM HUINYH MOIafa
KOJIMpaJurad U3K- TpeKUHH BU3uyal (6eBocuTa Ky3 OwiaH) €xu
doTorpacdux Ba BIEKTPOMATHUT MeETOLiap OwIaH Kaidd KWIMILra
UMKOH Gepanu. Bupnmamun axGopoTnapHu KaliTa Muwiami XapagHu-
Na KyHuJard MabIyMOTJIapHU OJIMLI MYMKHH.

Tpek reomerpusicu 6yiiMua peakuusia WINTHPOK 3TraH 3apaf-
JM 3appajlap COHM Ba YJapHU XapakaT HyHaIWIIM aHUKJIaHaiu.
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TpekHUHT XapakTepura Kapa® y3yHIMK OUpIMIWIard sHEprus cap-
¢u aHukaHanu Ba Oy OwlaH 3appa TEIIUTW aHMKAaHaaW. 3appa-
HUHT 3HEpIWiCH Ba TEITHUIMHU OWIraH XO/NIa YHMHI MacCacHHU
aHUKJIall MyMKMH. Arap TpeKM [NeTeKTOPHM KY4IM MarHuT Mai-
[OHra XOWIMINTHUPWICA, 3apS/UTH 3apPaHUHT TPaeKTOPHACH B3Iuia-
4. Drpwidrura Kapa® 3appaHUHI 3apsd HIIOPacd Ba YHHUHI HM-
My/bCH aHUKJIaHAIH.

Buabcon kamepacunune VIIYH XaXMU CYIOKJIUK Oy OuiiaH
TYnUpuiarad Oynub, KeCKUH KeHraiium xucobura coByTHING
TyiiMHraH xonataa Oynagu. Yumb yra€rrad 3appa y3 TpaekTo-
pusicu arpoduua KOHAEHCAlMsd MapKasMHM YTOBYM HMOHJIAp 3a-
HXUPUHH XOCWI KWiaid. BWIbcoH KaMepacHMHMHI acOCHH KaMm-
YWIWIY — UINYM MOMJAHUHI KMYMK 3uwiuruaa 6yau6, my cabab-
nu 3appa ac606 opKald yHAa TyXTaMacHaH Ba OM3HU KaM KHU3MK-
THpagurad aiiaHUIUTApHU XOCUN KWIMO yTanu.

By xaMuunuK yTa KM3OUPWITaH CYIOXJIMK holaananmiaim-
rad nygakau ramepaoa O6aprapad sTHNTaH. XapakaTinaHa€TraH
3apsaUIM 3appa CYIOKJIMK NydakylapyHH Io3ara KeJITHpaiuraH HOH-
JapHu Xocw1 Kwianu. Bymap xam Bunbcon xamepacupard Kabu
Kaiy xwinHagu. llydaxnu xamepanap €piaMuga MyXHM aXaMu-
sTra sra OyaraH kxawuérTiap KWIMHIaH, JIEKMH YJIapHM Takép-
Nlaul KWAMH Ba yiapHW HMIUIATHII KUAWH Ba KMMMatiaup. byHnan
AETEKTOpJIap LIaXCuid Homiap OunaH aranand. MacanaH, «Jlon-
Muia», «Mupabenb», «Ckar», «l'apramens» (Kenesa) napHu ca-
Hab® YTUID MYMKEKH. YJNapHUHT WINYM XaxXMHM, MacanaH «Ckar»
Hukn 7500 1, ®HAJT (AKIL) puxku 33000 n. Kywid Mmardur
MaiJOHHM XOCHJ KWIMII Y4yH 3ca Maccacu 2-3 T 6ynaraH yra-
yTKa3yBu¥d MarHuTiapiaH ¢polnanaHunany.

4.3-§. I'onoCKONMK Kaijx KWIyB4WIiap

Toockonuk Kamepanap TPeKJIM caHaruwiap OwliaH Tpexid
JdeTeKTopiap ypTacHiard OpaluK XOJIaTHU srauiaigu. Ymap xya-
JM KYTruHa Maija caHarduiapiaH Ty3unraniek 6ynu6, xain xu-
JUIIHKM 3yIMK OunaH OopHIIMHM Ba TpeK/id Kamepaiapja
aXOOpOTHHMHI TYNIMIMHM TabMUHIa€TraHgek Oynanu. Macanan,
Oup-6upu OGwiaH YIKYH OpKaid OWpJalliTaH KATHH 4CCU Napajlien
BNMEKTpoIap MaBxyn Oynub, ymap rasra KUpUTWIraH Oyianu.
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YnapHUHT 9pMM epra yjaaHraH, MKKMHYM SpMHra aca Kal KMIH-
HaWraH 3appaHUHr ¥3u YyaaHrad OynuO, umra TylmdpajuraH
3JIEKTPOH MOCJIaMaJaH I0KOpY BOJIBTIM UMMynbc onand. Kamepa-
HHMHT Iy epuia 3appa HOHJIaHaAW, YYKYH pa3psau pHBOXIIaHUO,
¢ororpauk kM akycTHMK MeTol OwiaH Kail KWIMHaIH.

4.4-§. 3appanapHu Maccanapu OViluya axparysumwiap
(macca-aHanu3aropiaap)

By acbobmap KM4HK SHeprusuii sapo ¢pu3MKacuga KyJlaHu-
JIagy Ba ylap aToM SApOCH MaccacMHM Yiuamr (Macca-CreKTpo-
rpacnap), dIEeMEHTIapHUHT U30TONHK TapKUOMHM ypraHuul (Mac-
ca-CHeKTpOMeTpiap), H3OTOIUIapHM Maccacura Kypa axXpaTHIl
(Macca-cenapaTopu) Y4yH MLWIATHIAAN.

Bapua Macca-aHaTM3aTOpPJIAaPHUHT acoCuil TapkubHil 3ie-
MeHTJIapd HOHIM MaHO0a, aHanmu3aTop Ba Kaiill KMIyBYM KypwiIMa
xucobmanaau. HMomnu manba TeximpwiaérraH MOANAHUHI HOH-
JIApUHH XOCHI KMianu Ba Oy 3appaHUHI KydcH3 TapKanub Kera-
AMrad JacTacHHU INaKJUIaHTHpagu. AcOOOHHHI acocHM KHCMH —
aHaIM3aTop, IbHU y €KM Oy INAKJIard »JIeKTPOMarHUT MaigoH-
avp. AHaIu3aTop HOHIAPHMHT JacTacMHHM OHp XMil COJMIUTHpMA
3apginy JacTanapra axparaad. byHpaH Tamkapu y Oy pacranap-
HU okycnainy. HaTuxana OHMp Xwi1 Maccall HOHIAp Kaii KH-
JIyBUM KYPWIMaHMHI aHMK OWp Xoiinga TymuiaHamd. Macc- crek-
Tporpacnapaa Kaiag KW1yB4M KypwiMa cudaTHhaa, ofataa ¢oro-
IUIaCTHHKA, Macc- CIIEKTPOMETp Ba Macc- cemapaTopiiapia ®JIeKT-
poMeTp KyJUlaHWIaiu. 3aMOHaBUM Macc- crieKTporpaduiap macca
dapkuan 107+10% m.2.6. faH olIMaraH XaToqMK OwWIaH yiadaii-

munap. Maccanu yiadamma HucOuil xatonmuk 107°+107 nu Tam-
KW1 KWIaod. DHI SXIIM 3aMOHABUM Macc-  cemaparopiiapia
axpatuml BakTM 107 ¢ rava erkaswirad. By sapo peakuusnapu
MaxXCy/loT/IapH OpacHiaH SAIUalll BaKTH Xyla KM4UK 6y/raH, Xyaa
KaM COHJIM AApOJIapHM OJIMIIFa UMKOH Gepaji.

4.5-§. Jlo3umeTpuK ac6o01ap Ba YIapHUHT KY/UIAaHWIHIIA

Ho3uMeTpuk acbobnap €xu Odosumemprap [eb6, MOHIOBUM
HYpJaHUIIIap NO3TapUHU €KW Jo3anap OwiaH GornaHraH KaTTa-
JMKIAPHA §IYOBYM KypUIMasiapra aWTWIaaH.
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KOHCTpYKTHB XUXaToaH HO3uMETpiap SAPOBHH HypILitii
JeTeKTopu Ba yi4aruy KypwiMaiapugan u6opar. Oparda, ynap
Ho3a €KW j03a KyBBaTH OMUp/IMKIapuja AapaxanaHagd. banin
Xoyuiapia GepwiraH fo3a KyBBATHHMHT OIIMPUATAHMHHM CHITEII
3anudnall XxaM Hazapaa TYTWIaiu.

JeTeKTopIapHUHT Typrapura Kypa LO3MMETPIAPHH HOMNI !
IVOH, JIIOMHHECUEHT, 4puM YTKa3ruwid, (hOTONO3UMETPIAP It
Gomikanapra axparanwiap. Josumerpiaap GUpopTa MablayM Itypiti
HUIUHM KAl KWIKILra MOCIaHTUPWING sdcarad OY/IMIIM MyMKIHI,

PeHTren Ba Y-HypjaHUIUHUHT OSKCTO3MLMOH [O3aCHHM (Kl
YHUHT KYBBaTHHM YIlYalllta MOCJaHIaH JO3UMETpIapla pexmdecio
mempnap fevmnagn. Opatna, ylapga aerektop cudarvia Homir
[IMOH KaMepa Xu3MaT Kuilagu. Kamepa samxupuaaH JTyBUH sapsit
®KCMO3ULMOH [103aTa, TOK 3Ca YHHHT KyBBaTHUIa IPONOPUHORAILUIP.

IOTunran posaHu ymyaliguraH Jo3UMETpUK  acbobuapri
OPT-0,5M, OKC-04, «Bbenna» kxabwiap KUpUIIM MYMKHI. by
NlapAaH TamlKapy MHOUBUAYyal AO3UMETpJap XaM MaBXyad. Bymwtm
nosumerpiapra JK-0,2 vy Mucon Kunub KypcaTHIl MyMKI
Xap Gup MHOUBHIyaN MO3UMETP ONUMHMAH 3apsiiaHrad LMWL
PUK MOHM3ALIMOH KaMepajlaH TamkKui Tonrad. Mommanmm Harw
Xacuia KaMepa paspsiuUlaHajiy, OyHU Kamepa M4YMIa MOHTaX Ku-
JIMHTaH 27eKTpoMeTp &plamuiia Kain KWIMHAAM. YHHUHI Kypcariii
JIapy MOHJIOBYM HYDPJIaHHMIIHUHI 3KCIO3UILUOH [103acura 6OFInK.

HeTekropnapu ras paspsi caHaruwiapfaH ubopar o3l
METpJIap XaM MaBXy.

PainoakTUB H30TOIUIAp AKTHBIMIMHM, KOHLIEHTPALMACHII,
BJIEKTPOMArHUT HYpJaHUIIHUHI YHMHI HCCUKJIMK TabCUPHId Ka-
pab »HeprusicuHH ynyaiinuran ac6obiap paduomempaap aeb ara
JM. YAapHUHI UIUIall NPUHUMIOK Y3N1yKCH3 HLUUIOBYM HOHM3-
[IMOH KaMEpaHUHI MIUTAI OpuHOMOM Kabupup. Kyhupna Oapui
JMO3UMETPJIApPHUHI YMyMHI cXxeMacu 22-pacMila KypcaTWirad cx¢
Mara yxwami OySIMUIMHE KypcaTHO YTamus.

BoraoBun
K3HaA

RHTURTYT

K . -

..i. A':}T:J:’ __|Ryuai-[ | Vzar- Kabya || §avosun (perner-
TACKTPOA THPMY rmd KHAMMY pan;?(:nr;xnil

22-pacm. [Jo3zumempraprune YMyMui cXemacu.
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Hatupk BasucpacMHU SAPOBUI HypjlaHMILIAp AeTeKTopH Oa-
xapanu. Yukui Kypunimanapu cudartuna crpenkanyd acbobnap,
y3u €3rpviap, 1eKTPOMEXaHMK CaHaruviap, TOBYIU Ba EPYFIMK

CUTHaJIH3aTopjapu Ba LIyHIa yxmamnap NHUIATIWINLIN MYMKHUH.

4.1-xaosan

JIeTeKTOPJIapHMHY acOCHI TypJapu
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VBOb

JO3UMETPHK VIIYAILIIAPIYA JOUP
JABOPATOPUA UHLIAPH

1-nabopomopus uwu

Y-HypJaapy IOTWIMDIHHUHE MOAXAIap
aATOM HOMepJap¥ (z) ra GOFIMKIUIMHT YPraHu

Kepaknu acbobnap: Na(])Te — CUMHTWUIILMOH AETEKTOp Ba
nact xkywianum (1200 B Ba 12 B) manban — «I[1M-2,5», y-nypna-
Hum Man6an — Co®, Gup Xwi1 KaTMHITHKAArH TYpJIH aTOM HOMep-
M Matepuawiap (Opriuina, €04, MUC, TEMHUpP, KyPFOLIMH B BUC-
MYT TaxTadalapH).

7 Hazapuii Knem

Y-HypJapyu TYpIAH XWl MyXWTJapiad yTragga Iy MyXut
Mojyiaiapu GunaH §3apo Tabcup HaTHXKacujla YJapHUHI Cycailu-
M (FOTWIMLIM) coaup Oynann.

Y-HYPJIAHUITHUHT cycalldIl KOHYHMATH KyHujuaru gopmynia
6unaH uonanaHanm:

J=Je™, 5.
Oy epna:
J, — 1oTyBuM Momia OyiMarad BaKTHard Y-HYpJIapUHHUHI WHTCH-
CHBIIUIH;
J — roryBun Mopna OyiaraH XoJigary y-HypJapHMHI HWHTEHCUBIHIM,
X — IOTYBYM MOAAHMHI KaJIWHIINTH;
[ — IOTWIMIIHUHT YU3UKIN KO3 (pULIUEHTH.
U Kyhiugary 4 Ta XaTTaIMKHUBHI AMFUHOMcUIAH Hbopat:

M=+ T, (5.2)
Oy epna:
[, — Y-HYpJIapHHUHI aTOM SApocu OWIaH y3apo HOS®NACTHK TabCH-
P HATHXACHIAaru 0THIUNI OWiaH OOFIHK OynraH KoadguLUeHT;
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Wy — ¢oroacpdexT xoaucacu Owtan OGormuk OyaraH y-Hyp-
JIApHUHT oTUNnum Kos3dpuuueHTy;

p, — Komnron addext Owran Gomuk 6yiaraH y-HypiapHUHT
TN Koo puLMeHTH;

M, — SJIEKTPOH—-IIO3UTPOH XY(PTHUHUHT Xocwi Oynuumum OGuial
OomIHK OYJIraH 0TWIMLI KOdPUITHEHTH.

OHpM  KucKaya Oy XOAMCaHMHI 103ara KeJUll 3XTH-
MOJUIapUHHU KypUb YyuKaMu3:

1. I'amma-nyparaprune 50acTUK COYMIMINMAA Z aTOM 3leK-
TPOHJIapU [PYyOIIaCH TOMOHMAAH COYWITaH TYIHK KyBBaT Jg,
arapfa Oy 31€KTPOH TIPYNIIACHHMHT YIYaMH Y-HYpiapH TYJIKUH
Y3YHJIMTH A JlaH KMYMK Oyica, Kyluuarura TeHr:

J=M,J,Z%, (5.3)
2

2
8n| e
Oy epoa @, = 5 .| — couwnumHMHI ToMcoH kecumu (e Ba
.mc

m 3JIEKTPOH 3apgiM Ba MaccacH); J, - OMpIUK Io3ara Moc Kelys-
yy OOIUIaHFUY KyBBaT; Z — IOTYBYM MOJUIAHHHT aTOM HOMEPH.
2. Domosekmpur 10MULUIL. d
Y-Hypianvigard ¢OTOHHUHI hv, SHEPrUACUHMHI KHIMaTH
aToM 3JIEKTPOH KOOWFHIArH YHTa MOC KETYBUHM 3J1€KTPOHJIapHUHT
GorlaHMIl SHEepruUiAcHUJaH KarTa Oyiaran xomnapna (OTOHHHMHT
ot 103 Gepagu. DotospdeKTHUHT TYIHMK KecuMu (o)
KyiHgarwiapra TyFpu NpONOPLHOHAT:
c ~ &y, z, o, v, (5.4)

Oy epna: Z — 10TyBYM MOINAHMHI aTOM HOMepH; O - KO3(pHiMeHT

Z 2
(a= 37 ); &y - coynnuiHUHT ToMcoH xecumu; vy - hv, HuHr mc?

h ’
ra HucGatn ( “; ).
mc

3. Komnmon couunuwu. BUp JloHa SPKUH BIE€KTPOHHUHT
Komnron couwnuin kecumu (G) Kyitmparu
1
In(2y + 1) + % +8_ L (5.5)

, Ay+l)
o = d, x{[‘_ b
8y Y* Y 22y+1?)

KypuHuuira sra 6ynran Kneiin—Humnn dopMynacupan aHuK To-
OWIAJU.
4. Daekmpor — no3aumpor Kygpmunure xocun 6yauuilL.
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DneKTpoH~TIO3UTPOH XKy(pTH erapiuya OKOpH SHC o,
"

(POTOHNIAPHUHT SAPOHUHI 31EKTP MalIoHU OWiaH y3apo 1, . 'E
. i l

HaTvXacuua iosara Kenamd. XKyt xocun Oynuiummpmng '\"l »i

SHEPrUdcH KyHujgarura TEHI: VI e

2mc?*(E= 1,022 M»B)

slppo MaiipoHuna xap OHMp atoMra MOC KeIyBYM DK
NO3UTPOH KY(PTHUHT Xocwl 6§mum Kecumunu bere sa I

TeHI1aMacKiat aHUKIAIl MYMKHH: , 4 109
. = In(2y)-
Eet—q)()a"'I 0 413703 nan 9] (s )

l’l)].
il
dly .‘(“

IOxopupa kypub yrwiaraH Oapya XoJUIaplaH Kypunug
pubnuky, 6y XoOMCATapHUHT COAMP OYIMIN 3XTUMOIM (shiy,
CUMHM), aCOCaH aTOM HoMepura GOFIuK.

Y6y naGoparopus wuiumgaH Makcal Tanabanapuun
chusMKacunaH dIeMeHTap Ba3udanapHu MYCTaKWIl paBHLI: oM.
nuit Gaxapunuiapura Kaparwirad. Tanaba y-HypiaHuim 10ryy )
WWHAHT atoM Homepd (Z) ra OOFIMKJIMIMHH Taxpuba iy,
Gunal aHMKAaiiIy. '

K.

o .
;l“ .

Wuunn 6axapui TapTaou

1. Copnrumisuuor  NaJ(Te)-AeTeKTOPHMHAT MIUTAIN yypy,,
IMOM Ba Kowianapy OuiaH TaHuuG YMKMHT (23-pacmiy '

paHr). hi

l MKM 12 B I
®IK

} Nco-2-3 l

.

Nal(Te)

HOKM 21200 B l

23-pacm. Cyunmuarnayuon Nal(Te)-0emexmoprune
IKCHEPUMEHMAN KYDUIMA CXEMACH.

2. 24-pacmaa Kypcatwiran cxema OyiAMYa oKcmepumep

. dan
KYpPWIMaH{ MHFUO YUKMHT.
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2 3
S ,
RO A4 7
',/ . ‘// |~ /
S ot g =
v 1O = 5
s 2
// /./ / - - /S
V. A/// p L/

24-pacm. Ynuawea oud maxpuba mocramacu

3. bapya acOo0sapHUHT epra yJaHUILIUHA TEKIUHPUO YHKMHT
Ba wWyHaad cyHr ymapHu 220 B KyunaHumunu ysrapyByaH TOK
MaHObaura yIaHr.

4. JlerexTopHUHT ¢OTORNEKTPOH KydalTupruuy ®DY ra
«ITU-2,5» acbobunan 12 B Ba 1200 B kywranum GepwuHr.

5. IICO-2-5 xucobnam acOOOMHUHI MIIAIIVMHU TEKIUpUo
Kypunr. byHuHr yuyd wWupiaml TOpUHUMIM Owiad TaHHUINMG
YUKUUII Kepak.

6. Co® y-nypnanum man6au (1) HE KyproliMH KOJUIUMATOP
(2) nuura XounawTUpuHr (24-pacm).

7. y-uHypnanum Manbau (1) 6mnan perekrop (4) opacura
10TyBUd Moama (3) HM KyiMmachmaH Typub 3 Mapra uMmynbcnap
COHMHHM aHWKJIaHT. Y1dain BaKTH 1 MUHYT.

8. y-HypnaHuu Man6au 6MnaH geTeKTop opacura HaBGaTMa-—
HaBOaT 10TYBUM Mojjanap (OpraHuK IIuIIa, érFod Taxravaiap, Al,
Fe, Cu, Pb Ba Bi) HU ypHaTHHI Ba Xap Oup IOTYBUM MOJAa Y4YH
UMITyZIbCTIap COHMHM 3 MaprafjaH yia4yab onunr. by epaa xam
yagall BaKTH 1 MUHYT.

9. Vilyaul HaTWXanapuHy KyWHIArd XKagBaura &3MHT.

Neo N, Z, No N, Z, No N, Z,
T/H T/H T/H
1 1 1 1
2 2 2
3 3 7 3

10. Kain xwimHran umnyiascnap coHu (N) HHHI' IOTYBYH
Mojla aToM HoMepH (Z) ra GoFIaHMIU TPaUTrHHA YU3UHT.

11. y-Hyp/JlaHMIWIHUHT OTWIMIY OTYBYH Moana HoMepH (Z)
OnnaH KaHjad OOFIaHMINA SKAHIMIMHHA aHUKJIaHT.
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Ha3zopar caBonapu

1. ®oroapdext, Komrrod ahdekT! Ba 3/1€KTPOH-IIO3UTPOH
KyPTH Xocua GYIHIIT XOAHCATAPUHM TYLIYHTHPUHT.

2. Orwmm ko3¢ pUUASHTHHAHT (UMK MabHOCHHU aWTHO
OepuHI.

3. y-HypAaHULIHMHT MoOAja OWIaH ¥3apo TabCHpH Cycaiiu-
UIMHMHT aCOCHI KOHYHUITH KaHJail KypuHuUIIra sra 6ymanu?

2-nabopamopus nuwu

a-3apPATAPHUHT XaBOJA YPKHH IOTYPHII HYTHHUHT
Y3YHJIMTHHH aHUKJIAII

Kepaxnu ac6o6 éa mocnamanrap: CUMHTUISLMOH AETEKTOP,
okopu (£1200B) Ba mact (£12B) xywianuim Man6au — “TIM-2,57,
o-Hypianun Man6aa (Pu®?), apapaua.

Ha3zapwuii Kncm

PaquoakTUB HypiaHMUI Xyriapuiad OMpHU, palloakTHB spo-
HUHT OYTHHMIN XapaéHuja fo3ara Kejlaiural o~ 3appanapd Xucob-
NaHajiy.

a-3appanap Trenuit usorormmn ,He' HuHr sjocHmaH ubopar.
Kymtab pagmoakTvB MomIanap HOpensITUBMCTHK sHeprusanu (10
MbsB raua) a-szappartap Hypnaigu. 3appa Mojana OpKald yTrania
Oy Heprus MyXuT Ounan y3apo mawvcupea CapPraHacu. o.- 3ap-
parap Modda opkanu Yymeanoa Myxum aTOMH opOuTan aiiek-
TpoHIapu OwnaH 27acTHK EXKM HOBNACTMK TYKHALIIMIUM MYMKHH.
O- 3appalap 9JIEKTPOHJIAPHUHI aToM sapoinapu OwiaH y3apo
TabCUPIAPUHU €Hrub, YJIapHUHI XapaKaTHHU Te3nalTupagd. by
3ca aToM Ba MOJIeKyJaJlapHUHT HOHJIAHHILI Ba YHFOHMIN Xapaé-
Hura onu6 KXejlajd, HaTMXana o-3appanap y3 SHeprusiapuHu
iykoTaguiap. HopensaTUBUCTUK SHEPrUsUIM O-3appaiap y4yH My
Y3YHJIUTHHUHT Oup Oupiurura TYFpH KeJirad aroMjlapHU HOHJIa-
THUILI Ba YHFOTHII Y4yH capduiaHagurad ypraya SHeprus Kyhujgard
Bere dopMmynaci acocuna ToNHIay:
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- ("Eg) _ a2zt K 2"‘9"” (5.7)
dX Juon l'l'luv2 w
Oy epna: E, - o-3appalapHMHT KMHETHK 9HEPIHSCH,

eZ - a-3appa 3apsiu;

€ - 3JIEKTPOH 3apsiiu;

7' - YoTyBYM MOJJAHHHI aTOM HOMEpH;

n, — 1 cM> XaXMJIM MOOJajark aToMiap COHM;

M, - SJIEKTPOHHUHI THUHYIMKIArK Maccacy,

V - 3appajTapHUHI Te3TUIH, CM/C;

W - aToM YHFOHMIIMHMHI ypTaya SHEPIUACH;

mg - -3appa MaccacH.

(5.7) dopmynany xynnaraHna Kydupara mapT OMiaH dera-
pajlaHuIIra TYFpy Kelaau:

.
Ze2 .

«1 Ba E, >> "¢ E,, (5.8)
hv mo

Oy epua h = 2%; h — Ilnank poummiicy; E; — HOHIAHUII SHEPIHACH.

(5.7) dopmynanan KypuHHO TypuOOMKH, 3apsUlaHTaH 3ap-
PaHUMHI aTOMHHM HOHJIAIUTHPUII y4yH capgulaHraH COMHINTHPMA
SHEPIUACU 3appa 3apsiWHHUHI KBaJpaTUra, MyXWUTOaru 3J1eKTPOH-
Jap KOHLEHTpaluscura, Tesnukka OornMK Gynran Oupop Oup
cynxuud ©(v) ra TYFpM NnpornopuuoHan 6ynnb, zappaHUHr Mac-
cacura aca OOFIHK 3MAac:

d:‘“ ~Zn,p(v). (5.9)

Ilynn xam aiite® yTuII KepakKH, SJeKTPOHHHHI MacCacH
O-3appa MaccacMiaH aH4a KHMYMK OYyIraHnury ydyH ®Heprus
MYKONHWINM YH4Ya KarTa 6ynMaimu:

0<AB, <42, (5.10)
mﬂ
Oy epra m, — IEKTPOH MACCACH; MMy - O-3appa Maccacu.

By xon o-3appa #yauHUHI oTosMmyabcusaa €k Bubcon
KaMepacu/ia KysaTraHga HyJIHMHI TYFPM YM3HKJIM XapakTepu 6u-
JaH TacAMKJaHagu. DHeprus capy MHUKIOPHHU OWiicak, ®pKUH
IOTYpUI HYJIMHA XHUcoOaaml MyMKUH:
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dE
R = j AE"“— (5.11)
%)

Jlexun o-3appa 9HEPrUACHHUHI cap(IaHUIIUHUAT OolIKa
KaHaTapuHu (o-3appa MYXUT 3/I€KTPOHIAPUHY TOPTHO OJIMILH
HATUXaCHAA YHUHT 3apsgd KaMasad Ba OyHMHI HaTHXacuna op-
KMH OTYpULI WYIH OpTajd) XHcoOra ojMaraHUMu3 YYyH SPKHH
JOTYPHII WYY Y3YHIUIVMHM aHUK, TOIA OJIMAlMM3.

LIyHuHr y4YH O-32ppaHUHT 3pKMH IOTYPHII WYy y3yHIIH-
rMHY (pakar Taxpuba Wy OMnaH aHMKIAll MyMKHH.

4 M3B pan 8 M»sB rada sHeprusiu O.-3appaHUHT XaBOJ4aru
SPKMH IOTYPHLI HYIMHYU TONMLI YIyH KyHuIard sMIIMpHK dopmy-
Jafad (poifanaHuIl MyMKHH:

R = kyE} , oM, (5.12)

Oy epaa: E, - a-3appa sHeprudcu, MsB;
k - npomopipioHaLTUK K03(h(PULUMEHTH, XaBo yIyH k =
0,318.

Hunu 6axapuiu Tapraoun

1. NaJ(Te) cuMHTWUISLMOR AeTEKTOPHUHI HIWIAII NPUHUU-
IUIapyu Ba KouJajapy OwilaH TaHMIIMHT.

2. 25-pacMpa KenTupwiran 670K cxema Oyituda yadamr ac-
6ob6mapuHy TaficpiaHr.

KM $12 B

QIK

NalJ(Te) Mnco-2-s

| HOKM 11200 B|

25-pacm. NaJ(Te) cyunmuniayuon OemeKmopHuH2
OA0K CXEMACH.

10l
www.ziyouz.com kutubxonasi



3. bapua ac6061apHUHTI epra yJIaHHIIMHYA TEKIIMPHUHT.

4. ViuoB ac6obnapunu 220 B jsrapyBuaH ToK MaHGawra
ynaHr. 10-15 MHHYT opanuruna KH3HUCHH.

5. ®ortosnekTpoH Kynaitupruy (PDK) ra mact xywnaHum
magbanau (IIKM) pgan 12 B Ba IOKOpM KywiaHuin MaHOGam
(IOKM) pan 1200 B xywrianum Gepwiany.

6. t=10 MuH. gaBoMuna «(POH»HU YITYAHT.

7. a-3appasiap MaHbauHu 26-pacMaa KypcaTuiraHaek Kwinb
apapavara XoWIallITHpUHT.

Pu238

Cuun. AeTeKTop

4 IE— 1 F

oMo

26-pacm. Taxpuba mocramanrapu.

Nnco-2-5

8. o-Hypnanum Man6au GWiIaH AeTeKTOp opacupmard Macoda
R HH oHT KW4uK KyilMaTuiaH To ac6o6 HypnaHun MaHOau ce3Mai
Konranra (6-NMyHKTHa yia4aHrad «oH» HUHT KUHAMaTuHM
KypcaTryHra) Kagap y3rapTupubd, yavyameu xap OUp HYKTa Y4yH
3 MapragaH GaxapuHT.

9. Mmnynscnap coun N HuHr R Macogara GOFIUKIAMK rpa-
curunm umsunr. I'paduxna o-3appanapHuHr R, ®pKUH OrypHIU
HYJIIMHM aHWKJIaHT.

10. (5.12) dopmynara R HUHr KUMMaTHHM Kyiub 1y Hyp-
JIAaHULI MaHOaWHUHT O.-3appajlapd DHEPIUSICUHHM aHMKAHT.

11. Viuam Ba xucobiaim HaTHXaTapUHM KyHMIard xagsai-
ra KMpUTHHI.

u |1 ]213]4]5]6[718[9]10[11]12]13

R, |05 |10]15(20{25[30{35(40145|50/55]60
MM
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Ha3sopar carouiapu

1. 3apsjulaHrad 3appaHVHI HOHJIALITHPHUILLArd HYKOTraH
SHEpruacH XakMaa HuMa Jies onacus’?

2. a-3appa OTypuIl HYJIMHUHI YHUHT DHeprusicura GOmIHK-
JIUTY KaHjail 6ynann?

3. a-3appaHuHr (UMK XapaKTepHCTUKIApU XaKHIa TalMpHHT.

4. o-3appanapHUHr KaHgail ManOanapuHn 6unacks?

3-nabopamopus uwiu

H3otormnapausr a, (3, Y- AKTHBIMIAHA HUCOMHA
MeTox OMaan aHuKIAu

Kepaxnu ac6o6 éa mocaramanap: o, B, y - xucobnam ac606-
napy, 3TaloH Ba HOMAB/IYM aKTHUBIMKINAIW HYDJIAPHUHI PajHOHYK-
nup Man6anapy; ICO-2-5 xucobnam acbobu, Kypromud yiya.

Hazapuin Kucm

Hocrabun Ba yilFOHTaH XoJaTHard sjupoiiap ¥y3 TapKuOMHU
Ba WYKM DHEPrHACHHU ¥3rapTupajurad clioHTaH yTuiiapra (ai-
JagMniapra) aydop O¥namu. Bywpait gaponap peakTHB gpaposap
Jerdnnani.

Tabumit Ba CyHBMI pagHOakKTHUB H30TOIIap SAApPO HYMUJard
XapaGHJIapHUHI Typura Xapab o, 3 Ba y Hypnap uMKapagu. by
HypJIap MOC paBHIlIa Telui SOpOCH, JIEKTPOHIIap Ba KHCKa
DJICKTPOMArHUT TYJIKUHIAp OKMMHAaH nbopat. Pagmoaktus Mou-
panapnan QoiifanaHa OMIMII Ba yTapAaH XuMosiaHa OGHIMII
YUYH YJIApHUHI XapaKTepHCTHKANAPHUHU OWIHIL JIO3UM.

PaguoakTUB MOANATAPHUHI acOCHIl XapaKTepHUCTHKalapu Ky-
funarwiapgan ubopar: akKTUBIUK — A, SpUM eMUpWwIHnI Jaspu — T,
EeMUPWINII JOMMHUICH — A, IIYHUHIIEK HypJIaHMIl sHeprudacu — E.

Arap dt BakT opanuruia N Ta gapogad dN Taem emupuica,
yHIa

dN = —ANdt, (5.13)
Oy epaa A — eMHpWIMII NouMuiicu 6ynub, SOpOHUHr OHMpAHK
BaKT OpaIWFUIAr¥ EMHPWINII 3XTUMOJMHM  XapaKTepllaiau,
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(5.13) man pajMoakTHB SApoOTap COHUHUHI BakTra Kapab® ¥ara-
pHLI KOHYHUSTHHH TOICAK:

N=N,e™ (5.14)
6ynamu, 6y epma N, — Bakr t=0 Gynramgard sgposiap COHH.
bomnanruy gAponapHUHr TEHI SpMH E€MHPIIMLIN yIyH KeTraH
BaKT SpUM EMUPWIMI JaBpU AeHiIagu. SIpuM eMUpWIMII JaBpH
T emupunuin goumuiicu 6unaH GORITUK:

p =292 (5.15)

T

PanuoakTuB g41ponapHUHT SPUM eMHUPHIMIN J1aBpY BaKTHHUHI
Xyla KeHr UHTepBaamuu sramtaigu: (10° ¢ gan 10" fmirava).
MoaiapHMHr aKTUBJIMITMHYA HOHU3ANUOH, KalopuMeTpuK, ¢o-
TOMETPHUK Ba Oomika Meromnap Owian yigamr MyMKuH. HoHuza-
muoH adpexT acocupa wunuladaurad acbobiapra HOHU3ALUOH
KaMepa, [pONOPUMOHaN CaHAru4, CUMHTIIAIMOH canarwd, Busis-
COH KamepacH KHpajH.

Y6y naboparopus ummnad makcan, Pu®®, Na?, Sr°, Co®
PaIMOHYKITUUTAPHUET O, B*, Y aKTUBITHIHHM 3TANOH HypTAHHII
MaHOaura Takkociab ynvamigan ubopar.

Niram 6axapyuin TapTuon

1. NaJ(Te) cuMHTWIIALHMOH JETEKTOPHUHT WILUTAIN IPHHIMITA
Ba Koupanapu OwnaH tapummmHr (JJKC-04, JIPI-05, mosumeTrpuk
acbobnap Ba X0Kazo).

2. 27-pacmua XypcarwiraHgek Kwinb Taxpuba Mociaama-
CUHU UMFUHT.

nco-2-§

27-pacm. Taxpuba mocramacu.

3. Na”, Co%, Sr°, Pu™®, pamuonyknun man6anapu (1) Hu
HapbaT OMIMaH KYpPFOIIMH yiya (2) ra Xoizamrupub, KeTeKTop
(3) €épmammma Moc paBHMUIIAa BTAOH Ba AKTHUBIIUTY HOMAabIyM
HypJIaHUI MaHOATapUHUHI aKTHUBIIUTH §T4aHaIu.
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4. XoHanaru «OH»HU YII4aHI (XxoBajgard «oH» HypJaHMII
Manbanapu ceidna TypraH BaKTAa y/T4aHajd) Ba OMHHIaH HATH-
Xajapiad «(OH»HUHT KMMMaTHHH YUKApUO TalLIaHI.

5. IICO-2-5 xmcobnam acb6obuasd oNUHIaH HaTHXaTapHU
KyHMaaru xaipajira E3uHr.

6. DTajoH Ba AaKTUBIMIH HOMabIyM MaHOanap y4yH OJIUH-
raH HaTMXajlap MOC paBUlIJa CONMINTUPWIaAM Ba aKTUBIMIM
HOMablIyM MaHOaHMHI aKTHBAWIH NPONOPLUA OPKAIH TONMIAM.

Maun6a | 1/H N uy- | STanoH T/H N - A=Mx Ku
TIYJIBbC MaHOa IYJIbC
Na®(p")| 1 1
2 2
3 3
4 4
5 5
Co¥%y) ! 1 1
2 2
3 3
4 4
5 5
Srgo -~ 1 1
B 5 5
3 3
4 4
5 5
Pu238(a) 1 1
2 2
3 3
4 4
5 5

Hazopar casouiapu

1. PagnoakTuB eMUPHINII KOHYHMHHU TYHIYHTHPUHI.

2. PaguoakTB MOJNAHMHI aKTUBIMIW AeraHja HUMaHH Ty-
1ryHacu3? YirapHuHr yT4oB GMpIIMKJIapy HUMara TeHr?

3. o Ba B-emupwinil HuMa? CHDKHLI KOMIACHHY TYIIYHTHPUHI.

4., WMonnauTypuil HypJaHUIIMHUA Kai[ KWIMI MEeTOIapu-
UK TYIyHTUpud Oepuin.
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4-nabopamopus uwu

DranoH MapGanapraH YHKAETIAH HYP/IAQHHII
JO3aCUHM AHHUKJIAIL

Kepaxau ac6o6 ea ycxynanap:

1. IOTunran po3aHd Yayaiiguran po3uMmeTpuk ac6obnap
JKC-04, OPT-05M, «Bemna» Ba Gomxkanap.

2. o, B, y-Hypiapuunr stanod Man6anapu (Na?, Co®, Sr*,
Pu238).

3. Vnuanmap yayn xepak 6ynamuran Mociamanap.

Ha3zapwuii Kucm

PagnoakTvB Mojganap Ba HypJaHMIl MaHOamapu OuiiaH
MIWIaETraH BaKTHd HYPJIaHUIIHUHT OGUOJIOTHK TabCUPHUHHU XHcobra
ol Kepak. HomnamTHpyBUM HYpMaHMIIHUHT OpraHM3Mra
TabCUpHM OMpUHYM HaBOaTHa »Heprusara OOMIMK, HypIaHHIU Bak-
TUOa THPUK OPraHW3MHUHI HYpJIAHHWINIHM IOTYBYMHHHI OHUpPINK
XaXMHra, HypJaHumHUHT cudar KoaddguuueHTd Q ra mporop-
LMOHAJI Ba aTOM HoMepu Z ra GOmIuK:

Hypnanum gosacu Kyfdugars XapakTepHCTHKalapra ara:

1. Hypranuwmnune rmomunzan 003acu acoCUi TO3UMETPHUK
KaTTanmuk 6§16, snemedTap Xaxmuard dm Maccald MoOara,

MOHIIAITUPYBYMN Hypnapuwl Oeprad dE yprawa sHeprusra TeHr:
p, =L (5.16)
am
IOTWITaH AO3aHUHT OMpIIUTH — paj.

1 pan=0,01 K/kr, CH na rpeii (I'p); 1 I'p=100 pan.

2. Hypnanuwmune 3Kcno3uyuon oozacu X - dieMeHTap
xaxmia poToHsap lo3ara KeJITHPraH BJIEKTPOH Ba ITO3MTPOHIIAP-
HUHI TYJUK TOPMO3JIaHMIIMAA (03ara Kegaguran OUp XHJ UIIO-
panu 6apya MOHJIAPHUHT 3apsAMHUHT opTTHpMacu dQ HUHT 11y
9JIEMEHTAap XaXMIarkM XasOHUHr dm Maccacura Huc6aTd Ounan
yiyaHanurad KaTTajuK:

-

X = .
dm

(5.17)
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HypnaHMIIHUHT 3KCNO3ULIMOH [03aCHHUHT Oupnuru Kn/kr.
DKCMO3ULMOH [JO3aHUHI Maxcyc Oupnurd Kwinb peuwmeen (p)
Kabyn KMJIUHFaH:

1 p=0,258 MK/KT.

3. Hypaanuwnune sxeueaneum oozacu H - pagnauuoH
XaB(PCUIIMK coXacua acoCHi NO3MMETpUK KaTTanuk Oynmb, H
HUHT KuiiMaT O6up Kanenpaps iwiga STIIJ] (mpenenpHo pomyc-
TUMad 032 — pyXcaT 3THJraH NO3IaPHUHI JIMMUTH - 4Yerapacu)
faH Kyn 6yaMaraH HOHJIALITHPYBYM HYpJaHMUNIAPHUHT Y30K
MY/UIaT/I4 TabCHPH HaTHXKacua MHCOH CalioMaTIUIura eTKaszaiu-
raH 3apapuHy 6axonall y4yH KMpUTWITaH.

OxsuBaiedT noza (H) rotunran posza (J)HuHr OMOAOTHMK
TYKMMa XaXMH SJI€MEHTHAArd UOHIAUITHPYBYM HYPIaHUIIHUHT

ypraua cudar xoapdruueHTH Q ra KymaiitMacura TeHT:

H=D - Q. (5.18)
DKBUBAICHT [O3aHUHI Oupnuru — 0.3.p (6Honoruyeckui
9KBUBAJICHT pPEHTIEHa — PEHTTCHHMHI OMONOTMK 3KBUBAJIEHTH)

6ymn6, 1 0sp=0,01 K/xr.
Xajikapo OUpIMK/Iap cHUcTeMacujla SKBHUBAJIEHT HO3aHMHT
Gupnuru — 3uéepm (3B).
1 38=100 6ap.

IO — nmepconan (A KaTeropus), SbHU PagvoOakTHB Hypia-
HMII ManOay OunaH OeBocUTa WIIAHNWTAH OJamiap Y4yH aco-
CUil 103a Yerapaci.

I — xaneHnapy MuiIaa OMHTaH MHAMBHAYal SKBUBAJIEHT
JO31apHUHAT IUYHAaH IOKOpW derapacukd, 50 HWI vuMIa OJIUH-
rag (TeHT TaKCUMJIaHTaH) HYpJIaHHLIAp MHCOH CORIMFUMA 3aMo-
HaBuil ycyuiap OwilaH aHMKJIaHTAaH HOXYLI y3rapuuulapra onu6
KeJIMaku.

Q - Hypaaumuwmume cugam kosgpguyuenmu — HypIaHWII-
HUHT OpradusM (TaHa) ra GHONOIMK 3apapUHM Xucobra ojajuras
ygamcu3 koagpuLmeHT. Yoy nabopaTopid MIUMHUHE Makcaau
PaMOHYK/IUA MaHOATAPHUHT O, {3, Ba Y-HYpJIaHHLUIapHHK YIyail-
[ary 103UMETPUs MeTOIapU OWlIaH TaHMIITHpHLIIAH Mbopar.
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Hian Gaxapuiu taprubun

1. JKC-04, OPI-05 M, «bemra» posumerpuk acbobrapu-
HUHT TaBCU(HOMANApUNaH YJapHHUHT MOUIALl IPUHIUIHY Ba (poit-
AaTaHU KoWAanapy OMnaH TaHUIIMG YHUKMHY.

2. Xonamarn «QOH» HM YiyaHr., BYHMHI y4yH paavoakTUB
ManOanap AYK BaKTAark JAO3MMETPHK acGo0ap KYpCaTHIUM E3uIajiu.

3. AKTHsIMIM aHHK Gysirad Hypianum Mman6anapu (Na”-f3*,
Co®-y, S8, Pu*-a)an naB6GaTMa-HaB6aT 28-pacMua Kypca-
TWITaH Taxpuba MocilaMacura XOWIaliTUPHHT.

Na(Co, Sr, Pu} Aosumerp (AKC-0,4,

/// _,./ s | APT-05M, «Bearas)

T [T

28-pacm. Taxpuba mocramacu.

4. Xap 6up Hypnanuml MaHOalapuiaH YHKaETraH JO3aHU y4
MapTrafiaH yiauaHr. Yigam BaKTu t=1 MUBYT GyJICHH.
5. OnuHran HaTHXa&TapHHM KyHUIard XaaBajira KHPUTHH.

—~~__Manb6anap
Acbobnap .

Na?, B* Co™, y S, B Pu®*®, o

JKC-04

HPT-05M
«benna»

Ha3zopar capouiapu

1. HypnaHuLiHMHT IOTWITaH jJo3acu fe® HUMaHMU TylyHacus?

2. HypnanMIUHMHT ®KCHO3MLIMOH Jo3acu fe6 HUMaHu
TywyHacuz?

3. HypnanuiuauHr sKBUBAIEHT J03acu Jie0 HIUMaHU TyniyHacus?

4. Hypnannmnuar — 1110 cu sumanu 6wiaupaan?

5. Slapo HypnanMuuiapu o, (3, Y HUHI acocHil (pH3HMK Xapak-
TEpUCTHUKATapUHU ailTu6 OepuHr.
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VI BOB

DIEMEHTAP 3APPAJIAP

6.1-§. DnemeHTap 3appajlapHUHI Naiao OYAMII TapuXH

XX acpuunr 30-wwapupga 6apya aToMnap HeumpoH, NpomoH
Bd 91€KMPOHAAPOGH TY3WITRHIUIY aHHUKJIaHTaH.

1940 imnnapra xenu6 ¥H1ad Typiu cyobaapo 3appanap O4mil-
JW. YIapHUHT XoccalapH, y3apo TabCUpJapd KaHIaWIUId, Kalcu
Oupu pynoamenman, Kaiicu Oupu 3ca sremenmap 3appanrap
OKAWINTHEY aHuKjaw Kepak asau. Uly iycunna dpusuxa daxu-
HWHT «3/leMenmap 3appanap guszurxacu» 6ynumu naiino 6ysinu.

1930 #inwnpa dusuk — nazapuéruu B. [laynum Xyna KuUYMK
MacCald SNEeKTP XHXaTUaH HeHTpan 3appanap Oyaumy Kepak-
VT Xakuga ranvupud ytrad spu. 1932 i, Yensur npoton Mmac-
cacura TeHr OynraH HeilTpan 3appaHH «HedTpoH» 1e6 araiM,
Pepmu 6yrca, XKyga KMYUK Maccald HeUTpall 3appaHy «Heumpu-
Ho» Jie6 aranu. KeWWHYATUK, uKKM Xua Hedmpuno OOpIuru
AHHUKJIaHIH.

DnekTpoH Ba NPOTOH OpAIMFHIArM Maccara TEHI Maccalld
KaHgaiaup 3appa OyMUIIM Kepakyiurd Xakuiga 1935 iwnpa aiitu6
yrunrad aau. 1947 #wiga aca laysmn, Oxkumanusu, Jlstres
yTKasraH Taxpubanap axoiub uaTikazap Oepou. SHru 3appa-
nap — mesonnap GOpAUrH aHukjgaHad. KeilMHuanuk, wo3mab Me-
30HMap TOMWIAAW. DHI OFUp Me30H — K-ME30H XaM TOIWIAH.
dus3MKIap YHHHI XoccalapUHHM YpraHu®, Oy ME3OHHHU «eanamu»
sappanap Tapkubura xymmu6 Kyinu. K-Me3oH odWiraHpaH cyHr,
YHIOAH XaM OFUPPOK, 3JeMEHTap 3appaiap OOpJMTd aHUKJIaHOM.
bynap - euneponnap »nu. Pusuxiiap OyHpail orup GapKapopmac
sappanapud yprauu6 Oopuwinu. Iy Hapca aHukIaHmukd, K-
Me30H, A, Z- THIEpOHIAp axouud, 6up FanaTH XyCycHU4Tra ora
aKaH. Ynap goumo xydrt-xydr 6ynub Tyrunuiand.

['MmepoH Ba ME30HNMApHUHI XOCcalapd Ba y3apo TabCHpha-
pMHM VpraHuill HIYHH Kypcarajiuku, ynap Ous yimaraHda «ane-
MEHTap» ©SMac 9KaH. Yiap Mypakkab, oFup 3apparap 6ynuo,
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Keapkiap Jebd HOMIaHraH aVIEMEeHTap 3appanapiad Tapkub Ton-
raH 3KkaH. By xakuna dnajga KeHIpoK Ba TyWyHapiud Kunub Kei-
uHry 606sapaa ranupub yTamus.

6.2-§. 3appanap Ba anTu3zappaiap

busra MabnymMxu, nosumpon — MycOaT 3apsiUtaHraH siek-
TPOHHM Omnavpagu. bBomkaya aifTraHga, NO3UTPOH Y3MHUHT
KYIIMHHA XyCyCHSTIapu OMIaH 3JeKTpoHra ¥yxinaiiau, macaia,
NO3UTPOH MaccacM TaxMHHaH 2/J€TPOHHHKHUJEK. Yiap ¢akaT Ka-
paMa-Kapmy 3apsiiaHrainvry G6wian dapk kwnagu. Llynasar
YYyH IIO3UTPOHHH NEKTPOHHUHT awmu3zappacu pAed aramajy.
Hosutpon oumnrangan cyur, 1932 iiunga anTuszappanap Oomka
3appanap y4yH Xam Oopiiurd aHuKjIaHgv. 1955 dwiga npoToH-
HUHI aHTH3appacu GOpIUTY aHUKJAHIM, SbHU aHTUOPOTOH p (p-
NPOTOHHMHI TeNacufary YHM3UK aHTH3appaIMTMHKU OuIvpani).
IpoTon Ba aHTUNPOTOH Maccaliapu TEHIIUP.

Te3 opama n~ HEUTPOHHUHI aHTH3appacyd — n — AHMUHEl-
mporn Tonwipy. Kynruga sneMeHTtap 3appalapHUHI aHTH3appa-
Japu 6op. JlekuH 7y-poToH, 7m°-Me30H Ba Oowrka Oup KaHya
3appajlapHUHTI aHTH3appajiapd NyK. Yiap §3 antuzappanapu Ou-
JaH MyTJIako 6up xunaup ne® TYIIYHTHPHUII MYMKUH. AHTH3appa
y3 3appacu OWlaH TYKHAIUTaHAa aHHu2UAAYuA XOaucacu 103 Oe-
paau.

Axrtusappanap Xyaa KaTTa 3HEpIUsUIM S4pO peakiussap
HaTMXacupja TYFUNAIH, JIEKUMH MOjaja ylap Xyjla KYI BakT
amaMaigy. Ilosurpon OwiaH JICKTPOH AHHUIWIMSUHSIAHTaHIA,
YJIapHUHI Maccacu Ba KMHETHK 3HEprusICH Y-KBAaHT SHEprusacura
€xu OollKa 3appanapra ainaHaiy.

6.3-§. V3apo Tancuprnap Ba cakiaHMi KOHYHIADH
Tabuatna TyprTa dyHIamMeHTan ¥3apo TabCHp €KW TYPT XUI

Kyd Oopinrd aHukjaHrad. 6.1-xagBanga TYpT XMA  ¥3apo
TabCUpJIap MHTEHCUBJIMIN Ba KBAaHT MalJOHIapH KEITUPIITaH.
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6.1-xa06an
dyHaaMeHTan y¥3apo Tabcupiiap
¥V3apo Tabcup Hucbuit unreHcus- Maiigon
TypJlapu JINK (TaxXxMHUHAH) KBaHTHU
I. Kyunu 1 Mesouap,
L IMOOHIap
II. DnexTpoMarsur 1072 ®ortoH
1. Kyucus 107" W* ga Z°
IV. I'paBuTaunoH 10°%° T'paBUTOH

Kyucus y3apo TabcHpiapaa WIUTHPOK STYBUM 3appaiap W',
W-, Z°—zappa jleran HOM onuupu. MHTEHCHB KUIUpHILUIApAaH
cyur, 1983 imnpa Kapno Py66ua W-3appanu tomuu. bynap 6o-
3oHaap Ned HOMITAHAIU.

[paBurTanmoH MaliloH KBaHTH - 2pAGUMOH Xald 3KC-
repuMeHTan TonwiMmaraH. KyHpanuxk Xa&TuMuysna IpaBuTalug
(EpHuHr KatTa Maccacura Kypa) cesuwnapiu Oyica XaM, sApo
MacluTabjaapuna rpaBUTaUMOH Y3apo TabCHP 3HI KYUCH3 3KaH.

DneKTpOMAarHuT y3apo TabCHp HHUcOaTaH SXIIHPOK Ypra-
HWIraH. 3appaTapHUHT ¥3apo 27eKTPOMAarHUT TabCHUPAIIYB Ky4U
Ky4/d ¥3apo Tabcupra KaparaHaa aHda cycT, OOHIKa TabCHp Kyd-
Jlapira KaparaHia aca yTa KyWwIHgHp. DNeKTpOMarHUT TabCUp NOH-
pacu 107'? cM maH TopTu6 KocMHK Macodanapraya 4aBoM STajH.

DneKTpOMarHUT {3apo TabCHp Xap XWil 3appajlapia Typiu
wmAfaT OwiaH HamMo€H Oynamu. DNeKTp 3apsaura sra OyiraH
3appajiapjia 3Hr KarTa 3JeKTPOMarHuT ¥3apo TabCUp KydIapH
ByXKyAra Kenagud. Maccacu Ba CIIMHM HONra TeHr OyrnMaraH 3a-
ps/ICH3 3appalap y3apo KYYCH3DOK 3JIEKTPOMAarduT Tabcupha
Gynagunap. DHr Kyucu3 3JeKTPOMAarHUT y3apo TabcHUpra HeHTpal,

CIIMHCH3 3appajiap, MacaiaH, HeliTpan © (m’) M€30H arajup. 3ap-
palapAaH HeHTPUHO 3NEeKTPOMarHUT TaAbCUPHU AEspiIM ce3Mainu.

Kywin y3apo Tabcupiap S4po (pU3MKacHaa Xyla Kyl Xoxu-
canapra xaBoO OepyBuM, ®HT acocudl y3apo Tabcupaup. Kyumn
y3apo TabCUpNapiard peaxuusnap pyébra unkumm yuyd 1072 ¢
BaKT Kepax.

Kyunu y3apo Tabcupnap sApojard HYKJIOHNAp OpaTUuFUHU
sraliaign. Sapo TYKHammumapuaa Haipo OyiaraH runeposnap,
ME30HNap yJap OpKalu aHHKJ/IaHalH.
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Ky4ynu y3apo Tabcuprnapfta KyHunard cakjaHuIl KOHYHIapy
Gaxapunanu: 1) snekTp 3apsamg; 2) GapuoH 3apam; 3) xapakar
MUKIOPH MOMEHTH — CIMH; 4) HU30TONHK CHYH; 5) H30TOMMK
CIUH fpoeKuuscy; 6) sHeprus; 7) FaJaTUIHK.

By caxknanum KonyHimapu xakupma VII 6o6ga Tyaa TyxTab
yTunanu.

Xamma sneMmenTap 3appanap € 6030H, €KM epmuon Gyna-
ay. bosonnap Bose-DilHmTelH cratuctukacura OyicyHaau Ba
YJIAPHUHT CIIMHU HON €xku OyTyH codpman ubopar 6ynagu. dep-
MHOHJIap 2Ca KaCcpjiM chMHra sra 6ynu6 (macaman, 1/2; 3/2;
5/2;), ®epmu—~[upak cTarucTUKacura GyicyHaqu.

bosonnapra rpasutoH (cnueM 2), ¢oron (crimnu 1), mo-
onnap (cnuHM 1), MesoHnap, HIyHUHIAeK, Gapua caHa® yTwira
3appajlapHUHT aHTH3appalapu KUPajH.

MepMuonnapra JienToHnap, GapuoHiap, KBapkiap (CHHHA
'/,), HIYHHHIAEK, YIAPHUHT aHTH3appaTapy KMpPajy..

Ouay, KelnHru 606[a sieMeHTap 3appalapHU y4Ta OMIara
(®oronnap, nenToHaap Ba alpomHaap ownacura) Gynaub, xap Oup
OWJIaHU aloXyuia Kypub yUKaMus.
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VII BOB

DJIEMEHTAP 3APPAJIAP KITACCJIAPU

DneMeHTap 3appajap Y4 acocMid Kiaccra OyiuHamu. bu-
pHHYM KJaccra ¢axkar OUTTa 3appa — (POTOH (EPYFIMK KBaHTH)
KHUpaaH.

VIKKMHYM KJIACCHU JAenmoHAGD TAlUKWI 3TaiM. JlenTonnapra
OJITHTA 3appa: 3JeKTPOH, 2/eKTPOH HENTPUHOCH, MIOOH, MIOOH

HEHTPUHOCU KMpPaiH. T — JIENITOH Ba T — HEUTPUHOCH.

Vuunun Kiacc — adponnaap (rpexkdya — WHMpHK) e aramyBuu
sappanapiaH TalIKWI ToNraH. AJpoHiapra Me3oHnap Ba 6apHoH-
Jap TYpyXMIard 3appaiap KMpagu. YiaphaH TallKapd OHp Heua
103 pe3oHancaap Neb aTallyByM 3appaiap XaM KHpaad.

3appanapHUHI ymby Kjlacciaapy ylIapHUHT y3apo TabCUPHMHM
xapakTeprnaiou. Macanad, (oTOH ¢hakaT 3MEKTPOMAarHUT Y3apo
TabcupaaruHa 6yaany. Jlentodnap Kydcus Ba paBHTallOH y3apo
TabCHPA4, aJPOHIAp 3Ca IPaBHTAIMOH, Ky4CU3, BJIEKTPOMArHUT
Ba KyWIH (sIpoBMil) y3apo Tabcupsapaa 6yia oyaju.

Xap Oup aseMeHTap 3appa y3MHUHI THHWIMKArd MaccacH-
ra sra. By ymapHMHr acocuil XxapaktepucTukacu. ByHu Ounran
xonna OM3 37MeMeHTap 3appajlapHH Maccacura Kapabd Kiaccriapra
AXPaTULIUMU3 MYMKHH. DJIeMEHTap 3appalapHHUHI TUHWIMKAArU
MaccacH, OflaTAa ®IeKTPOH Ba IPOTOH Maccacd Oupiuxiapuna
&Ky ®Heprus OUpiMKiIapupa (MacajaH, ®1€KTPOH — BOJbIIApAa,
KMcKaya »B ma) ynuyaHagu. 7.1-XajBanga afieMeHTap 3appaiap
KJIaCCH KeJITHPWITraH.

7.1-xadean
3appanap Knaccu Tununukgaru maccacu, MsB
doTtonnap 0
Jlenronnap 0 man 106 raua, T-JIeNnTOH
yuyH m, = 1,8 - 10’
Mezonnap 135-888 '
Bapuoniap 938 Ba yHIaH IOKOpHU
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By 606aa 6us xap 6up xnacc 6unan TYNa TaHMAWUG YUKa-
MM3. Yiapra KUpyBYH aJieMeHTap 3appallapHUHI  XOCCalapUHU
ypraHamms.

Xap 6up 3appanu xkeamm cornapu ned aranyBuu usmk Gen-
TWIap TYIUIaMU XapakTeprailny. Ky#una snementap 3appajapHH
KiIaccnapra axpaTHuiia acocuii XapaKTEepUCTHKAa XHUCOGIAHran
Xap OWp KBaHT COHM Ba YJapHHHT hU3MK MabHOCHM ycTHOa
anoxuua Tyxranub yramums. Ilynpait XapakTepuCTHKaiapiaad Ou-
pu Q snextp sapsmumup. V ®JICKTPOH 3apsiad OGupnuruna yaya-
HalM. 3appallapHUHI IEKTp 3apsuu OyryH con 6ynu6, O ra éxu
*1 ra Tenr.

Pesonancnap ne6 aramysun 3appanap rypyxuna *2 sapsamuu
3appanap XaMm MabiyM (yHoameHTal ¢epmuonnap 1e6 aramypum
KBapKjiap + %e €KH - %e Ta TeHT Kacp KWAMAaTAM 3apsjra ara.

Snementap 3appanap HIITAPOKM OwiaH 6YnaiuraH xapaéH-
flapia SHEPIUSHUHT CaK/IaHHII KOHYHH KabW 3apsHMHT caK/IaHUIL
KOHYHM XaM MaBXyl. 3ap4IHUHI CaKjJaHUIIH 6ab3y 3appallapHUAHT
OapKapopnuruHu TabMHUHIANAM,

DreMeHTap 3appanapHu XapakTepyasiiuran aHa Gup usmk
Oenru sappanapuusr B 6Gapuon 3apadudup. TIpoToH Ba yHuau
OFHp XaMMa 3appaniap GapHoHnap ne6 ataianu Ba YJIIAaDHUHT Xap
6upn *1 Gapuon 3apsaura sra. AHTHOapHoHTap 3ca — 1 GapHon
3apsaura sra Oyaajm.

Xap KaHpait GapuoH TIpOTOH Ba Gowika 3appanapra mMapya-
navamu. Ilporon 6Gapua peakuusnappa GapMOHHHMHI  acocuii
«OFUPJIMK» XYCYCUATHHM Y3uia cak/jiaid Ouiay axpanub Typa-
au. llyHra xjpa GapHOH 3apsIMHMHT caK/1aHMII KOHYHU KatTa
aHUK/IMKNA Oaxapunagy. DHC eHrwt 3appaiap JIENTOH 3apsau
(L.) ra sra. DuextpoH (e7) Ba SNICKTPOH HedTpuHocu (v,) +1
JICIITON 3apsiura ora, NO3UTPoH (e*) Ba amMeKTpoH aHTUHENTpU-
HocH (V,) aca —~] JenToH 3apsaMra sra (L, =-1). Bomka xamMa

3appanap y4yH L, =0; MIOOH U~ Ba MI0OH HEHTPUHOCH V, y4yH
MIOOH JIenToH 3apaan L, = +1, Myc6ar u* MiooH Ba MIOOH anTH-
HEATPUHOCH yuyH L, =-1; Gomka Xamma 3appajlapHUHT MIOOH
JenToH 3apsaay O ra Tenr: L, = 0.
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DreMeHTap 3appalap opacuia IyHjadiapy 6opku, ynap
(K-me3onnap Ba A, X, = runeponsiap) Gouika 3appanapia yupa-
Miiiarad FamaTwiMK (@XubnuK) xoccacura Srajupliap. Fanarn-
IMKHE S-KBaHT Oelnrucu OpKai¥ aHMK/IaHalH. By ramaru
wuppnap yays S #0 6ynu6, S =+], +2, +3 guiiMaTIapHu Kabyrn
cuiamap. Fatarwmru S =0 6jnran 3appaiap ONATAArd XH-
cobnaHaguiap, yiap FanaTWIMK Xoccacura sra sMaciap.

Teui-Mand Ba Humpmxumanap FalaTUIMKHH 3apsil MyJib-
TMIVIETHHH XOCWIT KWIYB4M 3appalapHUHI ypTada 3JIEKTp 3apiiu
<Q> xampa 6apuoH 3apaad B Gunan Kyiuarnda 6ornanranniap:

S=2 <Q>-B.
Kymuunuk MyIbTUILIETIap YiyH ypraua 3apan <Q > ApuM

Gyryn Gymand. Kacp cornmap Ouman Wil KYpMaciuK Y4yH SHTH
eunepsapad — Y KBaHT COHM KUPHUTHIIaH 6yuo, y
Y =2 <Q>
ra rTesrmup. Y Bakrhna Oy yduania (S, Y, B) kBanT Oenruwiapu
y3apo Kyiingaruya GOFIaHuUILLa Oyanuiap:
Y=B+3S.
By Genrmiap opacuia 3HT Kynain Y — rumep3apsf. Iy-
HUHT YYYH, OfaTaa S HU ypHHMIa Y pau doitganaHaguiap.
Me3zonnap Ba GapHOHNap Kiaccura KUpyBYH O/EMEHTAp
3appaiap XaKdKaraH —Xam «arementap»-Mu?  Jlenrornap-au?
Yiiapiad XaM OOIlIKa «CyHepaneMeHTap» 3appaiap GopMu?
By Ba GOIIKAa LIyHIa yXiaml KynrdHa capojllapra MaHa 1114
606 xaBob6 Gepamu. Xap Gup Kimacc OwlaH alOXMAa TaHUAIU6
YUKAMU3.

7.1-§. ®orounap

MDOTOH THHWIMKATY Maccacl HONra TeHr OynraH 3appaiup.
VHM JIENTOHIap OWIACHra KMPWTHLI XaM MYyMKHH Sild, OUPOK,
doroH GomiKa SJeMeHTap 3appaiapflad aloxuaa xypwianu. Do-
TOHHUHI THHWIMKAATY Maccacd M, KaTbHIH HOJMra TEHD 6¥ysIranu

ca6aby 3apPaHUHT SHEPIUACH € Ba MMIYIbCH P HH 6OIOBYH.
g=mict+pic’=m’c’ (7.1)
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cdopmysa poTOH yUyH Kyduaard cojuia KYpHHMINra Kelaau:
g=pc=mc’ (7.2)
6y cdopmynana: € - oToH sHeprusgcu, MaB napaa yindaHanu;
p - doToH umnynscu, MaB/c;
m - doToH Maccacu, MaB/c*;
c=3 - 10° M/c — EpYRIHK Te3NIUIH.

(7.2) dopmynagan (POTOHHUHI MMIYIbCH KyHHarura TEHT
6ynany:

olm

p=-=me (7.3)

IOkopupa KentupunraH xamma QopMmyrtatap (OTOHHUHT
KODPIYCKYISAPIAUK XyCyCUSTHA2H Tolwiran. @POTOH AyalUCTHK
(kKM €xj1amMa) Xapakrtepra sra O6ynu0, YHHHI SHEpPrUsCH Ba M-
NYJBCUHH TYAKUH XYCYCHMATHAAH XaM TOIIMII MYMKMH:

e=hv (7.4)

(7.4) dopmynapa:

h=6,62 - 107 X - ¢ — IInaHk gouMwuiicy;

v — ¢oToHra GOFIUK OyaraH »1eKTpOMAarHUT TYJIKHUH 4acTo-
TacH.

(7.2) Ba (7.4) dopmynanapnad (QOTOHHUHI MaccacH KyHuua-
Mya Oynagu:

m= . (7.5)

DOTOH 37eKTpOMarsuT MalIOH KBaHTH Oynub, omarma vy
6unan OGenrwianagu. PotoH Bosze-DiHIuTediH CcTaTHCTHKacUra
6yiicynanu. Hdemak, y 6030H 3KaH. Xamma GO30RJIADHUHT CIIMHU
€ Honra, €xu 6yTyH conra TeHr 6ynanu. POTOHHUHT crikHM 1 ra
TeHr. MOTOHHUHT y3M 2JIEKTP XHXATHaH HelTpan 6yica XaM, y
3apsa/iiap OpacHAard y3apo Tabcup KYYHHH «TalllMIl» Ba3udacu-
Hu Oaxapagy. POTOH CTaTMK 3JIeKTp MaHIOH Y4yH BHpPTyal
(MaBxyn OynumM MyMKHUH) 3appa OYnu0, HypIaHUII MaiIoHH
ydyH aca peas 3appa 6yaub xucobnaHaa.

®otoH bGapkapop 3appa 6ynu6, GomiKa 3apparapra COHTaH
paBuIifa mapyanaHMainu. @DOTOHHMHI 4qlIail BaKTH YEKCH3,
bomika 3appa €M 3appanap OunaH y3apo Tabcupaa OynraHna
Hyxonub xeranu.
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doron «MmabiyMoT Oepuil» BazudacHHU VYTanu. Busnu
ypab TypraH TabuaT Xakupard axOOpOTIapHUHT BHI KYH KHCMH
iporoH opkamu Gepunagu. MacajaH, aToM Ba MOJEKylna Hepre-
'K XOJIaTapy XakKuaard MablyMOTHHM yiap l0TaéTraH €Ku couya-
¢I''aH HYpHUHT paHrura xapa® Ouwivii MyMKHH. ATOM SiIpojapu-
HMHT CIMHM XaKMAard MabIyMOTHHM U1y SAPOJIAPHUHT TalUKW
»ICKTPOMarduT Maknon OwnaH y3apo TabCUpHAaH, YMFOHIaH ®Hep-
I¢IMK CaTX/IapH XaKMAark MabIyMOTHHM 3ca 4YHMKapa€TraH y-Hyp-
nanvmpad 6wnamu3. Ky€m cucremacuparu caiiépanap, ngys-
nap, rajJlaKTHKaIap Xakupgaru 6apya acTpOHOMHK ax60poTiapHH
HYpJIQHUII JE€TeKTOPH OpKaiM pafuo- Ba ONTHK- AMana3oHiapaa
Ori1aMus.

OpxuH ¢oToHIap KOWHOTAA 3HT KYyIN TapKalraH 3appanap.
Viap 6omka 3apparap OwlaH 3/1e€KTPOMarHUT Ba TPaBUTALMOH
y3apo Tabcupnapga 6yiand.

7.2-§. JlenTomnap

DepMUOHNIAPHUHZ BHT EHTWIM — JAenmoHaapoup. Jiernrounap
(bepmu-upak cratucTukacura 6yicynand. JlenTonnap owiacura
O Ta 3appa Ba YJapHMHT 6 Ta aHTU3appacu KupanM. by sappanap
MIEKTPOH €, MIOOH [, T ME30H Ba yYTa HEMTPMHO: V., V, Ba V..

Heitrpuno

HeiiTpyHO JeNTOHIap oOpacuua BHT eHTW1 XUcoOnaHauu.
Xyonu ¢poroHra yxuami, HEHTPUHOHMHI XaM THMHYIMKZArd Mmac-
cach Hosra TeHr. lIIyHUHr ydyH XaM [OKOpHIa KeJNTUpHITaH
(7.2)-(7.5) ¢opmynanap HEUTPUHO y4yH XaM YPUHIUOUP.

XK1 XWI HEUTPpHHO MaBXyA: JIEKTPOHIM HEHTPUHO V. Ba
MIOOHJI HEHTpHHO V,. By MKKana HEHTPHMHOHUHI §3Ura MocC aH-

1 -
rM3appacy MaBXyA. YJIapHUHT CIIMHU , [a TeHr 6y1i0, 351eKTp

3apsaau UYKIUp.

DIleKTpOHHUHT ®JeMeHTap 3appanap OunaH 6ynagMraH
y3apo TabCUPH SJEKTPOHIIM, MIOOHHHHI dJIeMeHTap 3appanap 6u-
naH Gynanurad y3apo TabCUpU Xapa€HUAa 3Ca MIOOHIU HEHWTpPHU-
HO Xocw1 6ynagy Ba uiy 6uwnadH ymap O6up- OupuaaH dapk

17
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kuiagy. bynpa ran daxar Kydcus §3apo TabcHp XKapa€Hnapu
XaKuaa opuruiaanu. Bupop-6up Kydcus y3apo TabcHp XKapaéH-
Japuja 2leKTPOH MIUTUPOK 3Ta€TraH 6ysca, anbaTra, yHua oneK-
TPOH/IM HEATPHUHO XaM MILTHPOK 3TaiM.
DJIeKTPOH Ba 3NEKTPOHJIH HEHTPUHO HINTUPOK OTaETraH
Ky4ycu3 Xapa€Hiapra [3 aiinaHuil peakluscyd Mucon Gynanu:
n—p*+e+9,
p—on+e’+ v, (7.6)
Ba yapra Teckapu 6ynraH peaxuusuiap:
Ve +p’ o n+e”
Ve +n > p+e” (7.7)
Oy peakuMsjapAa: n — HEHTPOH; p — IPOTOH; € — 3JeKTPoH; e
— MO3UTPOH; V, — IEKTPOHIH HEHTPUHO Ba YHUHI V., — aHTH-
3appacH.
Xynou myHgail Xapa€niapHu [HMOHNAp eMHpHIMILKAA KaT-

Halirag MIOOH Ba MIOOH/IHM HEHTPUHO y4yH XaM €E3Ull MYMKMH,
ABHHU:

T a4V,

(7.8)
LA TAE AT

LHyHHHFLIeK, MyC6aT MIOOHNIApHH XOCHJI KHIHII peakITUsCH:

vy +p >+t (7.9)

(7.8) Ba (7.9) peakuusanapaa:

T - MaH(pHil 1HOH;

7 - MycGaT MHOH;

WL~ - MaH(pUH MIOOH;

u* - MycbaT MIOOH;

V, - MIOOH/IM HEWTPUHO B2 YHMHT V, — aHTH3appacH.

DHIM 10Kopuia KeATHPWIraH peakuMsiapra IWKKaT Owiad
abpTHOOp Oepamu3. PeakuusHuHr OMTTa TOMOHMAa (MacanaH,
(7.6) peakUMAHMHT YHI TOMOHMAA) JIEKTPOH OwiaH OuUp BakT-
HMHI Y3MAa aHTUHEHTPHMHO HIUTHPOK 3Taiud. Arap 3JIeKTpPOH Ba
HEWTPDHMHO DpEakUUSHMHT TypiaM KucMmiapupga Oyiuca, y xojima
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WICKTPOH OwilaH Oupra SHAU AHTHHEUTPUHO SMac, OankKW HeHT-
puHo xocun 6ynanu ((7.7) peakuusnapna).
M1ooH Ba MIOOHNM He#TpuHO XaM (7.8) Ba (7.9) peakuus-
Jlapa y3JlapMHM Xy IOKOpMAa aiftraHuex Tyragu. ByHra ca6ab
3appafapHUHI CaK/IaHMII KOHYHMAafWp. bus xypaérran xomnjaa
JappaJlapHUHT JIeNMOH COHM Cak)IaHaIu.
Arap xap Oup JIeNITOH 3appaiapHUHI JIENTOH COHM | Ba

YJTapHMHI aHTU3appalapy Y4yH JENToH coHM —1 ra TeHr neb ka-
paica, y Xojja MXTHEPUH Ky4cH3 y3apo TabCHp peakuusiapu-
MHr 6oraa Ba OXMpHMAaA JIENTOHNIAPHUHT atrebpauk coHU 6up
xun 6ynanu.

Helitpuno GoliKa 3appatap OWwiIaH Kyucu3 ¥3apo Tabcupia
6ynamu. HelTpuHo KaTHaiiran Gapdya xapaémnap yuyH >ddex-
TMB KeCUM Xyfda KM4YMK 6yiagu, 1yHra Kypa HEHTPUHOHUHT Xap
KaHJan XMCMIard ®pKUH IOTYpUII HyIM Xy#a Karra 6ymanu.

Heitirpuno Gapya mapouTnapna TYIMK KyTONaHraHm srosa
3appa. YHMHI CIIMHM UMIIYJIbC BEeKTOpHM Oyitnab €ku yHra Kapa-
Ma-KapHIM TOMOHIA KaThUil HYHaIraH.

DJIEKTPOH BAa MIOOH

DeKTpOH Ba MIOOH — 3apsjUIaHTaH 3appanap. Yiap ¢usuk
tTabuartura kypa OMp Xwi 3appaiap Oynub, (haKaT THHWIMKIATH
Maccajlapy Typiauda Oynuinu OwinaH ¢apk Kuiagd. DieKTpoH-
HUPHT TUHYIMKIard Maccacy 0,510 MsB ra tedr, MIOOHHUKY 3ca
yanan 20 mMapra xarra 6ynu6, 105,66 MsB ra teHramp.

1 ,

DIIeKTpOH XaM, MIOOH XaM OHp Xui , CUMHTa ara 6y1ub6,

3NeKTp 3apsiiiapy MaHQUHALMp. AHTU3appanapu 3ca MycOar
BIIEKTP 3apdaira ara.

DnekTpoH — 6GapKapop 3appa. MIooH aca, akcuH4Ya, Gapka-
pop 6yMail, a/1eKTPOH Ba 2 Ta HeHTpUHOTra IapyalaHaau:

BT e +V, +v,. (7.10)
MIOOHHMHT aHTU3appacH MycbaT MIOOH 3ca KyHugarwiapra map-
yajaHaau:
B —>e’ +v, +9,. (7.1
By peakuusna xam JeNTOH COHM caknaHagu. byupait xapa-
€HJIap YYyH MIOOHHHHT ypTaya smam Bakta 2,2 - 107 ¢ ra tenr.
119
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DreMeHTap 3appajiap opacHuia SJIeKTPOH 3HI OHpUHYH TO-
NWIraH 3sappagup. XO03Mprd OaBp 3jieMEHTap 3appanap (pu3uka-
Cyja MIOOHHHHI axoiu6, 6usra yHua TywyHapad 6ynmaran Oup
CUPU MaBXYII.

YHUHr MaccacH 32J1eKTPOH Ba IIPOTOH Maccalapd opacuja
€ragu. bapua Xapa€nylapga MIOOH y3MHH XYIOH OFUp BJIEKTPOH
cudaruga TyTagw. DyHpa sca, MIOOH 3JICKTPOHHHHI YHFOHTaH
X0JIaTH 3MacMHuKaH, ferad ¢uxkp Ttyrwnagu. 1970 imuipa yTxa-
swirad 6ap3u Taxpubanapaa MIOOHHVHI NPOTOH Ba NHOHIap 6U-
JaH 6ynraH peakliMsUlapu/ia pe30HAHC Xonamiap MaBxyn Oyauumy
MYMKHHIHUIM aHUKJIaHaM. By Macana ycTuia Xajid KyIT HILJIaId
Kepak. Arap XaKMKaTHaH XaMm IIyHAald pe3oHaHclap MaBXyH
Oyica, ymap anekTpoHnap ydyH xaMm 6Gopmukan? By pesoHanc-
napHY KWIUMpHWI Daiitupa, OaikM gHa OUp SHTH (yHIaMeHTan
y3apo TabCHp OYWIap Ba y KywId Ba KyUCH3 y3apo Tabcupiap
opacuza 6yiap.

Bopgopon aromura yxmiaml MIOOH BOJOpOMIAapH (Me30aTOM-
nap) oumnrad. Bogopoa aTOMUHUHI COFIaHUIU 3HEPIUSCH Macca-
cura nponopuuonan. IIyHMHI yuyH MIOOH MIOOHJIM BOLOPOJIa
IPOTOH OWMMNaH 3NeKTPOHHUHI Gomlanum sHepruscu (13,6 »B)nan
200 mapra karra sHeprus Owian Gornuk. SlHa Omp KM3MK Hapca
IIYKH, MIOOHIM BOJOPOX XYAAM OJIMH Bomopox Kabu siHa 6uUTTa
NPOTOHBM y3Ura KyMmMO onub MIOOHIN BOOPON MOJIEKYIACHHH
XOCHIl Kuiagu. By xon taxpubaga xaM aHMKJIaHTaH.

7.3-§. Anpounap

Anponsiap 3JIEKTPOMarHuT Ky4ld Ba Ky4cH3 V3apo -
TabCUpJIapla MIITHPOK 3TYBYM 3JIEMEHTap 3appallapHUHT 3HI
KaTTa IypyXMHM TaKun 3Taguiap. YiaapHuur cond 400 ra sxuH
6§10, UKKMTa KarTa owiara OynuHaamnap. Bynap cnmau 6yryH
con (0, 1, ...) ra TeHr 6y/iraH Me30HAGp OWIACH Ba CIIMHU SPUM
6yTyH coH (1/2, 1/3, ...) man ubopar 6ynraH bapuoniap ownacu-
HM TallKW1 KWIagu. «AApPOH» CY3U «KYWIH §¥3apO TabCHPIOBYH
3appa» JeraH MabHOHM aHIJIAaTagu.
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1. Me3onnap

Mesomnnap 3apsaianrad €xu HeilTpan aupownnap 6ynub, ynap
crivtapn 0 €xu OyTyH cosslapra TeHr O6ynraHu yuyH Oosonnap
cuHura MaHcyoaup.

Xo3upru BakTra Kenu® VYHAAO Typiau TUMAArH MeE30HJIap
OUYMITaH. Ynap Oup-6mpunaH Maccanapu Ba OOLUKa XyCyCHATIapH
Ownad dapk Kunaad. Oullaja SHI' eHIruil, HyKJIOH TapKubura Ku-
pyBUM Me30H T-Me30oHmMp. Bynra n’ Ba m" Me30H Kupagu. 3a-

PAMUIAHTaH TTMOHJAPHUHT Maccanapu 6up xwin 140 MsB, =n°
ME30HHUHT Maccacu 135 MsaB ra TeHr. YnapHUHI y44OBHHMHT
civan O ra TeHr Ba 6apkKapop ®Mac. " JIADHMHT SAUIALI BaKTH
~10% ¢, n° mesonHuKM 3ca ~107'° ¢. Bynapaan ramkapu sna K-
Me30oHmap XaM Oopku, (pu3MKIap ylIapHU earamuy 3appanap Ka-
TopUra KMpUTHMIUrad. By 3appajapHUHI FalaTW/IMK Xoccalapy
YJApHHUHT f03ara KeJMild Ba fapyaiaHuuiyuga HamoéH 6ynmanu. K-
ME30HHHHT MaccacH HYKJIOH MaccacujaH KW4uk O0yaub, ymap Hy-
KJIOH-HYKJIOH Ba NMHOH-HYKJIOH TYKHalOMLUIapujaa maiino 6ymanu.
Viap dakar xydT Eku yunMK xonuia nadino 6ynmu6, 6upop Mmap-
Ta XaM gKKa XoJiia maiiio 6yjiraHd KysaTuiMmaraH. by sappanap-
Jlad  aipUMJIapUHM  HYKJIOHJIap Ba IHOHJIapra IapyalaHHLUN
AlMKJIaHTaH. YAapHHHT naino Oynauumm xabu, mapyanaHuild Xam
KYyWIM §3apo TabcHp HaTHxXacH (dwam Bakmiapy 1077-107 ¢
raprubuga OYIHIIM JI03MM) fe® KapairaHja, YJIApHUHT sinall
saKTIapy 6up Hewa Taprubra arra (10 '-107° ¢) 6yan6 uukkaH.
by XoJ KywId y3apo TabcHUpra Xed XaM TYFpU Kenmaiau. Yiap-
nUur Maccanapu jeapnu Tenr. K Ba K'—MmesoHnapHMHr 6oluka
QipoHnap OWIaH y3apo TabCHpHIa FalaTH acCUMETpHd KysaThia-
Jau. K-Me30HTapHHMHI yd Ba MKKH [MHOHIM MapyalaHUILIapUHH
ANMKJIANT KYYCH3 §3apo Tabcupha XYQPTIMKHUHI caKjaHMac-
JNMIMHM Kawg KWiKmra onud xenau.
KaonnapHuHr allpum xoccanapy aHuKIaHraH. Macanan:

1y K% K*: zapsam Q =0, 1; usocnmuu I, =i; cmvum s =0;

55
m ~ 500 M3B.
2) K-, K sapaan Q =-—1, O0; usocriuny I, = %; m ~ 500 msB.
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Keiiunuanuk anua orup 6ynran D*, D°, F*-mezomnap xam
OYMITIIMKH, YJAPHMHI MaccacH IIPOTOH MaccacHjaH karrta. by-
MapfaH TamKapu smamn Baktiapy 107 ¢ Taprubupga 6ynram
KYIIHHa ME30H/1ap OYMWIraH.

HMactnabku BakTiapia W'—Mi0OHTap j-Me3omnap aeb ara-
napad, OWpOK YHMapHMHT ME30HNap CHUH(Ura KUPMacluKiIapu
AHUKJIAHraHOaH KeHWH (4yHKH YJIapHUHT CIIMHHU 1/2, Xy4nu §3apo
TabCHpla WINTHPOK 3TMakimnap) MIooH e aranagurar (U - Me-
3onsap neb aranmaiiaurad) 6ynmpnap. Heditpan MiooHnap MaBxyj
amac. Mroon maccacu 106 MaB (207m,).

Hyxjionnapuunr — §3apo TabcHplaHMIIapHra TYXTalcak,
ynap Kydujaru cxeManap Oyiduya amalira OIUMPHIAIN:

p2n+nt; ng2p+m;
0. __ 0
p2p+tn; n2n+mw

By MesonnapHHHI O6OmIKA HYKJIOHJIApra OTWIMIIM HYK-
JIOHNIap opacHaa Ky4iId y3apo Tabcupra onub xenagu. Harmxana
sHeprusicura Xapab O6up KaHua ME3OHJap XOCWI OY/IMIIM MyM-
KMH:

p+n—p+p+n’

p+n—>p+p+r+n’ (7.12)
€K gHajla KaTTa aHeprusiapia
p+n—p+n+n -+t (7.13)

peaklus 103 Oepaid. T -ME3OHNApPHHHT V3napd 3ca KyIHHYa
(7.8) cxema Oyitmuya emupwiagunap. Heiirpan m-mesonnap (m'-
ME30H/Iap) KaTTa SHeprudra sra 6yarad UKKHUTa QOTOHIA eMUpH-
MENIS

>y +y (7.14)

by peakumsana mMonma KMCKa TYJIKUHIN 3JIEKTPOMArHuT Hyp-
JIaHUIUTa adnaHajy.

2. bapnonnap

bapuoniiap ned 4puMm OYTYH CIIMH COHU (%, % ...) ra ara

OyiraH Ba MaccacH IPOTOHHUHI MaccacHiaH KHYMK OYJiMmaraH
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Qiporsiapra alTunagd. Yiapra Hykiosnap ([IpOTOHNap Ba HeEW-
TpoHJIap), TUneponyiap Ba Oomkanap xupaiu. IlpoToH Ba Heli-
1pOH — 3HT eHrun1 Gapuonnap. IlportoH drona Gapkapop 6apuoH,
Gowika KoiraH OapuoHJap Oapkapop »Mac, KeTMa-KeT eMUpH-
Jjuutap WyauM OWwinaH HYKJIOHNapra Ba €HIMI 3appanap (-

ME30HJIap, 2NeKTPOHIAp, HeHTPHHO, y-KBaHTIAp)ra ainaHagunap.
He#itpon spxuH xonaraa 6apkapop OynMarad 3appa, glail Bak-
™ ~16 MuH, JeKHH SOpOHMHT uuujpa OormadraH Xonatna, [-
eMUpWIMII 1o3ara Kenmaran (;M* <, M* +m,) naiitna y Gapka-

2+1

pop. Heitrponuunr sppopa ©Oapkapop Oynuinura caba® yHUHT
UpoTOoH OwiaH KyulId y3apo Tabcupia Oynuumunup. Y sgmpona
1IpOTOH OWIaH §3apo m—Me3oHnap OunaH anMamud Typag.

Arap ,M" > M*+m, 6yica, nporon crabu1 Gynmaiiau Ba
B emupumi cogup 6yranu:

p — nte'+v,.

Hyk/ion MaccacHiaH Karrta Gyiiras Ba siposuii Bakr (~107

¢) JaH KarTa siall BaKTHIa sra Oynrad HocTabun Gapuonnap

eunepornnap neb6 aranagu. bupuHum runepoH (A) nap KOCMMK
Hypsaapaa ouwirai. IumeponiapHuHr Oup HeyTa Typiaapu
MabITyM:

1) nambpa (A% — sapanu Q =0, usocrmuu 1, =0, cruHu
, Maccacu m =~ 1100 MbaB;

2) curma (7, 2% T - Q=+%1, 0; L=1, s=

m =~ 1200 M»sB;

Nreu (B, 5)-Q=~1;1, = % s = %, m =~ 1300 MsB;

4) omera (0, ) -Q=-1;1,=0, s = % m =~ 1700 MsB.

T'uneponnap Gapua Gapuonsap kabu cdepmuonnapaup. Yiap
Bapxapop OysimMaraH xypa oFvp 3appanap 0ynu0, dmam BakTia-
pu T~ 107'° ¢ (nexun X°, A’-runepoHIapHUHT SIHALI BaKIIapH
moc xonga T~ 107" ¢ Ba 107" ¢). By BakT opaiurupa ynap Hy-
KJIOHIapra Ba eHrw1 3appanap (m-Me3oHTap, dJIeKTpoHnap, Heii-
TPHMHO, Y-KBAaHTJIap)ra eMUpHiiafuIap:

S =

t9]—

—é- , MaccacH
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T - p + 0,

(7.15)

¥y > n+n’
A’ runepod 3ca Kylujaruya eMUpUIAaN:
A’—p+m (7.16)
A’—>n+n’.
bu3 Ounamusky, Tabuarna GapuoH 3apsiy cakjgaHaiud. AM-
MO NMOH HYK/JOHIap OwiaH TYKHaAlIraHga, HYKJIoH HyK 6yaub
xerapd. Xocun 6ynran K-Me30HHHHT 3apsnu WyK Oyianu, 9yHKH

y nuoHnapra napyananu6 xeramu. IyHunr yyyn 6apuoH 3apsaa
cbakar dHIY 3appara yTHIM Kepak 6ynub Komaiun, SbHU

p+n—>H+K (7.17)
bynpa 6apuon 3apan (140=1+0) cakjnananu.
H xapdwm Ounan gHru 3appa — rurepoHHH OerIailIuK.
Hemak, runeponnap xap xui1 6ynap sKa.
Kaownnapruur xaMm 3apsau xap xun 6ymapu. Bydra Kyiiuna-
v xapa€Hmap mucon Gynamu:
p+ —>A%K°
p+rt I HKY
n+n X +K° (7.18)
By xkapaénnapia MKKu Typjard THMIEpoHiap Xocwil Gynapu:
A’ rumepoH Ba pedpiu Maccacd Gup Xun 6yiras %, ¥ rure-
ponsap. VYiapHuHI napyalaHUII CcXeMacH KyHujargua Xam
OyMuMINY MYMKHMH;

+

T p4n+n (auram Baktu=0,8 - 107° ¢)
- n+m
PR (= 1,7 - 10" ¢) (7.19)
p+n’

Kcu (Z)-runeponyiapHUHI eMUPWIMIUM KyAMaarnya:

Z°>A%n  (amam Baktn=1,7 - 107'° ¢)

0 A% (=2,9 - 107'° ¢) (7.20)
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By peakuManapHUHT FalaTWIMIA UIYHAAKY, KCH-THIIEPOHIIAp
TYFpUAAH-TYFpU [appoB HyKJIOHNIapra fapyaraHMmai, Oanku iy
itynga anbarra A-runepoHra ainaHagd. SlHa FanaTHIWTM UIyHAa-
KW, Z-KCH THUIIEPOHNIapHUHI MycOaT 3apsiiarraH IHepuUrd Hyk.
Vaap xympok XydT Hyknoura yxmafigu, ydra YpTox curMa-
I'MIIEpOHTA YXIaMaiau.

Kcu rumneponnapHuHr mnaino OynMmM Xam Xyga FaiaTty.
Ynap nouM MKKHUTa KaoH OumaH 6upra TyFuIaau:

p+n =& + K + K°
n+n°—E + K + K° (7.21)

Bapuonnap ounacura KHUpyBYM SHT OFMP FUIIEPOHHUHT OYH-
numM  ceHcauusa Oynan. YumHr Maccacu 1672 MsB  6ynub,
simar BakTd oca 107'°c ra tenr. ByHpail rumepoHHMHI MIepHKIIa-
pu #WYK. Y ydura KaoH OunaH Oupra Tyrunagd. YHu €2 (oMera)
ruriepoH Aed aTalryiu.

pH+ QKK+ K (7.22)
MaHa xaMMma THICPOHIapHH XaM caHad uMKIuK. Yiap & Ta.

HyknonnapsMHr oMl MaH3apacuiaH Xed Hapca Koimamd. Ac-
JA¥ad MaH3apa Xyla Mypakkad sKaH.

7.4-§. M3010IIMK CHIMH Ba U30TONMK HHBAPHAHTIMK

BDnemenrap 3appangap H3MKacuga HyKJIOHJap opacHia
OynanMraH SOpOBUM y3apo TabcHpiiapHu Mdofaiaml Y4yH u3omo-
AUK cnun Jlerad TYIIyHY9a KUPUTWITaH. YHUHI Ha M30TON Ba Ha
cnuMH TymyHyanapura Oopmuknaurd Oop. By TymyHwanm 1932
dunna B. TelisenOepr xuputran. YHra kypa Xoccamapu O6up-
OGupura SKuH 3appanap GomiKa OMp 3appaHUHT Xap XWI XolaTiapu
ncb Kapaniaiu.

[lporoH Ba HEHTpPOH XyJa Kyu Xoccanapura Kypa 6up-
Gupura yxwaiinu., Llysusr ydys ¢usdknap, yJapuu OUTTa Hy-
KJIOH 3appacUHUHI UKKW XM KypuHUIIY, - 0eb Kapamagd. Ynap-
HUHT CIIUHU Ba MaccacH Oup-Oupwra sgkun 0ynub, Kywin aipoBUid
y3apo TabcUpliapfa aMeKTp Kyud Xed KaHaail posb yiAHamaiu.
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sInpoBuil y3apo Tabcup 3appajlapHUHT Xap Oup 3apsg Mylb-
TUIUIETUTAa MabjiyM U30TONUMK COMH (m3octivi) KuiiMata (I) Hm
KYHAMUUIHNA TaKo30 KWIamy.

Arap 3apap MyNTUIUIeTH OWTTa 3appagad ulOopar 6ysca, 6y
3appa (3apsn MyIsTHIUIETH)HUHT 1 ~ m3oronuk crimau O ra TeHr
xucobnananu. Macaian, Owmrra Me3oHHMHT w3ocnuun 1=0
Oynagy. MIKKW 3appajaH TalIKuil TONTaH 3apsi MYAbTHILIETHHUHT
U30CIMHM (MacanaH, HYKJIOHIap — IPOTOH Ba HEHUTPOH NyOreTu
y4yH) sgpUMIa TeHI. YMyMaH, arap 3apsulap MyJbTHIUIETH [ Ta
3appajlad TaIIKUI TolraH 6yca, YHUHI W30TONMUK couHu I Kyiiu-
Jarujal TONWIaaH:

= 4-b
5

Hyxnounnap xonartnapu M30cnuH OyOJeTHHH, ME30OHIAp XO-
JaTH M30CIUH TPUILUIETHHH, A-pesoHadc (A7, A°, A*,A™) nap aca
H30CNUHIap KBAPTETUHH XOCUI KHJIAJIHN.

ATOM 4I0poJIap¥ y4YyH H30CIUH KMIMATHHHU [0y aTOMHU
TAIKWI 3TraH HyKJIOHIApPHU U30CIHUHIAPUHUHT BEKTOP HUFHHIMCH
OPXIX Hcpoanamn MyMKHH.

Mzocrinn TymiyHya Xyna 4ykyp MabHora sra. MexaHuKaaa
UMITYJIbC MOMEHTM KaHNal cakjlaHca, KBaHT MeXaHUKala H30CIHH
XaM IIyHAal cakjiaHamu.

Hzocnunnaprune COKAGHUWU — U3OMORUK UHBAPUAHIMIUK
nevtunand. Kywinm gapoBHil peakiisilap y49yH H30TONMK CHUH
CaKJIAHHUIIl KOHYHUHN KyHHIard MUcoilda Kypuul MyMKUH.

p+p—p+n+m’

bynpa I Hunr z yxura npoexumscu:
L + Tyt vt
2 2 2 2
(7.26) ndopana U30TONMK CHMH cakjaHaiu. Bupok 6an3n
Xapa€niapaa 3aMg Ky4nap HIOTMPOK 3TCa, Y XOJda H3O0CHUH

cakjianMaiifv. byHra 2 THIIEPOHHMHI eMUPWIHIIM Mucon OViia-
an:

+1. (7.26)

Sp+r’
L: o+ +; +0. (7.27)

(7.27) ndonana U30TONUK CIUH CAK/TAHMAJIH.
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Q — szapanny, I, - u3octiMH nmpoekumscuuy Ba B — Gapuon
3apgOUHH KyiHujaruda y3apo Ooriami MyMKUH:
Q=1,+3. (7.28)

2
Kyunu ysapo rabcupnappa 3apsan Q, uzocnuH I Ba Gapuon

3apsaau B CaKJlaHaldu. HGMaK, H30CIIMH MNPOCKHUACH Iz XaM cak-
JJaHaaH.

7.5-§. Fanaru 3appanap. Danepzapsan

1951 dmpa onumiap Fanatv H3UK XycycHdTnapra sra
6ynran 3appanapHu Xamd Kuigwnap. Miooppeii enn-Mann sa
anon ¢pusurn Kanyxuxo HummxuMa ranatu 3apparapHu 6onika
ofathary sappanapaad papxiamr yayH S - eanamunur 1e6 HOM-
nanrag KBaHT OenrucuHd Kupurawiap. (DakarruHa Iy FaiaTi
3appanap y4yH Fajatwiuk O pad dapxiam 6yaub, S =+1, £2, 43
ra Ter. Opariua, S HUHT YpHUra 5KBUBATEHT KATTAMUK Y — 2u-
nepsapad 0e6 aTanysud KBadT Genrucu unviatwiagu (Y =S + B).

DHepreTHK HyKTad HasapiaH Oapya HIapOUTIap MaBXyjl
6ynranga Xam Ourranab xocun Oynmadourad Kywid  y3apo
TALCUP STYBYM BIIEMEHTap 3appajap ezasamu 3apparapoup. bBydra
MHCOJI TUIIEpOHIap Ba Kaowiap 6ynaiu.

By 3appanapHuHr Fanatunurd IIyHAakd, yjiap Haszapuii Xu-
cobnap GepraH BakTra Kaparanwma 10'* mapra kyn smaiipy. Ma-
caad, A-runeponnapHuHr sgmam  Bakta 10 ¢, cymr y
eMUpuiIagM Ba

A—p+m éxu Z'—n+nt (7.29)
kapaén 103 Oepagu. ByHra rteckapm OynraH Xapa€H sca Xyna
kucka BakT (107 ¢ TapTubma) naBoM sTami:

7 +p—>A+K° (7.30)

DneMenTap 3zappagap AyHEcHIA (PYHIAMEHTal INPHHIMI
bop. Y xaMm Oyiica KallTyB4anJIuK NpuHIMNUuup. By npuHmunra
Kypa TYFpU Ba TeCKapH Xapa&HAapHHHT SIall BaKTH OUp XWImup.

(7.29) Ba (7.30) xapaéunap ydyH sca Oy npuHIun Oaxa-
pwiIMagnTH. [MNEepOHHHHT fIIAll BaKTH YHHHT XOCHI Oyimiu
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BakTigad 10" mapra karra 6yau6 uyukau. Arap TIMOEpPOHHMHT
XOocw1 OYauII BakTH 1 C jmecak, y XOJAa TUIEPOHHHMHI eMHpPU-
mamivHy Kysatamr yayH 300000 #mn xepak. By 3apparapHunr
FATaTWIUIY gHA WIYHNAKH, yaap JOUMO XydpT OYnubd Tyruiamu-
nap (7.30) peakuusiga xam A-runepoH K-xaon GunaH Gupranukia
xocun 6ynamu.

Kyiupary Xagsanga I'MIIEpOHJIAp Ba KaoHNAp YYYH FalaTH-
JTUKHUAHD KPAMATIapyU KeITHPUWIraH.

7.2-xxadean
[ 8=—3[S=28=—1] S=0 | S=+1 | S=+2 | S=+3
— ﬁ_

(-}

Q = AT p,n AT, X
2 |zt |, K
K, K| n,n| K°

{1y {1l

S-KBaHT COHM YYyH CakKJIaHWIH KOHYHU GOp: KywiH ¥y3apo
TabLCUpAard Xapa€Hnap Y4yH FalaTIMK COHHHHHT WHUFUHIUCH
y3rapManu.

Macainas, Kyiunaru xapaéH ydyH

T +p—o>K+X"
S: 0+0=+1+(-1)
Y: O+1=+1+0, (73D
Oy epna Y - eunepsapso.
Arap S-ranatunuxkHu B-6apuon 3apsara xyuicak Y-rurep-

3aps] Xocun Oymamu:
Y=B+S (7.32)

Bapuon 3apspu cakjiaHraHd ydyH runepsaps Xam cakja-
Hagu. SIHrM KBaHT coHM - Y-runep3apsf OwnaH Xyjga Kyn Xa-
paéHapHy MEKIOPHMH TacBUpJIall MyMKHH.

DneMeHTap 3appalapHH XapakTepsoBY4d Karranuxiap: Q —
3apaf, I, — M30CIMHHUHI TAIIKUIT 3TYBYMCH (Z YKMra Npoexiys-
cu) Ba Y — rumnep3apsagHu Oup-6upu Guiad Gormam MymMKuH. By
GomlaHull Kyiuparn dopmyna OunaH udogasaHamu:

Q = (IZ 4 —;)el. (1.33)
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(7.33) dopmynanu I'emn-Mann Ba Hummmxuma tomras. by
udoaa 3appalapHUHT SHTH TU3UMMHHM SpaTHiura onub xenmy, y
aca ¥3 HaBOaTHIa «3JeMeHTap» 3appa (aJpOH)JapHUHI MypakK-
KaOnWryHY, yJIapHH aH4ya Ojuui OYnraH 3appaiap — Keapkiap-
Oau TY3WIraH, Jeraf rosara onub Keamu.

ByHpaif kapauwr 3/eMeHTap 3appalapHUHT OyTyHnal siHTH
cucteMaTukacuHu 6epan. By xyanu MeHpeneeBHUHT aieMeHTIap
Nappuii cucTeMacura yxumab Keramm.

7.6-§. DneMeHTap 3appajap KIaccH
(T'esuni—Mann Ba Heeman Oyiinua)

Xo3upru maiTaa sneMeHTap 3appalapHUHr Gapya xoccalapy-
HM Ba yJap opacupard TyO apkJjiapHd TYLIyHTHpa OJaguras
Tyna Hasapus UWyK. LLlyHuHr yayH xam cdakar 6up #yn Kongu. Y
xam 6yica aneMeHTap 3appanap Xakujard 6apua MabiayMm Oyirax
axOOpOTHM TYIUIall Ba YJIapHU TapTHOra COJMII: MablyMOTIapHU
KaHya Taptubra coscak, IIyHYaJIUK XaKMKaTra SKUHJIAIlaMHU3.

Arap sneMeHTap 3appajap HazapUsSCHHM aTOM Ha3apHaCh
pUBOXUIaHUNUTIapy OmiiaH KM€cnacak, Kyl YXIWAUUIMKIapHUA K-
pamus. Yma jaBpaa KMMEBMIl BleMeHTIADHAHT acocuil ajloMart-
fMapura xapab aToM XOCCalapuHHU aKC 3TTHPYBYM KOHYHUITJIADHM
KWIMpHUINTa ypuHuuiap Oynrad. By ypuHummap 3oe KeTMmanw,
HaTHXaja dJIEMEHTIapPHUHT AaBpUM CUCTEMacH OYMIIIH.

OneMeHTap 3appalap YYyH XaM, XO3Uprd MaiTia aHa LIyH-
Hail XycycusTaapHM TonuIm OopacWa HMHTEHCUB HILIap onub
Gopunmokpa. Illy #ynma xyga xyn umap onub Gopran M.
Ien-Mann Ba Heeman Oup-Oupnapu Ounan GorIuK OynMaran
XOJJla aHa INyHJai cxeMaHd MuUIad umkgunap. buz Oy epna
CXEeMaHMHI MaTeMaTUK HysiapvHn 6epMaiiMups, ¢akar Kyjira Ku-
PUTWIraH HaTvXaiap Xakuaa Garagpcun TyXTanud yTamus.

DreMeHTap 3appanap CXeMacCHHM TY3WIIard NacTIabKH Ha-
THXAQTapHH SCHUHIU3Ta CONIaMH3, Y XaM Oyiica 3appainapHd M30-
CIMH KBAaHT COHM OyHMYa MyIbTHIUICTIap Typyxura OYmTHIIAMD.
Hyxnownap aybsieTHH, ME30HIAp 3ca TPUIUIETHH XOCHT KHIIand.
lennn-Mann Ba Heemannap 11y rypyxjap acocuia CynepMyJbTH-
neTnap Ty3WIUra XapakaT KWIMILAM Ba y3 Makcajjapura 3pH-
K.
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['enn-MaHHuHr GapuoHIap Ba Me30HIap YYYH sApatrad cxe-
MmacH 29 Ba 30-pacmiiapia TaCBUpJIaHTaH.

bapuon oxmemu. 29-pacmpa 8 Ta G6apuoHIaH TAIIKWI TOII-
raH rypyx- OKTeT KypcaTWJIraH.

-

I

r4

29-pacm. Bapuon oxmemu. 30-pacm. Me3on oxmemu.

Pacmra guxkar 6minaH obTHOOpD OepcaHrus KyHHIard KOHY-
HHUATIapHU ce3acu3: 6 Ta 3appa GapUOH OKTETUHHHT TALUKM y4-
napyuia Xoijamrad 6ymmu6, xap Oup yubypuax ywiapuma 3 Ta
3appa 6op.

Illy oxreTHMHr YyKKuIapujaa €rraH Xxap Oup 3appaHHHT
Gapya XxoccanapuHu (KBaHT COHJIapuHM) abuucca Ba opuHara
YK/Iapuia KeITHPHITaH H30CIUH Ba THIep3apsl KuiMatiapu
OpKaNy TONMII MyMKHH. MacanaH, cxemamaH KypHH4JUKU, OK-

TeTHard X -TUIEpOHHMHI Tulep3apsiad Y=0, W30CHMHHUHT Taill-
K1 aTyBUucH [,=—1. BHam Q = (IZ +%Y) lel dopmyna Epaa-

MHAa YHUHT 3apsipd Q=-1 »KaHJdrura WIMOHY XOCHI KHIIMII
MyMKuH. By eppa lel — anexTpon 3apsmu.

By 6up cucremaryka.

Me3on oxmemu. bapuOH oKTeTHra yXImall OKTETHU ME3OH-
Jap yY4yH XaM KyJulaml MyMKUH skaH. 30-pacMia Me3oH OKTeTH
TacBUpJaHTaH OYnud, yHMHI EpjamMuna Me30H 3appalapUHUHT
KBaHT COHJIapH XYM IOKOpHAA alTUAraHAEK TOIMIAIM.

Meson cxemacu Tysuwiarad naiToa MaH3apa XOCWI KHIUII
ydyH OuTTa 3appa erumiMac 3aM. By 3appa Ba yHMHI 6apua Xycy-
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CUSTNapy Hasapuil XuxaThoaH aitud Gepwiau. By m-Me3oH saum
(30-pacmra xapasr). Huxosrt, 1961 #iunpga Oy 3appa Taxpubana
romwiaM. By I'enn-MaliH cucTeMacHHUHT Xyla KaTTa IOTYFH 3JIU.

Il'enmn-Maun Ba Heemannmur 29 Ba 30-pacMmnappa xypca-
TWIraH CHCTEMAaTMKAacH Y3MHWHT aHUKJIMTH, TYUIYHapJIWIWIH, Iy-
HUHTOEK, COANAIMIM OMIaH MHCOHIa KaHaWiup 3CTETHK KYBOHY
Garyianam.

Bapuon peszonancunune dexynnemu. 31-pacmpa 10 Ta 6apu-
OH 3appalapHaH TAIKWI TOINraH rypyx - JeKyIuleT cxemacH Oe-
puwirad. by cxema xam [enn-Manu-HeemaH cucremarukacura

ryna tywany. CXeMaHUHI HC IOKOpPM Karopuia Xoinamrad A-
sappaiap — HYKJIOHJApHUHI YUFOHIH XOJaTJIapUiup.

Pacmparu 3appasap MaH3zapacyja FralaTWIMK KBaHT COHM
S=-3 Oynran £ -3appa Hazapuil XuXaTgaH OJAMHA2H alTWIraH
oad. By 3appasHuHr Taxpubaga TONMIUNIM JIeKYIUIETHUHI XaKy-
KATaH XaM TYFpPU CHUCTEMaTHKa ®SKAHJIUIMHUA KypcaTtamu. Heky-
mreTnary Oapya 3appalapHAHT KBaHT COHJIAPUHH TOIHLI MyM-
kuH, By XakukarnaH xaMm, Xyga KU3UK.

V3 cxeMacuuu fHaja couanaliTMpHIUra HHTWIrad Lemi-
MaHH 3appalapHUHT MyKamMMall CHUCTeMaTHKacHMHHM dparau. by
XaKuia KedpHra 6061a rarmnamaMus.

1

»IZ:O Al

31-pacm. 10 ma 6apuondoan mysunzan Oexyniem.
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7.3-ka0ean
Bbapkapop Ba bapkapop Gy/IMaraH aneMeHTap 3appanap owiaiapyu

Benrucu

- - g
= ) ] P -] =
Q : = sESa|sEQ
3appanap aﬁgga S | |5y Es s 8%%
% E o & 2 E ) E o = ‘;g RS §J<
Sl 3 = &) - > o < E o
1. © .
q;);;)::ap Y| v 0 11 -10]| 0 |-1| Bapxapop
1. Hemromwnap.| _ | .
DreKTpOl e | e |0511)12) - | 0| 0 | 1 | Bapxapop
DHEeKTPOHIH -
Hem‘g aro | Ve | Ve 0? |12, +11 0 | 0 | - | Bapxapop
Mioon | w | p' [1058 [1/2|+1 | 0 | 0 | 1| 2210° |efrvav,
Mioounnu - ]
Hefitpuno | Y Vo | 07 [122{+1) O | O | - | Bapkapop
K5 Vi,
T-JIENTOH 1784,0 0 41070 | v, €,
Ve
T-nefiTpuHo | vy | % |< 250 0 Bapkapop
1II. Agponnap
L “ﬁ;g;map' | 13960 | 1 ~1| 2610° |y,
o |7 (1350060 |01 0 |-1] 08310 | y+y
Kaon KK {493,710 |1/2] 1 1 | -1 1,2410° | n*4n®
K| K [497,7] 0 |12 1 |~1] 08910 "2“;
2T
K | K, [497,70 0 |12 1 | 1 |~1] 5210% |mes,
Meszon o1 n® 5488 - 10| -1]0 107 2y,37
2. bapuon- = .
1ap, MpOToH p |9383|1/2] - | +1| 0 | 1 | Bapkapop N
Heidttpon | n | w |939,6(1/2|-1/2| 1 | 0 | 1 1,6-10°
A-runepon | A°| A [I1156/1/2) 0} O [ +1 | 1| 2,610%
U E 18941121 1 10 (+1 1 810" T4T°
T-rimepon | 201 F0 [1192,5(12) 0 | 0 | -1 | 1 6-107% A%y
L ¥ 1973|172 -1] 0 | -1 | 1] 16107
- 2| 281251212+l 21| 2910° | 1%n°
SRR e 1= 11321 (12— -1 [ =2 | 1| 1,610° | A%n
Q-runepon | Q| © [1672 (3221 0 | 2|31 1] 0810 | A%«

by xanpanpa: s — crmn, [ - usocnun, Y - runepsapsiy, S - ranatwmk, P - xydomxk.
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VIII b Ob

KBAPKIIAP

8.1-§. Krapxiap xakuiaru ronore3anuHr MAMIOHIA Kedmm

VII 6o6ma anemMeHTap 3appanap Ba YIapHHHT OWIAIapH Xa-
KMa raruraiirad ®AuK. DJEeMeHTap 3appalapHH Kiacciapra ax-
paTHal GunaH OUpra KyHujard acocuil Xyjaocaiapra Kelldil MyM-
KUH: Jedpnu Oapya ajieMeHTap 3appanap 2 Ta OWIAHWHI OKpura
MaHCy® Gynamy; € NenTOHIap owiacura, EKM aipOHIap OWIACHTA.

Kenunr, aBBan nentoHnap Owiad ajpomHnap opacuuard tyo
thbapxHu acmatud Jranuk.

AjlpoHnap Ky4nd §3apo TabcUplapia KaTHalllaiuiap, Jel-
TOHJIAp ®Ca aKCUHYa, Ky4CH3 y3apo TabcHpiapia MINTHPOK 3Tub,
KyWwIM y3apo TabCHpliapAa yMyMmMaH KaTHamMaiimwiap. By — ymap
opacupary papKHUHT OGUPHHYUCH.

WxxuHyviaH, JIenTonlapra KHUPYBYM SBIEMEHTap 3appaiap
(€, W, T, Vu, V., V;) coHH 6 Tara TeHr (OyHIa JIENTOHJIAPHUHT
agTU3appanapy bTHOOpra onmMHMAaNIM). AIpoHnap (AHTHANPOH-
Jlap @bpTHOOpra OJMHMAranja) COHU I031aH OIIUMK.

Yuunumpan, sHr acocuil apku IIyKd, JNeNToHIap, TOM
MabHOla adTraHja sIeMeHTap 3appajap XUcoOlaHaIu: YiIapHUHT
TapKuOKM MYTJIaKO HOMABJIYM; ynap Y3ugaH Maigapok sappanap-
JlaH TalIKKI TOIIMAaraH; MYKW CTPYKTypara sra sMmac; yirdamiuapu
AHUK yJ19aHMaraH appanapiaup.

AJpOHNIapHMHT XOccallapd 3ca JIeNTOHNMap XoccalapHaaH
rybaan ¢apk Kunamu. AQpoHTap aieMeHTap 3appaiap opacuia
9HT OFUPH XMcoOlaHamu. XO3UPrH 3aMOH Taxpubanapu aIpoH-
JIApHUMHAT Mypakkab 3appanap oKaHJIMIMHM Kypcatamy. Bydra 6Ga-
PHOH pe3oHaNCTapuHMHI JeKyIuietTd (31-pacM)Hu acnarum Ku-
host. Buz 6y pacMua rokopu Kasatgary pesoHancnap (AT, A%, A,
A™)HH HYKJIOHJIApDHHHI YHFOHIAH XONH Je6 Kaparad »auk. ByH-
JaH KYpHHaJMKM, HYKJIOHJAp MYKM CTPYKTypara ara Ba y3upgaH
MallapoK, 3appanapiiaH TalUKM/I TolraH. AJpOHIap COHUHUHT
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KYIUIATH, WYKH CTPYKTypara ®ra ®KaHIMIH, SHaja Maiiapok, 3ap-
panapian TallKWi1 TONTAHJIMIM, OyJapHUHI XaMMacH ajpoHap-
HUHI Mypakka® 3appa ®Kawiurugas nanonat Gepamu. [lemak,
aJpOHJIApHU «3JIEMEHTap» 3appanap IeHull HOTYFpH, yJIap sJie-
MEHTap aMac.

Apponnap xaxkuparu Oy ¢ukprap M.T'esn-Mann Ba He-
e€MaHJIapHUHT oKopuaard 6o6pa alTHAraH cUcTeMacujia XxaM Oa-
TadCun KypcaTWwiIrad. ANPOHNAPHUHT Mypakkalb 3appajlMrMHHM Ba
YIapHUHT Y3UIaH XaM SJIEMEHTAappoK 3appalapiaH TallKul TOIl-
raHnMruay 6upuHyM 6ynu6 I'esui-Mann Ba I'.IIBeiinmap cesumu.

1964 smn I'eqi-ManH §3 cXxeMacHJaH XasiXOHJIW HaTuxXa-
nap ojid. Y Y3MHUHI CXEMacHHHU SHala OIMIpOK oObeKTIapiaH
TY3MILUra MHTWIAM Ba OyHuHr Hatuxacwua SU(3)-cummerpus neb
atanrad yHaamMeHTan MyJbTUIUIETHH OY[Y, SPHU HYKJIOHIAp Yyd4-
Ta HyKTaBUi oObeKTHaH Mbopar jeraH TymyHvara Keiagd. Y yra
TUIIOTETHK 3appajlapfaH TailKuJ TolraH Oomka OapHoH Tpu-
IUTeTHU KyJUtamiHu Takiug staon. M. Iemn-ManHe §3u oyraH 3ap-
panapuu keéapkaap neb atany. «KBapk» neran HOM HpJaHOUSIMK
é3ysun xedimcuHunr «Finnegan's wake» (Viking, New, York)
poMaHKlaH onuHrad 6ynu6, OyHma EpBoiiM KyUIap KeMa aTpo-
tuna alinagub yaumub «mactep Mapk ydra KBapk» ae0 KWUKH-
pHILIAfY.

Xynoym my Baktaa. M.Ienn-MaHHA2H alioXulia, YHra GOFIMK,
6ynmaran xonga I'llBeiir xam 3 GapHoH TPHIUIETHMHU TakIud
kunau. [Iledr y3uHUHT 3appanapuHu acarap 1e® ataraH 3u.
Jlexun T'esur-MaHHHUHT «KBapK» TEPMUHHU Farmaba KO3OH/M.

Xo34pr¥ madTAa 2JeMeHTap 3appajlapHHHI KBAPK MOZRENH
®JIEMEHTAp 3APPATAPHUHT XyJa Ky XOCCATAPUHM SXINK TYLIYH-
THPUO Gepnu.

OnemeHTap 3appalap KBapK MOICIUHHMHI SHT MYXHUM THIIO-
Tezanapu Kylujaruiapoas ubopar:

1. Dnemenrap 3appanap 2 X ¢epMuoH (CIIHHU Kacp COH-
AaH HOopar) Ba 6030H (cnuHU OYTyH conjiaH ubGopat) Gyaamm.
bynnan Kypusanvku, KBapkiap (epMuoH OYIMIIM Kepak, YYHKH
dakar depmuonapianrusa (epMHOH Ba GO30HIAPHU KYPHII
MYMKUH.

2. @epMu-SIHrHUAr OOUUTAHFUY FoscUra kypa GO30HIApHU
KBapK-aHTUKBApK XydTHIAH Ty3WIraH, 1eb gapaz KuiamMms:

bo3oH=qq (8.1)
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Xynny IyHra yxoiam, xap KaHpait ¢depMmuoH Xxeu 6yiMa-
raHfia y4ta KBapKJaH Ty3wiraH, 1ed6 ¢apas KwiaMus:

@epMuoH= qqq (8.2)

Tabuatna OynappaH XaM KYOpOK KBapKJIapoaH TY3WIraH
3appanap xaMm OynIumy MyMKHH. MacanaH, 6030H1ap HKKM Xy(pT
KBapK Ba aHTHKBapKjapiaH (qqaq), depMuongap sca OGemra
KBapKHaH (qqqqq ) Ty3wirad GYJIMIUM MyMKHH.

3. Onextp 3apagu 0 Ba *1 «rajatu» GynmMaraH sappajiapHu
TY3UII Y4yH Xedu OyiImaraHaga MKKWTa KBapK Kepax. Famatu me-
30H Ba FajaTH OapHOHJIApHM TY3HLI YYyH 5ca Xed OyiaMaraHpa
6uTTa FanaTW KBapK Kepak. Famatu Ba ramatm OysimMarad ampoH-
JIApHE KyPHILI yYyH SHI KaMuja y4yTa KBapK Kepak Oymnamu. Xa-
KMKaTadH XaM ydra KBapK Ba yuyTa aHTMKBapKnaH Oapuya
3JIeMEHTap 3appajlapHU KypHII MyMKHH ®KaH.

4. p, n, A® sappanapra spTu6op Gepcak, B, S Ba P kpanT
COHJIapH yYyyala KBapKJIapHUHT Xap OUpH ydyH Oup xmn. Y Xoi-
na (8.1) Ba (8.2) dopMynanapnan xyiunarura sra 6yiaMmus:

B(q) =-B(d) = ;. (83)

Kpapkmap - ¢epMuUoH OyiaraHu y4yH, YJaQpHUHT CIIHHH
pUMIa TEHr, Xap OuWp KBapKHUHI XyQpTIUIMHU MycbaT jaeb Ka-
pananu:

S@) = =, P(@)=+1. (8.4)

5. DHAM KBapKJIapHUHI 3JeKTp 3apsanuHu [emnn-MaHH-
Hummkuma MyRocabaTHAaH ToNaMu3:

1 1 2
=2 -8+ —€e = —8
Q 2 23 3
1 I )
= —le4 e =—le 85
Q2 2 23 3 (8.5)
1
Q3=——e.

3

KBapKiapHUHT BHI aXXOWHO XYCYCHSTH YJIapHUHT 2JIEKTP 3a-
psiin Ba GapWOH COHJIAapMHMHI OyTYH sMacnurupup. by — KBapk-
JMapHHUHT YHHKal Xycycustu Oynuob, 6oluka sneMeHTap 3appajap-
JaH KECKMH axparu® Typamd. Arap KBapKiapHM KauyoH 6yica
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XaMm TOIMII MMKOHM fpaTWwica, yjlapHu Oollka Xeu KaHmail 3ap-
pasap OWIaH ajaluTHPHIIMAKKN.

Hemak, my cpapasnapra 6uHoaH Oapuya sieMeHTap 3appa-
JIapHM Y4YTa KBapK Ba ydyTa aHTHKBapK OpKaJd TY3HII MyMKHH.

8.2-§. KBaprilapHUHT HOMJIApU Ba aCOCHH XoccaiapH

Hucon Tabuarnaru 6apya y3u GunraH Hapcamapra Hom Ge-
pullIra OfaT/IaHraH. flHru TyFHIraH 4akKajJoKKa MCM KYHraHHMU3
xabu, SHI'M OUM/IraH 3appalapra Xam HOM KyIMH3.

SIHrY JpOHNApPHUHT OYMIHUILY, JEITOHIAPHUHL TOMWIHILH,
JenToHnap OwiaH KBapKjap Opacuiard CUMMETPUSHU CakKJiall
y4yH SH& SHIMM KBapKJIapHU sCAIra TYFpU Kenaiu.

Mynpait Kunud, 4-, 5- Ba 6-HYM KBapKIapHH KUPUTHII 3a-
pyp 6¥mu6 xomuu (Bu3 onauHru 606paH GHITaMH3KHM, JISNTOHIIAP
conu 6 Ta).

Xo3uprd naiTna OJITUTa KBapK Ba ONTUTAa AHTHKBapK
OVHIIM KEPAaKJIUTH alTiIraH.

(8.1) xanBanga XKBapKIapHUHI HOMJIApH Ba acOCHI Xapak-
TepUCTHKaapy KeNTHPUITaH.

8. 1-3xaoean
KeapxkiapHuHr X0occanapu
AHr up | down | strange | charm (22:3:;1 ) (tiﬁfh)
macT | 1oKopH
¥V36ex YCTH | OCTH | FaJIaTd MagryR- (aupoii- | (xaku-
Kop M
JIH) KHit)
Pycua BBepX | BHM3 |  Pon | O4CPO” g BEpX
Hblil | BaHHBIG
| Bearvicy u d s c b t
R A A % % %
h —_—
Crysy, S 1/2 172 1/2 172 1/2 1/2
Zapamu, Q | 2e/3 | —1e/3 | —le/3 2¢/3 +2e/3 —e/3
Bap.3ap.,B 1/3 1/3 1/3 1/3 1/3 1/3
| Famamu., S 0 0 -1 0 0 0
Madpryrkop, ¢| 0 0 0 1 0 0
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Xymm wyH#aal cxeMa aHTMKBapkiap yuyH (8.2) xamsanma
Ocpuiiras.

8.2-xaosan
AHTHKBapKJIAPHHHT aCOCHH Xoccanapu
U u-anre | d-ana | ™M ap | beanma | U A
CMH aHTH ™
KBapK | KBapK KBapK | KBapK
KBapK KBapK
(buzuk Geil- _ — - _ - a
M u d s c b t
Marem. _ . _ - ~ ~
Oenru 9 92 93 9a ds 96
Cnunny, s 172 172 1/2 1/2 1/2 172
spun, Q| % | 4o | e [ w | e %
Bapuron
FaIIaTSI/IHI/IK, 0 0 i 0 0 0
Madyn- 0 0 0 . 0 0
KOp, ¢

Onnuit 6aproH Ba Me3OHJIAapHM Jacmiald yduTa XBapKjiapHUHD
KOMOMHAUMSICHaH Ty3ull MyMKHH Ba OyHra Mocnanub Oapuya
YNApPHUHT KBAHT COHJIAPUHM KEITHpUO YuKapuml MyMKuH. Onnui
6yimaraH GapMOH Ba ME30HJIApHH 5ca KOJraH KBapKlIapHU bTH-
6opra onMiu OpKaIM Ty3um MyMkuH. By T'enn-MauH kBapkiap
Ha3apUSCUHWHT I0TYFH 50M. JIeKMH myHra XKapamafd OyHHHT Y3M
aJIEeMEHTap 3appalapHUHr Oapya (pU3MK XOCCANApMHU TyJa Ty-
wyHTHpu6 GeponMac sau. Harmxajga Hasapyara KBapKJIapHHHT
«XUOU», «paHzu» AeraH SHIU TYyHIyHYaJap KMPHTHIAIH.

8.3-§. KBapKJapHUHI «PaHrH» Ba «XUAW» («XymOyimrm»).
I'moonnap

KgBapxiiap Mozmenu sipatwiraiial CyHI opaja KBapKiap sHa
Oup xoccara sra OVIUIIM Kepak, AeraH TaXMUH aWTWIIH.
KBakprnap y4yH yd4 Xwil KWAMAaTHM Kabyn KWIYyBUM AH2U KEAHM
COHU KUPWTWIIHA. AHa 10y KBaHT COHUHM paHeaunux Jeb aTaiu-

www.ziyouzb%?n kutubxonasi



nap. byHra Kypa KBapkjiapHUHT Xap OVpH y4 XWI paHITa: KM3Wi,
I, KYK padITa ara.

Pusukiap ontuta KBapk (u, d, s, ¢, b, t) uu Gup-Oupunan
y3 xupnapy (xywbyimmxrapu) Ounan dapk xwiamd, neb
Kypcarrasnap.

3appayiapHu KBapKJlapaH KypWIaéTraHja, yJapHu 3appanap
HIMAa UXTHEPUM paBUINia Xoittamrupubd 6yaMaiiomu. Ymap yuys,
XyIad Tearpllard ToMollaOuHIapAeK, KaThbUil HOMEpJiaHraH, Xap
Oupy yd4yH aHUKJIaHTaH «KBaHT YPHH (XOM)» nap aXpaTHirad.
Ily napca anukjiaHraku, 6ab3u Oup sappaiap uamga OUp XwwI
HoMepau OwineTHH OuphaHura OUp KaH4ya KBapKjiap oJliap 3KaH.
Taprub YpHaTUII ydyH, (PU3HKIap KydMjard Hapcanapra bTH-
Oop Oepuiml KEpaKIMIHHA TabKMWUIaupjM. 3aljard Kpecioiap
eTapiy, JEeKUH ynap Oup-Ovpnapuian (akaTruHa ¥3 HoMepiiapu
bunan amac, 6anky ¥3 paHrnapu Owiad xam (apk Kuiap SKaH:
6uTTa HOMEpra y4 Xwi — KyK, KH3MWI Ba SUIWI paHIap MOC Ke-
napy. Ilynra xypa xap Oup OwieTHH Xam yd Xwi panrra 6ys16
KyiMm Kepak. JleMak, KBapKJIapHHHI OJTUTA XOJaTJIapUHUHT
xap 6MpM fgHa yyrara 6ynuHap sKaH. Pyc Ba AmoH pU3MKIapu
TOMOHM/IaH alTWIraH paHINIA KBapKiIap Xakyard rumoresa MaHa
UIyHal maiipno 6ynras.

KBapxkHHHI paHI'M jeraHja yHUHT XaKMKATAaH XaM paHIJIH
oKaH, 1e6 TymyHull HOTYFpu Gynamu. Keapknappa «panr» - 6y
bM3MKIIap TOMOHMJAH aWTWIraH, XaMmara OCOH Ba TYLIYHapJIH
Oynum ydyH Kynait 6ymran tepMuHOMp, Xomoc. By Tepmun 6u-
NaH (pU3HKIIAp 3appaTapHUHT XOCCAIAPHHU TYIIYHTHPUILIANY.

AHTUKBapK/Iap PaHIMHM MOC paBHIIja «aHTHUKU3WI» — Xa-
BOpaHI, «aHTHKYK» — Capuk Ba «aHTHAIIWI» — KYK Ku3un nebd
HOMJTallIa/IH.

KBapxiapHUHT paHTM XaKUEard TdIOTE3aHWHT OYMIMIIN
XyHa KarTa IOTYK suu. Te3 opaja paHr Xakujgard TacaBBYp Haza-
PMAHMHI MapKa3u 6ynub xonmu. KpapxiapHuHr agpoHJard Ty-
THO TypyBUM ¥3apo TabcHpHM paHrra Goriail Gonwutamgd. Xyuau
®NIEKTp 3ap4jura yximani, xap OuUp XBapkK XaM paHDId 3apsira
®ra Ba KBapkjlap OpacHiiald KyWId ¥3apo TabCUpJIApDHU paHeiu
y3apo mavcup NeWniianu.

Kyunu y3apo TabCMp XaKMJard 9Hrd Hasapugra KBaHT Xpo-
MopuHamukacu (KX]I) feraH HoMm Oepuiiiu («XpoMoOc» - rpekya
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paHr feraHu). By Hazapudra Kypa, Xo3upha oiaTH XWit: u, d, s, c,
b, t KBapK, yIapHMHI OJTMTa aHTHKBapKJapH Ba YIapHUHT Xap
OUPUHMHT y4 XWI PaHId MaBXYIUTH bTUpog 3THIIraH.

Kyunu ¥y3apo TtabcUpiIapHH TallyBud 3appajap (3IeXTpo-
MarguT ¥3apo Tabcupniapfard (oTOHNapra yXIIall) - 2A00HIap
(amr. «glue» - xuseit, enum) ned aranagy.

I'moonnap XxaM KBapkiap Kabu padrra OysiraH. I'moonnap
KBapKjap ypTacHia y3apo TabCUpPHM amajira OIIMpaid, YJapHU
Oup-6bupura KaHpgail enumiab xwuriciaca, XyaoM IUyHAal, IIFOOH-
nap OwnaH alMalllyBU paHT OwiaH ajnMamMIIura onu® Kemamw.
KBapkiapHUHI [JIOOHNAp aIMallyBH[a KBapKJIAaDHUHT paHIM
yarapamy, TYpH Bca y3rapMmaijld, SbHH MacalaH, U-KBapK [ITIOOH
Oepub E€xu IMIOH onubd, U-KBapKHMHT OOIKAa paHruaa HaMoEH
6ymanm.

Hazapusgra xypa, cakkusTta DII0OOH MaBxXyj 6Yiaub, yiapHUHr
XaMMacCUHUHT THHYIMKAard Maccacu O, cuHu 1 ra TeHr, ymap
paHIiu 3apsjara sra.

Ilynpait xumb, Me3onjiap YpHMHHM HYKJIOHJapAa Kywid
y3apo TabcUpNAapHH TAallyBYM 3appa cudaTuia [NMIOOHJAap arai-
J1alu.

Du3uKIap KBapKJIapHHU ¥3 «XUIapu» — «XywOyWIMKIapu»
Gwian cpapkiaHaguiap, aeraH pukpHu Ownmpu6, u, d, s, c, b, t
KBapKyiap 6up-Oupnapyuad y3 XyWOYIIMKIApMHMHT Xap XWUIHIH
Owran apk, Kiwiany, JeHHinras.

8.3-xafgBanga KBapkjlap Ba aHTHKBapKJIap XMANapH, Xyd-
THHUHT XOccalapy KeJITHPWIraH.

32-pacMjia KBapKIapHUHT Ba aAHTUKBAapKJIAapDHMHT TPUIUIETH
TacBUpJIaHTaH.

I'enn-MaHH Y3 cuCTeMaTdKacUHM OCOHJIALUTHPUINTa KUpH-
wn6, GYHUHT HaTHXacuia Xy#a axXoiub HaTvXaiapra spMIIaiH.
V ¢yunamenran SU(3) MynbTUIUIETHH ApaTaAd. MynsTuruier reo-
METPUK IIaKJIH XUXaTiiaH yubypuak 6ynub, yunapuna q;, G, s
Ounan GenrwiaHral KBapKjap XoMlamrad. YIapHUHT 3apgaMHHU
TOMUII MYMKUH. PacMpan:

dhopMynanan
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(8.6)

3
]
Q 3 - 3' J
1 1
,rf
H 3
o-
0-
-2, ! 0 W
3 "F 3 -
Lo, 1 —) Lo 1 =)
2 0 3 1 7 0 3 1
z 2
32-pacm. Keapk éa anmuxeapkrumnez mpuniemi.
8.3-waosan
KBapkJjap AHTHKBapKiap
Xuaiap panr DIEKTP AHTUPAHT DNIEKTP
XydTH TPUILIETU 3apsu TPUIICTH 3apsaau
YCTKH u,, U, U, + %e T,,0,,T, - %
I e —
OCTKH d,, d,, d, — 3¢ d,d,, dg + %c
s +2¢ 8¢, 5,,8 -2
FasaTu Se> S Sy 3 x> 52> Se 3
MadTyH- 1 s 5 = !
Kop C](’ c;n CK ——-3—6 CK’ ;{,Cg +§C
- 1 TR T 1
ryzan b,, b,, b, -3¢ b.,b,,b, +3e
" 2 TTT 2
XaKUKUA Lo G b +3¢ oo Lgs b ~Ze

By epna: x - KyX, 9 - S, K - KH3WUIL.
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8.4-§. PaHrHMHI MaBKy/UIMIHra IOMp NaIHLIAp

IOkopuna kBapkiaap ydra paHrra GysuiraH jAerad TMIOTE3a
Gunan TaHMMG YUKIMK. By TaXMUHHY ¢ Ba € JIapHUHI aHHUTHU-
JAUUS Kapa€Hu TacAMKIainu. By xapaén Taxpubana MKKH THII-
Aa Ky3aTWITaH:

e'e>uu 8.7)
Ba
e'e"—>(anponanap) (8.8)

33—paCMua QJICKTPOH-IIOZUTPOH aHHUTHIALUSACUMHUHI CXeMa-
CU KCJITHUPWITraH.

aAPOH

33-pacm. Dnekmpor-no3umpon AHHULUAAYUACUHUHZ CXEMACHU.
a) mioon xypmaapu (LW, W)Hune mysunumu; 6) adpOHGAAPHUNZ
myzunuwi (OparUKaAapoOa Keapk xypmaapu qq xocun 6yiraou).

bupuHun Xapa€H ydyH (KBaHT XpOMO AMHAaMMKAacHra aco-
CaH) TYFHITaH MIOOHIApPHMHT 6ypuak TakcumoTu (1+cos’®) kypu-
Humpa 6ynany; 6y epia O - Mioomnap xapakaTh WyHanuwu Ou-
Nlad aHHUTWIALMAHN BYXyIra KeNTHpPYBYH e'e” XydTnap #yHa-
JMIIM opacufary 6ypyak (Macca MapKasiapy CaHOK, CHCTEMackia).

Hxxunun Xapaéupa aca Oup-Oupura KapaMma-KapIld HyHa-
JMIIJA MKKHTa «OKUM» Io3ara Kelaad. By xapaéH 2 6ockudma
103 Oepanu: aBBajl KBapK-aHTHKBapK Iaiimo Oyniamu, cyHr oca
KBapKJIapHMHT OMpramui Xapa¢Hu 103 Oepub, agpoHnap XOCHI
O6ynanu, nednil MyMKUH.

KBapxyiapHUHr OMpiamiMi MeXaHu3MU X03Upua HOMabIyM.
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ANpOHNIAapHUHT TYFWIMLIMAA XOCHJI OYiraH peaklUsSHWHT
KECUMH MIOOHNAp Xy(Tnapu xocun OYaraH peakius KecHMHTIa
aucbaTy R Kyimparura Tedr Gynamu:

R = o(e Te ” —>qq —anponnap ) _ Z_(gi) (8.9)
oete” aptuT) 1

Q7)) - O, TUNAArM KBapKJAPHWHI KYHAIaHI KeCHMIIapH
Oyiir4a OJMHIAH MUFHHIUCHU.

Ouneprugcu 4 I'sB maH 1oKkopu OynMaraH TYKHAIIUIDIapAA
uw, dd, S5 KBapKjiap TYFWIHIIHM MYMKUH. Y Xosiga

R=(2/3)+(=1/3)%+(~1/3)%=2/3 (8.10)

Arap xap 6Mp KBapKHUHI XMAM yuTa TYpPJIM padria Keica, y
XoJJa HaTUXaBUM XonaT y4 MapTa omanu Ba R=2 6ynamu. Tax-
puba Kysatuuulapuaa xam R=2 nup.

10 I'sB sHeprusira ®ra Oyjaran TyKHamuniapga cc, bb
KBapKiap Xocu1 Oyauimd MyMKHH. DHOM, sHa R HU Xucob6-
JAIHK:

R=(2/3)*+(-1/3)*+(=1/3)*+(2/3)*+(-1/3)’=11/9  (8.11)
Arap ©OyHpa paHrsm »bTHbopra onMacak, R =l—3l 6ynanu.

11 -
BKCHCPI/IMCHTEUI HAaTUXAIap dCa R = ; YUKHUIIMHU KypcaTtaJy.

Bynappan XypuHanuxy, KBapKJapHUHI paHrM Oop 3KaH.
Papraunr xupurtmnumu [laynn DpyHIMOUHUAHT Oy3HIMacnurura
XaM oMb Kesanwu.

8.5-§. bapuonnapHuHr KBapKjiapaaH uoopar SKaHInura

Bapuon pexymneru — Oy KBapkiap Maxmyumup. 34-pacMmaa
3/2 cniunra sra 6ynran 6apyoH AEKYIUIETH TacBHpJIaHIaH.
By nexymier -zappaHuHr ouynnuinu OwiaH sSKyHIaHaJH.

By Q-3appa 6apMOHIApHHUHT KBApK MOJEIM 4COCHAA OJIHMHIAH
adTuiaran sau. Yeu 1964 Jmnpa sKkcrepuMeHTOa TOIAMIAp.
YHuHr Xoccamapu: Maccacu, FalaTWIMIH, slIaml BakTd, Oynap-
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HUHT XaMMacH OJJIMHAaH aWTUJIraH 3j3H. BYHEIPHI/IHF XaMMacH

TaXpubana TacAUKJIaHTaH. YHUHT FalaTWIMMM —3 ra TeHr. By
3appaHUHI OUWIMILM aipOHJAp YYyH CHMMETpHMS CXE€MacHHH
Tysua acoc 6ynau (I'enn-MaHH cxemacura Kapadr) Ba YHHHT
KBapK MONENU BYXYAra KeJijiu.
St ddd

udd uud uuu
0T A A2 A—ATT 1232

4,
\dds Ouds Ass (1?3)

-14 7 T T 1385

t
\ dss Axs (135)

2+ = =" 1530

/ L]
(142)
/388 \

-3+ 16'72
Macca, maB

34-pacm. 3/2 cnumnnu 6apuon Oexyniemu.
Xap 6up b6apuonnune K6apK mapKuOu KypCamuizan.

Kaparaérran jexymier ratatwimru S=0 OyiraH TpuIuier,
S=-2 6ynran pybser, S=-3 Oynrad cuHrernaH ubopar.

burra 3apsi MynpTHIDIETHAIa KHpraH 3appaHUHI MAaccacy
Gomikanapra Xyfa aKuH. bup MynbTHIIEeTNaH MKKMHYUA MY/IBTH-
wieTra yTumaa Macca goumo taxmunad 150 MsB ra ysrapagm.

BapronnapHUHr KBapK TapkuOuHM pacmuarupan €scak, Ty-
myHTHpUIn ocoH Oynamu. Fanartumurn S=0 A-MynsTHIIIETra KH-
pyBUM XofarTiap u Ba d KBapKJjapAaH TalIKWJI TONTaH.

S=-1 Oynran Z-rumepoHra KUpPyBYM XoJaTjiap U, $ KBapK-
JapiaH xocw1 6ynub, Z-TMHepOHHMHI XoJlaTjiapd 3Ca HKKH U
KBapKHUHI § KBapKKa aIMallHHWIIHAQH Xocwl Oynanu, Ba
HuxoaT (2 XonaTra ydra s KBapK KUpaiH.

BapuoH Maccanapy opacuuard NOMMHUMIMK (m,_m,,4) HH S,
u éxm d KBapKjlap opacupard Maccanap (apky opKanu Hgoja-
nam MyMKHH.
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Cxemaja 6y xoccaylap YMpOMWIM TYLIYHTHPWIAIH, JEKUH A"
XOJIaTHU TaxJIUid KWinmjga 6up MyHYa KHAMHYWITAKIAD TYFUIAJIH.
Hekyrerra KUpyBuUd Xamma xojamiap 3/2 crodHra sra, LUIYHUHI-
nek Xamma Komrad (3/2 cnuniay) GapuoHIap XaTTa Maccara ara.
Iynuur yayH, 6y GepuiraH QeKyIUleT XONarjapyd 9HI KaM SHep-
rudgra sra OynraH KBapKiaap KOMOUWHAUMSACHIAH TAIIKWI TOMIaH
OynMmmM Kepak, AeMak OyHIa Xapakar MHUKIOPH MOMEHTH HOJra
TeHr. IlyHra xypa, 3/2 cnive 3 Ta KBapK CHHMHIapuiaH TAIIKKI
TOITaH OYnIMIIM Kepak, OYHHHI y4yH aca ynap y3apo mapasuiel
(uTuTu) 6§mmmu kepax. Ilynpait xwiub, 3 ta 1/2 counnu 3ap-
pa Oup XU KBaHT Xonarha ETUIIM Kepak, jleraH ¢UKpra Keia-
mu3. by sca Ilaynu npunmunura tamoman 3uf. (Ilaymu npuHIy-
nyra xypa, xed XKaHpgall MKkuTa (Exu y4yra) OHMp XWI CITMHIa 3ra
Oynran ¢epMuOHNTap OWp XWj KBaHT XONaTIApHU 3rajUiai oj-
Maiau).

Jlexun «paHr» xocca 6y MyaMMOHU OCOH edagy, SbHU A**
Xonarra KUpyBYM Ba YHH XapaKTepJIOBYM 3 Ta KBapK Oup X
3appajiap aMac.

8.6-8. IlpoToH Ba HelTPOH-KBRAPKIAPHUKT
OOFNIaHran Xojaru

¥Yyrta KBapkHUHI M3ocnued I, Ba Y HM omamii ymmm 6u-
NaH HYKJIOHJIApHU KypUII MyMKWH.
IlpoToOHHUMHT KypHJIHII CXEMAacCH:

p=(q,+9,+q;) (8.12)
(6omkaya p—>uud geb €3um MyMKMH) Ba HEHTPOHHHUHT KYpPHJIUIL
cxemacy:
n=(q,+q,+q,) (8.13)
(bomikaya n—>udd ge6 €3um MyMKuH). YiIapHUHT aHTH3appalapu
3ca aHTUKBapKjiapfaH Kypwriag, spHd (p — wud, 7 — odd)
Oynanu.
lenn-Mann Ba Hummpxuma udonacu opkaid 3apsiiapHM

xuco6nab, nporoH yuyH Q=e HelTpoH yyyH sca Q=0 sKawiuru
OCOH TonuiIagy. 35-pacMiua KBapK 3apsgiilapuijaH Xaujaaii Kunud
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HpoToH (a) Ba HEUTPOH (6) JIapHUHT 3apSaNapUHM XOCH KWJIHII
MYMKHHIUTYA K¥pcaTW/ITaH.

35-pacm. Ilpomon (a) éa neiimpon (6) aapuune Keapxk xonami.

KBapKinapHUHr HYKJIOHAAa IEOMETPUK XOMIAIIMIN IaKJIura
Kencak, 35-pacM OM3HUHT (apa3zuMu3/ia YM3UWITaH.

8.7-§. Me3onnap — GOFJIaHraH KBapKJiap

(8.1) dopmynara Xypa, Me30HIap KBapK-aHTUKBapKiap
Xy(pTUAQH TAUKWI TOIIaH. (, §, VKKWUTa KBapK ChMHiIapd 1/2
ra TeHr 'S,, °S, xonarnapnas Gupuna Gy MyMKuH. IIyHuHT
y4yH ynapHuHr 6apron connapu 0 ra TeHr.

X03Upru AaBp TaXMWHIapura Kypa KBapKJIapHHUHI Maccala-
pu Kyiuparmda: m,~5 MsB; my~7 MsB; m,~ 150 MoB;
m, ~ 1,3 IsB; m, 5 MsB; m, ~ 22 I'sB.

KBapxnapaan Kyiugarn KoMOHHaLUsAap ONUIN MYMKMH.

%y, 4ng, 4,
9p q, 9. qn qa G (8 14)
%7, 4nq, Grg,

(8.14) udomaman XypUHAOMKHU, TYKKU3Td, TYpIHM ME3OHIAp-
HM ONMII MyMKMH. By KoMOunaiugna KBapKJIapHMHI KBaHT COH-
Aapu TaprHbra KeJNTHpWIMaraH, IIyHMHI Y4yH XaM  yjiap
Taxpubaga Ky3aTWIraH XaKUKaTra TYFPH KeIMaclIMId MyMKHH.

(8.14) xomOunamusi Y Ba 1, Koopausaramap cucreMacuia
TapTUOIM Xoillalmrad. YHIa ME30HTapHUHI KBapK CTPYKTYpacH-
HHM KYpULI MYMKHH.
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By 8.4-xanBanga T Me3OHNIapaaH Talmkapu OGapya ME3OH-
JIApHW MKKWUTa KBapKlaH Ty3wirad geb® Kapawl MyMKuH. Kyudcus
y3apoTabcupnap HaTHMXacHa XagBangard Gapya Me3oHIap Jjer-
TOHJIapra rapyajiaHagH.

Ky#nparu 36-pacMia m- ME30H XOJNATIApHHUHT KBapK Tap-
KHOH K§pcaTuiraH.

. »',‘ 2 B
. 0y - '

36-pacm. m- Mme30HNAPHUHZ K6APK MAPKUGU XONAMAADU.

36-pacM kBapKiapiaH KaHgait Kwiub EpgamMuM Me3OHIap
Xocu1 6YIMINMHM TYIIYHTHpanu. MacanaH, cxemara Kypa

n* = (q,+q,), Oomkaua 7" = ud &ékm
© = (3 ,+q,), bomkaga "= di. (8.15)

K Mesonnap sca s-KBapK Ba S—aHTHKBApKJIapiaH TalUKHI
TONaAWIap:

K'=us; K°=ds; K° =sd; K =s7. (8.16)

By epnaru K’ Ba K°-mesonnap xymnu K* Ba K~ nmapra yx-
mam 6up-6upnapura aHTH3appa xucoGnadamwrap. K°-meson
Y3uHUHr aHT3appacd K° JaH ralaTwidrd OwiaH ¢apk KWIajiu.
K° na ranatwiuk +1, K°-mesonna aca ramarunux —1.

Hemax, agponnap - KBapKJIapHUHI OOFIaHTaH XOJIaTH BKaH.
bus 6y 606pa anpomnap - 6apUOH Ba ME30HIAPHHMHI «JIEMeH-
Tap» SMaciIUIMHM Kypub dukauK., By smementap 3appanappau
BIIEMEHTApPOK, «Cynep-sneMeHTap» 3appa OOpJUrHra HIIOHY
xocwn xwinuk. bapya GapuoHnap Ba Gapua Me3oHIap MaHa WIy
«Cynep ®jeMeHTap» 3appa — KBapKjlapiaH Tapku® Torrad. [{emak
afpoHsiap Mypakkab 3appanap — jeraH Xynocara KeJIaMus,
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8.8-§. Knapknapsau xuaupum. YiapHu GOEIoBun Kydiap

KBapxnapun 2 ta amepuxanux onuM Mioppeit I'esui-ManHu
Ba Jlxopx Lseitrmap §inab tonumran spu. ABBanura KBapkiap-
HUHI' peajuIurura Xyfpa KaM4WINK WINOHTaH d0¥. YJIapHUHI XOC-
cajapu 0oINKa 3appanapHUKHra yxmamac spu. Kyrwimaranga mry
Hapca aHUKJIAHIUKM, KBapKjiap €plamMuia Xxap XHI SKCIIepUMeH-
Tajl (akTaap Xyda OCOH TYIIYHTUPWIAp ®KaH, Hazapud Xuco0-
nanuiap XaMm OCOHJjallapkKaH. XO03Wpry MaiTia Xyoau KuME atoM
Ba MoOJleKylacHu3 OyNMaraHIuruneK, sjieMeHTap 3appanap puzu-
KaCHHH KBapKcu3 TacaBByp Kunub Oynmaiinu. Ulysmen xusmxap-
JVKY, KBapKjiapHU Yitnab TonuiuraHdra 4opak acp yrran 6ynca
XaM, yJapHM pean XojaTaa Xxed kuMm Kypmarad. YOpuii TeiasHOB-
HUHT (pUKpura Kypa KBapksiap «0Oop, JIEKHH [IaKira sra 3Macy.

I'an Humama oxkaH? Kepaknu Taxpuba Xanu aHHKIaH-
Mmaragmu? Exy, 6anky XynuoM MarduTHH WKKATa GomIagMarad
MarfuT 3apdnra axparnb OyiMarandfek KBapijlapHM XaM ajle-
MeHTap 3appaiapiad axpaTtud Ooynmaionmu?

Kgapkiap 31, MaBXyOMuKan?

1964 #vingaH KBapKiapHM Kugupuil Oopacupa Xyga Kyno
SKCIIEPUMENTAN [ypyxJap KaTHaurm. Maccacy HomabnyM 6yira-
HU Y9yH, yTapHU KMIOUPHUII Xyla KUMWAH 3. YJIapHU TOIMII
y9yH OYTyH wMMKoOHMATIapaad doigananmn. JleKnH Xamma
ypuaunuap 6edoiina 6ynnu.

KBapkiiapHi X03Mpru 3aMoH TellaTKUwiapyaa, KOCMHK Hyp-
napja KUgupwinu. Baiky KBapk Ba aHTHKBAPKJIapHU 3JIEMEHTAp
zappanapia OORIOBUM KywIap Xyda XaM KaTTaJupKH, YIapHH
axparn® OJMII YYyH 3aMOHABMH Te3NTaTKUWIADHMHI SHEPIHACH
KamiuK Kwiap. [IyHUHT y9yH Xe4 K¥M 3pK¥H KBapKIapHd Kypa
onmac?

KBapkiiapuu oxeannapia Kyupuiuau. by Taxpubanap xam
AKX HaTHXanap OGepMaj.

Kynrusa ¢uzukaap SpKHH H30MMLUNIaHTaH KBapKJIapHU
tabuaTiga UK aeb xucobnamanu. Ksapkiap sjieMeHTap 3appaiap
wapaa OMpUKTHpWIraH 6YIuO, ynapHH Xed KaHpai Kyd OwiaH y
epiad unkapu6 Gynmaiinu. Huma cababman OyHOaMIMIMHU Xaau
Xe4 KUM OWIMaiiy, JEKUH Ha3apuEéTYWNap KBapKJapHUHI OyH-
Jai axokm® xycycmarura xasob rtonpwiap. by xomuca ynap
opacuia ¥3apo TABCHPHH YTKa3yBdM Malionra Gommukmup. by
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MaiiioH KBaHTM — DTIOOHIAp. YJap Xakuja KBapKjapiarsiaH op-
THKPOK, MabIyMOT HYK. YIapHH XaM Xe4 KHUM 3pKMH XojaTaa
Ky3aTMaraH.

[nroownapuuar Maccacu HyK. Crmuu 1. DiroonnapHusr 6y
xoccalapy Taxpubaga TacaukiaHraH. Mana mry Ba 6omka Oup
KaH4ya Xycycuariapu Ownad ynap cotonnapra yxmaigu. Jlekun
DIIOOH (POTOHJAH «y3UHaH KYmnaoBUaHIUTH» Ounad capk, Kuia-
4. Ynap, kBapkiapra Oomiuk O6yimaraH xonpga, ¥3 aTpodwuia sH-
T¥ IJIIOOH MaMJOHMHM XOCUJI KWJIajH.

[moonnap, oKopuga aiTu® YTWIraHgek, 3apgiiaHrad 3ap-
panap 6ynub, «paHr» AeraH cneldguK KBapK 3apgiura sra, yjiap
SHTY DIIOOHJIAPHUW, SHTUIapH 3ca SHa SHTH DIIOOHTApHM Ba Xa-
K030, XOCHJI KWIaJIH.

Bynnan XypuHAIHKH{, SHIH Maino OynaraH INMIOOH MaiJoH
KBapKaH Y30K/alllfaH capu Ky4IMpok Oynamu. Jlemak, KBapxiiap
Oup-Oupura Xyjla SKWH XOWIallraHga, Xyda oXxu3 OornaHran
6ynanu. Arap kKBapkiap Oup-OupupaH y3oknamryuex 6ysca, Tes-
Ia yJaap opacuiard TOPTHILKHI Kywiapu omub Ketanu. Bomikaua
aTraHjd, KBapKiap 7IeMeHTap 3appajap cHUpTiapuia smac, 6ai-
KM 9yKyp WYKapucuna spkuH O6ynagu. By Xyna Kusuk xoccapup.
Vnap Oy xycycusmiapra Kypa a/ieMeHTap 3appajiapra 3uil Kelajiu.

Arap xpoMmomuHaMuKa EplaMura KBapKjIapHM Xyda SAKHH
Macodpatapha ynap spKuH 6ynranga MaccacHHM Xucobnacak, Ky-
TWIMAraH HaTHXara OSpUIIaMH3. Y3apo TabCHpIaliMaiInraH
KBapKjiap Xyfda XaM eHIus ®KaH: ynap Hykiosnad 100 mapra eH-
run sKaH. Famatu xBapk HywiongaH 10 mapra enrun. ®akart
«MaTYHKOP» Ba «YHUPOWIM» KBAPKIAPHUHTI MaccacH HYKJIOHHU-
Kuziad kaTTapok. Jlexun OyHpail KBapKiap Xyna KaM Oyyianu.

[lynpait xunub, kpapxiap OwiaH XaM TaHMIIMO YMKIMK.
JleMak, KBapKjIap Xald XaMm SpKUH XOJjJa ToNwiMaraH sKaH. Xo-
3UPrH TAaWTHa XaM YJAapHU KMIMPHUIN Y9yH uuuiap onub Oopui-
MOKJja. YJIapHUHI HaTHXaTapuHM KellaXaK KypcaTaiu.
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XOTHUMA

Mycrakun MaMTakaTUMH30a eTyK Manakaind, Baranra
CUAKUIWIAGH XM3MaT KWIYBYM (PUIOWM Myraxaccuciap erkasub
Gepviyma omuil YKyB IOPTIApUHUMHT Xu3MaTh Gexuécaup. By 6o-
paga onu6 OopwlaTraH HIUIAp, HM3TAHMLUIAD Y3 caMapacuHM
Gepa€rup. Tanabanap Ba yKyBYMIapHW HypJIaHMII Ba SpO 3ap-
palapUHUHr OUONOTHK OpraHM3Mra TabCHUPH, MHCOHHM Ba Tabu-
atHu  Myxodhaza Kuiuiura SbTHOOPDHHM KydaiTupuin Ba Oy
coxaja yJAapHUHI OWIMM JapaXalapUHU OLIMpHLI, GedapKjiuKHu
ylap ICHXONOTMSCHAaH ONub Talulalll KYJUIaHMaHUHI acOCHi
Makcajnapuaas Oupuaup. UyHKM MHCOH CAJIOMATIMIM, Tabuar,
arpo-MyXHUT, OYTYH MaBXYyIOTHUHI Myxodasacu Macajatapu
XO3UPIM KYHHMHI 9HI fojizapb Myammonapuiad Oupu 6ynubd, as-
6arra, Oy Gopajary MyaMMOJIApDHUHI €4UMM KeJlaXaK aBIOJHUHL
Kynupmagup. ILLyHMHr y49yH 9KOJOIMK TapOus MacalalapuHu
GolLTaHFUY TabIUM-TAapOMA MacKaHW - MakTaOnaH Colall Kepak.

DneMenTap 3appanapra Kejcak, ynap HYKH CTPYKTypara sra
OynMaraH, 6ynuHMaiovran sappanapaup. Kymawmuk aimemedTap
3appalapHMHI aHTH3appajnapy MaBxyd. AHTH3appajap y3 Xocca-
Jlapura Kypa XyIM Y3MHHHT acocHi 3appacuiek Oymub, dakar
Kapama-Kapiuy WyHajirasnuru Ounad apk, Kuiaiam.

Bapua snemeHrap 3appalap O6o3omiap Exu (PepMHOHIAp
cuH(Hra KMpajd. YIapHUHT CIIMHJIApU Xap Xun Oymauu.

DieMeHTap 3appalapHH THUHWIMKJAArH Maccacura Kapab
Kjlacclapra axpaTULl MYMKHMH. Yiap 3 Ta kaTra ownara Oynu-
Hanu: 1. @otonnap; 2. Jlenroniap; 3.AgpoHnap.

@oToHMap owacura ¢oToH Kupagd. YHUHT THHWIMKIArd
Maccacy Hojra TeHr 6yiaub, siektp XuxatnaH Hedrpanmup. ®o-
TOH — Go30H (crMHu 6yTYH coHmad ubopar) Jmp.

Jlentonnap -~ ®epmu-[lupak crartHcTHKacura OyHcyHamu.
Ynap depmuonnapaup. Ynap edrun sappanap 6ynub, cnuum 1/2
ra Tedr. TabnaTha onTHTa JIENTOH MaBXyl. Yiap e-3JeKTpoH, U~
MIOOH, T-ME30H, V,-HEUTPUHO, V: Ba V,-HeHTpuHO. Xap Gup Jel-
TOHHUHI aHTH3appacd 6op. HeHTpUHOMAPHUHI THHWIMKAATH
Maccac Hojb 6Yiu0, »nexTp 3apsniaHMaraH. ~

DnemMenTap 3appalapHUHI YYHHYU OHJIACU — agpOHIApAHp.
Anponnap ukxuM xwi1 Oymagu: 1) Gapuoninap; 2) mezonnap. Me-
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30HJap CrIMHU OyTyH coHnappad, GapHoOHJap CIMHU 9Ca Kacp
coHyapian ubopar.

Agnporntap Kywiu ¥3apo Tabcupiapfa KarHamagd. AJpOHIap-
ra MyoHnap, KaoH, HyKJIOH, IUIlepOHiIap KMpagu. XO3Upru [auT-
ra Kenu6 o3mabd agponHnap TtomunraH. Kyunu ysapoTabcuprap
yuyH KyHujary CakJIaHMII KOHYHJIApH XapaKTepiuaup: 1) amekrp
3apsi; 2) GapuoH 3apad; 3) W30TONHUK CHUH; 4) CHMH; 5) M30TO-
UK CHMH TPOEKUMICH; 6) FaIaTWIHK; 7) dHEPTUs.

K-MezoH, Q-runeponsap Famaté 3appajiap TapKuOura Kupa-

. Ynap poumM Xyt 6ynu6 tyrunmagu. Q-3appa — 3HI OFUD TH-
nepoHaup. bapua 3appajsapHUHr KBaHT COHJapud - CIIMHH,
6apuoH 3apanM, TUIEp 3apand, Xy(QTIMIW M30CITUHM, FalaTHIMIT
Ba Oolrka xoccanapy 7.3-XanBanga KelTUPIWITaH.

Bapua 3appanap MKKM OWIaHUHI OupHra TEruIUIA: JENTOH-
nap €ku anpoHnap. By ukku owna Oup-6upumnaH Ty6naH apk
KWIagd: apoHiap Ky4id ¥3apo Tabcupiapla MIITHUPOK B3Tca,
JIENTOHJIAP 9Ca MIITHPOK 3TMakiu; Tabuaria 6 T2 JenToH 60p,
aqpoHyIap 3ca 103140 TONMIraH.

JlenToHnap TOM MabHOMa «dJIeMeHTap» XucoOnaHaju, ynap
Xed KaHall Maigapok, xucwiiapra OYnuHMaian, WYKH TY3WIHIIN
HOMAaBbJIyM.

AllpoHyapra KeJicak, YIapHUHI Mypakkab 3appa SKanIuru
aHUKJIaHTaH.

DKCrieprMeHTIap apoHATIap WUKM CTPYKTypara ara 3KaH/u-
ruHy, Oy Bca yJTapHUHT 3JIeMEeHTap 3appajap SMaciuTMHH Kypca-
tagu. by Myammonn 1964 imnpga M.I'enn-Mann Ba I'.llBeiirnap
Oup-6upura 60mIHK O6yIMarad xoiga xajl KWIHIIK. Yiap XaMma
a[JpOHJIap YyuTa (PYHAAMEHTAJIPOK HYKTaBUIl OOBEKT — KBapKiaH
TY3WNTaHJIMIM XaKWjard runore3aHd aitumany. Kelunyanux
JenToHMap coHM 6 Ta OYNraHu ydyH, KBapknap XxaM 6 Ta Oynu-
1M KEePaK/IUId aiTWIajy Ba SiHa y4yTa KBApK Ha3apyil aHUKJIaHIH.

KBapkiap Oup-6upunan y3uHUHT Xund (Xymwoyiiuru) 6m-
naH ¢apk Kuwiagu. Xap 6Mp KBapKHHUHT aHTUKB2pPKU MaBXYA.

KBapknapHuHr 3apsiay Kacpauaup. bapronnap yd xwil KBapK-
JapiaH, Me30HAap 3ca KBapK Ba aHTUKBapK Xy(hTHAaH TY3WITaH.

KBapknap «paHr» jeraH xoccara sra, 0y ¢axaT TepMUHIHUP.
KBanT XpoMoounaMuKacura Xypa PpaHIIOp 3apsjap opacuia
KyWwIHd y3apo TabCHpJIap MaBXyHA, pPaHINOp ¥3apo TabCHUPIApHUHT |
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TauyB4ucy 6ynu6, rmoonnap xusmar xunand. Hasapusra kjpa 8
Ta IJIIOOH MAaBXYA, YNaPHUHI XaMMaCHHUHI THHYWIMKIATH Macca-
CH HOJIb 6YnUO, ONTUTACH PaHINOp 3apsijra ara.

KBaknap xosupraya Taxpubanapia TONWIMarad. YiapHu
€plla, KOCMUK HypJjapia, 3aMOHaBM{ Te3jaTKU4iapia KUIUPHIU-
raH, 6upok xammacu Gedoiina 6yiraH.

KBapxiap 6up-Oupura gxKuH Xoinamragna yJTapHUHT GOF-
JaHMIUM BHT cycT Oynauu. Arap Oup-OMpuIaH Y30KJallrygek
Oynca, ynapHUHI TOPTHIUMIN KyWwiapy Iy 3aXOTHEK oMb Kera-
IM. ATOM Ba YHMHI SpocUja MYKU KaTIaMNapHUHT OOFIaHUIIM
9Hr KaTTa Oysica, KBapKjaplia 3ca aKCHHYa DKaH.

KBapxiiap Maccacu nyknonHukuuan 100 mapra, ranartu
KBapKHMHI Maccacd sca 10 mapra enrmwi. Qakar «MadTyHKOp»
Ba «YUpPOWIN» KBapKiaap HYKIOHJAH OFUPPOK XUCoOIaHajiu.

HeMax, pomoHrap, nenmonnap 6a Keapraap, mom MAabHOOd
anemenmap, OYAUHMAC 3appanrapoup.
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IX BOb

JAAPO BA DJIEMEHTAP 3APPANIAP OHU3UKACH
BYAWYA OJITAH BUWINMIIAPHUA HA3ZOPAT
KWIHIITA TECT CHHOBHJIAH
HAMYHAJIAP

sInpo Ba aneMeHTap 3appatap (QU3WKacH Oyiuya Ty3WIraH
TECT HaMyHalapy acocaH sipO Ba YHHHT TapKuOH, palHOaKTUB-
JUK, DPaiMOaKTHB EMHUPWIHII TypJjap, OOFIAaHHII 3HEPrHLCH,
9KCIIEpUMEHTall yCcyiulap, HO3MMETPHUK YII4oBjlap Ba YI4oB OHp-
JEKITapu Xamla sjieMeHTap 3appalapra TeTuuuid. Xap OUp caBol
y4yH TYpTTa XaBoO KENTHPWIraH.

9.1-§. Anpo-pusuKkacu OYHN4a TeCT CaBOI-KABOOIApH

1-caBon.  Pesepdopa Taxpubacuma 6ap3u IapouTia aibga-
3appalap ... Karra OypuakkKa OFad.

Kaeobnap: a) aroMparu sneKTPOHIra SKHH KeJraHH YUyH,
6) HEHTpOH aTpocdura IKUH KearaHu Y4yH;
B) aToM H4Mra Kupub, aToM sapocu OwmiaH ¥3apo
TabCUpNaliraHu Y4yH;
I) aToMIa SIKMH KeJNTaHH Y4yH.

2-caBoil.  SppoHHUHT Yirdamu (pajuycu) YHMHI Macca COHM 6u-
naH KaHAaid 6omtaHran?

XKasobnap: a) r,~ M;

6) r,~ M?%
B) r,~ M"?;
D1, ~ M2,
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3-caBo.

Kasobrap:

4-caBoJ.

XKasobrap:

5-caBoJL.

XKasobrap:

6-caBol.

XKasobrap:

7-caBoJL.

XKasobnap:

Macca coHu 6wnan ¢apKiaHaguraH sapoyiapHu 6en-
THJIaHT.

a) uzobapanap;
6) uzoToOINap;
B) U30Meprap;
I) OFMp sfponap.

3apsa coHu OwnaH (hapKJiaHaJuraH sapoiapHu Oen-
THJIAHT.

a) u3obapinap;
0) usomepnap;
B) M30TOILIAp;
I) TpaHCypaH 3NEeMEeHTIapHUHT SAPOIapH.

Kannait saponap crabun 6ynagu?

a) MPOTOHM HEUTpOHHUIAH Ky OYJraH aupoiap;

6) HEeWTpPOHH NPOTOHMIAH KYI OYiraH sgposap;

B) HEHTPOHJIAPUHUHI COHHM NPOTOHJIAP COHUra TEHT
6yaran saponap;

) 3JeKTPOHJAPUHHHI COHM NPOTOHJAp COHHUra TEHT
6ynran sapoinap.

ATOM SAIPOCHHMHI TapKubura KaHpja# 3appaiap Ku-
panu?

a) TIPOTOH, HEUTPOH;
6) NpOTOH, 3J1EKTPOH;
B) NO3UTPOH, 3JIEKTPOH;
r) NIPOTOH, IMO3UTPOH.

SlxpoHUHT Macca coHM Ie6 Humara aitunanu?

a) TIPOTOHJIap Ba HEUTpOHIap COHM MHMFMHIUCHIA,

6) aToM spocHiard HyKJIOHJIapHUHI YMyMHH Macca-
CHTa;

B) aTOM MaCCaCUHUHI AXJUTIa0 OJIMHraH KMHMaTHra;
) A0pofard MpOTOHNIAap Ba SJIEKTPOHJIADHUHI YMyMHUIA
maccacura.
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8-caBon.

XKaeobrap:

9-caBoJr.

Xasobaap:

10-caBo.

Kaeobnap:

11-cagomn.

Xaeobrap:

X* Genrwiannupna Z aumanu udopanaiau?

a) BIEMEHTHUHT TapTUO HOMEPHHH;

6) sinpo TapkuOUAATH HEHTPOHNAp COHMHY;

B) aTOM TapKUOMIary aJIeKTPOHIAp COHWHM;

I) S4po TapKuOHJaru NpoTOHIAap Macca COHHMHH.

Bepunran sneMEHTHMHI SAPOCH TapKuOWjard Hei-
TPOHJIap COHM KaHJal aHHKjaHaau?

a) HEHTPOHJIAD COHM BJIEMEHTHHHI TapTHO HOMepura
TeHr 6ynany;

0) HeHTpOHIAp COHM SAPOHUMHI Macca COHMIaH IIPo-
TOHJIap COHMHHU alpriIraHdra TeHr 6ynany;

B) HEHTPOHIAp COHM Macca COHHUIaH 3JIEeKTPOHJIap
COHMHM afipWiITaHWra TeHT;

I) HEHTPOHJIAp COHU aTOMJArH 3IEeKTPOHIAp COHHIa
TEHT.

Kanpnaii snementiiap uzoToruiap geiinnanu?

a) XUMEBMI 3IEMEHT aTOMMHHUHT SOpO MaccalapH
6yiua QapkjJaHaiurad dIeMeHTIap;

6) 4mpo TapKHOHMAard HEWTpOHIap CoHu Ounad da-
pKJIaHauraH 3JeMeHTIap;

B) HEUTpPOHJIap COHU OHUp XWI, MPOTOHJIAP COHU Xap
XWI OYnraH sJieMeHTIap;

I) di1aul JaBpu OuiaH QapK KWiafuraH sJIeMeHTIap.

Bonopon sjpocunudr usororviapu ((H', |H?, |\HY)
HUMaslapu OwiaH dapk Kunaau?

a) ANPOCHHMHI Tapxubu Ounaw;

6) HelTpoOH/Iap COHH GuilaH;

B) IIPOTOHJIAp COHU OuiaH,;

) HEUTPOH Ba IIPOTOHJIAP COHU OuiaH.
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12-caso.

Kasobnap:

13-cason.

Kaesoonap:

14-caBoi.

Kasobnap:

15-casoJ.

Kasobnap:

Kanpait monnanap tabuumii paguoakTHB Moppaaap aed
atanagu?

a) ¥3-Y3uman eMUpHIIYBYH HYKJIUUIAP;

6) TanmikM TabCUPCHU3 ¥3-y3uIaH HypJaHyBUM MOIIA-
nap;

B) ¥y3ujaH MawjiyM OuHp Typlars 3appalapHu YH-
Kapub, 6olIKa TypHard sJIeMeHTra alaHyBIM MOJ-
Aajap;

I) y3UlaH 2JIEKTPOHIapHU HYPJIOBYM MOlasiap.

PanyoakTHBIMK Xomucacu Huma?

a) AApPOJIAPHUHI eMUPHIMIN XOAUCACH;

0) ARpOJIApPHUHT V3 —Y3u[aH eMUPWIMII Xapa€HH,

B) ®JIeMEHT SOPOCHBHHI ¥3-y3uaaH eMupmaud, 6or-
Ka Typoard 3JIEMEHTTra ailllaHuIl XapacHM,;

) IeMeHT SAPOCHMHUHI Y3W[aH 3JeKTPOHIapHM Hyp-
Jlal XapaéHm.

Huma yyyH pajnMoakTMB MOOHAHU Ky4wIM MarHur
MafJoHra XOWTamTupub Kysarunaan?

a) pagMoaKTUB HYypJIaHUII TapKUOMHU aHMKJam
YUyH;

6) pagMOaKTUB HypJiap TapKUOMHUHI MypaKkKabnuru-
HY ucOOTIall yUyH;

B) PaIMOAKTUB HypJIaHULIHUHT TypJapuUHM ¢oToIuia-
CTHMHKara TYHIMPHULI y4yli;

) PajMoaKTHB HYpJNAaHULI TapKUOHMIaru 3appanap 3a-
PAIVHA aHUKJIAII Y4YYH;

Arap sampo atbpa-eMupumaiira aydop 6yica, HaTH-
XABUH SAPOHUHT Macca cOHM KaHpai 6ynanu?

a) Macca COHHM y3rapMamniu,

6) Macca COHU TYpPT OUpIMKKA KaMasilH;
B) Macca COHH OMp OMpIHUKKa OpTajH;
I) Macca COHM MKKH OMpIIMKKa KaMasiy.

www.ziyouz.copgkutubxonasi



16-cago.

XKasobnap:

17-caBos.

Kasgobrap:

18-cagou.

XKasobnap:

19-capon.

Xasobrap:

Anppa-3appaHUHT 3pKUH HYIH Y3YHIMIW Kaiicu Xa-
BoGAa TYFpu KypcaTwiran?

a) §3 HAYHaIMIIMHE y3rapTUpMaciaH XaBo KarTjia-
MUI2H YTa OJIUII KOOMIUSTH,

6) y3 HYHaIMIIMHA §3rapTHpMaciaH XaBo KaTJja-
MUHU YTran Macodacu;

B) 3appalapHMHI dHeprud capduiami yuayH Gocub y1-
rad uyamy;

I) V3 AYHAIUIUMHYE §3rapTHpMaciaH yIraH Macoacy.

Ieiirep-Hetron xoHyHr HuManu udopanaiau?

a) A 6unas E napuu y3apo Gornaiimu;

0) ApUM eMUPWIMII NaBPUHUHT V30K &KH KHCKa
6ymummaN udonaaiiy;

B) SDUM EMHUDWIMII [aBPUHUHI aIb(a-3appaHuHT
®HEPIUSACHUTa OOFTMKIUIMHN HOopaTaliiH;

r) 4pUM eMHPWIMII JaBpUHHMHI KpHTHK Maccara
OOFTHK/IUIMHY uopanaijm;

Emuprmnvin joumuiicu A HriMa?

a) OMp CeKyHI NaBOMMJa EMUDHIYBUH DPaJHOaKTUB
MOfjla aroOMJIapy COHMHHMHI t BakT MOMEHTHIAry
aToM/Iapu COHMra HucOaTura TeHr GyiraH KaTTajluk;

©) BakT OWpIMIM JaBOMHIa pagMOAaKTHB MOAJA
aTOMJIapU COBMHUHI HMCOMIl §3rapuiy;

B) Oup CeXyH[ JaBOMHIA PaHOaKTHB MOJNA aTOMIIa-
PMHUHT KaH4Ya YITyHUId €MUPWITaHIUIY,

I) A SpHM EMHpPUIMII JaBpH;

Annda-emupunumn pyid Gepuiid yyyH Kaugaf sHep-
reTUK INapT G6axapuwinmy Kepak?

a) «OHa» SALPOHMHT MACCaCH XOCUIABU# AAPO Xamaa
anba-3appa Maccaiapy €KW SHEPrusuiapd AMrHHIK-
CUOaH Karra OynuIIN Kepak;

0) anbha-3appaHUHr OOFIAHMII BHEPrUICH MaH(Hil
Oynumu Kepak;

156

www.ziyouz.com kutubxonasi



T —— e — T .

20-cagoJr.

XKaeobnrap:

21-caBoi.

Kasobnap:

22-caBoJl.

Kaesobnap:

B) «OHa»SAPOHMHI MaccacH XOCWJI4BHH Spo XaMaa
anpga-3appa Maccanapu (dHeprusjiapH) HUFMHIONCH-
JaH KaTTa €KM TeHr O6ynuinm xepax;

I) «OHa» SAPOHUHI MaccacH XOCWIaBUM 4j(po Xamaa
«anbda» 3appa Maccalnapd (SHepruanapy) HUFMHOM-
cujad KMYuK OYIuIM Kepak.

PannoakTus owna (katop) ae6 ... auTmwiagu?

a) eMuUpuUIHMUIra Moiun Oyiaran H3oTOIIAp TYIa-
MMTa;

6) paaMOaKTUB 2JEMEHTJIap TYIUIaMMIa;

B) «OHa» SJEMEHTHHMHI EMUDUIMIIN HaTHXacuaa
KeTMa-KeT eMUpPWINII XMcobura io3ara KejraH K30-
TOIUIAp TYIUIaMUIa;

I) «OHa» DJIEMEHTUHUHI eMHUPWIMLIN XMCOOMra 103a-
ra KenraH crTabwib dJeMeHTraya OyiraH sIpoBUii
eMHUpWIIMILIUIAD TYIUIAMMIA.

SlpuM eMUpWIMIU JaBpy 1eb ... aiTumagu?

4) panvioakTHB MOMJIRHHHT SpUM €MUpPWIAJUraH BaKT
OpaJIUFNra;

6) paufMOaKTHB MOJNA AKTHUBJIMIMHMHI HMKKH MapTa
KaMasiJurad BaKT OpaJIUFura;

B) padvOaKTHB MOAIA SOPOJApUHHHI COHU HKKH
MapTa KaMmasgaurad BaKT OpaUFUIra;

I) SpUM EMHUPWIHMII NaBpu Ae® eMUpWINDI JOMMHICH

A ra Tedr OyAraH KaTTalMKKa.

Huma yuyH yTa oFMp aiaeMeHTapia HEHTpOHIap Co-
HE NpOTOHNap coHupad 1,6 Mapra kyn 6yaanu?

@) WTapuUl Ba TOPTHINMII KywIapUHU MyBO3aHaraa
cakjianl y4yH;

6) anpo TapKUOMaru HyKJIOHJapHHMHI ¥3apo TabCUp
KYWIapUHM MYBO3aHAaT[a cakjaill y4yH;

B) SApPO TapKuOWAaru IPOTOHJIADHUHI HTapull Kyd4-
JapUHY MyBO3aHaT[a CakJamll y4yH;

r) U30TONMUK MHBAPUAHTIMKHH caxjail y4yH.
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23-caBon.

XKaeobnrap:

24-cagpon.

Kaesobrap:

25-caBoan.

Kaeobrap:

Arap N/N; < 1,6 6yiica, sapona KaHmai y3rapuii co-
aup 6ymagu?

a) NPOTOHHUHT HEWTPOHTa aliaHUIIN;

0) NPOTOHHMHI HEWTPOHIa ailnaHuumM Ba OGup KaTak
yanpga TypraH ®JeMEHT H30TOIM XOCWI OYiuuim;

B) 6Mp KaTaK yHIAa TypraH ®JeMEHT W30TOIH XOCHN
Oy nHiy;

I) sJpofa xe4y KaHpjail yarapum o3 GepMaiiiu.

Arap N,/N, > 1,6 6ynca, simpona KaHpnail yarapuii
copup 6ynagu?

a) HEMTPOHHUHT IIPOTOHTa AIAaHUIIH CONUp OYnau;
6) HEHUTPOH IPOTOH, IEKTPOH Ba AHTUHEUTPHUHOTA
aiimaHajay,

B) G®JeMEHTIap [aBpUil cucTeMacuia OHp KaTak
YHIoa Typrad 3JeMeHT U30TONM Xocwi Oyianu;

r) MenjesieeB sjeMeHTIIAp JaBpUil cucTeMacuga Oup
KaTaKk dYanja TypraH ®ieMeHT W30TONM XOCHI
Oynanu;

Macca gedextu ne6 HuMara auTuau?

a) HEATpOHJIap Ba MPOTOHJIAPD MacCalaph WHFUHIM-
CUJaH 4IpO MacCAaCHHUHI alpuiiraHura TeHr OyiaraH
KaTTa/IMKKa;

6) axpo TapKuOugaru HeHTpoHIap Ba MPOTOHJADP CO-
HM OWnaH aHUK/IaHAMUraH Maccanap WHFMHIMCHIAH
my 4apoHUHr MeHpeneeB sjeMeHTIap HaBpuUi CHC-
TeMacHia KypcaTWIlad MacCCaCHHUHT aWHpMacura
TeHI 6Y/Iran KaTTaINKKa;

B) NPOTOHJIaD Ba HEUTPOHIApHAH SAPO TY3WIraHma
MabJIyM MUKZOpAa aXpaiubd YuKaauraH Maccara;

I) SJAPOHMHI OOFMaHMIN SHEpPruscUra SKBUBAICHT
6yyiraH Macca MUKIOpUra.
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26-caBo.

Kagobrap:

27-caBo.

XKasobnap:

28-cason.

XKasobnap:

29-cagon.

XKasobaap:

Bornanmn sHeprusicu ne6 Humara anTHiaan?

a) sIpo TapKuOMIard HyKJIOHIapHH OapKapOopIUTHHU
caxj1ab TypafuraH 3Heprudra;

6) AOpoBM TAIIKWA STyBYWIapra axparu® robopum
yuyH capth KWINHAJUraH SHEPrusara;

B) Macca Jc(eKTHHUHI SHEprusi OUpIuKIapuiaru
udonpacura;

I) MPOTOHHM HEUTpOHra ainaHuumra capgp OymyBun
sHeprudra.

Acocuil HepreTuK carx ne6 Humara aitunagu?

a) MUHUMaJl SHEPIUIM CaTXra;

6) aHUK KwiiMartra sra GynraH caTxra;

B) CHCTEMa BHEPreTUK XOJaTnapuH (papKjladnuran
ropu3aHTall YM3MKJIapra;

I) SAPOHUHI KaOyn Kwia ONajuraH 3HT KHYMK SHeprud
KuiiMarura.

Kyiiugary copMmynanapnad Kaiicm OUpU  SAPOHMHT
OOFNaHUII SHEPrUSCHHU TYFpH udopanangu?

2 2 2

a) Zm,c” + Nm ,c® - m,c”;
6) Zm,

2 2.
B) Z(m, + m,)" —m.c";

+Nm  -mg;

r) N(n, + my)?® - m,c>.

SInpoHUHT YHFOHTaH XoyaTH je6 HuMmara aiTtuiagu?

a) SApOHHHI KaTTa ZHEPIUAIM carxra yTHO Komu-
IIHra auTHIaaM;

6) aapoHMHI OOINKA BHEPreTHK caTXra yTHIUMra au-
THIAOHK;

B) SIPOHMHI MHHMMAal 3HEPIHsjaH OpTHUKYa SHEp-
rysra sra OVaub Konuiuura aiTHIany;

r) SAPOHMHI TalUKU TabCUp OCTHAA ¥3 XOJIaTHHU
y3rapTUpHIUMra alTHIaH.
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30-casoi.

XKasobnap:

31-caBon.

XKasobnap:

32-caBoi.

Kaeobnap:

33-caBou.

XKasobnap:

34-casonn.

Kasobrap:

Kanpaii gnponappa 3 ainanum copup 6ymanu?

a) Helrpownap coHU Kyn Oynran Gekapop Aapo/apaa;
6) orup Gexapop soponapfa HEHTPOH HPOTOHIa aii-
JIaHTaH/a;

B) (N,/Z,) < 1,6 6ynranpa;

r) (N,/Z,) > 1,6 6ynranua.

B~ ajiaHMIUZA Macca COHM y3rapajumu?

a) y3rapamy;

0) O6utTa OUpNUKKA OpTaiH;

B) yMyMaH oJIraHfa y3rapMapad, JIEKUH IIPOTOHJIap
COHHU OWTTara opraiy, HEUTPOHIApP COHM 3ca OUTTara
KaMasiIy.

r) 6urTa OUprUKKa KaMasiu.

Hosutpon nmapyananuu HuMa?

a) ANpo TApKHOWIard NMPOTOHHWHI HEUTpOHTa aifiia-
HUII Xapa€Hu;

6) gmpo Tapkubujnaryd ysrapuiriap Tydaiawm Ho3u-
TPOHHUHT XOCWI OYuIm;

B) s/lpojla Macca COHHU Y3rapMaciad 3apsj coHu Oup
OHMpIIMKKa Kamasjurad xapaé;

I) 9po TapKubuaa HEHTPOHHUHT NIPOTOHTA AFIIAHHUIINA.

B~ -aliaHMIU IApTH HUMagaH ubopar?

a) M(Z,A) > M(Z+1,A)+m,;
6) M(Z,A) > M(Z~1,A)+m,;
B) M(Z,A) = M(Z+1,A)+m,;
) M(Z,A) > M(Z+1,A)+m,.

Arap M(Z,A) > M(Z-1,A)+m, mapT OGaxapwica,
KaHga#l xapa€H 103 6epanu?

a) BIEKTPOH Kampall JKapaéHu;
6) B* aiaHMII XapaéHuy;
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35-caBo.

XKasobnap:

36-canoon.

Kasobaap:

37-caBoi.

Kasobarap:

38-casou.

Kasobnap:

B) IPOTOH HEMTPOHIa alNaHMIN Xapa&HH,
I') HEWTPOH IPOTOHTa ATAHMIN XapadHH.

Huma yuyn 6era-aiinanmin xapaHuua HeHTPHHO-
HUHT MaBXYUIMTHHM ac6obnap Kain KMaiimm?

a) HEHTPOHMHOHMHI MOJUIa OWiIaH TabCUpIIAILYBU Jie-
ApIH UYK; \

6) HEHTPOHMHOHMHT MOIIAIAH §THLI HApaXacy KOpH;
B) HEUTPUHO 3apscH3 3appamup;

I) HEUTPUHOHUHT Maccacu XyHa KUYHK.

Huma yuyn GeTa-cekTp y3nmyKcH3 YM3MKAaH Hbopar?

a) 6era-3appa OunaH OGupra HEHTPUHO XaM YHKAIM;
0) axpanraH ®Heprud HUFUHIMCH 3appaiap opachia
UXTUEPUH TaKCHUM/IAHaAM Ba ®JIEKTPOHTA TYpIH Iia-
POUTHA Xap XWJ YAyl TYFpU KeJlaau;

B) SJIEKTPOHIa TYpiIW LIAPOMTAA Xap XWI KUAMAaTIN
SHEPIUd TYFPH KeNaiH.

r) B-aitaHuNIa SMEKTPOHNIAD TYPJIM SHEPrUSIapHU
Kabyn Kumiajgu.

y-HyplaHMIIa SOpo TapKuOuaa Kapjadl y3rapuuiiap
copup 6ynamu?

a) yarapum coaup Gyamaiinu;

6) 9apo YMFOHIAH XOJNaTAaH HopMasl XonaTra yTany,
B) ®HEPIUd y3rapuiuu copup O6ynaau;

I) SApo I0KOpU OUp 3HEPreTHK XoJaTAaH IacTKH Ou-
pop »HEpreTHK Xojarra yTaau, SApo TapKubuaa xedu
KaHJall y3rapui comup GynMainy.

Wukxu sneKTpoH KOHBepcHd Aed HuUMara aitwiagu?

a) YHFOHTaH $ApO Y-KBaHINApHM HypJaMacilaH y3 sHep-
IMACUHY SKUHPOK, KOOUKIArM seKTpoHra OepHIIura Ba
Oy 2/IeKTPOHHUHT aTOMHU Tauyiad yukub KeTHIINra;

6) yuMKuO KeTraH ®JIeKTPOH YpHUra OOlIKa 3MeKTpoH
VTHIINTA;
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39-caron.

Kasobnap:

40-casoan.

Kasobnap:

41-casoin.

Kaesobnap:

B) YWFOHTaH S[pOJaH Y-KBAaHT HypjaHMaclIaH aToM-
JaH 5JIeKTPOH YHKUIIWIa,

I) yAFOHTaH SZIPOHUHI V3Ura SKUH 3JIeKTPOH KO-
OMKKa SHEpPrus y3aTHIUWra.

Snpo m3omepu ne6 HuMara adtmiaay?

a) smam Bakty 10° ¢ pan OpTHK OYyJraH paguoak-
TUB SAPOTa;

6) suIal BaKTW KaTTa 6ynran sapora;

B) palMOaKTUB EMHUPHIIHII MEXaHM3MU Ba TE3NTUIU
TypiMya OyiraH sjponapra,

r) O6up XWi1 gpponapiaH Tapku® TOITaH, aMMO Xap
xun 6ynran gpponapra;

PagvoaxTiB MaHOaHUHI aKTUBIWrY ned HuMara ay-
tunagu?

a) BaKT OGMpPIMIUIA PagyOaKTHB eMUPWIHILIAD COHMU-
HU UONATOBYM KaTTaINKKa,

6) 1 c opanurupa HedTa SNPO EMUPIIMIIMHU UGO-
IAI0BYY KaTTaJIUKKa;

B) MOJNAHMHT ¥3-Y3UJaH EMUPWINII TeJIUTHHU
nofaNnoBYM KATTAIUKKA;

dN
r) A= - KaTTauKKa, OyHna dN  Oup cexkyHIna

eMUPWIraH Sjposiap COHMU.

Huma yayH pagyvioaxTuB mauGanap OwWiaH y30K Ma-
cothaga Typub muanr tajab KuwimHagu?

a) Macodpara Kapab paguoakTHB MaHOGAHUHT T2bCUPU
cycasiiu;

6) pamuoakTuB MaHOamaH YMKa&TraH HypJaHULIIAp
MyXUTHaH YTa€TraHia SHEpPrUSCMHUHI OHp KHUCMUHU
MYKOTaiu, HATHXajJa TabCUp KaMasiiy,

B) yMyMuil XaBCHURIUK Y4yH;

I) y30K Macodafa TabCUp KaMasu.
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42-caBoi.

Kaeobrap:

43-capo.

Kasobnap:

44-cagon.

XKasobrap:

45-caBoi.

Kasobrap:

Pagnoaxtusnukauar CH O6upnukiap cucreMacuuaru
JI90B OMPJIMTHHY OeNTHIaHT,

a) Pentren (p);
6) Bexxepens (bk);
3) Kropu (Ku);
r) 3usept (3B);

Hoza cy3u XaHgal MabHOHM aHIIaTaau?

a) yJayw, IopLug;

0) KMCM;

B) Macca OHpiurMra TYFpH KelraH 3HEprus MUK-
JOPHHH;

r) 3apgn Oupiurura TYFpU KeJjiraH SHEPrUS MUK-
JOPHHH.

IOTmran posa ne6 Humara adTwiamm?

a) HYpJaHMIUHY IOTTaH MOJAHUHI ATOMM YHFOHTaH
XonaTra YTUINM YYyH etapiu OFiraH SHeprus MHK-
IOpH;

6) HypnaHTHpHIaETraH MOLJAHUHI OUPIMK MaccacH-
ra TYFpH KeJraH IOTWIraH 3HEprusd MUKIOPH;

B) Macca OWpHaWrura TYFpH KelraH OSHEprus MUK-
JOpH;

I) SHEPIUSHUHT IOTHITaH Yy,

IOtwiran no3a Humanapra capd 6ynagu?

a) MoJyla aTOMUHM YHFOHTaH XOJaTra yTKa3saiu;

0) MONmaHH KU3UTHUIU y4yH;

B) MOMJIaHM KM3WTUII Ba YHU KMUMEBHH, (PU3MK Ty3M-
JUIIMHYU Y3rapTupuinra capd 6ynamy;

I) MOIJaHUHI KpHUCTALl IaHXapanapura TaKCUM-
JaHaN.
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46-caBo.

Kasobnrap:

47-caBoi.

XKagobnrap:

48-caBoi.

Kaeobrap:

49-caBoJ1.

XKasobaap:

CH 6upmuknap cucTeMacua IOTHITAH 032 GUPIUTH
HUMara TeHr?

a) Penrrew;
6) I'peit;

B) bap;

r) Kropu.

DKCITO3UIMOH 1032 jed HuMara aiTtumama?

a) 3apsl MUKIOPHHUHI XaBo Maccacura HuchaTura;
6) O6MpIMK XaxMmOa HypiaaHull Tyaiig Xocuil
Oynran OMp Xun HINOpand WWUFUHAM 3apAOHAHT IOy
XaXMJar XaBo mMaccacura Hucbarura;

B) PEHTTEH, Y-HYPNaHMIUHWHT XaBOHU HOHJIALITH-
pHIjIary 103acCUHY UoaTaliiurad KaTTAIMKKA;

) peHTreH HypJIaHMIIMHMHT OpPraHU3Mra TabCHpPHHH
aHMKJ1ab 6epyBUM KaTTaTUKKa.

Dxcnosunuon nozapuur CH Gupnukmap cucreMacy-
Jaru OMpJUrd HuMara TeHr?

a) Kn/xr;

6) Pentren (p), 1 p=2,58 - 10™* Kn/kr;
B) bexkepens (bk), 1 Bx=1 an. emup/c;
r) I'peii.

Cudar koadpdurventu n1e6 Humara airuianm?

a) pagvaloH XaB(PHHUHI Heya MapTa KarTa KaHiu-
I'MHU udonanaiiurad KaTTaIuKKa,

6) olaM CypuHKaIW HYpJaHTaHAa paiualydoH XaBg-
HMHT OJIMH HypJaHMINra HucOaTaH Heya Mapra Kar-
Ta ®KaHJIMTMHM ndoJanaiiurad KaTTaIuKKa,;

B) PEHTIeH, Y-HypJaHUIIHU XaBOHU HOHIALITHPUIN-
Jary jo3acvHy ugonaraianural KatTaIuKKa;
r) aHMK XaBoO HVK.
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50-caso.

XKaesoobnap:

51-cason.

XKasobrap:

52-caBoJ.

Kaesobnrap:

53-casoJ.

Kasobnrap:

DxpuBaneHT posaHuHr CH Gupmuksiap cHCTEMacuia-
ra Gupiuru HUMara TeHr?

a) bap;

6) 3usepT (3B);
B) I'peit (rp);
r) Pearren (p).

Hozumetp neb ... alTHIAIM.

a) VOHJIAlITHPYYM HYpJapHUHT [03acH Ba YIapHUHT
KYBBATHHHU ¥ITYOBUM KypuyiMara;

6) HypJaHMII JO3acHHM yidaijuurad acbobra;

B) Hyp/aHMILHAHI MaBXYUTMIMHE KypcaTyBus acbobra;
I) 3apsAIM 3appajiap Io3ara KelTHpraH YaKHalllapHH
Kain xunyBud acbobra.

Teiirep-MioJulep CYETIAIM HUMara MyJlxallaHran?

a) 3apUIM 3appaTAapHUHI MaBXyUTUIMHH Oenruiab
6epuiura;

6) 3apamIn  3appalapHUHr MYCTaKWI TIa3 paspsany
IIAPOMTHAA XOCHJI KWIraH MUMIy/IbclapiHU CaHalura;
B) 3apsA/UIM 3appanap XOCH K¥irad JakKHalUTapHH Kai
KWJTHILTa;

I) HypJaHHLI JO3aCHUHM YiIyarura.

Paguomerp neb ... alTHIAIM.

a) 3apsyuld 3appalapHUHr MaBXy[LIATHHA KypcaTyBYH
acbobra;

6) PpagdOAKTHB W3OTOIUIADHUHI AKTHBIATHHA YII-
yaiigurad acbobra;

B) 3appajiap KOHIEHTPAUUSICUHH YIapHIHI UCCHKJIMK
TabcUpUra OMHOAH SHEPTHSCHHM yidaijidrad ac600-
napra;

I) palloaKTUB HYpJaHUILJard 3appanap KOHIEHTpa-
UUSCUHU YITYoBYM acboOra.
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54-cazsou.

XKasobnap:

55-caBod.

XKasobnap:

56-canoJ.

Xaeobrap:

57-cagon.

Xasobrap:

JHosuMeTprrapaa naT9¥k BasutacHHu HuMa Oaxapanu?

a) AApO HypNaHMIUIapH IEeTeKTOPH;
6) I'eiirep-Mrouiep cu4&TYHIH;

B) Buiscon kamepacu;

r) nydakiam Kamepa.

HonuzanuoHn Kamepa KaHzail coxafa uioiaiin?

a) 100-1000 B kyuwnanum Oynran coxana HILUTAHIH,
6) TYUMHUII TOKH ILAPOUTHAA 3appajiap XOCHJ K-
raH TyJ1a MOHU3ANMSIHHM KAk KHIaau;

B) rasfga MYCTaKWI paspsan 6YiraH mapoutina Uimiai-
AU

I) rasja MycTakul OYnMarad paszpsi IApOUTHIA HIL-
Janoum.

IlponopiMoHan caHaru4HUHr Basucacu HUMAIaH
u6opar?

a) rasfa HOMYCTaKWI paspsan OynraH mapoutia 3ap-
paliapHH caHaiiu;

0) YMKMII MMIIYJbCH OMpIaMuyd MOHJIQHUIIra, SHHU
Kaij KWIMHaguraH 3appa SHEPrUsACUIa IpOIIOPLMO-
Hajn Oynrad IDApOWTIa MIUIaMiM Ba SHEPTUSCHHU
yraaginm;

B) 3appajap COHM Ba BDHEPISCUHU MYCTaKWiI paspsiy
6yNran I1apouTaa aHUKJIaHIH;

I) HOMYCTaKMI pa3psll IHapOHTULA 3appa MMITYJIbCUHU
VITyaim.

V3u juap Ba §3u jumac Iefirep-Mionnep caHarnynan
chorinananuIian Makcag Huma?

a) caHarMyHM SHIW 3appara Gedapkiauruu 6aprapad
KHJTUIL,

0) ra3 paspsSgMHU YYMPHLI;
B) 3appanapHy Kai[ KWIMIUHM Te3NallTHPUIIL,
I') 3appailapHU Kai[ KWINNIHE CEKMHIAILITUPHIL.
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58-caBoi.

Kaeobnap:

V3u yuap cadaruunap Kabpaii Momma OGunaH TYIIM-
punagu?

a) aproH rasy Ownad TYIAUpHIALY;
6) aproH Ba XaBo &Ky crupT OyFu OWiaH TYIAMpIIaNy;
B) TeIUil, HEOH, aproH rasnapy OwiaH TYIAUpWIan;
) HEOH rasy O6MiIaH TYAAUpHIaIH.

59-caron. V3u jumac canarvuiapia KapIlWiIMK KaHjaail TaniaHatu?

Kasobnap:

60-carpo1.

XKagoonrap:

61-cason.

Kasoonap:

a) OyHna BakT mommuiicu T=RC Myc6aT MOHIapHUHT
aHo[JaH Karoira Kapab IOpWII BaKTHIaH TaxMHHaH
100 mapTa KaTTa 6ynumK Kepak;

0) BaKT MOMMHUHCH VIOHJIAPHMHI YYHMIU BaKTHUAaH KaT-
Ta 6YIUIM Kepak;

B) ra3 paspsayv GomuiaHraHiaH KeHMMH KapLUMIHKIard
KyWlaHul OONUIaHFMY KyWIaHUILZIaH XaM Kamaiuo
KeTagurad Kwinb TaHJIaHaIW;

) aHHK XaBoO HYK.

BiiIbcoH KaMepacHHUHI KaMYHJIMIH HUMalaH ubopar?

a) aHMK MabJIyMOT OJIMII KHUHMH;

6) UIIYH MOJUAHUHI KMYMK 3UWIMKAA OYIuIu;

B) 3appajiap <«W3W»HUHI aHUK KYPUHHIUMHHA OJIUII
MYILIKY;

I) MIIYY MOIJAHWHI Oupnall 3UWINTHHH cakjab Ty-
PHII KUAHH.

Tycdaxu KkamepaHUHT Bazudacu HUManan ubopar?

a) BunpcoH KamepacUHMHI KaMYWIMKJIapuHH Oapra-
pad xuwmHugas ubopar;

6) 3appanmap «U3M»HUHI AHUK/UIMTAHU OIIMPHLINEH
ubopar;

B) 3appalapHH Kaln KWIHLIaH ubopart;

I) MIUYY MOJNAHMHI 3WYNUIUHM Ouppail caxnab Ty-
puuad ubopar.
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62-caBon. Macc-criekTporpacuiapHuHr Basucdack HUMagaH ubopar?

Kasoonap:

63-caBoJl.

Kasobaap:

64-caso.

Kasobrap:

65-caBou.

XKasobnap:

a) aToM SIIpPOCH MacCacHMHH YJIYallfiaH;

6) KMYMK SBHEPrUsUTH SApOJIapHMHI MacCacHHHU ¥i-
YamjaH;

B) 9JIEMEHTJADHUHI W30TOIUK TapKUOMHM YpraHumi-
HAaH;

I) 4APOHUHI Macca TapKUOUHUM pacMra OJMIIJaH.

Macc-cenapatopnap ne6 Humara anTunagu?

a) W30TOIUIApHM Maccacura Kypa axpaTaguraH ac-
600ra;

6) aToM 4apocy MaccacUHH YigaiiguraH ac6obra;

B) SAPONAPHMHI M30TONMK TapKUOWHM YpraHaguran
acbobra;

r) apponmapunu Oup-OMpuian Maccacura Kapab ax-
parapuran acbobra.

Macc-crextporpachiapaa 3appajlapHd Kai KWIyBYH
ac606 cugatuga HUMa KyJUtaHwIamm?

a) ¢oTaIUIaCTUHKA,

6) aIeKTpOMeTp;

B) BunbcoH Kamepacu;

r) eitrep-Mrosuiep caHaruyu.

B -aiinaHuIIHKHET MY9KKM KOHBepcuaaaH ¢apku Humana?

a) WYKY KOHBEPCHUS BaKTHAA JIEKTPOHIAPHUHT AVC-
KpeT SHEPreTUK CHEeKTPH XOCH Oynummna;

6) P-allaHMII Ba WYKU KOHBEPCHS DHEPIETHK CIIEKTP-
JIAPUHMET TypiMda 6Y Uy 6mwiaH (papK KWIMAIIIIA;

B) [T-afilaHUIIga BSJEKTPOH SAPOAAH YHMKAOH, HIKH
KOBEpcUsa Bca 3JIEKTPOH 4Apo arpoduiard KoOuk-
IaH YUKUILK/IA;

) PB-aimanum GMIaH MYKM KOHBepcus OHp XM Xa-
pacH.
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66-cagoun.

Kaeobrap:

67-caBoJi.

Kaeobnrap:

68-casour.

Kasobnap:

609-canoon.

XKasobnap:

70-caBoi.

Kaeoonap:

71-casouir.

Kaeobrap:

Kyivpary gapo peakumsacuga eTUIIMarad sJeMeHTHU
€310, YHU TYJIAUPUHT:
SNM s 04 Pl
2. 3.
6) H* B) H;

a) \H'; r) ,He* .

Kyiinpary a1po peakuusIcuia eTHIIMaral sappa 6ei-
TACUHY €3U0, YHU TYJIUPUHI:

3 A7 (1, %) ;Mg .
6) on';  B) He";

a) 1P1; r) e

Kyinparu aapo peakuuscuia eTuiiMaraH sappa Gei-
CUCUHM €3u0, YHU TYAIUpUHT:

€%+ 252y.
. 1, 0. 0
a) ]pl’ 6) oll'; B) +1€73 F) —€.
Kyiimparn aapo peakuusgcuna eTHILIMaraH 3appa 6en-

TUCHUHM €3U0, YHU TYIIUPUHT:
14 14
AN (nx) £

a) ph; 6) ,n';  B),.c% r) e’
Ky#upnarn g1po peakKUMsCHAa CTHIIMaraH 3appa Oein-

THCHHM €3M6, YHH TYJIAUPUHT:
LAY (n,0) x.

a) 12Mg24; 6) 12Mg25; B) 148128; r) 11N324-
Kyiiugarn spo peakuMscHia eTHIIMarad OeiruHu

€316, YHU TYIJUPHHL.

,Li¢ + H?— JHe'+ ?

a) p'; 6) ;He’; ) He'; 1) o0,
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72-caBoil.

XKaeobnap:

73-caBo.

Kasobnap:

74-capoJl.

XKasobnap:

75-~caBo.

XKaeobnap:

76-cagroin.

XKasobrap:

a-3appa B (6op) sppocura ypwmmmu Tydaiinyd gaapo-
BUM peaklMs aMaira OLIAM, HaTuXafga HKKH SHIU
S0pO ByXyldra Kenpgv. YapHUHT OupHU BOJOpON aro-
MHUHMHT SJpPOCH, MKKMHYH $ApO KyHuparunapaal
Kakicy OMpU 5KaHIMIMHHU aHUKJIAHT.

a) ,Be’; 6) B'; B) " 1) ,NZ

Arap sapo oa-emMupunMmra gydop ©6yica, Xocui
OynraH SOpOHUHI Macca COHH KaHmail Gynagu?

a) Macca COHHU y3rapMainy;

6) Macca coHM TYpT OMpJIUKKa KaMasiiy;
B) Macca COHU Oup OUpIMKKa OpTany;
I) Macca COHUM UKKHU OUpIUKKa KaMasiiu.

Kyitunaru ,X*—,.,Y**+,He* mynocabatna panuoax-
THB eMUPWIMIIHUHT Kaiicu Typu MdoganaHras?

a) O-eMMpWIUIL,

6) P-aitanum,

B) Y-HYpJIaHULI;

I) CYHbUIl eMUPWIIHILL.

SnponuHT yiFOHTaH XoNaTé Ae6 HuMmara afTiiamn?

a) HOpMal XOJaTHard SIIPOHMHI KarTa BHEPrUsuId
carxra YTUILUTA,

6) sJPOHUHT OMp SHEPIeTHK CaTXAaH UKKHUHYU JHEp-
FeTHUK caTXra YTHIINra;

B) SAPOHMHT OPTUKYa BHeprusra sra OYIUIIMra;

I) sJPOHMHI KUYHK 3HEPreTHK CaTXJAdaH KaTTa DHep-
TeTHK caTXra yTUImra.

Macc-crieKTpoMeTplapHUHT Basuac ... nbopar.

a) aTOM SJPOCH MacCaCHHU yIyallijaH;

6) M30TONNAPHUHI Maccacura Kypa axpaTHIuIaH;

B) ®JIEMEHTJIAPHUHT M30TOIMK TAPKUOUHM YpraHuiuian;
I) KMYMK SHEPIHUTH ANPOTIAPHUHT MACCACUHM YITUallyIaH.
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9.2-§. Dnemenrap 3appanap ¢puzukacu Gyinya
TECT CaBOJI-KABO0IApH

XO03Mpru 3aMOH Hazapuil Ba aMalnHil (PU3UKACHHUHI CYHITH
MabJIyMOTIIapUTa acOCNIaHlaH XOJla BJeMeHTap 3appaliapHy Iy-
pyXJiaill, rypyxra KUpraH xap OHUp sjeMeHTap 3appaHuHT Xocca-
JapMHM KBaHT COHJIApM OPKaIM TaXJWI KWIMII Ba TaBcudaun
MaHTHKMH SXITHTIIMKHA Ba YKHUTHII YCIyOMATUHM 3bTHOOpra Oi-
rag Xo0Jijla amajira OIIMpPHIIIM.

I'enn-Mann Ba HeeManHMHT sneMeHTap 3appajiap cucreMa-
TUKAaCcura TagHIaH XoJlJa KBapKJIAPHMHI OUWIMIIM, YJIapHUHT
Typ/iapH, Xoccajapura 3bTHOOp KapaTuiy.

Me3zonnap Ba OapUOHNAPHUHI' «Mypakkab 3appa» SKaHIHIH
KBapKllap acocuja MHMCO/UIap OpKaldM caBoi-XaBob Tapaupa Oe-
pungn. ba€n sTHIran MabiyMoTiIap acocuia YKyBYM Ba Tanaba-
NapHUHT OWIMMIIAPUHU Ha30paT KWIMII Ba MyCTaxKamiiall YYyH
TYpJH INaKJIard TECT-CHHOBUHUHI ycy/ulapy GaéH KWIHHIM.

I TectHuHr 1-Ta caBon, 4-Ta XaBoG ycynu.

II TecTHUMHT «Xa-HyK» XaBobnu ycynu. Bynra 40 xun mara
TY3HIAH.

Il TecTHMHr XoONAMpUAraH HYKT&IADHUHT VpPHUHU TVJI-
aupui ycyau. bysra xam TeCcT CHHOB CaBON-XaBOOIapu TY3WIIH.

A) Tecrnnnr 1-N (1-ta cason, N Ta xaBo6) ycyaura
HAMyHAJIAp

1-caBon.  BDreMeHTap 3appanap KaHgall Xoccamapura Kapab
KJ1accilapra axpaTwiag?

XKaeobnap: a) cnvnura;
0) Maccacura,
B) 3apsiyra;
I) gWam JaBpura.

2-capon.  Kaiicu Oup 3appa IeKTPOMArHHUT MAaMJOH KBaHTH
ned xucobnaganu?

XKaesobnap: a) me3on; B) (pOTOH;
6) II00H; T) TPaBUTOH.
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3-casoan.

XKaeobnap:

4-caBoJ.

Kaeobnap:

5-caBoi.

Kagoonap:

6-caBoJ.

XKaesobnap:

7-caBou.

XKaeobnap:

8-casou.

XKaeobaap:

Kyiiunarn Kaiicu Gup 3appaHUHI aHTH3appacH HyK?

a) HEUTpoH; 6) POTOH; B) IPOTOH; T) ICKTPOH.

AHHATWIALIUA XOAUCACH ... 103 Oepajy.

a) Oup XWI 3apsmiy 3appanap TYKHaIUrasaa;
6) MKKHUTa 3appa TYKHaIUTaHIa;

B) aHTH3appa ¥3 3appacu OWiIaH TYKHALITaHia;
I') HO3UTPOH OMIIAH “JIEKTPOH TYKHAIUTaHIA.

Kyiinparn 3appanapnan  Kafch OupuHH  (hepMUOH
JeHHI MyMKHH?

a) hoToH;
6) a/1eKTpOH;
B) TIMOH;

r) K4aOH.

TeneBusopHuHr MIDIAall XapaBHWEa Kalcu 3appa
UIITUPOK 3Taiu?

a) oNEeKTPOH;
6) npoToH;

B) IPaBUTOH,
I') HEUTPUHO.

Kaiicu 3appa nenTonnap ownacura MaHcyo?

a) BIEKTPOH;
6) MpoTOoH;
B) HeliTpoH,
r) ¢oToH.

Fanaru 3appanap Tapkubura ... KUpanu.

a) TIHOH;
6) Kaon;
B) HEUTPHHO;
I') MIOOH.
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9-capoi.

XKasobrap:

10-canoJ.

Kasobnap:

11-cagou.

Kasobnap:

12-cagou.

Kasobnap:

13-cagoi.

XKasgobaap:

@oTOH KaHya BakKT siouaiau?

a) 1,6 - 107 ¢;
0) 4eKkcH3;

B) 1,7 - 10" ¢;
r 34 -10"c.

Kalicu onmuM sieMeHTap 3appallapHUHT SHTM CHUCTe-
MaTHKacHH#A oygu?

a) DHHIITEHH, B) ['e;1-Mann;
6) HummpkuMma; r) Pesepdopa.

Kyitunaru 3appanapaan Kaiicu Oup rypyx Gapuonnap
owlacura MaHcyo?

a) oToH, MPOTOH, MIOOH;
0) ®1eKTpOH, HEUTPUHO, KAOH;
B) POTOH, HEUTPOH, TUIIEPOH;
I) TUIIEPOH, ITHOH, MIOOH.

BapuoH 3aps/m neraHfa HUMaHM TYHIyHacH3?

a) Oy ®NEKTp 3apsildra yXiaraH TyilyHYa;

0) y dakar OGapwonnapra xoc 6yiubd, GapuoHnap
yayH —1 ra rteHr 6ynmamu, 6epk cucTeMaja cakjia-
Haju,;

B) y 0Gapua simeMecHTap 3appajiapra xoc 6ymu6, xap
XW1 3appangap y4yH Typiauda Kuimar xabyn Kwiagu;
r) 6y KBaHT coH Oynub, JenToHIapra Xoc OyiraH
TYLIYHYa, ¥ HOMMO CaKJIaHajlu.

Kaiicu xapa€nnapna 6apuoH 3apsiM cakjlaHana?

a) T > W+ vy,

6) WHHe VAV, ;

B) T0— Y+ ;

) ptn—op+n+n+ '
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14 casos.

XKasobrap:

15-capoir.

XKasobiap:

16-caBoJt.

Xaeobnrap:

17-caBo.

XKasobnap:

18-caBoui.

Kasobrap:

Kyivpary MIOOH eMHUPIIMIIMHUHI KalCH cxemalapu
ypuru?

a) P e +v,;

6) p—oe+v,;

B) W€ +V,+V,;

r) p—e'+v,.

Fanatu 3appanap geraHiga HuUMa TyuIyHUIaau?

a) yrap myHjail 3appanapku, OOIIKa ®jieMeHTap 3ap-
pajapiaH KypMHUIIMA XuXaTugaH ¢apk Kwiub, «ra-
JIaT¥» JieraH HOMHU OJlaJiy;

6) KywIH ¥3apo TabCHpiapia KaTHaIlyBYM 3appajiap
Oynub, eTapiu SHEpreTHK InapoMT/apia XaM OHTTa-
JaH lo3ara KeaMaWOd Ba Hasapuii xmcobnapra xiypa
10’ mapTa y30KpOK BaKT siIaiiau;

B) FalaTWIMK Oapya Gapuonsapra xoc 6yiaraH xycy-
cudaT 6ynub, DoMMO cakJ1aHalu;

) FajaTH 3appanapia 3IeKTp 3apsiiy OIHi 3appa-
JapHMKuIad dapk Kuiub, kacpiu 6ymany.

Kaiicu xapaénnapaa FaIaTWIMK cakjiaHagu?

a) p+n—>p+n+p +p;
6) W+p —n+v;
B) W'—e'+v+7;
r) n+n—>) +K*+K*,

Kaiicu 3appa ydyH ranaTWIMK COHM 3 ra Tedr Gynagu?
a) K 6) A; B) 2% N Q.

Tabuarpa KaHya sentoH Gop?
a) 4; 0) 5; B) 6; r) 7.
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19-cason.

Xaeobnrap:

20-cagoi.

Kaeobnap:

21-casoin.

Kaeobrap:

22-caBor.

XKasobnap:

23-casoi.

XKaeobnap:

24-caBou1.

XKaeobnap:

25-caBoi.

Kaeobnap:

Kajicyu xaTTajnuk 3appasyBI MHEPTJIMIMHH XapakTep-
naimm?

a) CIIUH;
6) macca;
B) paguyc;
I) 3apsx.

Kaiicu 3appa rpaBUTaLMOH ¥3apo TabCHUp TallyBYMCH
6,6 xu3Mat Kuiauu?

a) rPABUTOH;
6) coton;
B) ®JIeKTPOH;
I') TIOOH.

ITuon 3appacUHUHI' KaHAaH aHTH3appanapy MaBxXya?

6) wt, W 70

a) m'; B) n°, n*, n; 1), =°.

Kyiiupary xaiicu 3appa JenTomiap owiacura MaHcy6?

a) IHOH;
6) BNEKTPOH;

B) HEUTpOH;
) IPOTOH.

Kaiicu owmnara Mmancy® OysiraH 3appalapHUHI le-
MEHTap ®MacjUri aHUuKJIaHau?

a) ¢oronnap;
6) nenronsiap;

B) ME30HJIap;
r) Gapuonnap.

Kyiinnary 3appanapaad Kaiicu GUpUHMHT FalaTWINIH
KarTa?

a) pOTOH;
6) KaoH;

B) (2-runeposx;
r) A-Tunepon.

Ky#mpnary m+n —2+K*+K* xapa€H yuyH KXaiicu
KBAHT COHMHMHI CaKJIaHHULIM Ky3aTUNIauu?

B) OapHOH 3apsiM;
I) FAIATWIMK COHH.

a) NeNnToH 3apsiu;
0) anexTp 3apaaM;
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26-caBo.

XKasobrap:

27-cason.

XKasobrap:

28-cagon.

Kasobrap:

29-cagou.

XKasobrap:

30-caBon.

XKasobaap:

31-caBon.

XKaeobrap:

32-capo.

XKasobarap:

['enn-MaHH sieMeHTap 3appajiap (pU3MKacHra KaH-
Jal xueca Kymigu?

a) arIeMeHTap 3appajlapHH KJlacCU(PHKaNULIIN;

0) 3appalapHMHT FAIATWIMK XOCCACUra 3ra SKaHIMIU-
HU TOIIM;

B) ®JIEMEHTap 3appalapHUHT SHIU CHUCTEMaTHKACHHU
apaTay, 6MpuHuYM 6Yaub KBapkiap XaKu[ard rurore-
3aHU alTOH;

I) @JeMeHTap 3appalapHHUHT SHIU-SHTH XOCCajapuHH
AHUK/Ia/iH.

Fanarunuk xaiicu y3apo Tabcupia cakjianagn?

a) Kyucus; B) I'PaBUTAIIMOH;

6) xywy, I) 3JIeKTPOMAarHur.

KBapknap Xakupard rumoresa KMM TOMOHHOaH ail-
TWITaH?

a) emr-Mannu; B) [lupak;

6) ®epmuy; r) Okaga.

Onumnap Tabuarna KaHya KBapK MaBXyl 1e0 TaxMuH
Kunanunap?

a) 4 Ta; 6) 6 Ta; B) 3 Ta; r) 12 ra.

Bapuonnap Heuta KBapKiad Ty3wiran?
a) 2 Ta; 6) 3 Ta; B) 4 Ta; r) 5 Ta.

Me3soHnnap HeuTa KBapKIaH Ty3Wiran?
a) 2 Ta; 6) 3 ta; B) 4 T1a; r) 5 Ta.

KBapkiapauar Kanpail axoiu® XycycHsTra sra KaH-
JIATH PYC Ba ATIOH (pM3UKIIapX TOMOHMAH aHMKJIaHIH?

a) KBapKiap-hepMUOH;
©) KBapKJIapHUHI 2JIEMEHTAp 3apiad Ba OapvOH COHU
OyTyH aMac;
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33-casoi.

Kasobnap:

34-cago.

XKaeobrap:

35-canoi.

Kaeobnap:

36-capos.

Kaeobnap:

37-caBoi.

Kasobnap:

38-caso.

Kaesobnap:

B) KBapKJIAPHUHT aHTH3appacy MaBxXyi;
r) KBapKjap yd4 XWJ paHITa ara.

Kyiimparn zappanapHyHT Kaficu 6upu Mypakkab Ty-
sunumira sra?

a) oTOH,;
0) MIOOH;

B) OPOTOH,;
I') 3JEeKTPOH.

[enn-MaHHMHT JIeMEHTap 3appadp CUCTeMaTHKacH
Kaiicy 3appanap y4yH Ty3uiran?

a) doTonnap;
6) nenToHap;

B) OapuoHap;
I) ME30HIIap.

DrieMeHTap 3appaiap Klacclapd Kalicu XaBoOga
TY¥pU KypcaTUNnran?

a) poTonnap, JENTOHIAp, anpoOHIap;
6) nenToHNAp, ME30HIIap;

B) (poTOHIIAp, JEeNTOHIApP, KBapKiap;
) KBapkjap, ajpoHnap.

DHr orup 3appanap Kaicy owiara TyIIaHraH?

a) toronmap;
6) 6apuonap;

B) ME30HIap;
T) JIenToHJIap.

Kaiicu zappanap gApoBUH y3apo TabCUp TaLIyBYMCH
xucobnanagu?

a) dotonnap;
6) U-Me30HIap;

B) T-ME30HJIAP;
r) K-me3oHnap.

Katicu sappartapuy KBapkiapaad sgcail MyMKUH?

B) MIOOH;
I) OTOH.

a) IPOTOH;
0) ®JIEKTPOH;
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39-capon. KsapKiapHUHr 3IeKTp 3apsad Kaunaii?

Kasobaap.: a) 0, B) MaH(uil;
6) 6yTyH coH; ) Kacp COH.

40-capon. KpapkimapHUHI GapHOH 3apsad KaHya?
Xasobnap: a) 0; 6) 1; B) 1/2; r) 1/3.
41-caBon. DOHF orup 3appaltap KaHIai HomsiaHagu?
XKasobnap: a) nenronnap; B) MHOHJI2D;

6) Me3oHIIap; r) Gapuonnap.
42-cason. He#itpuHo 3appacu Kaiicu owiara Mancy6?

XKasobnap: a) nenroiap; B) IHOHJIAp;
6) Mezomiap; r) 6apuonnap.

43-capon. Kaiicu 3appa KOCM¥K Hypiapia TOIMITaH?

Kasobnap: a) snexrpoH,; B) MIOOH;
0) TpaBUTOH; I) KaoH.

44-cason. MenzeneeB gaBpuil CHCTeMacHJard sieMeHTIap Tap-
Kubuna xaHpail 3appanap Gop?

XKaeobnap: a) NIpoTOH, HEUTPOH, MIOOH;
6) NO3UTPOH, IIPOTOH, IIIIOOH;
B) IIPOTOH, 3JIEKTPOH, HEUTPOH;
I) HEHTPOH, IEKTPOH, (OTOH.

A) Tectamnr N-K (N Ta cason K 1a xapo0) makmmura HaMysanap

Kyinpary 3appanap xapo6 Tap3wia Geprirad:
1. Baexrpon. 2. ®otoH. 3. Heitrpon. 4. MmwoH.

Y1uby caBomnap pakamura MOC XaBoOlap pakaMHu E3MIaiH.

1. 1937 ¥mnpa Kaiicu sneMeHTap 3appa KOCMUK Hypiapia
TONWIraH?

2. Kaiicu sneMeHTap 3appaHUHI aHTH3apPacH MO3UTPOH XU-
cobnanaju?

3. Kyiuparu 3appanapiad Kaicu HKKUTACH JIENITOHIAp OMIIa-
cura Kupagu?
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Kajiicu 3appaHUHI MUKW CTPyKTypara 3ra SKaHJIUIU TO-
nwipu?

Kaiicu 3appa EpymRMK KBaHTU xucoOnaHapu?

Kaiicu 3appaHUHI Maccacu MPOTOH Maccacura SKuH?
Bapuoniap owlacura xaiicu 3appa Kupagu?

Kyitupara 3appanapaad Kaiicu 6upu 603oH?

3appanap W4MLa SHI OFUPUHM TaHJIAHT?

10 Kaiicu 3appa Hr OHpuHUYM TonmnraH?

11. Kaifcu 3appaHy KBapKiapiaH KypUIl MyMKUH?

12. Kaiicu 3appa G6apuoH 3apsagdra sra?

13. DnekTpoMarHuT MalioH KBaHTH OYiub Kaiicu 3appa XH3-

mar Kwiagu?

14. Kalicu 3appanap JIENTOH 3apsara sra?
15. Kaiicu 6up 3appa HYKJIOH xucobianagu?
16. Kajicu 3appa ¥3UHUHT aHTH3appacu Owian Oup xwi?

B) Tectamur HyKTanap YpHHHM TYIMPMIN YCYJIUra HamyHanap

A rpynmaHuHr Xap OMp caBoaM y4yH A rpynmajas TY¥pH
XaBOOHH aHMKJIAHT.

—

A rpynnasuHI caBoIUiapy

. DrieMmeHTap 3appaiap ... .
. Typmit sneMcHTIapHMHI aToMiIapy TapKMOMIa XO3MpIu

3aMOH Hazapusdcu Oyiinua ... sneMeHTap 3appalap Kupa-
IH.

. aNieMeHTap 3appa cybaToM ¢usnKacupa acocuil Oup-
JUMK KWiu6 Kalyn KWIMHIAH 3HI KHYUK TUHWIMK Macca-
cura ara.

sJEMEHTAap 3appa ®JIeKTpia acocuid OHpIUK Kumubd
KaOy/n KWIMHTaH 3HC KMYUK MaHbUil 3eKTp 3apsjura
ara.

. drieMeHTap 3appaitap 6apkapop XucobiaHanu.
Heiditpuno ... .
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A rpynnaHUHT XaBoOJapH

. DOTOH, HEHWTPOH, JIEKTPOH, MPOTOH Ba YIAPHHUHI aHTH

3appanapH.
bynuumaiinuran Maiina 3appanap.

TununyK Maccacura sra 6ynMarad JIenToH 3apsjid OGuwian
3aps/UlaHrad Ba OolIKa 3appanap OwiaH Xyna Kyd4cus
Y3apo TabCHpallaiUraH GapKapop oJMeKTp XHXaTaaH
HeyTpall 3appa.

OnexTponnap.

DOTOH, HEUTPHHO, BJIEKTPOH Ba aHTHU3Appalap.

ITporos.

Xozupru BaKTAa MYKM CTPYKTypacd XaKula aHuK
MabJIyMOTra ora 6§auMHMaraH 3appanap.

ONeXTpOoH, MO3UTPOH, HEHTPOH.

b - rpynnasusr casoiapu

Enrun snementap 3appanap cuadu ... 1e6 atanam.
Vpraua snementap 3appanap cuadu ... 1e6 ataram.
Orup snemeHTap 3appanap cuudu ... aeb aranaj.
Baproxn zapagu ne6 ... .

Jlenton peb ... .

b - rpynmaHuHr xapodiaapu

. bapuonnap.
. DapuOHIapHUHI CaK/IaHUIOUHM XapakTepioBUM KaTTa-

JIMKKa afTUIagu.

. Me3zonnap.
. bapHOHIapHUHI ¥3apO TabCUPUHU XapaKTEpIOBYM KaT-

TaNWKKa alTIWwIanu.

. Jlenronnap.
. JIenTOH/IapHUAT §3apo TabCHPUHU XapaKTEPIOBYH KaT-

TAIMKKa alTHIANMI.

. JlenTOHIapHUHT CaKJJaHHLIMHU XapakTep/ioBYd KarTa-

JIMKKa alTWIaau.
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N

10.

11

13.
14.

15

19.

20.

21

B) «Xa — iyx» kKaBoO/IH TecT CaBOJIapUra
HAMYHaJIap

. Mrwon — 6apxapop 3appa.

DeKTPOH XaM, MIOOH XaM Oup XWI CIIMHTa 3ra.

. 3appa y3uHUHT aHTU3appacd OWIaH TyKHALIraHga aHHU-

TWIALMS XOAMcacu pyil Gepanu.

. Jlerironnap owslacura ieKTpoH, IIPOTOH, HEHTPOH Ba

HEUTPHHO KHpaiu.

. HeWTpuHO y3MHMHT THHWIMKJAIM Maccacura Kypa ¢oro-

Hra yxmab xerauu.
JlenToHTap omnacura orup mIeMeHTap 3appanap KMpajiw.

. CniuH — MMKpo3appartapHudr opbuta O¥iiMua aiinaHuin

HaTHXacuua cogup GynamuraH Xxapakar MUKIOP MOMEHTH.

. DreMeHTap 3appajlap y4Ta acoCHH OWJIallapra axparaiu:

1. ®oronnap.

2. Jlenrronnap.

3. KBapknap.

[IpoToH Ba HEHUTPOH — OWUTTa HYKJIOH 3aPPAaCHHMHT HKKH
X KypUHUIIUAUP.

Bapuonnap 6y — 6030Hmapaup.

. ITuion 3appacHMHHHT yYTa aHTU3appacl MaBXyx.
12.

Tlenn-Mann Ba Heeman xam¢g XWIraH cHcTeMaTHKa
opkanu Gapya aJpoHSiap XOccalapu TYIHMK, TYLIYHTH-
PWIAH.

AZpoHyap ajeMeHTap 3appalap 3Mac.

[TpoToH Ba HeliTpon Gapkapop 3appalapaup.

. JlentoHnapHU KBapkiap OpKalH TY3MII MyMKHH.
16.
17.
18.

luneponiap — 3HT OFMp 3appanap.

Heitrpon anemenrap 3appa sMac.

KBapknap xakuiaru runoresaHu 6upuHum 6ymu6 Ienn-
ManH gpatiu.

DneMeHTap 3appaiap AeraHga WYKM CTPyKTypara ara
6ynmaraH, OYnuHMaiaurad 3appaiap TYWYHUITaaH.
Kpapxmiap Tyrpucugary rumoresa 1863 iunna aiitmiras.

. JlenToHslap owsiacura 031aH OpTHK, 9JIEMEHTap 3appaiap

MaHcy0.

181

www.ziyouz.com kutubxonasi




22.

23.
24.

25.

26.
27.

28.
29.

30.
31.

32.
33.
34.
35.
36.

37

Kpapxiap smekrp 3apaara sra 6ynub, y Kacp coHpaH
uboparaup.

KBapxnapHusr anTusappaiapyu Myx.

Tabuaraa xanya KBapk Oyyca, IuyH4a JIENTOH OYiIM0IM
Kepak, 1eb TaxMHH KWIUILAAH.

Fanatu 3appanapHMHI FamaTWIMTM UIYHOAKY, Yyjaapiua
KaWTyBYaHNUK npuHOMOY Oy3unagu, SbHU TYFpH  Ba
TeCKapy Xapa&HIapHUHT 103 Oepulll BakTH Oup Xun
6ynmaiigun.

MesoHutap, MPOTOH Ba KaOH — FajiaTé 3appaniapayp.
KBapxnapuy xed KuMM Taxpubala KysaTMmaraH, yjaap Ha-
3apuii TOIIMJIraH.

KBapxiapHUHT XWX Ba paHry JeraHaa yiaap Typiau XMl
paHrJa Ba y3Wra Xoc XHAra ara OVJIMIIM TYIUYHUIaOH.
Mezounap Ba OapHOHNAapHM KBapKIapHUHI KOMOMHa-
LUUACHAAH TY3UII MYMKHH.

KBapknapHy a1eMeHTap 3appajlapal Ty3HI MyMKHH.
Faatu 3appanap 6unaH 103 6epaaurad xapa€unapia ra-
JATWIMK — KBaHT COHM CakKjaHalM.

Mezonnap — 60308, epMruoHIap, OapUoOHIapAUD.

Xap Oup KBapKk y4 XWwi paHrga Oymanu.

ITpoToH — @Hr OHpPHHYM TONWIraH 3JIEMEHTap 3appa.
MrooH — KOCMUK HypJiapjia TOTIWIIraH 3appa.

Mesonnap 4 Ta KBapKaaH Ty3WIraH.

. KBapkmnap 6apuon 3apsaura sra 6yiau6, y 1/3 ra Tesr.
38.

39.
40.

Fajiaty 3appanap noum 6Mp HeuTagaH TYFUTAM.
Fanatwiuk kyucus ysapo Tabcupiapia cakjiaHaad.
Tabuaraa TypTTa PyBIaMEHTAN ¥3apo TabCUP MaBXYII:
a) Kydcus y3apo Tabcup.

6) Kyunu §zapo tabcup.

B) DJIEKTPOMAarsuT y3apo TabCUP.

r) I'paBurtanyon yzapo Tabcup.
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9.3-§. Snpo du3nkacunan raiépranran
TeCT CaBOJUIADUHMHN TYFPH KaBobaapu

1-8 21 -6 41 -6 61 -r
2-B 22 - a 42 -8 62 -8
3-06 23 -a 43 -8 63-a
4-a 24 -a 44 - 6 64 —-a
5-8 25-8 45— B 65-8
6-a 26 - a 46 - 0 66 -1
7-a 27 -1 47 -0 67 - a
8-a 28 -a 48 - r 68§ -8
9-0 29 - 49 -6 69 — a
10-0 30-0 50-6 70 - ¢
11-6 31-8 51-a 71 -8
i2-0 32-8 52-8 72 -8
13-8 33-g 53-r 73 -0
14-8 34-8 54 -a 74 - a
15-06 35-a 55— 75 -a
16 - © 36 -0 56 -0 76 — a
17 -8 37-r §7 -a

18 -8 38-a 58-0

19 - 39 —-r 89 —-a

20-8 40 - a 60 - 2a

9.4-§. Dnemenrtap 3appanap ¢um3ukacu, KBapKiap
Oyiinya TaiiépraHraH TecT caBoUIAPUHUHET
TYFpHU XKapobnapu

1-6 11 -8 21 -r 31-a 41 -r
2-B 12-0 22-6 32-r 42 - a
3-0 13-r 23~r 33 -8 43 -8
4 -1 14 -8 24 -8 34-8 44 - a
5§-0 15-6 25 -1 35—-a
6-a 16 —r 26— B 36 -0
7-a 17 -r 27 -0 37-8
§-0 18-18 28 — a 38§ -a
9-06 19 -0 29-6 39_r

10 -8 20 -a 30-6 40 -r
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HI0BA

1-xadsan

Acocmit du3uK yoamuiinap. AroMm Ba ClleKTpaI JOUMHUILIAD

www.ziyouz.com kutubxonasi

Dusux kammanuxrap Eeneucu Con kuumamu
I'pasuTauus LoUMUicH y 6,67 - 10" H - M¥fxr*
| Monb. Jarv Monexynanap COHU N, 6,02 - 10® mon™!
(ABaraupo conu)
Hopman mapoutaa [k Mons uuean Vo 224 - 107 M*mon
Ta3HUHT MOJISP XAXMH
YHuBepcan ras JoUMHHCH R 8,31 X/Mmon - K
BojbiiMaH JNOMMHIICH k 1,38 - 10 7 XK/K
T Mapajieli COHM F 9,65 - 10* Kn/mon
Credan-Bojbuman poumuiicu G 5,67 - 10° Bm® - K*
InaHk gouMuiicu h 6,62 - 100 X - ¢
DNeXTPOHHHUHI 3apsiiun e 1,602 - 107" Kn
THHY XONATIHarH Macca:
- 271eTpoH m, 9,11 - 107" kI'=
=549 - 10" m.a.6.
- nipoToH m, 1,672 - 1077 kT'=
=1,00759 m.a.6.
- HeNTpoOH m, 1,675 - 1077 xI'=
= 1,00899 m.a.6.
MaccauuHr aroM GUpAHIY M.a.6 1,66 - 1077 xI"'=
=931,4 MaB
DNeXTPOHNAPHUHT CONUIUTHPMA 3APSIIH e/m, 1,76 - 10" Kn/xT
Bonopol aToMUHUHT Maccacy my 1,6733 - 107 kI
O-3apPaHUil Maccacu Mg 6,6444 - 107 xI
EpPYFNHUKHUHT BaKyyMJlard Te3iuru c 2,99793 - 10° m/c
DaeKTp NoMMHUICH & 8,85 - 1077 @im
MaruuT jouMuiicy ™ 4n - 107 Tu/m
Puubepr JloMMuiicu R 10973730 m™!
Bop marneronu ™ 9,2727 - 107 spr/Tc
SlupoBuit 60p MarHeToHH i, 5,0504 - 107 spr/Tc
Bupunun Gop pannycu ty 0,5292 - 10 ™
KOMITTOH TYIIKUH y3YHIIMIH (NEKTPOH YuYH) A, 0,02426 - 107" m
DNEKTPOHHUHT (KJACCHK) paluycH T, 2818 - 10% m
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TYFPH KeJlaauraH GOFJaHuIl DHePrusapu

2-xKaoean

Batb3n sapONapHUHT Ba Y1apary Xap GUp HYKJIOHTa

M Xap 6up

acca . HYKNOHT2 TYFPU

Waoron I\(/;a:f: é\g op T&m: e B}E:;;J;ZEE?JE, gzﬁiﬁg;ﬁ

o (ym.ab.) - 107 Mg SHEpIHsIcH,
E/A

dn |1.00866544 (£43)%| 8665,4420,43
H 1,00782522(+08) | 7825,22+0,08
20| 2,01410219(211) | 14102,190,11 | 2,22471(+40) 1,1123
34 3,01604940(£23) | 16049,40+0,23 | 8,4824(:8) 2,8274
3He | 3,01602994(£23) | 1602994023 | 7,71787(+44) 2,5726
JHe | 4,002260361(+37) | 2603,6140,37 | 28,2950(+09) 7,0740
SHe 5.012296(+21) 1229621 27,338(+20) 5,4676
SHe 6.018960(+18) 18900+18 29,259(+17) 4,8765
JLi 5,012541(+40) 12541240 26,328(+37) 5.2656
bLi 6.0151263(x1) 16126,3+1,0 | 31,9910(x15) 53318
7L 7,0160053(+11) 16005,3+1,1 | 39,2436(£18) 5,6062
3L 8.0224884(£16) | 224884416 | 41,2763(324) 5,1596
He 1 11.0114313(215) | 114313415 | 73,4413(20) 6.6765
2¢ 12,0 010 92,1605(27) 7,6800
Be 13,0033543(7) 33543407 | 97,1075(231) 7,4698
Bc | 14.00324193(241) | 324193441 | 105,2835(+33) 7.5202
%o 14,0085970(+7) 8597.0+0,7 98,7303(+28) 7,0522
Bo 15,0030719(£19) 3071,9£1,9 | 111,9480(£39) 7,4632
%0 | 15,99491494(+28) | 5087,06+0,28 | 127,6170(x35) 79761
o) 16,9991134(29) —886.6+0.9 | 131,7591(+41) 7,7505
Bo 1 17.99915983(+34) | —840,1740,34 | 139,8059(+49) 7.7670

* Kaec unuda CyHzzu paKamaap xamoauzu 6epunzan.
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I/Iaorormapmmr Macca xKaasaau

3-xadean

e

ATom Kumésuit ATom Kumépniz
3jIeMeHT | A Macca JIEMEHT A Macca
HOM. HOM.
dearucu dearncu
1 H i 1,008131 10 Ne 19 | 19,00798
H 2 | 2,01472 Ne 20 | 1999889
H 3 | 3,01700 Ne 21 | 21,00002
Ne 22 1 21,99853
2 He 3 | 3,017032
He 4 | 4,00386 11 Na 22 | 22,00032
He 6 | 6,0209 Na 23 | 22,99644
Na 24 | 2399774
3 Li 6 | 6,01692
Li 7 7,01816 12 Mg 23 23,00055
Li 8 | 8,02497 Mg 24 | 23,99300
Mg 25 | 24,99462
4 Be 7 | 7,01909 Mg 26 | 2599012
Be 9 |9.,01496 Mg 27 | 26,99256
Be 10 | 10,01662
13 Al 26 | 25,99446
5 B 10 | 10,01617 Al 27 1 26,99069
B 11 ] 11,01290 Al 28 27,99077
B 12 1 12,0168 Al 29 | 28,9890
6 C 10 | 10,02086 14 Si 27 | 26,99711
C 11 ] 11,01502 Si 28 | 27,98727
C 12 | 12,00388 Si 29 | 28,98635
C 13 | 13,00756 Si 30 | 29,98399
C 14 | 14,00774 Si 31 | 30,9866
7 N 13 | 13,00990 15 P 29 | 28,9135
N 14 | 14,00753 P 30 | 29,9885
N 15 { 15,00487 P 31 | 30,9844]1
N 16 | 16,00645 P 32 1 31,98436
8 O 15 | 15,0078 16 S 31 | 30,98965
(0] 16 | 16,00000 S 32 | 31,98252
(0] {7 | 17,00450 S 33 ] 32,98200
0] 18 | 18,00485 S 34 | 33,97981
9 F 17 | 17,00758 17 Ql 33 1 32,9875
F 18 | 18,00670 Cl 34 | 33981
F 19 1 19,00454 Cl 35 | 34,9788
F 20 | 20,00654 Cl 36 | 359799
Cl 37 36,9777
N . Cl 38 1 37,9800
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AToM Kuménuit AToM Kuménuii
3JieMeHT | A Macca ) 3JIeMEHT A Macca
HOM. HOM.
Gesruen Gesrncu
18 Ar 35 1 34,9865 41 Cb 93 | 92,926
Ar 36 | 35977
Ar 38 | 37,97473 42 Mo 98 | 97,944
Ar 40 | 39,9755 . Mo 100 | 99,939
Ar 41 | 40,97740
50 Sn 120] 119,912
19 K 41 | 40,973
52 Te 126 125,937
20 Ca 40 | 39,975 52 Te 128 | 127.936
42 1 41,971
43 | 42,972 53 1 127 | 126,932
21 Sc 45 1 4496977 54 Xe 134 133,929
Sc 46 | 45,96909
55 Cs 133 132,933
22 Ti 48 | 47,963
56 Ba 1381 137,916
23 \Y 511 50,96035
\Y% 521 51,95857 73 Ta 181 180,927
24 Cr 52| 51,959 74 w 184 | 184,00
26 Fe 56 | 55,9571 75 Re 187 186,981
28 Ni 58 | 57,959 76 Os 190 | 190,04
Os 192 192,03
30 Zn 64 | 63,95
80 Hg 200 200,016
33 As 751 74,934
81 Tl 203 203,05
34 Se 80| 79,941 Tl 2051 205,05
35 Br 79 | 78,929
Br 81 | 80,926
36 Kr 78 | 77,945
Kr _ 80 | 79,926
Kr 82 | 81,939
Kr 83 | 82,927
Kr 84 | 83,938
Kr 86 | 85,839 , .
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Crabun H30TOILUIAPHHHI XXaaBalu

4-waoean

ATom Kuwésnii Hucomnit ATom Kumésnit Hucbnii
Hom jJeMeHT | A muKIOp, % f 2IeMEHT A MHK0D, %
" | Genrucn ’ ‘| Gearucn i

1 H | 99,98 16 S 32 | 95,06
1 H 2 10,02 16 S 33 10,74

16 S 34 | 4,18
2 He 4 ' 100

17 Cl 35 17548
3 Li 6 |75 17 Cl 37 | 24,57
3 Li 7 1925

18 A 36 | 0,307
4 Be 9 | 100 18 A 38 | 0,061

18 A 40 | 99,632
5 B 10 | 18,83
5 B 11| 81,17 19 K 39 193,38

19 K 40 | 0,012
6 C 12 | 98,9 19 K 41 | 6,61
6 C 13 | 1,1

20 Ca 40 | 96,961
7 N 14 | 99,62 20 Ca 42 | 0,64
7 N 15| 0,33 20 Ca 43 | 0,146

20 Ca 44 1 2,065
8 (0] 16 | 99,76 20 Ca 46 | 0,003
8 (0} 17 1 0,04 20 Ca 48 | 0,185
8 (¢} 18 | 0,20

21 Sc 45 100
9 F 19 | 100

22 Ti 46 | 7,95
10 Ne 20 | 90,00 22 Ti 47 | 7,75
10 Ne 21| 0,27 22 Ti 48 | 73,45
10 Ne 221973 22 Ti 49 1 5,51

22 Ti 50 | 5,34
11 Na 231 100

23 v 51 1 100
12 Mg 24 | 774
12 Mg 25| 11,5 24 Cr 50 | 4,49
12 Mg 26 | 11,1 24 Cr 52 | 83,77

24 Cr 53 | 9,43
13 Al 27 | 100 24 Cr 54 | 2,31
14 Si 28 1 92,28 25 Mn 55 | 100
14 Si 29 | 4,64
14 Si 30 | 3,05 26 Fe 54 | 5,84

| 26 Fe 56 | 91,63

15 P 311100 j 26 Fe 57 12,17
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Kumépnia . Knmépuit .
':;;M 3JIeMeHT | A MEKP;COGH"W I:z;M IJTEMEHT A ME“COG“"‘V
" | Oenrucu p, 7 " | Oearncu Raop, 7o
26 Fe 58 | 0,31 36 Kr 84 57,100
36 Kr 86 17,472
27 Co 59 100
37 Rb 85 72,8
28 Ni 58 | 62,8 37 Rb 87 27,2
28 Ni 60 29,5
28 Ni 61 1,7 38 Sr 84 0,56
28 Ni 62| 4,7 38 Sr 86 9,86
28 Ni 64 1,3 38 Sr 87 7,02
38 Sr 88 82,56
29 Cu 63| 69,48
29 Cu 65| 29,5 39 Y 89 100
30 Zn 64 | 50,9 40 Zr 90 | 48
30 Zn 66 | 27,3 40 Zr 91 11,5
30 Zn 67 39 40 Zr 92 22
30 Zn 68 17,4 40 Zr 94 17
30 Zn 70| 0,5 40 Zr 96 1,5
31 Ga 69 | 612 41 Nb 93 100
31 Ga 71 8.8
42 Mo 92 15,9
32 Ge 70| 21,2 42 Mo 94 9,0
32 Ge 72| 27,3 42 Mo 95 15,7
32 Ge 731 7,9 42 Mo 96 16,6
32 Ge 74| 37,1 42 Mo 97 9,50
32 Ge 76| 65 42 Mo 98 23,8
42 Mo 100| 9,6
33 As 75 100
44 Ru 95 5,68
34 Se 74 1 0,9 44 Ru 98 2,22
34 Se 761 95 44 Ru 99 12,81
34 Se 771 83 44 Ru 100 12,70
34 Se 78 1 24,0 44 Ru 101 16,93
34 Se 80 | 48,0 44 Ru 102 | 31,34
34 Se 821 9.3 44 Ru 104 | 18,27
35 Br 79 | 50,53 45 Rh 1031 100
35 Br 81 49,47
46 Pd 102 0,8
36 Kr 78 { 0,35 46 Pd 104 9,3
36 Kr 80 | 2,01 46 Pd 1051 22,6
36 Kr 82 11,534 46 Pd 106 27,2
36 Kr 83 11,534 46 Pd 108 | 26,8
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Kuménuit

Knméni

ATom Huconit ATom Hunconii
Hom. | iEMeHT A MuK0p, % oM nemeHT | A muKi0p, %
Dearncu ’ oerucu >
46 Pd 110 13,5 54 Xe 128 | 1,90
54 Xe 129 | 26,23
47 Ag 107} 51, 54 Xe 1301 4,07
47 Ag 109 48, 54 Xe 131 21,17
54 Xe 132 | 26,96
48 Cd 106 1.4 54 Xe 1341 10,54
48 Cd 108} 1,0 54 Xe 136 | 8,95
48 Ccd 110] 12,8
48 Cd 111 13,0 55 Cs 133 100
48 Cd 112] 24,2
48 Cd 113] 12,3 56 Ba 130 | 0,101
48 Cd 114 28,0 56 Ba 132 | 0,097
48 Cd 116§ 73 56 Ba 134 2,42
56 Ba 135 | 6,59
49 In 113 45 56 Ba 136 | 7,81
49 In 115 95,5 56 Ba 137 11,32
56 Ba 138 | 71,66
50 Sn 112 1,1
50 Sn 114 0,8 57 La 139{ 100
50 Sn 1157 0,4
50 Sn 116 155 58 Ce 136 | <1
50 Sn 117 9,1 58 Ce 138 | «lI
50 Sn 118 22,5 58 Ce 140 | 89
50 Sn 119 9,8 58 Ce 1427 11
50 Sn 120| 28,5
50 Sn 1221 5,5 59 Pr 141} 100
50 Sn 124 6,8
60 Nd 142 | 26,95
51 Sb 121] 56, 60 Nd 143 13,0
51 Sb 123] 44 60 Nd 144 | 22,6
60 Nd 145] 9,2
52 Te 120 0,09 60 Nd 146 16,5
52 Te 1221 2,43 60 Nd 148 | 6,8
52 Te 1237 0,85 60 Nd 150 5,95
52 Te 1241 4,59
52 Te 125 6,98 62 Sm 1441 3
52 Te 126 18,70 62 Sm 1471 16,1
52 Te 128 31,85 62 Sm 148 | 14,2
52 Te 130 34,51 62 Sm 1491 15,5
62 Sm 150 | 11,6
53 I 127| 100 62 Sm 152 20,7
62 Sm 154, 18,9
54 Xe 124| 0,094
54 Xe 126 0,088 63 Eu 1511 49,06
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Kumépuit

Kumépui

AToMm sxement | A HucoOui AToMm SIEMEHT A Hucoun
HOM. | o rhcn MUKIOP, % HOM. GenrucH MUKAOp, %
63 Eu 153 | 50,94 72 Hf 178 27,13
72 Hf 179 13,85
64 Gd 152 0,2 72 Hf 180 | 35,14
64 Gd 154 | 2,86
64 Gd 155 | 15,61 73 Ta 181 100
64 Gd 156 | 20,59
64 Gd 157 | 16,42 74 w 180 0,13
604 Gd 158 | 23,45 74 w 1821 2641
64 Gd 160 | 20,87 74 w 183 | 14,40
74 w 184 | 30,64
65 Tb 159 | 100 74 w 186 | 28,41
66 Dy 158 | 0,1 75 Re 185| 382
66 Dy 160 | 1,5 75 Re 187 | 61,8
66 Dy 161 | 21,6
66 Dy 162 | 24,6 76 Os 1841 0,018
66 Dy 163 | 24,6 76 Os 1861 1,59
66 Dy 164 | 27,6 76 Os 187 | 1,64
76 Os 188 | 13,27
67 Ho 165! 100 76 Os 189 | 16,14
76 Os 190 | 26,38
68 Er 162 0,1 76 Os 192 | 40,96
68 Er 164 1,5
68 Er 166 32,9 77 Ir 191§ 38,5
68 Er 167| 24,4 77 Ir 193| 61,5
68 Er 1681 26,9
68 Er 1701 14,2 78 Pt 192! 0,8
78 Pt 1941 30,2
69 Tu 1691 100 78 Pt 195| 353
78 Pt 196 | 26,6
70 Yb 168 0,06 78 Pt 198 7.2
70 Yb 170 4,21
70 Yb 171 14,26 79 Au 197 100
70 Yb 1721 21,49
70 Yb 1731 17,02 80 Hg 196| 0,16
70 Yb 174| 29,58 80 Hg 198 | 10,12
70 Yb 176{ 13,38 80 Hg 199 ] 14,01
80 Hg 200 23,21
71 Lu 175 97,45 80 Hg 201 13,15
71 Lu 176 2,55 80 Hg 2021 29,66
80 Hg 204 | 6,69
72 Hf 174 0,18
72 Hf 176 5,30 81 Tl 203 | 29,08
72 Hf 177 18,47 81 Tl 204 | 70,92
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AToM Knuéanit Hucouit AToM Knuénuii Huconit
oM jleMeHT | A MuKa0p, % Hom 3JIeMeHT A muiiop, %
Gearucu ? " | Genrncm ’
82 Pb 204| 148 90 Th 2321 100
82 Pb 206! 23,6
82 Pb 207] 22,6 92 U 234 0,006
82 Pb 208| 52,3 92 U 235) 0,72
92 U 238] 99,274
83 Bi 209 100
S-xaoean
Pazmoaxnm n30T0mIap KaaBaliu
2 Soewere | 4 |Mopaan| [ | Koo by
BenrncH Typu Dearucu TYpu
1 H 3 p- 1 Na 21 (D:)
22 B
2 He 6 i} 24 B
25 B
3 Li 8 p
12 Mg 23 p+
4 Be 7 K,y 27 B-
10 B
13 Al 26 p+
5 B 12 p 28 B-
. 29 B-
6 C 10 B
11 p 14 Si 27 p+
| 14 B 31 f-
7 N 13 M 15 P 29 p+
16 f 30 B+
32 B-
8 o) 15 p*
19 i3 16 S 3) p+
35 B-
9 F 17 B
18 B 17 Cl 33 p+
20 B 34 B+
a6 B+, B-. K
10 Ne 19 p 38 B-
23 i3
18 Ar 35 B+
a1 B-
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Kumépnii H Kuménnit H
A 3JIEMEHT A ypraHui Z VleMeHT A S
bearucn TYypH berncu TYPH
19 K 38 p+ 29 Cu 58 B+
40 B-. K 60 p+
42 B- 61 B+, K
43 B- 62 B+
64 as
20 Ca 39 B+ 66 P- g K
41 Ky
45 B- 30 Zn 63 B+
49 . 65 K, B+,
p 6 g Y
21 Sc 41 p+
42 p+ 3] Ga 64 B+
43 B+ 65 K
44 B+ 65 B+
46 B-. K 67 Ky
47 B- 68 B+
48 B- 70 B- K
49 B- 72 [y
22 Ti 51 B- 32 Ge 7 K
75 B-
23 \Y 48 B+ K 77 B-
49 K
50 B+ 33 As 72 p+
52 B- 73 p+
74 f+, B-
24 Cr 51 K.y 76 | B+, B-, K
55 (B 7 B-
78 B-
25 Mn 51 p+
52 K, B+ 34 Se 75 K
54 Ky 83 B-
> P 35 Br 78 B+
26 Fe 53 B+ 80 p-
59 B- 82 B-
83 B-
27 Co 56 | K, B v 84 B-
57 K, B+' Y 81 Bf.
58 K, ﬁ+v Y 3 Kr 87 B'
60 p- 88 B-
28 Ni 57 B+ 89 &
o3 91 p
B- >91 B-
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Kumésnit H Kumépnit H
Z 2JIEMEHT A ypIaHHIl Z JEeMeHT A YPIAHHI
oearucu TypH Gejarucu TYpH
37 Rb 82 ? 45 Rh 104 B-
84 ? 105 B-
86 B- >105 B-
87 B-
88 B- 46 Pd 109 B-
89 B- 111 B-
91(M B- 112 B-
>01 B-
47 Ag 105 K
38 Sr 85 K 106 B+
89 B- 108 B-
90 B- 110 B-
91(7) B- 111 B-
>91 B- 112 B-
39 Y 87 K 48 cd 109 K
88 K, B+ 115 B-
90 B- 117 B-
91(7) B-
>91 B- 49 In 110 g+
111 B+
40 Zr 89 B+ 112 K
93 (B 114 B-
95 B- 116 B-
97 B- 117 B-
41 Nb 92 B- 50 Sn 121 B-
94 B- 123(7) B-
95 p- 125(7) B-
126 B-
42 Mo 9] p+
99 B- 51 Sb 118 B+
101 p- 120 B+
>101 p- 122 B- v
43 - 96 K 124 By
9 126 B-
99 ?
>101 | K, p- 129 B-
133(7) B-
44 Ru 97 ? 134 B-
103 B-
105 B-
>105 B-
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Kumémm

V/ EMCILY
oearen
52 Te
53 1
54 X
55 Cs
56 Ba
57. La
58 Ce
59 Pr
60 Nd
L

I
1./
179
131
133
135
>131

124
126
128
130
121
133
135
>131

127(7)
133
135

>136

131
>134
139
140

133

139

140
>140

138(?)
140
>140

139
141
>143

140
>142

147
151(7)

FHlypmmim
TYypM

K. [
p-
B-
B-
B-
f-

g
T

PRPRRERR

1

>

TP

>

+

+

T TR TR PR PR WR T

Kumépui

Z | snement | A Hypna:;"m
fejarucu TYp
61 - | 144 K
>147(%) B-
62 Sm 148 a
151 B-
155 B-
63 En 150 p+
152 B-, K, v
154 B—’ Y
64 Gd 1591 B
65 Tb 158 B+
160 B-
66 Dy | 159 i
165 8-
67 Ho 164 B-
166 B-
68 Er 165 i
169 B-
171 B-
69 Tu 170 ?
70 Yb 175 p-
71 Lu 176 B-
72 Hf 181 B-
73 Ta 180 B~ (M, K
182 B-
74 W 185 B-
187 -
1
75 Re | 184] P~ K() |
186 p-
188 B-
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Kumésnit H Kumésui H
Z JIEMEeHT A YPIaHAH Z JIeMeHT A ypianuum
Denrucu Typu Desirucu TYpH
76 Os 191 B- 85 - 211 K, a
193 B-
86 An 219 a
77 Ir 192 B- Tn 220 a
194 B- Rn 222
78 Pt [193(7) pt 87 AcK | 223 B-
197 B-
199 B- 88 AcX 223 a
ThX 224 o
79 Au 196 B- Ra 226 a
198 B-, ¥ MsTh, 228 B-
199 B- v
200 B- 89 Ac 227 -, a
MsTh, | 228 B-
80 Hg 197 K
203 B- 90 RdAc | 227 a
205 B- RdTh 228 a
Io 230 a
81 Tl 204 B- Uy 231 B-
206 B- Th 232 a
AcC” | 207 B- Th 233 B-
The | 208 B- Ux 234 B-
. | 210 -
RaC By 91 Pa 231 [;1
82 210 B- 233 -
fﬁ;g 209 B- UZ | 234 B-
ac | 211 B- Ux, 234 B-, v
Th | 212 p-
Rap | 214 B- 92 ull 234 a
AcU | 235 g
83 ) 210 B- 237 -
RaE 21 | ypea Ul | 238 a
AcC 1o o 239
ThC Y, B-a p-
RaCc | 214 B-, o
’ 93 Np | 239 p-
84 210 a
Po 1211 a 94 Pu | 241 @
AcC’ | 919 a
ThC | 214 o 95 Am | 241 a
RaC" | 215 a, B-
AcA | 216 o - 96 Cm 240 a
ThA | 218 :
RaA o, p- .
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Benrunap: Z — atom nomepu; A — Macca codn; P- — aJIeKTpoH 4yuKapuil;
B+~ nosmrpon yMKapuLl, o — o-3appa Ydkapuul, K — K-siexr-
poiK Kampal® onuil, 7 — HATHXKANAPHUHT MIIOHAPIM MACTUTH.

6-xadean
Ypaunu Heiirponnap Guian GomMéapaMMoH KwiraHaa
Xocu OYranuran Gynunyin MaxcylioTiapu
Xocun 6yarax Apnm Xocun 6yiran Apum
n30TOTIAp EMUPHIHI M30TOMmIA eMUDHINLI
Z | DnemeHT A NaBpH Z | Dnement A JlaBpy
35 Br 83 140 MuH 50 Sn > 125 20 mun
84 30 mun 80 coar
85 3,0 Mun 70 Mun
87 50 cex 1l kyn
36 Kr 88 3 coar 51 Sb 127 80 coar
89 2,5 MUH 129 4,2 coar
> 90 < 0,5 Mun > [31 < 10 mMuH
5 MUH
38 Sr 90 S #un 133 < 10 MuH
40 Zr 93 63 kyH 52 Te 129 32 KyH
95 17 coar 131 30 coar
25 MUH
42 Mo 99 67 coar 135 1 mMun
101 14,6 Mun
> 101 12 Muu 53 I 137 30 cex
- 60 xyH
54 Xe 138 17 MuH
44 Ru 105 4 coar 139 < 0,5 mun
- 45 xyn 140 0,5 mun
- 4 MuH
56 Ba > 140 6 Mun
46 Pd 111 26 MuH {8 mun
112 17 coar < { mMuH
47 Ag 112 3,2 coar 58 Ce 15 mun
4-5 coar
48 Cd 15 2,5 KyH 40 coar
117 3,75 coar
(Cd) 48,7 MuH
49 (In) 115 4,1 coar
In 117 117 mun
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Topwuitnu HeliTponnap 6mnan GoMOGApAMMOH KIWITaHAA

Xocua OyaagMrad GYIMHAN Maxcy10Tiapy

7-3kKaoean

Xocun GyiraH Spum Xocun 6¥nran Spum
M30TOIlIAp EMUPHIHLL u3oronnaap EeMUPWIHLI
Z Dnemedt A LABpH Z DeMeHT A LAaBpU
34 Se 75 6up Hewa 51 Sb 133 < 10 MuH
coar
83 6up Heua 52 Te > 131 43 muu
KyH 77 coar
35 Br 83 140 MuH 53 I > 131 54 MuH
84 30 MuH
54 Xe 139 < 0,5 Mun
36 Kr 88 3 coar 140 < 0,5 Mun
> 90 < 0,5 MuH
56 Ba > 140 6 mud
42 Mo 99 67 coat 18 MuH
44 Ru 105 4 coar 57 La > 140 3,5 coar
46 Pd 111 26 MuH
112 17 coar
8-xaoean
BapHOHI2PHMHE XapaKTePHCTUKAIAPH
3appanap AHTH3appaap 5 f:f
xR
= R
~ o, m s o
Hownapu | = | _ |¥ Sl sl o |E g 22 2 .
= T e T =5 T |2 = 5 @ = R
B =R S = ¥ |65 = - =
= = e R g = E B R = o] A
8]0 |8° g 130 |]8° E S £
e ] | @ 5 a.
= & =~ e ~ >
Hyxnounnap 127 1/21 0 172 0 | 938,25 o
- 1,01-10°
n {12 - 0 1241721 0 | 939,55
12
172
fMawbua | o\ g 1o |l o] o 1 [11154a] 280
THIIEPOH - 10
198
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b ] | -1 ] - I [ 118939108 10"
Curma- " P 14
FUIIEPOHILD b l O]t _ I 0 b11192.30 1o
Sl b2 bbb 119720 16 - 1070
C
K- = | M2 lin p | 2 1314300 3. 107
TMHEepoHnap | = ol = 2
p Pz [ 12 pl 21z 112 12 132080 | 1,7 - 10"
9-skadean
Mezonnap xapakTepucTHRAIAPH
g s | Bx
= -
= |Ez| a2 § % Haxcu Ypraua sam
Homnapu = 22| SE £k SHEPrUsACH, )
O 23| » o £ 38 Mo BaKTH, CeK
~ O & O
Tuounap 0 I ™o Tl 139,58 2,6 - 10™
0 7 =7 134,97 18 . 10
Kaonna 0 172 * K
P K , 493,78 12107
Ky K 4978 1010
Dra-me30H1ap 0 0 n n=7 548 8 1019
Po-Me30H1: 1" + - )
0-Me ap 1 p o} 765 102
P p = 780 1022
Owmera-megounap | |- 0 0o |[D=on 782,8 1072-107
10-xaosan
Jentonnap xapakTepucTHKANAPH
! Hucu 3appa Anrtuzappa
Howmnapu CnyHu | Maccacn | sHeprusicy, pp bp
| Genrucu Oenrucu
i Moss
Dnektpon i 172 0 0 v, v,
HEeHUTpUHOCH i
DnexTpon | 172 1 0,511 e e*
Mioon .
HeHTpHHOCH | 172 0 0 A Va
Miroon 172 207 105,66 W N
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