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C¥3 BOWH

Siipo Ba 37eMeHTap 3appanap ¢H3HKacHra Oarmuiadran yuoy
Viye Kiananmacy myaaanguuar B. M. Jlenun HOMHJATH TomxkeHdT
nasaar popnadyHyHuHuHr $usnka QakyJpTeTHia Kyn IiHanap 1a-
BOMH/Ja VKHTAH JIEKLHS KOHCHEKTJapH acocHAa BYXYAra Ke/IIH.
Kuro6 mopuadynynaapia Qu3Hka, acTpOHOMHd, paiHodusnKa Ba
3JIEKTPOAHHAMIIKA, APHM YTKA3THY Ba NHIJICKTPHKJAD, MIYHHHLJEK
acTponoMoreoAesls MyTaxacCuCIHKJIapH GyHHYa TaXCHJI KypaeTran
TasaGanap yuyH MyaKallaHrad. YHIAH TeXHHKZ OJHH YKYB 10pTJa-
puia Ba Nejaroryka HHCTHTYTJapliia (H3MKA MyTaxacCHCJHIH
6yiiiya Taxcua xypaérrad Ba Wy coxafa GHIMMJIApPHHY YyKypJaaul-
TUDPHIUNK JicTarad Tanabanap XaMm (ofnanaHHIIAaDH MYMKHH.

Yaymuii n3uka KYpcHHHHD cYHITH OYJHMHM cH@aTina OJil
VRYB lopraapnia yKuaaaural, «S1Apo Ba 3jeMeHTap 3appanap ¢u-
3uKacl» 1e6 momaanrad Ba y30ek THANZA HAWD 3THJAAETraH Yoy
¥KVB KVaaanmacy s1po Ba 3JeMeHTap 3appajap pu3HKacH coXaci-
Ja KVJIra KHPHTIAITAH 3T CYHITH I0TYKJApHH XaM §¥3 HYHra oJajai.
Kiuro6ra xo3ip xaym GH3UK OMHMAADHHHT 9BTHOOPHHH Kaa6 5TYBYH
Harop (au tapMoxmapuiay 6npH xucobaanran sApO Ba SJeMEHTap
3appagap (H3NKACHHIHNT KAaTOp MacajajapH Ba MyaMMoJapH eTrap-
Ji dapazkaida  Ba Tywyeapad ©0aéd aTmarad, acocHii  3bpTHEOP
Uy coxajla yupaildurad KOHYH Ba TYWIYHUaJapHHHT (H3HK MabHO-
CILNH B4 MOXHATHHIL oun6 Gepluwira KapaTHATaH.

Yoy YKys KV1aanvacn ertit 6obra Gyunnran. KuToGuuHT K-
PHIU KHCMIa AP0 Ba 3JeMeNTap 3appanap (GH3NKAaCHHHHT KHCKa-
ua pusoxiannw Tapuxn 6aéu aTearan. Bapxapop Ba painoakTus
AAPOJAPHINT VMYMIl Ba acocHit XYCYyCUATIapH Ba yJapHI 11asapiil
TYHVHTHPRIW §iyanaa spaTtnaran 6ab3d acocHll aToM sAPOCHHHHT
Molenaapn Gupunun yu Go6aa épuriaran. HasGaraars T prinun
Ba ey 6o01apaa TYPAN 3appanapHinr MOLAA OPKAJN YIrania
103 Gepairan GH3UK XKapadHaap, sApo peaKHHsIapHUIETr acocnii
syeycusraapin Ba tapcntoraapu Gaén stmiran. Cyurrn nafitoa
PIBOMLIAIITIIL 1aBOA 3TAaéTram Ba ajoxuna dan rapMmorn cudarm-
Aa ampaand yuxKam s1emelTap 3appanap (U3HKacH Macaramapi
VI Go6aa épnriaran. KnToGHINT CYIMTH eTTHHUR 606HAA KOCMIK
HYDJIAPHINT acocuil XycycHATAapn Ba XapakTepHCTHKAJapn 0ady
STILATaH.

S11po Ba aacaentap sappadap (GH3HKACH MacananapHuun TaxJanda
RILHINIZA KBANT MeXaHMKACHHUHT YCyJJapHiad xenr qofinanaii-
Jaan. Jlexinr KBanT Mexannkaci (GusiKa (axyILTeTIapHa TabANM
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oaadrrad Tai1abanap yuyH loxopu kypenapia Vimrmamn, Ulynuur
YUYH Xam KuTo6Xa KBaHT MeXaHHKacH ycyJiaplpan goitnanaHuiu-
NlaH OJIMHTaH HaTIDKajaprariia 3bTHOOpP 6epusraH.

Myamnmud ywu6y xurof KyaésMacuuu KYpHO UHKHG KUMMATIH
MacnaxaTnap Gepran YsGexicron ®A axagemuru, npod. P. Bek-
JKOHOBra, WIYHHATAGK KHTOGHH HAlUp STHINAA MaXCyC MyXappHDJIHK
Basigaciun ¥3 summacura oarad npod. UI. A6ayxamunosra yau-
HHHI 4yKYD MHHHAaTAOPYHAHCHHH H3XOD 3TajH.

Myaarugh




! S93PO BA 3JIEMEHTAP 3APPAJIAP ®U3UKACUHHUHT
ACOCH¥ PUBOXXITAHULI BOCKHUYJIAPH

SIapo Qu3snkack — aToOM AAPOCHHIHT TY3HJINUNL, XYyCYCHATAApH
Ba A1po nuya 103 Gepaiurad xapaéuaapuu Yprauysui (asmup.
XIX acp oxupnapura xalap aTom TY3IIHUII XakHia Xeu Hapca
Mabays syac 3. ATOM MOZIAaPHIHT SHE KIUHK OYJIITHMAC KICMH
1e6 xucodaanu® xeaman. 1895 finana xarox Ba peHTreH HypJaapH-
Hurr, 1896 iinana sca Tabuuil pagHOAKTHBIANK XOAHCACHHHHI Kamud:
STHANLIN XaMMa SJdCMEHT aroMaapnia xaujalianp yxwawink 6op,
lerat GpUKpPHIL TYFIHPAL.

Aton sapocn xaknzard xacraabki duxpaap 1911 fiuana nHrans
duisurn Pesepgopn nmwaapu tygaitan osara xeaxn. Pesepdopa Ba
VHIID WOrHPATapH PagHOaKTHB eMUPIINIDAAH XOCHA OYaraH, sHep-
rusgci Onp neua M3B ra renr ansga-zappanap OuaaH TYpaH 3.je-
MEHT atomJapini 6oyM6apIHMOH KNG, YaMMa 3JIEMEHT aToMJapH
AAPOBIIT TV3HANIITA 3ra GYAHUIN Kepak, AeraH XyJjocara KeJamH.

ArtoMuunr Gynaail AopoBill MOAeAHra KYypa YHHHT Hesipan Gy-
TYH MACCACH aToM sApOCH [e6 aradrai Ba KaTTAJUTH TaxMHHAN
10" ¢y ra tenr GVaraH aTOMHIHT MapKasmil KHCMHIA TYNJaHraH.

Arom tapknGura xHupaiurad 3JeKTPOHJApP, SIAPOHHHL YJuamia-
pira nicGaran anua karra Maco(anapaa koitnamrauaury caba6an
atominnir yuuasdaapn raxminan 10~% ¢M ra TeHr. DaeKTpoHIAPHHHT
Manguii Huwopaan 3apaalap MHKEOPH aToM SIAPOCHHHHT MycGaT
uimopann sapsanra tenr. IIyHHEr yYyH XaM aToM ymMyMaH HefiTpaa-
aup. Aasda-zappajap 10nKa MeTadn 3ap (hosabra) opraau yrrania
90° nau xam xarra Gypyakiapra COMIUIHIIHNE (DaKaT SRPOBHEL TY-
siAinura sra Gyaran aroMaan COYHJAHIIN GHIAH TYLIVHTHPHII MYM-
Kuit s3an. Pesepdopa rtaxand 3Ttran aToMHHHD SIAPOBHII  MOTei
Kelinnuamx mykamyantamrupiuain. 1913 finaza Huase Bop atom
MOLCAHNIL ¥3 mocTvaatiapu Ounau 60fiMTHG, aTOMHHHT MIaHeTrap
MOXCMNNT SipaTiil Ba YHHHT 6ab3N XYCYCHATAZDHHH TYFPH TYLIVH-
TupnG Gepan. Jlexun H. Bop, Jlyn-gze Bposins, Teiizen6epr, Llpe-
Auurep xabu finpux Gk omIMAapHUHr Hwaapy tydafian spaTha-
Fall KBanT MexanpgKaciH €plaMuja aroM TYSHJAHIMH Ba aToM
Xoalicajapuun Hasapnit  TFPH TYWIYHTHDPHIL MY MKHH.

AToMIINT sApoBHIl MOZEAH SPATHArAMTAH CYHT, SHAN duaik-
JapHi atoM SAPOCHHHHT TY3HJINIIN KM3MKTHpa Gouwnanu. 1919
T1a Acron Ba leMncrep TOMOHIAAH HKKH XILT Macc-CneKTpoMeTp-
HHNP Kaurp sTiamnN $apo Gu3HKACH TAPHXHAR KaTTa Gy pHINE
scaqu. AcTon 6apKapop H30TOMIapHI Kawd sran. Xyaap Vwa
1919 fiuana Pesepopa sima 6up Gylok kawmduér stpaTaH. ¥ adbda-



3appanap OunaH TYypJaH 3JeMEHTAapHI G6oMGapAHMOH KuAnG, OH-
PHHYII MapTa AApOBHi peakUHAHH amanara ownpau. [eanii atomn-
HUHT sipociigan ubopar GYarad anbda-zappanap 6inaH asor sie-
MenTiHy GomBapauMon KHIHD, KHCIOPOA 3JIEMEHTHHIHT H30TOMIHI
Ba Mengenees kaipaaupa OGHPUHUI YPUHHI 3rajilarad  BOAOPOL
ATIM [HIfdr ,14)0¢i4: Xo2i1 kil By peaxiasy N + JHe - H +
+%0 KVPHEIT A €31 MYMKHH, XOCHT 6Yarain  Bog0po  aTOMIHHUD
SApoc npoToH (p) me6 nom oarai 3. Haminkaza npoton Ba 3.ek-
TPOHIAH TAWKHI TONFaH SHT ORIl ATOMHHIUT SIPOBHL MOJEMIHI  sipa-
Tiura mvkon Tyrmnmi. Dy aogenra acocad atoM sapocit A Ta NPOTOH
Ba (A — Z) 1a aexTponapiaH TAWKILT TOArad Gyaimif Kepax. Bymzail
AP0 arpodiina Z Ta 3AeKTPOH OpGITATap 6.i1a6 XapakaT  KILTaidd.
Wvunait KL, aTOMHUHT SRPOBII MOJEMira acocaH sIpo  TapkuHoHra
TIPOTOH Ba 34ekTPON KHDHWIL Kepak. JIekiH, Te3 opana aapoMiHr OyH-
DA TYSImimmra KapuK 6if) Heda LT Ba GUKPIAD MABH VAT aHIfx -
JaHan,

Matbaywmki, arom HypJaauNuAa Ky3aTiHaalurad HO3HK CTPYK-
TYPahu tywynrapnm maxcannaa 1925 fiwata comu Tywynyacu Ki-
PUTHAran spy. Jpextpon paxar macca Ba 3apAi Glaan XapakTep-
Jauie KO/mail, critHra, AbHI XYCYCHil Napakat MIKIODH MOMEHTHTa
Ba XYCYCifji Maruitt MOMEHTHIA XaM 3ra G§HUIM Kepak. DIeKTPoi-
HHHT enuwn h [Taaux gonMidic MHKA0pAapiia Yauannd, h/2 ra renr
RUUMATHY o MyMKHH. DAEKT[OHHMIT XYCVCIIT MariiiT MOMCHTH
@ DBop wmarmeronu 1ed ataayBun KilitmMatra sra:
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Mpt\\arnm MOMEHTHHUNT [IYHAIHMUNL CNUH [IVHAMMWIra TecKapll-
'ATOM Hypaanuiiia Ky3aTiaaiiral yTa HO3IK  CTPYRTVpait
TYWYHTHpIW yayi aca aToM AAPOSAPH Xay CHHE Ba Marlit vo-
MenTra 3rp 6anwn Kepak, Aeran GUKp 1Irapu cypuarananry Gis-
]rf., dTOM (nankacn kypeuaan MabayM. Hasiit TaakigoTaap wynn
h3.}’CaTlun\'u, NaKuKaTan Nay 3Ur €olla aToM sLAPOCH — upoToH
,J/7 Ta Teur cnppra Ba HWOpPAcH MycHaT Oyaran Ba KiiivMant
5l B T Telr MaTHAT MOMELTIA 3ra IKak,
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Aail Kuand, 3ur €03ia aroM SIPOCH — MPOTOHHHHT MArHHUT
MoeyT :

Kittirg | S7eKTPOUUNHT MATUUT MOMEHTHAAH TAXMIHan 650 mapra
Ma“”‘ll“P- Iayuil naaanumaap 60WKa aToM AXPOJAPHHINT  Xa
K)"pcaT MOMENTI JIPOTOHHHIIN MATHHT MOMEHTHra SKMH SKalIHNTIHHI
33_6“””. Jemak, Maru#T MOMEHT TylUVIuacy HYKTal Hasaplizau

POl aron mapocunnir TAPKUGNra KEpHUIL MyMKIH 39Mac, ake
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X0njla AAPOJapHUHT MarudT MOMeNTJapH KHIIMATH KaMmHia 6nrtra
3JIEKTPOHHIHT MarHiT MOMEHTHIAH KHYHK OYaMac/iirk Kepax 3711,
XaKUKatan, arap BOJODPOAHHHT HKKHHUH H30TONH — AefiTPOHHH
HKKHTa NMPOTOH BA 6HTTA 3JEKTPOHMAN TAILUKHJI TOATAH AeCaK, YHHHF
crnnn €h/2 ra, € 3h/2 ra teur Gyanuin Kepax saH. JIekun aeiTpon
cnuitg B ra reur 6§min6 unkan. LUYyHHHD yuyH aTOM  SAPOCHHHHT
TapKHOHra HpoToHIAll TaluRapH Kanpaligup Oowka, yma BakTAa
Xaan HOMa®LAYM OGYAraH, NpoTOHra YXIIaWi, JexHll HeiiTpaa 3apsii-
JUI 3appa Kipca Kepak, aerad ¢uxp xam afituagn. Kyn Bakr yraai,
XaKuKaran, 6yHiait 3appa-ueiirpon kawgp atuiai. 1930 finaga Bore
Ba Dexrxep Pesepgopx tampubanapuuu gaBoM 3TKa3nb, o-3appa-
nap Guaain Be Ba Li xaGu 6ab3n eHrua ajementaap 60M6apaiMoH
KRUJHHrania, KYProWNHAa XKyAa CYCT IOTHJAANHTaH SHCH 3appa Xo-
cHal Oy anwiiny nafixaausiap. 1932 itnraa JKoano Ba Mpen Kiopnaap
Gy siurn HypJauwnw esrud saposap Guaan TYKHAWralaa yJaapra ya
Teuxn dueprusgciui 6epub, xapaxkartra KeATHPHIUIHK Malikaguaiap.
Byuzait fiva Guaan xapaxarra xearaH saponap TENKH s AP O-
dap Aed aradaan. 1932 fiwgaa uuraus ¢usnru UsaBHK HOMabayM
LY pIanin as’or Ba BOIOPOA aToOMH sApoJapu Guaan TYKHallraunia
YJAapuIlir 0Jray XapaxaTt 3HepruscH Ba IMNYJbCAAPHHN  Yauab,
3HEPrist Ba NMOYAbCHHIT CAKJAAHHII KOHYHJIapH acoCH1a HOMABJyM
HYDAARPUWHINT MaccacHyl XHco6aab YHKAM. YHHHr Maccaci Ipo-
TOUHHHI MaccacHra stkHi 6yau6 unkan., 3apaan uefitpas 6yarand
Yuv¥iey uneiliTpon ae6 aranmi.

Amiy Vauamwsap  HefiTPOHHHHr  MacCacll NPOTOHHHHT  Maccaclias
2.5 m, ra opris swawmr kY peata: a1, = 1838,5m,. Helrpon xycy-
CIATIAPHHIT \VPramfin sia wyHi KVPeatauki, y APHM eMIDHIAHII  RaBpH
T, .= 11,7 sumytra TeHr ©OVvarail 6exapop 3appa 3KaH. Heifirpou-
HItHC TNAPUATAHIUNT  HaTIDKACAa MPOTOH Ba 3/MEKTPOM XOCHA OyMam.
N anoir h 2 Ba MATHHT MOMEHTHHHHT KHIAMATH P, = -~ 1,91n,. Mar-
T AMOMEHTIHIHT Mau(iii 6ynu YHIHP AVHAIHIDH COHH HY HanmoiTa
TeckaM{ IRanIl 6”.’1:111]'18,11[.

Hefitpon kawd srnarau, coser dusnrn I. J. Heanedko Ba y
Guaan 6np paxTia vemnc Gpuanry Ceiisenbepr atoM sapotapu mpo-
TON Ba HENTPOIIApAal TAWKHA TOMHAHIWN Xakumard Qapasiu
warapu cypanaap. Keiinnvaank 6y ¢apas (runoresa) tyrpu 6yami6
YHEIH. ATOM SAPOCHIMIC NPOTOH — HE{ITPOH MOAEJNIra acocaH XaM-
Ma aToM SAPOJADPH IIPOTON Ba HefiTPoMJAapIaH TaWIKHA Tomamui.
Typm aapoaap Ba 6UP XHA SIPOHHHT TYPJH H30TONJIADH NPOTOH
na neiitponnapunir conn Guaan papxaanann. Eurua sipoaapaa

} Ty s ' IEENS 11 o
(vacaman, -He, :Li, jBe, 7N, 5O Ba X. K.) NpPOTOH Ba HeHTpoH.Jap

COHH TaxmiHan SHup-Gipira TeHr, DJeMCHTHIHE TapPTIG Homepr Z oprid
Gopiuy Olialt YHIa Teriulul atoM siApcCHiard HeHTPOHJIAD CoHI MPo-
TOH/1aP cOHIAal (papkana 6oPamt Ba OFHD sApoJapia  HelTPOHJAPHITHD
COHI NPOTOITAP COHIfAaH TaXMHHaH 1,6 mapra OPTHK GY.JHUNI MYyMKHH
(*"iPb, “Ra. “oU Ba x. k.) OFup sinposapia NPOTOHAAP COHMHMHD Heii-
TPOHIAP cOMNHAAN KaM GVJNUIT NPOTOHAAPHHHT 3J€KTPOCTATHK HTAPILILILIL
Gian TywyntnpiLiaar. Typryn sgponapaa mMacea comt A GHaaH  aapo-



JATI TIPOTOHAADHITHY COHMHM XaM KVPCATYBUH 31eMEHT TAPTHO HOMEPH Z
Opaciia KVHHIIriya NULDHS Hya1 6:13H aHiKIaHraH GOFIAHHII MaBXK YA

o] A
T 1,9840,015.4%%

SlEpozmaru nporon Ba HElTPOHIAD COHH MY MYHOCaGaTHH KaHoaT/IaH-
THPMaca, opriKya npoTol (melitpon) HeiiTponra (mporonra) aiaa-
HUG pafHOaKTHBANK XoAucacH Kydaruiaau. Oprikua npoTOHra 3ra
G¥aran sapo nosHTPoH (€T) UMKAPHG eMipiaca, opriKya HElTPOH-
S A0po ajexTpon (e~) yuxapu® emupuaain. [To3uTpoHHNHT MaB-
MVAIMCHRN Gupuyun vapra JNpak 3AeKTPOHHHHT KBalTOMEXaHIK
TEHrMaMacHHl Hazapnii aHaM3 KILMIW HaTipkacumga aiiTram 37l
1982 finnpa sca Awpepcon Buibcon xamepacn &ppasmaa KOCMIK
HYDMAp Tapku6usa NO3NTPOH MABIKYA SKAHJUTHHE 1iCOOT KHADIL
1934 imana YKonmo Kropu anbga-sappaaap épramujia cyHblll Xo-
CHI KHIHIRaL pPajsHOAKTIB eMHPINILIA O3NTPOH NOCILI 65".111%1111(!{
Kysatau, Xosaupri naittia NO3HTPORUIET XVCYCHATH sXuli ypra-
HILINH, Yitpur 3apsian Ba Maccaci 3MeKTPONHINE 3apsiiil Ba Macca-
CHFa Teur, gewnn 3apaAMHMUT  HWOpAch MYCHaT. [To3HTPOHHHHT
CHUHY /2 ra Tenr. ¥ 2JEKTPOHra HiicGaTaH adTH3appa OV.IraHil
YUV MoAjana 3eKTpOH GHIAN VUPALIS Tesia aumuriAsuHfIaNa-
A4, by uypra aitrauanu: e~ -4e*~—2y. llvuzaii Kuaud, 31eKTpoi
Ounay TIO3HTPOHKUNT AHHHTHASWMIAIAHHILN HaTIKACIA], KYMIUa
HKRITA p-gpayr xocma GYmaamy Tadnaria Gyura teckapi Oy.arau
Aapadu xam yupaiiam, SLHIL y-KBAHT 3/CKTPOH-NO3NTPOH IKYPTHHI
XOCHA Krygppy MyMKHH: y—>€~-+e~. By Xomucaun y-HYPIaplitir
Myxur atomnapn 6unak y3apo TabCHUPJAHILI NpoueccHapiiil Kyp-
TaHliuz g Baradcinapor ypraHamius.

KOpipa aiirusrandapdan KYpHHUO TypuOInKI,  3J€MEHTap
3appanapyyp Kaln() STILIINT Ba 3JeMeHTap zappanap (uankaci-
HHIP s1patyang TAPHUXH AP0 (PUBNKACHHIMNT PIBOAKIAHHIL T3 PIXIT
Siaan Goramanp. Bua oKopuiaa 3aexTpod, noautpol, (potonu
\W-KBant) a6y 3MeMEHTap 3appajap Gilar TanuliauK. I:lpown
?f'l HeiTpoy xay 60-iina1apra Kasap aJ1esentap 3appa XHcooadanap
31, "031[]) 3ca nporoll Ba HEHTPOH 6n3 KefiuHuya g TaHNWa1lran

;1?10“‘“1!). TiNeporap CUHIAPH KBAPKIaplaH TAUIKILT TONTaHTIri
UK Ay

193] fiiga TMayau ana 6up  saesentap 3sappa-n e i TPHEO-
3‘2?{“‘ MaBicy aanriny nasapiil XHcobuauriap  acocuaa K-".P?a”a"
Sirhe CFA-@MUpINIW XOAUCACHAA XOCiLT Byirail SAEKTPOLL ERIE 110-
ﬂ”ulfl?:mam“”r sueprisl CMEKTPIUHIl Y3AVKCU3 XapakTepra sra Gy-
e 1 SHEPTIiANHHT CaKIAMII KONYIN coci1a Ty HTHPIW YUy
5 aTapmlou;mh Gera-eMupILLIIUG Kapadiiia mporon Melitponra,
o KCnnya, weiitpon npotonra aiizanrania saeKTpon EKIl Ho3n-
f[jﬂfla" TaWKapy sua YYHAMU, SUEprusHunr Gup Kuemuui - §3i
.Oc“: OMG ketypun neliTpaa 3appa-reirpuno (Exi antikeiirpnio)
Sy (1) OF iy gepaxaurmun Tlayan afitran s, 9apo gusnxacnia
© P83 pefirpuuo TUNOTE3AacCH HOMH GHAAH MabayM-



nup. Helitpon typryn 3appa Oyamarann cabalmi y fpoTon Ba
3AEGKTpONra NApyandaHrania XaM auTHHe(TpHHO XocHa OyaaiH:

n—>p-4+e” V.

Bera-emupyau BakTiaa A1p0 NUIAATH OPTHKYA HEiTPOH NPOTOLrd
ailnanaian, Pr-eMHpHANILIA 3Ca, aKCHHYA, OPTHKHYA MPOTOH Heli-
Tpoura aiinananu:

p—i e’ v

Wynaait xuan6, nporon HeiiTpongad enrna Oyanmura xapamai
B-emupuaum xapaduula opTuKya NMPOTOH SAPO ISHEPrHsCH XICO-
Sura maccacH OFlppor Gyaral HeliTponra aljiaHaai. -

HeliTpiHORUHD XYCYCHATH XaM XO3HDLH NaiiTia sXiiy yprasui-
ray. Yuuur 3apsal, THHY X0aaTAard maccaci Ba MarlHT MOMEHTH
Hodara teur. Heifitpnsonunr 6np Heua xujanapi MaBiRy g (3.rleKTl)0H-
HeliTpuno, MI0OH-HeRTPHIIO Ba YJIapHINC anTusappanapu). Yaap
MOI:1a Oiall 2KyAd cycT Tabelipaawany. HeliTpHHOHINT MaBXKy L1K-
£ Taxpubanapaa aliKJganraf.

Bera-eMupu/NIIHUHT YYHHYH TYPH XHCOOMAaHyBYH Ba e-KamMpaul
goMuuy oaran kapaéu 1938 iinnpna AnbBapen, TOMOHHAAH Kalid
sTuarait. By aapaénia aapo yaura siKHH 2Koilaamirai 3JeKTpoHaap-
aan Gupii jotani. Macaaa, N KoOHKAa 2KoilJallirad 3J4eXTPOHHI
ATOM s1/iDOCH foTca, kapaén K-xampam xapaéuu ped ara-
Aain. slapora Tywrai 3neKTpol AAPO Taprudnaari 61pop NpPoTOH
dugan KVuniand, nefitpox Ba meliTpuno Xocua Gynagu:

p=eT >,

Nocnt Gyviaran HeliTpino sAPpoAaN TAWKAPHUra OTHIIG YHKA L.
Hefirpoununr kawdy sTiimn Ba yJaapHn moana OHJaad Tabel-
pitn Vprannu gapo Gu3lNKaci Tapuxuia Kartra Sypuail sicarad
amonud xavipuérra cnud xeaaun. 1939 iiuaza nemuc Quankaapu
Faw va liltpaccman uneiiTpousap Tabcupnaa ypaim SAPOCH TaxMI-
nan saccaaapn Onp-Oupnra sKHH 6yJran HKKI SIHCH siApoOsiapra
lapuadaniagy naiikaamiap. By xapaéunn yprauiiu Hatipkackia
siia Wy Hapea anugAanauKi, 6yaunnm kapaéinga KK éKH yura
HefiTpon Xan xocna Gyaap skau. Dy meiitpousiap §s wuasGatiia
AUFH Vpan aipodapinii dapuanad, 3atXHPAH SAPO PEAKUHACHIL
XOCHT KU MyMKUN. Ypail SUAPOCHHUHD NapyajaHilly BaKTH-
43 3Ca JKYia KaTTa MHIKAOPAATI IHEPList ampajnd umKagu.
SalzAEPAN SAPOBIIT PeAKUNS SAPO PEAKTOPAAPHAA XOCH KII-
AMwE MysMKE. Bapiiun anpo peaktopun 1942 fiwana AKlliza
HTanIsLAK Gu3uk oanM Jupuro PepMit paxGapaurnia mura Ty-
wmpnagi. Coser HMtTudoxnia sca Sympaii mwaapra itupnk coser
oanvu H. B. Kypuatop paxdapiuk Ku/igu Ba 1946 inmanunc gexa-
Gpuia MockBana GuplHuH COBET pedkiopl Huwra TYILHPHJAH.
. Ofnp saposap yay napuananiil sHepreTix KHXataan Kyaaf
Prdca, eHni AApoaap VYYH, aKCHHYA, YJapHMHD KYLIHJANIIH, CHH-
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Te3N KYaailanp. ENria aaposap cluTe3suya TepMOsApOBHIl SHEPTHS
axpanain. TepMoanposiit sueprisHu xo3npya Gaxat BOJOPOL GOM-
Oachiiur NopTaau KaGn OHKA AKapaéuaa aKpaTHO Ol MYMKIH.
Bourgapuaysunt TepMosiipo Kapaéluuu XociA KIAHUL 3HEpreTiKa
Yuyn xaa styBull axamiarra aragup. Llyuuur yuyn xam 6yTYH AyHE
Guaikaapn GOUIKAPHIYBUH TEDPMOAAPOBIT peakiiiAHH XOCHA KITILE
ycTHaa uuw onné Gopmoxaanap.

AToM SAPOCHHHHI TYSHAMINH Ba XyCycHSTAapiui v pramiiiia
loKopi SHEPLHIH 3appajap Xyxa xya kenin. Xaghkarad Xaw,
AApOAApHil GOMOAPAHMOH KIMNIIAA pagnoaKkTiB eMupILIiiia XO-
cHr GyaraH g-3appanapuan dofinananmngr. JlexnH @-3appainapHHur
SHEprisicl HeKNaHranmup. TaGuumii papnoakTus o-3appasiap SHED-
risicn 4 MoB pan 9 MaB ra kapap Gyanum wyskmn. uzing oAM=
<1ap A1po XYCYCHATIAPUHN, A1DO TabClip Kyun TabuaTli yprauuul
YUy AHTI B3 10KOPIl SHEPrUsMM 3appanapun odm  ycyJlaapuHit
Kl Aipa 6omaaaunap.

1932 itn1za HHrana oMiMaapn Kokpodhr Bpa Yoaton NpOTOl-
Jiapi Te3NSTYBYN CUPHUYN Te3aaTk i ymy ficaiiaap Ba Te€3aTiIrad
nporon GiaaH JUTHH 3neventiyy GomGapaiMoH  KHAMO, YHHHLU
napuanamiiiini GUPHHUN Mapra kysatmmmap. SLApOBRil peaKiLiis
HaTHHACHAA HKXHTA Tennil atony Aapoapi xocua 6ynan:

P+iLli— 2'He.

Teanatiuunap TeXnuKacuuyyp PHBOMIAHHALIN TYPJIH 3appanap-
Hil, XATT0 OFHP SAEMENT aT0Mmapy yopnapm xam 10KOPH 21EPTIs-
siapraia TeSNaTH UMKOUMML fparny. 1944 fuaga coser (pu3iri
B. 1. Bexcep Ba 1945 fiyypq aMepHkaank oaum Mak-Minazu Sip
Gupnapiian Mycraxun Pasiura aBTo(hazipoBKa NpHHIHIIHH K3l
srras, saprLAiran sappanapuy wyza xarra IHeprusaapraya o3
JIATHW NIMKONHI ApaTuazu, 1957 firaaa My 6nanarn S1apo Taaknkor-
Jaapu GHpaamran HUCTHTYT 12 NpoToHAapun 10 MiLIHapI 5Bl a
l((‘:?l’?’[{"g?na‘;);lilll)l:mzem;m”‘! Hwra rymupraan. 1967 iinaza sca,
lmLtuuxpmpaﬁrm” mﬁr,’:”’j”"al);l 5B an nporon  Tesaatki-
narn Botasi waxpiga 2gq .o LKPHAran. 1972 jmata sca AKUI-
nura TYWHPIAraH, Xozim Milaawapn 5B an POTOH Te3TATKII It
Teanarié 6epysyn Te3.ﬂarf\'m;_;i Hgoxoi-!napufl_‘ a.rl 0‘-l '3B ra' Kaiap

Teaaatkis1ap Te“““’\'ﬂw.mﬁr‘°””"~a,°“ RYPUG MIRHANOK 2.

PHBOMAAHNI NO3HPra  Kziap

Tabuati 6aTaMoM anpg L
HMKOHHHH I(El-ll‘al"l’l‘lxp;}?aiiulﬁ OJNMaran s1po Kyuaaphun ¥ pramus
xgér I0KOPH  3REPTHaMy ';m).\lllﬂl, AAPO Kywaapumunr taduatin a-
MYMKIL. Posni Aapaéuaapiaruna  annKJIauig
Typmi a2poBHiT peay
3MeKTpOH Ba Gollka 3 m:yl]napnn Ba xkymaajian NpoToH, HeliTporr,
Hiwl, SAPOAAPHUHE Xycyeyy IDHI npoTonaapaa couitaMILIIL Vpra-
i Yprauiliia Kyna gap TAdpuny 5a AIpOBHIl KYUHUNT Tabuati-
JIRDHUHT TPOTOH/Iap Gllna]a-'iﬁ.\mm kac6 atau. Macanan, neiirpon-
HKKILTAMYH nporon.r(ap,,;ml ¥38p0 rancupuun Yprawuul BakTnia
T Xoeun 6¥anwimn ¢akar 3Hepris  Ba

10

Bl



UMNYJALCHHUD CcaKaHiul KOHYHAapI 6i12H T)’LU)’!IIH[)H:) GepHu
MyMKIH OyaMaail. By rtampuéa nariizanapuiic HesTpor  flpotol
SKHHIAAN yun6 yrranga y Gmaam sapsi  aamaliiino,  fporonrd
aitnannd Kodani, Ae0 TYWYUTHPHIT MYMKIN S1H. [WMyuaait kxumio,
SAPO TABCHPI 3apsil aNMallHKD XaPAKTEPIra 5ra SKaHIUri Mab:
ays Gy, 3appa sa sApoaap y3apo Tabpcupaalirania rye BOCH-
Taun gappanap Onaan aaMaulunG TabClpAaWraniex oyIns WKLl
DaextposarnitT kapaéngapla yaapo Tancip ¢oror peeiTaci ol
Jan ysaTnanmi Mabaym 6%agd. Jlemax, sApoBiil ¥3apo TaLCcupl
XaM Kauaiifip BOCHTauH 3appa OopKaJi y3aTHAHWIH Kepak, Aerai
Xyaccd xean® uikagn. Xaiuxaral, Te3 opaaa Oynaait ¢apasni
1934 fiuana coser dusnrn H. E. TaMm sApOBHil KyUHIHT TaGuaTHU
TywyuTupuw Maxcaaiga apatan. Jexunn . E. Tamvunr Y3n Kyp-
catud Gepraulljiek, 6y sApoBuii Kyuaap MalLOHIHIHT KBauTH POJH-
Il @HrILT 3appadap, bl 3JeKTPoH Ba HeliTprHoaap Yilnaui MyM-
KU 3Mas 3.1,

1935 finana Tamm rosicuinu snon dusurk JOKkasa pHBOKAANWTH-
pud, saposuil KYUIH TAWyByll BocHTauH 3appaduur maccacu 200—
300 saekTpon maccacura Telr OYAHIWIN  KepaKJanrHHH  Xico6aal
uyngan. by 3appanap siApoBiit akTHB Oy Kepak 3A4MH, SIbHH
SIAPOBIIT peakIibIapiy XoCUa KiJa OJNWH Ba AAPOBUIl peaKilis-
JHAD BAKTILA XCCHA GYaa oJiuii Kepax 3aH.

1938 {il11a KocMiK Bypaap Tapkubuun YpraHuuw BaKTiiza mac-
cacil 3dexTponnunr maccaciaan taxmunan 207 mapra xarta 63-
Tanp Ba n (MiO)-Mes3on Aeb oM oJraH SIHTH 3appa Kawd 3TH/ALH.
(Maccaaapn »nexTpon GHIad NPOTOHHMHT Maccajapli opaliiFuja
Gyaran sappatap Mesouwnap peb aTanrad 3ai.) p-Me30HJAAD-
HIHE XVevensttaap axwn ypranmajis. Tabwatga yaapuuur HKKH
NI, ABUIL N B po-Mesonaap yupaiian, ynap 6exapopaup. Ypra-
aa g pagTi 2,2-10-% cexynura reur. Jlekiun p-mesonaap sapo-
BUIL naceHs OVING YIKAM, s'bHH MOAAA GHAAH TabClpJallnll Kecl-
ML ZRYIA KIMIK Ba yaap siApoBiil peakunsinapga Xoecisr Gyumaii,
1947 finia [laysaa ToMonunan KoSMilK Hypaap tapkudouga xawmd
STIArAN T-:e30HAaPHUNT NapYataHillil HaTHXKacHAa XOCH/T Gy IHILIH
Mabiys GVALL. m-Me30HJMapHuHr XyCYCHATHHH Ypranum [OkaBa
ANTral 3appa XyAaH Wy s-Me30H OYJHIH KePAKIHTHHH KypcaTi.
NaKkukaran, v SLAPOBIHL axXTHB 3appaanp. Slaposuii peaxiisiiapaa
yaap ocon xocua Gyaann. AMaccacu 3JEKTPOHHUNT  MaccachgaH
273 maprta KaTra, ypraua swaw BaxTH TaxmHHan 2-10-% ¢, Ta-
Guumou A Ba @ -Me3OHJApAAH TAWKApU 5i°-Me3oHaap XaM yupaii-
ML a°-Me30HUINT Maccacu TaXMumad 264m,, ¥prava swaiy BakTH
T~ 10-% ¢, Ynap gyiiraaru cxema 6Viinua napuananamn: )

+ & P
T =y, (B v,),

ADUR =-MCI0HAAD NApUANAHTAHAA W*-ME30IMIAD XOCHA OYaafu.
U NlApYananranid 5ca HKKHTA faMMa KBauT XOCHA Gyvaaiu;n‘—r2y.

:r-_.\ie3ounap, NAKHKATaH, SAPOBHIl KVUHK TaWyBYH sipOBHIT Mall-
ZIO0H KBaHTAapH 610 YHKIM.
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flnpo sappasapuns Kafii KHayBun ac606JapHEHT SIpaTHAMITH
A1po QUINKACHHHHT DUBOMJAHNIINAA acociii omuanapiaH OHPH
6ynan. 3apspau 3appaiapHi Kaiil Kuaysdn ac6obaap — cauaruy-
nap pactaa6 XX acp Gownapuia apatuarad Gfaca (macadand,
CUHHTHAAALNS MeTOAN, BHJBCOH kamepacl), 50-finanapia 3appa-
JapHN Kalil KHJANUIHHHET, SHTH METOANADH UMiAAATIH PHEONIANAE-
Zu. Macanan, goTosmy ascHst METOLU Ba nydhax1it kavepaaap épaa-
MHJA KOCMHK RypJap Tapkubiaa, cyHr Te3aatkuuiap épiamiiia Xo-
CHI KHJHUFaH peakumanapda sdri  Gexapop AK-Me3somiap Ba
FHOEPOHAAD Kawd aTnagu. Xo3HPri 3aMod 81po0  (QH3NKACHHIHED
PUBOXMAHNIIIIA Xap GHPH ¥3ura Xoc a(3alank Ba KaMuILINKKA
5ra Gyaran Typan GomKa CHETUMKAAPHNID aXa‘iisaTH yKyla KaTTa-
Aup. Bynap Tefirep-Mionaep canarnuiapi, 1nddyaron xamepa,
Yepenkos canariys, SPHM YTKa3DH4dl canarinugap, aas@a sa dera-
CIEKTpOMeTpJIap Ba GolwKanaapiip.

1955 Ba 1956 fiwnnapna aHTHNPOTOH Ba aHTHHC -
TPOHHIKF Kawd STUANILE, OATMIULMYN {indaapna 3ca pe3o-
MaHcnap e uom oaran 3appanapHHNr OMHMMINE KBapKiap Ha-
SaPUACKH spaTiaranra Kajgap 3aeMeHtap Ae6 XHcoOaaHNG KellHraH
3appanap commnu xyna oprTHRHG 1060pIH. Norupri nafitaa aie-
MenTap 3appajap (uauKACHHIAT Y311 MYCTakua (an  TapMoriira
aunanmn. Keapk jrazapuscuHmir spaTiiunni sa yaap  Ypraciia
ALDOBIT Kyynapyy TauryByi BOCHTAYH 3appadap — LJIOOHIAP NaKH-
ﬁgi‘l’(p](?fipas, KBAHT XPOMOMIHAMHKACHHIHT spaTiany Ba Sourga
A €TIap 91p0 (H3NKACHHINT WHIZATIN PHBOKJALNII Aa Ti-
Mu?\i:)i"\?fa’ Kanap sApOHHHF TY3HWINUIN B2 TYPAN XYCVCUATIAPIHIL
Gj".']ca.ﬂ'am)HT"pnﬁ GepyBull ATOHA AAPO HA3APHACH APATHIMATAH
RN, ARPOHIHT KOGHK MOLEIN, YMYMAWTUPIran fAPo Mo-
uanny 1iP0HnHr CYIORMIK-TOMYH, (PeDMNTra3s, onTHK Ba §Ta OKYE-
1'3'3H.'Inm‘;lo‘n?ﬂ“ap” acocnaa TYPAH A3poBHil sKapaén Ba sApIMILHC

'\"llrr], XaMza xycycnsitaapn TYWYHTHPHO Gepnmrox\jnu.
Pt 6" HLIapaa KyucH3 Ba 31EKTPOMATIT ¥3apo TabCIp.ia-
T ng K\""P~6H;“)nra VXWAWANFIHIET TACTHKAAHMULL, SXTIMO KYY-
- .“lcna’ Yaapo rancupaap opaciiia  Xaw  yXWammix, Gupy

e qg”"”’ neran (uxpaapuuir aiituanun (Crisen Bain-
TiiHa syae aye Canox HWA2pH) AKUH KeJ2KaK1a f1po Ha3aphscu-
» XaTTo sirona MaiidoH Ha3apHACH XaMm SIDATILIHNILL MY M-

YMUY Goraamra uMKOH Gepaiil.



IBOB
ATOM AOPOCHHUHT ACOCHH XYCYCHATJIAPH

Tabuatya yupaiimuras sgponap TYPFYH Ba GEKapop, SbHH DaIHOAK-
THB OyJHUNL MyMKHH. TypFyH Ba Gexapop sipoJjap Macca COHH A,
3JeKTP 3apagn Z, maccacr /M, maccacira GOFJMK PaBHfa TYJA GOE-

Jadin 3ueprusicir £, pamuyc R, cnuei /, MarHUT MOMEHTH |, KBai-

pynonb 3JeKTp MoMmeHTir @, i30TONHK chmHHM T Ba Iy AAPOHHHT Ty .-
KHH (pyHKWipicura Xoc 6y.arad kydrauris 2 GHian XapaxkrepsaHami. Pa-
JUIOAKTIB 1POIAp sIHA EMUDM W TYPH, sPHM emupiiniur Kaspi Ty, emi-
PICHUL  HATIGKACHAA Xocma OyaraH  a-, (- Ba 7 - HypJIapHUHT
SHeprusfcil Guian Xam XapakTepJaHaaH.

ATOM SApOJApH siHA Y3JApHHHHD 3HEPreTHK XoJaraapH GHJaH
XapaKkTepaannd, SHr KHUHK 3HEePrusIH XOJaT Iy aToM $1JPOCHHHHT
acccHii XoJarH Ba yHaH IOKOpPH 3Heprusara sra 6y/araH Xonaar-
Japn ViiroHras Xoaaraap ae6 aranagu. IOxopuna caHab uu-
KIlATal atoM f3pOocH XYCYCHATAZPHHHHT AEApJH XaMMacH artoMm
SLAPOCHINID XaM acocHil Ba XaM yHFOHraH XOJAaTJaapH yYyH XOCOHp.
A BaZ nau TalWKapH NaMMma XyCyCHATJap XoJaT 3Heprusicu yarap-
rania Varapuiy MyMKHH. YI{FOHraH XOJarfari siApo XycycHsiTJa-
pura fifga sSApoHuMr OHP 3HEPreTHK XoJaTAaH HKKHHYNCHra 'THIL
yeya, STHIL 3NTHMOJIHCH Ba GOlIKajaap xapakrtepan 6yJjami, Hiu-
XOAT, SLAPOBHIT peakuusiyap KypHAraHga 3appaHuHr sapo OHAaH
Exlt SAPOJapPHINC V33P0 TabCHPHALUHII KEeCHMH Ba SIAPOBII pe-
aKNUAIADRA aXKpaaran sHepris, HKKHIaMul 3appajapHiHr 6ypuak
TAKCHMOTH Ba Gouiga (M3NK XapaxkTepHcTHKajaap Yypraumaaan. Bus
JapKapop Ba paAMOaKTHB sAPOJNAPHUHT acoCuil  XycyCHATJApPHHM
A1031;1a-410X14a KYpUS 4iKaMu3.

BAPKAPOP SIRPOJIAPHHHI ACOCHH XYCYCHATJIAPH
1.1-§. Macca couu, aTOM SIAPOCHHUHT 3apAAH Ba MACCACH

. 1. Meunjenees snemenTaap JaBpHil CHCTEMACHHHI TY3TaHZIa
3JCMeHTAAPUIN JKAXBAra YJAAPHIHT KEMEBHIT XycycHATAapy Ba aTOM
oripaIRAapHra Kapal KeTMa-KeT Jkolinad uYHKKaH 3aH. DaeMeHt-
HHUT ATOM OFHPJUIFNTa 3Hr SKIH OYTYH con A GH/aaH GenrdjaHus,
Juia SJeMeHTHHHT Macca COHIl Ae6 aTadrau san. AToMm s1po-
cli NMPOTOH Ba HETPOHAAH TalIKM/J TONTAHJIHFH aHHKJAAHrad, npo-
Tonsiap conn Z Ba ueiiTponnap couu N Gupramikna Macca COHH
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A HH XOCIJU KHANUIL MabayM 6yamu: A=Z-+N. Snposnii peakuns-
NapAa HYKJIOHNADHUNT CaKJaHHii KOHYyHH OaXapuaail, SbHI
peakunsra xanap Ba yHaaH cyur A y3rapmaiiny. Arap macca Mui-
LOpH MAacCaHHHr aToM Oupanruaa (M.a.0) Vavanca, Gepuarax
aToM AApOCHiIHT Macca conn A Yma siaposnur maccacunn 1%
AHIKKAA HOOAA KIMHIINHI KYPHIE MYMKHH.

ATOM AADONAPHHHHT HKKHHYH MYXHM XYCYCHATH — 3 a p s AJIp.
Atom siapocH NpOTOM Ba HeNTPOHMApAaH TAWIKHJA TOMTAHJINTH YUYH
VHHHT 3apsai Yula 3appanapHHHr 3apapjapi fnfnnancn Ouaan
amigaanin kepak. Hefirpon neiirpan sappanup. [IpoTOHHHHT 3a-
paan 3ca Myc6ar Ba 3JEKTPOHHHHI 3apsinra MHKAOp ZKNNATAAH
tenr: e=1,6.10-""Kn. [lemax, sApPOHHHr 3apsan uy sApoaart
NPOTOHIAPHIUHT 3apsisapy liuFuHAHCHTa TeHr Gyaamu. Lyunaair
Kuaub, Taprié HoMepi Z GYaraH GHpPOp 3AEMEHT aTOMUHIHT SAPOCH
+Ze 3apsara sra. JHT coafia BOJOPOA ATOMHHIIHT SAPOCH YUyH
Z=1 Ba yuuHr 3apajy -}-e ra teur. lennii atomu yuyn Z=2 Ba
a0po 3apaad +2e Ba X. K. Xo3upru naiitna mMabiaym Gyarad ane-
MenTAapHuKr TapTiO HoMepu | mam 106 ra kamap yarapaan. Tap-
THO Homepn 92 Gyaran ypaH sJeMeHTIZAaH KellliH XofijiaHraH Je-
MeHTIap CYHBHE fiysn Ginanm Xocwa xuausraw, dur cyurrn 105- B2
106-aaementaap 1974 ifinana Slapo TapKHKOTAapl GHpABMWran Hus-
THTYTHIA Kald 3THAraH.

AToM AADOCHHIHT GomKa XycCyclfiTnapi Kabn aapo 3apaai Xau
YHHHT 3HF MYXHM XapaKTepHCTHKAJAPHTAHAHP. Y aTOMHIHT KIIvé-
BlIiI, ONTIK Ba GowKa xycycustaapuun Gearnnab Gepaan. Hefitpan
aTOMIary 3NCKTPONAAD COHI XaM Z GuiaaH aHHKJaHaui.

AToM sApPOCHHNNT 3apsANNH BA AeMaK, YHra TerHIUIH JeMenT-
IHHE TapTi6 HOMepn Z HI TYpPAH ycyaaap €pAamiiaa yayai Myai-
KiH. ATOM sAPOCHHUNT 3apsAliHll aHHKAAW MeToaaapuian  Oupi
Mo3san Kouynnnan ¢oiigananniura acocaanran. 1913 iinaga unranz
Gusnrn Mosnn tomomiaan kamd 3THAraH Kouyura xypa, 4toM
SULPOCHIKET 3apsig yuia AApora TETHUIIH aTOMIan YHKAETran Xa-
PEKTEPUCTIK PENTreH HYpPJAAHHLIHHHNT yacToTacH v Oilan xvilla-
riya GorTauran:

]v‘_l=;’1Z——B. ().1)

_ Xapaxtepuerik peutrei ypJAaHHUNL aTOMHIHT HyKil (Macaiai,
K, L, M Ba x. x.) xoGuxJapuia xocua 63aran 6V $plHaapui
IDKOPH KOOHKIArn 3aeKTpoHJap 3raddarapia xociud Oyaap  san.
Hypaaunm cepusaapian ndopar G6Vaud, Gepuaran uypaanim ce-
pusicit vavie A sa B yarapvac Ko3(uuueNTIap 3J€MCUT TYpIra
Gorani Oyasaiian. Jdevax, 4 Ba B xosddnuuentaap Manavs 0y.a-
Cd, XaPAKTEPHCTHR PeNTrell Hypaaulill 1acioTacH v il Taxprbaia
¥auad, saeventnnnr vaptind noMepn Z mi annxaalr MyMrin. Men-
AEICCBHIINE dJeMenTaap IaBpull AaaBaliiiarn 31eMeHTHHNT YDHII-
HI anixaamiia Mesan yoyan Kyda Kartra axaMusrra sra  O3aam.
Ywa paxtia xarto sHrH Kali) 3THATAN 3JCMCHT.IADHHHT XaM MleH-
Aelec maipaandarn Ypun annkaasan. (Macaaauw, Texseduii-43,
npoyernii-61, acrar-85, (ppauunii-87 Ba X. K. .
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ATOM SIAPOCHHHHT 3apsauHi YUsABHK ycy/u GuIaH XaM aHHKJIAI
MYMKUH, UsiBHK MeToduIa Z HH aHHKJAawl Y4YyH, w-3appaJapHuHr
coynnnul yuyn Pesepdopn kentnpub uukapran opmynanan Qoh-
JajiaHHaaH:

d Ny =nid Zet \T g (1.9)

N m,u poy B
L SIN'—
51 5

By qopmynaga dN, — 0 Gypuak Hysammngard 2 dasosuit Sypuak
HYHLA COuMrad o-3appaiap  COFH, /N — «-3apDanapHHHr  RacTmabKu
COHI, L — MyXHTHHHT Xa)M OHDJHIHIATH SHPOAap cOoHH, ¢ — MyXHT
Ka/HANCH, Lepuirad paiHOSKTHB NPenapaT yuyH o-3aPpaiapHHHC TE3/IHTH
U Mabays. Fesepdopr TaxpubacH €pramiga COYHAraH —a-3appanapHH
Xuc061a6, cOuyBHIl SIAPO 3aPAAHHH TOMHUI MYMKHH.

DnexTp 3IAPAMMHINT MUKIAOPH TYPAH y3apo Tabcupiaap Guaan
103 Gepaauran »xapaéuiapiaa caknanani. by siexrp 3apsaMHHHD
CaKkJaHHW KOHYHN HOMH OHJaH Mab/yMAHD.

XO3iprit 3aMol (PU3IKACHTa acOcaH, Macca MOJUH OO BEKTHHHT 3HC
MYXIA XYCYCHATAGPHAAH GHPH GY/MG, KUCMHHHI MHEPUHS, TIpaBiUTalHs
Ba 3ueprii yauamaapii 6y Xu3MaT Kunagd. OAHIITEAH aHHKJarad
Macea GIIAH SHEPrisHIHT MYTaHOCHG/IICH (POMOPUHOHAJIHTH) XaKuaa-
FII Konyura acocad xap kauga#t M maccaml OGBEKT lUYy Maccara MyTa-
HOCHG Gyaraw £ = AMc*® 3Hepriusra sra Ba akcHHya, £ 3Heprusra sra

=l “ E
gyaran xap kaumaii ofnexrra M = — TeHIJHK OUNaH  aHHKJIaHYBUIl
C

Macca MocC Keaafu.
HireGiinie nasapusicira acocan Macca GHad Te3qiK YHHBEpcad Xa-
paKTepra sra Oy.arad GOFjaHHWra 3ra:

(1.3)

By epaa A Ba M-~ TesnHK 6unan xapakaT KH/IaérraH Ba THHY XO-
JaTAAN JKICMIAD MactacH. PenaTHBHCTIK MeXaHHKara acocaH U Te3/HK
OHJAaN xapakaT KH1aéTrat MICMHHHT TYJa 3HEPTHACH

E=Me*+T (1.4)
6yaamr, Gynna M,c* — JKUCMHHHT  THHY Xojartgard sHeprusicir, T —
YHIHT Kiierax sueprisci, MKkuuun TOMOHAaH,

Mgt

6}"."IFBIHI Y4yH Xapaxatiari KHCMHHHT KHHETHK 3HepPrisci

Fom —io0 — Mot = M e —1). (1)

Vi-z =
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v
By epna 3 = — Gearmam xupranmt. Kaaceix dusukanan 6usra MaBbIyM
[4

6ynren T = A—";’— dopmysna Xam (1.5) QopMyaagaH KeaTnpu6 uikapi-

JuH Mynmxis Ba T << 0,1M 67 TeHrcHsauk GamapiiraHia KIHETHK 3Hep-
THARMHT KJaccilk HomacHiad dofifanaun KHhOsiHD.
Slapo dualKackia siHa Kyiigard GopmyJa XaMm KN HunlaTHaaun:

E =/ M?, b + pict. (1.6}
By ¢opmynana

M, maccanu KUCMHMHT PeNSTHBHCTHK IMBYakclmup. Yun £ = Mc*
JaH KeJTHpHO uuMKapHiy MyMKHH. XaKuKarai,
Mich Mo+ MBRic—AMaaet  Mie (1—3n)+ Aigaect

E?= Mic' = =
1— 1—3 - g

= Mgct 4 pict.

SlnpoBuil pearuusnap xapaéHuaa TYJ1a 3HEPTHS CagAaHIIL KO-
HyHH 6aKapHJaagH.

S1apo tduankacHia SHEPrHSHI SJEKTPOHBOJBT 3B japaa {vuaur
ozat Gynran. Bupauk anextp 3apAAH (Macanad, anekTpon EKH
TIPOTOH) 3appa norteuxannap ¢apxu I B 6yaran anexrp majizo-
naH yrranga | sB sueprus oanwmn éxu liyxotnmn mysmknn, CFCI
Gupankaap  cHcremachaa 13B=4.8.10-19/300=1,6-10-'2 spr.
DHEpIUsIKIHT HHPHKPOK Gnpankaapy MsB —wmerasaexrtpon-
BOJABT BaI3B-—ruraslmekTPOHBOJLT J1ef aTalall:

IM3B = 10%3B = 1,6-10"spr,
IT3B = 10°M3B = 10"B = 1,6- 10 "spr.

Bab3an I'3B 6npanx B3B ne6 xam atatazi, avin 1 I'sB=1 B3B.
DneKTPOHHIHT THHY XoaaTAari maccacura 0,511 M3sB aueprus aoc
KeJdann. Sueprus MaB mapaa §auanrania, nanyase MsB/c sa aac-
ca MaB/c2 napna udoaa stunazn. JIexiuH KyJaiiank yuyn xvnnnya
¢=1 neb tdapa3 guaub, Macca snepriist 6upry MsB .'1ap,m' vaya-
HaI.

Macca r Ba kr Gupaikiapian TaWKapi sHa yriepoi-12 n3oro-
nn mMaccaciumyr 1/12 xuemira tenr 6ydran yriepoja aracca  aTtoM
Gupmuknapnia XaM yauanani (y. M. a. 6)

1y.n.a.6. = 931,481 = 0,005 MsB,

ATOM SADOCHHHHI MaccaCHHN MacC-CIHEKTPOMETP BA iacc-cliek-
Tporpadiap épramuga Yauam MYMKHH. YJap 8up-6upunan nomaap-
HIl Kalig KuaHw ycyan Ouian (apKIaHami. ,\lacc—cnexmoneTpna
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HOHNAapHNIHT TapTHO/AH XapaKkaTH HaTHXKACHAArH TOK 3JIEKTPOMET[
€praMuna ynyauca, macc-cnexTporpadaa HOHJADHHHT HHTEHCHBJIH-
T (MHKAOPH) Ba MaccacH (OTON/ACTHHKA €pPRaMHAa aHHK/IaHAMH.

Bupuuuu mapra 1907 iinana uurmis ¢uaury Tomcon 3apsianau-
TaH 3appa Ba HOHJADHI JEKTP Ba MArHUT MaiZol TabCHPHAA
OFHMWINAaH bofinanann6, Macc-CNIEKTPOMETD ACALIHN TAKANQ STra.
Monusaunsnanray aToMHHHT MaCccacH aHHKJAaHCa, YHAATH 5/1€KTDPOH-
JADHIHT MaccacHHH GHJAraH XO0J[a TETHLLJIH aTOM SAPOCHHHHT Mac-
CacHHH XHco6/1a6 TONHIL MYyMKHH.

10xopu Japa)aja a)<paTa OJIHII XYCYCHATHra 3ra 6yaran mMacc-
cnekrpomerp 1919 finnna Acton Ba Jlemncrep TOMOHHAAH fcanray,
Acton Macc-ceKTpoMeTpuaa ManGafaH MablyM 6up #yHanuWAA
TYPAH Te3nnkjap GHJaH YHKKAH HOHJIAp ¢okycaanca, Jdemncrep
Macc-clekTpoMeTpAa 3ca MaHGadaH Xap xHa HyHamiuIAa 6up XHA
TE3NNK OHAaH YHKYRYM MOHNAP MATHMT MaillOHH €pAaMHAA thokyc-
Janann. 3amomaBlifi Macc-CIIeKTpOMETpAapia HKKH Kappa (oxyc-
Jlall yeyam HumjatnaanH. ByHmal macc-CmekTpoMerpjapia MoRAap
XaMm 3nekTp Ba xaM MaruuT MaiiloHH €pAamiia QOoKycIaHaIH. 1.1l-a




e 38Z8 88 S A
Ne T TOILIT 1 | lé
o0 2§ & 8 o A
g¢  [CIIrrm [T 1 lT

1.1-6 pacy. Heou Ba xnop Macc-cnextporpammacu. 20—22 Ne
usorony; 35, 37 —Cl uzoTonaapmminr naiapn; 28— yraepod
HOUVIAPIHIHT 131apl  (CTeKTpuNt JapaAaiamr  yuyn <oitiana-
warau); 17,5; 18,6 — Cl n3oTonnapuuiHr KKK 3apaafin HonaapH
uanapu; 13—18, 24—32; 40 — apanawma 1OHJap H3Aap.

-pacMAa [leMmcTepHUHNT HKKH Kappa (OKYCJAOBYM Macc-CMEKTPOrpa-
~(bHHUHT TYSHMHII cXeMacH KypcaTuarax.

Bocumi 10~* cuM06 ycTYHHHHHr OOoCHMHra TeHr GyaraH MHOH
manba (5) numga 3JMeKTpP paspsAn €plaMija MaccacH YaYaunLui
3apyp GyaraH aneMeHT HoHAapH XocHa KuamHaan. Mownmap resaa-
TyBUYH 3/JeKTp Maiiaonaa (4) rTesnanub, Kyingariy KHHETHK SHEprHs-
‘Ta 9pHIIAAN:

me ~

T=""=qUy,- (1.7)

By epna Uap — Te3naryBun Maiiiol KYuJaHHUNI; g — HOHLHIT 3a-

PSAN, U — HOHHHHL TE3NNrH Ba M — HOHHHHT Maccaci. Teanatini-

ram HoHAap 3aeKTp Mmaiigoi (3) XOCHA KHAYBUN UHAHHAD WAKI1a-

rH anekrpoadap (1) munpa r paauycan Tpaexropust OViiia6

XapakaTJaHaan. Monnapra Tabeip 3TYBUM 3JEKTp Maiizon kyuu pa

MapKa3gaH KowlipMa Kyunap TeHLJHITIl WAapTiHAan HOuaapuuur oy-
PIJHUI paJHYCHHIT TOMHLI MYMKIH:

E muy? T ' _ E
r 3 qkE (1.8)

(1.8) renrnamara k¥pa smeKktp Maflgon kyuiawragaurn L aunr
KHItMaTHHIL Y¥3rapTHDNG, HOHJADHI KepakJll r pajnycan ailiaima
TpaexTopust O6yiina6 oraupnmr MywmMenu, uepruscu T, (2) Ba
To<<T, (7) 6yaran nonnap QoxyeloBun THpKHW (8) opxaan aar-
HHT MaiiloHra XofifiaHran Macc-CneKTporpagHIHT HKKIIUH KiucMyra
yTanu Ba MarinT MafiloN Tanclpiiia Hounap ewrita (9) Ba  ornp
(11) wsoron mownapu pacracura ampaanb, goronaactunxara (10)
Tywanu. Houwaap marunt maitionaa ry, paanycan aiiianvMa TpaekTo-
pHa 6§i1a6 xapakaT KHIaRH:

By — mud Bl mit 3 9
q F S (.9

By epaa B — wmaruut maiifon muaykunscs. 1.1-6 pacMiaa HeoH Ba
_XJI0p HOHMADHHHHI MACC-CREKTPOrpaMMacH Kypcatuarad. Pacwmuaa
Ne Ba Cl usoTomrapy XocHa KUAran Haaapil AXIIH axpaaraf., ®o-
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TONIACTHHKANHNT Kopallnl AapajkacHra Kapab Ternman H3oTom-
Japuisr Gous (MPOUEHT) JapAarf MHKAODH aHHKIARHHWN MYMKHH.
3aMonaBnii Macc-CHeKTPCMETpAapAa Maccany JKyfa KaTta aHHK-~
JNKAa Yadan MyMKHN:

e O R
M
1910 finnna sjeMeHT aToM OFMPJAHKJIAPHHHHT OYTYH coHJaapra

TeHr 6yaracaurnin Tywyutdpnm yuyd COaal H30TONJAAp TYUIYH-

4acliHH KHpHTraH s1u. Macc-cneKTPOMETPJAPHIIHT  ApaTHJHIIE

Conan dukpuun tacanxaaur Bup xui Z ra Ba Xap XEJI HYKJIOHAAp
COHH A ra 3ra 6yJran, abud Gup-GHpaapinaal GakaT HeliTpoHaAapH-
HIHT COHI GUAaH (hapKJaHyBUll 6HP XHJ 3JEMCHT SAPOJapH H 3 0-
Tonaap HoMHHN ofAH. Macanad, Tabuataa KII(lr_JlOpGLLHHHI‘ yu
6apkapop moTorn vupaimn 1O (99,757%), 6O (0,039%) Ba
50 (0,204 %). Kucaopoannur 60mxa Oapkapop 6YamaraH H3OTONJapL
AAPO peariusaapiaa’l yociwt 6yaaut. YJap paimoalmm Ba MAEJYM €MH[H-
MW Jaepira sra. Macaaah,' 't H30TODN § - PagHOAKTHB, SFHM eMl-
pii naspi 118 ¢,8'30 sca BT - pammoakTHB  Ba  APHM  EMHPHJLD
naspir 27 ¢ Ba X.K. Dabair KUMEBHH 3JeMCHTNAPHINT 130TONJADH XYAa
KYTLup. Macanan, kaaafimir (Sn) Ba KceHomunur (Xe) Gapxapop Ba
PATIORKTIB 13OTOMIAPIHIIT cOHH 25 ra hafap Gopamt. Maortonaap Gup
XILT KINEBUIT Ba ONTHK Xyeycuataapra =ra 6yano, KYN aJeMeHTaap Ta-
GlaTaa r3oTonapHHT apaganactl K PHEHuNa yupaian.

SLapo TaprnGiarn npoToH Ba HeliTponsapHIHT MHKIOPHTA Ka-
pa6 sapoaap sma unzobap, N30TOH Ba «KYy3Try» aapojap

Ae6 atagysun cnudaapra xaM apataii. B
iy xicy .4 anoBa xap xua Z ain sapoaap naoap axpoaap zed

arasagy. F3oGap saposapuiir aacca cOHI BUD Xifl 6yncz:-aa, yJIapHIll[H.I
Macea oripamaapn Gup-Gpician gapkaanazn. Macanas, jH o 6unan He
Ba Li Gian ide 1300ap SaAPO.IAPaID. =

Herrpouap comnt Gip X167, npoTontap coHtl Xap XIti 6yﬂrlaH S1IpO-
Jap wzoronaap 1e6 arasame. Macanaw, (H Gian oHe, oHe Gitran
Li, "Li Gisan iBe wsoron  sgpoaapaup. Heifitporaap conn N= 4 B2
VHIaH 10Ko0pn Gyarauga  TYPryH Ba Gexapop H30TOILIAP KYT ydpaii-
o1 Macaian, N — 4 na iLi — $Pe — B — 'iC sinponap 1130T0H s7pO-
JAPTD A vaapaa (i.i an GOWIKACH PATHOAKTHBAN.

Buira n]')()'r(‘mun nefitpon Giian  aamawrai,  CKif axsmma. 6lTTa
HeliTponr npoton GiLian ATMAITIPIEITad S8poJEap K y3‘I‘ y* anpoaap 1e9
atatamr. Macasan, 1 — ‘He, jBe — 3Li Ba x.x. ,Kyary* saapoaap-
HHHD O 1 oxatia pe Ak TR Oy.am.

Tagn]a'xrz fi?[?’lf[ﬁﬁi‘?u Ba C)?Iliﬁﬁ {iy1 Guyan XoCIa KUJHUL MY M-
Kun GYyaram xassa 3J€MeHT SLAPOJIa PHIH Cerpe Auparpam-
Macu 1e6 aTaaypunm  AlarpaMmana  TYmaaur  MyMKIH. Cerpe

AnarpamMacnaa abeuncea yiu 6¥inad neiitponaap coui 6llmau 1;&_1
cpamnara Vi GViinva nporonaap coun Guian dapraanyByH 4ap
19




- £7q0un | |
10 e
g E OCTCEI;!!I' % 13;'
8 ) B
E h ; 'r_[” =i
5 B ‘ s
. v AT EConst | S
' \ ../ i
4 7
N e s
3 T TH3070/NAP (2 < LSt
2 H30RAFMAR
' (A=Canst)
el LR

0' 23456 789101121315 A-F

1.2-pacu. Cerpe anarpamsacit.

sap moitnawrupuiag (1.2-pacm). Huarpavma Gomnaa xoifauran
‘GapKapop 3JeMeHT IAPOAAPH/IA OAATAA NPOTOHAAD COHH HeHTPOH/Iap

COHHra TeHr 6yauo, -lz._. =1 6yname. Orup agponap yuyh Gy HucGar

optud, 1,6 ra xanap eTHIUH MYyMKHH.

B3 10K0pitaa aToM SAPOCH MACCACHHH MAacC-CIeKTPOMETp ~ EKH
Macc-cnekTporpad épaamuia yauawra Micoa Ttapikacuaa Hesmc-
Tep macc-cnexTporpadu Guual TaHnwraH SANK. ATOM sapoaapi
Maccaciui 6owKaua ycyaaap Guaan xas §avaur mymkui. Macaaau,
AADPOBHIT DEAKHHANAD SHEPrHACHHN anamu3d Kuamw {iyan  Gniian
Peakuis HATHMKACHAA XOCHJ Gy/raH surf aToM fAPOCHHHNL Macca-
CHHH amnKJAaw MymKkiHH. By Xoama peakumsga ampadn6 uikmai
SHepPrHsiii Yauaw yuyH sapo 6uraH TYKHAMIYBYH Ba XOCHa OV.rak
SIHPH 3appavyaHiHT KHHETHK SHEPTHSICHHE MarHHT — anaansarop.ap
-8pramnaa yavaw xndos. AnGarra Gy Xoaga 6GupaaMun 3appagap
SHEpruscH MOHOXPOMATHK O¥JHIUN Kepak. YHAaAH TawKapi Gup.iam-
Yl Ba UKKHAAMUI 3appajiap SHeprusciui Karra alik:iK1a {auau
3apyp Ba, HHXOAT, peaxusaa Karhaumiaérran OHPJaMuil Ba XOCH-
JaBiit Aaponap 6apkapop 6yAHLI Kepak.

PagitoakTiip eMHDUAHIIZA 3Hepriist GanaHCHHR TaXJANd  KIHLI
iy 6unan XxaM eMHEpPHAHIIAA KaTHaWAaéTral Ba MaccacH HOMab-
JyMm 6yaraH fapo MaccaclHH aHiKAamr Mymkuu. Macaaau, (A4, Z)
SApOHINT ¥3-Y3HAan o — eMHDHJNIL KapaéHuun Kypailak:

(A4, Z)>(A—-4, Z—2) + iHe. (1.10)

Kypin 6 Typudauxir, 6y eMupwamm HATIKACHAZ xocun GVarad siipo-
'HHHF  Macca COHH 4 ra Ba sapanu 2 ra kamasa. Peaxuis  pakTiiza
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axpannb uikkad sHeprus £, Kyliarida maccanap GapkH GinaH aHHK-
JaHIH Kepak:

E. = |M(A,Z)—M(A — 4, Z — 2) — M(He)|c*. (1.11)
Arap £, mi youam mymkud  6y¥aca, (1.11) mad  ansda-emuprinmumaa

KatHaiadrrad Ba MaccacH HOMaLJAYM Oy Jaras € emupiayBuH, €KH XOCH-
JABIL SAPOHIHT MaccacHHH X1C06a6 TOmHW MyMKiH. £ anbda-3appa-

“ fA—44)
HIHT KiHeTHK 9heprisch T, ra s Gy’Jamr T = = E,. Ouep-

TIHAHIHT 150.1raH 1E, =~ T, KU1 NOCHAaBHH SAPOHHHT TENKH SHEPrHs-
T \

CHra cap( (’)y,na,m{,, Orup anpoaap yuyH 7, E, HUHT TaxMHHAH 989, HH
lalwgitt sramy. Jemax, adbba-3appaliiiHr KHHETHK JHEpriscimn  §auad,.
£, nir erapan AHILIIKAA TONM, Ba JeMax, eMUPHTHIZA KaTHAaeT-
ram NOMabijyM Maccail aToM sIIPOCHHIHP MACCACHHIH Xam eTapJil aHui-
AkIa Tauaw MymkHe, By yeys GHaaH maccaHi yauam  HUCOHA aHHK-:

Al '
AT TiRas 10™* ra xapap GOpHUIN MYMKIH.
M

1.2-§. slapo paamycH

AToM sapocHHNHT  OnAnii XapaKTepHCTHKajaprian  GHPH —
YHIT VoMaMi, sbHl paguyctanp. ATOM SAPOCHHIIHT paiuycH Tax-
Minan 10-'3 cy. DaexTpoH AHaMETPH Xam UIYHAATN Taprubra 3ra..
ATowm siapocu nporon Ba HeiiTpoHJapAaH, SbHI HYKJOHAApHaH Tall-
KILT TONFanaury yuym siipo paiuycy HYKJOHJADHUHT COHNra 60F-
JUK papiiliia y3rapuun Kepak. Xap xuna ycyanap 6ujay yauanrad
SIAPO PajYCHINHE KMiIMATH, XaKHKaTaH, HyKJOHAAp COHHMNH GH.I-
Aupysii A wuur yygad Gup gapaykacira MyTaHocHO GYanG uHKAH.

AtoM sapocnnnnr paiuycHHn Taxpubaja aunkaam ycy/naph
TY P11 3appadapuiir, MacanaH, 3J€eKTPOH B2 HElTPOHJapHHHT aTOM
SIAPOCHIA COMUTMILNMI Ypraiuwira acocjanral. YHIaH TauapH
AP0 PAAMYCHHN «KY3Ty» fApoJapia NPOTOHJApHHHE 3JeXTpocTa-
THX TaBLCIP 3uEPrisiCHHN YPraunul p-Me30aToMJap peHTren ilypJaa-
HHILMK ypranuw Ba ajbpa-paiHcakTiB AAPONapHHHT eMHDHIHIL
KOUyHig yprauwuw i1yan Giuaan Xam aHuKaal MyMKHH. 10KopHaa
canab yruiran ycyanap sApOBHIL
KYyJHuir ysapo tabcup coxachuud, €
2ICKTPOMArHNT §¥3apo  Tabhclp coxa- b
CHHI ainikrawra acocaanran. Iy- f—\ :
HIND yuyin sigzpo pauuycn XakKujaa cys —"'”3:'_\
KeTraiia € saaposiil Kyuilllur y3apo 1
TabCup coxacHuy, & 3JIEKTPOMArCHUT & J
EyYUHHL ¥3apo TabCHp COXACHIH TY- '
Wydsus hepak. SIApoHHHr NOTEHLLIAH
ﬁz:{'r[;)g?,?;yq”a O ! (1‘.3-pa$M). 1.3-pacM. Aanda-2appann

HTAPHHAT  COYMANLIM  YUYH 42p0 HYIAA TYTHG TYpYB-
KICKa ¥3apo TabCHp Kyul, AbHI cod if [IOTCHINAA MAaili0H.
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S1APOBHIL ¥3apo Tabclip Kyuu acocuii poab Yiiwaiimn.  Juepruscn
10 MaB paun xarra 6yarad HefiTpOMJIAD YYYH MOC KeayBull He-
Bpoitas Tyakinn ysynasrd fapo paanychra uic6aran xiuux 6ya-
rain yuyu Oympali neifiTporiapun ANPOAA COMMJIHLIHIIL pranud,
AAPO paAIlyCHHIT I0KOPI aHHIIHKAA YAud W MY MKl

Arom siapocunn R pagnycan chepa Jed Kapacax, Te3 HeiiTPOH-
AapHiHr AApo GuAaH §3apo TabCHP KECUMUHIL SAPONIHT HKKH reo-
MeTpHK KyHAadanr kecumy 2aR2 ra teur IeG XncoGaawl MYMKIH.
By raxmiun daxar mefitpouaap yuvi 10K0pH aHHKIAWIA Gaxcapi-
Jan, Yyl HeiiTpon HeiiTpaa OyJaranulad yHHn HyKTasuii 3appa
Ae6 xapaw mysiknx. Jewak, HefiTpomaapHiur Typan sapoaapia
COUINI KCCUMI ¢ ui Takpudazan amnrxial, o=2aR? dopymy.aa
acociina Aapo pamycuuil tonum mysiiud. Uy Ttapuka xarop a.de-
MeHTAap sAPONTapHHINT paanycaapn ronuaran. Macanau, Pb sa U
Ka6u OFHD 3JeMeHTJap yuyH pajuyc katraauri 10=!2 e\ sKanauri
Manaym 6yaan. Meuaeaees RaBpiii CHCTEMACHHHHr YpTaciia €TVB-
4i 3JeMeNTAap YuyH paiHyc Ku4nkpox Ovand, y 6-10-'3 car ra
sk, Typau yeyaaap Hatizadapiu gyfiniary sMonpix gopuyyaa
Biunan ndoganam MyMxHH:

R=rA", (1.12)

Oy epaa ro — AonMiil Karraauk 6Vaud, vHIHC KHilmMatn sL1po pa-
AHYCHHII anugall ycyanra GOFIHK paBllria Yarapi MYMKHH.
Tes ueiirponyiapuiur siApoJapia COMIVINMUTHI YPranum Yev.uan
re=14 © (1 ®=1 Pepuu =10-"3 cx) sxanu MavLIYM OVaran.

AToM SAPOCHHIHT pajlycCHHI VIHail VCYIapH aToM  sLPOCH

Taxmilian cepiux Wwakara sra skauiun xypeatan. Dy cdepaunur
paanycn (1.12) Qopatyaa 6unan ammaanain. Xap XHa NSV 7
(1,2==1,5) @ opannxaa 6Fauuii KYpearan. DICKTPOMATHIT Y320
TaBLIIPNH VJualura acocaanrai ycyaian KHUIKpPOK KHIIMaT rp=
2 1,20 xemul ungaan. Te3 nefiTpoiaapunur counamuiam ¥pramunu-
Ta acoc/aHran ycywaa fapo KYUHUHHT V3ap0 Tabeclp coXacl YidaH-
Au Ba 6y Xoana ro kKatrapoxanp. Wvinie yuyh, Gawsan artom
SADOCHHIINT  «3JIEKTDP» PAANYCI BA  «iAPOBHII» pasuyCci NaKHAa
‘C¥3 1opuTILIa L.

Suepritacn 500 MaB aan 10K0pn 6y.aran 33eKTpoHAaPHINT TV DI
SAPOIapaa COUMMHUIIIGL Y Praniil WVHHE KYPCaTIuKI, #1poid 3apsy
epmu ragcumorn e araaypun Ba Kyviimiarnu dopry.aa
Gi/1al aulKAaRyBUI TAKCHMOTrA 3Ta 3KAaN:

A S B & (1.13)

1 -expl(r—Rq1 3]

By ¢opmyaara acocas s1p0 HYILIA 3apsid SMAIHCH Varapyac G6V.IS, s
PO CHDTI(TA SIKMH CON2A2 Y ¥3rapami Ba s1P0  CHPTILIA HOIra  wafap
Kayasur (1.4-pacw). R, —3apAT  34TMMIGMHE  IKKID MADTA  Kawvaiimm
Macodacit, 8 0,65 O —3apa g mICUHIEE F3rapiui MacoDacHHIr GiL-
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mamr. Slapo sapsan suyanri 0,9 B gan Fj,-

0,1 ra kagap xamaiiinn cOXacl4HHr KanHH- / e —
it (pacyra d GHaaH Ky pcaruarad) & Gusan L:g

aHIIK ARG, omatia 4 =4din3 & 4,44. -

Tampida xumma sgnodap Yuyd Ro=  gut= R

= 1,08 A & sxaunun KypeaTad. JiexkHH A
Z <6 jan 3apaj  SWTHCIHHHT  y3rapmac u
COXacH HyKonam.

‘1.4-pacm. flapo  3apsaa
BUYINLL TaKCHIMOTHIHHE
Depyi MOACTH.

1.3-§. SiapouuHr GOFIAHHIL IHCPTHACH BA TYPFYHJIHIH

ATCM suaApocHHN TAWIKIA ITYBYHN HYKJIOHNAp ¥3aL0 GoOFMaHHU
SHeprusicn 71ed aranysun sHeprusra sra OYaH6, HYKJIOHJAADHH
Gup-Biipuaan T¥aa axpaTid 1060pHIL YUYH WY GOFNAHHII SHEPTHATA
Tenr 6yaran uw Gaykapuw 3apyp. SIAPOHH TaWKI STraH IPOTOH
Ba HeifiTpolsapuuur Maccanapu JiHFHHIMCH YWia s$APOHHHT Macca-
Clira renr 6y.anum xepak 3an. JIEKHH sAPOJAPHHHT MACCaCH NOHM
Wy g41ponHHr TapKi6H1ard HyKJAOHJAAaPHHHT Maccajapil iHFHHANCH-
A3l KaM 6Vanl unkaan. Byuaail 6yusuin Tabuniianp, YyHKH s4po
MHIEN OO sneprisira sra 6ysran GOFJaHraH HYKJOHJAap CHCTEMacH--
ZAan i6apar.

Slapoun rauncid sTyBui HYKJAONAAPHHHT Maccanapn Guian sSApO--
IHNr maccacn opaciiaarn ¢apkka MOC KeJayBuH 3Heprusa A A p o-
Hunr Goraanniy suepruacu jeb atanaln:

£ = |Zm, + (A — Z)m, — M(A, Z)]c. (1.14):

By dopyyaana Zm, — rapri3 nomepir Z 6§.aran sApOxaril NpOTOH.IAD-
HIIr Maccacn, (A — Z)m," sca 1wy sadoaari HENTPOHJAPHIHT  Maccacl,
M(A, 7) — Kypitaadrran sapon i maccac. L ormanini SHEprusci ¢op-
MYaacinil Heiitpasa aroaviap maccacH opxami 1hoaanall Kyaanaup, JyHKH.
0T JKABANIAPIA aTOM MACCANANH KeaTipuiaan. ByHiHr yuyH npo-
TON Maccacilll BOJOPO] aTOMINHNT maccac Oiiail B2 sADOHIHE Macca-
CIf Ywa 4820 aronmmr nazcacl Giiad  anMalwTilOWIuL Ba aTomiart
TCTIHLLTH 31eKTPOHJIAPMNIr Maccacil Xiicofra OMHAkL:

Ep = {ZMy(HH) — Zm, 4 (A — 7)== | My (A, Z) = Zinte] 6* =

=ZMy(H) + (1= 2)n,— Mye(A D)t (119)
By ¢opayaa acocnna xucoGaanran Gawam sapONAPHUIT GOFAaHII SHED-
FHSCHEH KeITIPaMi3;

Ego (3S) =270 MsB; E,, (10) = 128 MsB;

Eo, (5C) =92 M3B;  Eq, (iHe) =25 MoB.
K¥pnun6 vypub ik, s.Apoaarn HykJjomnap CCHIl opTHitil  OuiaH
SAPCHINT TV.1a GOFJIaHmml 3ieprusici XaM opTMOKAa.
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Slapo GOFJaMHII 3SHEPrHsICH-
HHHT GHTTA HYKJOHra TYFpH Ke-
JqyBYH KHIIMaTH COJHMLITIHP-
Ma GOFJAHHII 3SHEPTHI-
b0 cH Ae6 arasain Ba y & 6miaud
Searnaadani:

b
-emodia
ol (1.16)

w

CoanwrrrpMa GoFaaHHL 3HEp-
TISICHIN TAXARI Kiranl iy Su-
Jad spponapuuHr 6ab3u XycycHaTaapuHu anukiam mymiuH. Co-
JHIITHPMA OOFMAHMII 3uepryacHuiiir A Ba Z ra GOFAHKAMTH Tpa-
Gurn smepreTHK cHpPT e atamaan (1.5-pacm). JHepreTiK
CHDPT acAHAa Yy KaTiaMad CupTian n6opat Gyl Kepax, YYHKH
Kypr A qu gaponap yuyH SAPOHHHT GOFIAHMIM 3HEPrisicH HKKH
Xua guitmar oanun MyMxuu. Kydr A an sigposnap nporonaap Ba
HejiTponiapn ToK Oyaran TOK-TOX siapoaapaan  €xH MNpoToH Ba
HeiiTponaap coHn Kyt 6¥aran xydr-wyopr saponapiad uGopar
G myMgug. Onatia mydT-Kydr sapodaapuiur GoFIalnLU SHep-
CHSICH TOK-TOK SLAPOJIAPHHHT OO0KJIaHNIL SHeprisicHAaH KaTTapox Oy-
Aapu, JKydr-rox xil TOR-KYDT g3pogapuuur GOFJIARMIL SHEPTHACH
XaM kydr-iydr Ba TOK-TOK AApoJap OGOFJaHUII 3leprusaapuian
Gapx xuaafn. XaKHKarai, Xap X1 3JeMeiT H30Tonaapnuinr Supra-
popairn Z sa N minr &yt éxit Togaurkra Gorak. Macaaau, Ty pryit
nsoromrapuuKr Kynumanraa A xydr 6vaaan. JKydr-#ydT n3oton-
Aap sur typryd gsapoaapaup. JKydr-rox Ba ToR-AKy(T SApOIApHIHT
TYDPEYHJICH KYPT-2RYDT Aapoaapuiikiura uncbaran kampor. Tox-
TOK sApONApHIHT Kynuumiri Gexapopanp. Tabuaria daxatr TVpT
TYPFYH TOK-TOK eHEILT 5apo m3oromaapi yupaipyr (H, §Li, "B ma
N. Ilporos éxir HeliTPOHAAD COHIT ,CexpAi* cOMIap 1e6 HOM 0raH 2,
8, 20, 28, 50, 82 Ba 126 conmapra Tenr Gy.raHaa sLapocap  aiinigca
KaTTa TYPFYHAHKKA 3ra GV.I0, Tablatia Kewr Tapkairai. lIporouaap
Ba HEHTPOHJAP COHMH ,CEXPIN* COHra TeHr Oyaca. s1poaad aiinisca
Hydd Karta TYPFYHIIIKKA ara Oyaud, vaap KK Kappa ,cey Pt
aaponap xe€ araiayl.

10xopiaa KypuJaral SHEPreTHK CHPT HiMa YuyH Y4 Kat.iamin
Gyanw a3 TYIWYHapan 6yaca xepak. DHepreTHK CHPTHUHT KilUHK
Z nmapra Moc KeayBull €d CHPTHIa P~-pailloakTis sapoJap zKoil-
Janca, Kapama-Kapwi eéuuga fr-paanoaxtus s1poaap aolinaiain.
B-emupuamnwnra uucéaral TYPryH 6V.rai g1poaap sHepreTik ciupr-
HUHP ycTKH KHcMHA2 kofimanagu. Zd rexncankia éryBun Ba Oera-
emMupiunmra Huedarai TYPEYl 8¥aran a1poaap Koll1anysun coxa
6era—TypryHJAUK Tacmack 1e6 aratain. Bera-typryi-
JIK Tacmacia Xoll1aWran a1poaapiiuur TapTiud HoMepH Ba vacea
COHN 3MnupnK {1ya GHAan aulikaanran gyiizaru Qopyyaanu Ka-

HOHT.’IHHTHPQ;UIC

L5-pacy. Bueprerns cupr.

24



A £ MaB

L= (1.17) T
I |
(1,98 -0,0154° 8,0 | o S
7,0 ki
Duepreriik cUpTHHUT Oera-TYPFYH- 6,0 ':%,_
JHK TacMacugan  yryBui HHAHHA- B0 i i |
pu aupr Ouian KecHmunmaa Xo- - 40 i |
cua Garau arpu unsninl yprapu, 348 ;
Gera-Typryn sapodapuunr Oansu %0
XyCyCUSITAAPHIND YPraunuiia X 1,0 - i
natuzka Gepan (1.6- pacw). ; -
Xanmma arom siApodapi yuyH Git- 50 100 150 200 A
Ta HYK.JOMra TYFPPH KeayBui ypraua
‘Boraaumw suepriia ¢ Oup Heya MaB 1.6-pacm.
Ta Teur OyJaaml. SHC eUurHa sixpo-
) A MsB
gap yuvn = kimk.  Macanaw,  gefirepiit yuyn s(GH) = 1,1mi
VK
Al - .
Tpimiit yuyH <(JiH) = RIS = it : reuil aTOMUHIIHT  sAPOCH  ydyH
I INAT
3 . ~ o~ M3B Sul_ s _ Ly
sca :('He) = 7,07 ————, sinHil YHIZHD KUMATIE KECKHH OPTHO KeTa
’ HyKac1 -

A Temtiigan kefinn 7koiliu1yBYl 6aB3I EHIILT SIPoIaP yUyH (fLi) =
= Mal3 o g MaB : - MaB
=530 ——, :(7Li) = 557 ——— Ba ¢(}Be) =6,42——" =

PYKTO1 HyK/A0H - nysa0t
Cyur = optid, A =350 gan A =70 6yarau 51p0.1aD YuyH MAKCIMYM
Mol MaB3

-
Kuivatra 8,6 ———

uy =4
3 | aPHuA Ba OTHP AAPO.IaD YUyH KA 7,5
Y01

HYKI0H
Ty Kazap Kamasiuf.

lynaai kuanG, k§u sapodap yuyH COMIUITHpMA GOFJaHHML
3BHeprusci ypraua. 8 MSB o renr. By 3a€eKTPOHHIIr aTOMAA
nyKaon
Goraaninm S!IGIJK‘HHCHILEH? Jkyaa karTa. Macasail, BOLOPOA ATOMIL1A
JeKTpoLIr  foraaniul  sueprusicir  (HONH3AWNIA noTeHuHafll)
13,6 sB. Dur orup aiement atomaapijga NaM aroMra Kyun 6OF-
Janran K-snexrpouninir Goraamnm sneprusci 0,1 MaB zau opraaii-
i devag, stApo kyun tancupu Tydaitan HyKjgonaIap “ﬂ;xpona oup-
Oupaapu Susan Akyla KatTHK Gorsanran, By saposuil ¥3apo Tabeip
KYUINLIT kYU §3apo Tabenp STYBUH KYY SKaH/IPIHIL élm';mpamr.
Olynuur yuyn xam tabuarsa yupaiignran rpapHTalliif, 3JEKTpOMATr-
HHT Ba KVucpns 5"33[)0 TabCclpaapian hapran paBniia ﬂ.l[)o'mm
KYY Kyuau ys3apo rabcup aTyBuUN KYH 1e6 AL AU

ATOM SIPOCHHIHT MYCTANKAMANIHE XapakTepaal Yy 53’*’_3” Xoa-
apaa GOFJAMILL suepriicil  YpHira Macca Ae(EKTI BA KOMAA-
Wiy Kospduuiren T 120 araaysui Q3K Karramikaap m_u.mfuin’a
mt. Macea jleexic A Ginail GearuniaunG, HeiTpan aTOM MACCACH 0{”‘“{
VT yilcea coMIl opacimarit dapim Gumpamt A = M — A, Mg
ZedeKTinnir A ra HicGaTH ko fiaaunw K03 GuuHeHTI Jed ara
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1.7-pacy.

A
Jajy Ea j Guaan Gearwiasame f = - S 6uaad  commnuripma GoFTa-
HUIL 3Hepris ¢ Kyiiiflariida GOFJaHiwira ara:
J=(8,56-107 -+ 0,84a- 107" — =) m.a.G. (1.18)

by epna « =—L ——‘—; pa y 0,1 man Kmunk. Llymimr  yuyn (1.18)
GOPMyAAZAr MKKIHU XagHil Tawaab Gsiu MyMKHH:

7= (8,55-107) — ) m.a.0. (1.19):

Hefitpon Ba npotomnapu tesr Gysirad 8apoaap yuyl a=0 sa Gyu-
paii agponap yuyi (1.19) dopmyna auHK Gaxapunami. (1.7-pacy-
Ra [ 6unan macca conn A HitHr GORJaHHLII KEATHPINIFAN. Pacyan
A<16 Ba A>200 yuyn f=>0. M=A (1-]) 6¥aramr yuyn wrunx
A napaa f mmur kamaiinmm pa katra A JapAa 3C3 YHUHT opring,
eUTHA SPOAAp YUyH cliHTe3 apaéun Ba OFHD AAPONAD Yuyy Gy.y-
Il SHEPreTHK KINATAAH KyJall sKaWAHTHHIL Xypeataan. Hxxaaa
Mapagu XaM aToy aueprusciim axparné oniwia (I)on:l:_:qann 1A,

Typait aAPOJAPHIHT GOF.JIaHHUI YHEPrHCHHI NU00AM {Ivnr i
YJapHEHT Gapkapop {xiu Geiapopariiis  TYIYHTHDHG Gefmur iy g,
Macanan, 28U wi MTh pa iHe saponapra micGaran _ Gwwapop Erar
6exapop IKAHANCIHIL G YyYH ypasja TOPIF Ba Tt anpoaapiinmr
Oup-Gipn Gitakt GoraaHiw SHepriscitil XHCOO.TaiANI3:

28 214 Vi( — M{BR ) 2
Eo. = (EU) = [M(3Th) + M(iHe) — MUY e
— — 4,25 M3B.
By epra Gor.auiu sHepriusclHiHr yaupiit Keamd uiimng YPainr ro-

puil Ba reauit saposapra  HicGaTaH 02Kapop  IKAHITUTII Ky Ppearamr.
Xakinsaran xa, 811 s1po c-paHoaKTIBUID:

r g

By, .
So'lh-,L:,Hu

T ,=4,6-10" M1 o3,
e ———vwlh,

38
o:U

34 v .
SbHIT YPan-233 q-catpuaiul HaTIKACHAA ‘_oTh HIl XOCHT Kiay. Sipitt
eMIIPHIHIL JABFH cTpeKa VeTiId KeTHDIITaH.
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Vpau-233 wacca comnapiu A, &= A, Ba TadTi3 uoM2pIapn Z, = Z,
Byarad uxKil Axlora iu:6atad xaM 062Kapdp  SKAHTUCHHI Ky PeaTHul
MymKict., ByHTa ypausildr amacca coust yuyn A = A, + A, Ba 1O
HOM2DH VuyH Z == Z, - 7, wapr 62:Kablnirinl Kepak. XaxiyaTas,

Eor (C8) 1 zosinnzy = IM(AL Z) + M(Ay Z,)] — M(AZ + 1)]e?

By vpan-233 sigpocuHirar y3-¥3U1H LK 129 1ara O TS Kypea-
Tay1.

bBipop aroa AnpocH yuyH
MA, ZD)>MAZ+1)+m,

want Gakpdica, (A, Z) 5120 37-pagoaktu3 6yaatr. LLIvamariex, 5t
PAHOAKTIBIME LA KYili1arHya E3itapu:
[M(A, Z — 1) 4-m, — M(A, Z)] <O.

AToar sapouaanie Girlra HPOTOH 8K GiITa H2ATPOIHHIHE XaM 007Aa-
HIMUL SHEPIIACIINT N112007a11 MyMKIH:

g, =ny, = MA—1,2) - M(A, 2),
=, s MA—1, Z—1)—M(A,Z).
Xamva Typryi SAD0aab  yuyH £, >» 0 Ba ¢, > 0. LIyHHHF Y4yH
VJap 1POTOHARTH3 Gl fiTpoHakTiB OYamaiini. Jlekid 17042 NPOTOH-
Jap comit H2AITPonIAp  comiIa Kym  6y.Jca, Ba aKkcHHYA, H2{iTpoHIap
COMH UPOTOLLIAD COMITUL KaTra Gy.ca, Gyd1afl OpTItkda MPOTOHMH €Ki

ODTH (M3 UBHITPOHNL S11D01ap Y34aDii1ad MPOTOH &Kl HeHTPOH i {apud
CMIEDILTIIND XaAN M VMR,

Bruaait p-pamiosKktunanK Ba 7-pagnoakTHBIMK MaBKyL GYica
Nau, YHH o- Ba [-paaioaxTuBANKIAH axmpaTHil KHIHH. [lynuHr
YYvy  xam p oBa n-papuoaxtunank  gagar 1963 iimara xeaud

[ 1 daepor paxBaparrwaarn Gup rpynna coeT (uaixiaph To-
MONIIAN Kawd sTiaan.

1.4-§. SiapoHuHr cnUuH Ba MAFHHT MOMEHTH

Mat 1M DO TS (ra ysw [POTOH Ba HElTPOILIAD

KYCYCIil M2XAWLS MOMSH Il — cHILHTa (5-) gra. Hykaonnap siaPo  IHHIA
Napak Tl TyPa'tur stua 0)3./Ta1 xadakaT MiKI0P MOMEHTIra (f) xav

sra. HIymie yuyin uyKkJIonumr Tyga xapakar Migaop MOMSHTIE / ci
B ODSTAT MOMIIAD. I [T 1apa 112 8K auTunapanien1 OyJnkira Kapad

J=Ll--str/ =1 —5s Gymuwr mymxud. Jemak, sSAPOHIAT TyJda Me-
NaHE MOMBHTIC 41051 Hyk1044a) XaDaKaT il ;1I%l MM it

iruaeitra Tenr O, it Kepak: f =2j. HyKJIOHHIHT CTIHIL h GUPIHK-
nap1a —— Fa TRHE GYAT ML Y4YH, ALPOJAPHITT CHIAPH YaM YHra Teriltu
Macea co:tt A HiAr Ky Pr &t To§ G§uruira Kapab, h medr OyTyH CK
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ApHM GYTYH COHIra Kappann OYynamy. XawiKaTad, Taxkpubaga sapo
CHITHNAPHHT YIyaul MYHII KYPCATAUKH, TOK A JH SAPOMAPHIHC  COHHE
9 2 pam oprvaiimt, xypr A mi agpo cmiHnapx sca O gad S5 ra Kazap
OyTyH Kmiimarjapra Tenr Gy mull MyMkHH, Ly 3ca xamma HyKJIOI MO-
MEHTJIAPH OMp Xua fyHaTHIra 3ra Oyarail sAposap  yupamacalilHiL

Kypeata;i. Xayifatad, arap HYKJOHHMHT MOmentJap / 6Hp Xkt

ByHamamra ara 6yJjca, SUPOHIHT Tyna MoMeHTH / OFHp sIEPoiap YuyH
103 Ba YHRAH XaM OPTHK KHAMaT/ap ol MyMkHH 34 XaMa.
KYPT-2KYDT Axpoaap Hoara TeHr Gyarad coisra sra. [lemax, 6viain
AApONapaa Xap GHP HYKIOHAAP KYDTHHHHT TYsa AMOMEHTNIapH aHTIiia-
pannen fiyHaaran 6yand, Gip-GHpHHI KOMIEHCAUHAJIANAIL

Arom saposaph siHa MarHiT MOMEHTHra Xam sra 6ynaan. AtoM
3MEKTPOHNAPHHUHT A1D0O Mar#iT MOMEHTH 6lJaH TabCHPH HATHIKA-
CHAA aToMJap YTa HO3HK CTpyKTypara ara 6ynaan. fJapoaapiiuHr
MAarHHT MOMEHTH WY A1poZari HYKJOHJApHIUT Xycycnil MaruuT
MOMEHTJapl Ba NPOTOHJNAPHHHT AAPOAArH XapakaTHaad XOcHx
6yaran opGiutan mariir MoMeHTAap Tydaiian jozara xemamn. Hyx-
JIOHHIHT MArHHT MOMEHTI YHIHT XYCYCHil MArHHT MOMEHTHIAl Ba
op6iTan MarHuT MOMEHTHAAH XOCHA GYJIraHH yuyH:

p=gl + g3 (1.20)
By epna g, Ba g, — uykjaoujap YuvH OR6NHTAT Ba CIIH  TIIPOMATHIT
KymaiitMa. (1.20) cdopMyaanari GHIMHWE Naj HyKJIOHHHUHT Op6lTas ar-
HHT MOMEHTII (p, = g£,{) Ba HiKHNW{ Xal YHIGID CTHIL €KH  Xyevenid

MOMEHTIT (1, = g£,5).

Mpoton yuyn g4 = 1 Bameiitpont yuyn gf = 0. Flpotoummnir xyey-
cHil marHnT MoMentH nf = -+ 2,79276ws Ba nefiTpon yuyn ul ==
= — 1,913 14y,. [Iporon pa neiirpon cmum—llr OyaraiLian nmpoTOH VyvVH

87— 15,5855 Ba HeliTpon yuyH g = 3,8263 zkawauri Keand ulKagiL

SIADOHIHE MAFHIT MOMEHTI! HYKJAOHJAD MAarHHT MOMEHTIEPHILIIT
HIFHHANCHAAR Xocia 6yaain Ba fapo cnuln /[ HHHT (VAN
6¥iinab fivnaaaan. Wlynunr yuyn xam yJap unsnxan Ooraannigra
sra:

By =g, 0 (1.21)
6y epla g, —Ip0 VUVH MIPOMArHIT KynaiiTua.

UlyHzail §iand, SIDOHIHT MATHIT MOMEHTIHII TOTIH YYYH £, Hifr

Kiiivarinn Ginniw kepas. JIekinn  Noalupra xaiap  sApoBHiT  Tabcipaap
KYUII Ha3apIesicil ApaTiMaralyHOiIat &, HH NHCOGJall MYMKHH 3viac. Bz
KefHPOR KYPIS uilKamiran saposiil koGt MOZemira K¥pa, TOK A L
SAPO.1APIA SIPOHIHE CINHII Ba MATHIT MOMSHTH VHIArH TOK NPOTOH 8Kir
HElTPOHHIMNT yapakatil Ttydailmi NOcH1 Gyaant ze6 rnapa6, o ; HIL g,
Ba ¢, Jap OpxawWf HpoIanaw Ba JeMaK, W, HII TOMHL MYMKIH:
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— i mee )
=g =& F 5= ) (1.22)
1y ; =+ 1/2 yuyn
By qopmyaana /= /— 1/2 yayH MHHYC HIIOpa Ba 7 12
amoc muopa omwamr. (1.22) ¢opmyaajarx g, Ba g Jap I\Hlfll\ia.THHH
KYii6, TOK MpPOTOMAM AAPOJap YuyH KYHHIATH (hopMyTIaHil OaMH3:

Py =(1 — 2[’3_912 )Jf, I=[—12 yuyHn,

T (1 4—2'—?"’2)!, [=1-+1/2 yuyn.

(1.23)

ToK HefiTpoHJIM sAPOJAP YuyH 3ca KyHuaari goparyaa ypurnn O amu:

W= 913 [5 I—=t—1/2 YHYH,
11 e
Py = 1'?13 I, [=0+4+12 yuyn.

By ¢dopmynanapaan xypuun® TypudAuKl, TOK NPOTOIH Ba TOK
HeflTPOHAN SAPONAPUNHT MACHUT MOMEHTJHapl / Guiad § HUND Da-
paiien €xi anTHnapanien GyqaHmira xapad HEXHn XHJI KuiMmaTtra
sra Oyanum MyMxmH. Xagngaran, Taxpubaga auiKJaanraH — ToK
A an saponapuuur marunt momeHtaapn (1.23) sa (1.24) dopwmy-
Jdajnap OGMnan aHMKNAuyBUH 3rpH  HU3HKJAApP opaclina  ETHLIINHKI
Wwmiar kypeatnd 6epan (1.8 Ba 1.9-pacmiap). Pacmaan kVpunnb
TYPHOAHKH, TaxipHbana yauanraH NaMma s1poaap MarnidT MOMeEeHT-
Adapn Hlsiar srpi unsugaapn opacija Koilzanaan.

SLApoitur cllui Ba MAriuT MOMEHUTH TYPAn yeyqnap épaamiaa
anngadnaan. Ynapuay Gupi atoM  CHCKTPAApPUHHUI  ¥Ta  HO3UK
CTPYRTYpacHuin ypramumra acocaanran. ATOM CHEKTPHAATH HO3HK
CTPYKTYPA aTOM 3/CKTPOHAAPHHIHT OpOUTajd NapaKkaTiH HATHZKACH-
A2 Xoena Gyaran Marunt Mafizon Suman snexTpou criiun opacumarg

|| o IZE-% ‘
NT— | |

Yo % %5 A Lh

L.8-pacym. ToK HPOTOMAH 5APONAPHHHT MATHHET MQ-
MEeHTIH,

M £0p0 MaZHETOHNApAA
:_ErI“' L
r"—':.)-—-’-“_" 1
‘,“‘1‘*"\-'(
& &
rC
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1.9-pacM. Tox HefTPOHIN SAPONAPHHHET MArHHT MO-
MEHTII,

TADBCHDP HATIXKAaCH 3KAHJHTH aToM Cpl—lSHKaCIII[aH 6n3ra MabayM.
YTa HoaluK CTPYKTYpa 3Ca, aToOM KO6HFH,U.31‘H 3JEKTPOHJIaDHHHT XO-
CHJl KWJraH MAarHHT Maliloni 6HjaaH AAPOHHHr MArHHT MOMEHTH
opacnjarn TabLbCHp HaATHXACKHAHD.

Ma'hnyMKl{ aToM 3J1€KTpOH'Iapl(HHHI‘ Ty.na Xapakar MIIKA0D MOMEHTIF
J=L+38, By epaa L—Taml(ﬂ IIEKTPOHIaD OPGHTAT MOMEHT.IAPIL

TIHEHHOHCHAMD, STBHI: —-31 +l + . BaS Tawkm  3NMEKTPONIAp

CITHHAAPH HIF HHAICHIND: S= 8 +. . . DJeKTpoH.1ap XOeILT Kif-
raH OpfuTajs Ba CHHH MEXAHHK mo\xenﬂapmnmr abcomoT  KHiNvaT.Iapn
yJaapra Termuwut opbutaa L Ba cmiH S KBAHT COHJIAPH OPKaM! TOMILiaTH:

[f] =hy TT+D
Ba

IS]=n) SS+1).

ATOMHHHT Talmki 27eKTPOHAAPH TY.1a MEXAHiK MOMEHTH XaM Xi1us
IyHra §Xwam aHiIaHam;

V=01 705D,
6y epaa J — Ty.1a MeXaHlk MOMENT KBaHT COHIf. ATONMHHHI TVJd iexa-

HIK MOMEHTH (F) Tawnyi onekTpomiaD Ba SIAPO  MeXaHMK  MOMENTIIah
TAWKILT TONTAHI YUYH, YHIHTC a6coaioT KHiiMaTi

Fl = FFETD)
6Vaami. Ey epaa F xpant coun xyihigard 1\‘nii.wa1‘.mpm: OTHILH LIV METIHS
- <F<l|l—

ATOM KOGHTIZAr! 9JEKTPOHIAD u, MATIIT MOMEHTHra 3ra Oy.arak
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£100 Koddauwrad HyxTacuaa f{, Ypraya MarHHT MaHEOHHH XOTHT KH-

Jani.

By s1ig0H OHIan ARPO MArHuT MOMSHTHHHHL TabCHD SHEPrHCH:
W= —p,H. = HQP-,‘COS(HCP-“).

KBanT mexauuKacH KOHYH.JapuaaH doiaanatis,

_wa  RE4O)—JJI 4D =I0 1) y
W= 9 R VT {h49)

IKaHHHM K¥pcaTiil MyMkHd. Dy epla a — 3JeKTposjap MAariur
MaliLoHIHHUT a6COI0T KHiiMATHHH aHHKJIOBYI JAOHMHIl COH Ba U —
AAP0 MAarHHT MOMEHTHHHUHI abCOMIOT KHIIMATHHH AHHKJAOBUH JOH-
Muii con (1.25) dopmynany Taxgauj KHAHIN, SAPO COHHHHI Y4 XHJA
yeva 6unan aHHKJAA MYMKHHJIHTHIH KypcaTanu.

1. Arap J>1 6yaca, §Ta HO3HK CTPYKTYpa cNEKTpHAA KY3aTHATr AR
axpaaninwaap count 2/--1 ra teHr 6ynann. Jlemax, axkpairad cnexkTp
UH3HKA4p COHHHH caHal, sApo COHHHHH aHHKJAII MYMKHH.

2. J <[ Gyaran xonaa HHTepBanaap KoHiacHiaH ¢ofinanauud, sapo
CIHUIMIC amignaw mynkid, Wkkx g3wee F Ba F— | xoaaraap yuyH
suepriea ¢apiie (1.25) pau

AW = pa &

VIJ+ DOIT =)

Svarami yuyu KYnimi ciTxjap opamiFi KyHiiari 1HTepBajsiap Kouga-
cira GViieynung kel YiKanu:

Fi(F—1):(F—2):...=-+1:
HI=1):(+1—~9):. .. (1.27)

OO 3. HMarpitit aromifugur  capHi YH3HFY  Iy6neT wi@HiaaH 1Gopar Ba

Tyakns ysysaaapie 5890 A xamma 5896 A ra Tenr. By umamgnap-
piHr xap i yTa HO3MK CTPyKTyPara sra 6ymauG, yJapHHHT axspami-

prt 0,021 Apa 0,023 A ra reur. By xoama ampaiimu KOMIOHeHT.IapH
COMI{ IKKIHA FeHr Oy/ratil YuyH HaTpHil sAPOCHHIHI CIMHHHH 10K0PHAA
KyPram i<€ata yeya Olf1ail xam amraail MyMKitH  smac. XakHKaTad,
Gupiui yeyaut S >/ 6ynuunt xepax. Jlekin 2/ 41 =2 pan [>J
requd uitsalit. VKRG yeyamr xaM 6y XoJaa K yasaur MYMKHH 3MAac,
yyHKH aAPaaInu COHIf 2 ra Tenr Gyaradit yuyH haxat Guprina HHTEP~
pan omnu Mymkigh. LUymuur  ydyn 6y Xonma awpanuu HaTipKaciga
XociL1 Gyarall uliisIapiiir HHTeHCHBAMKIAPHHN COMMIITHPI HY ML Gi-
an CHINTHH ailifgann MyMKH,

Ciiekspasl HIIS WHTSHCHBANIIL MACHUT MaifoHAA  TePNHIHT ampa-
i Koumnouenaap cotnt (27 4- 1) ra myrtasocus. Kypunaétran xonma
J =12 ra teur oyaramt yuyn Fy=/-4128a F,=]—12. [le-
MaK, MHrSHCHBAMKIAD Hil :6aTi

(1.25)

27 25 I e
9F, 41

2 [ —— |4
\ ZJI :
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1.10-pacM. Pabu TaxpuOacHHHET cxeMacH,

Gynany. TaxpHOana MHTEHCHBIMKIAD HicGati yuyH 1,59 oamras. By
sca [ HUHD KyiiHfard KHiAMatyiapura TYFDH Kenami:

s Ly oS
}-—2(! 1,67) ea 1 2(/ _1,5).

Jlewun [ =2 Gyammi MyMKHR 9Mac, WYHKH 1iNa SIPOCH TOK-3KydT sil-
POIHP BA YHUHT COHHH sipuM OYTyH G6yqnmM xepak. Jlemax, ?fl\'a !an-
POCHHHHET crHHE 3/2 ra TeHr.

DB aTOM SIPOCHHHHT MATHHT MOMEHTHHII aHHKJAWITA MICOaT Ta-
PHKaCHA MATHIT Pe3OHaHc YCYJMHi KYPH6 uuianms. By ycys sma pa-
AroyacTOTaBHil ycyJa Ae6 xau aran6, Pa6i Tomoniman Taxaud
oTHAraH. PaGHHHHT MACHIT PEe3OHaHC YCYAH SIAPO  CHMHI BA Maruir
MOMeHTH {I§ HamiuIHK I0KOPH 4acToTa/uf 3JeKTPOMarHiT — Maiinoh ¢pia-
Mdia YSrapTHPHWwra acOCJaHraH. SIIPOHHHT MArHIT MOMEHTII  Maiiion
Pe30HAHC UACTOTACH g, COCHAA Xicobnab Tommaamn. Tampnsa cxenach
1.10-pacmaa Kypcariiarat.

Pa6u yeyauga x¥aaannaras ac6o6 yura pommmd maruimaasn (A, B,
C) TawiL1 Tonrad. Yaapwuur maimown f,, H,, H, pepmmkai Z yiu
6yitnaG fiyHanran. A Ba C MATHNTIAD NOGIW NHAraH MariuT — Maiiaon
Kyusny Ba Teckapit fiynairan rpamientra sra. B marsnr amaiiion rpazi-
eHTHl 3ca HOJra TEHr, SDHH y OHD JKHIC/AH MaljgOH XOCIL1 KIHIadi:

‘fﬁ-_—.o. O wau6anaH uHKa€Trar s3appanap £ muadparya Ba 3, C

dZ

MATHIIT MaiifoHaapuzad Y1116, 3appatap HHTEHCHBIHTHHN V.auoBsir ) ge-
textopra Tywand. A Ba C marHuT Maiiosja aappara  Kapama-;apiH
fiyHamnnma £ 4 Ba F, xyunap Tawcup stagi:

—_»qll,(ﬂ) Ba Fc=— 1 Iffﬂ]
A

F
“\dZ rf-\ (4

A

By epma p; AAPO MarHUT MOMEHTHHIHT Z iy Hanmwaary NROeKUIsICH:

H, MarHHT MaiinoH TabCHPIa MarHNT MOMeHT BekToPH 9 Yarapmac
Gypuak ocrima ff, fiyHasuw arpoduna npeueccist sica6 afilamami (1.11-
pacM). /7, MalilOHHHHT KaTTAMHTH KOOHK 3JEKTPOH.JIaPH MarHHT MOMEHTH
6itniaH AAPO MAarBHT MOMEHTNAPH OpacHmard COFJIaHHIUHH Y3HILTA €TapJi

32



W6 onmHanu.  $1apo  MaruuT
OMEHTITHIMT HYHAMIUMEN  Varap-
IPYBUIl De3OHAHCHM XOCIT KHJIHII
MyH H, #yHaniura HucGaTan Tik
Waran xjmimvua KYUCH3 y3rapye-
1di 1oK0pH wactoTanH ff, Mafinon
00 KHamHanu. By A, maiimou
1abeipiia 6 Gypuax  ysrapam.
Anpomstr JapMOp  NPeUecCHsICH
dacTorac (w,) Gunan H; Madizon
HaCTotacn Moc Keqrasaa (wpe=ow,
AP0 MATHHT MOMEHTHHITHT HyHa-
MUt y3rapanu. Bympait  pesonanc
03 Geprakifa  JMMOJHHHT  MATHHT
MOMEHTH mumoabL TOMOH JaH Mab-
WM SHepris 0TIV XHcobira

1.11-pacm. Kyucus
MailloN TabCHpHIA MarHuT Momeu-f
6unan H, Mafjgor IiyHajauun opa
cupariy © GypyakuuHr Y3rapHili.

§arapysuan H,

I3 HfHammuunn Teckapr  fyHam-
UM Gunan anvawamr. YOtunran SHEeprus

AW = thvnm = Fp— E,=oh

T4 Teur pa Y I0KOFH uacToTail MaliioH 3Repruscy XHccEura oJmMHaLM.
Y epna £ pa

a B . Marmm Mainoszark cucTeMaHHHT HKKH XOJiaT sHep-
THACHp,
Kvumt H, wap

oI OINIAH  SIIPOHMHT MACHHT MOMEHTH b, Tahcip
3HEPIHsC
W= —udly = — La7H, = — Lapgmh,
9 Y THLD
Ymiwsapra A ;= = 1 Taunaw xoupacn GaxapuarapJurH ydyH YT
BakTiga SHEPrIiANIHT V' 3raPHui;
AW — —';—"- H,Am h
6¥aamt. Yy wacrorac zca
g = AW wHh _ p Mo
£ 2=h 12zh I 2=
Wkxiayy TOMOBal,
. Py= g e
g 2n1 6
6¥1ran yuyy (6y epaa /— h GHPMHKNIADAA)
A (1.28)
Y=y
4:—.”1‘-,0
€K LWnemK yacToTanapza
, (1.29)
i = e

pen

.
2mge 13,
3—2299



Ilynpait kum, £, Ba H, moiinoHnan yT-
ranfa sAPOHINT MarHHT MOMEHTH V3 fiyHa-
JUMUHHIC § 3;apTHPami Ba JeMak, /7. MailnoH-
HUHT  OFJHPYBUIl TABCHDI Nam  Varapap.
Hatzaga D nerexTopra KeaiuG Tylysun
3appa’ap HHMTEHCHBAMIH Kamalib KeTagu
(1.12-pacm). £, HU KHAMATHHI  GHArTaH
X0Mja @ HH Y3rapTipid, Pe3oHanc uYKKH
¢l XOJATHHAH Y, = Wy, Hil aHHKJAW Ba ;e-
maK, (1.29) nav g Hi aHHKJaWw  MYMKHH,
L12-pacw. Li yayn peso- SIEPOHUHT cOnHIL MabayM Gyaca, YHHHT
HaHC rpil YN3NK. MarHHT MOMEHTHHII NaM XicoB.Jair MyMKHH.
PaGiHHHr MArHHUT PE30HAHC YevanzaH ¢oif-

JATaHNG, MOJIEKYNANaDHUHT MATHIIT MOMEHTHHH NaM Yauain MyMKIH,

W

1.5-§. ATOM SIAPOCHHHMHT 3JEKTP KBAAPYNONb MOMEHTH

SIApoAap MarHHT MOMEHTAAH TAWIKADH fiHa 3JeKTP MOMEHTra
XaMm sra GyJjanan. SIAPOHIIHT 3JAEKTP MOMEHTH YHAA 3/eKTp 3apsii-
HHHT TagcnMaanuura GoraHK.

Bip-Gipupan o Macopaga KOMIAHraH Xad XiT HHOPaal KKl € 3a-
pAnmad TalKH TOnraH cietema 11noab gficiap s (L.13-a pacwm).
Byngail clicTeMaHIir ANTO0dL MOMEHTH P = 28, Hg{po zca 1IPOToIE
Ba HeHTPOHJIApraH TAWKILT TonraH. Arap MNPOTOH BAa HeiiTPOH.Iap iftep-
uHsT MapKasjapi GHD-GHPHHIHET YeTira TyiuMaca (1.13-6 pacar), saponimr
MO 16 MOMeNTH! P, = Z%¢ ra Te:r Ovaami, OV epaa 6 — 3apsii CliM-
MeTp i1 MAPKA3MAMIT SIAPO IMHEPUMs MaPKa3iiiaH OFILH.  NaMMa siipo-
JADH'HT JHNO/b MOMEHTH HOAra TeHr Gyv.ad wirsair. By siapoxa npoton
Ba H:’TPOHMAp eTabul jaPa:ana TeKIC apataulPatTHriHi SHaDaut.

@&
1
&
. L
a B 2

L.13-pacy. a — a1ex1p au- L14-pacut, @ — 330KTP KBAZ~
noib; 0 — npotoHaapH pymoab; 06 — cdepix  gapo;
HefiTpouaapra  wncGatan 6 —MycefaT KBaAPynoab Mo-
CHAKIT2H HI1pO. MEHTAN  83p0; 2 — Manduit

KBAAPYit0.ib MOMCHTIH A3po.



Hgknra xapama-xapwn liysamimmwra sra 6yaran aunoJab Xsaji-
pynoasHn Xocua xmaazn (1.14-a pacm). [umoanap opanury d
6ynca, Oynaaill clHCTeMaHHMHr KBajapynoas MoMmentH Q=2Pd=
=2edd ra tedr. K{punu6 TypuOLHKH, 37CKTP KBaAPYNOJb MOMEHT
CupPT GupaNrinAa ymuaHaiw. Y KYOHHYa 6apH neb ataaysul Giup-
mixna yavanaxu (1 6app=10-%* cm?).

SnpoHIHr 2JMeKTpP KBaZApPYyHNoJdb MOMEHTH  YHIHT
MYXHIM 3JEKTp XycycHsTaapumau 6upu 6yanb, y sIpOHHHT LIAKJIH-
HIl ypraHnimpa kaTra axamusarra sra. Slpponap xycycuii (Eku
HYKH) KBaApynoJs moMeHTra (Qo) Ba Ky3aTHJAYBUM KBaIpynoJb
MoMeHTra (Q) sra. SlmpoHHHT XycycH#i KBaApyNo.adb MOMEHTH KYiiH-
Harnya aqiKJIaHagu:

Qo= [(3r2 — r2)p,aV, (1.30)
14

Gy epaa r — SAPOKIHT PamuycH, I',— AP0 PaIMyCHHIHT 2 Ny HanHuija-
Tif MPOSKLMACH Ba p, — AAPOHMHT 3apid 3MUNMIH. 7%= X"+ y? 4 2°
6ynrauu Y4yH, CEpHK CIMMETPHAra 3ra 6yarad 3aDAX TaKCHMOTH YYYH
3ri=r® ynami Ba Gynzait a1po yuyn Q, =0 (1.14-6 paCM) sinpo
wakm Z YK 6¥ina6 uyaunran 6yaca  (1.14-8 pacm), 3r2>r' Ba
Q.= 0 Ba HuxOfT, SIAPO WK Z HiyHandia s3uirad (cuunran) 6Va-
ca, (1.14-2, pacn) 3r:<<r" Ba Q, < O. anommr KY3aTH/IYBUH 3JEKTR
KBQIpyNonL MOMeHTH (QJ) yHHHT Xycycuil KBajgpynoab MOMEHTHTra Ba
sapomir Z VEKKa HicGaTaH XoyiaTHra GOFJIHK. ﬂnpommr Z YKKa Huc-
Oatai NO.1aTH 3ca, {13 HaBOATHAQ, SAPO CHHHHHMHE (1) my Z yKKa Huc-
Gatai HYHAIMANE B YHIHT CHMMETPHSl VKHAAQrH IPOEKUMACHHIHD KHil-
mamt (/) Giaan awmgaaHam (1.15-pacm).

Cdepnk Gyavarai YHFOHrad SIPOHIHE CIHHH yMyMHi Xouja Kyii-
Jarira Temr:

= ey % =z
I=K+2, (1.31)
by epna K — saponari HYKJOH/1ap (G _" L\
MOMEHT.IAPH HMIHAHCHHINIT SIADO CHA- S K
. — o :
METPHst  YKILAard npoekxIsicl Ba & — L FEy

SIEPOHIHT  ail1aliul  MOMEHTH. [NBaHT
MeXanHkacil vevadapi Gviiia  Nico6-

)

Jauaapias (
3/\--——/(1 all) )
— . 1.32
(12 -3 o) S—

Slapomur acocuil yoaanir yuyn /= K

6y arauunay, 1.15-pacy.  Slapo  xyeyenii

1or—1y KBAAPYNOAL  MOMEHTHHIMIE

0= T (1.33) Heftrport (8kn npoTen) com-
1) (204 3) ra KapaG Yarapuunr.

[~
&




(1.33) dopmyaagan /=0 (xypr-Kydr a1poaap VuyH Gakariiafir)
éxn [ = = Gyaca, Q, =0 6yaradna xam Q =0 xeand umgand. 5g-

po cnunit [ > | 6ynranga Q HomgadH (apkaaHany Ba Q Q, HicGar
I=1p0,], /=32 5a 0,2 ra tenr 6ymd, [ > 1 ga yHHAr Kiiiva-
T | ra AKuHIamany.

Arap Q xBanpynoib MOMRHTra sra Gyuirad A120 64) xirdcmi 63.-
Maral 37eKTp MaiiloHra KHJUMIca, MafifoHHMdr KBajgpynoara TabCiHp

dE A - ot
SHePruscH —'11711 ra MyTaHocuf Gymani. DyHaall TabcHD HamDKac.daa

ATOMHIIHT §Ta HO3MK CTPYKTypara ara 6y./raH cneKkTPHIa Kyluiua uYH-
3uKMap xocia 6Yyaanu. Dynmaht axpammuaHi Vprasud, AQPOHIHL  3JEKTD
KBanpynoab MOMEHTHHH yJayamr MYMKMH. Macanad, A€HTPOHHUHT 2J€KTP
KBazpyrok MOMEHTH wy Yeya Giian aHipsaarrad Ba v - 0,00282.107#!
CM' ra TEHr IKAHJMCH MabayM OyJaami.

SIaponuHr Xycyciil KBaJpyNoJb MOMEHTI aTOM 3HEpreTHK Xo-
JIaTaapHHHHT YTa 03K CTPYKTYpAaciiari axpaanwiapra catab
6yna oamaiigu. Llynusr yuyyn Qo AApOJapHIHT  KYJOH YHFOTILE
XoAncacupau Qoiinananué yauanaax. 3apsiiauran 3appa (vaca-
Jjiad, anpa-sappa) KyJoH MaliloHn Tabclpiiia sapo  aiilanva
JHEPreTiK XoJaraapi Xocia 6Vand yiiFouca, 6yiaail  yilroxiiu
WHTCUCKBANTHHT Ha3aphil X1ico6 HaTHKaapl GiaaH TakKoc1ad, Qg
HIf aHHKJaul MYMKHH.

Sapornur xycycuii (HMKI) KBaApYNo.ah MOMEHTI! SIHA SIAPO14TH
NHOTOMNIAD 3apsALil TAKCHMIAHIUIHIHNT chEepHK IWAK/IIAH YeT.1aH 1L
Rapaxcaciing xaM anugaafian. Hykaowaapuunr sapoia taxcisia-
Hmmn cepuk wakanaH ueraanca, 6v uerJannm Aedopyanns
napamertpl f OunaH anukIaHalil.

—_— | U — =
1,06 —-, (1.34)

R

6y epaz AR — zedopaastisiianrall sI0OHIHT KaTTa 32 KIYHK - s VIg-
Japi opacumari ¢apy, A — Xakwl JepOPMALLIAHTAH  siPO NaAaIira
TeHr Gv.igau chePuK SIAPOHINIT pamifycH. Arap f2IpoJa npoTon Ba Heiir-
POH.IAP TeKi: TaweryIaHran AeG kapadca, Q. Ba 3 Karramis.1ap 1'3apo
yyimaric Goraaummra sra IKAHI Ke diyaiu:

J4
Q= —'—,T—ZR (1.35)

SLaposaprunr KBaApynosb MOMENTAADUHI {Prauml wmyuin kipea-
TaAMKH, NYKJAOHIAP COHN OPTHILN SuaaH Qo vMmyMan oprain (1.15-
pacwm). Tlpoton Ba nefiTponnap CoHIl «Cexp.Iry COIIapra Teni o3a-
rania Qo=0 Gynaxn, spHu Oyulail fapoaap cdeplx makara sra.
«CexpJi» conap opaiiFiAa SAPOAAPUHHET WAKIH V3rapaj, XaTTo
Aeopmauns «uyanaran» WaKIAAH «I3UIATAHS WAKATA VTHIIN MYM-
KiH. By Xoama KBaZpymoas MOMEHT uuwopaci Varapali. Babsn
AAPOAAPHINT XyCYCIHT KBAAPYNOJIb MOMEHTIAPH AKY3a KaTra 63110,
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S1PO paanycuHuHr ksaipariifan 10—20 mapTa karTa 6yAHLIM My M-
ki, Byunali aaposapHiHr KBajpynoJab MOMEHTJIApH SLPORATrH
HYKJOH/JI2PHHHD KOJJAEKTHB Xapakar O1jiaH TYLIYHTHPHAAAI.

1.6-§. JKydrank

Suementap 3appa AP0 Ba yMyMal, Xap Kanjailt Mypakkab Ksaur
ciicTevacnuiur (macasaH, atoM) xodatn XKy TJaHK Je6 aTa-
JYBUl KaTTaalK 6HJIaH xapaKTepJaanauH.

JKydTank-Mukposappaiap Ba yaapia 103 GepyBul JKapaénaap-
HINC KY8ryiary akcHra HiucGaTam CHMMETpHAra sra ByJHIL  EKH
Oyamacanry 6unad Gornaurai gymjaameHTas TyWyH4yajaapaaHpup.

KBaut mexanwkacnia 3appaHuHT XOJMaTH X, Y, 2 KOOpAHIATAIaD-
ra Ba t BaxTra Gorany 6¥aran W (x,y,2,t) TVakaH Qysxuns Oi-
nai ndoaaaauasi. By dyHkuns xoMmmiexc @ynkuHagau ubopar
6y.1116, MOAYAHHIHT KBaApaTH ha30HUHT X, Y, 2 HyKTacHaa { BaKTaa
3appanunr 6yan 3XTHMOMAHTHEI ndopanaiinu. Macanan, zappa-
HUHP Gazonuur KuyiHK V XaxuMiga { BakTAaa OYJHW 3XTHMOJJIHIH:

WV, 1) = 1\;”’ (x, ¥, 2, O*av. (1.36)

By 3XTHMOJLIIK 3appa KOOPAHHATAMAPHHIHT YHC SKH 4al KOOpIH-
HaTalap cucTeMaciia yuaHHmHra GOFAHK 5Mac. YHr KOOpaHHaTa-
Jdap CcHCTEeMAacliian 4an KOOpAHHATajdap CHCTEMACHra YTHJAraHaa
X, Ij, 2 JTAPHIUHT IILOPACH TECKAPHCITa Y3rapagl, SbHH —X, —y, —2
Ovaaa.
litynaai sumd, (Jv (x, v, 2)2dV=(W(—x, —y, — 2)/2dV éxun
1% 1%

V =0 1a
H’(X) ¥, 2 =H’(—x, = ¥ _3)]

Fkkir kennaese ¢yukuns Cup-Gipiman e K¥TiafiTMa Gunauriya dapx-
JaHraHar yeyn o(—x, —y, —z2)=¢"%(x, y, 2) éxu
"'.“(_’\.r —Y, —2)== L?(X, v, 2)1

uynkil €7 = = 1. JlemaK KOODAHHATANAPHHHT HILODAcH Y 3rapTHpHAranja
(érir Koopannatasap IHBepeisc Gaxapuarania) (QYHKUHSHHHT ULIOPACcH
€ yarapami, ¢ ysrapuaiini. Arap KOopaHHaTasdp MHBEPCHSCH HATINA-
cia TyakHi GYBRUMS Y3 HIIOPACHHH YarapTafmaca, Y Xy ¢T KyopT-
AHKKa sra, y3rapTiufca— TOK Ky TankKa 2ra geinamt. Kyprak
P Giran GeariviannG, KyQT cuetena yuyH P = -+ 1, TOx cHcTeMa YuYH
P=—1 6vaam.

Maccacy nonzar  ¢apiaanyBult xap GHp MHMKPOSapPa SiHa HUKI
HKYybTankKka xaMm sra 6VJaaH. Macanad, NROTOHHHHT HYKH Ky QTIH-

MycGar P, = ~- 1 Ba =-ME2OHHHHT MUKH JKYQTAHIE Sca MaHdHiaup
(P =—1).

Xapaxatjarti 3appadiHr Xy (TJHIH SHA YHHHT OF6HTa] MOMEHTH [
ra xan Gorans. Macasan, / opGuran momenTra Ba P muki 2Kydrankka
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ara 6varan 3appa my¢mury P (— 1)’ Kynaiitya Guian  auimgaauand.
Arap cifeteMa 72 Ta 3appanaH (MacataH, 2 HyKIOHZAH) TAWKHI TONrad
BA YJIAPHHHT OpGitat momentaapu {y, £, ..., [, 6yaca, 6ynpail cuc-
TEeM&HHHT K YPTAMLIL
{ R o = T
Byt
GlLTal auiigIaHan.
Lilyngaét ka6, CHCTEMAHIHT Ty MKYQTJIHII

Ll oo z =" —
PI'P‘." o505 Pn(_ l) HiEE _)T[_n L!"«K)’lh'r(?)rh —Ta, oy -—I'") =
= q’m‘y(h'r(rlv Fay oo oy r,,) (137)
TeHrIHK Gaxapuarauga xyQT Ba
PiPye .. -Py(— 1) g (—r =1y L, =) =
=droi(7n Fuy oo Th)- (1.38)

TeHrauK Ga:kapiirasga Tox GyJaamiu. By epaa ry, fa, ..., 7, cHCTeMa-
JarH 3appafapuilHr KOOPAHHATaTapi.

DuextpoMarunT Ba Kyuan (saposuii) ¥3apo Tancup Guaan 103
Gepanuran xapaéuaapia KyQTINKHIHT caKJIaHULl KOHYHH Gaxa-
punami. By xomyn taxpnbaza tacamgaanrad. Macasan, Xap 10-
MOHIa 3/IEKTPOMATHIT HYDJAAHIL TapkaTaérral atoM €Kil MOJeKY-
Jajap cleTeMacini oaailink. By Gepk cucreMaiari aToM €Ki MO-
JeKyJanapHuiir uypaanmmi nsorpouinp. Arap Kaugaiianp yeva
Gluian, Macajal, MardHiut MailfoH TabcHpHAa aTom EKH MOJeky.aa-
Jdaphn KyT6aacak, KY(QTANKHUHE cakIannw xouyui Oamapusirani
YUYH IypA2HUW HHTEHCHBANIH KYTOJaHHNW {IVHAAHWAa Ba  yHra
Teckapy {iyHaanaa oup Xia 6yaaii.

Kyucns ysapo rancnp Guian 6yaainrad skapaénaapia (Mvaca-
Jda, f-eMupHaN) MYGTINK caKIaniw Konyun Ovanaap sxai. By
1956 funpa anugaauai.

Depr cncrema ky(rauri yarapstac GVarami YuyH o siApo  TOK
Kydraikka sra Gyaran 3appaiul oTrania €Ki ynKapramia YHuic
Wwydranrn yarapinon mysknd. Bowaanriy Ba oxHprit xoJaaraap
Wyraurnra GoFANK paBlWia nypaanaérran sappaaap (Exi Ksant-
Aap)uuyr 6ypuax TAKCHMOTH Y3rapiwi MYMKIH.

1957 finnaa By ©Co nunr f—-emupuimwiian  Xocud §iarau
f=-3appaaapunur 6ypuax TaKCHMOTHHI Vprauns, Kyrhaaurai aro-
Jdapaan unxaérran fT-3appasap COHIl CIIMMETPHAra 3ra 3Macauri-
In Taxpudaiza Kysaran, sbHi gyréaauran  °°Co saposapnian
KyTOmaunw fyHaamuy 6§iinaé Kapama-xapwi iiyuaammwia yui-
Kaérray f-sappanap COHH Xap Xild O§VIHO UHKII. -

AyPrmy Pt 3001ap acocit  XoJaTAA MYPT AVPTAUMKKA sra (3%
ma. Bourga a100m3) sca acocil xogataa TVRIH  KVOTIMKKA sra
O MyMAILL. SIADO YIFOHraHza NOJar GKYQTUITH  V3rasHulr Myh-
RUA. S1100 SO LIMr JKYPLIHCH 11y NOTATTA NOC GV.IFAH SAPO Cilli-
HELLIC G203 §HP TOM)MMMH " Tenact-a - €Kil —Inuopa G1ad 63is
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Kkypcarictamr. ACydT  avdramk " Ba TOR XydTAK ,—" OWIaH
o
Genrmaadami.  Macaaan, = I Gearir sgpo NoJaTHHUAr cmiwn 1 2 Ea

HKyGTIHC RKY DT, SLHI MycSaT IKAHBITIHIL GHIMIDALL.

1.7-§. U3oTonuk cnuu

Slapo $3apo TabCHp KYUHHIHF XYCYCHATIapHHH Ypraiiml WyHiI
K¥pcaTaukl, HyKJI0HAAPHIHT Y3ap0o SAPOBHII TabCUPI 3apAira 6OF-
JIE 6y.aMac aKal, sbHIl NPOTOH 6HIaH NPOTOH, NPOTOH GuJiall Hefi-
TPOU Ba HeliTpoH GHaaH HefiTpoM opacHiari AApOBHil y3apo Tab-
cup 6np xua Gyaap axad. Jlexkun AApoBuil §3ap0o  TabCHp  CIHH
fiynaanuiira 6orang. Macanan, aeliTpol CnHHAapy mapajuen 63.1-
raH NpoTon Ba nefiTponian Tawkna tonran. CriHJIapn auTHnapas-
Jnea Oyaram  OpOTOH Ba HelTPOH (GapkKapop cHCTeMaHH XOCHJI
Kitmmaiinif. AfiTuaranaapaal, TPOTOH Ba HENTPOH 3JeKTPOMAariuT
Y2apo ravcup aumkAHrnaa aliiaH yxuiaw 3appaJjap SKaHAHTH Ke-
a6 uwnraan. HIyHUHT yuyYH XaMm yJdap HYKJOH JAeraH ymymuii HoM
6naan aranann.

[Tporoi Ba HeATPONHHHT 7APOBIGT  XycycHATIapura Kapab GyH7iali
aiiHan \ XILALLHIKKA 9ra SKaHANIHNHY JKyha KyJaH Oy.JraH KBaHTMeXaHH-

Kacll Xapaxrtepicrikaiapyuian Giupi 6yJarad  H3OTOMHK CMMH BEKTOPH T
Giian ikponanaimy Myskiit. [lpoTon Ba nefiTpoH  yuyH yHEHT KHimaTH
Gup xic1 6yamiG, 12 ra tedr. By I30TOMIK MM BeKTOPH (hopMan 1130-
Tomik (hasona Kviiganiia auiknadans. dopyan wsoronuk (asofa npo-

Ton yuyn 7 BexTopmimr & AYHAIMWAACI NPOEKUIsCH Tg = -+ L Ba

] —>
nefitpon yuyn sca Ty = — — 1e6 ommamg (1.16-pacm). T BEKTOD-

mur % iyHanian NPOeKIIaP COmINN a0y ndoma 2T + 1=
= 2 sca aiinait yYXwanu SUIPOBIIH  XYCYCHATra ra 6VAral HyKJICH.Iap
conmut Kypearamif, Gy sca Y3 HaBGATIIA HYKJOHHIHT 3apsiy XoJaTa-
PH conuml GIAMPaL. NaKH{aTaH, HYKJIOH HKKH 3aDAj XOoJar/ia 6y -
LT MYMRHT. V1102210 O IPOTOH BA KK HHYHCH HEeHTPOHIHp.
Slaponit ¥3apo TabClp Xapakrepn
HYKAOI XIJNra, s’buli  N30TOMIK  ChHIL .
BEKTOPIUINT NPOeKIsclra 6OFanK 63.a- ll

Marann  yuyll y (Gaxat T BeKTOpHHHT -t-‘
KaTTaaurn Ouaai annkganain. demak, bia
SAPOBILiT Y¥3apo TabCcHp H30TONUK (aso- |
Aarn Typsi iiynaamiiaapra  nucbartan / :
HHBApIANT KAl  SlAPOBUIE  KyuHHHP i
6ynaait xycycnatn yuuur H30TOMNHMK
HUBapuauTtank xycycuary  1eb
aranaani.

Ogzanit ¢aszona TabLCHP HHBApHANT-
JHTHAaH XapakaT MHKA0D MOMEHTHIHHT 1.16-pacw.

AT
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CaKJIaHHII KOHYHH Keau6 YHKKAHHACK, H30TOMHK HHBapHAHTJIHK-
AaH H30TOMHK CNHH CagJaHIW KOHYHHHIHT 63)1\'31’)]”1[1111[{ KeJio

YHKANAH.
SILDOHHNT H30TONMHK CUHHH KYiiliiarnua aHHKJaHaqH:
Z—-N_ 27—4
o JZ=N_ 27—,
he— = (1.39)
Ba
Z—A
grpite—=dl (1.40)
~ 2 |
A
fyepaa T, .= =

Exrdn s1ponapaa H30TOMHK UHBADIAHTIK QHIK GLKADITANL, YUVHKIL
YJIaDAATH T2KTPOMATHHT V3200 TabcipP HH20ITaH KATrR  axamisrra sra
aMac. [TyHuHr yuyH yJMapHHHT acockil NOAATif H30TOMMX CRHHL

= N@z=dl
ik | (et (1.41)
"2 |
o = 4—3 1
6ynamt. Macanas, SHe ARPOCHHHHT H3OTONHK CIIHH T = e

By mexrop npoexuuanap coinr 2T 4+ 1=2 ra tenr. [emax, *He nuar
Xycycusrdra YXWa XycycHATra 3ra 6y.arad  sda G A4p0 Gy
kepa. By spapo ¥H —BOI0OZmTIr  ywII{dll  H30TOMH — TPHTILTLL),

I
Yuirr yayr xam T = —=, KU H3OTOMIK COUTHIEAIAT MPORKL ACH
; !
ALY — — T
?E(lH) 5 T2 TeHr.

%Be ra UC sgvoxap yuyH (1.41) ra acocan T, wuitvariapiu—1 sa
’ r . g~ .

-+ 1 ra tegr. IUyniir ydyH ‘T' = | wapr GaHadLILH Kepax. l[‘| =

=1 Gyaea, 2T + 1 =3. Hemag, 'IBe ma 'C i1306ap adoavau raw-

Kapit fHa 6.0 yXmvi XyCyoUanat 1130310 a10o G¥.airanl  kepax. By

0B my. Jad "B yitrouaran yomargariia M3e sa M'C aapoaap Gu-

JaH vxmaw xycycuarra sra, yyii 2B (1.41) ra xypa IT f =0. TJe-

Mak, "Be, '"B* Ba C sgporap yuyH ,Tl =1 Ba Y34 I30TONMHK
TpHmier Xoci1 KHnamL. k{30530 s130013p vuvk 3apan ayGietu, rpun-
JIETIL Ba Gorga 3apA% MyJds>Tif LT2TIaDH NaM Y4)aurt MyMsIf.

Slapomnii peakuwisinapAa U30TONUK CHHHNNNT CAKAANNLL KOV

Gaxcapuaani.
1.8-§. Snposiii Kyunap

Tadnarga yupalilliraH y3apo TabCHp Ky4alap Xuan Typrra.
Yaap rpasutauns, 51€KTPOMArHUT, KYUCH3 Ba Kyu. i €Ki s1pOBIf

¥3apo rabeup KYHHAND.
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[paBirrauuoH ¥3apo  TabCHP MAKPOIKHCM/IAPHIHD ¥'32D0  GOF.IaHMI
Ba XapakamiAa HaMO3H OYJ6, 3HC CYCT y33PO TanCi(P 3TYBU KVUI4H
HGOpaT. Y HUHT KarTa/JHTHHH XaPaxkTepraiiguraH y3apo TATLCHD MOHMHHCH
_Glﬂ 2~ 2.107% ra ter. Dy eppa (G — rpasirauua JONNHCH, /72, —

10
NIPOTOHHIGHT MaccacH. [PaBUTALMON Kyd TaLCHP STYBUM HCMJIAD ODacH-
JArH MAcOGhaHIHD KBALPATIITA Teckapi NPONMOPUHOHA! PaBHWHA y3rapajH.
['paBiTauifon Kyy ,Mapkasiii® Kyumu), s’bHH Y (AKaT HKKI JKHCM Opa-
cHIaril mMacoara GOFMHAMD Ba  YJapHUUr HUCOMi  XojaTHra GOFJHK
3nac.

Kyu {'punra noteHupan TywmyHua OHIaH HW KYPHW KYMIHYA Ky-
JAaiianp. MKk TOPTHIUYBYH JKHCMJIADHHHT NMOTEHUHAN SHEprusici
yaapuy ueKCH3JAHKKE, GHP-OHPH Guaal TabCHPH {YKOJryHra Kaiap
Y30KJAWTHPUI yuyH 3apyp Gyaran umra Tenr. [pasuTaunon mai-
HOH MOTeHWHAaNl KICMJAAD OpajHFHAari macodara Teckapu MNpo-
nopunonananp. WyHuur yuyH, TrpaBATaUllOH Kyd rpPaBHTALIOR
Maiidon MOTEHL1aJ SHEPTUSICHHHHT Y3rapiil TEe3JIHrura Iponop-
unonan. l.17-pacMZa TpaBHTALIOH Kyu OHJIaH (y3/JyKCH3 YH3HK)
CPABITALIION NOTENUHANHHHAT (MYHKTHD YH3HK) macodara Gorna-
Huw rpadury KeJTHpuaran.

[pasnTaunos Tabcup rpaBHTOH BoCHTAcHAa yaaTmiaaxd. I pasu-
TOHHIINT THIY XOJLAACH MaccacH Hoara Tenr Oyauinn kepak. [pa-
BITCH XaJif Kawd 3THJarag 3Mac, JexHH YHHHC MaBXKYMJIHTHIa
1wy oNa TIVK.

3apsipianrai KucMaIap opaciia 103 GepyBUH  2JIEKTPOCTATHK
§3apo TabCHp TALCHPAAWAETraH 3apAL HWOpanapiira GOFMHK pa-
priaa ¢ ToprTimiul K NTAPHIIKLUL XaPAKTEPHra 3ra GYAHIIH MyM-
KL, Snempocr?nn\' ¥3apo Tabeup Xam «MapKasiii» kyygan abopar.

Marnnr Maiinon ¥3apo ransclip kyud sca daxar macodararuna
Jorank  OyJiail, Tabcupiawaérrad  MardiT/AapuiiHe 6up-6upura
uicGaran Nodariira Xam Gorang 6¥aann. XakukKaTad, MarHUTHHHE
Xap Xika 1\'._\'1‘6‘1apnnxap X ranciipjamwand. Xolirawnu xonatira
Goraily PAaBHIUAA Y33apo TABCHPU Y3LAPAANTaH Kyuiap TEeH30p
Kyunap ae6 arananu. Marnut mafiion y3apo TabcHp Kyuwi
Tafuati XaM sXU Y praunuaran.

DIeKTPOMATHHT y3apo  TancHp

Jouantien ~~ — ra Teur.

e 137

DIeKTpoMarnnT ¥3apo Tabeup
thoTol BocuTaCIla Y3aTHIAIH,

Kyucus ¥y3apo Ttabclp Gabau
aJeMeHTap 3appafnapumir - y3apo
TabCUPHIA Ba SIAPONAPHHHE eMi-
piwnza namoéu Oyaaan. Kyu-
Cl3 y3apo TabCHD PAMHYCH KyHAa
Kiuni 6yand, y 1071 cM gan xnuuk.

Kyucus yzapo TabeHp y3oK BaKT
HABOMHAA «CHPJIH» Kyu GYanb KeJ-
A, Jlekun 1967 iimaza Crusen L Lr-pugs.
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Baitngepr sa A6xyc Canam nwaapn tydaiiny xyucus y3apo Tabeup
Xakliaa x¥n wvapca aHHKnaRAd. Macanan, yaap Kyucna Ba 3JeKTpo-
Maruut y3apo Tabeupaap GHp X, gerad dukpun afitnwan. Kyucus
Y3apo Tabenp KYAa CyCT Ba KyHa Kiuuk Macohaaa namoéi Oyaa-
Ai. Kyucns ysapo tabeup goumuiten taxmitian 10-' ra tenr. JTe-
KIIH Kyuch3 y3apo Ta®hCHP JKyAa OFIIp 3appa BOCHTACHIA Yy3aTiliali.
DBy aamawmnnysun 3appa W-3appanap (éxir BocnTaun Go3oiaap)
Maccacn nportoll Maccacnzan OHMp Hewa YH Mapra KaTta OVaHLIE
kepak. Macanan, Z-6030n nefitpas Ba maccacut 79,6 npoton Macca-
cHra Tellr 3KamJanrn xico6aa6 unknaran. Kyucns ysapo rascup.a-
myBun 3appasap 10—!1% eM pau xnulk Macodara suuIalrangapi-
Ja y3apo lWyHnaii 6030mJap BocuTaciia Tabcupaamaii. Z-6030u-
Jap HeElITpHHOJAPHHHT  HIPOTOH Ba HelTPOHJapAJd  COUINIIII
XKapaéniga HaMO€H Oy.ain MYMKHIJUTH KYpcaTiaran. Z-0o3o1-
Jap Bocuracmpa O6ysnainran  XxamMma Kapaéuaap <«ueliTpaa
TOKJap» HoMiun oipn. 1975 finnga JKeneBaiarn sapo Talakti-
KoTaapuunir Espona mapkasnza Gaxkapuaraii nwaapia ¢gpusnkiap
HeliTpHHO/aPHIIHE NPOTOH Ba llefiTponapaa counanwnuur — Oup
Heua 103 XOJuHH Ky3atamnap. Heilrpnnoaap Z-Gosowaap Bocuia-
CHAa TabcHpAAWHG coumaAMI MYMKuH. By aca BaiinGepr—Caaa
a3apHsCinI TaCANKAOBYM xadap 3.

¥3apo Tabcup Kyunap I4HAa 3HC HHTEHCHBINTH Kyu.au V3 a-
po Tascuppup. Dby kyy sapomuii xyuaap xed raw
atanuf, ynap siApoJari npoToll Ba ieiiTponaapHHHr y3apo 0or.1a-
HHLIUHE, OFHD 3J€MEHTap 3appaaap eraciiarlt ¥3apo Tabllifla
TabMinaaling.

SlupoBiii kKyd MyamymocH mailld O a w i Gmiabn Y oKYAa  KVWul Ba
KHeKa macodana (~ 107 # enm) Ta et o0 dunt amiaer i MyceBur aa-
PSAJIE NPOTOHJAPHIHT SAPOXA  GOFZGH D o, HEH 510 KVWISPUIILD
TOPTHWIW TABCHPI NPOTOHJAHIHE 21 KT CCTATIX NTAlILNO  KY Gl
KaTTa 3KaHHHI KypcaTamn 1 €epaysr= 107 * i opanva skl npe-
TOHHHHT SAPOBIIT Y3apO TALCH) Kywll VJIAPHIUD  2I2KTPOCTATIK Y 34po
TabcHP Kyuiyaw 137 mapTa kaTta, sinimr sAPOBILE 1 3al0 Tdar) Guraa-

HI JOMATTiCIH f— =1, 6y epaa g - 51100 pipekTiB aDABLL. | dep-
- S

MHZaH KIYHK Macodata a0 wyui sucaa ofmo. 05 Cepair macoduia
y HTapInu Kywira aifranani.

slaposiil ¥3apo TabCup KYUHHMNT TaGHATIHI auNK OHInul X
Aa MyXHMAHD. ATOM AZPOCHMINE CTPYKTYpaciill Ea A1posiiii peax-
LA MeXaHH3MIUHH Ypramnm yuyi sapoBuil xyuHuur Ta8natiun
AXI 6nainn 3apyp. SJApoEuil Kyu NI VPratpiraniaring nyk-
JOHAAD CTPYKTYDACHHI, 3/MEMEHTAp 3appadapHHHT Y3apo TahCiipil-
HI Ba XaTTO KNUNK Macoajapia MaKOH-BaKT MYaMMOCHII UVKVD
yprauuw myaxns. Huxosr, saposuil xvuunur Y3rapHm KOHYHHATI-
HIl OHAran TakanpAariHa, sAPOHIHE XaMMa XYCYCHSTAERIHN $XUH
TYWYHTHPHO 6epyBun HA3ADHAHI APATHLI MY MKIH.

1932 finnna nefitpon Kalg 3THIraH, SApOJap NPOTOH Ba Heil-
TpPOHAApiaH TAWKIA Tonumy MawbayM OGfaan. Jesax, saposuit
Kyunisr TaCuaTHHH YPraHull yyyH NpOTOH Ba HefiTpaHJIapiaHd Taul-
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KHJI TOnral cHeTeMallH §3apo TabCHD 3HEPTHACHHI YpraiHil Kepax.
Bynnur yuyn & Goraanran cHcTeMa XYCYCHATHIH, €KH OHP HYXJOH-
HIf NKKUHYHCHAA COUMANWN ypranu Kepar. Kyn nykaonnapnan
TAWKHA TONraH CHCTEMaHll Ypranum {1yau O6H1aH SApPO Kyud KO-
BYIATAADHHI aHiuKAaW Kyaa -Mypakka6. Lyuuur yuve, HKKH
HYKJIOHAAN TaWKiJg TONraH OoFjanran cHcTeMaini, macajad, jeil-
TPOHHIKT XYCYCHSATAADUEHN YPramiim fAPOBHII KVUIHHT TaOHATHHH
aHHKIawaa Kyaaujans TyFanpanll

Adeiitpon 6urra nporon Ba OHTTa HENTpoHIAH TAlUKHJA TONraH
BOJOPOI ATOMH SIAPOCHIINT HKKHHuh H3oTonnaup. JlefiTpoHHHHT
Goraamit sueprusick 2,23 MsB ra rteur, apupm 6HTTa HYKJIOHTA
1,1 M3B sueprus TYFpH KenaiaH. Kynunauk sapodapia HYKJAOHHUHT
G6oraaunul sueprigcr 8 MsB  axamumi 10Kopiia Kypra 31ik.
Jefitpon coanwtipMa OOFJaHHII SHEDPTIACHHHHD XKYyga KHYIK Gy-
JIWIT SAPOBIHIT KYUMHHT KHCKA Y3apo TahCeHup 3KanNaHAHp. Xa-
KHKaTai ACHTPOHHIHL DajlyCcH SLAPOBUIl VayaMaapRa XyAd KarTa
6vand amga: R =4,8-10-"% em. DBymaaii pamiyean nefitponia
npoton Guaan 1efiTpon sAPOBHil yauamaapaa Oup-Gupigan anua
v3oxaa wwofinawran. Lynuur yuyn xaM yH1a nTpOTOH GHiaH HeliTpoH
cver foraanraf. JefiTpOHIMRr 6y XYCYCHATH IOKOPIH  SHEPrHsII
HefiTponIap A4CTACHHI OJHUIAA Ba Y3HJIMII peaxkuisicigan goiina-
JaHiG, AAPOBUIl 3UEPris CaTXAAapHHN YPraHiuliia KyaaaHuiIami.

Jlefirpoinmir emimy /g = 1. by pefitponga nporod Gisan HefiTpo-
HIHT crjiapll  napaiden  SKaHJNCHHIHET HaTipkacuep.  JlelTPosHIme
6vHiail NoJaTIl TPUIAET XogaT jeG artanafgyu. [efTPOHHHHr CHHIJET XO-
JaTi YupaMailul sibHI COHHAATH anTHnapadten 6yaraH NnpPOTOH-HefTpOH
NOJATHE GapKapop smic. By sapositt  KyuJapuuiir cnmd  A§HamHMuiira
GOF/IIK BRAWIMINILAHAND. DYHAIM  KYDPUHHO TyPUOOMKI, TNPOTOHM Gu/IaH
HeliTpol ciniai napaniea Oyarauya yAapHUHE TOPTIWHW Kyuil aHTH-
napaTIe’ ClutiL il Xoara HiteGara Kyuspox Gyqap 3kat.

Seiitpouniigir Maryir MOMEnTIf (v, = 0,86p,. Y nporod Ginau Hei-
TpOmILiEF MATHIT MOMEHTIAPIC HITHHTICHIAN O3TIHA KaMAUP: p, + pr, =
=279, — 191y, = 0,882,. By m< guilMatungr 6xp-6UMmaH 0sru-
Ha O aca-ad  (apraanimic & JefiTpolAarit HYKJOHJAD CRHIHIL aHIK
napataea Oy.nacaniuan, ¢ npOToHHIKE OpeuTaT XapakaT Tydaian Ky
MY MATHNT  MOMEHT  NOCHT KICHWIAAH 63 iwH MyMKHH,  JleKun
Aefirpoutinir et 1 ra Tenr Gyaraui yuyH I0KOPHAArH GHPHHYI Tax-
M BAAADININACINT AUNKAD. [leMar, HKKINYH TAXMUH TYFPIGIHD.

LlneiiTpou MarHBT MOMEHTIHIINE IIPOTOH 6HJlan HefTpouullr xy-
CYCHit MATHHT MOMEUTAUPH (IHFIHANCHTA TEHT 3MACAHTHHI YYKY]D-
POK Taxamd KHJIHWL NpOTOl GnJaai HeliTpoH OopacHAari si1nOBiif
V34po TabLUp Kyuld Mapkasnuil xapaxtepra sra Gyamaran Y3apo
TaBCUD NaM MaBAYAMIHIN Kypcatafn. XakHKatau, arap AeiiTpon-
Jarit npotoit dnaan neiitpon $3apo Tabeup Kyun (pakat mapxasmii
Kyuaan uoopar Gyarania, nefiTpoHnnur 3urC 0acT SHEpPreTik XoaaTi
op6utaa moveutnuur /=0 xuiivarara moc xeaysuir codp S-xoaar-
Zan néopar Synap san. JefiTpounudr acocuit xoaatn /=0 pa [—9
ra Moc KedayBun S- Ba D-XoaTnaap cyneprosnuisciiiai ulopar
Gyaraunaan, ACiTPOHHHHT MarHHT MOMENTHra D-XoZariari npo-
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TOHHHHF OpOHTAN MACRHT MOMEHTH XaM MabJyM Japa)Kaaa XHCCa
KyLiani.

J-xonarna 3apsg SMUWIHCHHINT TAKCHMJIAHHII cepik CHMMeET-
pusra sra GyamMarani YuyH [JeiTDOHHHHI KBaApYnoJh MOMEUTI
HoNRaH Qapkaannui xepak. IOxopuza GH3 IefTPOHHINT 3I€KTP
kBazpynoab momenti 0,00282:10-%% cM? ra rtenr axaHuun xyprau
aanK. Bywpan zefitponaarn D-XoaaT XuccaclHH XHCOO0A2IL MyM-
kun, XucoGmawaap D-xonaT 4% Hu Talikna sTHWEN KYpcaTai.

Wy aaii kumib, AelTPOMHM ¥Ypradum saposiil y3apo TaBLCHD
KYUIIHHT acocuii XYCYCHATJIApHHH aliKjlawra NMKOH Gepall.

HyraonnapHusr HYKJOHJAApla TYPJH 3Hepriigaapia coviliHILII-
Hil YPrafiw XaM SApPO KYWIHHHT 6ab3i XYCYCHATAA[!LHI aNLK.1aLul-
ra mveon 6epami.

Mxgu uyxkaoununr O1p-6HpHAZ cOUlINWIM Ypraumirania ydaap
COHHJAPIHUKT Y3apo {IyNannIId XaM MYXHM aasMuaTra ara awaiil
MabayM 6Vann. ¥3apo TabCHpAAHYBUN HYKJIOHJAAPHUHI CONIHH na-
panaen éxu antunapanien 6yauunt Mymxnuy. Cnnnaap napadies
6yaranaa xypuaagrraH CHCTEMAHHHT 1¥Aa CRUHU N GHpIIsJaph.ia
Gupra TeHr 6yJarai yuyH, 6y HaTHiKaBnii enud fiVHaAnwHra uica-
TaH HKKH HYKJOH CAMHAAPHHIHT IIYHAMHUII TYpIiva OYJAULL MY M-
KuH, Hlysnur yuyn napanniest COHHJN IYKJOHJ1ap TabCHPH TALIHD
KYUlIHr Mapkasuit 6yamarail KHCiuHu Xocna  6f.ammira  cadal
6ynamn. JIeknd HYKJIOHJAp COIHH auTHnapaalen 6yarania cncre-
MAaHIHr HATIKaBHIl CIIHHH HOJTA TeHT 6YAraHH YUyH, HEKH HYK 10l
opacHuarH y3apo TabCHD TyJAd4 Mapkasuii kyyaan uGopart Sydar
(1.18-pacwm).

Bup uyxmon nxxupuuciia coviaraxlia vaapuwinir  6np-Gupnra
uHcGaran Xapaxari opbutas OyPUSK MOMEHT GILTii NaM Napai-
Tepnanann. Houpa 6¥ilnab xapakaT Kmuaaérraun sappanuur Gypuax
MOMEHTII 3appa HMNYJbCHHI alilana pauycura xynaiitsack Guian
aHUKMaHaAl. Dup NyKJOH HKKIHUHCHAA couianb Y3 iyuamiuniun
Varaprupran xoa1a, op6uTan GypuaKk MOMEHT XapaxaTiarh lykIou
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1.18. pacs. Cmunaapn autnrapaasel  Gyarad
Jihil TPOTOH OPACHAATH Kywin ¥3apo Tabekp-
HUHT MOTCHUHAT IHCPLHSACH.
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HMIOYJNLCHHN YPUJHLI Tapamerpira (HKKH 3apPaHHHT SHC KIYHK
axmagaudin Macodacura) xymalfitmacy OHIaH aHHKAAHALH.

" Kpant ¢uanxacnza 6ypuyak MOMENT JKYAa MYXHM axaMmisrra
sra. ¥ HKKH acociil IIapTHH KaHOATJAHTHDHIUH KEpAaK. DBupuuuu-
Zal, HKKH HYKAOH CHHHM napanJjen 6faranfa naTikasuit cuuin 1h
ra rTeHr 6yauG, opdntas MoMent itfHamumunra Hhc6atan y daxart
Y4 X diyHamimira sra: opOHTas MOMEHTFA mapajJed, THK ex
anrtnnapannes Gy Mymiinn. Tyaa cnui 6unan op6utal  Mo-
MEHTHIHF y3apo ilyHamiunira GOFJHK DABMIIAA AIPOBUIl  y3apo
TabCHP KYUHHHHr HKKHIIUH MapKasuil 6yamaran KHCMH, CIHH-OPOH-
Tan Yysapo Tabcup tozara kenaall. TabCHPIAHYBUH 3appajiapHIHT
cnimaapli awTHnapasanen OyaraHaa crnuH-opbura’d §3apo  TabeHp
j03ara Keamaitin.

HMkrnuungay, opbutal MOMEHT KBaHT/aHran 6Yaub, y daxar h

Ta kappaai [h KuitMaTJapHH OMHUIH MYMKHH. By epuarn opburan
MoMeHT kBant coHnu [=0, 1, 2, 3... KuiiMaTaapHu Kabya KHIHWH
MyMKItH, OpOuTas MOMEHTHHHT HOJIFA TEHT BYIHIUM, 3aDpafapHUHT
Maprasiil TYKHaWHWHra Moc Kesaaj. Arap 3appasap TYJKHH XY-
cycusTra Ira sKaHuun 3bTHOOpra oJcak, OyHAall TYKHAUIHLIHK
OIlp TVAKINNUIHD HKKHHYICHAAH JTHIH GHJIAH TYIWIYHTHPHII OCOH.
Ulynaaii xiand, OKopi TapTHOAM OpGHTaJN MOMEHTJiApra IOKOpI
1€31K GKIl 31ePria Moc Kenaan. XakuKaTaH, arap KaaccHk Qusuxa
HyKTaly wasapiijan op6uraq MOMEHTHH /9d ra TEHr 3KaHHHH bTH-
gopra oacax (d— ypuauius napameTpu), Macanad, /mod=1h pa
3appaqap Gup-Gupnra KyJia AKHH KEeJHLH, SbHH d KHYHK Gy
yuyn @ karra Oymiun kKepak. AKCIfHYAE, 3apPaHHHr TE3JHTN  eKi
SHEPrUsicl Kau4a Ku4nk 6ynaca, mod=1h MyHocaBaTHiur §axapi-
ST YUVH YAapUINT SIKHHaWH Macodack ¢ myHua xatra 6y-
aamn. Nieka Tancip pagnycra sra 0yJaraH sapoBHIT ¥3apo TabeHp
KYulE OPKATH COMILAII JO3 Oepuiun yuyHn opburan MOMeHT 6ipra
Tenr GY.rania 3appaiir 3Heprisaci MabayM MHHIMAaJM SHeprisLaH
xarra oyanunt kepakx. IOKopn op6uTal MOMEHTIapHa 5ca MitinMan
shdextis suepriist Kulimatn opramt. Onaraa [=0, 1, 2, 3 ba x. k.
opOHTAT KBANT COHITA MOC KeayBull tyaxuuaap S, P, D, F Ba x. K,
Xapdaap 6uaan Searnaanaan. IOKopn TapTuGan opSuTaN MOMENT-
Japra MOC KeJaYBUI TYAKINIADHIHT TYIKHH Y3YHJNTH 3appa smep-
THACHHIIUT KBA/IpAT MWIAH3Hra TECKapH MyTaHocu6 pamBiumia ka-
Maiin6 Gopaan. Tampnbaaa ogarga HYKJIOHIAD OKHMH KYN HYKJOH-
sapaan nbopar OYAran MHINONJA COUNTHIIN Ky3aTHIam, Hyxaou-
S1ap OKMIAIHINE SUEPrHsiCH  opTrania COUHAMIIIA  S-TYaKuHaH
TauKapit 1oKopin tapruban P, D Ba x. k. TYNKHIIAD XaM KaTHa-
wami. Hamkana cowuinur mansapacy MmypaxkaGaawapr. Uynkn
xap Onp TYJIKMH Vuyil V3 coMMAHM TACBIDH Xocanp. Macanam, S-
TYJKIH rpa(])m‘u‘ _.rlaéopmlopun KOOpABHATA clicTeMaclga nsorypon
;Ca‘lll;lIqlf:;;"llKA)'OCPO);;MB-II);F[)Fl unsnKAan ubopar Gyaca (1.19-pacy-
3HKY, U-TYNKHHA2D yuyH cOMHAMIUK Bypuak Takcu-
R L

» o WYY THsL TPOLJIADIIIIT NPOTONIAPAA COUILTIL-
Wi TaRpHOala xysatuul, XaKHKaTaH XaM, I0KOpI sHeprisiaapna
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1.19-pacm.  Hykaonaapwunr 1.20-pacy. Heiirponaapunsr npo-
HYKJIoHnapaa cowmw Gyp- TOHIapaa  codnauuny  Oypuak
4ak TaKcHMOTIL. a) cod S- TagenmoTH. IOKopiaarn HYKTE-
TAKHE yuyd; €) cod D-tya- aap 48 M3B, ¥prana 40 MsB pa
Kit yuys; B) cod P-tyaKiu nactaa 150 MsB  sueprusiin
yuyi. HClITPOHIAp YuyH.

COUIIHII TAcBUPH Mypakkabnawmn6 Gopwwmnun xypcaraan (1.20-
pacm).

1953 fiunna C. JI. Okcan Ba yHuur xomumaaps Pouectep yiu-
BepclTeTHAa nmra tymupharad 240 MaB an npoTon Teanatkitian
OJIUHTAH NPOTOHJAp BOAOPOA HHIUOHHAAH YTraniaa KyT6aauis Ko.1i-
WwHHE naiikaanaap. [lpotodaapun KyTtbéJanran 3KamiHH alx1aus
YuyH yJapHI aHaJ3aTop POJUNH YTOBUH HKKHHUN BOJOPOL HHILOH-
JaH yTKasnw Kepax. 1.21-pacmma Taxpu6a cxemaci KypcartHiarail.
Cninsiapin Xap Xna fiymajrad NPOTOH.JAP HHIMOHAATH HYKJOUIINNT
YHC KNI yan TOMOHIAH yTrania op6uran MOMENT iiyHaaiwir xap
xu1 6yaagn. LIyHuur yuyd nporousap gactacu GBPHHUE HIIIOH Al
yTranga cnunaap iiynannun Kapava-kapws 6yaral HKKH jacrara
axxpanaml. Kyr6aauran npotonaap HKKNHHMIL nHWoNal YTrania
nespan 6np xua fiyHaanmwaa counaaau. bynra calal wyxn, cmim
6i1an opbutaa moMenTHHIr Gup-OGHprra nucbartan iivHa iUl na-
paJJea éxn antunapadnnes Gyanunra Kapad, HVKI0HIap OpacH1ari
V3apo TanCup kyu iynamu typan 6vaain. Ilporonaapumir npo-
TOHJapAa Oymnail WKKH Kappa COMILMILINHI YPrauuul, 11poTon ol-
JIaH POTON opacija 103 Gepysuir ¥3apo Tancip Mapkasmi Gi.aMa-
TaH KOMMOHEHTAra XaM 3ra 3KaHIHIl KypcaTlil.

HyriIoHIapHIHE HYKAONAAPAA COMBINUIINE Ba JCiiTpol xycy-
CHATHHI TAXAUA KITHW XaM s1poBiil ¥3apo Tawncup Kyui 3apsiara
GOFJIK 5MACTUFIHI KYPCAT L.

Helitpenaapnmir nporonnapaa counanwumn Vprauiu g1poBii
TaBCUDP KYYll alMaWlyB XapakTepra sra SKaHHHHI kypcaTtuir. Dyn-
1ait Ky4 TabCHPHAR HYKJIOHNADP Y3apo CIHH MPOEKIHAAAPIL, KOODIH-
hata Ba 3apsiatapn Giian aaMallg MYMKHH. AJMamWye xapak-
TEPILIATI KYY TAbCUPILAA POTOH O0JANAaH YTadTran HeliTpou Qagar
COMMLINOTHNA KOaMail, TPOTOH 3apSNHI TOPTHE 01116, ¥31 NPOTOH-
ra aiianud xoanunr myuxun, Takpnéa 6y TacIuxIamnil.
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Slapoeiii y3apo Tan- ®
CHp  KYHHHNHT  TYpJ
Hazapisjapi MaBXKYA.
Macanan, yaapaau Ou- 9
pi HykJol Ouaai HyK- 9
JOH opacuparik  y3apo (]
Tabcupiill  MaTeMaTiK 9
skuxatgan  goaasoBul E
FAMITBTOHHAILI  TaU-
Jaumra acocaaurat. Jle-
Killl y3apo TabCUp duep-
risicy  opTHwn  Gunain P'\”.*.
raMiabTOHIal  KYPHIlH- e
wi Mypakkadnawud 60- L ®
paai. Uyuunur  yuyl, P L1 S
aapopuii  kyunnur Oy P
nHasapusacy acociina (9] ; |
SApoBIil  Kyuuin  Ta- i i
GuaTiiui aniKaa / ;ﬁ T\ e
KITii. 53 e

Snon  ¢usurn . P
IOkaBa sipaTran  stApo- %
BHIT Ry4liHr Me3oll lia- 3 ® '\
3apusicl SNUI HATIEKE Jof e \
Gepai. DBy unasapusra }
acocail NYKAOUMAD  Ba nt
s1eMeHTap 3appasiap 73 !
opaciaa 103 Oepaanran p’ O :
V34po TaLCHP XapakTe- ¢ H
P oAyjla  aypakkao. |
Jdexun 0y ntasapuisira
acocail V3apo  TabClp 1.21-pacs.  [lpoTtounapsiur  KyT6Aawuiuura
MeXAUH3MHIHE 6”[) agiip 'Hl)Kpl]G(l CXeMAacH.
X Mesounaap  Gudaan

amvaunmn iy opkaan 6axapunaai. By mMexaiusM Kyaa coraa
Gyaca-aa, sAPOBHIT Kyuwilur Kyn XycycHATJapHIH TYLWYHTIpaAH.
Macanan, sApoBHii KyullHr aIMallyB XapaKTepHHH HyKJaouaap-
HUr y3apo Mesonaap Ouaan anMalupunug Giial  TyUIyHTHpUL
MyMknn. Macagan, nefitpon nporon 6naan TabcupJaiirania Mai-
Guit sapsaan noon wHKapub, nporounra aiiasagn. Bouwtauruy
npotoi vca wy Manguii nnounnu 10Ti6, Heiirponra aitnanann®. Me-
301 Hasapuscira Kypa Xauau xauld sTuaMarall NHOHAAPHHHT KYO
xycycusraapi oianjiaaun aiituG Gepusnan. JIeKHH SAPO KyuIHHHD
Me3oll nasapusicit xaM Gab3il KaMuHaHKaapra sra. DBy nasapus
TeNTIaMatapl MaTeMaTHK JKNIXaTAaH KyAa MypakkaGmup. By
TeNrAAMaNaPIUHIE ewiMy 60p ExH AYKMUrH Xaml XarM MabayM sMac.

* Hefitpon ¥3naan geiirpaa w°-mesonn
3 § H uHKapné XaMm npoTon G -
CHPAQNIHUIT MY MKIIH. g o .
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Wlyuunr yuyir XaM Me30H la3apHACHHHUI HATHKAJapl MHKIAOPHIX
xapakrepra sra 6yamaii, ¢axat cudar xapakrepra sra. 1 MmiI-
JMapi 2JeKTPOHBOALT 3HEPrHsAaH IOKODH 3ueprusiapia siapoBnil
KyuHn XOCHJ KHAHUJA NHOHNApAAaH TalKapu GollKa OFHD 3appa-
aap, macanau, K-mMesounap xam KaTramaan.

Xyaoca KunH6 afiTraHia sApOBHI Ky4Y KYHHAArH XycycHaTaapra

ara.
1. JzpoBuii ¥3ap0 TABCHP KYYH 3HI KYUJi TABCHD ITYBUH Kyu-
aup. Slaposarn GHp HYKJIOHra TYFpDH KeAYBYH Vypraya OOFNaHHLI
SHepris KHiiMaTtH TaxMuHaH 8 MsB ra teur. Tagkocnaur yuyyH Bo-
ZOpOf aTOMIiAa 3JEKTPOHHHHT OoFJaHuw sHepruacu 13,6 sB 3ka-
HHHI 3caan KHdos.

2. SlppoBuit Kyu KMCKAa PajHyclH y3apo Tabchpian néopar.
Tabcnp paguycHuuHr TapTion 10— cm.

3. SmpoBuii y3apo Tabcup Kydd ¥3apo TabCHPAAIWYBUI HYKIOH-
JI2DHHHT CIHH [iyHanuwura 60F/IHK.

4. SInpoBuii y3apo TabcHp KyyH Mapka3sHii Kyd amac. Hykaonaap
Gup-6upiapiAa COUHAraHAa sAPOBHIl KYUYHHMHr Iy XYCYCHATHra
Kypa kyr6aanagunap. Mapkasuil xapakrepra sra Oy/Marad TYp.ai
¥3apo Ta’bcHpAAp HUHAA acocHIiCH cnHH-op6uTad y3apo TabCHpAaH
n6opar 6ymumu kepak. By Tancup tydaitan TancHpaaByBuH HYK-
JIOHJAPHUHT CIHHAADH YJapHHHP HATHXKaBUIl oOp6HTAA MOMCHTH
jfiyHaguunira napanien XoJaTHI OJNIUra XapakaT KHJAaaH.

5. flmposnii Kyunap xHcMaH ajMmawys xapakTtepra ara. $lapo-
BIIl Ky4HHHr Gy KBaHT XYCYCIUSTH HaTuxacujga ¥3apo Tabcupaa-
HYBUIi HYKJOHJAD V3 CIIHJIADHHHHT NMPOEKUHSCH, 3apsail Ba Xatro
KOOpAlHATaNaph 61J1aH XaM anMallBHHIUH MYMKHH.

6. SlapoBnil y3apo TabCHp KY4H H3OTOMNK HHBAPHANUTIIX XVcy-
cudrira sra. SIApoBuit KYUHHHTr 3apsAara OOoFaHK GyJamacalri 113o-
TONHK HHBaDHAHTJIHK HATHXKACHAUD.

7. Tapcupaanysyyl HykJouaap opaciiaru macoda 10-1% cur rg
AKNH Oyaranja SAPOBHIT Y3apo TabCHD KyuH TOPTHIUNIU XapakTe-
pira ara, yHaaH Knunk macodanapaa y HTapHaMII Kyuyira afiia-
Haau.

8. Anposii ¥3apo Tamcup Kyun THiMHHII XapakTepnra sra. By-
HIHT NaTiDkacHRa SAPOHHHT COMHINTHPMA GORMaNBul  SHEPriuscH
AUPO paAnycira ACapil Gormug OYamalimn. Slaposuil Kyunuur Gyn-
Rait TYiMniu XYCYCHATH SApOBUIl KyqHUNT aaMaulyB Xapakrtepn
Ba Myaa KWUNK Macoanapia nTapuauul kyunjgan H6opat skauai-
T 6Haan TYWIYWTHPILIA AN,

9. SInposuit Y3apo TabCHD KYWwil TaBCUPIARYBYI HYKAOHIaPHIHT
Te3Hrira GORINK. SIApOoBI KyuHHHT 6Y XYCYCHATH AXWIH YpraHmi-
ran 3mac.
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11 BOB

ATOM SAOPOCHHHUHI XO3MPFH 3AMON
MO EJUIAPH

B3 1oKopuia aToM siAPOCHHHHT acocHll XycycHSTIapuHH Kypub
unkauk. [TporoH Ba HeliTpoHJapaaH TAIUKHA TONFaH atoM AAPOCH
fHa KaTop GOIIKA XYCYCHSTJapH OHJAH XaM Xapakrepaanaau. Ma-
calaH, palloaKkTIB AADPOJApPHHHT OHMp KaTOp XYCyCHAT/NApHra HaB-
baraarn GoGna Garadcua TYxrab yramu3d. YHZAH Taulkapd atoM
AAPOCH Y3 3HEpPreTHK NOJATJapH GHJaH, SHEPreTHK XoJar/apHHHT
3HEPrHSICH, CMNHHI, MATHUT MOMEHTH, KYMTJINTH, TYPAH YiiFOTHIA-
Tag X0JaaTaap OpacH1ard YTHIM TYpJapH, yTHl 3XTHMOJJINTH Kabu
Gomka xycycnsiTaapn 6uaan Xam xapaxTepiaHaui. SApoJapHHHET
Typay 3appaiap OuJad $3apo TabCHPJaHWII KECHMH Ba 51POBHiL
PeaKUUAIaPIHIHT KaTop GOWKAa XyCyCHSATJNapH XaM aToM fApoch-
BIHF CTPYKTVDACHHl YpPraviUIa aloXHIA aXaMHAT kKacO 3TajH.

Mana wynsaali mypakxab TysuaMuira Ba XycycHsThapra sra
6yAran aToM SIAPOCUIIHET XaMMa CTaTHK BAa AHHAMHK XapPaKTCPHCTH-
KaJapuuy TYTPH TYWYHTHpi6 6epyBul AroHa sApO HasapHscH spa-
Titdran smac. Uynkn Gynjgail Hazapusaun spatiur yuyys, 60puHYIAAH,
siAposiil xyunnHr TafHaTil XaKumard GHSHHHI OHAHMHIMU3 €TapJH
3Mac, HKKHHWIIAL 3Ca, sAPOBIIT KyYHHHT MHKAODHIT HasapHsCH
APATIVIFal TakUpIa XaM, Ky HYKJIOHJapLad TAUIKHJ TONra ciic-
TeMAHIHT KBau?T MacajajapliHli SHT 3aMOHABHH TEXHHK ycyJaaap-
Adi ¢doifinaaamié xaM eunuw mypakka6 6yJaap san. Llynunr yuyx
1AM 10K0piAa canab YTIJAraH sAPO  XYCYCHATJNADHHH — (QU3MKAAp
TYPAH sApO MOAEMRIapH acoCHZA TYWIYHTHPHO OepHiira XxapakaT
Kiaai1ap. Jexnir xap 6up mopmeab 4ekjaHran 6yau6, anoxiaa
A3p0aap TYnJAaMHIMUHT Y éKn 6y XYCYCHATJIApHHUTHHA TYWIYHTHPHO
Gepuur yuyn HJIaTHANWI MYMKHH, UYHKH Xap GHp SULPO MOZEJH
Gup rpynna siapomapraruna xoc GYsraH aToM SADOCHMHHHT Kyara
TalWIam6 TYpPYBUN XYCYCHATHIA acocaHral 6ynann.

SLapo Mojeasapiiil sAPONATH HYKJAOHJAPHIND Y3apo TabCup-
dawysnra  xKapal xyuJan GOFJaHTaH Ba MYCTaKHa
3appaaap mMoAeaMra axpatHm MyMKHH. Kyuwrn GornaH-
Fal exy sappagap opacnaary y3apo Tabcup Kyuau Gysaran sapo
MOLeIn sMa AP0 KOAJEKTHB MoAaeaH jJed Xam arana-
LH, uynki Oy Nosia sApoiari Kyn HYKJIOHJIAPHHHT Y¥3apo 6Hp-6HpH
Gunan Gornanran xoanekTHB XapakataapH (afianuun Ba Te6panmi)
xcofra oannamn. Mycrakua sappasap MOJETHAA 3Ca MYCTaKuil
3appalapHulr XapaxkaTinrasa >bTHGOpPra OJNHHraHH yYYH Y SAPO-
HiNr 6Hp 3appadan Moxedu paeb XaMm atanaiu. SIApOHHHT
KOMLIEKTHS MOJeTira o XD OHHHT TOMYH MOJAeJaH Ba che-
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pPHK GYyaMaram SIApPO MOALeaH Kiupaai Bupuuym xonza
AP0 3APSANANTAH CYIOKAHNK TOMMHCHFA VXWATIIAMN BA AAPO GOF-
JaHIW 3UEprisicy XHcodnaaHraHAa SAPO TOMUYHCHHIHI XaXXMif, CHPT
Ba KyJOH TabCHP 3HEprisicn 3bTuGOpra oduHan. Taxpnda HaTi-
JKANAPHHA AXWHPOK TYWYHTHPHII YUYH sSIHA SAPOAAri HyKJI0HIdp-
HHHT CHMMETpPHs 3Heprusci Ba KyOTJalIMN HaTHKacHga XOCHI
GyayBul KYIUMYa 3HEprus Xucobra onnHann. By mopens acociad
SULPOAADHIINT GOFNANINI SHEPTHACH GHAaH MaccaciiHn Nicodaaw
MYMKITH, WYHIHCAEK cepHr aAposapHuHr cupr Te6panilliapHiil,
AP0 GYMHHHINNHE cHpATAH TYWYHTHPULL MYMKIH.

Chepuk Oyamaran sapo mozemuna sapo cdepux Oyasarad
WAKJAAArH MOAAAra YXwaTiuaub, YHHHr afinaHnwd Ba CHPTUHHHT
TeOpanuwi Xico6ra onunaan. by mMomens acocuna chepny CHMMET-
piifira sra 6yiMaray 6ab3x SAPOJAPHHHT NACT 3HEpPrisJ YilFOHIaH
XONATNAPHHHAT XYCYCHATNAPH TYIIYHTHPIASLH.

bup sappanu mogennapra sApo KoOuk Monxe.aH Ba
Bup xi HYKJAOHAADHH KYyDT-2KYDT KUAHG GHPHKTUPYBUI KOAAHK
KY4YHH XHco6ra oJiyBsul AP0 KOONK MOAEJAH Knpaii. DHpHHUI XO1-
Ja KoAAuK Kywsrap 9bTHGOpra ojieMail, Mykaouaap Oiup-61pira
Gornuy GYyaMarai Xo44a XaMmMa HYKJOHIAp yuyH yMyMuil 65"HF’aH
Maiiionfa XapaxarjaaHaaH ne6 Kapananmu. By saiigon mynicil on“—
JlaH XapakTepianajiuki, sApo TapknuGnra KHpYBYll Xap KaHaal
HYKIOHTA GowKa HYKJOHJIAP TOMOHIAAH TabCHP KHJAYBUI Ky4.Jap
KanaaitAnp yprava craTik noTenwad (¥3iHn-Y3i MOCAAIITIIPAN-
rai maiipon) Guaan aavawrupimaian. Kobuy mojean acocijia
-€CeXPAI» COHMAPHN O MYMKIH, allinKca, IKKH Kappa.ll «Cexp-
Jailrai» HYRJOWAAp CoHira sra 6Varan cdepnx AaApoaap acocnil
XONATAAPHUNNT COHHKE BA Ky(Taurs sxmm tywynTipiaay. Hly-
HIITAEK, GUTTA HYKJIOUH eTuwMaiiznrall @Kit opTiuxda Oy.aran
(«cexpan» coura ¢xu Gepk ko6uKkKa Hic6aTan) sAPOTAPHIIN aCO-
cnii Ba 6an3n yilFoTuaran XoJatjapiuiir cmimu, myrauri, Mvar-
HIIT MOMEHTHIIHT KHAIMaTH AXWH TYWYHTHPHIA M.

Hyxaounap opacngary My(QpraoBun KoJZuK Kyuaaphu xicodra
CIYBun ARpo KOGHK Mojennaa Gup Xia HYKJOH.Iap WYl KydT-
JANARHKN, YJIaPHHUT MOMEHTH Hoara TeHr 6yanG Ko.aajlll, RVOTIN-
ri sca mycbar KuanG omunamn. Arap nykaoHaap colin Toy O3.ca,
Yla Tox HykJaon Gilan sAPOHNIHT KaTop XYCYCHAT.Iapl alllkTana-
an. By mozenn acociga xamma wy¢rokyr sa Tor A Tir aespai
XamMMa sApONap acocHil XOAATIAPUHUNC COHHE Ba  JKV(TINTIHI
TyWwyATHpuur Mymkni. Tox A an saposapuiir Mariit MOMENTIApH
KIIMaTiH Tagpuban KeNTupus HHKapiul My MKHIL.

Slaponusr yMyMasamTupHaray Moaea1a NVKIoHIap-
HIHT XaM OHp 3appami Ba Xam KOAJEKTHB Xapakataapli bTifop-
ra oaunazu.

Kyucns §3apo tabeupam aapouur VMYMAAWTHPHATAH MO IACTH-
Aa n1po Gepk KoOUK mwmga RofimalraH  mykJomaapaail néopar
chepur Y3ak Ba yuunr rammapncmgars 61p Hewa HYKJIOIIapiaH
TalWki Tonran 1e6 Kapamain. Yaak xapaxaTil KOJIEKTHB MOIedn
acociiaa KYpaca, TallKi RyKIomaap XapaxaTui ndoaatall vuyn
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Ro6uK mopenmifan doiiganaHmganu Ba y3ax Guaad TAawWKH HyKJIOH-
Jap opacijari Kyucus y3apo Tabcup 3LTHOOpra onunagil. By agpo-
HIHT YMyMJaWTHPHATaH Mojdenan acocnaa tox A an 6aw3u sapo-
JAPHUHT MaCT 3JHEeprusAu KV3FaTHAraH XonaTH Ba OoUIKA Xapak-
TEPHCTHRANADIHH TYWYHTHPHG GepHil MyMKHH.

Kyuan y3apo Tabcupan sgpOHIHr YMyMJIZWTHPHATAH MOJEIHIA
KOOHK Mojealifarira yxura6, xaMMa HYKJOHJAPHIHT Y3apo TabCH-
puzan Xocna GyaraH ypraya, JekdH chepHK CHMMeTpuara sra
6yaMaran MaiigoH1ary HYKJOHJEPHHHT XapaKatH Kypuaamt. Yuaan
TAlKApH HYKJOHJAD KHCMaH €kH TyJaa ailjaHmMa XapaKaTtia XaMm
fatyawanu. By mojens acocuaa Kyn sApOJApHUHT NACTKH SHEpre-
THK caTXJapH XoJaTJapHHU Ba xapaKTepHCTHKAaJMapHHI TYFPH TaB-
cipnab GepHIl MYMKHH.

Slnpo MomeanapHHHHr 60lIKa XHANapH XaMm MaBXyd. Macanay,
AADOHHHT ONTHK MOJEJH, ¥Ta OKYBUAHJHK MOAENH, HYKJOHJap:
Gupnammanapi (xaacrep) MOAEHH Ba X. K.

Bus 6y 606na acocaH KynruHa SKClepHMEHTa] MaTepHalNapHA
TYWyHTHPNG GepyBull (EHOMEHOJNOTHK (mapaMerpiapH SKCnepH-
MeHTan Ba Hasapuil xuiiMaTJaapHu Takkocaam iiyaH GunaH TaHaal.
OMIHYBUI) MOJe11aD GHNaH TAaHHIIAMHS.

2.1-§. SIApOHMHr TOMYM MOAENH

Slapo Tomun moaenn nactaabKu spaTdiraH SHr OALHIl AXpO MO-
lean 6yand, y siapo Guyan oAAHIT CYIOKJHK TOMYICH OpacHAArs
0apan yxwawnkaapra acocdanrad. 1936 ifinaga Hunee Bop rax-
Jud srran Gy Mojeara  acocaH sApPO Kyjda KaTra  3IMJIHKKA
(~10%rfen®) sra Gyaran cyloXJHK TOMUNCHTA YXIIATIIAAH.

Slapo XamMpuiur ynjgard HyKJIOHJap COHMra MYyTaHOCHGJNTI
Ba Xamma s.apodap yayil NYKJIOMHHHT YpTaua OOFNaMHIL SHEPTHSACH
Gup xua 6¥anG xoaumy sApPOHN CHKHAMANANraH CYIOKJINK TOMUI-
CHFa VXwatmm nMxonnuu Gepaan., Dysgar taligapH, Ky3raTHJraHw
AAPOHIL KU3ANPHITAH CYIOKJIHEK TOMUHCHIA Ba SAPOAAH HYKJOHJIAD-
WP YHKHWHI 9ca Gyraanuul kapaéunra yxXmariull MyMKHH B2
X K. Slapoaarn  nykaondapuuur ypraua OOFMaNHLl  3HEPTHACH-
HHNE Y3rapsafi KOANINH s/IpOBHIT ¥3apo TabCHp KYUHHHHD TYIIHHLI
XapaKTepra sra sKatnul kypcarapin. By sca sigpo monpacu bunan
CYIOKANK TOMUIICIT opacigari {XWallIHKHE UYKYpJaawTHpaau, 4yH-
KIL CYIOKAHKAATTT MOJCKYJdanap opacijaard KHMEBHi ysapo tabelp
KVUll Xvaan wmyniail xycycuarra ara. 1938 finnga aca H. bop sa
A ¥naep sa yaapaan GexaGap, MycTakia Xouijad, coper (uauru
SI. H. dpenxe, SIAPOHIHT TOMUH MoAeangad Qoiigananind artom
SAPOCHIIIE Oy AUIILHII SINIUH ryWwyRTHpi6 6Gepysulr Ha3apHAHH
Apatanaap.

SIAPOHHNT TOMUIL MOZEAH TAPONHHT KYN XYCyCHATAAPHII TYLIVH-
Tpié Gepiu. Macadai, Gy Momeab épEaMUIA sAPOHIHT GOFJIaHHUI
SHEDrIISICH Ba MaccacH yuyn KeatHpn6 uukapmaran Baiiugexxep-
HEHE DM aMnnpux dopMynacH oFHp sAPOJADHINT NapyataHiiiH-
Ad KY3aTHIadHnran KaTop XYCyCHATAapHH Ba c-eMHPHANIIAArH
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Hab3i KOUYHMATAADHH AXIUN TYwyHTHpHO OGepan. Towmun monxeau
acocnaa KyGT-KYOT AAPOJAPHHHT GupPHHYM KV3FATHATAH XOJAAT/a-
PHHMHD XYCYCHATHHHM MHKAOD XHUXATAaH Gyamaca XaM cmdar XH-
Xatgad TYWYHTHDHII MyMKHH. Baiiusekxep dopmynacn &paamuia
Hab3i AHCH AAPOJADHHHT OOFNAHHIM IHEPTHSICH Ba MacCACHHH XH-
cobaab ynKapuul Mymxud. bus kyiluza Baiinsexkep (opMyJaacHHH
Kanjail KeJATHPHO YHKADHAHWIHHN KYPUS UIKAMH3.

Bupunuy AKHIJIAUMIAL SAPOHHHT OOFJAHHUI SHEPrHsAcH VHAA-

Tl HYKJAOWJADHHHT COHHMHM KypcaryBun Ara MyTanocHO SKAHJIH-
rHAAH

E(or=7'A (21)

7e6 é3um Mymxud. By epra ¢ — myTaHOCHGAMK  KOI(DAHUEHTI GY.ID,
sAPOAATH GHTTA HYK/MOHra TYFPH KemyBWil Vpraua OOF/aHu 3HEPrHAHI

(a = f%\] BiAgpany.

Sapounnr GornamuuI 3HEpriACHHI 6y MOAAb acocliia XicoG-
Jlarauaa, 6upHHYMAAH CYIOKANK TOMYHCHHKHT CHDT SHEPrisiCHHIT NaM
xuco6ra oaiw kepax. CyIOKANK CHPTHAArHAEK AP0 CYIOKTHK TOM-
YHCHHUNID CHPTHAA 2KoflVlauraH HYKAOH.IaDHHHI TOTEHiHa/l 3HEp-
THACH 10KOpHpoK Gyaud, SApo CHPTHHH TopaiiTHpHIra Xapaxdr

Kiaagu. By aca sapo Gornaniwl SHeprifiCHHIHC Kamaiinuira ca-
6ab 6ynanu:

Ecor =4 — BA™ (2.2)

By epaa B=4noR?® 6ynu6, 0 — aApo CYIOKJIHTHIINT «CHPT Tapanr-
k. Kos(iuentin»  ndoaataiian Ba o102 spriem?=10Y
aKoyan/cm? (cyBs yuyH — 10%.3pr/en? aan). Slapo yuyu ¢ nur 6yi-)
Aail K4TTa MIKAOpra TeHr xesnd wixnmnra caGad sapoida IyKIOH-
JapHHHD GOFMAHNLI 3HEPrHACH KyJa xaTTa SKallJIrHiaiip.
HMkxunungan, sapojari NpoToHAapHHHT ¥3apo KYJIOH 1HTapH-
B SHEPTUSCH XIcOo6Hra NaM RIApouiir GOFRTaHHII 3Hepriusicit Gu-
po3 kamasgi. Kysaon y3apo Tabcup 3SHeprusacH sapo  3apstlUIHIHT
KBaJApAaTtHra MyTalocl6 Ba SLAPO paJHyciira TaXMHHAI TECKapH My-

ranocnd kamasan, Ulyuunr yuyu siapo GoFganiiul sueprusci Kyihi-
aarnua ésmranu:

E, —ad—pAr— 1 Z (2.3)

cor ' _11_5 v

6y epaa \ — MYTAHOCHOMHK KOMb(iuieHTI GV.IG, SR % ra Teur
i di] 0
Ba y HKKIl NPOTOH OpacHIAri ¥3ap0 KY.1OH TabClD SHEPTifsiciHIl Xapak-
Tepaalinir.
SLapoHiHr GOFJIAHMIW SHEPLHSCH SAPOIATH NMPOTOH BA HEHTPOHIAPHINT
dapkira Xam GOFJK GYMG, npoTOH Ba HUTFOHIAD COMIl TEHr GV.IraH
sjapoaap TYPryH Gyaami. TIPOTOHsAp COHI HeiiTPOHAAP COHHra TEHP
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. 5 A
0Yaras sinposiap vuyH Z = —— JuD Ba Oy TEHMIMKAAH Xap HKKH TO-

MOHra §3rapiiy sIADOHHHr GOFJalH  SHEPrHACHHH  Kamaljwura cabat
6vaant. [1poToH  Gif1aH  HeliTPOHAADHIHE  ¥3aDO TeHr GV.IMACAHIHHE
=l s

f=— ZJ MHKAOP XapakTepaafigu. LLIVHIMr yuyH SaPORIHT GOFAaHMII

SHEPrHACH LY KarTamikka MyTaHocHO 6yaraH Xxan G1aH XaM XapakTep-
NaHanu:

A 3

2z (T“z )

- ; _r|i.|'!_w;_ A 24

B, = ad — A vl e (2.4)

6y epa € — myTanocHGaK Kostdunuentis. (2.4) (GOPMyJAZari TypPTiH-

Ul XamHil TOMYH  MOAEM{  acoclla  TYWYHTUPHM MyMKHH 3Mac. YHH
Naymi npunuynira acocas TVIIYHTHPHUI MYMKUH.

[lporoH Ba HeliTpoH chiHi 7h ra Tedr 6yarau sa PepmH— ipax

CTamieTikacHra GVIicYHYBUH 3appatapaup. 3apspnapi xHcoOra oJMHMA-
TaRaa yaap Gup Nintaup. JleknuH ygap 130TODNK — CIMMHJAPHHHHE Npoex-
wianapu Giciaun dapikaadand. [laymi npudmira Kypa, QIIIJOPTa KBAAT
COHAapI Gilan (aPKJIaHaTUra HyKAOHJ4P (NPOTOH Ba H;‘}lTPOH) OpacH-
Janf ¥3apo TabLcHp aiiiaH yXwaul (TPOTOH-NPOTOH EKi HEHTPOH-HEHTPOH).
HYK.1017aD OpacHaaril y3apo TabClipHra Kaparanja KyuaHPOKAUD. Uly-
HIHE VUVH XaM A\ 1yKAOHJaphaH TawKiul TONra cHcTema yuyn Z =N
Ovaran x0a1 Z=%.V Gyaran xo0amaM sHePreTHX JKHXaTAaH MYyCTaXKaM-
Pog Gyaami. livinalt Gyaca-na, orup sgponapia NpoTOH/Aap opacifaarH.
13300 3ICKTPOCTATING  HTAPIITIL  §3aPO  TAaLCH SHEPrIicH  Ty®aitnd,
Z =N tenrmis 6y310141 B4 NPOTORAAD COHH JOHM HEfiTPOHIAp cOHHAAH.
Kam 6Vaamr. ]

Ciitapn Kapama-Kapui iiyHanmwra sra 6yJrad MpoToHsIap-
RIKT ¥3apo Ba HeflrpoHJapiiulr XaM ¥3apo Ky()TJaHnln HaTiKa-
craan ToK A Ju gapoaapunur TVaa GOFMAHMIN SHEPrHACH KYpT
A an azpoaapunur T¥aa GormanHm 3HEPrufcHAaH  hapkaanaAu.
Ayt nporors a mydr peiiTponan Ky(QT-aydpT ANpOAAp 3HT
TYPEVH, MYDT-TOK ¢RI TOK-:Ryh T siapodap THaa GOFIaHHHI 3HEp-
TIRCH KY(T-28Y(T suiposapuunr  T§aa GOFASHHW  3HEPTHSICHAAH
KaMpOK Ba MIXOAT, TOK-TOK siipoJlap OpaTha TYPFyH GyaManau
(HALI, " B pa N smpesad Gyugan wycracso). {lymmur yuyn xam
SIPOHIHT TV.a GOTIaulW  3neprasacuun  uponanosui (2.4) dopmysnara.
aHa Girra KYuninua Xaxg Kipuriciamd. By KyumiMya Xaj aton GHpmiK-
aariga 0,036 A~ ra Tenr G6yanG, 4 Guna GesrmnaHam Ba Ay¢TAa-
HIW napametpy 1eG atanaui.

Kydr-Kydr sgpoaap  vuvu & MycBar, TOK-TOK sposap DRINHEE
Maugulii mnopamt K6 oausagn Ba ToK A i sgposap  yuyH 5 = 0:
Je6 oamnamr. L yanait ki3,

N3

43, (2.5¥
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(1.14) ea (2.5) ra acocan
M(A, Z) = Zm, + (A — Z)m, — oA + BA™® -+ 17213 +

_.__._ZJ.

+ e 1. (2.6)

ToMuil Mojeanra acocan xeaTHpu6 unkapuarad (2.5) sa (2.6)
ApHM 3MmupuK dopMmynasap GOFJAHHIU SHEPrHscH Ba Macca yuyH
gsmarap Bafiusekkep Gopmydaacn Je6 araraid. By
dopumynagarn yarapmac xostduuuentnap KmiimMath Kyiipaarida:

.= 16,75 M3B,;

p=17,8 MaB; (2.7)
1=0,71 M3sB;

£=94,8 MaB.

Wyngait e,  (2.5), (2.6) ea (2.7) dopuyaadap acociaa TOK Ba
RKypT A 0 XamMma ARO0NADHIHT Tyaa GOrJawilu  SHEPrisicH Ba Macca-
JIAPHAK €TapaH Jladakafa auuy Xuz061aé uvugin MyMeim. By dopay-
JanapAan (pORNATAHHS HeTANTaH 3JeMSHT SAPOCH YuyH OUTTA HYKJOH-
HUHT SAPOAAri GOFMAHIN 3HEPrHACHHH, aTbiha-eMUPHIHW/A a1bda-emi-
pummn sHeprisicit £ HIf HKKH HeHTPOH CGKH  HKKH NPOTOHHH  511p0fa
Rydraawiw sueprimet P, éxn 2, mi Kyitaac ¢opyysatap  acocuia
XH206aa6 YKL MYMKIH!

"u(l“. Z) = Enu~(Av Z) _Er,u (A - 1.2,
eld 2)=E, (4, 2) —Ec (A—1, Z—1),
E, =FE (A—4, Z—2) +E, (*He)— £ (4, 2),

Pu(A, 2)=E£, (A, Z)+E (A—=2, 2)—=2E (A—1, %),
Oy epra Z =const Ba A — 7 myr,

PA, Z)=E, (A, Z)+ E (4 =2, Z-2)—-2E (A—1, Z —1)
Oy epra A —Z = const Ba Z mvor.

Tomun mozenn acocuaa aapoaapuinr TeSpanHWl  HCPreTHK
CaTNTApHHI TVWIVHTIPHIN MYMKHN. NaKHKaTan, CHKILIMAac s1po
CYIOKMHTILAATI HYKJIOWAAPHHET KOJJIEKTHE XapakaTli TOMYH CHPTH-
itibity Te6planuumra cabab 6ymaan. Aur opAnil KBaapyiloah Tedpa-
INUAa KV3Faaral toM4H 3AdHMNCONA IAKINUIN OJa1H, OKTVIIOhk

Tebpaniiuriapaa aca, TOMUN WIAKAM HOK WAKINCa ¥XWad KeTai.
Tebpanuur auepriisic:

E,= nho, (2.8)

6y epaa n=1, 2, 3., ho — Gup TeGpaiiL KBAHTH IHEPTIISICHAD.,
Ksaapynoas ksautr 2+ cuun Guaan, okTVIoas KBaHT 3~ CUM GiHaan
XapaxTepaauramt yuyn n=1 ga 2* Ba 3~ CahH.II SHEPreTHK caTx-
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Jap KysaTusuu Kepak. Bympafi smepretuk catxaap XagHKaraH
XM KydT-RyPT anpomapra yupaiign. JKydr-Kydr sipoaapHuiur
GUpHIlY KY3FOTILATAN XOJaTaAapPH Hudaa 6Hp-OlpHra sIKHH XKoilaal-
ran 07, 2% Ba 4+ cnuuan carxaap xam yupaiizu. DBy Nomataapun
N=2 aarnl KBaipyno.ib TeGpauHuLIap OHAaH TYWYHTHPHII MYMKHH.
Jlexun raxpubana xysaTuaaauran caty sHepriusnapn (2.8) acoc-
1a XHcobaanran TeGpaMUIl uyacToTadapHura Moc xeamaiia.

Wyspaii xoaub, saponapuisr GORAHHII 3HEPrHsCH Ba Macca-
Cii xHcofmawaa, fRAPOAAPHUHT TYpPJH DAZHOAKTIIB eMHPHUANLL BA
0Yaumira Hilc6aTan TYPFYHJANTHHM OAMHAan  afiTnG GepHia,.
WYHHHPAEK, PAMNOAKTHBANK eMUpHJim >Kapaéunaa ampananira
sueprunaapui NicoGaawga TOMuYH Moaean xyaa ¢oifinann 6§au6
i, Tomuil Moleau acoeiia OFHD  sLAPOJAPHIHE  GYJIITHULI,
aae(a-eMupuani skapaénaapuii Xy TYWYHTHPHI MYMKHH GYJI-
an. JleKuH TOMYI MOIEJN SIAPOJAPHUIHT OOLIKA KYM MYNHM Xycy-
tHaTaapuun TywyHTHpHd Gepoamann. Macanan, 3appajapHi sApo-
A3 37aCTHK COYILTHILIL, TIPOTOH Ba HelTPOHJAApP COIN «CeXpJi» COil-
Aap 166 ataaysui 2, 8, 20, 28, 50, 82, 126 ra TyFpit Kernianaa a4po-
JAPHUKr V¥TA TYPrYH OV Ba GolIKa XyCyCHSTAADHHI  TOMUIE
MOJedN acecuaa TYIWVHTHPHW MyMKuH Gyamann. Toumyn MopenH
WYHIHTAGK KY3FOTHIAral XOJAaTJdapHH MUHKIOpP 2KHXATHA&H TYLIVH-
THPUILAG, fAp0 GVIMNHINNAA KY3aTHAAZUraH acCHMETPISHI, §1po-
JaPIHIT CIITHIL, MAaTHHT MOMEHTH, H30Mep AApoJaap §piu, H30TOI-
dapuif Tabuarna Tapiaganwil Kabn xaTop Macajagapii TYHIYHTH-
PHLIAA OACHIIHK KL LH.

Jaronapruur Kartop XycycHATAApH YHAArk HYKJIOHNaplHHr co-
mira Goranx  pamnniia gaspuil yarapuwn asagaanin. Macanas,
AYQT-AYOT saposapinir acocuii XosaTaapn CHOHHI BAa MATHHT —
MOMENTI HOJITa TCHr G)’.‘ll[ﬁ YHKANH, YTapHHHT T')"Jla GoFnaHHU 3Hep-
TISCN 2Kyl KaTTa, ailiuyKkea siApoAarn TPOTOH Ba HeliTPOHAAD COHE
CEXPaK conaapra rtenr OyJaraiia ynap &Kyla TYPFYH 3IKailINTH
QKIATAN,

Hyraomaaprunr snxuopura xapa6 sapo xycycHsaTaapiuiKr 6yi-
Aall xappuilt yarapiiiy atroM XycycHSTJAapHHHHT 3JeKTPOHJAAp CO-
Hira Kapaé aaspuil yarapuuinuy scaartaan. Macasan, HHEpT ras-
Adapia snexkTpousap coun 2, 10, 18, 36, 54, 86 ra TeHr Ba yaap
Kk¥aa Gaprapopanp. Mabaywxi, 3j4exTponsiap aToMLA MapKasHif
notenuian Maiinonaa Gup-Gipil GusaH Taboup TMall, MycTayiil
\apaxatianann 1e6 xapanzan. Hykaonnap sca sapoma 5up-6ipH
6uaait kywan rancipia 6y ax. Iynra xapavait nykacnuaap 54po-
A2 MabaymM Mapkasuii 1orcituaa Maiigonpa 6up-Gupaapn 6naai
TanciprawiMail Mycrakia Napakataanagn ge6 xapab  SAPOHIHE
hepai-ras, 5apo KOGHK MoACANAPH APATIHALL.

2.2-§. Slapounur gepmu-ras MoneRH

1 "
yRAOHIAD CHITHH Eh 6)’!][‘8]“{ YuyH yJaap q)epMH CTATHCTHKA-

cira oyiicynaas. ®depmuonnap Jae6 arairan  Gysaail 3appaiap
Mayan npuumnura Oyiicynazu Ba Gup smeprernx carxia chiH
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fiYnammmnapu 6unan dapykaanysun paKatT MKKM NPOTOH &K HKKH
HeliTpoH Oyanwm MyMmxui, xohaoc. [layanm npuHummira amana KH-
AYBUl Ba XaMMa TMACTKI CaTXJapHH TYJIHK TYALHpyBud OyHaai
MuKpo3appanap cucremacu afinnran ®epmiu-ras ge6 aranazan. ByH-
Zail afinira ®epmu-ras 3appanapn 6up-6HpAapn Guaan TYKHaul-
ranga y3 XoJaTtaapiuH y3rapTupmailian Ba INYHHHT YUYH Xam yaap-
HHHT XapaKaTUHH MYCTaKHa geb xapall MyMKUH.

slaponur Pepmi-ras MOJeMHAd ¥3apo TabcHplawMaiiuray Xap Gup
HYKJIOH YJauamnapy =r0A”3 6yaraH Ba sapojari GOwKa HYK.JIOH-
JAp TOMOHMIAH XOCHN KUNITHCAH ypraua MOTeHUNa1 MaiizoHja Xapakar-
navagy 120 Kapamamr. Dysgad noresunan ypa uykvpanra U, Kyinia-
THYA TOMHAAML.

slapoHuHr acocnit xonatnura a0coJaI0T XapopaTH HOJAra TeHT
6yurail afiuirad Gepmu-rasHHHr SHr NactT XoJaTH MOC KeJadll
Heiitpouaapuiur tyna conu:

A T AT
N= dN gp (2.9)
0 dP
aN =PV e . ~
Oy epua i 2 T (hepMH CTATHCTHRACHAATH XOJATAAD 3HUJHIIL
(2=h) g )
Ba (hOPMYJIANAFIL 2 PaxaMH CIIH [YHATMWIHIC XHCO0ra OIazl, P —- ueiir-
POHHIMT HMnyJLeH, V = '—F:mﬁ’“ = —f;—:rlle — SAPOHIHT XamIL, Py . —

HelTPOHHUHT MaKCHMaT uMmyabciaup. (2.9) Hit uHTErpaftail  Havitsa-
cipa Kyiggark Gopamydia XocH1 6. aak:

(2.10)
A @ 4 .
CP[.\IMCTPHK PO yuyH N = o Ba HEHTPOHHH:H‘ MaKcHvaa XI,\[H_\'.'][:L‘I[.

I_(n)

MadC

= ) e = L3107 2 2.11)

ro oM

6y epaa ro=1,2-10"% cm e6 omraran. [ellTpOHHHHr MaKkcHMAT Kil-
HEeTHK 3HeprHsicH

NAKC

21y

6ynamt. Hefitpoununr aagpoparn §praxa OGoraaniul  suepriscl
8 MsB Gyarann yuyu Uy=32+8=40 M3B (2.1-a pacy). [IpoTon
Ba HeiiTPOH coHaapn TeHr §yJjca, sIAPOHHHT NPOTON Vpack XaM
mynaail mapamerpaapra sra 6ynaxi. Dopalnio npotonaap coHi
HeitTponaap conunan anua dapx xuaca. N>Z, v xoaia

Tin) >T\(x,;1c Ba U’(J.'l) > Ué,’))

MaRe
6)'.W£Lll(, YYHRI TTPOTOHIAPHIHTE Y 33P0 37EKTPOCTATHR KYJIOH y3apo Tab-
56



lla

2-1-pacu.

CHI MOTOHTAD yuvH U/, Wi Kamafinira cabls 6, aamr (2.1-6 pacw).
HYKI0HTaDHIHT AIDOIAT YpTaua 3Heprifaci

SIS

Tyv={ TEE4T =20 MsB
1] aT

IKMLACHE NH:O3110 TOINLU MYMKILH,  SILDOHIHT  (hepMi-ra3  MOAesH
acoo1a  XusoGaawran  {J, Ba T, AADMAC KiiMavaapi 60Irsa ycyds
G331 TONIACAH KILIMATIANTA MOC TyLIami.

®epuii-rasz Moeal sSAPOIHHT 6ab3l XYCYCHATIapHHHTIHA TYFPH
vwynnipid Gepaill Ba HIUJAATIHMII COXACH JKVAa TOPAID.

2.3-8. SdaponuHr KoGHK MopesH

Bupunun 6061a 6113 Kyprait sapouusr 64p KaTop XYCyCHATAAPH
1poToN Ba ueirTponsap connra Kapag Texiic varapaai. JIekuH npo-
O €K1 HEHTPOH COIApPI CeXpail cornap Ae6 Hoa odarad 2, 8, 20,
o0, 82, 126 conaapra tenr Gyaranga, sApoOHmIr Tyaa GOrAaHHUI
saeprisicit cakpal opyud KeTHWHHI, 3JEKTp KBaApynodi MOMEHTH
sed #oara teur Gy KON Kypran sank. Xam [poToujaap
o, XaM HeilTpoHaap conn cexpiit couaapra Texr GyJaran siapoJaap
xay yupaiyur, macatan, ‘He, 'O, 4Ca, “%i-b. By agpomap xarta Typ-
FyiaeKa 3ra 6 aazn. Cexpan conaapra MOc saposap taGHaTha KynpoK
Tapkaarai Oy.amu. Ilporomnap Ba  HeflTpOHiay COHM CeXPAll COHJApra
TeHr Oyaran sapoaad myphr £ sa AN I KyiuHic sgpoJapra HicbaTad
KYIPOK 04nKaDop  JU30TOH BA  1[30TOHAADNra ard. DByHAail A1pOJapHIHT
CHPUHYIL KY3COTIifTral  NOJATJAapiHIUr SHeprificii aHda Kkarra 6yaaid
ANTICIFAHIABHHIT XAMMACIT  $1(DOJAP VUyH I0KODHMAArH  CeXpUH coHiap®
410N SJEKTPOH KOOHKIapIC yuyH Kypiuirad 2, 8, 18, 32 Ba x. K. cOH-
Japra yXwai (i Mabpora sra oyaca Kepax Aerau (UgpHiL TyFQl-
paut. Slapotapaa Gyugaft ,KoSHK SdhrhEKTAapH" HUHT Ky3aTlimfwil 8400
KOOHY, MOZRJINI SIPATH T I5Ird ¢2536 6y,

Bupuiiuin Kapainia sapouy aToMra yxwaTHil, ¥3apo 1(}"_44111’1”83'
SHPIRWYLUN HYKAOUWTAapHHHT KaHjaliaup «opGiTanap» 6jiiiad xa-
pakati XaKHa1a cy3 IODHTHIN MYMKHH 3Maciex KypHHaail. XaxH-
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KaTtal XaM, S4pola aTtoMIarigex Kyy Mapxasn ivk. Atomaa 371ek-
TPOMJIA] KY.I0H V¥3apo TabCHp Kyul Malijonnia Xapakaraanaid Ba
3,JCKTPOH1ap aToy carN.1apnHu [layms nppuunnura kvpa Tvaanpagi.

Hykaonaap yuyn Xam [Ilaysu npuHUHREIHET Gaapuaniis,
yAAPHUHT GHD TYKHAIMUIAAH HKKHHUE TYKHalwwra Kazap 6ocud
YTagiran IPKUH Orypiul uAuHN OpTHINNTa 0and Keaadu. Hkkmniui
TOMOHAll, HYKJIOHIAp opaciiia 103 Gepysull AAPOBHTT Y32p0 Tabelp
KYYIHIHT KYyuYdd Ba KlcKa pajuycau Gyammwu wynaail  chepux
CHMMETPUK NOTeHUNas Ty3uuwra HMkKoH Gepamixu, Oy moTeHLua.
MaiionAa HYKMOHJAP MyeTaKHsl XapakaTaaH1ai Ae6 kapam MyMKiH.

Sur oxamit 6up 3appanu sApoHMHr KoOux modemiza Tox 4 ra
3ra Gyaran fApoaa 3HT OXHPrH TOK HYKJOH KoJrai HYKJIOH13pi1al
TalKNA TOmray y3ax Mailaoninga Xapaxkaraanaay Ba sADOHUHT KV
Xycycnstaapn Vila TOK HYKJOH GHaan annkaanain. Koluy nmode-
nHHIHT Bolka MypakkaGpox BapnanTaapnia Gepx KoOnKHy Taul-
KIL1 3Tran Hyxaomnap neittpan Y3akun xocna srain ne6 KapaauG,
KOJITail HYKJAOHJAPHUHT §3ap0 TabClpit XUco6ra oJiHalH.

Hlynpail guan6, Kobnk MoXennHH spaTiwiaa acocnil macaaa
MapKasiii CIMMETPHK NOTeHuHas MaligoHHuHr Kawaial Kypuuira
ora SKAHANTIHN aHuKaawsan n6opat. Arap Mabaym KV pHHALLIATI
noteniutan Maiionia xapakataanaértrad HykJaoH yuyd Llpeanurep
TEHrIaMacH eun/ica, SAPOBHIl 3HEpPreTiK CaTXaapull H(POAAAaBUI
SHepPrisHHUr KaTop Xycycuii KuiimMarjapy Ba ysaapra MOC KeJiy'Blil
Karop xycycuil dyuxunagsap xocua 6faanu.

HykJon 3HepreTnx XoJaTJapUHHHT KeTMa-KeTJHrH NOTeHulaT
GYHKUNSHINT Kypluunwira Gorany 6yaann. IToTenunan t¥rpn ran-
nab oanHran 6ynaca, Gup-6upira sKn 3HEPreTHK X0oAaTaap Ko-
Guxaapra Gupuknib cexpan conaapHHur XocHa Gyanumnra oand xe-
nagn. JIekuH NOTeHUilaa WaxAnHi Tanaab oamra  acoLJdanral
MOMENIAD XaMMa JKCMepHMenTans (axTaapHi TYFpH TYUIYHTHPHO
Gepoamaiiiir.

Xomatnap KeTMa-KeTJNTINI Ba «CeXPJii» COMIapin TYFpH Kol-
Tupnb wikapum yuyn Maiiep nyxaonaap opacuia mMaBiKya Oy.arair
Kyuan conu-op6nrtan §3apo Tabeupuit Xucobra oM Tak g
stai. By dapasra xypa cdepux CHMMETPHK MOTeHHNaT Kyiiniari
Kypunnwra ara 6y il Kepak:

V =V(r) + U(r){-3). (2.12)
6y epra V(r) ximpacit ioBIIran* TNTpH  Gypyakai  NOTEHNIAT  \pa
WaKmra sra, MSKIHYIL NaZ 3ca Cniti-0p6HTAT Y3apo Tat CHPIL NIICodra
omamin. Eepiaran opfirraa MCMEHT / ra MCe KenyBvH NOJaT IUC[TIHACH,
HYKJIOH CIUIHIHIDIC OR6HTAI-MOMEHT iy Haaimnira nHedatan napasiest CKH
Teckapll fiynaaran Oyamunira Kapa6, wskif NJL1 Kifivatra  9ora G- .1ad

LI)"IH\'H TY 12 MEXAHIIK MOMEHTH aHNKJICBUI KBaHT COH I =il o K-

Mar ot MyMei. LUyenur yuyn xam €up £p xodar #p,, Ba np,,
Xoaaraapra, fid xoaar ica nd., Ba nd,, Xomatnapra @kpaiali Ba
X.K. { HHNT KaTTa RUBMATING SHEFreTHK XNOJATHHHE KHUHK  KHIIMATII
MCC Keaall. NOJATJIapHHHT a@Paniuil FIuik / Japaa YHya KVera Taiu-
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Almvafir, [ > 4 jan Gouriab aspadiim opraiit sa xatro [ % yam-

! =
Ja_ [ —— carxaap Typu KOGHKJApra Ty KOMHUNL MyMKHH. By

€011 WyHI aliTifl Kepaxki, MPOTOH Bl UEATPOH SHepPTeTilK calXJaapH
anNuIa 6ya13, Gy sKiyaTaad yaap HAAMBHAYALTKKA ara. bi) 3sappams
KOSIS MOZSMII YUYH XOCHT KHTIIHraH SHepreTHs carxiap 2.2- pacuia.
K{peanitiran.

Ulyunait Kiuand, KoOuK MOAEMN «CEXPJH» COHJAApHI XocHa 6Y-
JUIWNHI, 3MEPreTiik caTNJlap KeTMa-KeTJHTHHIH, SAPOHIHT acocHil
B3 KV3FOTHJATAH XOJIaT/JapH CNHHHHH sIXWH TYWYHTHpaaH. Sapo-
HUHE acocliil XOJMATHIIIHE CIIHIL NPOTOH Ba HEIITPOHAAP COHI XY(DT
0faranza Hoara Tenr GyJianal, TOK HYKJOHJIH $ApPO YUYYH 3ca Yua
TOK NPOTOH &KH TOK HEelTPOHHINC TyJaa chney {=/-s GHIaH aHHK-
Janaan. fapo Tox-Tox OyJica, AAPOHHHT CHINM INY HKKH TOK HYK-
JCHAAp MOMEHTJAapuuuur {iHFNHAHCH ONJIaH aHnKJaHail Ba X. K.

Sinponur Marnur MomeuTn (1.23) Ba (1.24) opMymazap acociia
AHC05.1aHanlf Ba KYN NO.171apia yJap TaKpHOa  ¥.Juyanrad siipo MarHur
MOMRHTIADNAN Tachux iz, 2.1-kansanga | Ba Il KoOusn KeTma-ker

21-xxaxpar*

fia o Ciny Xoaar Haxen Fpa3

F v s, = i@ =
P l 5 + 2, —
H 1 (s, ¥ -~ 0,8 | + 0,88
H ] (Is, )* — 2,98 | + 2,79
He i (Is, v)‘! — 2,131 — 1,91
“He 0 (ls, )t 0 0
iLi By (s ) (py 3,26 3,07
b ap (1s, V' Uip, ) —1,18 | —1,14
4] 3 (s, W (1p, ) 1.80] 1,88
X 0 (Isy ) (py :)~ 0 0
e i, (s, 2 Upy ¥ lp, 0,70 | 0,064
ty 1 (s, ) Uy ) (Ip,)e —0,40 | —0,40
bN 1, (s, ) (py Y (Up, ) —09o8 | —o0,2¢
150 0 (s, ) (Ipy )* (g ) 0 0

B R 110 1 @ » e

Maipaaaa rpoton wa ueiitpotaap xo7aTH  Kyund  Samaran, Macaqan glLi

Janit 2 rpotoi (ls; ) xo1atia va 2 sefiTpou xam (Is;.)- xorariaa xKojliasrair.
Magsa=aa yaapum:ir xo.iaraapi Kywud (1s;, )t Red Esmaran.
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TYNAHPUNAMIIaH SAPONap YUyH MATHMT MOMEHTHIHI Hasa[Hii Ba 2Kcme-
puMenTal KHilMaraapir Takkocnanrad. 'He ra kanap eI spponapia
NJ'OTOH Ba HEHTPOHMAP GHfMHYI KOG!KHI XOCHT KWIVBYM 1§, , XOJaTHI
TYJIRIPALH. ZLi zad '§0 ra xaaap saConapaa MKKHEYH KOGHK T§JHPH-
aani. 2KageaagaH KypHMHHWIMNA, SAPCAGPHIAT  COHHIL  OXHPTI HYK.JIOH
XOJaTJAAPHHIMT MOMeHTH C(inal  amngaasann. N acaaen, ‘l.i Ba (Be
CMTIHAAPI TOK Iif OTOH BA TOK HERTPOH NOJaTJAfHHUHT AMOMeHTir (3 2)
6112H aHUKAdHCA, TOK-TOK ".;i-S YuyH cnid 3 re TeHr Gy.ub, TOK [1pO-
TOH BA TOK HeiiT 0H XOJATIAPHHIHE MOMEHTJapll Git1aH TYWYHTHRILTHILI
MyMkii Ba N.k. [ Ba [l KCGHKaapi TYaAMpHIsANraH 6y $ApOJap yuyH
Ha3apilil Ba 3KcrierHMeH1a] MArHNT MOMGHTJAD KIHMaTii sAXINI MOC Ke-
JHUN KaABaIgal KYPIHIG TypHomiL.

YulHuir KOGHK O-MykJaOH OiaaH TYamupina Gowwaiiui  Macanan,
xygr-rox 7O m30TONAA Y-MEHTPOR YUY HENTEOH KOGHFIHI TY.1L-
pa Gowaaiian. Ly sapoma | Ba Il Kobiuxaap Tyaa Ba 9-neiitpon ld.,
xomatna oy.mmuH xepax (2.2-pacv). fapo cmmi my 9-HEiTPOH Xo.aTi
MOMeHTH Gil1ad anuKJauraid yuyH 52 ra Teur Gy uuni Kepax, Xakin
katan Xay 7O appo cnupu 5,2 Ta TeHr. oGy Mogemi a acocan
92 cmmra sra 6y.aran  SHr eHril #1po  melitpon comt N =4I ra
TeHr 6yJaran %’Gc ra MOc Keqwi Kepak, uyHKI 41-HefitpoH  KOGHK
Moflemira Kypa 1g,, xonathi Tyamrda GomLaiL. Tampnda namuka-
napii xaM OyHH TacAHKAQiML

SIpomHr KOG Ao SAPOIAPAA YupAL1ira H30MeD NONaTJ apHiL
Ba I3OMEp AIPOJAPHIHT  TYIl- TV

6y.mb  yupaunmy, SLHIC  J130MCep
,0pO.TYAIAPIHI® XCCILT KL
XaM it TYmyuTipanis.  isosep
gipoaap GHp NHa npoTon Ba Gip
XILT HeltTPol conaapura =ra 0y
[mHra  KapaMaii, AniM eMinILHL i
JABpH, Tyaa GOr.Iamill  SHEPriLIci
Ba cnumaapn Ginad  (hadK.aan L
Bywaait sapoaapmmir €11 acociy
X0.1araa 6V.1cd, IKKHIYICIT KV3E 0.1-
ram MeTactafill  NOJaTaa 6Vl
MetacTabitT X0aaT PN eMIrILun;
qaBpi €k ypTava  suidil BaKTii-
WHHD HHcOaTal karta Gy.mini G-
JaH  XapakTepaanaur. Lo sapo
Cnpian opTiHx MeTacTabli1 No.1aTra

1f
id _.--—!‘g-;/z T p—— T NaM sra Gvanmir sy ki, Macasan
25 WA= 1 ¥ : ’

. ; SBr apint eMupILTiw 1a8PI 18 angr,
1P —c:ﬂam._ b 4,58 coar Gyaran nKkn Metac-
% 9 3 A o it

15 15y, g ra6i1 xoaarrasra.  Hunr eccol
NOJATHHII NaM XuecGla  osronia

S0Br yu nzomep Xogatia \u[adizi
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Jeiw MymxiH. [130nep siano MeracTaGua XoJaTAaH acocHii XoJdTra YT-
TS 130MEp ¥THI 103 Ozpami. Y3oMep sADOnapHHUr XOJaT CIMHJARH
0Ip-OHDAANKIAH KaTTa (PADKJIAHILIL OUIaH XapakTepaanamr. Come ¢apku
J M 5 ra Kagap 6y.niunt MymMkiHd.  LLIyiden  KH3IMKApAHKE, H30Mep
-07004aTApl * NPOTOH Ba melitpodaapi 50, 82, 126 cexpmur cOH.japra
e Oyarad sapo atpoapiria  yupaiam. 2.2-pachira Kypa  CIHHAapH
LI (QupKaaHagirad Kyl SHepreTHK caix.aan Z =50 N =50
vy lg,, Ba 2p,, Xomaraapaan uoGojar, Z — N = 82 yuyn 1A, ,Ba
35, Xomaraapnan ubopar Ba N = 126 pa Synnag xoaaraap 17, Ba
3p,, yomartanamd. By 1k X0/1aTa1aD Y¥3ap0 KOHKY JeHT X0AaTJapaH) .
Acooiri xonargari H30MeD s11)0A3 TOK NPOTOH EKH TOK HEeHTPOH TaCcTKH
SHEPTUA NOMATAIApAA Oy Ay, 51430 KY3rairaHja yJap CriHI KaTTa KHi-
T3 PIPRAAHYBYIL HABGATAAMH XoJatra YTHO KO.aca, MeracTalHa Xo-
JRTIANT H30MED sApo XocHa Oyaag.

MeracraGun Ba acocnil XoJsaTaap cmmHi kaTTa (apxJIaHraHu
S4¥H zoMep YTHIE KUIIHHTAIIAIH Ba MeTacTaGH1 XoaaT sIpHM Alall
A3BDI KaTTa Gy1a .

_ [lporox Ba meiitpousap conn 8 sa 20 «CEXPJIII» conaapura aKuH
Slaradg saposiapia usomep saponap yupamaiigs, wyukn 8 Ba 20
a1poduaa cnunaap (papxu karra GVaraH xonaraap iyx.

SADOHIHT KEGIUK MOogeInED IoKopHaa aiiTitiral  0TyKJapHra Ka-
T&¥ail, VI 10U 1atiion CoONACH JKY A2 YeKaaHnrananp. Y eHrin cge-
fiih RADOAAD dcociil Ba VIIFOTILITAN X OJIATAAPHHIHD 62 b3 XyCyCHATa-
SIROER AXiu TyiuynTipi Gepami. Xarto Gy coxaga  ya Gawnsit
SN SI2P0. CMULTAPUING Ty Il TYNIYHTHPHG Gepa  oamaiiml. Macanad,
SO0 Muzeatra kypa SLI v enitum TOK NPOTOH Ba TOK HEHTPOH
CHETIN O IO Tt 1o ad O i1 B 3 ra TeHT 6yaH-
SHURPE sun Hyiar Ui anl yuimdy npoTod B1 Y4IfddH  HEATPOH
Ip,, Nosuaa. Jlewn TampiiSa SLT cmnnr yuyH | KIGIMATHIC Gepajd.
fiiymimegex IE siapociunir e 1d,, Noaaraari 9-npOTOH CINIHINE
ICHD, 50K 5 2 Oyaunoin kepaxk sme Jlekud TAWPILIA  HATIDKACH 1:2.
1M CIHEIEN Al ToRYn 1 1-poroy  xoaarr 1d. ., Jeximl y/a4auliap
oNa e VUVH 5 2 M Gepant Ba N, K.

Aapoiinr KOONE MojeHn Gepk KoGux §pracura Moc Keysdll
AT-aydie saposapia KysaTwaaxuran aiianva CTpyKTypara ara
6..Jrauu SHEPrilsh XCAATAAPHIN TYUIYHTHPULIAA OXKHSAHK  KHILH.
bynzail saposapuinr »40kT) Kuaapynoas moventi, E2 xapaxrep-
A2TH {-YTHMIIAD SXTHMONINTI Ha3apHii KuiivarTiapra Kaparaiia
RATTR OyJHD wifi . |

Stapounir KOOI Moaeanunur Oy xamuuanKJapi TabHINAKRD,
YK TOTeNRINAa WAk cPOPHK CHMMETpHAra 3ra Ba HYKJIOH14D
133po Tavcipaauivaiian ge6 (apaz xpmirag spH. By KaMuIHE:

JApEI XHCOGra oJran sULPo MOANH SAPOHHHT yMyMJIalTHpHArad
u0fenn ne6b atanaqn.

aa
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1 2 3-pacn. Taan i uyxaonsap
conira rapa3 4Apo  L:OTEi-
uHAABHBHE F3Tapiiain.

1~

A0p0 waKnw

3
33L2aH ygaiLmaH

2.4-§. SIApOHUHT YMYyMAAIITHPUITAH MOAE/H

Hyrnonaapuuur §3apo TancHpH HaTmxackia XOcHI Gyragnrai
Ypraua cheplik CHMMETPHK ITOTEHIHAJ aJOXHAA HYKJOHIAapHHHI
Xapakarh Ba y3apo Tabclphra kapab yarapuuni MyMKHH. HykmoH-
JIapHHHT Y3ap0 TahcHpH 3ca GepK K0OMKAaH TallKapHiaa zoliaali-
raH TAWKH HYKJIONJADHHHT MHKZOpHra GOFNK. TalIKH HYKJOHaAD
COHH KaTTa Oy/iMaranja sapo MOTEHUHAJN Ba WIAKJH ceplK CiM-
MeTpHAANTHYA KoJaan. By xosma siApOHHHT KY3FOTHJIraH X0.1aT-
Japn GHD 3appany carxjaapial Ba sapojarn TeGpaHiuwaap BaTH-
XKacmHia XOCHA GYJyBun 3HepreTHK carxJapiaH nbopar 6y.aain
(2.3-pacwM, [ arpu un3NK).

Tamxy HyKIOHJApBHHT cOHH OpTHWIN OHJAH HYKJOHJIAp Xapa-
KarHHUHC $1PO NOTEHLIanura TabCHpH oOpTaai. Slapo cdepuk
WAKIHHIKT TYPFYUJIIMH KaMasjgi Ba HaTHzKaza Tebpanull caTx jap
sHepruscH XaM xamasan (2.3-pacy, 2 srpi unsug). Huxosr, tawgin
HYKJIOH/J4D COHH eTap/iiya katra GyJaraiAa sAPOHUNT C(PepHK ClN-
METpHsI IIARAN TYPFYH Gyamail Koaaliu Ba OyHunr Hatuzmaciia
AP0 MOTENLIaJIl XaM ¥3rapid, yuaark sHEprius MHMIIMY ML 10 11aH
(bapiaanyBuu nedopmaulis napaMerpura Moc keang xoaaxnm (2.3-
pacy, 3 srpit unsuk). Bympmail gedopMauusaasran sipo  MabayM
Gup YK arpoduia ailmamiiin MyMKIH Ba yHAa aifi1anjtul sHeprerix
carxaapn xocua 6yaamn. TeGpanuuwn asepretk catxaapH nacasii
Ba GHD 3appadai catxaap xapaktepH Xxau ysrapaan. TalWku HYK10H-
Jap Ccoull AHana opruwn 6uaaH YJAapHUHT  KOJJAGKTHB XapaxkaTit
rapcupn opri6, Gepk KoGuxTapRan TAWKHI TONFAH SAPO V3ark
NaM aedopMatisaannmn MyNKin. By yoama s1poaa 10Kopi iep-
risan (3—20 MsB) k¥sroaran xoaaraap xaM XOCKI GLANNLL MY M-
KHH.

2.4.1. Hocdrepux mafigonna xocua OyayRun GHp 3appajn xoaaraap

Cchepux 61Maran novenmuat malinonna HYKJIOH12P Napakaml Ky [iI-
TaH1a SAPOHIMI TY.MA XaPakaT ANKIOPIL MOMENTH / CaKJaHMac il Ty-
aitmy Nap _6np DHEPIeTi(k XOJaT VuvH Kysamiaamura (27 - 1) aitmas
Rapaxacit HyKOoaami, SIbHIC caTy 2/ -1 Ta caTXra ampainuil Kepax.
Arap naiiTon onpop fivuammra nncGatan (Macaan Z VKKA HICGzTau)
AKCHAA CINMETPIAra Sra Gyaca, J muir ury iy HATHUNLIANT NPOCKIIACH /-
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CAXJMPAHMNNT YYyyH Nad 62 caty HKKH Kadpami afipyy,

§ 5 1 CIIMMETRHAIL
I yHaalt Kier 15, nochzpus axkeHan

TX
MHKI0PH MOMEHTIIra MOC KeJyB4if SHCE)EIII‘IEHTII‘[KA ecqzjog\r::
AXPATUNL. APAm KATTAAHTH SAD A

AR

TONIL U MYMKHH.

Hocdepux axcuan cummerpm'mn gdaz;lrl;?:mf’ .éoc;,
3appani XoJaTaapHi Hnnbconumco gcmm,mm Hpop
gcbaTan cuMmMmerpusra sra OyaraH Tanbcﬂ‘)m”p'
Z,ounanaumx Ba KyuJau CIHH-opOGHTaJ pHHIL N

V() = —;—M WX E YY) o,z ]+

wl(1 + 25/3); o) =w(l —43 3);

o

by epaa o* =

UH
ra 6o/ 6,13l SIAOHHAT  xedopmauis Napavetpimn (y

SADOHIAT 3M2KTP KBARDYNOAb MOMEHTI Q HIl GHiray

CTS‘ Dz,

wra =
K\Iaﬁ;‘IOan
P (27 |

ra 6f.aamr.
/ Xapakar
) T4 carxra
1 Napaverpy 3 —

X033 X11co6.1a6

1 6¥ayBun Gup
U¥Hannwra
NoTenunanunay
codra omgn:

(2.13)

i 6 — pedopmMauna napaserpy,
C, D, o, — mouiinap, neg

it < THHT AN Gy
< X Jap HaTlxKacHaa o
Mypakkab xHcobna p g €
Pacargait KypuHid TYPHGAHKH, MOTEBUHAT cdeprk CHMM
au\f(a _—b) p,, Noaaraa 4 Ta HYKJIOH Kolinauams, g
V.aranig £

B J 15§
3nepreTix Xoaarjaap KeTMa-Kersiir

P Heua jjactky
Kypcatiyipan.

€TPHsIra 3ra
BHH 4 xoaar

el G Xigup. 8740 xoua 6y catx KK catxrg KPATaNd, wyHi
Ganeprit > L :

' §
e VIHIRNapiaa -t — py o
/‘ = ._‘ A4 YHUUr npoestuiaci h Gupaim apin; 5

I CREPRY T. pit MaHgii, uyEK [ =
i 01T RY(PTNIKAA]
AIVMKILH. ~.\

riC O WIir TYPIHC 1uIoPpaciaa Nap Xuamup.
KeTl '

(| 27 xoaar ey fiyHAMEOT Typad 6§.raq |
WLl EARERN Lt

. —— X0JaT Ty guiiagt. & << (
YA, CAYIT —— Y

KCTMA-KeTAIIT v 3rapajis . Dt S
B CHTS XM j NOCKIUI HNSTSERHIES
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Ba  — ra tour Gyaran 3 Ta  carxra
’ S

qapt. 9 Gvarann VayH Gy XOaarap
aw;ar‘lixlr‘x} aveatum. & > 0 ga carxaap J, l:mr
U a MOC K2aVBYH  KeTMA-KeTAHKaa
JITMATIL ODTINIL T MOC K& !

oitTanamt. ©<<0 Ja sca OQuH f, = - 4
HOil. L.
4
1 L Ba f -— caryJap Tyami-
CWHE [, == P 5
pi1aaIL.

Hit1bcon cXevacit nosnt f-.l'll]—-m-l.ﬁ*!_%qfeT:gf
caryJap CXeaacira Kypa | F Ba i a {J]B,
CHMEINIL TP TYIYNTHIHUL MYMKHH, By
:it[j)uuiiqup, YYHKIL  IOKOPIETATIE SIAPOAAp  3eKTP

ry 6ya wn

1. Xomaraap rerya-
=0 6yaray X0.na
KK HYKVIOH  Gipan
A4 3ca XO0aarap
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? !@)/ ]

- e =

N

G2 o o2 §
2.4-pacw,
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KB3IpyIonb MCMEWTH HOMpeH qiafkan 6Y nub, ynap AedOrmaluisnarral
ALponapaas u6OpaT. ) JAPHUHT XaMmMacH Myc6aT nedofmauis nafaMeTpura
Sranlri Tawfu6aaa kY peatiarad. IIysusr yuyH xam SLi gari yunnsianpo-

o _ 1 I
TOH BA YUHH'H HENTEC1 HILUILCOH CXEMACHTA K Pé: osaTAa K018 HI
Kepak Ba Jemax, Gy SAPOHMHT CNHEM Ba XYQTaurH 17 GYAHWH X PaK.
By Tampubana Tacaukaanrad. 'sF sppocuuars 9-npotoH 4,  XOJATHHHT

1i2F carxma MOHMZIUFabH yuyH SA[OHMHT &COCHH  XOJAT CINIHI XaM
1+ G 2
—5— T4 TEHr GyJHuil Kepak Ba HHXOAT, #¥Na pmarir [1-mporon dj, x0-

JATHHET 3,'2+ carxlia oinamrasd y4yH, fAPO  acocHid X0JaT CIMfHI
o+

Ba KYQTur —15—- ra ter. 1Uynpait knn6, Hiatcon cxcmac saro

XYCYCHATAAPHHEY TYF[H TYIYRTHENIO Cefamr.

2.4.2. Aitranma xonaraap

Bua I 60612 siapo KBaApPYNOJb MOMEHTH GHJIAN TaHMIITaHIIMII3-
na nehopManEasanrad, SANHNCOHA MIAKINAATH AJPOHHHT  Ti.la
CIHHH

T=K+2

6yammuny xypran sguk. By epaari K Hyxdomnaap momentaapn
HHFHHAUCHHIIHT S1pO CHMMETpHs YKHAATH TIpOeKIuscH 6116,
Y SAPOHHHP acocHii XoAaT CHHHH fo T MOC Kenamu Ba my(pT-7iyT
Anpo yuyn K=/ly=0. $lapo Ky3Faarauia yullir cnunu acociii Xo-
JIaT COUHHAaH (apKAaHHIIN MYMKHH, UVHKH HYKIOHAAD x0aatn
§arapu6 ymapriuHr MOMEHTJApH HHFHHANCH Ba gemak, K yarapazn.
S1apo Kysrairam xoaaTaa aillammiND XaM MyMKiuiL Ailaannm sapo
CHMMETpHS YKura THK (MEpHeHfuKYISp) Oyaran Vi arvpoduia 103
Gepaau Ba fApo Kywnmua allJaHiul  MOMENTIl Q ra sra  GVvaazn.
siaponnur 6ynpali aiiranmmm tygaitmr K uner  Gupop  yarapwac
KHiMaTIHra Moc KeayBull aiilaHMa SHEPreTnk catxaap co',\ac” Gv-
nann. By afinauma catxiaap sHeprusfcl =

o I — K
Earn = = =
| 2-/3¢p(]) 2“J,v|ub
= [+ 1) — KK + 1)), (2.14)

! pifich
6y epra Jyq — HHepuita MOMEHTHHHHT SGGeKTHB Kiftnat” ¥ Kviiiars-
ua aHHKIasanH: ) .
(AR 2
Joi = [—]. ;

\ % (2.15)
By ¢opymynagarn J, — k¥puaaéTran SAPO WaKIMIATH KaTTHK JKHCMILEE
HHEpINS MOMEHTH. )
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HKydr-xydr sgpo yuyd acocuit xomatra (K = ¢) y1muaap Ky Pi-
naérran GYJca,

E.:m:l = hyl([ + 1)1'2‘]311)41! (216)
6y epma /=0, 2, 4, 6 ... apHil pakar Kydr Kuiivaraapra tenr 6y-
i Mymkid (2.16) ra Kypa TYPaIM XonaT.aap SHepPrHsicH

E~0vE ¥ g 0a o _ 21h - 36h

= —

-"aqngr : 2 "’:ulsnh . t -"l1|’|l_1| Y jadul) !
- 55h*
£y = Ba X. K.
-""-:n:l|||:

KiiMaTIapH odamr. Jlemak, alizaHma coxara TEeriuaM aijJaHMa XOoJar-
Jap VYyH HHTepBaLIap KOaacH Ae6 aranyByd KYHHEArH Kouna 6axkapi-
JHWH Kepax:

Ey:Eyi BBt By ..—|:—‘,£:—:7-.12:%: L (2.17)

“

2.5-pacmaa ?g§U AIpojia Ky3aTilianirad aiijaHmMa coxa cXeMacH KypeaTiyr-
radH. By #3po yuyH HHTepPBaijap KouZacH AXMIM GaXapHIHIUMHI KY PHi
MYMKHH, Xaxukatad, £y: £, £, £t £, =15 3,32; 6,92:11;7:17,6.
By 1oxopipa 1HTepBaaiap KOIJACHAALl  CaTXJ/Jap KeTMa-KeTirH OiniaH
XL TYLIYNTHPIAaZM. SIAPOHMHT afilaHMa caTX 3Heprisick ¢opav.aci-
ra J,gq KaTTamik Kiopami, v 3ca V3 HaBOATHAA sAPOHMHT  HedopMauns
napaverpir ¢ ra GorauK. Llynuur yuyn 6y mofenb acocHma Typair pe-
opaalnidauTad A1PoAapHIHT JeopMallia MapaMeTpPHHEI XaM  aHUK.Jam
MyaKHH. Macasan, ofHp AIpoJap  yuyH GHPHHYN KY3FaTHAraH Xoqar
siepriscnr 40 - 50 KaB opammcna €rams, A = 150 =160 opamigary

sapoaap vuvk sca £, =80—90 KsB opacuna 6yaami. Temax, F,=
— /—3:’1—,1'411 Jogq W1 anugaaw Mymim. (2.15) ¢opmyanara kjpa sa J, =
el (it

— — MR? skamin xHucobra oG AedoPMalLIa napamMeTpH TYPUI s1po-

aap yuyn — 0,35 aan 4 0,35 ra wanap Y3rapHWHHM TOMHIN AYMKIH.
,legopyawirt napaserpininyr 6vugall  Kufimatiapi sgpo  3jeKTP  KBaj-
PYTIOaL NOMENTIAPINNAT aedyopalautisiairal aaposap yuyH KarTa Keno
YKL Ba L2 XapakTepaarit VTHWAAPHIHT KaTTa 3%TIMOMINKKA 3ra
OV HIBMIL ANXHDE TYIOVHTHPATIL.

SLapomnr yMyMIaWTHpUIran Mo-

Jelnra acocan SUAPOJAPHINT MariuT MaB
MoMenTaapn Kyiaarn opMy.ia aco- 0.785 @&
ciaa xucobGaanalil: )

p=gK+g.2 (2.16)  ©522 —— 8%
By dopuyaazar ¢, Ba g, aap varap- 0,309 6+

: &

Mac rupoMarniT Kynaiitvagapap. 10xo- g'})%i% _ ‘; n
piaari  JOPMYJI  acocima  XlcoBaaHra o o
AP0 MATHIT MOMEHTJAPI KHIMATIL Taxk- o
Pija HATIZKAMAPIHM ANIWH TYLIYHTHPAKL. 2.5-pacy.
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2.4.3. TeOpauma catxaap

DBepk Ko6iKAaH TawKapHAa XKOIJIaHTaH HYKJIOHJIAp COHH Yilua
wdTra GVsamarauna szapona Tefpanma catxjgap Kysatusnazn. Te6-
pauMa caTxzap sHeprusicH Kyiiniarn ¢opmyna OHAAH aHHKJIAHALM:

E,=nho, n=1, 2, 3,

TeGpanMa carTx/jap COHHH Ba XKYPTJIUTH MABAYM KeTMa-KeTJHK OH-
JNau xapakrepaanaau. Macaaan, sHT KyI 3XTHMOJAHK 6is1aH XOCHA
Gynagural KBaipynoab TebpaHuml HaTHXkacuila XocHJa 6ynaiHrad
catxaap 2% cnumH Ba XKydTauk Ougan xapaktepaauagn. n=/ra
MOC KeJayBui OHpHHYI KY3FAaTHAraH XoJaaT 2% CHHH Ba KyQDTIHK
6liaH XapakTepaaHca, HKKI KBaeTI n=2 KV3raanw 0*, 2+, 4+
XapaxTeplcTiKajapra sra 6yaran aiiuiran TpHMIET XoaaTAaH 1bo-
par Gynanumi kepak. 2.6-pacmia oCUNANATOD CHEKTPHra XOC JHep-
TETHK caTX/ap CNeKTpH k{pcatnirad. bupunun Ky3raTiarait xoaar
atepriusicn yHua karra aMac (~ 0,3 MsB). byuu rawkn wyxaonaap-
HHUHF cycT GOFMAMHLIN Ba YJap MaccajapHulur iniFiHaucH Karra
Oynumn Gunad TYmwyuaTupum MyMsun. HyHkn ocumaasnrtop rtebpa-
HHII 4acTOTacH

dopvyaa Ginad aditkaaHant, Ly epan 4 — OCIHETBITOD  3a3CTIEs N
amir<noswl kOsdhumtent, .V — G1pojari TawsH  HYKAOHIAD  OIL[ Ba
Ny, — GUTTAa HYKJIOH Maccacil.
flapo xkvunu k¥3FaTiniranaa YHiHNr ¥3ariia NaM Karta yarapiin-
aap 103 Gepnwn mymkun. Hatnwaza Gup-6npuian  wyjda  v3ox
woiinauran aunonn (1-), kBaapynoas (27) Ba oxTyvuOdL (37) xa-
paxrepaaru tebpanma catxaap Xocua ovanum ymyvuimn Innoas
Tebpaunwaapia xoaar 3HepriisIapi L~ 1520 M3B ra kaaap
Bopuw MabavM. Bynaari TeGpauilIap SLApolaril HpeTonaA NI
lieliTpolaapra Hucdaran CHAKNWN OHIaH TYWYHTHpIAa . Byiaii
Tebpaniunap sapo 10Kopi SHEPTHSLII TaMMa-KBauTAap Sidan Gou-
Gapammon KuIMUranAa xocima  Syanmnt  Mymeun. doTomaipo
peaxmusmapi xeb aranysun (y, 7), (v, p) Ba (y, f) peaxiuis-
Japlia Peakmis KeCHMHUHHT TaMMa-KBAHT 3MepPrisicura GOFIanlL
SPPH UHBIFILIA KEHT MaKCHMyM
3 xoci1 Ovaaaw. mraur pe-
+ 3oHauc xeb noM oaray Oyn-
Aait :Kapaéuaapuuur ky3rasnng
GYHERUUACHIATH KCUT MaKCHMYM
raMMa-KBanT SHEPTHSCILHHIID
i3 == 15 — 20 M3B guiivatir opami-
O =T O Pira Moc ke1adit. By xapadunn 63
3 SAPO  PRAKILIATADIE  BaFHWJIaHT AN
2.6-pac. 69314 GITaCHIDOK KV PHA winiasee,
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Hynnait xuaud, sAPOHHHT YMYMJAAWTHPUITAH MOAEJH acocHAa
sgponapAa Kys3aTHuajkran Onp 3appajH, ailjanma Ba TeGpanva
caTXJap XYCYCHATJAapHHH, 6ab3H sIAPOJap CNHHK, 3JIEKTD KBalpy-
NOJib MOMEHTH B2 IOKODH 3XTHMOJJIHKKa ara 6yaran. E2 §rumaap-

HH XaMJla MarHHT MOMEHT/ap KHIIMATHHH OCOH TYWIYHTHPHO Oepur
MYMKHH.



1 BOB
PAJHOAKTHUBJIHK

Yiirorran xonaraaru saponap sa K KHMEBHIL SJA€MeHTIapHHIUT
TYPFYH 6yaMarax nsotonsapu y3-yaupas O6upop 3appa €xu eHrusa
AXPONAPHH UHKAPIO eMUPHANLIT MyMKHIL ByHuHr Hatikacuaa
ewupnnaeTraH AAPONAPHIHT TApKHOH €RKI HUKH SHEPrHsACH j3rapa-

1. ¥a-y3unan 103 GepyBun OyHaaill anposiil xapa€uaap paiHo-
a KTHBJHK HOMHHH OJIH. PaAioakKTHBAHKIHIT OUHAHII OHIAN
fAposiap TapkuGH Ba 3JeMEHTap 3appajap XYCYCHATHHH yprauuu-
HHHT pacTJabKH AaBpit GoLLIaHIIL.

PapuoakTHBAHK XxoMiicacH Guplinuii mapra bexkepean Tomouir-
fag 1896 iinaga 6an3i 3J1€MeHTAaPHIHT (Y 0pPeCiet s aHI I H
VPrauull BagTiiAa Kawd sTran 3au. Y ypait 3JeMeHTIHIHIE XaMMa
GupuKMatapi yanapiuian HoMabayM Uypaap uHKapHIiug fnaiKalif.
PaaucakTHBANK XYCYCHSITH ATOMHIHT HUKI XYCYCHATH  3KaHHICH
AHBKJAHAN, UYHKH HYpJauill [HTEHCHBJAHIHCA  Tawki  Xapopar,
GociM, NeKTp GKH MarHuT Maiion TabCHp 3TMall. ATOM siipocH
Kawp ITHIray, pasHoaKTHBINK aToM SAPOCHTA TErNULIN IKAW T
Mabays 6yar.

Paauncaktusank xoaucaci kawd 3TiAray, opaian Kyl BAKT
VTMall, Aurn paanoakTHn sleMenTaap Kawd staaxn.  Macasawm,
1898 iiwana Ilbep sa Mapus Kopnaap topuil, nogonuit sa pa i
SJEMEITAAPH XaM DAANOAKTHBIIK XYCYCHATHrA  97a  3KAILTIFINI
aunkaagmiap. Pesephopa Ba YHHAT XOTHMIAPH pPAIHOAKFHB 1Y D-
danu Tabuaruin ypragud, painoakTiB MOIAAIAD YU Xud Ly p.la-
W 4AKapHIWI anngaaiilap.  Aapda-nypiaap HoMumi  odarau
oFltp myc6ar 3apsaganrai sappaiap Tesanri 10° cm/c atpodiiia
Oyaran, 6up neda MHKPON KaJIHHIHKIATI aJ0MHHHIT Kariaawmiia
loTiaysun reainl aroMuunnr sapoaapuian (f He) nGopar skanam-
ri Mavays 6yaau. Bera-uypaap sca mycbar éxi mauduii zapsia-
AaHFaN NO3NTPOH €K 3AeKTPOHIAp CKIMIAAH HGOpaT  3Kallanra
aHNKAanAl. Ba nnxost, ramva-uy paap MYNHTIAA KaM 10TIMIairan,
SACKTP BA MAPMIT MAlA0NKAA OFvalizuran OKOpi «Teund §Tiurs
monmnmnra sra Oyaran KaTTHK IEKTPOMarHuT  HypJaniniian
160PAT 3KAWNUTH AINKIANTIL

Myunaait K6, painoakTis exuphiIHL BaRTHAA Xocua 6iaran
Y PAAIIUNIHE TYPHra Kapa aan(a-nypaanii, 6eTa-’ypaanim sa
rama- u)pflamnu Ky3amiaumnn Myvsii. Evnpuanm tvpn sca wmoc
papiitia  aJabda-eMupuani, GerTa-eMHp N Ba
rayyaeMupuaInmw Aed araxamit. Keimwuadux panmoaktis-
JHKHHAT fia 0OMKA TV Paap XaM Kawd sTiaan.
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1939 ifinnaa coser ¢usnkaapu I'. H. ®aepor Ba K. A. Ilerpxkak
OFNp SAPOJIADHAHF ¥3-Y3l1aH napauaiaHHWNHHE Kalid 3TAHJap.
Dynpail OFHp SAPOJIapHHHT TNapuajaHHll BaKTHIA MPOTOHJIADH
eTHIIMAliANraH Ba 3JEMEHTAap LaBplii CHCTeMaCHHHHT Ypracujia
ETyBUll UKKHTa SIHTH 3JIEMEHT SIAPOCH XOocHJ 6yaaax Ba xap 6y.au-
HHLI akTnma taxMuHad 200 MsB sueprus, xamaa 2 éku 3 HeilTpoH
aXpaan6 unkazxu. bynaaii napuanaHuw ypaH Ba yHAaH KeliHH Koli-
JAHray, CyHbHil paiHOaKTHB 3JeMEHTJaDHHHT KYN H30TOMNJapHra
XOCHHP.

PainoakTHBANKHIHT GeWIHHYH Ba OJATHHYH TYPH HeliTpoH Ba
NPOTOH uiKapib eMupuaANIIHIAR 160opaT. bera-eMHpHAUIILAH XOCH
6ysran 6abL3n eHrua sapoaap yiiFoHraw xoaataa 6yau6, ynap Heii-
TPOH €K1 POTOH YNKapn6 eMIpHAHIII MYMKHH:

gt o ]'i_() +P

o= Oude 1 NAF g

o e

Kypunud typubanusi, nxxkaaa XNoJaga XaM YIIFOHTaH XOJaTiaril
(10:11y34an11) AAPO HKKH yCYJ GlilaH eMHPHJIHINK MYMKHIH. Opaaug
SLIPONIHT YIFOUMD dHEPFHACH AJ1pojAa NPOTOH €K HellTpPOHHHHT
Goraauns 38epriusclilan Karra 6yJarasjariia npoToH €ku Hefitpon
exupranum pyit 6epaan. ynucn xapaxkrepanxu, HefiTpon &K npo-
TOH HHKAPNO eMHPHANILN SPUM IaBPH peaKLUsHUHT GHPHHUH 60c-
Kuypaarn f-emipuanwra xoc 6yaran nasp 6uaam  Gearnsianami.
Itporon-pamoaxrnBauxknn Supunun vapra 1963 finsnga T. H. Oge-
pos GolnunIirELarl coBeT QU3NKIAPH Ky3aTrai.

3.1-§. PajHOaKTHRANKHIHT IPUM eMUPUJIRIN
LaBPH Ba aKTHBJHIH

Pesepdopl Ba YHUHT XOANMAADH pPailOAKTHBIHK XOANCACHIH
§praynur saxtiia (1902 ik) palow rasmnnir pagHoaxkTHBs HIOTONH
MaByRYIINTIN auiKAaanIap, ¥ pamuoastus PaIuiiiinr o-eMupy-
AU HATHAKACHA Xocna 6§ aran san. Pagon axrusmiri A (f) pagr
Vruwr Siaan Te3 ¥3raplillit XapaxTepan 3.

PainoakTis npenapar akTHBAUCH BaKT GHVIITIT HUILANEI eMIPILIHIGTAD
COHN GIIAH ANIKJIAHAZT. AKTIBIMK GUDTINL YUVH NP KaAGY KILUIH-
Fap. | ¢ BakT miaa 1 or pamuiiza 103 €epyBuIl  emsdIILID  cOHit
3,7-10" 6ym6, v 1 Kiwo pi ged Kabya kuamdme Jlemak, 1 Kiopi =
- eANpILII
3,7- 10" ————, | MIMKIOPI BA | MIKPOKIGPI MOC pasinuga 10-3

Ba 107% Kiopira Tenr. AKTHBIHMK pesepdopiaapna xam Vauaua-
a1 Pesepopa = 10+ 2R

10KopIIa aliTiaran Pa1os akTHBIHMMHH  Y19aw wyHl KV Pearamir,
~ T e , - N -
T,,= 3,5 KYuJa PAIOHNMHT AKTHEINCH HKI W NapTa Kanasp skad. Jrap
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t =0 GoarraHFAY BAKTAA PATOHHHHC axkmimura A, 6yaca, T,, Bagr-

o A 4
Aan kel yuir agrusmrn A(T ) = 2—", 27, BaxTiay cyur aca

A
A@2T ) = -;— Ba X. K., { BaKT yTraiy aca

“lu
A(t) = LT 3.1)
Oy.iam. AxTHBMIK GlIaH eMHPHAYBuH saPotap cowu (V) y3apo GoOF-
JHK. DouutadFuu BakTAa saponap coHu NV, 6%aca, ¢ BaKTHaH CYHT
eMHpHAMAll KOJIraH sgpoJap COHIL

N(t) = N, 2'T12 (3.2)

Gyaani. PagioakTHB 3J€MEHT AAPONap APMUHNHT €MUD UL YYYH
KEeTral BaKT ylUa PajloaKTIIB SJE€MEHTHHHT AP M €M I D HJ H I
gappn jgef aranand. 3.1-pacMAa KEATHPILIraH pPafHOAKTHB pa-
JOHHHHT BaKT YTl OHJIaH y3rapHur 3rPH YH3HFH 3SKCIOHEN LA
KoHYHra GVicynHIM K{PHHHO TYPHOLIL.

PannoakTus 3JeMeHTAapHHAr sApnM emupmiHw gaspua (7T1,)
TYDJIH 3JeMeHTAap yuyH Xap Xm1 OyJu0, yHHHT Y3rapHul ainanaso-
Hi OKyAa karra. MacanaH, Xo3up MabayMm OV.arag sHr Te3 eMupH-
JYBUH @-pAJHOAKTHB MOMOHII-2]12 HHHF HDHM EeMHDHANIN IaBpi
3.10-7cra Tenr. DHr CeKHH eMUPHAYBYN HeoAuM-144 yuyH sca a-
eMIIDHINLY sipuM gaBpi 5- 10" i,

PafHOAKTHBAKK SIPHM eMHDHJANII ZaBPHHIHT KAaTTa 8Kl KHYUK
6yauunira kapab, yHH yI¥all ycyaaapH NaM Typau-Tyman Oy.Jaan.
SIpEM eMmupiuHDL AaBpl GHP Heua CEeKYMI1, MINYT, coar éxu KyH-
napna Yidauca, rnpenapar aKTHBANTHHI HOHH3ALHOH KaMmepa &xn
TypaHn canaruuiap épaamiia yauwad Ty, Hir oced XicoGaamr My M-
K. Typait BakT naBoMida §auanrad  npenapat  akTHBIIIIH
6uaran xonna 3.1-pacMaari CHHrapH eMpILII 3Pt YH3IUFIHHI XOo-
cii guanw Ba Tpe Hu yauamw MyMKiua. SIpuM eMupuauw aaspmanic
6up neya Kuiimarura tenr 6yarall BakT AasoMiiia yavaul oaub §o-

pud, 7,. um erapay aapaxaga kaTra

N anuKIHK GInan xucobaail My MKHil.
No Pamoaxtusaik — ApuM  eMupnainm
aaspu T;» <1 c Ofaran xonaapaa max-
cyc ycyaaap Hmaatus, akTuBamKi Gup
Heya KiICKa BanT.Jap fasoMifga y.yaur
3apyp 6%1aan. by Xxoaaa npenapatun
ailmanu6 TYpyBult anck €Ki Jeurtara
JKoitnal, npenapat cauarty  éungau
YTuw nafiTiia yHIr akTHBAUFHUE AaB-
puit Yavaw fifan Suaan Tip #u anng-
Jall MyMxmi. Yauaw BakTit 6y Xoaga
3.1-pacs. Patioaxtis pazon JHCK 8K .TlefITaHI[Hl‘ aiiilam‘rm Te3JHrH-
i 6uaran Noala Xucodaad Tonuaami.

A21p0aap COMHHIHD BakT ¥Til-
i OiiaM y3rapuur, ﬂpll.\l EMIIDHIIIL QaBpH KaTTa 6')'1.11-
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ran xoajiapia pailoaKTHB HypJjanmingan xocua 6yaran 3appa-
JIApHHHF aBCOMIOT COHHHM §auami ycyan OHaan €ku acpuii MyBo3a-
uar TenraaMacu épiamuaa Tip HH aungam MyMmxuu. (3.2-§ ra

KapaHr).
3.2-§. PanuoakTHE eMHPHAHIL KOHYHH

PaanoakTtnBalK—eMHpHJANI AOHMHIAcH 1eb ara-
JiyBUH A KATTadlK OuJad xapakTepJaHaiH. ¥ paillOaKTHB fLPOHHHT
BaKT OHPJHTHAA eMIPHAHIT 3XTIMOJINTI GHJI2H aHnK/AaHaid. Evu-
pHAHII JoNMIUIICH BakTra 60FINK OYaMaradn yuyH df BaKT nyuaarn
PaZHOaKTIB eMupHAHWAAp COHH (aKaT eMHPHJYBYH DaalOAKTHB
ALPONIADHUHT COHlra 6OFIHK 6Yaani:

AN = — ANdt. (3.3)

(3.3) Tewrankmars «MHHYC» HIIOpa €MHDHAHIILA SAPONAD COHH-
HHHT KamalinwuHn kypcaraan. (3.3) TeHrJaMaHH HHTerpaJaacax,

InN = —Af +InC 3.4)

Ba / =0 ga C = N, — GoliaHFilu BaKT MOMEHTHHATH pPaTHOaKTHB $ii-
po.s1ap COHH 3KaMIHH Hasapra oscak, (3.4) paH

N=Ne™ (3-5)

TEHrJaMalli NOCHJI Khsamu3. By TeHrnama paanoakTHB eMHpPHARLI
KOHYHII 3KCNOHERLHAN KOHYH 3KaHIHH KypcaTanl.

PaauoakTus eMHPILTHII KOHYHN CTATHCTHK XapaéH KOHYHH 6YJ-
rany yuyn (3.5) Temrauk No KaTTa 6yarania aHHK Gaxapuuaand.
Kuyng Ny aapaa Tlyaccon xouynura 6YificyHyBum CTaTHCTHK (BJIyKe
Tyawus1ap xucobura (3.5). TEHrIMK aHiK 6aXapHAMACIITH MYM-
KHH.

I0xomimarn (3.4) Tenrnama TErpH  WHANK TEHraMaclMil  scaaTan,
Yuaaris & TyrPH uH3HK @ OFMIL GYPYarHHIHT TAHredcHra TeHr (A = tgp).
Jlemax, eampiminn Teaanrn cesiaapar Japaxana Tes yarapca, Taxpubaaan

a
Pl { ra GoramHIIIGT amiKaab (3.2-pach) eMMPHIHL JOHMHICH
[/
A HI OCOH XHCOGIaI MYMKIH,
Pamiroas THBANK eMHPIIHUT JOUMHECH 6i-

JaH AP eMHPILTING  JABPH  OPKACHAAri
Gormatiii JKyna €o1la K¥PHHHIWra sra.

N

Xaxuraran, N(T, _,)=—2— waptair  (3.5)
= | a

Tenraamara Kyiicar,  —N, = Ne Mz

Gynu orapipmaaé AT, = In2 skamium Ba
JeMai,

T = 0,693 (3.6)

12
. [

HH O0s1aMI{3. 9.2-pacM
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PannoakTHBaIuK fHA ypraya sSmaw BAaKTH Jed ara-
JYBYH T KaTTaank GulaH XaM Xxapaktepaanaan. bBupop ¢ Bakr
MOMEHTHAZ E€MHPHAMAfl KOJraH AAPONAPHHAT sWau BakTH { AaH
Karra Gynamd. LIy Bakr MOMEHTHra Kalap eMHpPHJTaH sApoJap
aca { Jan KMUHK €Ki yHra TeHr swaw Bagtiura sra. Bysnait sapo-
Jap COHH

AN(£) = AN(D)dt = LN e~ dt.

Yprava sumawr BaTiuic SHAN KyiHIArHua TOMHW MYNKHH:

E.n =]
[ taNe) Nol ko™t
v -|| (L) — ] :P )—./.l' " l
w =i = = = = -z—.] [ Xdx = o

fane No Y

0
Temax,

1 5 =
= T (3 /)

(3.6) Ba (3.7) mau T,, = nau 0,693 wmapra Kirufx 3KaHMNH KVpHHHG
TYPHORH.

(3.5) Tenramknn (3.7) acociia KyiLiarHua €3iun MyMKHH:

r
N=Ne ~.

Arap ¢ =< Hit Kyitcak N =N, ¢ 6vaaut

Jenak, © — eMupi1aéTran SAPOTAPHHHT € MapTa  Kasaiinn  BakTH
IKaH.

Babsu xosnapaa pagilloakTiB eMUDINIILI HATHKACHAA  NOCILI
Syaran XoCHAABMI AAPO XAM PAAMOAKTHB OV MW MYMKHI. & No.I-
Aa GOWAHFIY «Oua» f1po Ondan NOCHIaBUIl AIPOIAPHUIT ¥ My M
eMIPUIHLL KOHYHH Mypakkabnaluiaain. Arap «oHa» fiipoaap CoHukiL
N, Ba eanpuanw JouMuiicun Ay 1e0, NOCHIaBHil A1POHHIT COHIHIL
Ba emupianu gonmuiicin moc pasmwia Nz Ba 2o 1e6 Gearnaacax,
FAAPHIIUT eMupIiW gouvin xyfingarn HRKH guddepentinan reur-
JamMaraplail Keatupud unKapiIain:

d N (1) = — LN (0)dt: (2
AN () = AN()dt — 2.,.N,(1)d!. b

B) TSHTIAMATID CHeTeMACHHIL eund K)'I“HL’LQI"II HATHAAHE  OTIHL MVMKIHII:
N(£) =N, e,

QY
4

Ni(t) = Mot e ion fpmhe ety (3.9)

e

By epaa No; Ba Np; Gowaanrita t=0 BAKT MOMEHTHIArN «OHA» Ba
xocuaasuil aapoaap coun. Arap V=0 Ba 71> T2(), K Xe) G¥aca,
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t& T, Bagr yuyu (3.9) HH KYpHHHUIM KYIMLAarH CORAa XOJHA Ke-
JlaAn:

Ny(t) =~ 2N [1—e]. (3.10)

Az

Wynaaii KUAKHG, XOCHIABHI SAPOHHHT eMHDHUAHI KOHYHH T,>T,
X012 acocaH XOCHJAaBuil AAPO €MIPHJHIUI JOHMHACH Ap OHJI2H Xa-
paxkTepaanap 3kaum £3>>Tp abhu Aot >1 6Yaranma (3.9) TeHrang
Y3HHHHT yarapaBHil KH{IMaTHra sigiHaamaii:

HimN,(f) = A Noy/, = const. (3.11)
{—+00 :
¢t > 107 ga (3.11) Tenrsux 99,9 % aHukmkaa GaxapHAHILHHH KYp-
carmiy MymxiH, (3.11) TeHriHK OfavAa KyHwaard KypuHdiuga €3uaany :

AN, =A,N,. (3.12)

By TeHrak acpHit MyBO3aHaT TeHraamacu pged ara-
Jiain Ba y eMHpuJIaéTrad XOCHJIaBiHi AAPOJNADHHHT COHU  «OHa»
SIAPOTAPHIHT eMUPHJAHLIKAAH XOCHA OyJaérran Xocunasuii sipo-
Jlap conlra TeHr 6YinG KOJTAHAHTMHH Kypcataau. Acpiil MyBosa-
1aT TEHMaMacH y30K NIUOBYM PAAMOAKTHB SAPOJAPHHKT  APUM
eMUPILTHLG 1aBPHHI aHUKJAWAA KeHT KYaJaaHiiaamui.

Nceuaasuii SAPOHINT eMHPHAHMNAAE Xocuyn GYaraH sapo xau
gexapop OyJca, eMHPUIHII KOHYHH 3HAH yuTa TEHIJAamManap cuc-
remacii Guiay #dogananitd, CYHITH AAPONADHHHT eMHPHJIHL KO-
HYHIE sillajla MypakkaGaaiuasn.

10Kopuzia GU3 HKKIC PaANOAKTHB SIAPOAAD apafallMacu Yyuyu
(2> Ty aa acpuii MyBosanar Xocwi OyauwaHi K¥pruk. Arap «<ona»
SLAPO  XOCHIABRI] SApOra Kaparauia Te3 eMHpHJCA, SBHH X >Ap
R01@, eMUPIJHIT 3TPI YU3HFN KanAaal 6yaann? By Xoaza apanaw-
MANLHT CMHPIARL KoY 3.3-a pacyMia KYpcaTiirauiex srpH un-
30K Gijan xapaxtepianani. NaKnkaran XaMm «OHa» f1po Te3 eMH-

GES j_'kt!" ] Cn k-‘m\

A

Lty A

3.3-pacy. Mkwp pamnoaktns Mozsatap apanatu-
MaCIt AKTHBIHTHHIAC BAKTra GOTJauuw rpadury:
a) A2 A2 Xoa yuyH; G) Ai<A; XOd yuyH.




pUATaHi Y4yH eMHPUJHL KOHYHIH aBBas Ay GmjiaH GearHnaHalu Ba
5TpH UM3NK GOWMAHIIINAA KaTTa OFHII Gypuarira sra. XocHmnaBHit
AApo TYnaanub, §3 HasbaTHAa, Y XaM CEKHH 6yncaga €eMHpHIA
Gowmnaiign. MabayMm BaKT YTraiy «OHa» sAXPO €MUpPHJIHIIN TYyrab,
apanalIMaRUHT EMHDHJHII KOHYHH 3HAH (aKar Xocunasnit afpo-
NApHIHT eMHPUJNI JouMuiich A, GHaad anuknasamn. Karra {
Japia 3TPH YHBHK OFHII OYpHarHHMHD TaHrexcn (tggs) Xocuuasuid
ANPOHHHT eMHDHJIUII JOHMHHACHHH Gearinaiin: tg@s=2~s.

«Ona» sApPo GHAAH XOCHJABHH AP0 EMHDHJAHWI AOHMHIIIApH
Ai> Ao TEHICH3MHKHM KaHOATJAaHTHpCA («OHA» SADPO TE3POK eMUpI-
Aamu), apanamiMa akTHBIHCH BakT yTumu 6nnad  3.3-6 pacmaa
K§pcaTHAraHiek yarapaid. AsBas Te3 XOCHJ 6Ysaérran XocuJaaBsHil
AAPONADHHHT AKTHBJHIH XHCOGHra apaJjaliva akTHBJIHTH OpTagi.
MatbayM BakTAaH CYHr pPajUiOaKTHB MYBO3aHaT XocuJ OyJIHG «oHA»
Ba XOCHAABHIl AAPOJAp COHM TeHraawaal. Dynmaii Mysosanar
YTKHHYM MyBO3aHarT pelimnaad. $Ha Mabaym BaxTAaH
CYHP HKKaja sApONap COHH «OHa» SIAPOJApHHHT E€MUPHJHIL Te3-
auruaa Kamas Gowrnafigm. Pacmaa kypcaTharan ¢ Oypuak TaHr M-
CH «OHa» SAPOHIHT eMIpPHAHW AoHMHIICHHI (A) aHHKJaiidN.

3.3-§. PagHoaxtus onnanap

Tabuaraa yupaiigHran Ba cyrniii fiya 6H1aH OJHHraH paiilo-
AKTHB 3JEMEHTJAPHIl YpraHnm wyHn KypcaTAHKH, YJAapHIHT XaM-
MacHHN pajglNOaKTHB 3JeMeHTadap oHaagapu 106
arajqyBulf TYPT XilJ rpynnara GupAaumITHpHII MyMkHH. KaTtopui
TalIKI STYBUI $APOHUHT HYKJIoHAapH connt A>208 Gyaranaa anpo-
HIHD KYJOH ¥3apo TabCHPII 3HEPrHsAcH Katra axamusTra sra 6y:us,
OFlIp AApo y3unaH ansda-3appa unkapu6 emupiwaami. C .ok i
xomaacH [e6 HOM oarad Komjara Kvpa Xap Gup aarda-eapu-
JHII JKapaénijga XOCHAaBHit gApPOHMIT NVKJAOHJAD COHH 4 ra Ba
Tapri6 HoMepH €km 3apsamn 2 ra kamasan. Kerma-xer Gup ncua
anba-emupuan pyit 6eprau, xocnaasiii AAPOAa HeliTPOHAApHIHT
npoTOHJIapra nucbaran ¢onz XucobH opTuG KeTrasanri Tygaiiun,
opTiKYa HeliTpon n —+p+e4-y, CxXeMa 6yiinua npoToura aiirannG

p-emnpuanw 103 Gepamn. Chaziil Kowaacura Kypa emupiLuiu-
Aa XOCHAABINT sIADOHHHC 3apsan 1 ra oprain, HYKJIOHAAp cony 3ca
yarapmali koraan. LIywmir yuyn xam paiHoakTis OHJIAMN XOTILT
KUJYBUH 3JIEMENTJap KeTMa-Ket ajbda EKi Gera-e.\mpn.ﬂm} Ha-
TibKacnga HaBbaraari saeMmeHTHH XocHa khnamn. KeTma-ker emu-
plaHm 6apKapop 3JEMEHTHIHT XOCHT 6yauwi Giian Tyrajimi.

Kyftiza 3.1-)kansania typr papHoakTuB olaara Xo¢ 6aLii
MabIAYMOTIAp KeATHPHJTraH.

7KanpasHIIHT HKKHHYI YCTYHHA PANMOAKTHB KATOPJAPHII  TapkiGira
KHPYBMIT Xap GHP S/eMeHTHIMT Hykaomnap coi A = 41— C dopuyna
acocija TOMUTMIIL MYMKHHAME  Kypcatiarad.  Xap Oup omaa yuyn C
Oup xun KHitMarra sra O¥au6, topmt omtac yuyn C =0, ypas-pammii,
YPaH-aKTHHHH Ba HENTYHI oOmnanapy yuyH sca C moc paBmujaa 2, 3 sa
1 sianmurn RYpHHHG Typuoan. FOKopHmard  ¢opanyaana i 6YTYH COH
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3 l-Kazean

Go'raa tri [Bow Aanrin 3050 & fr '\'_ﬂm”ﬂl‘" JJicMeHT-|

Pa1itoa Tits okna A H30[0d  JUpiM CMHPHAN . Raspi|"de (OMIL B3 cyarry
NevenT

a3y 0 . 9
Topit 4n S2Th 1-410' fma 1t, %p;,
. 9 -

Ypau-paiiii 47 r2| By 4-5.10" fuea 15, 2%p,
L . Sy r S oo 207 -
Ypau-a .ty it 47 +3| Bu 7,2 107 fug 14, %7py
i 7 b 237 G . i 15
Henrynit 42 Rl gy'p 2,2-10° iina 14, 29

6yu6, ypaHu-panuii Ba ypaH-anTHHMH OHJIanapy yuyH n>> 50, Topuit
Ba HenTyHull OmiiacH YuyH 3ca 7 >>51. MacanaH, TOPUil OMJacHHIHT
GupiHuit snementis *¥Th yuyH 72—=358 Ba OXHDrH sneMents 28Pb yuyn
aca n =52,

JKansannau siHa Wy Hapca KYPHHHG TYPHOIWMKM, HeRTyHHil owjacii-
HUHE Gowr adiemeHTH ZIND yuyn T, = 2,2-10" fun, avuu Ep Suggan
TaXMIHAH MUHT MapTa KirtHe. UIYHHHT YU4yH Xam HenTyHmil pagioakTis
omaaci. Epaa yupamafiqy Ba y cyHbHH HYA GHaaH XOCHM KILTHHTAH.

T{pr pannoakTHB KaTOpra KHPMAiiluraH siHa kyiimgary Gew
Tabuuil paflioakTHB 3JEMENTAap MaBXKY I

PR, 87, Kekawpaw), T, = 2,4-10¢ itn
WRb(37), T, ,=6,6-10% furn

smie), T,=1,4-10"" funx

Teu@?), T,,=2,4-19" fun

“IRe(B7), T,, = 3-10" iinn

Kapc nuuaa Oy pasHOAKTHB dJIEMEHTNADHHHT eMHPH/INLI TypH KYp-
cariarai. by sneMentaapHHHr eMHDIVIHUL HATHKACHAA 0apKapop
3jeMenTaap XocHa Oyialn.

Ep sa Ep atvocd2paci Tapwie31aa siHa pag HOAKTHB SH(T, , =12 iln)
Ba “C(T,,=>517) itun) xav yupaiigd. By paauoaxTis H30TONNAP Koc-
MIK HyP1aD TabCHPHAZ XOCHA Gyand, eMHPIIHW HATHAAcHIA KicKa
BAKT SIIOBYH SULPOMAPHII XOCIT KIL1AAM.

3.4-§. CyHbHil pagHOaKTHBINK

bapgapop siaposapiaa nporoHnap 6uaan HelTpousap conu
Mabiaym uucbatia Gyaaan. Bapkapop IASMEHTNAPHUNT  TapTUO
noMepu GuJaH HYKAOHJAp cOHu A Kyiliaaru Mynocabaraa 6Vmums-
i xyprau saux (1.20-popmyna). :

= A
1,98:0,0154%%

“uT
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By dopmysnazan Gapxapop smponapiary HEATPOHAap cou N yuyH

KYHAUIary TeHIJHKHH OJIaMH3:
A
=A—Z.=A(l — —=).
Neim=A =24 ( 1,98+-0,0154° 7)
Iemax, 6aDKapop 3neMeHT SAPOJApHIA HEHTPOHAZD GiylaH nNpOTOHJIAP
COHM KYyiiHpariya HHcGaTAa 6Ysap 3kau:

i
Ner 0,98 -£ 0,0154%2, (3.13)
ZCT
Macanay, f,?,Ca yuyH 6y Hic6ar GHira TeHr. JJeMeHTapHuHr Melne-
JIeeB NaBpiii clcTeMacH ajBamiia Kasbliiinal cyHr sxofiiaHrag Gapixapop
3/7eMeHTJap YYYH HEHTPOHJAp NPOTOHJApra Hic@artH cekiiH opTHG Gopamit
Ba OFHP 3JIeMEHT/Iap yuyH yJapHuHr HucGavd 1,5 ra xamap erami.
TeanaTgiuAapaa XOCH/ KHAMHIAH IOKOPH 3HEPrisaH NPOTOH, HENT-
POH €KH EHTH JEMEHT $APoJapH OijiaH GapKapoP 3JeMEHT SIPO.Jaf HHH
60MGAPAHMOH KM YHAArH HeliTPoHsap 6GHnaH nNpPOTOH.ap HucGaTuii
yarapmipiit MyMkHH. MacanaH, sapogarH HefiTpOHJAD COHMHIL OLUI It
KN kamMaiTHPHII MYMKI'H, ¥ Xoaja '_l":- —L @K l < ¥ 63aud.
VA ZCT zZ Zer
Konany. Dywpait sapomappa GoraaHiw sHepriificit OPTHG KoO.Jazll Ba
YJAAPRIHr 6akapopauri Gysiiaan. Tadmatia yupaiimrrad  Oapkapop si1-
posap HeHTPOM-NPOTOH JuarpaMmaciitain 1 Ba 2 3|1 wi&knap ¢ &Ci-
Ia @TyByll TOP coxama soinawamnaap (3.4-pacs). Helitponir opTiiua
6yJraH 3JeMeHT M3OTOMJIAPH JUIACj:aMMAT4pHHAT 1 coXacira snoilaaiuo,

yJapaarti opTHiKya Helftpom /2 —p L ¢ - v,cxeva Ovilima  pporcrra
aillaHani Ba gevak, ya1d f-panumoasts ¢ axpr Il cosana wolliawyeuir
. i o
agpoiapia sca OPTHs4a NporoH  Hrfpoinatra p->7 - Ry Sl
pte —n-tv, exeMa G aklwl.3i Ba Aehdl, Oyiaait 4170 -
map B pamoakTimmnc & ¢ -KaMpaw Tyl esiaan. Cynmit 1y
Ginat XOCHT KIVIIHTAH 37EMEHTI2D XaM PAaquoaKkTiB GUalaHT MYMKIH.
Cynwnil iy 6naan XocHa KuauMuajauran CYWbiii  pPaanoarTus
siaponapun Gupunvi Mapra 1933—1934 iindaapaa H. JKoamo—
Kiopn Ba @, Jomio-Kiopis

N4 aan(pa-zappaiap Ousan  Hansu
f I 2 =N aaeMenTaapun Gombapanyon K-
| f by aud oaauaap. Yaap Oop, adioi-

100 / Rl Ba MArmiti 91eMenT n3oTon1a-
(] \,r/ puint a-3appaaap Guian Goxbap-
| 4 AuMol KIS Kyituaari peawiis-

B S JapHI XOCHA KILIAN:

HB L He > IN® + I,
AL+ fHe > 2P* 4 1,

S

7
4
4
i

50 160 = B 277G %
Mg + He—77Si% -+ 1,
3.4-pacy. Slapoaapunr weii- HOuaxysua nsoton pazioaxtus ska-
TPOH-NIPOTOH Aiiarpammacii. JMTIRY GHAIHPany. 15)’ Peaxiuin,1ap-



HHHT XOCH/ 6Y./IHu1 BAKTH JKYIA KHCKA, JIeKHH XOcHa G§JiraH PalnOakTHB
RN D ﬂSi H30TONMAP MABAYM SDHM eMHOMIHUI 1aBPH GujaH nap-
yanaHami:

BN* —13C 4+ e™(T, , = 14 mun),
Bp* o s 4 .-?"'(T”__ = 2,5 MHH),
14STF—TIALl + (7, = 3,25 ).

o o -~
XocHT GY/AraH CyHBHI PanMOIKTHB 30Toniap xam N = N.e™*' kouyn
Ginan eMHDHIANH, SBHH YJADHHHD EMilpHAHI KOHYHH TaGWHil DamHoak-
THB AAPOJAD €MHPHIMUI KOHYHMAAH dapkaanmainn. 1934 #nnga 3. dep-
M ¥3 XofHMJIapH GinaH HeHTDoH.Aap Gw1iH 3EveHTIaPHI GoMGapAHMOH
KIHO CyHDBHA PAOHIAKTH3  AAPONAPHU XOCHA KHAHUI MYMKHHJHTHHH
KYypcaTai:

AL 4l —1Na® - {He,

27 1 27 & A

Al 4 tn -2 Mg* 4 TH.
By epaa peakulrs UKKIL XHn Hywanumaa OGOPHWH KYPUHHDG TYPHORH.
Xoci1 GyaraH PafgHOAKTHB H30TONMAp KyAH#ard cxema GujaH mapyasia-
Hag:

+Na* Mg + (T

Mg

o= 14,9 coar),
o ‘f;Al 4 e-(TI(2 =9,51 nuH).

Xosupri 3aMOIl 10KOPH 3MEPTHAIN TE3NATKUWIAD APATHArad, ¥Xyaa
KYM CVHDLUI pajiloakTHB H30TOMJNAD OJNHAK. [aMMa-pajiuoakTHB
sapoaap K¥nynua ¢- Ba f-emupmamuaay cYHr xocmn 6yaaau.
Nociaapuii sapo Kysranran Xosnaraa 6yarau Xolaapaa, y ramuma-
nyp unxapub Yila sUIPOHHHT NACTKI €Kil acoCHil Xosaraapura jyTa-
ai. TamMMa-papioaxTis H30TONAAPAAH YHKKAH raMMa-Hypiap auep-
risicit Gip neua M3B ra Kagap 6opHIIN MYMKIH,

Tabuaraa Vupanaiiurad ypaugaH KeHiH sxolnaurad TpaHcypau 3Je-
MEHTHAD XaM Xap X supoBiit peakiuinap €kl noprJauliapaa XocHi
6yaami. Macatai, GuPIIIYI TPAHUCYPAH S/EMEHT *Np (Hemymm.237)
ypan-238 saementimi Hefitpouaap Ginad napyanaiwr HyU Gian  OJH-
Tai:

U L =28 - 20,

foal > TENp +e” + v;_
Tpateypall AeMCH LIdpadn Np Ba Pu Gupuieit napra peaxropaa (i, 2)
peariuisic pramiid NOCI KIuiran:

B =5 U =200 - ¥,

2Rl S LN DS

280 Y = ¥
aNp = 3iPu 4- e~ +-v,,



Iy fiyn Gunan OJMHraH NAVTOHHA-239 Xosup sLpo EKIJIFHCHY
cubatipa umaatuaagu. [layToduiinan Kefitn zKoitrawran — OFHD
snemenTaap acocad Ameprkaga I'. T. Cu6opr Ba Poccusna I'. H. ®ne-
POR GOMUNNMTHAATH (PH3RKJAD TOMOHHAAH Kawid STHATaH. Maca-
nad, 1964 finnna Jdy6ua maxpuaaru I'. H. ®nepos saGopatophs-
cupa, 104-anement KypuatoBuit oamumu. 1970 snsiia Poccust Ba
AKUI na unasc6opnil ne6 wom oiran 105-anement Kawd STHAMIL
1974 finapa aca Sapo rTagkuKoTnapu OHpnamwrad HHCTHTYTH XO-
Aumaapu 106-snemenT Kalid 3THATAHANTH XaKHAa Xxabap KA L.
An6aTTa OFHp 3JEMEeHTJAPHH KYN MHKIODAA XOCIJ KLl JKY1a
MyLIKya uwanp. Macanas, Z=101--106 snemedtaapuunr Gip Heua
Y éxn GUp Heua 103 aTOMJAapH OJNHTaH. YJap MaXxcyc CesTHpIiKKa
sra Gysiran paJHOKHMEBHI ycyanap €paaMuiaa aXpartuO OJNHCAH.

Taptu6 Homepn Z=89 6yaran aktuuuiinaH Gownab Z=103 i
JoypeHcuiira xapap 6Yaran OFnp 3JeMeHTIap JKyda yxwaw Kimé-
BHIl XYCYCHATra sra G6yJraHn yuyH yaap 3saemenTaapHinur Meiie-
JIeeR NaBpHii CHCTEMAacH1a epia KaM yupalianraH JdaHTaHnaaap
CHHFapH aKTHHHAJAP TYPYXH Ne6 aTanyBull 3J]eMeHTaap rypyxura
6upukagn. 104-snemedt (kypuatosuil) Ba 105-31ement (HnIbCOO0-
pHil} aKTHHIAJAP TypyXHura KHpMailanm Ba KIEMEBHII  XycycHdTII
Oyitirua GrpHHunCcH raduuiira, HNKKHHYNHCH 3¢a TaHTadra yxwabd Ke-
TaH,

Tpalicypan anexentnapunnir Taptné Homepn optH6 Gopiull
Gunan apum ewipmastl 1aspi kamas 6opaan. Macanan, 101-sae-
MEeHT (MeupeneeBnii-256) sprnm emupuanir jaepu 1,5 coar, 104-
3aeMent (xypuaToBHit-260) aca 71.=0,3 c SpuM eMHDIIHLI TaBPH
Gunail ¥3-V3ugan napyanaHaan. Mabaym Z 1a XaMMa H30TOR.1ap
XocHJst 6yanwn Gunan 64D oHA2 Mapuananu® XeTn6, ymapmm Clii-
Te3 KHJNIL Ba XYCYCHATIAPHHH YPraHull MYMKHH Gfnmail KoJali.
Jlexnn Manaym 6§arad H30TONAAPHHHT XYCYCHATAADHHT pramiil
8a sxcTponoasuusIam Z=112+114 opanugia éTyBun snementIap-
il CHHTE3 KHJNIW MYMKHH 1erad xyJocara canf xeiaul. Jlexniu
Gy 5Apo N3OTOMJAPNN KiH1upHUL Xo3kpua Mysaddariuat i nari-
manapra oanb KeamManui.

3.5-§. Anbda-emupnanwHEHT acockii XycycHaTIADH

Anba-eMupuanw xoxucacn acocan Z>=82 GVaran orip AAPO-
Aapra xocmup. Macaaan, taaaniimmr (Z=481) GitpopTa NaM -
aKTIB H3oTomN yupamaiin. Kyprowmiia (£Z=_82) uxknrta, BlucuyT-
Aa (Z=83) t¥KKu3ra, nosomiiia (Z=84) iinropyanan 4|)T-HK
Q-aKTis u3orcnaapn Gop. Hyvwkaowaap coun A==140—160 coxaza
CIVBYIL HOIND €p 31eMERTIAPIIA NaM «-aKTHB H30TONIAD MARKYI.

Anba-eMipuamn k¥sratHANNL yuyn acocan Kyiinaary mapT
Gazxapuains a0311a: ]

M(A, Z) > M(A—4, Z — 2) + M(He). (3.14)
By tenrcmsamx ,ona* sapowsmr TV.aa Goraanin sueprisici (£ ) Xo-
CILTaBIGI A1PO Ginan aanda-3appara (remri atoami fapocira) Moc ke-
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aysuit (E,_, o +E) AEMsB
TYaa GOFJIAHHIN 3HEPrisi-
AaH KarTa OyJranga Ga-
xapinanl. By 3Heprianap
Gapxi AE = £, | 7 o+
+E —E, 4 HOJAAH
karta GyJsca, anbga-emi- f\‘ v
P SHEPrHS CakJIaHHiT
KOHYHH HyKTau HasapiiaH /
mynkiH, AE <0 na sca I
TaKiKIaHanl.  3.5-pachixa i ap, T 20V
Typai sppoJjapra MOcC Ke- < b

ayBuirt AL WIHr macca
COHII A ra  OOFJaHHIn
rparpnrn 1\'GJI'F('IL)IIAI‘3H.
Tpaditicaan KYPIHUO TYPUSAHKY, aaba-emupuann A =140 gan Gowaab
KysaTiLniuur MyMKIH. A =140 Ba A =210 coxama Srpu WHHKHWEE
MaKcIMyMra Pl  KOOHK MOje/Mra acocaH TywyHTapuiamt. By
coxafapaa HefiTPOHIaPI Ba npotonnapn 82 ra Teur GYJaraH Gepk KOGHK
ryaayt. Emupiialtrad ,OHa* aapojard NpPOTOH EKH HelTpoHJap Gepk
KOOHKHIL NOCILT KIAraH 6y/ca, nNapyataHiul 3SHEPruscH Kamasu Ba
NOCILTaBI  sLAPOHIIT NPOTOH EKH HeMTPOH KOGHFH TYJrauxa, akcHHYa,
AE opmid xetami. A =232 nan GowwiaG Orup sApPoNapaa anbda-enit-
puunn Giiad GP Katopaa ys-y3umad HKKHra Napyaiasi (CToHTan 6y-
Ay Kapadiil XaM Kysartina Gomai.

Adavga-exuIpiiingr AN eMiiiw  naspi T, Ba eMAPITITA XO-
¢it1 Gyaraif ¢-3apPAIAT KHHETHK sH2priscn 11 Gunaw MyXutaa TiJa
forypiun itye (xocit Gyarasiad Gownab TyXraryHya 6ocis  yrrad
fiyan) Gieran Xapastepaanami Typau sidmkka sra Gyaran Myximaa 6ip
XHA IHEPrisi UL 3ADPAHIHT IOTYPHWT Eymr Xap XL 6ynami.

Eampienion zkapaCgga ampanrad AE sHepris anb(a-3appaH HHT Kif-
fleTi sueprisicit 7, 81 NOCH1aBHil AAPOHIAD ONraH TEIKH 3HEPrHsCHra
capdiaHamil. JHEPril B INIY.Ibe CAKIAHIW KOHYHIAPHA acocan T AE

WIHE ACOSIi KIUCMUIIT TAUKILT STAML XaKHKATAH eMIPILTYBYIL PO THin
x0JaTAa AeG (bapas KILAud, UMIYALCHHAT CAKAAMHY  KOHyHigaH K V-
JArHHH OJaMI3:

[ o @

\‘q..__‘___-‘ ]

(=]

3.5-pacM, Annda-emupuanga A\ E wiur
Ara GornaHuw rpadguri.

n
Try =T, M

Gynza Ty, — NOCILTABIGT SUPOHMAL Tenkn 3Heprisicn, M, yiry

M
cacf, M, — anbga-3appainir maceaci. [ emax,

~ 1511
AE=T 54T, = {\1 SE ; )

Ba

n "
f!_l = A{:T‘
Mya. —.—IJ(_‘




Wy #yn Gunan OJAMHraH NIYTOHHH-239 X03Hp ALPO «EKHIAFHCHY
endatiga nwaatunagd. Iayrowniinan kelfinH xofiawran — OFHP
snemenTAap acocan Amepikana I'. T. Cu6opr sa Pocenaga I'. H. ®ue-
POB GOWIAHAKCHIATH (H3HKAAD TOMOHNAAH Kald STHAraH. Maca-
naH, 1964 jinana Hdy6wa waxpuaarn . H. ®aepos nabopaTtopus-
cina, 104-smeMedT KypuaToBHil oamHan. 1970 #imiza Poccus Ba
AKUI na wuabcGopuii ne6 Hom oaran 105-anemenT xawd 3THaaH.
1974 fiunga sca SApo TaAKMKOTJapH OHpJalIraH HHCTHTYTH XO-
aumaapn 106-aaemenT Kald STHATAHANTH XaKnia xabap Kuuidai.
An6atra OFHp 3JEeMEHTNapHH KYN MHKAOpAA NOCHJ Kl ZKyna
mytukya pwanp. Macanan, Z=101--106 snementnapnunr 61p Heua
yH éxu Gup Heua 103 aTOMJADH OJIHTaH. YJap Maxcyc Cesrup.liKkKa
ara GysiraH paAHOKMMEBHI ycyanap €paamMina aXpatu0 OJIHTAl.

Tapru6 Hovepy Z=89 Gy.ran akTuHuiinan 6ownab Z=103 a1
Joypercuiira Kagap G6Yaran oFrHp 3jeMeHTsap Kyjaa yxuraul Kiveé-
BHIl XycycHATra 3ra GyJraHn yuyH ynap sieMeHTnapHuur Meuje-
JieeB 1aBphil clcTemacKHua epaa KaM yupaitauram Jaautaniaaap
CHHrapH aKkTHHHAJAD TYpyXH 4e6 aTalyBull 3JeMeHTJIap Typyxura
Gupukagn. 104-anement (KRypuartosnil) Ba 105-3aement (Hnancoo-
pHil) akTHHHAJKADP TypyXHra KHpMaiian Ba KHMEBIIl XyCyCHSTI
G¥iinua GupHHuiCH radHuiira, HKKIHYNCH 3ca TaHTatlra yxwalb ke-
TagH.

Tpanicypan aaeMenrnapuuuur tapri6 HoMepH OpPTHE Gopiluii
6inan spuM emupHandl gaspH xavas Gopami. Macaaain, 101-3ae-
MenT (memjesneennii-256) spum emupuwanw aaspu 1,5 coar, 104-
saement (KypuaToBiit-260) sca T1.,=0,3 ¢ sipuM eMupIINW 1aspl
Bunan §3-¥3ujan napuanaHaan. Mabaym Z 1a xaMMa H30TON.1ap
xocun 6Yaumn 6unan 6Hp owaa mapuanannb xeTub, yaapuHi CcHi-
T€3 KILTHI Ba XYCYCHATNAPHRN YPraHil MYMKHH Oyamalt Koo,
Jlexnn Mawnaym 6YAraH H30TOMAApHENT XYCYCHSTAADHHN VPraiiig
Ba sxcrponoasuisnaam Z=112--114 opanitkia éTveUH aaemelT.1ap-
HIl CHHTe3 KNJNO MYMKHH 1eran xyJaocara ¢anG xeaamn. Jemin
Oy s1Apo n30TONAADPHHE KHANPHUI NO3UPuA MyBaddakuar i nati-
Raaapra 0116 kejamanil.

3.5-§. Anbvda-emupuanwnusr acocHil xycycustaapn

Aaba-emupianm xotucacn acocan Z>>82 Gyaram ornp AIAPO-
Jgapra xocmp. Macanan, taaaniimnur (Z=81) Gupopra N
aKTHB H30TOMI YupaMmaittn. Kvprownnia (£==82) nkkira, piucayr-
na (Z=_83) tyKKH3Ta, NoJomiiia (Z=84) Jinrupwazau lmzm\'
«-aKTHB H30TCNAAPH Gop. Hykaowaap comn A= 140— 160 coxaia
CTYBUIL ROND €D 2I@MCHTIAPIA NaM «-aKTHB H30TONIApD MAaBKY L.

Aabda-eMupnanm k§sratnanmy yuvn acocan Kyiiiar 1I1apT
Gaxapuanunt J103n: '

MA, Z)> MA—4, Z—9) - JM(CHe). (3.14)
By Tenrcmsmes ,ona* siapowiur TyJIa GOrJauinn suepruscir (/2 ) NO-
CIL1aBiil A1po Giain aqnda-sappara (reats  aroan 3pocira) Aoe Ke-
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Macanan, 22Bi yuyn T, =6,086 MsB, T, , =0,117 MaB.

Ornp 4aponap eMHPHIIL BaKTHAA a)Kpa.r]raH sneprusianzr ~ 98 %
anbMa-aappaHiHr KHHETHK SHEPrHscHra TYFPH KeJaju.

Anbba-eMupuaNUIiapHH AnarpaMma (cxema) waxanaa kypca-
THID JKyJa Kyaaitnip. Macanan:

22Bi > WBT1 + {Fle

eMUpPHINIUHIIHT 3HEPTeTHK AKarpamMmacH 3.6-pacMpua xypcartuiaraH.
By cxemana KXymainHK yuyH XoCHJasuil sapo 6inan reanii sipo-
CHHHHI THHY XO0JAaTAard MacCacHra MocC KeayBul TyJa 3Heprusaap
firFpancn noara telr pe6 oandran. IOkKopH caTXHHHT 4an TOMO-
nuja Keatnpuaran 6,203 MaB sueprua aca 22 Bi aapocnuur tyaa
SHeprusicnanp.  Anba-eMHPHAHII CHEKTPH MOHO3IHEpreTik Ba
JOHCKPETHHD.

Kyn xoniapaa anba-esmmimimian xocia 6yv.arag  aisdga-3appaiap-
HIHD KHHETINK SHePryAch Oup Xua GyJamr. Macanan, “LPo  enmpiriran-
Aa xocun 6yarad ansga-3appatap sueprisicn T, =7 68 MsB. lexuH

6ab3ilt x013apaa GHP Heua rPynma MOHO3HEPTeTik ansa-3appasap Xocil
6yaamt. Macanan, *iRa izotoni esupiarasaa 7. = 4,88MaB (96 v5)
pa T ., =4, (“8 MsB (4 %) kinemik  3Heprusan aihha-sappaiap Xo-
cHA 6¥aami. Y IaPHHHI HHTEeHCEBANTE (KaBe iMlga (o3 Xicodaa Kevt-
Tnplmrau) VIO 103 Gepa€TraH XOAaTJaPHHHT XVCVCHSITIapira (CIH,
HYQTANK, H30TONHK CNHH BA X. K.) 6OFJHK. FHTTA SAPOIIIHT €AHDI.II-
LI BAKTHAA TYPH SHEPrisiai atibga- 3dppa‘mpmmr XOCH.I OVl 4.0 b=
Gra-emUpIAKW HOSHK CTPYKTYPACH aeiliaali. Hoasm CTPYKTYpa
MypakxaGpox  Oymmun  NaMm  Mymkne  (3.7-pacm). By Tl

3

HIHE GHD Heva K§3raarali XOJaTaapi Xan XOCIKT OV 3. 7-Dach-
Lai KYPUHIO TYPHOIN. SIAPO  KY3raaranm XoJaTaan nactkh CKil acociii
XOJaTIAPra 7-UyPaap uikapnG \ Tami.

Babsit xoaaapaa CMHPHITAETRAIL AP0 KY3raaran OJIaT.1a XaM
6)"“[1]11[ MY MK, ﬂl[)() l\\3lﬂ1ld|( NOIATA8 uHKapran
PaRAPUNNr KIHETNK 3HEPrHsicl, acocitii Xoaatiaap opaciila vri-

1 1y - e
i a-zap-

'
(@ w)

6,203 MaB 0473 ———
o040 it )
o —— AW
0 =
3.6-pacy. BueamyT-212 mnr emupu- 3.7-pacy.  Aasda-emupiimn
A exevaci, HOIIK CTPYLTYpac.
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Jnapaa xocua 6yaran  aneta-

E\M3B 3appajlapHURT KHHETHK 3HeprHs-

185 ciian katra Oyaagn. Bywnai

anba-gappajsap y3yH IOTy-

pum fiyaura ara 6¥aran

10,746 anvdaszappaaap ueb ara-

10,622 aapu. 3.8- pacMaa Oyniail adb-

tda-3appanapuunr xocua 6fnuux

9,675 cxemacl KeatHpuaran.’i2Bi n3oto-
8,842

NHHUHT  GeTa-emupumnniga 213Po

i H3OTOMHHIAT K¥3FairaH Xomnaraapi

/4/ o xocHa 6yaani. [Tomonmit — 212 y3

D Ps uas6atiia aaba-emi  Giian

25Pb 6apiapop H3OTOMMHI XOCH

3.8-pacM. Kunami. Macanad, ¢,-3appanapHiHT

KIHCTIIK IHEprisacH o, -3appajaphu-

kigan  9,675-8,949 = 0,726 M3B ra xarta sKaHjHrH cxemagam Ky-
pHHEO TYPHOMIT.

Aapda-3appadapunnr  KHUGTHK 3HEPrHsCH  MarHuT  aflsda-
chesTpoMeTpaap épaamiiia auuy ViayaHani.

Adnga-exipiiira Xoc acocHit  XycyciaTiapiad  sHa 6HPI LUIYHIAH
NGOPATHH, a’db(a-eMIPILTIL SIPHM JaBPIf JKYAA KeHI NHTepBa/ coxana
varapiuie Mynkin. Alacanan, SHP KHCKA siPHM  eMHPIUIIUL J12B DIl 2{{-;Po
aa wysamwaa (T, =~ 31077 ¢), 'IINd yuyn zca T, ,=5-10" .
Jlekin Oy HKKN 1130TON eMHPHANILIAR - NOCHT Gyaran  anbga-3appanap
spepriacl ca 2,5 sapra Qapiaanall, X0a0c. XOSHPTH BakTAa MaLAyM
Gyaran Nauma o-agris aaponap suyn T4 -9 MsB opamigpa éra-
ot Nanda-enimigiinnn sipny 1aBPi 6AaH  KIMeTHK  3HEPris  opaciiart
Goraamimnunr 1911 fnrnr Ueitrep Ba Heroaa yprawn6, Kyifupary anmi-
PHS KOHYH MABZACVLIICIHIT aHIKJAIap:

lgh = AlgR_ - B. (3.15)

Aauda-zappatsmr forypum v R,

] + 20
KHHCTIE sHePrisicnt 72~ Gin Ky peat- tn 28
KUY (DY IKUISE  TaP31d GOr1alraH. ia 1
Macatan, xano yuvi
) ] AT 18

Ry = 0,37, Mab. (3.16)
IHynunr yuyn Peiirep-Heroaa gony- 1
HHHE K VALY 0002100 N Ay My M- 8
Kt |

Tk el - 4

gA = gl 5. (3.17)
(3.15) Ba (3.17) opayvaarapia A, 04 05 0807 [nRa

B pa A, B nap  Gup-Gupnra st
poutitiapaip.  3.9-pacuaa efirep-
’ S 3.9-pacm. Teiirep.[|
Heroaa Kouynun rpaburi  KeJITHPILI- nym[; rp;,q,,,r::rw Herortip

62299
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rai. Xap X panMoakTHB Karopaap yuyn (3.15) paru B dakar
~5 9 ra hapK KMArTami ydyH YPaH-Pamcd, TODHH Ba ypaH-aKTHHIM
K4TODAPHra TerHWH H30TOMIap YYyH A uiHr R, ra GOFJaHduld yu-
Ta Mapamien TYFPH YM3HMKHH XOCHI KHnami [Teirep-Heronn KonyHHZa
A HUHD T, ra Kapal y3rapiuMriHa xu:o0ra OJIHHTaH. Acaupa A siHA
eMHPHNYBYH ANPOHHHT TapTHG HOmepu (Z), pamuych (R) Ba Gousa ¢ak-
TOpaapra xam OOF/MK OF.namH.

Bip 2/EMEHTHIHE Xap XHI H30TOMH y4vH aiba-eMUupIL SHep-
ruack (E, =AL) uyknOHnap cond A wuur OpTHmM OUTaH  Kamasial

(3.10-pacm). By xouyrusat A>215 Ba A < 209 coxana 6axapito, Wy
HKKH cOxa opanHFMna Gysuaamd. Byura cagaG 1oxopina Kypuaran Z =
=82 pa /N = 126 napna Gepx NPOTOH;ap Ba GEPK HEMTPOHJAp KOGHTH
X0cHA G¥/rad HIOTOMIADAA aTbba-esuDi T I IHEPrisICHAIHD Yarapii-
_IIp.

3.6-§. Anba-eMHpPUAHII HA3APHACH XAKNAA TYWYHua

XamMMa 3aeMeHT AAPOJAapl NDPOTOH Ba HEMTPOHJapIaH TaIIKHJI
Tonrannuny 6u3 Gupnyn 6o6xa kipauk. lyuaai skaun, ansda-emi-
pHJHNIL 2apaéuil acocan HKKH Oockliuilan nbopar Gyanuwi Kepax
jeran dukp Tyruaagin. Bupniun Gocknuia sapo uunia 2 nporon
Ba 2 ueiitpougan aavda-zappa xocua Gyanwi  Kepak. Hkxiun
sTanpaa asca, Nocna 6yaran aanda-aappa AapoiaH TalIKapHra uu-
Kaan. Hauna anapda-eMupnaniu nasapnsicit Hkkana :Kapaéunn sgxuli
Tywyutupnd Gepiwmn xepax. Jlexun Oyniail naszapms xadu o xad
saparuaMaran. Afnnkca, f4po HUIEIa 3appaHiHr XOCH OV JIIHIiHI
TYWYHTHPHW MYWKYA NUAnp. Aasda-zappa eMupuaim xapacun
103 Oepactrail BakTAa AAPOHHUI NHMILAD XOCIHT  OyIHIUI MY MK,
Slapo xyun T¥iignuw xapastepura sra GVauwn, Oy epaa ayNHM
axamusitra sra. Hatikaaa uyxagonaapuunr $3apo tabeipira gapa-
Fania anoxuia npoton 6uaan AaApo KY.J0H Y3apo TaLCBPIir aNa-
MIBITIL OPTHO, OYJAAPHHNT XaMMaCH AP0 HuHAA aab(a-3appaiiinre
Nocua fyauumra cabad 6vaaan.

Kpant mexaunkaci yeyaaapi acoclida NueoGaauriap  adanda-
3appaHUHT OPOTOH Ba HENTPOHIapPAAH XOCHI OVAHIN 3XTHMOATHTI
P Hu aungaaw yuyn

o =N, (3.18)

TEHIVIKAATH @, KOXDPINGICHTIADHH TONI Kepak: GV epiaa ¥, — sapo-
HIHE TYARHE QYHKWIACH, (), JaD 3Ca MALIVM  HYKJIOHJIAD KoMiirypa-
UHAMAPHHIHT TYARM  QyBRIGEIaPIEHD).  Arap  HKKP  150TOH B KK
HENTPOHL atnda-3appa TyaKiH PYHKIIGICH § 043Tarit KoddhduauenT
a, Oyaca, P = (a)* 6vaamn. ek P iur NucOGaam Kkvia orid Ma-
canamip. TaxDuda HATIDKATADI WYHI KVPCATIURI, Ry GT-Ky (T 9100.3aD
acociii Ba cyer Kif3ramiw NoaaTaapaa Git) Xit1 Pra sra V.G, VHHHT
KUAMATHHIL OlDra Tedr 265 oaw mymmmil.  Sleir Gymgait  siapoiapiaa
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cOHH 0nJaH GOFJaHBLIN,



Vi 2za?
|
A=z - ¥ \'0
Ea | -r—\> s T = ___Jl_____l_._.. i
|Tl‘! \f" ®E o | 2 l' 3
2 51-‘_'_______‘- _
-, H R 3 o d X

3.11-a,6 pacwm.

:anbga-3appa albha-eMHDHIHW xapa€Hiia AAPO IdHga ,Taiidp Xoama
yupait® AelHdl MyMKHi. SHAM anb(a-3appaHil  sApojaH  TawKapHra
YMKHIIHHE XapaKTep OB (M3HK KATTAMIKHH aHHKJaul Macasack GiiaH
TaHHWAaMK3. DYHHUC YdyH aBean sIpo iuida Ba aapo arpodiia albda-
3apPaHHHT KYJIOH MOTEHUHAMI KaHAAH Oy THLIHH KYPHO 4HKaMI3 (3.11-
a pacm).

slapoAan TallKapHaa KICKa TabCup Xapakrepura sra Gyarad
AP0 Y3apo TALCHP Kyui HOAra Kalap Te3 Kamafirawaurn YuyH
.ajbta-3appara dakat Kyilmaarst KyJon NoTeHUHaNH TabCHp 3TaAH:

e

Uuy.mu St e (3]9)
r

oy epda r — siapo Guiaan anbba-3appa opacuiari Macoda. 1 =R 1a
(R — saponnur paanycn) Kyw.In sapoBiit §¥3apo Tabenp suepris-
¢ opTIG KeTuld, NMOTCUIIHAA STPH UH3IK KeCKHH nacasiai.

[loreumnnana aneprist 3rpH YN3NFn r=R aa KyJou 0ooteniara’
TYCHFH fe6 atanyBsun MakcHMyMra ara. Slapo munaa  unoteninad
3rpH YHBUFIHHHT AR HOMaBAYMIHp. Jlekmi adnda-esupi -
HHHT ACOCHIl XVCVCHSTIAPHHI TYIWIVHTHPHIL VUVH sLAPO Huh1a J10-
Temnnas yarapMaiian Ba VHHHT  Kuiimaty  aabga-zappansur T2
KHHETHK 31epriusici1an 03rnHa KaMpor 6vaazan ae6 xapaw xidos,
UYHKI HOGHNKMMKJIAD MyNocabatnra kVpa aanga-sappaniur Tes-
NUTI Ba ACMAK, YHINCD KHHCTHR SHEPrusacl HoAra TeHr GVInuin MyM-
KHH 3Mac.

Orirp aapoaap yuvu (3.19) dopsvaa acocnia notenunat TVCHK
Ganauaanrn (Macanaw, ypan-238 vayw) rtaxsiman 25 MsB ra
SIKHH - Adbda-eMupuANLAY  XocHa OVaVyBuUM  adbga-3appatapiir
KHHETHK suepruacn 4-+9 MsB opaankaa 6Varanmi yuyn KIacclk
(u3ika nyKTan nasapiaan aantha-zappa norenunaa rycusnu enrnG,
SIApOAaN TalWkapHra upxa oJaMalian. KsanT sexauwikacuia  aca
MHKpO3appa Xapakatit TVWIKHH XYCVCHATHrA 3ra OVaraniian adb-
(a-3appa noTeHINaT TYCHKAAH CH3NG VTHIL IXTHMOJINTA 3ra §V.a-
. By spdext Tyunear FTHIW EKH 3appaniHr 11 OTeEH-
nmaa tVcuHKAan yTuwwmwu jed ataiamiu.

Macaaanu coppanawrnpuw  yuve 3.11 g-pacvaari nmortenumnasn
TYCHRHH kelranry d sa Ganarzanrn Vo ra Tedr 6Gvaran  TVEpH
Gypuakay moTeHuHaa TyCHK GumTam aamawmrnpamus (3.11-0 pacm).
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Pacmnan xypunuuwmua V nortenunaxn 1, 2 Ba 3 coxanapua Kyliuparu
KHiiMmatanapra sra 6ynan:

ve0 x<0Bax>d na
Vo 0K x<d na

Maccaci 7, Ba xuneTHK sHeprisict T <C V, 6yairan  aana-3appasuur:
my NOTEHLHANn TYCH<{AAH YTHI INTHMOMIHIHEH XHCOGMaliMI:

Bus kypaérran xon yuyu llpeguurep Tenraamach Kyitunarkya €3u-
nani:

AY + (2m h¥) (E— V)b = 0. (3.20)

By epaa W — x, y, z KoopAHHaTaJapra Ba ¢ BaKTaAa Goraug Gy.aran
aappauuur tyakun dynxunach, £ — Ttyna snepruscn sa V — 3appa-
HIINT MOTEHWIIAa IHEPTUACI.

Bip $auaman coxa yuyn (3.20) Tenraama kypunnmmp cogpasa-
waan Ba | Ba 3 Xamaa 2 coxanap yuyH TeHrjaamanap Kylinaariya:
kypitnitura ara Gyaaan:

de [ 2n, » :
dx T T-)Lv=0 (V=0mT, =E)
d= 2m_ \

ot () (E=VIp =0 (V> )

[OKOpIAATH TEHTIANGLIAPHIHT eYIIMIT 1 Ba 3 coya yuyv It 1|‘(x)~exp(£/ex)
Bt 2 coNa YuUVH () ~ exp(rx) KYPHIAa H3MaHaoH (R — xakikiii
con). by Noria | B 3 coNanap yyyH XapawTepHCTIK TeHrnama

9

— k- 2m, L W= 0 (3.21)

Ky piuiumra, 2 coxa Vuyit sca
\
\

s Hﬂ V—E) (3.22)
KADHHIIUFE Kedatit, (3.21) e eyinnt
k Vv 2m E h Ba
y(x) = Aexplixy” Zm £ h) + Bexp|— ixy 2m E h].

by epra -.j;{‘=_.\(-x1)]1.\'|/ 2m s Wi ryemsxa TywmaéTrau TyJKimra, ~‘Jf e

== fexp| — ixy 2o 2| wyeirilan Kaiitrad  TYARING  Terdwangup
(3.21). Tenraama 3 coxa yuyn

9.(x) = aexp(ixy 2m £ h) + bexp(— ix. 2m Eh)

enumig Oepani. 3 coxana TyaxuH ¢akar yHrmanm yanra Xapakal-
JaHraust yuyu b=, 3
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Wxkitnun coxa yuys ésunrad (3.22) TeHrjaMaHHHI ediMH KYHH-
Jarunaappad ubopar:

b=+ 2m (V- E)h Ba
U,(x) = aexp{x) 2m (V—E)h] +fexp[—x 2m(V—E) h].

MabnyMki, TyAKEH GYHKUHA abCcoNIOT KuiiMaTHHUHT KBaapaTH (a-
30HHHT KYPHJAETraH HYKTACHAA 3appaHHHr GYJHIl 3XTHMOJIHH
udonanaiian. Wlywuur yuyH tycuxmaH ¥Tran Ba yHra Tywaérrad
OKIIM 3HUAHKJaPUHHHT HHCOATH

5 s (3.23)

u'”; ‘: AT

(By epxa sappanapusur | Ba 3 coxagari Te3qnKJapH TeHr 1e6
onunran) (3.23) dopmynagarny D — tycugunyr mwaddod aHK
KospthuuueHTH jae6 atanagu.

TycugKa TywyBun TyaxMHHH XapakTepaosul A ko3 dHUEHT
6iupra tenr fe6 Kabya kuauw mMymxuH. Koarau B, a. «, f Ko3dhu-
nHentaap ¥ dyukuua Ba yJap XocHJAasapHHHEHD KyHHAArTH uerapa-
Bl wapTaapugan TomuAAILNM:

$1(0) = ¢.(0); $1(0) = vs(0);
0.(d) = b(@); w:(d) - ¥(d).

10xopupa onunran (3.21) sa (3.22) tenwraamanap euwnmunn (3.23)
ra gyitcax wadodaik KoIGPHUHEHTH YUyH Ky{Haaruiuic 01aMiua:

D =exp|— o) 'an:(v—lz)d]. (3.29)

By oJsndran Hatikaull noTeHUNaa TYCHKHHMHT WIAKAH  HCTaran
wakana GYATan XOA YUYH NaM yMyMJAawTHpiim MyMkun.  Dyuunr
YuyH TYCHK TYFpu Oypuakan T¥cuknapra GVannub, saemeutap 1¥-
CHKJIap Y4yH OJIliHral HaTiskadgap fHFHHANCH oaunaad. Huxoar
yu yauaman Gpaszo yuyn wadhodank KoIQGHUHENTHHIHT KYPHii-
WH Kyilngarnua 6YanuminHg Kypeatiw ocoi:

e exp{— = iy 2m,(l’—/:)dr] (3.23)

TToteumuuran tycny 3.11 6-pacMaa Kypcatiiral KyJAoH [OTeHiliad
TVcurHAan noopar Gyarad Xoa& yuyn L) Kyilnmaaruya Kypuuuiuoy
osajH:

o e S ;
D=~ | ;/2»:_,1”——5/1#}. (3.26)

By epaa £=T,, R —saapo pamnycit Ba r. 3ca Voo (r;)= T, wapr-
AaH TOMLIATHLAH Macoda. ¥Mymii Noa1a atkpa-3appa A1pojal HOaaH
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(bapxaaysuit OpCiran MOMEHT OHJIAH YHKILLJi MyMKMH. Y XOJa noTen-
Wia1 TVCHK GdilaBANHTH  (hakaT KYJOH NOTeHUHANHaH uGopar Gyaab
KoaMafl, y Mapka3liH KOuHMpMa TNOTeHUMan TyCHK XHeoOHra OpTapH:

V= ny.mu aF V,._‘(_
Maprazgan KOuHPMa NOTEHL N Ty CHK GanaH i
Ve RN (3.27)

i 2nrt
dopMyna GuaaH AHHKJIAHHUIIHI K¥PcaTiw Ocon. JlexHH onarja / Himr
Ki#MaT YHua karTa GyJavarair yuyw D, o D, o RKaH YHYa xarra 6ya-

macauriit MmymxiH. /<< 6 napaa Ky#Hpard TakpuOHi QopmysazaH ¢oinna-

JaHIr MYMKHH:
1 1

Dy, = D,_exp, 2,027 +1)Z "4 "]. (3.28)

By dopmynara acocan ofFip sapoxan [=>5 6yaran aanta-sappa-
HHHC upKIW 3xTiMonn /=0 xonparunan k¥pa 13 mapra kym Gyua-
ai. Jemak, aabda-eMHPHIHIUA CNEKTPHAA Xap XHJa opburan Mo-
mentra 3ra G6yaran anbnda-zappanap rpynnacH yupawH Kepax.
Byniap rax<pin6ana vacauRJIaHTaH.

Aapda-emiupHaIHL AOHMHIICH A HH aHHKJ2Wl YuyH I0KOpHAa K-
piaran P Ba D aapaan TawKapu sHa anbha-3appautHT AP0 HIKH
JCBOPHrA YPHILW YACTOTacH p HH XaM aHHKIAWl 3apyp, HYHKI

A = PD. (3.29)

140

Siapo nunia «taiiép Oyarau» ansta-3appa sApoOAaH TaWKapHra

UHKHIIAAN OJIRHIl T BAKT 1aBOMHAA (T — anbha-eMHpNJIHW §prava

#wWanl BAKTH) SAPOHNNT WMKH [EBOPAApHTA v MapTa ypHaam.

Nap kerma-skeT ypuawuiaa 3appa 2R macodann  yTrasn  yuyn
)

ve== (3.30)

GyHaa © — 3appanunr Tednnri, K — aapo pamuycr. T KuHeTHK sHep-
mgra T, Pt KeayBun rednin ¢ o= [UY eM ¢ 1e6 oacak, v =102 geaug
uikaaH. .lemak,

.

2

| S
) = Pvexp l po2m(V—T)) er_= kexp[o(T )], (3.31)

non

(3.31) Tedrnamanu KViLIari KYPHHHLAA €31 MYMKHH:
Ink =ink 4 ¢(T,). (3.32)

by dopmysa Teiirep—IHeroan xouyruusnr dopMmynachun  seqata-
an. (3.31} dopmyaann ¢oitianauum Kyaait 6yarad kyfingary K-
PHBNILTA KeATHPHLL MYMKHII:

lgh = —2= + B. (3.33)

~

L a
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By epsa A Ba B #1po TapTHO HOMepura Kam GOFJIHK GyaraH AOHMHI-
napmip. (3.33) dQopmyaagan T, uusr 10 % ra ysrapins A muer 107
Mapra Yarapuuira onuG xenMid kypusamw. 7, <2 M3B gma T, myH-
Aafl KaTTa KufiMaTra sraxil, GYHTa#i Cl-eMMDHANLI OaTAa  KysaTiuiMai-
mu, 1Uynioic yayH xam Z<C82 a1posapia eMuHPHAMII Ky3aTHAMaHIH
(3.5-pacm).

(3.28) reuriamagad TYcHK waddodairiy a-eMUPHAYBYIL  5LIPOHHHT
33apAnH GuiaH HYKAOHIaD COHMra Xam GOFK 3KaH/IrIl KVPHHIG TYPUOIH.
Ilenax, eMupHaH JouMHiicH A daxar T, ra Gormug GyviMail, s3POHHHL
aapamt Z Ba paaMycit R ra xam 6oramy. By Xoa 3ca emupumiuir Ha-
3APHACHHHHT TyrPH 6KH HOTYFPHANTIHN KaTTa AHIKU<IA TeKwipiG Ky -
puIl IMKOHHHH  GEPAnH.

Anba-eMHpHAHW HazapuacH Ongan Taxpnba HaTiRKamapiiHi
TAKKOCAAUl WMYHI KYPCATAHKH, Hasapis uatizmacu Kypr-xyqpr
AAPONAPHIHT aCOCHIl XONaTJapl opaciila KysaTtiJaajurad o-vriu-
JAapuil AXWH TYWYHTHPIH. Byspait yTuwaap mapras pasuija
pyxcar sTuJrai yrumaap aeb aranaau. bowxa aipo-
Jap Ba KydT-KYPT snpoaarn GOWKA ¢- YTHUWLAAD Y4yH 3ca, TaK-
piGana ynyaHral A HHHT KHIIMATH YHIIC Hasapiii KiiiMarnian Oup
Heug TaprTubra kamaup. bDyuaaii e-Vtnmnap TakKHKJgaural
yrHmwaap Aed ataaagn Ba Taxpi0aga VIYAHPAH APHM eMHPH-
JHLI AaBPHUHHHT Ha3apuil ApHM eMHPHJANW AaBpira uncbatii T a-
KHKaanuul kospdununenryn aed aranaan:

F= TI 203 ,icn

4 12 nay :

Tox-KydT Ba KYPT-TOK fApoaap YUVH TAKHKIAHHUL KOIpitiieiTH
F =100 Ba tok-tox siapoaap vuvu £ =103 6¥aanu. burra siponnnr
eMUPHJININNAA Ky3aTIaaduran Xap Xud c-VTHUAApLd Xay TakiK-
JIAHTAll YTHWAAD RY3aTHANWH My MKi#H. DViaail Takukaanran §
aap VTuul 03 Gepaéiran xoadataap ARydranrn ysrapraiia kysa-
rimami. Hazapust 6uaan tampnba natHaazapi opaciaa Ky3artli-
jgamran Gyuaaii papkii TVIOVHTHPHID VUYH Ha3apuil Nucobaapia
sna 6ab3i xoanapni xiucobra oanm sapyp. Macaaan, aiesda-zappa
onnb KeTram NapawkaT MIGCIOP MOMEHTHUHIT PO ¢xi adanda-
EMIPUIYBUIL AP0 BAEKTPOH KOGHFIHNUT adb(a-eMupiaum sNTH-
MOJIINTING TALCHPHHI XHcOOra oasiml Hazapist onaan taxpnda 11a-
THMAAapK opacuaack Qapkui KaMaiumura oand Keauwi Typran
rai.

3.7-§. Bera-emupuanm

Bera-emupiinuaa sapoaap  ¥3-y3idan  3JICKTPOH, 11034TPOH
YHKApPHI €KH V3 aTOMIINT 3,1€KTpol KOOur1an OITTa 31CKTPONIN
Kampad oanw {iyan 6HAaH 3apaal eMupiuIacTran A1po 3apsiiadi
Gupra dapkaanysui u3o08op sapora afiiaMaau. ByHunur waruzaci-
Ia s1apo uunAarn Oup nporou Heilirpoura, ¢ku axchuua, neiitpon
npoToHra ailiamaii.

88



Bera-eMupHARUWHHIHT YU XHJIH yupaiigu: f—-eMupuauu, f-emu-
Pl Ba e-KaMmpail.

dAeKTpoH 4HKapu6 eMUPHAHUI KYiinaars wapr Gasxapirrasia
103 GepHLIN MYMKHH:

MA, Z2)>M(A, Z+ 1)+ m, (334
EKIl TeHrMIMKHIHT HKKATa TOMOHHIa Z”IL. HIL l\'_.y.'ulcal{,

fern TapTi6 nosepu Z Ba HykJonsaap coun A 6yaraH paanoarTiis
SAPCHIHT Maccacl XNOCIMIABII A1po Oiuan 3JeKTpoH Maccaciia
KaTra G¥aranga (—-emupumim xysatunaak. By jkapacunn kyfin-
Jariua 3wl My MKIH:

A AU
Xz XG-€ W,

ynaaii Kuan6, (- -eMUPHAHWL KapaéHiaa NexTPOH OifaH Supra
saceaclt HoJra sxiiH OVAraH Heiitpan sappa — aHTHHETPHND Xo-
cita Ovaadi. Bo-emupitaiiia sIAPO nuliAark GHTTa mefiTpoH npo-
Toura alaasajan:

n—p-t+e 4 ;L,.

Jprit xoaart neiirpounndr 11,7 MUH ra TeHT SpHM  eMUpH
Aaspit 61141 OPOTONU, 3JICKTPOH Ba AUTHHENTPUHO XOCIMI  KuAlG
EUMPIAINL (3 -EMIDIIHIIIINT SUT COALA NOMI Aefitt MY MKItH,

[po-esupuam mapatnnla MALAYM MEKI0OPAR HEPTHs aXpanub
YK

B [ (A Z) = M (A, Z+ 1)]e. (3.36)

DuTra fp-eMUPILINIUL @KTHAA OKPAnG uuKYBuIL Gyiinall  sHeprus
AACPH TYPAN aTOM SLAPOIAPHUINT eMIPWINIIBAA Xap XHA 6Y.in6,
6up neva ¥u k3B nan yu MsB ra xapap 6ymumn mymxnd. Maca-
aan,

=2 o v, + 0,02 MoB (T, =< 12 i)
B HC e v, + 13,4 MsB (T,,=18-105%),

II

EMupuasius sHePrisci NOCHAABLT SAPOHHIT TENKN 3HEpPriscHra
8312 3NCKTPOIL BA ANTHUEHTPHIOHINT KHHCTHK SHEPTHsicHra capd-
aaadit. Hynyascuunr caknaunul Kolyuura acocad 6y  sueprus-
WHIE 3HT K§0 KHCMHDL QHTUHHETPIHO OJHO KeTajH, KaMpoK KoM
SICKTPOMHUMNF RKINICTIK 3ieprisicura capguaadait, Ba HIUXOAT, Xo-
cHAABNET AAPOHIIT MACCACH 3JCKTPOH Ba auTHHeNTPUHOHIHT Macca-
Japiian kyla xaTTa OyJaradi yuyH, XOCHJAABIl SAPOHIHT TEMKH
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sHeprusicl Gup neya yu 3B ra Kapmap OGopHIIM MYMXHH, X0.0C.
1Oxopnaa xeaTupuaran MHCOJAAH B-eMHDHAHLI SDHM J[AABPH XaM
KaTTa HHTePBaJAa yarapHlln KYpHHHG TypH6an. Anbda-eMupianul-
Aary kabu Oy epAa XaM ApHM eMhpWJHIL JaBpH f-3appajapuiiHr
KHUHETHK 3Hepruscura Kyuwii 60FaHK 6¥12am.

[o3HTpOH-eMHPHIHIIAA XOCHJIABHH SIAPOHHHT 3apsian 6up 3apan
6Gupaurura xamasjan Ba NO3UTPOH OHJaH 6Hpra HEMTPHHO XOCI
6ynann:

A A i
i, e P G AR 8

[To3iTPoH -eMHDIL T LIAPTH KYHiZarnya:

MA(AZ) > M(A Z—1)+m, (3.37)
€KH TCHICHAMIMKHIHT MKKana TOMOHMra Zm, HH Kilucak,
Ma(A, Z)>M(A, Z—1) + 2m,. (3.38)

TTo3uTpoH-eMHDHARIIAA XPATIO YHKARHTAH 3HepPrHa
E i = M(A, Z) = M(A, Z—1)—2m,]c" (3.39)
IMoairpon-emupuanwra 'LC BUHT eMIPHANWH MHCON Gy Jaji:

HC "B +et+ v, +1 M3aB (T, ==20,4 rm).

Bera-eMUpHJIUIMBIET YUHINY XHJAH e-K aMpaw, Kynunia K-
KaMmMpal ae6 xam aranail, UYYHKI AAPO KYNIWua T siHn K-
KOGIKOATH 3/EKTPOHNN I0TaZH. DJIEKTPOH-Kampamjia aabariy xa-
PAKTEPHCTHK DeliTren HypAaHnwWs Xocua 6¥aaan, uynki Huki Ko-
Ouipary (macaaan, K-goOuKuarii) GYUI 3J€KTPOH VPHILK 10KOPH
(L, M Ba x. x.) KOGHKAAri 3JEKTPOHJAP 3rajjalin HATHAACH
aTOMAa XapaKkTepHCTHK peHTrel nypaannuin Nocia 6y.1at.

dnextpon-KamMpawga L, M Ba GowKa KOOGHKAATH 3JEKTPONIAN
XaM 21p0 TOMONNAAN IOTIIHINH MYMKHH. DJACKTPOU-KAMPAULIIHE
$3nra xoc¢ xycycusriaapnaan GHpi WYHIAKH, €-KaMpaulia  paliio-
AKTHB eMHpHANI  JlonMiiicl A TaWKil wapoutaapra  (macadaii,
SMEKTPONHINT KIMEBHIT Goraanimw 3neprusicura) Xam Gorany G-
Jaji, UyHKRI 2-Kampaur axtevoaanri (Y )* Ondan  QHNKIaEYBUE
3JIEKTPORAAD 3NMUANITA MYTAHOCHONP.

duexTpon-Kampawra Kyfiggarn (Be nunr  K-gampaunr micoa 6) qa-
i

iBe +e~—ILi + v, (T, = £3.6 cyTka).

K — xavpaw wapru xyfingaria €3maani:

My(A, Z) < MA, Z==1)+m, (3.40)
€KH
Ma(A, 2y < M (A, Z=1). (3.41)
Axcpaaran suepriia sca
Ex =M (A, Z41)— M (A, Z)]c. (3.42)
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10xopitna xentupiiaray 7Be ra  Termian 84 pu
iyt 29

K — xampaw  »xapaéuina £, = 0,864 ex Aa e-(sc%)
MsB suepris amcpanani. 4 xun Gera- ——
eMIDIIMWra Ter UIH SHEPris WapTaapi- i 84 5
HIl y3aP0 TaKkOCJALI HaTXKacHaa KYHH- Exe 30 =1
Jari Xynocanapra KeJul MYMKRH. ¥| (20%)

Hyikaouaap coun A Ba TapTuf HO- Vi 64,
Mepit Z Gyaran agpo (3.34) wapr Gaxa- o8 N
piaranga B--panioaxTics Ba (3.41) waprt :
Gaxapuaranga KX — xampaw GHIaH emi- 3.12-pucs.
PILTLL, 3aPsiAH 6 iiida K Y IUHI HKKH 63p -
Kapop 11306ap yupaMac.(riHil Ky pearand. Xa irsata, arap M (A, Z) >
+ M (A, Z + 1) Gyaca, B -esuipuaiu 103 Gepriuy  MymiiH Ba M,,(A,
Z)y< M, (A, Z -+ 1) 6yaca K — kampaw 103 Gepiiuir MyMKIlH, SbHA Z
6yiia KYWHI AAPOJAPHHHT Oupir anbarra pauoaktis 6yaamt. (A, Z)
$IPO yYYH OGHP BanTHIHT y3uga (3.38) Ba (3.35) iwapr GaMapiimmsg
myvki. lemak, GyHaail SIAPO HKKH ycya OitiaH  xam B -emupiLaug
Ba Nav K — KaMpaiu Hy.it GuaH napyafaH K MyMKiH. MacadaH, pa-
OAKTIB 23 M1n 35 ) Xo0.a1a ‘|3+-EMIIPH.'HIIIJ Ba 65 9% xosza K-wavpaw
iy Oiaad 24CF 1BOTONHHH XOCHN KIIami.

Bab3it saposrap yuvi 6ud saxTiiHr y3muma (3.35), (3.38) ea (3.41)
wapraap Gamavimu MymKkii. By Xonma (A, Z) sapo y4  XH1 emu-
PRy xyeyeusmirra sra Oyanamir. Macaman, $1Cu uzoronu 40 95 Xousza

sIekTpoN-emu i fiyvag Gunad S3Zn usobapmin ool xwica, 40 9
xoaaa K — xavpaur sa 20 % xoama BF-emmnwnny Gitaan SN wso-
Gapun xoci1 wionan (3.12-pacm). (llynaait wsoBap (4, Z — 1), (4, 2)
B (. Z 4= 1) s11D0714) MABKYIKI, YJAIPAa KeTMa-KeT eMHDIAHW

MA, Z— 1) oM, 2) M@, Z 1)

Tail-aaHra, JexHIt K Vil i -enurnuma ge6 atatyBui Kyitiani Vit
103 Geliue MYMKHIL

M(A, Z — 1)L M(A, Z + 1)

Bynaait Kyw BT-eanpriinin xaPaduiapit  KyAa KiMHK  3XTIMOJANKK
sra, WYIGEHT YYyH yJap OJaTAa »KYJA KaMm kysatwnand. Macanad, i3
B -esmpicttmr GIrTa HIIONWN X0 MABAYM:

WTe —2¢7 + '5iXe (T, = 10*" ).

By npouece AP EMUPHINLL AABPH XKYa KaTTa 6Yaranu yuyn yun
xaM Ky3aTill Kiiiaap.

JAEKTPOH CxN NO3HTPOH E€MUDHJIMLL  HATHKACHIA XOCHAaBHIL
%Ap0 KY3raaran xoJariaa NocHua OyaHi MyMmkui. Babiaw xocuaa-
Bil AAPOMHHT Y{IFOHHUI 3HEPrUACH MY sLAPOAAri GITTa NPOTOH KM
frTTa HefiTpOHIIHT YpTaua OOFJaHHW 3HEPrHAcHAaH KaTTa 6y.un-

9



3.13-a,6 pacm.

wH MyMKiH., DyHaail xosniapAa XOCHJA@BHIL sApO TYFpumaH-TVFpI
npoToH €KH HeiiTpoH 4HKapnG eMHPHAHIIN XaM Mymkux. Bynaail
eMHDHINIUAAD KEeUYHKKAaHM TNPOTOH €KH Keunkkal
meiiTpOoH uNKapHO eMHDHANW Aeiiuiafn, YYHKH NpoToH  EKi
HeliTpOH-eMIDHJINII SPHM AaBPH aCOCAaH OHAa AAAPOHNMHT B — emupil-
JHIL SpUM AABpH GlaH annkaanajan. Macaaan,

at i
17 i 17 ps r 16
1(Ne of ™ - = 0 + p,
Tyu=0,1c Tia=tle

1Tas 1y |70:- 4 18
i - ~ 50 -+ n.
B pa—nae: Tya=dilz t

By xkapatuaapunur cxemacn 3.13-a, 6 pacMaapaa k¥peatiirail
Mkkana xoana xam GapKapop KHCJA0DOA-16 H3oTOMI XOCHT Gy.iaill.
Llyun aiiTu Kepakkif, Ky3roarad Xo.a7a XOcHT Oyaran  opaciiig
Xocuaapiii sAPO raMMa-Hyp uHKapH6 Y3MMHT acocuii Xooarira
YTHIIN XaM MYMKIIH.

Mo3nTpou-eMupiiIiW Ba 3JEKTPOH-KaMpall Rapadnaapnin Xo-
cuaaBnil  aapo  Taptnd  nosepmtHuur OHp  ONPINKKA  waMailniig
yaapaa Gup HPOTOHIINF HeliTponra ailaamiiui HaTHKRACHHD:

Br-esmpamuza p—>n et Ly,
e-iaMpamaa p-e —>n--,

TTpotoH aprim X072 GAPKAPOPIIY, ekl  SLIPO  Hujgla v Helitponra
allramnue My MK,

Bera-emupicnnn sueprisict £, Giaan sipiny esupiaii aaspn 7 (B)
HIL TagKOCTaln iyl kypearamimwi, 1gF(E )x xynaiitvammr  osauan
coll kuiimatira Kapab Gera-patnoakTHB sApoaphi GHP Hewa rpynnasap-
ra Gupramripimn Mymknd. [Okopinarn kynaditaana £, > m.ct xosn
yuy F(E) ~ (1 + £ me?) pa < =T, ,(B) In2. Byuia 7°(£) Gera-
CMHUPHIHW SHEPrISCHutT (GYHKWISACH Ba T — PaUOGKTHB AALOHIMT \ P-
ya sam BanTIL

Bera-exmpieum xapaéniza yTiiug 103 Gepaétral  X0Jaraap Ry (rai-

P =

T Varapyaca (-—= = t 1| Ba cnHH y3rapiwi Gupaau Karta Gy.iva-
Foxup E -

ca (A/ =0, = 1), 1gFz nuur suiMaty 3= 5 ra tenr Gyaaus A/ = + 2
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P ;
Ba —P—"H—== A1 Gyarau Jpdn T

axap 1

P £
Al= =3 B2 1““ 1O, AN A ‘ £4
N \

nap yave 5~ ==l MERRHES K. Ly e \
guaid, Oup X1 sucprina foemnp o Lk
S 3\171'\'&1 p Gamaanrim wa axuw -

T, AN v 0 .
i [\f] o= o
1 Nt M

I\ T

A RELHIRE \\

Ay THMO ’:u\ tj_n |
P ©

KVi ICRAND ST

SIl-Wulsdax

' = - L "
B
L]
-. + 15 : N—"..
: > o~
I - - 9 ~ liw,;
3.8-S. be -.z-mpn.mumuur 31CPreTHK CHeKTPU
.4 HeilTPHHO [HNOTE3ACH

pera-e _ Supaa HelTpan auTHHeNTPHHO Bxy el
1,uuounur nanm\acma Gera-eMHpINIIAG neft-
) aran 21687 ! {TpoNIapIHIT FNEPreTIK cneKTpu ‘SOCfl-’l
1.3 XapaKkTep i 1t \dmngamn GeTa-eMupImtiLa ;3«13 K-
e an'lnmla. ] a-zappaaap CHEKT PR JU(’LK . ua-
\onosHEpreTHE i cpah 5, Jlexnn Gera- pd‘mUdK’rﬁuT Ba
puanaapad ran  Gera-3appajap  suepruscimin 6e\m-
CHERTpOMETP-12 L Uanals, YJaapiiar ciekTpu \,3“’??“'
sRanii KYpear- \acadaan, 3.15-pacsis (’)c‘ru-e\nlhu'vu;l' e
iR CIEKTDI K3 peariara’ Dera-3appatapuime Makeial l:\llnu‘r
Tis snepriAci (- - ra-euAPHARNL SHCPRIBICHTA SR 63 |:llli:

(Te) a koA Jr, .
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OFup snposapian uMKaérrad Gera-
3appajiapHHHT YpTaya KMHETHK 3Hep-

ritsten T, P (Te)yave Ta

==

AKHH 6YaH0, TaOHHi pagHOAKTHE A3-
¥ M) Te ponap yuyn T,=0,25—0,45 MaB
€| MaKG Enrmr saponappa aca T‘) —é-
3.15-pacm. 3 (T2) ane

Bera-emupuanwaa  suepris
CNeKTPHHIHT y3AYKCHIMUHHM TYMIYRTHPHII §5 BakThia Kyn Ki-
sununankaapra oaul keamy. 1931 finana Tlayan wefitpnuo runo-
T@3aCHHII Kupumﬁ 6y wuiHHYMJIHKA2DHH Gaprapad stam. Ilayam
rHnoTe3acH KeliHHyamik Taxpubaisapiaa TacauKaAanan.
Coser ¢msnrn A. H. Jlefinynckini 1936 fitiza HefiTpimo rimoresaci-
HY TACHIX/O0BYN GUPHMHuM Taxpubani OaskaPam. Arap GeTa-eanPirlinuza
Hex“rrplmo xocxm 65'/Jlmaca, HMOYABCHHHT  CanJaHHLl KOHYHMra acccaH,

macana ":C +B eMHDHIINY JKapaéHnga [O3NTPOH  Giaal Tenxi

20,4y
SACO HMIYJbCAAPH TEHT Ba Kapama-kariun }1)'}{8.’11‘&!{ ﬁynumlr KCPaK;

faBo=o Pl

Helitpino xocun 6yarad xoaia sca 6y TeI'Tamk €akafHavaiinn, uyHEH

-

P, +P 4D =0.

AR

A. M. Jleinyncknil tasmpuGacusnur cxeaacr 3.16-pacmaa Ry peatiniran,

f*+-pamroaxie 'EC nsotomt cviox azoT épnawitia commiran A s1ekT-
poara agcopbuntsnanran. Eeta-enmpuamn zxapaéincia  vensi odran 13
THonn A Ba B =NEKTFOZIap Ofacira TMETaa YHTA TOPAMO3IOBYIf L
TloTeHLuAT Ta1 cnp sTamn, S nefrisci Vo nCTENNnasian Karta  Gy.ran
foHnap B tipaan Y16 [ C opamikia KU EJ€KTP maiizen (5000 B)
TapcnpuRa  TeasaHaill ra C 2IeKT[Opal  HKKILIEMUIHL  3JEKTRONIAPHI
VPG unKapamy, V.. HUNC TYPIH KHGMATIIA XCOLT OYJrau JkkiLasun
smeRIECHAEp TCkuEH D neTentep {pzarmpa yavab, B nomtapuunr
TENKH 3HePruacHHN  anuwdaw avsnd, Taxpuba HATIRaAl iy 10pan
6yanaca-ga cudatal HeliTPHHO [UMOTESACHIIL TacTHKAAMMN.

Coser ommwapn A, 1. Aamxanos Ba A. Il Aaxanan ueiitpimo
TIMOTe3acHHH TaCAIKJIOBYN amiikFok TaysfnCa NTrasimw yuyn ‘Be zarn

K-gampaw mapaéniia Neemd Gvaran JLi sapocuminir 0aranm  Tenki
SREPIIFCUHN YANAIHI Takang 57t JLi DANr 0araH Tenkil Hepriaci-
Hif NHccGaaw  ocod. K-Rampaaa ampairall TVaa  SHepruar [, =

Ex
94

B3



= |V _("Be) — M __Li)|c* =0.864 MaB 6ymanu. HMmuyane casgna-
uT(J aT(’}

Hilil KOHYHHra Kypa

e
P,=Pp 5 =3V2M; oT; 5

8a [Li HMAT OJCAN KHHSTHK SHEPrHAcil

2 ' e o o
ST b W RS T e (P 0
TR 2app  Zopg 2ipad “iir g0
/B, (0,864 M3B): o
Sy, g 2931 MaB 573 2

SKAHIHTHAAM, TAKPHOANA Yauaural 7, o GHal XHCOG HATHXKACHHI Tay-
KOCAa6, HefiTPHAO THAOTE3aCHHH TyFPH €Kil HOTYFPH 3KaHHHH Ky PcaTiw
MYMKIH.

Takpu6a rosiciiit GUDIHYIL  6YaHO, COBET oJMaaaMl  GepradH 31M.
Axepiika omir Aned 1942 fuaga wyHra yxwaiw TaxpuéaHi Gaap-
M. AaaeH tamdudicunmur cxemaci 3.16-pacvna kypeariarad. Be pa-
JHMOAKTHB hipenanatit S niacriHkara 1onka  Kicmd cypriarau.  Tenku
omd S man yuird wi<ian [Li myc6ar wonnapuw SB ovamurunarin Vo=
~ 10 =200 B malinorga Teanaunb, ¥3rapyBYaH TOPMO3MOBYIM MNOTEH-
wiaa Gepiaran BC anextporaap opackra yTamir. C TYPRaH FTraH HOH-
nap CA opamesnare 3.6 i3 amaitgonnaH ymi6 A QoTo xynaiitkuy Ba
VUHHE Wi siiira yaasraie Ueitrep canarirdir épaasniga canaaamt, Buprs-
i VIMANKIAD HATIGKACHE TeNKH  AAD0 KHHeTHK  3Heprisicil yuyn 48 3B
s Gapair. iSeilinigan aui§ yavauwmap HaTibkackga Tom (’L1)
yuyvi 96,6 1,0 38 gminar oaimmi,

T 1953 inaaa dpaunys onnmaapi Koyasu sa Peiinec ueiitpinonnur

(0.8 Olntan ¥3apo TALCUp KECHMHHH Ya4al, ueiiTpuHo-aHTHHeIl-
TRHNO MaBIY TN y3ua-kecna ucbornaan. Koysu sa  Peiinec
Tadpubacniiiur cxesack 3.17-pacvaa  kypearuaran.

[KaTTa Kyssarra sra 6yaran sapo peakropina cexynmura 10'8-—
= 10" 1A anTidelTpEIO oMM Xoci G nanu. By antnieiitpinonay,

3.16-a,6 pac.



KaMuHaurh 7 cM Oyarad 6aK-HHLWOH lq
M, sa M, mungarn CYBHHHT T4pKH- J

61ra KupyBull NPOTOMAP OHIAH Tab- [

cenpaawn6 Kyiuaary peaxipmHy xocHa Dy '&'m\_ ! /I'I\ *\ yed

KHIAALL: M voled =_-
" 1 ,+ l| 7 s Gd
Yo+ p—onte. (3.43) D, Ia:n'e+ ’)’[}d %

Kypunva M, Ba M, 6aKk-HHLWIOHAAP- M, | a0
JaH TAalIKapy sHa y4yTa KarTa Gak-
xevektopaapaad (Dy, Dy, Dy) tysun-  p,
rai. M; Ba M, nuwon CdCl, Tysu
apHTMACH GHJIaH apaNaluTHPHITAH CYB-

jan u6opar. Dy, D, Ba Dy nerektop- 3.17-pacy.

Jap  CYIOK CUHHTHAISATOPnapiaH Ba

Gax-getexropaap Xaxaigil Kysarysun 110 Ta ¢oro kynalitknyaat 1160~
par. He#iTpon Ba ramma-Hypnapaan caxaaun y4yn ciictema KYprownH Ba
nopaguHAan scanral SIMYUIMK HYHTA COMMMUG €P OcTHra MALJIyM HYKYP-
akka Tymmpuaras (3.43) peakuisiga xocia 6yarad  MO3NTPOH aHBHII-
ASIWIACH HATAXKACHIA HKKHTA 7,,-KBaNT XOCKI GyJamL. & aap /), Ba D,
JieTekTopnap €puamiga Kaiin xinmazi. Nocia Gyarail ueiitpon scd cyBld
ceximzani Cd tomonmaan 10THAAL Ba yaywi sueprisianr 10 MaB ra
Kanap Gopamirai GHD HEYa §.4-KBAMTJAPHI XOCILT KILamf. Nocit1 03.1-
FaH Tyq BA {4 WYPIABHULIADH MaXCye KEWHKTIPYBUIY MOCIAUITHPVEUI
cxemanapura yaadrau D, D, sa ), nerextopaap Cpaaviria Kaill nil-

46 v, Gnat UPOTONHIHT ¥3aP0 TABLCHD KecHMME XHcoGIaus MYMKUH.
Macanan, ramxpubasapzan Gupiaa Mocaava Kaiil Kuarain cananiiap coit
peakrop inugal Typrai naiitia voimaavail tvpram xoptanician iU sapra
Kyn 6yamid. N3ox Bagt gasoaicia (1400 coat) NicoGaatiap saTisd-
cla ypra XiueoGa erextopaap GHp coaTda 3 Tagan MMInbe SO
GyMmiumnur Ba  auTiHenTpo  Gi1an  npoTOHMIME  V'3apo TaLclp |
107" ¢m? ra teur skammm KV PLaTA.

Hefitpio  Gitnan— autielitpinio Gup Xk svacauriing 1956 innia
P. Hesie y3 mawpubacitia ucfoTIamt.  NaKHKaTau, leiitpiuio  Gioai

aUTHHEHTPIIO GUP Xik1 Gyaca, %, -- # —p e~ xali v, 41 —p
peastuin xam Kysamitaap smi. P, llaBie katra  xaMaari o yRiepost
(IV)—xnopiiumt aumimeiiTpiso oKl Gitian GomGapunion KILG. V20K
Ky3aTiumap AaBoMIza
W, - 15Cl—> 18Ar -7

PeaKIST HaTIpRacHta Guponta XaM [TAr Xoeinn Gyamaranminn Ky peariis.

Noaup  nefitpuno-antinelirpimo ARYQTHHHNT GOIKA  XIAapH NaM
Gopanrit Manaym. IOKopita  Gis Kypran  saekTpOH-NelT[ImO  (v,) DA
:-mempon-amx_pxeihpnno (v.) Japaan Tamkapn fila MCOl-HeliTMIIO Ea
MIOOH-QHTHHENTPINO NaM MaBwvasurn 19692 finmnga  pe€oraawmr. N man

=t g, — - -
6 Bad = MESOHJApHUHr p Ba p” "Me3OHJapra napyasannmmia Xocii
yaan:
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(I a0di=

=t p.+ -+ Yo
T = 4 V.
1975 fmnna Xawd STHATAH OFHp t-MeNTOHHHHT NaPYaiaHmy,

6¥namuraH HEHTDHHO Ba aHTIHeHTFHHOHMHT YSHHUH XHIM xan
SKAHJMTH MabJyM GYuimm:

Xocun
MaBxyn

oot fv 4w
e v

<-JIENTOHHHHT MaccacH awua orip (m.c® ~ 1,9 M3aB) 6yaranyn yayn
eMHDH/ITaHJA MICOH Ba aiPoHMap (OFHD 3appanap) XaMm XOcHn Y nam:

Tty
T v by

=" — . + axpomnap,
T — v. - anpoHaap.

dJemedTap 3appaiapra Ternwan Go6aa HEATPHHONADHHHT Gapay
xycycuaraapuun xYpub yuKammus,

3.9-§. Bera-emupnanw nasapuscu XaKnaa TymyHua

[uroGinur Kipliul KHCMIAA SApO TapKHOKAA 3JEKTPOH 6y
MYMKHIL 3MACJHTI XaKigarn 6ab3y MyJoxasanap 6HNaH TanHray
spuk. Jewmar, 3ACKTPOH (MO3NTPOH) TYFpHAAH-TYEPH 6eTa-EMIIpH-
anw yxapaénniga xoeua 6yaanim.

Bera-emupumnu Hasapusicunn 1934 imaga  Hraana  ¢unsury
9. depuy sipatii. EPYFIHK KBaHTH KBalT 3JeKTPOAHHAMHKAcHra
Kypa 3apsi 0ii1aH 3NCGKTPOMArHHT MaiiAOHHIHT ¥3apo TabCHPHAA
xocua Oyuranijex, 6eta-aappanap XaM SAPOAATH  HYKJAOHHHHP
9JCKTPOH-NCHTPIN Maiidon GUAaH TABCHPH HATIKACHAA XOCHT 6Y-
Jaan ned TYWyHnTHpHIAAML. SIApo numpa HeliTDOHHHHT MPOTOHra Ra
akCHHYA TPOTOIINKHT HejiTponra yimy xapaéuuna 6era-sappa ma
pefiTpiHo (anTHHeilTpHIo) Xocua 6');'J1fu1n.

Bera-eMupIANII KYUCH3 SAPOBHIl ¥3apo TabCHP HATHKACHAA 103
Geprauin yuyn Faqaduaaunil HazapHACHHUHT METOMNAPHHHK KyJnab
aToM sApocHIIIr GOWIANFHY XOMATAaH OXHPrH XOJNarra yruu
SXTHMOJIHT I AHIKIAW My MKHH:

2= 2 dn
P= =" (Hd | — 3.4
h r JUH' s dE' (8:44)
— CHCTeMACHHHHT GOLIGHTHY Ea OXHPTH X0JaT TV aA-
ra Kymma TYJKHH GYHKUHALID),
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. an
F’' — rana@dnanmu  oneparopi, ol | OXHPTH X0.JaT/ap 3HUYIHTH Ba

= — XaKM 3JeMeHTi. Du3 Kypaértrad X0a1a ¥s HYKJIOHHMHT OOILjIaH-
FI XOMaT TYJaKHH dyHKmgachra (U,,) Moc Kesaiy. OXnpri  XoJar
TyaKiH QYHKUHACH HYKJIOHHHHP OXHMPrH XOmaT QyHKuuaAcH (9..) 3Jex-
TPOH XOJaT TYaxuH QyHKumAcH ($,) Ba HEMTPHHO (AHTHHENTPIHO) NO-
Jar TYakiuH QynKuuscr () OumaH aHpkaIaHam: Do = $,9.0,. S my-
Ml XOJj[a KYPWIAETraH Xap GMP 3appa TYPT KOMUOHEHTIH TV AKIH
dyHRUKsA-CicngHOp GuaaH  HhojanaHumy Kepak. DHCTITHOPHHHT  HKKH
KOMIMOHEHTACH 3aPPAHHHI CIHH XO0J4THra, KoaraH HKKHTAacH 3ca 6epiLiraf
P umMnyabcia SHEPrHAHHHT OMHUIM  MYMKHH OVaraH Mgk KiiiMarura
(E = + y/ m*c* + p*c* moc KenyBuH TYAKIH GYHRUHA wHIMATIAPHHK
Ky pcaTany.

YMyMmuit xoaaa IOKOpHAary FadagHAaHHll oONepaTOpHHIHE
KVDHHHIIA JKyAa Mypaxkka6aup. OnepaTopui TY3Hul Ba YJapHHHD
KYpHHHIWH Xaknaa 6atadeuna TyxravMali wyHy afiting §TH Kepaxkkif,
Gera-eMUDHANLWHUAT yMyMIil Hasapusicu JlopeHil HHBapHAHTIHK
Tajsab KHAHHFaHLa ONepAaTOPHHHI O Ta BapHaHTIra, ABHH KYUYCH3
¥3apo TaLCHPHUHT GelNTa XUJH MaBxyIJULHFa TYFpI Keaaain. ¥.aap
Tysumwnra xypa ckanap (S), sektop (V), Tensop (T), axcuaa-
Bektop (A) Ba ncepgockansp (P) ¥3apo TabcupIap HOMIHI OJIM.
by rancupnapuir ndopagoBun omepatopaap Gera-yTiurza KY(PT-
JIKHHHT CaRKaalll Ba CaxJauMacaurira 1gapz16 (C\GTH-G.\!HPI.'.'IHLU-
Ja AKY(PTIHK CaKJaHNI KOHYHI OYy3mIaii) Nap Xila TV3Haaii.

ConnanawTupiaray Geta-eMiupitil HasapHaciiia 31eKT| Ba
HEITPIHO KaM y3rapypuli Oup KOMMOHEHTIH TVAKHH (VHKULIAIaDH
Ounatt ndopananazn Ba raajaéHIaniiw onepartopin 3ca varapiac
g xoucranrara teur Ae6 (3.44) TeHTJIHKIAril HHTErpas yuvi Ky iii-
AATHIE KeATHPHS YHKAPUIL MYMKIH:

J'%H"'r'ud—‘ = T. |v,‘4"\“."§‘\n([. i (3.45)
Gy epaarit
M = [43uod: (3.16)

sAponinir MaTpuuma sadeMexTH el artadagn. ¥ Gera-
eMIPUINLLAA 103 GepyBUN CMINE Ba KYPTIHKHIHT Y3rapHuliura xyaia
cesrupmip. Y poumuil §era-y3apo TanLeHp MHTCHCHBAHCIHE Xapak-
Tepaaiinl Ba GeTa-eMupPHIHHI Halapusen Owmian TampnGa uwaTi-
HKanapHui Tagkocaalian annrJanan. (3.46) nuterpaa martpuia
SMEMENTHHIHT 3HT COAAa Wakala éswamwmy 6V.aud, acania xap
6np yaapo tavcup (S, V, T, A Ba P) Bapuautira Moc Keaynuy na-
3apisia MaTplua 3JeMerTH y3nra Xoc KVpHHMmra sra GyJaiu.
Jlexuy y nouM GOWAAHFHYM Ba OXHPrI TYJAKHH QYHKUHAIAP Xycy-
cnsti OuTan annkiaanami. I0Kopuary xaMMa BaphianTaapaa Mar-
pHua 3JEMEHTHHUHP MakcnMad guitvati (/M= 1) sabava tanaaw
KOHAATapira MoC ReIVBun Wapraap Guaan aHukIanaml,
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Mymynbe Kwhimaraapu p Ba . p -+ dp opanukpa Gyaranpa ¢, Ba b,
TYRKHHAAD XO0JarJap CORH

dn = 4=V p'dp/(2=h)® = V pidp/2=h? @40
Ba, JeMaK,
Y Vipidp.pidp, 4=, )

6ynamr (3.45) sa (3.48) .aapuu (3.44) ra xyiu6 p, Ba p, MapHIHT
ONMWH MyMKHH 6yaran xHiimatnapd GyHnua HHTerpasIacax, 6eTa-eMH-
PUANWAA HYPaaHuI 5XTIMOJIHIHHN Ba JeMak, sIPOHMHT ypTaua siuam

BAKTHHH aHHKJAll MYMKIH, = GHI4H EMHDHJMII SHEPrHACH KyHujarmua
6GoriaHran:

F(eo)z = 2=*h7e/g(mc)*|M]?, (3.49)
oy epma

s = (me* - T,) mc?,
€0 = [mec2 = (Te).\xaxc]/mecg‘

F(zo)HN X HCOBaa MYMKHH Ba y €Tapmil KarTa &, Jap yuyH F(s)) ~ €3
(3.49) dopmyaanarii F(s,) HH TaxpubazaH aHMKJAHHING MyMKuH, |M[?
5ca pyXcar STIVIraH yTHWIAP Y4yH OHPra Ba TaKHKJaHrad yTHuiiap
VUYH HOAra skiH 6yaami. Hyeuur yuyn F. KynaiiTMa pyXcaT 31Haras
B TAKIKJaHran YTinuaap YuyH TaxmHHaH ysrapmac GyJM6, TaKuKnaH-
rai VImugap VYYH pyXcaT STHIFQH YTHILJApra xaparanja aHya Karia
vl xepak. Fr kyrnailtva cexyHAnapaa YJjuaHajd Ba y yTa pyxcar
STHAraM CHFI A1poJapaa KysaTHnaniran 6eta-yTHDNap yuyH ~ 107 ¢
ra Tenr. MenjeeeB JaBpHil cHCTeMacHHHHT yPracnga koOfJair=H sze-
seliTaapaa 103 GepyBUn PyXcaT sTuarad Gera-yrHuwap yuyH Fra 10° ¢
Gyvaatn. Hynkir 6y sapoaapaa  HelTPOH COHM MPOTOH COHHEAH KVI Ba
HATIA@ZA CNHITH 1ICHTPOR GHAaH CYHITH NPOTOH  3rajjaral SHePreTHK
caryJapn Gup-Giupuaan hapiaanand. 11lyHuHr yuyn GOmJaHrHY Ba OXHp-
FII X0JaT TYAKHB QyHKUSIAPH GHP-GUPIAH Ky YaHpoK (apkaasnG mat-
putia ssenenTit | M| Gupaan anya knunk Gyaam. Macanam,

PAMo—1INb yuyn  Fx=6-10" ¢ Ba
wEr —'0Tm yuyn Fr=2.10° c.
F= sqmiivari 10° ¢ ra sakng 6yaran Geta-yTHiwsiap HOPMaJ Pyx-
cat aTHATAN YTHWwAAD €6 aranam,
 Slopoununr GouwanFHY Ba OXHDIN XOJATJapH PYXCAT 3THJIraH
YTHULIAD YuYH MabayM wapraapra 6yiicynuunt xepak. By mapraap
XapaxaT MIKA0D MOMEHTH Ba KYQTAHKHHID CaKJIaHHI KONYHAADH
Ouaan Goranx Oynnb, pyxcaT aTHAran YTHIAAD YUyH T a i aa U
Kongxaaapu aeb ataianm.
Depnit Ba [anos-Tensiop Taraaw Kouganapu MaBXKyn.  Depaur Tan-
Jam KOolJaIapira Kypa pyxcar sTHATaH —YTHUMAPTA XapakaT —MHK0PH
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MOMEHTH Ba XydTJdry y3rapmafpurad yrHuiiap ) (Al =[0, PsiP,=1)
KHDanu. CamoB-Te/siop Tawjaw Koxgalapura Kypa, pyXcaT 3TH/ITAH
yrmuaapra xydraurd yarapmatinurai (Pg'P, = 1) Ba Xapakar MuKzo0-
Pt MOMeHTHUHT Varapuum Af =0 €k A/ = = | 6yaran (00 yrum-
Jap GyHra KupMaHau) YTHULIAD KHpPanu. .

Pyxcar aTuarad yTuiunapaa 3nexrponu(un03mpox{) Ba aHTHHeH-
TplHO (HeHTPHHO) CMNHHJAPHHUHI ¥3apo HYHaNHINI aHTHIApaJIesx
€xi napaJjuen GYJIHIUH MYMKHH. DUDHHYM X0/Ja HKKH 3appaHHHr
oNi6 XeTrraH TyJa MOMEHTH 3appanap CHUHH (S) Ba op6uraa mo-
Mentaapu (I) OHJIaH aHMKJAHUO,

ROy — 0
—_ 0 0

6ynann. By xonna XocHa GYaran HYKNOH CNHHHHHHT fiyHaauIIH §3-
rapmaiiili Ba AeMaK, P-eMHPHJMNIL HATHAKACHAA SADOHHHT MOMEHTH
Yiarapmaii gKomagu: AI=0. By ®epymu Tanaam Kougacira Moc Ke-
JanH.

D/eKTPOH Ba aHTHHEHTPHHO CIMHH nNapatiel OyaraH X011a sca
S, 4S8, +{,+ 1 =1 6ymd, HyKI0H coHiHIKr H§HamW y3rapaui
—_— 0 0
B2 JeMaK, SAPOHHHT TYsaa MOMEHTH{ Xau yarapazt: A/ =0, - 1,
(0 >0 ymuw Gynra xipmaiimi). DBy Hatinka [awos-Tennop  Tauiaur
Konxaciira Moc Kesajt. Tawxpnbaza Kyaatdnrad pyXcaT sTiHaral  Gerta-
YTHUIApAA AXPO CHHHI Ba KY(DTIHTI YUyH NagHKaran Nayv depain Gk
I"amoB-Tensop raunam Koig1atapH Gaxapuiaan. bawau ymimwdapay ix-
Kam TaHnam KounacH Oaapiamum  Mymxid. Cod epyir  vrmira

it
11 - 11 € »
§0 =N Geva-empitnnmt (0% =0T Ymw)  mcoan Gvaamt.

i~ o !
SHe —Li gera-emupiiunm (O — 17 y1inu) 3ca cop [avon-Tesop
- - - - o= i
YTiwmaag 1dopar. JPKHI HElTPOHHKHT MPOTOMrA aiiIaHit _!—, o
B
yTInU) apanaws YTHWra Mucoa 6vaamn (Gy yoaaa Nam  bepar, Na A
[avos-Teynop Tannaw Koupanapi Gaxazapiiami). TakHsaasran VTiw-
Japra TaHfanl KoMIAapH OysiTazn Ba Fsoommir KIGvaTi  opragi. Ma-

canan, '5Cs — '&Ba evipimuta A/ =2 pa Fz=4.10" ¢ Gyaayr.

UL T ,
iC N emuprniwga Af = — [, aekin wydTasx varapaut Py P, —
= — L. lHlymmr yyyn 6y yTiur Xav TaHkJaHrad sa F= i Kiiivary
| . 10 T <
10" ¢ arpoduza Gyaam. sBe — 5B yrmuza A/ = 3 Gy.aramr yavn Fz
oprii6 5-10% ¢ ra Gopamr. K — nCa ¥Tiza sca A/ =4 pa f= —
= 10'S 6ymamr.
DepMit Hazapusicura acocal Sera-emupnanmia xocua Gyarau
Gera-sappanap cnekTpn Kyfiaars (opuyia Guaan Hponaranani;

NEde~ey =T (z, ~ :)ide. (3.50)

n
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By ¢opmyna (3.48) aan m=0 ne6 xearupub uHKapunagn. Tax-
pubana aHukNaHraH 6eTa-CmexkTp 61ma}_{ (3.50) dopmyna HaTumsa-
CHHII TAKKOCJIlI OliAaH XaM Ha3apus TYFpH SKaHAHTHEH TEKWHpy
MyMKUH. TeKmnpunap O6€Ta-eMHPHJIHII Ha3apHACHHHHT TYFpu
SKAHANTHHY Ba HElTPHHOHUHI MACCACH HOJMA TEHr SKAHJIHIHHK Tac-
mukaafinn (3.49) dopmysnasan Qofinananub sHa Ky4YcH3 §sapo
TABCHD KOHCTAHTACH ¢ HH XaM XHCOGJawl MyMKIH. ByHm{r" YUyH
pyxcar stnarau yruwnaapra /MZx1 ne6 onul Fr HuHr guiimati
Taypubanaw annkmaHand. XucoGnamaap g 10-*® spr. cM? sxa-
HUHI K§pcaTan. By sca Kyucns ¥3apo TabCHPHHHT XKyAa XaM cycr
9KAHHHH TaCIHKJAliIH. )

Bera-cnextp wakauum, afiHHKca TaKuKJaawra yTuiniapia Gera-
CNEKTP IUAKJANHH Ba Oera-eMHpIIHIIAA XOCHA O6yaraH 3appanap-
HUHP Gypyak TaKCHMOTHHH TaXJJ KHANM GerTa-eMHpHJIHIILA Kyy-
cu3 ¥3apo TancupHuHr V Ba A xuinmapu acocuit podp YHHalnHN
KypcaraH.

Bera-emupuanmunHr 663 0KOpHAa KYpHO 4YHKKAH KAACCHK Ha-
3apUACH Kyucn3 ¥3apo TabCHpJapAa JKYGTIHKHUHT CaKJaHHIINra
acocaanrad sau. Jlexid, 1956—1957 linnnapna kyucis y3apo tab-
cipaapaa KyQTINK cakJaHHI KOHYHHHI GaXXapMacJurl aHHKJaH-
rau, Oera-eMHpHANII Ha3apHAcH KaiiTagaH KYpHO uukuign. bBera-
CMHPHANIUHIHET SHPH Ha3apHsCH KJacClK Ha3apHAAarH acocHil Xoi-
nap {$3rapmail KoanwuHH xypcarad. UIynHHTAEK, sAHrH Ha3apus
KYUCH3 y3apo Ttabcipla TabCHDHHHT V Ba A BapHaHT/NapH acocmii
podib Vilnawnan TacAHKAaLH.

Slna wymn afiTuimn Kepakkd, G6eTa-eMHpHJIHII 2KapaéHaapuia
n3oTon cnity Gyiiua XaM Tanmaam xoupacu Gaxapunaani. Myka-
MaLTamray 681‘3-8.\“!])11.71”111 Hasapudacuia CDE[JMH ManHU.a 3JIeMEeH-
Ti n30ToN cnnu OYiinua Kyiliaari Tannam xouaacH GarKapuaHlIHL
Tanal gunagn: AT=0 sa ATE=-1. By Tannamw xonaanapun Ga-
Aapuarasia pyxcar atuaraun  @epMun yruumap (0+—-0+) yuyn
Frx10% 6§an6 Koaasepann. Jlekun nsoron cnud Gyiinua Tanaaum
Koiaacuuunr Gamapuavacanrn ®epymy pyxcaT STHATAH  Thuuia-
puin xaM xninmtawTipnd, Fr Hunr gofivatunin 105—10' ¢ ra ga-

Zap oprnG xeruunira cab6aé 6yaami. Xaxuxaray, taxpu6aza Gyu-
aail yramaap yupaiimi.

3.10-§. Bera-emupuanwifa Ky HTIHKHHHY cAKAAHUI
KouyHn Gunan C-UHBAPHAHTIAMKHUHT GY3HAMIIN

1956 iimana K-mesoumap xycycusTHHN yprampm yJapHUHT nap-
UaTAHIWIIAL RYPTIIK KOHYHHHHAT GYSHAHIINHK KYpcatay. Baban
napuatannwaapaa K-meson xyQTaurn Kydbrt Ba Gabsu napuana-
mmmtapia Tog 6yan6 ynkaH. K-Me30H napuanaHumn GeTa-eMupH-
JHIUTA XOC KYUCH3 y3apO TabCHP LOHMHItcy Guian Xapakrepianra-

HIL yuyn Gera-eMHPHINIUAA XaM KYDTIHK cakiaHH KOHYHH 6Y-
3iIca Kepak geraH Gukp aiTHaau. =

Jla ayi-nao sa Slur  JKen-Hun

a KYT6aauran  sxponapHiHr
GeTa-eMUDIHININN YpPranum i

yau 6unan 6y xapaéuna KYPTAK-
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HUHT CAKJAHAIG KOHYHH OYy3HJHIUK €KM 6aXKapH/HIIMHH TeKWHPHO
RYpHIIHH TakAud sTHwRY. 1957 iuaga By Ba Gowmka du3HKAAp
Kyt6aanran $ Co saponapuias unKaérraH 3JeKTPOH/IAPHHHT GYyp-
YaK TaKCHMOTHHH YauYagunap Ba 6eTa-eMHDHJAIHIUAA XaKHKATaH XaM
KYQTAUKHEHT CAKJAHHII KOHYHH OaapuaMacaurisu  ucbor
KHJIAUap.

Bynnaii TaxpuGaun yTkasHu xyjaa KHHHH, UYHKH sApOJIADHH
KyT6Jaml yuyH YTa I0KOPH KYY/IaHHIUAH MAarHuT Maiiion Ba yrTa
mact xapopar sapyp. By taxpubacuaa woxopi xyuwrannuway (H=
=~ 10°3) marsut maiigon Poys—Tloprep ycyan Ouaan omunan. By-
HHUHT yuyH napamarsut moajanapiad doifiaaaanuaiu. [Tapavaruur
aToM 3AEXTPOHAAPH SAPO coXaciia TaxMiHax 10° 3 maiigon Xocma
Kuaagu. byngait Mafifonsu MarduT MOMEHTH KVYTG.1aHraH 3JeKTpoN-
Jap X0CHa KuJagH. BYHHHT y4YyH mapaMarHut MOAJaHH 6D Heua
103 3pCTEANH MArHHT MaiAoHra xoilaair Kigos.

¥Yta mact xapopar xocua Kumanwr yuyn sca [de6ail ycyamaad
dofiganauuagy. ITact Gocimaa cyiox reaniinn 6yraatnd ~ 1° K xa-
popar onHHagd. CYHr mapaMariilT MOAJZaHi aaHadaTHk ycyaia
MarHurtcussiamw fiyaun Gunar yranacr (~ 0,001° K) xapopar xocua
KHJIHLW MYMKHH, YYHKH MarHNTCH3Jall MU NapaMariuTHHHT HYKH
BHEPrHACH XHcobura 6axkapHaanl.

By taxpubacuuuur cxemacu 3.18-pacmia kypcariaran. Bera-
pannoaxtHs Mau6a (0) 61p Heua MHKPOKIODH aKTHB.IMKKa 3ra Oyva-
rafl, uepHii- Maruuil HiTpat MouokpHeraanra onKa Kuand (0,05 )
cypruaran 8 Co mau un6opar. ¥ K xonteiluep uuura oitaairai.
Konreiinep xam Lepnii-Marknit HUTPAT MOHOKPHCTAMIAPHIAH sica.l-
Tan Ba y HNCCHKJHKHH €MOH VrTkaszaiurad [I rtarankka gViirind
BK — Bakyym xamepa uunra moiitanran. Daextpousap 1-6 s xa-
anuankka sra 6yaran Kp anTpaucn kpuetaan ¢paasitia Kaiii st

nAaan. Aurpauen ian Manda opa.au
Fil 2 cM. AuTpauenia Xocua Ovarau

Nal épvrauxk  y3ve (120 cvm) Co épyr-
Q dlzg JUK YTKasrid €paaiia Y poro-

s KynaiiTknura  Gepuaaau. Kypuasa-

- - Hacocza HHAT I0KOPIAA KypHO UIKHITAH KHCM-
*'-5‘5\ 1 aapi cyiok asoray  Jwoap uawra
conran BaKyyM Hall HyHra  oi-

aauran. Haii  xapopamiitnn  rawkn
XapopaTra Kalap HCHTHINHII Te3.Ja-
THUI YYYH BaKyVvM Kamepara ras xo-
narujary reanii KupHTHaud, smaxcyc
MariiT épaasuiia mepiii-Maranit nut-
pati n3oTepMiix Marnutaanaan. Cyur
requti rasi Hacoc €paamiula wHKapH-
au0 raulIatnadn Ba Kouteitnep Guaan
MauOaHi COBHTHII YuyH yaap ainada-
THK Marsurcisaantupinaain. Kepak-
3.18-pacy. By rampudacnnune 1T M&CT Xapopar oauuradv, uail KyTo-

10‘>cxe'“acu' JOBUII COJdEHOY nulra KlXpIITIIJIIé,




K0GOALT aToM aneKTpoH- [l

AaDHHIHE CHiHAapH _N" L =
HKKH HyHaanma opyeH- ) \ Is i 7
THpaautupnaaan. $Co \J ' 1 1
SAPONAPUKUKT  KyT6na- : o= 4
HHW  gapaxkacn  Gera- cal / |
eMHpHANIAa Nocia 6Y- L7 154 {
JIYBYH y-HypJap aun3o- 7 ' |
Tponisicnun yJauaw iyan S : —
6uaH aHHKJIaHaIH. ; X ? 2 il
TFamma-nypanap Nal

Kpucrannapn  é€paami- o.17-pacM.  °

na Kailg KIJIHHaAn.

Taxpuba natnxkacn 3.19-pacmma xentnpuaran. Opannara yxi-
na Manba cosnruaran (Ng) Ba coButhHaMarad (N) Xoanma unkapma-
raw y-Hypnapuunr muc6arn xeatupuaran. Abcuncca Yxura  aca
Vasaw BakTi kyinarad. Pacmpga crpenxajap GHIaH HCHTHII Y4YH
naiira reduil rasn KUPHTHATAH BaKTAarn KyTOMOBYH MarHHT Maii-
AOHUHINIT BKKH fifHamimn kypearnarad. Taxpuba wyHH xypeara-
JUIKH, 1eKTpOHAap sAPO CNHHHTA Teckapu IiyHaanAa XYnpox
Yund unKap skan. AcCHMMeTpIsl TaxMHHaH 8 MHHYTAAH cYHr iiyKo-
JAail, MVHKI pallfoaKTiIB eMHPHINIIAAH aXpaJraH Ba TallKapHAaH
Kearan necukank  $°Co sapoiapu OPHEHTAUMACHHH YarapTHpagy
(kyTéaanuum cycasan). Bera-emupuaninna Ky3aTHJIaaHTaH — accH-
MCTpIsL y-RHYPASHII aun3oTponuscy 6unaH Oupra liyKonann.

By rtaapnbacira xypa GeTa-eMHDUJHINAA  SJEKTPOHJAPHHHT
Gypuax TaxkcumoTn Kyliuaarn gopuyna 6unnan upomamaHagu:

J(8) = A(1 + acosh), (3.51)

Gy epara a<l. DNEKTPOHIAD SAPO CNHHHra TecKapH liyHaanmma
K¥npox uuxnmn cababan Kysry ciiMMeTpHscH Ouaan GOFJTHEK 6yaran
AYPTUIK caxadaunm Konyin Oysuaaan. Kyucus y3apo tancupaap-
Aa 3aps agMaunupml 6unau Goraug 6yarax  C-uHBapHaHTIHK
Xam Ov3naaii.

Peasitnsiernk  ymaifigon nasapuacuna CPT-yazapus HOMUHH
oaran Kyiiiaari Hasapis MaBKyA: TabHaT KOHYHJApH Kyiimmard
yu amuckper C, P, T aanawrupnw xynafirManapura uuc6aTan uupa-
puantiiup: CPT=1. C-aavawTtupuw 3apsn  aJMawTHpHWLaH,
P — Roopasnaranap nwmopacnin y3raptupum Ba T — BakT Huopa-
ciin ¥3rapuui onepaunsiiapiian nboparaup. Kyucns §3apo Tan-
cnpila RYPTINK CcaKJannyl KOHYHWHHHT OysunHilu P-uHBapHaHT-
miRnnnr Gaxcapnamacanrnnn kypcataan. Kyucus yaapo TabcHp P
Ba T-aavamrupnw xynaiitvMaaapura Hucbaran xaM HHBapnaut
smac. CPT-reopevara acocas PT-aamawmrtipumra C-aaMaliThpim
sKkphpatentanp. Jleyax, Kv4cH3 ¥3apo TabCHpAA 3apsj aJiMallTIi-
piiira niucGaran XaM iHBapHaHTIHK OY3HJHINH KEpak AeraH XyJjo-
ca weanG unkaaiu. Tampubaga O6YHH TeKUIMPHIN KHHHMH, YYHKH
2HTHSIAPO Guaan Taxpuba YTKa3HI MyMKHH aMac. JIEKHH Kyucns
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¥3apo Tabcupra Xoc Eaes p.+ —~et pa o> v —>e  eMUPHIHILIA X0-

cna 6ynamran pH(e™) Ba pT)e”) napumHr KyTGnamuii Xap Xuwi 6Y-
nud yagad. By 3ca Kyucus y3aPo TabCHPAA C-VHBaPHAHTAUKBHHT Oy-
BWIHUIRHE TaCIHKTali i,

3.11-§. TamMma-Hypaasuw

TamMa-HypJaHdil YHFOHraH XoJaTAari sAPOHHHT NACTKH EKi
acocuit XonaTaapra YTHIIH HaTHKachaa xocua 6yaami. I'ama-pa-
IUOAKTHBIMK KapaéHUAa SAPOHHHT HYKJOHJAp COHH Ba TapTHO
Homepu YarapmaiiiH, AbHH PajHOAKTHB HYypJaaHiul S4po H4lAa
HYKJOHJADHHHT ¥3ap0 TAbCHPH HATHXKACHAND. SIAPONADHIHT 61p
SHEPreTHK XOMATAAH MKKHHUMCHIA FaMMa-Hypiap 4HKap#0 yTHIUH
paanaunHoH ¥rHW aeb aTasani.

SIApOHuHr YHFOHraH X0JaTil 0eTa-eMupIuIiW, adbha-eMHpIIHII
Ba SAPOBHI peaxUHsAaapAa XOCHJ OyauuIM MyMKHH. MacanaH, Ky-
JOH KY3roTHW neb atanayBui AApOBHII peakuiaaa, aApo Xapakaria-
il 3apAAJAHraH 3appaHHHC KYJOH MailaoHI TabCHpHIA «YilFOHA-
LIy,

I'amma-Hyp/laHnw sHepriiicH Xap Xiua Anckper KuitmMartiapra
sra 6ysnann. By aca sanpo sHepreTiK XOJaTJAapHHHHT JHCKPET 3Ka-
HHHI Kypcatapu. SIapo yilFoHraH XONaTHHHHC SHepruscH yua
SIADOAArH HYKJOHJAPHUHr ypraya GOFJIaHHII SHEPrHACHAaH Kau
Oyaranja y MacTKH XOJaTJaplra raMMma-Hyp uikapour 6uaan yTa-
Q. SInpoHHHr pagmHauHoH yTHn 6up EKH OHP HEYa raMMa-iuyp
uHKapHlW OuaaH 103 GepyBuUM KacKaaiau VTHWAAaH néopat Gy i
MyMKuH. 3.14-pacmza ;] Na HHHP Gera-eMupIIHMI cXeMacH Kyp-
carniran 3a8. Tawnaw Konjacura Kypa Gera-yTiill HaTHXKAcHIa
acocar 33 Mg nunr 4+ xoaarn xocua 6V.aazn. Cyur j} Mg xerma-
KeT ramma Hyp uukapu6 acocuit Xoaartra ytaad. By epaa xoci.
Gyarail ramma-nypaapruur ssepruscu 2,7 MsB sa 1,4 M3sB. [au-
Ma-HypJap CUexTpit TaMMa-CiekTpoMerp.1ap épraMilia yprauiaaiu.

Famma-nyprannmwaa sapo  yiiFOHMW — 3HEPrUsICHHNNT  acocHit
KHCMIIHI ramma-nyp onnb xeraiu. S1apo oaray Temxi 3leprusci

Myaa KHuMK Ofnann. Xakukartad, sHeprius 8a HMIVALCHHUT Cak-
Jainu Konynira Kypa

E=E +T,
0= /31 ~ P, (3.52)
6y epaa Er Ba 7)1 ramMmMa-HYPHHHT  9HePriisic Ba IMmvaecH, 7, Ba P',,

5Ca SIPOHUHT KHHETHR SHEpriscir Ba Hmay.ascit. [OKopuzarin Tedrnava-
Jau Ba

> |

P\I

=t
IKAHHRN 3BTHOOPra OIS, KVHHIATIEN YifKapiul OCOH:
Ei

e 2Muer T 2Mge?

(3.53)
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Macanan, £=10,1-=1 M3B 6yarauga nyknonsap coiu A = 100 6y
rau aapo fyuyn T~ 0,1--10 3B skanu kenu6 uniami. By aca £ suup
TaxmiHad 1070 == 107° KHCMHHH TAIIKI 3TajH, XOJOC.

Adba-eMupinHuA XOcHA GyJraH  ramma-HYPJaPHHHT  gHepPrisch
omarna 0,5 MsB mad opTMaijH. Bera-emupuaniza X0Cu1 6yarad sapo-
JiaP 3ca KarTapoy, SHEpTHSIH ramMva-Hyprapay UMKapHIM mymkuH (£,~=
9.5 M3B ra xanap Gopanu). DYHHHTr caGaGi IBYHIakw, anbgha-eMuph-
JJA IOKOPH YHFOHIW 3HePrifAcHra 3ra G6YJAraH Xocunasiit sIpOHHUT
XOCH/I GYaiin SXTHMOAAMCH KaM, UYHKM SIPOHNHI KMUHK —3HEPrHAnH
anbpa-3appa YHKapHO eMHPHIHW 3XTHMOIMLH KHUHKAup. MKkHHYMIaH,
GeTa-eMUPICIHIAA EMHPHAHI SXTHMOJHTH 6eTa-3appa HEPrHsAcHra Cy.r-
poK Goraitk Gyarad (F~ E;) ¢yHKUuS GHiaH awikJaHany.  Ausga-
MIIPHIMW 3XTHMOJUIATI! 5Ca anb(ha-3aPpa SHepruscH OHAAH KYWIH 6OF-
J1anraH.

Dab3n painauion YTHIIAAPAA IOKOPH SHEPTHRJN ramma-Hypaap
Xocma 6§anmn MyMKiH. Macanay,

Li 4+ p—fBet ¢

peasiiifaga Nocui GyaraH ramma-Hyp sHepritickt £ =17 MsB. IOko-

pu viiromiw SHepreTHK XoJaTiaH O0wKa 3appanap (HYKJIOHJIAp) uika-
PHO eMUDINI TauJall KOMAANAPHra KyPa TaKHKJaHTaH OYJraHH yuyn
Gepiait sIpocH ET = 17 M3B asHeprisian ramma-HYP uHKapH6 acocuii
xoaarra vraa. JIekuH OyHAall xoasap Kam yupaHuH.
; a2 i =
31K TPOMATHIT Y33aPO TABCHP KOHCTAHTACH oc=h— e & 1 6Ya-
i

Taui YYVH Pagiauiion  YTHII 3XTHMOIHPHHH FanaSHAaHMII Ha3apHscH
METOLIADILAAH (PORKAIAHIO NHCOGIAU MYMIGHH:

M l dn

] 2n
P=— | ZE (3.54)

h

By epra M= J’v‘gSH’%d: 3apstq Ba MATHUT MOMEHTHHHHT 3JIeKTPOMAr-

HUT Mait1oH GHIau Y3aDO Tabcup ramiIbTOHHaHuHuHr (/') Marprua
dn 3

S7MEHTILU, — — CYHITIL XOATAap JIUIHTH, b, Ba U
[ F A

) OXHPIH Ba
GowaNriY SU[POHIHT XOJaTHHII aHHKAOBUE (QYHKUMANAPAHD.

DaeKTposaryHT Mailgou Hasapisiciira acocan A’ Ba dn/dE  anukna-
HIIUWI MYMKIGH, 9, Ba P QYHKUHAAAPHII OUPOP, MacanaH, KOGHK MOZEeNHra
acoca TomiG, 2 HH XucoGaaw MyMKHUH. KOGHK MOAesH acocHia XHCOG-
JAl KYI1ary HaTipkali Oepami:

R m 243 gm0l e
P~ LTJ ~ABEY (3.55)
6y epaa [ —raMma-kBaHT 0446 KerraH /h xapakar MHKIODH Mo-
MEHTHHIl XapaKTep/I0BYH opOHTaJ KBAHT COHH, ¥ =1, 2, 3... Kuil-
Mataapuil Kaby.a1 KHAMI MyMKHH. Acauga GOTOH yuyn op6urai
MOMEHT TYIWYHYACHHH KyJJall MyMKaH smac. By ¢oroH THHY Xo-
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JaTAarH MacCacHHHHT HOATa TeHT OYJMHIIH BAa CHHEHHRT HOJra TEHr
Macaury 6unaH TYWYHTHDHJAAAH. JIEKHH @OTOH MYJIbTHMIOJJIHTH
Ae6 ataayByll X0JaTJap MaBXyA 6Ynu6, 3JEKTPOMATHHT MaliaoH
MYJBTHIOJH J€raHjaa TyJa MOMEHTra Ba Xydriukra sra GyaraH
3PKHH TapKaqdaéTrad MailJoH XoJaTjapu TYWYHWIaxdn. Mabaym
MOMEHTra Ba XYyGTiukKa sra 6yaraH GOTOH XO0JaTH MabAyM THII-
Jlard MyJbTHOONL HOMM OuaaH arananu. Macanawm, [ mMOMEHT/II Ba (—1)F
HYGTIHKI QOTOH X0JaTH 3JeKTP 2'-nosb, [ SOMEHTIIL Ba (= e
KydTMmiKaH (GOTOH XOJaTH 3ca MAarkuT 9'-nonb 7¢6 aranamt. [ =1 ga
MYyAbTHNONb JHDOJNb 1e6, [ = 2 ma kBagpatnoab, /=3 1na ok-
TYnoJb Ba X. K. Be0 aranand. J.eKTp MyabTHnonnap E xappn 6Guaam
Ba MarHHT MyJabTHnoanap M xaodu Gunad Gaariiasapw. Macaaaw, El—
37eKTp gunonb, Ml—maruur gunoaps E2 Ba M2 amoc pasnuiza
5JeKTp KBaApPaTnoJab Bia MATHHT KBaapaTno.ab 126, E3 pa
M3 nap sca 9mekTP OKTYNOAb BA MATHIT OKTYnouab Aed ara-
Jani. PIApO 3apsgH KafTa TakcHMIaHralja 3MeKTP XapaKkTepiidarH Mvab-
THMOJAP XOcHA 6yaca,  MarTHHT  MVABTHNOMIHKAH — HyPaabHwaap:
CMIHH Ba MATHUT MOMEHTJAPHIAr KailTa TAKCHMIHHW GHAaaH GOF.TiK
6ynamu./ [FamMma-uypaauinuga  MabayM TaHaaw KOHAAA4pH GaAapi i
Tanab lr(mmua,uu. XapaxaT MHKAOP MOMEHTI CaK.JaHHIM KOHYHH KVij-
Jard TaHAdll KOMAACHHHHI GaxaDHaHwMHII Tanal  sTald:

He— 1| =stl=<" 41| (3.26)
6y epha [ Ba /, AOPOHHHr OOHLIH i ¢ Ba CXHPri  )0n8aT  CHHHAA]IL.
JKyGTiHRHIHE cakaaHmu KOHYILIFA kY a  Viluaari Tammain  KCHaasapi
Oaxapinazin:

Py .

ot (— 1)’ SACKT) A TP YAy,
0

——!;—"‘— = (— 1) aormie C ¥ rgaap yuyn.
0

Ulynnait kuau6, (3.55) dopmyaazan Ba w0Koplaa aiiTiaranaaplaes
Wy Hapca alngAanaAnkd, Oupununaan, [ nnur  opTHWn  Onaaw
ramMma-yTHu SXTHMOMINLH OpTaall, NKKHDuH1aw, yarapmac /[ 1a
MariuT YTHID 3NTHMOJLINTH 3JEeKTP YTHIN 3XTHMOJTHCHIAH  Kawm
Oynain Ba yWMHUNAAH, apaqaill VTHULEApIa KHUHK MYALTHIOIINK -
Ka 3ra Gyarail yTHwAap axTHMOAMITH Kartra Oyaain.  Kyiimiarn
3.3-’kanBanaa xydrauk Yarapimn €k ¥3rapsacanurira  Kapat
Typan Al napia 103 Gepailiran acocnii rayMMa-\THLIAD Kypeatii-
rai. IXTHMOIHIH KaTTa GYuray YTHUIAAD OCTHra 4H3iKta K{ia-
1aH.

33-Kaipaa

— 1 El , MI El, M2 M2, E3 L3, M4

+ 1 Mp, E2 Ml , E2 E2, M3 M3, E4
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0.335 \/2 - N=-'4,4 coaT
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IR

115
3.20-pacy. }15 In ARPOCHHHHT caTXIap cXeMacH.
Xapaxar MIKAOPH MOMEHTHHHHI CAKJAHHIIE KyiWnard YTHWJAAPHI
Tastkaaimt: Al =0 ga (0—0) ymm, /=2 xa |All =1 yuys (0— 1)
8a (1 —0) ymin, [ =3 ga |Al| =2 yuyn (0—2) Ba (2—0) yruuw
Ba X. K.
Coux Ba XyQTMK Gyidia TamJaul KOMAACHIAH TalKAPH, H3OTOMHK
cmiH 6VinMa XaM KYHHIarH Taujawl KOHAAcH GaKapHAHiM Kepak;
AT =0, 1 Ba ATs=0.

By taxpnbairapia TacAUKJIAHIaH.

Kyuan TAKMKJAHraH Ba KHUHK SHEPTHAAH yTHI GHAaH Xapak-
Tepaanysun Gab3H SHEPreTHK CATXJIAPHHHT ypTaua sllami BaKTH
Hyja katra OyAHO, MHHYT, COAT Ba KYHJAapAa YIYaHHUIM MYMKHH.
Byuiaii y30K sWOBYK AAPO YilFOHraH XojaatJjapH 3oMep Xo-
Aartaap nae6 aranagn. Msomepus xomicacu 1935 iinnga
H. B. Kypuaros pax0apaurujari copetT GH3HKJAapH TOMOHHAAH
Gupunyi MapTa KysaTiJIrad Ba TYWYHTHpHG Gepumiran. Macanaw
T°ln msomep  Xosarur  sgpora  wmicon  6yaa ouamu (3.20 - pacm).
Wiln stapociusiir acocd yodar cmpdit 9/2 Ba mycGar skydriukika 3ra.
Buprsuir yitvorieran Xonar aueprisicis 335 KaB Ba cnux Ba Ky(TJHK
27 guiivarra sra. By Xonar Gunau acociit 9 2 xonar opackia 103 6Ge-
PYBYIL VT KYWIH TAKHKAAUraH, YYHKI COHH  Y3rapmi 4 ra TeHr Ba
yomar mydrauri xans  ysrapami. llysmur yayn xam sgpo 1/2T  xo-
Jaraa v3ox smamn mymxin (= = 14,4 coar). Msomep xoaaraap siapo
KOGIIK MOjeJl{ acocHia OCOM TYWYHTHpitiami. MacanaH, joxopuga K-
puaran ‘Pl anponaprari 49 — npoToH KoGHK MOAeaHra acocak 2 p,,
X0A4TAd Aolanran. Y Hgau KefiiHri cary lg,, Xonargan u6opar. lily-
Hr yuyu Nan 'PIn uuir Gupuuvir  yiAroTHiraH catxw 1g,, npoToH
Xouar Giaan xapaxrepaauamr. [IpotoH €xu Heiitponaapu 50, 82 pa 126
cexPnt cottaapra siKie GyJrad sgpoaapga H3oMep x0J4Tsap Ky yupaii-
I Ba yap H30MEP ,0POJYAIAPIHI® XOCHN KHIAH.

3.12-§. Muku KOHBEPCHMOH 3JeKTpOHJIAD

Yiirouiran XxoJaatiard SAPO ¥3 SHEPrHACHHH HUYKH KOHBEPCHOH
SAEKTPOHHI UNKapHW iy 611aH XaM HYKOTHIUH MyMKHH. By Ka-
patuia sSIAPO ramMMa-Hyp uHKapMail, SHeprHsacH opOHTazark 3JeK-
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TpoHaapaaH Oupura OGepHaa-
aH. Wuku koHBepcHOH 7Ka-
paéu  nukn  K-gobuxnaru
3JIeKTpoHAapaa KaTTapok
3XTHMONAHK OGHaan Oyaann.
Xocua G¥aral  KonBepCHOH
3JIeKTPOHA3p MOHO3HEpPreTHK
6Vnaan Ba yJapHUHT CNEeKTpI
ajoxHaa-aaoxiia uYyKKHnaap
Kypunumniia ysaykcns Gera-
i . I HYypJAaHBLUl CNeKTpy  yCTiaa
0 0,2 0,4 08 TJe,M3B 2xpann6Typaan (3.21-pacwm).
Pacvmaa K, L, M xapdaap
Gl1i1ai KOHBEPCHOH 3JeKTPOH=-
Jap KailcH KaTaamaapia Xo-
cun 6yaranu kypcatnarau. Slapo Xoaar suepruscn £, K-xaraaw-
Larn 3JeKTPOIHHIT HoliN3alunoy noteHunaliu /,  G6yJaca, Koiusepcuol
SJIEKTPOUMHHET KIHETHK Heprusach:

T,=E—1, (3.57)

3.21-pacm.

69namn. Arap E<I, 6yaca, mnykn KoHBepciion Xoaunca L, M sa
Gowka KOGHKAAPAATI 3JEKTPOHAAPHIHP HHKHIN OHaan  Oyaaiu.
Hukn konBepcmoH XKapaéH, an6aTra XapaKTepICTHK PeHTren iyp-
JdanunwH kit Oxe 3JICKTPOHMAPHHUNT YHKHIIH OHJaH KY3arnaaiul.
Bupiiun Xos1a HUKH KOHBEPCHOH KapaéHaa atoM KaTJamulull
YHKNG KeTraH 3JIGKTPOHHHHI YDHIFa KeilHHrH KaTaaMaa :Koliiaiu-
TaH 3JEKTPOHJAP YTHUNI HATIIHACHAA XaDAKTEPHCTHK DEHTIEH nuy -
Januwn Xocwa G6ysmanu. Hukn komsepciton kapaéiga  yiiroural
Xos1atra yTiO KOJAral atoMHUHT VIFOHHII SHePrusicH atom Koburi-
Iari TamkH 3JEKTPOHJAPHHHT GupopTacHra GepH/HIIN XaM My-
KHH. ByHpaii xxapaéuna xocna 6yaran aaekrpontap Ome sgexk-
Tpounapn ae6 aragani. Oxe 3.JeKTpoHJIApPH XAM AHCKPCT zitep-
reTK cnektpra sra. 0—-0 $ruuiiap € raMMa-uypJlanull, € Huki
KOHBEPCHOH 3JIEKTPOUHHHT MHKHIIH GUAaH KY3aTHJHUIN  MYMKHIL.
Hurit KoHRePCHOH 3NEKTPOHAAP COHMHINT (N,_) 7-KBAHTIAP CONNTaA HiiCc-
GatdH Ty Ja HUKII KOHBEpCH l\oatp(puuueurn €6 atarami na =
GIIaH GeriaaHain:
No—

1 T 7 N
=0, & Oy (3.58)

By epra Qs %, Gy BA N. K, 2P nmapumnal HYKH KOHBEpCis
KOSppuuUImenT.AapIr 1e6 aTaal.

yHFOHra}j X0NaTaary sSAPOHIHr NacTKu €K acocHil xoaaraapra
TaMMa-HYp €KH HYKH KOHBEDCHOH 3JEKTPOHJapul uHKapu6G yTium
SXTHMOJITY, VTHIN 3HEPrHsicH, f1po TapTHO HOMEPH, caTxiaap xa-
PAKTEPHCTHKACH Bd KOHBEPCHOH 3J€KTPOHJIAPHHHI KaliCH KaT.gaM-
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Y pan wpKumira Goraugaup. LIyHHHT yuyH HUKH KOHBEPCHA K03(p¢H-

LUEHTH SAPOHHHT TapTHO HoMepH (Z) Xamia y-HYpJAaHUII MyJIbTH-
NOJAANCHHEHT OPTHLIN GHIAH OPTaAH Ba YTHII SHEPTHACHHHHT XaMia
KOGHK pajHyCHHWHT OPTHIIM OWJiau KaMmadmd, ar OAaTAA G, [3H
6up raprubra Katrapos Oynaxu. Tysa Ba mapuual HYKH KOHBEp-
cnst ko3 @UUHEHTIAPHHI YJ4all KYyjla MYyXHM axamusTra sra.
Taxpibajga yauauran Ba Hasapuii {iys Gniad XHCOONAHMAH HUKH
KoHBepcHA KO3(PQHUHEHTAAPHHE TaKKOcAa0 ramMma-yTHIl Ba YTHLI
103 GepaérraH XoJaTap XyCyCHATNAaDHHK aHHUKJIAUl MYMKHH.

3.13-§. Méccbayap athdexTn

AToyM OH3HKACIIAH MAbIYMKH, aTOMJAapHH MabiyM TYJIKHH
ysyuaukKa sra 6yaran HypJaap GIJIaH Pe30HAHC KY3FOTHII MYMKHH.
Macanan, cuyo6 Gyrunm 2520 A TYAKHH Y3yHAHKAH Hypaap GHIAH
8puTiuica, CUMOO aTomJapl Pe3oHAaHC KY3FoJail Ba yaap XyAAH
wynaail TYAKIH ySYHJIUKZArH HYpPJIapHI YHKApHO acocHil xoJaatra
yraan. Byuaall ceKTp YH3UKAZp PE3OHAHC CHEKTp 4Hu-
3 1 KJ1apu xeb6 aTanarad sau.

Bynzaii pesonalc IOTHAHII SAPOJAPAA XAM KY3aTHIMUIH KEpax.
Yynkn A4P0 XaM aTOM CHHrapil KBaHTJAHTaH SHEPreTHK caTXJjapra
3ra Ba 10KOPH 3HEPreTHK XOJAaTAaH nacTki 8K acocuil xoJsarra
yTranaa y-uyp unkapajin. SApoBuii raMma-Hypaap SHEPTHICH aToM
HY[AaHHL 3HEPrUscHAan anua Karra Gyaaan, anbarra. Illynuur
YuyH Xay oJl WaponTaa sApoJiapia pe3oHaHC IOTHJAHLWI Ky3a-
Tiamaiia. Byuunr ca6abn wmyHgaki, raMma-Hypjaap SHEpTHsCH
Xa1Ta OVaraun yuyu yaap sapoaad uHKKaHaa Ba IOTHAraHAa sApo
0Jrall TCHKIL 3HEPrusicH Ce3uyapay japaxajia Karra Gyaagu Ba
raMMa-Hyp sHeprusicH KaMmaiinb, pesoHanc wapry Oysuaapd.

SIAponnir snepreTik caTxn 6ujan raMma-Hyp SHEPrusCH Kauaail
AUPKAUEAA MOC KC/Iraula PE30HaHC IOTHJII KY3aTHIHUIHE XH-
coGaaiiatna,  MabLayMKI  AAPOHHHT 3HEPreTHK caTxjapH caTx
Xenrainry  aed aradysul KaTTanlkka 3ra Ba Y sADOHHHT Iy
X02ATa siuall BaKTi 61aan Kyliliaariua 6orJganray;

SE.At =~ h. (3.59)
Macaaau, 57Co ¢ - avpawr  Guian 5 Fe siipOCHHHHT YiFOHTaH X0.aTH-
i xocua Kuiads  (3.22-pacn).  Tamma-yTmupasw  xocun Gyarau iTFe

mr 0,004 MsB it yitronran xonatn 1077 ¢ swam BaKTHra ara. Y

14 3B ravma-nyp wiuKapiG acociit Xoaatra yTam. ByHpait xo/aa carx
KeHTAHrH

g B =" 4
== — 3B =~6.107"
At 1077 G0 L
Synaut. Tennp siapocisa Pe30HAHC IOTHHWH KYSATHIHWN YIYH ramma-

HYP stiepritsiclt 3 27 caTX sHeprusic GHAAH 10KOPHIA XHCOGAaHraH &
AHIKINKIA MOC KeaHmH 1apT,
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5TEU
2,
E,MaB 2 -~ //2 T‘J; 270 KYH
0,187 yays
/2
10; 80 e
0,014 Q/E'T‘F/a:m c
Tr T I VLT
a a TITTITTT] ,/2
xfe

3.22-pacm. }:‘ COHHHT napyaiaunwl cXemach.

SFe sppoca PE3OHAHC IOTH/MIIHH KY3aTHIL YUYH JTKA3ILITAH Tax-
pua cxemacu 3.23-pacmza KypeatwiraH. iFe  sfeMEHTHjaH — sicaarad
IOTKHYA Pe30HaHC IOTHVIMIU KYy3aTikica, CaHariyra KeqH6 TyWyBuH Hyp-
JIap COHH KeckHH KamaiiH6 KeTHw xepak. JlekmH 6y Taxpibala peso-
HaHC 10THMm Kydarwamamd. YyHkn ~-KBaHTJap 5:Fe man6anan uik-
KaHja Ba I0TKHYAA joTHAraHja S Fe szpocira GepiaraH Tenki 9Hepris
XHCOGira Y3 SHeprusclHi ce3nnapni napaxana fiyxorand. XaxHrarad,
HMOYSbC Ba JHEPrHAHHHI CAKJAHIU KOHVHIIAH KeaATHPHO ulKapiiiran
(3.53) Qopmysara acocaH TeMup SZPOCHHHHT OAOTaH KHHETHK 3SHEPrisci:

(14-107)

2.57:931-10

Ty = ~2.107 38

6ynan. Tamma-uyp oTiaragna  Ana wyHgaii sueprist OTVBYH 91pora
GepHIaNI Ba HATIDKANA aMMa-HYPHHUT 3HePrisch

Ey=F,— 9T, =F,— 41078

6¥nu6 Komaau. Iamma-nyp NUKOTrauw sHepria TEMIUR SIDOCHHNUT
cary KeNraurizan taxsinan 10° wmapra karta Ofaraii Yu¥n pe-

30AHC IOTILTHLL WapTil (’)8}1\'8]’)[[.’13!8“,‘1”. Jexnun acanna Ry paannus

) Hypaap

Manda
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Ba IOTHJMIN CAEKTPJAPHHHHT Ta-
6uuit  KEHDJIHTH  aTOMJApHHHP
HCCHKJIMK XapakaTH HaTHiKacuja
103 6epaanran [lonnep KeHraiuiun
Xucobura aHya Kartrajnalrad 6y-
nagu (3.24-pacm). Cnexrp umuaug

oy vumuin ta E! oTUANUL KeHrHrH §F GuiaH aHHKAaHMail,
KyiHzary ¢opMyJaafaH TONHJIYBYH
324-pacm.  Jlomstep  KeH- Honnep xeuraiiumwn D Buaau xa-
Al paKTepIAHAAH:
D = 2)/ T kT.

Jonaep xeuraituun 7 = 300°K pa
D(300°K) ~ 0,07 3B
6yaanu. demak, D~ Ty Ba uuKiw Xayia IOTHHU CreKTpaapi  Gup-

GHPHHIHT YCTHDA TYIUraHi YuyH (3.24-pacMia mTPHX/IAHTaH KHCM) OXitit
IIAPOHTAA NaMm Kam GyJca-fla, Pe3OHaHC IOTHTHW Kysatinani. Peaonanc

JOTIVIL LAPTHAN TY.J1a THKJA YYyH raMma-Hyp ityKorrak 4.107° 3B
auepriesnit  lonsep adipekTH Xlcobura Komnaw MymKitH. ByHuHr yuyH,
MaHGaHH IOTKIY [y HamuMaa OHPOP ¥ Te3nHK OHNaH  XapaKaira KeaTi-
piur 3apyp. N xosia Jlonsep adipekTit Xitco6ura raMMa-HypaRiln  Yac-

TOTacH Av = v, T Ba YHUHI 3Heprusacit 3sca AAv = 2T, ra opragt.

By wapraan nanGamiur Xapakar TessrIHIC XHCOG/IAn MYMKIH:

hAv =2

9 Mgt

zan “{Fe suipo yuyn v 100 mc Keau6 wigagi. Jlemax, manGauir,
nentpipyra ¢paaviaa v = 100 m'c Teammkaa XapakaTra KeaTipcak, pe-
30HANC OTICIAN KV3aTi it Kepak. ByHpail Taxpubanunr cxemaci 3.25-
pacmia kypeangan. lLlentpidyra etapmr mapaxana Tes alviawTHDHICAH-
Ja Pe30Halic 1 Tiimin 103 GePHWHL Ky pitm MysiamH. Jlexun Gynzaii yeya
Giaai Ky3aTHAUITAL Pe30HAIC IOTIUIWHEY aHHK YJualiap yayd Kia-
JIA MYMKHIL 3Mac.

1958 1. nesuc pusnrn =
P. MéccGayap pesonanc  MaHoa
OTINNUINL Yprauni MaK WT¥UY
cajujaa yreasrau Tampu- D
Ganapnian oupnna, Hon-
Jep Kenvaiinuuimni Kasaii-
THPHIL yuyH maltGa Gian
10TKI Y11 (upnanit-191)
CYIOK a30TJIl  KpHOCTaTtra
cénnb comnzm.p Onauit ueHTPu(PUZﬁ
mapoutia KaM MHKA0pAa
Ky3aTiiraii pe3oHanc I0TH- 3.95-pacat,

Nir

OeTaxTop

1i1



JUII fHA KaMaiiMIly Kepak 34H, YYHKH IOTHIHIUI BAa YHKHII CIEKTP-
JADHHUHT KEHTJMLH KaMafuws GHaaH yJaapHHHT OHp-GHDHHH
yerura TymradH (WITpHX/AAaHraH) KHCMH KaMalully Kepax 3.
Jleknu Tampu6ana, aKCHHYUA PE3OHAHC IOTHAHII OpTHO KeTAH. By
HaTmxank P. Mécc6aysp Kyfimparnya TywyHTHpAH. [aMma-Hyp
SHEpPrHsiCH yHYya KaTra GyJaMaraifia Ba macT Xxapopartia Tramma-
HYDJIaDHHHI YHKHIIK Ba IOTHJHIUYM BaKTHAA TENKH JHEprid aJoXHia
aTomaapra Geplamal, KpHCTajJ NaHmxKapacura, TYFPHPOFH, KpHC-
TaJl nanxapacuia y3apo 6ornaHrad Gup Heua aToMaap rpynna-
cura (N~ 10®%) Gepunaan, ne6 dapasz xu.an. By Xona KpHCTALITR
Gepuiaran Tenkm SHeprHs KyAa KHYHK 6Y.aaan, Hypaanaérrat Ba
IOTHAA8TTaH raMMa-KBaHT SHEDPIHsapH Jeapan yarapmaiian. Xa-
KKKaTal, arap KpHCTaJJ OJAraH TENKH 3Heprus Xlicobaauca,
R=Pi2.10°M, = T,/10° ~ 5-107"%B & oF,

AvBK Gy Xoapa £, ..., =E = wapri Gaxapinams Ba pesoHaHc
IoTHaHU opTagH. Jlomnep keHraitimir xam oF jan kiynx Gyaazt. UlyH-
Hail KHIHG, MaHGa Ba IOTKHY COBHTH/AraHZA Xamia yaap KPHCTATT TY3H-
JAWNra 3ra 6yiranja pesoHaHc IOTHJUIWI KEeHPJMO caTy  KeHralrira
AKHE Gy Kepak., P. MéccGaysp TomomnnaH aiTHaraH  qukpiap
TOKPHOAAA TacauKnanmy. MéceGayap TampuGacininr cxemact 3.23-pacv-
Ma KypeaTiIraH TapiGa cxemacura yxwammap. Y ¢akar ManGia Ba
JOTKHY SIAPOJAp ypuina wpiyni-191 saevenmician | doitzananan (£, =
129 K3B). ManGa 6unan 10TKHY CVIOK a30T.up KPHOCTAT Hulira #0oiiia-
Hn6, 88°K  xapoparra kamap coBumrmamir. Taxpudaza manGa  Typl
TE3NNKIAPAA XapakaTJaHTHpiaal. Taxpuba nampkach 3.26-pacMia Kyp-
camiray.

Opxmnara yxu 6yiina6 upuanii pa naatiuna OTKHMIAAr Hitc il
ot Kyiiaran. [laatsna 1otknu Gounn 3bTHEOPra 0Nl VUV
nuwaatiaran. IOrrnunapunur Kaanpaurd 6up XHI Kuaub oaliran
aabarra.

3 26 pacar.

2



PacMaan KypHHHG TYpHOIHKH, PE30OHAHC IOTHINLI MaHOAHHHT
TE3JHTH CeKyHAaura OHp Heua cauTuMerp 6ysiraHia Oysuaanu. By
Te3NHKAa raMMa-CIeKTPHUHT fonJep xeHraiiumy 10-5 5B nan ku-
upk. JeMak, XaKHKaTaH, lI0KopuAa afituaranniex, Méccbaysp Tax-
pubacuia Ky3aTHJATAH DE3OHAHC MIOTHJIHW YH3HFHHHHT  KEHIVIHrR
raMma-yTHNIHHHT Ta6umil Kewramrura (6E=5-10-% 3B) axun.

Mécc6aysp addektst ne6 HoM oaran Oy apa€upad  Qoiirananr6
SHEPIIAHIHT JKYAA KHYMK HHCOME Yarapuumini Yadaw MyMKHA. [amma-

- o & —11
KBaHT sHeprisicl £y Gyuaca, HHcOHE yarapuw 0E£/E~~4-10"". Aciu-
Ja OyHiaH KHUHK HICOMIl Y3rapHIIHH XaM Ce3Hul MYyMKHH, UYHKH CNIEKT-
Pan UMBHKHHHI CH/KHIUH YHHHr TaGuuii kenrnurwbuur 1;100 Kucmira
TeHr Gy.iraHzaH Golina® Pe3OHAHC IOTHJHMI Y3raPHIMHH HaiiKau MyM-
KHH.

Méccbaysp > deKTHHHHET aManulli axaMHATH XyHa KaTTafHp.
Macanan, Mécc6aysp adoexT épaamuia atom SAPOCH SHEPreTHK
CaTNTAPHHINT ¥Ta HOSHK CTPYKTYpPACHHH, YHFOTHArad SAPO pajuy-
CHHH, YMYMHil HNCOHIINK Ha3apHACHAAH KeJHO UHKYBYH KH3HJ
CH/XKHIIHN, SAPO VIIFOHraH C€aTXH KeHIJIHFHEH §avyal  MyMKHH
B2 X. K.

N Myauil HHCOHHIHK Ha3apHACHAaH Keaub YHKYBUU KHAHN CH/KHUIHIE
MéccOaysp adpexTii Epramiza Kangad —YAHaHTAHJAMTHHH KHCKa KYPHO
UlKaMI3. 3 MyMILi HIICOHA HasapiscHra Kypa ET SHEPrusaJH  ramma-

E
KBaHTHIHT CPABMTAIUOH MACCACH Ml = -—L—’ Gy G ramma-KBaHT TIpaBHTA-

WioH Maii10H KY4 ulBlKJapy O6yiinaé xapakar kwirampa (Macanau,
OKOPILIA nacTra THK NapakaT/aHaérrad €PyFiiK HyPH) YHHHT SHePrus-
can AE=mgH = (1:‘,{,0")gH KhiiMarra opTit6 KoM Kepak. By ep-
qa & SPKMH TVINI Tesdanmiant Ba /7 @PYFIHK KBAHTHHHHT 6OcHE YT-
ron Macodach. LEpyraik KBaHTIHIHT YacTOTacH 3ca

ra opradn. Arap EpyriuiK KBAHTH rPaBHTAUNOl MalifioNra TecKaph
fivnamnnia (JOKOpHFa) Napaxar KuJaaérran 6ysca, YHUHT uactora-
cil, akennya, oKopnLary Kiiimarra kamasian. Yacrora xamaiiraiga
EPYEANK TYAKUNI Y3YNUJNrH OpTranl yuys 6y Xomuca KH3HJI
cuamnu ael HOM oJrain.

1939 innna  llayon sa Penxe Tappapg  yHusepcireTHuar 22,6 m
GaTAAMIC  Mopaciial  poittanaunb KM CHAKHIIHE  Yuuamra
Garnmaanral TaAspHOANID VIRa3MwLa  yaap Mau0a Ba IOTKHY  cudatHia
JiFe msoromiaan qoiiaasaniiap. Dy 130Ton  yuyH  SHeprisHMHC

et yarapmumr 575/, /22 3. 107", Tavma-xBant 22,6 M Gananmmk-
HH yTranga sHeprusicHiuuir micOuit  y3rapuwi 2.5:107"° ui  Tamkia
sTami, By sca 6fF /:‘T KIfiiMATHIaH TAXMHHAH 103 MapTa Kam. ilewak,
KI3IT CHTKIT LT ce3qn yuyn sHeprusgd 10°3E abcomoT xaTonuk &ku
CEE &5 107" 1mieGit xatoauk GHaan Yavam 3apyp. Bympai xarra
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:AHMKJIMKEATH YigaumiaPHE 0aXapui yuyH TaKPHOAHH Maxcyc WIAPOHT-
Japma YTkasuwra TYEPH Keamw. MacanaH, maHGa GusiaH IOTKHY TeHd
Guiad TYaRuparaH Tpy6a wuMra koHaaHnG, xapopar 1°K anuK/HKAa
yuwia® Typuigg. CeeTemaTHK Xarosapiad KYTyaHin YuyH MaH6a 6GiiaH
IOTKHY VDHH aaMaTHpHG Typuaame. KHswi CHIKumn HaTHXacHAA Gy-
3WIraH pe30HaHC I0THHII, MaHOa €KW oTKHYHU 0,75 MKM/C Te3JHK GH-
JIaH XapaKar/iaHTHPHII XHCOOHra XOcHs GY.arad Jomiep cHDKILL OHJaH
KOMneHcauHanaHHO, THkaaHad. Kyn ofinap maBom 3Trad taxphba Hami:
JANAPHIA KUBHA CHAKHUL YayH Av = (2,34 = 0,01)- 107" Kuiimar
OMHHAH. By 3ca Hasapwii XHcoOJawl HaTiKaTaPHHI TACAUKJIATH.



! IV BOB

ANPOBUN HYPJAHUIIJAPHUHI MOANA BHJIAH
¥3APO TABLCHPH

SlapoBuil HypAaHHIIAp TYpPAH PaiKOAKTHB eMHPHMIUIAADAA:
xocHA OYnagu. YJapHH Te3JaTKH4Ndp €pAaMHAA XaM OJIHIL MyM-
k. KocMHK Hypaap Tapku6iuaa Xam TYPJH SHEDPrHsiH Xap XHJ
3appanap yupaili. SIapoBuil HypJaHHWJ/Iap 3apsjsiaHraH €kH Heil-
Tpan Ba SHEPrusIapHHIHF KaTTa €KkH KHuuk Oysinmkra Kapaé,
YAApHIIHT MYXHT atoMJapi Guian TabCHP XapakTepH Xap Xua 6Y-
Jann.

SHr KyucH3 IpasBuTalioH TabCHPHU XHcofra oaMmaraina, sapo-
Bl HYPAAGHIII 3appanapH MYXHT aroMaapi GuaaH, TYFPUPOFN,
aTOMHII TAIIKHJ 3TYBYH 3JEKTPOH Ba AApoJap xamia sApo TapKi-
Guaary BYKJIONJap OHAaH yd XHJ Y34pO TabCHP Kyuadap — Ky4cHs,
SIEKTPOMACHNT, AAPOBi{l Y3apo TabCUP KYYaapi BOCHTACHAA Tab-
cipaawaai.

Bia Gy G061a 3apsiiaHrad 3appa’iap Ba TraMMa-HypJapHIHr
MYXHT atoMaIapit 6naan TabeHp STHHL JKapaéuuna 103 Gepapuran
Jiapaciaap OuJjall TalmiaMus.

3apsiaaanran 3appagap MYXHNT OpKami yTrania y3 SHeprusacuHi
MYNHT aToMaapi Gitan TYKuawiw Kkapaéuuna iiykorami. 3apan-
Jarail 3appa aToM 3JEKTPOHJAAPH GHJAAH 3JEKTPOMArHHT TabCHP
Tyaiian 65116 yrasuran mapaéujapaa ¥3 sHepruscuHu iyKorann.
3uppa aroMm 3aeKTpoHH ONIaN TYKHAWraHia aTtoM KY3FOJraH Xo-
J4Tra YTHLDH BKI HOHJauHIIL MYMKHH,

3apsiaanral 3appa atoM A1pOoCH MaliiOHBAa COMIIHIUE MYM-
kit byeaail counanin sappannir atoM siapocit  Guaal  aaacTok
TYRHAUNLIN HATIZKaci1a 103 Gepaill Ba KYJOH COYNJNIII
ie6 xaMm ataaaal. 3apsaanrtad 3appaniir 3HEPruscl erapiy Aa-
paxaza xatra 0 , Yaap aToM siLpOoCHra sSiAPOBHIl Y3apo TabcHp
KYdIl pajifychira Kalap skiujgamni, Xap Xua ARpoBHil peakunsg-
Japiit XOCHT KHJIIIIE MYMKHIL S1ApoBuil peakunaiapuy 6u3 xeild-
ri V Gobna xypul unxKamus.

3apsananrait eurint 3appatiap MYXHT opKanm yrranga  atou-
JaPUHHT BNEKTPOHIADH EKI 5APOJAPH MailIOHHAA TOPMO3JANHIL
HaTWKAcAa V3 SUCDIHCHNNNT OHP KHCMHHH HYKOTHINE MYMKHH.
Bywzait mapan painauuoH TCPMO3NaHHW EKH pa-
agaunon Hypaaununl xed aranaiu, UYHKH 3apsiiaHra
elFiLT 3appa 3JCKTPON, sIAPO Maillolnja TOpMO3NaHraHia Yaayk-
CH3 CHEXTPJII ramMMa-HypIaHuul (EKHM DEHTreH HypHauuIuH) XOCHJ
6yaaan.

3apsitanran 3appa’iap SHepPruscHd Kyna Katta Gyarania Ba-
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BHI0B-UEpPeHKOB HYpRaHHWH XHCOGHTA §3 IHEPrHACHHH HYKOTHUIH
MYMKHH. 3appaHHHT TE3AHIM 0 EPYFIMKHHHL KYypHaadrraH wag-

o £ -
«hod myxurmari @asoBHil TE3JHUrH c’=F JaH xaTra OyJarania

(v>>c) Bapunos-Uepenkos Hypaanmwn pyii 6epanu. |

Famma-Hypnap acocaH KyiMaari TabcHp JKapaénaapuaa ys
HEPTHACHRH [YKOTakH.

1. ®oroaddext €xkH raMMa-HypHHHI aTOM 3JEKTPOHIAA IOTILIH-
auu. By xKapaéHaa raMma-Hypiap aToM 3JEKTPOHJIapHHH YPHO HH-
\KapHu6, Y3 SHePrHACHHHNT OHD KHCMUHU fiyKoTaAu.

2. KomnTon sddexTs €kn ramMa-HypJapHEEr aTOM SJ€KTpPOoHJIA-
‘pPHOa couHJgHWIH. DBy KapaéHa raMMa-Hyp atoM 3JEeKTpoHura ¥s3
SHEeprusiCHHIHT 6MD KHCMHHU 6epul, TyJAKHH ysyHiaurn yarapuo co-
MHJIA[H.

3. Tamma-Hyp sHepruscy £ > 2m,c* Gfaca, y aApo €KH GowKa
BappaHHHr MAMAOHHMAA SJEKTPOH-MO3UTPOH XKYPTHHIL NOCHI KHAHIIH
"MYMKHH.

4. Tamma-Hyp sHeprusicm Xyaa Katra (ozataa 10 MsB nad
ODTHK) Oysranga ¢oTosApo peakuuaci nedé araaysul s.IPOBHI
peakuust 6ynu6 yramgu. Dy xapaéH xam fapoBuil peaxuls1apra
GarHutadran 6064a KYpHaadi.

4.1-§. 3apaanaHraH 3appanapHHHC MYXHT GuaaH y3apo TabCHPH

4.1.1. HoHu3aunoH TOPMO3IaHHIU

‘3apsajanrai 3appajap y3 3HEpPriscIil acocal MYyXHT atoMaa-
pHHI HoMm3aunsmaw yuyn capdaaiian. Iyunse yuyn xay Syunaail
akapaéuaa, sHeprus HYKOTHIUM HOHMH3AUHOH [IVioTHW
Aeb aranapu. 3appaHunur GUPAKK y3yHJAHKKA TEHT macodain JivKoT-
TaH HEPrHACH COAHWTHPMA HOHH3AUHON HYyKOTHW
ze6 arananau. OFHp Ba euriJ 3appansap Yuyll HOHH3AINION I1VKOTHIL
thapgaanrann yuyn Gu3 oagui CEHp 3apsiiaalrad 3appadap YuyH
HOHII3AWNON HYKOTHUI Kapacunun Kypud 4HKaMis.

3apsgi Ze Ba Tesiri v GYaran  3apagaaHrall 3appa MyNHT OpKa-
au yraérran Gyacui, ApBa1 63 Gy 3appaHi an0ONIIa 3JeKTpon Graan
¥3apo taneupuid Kypus unamns. Maccac M 3> m, Gyarau sappasiur
SMEKTPOH Gl MaKCHMAA SIKHHJAAWBUL MacopacH o 0y.ca, 3.1eKrposar-
HAT y3apO TahCHP HATIKACHIA 3AEKTPOMHUHT 3aPPa TPackTopnaciira THK
JAIVHANININA orad ¥ NyabcH

c Ap_ = {Fdt (+.1)

i Gy.aami (4. 1-pacs).

I i 3appa 3aaexTponra siuiaural-

s Aa Ba YHHaH ysowkjawran F, Tan-

_J' =t cup Kyy IiyHaamnn Kapama-Kapiui
Syaraun yuyd (F,di =0 Gyqaan,

) ABHIL 3JEKTPOHHIIHT 3appa apakari

4.1-pacy, i1y HATHIDNAA OATaH ¥ PTava Iany.b-

N
A, T

1\
—
e
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CHHOTA TeHT. 3'3aP0O TabCHP KYYH KYJIOH ¥3apo TabCHP KYuH[IaH HOOPAT
¥ 2s

SKaHJHTHHN 3BTHOOPra osnG, ¥3apo Tabcup BakTH Af=-— [e6 Xn-
L4

cobnacax,
Ap =t (4.2):

e pv
By uMmysibCra MOC KeayBull 3J1€KTPOH KHHETHK 3HePrisiCHHHHT yara-
puu
. AP 2z
AE=—= =

(4.3y

2m, meuv?

6faapy. Mynnaft  knau6, Ze 3apaiadH 3appa TPaeKTOPHACH-
dai pMacoama Koiinalurar atoM anekTpuHH (4.3) _ra TeHr
KHHETHK 3HEprIisl O.JalH, 3appa 3ca UIyHYa SHEPrHsHM IyKoTamH.
By epaa, an6GarTa, 3J€KTPOHHHHI aTOMAArd OOFMAIMII 3HEPTHACH
na3apra OJIHMaAN, YYHKI 3aDPAaHHHT KHHETHK 3HEPrHscH aTOMHHUHI
YpTaya HOHII3ALHOH NOTEHUHA Je6 aTajyBull 3JeKTPOHHHHT GOF-
Jaunw seeprusicn /= 13,5Z 3B pan arua karrapup. Wynpai gu-
a6, 0KopHAarn MyJaoxasanap kuaerux sHepruscn 0,01+-0,1 MsB.
B YHaaH KaTTa Gyarad aappanap YuyH GaxapuaaiH.

3apsi1.m 3appa MyXHTaaH yTraHpa ¥3 Hyanpa 6up smac, 6up Heya
MUHT €KH MHIJIIOH 3JeKTPOH OHJaH TYKHawapd. ByHn xucobra onwup
V4VI 3appa TpaekTopusiciall p Y30KJAMKAA €TraH Ba Kaiuuanry dp ra
TeHr GV.Iras 1ULTHIAD AeBOPapH HYBAarH 3/eKTPOHJIApHH Ky pamu3 (4.2-
pacn). Basauaanru dx Oyaran GyHAadl DUIMRAP HYNjA 3AeKTPOHJIap
COHIf

Vn, = 2=pdodx n,

Gyaau, 6y epna V = 2m;dpdx  kypHna€Tral  IGINHAD  JEBOPHHMHI
NUKMH  Bd 11, — 3/ICKTPOUMAPHHET  KOHUeHTpawisiclt. 3appaHuir Gy
SIEKTPOHIAD O1aan Ty KHAIraHaa [YKOTrak 3Heprisich
. . drn 2o tly
AE =AEVn, = ZR2l ) 2 gy (4.4)
myv? |
pa Gup GHPJIK Y3YMJANKKA TeHr Oyaran macodafa 3appaHuHT
IVEOTran sneprisci
77a N IATS

dx  on N MU

f4.5)
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Tyaa COMUUTIPMA 1HOHIBAIUION 1Y KOTHINHE TO-
ouw yuyi (+.5) nman p Gyiiima  nHTerpan oamur
Kepak. o nabpamerp O aam oo ra Kalap y3rapam <, I '\‘
a¢h Kapaw mymxmi,  Jlexun » =0 Ba n= o ja gl

> . 43 e

|~ Hil HHTerpaiaam MyMKHH 3Mac. lliyHenr d J@/
VP

Y4YH ( HIIE MHHHMAT Ba MakcHMAT KHAMATJIapHHU s
alpgaaur 3apyp. (4.5) zaw p 6y iya nHTErpan oscak,

4.2-pacy.



‘r dE \ _ ?ua_ﬂc dE = 4:”£ZJ£I ?,'H. Puaxe

—rin

\ dx Jriont g ,_ dx meu? P

OYHEA 0 HEHC MAHHMAT BA MakCHMal KMAMATJapHHM aHHK/Anl  aHda
Kuitae Macanagup. Llyupait 6ysca-ga, yaapun xucobmam MymxuH. Tes-
.MM yHYA KaTTa 6yamarad (v & ¢) sapsigiaHratl 3appa sMeKTPOH OHJaH
TYKHAWraHga KaaccHK (PM3HKara Kypa y KyHdHparH MakcHMand KHHETHK
SHEPTHAHH OJHW MYMKHH:

AE, e = 2m,0%, (46)

XaKHKaTaH, 3/IKTPOHHUHT MACCACH 3apPaHilHr Maccachzad Kyld KHUHK
DY IraHH YuyH YHUHT HMiydabeH Ap,.. = 2m,o* ra yarapmin MyMKHH
(v Te3nK BunaH 4eBOPra ypHAraH KAaTTiK Li1dya ¥3 Te3qauriHi 2v ra
Y3radTHPrau# yuyH, YHMHT HMaOyabcH 2m,v ra y3rapaan). Y xoaga

Ap:lm wc
AE.'»(“K: = 2’"{

Jad (4.6) xenns wikan,
INeKTPOH ByHAall MAKCHMAT KHHETHK SHePrusiHif py,, rnapaverp oc-
THIA TYKHamrauna oarauit yuye (4.6) Ba (4.3) xaH

N (?Z"' S 2m,v* (4.7)

MU= Baum
Ba

Ze

(.".\.un)x\'.w:c =3

mpu
KeJHO UMKANN. 0o HIL AHIKJAWIZA 3JIEKTPONHNUHT  aToM OIrtain Gofia-
HULI 3HePrHAcHHH 3bTHOOPra Ol Kepak. Kaugaliaup g, it Gotl-
-J1a0 3aPPaHUNr 3IEKTPOHra Geprai 3HeprisicH 37eKTPOHHIL ATOM(AH YPu
IKapHWra etapay Oy aMail KOanwi MYMKHIL  fy,,.. HIf N1coGiauila pe-
JATHBICTIK 3:ppeKTrapHin  Xav XHcobra Ot Kepak. Ny.11ac, aiig
XHCOGMAULIAD HATIDKACHAA COTHILTHPMA HOMH3AWHOM iy KOTiur YUyl
KYMiIRari popMysann oM MYMKHH:

(_.._iE.. = —Ill'l'-”—”IL — In(1 — 3% _ﬁjl 4.8)

dx /o

By epaa sueprust ity xowiur 3pr oM Japaa yauasadn. opay.aazari Ma-
Guit Hwopa sappa sHePRIACHHUNE Kavailmii X1icodra oaatn. By ¢op-
Myaagars In{l —3%)  xaq peaaTHBICTIK SHEPrisJapAa  3.JeKTPOHTa
OepHaamIral MaKCHMAT SHEPTHSHINT OPTHUNIUN  3BTHEOPra oJatn. Na-
KHKarad xam, tokopn Teaamikaapiaa (4.6) dopayaanu

AE . =

KYPUHHWAA oanur xepaK. (4.8) zarm B? xa 3ca, 3appa Ky.on Maii-
Zenuruur JIopeHt, CRKHANWIEN Xico0ra o1axu. JIOperi CHKITHLII
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d ac
1r L . =
| = i)
Mo 2
\ 10 100 Mc2 < 1o g
4.3-pacm. 4'4-pacM.

HATIDKACHIA 3appa TPAaeKTOPHSICHAAH Y30KPOKAA €TraH 3JEKTPOH-
1ap XaM aTOMAaH YPHO UHKapILIaal BAa HOHHM3AlHs YYyH 3HEPrHs:
iiVKOIHII OpTaLI.

1Okopnaa keatipn6 unkapnnran (4.8) dopmyna Bop ¢op-
yyadacn je6 arananH.

llvyaaii kuan6, corNITHPMA HOHH3AUHOH fIYKOTIIN MYXHTZAH'
{taétran 3appa 3apsANHIHT KBAaAPATHTA TYFDI, TE3AITHHMHT KBAJ--
paTiira Teckaps MyTaHocn6 (npomopiuoHaJ) yarapap sKan. Y
WYHHHRAEK MYNHTIariy  SJEKTPOHJIAD KOHUEHTpauuscHra xam
Goraux.

HeBn3aunst yavi coanuiTipMa  SHepriust  HYKOTHAHWI STPH HH3HFHY
4.3-pa.vaa Kypeariaran. Pacnaan KYpHHHG TYPHOMNKH, COMHIITHPMA:
03I 100 IYISOTINN 3appa SHEePrisicH OPTHUH  GHJaH OARNH Te3 Ka--

5 E A ] J
G Gopant mlT ~ | na muHnmaa xuiinarra apHmany, CyHr 3ap-
i T

Pa Te3CH CPVIAIK Te3irira SIKHHJAIHG  Gopiuit GaH acTa-CeKHE
oprag. (4.8) dopyyaa 0Kopn  sneprusnapia 103 GepagHrad  SHYMHK
sbderTH 306 aranyBun Kapa’l HATHKACHAA COJHINTHPMA HOHH3AUMOH
IVKOTHIIHINT V'3rabpinnniil Xocobra oaaiinn. IOKopi Heprusaapaa 3ap-
pa TPAaeKTOPIsICH aTpodiila oftnairal atomaap 3apra KyJoH  MaiifoHi
TancHpiaa KyT6aatai!. By sca COMMUTHPMA KONH3AUEOH Y KOTHWHHHE

w 1FE i
Kavaitnuira caGaG 6vaaln, sarixkaia li— GIPOP SHePrust KHHMATHIAH
ax

Gowaab / Ba £ ra Gorams 6. amall Koaann Ba 3rpn ukank ageucca Y-
ra napaiiea GyanG goqaan (1.4-pacm). By pacmpa sHa KUYIK  SHepriig--

akt . -
Javia —1—— HUIT KaMaliinl NaM Ky PCeaTiarat, by KHYHK 3Heprusiiapaa
ax

3appa 3pheKTHB saps i Kamaiinu  HaTHKachxa piii Gepatd. YyHkH
KIYHK SHEPrussapaa s3appa MVNNT aTOMUT4rH Kyych3 GOrdaHraH Tallii
31eKTPONIAPIHH ,TOPTHG OJlnIN® HATHZKACHAA YHUHT 3(QQeKTHB 3apamiL
kavagmi. by adipext afinnkea Kyn 3a-
DAL 3aPPATAPHINI Ty NTal OJaHaH §
QoTO3MY AbCHL KOANPray H3HHH KY2a- N
THugA ANWH cesnant.  Kynm sapagad 3

33 Pa TPAEKTOPHSICHHHUHT [1y FOHANIH T X - i

Tall 0AQMAAH acTa-ceKknH Iriuxananie

6opaxi (4.5-pacnt). By pacniga 6-20eKTPCH 4.5-pacy.

- 3ane KTPOH UaﬂO.PL{




ie6 1HOM OaraH 3JeKTPOHJAPHHHT H3H XaM K{pcaTiirad. Jappa MyXHT
ATOMJIAPHHH HOHU3AUHANArAaHA YPHO UHKAPH/IraH 3/1eKTPOHJIAP KHHETHK
SHeprusicd eTapad Jgapaxaga KaTrra 6yJjca, yaap MyXHT arToMJapHHH
WMOHH3AUMSA/IAWrE KOLHP OYJHO, aMysbcHsa MHKPOCKON OCTHZA KYPH-
HYBY{ 3TPH TPAeKTOPHAJIN M3 KOJIHPALH.

Enrun 3apsfjaHray 3appajapHHHD HOHH3ALHS YYyH COJIHIHTHP-
Ma 3Heprus HYKOTHUIM OFHD 3appamapHHKIAaH (apkramami. Ma-
cajiaH, 3JEKTPOH YUYH COJNHMIUTHPMAa HOHH3AUHOH fyKoTnw GopMy-
JlacH Kyiinparuya KypHHHINTa 3ra:

= R S [in S 20 =1 R

/ 10 mpvt :
X hog e —'—l-—-:‘j'-'I. (49]

By epna L, — 5neKTPOHHUHC DENATHBHCTHK KHHETHK 3HEpPrHACH.
Bynpait dapxuuHr kenun6 uukHm cabadi wyHpaxit, OipuHYHAAH,
3/JEKTPOH ¥3Hra ¥xuraur 3/eKTpPoH OuJaH TyKHAluraypa COYILTHIL
OFHp 3appalHur 3/JEKTPOHAA COMIIMIIHIAN dapiianain, HKKHHYH-
naH, aifiHaH Yxwaw 3appajapHHHT y3apo TabCHpHAA 103 GepyBYH
KBaHTMeXauHK 3(h¢ekTHH xucobra oanui kepak 6ynagu. IOxopi
SHEPrHAJIH 3JEKTPOH MYNHT OpPKANH YTraHl1a TOpMO3MaHuui HypJaa-
HHUIH XHcOGHra Xam 3Hepris iyKOTHIUN KAaTTa GyJafu.

IOKopHaa KeaATHpH6 unKapyarai (GopMyaaiapia cOAUITHpPArA HOHH3a:
UMOH 1§ KOTHILI MyXHTAAri 31eKTPOHAAPHUHT KOHUEHTpPunsclira GOFTIK
3. DIEKTPOHMAP KOHUEHTPAUHACH /2, 3Ca TYPJ MYNHT YyyH Xap XHi-
AHp. ATOM TapTHG HoMepyu Z Gy.rau MYNHT YuyH n, =n. ./, GOy epid
g, — SIAPONAP KOHUEHTPALUICH. S1APO KOHLEHTPAUNSACH XaMui MY XHTIaP
yuyH yarapamac GyaraHu yuys 7, ¢akart Z ra Gorauk. [llymmr YYyH,
6P XILT Teannkgard 6up xma 3appa yuyH (Z, = const, v = counst) co-
JUILTHPMA HOHH3AUHOH [y KOTHIL KHIMATH (AKAT MyXHT arosapuiiHr
TapTi6 Homepn Z ra Gormnk Gyaami. Macataw, Gup  xua napoutaa,

3apPaHIHT K YPrOUMIAA fIYKOTran 3HEPrisc Ky uptaruzan £, Z. =

82
s 14 mapra kyn 6y1atil.
]

SIna wyun aiituw xepakky, (4.8) dopsyranan kipuunmwunya,
3appaniiir HOHH3ALUA YYYH COTHWTNPMA SUCPrUst iy KoTnwn 3appa-
HHHT Maccacira owkop GorIHK 3Mac. JIEKHI 3appauunr xknHeTHK
IHEPritsacl YHUHr Maccacira GORIHK OVaraui yuyn Gup xma 3apai-
JIH Ba TEINNUK/AH Nap Xia Maccamf 3appamiur Gup xupa auyxutia
HOHH3aUNs yuyn fYKOTran 3HEPruscH Maccara npomopuionas pa-
BHHIAA Xap XuJa 6yJanll.

4.1.2. 3apsaaau 3appankir MYXHTA2 G6ocHb STraw fiyau
3appaHuHr MyNHTAArH [yVIHHHHD Y3YHJUTH 3appa SHeprusacHra

GornHK. Bepuiran zappa Ba MYXHT YUYH COTHIITHDMA o340
HYKOTHUI (paKar 3appaHHHI KHHETUK SHEPrUACHTa GoFug;

ﬁ =[{‘-[E). (4'10)

dx
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By Tenrnamanu SHepPrHsiHHHT XaMMma KHiiMartmapi 6yfiiab marer-
pannamw fiyan GHIaH 3appaHHHT MYXHTAA TYna 6ocub yrrau iiyanHu
QHRKNALW MY MKIH:

Koo (B (4.11)

Macanan, nasapuii xHcobaaur Ba Taxphba HaTHXKaNnapHHH y3a-
po rakkocaaur fiyan 6naH NPOTOHHHHT (oTo3MyabcHaAna Gocub
yrran tyaa Hiyan yuys gyfiHgard ¢opMyJa oJHHIaH:

=025 (4.12)

6y epra £ I M3B Ba R — MHKpOHJEPAA ONHHTAH.

PannoakTiHB eMIPH/INLULIAH XOCHJ GyJarad anb(a-3appajiapHHHr
xaBoia tysa 6ocub yrran Hysan 3 cM maH 7 cM ra Kagap Gopummr
MYMKIH, UYHKH YJapHIHT KIHeTHK 3Heprusick 4 MaB aaun 9 MaB ra
Kagap opaankna éraau. ByHpait anbda-sappanap yuyH xyfupark
QopMyaaian QolifaJaniil My MKIH:

R{cem) = 0,317 £32(MaB). (4.12a)

4.2-§. DAeKTPOHAAPHHHT PAAHALNHOH TOPMO3JAHHIIH

3apsaan sappasiap MYXHT opKaay YTrania atom sApocH Ba
SIGKTPONAAD MAlilo1tAa TOPMO3NAHNUIN HATIKACLAZ pajgla-
B0l CKH TOPMO3JAQAHHW HYpPJAAaHHWH Ael aTanyBun
HYpAAMILW XOCHJ KIJIAAN B3 §¥3 SHEPrHsCHHH Y HYDAAHHUI XH-
coblira ityKora Gopanil.

Paaiiauon Hyp.JIainul acocal 3apajJiairad eHris 3appanapaa
Ryuan OyJajy, YylNKH 3appa Kanua edrua 6yaca, WmyH4a Tes TOp-
Mo3aanaan, XaxuKarTal, paaualiion HYPIaHnAa 3appaHuHT ifKor-
Tai 3HEPLUSICH, 3MEKTPOMIIHAMIKA KOHYIHTa acocaH, TOpMO3/aHaér-
raH 3appa Xapakariniur Te3aaunwira Goraux. Bup xua sapamau
3appaJap yuyn TE3JaHull MAacca KBaJAPATHCA TECKapH MYTaHOCHG
(nponopulonan) Oyaraiis yuyi

|| i - 1

if x ,I' 11 s

Oyaaan.  Topmosmanuin HypJIaHHLIE A
YIIYKCH3 CILKTPIIH pCITrel uypl  Xocui
fyvaad.

Olywgait  guanb, TOpMoO3jganHl  EKH
painaliion HypJawiir KYnpox eHriJ 3ap-
paaap yuyn Myxum OyJarasiy  yuyH 6us
3MeKTPOHIADUHHT DA AHAIMOH HYPJ/IaHUIIEHH 4.6-pac.
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Kypu6 unkamnus. 4.6-pacmaa KHYHK

Al sueprusnapia (E<«m,?) 3nekt-
SHUERE poHaap XOCHJ Knaran painauolt

10 = HYpJaHHIL CMEKTPH KypcaTuarail.

L .‘};K]\. Hypnauuw untencusauri nypaa-

HHLI YacToTachHra TaxMupan Tecka-

O b 30 08 Vs pH MyTaHOCHOG paBiiiaa y3rapuuliz

pacMpaH Kypunn6 Typuban.
DBeratpod Ba MHKpPOTpOll Tes-

4.7-pacm. 2,5; 10; 50 Ba 500 ¢ .
M3B sHepriam 3ACKTpOMAAD- JlaTkiuyaapaa ioKopH ; 3”3]3”1”:7”[
WMHT PaAnausoH  HypAaHull raMma-HypJdpHuHr  NOCn.1 Kli-
CeKTpIL. JNII WY 613 KypaéTrail paiiaunon

HYpJaHHU >Kapaénura acoc.aad-
ranaup.

ONeKTPOHJAD YYYH pafuauloH HYPJAHNUIHHHT KBaHTMeXalliK
nasapusacuny I'. Bere Ba B. lefitiiep nwaa6 unkkan. Typan auep-
CHSAJI JEKTPOIIAPHHIT TOPMO3/JaHHIINAZ XOCHa 6yaral paina-
HHOH HYpJaHHW cnektpn 4.7-pacmia kypcatuaray. Papas Kiaali-
ank, N (v) — uacroracu v Ba v-+dv opaangaa Gyaray nypaannwaap
HHTEHCHBJNTH ((OTOHNAD COHII) BA Vo — IHEPTHACH 3NE€KTPOHHIUE
anepruscira teur 6yaran uypaaunm vacrorack Gyacnn. bBynaail
X0iJa KBalT MeXxaunkach ycyaaapuiau ¢ofigananul, paisaliton
#yKoTHw yuyn xyitngarn dopMyJaHn KeaATHPHS UHKapHul MY MKINL

dE = ;

By epma n1, — 1 en® myxuraani atonaap corlt, 7 pia(£,) — paaifaion
YK OTHIHHNE Z(f(eKTHR R niganair Keciit. Y 27eKTPOH 3HEPrIGICHHINT
MY akKkab (GyuKIuscILup. uxempoummr sneprisict £, < mc? 6yarania

V16 ) 1
(D]hu(!-') = i.ja ll = 3 ; (1. 156

IOKor1 2neprusmt 2nekTpOHIAP YUYH
1|nU )=— i ”H 2Ee _I] (-t.15)
]

H;\HP -,'l -

SIAFCHINT aTCM 3JERT] CHAA] I TCNCHIZE 2 KPaHAaHnL Aafameqira ya-
pab pamieunon BynCTHR BuBT :(eRIHB  KEQINH KVUAH  Yerarami. By
2¢ KT 2JEKTLOMNMNT Kl sHeprisciy £, 0 137 I *Z7" " ova-
ranaa kyusn Gyvaan na

0ya(E,) = —( 28 .-l'””

mec=

o (4. 16)

!

6ynant. by ¢orayiatapgan KYpuenG TYPHEML, [ MEINCH 1Y EOTIHLL
acocaH MYXHT aTOM.JIaPHHNHT TapTiG HOMEMt Z ra, aToaiap KYiol.airira
(KOHUeHTpalIs.cNra) /7, Ba 3JEKTPOHHHHI KIHETIK THepriusci /, ra
60FNIN 3KaH:

dx

(- '“S) ~ ZN,E,. (4.17)
paa

122



10x0pHIa Git3 SJEKTPOHHHHT HOHHBAUNOH My KOTHINL ( _ﬁ) =
o

dx
~n,Z 3KauyHM KYpraH 31uk. KHuHK 3HEPrHsjapia 3MeKTPOH HOHW3a-
WA Y4YH KYNPOK SHEPrHaHH HYKOTamu, JeKHH MabiyM GHP KPUTHK
3HEPrIiANA HOHI3AUHOH BAa PamHaUHOH HYKOTHILIAD TEHriawand. Dy kpu-
TK 3HEPris Xap X1 MYXHTVIAp y4yH Typax Oyaub, yHH KyHHAark
TeHRIaMagaH aHH(IA MyMKHH:

dE \ [ dE  _EZ (4.18)

\ dx paa/ Vde  won 80

f=3

Sy epra E, M3sB nappa ommirad. By TeHraamara kypa cysia (Z=~8
=

suepriacH £, =~ 100 M3B Gysran 3sexTpoHnap yayH (—;—5)
X Jpax

t(.';i.ﬁ 6ynami. /leMak, cyB YYyH KPHTHK 3SHEprus E,, =~ 100
ax ot
MaB. K¢prountt yuyn Z =82 pa gmemax, £, ~10 M3B. SnexrpoH-
J3p 3HEPrHACH KPHTIK 3HePrHAfaH IOKODH 6VJ/ca, JHeprid HYKoTur
2C0caH paTMAWoN 1Y OTHUIIAH HGOPAT OGyJHO KOJadH. MEeKTPOHHHHT
(omaanriy 3Heprusicli £, 6yJca, PaiHaWOH HYKOTHIN HaTipKacHia yp-
71 XHCOGJA YHHHT IHEDriIsICH 3KCNOHeHUHaa KOHYH GyHiua yarapapi:
s

= . o

E=Ese (4.19)
(4.19) zait x = X, macodana INEKTPOHHHHI JHEPTHACH € Mapra Kamas-
. by X =X, TP MYNIHLIAP Y4yH Xap X1 6Ymo, pagHauHoq
V3V HAHK 106 atatant. Naso  yuyH y 306 roM?,  aniomuHmi Y4yH
249 ren?, KVprounm yuaye 6 roMm® Ba X. K.

Jueprusict £, > [, Oyaran 3aeKTpoll Oup PATHAUHOH Y3yHAMEKA
Tair Macodana ypva xncoOxa  sHepriacn £, atpodina 6yaran  6Girra
FRAHT XOCH KIVIHIGH MysmKid. Paguawion Hypaaduw suepruscit £ >
> 2m,c? Gyied, Y 3.IeKTPOH-O3UTPOH # yYQTIHIL NOCHA KA MyM-
mm. By mapaéin Kocak 1ypaap TapsiGina 3J1eKTPOH-(hOTOH KOMaHeH-
TacHuimr Xocia Gyamuira cabab 6yaaai.

4.3-§. Bapniop—YepeHkoB HypaaHUwM

3apAITA 3APDAILLUC NYKITAANH  TS3TUCH ¥ MY MYXHEAA EpyRMiK-
Wmr TapKATIng Teamun ¢ '—cl Aau Karra 6y.ca, Basunos —Uepetixos
pypaamiie e aranypdis  mypoaandin Nocna 6Yaand. By nypaavmmmu
1934 imaga axaneaik C. M. Basuaosuudr wornpge  T1. A, Yepenkon
dayopeclleigs  NOJuCcacitii Yprafuau  BakTuga Kawd 3TAn. By aury
mypaanw GayopectienT Hypaanmuian  gapgiadap s, dayopecuenr
HAPIAHL aTOM B2 MOJIEKY.JIamapaa KOGHK  3J1eKTPOHJIAPHHINC 6HD 3Hep-
ETK XOTATAAN  HKKHHUMCHra Y THUM  HATHXXKAacHaa XOcud  6Yjagn Ba
vaapuur Hypaamnt T = 10 ¢ BakT JaBoM 3Tam. Basuaos-Yepenkos
EYPARBHUNT 3ca OHPHHYILIAN, MArHHT MalAoOHIA KVYIH KyTGaauami, Hk-

123



KHMHUMEAH HYPAQHHU! HHTEHCHBIHTH MYXHT aTOMJAPHHHHT TApTHO HOMeDH
7 rta GOFJHK 3Mac, Ba HIXO0AT YUMHUHMAAH, HYDJAHHUl YHH XOCHI Kif-
naéTrad GHPiaMuH 3appa iyHanMwMra HHcOaTaH mabaym Oypyak oOcTHAA
xocua GyJap 34H.

Bagniop—Yepenkos Hypianumunn 1937 iiwapa H. E. Tamm Ba
M. M. ®pank kJacclik 3JeKTPOAHHAMHKA Ha3zapusacy acocupa Ty-
wyHTHPu6 Gepannap. Knaccuk sJeXTpOAHHAMIKA KOHyHJapura K-
pa, Bakyymjia TYFpH uH3HK 6¥iinab Texic Xapakar Knaa€rraH 3a-
PSLAUIH 33pPa HYPJAHHII XOCHJ KHIMACTHTH aHHK. JIeKHH CIHANPHIL
KypcaTknul GHpAaH XarTa GyaraH MyXHNTAa IOKoplijarit xoujaa Oy-
3ugap 3kaH. BaBnaos—Yepenkos HypJaauuwn mwagdod myxnria
SAXWH Ky3aTHaaay, YyHKH HYDJAHHUI CIEKTPH KYy3ra KYPIHYBYH
€PYFJIHK HYDH CHeKTpH coxachaa €raan. Hypaanum tapxaauii
0 = arccos(l,/#B) Gypuak ocTiaa 103 GePMUHHII KYPcaTiy OCOH.

MyxXHT aTOMJapHHHHT 3apAAAH 3appa MaiilloHHn TabClipiia
KyTOJaHNIIH HATHIKACHLA XOCHA OyJral MINOJJIapuiHr y3aaphniaH
KOTEpEHT HYp HHKapuwi HaTimxkaciia Basunon—Yepenxos nyp.aa-
HHIIH Xocus Gynanmn. 3apanin 3appa Te3aurH xarra 6y.arania my-
XHTZa xocHa 6ynraH annonnap sappa Xapakarit fifnannmira uic6a-
Tan ManiyM 6Ypuak OcTHaa Koiitawraugaapn yuyu, Bapnaop—Ue-
PEHKOB HypJaHHLII MabayM 6ypuakka sra 6yaral  KoHyc Huiia
TapkaJjani (4.9-pacm). KorepeHT HypaaHHmI TapKaanuur fiyHasanm-
HH aHuKJoBul Oypuak Kyiinnaruya Tonnaaan.

3apsami 3appa 7 > 1 cHHINPIL KYPCATKHYAN MYNHTAQ yaiiail Vir-

ra 4.9-pacMpa Kypcarnaraniek v > ¢’ = TesmwK GHIdil NapakaT-
n

JaHaétray 6yscnd. 3appa { BakTiaH cyur x = uf nykraza Gy.ain 1e6

dapaz Kmmaiymk. by BakT nunga 3appa  NOCHa KILIrAH  HYPaaninnaap

TvanH pponti AN wnzirnga  €tagn. Uynkn X =0 HygTaza  NOCILT

6y.rail TY.asny ¢ BagTaa R, = c'f macodami, X nystaza oo GVUI-

X .
raf Hypaammy 3ca R, =c't ¢ —_—) = () macoann  yTaan. NocT
Oyaran TYAKIH QPOHTH 2 Gypyak.ui KOHyc TOMOHJIApPHAa 1GOPAT Ba

. Ko c't @’ 1
Sinz=—"—= =—
£ ot [ s

Basiiop—Uepenkon HYPAAHIUIIIIIT TAPKATHUT Y HATHITHIN Gearn, joBdIr
Gypuax 4.9-pacmpuan ——:— —ra TeHr IKALMCH KYPHHIG TYypudiH, v
Kyitugarn wapraan TOn;I.ﬁa,ll[:

cos0 = - (-1.20)

an
Mynaaii kuan6, Basnaos—Yepenkos nypaauiim 26 6y puaK.n
KOHyC nuuia Tapkaiaau. By mypaamnwmimnir keckun iiynadiura
sra Gymimunaan dolitarain6 3appaHiur MyXHTIATH Te3 i [
aHugnamw ocoH. (4.20) mam

=gt (+.21)
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4.8-pacm. 4.9-pacw.

il

8= -l xa Hypmawnu O =0° ochma Ba f=1 jaa 6 =arccos —

n - \
Makciyan Gypdak ocTHXA XOCH1 Gyiami. MacanaH, cys yuyH

|
B =
M I 33 5

SParamit yuyd § > 0,75 na Basinos—YepeHKoB HypiaHiui Xocii 6§ -
Jami. DaekTpoH yuyH Oy 1wapT

4/ &l 1
B 5L 1) :0,5(:_ — 1)~ 0,26 MoB

: R V1—0,75) '
aan Gownal Gakapuaanan. Jemak, cyBaa 3JeKTPOH KIHETHK SHep-
rsicn 0,26 M3B jian 1oxopu Gyaranja Basuios—YepenkoB Hypaa-
HILEE Xocia 6ynamuis.

Tama — dpank nasapuscura Kypa 4acToTacH v MaH v--dv ra
Kaaap opaanxiaa Oyaran Basnnos—UYepeHkos nyprauuuniaary ¢o-
TOWIApP COHH

. g (Z0)? I
N(v __.w‘_(1 = 4.92
) he= CEi ( )
{£.22) Qopay 1Ll KYDiainaa, xocHa 6yvraH (OTOHMap COHy GHp-
Adgll 3appa 3aPATINLIC KBAAPATIra Ba 3appa Tesmirira GOFHK, B HUHF
7 22t 1
opraait Gieaa N(v) no.agan 4= o (I — T) ra Kajap OpTagH Ba y
s 3
HypIamuiy uwacToTackra GOFJIIK 3Mac. £ = /v 6Yarant yuyn acocuit
HyPJAHHI SHEPriisic I0KOPH YacToTany €KH KHCKA TYAKHH Y3YHIHKIH
¢eneKTp coyacHma €ram. Hynunr yuyH Xam Bapuios—UepeHKoB Hypna-
Hitel KYK-GHuagiua padra uypianiiuaad xéopar 6yiaad.

Bapnnos—UYepenkon adppextigan oolinananné Yepenko ca-
narnugapu sicananu. Yepeukon canarvungad dofixananut 3apanau
3appa XapakaTt Te3NUTHIH OCOH aNHKJAI MYMKHH.

4.4-§. FamMma-nypaapHHHHr MOAAA GUIaH Y3aPO TanCHpH

Tamwa-nypaap, Tyaxnu Y3YHIHIH atomjapapo Macodagan
(10-8 cM) anua xuuHK OVJraH 3J€KTPOMArHUT HYDJaHHUIIapRaH
ufiopatanp. Yaap ravva-keantaap Ae6 avanysuw 3appanapian
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n6opat. FaMma-KBaHTnap 3Hepruscu Gup Heva YyH KaB nam 10KOpIE
6yn116, XO3MPrH 3aMOH Te3naTKuuaapu épramMuza sHepruscu 20 ['sB
ra Kajap eTajlirad raMMa-KBaHTJAp XOCHJ KHJIHW MYMKHH.

TaMMa-KBaHT/NAD MYXHT aTOMJapH Ba 3JEeKTpoHJaapn OHJIaH
3JIEKTPOMArHHT MalllcH BOCHTACHJA TabCHpJIAWAAH. YJap aroM
SNeKTpouiaps Ba SAPONApH OHJad KaM TYKHallca-Aa, TYKHAWHUI
HaTiXacHaa Y3 lyHaJHIIMHM KEeCKHH Y3rapTHpHO COYHJanH. 3?-
psn 3appanapia GapKiu yJ1apoK, raMMa-KBaHT.IAp MYXHTAQ 3
SHEPrUsACHHU Y3rapTHpca Xam, YHHHr Te3jaurH ysrapmalign, yaap
¢akar EpPYFIMK Te3JHrHAa XapakaTjaarajau. I'amMma-kBaHTaap My-
XHTAa € loTnnany, € counaagd. COUHJIIII HaTHXacHAa ramMma-Hyp
HHTEHCHBJIHTH 9KCIOHEHLHAN KOHYHra acocaH {arapajH:

== (4.23)
By epna /o — GowaHFi4 HHTEHCHBANK, ] — X RaAHHANKAArH My-
XHTAAH YTraufaH CYHITH MHTEHCHBINK Ba p — IOTHANU  kK03((du-
uHeHTH. (4.23) ma papaxa Gupankaapra sra 6yamMarananri ca6a6-
au X cM napra yavadca, p cM~—! gapiaa Vauavaan. Kynuxua aacca
otV Ko3(hdHuIeHTH 1e6 aTaayBuH p/p KaTtTaankiaH ¢oiiiala-
HUJIAAH; O — ZKHCM 3HYJHMCH OYATaHn y4YyH Macca oTHanul xosd-
¢duunestn cm?/r napaa yauanaan. Bysaail xoaaa KiucM KaaliHdN-
THHH r/cM? Japaa yauam KyJaliip.

IOTtuanm xosdduiuyedty ravMya-KBauTAapHUHr  MYXHT  Giaan
TAaBLCHPHHH TyJia XapaKkTep.aaiiag, YyHKH ¥ KYPHAAETran wapaCiyir
Tyaa xecumu 6nnan 6ornanran 6§ aan. FasMa-nypaapnnur 0T1L1H-
LI TYDPJAR Xapaéuaap XHcoOHTa 103 GepILIT MYMKIIH. Y aapliHr aco-
cufinapy doroaddexrt, xoMnron 3QheRTH Ba  3ICKTPOR-NO3NTPOH
HyhrauaHr xocua 6§mnuniup. dorosddest Guian xoMnTOH 3@-
(exrti raMMa-nypaapHIHT aTOM 3JIeKTPoHIapH Giai TVKHaiiuinia
103 Oepca, 3JICKTPON-NO3NTPOH KY(PTH raMMa-KBapTHUHT  ATOM
snpocu Ouran TaneHupuza pyii Gepain Ba 10KOpH 3Heprisiapia Oy
JKapaéH KecuMn OpTall.

4.4.1. doroappexr

FCasma-kBanrnap MyXnt atoMaapuiari GOFIanrai 3JeKTPOILIAP
Oiyian TabCHplAWTanaa YHra F3UNNNC XavMa suepriacini Gepnd
IOTIIIIIN BA 3MEKTPOUMN YPHO umKapuHurn mysMknn. By  scapaéu
doroadhdpexTt ned aranaan. Spxun aJaexTpondapia Gotoad-
Gbexr yomucacn 103 GepulIn MYMKHH 3Mac, wynkn Gy xo.ia sneprug
Ba HIMIYJILC Cakdallilll KOMYHAAPUHHHr GHD BakTAa Gaxkapuaiiu
waptn Oyaumramr. Gorosddert KapalHiga aToMra rasMa-KBAAT
SHEPTUACHHHNT GNP KICMIL GEPILTA L. DNEPIHAMLILIT Oy KICMI 9.1CK-
TPOMUIIHT aTOM GRIaN GOFNAHIII SHEPIUACHHN Y3Hwra capdaanail.
Kouran xuean yruur kunerux aneprisicH cudarnia naxvoén 6y.1a1n:
=t =7 (+.24)
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By epaa ET — raMMa-KBaHT 3HePruscit, /; — 3JEKTPOMINIT {-KOGIHK tapy
GOPIAHHILI SHepTIACHHH KYpcatyBul HOHH3AWs noTenuami 8a T duyr-
SNEKTPOHHHHT KHHETHK 3HEPIHsCH.

Wynpait iwnG,  doroaddext XocHd Oy yuyl  FamMMa-Kpap
3HEPLIAACH 3JIEKTPOHHUHI ATOMAATH GOFJAHNIL  SHEPrHACHIAN  Karta 6.
A kepak: £ =/, Kypuun6 typudauxi E <</, G&ymwa,  rawva-
kBaH1 K — KOGHKAATI 3JIEKTPOIUHH  ypHO YHKapa OJMaiiAfl Ba oTO2()-
¢exT dakar L, M Ba Goursa KOGHKAZNI 3JBKTPOUAPAATHIA 103 G2pitumy
MYMKIHI,

dorosbdext xwapaéun nukn K, L Ba 6ouka KOOHKAATI siek-
TpCHAapAa 103 OepraHaa wy KoSHiAary 6yuarad ypuinapra oxopu
KOGUKAATI 3MEKTPOHAAP YTraHaurH yuyH (porostdext xapakrepue-
THK pesTrenl HypJAapuHINr Xocua Gyanmn GiviaH Kysatuiaml ®g-
Tospdext Kapadunaa kysronran atom Oxe 3JIEKTPOHJa-
PUHH YNKADHIIH XaM MYMKHH, S'bHH aTOMHHHT KY3FOMHLI shep-
TiifcH KoBuKaary 3aeKTponsapra 6esocnta OepHAHLI HATHXAcHAa
IHCKPET SHEpPreTHK CHEKTPJH 3JIeKTPOHJap Xocui Gynand.

Ulynaaft guaus, gorosddexr xapaénun ¢axat aroMaa 6oraan-
ral 3AeKTpOHMapjariia 103 GepafH Ba 3NEKTPOHHHHT GOFMaHIm
sneprific Kauua karta 6uca, otoahPext NORHCACHIUHT 6y
SXTHMOJANCI LIYHYa KaTTa 6yJaanl.

Typait KOOHKILATH 3JIEKTPOHJIADHIHT GOFJaHNUI SHEPTHscH Xap
xia Ovaraan yuyu, Oy sjaexTponaapia QoTosddeKT KapaéHuHuur
103 Geprur 3XTIAOJL, SIBHE (HOTO3hHEKT KECHMH XaM KEeCKHH yara-
paai.

4.10-pacyna Qoro3dupeKT  KeCHUMHHHHT TaMma-KBaHT —SHeEprHscHra
GOR AL STPM UH3UTH KYPCATUATAH. O, HUHD £ ra GORNaHHI  3rpy
YR MYPAKKa0 KYPUHHIITA 3ra. O, Karra 3HepriifJapaa l/ET ra my-
qan0c0 Varapafu sa /2 wnivati K KOBHKAATH 3JeKTPOHHHHT  HOHH33-

o neTeluaal . ra sHaWraiia ¢, ~ 1 '[:‘17"2 6y1a1n Ba E <1
2@ KecnM KeCkiit Kavasiut, YyHkit K — KOGHKAArH 3/eKTPOHZA ¢o10-
zdpert Nommeacn xysaviuvaiit. Juan  dortoddipert daxar L, M ga
fowra KoOHKAAP/IA K V3TN, ET<IK na ILV’ET HHCOaTaH  OpTHmY
gie1an o, 3 oped Gopait. E7 </, na o, uunr Er ra GOFMaHuu 3r-
i aH3HEH A Keekiir Yarapapn B2 X. K. Typan aromnapsa smexrpon-
Japusnir GOTJAHIMI SHCPTIsicH Z HUHD
opriuti GiAal opTrain yuyn gg ~ Z° 6
quiit Z ra Kydau Goranngpmp. P

BoTO3DCKT KECHMIIHHT I:‘1 Ba Z L
ra Goraaininl  opmyaaci  Kpaut nme-
Xauikact YCyaJapit acocijla KeJdTnpuG
ypkapiran.  K-KoGuKAarn 5exTpoll
J8p yayit KHung £ napa

(04) = 1,09-107° Z[13,61 £
(aB)]"em. (4.25)




E_"» m,?, abHH KarTa SHepPrusaapia

1 =
(04) = 1,34- 107723/ E (M3B)Jem?. (4.25 a)
L, M Ba Gowxa KOGHK 3J€KTpOHNAPHAA dotosdipexT Ke(I:HMH aHga
|
Kuuuk  Gynagu. XncoGnamwiapiaH o, /0, & .- Ba Oy'0, &y, AbHd
2
0y 0 & 55 :
Merannapiia 3pKHH 3JeKTPOHIAp MaBXyZL 6YyaArani yyyH ysaplia
KysaTiagura (QoTosdexT XOAHCACH IOKOPHAA KYpHAraH (oro-

sdexrr mapaéuuian dapKranami. y L
Meraanap yayH (4.24) dopmyma Kyfinpariya ¢amaazin:

Th=E—P—1, (4.260
6y epia P, — 9JIeKTPOHHUHT Meva/iiad unipm md. (4.26) renrava
SfmmTeiiH TenrJamacH Je6 xaM aTajaid. MeTaaaaard 3pKHH 37eKTpOH-
aap yuyn I, =0 6yaranu yuys

T,=E —P, (4.27)
Jlemak, ramma-KpasT sHeprusicnt £, > P, nan Gowna6 ¢orosdpekt XO-
Aucacy 103 Gepuwn Mymkud. T, =0 3a £ = P, ¢dotospgext wapa-
ERMAMHT G9aum yerapapuil sHeprusicuit Guaiupain. By zweprusra moc
KenyBUH TaMMa-KBAHT TYSKHH Y3yHINTH (GOTO3(deK THIHHT K-
3uJ yerapacu e atasain Ba Kyfpjarnya anpkaanalu:

DR IR MO NERR B, — (4.28)
' A Pr

Iynnaii xma1u6, MeTan1apiaH 3JIeKTPOHIaPHI UHIHIL I aHik-
na6, GoToa(PPEKTHIHT Ky PHIAETran MeTadd yUYH KH3H.T NerapacHil
TOMHII MY MKHH.

Macanan, nuxopiuil Meraagap yuyn Ao RKHEMATH Ky3ra kipHiyB-
un @pyFJIIK cneKTpH coxacnaa éradan (~6000°A) Ba poasppast yay
Ao=2700°A, sbpun yapTpalunadlua Hyplauulll cOXacura TYFpH Ke-
aaan. Croneron konymira xypa (orospdert :apaéiliza XocHd
6yaran (oTovneKrTponIap SHEPrHsICH TaNMMa-KBANTHIHT IHIiTeHCHB-
Juirnira Gorany 6yamaii, vuunr speprusgcura  Goranxaip. @oto-
3MeKTPOUIAp XOCHT KHAraH (POTOTOK KHIIMATH raMMa-kBaHT1ap
HHTEHCHBJ/IIrHra Mytanocnd pasnuiga ysrapaxi.

4.4.2. Komnron adiderts

B3 10K0puaa ¢poTo3dheKrT KeCHMUNNIT TaMMa-KBALT SHepriscH-
Pa TeCKapH MYTaHOCHO paBHWIAa Y3rapHIUuMHN KYPHHK. Ev 0pTHUIN
Biiau $OoTOIpPEKT KecHMIl kamaiind, KoMHOTOH 3(dexTi acocHil
poniH Yiimail Gowalian, IaxMa-KBaHTIapPHIKT 9IeKTPONIApAA CO-
UHJHWH HKKQ X KYpHHMImra sra. [aMMa-KBAHT SHEPIUsCH SJeK-
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L= BT LLARL AR 1o L LT LR S LA P L LLS

TDPOHKNHT aToM OuvaH GOFJaHMII 3HEpPruscH e, Aak Kuuuk (Eq <
<e,) Gynranna kaaccHx €k KOrepeHT couuanur o3 6epaau. Kore-
DEHT coudJa (oTOH SHEPrHsCH yarapmacian KojaaaH, y dakar
¥3 fiynannminnu Yaraprupanu, xoaoc.

Korepent counapmn TomcoH couumyuiy fe6. Xam atanain sa y
KyliMaariua TYIYHTHDHAKIIN MYMKHH. DJEKTDOHJA ramma-KBauT
TyJla IOTHAHINI HaTHRAciia, Y TaMMa-KBaHT 3Hepruscira Moc
KeJNyBUN uacrora GujaH pe3oHaHC Tebpana Oolnaliid Ba KaacCHK
SAEKTPOANHAMIKA KOHYHIra Kypa Te6paHaéTrad 3JeKTPOH I0THJIraH
I'aMMa-KBaHT 4acTOTACHra TEHI YacTOTaJH raMMa-Hyp YHKapamH.

Bepusiran counsinm 6ypyarn yu4yH KOFeDEHT COMHAMIIHUHT Alid-
depennyan xecumu

s

i e bl 2¢)2nsi 4.
ot (1 4 cos’q)2nsine 4.29

K¥puniiira sra. T{:a KorepedT COMIMINII KeCHMH 3ca

b T o (1 -+ cos’)2asingdp =

8re!l
5 L TOE
b omies =

= (2Nge 3mect

; (4.30)

i
Ulynzali xumé, o, = 6,65-10 "cM® Ba y SpKNH 3JeKTPOH VuyH
OMCOH KJaccHK co4unanm Ko3dgoHnuedTH pne6 aranaim.

n
———— = I',~— 3JEeKIpPONHNHI KJaccHK panpHyci 3. ﬂemak, Oy~ T
m«

3kan. Korepent coynaran ranma-kBaHTaap Oypuak TakeHmotn /-~ (1 +-
--cos*q) Konynnra Gyiicysam (4.11-pacm). E >, 3Hepruanapia raw-
Ma-KBUHT Y& 3pPKIH 3JeKTPOHJA COMINTaHjex OVJaje, YYHKH SJIeKTPOH-
nnir Gordanmu sneprisicn £ ra HucGataH Xuco6ra 0JMAciHK Aapaaia
Ky, Womnton apdex i aeG  araaysun OyHpall xapaénja
COMIITAN TaMMA-KBAHTIHHT 3SHepruscll Y3rapajii Ba 3JEKTPOHra ranMa-
KBAIlT SHEPrusicHuiur Gup Kuesi Gepiaaji.

Kovuron counanumnn Gnpunun mapra 1923 finnpa Komnron
Gatadcia ypraumn. Y PEUTTCH HYPIAAPHHIHT TYDJIH MOAAANapAaH
COMINNBINY  ypraan. IKoMnTon KypuiMacHHHHr cxeMacH 4.12-
pacyja kypcartuarai.

Moan6aenaan scaaran A anTHKatozan pentren TpyGkacijpa
(PT) xocua Gyaran pentred uypiapu C xucmia counyaau. K xoa-

4.12-pacM.
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8 auMatop opkaiad dakar ¢ Oypuak
“/‘_ OCTHAA COUHJAraH pPeHTreH Hyp.JapH

Kp kpucramira rywans. Kpucraan-
nau counnran pentred mypaapu MK
HOHH3ALHOH KaMepara TyILaaH.
Kp CaCO; kpucramigan ubopar.
YHURT KpHCTAM/ NauKapa XOMMHH-
cn d=3-10-8 em. Kpucraaa (Kp)
épJaaMiia COoUIVIral pEHTreH Hyp-
nap TYAKHH y3ywaurd A’ yadaHamu. o coumnumn Gypuari  yuyH
2dsina=nA. Byabg—bparr wapti Gaxapuarauia HK ra tymaér-
TaH peHTrel HypHMHHHT HHTEHCHBJWTH MaKCHMaa Kuilmartiapra 3pH-
IaH.

Komnron rtaxpubanapuaaH Kyitguarijaap aHHKJIaHIH.

1. Couuwran peHTreH HYpJapHHUHT TapKi6GuAa GowaaHrud Ap
TYVIKHH Y3YHJIHKJIH HYPAAPAAH TAWKApH A =>ho TYAKHH y3yHJIHKKA
sra 6y/ran Hypsaap xXaM yupaliy.

2. Counsim Oypuyaru ¢ HHHC opTHwm Giian AA=A’—2Ao $apK

opTi6 GopanH.

3. Counanwr 6ypyarH @ HHHT Mabaywm Gup Kuitvatiga (AL). — co-
YHAAETraH DeHTreH HYPHHHHT GOULTAHFHY TFYJIKHH Y3YHAHCH A, ra Gof-
JHK Gynmal Koaanu Ba (Al)? XaMMa COUYBUYH XKHCM.TAp YUYH OHp XH1T
(OEE) (R

KoMnToH counaHuINHH KIaccHK TYAKHH Ha3apHs acoCiaa Ty-
WYHTHPHO 6epHIl MYMKHH 3Mac, YyHkn 6y Hasapusra Ky[pa COUH-
Jaérral nypaauuum TYAKNH y3yHaurn yarapsaiign. By oxapaCunin
Komnron Ba JleGaii KBauT MeXaHUIKAcH acocHia TYWYHTHpHT Gep-
annap. KoMnron sgQexToHn TYWYHTHPHW YU4VYH pPeHTren Hypaapi-
Hil hoToHNAp oKuMitaal néopar 1e6 Kapaw 3apyp. Xakugatal xas,
arap pelrren Hypaapi £ = /i» 3uepriadn «HoTOHMAp OKIdnLLAl  1Gopar
1e6  Kapanca, £ >z, 42 ¢oTOH 3PKifH 3.TeKTPOHIA COMMArAHICK GV.1a3H
Ba WYHHIT YYYH XaM COMILTHII NapakTepll COUVBUIL ZKHCMUNHE FypHra
Gorang GyaMait KoJan.

DoToHNaPHHIP IPKilH 31EKTPOH.T1apAa COUILTHUNI YUYVH 3HCpPTHA
Ba HMIYJALC CaKAaHNIW KOHYHIApHHH KYpuO unkamu3 (4.13-pacwm):

—— < 2

4.13-paeM, ~

= +T,=hv-+ Hfﬂ"q‘-—%_—; - I}. (1.31)
\ 4 =5
By reurmavaru gyitigari KYpHHHUIrA KeJTHDHLI OCOH:
mzes ot (VY L (7Y 3 N _ o /
T = il + (V) 3 (av')! 1 2mucth(v — ') — 20 by (1.32)

HMay.aseHimr caknanim KonyHira K{pa

F—F — — -
iy v m;ac
= iRy el (4.33)

¢ C 5
3=
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€KM CKajifp KypuHHLAA

’"1352;‘, = (hV)? 4 (hv')* — 2hv-hy'cosp (4.34)
6Ynamu. (4.32) sa (4.34) rtenryamanapHy Gupra eucax,
(_‘_)_(L) =¥ _1=MLJ(1 — cosy), (4.35)
€Kn
Ah = A — A = A(l —cosg) = 2Asin? _2‘?- (4.36)

6y epra A = hjm,c = 2,42- 10 "cm — anextponnunr Kovnron 1§axus
YSYHJIUTH JleHH/IafH.

Ulynpait xuau6, (4.36) pan counguuwl Oypuard @ HHHT OPTHIUH
6unan counaran HypAAHHIIHHHT TYJKHH YSYHJAUTH A’ HHHL ODPTHO
Gopuwn x§punn6 typuban. Xaxuxaran, (4.36) mau

=0 na AX =0,
¢ =r2 Ia Ah=A,
o=r na AA=2A,

SBHII COuNA MM Gypuari ¢ HHHC OPTHWH 6hiad AA optu6  Gopmoiaa.
(4.35) i xyfinmarn KypuHHWAA XaM E3MI MyMKHH:

L (4.37)

By ¢epyyaanan, knunk coumsmnm 6ypuakiap yuyH v ,r>( 1mec’ .;lapna Ba
. (1 —cos
Xamva cownnw Gypuakaapa yuye /Ay & mc? napaa ———m—r—‘f <182
ot
IV =~ frv. By knaccx TOMCOH COMIIHIUMEMHT Y3upHp. XaKHKataH,
£, = hv manr knung KHiMaTAapUAA KJACCHK COUMNIHII K03 GepHiUMHI GH3

JOKOPIZY Kypray 3iux. /tv > m,c? Ba KarTa COUIMHII O6ypuaKkniap yuyH
= (I —cosg) > 1 Gyarany yuys, (4.37) HuHr Maxpaxujaru 1 Hu
e

3bTHOOPra OaMacak, KYIlIgari TeHIVIHK XOcH1 6ysanu:

MmgE”

—_—— 4.
(1—cosy) (4.38)

By dopyysara kypa ¢ = =/2 ga by & m*, ¢ =x za hv’xmgﬂ' 3Ka-

HIME Kypun Mmymkig. JleMak, XagikataH TaxpuGaja KysaTHITaHWIeK,
coynanl GypyariiuBr OpTHIUN GIIAH COUMJTAH IaMMA-KBaHT 3HepriisicH
KamaiinG, Abil TYIIKHH Y3YHINTH OpTHG Gopop skan. Coyunran rama-
KBAIIT SHEPFHSCHHHHI KaMailillH XHCOGHTA TenkH 2JeKTPOBHHMET OJrad
3HEPrUACH Opiany. 4.14-pacMia couymIrai ramMMa-KBaHT HMOYJbCIapH
Gi1aH TeNKH 3JCKTPOHHMHT OJraH MMIYJILCJADKHMHD COUMIHII Gypyarira
Gormix paBuwina YsrapnG Gopmwn kypcatwaran. By epaa [ — xon coun-

' =~
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JHI Ky3arujmaradH Ba 6 — xon ramma-
KBAaHT COYMJIMIL GYPYarH MaKcHMal @ = =«
GyaraH xo0.aapHH Hibomanaiiy.

KomnToH 3peKTHHHHT TYJ1a KecHMH
¢dopmysracunn  Koeitn Ba Huwmnna, Xam-
na coset ¢uanrn M. E. Tamm xpaut-me-
XaHMK XO0co6/1aLu1apH acocHia KeJTHDHO

YHKApUIITaH:
A 9145y |
=2l ——In(l
Tyon ,[ - [1+2> - (il =+
~3:
4. 14-pacm. 2z ot | E __—— "
p X )] Lin(1 +22) —= }
(4.39)
o fie .
/] [P = 5= . Tauma-KBaHT 3HepruscH KHYMK
By gopmynana r, 3 - P
6yaran = & xoaaap yuve (4.39) aaw
o 48 g
O..0mn = O1ovc (l = & .. ) (440)
\ 5
8z 2 — ToacoH KJIACCHK COWILTHW  KecHMiLanp.

6y epaa 0y, = e ;
3 myct

KHIMaTHIN HKYAA KUYHK SKAHHHI sbTHEOpra oacak (4.40) Hit 0 g, =%
[asva-Keant 3HeprisciH Katva  OV.rad

RVimarg  KypHHHIIEY  KCATHPHIL

S

»wcr,,,\.c fe6 €31 MYMKHH.
=% xoanap yuyu (4.39) Hi

MeC-
MYMKIHIL

g (_" < In2:). (1.41)

Oypoun = *F,—

Hevak, katra sueprustaapla KoMHTOH cOMILTHUL KCCHMID adMa-
KBAUT 3HEpriscira Teckapi myTanockf yarapap skau. Atosaarn
aJdexTponaap couir Z 6yaranis Yuvh KoMmnton 3hheKTHUHHE KecIMiE
COUVBYIL IJEMENT TAPTUG HOMEPHTa TYFPI MYTAHOCHG OpPTIHIUHHA
TYWyHm Kuftnn asac,

Kosuton asdipextn Napaxkaraarit 3J1eKTpoHJIapia XaM KY3aTh-
JHHILN MYMKOH. Xapaxkataari 3JeKTPONHIaH COYIITaH TaMMa-KBalT-

IITHE SUEeprusicH

f 1 —3c0s;
F' =F L1
1 Til—%cosw -[E7 (l—coss) £,] (3.42)

(pop\w.m Onnan poga MWL KyPeati MyMena. By Qopyy.aaia
B — 9MeKTPOH Te3aurn, 7, — 3JEKTPOH Bd FAMMA-KBAHT Xapakar iiyna-
JIHLLTAPH opaciaard Gypuak, @, — COuiLIrauiad cUHT 3JeKTPOH BA TaM-
Ma-KBaHT Xapakar iyHaauuwilapil opacnaarii 6vpyak, z — Tywaérran sa
COWLITAN TaMMa-KBAHTIAP Opachiarn OvpYak Ba £, — TCNKH  3JeKTRGH
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3Heprusich. Macanay, ramMma-KBaHT OHMaH 3JeKTPOH KaPama-Kapii
HyHanuuaa xapakatnanaéiran 6§aca (@, = ), OpKara couuaran (p ==
Ba ¢, = 0) ramma-KBaHT 3HEPrHACH

'J.‘

-y % i-—.
(E s gt (4.43)
2, ) Fus

Gynamu. ]

Teckapu Komnton 3d)¢)e}'(TH ne6 atanyBud Oy 2xapa€nga
COMIITAH FaMMa-KBaHT 3Heprusic £y yHUH 6OWIAHFHY 3HeprasacH £
Adn Karia Gyummn MyMKHH. 1

Epyrauk nypHHUINI Te3JaTKHYJAapZa XOCIJ KHJHHCaH YJbTpa-
PeNATHBHCTHK 3JIeKTPOHAApPAAH COMHANINNAA Ky3aTHJallrad Tec-
kapn Komnron spdexty HaTHMACH KH3NKapau 6yauuin kepax. byu-
Aail Noaaa counnran (OTOHJADP 3HEPrisicH PENATHBHCTHK 3JEKTPOH
SHepriisicira Kasap opThé KernwH MyMmKnH. By aca, épyrmix nypi,
MacaJaau, Ja3zep uypHHH IOKOPH 3HEPrusJl ramMa-Hypjaapra aliraH-
THDIIW WMKOHUSITH {1V 3macanrnuy Guaanpann. Teckapn Komnror
adertn épramnia xKocMocia VUPAIANraH H30TPON DEHTreH Nyp-
AduKunl Ba ramMMa-hpoH JAed aTaaraH HyPJAHMUIHHHT KeJnO
YK NI TYILYHTRDHIT MYMKIH.

1.4.3. DAeKTPOI-NO3UTPOH KYDTHHIHE XOCHA GYamuti.

Caviva-ganr smepruscn £ >2mc® gyaranga  ¢orosddexr
Ba Kosnron s@pextaapn Gndan 81p Karopia 3JEKTPOH-NMO3ZHTPOH
YT Navw xocna G¥nain. DIeKTPOH-NO3NTPOH KY(PTH  AAPOLRHHAT
SACKTP maiiounga 103 Gepain Ba Oy Mapaéd BaKTHAa STAPOra TelKH
IHEPrH KVpuHmIIa aneprisi 6epuaaiil. DIeKTPOH-NO3HTPOHHIHT
THIY XOJaariary maccacura TVFpI KeavBun sueprus 2m,c2=1,02
MoB. vy yuvi, ramsa-xsaut suepriosicn 1,02 MsB xan xarra
Gyaramaariia 2aeKkTpol-NO3HTPON AyPTH Xocna Gyanwm Mymiun,
Jackrpon-ioanTpon AKyGTHILE XoCIT 6¢anWnIa SAPO OArAH TeMm-
KIE sHeprysicn ykyvaia knunk 6Varann vuyn £y =2m ¢ nan Gomwnab
SACKTPOR-IO3UTPOH KV(TH XOCHA GVIHING MYMKIH.. DIEKTPOUHHHT
ICKTP Mailionnaa XaM JICKTPON-NO3HTPOI Ry PTit XOCI GVanuwg
Mysgig. Jexnn 6y X0a1a 9JEKTPOH JKYAA Karrta TRk SHepris
oaamn. Hlynmme yuyn xas, 97€KTpon Mali;1oni1a rayma-KeanT siuep-
riscn Ep=4m,2==2,04 MaB 1an xaTra Gyaranaariiig aaexTpon-
fosurpoir skydrie Xocna Gyaamn. Biuwnukaga  371eXTpoH-MO3UTPOH
AYQTi Xocua Gyamaiizn, uVIK IHEPrIIsl Ba HMIYILCINNE CARAARNLI
KOBYHIL 6y311a s,

NOCHa G¥Jran 3J1eKTPOH Ba MO3NTPOH Opacliiari Oypuak ramva-
KBAHT 3UCPrIsiCira TeCKapn MyTaHocu6 yarapau:

myet

(4.44)
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2 =l
N \.\
B - e-
4.15-pacu. : 4.16-pacat.

4.15 Ba 4.16-pacMnapaa AP0 Ba SJEKTPOHAAPHHHT  JIEKTP
MaiJOHHAA 2JEKTPOH-NMO3HTPOH KYDTHHHHT Xocua OVIHIIN Kypca-
THJTaH.

SJEeKTPOH Ba MO3HTPOH H3JAapl MArHUT MaftloH TabCHPHAA
Kapama-KapiH fyHanrdwaa GypHArad. SJeKTPOH-NO3HTPOH Ky (TH-
3JIEKTPOH MaiZOHHAA XOCHJ Oyaranna Temkl 3JEKTPOHH XaM Xa-
pakatra kearaHH yuyH 4.16-pacmMza yura u3 Kysarugaadn. Sapo
TeMKI 3Heprisicy kam 6yarann yuyH 4.15-pacmaa yunHun H3 Ky3a-
TuaMaign. Mxka QOTOH €KH HKKH 3JEKTPOH TYKHALIHIMHAA XaM
3JIEKTPOH-NIO3HTPOH XKY(TIr Xocia 6§anwn sMyMKHH. Bupunun X013
TY¥KHayByH (HOTOHAD SHEPTHSADHHIHT HHFHHIICH E +E >2m c?

wapTH GaxkapusMwn 3apyp. MkxuHun xo.1a xapaxamaru aneKTponmmr
T{.1a 3Heprusicu £, > 7m,c® Gyauud iuapr.
D IeKTPOH-NO3UTPOH KY(PTHHHHT XOCHT GY.THUN KECHMHHIHT  SHEp-
THAra GOFANK/IHTH YA MYPaKKa6 KypHHHIITA 5rd. DAeKTPOILIapHHIT K-
1
PaHNOBYH TABCHPH XHcoOra oMiHMaraHaa, m.c? <& ET K 137m,ccZ 5
SHEprHsl MHTEPBANH Yyyyd
Z: (28 9E 218 \
Oypr = T 137 ;’ 5 | (4.45)

27 7

SJIE:KTpOllJ'IapHHllI‘ 3KPaHTOBYH TabCHPH NHCOfra OTHHraHga Ba ff“ 7
1

B
> 137mc*Z 3Hepris coxacn YUVH

_Z 2
e ,. In{lBlZ lj el (-1.46)
4.17-pacyaa 3MeKTPON-N03NTPOH  HY(DPTH KECHMHHINT 3Heprisra
GoFvaitK pasliuiia y3rapinu arpi YH3HFN yMyMuil Noada Ky pcartuiran.
Kiuik snepriust Ba karra Z 1apia 3/€KTPOH-TIO3NTPOH KY(PTH-
HIIEC SO MailIoHIa NOCILT Gy KeCHMIl, YHHHT 3JEKTPOH Maii-
Jonnga XocHa OyaHur  KecHMHIAH

TAXMHHAH MHHT MapTa KaTtTta 0y.141H.

GHEqu Jleknn orip saeMentaapaa  E7>10
M3B  sHeprusai  raMMa-kKBanutaap

. Y4yH 3JeKTpoH Maiizonuia Kyt xo-
\ e 63111 KecuMil s1Apo Maiigonnia
SMeKTPOH-NO3UTPOH AKYDTHHIUT XOCHI

Oxypr =

2mee? E;‘ S6¢anw xecuyuny 1% uil Tawkua 3TH-
= W MYMKHH.
417-pacu; " TeT DNeKTPOH-NO3UTPOH  JKYPTHHHIT
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Xocua Gyaum xapaéun 6H3 10KOpHAA
KYypHG unKKaHn 3apsajanrain  3appa-
Jiap yuyyH TOPMO3JaHHI €KH pajua-
LUHOH HypJaHHW Kapaénu OHjad
6upraqnKla KOCMHK HypJap TapKH-
6iga anekTpon GOTOH KaNaCHHHHT
Xocua Gyanumra  ca6ab  6ynanu
(4.18-pacm).

Ep arMocoepacina GupraMuH Koc-
MUK Mypjap TabcHpuia 103 Oepran 4.18-pacy.
SIAPOBUIT peaKuusnapaa Xocun 6yuaran
I0KOPH 3Neprusan n’-Me30H éxn GoToH OyHiait 3MeKTpOH-OTOH
XKanaunHr XocHa 6yanmunyn Gowaad GepHlId MYMKHH.

4.4.4. Ymymui xXynocanap

Wynaair kuan6, 6us 10KOpPHAE raMMa-KBaHTIAPHANT MYXHT Ou-
Nan TabLCUpHaa 103 Gepaalran JKapaguaapHu xypuo uukauk. Iamma.
wypaap doroadpdert, Komnron apdextn Ba 3JNEKTPOH-NO3HTPOH
RKYDTHEHIE XOCHT GYANIIM HaTHXKACHIa MyXHTAa loThaanu. Tamma-
HYPJIAPHIHT MYNITAA T2 IOTHAHI KO3(Q(HUHEHTH I0KOpHAard yu
*apaéi xucobura 0THANL Ko3dbuuneRTAapH [HFHHANCHAAH HOO-
pat 6ynanu:

o= thg F Prorn T Pacygr (4.47)

I0THM N kKosddunuentn Graan Kecum GOFaAnK GYAraHH yuyH:
= Nog + Noyoun + NOuugr- (4.48)
By epaa N — couysun mapxasaap konuentpauwusicn. @dotosddext

Bd 3JCKTPON-NO3NTPOH KY(MDTHHHHT XOCHA OYHUIM YUYH COMYBYH

Mapkasaap-—artoMmaapiay, Komnron addextn yuyyn sca 3JEKTPOH-
Japian ybopar.

Ulynaaii k101116, i0KOpHAArH Y4 JKAPAEHHIIT T3 KeCIMII:

G =0y ~+ G,0xn T Doyt (‘1-49)
Gy epna o, ~ Z° E]" —xiun<  sueprusiapaa, Gp ~ Z'YET—Karra
Z g
SUCPIHAAAPIA, O gyy ~ = BA Ouypr ~ Z'IN2E

Nnunx sueprusadap (£, << E\) coxacuza qorosdext rapaiun aco-
ot poi Yiwaiian. £, = £, > E, sueprus coxacuaa Kounton sddexti
Ba E > FE, steprusniapia 3.eKTPOH-MO3NTPOH K YQTHHANT XOCHT G-

i acocuii poab Yimaiian. £; Ba £, 3Heprus yerapanapd TYPIH MyNHT-
Jap Y4yl Xap XiJs1 KHiimMatra sra Gynand. Macanad, amiomimnmii  yuyH
1=0,05 pa £, =15 M3B, kyproumu yuyn sca £, =0,5 pa £, =
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4.19-pacy.

=5 MaB Ba x.k. 4.19-pacM1a Kyproume yuyH dorospdext, Komm-
TOH 3((eKTH Ba 3EKTPOH-NO3NTPOH MYPTHHHHT XOCHT OYHL KecHM-
HHHI' FaMMa-KBaWT sHeprisicnra GOFMII PaBuiL1a Y3TapHUI 3rpH  UH3HK-
Jlapy KYpcaTHiraH.
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V BOB
AAPOBHA PEAKLHUAJAP

3appa Gunan sippo &xku sApo GHIAH SAPO ALPOBHUIL Ky TabCHP pa-
ayen (10-13 cm) gagap sIKHHIAWHG Y3apo TAabCHPAALNUI HATH-
MacHna sigpoaa TypJaH yarapHin €xH AAPO 3appanapHHHHT Kafira
TaKCUMJAaHHWH MyMKHH. SIAPOBHH peakuusa neoé aranra
Gynzaii mapaésna AP0 KYy3Fosafu EKH SHIH 3appajiap Xocua 6y-
LERE

Wyngait Kieau6, sAposHil PeaKLHAHN XOCH KHAHIM YUYH SIAPO-
JIapHIT KaTTa SHEpTHsAAn 3appanap éxit aaponap 6bunan GomMbapau-
MO Kuaiti kepak., Byuaail I0KopH 3HePrHsAAil 3appajap paAHOaKTHB
emnpiianwiga xocua 6ynapn. Macanan, anbda-panioakris AAPO-
JIAPHUHr napuanaHuiuy HATIKACHAA SHepruschn 4--9 MsB 6ysran
aasa-3appanap oxumu xocka 6ynazin. Koemux Hypjiap rapkubuaa
VA KATTA UEPTHAN 3appaniap Xam yupaiinu. JIeKiH HHTEHCHB-
JHCE Kam GVarang yuyH yJaapiad sjpoBuil peakuHsaapHH ypra-
e oiizanannur HOKyaaigup. "

3appasapui 10KopH 3HEPrHAiapra Kaaap Teana:ruﬁ Gepypun
Tedlarkuusap sipatnaray, AAPoBHil peakUMANAPHH YPraHHIL KEHr
pPHBOA A Y.

Slaposiiii PeAKUMAUNET XIJIAapH XKyjga Kyn. Peakuusuu 1uoaara
KOATHPYBUN 3appa THOHCA KAPAG ANAPOBHI peakuualap — HelTpou-
JIdD, 3apsiiaanrad 3appanap éKH raMMa-KBauTaap Tabelphaa 6yaau-
ran peaxusiiapgad nGopar 6yaann. [aMMa-kBaHTaap AApo Ginad
SMCKTPOMArHUT MafidoH BOCHTACHAA TabCHpaauica Xam, sjpoaa
TYPL y3rapnwaap coakp 6yaraHid yuyH Gy xapaéH Xam sAPOBHi
peaxuns zeb6 xucobaanagi.

I0Kopiaarn peakuns xwilapuHuHr Xap 6upH YsHra xoc aJo-
Xlaa xycycustaapra sra. YHAAH TallKapi OFHP SADPONAPHHHT map-
HAdAUHUIN, CHIHJ SAPONAPUINT KYLIMMHIIN HAaTHKACHAA XOCH 6Y-
Jaanrai TepMOIAPOBHIl peakuls Ba TPaHCYpaH 3JEMEHTI3PUHHHT
XOCIT Gyusra o6 KeNajHraH sAPoOBHIl peakwisaap Xasm yaura
X0C xyecycusrnapra sra. bus 6y Gobaa Xamma peaxkuusjapra Tte-
THULTI Oyaran GabLa3n YMysmuil Tymyudanap Gnian Ba aifipum peax-
Wsaap xycyenataapn 6uaan TaHHWAMHS.

5.1-§. Slaposuii peakumanapaga Ky3aTHaaauras
YMYMHi{ KOHYHHATAAD

Yuymuii xoaaa sapoBuil peakuus Kyiiugardua eamaamu:
a+A—b+B. (5.1)
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By epza a — peakuusHu XOCHJ KHJIYBuH GHpaamun 3appa, A — un-
WOH ANpo, b Ba B sca peakuusiaH CYHI XOCHN GYJAraH HKKHJIAMUH
3appa Ba sapoaapaup. (5.1) Hu AHa Kyiinjgard XYpHHHIIHAZ XaM
€311 MYMKHH:

Aa, b)B (5.2)

1919 itnana Pesepdopn onray GHPHHUM AADPOBHIl pEaKLHSAHHHT CXe-
Macu Kyiuaaryya ésuyiafu:

YN - fHe —1H + 7O & N(x, p)70.

Wlynaait kuai6, peakuns GopMysack Tyaa €3mIrania sneMenTaap-
HKHT TYpH, HYKJOHJap COHH, TapTHO KoMepi (éki 3apsin) Kypca-
THAHIIA 3apyp. Peakuns TypH Xaknaa cy3 fopramia, peaxulifia
KATHAWAa&Tran sapojap 6eNrHcH TYWHPHE KOIAHDHJANLIN XaM MyM-
KHH, Macajau, nporonnap GuJaH XOCIHJ KIVIMHTaH s1pOBHII peax-
wusaap (p, n), (p, 2n), (p, «) Ba X. K. KypUHALIAA €317121H.

3appa 6unan sapo TYKHAMrAHAA TYPJH KapaéHaap 103 Gepruli
MYMKHH.

1. Saacruk counaum. Bynaaill xapaénaa TYKHAUIYBUH 3appaHiHT
KHHETHK 3HeprusicH y3rapca-na, sAPOHIHT HUYKI 3HEPTHsCH B2 Tap-
kHOn yprapmaii Kkonaad, Bynaaii peaxuns xyiinjnariya €3naann:

a+A—ra+ A,

2. Hoanactuk counnum. By :xapa€nia GolwiaHFHY 3appa siapo-
U KY3FaTajl, JMeKnH Yanm §arapmail Koaali, SbHH SAP0OIa CoHL-
JNaju:

a-+A—a - A

Kysratniran A* sapo raMMa-KBanT éxy KOHBEPCHOH 3JeKTpollap-
HIl YMKapHO MnacTki €KH acocHii X0aaTaapura YTHININ MYMKIN.

3. Siapoenit peakumus. By xapaénaa sapo Tapku6u Ba XyCyYCisTIl
Ysrapanm Ba xylinaarn KYpuuniza é3naamin:

all =
a-+A -
7 e+ G

Bysnait snposuii peaxuys HaTIKACHAA Xap XHJA AP0 Ba 3appa’ap
Xocua Gynanin. Peakuusnunr NKKuuum 6ockuuy Typan iivianitap
6yifinua Gopaau. | '
ﬂnp_ng"i peaxuisl YprauHarawiaa peaxwisniur Kapiai iijyna-
Juw 6Yiinua GOpHUIN yJapHIHT SNTHMOLINLH, peakuns KeclMi,
CUHKHLID®, XOCHJ 6Yaraw 3appajJapHUHr 3HEprusicH Ba Ovpuax
Oyiliiua TaKCHMIAHHIMN BA IIYHHHLAEK, VAApHHHT MUK  X0JaTi,
STBHH KYSFOJIHIN 3Heprisicu, CNuKN, Xy®TINCH, H30TONHK CIIHI Ba
X. K. XyCYCHRTNIapH aHnKJaHafil.
_ Peaxuna xycycusrnapn 6npaamun 3appa auepruscura GOFIiK
GyaraHu yuyH yaapHuHC GipaaMun 3appa aHepruscira Kapab yara-
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DIl XapAKTEPHHH YPTaHHIl JKYJA MYXHM daXaMuATra 3ragmp.

Peaxuiia kecHmu sADOBHH peaKUHSHHHT YHFOHUII (Y HK-

nnacuH jge6 xam arananH.

Bupop xanan Gyiuua GopysBu peaklUus KeCHMH, ALPOHH GoM-

3Jappa " ",

6apmiMOH KHAyBuM 3appasap Okum | PP 4 renr 6ynaranga, Ky-
CMieC

PHAASTraH sIIPOBHIL peAaKUMSIHHHT BakKT OHPIMTH HYMIA xocHa 6Y.anu

3XTHMOJTHTHHH OHAZAPAAM. Xap Xua fiyHajauumiap Gyituya pyi Gepysun

AIPOBHIL PEAKLIIsl KeCHWJIADHHHHT HUFMHAMCH Tysa atdekTuB Kechm Ae0

aranani, sibHH

Oppna =0a+ 0+, +. .. (5.3)

Afitiarainapaad KYpuHuG TYpHGAHKH, arap KecHM Mabaym 6yJca, HH-
WOHAArH Axpoaap coun N Ba GOMGADANMOH KuAYBYM 3appanap OKiMH /
(1 on* 103ara | cekyHaza TywadTrad 3appajap COHH) HH Ouirad x0.141a
BaKT OHD/HMH HYKKA cOmup 6Yyarad, Gupop HyHamur Gyiuya GopyBuH
RI0GBHIl PeaKUHAIAp COHHHH audknaw OcoH. ¥ o,N/ ra Tenr GynanH.
3appanap OKMMHIM 3Ca 3appajap 3SAYMMrH OHIaH  Te3yirHeM  Guirad
NOJJa OcoM  aHHMKJAAW MYMKiH: [, = 1n,7v,, 6y epia n,— peaKuHsiHH
NOCHT Ku/iyBun @ 3appanap amumuri (1 cM? 103ara TYFpH KenyBui COHH)
Ba U, — Wy 3appasap Te3auri.

Hlysaail kxnano6, peakuns KeCHMH PeaKUHs XKapaHHKIHT MHKLO-
puil XapaxrepucTikaci 6yan6, peakuHSHHHr GOpHIN XMaja/JIirHHH
Guaanpaii.

Onaraa, tampuGaza peakuUHsT KeCHMH 3Mac, peaKLifHHHI K-
K yauayanw. Himwoura tywaérran mabaym sHeprisJan 3appa-
qaap okuMie '3rapmac Ba HIMUIOHHHHT XaMMa HyKrajapupa Gup Ximir
6vica, xocns Gyarad peakunsaap COHHHH HHUUIOHra Tymaérra
3appaaap conura 6yan6 peaxkUHSHHHT YHKHWHAEN aHHK-
dam Mymkin. PGeKTHB KeCHMHH GHAraH Xon4a peaxuHsHiHr Yi-
K touny ocou: B==gon, 6y epaarn n—cupth 1 cm? Ba 62-
AANHCY HHIONHKIT KaJHHAHCH [ ra TeHr GyJran xa)kmpard Hi-
won siapoaap conu. Huinon Moaaarudr smuauru p Gy.ica,

Oy epaa N, — Aporaapo couut, A — NIIOH MOLAAHUHT aTOM OFHP-
Jr,

Kaamt unwon opkasnu 3appanap yrrania 3appa oKHMi Ba 3HEP"
riusci varapuG Gopaau. IIyHHHr yuyH IoKopuAard ajiTmaraHiap
1011Ka nrwonaap yuyn ypunanaup. Kanuv Huuwon yuys sapoBHY
PEAKILISIIHT YHKIHUWNEY aHHKNaW Mypakkabaamagy, IOmKa HHILOH
OpRaan yraérrait 3appajap OKHMHHMHHT CYcaiimum, peakwisHHIHT
WHKHWHrA GOFIMEK paBHINAA KYIiHAarHya Kamaiiug 6opanH:

I=1le™ (64

slaposuii peakuusiapaa TYpIH CaKJaHHWI KOHyHJapH 6axapi-
Jdain. flaposnit peakuusnapHuur XYCYCHATAADHHK yprannwpa CaK:
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JIAHAI KOHYHJIAPHHHHT axaMHATH KaTTaiup. SIApoBHil peakunsnap-
Ja RYiiuaary cakJaHiu KOHyHJapH 6axapHaajx:

1) 3JexkTp 3apARHHHHT CaKJaHHIUH;

2) TYJa HYKJORJAAp COHMHHHT CAaKJAHHIUH (aHTH3appanap Xam
XOCHA 6Y/ica, 6apDHOH COHHHMHI CAKJAHHLWIK Tanalb KHJAHHALM);

3) TyJsa 3HEPTHSHHHT CaKJAHHUIH;

4) UMIOYJABCHHHT CAKJAHHIIN;

5) xapakaT MHKIOPH MOMEHTHHHHT CAKJaHHLII;

6) myGTIHKHHET cakfNaHMIy (KyucH3 ¥3apo Tabcup 3bTHGOpra
OJIIHMAaraHaa);

7) 130TOMHK CHHMHHIHI CaKJaHHIIH (3JEXTPOMArHHT ¥3apO Tab-
CHp 9BTHGOPTA ONHHMAranaa).

Bus sapoBuii peakiiuamapra Wy CakJaHHWI KOUYHJapHHIIT
TaTOHK ATHAHIIH GHAAH KHCKA TaHHWINGO 4iKaMu3.

5.1.1, JnexTp 3apsAMHHHr B2 TYAa HYKJIOHJIAP COHHHMHL CayIainimil

SlapoBuii peakunssapia Xaumma Xoalapda 3JeKTp 3apaaniiiar
CaKJaHiW KOoHyHH 6amaplnaii, AbHH f£IPOBHIT peakuusara Kiji-
UIyBUIl 3appa Ba SAPCJIAp 37J€KTD 3apsaIaapiHHHr iTHFHIAICH f1p0-
BHIl peaxunst natnxacnia Xocua OVaraH suri 3appa Ba A1poaap
3JEKTD 3apsAnapiiiir fHFHHANCHFA TeHr OV.JanlWH MYKappap.ap.

Autnaappanap xocHa 6§.aMaiiziran o3l 9ApoBHil peaxilks 1a)-
Aa TYna HYRJAOWIAp COHNHINIT cakJamuuni xas Tajsad  aTiiali.
Peakwidra xanap Ba viaan cyur Xocin1 63.arai 3appa pa s i
Aari TyJa HYKNONIap comil Varapmail Koanuni kepak. Iy

JKaABagjia KeATHPUATaH stAPoBIi Peaxilnfadapia 3JeKTp 3ap:
Tyada HyKnonJaap COHIND CalJdaHiilil Ky pcaTuaran.
3.1 1
: . |
Peantuin = il Frad
2y My 8y a % 2 |
1 iH—-5He 2 I~1+240 2% 2 i
p+ILi~IBe + n =341 0 I TeeT ]
n= HUN-lC 4 p 0 ToG-1 IR
ToFppAlpMg £ p OFI3mi28] | 05272
a= NN g p 2:7.8¢1 4§ L] T
i

By nxxn caxaamim Xonymaapn kyucus tabcip sociTacnia 103
GepyBui PATMOAKTHBAHK Kapaéunia Xau, sapodapiiur napuadd-
HHWN Ba Nap Kaluaaii owka kapaémaapaa xam Oazkapuasin.

Tyaa HYKJIOHJAP COHINLINT CAKAAHI KOHYHIIaH NPoTon O ian
31EKTPOHHIHI V33P0 TabCUPAAWINS «aHHHTIIALNSIANNNINS, sDHIT
HKRHTA TaMMa-KBAHTrA afiqannG KeTHwm MYMKHH 3Macairl KeanG
upKagH. Xakukarau, pP—+¢—=2y xapauga Tyaa HYKJIOHIAp COHH-
HHHT CaKAaHWWH GY3H.Ia1i,
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Ymymuil Xonma, ABHU AApOBHiI peaxuns Kapaduuaa AHTHHYK-
JIOHNIap XaM XOCHJA 6yJ/ica, Tyaa HYKJIOHAAP COHHHUHP CARMAHHLIM
GapHoH 3apAAHHUHT CAKJAHNI KOHYHN GUAaH aaMawrdpniagn. By
X014a XamMma 3appanap -1 GapHoH 3apsiAra 3ra Ba AHTHHYKION-
Jaap —1 ra TeHr G6yJraH Gapiod 3apsira sra ae6 Kabya Kuannagu.

5.1.2. IHeprus Ba WMNYNbCHHHT CARNAHHIL KOHYHi

Slaposuil peaxwusinap KarTa/durit SAPOJADHHHT XaXM# OmjaH
ViuaHagnraH Xyna KUYHK COXaAa 103 OepyBYH XXapaéHaaH 1bopar
GyIranm yuyH TYKHAlWYBUI 32ppasap CHCTEMACHHI H30/sUHs1aHran
{sikkamanran) cucremagau nbopar Ae6 Kapauw MyMmiud. F3ons-
LHAMAHTaH clcTeManapia OGynannuran apaéHnapia sca 3HEPrHs
Ba HMMY/IbC CAKJAIHIL KOHYHH Gamapuiaid. a+A—b+ B Tununa-
TH 1APOBHIl peakuHA y4yH SHepPLHAHIUHE CAKNAHHIL KOUYHHHH Ky-
fiaarnya é3uur MyMKHH:

M e + Ty +Ty=mye? +mge* + T, +Tp5  (5.5)

By epma mc® —s3appa Bk apoHMHI THHY Xonatiard, T, — KHHETHK
SUePTHSICHANP.

Peakunsira Kaxap sa peakuusnad CYHr 3appa Ba sAPOJADHHHT
TIHHY XONATAarn Ba KHHETHK SHEPriuAgapHHHHT MHPUHIUCHHH Mo
pasuwaa £y, Ty pa Es, Ts 16 6earnnacax (5.5), GopMynaHH KyHu-
AArH Ky pIUIHIIAA E31UI MYMKHH:

Eyt Ty=Ept-To. (5.6)

Savamit xoaua £y 54 E,, uyuku sApoBuil peakuus Xapaeniaa sapo-
HINE (UK S1EPrisicy Ba AeMak, THHY XOJaTAaril MaccacH ysrapaiu.
Tumu  xosariarn sueprisnap dapkn E—Ep;=Q peaxuna
sweprusicn saeb aranam:

() —=r) (5.7)

Arap Q=0 Gyaca, xocun 6§aran sHCH AAPOHUHE THUHY XOJATAArH
Maccaclt peaxiislal apsadiry AAPOHHNI THHY XoJarThari Maccacn-6
AaH KaMJAury XucoGira peakuus Kapaeliaa SHepris axpadi
wikaan. Byujaii peaskunsinap 3K309Heprialil peaxuis
Jdap  je6 araisaan. DK303UeprusaH peakuUlsIHIHT ROCHI OyaHLIN
YUy OupaamMuin sapsuiakran 3appaniir KHISTAK SHEPTHSICH AApo-
HIHT KYJI0H NOTenuuald TYCHFINN enri6 yriura erapan Gy
KHost.

Q<0 xonxa peakuus yxapaéHHAAa SHEPrHs IOTHAALH, YYHKH X0-
CHAABMI SLAPOMINIT TINY XoJaTAari maccacd GHpJjaMmuil 3appa Kit-
HETIK SHEPrusiciuur Kavaiiumi xiicobura opragiu. bynnail peak-
g sHAgoIHCeprusgan peaxkuns Ae6 aranaii. Onpo-
SUEPTNsAi PeaKiist GupaaMui 3appaHHEr SHeprisicll peaklisHIHD
werapasuil (Oycarasuii) sneprusicn Ae6 atajyBui SHEpruaLaH KaTTa
Syaranaaruna 103 GepHi MyMKEHH.
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Q=0 X0a1 31acTHK COUHJNHILra MOC KeJaiy, YyEKH By >Kapaésna
3appaHUHT KHHETHK 3HEPTHACH Ba AAPOHHHI THHY XOJaTRari 3Hep-
THSICH Y3rapMaiiH.

Aapo du3MKachaa COYHJHII EKM SIAPOBHH Deakmusnap KHHEMa-
THKACHHY KOOPAHHATaJapHHHT Jaboparopus cHcTemacuaa (K. JI. C.)
aMac, MHepuus mMapkasu cHcremacu (M. M, C.) 1eb
aTaNyBun KOOpAHHATANap CHCTEMACHAA KYpHIl Kyaaliaup.

Y éku 6y kapaéH KHHeMaTHKacH NEraHjia peakuuaja KatHa-
maéTral 3appajapHUHr MAaccacH, SHEPrHACH Ba HMIYJbCaapH MaX-
MyH Ba yJapra TerHUIH CaKJaHHUI KOHYHJApH acocHaa Kiiinaani-
rax wekaanniap tymynuaann. K. JI. C. gucka xuan6 JI — cucre-
ma, M. M. C sca Ll—cucrema ne6 XaM loputnaann. Jl—cicresana
HHIIOH AZpO THHY Xonaraa 6Ynamu. Ll—cucTemana TYKHaWyBuH
3appanap €ku 3appa 6uJaaH sApo 6up-6HpHra Kapama-Kapuwi liveHa-
JIHIIAA XapaKaTjJaHafd. YJAapHHHT T§Ja HMAOYJAbCH HOJATa TEHT
6ynagH. Ll—cucremazaru ¢opmyJanap MabIyM KHHeMaTHK Vara-
pumtap acocnia Jl—cucremaaari dopmyaadapiaH Keatnpud yu-
Kapuaai.

DK303HeprHs MY peakumsara miucon Kuam6 1H + iH — fHe 41 pe-
aKkuuaHA KenTHpui MymknH. By peaknmsga Q = 3,25 MsB Ba v xo-
CHJIZBHI SIPO Ba HEMTPORHHHT KHHETHK 3SHEPTHACH KYPHHILILA axpa-
J6 wikagd. JleiiroRnnr TpuTHil GHan  TYRKHAWMW  peakuusichiza (=

17,6 M3B sneprug axpanami:

iH 4 3H — iHe 4 + 17,6 M3B.

Kypuun6 typunbauku, 6y peakuus xapaémina xyia karra suep-
rust axmpanunb uskami. BH3 kypraH HKKH peakunsg Xam  CuuTe3
peaxkunscira Mucon Gynaan. TepmMosapoBHII peaxliis
ne6 atanysun OyHaall eHrI ageMentaap CHUTE3N peakuHsaciia KaT-
Ta 3ueprusi axpannd unknwn kypuuu6 typu6an. Jeiiron Ginaan
TPUTHIHNHUT CHUTE3 PEAKHIACHHH XOCHJI KHUANUI YUVH JeflTonnine
suepruscu 0,2 MaB nan kartra 6y.aca, eTapmidnp.

(5.1)" THOAACH PeaRIIsT VGVl HMIYA6C CarTaN KOHVIND KVilll-
Aarnua esinani:

- - = i
F, '*l"'_,\ =P, Py (Dg)

J1 — cucrenaga HHIOH-SIAPO IMAYIbCH HOIra Teur (/{1 =0) 6yarann
YuVvH

Py=Py + Py {5.8)
H. Bop ll\'lypcarra]uu.ex, KV Xoaaapaa a1poBiii peaxkuis nixn §oc-
Kuy1a Oynaan. Naxukarauw, 6upunun Gocknuia a sappa 1 sapo

6unan T)”»'x(ﬂamm_i opaany €kH KoMmayHna s1po 1eb araavsul
O anpo xoena 6§aam;

a--4-0.



By opanui sgpo omataa, Kysrairan Ba §3 Maccack, 3apfiid, CUHAH
Ba GOUIKa KBAHT XaPAKTEPUCTHKANAPra sra 6yaran aapogan ubopar
6ynub, peakunagau cyur T~ 10-!¢ ¢ Bakr yTrangan KejinH Xocm.1
Gynaairan tapkuGuil KHCMAAPra aXpajagu:

O—b+-B.

KomnayHnn sinpoHHHr siapoBuil peakuusiiap pyit 6epuil BaKTHra
HicOaTaH aHua KaTra BaKT AaBOMKAA SWAINH, HAPO DEAKUHSCH
HKKI 6ockuuna 6yaaau, Kerad GHKpra onu6 KeapH. SapoBuit peax-
UHSHHHT GUpHHUYH OGOCKHUI YYYH MMMYJbC Ba SHEPrAa CaKJaHHUI
KONyHAapu Kylinparuya €suaaiu:

P, =7,
(my +mp)e* +T,= mye* +T,. (5.9)
By epna :750 ~ opaJlitiy SiIPO MMMYJibcH, 7o — YHHHT KHHETHK SHEPTHACH

BA MyC? — KY3rairad OpAnMK S/ADOHHHT THHY XOJaTZATH SHEPIHACH.
Opaiu SIPOHHHT KHHETHK SHEPrHACHHHM KyRHEardua ammKiall MYyMKHH:

ro_ Fo _ma Pi_ M (5.10)
° 2m, m; 2m, m,
Bymi (5.9) ra gyiicak,
miet = (m,, + m)e? +T,,(1 — %:—-) (5.11)

AL
By Tenrnavauunr YHC TOMOHHZATI HKKHHYHE Xal 5“P“§:;C;;: I\y.
pPAaranaa anua KUMHK Gyarasn yuyH, YR xuco6ra oau

Jaan. ¥ xoasa

mic = (my + my)ct. (5.12)
Bymi (5.11) ra k{6 mic? yuayn KyRigaraai X0CH/ KiUIaMH3:
m
CKy
il (5.13)

mict = (m , 4 mg)e* + gy

Xy wynra yxua6 (5.12) sa (5.10) aan

m. T, (5.14)
+g = (m/\ “+Mg)
?3;‘3.!1[‘3“ Xxoyiaraari

Peakwinga xoena Gyaran opamig sADOHHHL K;;cmm o T

maccacilq Giraud xonga, YHUHC KY3FaaHLa SHepru r
Mata

A At BGS)
W = mic? — myc? =(m, + Mg — Mot + (ma-+ma)
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By ¢opMynaHimHr VHT TOMOHHIATH OHDHHUM XaJ @ 3appaHHHI  Opa/uK
SAPOra HUCGATaH GOFNaHHMII SHEPrMACHAWD, AbHH £,(0), MKKMHUM Xajf
1] — cucremana @ Ba A 3appallapHHHT KMHETHK 3HeprusicH T ra TeHr.
Y HucOUH KHHETHK 3HEPrHs AeHHNIafu:

m myut my v pvt =
—A T, == =T, (5.16)
my Mg 2 my d-ny . 2

6y epia © — 3appanapHHHT HucGHi Teannrir. [lemak, OpanuyK —sAPOHHHT
KY3Faluul 3HEprusicH TYWaéTraH @ 3appaHHHr GOFJARHII  SHEpPrHAcH
,(0) Gnnan a Ba A 3appaHuur Ll — cucremajgars KHHETHK SHepTHACH
MUFHHOHCHTA TeHr:

W =c,(0) + T (5.17)

Opanmig SAPORMBr KY3FasuWs SHeprisicli 1ywaéTraH 3appaHHHT  KHHETHK

SHEpriACcH HOAra TeHr 6yaranga xam (T, = 0, T\ = 0) Hosgan capk-
Ay

JaHagy, aeEM W =0, T,5 0 xomna yHuur T, = T e
A" i

opamus  agpoun  kysratmwra Ba T, =m,T, (m, +m,) KHCMH
3Ca OpamiK sAPONHHT KHHeTHK sHepruscura capdaanami:
my T, , Ma T

T IR P - - 5.18
00 4 (4 mg) (g +g) () )

OH103Heprisl peakwisiuir  GopHid  Y4yH 3apyp Gy.arai yerapasiils
3HEprisl KyHijarura TEHr SKaHNMI SHePrist Ba HMIYJbCHINT  CakIauyu
KOHYHJapH acocHaa Kypcatiiul OCOH:

(T.a)--uu == JQ‘H, (5 19

m
A
CanMa-KBaHT Takewpiza 103 Gepybun peakuns yuyu (m, = 0) Ba)
(T -') My = IQI 65’516}1“.
10%0piaa KeaTHpiaran Tywvigalapmn Kyigar aneo.1qa KYpailank:

5 40 o
By pearunst yuyn Q= — 0,92 M3 pa
T =2210,92 = 0,95 M3,

Opﬂ."llﬂ\' AP0 KHUETIIK 3Hepriscly

T, = T_T = 0,95 33 = 0,03 Ms3,

By sHeprus peakuuszan cYur Nocia Gysamirai 3appaiapiinr KiueTiK
SHEPTHACH cubatiia namodn Gyaam. T, :Ts2p = 1:32 Syaramr yuyn
b 15

T .
T,,:x(T"S)'_-_‘I-:::l KaB. lewmax, I0KOpHAArH peakungia Xocul Gyaran
HEITPORHINT KIHeTK sueprusicit ~ 1 KaB ra Tenr.
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5.1.3. Xapakar MHKAOPH MOMEHTHHHHT CaKIAHHWH

flmposuit peakunsnapia KaTHAINAETraH 3appaiaphuHr  Tyaa
XapAKaT MHKAODH MOMEHTH Ba YHMHr OHpOp axpatub OJHHIaH
{ijHaTNIIAArH NPOEKUHSACH caKIaHa H:

at+A->0-0+8

PEARKUHA YuyH XapaKaT MHKIOPH MOMEHTHIMIHT CaKdaHHIN KOHYHH
Kyltiimarsua €sunann:

= (5.20)
By epaa /, = 4"‘_1 di,+ ;.’_,‘, Ba I, =‘7B +1, +-l.5, 6y, 6veza /g,

=5 e
ig loy Jg I, — peaxwisiia KamilamaiTrad TR 32pDa B3 HIDPO=2D-

HUHE cnuuaapy, [, pa [, Termuai  3appa Ba A3apo AYTIEDIEEET
§33p0 opGuTAT MOMENTIAPILIHD. XAPaKaT MHKIOPH MOMERTHHINT Caisaii-
UM MahTYAM TanaaG 07Ul KOHAAJAPHHHAT GaxapH IHIiHH Ta1e6b 37ali.

Heiitponiap pa 3apsiaan 3appanapHudr  fapoJap 6uiaaH  TabCHpHia
1,7 U XOoannur axaumarti Typanya Gy.ain.
Bz a-emupumnnnn  kyprammmzga [ == 0 3appaiap Ta'bC"P-"a'-Umela
MApKA31all KounpMA NoTenuaan (3.27-gopMyaa) Xnucodra oaui 3apyp-
JUTHING KYPran 371iK:

V. =l + 1) 2mr-.
4

By noremmamine gifivaris sappaner sapagura GOFJHK SMAC B2 [* ra
TVEPI Ba £ ra Teckapu myrasocubanp. Vo WIHT AP0 yerapacigari
(R = r) wuitvati vaprxaszgan godupyma Tyenyg GanaHAIRCE
JeHnaans Ba /"\- Onnan Geariianas:

B, =V, () = TR0 L0 s,
M. e QMR A

Heiltpouaapinir niapoaap Guaan Tancupiaa KyaoH moTeinial
TYCHFI Maszky L Gyvasaiiun, dexin (=0 aa vapkasiat Koquﬁpi“?
TYCUK MaBzky OyJarann yuyn, KUHeTIK sHEprisicH T<B m. X ‘H);“
F neliTponIap 9apo Giaan sddekTun Tabeipaala oaMalLT p};
Heilvponaap siapoaap Guaan  addextus Ta’EC]{pJ'laLUHLUH \\\;]);
T>h2/(I--1) / 2mR? KuneTux sucprisra sra GyaHIA Kepax. | i
JyM speprusa neiitpondap (< Iy xoanaruna sapo 5”-’@‘ s ext
TaveHpaamaii. /7 aca Kyiiary mapraan anuKJaHamt:

55 e RE_( RY

[l == 1) << 2mTRh* = —’—‘ph, = (“A*T ) ’

abi [
i /

i

10—2239 K2



Tlyuna#t g6, Gepuaraw T sHeprusga [>>/, 6yaraiH HBeHTPOHJAp
'MaPKa3[aH KOouMa [MOTeHUMa1 TYCUKOAH YTa OJMaraujapH y4yH sipo
Ounad TavcupAawa oaMaiguiiap. HeHTPOHIADHHHI KUHETHK 3HeprHacH
erapnnda KHuK T < (B ) OYIranga [ =0 6yaran HelirpoHaap AApO
-6H/IaH Tabeupraua onMaiigi. Te3nurd KHyHK GyaraH HeHTpOHJap (akar
{ =0 parusa sApo Owiae Tabcupjawamd. Kyigari xansanga [ = |
X0JIra MOC KesqyBuUH MapKa3jaH KOUHpMa MMOTEHLIHAT TS’CHKHHHI‘ MHHHMaT
KHiiMaTIapy Gab3y AAPoJap  YYYH KeaTHpwaraH. Takocaaul  ydyH
KanBalfa KYJNOH MOTeHUMas TYCHFHBHHT KITIMATH XaM Oepuirad.

52-)ansail

flapo ‘BM.K.) Muu,MaB B Mab stapo (BM.)\'.) MitH i3 o LISE
iH 20 ! 119 0,8 L0
50 Ul
ILi 5,5 1,5 238, 0,4 15
92
'f0 3.2 3,5
Xagsangan Kypuunb TypHOmHKi, Heiirpoaap 7 =20 Msl3 ra xazap

-MPOTOHMAP Oiiad  ¢anaT [ = 0 xoazariHa  TALCUPJAUNIINL  MYMKIH.
TampnGana Gy racauxmasmi. Heitrponaap nporomaapia  coMiTanid
YJAapHUIT GyPuaK TAKCHMOTH 130TPOM, s LHH  XaMsa iy uatuna Onp
XHJT SKAHJIACH Ky3aTivlagi. By sca / =0 xoama KysaTiennud  MyMKHH.
Orup siaponap yuyh (By ) Kamaiing 6opami.

3apsiinanrait 3appaiap sApo 6uaan TabCHPJIAWrania Mapras-
ZLail Ko4UHpMa ROTeHUHaAAal TaWKapi KYJOH NMOTeIHat TyCHFNHH
Xam enrnwin 3apyp. Kyqaou notenuiad TycHEHuINr Gaianniruni
Kylinnaru dopayaa acochga XHCob6aal MYMKHIL:

B, = —'-{f'—, M3B.
Fik

5.2-xanpanua npotoiap Guaan  sApoJAp  yuyM KYJOH  UOTeHUaT
T}"cmgm}pu Kuitnatn keatnpuaran. Mapraszgan KoutpMa Ba Ky.JI0H H0TeH-
UHan TYCHKIAPUIN TakkocIal Wyni kypeatagnki, £ << 8 Oyarad euriLt
apponsprarima (B, ) > B woaran _ xoaapaa (B <
<< B,. [laBpuit cucrena {'prasapiia Aciliagral afpoaap  yuyi B,
2 (B, D B3 HeNaAK, B, + (B, ) = By NlyHr yayn xau SORE
KarTa sHeprisra sra Gyamaran sapaaan 3appatap (T << 53,) ornp siapG-
ap Ginan [ =0 Ba [ =1 napga xaM TaLCHPAAUMLIL MyMKHis, [ HUHP
OPTHWI Gialt B, . oprami Ba 3appa Giaai SAPO TabCHPJALINY SNTH-
"MOJMIHTY KAMAmAH,  JlekuH kmupk / apy (0 << L) B> B, wapT

AMAPIIABRPALH BY TABLCHD SXTUMOLIATH [ T2 cycT O OF.JaHald. [ >,
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JapIarHHa B"_l\,, AXaMHATH OPTHG Keragy pa TaBLCHD IXTHMOLINIY Rawas-
a1, Yerapagpjy {o HHHT KuiiMaTiay [ — lo na B, =B, wapr Garapn-
JaI e chapas KHANG aHu j1am MYMKHH:

8, . =hu, 1+ 1)2mR* ~ Zzet/R — B..
B."HII'JH
Ll + 1) = 2mB R h? = R ?L‘”Bx

ﬁl\'u

Ly~ R Ao
0y epna )\*P =h P, =h V 2m4p. Ba yT= B, KHHeTHK 3Heprusra

= K L3

NOC KevByy ae Bpoita, TYIKHH Y3yHanruanr. AHHKpOK XHcoGaam /,
YO¥H Rvitnnarg $OpMy.tani Gepanu:

lf||- = }?ABK
K¥Pimg TYPHCRIIKkY, /, 6ounanF iy 34appa 3MEPTHACHT GOFJIHK 3Mac.

YHIAT Kuan6, saps oy 3appanap  meliTponaapran Gapkan PaE";”Ef‘
MR sHepriaapa (77 < B,) anponap Gunan [ =0 garmua smac £ —
=128 y i Ly=1"R “r-,_ Kanap 6np-6upira AKHH 9x'rumo.mnxﬂa.p
0%t Tavncnpaamg Gepamt. Ulyanur yuyn xam yaapuiumr Gypuak Tak-
ORomE Ll — crierenian AMI30TPON G{IHIHI MYMKIHH,

SAPA sappa e sHeprusicy karra 6yaca, (7> B,) )’ﬂafmmg
AP0 Gt TABLCHPI HeitrponAapHinir SLAPO  GILTAH  TABCHPHTA YXIua
K0aan, /=4 NOMTAPAA Taneup agupexrim GyaHw y4yH

AT=7—p ~ B, . =h{l 1) 2mR*

O wepax., Eepiaran 7 dNeprusaan 3appaiap yuyH 3¢p(eKTnB Tab-
cip /</” AapIa kKysaTiiam:
5 gy = 2
farllar 1) = 2mA TR 12 = 3R 1t = (R)A ).
Aeaai,

lap =R }'#ar_

- Sl . HAapu
S04 SRy prank ua H30TONNK CRIHIHIHT caKJaHHI KOHYHNAP

1 HraH xa-
Kvuan pa HIERTpOManiT Yaapo Tabcup 6uaa 55”;%[ a4-A—+
patiaapa WY DTangmr Caraan KoHyiu 6a)1(ap1mlr c:;ug.ualmlﬂ
—B+6 Tinaar; TADUBIIL peakyns yuyn skydTIHKHIY
Konyuu Kyitnariyg ¢anman:
{Aa 1180
PaPy(= 1) = pp,(— 1yos. "
- érrai  3appatapHsl
By epza P, P Py, By — Peaxupsia  KaTHAUIAeTr nHr Y3apo opG-
WK aKYGTanr, [, wa [ Be TETHMLIY 3appajiap KYQTHH
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Tal MOMEHTH. DoOlllKa cagnaHHll KOHYHApPH CHHrapH 2KY(TAHKHHHD
CaKRMAHUIIM KOHYHII Ma®bAYM Tausab ONHIN KOMAAIADHHHT OarKapH/IHLLIHHH
Tanal wunagu. By TaBaa6 onmm xowpanapu GuaaH 6us @, §, 7 — emu-
pUIMIUAPHH KYPraHja TaHMINTAH SIMK. $IOpPOBMH Ppeaxuuafiapia  Xam
JKYDTVIKHUHT caKIaHiil KOHYHH MabAyM HYekJaHHLJIapra osiHb keaand.
Maca/iaH, 3appanapHHHT (Macafiad, HYKJIOH) SIAPOAA SJACTHK COYHJHILAA
! gaxar xyQr guiMaTIap ouM Mymud., Bynra caab wykH, 31aCTHK
-COMHMMILAA 3aPpPa Ba AAPOHMHE XoJsaTd  y3rapmailad, paxar YJiaPHHHT
cnyHE §¥3 HYHA/MWMAY Y3rapTHPHIIE MyMKHH, By Xoama xyprank §¥3-
rapMaft KomHuin kepak. Jlemak, sappaqap XapakathHi 1)OAAJIOBYH TyJ-
KuH GyHKWIsap OKyQTaMrm  xam yarapMait  xoumwm kepax. DBy sca
(5.21) dopmysianars [ HUHC KyQT KuHAMataapipariHa 6aXkapHiagi.
slapoBuil ¥3apo TabCHP KYyYH H30TOMIK HHBAPHAHTJIK XyCyCHf-
THr@ 3ra, s’bHE ¥3ap0 TABCHP XapaKTepH HYKIOHHHHT XiJura GoE-
anx smac. Ulywunr yuyH, kyunn ¥3apo Tabcup Ouial Gyaannra
XKapadusapaa H30TONIK CNHH CaKJaHIW KOHYHH xam Jax<apuiaii.
AnGarra, 6y epaa 3JeKTPOMAarHHT y3apo TabCHpP Xucodra  OJIHH-
Mallli, aKc XOJa M3O0TOMUK CIHK CaKAaHHW Koy Oyaunaiu. By
KOHYHra acocdl peakUHsiAaH OJAHH Ba YHAAW CYHI H30TOMHK CIii
fFMHAKCH Y3rapmail Koasumu Kepak. @ - A — B b peakuusla

To+T,=T,+T, (5.92)

TEHRIHK Gakapiia;in. SIapo Typan KY3FaTiIraH Xosatia Nap N1 H30-
TOMHK cnkiHra ara 6%aamy. Sapousur u30tomik e Ty — (N — Z)2
T = A 2 ra kagap §3rapiut ayskun. Acociil Bi cyeT Kyvard-
THIFAH XOJATAADAA YHIHL 130TOHHK CHHMI MHHUAMAT KiivaTra 3ra Oy-
Jami. Saposuil peakuuAfapHy yPramuw, NagHKaTall Xam, KYUIH v3apo
TARCHP OWIaH Ky3aTiiagurad 2xapaéniapra  H30TOIHK - Cii caR.Tahi
KOHYHHHIHT GAMAPILTHIWKHY KYPCaTad, ¥ XaM  MabLIvM Tan1al  oaiul
Kolfanapinnir Gaxapuamuira cabad Gviamy.  Macaamt, a/ina-eaipit-
JUIE SAPOHHHE GOmgattrny 8a OXHPLH  NOJIATIaDMiiur  {30TOHHK CIUH-
JAPI GHD Xi GYAraHZACHIA KY3aTHIAZM, YYIKE  a15(a-31pPaniHr 130-
TONNK CNHHIL HOJITA Telr,

5.2-§. Siaposuii peaklMANAPHUHT TYPAH MeXaHH3MIAPH

Xnana-xiat siiposuit peakiisaaphi xap tapad.iasa TVEPH TY-
wyntipu6 Gepysun nasapis xaaura Kagap siparnaran ssac. Iy
HIHE VuyH, $iApOBii peakunsnap Typ.it cOAAAIALUTIPILITAN MeXa-
HI3M EKH MoAeqJIap acocima TYWVHTHPHAaTH. By wvexamnss  Exif
MOZEANAD acociAa SAPOBHIl peakuHsLIapHHHT ¥ ERH Oy XycycHsT-
A1APH TYFDH TYWIYHTUDHANWI MYMKHIL SIAPOBHIT peakiuisiiapHir
KYIHAAr MEeXaHu3MJIapH MaBKyn:

Bop xomnayup sppo mexamusmi. By saposnii peaxuis mexa-
HH3MIAA OpafnK sApo, SALHI KOMNAYHI SAPOHHHT XOCHI Oymili
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02 Yuunr napuananuimg mry Gocknuna joa Oepanu 4eh xurefz.
iamn:

ﬂ.+A-|-O’—>-b—]—B‘

by MEXatnamra xipa AADOBIT pearuuanunr 6yanG yrumse  ayus
CERIN 103 Gepanu ne6 thapasz LURGHERTS

2. Besocura y3apo TALCHPIH SApPOBHIE peakuus. Bynpai pesy-
W3 Hykaou srpoxary Gip EKI MKKK HykaoH Gian TaLCHpAamE-
A €k Gupop S4ppa aaMawnur fiynn Guaan TaLCHDAAWEIH Fef
.?Ilﬂﬂﬁ."lal]aﬂil. By Xoana KoMmiayng AAPO Xocua Gyamaiimm. Byura

1), (d, p) ysuw Peakunsapu sa (p, d), (n, d) mann pesus-
JAPH Mitco 63 aa 0131 Vanw peaxunsienia TapkiGuil Kuckra sra
SATAR GIpaayuy 3appa—neiitonaarn HYKAOHNPHIHT GlipH #1po
TOMOHH A K «Y3HO0» oannany. Mnuw peakunsicuza 3ca, axcHnya,
Bipaavun pyk oy AAPOLaN GNTTAa HYKAOHHN MANG 0.6, aefiTonra
amanaﬂu,

3. Kyaon Ky3raanwm, By Kapaéuna siapo onanaan yunG yraér-
FEH 3apsaayray SaPPANNNT  KyJOH Mmalifnonu TahCUPHAA  FAR0
83raaran xoqarra 116 Konaan,

4. Bup &xn kyn J4ppanap xocun Gyanmn Guaan w3 Gepamuran
2APOBIT pearyg MEXaHuIMH. By kapaéuna Gupaaxun 3appa sHep-
Hacn 10° 3B g KaTTa GVarauna AAPO peakuUHsCH HaTHacHia
Gid 51 k90 wxiigavay 3appanap xocma 6yaani. /Kyza_toxops
JEPrinTap 14 Gay VH-3uTHOaplon wydTaapn xaM Xocha GY.Iw
MK Bua iy g Bop kovnayna sapo mexainayn 6naan Ga-
Taden, pog Tala g3, X

G.2.1, bop ROMOGYHA #ApO Mexamar

— Vrg.

Cerany RENTPow A DY fiapoaapaa PC3OHANRT 1IOTHANIIINNT ;'l"
Birs a0up Tasgigg arnaatapynn TywyntupnG Gepnu yuyH,
- Bup 1936 S E SAPO. ToMun sMogeanra acociannd saposiil
pcamumnap Hazapusienny aparan. ¥ saposiil peaxuiis NKKIL Goce-
Jhaa 6¥aain e Wapas Kuaan., Uyskn sapomitir PRy RANIETRG
3093113 snaw way ), SAPOBIT peakimsINr 6yanG yTimira xog
Gvaran BaKTIan (1022 | w3 ¢) anua katrta smi. Saposiii peal(_
YHAMMHD Gupining fn, RHaAa nykaou sapo Guaan I_6npm<n6. OPar
AR—KoMNayIa 5100, NOCHA Kuaam. Xoci  G§aran  opadng
SADCHUNT KV3rang THeprisey

" ), (5.23)

ihona iy AR ana 11 Slapora Gupaamui HYKJOH 010 h]!['éﬁ::;;
IHEPrIA yiary HY KIOHIAD Vpracnaa Texns Talgcmt.'lau?:ul. v :.m
HYRIOAAD aneprimey Yaaphunr  Goraaniul 3‘”“”"“"”1“21‘3 il
63::.‘::‘:1!”: cabuaGan HYKAOHHIH Aapogan Tkl KeTiHii Y“}."vmmﬁ.mr
YaMaiin, Slapo CHPTHTE  signu  Jkoiftnancad G”Pt’f 1613.!('-01“ ¥
SHEprusen vy Goraanmy 3'1|epr1mcn,-'lau )arra Gyaub Koaca,
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fIPOJAH TallKapura yuu6 4YHKHIUM MYMKHL. By mpoueccHn XyAaH
CYIOKAHKHUHT OyFJIaHHIMra yxmwarum MyMKuH. IUyHHHr yuyH Xam
AAPOAAH TaWlKapHra yyu6 4HKYBYH 3appajapHHHr Gypuak TaKC-
MOTH H30TpON Xapakrepra sra 6ysiaau. By xommca Taxpubana Tac-
LHKJAaHraH. SIApO KY3PaTHJTAH X0JaTAaH ramMma-Hyp 4HKapno Xam
nacTkyu EKH acocHii XoJaTJapura yTHIIH MYMKHH. Dy »kapaéH XaM
anya cekiu 103 Gepanu. [lyHuHr yuyH Xam peakuusga XocHa 0Ya-
TaH OpajJHK AP0 KaHAail ycys G6HJIaH Ky3radran xoJatra YTHO
KOJraHHHN Tyé yHyTrangek OYaann. SlapoHuHr Ky3raaraH XoJar-
Aarn gwaw Bagrara (~ 10-'35-10-1* ¢) tenr BagT yTray, xoMnayHi
SApO XYAAU DaAHOAKTHB AAPO CHHrApH GHPOD HYKJOH &KH ramua-
KBaHT uHKapub acocHit Xosarra yrtaaw. EMupinanw typn opajHk
SADONMHT KY3FaJHII 3HEPTHACIra, XapakaT MHKAOPH MOMEHTHIa
Ba GowKa XycycHsTAapura GOFANK, JEKHH sSIpoHuHr Kaulait itya
Gunau xocun Gyauutura Gorauk smac. Llymnur yuye xam (4, b)
SULPOBHIT peaxuiTHUAT KecHMH ¢ (4, b) nu Kyfigarn uxki Kynafr-
Majgan nbopar ae6 Kapall MyMKHH:

o(a, b)Y =0, W,. (5.24)

By edna o, — koMnayna sApoHHHr NOciT Gvanw kecnmi B2 W, —
YHHHC & 3appa  uikapu6 eMHpWIim oNTHMOLIHCH. Y .aapHutr  Kaniai
AHHKAAHIWLHHEN a10XIL1a-a10 HAa KVPHG 4HKaMI3.

KoMmnayug sapoHnHr XocH1 GV KecuMi KyHiiarnua aHigaaHamt:

o, = HSPE, (5.25)
I

Oy epaa S; — hl — xapakaT MuKIOpHra 3ra Gyviran 3appatiur  sapo
Ta'bCHP KYHH COXAcHTa TYWHW 3XTHMOLINH, /2, — saponutr Kyjaol Ba
MapKa3ZaH KOUIOMA TYCHFHIAH 3appatliiir YTHW 3XTUMOLTnIH Ba i —
— [l MOMenT/Iit 3appamiHr SAPOra ,EmmuHi® 9NTHMOINH, STbHN 3P0
HYHra KHPram 3appanfur sigpo 6itaal y3apo TabeHPAAUINI 3N THMOLTHIH.
(5.25) dopmynagari fiwFudmt [ HBET XaMmMa Kuitvargapn Oviinya 6aza-
pHARL,

SImpoBiit Kyu Kucka macodara TabCHp 3TYBuif Kyd Gy.aram yuyH
O, HH XucoOjamtaa Tabelp coxaclt HKKHra Gyl Kapaiagu: KV.JIOH Ba
MapKa3jaH KounpMa Kyd TabCHP STYBYH TalIKH coNa Nayia a1posui
KyY TABCHD 3TYBYH HYUKH COXa.

Mabayski, arap sappamisr 81po Giaan TYKHaumin napaMetpir b Ba
3appa HMOyabel p GyJca, NapakaT aKI0)  MosmeHTt h/ ui pb Guaad
amvawrapi Myssud: hl & pb.  3appawur  tedanrn Z v Gyiiaa0
Hynanran Gy.ca, IOKOPHIATH TeHrIHK aH'y Gaapuiazu. FlynyabeHi

o = h
Ie Bpoitas tfwmgui  ysysaurn  opxamt  mpogadacak p = —, v X011
I

b =A%, (5.26)

O ¢opinaru S, 1M1 0pSitraT MOMHTH { ra TeHr Gyvarad  OipIavyui
3DVUDH AL HICO 1] M IKTODIH N M G11upata. Macaqan, Gowaanriy

150



P2 okimm suyarn. o oM e G, AN, N =S, 6y eppa
.-,! — ! op6iten noMentra sra 6yaran sappanp MHKAOPHAND,
- MOMEeHTJIt 3appa PO onauaan b= A=/ A2 Oy, =b 4 A=
‘:lil .;|'-‘{+ 1) Kezap opanmigna yun6 irens, Ey scppenap sapo  arpoguna
MreH Ba Painycaapy by mn br ~+1 T2 Kanap ysrapyBun mnkku Aoupa
Opacizary 1oaa OPKaMm yran. By cupr

Si=wb, | — %63 = =A¥2Y 4 1), (5.27)

anne v
SHPARILE 5171p0 TOMORUZAH i T yyyy Y _f1pO Ky4H TatCHp 3TyB-
St coNara Tyungy, Kepax, sieun &, = A%7 o R Gyanwn wapt. J[lemak,.

. 2

fokar / < T, Noraplarima sappa SIIPO  TOMOHMAAH 1o niazw. LyHgaf

NG, / mynp 10K0pH uerapzen £, -8 pa I0KOpHIArH CHDTHIL TO-
oo

MU NINH (5.97) it /e O+ opamugnarn MyMKIH  GyJraH.
AT

{asa Kiitvar.iapyy Gyilma fiyrgy aépyp:

R
S = 3 =hirgr oyl (R + A%)2 ()
1=0

g‘ hota Kovmayy g SLADOHINE reovetpik Kecuwi GG, YHHHT XOCH:.
ML Kecunip - YOKCPIT terapacyny Gepazit:

(04).ae: =S,
- ) i
R AR R I A o, Maxcuwys iiivarra sra. UIynzait K6,

R ke
o, =p 2 S_ (21 -+ NP, (5.29).
=

By Yopsyaazary p ML aniTang ocon, Jekmi § Hu ammKaam YuyH EpF
Bt k¥t Xaxivia Oatagent axGoporra sra Gy Kepak. 1Ly
S Y 0T TG Halllzkazaps  GunaH o, IMMHT  KHAMATHNT TaK-
NOCTAL fivm gy anuxanam,

2 W, 1y AUIKAANL Yoy Gutan rammasiE. Fis 5.1.9 Gy
f)Paleh'_ LADOHUIT 5y aamny - teprisicn GupIaMui  3appallHur  KHHETHK
Sieprivici pa sapp PO A Tywranta  ampannt  WHKYBYI  GorJiabHi
HEpris Giryap axv;;-inenqulrlxrxllll'(.-).175 Kypran 3[iK. $1Apo  Kysrariarad
X03aT1a Gipop A¢ BAKT apozuia simaimm MyMKHi, CYUr y GHpop 3appa
CRI rayya-kpa WRADUG niacvii €kit acocwii Yoaatra  yram. Arap
OPATHE 51 poryy - WY SUnaw pastn wabaym  6yca, YHHHF  eMupHi

3_-.””_\",\-,‘1“”,”” TOHH ocoy vk 1 ~ _', HKKgniun TOMOHJAH $A-
T At

PO K¥araviyiray YRIATHIHE Kenranry [ ni 6uarad xonia Af B To}??ug
ocon,  yyygyy i‘el’iaenﬁeprmmr loamykaap  MyHocaGaTira - Kypa

AE-Af~ p, Bynian A£ _y__ nemak, AE~W. Slapo KysFamul-
Ar =
T8 XOTATHIME Rap; AN onaria I xapgm 6dnan  Gearnnanaiu: {

= AE. lynzaii Banb, I = hw.
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SIAPOHMHT Ty eMHDHIMIWI 3XTHMOIUTH 1/ YHMHr Xap X4 3appa
YHKAPHG eMHDPHJNLI 3XTHMOMIUKAAPHHHAT HHFUH/JHCUIA TEHT:

W=W +W, +W,+... (5.30)

Jlemak, Anpo KY3FATHATaH XOMAaTHHUHT T/ KEHTJIHTH YHUHP Napl g
AN KeHTAATH 4e0 atanysud [, [, I, Ba X.K. Jap HHFHHIHCHIdgR

o
HOOpaT AeiHLl MYMKHH:
F=r+l,+71,... (5.31)

By epnaru [ ( — FEPOHMHT PAJMAUMOH Kemriurit, [ — HEf(TPON  KEHIJIH-

Ty, {, — NPOTOH KeHIVIATH BAa X.K. Aefu.1ami.

SIADPOHMHT KY3FaJIMII 3HEPrHsAcH KHYHK Gysica, YHAAH HYKJIOH-
JADHHHT YHKHIUY KHIIHHAAWaAH, YyHKH HYKJIOHHHHT  OOFJI@HHIL
SHEPrHACH anua Karra. JlApo nacTki €xu acocuil XxoJjataapura
ramMma-kBaHT yiKapub YTuwn mymend. LUyHHHr yuyH Nasm, KHYHK
KY3rallll aueprussiapinga Qaxat v Hoaaan  (Qapxan  Oynamu.
Snporuur Kyaramuur sseprisick opTuwy 6njaH GowKa napuial
KeHrJIHKJap XamM OopTH6 GopagH Ba sIAPO CATNHHHHI TY./a KeHIJIHTH
T opragu. By s3ca fApOHHHr Wy KY3FaTuArad XoJjarsaapaa slail
BAKTHHHHT KaMaiiuwura ca6a6 6y.aazn.

K¥sratuaran sapo Gupop 3appa unkapH6 eMHPHINIL 3XTHMO-
JIATH HAPO 3HEPreTHK CATXHHIHF TeriwWdaH mapuHajs KeurJHriHIHe
KaTTa-kiuukAdrura Gorany 6yaau. Macanay, siapounnr b 3appa
UHKAPHG eMHPHAIL 3XTHMOJINIH

o "’b

W = T
HHcGaT Guian anmgaauamy. Xoshpya Hasapuit XHCOGTALAap acocHia sid-
PO CATXHINHE MAPLIAA KeHrankaapiun  xicobaaw Mysmiui  sac. Hly-
HHHT yuyd xam [, kuiiMatiapit TaxpuGaian anikIaHalf,

Slapo oKopu K§3ratiaran xodaraa Gy.ica, Viaan HeliTpOHHHNT
TAWKAPHTA HUKHII GMJIAN KY3aTHAANTaH eMBDILTHIL SXTHMOJIHIH
ojatia Gowkanapujgan karra 6y.aamn. Xagnkatad Xau, HeINTpol
YUYH KYJIOH IOTeHUHas TYcHFH Hoara rteur. Llyinmr yuyn Xay,
H0KOpH KY3Faniuw 3ueprisiapiaa weiitpon wniiwn Guaan Ky3aTi-
Jajirau sIAPOBHIl pPEaKUHANNHT KecHMli GOoWKa sAapoBuil peakuud-
Jlap KecHMHAan anua Karra Gyaanu.

Ulynaaii xnauG, xysatiaaérran (a, b) siapossil peaxiisinr
KeCHMI annu Kyilngaruya Eé3usamn:

-
o(a.b ) = %E =RE(U L 1)PE,. (5.32)
U
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5.3.2. Peakustsi KECUMHHNIF SHCPIIsIra Kipih ystapuliig

BripaaMui 3appa TYpH Ba SUEPrusichra BUrJMK panisilia ijo
BUfl peakuis KeCHMIL Kyuau farapamut Bua gylia gHaic i 0K6pi
JMEPrUATAD COXACHIAA AAPOBLIL peaKIiuiap XyCyCHaraapiis
V3rapumitu 6ab3u MUCONNAPAA KYPHO MUKaMIf3. ey N

RiMuK 3HEPrisaap coNaciia Gupaamui 3appamui e ll’“”-';”' Ty
HU V3YHAUCH SADO  PAguyCHAAM  anua  Karta  Gfaaam st Aol

Wyer yuyu / < — wapt gaxar [ =0 yonaap yuyt  GaKapi,

devak, wiuuns  sueprusiapaa  GupaaMdil  3appa Apo 6;151&111”_-\l\dpl’\i'lﬁll}l
TERHAWTAIATHHA A IPOBIIT PEAKUUSIHIKE  NOCHT G/l "’Mr"r""'l‘"l“'
Holan apkat OV.1ail. Duepruamiur Oy coyacid qardr "':;“‘mpo" o
A3l SID0MBHT TVKHALWNL 2Kapadunil XOoCia 6ynanurul{ mt);l_m m{:‘dl't-
WiAapriia  acocuit poab Viinaiimn, UyHKHE KHHIK 3"ep””3k}i— 5 lx.l..-m
33PPatAPHHHT SIADOHIHT KV.10H NOTEHUHAT Tyeuruai eunt APOFTL SIKU 1~
JAWHW INTHMOLINIH 2KVAA KHUUK OY.1am. N . 1

‘5.29) dopmyaanaru P, Ba § KaTTAMMK.IapHHD :\'thni(.)n_ ﬂill;}?l:d T:;!u
266 oG @ 3appamiiic s1po GHIAH KNuHK SHepriiap € MASAY Do
UHATA KNPHUINIL KecHMI VUYH KVIHariHii 01aMi3:

g, = TA®,

w1 — .5 10— .
Macanan, wefirpout  zieprusicrt 100 3B Gyuica o .:Q_l’G‘:‘:aﬂloﬁilp 1:‘:!{‘2
Ovaaan. By sca sapoinir Vpraua reoMETpHR Kecliij' ;.'12131}21H 3Hepna
il Ma4pTa KaTra sanmirHun Kypeatam. Jlexud l\)w"guhepr‘lmﬂn Hei’:-,l
€ONAAUIA tefirponnap vuyn &<< . Macanat, 100 ~.3['raun yuYH Helitpog.
POMIAP yuyn Gmuns kosdipurienTit § = 107 65\ 'Tmamaﬂ auya Kuqm;
IMNT 2P0 Gilat parilisita KupHl KecHMu 7N M‘.E;ﬁpe““”""'“ Al
OY6 koaamin. Jlewir, mynd  afrim  Kepakki, "'“,, ara Oyu1aiii, ﬂbﬁo
TOMOIAAH FOTHAN KeCHMIl O, Pe30HaHC XapaKm{’rI;K carxira Moc Ke':l
HEHEPON 3ueprisicit Ky3raTiiran suiponHar 3“€p[:LT 103 Oepratia l()n;:
Taila 6, Kecknu opriG Ketaad. PesoHauc W0TITH
JHW KeeHuMu 4= )

 ra Kanap oprud Keraji.
Macaasu 5.1-pacmza ypan-238 sapoci T0-  €n
MOHgian HeifTpoNIapliir 10THANIL  KeCHMil 4
i geifrpon atieprisicura Gor iy pasiiuid !
¥arapuuus Kypeariaran. |
Slapo Kysratiarai NoJaaTHHIHE 3Hep- I.\
THACHTE sIKHMU  KuilmaTaapaa uefiTpon- \ i
HHIT PCAKIHAra KipHINIIL KCCHMUNIHT
KeCKIH pe3somwanc  yarapuuwg DBpeiit — L
Buriep dopmynacn se6 artaaysun udo- 7
Ja GUaan anukgaatan:
=32 Tal”

(5.33) 5.1-pactt: Ypau-238 oo

a
“n

3 JeitTpoHAal L OTTI o
(T—=T,ea)’ + apHIir HCUTPOR Sy
4 FusICHTd 69“""";— Pasiy 5
* egotaiic Yarapuuli
By epia I —carxmuur 1§aa Kedraurd,  Pe%°
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I, — caTXHIHT HeliTpon Kenraurd, 7 — Hef{tpOHHHHT KHHETHK SHEPruscH,
7ge, 3ca De3oHaHC 103 Geprad Xou Emr_ = £, Ta MOC KelyBuH HeHdPpOH-
HMHT KUHETHK SNepruscH. Dy opMysa OpajHK sIDOHHHT SHEPreTHK
Xodaarit 6xrTa 6yAranja, €kn caTxJap OpaiHfll YJAPHHHI KEHTJIHIIIaH
aHua Karta Gyjran xoJnapja TYFpH HaTHxa Gepaiu.

Pesonanc 103 Geprauna T == Tp., B2
g, = 4xirle
r

oynangy. Bowxa peakuus kanainiapu Gepk 6yaranma (I = [,) yaiuxa-
TaH XaM, ICKOpHAA aRTIAraHHAeK o, = 4w*A Kenmd unKail.

HefiTponHIHr  RuHETHK :Hepruscl dKyJa KHuMK  Kpiimarjapra sra
6yarania (7 < T, ) HeATPOHAADHHHT IOTIUIHIL KECHMH YyJapHinr Tes-
THra TecKapH NPONOPUHOHAJ Y3rapHiLiHH Taxpnbanap Kypcaraii

Oy o =,
¢ 7}

1 . 4
By ¢opmyna «5KOHYH» ae6 aTairani. XaknKaral, HelTpoH

KHUYIK Te3JlKka sra 6yaca, y sApo oliauia Kynpox Baxr Oy.aaad
Ba NeMak, YIIINT sAPO TOMOHHIAAH IOTHIHI 3XTHMOJLTHTI XaM OpTa-
au. Wynpur yuyn xaMm, peaktopda HefiTpoHIap MaXcyc Cekiiiialu-
THPHAAJN. 5.2-pacMaa OpaJHi SAPOHIHT XOCHI GY.im xecimi Gu-
JIaH HeiiTPOHLINT KHHeTHK SHepruscH opacHuary Goraanun rpagi-
ri xypeariarain. Pacvaan xypuku6 TypnoaiKy, HefiTpou 3HePrilsicH
opaniy sApo IHEepPreTix caTxJaapira MOC KeJraila TabCHp KeCHMH
KECKIH OPTIO, MAKCHMYMJIIL 3rpH 4H3HKIa) Nocua  Oyv.aant. by
e€paa E=T, + e . Ky3raanu sueprusicir KHWK Gyarania snepretny
catxaap 6up-Oupuian y3okaa :koifiiawaan Ba Oy opaailly  CaTx
Kenraurnaan anya xarrta 6yaaan. By coxana meiiTpou fori it ke-
CHMILA pesonanc uyKKIIap anug Kysatuaaut. Kysrasn sneprisi-
CIf OpTHINN 6uaan SLAPOHHNHT IHEPreTHK CATXJAAPH COoMl Opralin Bd
yhap opaauri KaMasiHn Ba erapauua KaTra Ky3raanur slepriisii-
puiaa yaap Kyunanb xetiimmn MyMxuH. dueprusuunr Oy coxacila
KECHMHHIIT TEKIIC Ba Y3JAYKCH3 VIrapuy Ky3aTHIuig kKepax 3.15f-
Jlexun raxipn6asap mynn KypeaT/uiki, HEITPONIAD OKIMIL MOHO-
XPOMATHK Ba YJAapUItHr SHEPrisgaapiia Kyaartiaairan 6L yarapils
SIAPO caTNununr kenraurn I gaw kuunx 6vaca, £ npnr g1ivari
I’ rapruGnaa ysrapranna wecum TapTuGCH3 Ba  KECKHH  y3rapap
axan. By xoanca dpukcou ¢paviryaumsaapy 1ed ara-
aami. 10xopu smeprusaapra sra Gyaran sappanunr  e-Bpoiln
TYAKUH Y3VBIUrN A1po \wwamigan skvia kuuiix 6vaain. By xoa
sappamiur sueprusicy 6up neva MsB nan karra O6varania o3 0e-
pami. By sueprus coxacmia P, = 1 166 oanur MYMKID, UVHEH  33ppa
AApO moTemyial TVeudan GeMa1on  yTa odami. Arap  sipo aGeoHoT
KOpa KICM CHHTApIl \HTa TVIAETran NaMva 3appajaphn  oTca =1
Gy1ap smr Ba Gy XOda G, = mR* ATLHI SIPOHRHT TEOMETPHK KeCHMITA
TEHT 6¥nap 3. JleKl XayMa 3appanap SIpo  TOMOHMIAN  IOTHIMAMZL
Ba WYHHNT YyyH $<C 1. Nncc6ramap Nakukatan XasM  JOHMO O, <5
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<zR* GyamuHHn Kypcatagu Ba (pakaT MKY[AA 10KOpH JHPrHsAM 3appa-
Jop yuyuriHA o, = =/ GYAHILE MYMKHH.

Jyna 10KOpH SHepruANApAa 3appasapHUHT AAPO OHAAH peak-
LHAra KHpUiIMUIl MEXaHH3MHI XaM y3rapaji. T>100 MsB 3mep-
risaapaa Bop komiiayHA fApO MEXaHH3MI Ky3aTiaMaiiiH. 1O0xopn
MEPrHAAN 3ppa NAPO HUHra Kipu6, SALO HYKIOHIAPHHHHT 6up
RiCMIHN ypHO unKapaaH Ba y3u HEPrisciHUHT GHp KHCMHHHTHHA
ifk0Tn6 fapoman 4HKHO KETHILM MyMKHH. SApPOAaH YO UitKapHi-
TaK 3appanapuilir COMM Ba SHepriscH GoulIaHFuY 3appa SHeprus-
GIra Ba vuuur sApo Giaan TYKHALIHIE MapaMerpura GOFNNK, Oya2-
an. Mxuaamuuy 3appaJapHuar OHp KHCMI sApodal Taugapira
KMl nApo HUAA «YpanalwiG» KOMHUIM MY MKITH. Hariokana 6ol-
JAHENY ANPOAAH Kywsli (hapKJIaHyBUN OPANK f1po XOCH 6y1a1u.
Peagunsininr nxxuuui GockHuliga Oy opansty SApO napuanaHanu_.
Jexis AZpOMILIT KV3Faaiiul sHeprisiclira Supaasdi 3appa 3Heprn;
CHEHHE KYyaa KaMm Kucwmi capgnanami. Bynaail oxopi SHEpTHAT a[1)'
yacuza 103 Gepannran sApopHil peakiliAiap BanTilla, ‘ba‘; .
A1po TaprubiIarn nyxaonsapruia ypué ugapuasail, g EEl

3appa-
paaap, Macana, TYP.IH Me30HJap, rineponap s8a pe3oHanc 3app
A3p NaM XOCHA BVHUNT MY MKHH.

) oiil KeHmaanm
5.33. HR#aaMun 3appanapuudr sHeprus sa OypHaK Giiinua TaK;

.

Bus loxopiiaa afiTraminMuzaex, sApoBii FeaKLlHﬂﬂaP““Bayg;;_
Hil1a, XOCHA OVATAN HKKIIAM¥H 3appaaapHiKe eHE R
HaK Ovilua TaxCHMIaNHMIEA auik-
AR NAM AKyaa KaTTa axaMusrra sra.

Kiung Kysraouur  snepriysaapaa L
peakuus xapadiin asoxuga caTxaap G
xeyenstura Gort 6yaam, [ynnur
VYL, BRKIAANMIE 3appastapunur sHep-
THS TAKCHMOTI I [lapuananypui siApo-
HIGIT 9HepreTHK caTxjgapira MoC pa-
BHIIAA KATOD MakcumMyMsjap Ky3ari-
anan (5.2-0 pacwm). Mxxunamun 3ap-
paaapuniur Xapakar MIUIKAOp MOMeH-
TR GoRAIK  pashuwina  yaapuunr  En
Oypuak TaKCHMOTIL Xas  y3rapain.

=
010

5

1 101010101

J 1
Macaian, /=0 xoaza HKkHAaMUl 5;, L,_l u%%‘éu;
aappanap Gypuar TAKCHMOTIE H30TPOI 0 % ,
Gyaaan. t a L2
~ Slapo x¥sraminu suepriscu Karra -' . J—
BYaraia snepreTHr cartxaap Ky gopacw. Hempgl[J SHEPTe”
4G KeTrami  yuyi  3appanapiil gecus OUad :pu[.);n,'at\ru dor-
sepritst Ba Oypuak Oyiliua TaKCHMO- TIK ;?Txgd_l__snepr_ﬂ“'{ _Ia‘;,‘;:;.\
Ti NAKILAATT MaLyMOTaap CTATHCTHK “','!“l';}" xempcn; 0 IOSILE
Ha3apls aCOCHAA KEATHPUD UMKAPH- foho socua OFAU o o

aapo X i
JHUII MY MKHH. e auepriar

Al " igrapisl.
Macaaan, Kyuay Kyaparnarai puuiad yarap

Gorty  PA”
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i

8 120 M3B o 4 & 121 16 M=B

5.3-pacM. K¥yaraTuaram xofataars opaadig  sapoaal
Ul yBYH HYKAOHAAPHHAT 3HCPIOTHK CACKTPI! @ — HEiiT-
ponaap yayH; 6 — NPOTORJAP YHYH.

SIADOJAH uNKAETraH 3appajapHUHC 3HEPTlisl TAKCHMOTH CYIOKJIIK
cuprtigan GyraaHaérrall MoJeKyJlaJapHHHT 3Hepris Gyiinua Tak-
cHMJaunmKra yxwab xerann:

I(E) = Ea(E)e 5 7. (5.34)
By ¢opuysaia o(£) — CyIOKMIKHEHT CHPT TapaHranK  Kosdxpripient,
T~y £, —3neprus GHpMIKJIapiia §auanyBun Napopat, E — yunb
ynKaéTran MKKIJAMYH  3appa 3Hepriacil. 9.3-pacyjia opaany  siApoJaH
uyKadTran npPOTOH Ba HEfITPOHJIBPHHHT 31ePrisl TaKCHMOTII Kypcariiirai.

“Knuernx sneprusicn T >1 MaB Gyarain  neiirponaapinin; 10 THIHIL
KECHM 6, = =% GyJIrann yuyn HKKnaamyn HeflTponaap cnestpi /£ -¢ s
Kynaitrva Ginan aungaauamr, Llymme yuyn ciextp Makcnsyau 2= 17
Ja KysaTujaan Ba cyHr Te3 KaMasdn (5.3-a paca).

lporonapiuinr ayeprevik CleKTpH KVJOH TYCuKIal YTl 3N TIMOI-
JINCTIH xapal\"rep.nonqu(Ee_E TP,) k¥nafitsa Guaan ammgaana . Kyaon
NOTENWAT TYCHIT NPOTOIVIAPIIIMT YHKAWHTA TYCKIILIHK K Irann  vayy
CICK1P MaKCIMYMII KATTa 3HEPriBLiap TOMOBHrA Kapad ciikurain §y.1-
Jaan (5.3-0 pacy).

SLapouinr [0KopI KY3FATHILNTa MOC KeAVBUL IOKOPH 1 Prisdap
COXACH 1A SAPOHHUT UEPreTHR caTXAapl KVULLUID Kelre Vuvi
HKKUAAMYN 3appadap Oypuax 8yitHua TakcuMoTy H30TpPOHn KypI
Hiura sra 6yadn.

5.3-§. 3apaxnanran sappaaap rancHpiaa
GYaaHran sApoBHit peakuusaapuiir
XycycHaTaapi

Bua. 4.1-§ 1a sapsaan 3appanap MyXHT opKaan yTranaia \1ap
BMEKTPON BA AApOJAp GlIAL acocai 3ACKTPOMATHUT TaALCHP  TY-
Qaiian y3apo rawcupaawnmng k¥pran 3ank. Xy wy 3aCKTpo-
Marnir {3apo ranenp Ty daiiam, 3apsaianran sappaiap Xocha Kii-
Jaqran sApOBIIl peaxunsaap yaura Xoc xyeyensraapra ara Oy-
LENS
o 3apaaaauran aappanunr s1po Guaan KyJon ¥3apo TabCip Hu-
ESHIHERI
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2

V(r) = Zzélr. (3.35)

by epia ze, Ze — moc paBHina 3appa Ba AP0 3apAld, r — Vaap opa-
cuani Macoda. By noTeHunan makau 5.4-pacMia KypeatHarad. r = e
20 MOTeHUMAN KeCKHH Y3rapagd Ba r << R Xo/Ia MOTeHiHal HHTEHCHB

4100 TALCHPHHH XapakTepaaiiu. [KyJoH ¥3apo TanCHpH MOTEHzal 19-
QHIHEHT GananAmHrH

N

B = 22¢ (5.

R R E,
0y B~ 22A""" MsB nitmatra sra. =
3apsanaran 31PPAHINT KUHETHK 3SHEprHAcl By AaH KUK Gyareniy
(T<B,) y snpo uunra xupa odmaiign. JleknH KBaHl Moxauiikara aco-
@H Gynpait sappa sAp0 Muura TyHHean ek TyaiIH c3u6 §Tiwin
MKue. Bua 3.6-§ ma anbga-emupuiHma TyHHeb  3(pekTH  GiuiaH
TWHUWraH smuik. XyAIM WYHra yXiaG 3apajneHran Sappa fOTeHiliaz
UK OpKAIM YTHLI 3XTHMOJJIMTIra 3ra Gysaiil ba 6y noTeHiiaa

18cnk wagdodanru 1e6 atamyByn KarTalik Kyfugarn - gopyyaa
0naan adignana:

D~ expi - %'.ll;l Wdf - (5.37)

6Viga w = Mm (M - m) — xentupuaran Maccd, T— ﬁppi?‘é;:r B
VAR KuueTHK 3neprisey, £y = R B2 Ty — 1I0Tef_1l-1.iil_ .:lc\i\ Kla 3ap-
PAHINE KEHETIK SHCPTHSICHFa MOC KeayByl vacoda (";].TY}(,:IH.’ ’iua(bcpo )

XucoGaawnap wmyun x{pearaauki, NoTEHUUA 'aamtu.la it “?H
Ak D 3appaniiir KipeTHK seprusciurad 60m”-?i\'r|)| \!'cbc’!m};;:;
Cprean sa Onp Xt wmapourna a~r1bq>a-3aPPIa -5'\"13 e B an
LIIMAT 1pOTOH YUVl XicoGnaHras 1g|n"1.\mT£1-1“.'_:Zl'c“m['ﬂp,.a;.;._,:é

Sapspnanral 3appasapunnr aapo oAl i;[c,oﬁl"a AL g o
MEDKA3AQN KOUIPNA noTeHunal Tyl AAM A ' DESE
AT 5.1.3 OVanaila k§pran 3K, apfiii  HOHJIAWTHPHWTa

3apsinanran 3appanap mMyxuT aTO“'q.dPﬂ KECHMIH aHUK121-
BN sueprisiciin capdgaarani yuyl, l";’if"i"].lll 4YNKI PeaRIusHIAT
A3 6y xoaun sbriGopra ovum aapyp O3aAI M
WIKKIH 30DPAHINT  3UePrHsicHra Kapao
Yarapagn. 3apsananran aappanap Y
pearuus unkiwi Gopaysaci Kyiingari
Lypmniura »ra:

E(T) = T:_ = n (alTYdT n—:—:i—\ (5.38)
Ny ;

‘ ) -~ !

By epna v - suipoBnit  peakipisiiap “”E’H'_ A
N, sappadap  oxuam, 1 — siapoaap X 2t
getnipawsicrt,  o(T) — pearins kaciMil B3 5.4-pacat.

dT

kit
T*vconuun'up.va Honuzaon  HYKOT!

. 3apaananran
zappa  OWIAH  wapounnr
Kyaon Tabokp nored-
addit

; .
B(T) — aiipiist XoaTapia peakuns K y o



Falpil GYHKOHRCH XeM Jelinlamy. YHM GHITaH XoJa peakLust
KECUMHHH aHEKJI.WI MyMKHH. (5.36) men

Ba

— B 5.39)
o = S tact (5.39)

3apaananral 3appajap TabCHPHAA KY3aTHJafuraH sAPGBHI  peaKuns.aap
MYJA2 XHAMA-XWAOUD BA yJApBEHT Xap GHpH y3ura xoc Xycycusira sra
6y JasH.

5.4-§. BerocuTa y3apo tabcHpJaH aApOBHII peakUHanap

SIApOBHIT peaxuHANapHH YPraHuu WIYHH Kypcatauxil, G6an3ll
Xoaaapia peakuus HaTiacuHn Dopeuur KoMmmayHa s1p0 Mexa-
HII3MIi acocHAa TYIIYHTHDHII MyMKHH 3Mac. Macanan, HKKILI2MuH
3appanapHuir 6ypyak TaKCHMOTH H30TPON 3Mac, 6ajaki aHH30TPOIl
6§16 unkan. Llynnnriek yaapHUHr sHepreTuk crnextpn Makcserd
TakcMOTIAAH GapKAH SKaHAHTH aHuxJapan. Macaaan, A1eliToH
TABCHPIJA KY3aTlaral sapoBHII peakuusIapHil OpaJHK 51p0 Me-
XaHI3MH acoclila TYWYHTHPHI MyMKHH 6Vamaan. By peaxunsiaap-
Ja HKKIJaMuH 3appajap acocad GupaaMuir sappa Hynaauwinia
yunb umKHWN aHukAanan. JHeprusacH 2--4 MsB Gy.aran neiiTpou-
nap 6unan HN GomGapAuMON KHMMHTZ HAA KysaTHaapuran N (n, @)!'B
Ba JN (#, p) }'C AApoBui_peeKunsiaap Fop wexzundsura Kipa Gup_xin1
OpafiiK SAPOHNHT XOCH1 GYINMKH GHAal Ky3aTHIMnH Kepak. \Jha-3ap-
pa y4yHm Kyjon noTeHIHad TYCHFH Katta GVaraHi YUVH JOKOPIArIt Hi-
KH peakusia Npo1omsapiuHr  Xoci1 O¥.miwn  Oidan 103 Oopiinirad
Peakuisi Kalaau KYUpoK 5XIHMOLIIKKA sra 6y.aunn xepak 3/t Jlexun
amasiia, GHPHHYH PRAKUHSAHIHT 6¥a16 VIHm 3XTHMOLINCI JIKKIAYICTIat
30 Mapra Karta 6Van6 uwuKai.

I0Kopuaa aiituarannapun TymyuTHpH yuyH Oy X0.7apad
peakunst mexauuamu Bop mexanmsmizan ¢apxaanaan xeé ¢$apas
Ky tTabHufianp. bynaait peaxuwnsaap sexaunzwn Gepocinta
¥3apo tavcupan sApoBU pearunsaapi HOMIII
onau. Bynnaii peaxmns :xapaéunga opaaux sapo xoelr Gy.1vaiizi
Bowanrny nyxaon GyTyn sapo 6Haan TabeHpaaluivacial, Viiarh
Gup €xu Gnp neva HyKJAOHIAp Guaan Tabehpaaulan. Bupiuntii 3ap-
pa Mypakxabpox uyxaonaap cicrevaclifan uGopat OF.ca, sblH
AAPO TabCHPI KYpHaaérran 6y.aca, 6esocuta ¥3apo TabCHPaN SAPO-
BIil peaxuus maTiKacuga sjipoJaap V3apo Gup €kir Omp neya HYR-
Jounap Guian aamaummnnann. Slapoaapuunr y3apo Gymiall Tancip-
Jalmnnira cagab, aNTHMOJ, KaTra SHeprisiapia Karta opinurad
MOMEHTII TABCHPJIAPHHIT axaMHATH opTHG KeTnunigaanp. by xoaaa
MapKaslan KowipMa TYCHK GaNaniinri opTHG KeTramn yuyH si1po-
Jaap KYmuaug xera oamalian. BesocHTta §¥3apo Tabenp.ai AapoBiil
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Peakuusmapra Micos TaphkacHaa GH3 [efiTOR Ba TraMMa-KBaHT
TALCHPIAA Ky3aTHJNAUCAH PeakUNASapHMHT 6ab3 XYCYCuATJIapH
OMAa TaHmWNG uHKaMU3.

5.4.1. BeiiTon TabCHPHAA KY3aTHNAAWraH YaWml RAAPORHA
peakumacu

_Heitron Tavcnpsa Gyragural SAPOBHI PEIKUMSIAPHHAHE XYCYCHATH
ZIiTOHNar wyKAOUIAPHHHE 33P0 CYCT GOFJIAHTAHJHLI Giila XapaKiep-
JaHaM. [leiiToH TabCHPHAA DEAKUHA Opanuy SAPOHMHD XOcHI GYJHIH
Siiflan KkysaTinca, komnaylA SAPOHMHT KY3Fa/iuul SHEprHscH KarTa 6-
<HWIS Kepak. XakuKaTadl XaM ODANMK SAPOHHHC KY3Fa/il SHEPrHACHHH
@HHKAOBUKR W = =, - T, chopMyJIanari &, ACHTOHHHHP opamii PO OH-
JIaH GOFnaHiw =uzprisicH Taxmiman 14 MsB Ba y spojart HYKJIOH=
HUHT §ipTaun Gordawimy suepruscugan (s, =g, ~8 MaB) Ba allgfpi"
S3PPAHUKT SPOAaN AP/l 3neprusicuian (eHrin siaponap yiyH & =
=8 M3B Ba orup sizponap yuyH €, <<0) anua KaTrajtip. HIynmHr
Yu¥H xam (d, p), (4, n), (d, @) peaknuanap AeHTOHHIHT IO'!HJIHUITP;
6x_maH Ky3aTH/Ica, peaktudst 3Hepruach Q>0 ba peaxuis giKuH  KaT
G¥amun kepak. "

Yayman, geiiton Tabenpnia Kyfiaars mpoueccsap 103 Geptil
MY MKiH: a

L. Heiiton tabcupina opannk fapo  Xocua 6yub, peaxit
RViuiary cxema oyitna GOPHUIE MYMKIH:

A4l
‘ s 24X T
AM - 2H - 445CH > A3y 4 p
A
5L T
Mecanan
: H 4 p
HAH = .
! ! SHe +n i
. 5 eKTP
2. Higuou-a4po kynoH MIULIOHU TAbCHPHIA AEHTOHHIHE o2
RDILBONI 103 G2Puii MYMKICH:
H - IM—>4M - p+n.
- . ) . A epaft
By xoa neiiton siapo onanaan yira termacgan yrrauaa 03 gep

Kvaon maiizon TabCHpUAA ACHTON Tapkubuit gucmaapra amp o
3. Hdeiitou tapkn6uaarn OnTra HYKJOHHH sapo  <y3HY
AUFIL sigpora afinanmusaa (d, p) éku (d, n) peaxuu;mapn i
Gynaau. By peaxitist 10KOpPI  Heprusaapna Y3"”“m1,,|ep=-'
wiscu  eiinica, KHYHK  3HEpruamapga OnmneH ret
Puaaunc npoieccH aerai HOMHH OJZH. qnapHi
Heitron ravenpiaa 6yand §rapuran saposuit Pea‘“f" W) B
Ky3aTHul wynn KkypcaTajuxi, Xakukatap xam (d, 7)» © 'epraﬂlla
{(d, o) peakuusiiap sapsau Z<<60 6§aran saponapaa 103 “iyopun
peakuHsIunIr 65416 TN SXTHMOMANTH KarTa Gjaap K3 159



(d, p) Ba (d, n) peaxuia YHKHWIZPHHH GaTadCHa TAXJAHJ KHIHLE
:KYyTHJIMaran Hatika Gepan. [eiiton snepruscH Kynon noreHunal
TYCHFHHUHT GajaHAJHTH1AH KHYHK Gyaranga (d, p) peaxuHs uH-
KHIINHNHE (d, n) peaxulls uuKHIIHTa HucOaTH Z<60 sppoaap YUyH
4--5 ra Kajap GOpHWH Ky3aTwaaH. By kytuiamaran xou s HyH-
KM, arap peakumsi KOMNayHa sSTAPOHHHI XOCHM GyJaHmn 611aH 60p-
ca, oFip aApoaapia Kysaon noteHnHan TycHrH opTi6 GopraHi yuyH
(d, p) peaxunsaapuiiHr YHKHIIH KaMalimlig Kepak saH. By xo.nni
TywyHtnpuw yuyd 1935 fimaga Onnenreiimep Ba dnannc aeiiTon
TabCHpHAa OYyNaiirad peakuHanap MexaHnsmMu AeliTOHHHHr saporad
KHcMan KIpHiN GiaH KysaTHaand 1e6 dgapas xguaguaap.

Bop mexanuamuzaan QapkaH yaapox, 6y xoaza opaany sIpo
XOcHJ OyJamaii, aelitoH sjapo Ongan  6eBocluTa TabcupJaawail.
slapora sxuHAalWIraH AefiTOH AAPOHHUHT 3JeKTp Maiilonn TanLcipliia
kyT6aanaan Ba siapo Kyson notenunada tycurunynnr 6asanlniri
JeilTOHAAry HYKJIOHJaDHIHT GOFNalNuLl 3Heprusiciiad xarra 6y.ca,
|B, >AW T—H)] KyTOJaHH TabcHpuia JeiiTon nefiTpon Ba npo-
TOlra axpaJanmn MyMKHH. HaTikaaa nykaonaapuunr 6upin (o1at-
Jla HedTpon) sAmpo TOMoHHAAH loTiiaan. IIporton sca, giapo nudra
KipyMacaan, ¥3 itysmn xasoM artupaan. Idynnnr yuyn xas, HKKH-
JaMun 3appa 6ypuak TakcHMOTH annzorpon Gyaami. Wynaail xi-
an6, 6esocnTa Y3apo TabCHPJN SIP0O DEAKUNSICH MEexaHuH3Mi aco-
cupa (d, p) peaxuisiaap YMKHIMHNHT OPTHO KETHWIHHIL TYUIVHTI-
PHUI MYMKHH. YMyMaH, OeiiTOH TaBCHDHAA 103 Gepaauran peaxuis-
Jap OpajHK AP0 XOCHJ GV Mexanussmu Omaan xay, Gepocnta
Y3apo Ta'bCHPAN PeaKig Mexamin3dMi 61aan Xavt Gopuu MY MK

By peaxittst aexamussaapuinr xuccacuHnn  (d, p) na (d, n) pear-
UHAMAPHIHE SHKUIIHI TAKKOCAIN BY.IH Giaall amngdaimn  sysinn. (d,
p) B2 (d, 1) peakunsapHur YuKHUNL HHCOATH % aeirron Kiye-

o, 1
THK SHEPrisICHHINT OpTinun Giaan oprud Gopuunt, peaxiuist acocaii  1op
KoMOayHJ, siApo Mexannasir Gyiinya Gopmunpn kVpeataLi By miucar K-
Maiica, peaklusi GeBOCHTa Y3apO TABC.P MENaHIBMH Olaan GY.Tili.

Heiiton tabenpnaa 6yaannran sapoBuil peaxwisaapni Kca
T,2=B , xonna 51)1.1111”11 Ku3uKapan patiekaaap Gepnmn 1951
ilinaa Baramep maiikaau. [ymzai peakungaapui Taxadinl Kiniig,
(d, p) Ba (d, n) peaknusmapaa xocua1 G6yarai npoToH sa lcii TpoH-
JIaPHUNT 3Heprist Ba Gypuakaap Oyiinua  TaxcHMOTHHN  Yprauno,
peaxunsiaa Xocia 6§aran Koaanx sLAPOHRIT KV3Fan SHeprisciui,
Xapaxar MHKAOP MOMCHTI Ba XO0.JaT Ky q‘)rmmmn AHHKTAN MY M-
ki Baraep anuxaann. daxat KOJMNK SAPOHINT Ky3ramiil
SHEPrHsCH ACNTONNNNT OpaaiK sapo Giiaan GOFJanIul 3Heprisci-
Adan kmuix 6§anm wapt. Axc Xoaga Baraep stetoan Tirpn aTiKa

6epaaiian.

3.4.2. dorosaposnii peakunsan

Fanya-xBantaap tascupuza ojataa (v, ), (v, #) Ba (y, =)
PeaKuus1api KysaTiagil. IaMya-KBalnT TabCHpiAa OFIp SApOIap
napyanapnmm Xaym MyMxan, IOKopH 3HEPTHAMN rasMa-KBaHT.Iap
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TabCHpHAA SAPOAAH IIKKil Ba YHIAaH OPTHK HYKJOHAAD Xau ypub
Yikapuanmn MmymxnH. Bynaall  peakuuszaap _cp OTOf APOBIHIT
Peakunsanap Jeran HOMHH OJIH. By kapaén boToapdekr xo-
Alcaciira yxmaw 6yaranuy  YuyH sSAAPOBH it doroadpdext
Reb xam atamami. ]

Bupunun mapra sapoBuii goroaddext XoAHCACHHN 1934 inaaa
Hexsiik Ba Coapaxabepaap Ky3aTHILITAH!:

T+ H—>n+p.

By *apaénna AeliToH raMMa-KBaHT TabcHplAd HeliTPOH Ba npo-
TOra axpasany. By peaxuiAHHHr GOpHLIE YuYyH [aMMa-KBaHT
SHEDrliscH neiiToNAArli NYKJOHJIapHHHT y3apo 6OFJIa;mu1 JHEpriisg-
Cilaai karta G§amw kepax. Peaxwns paaunoaxtis *¥Tl napuanan-
TaHaa xocun G6yaysunn 2,62 MsB sneprusi ramma-kBaumap &paa-
Mitla amanra ownpuami. Dy peaxunsiga NOCHI 6yaran doronpo-
TOHAap suepruscu 0,2 MsB. HeifirpouuiHr KHHETHK SHEPIHACH Xam
WYRra Tenr Gmuwn kepax. Y X0.1a AEHTOHHIIHD GOFNHUL SHep-
Tisicy yuyn kyfinaars KunfiMaTin onpul MyMKIH:

AW (GH) = 2,62 —2X 0,2 =2,22 M3B.

By sca zefitonnir Goraaminy suepriiscy yuys OIMHIAI SUIK Kt
MATra AxnuAnp. .

Oruppox sapoaapia (orosipoBiii peaxuuatil ‘\'m”% i
YINH ramwvia-RBanT aueprusicn UyKJIOHINHT AApOAAri  BORdaniy
SHEpTHsIcI AN KavTa OVJAHIIN Kepax. Byunaail 311@[)!‘}””1“ TaMia-
EBANTAD PAIHOAKTHL CMUPHJANLIRA JKYyAd KaM XOAADPAA KYaaTi-
aame, Macaaan, nporoi Guian LI i GomGapAMOn KBS - Koo
GSaran k{sratiaran xoaariarn 8Be® acocuit xoJnanira )’T[‘al{,l.la 17,6 MaB
SHCPTHSL ravya-KBairaap unkamn. 'LB(p, EC PeaKmmC”"T ?Ca 11,67
MzB an FaMMA-KBalEIaD Xocna Oyaai. JlexknH, Tea.na’Tll(t!l'![-!l;if €pna-
MITA TYD 10KOPH SUCPTIAI TAMMA-KBANTAAP 0Ll 1|.\tli_\IO pe'm?ﬁ"f‘_rﬁ‘i.
¢01053p0OBIN PeakinIap Kenr VPramrilt. ‘DOTO”J}’O[‘"ram,('a.lz,}:mm"'
KT §Prajmmn natkacil  gyiiiarnaap  anigaii T irnap
Tabenpiida acocan (7, #) Ba (7§, p) peaxunsiap ]:"\'JJTIO ‘wzl;{ i gm_.”r
KECInI APOUIIT Tap1siG Hovepira  KapaG s 9‘{2[)”"1_',,” . 100
G Iran orip AposIapian wigyeUlt HeRTPoIVIAp Ba Kiaik JoiLap 3ca lr)a TOl
JapHIHT Gypuak.ap GViinua TaKeHMOTH H30TPOM, s ,"Im(., P) pea'l(unMM.a'
KBANT [IVHAIMIIIEG TIK papiiia KVHpog y4io "”“‘"‘“]I'“a'[;m Kam 5;-.?'?‘]‘—"
wignunt (7, /1) peakiunt Kl Taxian 10 e dc.:)d'm‘

By narmmasapin Bopiir saposiil peal(ll’"" ‘ arap (v, n) o
A3 TVIIYNTHPIL My MEIH 3Mac. NagiKarall _)‘2.1'“'6')',3(;;;, mum.qa\na
(y, p) peaxuus BagTila opagmy sApo xoci Yxwaum 3nep}"m
Heiitpon Ba npotounaap Maxesed TaK.C”-“”T"r)a peakuil qmgmllm
TARCHMOTHIA 3ra Oymunnyg  xepak 34 O ;s{ahl Gy I Kepam
(v, #) peakuns wukumnaan 10°-+-10° -“apm___,“.l aapoAan HDOTmK
511, SYHKH KYJ0N floTeiupa’ Ty KoMIEyEa .
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JIaDHHHT YMKHMIWHHH KuiunnawtHpann. TaxpuGanap sca (y, p)
peaxkuis YHKHIIMHHHT daHYa Katra GYMHIHHN Kypcarid. By XOJHH
TYEPH TYWYHTHDHIL YuyH (HOTOSAPOBHII peakuisnap GeBoCHTAa Tdb-
CHp MexanuaMu Gnaam Gopaan me6 dapas xuanuui. By szpo me-
XaHH3MH/lA ramMMa-KBaHT AAPO CHPTHra fKHH XOflJawraH NPOTOH
TOMOHHJ2H IOTHRaAH Ba TYFPHAAH-TYFPH siApOZaH ypuG uHKapi/ia-
ay. Iyundr yuyn ypu6 uHkapniraH (GOTONPOTOHHHHT MAaKCHMAaJ

KITHETHK 3HEPrusCH
(Tp).‘:axc — ET = E.n
z —-UPOTOHHHHP

Gfnamu. By epra E — ravvia-KBaHr 3Heprusci Ba ¢,
GoFMannml 3Heprasich. POTONPOTOHHUHT GyHZall TYFpHIAH-TYFpH  YPHO
YHKAPHIHINN acocHAa (7, p) PEAKUHA YHKHWIHHHT KaTTa OGy.IiwiHH Ba
(POTONPOTOHIAPHHHT AHU3OTPON GypuaK TAKCHMOTIHII IVFPH TYyIUYHTHPHLE
MYMKHH. DeBocnta 1abcHp Mexawmsi, afiHigca, OFup AIpo.1ap YYyH
MyXHMAHp, YyHKH Oy siApoaapiaH npoTOHAapHHHr €nkiunn Bop exa-
HH3MHAA acocal KHHAMHJAINATH.

Beratpon éppamuia XocHn KILTHHFAH [OPMO3JIAHILI FaMMa-HVp.IaHHLE
€plamuia Kysariiaran (oTOSZPOBINT PeAKIHAIAPAd KECHMHUHT raMva-
KBAHT 3Heprusicira GOTJHK paBinia V3rapuuniii Ypraguwl WyHHI Kyn-
CATJUHIKIL, YJIAPHIIT K§aFamiur (yNKUHACH peaonanc Xapaxrepra sra Gy.1ap
aKan. (7, /1) Ba (Y, p) PEAKIISTAPHIUNC KeCHMIl 3Heprisi opriniul Ol
opTHo £ =10 MasB ga 1 mGapura Temradmali. cynr ET = 1525
M3B na yaira xoc pesoiasie opriw Kysatiaaan (5.5-pacs).

Pesonanc arpu 4isng KarTa KeHrIIKKa ara Gy, MakClMyMs
SIAPONIIHT HYKJOHJAp collira Kapad Kyilnaaruua yarapaiu:

(Eyer~A"F,

SIBHIT PE30HAHC SIPH YHIMFHMIIT MAaKCHMYMI OFHD sLApo.gap yuyd
KHUHK 3HEDPrUst TaMol CHIKil Gopadn. Pesouuanc 3rpi YnsifHiur
APHA OalalAJIITHra Moc KEeJaYBUIl KeHr Nk JKyi1a katta (2-=8 MsB)
Gyarami yuyn Gy xojuica THrauT pPE30OHANC HOMINI OJ1H.

Curant pesonanc xomucacuny coser ¢usuri A B Muraaa

Ba uer aina lonpaxabep Guaau Teaaop Hazapuit TymynTipnd Ge-
PL . Fayva-wBantiniie

5AEKTPOMATTHHT MAILI0HN Tdb-
Md—qu cHpuia gipuia  A0NoJL  Ba
KBaApYy10.1b Xxapakxtepaarii
reGpanitap Xocna Oy.1ali.

60

; dunoas  tedpanninia  sipo-
B Jaru XaMMa {IpoToliap ueii-
20 b 4 Tponaapra  unclarainr  cini-

E. @uian, KBaapynoan Tedpa-
HnHLapaa sapo mWasan vira-
paan. Slaponnnr Kyaragnig

5.5-pacy. Hitkeas Ba faup faposapu- ST 10 MsB Ba yuaau

Ad KYSTaTHAANTAH THTAHT  PC3OHANC Karra oy.aranja anmoJas tel-

K§$3rannu GYHRRUSI2DI Srpy uHMFL. paiuur 3XTIINOTIUCH KBaipy-

L,
£l AT G & 3 NI
12 14 16 1820 2224 M LB
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nonb tefpanHmnapra xaparaifa Karra 6yaaau. Jiunonb Tebpa-
HHLIJIAD HATHXKACHAA AP0 KytOaaraau. Bynpai safponu anekrpo-
MarHiT MaijoH TabCHPHAA TeGDaHAETraH OCUMJJIATOPra Yxulatyur
Mymkun, Byngail ocunanastop Te6paHHIIHHHHI PE30HAHC HACTOTACH

&

=Y m
G{nanu. By epna k — snactnxauk Kosdduuuentd, M — ocunnnisg-
TOp Maccacl, DJacTHKAHK K03(hOHUHEHTHHHAT KaTTAaJARrH HUCHAaTaH
CHVDKHTaH NPOTOH EKH HefiTPOHNADHUHT COHHra GOFJHUK, yaap aca

ANPO CUDPTUHHHT KATTAlHrTHra, svHH R? ra  MyTaHocu6. Jlemax,
k~R? Ba agpo maccacu M~ R® 6yJirann yuys

kR 1 1 4—0.17'

Wy = — — _—
U .rH' v R Al_h
—0,16
By 10x0puza xeatupuaran Taxpuba HaTKacH Epe ~ A ra siKHH-
Aup. Ulyunail gsnuG, THraRT pe30HAHC XOAHCACH TFaMMa-KBaHTHHHT
TEKTPOMATHIT MAIJIORH TabCHPHIA KY3aTHNAJuraH SAJAPOHUHT  JRHNONB
TeGPaHiuIapn HaTHKacll SKAHMITH XaKuJarH QUKD TacAHKJIaHAH.

5.5-§. ATOM S7POCHHHHT GYNHHMIIH

1932 finaga nelTPOHHHHT Kalid STHANWE AP0 (HU3UKACH Ta-
PuNizia sy caxugauiHr OUHAMIMEra oMKHG xeamd. 1934 fiixa
Depair cexun ueiiTponaap Guaai TYDIH SJIEMEHT SADOJAPHHE GOM-
Gapaivon xnanuranaa 103 Gepajiral  AAPOBIT  peaKUMsIaDHH
¥pramnG, karop cyubuil paiHOaKTHB H30TONJAD XOCHJI OYNuUIHH
Kysarai, $inru xocua 6yAraH H3OTOMJIApPHUHT KYNuuanrd Gera-pa-
ANOAKTUR sKanINTI AHHKAANAH:

AIM+ln - 4HM
z otz
AFEM =AM + e+

Heiirpon tavenpnga Nocia Gfaran pagHOaKTHB H3OTOMHIHL Tap-
THO novepn Gera-eMHpHANW HaTuxacuaa Gupra opragn. By aca
Ypaunn cexi nefitponaap 6nman  GomMOapAlNMOH KwIHG, yH@aH
kel zofliiamran Ba TaGnarza yupamaiipuran 93-snementan xo-
CILT KIMJNII MYMKNH, Aerad xyaocara oiuG kenpu. Ulynunr yuyn
Xas Mepmir pa YUUNT WOPHUPANAPH HeilTpoN TahCHPHAA ypam aJe-
MeNTI siapocu.1a KysarHnjaainran fApoBLil peakwusHn yprana Gou-
aannaap.

Heiirponunnr ypan Guaan TabcHpH HATHXKACHAZ XOCHJ 6yaran
PAaAlOAKTHB 130TON TalHaTHHN §praHum WYHH Kypcatnuku, oy
Pearnusna ypauzan KeitiH :Rofnamras sJeMEHTIA]D XOCHJA Gvmaiail
leneees wKagpadiunmir Ypraciia Koiinauran KUMEBKI aeMeHT-
fap xocna Gyaap sxan. 1938 fimnpa Mpan omio—Kiopn a Ca-
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BHY IOKODHAArH pEeaKUHAJApAa PadHOAKTHB JaHTAHHHHT XOCHJ G-
JIHIWHHY, Wy ituaausr y3nga Fad sa [lrpaccMan panuoakTis 6a-
DHIl 2A€MEHTHHIHT XOCHJ OYAHIINHY aHHKAaAHaap. JIeKHH, Ha3apuit
Xiicobnapra Kypa, ypaHA4H OFHD 3JEMEHT XOCHA Gysiuily Kepak
3AH. AHMK 3KCIepHMeHTAN TeKWpHLLIAp HefTPOHJIapHHHT Yypail
siaponapl GlJaH TabCUPH HATIXKacKHAa, XaKHKaTaH XaM, JeHTaH Ba
Gapuii snemenTaapn XoCH GYAHIIHHI TACAHKIAAIL.

By rampn6a natmkanapunu taxana kuaud, 1939 inaiza Meiit-
Hep Ba @pum HeilTpoHAAap TabCHPHAA YpaH sipoch NKKH 6Y.JaKka
axpajaHIIH Kepax, Aerad ¢ixpra xeaauaap. Dy ¢uxp kellnHdannx
TacANKJAaHAH Ba IOKOpHAArH rnpouecc s IpoJapHHHUT 6 JaH-
UL H JeraH HOMHH OJAH.

5.5.1. ¥Ypau aapocuHHHr Oyanwusaa 03 Oepagurad  kapaéuaap

Ypan sgpocn GyauHralga Karta SHepria axpataan. S umiC Kiiva-
THHH TAXMHHAH XncoGjail MyMKiHH. Byamminmr natiwaciia  #yK.JIoH.1ap
mugaopn A, Ba A, Ba TapTiG HoMepil Z; B1 Z, G¥ram siponap XOCHI
Gyaciu: A, = A, +A, B Z, =7, —~Z,. bymumuy BaKTIIa axpa-
Jlafiiran 3ueprus

Q ={M, — (M, + M)} (5.40)

oynamr. Slapo maccach yuyve kyiimiary x{puunmia ésmarai Baifi-
3exkep (popmynacugan doiigaaananis:
M=1Zm, (A —Z)m,—:=4] c". (541

By patit-

by epia = -~ sagpo comnurupma GoraaHinn  sHeprisicy,
SUEPrisncH

JKACH;11 NocldT Gyaran fApOaapHiuHr COTMUTHPMA  GOoraniIl
2, Ba &, Gyuca,

(5.42)

Q=254 +24, —:4 =G —1).

NOCHAaBHi  sApoaapinr ¥p-
: =08

m . = ol :
ne6 3w mymknd. By eppa: = ———

A
Taya CoANWTHPMA GOrIaHIW 3ueprisci. Ypan sapoci VuyH -
6y.araiuaan
Q =238-0,8 = 200 MaB.

Wyngait kuaud, 6urra ypan stApociuiHr Gy UIHHIINAA azKpaaran
sxeprust taxmuuan 200 MaB skau. By :kyia rkarta sucpruauip. By
SUEPTHARMIT ACOCHTT KHCMII XOCHAABHIT AAPOT4PHIHT KUHCTHK 31ep-
risclra capdaanain.

Ypan sapoci cexnu nefiTpol TabCHPHAA KVIHHYA Maccagapi
TeHr 6famaran uxkn siapora oviumiaan. yHuur yuyn xas, xocH-
JaBuii AApONAp Xap XUJ Macca Ba Xap XILT TE3JHKKa sra Oy.1ai.
Slaposuii napuanap acocan uywionaap coun 4=90 sa A=140
atpoguia 6yaran siaponapaan nGopaT SKawauri anuxaasan. By
ALpOAap KPHNTOH Ba KCEHOH aTpodiaa KoliJaliraH sI1po 1I30TOM-
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napujad ngopat. Siaposuii napuanap 5.6-pacm-

Ja KYypcaTiiraHmek Maccaiap Oyiimua TakeH- %
MOIra 3ra Oyaami. IlapyadapHiHr  HYK.JIOH 10
conyapH HucGaTH Ypraua ~l— = 1,45 6Yyaagu. 1

A A
|
JHEPrin Ba IMIYALCOUHT CaKJAHBI KOHYH- B

» w -7
JiapHra Kypa spOBiHH napuadapHiHr KHHETHK g

SHEPrUsAiapi yIapHHHT HYKJOH/IAp COHHTA TéC- -3
KapH MyTaHOCHG OyJanwil Kepak: o
T A, s
P R ]’40_ |
T. A

60 100 140 A
5.6- pacmaan kypunnG TypHOANKI, Macca-

Jap Oyiinua TakcHMIaynll 3TPH UH3HFU @H-  5.6-pacM.  Ypasunnr
Ya Keur makcumymgapra sra. Hemak, Gy- Ofmiumnmina — xocur
JHUHW {ifagapy XaM XHAMa-XIWLP, SDbHI gggzg“ﬁ)]:ﬁg":i‘li’c‘:“i‘f
Xap Oy.auHnul >kapaguiia Maccalapit KpHil- ooy

TON Ba KceloH sJAPOCHHHHF Maccasjaplra

SR GYaran Typan Xocuaaeuii saponap xydTn Xocua 6ynaau.

~ Ypan sApocHIitE 6YANHILNHG SHala YyKyPPOK yPranuil Wyni
K¥peaTanki, cexun nelitponaap Tabcupnia daxat 2®U  mzoton
G6Vannap sxan, 8L n3oton 3ca ceknn HeliTPOIIAPHE I0TaJH, JEKUH
Ovamivaiian.

Vpan-235 sapocnaa  HeiiTPOHJAPHIHT IPOTOHJIEPra HicGaTit
Taxyunan 1,6 ra tenr. Jleknn GYaninl HaTHKACHAA XOCHA GyJaran
sApodap yuvn Oy nncbartan anua Kamaup. Macanau, Menpenees
Aavpuii clieremaciiir ypracyaa sxoiinamran'y® Ag uzoron yuyn
HenTponaapunnr npotouaapra uucGarit 1,3 ra renr. emax, xap
Oup Gyauminn skapaéunia Gup Heua HefiTpoONAApD XOCHA Gy
Repak. Xagiuxaran, Te3 opajia oanmaap ypaH saipocHHHur xap 6up
Ovaunnm kapaénnia 2—3 uefivpon xocna 6§anuinn annkaaguaap.
¥ neitvponaap ¥3 nasGatuaa sua surn 235U aapoaapuin napuana-
m sy, Hlviaain xiomé, xap 6ip ypan aapoCHHHIT Gy
apadun,ia g1 1an-sury HeliTPOHIapHHUT XOCa Gy 3aHKIp-
JHLSADOBIT peakitsil BYAKYAra KeaTipiul HMKOHI MaBiKyx aKaH-
JIFIHI Ba 1CMAK, SAPO 3HEPTHACHHI aXpPaTHO OJHUI MYMKHHIIHIH-
Wi Kypearaan,  Wyminnr yuyyn xas, ypan sApOCHHHNT OyauHIW
Macaaacura KU3HKI JKYAd Te3 OPTAH Ba Katop TaiKHKOT Ba Ha-
3apuil mwaapniur Gaxkapnasiunra catad 6ynau.

¥pau aapocnninr GYANuRUN HaTHAachla XocHA Gyaran nap
fanap s3apsiay raxmiuan 20 e+ G6¥aran wounapaan nbopar 6yaani,
UVHKIL ypait 6yanuraiia YHINT KoGHriaary KVn siexkTponaap yai-
Ji6, napuanapian ampaanG kosaan. Xocwa 6¥aran kyn sapaann
lapyaaap MYXHT aTOMJIapHHN JOHAallra Y3 3HEeprHsJapuny Te3
NYKOTrall yuyn yJap xasoia Taxminan 2 cM Macodanus Gocnb
YyTH6 T{xraiiay. [Napuasapaa uefitponsap coHil NPOTOHJIAD CoNHAAH
anua kyn GVaraun yuyHd, opTHKua HEATPOHIAD npoToHJapra afina-
IILE naTnaackia yaap 3J4eKTpol uHKapu6 eMUpHIan, abHy eMil-
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5.7-pacy.

PHJHII XYCYycHATHra 3ra 6yJraH paguOaKTHB sAPOJapAaH HOopar
6ynann.

PaguoakTin mapyasnap HeilTpoH 4HKapud eMHDHANWAADH XaM
MyMkHH. Macasan, ypaH SAPOCHHHHT OYAHHUIUN HATINKACHAA XOCH
6ynraH paglMoaKTHB GpPOMHNHT KeTMa-KeT eMUPHANLI CXeMacH
5.7-pacMaa xypearnnran. Bpom-87 nnHr B-eMUDHANUI  HATIDKA
cipa B--pagnoaxrus & Kr ékn swam pagrn 56 ¢ 6yarar K¥3rai-
ran 51 Kr* snpocn xocha 63wt mymsnd. § Ke® muur Kysraiur
SHEPTHACH YHAATH He{ITDOHHHHT OOFNAHNUI 3HEPrHACHAaN XKaTTa
©yarann yuyHw, y HeitrpoH uuxapu6 typeva ° Kr suipocmiir Xo-
e kuaanu. By uweiitponaap ypan 6vauHranian xeitnn 36 cexyHa
§Trau xocus 6ysapH, uyHKH KV3Faaran o Kr* sapociunir Gerra-
eMupuanmra nuc6atan Ypraua sawaw sagTa 56 cexynara teur. [y-
HHNT YuYH XaM, XOCHJ 6yAraH HefiTpoHaap KeYHKKaH Heii-
TpoHJap ae6 aranaan. Ypanw OVIHHHWINIA TYPJUL PAAHCAKTHB
SIAPOJIAD XOCHA Gyarany yuyi KedMHKKaH HeliTpoiaap Typll XaMm
Xap xus Ba ysapunur keunwknw sagti 0,2 ¢ aan 60 ¢ ra xaiap
opamikna Grami. Keunkkan ueiiTpomaap sueprisict kpuuton—87
SIAPOCHIHHT KY3rajuill SHEeprisicHra Telr Ba VJIapHUUT COMI P 1io-
aKTIB AApoJiap counra yxmal 3kchoneHunas Komvu Oyfinua  xa-
Masnan. Keunkkan mefitponsap ypau sApOCHHHHT GV IBHHUIEAD XOCHT
Gyayswil xaMma uefitponnapuiur 0,75 npoueNTHHI TAWKHI KILICa
XaM, yJaap 3ammipii peakiHsin NOCHT KILTHILLA MYNHM aXaMinT-
ra srajup.

Ypan spocnuinir 6VIHHIINELA X0cHa OVaran HefTpouaapuiir
99% ounit neiirponaapaan wGopar 6vaain. Hvikn yaap ypan s1po-
Japuuuur Gyannnmn wapaéunia xocua 6vaain. 1939—40 iaaap-
ZLa VTRA3WIral TRAKHKOTIAD NaBOMHAA OHHIT HEITPOHIap XycycluaTH
ypraunanu. Bupuuungan, xap 6Hp ypaw AAPOCHHINT  GYHIILK
Rapaéuuna raxmunan 2,5 HeliTpoH XOCHA  GVJINIIN  aHUKIaI1H.
Ounii neiirporyapun XocwaaBnii AXpoIap UNKADAAH BA Y.aaPHIHT
sHeprisicit 12 MsB arpodmraa 6vaaan. Ounii  neiitpomaapuunr
SHEPreTHK cuekTpn 5.8-pacMaa KypcaTu/aras.

K§araruaran xonargars mapuanap OHMII ramMMa-KBanT.Iaphif
Xam xocua Kunagn. Ounii raMva-KBaHTIap od€HIl HeliTPOH YnKapia-
Tad, AAPOHHHT acocwil Xoaatira yTHIIH Xapaénisia Xocin1 Oy.1aii.
Yunau Tawkapn f-pazHoaKTHB MapyaJaHULI KapaéHHIa XaM raMma-
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KBautiap uuxapuiann. DBy ramma- li

KBaHTJIap GeTa-eMHDHIHII HATHXKacH-

Ia XOocHa OyaraH Ky3raTH.Iran XoJar- 93

IarH sIAPONAPHHHT NacTKH E€KH aco- '

cHil XomaTnapra YTull KapaéHHAa 02

xocna 6yaanu. By ramma-kBautaap-

HHHT 3HepreTiK CNEKTPH AHCKpET Xa- g \
paxrepra sra. Ounil raMMa-KBaHT/aD {0 Lo _,E'-
3ca y3nykcua cnextpra 3sra 6yano0, 0123456789 Mab
YJapHuHr MakcuMaa aHeprisicn 7 MaB

Fra Kagap Gopmwun mymkus. Ulynmail  58-pacwm. Ypan-235 munr 65-
KHANG, ypan sAPOCHHHHT OGYJAHHHMINN  JWHmmuRa —xocn — Gyarad
Mapaduuma aXipanuG UHKKAH Hep-  HCHTPONIAp SHEpreThK ceKt:
TH XocujaBHili siapo Ba OYaumuw pu.

Maxcyaoraapi ypracnia KyliHAaruuya TakCHMJIAHAJH:

. IMapyaaapunyr KHHETHK SHEPrHsiCH 168MsB
2. Byauunw nelitponaapn sHeprusci 5MsB
3. Berra-emupuanmaa xocud 6yaraH  3n€KTPOHAAp -

3neprusci 7Ms3B
4. Onuit ravya-uypaani sHEprisci 5M3B
9. Byammnw waxcyaoraapuaal 4UKKaH —raMma-nyp-

Jan 3HCPTHACH 6MaB
6. Bera-emupnaumaapia xocna 6§aran auTi-HefiTpoH-

Jap suepriisicy 10MaB
7. ¥YayMmuit suepris 201MaB

5.5.2. BYJMMHWIKHHD 37€MCHTAp HasapHACH

S1apo GUaAmmmILIN AAPONIHT CYIOKANK TOMHI MOXEAH acochAZ
TYWNHTHpIIra VPG AXWN HaTH:Kagapra oanb ke, HULOH
DO HeliTPOR TaLCHpPIAA KY3raaran Nosiatra yTaam a fapo CyoK”
AHK ToMuneHaa kyuan TeGpaunmaap iosara xenaai. bysaait Teﬁpan
HHULTAD cHPT Tapalrank sHepritsci GiIaH IPOTOHIAP OpaC“Mro
KYa0u Tanenp speprascn tydaiian josara  kemagu, uynks AP
WakMt Yaraprasaa acocan wy HKKI 3HEPrisi Yarapapu, XoJlo¢-

dacraad cdepa wakanra sra 6§aran sapo Te6panuil llia"rrm(?u
Chiy 5.9-C pacymiaarn WaKIHN OAMINM  MYMKHH. Arap Ki’_”amla
SUEPFIACH CIPT TAPANTANK 3UEPrIACHHI euriiura erapay 05AMacs:

)

/

5.9-pacm. Tomun MOZeaNra acocaH SAPOHNHE GYAnHMILL,
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SJJIMACOMA INAKJAHHHK OJNraH A4po fAHa chepux wakmaura Kaiitaau.
JlexuH, arap siApo Ky3FanHlll 3HEPIHACH eTapiu Aapaxaja KaTra
6Yaca, saapo wakan TeGpaHHIN HATHXKACHAZ 6 XOJAa KypcaTHJIraH
FalTeNb IMAKJAHHH OJIHIUIH Ba Yy AacTaabKH WaKJHra KaliTMacJHri
MYMKHH, UYHKH [aHTEJb Y4Japuia TYN/Jdadrad npoTOHJAapHHHT ¥3a-
PO 3JIEKTPOCTATHK HTAPHJHIL KYJOH SHEPTHACH SIADO TOMYHCHHH
Y3uJHIINTA ONH6 Kenaanu.

Duan 10Kopiaa aiiTHAraHIapHH 6aDb3i MHKIOpHIT XHcoBaauiaap
acocHia TacAHKJAUIra YTaMH3. BYHHHr yuyH sLADOHHHT TYJa dHep-
THACH yuyH é3narad Baiiusekkep dopayaacini 3caaiivMus:

e o (GH

Ey=(Zm, + Nm,)ct —aA +34°" 4

“ 23 =

Sinpo waxan yarapranga 6y gopmysaparn £ = 3A™" = 4zR” -0 —cHIT
Z- 3 (Zew

TapanrK - 3Hcprisicn Ba £, = T e e T NpPOTOH.TAPHHIT

KYJOH Tabcup sHeprusici ysrapafin. CHPT TaparMK Kyull siAPO  LAK-

JHHM cdepHk  XOaura Kafirapuwura MNTiLica, APOTOHJAPHINT  KY.I0H

TabCHP 3HePrusicli SAPOAATH MPOTOHTAD opacliiarH Macogani OpIHIra,

SIBHH sIAPOHH Aedopmauustaniunira cabad 6yaams. Jlemak, siapoun 6v-

JIIIWN Wy HKKM XHJ 3HEprust HHFHHICHra GOF.IHK.

Bepiiran xaiky yuyH wap wakai 3Hr Kuquk cnprra sra. ly-
HUHL y4yH AP0 @ WAaKJAKaH O WaKIra YTraiia YHHURr cHpTit opTain
Ba JemaK, CHPT Tapanrauk suepriscu Eo opraau. [Ipotouaap
opacujpart ypraua macoda opTraHi YUVH Ky.J0H TabeHp 1CPrisci
£, kamasan. Slapora tawkapiaan Gepiarail Ky3rasiul 3HCprisici
erapan Gyamaca, MabayM BakTian cyur sapo cuxmaaut sa Lo
KamaiiuG, £, oprann, natyaana sapoia Teopanuuiaap Nocia oy-
aanad. Slapounur Kysraanul sueprusich erapanda xkarrta Ovaca, cupr
TaPaHrANK KyuH NPOTOHAAPHIHT KY.IOH TABCH] IHEPrHsiciniil eHril-
ra erapan 6ynmaramwiaan, sLIpo WAaKJIN FaHTeab WaKanHu OTIIng
Mymiuie. By Xosa siapoaaru mporonaap rantedan Vwaapiia Thvii1a-
HajlH Ba 3HJH CHPT Tapailraik SHEPrHACH FauTean Vulapiia Tyn-
JaHraH sUIPo CYIOKJAHK MaTepnacuiHnr cepux [makidni ojniira
«€paamnawann». Harmioxaga sapo nxxn 6V1akxa anmpataii.

Hporouaapuuur kymon Tancup 3SHEPrHsCHHNHT HIP0O CHPT Ta-
PAHTIIK 3neprigcura  Hucbatu  saApo Oy iinur  XVCYCHSITHHINT

VAUoBH cmpaﬂma XH3MAT KITHIIH MY MKHH:

Bp o =S (5.44)

E, 207sry; A

S , Z ~ Z
By dopyynana rvpar siposap vuya = Yerapymuau Kinmaiinvaiup. =

OpTHG GopHUnt Giltast AAPOWIMIT GY.TMNUULN  OSOHIANFANINT caGaGal Y
Gyaunumw napamerpn Ae6 ataia.
IOxopiarn (5.43) gopMyaiHI KVIlHIATH KVPRUHIIA E3aMi3:

Ep=FE'+E +E,.
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By epna cupr Tapadrsuk snepruacd Guiau nporoiiapunar Kyson Tab-
CHD 3HEPrHscHAAH TalKapH Xamma Ooiwga SHEPruaiap HurkHAucH £
Ounan Gearunanpd. $lapo wak/au yaraprauga £’ y3rapmai Konaeepamu.
Ulynnar yuys xaMm, siipo sHeprusiciinunr yarapuuiw (AE,) cupt Tapanr-

JWIK Ba MPOTOHJIADHHHT Y3apO KYJIOH TA1CHPH 3JHEPTHACHHUHE Y3rapuuix
Ginal XapakTepaaliaiu:

AE;=|AE} —|EJ.

Arap AZ >0, siornt |AE| =>]AE,| Gyurca, A100 3K/ JacTII6KH
cdepa wakaira Kadragd, AL, <0 A2 8100 AepOPMAUHAIAHHIUH O)T1

AE
Gopaau Ba Gopa-Gopa AP0 HKKHTA GYJIHHALH. [\TJ = | KpuTHK XOA-

NS Z: .

Hp. XHCO3Mawaap KPHTHK Xoa Y4yH (T] 2 45 sxaHuHK KypcaT-
\ Jup

A, AbHA Oy X031a1 AP0 ¥3-V3ugaH GyJIuHMIra upcbatad TYpPFYH

& o u ® l‘
Oyamait koaaau. lllynnail xuna6, aapo GyJIMHKHIL  NApAVETPH _T>

(_T ) Gyaraula y acocuit xonataa XaM GHp OlAA HKKHra Gy.amuiG
o

5 M ZE
Kevaan. levak. siponap ysyn Z Huur Makciman kuivariny [— | &

I 1
=45 1an KeatupuG uukapuw Mymend. Y Taxmudaw 110 ra TPEHI‘.
HIviaait 6, Toymun nofemira kypa Tabuatia  yupaijurad  spaposap-
e tapinG novepn Z &2 110 gan oprii 6 HWIH MYMKIH 3Mac, JlekuH,
TOMUN MOJE T NaMMA TaXKpHOA HaTspKamapiHil AXIWH  Tyurynripub 6Gep-
Maiti. Macasan, Taxpuéa Wy KypearaHKi, SADOJAPHINT  §3-YaunaH

Gy msmistn —1- [IAP°METPHHHT  Y3rapuumira Kapad MOHOTOH yarapa Gep-

MaiLne (5.10-pacar), KYGr nporodaa B mypT HelTPoHAM KydT-KYPT
SAPOAZD TOK HYKAOHI SIAPOIApId KAPAraHaa OCOHPOK Gy, 1961
i JyGuata  GyastuMmur  Aurl  THOH,  A3POJApHUIC  130MeEP
Noaur i Gyanunini kauip sy, Dyujait Oyausmwnap axnt WY
HI0MepHIUI acocHii X0AaTAa suuaw BagTiaaH 10*! mapra Katra skadmirk
MABAYM Gy, Byaapimr xamsmach sApoArH  KoOGHsAapiir  HykJon1ap
Guaal Ty anMpIIHIL TApTHGHINE, ADHM AP0 KOGHK MOAeMiuH  3b1160prd
oalmmm Taa6  STAL By Moneara acocal TADTHG howmepn Z = 126
(cexpau con) ea mykaounap comt A =310 arpojuia 6yarau coxaid
Gapiapop sLPOAID MIBKYIL BRI KOPaK.

SIApo cyIOKIK ToMUHCUHIT TV HEPTHACH Buaan ToOMunHiHHT
Aeopymalliiaani napaMerTpritn XapaKkTepJosul r opacuyary 60F-
Aauing KY P, 6YA1MHIW Ha3apuacHHiir 6ab3n xycycuaraapiiih
amigaawra épaam Gepaan (5.11-pacm).

r=0 x0.1 cdepix wakafarn Ky3raamarai sapora moc wesaad:
Slapo pedopmaunsaanranna saanncous Goxycaapu opacujari Ma-
Copa siaponnur aedopmaunsnaHul  nNapaMeTpuin  ndogaaaiat-
Kyuan nedpopmauisisianran siapo yuyn r macoba OpTHG Gopaan B2
T==r,, Wap WaKJININL OATaH Tenr Xociaasuil sapciap 6up-6npnrﬂ
Tern§ Typrad Xou1aa ysap mMapkasaapr opacHiark macogauu KyP
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=
40
Ll
20
10
0 20 40 @ 8 1001207
0.10-pacM. Byanunw napa- 5.11.pacM. Y Ipo 2UEprUACHHIEBr 7 Ta
MCTPHHHHI Z ra KapaG §sra- Kapab yarapuuwiL
puL.

catafi. r=r,, Ra E=E(r) 6oraHnwHu npoganosu rpagix
MaKClMyMra 3pHuaiH.

5.11-pacMparn y3JayKcH3 3rpH UH3HKHH XOCHJAaBit{l sApOIapHUNT
¥3apo norenunan smeprusgcu neca XaM 6yaann. Y aanda-emupi-
JHWIAA KYpHarad anna-sappa GiaaH KONANK SIPOHHHT  Y34pO
TaLCHp noTeNuuannin 3scjaatagd. S.ll-pacyaarnm IWTPHXJAH  3ITPIE
UMK KiuuK nedopmaunsaapaa AE<<Q xoara Mmoc KeayBul O
O§inunmra Moc KenagH. Y3ayKcl3 sTpH UH3NK 3ca On3ni Ku3iK-
THpPraH XoJra MOC KeayBHl, r=( Ba r=r , OpamiFila €TyBdil
AIPONAD YUyH NOTeHWIAM 3rpH  uN3I MHHHE  Y3rapuuiimi hoianaisi.
ByHaaii sitponap yuys xounk roaapit AE >0 pa s3p0 3HEPrisIcll (i
Gopaal., r = Fep A2 Y MAKCHMYMTa 3DHLILYT B3 7 >>7 p Jd ana K
. Kysraamaran SIAPO sneprusicit £, AW L o—= 2 Jarll nap
sueprisicn £ = 2F,, opacngary (upx IRl SueRTHACHIN
Q=E,— £y Egpp=E,  — 1, KTHBU3AWNA  3HEpLiacH
Aeftinam. SIapo Kyaramum sueprusicn £, TAl KaTid GVARHIA Y HEKIT
GYMMHAWN Mymgnn, Bymmmm  ykapaduiga  ampaind  SHKYBYIL  3HEpUIs
(Q— £ ra tenr Gyaagn. Cuonran napualammin  Geamumr o Va-
y3unan conup 6¥namm. UyYHKIt KBaHT ~MeNaHHKacHra acocan 3. 11-pacvaa
Kypeartiniran NOTeRluaT THCURIAl napua LTyieas®  sddexti Tygaiir
nappot yrTnw SXTHMoma xav sra. Jlexiy, Gyijiaii contan Gy.niiin-
Jap 3XTHMONMMMI Kyaa Kunuuk. Cnontad Gy Hminng 140 faga G-
punun mapra comer ¢uauxaapn I'. daepos pa K. [letepaar ypai s11po-
CIA~ Ky3arrad. ¥pan-238 sADOCHHNMINT CHONTAN APHM Napuaianiiul J1appy
10" iiara tenr, 1 rpavy ypanra 1 coaT Japoaiia Taxuui@n 25 cnoi-
TaH Oyaunnw 103 Gepamul.

5.5.3. Hefitpon Tancupuaa YpPaH HIOTOMIAPHHINT  Gyamminun

TaGuaraa ypan acocan ki H30TOM apajauMaci cliparnia
yupaiimn: 23U (0,7%) sa 38U (99,3%). Heiitponaap tabcupiia
¥paH sapocnaa 103 Gepatiran 6YaHMHHW PEAKUHSICHHIHT  KeCHMIE
H30TON Typlira Ba HeiiTpon sHepruscura GOFIHK DABHUIIA Xap XiLT
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6Ynann. Dueprusicura Kapab, HellTpoHNMap Kyiiuzarm cundaapra
axpananu. dueprusacu 0,025 aB pan 0,5 3B ra Kamap 6yaran neii-
TPOHJAp HCCHYK HeiTpoHunap geitumamu. 0,5 3B —1 KsB
SHepruaan HefiTpoHsiap pe3onaHc HeilTpousap, | KsB—
100 KaB opanukna opadMK 3HEeprUsAH HelliTpoHaap,
Ba uiuxosar, 100 K3B —14 M3B opanukaa T€3 Hei#l Tpounap
zeb aramami.

SinponapHunr GYJHHHUIM ANPOBHH peakuusanapra Xoc 6yJjran BaKkira
HicGaran (1072 = 107 ¢) aHya cexuu 103 Gepapu. LlyHmar yuyn 69-
JMHNL OpasuK SLIDOHMHT XOCHA GyaHuH Ounaw 103 Gepagk Jnefi
MyMKH. ByuHyBYM siZpo HEHTPOHHH 1OTHG Kysraarad xonatra yTamm,
C¥Hr nxkura 6yamsanu. Tomun momemira kypa £, > E,,. wapr Ga-
HaApUAray1a Gynurinm  colup 6yaanu. Kunernk sueprusicn 7, Gyarad
HEfTDOHHIT 10TTaH  SIAPOHHHT K Y3FAMill  SHEPTHSCH Em:’l‘” +ea
OVaaa. By epna e Ag1 XOCHT GyaraH OpPaNHK  SIAPOAL  HeHTPOHHMUHT
Gornaniw sieprisicy, [lemak, Gupop 4X stapouulr 7, KHHeTHK 3Hep-
PRSI pefiTpon Tabenpiia GYaRHHIL  WapTH  KyHAdarHua Gymmmi Ke-
pax.

T,>E; =Euz—24n (5.45)

By eprarn £, — 6vaunnmwunar sddhekTHE Herapach Jeinran-.
Byanuuu skapadnimia katHawyBun opasHK SIPOHHHT  aKTHBA3ALMA 3HEP

e 7 Z: 3 .
Thacn (£,,.) Gvaimim napamerpu Era KuilMaTHra Gormilg. YHua

. 2\ _
Oflip Oyamarau s.1posap yuyd ~/—‘- = —‘} Ba E,,. Kkarta Gynaju.
A

'KP

Wiynmr vayn, Oyupait sgponapwir  GyVHII YSYH KHHETIK  SHepruscH
HYAa xarra Gyirau neiitponnapgad doiitamanuw 3apyp.  Ofup saponap
Yuyu sca £, xawaiinG Gopaau sa  A-210 man Gowtab  sinponap Te3
Heiitponaap Tancupria Xav Gyanmiurt Mymkid, Huxost, 6anan ornp
9PONAP VUYH [, <Ts, ., ABHH yaap  yuyH E; wmanguii. Bysnav
AAPOTAp Heew HeiiTpolIap Takenpiaa xaM Gyanuagy, 23U, 8y, 2Pu
B3 TPAUCYPAIl I/EMEHTIAPHINGIT Gab3l H3OTOM/IAPH InyHAAl spponapra
KHpagn. 1lynaail g6, *5U wccuk Hefftpounap Tabchpupa, 233U 3ca
daxar Te3 weiTpoiaap Tanenpiaa Gymummn MyMKH,  Xagugarad XaM
‘U akrisauust sueprusicn (6,5 MaB) U akT#Bauust  snepruscufa ¥
{7,1 MaB) sapupc. Yinan taungapn 25U t3010mit mRyQr-y$T HyKAOH
A 70U sca mydr-to Hykaowat  sapoanp. Ulyamsr yuyu, yaapuui€
coanwripma Goraati sneprusicy | MaB ra dapkaanagu:

. _[6,8 MaB—" U yuyn,
AT 5.5 MsB — 200 yuyn.
{5.45) ndiorara xkypa
g (=03 MsB—
7l 1,6 MeB—°

wU yayH,
- l’. yquY
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stbiH 28U H30TONN YuyH PeaKUMAHHHF YerapaBhit SHEPTHSICH MaH(HIIHP.
Ulynunr yuys xam, 233U wccy HeHTPOHAp TabCHPHAA OCOH 6y nnHAIN.

Orup s1pONapHHHT HCCHK HEATPOH/JAp TatcupHla OYJHHHIUM 3HEDP-
THSE NyK:AN HasapuAaH OKYJA Kyaaiawp. Yupaw tamkapa “HU, 28U,
2R 23 Y ’ i
U Ba *Pu usorofnap y4yH GYIMIMI PEAKUHSCHHIHT KeCHMH xyJla
KarTa, Ra HISOAT, MCCHK HEHTPOHJAp TabCHpHZA 6F. IHHII PEIKILISIAPH

SK30TepMHK Gyrannjal 0KOpHAArH SApOaap YuyH KHUHK ZTHepris €o-
xacuga  ,— KOHyH* Gaxkapunaiu.
U

YpaH aApOCHHHHr NapyajaHHWHHE Kawd STHIHWNE Ba YHI
yprauim saposiil sHepruanan ¢oiilanaHunl HMKOHH MaBXya 3Ka-
unun Kypcaran. bus jokopuaa 6uTTa ypan sApOCHUHNC Itapuada-
miuiaa 200 MaB sueprus Ba 2—3 HefiTpoH XoCIT OF.miunintn Kyp-
ran sanx. Xocus 6ynraH sHrg Heiitpousap 6owKa ypan sapoaapil-
Hil GyaunyWIra caba6 G6yanwy typran ran. desax, 6urTa neiiTpou
ypau EKHJFHCH yuyn «TYrypT» poanun VAHal, 3aHMHP PCAKUHACHIIT
Gomwaauinunra ca6a6 6yauun Mymxui. Bup cekynaaa 3,1-10' ypau
SIAPOCHHIHT OYuuHIWIN natizKaciHaa 1 BaTT KYBBAT aXKpa.anlInfill
xHce6nab kypeatnur Mymkun. Bup rpavy-atom, bt 235 1 vpaH
napuajauranga TaxMunay 5-10° kBt/coar sueprust  ampanalil.
1 rpaMM ypau EKUAFNCHUNEC KYBBAaTH Y4 TOHH@ KYyMHIp KYBBaTHId
aKkBiBajsenTAnp. Tabunfi ypania sausKHpai Peakuls XOChJ Kiinul
MYMKIH 9Mac. UyHKi 6yanuuu xapaduiia Xocua 6¥aran nefirpou-
nap 99,3% nn Tawkna atysun <% U sapoaapuna (i, y) peaxuns
XHcobura lotHaamr. H3U sca taBunil ypan TapknGiia o3 upouent
HH TAWKIJI STaall. Yijian TawKapH 3aiKup peaxiuiist XOCHT KT
YuyH Katop Gollixa WapoHTIapHI Xays SDaTilil 3apyp.

5.5.4. 3amkup peakuHs XoCHa OVIHW  WaEPFIAp

._3am1\'up pPeaxunst XocHA GVanwg Vuvil xap dup S¥cuunim ska-
paennia xocua Oyaranm HEKH-yU HEHTPOiLlal 3IF KadMiia Onrra-
cH HaBbaraari sigpo OVMIHWHIG 103ara KEATHPHI eTap .
Xocnan 6yaran nefitponaapunnr 6up kuesmi ) U Ba xvpuava ran-
Knbnaari Gowka sapoaap TOMOUIAAN (M, ) DALHALHON KaMpaul
peaxunusci Xiicobura joriaa i, 6owKa Gip KHCMI 32a KYpiisaiad
TAUWKAPHTA NIKHE KETHLI MY MK

¥panan myxut Vauazu uwekcns watra OVIran XOo1a 3alizKip
pearuns XocHd Syanwu yuyn xyimaarg  wapriap  0aikapiiiii
Kepax.

Bupununaan, xamma Noaudapia ypau @HaIFinclny — HeliTpouaap-
1 HTEHCHB 10Ty BUN Jolllka apadalivaaapian To3atall 3apyp. Yu-
Aanrawkapn Gyamnnnr :kapaénuia xocna oOyaran Gollika  Maxcy-
norl.}a’p‘:lau aKTHB 30HaHN ¥3 BaKTHAA TO3a.]1a0 TYpHUI Kepak.
ypau‘ ]éll\(ll,ll;:;iglar::l‘l Te3 l’l;‘iiTpol‘;TapJa 3LKHD PeAKIHS ?)pmuu VUyH

I nr T.prndunn *3U nsotonaap Guaan  GoilmHini 3apyp.

Ti " 235] = y i
03a vpau 9:,L Hgoroniap Guaan 9,55 9 ra Kalap GoiluTiaIra@za 3aHT
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MHD peakuus GomtNaHuwy TaKpHGaaa aHukaaurad. Jlekud avaata 23U

92

H30TOMUHAHD MHKAODH 15 % JAaH Kam 6y/IMaCIHTH Kepak. 1

Hefitrpounap smeprusicu pesoHanc coxapa Gyaranna ynap =3 U
TOMCHHIAH aiiHuKCa KYuJH OTHJAALH. ByHle_i_l“{ (7, y) pamHauuon
OTUMNIAapH KamaliTipyl  Y4yH Ypad EKHWJIFHCHHH IOKODIna
alTirannek 6oituTHw Kepak. JiekHH, HETPOHAaPHH CeKHHANITH-
PHW afinnKea sixwu HaTika 6epanl. ByHUHr yuyH Maccaci HeilTpou
Maccacura sixuu 6yaran TYpJll MOAfanap—CeKHHaaWTHPriiaapian
doitnananinam. HeiiTponaap GyHAail CEKHHAAWTHPTHY AADOAAp
Gunay TYKHawuG Tesfga HCcHK HelTpOHJapra a}“l.naHa‘_lm. Kunernx
3neprusich Trn GyJiran HeiiTpOH HYKAOHJAD COHH A GYJram CekiH-
fawrupryy siapoci  Guaad  TYKHAmraHia Kylinpary SHEprisHu
HYROTHW YN XHeo6aa0 KYpcaTHl OCOH

44 55

= T 5.46
AT, (At 1) ° ( )

Jdemak, cexuunarxiu KaHya edrus GyJca, HellTpoiiap wynda Tes
Ceuama i, CeknHaamWTHPYBYH ALPO Hei'lTpo}lJlaPHH I0TMACAHrH
Kepax, aaGarra. Uy uyxran HazapAad SHr KyJjal CEKHHIATKHY
cudatiaa onanii cyspan goiigananin Kynaiinex xypuHann. bupog
CYB TapkuGuiari NpoTolapHUHT HeiiTpoHAap Ouian  TabeipHaa
Jefitponnap xocua Gyauwn xucobura HeflTpoHAAD CYBAA HHTEHCHB
oThaann. Snr kleal"fcemuman{uq 3 He 6yanuwit MyMKuHR 340, Jle-
KHIL Y £a3 xoaariaa OGYaranu yuyn yHiau ¢oliianaHnu Hoxynaiiamp.
DU AXIIN CeRUNAATKIY ciipaTiga OFUp CYB DyO xH3MaT KiJaiH.
¥upary Jefirepuil ueiiTponsapiy 1otMaiifin Ba I{eilTPOHnapHu 3¢-
dhexrnn ceRpmaamTHpaan. Bynaail  ceknuaaTRHY  RyJAsaHuarasia
Ypai Exparicnsur Goimmrmaca xam 6ynanu. Ipadnr, Gepuniuil éxu
VIIHE OKCHIN XaM sIXWH  CEKNHAaTKuY cHAatiaa NuviaTiiiiyg
MYMKHIL Jlexi, 10KopiHAa aiiTHAraH KaMuljHKaapura xapasaii,
G CVB NaM cekuHJATKUY  chHbaTHaa HIIATHANU  MYMKIHH.
Hefitponaapuninr paaiauion I0THANIMAT KaMailTHPHIL YuyH ce-
KHEAAMTUpY BN Moa4a Onilad ypaH eKHJAFHCHHH GHp KHHCAH apa-
Jalgma cidpatinga aMac, KeTMa-KeT aaMaumiiysul ypan Ba CexiH-
JaTRHY Gaokaapiaan nbopaT KiuanG oaul MabKyAaHp. Bupuyun
NOJIJ1a cHCTeMa TOMOT el  CHCTeMma, HKKHHUH XOJfa 3ca rerte-
pores cucrema jpeG arasann. [erepored cHCTeMajga ypaH MOA-
dacuia Nocusa Gvaraun ueiitponjap SHeprusicH pesoHaHc coxara
K21ap cexnmiawra yarypmacian CeKHiiaTKHu Oaokaapura yrams.
Y epaa neiitponsnap HCCHKAUK HefiTpouaap 3UeprusfcHra kagap ce-
KHIAAImain Ba sila ypan éxuariicura yTaan xamaa 6YauHn peax-
IMSICHIEY XOCH KITHIWHY JaBOM 3TTHPAAH.

Tabmitii ypanjaan 16opar roMorel cHCTeMana 3amKip peakiiis
NOCHJT KHJNIN YUuyH KHMMaT 6axoJu OFHD cyBaaxH uBopart CeKuH-
aatkuuian Qoitnasauniny Kepak. Iereporeil cuereMany Myxuraa sca
ap3ou rpadpuT NWAATHATANAE XaM 32HKHD pPeaKUHA XOCHI GYaumu
Mymigu. HIysuar yuyn xav OGHPHHYH 3aIDKHD DEaKIls rereporex
ypau-rpa(uT crcTeMacuaa XocHN KIUIKHTaH.
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Huxodr, pean xonZa ypaH MYXHTHHHHI KaTTajJHTH IOKOPHAA
alTHATaHIEK YEeKCH3 KaTTa 3Mac, 4eKjaHraH 6yaHmiu Typras rai.
3aHXHp peaklus XOCHJ KIVIHII HyKTaH HA3aDHAAH SHF KyJiali 1K
ctepaaup. Chepuk wakagary CHCTeMaja akTHB 30Hala TallKapHra
UUKKG KeTYBUH HEHTPOHJAD MHKIODH MHHUMAJ Gynaji.

3amkup peaknus 6YaIHG6 YTHIUH YUyH SAPO EKHJIFHCH eTaplin
MHKIODAa 6yauumin 3apyp, an6atra. 3aHXHD peakiusi GopHIIH
MYMKIH OyJraH CHCTEMaHMHI MHHHMAaJ MacCacH KpPDHTHK Mac-
ca 1e6 aranaan. CHcteMaHMHT (2KTHB 30HAHHHT) KaTTajlrd 3ca
KPHTHK KaTTadaHk Jeiunagd. Macanan, namuii TaaKHKoT-
Nap yuyH MyJaxajnanrad OHPHHUN cOBeT peaktopuiarn 3 U HHHT
KpHTHK Maccack 315 kr 6yaraH. KpHTHK Macca CHCTEMAHUHI reo-
meTpHsicira Gorank., Macanan, To3a %5 U man ubopatr cdepik
IAKAAAry CHCTEMAHMHT KPHTHK Maccacn 47 kr. Jlexuw ypan MoI-
AacH GepHJINil KOGHKJIH MOJHATIJIEH NJEHKastap 6uman KariaM-
KaTnam aXpaTairaH GyJaca, KpHTHK macca 242 r ra Kajap Kamaii-
THpHaAnwH MymxuH. llynaail xuanb, aapo EKHJAFICHHIHC Maccacl
KPHTHK Maccajal KaTTa GyJraHjariHa 3aHHpD peaxuus XOCHJT
KHNHHIIE MYMKHH. AToM GOMOGACHHHHT «HILIalWIl» Xam MIyHra
acocnanran. BomGana ypan 6yaax-6yaax Kuaub skoitianami. By-
Jakaap KYWHAranna yJaapHEHr MaccacH KPHTHK Maccaiall opTHG
Kerraui yuyn 6om6a mopraaiian, sLHE 6y X01da 3aHMHD peaxuns
Gup 3ymnua 103 Gepaan.

AKTHB 30Ha KPHTHK KaTTaAuTHHI Ba SKHJFN KPHTHK MaccaCHHIF
SIHaZa KaMaiiTHpHII Y4yH peaxius 30HacHun HeiiTpoHaapui Kaii-
TapyBun MoAAa-KaiiTapriu Ouaal y¥padaan. ¥ akTie 3onazan wixubd
KeTaguran uefirponaap couunn kavaiirnpatn. Kaitrapruu cndarti-
na Gepuaaiii nwaaTwIann.

5.5.5. Helitponnapuiter kynaimu  koapdnmmenti. Sapo  peaxzopn

SAIDKID peakuiarn 1a30paT KHAHG TYPHUI MYMKHH OV.0ran Ky-
pPiIMa ssipo peaxTopu Aaeb aratain.

SaMKIDP PeaKIIA XOCHN GVIIUAMIET MINAT WapTmn 1 e ii-
TPOHAApDHNHT KYymafinw xoshpnunenTn 1e6 araiays-
UH GUSHK KaTTanuk Guaan udoratam Kyaaimp. ¥ Gupop OVanHI
GocKIIaa xocua Gyaran HeliTponsap CONNHIHT Kefiuri Gy.IHHHIE
Gocxvina Xocua 6yaran meiirpowaap conura Hicbati Gnaan Xa-
pakTepnanamm:

ty
[ i

n
L FER

k=1 Gyaran xoaxa 3aHXUp peakunsia 6apxapop XoJart 103 Ge-
pani. By xoa1a cicrewva KPHTHK cHcTexMa ae6 araanb,
yHILa’aaux\'np peaxuus yarapmac tesnnkaa Gopaan. £>=1 1a 3anKup
\I;Zil)\ltllllm II:qTe.znan.nnru optid Gopaan, k<1 na akcunua cynan.
ey P P__cx\unfmmxr pHBOXKAAN6 60PN TE3JNTH HelTPOHIap-

T R¥naimnm xos(poduuuentn k4 Guaan HKKH KETMa-KeT 6V.IHHILE
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XapaHnapH opacHaa YTyBUH BaKT MHKAODHra Xav 6oraHK. By
BAKT ¢ Gnan Genrynannb® OUDp OYMNHUHHIN KAPDABHHHUHT
YpTaua smam BakTH Ae6 aranagn. bup Gyamxuw Goc-
Kiuiaa sefitponsiap coun An==n(k—1) ra opragu. Baxr Gupaurs-
Jia 3ca HeliTPOHJIAD COHHHHHE OPTHUIH.

dan nlk—1) -
e 5.4
= t (5.47)

Synann. By Tenrnamann eun6 ucraaraH f{ BakTHAark HeHTpoHaap
COHNHI AHHKJAIra HMKOH GepyBun KyHHmarn GOPMYJaHH KEJTH-
pub unKapHul MYMKIH:

k—1

n=nge (5.48)

Gy epna np, — GolwnaHFHy BakTAaary Heftrponnap conx. Ulyupait
Kuanb, peaxTopaa HefiTpoHJap COHH BakT yTHunl Gunax (5.48)
IKCMOHEHUNAN KOUYH GHaIaH OpTHG Gopap 3KaH. YpaH Ba CEKHHMAT-
THYgaH nGopaT xap Kamjgail cHcTeMafa HeliTPOHJADHHHT Kynaiiniik
éxi k¥mailtMacauru Kyfiugarn oxapaéunapra Goenuy Oyianu:
a) ciucreManan HEfiTPOHIAPHHMHT TALIKAaDHTa YHKMG KeTHILH;
6) wmeiirpounapunnr “¥ U ToMORHAaH AAPOHK OFnMacAaH ioTi-
mwi [, p-peaxuusn);
¢Kiarn tapknuparid apajamiMa, CEKHHIATKNY, OYnuHNIAa
NOCIT GyAranm siaposiap Ba KOHCTPYKUMs TapkuGuparn Gou-
Ka sAPOJ1a) TOMOHNAAH HeHTPOHJIAPHHHT FOTHIHLIIL,
r) ceki pa  Tes uelitponsapHukr Gyummysun 23 U xampa
‘3 U saposap TOMOHHAAH IOTHJANUIK.

10Kopiaarn xapaéunapruur Gakar TYPTHHYHCUZA SIHLH  Heii-

Tpoitiap Xocua Gysaal, KoaradHjapiuga Helitpowsap dakar lortu-
JAaau.

B

—

Ypan pa cexnnnaatkiyaan 160par pean clCTeMa yuyn

k=kx (5.49)

Syaaan. Bynja £ — uekcns xarra YsiuaMra sra 6YJram  ciucrema
yuyn senrpounapuuur kynaiivm ko3QOHUHERTH, ¥ — HellTPOHHHAT
PEAKTOP axTUB 301aclijlal TalKapHra YMKHG KEeTMAcaHK 3XTHMOM-

JHFIAND. koosca Kyfiuaarn TYPTTa KATTaJHKHHHT KymafitMacu 6u-
Jail XapakTepaalani:

k. =nzpf. (5.50)

By epma v = ~ac/'_\_“ VDAl TOMOIWILTAN GHTTA HEHTPOH IOTHAPAHZA XOCHI

6_\';1rau" Te3 HIeiiTPOITap COWL. v — GUP GyJuHHIL 2KapatHuia Xocun G-
Fai HeHTPOIIap COMif, 0y — GYIHHHUL KecHMA Ba 3 — GYanHIT Kecivw

Guman *HU o1 23U 12 103 GepyBuM pAAUALNMOH OTMIHMI Keclm/ap
HyFIIICH

21 =071 0(1, 1)as + 1400 (7, T)sas.
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N tapknibura xupyBun 140 coH ypaH MH3OTONJAPHHHHI MPOUEHTHHH XH-
cobra onaau (taGuiit ypan apanmaimmackia 25U wsovonn 3L gan 140 map-
Td K¥0 yupaian). (5.50) copmysmagarH = Te3 HEHTPOHJap XHCOBHIa
103ara Kesran GyJMHHLLIADAA XOCHJ GYJITaH HEHTPOHJID COHHHH Xapak-
TEPIWAH BA WYHHHT yuyH Te3 HelTPOH.1apAa HEATPOHIaPHHHT
Kynaiinmy Kos pGuuueHTH 16 aranajiy. p — HEHrpOHJIAPHINT ce-
KHHIAHMI jKapaéHiaa SApo TOMOHHAAH OTHJIMG KETMACHHK 3XTHMOJHHH

Sy

" o o

KypcaTagu Ba HUXOAT, [ = —————%r CEKHMHJALTaH HeHTPOH.IPIHHT
sV~ %cive

Ypau sIpochH TOMOHHAAH IOTMJNHLI 3XTHMOMIMCIIHH KypcaTyBull KalTalik

6y6, y HccnKAMK HelirpoHaapnlan ¢oiinananuuy Ko3d-

QuunenTn Je6 atanaiy. Y Hia o, Ba 0, HCCHKMUK HefITpONIapHIir
YPaH Ba CEKHHJATKHY fAposiapuia loTHamw xecusmy, N, Ba N, ypau Ba
CEKMHIATKHY SAPOJApH  KoHUeHTpawnsich. TaGumi  ypau Ba rpaguriad
HGOPaT Pead ciCTeMa yuyH I0KopHAari Kozdiduumenidap Kyhnjarst Kuil-
Matiapra sra 6ysaagu: 4 = 1,35, = = 1,03, :pf~ 0,8 (onmiai rere-
poren cucrema yuyH). By xoiaa k= 1,08, awvhn k> OyaniH
yayn A = 0,93 6yaumm xepak. by Kniinatiapla peakTop KaTramiri
85— 10 M 6y Kepak.

1942 fingmnur gexabpupa Yukxaroga PepmH TOMOHIAAN 1iUIra
TYWHPIATAH GLPHEUN PeaKTOp mapaverpiapii 1oKopuaarn Kiiisar-
Jlapra teur Gyaran. BupHuui COBET peakTopH Xam WYHra skl na-
pameTpaapra sra 6yan6, 1946 itnanuur gexabpuga Mockusa wax-
puia M. B. Kypuatos paxGaptirnia uura tyumpiaran sai. By
peaxtopsapua ceknuaaTkiu cugatnia rpadur mwaaruaran. pa-
T Gaokaapn ypan 6aokJapn opackra skoitaauran.  Brpmius
peaxTopaapin G60IKapHINa HCIITPOHAAPHI KYUIH I0TYBUIL Ka 1Ml
Gxn Gopaan scaaran crepaeniapaan oiidananmiaran. Crepucin
AKTHB 3CHara RHPHTHAramnla HefTponIap Yula IoTIanG, 3ansaip
Pearunsinyg GoutKapily IMKOIHIEY Gepaii.

Xarngaran, £=1,005 X0 YuyH KewurYBun HEHTPOIIAD Mili10-
pi 0,64% s rawkna st Xicobra 0acak, onuil HeiTponIap
Yuyn k<t 6¥an6 Koaaunu, Jexun (Gaxar ol HeiiTponaap xicodu-
ra 3alDKNDP peakiuisl XocHa OyaMaiiln. 3aHmREp Peariisil NOCH.1
Oy yuyn KGuKKaN HeiiTpoiaap Naum kaThauuin 3apyp. DBy
X0a3a Oup Gysmmniw zkapadisniir Yprayua suian BakTH T Hir Nil-
ccbialwna KeuukKan HeiTPoONAAPHINT XOCHI OY N BaKTi  XaM
NHcobra oanunum kepax. By aca t=0,1 cexyuara teur. (5.48) ra
Kypa n=ungexp (0,05t) sa /=1 cexyuaaa ueiirponaap coun 1,5 vapta
K¥haunumn xicobaal w¥pearyur myMxiin. Keunkian neiitpounaap
Oyavaranza aan, t=10-% cexyna Oy.araun yvuyn 1 cexyiiia leii-
Tponaap conn 150 yapra oprué ketran 6y.aap sanm. Dy aca zanrmup
PeARLISINI GOUIRAPHENIT MYIIK\IIAWITHPAD 910,

AKTHB 30uara KaaMii OTNIMIE KNDHTIATANia, Keunkxan Heji-
TpouIap Tancupiga GYaaanran peakunsaap 3aizup peaxis Tes
CYHNO Koamacaan acta-cexii cyunmnra cadad Gy.1aliL
_ Wynnaii xiaus, PEaKTOpaap TexXHHK Ba TeXHOJOTIK IKlXaTial
Hyaa Mypakkal Gyaran kypuaMaanp. Yaap kyliniarn xartop xy-
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tycHaTnapy OHJaH xapakTepJjaHaAH Ba WIYHra Kapab peaxTopnap
1Y xna 6yaani.

Oriip saponapru 63 ayBun HefiTpOHIaPHHHT JHEprHAcHra xapab
PeAKTOpAAp 1iCCHK, Te3 Ba Opajuk 3Heprisra sra 6yiaran HefiTpoH-
Japia WWJIOBUN peaxTopJapra axpajaiu. Peaktopinapaa acocuii
ekunrn cudarnma 3 U, Jj U éxu =5 Pu HuJaTHAHLIE MY MKHH.
¥1apaa CeKHHAATKHY cudpatuna OfAMil CyB, OFMp CYB, rpadur,
Gepiaaiii, 6eplannii OKCHAN, OpPraiHK CYIOKJAHKJIAD €KH MeTand
THAPHANADH nHmAaTnanwn mymxuH, IOKopuaa akTHB 30Ha CTpyx-
TYpacira KapaG, peaxkTop.Aap rovoreH €Ki rerepored  OYMNHUIEHI
KYDAUK. AKTHB 30Ha1aH HCCHKJMKHH 3JEKTP IHEPrUACHHH nuad
YIKAPYBYH KYpHJAMara y3aTHII yuyH ofAuii cys, cyB GYFH, OpraHik
CYIOKANK, reanii, kap6oHaT aHrLjipHA rasl, Xaso, a30T Ba CYIOK
MeTanaapiaan QolizasaHnm My MKHH. .

PEEKTolemr HII pPEXKHMH Y3AYKCH3 K1l HMOYJabCAH OYJajH.

HXOAT, peakTopaap TypJaH Maxkcaxlap YuyH HLaTHapmira xa-
pad, mawitii TEKW NI, SHEPriia oMMl EKH SHTH SAPOBHIT EKHAFH-
CHEN Hw1al unKapiw ki N30TOMJap O YUyH MYJDKajJanra
PeakTOpaapra Oyaunnmn MyMxaH. BuTra peakTop 64D BaKTHHHI
33113 TYPIN MaKCagaapaa HILAATHIHUIN XaM MYMKHH.

5.12-pacsna nccHrank HelTpoHAapnia piuafianrad peaxTop-
HIr exemacH KeaTHpIaran.

Peaktopunnr acocnii xuemn akrus sonamup (1). Yiaz aawiip
Peakuia 103 GepnG, sueprusn axpanagin. HelTpoHAapHIHT Tallkd-
PUPa wUKUG KCTHWMMI KamaliTHpHII Yuyll aKTHB 30Ha KANTapriM
(2) uunra Aollauaan., AkTius 3ona HeiiTpouaapii ceKlHaaTysuH
Gaokzapaan (3) va VaapHn Bulaa KoflJaurad ERUAFN KacceTanapn
TB3 qapaan (4) Tawkia Tonran (TBJI — HCCHKANK aMpaTysuil
saevent). Pacviza kVpeariaran (5) kawaarap opkann TBIJI aan

5.12-pacM.
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AxpanraH UCCHKAHKHL OJNHO KETYBUH ras éxif CYIOKJIHK (HCCHKJHK
BATKHY) YyTKa3uaagu. Peakuus HHTEHCHBJHIH HEHTDOHJIADHH KYyUJaH
IOTYBYH MOALaNapjaH sicairaH Maxcyc crepxednap €paaMuia
Bowkapuaany. Peakrop Hwra TyWHPUIHUIHAAH OJAHH HeliTponaap-
HM 10TyRuH (kxaamuit €k G6op KapOuiH) cTepxeHb (6) akTHB 30-
Hara Tyaa kupHTHAraH xonaTaa Oyaaan. By xonma A<l Ba saH-
Kup peaxuus 6ysnmaiian. Crep:eHb aKTHB 30HalaH yHKapuaa 6o-
pHIIKM Guaad & opragd Ba k=1 na peakTop cTauHoHap pemuHMAd
unait Gousiaiiay. PeakTOPHHHr NMOPTAALIMHH OJIHHH OJHII MaK-
cajuga KyuMua cTpeXseHb JOHM Taiiép Typaji. HeiliTponsap COHH
KeparuaaH opTHO keTHn 6HJaH Oy cTepXKeHb aBTOMAaTHK paBHILAA
aKTHB 30Hara KHPHTHJIAAH Ba aBapis oJan ojnaiu. Peaxropia
XocHa1 6ynraH pagMoaKTHB HypAaHHULLIapAaH cakdaHuul YuyH Y
HeHTpOH Ba ramMma-HypJRapHH IOTYBYH DaAHAUHOH XaB(CI3JHKHH
TabMIHAANAHCAH MacCHB XKueM Ginan (7) ypanami.

Te3 ueliTponJu peakTOpAapHH HWJIATHII aHya MYypaxka6. Jle-
KHH WyHra Kapamail, yaapaan keiakaxia KeHr doiizananim MyM-
KiiH. UyHKH CexkHH HeliTPOHJN peakTopiaap yuyi 3apyp Oyarau

29‘; U égnarunudr Epaaru Goitmirn  uexkaanray. Te3  HeliTpoH.aH

PEAaKTOPNApHHHT HIUAAWN KapaéHiga 3ca AHFH AAPOBilil EKHAFH
a6 unkapusiamy. Bynpali peakropaap 6pmnaepaap  1ed
atagaan (uurausua «breed» — Veww, k¥nafiTipnur mabuocHin Ge-
pPanu).

Bpugepnapaa ueiitponaapumnr %5 U Ba %) Th saesent sapo-
Japy TOMOHIAZN pAagHakioH IOTINIHWI  HAaTHzKacila  SIpOBHIl
éxunrFn cudparuga HWAATIHW MYMKHH GVarau surn ) Pu sa %} U

91
H3oTomAApI Xocua GyJaapn:

238 239 = = 230
n 4 *8U - BU-——-" Np——— "0;Pu

of st 2,3 Kyt

Ba

] Ry 233
= lPCl i -+ p_xU.

22 M AU Ky

poi )

o 230,
n -+ "wTh ~ Wlh

Byunail peaknnanap xucodura sapo peakropi EKHATHII KCHrajiTH-
pisral nwaat uHKapHID yeyJaHaa HULTaul MyMEHH, SBHI Y HCTeD-
MOJI KHAHHAETraH ERIIFUAAH KYOPOK CKUJIFH  nui1ad  unkapaii.
Bynnait peaktopiap keuralitupunJaramg nmw.aad UHKa-
puw kospduunmentH xed ataayBuil Karraauxk oiiand xa-
pakrepaanaan. Peaktopaa xocua &y.aran nmapuadaralurai  auri
MOJZLa aToMnapH COHHHHHI peakTop nuniaérranga «éundb» Typran
AAPOBIL EKUTH aTOMAAPH COHNTA HHCGATH KeH T ail T pI.aran
Hmaa6 dukapuw kKosdpduunentu ged araaain.
SIApoBIIt SHEPrUANK TYTPIUAAH-TYFPI 3IEKTD IHEPrUATa ailIaNTIi-
PHLI Macanacy xam »kyaa myxusanp. Byngail xypuamasap acoci-
HIf TEpMO3/IeMeHTIap Tawkna 3Taan. [I3oronan Tox sanbaaapuaa
PanlioakTus emHpHANLIAAQ aXpajalliraH SHeprisiaH (oiigadani-
Jaju. Ynapmiur xysBaTH 6up Hewa UH 8KH 103 BATTrHHA G314z,
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JEKHH KyAa Y30K BaKT TYPFYH HILIaLK MYMKHH. Ynap CYRBHIT
Ep fiyngomnapuza Ba aBTOMAaTHK MAaTeOpOJIOTHK CTaHUMANApHAd
sHeprist Man6au cudaTHia HIINATHAALH.
PeaxTop—TepMoysraprkKuy jae6 araayBud KypHa-
Mazap KyBBaTH KATTapoK Gynuuid MyMmxHH. Bynnait xypuimanapia.
AAPOBHI peakulis BaKTHAA aXMpajajlirai HCCHKJINK SHEPTHACH T€p-
Mo3jeMeHT/Iap €pRAMH/A SJIEKTP SHEePrHACHra aiiianTHpHIalLiL.
Peaktopnap dakat sHepris oNMUI MagKCaauaarina HIaTHAMAR,
yaap namuil Ba Gowika coxanapAa XaM KeHr HuiarthJaali. Maca-
JaH, GusnKa coxacujga TypAH HAMHIl TEKIIMPHUI HILIAPUHH oJH0
Gopuw yuyH Myaykanianrad, j0KopH HENTPOHNAD OKUMIHH xocit
KIAyByn peaxktopaap xam Maexyld. Kyeeati 10 MBr &yaraH

N nefirpon
BBP-M peakTopaa xocina GV.raH HefTpOHJIAD OKMMH 3.10' B

vy HERATPOH
a Tenr, Babait fMmyabemt peakTopapia Hefirponaap ok 107 =5

fa kajap Gopaiu. Byniall neittponnap okuMiian TYPJIH H30TOMIAP, Ma~
CalaH, rpaHCYpaH STIeMEHT/ApHHI CHiTe3 KHJHLI Bl GOIIKa HJMHH TEK-
WHPIW MakcadTapiia golizananim MyMKHH.

5.6-§. TepMosAPOBHii CHHTE3

Enra sapodapuunr Kyuninn Hatipkaciia 103 Gepaaurat
ClliTe3 peaxillisl sk3cTepMHK Gyand, 6y peakinanapia furra HYK-
J0HPa TUFPH KeaAVBun ampajrad SHeprius OfFup S1LpOIApHIHHT 6y-
AMHNUINA aXpadadiran sueprisiau anua xarra 6yaaan. Enrin
SIpoaapuuir KyunLImura xajgaknt oepaasrat acociiit  ca0ab,
Yaapmir Kyaon  poremgan  TYCHFUAHDP. Paauycnapn R, Ba Ry
Giaran nkki napo vaapo R=R,-4-R. maco(ara Kaiap siHAALIIG,
CIITE3 peaxuysiciiy NOCHA KnJalimaapi yuyH yaapaan Gupi

o Tl ;f.',/_r-l 1,2 Z;IZI':‘ M3B. (5.51)
dhzo TETY L e

I]\.\'.‘lcm HOTeIINAT TYCUTHII eHriura erapat sneprusra ara G-
L 3apyp. ’
Dlyviaaii kuaud, xinierit sneprisicil erapdt AapaKang “'“ﬁ”
GSaran sapoaapriia ciTes peaklisciii Xocua KA oflanit. by
WIHT YUVl peakiuiara Kupimysui s1poaap apanausMaciiih OXSFS
XHPOPZT.'XHPFG Kaj1ap K31 pHuUl Ke[)aK. 38])[)2]]{1”1[‘ KlllleTH-K ’3}.|C‘P.
FHACH Gnaan xapopart opacuiaa Kyiiaaria GorAaHiil MaEs

)
T (rpan)=1,16-10°E. (5.52)

Macaaan, nxin nporon Kyson noteniialn Tycirt GopuyRa® (5'5311(]
Ta kypa Taxmuman | MaB kimerns suepriara sra Oy R
Bynra woc keaysun xapopar T=1, 16-10'° rpaaycrs TEH];]. Tax}i
ZKyaa oxopn xapoparaup. ¥ Kyéu mapKasnaart ;\:ap(_JDaTﬂa] (JTIELT
mitan 100 mapra karra. TepmosapoBuit CHHTESHI AQET "g uyH
YUYH MOAJZaH! KU3AWDHUW XO3KHpYa 6upran-0up yE¥ e
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TEPMOSAPOBHIl DEaKUHTHH 0L OHPHHYH Kapaulga MYMKHH 3Mac-
Aek KYypunaau. Jlekun 6u3 6y epAa HKKH HapcaHH XHCOOra oJiHLli-
MH3 3apyp: GHPHHYHAAH, 3appaJapHRHT SHEPrus 6yiinua TaKCHMOTH
Makceenn rtagcumorura GVyiicyHraHngaH, yJap opacija 3Heprusci
{praua ssepruagan I0KopH GyJ/irad sappaJjap JIOMM MaBXKynx Oyaa-
Au. Mxkinaungad, KyJoH noteHuHas THCHFHOAH SHEPrHsicH KHUYHK
Gyarau 3appaJjap xam TyHHeab 3ddeKTH XHcoOura, AbHI NOTEHIHal
TyCHKAZH CH3MO YTHLI SXTHMOJJKCHLA 3ra OyJarany yuyH CIHTE3
peaxulis 10KopHAa NPOTOHAAPHHHHT CHHTE3H Y4yH XHCOOJaHraH Xa-
popataan Taxmuuax 100 mapra kampox Xapoparaa xasm G¥su6 yTH-
wny Mymrui. ysuur yuyn xaM, Kyéw Ba 1on1y3aap tapkndnaa 103
Gepadnran HHTEGHCHB TEPMOSIADOBHII peaxkuHs yJapaan Trapraia-
BIraH karta sHeprus maH6an Basndacuuu yraiiam.

5.6.1. Kyéw Ba toapysnappa 103 Gepaalran TepMOsApOBMiE peakutsia)

Kyéw uypaakuLIKHi CMEKTpad TaxJaua KHAHW WyHlf KypcaTAH-
ki, Kyéw xpomocepacn acocan BOIOPOA Ba reauiizan Tawkiil
tonran skan. Kyéw mapkasiaaH 4iKyBUN HYDJIANHW Xay wyHaal
xapaxtepra sra ze6 xucoG/acax, Kyéur mapkasija xapopat Tax-
minan 1020 man. rpaayc sKawIuriin Kypearuw mysxiny. Kyeu
MOAZacHIIEr 3nuaurn aca Ttaxsinan 100 r/ca® skamanurn  aHug-
aauin. By xyéwgarn sappaJjap opacHiard Macoda atom Vauamaa-
puaan Kuunk skamunn kypcarain. Hemakr, Kyvéw sa j011y3napad
MOAA4 TyJa HOHsawran xonaraa 6yaaian, geran xyJoca xe.inl 4i-
kapi. Wynpait guan6, Kyéw sa 1011y31ap 31€KTPOH Ba s14poaap-
Aail TAWKNJ TONTaN rasd, sibii 11a3Maaal TaWKI Tonray Ba Karra
rpaBuTalls Kyun Xucoblra yaapHinr Xapopaty Oup neua vu, NaTTo
103 MJIiL. Tpajycra Kamap kusiran Ovaati. Kvém xposocgpepacnad
BOJOPOA Ba realiliiur Kyi MHKAOPAZ Vupaun, 1oqyaaapiari
BOJAODOAHUIT GHp KueMyu reauitra aiizaunb Typann jgerau (ikpra
o416 kenann. TypT soponop siapoclt KVIILIHG redmiiuyn xocna KH-
Ml Kkapaénnna 0aaysaapaara IOKOpH NapopatHi caxgal  TY-
puwra erapau MHKJOpXa KaTTa 3Heprist ampadiain. Boiopodl
W kan ae6 aranran Oy skapaéi Kyitwaari i peaxiiis opka-ay
Yranu. Bupunun Gocxiuga nporon 6uIaK MPOTOH K¥mmans 1eiiTol
Xocua 6yaaan:

H A+ (H—iH e+, (5.53)

Iu:"»y peakunsnuur 6yqau6 Vruw pagTi (peaxiuus Bakrn) 14 sapi
i1, Xocnn 6yaran aeiiton 6up BOAOPOA SAPOCH Giaan Tesza Ki-
WITHG reanii-3 n30Tonim XocHa KHIaa:

H + H — 3He -+ 1. (5.54)

Bupunun peakunana xocua GVaraH AefiTOHHHHT HKKHHuj peaxiLis-
ra uncbatan yprava swam BakTH (BKH HKKHHYN peaxiuis BakTH)
6 cexyuara tenr. IOnxy3aa erapai MHKAODPAA TeaMii-3 Tymaanrals
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VUNHYH CYHTTH peaxuMs 103 6epub, HKKH renuii-3 Kyuunwn ua-
mmacuna?, He Ba 1ikkiiTa NPOTOH XOCHJ Gynanu:

3He + 3He — ‘He +-{H + {H. (5.55)

By peakuns BakTi muannon fimara skmd. Wynaaii guand, GBOHO'
pe1 mikan reamii- Ba IKKU NPOTOHHHHI XOCH/A OFJNLI Oliail
wraitan, Xocna 6Varan suri NpoTOHAAp nabaraari ?O%OPOA
WIKANAZ KaTHAWHLWN MYMKIH. BOAOPOA WHKANHIL YMYyMHIL X033
Kyitnaariya ndonaaam XaM MyMKHH:
E
4p— He + 2o -+ 2v, +27 MoB. (&8>
. | 1 1 10pO
0kopuna afitnarawsapian k§punnG TYpuOANKIL, Gup Bo:é?’[)“i
WIKANAA HXKHTA (553) Ba (554) Ba Gurra (555) peaxuis O}
Wit kepak.
~ 10 MaH.
Boaopoa uwnmkan uncbaran xuuix Xapoparaapid ,(qal i
rpaxyc) 6yan6 yraan. Ulynuur yuyH y acocah 1.0.'1;1)3- Pa"’e- m‘ﬁ
6fammm Ba pusokaanuunnnHr aacTaabku  GockHuilAd a rgmii
Mauban poaiun Gamapann. lOaayspa erapuit M"K;l:%?mapﬂ‘lml'
ocua 6Yaran 1okopitpox Xapoparaappa, SHTH H)K"6-,;la Gom-
RVIMARWN HaTHAKacll1a OFHPPOK 3JeMeHTadD ,\.ocu.‘laT; vu re-
agiian. Macaaan, taxvunan 100 mmu. rpaayc Xapop \'w“;um.
A sapecn KVmind yraepoi—12 i Xocud KuAHLI MY 3 .57)
iHe -~ $He + iHe —1;C. § x;um
i 2 5 ioxaM 3T
Jexi 22 C opaany 3 Be mumr xocna Gyamwin Guaai ¥ rexent
N » IMEBil 31€) E
SVMEIL YMyvan TepMosapoBiil peaxiisaapia *‘“‘“G,B:,mra Kaaap
JAPHIEET Noca OVanir MyamMmocH aCTpO(pHBHKaHHH‘l' X',-rAqepOLI.‘“aB'
CHAMAraK MyXHM Macanaasapira Kapaiai. 10aaysra }vu;rm Gopliny
Wya Giaca, To-15 wsan rpaaycaapla BoopoA-a3or Hilk:
MYMRI
YR X XUIS X3apak-
Viacpoa-asor nikania 103 Gepaauras oatnTa peax P
TePHETILKASa ] 1 KV 1Al JRaasanla KeaTupiarat.

5 3-xalraga

e
Akpanran SHEPIHI. | peapuisl JPTAIRA O aKTIN
Peanius MsB
ol
9 . 71,3107 e
] e S i,95 .
Bae 13 9 99 9 i
P E C et e 2,7. 0% ifua
% RTIS H e bt 5
1H =+ C = 7. N+ 1 7,54 3.92.10¢ i
lll‘{+?_l.\'..ll.u0+.{ 7.35 ; 80 ¢
15 15 ns .
h 0—-Z“I\+t' T 2,71 (1,7 1110 i
] PEIEIENG R e 4,96

4 Upraqd  BaKTiapi
Huier Basin saisanny weavipiaras peaKumlMVn li)]’nu;lnrnua KileKa
fiurHeIaan HGopaT GVaaaM. Y 1ePOI-a30T WHKIRE S
€3I NaM MYMKi: (5.58)

41H ~ jHe + 207 + 37 18



g %‘_é Huka waTHXKacuma 26,734 (1,7)
\ 1 MsB sHeprus ampanazm (KaBc

HYHAa HeHTPHHO OJIHO KeTraH sHep-
" rHs Kypcartuaran). LIMKIHHHT BaK-

10';?— 2 TH 1=23,2-108 iina. Peakuus ypra-
10_1:'; ya BakTHHN XHcoGaawga Kyéuw
\ o mapkasuaa xapopar 1,3-107 K Ba

. . oA
|0 B W Tk o e Keaseman sipi
5 ; ./ KYPpH
HHIUHYA YIVIEPOA-a30T LUHKINAE XaM
5.13-pacu. NHPOBApA HaTH:KAaZa TYPT MPOTOH-
mai o He xocna G¥aamm. Yraepol
:5ca 6y LHK/AJa KATAIM3aTOp POJIHHI Vituaiim.
[Okopnaa 6u3 kypraH UHKAJIAPAATI CHHTE3 PEaKUIIAJIaDPHHIHT
OKHIUI HHTEHCHBJINCH Xapoparra Kyu.1u GorIHK.
5.13-pacvaa | xr aapoBHil €KHAFI {WATHJAraHaa ampagaraf
8 KyBBATHHHr (COJHINTHPMAa 3HEPrHs axmpadlWHHIHT) XapopaTra
GOFNanmuW 3rpi YH3HFI KEJATHPHAraH. !—3rpu Yu3Hg yraepoi-asor
UHKAH YuyH, 2—30pH YH3HK BOZOPOA Luk1i yuyi. Pacyian K¥pi-
HIUHYA, RACT XapopaTdapia BOLOPOA HHKMHM YCTYH Keaain. Xa-
popat optiwi 6iAaK YrJaepoA-a3oT LHKJIHHUHE XHccacl opTaill.
Kyéwpa uxky wika TaxMisan OHp Xiad HHTEHCHBJIHKKA 3ra. [0x0-
plila 613 BOAOPOM UHKAK HHCOATaH MacT NapopaTaapia 103 depaly
Berau sapk. [0—I15 mam. rpadyc xapopatiapiay Gourial Kyitiia-
‘TH peakiust acocuil posb yiinail Gownaniu:

3He + 1He — 1Be + 1. (5.59)

By xosza sncBaram nact Xapoparaapia BOIOPOX INKAIL KVilL1arH
UKKN {iYa Gunan axynaaudilm My MKIHL:

le_ +_§Hc—>;Li -, (5.60)
(H --5Li - 2, He. |

[Oxopn xapopataapaa (5.59) peakiursi Kyilniariya sV HTQHALH:

HoFBe - 88+ 7, | k.
8B —iBe et 4w, (5.61)
SBe - 2llle. {

(5.60) xosaarn GupHIUN peakus1a NOCHI Gy.aran HeilTpiHHONIHT
Marcnmaa suepriusicn 0,86 MaB pa (5.61) Xoazars HKKuHUIL PeAK-
unsza axpaaran v, MaxcnMmaa sueprisicit 14,1 MsB.  Kyvéuiaa
Kam Muxzopaa xocua O6vaysun 14,1 M3B  sueprusan ueiitpiio
6op meiitpruocu aeimnazm (Bop 3JeMEHTHINHT eMIDILTI-
unina Nociar Oyaramit yuyH). ¥aapiii XJ0p-aproit AeTeKTopaapu
‘€PAAMMAA KAilA I MYMKHH.

Ky@uwr B1 oa1yanapaa 03 Gepamuran  TepMOSIPOBHIT CHHTE3  XaKiia
“AHA UIYHH afitiitl KepaKKi, Yaapla ampaiaiurad COTMIUTIPMA SHEPrHs
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aRpannun (kyeaT). Epraa 103 GePanurad yKapa€H/Iapia axpanapuran:
KVBBATAQH amua kavanp. Macanan, Ky€m {yBBaTH 107
RE-C
. Fy THpHK opranpsmiiapia MOAJA aavanlyBi BakTHAA apaiajuran
RBeatian 400 000 mapra kmuukanp. Jleknn lNy€uw »accach 2-10" xr
6_\'.1Fal§u VUYH Hypsanaérras TyJsa KyBBAaT KyJa KarTa (TaxmuHan 4- 10%
Br) 6fmamn. Bymgali wypaawmu Xuco6ura Kyém maccaci Xap cekyHila
o 14
4,3 Man Tonnara kamasmi. Ly Kyém meccacnmunr 2-10 ' QGH3NHH-
A TawKig sradn. By sca Kyéw sva 30 MaH i1 HYp COuHG TYPHIUIE
MYMKIH JeMaKkaup.

5.6.2. Bowmkapuaaauran TepMOSI)J.pOBHii cHHTE3

Bowkapuaannras Tepwosiaposiii cuntes mamuii 82 TEXHHK
RINaTAaH Mypakkal Myaswonnp. Oxnpria yiTh3 it - AR
6y Macaiam; xad sTuw fi{ania yda Kyn puLaap  KUAHHAH B
6y coyata MabayM 1OTykAapra spHuwapi. CuuTes SHENERKLRI
AHIOBAAW GuTMac-TyraaMac 3Hepriss mangaura sfa Gyanu JAe-
MaRANP. Nakukaran Xaw, TepMosAPOBitil EKIAFH cuarnaa Huas
TG MYMKHH GVaran aelitepuiiHi Okean CyBiia ayud Kyl
itGIopaa awparud oaum wymwin. JlefiTepiii oxeaH ihicey
8020ponnr 0.015% i Tawkua sTamg. | T renufniEr xocnn Gy-
AuAa ampaaainron  sueprust 2- 109 kBr/coar, 1T SPERCE
GRAMIIWNAG 3K paaarall SHepTusAal yH Mapra Karraaip.

I0K5opuaa 613 wipran sozopoa Ba yraepoi-asor WiEIAZPEAL
Aabopatopis wapoiina (ofinaianum Hokyaailaup, g e
BAKTH KYAa KaTia sKainni Kypask. JlaéopaTopud apeR
ST MYMKII OVITan 30 MYNXHM TepMos1poBHl PEAKIIL g
TERHU-TPITINL peakilsncip:

oy
15— e - Y o+ 17,6 MaB. (a4
punK Ba ynua

by peakuusiia Ky ¢ Vv sgataH K
) 14 KYJ0H NOTCHULAg TYCHFH 11ic0aTs
Y : ) KaTTanNP: by

KatTa GYasaran Xapopataapla yunur Kecudi atid
PeakuNsia azmpadailiran Kynsay NaM anua xarrd.

DBowkapuaaanran TepyospoBhil CIHTES yuyi
PHit PEAKIHA XaM MYXNIM axazipsrra ara:

e - tn - 3,25 M33, (5.63)
JE Sl 4,03 Mab.

e frepuii-pefie-

11 2

| N ! jirepuil KaT-
by peaxnngunnr wyaaiiurn uiyniasi, ynaa pakat 'uellxlg [')eaKLUlﬁ-
wawanit. Kedamaxia Kyiinaarn repmosiapoBiil 6yt

Japuaad xam $oiinananiu My MK

'H - 1B - 33He + 8,7 M3B, (5.64)

IH 71— 2iHe + 17,3 MoB- 5



TepmosgpoBuil peakuxsiapfaH THHY Makcajanaappa oiinana-
HHWHHHAC sAHa Oup KyJaalli TOMOHH WYyHAaKH, 6y peaxkuusnaapra pa-
AHOAKTHB YHKMHAMJIAD Ba HEHTPOHJAp OKMMHIaH nbopar Gy.rad
HypaaHuw xocha 6Yamaitpm.

bus oxopuna (5.62) TepmosapoBuil peakuusich GowKapuJaiy-
ratd TepMOosiApPOBHII CHHTE3HH XOCHJ KHJIHLIAZ SHI MYXHM axaMmuar-
ra ara s3kaHuHH KypaxK. DBy peakuuaga KumMmat6axo TpHTHIl KaT-
Hawagu. Yuu Kyiigparuua oaut mymkuH, (5.62) peaxunsna XOCHJ

" o 6 ;.
6yaran taxmnuan 14 MsB s meiitponsaap 6isan 3 Li Hu GoM-
fapaiMoH KHAHG KepakAH TPHTHIHH XOCHA KIJIHII MYMKHH:

Yo + 3Li — $He +7H + 4,8M3B. (5.65)

I:‘)ylmaii uefiTpoHaapHn moaubaeHga Gynainran (n, 2:11) peaxuHd
€paamMuga kynaiiTHpum XaM MyMKo#. (5.65) pearuusity  XOCHA

. g e
KIIW yuyH HefiTpoufapii  cekumaaTiur 3apyp. 3 Li ypHiura

" i . o
acocuit 3 Li nsoronu osiHca, HeiiTponaapuy cexkHuIawTHpMaca
XaMm Oysianu, nexun 6y peaxLiis 3HAOTEePMHKAIP:
n +ILi—3He +3H +1n — 2.5 MsB. (5.66)

Dy peaxuun sueprusi nykran nasapuian Hokyaail 6¥.aca-aa, leil-
TPOHJAApUHN {IFKOTMACLaN TPUTHEINN XOCIT KILTHLT MY MKHIL

OHAN TepMOSAPOBHIT peakuHs NOCHA KHIuul waptaapii 6a-
Taeuapor kypu6 unkamu3. TepymosapoBHil peaxitst CTawHonap
Ofmmn yuyln XaMms Gupauriia 103 Gepymun viemeutap CirHTe3
JKapacHyiapi coun Kyiinjgaruua OVJIHIIN Kepak:

N=ca(T)n,n,x. (5.57)

By epna 7, pa n, — teiitepuii 81 Tpunisit Kouuentpawsicn, 3 — 11.1a3-
Maui necHy Noaia ywr1ib Typriwn BaKTH, %(7T) — Napopar  (yHKHHICH
Gy/miG, y naassafan 103 G2PYBUM HCCHK TiIK  ATdMALGI SR APpaZ T
uraprira 6osamgaup. o(T) wiour vau (3.62) peaktuds KecHMinpur  3Hep-
risira KaHtail Goratinunra kapab amngaai. Bup cuares  antiia ¢
SHEPTIST 4KDATICA, < BaKT HUMIR Namy Guprarida QN sueprii axmpasa-
Al BY HCCHKTIK SUAPMUAAAN OAMUTaH 2T2KTP 3HEPTiis:

“73.1 = ﬁQ"\I = ‘:’.QC{( T)”

DL (5.68)

Oyniaa 1 — doiiaann ww kosdpuunenti 6yand, Gup  sueprisi
HIKKHRYIL X0 sueprusita afirantupuwr  kosgpument  ae6  xaM
aranani.

Mnasvanu Kusaupranaa kyiintarn siuepris capaanaii:
3 -  _
It =2—kT(n, +un;). (3.69)

[INSTIN o

By dopayaaaru 2 Kos(ipiuent naisMaiatH 1oHIap GHaIaH Gip Katop-
A2 SJEKTPOHAAD XAM  MARKYLTHCUHU  Xnoofra 0aaqu.  TepsosIpoBiil
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CITE3 SHEPreTHK JcuXaTian KyJait 6§anwn wapry v, > W . dan

- > p
Poilianancar, maasvaryy ywaab Typuw Bagru = Y4YH KyHullaruun ona-
MIg3:

3/\*7‘(’104417. ) 3kTn
e L = —
= ATmQnpn, a(T)qQn pn—np) *

(5.70)

by epra n = p TNy NnAdvanuur Tyaa KOHUeHTpawAcH. TeHrqava-
- n

WIKE §'ur Kremiy 2y, = Tg A8 MUHHMAn Gyaamu, wyHHEr yayR (5.70) nn

W¥iigaria &3y MYMEKIn:

1247 =
T =" = i 5.71
" a(T)ny f(7 ) ( )

K Xapoparaap coxaciaa T uuur opriwy 6uaan f(T) dyukuus
SAMBAL, UYHKE peak iy Ke€CuMu opragw. Oxopn xapopataapaa
il7) akcunua, 7 HHUT OpTHHIN Grjay opranu. [lyHunr yuyH xapo-
MATHUHE  manayy ==l KHlimatina f(7) OYHKIHA  MHHHMYMra
¥& Saazn. By xapopar Gouikapiaysui ~ repmosnposuit  cintes
YR snr gyaaf Napopatanp. Texumphuuiap myHH Kypearamikn,
(5.62) PCaRIiIs yuyyy oy Napopar

Toax 2. 10°K [

0321, Arap 4 s% B Q=176 MsB ae6  oncak, f(T) yuyu

0% iy HHNMAT Koo wisanr. Ulynzalt kuanG, fefirepuit-TpurHii pe-
ARitacty Xocua 6 apti Kyfingarnya 6 aamn:
T > 0%, ()

(,9:.‘2) (.571} mnpraty  Jlayeon Kpurepuiicit 1e6 atamagu. [Meiirepii-
SCHTepHIT paskie: yayn Jlayeon Kpurepiiicit ysinnarnya:

To= 10K, a0, (5.74)

I'I,‘:'_“Ir.:nr’; PO, Gowkapnaagnran TEpMORAPOBIIt CHHTES yuyH

ACHTepuii-rpiTni DCARIsICH A dofiganannur anya Kyaail.
Haasmann RU3AUpIIT Meroanapy Typauua. Macasan, naaMa-
A3 TOK §Txa36, Yi T~ 107 K Xapoparra Kaaap KH3MIPHUL MyM-
KiH. [Tnazma Rapopatu opTnwy Gupan YU TOK YTKa3yBYaHAHTH
OPTaan. Tlaaava opkagy rox yTranaa Gowka adgextaap Xas xo-
St 6Yaat. Yaapag, SUT MYNHMI -3¢ heRTAIp. n,mq.aq)cpem:
XHCUGHTa I1asma tary 1apaasies Toknap TabCupHA2 MU1a3Ma CH
Kiaaan, By ey CHRILIHIL apiabaTuk GYarauu yuys Y HCCHKIHK
AXpasnwy Guyan “¥saruaanu. Ilnasvana 103 6epysu Typﬁ}’JIEHT
KApaCaap pa vpinya TYIKHIIAPIHKT pUBOAK/IAHHLN XaM HCCHK
IE ampaiimgg caGab Gyaann. (aM naas-
Heitrpaa ax MDY HHIKeKU s Kuau {iyan Graan )‘a;\:r aii-
Maiu KH3aupim MYMENY. [lnasmany yuinab TypysuH Mard ﬂ'a. Ka-

00 opKanp ocoy YTyBYy HeliTpaa aromaap GHpop xapopa
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Aap KM3AHDUAraH n/asMara KUpHTHATaHJa HOHN3auiAfaHain Ba
naasMa sappanapH OHJaH TYKHAWKO, yJaapra y3 3SHEpPruscCHHH
Gepand. Vurteucnp siasep HypH Ba Te3 3JIEKTPOHJADHH TJa3Mara
HHXKEKUMA KHAHW OHAAH XaM NJa3Ma XapopaTHHHU OLINpIILL My M-
KHH. }

Xo3upru nafiTia nnasMamd KH3IHDHUI MYaMMCCH TyJa  Xal
STHAraH Aefimiy mymxuH. DHAad acocuii macana (5.73) wapTun
6axapumanp. By nkkn iy 6uaan xan Kuanm MyMKHH. Brpim-
Yl fIyAH — KOHUEHTPAUMACH () KHMUMK Ba HHcOaTaH yHua Karra
6yamaran 6Gocumra (p=nkT) sra 6yaraH nJaasmaun erapaiya
KaTTa T BaKT nuuaa yusiad typum. MKxuHUn {iyan 10Kopi KOHUEHT-
paudsnH nJa3MaHM KHCKa BAaKT HuMaa Te3 Kusanpnur  Mexnmun
ycysana naasMa TapKaJan6 KeTHIN BaKTH Hulila ClHHTE3 peaKuisicH
103 6EPHILIH MYMKHH.

Bomxkapunaguran tepmosaposiuii cnuTtesmin JabopaTtopnsa 1a-
PONTHAA XOCHJ KHJNII yyyH NJasMaHil IOKOpH XapopaTtra Kaaap:
KH3OUPHLI, NOCHJ OyaraH MJa3sMalil 4ekJaural Xaxa Uuiila y30K
BaKT yunaG TypHII Ba HHX0AT, MJaa3mann atpodaari myNiTiaH
TEPMOH3ONAUIANAW KEpaK.

IOnnysnapna 1oxopHaari xaMma wapt-mwapont masiky 1. 10KopH
Xapoparan njasma IOJAAY3AapHUIT XOCH.T Oyl 601!1.‘181’IFH‘-!
JlaBPHAA KYUail IpaBHTAUHON CHKHIMIM BAa 3HMAanNunl  Xucodira
Xoenn 6yaaan. By naasma loanys Tawki KataauIapiiiir kalTa
Gocumu TabCHpHAA l0AAY3 Mapkasnia yuwaann6 Typaan Ba HI-
XOAT, MAPKA3NAri «aKkTiB 30Ha» 10M1y3 CHPTIIArH NHicOaTan COBYR
Ba KaTTa KaJHHJANKAATH HCCHKINK VTKa3YBUANINTIL Ky1a CMOH
6ynran Kataam tydaitin n3oasinsianran 6yaaan.

JlaBopaTopus WapoNTHAA U acocltii MyaMMo, naassaln yiur1as
TYpHW Ba rtepmoudoasiusaawap. IOxopn xapopatait naasMani
MaruiT Maiiion épaamuia ywaad TV FOSCHHL GUPIUIIL MapTa
CCCPna 1950 ifinaza I. E. Taum Ba AKII aa 1951
JI. Cawrnep warapn cypran san. Marunt maiioninia 3apsiLlairan
3appanap Jlopenn xyur TabCHpILIa MArRHT KV unsngaapn 6yiinad
Xapaxkar Kuaaji. MarunT Maitaon Kyt uHauIapuil Maxcye magl
Aa KIanR6 oamica, IAAa3MaHI Maiizonia Mabayy BakT Viuial Tyv-
pum mymxnn. Macasan, axazemnx . [l Byaxep taskai kiarair
MAariiT TYTRHUAAPAA MaNCyC Kondurypamisiin rairakaar1a NocH.]
RILTIHrall Tamkn Maiion uykypairsias niassma vuiad rvpioiiin
MYMKRIOL. JIeknn Oynaail TYTKHWIapaa MarmiT xyu 3utikaapira
THE GYJran nia3Maiii UeKJOBUIL CHPT «THRHHS> MaBiKy1 Gy.arall
€padpIaN NAIMA KHCMAH TamKapura wnxinl KeTHINT MYMKHI.

Toponaan marunur cupraap épaavuaa naasyvaun yiuiial Tv i
XKyna gyaaivuriap. Bynnali MarunT cHpTaapin xocna KILTHIIHIT
aur coxla ycyan b.14-pacsaa kipeariaran.

Houpasnii (5.14 a) pa Tyrpi (5.14 6) TORIMNT MaiioM 1HIVE-
UHS YH3HKAAPH KVILILIIIN HATIRACIA TOPOHIAT MArHUT Mailloi
cuptn (5.14 B) xocna 6¥.aa1.

C (bfp aTpon 1e6 HOM oarau MAa3Ma KVpHAMATZpHAad 10K0-
puia xypcatuaran yeya €paawiga m1adMa Aolpasnii wuyp wiak-
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a )

5.14-pacw.

Jilaa xocua kuapuaniy. Cteansnapatropraapla 3ca, MAarHuT
GIPT maasyMa XOCH KIMBHYBUN XaXMAAH TallKapHuia xoilnalran
VIKA3riunapaai okyBsusl TOK épaaMiia XOC1 KianHaall
Maasvamminre y3uga yocna Oyarad Marliur Malion €pramupa  yem
VA6 Typuw FOSICIL YKy Aa 2KO3N0AMHIuD. [1i1a3ya OpKamlil OKYBUH TOK
m{l\lﬂ aTpoduIA MALMT CHPTHH XOCIWT KHJIATH. XocH1 @ yarad MartHur
Mailon Gocuaut p, == 37 2w, 6yI0, ¥ nAd3va 1MHra Kapab HyHamras.
UJHB.\m TOKH erapanua karra 6yJaca, XOCHJ Gyarad  Martir
HAU0H GOCHMIl MAA3IMAUIHT TEPMOAUHAMIIK Gocusi p=nkT it
soMnencanysaaiian. [unu-apder xam pm  Mardut vaiiion BocH-
Ju Tvdaitan 03ara xenaim. LLlyluLa‘i'[ Kiad, nigasvaaat oKaeTran
SIEKTP TOKH 1POUCCCHUNT GOUIANENY AaBplia n/1asManit sipara-
A, VI KN3ANpACN, [1a3Mann W Aesopaapinan y3ub TepMo-
H3OARIMUSNG XOCHJ KUJa/1 B2 NIEX0sT, njaasma Gepk AoHpaBHy
08 poanni ¥ral, viuur atponaa Oepk Mardir CHpTH  XOCHA
O¥asat By Gpinnuin acocufa uuniopun Gourgapuiaaurat TepMo-
FAPCBUIL CHUTE3 KVpHJAMagapn TOKaMaK LOMIHI oaui. bu-
pinan Tokasax 1951 fiwana CCCPra A, A. ApuiiMoBitd, u. H. I'o-
0BT B H. $I. $isanackniiaap ToMOHHARH HIITA Ty wupardil.
1979 fiaga CCCP, AKIL, Sluouus na Esponagan Gansil mam-
de2Karaap oanMaapl Ypracnaa Ty3naran GHTIHIa K§pa yi HHI
A2 xaakapo Tokasak — peaxtopunne (HHTOP) HPOSKTE a0
SWIRILN Ba Ky PiadLI nasapaa TyTiirat. Tacnugancat HE{TOP
TPoeKTHra Kypa Vv Kvilijgacu xa'pamepucrlma.rlapra ara 6yaHLA
KEPAK: naasma  KoUeHTpanusc n=1,4-10%"n, Bl BaKTH
1>100 ¢, xapoparu 1,2.108 K, xanepaciiiil xarra pajHycH
R=52 v [lsazva wuypunnne paayen r=13 M MaruuT Hyaras
ML YTa Y1Rasysual, MaruuT Maitgon  HHAYKUHACH =50 L
naa3Ma Tokn /=6 VA, TepvosaposHii peakuns Kyssath 24 MBE
ﬂnasx.:‘auu it TesiepaTypacira xaaap Kusaupiut yuyH 175 M3 "
A4 nefirpan jeiitepnilt atomaapi Kavepara 5—6 ¢ ngnoMM% “H_
AcKitianalany. By Kkypiasa nuiaun pagTiga TPITHE Hu1ad i
RAPHIMUIE Na3apAd TYTHIATAN.
M GolIKapuAairai TePMOsAPOBHiT CHITESNH XocH i
Aa Oazapuauwnr 3apyp Oyaran (5.73) wapTil JCKITHYM yeya,
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ABHH IOKOPIf KaHUEHTpaUHsaAHM TNJa3MaHH KHCKa BaKT HYMAa Tes:
KH3ZMPHIL Ny GuAaH aMajra OWHPHI HMKOHHATJApHHH KHCKA
kypu6 uukamus. By ycynna naasmann yuwsiaé typH Tanab Ki-
aunMaitan. Xocun 6yaran naasma T~ L/v BaxT paBomuua Tapka-
nu6 keraan, DBy epaa L xypuaMa KaMepacHHHHT  XaXMil, © —
niasmapgarii nwouaap teaaurn. Xapopat I ~ 108 K 6Varasna v
TaxMuHnit 108 m/c ra teur. )KapaéHu OolKapHul MYMKHH GyacHi
YUYH nJa3Ma XOCHA KuJHysun Xaxm | cm?, sbui 10-3 m® Gyanwin
Kepak. L Ba v KuiiMariapn peakuda 6yaub yTHl BAKTHHHNT NacT-
KH uYerapacHHi auukaaiau Ba JlaycoW waprnaaH naasma  KoOH-
NenTpaniac TOMHAAAN: '

e = 107 %, n>10" Ml

By ycyn 6naan Gowxapnaaiurad TepMOsIAPOBING CHHTE3HH XOCH.T
Kianw adaanjankaapi WynAaxi, NJaasMadn ymaaé TypHun Ba VHil
TepMOU30ASIUNANAW 3apy pusATH {IyKoaaxt. Jlexi, Oy yeyaiaa §3i-
ra XoC MabaymM guiisnunauxaap xam najigo 6yaaaun. [laazma KoH-
LEHTPAUMACH KATTHK MHCM 3uuanriura stoc keaamt. [Llynpur yuyi
peakuns Gowamiwgaan oJauH AeliTepuil Ba TPUTHIl apa.ialumacy
KATTUK KHCM 3appavaJjapn KypHHHWHAa 6ya16, BOAOPOARNHT KO-
T xapopaty 11 K gan nact xapopatia yw.aad TypHRIHUIN Kepak.
By sappanapun 6ip wuewa 103 MHJIAMOH Tpalyc Xapoparra Ka1ap
KH3AHDPHIL yuyn Kyifupari snepriig taaal atnaaan:

4n 3
£E=—5 R'n2 5k T~10": 107 x.

Kusanpumig sagTi xaM yiaa kieka (1 nc) Ovamun wepax. By-
HHHP yuyH JKyjaa xyuwms sueprust manGan zapyp. Byuaait snepris
ManGau cudatinna nagepaapian Gxi peASTHBHCTIK 9JCKTPOI (D
oknsiraan Qoiirananu rosicinnt 1964 fiaa  coser  osurvaapi
H. T'. Bacon va O. H. Kpoxnn, nMuyaneas peasitiBLUCTIIR 9CKT[ 2l
fNap oKuMiAan goltaanannm rosichun 3ca 1968 iinaxa coner a.i-
napu E. K. 3apoitcxnii pa JI. H. Pyaakosaap raxandy srramiap.

Bowapunaiiran tepmosiaposuit CHETE3HI XOCHA KA Vay:l
KYBBATH erapan Gyarau jasepaap Xo3np spatiaran asac. Jlexii
MaBKYyL aazepiapian QoiiradannG TepMOSAPOBIIL peaKitistity X0~
I Rt Kyiuaarn cababaapra kypa Mysknn 6yau6 Ty pudii.
Fan wynnaxi, KarTog skiesmaap Kywnr aasep nypi 6naag  ayp-
JANTHPIACANA XOCHA G§Aran ITeNcHs GVFAAMIN JKIcy cnpTilia
Karra GocumMun Noena kuaaan. Bynunur xucoGura Jeitrepuii-tpuiii
aparawvaci MHND MaprTa KyulIHPOK CHKILIAAH BAa TEpMOSAPOBHI
PEaRUIAHHNT 616 THIN HHTEUCHBAUTH MHATIHOH Mapra opTHO
Keramn. Jleknu 6y >kapaduuna sueprita couuaHiy Katragup. Ma-
€anan, nazepaapia s/exTp sHeprusHu EpyFANK auepruscira aiian-
i doiitlann kospduunentn aturn 1%. Jlasep CPYFIIK 3HCp-
rusiciiir 6—10% rina TepmosapoBuil CKUAFIHN  Ku3anpiilira
capg 6yaaan. Koaran Knesn OyFaanran Mouaa Guaan couilaaiil.
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Xoanpri naiitna nazep €pAaMHia aManra OWHPHAALHTAK TEpMO-
AApoBHIt cHHTe3Na XocHa 6YAraH HefiTpOH HMOYABCHHHHT HHTeH-
cisanri 3-10'° sappara xanap eran. HefiTponaap cormHK sua Gup
ie4a MmiInion MapTa OPTTHPHIL 3apyp. KprBBMQJIH Jlasep Tep-
MeapoBuii peaktopaapuu nwra tTywupim 2000 iinara syskan-
JaHTaH,

Kyuwns Tokmi 1iMmyJbeair 3J€KTPOH TE3NaTKHUAAPHHNHE fiuwra
TYWHpUAranura xam yu jiuanan Kyn sakt yTan. by Te31aTkuiiap.
A1 onluran pessTHBHCTHK 3JEKTPOHAD OKHMHAAH (oiiaananid
SowKapunaanran TepMOsSLAPOBHil CHHTESHR XOCHI KAl MyMKl:}L
Byunait kypuamanapuuur sasep TepMOsApOBHH KypHAManapaal
ab3annnru wynpaks, yaapuiur ¢oiifand Hu KOS@"TJI‘“"'e"T" Kar-
Tapoxanp. Jlekuu peNSTHBHCTHK 3JEKTPOHIADHH (okycaaur Ba
SHEPTUACHHIT dKyJla KHUMK XaXKMAa KOHLEHTpauHs/aau MyaM.\{lg_cig
#yAa MypakkaGmup. By Kuiinnunnukaap 6aprapad K“”“}m":' .
Miaza CCCPpa Gupuuun itHpHK 3J€KTPOH TepMOsApoBHil "J'll:"i}LLl:l) Xan
M3 «Adrapa-1» nuwra TYLIHPHALH. Ymvm.!' H"momgal()l(g”ne aFT .
KaTTHK Aiempan uGopat tepmosaposnil éxuarn 10 "T “f‘“cgﬁmya
Para Kazap Kusmupuian Ba YHUAT KyWwiH 6"F"am-louéu{\6ymau
CURHMNuy Muur waprara owal. bup nMnysabeia '\-T Té T
HEIiTpONAAD tnTenCcIBANTH MIUIIONTA eTa. By ‘I’a‘ﬂac P
BIIL peaxiuisiitiie GoIUNaHraHAKTHAaH Xab6apaAip X010 T T xan

Bowkapunaziran tepaosapoBiil ClHTeES Mya.\i?’loyc \”é OIM-
RiLIGniung xaan nosawaym. Jlexim Gy coxana sl ”mflyeuu.rmmu
Japit wutencnn unr 0anG GopMokaa. By M_\a.\mo};g“ 1o B9 e
slepreTiikana warta yarapum sicafian sa Ep 103iia TaHKIC O
SHEPrUst Macagacnnil y31A-KecHa Xaja Kuaaarn.
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T VI BOB.
3NEMEHTAP 3APPAJAP ®H3UKACH

SnemeHTap 3appa TYWYHYaCHHHHT Y3H Mypaxkabanp. ﬂﬂc};:laf
6y Tywynua, TapkiOura 6ouiKa 3appajap Kinpmarahu, C_O,'l;la TI)l'Hm-“_
raH 3appajap yuyH HULIaTHATaH aiH. Jlexns, dusnka ¢aH s
PHBOXKJAHHIIK HATHXKAacHAa 3JeMeHTap aeb );ncouﬁna}lraHﬁSaPP; e
MypaKka® TY3MJAHINTA 3ra 3KaHJurH Mabaym 6yarau, xyn %\"\I;Iéa_
J2p TOM MabHOAA SJIEMENTap 3appa 3Macirn aniiiadin. -
JlaH, ONTMHINWHYK IiHAsapra Kafap NPOTOH, HEIlTPOH, ;’f‘~‘"33°" i
KaTop Ooumika 3appanap 3jeMentap naeb Xuco6aaHno l\e.’lll‘I:IrH
6ynca, XKBapx HalaplscHra acocaH SHAJI yJap 37eMelTap 3:\!6&1 o
Mabaym 6ynmn. [Iporon Ba HeliTpoH ydta Typan KBapl\ﬂaP—;IraI;
T-ME30HJAD 3Ca KBapK — aHTHKBApK Ky(TuiaH TaWKHI TOI 2
axaH. MKkuHuigan, sJgeMeHrap XHcob.1awrain 3appajap )13’}).1_.:
wapoutnapaa 6up-6upura afizanain. Macanau, nporTon SAPO T?P_
KuOIaa HefiTpolra Ba akcunya, HefiTpon mpoTonra aiinanniuil My
ki, Jlexun, 6yunam, npoTod HefiTpounnur Tapkubura CKi HEeiiTPOH
IPOTOHINNT TAPKHGHTa KIDaAl deraH Mabuo uikMmaiian, aa6arra.

IOxopupa afitnarannapoan k¥priné Ty puGIHKH, 9.1eMeanP
3appa Tywynuacunn Tasbpudaaw kuitun, IHynxai 6¥aca-1a. Oy
TyWlyHua Kyn aappanap yuyi nurtatiaain. Tou MabHola 3J€MEH-
Tap XHco6GaaHran 3appanapiiir MaBKYLIIIT Nakllary MyaMuo
y3ua-kecna xaa atuamann. Jlexnu xaguguil saesentap 3appaJtap
éxi QpynaamenTas 3appaaap MaBkya 1e6 yucobaawaur. Macaaal,
X03:Upru nafiTaa 3JeKTPOH, MO3HTpoH, (hoToH, HEiiTpHIO 'r,\'rJ'ﬂIj”
XaKkukuii smemcurap sappanapanp geiimu mysemu. [Hywmr vavi,
3JIEKTPOH XO3HPTil GHAHMJIapUMH3 dcociaa 3desenTtap 3appa ;1_66
XHcoGranca, yHUUD XYCYCHSTJapinu WyKyppox Ypraunnui naTiia-
CHAA 3JCKTPON XaM 3 3JeMeHTapaurnun fyxorniy axadsanapmt
Xaq Gyamaran Gynap s,

6.1-§. Acocuii sneMenrtap sappaaap Kam 3THIMWHHHAT
KHCKaua Tapuxu

XIX acp oxuprapura Kagap aToM MaTepHAMINIT 3HT KHUHK 27C-
MEenTap «ruwruazapn» xe6 xmcobaaunb keanuran g, Liannaac,
SMEMEHTAp XHCOGIauran aToM MYpPakkad Tysuanura sra sKallliry
aToM (DH3NKACHUINT PHBONKJAAMIULL, KBAHT MEXaHIKACIIIINT 5pa-
THANIIN OITaH aniKaan .

' Meuwnu B. I Acapaap. 14-Tov, 201-Ger.
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JaexTpoH €. ATOMHINI Mypakkal Ty3uaHiura sra SKaH.IHTHHH
KYpeaTraH paqMOAKTHBAHK XOIHCACH BA KaTGA iy PAAPHHHHT Kaiip 3Th-
SN, Gy XOAMCATADHH UYKYP YPraHHil HATH)KACHAA 3EKIPOH  Kalid)
stuany, exrpowint 1895 iga unrans gusurn . A Toveou Kaiid
‘KUAran, DNeKTPOHHHHT 3apsi 1,6-107" Ku, maccacit 9,1-107 kr=
=20,511 M3B sxananrn 1axpuéanapia anuranid. By epaa KeaTupua-
rai 0,511 MsB 37ekTpoHUKNT THHY XOMaTJard Maccacura MOC REIyBLH

L
-SHEPTHAkL 6”4’1}1“})&3“. SJIQKTPOHHHH[‘ KJaccuK PagHycCu r, = .,__i i
i

&

=2,82.107"" M, Gy epma e, = ———. DJeKTPOHHHHT KOMITOH TYIKHH
=

Y3ydaurn A, = h m,c = 3,86- 107" M. ¥ xycycuil MOMEHT-CIHHIA Ba
Ny » l
XYCYCHIT MACHHT MOMeITra 3ra. SJeKTPOHHHUL CHHHH £ —2—h B4 Xycy-

he
2mec

DOHIBUIN crurul Ba XYCYCHil MATIT MOMEHTH Aerasia, iy KaTTaHK/ap-
HIHE Gupop Talusii MaruiT Mafiion HyHammuiijary NPOSKUHACH Hasapaa
TVIMMEN YUY TMAcTiIK Kepak, anbarTa. DneKTPOHHIUT Kaw@ STHIHIWH
JYVIa KarTTa axamusTra 3ra Gyanan. Meraaaapunr 3JIEKTPOH Ha3apHACH
SPATINTN, MOJEKY.IAJApAa  aToMJapHH GOFaab TYPYBUH Kydaap TafuaTh
TYLIYHIHPIAIA DA L0IXOST ATOM MOJEJN SPATT. JISKTPOKIAPHIHT
atoria llayai MPUNLUNNTA K§Pa MabjyM SHeprerii carxiap 6yilnaG
ADIIAININ  ATOMIADHIIT KATOP X YCYCHATapHHIL, 3/1eMeHTIapHHHT
AL M. Menjertees Aanpiit ciicTeMasiHir  TYWYHTHPHG Gepuwra  HMKOH
ApaTiH,

Nporo—p. 1919 iinnga Pesepdopa pajnioaKTid gneMeHTAap-
HIIC napsananuinl nariHzkaciia Nocma 6yaran anabda-aappanap
OHAS TYPAR 5JCMENT ATOM sLApoaapHiil  GoMGapauMOn K/
BIKTHAD PVt Gepysui sapoBuil peaxuusaapuil ypraiill JKapaeHi-
Ta wpotonnn kawkd srau. Y sur copaa S71eMEHT — BOJ0POJ aTOMH-
WP $IPOCIE 3Kamdnrn anigaann. [TpoTon cyan énpuuH'm, 3HT
Coata neran Matnonn Guagnpasu. [1poToH Xo3upri MaiuTA e
KaMmaa §pranuaran.

Ilporounmne 3apsiue -- e, maccacy 711, = 1836/, 30TOMHK  CIIIIHH

T’ - 12 (upoekiusien Ti= 4 1/2), nuit wydrwrn P =+ 1, cnnid
- (h Gupmixaapina) a Marune MOMeN it 2,79, By epma pg AP0

TEHT. ODJEKT-

” g
cuii Marunr mosmenty Bop marueromura ' My =

N It —24 I
yuyn Bop merieronn G6y.ano, y .-L:r =5,05-10 spr/T'c ra TeHr. Tpo

1O §AMMA 2TMAUT ATOM SLZPOTAPUILANT TapRuOira Kapamd. 3"2_“0‘;;:::2;
TADING HOMEDIL Z 1Y 3JeMeNTHHUT AFOM sAPOSHAArH ﬂPOT"’“‘T“Pou]mm
Guagupam. Heiirpas atoanary amexTporap CoHY LIy aroM fip
HPOT OIJTAP CONNra Tellr GyJa.
o il 3 anap OH-
Hefitpon—n. 1930 finaga Bére pa Bekxep ansda oapp?[ af"ﬂp.
nan Be pa Li curna saesentaapn 6ovBapiiMoil KuAnHranaa 1y
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FOIIHHJA CYCT IOTHJAAIMFaH SIHMM HeHTpan 3appanap OKHMH XOCHJ
6ynmninn nafixaguaap. By nypaapnu 1932 i#inaga JKoano—Kiopn
Ba Yensnk OGaradcuapoy YpraHub, yjgap Maccacd TaxMHHaH TIpO-
TOMHHHC Maccaclira TeHr GyJsiraH HeiiTpaJ 3appaJjap OKlIMHAEH
u6opar 3KaHANTHHI aHngjJagujaap. Dy 3sappasap HeliTpoH
nAe6 aranan. Hefitpon maccacu nin, =1838,5 m,, u3oTonuk CHUHE
T=1/2 (npoekuusicu sca T= —1/2), nukn xyprauru P= +1,
cnnuu 1/2 Ba maruut moMeHTH —1,91pp ra TeHr.

HeiiTpon xawd stuaray, coser ¢usurn J. . Fsauenxko Ba
yunas mycracHo Hemite ¢usuru B. Iefisenfepr aapo Ty3nanwnHIHE
NpoToH-HefiTpon runotesack (dapas)uu 1akand >Tmuan. by ri-
norezara Kypa aTOMJApHUHT SApOCH NPOTOH Ba HefitponnapiaH
Talikiy Tonran. Bapkapop szaponapina NpoTOH Ba HeETpol MHK-
JOpH MabayM incbataa 6ysnaan. by micbar 6ysusnranaa sapo pa-
MHOAKTIB 6Ynib, yHuaru opTHKya npoTon (éxu HeliTpoH) HellTpoH-
ra (€xu nportoura) ailanani. By xapaéu (-paanoaxTiBJalK 1eb
HOM OJITaH 3/,

IMporonnan ¢gapran yaapoK RefiTpoH 3PKHUH X048 TYpPFyl 3Mac.
Y TaxMpHan 12 MHAYTAH sSIpHM eMHpHJIAW aaBpira 3ra Gy.auo,
NPOTCH, 3JEKTPOH Ba anTHHeliTpHHONApra napuaJandin:

n—p-+e 4+ v,

Peaxropsnapiaa cekiin Ba Te3 HETPOHJIAp OKHMII KaTTa MiK10pAad
Xocua Gynanu. Yaap épaaMuaa typan sapoBiil peaxumstaspii XO-
CHJl KIWJHII Ba ypranuw mymknu. Siapo ¢guankacuuuur 0y coxach
Heiitponsiap ¢usikacy ge6 ataaan.

®Poton — 7. doron TywynyacH GupHiun  Mapra  (manka  Qatnira
M. IMnauk Ba A. Ditnureiinn wniaapn acocsaa kupuninzyt. A, Kounton
HUIEPI acociaa aca (oTon 3qeMenrap  3appagap Karopira  Kiupuriiii.
DoTOI MEKTPOMALINT MANAOH KBANTH GY.HOIHNA KOJMALL,  3J€KTPOMAr=
HHT TabCHPHI TAIIYRUIL BeCHTaui ,3appadup®. XNa, otounn ard
YXwarimw Mymson, Hyukie yaap Xy 3appatapiAes V3 1MIyInsclira 3rd

6yaan (P[ = ) Y zappagapiek Goiuxa 3appagap Guiaan TVInaL
v

Jlewimt Yiimr THHY NOaaTIarn MaccacH HOJIra Tenr. NI TVJHE MAC
caci My =—I:i— ra veur GyanG, Gy epaari sneprus oronnnnr - Napa-
Karira Gormis. [levak, (oTOmIap Tinty XoJatia yupavaily, yoaap 101
CPY¥PANK Te3mirura Telr Tesank Oi1an Napakatauaii. borongap aroM-
JIADHIHE HYPAANNUNL, 3aPHANN 3aPPATAPHIIT  PATANLNON  (TOPAO3TAHII)
HYPIAUNMIH, 5JICKTPOH-TIOIITPOIl aUHUTILISILIACH, SIPOIAPHHIT PAHOAKTIB
napuanaunun nafityla yoena 6§.aazu. Boton sueprimc hv ra xappad
3'3rap1{6, YV XYIUH 3appaiapies sueprust rauniiizi.  <PoToinian sappaiap-
HIHT ¥33D0 TYKHAUNNUN HATIDKACHIA Pyl GepVBUIL sLAPOBIIT  peakilis-
Japia xau Noent Syaami. dotospdext, Kounvon  3hdesT, 3.7eKTpol-
rjosmpou HMVPTHUIT NOCIT Oy Kadn  kapaéraap (horoiaapuunT
CKH TaMM3-KEANTJIAPHHID MYNNT aTONCIPIL ST TabCHpR  skapadiilla
6yaub yram
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Mosutpon — e™. 1628 Jiaza waraus guanrn o Jlupak siek-
TPONHIHT  XapakaTuuil HQOZANOBYI DOMSITHBHCTHK KBAIT — MCXallMKacK
TeHIJIAMACHKI eulti acoCHAA SMEKTPOHHIHE KATOD ACOCHH XYCYCHATIApM-
Ht, SRYMIANAK yHIHE CTUIMI Ba MATHUT MOMEHTH KHAMAT/ADHIM XaM
TS’fpu Tywyntupud Gepau. Jleku;; AeKTPOH SHePrHsIcH yuyll HKKA Xua
li[IilhlaT Renid wngamw: £ = &y mict -+ plct.  Kyn o ypuilnliapaan
YT, Mawdutit sweprigsan  9JeKTPOHHIT MycGAT SapsAnM  BJEKTPOHNMKT
YARKYINIT Giaw Tyvurynnipim  MymkHsmran [upak kypeati6 Gep-
AL MyeGar sapsnmi” sekypon MO3HTPOH Aeras HOvuH oamu. Kym
?E*\ST?. YIMait nosurpon taxpuGaga Xam Kaw STHIAM. YHHE GHDUHUM MapTa
T AL AHZEPCOH KOCMHK HYPNAP TapkHOWiA MABXCYL  SKAHAHA
8KpiGata kysaray.

O3HTPOH 3sexTponAan (aKaT 3apSAMHUHC BAa MArHHT MOMEH-
;“"”“F Hlopacy teckapu GYMHILIK OHNIAH (apiaHaiH. anefﬂpor{
,,-2:10,3“1"1)9“11apmmr KeliMHuaJuK 3appa Ba aHTH3appa 3KaHH
SABIYM GYann. DnexTpoH Ba NO3MTPOH MHCOMHAA TaOHaT 3appa
o2 AMTu3appara yycoaran CIIMMETpHAra 5ra SKaHJHIH arUKAaNLI.
2Ouatuuy 3appa Ba auTH3appa MaBXyLIHTHIA Hic6aTan CiiM-
SETPUAra sra skanaurn 3apsi aJMaMMHHLW TIPHHLGUL  HOMILHH
(;.111;1:1, Tagnar 3apsia aJMallHHHEL TPHHIATHE Huchéa'ran cn..\mu-
A0 sra, By ppppuuinra kypa, Tabnaraa  yupalijiurad o xavsa
ggpp“"l’ WYQT-xydr xoana 6yauG, xap Gup sappara y3 awta-

e cit na aKemiua, Nap 6up aHTH3appara ¥3 3appac MOC Kela
- 3appa gy autnzappa maccacd, COHEHM Ba swaul BaKTH Bup
ALY O¥nany, Yaap {sapo TYKHawraHia aHHUTHIALHATAHALH, S'BHH
B 3appanapui xocna KHIamn Ba AHHHTHISLHANAHYBUL 3appa-
LoD Ty NOJATIArH SHEPrHACH SHEPTHSHHHE foliKa KypHHU-

LEIHI‘u, SACKTPOMATHIT liy pAaHHLI TafuaTura sra 6lel‘aH HKKH
T-hBantry aitranagu;

et S o e o

H«:i'npuuo — v pa aNTHHEHTPHRO — Y. S1npo (ir3HKACHHINT 6olu-
JAUFNY prposaannw gaspuaa Kamd STINNaH sappatapiai sia
Gutrtacn HeliTphiuo Ba auTnueiirpunognp. HefTpHHO XaM Jlat:'r:ﬂan
Hasapuii wuwnappa Kauid sTHAraH 3appanapAaHAHp. PannoaxTis
GeTa-enupinuing xocm Gynysun Gera-zappanapHuHD 3HepreTHK
CNERTDI amanna guanuHWN BAKTHAA HElTPUHOHHHT MaBiKyll 6y an-
W 3apypanry xaxuparn (uxpHn 1931 imaga Tlayaw aitTrad.

Dera-esupiaiu KyucH3 Y¥3apo TaLCHD OpKamd 103 6epa}151.
n[?.om””mlr HeiiTponra pa HellTPOHHIHT MPOTOHra aftmaHHILN 3Kd-
Paciiaa neiirpiuo pa anTuieiirpuno xocHa 6yaani:

p—1 4 et 4,

n—p-+e 4+
By UKk wmapain f+ pa p--esupuALaap apaéuiaa 103 Gepan.
Heiitpoit spxun xomaa xaM NpPOTOHra MAabiyM SPHM eMHDHJMII
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IABpH GHMaH afllaHNIUM MYMKHHMUTHHE GH3 10KOpHA2 Kyprad
onuK. Heiirpruo 6uaaH aHTHHENTPHHO KYN JKHXATAAH OHp XHJ [€-
cak GyJaad. YJaapHHHT THHY XOJaTAard MaccacH HoJra siKHH, 3a-
PAAH Ba MarHUT MOMENTH Hoara TeHr. Cnmnaapu 1/2, yprava swanl
BaKTH 4eKCH3, IbHH yaap GapKapopaup. Ynmap y3apo COIHAapHHHT
{fiyRamuiig ba HykaoHnap 6HiaH TabCHP 3THUIL OHaaH gapknana-
Ju. HeifiTpuHo Ba aHTHHeHTpHHO Moznjia GuUnaH 2kyha CyCT TabCHP-
Jlawant.

I'paButon—(G. TaGuaTtmarn 3Hr CyCT TabCHP — rpaBHTalid
TABCHPHHH T&IIYBYM BOCHTAYN 3appa rpaBuToH Ael aTarail
Yuuur maccacn noara Teur. [paBHTALRA TabCHpH XKyaa cyeT GFa-
Faul yuyH rpaBHTOH XaJHra KaAap Ky3aTiarad smac. JlexnH yHHHT
MapXyaJurira wy6xa #yx.

IWynnaii kuan6, 1932 jinara xean6 acocan oatura Kyliniari

sappanap Kald >STHALH: 3JEKTPOH, (GOTOH, MPOTOH, HEITpoH, fo-
3uTpod Ba uefirpnno. by sappanap acocuia aTtox Ba A1po TY3I-
AU XaMmjJa yaapaa KysaTuaagiran Katop skapaéuaap TVEPH TV-
WYHTHPHAZH. DaeMeHTap 3appanap KawduéTn Tapinxinuur HRKIH-
Yl RaBpu AAPOBHII KYUHHNT TaGHATHHE Ypraniiu Guaad GOFINKAND.
Snpoenit xyumuHr ta6uatiHu Ypra®uW HaTidRacul1a y Kicka pa-
AHYCAH Kyuan TabCcHp, TYIHHII Ba aJMalIiHYB XapakTepnra ara
SKaHAUTH MaBayM Gyamnd. SapoBnit Kywnmn Tamwyswi fapo Maiilo-
HHHHHE KBAHTH — M@30OHJAPHINT MaBKyIanrn Xaguaarn (usp ay-
néra xeaan. lOkasa oaanii xncoGaawaap acocuiaa Oy sapo Maift-
HLOHHHHUHT KBanTH—Me3onaapuinr Mmaccacn  200—300  s.iexTpon
MaceacHra sra Gyanum KepakJuriii kVpcatai.
_ lOxapa mazapusicura kypa: Mesomaap Ayma Kieuis  siaposui
¥3apo rtabenp  coxacnaa (= 10773 cy)  Kyiaa  KUCKD  BAKT
(=~ 10=2% ¢) nmasoMiia BupTval x0J4Tia Gy aysin. Hyi-
JonJap, Macajam, BUPTYas Me3oHIap «OyavTiy Giaau Vpairdi-
AHD. BupTyan mesomwtap nykaon smepruscimn Vauanria il gyiii-
Jannran 3Meprust HOARMKMITH X1cOGHra Kyla KHCKa BaKT 1aBo-
Miza xocta 6yan6 Ba fiyKoand Typald. Hvannr yuyu xay vaapun
BIUPTYaJl Xonarhna Ky3aTnmr MYMKEH 3vac. BupTyaa weson smep-
risicn E=imc? dopayranariiex gnilmarra spuumrania (Tamsapi-
Aan Gepnaran smeprus Xicofiura, aiGaTra) Me3oH pead 3appa Ky-
pmimmnra  $ragin.  Mawa my <«gagayv  yvenaay  1acraad xaud
STHAran ME30HMap Te3 opaia Taxpibala XaMm KV3aTHIAIL

6.2-§. ut Ba m-Mezonaap

Mio-meson 1937 ifnwiza Ik, Airnepeon pa C. Heaepsaep toaomizad
KOCMUK HypAap TapruGint vpramm skapaéunga Brascon kavepacn épla-
Mi1a xaid 3Tl Bus Gy epaa sappasapiinr XyeyCisTaapin  Ypra-
BHIWTA Garimmarran Taxpudagapra Gaiadeint TYNTAS VTapsaiivis, dakaT
YJIapHIHT aHI!K_A'."I‘-IﬂH[‘(]II X)'C_\'CII)'[TJIZIPHI;H I\'e.'l"I‘HpEl.\iHEi. Mic-yezon Mac-
cacn i, = (206,767 £ 0,0)3)in,. ¥ Gerapop sappa Gy.ud, yHuur 3p-
Taua awaur BawrH =& 2,2.107"% ra Tewr, sBim w1y  BakT HUnIa
Gomatrny Me3onmap conn SMIDILTHI | HATIDKACHIA ¢ MapTa  KaMasai.
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!
UYHKH, Me30HJIAPHHHT MHKAOPH 7 = 1,e KOHYHHTa KYpa yarapa-
M. By epma n,— GouwiaHru BaKTAATH Me3OHJap COMH, N — £ BakT
YTTah[aH CYHr napyaiaHvali KO/raH Me3OHJApHHHT coHH. Tabuatia man-

¢uil Ba MycGar sapspnanran Mio-MesoHaap (p, ') yupaiinm. Yaap
KYyiHgarny cxemara acocaH napyajiaHagy; ;1+-"€+ +“«+VP. p—

REC i, - V- SIBHII MI0-ME30H NapyasiaHHI HATIDKACHIA O3HTPOH EKH
3MIEKTPOH Ba 3JIeKTPOH HeltipuHocH (Exu anTuHeliTpHHOCK) 'Ba  MIOOH
HeHTpuHOCH (8KH aHTuHelTpuHOCH) XOCHA 6ysaid. Mio-Me3oH/IapHHHD
CniHaapH 1,2 ra rteHr Gyaranaury caa6ur yJaap (QepMHOHJAP rpynmach-
Ta KHpany.

Mactnabku sakTaapna ¢usnkaap 6y xaid STHATAH  MIOOH
Oxapa Me30HUHIHT V311 6ynca xepak, ne6 tapas xuaguaap. Jle-
KIiH, MIOONAapHIHT MOANA OHJaH y3apo TAbCHPHHH YPraHMIU Iuy-
HI KypcaTiuki, ysnap sApoaap GuiaH KyAa CyCT TabCHpJALIap
oKaH. llynunr yuyn XaM Xyuad §3apo TabCHpP BOCHTackaa k03 Ge-
PYBUu siapoBnii peakuusiiapia MIOOHAap Xocua GyimMaiign  Ba
MIOOH.Tap TabeupuAa Kydan sgpoBuii peakuusaaap 6yan6 yrmaii-
A Mioonaap KyucHs y3apo TabCHp GuJaaH 103 6epyBult KapaéH-
Japara gartHamiaan. Kyucns {3apo TabcHp KECHMHHHA 0‘=T|l top-
MyJaa acocnga Xicobaalwr MyMKiuH; 6y epaa 7 -— AAPOAArH HYKJIOH-

fap xomuenrpaunsic, [ — Tabcup IaBoMHZa MIOOH Oocub yTram
VA, 7= 10", [ = ct=3-10'"-2.107° = 6-10° cu Ba o= 10™"on’
Ovaams. Hlvagall kianG, MIOOIIADHUIT NapuasiaHi KyucHs, CeKiH 103
GepyBuiy »kapaéiap xatopura supafu. (Macamad, e-xampat, B-eMipi-
ani)

Manudmii 2apanan sooHaap TOPMO3MAHNWI HYPJAHHIIN  Xiucobura §3
SHeprugsicini {IyKOTHG CCKNNANILWN HATHKACHAA MYXHT  aTOMJAPHHUHLD
AAPOCH arpodmia MaBLAYM pajuycsnn opbuTtafa TYTHMO, Me30aToM jeb
aTanyBuIl clicTeMaHil XOCHA KHANLY MyMKkuH. daxaT mioon opGuraci-

m
Hnyr paanyctt 3.JexkTpol OpGHTACHHNNT pagnycuaaH — =~ 200 Mapra K-
iy

unK Gyvaaan, Mesouronia Mioou 6up opbuTajan OomKa opfHTara YTHILH
MyMKHH, Dy npoteccia  mesoatoyuan Qe 3MeKTPOHAAPH YHKHILN EKH
V-KBaNIyIap nypaanpiull MYMKHL.  Me30aToMAPHUNT NYPJ@nuiy SHeprirs-
CHHI (TanMa-KBanTJap SHEPrHscHun) yiaual, aToM sAPOCHHRIT pafiyChHil
XHcoGsain mymkud. Macasan, duru Ba PeiiuBotep raxpuanapuia oFup
saponap yuyn 1,20-107"% ot ra Tenr xmiimar onmmmn. By sca Gomsa
MeTofmap Gpaamiia oFlP SAP0AaD yuyl OJHHTAN PajHyC KuHMaTiapiara
SKLIL

Mesoatovaa MIO-ME30IINHT MabayMm Oup opfuraga  Gyaur
BaKTil Kyaa glcka 6yant, (10-'--10-13 ¢), cyur y xeiinuri opdu-
Tara Vraan. Lyamnr yuyH xaM  Mme3oatoM JKyAa K#cKa BagT

AWATAIL. Y MI0on eMupHarynua €Ki y sAPO TOMOMIAAN IOTH/ITYIYa
swai 1, xonac.
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m
MIOOHHHKT MarHMT MOMEHTH 3JIEK IPGHHHHI MArHHT MOMEHTHIaH ——
{3

MapTa KHYMK:

= L

¢h My
Py = 2m, ¢ m, 115.

Taxpnba Harmxanapu XaM LiyHH TACAHKJIALH.

Iyspaii kuanb, MIOOHHH 3JeKTDOH OHJaH TAKKOCJall INyHH
KYPCATANKH, yaap 6up-6Hpaapuian dagar maccanapu 0u1aH dapk-
JlaHap 3KaH. Bomxa xamMma XyCyCHsiTiapH XKHXaTiaaH yJaap Oup
XHAJHD. YaapHHHT Oymjail yxwam OyJaniunra Kapamai, MIOOR
MacCaclHHUHT 3J€KTPOH Maccacufan 207 mapra KaTTa Oy uiILHHH
TYWYHTHDHII SJeMEHTap 3appaiap QH3NKACHHIHT SHC KHIIHH XKYM-
Goxnapuman 6upuAHMp. XaKHKaTaH XaM, XO3HPTH 3aMOH Ha3apHH
Tymrynyajapira Kypa, 3appa maccacu y3apo TabCip HHTEHCHBJH-
ril 6uNaH anHKJgaHafgH. AApoBHil Kyunap TabcHplia KaTHairaji-
ran 3appaniap (HYKJOHJIAp, ;-Me30Haap, K-Me30H.1ap, THOoepoliap)
Maccacu OHp neua 03 Msp/c? Gdaan §avaHany. DJAEKTPOMATHHT
TaLCHplia KaTHAwWwajuray sappanap maccaci aca, [ MsB/c? aTpo-
Guaa 6ynnunt xepak. XakuHKaraH Xad, 3JeKTpoH EKil  MO3UTPOH
maccacn 0,511 M3B ra Tenr. JlekiuH MIOOH Maccacl 3JE€KTPOH Mac-
cacnaan taxmuian 207 mapra orip. By dapk, 3XTHMO.I, 3.1€KTPOH
Giunan mioon HelfitpuuosapuHuur ¢Gapki GuIaH GOFIHKAND. Jlexnn
Oynu TymyHTHpHG Gepui KiiluH.

=-Me3ouaap 1947 fuga wirau3 ¢usuri [Taysna  TOMOHILZAl (poro-
oMymbens  Eppamiia, KOCMHK Hypaap Tapkudnia Kawd) sriaus Y
(porosmyancisga 6. 1-pacvaa Kyvpeatiarad §0.1re VXA 3appa 13 TAPHHI
Ky3atan, By Xon = —w — ¢ napyamammugup. FIKKim1asun Koesik Hyp-

Jiap TapkuGiiza xocit GYarall == Me30H i~ Me30HTa NapyaitaHul Ba -
Me30H V3 Hapfarthia 3JeKipon €KH MO3NTPONHH NOCIKT KILTATL Anug
=, =7, =O-Me30HIAP MABKYI -

S‘NI'{E]UJJIZI])JI’(H'[ T-ME30H apHHUI Y4 XITTH &, T,
JIMLIL AUy JIAILH, ﬁ+ Ba ‘-‘.—-MEBOH.’IBI)HIH(F MaccacH B SILICMAL BAKTIE GHD

XHA 6yad, m_, = 273,15m, Ba = =2,6-10 "¢, = -Me30IMMUT  MaC-

./..-.r ‘\

6.1-pacy., mrp—-e napyaiaHiill,

196



cac m_. = 264,14m, Ba ypraua suwai BakTH 0,76-107" ¢ ra Tenr.

Yiap Kylupary cxemara Kypa napuanaagu:
S
1:+—y-p. T V}L

1
T o= v,
Ty —> 27.
R°-ME30BHIINT NapyafaHmunzaH Xocun 6yaran xap 6up ramma-
KBAHT OTOIMYJNBLCHALA 3JIEKTPOH-TO3HTPOH KYDTHHH XOCHA KH-
JMLITHH KY3aTHII MYMKHH, XaMMa f-Me30HJapHHHI CIHHH HoJara

Terr. Mzoronux cnnus T=1 Ba H30TONHK CHHH NPOEKUHACH m*
Ba n~-mesonnap yuyd -1 Ba —I, n°-meson yuyn aca 0. llynnait
KHIHO, ;-Me30HAap M3OTONHX TPHIJETHH TALIKHA 3TajH.

T-Me30HJap MoAAa OHJaH aKTHB TabCHpJallald, ABHH AAPO-
Bii peakunsiapna aod XaTHalagy Ba sApOBHH peaxuusiapia
4KTHB Xocua 6yaamn. LyHuHr yuyH Xam s-Me30HIap AApOBHI
KYYHIl Tawyewy BOCHTauH 3appa Xucobnanaam. Hykionnap xam
¥3apo azposnit xyu Bociurachpa TabcHpAAWraHAa BIPTYaN m-Me-
30HAAp Gian aaMallHHNG TabcHpiamagH. XamMMa Me3OHJNapHHHT
HYKH KydTanrn svaudniianp, seHie —1 ra Tewr.

Slna wynn aiitum  Kepakkn, so-ME30HAAp W -ME3OHJIAPAAH

bapian pasmuna MysuTAa [espas go—>p-4vp cxema Gyinua
Napuadapnvaii,ul, uynxll yJapHHUHC MYSHT aToM SApoJapn Ouian
AAPOBII Tabcup STUM IXTHMOJIIHCY NapyataHHiE SXTHMOMIHIALAR
amia karraanp. Manduii -Mesonnap MyXHT atoM AApOJapH TOMO-
Maan jortiauG, curma-ioaays ne6 araayBuH SAPOBHE peaKIHHH
Socna wiaams. DotosmyancHsaa yrapuanr xypunuwy 6.2-pacuna
KeATHprarany.

Oaaria a--weson myxutga topmosnarig Tyxraray, OGHpPOp
dTOM s1ApOCH TOMOHNAAH IOTHAAAN Ba YHHHT GYTYH THHY X0JaTAa-
T Maccacura Moc xeaypui sueprust (m.c2=140 MaB) saponunr
K¥srammnura capdaanami. SIapoman TaxmHHaH 16 Tara Kanpap
HYKJIonap «GyrJanuuin» MyMmKudH. Bynpaili gysranarad ANpOAaH

6.2-pacu. Caraa-rongya,
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UHKKAH HefiTponsap (OTO3MYJAbCHAAA H3 KOAAHPMaliid, JIEKHH
NpOTOHMAD H3H xysaTuJaill. [IPOTOHJADHHHT HAAPOAAH HHKHII
SXTHMONINTH HelTpoHAapHUKIAAH KaMpok OyaraHu ydyH, onaTAa
61}9 HeYa nporoH u3M OHJAAH Ky3aTHayBYH CHCMA-IONAY3 XOCHJI
Oynamu. 6.2-pacmaa nxxu NPOTOHJH CHIMA-IOJIAY3HHHHT TacBHpPH
KeITUDPILIran. 6.]-pacMaa KypCaTHAraH m— € eMHpUIHILLA XaM
nt 8K n— meson apsan MyXUTA2 TOPMO3aaHHO TYxrarad pt ek
W™-M€30HJap Xocua 6yaaii. JHEpPras Ba MMOYJAbC CAKJAHIII KO-
HYITA K§pa X0cl1 6YAras MIOOHHIIT KIHETUK SHEPTHACKH A0UM GHD
X (T 2~ 4MsB) 6Yaranu yuyH, y $oTo3MydbClisgAa GHp Xl yayH:
JHKNArH H3HR (-~ 600 MxM) KOJAHPH.IAAH. TT-ME3OHHHHL €MIPIJIH-
HAa axpaaran 33 MsB sueprasuunr 29 MsB ra TeHr KHiiMati
MIOOH HefiTPHHOCHHHHT KHHETHK 3Heprischra capguanaii. Moo
SMEKTPOH KM MO3HTpOHra eMHPHJHLINIA 3ca, Y4 3appa Xocik
GYIraHH yuyH, s;eKTpoH EKH MO3NTPOHHUHT KHHETIK SHEPriACH Xap
cadap xap xun ma ogaria T,<<50 MsB 6yaaxn. Axpaniran suep-
THSHHAT KOJraH KICMH MIOOH Ba 3JAeKTPOH HefiTpHHOCHHHNT (&KH
AHTHHE{ITPHHOCHNHIr) KMHETHK 3HEpriscura capguanaiil.

6.3-§. K-Me30Haap pa runepoHaap

- 50'1'“”1”81)113 Ypraua swaw Baktn 10-10 ¢ atpoduiga ETyBYH
ynjan oprux Gexapop 3appaJiap Kamd 3THALL. YIapHuHT Macca-
Jlapu MPOTOH MaccacHZal KaM, 3JACKTPOH Maccaclijan Karra Oy.-
raun yuyn 'V, y, ©, t pa x. K. 3appaaap Me3oHAap jerad HOM O.11H-
aap. 1956 fiuira xean6, 6y meszomaap Oup Xua Taduarra  sra
Gyaran Ba maccanapm Gnp-G6lpiaan Kyaa KaM (apKIalyBii TYpii
3apaa Nosatnapparu K-mMe3ouaap SKawIHTI alRKJIaHIIL K-yme-
30HJIAp HKKH 3apsi Xoaarda yupafian: A+ sa AC Yaap ¥3 auti-
3appanapura sra 6yanG, K*-mesoHuuur amruzappaci N -veson

Ba K° puuur aurmzappaci K° qup.

K-Mmesominap xaouuaa p 1eb6 xam araaalii. K+-gaou ¥praia
AWAI BAKTI 10-8 ¢ arpoduaa Ba v Kyiliaa xipeatiarad Kauaalap
6Viliua apuamaninmm My MKIH:

L
A +"P' (63,500)'
Rt—smt 420 (21 0),
\_.'_ - _— -
TP L w(5,6%).
KAT-ME30INIHT HKKN Muonra eMmupuaniu xapadiniz  KYQTaiK
CARMAHNI Kouynn Gaxapuamaiian, ¥ Yy AHoHra  eMipuaraiia
KYQTanR cagnanaan, AYQYTaNK cakIaHuur KOHYHHEIHT GY3ianun
Kaom.Iapra xoc G¥amaii, kyucns ¥3apo TabcHp OpKA.IH 103 OCPYBUH
XaMMa kapaduiapra Taalayiai SKaMariun Gupuunui mapra JIn
Ba Slur Kypcarmwran Ba xeiimHvwaaux yaapHur ¢uxpn razpnbaia
TacAuRAanran san. 1957 imaia xyucHs y3apo Tabcup Omaan 103
GepyBui Gera-eMIpHIHW KApaéHuia KYPTIIK CARIAHIL KOHYHII-
HIHC Gaxapuasacairy 1. By raxpubacuia KypcaTuaud Oepriam.
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K*-Me3oHHuur MaccacH avug yuyvamiapra kypa (966,4--0,2)m,
ra tenr. Ypraua siwam BaktH tv= (1,235::0,004) - 10-3 ¢, cnunu
HO/Ta TEHT.

K—-M€30H MYXHT aTOMJapH TOMOHMAAH IOTHIHUI 3XTHMOJHKra
ara GYAraHujad, YHHHT €MHPHJAHIL XYCYCHATIADH SIXWH YpraHHi-
rai swac. Jlexkux y xam K+t-vesonra yxura6 emupHiaid Ba K-
Maccacu Ba yprauya swam BakTH Kt HHHT Maccacu Ba ¥praua
A1 BAKTHIA TEHT.

Hefirpan K% wmesouaap K° ma K% xnnsapaad tawxua tomeb,
Yaap typau xanaasaap 6yiinua napyasaHani:

P
- e '
K et = Kr:
! ! * R e
.._0 | = +-

Bipunun xoa1a CP-kyrang Je6 aTanyBud KyGTIHK CAKIAHHI KOHYHH
SAPHACY, HKKHHYL NOoadd CP-RYDTAUKHHHAF CAKJAHHW KOHyHH 6a-
Hapiamaiiaie. (By CP-wydwuk apanaur mypTiuk Aef Xau atanagu sa
¥ 230712 3appa KOOPAHHATAMAPHHUHE HUIOPACHHH Y3rapTHPHUI BA 31ppa-
HiE VHHUD alTiBappacira aavALITHYHL onepaluac Ounan GOFauK 6-
ra Tviyiuagnp. ). KU-vesounap CP-xyohTanKk Ccak/Jasi KOHyHH faxa-
pragray K. — =7 - = kaHan Gmaad xau e\mpurmmu MyMKHH. Dy

NO1 y30i sumopunl K; B1 KHCKA BAKT SLUOBYIL K§-Me30H1APHURT  MaB-
Ay Guaan TYIOyHvHPHIA L.

Ki-veson CP = — 1 mydbrankka, Kl-seson CP = 1 mydrankia
sra. Ulymr yuyit Ky-weson CP xc)@)mnru—l ra teur Gyaras K3-
ME30HIAPIANTING TAKINT TonMail, YHHHE Xodatn CP =
3ra Gyaran A-Mesonsap apanaMactgaH XaM uﬁopa'r:

0 = K3 4 ek,

Nyaqn mynra yxunG, Kiucka sosi KP-veson HJ-Me30H B KHCMaH Kg.
Me30uTap apagauniaciian nGopar:

KY = K +42K3.

+ 1 mypramxka

Wysunr yuyn xay neitrpan KO-meaonnap napuanatranfa <03 MHK-
nopaay (~0,1%) CP-RyOTIHKHUHT CAKMAHHUI KOHYHH Oy3faamnu.

1951 inraa KoeMik Hypaap rtapkiGigd KefiHuuaauk A°— runepoH
Ae0 HOM ojtratt srif 3appa Kkaiud KU, A\ “-THOepoH  Kyilugarh cxe,

na GYiliva napyasanatic
ANsp=,

By napuamaunui \°-runepoisiar xavva KiHaisap 6Yiuua napuaiaHi-

unmie 2 3 KHCMHUH TAIKHT ST4A4 BA MapydIiHHIL BIKTHIA [DOTOH

GIait = -Me30WIAPHHID KIISTHK SHEITMAH KYPAIAudll TaXvuHay 37
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6.3-pacy. A °-rilnepolHKNr MapyaIaHnunL.

M3B sneprus aspanu6 unkanu. Buascon xavepaciga éxu  ororpadust
aMyabcnscHia 6y napuanamum  6.3-pacvia  KpCaTINIraBIck I/ xapgura
VRmaw ua Koaaupanu. AC-THIEPOHHHHT 31 3MyIbcHSAd EKil  Birt.coH
Kamepacufia 113 KOJRUPMAITAH. =-Me30H 3ca V3 HapJamiia ¢-10.11y3Hil XO-
CHN Kunagu. AHMK Yovamsapiad  AS-TINEPOHHHHT - Maccacl mr,. =
= (2183,17 = 0,16)m, Ba ¥prava swaw Bakm =, = (2,51 =
—10 " ot
+0,03)- 107" ¢ skammurn Toniaran. A°-runepos sHa Kyiniari cvea
6yitirua xaM napyajaHaiM MyMKHH:

A° > =% Q=29,05 MsB.
Xocin 6yuran 7°-ME3OHIAp CYIOK KCeHOH TYIAMPILITAN  NV(araH Kaves
paja yHINP napyeganHunigan Xocild Gy.1y3 I HKKID FaMMa-KRBAHTIapHHIE
XOCHJI KIiran e~ Ba et KYPTIGPHHE KY S2THLL ivan Giaall yprami-
ran. A°-runepomnap 0,1 Ba 0,019 roirapza \°—p ¢ +v. B
A°—>p 4T+ v, cXema Oyitifya napyajaniidiir NaM  MYMRIHHISCI Ky=
3aTHITAH.

KoeMiK  Hypsiap TapkuGuunr  Sprawnmy skafaéonna Ba kefinyaing
TE3MATrHYAIP €PAaMiIa YTkaswiran taxpudatapia A\ -runepotian Tail-
Kapn sHa 6up Heua GOWK» rumeponaap Xas kauxp stwamm.  Macaa,
CHIMa-ILTIOC THNEPOH ne6 HOM oaral N "-rumepon  maceaclt .. —
= (2327,6 £ 0,2)m, Ba ypraua swain BaKTH %o = (0,802 =

- —10 !
+ 0,07)-10 € JKaumrn annkgaHaie. By ripepoH TeHr 3N TINMOULIHK
6milad KYHHAarnya UKKH X iiys1 OnaH nNapua’aliit MyMKi:
N LAusa
2SN
- M+ :+.

T v
= -THNEPOH Gilman GupP Katopga >, -THNePoH NaM MaBRYATHCIL A

JAHAH. Y HHHD Maccacn m,— = (2343,1 - 0,2)m, Ba Ypraua muat BIx-
1 T— = (1,49 3 0,03)- 107" ¢. ¥ acocan Kyiiari cxeva Gyiiia nap-
yajaHan:

N+ Q=117 MsB.
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1952 fmnaa sHa Gup sapsiian TuNepoH Kamd 31M1MM. Kackanmn-rimepor

Re6 HOM onraH =7 -THTepOH KyHHZArt Kackajmd cxema GjfiHua mapuanma-
Ha;

ET A% tw, Aop
YHHEr Maccaci m_=(2585,6 + 0,6)m, Ba yprava gmam BagTd t.— =

= (1,66 = 0,04)- 107" c. INMapyanaHuuHHAT facTyiabki Gocknunaa Q =
=65,8 MaB sneprus axpanami.

&0

=" Ba =°-runepoil1ap JacTjal Hasapuid Ba KeliH TawpuGaza Kaud-
STHAZM:

HIL = (2333,7 A 0,3)”12; (TEO)Ta;«p< IO—HC; (tzu)“a, -~4 10_’9(:.
D -THnepon Kyfiarnya napuataHami:

En > A° + T Q= 77 M3B¢
-THIIEPOH yoyn m,.=(2572,8 + 1 4ym, ma = =(3,03 %

£0.18)-107"° ¢, napyazamim  cXemach asca z2°— A%+ 7%, Q=
=64,1 MaB. u
Owsera-yunye rinmepon Ae6 aranral sHT ordp Q-FumepoH 1964 fmut-
A3 Kaumd 311 By rinepouHmHr  MaBwymmirmam  SU(3)-cuMMeTPHT
A6 ataTvBul sayOIBINT HA3apHA 20THAA OMIMLIAN aiitnd G2puarat SAH.

0H=

2 -mimepont maceacit m — =(3273 = 1)m, Ba ypraua suraw BIKTH To T

zo

=(1,3 + 0,4)-10 Ve, ¥ Kyiliiariya cxema Guaan mapuanasaiil:

AT HE e

= —:v:_':'E"/ \--;_l._(_;__!l..‘._,a-'

= Noosp + 7

O allHK=

O7.rimepon sna Ky#HAand kanan Gyitia yaw napgamaii
Jauran:

Q727 + =°,

Q7 & \° LK™,

6.4-§. Pesonancnap, «MadTyHKOD>» Ba «ry3an» sappasap

. . . KHCK2
1950 fingan kel pesoniicaap J1ed unov onarai Ba x<y)§fc30"aﬂc-
WAL BAKTIra 3ra GYaras 31ppanap Kaukb smiia Gowrnawmd. - yuyH
A g2 Ny | O et
Aap Ayza Knuig sang agrica (1077 =10 i c) sra 6ynraévwafm"_
AEAf ~ Tt noannsang MynocabaTira xypa, adug maccara 3rd Y- 4
Yaap yaaykens xapakrepra sra OyaraH Misci cfi2icrpH 6P{_Jlﬂ"
Janatil. by cnexTpiarnit UYKKIL Pe30HAHC Mmaccachui B2 yyKKI
h
BUFLNIHT ApIM Gataplaxraaary Keuwramg T = ~L  pegoHaHC
T

flan BakTHHY Geariiaii.



Peszonancnap xyga KHCKa siaul BaKTHra sra OyaraHd ydyn
YAapuH TYFPHOAH-TYFPH Kai KHJAHII MYMKHH amac. HyHKkH, yJiap
SILPOBHIL Kapaduja XocHa 6yJarau, JKyjAa Kucka macodaHH 6ocud
yTuwn Guaan (10-'9=10-'* M) napuananub Keraad, si’bHH yJaap
AApoBuHil xapadHaa xeu KaHAall H3 KOJAHPHIIra yarypmail napua-
naHi6 xeramn. Jacriab pe3oHAHCHAapPHHHD XOCHJA OyaAHUNI fm-Me-
30H/IADHHHT NPOTOHJAPAE COYHJHIIM KECHMHHH XapaKTrepJoBYH
3TPH YH3HKHIRT YYKKHra ara GyJHmHra Kapab Kafn sTuarad saH.
By xyamun pesonanc xapakrepra sra 6yaran sAipoBuii peakumnsjia-
PHHIHT KecHMIra yXWaraHaury y9yH xaM Kawd sTiuran 3appadaap
pesonaincaap HoMHHH oaram 34H. YJaap Y30K BaiTraua Gapkapop
3appaapHUHr KY3FATWArAH X0AaTHAdp Ae6 XucoGmauub KeduHaH.
Xosupru BaKTAa pe30HaHCAAp COHI Y4 10371aH opTid Keran Ba
yJlap xaxugiit 3appanapra yxmam jge6 Xnco6aaHann Ba pe3oHanc-
J1ap Kyumil ¥3apo TabCHP BOCHTACHAA Tapya’daHuwsi 6nran 6owka
3appaiapaan (apxaanani. IyHunr yuyH XaM yJaap Kyila KHCKA
BaKT ALIAii.

Bupuuuit pesonade 1951 finaza 3. Pepanr ToMOHIIAN 3apsiiaurad
THOHJADHIIHT  DOTOM/IAPAA COUMJIHIUNMHI yPraHuiy :kapaéHinia Kag
stHaral snu. ¥ A-n3o6ap Homint oLA. A-H306apHIHT HIOTONIK CIIHN

T = —;— 6yaraun yuyn 2T -4 | = 4 Ta sapag XodaTiia GyvIiiig MyM-

KHH. XakHKaTay, = -Me3oHJApHIHT MPOTOHIAPIA  COMIVIHW  K<TILla
sueprusnur 190 Ba 1300 M3B guitvataapiia  u§ksi  Nocia Ofaaxu
T -Meson counauuniaa sca 190, 600 pa Y09 MsB 1apia uykkn xocwa
6ynanu. By 4 xin afiggura Mdc Keaypui 1306apIap  3apsi  Noaarira
apa6 AT AT, A° pa A joGapaap ae6 non 6131, PesoHancap Mac-
CaCH TIPOTON MaccacH, m-M230H MACCAaClt B3 P230HANC TALCHD  3HeprHacH
Gunan ammganann, Pesonance xenrqr A5 & 100 MaB 6yansd, AFA/ =
I HoanmguI MylocaGaman yIIE yprads s pagTH T = \f TO-
nHAANIL.

Pesonancaapuunr Xocua GYauuisiy YPragim yIapuigHr napua-
Jatnuiaan  Xocun oyaran XocidasHii 3appagap Maccadapiiiir
TAKCHMIINHUIMIN YPrannira acocaanral.

1960 finaga K--mesounapumir npoTonIapia COMLINIIIIN {pra-
HILI YOFHAA Fanatn (FaJariaHk KBauT XYCVCHsTHra sra Gyaran)
Y* pezonancaap kauig sruaan. kwi X1 3apaa xoJaartiia yupaii-
Aurai Y** pa Y¥*- pesonanciap kyituiars cxemara acocan nap-
LERENED(TH

= - :+_ = L

By pesonaucaap NO3Ip sts CUMBOA 6ian  Geariiianaii  Ba KViliary
XycycHarra ara;

b Yiw P 3

1385 10T maccacn A = 1382,3 MsB, I' = 35 M3B, /P =,

3

X yuyn sca M = 1387,5 MaB, I ~ 40 MsB, J” = <.
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1961 fiwna nefitpat ). pesoHauc xay xaurh Stnad, 1961 fmata

fHa cmmd Ba Ky(QTadr [P =17 6yaraH ea BeKTOD ME30H.aap A0
HOM oarad pT, pT, p° Ba w°-pesoHaHCIAp XM KAl STHALM. » BA vt
B2KTOP MevOHJAPHHHT Maccanapi moc pasiwiza 770 M3B =a 783 MaB
66, yaapaunr keuranri 155 MsB xaway 10 MoB ra tewr. Vaap
WVl cxeMa Gyiiiua napuaJaHaii:

. D/;‘ﬁ+ = +=° (89,9 %),

O =50 == 70 [0}
i 1 v

RS

=0y (8,8 %)

Wynunr yuyw xam p-pesoHanc HKKM DIOHIM CHCTEMAHIKr KyaFa-
THAran Xoa1aTi Ba ©® pesonauc 3ca y4 MHOHAI CHCTEMAHHHT Ky3Fa-
THAraH NosiaTil neG TadKHH 3THACAH 3.

1974 {iunuuHr HOAGpPL oliuaa 3JeMeHTap 3appanap (Quaukack
daun TapuXNJa KaTTa «y3rapHul» sicaraf xawduér  KUJHHIH —
Airu sappa kawd xuaungu. By sappann C. Tunr sa B. Puxrep
OOWUNANTIAATH NKKH aMeplika (GHIHKIAPH TYPYXH 6p BakTaa Ky-
SaTANIap. YHHHT MaccacH NPOTOH MaccacHiaH yd 6apo6ap oprifk
Ba Yprava swaunr paKTH GOMIKA pe3aoHaHCJapHHKNra HiucGarax aHya
Katta (1~ 10" ¢) skaum mabaym 6yanu. B. Puxrep rpynmacu
OV 3appaun sueprusiaapn 2,6 3B 6ynran aaexkTpodnap Gmaau no-
SUTPOHAAPHIIT Y3aPpO TYKHAWYBHAA XOCHA OVaran TYpJH nilopaJil
3apaara sra Oyaran 3appanapuuur Macca 6¥iinya TaKCHMOTHHH

auaans Kpagur gyan Guasan kawdg sTAn Ba men-3appa (W) geb
araqu:

~-ampomwmap (Kyuar ¥3apo Tab-
cipla KaTHAauIyBYIl 3appasap)

C. Tamr rpyonaci sca, npoton TeanaTKudiia Xxocu1 Oyaran 28 I'sB
SHEprisa npoToiapinr (Be spoct Guiad TYKHAWYBILA Yoot Gy.rad
HKKILTaMuit 3appasdap opaciila 10KOPHIATH sl 3appaHi  kawd) 3T Ba
Vaap Gy 3appamn itor-zappa (J) neG araguaap. Mkxu rpynna 6y sappa-
it Glp BakTAa Kawrp atramd yuyn, Kauid STIUITAIl NI 3appa foT-ncH-
3appa (/) nosuun oyt Jjp — sappa maccacy M = 3097 MsB, keur-
Ay =60 M9B, cmnt Ba aky@ranes /2 =17 3guLnicn  anus 12830,
Y Rvitaans kanaatap GYilnua napuananami:

J 9-3appa Kamrp sTiIrad, ,MadTyYHKOPIHK® 4:6 HOM oTrad KBaH-
TaBHil XyCycusitra sra Gyaran GOmIKA KATOP 33ppatip AIBAKYATHIH
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mabaym 6yami. By sappamap MadTyHKOp® 3appaiap JeraH HOM
OiAH aTana GOLIAaHAM Ba YJIADHHHT Kalld) STHAHIIM 2JIeMeHTap 3appa-
Jap Qu3MKAcH TApUXHAA SHTH J4BpHH GowwicG Gepiu. Y JapHHHT TY3H-
JMIIN KBApKJap HA3apHACH acocHiia TYLWIYHTHPHIHG GEpHIIH. ~MacgryH-

Kop* 3appanapra D° (maccacu {1865 MaB), D™ (1869 MsB) pa y.iap-

o ol
BUHT =HTH3app~apy D°, D xupann. Slha D#° (2007 MsB), D* 7(2010
M3B) pesonaHciap, Y30K SHUOBYI A& (2280 M3B) runepoH Ba YHIHT
anisappaci A7, F* (2020 MaB) weson sa F * (~ 2140 MsB) peso-
uancaap, xavaa X5 (2457 MsB), 27 (2430 Ms3B) runeponap  pMag-
TYHKOp" 3appaJjiap KaTopira kupaau. ¥jap ,MahTyHKop® KBapK Ba Oouwika
KBaPK—aHTHKBapK.1apfial TALUKHJ TONraH OYJHINH MYMKIH Ba  ,OlUKOD
MahTyHMIKKa* 3ra. J ip—3appa 3ca, ,Ma@TYHKOp® KBapk Ba aHTi-
KBApKJAAH TAMKIA TONTaHK yyyH ,MUHXOHIT MadTyHIkka® sra  Jeil-
Jaju. |

1977 iinana 10Kopnaa KYpUAraH NPOTONJApUHHT  Gepuiuii
AAPOCHAA XOCH.T KiJraH peaxkuisicura yxwaum peaxwigaaphi ypra-
unw Baxrtiaa, C. Xep6a rpynnacu (barasns, AKI) sxyna orup
Ba nncbaran Gapxapop Gyaras nncunon-Mesounn (V) xamg
stan. ¥ wmeiitpan Ba maccaci M = 9460 MsB, xenranrn I =40 k3B,
cmim Ba xydranmrn /7 = 17 skannird auugaen . [lapuaganmn RagTHA2
HOCION-Me3oks2p ¢¥ + e éxnuT - T skydTaapiHn oemT KILTIH.

Mncnson-vesonniur Kyaratuaran  Xosarn 166 Nucobaanran  Gowrka
Xmapi xaM kamp stirun Yaap YO (100016 MsB), Y” (10350 M3sB)
Ba Y (10570 MaB) xapgaapi Giian  Getrinravazin.  Ilnciion-ye3od
JoAj-mescHra YXwant, Jekin y . muxoinii FY3anTikKaY ara, sbi ,Ty-
3a1aHK" Ae6 atauMIlu KBAHTABHIT  Karraaurii Giiai  NapakTepslalaiirasd
KBapK Ba antuKBapKAaH Tawwi1 TonTal Oyanuny  xepax. 1950 inrria
Kaup arngaran Y*-Meson, afinked amoilild XYCYCHSINIApra Sra Sxan (irn
annanan. Yumr keHranrn 10— 20 A3B, awir N3B gapia Voaia-
Auran Kenrskka sra 6varan Y, Y, Y7 aescmiap Kenrariian o anua
KatTa 6yané mgpr. Y7-M239 nadq miran1l L 0mso) FY3LLIIRKL" 301
Gyaran B-yeson oot G¥aaai. B pa B -MosomaapHunr  (Maccacn ~
5275 MaB Ba Yprava aumu pagtn ~ 1.2. 1077 ¢) saumy e kip-
CATYEUIN TaXiPHOA LATIDKATADII MABHCY.L.

1975 dinan Crangopana  (AKUD M. Ilepa paxfapanviiari
Gusukaap rpynnacu gapama-Kapuin iyHaidTHPIALaH 3JICKTPOH-10-
SHTPON TYKHAWYBAAPIII Vpravum skapaduinia aentouaap cungu-
Ta KIPYBUll Ba Taon 1eb nom oarall surn 3appani kaiud) s7.ai-
J1ap. ‘“a_H(P"l"l 3apSINJKE TAOH B YHINT ANTH3APPACH MOC pasiiia
T~ Ba 17 cuMBOMIap Ouaan Gearnaauan. Taouaap KY'Win sapoBiil
Y33po TabCip Gutan YTamiran peaxunsaapiaa MHTHPOX 3Taaiiil,
Taon Ba ynunr anrnzappacn  xocia 6yaaauran  xkapafiaapia,
anbarra yaapra Terimanm Taon nefitpunocn v, C¢KH Taon  anti-

HEUTPHHOCH v, NaM XoonT OVaagn. Taon eurit 3appa  NICOG1aHyBHIL
JICNTONRD Cunira Kupriunira KapaMaii, VHIEIE M.iccacll NPOTOIN Mdccac-
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daH HKKH MapTa oFmppoy (m_==1,8 '3B). Taou &ku tay-acutoiap
Kyftidarn cxema Gyiinua mapuanasagu:

veT N, e ) AP
T \IL+ e A Ve

,

dnemenTap sappajapHIHr Kawd STHIHWNra KOHP  MaB3yllH
AKYHIA06 wynn afiTHl KepakKH, KYYCH3 TabCHPHH Taulysyn Ba
opanug Gogouaap e6 Hom oaraH sappaiap 1983 iuiiga xawd
STAAR. Yaapuunr typu yu xua: W+, W- sa Z0 opanuy GosoHna-
puanp,

6.5-§. dnemenrap 3appanap xycycusTH

dneyeuTap 3appaJgap macca, CIHH, 3JeKTp 3aPAA, MarriT MO-
MENT, Jientou 3apsia, 6apHOH 3apsaj, N30TOMHK CHIH (n3ocmun) Ba
YHHID Npoexuuscl, FalaTiinK, AyOTIHK, Ypraya fluau BAKTH Ka-
Ol KaTop xycvensitiapi GiaH XapakTepiaaHain. YaapHH aloxu-
da-agoxnga Kypné wHKHIILAH aBBaJj, 3JeMeHTap 3appanapHunr
¥3apo tavenpaaniiwira, 6apkapop &k Gexapopauriira, Kafici cra-
THCTHKAra GVitcyniimin, Maccacl Ba GouKa Xycycusraapura Kapad
Kandali cindaapra GYIHNHHIINE BA WyHra GOFMNK paBHUIAA Kanaail
HoM Guiaan arajiiira Kicka tixrab yrasns.

Kyuwan siaposuii ¥3apo Tabcupaa waTnawimy éKH KaTHAUIMAC-
Jlurira kapab sappaaap aApoHAapra Ba afeHoHJapra GyauHaii.
AIpon cfan rpexda OorHp MabHOUH  GHJANDALN, alEHOH 3ca —
CCHFHA»  (Kyucn3) jeMmakgup. JIeknw ajgpod cVanm Kyuan Y3apo
TALCHPLA KaTuamysulr 3appajap YUYyH KEewr niuiathiaca, aieHoH
TEPMIIT KaM yupaiit.

slmaw nagrinra xapaG sappatap Gapkapop 3appa Ba pesoHaHc-
aapra Oyannaus. Bapkapop cyan wnclnii MabHoaa XaM HULIATHIA-
A, Macasau, nporon, sjexkTpon Gapkapop 3appaiapiip. JIexHH
Jp pa T wvesownap Yprava s pagen 10 ¢ Guumunra
KapaMaif, KicKa pakt ot (~ 1077 ¢) pesonanciapaas dapks YapoK
Vaap micGutan Gapkapop NicoGraHagiu. Pesonancnap, Kywsi y3apo Tanchp
BOCHTACHTA  (pagat sAPOJAPTA NAPUATAHAML. Kyuchs $3apo rabchp Off-
Jan 103 GepyByit Npolleec/apia anfatra Jenronsap KarHawaai (macana,
g-eyupumnn), /1 pa I -mesonsap pesoHaucaap ucobaaagd, 4YyHKH
Yaap Kyuan tancup  opkaml 103 GepyBull MapuajdHuiy KasaaHra 3ra,
Jekin Gy Kananm  Gomka  JuHaMmuk  caGaGiapra kypa Kam 2XTHMOJINK
Gl 103 Gepajs. )

Crarticriikara xypa 3appanap (epMiuonmapra sa Gosonaapra GymiHa-
A, depyitounap  gepsy cTaTiCTHRAcHra OyficyHYBYH, CIOHHH —2—/1 ra
Telr Gyarad sappastapian uoopat. 3o3onnap sca GyryH cmuHid Bl Bo-
3e-Jfiimredinn claiHeTiKacra GyiicyiyBuir 3appasapaup. depMuosaap AHA
[Taymt npuuwinira GyiicyHagm.
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Xap 6up 3appa ¥3 anTnsappacura sra. Bawau xoanapaa 3appa
Y3UHHRT aHTH3appacH GuaaH 6HMp Xua O6YaHuE MyMmxmH. Macanas,
doton, nl-Mezon.

Kaupail crarucruxara GyiicyHuumira xapab, 6o3oHnapra KH-
pyBun 6apkapop aipoHsiap Me3oHaap ne6 aranajH Ba (PepMHOH
XHcobnaHyByl 6Gapkapop aapoHaap 3aca, Gapuonaap neb aranaan.
Xy@an Wysra yXwaw pe3oHaHcaap XaM Me30H pesoHancaap Ba
GapnoH pesonancaapra 6yamHazn. Kyuau TabcHpa KaTHawmaii-
Aurai depMHOHJSap JENTOHJAAp CHHOHHM TALIKHJA 3Tajl, Macanad,
SJIEKTPOH-NIO3NTPOH, MIOOH, TaOH Ba yJapra Teriuin HeiiTpiuHO Ba
antiefitpuionap. Kyuwnn y3apo TabscHpAa KaTHamMaiijurad Ba
Maccacn HoJib Gyuran G030HJNAp XKJAaCCHK MaiilOH KBaHTJapH XNH-
cobnanagn (HoToH, TPABHTOH).

SuAN 3NMeMeHTap 3appaJsapHuur  xycycnataaphra Gupma-6np
Ti¥XTab yramus.

1. Macca. 3appanap 6up-Gupnapugan maccaiapu 6naad Gapi-
nanann. Macca 3appanapHuur MYXHM Xycycnstaapuian 6npu 6§-
16, y 3appaHuir AHNaMHK XycycusaTH Ouian Goranx 6yaran (Gpusnx
KarTagankanp. AToM AZPOCHHHHT acocilii XycycHsTaapinun Kypral-
Aa 6n3 Maccara Gatagena ryxtab yTran 3IHK Ba YHHHT OUDPJIHK-
napn 6nsam Taunwran 3auK. 3appanap aaccacH  MerasJaexTpoH-
BOJIbTJ4pAan Gup Heya rHrasJeKTpoHBOJbTIapraya teur OGY.araH
kuiivartnap onuwn mysxnn. Jacraa6 sJemenrtap 3appadap macca-
Japura Kapab JsentonJap, Me3onnap, Gapiuoniap ae6 HoM oarax
eurus, ¥pra Ba ofup 3appaaap cuxdura 6yamuran 341, duan 6y
TEeDMHUHJIAD caRIannG KoJuuran 6yaca-ia, 6ab3udapu  Y3HHIHT
OJAIHTH MabHOCHHN [IYKOTAH. NaKlKaTan XaM, I0Kopi,ta Kypitarai
T-NMENTOHHUNT Maccacli MPOTOH Maccackialn HKKH Mapra xarra, 1-
Me30H Maccacu ca, Gapion XicoGaawran nporton amaccaciian 11
MapTa kaTtTapoyx Ba X. k. Macca caxaawnmr KOHVHI XaMuma Mpo-
neccnapra Gaxcapliann,

2. Cnnn. Criun 3appannur xyeyenil Mexauux MOMCHTHII aliil-
aaiian sa h Gupanknapaa Vouanamzy. 3appa cnmnn YHHIC MYNHAL
xycyeustaapuaan Gupn 6§an6, y sappanunr kaiicnr ctaticrTiiard
OYficynmummin Ba 3appa TEIKUN GYUKHUHACHIINT CKajsp, CHHIOP

ERIl BCKTOD Xapakrtepra sra Ovomnnun Jearsetaitzn. Cnong 1046
6§.ran sappasap xapaxami ckagsp, SPUMra TCHT GIrani CrniHop
Ba, INXOAIT, GUpra TeHr CHIHIH 3appanap XapakaTi BeKTop THaKHH
Oynxuusaap ondan ndoiagsanai, 3appamap cnnim noatau 112
ra xarap KuitMaTaapun oamuwn myakii, Macadai, 1Eon conui
HOJIb, NYRNOMIAD cHuNI 1/2 Ba Apip u306ap crunn 11/2 ra TeHT.

3. Kydpran. XKydprank rywynuacy Guaai atos s$1p0IapHuIiT
acocuil Xyeycusraapiuui RVpranga tappmran sank. Mazo1a xoop-
Alllaranap uusepeisicn Suaan Goranx Gyaran v < 3081t
MyQrank ne6 aranani sa P cuspox Guaan Ge. agn. 3appa-
WHHr asonarn Ypuunn Gerruaopun KOOpANHATAIAPH  MIUOPACH
Ysrapripuaranaa ¢asosufi xyQramx varapuacanrn (P=--1) pa
arcmmuua, Yorapuunt (P=—1) sysxnn. Hlynra xapad, basosuil
HKYPTIUK AYDT KN TOK HyrmiKka sra Gyraal. 3appaiap MUK
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e e

XKyprankka sra 6yau6, y XaM Kyodrt €ku Tox GYmumM MyMKHH.
3appaiapHUHT HYKH }Ky(berH YJAapHHHT ACOCHI KBaHT XYCYCHST-
napigan 6upunup.  CnmH Ba KydTaik Gupramukza /P cumson 6unam

’ 1+
Kypcatwnann. Macanad, npoToH CHHHH B4 aydTamury o thoToH yuym

17, rpaenromnnkn 2 Ba X.K. Kyucws y3apo 1avcHp Guaan 103 Gepys-
UM npoueccaapia KYGTIHK CakJaRHII KOHYHH GaapHaMaini.

4. duexktp sapap. Dnextp 3apai Tydaism sappa arpoduia
MexTp Maiigod Xocusa OGyaaaH Ba 3appa MarHuT MaiigoH GuaaH
TabcHpaawany. 3appara 3JeKTPOMarHuT MafiloH TabcHp KyuH
Kyilugarn dopmyaa 6niaH aHNKJIaHALH:

F =e(E+[EH‘D, (6.1y
\ € A

3appanaprunr 3apsan 3JeKTPOH 3apsAaura xappanu Gynamu. Kyn
3appanap sapsan ==e ra TeHr éku Helitpas. bab3n A-pesonaHcnap
3apsaan +-2¢ ra Ba yJapHUHr anTH3appalapHHMHT 3apsin —2e ra
Teur. FaiaTiauk KBaluT COHITaA sra 6Y.rall > '-THNEPOH 3apimil  XaM:
=2 ra Tenr. DaexTp 3apAAHMHN CAK/AHNI KOHYHH AOHM GaapiiajH.

- 1 5 2 o
KBapk sa anTnkBapxkaap 3apsgu + Te exi + ¢ Kuitatra TeHT,

Kpapiaap Tampnéaza KysaTiAMATan/IIrH YUy YIADHAHE 3apsmu XaM Vi
yammaran.

5. Marnur nmomeHT. 3appanap Xycyciil MarHuT moveHtra sra 6Y-
G, VAP MATIIT MOMENT TY(aia TawKi Marinr vafizon GuiaH Tab-
enpaawaiy, 3appattiir  Xycycuit MarHur  MoMeHTH Bop MarueToHIapAd
Yauana, DekTpon BA AP0 VUyH  5Op  MATHETOHH MOC —paBHLIAA

B e, =" e renr.
Dy 4 . 21,

6. Haotonuk cnun, F3oTonnx cnin TylIyHYacH GuiaH OHPHHHH
60012 tyaa Tannmwran 3AuNK. XaMMa 3appaiapHHHT 3apAl Xonat-
Japi Yaapinuur H30TONHK CnuHn Guaan Genrunanapg. K3oTONHK
cmm Tvuvivacnun 30-iinanapaa Tefisenfepr xuputran 34H.

CJdeniou  3apsn. JISITOIAPHIINT  AHHNCILTALHAAAHMACTHIHHE
nenrm SAPAMIIID CAKJAti KOHY I \apamepmumx ‘(oaup nenTonnap

HHHE O1TH XILTH MaBKYMHCI MABJIYM: €, w7, T, ¥, _. Xap 61p

Jentoit Y3 autizappacira sra: e, p, <t vy JlenToHnap =1l

» gy ."

B2 anTiLIenTonap — 1 JelTon 3apanra  sra, IOKOpH,TlaI‘H JienToHMap Y4
NI JSTOH 2aps1 HITAN XapaktepIanaid. nekipod jentod L,, MIOOH
JeNTON 3apsil L Ba TaoH JenTou sapsa L. DnexTpoH Ba yHlIHl‘ HeWHT-

prsocu yuyn L, = 4- 1. Hlynnnriex, MicoH 8a ueitpuHo Jien1oH 3apsii
L = -1 pa migont Taon uefirpuocummr Jjentod aapapg L= + 1.

Toznrpon (67) pa 2eKTPON AHTHHEHTPHHOCH (CAB wMicoll Ba MIOOH
anTiHeliTpnnoc (v ), =7 -Taol BA T40H AHTHHEHTpPHHOCH (v,) MOC PABHII*
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maL'='—1, L w=—1, L = —1 Jentou sapsaara sra. JlentoHs1apra-
KupPMazHran ;xamma GOIKA 3appasap YuyH JIENTOH 3apsAid HOJTA TEHT.
Jlenton 3apAn cagnaHdamd KOHYHH  MMKDO3appaApHHET GHp-GHpHIA

allianuur MAPAGHMAPHEA TApTHGra comann. MacamaH, p” —-¢  KapaéHi
JICOITOH 33pAAHUHT Cak/TAHHW KOHYHHIA Kypa (LP¢L2) TaKHKIaHrad Ba

OyHpail xapaéH TaGuaria Kysarrmaimm. Jlexms, p~ —-€” 4 v, + 3,
2Kapa€H GYVIHWM MyMKIHH, YYHKH Gy 2Kapaénld JIENTOH 3apAIHHHC CaK.Ia-
HHW KOHYHH _Gaxkapuaanu:

Ly=L,+L+L,

8. Bapron aapsap. Snposuii peakuusnapia GapHOH 3apsSAHHHT
CaaHull KOHYHH Gaxcapuyiaid. Xamma Oapuonnap B=-+41 Ba
YJapHuHr aHTH3appanrapu B==—] GapuoH 3apsara ora. :\'leaoH
Ba JienTtoHaap 6apuoH 3apsara sra smac. lywnail kusaun6, GapioH
Ba autubapuon dakar anekrp 3apsif HIWIOpACH GHJIAHCHHA 3Mac,
Gankn Gaphon sapaf nwopack Giian Xam Sup-Supuzan (papina-
Hagu, Macanan, pre-—24 peaxuus Gapnon 3apan Ba JEnTOH 3a-
PAAHMHr cakJaHMWl KOMYHHra Kypa TakikJauray Ba Oyuiaii xa-
paéu rabuarpa Kysatuamaiimi. DnieneHTap 3appasiapHUHT 3.eKTp
3apsan, H30CHHH MpoeKuHsAcH Ba Oapion 3apsaill y3apo Kviiuiari
MyHocabar Gunan GOFgaHran:

g=T,+—B. (6.2)

! .
Macanan, aurmporon yuyn g = — |, T, = —— B B=—1 aumi

B=—1].

HEATPOH yuyn aca, ¢ =0, T, = + — 5

9. Fanatuauk. K-meaon pa rriepoilaap  amoiind  XyeycHaATra
sra. [lunepomsap K-mesousap Guaam Ba K-mesomrap ¥3aa-
para yxmaw sappa €kn runeponaap Gumaan  GUPradiiHkAa  No-
e Gy Makaym Gyaan. Macaanaw, xyitugarn peaxuiniiapia
K-Mesou Ba runeponsap Ky Nock1 OVALH:

p+p—p+ A+ KT,
% +p—>\°-LA.

AnGatra, Gy peakunsnapma xapakavdari npoton GKH T -Me301
SHEPTHSACH €Tapsan fapa)iaja KarTa, sbHH AHCH 3apPadapiiir No-
CHI 6Yaunnn TabauHNafianTan MUKI0pAA Oy AHILIT KEpaK.

By sappanapunnr xuaug XYCYCHATH siHa wWyHAakH, y.Jaap Kyl
¥33po 1ancup opkanu 103 Gepydun Japagunapra XoC BagT.Iapia
{~10-% ¢) Xoeua Gynany, nekun xoci G6¥aran sappanap Hucla-
TAH KarTa fulam BaTira sra (10~3=10-10 c). Hasapuit xy.Joca-
JApra Kypa yAapHEHD sumam BagTi xaM KY4aH $3apo Tancipra
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X0t B Y

e xayKé;ncingmaH yAuaHRWu Kepax sau. Dy sappaaapnsir Gyu-

i apn&u TET‘l?LIl."III CakMatiil KOMYHNaDH arocsn .

K HHUJHA)K};I\YH Aldq}:e:n.l——MaHH (1953 it.) Ba yupan wyctzome

B i Klmu}:‘a (1954 fi.) rFranmaTHAMK A0 HOM OJrad KeziT

Kyfinnars (ilo wrad spunap. ¥ S xapbu Ounan Oearuaanaiy za
PMYyJlaHH KaHOaTJAHTHPHIIH KepaK:

q=T5+%(B +5). (6.3

By e

Cn};m Dla loKopuja  afimiaramieK g — SaekTp 3apamM, T, — u3oTonHK

Vuvy gpoe“'u”ﬂCH Ba B — Gapilon 3apsit. By mywocaGar mcrasran aipoH
YH Gaxapumig kepak. Macanan, npoton yuyiw g=-+1, Tp=~+

+ L o
5> B=-11 Ba penax, (6.3) raKijpa npoTOH FanATHIAIH S =0 6y-

ar ]
Uit Kepax . Hefirpon, =-neson yuyH xam S == 0. Jlexui K-xaoi ranatizi-

i -
-m.:;rl’ n‘\» ¥ -nimeponaap yYuyH S = — 1, Z-xacKapJH THOEPOH Faia-
I § = — 9 p3 O-rimepOBHBKH 5C4 S = — 3 ra 7enr. bapioH 3apag

ik

n:aH rananmgs frngmich rnepsapai AeG aTanayi sa Y Guan Gea-

nn-(a“am!: Y — B S, Wymmr yuyH (6.3) mn sha Kyhnjara KYpi-
HITa xam @anur ayaKHb:

1
= —V. 4
e (6.4)

=, Xap Gup 3appa spa jjpraya ALl
Bekapop 3appajap COHH ypraq?

l 4
E,;“_TO' Ypraya sunam BaKTH
ATH Giaan xav xgpal(TepﬂaHa}lH.
A pagyy Jg1a @ MapTa KamasH Ba KYHAHIArH KOHYHHAT N, =N
I arapay,,
C{‘III')Y epaa N, __ Gowiganriy
i PTG K0:raH 3appa
S DTS pesonanc KenrJHrl

paKTATH 33ppajiap COHI, N,— ¢ BaKtAaH
Jap MIKIODH. Pesonancrap y4yH < YP:
KeaTHpHAan, Pe3oHaHe KeHrVIHIH r
SUEDPTHST v rves B 11, Pe3oHauCHapHiT ypraua swawr BaK-
i 1)3“;-;.\':_];"’E;'_]:";’_'”'I':“;;I}"}”}'IJ.:’,;?:?& AEAf= I pan ¢oinananiG xHcobnaL
MYMKHH, 5y (L,').m Af— [ ned o.JmHa,'Lu6 iy
C,\'nrr:'-i’lnl{'la_.;i;d kawd sTIERES 3a!§)papezi)p K«r};annm{»
Pusicra yipg 1?3 a1a TYHKOPIIE? (qqapoéaun m;’ﬂ il
(kpacora) " ma exaudiile (ucTiil) AcC now) DT
XYCVC]IQ_T‘—IH)?,‘ «\";N\ sramitprale Malc{in::{lma-z;i 3§J}:a i sca C=—
«na(hT\'m{o] ey C=1s ynaplﬂ}\/ i «r{3aA1K
B Trnes PIrIe> T e ra. « {adTYHKODJIKK» B2 «TY
Yaray «xtadyrynkopAKEaY St g npanap kamd THARH, JCKHH
KBAT conaapura 2ra 6y m.amugui‘mux» KBauT coHp Omjaam Xa-
¥Bapx nagapuscura KYPA n.‘\. \iaByA Gfamumin kepax. By 10K0PH
pPakTepaanypuy sappaldP ¥l cmnkanapra Ksapkiap HazapHACHl
Za afttiaray gpanT xapakTeP
KYPrauaa sina waiiraMi®
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6.6-§. DuemeHnTap 3appajapHU CHCTEMAra COJHMINra ypHHULLIAP.
W3oMyabTHOAET BA CYNepMyIbTHIIETAAP

DaeMenTap sappaNapHHHT <«3JIEMEHTApJHCH» Ky  XoJ/apaa
wy6xanu 6yaH6 KoaaH. PesonaHcaapHH Xam Xucobra oJaranaa,
sjementap sappanap conn 200 xaH OpTHO KeTau. aemeHTap
3appanapHyur 6up-GupHra aitjaHHWy Ba yJap opacHaari MabiyM
6oFNaHHIINAPHIHT MaBXYAJHIH 3JeMeHTap 3appaJap KaHaaliup
¢dyHaaMeHTan 3JMeMeHTap 3appajiapiaH TallKIL1 TONral Oy JHuIM
Kepak, AeraH QuKp TYFuJ/HLIKra cabad Sy

Suaementap sappanap maccajapura Kapal, xyucus ysapo Tab-
ClipAa KaTHallafHraH JENTOHAapra, Kyumn ¥3apo Tabcip OuiaH 103
Gepaauran xmapaénjapmna KaTHawWyB4dln aiapoHJapra OGVaIHIIIHHH
KYpAHK. PoTOMNAD 5JEKTPOMATHNT TABCHPHI Tawysun 3appa 6¥-
JUi6, y anoxHaa cHHMHHY TaWKHI 3TaiH.

Jlentounap xakukuii sJeMeHTap 3appajapHH Tawkia o 3TCa
Kepak. Ysaap OJATHTardHa: 3JIeKTPOH: MIOOH, TA0H Ba Y.apHHHT
HeilTpuHonapH: v,, v, v.. Aurtnszappaaapui xam xucoGra oncak,
YAapunur conn nKkH 6apobap opramu. Jlentomaap & adcoaior Gap-
Kapop, € aaposuit macwrabiapia :yla KaTTa silall BaKTHra sra.
Ba, nnxosr, JenTonaap uyKrTasiil ofbeKT.Iapaip, AbHiL  IOKOPH
Slieprustaaphaa Xam MUKH TY3HJIMIICA 3ra 3MacHIrl aHiiTaurat.
Wynuur yuyn xam aentonsap Toy MabHola 3aeventap Gyaca
kepak, Ly jokopuaa afitnaran guspaap dorouaapra XaM T13ad-
AYRJAND.

Aaponnapra xenranga, yJaapiuunr con yaa Kyn, KVOUTICU
pesonancnapaan nbopar 6¥an6, Ayia KHCKA siaur BaRTHCa Sra.
Yaap 3MeKTPOMATHHT CTPYKTYpPAra 3ra 3xaiIuri tampudatapiad
annkganran. Macanan, IOKOpH 3Heprusail 3AKTPOIIAPHINIT 1O~
TOHJAPAA COMIVIILIIE FPraHuul WV K¥PCaTINKI, 1IPOTON Hu1ila
Kaumaiaup ANCKPET TAIUKIL STVBUI Mapkasiap Manmy1 GVaid,
yJAapuuur pagiuyen uporon paguvennnnr 2% i Tamsi aracil
UpoTounuur Tapsubura Kupysun v NVKTaBHil 3appaaapi 1969
finiga P. Qefinman  woprouaap aed atauu [opron nasza-
pusicH  Gowa JenTonAapHuur npoTonIapia  COUNABULL,  1POTON-
Japhnir nporomiapaa cowmanmuia (1972 i LEPH) xam rac-
Amgaaunn. Ksapraap uwussapusicn  stpatuirad, HOPTORIAD KBAPK,
3111'111\'13;11)1\' Ba MOOMIAPAAH TAUIKNI Tonran jecau Guxp aiTiuimi.
Wyunait kuano, saesenrap 3appagapiii TAWIKHI 3TYBYIL KBApK.1ap
NARHIAry nasapus sipatisn, Jlexuy KBapk HA3apHsicHHIl KypHUl-
AdIL O daeMentap aappadapui anda Taptidra Cogrdn 130-
MYJLTHIVICT Ba CYEPMYALTHNJACT TyWvHuazapil Bd VIaPHIHT MO-
NUATH GiaN TANHIIAMIIS. c ’

K gii“il&g:“f\.!_’I’em —'Manu Bil yuIan Mycracio, 1954 imtaaa
e L 1{e5 zllrl!a BaNTAa MabavM OVaran  aIpoHaapHil H30-
rrrl K)"pcarzumadmi‘jlvl CicTeMa acociAa rpYMnATaml MyMKHi-
MK sa Gapior 3.;1 [:] Y cxemara acocan OSup Xua cnui, KVpT-
netnapra i psixan vfi:iponnap aqaoxHIa-a,]d0N1a2 TI30MY . IbTH-

Plawann. Yaapemur maccalapi XaM Taxsunay Gup
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XMJ, Jekiyn 6up H3OMYJbTHIIET 3appajapH H3OCHHH NPOEKUHsCH
T Gusau cdapxaanapunap. MsoMyasTHnaeTra KipYBUH 3appanap
coHMHl usocnud T xuiimartingan ooiinananué 271 dopmynara
acocaH anHMKJamw MymknuH. 3appa 3apsau 3ca Te, B Ba S nap
oprani (6.3) c¢opmyaaza KypcaTHJAraHuAeK anuxJaHagn., Hao-
MYJbTHIJETNap 6.4-pacMIa MICOJN TapHKacHAa KYpCaTHAraH JHar-
paMmmanap 6uaan TacBupaaHanu. By amarpamvana 60pHOM 3apsan

B =1, cina Ba wydprmrn / Fe —;— - 6y nran 6apiapop Gapionaap—

HYKJIOHMap Ba A°, ., S-THNepoHjiap H3OMYJbTITIETIAPHH TALIKIT
3TImUN Kypcatuaran. unepsapsin 6up Xna O6yaran  afipoHsiap ajgoxHia
H30MY/IbTHAJETIApHIE TAWKMA 3TaaH. 3appasapud OyHIAHd H3OMYALTHI-
Jletnapra GHPIKTIPII cXeMacll MabayM Hasapiii acocra sra, anbatra. By
Hazapiii acoc 3aMuHIIA KYYTH Y3aP0 TAbCHPHHHC 3apsira  Goruuk 6y.1-
Macauir étagi.

Teaa — Maun Ba Huwuiasuma Mozedn y3 BagTHIa aipoHJjaap
Gu3nkacy yuyn MabayMm axavnstra ara 6§aan. By cxema acocuna

HOMabayn Gyaran KO X0 sa =° runeponaap MaBXXyAJaurh Hasapuii
aiitu6 Gepnaau, cyHr ynap Ttaxprn6anapia TacAHKIaHAW. JIeknH
pesonancaap xawg atuaa Gowaauray, [eanr — Mang — Hnmmpexn-
M cxemMacl yexJaauranauria KYpuuuG KoJnu.

1961 finsaa Gup-Gupnian mycrakua xonpa M, Fean— Mann Ba
I0. Heevan ynurap cumsMerpus jne6 HoM oaran 3appa-
SapHil rpyiitara GUPHKTHPHILIHAHD SIHTH CXeMacHHH fpaTHIl MyM-
KITHAUrNi MaTesMaTk xHeobaawiap acocijga Kypecatib 6epauiap.
By cxewara x¥pa cnumaapu, 6apuon 3apsad Ba kyramrn  6up
X1 Gyarai, JeKiNI MaccacH, 3JeKTP 3apAAH, H3OCMHH NPOEKUIACcH
Ba rasatpaurit xap xua Oyaran aapouaap 1,8 éxn 10 taman cy-
HepMyIbTHIAeTIapra  GNPHKTHPIIAAN. DJeMeHnTap 3appasiapHIiur
Oviiaaii kaaccnduranisey caxKH3Tadluxk dopMaanHavn
Ael Nay atagaidn, UYNKD YHHTap CHMMeTpnsifau KeanG uiKyBYH
aiponaap Kiaccnuxaiusicl cicreMacuia 8 comn anoxmpa ypHH
TYTanmu.

YuuTap cuMMerpus cxemacl acocuga MesoxJap Oup €xkn cax-
Kl3Ta 3appajan n6opar ouaaMn, aapomsap sca, 6up, cakkua €Ki
yuTa 3appagan uGopar ounanapui Taulkua  stagu  (6.5-pacm).
HMsocmin sa rnnepaapsa Y=B5-4+S KBa#T commapuiuur OJMMILIN
MYy Gyaran knfimataapu Xap Onlp oljla YuyH MabiayMm KBanT
COHJIAp NaHKapacHuil XOCILT Kilaaa,

Y= +1 Y=0 =

(] Y:-l

ho_e A st e e

L_ L : i ¥ N
5104 T o T 1O TH - pon T

6.4-pacm.
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8) pegonancnap

6.5-pacm, a) OGapuon okreT; G) ME30H OKTET; B) PE3IOHANCIAP.

Byupait nmamxkapanu dopman pasiluia MateMaTHKamuHr rpyn-
Hanap Hazapusacu fef aranaysun Gy.1HMH acocHAa HPOAATAU MY M-
Ku, By Xoana manxapa SU (3) cHMMETPHSIH Tpynnamy XocHs
Kuapn pefinaagn sa SU (3) cumyerpus rpynmacuimur $14oBi
3X3 ra redr Ba Gy MaTpHUA aHNKAOBYHCH Oupra TeHr G¥aran yHu-
Tap MaTpuua rpynnacuaan ifopar 6yaani.

Burra cynepmysabTHmaeTra KIIpyBuH 3appadap, VJIapHIHT Mac-
canapi capgnaapui XHcoO6ra oaMarawaa, KY4.IH ¥3apo  Tabeup
npoueccH uyKran uasapugau Oup Xua 3appaiapanp ae6 Kapaau-
Wy mymeun. Macanan, 6.5-a pacyaarn GapHOH OKTETra KIpPVBUK
NIPOTOH Ba HefTpoM yiuta cynmepmyJabTHIAET 3appadapH Hunaa aco-
CHii XosaThna olfinawray 3appanap Ae6 Kapaica (FaJaTmairi

S=0), ramytmry S= — 1 6¢aran X, ¥, ¥ Ba A" rumeponap
HYKAOHJAHIHT GupiHui yHrOWrall NONATH, rafaTiimrs S = —2 Gya-

rad £7 pa E> runepoiiap sca HKKMHYN yiiromran  X0JaTH 166 Kapaw
MYMKHH, :

7.

YHUTAp CHMMETPHS CXeMACH TYPJH Macca, H3OCHHH Ba Tumep-

3apanra sra Gyaran 3appanap opaciia uMyKyp GOFAaHHI GOpPAHIH-
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HH K¥pcaTmn. ¥ 3BPHCTHK axamusatra Xam sra 6yamn. 1962 fimnga
M. Tenn-Manu 6.5 8-pacMAa KeJTHPHITaH IEKYIJIET CXEMacH aco-
CHJa, AHIH 3appa MaBXyA OVJHIIH KEPaKAHTHHH Ha3apuil aitné
Gepan. By sappanuHr KBaHT XYCyCHAT/Naph KaHal sKaHANTK w1y
IOKODI AT cxema acocHAa OJIRMHAAH aiTHO Gepuiau:

I=32 P=+4+1,B=+1T=0, T,=0,
Y =—2 S=—3Bag=—1

Tean-Maun mabaym marematuk xucobaaiunap acocHia 6y sappa-
HHHT NapyaJaHim cxeMacH, ypraya smam Baktd (t=10-!° c¢) ma
XaTTO MacCacHHHHT XaM Kaupal 6yauwnan (M=1675 MaB) onami-
Iau afitu@ Gepau. 1964 fuaga Q--rumepon fe6 HoM oaran Oy
3appa Tta)ipnbaja Ky3aTHAZW. YHHHT JauaHrad yprava sAmam
BakTi 12=0,8-10-!0 ¢, maccacu M 1672 M3B 6ynu6 uuxan. By
CYNEepMyAbTHIAET CXEMACHHHHT KAaTTa IOTYFH 3[IH, anbartra. YHHTaD
CHMMETPHsA CXeMACHHHHT 3HI KaTTa IOTYFH WIYHAaKH, YHHHT DH-
BOYKJAAHIIH acOCHAa KBADK MOJXeNH ApaTHIIH.

6.7-8. Krapk mopenu

Axponsapun cicremara COJHIN, sBHH CHHbaapra Grpiawri-
pHlIJaN TamwKapl, YJapHHHT Xap OWpHHE YHya kyn Gyamaranx,
HAOA Gopnua KIUNK MHKIOPAAarH GyHAaMeHTan 3JeMeHTap 3ap-
panapian TySIUTAIJUICHHE aHUKJAWra ypPHHULUTAD Kyn  GYyamu.
Aaesenrap sappanapuur GyHpall mMopennun GUpHHYM Mapra 1949
finana 3. ®epau pa Y. Slur takaud Kuaran smn. Ywa  Bakria
($axar uyxaon sa NHOMJAPrHHA MaBAYM 31H. Yaap nsociunH T= =L

2
€3UCMENTAPANTH» XYCYCHATHAAH Goiifananub, NPOTOH BA HeliTPOH

B2 WIVHNUFICK, ANTHNPOTOH Ou/IaH aHTHHENTPoH QyHnamenTtan
sacMenTap aappaJapaup ne6 xapaamiap. ait, s, a’-NHOHAAp 3ca,

BYKJI0H Ba antunykiaon (N—AN) mapHuHr GORJaHran xojatidapuian
n6opar je6 rymynrupannap. 1956 imana C. Caxara sHTH MOAETHH
Tarandg srau. Cakara Mojennra Kypa NpOTOH, HeitTpoH Ba -\ -FH-
Nepoll xawvja vaapHIHr aunTtHsappadapi ¢yngaMmeHTas 3appanap-
oup 1e6 snjoH KuAuHAN. By Momenr acocnaa Xam KHSHK HaTi-
JKadapra spulUUJAH, JEKHH Te3 Opaja YHUHC UeKJaHranaHri
GuaimnG KoTaM.

1964 finaza M. Tenn — Manu Ba yuaan Mycracho K. Lseiir,
YHETAD cuMMeTpPHa cXeMaclijga KysaTHaypuil 6ab3H KaMUMAHKAAD-
HIL TaXdna Kuan6, rinep3apsagn Kacpan  6§araH  ajpoHJapHuir
YHUTAD TPHNJCT OHJACH XaM MaBxKyn OYJamuln Kepak geral QukpHI
aittaaap. By Tpunaer awsonapuni LiBeiir «rysmap» ne6 araan,
Feas-Maun sca ynapra «xpapknap» HoMmuuu Gepan. Kefinnuaanx
KBAPK TePMIHI KeHr HijaTHia Gomnanail. Ksapk Ba auTikBapx-
qap 6.6-pacyiary gparpaMManapia TACBMPAAHraH., V30CTHH IPOEKUMACH
T.= T Oy.iran KBapk (-KBapK (WHIIM3Ya ,&p" — ICKOPH) H30CHIH

1

npoexiusacn T, — — > ra sra 6yarani d — kBapk {down— macTkir) Ba

213



d + ]Ir’a i
o 0
| Nar /7 2 =
T
_2/(,
5
a 8

6.6-pacy. a) o, d, s-xBapxiap; 6) ¥, d, S-aHTHKBAPK.1ap.

VUHHUHCH § — KBapK (sirange — rajariiikka sra Gy.rad) ae6 aramid.
AnTniksapkaap keaut couvapuuntr (/ Ba 7 ma Tawrkapi) Hwopack OHaaH
¥3 keapknapigan gapiradann (6.1-:xagean). Xamva KBapk B2 aHTHKBAPK

1
cmiHaap 1/2 ra tenr. Kpapkaap P = + | wydmmmka sa £ =+ =
6apion sapsiara sra. [unepsapsan Y sa saextp 3apsig g kitvartaapi 13
€Ki 2/3 Kacp cOHuapra Telr.

6 {-maasaa.

}.\S';;I;\Knm i ‘ 1 P ‘ B T T, ] S @
u 12l 41| 3] 12f <12 | w13 | o) -23
d o | 41| 13| 12] =12 | 213 | 0| i3
s 12| 31| 13| o 0 Zag {1 | —13
2 | —1|—1a| 12l —i2 | —13 | o —23
d Lol —i =13 12f <12} —13 ] 0] +13
; 120 —1 (=03 12 0 423 | +1 G113

KBapis mogennra k¥pa, mMe3oIap, KBAPK Ba aNTHKBAPK ¢~g yQTirian

TAWKHN Tonrad, Macamad, =" -Me30H #-KBADK BA d- aUTHKBAPKIAIL TAlL-
KHT TOIrau 6:}".’1”(111[ Kepak. RJ'_ -ME30H 3aDsiuf  VHIL TaKkILT  STYBYH
KBADK-aHTHKBADK 3JEeKTP 3aDsMIHMHT firumyicira tedr: —23 +1 3=
=1, yHuHr Gapitoit 3apsiane sca 1 3 — 1 3 = 0 Ba N.k. Ksapk mozeiza
6apioniap yura Keapxaat Ty3maagu. Macadal, NPOTOH HKKIL H-KBAPK
Ba Onp d-Keapkiad (1ud) Tawkia Tonmali. uid KOWGUIYDAUNSIH RpO-
Ton 3qexTp 3apaan + 2/3 423 — 1 2= 41, Gapiout 3apaiu -~ 1/3 +

+ L34+ 13 =+ 1, ranamanrn S =0 Ba y.k. Xyaw mysra yxwad
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HeliTpon — wdd, \° — uds, & —dds, 2 —uds, 3t —uus 3T —
—dds, =" — ¢ss KpapkJaap clcleMaciiad nopar.

Typii Meson Ba GapuoniapHH TAUIKHA 3TYBYH HKKH KBapK-
AHTHKBApK €K1 Y4 KBApKJAN CHCTEMalap opbuTal MOMEHTH HOAra
Tenr 6¥aran acocuii xomataa 6§an6, vaccach MuHHMaA Gfaumn
€kH opbntan KYy3Fanuiliaap HaTHXKacHAa Maccanapi oprtub, cmi
Xamaa xy§Taiukaapn ysrapuwn xaMm MyMmxnd. Harmiokaza yaap
OKTYIJIeT KN HeKymieT chcTemanapHi xocua xunaaix. [ly ycynna
cnnHaapn 9/2 ra xapap yarapaduran OKTYMJIET €Ki AEKYNJeT/ap
Xocua Gyaanu. YaapHuHr KYmuHAHrH GapHOH  pe30HaHCJapRaH
Tysunann. Jlexuu cnuH Ba zkydraurk 3/2+ 6yaran 6apHoH OKTYN-
DeT Ba wy KBaHT couaapu 1/2* 6yaraH GaploH AeKyIJIer yupamai-
Aan. Huma yuyn? A°® Ba I° runepoHnap GHp XHA KBapkJapiaH
TAlUKILT TOMraH, Jexkud yJaap Gnp-6upuaaH KaHnaai dapxaanann?
By caBoanapra sxaBo6 tonmm kniine 6Yaa.

KBapkaap sapuv cnnuan depsiionaapaan uéopar 6yarani yuyH,
yaap ®epun—Tdupax craTiucTHxacira 6yitcynanu. Jleknn, 6ab3H
Gapsionnap wacadad, Q~-rHNEpPOH yuTa Gip X cmuH {ifnammuira
3ra Gyaran S-KBapkJaapAall TaWKHA TONraH 1e6 TYWYHTHPHIUIA
T¥Fpn keaan. By sca IMayan npunHnunuHuer 6ysuiyunira oanb xe-
JAati, Bypiail xuiinnunankiaan KyTyadm f§ansain GupuHun mapra
O. Tpuubepr kypcaran. [pun6epripur TYWYHTHPHUINYA, KBapKIAP
Depyvn— Tnpak craTicTHKackra 6Y{iCyHMacHHrl MyMRuH.  YJap
Mapa—depyviir ctaminernkaciH 1e6 aTajyBull cTaTHCTHKara GYiCY-
Waxn Ba Gy cTaTHCTHKara kipa, MabayMm 6up Xonartpa yuragal
RV OVamaran 3appa Xodatin 6Yaniiil MYMKUH 3vac jef TyWyH-
THpaaan. By wmyamvonn Xan Kuanmnusr fomsava fiyaman ames
prikaaux M. 1. Xan Guaan I, Ham6y Ba yrapaan mycracho, €0-
ket omnvi A Tasxemnaze xamaa Toxuoank I Musmoro xypearii-
Yaap craricTukann svac, KBapkaapuu Yaraprupausap sa  XaP
Gup wkpapk kViMua KBauT codira ara Oyl kepak ae6 TY-
wyuripangap. By x$mmMua xpant CONH PAaHTANp Ba panr yd X
KitiisaTra sra Gyanmm MyMkmi. By snri KBaHt coummumr ydu X/t
Kliivass vu X panrra TYrpu xeaaiu e6 xapaamn Yaap ka3t
AWILT Ba KVK panrdapanp. AHTHKBApKIap 3Ca anTupanrra 3rad 6y-
Jaau. Pair ryiynuaciiinir KUpHTHANINE KBapKaap couunn yd Map”
Ta kynaiitupasy. Judy 3appanap Kyimiatn kyunaiua IQOI‘lﬂ.ﬂ.ﬁﬂpra
acocan Ty3muaaii:

1. Bapuonaap 1vpan panray yura Kzapkaapaan tyaniani.

2. Mesonnap GupOp paHran KBapk Ba aHTHpanran aHTnkBapk”
JADIAN TAIKNI Tonazl. ),

Macaaan, Q--runepou 3uan panraapi KU3ua, smujg  ba Hf'f_
Gyaran yu s-KBapr1an Tvanaagi. Mesowaap KBAapK Ba anTuKBaph
Jlapgaan Ty3uialil, JeKHH YJAapHUHT PAHTH OJIJIUH }guann-ammgnaﬂ-"j
clIIT AWIA-anTHS A Ba KYK aHTHKYK DPAurTa aivammnany Ba & &

VOKVIIIMYA KONA4Japra xypa peatd Ky3aTwayBum anponaap O:I‘
pauran Gyaumun kepax. Wynnur yuyd xam Gupop panram 270X 1A

o m i1
KBapK KysaTuaMaiiar, spHy Tabnaraa aldoXuia KBapk yqpa.\w“:ll !
ne6 tywyurupnaaain.
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Panr Tyiuynuacn xupuTHAra4, KBapK/aap XWJH YJIapHHHr XY -
6Vitnurn pe6 atana Gowsasmu. SIbHH KBapkaap 4, d Ba S
XyWwOYitnukka ara gefuaani.

Olynpatt gunu6, Tenn—Maunn Ba LIBefirHUHr YMYMJAAWTHPHI-
TaH KBapK mojejura acocad 18 ra ¢yHaaMenTan 3appanap O¥.HLIH
KepaK: yu XuJ paHr Ba y4 Xua Xywb6yinuxin 9 Ta KBapK Ba yJjap-
HUHT aHTHKBApK/aapH. AHTHKBapKJap «aHTHXYWOYIMHK» Ba «aHTH-
PaHr» ra sra. Jlekun Te3 0pafa MaBXYZA aJlPOHJAPHHHT XaMMACHHR
Oy dyupamentas sappajaap acoCHAA TYSHII MYMKHH 3MAacJaHrH aHHK-
Jagad. Slurn xyw6yitnHkka sra GY/raH TYPTHHYH KBAapK MaBXYy.-
JUTHHE 3BTHPOG 3THLIrA TYEPH Keamn. By KBapx «MaTYHKODJIHK»
KBAaHT COHMra sra 6Y.au0, y ¢-KBapk me6 HoM onau. (Ppanuysua
charm — ouapoBaHne cy3uiaH). C-KBapK XaM ¥3 aHTHKBApKHra ara
Ba yaap yu XMJ paHr Xamaa Y4 XU aHTHPAHT KBAHT coHaapu Ou-
JlaH xapakTepsaHaill. C-KBapK Kyilliaarid KBaiT XapakTeplcTHkara
ara:

=12 P=+41, B=+13, T=T,.=0,
S=0,C=+1, ¥Y=+43, p=+23.

Suan runepaapsp Y=B-4S4C dopmyaa Ouran auuiIaHafn. C-
KBapKk acocnpa suri xawd sruaran DO- Me3onui sAXWH TYWIYHTH-

PHII MyMKIH, D°-Me30H ¢-KBapK Ba (-aHTHKBapKlal TAWKIJA TONran
Gynann. Y owxop MadTYHKODANKKA 3ra, AbHI  MaPTYHKOPIHK
KBAaHT COHH -1 ra teHr. DY-Me30HHUHT CIHIiHH, 3JEKTp 331pain,
Gapion 3apsian Ba ragatuanri Hoara teur. Llyuzait Kxuans, KBapx-
Jap conn 12 rara eran (6.2-xaasad).

62-xaapad

Kvapk Kpapk panraapy
xymGinmri - I — -
u qg=+23 g=-—-23 q 23
B=+13 B +13 B—- 13
i

d g = —1 q —13 ¢ _13
=413 B =+ 1,3 B 143

i ge—=1iE g —13 i — )3
B + 1,3 B -13 B + 13

€ g= 123 4 93
SR8 B2

Nap xma xyws6§iansin KBapKJaap maccadapn 6yiinua OGup-Gupi-
Aan paprianaal, JeKHH TyPAal PAauraH GHP XHI XYWSyiulikka sra
G¥aran xsapkaap Gup-Gipaapuzan dakar paurn Ouaan cgapx.aa-
Hazy,
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KBapk Hazapusicura paHr TyWyHYacH KBapK CTaTHCTHKACH
MyaMMOCHHH Xaj KHJAMII YYyH KHDHTHAraH 3. KBapknaphu
agpounap nunna Gup-Gupl GHiaH GoFaab, yuiab TYPYBUH Kyu wy
paur tydaiinn wo3ara kenagn 1e6 dapas KHAMHAH. MabayMky, 3a-
pAlsnaHran 3appanap y3apo 3JEKTPOMArHHT MailoH BOCHTacHAa
TabCHpAawany. DAEKTPOMATHHT MAHJAOHHH 3apAR XOCHT KHJIalH.
Keapx mafigoun 3ca, paHr H3OTONHK CHHHH Ba DAHT THIEP3apaR
KBAUT cOHAapH Tydaliau i03ara KesnaJH. YJAapHH PaHT 3apAAHHHHT
UKKH XHJ ypuunmi cudarijga  KY3 ONLHMH3rA  KeNTHPHUIHMH3
MYMKIH.

DAeKTpPoMArHuT ¥3apo Tabcup (OTOHIAp BecHTacHna 103 Gepea,
KBAPK paHry GnnaH GorniK OyaraH y3apo Tabcup 8 Ta maiijoH Ba
8 Ta BocuTaun sappanap tydaiian 03 Geprmn xepak. By sappanap
raoon1ap HoMuuu oaan (glue — nHransua «emm» cyanpan). Po-
TOH cHHrapu rJI0OHNap MaccacH3 Ba CnHHH | ra Tedr 6yauumin Ke-
PaK. Yaap kBapkaapra yxmab xysatiuamafigy. Taioomnap mypak-
Kad pasrra sra 6y.ud, yJapHiHr paHrH Y4 acocili Ba yu gjmuumya
AKTIpanraap KoMGiunauuaciian xocua 6ynaan. 5

Keapkaap ysapo raioonsap 6usan TawscHpaawagu. Dymaai
ATMAWIHVE BAKTHAA KBApPKJAAPHHHT palri  ¥3rapilltn  MyMKHH.
Laoouaap v3apo xam (KBapkcna) TACHPJIAWNIUN MyMKiH. JIeKHH
3dekTpomarudt maiizon ¢orousapn 6ynaail xycycusrra sra 3Mac.

AUCHNHT OVIAail MyNHUM axaMusSTH TyQaliii KBaHT XpOMO-
Auvavurxacu ge0 atanysuyn nasapus BYXKYAra Kenai.

Bapuou yu xus pasran ksapknan TalKHa Tomray Gyaamn. Jle-
KINE K314, sl Ba KYK  PaMrAH  KBapkJap raooxaap OunaH
V3ayrena aamamnnnd, ysapo rabenpaawinb typrann yuyd, 6ephi-
Fan Bagrila Kpapkaapuunr Kailcy GHPH KaHAaail panrra sra 2Ka-
Wi Guoamm wuiinn, Ulyura gapamail KBapKHIHT Kaupalt paHrra
3ra GLamu aNTHMOMICN XaKiAariHa QUKD  IOpHTHUI  MYMKHH-
Kapraapuunr xap Gup BaxTAd Xap XWJ panrra sra Gyauuw 3XTH
Modanrs Gup xua Gyarany yuyn, aapoH panrcus 6§auui xepak.

1974 dannur wosiGpuiia wad stuarau J/p-meson xam rypTHE
Uit c-kpapruunr 6anun kepakanriun rcboraamu. J/p-meaon c—F
ABII MaQTYIKOD KBAPK Ba aHTHKBADKHMHT GOFianran xonaTHAaH
HGopat GVv.aum Kepak, aerad (uKp AroHa TYFpH Qukp sxaHHrH
anninanue. Tes opana Oy chereMauunr Gowika yitrosran x0%27”
Aapn wasapuii xucoG4a6 4NKIIIH Ba yhap Taxpubaja TacAsk
NaHAN. J/@-ye301HIIr MadTYHKOPJIHK KBANT COHI Honra TeHr B2 Y
“nunxoustit maryuxopaukka» sra geiiunani. Ouwkop madTyHKOP”
AllkKa sra Gyaran (Macaaau, loKoptifa aiitiuaran DO meaoH) Gowx2
3appagap Keiinnpox Kawd) KHIHHIH.

Kuapkaap coun typira ksapkaap Gilad yexsiaui6 Konmaﬂ"'
1979 iinana kawd stuaran Y-mesonnapud (YHuer yy yﬁroﬂra*
XOJ1aTH MAaBiKyA) TYIUVHTHDHIN Y4yH siHa OHp Gelwnnuyn g-kBapkK 5
YHIUr auTHKBApDKY MaBxKyA OYAHWHHH 9BTHPOD srumira T,WP':
Keaan, By kpBapk ri3aaiuKk XKBaHT COHN OGuuiaH xapaxrep.naﬂamr
(vnransua beauty — ry3aa cy3unaH). 6-KBapKHUHT ry3aqannx xBaH

coit 1 Ba b auTHKBAapKHUKH —]1ra TeHr. b—b cucremasai HE?T



par Gy/irad Me3OHJapHUHT ry3ajJHK KBaHT COHH HOJra TeHr G¥.-
TaHW yuyH, 6y sappafjap «NHHXOHHil Ty3aJJ/HK» Ka sra Jelinjaid.
Beunnuy e-kpapk runepsapsan suin V=B-+S+4+C—s odopmyna
6unan ndosananagu Ba y Kyiingarn KBaHT COHJapra sra:

[=12 P=+1, B=+13,T=T,=0,S=0,
C=0,b=+1Y=—23, g=—13.

KBapknap kyn kuxarnaH JentoHaapra yxwaitau. YaapHUHT HxkKa-
JIACHHHM XaMm YJI4Y0BCH3 HyKTa cHaTHaa Kapall MYMKHH Ba AeMak,
HUKM CTPYKTypara sra sMac. XamMma JIeNTOH Ba KBapkJdap CHHHH
1/2 ra rtenr. Huxoar, 1979 #uara Kangap, abHi Y-me3onsap (Ba
8-KBapkJaap) Kawmd 3THAMACA3H OJAHH, KBAPKJAAp COHH MAaBXYI
Jenrtonnap (3M€KTPoH, MIOOH Ba yJaapra Teruwan HeiiTphuoaap)
counra Tewr sau. Jlekunm, 1975 fiana 6Gexocaan t-Me30H Kalug
STHJIAN. ¥ JenToHaap cundura xupaii. YHunr 6unaan Snpraauxia
ONTHHYH JENTOH v-TAOH HEHTPHHOCH XaM MaBkya Oyaiuin Ke-
pax. Kpapk-nentos cuMMerpHsici Gysmaraniexk 6yanan.  JIexun,
Getiiyll 8-KBapKHHHr Kamd 3stuauuni, 6y cummerpusra Oy.rad
LUIOHYHIT KICMaH THKAaAH. KBapk-i1enToH cHmMeTpiscura Oy.iraH
WILOHY OJTHHYH KBapK XaM MaBXym OValwN Kepax aeral ¢uxpra
0an6 Keaan. By oaTHHUH KBapK {-KBapK Ael artaJjid (XaglKiit 1e-
rai manHonu Oungupysun nuransua truth cyamsmur Sow xapdu-
dan). By kBapk oarnnun Xxyw6yiiinkka sra Oyaran xsapk Oy 1ub,
y+1 XaxuguANUK KBAaHT coHNra sra Gymiil Kepax, YHHHF aHTH-

KBapxi —1 XaguKuiijaux KBaut couura sra Gyaaan. {—{ OGoraaural
KBapK—aHTIKBApK clicTeMacilan TY3Iarai  TOIONHIHHHT  MaB-
YNNG HCGOTJIOBUN TaXipubadap HHTEHCHB  YTKa3HJIMOKILA.
DJIeKTPoll Ba MO3UTPOHAAPHUHT KapaMa-Kapuwi iifnanran oxinid-
PHHHAT  Y3apo  TYKUALINILMHGL  NOCHI KIWIYBUN  TE3.1aTKIN1A
(ITETPA) yrkasuaran aactaabkn Taxmpibadtapia OauHTan uaTh-
Jaaapra kypa, arap TomoHuil Mapay1 Oyaca, YuHHr maccacn
43 I'sB tenr 6yaniun xepax Ieran HaTizKa OJIHHIIL

Wynnaait Kuan6, Xagukiii, ToM MabHO1a 3deMenTtap Nucob.a-
HyBul 3aappaniap coun 24 ta 6yanmn Kepaxk: 6 Ta aenrom, Yu Nid
panrai ontHTa Xywoyilankka sra G6yaran 18 Ta ksapkaap.  Nap
Gup JenToH Ba KBapK y3 anTuaappacnra ara Ovanunmn xiucodra
oncax, anementap 3appanap coun 48 rara erami. By aaemenrap
3appanap xaropira siia ¢orton y, rpaButon G Ba YHHHT HETpHIIO-
CH Vg , 8 Ta IJIOOH Ba KYUCH3 Yy3apo TabCHPHN TAWYBUH  OPAJIHK
6o3ouaap — W+, W-, Z°-Gozonnapun xam KV Kepax, a1047Ta.

XO031Pru 3aMOH KBapK MoOJeanra acocall Katop caBo.J1aap Ty-
Fiaain. KpapxiapHiuHr aaccacu ganaali? Husma yuyn  kpapkaap
3PKHN X0/14a KysaTHaMaligu? Dy caBo.aaapra xaBo6 6epyBull KaTop
(papasaap MaBxya.

Bynaaii runoresasapuiir GHpHra Kypa paur Tywyiuacu Guaai
Gornug Gyaran sapsaj WyHAail XycycHaTra srakil, KBapk aTpodiiia
Xocua 6yarai paHur 3apsiiH KBapKAaH Y30OKJalraHja varapumaciai-
I, XarTo OpTHIIN XamM MYMKHH. Dymunr HaTiaciaa Keapkaap
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opacHpard MacodaHHHI OPTHIIH GHJAAH YJAapPHAHT ¥3apo  Tabcup
sHeprusicy opTud Keraan. Ksapkaap ajpo# HuMAa, Oup-Oupira
WyAda SKHH MKONJIALITAHJHCH YYYH, YAap OPACHAArH y3apd TabeHp
KaM Ba KBapkjaap 3appa HYNZA Y3MapHHH 3DKHH 33appanap xabu
tytani. Keapkaap opacuparn macodaHuHr opTHtH OHAaH cucre-
MaHUHD paur 3apsuu OpTHG KeTu6, yJaap Opachiari TabCHp SHep-
T Xam opranu. duzuxaap 6y XoJAHH KBapk/aap MapKasHH 3pKHH-
JuK Ba nepudepniina sca «KyMIMKKa» 3ra Je6 TyuyHTiHpazunap.
Jlekmu, wynu afitim xepakxil, afpoH HUMAA KBAPKAApHHUHT §33p0
Kyunit Gornanran Gyauwm yuyH macoda opTHWH Ouaad KBapK
PAHr 3apAMHHIHT UEKCH3 OpPTHIUH 3apyp 3mac. Paur sapsauniur
OPTHUIN, SHEPTHSHHHr SHFH KBapK Ba aHTHKBapK Xy(Qra XocHl
Oyanwnra erapan 6yaram KufiMaTHra Kazap OpTHLIN fapaxaciia
Ysrapuwiira ca6ab Gyuca, erapai Gyamunt mymun. Panr 3apiat
iy KUAMAaTra 3pHLITAHAA SIHTH KBapK — aHTHKBapK Xy(TH xocHa
6yaa11. AIpoH WuLAH Te3 SJeKTPoH ypHO uHKaprau kBapx ypHUHEH
SHM XocHa 6Varan Keapk aranjafiin. Ype6 uukapuarat xaa'pK
3C2 AHCH NOCHA Oyaran aHTHKBADK Ounan KyunanG MesoHHH X0~
cna Kuaaan (6.7-pacm).

KBapkaap aapoun nuuaga 6oraanran Gyau6, aipoHAaH TaulK.aP’f:
ra 3pKIH X013 WiKa OAMAaCHHTHHH TyDJIH MOjeanap acocuid TV~
WYHTUpI MyMmxun. Bynapail Mojennapnad Oupw, [a6puen @e“e_
Wiako takaid arrau Top moAenuaup. by momeara xypa 1op ‘*)’3"J:I
TAHLa VHHHI TapaurJuk 3HEPriACH OPTraHH CHHrapH, Gllp-(')lip‘”la1
Y30KaWTupiaray HKKH KBAapK OpacHAari IJIOOH MailaoH OPTami_'
Knapraap vawon maiizongan scairan top Tygaiiai 6up-GHPH 6la
Jan Goraanran Gysaau. Ksapkaap opacmparn  macoda ““aﬂ/
OpTranaa, topaa TYNAanyBYM TI0OH Maiiion sxeprusc KBapk
AUTHKBAPK RY(THHN NOCHJA KHAHUIra erapan Gyan6 xoaca
Yaiaaau. Top yauaran oilaa siMCH KBapK Ba aHTHKBAPK

xocl{.ﬂ
’ 3 JHET3
6yaaan. llynpait kuau6, 3pKUH KBapkaap Xocua GyJIHil ypHt

6.7-pacm. IOKopH 3SHCPIUATK 3ACKTPOH  Giian agpot
GoMOapAHMON STHITAHAA ME3OHHINT XOCHA Oy,
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6.8.pacwm.

Me30nJap By:Kyara Kemaau (6.8-pacm). By xonnn, tyFpn Mar-
HHTHH HKKHrA GYAraHHMM31a, siHa HKKIL KYTOJH HKKH MaridHuTt Xo-
cHJl 6YHG KOMHUIHra YXIIATHII MYMKIH.

Slna 6up Golxa MOAeJra xypa, aApoHJap, HUHra KBAPK Tya1H-
pHJAraH «Konya»ra yxmarnaami. Kesapkaap xonua jesopujan Tail-
KapHura yrta osamaiiin, JEGKHH yJaap Konua Jgesopura Bocum Gepazns.
Konuanuur Tapauriik Kyyd OuJaH KBapKJapHHHT HYKH 60CiHMi
TeHrJawrania mysosaHat pyit Gepanu. Kpapkaap Komua rwuitia
IPKHH XapakaTaa 6ynand. YaapHu Konualad Tawkapira YHKaphul
YUYH KOfua XazKMHHN OWIHpPHII Kepak. By sca suepria capdaauini
Tanab staaun. By Mojenb XaM TOp MOTEINHHHT HATHKalapura
¥xwai naTHxanapHi Gepani.

KBanT xpomonnsamikaci Kyuan ¥3apo tabcip TaGuatira G6y.1-
rai Kapauwmi ty61an yarapripud woopai. Kapk Moaenn sipatii-
Macaal Ol HYKAOHJAP opaciiiarii fIpoBHil ¥3apo TabCHP Kyuil
niouaap BoclTacHpa yaatHaain aef xucobaanmap aam. Iuin 1yx-
JIOHJAp opacnpa 103 0epysuli SALOBHII V3apo TabCHp KBapkiap
BOCHTACHAZ aManra OWILINNIK 3BTUPOd sTHLMrA TYFpH Kedali. Bip
HYKJOHAATH KBapK HKKHIMHCHTA, MKKIHHYI HYKJIOHATH KBADK 3ca

Gupunuun uykaonra yran. Harmexana ksapKk—anTHkBapK ¢—q Kyi-
TH Gijtan, ieHH nHon 6naan aavaunu 03 6epamn. viaail siiud.
KBAHT XPOMOANHAMNKACILIA XaM HYKJIOHJIAZP [IONJAp BOCHTACH1A
$3apo Tabenpaaimg MyMKHH. JIeKNH, sSAPOBII KVUINIIT MIIK10-
Pl JHHAMIUK HASAPUACH APATHIMAFAH.

1975 jfmnpa T. Xascon Ba Gowkaaap 3J€KTPON — NO3NTPOH
AHHUTILIALHSCIEAA XOCH T OYNyBUIL anpon.1ap OKIMHHI KY3aTiiu L
Yuu Kpapk Moaenn acocnaa tywyntupnim myvuvxin. 10xopi siep-
THAMI 3JEKTPOH Ba NO3UTPONAAP OKHMH Giup-Giplra Kapava-Kap-
W {YHAATUPUITAITA, yaap ammirHuusaannd suptvad  (hotouny
Xocna guat MyMenu. By Bupryvan goton v3 naeGariaa wsapk —
ARTHKBAPK XY(THHN Xocna Kuaand. By nxki xsapk sa antiksapk
Kapama-Kapwu fifuannmaa Sup-6upuian  vaoxaauia  Gouviaraty
ynap opachaarn raiood Mafinow opragn. By raioon maiizon smep-
THACH XHCOBIIra BakyyMIan Gup neua k¥ WuMua KBapk — aliTiKBapK
HYPTH Xocna 6Faann. Slurn KBapk Ba auTHkBapKIap 6up-Sup.aapu
6uTan KYunanwnG nHomAapun XoCHa Kiuaaamn. Surn XocI.1 6V.aran
KBapK Bd aHTHKBApKAApHHHr Gup aydrn Gounlanrny (HoTonI1au
XOCHT GyJran KBapK — aHTHKBAPK KY(DTH Gudan xywmaub, sur
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eHriA # Ba d KBapKJ/JapLaH TAWIKHI TONraH ME30HAAPHH XOCHT
sTagu. Hartukaga, Kapama-gapuiy TOMOHTA yuub UYHKYBUH HKKH
alpCHJiap OKHMH Ky3aTHaagu (6.9-pacm).

3 Q&G-Q
S\

N\

6.9-paci

e
AZPOH OKIMJAADHHE Ky3aTHU, (QH3HKAAPHHHT KBapk MOASM

O¥arant nmwonwin Auana KyyaiiTHpAH.



Vil BOB
KOCMHK HYPJIAP

7.1-§. Kocmuk Hypaap GH3HKACHHHHT KMCKAYaA PHUBOXJAHHII TAPHXH

IKocmux nypiap — Gapxapop 3appa Ba atom saposaphian 160-

par 6yau6, yaapHuHT y3JyKcH3 oxiMi atvocdepanan ytno, Ep
cuprTiira xauap etnf kemajn. YJap 4eKCH3 KOHUHOTHHUI KaHAaiinp
coxanapHaa Xocua Oynann Ba IOKOpH 3Heprusiapra Kajap tesaa-
Haul.
KocMux Hypaap ¢dusukacu jge6 HoM oaran Qussxa-
HuHr 6y SHrH cOXacH KOCMIK HYPJapHHHI XOCH.a1 OVAHWH Ba T1e3-
JIAHHIUN 3KapaényapHHH, YJAapiHHT XYCYCHSITH Ba KOCMHK HVpJiap
Tancipiiia KocMuk (aso, at™ocdepa Xavia Lpaa 103 Hepaanran
xonMcanapHu ypranajau.

KocMmiik nypaap rasaapaa 3JeKTP TOKHHIHT YTHUI XOARCACHIHIL
yprann sxapaénina kawd stiaran 3an. 1900 finaia  Brabcon
SNEKTP MallfoH TabCHpPiAa TOK XOCHA OYINLIHHR OHPHHUN MaPTa
nafigaran 3an. By tox Ep Tapkuluiari paaoakTin Mo1lagapuiir
Hypaanim Tabeupiiaa Xocua 6yayBull razaapaart Honganii ua-
Thzkacy 6Vica kepak fel TYWyHTHpiuaan. Jlexui nomusamnnon xa-
Mepasap Kaaiim KYPFOUIIN yitua nunra :xoilaamraiia xas rasila
HOHU3AUNA TOKHHHIT [IYKoAMacaurs amuxiaanrad, Gy HOMI3A LS
Tekn Epran rawkapuina xocud Gyaran nypJaaunuiiap onaan Gor-
auKg Gyaca xkepak, geran ukp afitiaad. Naxnxaran, 19111912
fanapaa noHU3AuUNoIl KaMepanap XaBo wmapaapiujia Typain  Ga-
JAHAIKAAPra KYTapuanG yrraanarain tampiubatap mwyHn Kypear-
JUIKIL, HONN3AUHON TOK OaJauajik optiwi Ghaal aspasd 03rinna
KaMasip Ba cynur te3 ycud Gopap akan. By 3sca, KocMik nyvpiap
Epaarn pagumoakrns nypaannuriap Guaau GOFINK aMacauriig Ba
yaap, Xagugartan xasm, Lpra xounorian xeanumnu ncGor 37111l

1925 inana Jlenmucpapank duanxaap JI. B. Mucoscknii  Ba
JI. A. Tysum kocmuk nypaapuuur Ounera k¥ cyBHIA 10THANUITNIT
ypraunb, KocMuK mypaap cyBaa y-nypJaapra Kaparauia yiu maprta
KYUCH3 IOTHAHIIIII AMHKAAANIAp. ¥Yaap «B6apoMeTpHK  3diext»
Zel uoM onran Xoamcann Nam kawd sturiap. Kocmux nypaap
OKIIMII GapomeTpik GocHM yarapHuwil Gujaau yarapap 3xail.

1927 jinnpa H. B. Ckobensunn xocMux nypaapui 1200 3 xyu-
JanraiIiKkKa sra Gyaran yarapmac MarHUT Maiilonura Kojlanrai
Bll./'leOH"I(aME])aCII €pamiaa Yprasjil Ba adoNIaa KOCMUK HYpIap
H3NHIL Kyphura MyBadupag Oyaan. YaapHunr MaruuT Maiilomimia
OFHIMHN Ypraunf, HMOyaLCHun yuauam MyMHH. KocMik Hypaap
HMNYJABCH PAANOAKTIB HYPJAD IMNYJIbCHAAH MKYIa KaTTa IKaHJIl-
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7.1-pacM. a) Teseckon cxemacil; §) KOCMHK

HYPJZPHHUT IOMUIOK Ba KATTHK KOMAOHEH-

TACHHI KYPCATYBUH 3TPIl YH3HK, 1— JEHrH3

caTxifia, 2— AeHrua carxpgan 3200 M
GananAnHKAA.

 Mabays 6yamit. J1. B. CkoGenbunn Bribcon KaMepacksz S5
MHK HVpJap »KagacnHi xam OHDHHUH Mapra KysatiM.

CoBer oaumsapil KOCMHK HYPJIapHH Ypranura HMKOH Ge
METOATApHI naald uMKHLIra KaTTa xucea Kymurap. {1 B. s
COBCKUIl, KOCMHK Hypnap Tapkn6ujgard sappajnap H3HHH i pHiua

N B nE
IMKOH OepyBun Ka.ti ¢GOTO3IMyAbCHALAH (oiixasaHull MeTOAIER
HWaad wik .

. Kocemix nypaap sutencuBanrins G6asaHfTHKHIAT OpTHLLLI ouazh
Y3rapiiuuy ypraui Wyl KYPCaTAHKH, KOCMHK nypaap OKIMA
20 kM Ga’anAaNKAa MAKCHMaN KHiMaTra 3piuap 9KaH.

Koemitk mypaapun yprannw kapaéiuna 6up neua Hrl 3appa-
aap Kawgp stian. 1932 finnga Augepcon GupnHus MapTa K)’3a':fm'
Tall auTH3ApPa—IO3UTPOHINI Kalld aTam. p, ;r Ba K-MesoHrap 2ak
KOCMITK HYpaap vapkuOnjia xamd sTinras. ~ it

Kocesik wypaap 1oMumiog Ba KATTHK KoMmnoneHTaapAaH Talf”‘"H
TONTanakCHg Ky peatnG Gepiil JKyJa KaTta ayamparra 3ré gyna :
By xamnér reneckon ne6 aranysuin gypiama épaaMuaa Gama
pia. Opacura Ky prownnaad nGopat 10TKAY KoiinamTHpHATAY B
Ba B canaruunap moc Tywnil cxemaciura ynaxu6, pepTHKad :ii‘Dzim
Aanazu (7.1-a pacs). Kyprount saaunasrmmumr yarapiodt 6“':”.
MOC TYWHILAAD COMMIN YAauals WyH Ky peatauxy, A 8a B Ca"arm{
Jap opKadn Gup paxrAa YTran 3appanap coun oaiH T€3 Edaty
cliir KVPFOWNH [OTKHUIINEG KAMMHAHCH 10 cm gag opTrdth }Hi“lmn
oTiAMall §Tran 3appanap HHTEHCHBANIH cexul KaMas 6°wﬂa'§'P'
(7.1-G pacm). Wiynaait a6, 10 oM xanusakka ara Gyarat hﬁ]\('
FOLINK I0TKHYAA JOTHAYBUH KOCMHK Hypaap xommoxenTach :Hei{-
WOK» Ba YyHAal 0THAMail yTYBUN KOMMOOleHTa «KaTTHK? woM! K
Ta Jerab nom osan. KeftmHuaink koewmnx wuypaapHuiT 1
KOMIIOHEHTACH 3JCKTPOI, NO3UTPOH Ba (HhoToHAApAaH, Ka1Tik

nonenta sca 1937 iinnaa xawd  sTiiran  Mioonaaphatl
SKAHAHTH anukana.

HUHE
DNeKTpoil B ¥ a yadl -
P a MoO3UTPONAAD MOANA OpKanu YTraHi }3,chTP°

Kackalau Rymaiinmuun TYUYHTHPHE Gepysui Kackaji reHCHB"

MarHHT Ha3apus spartiain. By Hazapus kocwmux nHypiaP HH

JUrHHHAT Ganangiikka Kapab ¥3rapHuiiHy TywyHTHpAH. ;
2x



Kocumiik mypnap Ta6HaTHHH YPraHHII XapaéHifa KOCMHK HYp-
J1ap HHTEHCHBJMIHHHHT TEOMArHHT KEHIVIHKKA 6GOFANK  OYJulIH
aHWKaaHad, I'eoMardiuT 3Q(EeKT KOCMHK HypJapHEHr Ep Maruut
MailIoHH TaBCHDHAA OFMIIM HATHIKACH 3KAHJWTH aHHMKJAaHau. By
3ca, KOCMHK HYDJA&p 3apALJNAHTaH 3JEKTPOHJAapAaH TAIUKIJ TONraH
6ynca xepax, geran ¢uxpra oanb xeann. IHyHnan keiiun xocMux
HYDJIaHHIUHKHT aTMoc(epanaH YTHUIH KyNHZarHya TYIYHTHPHAIM.
Kocmocnan kenran Oupaamuu anextponaap Ep atmocdepacnpa
KaHAaigip npouecca HOHJADHH XOCHJ KHJalH, ¥3H 3ca Kackaanil
JKapaéHaa kynmaHHO IOMIIOK KOMIIOHEHTAaHH Xocua Kuaafu. Jlekun
IOMIIOK KOMIOHEHTa aTMochepana oTuanb Ep carxura etu6 xenmaii-
AH. KaTTuk KOMNOHEHTaHH XOCHI KHJYBYH MIOOHJaDHRHT  OHp
kucmu Ep carxura etn6 Kenrywua mapuajasn®, sJaeKTpoHJap Xo-
CHJI KHAAIH. YHIaH TAWKapH MIOOHJIAp XaBO aTOMJAaplHu lioHH3a-
uuanab, ynapaan 10KOPH SHEPTHAJH §-3JleKTponJaapHn ypil uHKa-
paad. DJeKkTpoHJAp COHH MIOOHJAp COHHTa MyTaHocnG 6yJrauu
YUYH HEHTH3 CATXMAZA MYBO3aHATAAril JOMIUIOK KOMMOHENTa XOCIHa
6ynanu. Ascrpuspa Baay sa Bambakep sa CCCPaa A. I1. /Kna-
HOB KOCMHK Hypaap (oTo3MYJhCls TapxkiOGuAarn aToM s1poaapi-
HH napuanannuidy xysaransiap. KocMnk mypaap tapru6iia oflip
3appanap rtonuangn. IOMINOK KOMNONEHTaHBHT  6aaalIIHKIHNT
OPTHILNH OHJAAH XKYAa Te3 OPTHIUH Ky3atHaiw. by Xoanu xoesix
HYPJAaPHHHT MYBO3alaTAATH IOMIUOK KOMMOHEHTAcH OlJaH TYLIVH-
THpHIN xuinn anu. 1940 fnnna A. M. Anmxanos Ba A. I, Aanxa-
usiKzap paxGapaurnna oKopH 6ananAinKaa roiinawran (3260 i)
Kopa Kya kyanga yTkasuarau Taxpiubaiapia KOCMHK HYP.Ia DHIHE
NPOTOM Ba SJEKTPOHNAPAAH TAUIKIA TONFall YHHHUII KOMAOUCHTACH
Kawd THAN.

I. B. CxoGenpunn paxfapanrniarit 6ouiga coser (nisnxaapu
naMnil MaxkTabu GupaaMun KOCMUK HVDPAAp XVCVCHATIN Ba TV
aUeprua opadnlriia yJaapiuHHr Mo/11a On1an TabClpaanniue xvey-
custtaapuni yprana. [Toyup nasudt skenexnmsacia 6aszapiiaran
6ynaail HuLIap acociaa KOCMHK HYPJAAPHHUNT SIHPH TABCUD THII —
2JIEKTPOH—SIAPO 2Kajacl JAe6 HOM O0aral apalH Kaul)) 37T
By »xxana rapxuGura nporonnap, neiirponiap sa 1947 itaia xawd
sTHATaN n-Mesonnaap kipaan. Heiitpan a’-Mesowaap nxxia  y-@o-
TOHPA NMapuyanaHail Ba p-HYPJIADP 3IEKTPOH-(DOTOH KOMUOHEITRHIIHT
Xocua GYanumra cadabun G6ynamn. Ulyvinan ginand, koeyux wypaap
(hagat anexrpomarunt rabuarra sra jaed XHCoGJI0BuIl HA3apUA HO-
TYFPH SKaWJNTH aungJalnal Ba KOCMUK UVPJIAPUHNT ViIndnm — Ba
MyBO3anataa Oyamaran 10OMUIOK KOMIOHCHTACHHHNT XoCHI OV.Il-
LT TYWYHTHPHALL, ’

Koemuxk nypaap radnatnun $pranusd, I'. T. 3auemin S1Ap0 —
KacKal NpOUECCHHINT MABXKYAANTH Xakujari Gukpra keiin. By
npoueccra xypa siapopnit Tabuatra sra Gyaran Gupaamui 3appa
aryocdepa atoMaapuuINIr sAposapn 618N KeTMa-KeT TikHaund
9IEKTPOH-APO MHANACUHI XOCHA Kiaamu, Kenr atvocdepa mama-
cunn ¥prauim Harixacuna suepragcn 107 sB ra gazap 6¥aran
KOCMHK HYpJap XaM dopaurn amnxianan. Haxost 1949 finana
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€. H. Bepow paxbapauruia cTpatocdepaia GaMaApPHAraH TaXpi-
6a72p GHPAAMYIL ROCMIK HYDIGHUUL ACOCAH NPOTOHIAPAAN TalllkH
TOrAHINC AR KEPCATAN.

ATvMoChepaniHr KOKOPI KHSMIAAPHAA KOCMIK HYPAap pakerainap
P OATMIINIRYL fiMANanian Gowaab sca, Ep cywbiil nyagonapn
gnlamnda {praviazn. By mmaap HaTiRacuaa 1oKopi 6aNaUATHK-
48pAa KOCMUK HYPJIap MHTEHCHBJIUTH KYTHATAHUAAH Oup Heua 103
NLATMON MAPTA OPTHK SKAHJNTH Ba Y HOTEKHC TapKAAraliiiri
Mabayy Gyamt. Kocmuk nypaapaunr Ep atMocgepach Gunan Tab:
QIpIt HATIZKACHIA NOCH OVIral HKKIAMUI Rypaanumiap Epuiur
NAPHHT MafiloHn TabcHpikia Ep paAnauus munrakajraps
166 HOM 0Aran XOAUCAHI 103ara KeATHpuiml aungianul Lp pa-
AMAUHA MHHTAKANapH No3upru nafitaa sAXwy yprayuaral.
~ Kyéw axtnsanrnra xapa® KOCMIHK HYpaap HHTEUCHBIHTHHHHE
VSTAPHUNL, KHYUK INEPTHAAN  KOCMUK  HYpJAapHulr KaM  KHEMH
l3)’§mla 6Vaanuran npoueccaapaa Xocia GYAHUIIEY KypeaTaait.
Ry8W KOCMIK HYpaapi Tapknb6lila TPOTOHAAP, «-3appa, ypra Bd
OFHPDOK 33E€MENTIAAD SIAPOCH XaM yupallai.

7.2-8. Kocmuxk nypaapuuur Ep armocdepacu opKaaun yrun

Ep arvocdepacu acocan asor (78,1%), KHCIOPOR (21%) B2 i
K\ 6Vamaran kapGouat auriapHz rasf apanatMacHaan non'-,ia"rr.
Ep arvocdepacunuur spuanru aedrus carxpaa loKopira Kapel
Kavamb Gopaau sa caiiépanapapo ra3 3NYJNTHIA K.all_"’p_ K"f”d-?i';'
Atvozepa uerapacn raxmunay 40 Ky GananlTHKKE T{'r’{’f ‘t(’(if‘?{;ﬁ
Atvoedepannnr aing uerapacu iy, axbarra. :‘_‘.T‘\’tfll“#eg‘ﬁrf;}y;;v
\aw Gaiauiankka xapa® kamain® Gopaii. DOCHM GAHERE R
‘:‘UPM)'JHF:} KV¥pa xVilaarnia noraranami:

. (1.1
p=pexp(— 7,1 N

Lt
W

e
6y Gopuyaasa fi—in dapia osaunran 6aaanaaik, po—ACHT
Aaari Gocrn. caay
Bitpaasun kocmuk nyprap Ep arsocdepac Or,”f‘,,.'-, b
Gepainran xoxmcadtapii Kuckaua Kypul WHKETEC
0KOpI 1eprisi i nporon Cku suipo Kp sariit ,'“”.
Ep atvochepacira xupnG Typan a10M ”'IPU"I(::['U‘;.!.-'
wyMKin. Saposnii peaxinsgapia HIKKILIAM nyH

X gy ’l:‘!jT’l-;iEan-:
aap, K-mesonaap xocua GFaaln. 10K #Hep! #eal =

4 SHET AR
! e anpna SHERS
21p0 GHAAH TYKMAIMMING ZKapaeHinia "(mp;l.n.l"lll’lﬁ:l'“',”;, ora Hiar
R Taxsial ApMitHn ymnie yaura gxusaih SEEEC i &
mRKRAZN O uyEaon oanh keraur. By A frupupieia sk
aefinaann. Hykaonmur wKKH 'l‘;fK”“'”‘.”‘””v,']” L e akes
an dapaanyaiiug, Bupianin nyKaon il 'Tf'\,mllam. ot 135
JaH OpTHI, TUIHALIHILIAD XOCIT it MYC 0 p  eiAEEs

E, S 4o i N, annrat ST o L ULES

oo . Nradl sapajuaa qpit O
],],21;11;21;;:{;3,,‘. Dol ]'ATQIIOICI(‘)L‘])'I)I“IIH aroM :!.rll"“”';,}.::',m Ilapuusnte
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Tan 3apAafid MHOHIap KOCMHK HYDJIAPHHHT KATTHK KOMIIOHEHTACHHH
Ba HEITpHHOJIAD OKHMHHH XOCHJA KHAanu. Hefitpan nuodnap sca
raMma-KBaHTJIapHH, yJiap ¥3 HaB6aTH/1a 3/IeKTDOH-NO3HTPOH Ky(hT-
JIAPHHH, B4 HHXOAT, SIEKTPOH-NOHTPOHAAD TOPMO3ISHKIL HYpPAAHH-
WK HATHIKACHAA AHTH KBAHTJIApHY XOcHA Kunapu. Llynmaft Kuau6,
peiiTpal MHOHJIAD KOCMHK HYPJADHHHT 3/1eKTPOH-(GOTOH KOMIOHEH-
Tacu#y Xocus Gyaninra cabab 6ynanu. daexTpoH-hoTOH Manacy-
HUHP DUBOXKJIAHHUIN MAbBIyM KDHTHK 3Heprusra xamap 6yaand,
CyHr #ajna XoCHJ 6yanu AKapaeHn cyua OGouniaiinn. IOxopuaa
a@THJArad Jkapaéuiap S APOBHIl Kackang xapaéHn je6
atanagd. SIApoBHil Kackaj xapaéuu wly GuNaH xapakrepiaHalikH,
yua 103 6epysui TYP/IH HKKHJIAM4H KOMIMOHeHTanap Gup-Gupmra
TakcHp Kypcarmafinn. ¥Yaap y3apo (akaT HYKJIOH KOMNOHEHTasap
opkanu Gornanapu- ATmocdepapari nHounap HYKJIOHADHH  XoO-
cua KHAMAIALH, 37eKTPOH-(POTOH KOMNOHEHTa 3ca aApOoH EKu Jen-
TOHMAPHH XOCHJA KHAMAaHAH. DneKTpPoH-POTOH KOMNOHEHTa HYKJOH
Ba MHOHMapAaHd Xocka Oynaany, aTMOCHEPaHHHT NACTKH KaTJaM-
napuia xamaa Ep ocThaa sca MioomnapaaHn xocua Gyaaan.

MKkkuaamMu KOCMHK HYpJapHHHr Kaiici OHpn Kawaaii 6upaa-
YH 3appara TerHUNIH KaHHHH aHHKAAW KHilmy. NaKokaTam Xas,
suepritsicit 10° T'sB arpodmaa 6yarai GupiaMun 3appa XOCHI KHJ-
raH HKKIJIaM4ll KOCMUK HypJaap artsocdepa nunia Oup Heua i
MIHT KBaapaTt Merpra TeHr 6yaraH Maiiaonaa TapxaJqlal Oyl
myMmgmi. ynnnr yayn 10104 T'sB sueprusan Supaasui 3appa
XOCHJI KUATAH TYDJIl KOCMHK HYDJaiiuL1ap KoMIOHEHTaAapll ao-
Xlifa-anoxiaa ypranuaann.

Kyna xarra (E>10° I'sB) sueprusaapia saposuii  xackaji
Jkapaénija wynua K§¥n fapoiap Xocia 6VAagiki, yaap atmocde-
pada »Kyla KaTtTa Maiimonun sraadaiian. Burra sappazaau xocua
Oyarair 6yufail KOCMUK HYpJAap :KajlacH KeHr aTvMocdepa
Kadaacu HoMuu oamir. Bymaaili Keur artsocdepa KaaacuuuHr
OKHMII, 3HEPFHACI BA NAMMA HKKIAAMUI KOMIOHEHTAda Pl pa-
30ja TaKCHMJANIIIE KOMIIEKC KVpHasadap épiasiia Onp BaKT-
Aa Hax<apuaray yauyadiiapia yprauiaaii.

KocMIK HYPAGPHIHT KATTHEK KOMIOHEHTACHHH TAWKII 3TVBUH
MIOOHNIAD §¥3 JUCEPrisiCHuy HOHH3AUNATE  KaM  [YKOTrami  VuvH
KaM IOTILIMW XYCycusiTHra ara Oyaa:m. 7.2-pacMia Xap Xia  Ka-
JUIHAHKAATI CYyBAA MIOOIIAPHHNT [OTIAWH Ky peatiaran. Paca-
jdan xypunud typudauxi, 100 M xanunauxiari cvsian Vrran ae-
30HJIAPHHHT COHY CE3HIapan gapax)<aiainp.

KocMix nypaap Typan KOMIOHENTAIapH  HHTEHCHBINTHHINED
atMocdepa Kaauunyurira gkapab varapnum 7.3-pacvia kVpcaTiaran.
Pacvaan x§punn6 tvpubauKil, XOCMIK HYPIAAPHINT SAPOBIti aKTHD
KOMMOHEHTACH aTMocdepaja Te3 10THAAAM Ba J€Nrn3  catxiia
YHIHI HHTEHCHBMHTH HOATA Kapap KaMasill. DJaekTpon-(poTo
KOMOOlieHTa 3ca, armocdepanur OKOpH KICMIIZa aBBaJjd opTaii,
CYHT T€3 IOTHANG AEHTH3 CaTXHAA MIOOH KOMIOHEHTAIaH KaM OV-
Jagi. Jenrus caTNia KOCMUK HYPJap acOCaH MIOOH, 3JI€KTDOH Ba
doton, xamaa weiiTpuHoOsMapAaH TaWKL Tomaix. Aipouaap (paxar
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7.2 e
KMES?“- Kocsni — nypaap 7.3-pacy. Kocwitx & o=
" K KOMIIOHCHTACIHIHIIHY KOMMNOHEHTAIdPHHIHET .
CYBAA ioTInL. Jinng.  f— sapositi
HeHTa. 2— 31eKTpoH-@
JleHTa. 3— Mi00H KOMIO#AZ
KOCMIK HYpJap T3 HHT
XaBo KaJnrHINTHHN KYpC
Y3YWIUK OHPaNTH  2TMOIOER
I0KODH KaTIaMIAdH gomaab ¥
e . . ram.
i ')1\11:1 sTax, 3uapsgianrail sappajiapial TallKid Tonras
Kita 3ty ‘-‘1'131“l[_llll‘ Aeuri3 caTifaari seprTikan fivHaTHlLIE Ta-
STVBMUCH KV 1A nITEHCHBANKKA 3ra:
KaTTHR KomuonelTa yuyn

1.( 0,82 10 (cx-c-ctep)
WMUIOK KoMioHenTa YUy

To(0) = 0,31-10° -J(C.\I"'-C-CTG}))—I,

TVIa HHTCHCHBINK 3¢a

o i
10y =1 (0) + 4,(0) = 1,13-10 ext-coctep)
Kocmuk  mypaap xarrng KoMitosteHTacnur ynTeHCHBARTH

Ymaur 6ypuarira KapaG ysrapaii. Xaxuiarai XaM, MapayM 6"];
JANATMKAQ  xocHJ Gysiran  Mloonaap jiTencHBANKHH yﬂqoszu
ac6o6ra eriG kearynua, Typ/ir Gypuax ocTiid armocepand TYPT'"'
Macodain Gocib yraad. Beprnka'm*a wicbaran Bupop 6)'9"63“.2:3"_
la Kaiix knannaérran wioousap KYHpox macocani 6(.|cum‘ylgz“|_”I
JOCH yuyn yaapumir Kyipox KHCMH emupii6 xerald caTAlKIE:
KIIran WOTencHpanri Kamasy. ¥ayauaap wynis €yP 7.2)
1,(0) = IK(O)cos'-’e.
! 927



KocMHK HYpPJIapHHHT AEHTH3 CAaTXHAArH TyJa 3HeprHsAcH OHpPJIaMuH
KOCMUK HypaapHHHr 3% 4aH KaM KHCMHHU TalUKHJ 3TagH. DHep-
THSHWHT KOJraH acoCHH KHCMH aTMochepafa 103 GepraH xapaéu-
Jiap, acoCaH HOHJAHHW XMCOGHra IOTHJAALH.

KocMmuk uypfiapHHHr aTmocdepa Tapkubupars sneMeHtaap 6u-
JiaH TabCHPH HaTHXKackia 6Ynagurad sgposuii peakumsaapaa °H,
14C, "Be, 2P, %S, *Cl kabu paauoakTHB H30TOMJIAp XOCHA OyJIaiH.
Yunaan ramkapu 6oiuxa 6apKapop H3oTOmIap XaMm Xoci 6yJnaan Ba
Tynnausa 6opask. Macanau, Epuunr €uiMra TeHr GyaraH TaxMHHaM
4 Muaasapa fiua gasomuna SLi usotonuuuur mugzopn 0,03% ra
oprrad, KocMHK HYpaap TabCHpHAA XOCHJ OyJaraH paanonsoronfap
MHKJAODHHH YJa4awl #yau 6HnaH Typal TapHXHil XoAlcaJapHHHD
&M aHUKJAHHIIH MYMKHH.

7.3-§. KocMUK HypAapHHUHT TapKkuOH Ba
SHEPreTHK CNEeKTPH

KocMHK Hyp/iap TYpaH aTtoM sApo.dapH OKHMizaH nbopaT GY-
qn6, acocuil KHCMHHH NPOTORJAP TAaWKHA 3Tadn. AMasijia KOCMHK
HypJap Aeranja, OAaTAa SHepPrusacH OHp Heua 103 MILIJIHOH 3EK-
TPOHBOJILTAAH KaTTa Gy/irad 3appanap TywyHuaamn. Jlexmn Oy
3appasap Guaan Gupra aHya KHYHK 3HEPTHAMH 3appaidap sa pent-
ren, raMMa-Hypaap XamJa HeiiTpuHo OKHMH XaM Kysatwaamur. Koe-
MHK HYDPJApHHHT acoCHIi XycycHSAT/IApH YHHHT TapkuOu pa snepre-
THK cnexTpuanp. KocMix nypaap tapkubH rafakTuka pa 1041y3-
JIapHHHT KUMEBHIl Tapkubura sKHH OYJIHWIH Kepak, uyuxu Y
KOHHOTHI TAUWKIA 3TYBUN MaTepisiHHr GHP KicMugall ufopar.

KocMHK HypaapHUHr KuMEBNI TapKUOHHH aHUKJIAW yuyn 3ap-
pajap 3apaiHH yAYdll Kepak. 3appa 3apsalinn yauaw acocad
YHIHT HOHMAW KOGUJAHATHIN aHiKJIAINCA acocaauann Ba Ov Mdk-
cajnna Typaun aerexropaapnau Qoitaasaunaagn. Macasau, (orto-
3MYJLCHS, HOHHU3AIHOH KOJNOPHMETpP, IOMKA cuiHTHLIsTop Ba Ye-
PEeHKOB CaHarHul Keur Himatiaani.

Koemuk nypaap tapkubuni annkiawrca Garuuaanran Tampi-
Hanap natuxacn WIyHH KYpcaTMiHKH, KOCMHK HYpAapHinir kiMEsHil
Tapkubu Kyéw cneremacufa yupailinral KUMEBH{T ageneNT.1ap
Tapku6lira yximaw skan. JlexHn xocMHK HYpJIap Tapkiubuia yupaii-
aurad Li, Be, B, Sc, Ti, V Ba Gouwga enrua aieventaap Kyéu
cucremacina kam yupaiiun. By snementaap ymyvan Fasaktnxa Ba
Bowka 1oaaysnap Tapkibuia XaM KaMm Tapkaaran, Hxxuyus To-
MOHAall, KOCMHK HYDJAp TapKHOGHAa BOAOPOR Ba resiifi KaMpoKAND-
ByHu"au dapiannl KOCMHK HYPIApHIND l0aay3dapapo  (pa3oda
yupaiiAiran Bogopos OHaad TYKHAWMMLI HATHXKACKIA 103 GEpyBUN
napualaHulnap GuaaH TYWYHTHpIAALL. /.1-xaxsanna simepriscit
£>2,5 T'sB / nyknon Gyaran Gupaasui KOCMUK HYpAaapHunr Ty pan
rpynnanapi HHUTEHCHBJHII Keatupuarad. Kyaaiiank yuyn waasan-
Aa KOCMHK HYpAap 7apKubH yJapHHHT 3apsau O3iimua oup ueda
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fp¥iRagapr 2
12 J?RP.‘IE iqgfs;?mnlpnnr;m. Macaaan, L rpynnara woazysta
T m;-;ml,m:‘;m SHTIA Aapoaapaan TAWKNA ron.rf:“{&mg-
uﬁopa.r,r o e ?’H ‘EP‘\T;PFHHH—S‘N‘J ATOM Maccaau ﬂlpo.;.a“.::
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MPANANCaN siapoaap xnpaan PTQ oaanii, oFHP B1 KOHBOTAE
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| z
p
4 ;
3 &
Al ah 3
A 6-9 2
i 10 3
! 1(_) S 14 4 0.4
i, 15+ 19 0.1 0.1
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Wyay ainiy, |
REPDARK
f;01apy A I_m_’n?]};}‘“‘ 10713y3nap  Tapkn6uia ewrnd L rpymna
Yipaiian. Kocwiry, ;,'\'.?.%DO-“‘P“ COHNNAH MHAMNOH MapTa Kam
TPy tannyr Tax;i';xlijz;]p 'I';(',)K”G”Ja sca L rpynna sapoaap CoHH
MK HAD0a3pIE 10 ’1 v3( o un Tawxna staun. Bupaasun koc-
BATHAACH 1 naua - AY31apapo popoponaap Gnaan THKHAUINIIN
Oiriray i “.*'.[(_)C‘\.;Iia'--””u;l' SBIH (hparsenTaaniu aNTIMOAIHIHHE
MYMKIL XieoGaan 6 HVpaap SunHi (Awaw sakTHN) Nice6aaur
MM K¥peartazy. v BAKT Taxuinan 300 suaanon jinara renr-
93D rasakTura ’Da:m ,3””?” KH3NKKH, 6y BAaKT HYlLAA KOCMIK HYp-
1221, By aca KOC“”})_CHA;!H anua xkatra Gyaran macodanu 60cub
XaD i3 figuanimng < HYDJap rajgakTHRaHHHT Typan coxadapiza
DDA R11E v s SITe] _Gy.'lran MarunT maijonaap  TabCHPHAA
o e ]_l-;”uq.._'.,n::u.n RHTHUNINIE 3CaaTaAH.
Ta'/Kg;xu’ma;,am“;l'I a}?(;'lc"\”f}'libl.ln fiyioutnap épaamiia yTRasaran
6oz paBmaa 03‘ é"“:"lma]) _TapkuGI yJA2punNr 3Hepruscira
aan, 3apsan ]7<7<95)g__t_’d-:'lu V3rapuinanry  amgaaian. Muca’—
8Ap0aap coun 31;e‘;;; varan saponap sa Li, Be, B xamia N
2GR 0KOpY 3”‘3171"151;'13 ICHILITAT opTi Guaan waxasan. 10° T'aB
AYMOTIAD xvia ’Ka‘\v paa ROCMIK HYDJap TapKubil NARHAArH Mab-
HYpaap Taphﬁ[Gum MAHD. 1.0~~107 3B sueprisra Ka1ap KOCMUHK
aeran s \1au-"" IPOTOMIAP NaM, f1poaap Nay OY.1Hiull REpan
Ko e Ky .
3ue,“rllucsi“1"ay;i ’-:'\;,I;Japg’fﬂ'reucz:u.'mm JHCPrIACH MABIVM ﬂﬁn"‘l
EBv H‘L’"";{lum}a \Tig )’-jra’n 3appaiap CoHn Giaan NapARTERASnant:
o e H}; C ReaYBUI 3rpH 4H3HE HHTQT‘{‘ d
'dHe‘ N ] 1o dennaan. Bn_p.qa.\mu IpOTOR. 1] -
PreTux cnextpi 7.4-pacsaa kypcarmara. [Tpazesss




cu E>5 I'sB 6yaranna uHTerpan
! SHEePreTHK CMeKTp Kyiunard dyHk-
uHs 6nsad udonasagany:

!
B

[ (E)~ : (7:3)
Jy epma 7 — 2,5.

Kocmuk uypaap rtapxnGuiart
3JIeKTPOHMA2DHIIHT SHEPTEeTHK CIEKT-
pHHM YPraHul ILYHRIE KYPCATRHKIL,
1 3B pan nact OVArai 3Heprus

T4-pacw, COXACHAA 3JeKTPOHJAPHIIHT HHTEH-

CHBJMCI Ba 3HEPreTHK CNEKTPH

Ky4ain y3rapn® Typasu Ba Ky8wl akTHBMIGHMIHE Y3rapuum Oniaau

6ornuik Gynaau. Bup neua 3B aan 1oxopu sueprust coxaciia sca

SJIEeKTPOHJAD MHTENCHBAUTH aHua Oapkapop O§aub, 31epreTHK
CNeKTp KyHugarH Aapaxann Qyurxuus OWIaH XapakTepiaHaiu:

1,(E) = 100E ~¥ (x*-c-cTep-I'3B) .

By dopmymana y,~ 2,7 = 0,1. Jlekhu, 1yp1it sHeprus coxd’1apitia v,
yarapumnu mymxii. LUyine aftriinn Kepakki, GHp  XHJI 3Hepriifla 3,1eKT-
poilJIap HHTEHCHBJMIH NPOTOH Ba AIPOT4P MHTEHCHBTHIILIAN  TaXsinian
103 Mapta Kam. OFMp sLAPOJAPHIHT 3IHEPreTHK CHEKTPH KaM Ypraliirad.
Arap Gup MyksaoHra TYrpH Keaysun suepriis E ne6 oawica, orip fi-
poaap sHeprerik chekrpi xas (7.3) dopay.a OHIaH  HpOIAIAHIUIHE
aiitiun Kkugod,

Huxont, wynu xas afitinn KepakxH, Kyeiu cheTeMacH atpoiiia Koc-
MIK Hyp/a) HHTRUCHBINCH  Y3rapMac 8a Navima fvHamuunp  Oviitua

3appa

6up X GyanG, y raxauman 2—4 =—“— ra Temr.
€M -C

7.4-§. EpHuHr papiauus MHHTaKagapH

TFanaxrika, Kyéw sa Kyéw cuicremacniars Ep, IOnurep sar-
HUT Maiigonra sra. By marunut maiinonnap KocMHx HypJaap Tapki-
Gunarit 3apsaaanrail 3appanapHiur Napakatira  KYuai  Tanenp
Kypcaramur.

Epuunr maruur mafinous, Gupurull SKHHAAUNIUINMK314 MACHIT
Annoanzan ubopar ae6 wapaw myminn. dInnoas ¥xu Ep cuprunn
reoMarnut gytOaap aed artaaypun uykragapia  xecub
yraau. Epunnr reovarnir Kyr6aapu reorpadux Kyr6aapian gpapk-
Jlananm Ba WHMOJMNIT APHM IIapla  WHMOAHT reomarnnt KyTO
KoopAuuatajiapn 75°31° mmoanii kewrank sa 101° rapOuit y3syn-
Jiutkaa eraan. Kauy6nii reomariut Kyt6 3ca, 66° 18! skany6ui
Keurank sa 1410 wapkuii y3yuansia éraai.

Epm[}fr MAarHuT MailioHn TabCupHAa HUCOATaH KHUMK sHepris-
ra gra Gyaran koemuk Hypaap Ep armocdepacura kupa oamaiiam.
A reomaruur napaageara © 6ypuak octiia atvocepara Kupa
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QAYBUI NPOTOHJADHIHT MIIHUMAJ 3Heprusici Kyiiuparu dopmyna
fiIan aKiKJIaHan:

P " — 5 3 ___C_O.L 0 rﬂ' 74
am = 59, (3 T—cosBeosta-+ 1)* ¢ v

Macaran, skpaTopza (A = 0°) armocdepara Knpa OmyBull NpOTOHHIHT

d In - i 0
MIHEMAT HMDyaben PRt = 15— Ba MarHuT KyT61a (A=90°) P:._»"ruﬁ

C

=0 6aam. Sbun varunt kvT6a Ep amvocdepacira  Xauya SHepriid-
2T 3appazap Kupa osagm. Lllviaait kimi6, Gupaamult KoCMIK HYPaap
I FEUCHRANCH TeOMarHHT KeHTmiIKKa OoFmul Gymagn. UyHKH Xap Xii1
ke Braikpa Ep alMcediepaciTa KHPYBUH 3appasiaPHHHT MUHIMAT MY b=
Of xap xiamp. Haripkana KeHrauk sggexTi Jed aranyBi

‘\Oﬂ“caltgg Gepami, Macanait, 10 KM GasaHzmikia kearmik SPpesTird
3 %) — I(0 i ? 3
gipa ‘7%3)&()— =~ 0,36 swkaHaurii {vuanran. by epaa [(90°) B2

[0‘)n_reo.\1armn KYTO Ba 3KBaTOpAAri KOCMHK HYpJap HHTeuch‘qynuup_.
LYHPTH fitanapaa Epuunr marsut majiloHuns C)’ll‘bllf! "yﬂﬂoa#-
J1ap €piamuna Vpranuw wynn kypcatmukn, Epunur sMarHuT M
ACHI AHNOAb3aH (rapkaanap dKaH. i
llppunr MarunuT wMaiiiodn 5 Rp, ra xkazap AHnoab _lﬂa“‘ o
Cagaaiiy. Epaan ysownawran capi yHuill‘ MariiuT maitgont e
eaiind Gopnun wepax a1, Jlexnn yavamnap wysaal 3Mam.m\,a.
Evpearan. Epuunr Kyvéwira Kaparan tomonnaa Epnas _10 R’-"'ac;l)_
codala VHUUC MariiT Maillonl KecKHH ysunap KaH (752 ;r}; e
Marnir vatinomusur peryasip xapaxrepra sra coNacH M o KyU
Tocdepa ae6 araiaun. Marnntocdepaja mariiT mankl

ucu
SuNecy
N
o
%
3 PRl AL
= S onac

[

e pan
7.5-pacy. a) Epmmnr Ky@wra xaparaiy Tomosiia Marunlm‘b;,y
Macl; 6) wmarisTocdepantnr  Mephasan Gyilial Kecmluﬁml-r mal
naysa, 24— 30p0 TYAKHWG S— HOAMBMY HYKTA; 5— M.'L,
4n3itkaapn; 7— T4WIKH DIANSUHOH MUHTAKa coxactt 4
(TypOy-ienT) waTaaM. 231
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7.6-pacy. Ilapg—rap0
acHMMCTPIACHHIHT X0~
cun Gy, [ sa 2—
rapG Ba WapKAdl Ke-

YH3UKJAApH TaxMHHaH Y3rapMmac HyHa-
auilnapra sra 6ynagu. Marrurocdepa
yerapaci MarHHtonaysa jJe6 ara-
napu (7.5-6 pacM). Maruurtonaysa Kyéw-
Jdan YHKHG keaysun Ba Ky éw waMo-
N U feb aTaNyBuUH 3appanap OKHMHHHHLD
TabCHpHAA XocHa 6¥aaan. Kyéw wamonn
3appanapu EpHHHT Marsiur MailaoHHHH
Kec0 ¥Ta oaMaiian Ba acocaH NPOTOH-
JNlapAaH TalKHJ Tonrad Myc6aT HoHJAap
Fap6ra Kapa6 oraan. Maudril 37eKTpoH-
Jap aca wapika oraun. MycGar 3apaa-
JIAHTaH 3appanap lapy TOMOHAAl TopH-

syBuit MycOart 32ppa-
2ap TpacKTopuact; d—
wapkKa Kapald ound-
ran Ba mycGat 3appa-
nap yuyt TakpKAanran
LWitepmep xonycH. By
I tepmep Konyen 3HCp-
rugcn 2 3B Gyaraw
[NPOTOHJIAP YUY HH3ILA-
ram  MariuT - Maitaoun
fiynannun pacM TeKIC-
JHNryra THE Ba YKyB-
wiira Kapa6 iiynanra.

3ouTra MabayMm Oypuaxaap octuia Ep
aTMocdepacura xnpa oamaiigi. By #yna-
JHU «rakiaanrad Ltepyep  Kouyei»
ne6 aranaan (7.6- pacy). Kocymuk nyp-
J3apHHHC HHTEHCHB.IHTHHI  YJIHOBUH aC-
606unHr Xoaatira Goranx Ovaain. By
3Ca, WApPKFapld acuMMCTPHACH
Ae6 ataaysuu  3pPeKTHIl Nocua OyaH-
uipra oqib Keaani.

Olynaait kuand, Kyéuraan keaaérrai
naa3ma okumu Ep atpodnia aiizanma
TOKnH NOCHJ KHJAaAH., By Tok Epunur staruut Maiizonn Gusan y32po
TabeHpaamub, TOK Ba Malifon HEAYKUHSCHHINT Kynafiryaci OnaaH
anngaanyBun Ba Ky&wl nmassacmiuuur GOCHMHHIL MYBO32iiiTI0BMI
wyunn Xocna guaagu, Wynunre yayn xam Epmiur Kyéuira waparan
TOMONILAA MAaruuT Malifon Kyu YI3HKIADH 3HUPOK BA Mailioir Ky4-
Jgaurauanri Karta 6yaaan (7.5-a paca).

Epunur Kyéwra Teckapn tomomiaa sca, marnntocdiepa uisii-
ran Ba Maiijgon cycaiiran 6yaaan. Harnzaga Epunur Kyémra xa-
parail TOMONIJAA paaHaulisi MUHTAaKacil Maruirocdepa werapacira
Kazap TapKajdaiul, TeCKapH TOMONJIA 3Ca Y KHYKHHA CONAlIl 3rd.l-
aatian (7.5-0 pacm). Kyéwra teckapn tomonia Epuunr  avarsut
MaliforH Kyu WH3HRJaapn Kyéuw wasMoauninr Tabenpis1a »yaa Vvl
uneiip xocia Kwiib 108 R g, gazap u¥anand xerain. By Ep wiieii-
«(prmni copeT INIaHeTanapapo cramisci «Mapc-3» 1a ypuaruran
acGoGnap Epaan 10° R g, y3soxaukaa Vavarau. L

Pagnan liynamnmna Kyéw mwamoan 3appaiapuuuur Tes.uri
300—400 xx/c ra Kaaap Gopamn sa yaap Ep maruutocdepacn 61
Jan TYKHaurana 3ap6 TYaRnmumMn XocHI Kitdaiw. By 3apG Ti.a-
IWHRIE (hpoutnt maruuronaysazan 6up neua Ep pa,m\'m} opannrﬁ;a
xocna 0§.1aan. Marnntonaysa Guaau 3ap6 TVaKHHIT Gpouti opa-
ciga yrysul €xit TYpOyaent coxa el araayBunm Kydau
KH3Hral N71a3Ma CoXdCH MaBwya Gyaaan. 7.3-pacvmia kypearinarai
HomuH HYKTa coxacl opkaan Kyéuwr wamomnl 3appadapn Epunur
KyTOH/4a MKOMIAIWNan COXAra JTHUI MyMKIH.

Kocmuk nypaapuuur EPHHHI‘ MArHuT  Mafizomnia Xapakarn

S
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TIERTOPHATAPUHI VAR MY-
piR&ad XHCOOAAWIAAD ACOCHAA
SRIRAAMUL MYMKHH,

Pakera Ba Epuitur cyubiil
fialowaapy épramuaa VTKa-
JATAH  TANWpHOAdAD  IUYHI
Wpeataukn, Ep  paguanus
MINTAKAAADHAA acocaH 0KO-
Pl BHEPTHAAN 3appanap Kalid
gangati. by wypnauun uu-
WRESHBANCH TeOMArHHT 3IKBA-
wp Tekncanrnaa Epaau 1,5Rg,
B (35+B)Rg, Macodana
MIRCHMYMra spuwiafu. by uk-
KIIOKOPIL HHTEHCHBANKKA 374 7.7-pacy
Ovrai sonanap Taw Ku Ba Ha-
WiKN pafHauna MHHUTAKAJdapH Aerad “0‘““”,10”11"“&5{”\-;3
EIBATAMKY paiuaist MitiTakanapi opaciaa (2--3)KEp o-pa»-aq.ap
VBRI «OVINy opaank mabwyd. Tawkn MuHtakaiarit 3‘”’2'"3_

UEHURIE MHHTaKkanariiain Kyn 3KanJHru anuKaanrat: 1 STroH
48D TAPRUOH Xay MHHTARaJdapZa Xap XHA: HuKi A\nul'ralﬂala_ : [;"’.1”_
53 3IRKTPONAQD, TAILKI MUHTAKAAA acOCAH 3JqeKTpoH1aP Yap
FPACMAG paanauus MunTaxKaaapiia 3appaaapHiiil T 'av'-c'umaﬂ
agury Kipcatuarau. Munrtaxkagary TpOTOHJIapHHHT '“D:;o;map
sHepriscn 150 M5B ra wanap Gopaau. Fluku minrtagaad fib

_ b o JlexnH
HliencuBauriy paxt youmng Guman aesapan \'3rapman;u. reHchB-

TAWKN MiTaKana 1potonaap 8a alilikea, 3aeKTpOIAAl o -y nek-
AT V3rapuG tvpain. Kywain mardnt Gypotiaaph Bal\'ll; -65"p0*{“
TPOIAED HHTEUCHDANNH SRYAQ Kywau yarapaiil. )\aruna
Oldsaran iy ganpaa TawikH MHHRTaKazari saexTpol
GiBaurn 105 ew-2. ¢! ra teur GVaca, MariuT 6% ottt qui. Mar-
SekTponnap oxiant 100 maprara gamap Yarapni o
0T 0ypous sakTaa Ep mariurocdepact xaM )'3"31)3’?“,11‘“ xap M
Paanawon mnurakana yupaiigran Typai 3appatth [ okopH
Kapadwaapia xocna Gvaamil. Macanan, nugn MUHTARAE L cqwna
SHEPTUAAN HPOTOUAAD KYCUINA KeayBuH uei'npounab: poaapl
Gipaavun kocsik nypaapmnr Gp artvocdepactt 819 T, ie”
Giaan TVKuAu A xocua Gyaran neiirpouaapnittt

v {apﬂell'
<y, cxema OYilmua napuanaiiigian xoc 6)"-'133"105'.1 pyaant
Aa sueprusicn 100 M»B ra xanap 6yaran ﬂpOTOH-’l'ﬂ'P\;\' <oCH 0}"'::'
Heiitponnapusur sapuasanmuiga snexktpoiiaap ‘\'alrf{oﬂﬂ“p 6ot
Uit KypHunG typubmi. Jlexui Typau snepristat cREL

Kz Jkapaéuiaapaa xaM XOCHI OYJmuig MyMKIHH.

7.5-S. Kocmuk nypaap manoat o p”ig:
- {oCH feiit
Koesitk nypaap kawd stiirad, O'm[M:lapHHr11;3HKTHPZ.I?J‘l
HIUE Xocua Oyauiit Bd Manbanapu Ma?aJIaCU‘_\“JP Xk =
21, NaKHKATal, KOCMIK Hypaap Kaspail MaHO:



JaaH, KaHjall Te3naHanl, Kaugau coxajaa tynnauaxn sa Epra etu6
KeAryHua yJaapaa KaHzail jxkapaénaap 103 Gepainm jeraH Karop
caBoJsap TYFHJA2[H,

Xosnpra Kajap KOCMHK HYDJADHHHr KeJan® UHKHUIHHI Tyaa
TYWYHTHPHE 6epyBull Tyras Ha3apus sApaTh/arad amac. JIexknn Mab-
JKYA SKCHEpPHMEHTA] MATeDHa/JTBPHH Xap XMJ [apakaaa TYWYH-
TUpu6 OepyBun TypAH MoJejsap apatuaraH. Dy Mogeanap Kyiin-
AarH MabjyMmOTaapra acocnaHaju.

KocMHuk HYpAap 3HYIHTH

@y~ 10~ 3pr e, (7.5)

By kaTrajikAad KOCMHK HYDJAADHHNT TyJa SHepriuscuxn xucobnaur
MyMKHH. MKKHHUHAAH, KOCMHK HYDJap HHTEHCHBJNII CYHFrH MILI-
Juapa A 1aBoMuaa yarapmac €Ki Kyaa Kam ysrapran Ba Koc-
MHK HYpJAap u30TpOO fiyHaaswra sra ae6 xucobaanaau. Huxosr,
KOCMHK HypJap Tapku6i Ba 3HEepPreTiK CHEeKTPH MabayMIHp.

Llyuien KU3HKKH, MaBXYH MHCMNAp KHHETHK SHeprusichuiinr 3uy-
JHTH (w,), MardHT MaiioH 3uyairy (w,) Ba KOCMHK HypJaap 3Heprist
3uysiiry (w,) 6Hp-GHplra Ak GyaraH Kifimarra sra:

w, = w0, = H8n= w, =~ pu? 2 = nkT ~ 10~ spr'cv®.

By epaa ff — Maruit Maition Kyunaurawmirll, p — mMojda auganri, # -
ra3 KOHUEIITpawisiCH, £ — Te3ns, k£ — Boabuyan Jonsnicn Ba T — X2
popar.

Kocmilk nypsap sneprus sunwinuri o, JaH 13.a  SuepriLll  TOMMIG
YUY KOCMHK HYpPJAp Tapiairan xaws V. Hi Gnmnuy Kepak. ) Xod &
Tyna suepris:

W, =0V, (7.6)

Arap Tanaxruka coxaciia KOCMUK HYpaap TekHe Tapkaaran 1ed
Kapajca, YHHHD X4ZKMIIY GIJran Xoaaa, KOCMHK Hypaapinur 7iaa
SHEPTHACHUN TONRIL MYMKIH, TajdakTHKaWUHC HKKH Nil1 MOJA&TH
MaBMKYA: BJVIHNICON/ WaKJNra sra 6yaran rago 6k AHCK 1Hak -
Aari ranaxktika. Bupmiun xoaaa raaaxtuka Vauaun 5- 1077 en sa
HEKUNYH XOJAA AHCK pajlycll rajo KaTTaalri Oindan Yadaualll,
JieRiH yHIr Kamnr 10 mapra kam. Fano soaeanra k3 pa yiir
Xasmn ¥, ~5-10% ¢ Ba tyaa anepris ’

W.= oV, ~ 10"3pr (7.7)

Gyaamt. Jlick Momemia  KOCMHK  HYPIapuuur 1i.ia stieprisicst 100
MapTa Kay. Arap GHPOp KOCMIK HYPIap Maudan MaBaxyvi Gv.ca, KOCMIK
RYpIap swaur BAKTH €6 aTaayBull T BIKTIIN CYHT FATIKTHKY NaAMll
KOCMIK 1yp1ap GHIaH Tekuce 1P IIHpiIatn. KOCMIK HypIap 5 3iTiKHH
MYNUT opkaan / vacopanit GocuS V1azi 1e6 kapad, T wi tonmm MyAI-
KiH, KOCMIK uypaapHuur kusésmii tapsuGimn  yprammy [~ 5 r e’
SKaHNHN Kypcatagn. ¥ xonga p~ 1,5-10° r ov* j1e6 ynco6aas, T, ~
~3-10* fiun sxaHnHu TonaMm3.
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aap nopraamu 100 finnna 6up éxu WKKM Mapra GYauIUM MYMKHH,
HeMak, kocMEK Hypaiap KyBBaTH

P.=W,T.~ 10" sprc (7.9)

Kenn6 umkaau. By kuiimar 1oxkopuaa XMcoGnanral KOCMHK RYpJap
OKUMHHHHT KYBBaTHra Moc xesapi. [lemak, yra siuru 10ay3nap-
HHHT NOPTAAWNIfa aXKpaJraH 3Heprisi KOCMHK HypJap TyJa 3Hep-
PHACHHH TabMHHAAWra Koaupanp. Hlynaaii kuaub, KocMix HYpJaap
XycycHsTuHy Tasaktika Mogenn acocnaa TYFpH TYWYHTHPHIL MYM-
KHH. JIeKHH KOCMHK HYPJAApDHHHr XOCHJ GYIHUINHH TyLYHTHpNIIAA
103ara Kearas Kyn MmyaMMonap euunmaii kosamoxaa. Macaaai,
KOCMHK HypJIaPHHHT I0KODH 3HEprnasnapra Kajap Te3JanHll Mmexa-
WH3MII HOMabaym. KocMHK HypJaap 3HepreTHK CHEKTpPHHI XaM OXil-
puraua TYWYHTHPHE GepUIl KHIHH.
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