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C¥Y¥3 BOIUU

Kyaunrusgary kuto6 Myaaaudpu Omua AxmanxoHoB
1981 fuama ,YkuTyBun® ~HampuéTMAa HAWp STHATAH
»@PH3MKA KypcH* (/exTp Ba MAarHeTH3M) AapC/AMTH Ba
pecny6JiMKa TeJeBHIEHHEeCHHUHT YKYB NpOrpaMMacH OpKa-
JH CHUDPTHAH TabJHM OJAETraH CTYIEHTJap YYYH Yy30K
AuJasap naBoMHAa YKHETraH JEKUHAJapH GyHuua YKyBuH-
Jiapra TaHRIUAHP.

Myanand ¢usuk xoanca Ba KOHYHHATIapHH CaéH KH-
JHIIHHUHT ¥3Hra XOC OpHruHaJ YCJAyOGHHH Takaud 3tanu:
¢du3ukaHuHr Xap Oup GyJuMHIA WYHAAH TyLIyHYaJaap,
TePMHHJIAD HIUJATHAALHKH, YyJapHH ¢H3ukaap Exu my
coxara fKHH kacG 3raJjapH V3-y3ulaH paBliaH 6yaraH
(ApHM OpTHKuYa M30XHUHT XO0KaTH G¥/MaraH) sJeMeHTap
cysaapaek xabyJs KHJAHIAAH. JIEKHH XyOOH Wy 3JAeMEH-
Tap TyulyHYajapra erapJuuya H30X GepHJMAacJuru Cry-
JIEHTJIaD TOMOHHAAH XOJHCA Ba KOHYHHATJADHHHT (H3HK
MOXHATHHH TYWIYHHG €TMACJHKHHHT acocHi ca6abiapuiaH
GHDH SKAHJHTHHH Myaand Y3uHHHI y30K HHJJI3p NaBO-
MHIa OJH6 GOpraH HJAMHA-METOAMK H3JaHHIUJNApHIA aHHK-
napu, LIynusur yuyn myaanaudp GyHpa#t macanasnapra kat-
Ta axaMHAT GepHG, a6CTpaT TYWIyHYaJap Ba MHKPOAYHE
Xoaucasapu OuJaH OOFJIHK Map3yJapHH OaéH 3STHIIAA
MAaKpOAYHENATH yXmWalml XOLHCAJADHH 3CJaTHII YCYJHIaH
KeHr ¢ofnananrad, y36ex THAWYHOCAHTH TAPAKKHETHHHHT
XO03Hpru OOCKHYH TEDMHHOJIOTHACHTA aMaJ KHJraH XoJia
(bu3HK XOnKca Ba TYWYHYaJap MOXHSATHHH TYFPHPOK aKC
STTHPAJHraH TEDMHHJADHH HLIJIATHIIFA HHTHJLH,

Maskyp kuro6ma onTHka, aTomM Ba AApO (PH3HKACH
6aéH stuaran 6yiu6, y CCCP Ouaufi Ba ypra Maxcyc
TabJAHM MHHHCTDJMLCHHHHT OJHMJ TabauM Oyfinua YKYB-
METOAHK 6oumKapMacH TaCAHKJaraH YxyB MNporpaMmacH
acocHaa €s3uaraH. YKyB MarTepHaiMHM GaéH KHJIIAA
6upaukaapHuur Xazaxapo cucremacu (CH) nan ¢oipana-



uuaral. Jlekun CT C3DB 1052—78 ra acocan dofnana-
HuaMaiaurad 6up Katop O6upJavkaap 6uaan CH GupJauk-
Japu OpacHaard MyHOcabaT XaM KeJATHDHJIraHkH, Oy
myHoca6ataap 1981 fimaraua Hawmp stuarad kutobaapaa
Kyanauuaran Oupaukaapaad CH  GHpauxaapura YT
HMKOHHHH 6epajH.

[IporpaMmaja KypcaTH/IraH acoCHi MartepHaJa naapc-
AMKAA TYJAMK aKC 3TTHpuAraH. ByHnan tamkapu xo3upua
Tyraj/JaHMarad 6ab3H KH3HKapJu MyHo3apajap XaM KHC-
KaruHa 6aéH sTvaraH. Arap Maskyp MyHo3apaJap OHJaH
KM3HKCAHT U3 8KH O6yJ/aXaK MYTaxXacCCHCJAHTHHIH3 Tydalau
(GHU3MKAHUHT GHPOp COXacH OYyAHuYa OMIMMHHTH3HH 4yKYyp-
JAWTHPMOKYH OYJICAHTH3 Maxcyc ajgaduérra Myporxaar
Kkuauul Kepak, CH3HHHT ymOy KHTOO XaxXMHUarH (H3HK
TacaBBYpJapHHTH3 Oy uuAa NoHjaeBop 6Y/aH6 Xxu3MaT KH-
JajH.

dukprMua, Ma3Kyp KHT00, XyAAH MYaaau(HHHr aBBa.j-
rd kutoGuipex, (pakat onuH YKyB IOPTJIADHHUHT CTYNEHT-
Japd y4yHTHHA 3Mac, GaJKH (pU3MKa acoc1apH HXYaMmMpoK
XaXMJAa YKHTHJAAHTaH NeJaroruka HHCTHTY IJIaDHHUHT CTY-
JEHTAapH BAa YKHTYBYHJAD YuyH XaMm ¢ofiiaau 6y.1anu.

Maxcyc myxappup P. b, Bekscoros



MYAJOJAUOOAH

PecnyGiukamus osnuift YKYB 10PTJapHA2 1031aH OPTHK
HHXXEHep-TeXHHK WXTHCOCJAMKJap 6yHHYa MyTaxaccucaap
TafiépaanmMoKaa. Dy HXTHCOCAMKJIADHHHT aKCapHATHAA,
CCCP Ounit Ba YpTa Maxcyc TabJWM MHHHCTDJHIH Tac-
JIHKJaraH YKyB [JlaHJapura acocaH, (u3uka (paHMHHHT
Ha3apui acocJapuHM yu VKyB cemecTpH nasoMuia 136
coaT (/neKuHus) VKHTHIN NJAaHAAWTHPU/ICAH.

Yxys Marepnaamnu cemectpaap Oy#Aivya TakKcumJaul
Ba yJapHu GaéH sTuw Ketrma-gkerauru Y3CCP Oauki Ba
¥pTa Maxcyc TabJAUM MHHHUCTPJHMIH WIMHH-METOAHK COBe-
THHHHr Kapopura acocaH pecnyOG/HKa OJHH TEXHHKA YKYB
1opTaapu ,Pusuka“ kapeapanapu yuyH GasaBuii kapenpa
ned xucobaanagurad TowkeHT IloJiMTEXHHUKA HHCTHTYTH
»PH3MKa* KadenpacHHHHT TaBCHAJapura amaJj KHJHHIaH
XoJaa Ty3uarad. Maskyp kuTo6Aard YKyB MaTepHaNHHR
(u3MKa YKHTHJIAAMraH OXHpPru cemectpaa 34 coarja 6aéH
STHJHIIH JM03uM. Bynpah Kucka yKyB BakTHra MyJnkai-
JaHral ,Pu3nka KypcH“ NapC/aMCHHHM fipaTHm Y4YyH Oup
KaTop HJIMHH METOAMK M3/aaHHIuJap yTKasuaav. By usaa-
Huwaap 6Gopacuia cuHoBlaH MyBaddakuATAH YTraH me-
TOAHK yCayOaap Aapc/auKia aKC 3TTHPHJLH.

Maskyp kuT06 ycTiaa HIuAaWHUHT Oapua 60CKHUYIapHAA
Y3UHHHT KUMMaTaKH GuKp Ba MyJ0Xa3anapu On/iaH SKMH-
naH épnam OepraH ¥Y36eKHCTOHZA XH3Mar KypcaTra dan
ap60o6u, Y3CCP ®A nunr myx6up-an3ocu, A6y PaiixoH
Bepynuit Homuaaru Jlasnat MYyKOQOTHHHHT JaypearH
P. b. BekxoHoBra uyKyp MHHHAaTLOPYHJHK OHJIHPHIIHH
myaanud y3uuuur 6ypuu ne6 xucobuadau. LLIyHHHTAEK,
KUTO0 Kysa€3macu OuaaH TAHHIIKG Y3/7apHHHHI TaHKHIHH
MyJoxasasapu Ousnad papeaux  cudaTHHH AXnHaAalmra
Kywmran xuccanapu yuyH TowkeHT IlosiMTeXHHKa HHCTH-
TyTH ,Pusuxa‘ xadpespacunuur myaupu JI. M. Mupkomu-
saoBra Ba wy Kadeapa pgouentaapu X. A. PH3aes,
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¥. K. Hasapos, L. M. KoMoaxyxaesra xamaa Mypaxkka6
TepMHHJap Y30eK4Ya SKBUBAJEHTJAPUHH Taujamwaard ¢oi-
Jaqd MyHO3apaJapd YuyH QuI0J0TUA GaHlapH KaHAHIATH
T. AnuKyaoBra Myajndd Y3MHHHT CAMHUMHUH TallaKKyPHHH
GuaoupanH.

JIapC/IMKHUHT siHala AXWHJAHHIIKra KapaTuarad 6apua
takaud Ba MyJoxas3asapHH MyaaaHd MaMHYHUAT GuJaH
Kaby/ KuJaaau.

Japcauk xakuaaru 6apua Takaud Ba MyJ/0Xxa3asapHH-
rU3HM KyHuparu ajapecra IOOODHUIHHTH3HH CYpalMu3:
700129, Towrxenm, Hasouts kjsacu, 30. ,Yxumysqu* nau-
puému, gusuxa-mamemamura aoabuému pedarxyusicu.
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EPYFJIUK UHTEP®EPEHIHSICH

1-§. Epyrauk TYJIKHH

DNeKTPOMATHHT TYJKHH Ha3apHuscura acocaH, Ga3soHHHT
UXTHEPHHA HYKTaCHAa 3JEKTP MaHAOHHHHI Xap KaHAaf
V3rapuiuM KYIIHH HyKTaJaapia y3rapyBuaH MarsuT Mai-
JOHHH Byxyara keatupaiu. By mainou aca, ¥3 HasGaTuaa,
y3rapyBuaH 3JeKTP MaHJOHHM MalA0 KHJAAH Ba XOKa3o.
By §3rapumaap ¢a3oHuHr OHp HyKTacHAaH HKKHHYH
HYKTacHra ys3aTHJaAH, HaTHXKaAa 3JeKTPOMArHHT TYJIKHH-
HUHT Xap TOMOHTa TapkaJulu conup 6yaaiu. Jaexmpo-
Ma2Hum myakun mapxasaémeanda gasonunz xap oup
HyKmacuoa 3SAeKmp 8a MazHUM Maidowaap Oaspull
pasuwoa (Macaaan, w yacrota Oujan) jy3zapub mypadu.
by ysrapumaap E Ba H BexropsapuuHr teGpaHninaapH
cidatnna udoaanaHanu:

E = E,, cos (of + ¢y) = E,, cos (2rvf + @),
H = H,, cos (of + ¢¢) = H,,, cos (2nv¢ + @), (1.1)

Byuna E,, Ba H,, — Moc paBumaa 3JeKTp Ba MarHut map-
JOH KYUYJAHTQHJUTH BEKTOPJApPHHHHT MakcuMaJs (aMmJju-
Tyna) KuiimataapH, of+4 ¢, = ¢ — Te6paHum (asacH,
¢, — 6omsaanruu (dasa, v — teOpaHHm uacToTacH, ® =
=: 27V — LMKJUK 4acToTa.




E sa H Bekropsiapuunr tebpanumiapu 6up xua ¢dasa-
A2 Ba y3apo NMEpNeHAHKYJIApD TEKHCJHKJAapaa conup 6y-
aaau. 1.1- pacMpa Ox #ynanum 6yfiMua Tapkaaaérras
TYJKHH TaCBUPJAHTraH. Iaexktpomarkut Tyaxkud E Ba H
BeKtopJapHHHr (asona TebpanuumunaH H6oparaup. Jlekuu
COMAANAITHPHII MaKcaiHAa Ou3 GyHIaH KeAHHTH MY.JG-
xa3zanapumu3na ¢axkar E BexTopHuHT TeOpaHHiIapy TYFpPH-
upa ranupamus, H BexTOpHH 3ca jpesApau zcra oamanmus.
cAuMo E BexTOpra nepnesjHkyasp nyHanaumnaa H sektop
XxaM TeOpaHAa8TraH/JHMIHHH YHYTMAacJHK Kepak Arap Ty.J-
KMHHHHT Typau HyxgTasnapuaaru E Bexktopaap daxar 6up
Texkucaukaa é€rca, OYyHial TYAKHHHU fccu 3aexmpomaz-
Hum myaxun 0e6, 0y TEKHCAMKHH 3Ca medpaniiuL mexKuc-
auzy ne6 artafiMu3. 1.1-pacMaa TacBHPJAHTaH TYJKHH ACCH
3/IEKTPOMATHUT TYJAKHHIHD.

Makcsean xucobJauinap acccHaa 3JeKTPOMarHuT TyJ-
kuHaap 3-10%M/c Te3auK OMJIAH TApKAJHLIHM JO3HM, AEraH
XyJaocara Kejdad. By xuiMar KeAMHYAJHK ONTHK yCyJ/aap
OHJaH aHUKJAHTaH 8PYFJMK TEe3J/IUTHra TeHr 6Y/aH0 YHKIH.
By 3ca €pyFraHK — 3JEKTPOMArHUT TYJKHHIHD A€0 TaJKUH
KHJHUIra HMKOH Gepanu.

Xo3upru BaKTaa 3Hr 3aMOHaBMR Taxpubanap acocuia
EPYFAUKKUNZ 8aKyyMOa mapkaauuw  me3aul ¢ =
= (299792456,2 + 1,1) M/c 1e6 xabys KuUJIMHraH.

XaKukaTaH, KeAHMHYaJMK amajra OWHPHJAraH TEKLIHU-
pHLLIAD 3JEKTPOMArHHT TYJKHHJAPHHHI uYacroTaJqap Aua-
Na3OoHH HHXOAT KEeHr 3KAaHJHMIHHHM Kypcatau. XycycaH,
MHCCH KY3H Ce3a O/MaAHraH 3J€KTPOMArHUT TYJKHHJIApHHUHT
4yacToTanapu -

v = (0,75-0,40)-10" T (1.2)

nuvanasonna é&éragd. bBynpakh uwacroraau TYJAKHHAADHUHT
BAKYYMJAru y3) HJIHTH

ho=-=< =(0,40 + 0,75)-10—° M = (0,40 +0,75) mxm  (1.3)

HUHTEPBAJIra TYFPH Kesaaad. DJIEKTPOMACHUT TYJIKHHJIAp*

MHT Oy NHANa3OHHHH EépYFaux my.iiunaap ne6 0pHTH-
A8 qu. MeXaHuk TeGpaHHILIAp YacTOTA.JAPHHHHI MabJayM
AH ANa30HHHH HHCOH TOBylI Tap3ujia xa6y.1 KHJraHuaekK,
3/1¢ KTPOMArHUT TYJKHHJAp YacTOTAJapHHHHT OKOpHIA
KeJTUDHJTaH JHanasOHHHH K¥3MMU3 EpYyFIHK cuHpaTuia
Kanja Kuaanu.

DJIeKTPOMArHUT TYJAKHHJIADHUHT EpYFJIMK [Hanas’oHll
€Tap/iH4ya KeHr. YHH OHp KaTop MOHOXPOMAaTHK €pyFJHK



TYAKHHIADHUHT AMFMHAMCHAAH HOGOpat, 1e6 xapam MyM-
kud. Moroxposmamur épyraix mjakuK Aeraina éEpyr-
JMK AHana3oHuaarus Ay yacToTazap HHTEPBAJAH HHXOSAT
KHuuK 6yaran €pyrauK TYJAKUH TywmyHuaaaud. MoHoxpo-
MATHK &pYFIUK TYJAKHH OH3HHHT KY3HMHM313a MaABIAYM
paurau épyrauk cudaruaa HaMmoéH OYaamu. Macaaan,
TYAKHH y3yHankaapu 0,55 naH 0,5§ MKM rava 6yaran
HHTepBaJ/jard HypPAaHHUIHH HHCOH KY3M SIIMJ DPAaHT Tap-
3uila Kabya kuaand., Yacrorasap uHtepBaau Av KaHua-
JIMK KHuuK 6yJsca, HypJaHHII MOHOXPOMATHKpoK Oyaanu.
Xap KaHzaH pean MOHOXPOMATHK EDYFIUK TYJAKHH y4yH
Av uexsau xkufimatra sra. MOxopuaaru (1.1) udoma 3ca
#1eajJ MOHOXPOMATHK TYJKHH YUYH YDHHAHAMD.

EpyF/AHK HYDJaDMHHUHT HYHAAHIINTA TNepPNeHAUKYAAP
KHau6 xaénan S 03HH KOHJAWTHPARIMK. By 103 opkaau
OHpJAHK BakTAa YTaétraH E€PyrJAHK TYIKHHIADHUHT 3HEp-
rusich épyraux oxumu (®) neb arananu sa 2XK'c éxu Br
xucobuaa yayaHagu. Bupauk BagT HuMga 103 OUDAMTH
OpKanu YTadTran EpyrJaHK OKHMH, ABHH

[s0

=3 (1.4)

EPYFAUK O{UMUHUNZ 3Uu4Au2l GKH EPYFAUK UHMEHCIUE-
Auzl JEeHHNaNH.

. Epyraux wunrencusaurn Br/m® xucobuma yauyauamnu.
Epyrank nHreHcHBaMrH Epy FAMK TApKaJa8TraH MYXHTHHHT
CHHIOMDHII KYPCATKHYH 7 ra Ba €pyFaHK TYJAKUH aMmnjH-
TYJAaCHHHHI KBAApaTHra MPOMOPUHOHA:

I~nEZL, (1.5)

2-§. Epyraux uuTeppepHIMACHHHUHT MOXHATH

EDYyFIMKHHHT 3JIGKTPOMArHUT TYJAKHH Ha3apUACHHU
XIX acpHuHr HKKUHYH sApmvuia Maxcseas apatraH. Jlekun
Oy nasBpraua xaM &pyFauK TaduarH TYFPUCHIA HKKHTA
THIOTe33d MAaBXKYA 3/]H:

1. Hb10TOH HArapu Cyoran Kopnyckyasp zunome3aza
acocaH, €pyrJHK XKyla KHUHK 3appajap (KOpraycKynaiap)
okumunsan ubopar. Kopnyckynanap &pyraux vanbianiaH
HYp Xe0 aTaayBud TYFpH uu3uxaap 6yiiab oxul uugaid
(1.2-pacwm).

2. Tyaxun 2unomz=3anu 32a lofArenc spatau. 1.3- pacm-
Ja TYAKHH rumnortesara acocad, M MaH6a1aH 8pyFAUKHHHT
HypJAHHIIK TacBUPAAHraH. MaHGanaH Tapanaérrad TYFpH

9



. By Hypaap TYJKHH

YH3KKJap HypJaap Ae6 arajanu

¢ponTaapy ne6 artananurad CQEpHK CHpTIApra nepneH-

AMKyaapaup. Man6ajaH Y30KJMaWHJAraH Capd TYJIKHHE
OHTH ficCHpOK Oy/aBepanH. )

o Huioton Ba TiofireHcapHUHT BadOTAapHAAH CYHI Xam

6y ukku rumnotesa Tapadaop/apH opacuia ysox Gaxcaap

&yiﬂuﬁ'
gpnap

v
@oommiags

N\
A

:

1.2- pacm. 1.3- pacu.

AaBoM aTau. Jlekun 1801 #unna €w wuraus duauru IOnr
amajra omupral Taxpuba 6apuya OJNHMJIAPHHHT IHKKATHHH
y3ura xan6 xKuJagH.

By omnu#t, nexun axoiiu6 TaxpubaHuHr cxemach
1.4-pacMpa TacBupsnanran. Byngpa M — EpyFauK MaHGaw,
M, Ba M, nap Tycuxaard xyaa Top THpKHIIAAp. Yaap

X’
X
&

'\.R




Gup-6upuaan 1 +2 MM ysoxaukaa xofisamrad. HoioToH-
HHHT KOPNYCKYJsAp TrHnoTe3acura acocad, M, sa M, Tup-
KuiapaaH YT1raH kopnyckyJanap tydafan 3 skpaHia
THPKMIIJIADHHHI LIAKJHCa MOHaHA pPAaBHIIAA HKKH EpyF
€OXa BYXYAra KeJMUIH JIO3UM 30H (PACMHHUHT 0 KHCMHTra
K.). Baxosauku, 3skpanna Oup Heuya €pyF Ba KODOHFH
coxanap KysaTHaagH (pacMHHHT 6 KHCMHra x.). Kusuru
wyHaakud, M, Ba M, THpKulIap ypra HYKTAaCHHHHT Kap-
wHcuAa EpyF coxa Byxyara xeamu. By taxpubana xy-
3aTHJAraH XOoAHca EpyrFaux unmepgepenyuscu neb6 HoM
oanu. MiHTeppepeHuus cy3u JaTUH THAWLArU interfere—
.XaJaKHT,OepMOK“ fAeraH (enanaH keaub yuKKaH. Xagu-
KaraH, EpyFIHKHH TYJAKHH J1e6 kapasaaauras G6y.ca,
3KpaHAard 8pyfr Ba KODOHFH COXaJIADHHHT BYIKYAra KeJu-
IIHHH KyAHAarHya TyWIYHTHDHII MyMKHH. M, Ba M, nap-
JlaH 4MKa@TraH TYJKHHJap 9KPaHHUHT A, Ba A, coxaaapuaa
y4pauH6, 6up-OupuHH Kydaditupaau. By TyaKkuuaap akpas-
HUHr A; coxacuia yypamraHaa 3ca 6Up-GHDHHU CyCaHTH-
pand, AHHKPOFH Oup-6upuHu #Ayxoranu. Uly wmucoanu
€pyF/JIMKHHUHI DJEKTPOMArHHT TY/JKHH Ha3apHACH acocHia
Myxokama KHuaabfuauxk. Bynuur yuyn (1.1) udomanaun doii-
nananu6, M, Ba M, napaaH uyugKaérraH €pyF/HK TYJIKHH-
JapHH MOC paBHIIfa

E; =E;, cos (of + 910)y
Ez = Eam Ccos (U)t + CPgo) (1.6)

TeHrJamaJsap 6ugaH udonanafiauk. Xap Kaugah 3JeKTpO-
MArHUT TYIKUHHUHT, XyCYCaH, EDYFAHK TYIKHHHUHT 3JEKTD
Ba MarHMT MAaHLOH KY4YJ/IAHTAHJIHKJADH XaM MaHIoHJap
cynepnosuuusacy npuHuunura OyfcyHaau. LLIyHHHT yuyH
{1.6) Ttenrsamanap OusaH udogasaHaguraH yacToTanapH
6up Xxua Gyaras MKKH EpYyF/AHK TYJIKHH 3KPAHHUHT OHDPOP
HYyKTacHaa yuypawub Kywuadmu Tydafiau ByxyAra KeJ-
TaH HATH)XKaBHI TYJKHH XaM o yactora OuJiaH TeOpaHalH.
Haruxasut 1yaguu amnaurynack (Ep) xywuaysud Ty.a-
KMHJIAD aMMJuTyAajapu OuaaH KydAugaruda OGOF/IAHTAH:

EZ = Ein + E3n + 2E1m Eom OS (9 — 95)- (1.7)

Kywmuaaérran teGpaHnmap asanapuHuur  dapku
Ap = ¢, — @, = o — @, BaAKT YyTHWH OHJIaH Yy3rapmaca,
KyHuIard XyCyCHR xoJijlap aMmaJra OUWHIIH MYMKHH.

1. dasanap dapxu = ra xydr xappaau (Ap =2k=;
k=0, 1, 2, ...), ApHH KYyuIuga&TraH pyF/AHK TY/AKHHAAD
G6up xua ¢dasaga teGpanadrran Gyaca, (1.7) uborasaru

1l



cos (¢, — 9,) = 1 6ysanu. LLIyHuHr yuyH Hatvxapuii &€pyr-
AHK TYJAKHHHHHT aMIVIMHTY lacH

Em =Eim+4 E2m

6yaanu. DBywnaait xoa skpanuuur A, A, coxanapuia
aMaJira omajaH.

2. daszanap dapku = ra Tox kappaau (Ae = (2& — I)w;
k=01, 2, ...), AbHH KYIHJAETTaH EPYF/HK TYJKHHIAD
Kapama-Kapwu (pasaga Te6paHAETTaH X0/1a COS (§— @)=
= — | 6yaaaH.

Haruxana (1.7) udonanan dofinananubd

Em=|E1m_E2m|

AercH xyJccara kenamud. LUyHMHr yuyH 3KpaHHHHT Ai
COXeJIapiiia IHT KaMm €p)TJAHK Ky3aTHJaiH. i

3. ¢asaaap ¢apku (2k — 1) Guaan 2k= uHTEpB2IHAA
6yaran xoamapaa 3ca

|Ein — Esn | <KEn<Eim +.Em (1.8y

MyHccabar OGakapuJaiii.

Ky wuayeuu T¢Of aBHIL/IEP AMIVIMTYLAJapH TEHT, ABHH
E,, =E., 6ysran aycycwii XcJaaa, 3KpaHnuHr A, coxa-
AALHA8  KYILHAYBYH €DYTJAHK TYJKHHJAAD Oup-OUPHHH
OyTy nJjapt iy KcialH, HaTHA- aja KODCHFUJHK Ky3aTHJ/alH.
A, A, coxanapna aca HaTHx avifl €PyraHK Ty JKHHHHHD
aMIJIHT) JacH 2 MapTa, HHTCLCHEJMIH 3ca 4 mapTa cluajiH.

3-§. Korepentauk

IOur Taxpu6acnna M; Ba M, TupKuwJapaas uuKaér-
rad €épyFaHMK TYJKHHJIADHHHT YCTMAa-YCT TYUIMIIW HaTHXa-
cuaa épyrauk uHtepdepenuusacu pyi Gepaau. Bomkaua
Kuaub aditranna, My a M, THpKHWaap €pyrauk MaHba-
Japu BasudacHHu yTafiau. ¥ xoJsaa KyAunaru caBoJ TyFH-
Jalau: XOHajla HKKH 3JEeKTp Jamna €pyrauk TapkaTtHO
TypraH 6y/ca, XOHAHHHT &pDUTHJraH coXaJjapujaru Epyr-
JIMK HHTEHCHBJMIH afipHM JaMnagaap Tygafisiu ByxyAra
KEJYBYM HMHTEHCHBJHKJIAD FAUFHHAMCHFA TeHwr Oyaand,
A'BHH EPYFJIMK HHTEHCHBJHTHHHHI MAKCHMYM Ba MHHH-
MyMJapH KysatuaMafau. Byuuur cababu Humana?

IOur TaxpuGacunn Myxoxama Kusaérranumusna M,
Ba M, TUPKHIIJapAaH YMKAETraH EPYF/AHK TYJKHHJIAPHUHT
qacTorajapuiu Oup xuJ, pa3sansapuHudr ¢apku sca ysrap-
Mac ne6 xucoGaaraHumusuu scaaiauk ((1.6) ra x.). By
mapraap 6axapuaraHfa KyWHAyBud EpYFAMK TYJAKHHJAAD
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Kozepenm myaxkunaap penunagu. KorepeHT éEpyrauk
TYJKHHJAD YyCTMa-yCT TyIWTaHAAarHHa TYpFYH HHTEp(de-
pPeHUHOH MaH3apa Ky3aruJagu. TaGuul E€pyrauK MaHGa-
aapu (xycycau, €4ub TypraH 3J€KTp JaMMOYKACH XaMm)
3Ca KOrepeHT Oy/MaraH TY/JIKHHJAp HYpJaHTHPaAH. XaKH-
KaTaH, Tabuuil épyrauKk MaHOasapu couadTraH EpyFaHK

1.5- pacm.

kYN atoMmaap HypJlaHHIIJADHHUHT RHFHHAMCHAan u6opaT.
Xap 6up atoM Gowka aromJapra O0FaHK 6yaMara: xoana
HypJaatnH yuKapanH. AJIOXH,ﬂa ATOMHHHT HYypJaHHII
yugapur Bakty 10—3% cekyunjJjap uamacu [aBOM 3Taid.
By BaKT n1aBomMuaa atoM 4dUKapraH Hy pJaHHLl (AbHU 3J/€K-
TPOMAarHHuT TYJKHH) OGHD KaTop AYHrJAMK Ba GOTHKJ/UKJ/AD-
AaH ubopar Gyaaiu. YHU myaxunaap mudsacu ped
arafisuk. TYAKHHAQD TH3MACHHUHT y3yHJuuruud (1.5- pacMm-
na L ne6 6esarujaHrad) TOMHII YUYH EPYFJIHK TYJKHHHUHT
TE3JIMTH ¢ HH aTOMHMHT HypJaHHil BakTH t=10—% ¢ ra
KynafTupamus:

L=c-t~23-10°%--10"8c~ 3 M (1.9)

Epyrauk manGaunard aromJap XaoOTHK PaBHIUAA ,HaK-
Ha6* Ba ,yuub6“ typaau. LLyHHHr yuyyH TypJM aromJap
TOMOHHIAH YMKAPUJTaH TYJKHH TH3MaJapHHHHI 4YacToTa-
JlapH, aMIUIHNTYyZLaJsapyd Ba OouwaHFHY (asanapd TypJadya
6yaann. Xarro €pyriaMK (QuaAbTp €paaMuia HKKH TaOUHH
€pYF/MK MaHGaMgard GHpP XUJ aTOMJAp YHKapaluradH 6up
XHJI 4aCTOTaM (AbHH MOHOXPOMATHK) TYJKHHJIAPHH aXpa-
THO oJaraHMMH3Aa XaM, yJapiard aJoXHjAa TH3MaJapHHHT
¢asanap papgu y3rapub typaau. LLyHuur yuys OyHpai
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MOHOXPOMATHK E&pYFJHK TYJKHHJADHHHT yCTMa-yCT TyILUH-
IIM HATHXACHAA BYXyAra KeJajguraH HHTepdepeHLHOH
MaH3apa XyAa KHCKa BaKT CakJaHu6 TypaadH. Cyur Has-
GaTnary TYJAKHHJIAD TH3MACH TydaRau AHTH uHTepdepeH-
IIMOH MaH3apa BYXYAra keJaid. JlekuH 6y maH3apajarn
MaKCUMyM Ba MHHHMYMJIaDHHHT XOHJAllYyBH GJAHHTH
TYAKHHJAAp TH3MacH TydaAau ByXYyAra Kearan HHTepge-
pEHLHOH MaH3apajaruaadn ¢apx Kuaaad. Ly Tapuka
uHTepdepeHUHOH MaH3apaJap xyjaa Te3 y3rapub TypalH.
HHCcoH K¥3H 3ca CEeKYHIHHHT YHJH YyJYILJapHra TEeHT BaKT
WUYHIary Y3rapHIUJapHH Ce3Hulura KOomHup, xoJoc. By BakT
Huuna HHTepdepeHLHOH MaH3apa GUD Heua MHJJIHOH Map-
Ta ysrapuwra yJarypaiad. [lemak, 643 6y MHJIAJIHOH MaH-
3apaHMHT YCTMa-yCT TYLIHIIHHM Ky3aTamus, xoJaoc. AJ-
6arra, OYHHHI HAaTHXaCHAa HHTEPHEPEHLUHOH MAKCHMYM
BA MHHHMYMJIApPAaH X€4 KaHAsH Hu3 KoJamahau. Lllyxnai
Kuaub, ukku Tabuuii épyrauk MaHbau tydanau uHTEp(e-
PEHIHMOH MaH3apa Ky3aTH/JIMAC/AMTHHHHT cadabn — EPYyF/aHK
MaHOaJjapuiaH TapKaJa€TraH HYPJADHUHT KOTEDEHT 3Mac-
JIMTHA2AHD, Aefl O0JaMHu3. ¥ xoala €pyFrJaHK HHTep(depeH-
IUACHEM KaHOaf aMaJara OLUHpHIL MyMKHMH, [€raH CaBoJi
TYFHJA1H.

Epyrauk uHTephepeHUHACHHH Ky3aTHIL yuyyH CHp Ka-
TOP CYHBHMH ycyJaaapiaH ¢ciinananunanu. YaapHusr 6ap-
YACHHHHT XaM NPHHLMNM WyHraH w6opatku, 6up ManOa-
IaH 4HKaéTrad €pYFJHK HYpPJAHHIl HKKH  KHCMIa
a¥paTH.1ald, CYHT yJaap HHTepdepeHuHAJaAWHUILH YUYYH
yupawTtupuaanu (1.5-pacmra x.) By Ty/akunaap a<panui
XOMMAAH yupawnu >ohuraua Typau Hy/anrapud Gocu6
yTaau. 1.5-pacMaa WKKH XOJ TaceBHpaaHrau: a) I Hyp
KHCKapoK, I’ 3ca ysyupox Ay/Hu Gocub yranu. By ukkanaa
Hypaapuunr Al #ya Qapku TYJKHH TUSMACHHHHT L y3yH-
JUTHIaH KaTra. HaTtuxaaa Cup aTOM TOMOHMJaH HYDJaH-
THPUJITAH, aMMO TypJHYa Y3YHJAHKIarH iyanapuu 60CHG
yTaeTraH €pyFauK TYJAKHHJAAp HHTepdeLeHLHAAaLIMAALH,
YYHKH [’ TYJKHH TH3MaCHHMHT GOLIH yypallHIL HYKTacHra
eTH6 KearaHna, KMCKapok My GccaéTranm / TYJKMH TH3-
MACHEMHT OXHMPH YUYpalIMII HYKTacHAaH YTHO KeTraH
6ynanu. 6) 2 Ba 2’ Tyakun TH3MajsapuuuHr Al AYJ hapku
TY/KHH TH3MACHHHHr L y3yHJAMTMIAH KHuuK OYJras-
JIUTH  y4YyH yJap uHTep¢epeHuusgamwagd. AMmo 2 TYJI-
KHH TH3MacHUHHHT OMp KUCMH (Al ra TEHT KMCMH) yupallHLl
HYKTacHAaH yTuG 6§sranna, 2' TYAKMH TH3MacHHHHT GOILH
yupalHil HyKTacura eTu6 Kesanu. Hatuxaza 2 Ba 2’ s1ap
OHD-OMpH GHJIaH TysMK 3MaC, CaJKM KMCMaH yupaliafH.
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Wynusr yuyw Al xaTTajamirad capH HHTEpdepeHUHOoH
MaH3apa cycaiu6 6opaiH. MHrepdepeHLHOH KypHJMmalap-
garu iy Gapku TYJKHH TU3MACHHHHT Y3YHAMTHAAH Xyla
Kuuk 6yraid. Ly caSaban 6yv HypJapia HHTepdepeH-
LMOH MaH3apa [edpJH CycaHMaHiH.

1.6- pacm. 1.7- pacm.

Onaraa, TYAKHH TH3MaCHHHHT L y3yHJAUTH KoOzepewm-
AUK Macopacu, aTOMHHHT HYp YHKapuG TYpuUll BaKTH <
3ca Kozepenmaur saxmu Aeb atanai.

Uly npunuun, sbHd TadMHA €pyFJaHK MaH0aul1aH yuKa-
€TraH HYDHHHI Y3MHH y3u OujaH HHTep(epeHUUAIamTH -
pHII NPHHLIKNKA acOCHAA EpYFAHKHUHI OUD KaTop HHTep-
depeHLus yCyasapd amajra OUIHPHJTAH.

« IOkopuia myxoxama kuauHrad lOur taxpubGacuaa M,
Ba M, THpKHIIJIAD MKKM KOrepeHT MaH6aJapieK XH3MaT
KHJaH.

Korepeut Manf6anapiHd XOCHJ KHJIHIIAA 3HT KYN KyJa-
JaHusnanuran ycya Ppenenb xyarynapunan ¢ofilanaHuu -
aup (1.6- pacm). Mkkura saccu kysry O6up-6upura 180° ra
sikuH Oypuak octHiaa énjowmTtdpuaand. M manGagaH uu-
KaérraH €pyFJIMK HypJlapH KysryJjapiaH Kaitu6 wyHgaf
AyHataguKd, Oy AYHAIMMJIApHU TECKapd TOMOHTra JaBOM
TTHPCaK (pacMaard NyHKTHP 4M3MKJAAp), yJap Ky3ryJaap
opkacumard M, sa M, HyKrajsapaa yupauwagd. By Hyk-
Tanap M MmaHGaHMHT KY3ryJapaard TacBupaapuiup. [e-
MaK, Ky3ryJapaaH kKalitu® 3 skpaura rymaérrad Epyr/uK
HypsapH xyaau M; sa M, MaBxym KorepeHt wmax6a.jap-
JaH uuKaérraHgexk Oysanu. Yaap sKkpaHAa TYPFyH HHTEp-
¢depeHUHOH MaH3apaHH XOCHJ Kuaaaud. Ppenejb OGHNPH3-
MacuaaH QoijasaHHIl XaM KOrepeHT E€pyFJHK HYDJIapHHH
XOCHJ KHJIHII UMKOHMHH Gepamu (1.7- pacm). By xoazna
MaBXyM KorepeHT maHGaaap (M, sa M, ;nap) Tabuuit EpyF-
Juk MaH6an M naH 4yukaéTraH HypJapHHHr OHnpH3Mana
CHHMIIKM Tydafau Byxyara KeJjaiu.
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4-§. HuTepdepeHUHOH MaH3apaHH XHCOOGJaml

Mkku pean €xyn MaBXYyM KOre€LeHT EpYyFJHK ManGa-
JapH yk3nva TEKHCAHTUEa Onp-Cupuian d Maccda ysok-
JuKra xchrawran 6yacun (1.8-a racm.). MaunCasnapra
napaiajes xuaué yaapran [ macoda ysokaukzaa ([>>d) 3
3K[aH XCHJAIITH[aRJIHK. SKFaHLa HXTHEPHH A HYKTaHH

p - X y p
— BUSLTY
L [} 3
: = % I’ L buramw
i 7 8 L >
T % =~ 5 !
b 7 - 4%
.-f_ y ;5 == S i N 4z,
a 6 é <
1.8- pacM.

TaHJaab cJjakisuk. By HyKTanusr man€aJzapiaH y3OKJHIHHH
Moc Faeuw,a [/, ra [, ne€, sK[aHHELT MapKa3uHd YH3UFH-
JaH V3OKJAHTHHHM X Re6 Cearusaiiuk. By HyKrtara Kore-
pent A, ra M, nvanCanapnaH etub KeJsaérran €pyFaHK
TYAKHEAAD YUyH HYJa ¢apkuHH XuccOaaiiuk. PacMmian
Kypuuuisvua , ra [, sap 1yrpu Gypuakau yubypuakJaap-
HHHT runcreny sanapi. L yHHHr yuyH K) HHZarujapHy €311
MYMKHH:
2
122= 12 + (X+%) ’
2
2 _ 2! d ",
1—1 +x—-§)
By udoianapuu Cup-Gupuran amupcak,
2 0 . o
lo—1li = 2xd éxn ({,~—1,) ({,+ 1) =2xd 6}naiu.

Arap [, — [, =3 Gearuaaw KHpUTCaK, IoKopHiarH Hbora-
AaH

2xd (1.10)

= L+
HH XCCha KHaamus. Jiekun [ > d ne6 wapraawral 3AvK.
Wyunsr yuyn [,4 [, 20" 1e6 xucc€aaw MyMKKH.
Hatuxara (1.1G) ndona
~ 2xd _ _d



KYpHHHIIra keJadu. Arap 8 HUHT KuAMaTH EpYFIHK TYJI
KHHHUHT AApHM Y3yHJurH (A;2) ra xydTt kKappaad 6Y.ca,
A HykTara KorepeHT MmaHCajnapiaH eTHO KeJsaTraH TYJIKHH
TH3MasapH 6up xua ¢azanapia 6yaanu. Bup xua ¢asanaru
TeOLaHUWIJIADHHUHT KVIIHJWINY HaTHXxacHla ByxyJAra KeJ-
rad HaTHxasuii TeGfaHHLl aMIJHTYJacH KYUWHJAyBYH ,TeG-

£ Em
< A\ A
/f\\//\\/f RN
/\ AN

fZ/ﬂ

VU S NS

Eom
Em+Eam
/r\v/\ \//-

1.9- pacu.

paHHI/IaD aMOJUTYRaJapHHHHT HAHFHHIHCHTA TeHr GyJjanm
(1.9-a pacmra K.). Arap 3 Husr Kuiivatu (A,’2) ra TOX Kap-
pann Gysaca, MaHCanapnaH A Hykrara eTu6 keJsadTtras
TYJKHH TH3MajaapH KapaMma-kapiuu ¢dasanapia Gyaaiu. By
X0Jla HaTHXasHH TeOpaHHUIU aMIJAUTYAacCH KYIIHJIYBYH
TeGFaHHI/Iap aMNINTY AaJlaDHHKHT aliHpMacHra TeHr 6yaanu
(1.9-6 pacvra K.). EpyFaHK HMHTEHCHBJAHIH 3Ca TYAKHH
aMnJUTyZaCHHUHI KBadparura nponopuuoHan ((1.5) udo-
Zzara K.). UIyHuHr yuyH sKkpaniaru uxmepgpeperyuown
MAHIAPAHUNHZ MAKCUMYM 60 MUHUMYM WAPMAAPU Ky-
Aupard KypHHHUIUTA Kesaiu:

BMOKC= i‘2k?;'207 k=012 ... (1.12)
amm = 1 (2k+ l)')\_zo; k=0,1,2, «.s (1-13)

1.8-6 pacmpua skpanpard untepdepeHuHoH Mausapa, 1.8-6
pacmjla 3ca 3KpaHHHHI MapKa3Wfl YH3WFH1aH HKKH TOMOHTa
Y30KJaliitran capd MOHOXPOMAaTHK €pYFJIHK HHTEHCHBJIH-
THHHHT y3rapulud TacBMpJauraH. By pacmJjapiad xypuHHHO
TYPUOAHKH, GRPIHAMMP—MaDkasil. YyH3UFH OYfna0 HHTEH-
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CHBJIMKHMHI MaKCHMyMH, 6y MakCHMyMIaH HKKH TOMOHra
Kapab (x yxu O¥ifinua) HaBOaTMa-HaBOaT KODOHFH Ba €pyF
coxasap kysatuJgand. LlyHu XaMm Ka#i KuJaHJHKKH, I0KO-
puia 6aéH 3THATaH HHTephepEeHLHOH Man3apanap YM3HKJH
MaHGasnap (MacaJlaH, SHCH3THHAa ¥3apo mnapa/sea THPKHLI-
Jap) yuyH Yypuuad. LlyHunr yuyn 3Kpanpard €pyr Ba
KOPOHFH coXajnap (MakcMMyM Ba MHHUMyMJap) HYya-HY.a
noJioca Tap3una Kysaruaanu. (1.11) Ba (1.12) udonasnaprau
dofinanrann6, HKKH KeTMa-KeT MaKCUMyMJapHHHT (Maca/aH,
£k Ba k+ 1 MakcuMyMmJap) SKpaHHUHT MapKa3uil yH3UFHAAH
Y30KJHK/IapH

{
Xp = klod‘

Ky =k + 1)o7 (1.14)

9KaHJUIHHH TOTMaMHu3. YJapHUHT OHPHHH MKKHHYHCHIAH
aliupcak, HHTepdEpeHUHOH MaH3apalalrH MKKH KYIUHH
MaKCHMyMJap opacujaru Mmacoda

Ax=x, , —xi=loz (1.15)

6ynagn. Bywnaw, AXx KarTanuk EpYFJAHKHHHT TYJIKHH
y3yHJAMrHra Ba Taxpula MNapaveTpJapHHH HQPOOAJIOBYH
{/d uucbGarra GoraHyg, AeraH xyJaocara KeJaumus. LlyxHuur
YuyH Taxpudala MOHOXDOMATHK EpYFJAHK 3Mac, CalKH OK
€pyraMKAaH (QoiianaHuaCca, OK EpYFAHK Tapkubuaard
TYpJH paHr/au €pyFAHKJap YUuyH HHTepQepeHiHOH MaH3a-
paJnap 6up-OupHra ycrMma-yct Tylwmadid. Hatuxkana paur-
6apaHr TOBJaHalAHrai HHTep(pepeHLHOH MaH3apaHu Ky3a-
Tamu3. Xaxukaran, (1.15) ndoaiara acocan, 6unadia Hypaap
(* = 0,40 MKM) HHHT HKKHM KYUIHH MakCUMymJapH OpacH-
nard wmacoda Ku3ua uypaap (k, =0,75 MKM) HHHT MKKH
KYUWHU MaKCHUMyMJapu opacuiard macodailaH KHYHK. By
xoa 1.8-2 pacm.za TacBHpJaHTaH.

5-§. IOnKa miacruHkanapaard uHrtepdepeHus

1.10- pacMzaa wonka waddod naacTHHKA KaTTalalUTHP UJI-
ral Xo0J/1a TacBHpJaHraH. Dy mNJacTHHKaHUHT YCTKH Ba
OCTKM TEKHC/HKJApu ¥3apo mnapaanen. Kaauuauru d ra
TeHr. [liacTunkara Gupop ¢ Oypyak oCTHAa mapaisen
HypJap, AbHU CCH EDYFAUK TYJAKHH TywaéTtraH G6VJCHH.
By Hypaapaan xaénan ukxkutacuHu (pacmpa / Ba 2 1e6
Gearu/aHraH) axparu6, yJap XaKHaa MY./0Xa3a I0prH3aMHus.
Hypaapra nepnenaukyasp paBumia yTkaduaras AB Te-
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KHCJHK SICCH @pPYFJAHK TYJAKHH-
HUHT ¢poHTHAHDP. By Tekuc auk-
Ka eTHO KejraH Baktaa I Ba 2
HypJapHHHr (pasasap (papkH

Aep=9,— ¢,

Ba #yasap Qapku
3 =0

6ynanm. A HyKTara Tymaérras 1.10- pacw.
I Hyp KucMaH Kafitanu (pacm-
na I’ neb6 Oesruaadras), KHcMaH cHHHO6 AD fyHa-
JUILZA 2aBOM 3Taid. CHHTaH HYP NJIaCTHHKAHHHT OCTKH
TEKHCJIHTUra eTU6 O6Cpray, KMCMaH CHHHOG NJAaCTHHKaLaH
XaBora uuralu. Bciika xucmu sca DC #@yHaaumja mnJaac-
THHKa Wuura Kafitaau. KafiTran 6y Hyp NJIaCTHHKAQHUHT
YCTKH TEKHCAHTHIaH KHCMaH KaWTaAH, KHCMaH CHHHO Xa-
BOTa YHMKaiH (HYpDHUHr Oy KHCMH I” ne6 GearujaHras).
Jlekun C HyKTara ficCH €PYFAHMK TYJKHHHUHT 2 HypU XaM
TyWaiu. 2 HYPHUHT NJIAaCTHHKA YCTKH TeKHCJMIHLaH KalT-
rai KucMu (pacmia 2’ ne6 Gearusadras) ea I” Hyp HHTep-
¢depennuanaiiaii, YYHKH NJaCTHHKAHHHT YCTKH Ba OCTKH
TEKHCJIHKJapHAaH Kalitran 6y HypJap y3apo KOrepeHTIHP.
Arap nJacTHHKa ), TYJKHH Y3YHJHKJAH MOHOXPOMAaTHK
HypJap Ouzan €épuTHsaaérran G6y.aca, C HyKTajsard EpyrJHK
MHTEHCHBJHTH | Ba 2 HypJap yupawryHya GocH6 yTraH
Ayanapununr ¢apkura 60FauK Oyaanu. I wyp ADC iija-
HH, 2 Hyp 3ca BC #yaHun Gocu6 Yr1anu. JlekuH #yanap
tapxu 6y MKKH AYJHUHI TeOMETpPHK afiupMacura TeHr neo6
6yamaiiau. Bynuur cababu wyHnaku, I HYp CHHIWpPHLI
KypcaTkuud 7 OyaraH nJacTHHKa HuYuMRarid, 2 Hyp sca
BaKyymlaru #AyanapHu 6ocu6 yranu. Lllyuunr yuyn I Ba
2 HYpJIapDHHHT TeoMeTpHK Hyanap ¢apkuHH 3Mac, OalKH
ONTHK HYy/anap GapKkHHH XHcoOJaum kKepak. ¥ XoJsjla, aBBaJjl
ONTHK My y3yHJAuUrH nAe6 araayBuH Tyl yH4a OuJjaH
TaHHIU aHJTHK.

EpyFauK TYJKHH CHHOMPHII KYpcaTkH4H n OyJaraH
MYXHTJAa BaKyyMAaarura HucOaTaH # MapTa KHYHK Te3JHK

6uJaH ('0=n£) TapKaiajid. LyHunr yuyH Bakyymia

épYFAMK TYJKHH OHPOpD YEKJH BaKT J[NaBOMHJIa MYXHTAa-
rura HucGaTaH 7 MapTa y3YHPOK AY/aHH GOCHO yTa OJaiH.
By fayn ysyuaurunuw onmux 4js y3ynaueu p[e6 arau
onar OyaraH. DBowmkaua kuauG aiitraHna, onmuxk 0ijs
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Y3YHAuzu — cuHoupuur kypcamrudu n 0ys2an myxumoa
EpyFaux myaxur 6upop macodanu 6ocub Yymuwu Y4LyH
Kemzan eaxm Oagomuda éEpyraux 8akyymoa Karoad
Gyanu 6ocul Ymuuwu MYMKUHAUZUKL KYpcamysiu Kam-
maauxdup.

BvHaan Tawikapv, €pyFJaAHK TYJAKHH ONTHK 3HUYJHTH
KHYHKPOK MVYXHT OHJAH ONTHK 3HUJHMLH KaTTapoK MYXHT
yerapacuiaH Ka#Trauia yHHHr ¢asacd = ra ysrapaid. ByH-
Jafi XxoJaT MyXOKava KHJIWHa3TraH MHcoJi1a 2 HVDHUHD
C HygrazaH ka#THmIMAa coaup 6yaaad. Byun xuco6bra
omuul yuvH #yanap ¢apkuHu XucobJaaérranra & ra €pyr-
JIMKHHUHT BAX.VMZarH fIpUM TYJKHH Y3YHJIUCHHH KYLUIHII
€Xy 1 aHupHLl Kepak.

Haruxa-a 7 ea 2 HypJaapuuur C HyKTalaru ONTHK
#yanap dapxu

3=(AD 4 DC)-n — BC +%2 (1.16)

6yaa1n. Tpu-ouoMerpuk dopuvaanap épravuia AD, DC,
BC napuu miacTHHKa KaJqHHaAurH d Ba EDYFJAHKHHUHT Ty-
WHW oypuarit ¢ opkaid Hpolaraml MyMKHH. ¥ XoJada
(1.1 ') npoza Ky#Huiaru KYypHHHIUTA KeJalH:

b=2dy nF—sinti+ 2, (1.17)

By ndounara acocan, 8 HYHT KHAMATH HYPJApPHHHT TYLUWLI
6ypuard {, NAaCTHHKA MOAJIaCHHHHT CHHAMDHII KYDCAaTKHYH
n ra xaauHMurd d ra Gorauy. Ky#umiard xoaJaadHH kY-
paiaHK.

1. Slccu-napaanes maacTHHkara TywasTrad Oajda Hyp-
Jap yuyH { = const 6YJcHH, ABbHH NJACTHHKAra ho TYJAKHH
Y3yHAHKJAA MOHOXDOMATHK mapajJjest HypJad Tyladrrad
OycHH. Y X0os3a MJIACTHHKAHHHT YCTKH Ba OCTKH TEKHC-
JIMKJIapHjad 1;alTrad HypJapHHHT HHTepdepeHuHaJalli LM
HaTH:KACH1a €DYFJIHK HHTE@HCHBJAHTHHUHT MaKCHMYMH

2d Y/ =S + 2= 2k 12 (k=0, 1, 2, ...) (1.18)
wapT 6a:xapu/araija, MHHUMYMH 3Ca
24V P—sin% 2 =(2k + 1) 22, (£=0, 1, 2, .. ) (1.19)

wapT Gaxadcuaraiia Kysatuaaid. [laacTHHKa siccH-nmapaJ-
JIEN, ABHH NJACTHHKAHUHT 0apya KHCMJADHHHUHT KaJHHJIHTH
Gup XHJ GY/AraH/MCH YuyH MJAASTHHKAHHHT 6apya coxaJja-
Jlapuja 8 HUHT KHHMard OWp xuJa 6yJaand. LIywuHr yuyH
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(1.18) wadnt  GaxanHJjarad
Ta¥.[Mp.jla NJaCTHHKA I03HHHHT
Gaptha KHCMH 1,  TYJKHH
y3YHJAUK/IH HYPHHHT paHrura
6ysiaraniex KypuHaiu. (1.19)
wapT Cax apH.araiia sca nJjaac-
THHKZHHHT 1034 KODOHFH
6y /1aau-

2. Hypaan napaanean, sbHH
{=const, snexun d §3ra-
pyBuaH OVJacHH. By xcuanu
Kyfinaaru 1axpuCaiza avagra
OMIHPHLI MYMKHH. DBup-61-
PHHHHI YCTHTA KYHAW/IraH HK-
KH sCCl-TIa”a/11e.T TJ1acTHH-
KaJapHHHT  ofaaurura Oup
TOMOHZAH 0MKa Hwa Oy-
JaKuaCcHHH KHCTHDPHO nificak,
Oy KK MJaCTHHKA CPaJHFH-
Jarid XxaxM MNOHACHMGH Xasc-
rfad uicpar Gyvain (1.11-
Facm). By xaso ncua vaaun-
JIMTH ac1a-CeKHH y3rapHb 6c-
pyBuH m.iacTHHrkaiup. dakar
6y nJacTHHKANMHT MOJjacH
XaBonaH nboparT. XaBo MNOHa-
HUHI A coxacHia KaJHHJHK
Kyna KHuuk. LHyHHHT vave
MOHAHNHI WA MN.iaCTHHKA-
Jap Cuiaan yerapasiciu yo K.
Ba CCTKH l'araamJaaph1at +af-
TaéTraH HYypJAapHHHT HY.ijap

I3
dapxH 8=—§ ra xysa siKuH

6y.na,:u. [lOHaHUHT  KaJHH- LI2- p.ui
POK COxaCH TOMOH  CH.uH-
raHumH3za wyHzah B coxara eTud  wcaavusk, Oy

A .
epra 8=2 5’— 6ynaaH. $lHala KaJauupoOK coxajJap TOMOH

A . o ~v
lopraunnusna 3 =33 6faran C coxa, 8=4—’7‘ 6varan [

coXa Pa XoKa3oJapra ,vd KeJaMu3, HWVHHHT YuyH Ao
TYJKHH y3YHJHKJIH MOHOXPCMAaruK mapaaje. HypJad Ou-
JiaH €pr THJaéTraH NoHaHWHT cupTHia 1.11- pacyia TacBHp-
JaHrainek HaBOaTma-HaB6aT KeJyBuYH KODOHFH Ba EpYyF
Aya-tya coxanap (nosocasap) Hamo€H GyJaand.

2F .



flccH wHIA NJacTHHKara paaMycH R 6yaraH sccu-Ka-
papHK JMH3a Ky#uarad 6ygacun. 1.12-a pacmaa 6y cucre-
MaHHHT KeCMMH TacBHpJaHraH. JIuH3a 6usaH 1WA njaac-
THHKA OpaJHWFHAA XaBO KaTJaMH XocHa OyJaanu. JInH3a
6u/1aH MJAACTHHKAHUHT TYTall HyKTacH B naH y30KJamuj-
rai cap¥ XaBO KaTJIAMHHHHT Ka/JHHJIMIH OpTUG GopaiH.
JIMH3aHUHT sCCH TOMOHMTAa THK paBHMIUAA mapaJ//ieJ] MOHO-
XpOMaTHK HypJsap Tywaérrad 6yacu. Uy Hypaap HuH-
naH GupuHH xaé/aH axpaTHO Kypahauk. By nyp C HyK-
Tara etud Gopray, KHCMaH KalTajiH, KHCMaH XaBO KaT/aMH
Huura kupu6 6Gopaau. HypHuHr 6y uKKkuHUM KHcMH D
HyKTajaH Kaftrau (Tywum 6ypyard HoJra TeHr O6yJrauu
YYYH XaBO KaTJIAMHHHHI' YCTKH Ba OCTKH KHCMJIapHAaH
KaiTiwi OypuyakJiapd XaMla CHHHII Oypuyard HOJITa TEHT),
C HyxKralzaH Ka#Trad HYp OusaH uHTepdepeHuHsalLadH.
HHuTepdepeHunsaallyByd HypJapHHHT #YJanap dapku xaso
KaTJlaMHHUHT KaJauuaurd d ra OorauK. Taxpudadga Ky.a-
JlaHu/aéTraH AcCH KaBapHK JHH3a R paauycau cepaHHHT
6up Gyaaruman udopar O6yaraHd yd4yH JAuH3a OH/IaH HJac-
THHKAHHHT TyTail HyKTacH B naH GHp XHJ Y30KJIHKIAaru
HyKTa/sap yuyH (0y HyKTazap Mapkasu B na xoisauras
r papHycau afiiaHanapiadH uHOOpaTAMD) Xaso KaTJaMHHH
yerapasoB4d CHpPT/IaplaH KaHTyBYHM HypJapHUHr HYajaap
dapku 6up xuax G6yaaau. LLyHuHr ydyyn B HyKTa arpo-
(buna KOPOHFH Ba €pYF KOHLEHTPHK XaJ/Ka/jap Ky3aTHJalH
{1.12-6 pacm). By raxpuéaHu OuHpuHun mapta HbOTOH
aMaJ/ra OLUMPraHJHTrH YuYyH HHTeppepeHUHOH MaH3apa
Heomon xarxarapu nefiunaiu. k-xaaKaHuHT PaiHyCH I
Ba yHra Moc OyJraH Xaso KaTJaMMHHHI KaJdHHJHTH d
opacuaard OOFJIaHHIUHH aHHKJAMAMK. TYrFpu Oy pyakau
AOC yu6ypyaknaH KyHu1ard TEHTJIMKHH 633 OJaMH3:

R:=ri+(R—d)

By tenrsmkHu coasanawiTMpud Ba d? XalHH KHYHKJHTH
Tydaitin Xucobra osamaciax

e}
2R

ndonanu xocua kuaavus. Hatukanga Xaso KaTJaMMHH ye-
rapanosud cuprsapaard C sa D Hykranapiai Ka#tra
HypJIapHHHT #yJaJap dapku

2
3=2CD+ F=2d +p =R+ (1.20)

d~

iona GuaaH aHMKJAaHA[H,
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HurephepeHUHOH MakcHMyM Ba MuHHMyM ((1.12) Ba
(1.13) ndonanapra K.) wapraapuian ¢oinanancax,

smtbydo_gplte 1.21
=rRT2z=2k3 (1.21)
TeHrJHK GaXapuJiraHia épyr xaaxaaap,
2
3= 7 b R=(2k 4 1) 3 (1,22)

TEHIJIMK 6axxapH/raHia 3ca KOPOKFU XAAKAAAP BYXKYITa
kesalu. By uKkH TeHrsuknaH €pyF XaJ/KaJlapHHUHI paiH-
yc/apH

(rdvaxe =V (E—1,2) 14 R (1.23)
ubona OpKaaH, KOPOHFH Xa/KaJapHHHT paiMyCc/apH 3ca
(rlc)MHH= l/k AR (1-24)

Hdoaa OpKaJH aHHKJIAHHIOIMHY TONaMH3. KOpOHFH Xa/KaJaap
HHTephepeHIHOH MaH3apaHWHT MapKa3uAaH OoluJaHalH.
[IyHHHT yuyH KOpDOHFHM XaJKaJapHHHT XHcoGu 2 =0 naH,
€pyF XaJkaJapHHHI XHcobH 3ca £= 1 aaH 6owaHaiH.

lllyHn xaM Ka#lni KHJaHJAUKKH, arap Taxpubdaiapia
MOHOXPOMaTHK HYyp 3Mac, GalkH oK EpyrauxiaH ¢oina-
JlaHuJaca, HHTepdepeHHOH MaH3apasap paHr-6apanr Oysiran
6ynagH.

IOkopuaa kypuaraH Mxkkaza MHCOJAa XaM alpuM COXa-
Japiard HHTepdepeHUHUAJaUiyBUH HYypJap YuyH Hyatap
¢apxy noumufi 6YIHUIMHHHT cafabH MYyXHT (O6M3 Kypram
MHCOJapla XaBO NMOHa Ba XaBO KaT/iaMH) KaJHHJIHTHHHUHT
JAoumuiauruaup. Bowkaua alitranaa, wy MHcoJIapAark
€pyF Ba KODOHFH COXaJapHUHI Xap OHDH MY XHTHUHI
6upnall  KaJaMHJMKAArd 2KOWJapHaaH Ka#lTraH €pyFrJHK
HYPJIAaDHHHHT HWHTepdepeHuudsaliiiud catadaH BYKyara
keaagH. lIyHHHT yuyH IOKOpHAard TaxpHGanapla K)3a-
THJraH ToJocanapHu (l-MHCON) Ba XasKalapHH (2- MHCOJ)
6updait KAAUHAUK ROAOCAAAPU BA XQAAKAAAPU NeRHAATH.

3. INnacTHHKa KaJMHJAMTH Y3rapmac, fbHH d=const
6yJ/CHH, JeKWH HypJapHUHT Tyl Hw OypuakJapH Xap XHJ.
By Xosanu Ky#upard TaxpHbaga amaJra OLIHPHUI MYMKHH.
Slccu-napansienn niacTuHkara M HykraBult Man6anaH €pyF-
Juk Tymwaétran 6yacud (1.13-pacm). Typau 6ypuaksap
(iy=i;=1i;) ocTHaa TywWwaéTraH Hyp/ap NJIaCTHHKAHHHT yCTKH
Ba OCTKH CHPT/IapHJaH KaHTHO, J/ JIMH3aHHHT (POKaJs TeKHC-
JIHTHAA Xof/awiraH 3 sKpaHAa yypawiaau Ba HnTeppepeH-
uMAJamagu. Arap Taxpu6aga MOHOXPOMAaTHK HYpJapiaH
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doiinananunca, €pyrauMK HH-
TepdepeHIHACHHHHT HaTHXa-
cu dakar Tywuw Oypuard i
ra Ocrauk, xosaoc. By xoa-
Za HHTepdepeHLHOH Mai3apa
HasCaTJaiyBYH 3TPH YH3HK
laKJaujary Hya-aya €pyr Ba
KODOHFH 1oJiocasaapiaH Hoo-
pat 6y.n1aiM. Xap OGHp MOJO-
ca HypJap TywHil Oypuaru-
HUHT OHpPOp KuHMaTura MoC
keaaid. LLyHuHr yuyH Oy
L13- pacwu. NoA0CaiaDHy O6upOali KUALUK
nosocasapu ne6 araaaiM.
TlnactuHkara ox épyrJsuk Tyluadtrad 6y.ca, 3kpaiia paHr-
6apanr Oupaalt KHAJIUK [OJIOCAJIaDHHUHT CHCTEMAacH HaMmo-
€H 6yaaau.
Uiyan xav Kall KHJIMII JIO3HMKH, IONKa MJacTHHKa-
Jaapaary untepgepenuus daxar kaitraH EpyrJHKIarHHA
3amac, Oaaku yTraH €pyF/adHKla Xav Ky3aTHJ/alH.

6-§. Unurepdepomerpirap. Kyn Hypiu uurephepeHuus

Onanmuru mnaparpadaapna MKKH EPYFAHK TYJAKHHHHHT
€KH GHp EpYF/IHK TYJIKHH MKKH KHCMHHHHI HHTepdepeH-
UMAMALMIIH  XaKKi1a MyJoxasanap IOpPHTAHK. EpYFIHK
uHTepdepenuuscuial  ¢olianainud EpyFaHK TYJKHHHHHT
Y3YHJIHTHHH, >KHCMJADHHHT CHHAMPHLI KYpcaTKHyu EKH
yJa4aMaapHHH aHuKJall MyMKHH. BYHHHr y4yH Ty3WJIHIIH
Typauua 6yaran uutepdepomerpaapian QoiianaHuIanH.
Bupunun unrepdepoverp—Mafikenbcon HHTEPDEPOMETPH-
HHHT HLLIAl NPUHUMOM OuJaH TaHuwadauk. M MaHOa-
JlaH 4YHuKa3TraH MOHOXpDOMAaTHK EpYFJAHK HYpJaDH SpHUM
wadpod /7 naactuuxara tywcus (l.14-pacm). EpyraHk
TYJKHH mNJacTHHKalaH KHCMaH KafTaqu, KHCMaH YTaldd.
Kafitrai Ba  §Tran HypJap ¥3apo NepHeH.IHKYJAp
paBHvIlAa XCHJamwray / Ba 2 ky3ryJsap.Jad opkara KairtalH.
! xy3ryian ka#itran Hyp /] niacTMHKajaaH Kucmad YTHO,
OK #iynanvuina Ky3aTyBUHHMHT KY3H TOMOH HyHaralH.
2 xy3rynau xaditrau Hyp /7 naH kaitu3, y xau OX Oy#-
nad iyHanaiu. By Hyp Gupuuyn Hyp GuaaH HHTep(epeH-
UMAJAIIKIL  HaTHXacula 3KpaHda KOPOHFM Ba €pyF
noJsocasapnad Hoopar GyaraH HHTeppepeHUHOH Mad3apa
HaMO€H 6ysanu.
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1.14- pacm.

Kysryaapaan Oupunn (l.14-pacmia 2 xysry) mecdop-
MauusacH Ypra#Huiaérrad KucMra €nuIUTHPHS KYARIUK.
Hedopmauus Tydafiau KucM (yHra GHDHKTHPHJATAH KY3ry
xaM) A,/2 macodara n/JacTMHKa TOMOH CHJDKHCHH. Y Xo0d4-
a UKKUHYM Ky3ryra Tywud, yHiad /7 TOMOH KaiiTaéTraH
Hyp 2X,,/2 Kanap kavpox iya iopaiu. By sca, y3 uasGa-
THla, HHTepdepeHnusasamadrTrad Ty AKUHAap #yauaap dap-
KHHUHT Y3rapuwnra caba3 6y.ain. Haruxkaia sxpanjaru
uHTepPEepeHMOH MaH3apa OJIAMHIHCHra Huc6ataH OGup
TYJHK rosoca Kaiap cu/mkuiiau. Ly Tapuka uHTepde-
PEeHLHOH MaH3apaHHMHT CH/KHUIM KUcM AebopMalUACHHHHT
KaTTaJHTH TYFPHUCHAA ax60opOT Gepaiu.

By Mucoana d¢akar Gup TexHHK Basudadu GaxapHul
y4yH MoCJaHras HHrepdepoMerp GHJIAH TaHHWIAHK. YMy-
MaH, TypJ/Hua Basudasapiu XaJd KHIAHIAA KYJAJaHHAAAH-
raH uHTepdepoMeTpaapHUHT KOHCTPYKLHAJAPH XaM Typ-
Juya Oyaaau. JlekuH yJaapHuuar OGapuacuia YJAYaHHDIH
J03uM 6Y/ran napamerp y3rapyBuaH, KOJIraHJapH 3ca y3-
rapmac GyJan.

AnMMO HKKH uypHHHT HHTepdepeduusaamHmu Tydafan
BYKYAra KeJaluraH MaH3a)aHWHT OWp KauvyHJIHIH Mas-
XYA: dKpaHIard EpHUTHAra4y/JMK MaKCHMYMAaH MHHUMYM
TOMOH acra y3rapub Gopaiu. bBoiuukaya Ku/aIH3 aiTrania,
MaKkCUMyMJap €iuaraHpog 6yaud, yvymuit (poHna yHua-
JIMK aHWK axpaau6 typwmaitiu (1.15-a pacmra k.). Murep-
(depeHItHOH MaH3apaHHWHI KEeCKHHJAMIHHH OWHMDHIN Makca-
Auja HKKH 3vac, OaJKH KYMNpPOK KOTeDPEeHT HYypJAapHUHT
vHTepbepeHUuaAaWHIIKIad  Pofinananuaain. (1.15- pacum-
Japia TeHr aMmnaurynaad 2, 3, 4, 5 KorepeHT TYJAKHH-
JAPHHHT HHTepdepeHUHANAIIHILN Ty aka ByXKyAra Kearad
MaH3apasap TacBHpJAHTaH.
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"/4\/+\ Hurepdepenunon mausa-
; | pajsapaa My kaccamJjamrat
| €pYF/MK SHEPrHs HHTepde-
peHUuANAAETTaH TYAKHH AP
coHd N ra mnponopuuoHas,
\ i MaKCHMyMJlapAarH 3SHeprus
sra NV? ra mponopuxoHas pa-
BHIIJIA OPTHO 60panu. DHep-
THAHUHT CaKJaHUIIl KOHYHH-
ra acocad, N optras capu
uHTepdepeHUHOH  MaH3apa-
HUHI MaKCHMYMJapJaH 6Y./aK
KHCMJIapH KOPOHFHPOK 6V Ja-
IH Ba MaH3apaHHHT K{npoK
KHMCMHHH srajafif. [IyHHHT
YYyH Kyn HypJH untepde-
peHuHana HKKH HY pJIH UH-
Tepdepenuunra HucGaTaH
MaKCHMyMJIap 3HCu3zpoK Ba
€DKHHPOK GY.Jan.
Kywuaypuu TedpaHulijaap
aMIVINTy faslapd = TEeOMETDHK
nporpeccust 6yiHua KamaHu6
6opras xoJsJapia xaM BY Xyl -
ra KkejaauraH uHTepdepeH-
LIHOH MaH3apa TEeHI aMIJIHTY-
Aaau rtebpaHHWwap KYIIHJI-
raHujaa XocH,a 6yJaiurai HH-
TeppeperuHOH MaH3aparayx-
waw  6yaaan  (1.16- pacwm).
JlexH KYWHIyByYH TYJAKHII-
“1ap CoHM erapJauya Kyn 6.-
1.16- pacm. rad xo/nia HHTepdEpeHIHOH
Man3apajard KHYHK MakCH-
MYMJIap Ba HHTEHCHBJAMI'H HOJra TeHr CyJaraH coxauaJjap
AyKonany. i
AmnauTtynanapu reoMeTpHK nporpeccus 6yfiHua Kama-
Au6 GOpyBYM KYn  HYPAAPHUHZ  uUHmMepPepeHyuscl
®abpu—Ilepo stasonuna Kyaaauwaain. Paépu—Ilepo
sTasoHH (1.17-pacM) HMKKM ficCH-Tapases nJacTHHKalaH
H6opat. By nsacTHHKanapHHUHT 6Up-GHpUra KaparaH TOMOH-
J1apH 1onkKa spum wap¢od Kymyw KaTiaMH GHJaH KOI-
JaHraH. By kaTiamaapHusr €pyraukHM KaliTapHil KO3(¢-
(_b_MuHeHTH p~ 0,90-+0,95. @a6pu—Ilepo srasonura
€HHUJYBYH MOHOXPOMaTHK HypJap TywaétraH OYJCHH.
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1.17- pacm.

Pacmia ana wy HypJapiaH GUpDH, aHMKPOFH, MJacTHHKara
{ Oypuak ocTHja Tywaérrad Hyp TacBHpJaHran. [laacTuu-
KaJap opacHlard XaBO KaTJaMHila EpYFJAHKHHHT HYJx
1.17- pacmaa cTpeaxasap OWJaH kypcatuarai. B nJaacTHH-
KanaH y3apo napajanesa /, 2, 3 Ba Xoxka3o HypJsiap 4MKalH.
By HypJiapHHHT HHTEHCHBJIMKJADH yJAPHUHT HOMEpJapH
oluraH capH TeOMETPHK Iporpec-
cusi GYiinya kamaliu®é Gopaau. By
Hypaap JI auH3a OHJIaH  YHHHT
TEKHCJAUTHAArd 3KPaHia HHFHJAALH.
da6pu—Ilepo 3TanOHMAa HH-
TephepeHIHOH MaH3apa xa/KacH-
MOH wakJara 3sra OYysaanu. Arap
3TaJIOHTa TywaéTraH HypJaHHIl
HKKH TYpJH TYJAKHH  y3yHJHKJH
€pyrauKaaH HbopaT OYJca, HKKH-
Ta XajJKa CHCTeMacH Ky3aTHJailH
(1.18-pacm). TYaKHH y3yHAUTH KaT- 1.18- pacm.
TapoK 6y.raH Hyp Tydalid BYy-
XYAra KeJraH Xa/jKaHHHT paluycH KaTtapoxK OyJand.
Wy #ycunaa TYaKun y3yHJAUKJapH GHp-GHpura aH4a AKHH
6y/ras cnexkTpan YH3WKJ/JIApHH TEKUIHPHII MYMKHH .

Il 606
EPYFJIUK AHUPPAKUHUACHU

1-§. Epyrank audpaxuusacu. FodreHc—PpeHnenb
N PHHLHITH

Epyramk audpakunscu 1e6 atajafurat xoaHcana épyr-
JHUK HypJaapu madpodmac T§cukaapiaH aruauG yTHO reo-
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2.1- pacm.
METPpHK cosl coxacura kupu6 Gopaiau. [udppakuus cysu
JatihYa ,difrakcio ,sruau6 yTHmM® gaH ONMHTaH.

Macaunan, HYKTaBHH MOHOXPOMATHK EpYFJUK MaH6au
M naw Tapkaaadtran €pPYFJHK HyDJAapDUHHUHT HYyaura mad-
Godmac mucmiaH scaara AHCK wakauzarn 1 TYCHK
KOHNBWTHPHAraH GFacHH (2.1-a pacm). [eOMeTpPHK oOI-
THKA KOH: H/Iapura acocaH, J sxpania 7 TYCHKHUHT COSICH —
AOH['@a MIAKJH1arM KOPOHFH €OXa KY3aTHJHINH JO3HM.
Taxpnbana, xaxukaran, WwyHnal Mansapa Ky3aTHJAIH.
Jlekun Tycukian skpanraua Oyaran macopa TycuK yauaM-
J1apH.1aH GMp HeYa MMHT MapTa KaTTa Gy/raH xXoJ/1ja 5KpaH-
HUNT TYCHK KapUIHCHAarM COXacHAa KOPOHFHJHK 3Mac,
6a/KH KeTMa-KeT wOoHAalITran €pDYF Ba KODOHFH KOHI€H-
TPHUK Xasnxauanap (2.1-6 pacura K.) K3 3aTHJaiH. Xyanu
WYHAAH Man3apa EPYFJMK KyAa KHYMK THPKHIIJaH ¥T-
FaHjJa XaM Ky3aTHJamu.

Icomerpuk ontuxa KOHYHJapHra 3ug 6yJran €pyFrJaHK
AN aK UHACHHHHT MOX UATHHK Ky#ujaard Tap3fa Ty wyHTHPH-
Nain. [10azene npungunuza acocan, myaxur @poHmu-
HUHZ Xap Oup Hyxkmacunu uxKkusamiiu MY AKUHAQPHUHE
ManGarapu 0eb xuccbraw mymrun, dpevenanr sca [oi-
PEHC NDUHUHIOMHKH TAKOMHJJAWTHPUHG, O0Y UKKUAAMHL
MYAKUHAADNUHE MAHOAAADUNIL KOZEPEHM MAHOAAAD deo
8a Pasonure wxmuépuir wyxmacudazy meOpanumny Gy
RYKmaza emub reazan uxkuramiy KozepeHm myAKUH-
Aap  uHmepgepenyuaiquumutune Hamuxcacy 0e0 Ka-
pail aos3un, neran Qukpuu warapu cypru. Gpeneab y3u
TAKOMH/IATHPraH NPUHUMN (6Y NpHHUMNHM [ H0li2eHC—
fbpeueﬂb npuryunu ne6 atam oxar Gyarax) EpaaMHAa
C€pyFIMK auppakuusicHra OMA O6Mp KaTop XOAHCaJapHH
28



TywyHTUPAH. TYJIKUH (DPOHTHIArH HYKTaaap, STbHH HKKH-
JaMuy KOrepeHT MaH0aJsap COHH HHXOATAA Kyn O6yaranud
Yy4YH HKKHJIAMYH TYJAKHHIADHHHT (Pa3OHHHT UXTHEDHH HYK-
TACHAATH HHTepQepeHUHSACHHH XHCOOJam yMyMUH xoJ4a
aHua KuWHMH Macasa. AMMO ®PpeHeab TOMOHHZAH TaKJHGD
ITHArAH TYJAKHH QPOHTHHH 30HA/japra axpaTHill YyCYJAHAAH
dofinasanvm ratTMxacuaa Oy XHCOOJAUIHH OAMAHATHHA
aMaJ/ra OLHpHII MYMKHH.

2-§. ®peneab 30HaKapu

HyxTasuli McHOXPO MaTHK €pyFauk mandoan M nax €pyr-
JIHK HYDPJapH (YJaDHHHT MYXHTIArd TYJKHH Y3YHJIHTCHHH A,
TEe3JUrHHKN U €6 OearujaiMus ) OMp JKHHC/IH MYXHTIAA
TapKanadtran 6y.icuH. YHekau ¢ BakTaaH CYHT EDPYFJHK-
HUHT TYJKHH (DPOHTH paiuycd R=wvt 6yaran cepHk cupT-
JlaH uborar Oyaanu. 2.2-
pacmaa wy chepHK CupT-
HUHT GUp KHCMH S TaCBHp-
Jadrad. By cupraaru 6ap-
ya HyKTaJ aD — HKKHJIaMuH
KOrepeHT TYJAKHHJIap MaH-
Gauaup. Pa3oHHHT HXTH-
épuit A HyKTacuiard €pyr-
JUK TYJAKHHHHHT  aMIJH-
TyjacHHH Tomaitiuk. Dy-
HUHT Y4yH S CHPTHHHT
Gapua HyKTaJapuiaH A
HyKTara e€Tu0 ke aétraH
HKKHJAMUH KOrepeHt TyJ-
KHHJAPHUHT HHFHHIHCHHH 2.2- pacu.

TonHu Kepak. By Macaznauu

®dpeHesTHUHT  30HaJjap ycyJauaaH QofganaHud xan KH-
Jamu3d. M Ba A HYKTanapHH TYFPH uu3uy OuJAaH
GupaauiTHpaitink. By TyFpu uu3suk S cuptHu O Hyxraaa
kecu6 Yraau. O HykTa S cupraard 6apua HygTaJap Huuiaa
A uykrara sHr akuH xonaawrad. OA Hu r, opkaau 6e
runaiivk. Mapkasaapu A HyKTaJla >KoHJawmrad, pajuycCe
Jlapy 3ca MOC paBHuIia

A
"1="0+7,

A X
"2="1+‘§‘="0+2—27
P (201)




6yaran céepanap YyTkasaiauk. By chepanap Tyaxum
(GPOHTHHH KeCHIUH HATHXAcHAa S CHPT OGHP KaTop XaJKa-
CHMOH 30HaJapra axpaTHJAalH. YJaapHu Pperessp 30Ha-
aapu ne6 aram onar 6yaraH. XHcOGJapHUHT KypcaTu-
muua, PpeHesr 30HAJNADHHUHT 103J1apDH  TaxMHHaH G6up
XuJa 6yJaap skaH. Bynnan, ®peHeab 30Hajlapuaard HKKH-
JaMYH TYJAKUHJAPHUHT MaHOaJapH XaM TaXMHHAH GHP XHJ
6ysanu, neraH xyJaocara kesJamus. AMmo ®Ppenesr 30Ha-
JapUHUHT HOMEpJIapH OpTraH capH 3OHanapiaH A HyKTa-
raya 6y.arau mMacodasap XaM YH3UKJIH KOHYH OHJaH Xyda
ceKHH opTa 6opaiau (macanaH, ry >r, > r;). bynnan taum-
KapH 30HaJapHHHI HOMepJapH OpTraH capu A HyKTamaH
30Ha/jap 103JaDHHHHI KYpHHHII O6ypuakJapH XaM OpTHG
Gopain. IUyHuWHr yuyH 30xasapoazu Oap4a uKKu-
AamMil myakunaap manbarapudan A Hyxkmaea emub
Keaaémean  EpYFAUK MYAKUHAQPHUHZ  HAMUuxasull
annaumyoarapt (Eim, Espmy Esmy E4my Esmy -+ ) MOHO-
moK pasuwda kKamaiub 6opysiu COHAAD Kemma-Kemau-
2UHU mawkua 3madu, AbHU
Eim>Eum>Eym>Eim>Esp> o oo (2.2)
Hxxuuun ToMOHAaH, KYyuHH Ppenesnb 30HaNapUHHHT Y€TKH
HyKTasaoujsaH A Hykrarava OyaraH Mmacodanap A/2 ra
dapx kuaanu. LLyHMHT yuyH xywunu 3onasap A HYK-
mada yiromaduzan mebpanuwiapuune gadasapu © a
dapx ruaadw, AsHU Kapama-xapuu @Pasada 6jraou.
Banua 3onanap tydaitav A HyxTana Byxyara kesa€r-
raH HaTHXaBHF EpPYFAUK TYJKHHHHHT aMmnautynacu £
HH TODHII Y4YyH afipuM 30Hasap A HyKTala ByXyAra KeJa-
THPA€TraH TYJKHHJADHHUHT aMILIHTYJaJapHHH KYIIHID Ke-
pax. Bynaa Tok 3onanap Tydafau Byxyara xeaysuu Te6-
paHHLIJap aMMJUTyJda’apHHH Myc6aT Huiopa 6GuaaH oxcak,
Xy(PT 3cHanap yAroTaauraH Te6GpaHHILJAD aMIJIMTYZHaJja-
puHH MauuiA uwopa 6uaaH oaum kepak. Llyunnai KxHJaHOG,

Epo= Esm— Esm+ Esm—Eym+ - - (203)

KypuHumia €3uauinu Kepak. By udbonanu xyiunara maxa-
Aa XaM €3HIl MYMKHH:

Eim E Eam —m
Ep==3 4 (5% = Eam o+ 537) 4 (Ze52m
E
— Epm + - (k;l)m) o 2.4)

MoHOTOH paBuiia KamMafiu6 GOpPyBUH COHJAD KETMa-KeTaH-
runa ((2.2) udonara K.) uxTHEPUR Xax WY XaAHHHT YETHAATH



Xal1JaDHUHT ypTaua apudMeTHK KHAMATHra TEHIJIHTHHH,
ADHH

E E
Fup = (/z-l)-n-lz- (R+1)m

JKaHJIUCHHH xucobra oJjcak, (2.4) Aa KaBcJap HuUWOaru
udonasap Houara TeHr 6yaanr. Hatuxkaia (2.4) udona
KyHAHdard KypHHHIIra KeJsalu:

~E1m

m~Ty (2.5)

Hewmak, 6apua Ppenesb 30Haznapu Tydaitan A HykTaza
yHAFOTH/IaAMraH HAaTHXasuH TeOpaHHW XyAdd OHpHUHUHU
<dpeHesb 30HaCH TabCHUPHHHUHT spMuiex OyJjap 3kaHu.
IHyHunr yuyH A Hyxgrara eru6 Kesaa3TraH €pyFEAMKHH
KeCHMH XyAAH 6UpHHYH ®peHens  30HACHHHHT
ApMHAeK Oysrax Hafiua Oy#nab Tapxana3TraHiek TacaBBYpP
KHJ/Cca O6Y.nanu. Xuco6/aapHHHT KypcaTHmiH4Ya, » = 0,5 MKM,
R=ry=0,1 M X01 yuyH 6upunuun PpeHesbr 30HATHHHHT
paanycu TaxmuHad 0,00016 M Oyaatu. lyHialt xu.ub,
Oy xoJ4a eTadjHya KaTra aHHK/IUK OunaH EpyFauK TYFpH
uu3uK 6yiiab Tapxaiaiad, n1eb6 xuHco6GJaml MYyMKHH.

3-§. ®penear audpakuusacu

Judpaknuon xoaucanap Mkku cuHdra Oyaunanv. Tycux-
Ka TywaértraH €Epyrauk TyaKuHHHHT ¢GpoHTH cdepalaH
H6opar GyiraH Ba Ky3aTHII HYKTacH yekJu Macodana xoO#-
Jalirad ‘xoanaru audpaxiHoH XolHcalapHH GUDHHYH Map-
ta PpeneJs Ypraurad. Ulynanr yuyn 6y cuHdra o1 xoau-
canap Dpereay ougpparyuscy 1e6 aranaiy. TyCuUKKa
TywWwaérrad HypJiap mMapaisiesa AacTaH¥ XOCHJ KHUJraH Ba
AudpaKLiHOH MaH3apa YeKCH3JHKAa MYiKaccamJalral XoJ-
zard xoaucanapud $Ppayurodpep tekmuprad. LyHHHT
yuyH Oy xonucanap Dpayweopep cupparyuicu ned ara-
JafH.

®penens audpakuusacHra TaaanyK/ad OYaraH HKKH XO-
Ayca OdJaH TaHHUIIAHIHK.

1. Joupasuii mewurxdan xocur 6yaaduzan ouppar-
yus. HykraBuii MOHOXpoMaTuK &pyr/auk MauGau (M) nau
TapKa/la€Tran €pyr/JIuK HYDPJapUHUHC Hy/aMra Aodpa ILIaK-
Jaufark Tewurd Gyaran wabdod T Tcuy xoHJIAWTHPAA-
JauK (2.3-a pacM). 3 3KpaHHM TYCHKKa Napaiasnes] KHAHO
XKohjamTHpcak, M maHOazaH Ba A0OHpaBUH TELUHKHHHT
MapkasHaaH YTyBuUM TYFPH YH3HK 3KpaHHH A HYKTala Ke-
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caa. A HH Ky3aTHIl HYKTacH cHdaTtHia TaHaab, TYCHKKa
eTH6 kesran TYJKuH (poHTHAaH PpeHesb 30HaJapHHU
axpaTailink. TYCHKAATH TeIHK 30Ha/ap/aH £ TaCHHH OYHK
Koaaufa.u. £y 3cHanapran 4 nyKiara eTHO Kena€trau
éPYFAMK  TYJAKHHJARD  aMIJHTYyJaNapHHHHT  HHFHHIHCH
((2 3) udonara acocan) my HyKIalard HaTHXaBuii Tebpa-
HUII aMIVIMTYJiacMHH HOsanafiiu, SbHH:

Ep=FEim—Fom+Esm—Eim+ ...+ Egm. (2.6)

2.3- pacm.

By udecranaru oxupru xaasuHr Myc6at HmopacH & TOK
6Yaran Xoa yuyH, MaH®uit nopack aca £ xydT 6y.araH xon
y4yH ¥puuau, up. TYcuxiaru LcHPaBHA TEIUHK TOK COHJH
®peHeab 30HaJaplil CUHK KCJAAHPran xoa yuyd (2.6)
udoranu KyHujaru Kypunuiuaa €3um MYMKHH:

Eim | (E E, Ep
B = o — Bt ) (R

2
Em Em Em Em
—Euom+ )+ =L o

Axcinva, Tycuknard Tewuk xydr conaum Openenn
30HaMapMHH OuUMK KCJAM[aLHraH Xo.i yuyH (2.6) ndona
KYHHIary KYpHHHIUra KeJaalH:

Elm Elm E3 E
p— (k-3
En= 5+ (8 — By 2] ., 4 (050 —

Eq_ Eg_
— E-gm+ 5 ”m) + =552 — Eim =
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— F21\m + /‘.(x;l)m _ Ehm .

JlekHH HKKH KYWHH 30Hanap (macasad, k—1 Ba k-
®peHesb 30Hasapu) Tydafinn A HyKTala YHFOTHJaéTrau
Te6pannH aMnautylasapu Ep—_ym Ba Exn Oup-OHpHIan
E(k—l)m

2

Eppm

Kam ¢apy KHArau/JHru yuyH — Exm~ — 52 ne6

oaum MyMkuH. Haruxkana 2 xkydr OyaraH xoa yuyH
E

Ep=" ~ 5" @7

k HHHT KHYMK KuiiMaTaapuia (Macanan, 3+ 5 ra TeHr 6y.-

ranna) Ey, Ba E,, nap 6up-6upnra skuu cousap (Epm=

=~ E,p) 6yaaau. Wyuunr yuys k ToK Gyaranaa A HyK-

7aja €pYF/JHK HHTEHCHBJAMTCHHHHI MaKCHMYMH (Em-—-

~Em

E .
R L ,m), k xybr G6yarania sca MHHHMYMH

(.E‘”1=F;2‘ﬂ—§-54"z ) Ky3aTuaalu. Tycukaard THPKHIU
OYMK Koaauprau <peHe s 30HaJNaPUHHHT COHHM KaTTa
6yarauna, Epyp < < Eyp 6yaain LLyHunr yuyn A HyK-
Tagard €pyFJHK TYJKHHHHHT HaTHXaBHH aMnNJuTynacH Fk
TOK 6y /raunia Em=%'-+%"—”'z%—”‘, k wxydr O6yarania
: —_ Flm Ekm Eim Y

XaM Epq =% — S o2 GjAaau. Bowkaua afitrauna,
0y Xoaaa épyrauk xyaau lwadpodmac TycHK Gy.avarai
XOJiarHjieKk Tapkaaaid. KOxopuaa wopuTHaArad My.J/10X03a-
7ap ¢axar A Hyka yuyH YpHH/IMA 3KaAHIMTHHH aJO0XHAa
Kahl KWJaafink. Xakukatad, J 3KpaH.ard ueKcu3 Ky
HyKTalap uunzau daxat A nykraHu M Ou.iaH GupJawiTd-
PYBUH TYFPH UM3HK TeKIWHpHAaETraH TYCHKAarH JlOMpaBHR
TEWHK yuyyH cuMMeTpHs YKH 6§10 XH3MaT KHJAIH. B
XKOJlla TYCHKAard AOHPaBHH TeIWHK OYHMK KOJAAHpraw dpe-
iteJb 301'a TaPHHHNT MaH3aack 2.4-a pacMia TaCBipJ/aHrat.
12KHH 3ipaHHHNT A, HyKTacH Y4yH TyCHKAard J1011paBHR
TRLIHK GUHK KOJMpaiuran Ppeuseb 30HaIapHHHHT MaH-
sacacu y3raua 6yJanu (2.4-0 pacmra K.). by Xoa.aa 1:)"'CHK
yunnyir ®dpenesib 30HACHHH KUCMan CEPKHTANTH. AMMU
TYPTHiiuM Dpeneab 30HACHHHUT (Hp KHCMH 1CHPaBid Te-
WHKKA TYFPH KeJadH, Ablii ouaa ik .1 HYKTa.aH sfHana
Y30KpoK.'arH HYKTa yuyH 3Ca TeLIWMK OYHK KuJilupraw
30nanar MR vawnsapack sinala Goukasa O3aain (2 4- 6-
pacumra 1.). By sca sxpannisr A uvKTatas Tvpaiiia y3oK-
Juk.:arw Ay, A,, .. HvKTaJapHla epyIvHK HETCoCHBILE-
THHHHT TypJaHua 6yauiunia cababuu Oy.ain
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2.4- pacm.

Hudpakuuon Mmanzapaza €pyFAHK HHTEHCHBJMFHHHHT
yarapumu 2.3- 0 pacyta (k£ TOK COHra TeHr GyJraH XoJa
yuyH) Ba 2.3-8 pacMia (%2 xKyJpT coHra Tewr Gyaras XxcJa
YUYyH) TacBUpJaHra:.

2. Joupasuii ducikdan xocunr 6jraduzan’ dugdparyus.
HyxkTtaBult MOHOXpOMaTHK EpYFJAHK MaHGau M pgaH TapKa-
JlaéTraH HypJap #y/ura noupaBHii AMcK wakaunard wad-
dopmac TycuKHH woHNamTHpalauk (2.5- @ pacM). 3 3KpaH-
HH 3Ca TyCHKKa napaJjjes Kuaub xoiaamturamud. M mau-
6a Ba JouWpaBHH LHCKHHHF MapKasujaH YTyBUH TYFpH
YH3HK 3KpaHHH A HyKTala Kecald. A HHM Kys3aTull HYyK-
TacH cHdaTuaa TaH/aacaK, TYCHK S TYJAKHH (QpOHTHIArH
‘PpeHess 30HanapuaaH k£ TacuHu Gepkutaau. LUyHHHT
y4yH A HyKTajard EpyFauK TYJKHHHHHT aMIJIMTYJacH
£41 Ba yHunan karta Homepsau PpeHesbr 30HaNapHAaH

2.5- pacum.
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Kejaérrai TYJAKHHJIAD aMIJHUTYdaJapHHUHT HUFUHIHCHTa
TeHr 6yJjaiH, SBHH

E
k41
Ep=Epinm — Egiom + Eppam — - o - = —SHUT ; LS
E E E
kH1)m (B+3)m _ Egrym
B =) [ PRI L

k yHuasuk karta Gy/maraH Xoasaap YuyH Ey, Ba Egyy.
Gup-6upunan kaM Gapy Kuaaau. Ly cababan A HykKTa-
Jard 8pyFJMK MHTEHCHBJUTH XyAAH MaHOa Ba 3KpaH Opa-
JUFHA Xeu KaHlalt TYCHK GyJmMaral xoJharupexk G6y.aiit.
Jlekun A HykTanas 6upop Macoa y30KJaukAaru A; HYK-
TaHH KY3aTHUI HYKTacH cHardia TaHJacaK, LOHpPaBHil
aucKk k-1 ®penear 30HaCHHH KUCMaH OEDKHTalH, HKKHH-
y4 TOMOHAAH £ 30HAa KHcMaH ouuJaiu. LyHunr yuyn A,
HyKTaJgaru €pyFJIMK MHTeHCHBJHTH A HyKTalarura Huc6Garan
3andppok 6ynann. A, 1aH XaM y30KPOK KoHJjawiran A, HH
Ky3aTHIl HyKTacH cudaTHia TaHJaraiMMusla sca TYCHK
$peHesb 30HaJapHHM sinaja O6o0luKauapoK Tap3da GepKH-
ta 1. Haruxkaia skpaHHuHr A HyKTaZaH Typauya y30KJHK-
Jard HyKTasapiuza épyFJaHK HHTEHCHBJHKJaph 2.5-0 pacy-
Ja TacBHpJaHranuiek Gysaiu. Hudpaxuuod maH3apa 3ca
HaBOaTJalyB4Hd €pyF Ba KOPOHFHM XaJKaJap KYPHHHIIHJa
6yau6, £ HUHT TOK KuiimMaTsapuaa XaM, Ky}t Kuimar.aa-
pHia XaMv MaH3apaHHHT Mapka3su (sibHH A HykTa) €pyF ) -
Jaau. JKkpaHia A HyKTalaH Y30KJalUd reoMeTpHK Cos
coXacHAaH YHKHJAraHAa AUdpaKLHOH MaH3apa Ce3HJMani1i-
rai Japaxana xupanaumrad G6y.aanu. ByHuHr cabadu 6\
coxala AudpaKkuHOH MaH3apaHWHT YCTHTa Kyuau €pyFJaHK-
HUHT TYIIHIIHIHP.

4-§. ®payHrocdep nudpakuHICH

[Mapannen wypsaap TtywaétraH 7 TYCcHKIAa Y3YHJHTH
kedrauru (BC =a) nan anua KaTta GyJram THPKHLI MaB-
Kyl (2.6- a pacm). THPKHIUHUHT opkacura ®iFyBuu J7 Jun-
3aHH, JIMH3AHUHT (POKaJ TEKHCJHIHra aca J 3KpaHHH XKOH-
JawTHpaiauk. TekwupHaadtran xoJ4a TYCHKKa TyluaéTran
MOHOXPOMATHK SICCH EpYFJHMK TYJIKHHHMUHT (GPOHTH, THP-
KHII TEKHCJUTH Ba 3KPaH TEKHCJHTH y3apo mnapajgeJslaup-
Tupkumra eru6 KearaH TYJKHH CHPTHHUHr Oapuya HYK-
TaJapuliard Te6paHHuliap O6Mp xHa (pa3ana conup GyJaanu.
bBupox 6owmnanruy AYHaHW GusiaH GHPOP ¢ OypuaK XOCH
Kuaub TapKasia€TraH HKKHJAMYH TYJAKHHIAD SKpPaHHHHT
A HykTacHra (nuH3a AHFYBYM OY/ITaHJHTH y4yH Ky3aTHIN
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6ypuard ¢ HUHT Xap G6up
KHAMATHIa SKPAHHHUHT OH-
POP HYKTacH Moc KeJalH)
fup xua ¢dalzana etus xen-
Ma#ll{, UYyHKH 6y Hyp-
Jap ONTHK HYJAJapHHUHT
V3YHJAHKJADH CHp  XHJ
aMac. TUPKHIIHMHT uan
(B) Ba yur (C) uexkasa-
puiai A HykTara eTHO
KeJsaéTraH €pyrJHK HypJa-
[MHHHT ONTHK BYJ1ap ¢ap-
g KHEH TCNARAHK. DyHHHT
vuyd C HyKTazaH HypJap
fifuandikra nepneH1nKy-
asip CD nu tymupamus. ¥
xonza BD = BC-sino =

bure oy s .
\ "\ s =@-siNe Kecya H3JaHalT-
) rai #yaaap ¢apku 6yaxiu.
' BD wuu sadnan A2 y3vH-
JIHK alH Kecmauasajpra ak-
ratafinuk By xecmauanap-
HUHT OXHpJaapHiax CD ra rapanien  TeKHCAHKJAIHH
.BC 6unan yupamryHua 1aBoM 3TTilpcax, THpKHiniaru BC
TYJKHH (POHTMHH OHD XHJ KeHIJHK:arH TacMauyaJjapra ax-
parran 6ysaamu3. Eunxa-8n mcHaawmirad HKKH TacMa'laHHHT
MOC HYKTaJapHIaH TauJanrad iiyHaadl Oy#Huya (ABHH ©
6ypuak octuia) A HyKTara etud KeaaiTraH HypJapHHIT
Byanap ¢apxu A2 ra Teur 6yaaiu. ywsuur yuyn Oy
TacMauasapiH Ppenesb 30HajapH Aed KarallUMI3 MYMKHH.
Tupgumra TYrpu Kearaid Ppene/b 30Ha1apPHHU TOMHII YUYH

2.6- pac:.

a sineg

HZ (2.9)

HucCaTHH aHHKJ AW Kepak, an0atta. ByH-an a Ba A y3rap-
Mac 6yaranna Operesb 30Ha apHHHHT COHH KYy3aTuw Oyp-
Yaru o ra 6OFJIHK, ABHHU Ky3aTHll Gypqaru KaHya/ UK Kar-
Ta 6yica, THpKHILIA WiyHuaIHKk kynpox ®Ppenesas 30na-
JapH KoMsaauiaiH, Aerak xysccara kenamus. Kysarum Oyp-
yard ¢ HHHT Cab3d KHAMar/Japuaa THPKHIILa MOC KeJayBYH
dpenean 30HanapHHUHT conH GyTyH xy(]T coHJapra TEHr
6y/naau, sibHU - ,
S =2k & asing =2y (k=123..). @10
‘¢ HHHT Oy LIAPTHH KauCaTJaUTHPYBUH KHAMaT/apHra MocC
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KeJayBUH 3K[{aH HyKTaJlaDH1a HKKHJIaMuH TYJAKHHJAZD CHp-
GUpHHH CYHAMPHUIM HaTHXacuia (YyHKH Kyumun OpeHensp
3oHasapHuzad KeaadTrad TYJKHHJAD Kapava-kapwH Qasana
6ysa1n) KODOHFHJHK, ABHH E€DVF/IHK HHTEHCUBJHTHHUHT
MHHMUMYMJaPDH Ky 3arTHJald.

AxcHuHua, ¢ HUHTr €ab3u KuiMaT/apuAa THPKHIITA MOC
KeayBuH Ppeness 30HaJlapHHHHT COHH GYTYH TOK COHJapra
TeHr OYJIMIWIH MYMKWHH, S'BIH

o= 2641 exnasing =(2k+1); (e =0,12,.. ). @.11)

By wapTHH kaH:aT.aiTHDYBUHM ¢ HHHT KHHMmaT/iapura Moc
KeJyBYM 3KPaH HYyKTajlapHla HMKKHJIAVYH TYJKHHJIADHUHT
Tabcupu ¢haxar 6urra Ppexedar 30HACHHUHT TabCHPHAEK
6ysaaaw. Ulyuusr yuyn oy HykTajgaplia EpyrIdK HHTeH-
CHBJIMTHHUHT MaKCHMYyMJa~H Ky3aTHJaTH.

MceHoxnovaruk €pyFRIMK KYJ/JaHHITaH XoJa1a €pyFJHK
MHTEHCHUBIHTHHHNT 3KpaH ©¥il1ad y3rapumu 2.6-6 pacmia
TacBUpJaHraH. THPKHLWIIHHT TYFPHCHAA Ma)Ka3HH MakCH-
MYM, VHTa CHMMETpHIK paBHINIa HKKH TOMOHAa O6oluka
MaKcuMyMJsap ¢ Hiawain. OJaraa MakCHMyMJapra HoMep-
Jap Cepu.aid. By Homepaap (2.11) udorazaru £ HHUHT
KuiiMaT/apura MoOC Keaald. Mapka3uii MakCHMyM YuyH
k =0. Cyurra 6HpHHYH, UKKWHUH Ba XOKa3o TapTHOJH
MakcumymMJaap (yaasra £ =1, 2,3, ... 1aD Mcc Keaain).

Aran Taxkpufala MOHOXPOMATHK EpPYFJHK 3Maz, OajikH
OK €DYFJHK KYJAJaHHJCA, TYDJAH paHriard €pyrauK.1aDHUMT
IuppakLHOH MakCHUMyMJapH TapKaaub keruwu Ttydaliiu
AudpaxLUuOH MaH3apa paHr-€apa:ir 6ysaiaran 6yaazu. Ty aKuH
Y3YHIUTH A KHYUKDOK Oy/araH €pyrJiHK yuyH AH(ppaxiiHOH
MAKCHMYM XaM KHYUKpOK Oypuak oOCTHAa Ky3aTHJaiH.
2.6-6 pacmia OuHadiia Ba KHM3HJ HyDJap YYYH EpyFJIHK
HHTEHCHBJIMTHHHHT 3KPaH OyH.1a0 y3rapulld TaCBHPJAHraH.
OKpaHHHHT Mapkasura ¢apya pauraaru €pyrauKaap KeJsaiH.
LlyHHHF y4YyH sKpaHiard MapkasHil (EKH HOJMHYH) MaKCH-
MYMHHUHT ypTacH OK, 4eTJapH 3ca KH3FHLIPOK paHria 6y-
Janu. Mapkasuii MaKkCHMYMHHHT MKKH TOMOHHJAa OHpHHYH,
HKKHHYH Ba XOKa30 TapTHOJH MaKCHMYMJIap XOHJ/alIraH.
By maxkcumywmaapnaru 6uHaduia paHrsaap MapKasHA MaKCH-
MYM TOMOHHMAArd KHCMJAapHH 3raJ.aflH.

5-§. Mudpakunon naHmxkapa
Hudpaxyuon nansxcapa dezanda 6up-6upudan b y3ox-
AUKOQ HcOlaawean Oup XUA G KeHeALKOQzW MUpiuus-
Aap mynaamudan ubopam onmurx ac6o6 mywyruraow.
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Onarna AubpakuHoH naH-
JapaHH KyHHIarH ycyJaa
sicasagy: madpdod wuma
NJacTHHKaHH MaxCycC Ma-
IIHHa éplaMuia THPHa6
6up-6upura napaJsJen 6y.-
raH 9HCH3 apHKyaJap XO-
CHJ KHJHHanu (2.7- pacm).
Ulyvma njacTHHKaHUHT THP-
HaJraH KHcMJapH (sHH b
6ysaran apukuasap) E€pyr-
JHUK HypJapu yuyH madpdodmac 6§aanu. Apuguansap opa-
JHUFUNArd KucMJap (KeHrJuru @ ra TeHr 6yaradH maddod
7TacMayasiap) €pyFJMK HypJapH YuYH THPKHIJap Ba3uda-
<uHU OGaxcapanu. KYWHH THPKHIIJADHHHT MOC HyKTaJapH
©opacuAard macoda

2.7- pacwm.

[—a4b 2.12)

Jdugp parkyuon nanxcapanunez doumulicu €xu Oaépu ne6
artaJ al.

Judpakunon rauxkapara (Z/]) sccu MOHOXpPOMAaTHK
TYJAKHH HOpMaJa TywaérraH 6yscuH (2.8-pacm). Hudpak-
UHOH TaHxarazard xap Oup
a/noxHja THPKHW Tydalau
BYXYyIra KeJalurad MaH3apa
OJIIHHTH Taparfapna 6a€H
STHATAHUIAEK OYJaanu. Ilan-
JKapa TapKHOHIaru HKKH €xH
YHAaH ODTHK THPKHLILJIAp TY-
¢aliiu ByxKyJAra KeJaguraH
JIHOPaKU MOH MaH2apaHd TO-
Nyl YuyH 3ca ¢axar ajoxHuia
THPKHIIJAH YHKaéTraH Hyp-
JIADHHHI 3K[aHHHUHT MyaHsaH
Hy KTaciia Yy3apo HHTepge- 2.8- pacm.
PEHILHACHHHUTHHa 3Mac, 6aJKH
aflHW HyKTara TypJH THPKHULIJApAAH KeJaéTraH HypJap-
HHHT HHTep(EepeHUHACHHH XaM XHcoOra OJHII Kepak.

Kysarum 6ypuar# ¢ HMHr GHp Heya KHAMaTJapu YuyH
MYyJ/OXasaziap lOprusaiJHk.

1. Kysarum Gypuarunuur xufimatu (2.10) wapTHH, SBHH

A
asing =2k3, k=1,2,3, ...

HH KaHOaTJaHTHpcuH. By xo.sna xap Gup anoxuaa THpe
KHW 1aH ¢ GypyaKk OCTHia YHMKAa&TraH HypJap 9SKDaHHHHT
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2.9- pacm.

Ay

A, HyKTacHna unTepdepeHUHsIalHIId HaTHXACHAA KOPO H-
FHIUK (EpYF/IHK MHTEHCHBJMTCHHUHT MHHUMYMH) Ky3aTH Ja-
o4 (2.9-a pacmra K.). THpKHI/IAa) COHH UKKH 8KH YHI aH
OpPTHK G¥JraHia Xav 3KpaHHMHT A, HYyKTacula EpyFrJHK
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Ky3aTH/JMaiAAH, SBHH €DYFIHK HHTEHCHBJMIHHHHT MHHH-
MyMH Kaill KHJAHHadH, anbarta (2.9- pacmra K.). Llynusr
yuyH naHxapa Tydahau Byxkynra xesaiuraH audpakuHoH
MaH3apalard Oy MHHUMYMJAD GCOCuUl MUHUMYMAQAD 1e6
artajalH.

2. Kysarnm 6ypuyarMHHHr WyHAafl KuiMaTJapHHH TaH-
sna6 oJafaMKKH, Oy OypuakJap OCTHAA aJoXHAa THPKHUI-
naH 4YyHKaéTraH HypJ/iap HHFYBYH JIMH3alaH yTray, 3KpaH-
HUHT A,, A;, €kH A, HyKTaJapuia HHTepdeperiHsIalalH
(2.9- a pacvra x.). Hatnxana 6y HykTanapia E€pyFJHK Ky-
3aTuJaiH. Arap THpkHIl GHp 3Mac, GaikH HKKuTa GYyJca-
yu? By Xoa2a KyHHzarH HMMKOHHATJAAD aMaJjra OILUKIIH
MyMKHH (2.9- 6 pacm):

a) ¢ OypuaKkHUHI IIYHAad KHAMaT/aDH MaBXYIAKH, Ha-
TH)Xala MKKaJa THPKMUIHHHT MOC HYKTaJlapHiaH KeJsaéTraH
Hypaap (2.8- pacmaaru / Ba 2 THPKHIIHHHT yan YeTHAaH
KeJaéTraH HypJapra Kapaunr) 6up xua ¢asana, avHH Oy
HypJapuuHr Hyanap ¢apxH sApPHM TYJAKHH y3YHJHKKa
Ky(dpT Kappaau —

[sing—2kL, £=0,1,2 ... (2.13)

6yaanu. By xo/za HKkala THPKHLUIHMHT MOC HYKTaJapH-
JlaH KesiaéTraH HypJsap A, HyKTala uHTepdepeHIHaalHIIH
HaTHxacHaa épyFJIHK HHTEHCHBJHMIHHHHI MaKCHMYMH Ky3a-
THJaaiH. By MakcHMyMJaap acocutt marxcumymaap 1e6
arajJalH. R HHHI KHHMarTH 3ca acOCHA MaKCHMyMJap Tap-
THOHHH Honanafiay;

6) ky3aTumt 6ypuard ¢ HHHr Cab3H KHHAMaT/iapHia HK-
KaJja THPKHIIHHHT MOC HYyKTaJlapuAaH KeJaéTraH HypJap
KapaMa-KapiH ¢asana, sbHH 6y HypJapHHHT fiy/aap ¢ap-
KH SDHM TYJKHH Y3yHJHKKa TOK KappaaH—

[sing=(2%+1), £=0,1,2, ... (2.14)

6ysnanu. HartHxara ukkasa THPKHUIHHHT MOC HYKTaJapH-
JaH 4YHKaéTraH HypJiap 3K[aHHHHT Gupop A, HyKTacula
uHTepdepenursiawinG 6Up-OUPHHH CYHAHPALH, SbHH EpYF-
JIMK HHTEHCHBJIMTUHHHT MHHHMYMH Ky3atHJaiu. by MHHH-
MyMJap KYWUMLQ MUHUMYMAQD AeHHJALM;

B) Ky3aTHml Oypyard ¢ HHHT WYHAaH KHiMart/aapH xau
MaBKYyIKH, OyHla HKKaJa THPDKHIWHHHT MOC HyKTa/ZapHAaH
YHKHO SKPaHHHUHT GHPOP HyKTacura (MacasnaH A, HyKTara)
€TH0 KeJsiraH HypJap OHP XxHJ (a3aja Xxam, Kapama-KapiuH
¢asana xam G6yamaiiau. LLIyHUHT yuyH ysap uHTEpdepeH-
uManamwuo, €pyFAHKHHHT MaKCHMYMHHH XaM, MHHHMYMHHHY
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xaM GepMaitiH. Basku 6y HyKranard 8pyranK GHPOP OpaqHK
HHTEHCHBJHKKA 8ra 6y/aanH.

DHAM THPKHINJAD COHH HKKH ®Mac, 6aJKH Kynpox,
Maca/JaH, TYpTTa €KH CaKKH3Ta OyJjraH XOJJapHH Kypailt-
adk. By xoasnapra Moc 6yaraH €pyFJaHK HHTEHCHBJIMTH-
HHHT TaKCHMOTJapH 2.9-8, 2 pacmJapla TaCBHDJaHTaH.
AcocHi MHHHMYMJIap Ba acOCHH MaKCHMyMJap SKpaHaard
¥3 YpuHJapHHH Y3rapTHpMaikiH. MaKCHMYMJap SHCH3POK
Ba €DYFPOK, MaKCHMYMJ/IaD ODaJHFH 5Ca KOPOHFHPOK G-
nand. Arap tupkHmaap conu N ra teHr 6y.ca, AndpakiHOR
MaH3apajard HKKH KYIIHH acOCHA MaKCHMyM OpaJiHFHla
N —1 KymHuMua MHHHMYM BYXyIAra KeJalH. Kyumumua
MHHHMYMJ/Iap OpaJHFHAA S5Ca KYIIHMYa MaKCHMyMJap Mas-
Xyl 6yau6, yaap skpaHia ¢on ne6 aTalaqHraH Kyucus-
rMHa €pyFJHKHH BYXYy/Ira KeiaTHpalH.

JudpakuHoH nauxapaiard ajoxHia i- THPKHII acocuk
MakCHMyM AYHalHIIWAA XYHATAa€TraH €pyFJHK TYJAKHHHUHT
amnautynacH Ej, 6¥acHH. ODKDaHHHHT aCOCHA MaKCUMYM
BYXYy/Ira KeJaliHraH HyKracura Gapua THPKHIUJapAaH TeG-
panumJap 6Hp xH. (asana eru6 kesaand. LIyHHHr yuym
HaTHXaBHA TeOpaHHII aMIMJHTYLacH

N
Em = 12 Eipn = NE;,
-]
6¥/aanu, YyHKH alOXHAa THPKHIIJApAaH Keaa€traH tebpa-
HHIUJAD aMIIHTYyJajJapH y3apo TeHr. ByHnaH acocu# Mak-
CHMYMHHHT HHTEHCHBJIHTH

I~ E%p = N2Eiy (2.15)

ra teHr 6ynanu. [emaxk, dudpaxyuorn nawxcapa mygpaii-
Al 8Yocydea Keaaduzan MaH3apadazl AaAcocull Maxcu-
MYMAQADHUHZ BHMEHCUBAUKAAPY NAHIHCAPAOAY MUPKILUL-
aap conn N runz xeaopamuza nponopyuoras 6yaadu.

Arap nuppakuHOH maHxapa OK EpyFAHK OH/aH EpH-
THACA-4H? OK EPYFAUKHH TYPJAH TYJAKHH Y3YHIHKJH OUP
KaTop MOHOXPOMATHK €PYyF/IHK TYJAKHH/JADHHHT Cyneprno3H-
UHACH 1e6 Kapal MyMKHH. By MOHOXDOMAarHK TYJKHHJap
AHdpakLUHOH NaH:Kapanaw yTaéTraHia Y3JIapHHHHT MYycCTa-
KHJUIMKJIapHHH cakJaiauaap. (2 13) mwaprra acocan acocufl
MaKCHMyMJiap €PYFJAHKHHHT TYJKHH Y3YHAHRrura OOF/IHK.
Byunau dakar HOMMHYUM TapTHOAH (%2 =2 0) acocull MakcH-
MyMJap HCTHCHORMD. XakKHKaraH, 2 =0 O6yarauga A HHUHr
Xap KaHnafh KHAMATJapH YYyH aCOCHA MaKCHMYM ¢ ==@
6ypuak OCTHAA Ky3aTHJaAH, fABHH OK EDYFJHK T&DPKHOH-
nard 6apua MOHOXPOMATHK TYJ/KHHJAPHHHUHT HOJMHYH aco-
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CHAi MaKCHMyMJapH YCTMa-ycT Tywaad. IHyHuHr yuyns
AubpakuuoH MaH3apaHMHI Mapka3ujard (¢ =0) acocul
MakCHMyM OK OVaaid. JlekMH GHDHHYH, HKKHHYM Ba XO-
Ka3o TaptHbau (kBe=1, 2, 3, ...) acocHli MakcuMyMJaap
TYPAH TYJIKHH Y3YHJHKJH MOHOXDOMaTHK EépyFJuKJap
yuyH TypJuua Oypuak/Jap OCTHAa Ky3aTHJaiu. MacaaaH,
TYJKHH Y3YHJHTH KarTapoK Oy/arad Ku3uJ EpyFJHKHHHT
(Musun = 0,76 MKM) acocull MakCcUMyMmH GuHadwa EpyrauK-
HUKHUTa (Mounagpuwa = 0,40 MKM) Kaparasla KaTTapoxK Oypuak
OCTHJa Ky3aTHJadH. YMyMaH, MOHOXPOMAaTHK E&pYFJHKKa
TeruwJad 6yJaraH acoCHH MaKCHMYMHHHT 3KpaHlarH Tace
BHUPH AHGdpaKLHOH NMaHXapaHWHT THPKHILJapHra napaJJesa
6y raH xyja SHCH3 YHM3HK IuaxJuna HamoéH OyJaanu. [lan-
’KapalaH OK €pyFrauk yrTaérran 6yJca, 3KkpaHja cnekTp Ae6
aTaJafural paHTJH y3apo napaaJges 3HCH3 YH3HKJap KYy-
3aTuJaid. Dy uM3uKJapHHHr Xap O6upH afipuM EpyFJ/UKKa
Teruman 6yan6, Oy 4H3HKJap, OlaTtia, CREKMPAA HU3UK-
Aap ne6 aranaiv. CnekTpHUHT TapTHOHM (ABHH 2 HHHT KHi-
MaTH) IOKOpHJAlIrad CapH CReKTp TapKuOHIark 4YH3HKJap
6up-OHpHaaH AXIHPOK axcpaJraH 6y1anH.

Xap KaHZalh OnTHK ac606 CHHrapH ,zlmbpammon NaH-
JapaHHHI XaM aCOCHH XapaKTepHCTHKAaCH—YHHEP axycpama
oauw Kobuausmuoup. A)Kpa'ra OJIMLI KOOH/IMATH IleraHia
AHOQDPAKUHOH NaHXapaHHHT TYJAKHH yayﬂnuxmpn 6up-6u-
pura sIKMH G§aran HypJapHH aXpaTHIu xycycna'm Tyly-
HUJaiH. MacasaH, NaHxXapara TyluaéTraH €pYFJIHK HKKH
MOHOXDOMaTHK HYDHHHT MHUFHHAMCHAAH HOOpaT G6YJCHH.
By HypJapHHHT TYJKHH y3yHJHKJapH OHUp-GHpHaH OA ra
¢apK KHJICHH, SBHH GHDHHUYM HYPHHHT TYJKHH Y3YHJHIHHH
A ne6 Gearusacak, MKKHHYHCHHHKH A - 3\ 6Ysaau. Hud-
PaKUMOH NaHXapaHHHT k- TapTHOJH CNEKTPHJAAa HKKHHYH
HYPHHHI aCOCHR MaKCHMYMH GHDHHUYH HyDHHKHra HucGaTaH
KaTTapox Oypuak OCTHAA Ky3aTHJaid. OKpaHia 3ca Oy
HYDJIapHHHT acOCHH MaKCHMyMJapH €HMa-éH XOHJallraH
HKKH CNEeKTpaJ 4YHM3HK Tap3uia Hamo€H OyJaaH. JlekHH
CNIEKTpaJ/Jl YH3HKHHHI KEHIJIMTH KHuHK ©yJca XaM, Oapu-
64D uYeKJu KufAMatra sra. LLIyHHHr yuyyH HMKKajaa Hyp TYJ-
KHH Y3YHJHKJ/JapUHUHT ¢apkH 6A Xylda KHUHK 6¥./cCa, HK-
Kaja 4M3HK OHMp-OMpHIa HHXOAT SIKMH XKORJalwaldHKH, Ha-
THXaja yJap sAroHa 4YH3WK Tap3nja KabyJ KHJAHHAaLH.
bomkaua afitranna, vkka/ja YH3HKHY aXpHUM KHJHG Oya-
Maiau. 2.10-pacMaa 8\ HMHrC TypJuuya KufiMaT/iapH Y4YYH
k- TapTHOJAM CcneKTPAArd MKKH KYIUHH YM3HKJap (SBHH aco-
CHA MakKCHMyMJap) TacBMpJaHrai. ByHna A TYJAKHH Yy3yH-
JUKJIH HYDP aCOCHA MaKCHMYMEHHHI HHTEHCHBJHMIH HYKTa-
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BuUl uyu3aukJgap Guaad, A4 3
TYAKHH Y3YHJHKJH HYDHHKH sca
IITPHX YH3UKJIap GHJIaH TaCBHP-
JaHrafH. Y3aJayKcH3 4YM3UK HKKa-
Jia MaKCUMYMHHHT AHFHHAH HH-
TEHCHBAHTHHU GUARMpaRH. Pacu-
JlaH KYpHHHILMYA, OA KHYHKJa-
wu6, MaKCUMYMJap AKUHJAIIrAH ¢
capH Y3JIYKCH3 3IDH YH3HKHHHT
YyKypJuK coxacH Ooprai capu
KaMmaiub, Huxost, O6yTyHJai
ayxoau6 keragu (2.10-6 pacm-
ra K.).

By HKKH MaKCUMyMHH OHp-
6upHaaH axpuM OYJaHII uera-
pacu cudaruia Penet kyfingaru
dbukpHu Takaud Kuarau: azap ¢
GUFUHOW 32DU HU3UK MUHUMY-
MUHOHZ Opounamacuy MaKCU-
MYMAAD OpOUHAMARAPUHUHZ
0,8 kucmuza menz 6yaca, MaH-
3apa axcpus 6Yyaumi MYMKUH. -

Jewak, 2.10- a Ba 6 pacmaap-
Jard MakCHMyMJap axpum 6y-
Jaiu. 2.10- 6 pacMia TaCcBHpPJaH-
rai MaxkCcUMyMJap axpum 6y.-
Mafiau. By napaxana 6up-Gupu- ¢
ra SKHH TYJKHH Y3YHJHKJH
HypJap sAroHa Hyp cudaruia
Kaly/ KuauHanu. JIekHH axpata
OJHII KOGMJHATH siHaja AXWMH 6yAraH naHxapa Oy HKKH
HYPHH a}paTa OJHIUH MYMKHH,

YMyMaH, onTHK ac6o6 axpara OJaquraH HKKH CleK-
TPal YM3UK TYJKHH Y3YHJAHKJAapHHUHT (apku A HU aXpa-
THUI MYMKHH 6Yaran cnexTpasn macoda aed, A/8A 3ca ac-
GOGHUHT axpaTta OJIMII KOGUAMATH ne6 aTasaldH.

JuppakuHOH NaHMKapaHUHT a¥paTa OJHII KOGUAHATH
NaHXapajary THPKHILJIADHUHT yMyMHu#t coHu N Ba CnekTp-
HUHT TapTHO HOMEpH R HUHT KymadATMacura TEHT, SBHH:

& =N (2.16)

R

Z

2.10- pacw.

6-§. Pasosuit namkapanapiaard Audpakuas

Ouanuuru naparpabaa Myxoxkava Kuaunran audpaxunon
nanxadajga UKKHJIAM4H TYJAKUHJapHUHT MaHOajJapy Ba3H-
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¢acuHu GaxkapyBuUH THPKHII-
Jap 6Hp YH3HKJa XO#fl/allraH.
lyuunr yuyr Gab3aH ,uH-
3UKJH JHOpaKuHOH MNaHXa-
pa“ neraH H6opa XaM HIlJja-
THaanH. PasoBuit Audpak-
LLMOH NaHxkapa-un? By caBoJra
’aBoO GepHIl YUYH KDHCTaJ-
JIADHHHT TY3HJHLINFa MYpO-
XaaT Kuaaiauk. 2.11- pacmia
KyGHK cuCTeMara OHA OyaArau
2.11- pacu. KpuCTaJIJ naHxapa TacBHpJIaH-
ran. llaHxapaHHUHr TyTYHJa-
pulia Gup-6upHiaH Gupop d Macoda Y30KJHKAA aToMJap
(éxu Honaap) xofnamrai. By Macoda nanocapa doumuiicu
éxu daspu ne6 arajsanH. KpHCTaan OpKaJH 3JEKTPOMArHH,
TYAKHH YTran/a naHapaHHHT TYTy HaapHaard aToMjap (éxyil
HOHJAp) HKKHJaMuH TYJKHHJap MaHOaura ailjanaau. B
HKKHJIaMYH TYJKMHJAQp YCTMa-yCT TYIIMWM HaTHXacuay
AHGPaKLUHOH MakCUMyMJap BYXYyAra Keaaiu. fpucmaad
aapoa nawxcapa Ooumulicu ~10~°m sap 4amacuoa-
6yaadu. IndppakuvoH XonHcaiap KY3aTHJHILIH YyuYyH 3Ca
naHxapara Tywaé€rraH HYPJAHHILIHKHT TYJAKHH Y3YHJHTH
naHxapa INOMMHUHACHIAH KHYHK OYyauMmiM KepaK. EpyrJ/uK-
HHHT TYJKHH y3yHaukJapH (4 +7,5)-10-7 M uHTepBasHH
srasnafiiv. Jlemak, KpHCTa/lJ NaHxkapaja BYXyara Ke-
JalHral Iu(QpaklLHOH MaH3apaHd oK EpyraHkl1aH ¢ohna-
JaHH6 aMaJra OLWHMPHIL MYMKHH 3Mac, LIl yHHHT YYyH TYAKHH
y3yuaukaapu (10-11+ 10-10) M 6yaran penmeen nyparapu-
XaH (ofinananum Makcaara MyBO(QHKAHP. By TampuGaHH
GupunuH MapTa 1913 fusana Jlays y3aunuHr xoxumJapH Gu-
JaH OuprajHkKna amaJara OLIHPAH.
da30BHA mnaHxapala AHPpPaKLHOH MaKCHMyMJApHHHT
BYXYAra KeJHIl WAapTHHH TONaAJMK- ByHHHr yuyH KpHC-
TaaHH OHD KaTop ¥Y3apo mapa/Jes TYPCHMOH TEeKHCJHK-
aap (2.11-pacmaarn XOVY Tekuc/urura napasnsena GyJaraH
A, B, C nap) nan ubopar ne6 TacaBBYp KHuaafinHK. Dy
TeKHC/IHKAap Ousan 6 Oypuak XOCHJ KHJHG napaJjfes
HypJap Tywaetrau 6§acuH. 2.12-a pacMia TaCBHpHy MYpaK-
Ka6mamTHpHO 1060pMac/IMK Makcaluaa mnapajnen pypJaap
HuuZaH ¢aKaT HKKHTacH, sbHH KYwHH A, Ba A, aToM-
sapra Tywaérrai / Ba 2 HypJap, Xamna 6y aTomJapiaH
Kafitaétran /' Ba 2’ wypaap kypcaruarau. By HYpaap opa-
cupary Bynnap ¢apxuuu Tonansuk. PacMaan KYpuHHILHYA
TYPCHMOM TEKHCAHKKA Tymaétran 2 Hyp I Bypra aparan 22
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b S W

2.12- a pacwm, 2.12- 6 pacm.

N, A, == A A cos8 macodanu kynpok 6ocub yrain. A, Ba A,
aToMJapAaH Kafitaérramia sca, akcuuua, / Hyp 2 Hypra
Kaparauzia A, N, s A A,cosb macodann kynpox Gocu6 yra-
nu. By macoganap y3apo rtedr. LLIyHMHr yuyH TeKIIHpH-
Jaétrad HypJapHUHT Ayanap ¢apku Hoara TeHr 6yaanm.
TypcuMoH TekucaukHuHr daxar A, sa A, aToMaapu smac,
6asxu 60lIKa aToOMJapHlaH KaWTaéTraH HYDPJAapHHUHT HYJ-
Aap Gapky XaM HOJIa TEHr 3KaHJWTHHU XYAAH WYHAal
MYJ0X03a/lap acocHia Kypcatum MyMkuH. [levak, xafitum
RyHajaumuiard HypJap 64p xua ¢asara sra 6yaanu. Jle-
KHUH 6y MyJaoXa3ajap ¢dakar GHTTa TEKHCAHKIA ETraH aTOM-
JlapiaH KadTaéTraH HypJap ydyH VPHUHJIHIHD.

PeHrren HYpJapHHHHI OHUD KHCMHTHHA KDHCTAJHHHT
SHI IOKOPH KaTJvlaMHJard TYPCHMOH TEeKHCJAHKIAH KadTaldH.
AxcapuAaT KHCMH ScCa KpHCTalJ HYHMra KHpH6G 6GopaiH.
Pentren HypJapHHHHr Gapua KHCMJapAard CHHAHPHM
KypcatkHuH 1ra xyna skHH. Bomkaua afirrania, peHTrex
HYpJIapH 3HT IOKOPHTH TYPCHMOH TekHcaHk (A) ra xauiak
6ypuaxk OCTHAA Tylica, KyfAMpokzaaru Tekucaukaap (8, C,

.. Jap) ra xaM XyRAu myHaalt 6ypuak OCTHAA TyWalH.
By rexucaHksaapiaH KaftraH HypJap HHTep(depeHiHsasa-
HMIMUIHHUHT HaTHXacH yJapHUHr fAyanap ¢gapgvra O60OFaHK.
Plynnap ¢apkuHu TomMim yuyH KpHcTaan Ouaan & Gypuex
Xocus Kuau6 TywaérraH mapaJuien HypJaap jxacracmpad {
Ba 2 HypsaapHu A! Ba B, aroMsapaaH KafTHIIHAA BYXYyAra
KeaaguraH #yanap ¢apkuau xucobnamr erapam. 2.12-6
pacMaaH kypHHHO Typu6auku (6y pacm A, B, C ... Typ-
CHMOH TEKHCJHKJAapHH 9H3Ma TEeKHCJHTH OHJIaH KeCHIIAIUN
tydafisu xocuan 6YyaraH mMaH3apaHH TacBHpJAAAH), H3JaHas
€rran fyanap papku

PB,+B,P, =2A,B,sinf =2dsin 6
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ra TeHr 6ysaaan. Arap 6y fijanap ¢apku Taxpubana Ky/a-
JaHu/1aéTral PeHTreH HYPJAHHIUHHHT TYJKHH Y3YHJHIHra
OyTyH kappa/su 6yJca, sibHH

2dsin0=k\ kw=0,1,2, ... (2.17)

mapr Caxapuaca, A, Ba A, aToMJapiaH KaitaéTraH HypJap
HHTeptepeHnHaiamnG OHp-CHPHHH KyuaATHpaniH. Xap 6up
TYPCHMOH TeKHCJHKAarn 6apua aTomJapiaH KafATHLI HyHa-
JUIIMAA TapKaJraH HKKHJaMud TYJKWHJAap 6up xuJa cdasa-
nla te6paHaiH. LLyHHWHr yuyH HKKH KYwHM A Ba B TeKHc-
Jukaary Capua atomJapiaH KafATraH HypJaap OHP-GHPHHH
KyuafiTupaiu. Kpucrasagars €apya TYPCHMOH TEKHCJHK-
sap opacuiaru macoda OHp XHA OYJAraHJMIdH yuyH HOKO-
pHAaru xyJocaHu ¢axaT HKKH KYIUHH TEKHCJAMKIarH aToM-
Jap yuyYHIHHa sMac, CaJkv KpHCTasipard Gapua aTtoMJap
Y4yH ymyMJamiTHpca 6yJanH.

Hewmax, (2.17) TeHrsama kpucraigard Gapya aTromJap-
JaH Ka#hTaéTraH HKKMJaMuH TYJKHHAApD ¥3apo HHTeH(pe-
peHuuanamué Oup-GUPMHM  Kyuahtupuul (audpakLHOH
MakKcHMyM Oepuw) wapTWHH Honanafian. By TeHraama
yHM Kalid 3TraH CJMMJApHWHT 1uapadura Byasg-Epsez
menenamacy ne6 arasaiu. By tewrsamamarn 0 Gypuak
PEHTI€H HYDJAPHHHHI KDHCTaJJ TEKUCJUIH GHJaH XOCHJ
KHATaH (AbHH Tywwuin OypuaruHu 90° ra TYJIIHDYBYH)
6ypuaxk OYau6, YHU cupnanuw COypuazu Rehnaanu. (2.17)
TEHrJ/ama accCHia KyHuaaru XxyJocajzapra KeJull MYyMKHH.

1) MOHOXpOMAaTHK PEHTreH HYPH KDHCTaJ/ara HXTHEDHHA
6ypuak OCTHAA TyliraHaa AM(Ppakuus Byxy.ara KeaMmaiau.
Judrakuusag Kys3aTHIl YYYH KpHCTaJHU Oypu6, YHHMHT
WyHJad EasHATJapMHM TONUII JAO3WMKH, OyHIa pEHTTeH
By pJap MHUHT cupranyul 6ypuard (2.17) wapTHH KaHoaTs
JAaHTHDPCHH. MacasaH, KaJlbUMT KpHCTaJuHra TYJAKHH Y3YyH-
Aury A = 1,64.10-°M 6yaraH peHTreH HypJapu TyIaér-
rad 6yJacut. Kaabuur kpucTaansHuur noumuiicu d = 3,029 X
X 10~19m. By xo.n1a OupHHYH TapTubau (& = 1) MaKCHMYM

A saoans
0 = arc sin 57 = 14°40

Oy puak OcTHAA Ky3aTHAalH.

2) sin 6 HuHr KufAMath 1 naH Karta Gyaa oJsMafiiM.
I yuunr yuyn (2.17) ra acocan, Gupunuu TapTHOAH (B = 1)
AHPpaKuHOH MakCHMyM A<2d mapr Gaxapuarad XxoJja-
rMHa Ky3ajuJaaH. Arap Taxpubaja KyJAsaHH/Ia€TraH MOHO-
XPOMAaTHK TYJKHHHHHT Y3yHJHIH A > 2d 6yJ/ca, HOMHHUM
TapTuban (k =0) nan Gowxa Gapuya AnPpPaKUHOH MaKCH-
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myMaap (k== 1; 2; 3; ...) ky3aruavaiiiu. By xoara tyxa-
KHH XyAAd OMD XHHCAH MYXHTHaH ¥TadTraHaeK KpuCTaaI-
AaH ¥3 AyHaJAMIIMHY ¥3rapTHpmaciad ytaau. Onataa xpuc-
TaJdA NaHXapaJapHHHUHT HDOMMHHACH d ~ (10—10-+10-9) M

yamacuaa 6ynanu. [emax, A=(0,40+0,75) - 10-% M Gya-
rad €pyFIMK TYJAKHHJIaD yuyyH Oapya KpHUCTaljJap ONTHK
JKUXariaH OUD XKHUHCJAH 3KaH, Aed 0JaMHu3. A > 2d TeHrcus-
JIMK 5Ca A TYJKHUH Y3YHJIUKJIW HYpJap YYYH KPUCMAAHUHE
onmuK Oup surcausur wapmi 6yau6 XU3MaT KHJIaiH.
Acamna 6y mapt daxar Hlean KpUCTaAaap YYyHCHHA YPHH-
ad. Pean xpucrannapiaa sca HMCCHKJAWK XapakaT Tydanau
NaHXapaHdHI TYTYHJapH opacHzard macodasap XaoTHK pa-
BuuIAa y3rapud Ttypaid. LyHHHr yuyH, XaTTo EpYFJIHK
HypJapH y4YyH Xau peaJ KPUCTaJJapHH TYJAa-TYKHC ONTHK
GHD XHUHCJAH KDHCTAAA 1eb affta osMafivMu3.

Byabd-Bparr TeHrnavack.ia yuTa KaTTaaMK —KDHCTaJ
NaHXapaHWHT AOUMHfCH d, HYDJaDHUHT CUDPNaHHW Oypyard
0 Ba TYJAKHH Y3YHJWUTH A KaTHawaau. Taxpudaiza Oy y4
KaTTa/MK1aH HKKHTacH MabJayM G6y.jca, (2.17) TeHraamanad
¢ofinanauud YYUHYUCUHHM aHHUKJALl MMKOHUATH MaBXKyHd.
Macanan, rtaxpubana KyJajaHWsaéTraH peHTreH HypJapu-
MUHT TYJAKHH Y3YVHJIUTH MabayM Oy.jca, CHpNaHUIL. 6ypuaryu
6 "4 aHukaad, (2.17) Tenrsnava acocuna 4 HH XHc06.1a6
TOMHII MyMKHH. ByHiah Macaaanap 6uJaH LIYFyJ/JMaHYBYH
dan 6YuMu penmeenocmpyxmypasuii anasu3 neb atana-
AU,

7-§. Toaxorpadus

[onorpatus neran usona rpekya ,holo* ,ryauk* Ba
.graph*  &3avap® cy3japuiad TamwKKUA TONraH 6yaub, y
OYIOMAAPHUHE MAUKL KYDUHLUUKL ,E3u0 OAUUL® HUHZ
Maxcyc ycyaury auraaraiv. By yeya 1947 fiuana uHraus
¢usuru I, F'aGop TomoHn1aH kamd Kuaunrad. [Togorpa-
duaHuHT MOXusATH OytoMAaH KeJaértrad (KafTHi® EXyn CH-
HUW Tydafiiu) HYDPJAHHIIHUHT TYJKHH (POHTHHU (HOTO-
nJjacTHHKara ka1l xuavw (8346 osaum), CYHr OYIOMHHHT
TACBHDHHH BYXYAra KeJTHPHI MaxKcagHza 6y GpPOHTHH
THK/AII1aH uOopar. _

Y xoana zorozpagusrunz gomozpapusdar dapxu
Humada? —peraH CaBoJl TYFUJHUILM MYMKHH.

doTorpadpusisa EpUTHACAH 0OBEKTHHHT afipUM HYKTaJapH-
XaH KafitraH HypJap ¢oTonsacTHHKa €xyad .(OoTONAEHKA
TEeKUCAUTHHUAT afipUM HyKTa/Japura OGBeKTMB E&plaMuia
doxycaanasd. Bynna GyioM Gapua KMCMJADHHUHT TacBUD-
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AapH pasliaH 6¥JaBepMaiiin. PoToannapaTHH GHPOP TEKHC-
AWKKA paBllaH KHJIMG MocCJaHradH GyJica, OYIOMHHHr 1y
TeKHCAMKAa &TyBYM HYKTaJapHHHHT TacBHpJapH paBuiaH
6yub uuKaav. DyioMHHHr 6y TekHcaHkAaH OepHPOKIaru
€KHM HapHpOoKJarH KMCMJIADHHHHT TacBHPJapH 8Ca YHYaJHK
@HHK 6Y/aMaiau. MacasaH, 6WHO OJAMAa TypraH OJaMHHHI
¢oTtorpadpuk TacBMpuaa oldaM rasiacH G6epKHTHO Typras
61MHO KHCMHHH ¢oTorpadusira Typ/uuya BasHsIEIapJiaH Kapa-
rai 6usadH Oapu 6up Kypu6 Oyamaiaun. Bynnaan Ttawkapu
OHHOHM OJaMJaH KaHYa/HK Y30K[Aa OMJAIUTaHJIHTHHH XaM
aHHKJa6 6YiMaiiiu. BHHO Ba OAaMHMHT TaCBHpJapH Oup
TeKHCJIHKAA KYypHHaiH. JlekuH ¢Qortorpadusara kapab 6u3
KHCMJaPHUHT (a3odard XKOHJNallyBH TYFPHUCHAA TacaBBYp
XOCHJ KHJaMu3. DyHHHT ca6ab¥—HWHCOH MHAICH XaxXMuf Oy-
IOMJIaDHH  YJIapHHHT §CCH  TacBUpJapura Kapa6 6uaund
OJIHILra ,YpraHu® KOJraHJHIHAHD®.

®dororpadpusiia TaCBHPJAPDHHUHT SCCHJHK XapaKTepHHH
KyfiMaaryya Tyl yHTHPHJaAH: (OTONJacTHHKaAa 6yIOMHHHT
afiDHM HyKTaJapulaH KaHTraH HypJapHHHr HHCOMA HHTEH-
CHBJMKJAPH Kafl KHJHHaAH, xoJoc. By Hypaap ¢asanapu
opacHiard MyHocabaTtHH (OTONJaCTHHKAHWHT KOpaHHIlIHra
Xey KaHnai TabcHpH AYK. Baxosanku, dasasnap opacuiaaru
MYHOcabar OYIOMHHHT afpHM HyKTaJapHHH (GOTOn.IacTHH-
KaJaH Y30KJHKJapura GOFJIHKIMP.

JeMak, O6ywomoan ka@mzaw wypaapruxz Paxam
amnaumy0asapuruziia Imac, 6aikin PasaarapunL Xam
gomonaacmunkada Kald xuruw YcYAUKU TONHUI JIO3HM.
By ycya roaorpabusaup. I"osoepagun mjakun onmuxa-
HUH2 acocull KOHYHAAPU—UHmepPepeHyUR 6a OuPPaAKYus
KOHyRAapudan goldaranuu acocuda syxcyodea Keaaou.

FosorpadusHuHr MOXUATHHH 2.13- pacMaaH ¢ofinanaHub
MyXoOkama KHJafiuk. Korepenr épyrauk JacTaCH WMKKHUra
axxpaTuaub, yHUHr GHp KHCMH Oyiom (5) naH KaiATH6 ¢o-
ronJactuuka (7)) ra Tywanu. By TYAKWMHHH cuzHaar mya-
KuUH €xu Oyiom myaxkur geduaasu. MKKHHYM KHCMH 3Ca
Kafitrapruy nJactuika (/7) naH xaitu6 QoronaacTMHKara Ty-
Wwaiu. YHU masany myAxux fefnaaid. By MKku rpynna
KOTepeHT TyJKHHAap (OTONJacTHHKal1a KYWHJAHO HHTEp-
¢epeHUHOH MaH3apa XOCHJA Kuaaiu. doronsacTHHKara Xu-
MHSBMA MIUIJAOB GepuaraHial cyHr owkop Oyaanuran Oy
HHTep(epeHUMOH MaH3apaHu zo0.102payma [e6 arajalu.
ConorpamMmaia GyiompaH KaliTraH TyJKuMHJAp, sbHH OYyIOM
TYJAKHH/JIaPHHHT aMnJMTYJa XaMiaa (pa3anapH TYFPUCHAArH
ax6opoTJJap Kaiil KuJuHCaH. XakukaraH, OylOM Ba TasH4
TYKHHAADHUHT (asasapH Oup xua 6y.ca, Oy Ty KHHIAP-
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HUHT aMIJINTY JaJapy K¥liH-
Aany. UIyHHHT yYYH MO3HTHB
roJiorpaMMaHHHr O6yHlaf HyK-
TajapH wadpdodpox (HeraTHB
rosiorpaMMaza sca XHpapok)
6yaanu. ByiloM Ba TasHu TYJa-

KdHJap ¢a3anapu moc 6yMa-

rad Tap3la erTH6 KeJraH ro- 7
JorpaMma HyKTaJlapd sca Ko- L ‘
POHFHUPOK O6yaanH. 5

2.13- pacMiarn 6yIOMHHHT
épuTHJIaéTral  HyKTaJapHaaH A
6upy — A HyKTaHM TaHJab
onafinik. By HyKTanaH tapka-
JaétraH cepHK TYJKHHJaAD 2.13- pacu.
¢doTonJacTHHKala ACCH TasHY

TYJKUH OusaH KYIIHJAHG HasGaT/aliyBud 8pyF Ba KODOHFH
Xa/lKayaJap IWaKJHAar# HHTepdepeHUMOH MaH3apaHd BY-
KYyAra KeaTHpalH. DyloMHH Tamikua sTyBuM Gapya HyKTa-
Jap HHTepPQepeHUMOH MaH3apa/JapHHMHT AHFMHIHUCH sCa Wy
6yloMra xoc 6y.araH Mypakka6 MaH3apaHd XOCHJ KHJaldH.

YMywMmaH, roJjorpaMmMa OAAHH KY¥3 OWJaH Kapa/iraHia
KyJ1 PaHrCHMOH TyC/la KYPHHaAH. JIeKUH MHKPCCKON OCTH/1a
HHXOAT Mypaxkkab MaH3apa HaMo€H 6yJjaau. By MaHsapa-
Jard HHTHYKa XHMMXHMMaAOD 4YH3HKJap (2.14- pacMra K.)
6uJaH pean 6ylOM opacHla Xed KaHAafi YXIalJIHK aJio-
Mat/apHHH Tonu6 GyJiMaiiaH. ByHra axabaanvaca xam 6y-
AajaM, YYHKH roJqorpamma dortorpadux TacBHp SMac-za.
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2.14- pacm,

4- 774
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JleMak, 6y IOMHUHT 00T paMMacH HOTEKHC XON/IalIraH HaK I -
CHMOH E€pyF Ba KOPOHFHM COXa/ap (HaBOar/aulyBuH HHTEp=
tdepeHuoH MakCHMyM Ba MHHMUMyMJap) AaH uGopar. [ly-
HUHI' y4yH roJIOTpaMMaHH KY31aH Ke4ydpH6 yHAa TacBHp-
JlaHran GyiomJap TYFPUCHAa Xed KaHOaff TacaBBYyp XOCHJ
KHJHMII MYMKHH SMac.

Y xoana zoaozpammada Kaid xuauxzax axéopom-
Aapoan gandald @olidozsanuw kKepax? BylOMHUHT roJor-
paMMacuiaH ¢ofinanaHH6 YHUHT TaCBHDHHH XOCHJI KHJHLI
YUYH roJiorpaMMara yHH XOCHJ KHJHIILA KYJJaHUJITaH
TafHY TYJAKUHHY TYIupaiink. ByHUHr yuyH roJorpaMMaHu
XOCHJ KHUJIMII KYPHJIMACHHUHTI ¥3HdaH ¢oflasaHHII MYM-
KHH, SBHU KOrE€peHT éPYF/IUK NacTaCHHUHT GUPHHYH KUCMHU-
HH (2.15-pacmra K.) 7" TycuK GuJaH 6epKUTHO KYIMH3.

TasgHy TYAKUHHUHT ToJorpaMmanard AuGpaKUUbCH Ty-
tafinn GyiOMHUHT TacBHpDJAapH BYyXyAra kesanu. ByHna
OYIOMHUHI afipuM HyKTaJlapura MocC OyJraH roJiorpavma-
Raru uHTepdepeHUHOH MaH3apa (IbHH HaBOarJawyByH EpyF
Ba KODOHFM XaJKaya/nap) Y¥3MHM MYCTaKWUJ TyTald, yJaap
TagHY TYJKMH Y4YYH OHQPaKUHOH mnaHxkapa Ba3u(acHHH
Vrafinu. Jlexun 6y maH:xapa aBBajard maparpabaa Ga€H Ku-
AUHTaH naHxapazaH dapy KuAaau: GUPUHYMAAH, THUDKHUI-
JaDHUHT Ba TYCHKJADHUHT WAaKJIH4 TacMacHMOH (2.7- pacm-
ra K.) smac, Gaaxu xanxacumonaup (1.12- 6 pacMra yxwau);
MKKHHYHM/laH, TaCMacHMOH AMGPAKIHOH NaHXapaHUHT E€DYF-
JAMK YTKa3yBuaHJMICH TacMaJlapra neprneHIUKy.Jsp Oy.araH
AyHaquwia KeCKHH V3rapaiu (apHH THpKUIl waddod,
TycHK sca momaddod). osorpammanary xaaKacHMOH NaH-
JKapana sca EpYFaIMK YTKa3yBYaHJWK CHHYCOMAal KOHYH
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O6yfvya y3rapaau. LLyHUHI y4YyH XalKaCMMOH TNaH)XapaHH
CHHYCOMZaJ naHxapa ne0 Xam atajganu. [lamxapa noumuiicu
(naBpu) Ba3udacHHK XanKauaHWHT sHM Gaxkapaau. By dapxk-
JIapDHH Ha3apjAa TyTral XoJia YTKa3H/rad XHCOO6JIapHUHT
KypcaTdmuua, OYIOMHMHT aJoXHia HYKTach Ty(aiiu By-
JYAra KeJITaH roJorpavMvanad, sbHH CHHYCOMJaJ MNaHKa-
palaH siCCH TasiHY TY/JKHHHHHI NudpakuUscHia yuTa AHd-
PaKIMOH MaKCHMyM Ky3aTHJaau: TasiHu #AYHaAWIIUAaryd
HOJMHuM TapTubau (£ = 0) makcumym xamaa -+ 1- Ba —1-
TApTHOJ/IM MaKCcHUMYMJap. bupuHunaas oKopu (8 =2;3; .. .)
TAPTHO/H MaKCHMYMJApHUHT HHTEHCHBJHKJApDH 3Ca aMmaJia
moAra TeHr 6Ysand. 2= — 1 Hypaap A’ HyxTana AHFuUING,
6yIOM HYKTaCHHHHI' XaKWKHH TaCBUDMHH BYXYATa KeJTH-
panH. 2==<4 1 Hypsap 3ca TapxKaJiyBuaH 6¥/u6, MaBXyM
TacBMP XOCHJ KHJadW (pacM.ia MyHKTHD YH3MK OWJaH Kyp-
catuaran). Ly Tap3aa 6yioM ajoXHia HyKTaJlapUHUHT Xa-
KMKMH Ba MaBXyM TacBMpJapu Xocu/a 6yaamu. By aca y3
HaBOaTvia GYIOMHHHT TaCBUpPJApUHH BYXYAra KeJTH-
paau.

Batb3an, ky3aTMliHM OCOHJALITHPUII MaKCalWiaa, roJo-
rpaMMaHH GOIUJIaHFMY TasgHY TYJKWH HYHaJWIINra Kapama-
Kapll¥ TOMOHIaH (pacMia uyan TOMOHJaH 3mac, 6alku YHr
TOMOHIaH) €putHaaAn. By Xosna xaKkuku#t tacBup OyioM-
HHHI WITapMrd YpHUIAA BYXKYNra KeJalu.

FonorpadusHuHr axofu6 XycycusiTaapuiaH sHa OuDH
IYHAaKH, TOJIOTpaMMaHMHI KHYMK OWUp OyJaKyacH XxaM
6yTyH TroJorpammalad ¢oHnanaHranfnariiek TacBHUDHH
GepaBepaiu. byHuHr caGabu Kyfinaaruua: OYyIOMHHHT Xap
OHp HyKTacHIaH couyuJaétraH chepuxk TYJKHHJIAD FoJQ-
rpaMMaHuMHr 6apua €puTtuaaérraH o3ura etu6 KeJjan; ¥3
HaB0aTH1a roJorpaMMaHdHr Xap OHp HyKTacura 6yloOMHHHT
6Gapua HyKTajsapuiaH TYJKuHAap Keaanu. LLyHuHr yuyyH
roJIOTpaMMaHHHT Xap 6uUp KHuHK Gysakuacuia 6yioM TYFPH-
CHIar¥ TYJAMK ax60pOT MaBXYyAAHp.

I 606

3JEKTPOMATHUT TYJIKWUHJIAPHUHT
MO A BUJAH Y3APO TABCHUPH

1-§. Epyrauk naucnepcusicu

HeiotoH Taxpubanap acocuna €pyradk JAHCMEPCHACHHH
kam¢ sTau. [ucnepcus AathHua ,dispergere® (,coumok)
CY3HOaH OJIHHTaH. YMyMaH, EPYFJIMK KHCNEPCHACH AEraH-
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Aa MOANAHHHT CHHAMPHII KYPCaTKHYH 7 HH EPYFIUK
TYAKHHHUHT OUKJMK dacroTacH » ra (8K Bakyywm Aard

2ne
TYNKHH Y3YHAHTH Ay Ta, YYHKH Ag= T) GOFNIHKJIUTH TY-

daiinn conup 6yayBud Xoaucanap TyuwyHHaaau. Xycycad,
Heloton raxpu6acuaa (3. 1-pacm) npusmara Tymaértras
»OK EDYFAHK® KH3UJARAH
Gmuaduaraya paHriaru
€pypPaHKAAp, CIEKTPIapHTa
axpajrad. Arap Typau
MO JalapA8H siCa/iTan
npu3MaJjap Tydaian oAHH-
raH cnexTpJaapHy 6Up-6HPH
6HJlaH COMMIUTHpHJCA, KY-
Aivaarusap Mabaym Gyaa-
au:
3.1- pacm. 1) 6up xua yacroTanH
(0 = const) Hypaap 6y
npuaMaznapia Typaxua Gypuakjapra ofaay;

2) 6Gup xua u9acTOTalap HHTepBaaH Aw = o, —w; Ta
Moc 6yaraH CHeKTp KHCMHHHUHIT KEHTJIHKJapH TYypJH
npuaManapaa TypJadua 6ysnand. Bynnpanw, moananap 6up-
Gupuaad ¢axKaT CHHAUDHII KYPCATKHUYHHHHT KHAMATJIApH
6usiaHruHa smac, GaAKH CHHAHDHII KYPCAaTKHUMHHHT €pYF-

NSO

AN\

JHK vyacroTacHra OOFJIHK- i -
JHUK QYHKUHACH 160
n=f@ @1

6uaan  xaMm ¢apxaaHany, e
Jerad xyJocara KeauHalH. 75
Tyuwaétran  3jekTpo-
MariHT TYAKHHIAPHHHT
4acToTa/JlapH OpTraH capH !
Gapua waddod MOJ1a/1ap- — Jo W
HHHT CHHAHpHII KYpcaT- 2
KHYJaDH XaM MOHOTOH pa- 3.2- pacm.
BdmAa opTHO6  6opaiu.
3. 2-pacMaa INMIIA YYYH 7 HHUHT o ra GOFMUKJHTH Tac-
BHpJaHraH. buHadma Hypsap xu3ua Hypaapra nucGaran
WHIIaAa KYNpOK CHHUIIM XaKMaard MabJayM ¢akT pacMaa
Y3 akCHHH TOMraH. Bupop wacToTanap unrepsasn A na
CHHAMDHII KYPCaTKHYHHHHT V3rapdiud Arn HH XapaKTep-
nosun An/Aw kartanuk ducnepcus yatosu BasH(aCHHH
5§>Kapaz1u. YacToTa opTHIIM GHAaH MOJNAHHHT CHHIMPHII
KyPCaTKHYH XaM OpTH6 OGopca, abHH An/Ae >0 6yaca,
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6y Monnaiard E€pyFJHK- n
HMHT AHCNIEPCHACH HOPMAA
ducnepcus nefiunanu. Arap
4yacToTa OpTHIIH OHJaH
MOJAJAHUHT CHHAHPHIL
K{pcaTKHuH{ KaManca

(3.3- pacMparn o, JAaH®,

raya uacToTajap HHTep-
BaJHrax.), spEH A n/A 0 <0
6yaca, 6yHnan moajalaru
€PYFJMK  AHCNEPCHSACHHH 3.3- pacu.

anomaa oucnepcus nehu-

Jgafd. lluma yuyH oK €pyTrJMK CoXacHHHHT 6apua KucCM-
Aapuja HOpMaa Aucnepcus, yJapTpaGuHadma Ba HHDpa-

KH3HJ COXaJapHHHHT 0aB3H KHCMJApHAa aHOMaa AHChep-
CHfl Ky3aTHJalH.

R

ow
w;

2-§. JIucnepCHAHHHT 9JEKTPOH Ha3apHsICH

EpyraukHuHr Moala GusiaH ¥3apo TabCHPMHM TYaa
H30XJall Y4YyH MOAJafaru 3JeKTPOHJAPHUHT TYJKHH XyCy-
CHATJAPHHH Ba €DYFIHKHUHT KBAHT XyCyCHATJApHHU XHCO6ra
OJIHII KepaK. JIGKHH IHCNePCHS XOAHCACHHH TYIUIYHTHPHII
yuyH €pyFIHKHH 9JEKTPOMATHHT TYJAKHH 1e6, MOAJAa Ty3H-
JHIIHHH '5Ca SJEKTPOH HasapHs acOCHAa TaCaBBYP KHJHII
erapay. Moaaa Ty3HJHLIHHHHT SACKTPOH Ha3apHsaCHUra aco-
caH, JXHCM S5/IeKTPOHJap Ba HOHJaplaH TalIKWJ TONraH.
Yanap sneKTpOMarHuT TYJKHH TasCHPUJA TYJKHH Te6paHHLI-
Japura MOHaHA paBHIIla TefpaHMa XapakaTra KeJagH.
EpyFauk TYaKuHJapHUHT Te6panuw.Japu (10 +10") 'y
HHTepBaJfa coAup OyJaaiaH. DJEKTPOMArHUT MaHIOHHUHI
6yHuYa/ MK Te3 ¥3rapHIHHH MaccajJapd €TapJ/Hya KHYHK
6yaraH SJEKTPOHJaprHHa ce3umra yJarypaad. LHyHuHT
YUyH €PYFJAMK TYAKMHJADHUHT XXHCMra TabCHPHHH XHCOO=-
Jamjaa €pyFJHKHHHT @JeKTPOHra TabCHPHHH XHCOO6Jai
6usaH uerapaaaHu/ca 6yJ/anu.

XKucvpaH eJEKTPOMarHUT TYJKHH YraétraHaa —e
3apsnJH Xap Oup saekTpoHra saekTp kyu (F,, = —¢E)
Ba JopeHTl Kyud (Fp= — e|VB]) Tabcup kuaauu:

F=F,+F,=—c¢E—¢e[VB]. (3.3)

XHCOGJapHHAT KYypcCaTHIIKHYa, JOPEHTL KYUH SJEKTp
Ky4yZaH MHHI MapTaua KH4HuK. LHyHHHr yuyH (3. 2) nHarH
HKKHHYH XalHM XHccOra oAmaca xaM 6y.anu. Haruxana

53



8JIeKTPOMArHUT TYJKHHHHHT SAEKTPOHra TabCHP OTYBYH
KYYHHH

F=—¢eE =2 — ¢ E;cosnt (3. 3)

waxauia uponanam MymkuH. Bynna E; — sneékTpoMariur
MafijoH KyusaHraHJaurd E HUHr aMninTysa Kufivat, o —
TYJAKUHHHHT LHKJWK 4acTOTacH. DHDHHYM SKHHAaIKIMAZ
(3. 3) kyu atoM GuaaH HHXOAT 3aud GOFJANTraH 3HI YETKH
SJIEKTPOHJIAPHH CHJ/DKHTaAH, Ae6 Xucobjaml MyMKUH.JISKHH
6y aneKTpOH GUJIaH aTOMHHUHT KOJIFaH KHCMH OopacHuiaa y3apo
TaBCUPJALIYBYH KBa3U3JACTHK KYy4 XaM MaBXYAKH, Y 3JeKe-
TPOHHH OJIHHCH BasHATra KaATapumra Xapaxkat KHJaAH.
By kyu x cusxHWIra nponopuHoOHant:

Fﬂaﬁr = — kX
Haruxana Maccacu m, 3apsfiH—e GyiraH 3JeKTPOHHHHT
TeOpaHHIIHHA

m%:—kx—eb‘ocoswt (3. 4)

TeHI/IaMa GuaH Hdonajaul MYMKHH. By TeHriaMaHu m
ra 6yau6 Ba TeOpaHHWIHHHI XYCyCUfi YacTOTacH YUyH
k& P .
©) = — Geirnnawiad ¢o#nananus (3.4) Hu Kyhumard

HiaK/ra KeJTupaMus:

dx e
T = —wex ——E, cosu t. (3. 5)

By TeHrsaMaHuHT euumu

X =x,Co80f (3. 6)

kypunuuina Oyaanu. Bynna x, — Makcuman cumxum. (3. 6}
HH (3. 5) ra Kyhub x, HUHr KHfiMaTH yuyH

e
_;on

hETTTS (3..7)
uonann xocun Kunamu3. VIKKHHYH TOMOHIaH, 3JEKTPO-
MarHuT TYJAKHH TabCHPHUAA 3/MEKTPOHHHHI CH/DKUMIHU Ty(Qafi-
JIM BYXY/Ara KeJraH aTOM CHCTEMaCHHH 3JeKTp AUNOAbL Jel
TaCcaBBYD KHJHII MYMKHH. By JHNOJHHHr eJKacH £ CHJA-
HHUMra TeHr. ¥ XoJja MaKkCHMa/l CH/KHW coaHp G6yJaran
OHJiarH AHNOJHHUHT 3JIEKTD MOME HTH p, == — ¢ x, FagrTenr
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Mo naHHHT GHPJHK XaXMUIarH aToMJap COHHHU N nel
Gearunacax, KyTOJaHHII BeKTOpH P HHHT KHAMATH

N e2

“m 0
P=N'p.=m. (3.8)
Kyunauranauru £, 6§aran saexktp Mafiioniard MoAzLa
yuyH P HHHr XuAMaTH MasKyp MOJJaHHHT JIH3JEKTPHK
Kalya KHJYBUAHJIHTH %, €KH JH3JEKTPHK CHHIAHDYyBYaH-
JUrH € (yJap opacuzna ¢ s= 1 + %, GOFJaHMII MaBXynd) Op-
KaJqH Kyhujaaruya ndonanaHaiu:

PaxegEy=(—1)e, Ey (3.9

(3. 8) Ba (3. 9) udoaanapHu COMMIWITHPCAK,

e?

—

' N m
= L 3. 10
¢ 1 + g9 w2 — w? ( )
MyHOcabaTHH XOCHJ KHJAaMH3.

MaxkcBeasr Hasapuscura acocad, AH3JEKTPHK CHHIJIHPYB-
YaHJIMIH €, MarHHT CHHIAMDYBYaHJUrH p OyJaraH MyXuT-
Jla 3€KTPOMarHHT TYJAKHHHUHT TapKaJHIl TE3JHTH

[4
T vep
ra TeHr sfH. MyXUTHUHI CHHOHpHII KYDCaTKHUH 721 3Ca
SJIEKTPOMArHHT TYJKHHHUHI BaKkyyMJard Te3JIMTH ¢ HH
MYXHUTIArd Te3JHIH U ra HHC6aTH GuJaaH aHUKJaHalu:

4
ﬂ,=;- Eh o

Kynunauk xoasapna p =1 6yaranu yuyH

ndona xocua 6ynanu. (3. 10) nan ¢eiinananu6 (3. 11) Ha
KyAHJary KypHHHIuga €3a OJaMM3:

e3
= 14y _m 3. 12)
gy Wy — w2
By ¢opmyaa acocuaa xucoGJaaHraH 7 HHMHT KufiMaTJapHHH
© ra OOraHKAMK rpadpuru 3. 4-facMaa TacBHpJaHraH.
YMyMaH, MYXHTHHHI CHHAMDHII KYpCaTKHYH TYJKHH 4ac-
TOTaCHra MOHaH/ paBHIIAa OPTH6 GopaiH. JIEKHH TYJKHK
YacTOTacH w MYXHTJaru 3JekTp 3apsAJap XyCycHR Tebpa-
HUHIUJIApPHHHHT YaCTOTaJapullaH OHpM ©, ra sKHHJAlUradja



IV n HUHC KHAMarH KecKHH
OpTHO KeTaaH. ® HHHT KHH-
(——— Hasapus’ MaTH ®, ra IOKOpH 4acTo-
TaJap TOMOHH1aH IKHHAIlI-
raija sca 72 HHHr KUAMaTH
KEeCKMH KaMafHb KeTaldH.
Bowkaua aftranaa, © HUHT
KHAMaTH ®, ra IKHH 6ya-
7 raH coxana n == f (o) QyHk-
/ UHA Y3HJIHUITA Sra GYaanH
: (3. 4-pacmMzardH  nNyHKTHP
“p “  yusuk). Bynunr ca6abu Ha-
3apHil MyJ0XasaJjapia re6-
paHMa XapaKaTHHHI' CyHH-
IMHHY XHCOGTra OJHHMAraHJ/HrHIUP.

YMywMmaH, Te6paHyBUH MXKHCMHUHT MYXHTAard HilKajaHH-
mH Tydalkad cyHum conup Gyaanu. Kypuaaétran xo.ana
8Ca ,HIIKaJaHHII® 3JeKTPOMATrHUT TYJIKUHHUHT GHD KHC-
MHHH MYXHTAA IOTIJIHIIK Ty(aliJ1 BYKYAra KeJaH.

Epyrauxk TYAKUHHMHT 3JeKTpP MalLOHH TabCHpHIA
MYXHUT aTOMJApHHHHT 3/]EeKTPOHJapd TeOpaHMa Xapakarra
Keau6, UKKUJAaAMuH TYJAKHHIApD MaHOaura ai/aHHG KOJamH.
HMkkuaamuu TyaKkuHaap GupaaMuu TYJAKHH OHJIaH Kore-
pPeHT 6Y¥aanu. By TYJAKUHJIapHUHT ¥3apo HHTepdepeHuHd-
JalMIIH HATHXKACHAA BYXYAra KearaH TYJAKHH aMIJIHTY-
JacH TymaétraH (AbHH 3JEKTPOHJApHH  TeOpaHHUINra
MaxxGyp sTaéTraH) TYAKUH aMIIUTyAacHOaH ¢apk KHJIalH.
Bomxaua aiitrania, s/eKTpoHHM TeGpaTHiura capdaanrad
SHepPrusHHHr 6GapyacH HKKHJIaMuM TYJKHHJap cudaTHas
HYDJaHTHDUJIMaNAH. DHEePTrUAHHHC OMP KHCMH aToMJap-
HHHT XaOTHK XapaKar SHEepruscHra (AbHU HCCHKJHKKA)
afanagu. LUIyHMHr yyyH EpyFauk OHpOp MojzanaH yr-
raHia, YHUHT HHTEHCHBJIMTHHMHI KaMmafHlH, sSbHH EpyF-
JHKHUHT IOTHJAHWY COOUDP OYnaid. EPYFIHKHHUHT IOTHIWLIH,
afiHUKCa, pe3oHaHC 4acToTalap COXacHla HHTEHCHB 6YJanu.
By 1oTHaHm saexTpoHsap Te6paHUUIHHHHT aMIJIHTYNACHHH
yeksafiin. Hatnxana nwf(w)
GyHKUHAHUAT TaxpuGala Ky-

~———-

— Taxputa,

3.4-'pacm.

saTusajgurad rpadpuru (3. 4- L S
pacMIarH  y3aAyKCH3 YH3UK) —_—]

wo aTpo(PHa XaM Y3HJIHG KOJI- é:::* )
Mafinn. Bas3u xucMaapaa pe- —— [,

SOHaHC yacToTaJlap GUD HeuTa
6Ynanu. LyHumr yuyr TYy-
WaeTraH €pyFM:KHHHI 4acTo- 3.5- pacm.
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TacH 6y pE30OHaHC 4acToTalapra sKHH OYJraiaa IOTHJHII
KeCKHH OpTHO KeTalH.

YwMymaH, TaxpHOGanapHHHT KYpcaTHUIHYA MOAAAAAH YTYBYH
EpYFAHK HHTeHCHBJHTH (3. 5- pacM) 3KCNOHEHUHaN KOHYH
6yfAnya y3rapanu:

I=1Ie— 3. 13)

By udponana /, — xHcmra Tywaérrai épyFAHKHHHT HHTEH-
CHBJIMTH, | — KaauHaurd [ 6yaran XHcMDaH yTraH &pys-
JIMKHHHI UHTEHCHBJIMTH, % — IOTHAHI  KO3®duuHeHTH Ae6
aTafajHraH Ba XHCMHHHT XyCyCHAITIapHra OOFaAHK 6V.J-
rad karraauk. (3. 13) ¢opmyaa 1729 #usaga Byrep Tomo-
HHIaH aHMKJaHraH. LyHHHr yYyyH YHHHr HOMH OHJaH
byeep nonynu 16 aTtanaiH.

Byrep KOHyHH.I1aH * HHHT (QH3HK MaBHOCH KeJH( YHKa-
AH. Xakukatau, [w==1/x OYyaca, [/ =1I,/e ra aiaaHaiu.
ByHian, wHCM/iaH YTaéTraH E€pYyF/aHK HHTEHCHBJMIHHH €
MapTa KaMaHTH[aAMraH KaTJaMHUHT KaJHHJHCHTa TecKapH
6yaraH KaTTaJHK MOTHJAHW  KO3pdHUHEHTHIHp, JeraH
XyJocara Keaamu3. 2Kucmzia €pYFAHKHHHT IOTHJIHII KO3(-
¢HLHeHTH XYAAH CHHAMDHII KYpcaTKH4yH KabH, Tylaét-
ral épyFJIMKHHHI 4acTOTacHra GOFJHK.

3-§. BaBu1oB- YepeHKOB HYpJaHHIIH

C. W. Basuaos pax6apaurusa vwnaérrad I1. A. Ue-
penkoB 1934 finaia HypJaHHIWHHHT SHCH TYPHHH Kauwd
KuaaH. KefinHuaank, 6y HypJanHw Basu.ros — Yepenxos
aggexmu ne6 HOM oaau. UepeHKOB ¥3 Taxpubaaapuia
raMMa- HypJap CYIOKJHK OpPKaaH YTraHaa XaBO paHr TycC-
JarH KYy4CH3rHHa HypJaHHW  BYXYAra KkenaérraHWHH
nafixaau. Maxcyc TaxpuGanap acocHia HypJIaHHLIHHHT
BYXYyIra KeJHIIHra ramMma-HypJap OHJABOCHTa ca6abyu
IKaH/JHIrH, SBHH TramMMa-HypJap CYIOKJHK aToOMJapHlaH
yPpHO6 uyHKapradH Te3 XapakaTJ/laHyBuH SJeKTPOHJAp Ky3aTH-
AaéTrai HYpJIaHHILHH BYXYAra KEJTHPHUIH aHHKJaHIH.
JlexuH Oy HypJaHHIU SJEKTPOHJAp TOPMO3JIaHHUIWHHHT
MaxcyJ/H 3Mac, YyHKH Ky3aTH/JaéTraH HYPJaHHIIHHHT HH-
TEHCHBJHI'H  3JEKTPCHJAp TOPMO3JaHHIUH HaTHXKacHAa
BYXYAra K€JHIUH MYMKHH 6YAraH HypJaHHII HHTEHCHB-
JHrHiaH OHp Beua MapTa OPTHK 3IH.

By xoauncanuur Haszapuacuud 1937 fuana V. E. Tamm
Ba . M. ®pank aparau. 1958 finana Yepenkos, Tamm

Ba PpankapHHHET HwaapH HobGeab MykodoTH GHiaH Tak-
LHDPJIAHIH.
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BasusoB — UepeHKOB HypJ/laHWIIM Ky3aTHJIaETraH Xo0J-
Jnaplla 3J4eKTPOH Te3JUru €pyFJAHKHHHT Te3J/IMrHlaH KarTa
3KaH/UrMra Hasapusla ajoxHia 3bTHOOp OGepuadaH. JlacT-
2ab, 6y Gbukp HHCOMAJNMK Ha3apusicura 3un 6yaub Kypu-
Hadau. JlekuH, acaMjia HUCOHAJMK Ha3apusaCH IOKOpHAard
¢duKpra MyT/]1aKko Kapmd sMac. HucGuAJIHMK Hasapusicura
acocat, 3apsiJiaHraH 3appa JOHMO EpYFJAMKHHHT BaKyyM-
Jard Te3JHTH ¢ JaH KHYHK Te3JHK OHJaH XapakaT/aHWIIH
J03UM. XaKHKaraH, 3JeKTPOH BakKyyMAa EpYyFJHK Te3JH-
THAaH KaTTa Te3/JHK GHJaH Xapaxart/aHa oJMaiid. LIyHuHr
YuyH Xauv BakyymAa Basusios — UepeHKOB HypJaHHIUHK
Ky3aTuaMa#iiu. JIeKHH CHHAMDHII KYpcCaTKuuu 72 GyJarad
MYXUTOA Ba3suaT y3rauda. DyHna#t MyxuTia EpyFAHKHHMHT
das3aBuil Te3Urd & = c¢/n. By Te3/MK ¢ AaH KHYHUK, YYHKH
7> 1. UlyHuHT Y4yH XHCMAaH YTaéTrad 3JeKTPOH Epyr-
JHKHHHT 10y JKHCMJAaru Te3JHMIH 4 JaH KaTta (JeKHH
8pYFJIMKHHHT BaKyyMAard Te3JHIH ¢ JaH KHYHMK, a/16arra)
Te3JMK GHJaH XapaKaT/JaHHImHM MYMKHH. Bomkaua a#itras-
la, 3JIeKTPOHHHHI XHCMJaH yTa&TraniarH Te3 urd v yuyH
Ky#AHaart

e>v>— (3. 14)

wapT OaxapuJranaariia Basu-
/0B —UepeHKOoB HYPJaHUIIU KY-
3aTujald. MacanaH, Cysra xof-
namtupuaran Co® wu3ortonuaan
TapKa/a€Trad I0KOPH 3Heprus/H
6era-3appa/iapHHHT Te3JIMTH
0,8-cra teur. CyBaa épyrauk-
HHHI TapKaquil Te3JIMIH 3Ca
0,75 -¢ ra TeHr. lllyHunr yuyn
Gy xo.11a BasusoB — UepeHnkos
HypJaHHIIH  Ky3aTHJaiH. DBy
HypJaaHum Oapua ARYHaauuJjaap
6yiinua amac, 6aJKH YKH 3JeKT-
POHHHHT Xapakar HyHaauuwu Gu-
JaH MOC TyHiIrad KOHYCHUHT
sicCOBYUJIapH 6V#aab Ky3aTuaanu
(3. 6- pacm). Hypaanuw 6ypuaru
6 HUHr KuiimaTH

cosf= % 3. 15)

MYHOCadaTiaH aHMKJaHalW. Xa-
3.7- pacM. KHKaTaH, 3JeKTpOH/ap JacTacu-



HUHI HBYHa/WIIMra NepneHAUKYJsSD paBuulla paHrad ¢o-
TOMJIEHKA XORNamTHpcaK (3. 7- pacm) P xHCMIaH YHKaéTraH
HypJaHum GOTONAEHKALA XaBO PaHT XaJ/iIKaua XOCHJ KHJalH.

Basunros—Yepenros nypaanuuwurune 8yicydza Keauus
Mexanu3mu KyRHlardua: 6HDOp MYXHTAA Xapakar/aHaéT-
rag 3sapsaiJid 3appaHdHT 3/eKTp MalLoHu Oy 3appa HyJu-
Jard MyXHT aTOMJApUHUHT YeTKH 3JIeKTPOHJIaDHHU fA4pOo-
ra Huc6aTaH CHJDKHTHWHK Ty(afad 3/JeKTP AHNOJAJapH
BYXYyIra Kesaiu. 3appa 6y coxalaH JyTu6 KeTray, Au-
NnoJbk HOpMaJ XoOJiaTra KaHTHO 3JeKTPOMAarHuT TYJIKHH
HypJlaHTHpaAHW. J[lunoasap HypJaaHTHpPa€TraH 3JieMeHTap
TYJKHHJap y3ap0O KorepeHT 6Y.au6, yJIapHHHT HHTepde-
pexuuscd tydadtan (3. 18) MyHoca6aT GHJaH aHMKJIaHYBYH
HyHajuwaan G6Gowka Oapuya HYHaJHILJapAard HYypJaHULI
cyHaau. lyHuHr yuyH Taxpubala dakaT 3apsgi/d 3appa
TpaeKkTopHscH GuaaH § Gypuak XOCHJA KHJIHG TapKanaér-
ral HypJIaHHII Ky3aTHJalH.

BaBujioB — HepeHkoB HypJaRHIIM [OKOPH 3HEPTHUsIH
3appa/qapHHHI Te3JHMKJapHHH YJuyalllla KeHr KYJ/JaHHJ-
MOKa.

IV 606
EPYFIMKHUHIT KY TBJAHUIIU

1-§. TaGuuit Ba KyTtOJaHraH €pyriHk

Ouaunry 6o6napla Kail KHJATaHHUMH3LEK, EpYFJIHK
HypJapd TYJAKHH y3yHaukJapu (0,40 +0,75) - 10—% M uH-
TepBa/jjard KYHJAa/JaHT 3JeKTPOMarHuT TeOpaHHUI/NapHUHT
TapKa/auil HyHaaumJjapuiup. Ky€m €xu 1mwamiad Tap-
KaJjaétraH €pyFJHK HypJapH JeraHaa wy MaHOGaHUHT
aTOMJiapH (3/1eMeHTap ,HypJaHrHy“ Jap) JdaH uyHuKaérrad
EpYFJMK TYJKHHJIAPHHHT apaJaliMacd TyIyHHJaAu. EpyF-
JHK MaHOQUHHWHT YJ/uamJiapH KaHYalWK KHUYMK OYJMacHH,
6apubup, yHIAarH ,HypJaaHTH4Jap“ COHH HUXOAT Kyn 6¥Ja-
Au. Dbomkaua alfiTranna, xap OHJa MaHOalard MHUJJAHapA-
JAa6 atoMaap TYJKHH HYypJaHTHPHLIHM TyrajaJjaca, MHJ-
Jdapinaé aToMJap 3ca TYJKHH YHKapHIIHH OOLlJaiiH.
Arap Gy aJeMeHTap 5JeKTPOMarHHT TYJKHHJAAD HYHAaH
UXTHEpUEl OMUTTACHHH aXpaTcak, YyHH Hyp HYHajaumiura
(7bHY HYpPHHHT TapKaJHLl Te3JUrH V BeKTOp HYHaJ/MIIHra)
NepneHANKYyJIap XaMla ¥3apo TepneHAHKyJasp O6yJ/rad
E Ba H BexTopsiapHuHr TeGpannumJiapu cudaTvia TacaBByp
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n

70:50@%/«/ TIOKUL Ui

4.1- pacwm.

Kuanmhivu3 Kepak (4.1- pacm). Bynia E Bexktop TeGpaHa-
JHraH TeKHCAUKHH mebpakuus mexucauzie Ba H Bek-
TOPp Te6paHalHMIaH TEeKUCAUKHH KYMOIQHUL meKucAu2i

neb6 artananH.

JIeKHH TacBHPHH SXKOJMJAWTHDHIN MaK-

caiuia 3/JeKTPOMarHHT TYJAKHHHH ¢axaT E BeKTOpHHHT
TeOpaHHIIaDH cHdaTHAa aKC ITTHPHIN OAAT TYCHra Kup-
raH (4.2-a pacm‘a K.). bu3 xauv wyvHra avan KHuJalIHK.
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4.2- pacm™.
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4.3- pacwm.

4. 2-a 8a 4. 3-a pacuaap-
la TacBHpJaaHraH €pyr-
JUK TYAxHHJap, AbHY E
8eKmo-aaprunz  mebpa-
Huwrapuy paxam Gumma
merucauxda cooup 6yjaa-
ouzan EpyrauxK myaKuH-
Aap Accuw  KymbOaanzan
Epyraux 0e6 amanradu.
Jemak, TaSHuil EpYFJAHK
MaHOAHHHUHT aJoXHla aro-
MHAaH OHp HYDJAAHHIL Ka-
paéHulla YHKapHJITaH épyr-
JHK 'rym(m{ sAccH KyTOaaH-
ral épyraHKKa €pKHH MH-
coa  Oynamu. KeAHHTH
pacMJaapAa TeGpaHum Te-
KHC/IHFH YH3Ma TEKHCJAHIH
OHJaH MOC TYUIaJHIaH ACCH



KYyTOJaHraH €pyFAHKHH V BeKTODHHHT AYHa/iMIIMra nep-
NMeHIHKYASP YTKasHaran OHp KaTop YH3HKYaJap OGHJaH
TacBHpJaiMH3 (4.2-0 pacM). TeOpaHHII TEKHCJIHTH 4YH3Ma
TEeKHCJHTHra nepneHiukyJsp OyJaraH scCH KyT6JaHra"
E€PYFJAHKHH 3Ca V BEKTOp AYHaJHIIMAarH OHp KaTop HYyK-
Tasap GuJaH TacBHpaafiMu3 (4. 3-0 pacwm).

IOkepunarn MyJaoxasanap Ttabuuit @pyraWKk MaHGau-
HHHT aJOXH)a atoMd GHp HypJaHHII kapaéHHAA 4YHKapa-
AMraH TYJKUH TH3MacH YuYH YypuHAH. HypJaaHuln xapa-
énu TaxMmuHaH 10—% c namom 3Taiu. ByHna yukapusanu-
rai TYJKHH TH3MacHHHHT Y3YHJAMTH 3 M yamacuia 6yand.
[llynnad cYHr aToM TYJKHUHHHHT SHTH TH3MacHHH HypJaH-
THPDHIIK MYMKHH. JlekHH ©6y Tu3mazari E BexTopHuHT
AYHaJHIUH OMNAHHTH TH3MaHHKH OusaH OOFJAHK Oy/amafiu.
Tabunit €pyraHK MaHOaWJard TYpJH aTOMJaaD HypJaH-
THpa€TraH TYJKHHJAapHuHr E BekTopJapH 3ca TypJHua
HyHaauwaarra sra 6yan6, Capua HyHaJ HINJIAD TEHI 3XTH-
MoJAHAHp. MacanaH, épyFJaHK HypH MaHOalaH Ky3aTyBuH
TOMCH TapKaJa€TraH xoJ/la ,HVpJaHrdu* japaal TapkaJa-
éTtrad TyJKuHAap E BekTOpJaapuHHHT OGHpOpP OH.UarH oro-
rpabusacu (xaéavit) 4. 4-a pacmaarufek Oy.anu. Dywnnai
€DYFJHKHH Tabuuit épyFanK €kH KyTOJaHMaral épyrauk 16
aTasnalH. YMyMaH, mabuuii épyr-
AUKHIL 0apua GiHaauwaapoa-
2u sccu Kymbaaxzan épyF.auK-
AQPHUNZ apasauwmacuy cugpa-
muoa macassyp Kuaca Xxax
0y.zaou.

Arap @épyraMKk TapkHOHIa
6upop HyHajHIIAard TeSpaHull-
Jap OouiKa HyHaaHILJaplard
TebpaHuinIapra KaparaHia kym-
poK 6yJca, XHCMaH KYyTOJaHraH
€pDYFAHK OHJAH HW TYyTaéTraH
6Yaamu3 (4. 4- 6 pacm). Kucran '/
xymbaarnzan €EpPYFAUKHL ma- '
Cuuli 6a sccu KYymOAGH2AH

!
EPYFAUKAAPHUNZ APAAAUMACE \\\\“’//
cuggamuda macas8yp Kuauuw 2
MYMKUH., /“\
2-§. Epyramkmunr gafitmwmga /

Ba CHHMIIZA KYTOJaHHIUM

Ta6uuni épyrauk MaHbGanian
‘TapKaJaéTrai €pyrJHK KyTOJ/aH- 41 a0
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Marad 6Y./alH, SbHH Hypra
nepneHaukyJasp Gapya Hy-
HaquapAard TebpaHuIn-
Jap MaBXynA 6yJaanu. Jle-
KUH Tabuufi €pyrJHKIaru
6ab3u AyHasnumaap 6yfHua
conup 6y.yBun TeOpaHHuII-
JIapHH CyCaHTHpHIN, XaTTO-
KH MyTJaKo HYKOTHII yCYJI-
n1apu XaMm 6op. llyHna#
yCyanapHUHT OHpH Onjam
TaHUIUAH/IHK.
4.5- pac. Taguuit €pyrauK HYpH
MKKH 1H3JEKTPHUKHH axpa-
TMG TypyBUM uerapara Tywa€TraH 6yacuH (4. 5-pacm). ¥
kucMaH Ka#iranu (/' Hyp) Ba Kucman cuHazm (I” Hyp).
Taxpubanap I’ Ba I’ Hypsaap KucMman KyTOJaHTaH SKaH-
JMKJaDHHH KypcaTaAH. Jlekun [’ Ba [’ wuypaap ¥3apo
neprneHIMKyaaAp OYyAraH XoJda KaiTysud HYp TVyJa KyTO-
JaHraH 6Yau0, yHUHT TeOpaHHwapu TyWHII TEKHCJIUTHra
nepneHAHKyAsAp OyJaraH Texkucaukia coinp 6y.1aiu (pacMm-
za Oy TebpaHHWJap HyKTajsap &piavui1a TaCBUPJaHTaH).
CuHran Hyp 3Ca KMCMaH KyTOJjaHrad 6y.aiu. 4. 5-pacMmia
6y Hyp wapTJ/Ju paBHUAa HyKTajap Ba HYp HYyHaJlMIIHra
neprneHARKyasip KHJAWG YTKasuaraH kecmauanap Tap3uia
TacBUpJIaHTaH. KecMauanapHu HyKTajapra Huc6aTad Kym-
JIMTH 3Ca CHHIraH HYPHHHI TapKuGHaa TYLIUII TEKHCJIHTH-
jJard TeOpaHumap OOIIKa HYHaqHInjdapiard TeGpaHHLI-
Japra Huc6aTaH KYNPOK 3KaHJIHTHHH GHJLHPalH.
leomMeTpHK ONTHKAa KOHYH/Japura acocaH, HKKHHUH
MYXHUTHHHI OHDHHYH MYXHTra HHUcGAaTaH CHHAHpHII KYp-
CaTKHYU 71,; HUHT KHHMATH Tywuw Oypyard CHHYCHHHUHI
CHHHMWI 6ypyard CHHycHra HHcOaTH OUJaH aHHKJaHaIH:

sin ¢

N, =8 ——,
2 sinr

4. 1)
WMkkuHuM TOMOHIaH, 4. 5-pacmaan ¢ohiananub, i+ r =
= /2, ferad xyaocara Kenamu3s. lllynuur yuyn (4.1) uu
KyHujiaruua y3rapTHpH6 €3a cJaMmus:

sini sini sini .
I =Snr ™ T ; =1g i 4. 2)
sin(-2-_,)

By Mmynocabatuu Bprocmep konywu 1e6, i GypuakHd 3ca
Epiocmep Gypwazu (€xu Tyaa KyT6JaHHm Oypuyard) Ae6
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jopuTHJaanM. Macanan, wuma yuyH (7 = 1,563) Bpiocrep
Gypuard 56° ra skuH. Bomkaua afitranna, TaGHMui €pyr-
JHK HypH WIHIIA nJacTHHKara 56° 6ypuyak XOCHJA KHJIHG
TYIIHPHJICA, KaATraH Hyp TYLIMM TEKHCJHTHra TNeplneHAH-
Kyasp HyHaJaullfa TyJa KyT6AaHraH GyJalid.

i Dpioctep KOHYHUHMHT (GH3HK MOXHATH OHJAaH COAla-
POK Xo0Jla, AbHH €PYFJAHKHHHT KalTHIIH Ba CHHHIUM HK-
KH JH3JEeKTDHK Yerapacuja smac, OajKH BakyyM OHJaH
JU3JeKTPHK dYerapacuiia pyit Oepa€TraH XoJiAa TaHHMIAR-
auk. Tywmaérran E€pyrJMK TYJKHHHUHI 3JEKTP Mafl0HH
TabCHPULA J[H3JEKTPUK TapKHOHAArH 3JEKTpPOHJap Tes-
paHMa XxapakaTra KeJaAH. Te6paHyBYHM 5JEKTPOHJap V3
HaBfaTHla HKKHJaMYH KOTEPeHT TYJKHHJAPHH HYpPJaHTH-
paid. Mkkuaamuu TyJAKMHJIap OHpJaMuM TYJKHHJAap OHJaH
y3apo KorepeHTAHp. by TYJKHHJApHHHT Yy3ap0 HHTepde-
peHuuasamuimiy Tydaliau KaltTraH Ba CHUHTaH HYpJapHUHT
AyHasumapyiaH TamlKapH 6apya AyHaJuuJapiars Teo-
paHHIJIap CYHaAH. DJEKTPOH Hasapud KalTraH Ba CHHTaH
HypJ/IADHMHT TabHaTHHY WY Tap3ja TYLIYHTHPAAH.

Ouau, 6y Hypaap HuMa Y4yH Kymbaaraou? — nera
caBoJra xaBoG Gepa#sivK. JHajleKTpuKKa Tviua3TraH épyr-
JIMK HypH Tabuuii HypAHp. Taduuiz HYpH! $SCCH MOHO-
XPOMaTHK TYJKHHJAApHHHT HHFHHAMCH Ae0 TacaBBYpP  KH-
JHII MyMKHH. By TYJKHHJADHUHT HXTUEDPHH GHTTacH YCTH-
Ja MyJaoxas3aJapHMH3HH [1aBOM STTHpai/iHK. SlccH MOHO-
XPOMAaTHK TYJAKHHHUHT (4. 6-pacM) TeOpaHHL! TeKHCJHIH
HYPHHHI' TyWIHYII TEKHCJHrH OHJAaH HXTUEpPHA Oypuak
XOCHJA KHJACHH. By TyJAKHHHUHr E BekTopuuu HxTuépuil
HKKH TallKHJ STyBUYHHHHT HUFHHAMCH InakJMia Hpona-
JalIHMU3 MyYMKHH. Tawkua

8TyBUHJapaAaH OHPH HYyp- _ £
HUHF TYIWHII TEKUCJAMTHAA *E‘E
€rysud E|, HKKHHUHCH Y

3

5ca TYMHUI TeKHCJAHTHra
neprnenauxkyasap 6yaran E

JapiaH  u6opar OYJCHH.

LusnekTpukaaru  sJeKT-  Szryywm
ponnap E | Tabcupuia Hyp- — dlzer-
HUHT TyWIHMII TEKHCJAHTHZAa, 77744
E, rabcupuna sca Tymdim
TEeKHCJHIHra TNeprneHiuKy-
JAp HyHaJHluJapiaa Tebpa-
Haiv. DBy Ttebpanuiuap-
BUHT Xap GupH Tydafiiu
CCH Ky TGJaHrag HKKHJ/aM- 4.6- pacu.
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YH TYJAKHMJ2ap TapKajanH. Xy-
cycan, E, Tavcupuma Tymwum

g TEKHCAHTHIa  NepNeHAHKYJISp

AyHamuina TeGpanyBuH, E,
TabCHPHAA 9Ca TYWHII TeKHC-
AHrHAa Te6paHyBUH SICCH KyT6-
JaHTaH HKKHJAaMYH TYJKHHJ3p
XocHa 6ynanu. MkkuaaMmuu 1ya-
KHHJIADHHHT  HHTEHCHBJHKJADH
4.7- pacu. TapKaJHll RYHaJAHIIHra OOFAHMK
(4. 7- pacM). Te6panHuw HhyHa-
JHIIHra MepneHAHKyJaAp #RyHa-
auwaa (8 = =/2) RypaaHHII SHr
KYuJH 6YaanH. AkcHHua, Tebpa-
HHW AYHasuwuia (8 =0 €xkH =x)
3Ca HypJIaHHII COAHD OY/MafaH.
Ey Ba E, n1ap TancupHaa 3nek-
TDOH HYDJIAHTHRAETraH HKKH/1aM-
UH TYJIKHH/JIADHHHT HHTEHCHBJIHK=
JAapH 4. 8-racMia TaCBHpPJAHTaH.
PacmaaH kypunHwixya, Kadrrad
Hyp AYHaauwwnaa E, Tancupuiaa
TapKaJaéTrag HKKHJIaM4YH TY.1-
KHHaap Ey Tancupuiaa Tapka-
Ja8TraH HKKHJIAMYH TYJKHHJAAD-
4.8 pacu. JaH yCTYHJHK KHJaaiu. LLIyHWHr
Y4VH KaATraH Hypla TyuwHm Te-
KHCJAHTHra NepReHAHKyasp HYyHaJuwaard TeGpaHHaap
Gowka AYHaaHWapAard Te6GpaHHUiapLaH KYnpox GyJjalH.
Epyrauk ausnextpukka Bpiocrep 6ypuard ocTHAa Tywaér-
Fau—6yace, Ee Kaftran Hyp OHASBE VOTMA-YET —FLllgdH.
tHarnxaia Kalitran Hyp fAiyHarHwmK Cydaal E: Tancupuiaa
HKKHAAMYM TYJAKHH/IAD MYT/IaKO HYPJEGHTHpHAMah1H. [ly-
HUHr VUYH KafTran Hyp TVv.1a KyTG6.aaHraH 6y.aaiu.

(CHHraH HYpPHHHI KHCMaH KYTOJGHHILMHH KYAHJ1aruua
TYwynTepiuaaid. Ta%uui nypia Oapya  #AyHaauwaapaard
TeOpaniuwiay TeHr 3xTHMO 1AM, Tvwadtraun TaOuufl Hyp-
IIHHT 3HEPTHACH KafTraH sa CHHTaH HypJap opacH.ia Tak-
CHMJAHTAHJIUIH  YUVH, S3HCPTHAHHHT C2K.1aHHUl KOHYHHra
acocat, KaWTrad HvpJia fupop HYHAOIMLAa-# Teopadiwaap
KVIpOK ©¥./ca, CHHMaH HV[jla Wy Hynaamwdard Tedpa-
HHwWaap kKampox GyadwH xepaw. [UynadHr yu H Kaitrad
HYD KyTOJaHTaHla CHHFAH HYP XaM KHCMaH KV T'-.1aHTaH
6yaaiu. '
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3- §. EpyrauxkHu uxkura axpanu6 cHHHIIARAru KyTGaa-
HHII

Gu3HK XYCyCHATAApH fiyHanHIapHra 60FaHK 6yamaray
MYXHT usompon amyxum je6, akcHHuYa, AYHaAHMIIapHra
6orauK OyJaraH MyXHT, axudompon xsyxum neb atanaaH.

Hsotporn MyxHTia (MacasaH, LIMMA NJIACTHHKAana) épyr-
JHKHHUHT CHHHIIH CHeANMHYC KOHYHH Ne0 ataayBud CHHHII
KOHYHura 6YVAcyHanu:

1) cuHraH Hyp, TYWYBYM HYP Ba TYIUHII HYKTacHra
YTKa3uAran HOpMaJ OUp TEeKUCIHKAA €TalH;

2) Tywuxim 6ypuard CHHyCHHHHT CHHHII Oypu4aru cH-
HycHra HuUcO4aTH alHH MYXHT YUYH ¥3rapMac KatTaJHK.
By Huc6aT umy MYXHTHHHT
CHHAHPHII KypcaTKHyura
TEHT.

Anru3oTpOn KpHcTasiapna
(Macanan, Mcaaux IunaTHAA)
€DYFJIHK CHHTaHAA MaH3apa
ysraua O6ynaaun (4.9- pacwm).
Tabuud nyp K KpuCTaJHUHT
A HyKTacura Tyumrady HKKH
Hyp (AB Ba AC nap) ra ax-
panagd. By Hypaap xpucraa-
laH udMKKau, Tabuufi Hypra

4.9- pacy. napaanen H#Aywaanmaa (BA

Ba CE) nasom 3ramuaap.

Kpucranna HypJapHHHT CHHHIIH TeKMIMPHJATaHAa KyHuna-
rUJap aHHKJAAHAH:

1) cusran HypJaaphan 6upu (AB) CHeannyc KOHyHHra
Tysna 6yAcyHanw;

2) ukkuHuH cunran Hyp (AC) aca CHeannyc KOHYHHTa
6yficynmaiiiu.

Ulyuunr yuyn AB Hyp odduit wnyp ne6, AC nyp sca
Falpuooouti Hyp ne6 HoM osau. TeKWHPHLIJApHHUHT KYp-
caTHIIHYa, OANMA Ba FafipuoAAuA HypJaap siccH KyTOJjaH-
rai skaH. JIeKHH yJapHHHr Te6GpaHHWINIapH ¥3apo mnep-
NMeHAUKYJSP TeKHCAHKJapiaa coaup 6yaanu. ByHnan Taur-
KapH, HCJaHA IWNAaTHHUHT OAAMA HYp YUYH CHHAHPMM
kypcarknuu 1,668 ra, rafippoanufl Hyp yuyyH 3Ca CHH-
OHMPHII KYPCATKHYHHHUHT KHAMaTH HYPHHHr HAYHaJUIIWra
GOF/UK 6116, KPHCTAJIHUHT ONTHK YKH AyHasumHzaa 1,658
ra, KpHCTaJHHHI ONTHK YKHIra nepreHIHKYap AYHaIuIIAa
1,486 ra TeHrJurd aHuKaaHAd. DbTHOOp 6epCcaHrua, Hyp-
HUHI fAYHaJMIH KPHCTAAHHHI ONTHK YKHra HHcGaTan
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aHHKJAHSNTH. Y XO0Ja KPUCMAAHUHZ ONMUK JKu Huma?
— JeraH casoJ TyFWJaau, ai6arra. By casosra xaso6
GepuIl Yy4YyyH KDHCTaNJONTHKAHUHT 0ab3u 2JeMeHT/apH
6uJaH TaHWIIANJIHK.

Xan KaHaa#t MyxuTia €PYFJAMKHHHT TapKaJdll KOHYH-
JAapHHH MYXHUTra TYWYBUM GHDJaMuH TYJIKHH Ba E€DYFJHK
TY/JKHHHHHT 3JeKTD Ma#AOHH
TabCHpHAA BYXYAra KeJaraH
»3J€eMeHTa) HypJaHruy* jap
TapKaTa1lraH HKKHJIaMuH TYJ1-
KUHJaPHUHT uHTeppepeHHs-
JaWHWKH ~ HaTHXacH cuda-
TH1a udo-anam MyMKHH. Jle-
KHH aHU30TpON KpHCTa/aapia
UKKHJIaM4H TYJKHHJIAD HH-
TepepeHUHACHHH XHCobaall
avuya wypakkad. LHyHuur
yuyH MakCBe//JIHHHT 3JeKT-

4.10- pacy. pOMarHiT Ma'iloH Ha3aDHSCH

. acocHa MyJoxasaJjap 10prusa-

Mu3. Epyrauk yuyn wabpdod 6yarau axcadusar xucMmaap
AM3IEKTPUKAAD D, [IH3/IeKTPUK/IaDHUHT MarHUT CHH/IH-
PYBUYAHJHIH P =1 OYJATaHJMTH YUYH KPUCMAALIDHUHE
OnMUK AHUIOMPONUACL YAAPHUHZ OUINEKMPUK CUH2OL-
PYBLAHANZURUNZ QH3UMPOnUsAcl iaxcyaudup (n=y'e
MYyHOcadaTHH acsiadr), Jjed xucob.aca 6yaaiu. Hartuxaia
KpHCTaM [AW3JEKTPHK CHHIAUDYBUYAHJMIHHUHT fyHaaumra
GOF/MUKJMK Tpa’puruHy KyHuzaru ycy.ia TacBHpJall MyM-
kud. Kpucranan wuuuaa uxtulpuit O HyKTaHH TaHJad oJa-
mu3. By Hyxrtaiaw Typau #AyHaaumiap 6Yyiiuua wyHIal
KecmavaJsap YTkasa#iiiMKkH, Oy KecMmauaJapHUHT Y3YHJIHK-
Japv wy HyHanullJIapiard KpHCTala IH3JEKTPHK CHHIAH-
DYBUAHJIMTHHUHT SOHMHHYHM AapaxacHra () e) TeHr GyaCHH.
By kecmauanaDHHHT HKKHHYM YyuJjapura Teru® yraiuras
CUPT aaauncoua wmakauia 6yaaau (4. 10- pacm). daaunco-
HAHHHT CHMMeTpHd YKJapu Oy#aad TyFpu OypuakJu
Jekapt koopauuara cucremacunudr OX, OY Ba OZ yk-
JapHHH YTkasa#siuk. Dy ¥xaapuuHr assauncoua OyJaH

KecHIurad HykTanapd O HyKTanaH MOC paBHIUAA | €y,

I/Ey » V €, Y3OKJAHK /A )KOI’NI&ILII’BH,‘IH[. y XoJsia 3JJHICO-
HAHHHT TEHrJ/iaMacH

x? y2 z_2=
ey + ey + €z ! (4’3)



kypuuumwaa 6ysnaau. Onatha, 3AJHNCOHI MYXUMHUHZ
onmux urouxampucacu, (4.3) sca yHuHr Tenrjamacu neb
aTtaJjalu.

1) e, =¢ey=¢, 6yJca, KPHCTaJHHHT ONTHK HHAHKATPH-
cacu chepHk waxara sra 6ysaau. Dynnad kpucraanard
Gapua fiyHasumJapna e aAHan OHp XHJA KHAMartra sra.
[HyHuHr yuyn 6y MYXHT ONTHK XHXaTHaH XaM H30TpOnN

ne6 xucobaaHaiu (z =y e ra acocan).

2) e, ymey =e, OYaca, onTHuk HHAuKaTpuca OX YKu
atpodunary amnaiMa 3JJHNCOMA LIakJAura sra OyJaanu.
By sanuncouann YOZ Tekucauk GuaaH KecuJca, ailJaHa
xocua 6yaanu. Ilemax, OX ra nepnesaukyasp O6yaran
6apua HyHaauwaap OYHHuya € HUHI KUAMATAApH GUD XHJ
skaH. Bynna#t kupuctanuu 6up ykaum kpucraaia, OX YxHH
sca kpHcraauuHr O HyKTa yYyH ONTHK .yKH 1€6 aTataiu.
Wynn anoxuj@ Kafll Kuauw JO3HMKH, KDHUCTAJHHHT G6H-
pOp HYKTa YVH ONTHK YK A€ranfa 6y HyKTanaH yTyBUH
TYFPH Y , 0aJKH KPHCTaJJl HYHIAarH MabayM
AyHaa Hul kepak. By #AYnaaumra napaanesa
6yaraH Xap KaHZalh TYFPM YH3HK XaM KPHCTAJHHHT ONTHK
VK1 6ynaBepanH.

Kpucmaanunz onmuk Jxu opxasu mean xap xanoat
MeKUCAUK KpUcmaarune 6ou mexucauzy 0e6 amaradu.
Bow TexHcauKIap YeKCH3 KYn 6Yauwu MyMkuH. LLIyHHHT
YuyH, ojaTaa, €PyFJIHK HYPH Ba ONTHK YK OpKaiH YTyB-
YH TeKHCAHKHHM KDHCTAJHUHT 60 TeKucAurH Aeb KabyJa
KHJAHI Makcaiara MyBoduKAHD.

3) ex o€y ~¢, 6Ysca, KPUCTAJA MKKH YKAU GyJalH.

bus daxkar Oup YkaM KpucTaasapaa €pYFAHKHHHT
CHHHLIKWHK ypraHamus. IOKopuiaa Gaén stuaran Taxpubana
KYJAJaHHATaH HCJIaH[ WNaTH XaM GHD YKJAH KPHCTaJlHP.
By kpHCTanHHHr ONTHK YKH KaHzaall fiynaaran?

4.11- pacum, 4.12- pacu.
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McsaHA IUNATHHUHT KPHCTaL/1 TaHkapaCH pOMGO3AP
wakaura (4.11- pacm) sra. PcomGosnp kuAwafiran ky6ra
yxipaiau. YHUHP O, Ba O, 6ypa1akjapuHy GUPIATHPYBYH
TYFPH YH3HK, SBHU KHUMK JIMaCOHaA KPHCTANHHHT ONTUK
yku aefimnand. 4. 1l-pacmia HuciaHa wnatH KpHCTa/LI
naHxapacHHUHT CUTTardHa syedKacu TacsupJaHrad. Kpuc-
TaJ/ TapyacHla 3Ca IUyHAaH AYeHKaslaD X&8p TOMOHIaH
8HMa-84 xchnawran 6yaanu. Bapua dueiikanapHUHT Kucka
AuaroHannapd y3apo napaanes. LUyHuur yuyH pacuaaru
O, O, TyFpu uu3HK €KH KpPHCTAJJ HYH]arTH yHra rnapas-
Aena GyjaraH HXTHEPHH AYHAJTMWHH MCJAHA WNAaTH KPHCTa-
JUHHHT ONTHK YKH €0 KaGyJ KHJAuHALH.

Hcaann wpaTH GuaadH §YTKa3uAraH TaxpubaJaapHUHT
Kypcatumuua, ¢axaT KPUCTAJHHHT ONTHK YKHUTa naraJjJel
paBHumiZa EpyFJIHK TyWraH TaxAHMp.a HyDHH HKKHra axpa-
JM6 CHHHUIIKM Ky3aTHamac 3KaH, xcJoc. Bomxa Capua
AYHaaHuIIapaa HYD HKKHCA axpaaud cuHalu. 4. 12- pacm-
a KPHCTAJ/ CHPTHrA HOpMaJ [aBHUIZA Tywa@TraH Hyp
TacBupJaHraH. By XoJ/aa KpHCTaqH¥Hr cnTuk Yku O O,
Ba TYWYBuYH Hyp ¥3ad>0o napajiesa OyJAMaraHaurd yuyH
HYp KpHCTa/i a HKKHra axpanaiu. CHeamIyC KOHyHura
6YficvHYBUM 01Ul HYp ¥3 HYHAJIHIIHHH Y3rapTHpMmaniu.
Faliprioaauit Hyp aca Y3HHHHT ,FAHPHOIAHA® X} CyCHATHHH
HaMCHum Kuau6 HopMmaa HyHaauwnan oraau. Ulyun anc-
Xuja Kaiil KMAMOK J03uMKH, Oy HYDHHHr ,Falipporauir®
JHCH KPHCTaJara KHDHII BPAa YHKHUILA Xaviaa KpHCTa/JI
Huuaa HamoéH 6yaaiu. KpucTainan YHKKaHLaH cyHr Oy
HYp ,FalpHOARMH“JMTCHHY HYKOTHO, XyaAau ORAMA HYyD
Kabu sicch KyTGjaHrad Hyp Oyaud Koaaan. Awmuo 6y
HYPHHHT Te6paHUW TEKHCAUrd OLAHH HYPHHHI Te6paHHIN
TEKHC/IMrUra nepnedauKyaapaup. TeKuHpHIIIapHHHT K p-
CaTHIUHYA, ONAHI HYP £ BEKTODUHHHI TeSpaHHLIIapH KpH-
cTaan 6ol TexuCJUTHUra nepneHidHkyJ asp #yHaauumina, rad-
PHONNHA HYDHHKH 3Ca KPHCTa/1 0ou TeKHCAUTH1a COaUp
Syaanu.

DHAM, Oup Yxanw AHU3OMPON Kpucmarsapoa €pyr-
AULKHILHZ UKKU2A AHCPAALO CHHILULUKRLNKS cababu Humrada?

— JleradH  caBoJra  kaBo0
- CepuiuMH3 MyMKHH. 4.13-a
- PaCMla KPHCTAJHHHI ONTHK

YKH OunaH TypJuya XGCHJ KH-

g

30; A6 TapKanaéTrad OALHiA HY p-

¢ sap TacsupJianrau. By nypJap-

g HUHT £ BEKTOpJIapH KpuCTan-

4.13- pacy, HUHF 6OLI TEKHCJHMTHra nep-



NeHAHKyAsp AyHamumza Te6panaiu. Ilemak, Gapua fiyHa-
JUINJapAard OAJMH HypJapHHHT E BeKTOpJanH KpuCTal-
HHHT CITHK YKHTa NepneHAHKyAdpAup. Bup yxau auuzorpon
KPUCTaJHHHT ONTHK YKHTa NMepneHAHKYJsp HyHaaumapaa
(4. 10- pacMaary OX ra mnepneHIHKyJ sap HAyHaaHu/IapAaa)
€ HMHT KufiMaTH Yy3rapmac siH. DyHZaH OAAMH HypHHHT
CHHAMDHII KYpPCaTKHUH

n, = const, (4.4)

Leral xyJocara KeJauvus.

Fafippoanuft HypHHHT £ E€KTOPH KpHCTaJHUHr 6o Te-
KHCAUruza xciaawras (4. 13-0 pacm). Pacmaan xypuHHIIH-
ya, £ Ba KDHCTaJHUHT ONTHK YKIt OopacHiaru 6ypuak raf-
pHOLAMH HYPHUHT HyHanumiura OOFauK 6YJub, YHHHD
Kuiimatd 0 Jan =/2 rava ¥3rafaan. by aca raiipHonAui
HYp YuyH OHp ¥Kau aHu3oTpon Kpucraa (4. 10- pacura
K.) HUHT CHHAHDHW KY¥[LCaTKHYH

n, # const, 4.5)

Jleral xyJactara oau6 kesain. £ pa CNTHK YK opaciiiard
OYpUaKHHHI =/2 ra TeHI KHHMarH KDHCTaJHHHT ONTHK YKH
6y#nab HyHasaraH FaDHOJAMH Hypra TeTHIIJH 6yaub, 6y
xoJala n,=n, Oyaub Kosaau. XakKHkartaH, Taxpuba/apia
(akaTruHa ONTHK YK HYHaauwuia EpYyFJHKHHHI HKKHTa
axpaaub CHHHIIM Ky3aTuamanau. CapHK €pyFAHKAaH (ko =
= (0,689 Mkm) ¢oftaranusd YTkasuaraH TaxpuOasapia
HCJaH1 IUNATHHHHT FaHpHORAMA HYp YYYH CHHAWDHII
KYpcaTKHUH 1, HUHT KuiiMaTu 1,658 nan (onTux YK HyHa-
avmuia) 1, 486 rava (onTHK yKKa nepneHAUKyJasap HYyHa-
JUIINAE) ¥3radaH.

[HyHza#i KHAHG, OAAWHA Ba FaHpHONAMH HypPJAPHHHT
CHHAMpHII KYpcaTKuu/aadH Oup-GupuiaH (adK/aHTaHJIH-
TH yuyH Oy HypJlaPHUHT KDHCTajiark CHHHII OGypuyakJapH
xaM ¢apk.aHaiu. Hatuxana oanufi Ba Faipuonauii Hyp-
Jiap Gup-OupHAaH axipaiub faBOM 3TaAHJaD.

4-§. Moxgpuasatopaap

TaGuuft €pyraukaan KyTOJaHTaH E€PYFJHK OJHII YUyH
LIyHIa¥ 112DOUTJAap fpaTHIl KepakkH, Oy wapoutaapia
€pYFJIHK TYJKHHHHHr £ BeKTOpH MyaifisH aHMK OMp HyHa-
AU 6yHAaS TeSpaHanuraH O¥JcHH. ByHAal mapoHTIapDHH
y3Haa MyxKaccaMJJalWTHPraH KypHJaManian noAApu3amopAap
ne6 arananu.
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1) Tymadrran €pyrauK Hypu OusaH Bpioctep Gypuaru
XOCH/ KHJaLHTaH Tap3ja KOH/JAWITHDHATAH AUSJNEKTPUK-
HUHT ACCH CHPTHAAH NOJAPH3aTOp CH(paTHAA (oliaasaHHII
mymkuH. UWuma naactnika yuyn DBprloctep 6ypuarumunr
KufivaTu 56° ra Tedr. ByHaal wapouTia KaiTran Hyp TVJHK
KyTOaaHran 6yJaau. CHHMaH Hyp sca KHCMaH KYTOJaHTaH.

Karada bam3onu

8 c
mmz%,.”/:?

fsﬁﬁ/m"‘”»\p\/i..

4.14- pacm. 4.15- pacM

Arap ¥3apo napajjes nJacTHHKaJlap Aacrtacuiad (o#aa-
naucak (4. 14-pacm). é€pyraux Oy nJacTHHKajlapia Kyn
ManTa CHHTaHlaH CYHI avaJ/iia TYJHK KyTO.aHraH 6ysan;

2) aHU30TpON KHUCMra Tyla€TraH EpyFJHK HKKH SICCH
KyTyGJaHran Hypra axpa’naid. Bupop ycya €pnamuna Oy
HypJiapAaH GHPHHH HYKOTCaK, XKucMmiaaH ¢daxaT OuTTa KyTO-
JAaHraH (oaauit éxya FafipHOAAMHA) HYp 4YHMKaiH, XOJOC.
Macaaad, ¢pasuy3s oaumn Huxoap ToMoHuiaH Ttak/aud
sTuarad noaspusatop (4. 15- pacm) wucaaHg uwinatuAad
taiépaadrad uxxuta (ABD Ba BDC) npusmanan uGopart.
Ipn3vauunr ontik YxkH AB xuppa Ouaan 48° s Gypuak
Taulkua Kuaaid. By npusamanap kaHaza 6Gasnb3avu OuJaH
eaumJaHrad. Eaum kataavuHuHT (pacuvaard DB Kat.aam)
cugaupiin kypcatkuud (28 = 1,650) wucAaHA IMINATHHHHP
OANMA HYD YYYH CHHIHDHII KYpcaTkuuuiad (n, = 1,65)
KHYHK, FAUDHCLAMH HYD YUYYH CHHIMDHII KYDPCAaTKHUHIAH
(n, = 1,615) karra. LLIyHuHr yuyn tabuuit €pyrauk Hukoub
npusmMacHHuUHr ABD KHcMMAA KKKHM sccH KYTCJaHTaH HYD
(0 Ba ¢ HypJaDp) ra awmpanaud, kaHajga €anb3amuiad Héorar
DB Kataauvra Tyuwradia, yJlanHHHT TakiupH TypJdua 6y.a-
JH: OLAHHA H/P ONTHK 3UYJIMICH KAaTTaDOX MYXHTIAH ONTHK
3HUAHTH KHUYHKPOK MYXHTra (2, > nt) TymraHauru Ty daniu
T¥sna uukH kalithw xoaucacu pVyi Gepagu. Hatuwaia oa-
AMH HYp npHu3MaHuHr BDC xucmura yvmyvad yTMmaiiu Ba
TallKapura 4nKHO Kerald. [alpuoaauf Hyp 3ca kaHaja
6a/Ib3aMHHUHT JONKa KaT/iaMuaaH €GeManoa YyTaiH, YYHKH
n,<nd. lly rapuka Hukcoap npusamacH (€ku OAMATrHHA
HHKOJb) AaH (akaT FaiipHOAAHH HYp ¥TaaH, YHHHT TeOpa-
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HHULIJapH NPH3MaHHHT 60W TEKHCJWrura Moc O6yJraH Te-
kucukaa (4.15- pacmaaru  Xo0/4a YyusMa TEKHCJAMTHAA)
conup 6yaany;

3) aHH30TpON KPHCTAJJNapHHHT E€PYFJIMKHH IOTHLI XyCy-
CHATH XaM V3raua, SBbHH OANHH Ba FalpHOANMEA HypJap-
HUHT OTHAMWHK OHp Xua Oyamaiian. Huxpouss ne6
aTtajaauran Oy xonuca tyafisu €ab3H KpHCTaiasapaa sICCH
KyT6siaHraH HypJapAaH Gupu OyTyHaafi loTuaanx. Maca-
JaH TYpPMaJuH KpHCTaJHAa OAAHH HYDHHHT KOTHJIHII KO-
s(h¢uuHeHTH FallpHOAAVH HYPHUKH 1aH OHD HeYa Mapra KarTa.
Kanunaury 1 MM 6Yaran TypMaJHH NJacTHHKacHja OALHE
Hyp 10THAHO6, YHIaH (akaT FaApHOAAHA HypJap 4YHKaldH.
Jlemak, IHXPOM3M XVCYCHATH KeCKHH HaMmc@H OyJaiHraH
aHH3 OTPON KPHCTa/jiania HKKHUra awfaaub CHHrau HypJap-
JaH OUpH y3-Y3uzraH #ykoaaau. By sca yJapian moJspu-
3atop cutaruia doiaalaHHIl UMKOHHHH 6GepaiH;

4) nmossipusarop cudaTHiaa noJaspouinapiaH XaM ¢oii-
nasaHusaad. Tloaspou lonka HeaayJaoHi TNJEHKacHAaH
Hoopar 6yauf, yHra repanaTUTHHHT WHTHUYKa KpHCTa/IyaJja-
PH KHpHTHJAraH O¥yJaaiu. [epanaTHT AMWXPOHU3M XYCYCHATH
XKyja Kyuaw 6yaran xucmaup. epanatutHudr 0,1 MM Ka-
JIHHJIMK Aard NJIaCTHHKachia OAAMH HYyp TaMOMaH IOTHJaRH.
Toasspoun Tafi€psiaHadTranaa repanaTiHT KpHCTaayaiapH 6Hp
H¥Haaumaa xofawTHpuaain. [IyHHHT YUYH UeTIONOHR
nja€HKka EpYFJAMKHH HMKKHMra aXpaTu® CHHIHPHII, CHHraH
HypJap.Jad GUPHHH I0THO, HKKHHUHCHHH YTKa3HIl XyCyCHAT-
Jiapura sra 6yJaiu. XO3Wpru BakKTia noJspouj NJéHkanap
KeHr JIeHTa/ ap 1iaxJ/Hjia Tal€pJanMokia.

5- §. Maxnoc KOHYyHH

[Tonsipusatopaapiaan ¢axat KyToaaHTaH EpYF/HK OJHILU
MaKcalHiariHa amac, Oa/JiKM HYPDHH KyTOJaHraH €KkH KyTo-
JlaHMaraH 3KaHJMTCHHU Ba KYTOJaHraH HypHHUHr TeGlaHuIl
TeKHCJAUTHHH aHHKJaul (aHaJau3 KHJAHII) YyuyH XaM ¢ohna-
Aanuaanu. UyHna#t makcanna umJaTHJAaAMraH NoJspH3as
TOp axaxsu3damop ne6 aranaii.

[lonapusarop BasugacHHH ¥TaéTraH TypMajJHH MJacTHH-
Kara (4.16- racm) nepneHIMKYy/sp paBMWIAA TaOHHHA HYp
Tywaérrad OyJjcHH. [loJsspusatoplaH §¥TraH Hyp sCCH
KyTO/aHrad, YyHHHT TeOpaHHIUJApH NOJSPH3aTORRUHT
ONTHK YKHra napaajesa #yHaaumaa coaup 6yJaanu. By
AccH KyTOJiaHraH Hyp Hy/aura HKKHHYH TypMaJHdH fnJace
THHKaCHHH XOHJaWTHpaiiiuk. ¥ aHanusatop (A) Basuda-
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cHHHM Caxapanu. TampuOGallapHUHT KypcaTuuinya, NOJAPH-
3aTopiaH Ba aHAAM3aTOp ONTHK YKJApHHHHT AYHaJHIIIADH
y3ago napaaiea 6¥aca (4. 16- a pacmra x), no/sipu3aTopAaH
yTraH épyFAMKHH aHH3a/1aTOP TYJ/HK YTKa3aaH, sbHH 1u= 1.
Mkkana naactunka (/7 ea A) HHHT ONTHK YKJapH Yy3apo
nepn¢HAHKyJasap ©Oyaca, (4. 16- 0 pacum), aHaiu3aTopAaH

A

Tabuus 4 ’ 7 x 2

[ 4

I
W 5200 o A
3
7
9
i e,
| o
Jageewsd gy |
7 { /H f
¢
4.16- pacm.

EpYFJNK TaMoMaH yT™aiau, apii /=0. Opaauk Ba3uaraapaa
3Ca, SEHH DNJAaCTHHKalap ONTHK YKJapH opacuiard 6ypuak
O <a< =/26Yaranza (4. 16- 6 pacv) aHaM3aTODAaH yTraH
éryravk pHieHcuBJaurH 0 < /< [, uHrepeasnaH y3rapaiH.
Oxupry xoanu CaradcHapOX MyxOKama KHJIAH/IHK.
[Menaruzaropran yrran €pyrank TYJAKHH E BEKTOpH-
HUHT aMIJIMTyIa KuiiMaTunu £, ne6 Gearuaafiaux. Ly
BEKTO] HH HKKH TALIKHJ 3TyBYHra LyHiafl awpatafi/IHKKH,
GMPHHYH TallKHJ 3TYBuM — £ aHaAH3arOop ONTHK ¥Kura
naraJjje/, HKKHHYH TallKWJA 3TyBuYH — £; 3Ca yHra nep-
NeHAHKYJsp 6yacuH. By aman Gutra TYJAKHHHH HKKHTa
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¥3ap0 NepneHAHKYJsdp TEeKHUCAUKJIapAa TeOpaHyBUH SCCH
KyTOJaHraH TY/KHHIApHHHT BHFHHAMCH ne3 Xucoijaura
9xBUBaJeHTAUp. Aabarra, aHanH3aTOp OpKaau E BekTopH-
HHHL aMILIMTyJa KHUAMATH

E“ = Em cosz (46)

6yaran TYAKMH yTaau. Epyriuk UHTEHCHBJMIY aMIUJIMTY Aa
KBaaparura npomnopuyonan (/ ~ £%) 6yarauauru yuys, (4.6)
ra acocsaHug,

I =1, costa 4.7)

MyHOcaGaTH# &3a osavu3. By udoma Mamoc KOHyHUHH
udonanainn: anaan3amopoan Jmean EpYFAUK UHMEHCUE-
AU QHAAUIAMOP 64 NOAAPUSAMOPHUHZ Onmax Jx-
Aapu opacudazu 6YpLar KOCURYCURUKE Kéadpamiza nyo-
nopuyuoxaaoup.

[Oyun xafin Kuaaltaukky, Mamioc Y3MHHHT KOHYHHHU
E€pYFJHKHH TYJKHH 3Mac, 6aJKkH KOpmyckyJa neb TacaBByp
KHJHII acoCHAa yuxapral. [efiuHuaauk Aparo TOMOHHIAH
yTkasuarad aHuK QoroMerpHk VavawJap MaJsioC KCHYHH-
HHHC TYFPHJUIHMEH TaCAMKJalH.

6-§. OnTdK aHM3OTPONHMAHH CYHBHA pPaBHUIINA XOCHJI
KWIHII yCyJaapH)

HKucmaapia onTHK aHM30TPONHMAHH CYHBHA paBullAa
BYXYAra KeJTHDHII yCyJ/nanuHH 6adH KHJAMWAAH aBBal,
yMyMaH aHWH30TPONUAHH Kafad KHAHIIHHHT OMNTHK BOCHTAacH
6u/1aH TaHMIIAAJIHK.

Maddod anusorpon xHCMAADHH YHra TYLIYBYH SCCH
KyTOJaHraH €pyraukaap Eonavuia YpraHuil KeHr tankas-
rai. MacanaHu conjasalITHPHIN MaKcalWa ONTHK YKHra
napaJijies paBuinda KecuO OJHHraH OHD VKJAH KDHCTALA
NJIaCTHHKAHU Tekupadauk. Taxpuba KypH/IMacH CXeMaTHK
tap3aa 4. 17- pacvaa TacsunaaHrad. Ta5uHit MOHOXpOMa-
THK €PYFJMK MoJgpu3arop Ba3udacHHH yToBuH /7 HHUkOATA
TyWaid. YHIaH YHKKaH fACCH KyTO/aaHrad Hyp K KnucTama
niacTHHKanaH YTHO, aHanu3atop BasudacuHn yroBun A
HUKOJra TymaaH. [[nacTHHKaHY HKKH HHKOJb Opa/MFHIaH
0JIHG TYpHO, MOJIAPH3ATOpP Ba aHAAM3aTOPJIAPHH ¥3ano mnep-
NeHAHKYJAp Bas3HATra MoOc.J1ab oJamu3d. KypuamaHWHT 6y
Ba3uATH 4. 16- 6 pacMaa TaCBUDJIAHraR XOJIHM 3c/iaraiu. By
X0o/aa aHaqu3aTOpAaH E&pyFAMK YTmaiinau, aabarra. Arap
HHKOJL1ap OpaNHFHra H30TPON KPHCTaAAaH KeCHO OJIMHraH
NJIACTHHKA XOAMAWTHPH/ICA XaM axBOJM Y3rapMmafiiH, sS’bHH
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adaJiH3aTopAaH Epy FAHK yT-
MafilH. ODHAH aHH30TpOIN
KpHCTaJaAaH KecH® OJHH-
raH nJacTHHKaHH ¥3 XOfiH-
ra, S’bHH HMKOJJIap Opasu- 4.17- pacw.
Fura WOHMAITH PARIHK.
Hartuxana axBos Yysrapaau, CHCTeMalaH €DYFJIHK YyTalH.
Ca6a6u yuMana? Cadabu 1 yHAAKH, NOJSPH3ATOPAAH YHKKAR
€PYFJAHKHHHT KYTOJIaHTaHJAHK XOJIaTHHH KPHCTaJ/JI IIJIacTHH-
Ka y3rapTupaid. XaKHKaTaH, KPHCTaJra TyluaéTraH HypJap
JlacTacH HKKUTa a¥PpaJub CHHHIIH TyQaliH Byxyara KeJ-
raH O4IWA Ba FafipHOAIHA HYDPJADHHHT aHa/H3aTOpIaH
VTHO HHTepdepeHUHANAIIHINY HaTHXacHla naino 6yJa-
IHraH MaH3apa Ky3aTHJalH. JIEKHH HKKH €PYTIJHK TYJKHH-
HHHT HHTE€HJpepeHUHSJaWHIIH YUYYH KYHHAarH MKKH WapT
0axcapHJHIUH JIO3HM 3IH:

|) uKkasa Hyp KorepeHT OYJHIUH, SIBHH YCTMa-ycr
TyuiaéTrad EpYyFJAHK TYJKHHJapHHHT (a3anap (apku y3-
rapMacJurd Kepax;

2) ukkana €pyrauK TYJIKHHHHHT Te6paHHIl TEKHCJHK=-
JapH MOC TyUIHIIH Kepak.

Texmupusaérran xoa74a OHDHHYM IapT GaxapH/JaiH,
YYHKH OLAHA Ba FalipHOLLMH HypJiaDHUHT (pasasap dapxH—

Ap == -2';;'1 (n,—n,) (4.8)

MasKyp €pYFJHKHHHT TYJKHH Y3yHJUTH A Y4yH ¥y3rapmac-
aup. by ndponana d — naacTHHKaHUHT KaJHHAHTH. MKKHHYH
mapT sca GHPHHYM Kapauija GaxapHJAMalAHraHiexk 6y.au6
KYpHHalH, YYHKH KPHCTa/J NJacTHHKaZa HKKHIa axpaJral
oAAu#H Ba TaipHoAAHfi HypJapHHHT £ BexTopJapH ¥3apo
NepneHAHKYJARP TeKHCJAUKJAapAa TeOpaHHLJapH JIO3HM.
Ammo 6y Hypaapuusr E pextopJaapH (4. 18- pacmaaru E,
Ba £, sap) HHHT aHanu3aTOp GO TEKHCJMIHra mnapaJJjes
TallKU/A 3TYBuHJapu £| Ba E, nap) GUp TeKHCJHKEa TeC-
paHaau. LlyHHHr yuyyH aHa/qM3aTOpjaH YHKa€TraH HKKaJja
HYPHHHT HHTepGepeHUHANalIHILH YUyH 6apya HMKOHHSTAAD
MaBXyJl. Arap NJIaCTHHKaHHHI KaJMHJIMTH HOTeKHC 6y/ca,
HHTep(epEeHUHOH MaH3apaja EpHTHATaHAHK GHp TekHC 6Y.J1-
MaiiiH, €pyF Ba KODOHFH cOxajap naino 6ynanH. Taxpu-
6ana MOHOXPOMATHK €pyrJHK 3Mmac, OaJKH OK EpPYFJHK
KyJ/JlaHu/Ica MaH3apa paHr-GapaHr GyJanH.

IOKopua 6aén sTuaran TaxpuCala Ky3aTHJATaH XOHH-
canap ¢aKaT KpPHCTaJAa NJaCTHHKaJlaplaR E€pyFJaHK YTram
XoJvsapiaruHa smac, €aJKH NOJApH3aTOp EAa aHaAM3aTop
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Opa/JMFHra aHU3OTPOMN >KHCMJAAD KOANAWITHPHJIraH Oapua
xoJqapaa XaM coaup 6yaain. [emak, 6y KypH/aMa XKHCM-
napia CyHBHA paBUIUIAA XOCHJ KHJAMHTAH aHH3OTPOMNHUAHHHT
MaBXKYIJIMIHHH TEKUHPHII YUYYH KYJ/JIaHHAaTHCaH Ce3THp
yCyaaup.

Kucmaapaa cyHbHR aHU30TPONKA BY XY Al'a KeATHPHIIRY
6up Heuya YCyJJapH aHUKJ/aHraH.

.
wa '*IJH{IJJ W 4

—=
— . =

N }-
e
4.18- pacu. 4.19- pacm.

1. lHacddbod xucmuau cuxHm (€xkH 4Y3HIU) HATHXKACHAA
y3ura XOC WYyHAAH OUP XYCyCHAT BYXYAra KeJaldHKH, ¥
ONTHK YK CHKuAMW (8xd uy3uauw) HyHarduuiga 6yaraH
KpHCTa/HH 3ciatagu (4. 19- pacM). LUIyHHRT yuyH XKHCM
MeXaHUK Jedopmauus TabCHpUIa ,KBa3sHKpHCTaAA® ra ai-
JAaHaau, ReAnw xav MyMkuH. 7. 3eeber sa /. bprocmep
MexaHurx Oegopmayus mascapu mydaisn w3ompon
MAMEPUARAAPOA EPYFAUKHILKZ UKKU2Q AHCPAAUD CUHL-
wune ky3amousap. TaxpudalapiaH aHHKJ/IaHHIIMYA, Ol
THK YKKa MepreHAHKyAdp HAYHaidulIapiard OLAMHA Ba
FafipHOAAUA HYpJAAD CHHIUPHIU KYPCAaTKHYJApDUHHHT (apKH
JKHCMra TanCHp 3TadTraH KyuJaHdiwt (KUCMHHHT OHPJAHK
KYH1a/aHr KeCcHMHra HOpMaJ paBHlUIAa TabCHDP 3TYBYH KyU,
AbHY ¢ = [/S) ra nponopuuoHa:

no —_— ﬂ,‘ =:kq (4.9)

6yHia k2 — Myaiad KUCMHUHT XyCyCHATJIapura OOT/HK
6yaran kosbhpuuuenr.

Arap KHUCMHUHr KaJauHAurHHd d Ae6  Gearuaacak,
MXHCM/IAH YHKKaH OAAMH Ba FaifipHOAAM = HypJapHUHI (a3a-
Jap dapxu

Bp m —2% d(n, — n,) = —211 dka (4.10)

6ynaiu. By udona unHrepdepeHuHoH MaH3apajdard MaxcH-
MyM Ba MHHMMYMJADHHHT Ba3HATJIapHHA aHHKJafAH. Arap
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Taxpu6ana OK EpyraukAaH ¢ofinananuxca, MaH3apa TYpJaH
paurJapra Oysairan G6ynanu. Paerjap TaKCHMOTH | XKHCM
HYMJard 3YPHKHIJIAP TaKCHMOTHra GOPJIHK. be s
By xoancanan madpdod xucmaapaaru Aedopmaunsiap-
HH aHMKJalmja KeHr Kyananuaaid. abgod 6y.amaran
WHUCMJapra XaM Oy YCY’/HH KyaJall MYMKHH. DyHUHr
YYYH YpPraHHJHUIH JIO3HM
6yaran o6beKkT (KYNpHK,
6HHO, MallMHA 3JEMEHTH)
HUHT MognenuHu maddod Vi
KMCMJaH fcataiu Ba yHH [N ]
MOC TNpOTOpUMSAArH Kyy- L]
JiaHHI TabCHpPHIA Aedop-
Mauuasiad Taxpuba yTKa-

3u.1aau.
2. Cywx éxu 2a3cuMOn
usompon Jusaexmpur

SreKmp mMaliidoHza HCORAQUMUPUAZAHOQ AHUIOMPONUS
syacydza veanwunu JK. Kepp anuxaazan) lllyHvHr yuyH
6y xoauca Kepp saddextn ne6 Hom oJarad. By xonucanu
Yprauum yuyH Ky/JaHHJaIHraH KypHJAMa CXeMaTHK Tap3ja
4.20- pacMa1a TacBupJaHrad. IloJiApW3aTOp Ba aHA/IM3aTOD
Opa/JiuFH;a CHPOP HAHIUra COJHHraH CYIOKJIHK (Maca/al,
HUTPOGEH30J) xOHMawTHpHAanK. CyIOKJIHKKa XOHJalTH-
pHJrad MeTaJJ nJacTHHKaJapra moTeHuHajaap dapku Oe-
pHJca, CYIOKJHK €pYFJIHKHH HMKKHra axpaTtuO CHHAHPHIL
XycycusaTura sra 6ysanu. Kepp sbdbextu ausexTpuk KyTo-
JAIMHUHT CcamapacHAMp. TallikKH 3JeKTp MafiioH TabCHPHIa
AHU3JEKTDHK MOJIEKYJajJapH 3JE€KTP MaHAOH HYyHaJHUIIHTa
HHCOaTaH mMabJyM HYHaJAuMIIla OpHeHTauMsaanaau. By sca
AUJIEKTPUKHHHI AHH30TPOMHK XYCYCHATra, XyCycaH ONTHK
AHH30TpONHUAra spHIIHIIHMIa cabadyd OyJaand. TaxpuGanap-
HUHI KypcaTHIIHYya, SJCKTp MafJoOHra MNepneHAHKyaap
AyHan i aark Fafipuoidnuii Ba OJAAMM HypJap YYyH KyTC-
JIAaHraH CYIOKJHK CHHAHPHII KYpCAaTKHYJApHHHHT (apKH
MaiJOH Ky4JIaHraHJurn £, O6uaaH Kyfmaaruya OoFJ/aHraH:

n, —n,=B \ E, (e11)

6yHna B — Kepp noumuiich ne6 ataldyBuH KospdHLHEHT.
Kepp aoumufich XucCMHUHr Tabuatura GOFaHK. MyalsH
JKHCM YYYH YHHHT KHAMaTH TYJKHH Y3yHJAMK A Ba TeMne-
parypara 6Gofsauk. TeMmneparypa owraH capu B kamasanu,
YYHKH TeMnepaTypa IOKOpHJallrania HCCHKJHK Xapakart-
HHHT [(C30PHEHTALlHOH TabCHPH XaM KyuadAH. d KaJHHJIUK-
Zlard CylOKJIHK KaTJaMuJaH YTaéTran OJfHA Ba FaAPHOAAHA
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typaapHHHr (asanap dapxu yuyH Kyhupard uponaHd €sa
WVIaMH3:

bo =22 dn,—n) =2 d.B\E2=2:dBE?  (4.12)

{epp spdexTHaa KHCMAADHHHT aHM3OTPOINHK XYCYCHSTAapH
teckuH Havo€H Oysanu. Macanad, d=0,143 M 6yaran
1aMumra COJHHraH HUTpoGeH3os yctuaa A,=5-10"7 u
ipyrauK OuJaH Taxpuba yTkasusaétran GyJaca, E,=3-108
B/M sjeKTp MalOHAA OAAHA Ba FaAHPHOLAMA HYDJAapHUHT
pasanap dapxun A === Gyaanu. [levax, anexTp MailloH
'abCHP 3TMaryHua KOPOHFHJ/IHK KYy3aTHJCa, 3/1eKTpP MalAloH
rabCHPHIA aHaJH3aTOpAaH MaKcHMaJ E€DYFJIMKHUHT YTHIIN
cysatuaanu. lynn xam ka1 xuaafiukky, (4.12) udonara
1cocad, A@ EpyFAUKHHHT TYJAKHH y3yHJurura GorJMK 3Mac.

Kepp sddexkTHHHHr siHa 6HP axofH6 XYCYCHSATH IWYyH-
1aH MSOpaTKH, Ma#JOH TabCHD 5TraH 3aMOHOK (aHUKDPOFH
raxMuHaH 10—° ¢ BaKT MYHA@) XKUCM AHU3OTPONHK XOJaT-
ra spumaid. MafifoH AYKoTHAraHAa XaM WIyHAall Te3JuK
SuJIaH XHCM H3OTPON XOJIaTHH THKJIaRIu. Y3UHHHT Oy
pKofinG xycyecuatH Ttydaian Kepp addextu Epyrauk
AHTEHCHBJMTHHH HHUXOAT Te3 y3rapTHpUII J03HM OYJraH
reXMHKaHHHT coXaJjlapHja KeHr KyJJlaHuaMoxaa. Macasnad,
re3 KHHOra OJIMHIJa, Te3 y3rapajuraH Npouecc]apHH TeK-
WHPHIIZA Ba XOKa3o.

3. Kysau maenum maiddon (H:) mascapuda Oas3u
t3ompon sucsaapda (CyOKJAHK, WHIA Ba KOJJOHANAp)
nmux axulomponus 8yxcydea resaaduw. By xoaucaHu
3. Korron Ba X. MyTOH/J1ap TeKWIHpraHH Y4YYH YJapHHHT
1oMH GuaaH Kommown—Mymon spgpexmu ne6 pHTHAA-
nu. TabCUPJAOBYUH MarHUT Ma#aoH AYHalHIIHIA NMepIeHAH-
KyJasp paBuulfa TapkaJaéTtrad FadpHOLAHA Ba OALHA
1ypJaap y4yH TeKWwHpH/aaSTraH XKHCM CHHAMDHLI K¥pcaT-
(HYJADUHHUHT (apKu

ny, —ny,==C\H; (4.13)

5ynanu. Byuna C —:Konon—MyTon LOUMHACH. ¥ KHCM=-
HMHr Taluarira, TYJKHH Y3yHJHKKAa Ba TemmnepaTtypara
SOFJIHK.



V 606
UCCUKJIUK HYPJAHULI

Hypaanumaap Typau xua 6yaaau. MacanaH, okcuiJa-
HaéTraH $ocOPHUHT HYDJAHHIIH, Ta3JaplaH 3JEeKTP TOK
yTHII Xapa@HH/a BYXyAra KeJaiurad HypJ/aHHII, KaTTHK
JKMCMJIAPHH 9JeKTpOHJap OuJaH 6oMOGapAHMOH KHJIHLI Ha-
THXXaCHAa BYXYAra KeJaJAHWraH HyDJaHHIl, KH3IHPHJTaH
XHCMHHHI HyDJIaHHIIH, ABHH HCCHKJIHK HypJaHHII Ba XO-
Ka30. By HypJsanuwmJ/ap GHP-OHpH/IAH Y3JapHHHHT BYXYQ-
ra KeJHIUMHHHr TabHaTi# OHJaH axpaanb TypaaH. JIEeKHH
Xap KaHaafl HypJaHHll apaéHHJa XaM SHEPrHsHHHI OH-
pPOp TYPH HypJaHHW SHepruscHra afJaHaiH. XycycaH,
UCCUKAUK HYDAGHUWOQ HYPAGHAEMZAN HUCM 3apPAAQ~-
PUHUKZ XAOMUK UCCUKAUK XAPAKAm SHepUSCUHUHE
bup KucMmu 3IAEKMPOMAZHUmM mMYAKuUK mapsuoda Hypaa-
Haou. By Hypsanum abcoJIOT HOJJAaH (apkau €apua
TeMnepatypajart xicMJjapfa Ky3aTHJalH Ba TeMmnepary-
para KyusaH OofauK Oynauu. LlyHHHr yuyH, Gawn3aH, HC-
CHKJIMK HYPJIQHHLIHY TeMmnepaTypaBuii HypJaaHuil 1e6 Xam
atasaid. by 6o0ja HypJ/laHHIIHHHT 1Y TYPHHH ypraHaMHs.

HcCcHKAMK HypJaHuLIra OHJ KOHYyHJapHH 6aéH KHJHLI-
JaH OJAMH HyDJaHHII Ba YHHHT XHCM OHJaH TabCHpJalllH-
IIMHH XapakTepJall YYYH KyJ/JaHujafgurad 6ab3H KaTTa-
JIHK/JapHUHI MOXHATH OHJiaH TaHHUILAHJIHK.

1-§. Hypaanummi Ba XHCM opachuard MyHocaGain
XapaKTe pHCTHKaJlapH

Xap KaHaafi HypPJ/IaHHLIHHHT acOCHH XapaKTepHCTHKacH
cudaTHaa YHHHI OKMMH Kaby. KHJHHHIIH Kepak. Bupop
103 OPKa/lH KYPAQHUUWHUNZ OKUMU JeraHia GUPJMK BaKT-
Aa my 103 OpPKa/Ju YTa@TraH HypJaHHII SHEPrUSCH Tylly=-
HHJIa]H:

aw
D= 75 (5.1)
6ynna dW Gepuaran 103 opkanh d{ BaKT W4YHAa VTraH
Hy pJIaHHII 3HEPT HACH.

'I‘yp.max~ HypJaaHuwaap Oup-CHpHIaH CHEeXTPJAApHHHHT
Y3JYKJH €XYA Yy8JYKCH3JIUTH, CNEKTPJapHHHHI KEeHIJIHI'H
Ba CNEKTPHHHI' aHpHM KHCMJapura MCC KeJyBYH HypJ/a-
HHII OKHMH OHJaH (papksaHanu. HypJanHI CHEKTPHHHHT

TYp/IH KHCMJIapH TypJHua XycCycHsTsapra sra 6yau6, ¥3-
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JMapHHH TypJWua HaMo€H KuJaau. Macasan, + = (0,40 +
+0,75) MKM HHTepBa/lard HypJaHHIl HHCOH KYy3ura Tase-
CHD KHJHII XYCYCHATH GHJAaH aXpaiu6 Typaad. KHCOH
KY3HHUHT TYPJH TYJKHH y3YHJHKJH EDYFJHKJApDHH Ce3yB-
YaHJAHK XYCYCHATH TypJuua, T{AKHH y3yHaurd 0,585 Mxm
6yJ/iraH HypJaHHII (LKA Hyp) Y4yH KY3HHHT Ce3THPJHICH
sHr karTa Oyaaau. Arap 6y v/al

HypJIapHHHT  KYDHUHYBYaHJIHK
¢ynxumacu V() Hu 1 ra
TeHr ne6 oJucak (5.1 pacm),
60omKa TYJAKHH Y3yHJIHKJH
épyraHK HypJaapu yuyd V(})
HUHT KHAMATH 1 naH KHYHK
6ysnanu. TYJAKUH y3yHAHKJa-
pu 0,40 MKM JaH KHYHK Ba A fpaprs

0,75 MKM JaH KarTa 6y.rau 240 % 55 om
5.1. pacm.

HypJ/IaHHIU/IADHHHT OKHMH 3Ca
HHCOH KYy3HIa KYypHII ce3-
rucuHu OatamMoM yHAFoTMaiau. JIEKHH afipuM MHTepBaadard
TYAKHH Y3YHJAMKJAH HypJaHHINJAD XHMHMABHH peaklus,
dotoapPeKT €Xyn rassapHUHr HOHJAHHIIM KaGH KapaéH-
JIapHH BYXYAra KeJTHPHIIH MYMKUH. TYJAKHH y3yHJHK.a-
pH aHya KaTTa Gy/rad HypJaHMIUJIAp OKHMHHH 3Ca 3JeK-
TPOMArHuT TeOpaHuIl KOHTypJsapH €éplaMHAa Kafd KHJHII
MYMKHH.
¥MywMmaH, HypJaHuw oKumH [(©.1) udonara x.] xyseat
6upJaukaapuja yadanumu kepax. CH na sarr (BT) sapza
yauaHanu. JIeKHH HypJaHHIIJIaDHHHT afipuM  coxaJsapu
yuyH 6owka GHPJAHKJAAD XaM MaBxyA. MacasaH, €pyFauK
TYAKHHJIAPHUHT OKHMH JioMed (/1M) JapAa YJadaHanu. MaH-
THKAH KUXaTdaH EPYFAUK OKUMUHUHT OHPJMLH acoCuit
6upJuK cH(atHAaa TaHaad OJIMHHIIK JIO3HM 3AH. BHPOK
Tapuxuil cagabsapra kypa, CH na €pyraux ry4uHuHr
GupJaury acocHd ne6 Kabysa KHJAWHTaH. EpyriHk KyuuHu
MaHOa (HypJiaHTH4) HypJaHHWHHHHT (a3oBuf 6ypuak Gup-
Jurura TYFpH KeJajHran @pyr/JdK OKHMH Tap3ujla aHUK-
JlaHalH:
dd
= ag—_,' , (5.2)

O6ynna d® — erapsauua kuunk d2 ¢asosuil 6ypuak HyHAa
TapKastaérran €pyrauk okumH. CHU na €pyepavMK KYUHHUHD
ya4oB Gupaurd xanaena (xa). Bup xaundeas—101325 Tla
bocum ocmuda 6)a2ar NAGMUHGHUKE KOMUUE meMnepa-
mypacudazw (asdn 2042 K naru) mjsa HypraHIULHUHZ
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S50 000 M 103u0an nepnencuKyAfp Gjnaruuda Hypaaw-

mupusaémean EpyFaux Kyiuoup.

Jemak, (5.2) u¢onara acccal, épyraux rkyswu 1 Kaw-
Oeaa (v.) 6ya2an Hypaaneuw 1 cmepacuan (cp) ¢a3so-
euli OypHoKCa XOCUA KUAQOUQH EPYFAUK  OKUMIL
1 arorex (M) oup:

1 am=1 xa-1 cp. (5.3)

TampubGasap acocuia TYJKHH y3yHauru k= 0,555 Mxm
6yaran HypaaHHWHHHT 1 aM €pyeavk okumura 0,0016 Br
SHeprusi OKHMH TYFPH KeJHIDH aHHKJaHAH. [IlyHHHT yuyH

A =0,0016 =X (5.4)

KaTTaJuK épyFJHKHUHT MeXaHMK SKBHBaJieHTH 1e6 araJraH.
Awua HYp YuyH KYpuHyBuaHauk GyHKuuscu V (1)=1
sau. IyHuur yuyH V()< 1 6Yaras HypJanuwJapHuHr 1

JIM &p) FJIHK OKHMHT 757 Br SHEprusi OKHMH MOC KeJalu

Hypaannw oxumu (P) Gupop fACCH rapaages nJacTHHKa
LIaKJHiard MHCM CHpTHra TyL aétrad 6yacuH. By oxum
KucMmaH rafitann (@y), KHCMaH XKHCMJa I0THJAasH (@),
KOJraH KHMCMH 5Ca xucMAaH ytanu (Py), AbHU

Qi+ P + Py =0 (5:5)

TeHrJMK GaxapuJaid. By TEHIJMKHUHT HKKaja TOMOHHHH
&® ra TaKCHMJacaKk Ba KyHuaaru:
@y /O = p XMUCMHUHI HYD KaliTapuml KOOHJMATH;
@,/ D == XUCMHHHT HY]D IOTHIU KOOGHJHATH;
@y / @ =) XKHUCMHHHT HYp YTKasHIl KOOGHJIHATH
~— 6earunawJaapial ¢ohnanancak, (5.5) npona

pt+at+ D=1 (5.6)

KypuHuIira xenanu. Hucbatan xaauHpox 6yaraH KymnriHa
KaTTHK KHcMJaap YuyH D=0 ne6 xucobJami MyMKHH. ¥
xoazna (5.6) upona

pta=1 (5.7)
KypuHuwra keaanu. By udona TYJKHH y3yHJHKJapH
TypJanua 6yaran (ymymuit xoana 0 <A< oo) HypJaHHIL-
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JAap yuyH ypunau. TaxpuGanapHHHT KypcaTHlIMuYa, p Ba
@ HUHT KUHAMATJ/apH XKHCMHHHI TeMmIlepaTypacHra Ba XKHCM-
ra TymwaérraH HypJaHHIIHHHT A TYJKHH y3yHJaurura Gor-
JUuK. llysuHr yuyn T memnepamypasn JHucMHunz .
mYAKUK  Y3YHAUKAL HYD Kadmapuws KOOWAUSMUHIL
P,.1» KYP formuul kobusuamuru sca axr Ouaad Gearuja-
cak, (5.7) HudonanH KyHAHAarH KYpHHHIUZA €3ULHUMHS
MYMKHH:

partanr=1, (5.8)

YmywmaH, p,r Ba ayr Jap 0 aan | raua 6yarar uurep-
Baafla Y3rapuiud MyMKHH. MKKu uerapasufi XOJHH KY-
pafJInK:

1) pmr=1 Ba arr=0,

STBHH JXKMCMTa TywaértraH Hyp TyJa ka#rtapunanu. ByHzaah
wucM abcoarom ox Jcucx neb arananu.

2) pp,r=0 Ba arr=1l,

SBHH JKHCMTAa TYwaéTraH HypJaHHIl KaATapHAMafiH, y
6yTyHsall 10THsalu. ByHnalt xucm abcoawom wopa xucs
ne6 artansanM.

Tabuataa abcoa0T OK XHCM XaM, a6COJIOT KOPa HKHCM
Xam yupamaiiau. Xap KaHaaH XWCM TylaérraH HypJaHHII-
HUHr GHp KHCMHMHH 10TCa, KOJIraH KHCMHHH KafTapaiH.
Y napuunr 6up-6upuaad dapxH WYHAaKH, 6ab3H XKHCMJAAp
HYpJaHHIUHHHT KYNpOK KHCMHHH 10TCa, GoluKa XHCMJap
KaMpOK KHCMHHH 10TaiH. LIYHHHT yuyH GHpDHHUH XHJ
KHUCMJAPHH MKKHHYMJapura HHCOaTaH KoOpapOK JAEHHIl
MyMKHH. Macasan, Ttabuataa MaBxyx OyJiraH sHr Kopa
KHUCM—KOpaKysl yuyH KYpuHyBuaH Epyrauk A = (0,40 +
+0,75) .MKM coxacuaa, Hyp IOTHII KoGuausth 0,99 ra
AKuH. Jlekud y uHQpaKu3uJa HYPJApHH KaMPOK IOTaiH.
Onarna, Y3MHHHT XYyCyCHATAapH OHJaH a6CoJIOT Kopa
KHCMIaH KaM (apK/aHaauraln
MozresjgaH  ¢dohnasaHuanH.

Bynnafi wmomesn (5.2- pacm)

XKYJa KHYHK TelHKKa Sra \?
6yaran 6epk KOBaK HAHMLIAAH \/
Hoopar. KxTuépuii TYAKHH “

Y3YHJHKJAH HYyp A TEWHK Op-

Ka/q¥ KOBaKka KHpuO KoJrau, ==&

YHHHI HYKH JeBOpJiapHiaH ,

Kyn MapTa KafiTraHaaH KefinH-

I'MHa KafiTn6 uukKa osafgu. Xap

OHp  KaliTHW XapaéHuia Hyp 5.2- pacu.
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SHEPrHACHHHHI OHD KHCMH I10THJIaAH, HaTHXkama HYp
SHEeprUsACHHHHI KyJa KHYHK yJAYUIMIHHA KOBaKAaH KaHTHG
yuKHmH MyMKHH. UIyHUHr yuyH 6yHOafi MOAEJHHHT Hyp
IOTHII KOGHaAuATH | ra xyla fIKMH GyJanu.

KucMHUHr HYP KafTapuiul Ba HYD IOTHII KOOHJ/MAT/a-
pujaH TallKapH siHa OMP XapaKTePHCTHKACH MaBXYAKH, Y
T teMneparypalaru *XKHCMHHHT GHPJHMK CHPTHAAH GHDJHK
BaKTAa HypJsaHaéTraH 3JeKTPOMarHUT  TYJKHHJIaDHUHT
sHeprusicuau Hdonasafinu. By xarraaukuu T memnepa-
mypadazu NCUCMHUHZ HYp 4uxapuu, xobuauamu 1e6
ataJaiu Ba €r OpKaiu OeJaru/aHaid. p Ba @ Jap YJ/ayam-
CH3 KaTTa/IMKJap, YYHKH yJap KHCMra TywaéTrad HypJa-
HHII OKHMHHHHT yJaywmu OusaH xapakTepJ/aHa) 31H. €T
sca, oKopuaard Ttaspudra acocad, Br/M? snapia Y.ayaHa-
AH. €r XHUCMHHHT TyJa Hyp uuKapuul, abHd 0 <2 < oo
HHTEpBa/LAard HYpPJAapHH YHKAPHIN KOOHIMATHIUD. ByHAaaH
Tamkapd 7' tTemmeparypajarst MXHCMHHHT A TYJKHH Y3yH-
JUKAM HYD YHKaADHII KOOUJHMATH €)r KarTaauKiaH Xau
dofinananutanu. By katraaux 7 TeMmepaTypalard XHCM-
HUHr GUDJIMK CHPTHAAH OMPJHK BaKTAa HyDJAHTHUPHJIASTraH
SJIEKTDOMArHUT TVYJ/KHHJAApD 3HeprusiciHd H-poranaiinu Ba
(Br/M¥):M =Br/M® isapaa ¥.auaHaau. AGcosoT Kopa
XHCMHUHT HYp 4YHKApUIl KOOHAMATUHH OOLIKa XKHCM.Jap-
HHKHAaH ¢apK KHJAHII Makcagula Ear ned 6earunaHaid.

2-§. Kupxrod KonyHu

W ceugank HypaaHuw GouiKa Typiaart HypJ/aHuilsiapAaH
Y3uUHHHT OHDp XyCyCcHSITH OuJjaH keckuH (apyaaHanu. By
XYCYCHATHHHT MOXHATH KyHuaarujiad ugopar. ' Temnepa-
Typaiard XHcM KoOWK OuJaH ypaaraH 6y.cuH (5.3- pacM).
KOOHK HCCHKJAMK YTKasMafiAH Ba HYypJAHHIIHH TYJ/HK
KaATapyBUH Hieas] XHUCMAAH Tah€paaHraH 1e6 ¢apa3 Ku-
JAaiyiik. KoOuK HuHIaH XaBOCHHH cypud oJaiiuk. 2Kucm
yyKapraH HypJaHHI KOOGHKKa Tywu0, yH1aH OHUD &ku
6up Heuya MapTa KaiTray, fHa KHCMra Ttymaid. 2KucMm
sca Oy HypJaHHIIHH KHCMaH €ku TV MK ioTaid. KHcMan
I0TCa, KOJraH KHCMHHH KaRArtapaiu. Uy Ttap3ga xucm Ba
KOOHMK HYHIArH HypJaHHII OpaCHJa SHEPrHsl a/JMallHHYBH
AaBOM 3THO TyDalH, ABHH XKHCM Y3HHHHT GUPJ/HK 103HAAH
OupJUK BakTAa HypJaHHUI cHaTH1a KaH4Ya 3HEprus 4u-
Kapca, HYDJaHHIUHH [OTHII KapaéHuIa XYAAH LIyHua
SHEPrHaHH KalOya xuJaanu. [LIYHUHT YYyH XHCMHHHI TeM-
neparypacH y3rapmafinu. By XosaaTHu mysosaxraman
Xoaam Jjefunnanu. TaxpuGaJapHHHT K¥pcaTHWIM4a, Hyp-
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5.3- pacM. 5.4- pacn.

JaHrHy (Hyp YHMKapyBYH KHCM) OHWJAaH HyDPJaHULIHHHD
MyBO3aHatja OYJHILH (haKkaTrHHa HCCHKJMK HypJaHHII
conup OynaduraH XxoJJapjarHHa Kky3atuaaiH. [llyHuHr
yuyH 6ab3aH HCCHKJHMK HYPJaHHIUEM MYBO3aHaTAH HypJa-
Hul Ae0 XaM artanaid. Bouka Typaard 6apuya HypJaHHm-
Jap sca  MY803aHamMCU3 HYpAAHUWAQD XUCOOJaHaiH.
Macanan, GOCHOPHHHT OKCHAJNAHHII XapaéHUAa XUMHABHA
peaKuHsl [iaBOM 3TTaH capH HypJiaHaéTraH XHCM Y3HHHHD
GolulaHFMY XOJ1aTH/AaH y3OKJallaBepa:iH.

TepMOoAMHAMHK MYBO3aHaT KOGHK HuHIa O6up swMac,
6asky 6HD Heua XKHCM XKOUJaurad Xox y4yH XaM YpHHJH
6ynaau. Macanan, KOOGMK HuMla HKKHTa OHD XHJ TeMIe-
patypazard, SSbHH TEDMOJHHaMHK MYBO3aHATJarH JXHCM
XOMJalIraH XOJHH MyXOkama KHJaaiauk (5.4- pacm). Arap
Wy KucMaapjiaH OHPH KYNPOK 3SHEPruHs HYPJaHTHPHO
KaMpOK 3HepTHsa ioTa€TtraH 6yJca, 6y MHCMHHMHI TeMmepa-
TypacH nacaiH6 KeTHIUH JO3HM. DyHHHr 9Basura HKKHHUH
J)KUCM TeMllepaTypacH OPTHWH kepak.DbuHo6GapHH, 6GuplaH-
6Hp HaTHXaCH COBYKPOK XHCMIaH HCCHKPOK XHCMra sHep=
rus y3aTHW OyJraH xapaéH amaJjra OWHpHJIraH 6y.aanH.
ByHna#t xapa€HHH amaira OLIMPpHUI MYMKHH 3Mac, YyHKH
y TePMOAHHAMHKAHHHI HMKKWHYH OOl IKOHYHHIa SHAAMD-
Jlemak, TepMOJIHMHaMHK MYBO3aHaT XOJaTHAArH XHCMJap
CHCTEMacHra OHA Xap OHp JKHCM KaHua SHEPrHsl HypJaH-
THpCa, IIYHYa HypJaHHII SHEPTHACHHH I0TadH. Arap I0Ko-
puia Ga€H sTuaraH Mucoapzarnm (5.4-pacMmra K.) KHCMJap:
TypJiMua SHEprus l0Tca, yJap HYPJNaHTHPaETraH SHEPrus
XaM TypJanya Oyaanu. 2KucmsrapaaH OGHPHHYHCH OAAHHA
JHCM (aBHH abCcoJIOT KOpa sMacC), HKKHHUYHCH 3ca abcosoT
Kopa xucM OJJCHH. ¥ Xoafa OGHPHHYH XKHUCMHHHT Tyja
HYD YHKapHmi Ba IOTHII KOOHJAMAT/IADHHH MOC paBHUIAA
er Ba ar ne6 6earusafiMH3. KKHHYH JXHCMHHHT HYp 4HKa-
pHul KOOUAHATH L7, Hyp IOTHII KOOHJHATH 9ca 1 ra TeHr.



By wuKkkaja XKuCM oOpacMia HypJaHHUl BOCHTAacHIA
Heprus aJMaWlHHYBHHM MHKAOPaH MyXoKaMa KHJai/IHK.
3y MHCMJAp Xap OHDHHMHT OHDJIMK 103WAaH GHPJHK
aKTaa Mmoc paBuumna er Ba Er sHepruasnap HypJiaHald.
JUDHHUH KUCM MKKHHYM XHCM HYDJAHTHPraH SHEPrUsSHHHT
'r KUCMMHM, #BHU a, E sHeprusnu ioTaliu. [leMax, 6u_—_

MHYM XKHCM YUYYH 3Heprusanap GasaHcH
er=arkr (5.9)

tyHocalar GuaaH vdoaasaHaiH.

WMKKHH4Y JKucM 3Ca OHPHHYH KHCM HypJaHTHpraH
HeprusiHuHr 6apya KMCMHHH, ABHH €r 3HEprusHM IOTalH.
)YHIaH TalKapH, MKKHHYH XXHCM HYyDJIaHTHPraH SHEeprus-
MHr GUPHHYH XKHCM KafTapraH KucMH, sawHH (1 —ar) Er
a TeHI HypJaHWIL 3HEPrHUsAACH XaM HKKHHYH KUCM TOMO-
MJaH 0THJIa1H. HaTHKala MKKHHIH JKHCM YYYH 3Heprus
‘aJaHCUHHUHT udoaacHHY

Erwmer+ (1 —ar)Er (5.10)

YpuHHIIga €3UMI MYMKHH

(5.9) Ba (5.10) udosanapHHHT HKKanacHAaH XaM KYiue
.aruy MyHocalaTHil KeaATHPHO uHuKapca 6yJaagu:

~—=1—=ET. (5-11)

Yy uoia KMpXroQHMHT HHTerpad KOHyHHAMD: Xap KaH-
\an ocucmHune myaian memnepamypadazi mijaa Hyp
uKapuus 6a HYp OMUU KOOUAUAMAGPURUKE HUcCOAmIL
32apmac kKammaaur 6§4ub, y ainu mesnepamypadazi
0C0AI0M KOPA JICUCMHILKE MYAX HYD wuKapull K00uAl-
‘mue2a mene.

Arap MKKa/la XHCM OpajHFura QaxkaTruia h gaH A -+
Fd\ raya uHTepBaJAard TYJAKHH Y3YHJMKJAH HYpJaHHIU-
apHH yTKasaauraH, 6OIIKa HypJaHHIUJADHH 3Ca TaMOMaH
afitapasurai GuADTP XKOMIAIITHPCAK, lOKOpUIarura yx-
lamr myJsoxasasnap acocunaa Kupxroduunr auddepenitan
OHYHH

Tt 5.12
m= ,T (5.12)
dona 6HJ1§H aHHKJaHUIIHMHA HCOOTMA MYMKUH. Kupxrod
OHYHHM KYHMLAruda TabpH(pJIaHARU: UxXmUépull HucHMHURE
Yp wuxapuu sa nyp romuur KOCRAUAMAAPUHUKE HUC-
amu Gy Jcucuuune mabuamuza Gorauy 6yamal, 6apia

CUCMAAD YLYH MPAKUR YIYHALK 80 MeMNEPAMYPAHUNE
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—:"‘y%fu"aepca/t dyuxyuscudup 6a y abcorrm KOPQA HCUCH
HUuHKZ HYp wurapuuw Kobuausamu Exr 2a mewnzoup. Kupx

rod KOHyHHAaH Ky#MAark MYXHM HaTHXaJap KeJu
YHUKAZHK:
1. (5.11) ea (5.12) udonanapnau

er =ark,
enr=arEr (513

MyHocaGatsiap xocua €yaanu. Jlemak, HXTHEPHA IKHCM
HUHT MYyaiiiH  TeMNepaTypajari HyD YHKapHIN KOOHJ/IHATE
WYy {XKHCMHHHT HYp IOTHHI KOOHJHATH OuJaH a6CcoJo1
KOPa >XHCM HYP UYHKapHil KCOMJHATHHHHT KYnaATMacHr:
TEHT.

2. Onnuit XuCM (SEHH aGCcoMOT KOopa Gy/Maran KHCM,
HUHT HYD IOTHII KOCHJAuATH 1 faH KuyMK. LUIyHHHT yuyH
(5-13)_Hu KyHunaru KYpuHHLIZA €3HII MYMKHH:

er < Er, 5.14
ent< Exr. ( )

Jlemak, HXTUEPUA XHUCMHHHT HYP UYHKapHImI KOOHJHATH
XyAAH Wy TemneparypanarH abcoJioT Kopa XHCMHHHT
HYD YHKapHIl KOOH/MSATHAAH KHYHK.

3. Arap 6upoOp X YYYH KHCMHHHT HYD IOTHII KOGHJIM-
ATH axr=0 63aca, (5.13) ra acocaH, exr=arr £1,r=0
6ynanu. Iemak, xucm GUpOp TYJKHH Y3YHJIMKJAM HYypJa-
HHIUHY l0TMaca, Y XoJ4a Oy MHCM XYW Wy HypJaHHUI-
HU OyTyHaafi HypJaHTHPMaHIH.

3-§. AGconoT KOpa XMCM YYYH KCCHKJIHK
HYPJAaHHII KOHYHJapH

Mceukavk HypJiaHMil Ha3apHACHHHHT SHT acOCHH BasH-
dacu afcosoT KOfa #AHCM HYD YHKapuil KCOMJHATHHHHT
TeMnepaTypa Ba TYJKHH Yy3yHJAHKKA OOFJIHKJIHK XapaxTe-
PMHHM aHMKJalldaH ubopar. By coxaza oau6 6GopuJraH
H3JanuInsap TyQadan kaumd STHAraH acoCHH KOHYHJap
6usan TaHHWaiIMK. BupunHun Kouyn Cmegan— boasyman
xoHyHu (06ab3aH 3ca ,TYPTHHYM Japaxa“ KOHYHH) 1el
HOM oJraH. By KOHyHra acocaH, abCOJIOT KOpa XHCMHHHT
TY/Ma Hyp YHKapHIl KOGHJHATH TeMNepaTypaHHHI TYPTHH-
YH Japakachra npomnopUHOHa/] paBHILLA OpPTajiH:

Er=oaT*, (5.15)
6ynna o— Credpan—DBosbuMan aoumufick 6yau6, YHHHT
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KHAMaTUHH TaxpuGanap acocHia c:=5,67-10"8B—T ne6

M2 K¢
QAHHKJIaHTaH.
AGCOMOT KOpa MXHCM HYp YUKapHII KOGHJIHATHHHUHL
VAKHH Y3YHJHKKA OOFJIMKJWICH, SBHHU CNEKTpasJ XapakrTe-
puctukacH Typau TteMmneparypastap (73, <7, <T;) yuyH
5« pacM/la TacBHpJaHTaH. TaxpuOanapia aHuKJ/JIaHraH 6y
i 3rpH YH3UKJIAp acocuaa Kyhu-
Jard XyJocatap KeJaus uH.
Kanu:

1. AGconoT Kopa XKuCM-
HUHT HYDJaHHII CNEKTPH y3-
JY KCH3IHP.

2. Xap 6Mp Temnepatypa-
ra ou/ 6yJraH HypJlaHULIHHHT
! ' ; SHEpreTHK TaKCUMOTHHH uo-
NaMoBYH 3rPH YH3UKAA aHHK
MaKCHUMYM MaBXyd O6YJHO,
Amrl " y Temmeparypa OuraH CapH
KHCKa TYJAKHMH Y3yHJHKJAp
coxacura CHJXKHHIU.

Bunnune cusxcuu wonynu ned araaraH HKKHHUM KO-
HYH aHa Wy MaKCHMyMJapra TaallyKJau: a0corwm Kopa
HUCK HYD uwuxapuul KOOUAUAMUHILKE MAKCUMYMILLZA MOC
Kenysill Ay myaxur Y3YHAUKHUHZ abcoanm memnepa-
mypaza Kynaummacu y32apmac KammaruKoup, s’bHU

Am T = b, (5.16)

6ynia b — Bunr noumuiicu, TaxpHubanap acocuia b = 2,898-
-10%M-K sxansuru anukgJaanrad. (5.16) naH KypuHHUiHua,
a6cooT Kopa XKHUCMHHHT TeMneparypacH I KaHua OKOpPH
6ysca, A, wyHua KHYHUKPOK KHAMatra sra 6y/aaiu. Bow-
Kaua afiTraHjia, TeMnepaTypa OwWraH capH adcoJ0T Kopa
WHCM HYDP YMKApHW KOOHJHATHHHHT MaKCUMYMH KHCKa
TYAKHH Y3YHJHK/IAD COXacHra CH/KHHIH.

5.5-pacmiary srpH UHM3HKJADHH TYWYHTHPHII YYYH
TepMOLHHAMHKA Ba CTaTUCTHK (H3HKA KOHYHJapHra acoc-
A8HHG abCoMIOT KOpa KHCM HYD uHKapuwl Kobuausatu Eir
HHHT HGDONACHHH XOCHJA KHJAMUI HYJAUAa K¥N yDHHHILJIAED
6yaraH. ¥Yaap vuuaa 3bTHOOpra JOHHK OYJraHH HKKHTa:

1. TepmoauHaMHK MyJOXa3asap acocH.la Bul

g

a2

5. 5- pacm.

Enrmome T Fol7)

dopmyaann Takaud stau. Bynna « Ba § — Taxpubasapaan
¢doRnanauu6 TaHnaHaguraH AouMufiiap. Bun Oy ROHUMMA-
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JIapHH 1YHIaf TaHJad OJ-

IHKH, HaTuxkana (5.17) aco- a7 v B sonyme
cHaa Xxucobaamran Exr vovee Taxpusa
HHHr  Kufinataapu  (5.6- \———Pured-Xune

pacMJariH ys3JyKCH3  4YH-
3HK) Taxpubada TONMHJraH
KufimaTsaap (pacMiard HyK-
Tanap) OuJaH KHCKa TyJa- | ¢
KHH Yy3YHJAHKJAap COXacH-
Ja fAX1WH Moc Keanu. Jle-
KHH KaTTa TYJKHH Y3YH- 5.6- pacu.
JUKJap coxacuaa Bur dop-
myJacH Exr yuyR TaxpuGalaruiad KHYHKDOK KuAMarJap-
HH 6epaiH.

2. Paaefi Ba XKuHC HMCCHKJIMK HypJaHHMINTA CTaTHCTHK
¢Hu3uka MeTOAJapHHH TaTOHMK 3THO, aGCOJMIOT KOpPa MHCM-
HHHI HYD YHMKapHIl KOOHJHATH YUYH

Eyre=22CkT (5.18)

uponaHu XOCHJ KHAAHJAD. k£ — BosbliMaH noHMuiicH. By
dopmysa my OJUMJIAPHHHT HOMH OuJaH Paselt — XuHc
dopmyaacu ne6 rwoputuaand. By ¢opmyaa 6yfivua xucoO-
a6 tonuarad Exr HUHT KufiMmataapu (5.6- pacMaard nyHk-
THD YM3HK) KaTTa TYJKHH y3yHJAHKJap cOXacHAa Taxpuba
KHAMatJapura MoC KkesajaH. KHYHK TYJAKHH y3YyHJHKJAp
coxacuaa £ir, (5.18) ra acocaH, 4yekcH3 KkarTa Kufmatra
sra 6yauwM kepak. Baxosanku, Taxpubaza Eir KHCKa
TYJKHH Y3yHAHKJAp coxacuza (yabTpabuHadma coxana)
HoJsraua Kkawmaiin6 6opaau. By axsoara Il. Dpendecr 06-
pasau u6opa Ounan ,yasmpaburaduwa xasoxam® neé
HOM OepaH. Bynaan tamxapu, Paaenr —2Kunc cdopmyJaacu-
naH Credran — DosibliMaH KOHYHHMHH KEJATHPHO YHKapHIra
YPHHHII XaM TyJa MyBapPaxKHATCHI YHKIH:

ET=_§EA,rd}\=2wckT0i—)“=®- (5.19)

Tyaa BHyp uuKapuil KOOW/JHATHHHHT YeKCH3 KaTTa KHAMaT-
ra sra OY/IMIIH JXHCM Ba YHHHI HYPJaHHIIH OpacHAarw
MyBO3aHartra ¢axat a6CoJIioT HOJAA IPHIIHJIHINH MYMKHH,
Jeran xyJaocara oJu6 kesaad. DBy 3ca Taxpubanapra
3WAAHMD, YYHKH ac/uja Xap KaHlal HXTHEDHHA Temmnepaty-
pajla XHCM ~— HYpJAHHII CHCTeMacH MYBO3aHaTAa OY/IHIIH
MYMKHH.
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Taxpu6ara MOC KeJHULIHK HYKTau HasapuiaH Pasei —
— Kunc ¢opmyaack Bun ¢opmyaacura HucGaTaH EMOH-
poKIex TyioJaad. JIekMH Hasapufi XuxaTaaH OyHIad
sMac. Pageft — 2Kunc dopmyaacu kaaccHk ¢usukara KaTs-
uit pasuwia TasHUG XHCOG/aHTaH. YHra uUXTHEDHI TaHaa0
OAMHafUraH KOHCTaHTalap apasiawiTupHJMarad. UIyHuHr
yuyH ,yJAbTpaGuHaduia XanokaT® KAACCUK HA3apusi My-
Xam maxcpulbaiap HAMUNCAAAPUHL MYULYRmupuuea
xo0up a3maciMruiaH najnonar 6epau. Maxc [lnaHkHHHT
3sTHOOPHHN XKaJa0 KHJTaH axBoJ aHa UWyHIad 31H.

4-§. Ilnank cdopMmyaacu

Kanaccuk ¢u3uka KOHyHaaoura TasHub, FEi,r HUHT TaxX-
puba OuJaH MOC KeJyBYH H(QOJACHHH TOMHILAArd mysad-
(QaKHATCH3MUKJIADHHHT cabadu — KJAaCCHK Has3apHs 3aMHHH-
Ja KaM4YHJIMK MasxXyaauruaup. Maxc [lnank aHa wyHAak
xyJocara keaau Ba 1900 #uana ,yabtpabunadina xasuo-
kaTan* OGaprtapad KHAMWI YUYH KJACCHK HasapHsra 3Hn
6ysraH Y3HHHHT THIOTE3aCHHH Harapu cypau. [laaHk
THMOTE3aCHHHHI MOXHATH KyHAuAarulaH Hoopat: HCUcMALP-
RUHZ HYPAGHWWNL Y3AYKCU3 3IMmac, Oasxku aaoxuda
yaywaap (kBauraap) cugamuda wuxapusadw. HypaaHui
Xap OHp YJYIIMHHMHT, SBHH HYDJAHHW KBAHTHHHHT SHEp-
THACH

€ = iy m= /z-i— (5.20)

c
ra Tedre DyHAa v = - — HypiaHWWHHHT uacTOTaCH, A —

[Nnank xoumuiicy HoMu GuJjaH MawXxyp Gy/raH yHusepcas
KOHCTaHTa. XO3HDPrH BaKTla Keéawm cYy3u ¢axaT HypJa-
HHILAarHHA aMac, 6aakH 6ouika (pU3HK KaTTaJHKJap OHJaH
XaM Kywu6 uingaTHaAaid. Macanal, 3JeKTp  3apSAHHHT
KBaHTH JAeraHia 3apsl MHUKIOPHHHHI 3HT KHYMK YJYUIH,
ABHH 3JIEKTPOHHUHI 3apsd MHKIODH TymyHHJaaiH. UlyHunr
YUYH HYpJaHHID KBaHTHHH Cab3aH, omor ned aaoxuia
HOM OHJIaH XaM aTaJjalH.

(5-20) ra acocan, KuCKa TYJAKMH y3yHJAMKJAD coXacHja
HypJIaHHII KBAaHTHHHHT 3HEPrusicH opTHO Gopain. A— 0 za
5Ca KBAaHT 3HePrHsACH WYy fapaxada karta OYJHLIH JIO3HM-
KH, HaTHXaja MXUCM HCCHKJIHK XapakaTHHHHT 3SHEPTHACH
Xarro OHTTarMHa KBaHT YHKapuuira Xauv eTMaiiu. Kucka
‘TYAKHH Y3YHAMKJap coxacuia £ir HHHI KHAMaTHHH Kec-
KHH KaMaiu0 GOpHIIHHK Wy Tap3fa TYLWYHTHPHII MYMKHH.

88



[Tnank oxopuiaa 6Gadu 3TU/AraH Y3UHHHT TUM OT€3acHra
acocsanu0 Ba CTaTHCTHK (DU3uKa KOHyH/apuiaH Qoflana-
HHO

2nh c2 i

Bo=te 1 (5.21)
elkT_l

uporaHun Xocua Kuanu. By udbona [Trank gopmyracu
ne6 aranand. [lnank Qopmysacy acocHila XHCOGJaHTaH
E\.r HuHr KufMariapu (5.7- :
paCMJary y3/ayKCH3 YH3HK) Tax- Eqr
puba KufiMaTaapu (my pacwm-
Jard HyKTaJap) OuJaH TYJAKUH
Y3yHJAHKJADRUHrT  Oapua coxa-
JAapuia Moc keaanH. [aanx dop-
myJaacufan  (ofinananud abeo-
JIIOT KOPa XUCM HYDJaHHIIHHHUHT
SMIIHPHK PaBHULIA aHHKJAHTaH
6apua KCHYHJAPHHH XOCHJ KH-
JUII MYMKHH.

1. Credan — DoasliMad KOHYHHHH XOCHA KHJAHW YYyH
(5-21) Hu TYAKHH Y3yHAUK/AADHHHT O NaH oo raya HHTEp-
BaJHAa UHTErpaijafiMus;

5.7- pacm.

Er={E jd)=2xnc [ —2 (5.22)
0 LI (em_ i )
XHco6iaiapHi AasoM STTHDHW yYyH SHCH §3rapyBuH
AeT =
A== (Ce232)

my KupuTafauk. ¥ xoana (5.22) naru ) Ba d\ nap ypuura
MOC pasullia

N = he

=T % (5e239)
h

d=grdx (F428°)

JapHu Kyfmwm kepax. Harixaza

-]

Er=2ﬂhcz(ﬂ)‘j‘

he | 4 xS( 817_1)
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udonann Xocus Kuaamu3. Bynnarn unrerpan =*/15 ra
Tenr. lllyHunr yuyn
%)
25kt Té = o TS,

Er=2"+-

16c343

By udonana
2k (5.24)

= Bens

6earusaml KHWPHTAMK. h, ¢, £ JapHUHr KuiMartJapulaH
¢doinanann6 Xucobaanran Credan — BoablimaH AoHMHICH
¢ HHHI KHAMATH Taxpubasapria TCHOUJTaH KHHMaT OuJian
Moc keanu. (5.24) nam dofinanann6, ¢ HHUHr TaxpHGa
KHAMaTura acocsaHu6, [TaaHk £ HHUHr KufiMaTHHM aHHKJa-
raH. X03HpruH MabJyMOTJapra acccad h = 6,626-10-% 2K c.

2. Ilnank ¢opmyaacuiad BUHHMHT CHJIKHII KOHYHHHH
XOCHJ KHJHW YuYyH a€coJIOT KOpa XHCM HYP YHKapHII
KOOGUJUATHHHHT MaKCHMYMHIra MOC KeJyBUYH A, TYJKHH
Y3YRJHKHH TONHII /03uM. Bomkaya Kuau6 afitranna

dE\T
o =0

IapTHY KaHOATJAaHTHPYBYM TYJKHH y3YHJHKHHHT KHHAMaTH-
HH TONHIl Kepak. ByHunr yuyn (5.23) GearuJamsappaH
¢dofinananran xonna (5.21) nam xocuaa o/aMu3. XOCHJaHH
HOJITa TEHT/allTHPHO BYXYyAra KEeJATHPHJraH TeHrJIaMaHH
€ucaK, YHHHI €YHMH

he

hm = 1,97k T

K¥puHuinaa 6ynap skadH. By udoaanu

he -~

lm T =4,_975 (5-20)

wakJsaa €3ub, YHHHI VHI TOMCHHJArd XajiHH XHcoGJacak,

Brn nouMElCH b HHHr KHHAMaTHHM Tcnran G3yJamu3. b

HMHT XHcoOsaHran 6y KufiMaTH TaxipuGaJjiapja TOMHJraH
KHHMaTra Xyga MOC KeJIH.

Ulynza#t kKuaub, KJaaccHMK Ha3apusra 3un 6yJraH runo-
Tesacura TasHWO uukapuJarad [lnaek ¢opmyJaacu a6comoT
KOpa XHCMHHHT HYP YHKapHIl KOOHJHATHHH H(ONaNOBYH
yHHuBepcaa QyHKUMsA Eixr HH XamZa aGCoOMIOT KOpa XHCM
HYPJIaHHIUHHHHT SMNHPHK KOHYHJapuUHH MyBad(aKHATIH
Tap3la TYWYHTHpPA OJLIH.
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5-§. OnTux nHpomMerpaap

MCCHKJNK HYDJaHHIN KOHYHJAapura acoc/JaHHG OKOpH
TeMIeparypaJapHH YJauall yCyJJapH ONTHK NHPOMETPHS
ne6 atajanu. Ly Mmakcarna xy/aaaHuaaaural KypHJMaJsap-
BH 3Ca ONTHK NHpomeTpJap Ae6 aranaau. Ly nupomertp-
JapiaH Cab3HJapUHHHT HINJAIl NPHHUMNOM GHJAH TaHH-
wa/HK.

1. Paouayuon nupomemp. Credan — BosbuMan KoHy-
HHMra acocJaHHb abGCoIOT KOpa XXHCMHHHT TeMnepaTypacHHH

T= v E? (5.26)

udona OpxaaH TONHI MYMKHH, ABHM abcoJOT Kopa
XHCMHHHIT TEMIEepaTypaCHHH aHHKJ/all y4YyH YHHHT TyJa
HYp 4YHMKapHII KOGHJMATH Er HM YJavam ertapsid 3KaH.
Ounatna xucmJaap abconoT Kopa 6yaMaian. A6ComoT Kopa
6YyAMaraH XHCMHHHT TYJa Hyp UMKapHII KOOGHJHATH er
abcoJII0OT KOPa JXHCMHHKHMAAH KHUYHK, YJap OpacHAard
6orsanumt Kupxrod xonynd [(5.11) dopMy.ara K.] 6uaan
aHHKJaHalH:

€r = arEr, (5.27)

OyHia ar — abcouioT Kopa 6Y./Marad XHCMHHHT TyJa HYp
I0THII KOOUJMATH, €ab3aH YHH XXHCMHHHT KODaJHUK Japa-
wacH neC xaM atanaid. Arap (5.26) udonararn Er ypHH-
ra abcosoT Kopa Oy/amaraH HMXTHEDUH MKHCMHHHT TYJja
HYP YHKaDHII KOOHJHMATH er KYHH/CA, XHUCMHHHI XaxHKHH
TeMnepaTypacu smac, GaikH paduayuor mexnepamypacu
anuKJ/JaHran OyJjaau. [lemak, palHalHOH TeMIepatypa
jeraiaa TyJa HYp 4YHKapHII KOGHJMATH abcoJIoT Kopa
6y/Maral XHUCMHHHT TyJa HYp uuKapHm KoOOHJ/HSTHra
MHKAOpaH TeHr OyJraH TaKiupia abco/JioT Kopa XHCM
SpHmIHIIM J03uM OF/raH temneparypa TyIWIYHHJAaAH. (5.26)
Ba (5.27) Jsapran ¢ofizanaHHG UXTHEDUH MHCMHHHT XaKHKHI
TeMneparypacH 7 Ba palHauHOH TeMnepaTypacu Tp.; opa-
cujary GOFnaHUL

Tor =TV ar (5.28)

MyHOCa5aT OMJaH aHHKJIAHHIIHHU TOMaMHu3.

5.8-pacMAa paivalHOH NHPOMETPHHHT TY3HJHII CXe-
macH TacBupJsaHraH, 2Kucm (M) HUHI' HYDJaHHIUH TepMO-
napa (mn) ra Tywupuaaad. Tepmonapa 3aHXHpHra yJ/aHraH
raJbBaHOMeTp LIKajacH aScoJIIoT KOpa XHCMHHMHI Kelb-
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5.8- pacut. 5.9- pacm,

BMHJapaa udoJanaHraH Temneparypacura Mocsab napaxa-
saHaau. LIyHHHr yuyH Oy NHpOMeTp MXTHEpHH KHUCMHHMHT
paaHauHMCH TeMnepaTyPaCHHH aHHKJalra MMKOH OepanH.

2. Faswanaux nupomempu. By NHPOMETPHHUHI Ty3H-
JUIIM 5.9-pacMZla TacBUpJiaHraH. TemnepaTtypacH aHHKJa-
HHIIM JI03WM OyJraH KHCMAaH KeJadéTraH HYpJ/aHHII
uyFJaHyBUM Jamna (/) TOJIaCHHHHT TE€KHCJMIHra 00 BbEeKTHB
(O) épnamura mccaaHand. Oxyasp (O,) épramuza Jamna
TOJIaCH Fa HYDPJaHTHY XHCM CHDPTHHHHT TacBHpPH KY3aTH-
Aagu. Okyasp oanuia xcofsawrtupuiaran ¢uastp (D)
CHNEeKTPHUHT CHP KHCMHMHHM YTkasaau. Ojatia, CIeKTPHHHT
L =0,66 MKM ra siKHH GyJraH KMCMHJArH COXadiaHH ax-
paTaaurar ¢uapTpAaH dofinananniain. Jlamna TOJAaCHHHHT
paBluaH/MIH R pecctaT épraMHuia Y3rapTHPHJHILH MYMKHH.
Arap slamna TOJIaCHHHHT DaBIUAHJHTH XHCM CHDTH TacBH-
PHHHMHT paBLIaHJHTHIaH CPTHK 6Y./ca, Tosa TacBup GOHHAA
axpasn6 TypaAH. AKCHHYa, TOJAHHHT paBIIAHJHTH KaM
6yJca, JaMNaHHHT ToJiaCH KOPCHFHUPOX GYJ/HO KYPHHAIH.
Arap Tosa [aBLiaHJMIHM TacBMp paBLIaHJWICHra TEHIJaH6
KOJica, HypJIaHTH4 KHCM CHPTH TaCBHDHHHHI (hOHHIA TOJa
KypuuMmal Kosanu. Cxemanard MuJJnamnepMeTpHH abco-
JIOT KCPa XXHCMHHHT TeMmepaTypacHra MocJas japaxanat
OJIMHraH 6y/ica, HXTHEPHA HYyPJaHrHY KHCM OHJAH YTKa-
3usaéTral Taxpubaia Jamna ToJsacH HYKoOJAMO KeTram
nadTAard MUJAJMaMIIePMETPDHHHI KYypcaTHInWra kapab Hyp-
JIaHTHY JXHCM TeMNepaTypaCHHH aHMKJall MyMKHH. Arap
HypJaHrHy XHCM abCoJIoT KOopa M HCM 0yJca, aHHKJ/aHTaH
TeMnepatypa MXHCMHMHI XakKHKHA TemnepatypacH 7 HH
Hdonanafinu. A6cosoT Kopa Gy/Maran xucmaap yuyH Oy
yCcyJsla aHHKJaHraH TeMIepaTypaRH paBLIaHJHK TeMnepa-
TypacH I'pa AefiMslanu. Xakukufi Temnepatypa Ba paBIuaH-
JHK TemneparyfacH ¥3apo Ky#ulzarn MyHccabaT OuAaH
Gor/iaHraH:
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T = Tpan

kA
14 he Tpae [na \T

lIOxopuna 6adH aTHAraH HMKKH yCyJAaH TamkapH Bun-
MHT CHJAMCHW KCHYHHAaH ¢olizanaHu6 HypJaHTHY XKHCM-
[MHT TeMilePaTypPaCHHH aHHKJaWl XaM MYMKHH. Byuunxr
'YYH OKHCM HYyp UYHKapHUl KOOH/IMATHHHHT  ClieKTpaJ
‘apakTeDHCTHKACHHH ¥J4all Ba MyalsiH CHOEKTD YUYH An,
M aH{KJall KePak. h, 3Ca MHUCM TeMIeDarypacH GHJaH
"=b/hy MyHOCabaT Opxaau GOFJaHTaH. Dy ycya Guuan
HUKJaHraH Kyé&m TemneparypacH taxMuHad 6000 K ra
edr. Ulynit xav xali'iT KHJIa@IMKKH, HHPOMETPJIaDHUHT
eMneparypaHy yJauawlia Ky/AJaHdJaiurad O0ouiKka KypH/aMa
TePMOMETD, TepMolapa) JaplaH ah3al/IMTH MaBXKy[i: MH-
ioMeTpJaa) €pnjaMuia HUXOAT IOKOPH  TeMleparypaJap
,aM, Ky3aTyBuMIaH XKyJa O.4Cia XoOHialurad mucd (ma-
‘ajlaH, aCTPOHOMHK OOBEKT)JIa)HUHI TeufteparypalajH Xam
"IYQHHUIH MYMKHH.

VI 606
EPYFJIUKHUHI KBAHT XYCYCHUATJIAPU
1-§. ®oroapdext Ba yHHHr KOHYHJApH

PomosgPexm — EpYraux mascupudx IHCUCMOIH 34eK-
MPOHKIKE axcparnb wuxumnouy. By XoaucaHd OHDHHYU
sapta 1887 #uana I'. [epy xysarrad. Qotoadhexkt 6yiiuua
{MKZOpHA TexwHpHIapHu pyc Quaurdn A. I'. Croaeros
iawapau (1888 — 1889 fnaiap). CTosetoB TawpHOACHHHHT
xemacH 6.1-pacvaa TacBupJaHraH. Mkkd MeTaasn 3Jek-
poAjaH OHMpH NJAaCTHHKA UAKJH/A, HKKHHUHCH 3Ca
YpCHMCH LIakaja scairan O6y/a4d, yJap rajibBaHOM €Tp
alXHUpHra yJaHrad. Kypu/iMa KODOHFHJIMKKA >XOHJIaulTH-
WJraH’a 3aHxKup 6yiad 3J2KTP TOK Ky3aru/iMmaid. JIEKHH
:aroA BadudacHHM YTadTraH NJAacTHHKAHHHC EDHUTHUJHLIH
HJIaHOK 3aHXKHpAa TOK mafi1o 6yJjaid. AHOA BasHPaCHHH
TadTraH TYp EpHTH/CA, 3aHXHDAA IJMKT) TOK BYXKyAra
enMafind. [Memak, EpyFAMK TabCHpHAA KaTOA CHPTHIAH
laHduit 3apagau 3appana)y axpandb uHKald Ba yJaap
HOZ TOMOH XapaxaTJaHH3, 3aHXKHDAA 3/1eKTD TOKHH XOCHI
uraguaay. By ToxHi gpomomoyx nAed aTalaiH.

93



/// LpyanK

6.1- pacm. 6.2- pacwm.

1898 #usna JleHapa Ba TOMCOH KaToAlaH aXpaduG
YHKa€TraH 3appaJapHHHT MarHHT MaiAoOHla OFHIIHMra acoc-
JIaHHG, YJapHHHT COJIMIITHPMA 3apsiiMHH aHHKJaauaap. By
3Ca KaTo/l/laH axpaJjadTraH sappanap 3JE€KTPOHJApAHp, Ae-
radH xyJocara oJH6 KeJagu.

doroadpdext Xonucacu nJaacTuHka (KaToa) HHHr . dakar
XHUMHABHH TapKHOWrarmHa 3smac, Gajku NJacTHHKAa CHDPTH-
HUHT TO3a/MHK [JapaxacHra Xam OOFJMK 3SKaHJ/HTH TaXpH-
Ganapaa anukaanau. lUyHunr yuyn dorosddexkT xoauca-
CHHH ypraHuwl yyyH 6.2- pacMJa TacBHpJaHTaH KypHJ/malat
¢onnananuaannd. XaBocH CYPHO OJMHIaH IHINA KAWL HYH-
Jard Karod TEKINHPHJHIUK J03uM Oy/aran MeTana] GHJaH
KONJaHraH. ¥ HH, ojaTAa, (GoTOKaTOX Ae6 aTasanu. MoHo-
XpOMaTHK HypJap JactaCH WHIIA HAHILIAArd JepasaiaH
yTH6 Katod cupTHra Tywand. Cxemajard nOTEHUHOMETD
3/JEKTPOAJAD OpacHiard KYYJaHWIIHWHT KHAMaTJapHH{
XaMAa HMIIODaCHHH Y3rapTHpHlira HWMKOH Gepanu. Kyuaa-
HUII BOJbTMETp €&plamuia, (OTOTOK 3ca rajbBaHOMETD
épaamuaa YJauaHaau 6.3-pacMma EpyraMk oKumu P; Ba
@, OyaraH Xoasap yuyH GOTOTOKHHHT aHOJA Ba KaTOA
opacHJard KyuJaHWIra GOFAHKAHTHHH HGOIAJOBYH 3TPH
YU3HKJap, SBbHH BOJbT-aMNep XapakTEpHCTHKaJsap TaCBHD-
JaHral. PacmJaH KypHHHIINYA, 3JEKTD Mafi/lOH Te3/aTyBuH
xapakrepra (' na—, A na+) sra 6yaransa GOTOTOKHHHT
KMAMaTH Ky4JaHWlura MOHaHA papuliga opTHG GopaiH.
Kyusanvmsuur Gupop KuiMatuaad 6GouJiab doToTOK
ysrapmaft KoJaaM, sbHH TyhuHanu. Bomkaua afTrania,
¢0TOS/1eKTPOHNapHUHT GapuacH aHoAra etH6 Gopanu. Po-
TOTOKHHHI 6y KHAMaTHHH mylunuw moku 1e6 aranaiH.
Jlexun Qorokaroara TywaéTraH EpPyFJIMK OKHMH y3raprTu-
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pHuJca, TYAHHUI TOKHMHMHT KU
MaTH XaM y3rapaiu. MacaJaH,
6.3-pacMAa TacBHpJaHraH rpa-
¢uxaapra  [p < /I.,, uYyHKH
P, < P,. By Ttaxpubarap go-
mospgexmruune Oupuniu Ko-
HYHUHI KeJATHPHG  uukapau: Y7t A U
myainn gomoxamoodea myuwa-
E€mean EPYFAUKHUHZ Ccnexm-
pas maprubu yszapxac 03ja-
ca, Pomomorrunz myLuHwuL
guamamu EpYFaur oxumuza myrFpu NPOROPULIHAAIND .

AHon Ba KaToal opacuiatd Ky4JaHdW HOJAra TEeHT
6yarag xoana xaM (POTOTOK Ma3xyld Oyaanu. XaTTOkH,
U<O0 6yaran (avau K na +, A 1a —) xoanapia xam
doroTok Kysaruaaiv. DByniall xoanapia K nam A ra
TOMOH XapakarJiaHadérrad (OTO3/EeKTPOH/IaD MalHmOH KydJa-
pura Kapwu uum Gaxapaid. By um oTo3anekTposaapHuHT
KHHETHK 3Hepruscu ssasura Oaxapu/aaid. Arap asJjexTtp
MailIoH eTap/uuya Kyuad Oy.aca, (POTO3NEKTPOHIAD aHOIra
eTtn6 GopmacilaH ¥3 3HepruanapHHu capdaab Kysiuaap.
Haruxana 3amxupiarn $oToTOK TYXTad KoJaaiu. By xo.ra
MOC KeJyBUH TODMO3/D3YH Kyu/JaHAWHYHT KHAMATH Uy
HU mixmamysiy kyeaanuuw (0av3an mjxmamysiu no-
meryuasn) ne6 atanaiu. Tawpubana)HuH: K¥pcaTduidya,
TOpPMO3JM084H Mali10H Xy4dafitupu/arad capu (6.3- pacmiaru
rpapuxkHuar U <0 gucmura Kapadr) ¢GOTOTOK OXHCTa Ka-
maitu6 6opaiu Ba U= Uyyxr Aa /=20 6yau6 Koaaliu.
Hemax, (oToTokaaH a:xkpaand 4HKa:TraH (POTO3JEKTPOH-
JaDHUHT Te3daukaapu typJauda. U = Uy 6yarasia, xarro,
SHI KarTa Te3/IMKKa 3ra OyJraH (POTO3JIeKTPOHAADHHHT
KHHeTHK 3HepruscH XaM TODPMO3JI03YHM Maii10H KapIIHJIH-
rMHY eHra oJasaiiiu. By uerapaBuit xos1aH ¢oifianaHu6
Kyduiard MyHocadatyH €3a oJiaMu3:

6.3- pacM.

1 ~
e UTyxr = 'g‘me DUmaxe » ()-1)

OyH1a e Ba m, MOC paBHulla 3JEKTPOHHHHI 3apsiu Ba
MmaccacH, Uuaxe (HOTOIIEKTPOH  TE3IJIUTHHHHT  MaKcumas
KuitMaTH.

(6.1) ubomanman Uryxr HUHC TaXpuOana OJIMHTaH KHA-
Mar/lapHra MoC KeJyBYH Uyaxe JAPHH TOMHII MYMKHH. TyJj-
KHH Y3YH/JUKJADH TypJauya OyJaraH MOHOXPOMATHK €pyF-
JAMKJap Ou/aH YTKa3u/araH TaxpHOa HaTHXA/MaDHHH MyXO-
Kama KUl Tydaiiu gpomorppexmuune WK KURLL KORYRIL

25



neS aranaguraH Kyfujarud XxyJocara KeJHHTaH: MYadsin
gomoramoddan axparub wuxaémean GomosNeKmponLap
6owranFUY ME3AUKAGPUHILHZ  MAKCUMAA  Kulmamu
EpyrAaux unmencugsauzuea Goraux 3sac. Epyraurnune
myaxun Y3yHauzw §32apca, GHOMOIACKMPOHAAPHUKL
MAKCUMAN TME3AUKAGPL XM Y3eapadu.
Myafisn  (oTtokaroara TywastraH EpYFJAHK TYJKHH
y3yHAUKJAaDH Ba (OTOINEKTPOHJADHHHT MaKCHMaJ Te3JIHK-
JapH opaCHIarH OOFJIaHHLI rpa-
turn ypHHUra EpPYFJAHK yacTo-

Ur
TaCH Ba TYXTaTyBYH KYUJaHHII
opacuaard OOFJMaHHIIHH HPOaa-
JIOBUH Tpa’puKHHU YH3UII KYJaii-
pox. Taxpubana aHHKJaHTaH
! — ” wynnafi rpubuxk  6.4- pacmaa
(1

TacpHpJIaHTaH. PacMaaH KYpuHU-

muya, Uryxr HUHT KHAMATH (BHHU

6.4- pacw. (OTO3/IEKTPOHMaDHHHT MaKCHMAJ

Te3JIMrH) Ba EpyFJMK 4acTo-

TaCH opacula UH3HKJAHM OorJaHuil MaBxyA. Ulynucu

bTHOOpPra JOMMKKH, YacTOTaHHMHr OHpop v, KHAMaTHIa

(OTO3/JIeKTPOHJIADHHHT Te3JHTH HoJra TeHr 6¥Janu. Yac-

TOTaHHHT Oy KHHMaTy derapa XHCOOJaHaaH. v < Vv, YacTo-

Tanu €pyrauKk (GoTOaPPEeKT XOAHCACHHH BYXKyAra KeJTHp-

MaiaH. PoTo3pPeKT Ky3aTHAHIIH YYYH Y > v¢ uyaCTOTajH

8pYyF/HK TabCHpD 3THIUM J03HM. UerapaBuii uacTtoTara
Moc OyJraH

N 4

hg == 6.2)
TYJAKHH Y3YHJAUKHH (oTo3ddexTHHHr ,KH3HJa uerapacu“
ne6 araw oxar G6yaran. Pomospgexmuune YLURLU
KOKYHQ aHa Iy KH3HJ 4Yerapa XaKuJaru XyJaocalup: xap
Oup gomorxamod y4yH 6upop ,Ku3ur 4e2apa* Masxicyo
0Y.4ub, YHOAH Kammapox MYAKUH Y3YHAUKAU EPYFAUK
mascupuca gomosggexm eyocydea xeamarou. hg HUHZ
Kulimamu EpYrauxk UHMeHCUBAUZUZA MYMAAKO OOFAUK
amac, y daxam @omoramoo Mamepuarurune Xumuasul
mabuamuza 8a cupmuruHz xosamuza GOFALK.

Huxoar TtaxpuGanapna Hamo€H GyaanuraH sHa Oup
baxkT MaBxkynA: €pyrauxnunme domoramodza mywuuLl
bunan gomosnexmpoHAAPHUHE Xocur OYaumn opacuda
cesunrapau saxm ymmalidu. By Pomosggexmnune
mypmunLy KOHYHUOUp.

Baén sruaran 6y TYpT KOHYH (oTo3pPexTHHHT XyCy-
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CHATNapUHH TYJa XapakTepaaiiau. JlekuH WYyHH aaoXuia
Kaiil KWJuWl JO3UMKH, 6.2- pacMia TaCBHpJAHraH 3aHXHD
6yii1ab 3JeKTDP TOKHHHT BYXY/Ara KeJHIIMra €pYFJHK
okuMu cababuu 6yamoxkaa. MkkuHYM TOMOHAAH, 3aHXKHUPIa
3JeKTP TOK MaBXYA OYJMIIM Y4YyH TallIKH 3JEKTP IOpH-
TYBYM KYY TabCHD KHJHWIH JO3HM, albarta. [lewax, Ky-
pusaéTiaH  XoJ4a €pYFAMK  3JEKTP OPUTYBYH  Kyu
Ba3uackuu Gaxapald. YHH gomossexmp 0pumysin ry
neduJanu.

DJIeKTp IOPUTYBYH KyUYJapHH XOCH.I KHJAYBUH FalbBaBHK
3JeMeHT éXyl TepMc3JeMeHTra KHEC Kuaud Epyr.auk
TabCHPHAA 3AEKTD IOPHTYBUM KYYHH BYyXVIra Keatupaii-
ran KypuJamaHd (orossiemeHT €6 aTataiu. PoTo3/IeNeHT-
Jap TeXHHKaHMHT TYPJH COXajapula KeHT K. J1aHHJaid.

2- §. ®oTo3hdekT Ha3apHACH

®ortoahhexkTHHHr dakaT GHPHHYM KOHYHHHH TY.IKHH
Ha3apHsi acoCHAAa TYIWYHTHPHII MYMKHH. JIeKHH TYJaKIH
Ha3apHusi MKKHHYM Ba YYHHYH KOHYHJADHH TYWYHTHpHUIra
OXH3JUK KHJaIH.

XaKHkaraH, TYJKWHH Ha3apusra acocaH ¢OTOKaToAra
TyWwadTraH HUXTHEPUH TYJKHH Y3yHJHKKAa 3ra OyJran
EDYFJIUKHHHT WHTCHCHBJWTH OpTraH capH axpasaub uHKa-
étraH (POTO3/NEKTPOHJADHHHF 3HEPrusJapy XaM OpTHUIH
Ja03WM 34H. Baxosanku, taxpubasapHHHT KypcaTHuiuua,
(FOTO3/IEKTPOHJIADHHHT 3HEDPTHACH €DYFJIHK MHTEHCHUB.IHTHT A
MyTJaKo OOFJHK 3Mac.

WkxnHYuAaH, TYJKHH Ha3apusira acocaH, 3JeKTPCH Me-
Ta1JAaH aXpaaud YHMKHIOH YUYyH KepaKJH 3HepTHSHH Xap
KaHJall €DYF/IHKAAH OJMWIIH MYMKHH, SbHH EDYFJHK TY.I-
KHH Y3YHJHTHHUHF axaMusaTH HYK. dakaT €PyF/IUK HHTEN-
CHBJIHTH e€Tap/Mya KaTtTa 6yaumu .103uM. Baxosaukii,
TYJKHH Y3YHJAHTH ,KU3UJ uerapajaH“ karra O6yaran
EéDYT/IMKHUHT MHTEHCHBJIMIHM Xap KaHuya kaTta 6yaca Xan,
(dotoaddektT xoaucacu pyi Oepmaiau. AxcHHYa, TYJKHH
Y3YHJIHTH ,KH3WJ uerapajlan“ KHYHK OYJaraH Epyriauk
(MacasiaH, ysabTpabuHadma HypJap) HHTEHCHBJMTH HUXOSAT
3aud 6yaca xaMm ¢otoaddekt Kysaruaaau. ByHaan rtawm-
KapH HUXOAT 3au( HHTEHCHBJAUKIAru Epyr/auK TymaéTrad
TaKAHMpAa, TYJKHH Hasapuara acocaH, €pyr/aHK TYAKHHJAZD
Talub Ke/araH 3HepPruafJap 3Ba3ura MeTaqlard 3.eKTPOH
MabJyM MHKIOpIarH 3HEPrHsHH XaMFapHO OJHUMM Kepak.
By smeprus aneKTPOHHHHT MeTa/aH YHKHUIH (SBEH YHKHLL
HwH A,) yuyH ertapau 6yaran xoaza ¢otosddext coaup
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6yauwn Kepak. XHCOGJapHMHT K¥pCaTHIlHuYa, HHTEHCUB-
JUTH XKyla KaM Oyarad €pyraukiaad A,ra eTapau sHep-
THSIHY 3J1€KTPOH Xamrapub oJMWK yuyH coatsab, Gab3aH
XaTTOKH CYTKa/nab BakT YTHWIM J03uM 3KaH. Tampubanap-
Ia 3ca meTaira €pYFJAMKHHHT TYWIHIIH Ba (OTO3/EKTPOH-
JIADHUHT BYXYAra Keauwu opacuia 1079 ¢ aap uyamacu
BaKT yTalH, XOJOC.

HeMax, €pyF/MKHUHT TYIKHH Ha3aDHACH Ba (oToaddhexT
XOJaucacH ofacuia oKopuia GaéH 3THJraH MOC KeJMac.HK-
JAap maBayx. LUyHMHT VYVH EpYFIHKHH Y3JAYKCU3 3JeK-
TPOMarHHWT TYJAKHH TNpoueccH ne6 TacaBRyD KMJMLI
€pyFaIuK TalHaTHHH TYJHK akC 3TTHPA OJIMailHd, Jeran
¢ukp Bymyara keaid. By ¢ukp 1905 #uaga A. Dfnum-
TeHH €DYFJHKHHHT KBaHT Ha3apUSCHHH sipaTuliura cabab
6yaiu. JimwTedin Oy coxaia [laask runotesacHHu pu-
BOXKJAHTHPHO KyHHAarH FOSAHW MJArapu Cypau: €pyraux
Kéawmaap mapuracuca HypAarubuna Koamai, 61.4xu
EPYFAUK  IHEPRUSHUHZ MAPKAANLILL  XAM, OMUALULL
xdm reanmaaurzan 03.2adn. By Fosra acocaH, MeTana
CHpTHra Tywmaérran €pyrauK OKHMHHH EDYFJIMK KBaHTJAapH
(AbHU OTOHJAD) OKHMII 1€0 TacaBBYp KHJMII JIO3HUM.
dotoadekt xoaucacuna 3ca 6y (POTOHJApiaH afipuMJapH-
HUHR MeTaJ/l/l CHPTHIra fKHH JKOHJaluraH aipuM 3JIeKTPOH.Jap
6uJ/laH TabCHpJalWyBH pYit Gepaii (04aTaa, MeTall CHPTHra
TywaéTraH (DOTOHJIAPHHMHI Ta:iMHHaH MHUHrIaH 6uUpH (oTo-
9(PdeKTHH XOCHJ KHJaiH, KoJaraH (oOTOHJIap 3ca §3
SHEpPruslapHHH 3JEKTPOHra 3Mac, 6a/KM KpHCTa/ll NaHXa-
para Oepaau). OfiHwTeliH (o103’ hdexkTra IHEPrHSHHHT
CaKJaHHI KOHYHHHH KVJauaiu. POTOH OusaH 3J€KTPOHHUHT
TabCHDJAWYB KapaéHHaa (DOTOHHHHT £vV SHEPTHACH 3JeK-
TpoHra yrtanu. Bomkaua afitranaa, mascup rauysea xaoap
EpYyFraux Keéanmu map3uda Hamoén 6Yaaémear Hepzus
mascuparauy80ar CYyHe IAEKMPOHHUHZ  3Hepzuicuza
atiranadu. Azap 6y 3snepzus emapauia xamma. (SbHA
hy > A) 6yaca, smemardan 3.4eKmpor axcpaiub suxa-
Ou. JHepzuaHUHZ KOAZAH KUCKMIL 3CQ MEMAA0Ar MAul-
Kapuea 4uxkulb oa2an 3aeKkmpor (AbHH (HOTONEKTPOH)
HUHZ MAKCUMQA KUHemux IHepausicu cuamuda HAMOER
0ynaadu. UlyHuHT yuyH R

Me Vyaye
hv=A,+ — (6-3)
TeHrnaMa Gaxapuiagd. MaxkcHMa/l KHHETHMK SHeprus je-
fiMIIMMU3HUHT caGab¥ WIYHAAKH, 3JEKTPOH ¥3 HyJaunard

KapIIM/JAHKAapHH eHruw (MacasjaH, artoMJap GuJjaH TYKHa
IUMIL) Ja SHEPLHAHHHT OHD KHCMHHH HAYKOTHILH MYMKHH.



(6.3) ndbona mawrxu gomosppexm yuyn IdrRwmein
menzaamacu neb atamaau. ,Tawku dortosdpdext* nbopa-
CHHUHT HIuJaTHIMIIMra cabab IWyHIaKd, IOKOpHIAa GaéH
STHJAraH XoJJapia (POTO3JeKTpOHAAD MOJAaiaH TallKapHra
axpaau6 uukanu. bab3u Moananapaa sca, MacasaH, sipUM-
VyTKasruuJjapaa ¢GOTOHJAD TabCHPHAA BaJEHT 30HajJarH
9JeKTPOH Oyl 30HajarH HepreTHK caTxjapra kKyudaau. By
npouecc Typaiiy 3JeKTPOH MOJJ1a TallKapHCura yHKMac-
JaH, YHUHT Huuaa KoJaasd. LIIyHuHT yuyH foTosdpdekTHHHT
6y TypuHU u4ku gomospgpexm ned araiaiu.

DliHwTeHH TeHrsaMacu ¢gortodbdexTHuHr 6arua KOHYH-
JapHH¥ TYWYHTHpa oJsand. XycycaH, ¢ortoapdekTt amaara
OIIMIIM YUYyH J03UM Oynagurad (OTOH 3SHEPrHUSACHHHHT
SHT KWYHMK KuiMaTd, (5.3) ra acocaH, 3,J€KTDOHHHHT Me-
TaJiaH YMKHII WMLIMHUHT KUiMaTHra TeHr, fbnHH

By, = A, (6.4)

By rtenrauk ¢§oTo3pdeKTHHHr 113U yerasacuHH® aHHK-
Aafiiu. (6.4) ra acocaH, ,KM3WJa yerapa* TywaérraH €pyr-
JHK HHTEHCHBJIMIHTA My TaAaK0 OOFTHK 3Mac, YYHKH €pPyF/IHK
MHTEHCHBJHTH yHiarin (OTOH.a) COHHHH XxapakTepJaiiH,
xoJqoc. A#pHM ¢OTCH sHepruscil sca (pakaT yacroTara
GOFIHKAHD.

SHHIITEH TeHrJaMacHHHHT 3aMHHHIA 3JEeKTPOH (axar
6utrta (HOTOHHY 10TalW, jleraH TacaBByp é€raiu. JIekuH
HHTEHCHBJIHTH KyJa KatTta GyJaraH €pyr.ankaad yuyH ¢o-
T.opdextT KoHyHAADH ¥3 KyuuHH HYKoTaau. XakHukaTaH,
arap MHTCHCHBJMIH KYyJra Karra Oy.araH épyrauk OHJaH
Taxpufa yTKasuaadtran 6y.ca, MeTaniaru 3/J¢KTpoHra GUp
BaxTHHHT ¥3u1a MKKHTa (DOTOH TywWHLH MYMKHH. By xos1a
3.1€KTPOH I0TTAaH 3HEDPTrHA HKKa.1a (OTOH 3HEePrHSAJIADHHHHL
AuFuHaMCcUra Tedr. byHna coanp 6y.aagnran )oToadpeKTHH
Kyn gomonau pomosggexnm ;e6 araragu. Tabuuiiku,
K¥n poToHau (GorosphdheKTHHHT ,KH3UI uyerapacH* KHUHK
yacroTasap (KatTa TY.JIKHH Y3YHJMKJAp) coXacira CH/KHH-
IH.

®orto3ahheKTHUHr KBaHT Ha3apHSICHHHHT MyBaddakuaTh
épYFJIMKHHHr KBaHT TAOWAaTHHM HaMOMHMIU KHJIYBYH [aJIHJ-
JapiaH 6upuaup. KefinHyanuk, pyFJIMKHHHT KBaHT TabHaTH
6up KaTop TaxpHbanapaa TaCAWKJAHAH.

3-§. PoToH Ba YHHHI XapaKTepUCTHKAJIapH

Hcenkank nypaanuu, doreaddext xoaucanapunu épyr-
JUKHHHT  ,3JIeMCHTap 3apracu‘ — OTCH TYFpPUCHIArH



TacaBBYD acocuja TYWYHTHPUJAH. Baéu stuarad Xonduca-
Jap ycTHAa My.JoXas3ajap I0pDHTHJAraHla E€pYF/HK 3Heprus
(ABHU 3JIEKTPOMArHUT 3HEPrus) aHa wy (oOTOHJapAa My-
akaccaMJalirad, AeraH GUKp acoc Kuaub OJauHAH. DOTOH
9Heprusicd Ba TebpaHMI! YacTOTaCH oOpacHiard GOFJaHMII
e = /iv MyHOca6aT GUJIaH aHUKJaHaAUd. DHEPrus Ba Macca-
HHHI 3KBHBa/eHTJIHK KOHYHHM W = mc? naH cdofinanancak,
(OTOHHHHT MaccacH

o

(6.5)

Ik

mq):

©
w©

ra teHr 6ysnanu. VIKkWHYM TOMOHAAH, Xap KaHlal 3appa-
HHUHI MaccacH YHHHI Te3 JHTu Ou/JaH HUCOMHJIMK Ha3apHsCH
KeaTupHO YHuKaprat

m,
m = 0

2 (6.6)

==
MyHOca6aT OpKaau GoraaHraH. By wudonazan k§punu6
TypuOAHKH, 3appa XapakaT/aHmaérran (AbHH v=0) Xo.z1a
YHUHT Maccacu m, ra teur. Ofarina, aHa Wy ,THHYJHK-
Jard Macca“ Taxpubanapia YJayaHalid, YYHKH aKCapHAT
xoanapaa v« c¢. laMOHasul (pH3HKa KaTTa Te3JuKJap
6ujlaH xapakaTtJaHaétraH 3appasap YyuyH (6.6) MyHocabar
TYFPHJAUTHHH HCOOTAaAH. ¥V Xoada €PYFIHK (DOTOHH YuUyH
(6.6) Hu KaHna#l TYWYHHII JO3HM?P

(6.6) HH

my=m Y 1— 2 (6.6%)

KypuHUILAA €3u6 OnaliHK. EpYFIMK yuyH U=C. My HHHT
KHAMaTH 3ca 4yeK/M KaTTaauk |(6.5) ra acoca]|. UlyHuHr
yuyH (6.62?) ndona acocHaa Epyrauk POTOHHHHHT THHYJ/IHK-
Aar¥w Maccacu /My HUHrC KuliMaTH HOJra TeHr OYJHILH
Kepaxk, AeraH xyJocara kesnHalid. Douwkauya afrtranaa,
épyrauk (GOTOHH ,TYXTad KoJica“, YHHHT Gapya XyCyCHSAT-
JapH XaM HYKoJalu: MacCcacH XaM, DHEePrHfACH XaM HoJra
TeHr OYJaAH. YMywmaH, (QOTOHHMHT ,TYXTawH“ JeraHia
YHH OUPOD KHCM TOMOHHMAAH IOTHJMILH TYIUYHHJALH-
Tyxtaw xapaéHula (OTOHHHHT 3HepPrusick (Ba yHra 3KBH-
BaJIeHT GYJ/raH MaccacH) I0TyBuH xHucmra yraau. Haruxkana
I0OTYBYH JKHCMHHHT 3Heprusich (MaccacH) MOC paBHIUJA
opTaiH.

Hemaxk, épyrauk (GOTOHMHMHT GoOllKa 3appasnap (maca-
JlaH, 3JIEKTPOH, aTOM, MOJIEKYyJa Ba X0Ka3o) HhaH (apxJa-
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HYBYM MaXCyC XYCyCHATH WIYHAaH HOOpaTKH, QOTOH
THHUJIHKAATH MaccacHra sra 6yamaiau. PotoH Qakar xa-
paxar/JlaHHLI JKapa€HWAaruHa MasBXyl Oy/aud, YHUHI Te3-
JIUTH @pYFJIHK Te3JMTHra TeHT.
Xap KaHla# XapakaTJiaHyBuM 3appa Kadu (OTOH Xam
HMNyJbcra 3ra GyJjanu:
hy

— _-’l\J -—
pq)-—m(bC— C—;.c = ?

lyunnaft Kuau6, 6apua 3appasap kabu $HoTOH xam

3Heprus e=hy,

Macca m¢=ii:, 6.7)

A,
HMOYJABC  Py=~—

Gunad xapakrtepJaHagd. POTOH/IAD MapXylJurd OGUD KaTop
Taxxpubasapaa TtacAukaannu. LUly taxpuGarapHuHr Gab-
3ugapu OuJaH TaHHwaiiuk. A. ¢. Hodde Ba H. H.
IloGpoHpaBoB aMa/ira owHpraH Taxpubana (1922 #) 3a-
psiiaaHraH BHCMYT 3appacH (Bi) accy kompmeHcaTop KoimJja-
MaJapu opacHla ,MyallaKk“ BasdHsrtga TypaiH (6.5- pacm),
S'’bHH  3apPaHMHT OFHPJHK KyuH

3appara TeckapH HyHa/IHILAA Tab-

CHD 3TYBYH 3JEKTP Kyu OHJaH —— —
MyBO3aHaTJalirad 6yaaau. Taxpu- 4

fala KOHIAEHcaTOp KomJamaJnaapH-

JaH OHpH pPeHTreH TpPyOKaCHHHHT g

aHOIH (CcoAjastalliTHPHII MaKcaluaa \t/
pEeHTreH TPyOKaCH pacMJa TacBHp- [— —
JaHMaraH) Ba3ucacHHM Oaxcapaau. A

HuX0AT KHYHK HHTEHCHBJHMKAATH L

3JEeKTPOHJap OKuMH A aHoara ke-

JH6G ypHJray, yHia TOpMO3./aHa-

au. Hatuxana A nan Gup cekyHA- 6.5- pacm.

na 1000 ra SKWHH DEHTreH WM-

nyJabcaapH  uvKapHJaald. DBy peHTreH HypJapu TabCH-
puaa 3appa 30 MHHyT/ap uyamacujia OWp wmapra ,THTpaG®
MYBO3aHaT/AaH YHKKaH. XHCOOJIapDHHHT KypcaTHlIHYa, LIYH-
laii BaKT HuMjJa 3appa HyHa/IHlLHAa OUTTa PEHTTeH KBaHTH
HypJaHap 3kaH. By kBaHT 3appa 6uJaaH TYKHawrau ¢oro-
apdext xoaucacu pyit Gepanu. Haruxkana sapaau y3rap-
rad (axxpaau6 yMKKaH 3J1eKTPOH XHCOGHra) 3appa MyBO3aHaT
Ba3usATAaH ydMKanu. TaxpubaHu aHa WYHAaH TyILYHTHPHIL
MYMKHH Ba Yy PEHTIreH HypJIapHHHHT XHCM GHJAH TabCHP-
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Jlamyey KEAHT XardKTepilra 3ra 3KaHJHTEHH TaCAHKJAHT1H.
Arap penTtreH HypJapu TYJKHH Tap3uia TapKaJaiu aed
TacaBByp KUJIHHCA, 3a°paiaH 3JEKTPCHHHHT  axpasidd
YyUKHMIIM Y4YH J03uM OYV.Jalurad 3Heprus A, HMHr KHilma-
THra eTryHva fvruani Jo3uMm. Taxpucanapaa yaaanu.a-
raH peHTreH HypJadHHHHT HHTEHCHBJMTH HHXOAT KHYHK
GyAranaura yuyH, XucoGJapHHHC KypcatHuiva, OyH1a#
3HEPrHs Xa KaHua BANT yTCa XaMm HMFHJMAC 3KaH.

C. WM. Papi/iorHHHT (PHKDHTA KYy[a, €pYFJIHK OKHMH
aiipuM GOTHAATHHHT AHFHHIHCHAAH ubopar oOyaca, cra-
THCTHK (bH31Ka  KCHYHJapura  acocaH (hCTCHJAPHHHT
durykTyawiact  (PIyKTyauns — (QpU3HK KarTalAKHHHT §D-
Taya KuiMaTtHaaH TacolWHH “eTra YMKHINIADH) Ky3aTH-
JWIUH J03uM. 1933 -~ 1242 #uanan MoGallHMAa YTKa3uarad
Ky3aTiwaapia ¢y (GuKp TaciHK/JaHTH. Haruxana épyr-
JAHKHHMHT (OTCH TalHaThHH HCOOTJIOBYHM sfiHa OHD nHajH/ara
3DHLIHJLH.

4-§. Epyrauk Gocumu

Makcsenan Ha3sapuscHra acocaH, XHCM CHPTHra Tylua-
értraH xan KaH'afl 3MeKTPOMATHHT TYJAKHH [y >KHCMra
gocum Gera.i. BocuMHH EByXylra KeJHUHHH KyHuiaruia
TYWYHTHPHIT MYMKHH.  §lccH €pYFIHK TYJIKHH MeTasl
CHpTHrA HOyma/d [asHw.la TywaétraH Oy acuH (6.6- pacwm).

Y xecnra @pyrauk TYaKHHHHHT E

. Ba H BekTtopsanu metann cupTH
GV#haad> #yHairan 6yaain. Epys-

t‘f ' JEKHHHT 3JIEKTP MaHiCHH TabCH-
pi. a METaJaJ CHPTHra SIKHH XCH-

Jalural 3J1eKTPOH MaiaoHra Tec-
KapH HYyHa/IHUIRA Xarakatra KeJa
Ceowsadan. JIeKHH Iy PaKTHHHD
Vaura 6pyrank TYNKUHHUHT Mar-

N

\
/]

6. 6- pacm. HIT Mal1OHH TOMOHHIaH Xapakart-
JaHa€TraH 3JeKT[OHra JIOPEHTL
Kyun (F,) Tabcnp xunaiu. By kyu MeTan1 cuprura nepieH-
AHKYJD pa3iiija YHUHT Hyura Kapab MHyHaaraH. Er-u.
THJAETraH MeTal1 CUPTHHUHT GHPJHK 103Hra TabCHP 3TaiH-
FaH JIODEHTU Kyu/apHHHHI HATHHIHCH EpYFIuK GOCHMHHH
xapaxrepJsaiiau  Maxcpena Ha3apHsICH acoCHia YTKa3H/raH
XuccodJsaD Hatikacuaa €pyraMK GOCHMHM  yuyH Ky#iuiard
dopmy./sia XOCHA KHJHHA {H:

P=w(1+p), (6.8)
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6yHl1a @ — CHUPTraTywaér-
rad €pyFJHK 1aCTacH 3Hep-
FUACHHUHT XaXMHuR 3HY-
JUTH, p — CUPTHHHI €DYF-
JIMK Kaitapuul Ko3apduike-
eHTH.

EpyraHk 6OCHMHUHH
6upuHud 6yau6 1900 fua-
na ITl. H. JledeneB Ttax-
putana auugaaau. IT. H.
Jle6eneB TaxpHOAaCHHHHT
MOXHATH KyHH Aaruian HO6O=
par: ocoHruHa Oypuaaiu-

6.7- pacu. rai mNappakHHHT KaHOTJa-

pHlaH OHMDH KOPaHTHPH.JI-

raH, HKKHHYMCH 3ca SJATHLOK Kuaub scaaran (6.7- pacwm).
By xanoTaapHH HaBGaTMa-HaB~aT €pHTHII HaTHXacHia XO-
CUJ1 OY/1aAMTaH TappaKHHHT OypaidiliiapH TaKKOCJaaHalH.
IMappak ykura énuiTHpHIraH KHYKHHA Ky3rylaH KaHTyB-
UM HYDHHHT OFHIUHMIa acoC/aHNG MappakHUHT Oy pairaHIHK
NapaxaCH TYFPHCHIa MabJyMOT oOJMHanHu. Taxpubanapia
€pPYFIMKHUHT SJATHPOK KaHOTra Oepajuran 6ocumu (Py)
KOpPaiTHPHJITaH KaHOTra 6epaluraH 6OCHMH (P,\,) JaH HMKKH

MapTa KarTa 6yud uyukau. By Hatuxka MakcBeaJaHHHT
Ha3apuii XyJiocacura MOC KeJaad. XaKHkaraH, uaean s/ITH-
poK cupT yuyH p=1. LUynunr yuyH, (6.8) ra acocas,

P;=w (1 +p) =2w.

Epyrauknu TyJa mfysqn KOopaliTupHJrad cupt yuyn p=0.
Hatuxana

N
y
A
o
§
3

”

Pi=w(l+p)=w.

Epyrank 6ocumunuur Il. H. Jle6eaes tampudacuia aHHK-
Jaural guiimatd (6.8) ¢opmyaa acocHiaa XHCOOJaHTaH
KUHMaTura siKHH G6YJau6 YHKAH.

Epyrank 60CHMHHH KBaHT TacasBypJiap acocHla Xam
TYWYHTHPHIU MyMKuH. CHpTra HOpMaa paBHliia TyWwaer-
rai sicCH MOHOXDOMATHK €pYFJIHK JaCTaCHHHHT OHPJIHK
xaxmuia N ta ¢otoH Masxkyd OyacuH. CHpT ycTHIA
aCOCHHMHT 1034 6up OupJuKKa, OalaHI/JIMIH 3ca ¢ ra TEHT
Gy/arad LUJAMHADHH XaésaH TacaBBYp KuJaliHK. LIMAHHAD
nungard  N.c ¢GoToHsapHUHr OapuyacH OHWpPJHK BaKTia
CHPTHHHT GHDJHK 103ura Tywaid. YjapHuHr pNC KHCMH
CHpTAaH Ka#Ta/ii, KOJTaH KucMuHH, sipHH (1 — p) Ne ¢o-
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TOH cHpTAa oTHAaAH. IOTHaran GoTOHJIapHHHT Xap GupH
cupTra myc umnyJpc Gepand. Kairran xap 6up ¢oron
Tydaliin CHPT Myl — (— MmgC) = 2MmyC Ta TEHT HMNYJbC
onald. ¥ Xoaka OHPJHMK BaKTAa CHDTHHUHT OMDJAHK l03Hra
TabCHP 3TYBUH UMNYJAbLCJAAPDHUHT HMFMHAWCH EDYFJAHK 06o0-
CHUMHMHH HpoOAaail1H, ABHH

P=2myc-pNc + myc-(1 —p) Ne=(1 4 p) N myc®.  (6.9)

By udonanaru Nmy — 6upank xammiard ¢GoToHaap mac-
cacuaup. LyHuHr yuyH, DHHIUTEHHHUHT MacCa Ba 9Heprus
opacujari 3KBHBaJEHT/JHK KOHyHHra acocal, N mgc? Gup-
JHMK Xa¥XMJAarH 7w EpYFJAWK B3HEPrHAHH XapaxkTepJaiiu.
Hartuxara (6.9) udona P = (1 + p) w kypHHHwra KejalH.

5-§. KomntoH acdekTn

KomntoH a¢dexktn 1e6 HOM oaraH xoAHcauu 1923 iua-
na A. KoMnTCcH peHTreH HYpJapHHUHT COUYMJHILHIA OHIA
TaxxpuGana anukaaiu. TaxpuGaHHHr cxemacd 6.8-pacmpa
tacupJaHrai. D, sa D, nuadpparmasap €piamuia HHru4Ka
JacTa LIaKJ/Jura Ke/JTHPHJIraH PEeHTreH HypJapH COUYBYH
Kpucraldl Ap ra Tywald.

CouH.TaH HypJapHH pEHTreH 42,
cnektporrad Crn na TYJKHH - | |
y3yHAHKJaapH OyiiHua aHa/Iu3 Sy l | 9
KuJauHagK. TaxpuCaniapHeHT

Ky pcaTHiiHya, MOHOXPOMATHK _
peHTreH HYpJIapUHUHT TY.JI- o

KHH  Y3YHJMKJapH TyLIHIL

HyHaHILHAA yarapmailan, 6.8- pacM.

Aabiu  0=0" Oyaranza \ =

const6yaaau. Jlekun GOWNAHFHY KYHAJAMII GMJaH HOLIEH
(apy.1u nxTuépuft 8 Oyprax XOcua KHAHS coyHaral peHTICI
HYPJIapUHUHT TYAKHH y3yHJAUIH(N) HHHT KUAMATH KPHCTaara
TywWwaéTrai PeHTreH HYP.IaPHHHHT TYJKHH Y3yHJMLH A AaH
Karra. HypJaapHuur vacrorasapu TyFpUcHIa MyJ0Xasa
oprusuaanural 6yaca, COYMJIraH HypJapHHHT UYacTOTacH

0

¢ R ¢
(V’= T) TYIWAaéTraH Hyp uacToTacH (v= —A) NaH  KHYHK,

Tywaérran sa coumnaran HypJsap TYJIKHH y3yHAHKIaPHHUHT
¢apxu (A=)’ —1) HHHr coUYMaUW Gypyarura GOFJHKJUIH

N.=2 K sin® 5 (6.10)
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fyHoca’ar Gu.aaH uonananaiu. Bynaa K — komnTtoH nou-
mi’icu O0y/n3, YHHHT TaKpuialapAa TOMUATAH KHAMATH
$41.10—'* M ra TeHr.

Tyagud Ha3apuara acocad, peHTreH HypPJaDHHUHT Y3ra-
)YBYAH 3/I2KTP MaHIOHA TabCHPUIa KDUCTANAarM aToOM-
1apDHUHT 3/IeKTPOH/ApH MaxOypaH TejpaHalW/ap Ba y.Jap
IKKWJIaM4¥  TYJKHHJIAD TadKaTaluJaap. DBy uKKuaamuu
'yAKHHAAD (COYH/TAH DEHTreH HypJapH) HUHT 4YacToTacH

v

Costnzan srexmpot
(W y=mc? 7 =mu)

Huwton -3nexmpon
- 2. -
[ Wiy =mpC’i P30

-\’f\_,[‘
Tyeytim pomrey 4
/l/v‘?—/lu T&:y

Coyupmear 990/770/77
/%m_lllu 4 IDC¢ c

6.9- pacu.

KpucTaJra TylIaéTraH peHTreH HYyPJApHHUHT YacTOTacH
Guaan OWp xHuJa Oyaanu. Taxpubanapila Ky3aTHJaaérraH
COUMJraH HypJaD YaCTOTaCHMHMHT  V3rapyBHHH TYJIKHH
Ha3apud MyTJaKo TyLWYHTHpa OJAMailH.

KomnTon 3¢h¢dexTHHH EpyF/IMKHHUHT KBAHT Ha3apHiCH
acocMaa TYWYHTHPWUAAM. DyHOa peHTreH HypJapHHHHT
KpHCTa/JaH COYMJMIL XOAMCACHHH PeHTreH (pOTGH/IapUHHHT
KpHUCTanlaru 3pKHH 3JEKTPOHsap OujaH TYKHallyBH MaXx-
Cyauaup, Ae6 Xuco6saHanu. JHeprusacu Wi ,=hv Ba HM-

h‘t v v
NyJabCH Py = — OYara ($oToH 3/1eKTPOH OHJAH TYKHa-

waérrad 6yacun (6.9- pacm). TyKHawuw COAMP 6yaryHua
HULIOH 3/IEKTPOHHUHI SHEPrUsCH W ,=m? (6yHna my, —

SJIeKTPOHHUHT ,THHUYJIMK® Ba3sHATUAArH MaccaCH) Ba HM-
nyascu p,,=0 Kuiivariap GuJaH XapakTepJaHaad. TYKHa-
Hawuw Tydaiau 34eKTPOH (POTOH ISHEPrHACHHUHT OHP
KHCMHHM Kaby/a1 Kuaalu Ba U Te3auk OWJaH Xapakarra
keqaau. Hatwxkaza 6y couusran agektpon W, = mc?
BHepruara Ba P, = mv uMmnyJascra (6y uvdodanapaa m =

)

v- ~
=mo/]/l - C—) spumain. QPOTOHHMHT ¥3u GOLIJIAHFHY
#iyHau 1w Ouaad 0 6ypuak xocua KHAHG counsatu. Coyuaran
¢otonnunr anepruacu (Wo,=~hv') Ba uMOyabCH (pcq, =

o7’

hv " .
=7) Tywastrad (QOTOHHUXM 1aH KUIMKDOK OyadwM Ta-
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6umnit, anb6arra. QPOTOH SHEPrUSCHHMHT KaMaHMIUM, YHUHT
YaCTOTaCHHH XaM Kama#uwu JeMakaup. Couuaran ¢oToH

- c
YaCTOTaCHHHWHT KaMafArauauru, A= - ¢opmysara acocaH,

TYJKUH Y3YHJIHKHUHT OPTFaHJIUTUHK GHJIAHDAanH.

P0oTOH Ba 3DKHH 9/eKTPOHHHHT TabCHDJAIIYBH Tydaiin
BYXYAra KeJaraH TYJKHH y3YHJHK y3rapyBu—Al TyFpucu-
Ja MUKAODHUHA axCopoT OJHIU YYYH SHEPTHsS Ba HMIYJbC-
HUHT CaKJaHUII KOHYHJAapHra MypoOXaaT KHJHII JIO3HM:

WT¢+ WHS = Wc¢+ Wca; (6'11)
PTQJ == PC(b + Pca' (6.12)
By MKKHM TeHrJMKHM GHpPraJuMKAa €uYMIl HaTHXacuia
h ]
ah=2 0 sint g (6.13)

MyHocaGaTHH XOcHJ KuJamu3. By udonann (6.10) Guaam
o (2 o
COJIMLUTHPCAK, KOMNTOH AOMMHECH K = —— GY/IHIIH Kepak,
0

JeraH xyJocara KeJaMu3. XaKukartaH, /1, /m, Ba ¢ JIaDHHHT
KuiiMaTJapuiaH ¢oiinanancak, K =2,426.-10—'2 M xocux
6yaaiu. Jemak, Hasapuii (6.13) udoaa Ba TaxpuGaBui
(6.10) myHocabaTr xyna MOC Keaud, (QOTOHJapHHHT Mas-
KYAJIUTHHH HCOOTAOBYH AaauJa 6YaHO xU3MaT KHJaLiH.

6-§. DaeKTpoMarHUT HYpPJAHHII KOPONYCKYJAp Ba
TYJAKHH XYCYCHATJIApPMHMHI AHAJEKTHK OHpPJIHIH

OnTukara oWl XO04ucCa/JapHY YpraHMIl HaTHXacuia Ky-
Aujary xyJocaJjap KeJH6 YuKalu:

1) a6coa0T KOpa XHCM HypJaHHII CNEKTPHJIard 3SHep-
rusi TaKCUMOTH, ¢ortoaddexrt, KomntcH sddekTn €pyranK-
HMHI KBaHT XYCYCHATJapUAaH JaJjcJar Oepaiu;

2) épyraux unrepdeperuusncH, 1udpakuHacy, zucnep-
cuscy, KyTOJaHMIuM Ka0u XOAucasapja €pyFAHKHMHT TYJj-
KHH XycycudTsaapd Hamo€H 6yJaiH.

By HMKKH rypyx XoAuca/JapHH TYLIYHTHPHILAA €DYFIHK
TaGMaTHHH aKC 3TTHDYBYM HMKKH HazapusijiaH, s’bHH EpyF-
JUKHUHT TYJKHH (3/eKTPOMAarHuT) ea KOpnyckyJaap (KBaHT)
HasapusJapizZaH qoiifanaHuain. ¥ Xxo.ana, 6apua EpyFJHK
XOJxcasapuHH MKKH OHp-OMpHMra 3WA Ha3apusJjap acocHia
smac, Gasku 6y HasapMsAJapHMHI 3aMOHaBHAPOFH acocHia
TaJKUE KMJAMILHUHT MJIOXKH HYKMH? — Jl€raH CaBOJ TYFH-
Jaau.
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By casoara xa3o00 7fepuil yuyH KYHHIarH TaxXpHOaHU
racasByp KuJaliuk. Mkku Oup-6upHra AKHH IKOHJIAILITH-
du/araH THDKWHWIAH €pyrauk Yytadtran 6y.acuH. Hkxaaa
[UPKHII OYHK OYJraH X0.11a 3KpaH YpHHTa XOHJIaWTHPUI-
;aH (oTonJaCTHHKaza HasbarjaluraH E&pyF Ba KOPOHFH
:0xasapfan ubopar :HTep(epeHUMOH MaH3apa BYXy1ra
kesaau. PoTONJACTUHKAHH ajvamiTHpaiauk. By doronaac-
rHHKara oJauH (axaT OMPpUHUK THDKMILAAH, KeHHH akat
HKKMHYM THUPKHMLLIAH €PYFAHK TywupaMusd. By xouaia xawm
(poTonsacTUHKAra €pyF.HK UKKaJIa THPKHUI ODKaAH TyIUaTH.
Jlexun 6up BayTia 3vac. PoTonjacTUHKaZard MaH3apa
MYT/ax0 GolKauya 0¥Jaid, HHTepdepeHUHOH MaH3apa Ky-
3atuaMaiiin. TYJAKHH Ha3apusra acocad WyH1al OYJHIUH
Kepak, an6arra. JH1H, TaXPUGAHH KOPMYCKYJ8p Hasapus
acoCHja TYLWYHTHPHIITA XapakaT Ku.JaiauK: (POTOHJAD THP-
KHIUAAH yTHUI XapadHWla THPKHULI [eBOpJaDHUra Yypu/aud
AyHaauIapDUHY  ¥3rapTHpadd, HaTHxala (oTONJacTHHKa-
NMapHUHT TYPJM cOXaJapura TywraH (oToH/AaD CCHHU Typ-
nudya OyJaau, jAe6 TtacasBYD KWUJIMG Kypaiauk. ¥ xo.a1a
UKKaJa THPKHW OHP BaxTda OYMUK KOJIMDWJIraH XOJ/jaru
Ba THDKHLUJAD HasObaTva-Ha30aT OUMK KOJIMpUJAraH (aMmo
EpyFJHK OUD (POTONIACTHHKAra TYLMPHATAH) XO0J/daru MaH-
3apa/JlaDHHHI XaD) XHJ OYJAMIIHHH MYTJaKO TYLWYHTHPHUO
b amainu.

[Ilynra yxwaw Taxpuda Ba MyJoxasasnad acocuja 6ap-
ya ONTHK XOAHcCaJapHH (axaT TY.aKuH Hasapus 8ku Qakar
KOPNYCKyJIAD Ha3apuAra TafgH4> TaJIKWH KHJAHL HMKOHHUATH
AYKJIUTHHM UCOOT KUJAHII MyMKHH. By HKKH Ha3apHAHHHT
KaficH 6upM XaKHia MYJ0Xa3a Ioprus3cax xau, y 64p rypyx
XO0AHCaJapHH TYLIYHTHDHUILAA MyBabdaKusTra spyilailu-io,
aMMO MKKHHYHM TVPYVYX XOIMCaJaDHH TaJAKHH KHJMILTA OXH3-
JIUK KHJaIH.

UlyHuHr yYyH KV/AJ1aHUJAa3TraH MHKKHW Ha3apusdaH Kaicu
OMDH 3aMOHAaBMHPOK 3IKaHJIMTH XaKHla MyJoXxa3ajap IopH-
THIW YpHUTra €pYF.JAMK TadHaTH TYFPUCHIAru TacasBY pPJapH-
MH3HH OHIAMHJAWTHDPHUS OJTaHUMH3 MabKYJPOKIAHD.

YMyMmaH, HHCOH OHTHMIA TaWXH MYXHUT TabCHDH Ty paltau
JyH€ MaH3apacH 1uaK.1J1aHW3 OMp KaTop TacasBypJap CHC-
TeMaCcH ByXyira Keaald. MacaaaH, ,TY/AKHH Xapakar®
JeraHjia cyB CHPTHHHHr TYJKHHJAaHWWMK €KW TapaHr TOp-
TH/raH MNHUHT TeSPaHHINJIADHHKM Ky3aTWHll HaTHKacuia
BYXYAra KeJiraH TaacCypoT/ap KY3 YHruMu3la nauao 6y-
Jagd. JlekuH AyHEHU WHCOH Ce3rd opraH/apH OpKaJ/u Kaia
KHJIHW (TaacCypoT) Tydaitim ByxyAra KeJaraH TacasByp-
JIaDHH MHKPOOJaMra xap AOouM ky/a1a35 6yavaiad. XycycaH
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MYJ 0Xa3asnapLa TYJKHH MaH2afacHLaH 3JeKTPOMarHuT Hyp-
JaHUIIHUET MoJeau cudatHia ¢cizananauk. Ymymad,
Y/uam KM Ky3aTHLI HaTHXacula HUFUJTaH axGOLOTJapHH
HasapHi XMXaTIaH MYXCKamMa KHJHHA€TraHIa TeKUIMPHIL
006beKTH (X04HMca) HH coAlanawiTHpuiura €paaM GepanuraH
6ab3u ¢arasnapaad ¢oinanasuaaiu. by darasaap acocuna
TeKMHpUaTran OyoM €KH XOAHCaNafHU UAea Al THPHJI-
FaH MoJeJH XOCHJ KHJHHaAH. Xap KaHnlall MOLeJbr 00bek-
TUB TabuatHHU ¢akaT CMPDHHYH AKMHJAWYBAArH HOAACHAUP.
IHyHuHr yuyH €DYFJAHKHHHT TYJKHH MOZLEJH OHp KaTop
ONTHK XOJMCalapHH TaJKHH KHJAWLIAa XKyJa Karta €phaMm
6epau. AmMMmo €ab3M Xoaunapra 6y MoZeab HOTYFDH (HKD-
Japra oqu6 KeJuwM XaM MYMKHH. DByHra axaGaaHmaca
xaM 6YJsanu, YyHKHM Xap KaHZall Moleqab €apua XoJJapia
06beKTHM afiHaH akC 3TTHLa OJMaiau-7a. XyAAM LIYHHHT-
Jek, EpyFIMKHUHT KOPNyCKyJa MOLEeJH XaM XamMa BakT
Kyn KesaBepMaian. ByHuHr cababu wiyHAaKH, 3/eKTpO-
MarHdT HYpJaHHIL, acJaula, TYJKUH XaM, KOpNYyCKYy./a XaMm
3Mac.

SJIEKTPOMAarHUT HypJaHHIL, XyCycaH €pyFJHK XaKkuiaru
ax0opOTJIaPHUHT aKCapUATH MHCOHHHHT O6eBOCHTa Ce3ru
opraHJapM OpKaJaH 3Mac, Cajakud OHJIBOCHTA MaxCycC KYpHJ-
Masap €pramMuria BYXyAra kesaaiu. EpyFJIHK 6ab3u KYyDPHJ-
MaJjapra TYJKHHra ¥yxiliam TabCHp KHJca, Oab3ujapura
KopnyckyJ/aara yxima6 tabcup kypcataid. LLUyHuHr yuyH
éDYFIMKHUHT Taxpubanapla Ky3aTHJaAWraH TYJIKHH Ba
KOPNyCcKyJsp XYCYCHATJapUHH OWp-6MpHUra Kapama-Kapiuu
KyAum kepax smac. Baaku €pyriauk OUp BakTHUHI Y3Hla
HKKaJa XYCYCHATra Xam 3ra, ne6 xucobJgaul kepak. boiu-
Kaya KHIM6 aitraHfa, 3J€KTPOMAarHWUT HypJaHHUla TYJAKHH
Ba KOPNYCKYJAP XYCYCHATJALHWUHT JHaJEKTUK OUPJHTH
Ky3aTuJaiu. bupok 6y xycycuariap MabJyM KOHYHHAT
acocuJa HaMO€H 6yJalu: TYJKHH Y3YHJIMKHUHT KaMalHullin
(4acToTaHMHr OpPTHIUM) OUJIAH 3/EKTPOMarHWT HypJaHHII-
HUHT KOPTMYCKYJAP XYCyCHAT/]apH KYNpoK HaMOE€H Gy.salH.
AKcHHuYa, TYJKHH Y3YHJWKHHHT OPTHIIHM (YaCTOTAHHHT Ka-
Mafinuin) Tydaiai 3/1eKTpOMarHHT HY[JaHHUIUHUHET TYJKHH
XYyCyCcHsITJIaDH lo3ara uvkKa GouiJanau.

S/IeKTPOMArHUT HYPJAaHULIHUHT HKKa/a XyCyCHATH OUP
BaKkTZa MaBxyjn OYaca, yaap oracuza 6upop OoOFJaHHMIU
XaM OYyJaulM Kepak, a/j6aTta. XaKuKaraH, HypJaHHIIHHHT
TYJKHH XYCYCHATHIaH (CHiajaHHG WHTEHCHBAMK TYJIKHH
aMIIMTY AaCHHUHT KBaJipaTHra nponopuHOHa/T AeraH 3AMK.
Hypaannm — ¢oronnap okumu 1e6 xucobnaHTaHHAA WH-
TeHCHBJHK (POTOHJAp conMra TeHr sau. Jlemak, QOTOHHMHI
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ba3oHuHr GMUPOD HyKTacHra TyIWIWI 3XTHMOJIMIH TYJAKHH
IMIVIMTY JaCHHHHT KBalDaTUra NPOMOPLUOHANAUP.

Ulywna#t Kdaub, 3ASKTPOMarHUT HYypJAaHUW  QU3UK
HyKTad Ha3apJaH peaq OOBeKT O6yau3, Yy TYJAKHHTA XaM,
xopnyckyJara XaM yximavadiu. TYJAKHH Ba KopmyckyJaa
racaBBypJ/apd XOAHCajlanHH TalxUH KHJAMLIAa (oiinanaHu-
nagurad Moieanap 6y.aub, yJaap HypJaHUIIHHHT GU p-6upu
6uJaH y3BHH OGOFJaHraH TypJH XyCyCHAT/JIapHHU aKC 3TTH-
pagu. Bab3u mapoutiania HypJaHUIIHHHT TadHaTH, aco-
CaH, KODNYCKYJfp XYCYCHATJAD OHJaH aHUKJIAHUG, TV JIKUH
XYCYCHAT/IAp 3Ca TEKIIWPH/IaSTraH XOIHMCAHUHT Y H Ya/iuK
axaMusiTra sra OyJ/varad xucJjariapuHd uposansafinu. Bouw-
Ka XUJ WAapOUTJapAa 3Ca HypPJaHUIIHHHT TYJAKUH Tabuatu
yprauu/aéTrad XOAMUCAHHHI a:OCHH XHUCJIATJIaDUHH aHHUK-
Jafii¥rad Japakajaa Karra axavdarra sra 6yjaanu. By
XoJ/jiaplia HypPJaHHIMHHHT KOPHYCKyJsp XyCYCHATH XOLH-
CaHUHT HKKHHYH Japawaad XOCCaJaDHHH aHMKJaura épaav
6epanH, X0J0C.

VII 606
KBAHT MEXAHUKACH 3JIEMEHT/IAPH

1-§. MonjanapHHHI KOPNYCKyJAsIp-TYJAKHH AYaJH3MH.
JAe-bpohab dopmynacu

EpyFIMKHUHT [AYaJUCTHK XYCYCUATJADH, ABHU YHUHI
TYJNKHH Ba KODMYCKYJSAD XyCYCHATIADH TYFpUCHAATH QHKD-
HU pUBOXKJAHTHPUO 1924 huana ne-Bpofins sAHrM rumore-
3aHd uarapu cypau. Tabuam cummempusza molur
6yazanainey mypairn mooda 3apparapururz daxam
KOPRYCKYAAD XYCYCUSMAAPU 3IMAC, OAAKW MIAKUH
xycycuamaapu xam cooup O0jaumu Kepak.

Boumkaya kuauG afitraHla, pe-Bpofisn rumoresacura
acocaH, KOpNYCKYJAD-TYJKHH AyalH3M  3JEKTDOMArHUT
HYDJaHMW YYYH XaM, MOANA 3appajapH YUyH Xauv Teruii-
JUIAUpP. ¥ X0/1a 3/JeKTPOMAaTHUT HypJiaHHI (HOTOHH yuyH
YPpHHAN OyaraH KyHuaard

MYHOca6aTHH MO/AAZ 3appajadH Y4yH Xau KyJ/Jall MyMKHH.
IlyHuHr yuyH Maccacd m, Te3JUTH U (bHH HMIYJbCH
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p=muv) OyaraH 3apfaHWHl XaLaKaT/JaHHLI JKapaéHH.;
Y3YHJIUTH

_h _ R \

A= > = o (7.1,

6y/araH TYJKHHHUHT XYCYCHATJIaPH HaMO€H GYJHIIH Kepak.

Jeran xyJsocara KeauwHaau. (7.1) udonanu de-bpodai

gopmysracu 1e6, . HU 3ca Oe-bpoiine myAKur Y3yHauzy

ne6 araw oaatr 6yaradH. [le-Bpc#ap rumoresacH GuJak

TaHWiuray, OHHIITEHH KyHuaard OUKpHM afiTau: arap Oy

runoresa TYFpH 6yJca, 3/€KT-

POHJap  YuyH  Audpakuus

(& X0AMcacH Ky3aTHJIMILY JO3HM.

y ;> Xawukarad, 1927 #wuana

T Hssuccon sa JNepmep maxc-

7 ) pubacuda 6y OUKpP TacAHK-
‘ \ JaHiu. By tampuGanuHr cxe-
MacH 7.l-pacMzia TacCBHpJaH-

rad. husjupuaran K karon-

JaH YUKKaH TepMO3JIEKTPOH-
Jap katoi Ba A aHO[ OopaJu-
FUAArH 3/eKTP MailoH Tab-
CHpHIa Te3JaTHaaiH. DJEeKT-
pcHaap nacrtacu Dy Ba D, nunapparvaaap épiaMuia HHTHYKa
JacTa wakJaMzna Ap xpuctaJira, yHAaH COUMJATAH 3JeKTPOHJap
5Ca HOHU3aUHGH Kamepa (#7K) ra tywaau. MoHu3auucH kame-
pala ByXy/Jra KeJraH TOK ra/JpeaHoMeTp €plamuia y.a4yaHa-
Au. Taxpubaia HCHU3aLMOH KaMepaHH CH/DKUTHIL €paaMHia
Typau 6ypuak/ap CCTHIA COYMJTaH 3JE€KTPOHJAPHH Kahn
KHJIMLI MMKOHHMSITH MaBXya 3AH. Taxpubanap HaTHXKacH
LYHH KYPCAaTAUKH, COUHJHIL OyPUarHHUHT Y3rapuiuu OuJ/aH
HCHMU3ALMOH KaMmepajard TCK Ky4¥ MCHOTCH paBuiuja y3-
rapManav, 6ajkH OMD KaTop MaxkCHMYMJap Ky3aTWJaaH.
MacasaH, aMkens kpucrtaau 6ujaH Taxpuba VTKasu/araHja
3JeKTLCHAaPHK Te3JaTyBuM (#bpHH A pPa A Jap opacuiart)
noreHunaanap ¢apxu 54 B 6yaransa (Gynpalt mainonna

M
3JIeKTPCH ~ 4-10‘*—C Te3JMKKa 3PHLIAIH) COuuaull 6ypua-

TMHUHT a=050° KuiMaTHIa MaKCUMYM KY3aTHAAW. Arap my
Taxxpuba 3JeKTpCHJap Lactacd 6uJaH smac, 6aJKH [eHTTeH
Hy[pJ/apy OWJaH yTKa3uJca, AMPPaKUHCH MaKCUMyM a=050°
Ja Ky3aTHJHILK YYYH PeHTreH HYPJapUHUHT TYJAKHH Y3YH-
aurn 1,67-10—'""M Gyauwn J03uM. WIKKMHYH TOMOH/aH,
Taxpubaia Ky/aJIaHWATaH 3JeKTpoHAap yuyH, (7-1) udona
acocupa, Le-Bpciiab TYJAKMH  y3yHAMKHM  XHCO6Jacak,
A= 1,67-10—'% KuBMaTHU XOCHJ KuJaaMu3. MoC Ke/lyBuH

7.1- pacm.
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6y HaTHkaJnap fne-Bpofiie runoresacu TYFPUAUTHHHHT HcGO-
Td 6Yau6 xu3maT KHJalH.

KefinHya nK, 3/1eKTPOHIap AU Ppakuuacy GouiKaya ycya-

Jap OuJjaH YTkasuJraH Taxpubasnapla xaMm Ky3aTHJaaau.
Xycycan, I1. C. Taprakosckuii xavaa TomcoH Ba Pefin
XKyZa lonKa MeTtaaa (QoJera (3ap) opkaau YTuil kapa€Huia
BYXYAra KeJraH 3JeKTPOHJAp AH(ppaKLUACHHN TEKLIHDAU-
Jap. 7.2-pacmiaoaTHH poab-
FaHWHT  3JE€KTPOHOrpaMMacH
(A BbHU 3JeKTpoHJap AH(ppak-
nMAcH TydaiiiM sKpaH YpHH-
ra KoijawTHpuarad Qoto-
TNJIaCTHHKajark TacBHp) Kypca-
THJITaH.

1948 fiuana B. Gabpukanr,
B. Bu6epman, Ba H. Cyw-
KMHJaD HuxoAtaa 3aud uH- 7.2- pacm,
TEHCHUBJUKAATH 3JIEKTPOHJAp
OKMMHU OuaaH Taxpuba yTka3Auaap. By taxpubasnap Haru-
kKaJjapd TYJKHH XYCYCHAT/]ap 3JE€KTPOHJAD OKHMH yuYyH-
rdHa sMac, Gajaky afipyM 2/IeKTPOHJAD YYyH XaM Teruil-
JUIUD, NleraH xyJocara OJu0 KeJaH.

YmymaH, (7.1) udona 6apua 3apppanap YYyH YpHUH/IH.
Y Xosra HMMa YYYH KYHAaJIMK TypMyliia MoAaAa G6¥yjax-
JAPHHHHT €KW OTHJraH TOIUHMHI Xapakatd Tydafiu nu-
¢pakumoH MaH3apa Ky3aTH/AMalAu ?— AeraH CaBoJ TYFUIUIIHU
Tabuuiinup. By caBoJsra xaso6 GepHill MaKCalHAa OFUPJIHK
Kyuu tydaiiin Ep cHpTH TOMOH Xapakar/aHaéTraH uYaHr
3appacu (m=10—"kr, v==10—"%m/c) HuHT ne-Bpo#ib Tyx-
KHMH Y3YHJHUTHHH XHCOOJafi/IMK:

_ 6,62:1073% X.c __ o
A= 10=9 kr-10—3 M/ ~6-10 M.

OnTukanan MabJayMKH, ONTHK XOAHCAaJapHH aHUKJOBYM
XapakTepJu ya4yamJiapHu (MacaJ/iaH, THPKHIU €KW TYCHKHHUHL
VJ/uaMmJapuHu) €pyFAHKHUHT TYJIKHH Y3YHJIMTH OWJIaH Tak-
KocJaml MyMKUH Oy.rad xoJ/Jjapia €pPYFJAUKHUHT TYJKWH
Tabuvath Havo€H Oysaau. TYJAKMH Y3YHJAMK XapakTepJu
y/uaMmaapaaH kyna KM4uK 6YaraH xoJjapia aca €pyriauK-
HUHT TYJAKHH XyCyCHATJapH ce3uaapiu 6yamaiiau. IOxo-
pUiary MucoJsla YaHT 3appaCHHUHT JAe-Bpoliab TYJIKHH
y3yHaurd (10 ~22M) 3appaHuHr Xycycuit yadamu (~ 10—°m)
JaH xyna kuuuk. LyHuHr yuyH OyHia#i lapout/apia
TYJAKMH XyCyCHSTJap OLIKOp O¥/Maiiau, aabarra.
~ JleMak, KOpNyCcKYJAAp-TY/JIKUH Nyaldd3M XapakaT/aHaéT-
raH O6apya KuUCMJap Yu4yH ypnmy.flexuu MaKPOXHCM =
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JapHUHT Maccajapu Karta 6yJranu tydaiiau, (7.1) dopmy-
Jara acocaH, YyJapHHHI ZAe-Bpciiib TYJKHH y3yH/IHKJapH
Kyla Kuuuk 6yaaaM. By 3ca MakpoXHCMJapHHHT TYJAKHH
XYCYCUATJAAPHHH Ky3aTh6 O6Y/Mac/AUKHUHT  cababuaup.
Ulynuur yuyyH OW3HUHT OHTHMHM3La MaKpPOXHUCM XaKujia
(hagat KOpmMycKyafp TacaBBYp MaBxXyA 6YJalu.

Xysaoca xuaub alTraHumu3ra, nAe-Bpcoiinib runcresacu
6up xKarop Taxpubasapia TaCAUKJAaHZM Pa y TYJKHH Me-
XaHMKAaCHHUHT SIPaTHJAMILHIA MYXHM poJb YiHagH. ATOM
TY3UJIHIIHHK KJaCCHK TacaBBYPJap acCCHAa Ty YHTHpULIAA
Ayd4 KeJMHTraH KWHMHYUJHKJAD CUJaH TaHHWUICAaK, 6y rumo-
Te3aHWHT (paH DHUBCXKJaHWILMIa KYlUTraH JXy.a Karra XHC-
cacH fiHajla CHAMHJAIAIH.

2-§. ATOM TY3HJMUIH XaKUAArd KJIAacCHK
TacCaBBYPJapHUHT PHUBOXKJIAHUIIH

¥3cx raktaap paBomMusa ¢aHza aTCM MaTEPUAHMHT
Oy/HHMAaC KUCMH, ,AYHE TYSHJIMIIMHHHT 3HT 3JeMeHTap
FUIUTUAJapU“ JAeraH QUKD XYKMFOHJIMK KHJIMO Keaad.
AToM rpekua ,atoMcc® cYy3uaaH cJavHran 6y.am6, ,6y.uH-
Mac“ LeraH MatHOHM aHr.Jaranu.

XIX acp oxupsapura kesraHra sca CHP Karop Mati-
Xy p Taxpubaaap Tydalhan aTOMHMHT MY[PaKkKa® TY3HJIHILN
TYFpUcHrarh QUKD aHuYaruHa CHIMHIAWHO Koand. By co-
Xana, ainukca, Pesepgopd mocpubacu 3bTUEOPTa JOHUK-
aup. By TampuCanunr cxemacu 7.3-pacMmia TacBHUpJaH-
raH. KyprowuH OyJarWHUHT HYHIarH KOPaKjaa [palHO-
aKTHB MaHCa — paldui KOH-
JalTHpHJAral. Man€arau 6ap-
ya HYyHa.Miu.Jaapjha aanga-3ap-
ranap uyMKaid. JIeKuH Kypro-
LWIKHHAAard THPKKLI HYHa/nWLiH-
naH 6owka Oapua HyHaaull-
Japia aabda-3appasap HOTH-
Aaad. THpKHILZAH YyHKKaH

7.3- pacm. aaba-3appanap jacracu P

CJATHH (CcJ/Ibrara nepneHiuky-

Jap rapviaTtywanu. ®oabranan yTras sappanap gayopec-
HEHUM AJaHyBYM KaTJaM CHJaH KonJaHrad (3)skpaHraTylui-
rad HyKTasapJja uaKkMOKuanaap By»yAra keJsaaH. by vaKkMox-
4a/JlaDHH Ky3aTHUIL acocula aibda-3aprasapHUHr (osbralat
yTH i xapa€HUiard COYHAMIL TYFPUCHAA ax60pOT OJAHAH.
Ky3sartyBaapHuHT KypcaTuluHua, ajb¢a-3apfa/iapHHHT aKca-
pUATH ¥3 AYHa MILJIALWMHKH Y3rapTUpMadiuv €KW KyHa KH-
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ypk Gypuak.Japra ofaiu. JlekuH 3appasapHHHT GHP KHcMI
eTapauda KaTrra Oypuakgapra OFaad. XaTTO OPKacHr;
Kafitrad anb(a-3appasap xaM KysaTuarad. Taxpu€a Hatu
KaJapHHHU TYWYHTHPHIL yuyH Pe3sepdopX aToM Ty3uauiuu
HY Kyhurzaruua Gapas KUJALU: AMOMHIUHZ HUXOAM Kuqur
coxacuda mycbam 3apad HohaaweaH, YHUHZ ampogu
Oazu amoMmHuKz 6apia coxacu 3ca MAHPuil 3apsos
s.0exmponaap 6yaymudar u6o-

pam 0y.ub, 6y 31exmponaap- //
HuMz myaux 3apadu myc6am

3apadea MuxKOOpaH meHe. P LR

Wyauur yuyH ¢oabrasan /‘\
YTHID >Kapa€éHUZa acoOCHH Tab- ’
CHpJallyB 3apsin -+ 2e ra
TeHr 6yJaraH aJab(a-3appa Ba 7.4- pacw.
aToM MacCaCHMHMHT aCOCHH KHC-

MHHM  y3uja  MyHaccamJam-

THpran Myc6ar 3apaaan (4 Ze) coxa (0y coxaHu siapc
feb6 ataw onaar 6yJraH, siApo-— ,Maru3“ JeraH MabHOHL
aHraaraiu) OpacMria amaJara owaiu. HaTuXana sapor:
KUHPOK Macoda~aH yTaétraH aabda-sappa (7.4-pacvaa |
ne6 Ge rdsaHraH) siipofaH Y30KpPOK MacodanaH YTadrrar
aibta-3apra (pacMaa 2 ne6 OeqrujaHraH) ra HucOatat
KaTTapoK Oypuakka CFald, 4yHKH aJapda-3appa Ba siapc
opacuraru y3apo HTapUILyBYH KYJOH KYYH YyJap opacu.
Jarn Mmacogara TeckapH NpPCTOPUMCHAIAMP. Tynna-T¥rpy
i4pO TOMCH KesaéTrad aabda-3apra (pacMla 3 1e6 Geu
TWJIaHraH) 3ca KYJACH KYy4YH TabCHPHAA CEKHHJaWwub Tyx.
Tall A4, CYHT OpKacura Ka#taau. Kuaccuk ¢u3uka Kouyw-
Japu accCuaa YTKasu/araH MMKAOPHH xuco6.1ap Pesepdopn
¢dapa3uHu TacAUKJaaAU.

My tapuxa aTOMHMHr $iApO MOI€IH SIPAaTHJAK. YHy
Cab3aH, amMoMHUKZ naaHemap modeaiw 1e6 XaMm artaaanm,
uyHKH sApcHM Kyéwra, 2/eKTpcHJAapHM 3ca ca#€pajiapre
yxwaruaaiu. By moreap atoM TYSHWJAWIIMHH VPraHuiag
MyXHM KalaM O6yaau. JlekuH YHHHT KaMYHJMKJIapH xau
MaBkyA 3a4. Kamuuaumkaap acccaH MKKHTa. By kamup-
JUKJap CusaH 3HT coAja aToOM—BOAOPOA aTOMH MUCOJIH g
TaHWWalIMK. Moneara kypa, 3apsaid -+ e O6yaraH siapc
aTpoduaa 6urTa 37€KTpOH Gepk opbuta Oyisnaé xapakar-
JaHalK. Jlexun Oy a/IeKTPOH KaTTa TC3J2HHIU Gnxan Xapa-
KaT/JaHWILM J03uM. MacanaH, faauycu 7~ 10—'"M op6urs
6yitnad v~ 10° % Te3/qUK OW/aH XapakaTJ/JIaHA€TraH 3jeK-
TPOH KHHMAaTH

— v o2 M
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5y/araH HopMas Te3JaHMIuTa 3ra 6ymaau. Kaaccux asextpo-
NMHaMHKara acocaH OyHnafi 3/JIeKTPOH 3JeKTPOMarHUT Hyp-
MaHULI 4YUKApUIUM Ba 3HEPrHACH KaMaHrauauru rtydaiau
YHUHT opOutacd 60prai capu TOpaiu6 OGOpUILM JIO3UM.
XUCOO/apHHHT KypcaTHInWM4a, TaxMuHaH 10—8c wyamacu
3aKT yTrad, BOJOPOA aTOMHUHMHT 3JIEKTPOHH SADOra HHKH-
M6 Tywuiid Kepak. BaxosaHku, BoJ1opon aromu 6apka-
dopaup. By Moc ke aMac/aMK fJaHeTap MOAeJb AYyY KeJraH
SUDHHUY KUAMHUWUJIMKIHD. UKKUHYM KUAHHYHIMKHUHT MO-
KMATH KyHuparuznad ubopar: 3apsaiu -+ e GYyJraH BOA0OPOL
ITOMHHHHT siApocH arpoduia r paauycam opbura 6yirnad
U Te3auK OuJaH al/1aHadéTraH 3/JEeKTDOH YuyH Xxap Oup
JH1a KyJoH Kyuu (F, =e?/4nzor?) Ba Mapka3jlaH Kouma

m, v? "
- ) Jlap TeHr GyJaid, sbHH

kyw (F,=m,a=

e? m,v?
T —; . (7.2)

3y TeHIJiamMa r HUHT HUXOAT KYN KUAMaTtJaapu yuyH 6Gaxa-
dWJalIu. r HUHT Xap OMp UXTHEDUH KHAMATUra 3Ca 3JeK=
TPOH Te3JUTH U HUHT Ba 3Heprusacu W HHHT aHUK KHH-
vatJiapu ‘Moc keJsaiu. LIyHUHT yuyH r HUHT y3rapyBJapuia
(aHUKDOFH 3JIEeKTPOHHM fIpora SKMHPOK opOuTazsapra
yTHIIM HaTHKaCU/a) YMKapuJaluraH 3JeKTPOMarHur Hyp-
NMaHULLJIADHHHT SHEPrus/apu TypJuua (ABHU Y3JIYKCH3)
kufimatsapra sra OysaumM MyMKuH. Bomukaua afirranna,
BOLOPOJ AaTOMHHHUHI HYDJAHHII CNEKTPH y3JyKCH3 OYIHIIH
no3uM. BaxosaHk#, Taxpubanap BOAOPO] AaTOMHHHHT
ZMeKTPH YH3UKJAM (Y3J1YKJH) 9KaHJIMTMHH kypcatanu (7.5-
pacMra x.).

Onarzaa, cnexkTp/iapHu y3JyKCH3 Ba UYH3UKJM 1eb ara-
naav. Dy TepMuHJap HJaTHAMWMHUHI cababu HHMa-
na? HypaandmaapH# TYJKHH Y3YHJHKJAp (ABHH 4YacToTa-
nap) 6Vinua axxparub yaapHu GoTONJacTHHKAra TyIHPYBYH

RypH/IMaiapHH ChiekTporpadpaap Achinaaiu. Cnexrporpag-
berrep ”’,ai’mj/h =2/ Saddrtan ceougcfin=1/
7 Hy Moo I
o AT

w,//0 % HCL‘?/

7.5- pacm.
114



HUHT acOCHMH KHCMM npu3Ma 6¥.aub, TacMacMMOH THDKHII
LaH yTuO npu3mara Tyiua€TraH TypJH TYJKHH Y3YHJIHKJI
(uactoTasn) HypJaaHMiuJap 6y NpH3Maza TypJiH4a CHHAAU
ABHA YacTOTaCH KHYHKPOK GYJIraH KW3WJ HyDJaHHLI 4ac
TOTaCH KaTtTapoK 6yJaran GuHadwa HypJaaHHIura HucOaTal
KHYMKpPOK Oypuakka oOfaau. Hartuxana dortonaactunKam
CNeKTPOTrfad THPKHIUWHHHT TYPJH 4acTOTaAH Hy PJaHHILJIA|

'43’%7/70/.'.’14/

VA g

Lo

BYXYATa KeJaTuprad TacEupJapu naiio O6y.1azu. TupPKHLU
TacM2CUMOH IuakJaza OY/raHiurd yuyH TaCBMD XaM TacMma
CUMOH Oynaau. JlekuH cnektporpadHu axpaTHIl KOOHJIHS
THHH OLIMPHUI A\aKcaiWla THPKHILHH HUXOAT 3HCH3 KHJH(
CJMHAJMKH, HaTHXkala HIUJOB Gefu.raH (POTOnJacTHHKa
larv TacEMp XVAAKM uYW3UKKa Yxmad ketaiu (7.6- pacmnuark
yusuKJaapra ¥.) lllynuHr yuyH OyHaall HypJlaHUI CIEKTPE
YM3HKJH €KM V3AyKJad 1eb6 atanaau. LLlynu anoxuiaa xafz
KUJalaKKKH, xap OUp ,4H3HK® OMDCD CneKTpaJ  MHTepBak
HH aKC 3TTHpalH, JeKHH Oy WHTepra.l »KyJla KHUHWK Oyx
FaHJIUTH Ty(afia xap Oup ,4YU3KK“ HH MabJyM yacto
TaJ¥ HypJaHWIIra MOC KeJaiH, NeHHIIUMH3 MYMKHH. Araf
MaHOa HypJaHMIUM Y3JYKCH3 [aBUIUAA KeTMa-KeT KeJyBuk
4YacTOTaJ¥ HypJaHHusapaaH ubopar 6Y.aca, 6y HypJaHKLUIL
Jap Tydaian Byxyira KeJaraH (OTONJaCTHHKAIarH ,YU3HK:
Jap* 6up-Cupaapu GusaH amparu6 OY/maljurad fapa)Kaf:
€Hma-éH xciiyiawannd. LIyHMHT yuyyH GoTONJMacTHHKaLark
TaCBUP y3.ayKcH3 O¥Jain Ba OyHIall HypJaHHMIU CNEKTpE
y3JyKCH3 crnekTp Ae6 aTaJaiH.

Boaopoa aToMM HYpPJaHHILIMHUHT CNEKTPHHH YpraHuL
HaTHKacHja CNeKTpAaru uusHKaap TapTHO6cH3 amac, Oaukr
rpynnaJjap tap3uia (Oy rpynnajapHH YH3WKJap cepusiJapr
ne6 atawr opar O6yJaraH) MabJAyM KCHYHHAT CGuJaH XKOH
JalTaHAKIY aHWKJaHAW. 7.5- pacMia BOLOPOA aTOMH CIeK:
TPHHUHT KYPHHYBYaH Ba YyJbTpabuHajluia KHCMJApH Tac
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BUpJaHraH. Boropoa aromu cnekTtpuiard 6Gapya uu3HKJap
yaCTOTa/MapUHHU Ky#uJaru yMmyMJamrad Baasmep dopmyaacu
6usran udonanaca 6yaanu:

u)=R(-”% — _;_) (7.3)

By dopmynanaru R — PuabGepr noumuiicu ne6 atasaiu»
yHUHT Kuitvatu 2,07-10'® pan/c ra TeHr. m HMHT KHHAMaTH
sca Jlafiman cepusick yuyH 1, Banbmep cepuscu yuys 2,
lauten cepusicu yuyH 3, Bpaker cepuscu yuyH 4, [IoyHAa
‘epusicH YyuyH 5 ra TeHr. AfipUM cepusjiapaard 4u3HuK.ap-
Hr vacrotanapu (7.3) udonara n=m-+1; m+2; m+
+3; ... KufiMat/IapHM KYHUII HaTHXacuAa BYxy/ara kKeJ-
ruputanu. Macanan, Banbmep cepuscu yuyH m=2. LlyHunr
/uyH n=3; 4; 5; ... KuiiMaTsapAa MOC paBuuifa 7.5- pacMra
racBupsianran H,, Hg, H,, ... YU3UKJAPHUHT yacTOTa/apH
{ocua 6yanu.

Hemak, aromHuHr Pesepdopi Tak/aud sTraH mnJaHeTap
donend, OWPHHYMIAH, aTOMJADHHHT GapKapOpJIHTHHH,
AKKUHYMaH, aTOMJap CIEeKTPAAPDUHUHT YM3HKJIMJUTHHH Ba
yHHHI KOHYHMAT/aDHHU TYLIYHTHDUIUTA OXH3JIMK KHJaldH.

By KHAMHUMJIMKJADHH €HTHWl YuYyH HaHusAJMK GU3HK
1. Bop kusaccuk ¢usukara 3ua 6y.raH ¢apassapHd Wiarapu
:ypau. By dapasnap danna bop nocmyramaapu HOMH
JMJlaH MalXypAaup-

BupunuM moctyJsar (TypFyH XoOJar/ap MOCTYJ/aTH) HHHT
MOXHATH KyhAuaardiaad ubopar:

ATOMHHMHT eTapJiMya Y30K BayxT Oapkapop 6yJanuraf
vabJyM TYPFYH XoJaTJapd MaBXYIAkH, Oy XoJaTaapiaru
ITOM 3HEpPrUSCUHMHI KuiiMatiapy Wi, W, W, ... W,
TMCKPET KaTOPHM TalUKHJ 3Tanu. ATOM aHa iy TypPFyH
XOJIaT/IapUHHHT OHpHAa Oyauiud MYMKHH, XoJoc. TypryH
KoJiat/iapra TypryH opOHTasap Moc kesanHu. TypryH opOH-
raqap 6yivua xapaxaT/aHa€Trad 3J€KTDOHJAap HOpMaJs Te3-
naguiira era 6y.¢a XaM 3ACKTPOMATHHT TYJRHH HypJaHTHD-
Manau,

HMkkunun nocrynar (opOMTasapHM KBaHTJAll KOHMIAcH)
*a acocaH, TYPFYH XoJaTjard aromia afilaHMa opGuTta Gyi-
na® xapakar/iaHa€TraH 3JIeKTPOHHHHT UMIYJbC MOMEHTH

L,=m,vr,=nh, (7.4)

WapTHH KaHOATJNAHTHDYBYM KBaHTJAHraH KHHAMart/apra sra
dyauwn sno3um. ByHnma m, — 3/IeKTPOHHHUHr MaccacH, vV —
EKTPOHHHHT OpOMTa O6y#1a0 XapakaTuiard HHM3WKJH Te3-
MHK, rp— op6uta pamuycd, A=A /2x = 1,055-10—3% XK-c.
YuuHuM mocTyJsaT (YacToTasap KOWJacH) HUHI TabKHI-
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JaliMuya, atoM sHeprusicu W, Oyarad 6up TYpPFyH Xo.JaT-
naH 3Heprusck W, O6yJaran HKKWMHYH TYpPFYH XoJarra
yTra/la 3HePrUsIHUHT OMTTa KBaHTH YMKapHJaiH €KW 10TH-
Jafid. By KBaHTHHMHT u4acTOTacH KyHHIaru

0=Yn=Wn (7.5)
h
MyHoca6aT 6usaH aHWKJaHaiu. W, < W, wapT 6axapu.ca,
KBaHT HYpJaHTHpHJaaH, W, > W, 6yaranaa sca KBaHT
IOTHJa1H.

1914 #unra dPpank ea lepr
TOMOHHJaH MOXHDOHa awmaJjra
Ol MpHUATaH Taxpuba aromaaru
TYPFYH X0J/1aTJapHH, '’bHH JHCK-
peT  3HepreTMK  CaTXJapHHHT
MaBXYAJNWTHHU TaclHKJaiH. By
TaxXXpUOaHHHT CXeMacH 7.7- pacM -
Jla TaCBUpJlaHTaH. XaBOCH CYpHO
OJIMHTaH MWJHMII HYHra CUMOG-
HUHr OyfFsapH Kamauarad. Katon 7.7- pac.

() XU3QMpHUJAHIIM HaTHXacula

TEPMO3JIEKTPOHJap axXpa/aub uukaid Ba yJap KaTOX XaMiaa
T¥p (7) opajMFUAard 3JeKTp MaHAOH TabCMpPUAA Te3qa-
Tusaaad. Katon Ba TYp opacuuard norenuuannap ¢dapku U
6y.ca, TYypAaH YTa€TraH 3/eKTPOHHHHr 3Heprusicu el
6yaaau. Typ Ba anon (A) opaivruga TYXTaTyBYH KyYCH3-
THHa MalIOH XOCHJ KHJHHrau. Arap s/eKTPOH Karol Ba
TYp opaJjurHla CMMOO aToOMH OWJaH HO3J1aCTHK TYKHalliMaca,
y Gemaunoa 6y KydCH3 MaHAOHHM eHru6 aHoAra eTHO ke-
Jaau. AKCHHuYa, cMMO6G aTOMH GMJ/aH HO3JACTHK TYKHauwys
Ty(a#iii 3SHePTHACHHH HYKOTITaH 3./eKTPOH TYXTaTyBYH
MaiJOHHH eHra O/Maiiu Ba Typra Tywaad. Typra Tyua-
€Trad 3/JEKTPOHJAp KaHuyaJHK Kyn OyJca aHOL 3aHXWpPHra
yJaHraH TanbBaHOMETDP KaHA KHJIa8éTraH TOK LIYHYaJHK
KaMaiiu6 kertanu. TeasaTysud noTeHuuan U HMHT KHIMaTH
peccrar €paaMHAa ¥3rapTUPUJHIM MYMKHH. U HHMHT KuH-
Marura OOFJIMK paBHILJA aHOJ TOKHHHT Y3rapMIUMHH H(pO-
Jla7OBYH 3TPH YH3HK 7.8- pacMaa TacBUpJaHraH. Te3saTyBuH
MOTeHUHAaNHH OPTHULIH, SABHH 3JEKTPOHJAPHUHT KHHETHK
SHEpPrHsACHHH OpPTHILM OWJsaH, aBEaJ, TOK XaM OpTa Ooll-
Jalad (XynAad 3JeKTPOH Jamnajapaarujex). Jlekun Oy
YCHIL 3/]EKTPOHJAp 3HepruscHHUHr 4,9 3B Kuiimaruraua
AaBoM 3TaiH. lllyHnaH CYHT TOK KeCkMH KamasiiH. Keiun-
YyaJIMK, TOK fiHa yca GowJaiiu, JeKHH 3JeKTPOHJap 3Hep-
rusacu 9,8 2B raerranaa, sHa TOK KeCKHMH KaMaiu0 keTailu.
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17 TCKHHHT KeHWHTHM KecKHH Ka-
MafiMliM 3JeKTPOH.1a) 3H2prus-
CHHUHT 14.7 33 KuiiMatiaa co-
aup 6yaand. TaxpuGaHUHT KYp-
CaTHILMYa, TOK KHHuATJIapPUHHUHT
KeCKHH KaMalH Iy 3.1eKTPOHHUHT
sHeprdsicu 4,9 3B ra kapnaau
6y/arad xoJsJania avaJra Olisiki-
T™. ByH71aH cHMOG  aTOMHHH
KyHH 3HepreTHk caTxAaH I0KO-
pH 3HePTreTHK CcaTXra KyTapuiu
y4yH 4,9 3B 3Heprua  s03umM,
JeraH xy.ocara keJavu3s. Bou-

. % ;
! Kaua afiftraHaa, cuiMo06 aroMura
49 96 M7 3JIEKTPOH (hakaT MabayMm Y.yl
78- pac 3HeprusHu (allHM wmucoaia 4.9
| o 3B Hu) Gepaau. 9,8 Ba 14,7 3B

JH 3JIeKTPGHJAp 3Ca MOC paBHIL-
na CMMOOHUHT HKKH Ba Y4 atoMH OHWJaH TYKHauca, xap
Sup TyxHauiyBia4,)3B naH 3Heprus GepuO, y.1apHH 0KO-
M 3HepreTHk caTxra kytapaiu. Ly ranuka ®ranx Bal'epy
raxpubacH aTOMHHHr TypFYH XoJaTiaapd xaguiaru bop
FOSICHHH HCOOTAaIH.

Bop ¥3itHuHr mocTyaataapHra TasHraH xo0.11a BOACPOA
AITOMHHMHT Ha3anHAciHHY spataH. Ly Ha3apHAHUHr MOXHSTH
3UJlaH TaHWUWAKIMK. BOAOPOA aTOMH SADOCHHHHT 3apsid
+ e. Slipo arporbuiaa r, paiuycau onburta 67iaa6 v Tes-
MUK OuJ/1aH alinaHaéTraH Maccacu #1, OyJraH 3.1eKTDOHHHHT
xapakaT TeHTJiaMacH

meuvt € -' (76)
T'n 4rer,
KYpHHHIL1A €3unaid. Dy 3JeKTDOHHHHT HMIMV.I5C MOMEHTH
yca, OpOHTANAPHWHC KBaHTJaml Koujacura acoca, (7.4)
WapTHU KaHCaTIaHTUDHILK Kepak. (7.4) Ba (7.6) udonanap-
HH Oupraisnkja eycax, BOLOPO.L aTOMHIATH 3J2KTPOH YYYH
T'YPFYH ODOHMTAIapDHUHI pPaivycJapu

_ 4mzoh:

r, -m—ee—_,— n- (7.7)

ndona GusaH aHiKJAHHIIM JO3HMAWMTHHH Tomaxuu3. DyHia-
M n—acCoCHi KBaHT cOH Ae6 arafiaild Ba y OupaaH OGoul-
naHagural 6yTyH mycCar coHsAapra TeHr 0yJa oJaiH, SbHU

n=1,2 3,...
118



By cpfuTtanapra mcc KeJayBuYH TYPFYH XoJaTJjap.la
BOAOPCA aTOMHHMHT TYJHK SHEPIHACH 3JEKTPOHHHHT KHHe-
THK 3HEPTHSCH Ba 3JEKTPOHHHHI AAPO OHJaH ¥3apo TabCup
SHePrusJapHHHHT HHFUHAMCUAAH HOOpaT:

__mp? e?
Wa= 9 dmegr, (7' 8)
UkkuHuu ToMcHZaH, (7. 6) HPOJaHMHT HKKala TOMOHHHH
r./2 ra xynailitupcak, y
m,v? = e?
2 8regr
KypuHHITa keJaau. Bynnan ¢ciinanannb (7.8) Hu Kyfiu-
Aaruya €3a 0J/1aMH3:

e? e
W = 8regr,  dmegr, (7.9)

By udonanaru r, ypHura yHuHr (7.7) 6uJaH aHUKJIaHYyBYH
KHAMaTHHi KYHcaK, BOAOPOA AaTOMHHHHI TYDFyH XoJarT-
JIaDHHH XapaKTepJIOBYH 3SHEDPreTHK CaTXJapDHHHT KHHMaT-
aapuan CH na xucob.aam uMKOHMHM OepaiMraH KyHuiaaru

= M = ]
Wa 32nzeg22fne ' (r=1,23,...) (7-10)
dopMyJsaHH XocHa Kusamu3. ["aycc GHpJAMKJIAp CHCTEMacH-
ZIa 6y ¢opmyJ/a aHua uxuyaM KypuHHI1a Gysaiu:

mget
W"=—'_—2hezn2 y(n=1,23...). (7.11)
Boaopon atomununr (7.11) udona épramuia xucobaHran
SHepreTHK carxJapx 7.9-pacMaa TOPH3OHTaJ UYH3HKJap
INakJuja TacBHpJaHraH. AJ6arTa, 6y YHM3HKJApPHHHT OHp-
6upuiaH y30KJuru 6upop MacwTtab OyHHuYa 3HeprusJap-
HUHT KWAMaTJapura MCHaHA paBHIAa YyTkasuaraH. Boao-
POA aTOMHHHUHT HOpMaJ (yHFOTH/IMAraH) x0JaTuia sJeKTPOoH
SHI KYHH SHEpPTeTHK carx.a, iIbHH acOCHH KBAHT COHHMHT
n=1 KuiiMaTHra MOC KeJyBuUH caTX]a xoljalrad 6yaanu.
Arap atomra TawkapuiaH GuUpop 3Heprus OepuJca, 3JeK-
TpoH n=2; 3; 4, ... KuliMat/apra Moc 6yJraH sHepreTHk
carXJapHHHr OHpopTacura KyTapusaid. ATOMHHMHT Oy
XoJaTJapuHH YHFOTHJATaH XoJat/ap Ae6 araul olat 0yJraH.
YHFoTHJTAH XoOJaTAaH HoOpMaJ XoJaTra Kadta€Tra aToM
3JEKTPOMArHHT HypJIaHHII KBaHTHHH YHKapaAu. Arap 3Jjek-
TpOH n=4 OHJaH XapakTepJaHyBuM XoJaTna OyJca, y
HopMaJs (abHM n=1) XoJsarra Oupjaanura €xu n=3; 2
XoJaTJap OpKaJjH XaM KafdTHIH MyMKHH. JIekuH Xap Oup
yTHwAa HypJaHaiHraH (GOTOHHHWHT 3HEPrusicH OOIJaHFHY
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T n=5

W, 1 5 K gl

4 I { LEENET COTURSE g
¥ I luen cepugcic

L/ n=f

..o wep cegeL
W ‘f’ Sati <z ceouscy e
7.9- pacwM,

Ba OXHMPTH CaTXJaD 3HePrusiIapHHHUHT (dapKHTa TeHT 6Y./1a1H.
Macanan, JlaiiMaH cepusacura oua GyJraH 4u3HKJaap yHro-
THJAraH XoJarJapjaH HopMasa XoJartra (# = 1) yrumaapia
Hyp/JaHalAuraH 3./E€KTPOMarHUT TYJIKHHJapra MOC KeJalH.
BaibMep cepHACHHMHr 4u3uKJAaDH 3ca n=23; 4; 5;...
XoJar/apiaH n=2 xoJaTra YTHUlJapAia HYpPJaHTHPH.JALH-
raH 3JeKTPOMAarHHT TYAKWMHAApHH udoaanaiinu. [y Tapu-
ka Dop HasapusicH BOAOPOA CHEKTPHAATH CepHSIADHHHT
DPH3MK MaBHOCHHH O TMHJAIITHPAH.

Byutan tamkapu Bop nasapuscu Punbepr nouMHuicHHH
XaM Xuco6.1awl HMKOHHHH 6G€pau: BOAOPOL aTOMH # X0JaT-
HaH m XxoJjaTra ¥yTuw/aa HypJaHAAWTaH 3JeKTPOMarHuT
TYJIKHH 4acTOTacH

Wi—Wm _ me! ( 1 1 )
h TRk

0 =

(7.12)

T

Synanu. By ubonsann ymyvaawran Baibmep ¢opmy.iacu
JHJIaH COJMHIITHDCAK, Puadejr gouMuiicu

1
R= %ﬁ (7.13)
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3KaHAMTHHHM Tonamu3. Arap (7.13) ra kupysuu Gapua KOHC-
TaHTaJaDHHHT KHAMAaT/JapHHH KYVHcak, BYXYAra KeJaJuraH
KarTaquk Puiabepr AOUMHACHHMHT TaxpuGana TOMNHJTAH
KuiMaTura axalJaHapJii fapaxala MOC KeJaidH.

Bop Ha3apHACHHHHT IOTYKJapHAaH sHa GHpPH IIYHIaH
HOOpaTKH, YHH BOAOPOACHMOH HOHJAD (SAbHH SAPOCHHHHT
3apsain -}Ze, NeKuH GUTTarHMHa 3.1€KTPOHH GYJ/IraH HOHJAn,
macaqan: He*, Lit—, Be™** Ba Xxoka3doJsap)ra Ky.ial
MYMKHH 6V./anu.

JlekuH DBop Ha3apHACHHUHI KavuYHJAHKJIaDH Xauv aéH
6yaa Gowjanu. MacasaH, cnexTpaa YH3HKJAD HHTEHCHB-
JIMKJapDUH{ XucoOaaulada Oy Ha3apusl OXH3JIUK KHJAAH.
ByHaaH Tamkapu Ha3apHSIHUHT 3HC acocuit MyBaddaxusar-
CH3JIMTH UIyHAaH HOopaT OYJ/AHKH, Y BOAOPOAAAH KEHHHTH
aToM—reJiHii aTOMHHHHT KOHYHHAT/IaDHHH MYT/aKO TYyUIyH-
THpa oJimanH. By myBaddakusTculaHkaapra awab.1aHMaca
xamM OY/anu, yyHKH Bop HasanHsCH $IDMUM KJaCCHK, SpHM
KBaHT Ha3apHs 3aH-4a. JlekuH Bop Hasapusicu ¢aH puBOKH-
Ja KaTTa poJb ViHHaau. Dy Ha3apHsSIHMHT 3HT acoCHi XHC-
JiaTH WIYHAaKd, Y MHKPOAYHE XOJHCalapura KJaccHK
¢usrvka KOHyHIADHHH KY. jall MYMKHH 3Mac/JHCHHH KYp-
catad. HaTtuxana sieMeHTap 3appajap (MacanaH, 3JieKTPOH,
IIPOTOH Ba XOKa30)HH aHHK KOOpJHHaTa Ba Te3JUK OHJIaH
XapakTepJaHyBYHM KHYHK MeXaHHK 3appasap ne6 TacaBBYyp
KH/MIO KaHYyaJduK TYFPH 3KaH, [eraH casoJ TyfuJa Goul-
Jaau. AHa wyHaa#l BasuATAa Ae-Bpcitib Y3uHHHT runoTe3a-
CHHH TakJau(® 3TraH 3,1H.

3- §. Jde-bpoitib TYAKUHIAPUHHHT (PU3HK MABHOCH

Epyrank (yMyMHEDOK XOJAa 3]€KTPOMATHHT HYPJIaHHLL)
Ba XapakaTJ/laHyBYH 3appa (KynHHuYa ,MHKpO3appa“ TepMHHH
HUIJaTH/IaM)1ap AYaJHCTHK XHCJaTJapra srajiurd XakKuia
Taxpubasnapra acocC/1aHH6 HINOHY XOCHJA KHJIHHAH. JHIH
XapakartJiaHa€Trad MHKpO3appaJapia HaMo€H OYy./anurad
ne-Bpoiab Tynxun.nape;mﬂr TabHaTH XaKuia MY.J0Xas3sa
IOpHTAlIMK. MabayMKH, 3/IEKTPOMarHuT HypJAaHUIL, XycycaH
€pYFJHK XaM, TYJKHH HyKTal Ha3apuiaH (a3o4g y3rapys-
YaH 3JeKTPOMArHUT MalAOHHUHT TapKaauuuanp.”Ile-Bpoitip
TYJKUHJIADHHHHT TapKaJddIld 3Ca Xeu KaHiad aJeKTpomMar-
HHT MafIOHHHHI TapKaJqulM OujaH OGOFJIHK 3Mac. XaTrTo
3apsiAJaHraH MHKpoO3appa/lapHHHT (ha3odaru xapakatH OHpOp
9JE€KTPOMArHuT XapaéH Ou/aaH GOFJIMK OYJHUIH MYMKHH-KY,
neb daras xuaub Kypalivink. XakKuKaTaH, Te3JaHHIIra sra
OyJaraH 3JeKTPOHHUHI 3/eKTPOMarHuT TYJKHH HYpPJaHTH-
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K Ky3aTHJa1d. JIeKHH 3JeKTPOH TYFPH YU3UKJH TPaeK-
pust 6ViiHya TeKHC XapakaTJaHa€Tranja Xeu KaHiad ajekx-
'OMarHHT HYpJaHMII BYXYAra KeJMac/JHIH IOKOpHIarH
1pa3Hy MHKOp 3TalH. ‘XyadH WYHHHrAeK, Ae-Bpoitin
IKUHJIApUHU KJiacCHK (du3uKada MabJayM OyJarad OGoiuka
[POp TYJKHHTA ¥XIIATHLI acOCCH3 3KAHAWTHHU HCOOTJIALI
/MKHH.

¥ MyMaH, xapaxam/zaﬂaemeau MUKpO3apparap ouran

[ S Ao M~ -, e - a e emsseaas ce e mmssaa

yuyriasap acocuda macassyp Kuiub 6yasainou.
IKHKaTaH, GM3 MADOK KHJaluraH 1yH€1a MHUKpo3appaJiap-
yXwaraH oO0BeKT MaBxy. 3amac. Mukposappanap 6Gus-
I[HT Ce3rd OpraHAapHMu3ra CeBOCHTA TabCHD KH/AMaHIH.
13 MHKpC3appa/jafHH Ha Kypa 0.1aMH3, Ha ce3a oJaMmu3.
ukposappa 6u3 wy saxmeaua rypzan 6upop obvexm-
Yxwauaindu. Y Oup saxkmuHunz j3uda xam 3appa,
W mYAKUH  XYCYCUAMAAPUHIL MYHACCAMAQUMUDLAH
1xcyc mibuamay mMamepusaoup. YHUHr TabUaTHHM FaJa-
JAHTH IIYHIAaKH, MHKpO3appa AyaJdHCTHK XucJjaTra ara,
'KHH Y OM3HUHI KJ/aCCHK TacaBBY DHMH3]JarH 3appara Xau,
JKHHMA XaMm YxuiaMmaiiu.

Macaaan, €pyrauk TYJAKHH spuyM  wahdod kucMra
waétraH Oy/ica, HKKM MYXHT yerapacHiaH €pYyF/JHK KHC-
IH Kaifraid, KHCMaH CHHH0 HMKKHHYM MYyXHTra YTalH.
JUIKava afiTraH. a, épyF/aHK TYJKHH KHCMJapra 6y AHHINTH.
ap OMD MVXHTA2H HKKHHUM MVNHTMA 3/1€KTPOH Tyuaét-
H 6¥J/ca, y HKKHHYH :KHCMHH TailKH.1 3TYBYM 3appaJjap
JaH TabcupJamuil Tvdaidan € Ousop Oypuakka OFHO
pakaTHHU NABOM 3TTHPaiM, & :KICM TOMOHHAAH IOTHJa-
. JleKHH 3JeKTPOHHHHT OUD KHCMH IOTH/IHG, GHP KHUCMH
1 XapakaTHHHM OaBOM 3TTHPTaH HTHHH, SBHH YHH OYJHH-
1/IMTHHM Xe4 KaHl1a# Taxpudala KviaTHamarad. Jlemak,
KpPO3appaHHHT XapakarH OilaH GCFIHK OVJArad TYJAKHH
i AC-DpUHib TYIKHHH) KeIdCCHK 13 WY HYAAdUH TYAKWHIA
waMan iu.

dHau Kvimiaru xaéauit Taxpiba OHJaH TaHWINAHJIHK.
(KHTa TacMaCHUMOH THUpPKHWIAM TicHkka (7.10-a pacm)
HOSHepreTHK (sSbHH 3HEpPrus/iapH Oilp XHJ Oy/raH) a/aek-
OHJAp OKHMH TywaértradH OYyJciH. DKpaH ypHHra QoTo-
acTMHKa moMMawtTHpaiiuk. TupknuiapiaH GUPHHH Gep-
TCaK, 3JeKTpOoHJaD (aKaT HKKHHYM THPKHUI OpKaJIH
aad. PoTonJacTHHKaia 3JeKTPOHJap KYNPOK TyUraH
XajJap Ooumka coxajapra HucOaTaH Kopapok OyJ/alH.
YHHHT Y4YyH 3JeKTPOH/ap (hakaT MKKHHUYW THPKHILI OpKa-
yTraH xoJ1a GOTONJAaCTHHKaHHHT KopaiuwH 7.10- 6
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a 6 8 2 2
7.10- pacy.

pacmaaruiek, dhaxar GHDHHYM THPKHULI OPKaaH YTraH Xo.1-
Jarucu sca 7. 10- ¢ pacvaarniek 6yaaim. 7.10- 2 jacm..a
GHp (hOTONACTHHKAHHUHI Y3Hura, a3mai daxaT CHLHH:U THP-
KHII ODKaJH, KeHHH (paxar HKKHHYH THOKHLI ODKAJH 3JeK-
TPOHJAD TYWIHPHJraH XoJiia ByXKy.ra KeJaidHraH MaH3a a
TaCBHUPJ/IaHTaH. JHAHM HKKa.1a THPKHILHH XaM GUYHK KOJLHp-
ral xoJ/aa (OTONJacTHHKAara 3.1eKTPOHJa) Ty IHPaHIHK.
By Xoszaaru MaH3apa OJLIHHCH XOJ1%ari.i€K OYJ/IHIN JIO3UM
3.H. Baxousanku, Xoci.1 Oysnamural MaH3aja XVIAJAH HKKH
KOT€PEeHT @Dy FJAMK TY.IXHHJAADHHHHT HHTep(epeHUHACH
Tyalisin ByxyAra kKesaluraH Madsa-ara yxwagian (7.10- 0
pacM). By taxpudasian xyviMziard XxyJccara KeJavH3s: xap
OHMD 3JEKTPOHHHUHT XapakaTHla HKKajla THDKHII Xail TabCHD
Kypcataiu. AxaS/aHa»/au Aapaxajarit Gy FajaTH xyJoca
6u3HH , AXHD 3/1€KTPOH 0¥ aHHMac-Ky! L HUHr yyiH y &
OHPUHYM, & UKKHHYH THPKHII OPKaJH YTHIUH JG3uM“ 1Ae-
rad ¢vKpra oJaMs kKeJain. DyHialh Qukp 6H3 YpraHuo
KOJITaH KJAaCCHK Tacas3yp.JaDHHHTr oOKHCaTHia B Xyira
Keaau., AHHKpOX KHaIMO afTraHga, GH3 MHKDG3adpaHH
ya4aMaapH HUXOST KHYHK OyaraH MexaHHK wanua nedh
TaCaBByD KMJTAHJHMIHMH3 YUYy H IIyHAaH (QHKDra Keal1HK.
AMMO yayaumaapH KHUYHMKJALWTaH Cadd  MHKpo3aprafiadia
SIHTH Fa/laTH XyCYCHATJAD nalio OY/IHWHHH XHCOJra oJraH
XOJla, SbHH MHK[O3aDPaHHHT AYAJIHCTHK XHCJATJ/apHHH
xHcobra oJraH Xc./1a (PHKp IOPHTCaK, HOKOpHIaru TaxpH-
Oajap acoCHia 4YHwapuJrad XxyJoca axal.aHapJH 3Mac,
6ajiky MaHTHKAH TYFPH 3KaHJHMTHIA HLWIOHY XOCHJ KHJ/aMH3.

Wynnal Kuauni, OKOpHAard IOpHTHJTaH MyJioXasajap
MHKpO3appa/lapHHHI xapakaTH OuhJiaH OOFJIHK OyJ/raH ne-
Bpo#inb TYysaKHHAADHHM KJaccHK (H3HMKaidard OHUpOp TYJ-
KHHra VyXIIaTHUIAAH BC3 KeYHIl JO3HMJHTHHH KYpCaTAH.
Wynunr yuyn yxwarHm Kuaupvaciad Ae-Bpoiae TYaKHH-
A2DUHUHT (U3HK MabHOCHHH aHrJamra xXanakaT KHJalIuK.
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1926 #nana M. BopH anekTpoMarHuT HypJaHHIL Xal
XapakarJaHaéTraH MHKpoO3appaJjap AYaJHCTHK XHCJaTJE
HUHT YMYMHEJIMCHra acocaaHut ne-Bpoiib TYJAKHHHH
(hM3HK MabHOCHHM CTAaTHCTHK Tap31a H30X/ab Oepau. Xz
KaTad (ha3OHMHT OHPOP HyKTacuaa €DYyF/IHK TYJKHH amr
TYLaCHHHHT KBalpaTH allHW HyKTara Tywaértran €pyFr.
(DOTOH/MADUHHHT COHHMTa, SIBHH E€PYF/IMK HHTEHCHBJHT
nponopuxoHasa 3au. Bowkaua afitrania, ¢asoHuHr OH
HYKTacura ¢OTOHJADHHHT TYLUHII 3XTHMOJIJIMTH alHH HY!
paru €pyrauK TYJAKHH aMn/auTyJ1aCHHHHT KBaiaparH |
OuJaH aHMKJaHap 314. DyHra Kuéc xuaud M. Bopw xa
Kamaaraémean MUKpo3appa Ouian 6oraur 0ya2ar
Bpoiaay myaxuna amnaumyoacunune xeaopamu @a
HILH2 QiHE HYxmacuoa MUKPO3APPAHU KQUl KU
IXMUMOAAUZURL XapaKmepAaidu, 1e6 TYLYHTHP
Jlemak, 3/71eKTpPOH.Jap AHGpaKUHSACH COAMp OV raH Tax
6asapia 3KpaHHHHT AMGPPaKLHOH MaKCHMYM KYy3aTHJ
coxXajapjiard HyKTa/lapaa Je-Bpofinb TYAKHHH aMIJHTY
CHHMHI KBajipaTH MaKCcHMa/J KHHMaTra spHiaiu. AKcur
ae-Bpoiiib TYJKMHH aMIJINTY/1aCHHHHT KBaJApaTH MMHHI
KUHMaTJapra sra 6y raH 3KPaHHUHT HyKTaJapHia 3ca A&
PaKuUHOH MHHHMYM KYy3aTHJalH.

4- §. Teit3enOeprHUHr HOAHHKAHKAAP MyHocabaTu

XaraxaT/aHaéTraH MixposappaJania TYJAKHH XYCYCH
JADHHHT HavOEH OVJHIIH KJAaCCHK MeXaHHKa TYyILIYH
JaDMHH MMKpO3appaJjapra KyJ/Jjalljia KaH1a#aHp uerapa.i:
Jap MaBXyAJHTHlaH Aa’toJar Oepaiad. XaxHKaTaH, KJaacc
MeXaHHMKala XHCM (SbHM Makpo3appa) HHHI Xap OHp OH
TH XOJIaTH YHHHT ¢a3ojard aHuK YpHH (ABHH XHUCM OF.
JHK MapKasHHUHT KOOpAHHATaCH) Ba WMINYJ/bCHHHHI at
KHAMATH Ouaan  xanakTepnanain. KIaCCuK  MeXauuk;
cababusm npunyune aMaid KuJaaiu. CabadHAT NPHHUH
HHHT MaxHATH WYHIaH HOOpaTKH, XHCMHHHT OHPOpD OH
TH XoJlaTH MabJyM OYJraHia YHHHT HXTHEDHH KeMHur
BaKTJ/JapJlaru XoJaT/JapHHH OJIAMHIaH aHHK a#itHb Gepi
MyMKHH. By GukpHM KyHuAard MHCOJ yCTHIA SIKKOJ T
BHpJAill MyMKHH. Maccacu m 6¥.araH Makposappa x, 6a1at
JHUKAAH OFUPJHMK KYYH TabCHPHIAA 3DKHH TylaéTrad 0)
cHH (7.11- pacm). Kysatuiu Gowsanran Baktaa (£,=0) Makf
3appaHHMHr Te3JurH HoJra TeHr (v,=0). Kysatuw 6oua
raHiaH HXTHEpHIT £ BaKT YTrau Makpo3appaHUHr YpHH
X, =x,=— gt})2 ¢opMyJsa OpKalH, HMNYJbCHHH 3Ca p
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mv =mgt popMyJsa OpKald OJLAMHAAH aHHK alTHO GepHuIu
MYMKHH,

Mukpo3sappa MHCOJIHIa 3Ca aXxBOJ Y3raua GyJaau. Ma-
canad, TycuK (T) naru KeHrsmru Ax 6yjaran THpPKHUIAAH
MOHO3HEpPreTHK 3JeKTpoHJap AactacH O ¥V ykura napasaesn
pasumaa yrtaérran 6yacun (7.12- pacM). dxpan I Ina
5/JeKTPOHJAp (paKaTr¥Ha THPKHILI TYFPUCHAATH coXararHHa
sMac, 6anku audpaxliug X0AHCACHHH XapaKTepJOBUYH KOHY-
HUATJApra XOC paBHIlJa 5KPaHHHHT 6apya coXa/Japura Ty-
magd. JKpaHra TymaéTraH 3JeKTPOHJap 3H4auruHunr OX
YKH O6yHaa0 TaKCMMOTH pacMJa NYHKTHD uH3HK OuJjaH
TacBUpJaHraH. PacMlan kVpHHHIIKNYa, 6y 3rpH YH3UK GHUTTa
TUpPKHIN Tydaiiiu ByxyAra KeJalurai napasjies HypJap-
naru audpakiMoH MaH3apaHu scJaaranH (Il 606, 4- § rak.).
XaguKaraH, TUDKHIU TYFpHCHAAa GMPHHUYM TapTHOJIH MaKCH-
MyM, ¢, OypuaK OCTHAA 5Ca GHMPUHYM TapTHGJIM MUHHMYM
Ky3aTuaaiu. ¢, 6ypuak, THPKHILI KeHTJHIH AX Ba 5/1€KTPOH
yuyH Ae-Bpofijib TYJKHMHHHWHT Y3YHJMIH A =Ak;p nap opa-
cuparu OofjaHull IudpakuMOH MUHHMYM mapTuau [(2.10)
Hdonara .| KaHOAaTMIaHTHPYBYH KyHuldard Hdojaa OHJIaH
6orJ1aHraH:

h

o= 3 = pax

(7.14)

Kysaruaaétran nudpaklHOH MaH3apara 3JeKTPOHHH
MexaHWK 3appa el TacaBBYp KHJHLLI acOCHAa EHAOLIANIUK.
Mexanuk 3appaHHHT Xap OHIAarH XoJaTH YHUHT YpHH
(BHM KOOp/JMHATaCH) Ba UMNYJbCH OpPKaaH H(POLANaHUIIH
J03uM. Tupkumaan §yTa€Trad DaHTAard 3ACKTPOHHHHT

X

b

————— —e =0 2, /..-:
———»-_.- P O I B
— 7

;, ______

1, ]
4
7 J
g
0 v q
7.11- pacwm. 7.12- pacm.
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KoopAuHatacu cHdaTHAA THPKHIIHHHT KOODAUHATaCHHK
oJuil MyMKHH. KoopauHatanu O6yHAall ycyJs OujiaH aHHK-
Jauml TyQafiJid BYXYAra KeJraH HOaHUKJHK THPKHII KeHT-
aurd Ax ra TeHr. THPKHIIJAH YTHII YOFHUJArd 3JEKTPOH
uMnyJabcd p 6yacuH. THPKHIIAAH yTray, 3JeKTPOHJAPHHHT
6Hp KHCMHM OOULIAHFHY HyHaauindaH dapK/ad HyHaaumgap-
La TapKajaiu (IWIYHHHT YYYyH XaMm Ou3ra TaHuul OGYJras
Audpaklusa XoAuCacH Ky3atujaiau). BomsanFuy #yHaaum-
LaH ¢apy KHIHG (AbHH €H TOMOHJapra OFu6) TapKaJaéTran
9/IeKTPOH/ap uMnyJascjaapuHuHr OX VKH HYHaJuwIMAaru
TallKHJ 3TYBYHJApH (IBHH Ap, Jap) orFuw 6ypuarura npo-
nopuuoHaa 6y/aanu. Arap ¢akar GHDHHYUM TapTHG/H MaK-
CHMYMHH BYXKYATa KeJTHPYBYH 3JEKTPOHJAD GUJAH KU3UK~
cak, Apx HUHT SHT KaTta KHHMaTH KyhAuI1aru

Apyx = psin ¢, (7.15)

udona opKaJdH aHUKJAHWUIIM MYMKHH. DBoiunkaua ajitraHia,.
GHDHMHYM TAPTHOJH IH(PPAKLUCH MAKCHMyMHH BYXYAra
KeJTHpHIUAA KaTHawaéTraH 3/JeKTPOH.1aD HMNYJbCJADHHH
aHuK sMmac, Gaaxu (7.15) ubona GusaH XapakTepJ/iaHyBYH.
HOaHHMKJHK OHJaH TONHI MYyMKHH. Arad HKKHHYM ;1HDpak-
ILMOH MaKCHMYMHHHT MaBMYIJHTHHH XHcoOra oJcak, Ape
HUHT MakcHMaJ Kuiimatu (7.15) uboaa acocuia tonuaaiu-
ras KuiMmariad karta 6yJaiu, 9bHH

Apx>> p sin o,

6Vaumn kepak. (7. 14) nan dciizanannd 6y udoiany KyHu-
Jardua y3rapTHpaMHus3:

h h
APx}-Ppr - Ax ? (7' 16)

E€xH
Apx - Ax > h. (7.17)

By myHrccafar mHoamuiMHKJIAS MyNocasaTHIIHiul MaTCMaTHK
uposacu 6yand, yHH KyHHiaruua YKHII MYMKHH: MHKpPO-
3appaHHHT HMMYJbCH Ba KOODJIHMHaTaCHHH OHD BaKTHHHT
y3uia UXTHEPUH aHUKJIWK OuJaH yJjadaul MYMKHH 3Mac.
MukposappaHHHr KOOpAMHATaCH aHHKPOK (SbHH THPKHIU
KEHFJIMIH AX KHYHKDOK) 6¥J/ca, YHHHT HMIYJIbCHHH KaM-
POK aHHMKJHK OHWJsiaH VJayaul MYMKdHH OyJjainukH, OyHia
Inank poumuiich €adua ¢u3KMK YJ/yaM.apla yerapasHit
(pakTop 6yAHOG XM3MaT KHJA (M.

Bup Heua xycycuit XosaaapHH kapa6 4 uxkaiiauk. Boao-
pPOA aTtOMH/a 3JIEKTPOHHHHT KOOD,HHAaTaCH aTOMHHHT YJ-
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yam, AbHH 10— M aHUK/AHK GUJaH KY PCATH/IMIIH MYMKHH.
Llynunr yuyn Ax = 10—"° m ne6, (7.16) udona acocuza
SJIEKTPOHHHHT Te3J/MIH ard HOAHHKJUKHH XHCOOJaRIHK:

_ Ap, R 66107 X.c ¢ M
Avy = m, > mAx — 91.10=31 kr-10=1vmM 7-10° .

WKKkHHYH TOMCHZaH, KJacCHMK TacaBBypJap acOCHAaru
M
XHuco6.apiaH, BOAOPO1 aTOMHMaru 3JeKTPOH 2- IOGC— TE3-

JUK OHWJaH XapakarJaHuiid aéH 6y.Janu. Ilemak, 3JeKTpOH-
HHHT Te3JIMTHHH aHHKJalllard HOAHHKJIHK Te3JHK KHHMAaTH-
laH KarTapoK 3KaH. ByH1aH BO4OPOJ aroMuiard a/eKTpOH-
HM MeXaHUK 3appa Jfeb6 TacaBBYp KHJIMG OyJamaiiiu Ba,
andarTa, 5J€KTPOH MabJAyM Te3JMK OHJIaH XapakaT KHJyB-
yd OpOHTa TYWYyHYacH XaM Y3 MabHOCHHM HYKOTaiu, Je-
rai xyJsocaJjapra keJjamu3, Boimkaua afitrania, 6y xycycui
XoJl1a KJacCHK TacaBBypJapiaH (oiiaJlaHHIl MYMKHH aMac.

HkkuHuM MucoJ GuJaH TaHHIUARIHK. DJeMeHTap 3appa-
JIaPHH Kaiid KUJHII YYYH KYJ/JaHaIMrad KypHJ/maJapiaH
64upH—DBuJabcoH Kamepacuia 3JEKTPOH KOJAHPaluraH H3-
HUHI KaJ/IMHJAMTH MUJJUMETPHHHI YH1aH OHp yJyLIH yama-
cuna 6¥aanu: spHH Ax=10—*M. ¥ Xo/1a 3JeKTPOH Te3-
JIMTH/ard HOAHUKJMK KyHujlarura TeHr 6yJsaiu:

.10-34 K-
Avx> 6,6-10 K-c z7_M_.

9,1.10-31 kr-10=+ M c

Arap BuabcoH kamepacuia XapakarJ/IaHa€TraH 3JeKTPOH
Te3auru 700 % Oysca, Te3JMKHHHT HOaHUKJAUTH 19% Jap
yamacuja 6ynanu, xonaoc. LIyHMHr yuyH 6y XycycHil XoJ1-
Ja 3JeKTPOHHUHT XapakaTHHH XapaKTepPJOBYH TPAaeKTOPHS
TYIWIYHYaCH MabHOra sra, ajdarTa.

Bu3 oxopuia HoaHMKJHKJIAD MyHOcaGaTH OuJsaH (aKaT
OX ¥xu HyHaqdwMIard THPKMLI MHCOJHAA TaHMIUAHK.
By xyaocanu OY Ba OZ ¥K/JapH yuyH XaMm yMyMJaliTHP-
ca 6y/1aaH, HaTHXanla

Ape - Ax > h,
Apy-Ay>h, (7.18)
Ap,-Az>h

MYHocaGaTJapHd @€3Ull HMKOHMra sra OyJsamu3. DyHnaaH
TallKapH MHKpO3appaHHHI SHEPrHsiCH Ba BaKTHH YyJvauija-
TM HOAHMKJHMKJApD YUYyH KyAuJard MyHOCa0aT XaM MaBXyA:

AW - At>h. (7.19)
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(7.18) Ba (7.19) MyHocabarziap 1927 iuaaa B. Tefisensepr
TOMOHH/JaH 3bJOH KHJHHTAH Ba YHWHT HOMH OuJjaH [ed-
3¢HOEPeHUHE HOAHUKAUKAAD MYHOCAbamaapu 1ed 0pH-
THJ/AdH.

Fefisen6epruuHr HOaHHKJHKJAD MYHOcadaT/apu daJca-
¢uil MyHO3apaJlapHH KeJaTHPHUO uuKaprad. XaTTo HIeanuc-
THK ¢HKpJapra acoc KHJAH6 OJIHLITa yPHHHULIAD Xam GYJrad.
Bynpait ¢ukp.aap Tapa@AOpJapHHHHT aHTHHIMua, 3appa-
HHHI KOOpJMHATacH Ba HMMINYJbLCHHH OGUD BaKTla aHduK VJ-
yall MYMKHH 3MacJHrH HHCOH TOMOHHW1aH AYHEHH HIPOK
KHJHIUAa yerapa MaBXYAJHTHHH KypcatailH. Baxo.ankw,
HOAHHKJHKJIAp MYHOCa0aTJapHHHHT HJMHH MOXHATH MHKPO-
AYHEHH MAPOK KHUJAWII HMMKOHUSATHHHHI YerapacUHH aHHK-
Jamaiiiv, O6aJaxkHM MHKpoO3appaJap Y4yH MeXaHHK 3appa
MOJEeJHHH KVyJJall derapajapvHd XapakTepJaidad. HoaHuk-
JUKJIap MyHocabarJapH HHCOH HpoJacHra GOFJIWK 6yJMaraH
y3apo Goraanuwiiapud MPosanaiau. LLyHHHr yuyH Xam
6y MyHOcabatjiapHH TabHaTHHHT OGTEEKTHB KOHYHH €6
KapaMoK JIO3HM.

5- §. lllpenunrep TeHriaMacu

Xapakar/aaHaéTraH MHKpO3appanapia TYJIKWH XYCYCHAT-
Jap HaMC&H Oy ranauru Tydaitiu MHKPOAyHE XOoAHca/apH-
HY TYWYHTHPHINIA KJacCMK (H3HKa OXKM3JIWK KHJa Ooli-
JAaiind, I yHHHT Y4yyH MHKDOOODBEKTJAapHHHT TYJAKHH
XYCYCHATJIADHHU XHcoOra OJlaiuMraH MeXaHHKa, S’bHH TYJa-
KHH MeXaHWKaCHHH SipaTHIU 3apypHATH TyFuJL11. By Basuda
Ulpeaunrep, Tefisendepr, [upak Kai4 OJHMJaD TOMOHHAAH
ama/ara OWHpPHJAIAH. DBy MmexanMkaia (akar MHKPOOOBEKT-
Japiarv¥Ha aHHK Ky3aTHJla1WraH KBaHT TacaBBypJsap ¥3 ax-
CHMHMA TOUIaHJMIM YYYH YHH, 04aTla, KEAHI MeXAHUKACU
JAe6 xaM arasaiH.

KBaHT MexaHHKacHJla MHKPO3appPaHHHT XO.aTH TYJKHH
OusaH GeJaruaaHai Ba ,NcH—QyHKUUsACH® 1e0 YKHAaLH.
KpaHT MexanHKacHIa MHKPO3apPaHHHT XOJATH KJAaCCHK
MeXaHHKaJaruiexk OJIAHWHAaH aHuK aiTH6 OGepuamaliH,
6a/KM MHKPO3appaHHHr Y €KH Oy XO0JAaTHHH 3XTHMOJIJIMTH
aHuK/aaHaad. LLyHuHr yuyH TyJAKMH OQyHKUMS JeraHia
KOOpJAHHaTa Ba BaKTra GOFJAMK GyJaraH WyHAaih MaTeMaTHK
npoza ¥ (x,y, 2,¢) TYWYHHJHIIH KepakKH, yHMHr €pla-
MHJa MHKpO3appa/JlapHHHT (pa3ojard TaKCHMOTHUHH Xapax-
TepJall MyMKHH 6yjacuH. ¥ Xoada TYJKHH yHKUUAHHHT
KYPUHHIIH IWYHAa# OYJAHDIM JO3HUMKH, YHHHT MOLYJHHHHT
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keaipatH |¥|® muxkposappanu (asoHMHr GHPJHK XakMuia
Kaflg KUJHIL 3XTHMOJJIHTHra TEHT OYJACHH (XyIAAH €DYFJIHK
BEKTOPH aMIJIMTYAaCHHHHT KBaipaTd |En | GoTcHJAAp 3Hu-
JIUTHHM XapaxkTepJaraHujek). [Hemak, ¢ascHudr O6upop
HykTtacH atpoduiaru d V xaxmria MHKpc3anpaHHu Kaiil
Kuaumw axTuMoJaurd |¥]?dV ra tenr. Xynaau myHuHriex,
MHUKpO3apraHu ¢a3ola (IbpHH (a30HUHT Kaepulaiup) Kaiid
KHJAUL — MyKappap BoOkea Oy raHiurd Y4yH YHHHI 3XTH-
MOJIIMTH OGHpra TeHr, sibHH

fl¥PaV =1 (7.20)

6ysaanu. By wudorsa TyaxkuH QyHKUMSJAaNHH HOpMaJaul
waptd gefiaand. ByHnaH Tamkapu TYAKHH (DYHKUHSHUHT
du3uk MapHOCH aH KeJu0O YHKYBUH KYHH arH wapT/aD xaM
GaxxapHJHINH Kepak:

a) V-dyHkuua uexkad OYJAMIIM KepaK, YYHKH MHKPO-
3appaHd Kald KUJHII 3XTHMOJUIHTH OHpJlaH KaTTa 6yJja
OJIMaftiu;

6) ¥-¢pyuxuug Oup KufiMaTad OYAMLIM KepaK, YyHKH
MHKpG3appaid (a30HMHr GHpPOp HyKTacHIa Kaill KiaHu
3XTHMOJJIMTHHUHT KHAMATH OMp HeyTa OYJMINH MYMKHH
amMac;

B) V-dynxuus ysaykcus 6YaHWIM Kepak, YyHKH MHKPO-
3appaHd Kafi/i KHJIMII 3XTHMOJJIHIH CaKPalICHMOH Xapak-
Tepia y3rapManiu,

W-pynaxuuann 1926 #uana LlpeauHrep ToMOHHIaH
TaK/AHQ 3THATAH Ba YHUHI HOMHM OHJaH artajalurad KyHu-
Jarv TeHrJamaH# euu6 TonuJAalu:

h: (ow ow
2m (0x2 + Oy- + 0z2)+U‘If lhTt‘- (7.21)

By TeHrsnamaza m—muKpo3appaHHHr MmaccacH, UJ—Mukpo -
3appaHHHT NOTeHWKaJ 3HepruscH, R — IlraHk Koumwuiicy,
[=)/ | — MaBXyM GHpJIHK,

(7.21) Tenraavana W-dyHkuusiad BakT OyfAHYa OJHHraH
XCCHJAMH Xa/J KaTHAWaETraHJAUrH Y4YYH YHH BaKT HIUTHPOK
strad lllpeauHrep tenrsnamacu Le6 atasqaiu. By TeHraama-
Ja MHKpO3appara TabCHp 3TYyBYH KyuJap noTeHuHaJs] QyHK-
uus U (x,y, 2, f) OpKaJaH aKC STTHPHJIraH, SbBHH MHKpO3appa
NOTeHUHa] 3HePrHsSCHHHHT KuiimMaTH (a3OHHHT TYPJIH HyKTa-
JapHjaruHa 3smac, OGaJkH (asOHHHr aHHH HyKTacH/la Xam
BaKTHHHI TYPJH GHJapHia TypJaHuyaiHp. JIEKHH MHKPOAYHE«
la coaup 6yJaluraH akcapHsAT XO/[Hcallapia MHKpoO3appa-
HUHI NOTEHUHaJ HEePTHsACH BaKTra OWKOp OGOFAHK OyJa-
Mafiau (CTauMoHap XoJartaap yuyH). By xoaza W-byHkuus
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MKKUTa KyNaHMTyBYHIa axpaJjuo, OHDH (paxaT KOOpAHHATa-
Jlapra, UKKHHUYMCH ¢akaT BakTra GOF/IHK OY/aa1u:

V(x,y,2,1) = ¢ (x,Y,2) 9(f). (7.22)

Haruxaza 6Mp KaTop MarteMaTHK ava/ajapiad cyur (7.21)
TEHTJlaMaHH xyimﬂam Kypuﬂw_ura KeJATHDHII MYMKHH:

o
dx- + 0y- + 5 ‘P + = (W — U) ¢=0 (7.23)

By Tenrsawaina W——Muxposappauum‘ TYJUK 3HEPTrHUSCH.
(7.23) udora BaKT HWITHPOK 3TMaraH (EKH CTAaLHOHAap Xo-
aar yuyH) Llpeiunrep TeHrsaavacuaup. ByniaH xeiiun
MyXOKaMa KHJHHAIMraH X0J/JaD CTauHdoHaD xoJaraap Gy.j-
rand yuyH (7.23) Hu, oaauiiruna, Llpeimuarep Tedraamacu
neb atafiMK.

Wy anoxuia Kafl KuJIalaukkW, tudpeiwHrep TeHr-
Jamack, xyand HpioToH TeHrJamacH (F = ma) kabu wiarapu
Mabaym Oy.araH MyHocabaT/aniaH (oftlaiaHuG YHKapHJI-
Mmaiiiu. ¥ acocuit ¢apa3 cudarvza Kady.,1 KuAMHAIH. JIeKUH
6y TeHr/aMaHH MHKPOAyHE oOnekTJsapura Kyaaaw Tydaiau
BYKYAra KeJraH xyJ/oca’nap Tax-
puba HatHxkanapu OHJaH KyAa
MOC KeJaiu. DyHu 3ca TeHrsa-
MaHMHT HcboTH 1e6 Kadya KH-
JIMII MYMKHH,

By ¢ukpuu TacaAMKJIOBYH OGHD
Heya MHCoJiap OHJIaH TaHHIai-
JIHK.

1. 7.13- pacMJa TacBHpJIaHTaH
NOoTeHLUHasa YpaHUHr TyOHaa X
yku Oyfnab xapakarsiaHa@TraH
m MaccaJd MHKpO3appa YuyH
Llpe1unrep TenrsavMacu Kyiiula-
TM KYDHHHILTA KeJaiu:

v

N
-<

=0 x=a d? 2m

? 13 e T F (W —U)y=0. (7.29)
.13- pacwm.

x=0 Ba X=a KoopJAHHaTa/la) OWJaH XaDaKTepJaHyBYH
JAeBOpJap MHKpo3anpaHu (akar 0 <x<a uHTepBastla Xapa-
KaT/aHHIIHra UMKOH Oepaiu. Dy coxala Mukpo3appaHHHI
MoTeHUHAX SHepI‘HﬂCH HoJra TeHr 6yaranu yuyH (7.24) Hu

2wy =0 (7.25)
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KypHHHIIAA E3UWMMH3 MyMKHH. Arap

2m

—hT W= w? (7.26)
Gearusawnan Qofinanacax, (7.25) TeHraamaHu KyAuaaruua
€3a 0J/1aMH3:

ll.)” + (l)zq) = Oo (7.27)
By TeHrnamMaHMHT €YHMH KyHMZIar
4(x) = Asin (ox + @) (7.28)

TPUTrOHOMETPHK (PyHKLMsA OuJaH aHUKJaHald.

Mukpo3aappa noreHuua]1 ypalaH TawKapuzia 6yaa o~
Maiiay. UIyHWHT yuyH noTeHUMaJ YpalaH TallKapH coxas
aapia | (1emak, Y xaw) Hoara TeHr. Jlemak, moTeHuuakX
ypaHUHT J1eBOpJApDHHH XapaKTepJOBUM KOOpIAHHaTa/ap/a,
AbHH X HUHC O Ba @ KufMmarjapuia XaM ¢- QYHKUHSHHHD
KuAMaTH HoJara TeHr Gyauwu kepak, LLyHHHr yuyH ¢(0)=
Asina=0 éxu 6yHnaH a =0, neraH XyJocara KeJamus,
Xynoy WyHMHTAEK, X=a& X0J YuyH ¢(a)= Asinva =0
TEHrJIMKHY €3a osaMH3. By TeHr/MK o HMHD KyHHlaru

o="-n, (1=1,2,3,..) (7.29)

KHAMatsiapujaruta Gaxapuaaid. By udonanu (7.26) Guaan
TaKKocCdacak

A=y, =2 (n=1,23,..) (7.30)

h‘Z a?
MyHocalaTHH Xocua KuJaamua., DyHaaH 3ca
o2
Wi=g—nl (n=1,23,..). (7.31)

By uponanan xyiunaru xysoca
Keau0 yuKanu: moTeHuuas ypana-
TH MHKDO3appaHUHT 3HEPIUACH HX- 254
THEDUA KuAMaT/iapra smac, G6a/KH Wy
OGMp KaTOp JAMCKper KHiiMaTJapra
sra 6yaumu MyMkuH (7.14- pacMra
K.). W HUHr KBaHT/amraH 6y Kuii- 2=
MaT/JlapMHH 3HepreTHMK  caTXJap
ne6, MHKPO3appaHUHr SHEPreTHK
CaTXMHH aHWKJIOBYHK 1 COH 3Ca KBaHT az2 W
COH 1e6 arasanu. . ‘

Ulynnalt kuau6, W HuHr ¢a- 2 W,
Kat (7.31) udora Gunan anuk.aa-
HyBYH KuiMaTJapuiaruHa Llpe- 1.74- pacm.

~
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JMHrep TeHrJaMacH euduMmra 3ra 6yJa)sxad. JHEepPruUsHHHT
6y kufivataarunu W xuwne xycycuii xuiimamaapi neo,
TeHrJiavaHVHI yJapra MOC KeJraH euyuMJanHHH 3Ca Ma-
caar Huwe xycyculi ¢ynryusasapu 1e6 aranaim.

du1u, (7.31) nan ¢onnananub, KywHH W, Ba Wap
SHePreTHK CaTXJapHHHT GUpP-OWpHIaH ,Y30KAUTH“HH Tonamh-

JIHK:

AW = Wpp1 — W, = ;”Thj @n+1).  (7.32)

By ndoaalan ¢oilanaHcak, KEHTJIMIH aToOM YJ/IyaMura
moc keaysuH (@ ~10~'° m) noTeHuman ypanaru 3.1€KTPOH
(m, ~ 10=2° Kr) SHePrHACHHHHT XYCYCHH KHAMATIapH yuyH

3,142.1,052-10-38
AW = 2.10-30. 10— 2rn+4+1)2XK =0,34- 102(2n+1) 3

SKaHJAMTHHH ToraMu3. [lemak, 6y XoJia 3HEPreTHK CaTx-
JNapHUHT AHCKPETJ/IMIH XY la aHHK ce3unalH. JIeKMH Makpoc-
KOTKK ¥JuamJapiard noTeHLMa] ypa yuyH (MacajaH, a=
=10—% M 6¥/IraH HAMLIIATH MOJIeKy/a Kypuaastran 6.ca)
HaTHxa Y3raua OyJjaild. XaKHraraH, MoJexyJsa MacCaCHHH
'~ 10~% kr reb6 xucobsacak, (7.32) upo-a acocu.ia
3,142.1,052.10—53 . -

AW =~ WT‘O—_‘—(.‘ZH—I- l)}K=O,34lO 18 (2/1‘}‘1) 3B
SKaHJHUrHra HINOHY XOCHJ KuJauvu3, By Xosia sHeprertuxk
caTxJap IIYHYaJHK 3HU JXOHJaliraH SKaHKH, yJaDHHU KBa-
3Uy3aykcu3 (y3aykcusra yximaim) Jjeb6 Xucobsaca xau
6ysanu, HlyHn XaM Kaf1 KUJafJuKKH, ¢akaT @ - oo ja-
riHa AW =0 6¥sa14, AbHH 3HEPTreTHK CIeKTP Y3JYKCH3
KuiiMataapra sra 6yja osaiu. [loTeHuuan ypaHHHT KeHr-
JIUTH YeKJH KHufiMaTiapra sra 6y/araH 6apua xoaJjania sca
3appa SHeprusicH KeaHTsawradH OyJsaid, anbarra. JlekuH
SHEPTHAHWHT JHCKPETJHTH TYpJH X0JJadj]a TypJadua 6y .-
LM MYMKHH: 6ab3d XoJanapia Oy [AHCKPETJHK SIKKOJ
HaMOEH OyJca (I0KOpH-a KypHJaraH O:pHHYH MHCOJ), 6ab3H
XoJvapia amaJjja ce3uaMafiuraH Jjapaxaia (MKKHHUYH
MucoJs) 6YJanH. ¥YMymaH, SHepPreTHK CaTXJapHHHT Xoija-
HIyB XapaKTepH TYFpPHCH1a MYJ0Xa3a I0pru3raHia, # KBaHT
CCHHHMHT TabCHDHHH XaM XHcobra oJHW kepak, DByHuHT
yuyH (7.32) vu (7.31) ra 6y.cak,

AW 2n+

V., = (7.33)
MyHocalaTH# XOCWJ KUJaMd3, 7 HIHC @HYa KaTTa KHAMaT-
Japuja kacp cyjardlard 1 H1 xucodra osnvaca xav 6y.aa-
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au. Hataxana n HUHr eTtapsnua KarTa KHAMaTJapH YuYH
(7.33) utora Kyduzary KypHHHIL a €3HJazH:
AW 2
W, ~ n°
Hemax, n kaTtasamirad capd AW HuHr KuiimatH W,
ra HucGatan xHuukJawH6 Gopand. Hartuxaa sneprerux
carxJap Gup-6upu OuaaH TyTallaAWrad Aapaxaza siKHHJa-
mu6 xetanu. bomkaua afiTranja, XBaHT COHHMHI KaTTa
KHAMAT/apH,a KPaHT MEXaHHKAaCHHHHT XYyJ/CCaJapH KJAacCHK
(u3ukana oJHHaHraH HaTHKajJapra MCC KeJHIIH Kerak.
By koura Bop TomoHunaH aHukJaHraH OyJauO, YHH #OC-
auk npungani Le6  artanaid. MOCJAHK NPHHUHNHHHUHL
GaxkapHJHIUMTA NOTeHLHal yra ZesopJJapuiad TypJaH Opa-
JHUKJAp;a MUKPO3appaHuHr OYJAHII 9XTHMOJIHKJADH XaKH-
Jard MyJoxasajsap ycTH/a sfiHa OMpP MapTa HIICHY NGCHJ
KHJMII MYMKHH. XakukaTaH, KJacCHK (u3ukara kyra ypa-
JiaTH 3appaHHHr Gapua XoJaTjapd OHP XHJ 3XTHMOJIHKA
6yaaiu. KBaHT MexaurkacH.a-uu? Dy casoara #xaso6
6epum yuyH lllpe:iuHrep TeHrJaMaCHHHHT €UHUMHHH, AbHH
7 KBAHT COHHHHT OM3HM KH3MKTHPYBUYH KHHMaTIapH Y4yH
TYJAKHH (YHKUHANAPHY (KYpu/aaéTraH macalaHMHD XyCYCHi
¢yHKuHAIapUHH e rannpcak XaM OyJaaan) Tonu, ¢
HHHT TpadHruHH KypHII Kepak.
7.15- pacm,alb* HHHT X Ta GOF- "
JHKJIHK TpapHrH # HHHC TYpJH ¢ :
KHAMAT/IapH Y4yH TacBupJaHTaH.
Pacmian kypuHHmunua, n= | [
=1 Xo/1aT:a 3aDpaHu Kailf KHJIKLI i }
| |
I !
[

SXTUMCJIIMIY  ¥pa  LeBOpJapH-
JlaH YHHHT ¥pTacH TOMOH y30K-
Jalidarad-a opti6  GoraaH.
YDaHHHT KOK Y¥pTacH a 3XTHMOJ -
JIHK MaKCHMyMTa 3pHuail, A=
=2 XxoJartia 3Ca 3appaHd yra
AeBOpJapHia AKMH HyKTaJap. a
Ba YLaHUHT ypTacH,a Tonu6 6y.- =3
MaflnH, 4yHkH Oy HyKTaJjas-
na |$\*=0. By xosariza 3appauu

n=4

Kall KHJAHI 3XTHMOJJIWIH HKKH =2

HyKTa_-a MaxCuMaJa KuiimMatra sra

6ysaiuv. n=3 Xxcaar.a 3ca 3ap- 0=l

paHd Kafa KHJIHIO 3XTHMOJIJIMCH X

X KOOpLAHHaTa OmIraH capu yu
MapTa MaKCUMYMTra 3pHlllald Ba
XOKa30. 2 HHHIC aH4ya karta 7. 15- pacm.

£20 L=
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KuiiMaT/apHia SXTHMOJJIHK MaKCHMYMHHM XapakTepJ/OBUH
AyHrauKAap xam OpTHO Gopaiu. JlekHH Oy AYHrauKJIap-
HUHT XammacH Ax=a KeHr/wikja xoisawaiv., [Hlyaunr
yuyH 7 KaTTapoK OyaraHu capu AYHIJIMKAap Gup-GHpH
GuJiaH TyTallagurad Aapaxala siKHH XOH/alanH, sibHH 3ap-
paHH Kafil KHJMII 3XTUMOJJIHKJIAPH OUP XHA OY/raH HyK-
Tajap COHH opTHO GOpaiH.

7.16- pacu.

2. X ¥Kku HYyHaMMLIMAQ XapakaT/aHaéTraH / MaccaJH
MHKpo3appa Oanananuru U, xeHrauru a 6yJiaraH noTeHUH-
al1 TYCHMKKa Ay4 keacuH (7.16- @ pacum). Knaccux ¢u3snka
TyLIyHYaJJaDHra acocaH, MHKPO3appaduHT 3HEPrHsICH TYCHK
6asaHANHIMaH katTa 6yaca (avHu W >U,), y TycHKAaH
yTH6 xeTaiu. Akcunrua, W <U, 6j./ca, MHKpPO3appa TYCHK-
JaH KafiTHO OpKa TOMOHra YYHIUH Kepax,

KBaHT MexaHMkacHAa-uu? KBaHT MexaHHKacH1a TyHHeJb
spdexT ne6 aranaiuran xoauca tydaitin W <U, 6yaran-
ila XaM MHKPO3appaHH NOTeHUHaN TYCHKAaH JTHIL 3XTHMOJ-
JHUTH HOJAaH (apkauiup. DBy shdexkTHH TywyHTHpHUIL
YUyH KBAHT MeXaHHKacHla TycHkHuHr wabdodauru D
TYLly HYaCcHAaH (honlataxHuaald. ¥, onTHkara KHEC KHJIHH-
rad xonaia, TYCHKKa TywadtraH Ae-Dpoiip TyaAKHHAapH
HHTEHCHBJIMTHHHHT TYCHKIaH yTaluUraH KHCMHHH XapaKTep-
JAaliiu.

Mukposappanunr kJaccuk (Qu3nkara MyTJaKo 3uia 6ya-
rad OyHlaft TaSuari lllpeiuurep TeHrsavacHiaH xeJ ub
ynganu. Llpeiunrep TeHr.1avacHHd eyMul WYHH K¥pcara-
AHKH, 0<x<a coxala xaM ¢-PyHKUHA HoalaH dapKau
KHiiMaTiapra sra skaH. Dy aca MHKkpo3appaHHHI TabCHDHHH
TYCHK HuMIa XaM Kaifll KHJHII 3XTHMOJIJIMTH MasXK Y /Ml H-
laH fpanonar Gepaiu. [LIyHMHr yuyH XaM MHKpO3appaHH
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NOTeHL{Ha/M TYCHKAaH YTHII 3XTHMOJIJIMIH HOJJaH (hapK/au-
aup. Bus maremaTHK onepauHaJapHUHT TadCUAOTH OuJaH
Kusugmai, Llpeaunrep TeHraamacHHu 6y Xoa yYYH euMil
Ty®alau BYXYy/Ara KeJaraH HaTHxaHH 6aéH KuaamH3. Kypu-
JaéTrad Tyrpu Oypuax/iH NOTeHLHaa TYCcHK yuyH maddod-
JHK KOs(ppHLHEHTH

2
D~e f V2mWU=W) a (7.34)

ndpona 6usaH anukaaHaid. [loTeHnmuas Tycux UXTHEpHE
wakana (7.16- 0 pacmra K.) 6yaran xoaza waddodanx
Ko3hGHUHEHTHHH Ky#iHiary udosa €paaMuja aHMKJaHALH:
2
thlV 2m(U—W) dx (7,35)

D=e ,
6yHi1a x; Pa X, Jap W sHeprusra moc keaysuu U=U(x)
thyHKLMSA OW/IaH XapaKTepJaHYBYH TNOTEHLHaJ TYCHKHUHT
KOOpAHHATa/apH.

3. x Yku Oyi1a6 KeasusnacTHK F = —kXxX Kyu Tascu-
pHZa XapakaTJiaHyBuYH /7 MaccaJji 3appa rapMOHHK OCLHJ-
aatop ne6 atananv. Kaaccuk (¢usukara GyHaa# ocuua-

AATOD L
k
wo= v 4

yactota GusaH TeOpaHHO, YHHWHT aMnJuTyJlach A Ba sHep-
rusicu (W ~A?) nuar guiimataapu O JaH oo raya HHTepBaJ-
Ja Gyauiund MyMKHH. Kaaccuk Hasapusara acocal, amnau-
TyAacH A GyJaraH OCUHAIATOPHUHr —ALX<A uHTepBaJ-
Jard KOOpJAHHaTa/japra sra OY/um 3XTHMOJIJIMTH Ygs 7.17-
pacMzia napa60iaCHMOH YH3HK OHJiaH TacBHpJaHraH. By
rpaduKiaH KypHHHIIHYE, X HUHT KuiiMatH + A ra SIKMH-
JaluraHjia vy, HUHT KHAMATH HHXosTAa OpPTHG KeTalu.

7
1 | 7
} Uz ! 2=2 %ﬁw‘,
|
J

{ s i n=/ z—ﬁwo
I n=0 zlﬁwg
I AV —

7.17- pacm. 7.18- pacm.
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JHIH TaPMOHHK OCUHJJSITOPDHHHT TeGPaHHMIIHHH KBaHT
MexaHHKacHia KYpub uukahiuk. By macana yuyn Llpe-
JUHTED TeHrJlavacH

Wo=(1+—) ho (1=0,1,2,...)  (7.36)

ndoia GuiaH aHUKJaHYBYH SHEPrHs/aplarvMHa €yuMra ara
6y AMWIMHA KYpcaTHIl MYMKHH. [leMak, rapMOHMK OCUMJ-
JSTOPHHHT SHEPTHACH KBaHTJaHraH Gyaub, yHHHT KHiimaT-
JapH KBaHT COH 1 OusaH aHuKJaHa1H. 7.18- pacmia ocuua-
ASTOp 3ra GYJMILH MYMKMH OyJraH [MCKPeT SHepreTHK
caTx.iap TacBMpJaHraH. Hasapuit myJsoxasanapHuHr Kipca-
THI11Ya, SJAEKTP OCUHJAJATOD (SBbHH AMNOJB) 3JEKTpOMAr-
HUT MafiioH OHJaH TabCHpJALITaHAa KYIUHH 3SHEePreTHK
caTxJapra yTaiu: arap GOTOHHM I0TCa IOKODH caTxra, arap
¢oToH uMKapca KyHM caTxra yTaau. By npoueccaapna
(OTOH yaCcTOTaCH OCUMJVIATOPHMHT XYCYCHH 4YacCTOTacH
ra, 3HEpPrHaACH 3Ca OCUHMJJATOPHUHr KYIIHH SHEPTeTHK
CaTXJIaDHHVWHT afupMacHra, sisHH Rw, ra TeHr 6YJagu.
FapMOHHMK CCHHJJIATOPHHHT MHWHHMAJ 3HEPrHsICH HOJAaH

v " 1
apKJau 6yan6, YHHHT KuilMaTH — Ao, ra Tedr. ["apmo-
} Yy Y ) 0 p

HHK OCUHJJSITODHH, XaTTO, abCcOoJIOT HOJraua COBHTHJIraH-
Jla XaM YHZaH Oy 3HeprusiHu oJuH6 O6Yamaliiu. MuHHMaX
sHeprusra sra O6yJraH OCUHJIATOP TebpaHaiM, JIEKHH HYp-
JaHMII YHKapa cJamaliu.

7.17- pacMla CHHYCOMAACHMOH YHM3HK OWJIZH TaCBHPJIaHraH
rpabuk, KBaHT Hasapusra acocaH, KOOpAMHAaTacH X O6¥JraH
HyKTala 3apPaHMHT OYJ/dIl 3XTUMOJIJIMLH 74 HHM udona-
Jaiian. By rpapukHu Tysuin yuyH LllpenuHrep TeHrJiama-
CHHHHT M=] YyuyH €YHMMHHH, SBHH TY/JKHH (DYHKUHAHH
TONHO, CYHr X HHHT TYpJH KuAMaT/IapH YYyH [¢|? aHuK-
Janrai. Maskyp rpadpukian KYpHHHG TypPHOIMKH, KJACCHK
HYyixTaM HasapiaH PyXcaT 3TUAraH coxa (ApHH X HUHT KWi-
marnapy —A .ai + A rasa 6Gy.araH coxa Ha3apja TyTHJ-
ANTH) JaH TalWlKkapH HyKTalaDla XxaM 3appaHMHT OYJMu
3XTHMOJIJIMIH  HOJA.aH (pankau. ByHuHr cababu 3appaHuHT
TYNKHH XYCYCHSITra 3raTHTH..a {HUD.
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VIII 606
ATOM TY3UJIMLIHN
1- §. Boropox aToMu

Boaopon aromuza 6uTTarMHa 3JeKTPOH MycGaT fA4poO
(3apanu -+ e) mafigonuna Xapakar/aHaiu. By aneKTpOHHUHT
ALPONAH Y3OKJAWUTUHY 7 Aed 62Jru/iacak, YHHHT TNOTEHIH-
an sHeprusacH U = — e?/4rsyr 6¥aa1u. Hartuxala Bonopon
aroMH yuyH lllpznudrep TeHrj1avacHHH

dlb dQU 2”[3
dx? +dy. +d>1 (W +41:s r ) * =0 (8.1)

KypuHHIIda €33 Os1aMH3, Bupuulm KYpHHHIIAA OAAMATHHA
KYpuHran 6y Maca/laHd (AbHH aApQ aTtpoduia ,afiaHyBYH®
6GHTTa 3JEKTPOH XOJHHH) eYHll aHyaruHa Mypakkad Mare-
MaTHK aMa/lJlapHY Taja3 KuJaand, LIIyHuHT yYyH maTeMaTHK
onepauussap OHJaH KH3HKMad BOLOPOA aTOMH YuyH
UlpenuHrep TeHrJ1aMaCUHHHT euYHMHHH O6aTapCHJAPOK MY-
XOKaMa KHJIHII Maxcaira MyBODHKDPOKIHD.

ABBas0 mMYHH Kalq KHAHII J03UMKH, (8.1) TeHrsama
KyAuIard HKKH X0J1a euuMra sra 6ynap sxax:

1) W >0 KHAMaT/Iapaa,
2) W <0 HUHT (daxaT
meet
W i (=123, .2

UIapTHH KaHOATJAHTHPYBYH AHCKpeT KHHMaT/Japuia.

BupuH4u X0/1a 371eKTPOH A1PO sAKXHHHUIAAH Y4HO YTanu
Ba (a30HUHr Oapya KMCMJapHAa Xapaxar/JaHa oJalH. YMy-
MaH, f1DO0 Ba 3JCKTPOHAAH HOODPAT CHCTEMaHH Xap HOHUM
XaM atoM JAed xuco6/aml MYMKHH 3Mac. JDJEKTPOHHHHI
XapakaTH JIOMMO f1pora siKHH coxala coaup O¥.rannaru-
Ha, yJap aToM JeJ aTaJdyBuH CHCTEMaHH TallKHUJA KHJACaH
O6ynanu. [emak, Ulpemunrep TteHrsaMacuHiHr W >0
KHiMar/Japiard e4ydMmJapd BOROPOJA aTOMHHH 3Mac, 6aJku
arom 6y/u6 GupuxmaraH sApO Ba (a3ojard 3JMEKTPOHHH
aKc 3TTHpaiH.

Hkkunuu x04, apHH W < 0 HHHT JHCKpeT Kufimar-
Jlapuaard eyuMmJap BOAOPOJ aTOMHIArd 3JEeKTPOHHH aKC
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STTHpalH. DJIEKTPOH ara 6y/a oJafiliral SHEePrHSHHHT KHH-
MarJapHHH aHHMKJoBuYH Hbona [(8.2) ra x.] Boprunr BO-
JLOpOJ aTOMM HasapHscHAaH keJHG uMKKaH udopa [(7.10)
ra K.| HUHT Y3ruHacHaup. JIEKHH WYHH Kafil KHAMOK JO-
3uMkH, Bop Hasapuscuaa (7.10) udona mocryaar (¢apas)
Japra TasiHraH XOJAa YMKapHJraH saH. KBaHT MeXxaHHKaCH-
Ja 3ca MHKpO3appaslafHHHI  XapakaTHHH H(OJaJOBYH
Illpeaunrep TeHrsaMacHiaH KeJTHpuG uMKapuJaanu. (8.2)
udona 6usaH aHHKJAHYBYH KHiiMaTiap W HHHT XYCYCHH
KHiiMaTaapuaup. By XycycH#l KuiiMaTiiapra MOC KeJyBuYH
xycycuil ¢yHkuugaap, apHH (8.1) TeHr/aMaHHHT euMMJapu
KBaHT cOHJap Ae6 aTta/jlafHraH yurta napaMmeTpra sra. by
KBaHT COH.'apHHHI (M3HK MabHCCH yCTHAA KHCKaua TYXTal
yTaitiuk. BUDHHYUUCH acoculk Keawm COH jelnJald Ba 1
Xap ®u Guaan GearuJaHaid. ¥ sJEeKTPOH sra OyJa OJajuraH
SHeprus KuiiMaT/JapuHH Hdoaanaiinu. (8.2) undonana  KaT-
HawWwaéTraH 7 aHa 1y KBaHT COHAHMpP. ACOCHH KBaHT COH
6vpnan OGowJaHaguran GyTyH Myc6aT KuiiMaT/apra ara
6Vsa osanu, SBHU:

n=123 .. (8.3)

W kkvnuucu--or6umans keanm coH, [ xapdu OHJIaH
6earusanand, yHEHr épnamujia 9JeKTpoH sra 6yJa o/aiu-
raH HMIYJIbC MOMEHTHHHHT JHCKDET KHiiMaTJapHHH Kyi#unia-
TH

L=y TI+1)h (8.4)

¢opMyJsia acocHAa aHMK.,aw MyMKuH, OpCHTan KEBaHT COH
0 nan n — 1 raua 6yTyH Myc€aT KuHMaTaapra sra GyJa
OJIajiH, STbHH:

[=0,1,2,..0, n—1. (8.5)

A

HuxosT, yuuHuncH—umaznum reéawm cox m 6Yaub, y —IZ/
AaH 0 opkanu -/ raua 6yaraH 6yTyH COHJM KHHMarJapra
sra 6yJa oJanu, SBHH

me=—l,—(~1),...,— 15+ ..., +(—1),+L (8.6)

MaruuT xBaHT COH €pJaMMAa SJEKTPOHHHHI , HMIYJLC
MOMEHTH BekTOpH L HHMHr ¢asosarv pyxcaT 3THJ/raH HyHa-
JHILJIApH aHHWKJaHafU: HXTHEDPHH 2 HYHa/MIIHH, MacaJ/aH,
TallKM MarHWT MafiAOH HYHaJMIIHHH TaHJa6 OJaHAHK. ¥
XoJsna L BeKTOpHMHr (pasonard HYHaJMIIMHH YHHHT 2
HyHasMmra npoexkuuscH L, €plamuia XapakTepJall MyM-
KHH, DJAEKTPOH HMNYJbC MOMEHTHHHHI daKar .

L;= tmh (8.7)
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[_I]apT Oaxapniadainl'dd HyHdanuJ/iapuruHa aMaJira OIWIHIIH
MYMKHH.

(8.1) TeHrsaMaHWHI euHMJIADHHHM XapaKTepJOBYH TYJ-
kuH GyHKUHsaap udomacHHUHT TapkH6GHAa IOKOpHIa GaéH
9TH/ITaH ydaJa KBaHT CoH MaBXyA. LIyHUHr yuyH XaM
TyaKuH QYyHKUMAMADHH O, ;, ,, Ae0 OesarujafiMu3, SBHH
yJIapHHHT MHIEKCHIA KBaHT COHJADHHHT Y4YaJOBHHH XaM
KarHawTHpaMu3. Boaopon aroMuaaru sAeKTPOH SHEprus-
cunuur (8.2) udona GunaH aHHKJIaHYyBuUH Xap GUp W, KHii-
Marura OHp Heua TYJKHH GYHKIMS MOC KeJsanu, yJap [ Ba
m KBaHT COHJap Oujar ¢apy/aHaad. Mucos TapHKacuzaa
n =2 X0JMHH MyXokaMa KuJaliiuk. OpGurtan ksaHT COH [,
(8.5) waptra acocad, 0 éku 1 xuiiMatra sra Gysa oaanu.
/=0 6yaraina MarHuT KBaHT COH m,(8.6) mapTra acocan
dakar 0 kuiiMatra 3ra 6y.1a oJjaid, xonoc. Jlexkun [ =1
6yaranga m yuyH — 1,0, 4+ 1 KufiMaTaapHW sraijaur HM-
koHusTH Gop. lllyHuHr yuyH n =2 6yarauna [ Ba m nap,
ousa GapKAaHYBYH $y,0,00 Par1,—15 Pa.1,00 P2.1,1 TYAKUH PYHK-
uHsaaapHu €3a 0MaMu3. By TY/KuH QyHKuusAaap GuaaH xapak-
TepJaHyBUH XoJaT/JapiarH 3JEKTPOH SHeprus/apH afHaH
6up XWJI KHiiMaTra sra [KypHJ/aérraH MHcoJsiAa 6y KHAMATHH
(8.2) udonara n=2 Hu Kyii46 TONUIN MYMKUH]. DHeprusacu
6up xua Oyarad 6y XoJaTJapHU alikizan xoaamaap ned,
XoJsaT/ap COHWHHM 3ca W, BHEDreTHK CamXxHUHZ QilHuuL
kappaaney 0e6 aranand. IOKopuaa Myxokama KHJIMHTaH
MHCOJI1arH 3HEepreTHK CaTXHUHT afiHUII KappaJjuru 4 ra TeHr.

DJIeKTPOH XOJaT/JapDHHH Oe/rH/auaa acocuif KBaHT COH-
HY pakaM OuJiaH, OpOMTaJ KBaHT COHHHM Xapd OuJ/IaH Xapak-
TepJaw oJaT TycHra kuprai. [/ = 0 xoaatHu s xapdu 6uan,
[ =1 xonarau p xapbu 6unan, [ =2 xosatHu 3ca d xaphu
6usad OearuiaHaad. Macasqad, =1, [ =0 XxoJaaraaru
9JIEKTPOHHH 1§ neb, n=2, /=1 Xo0JaTiaru aJAeKTPOHHH 3Ca
2p ned 6earuaaca 6yaaiu.

Bodopod amomunurne acocuir xoramu 1s xoaamoup.
By xosaraa sHeprusi MmuHuMan Kuiimatra [{8.1) ra acocaH],
MMIYJbC MOMEHTH 3ca HoJara TeHr [(8.4) ra acocau].; Bop
Ha3apusCHTa acoCaH, aCOCHH XoJaTlard BOAOPOJA aToMula
9JIEKTPOH OHpuH4H Bop opburacu (yHiaHr paimycH ~ 0,53
- 10~-1%M 31u) 6Y#aa5 xapakar/aHalu. KBaHT MeXaHHKacH-
Ja-yn? KpaHT MexaHuKacula ,TPaeKTOPHSA“ TyIIyH4aCH
MapHOTa sra OYJ/MaraHJurd YyuyH ,op6urta® TylIYHYacH
XaM V3 MabHOCHHH AYKOTa1H.\JIeKHH KBaHT MeXaHHKaCH
3JIeKTPOHHHHT (Da30oHH Y éKH-)G'] coxacujia Kafil KHJAHII
9XTHMOJNJINCH TYFpHCHIAA ax60opoT Gepa oJaiu. 8.1-pacMm-
Japila Moc pasumia 1s,2p,3d xoaarzapiars  3JeKTPOH-
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JIapHH AApOAaH r Macoda-
Jard  HykTajapha Kaiil
KHJAHI  3XTHMOJIJIMTHHUHT
/s BHYJIMTHHH  TaCBHUDJIOBYH
rpadpukaap KeJATHPHJTaH.
Pacmaapaan ' xypuHHinuuYa,
SHI  KaTTa ; 3XTHMOJIHK
OuJiaH . 3JIEKTPOHHH Kafl
Va i KHJMID MYMKHH GVyJraH
| i HYKTaJapHHHT T[eOMeTpPHK
‘. ypuHaapu Bop opbuTanapu-

07 25 4 56 ;7 sy TaMoc Kelanu,
1s dan 6owra xoram-
2 Aap YUFOH2AH X0A.mMAap
/?/ < —— dediusadu. ATOMHH acocuif
07 27 436 / arip X0oJNaTAaH yAFCHTaH X0JaT-
ra éxkd KyAHPOK YHFOHraH
8.1- pac. X0JIaTAaH I0KOPHPOK | yfie
FOHTaH XoJaTra YTKasHil
YUYyH VHra TallKapufaH sHeprusi GepHJHMIIN JO3HM. By
SHEPrMAHMHI MUKLOPH aTOMHHHI  OXHMpru Ba Coui-
JIaHFH4Y XOJaTJaplfar¥ sHeprusJapHHMHr ¢apkura TeHr 6y-
JajiH, an€arta. JHeprus ysaTHIl RAYJAJapHiaH OHPH aTOM
TOMOHHJiaH QOTOHHH IOTHIIAMP. GCTCH 10THINra TeCKapH
npouecc aTOMHUHI HypJaHHIL UYMKapuIiuAup. TaOHMAKH,
6y nporecc Ty¢aliiu aTcM IOKOPHPOK YHFOHTaH XO0JaTlaH
KyHHDOK 3 HFCHraH xoJatra €kM acCCkii XoJsatra YyTalH,
Jlexun uxTué€puil yTHIIJAp XaM amalra Cluapepmac 3KaH.
ATOMHMHT 601UJAHFUY Ba OXH[TH XOJaTJapHHHHT OpCHTaA
KBaHT CCHJapH (akatruna 6up CupJHKKA y3rapaiuras, LHU

Al=2 + 1

6Y/nanuran ¥ THWJaprrHa amaJra clwaiu. 8.2-racm,.a BO-
JOLOJ aTOMH CHEKTPHHH KEaHT ME€XaHHKacH TacaBBYp.iapH
acocuja ama/ra CIIHIIM TacRUPJaHTaH.

Jlemax, lllpenunrep TeHrJamacH CHpPCOpTa XaM KYILUHM-
Yya runoresara TagsHMacIaH BOLOPOJ aTOMEHHHI €apua XYy-
C YCHAT/JIaDUHH TYWYHTHPA OJalH.

2-§. Hirepn Ba I'epaax Taxpubacu

§ xoasar (/=0 nasapra TyTuJanH) faH OGcuka Capua
xosatnap (/s O 6yarania) raru 3JeKTPCHAapHMHT SAPO
MaHlOHHJarH XapakaTH Ty(aiiim BYXXyAra KeJaiMraH HM«
nyJasC mMomeHtJapH | (8.4) udonara acccar| HoanaH ¢apk-
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8.2- pacw.

au 6yaa1n, ¥ xoaia L Bexrtopra Tteckapu HAyHaaraH wmar-
HUT MOMEHT BEKTODH P, XaM HOJI1ad (apy/u:

prim g L= b/ T F D=/ D) (68

By udoaaiaru

%=¥%=QWM4W“NW 3.9)

Bop marHeroHu ned artajaiu, y 3/EKTPOH Ba 3JeKTPOHJap
CHCTEMaCHHUHT MarHHT MOMEHTHHH VJ/uauwjia TaSuufi Oup-
JUK XucOoGJaHaiu. ATOMHHHr MUMNYJabC MOMeHTH L. (8xu
MarHiT MOMEHTH Ppmar) HY 3Ca aTOM TapKuHOujiaru afipum
9/IEKTPOHIADHUHT UMIYJbC MOMEHT/apH (MarHUT MOMEHT-
JapH) HUHT BEKTOp HMFMHIMCH cudaTHaa aHHKJAHAIH, SHHH
Lar = X L; Ba Pmar = ) Pmiliar. LUTepH Ba 'epaax TOMOHH-
JlaH 2XXO0AH0 Tap3la ava/ara OLIMPHAraH TaxpHoala MarHuT
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MOMEHT BEeKTODHHHMHr (a3oiard MXTHEDHA HAYHalHapH
smac, 6asnku Gab3u (6olKaua aliTran/a pyxcaT STHJraH) iyHa-
JUIIJapUrdHa aMajra owumu HcboTaaHiu. By TamkpuGana
KYyJ/JaHUJ/ITaH KYPHJMa CXxeMaTHK Tap3ja 8.3- pacMAa TacBHp-
Jganrad. Kuanupuaanuran A kaMepanaH OYfFJaHUG YHKKaH
aToMJlap TaCMacHMOH THpKuIuJaH TycukJaap (T, Ba T,) nan
yTrau, jacra wakJura kejnaau. CYHrpa aTomJap JacTacd
HHXOAT Japaxalia 6up
JKHUHCAU OYJMaraH MaTHHUT Mai-
IoH (6yHAall MaiiiOH 3/IeKTPO-
MarguT Y3arMHHHT KyTOJapH-
ra MaxcCyc makJ GepHIl HaTH-
JKacuia XOCHJ KHJIHMHALY) AaH
yTH6 I 3KpaHra TYyMIanH.
MarsuT MaliioH TabCHD KHuJ-
Maral (ApHH 3J/1€ KTDOMarHuT
Fa/TaK/Jap¥ TOK MaHCaura yjaumaraH) XoJia aToMJap Jac-
TaCH 3KpaHra TyIHG, yHia XCCHJA KHJTaH AOFHHHT LIAKJH
TYCHKJard THPKHIIHUHT Wakura ¥ xwaiau (8.4- @ pacMrak.).
Maruut mMaiACH TabCHp Kuarawza-uv? By xoJsna Byxyara
KeJaaHraH MaH3apaHH MYxokaMa KMJAHMILZaH OJIHMH TaxpHba-
Ja KYJ/JaHu/Ia€TraH MarHUT MaiJOHHMHI TOKJH KOHTYpra
TabCHPHHY 3CJ1a0 oJ/ialinuk. TampuCazar¥ MarHHT Mai1O0H
MHIAYKUHMS YH3UKJADH 2 YKku Gy#nab (L nan JK ra Kapab)
AyHairadH. Ma#lOHHHHT GMD KHUHCAMMAC/AMIH XaM Wy AyHa-

-ie
JULIJa BYXKYAra KeJATHPHJIaAr, YHHHI KHAMAaTHHH —— 106

6eJrualiinKk, Y XOJLa MarHHT MOMEHTH P, OYJraH TOK-
JH KCHTypra Oy MaHACH TOMCHHIaH TabCHp STYBUM Kyd

8.3- pacm.

F, = pu32-cos (8.10)

6yaanu. By utdorana e 6ypuak p, HUHr MafLCHra Huc€aTaH
xonaTuru apuknainu. Bomyava xunub afiTranna, o 6ypuak—

" 0B
MafAOH IPaAHEHTH ——Ba Pn Opacuiar#d Gypuak. B optu6

0B oy
Gopaiura TOMOH —— HHHI JijHaqumu cugatiia KaGya

0B - .o
guaunanu. TampuGaia —_— HUHT AYHa/MLIK 2 HUHT AYHaW-

wH 6unan 6up xuanup,. (8.10) ndonara acoca, TOKJU KOH-
Typra TabCHD 3TYBYH Ky4 & Gypuak YTKHp Oy/araHia z YKu
6y#1a0b, a 6ypuak yT™Mac 6yJraHaa sca 2 yKura Teckapu
AyHajqulIla TabCHD KHJaAH.

Jlemak, 6up xuHcau OYyJMaraH MarHUT MaiJAOHAA Xapa-
rarsiaHaéTrad aToMmJiapra TabCHD 3TYBUM Ky4 arOM MarHuT

142



C®WOE

8 .4- pacm,

MOMEHTHHHHI HfyHasumura O60FauK. By kxyu TabcHpuaa
aToMmJap SKPAHHHHT IOKOPHPOK (x—yTkHUp Oypuak G6y.raH-
na) éxn macTpox (a—yTMac Gypuak 6yaraHaa) KHCMJapura
Tywazad. LIysuHr yuys atomJsap JactacMia pPm HHHT Gap-
ya AyHasvmJaapH wMasxkya O6yaca, 6y aToMJap 9KpaHra
TYIIXIIH HaTHXKACHIa BYXYAra KeJraH AOFHMHT makJau 8.4-
6 pacmzarujex GyJumu J03UM 314. Taxpubanapna 6yHaah
HaTHXKaJap MYTJAaKo Kys3aTHamazH. Bab3um xoasapna, maca-
JaH, cCUMOO KM MapraHeu, aTOMJapHHHHI JacTajapH OHJaH
YTKa3u/araH Taxpubanapia, 3KpaHlardH AOF XyIIM Xed KaH-
Iafi Ma#IOH TabCHD KHJAMaraHaarujex maxJjra (8.4- a pacm-
ra K.) sra 6ysnanu. Bomka Xoanapaa asca aTomJap AacTacH
KOMNOHEHTa/lapra axpaJjiH, HaTHXala 3KpaHia OHpD Heua
¥3apo mapaJJjeJ yuM3uKya UIaKJAWAard JOFJap XOCHJ 6Y/1H.
XycycaH, Hatpuii éku cuM006 aTOMJIApDHHMHT JacTajapH
9KpaH1a BYKYJAra KeATHPHJTaH MaH3apa 8.4-6 pacM/ia, TeMHD
aTOMJIADHHHHT NacTacH KYJJaHHATaH TaxpHOalna Ky3aTHJ-
raH MaHsapa sca 8.4-z pacmzAa TacBMpJiaHrad. By Mausapa-
JiapJlaH aTOMJIaDHH OFIMPYBYM F, Kyu Tyrpucuia ax6opoT

OJIMII MYMKHH. HarHkana mMarHuT MafilOHHHHT GHPXHHCJH-
o

0B
MaCJII/II‘PlHH XapaKTepJIOB'-IHT HHHI MabJayM KHHAMaTH aco-

cmla (8.10) ndonanan dotinanaHu6 p, HUHT 2 YKura (AbHU
B fiyHanviinra) NpoOeKUMACH Pmz = Pm COS @ HI XHC06.1a0
TONUII MYMKHH.

Ulyniaft xkuau6, LlUmepn 6a Iepaax maxcpubacu
Pa308ull KEAHMAGHUUWL MABHCYOAUZUHL, XamOd IAEK=<
MPOHAAP 64 AMOMAQAD MAZHUM MOMEHMAAPUHUNE KU~
Mamaapu OuUCKpem xapaxmen2a 32aAUUHLL LCOOMAQOL.

3-§. DAeKTPOH CIHMHU

"Acocuit XoJaT[ark BOLOPOJ ATOMHHHHT 9J€KTPOHH YUYH
{=0. (8.4) ra acocaH, yHHHI HMIyJbC ;: MOMEHTH HOJTa
Tedr. ByHJaH, BOZOpPOL aTOMJIAPHHHHT , AacTacH OHJIaH
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lﬂll\},ll’l\,a Jll\aal’ldll an IGI\AI’IPAG Ul’ll,l DX viriL UlelV.lal an nan~
LOH yHra Xe4 KaHjafi TasCHD KHJMafinH, JAeran xyJocara
KeJUIIHMH3 MYMKHH. BaxoJankH, Taxpubana AacTa HKKH
CHMMETDHK KOMIIOHeHTara aXxpajnH. By HOMyBOQHUKJIHKHH
TYWYHTHPHII YUYYH 3J€KTPOH HMNYJBLCHHUHI XVCYCHH MO-
MeHTH L.; Ba yHra mMoc 6yJraH XycCyCHH MarHUT MOMEHTH
tte (3appasapHHHT XYCYCHH MarHHT MOMEHTJapHHH b Xapdu
6usaH GesarujafiMu3) maBxyl, ne6 ¢apas Kujaumra TYFpH
keaand. By ¢ukp 1925 fiwana C. I'oyacmur sa I'. Y.eH-
6ekJslap TOMOHHIAH aTOM (PM3HKacuiard 6Hp KaTop KHAWH-
YHJMKJADHU GapTapad) KHJAHII YUYYH HWJArapy CypHJTaH.
UMnyabcHEHT XyCycHH MOMEHTHHH cnus neb, xyCcycui mar-
HHT MOMEHTHH 3Ca CHUK MAHUM MOMeHm je6 aTtaul 01aT
6ysarad. ,CnHH® uWHIAH34Ya Cy3 OYJaH6 ,afiaHMOK® Jerad
MaBbHOHM aHrJsatald. by TepMHHHH HinJaTuaumura ca6ab
nyHIaxKH, lactnal, 3/7eKTPOHHH ¥3 VKM arpoduaa aijaa-
HYBUM 3apsjJ/aHrad wapuia ne0 TacaBByp KuJuHraH. Kim-
NMyJbCHUHT XYCYCHH MOMEHTH Ba XYCYCHIi MarHHT MOMEHT
aHa my xapakat Ty¢afiiu MaBX Yy, ne6 xuco6J/aHraH, JIeKHH
6y TacaBBYp HOTYFpPHJ/IHIH, KEHHHYAJIHK aHHKJaHiH. AMMO
TEPMHH MCTEBMOJIZA KOJaBepiu. 3aMOHaBMi TYlivVHYaJapra
acocar, CHUH 8Q CHUH MAZHUM MOMEHm xYooiu 3apsd éa
Macca Kabu 3ACKMPOHKU XAPAKMEPAOSYL ACOCUL Kam-
maauxaapoup. DNEKTPOH CNHHHHUHT KuiAMaTH §

= o

Lo=Y2p s = 8.11)

ra TeHr. CIMHHHHT TaHJa6 OJIHHTaH HYHaJuIl 2 ra (macasiaH
TalIKH MarHWT MapACH HYHajuinura) npcekuusacH (akxar
KBaHTJ/IaHTaH KuiiMaTJapra sra 6yJa oJagu, Oy xuimar/ap
KyAuAard (¢opMmyJa OHJIaH aHHKJaHaIH:

LC"z = Sh. (8-12)

6yHIa S — CNHH KBaHT CCOH. ¥ #,/,m KBaHT COHJapiaH (apk-
JlaHu6 kacp KHAMartJapra, sbHH

i I
=—0 5 (8.13)

KHiiMaT/iapra sra Oy JHIIH MYMKHH. OJIEKTPOHHHHT CIIHH
MarHHT MOMEHTHHHHT NPCeKUMACH Ba Len, Kyflilaru MyHO-
cabaT OHJiaH GOrJaHraH:

) -
P‘ez=—%[4cnz=—s%=+2‘%;=+p‘5- (8.14)

Jlemak, 9MeKTPOH CNHH MAarHUT MOMEHTHHHHI TalUKH
MarHHT MaiLioH AyHaJMIIMra NpPOEKUMACH ¢aKaT HKKHT3
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xufAMarra sra 6yJa oJiafii, YHHHI a0cOJIOT MHKAOpPH bop
MarHeTOHHWra TeHr. Boaopoa atomJapu (WIYHHHTAEK AaBpHE
’kanaBaJ GUPWHUM TDyMNNa 3JeMeHT/IapH aTOMJapUHHHT XaM)
[acTaCHHH GHD MKHHCJAH 6YJMaraH MarHHT MaHIOHIa HKKH
KOMTCHeHTara apaJHIHHUHC caCaldu 1y Tap3jia TylUyH-
TUPHJI1H.

4-§. NMayan npHHIHKNH

KBaHT MexaHHWKacHZa aTOMIard SHEPreTHK caTXJap
TYpTTa KBaHT COH OMJIaH XapaKTepJaHaiH:

n=123, ....
[=01...,(n—1)
m=—/[—U-1,...0...,(0=0D,1L (8.15
§=— %,4—17.

8.5-pacMra n=1, n=2 Ba n=23 6y/aran 3HepreTHK
caTXJiap TacBMpJaHraH. 7,/ Ba m KBaHT COHJADHHHHI TYIn-
JaMH OMD XHJ, JIeKHH CITHH KBaHT COHM OH/1aH (papKJaHyBUH
caTXJiap MKKHTa;aH GyJaid, YYHKM yJapaa n,[,m JapHHHT
KHfiMaTsiapH cakJaHub, S aca ——Q-él{l{ + - KufmaTHH
KabyJ KuJaalH. Arap n Ba / JapHHHT KHiMaTJapH y3rapmac-
lanm Ba s japu OujaH (papKJ/JaHyBuUM CaTXJ/ap COHHHH TO-
nuu kepak 6yJjca, xap 6up [ yuyH m Hunr 2/ -4 1 pyxcar
STHJATaH KHAMaTH MaBXKYAJHMIHHH XHcoOra OJMII Kepak.
Jemax, n Ba [ sapHuHr afinu Tynaamu 2-(2/ 4 1) catxnan
ubopar. Huxosr, afiun # yuyH /, m Ba s Japu GuJaH apk-
JAHYBUYH caTXJap CCHUHM Tomaisuk. (8.15) ra acocaH, afiHu
n yuyH ! HuHr Kufivatsiapu O nam # — 1 raua 6yJran Oy-
TYH Myc6aT COHJapHM sraiaiiy MyMKuH., LLIyHuUHr yuyH
acoCHMii KBaHT CCH 2 HHUHT aliHM KufimaTH OujadH HdojaJa-
HYBUM caTXJap COHH

n—1

¥ 220+ 1) =201 (8.16)

=0

6ysaanm. XakukaraH, 8.5- pacMpa n=1 Oyaran carxJap
COHH 2 Ta, n =2 6WJaH XapakTepJaHyBuH caTXJ/ap COHH
sca 8 Ta, n =3 6yaran carxJap COHH 3ca 18 ra Temr.
Bosropoa aromMHpa sHepreTHK caTXJap afHuraH Oyaanu.
Macanan, n =1 6yaran uKkasa caTx OGHp XHJ 3SHeprHsira
sra éku n =2 6yJraH caKkKH3Ta CaTXHHHI XaMMacH afHaH
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8.5- pacm.
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GUp XHJ 5Heprus | OujaH XapaxkTepJsaHaiH. ! JlekHH K¥i
SJIeKTPOHJH aToMJapia ¥3apo TabcHp Ty(afiin afiHuL
AyKoJalH Ba aTOMAard SHEPreTHK carxsap Oapuya KBaH
consapra G6OFJIHK GyJanH,

SHAHM, KYN 3JeKTPCHJH aTOMia 3JIEKTPCHJIADHHHT 3HEp:
reTHx catxJjap OyfAHuYa TaKCHMOTH KaHiafi? — JeraH caBoJ
ra xaso6 xuiupailiuk. By caBoJara 2kaBo6 6epuuina Ky#fu:
jard HKKH TIDHHIMIra amal KHJHII KepaK. BUpHHYM NpUH
UMIHHHT MOXMATH WYHAAKH, HOpsa.a (yAFOHMaran) xoaam:
dazi amomoa IACKMPOHAQAD Y3AapUL Y4YH MYMKU?
6ynean sne Kylhu 3IHepeemurx camx (AbHU SHEPTHACE
MHHMMaJ OYJrad caTx) £apoa #HORAQUUUWAAPU KEPAK.

VIKKMHYM NPHHLHMN, YHY Kaw@ KHJATaH OJNuM lmapadur:
INayau npHHUMNK Ae6 I0DHUTHJAAIH. YMywmaH, Ilayau npun
LMOH KBaHT MeXaHHKaCHHMHT acOCHH NpHHLUINJapHal
6y/aub, YHUHT TYJHK KBaHTOMEXaHHK TappuduHu OepHu
yuyH 3apfpajJapHHHT GHDXHJJIMK (Oup-6MpHra aiiHaH ¥ xiuaul
JUK) NMPHHLHNM OHJaH TaHHIIHII JIO3HM,

MabayMKH, KJacCHK MeXaHHKaia XYCYCHATJapH aHHat
6up xuJa OYJraH saprasap xaM Y3JapHHHHI HHAHMBHAYyaJ
JUrH (SBHH aJOXHiajHTH) HH HYKOTMannH. Bolkaua KuJH(
afiTranra, 6upop cucrema TapkHOHIATH 3appasapHH GOIIJIaH
FHU MOMEHTZAa ,XYAJH HOMepJsaraHiek“ Ge/rusaad oJanivk
¥ xoJla 3appajJapHHHI TpaeKTOpHs OyiiMua XapaxaTHHI
Ky3aTHLI HaTHXacula BaKTHHHI TYDJH OHJapura y €kH 0)
3appaHUHT BA3HATH TYFPHCHIA MabJAyMoOTra sra GyJ/aMu3.

KBaHromexaHuk TaBcudra aca 3appaHd y €xu 6y coxa
Ja Kaila KHJHID 3XTHMOJJIHMIH aHuKJaHaiH. [lemak, 0)
xoana Oup XHJ 3appajapHH ,HoMepJapu 6yiuua“ axrpar
OJIMII HMKCHHATH Oy maiinu, aja€arra. 2appasapHu OHp-
6upuad ¢apK KHauO 6yJMaraHJurd YyuyH XaM yJapHr
ypHH aaMaminG Kouaranud OuJaH 3SXTHMCJVIMK Y3rapMmaniu
YMywmaH, KBaHT MeXaHHMKAacMaa Kyn CCHJH 3appaJapHt
taBcH® Kuaunmaa Pepmu-upak xam-a Bose-DiHwTedt
craTtHCcTHKanapuiaH ¢Qoii:ananuaand, CnHHIapHHEHT TaLUKF
MarHuT MaHiOH HYHAJHIIWra NpoeKUUsicd L., HUHT KHi
Math O €xu h ra 6yTyH kappaau GyJaraH 3aprasap DBose
ORHIITEeRH cTaTHCTHKacura OY#icyHaid, 3appaJ/lapHHHT Y3
JapHHH 3ca 6030Haap 16 atanaid. L., HuHT Kuiimatu f
ra spumJH OyTyH xappaau 6¥JraH 3appanap ¢epmu-Iupar
cTaTHcTHKacura OyicyHanu, OyHaafi 3appasnap gepmMuorAal
ne6 artananu. dakaT 3/J€KTPCHJAAPrHHa smac, Ga/Jk4 TO3H-
TPOH, NPOTOH, HEHTPOHJAp XaM (epMHOHJap XUCOGJaHaALH,
Bapua ¢epmuonaap yuyH [Tayau npuHuuMnu ypuniu 6y 0.
Yy Kyduiaruya tappudJsanaau: OHp Xxua ¢GepMHOHJIapAat
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ILIKHJ TOMNraH cUCTeMaja afHaH OHp XoJsaTia OHp BakKT-
AHT y3u1a GHTTalaH OPTHK (epMHOH Oy HIIH MYMKHH
4ac. [lay/ M MpHHIUUNHHH aTOMJard 3/eKTPOHJapra TaToHK
uarad xoJ/ifa Kyhuaaruua tappudJaaca xam 6yaaiu. Amox-
azu n,l,m,s xsaum conaap mynsamu Ouraxr xapax-
lepaanysin uxmuépuli snepeemurx camxoa 6ummadan
PIMUK 3AeKMPOK OYAuuilt MYMKUK 3MacC.

5-§. A. U. MeugenreeBHUHr 3JeMEHT/Iap NaBpHA
CHCTeMacH

Oanunru naparpadpaa 6aéH KHJAUHraH MabJAyMOTJAp aco-
uia s/JeMeHTJaD JaBpuH CHUCTeMacHHU Ta/JKHH STal/IHK.
MPHHYH 3JEMEHT—BOA0pOAAaH OolujafiiuK, Y HUHT OUTTa-
uHa 3JexTtpoHH 6op. UlyHuHr yuyn [laysum npunuunura
cocal, 6y aJeKkTpOH 8.5- pacMAa TaCBHpJIaHTaH HXTHEPHHR
HepreTHK CaTxla XOHJalIHIIHW MyMKHH 314, JIEKHH MHHH-
laJl 3HEPrusi MPUHUHNHKra acocaH Oy sgaextpoH n=1, [ =0

1=0, $ = — —- KBaHT COHJap OuJaH XapaXTep/aHyBYH

HepreTHK CaTXHH sradjafiiv. [eauit aroMuia HKKUTa
AeKTpoH 60p. By 3/eKTpoHJapHHHT GHpH BOAOPOI aTOMH-
'MHT 3JIGKTPOHH 3ra OyJraH KBaHT COHJaD TymuaaMu OHJ/aH
:apaxkTepJsaHaid. MkkuHuM 3/eKkTpoH 3ca HaBbariaru 3Hep-
eTHK CaTXHH aHWKJAOBYH KBAHT COHJIap Tyn/aMH, SbHHU

v=1, =0, m=0, s==—|—-2]— ra sra 6ysatu JluTuit yu

VIEKTPOHra ara 6y.1ub, y.apiaH HKKHTacH lI0KopHuia OaéH
THJATAH KBAHT COHJap TynJamJaapd OuJaH aHHKJaHALH.
/YHHYH 3NEKTPOH HaBOaT iarH 3HepreTHK CAaTXHHU 3raJjJai1H.
)y catx (8.5-pacmra K.) 6uJaaH n =2 ra mMoc 6yJiraH carx-
1ap rpynnach 6omaanati. 2 = 2 §yiran catxdap rpynnaci-
1ard GHDHHYM CaTXHH JIMTHA aTOMHHUHT 3/]12KTDOHH, OXHPTH
'aTXHH 3Ca HEOHHHUHT 3J2KTPOHH ra/aai14. ¥ MyMaH, acOCHH
(BaHT COH /2 HUHT KHAMaT/JapH OHp XuJa OyaraH sJ2KTPOH-
12D KOOMKHH TamikHJ KuJaaild., Ojaria, KOOUKJIAaDHH JIATHH
(apbsaapu  OuaaH OeJarusadald. Macanan, n =1 6yaca
{=Ko0HuK; n =2 Oyaca L-Ko6uK; n=3 Hu M-KOOHK;
1=4 Hu N-KoOHK Ba X0Ka30. MyJsoxasaiapHd my Tap3ia
1aBOM 3TTHPHO, HaBOaTAard 3JEMeHT/Jap aroMJapujaru
JXMPr¥ JEKTPOHJAD X0JaT/apHHH aHUKJOBYH KBaHT COH-
nap TynJamJapH XaKuia MabayMoTJiap oOJaBepavu3. By
vabaymMoTaap l-xanBanaa  keartupuaraH. 2Kaisasjar
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KYDHHHIINYA, CaTXJALHHHT 9JCKTPOHJAp OWJaH HIUFOJ
STHUJIMILIN]A KBaHT COHJAPHUHT KuiiMaT/iapHra MocJaab KypHJa-
raH sHepreTdK caTXJap KeTMa-keT/urH (8.5-pacum) amasra
omsantH. Jlexun 6y TapTH6 e€Hrua aromgap (Kajaufiraua
6yJaraH aTtoMJiap) yuyH amvaara owaad. Arap 6y TapTu6
[aBOM 3TraHra 3AH, KaJUHHHHT OXHPI'M 3JEeKTPOHHHH Xa-
paKTepJIOBUH KBAHT CCHJAAp TynaaMu n=3, [ =2, m= — 2,

§=— 5 6y aumu J03uM 3au. BaxosaHku, amanna n=4,

1
l=0,m=0, s=— —- KBaHT COHJap
l-xaagBanm
OXHpPrH 971eKTPOHHHHT Kob6rkaapnaru
Dae- |Taprué KBAHT COHNapH 971eKTPOHAAD COHH
MeHT |HOMepH n ] m s K L M N
1
H 1 —3| 1
He | 2 1 0 Jr_l 2
2
1

Li 3 2 0 0

+
SERSERS
[\]
[\]

Be 4 2 0 0

B 5 2 1 -1 |— 2 3
1

cC | 6 | 2 1| =1+ 2 4
1
1
1

(-—‘ [
™
[« ]

Ne | 10 | 2 | 1 |41 |4
2

Na I1 3 0 0

I

+

wl-— wl"‘
[\

®

N

Mg 12 3 0 0
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Al 31| 3 1| —1 ..-%—
si | 14 3 1 | =t |, 1| 2] s :
+—3 4
1

N
4-]
=)

1

2

1
Cl 17 3 1 +1 — 2 8 7
Ar 18 3 1 +1 +—;—

K 19 4 0 0 |—

riyniaMy Gu/aH aHHKJaHYBYM SHeDIeTHK carx 3raJjJjaHalu-
ByHuHr ca%abu Kyn 3JE€KTPOHJM aroMJadia, 6ab3aH 3JeK-
IPOHJAPHHHT ¥3aDO TabCHPJAWYBH Ty(dafiiu 7 KarTapok,
[ 3ca KHUMKPOK OY/araH XOJIATHUHT 3SHEPLHICH 7 KHUYUK-
poK, [ sca kartapox O6yJraH XOJIaTHUHT 3HEPTHICHIaH
KaMpOK Oy HIIH[a 3KaH.

1 - xaznBanjad 3Je€MEHTJapDHUHT JaBpHAJIMTH XaM KYpH-
HH6 Typu6au. MacanaH, » HMHT KuiMaT/apu GUp XHJI GYJ-
raH xap OHp rpynna XUMHUSBHA JKUXaTJaH axKTHB OYJrad
pIeMenHTAaH Souljannd uiepT ra3 SisaH Tyraajasaid. By
rpynnajap JaBpHil XalBajiiard KaTOpJaDHH TauUIKHJ 3Ta-
oM.

YMyMaH, 3/eMeHTJaD XHMHA3HE XyCyCHAT/IapHHUHT
NABPHAMMIHHA YXiam 3JeMeHT/aD aTOMJadHHHHT YEeTKH
KOGHKJAapHAArH 3JeKTPOH KOHDHIypauusHUHT TaKpopJa-
HAWK GHJIaH TYWYHTHPUII MYMKHH. Macazan, Si Ba C ra
YpTHOOD GepHHr. Y/IaDHHHT XUMHSABHH XyCycHATIaNDH OuUp-
Supura Huxoar Yxwaw. ILyHHUHr yuyrR Oy 3aemeHT/ap
ATOMJIADUJArd OXHPrH 3JeKTPOHJapHH HDomasnoByd yuyra
KBAHT COH (7 JaH TaWKaDHCH) XaMm aiHaH OuUp XHJI.
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6 -§. PenTren cnexrpaapu

1895 iuana B. Pentren ToMmOHHTaH Kamd 3TH/ITaH Ba
YHUHT HOMH OWJIaH aTaJaiuraH HypJapHHHT TYJKHH Y3yH-
auxsapu (0,01 —800) -10—*° M ra Tenr. Penrren HypJap-
Hu 8-6-racmMia cxemaTHK Tap3fa TacBHpPJaHTaH DEHTTeH
Tpy6Kkacuia XOCHJ KHJAHHaaH. Maxcyc TpaHchopmaTtopra
yJiaHajuraH BoJb(paM cuM KaToA (K) Ba3ucdacHHHM yTaiau.
Katon Ba anox (A) opacmaa ByxyAra KeJTHpHJaRuraH
8JIeKTP MalAOH KH3HTaH KaToAzZaH axpaau6 uuKaérraH
TEpPMO3JIEKTPOHJIADHH Te3J/aTaau. ETap/inua KaTTa KHHETHK
SHeprusira 9pHILraH 39JAEKTPOHJAp aHOA MaTepHaJHHHHT
Huura KHpHO OOpHLI XKapaéHHIa TOpMO3JaHaaHu. ByHnak
peHTreH TpyOKacuJa XOCHJ KHJHHTaH pEeHTreH HypJapH-
HUHT CHeKTpaJ TapkuOH 3JEKTPOHJap SHEPTHsICH Ba aHOJ
MmaTepHaaura OOFJUK. 8. 7-pacMia peHTreH HypJaHHII
CNEKTPHHUHI THNHK INAKJHM TacBUpJaHraH. CHEKTpP HKKH
KHCMIaH TallKWJ TonraH. DupuHuM XuHCMH Oup Heua
MOHOXPOMAaTHK HYDJapHHUHT (yJap Ay, }g, .+ . TYJKHH y3yH-
JHKJapra Moc OYJraH yTKHp Yy4JH MaKCHMyMJap ILaKJH-
Ja TaCBHpJaHTaH) TynJamuaaH ubopat 6Ysau6, VHM Xxapak-
TEPHCTHK DEHTreH HypJapH CNEeKTPH JAefuJaiu. VIKKHHYH
KHCMH 3Ca KHCKa TYJKHH Y3YHJHKJAp COXacHIa Ay, KHi-
MaT GuJiaH uerapaJaHraH TyTall cnexktpaup. Tymaw cnexmp
INCKMPOHAAPHUHZ KECKUK MOpMO3AQHuwWL myPaiiu
xocun Ojsradu. By npoLecCHHHT MOXHATH KyHHIaruiad
ubopar: XxapakaTlard 9JIEKTPOH aTpoduaa SJEKTD Ba

MarHuT MaiaoHIap (WyHKH XapakaTJ/ia-

/J\ HYBUH 3JIEKTPOH TOKKAa 3KBHBAJEHT)

MaBXKyL. ODJEKTPOHHUHI TOpPMO3Ja-
HUIIM JleraHia yHUHr arpoduiard
MalZAOHHUHT Y3rapuilH TYIUYHHJIALH.
Marsur éxu 3JeKTp MaHdJOHHHHT Y3~

AN

>
s

\\H/ Aptep A4, A

8.6- pacm. 8.7- pacm.
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rapuIluy sca 3J€KTPOMArHuT TYJAKHH HypJaHHmHra cababuu
G6yaanu. Y xoana Oy CHEKTDHHUHT TyTall OYJIHIIHHU Ba Ay
KHIIMaT Ou/aH yerapasaHuiiMHy cadabu HUMazaa? —JeraH ca-
BOJI TyFHJalH. Te3saTyBuH MafiIOH TabCUpPHIA 3JEKTPOH
W,=eU (6ynna U —katon Ba aHOJ opacujiaru noTeHLHal-
Jap ¢apxu) sHepruara spuwrad 6yjacud. By anexkTpoH aHox
MarepHaJuJa TOPMO3JaHHO TYyxTaraH OGOVJCHH. JDHeprus-
guHr W, KHCMH aHOA MaTepHAJMHUHT HYKH 3HEpLHICHHH
OpTTHpaAH, S'bHH aHOJA MaTepHaMUHM KH3AMpHIra capd
6ynanu. Koaran KHCMH 3ca DeHTreH HYpJaHHIUHHHHI KBaH-
T4 cudarnaa axpanub uukanu. Nemax, W,— W,=hv="hc/\.
By udonasaru v - DEHTreH KBaHTHHUHT 4acTOTaCH, A 3ca
TYJAKHH Y3yHAHrH. W, HuHr guiivaty W, nad O raua uH-
-TepBajiia y3rapumu MyMKuH. Wy = W, 6y, rania 3/71eKTpoH
‘9HepruacH ¢akKaT aHOAHH KU3AHMpHIUra capdiaHaiu. AKCHH-
ya, W,=0 6yaranna sca 3JeKTPOH 3HepruscH G6yTyHJaH
KBaHT DHepruscura afisaHanu. JeMak, TyTall peHTreH Cnek-
“PPHHUHT 4YerapacH Auuy HH TONHMWI YUYYH 3/eKTPOHHHMHT el
SHEPrUsCHHH peHTreH KBAHTHHHHT MaKCHMa/jd 3SHepruscH
AVyage = AC [lypy Ta TEHIJIAIITHPHULI Kepak:

el = he

)\MHH

‘Bynaan

L
MHH ™= T (8. 17)

By udonanan xypuHuO TypuOAHKH, TyTaml peHTreH
CTNEeKTPHHUHT uerapacd aHOA MarepuaJaura OOFJHMK 3Mac.

DHAH, XAPAKMEPUCIMUK PEHMIEH HYpPAAPUHUHE Talbu-
.aTH OHJaH TaHHWAAAMK. AHojla TOPMO3J/aHaSTraH 3J€K-
“TPOHJADHHHI OHP KHCMH aHOL MaTepHa/¥ aTOMJIapUHHHT
wyura kupu6b, 6y aromaapuuur K, L, M, ... Kobuxaapu-
jarh  O6HpOp  9/eKTPOHHH YPHO YHMKAPHIIH MYMKHH.
Macanan, K-KoOugaaru OHp 3/]EKTPOH aTOMHH TauJat
YuKUO KeTraHJaurd Tyda#jd YHUHT YpHM ,6§m“ KoJalH.
By ,6ywm“ ypusra L éxu M- KoOHKIard 3JIEKTPOH YTH-
my MyMKHH. ByHna xapakTepucTuK DEeHTTeH CHNeKTPHHHHT
K-cepussapn Xocua Oyaaiu. MabayMku, K-KOOHKIArH
9JIEKTPOH aToM OusiaH MycTaxkam OOfJaHraH, L - KOOMKZAa-
rd 9JeKTPOH 3ca 3auppok, M-KoOMKIarucu YHIAaH Xau
.8audpox 6orsanrad. [lynusr yuyH L — K yTvmuaa ByXya-
ra Kesnaaurad XapakTepHCTHK DEHTTeH HypJaHWIIM KBaHTU-
HUHT 3Heprusich KA Ba L KoOuKJaapdard 3JieKTPOHJaAp-
‘HHHT GOFJIaHHII SHeprusi/iapy dapKura TeHr Gynann. Xapax-
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TEePHUCTHK DEHTTeH crnekTpuHuHr K, L, M Ba N cepusaa-
PHHH BYXYIra KeJHIIH CXeMmaTHK Tap3ja 8 8- pacmza
TacpHpJ/aHrad. ['. Mosau Typsau sjemMeHTJIaD aromJapu
YMKapalHlraH XapaKTePHCTHK PEHTreH HypJapHHHHT uacTo-
TaJapHHH TEKIUMDHII HaTHXacHAa KYHWZarh GOFJaHHHI
VPHHIHY 3KAaHJHTHHH aHUKJalH:

Viy=a(Z—b), (8.18)

i i

p AV

Ca s _’}. la
L
Ko | |5n | H
s
8.8- pacm.

OyHIa v — XapaKTepHCTHK DEeHTreH HYpPJAapHHHMHI yacToTa-
CH, Z — aTOMHHHT TapTHO HOMEDH, @ — alHH CEeDHS YH3HK-
Jlap¥ YYyH JOMUMHH MHKIOp, b — skpaHjaml AOUMHHACH. b
HHHT MabHOCH WIYH1aH HOOpaTKH, MacanaH, K-Ko6ukaard
L0y VypHHra Yy30KpOKZard KOOHKJAaH YyTa€TraH aJex-
TPOH YUYYH f4p0 TabcHpPH (K -KoOHKIarH GHTTA 3JIE€KTPOH-
HHUHT 3KPaHJOBYH XHccacu Tydaiiin) KaMasiiu.

PeHTreHn HypJlaDHHHHT aXXOMMO XyCycHaTAapHIaH OHDH
WIYHIaKH, yJaap €pyFauK HypJapH yuyH Homabdpod 6ya-
raH XHCMJapiaH yTa oJsaid. AHHKPOFH, PEHTIeH HypJapH
OKHMMHHMHT OHD KHMCMH XKHCMAa IOTHJAIH, KOJTaH KHCMH
aca kHucMIaH YTHO kertaau. 2KUCMHHHT 3HUJMTH Ba KaJHH-
JHIH KaHyaJHK KHUYMK OyJca, Yy PEHTreH HYypJapHHUHT
HIYHYa KaMpOK YJYIUHHH I0THO KoaalH. [Jlemak, 3HYJHTH
KaMpOK KHCMJIaD PEHTreH HypJapH yuyH madpbodpox
xucob/saHa1M. YHHHT 6y XYCYCHATHAAH MeJHUHHa, MeTas-
JypPTHsi, MalIHHACO3JHK Ba TeXHHKaHHHT OOlIKa COXa/JapH-
Ja keHr ¢ofnananuaald. Macanas, 8.9-pacMaa cxeMaTHk
Tap3fa TacBHpJaHraH KypH/IMala XKHCM Huvlaru JedekT-
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HH aHHKJalll MyMKHH. Arap 6y ae-

N (eKTHHHT 3MYJHCH XHCM G6oll-

-< e " Ka COXalapHHHUHT 3HYJHTHIAAR
KHYHKDOK O¥./ca, peHTreH Hyp-
I Japu Oy nedeKTiaH YTHIN Xa-
L R\ I paéHuna KaMpOK  IOTHJaIH.
/ \~Jegerm  LIyHUHT yuyH 3KkpaHia 6y Je-
\ tbexkTHH 1wakaM EpKHHPOK 6Y-

Frpor
et 2 227, napw. AkcuHua, fedex THHHT 3HY-
JIMTH KaTTapoxK OYy.Jca, sKpaHAard
8.9- pacw YHHHT 1IaKJIH KOPOHFUPOK 6Yaa-

au. Jlosdum 6yaran xoJaaapla
3KpaH YypHHra (¢oTOnJacTHHKA
Kyin6, nedexTHHHI paCMHHH CJHIUI XaM MyMKHH. Daés
sTuarad Oy NpHHUMND peHmeexodegexmockonus ned
aTaJlafiH.

7-§. MoJaekynanap

Bup xuHCIM MOAAaHHHT (apua XHMHSBHH XYCYyCHST-
JapUHH ¥3u[a MYkaccaMmJalTHpraH 3HI KHYHMK 3appacu
MOJIeKyJa Ae6 arasaid. MoJekyJsanap 6up Xua €xyl xap
XHJ 3/IEMEHTJIaHHHT aTtoMJiapuiaH TallKHJ TOnraH 6yJa-
aM. Macanan, Bomopoa (H,), xucaopon (O,), a3or (Ny)
6Up XHJ aTOMJapAaH Ty3WJaraH MmcJekydaazrapauwp. Ow Ty-
31 MeJgekyqaacH (NaCl) aca xap xua atoMJapiaH TallKHJI
TONraH MoJeKyJara Mucoa 6yaa caaau. Moaekyaa Oap-
Kapop cucteMa. By sca MoJieKyJlaHH TallKHJA 3TYBYH aToM-
Jap ¥3apo TabCHpJallyBud KyuyJap OuvsaH GOFJaHTaHJ/HIH-
naH nanogar Cepaad. DBy COFJaHHIIIAPHHHT MOXMATH
6usaH TaHHILAHJIHKK.

Hwkopu#i MeTans aTOMHAary BafeHT 3JEKTPOH SAPO
6usaH xyna 3aud CornaHrad. [aajouj atoMupa sca ajex-
TPOH KOCHKHHHL TY{JIMIIHM yuyH GHTTa 3J€KTPCH €THLIMakH-
Au. LyHHHr y4yyH MeTaaJ aTCMHAArd BaJIeHT 3JIEKTPOH
raJJIOMA aToMHra yTaiH. HaTuxkaza metans aToMH MycC-
6aT 3apsaiJiaHraH HOHra, ra/jJOHA aTOMH 3ca MaH(HH 3apsii-
JIaHTaH HOHra ailiaHaau. By kapama-Kapuwu 3apsiiJid HOH-
sap, Kyson KoHyHura acocal, ¥y3apo topTuwanad. Kyzaon
Ky4YH TabCHPHIA MCHJap Gup - GupHra sKuHJawanu. Jlexun
YJapHUHT sgKHHJIallyBHIa KHYHK Macodasapia HaMOEH
O6y/siaaurad y3apo HMTapHINYB KydJapH TYCKHHJHK KHJalH.
Macotanuar 6upop KuiiMatHia 6y MKKH Kyd TeHrJallaiM,
ABHH MeTaJJ Ea TaJIOHJ aToMJapHjaH TalUKWJA TONraH
6apkKapop cHcTeMma ByXylra kesaau. Baén stuaran GOFJia-
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HHII UOH OOFaanuu, 6ab3aH aca zemeponoasp (rpexua
,reTepo”, ABHU ,Typau“ JeraH cy3iaH OJUHrag) 6orFaa-
Huu, neduaany.

Bup X#J 371eMeHT aroMJapHiaH TALIKHJ TONTaH MoJie-
KyJsajlard OOFJaHHWIHU 20Meonoasp (Tpekya ,romeo‘,
SBHH ,OHD XWUA“ JeraH cy3l1aH OJIMHTaH) O00FAQHuuL €KU
Kosasewm O0FAaruu Neinnaiu. KoBaseHT GOFJaHHIIHHHT
TaGuaTH KBaHT Me€XaHHKacHia TaBCH( 3THJA1H. YHHUHT MoO-
XUATHHH BOAOPOJ MOJIeKyJacH MUCOJH 1A MyXOKaMa KuJai-
JUK. ABBan, OHp-OupHAAH H30JsANUsJIaHTaH (IBHH ¥3apo
TabCHpJAUIMafAural Aapaxala Yy30KJMK/Ia KoilJalraH)
HKKHTa BOAOPOJ aTOMHHHU TacasByp KHJaliIuk. BupuHuu
aTroMjJard 3/JeKTPOHHH XaM, HKKHHYHM aToMjJard 3J/eKTPOH-
HH XaM sApoJaH Oupop Maco(a y30KJaHKIa GFJIUUIHHHHT
SXTUMOJIVIHTH (ABHH TYJAKHH QYHKUMSHUHC KBaipaTH) aiHaH
6up xua 6y/naiv. JHT ONAMHA X0J/1a, SBHH 3JIEKTPOH §
xonaraa ({ =0) 6yaraiia 3XTHMOJNIHK cdepHK -cuMMeT-
pHK xapaktepra sra (8.1-a pacmra x.). bomkaua aftran-
na, ,3/JeKTPOH 6yJsayT* 6Upop paiHycau cepalaH usopar.
Ouau, xafsaH HKKajJa aToOMHU OHp-OGupu GuIaH TabCHp-
JamanHrad Macoara siKMHJAawTHpai/IMk. Hatvxkana ukkana
aTOMHUHT  ,3JIeKTPOH  OyJayTJapu® TyTama  6oujaa-
AW. DyHM Ky#ularuya TYIIYHHUII Kepak: H30JSLUSJIAHTaH
aToMJapia 3JekTpon/aap ¢akaT ¥3 sapoJsapd atpoduia
Xapakat/aHap 3i4. AToMmjap OHp-O0OHpura sKHHJalraHl1a
aca GUPUHYM aTOM 3JEKTPOHHHH HMKKHHYH aTOM s1pOCH
artpoduia, XyAAH UWYHHHCIEK, HKKUHYH aTOM 3JEeKTPOHHHH
GUpPUHYHM aTOM AAPOCH aTpoduia Kail KHUJAUIM 3XTHMOJIH-
ru Hoamad dapxau 6yaaid. AToMmJap fHala sKHHJAWIraHaa
YJapHHHT ,3JIEKTPOH OyJayTJaapH* MIyHYaauK TyTawHob
xeranuku (8.10-pacM), 6y xo.a1a OGHDHUHYH  ATOMHHHT
SJEeKTPOHH €XYyJ HKKHHYMW aTOMHHHI 3JIeKTPOHU JeraH cys-
Jiap ¥3 MabHOCHHH HYKOTalH.

ByHia kBaHT MexaHHKacHlard OHD XHJA 3appa/apHH
dapK KHJAHO 6yJjMacauK NPpHHUHINHHA XaM XHcobra OJHII
Kepak. UyHKHM WKKa/Ja aToMl1ard 3JeKTPOHJaap OGup - Gupu-
Aad (apxsaHvafilM: HKKajla 3JEKTPOHHHUHT 3apsAald Xaw,
MaccacH Xam, CHHHHM XaM GHp XHJI.

Bynaalt xoJsat/ia MKKHTa aTOM/J1aH HOOpaT cHcTeMalard
xap OMp 2JeKTPOH O6Hp BaxTHUHI y3ula HKKa/jla aroMra
XaM Terum v 6ysnaid. By asca Ilayad npuHuMnura 3sung
3MaC, YyyHKkH OHD XoJaTAa KajlaMa-Ka)WH CIHHJAH HKKH
3JeKTPOH OyauIH MyMKuH. MKkasna 3/1eKTPOHHHHT yMy-
MuiilawyBH Ty baltii s1posa) opaauFHia ,3/M2KTPOH Gy-
JyT¢ 3uyauruHuHr optHwd (3. 10 - pacura K.) s1poJapHHU
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6Hp - GMpHUTra MakCcHMaJ AKHH~
T JauITHDHIITA XapaKaT KUJAait.

Yaap oracuzaru MacodaHuHr

6UpOp ro KHIAMAaTHIA HKKH

| 1 aTOMJH €apKapop MOJEKyJa
' | mMaBXya 6yaazu. KopaaeHr
6OFJIaHMIIHWHT BYXYAra Ke-
JHIl MaH3afaCH aHa IIyHJa#H.
SHAH, MOJeKyJanap Hyp-
JaHHL CIEeKTPHHUHT BYXKYI-
8.10- pacu. ra Kkeauwu GHJIaH TaHWIUaf-

A¥K. Xy1AH aTOM HypJaHHIIH

kaGH MOJIeKyJsp HYpPJaHHII XaM MCJeKyJaHUHr Oup CTa-
LMCHAap 3HEpreTHK caTX[aH YHAaH KYRHPOK caTXra YTHLIH-
Ia BYXYyAra Kesaad. JIEKHH MOJEKyJa CTalMCHap XOJaTH-
HUHT 3Heprusich OMp Katop ¢anTtopaapra Gor.auk. Maca-
JaH, UKKH aTOMJaH TallKHJ TONraH MOJEKYJaHHHI 3Hep-
FHACH y4 KMCMJAAH TAWKHJA Tonanu: 1) moJexysaa 3/7eKTPOH
KOGHFUHHHT 3HeprusicH, W, ; 2) McJeky/Ja TapkuGuiarH
aToMJap SAPCJApHHHHT (yJapHH OGUpPJAAUITHPYBUYM TYFPH
yu3uK 6Yina6) TeOpaHHLl SHEPTHUACH Wiesp; 3) MOJEKYJIa-
HUHT GHpOp YK arpouaa afiiaHuIl  3HEPrusick Wapa-.
Mouaexynanundr 6y yuanaa 3Heprus ty¢afiau ByxKyAra Kesaa-
JMTaH 3HepreTHk carxJsapu 8 11 -
[acMla aKC STTHPHJAraH: Mo.e-
KYAQHUHZ 3ACKMPOH CAMXA3-
PU XYJha KaJuH YU3HKJap OHJaH
TacBUpJaHraH. MoseKyJaHuHr

a
@D
N

7]

\
,
v Jean
J camigng
/

ﬁﬁ%ﬂl} Te6paHMa SHEPTUACH 3/IEKTPOH
T OyJyT 3HEprHsICHHH OPTTHpalH-

\ rai KyuiuMua KarTaquk Le6
—\ Srermagy  NAPATHUIN My MKHH. Pacuaa meo-
\ (2/;'7';1”,;7 PARMA camxAap ypTaya KaJuH-

K ‘ JUKA4TH 4u3HKJAap OuJaad Tac-

/! BUpJaHrad. McoJexysaaHuHr ai-

; JaHHIIH 3ca xap Oup TeOpaHMa

3HEPreTUK CaTXHH 6Up Heua OHp-

8.11- pacw. 6upura sikiH XKOHJAIICaH caTx-

Japra (pacMia MHCH4YKa 4YM3HK-
Jap WaKJH-a TacBHpPJAHTaH) axpaJudra cataé 6y./anu,
Oy carxJ/JapHH adaaxma camxiap neb aranand. MoJsekyJaa
6Mp SHepreTHK XOJaTAaH MKKWHYHM 3HepreTHK XoJarra
yTranja sHEPrUsSHUHT YyuaJa KHCMH XaM GHD BaKTHHHT
y3ura ysrapuwy MyMKuH. By yTHwaa HypaaHraH KBaHT
YacToTacu
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— AWan+A‘¥;:'e6p +Al¥;:gn (819)

ubona 6GuMaH aHUKAAHUUIM J103HUM. Hasapus Ba Taxpuba-

HUHT Kypcardumnya, (3.19) uposalarn Kywuaysun Xai-
JMaDHUHT KHHAMAaTJIaDH KyHd iaru

AWS,,. > A\yre6p > Awaml

TeHTCU3JMK OWJaH Xapaxrtepsanap skan. (8 19) udonara
acocaH, MOJIEKYJ/IAD CNeKTp aifpuM uu3uKjaapiaH ubopart.
JlexuH a#JaHMa caTXJap HHXOST 3HMY KOfJallTaHJHTH
YUyH MOJIEKYJAD CHexTpAard 4u3WKJap XaM OuD - GupHra
®Kynaa AkuH OYaaiu. UlyHuHr yuyd axpata oaum KOOH-
JIMATH ypTaua OyJiraH ONTHK ac5o6.apaa Oy YH3MKJAp
TyTawkO KeTraH lex #y/aap (mosoca) maxauia KypHHAIH.
By sca MOJeKy/sp cnexTpaajHu Hya-#ya cnektp Ae6
araquuwidra cabas 6yJran.

Moneky/ap CrneKTpJa)  MoJjekyaanap Ty3HJAMLIMHH
aHMKJAL4a Ba XMMHABHH aHa/M3/JaDia KeHT KyJJaHH/AA1H.
Monekyaanap XoccalaDHHH YDPraHHUWIHHHT MYXUM YCYJ-
JapHAaH OMDH  EPYFAUKHUHZ KOMOUHQUUOH COLUAUUL
xooucacudar Gofinanannmanp. By xoauca Kyiiuaarulad
nbopar: JHCMra 4aCTOTacH Yo GyJraH MOHOXPOMAaTHK Hyp-
JaHHul TywastraH Oy/acHH. By HypaaHMWHH KUCM MOJ=2-
KyJ/ajapuia COYMJMIIA Tydaiin Byxyira Ke/araH CReKTp-
Jla vy 4acToTaJH YM3MK[AAH TallKadd YHHHT MKKM €HHIa
CHMMETPHK DPaBHI1a AOHJAITaH AHTH YH3MKJAD XaM Ky3a-
tuaaan (3.12-pacM). By uusugsapHuMHT uacTOTasapH Vi
COYYBUM KHCM MOJIEKY.Jasladu-
HUHT TY3HJHWHUTA GOFIUK, SBHH
¥; HUH[ KHHMarJapH TYWYBUYH ;
HYypJIaHH LI 4acTOTaCH vy Ba XHUCM d
MOJIEKYJalaDHHHAT  TeGpaHva
€ky aliaHva yTHmJapuia BY- Y
XKydra KeJaiurad HypJ/aHiuiaap 8.12- pacu.
yacToTa/apH v, HUHT KOMOWHa-

uMaaadulad udonar 6ysanu, AbHH
—— (-20)

KoM3uHaUMOH COYMAAI XOITHCACHHA TYWYHTHDHUI YUYH
Tywairrag HypJaiil QOTOHA OWaaH COYYyBUHU MOJIEKY.Ja-
HHHT ¥32)0 TaboHOHHY Kapad uukaiiuk. Kyn XoJnapia
TabCHPJA LW 3JaCTHX TYKHA UyBlad n30par 6yaa1u. Lly-
HHHC YYYH COYMJAYM CHNeKTDHI1a 3H2DCUACH Yy3rapmarad
doToHnarra Termuax GyaraH v, yasTOTan¥ UM3HK (YHH
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acoculi wu3ux 1e6 arananv) Kysatuaaid. JIekun dotom-
Jlap KHCMaH SHepPTrUscHHU HYKOTHO COuUHJraH XOJJap Xam
MaBXyA. By Xxoara acocuft uu3uMK arpoduiaru cames-
AUm 4U3uKAGD ByXKyAra KeJaaaH. MacasaH, HOJIMHYH Te6-
paHMa caTXZar¥ MoJekyJa OGu/aaH GOTOHHHHI TYKHALIKMIH-
Aa (OTOH 3SHeprHACHHMHr Gup KucMu (hviy MoJiexysanu

HOJMHYM TeOpaHMa caTxlaH OMpHHUH TeGpaHmMa CaTxra
KkyTapumra capdaanagu (uyHKH AWiesp, = Av)). Lynunr
YuUYH COYHJraH (OTOH SHEPTHACH Av; = hv, — hv, GYnand.

Bynna#t  QoroHiapra CHEKTPHHHI  KHYHK wyacTOTajap
TOMOHHIArd CaTeNJIMT 4YH3HK MOC KeJanu, By umnsug
xu3ua cameaaum nefunaaid. CIeKTPHUHT KaTTa uyacTOTa-
Jlap TOMOHHMJATH CaTeJIUT UM3HKHH Ounaguia cameraunt
Aeifinnand. Bunaduia carte/VIMTHH BYyXYyJAra KeJMIUH YUYH
Tymaérrad (GOTOH YHFOHraH XoJiaTAard (Macajad, GUPHHYH
tTe6paHmMa caTXZard) MoJekyJa OHJaH TYyxHamazu. By
Xos1a (GOTOHHHHT COUHMJHINK OHJaH GHP BaKTia MOJEKYJa-
HHHT HOJIMHYM TeOpaHMa caTXra YTHIUH COAHD 6Y.aau. By
VTUII 3HEPTUACHHH (OTOH ¥3Hra Kywud oJaau, HaTHKala
VHHUHT 3HEpPrusicH Ay, = hvy + hv; 6Yaanu. KoM6GHHaUHOH
COYMJMII XOAHCACH KYN aTOMJHM MypaKka6 MoJeKyJa-
JapiarH TeOpaHMa Ba alJiaHMa 3HePreTHK caTXJapHH,
MOJIeKYJIa/JapHUHT TY3HJHLIHHA YpraHHLILA KeHr KYJJaHH-
JAaiH. MacaaaH, He(pTb MaxcyJaoTsapH (GeH3uH, €rjap)
HUHI TapKUOM aHa WYHNAai aHWKJaHAOH.

8- §. JIloOMHUHECLIeKIMOH HYPJIaHHUIL

Baw3u xucMaap €pYyFIMK, yJabTpabuHadiia Exd peHT-
reH HypJapu TapCHpHJA IIybJAasaHalH, GoliKaya aHTraH-
aa, 6y KHUCMJAp HypJaHMII uMKapaiu. by HypJaHHIUHMHT
CIEKTPH XHUCMra TyWaéTraH HypJapHUHT cnekTpuiaH dapy
kuaanu. bynnait HypJaanuw JoMuHecueHuus ne6 artaJjalnH.
Baén stuarad xo.uca HypJiap TasCHpHAa BYXKyAra KeJ-
reHAUrH TyQafiiu YHU @omoswmunecyenyus ne6 Xam
aranaan. Hypaapaan 60mKa TabCUpJap XaM JIOMHHEC-
LEeHUWSIHY BYXYyAra KeJTHPHUIIM MYMKHH:

1) xkucM 3JeKkTpOHsap éxyJn Goumka 3appaJap OuJaaH
60M6apAMMOH KHJHMHTaHAA XOCHJ OyJanuraH HypJaHHLI
(MacaseH, TeJIeBU30D IKPAHWHMHI HYPJaHWIUM) Kamooo-
AIOMUKECYEHYUS NeAnNaiu;

2) XKHUCMIA8H 3JIEKTP TOK YTrania IALeKmpOAIOMUREC-
Yyeryus Kys3aTHJALH:

3) xuMUABUI peakuusgap Tydafan Byxyara keJdaiu-
ran HypJaamuw (Macajad, (OCHOPHMHI OKCHAJIGHHLIMAA-
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TH HyPJIHHI’IUJM) XeniiAwrunecyenyur HUMH VJldd IOpHUTR=®
Jaau. [lemak, JioMHHeCLeHUHA XoAucacH pyi OGepumu
tybaliid TYpJaM XuJ 3Heprussaap E€pyr/adK 3Heprusra ah-
JaHaau. JIIOMHHeCUeHUHMOH HYDPJ/IaHWII YMKAPDAAHTaH XKHUCM-
SAap HUX0AT kym: 1) 6an3d 3AeMEHT/JIADHUHr OYFJapH
Ba ra3jan; 2) 6ab3d >KUCMJIDHUHT Ty3/japu Ba yJap-
HUHT 3puUTManapu; 3) GeH3o.1, Habra/auH, aHTpaueH KkabH
OpraHHK XHCMJap; 4) TapkuOura MeTa/s1 HOHJApH  apa-
Jamrad 6ab3d HOOPraHUK KHCMJAAD. By kuCMJaapHUHT
XaMMaCH SICOH1 HOM OuaaH 2romunogopraap ne6 atanand.

JIlOMHHECIlEHUMOH HYDJAHULI, HCCUKJIWK HYypJaHHUI-
I3H (apkJM paBUIIA?, MYBO3aHATCH3 HypJaHHwaup. By
HYpJAHUIWHUHT BYXYAra KeJdIId KyHuaaruus: OHPOP
TypAard 3Heprusi TabCUPHIa JIOMHHODOPHHHr OHp KaHua
aToM €KM MOJIeKyJaJ3apd YHFOHTaH XoJartra yraiau. Yaap-
HY acocHBl €Ku KyHMpOK YHFOHTaH X0J/1aTra KalTHIIHW A3
3ca JIOMMHECUEHUMOH HYDPJAHUII BYXYAra Keadiu. By
HypJaHHII KaH4ya BIKT A2BOM ITIAW. [JeraH CaBOJ TYFH-
JAMIIK MYMKAH. HypJaHdUHWHT [aBOM 3THII MYZAAaTH
YHFOHraH XOJATHUHT slIauWl BaKTH OWJIH aHUKJIAHAIIHW
JIO3UM, ajjarra. XaKHKaTaH, TaxpHiajaapaa JOMHH2CileH-
LIHAHH BYXYIra KeJITHPyBud cabad TabCHPH TYXTaraH1laH
CYHT HYDJaHAW MabJAyM MyaA1aT LaBOM S3TraHJMCH Ky3a-
THAaAM. Xap Xxua moMHHODop.aap yuyH 6y my.aat 10-'%
JlaH 6Mp H24a coarJajraya Oy./raH BaKTJaD HHTepPBaaHHH
Tawkun Kkuiaid. lapray papuina cyuuw BakTi (10 °=10-8)c
OyaraH JIOMHHeCUeHUUsHU Pryopecyenyus ne6, GyH1aH
Y30KPOK BaxT 1aBOM 3TraH JIOMHH2CLUEHUUSHH 3ca gPoc-
dopecyeryua NeHuaand.

IOxopuaa 06aéH 3THITaHU1EK, JOMHH2CUSHIUSHAHT
TypJapd kyn. Bus poTo.1:0MHUH2CUEGHUMA YCTUA1 TYXTaaud
yramus. dotomovuHecueniua yuyH Cmoxc xoudacu
VPUHJN: 20 ULHECUEHYUON HYDAIHILUHLLL MYALUR Y3YH-
auzn YAFOMY84i EPYFAUKHURZ MYATUH  Y3YHAL2UOAH
xkammipoy 6y.229u. Ksant ontHkatuia CTOKC KOWIAcHHH
OLIMArYHA TYWYHTHPHUII MYMKHH. Arad XHCM 3HEDrHsCH
hy, 6yaraH GOTOHHU 10TCA, OY 3H2DTUA KUCMAH Av 3HED-
TUAIM JOMHHECUEHUHOH HypJlaHHW (OTOHM Tap3uia Kak-
TapUI2ad, KOJATAH KHUCMH 3Ca KUCMHHHI HYMAa COOHMP
6yayBud TYpJaH XHJ mapainaapia 6owka GUp Typ 3Hep-
rusajaora a#nananu. [emak, Av << hv,, apHU v < v, By
TEHICH3JIMKHU TYJKHH Y3yHAWUKJAAD opkaaud upoianacak
(A=c¢/v ra acocin), A >1%, xocun Oyaaiu. By Crokc
KOHAAaCHHUHT uboaacu 1up.

JIOMHHECUEHIHOH HYDJIAHHW CNeKTPH JIOMHHODOpHUHT

ra

159



XMMHSABUA TAPKHUOUIra Ba YHHHT MOJEKYJSIp Ty3uUJHINHUra
6oriMK. By 3ca sioMuHecueHUMOH HypaaHuwaaH doiina-
A8HHO smoMHHOQOPAHK BasubeCHHH YTAa8TraH KUCMHH
yprauuw MMKOHHHHM Gepasu. ByHaan Ttawkapu momunec-
UEHUHs Tr23-EDYF/IMK JaMNanapiAa, TeaTp:J TeXHHKala
XaM KYJAJaHHJIALH.

9 - §. NapaMarHuT pesoHaHc

MaruuT MOMEHT/apH HOJ1aH (apkJau GYJAraH atoM
&xyn MoJekyJsaJap (mapaMarHHT MOLAHHHT aTOM Ba MO-
JE€KYJaNapu) HHUHT SHEPreTHK CaTXJapH TAWKH MATHUT
Mal10H TabcHpuaa Oup Heua caTxyaJapra axpaJjai.
3eeman axcpaauwn ne6 1opuTHAasurad 6y xoa 3.13-

- m=+f

by T = =0

m==f/
H=0 H*J

8.13- pacm.

pacMaa TacBupJaHrad. TawKu MarHHUT MadaoOH TabCHP
Kuamaradjga (H=0) /=0, JsaexkuH m HHHr KuiimarJjapH
—1,0 Ba -1 6yJaran yuajsa 3HEPreTHK CaTXJapHHHT
KuliMaTaapu afHaH Oup XHJ, ABHH m O6yAHua apHHII Kap-
paaurd 3 ra TeHr. JIeKHMH TallKH MarHUT MaHAOH TabCH-
puaa (H + 0) 6y yu carxuajap axpaJaind, i’bHH MAarHuT
KBaHT COH m O6yiHua aHuW #AYKO/aanH. Arap aToM IOKO-
pHpPOKIArk caTxua GHJaH XapakTepaaHyBuH XOA4TI2H KYHH-
POK carxua OWJIaH XapakTepJaHyBUH Xo0JaTra yTca, Maskyp
3HEpreTHK CaTrxuaJap KHAMaTJapHHHHr ¢apKH GHJIaH aHHK-
JIAHYBYH SHEPTHsAH HYpPJAHHL YHKAPHJAHLIH JO3HM. AKCHH-
ya, KyHMPOK 3HepreTHK carxuya OuJiaH aHHKJaHYBYH XOJ/aT-
Lard aroM TallKH 3/EKTPOMArHHT HYypJaHHLI TabCHPHAA
IOKOPHPOK caTtxua GuJIaH XapakTepJ/laHyBYH X0Jatra yraau.
Byuna#i npouecc amajra OWHIIH YYYyH HYpPJaHUUI KBAHTH-
HHHT SHEPrusiCH HEepPreTHK caTxyajap dapxura TeHr 0y/aHLIK
J03uM, anbarra. Dy IOTUJMUILIHH napamazrum pe30Haxc
xoducacu jpeb aranaigm.

[TapamarHUT pe3OHAHCHH KYy3aTHUI KYPHJMAcCH 3JIEKTPO-
MarHMT Ba pajuoannaparypanaH uGopat (8. 14 - pacm).
TeKIWHPHAaANTaH XKHUCM S/JIEKTPOMarHuT KyT6aapu (pacMAaa
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[l sa )X ne6 O6earunadrad) opacuaark P pe3oHaTOp
MuMra KOMMAWTHpuAanu. Kauctponau renepatop (K)
8pASMHIA XOCHA KHJIMHAAMTAH HypJaHUII TapaMarHuT
KucMra Tymaad. XXucmasH yTran Hypaanuum /Z n€TEKTOP
Ba PK paiuokypu/ima épaaMMaa Kaiin KMauHaau. Taxpu-
GanapHH, OJAaTAA, MOHOXPOMATHK HypJaHWm €paaMHAa
ama/ira OUMpHJIAIH, BHH KJUCTPOHJM IeHeraTtop uuxapa-

Vol

8.14- pacy. 8.15- pacy.

éTrad HypJaHHLI YacTOTacH y3rapMac cak/JaHagu. Marsur
MafiIOH 3Cca acTa-CekHH Y3rapTupub 60pusand. Maraur
MaHIOHHUHT OGUpPOP pE3OHAaHC KHAMATHAA nNapaMarHuT
JKHCMHMHI HYpJaHuIl IOTHIIH KeCKHH OpPTHG  KeTanH.
HaTtuxana napamarHut MoniaaaH yTu6 neTekTopra erHé
KeJaéTraH HypJAaHHI HHTEHCHBJHMIH KECKHH KaMasiau
(8. 15 - pacm).

[lapamaraut pesoHaHc xoaucacHu 1944 fuana coser
oaumu E.K. 3aBofickuit TOMOHMIaH xawid 3THAraH. Moaz-
JAHWHT MAarHHT XYCYCHATJAPH YHHHT CTPYKTypacH OuJaH
y3BUit OOFNHK OYJAraHAMrd y4yH napaMarHuT pe3OHaHC
ycyan Qu3HKAa BAa XHMHAHHHC TYypJH COXaldipHAard WJ-
MHH TeKHMpPHINJIApAa KeHr KyJaaanuamoxkna. [lapamaruar
PE30HaHCHHHT Kalud 3STHAHIIM OJMUMJIAD K¥aura Moaaa

TY3HJHIIKHY YpraHuuIga caMapanu TeKWHPHUW KYPOJUHH
Gepau.

10-§. MaxOypuit nypaanum. Jiasepaap

KBanr cucrema (macanan, aToM €xH MOJEKY./a) HUNWT
sHepreTMmK xosartiapd W, Ba W, OuJaH XapakTep/aHCH W
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(W, < W, 6yacun). Arap 6y cucreMmara SHepruscu hv=
=W, —~W, 6Varan HypsaHuUI TYLICA, Y IOTHJAANH Ba CHC-
TemMa W, BHeDruAAM YHFOHTaH XO0JaTra yraaud. YHFOHraH
X0./1aT4a aToM €KH MOJEKYJIa MabJAyM My1AaT Aumainu, CYHr
6upIaHUra acocHi €KH KYHMPOK YHFOHraH XoJatra yTaiH.
By Mynaar cucrema (atoM €xyn MOJieKyJa) yHFOHraH XoJa-
THHUHL 1A A3BOMHH/INTY, 6ab3aH 3ca CHCTEMaHH YHFOH-
rai xoJataa 6y,adm BakTH AeliMaagu. Arap yTUul Tallku
TaBCHPCHU3, STBHU Y3-Y3UAaH coaMp OyJca ByxyAra Kejarad
HYpJaHHLIHH CHOKMAK HYPAAHUUL 1e5 atananau. Arap
CNOHTaH HypJaHdul GHpPOp XHCM Tapkudnaaru N Ta atoM
TOMOHHIAH YHKAPHJIa3TraH Gyaca, 6y aTOM.IapHUHT HypJa-
HUinJapd Gup-6upn OuJaH MyBo(uKiamMarad“ Gysaaau.
Boiukaua afitran 1a, ;xucmaard 64p aTOMHHHT YpHU Ba HYp-
JIAHUWIL BaKTH OOLIKA aTOMHHHI yPHU Ba HYDPJAHHIN BaKTHTra
Gorauk 3Mac. Typau atoMJa3apAaH 4HKapuaaéTraH HypJa-
HULIJIADHUHT TeOpaHWUl TEKHCAUKJApH, ¢asajapu, HyHa-
JHUINJIAPH TYypJaHua, aHUKPOFH 3SXTHMOJHHA Xapakrtepra ara
6ynanu. LLIYyHUHT yuyH CNOHTAH HYypJIaHHIL KOTeDeHT GyJ-
Mafiu.

CnoHTaH HYPJ/AHHII CHCTEMAHH IOKODH 3HEpreTHK XOo-
JaT1aH KYHMPOK SHENreTHK X0.1aTra YTHUIHHWUHT MYMKHH
6yaran siroHa MexaHu3Mu sMac. Cucrema KyHHPOK 3Hep-
retuk xoJartra OHpPOp TAWIKK TABCHp Ty(dahiu MaxOypaH
YTHIIM MYyMKdHH. DyHnai yrumaa ByxyAra KeJjajgural
HYDJaHULIHH MANCOYPUL HYPAAHUUL €KW UHOYKYUSAAQH-
2an (pardaTJaHTUDUITAH) Hypraruw neb aranaau. Tari-
KH TabCHP CHCTEMaHH KVIUIHH 3appaJjap OWJaH TYKHALlyBH
€Kd TaBCUpPJALIYBH HaTHXACH cudatuga HaAMOEH OYJHILH
MYMKHH. JIeKHH aKcapHuaT XoJ//aplia MakOypui HypJaHHII
Wy HypPMAHMIIHUHC YyaCTUTACHra afiHAH TeHr OYJ/AraH uac-
TOTaJH 3/JEKTPOMAarHuT TYJKHH.()OTOH) TabCHPHAA COLHUP
6ys1anu. Yacroracu 6owmkauapoxk 6y.aran (QOTOHJIID CHCTE-
MaHHHT XyCycHii TeSpaHMlJapH OHJAAH DE3OHAHCAALIMak-
ZAH, HaTHXaja yJapHUHr MHIYKUMAJOBYH TabCHPH aHua
kyucu3 6yaanu. Artom (éxM MmoJeKkyJsa) MaxOypHit HypJsa-
HUUIWHUHT (QOTOH MaH3apacH KyiMjaaruua: yHFOHIdaH XO-
sataard (sHepruscu W,) aTtoM SKHHHIAH yuuO YTaéTrad
¢orcH (yHMHr sHeprusicn hAv = W, — W,) atoM yHFOHraH
XOJMUTHHUHT sillalml JOMMHHJMIHHM KHCKAapTHPaAd Ba YHH
KYHHDOK XoJatra (sHeprusicy W,) yTtuiura mMaxOyp Ku.ia-
M, ’BHH ATOM (POTOH uMKapaid. By (OTOH aTOMHH Max-
6ypuit yTura parGaTaaHtupraH ¢otoHra afiHaH Yxwafh-
AM. Harvxana wkxura 6up xua (oTtoH OGWHp HyHaauuwina
YYMIUHA 1aBOM 3TTHpaAu. By ¢ortonnap ¥3 #yanaapuna



yuparan yHAFOHraH XOJIaTAarH sHCH aTOMJIapHH MaxOypuit
HypJaruIura parGatiaHTHpanuaap Ba Xokaso. llly tapuka
Gopran capH KYIOHCHMOH KynahuG Gopaaurad (¢oOToH/Iap
OKHMH BYXYAra KeJalH.

MaxOypuit HypJaaHumr MaxOyp STYBUM HYpPJaHHII
6usnaH korepedt 6ysaiH. Jlemax, KyKOHCHMMOH xapaéHaa
Gapya aToMJap uHKapaérraH MaxOypu#l HypJaHHUIIAP-
HUHT uvacToTajapH, (asajapd, TapKaaWl HYHAJHWJAPH
Ba KyTOJMaHHW TeKHCJHKJApH aiiHaH OHp XHJ O6yJaaiu.
By asca »xucMaaH ¥TaéTraH HYpPJAaHUUWIHH KY4aHHIIHTA
ca6aGuu Gyaanu.

Jlexkun $oTOHIap OKMMHHM (S'IBHH HYDPJIJHHII WHTEHCHB-
JUTHHH) Kyda#uwmura (OTOHJEDHHHT KYAH 3HEpreTHkK
caTxjard aTOMJap TOMOHHMAAH IOTHJHMINHM XaJakHT Gepand.
DAHWTEAHHUHT KYpcaTumiv4a, MaxOypuit HypJaHuil Ba
IOTHJHII XKAPaéHJAaDHHUHT 3XTHMOJJHTH 6up xua. LLyHuUHT
YUyH HypJAaHHII aKTJAapH (XOALHCAJAPH) COHH IOKOPH
caTxJari aTomgaap COHH NV, OGUJaH, IOTHJAHLI aKT/JAapH CO-
HH 3ca KyHM caTxnard atToMmaap COHM Ny 6uaaH aHuKJaHa-
au. Jlemak, MaxOypHH HYPJAHHI XOAHCaJapH IOTUJHLI
XOLHCAJNADHAAH YCTYH KeJMHIUH YY4YH OXHCMIZ I0KOPH
CaTXaard aToMJap COHH KY#HH CaTXJAarud aToOMJap COHWIAH
anua kyn (N > Ny) 6yaumu no3um. By wapt 6axapuJca,
MaxOypuil HYDJIBHHII OKHMH KYIOHCHMOH OpTHG GopalH.

H.T.Bacos, A.H.TIpoxopos, Y. TayHc okopuaa 6aéH
3TUJraH mwapT 6axapuaaiuraH yCyJa/JapHH amaJra OwHpu6
nasep (€xu Masep) neG artanafuraH KypHJIMajap HXTHPO
KuJaaunaap. Jlasep nerad Hom HHrau3ua Light (Microwave)
Amplfication, by Stimulated Emission of Radiation, sbau
»EPYFAHK (EKM MHKDOTYJKHH) HH HHAYKUMAAAHTAH Hyp-
JIaHHII €pAaMHAa Ky4aHTHpUII® Jerad CysJapHdHHr 6oL
XapdaapuaaH oauHras. Jlasepaap GUIaH TAHULIHIUIHU EKYT-
JH JIa3ePHUHI WAl TPHHLH»

IMHHK ~ MyXOKama Kuauum yc-
THAa 0Jau6 Oopa#inuk. EKyTJau
JIa3epHUHT TY3UJHIIM CXEMAaTHK
Tapsna 8.16-pacmaa TacsupJ/aH-
raf. Jla3epHHHT HUIYH ,XKHCMH®
éKkytaup. EKyT anioMuuuit oxcu-
au Al,O; HUHT KpHCTasH, JIEKHH
yHaa ~ 0,005 % xpom (Cr) apa-

JamMa cHdatHia KaTHalIagH. £
XPOMHHHT SHEpreTHK CaTXJaapH PO
8.17 -pacmaa TaCBHPJAHraH.

EXyr nuaveap makJjauma OJHH- 8.16- pacm.
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ran Oysau6, yHUHTr acOCJapH HIXOST Japaxana CHJ-
JHKJaHTaH. Acocsap KyMyw GHJ/IaH WIYHIaH KOIJIAHTAHKH,
yan ToMoHaarucu (8.1€-pacmra k). TV.a1a KalTapyBYSHIHK
XyCyCHATHTa 3ra, YHC TOMOHIATHCH 3ca KucvmaH magpdod.
LIMAHHAPCHMGH &KyT KPHCTaJMHH CNHPAJCHMOH JiMINa
ypab oaran. By namnaHuHr HypJ uHMUmM E8KVT TapKHOHI1a-
ru xpoMm ucHaapuuu W, Ba W, sHepretuk carx.apra

kytapaau (8.17-pacmra K.).

W= By yiFOHran caTxJapHUHT
W N\ slu1am JaBOMHHJMTH aHua KH-
7 N w UMK (~1077c). ¥Yaapaau W,
Z‘)’”‘L‘Z’ ST vj’ Ba W carxapra yTvm co1up

p > 6Yyaagu. DBup-GOupura sKUH
woiiamran Oy CaTXJIapHHHT

" Acoce camy sman  JaBOMHHJAMIA 3HYa-
A A A [HHJ KaTT3, T =~ 5- 10—3¢c. Byn-
Jag  caTxJap  MeTacTtasHJ

8.17- pacm. caTx/aip 1e3 atajand. Me-

TacTabua  CaTxJjapjaa XpoM
WOHJIADH AMFUJAA Gopaid, Hatukaila W, B1 W, carxaap-
Aary WOH/Iap conM W, naru voH.1ap COHM.1aH OPTHO KeTa-
AH. MersCTabua CaTXJa4paard HOHJIAPHUHT Gup 03 6Y.1ca-
Ja, CMOHTaH HypJaHMWHU (TYAKxuH y3yH/aukaapu 0,6927 Ba
0,6943 MxM 6y.u6, yaap W,— W, sa W; »W, ra moc)
XaM coaup 6yaiau. By ¢oToHJIApHUET HYHaAHUIH TYPJH-
ya. EKyT KpucTaquHUHI VKW GHJIaH KaTTa OyDUaK XOCH.I
Kuaral ¢otoHaap (6y ¢oOTOH/MAp BYXYAra KeJTHPraH
MaxOGypHi HypJaHHUJIap XaMm) KPHUCTa/11aH Te31a 4HKHO
keranu. Kpucraaa yku 6yiia6 xapakataeHaétraH (OTOH-
Jap 3ca KafTapyBYaH acocJapaaH Kym Mapra KairanH, Oy
XapakaT JaBOMHAA KYyNm COHAH MAaxOypHH HypJaHHiuJjap
Byxyara kKesaanu. Hatuxana ¢OTOHMAPHHHT Ky4JIH OKH-
MM KDHCTaJHUHr KucMmaH waddod yHr ToMOHAarH acoci
OpKaJil TallKapura ynkand. LlyHnan CYHr TalKH MaH-
6anaH siHa 3HePrusA OJMHAAH Ba 6aéH 3THJTAH KeTMa - KeT-
JUKAA fiHA xapaéHjap Ka#rapusasepajH.

IOKkopuaaru Muco.sma Mertacrabus catXna HHFUATAH
SsHeprus MaxOypuii HypJaHHl cHdiTHAa 1Yy KUCMHHHD
y3unaru CNOHTaH HypJaHHUII TiBCHPHIA aXPAaJd0 YMKIH.
Bouikauya xuaub ajiTranaa, Jasep reHepaTop/HK Basupa-
cuHH OGaxapad. UlyHuHr yuyH 6y X0./11a JIa3epHH Kéarm
zenepamop ne6 Xam aranaau. Arap Meracrabu/ caTxia-
TM MOHJAALHHHT MaXOypuil Hy pJaHulIM TauKH TabCcup (yHH,
onaTtaa, KMUpHUI CHrHaau fAeHusaand) tydafad Byxyara
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KeJjca, Jadep KHPHII CHTHAJWHM KyyauwTuprad G6y.1anH.
LyuuHr yuyH 6y X0.1a Ja3erHH KAHmM Ky4ialimipuy
neb araJganu.

YMyMaH, Ja3epJapHHHI HILJam TPHHUMOHHH TYpT
TaKTAH HYKH_EHHII JBHraTeJura KHéc KHJHI MYMKHH.

1-taxkt. EpyF/AMKHUHT TAalIKH Manbau XHCM aTOMJIapH-
HU YHAFOHraH XoJaTtra yTkasaau (CYpHII TaKTHra MoC ke-
JaJH).

2 -takT. Kynuujauk aToMJlapHUHI MeractaGua X0.1aTra
yTHIIH (CHKHJMII TaKTHra MOC KeJanH).

3-takt. Xap Gup QOTOH Te3kopJ K OHJIaH MaxOypui
HYpJaHHINJADHH BYXYAra KeaTHpaau (NMODTJIALICHMOH
€HILI TaKTHra MOC KeJanu).

4 - trakt. Kpucransi acocsapu opacuna XapaxkaTaaHaér-
reH oronsap meractabus xoJaTaapiard aTOMJApHH KHC-
Ka BaKT Huuza MaxO6ypaH HypJaaHTHpaad. Hartuxana
éDYFAMK HYPH KYuJH HMMOyJabC Tap3uAad KpHCraaiaH
TallKapura yuKaau (CHKMG YHKapHII TaKTHTa MOC KeJsaaH).

Jlasepsiap €piaamuzna OJIMHaAMIaH HypJap I0KOpH Aapa-
»aja KOrepeHT, 1acTacH 3Ca HUXONTAA HHrHYKa GyJras-
JIMTH YUYH yJap (8H Ba TEXHHKAHHHT TY[Jd COXaJapH-
za: y3oK Macodaaapiaru paauoa.ioKana, KHYHK XammJap-
Jla XyZda I0KODH TemMnepatypaJsap XOCHJ KHJHILAA, MeIH-
IHHaJa JKYJAa HO3HK XUPYPTrHK onepauHsilapHH GaxapHlU-
Jla Ba X0OKa3oJsapaa KeHT KYJ/JaHHAMOKJaA.

IX 606
SAPO ®U3HUKACHU

1-§. ATOM A1poCHMHHHT TapKkuOM Ba acocuit
XapaKTe pHCTHKaJdapH

ATOMHHMHT sADO MOZLEJH TakJHG 3THJATAHAaH CYHF, Tax-
MHHaH CaKKM3 HHJAJAD yamacHrIa SAPOHHHT TapKWOH XagH-
Jla HasapHMi MyHO3apaJap JaBOM 3TAH, XxoJacc. Jlekun 1919
Huaga Pesepdopa as3oT saposapuHH aabda-3appanap OH-
JiaH 60M6apAKMOH KHJHHFaHAA yJapAaH BOAOPOJA SApOJaapH
a¥panub YMKHILIMHK Ky3aTiH. Pesepdopa axpaan6 uHK-
KaH Oy 3a[faJnarHd npomowr (rpexua mpwte — ,OGHPHHYH®
Leran CysjaH oJiMHraH) je6 artaiu. flHa Gup 3JeMeHTap
3appa—Hedmponnn 1932 fiunna PesepopaAHHHT WOTHPAH
Yensuk anvkaanu. Lllynnan cyur 1932 hwuana coser du-
auru [l. JI. ViBanenko Ba HeMHC oJmiMu Bephep Tefisen-
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6epr Gup-6UMpHIAH MYCTaKHJI PaBUHILIAA Amom SOpoch Rpo-
MORAAD 80 HEAMPOKAAPOAK MAULKUA mMON2AH, JeraH
¢uxpHH Warapu cypausap. Ly Ttapvka aroM sApOCHHHHT
NPOTOH-HEHTPOH MOJEJH sipaTH/AH. [IpOTOH Ba HeHTPOHHM
aroHa HoM OMJ1aH HYKAO0H Neb ataanud. By HoM JaTuHHua
nucleus ,a4po“ neraH cysjiadH oJuHraH O6y,u6, y npoTOH
Ba HEATPOH ANPOBHH 3appaJsap 5KaH/JWTMHH aHrJaTaau. AHa
1y HYKJOHJADHHHT aCOCHH XapaKTepHCTHKaJapH OujaH Ta-
MUIIalJIHK.

[TpoToH Myc6ar 3/]eMEeHTap SJeKTp 3apsira sra Gyarad
3appa, AbHH ¢p = + e = + 1,60219-10~'* Ka. Yuunr ThHY-
JIMK[ArH Maccacu mp = 1,67265-10-27 kr. Atom Ba s1pO
¢u3MKacHaa MACCAHUHT aTOM GUPJHMTH (KHCKapTHO ,M.a.0.“
wak/ada é3usanu) AaH keHr ¢oijlananuaaiu. By 6upamk
CT C3B 1052—78 ra acocaH pyxcar sTtujarad. 1 m.a.6.
yraepol — 12 aromMu MaccaCMHHHr 1/12 yaywura, sSibHU
1,66057-10—*" kr ra TeHr. Hatuxana my = 1,007276 wm.a.6.
6y./a14. HeldTpcH aca anexTpoHeliTpan 3appa 6¥/1u6, YHHHT
TUHUYJHKZArd MaccacH m, = 1,67425.-10-%" kr = 1,008665
M. a. 6. ra TeHr. ByH1aH TamikapH sHeprust Ba MacCaHHHT 3K-
BHBaJeHTIHK KOHYyHH (W = mc?) ra acocsau6, Macca 2K
napaa éxyn 3B napaa (12K = 6,2419-10'® 3B) xam udoaa-
JaHaau. [emak,

m, = 1,5033-10-102K = 938,28 M3B,
m, =1,5054-10-102K = 939,57 M3B.

Xap kaHna#t depMHOH/Ap KaOW HYKJIOHJApHHUHT XaM CIIHH-
JapH fApUMra TeHr, sAbHH § = 1/2. DjemeHTap 3appaJjap
CNMHJADHHH KBAHT COH €pJAaMHujia aHa IuyH1afi é3ui Kabyd
KusuHraH. [1poTcH €xyA HeATDGHHMHT CcNHHM 1/2 ra TeHr
Leln/radia, HyKJAoH CIIHHUHHHT MXTHEpPUH AYHajuiura (Ma-
cajlaH TallKH MarHMUT MaHJOH HYHaJWllIKra) NPOEKLHUACH
1

§h=§ .1,05459-10—% M .c = 0,5273-10-% X - ¢ ra Tewr

3KAHJAMTHHU TYWYHHIUHMH3 JIO3HM.
[1poToH Ba HEATPOH/AD XyCyCHH MarHHT MOMEHTJapra
XaM sra, yJaDHHHT KUAMAaTJapH KyHuJaaruua:

p‘p = + 2779 (4]

b, =—1,91p, (9-2)
By udonanaru pg sapoJsad Ba 3appasapHHHT MarHUT MOMEHT-
JapuHH yJyaml yuyH KYJJaHMJa]UraH Ba 10posuli mMazwe-

mor 1eb6 aranyBuu Karraiauk. By TymyHua Bop wMarnero-
HHra Kuécan kuputuarad. Arap Bop marseronn udonacu-
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HUHT MaxpaxHjard s/eKTpPCH maccacH M, YpHura INpOTOH
MaccacH mp HH Ky#cak, sADOBWUH MarHETOHHWHT HdoaacH
X0ocHa OyJaaau:

Py = ;—h = 5,0508- 10— — (9.3)

SHAM aTOM SADOCHHH XapaKTepJOBYM KaTTalMKJap GH-
JaH TaHUHMIaAAHK.

. WM. Mennesees nappuil xalBalujaru 3ALemMeHmaap-
HUuHe mapmub Homepu Z wy 3IAEMEHM AMOMIL AOPOCU-
Hune 3apAduru aHuxkaaidu, svHU g, = -+ Ze. DBapua
A/poJiap M4YHila BOJNODO/ aTOMHHHUHT $1DCCH SHT KHYHK 3a-
psira, s’ibHH NPOTOHHMHT 3apaiH + e ra TeHr. Kucaopoa
aTOMH SIPOCHHHHT 3apsaiu + 8e¢. Kymywnuku + 47e¢, oa-
THHHHKH + 79e, ypaHHHKH 3ca -+ 92¢ ra Tewr.

Sl.iposard HYKJGHJaD COHM, SBHH s1pO Tapkubuiarn
€apua MPOTOHJAD COHM Z Ba Gapya HeHTPOHJAap COHH NV
HHHI HUFHH.HMCH

Z+N=A
AJPOHUHE Macca COHU LeHHaaiu.
flxposapuu 6earujamiia 3/71eMEHTHHHT XUMUSBUH CHM-
BOJHAaH (¢oilastaHWO, CUMBOJHHHT IOKODUTH VHI TOMOHH-
Ja SAPCHHHT Macca COHH €3uganu. Macanan, Li7, Au' Ba
X0Ka30. Dab3aH CHMBOJIHHHT NacTKM 4Yan TOMOHHMLA 3Je-
MEHTHMHT TapTHO HOMepH (NPOTOHJAp COHM) XaM Kaill KH-
AuHau: O, 2(,Ca“°, Fe’t, 75Re182’ 9223

Babau xoasnapiaa sca saponaru npoToHJap -Ba HeHTPOH-
Jap COHMHH aKC 3TTHPHII YYyH XHMHSBHH CHMBOJIHHHI
NacTKH )"fnr 'romomlra HefiTpOHIap COHH XaM €3u6 KYy#u-
Jaau: 3381126, 92U14s-

lemak, sApDCHH XapakrepJaw yuyH Z, N Ba A coHzap
Kyaaanuaazd. By yu comran Gupopracu Yy3rapmac 6y.jrad
AApoJNapHH YMYMJAWTHPYBUM KYyHHLaru HoOMJap, aH (oi-
JaJaHUJIaaH;

1) Z napu Gup xua 6yaran sapoJap usomonarap ﬂepm-
nand. MacanaH, BOXOPOJHHHT ytna M30TONH MaBky:: 4Ho
(nporui), ;H} (nesitpuit) Ba ;H3 (rputmit). [lemak, wn3ortom-
Jap JeraHla HEHTPOHJAPMHMHI' COHJapH CujaH ¢apyha-
HYBYM afiHH 3JE€MEHT aTOMJIapUHMHI' fAApOJaPHHH Tylly-
HUII JIO3UM.

2) N napu GUp Xua 6ynraH AApOJIap U30MOHAQp JiehH-

Janu. Macanan, ;N§, 08, oF
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3) Z Ba N napu xap xuJa, Jekud A =Z + N napu 6up
Xxua1 OyaraH sapoJaap wu3obaparap rehpuaanu. Macaadas,
14\V%g;, 75Re}g(1;, 7503}%, 7711'}(811'

Sopoaaprurne umnyasec smomenmaapy (Exkv OAAUHATHHA
CNHHJIADH) A1P0G TAPKUOUra KUPYBYH HYKJOHJAPHHHT OpOM-
TaA Ba XyCyCHH MOMEHTJApDHHUHT BEKTOP HUFHHAMCH aK-
JHAA aHMKJaHaAW. Slapo/iap CNMHJADUHMHT Kuimatjapd Z
Ba N sapHUHT TOK €KW Kydraurura GOFIMK:

a) Z Ba N napu xydr coHsnap OuiaH udojanaHrad
Gapua sapeJap (CyHaai siposap Xydpr-xydt aapoaap Leb
aTanagu) HUHT CNHHJADH HOJTA TEHT;

6) Z Ba NN Jsapu TOK coHaap Ou.san ndoaanaHraH aipc-
aap (6yHAall AApOoJap TOK-TOK si1poJap Ae6 pHTHJAaLH)
HHHT CNUHJAADU OYTYH COHJAM KHEMmaraapra (MacaJqas, O, 1,
2, .. ) ara 6ysaiu;

B) HYKJCH/JADUHHUHT YMYMUH ccHU A = Z + N TOK COH-
Au  Kubfimatsiap OusiaH aHWKJaHaluWraH sipoJap (Z-Tox,
N-xydT, éxku axcuHua, Z-KydT, N-TOK GYAMIMH J03HM)
HUHr cnuHaasu 1/2, 3:2, 5/2 Ba X0Ka30 KHiimatjapra Tedr
6yaanu.

Soporune mazHum MOMCHMUHL SAAPO TapKUOMAATH
HYKACHJAD XYCYCHA MarHWT MOMEHTJIaDHHHHT BEKTOp HH-
FUHAMCH Tap3u..a H(pojanaml MyMKHH 3Mmac. By ¢dukpumus-
HUHr uc60TH TanuKacuia H? (zefirepuit) aapocu ycruza
MYyJ0Xasa lopuTaiiiuk. H? siapccu OGuTTa NPOTGH Ba GUTTA
HelTPOH aH TalUKHWJ TonraH, YHUHr cnuHu 1 ra Tedr. Bys-
AaH MPOTCH Ba HeHTDCHHHHI CNHMHJIADH OUD XHJ HYHaaMuira
sra (uyHku 12+412=1), neran xyJaocara kejgamus. Y
X0/4a A€ATePHAHHHT MarHHT MOMEHTH

Pt = Py TR (2,79 — 1,91p,) = 0,88p,
6Vadiy go3uM 3ad. Taxpubanapra 3ca AeATEPUAHWHT
MarHut momentd 0,86p; ra TeHrauru TonuJLIH. [lemax,
fLPOHMHI MarHHT MOMEHTHAAa HYKJOHJADHUHT XYyCycHui
MarHUT MOMEHTJapHAaH TallKaDH NPOTOHJApPHHHT OpOHTan
MarHUT MOMEHTJIADUHHUHT XHCCAaCH XaM MaBXYA.

SI0po yasamaapury aHMgJaml yuyH OMD KaToOp Tak-
puCaaap ytxasuarad. By Taxpubanapia sanposapHHHr aK-
AW cepara SKMHAWTHHM Ba 6y cdepanapDHUHT pPaldycaapH
ALPOHUHI Macca COHMHM 1/3 rapaxacura NponopuHoHand
SKAH/IMIH aHUKJAHIH:

1

Ry~ 1,3-10-1543 y.
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S1Apo KUCMHUHUHT 3HYJMIMHM 3Ca TaXPUOHUA paBHWI A Ky#H-
Jardya aHUKJall MyMKHH:
_m, __ A-166-10" kr 17 KT
pl—V—Tﬁ_—~l’8.lo —
% iR M M
3 1

Jlemak, s1pO KUCMHHHHL 3UYAUTH SAPO TapKUOHAATH
HYKJIOH/IaD COHMra GOFJHK 3Mac. YHHUHr KMAMAaTH Imy Ka-
Jap KaTTakd, #fAPO 3HYJMTHIEK 3HYJHKKA 3ra O6yarad
KUCMiaH sdcaarad, paiuycd 200 M uavacuiaru LUApHUHT
maccacu EpHMHr Maccacura teHr 6yJap 31u.

2-§. SnpoBuit Kyunap

Slapo Vsuamaapu Gu/aH TaHUIUraHIaH Cy o KyHularuya
MyJ/0Xa3a IODUTHUIMMH3 MYMKHH. $11po TapkuOuaard HKKH
fIpOTOH Opacuia, KyJoH KOHYHHra acocad, MUKIOpPH

e-e
FK =————4neor2 z34H
6y/araH y3ad0 HMTaDHUIMLI Ky4YH TabCHD KHJIMUIH JO3UM.
Orup siposadia (6y siposadia OMp Heya YHAA3 MDOTOH-
Jap MasKy:l) 3ca KYJOH KY4YMHHHT MUKZOpH OHp Heua
MUHT HbIOTOHra eTaid., ByHlali KydJsap TabCcHMpHia siApPO-
Jlary mpoTOHJaD Tanka® keTdiid J03uM 31u. BaxosaHkd,
GapKapop f.100JaD MaBkyA. Banku sipoaap 6apkKapopJiH-
FHHUHT cada3vHH HYKJOHJA) opacHiard y3apo TOPTHUIHII
rpaBUTALMOH KYUYJadWHUHC TabCHPU OuJIaH TYIIYHTHOHII

MYMKHMH1Hp. DBHPOK MKKM NpOTOH opacuiarH rpasuTanuoH
KYUHHHT MHK 10pH

Frp =122 ~98.10-%H

Ta TEHT, fAbHA IPAaBUTAIHUOH KYyY KYJOH KY4YHI1aH TaXxMHHaH
10*¢ mapTa KMuux. LLIyHuHr yuyH 6apxapop siAPOJIapHHHT
MasXKyIJIHTHHM SAPO HYMla TODTHLIMUI XapakTepura 3ra
OyJarad Kyipatad SAPOBMH KyuJaD OusaH TYIIYHTHDHJALH.
Hoposuit kywraprune xycycusmaapu Taxpubasapna sx-
WHIHHA Ypraduarad. By XycCycHST/IaDHHHT acOCHRAJIapH
KyHu.1aru.:ad n6opar:

1) HyxsoHnap opacuiarn Macopa r=(1-+2)-10"1 m
Oyarania f1poBUfi KyuJap TOPTHIIMIN XapakTepura, r <
<1-.10—1% m Macoanapaa 3ca HTapHIIMLI XaDaKTepHra 3ra
6ysaiu. r >2-10~15 M macodasapia sApOBHE Ky4/JapHHHT
TabCHPH JefpJH Ce3HJMaflH;
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L) AApULRG By seupsns mIRAUES JUGpy lusnpacios s
raH HYKJ/OHJIADHWHI 3apsajJu €Xyd 3apsiAcu3 OyJuiuura
6OFJIMK 3Mac, ABHH HKKH DPOTOH, HKKH HeHTDCH €KH npo-
TOH Ba HeHTPCH OfacMZarH ¥3ap0 TabCHLHKHHT KaTTajHIH
6up XuJ OyJsanm;

3) sapoeruil KyuJaap ¥sapo TasCHpJallaiural Hy KJIOHJap
CNMHJADHHUHT #yHaJulnWra G6cCFaMK. DyHra uxkurta HyK-
JIOH,aH TallKWJ TONraH CHCTeMa MHcOJ 6ysa cqaanu. Hei-
TPCH Pa NPCTCHHMHT CrHMHJapu (¢axkat napajiJesa 63 Jran
TaKLHpLaruHa cHcTemMa OOFJaMK OyJald, SBHH A€HTEPHIt
(H?) xocua 6yaazu. CnuHAaLH aHTHNapaaJes CGyJaraH Hef-
TPOH Ba NLPCTCH H? HM XOCHJ KHJMaiIu;

4) 51,,[CBMH KyuJap TYHMHHII XyCyCUsTHra 3ra, SBHH
xap CMp HYKJCH fiaporard €apya HyKJCHJap OHJaH 3mac,
6aJKH Y3HMHUHT aTpPOQULard YeKJH CCHJH HYKJOHJap OHJaH
6Mp PaKTHHUHI ¥3H/)a TabCHpJalula OJalH. SIApOBHH Ky uyJjap-
HUHT Oy XYyCYCHATH MOJIeKyJajard aTOMJIAPHHHI BaJEHT
GOFJIaHHIIMHKU 3CJaTalid. MacasaH, BOAODPOA aTtoMu ¢akaT
siHa OWTTa atoM OWJaH CHPHMKHIUM, YrJaepod 3ca CHp BakT-
HHHT Y3urza COWwKa TYypTTa aTOM OHJaH OOFJaHHILH MYM-
KHH. AN abJyMKH, BaJieHT COrJaHMml MoOJeKyJajark arom-
JApDHHHT OMp-OMPH OuWJaH [OMMO BaJ€HT 3J/eKTPOHJap
aqmamu6 TypMIuM Tygalian BY XKyAra KeJaaid. Boaopon ato-
MUHHHT OWTTa BaJI€HT 3JEKTPCHHM OY/raHaurv yuyyH y OHT-
TajaH OPTHK aTOM GHJaH 3/]IeKTPOH aJMama oJsMaiiu, an6ar-
Ta. Y rJjepOoLHHUHT 3ca TYPTTa EaJ€HT 3JEKTPCHH 60p. LLly HHHD
Y4yH y HUKKH, Y4 €kH Ty[pi1Ta aroM OuJiaH 3JEKTPCHJap
ajMamnb TypHIIM MyMKHH. Bolukaua KuJAHO aifiTraHza, Ba-
JI€HT KYUJIafHWHT Ty #HHKIL caCaCH—yJIaDHKHT aJMaiii-
HYB UM KyuJap 3KaHJMIHlia 3Ad. XYyAAH IyHHHTAEK SADPO-
BHHi KyYJIaDHHHI TYHMHHIUW — yJap a/JMallMHyBYH KYuJap
9KaHJMIULaH laJoJar OepaLH. Y MyMaH, ajJIMaliHHyBYH Kyu-
Jap  KBaHTOMEeXaHHMK TywyHuaaup. ByHLia wuxku 3appa
6Mp-OpH GMJaH YYMHYM XHWJ 3apfaHH ACMMO aJaMallHO
TYpPHIL BOCHMTacHia CoOFJiaHraH OyJalH.

XaKuKaTaH, 3aMOHaBHil TacaBBypJlapra acocal, sapoiara
HYKJIOHJIap OHMP-OHpH OuJiaH NH- Me3OHJap ajMallHO TypaiH.
k- MescHAap y4 ana OyJaiu: myctar (=7), maH@ui (v }
Ba Hefitpan (n%). [IpOTOH Ba HeHTPCHHHMHI y3apO TabCHpJa-
WHIK Kyfulardya amajra cliaiu: NPOTCH =+ yMKapHG
y3u HeiliTpoHra aiiaHaiu, ~+ HM HeATLOH 10Taau Ba y NpoO-
TOHra a#inaHaaM. By xapaéHHu cxemaTMK Tap3ja

ptnendatdnontpéxnntpopt a4
+peptn
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wax/una €3ull MYMKHH. ByH1a npoToH Ba HefiTpoH opa-
cuia 3apan aaMalluHHIuK pyR Gepantu. IlpoToH Ba Hel-
TPOH opacuiar¥ ¥sapo Tancup =° BocHTacHAa XaM pyil
fepHild MYMKHH, JeKHH 6y X0/1a HYKJOHJap 3apsi aJ-
MaluMan id:

ptn2p+=+nzp+n.

[TpoToH Ba NPOTOH €KH HEHTDOH Ba HEHTPOH OpacHIard
y3apo Tabcup XaM =° BOCHTAuM/IMTHAA YTalu:

prp2pt+~+p2ptpékun t+nz2nd =4
+nzon4n.

IUlyniaf xuaub, HyKJOHJIaD 1du iMO Me30H uukapub Ba
I0THG Typaau, ABbHU yJaD Me30H.1aD 6yayTH OuJaH KOI-
JaHrad 6y.aid. XycycaH, HeATPOH ¥3 YMPHHHHT MabJyM
KHCMUHH p + ©~ xoJaria (JyHlall XO0JiaT BUPTyas XoJaT
Jeitnaany) yTKasaiu. =~ HUHT ODJIHTaNX Xapakatu Ty daiau
HefiTpoH MaHbui MarHUT MomeHTra (%, = — 1,91 p; 3KaHH-
IMHMA 3CJjaHr) sra Oynaid. XyaAd WYHHHrJ€K TNPOTOH
MabayM Myadar z 4+ =+ Buptyasn xo/atia 6yaaau. By Bagt
Hyuaa =+ opéutas xapakaria KarHamald. LIlyHuHr yuyH
NPOTOHHUHT MarHUT MOMEHTH p, ra 3Maz, GajJKH KaTTapox
KHAMatra, sisHd 2,791, ra TeHr.

3-§. Slapo maccacu Ba GOFJIaHHII ]3HEPrHsACH

Typau 3/eMeHIap H30TOMJADHHHHT MaccajlapH Macc-
cnexmposmemp el aralyBud Kypuavanap €plaMu.ia etap-
JUYa aHUKJIMK OujaaH  YJ4yanaau. Macc-cnekrpomertpJap-
HUHT Ty3uauwd 9.1- pacmaa racsupJsaHrad. Mon Mandauna
(M) wucm aToMJ1apu Myc6aT 3apsi1JaHraH MOHJapra aiaaH-
Tupuaaiu. Cyurpa D, Ba D, THPKHUIWIJIM TYCHKJAD OpaIu-

i

9.1- pacm.
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FUJa ¢ 3apsaAJad ucHJaap gU sHeprusraua TesJlaTHAalM, SHHH
BakyyM KkaMepara (£K) kupaéTran HOHJap yuyH

T=qU (9.5)

MYyHocataT y[HHJH 6y.nam4. Bynna m— HOHHMHT MaccacH,
U—YHHHT Te3JHUrd. Bakyym Kamepaja HOHJapra mneprneH-
LUKYJaIp HYHaaumpaard 6P XKHHCJAH MarHWT MalliOH Tab-
cup staiu. By wMaliLoH TanCHpHZa HOH afiJaHMa TpaeKTO-
pusa 6y#iMua xapakarJaHaid. R paauycau aiijana 6yiiiab
Xapakar/aHa€Tral MCHTa TatCHD 3TYBYH MapKa3iaH KOuYHp-
Ma KyY WHAYKUMACH B 6yaraH MarHuT MaliCH TOMOHMAaH
TabCHD 3TYBYH JIOLEHTI, Kyuulra TEHT, SbHU

’E = guB. (9.6)
(9.5) ea (9.6) ’reHmamaJlapHu 6upra eucax,
_ qR282
=0 (9.7)

nbonanu X0cHJ KuJaamu3. [ewmak, m Macca pa ¢ 3apsai
OuJ1aH xapaKTepJaHYBYH HOHHMHT MHAYKUMsCH 5 OYJ/rax
6Hp KHHCJM MaHAQHLarH alilaHMa TPaeKTOPHSICHHHHI pa-
auvycu U Te3siaTyBuHM NOTeHLMWas CWJaH aHWKJaHalu. Lly-
HHHI yYYH Te3JaTyB4M NOTEHLMaJHH acTa-CeKHH Y3rapTu-
pH6, HOH OPOMTAaCHHMHT DaAMyCHHM Kamepa paiHyCHra mMoc-
JaliTHPHII MYMKHH. HaTnxaza monaap D; Tycukaaru Tup-
KHLIAaH yTH6 I 3JjekTpomerpra Tyluaiu, 6y 3ca y3 Has-
GaTH/ia 3/JeKTPOMETDP TOKHHHHI KHAMAaTHHH KEeCKHH OLIH-
wura cabab6 6ysaau- (9.7) udonanan gonnananué HOH mac-
cacH aHWKJaHalH. Slnpo Mmaccacd XxakKuaa axGopOT OJIHMII
YUYYH MOH MaccaCH/laH YHHHT TapkuOusaru Oapua 3J€K-
TPOHJap MacCaJlapuHM aiupuiun Kepak, anabarta. Macc-
CneKTpoMeTpJap épaamuia OJMHIAaH MabJayMOTJap LWYHH
KypcaTaiuki, AOPOHUHz Maccacuw YHUHz mapkubuoazit
HYKAOHAQDp Maccarapurunz fdurunoucudan kuiuk. Maca-
Jad, He* gapocuHuHr wmaccacu 4,001523 M. a. 6. ra TeHr.
By s4po MKKH NDOTOH Ba HKKH HeﬁTponnaH TaWKHJA TOM-
TaH. BV HYKIOH TaDHuur \ruy-.:‘;. maccacy ‘-'”p -+ 2”1,1

=(2-1,007276+2-1 008665)M a.6.=4,031882 m.a. 6. ra TeHr.
Hemax, He* s1pocMHHMHT Maccack YHHHI TapKHOHlaru
HY KJIOH/IapHUHT yMyMu#i maccacupan Am = (2my, -+ 2m,) —
—mui=(4,031882 — 4,001525) M. a. 6. = 0,030359 M. a. O.
Kagap KH4yuk. By MyamMMcHH KaHAall TymyHMOK Kepak?
Maskyp caBosira xaBo6 GepHin yyyH HHCOHMEJMK HasapHs-
CHHHHI' aCoCHi XyJocaJapvjaH OMpH OyJaran sHeprus Ba
MaCCaHHHI 3KBHBAJEHTJHMIH XaKHJard NpPHHLHNra MypoXa-
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art KuJavu3. By NPUHUMNHUMHC TabKUAJAUIMYA, arap CHC-
tema 6upop AW sHeprus fiyxorca éku Kywub oJca, YHUHT
Maccacu '

Am =S¥ (9.8)
Kanap Kavaaid €kd opraiv. Iy npunuunra acocsanu6
IOKOpPHIAard MHCOJIHH Myxokava KuJaiiuk. Mkku npoToH
Ba WUKKHM HEHTPOHAaH Hbopar cucTeMa MaBXyd. HykioH-
Jap Oup-Oupu OHJIAH TabCMpJalIMARIMraH Japaxa .ard
y30KJAUKIA XKOHJalWraH (AbHH H30AUMANAHTAH) Xaéaui
XOJIHH CHCTEMaHHHI OHD XoJsaTuH JecaK, TYpraJja HYKJOH
aapo 6yaub OOFJIaHraH peas XOJHH CHCTeMaHHHT HKKHHYH
XosaTh 1e6 xucobaam g03uM. CUCT2MAHHHT Oy HKKH XO-
JlaTaard MaccajapuHUHT Yyarapumu Am ra TeHr GYJsANTH.
Jewuak, (9.8) MyHocabarra acocaH, HYKJOHJap Gup-Gupu
6unaH GOFJaHranga (AP0 Tap3HAa) YJIADHUHT 3HeprHACH

AW = Am.c?

ra ysrapaau. Bomkaua afirrania, Am— HYKJIOHJIapHUHT
OOF/IaHUII 3H2PrUsacHHH HGOoIaTOBUM KATTATIUK.

YMyman, ¢usuxkana (xumMusia xaM) OOFJaHHILI 3Hep-
rUscH aeradia wy O6OFaaHHIIHM OyTyHaafi Gy3dll YuyH
GaxcapH/IKIIH JIO3UM OY1anyuran MLl TyyHuaa M. XyCycaH,
A0podazit HYKAOHAAPHUKZ2 6OFAQHUUL IHEPZUACL—AOPOHU
MmauKuA 3mysil HYKAOHaapea OymyHAad adcpamuul
Y4yK cappaanaduzan 3Hepeuaoup. YHUHT KUAMATH KYHAH-
Jardya aHHKJIaHaaH:

Wg=(Zmy + Nm, — mj)c*. 9-9)
Slapo 6Or/aHMUI PH2PrUACHHMHC HYKJIOHJIAD COHHWra HHC-
6aTH, SBHH
_Ws
'y (9.10)
KaTTa/UK 20p00azu HYKAOH OOF AQHUULLRUHKE JPMALA IHEP -
eusicy 1eb6 artanajM. & HUHr KHAMATH KaH4yaJuK KaTta
6yca, HYK/JIOHHH ,iPOAAH aXXPaTHIl Y4YYH WYHYAJIHK KYM-
pok 3iteprus capdaawm Kepak 6yaaau. By aca ¥3 HasOa-
THAA SAPOHHHT MyCTaxKaMpOK SKAaHJIWTHHY OHJLIMPaiH.
€ HUHT TYDJH s1poJap yuyH Kufimartaapu 9.2- pacmia
TacBupJaHrai. A6cuucca YK 6yii1a6 sapoJsapHHHT Macca
conn A wofnawrupuarad. Pacmian KypuHHmIHuA, A =
=50+60 na ¢ HUHI KufiMaTh Makcuvywmra (~ 8,8 MaB)
spHmaId. IHr KMuMK KuimaT aca H? mucoamaa (~ 1 MaB)
KysaTusaiv. Macca conn 3 ra Tenr 6yaran H® sa He?
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L :
g L

20 40 60 80 100 120 #0 /60 180 200 220 240
9.2- pacwm.

AnpoJapH yuyH e = 2,5 MaB. Jlekur He* sapocuna e HuHr
Kufimatd 7 MaB ra eraau. LUyuusr yuyn xam He* xyna
MycCTaxkaM sAp0 cHdarnaa HaMO€H OFaaiu. YMyMaH,
MeHnnenees naBpuit Ka4BaJHHHHT YpPTa KHCMHJIAru 3Je-
MeHTJap siapoJapH, aeHu 40 < A < 120 6uaam xapakrep-
JaHyBYM sipoOJapla HYKJOHJAp SAPO OHJIAH MyCTaxKam
6orsiaHraH. HyKJOHAAD COHHM $iHAaJa OWIraH CapH € HHUHT
KuiiMaTH kamain6 Gopaiu. MacasaH, ypaH yuyyH e HHHT A
ra 6orauKJaLK rpadurunary 40 < A < 120 coxanu nespJH
rOpu3oHTal OYJHIUHHM SAPOBHH KYYJapDHHHT TYHHHHIL
XyCcycusaTH OuWJaH TYIIYHTHDHJAAH, SBHH SAPOLaTH Xap
OHp HYKJIOH KOJraH 6apua HyKJOHJAap 6us2H 3Mac, 6aaku
dakat Y3MHUHT aTPOGHUA:TH HYKJACHAAD OujeH SAPOBHEA
KyuJap BocHTacuaa TebCcHpJaamagd. A <40 coxaza 3ca
SAPOJIapAary HYKJOHJAp COHM YH4YaJHK kym smac. Lly-
HUHT yuyH Xap OMp HyKJCH siapolard 6apuya HYKJIOHJap
6uaaH TabcHpJaamanu. By aca §3 HaB6aTuia e HUHT KHAMA-
THHH SADOAATH HYKJCHJAp COHHra AespJaH TNpPONnOPLHOHAJ
yarapuwura caba6 6ysaanu. ['paQUKHHHT OFMp sIApPOJapra
MOC cOXana MacajuIIMHH fAPOJAArd NMPOTOHJAp OpacHAaru
KYJOH MTADHIIHII KY4YJAPHHUHT DOJH OWJiaH TYIIYHTHPH-
JMajd. XaKWKaTaH, OFHp sApoJapla sSAPOBHA KyuJap
Ty#unran. KyJoH KyuJjapu sca sApPO yJAyaMHAaH KarTa
Macodasapia xaMm HamMO&H 6yJa oJanu. LLlynunr yayH Gy
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;;Lmap s11pONArd MPOTOHJNAP COHMra MOHAHA pAaBUINAA
optH6 60pann Ba AIPOBHH Kyusapra KapuUMAHK Kypca-
taad- Dy aca OFMp s11D0OJIApAd € HUHT KHHAMATHHH KaMafu-
miura oaud xesaau. Z npotoH Ba /N HEATPOHIAH TaUIKHJ
TONraH A1p0 OOF/JAHMII 3HEDTHSCHHUHT KHAMAaTJapH 6up
Heua OYMIIH MyMKHH. By KHAMaATIap SADOHUHT TYpPJH
xosataapuHH ubonamiiin. ‘Xycycan, A0poxuHnz acocult

xoaamuea OOFNaHULI SHEp- W,

FHSICHHHHT 3HT KHYUK KHAMATH ’ isonsan
W, mMoc xenanu. BorsaHui 3 camy g
SHEPrUsCUHHHT KATTADOK KHH- W,

MaT/aapH 3ca SAOPOHUHZ Y-

FOH2AH X0AQAMAQDUHIL XADAK- ” -
tepaaii1d. LyHuHr yuyH saa- 2 !

pO OOFJAHHII SHEPTHACHHHHT

MyMuH O6yaran W; > W, Acocuty
KHIAMaTIapH aHHH S IPOHHHT W, 77 /,/,/Zf—fmx
SHEpPTeTHK CATXJapHHH Ho- z*i

Aanapiu. 9.3- pacmaa sipo-
HUHT acoCHUM Ba YAFOHTaH 3Hep- 9,3- pacm.

reTHK CaTXJIapH TaCBHPJIAHTaH.

dapo 6up YHFOHraH xoJiaTnaH KYHAHDOK YHFOHTaH xoJarra
€KH aCocHH XoJaTra yTraHaa 5JeKTPOMATHHT Hy DJaHHIN
ydKapaid. By HypJaaHuwW zamma-x6aHm €KH 2AMMA-HYD
(1 ne6 Gesrunananu) nAe6 atanaau. HYukapuaanurim v-
HYpJIaDHHHT 3HEDrHsicH SAAPOHMHI OGOIIJIAHFHY Ba OXHPTH
XOJIATJIADHHH XADAKTePJIOBUH 3SHEPreTHK caTXJap (dapkura
teHr. Macanan, 9.3-pacmaa TacBHpJIIHraH T;-KB&HT 3Hep-
ruscy W, — W, ra, 7,-KBaHT sHeprusich sca W, — W, ra
TeHr. JIekHH I0KODHPOK caTXAaH KyAHpPOK carxra YyTH-
JapHuUHr O6apyacH XaM amaJnara ouasepMaiiH. YMyMmaH,
yTHUIIAD MHTEHCHUBJHMIH (IbHA 3XTHMOJIAMTH) CaTXJApHHHT
KBAaHT XapaKTepHCTHKaJsapura OOFJAHK. YTHINJIAD HHTEH-
CHBJIMTHHHHT TAPcHJOTH aHya Mypakka6 O6yaub, yJaap
YCTHAZ TYXTaJAMaAMH3.

4-§. PanuoakTHBIHK

PanuoaxruBsankuu 6Gupunid mapra 1896 fiuana dpanuy3s
onnvu Bekkepesb Ky3arraH, ypaH Ba YHHHT GUDHKMaJaapH
y3-y3uian uukapran HypJaap mahpopmac (EpyFaux yuyH)
HHUCMIADAAH ‘MAppoOH yTrad, (OTOMJIACTHHKAra TabCHP
KHJraH, XasoHH 'HOHJawrtuprad. KefluH4aauk, panuoak-
TUBJIMK XO.JIHCACHHH YpraHuiura 6Mp Karop oJuMJap, af-
Hukca [Ieep Kiopu Ba yuunr paduxacu Mapua Kiopu —
Ckaanosckas karra xucca JKyuriniap. YMyman, paduoax-
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musauk xooucacuoa xumuseull ssemeHmuunz Oexapop
U3OMONAAPU IAEMERMAD 3apPArap €xy0 AOPOAAP 4UKA-
pub Oowra ssremenm usomonsapuza airaradu, Tabuui
apoOHTJapAa MaBXyl OyJaraH H30TONJIapAAa KYy3aTHUJ/AIH-
raH PpaJHOaKTHUBJIMKHH mabuuii paduoaxmusauk, CyHbHR
paBHINLa XOCHJA KHJMHAaAHTaH H30TOMJapAa Ky3aTHJadH-
raHd sca cyxnsull paduoaxmusaurx ne6 atajanu. JIekHH
CyHBHH Ba TabMHH paAHOZKTHBJAMKJAADHHHI Oup-GupHAAH
dapky HYK, A€Ml MYMKHH. ¥ JaDHUHT apKu eMHpHJaéT-
rad U30TONJapHH TaOWHH WApOWT/IAapAAa yupallM €KH yupa-
MacJuruaa, xoJoc. PanvoakTHBAHK XOAMcacH Tydaiiau
palHCaKTHB £1pcJaap eMHpuaub, 6GOpran capu KaMaiub
60opanu. PagHoakTHB €MHDHJHII

N = Nge™ 9.11)

KOHYH O¥y#ivua coaup Oyaanu. By udonanarn N,— 6our-
JaHFHY (ABHH ¢ = 0) BaKTAa pPaAMOaKTHB MOMJAazna MaBXYX
6ysran saposaap couu, N — GUpop { BaKTJAH CYHI eMH-
pHJMaH KOJraH sApoJiap COHH, A 3Ca eMHPHJHII JAOHMHHCH
neb6 aranyBuH Kartrajuk. KynuHua A YpHHra sipUM eMHpH-
auir fappu (z) Ae6 aTaJanMraH KaTTaJMKAaH (oHIanaHH-
Jajiu: A Ba < Jap opacHia KyhuAaru OOFJaHHII MaBXKYI:

A = In2 = 0,693, (9.12)

Pacduoaxkmue usomonnune Apum emupuauus 0aspu <
wyHCalL 8axkm uHmepsaauxu, 6y 8axm uU4UOQ MABHYO
paduoakmus S0posaprHuKe ApHMu emupuaacu. AfHU pa-
AHOAKTHB H30TON YUYYH T y3rapMac KAaTTajHK. Y HHHI KHH-
MaTH TzIIKH IMapouT/apra (temnepatypa, OOCHM, Marlut
6KH 3JIeKTP MaHI1OHJIapHHHI TabCHpHra) Ba palHOAKTHB
AApONAaPHM KaHAai XUMHUABHH OHpHKMajsap TapkKHOHIAa
SKaHJWrura OGOFJIMK 3Mac. T HUHT KHMaT/apu TypJH pa-
LHMGAaKFUB #1pOJap y4yH TypJauua, MacajaH, CeKYHAHHHT
yJaylJapuAaH MHJJHCH HUJJapraya OYJ/IHIUH MYMKHH.

Tapxu6uia paRHOaKTHB sAPOJAP MaBXKYZ GYJraH MOA-
LaJapHH paduoxmuse maxbaaap €KU npenapamiap
Aeidusand. PajivoaxTHB mnpenapaTHHHI XapaKTepHCTHKAcH
cHdaTHia Npenapat akTHBJHIH NeraH (pU3vK KaTTaJHKAaH
dboitnanannaann. Pacuoaxmus npenapamuune aKmugAul
Oupaux saxmoa cooup 6YAQ0UAK eMUPUAUULAQD COHUKL
ugodaraiiou. Yuuur CU naru 6upsauru 6exkepeas (Bx). 1
CeKyHA AaBOMHIa | eMupuauiu coaMp 6yJanuraH pajHOaK-
THB NpenapaTHHHr akTupJauru 1 Gekkepesp O6ynaiu. HAApo
¢u3uKacura ouj anaGuériapia npenapat akTHBJMTHHHHT
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kiopu (Ku) ne6 HoMsaHran Oupauru yupaiau: 1Ku =
= 3,7-10'°Bk. Jlexun CT CIB 1052 — 78 ra acocan 1980 iinx
I sueapaan Oowmaa6 Oup xaTop OHpJAHKJAapaa (xycCycaw
KIopH) AaH (GofAaNaHHII TYXTaTHAAH.

DHAM PaAMOAKTHBJHK TypJapH OHJAaH TAHHMIAAIHK.

Aastba-emupuryu. Maskyp eMHPHJIHIIAA paJHOAKTHB
aapo a-3appa (He' sapocwu) unkapu®6, 3apsaau HKKH OHp-
JIMKKa, M2Cca COHM 3ca TYpT OHpJIHKKA KHUHWK Gyaran
sApora ainiaHajaH. o- eMHPHJAMII CXEeMaTHK Tap3ja KyHu-
Jaruya €3uJHIIH MYMKHH;

2XA—, ¥4 4 Het, (9.13)

6ynna X—ewmupuaaérran (OHa) ADOHHHT XHMHSIBHH CHM-
BOJH, ¥ — emupuauwl Tyodaiiin Bykyara kejaran (6ona)
SIAPOHUHT XUMHABUH CHMBOJIH. G-eMHDHJMLIHH 3HEPTeTHK
HYKTau Ha3aplaH MyXokama KHJaiauk. OJIIMHrH napa-
rpajna aLpOHH YHUHT TapkHOuaarH O6apua HYKJOHJapra
Huc6aTeH OOFJIAHHII 3HEPTHACH XaKHJa MyJoxasa OpHT-
raHauk. XyIaAH WIyHAad MyJo0xasanapHH 6Gapuya HYKJOH-
Japra HucbaTaH sMmac, 6aJKH YHHHI TapkHOMI KHCMJapHra
HHC6aTaH [OPHTHII MyMKHH. Macaunan, ,X* snpoHu a-3ap-
pa (He') Ba z—,YA—* aaponan TawkuJ tonrad ne6 xuco6-
Jaml MyMKHH. By HKKH TamKuJA 3TyBuMra Huc6aTaH siApo-
HHHI OOFJIaHHLI 3HEPrHACHHHHT KHHMAaTH

e = [m(z—sY A1) + m(;He?) — m(zX4)]c? (9.14)

6ynanu. Arsp e. >0 6yaca, zX* snponan a-3appa axpa-
M6 uuKMeiian. zX* SIpOJaH a-3appaHH aXpaTull YYyH
MHKIAODH &, Ta TeHr sHeprus capdJam kxepak. AKCHHuYa,
e. <0 Gyaranna, zX* spo V3-
yaunan a-3appa Ba z_,¥°
anpora axpaJaind. By xapaén-
1a |e, | ra TeHr sHeprus Xxam ax-
paJjaiH, y a-3appa Ba z.,¥A~*
ANpOJIaD opacuaa TaKCHMJaHa-
AH. @-eMHDHJHIIHKHHT LIAPTJAH
cxemacH 9.4- pacmjaTacBupJ/aH-
rai. bBew3sn xoanapaa Gosa

SIPOHHHT aCCCHR XO0JaTH 3Mac, 4 a
YHFOHI¢H XOJaTH aMaJra OllH-

w,

W,

mH MynKkuH. Hatuxana a-3ap- d

pPaHHHr 3HeprusicH Oup Heua e
JIMCKeT KuHMataapra sra 6y/a- = 7 77
ILH. By xoanapaa y-HypJap uH- 9.4- pacm.
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(apuml BocHTacHia 60.1a A4pO yHFOHraH XOJaTAaH aco-
Md xoJaTra VyTaiu.
bema-emupusnw. Bera- eMUDUNHIIHUHT Y4 TypH

4aBxya: B~ - emupuaum; B+ - eMUpHAHI;  3JE€KTPOH

OTHIN. YJapHUHTI CxeMacu Ky#fuaaruuya é3ujanu:
XMz Vi e— 43, (9.15a)
XA > YA et 4y, (9.156)
X te— s VA (9.158)

5y cxeMaJaapiaH KYpHHHUIIW4Ya, P ~-eMHpuHJIHmAA $APO-
1aH 3JEeKTPOH axpaaub uyukaau, B+-emupHaHIIAa 3Ca MO-
JUTPOH a)Xpaaub YMKaau. DJEKTPOH, NO3UTPOH . . . AXHp
AAPO NMDOTOH Ba HEHTPOHJApPAAH TallkuJ TtonraH 6y.ca,
9EKTPOH €KH NO3UTPOH KaeplaH OJHHAaAU?—JeraH CaBoJ
ryrusand. By casoara xaBo6 Ky#iaaruya. $- eMHpUJHII-
MapHUHT yuaJa TypuHAa XaM SIAPOHHHI Macca COHH y3rap-
vaiian. JlekuH sapo 3apsau Gup OupJAMKKA Y3rapal.
3—- eMHpHJHIIAA S1APOAArH GUTTAa HEHTPOH

n-pt+e—+v (9.16 a)
cxema G¥y#iuua npoToHra aiiaHanu. Bt+-eMmupuaumina sca,
8KCHHya, 6UTTa NPOTOH HeHTpPOHTra aiiaHalu:

p-n+tetty (9.16 6)

3- eMHDHIMWIHHHT YYHHYH TYpPHAE, SBHH 3JEKTPOH IOTHII
xapa€HH,1la s\DO 3JEKTPOH Kobuk.iaru (acocau K- KOOUK-
[arH) 3/JEeKTPOHHH 10TaAH. By 34eKTpoH sapoaaru GHPOP
NPOTOH OHJ/aH KYmHaIH6 Kyiuiaaru

pt+e~-—-n+v (9.16 B)
cxeMma Oy#uua HeHTpOHra aHaaHalM.

(9.15) Ba (9.16) ndoaanapaaru v Ba v xapdhasp Ouaan
HEeHTPHHO Ba &HTUHeHTpUHO OeJsrusaHrad. by 3appaJaap
XaKUAATH TYIIYHYagap 8- eMUPHJIHLIHM TYWYHTHPHILAA
BYXKYAra KeJargH Ky#u1ard HKKY MyaMMOHH 6aptapad
KHJAMI YYYH KHPHTHJIAIH.

1) -33ppasapHUHT 3HEpreTHK CNeKTPH AHCKpeT sMac,
6asky y3aykcu3 6yaub uugau (9.5- pacm). B- 3appasapHUHT
SHeprusJapH XyAa KHYMK MHKAOPAaH afiHH PAnHOAKTHB
SIADO YYyH xapakrepad OYJraH MakCHMaJa KHHMarraua
6y/raH MHTEePBAJHH 3rajJdiau.

2) B-eMupuauinna 6up HYKJOH HKKHHYH XHJ HYKJIOHra
aiiananu Ba Oy xapaéHna f-3appa Xocua Oyaaau. Hk-
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KHHYH TOMOHMAH, NMPOTOH, HeRl-
TPOH Ba f- 3appa (3/IeKTpOH EKH
NO3UTPOH) HHMHr CcnMHH 1/2 ra
TeHr. Jlemak, HMINyJbC MOMEH-
THHUHT CaKJaHHIl KOHYyHH 6a-
KADHJHIUK YYYH B- eMHPHJHIL
xapa€Huna B-3appadan TallKa-
pu cnuHu 1,2 ra TeHr GyJaraH
fiIHa 6Up 3appa YHUKADHJHIUH
J03uM jAeraH QMKp WJArapu cy-
PHJIH. Bt - e\ HDHJIKILAA YHKAPHU-
JUWUH JIO3HM OyJaraH 3appaHH HefiTpuHO ne6, B~ - eMupu-
JIMLIaTHCHHH 3Ca aHTHHeHATpUHO Ae6 ata/au. Helirpuno ,ku-
UMK HEHTPOH“ AeraH MatHOHH Gepaiu. B- eMHpHJMINJADAa
3apAJHHMHT CaKJaHUW KOHyHM Gaxkapuaaiu. LLIyHHHT yuyH
v Ba v Jap ajexkTpoHeiitpan 6yauiuM kepak. By 3appaaap-
HUHT MaBxyaauru 1956 itnnaa nc6oraanau. IOkxopuaa 6aén
STHJraH B-3appasap CMeKTPUHHUHI Y3JYKCH3JWUIH XaM Iy
3appaJiap MaBxyIJHTH Gu/IaH GOFJHK: 3/eKTPOH (EKH MO3H-
TPOH) Ba aHTHHEHATPHHO (KM HEHTPHHO) 3HePrHUsVIADHHHUHT
HMFMHAKMCH afiHM pajHOAKTHB EeMHDHJHLI YYYH JOHMHMH
KaTTaJHuK 6Y/H0, 9/eKTPOH (O3HTPOH) SHEPruscH KaH4aJ/HK
Katta 6yJca, aHTHHeATpHHO (HeHTPHHO) 3UMMAacHra WYyH-
4YaJHK KaMPOK 3Heprus TYFpH KeJalH.

Cnonman (¥3-y3uzan) 6yaunuw., CnonTad 6y aMHUILAR
AAPO ¥3-Y3ulaH MKKM ypraua maccauu OyJakJapra axpa-
naau. by 6yaakaap, onartma, B-3appasap Ba - HypJaap
yuKapu6 eMupusaid. CnoHTaH OyJHHHII OFMD AApOJapAa
Ky3aTuJanH. )

9.4- pacm.

5-§. Slaposull HypJaHMmJIap Ba YJAapHH
Kaill KHIHW ycyJ/IapH

SIApOBHA HypJaBHII JeraHna 3JAEeKTPOHJAp, NPUroHJap,
Y- KBaHTJap, a- HypJap, HEHTPOHJap KabH 3appaJjiapHHHT
OKMMH TYIIYHHJ2AH. SIAPOBHH HYpPJIaHHII XHCMAAH yTa€T-
raHja Typau ¢usuk xoaucasaap pyi 6epaau. By xoauca-
JIapA3H HYPJAHUILHH Kall KWUJAyBYM KypH.amaJsapaa ¢o#-
AaneHuaann, lyHMHT yyyH Kypu/aMaJap TadcHAOTHHH
6aéH KuJMWJAAH OJNAMH 3apsiJ{ 3appajap Ba TY-HypJaap-
HHHI XHCM OuJIaH TabCcHpJAlIYBH Xakuia Qukpaamuo
OJIAH/IHK. 32PsAAJHM 3appaJiap, acoCaH, XXHCM aTOMJIaPHHHHT
9JEKTPOHJMapH OuJaH Y3apo TabcupJawaiv. Haruxana
JKHCM &£TOMJIapH MOHJAIAAH €K YHFOHTraH XOJsaTra yTaau.
3apanJin 3:ppa 3J€KTPOH OuaaH Xap OHp TYKHawrasaa
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¥3 SHeprHaCHHUHT OHp KHCMHHH HyKoTaau. Macanan, «-
3appa XaBOAa XapakarJaHaéTranna GHp XYy(PT HOH XOCHJ
Kuaum xapaénuna ~ 353B sueprus #hykoramu. Arap a-
3appa sHepruscH 3MsB 6yaca, yHuHr GaTaMOM TOpMO3-
JaHuKAa TaxMHHaH 1,3:10° xydr HOH Xocua G6y.aau.
@- 33DPAaHHHT MaCCaCH €TapJH4a Karra OyJaraku yuyH y
9JeKTPOH OHJaH TYKHAWray, Y3 HYHaJUIIHHH JAespJH
yaraptupmaiiu. Eurua 3appaJgap sca, MacaJaH, 3.1€KTPOH,
TYKHAWIYB HaTHXKala KaTTepok OypyakJaapra oranu. lly-
HUHT Y4YH 3JIeKTPOHHUHT HYJH OFMD 3appaNapHHKH CHH-
rapu TyFpH GysaMafiu.

IOKopH aHeprus/u 3apsaJaHral 3appaJjap TOPMO3JO0B-
YU HCHCM SAPOJI3DHHUHT 3JEKTDP Mai10HHAA X3paKuT/JaHa-
éTraHia 9/eKTPOMAarHUT HypJasuul (TODMO3JAHHILIAATH
HYDJaHHII} YHKAPHII XHCOOHTa XaM SHEPTHSNapHHH HYKO-
Tanuaap. Jlekun Oy sddekt enruna 3appanap (Macanad
3JEKTPOHJAp) YUYH aXaMHUsTra sra. ['aMMa HypJiap XHCM-
JaH YTaSTraHAa yJApPHUHT COUMJ/MINH Ba IOTHJHIIH COAHP
6ysnanu. Bynna acocan ¢Qoroaddexrt, xkoMnToH apdextu
Ba 3JEKTPOH-HEHTPOH XKY(QPTIADHHHT XOCHJ OY/IUIIU Ky3a-
tTunain. By yuasa xapaénma xaM 7- HypPJIaDHHHT JKHCM
61J/1aH TabCHPJAILYBH TYhalaH 3JeKTPOHIAD XOCHa Gyianu.
By saektponsap ¥3 HaBG4THAA MYXHT AaTOMJIapHHH HOH-
nmamwtHpaan. JleMak, siApOBHH HYpJaHHIIHUHT XHCMTa Tab-
CHDH KHCM aTOMJIADHHHHT HOHJAIUHIUMra cabab G6yaanu.
HaTuxana xucM HYpJIaHHWI 3HEPTHSACHuM OTadd. 2KucM-
HHUHI HOHJIAHHIU JAapa){aCHHH Ba XHCM [OTraH 3HeprHsHH
XxapakTepJail y4yH KyduAard karrajJukjaapiad ¢ofnajna-
R ELVH

1. Honnrosiuw wypaaprune rwomusrzan 003acu—HypJaa-
{HN28TraH KUCMHUHI GUpPJUK MAccacH TOMOHHIAH IOTHJCAH
10HJIOBYM HypJ/anuw suepruscd. Yuuur CH naru yayos
Supaurn—rpe#t (Cp). Hypaanaérran xucMHUHT 1 Kr mac-
\aCUra HOHJIOBUH HypJaHuiuHuHT 1 2K sHepruscu 6Gepu.-

‘aijfa otuarai 403a 1Tp 6yaaau, sasuu 1I'p = lTr'

2. Hepma—GuaBocHTa HOHJOBYM HYpJaHuW Tydaiau
JUPJIMK MAacCCaJid KHCMAA BYXKYAra KeJraH 3apsiJv 3ap-
)\asiap KHHeTHK SHEePTrUsJIapHHUHT HUFHHAHCH. KepMa HHr-
m3ua ,Kinetic Energy Released in Material* cys.siapaunr
ow xapdaipuian oaunrqad. Kepma xam 2ped (['p) aapaa
‘lyanaiu. JlekuH kepMa Ba IOTHJAraH 1032 GHp-OHpUAAH
)apK  KuJyBud (u3HK KaTTaaukaapaup. By dapkuuur
IOXHATH KyHuOardya: IOTHJATAH [103a TyWyHYacH 6eBOCHTa
OH/JIOBYM HypJaaHHwJap (MxzCaJaH 3apsiiJd 3appaJap) ra
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Huc6aTaH KyaaaHunanu. Kepma tymyHuacH sca GeBOCHTa
sMac, 6ajkH GHJIBOCHTA HOHJOBYHM HYDJIAHHIUHH XapakTep-
Aaggan. Macaaan, 7- kBaHTJ1aD €KH HEHTPOHJAp XKHCMra
TYWraHia yJapHUHT Y3JapH TYFPHAAH-TYFPH XKHCM aTOM-
JIapMHH HOHJAIUTHDMAafAH, 6aJKH KHCM aTOMH &KH aTOMH-
HUHI sApOCH OHW/JaH TabBCHpJAIHIIH Tydaiin 3apsiju
3appaJaap xocua 6y.sanu. By 3appasap aca »XHCM aroM-
JapHHH HOHJAIITHpaAH, 6oluKaua a{rrasma, <v-HypJap
€KH HEeHTPOHJAp JXHCMra TYWraHAa XHCM AaTOMJAapHUHH
6HJIBOCHTA HOHJAINTHPAAH.

3. Penmeen 8a zamiua HYPAGHUUHUHZ 3KCHO3ULUOH
do3acu —HYpJAHHIIHHHT XaBOAArM HOHJOBYH TabCHDHHH
XapaKTepJOBYH KaTTaquk OYaub, y Kypyx artmocdepa
xasocu (3uuauru 1,293 xr/m® 6yaran atmochepanunr Ep
CHPTHra sKHH KaTJaMUAAry XaBO) HHHI GUDJIMK Maccacuia
PeHTreH Ba Y- HYPJAaHUIL BYXKYAra KeJATHpaAurad 6up XHuil
WLIOPaJH HOHJADHHHT YMYMHH 3apsl MHKAOpDH OGuJaH
aHukaanaau. CH naru yauos 6Gupaury - Kia/kr.

4 Hypranuwnune sxsusascum 003acu—THDHK Opra-
HHM3M, TYKHMa €Xyj OpraH HYpJAdHHIraHla BYXyara keJsa-
auran €MoH (canbuil) oKMGaT/IAPHHHT YaAYaMBAHpP. YI140B

6upaurn—3usept (38): 138 =1,-.

Ana6uériapaa 10THAraH NO3aHHHT DAaj, 3 KCNO3HUHOH
JIO3aHHHI pEeHTreH Ba 3KBHBaJIeHT NO3aHHHT 63D ne6 HOM-
JIAHTaH Y/I40B GHpJHKAApH yupaiau. By Gupauxaap kija-
JaHuIMsHAM. Yaapaan CW naru OWPJHKJ&pra KyHuZars
MyHoca6ataapiad ¢cinanzHub YTHIL MYMKHH:

I pan=10—2 }T(‘p; oK
1P =2,58-10—* =I; l‘g"
K
165p = 10— 3s.

OHIM [APOBHI HYpJIAHHLIAAPHH
Kafil KHJHII YYyH KYJAJaHHJIaAMraH
6a13u Kypu/amanap GuaaH TaHHIuad-
JHK.

Buascon ramepacu (9.6- pacwm)
UAJTHHAPCHMOH XaXMAaH H6opat 6-
JH6, YHHHT 10KOpHAaru K KOnkoru
wagpdod xucmaan scaaras. Kamepa-

Zla XaBO Ba CyB OyFHHMHI apaJjaniMa- I
cu 6op. PannoaxtuB npenapar Pl MJ
AaH YHKAETraH SAPOBHH HYPJAAHHIL

By/MAa MOHAAp XOCHJ Gy/aanu. Arap 9.6- pacm.
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Il nopueHHM XapakaTra KeJTHDHW #yJIH OuJaaH kaMepa
XaXMHMHH KECKHH  OpTTHpCaK, TeMIepatrypa maca-
#in6 xeraau Ba Xap 6up HOH aTtpodupa cyB GyFsapH TOM-
yu/ap cudarnia kKoHeHCauusnaHagu. Honnap atpodwuaa
BYXYAra kejarad 6apya TOM4HJap GHprajvkia 3appa Tpaek-
Topusicd 6YAnab uy3uaraH uM3HKYa WAKJIHHH XOCHJ KHJa-
Au. By un3sukuaHu 3appaHuHr Tpeku (M3H) 1e6 atazaaiu.
Kawmepa toxopucunaru ¢otorxaMmepa @K épramuiaa 6y Tpek-
JIapHUHT CYpaTHHH OJHLI MyMKuHH. Arap BusbcoH kame-
pacH Ky4Jd GHD XHHCJAM MarHuT MafiloHra XOHJalTHDPHJI-
ca (6ynn akanemMuxk M. B. CkoGeabuuH Takaud 3Tras),
3appasiap JIOpeHTIL Ky4H TawnCHpHJa 3TPH UH3HK O¥iiaab
XapakaT/aHalH, sSTbHH YJaDHHHT TpeKJ/IapH 39rPH YH3HKIaH
H6opar G6ysaaniu. TpeKHHHT SrpUAMK paluyCH 3appPaHHHT
Maccacd, 3apsiH Ba Tesaurura 60faug. LHyHUHr yuyn 6y
XapakTepUCTHKaJJaDHH MarHUT MalfiIOH KaTTaJHlH Ba TpeK
panuycH opkaau XHco6J1ab TONMHII MYMKHH.

Tedzep—Mrwarep cuémuuzuda (9.7- pacM) LUIHHIAP-
CHMOH MeTa)/l Hai4aHMHT MKKH acOCH IepMETHK pasHiija
6epkuTHIaAH. HaltuaHuHr VKH
Gyiina6 MHCHYKA CHM YTKa3uJa-
au. CHM Ba Haiiua (yJnap Gup-
6UpHIaH U30JISIHANAHTaH, an6aT-
Ta) CY€TYHKHHUHT 3JeKTpOJJapH
Basudacunn  yraitau. CuéTuHK
XaXMH, ojarla, MeTHJ CIHpT-
HUHr OYyFJapH Ba aprOHHUHT
apanawiMacd OHJsaH TYJaRUpuHJa-
IM. CYETYMKHUHT 3/1IEKTPOAJa-
pHra IOKOPH Ky4JaHHILJAAp MaH-
Gau (/0. K. M) naH noteHuuanaap 9.7- pacm,
dapxu 6epunaru. Cu4€TYHK Xax-
MHIaH yuuO yTa€rran 3appa ¥3 Ryauard ra3 atromJapHHH
HOHJAIUTHDPanH. By HoHMap axexkTp MaliloH TabCHPHAA 31K~
TPOAJIAp TOMOH XapakaTJaHaid. Kyusau snextp Maiinonaa
MOHJIADHUHT TEe3J/IMTH OpTaiH Ba yJap HefiTpaa aToMJap
‘6uJaH TYKHAWHUO HKKHIAMYH HOHJAIIYBHH BYXKYAra KeJTH-
panu. ByJsap aca ¥3 HaB6aTHHA siHA SIHTH MOHJADHH XOCHJ
KHJalH. DJEeKTPOAJApra eTryHya HOHJAap COHH TeOMeTpHK
nporpeccus Oyiivuya opTtH6 OGopaau. Dowkauya a#fitrasia,
'HOHJ/IaD KYIOHM XOocuJa 6FJanu. VioHaap KYIOHH 39/J€KTPOA-
Japra etu6 Goprad, 3aHXHpAA 3JAEKTP HMNYJbC BYXYyAra
KeJald. YHH MaxCyc paauocxemMa €paaMuaa Kalild KHJH-
HalH.

Kanun katsamau  ¢oToaMybcusanapha 3appajad H3HHH
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¢orocyparra onvil MymKuH. Te3 Xapakar/iaHa8TraH 3appa
(hoTO3My bCHS (POTOIMYABLCHSA — K EeNaTHHAHHHT CYBJIH SPHT-
Macuaaru Ag Br kpucrasnuanapuaup) MOJIeKYJaslapHHH HOH-
JaliTHPalAX Ba YHHHT KpHCTalyaslapHHH KopaHTHpaiu. 3ap-
paHHHr (GOTOSIMYABCHSIAA KOJIHUPraH H3WHHUHT KaJIHHJAHTH
Ba Y3YHJMIHra Kapa® YHHHT 3HEePrusiCHHH Ba GOLIKa Xapak-
TePHUCTHKAJapHHH  aHMKJall MyMKHH. POTO3MYyJbcusaap
yCyJ/njiaH, IOKOPH 3HEPTHsAJAM 3apfaNapHHHT peaklusiiaH
KeAHHIH y4YMII MaH3apaCHHH Kall KWJMILJa, SHCH 3Je-
MEHTap 3apraJjapHd ypraHuuijla Ba KOCMHK (Ha3oHH Tal-
KHKOT KHJHILAA KeHr ¢oifinanaHuaan.

6-§. Méccbayap addexTn

Siapo y#rotuaran W, xosatnam acocuii xonatr W, ra
ytrania sHeprusacH ho = W, — W, 6y.iran 7- KBaHT uuKa-
paau. Arap sApo Xy[ANM LIy SHepPrusiiM <- KBaHTHH IOTCa-
y acocuii Xosataan W, sHeprus/iu yiironrai xoJarra yTa,
M. Y- HYyPJIaHHIUHHHT OYHIaH IOTuauwmu PEe30HAHC M-
Auul peduaaid. Pe30HaHC IOTH/MmAEY Ky3aTHIL YYyH Tax-
pubaHH KyHuaaruya amaJira OlilH-
pHII KepakK. {- HypJaHHIUJapHHHT  0s
MaHGaH cugaruna 6upop panuo- 7R
aKTHB TpenapatAad ¢dollanaHuin B

9/

MyMkHH. Macazan, Os' sapocu ,

f— - emupuauir Ttydadau It I_le
sapocura aiiaHazd  (9.8-pacu). 17129558
Jlexun Ir'®! guHr acocuii xosaaTH W
sMac, Gaixu sHeprusich W, = T, 070

= 171 k3B 6y.ran yiiFoHrau xo- r

JaTH BYXYAra KeJaiH. $apo 9.8- pacm.

6y carxiad W, = 129 k3B carx- .

ra, CyHrpa acocuit xosarra yrtaau. W, W, §yTHULIaZ
BYXYAra KeJaluraH |- HypJaHHWaH (ofila/aHaHTHK. By-
HHHT YYYH Y- HypJapHd Ir'! aromsaapuiaH TaulKuJ TONraH
HMLIOHTA AYHaATHPHII Kepak. Taxpuba KypH/aMacH CXxema-
TUK Tap3ia 9.9- pacMpa tacBupJsasrad. M ManGajaH YHKa-
érral - HypJanuwaap / wuwonra K; Ba K, xoJanuMarop-
nap épaamuia #yHaatMpuaaad. Koaaumarop saTunya coll-
ino (TyFpu uwu3dug O6yisa6 HyHanTUpaMaH) CY3HAaH OJHMH-
rai. ¥ OnTHKala KyJ/JaHHATaH THPKHIIJAM TYCHKKa MOHAHA
Basudany Oaxapaau. JIeKHH KOJNJHMAaTOPHHHT TYCYyBUH
KHCMH Y- HYpJapHH I0TallMraH lapaxaia KaJuH OYyJ/HILK
Kepak, an6atra. KosauMaropfiaH yTran 7v-HypJap HyHaau-
IUM/a HHIIOHHHHT OPKa TOMOHMra GMpuHuHM CuéTunk CY—1
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HM, {-HypJap HYHaJHIIHra MNEepneHAHKyJadD paBHIILA HH-
HIOHHUHI €H TOMOHHra MKKHHYM cu4éTuuk CY—2 Hu XOH-
Jamtupaiank. Humongarn sapoJsapla 7- HypJ/IaHHILHHHT
pe3OHaHC OTU/HINK pY#i GepMaran xo.saa (9.9- @ pacMra K.)
C4—2 ra y-xBantiap tywmaiau. Lyuusr yuyn CY—2ra
yJaHTaH 3/€KTPOH KYyDHJMara 3/eKTD HMIYJbCJIan KeJMaH-
IH, AbHH y caHaMmafiau. Bupunun cuérunk CY—1 3ca HH-
ILIOHAaH YTHII »apaBHHAAa HHTEHCHBJMIH O3rHHa cycafrat
Y- KBaHTJIapHH CaHafiiu. HuwoHaarn sapoaapaa - HypJa-
HHULWIHUHT DE30HAHC IOTH/HII XOAHCACH COAMP GY./iraH Xo0J/4a

Cy-2

cy-2

9.9- pacn.

MaH3apa y3raua Oy/adH. Y- KBaHTHH I0THO YAFCHraH XoJaTra
(W,=129 k3B) yTrau snposap manayM At (saporunr Wy xo0-
JaTla fual 1aBOMHHJHMIH) BaKTAaH CYHr |- HypJaHHII YH-
Kapu6, acocuii xosatra Kafitaau. JlekuH uukapuaaérraH Oy
HypJaaHuwaap 6apuya TomoH.apra (9.9-6 pacmra K.) Tapka-
Janu. Lynunr yuys CY—2 xau canail 6owaaiiau. C4—1
HHHI' CaHOFH 3Ca aBBaJrH X0J/LialHra, SibHH 7- HypJaHuli-
HHHT DE30HaHC WOTHJHIUM pYi Oepmaran xoJaarura HHcOa-
TaH KaMpoK OYJaanH, anbarra. YmymaH, CY—2 naH BO3
Keuub (agat Ourra C4—1 épramuaa Ttaxpuba yTkasu/ca
xaM Oy.jaad, 4yHkH CY—1 HUHT caHOFMHH KaMafiH0 KeTH-
1M HHUIOHJA Y- HYDJAHYIUHHHT DE30HAHC IOTHJHMLIH COLHD
OynaTrausMrunan Janosatr Oepaad. Dy caHOK KaHuaJHK
KYNpoK KaMaica De30HAHC IOTHAHLI IIYHYaJIHK KeCKHHPOK
amaira owasdtran Oysnaiu. JlexkuH OaCH aTuaArad Tap3za
amaJra OLIMPHJTaH Taxpubasnapia HypJIaHHILIHHHI PE30HaHC
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JOTHJIMINK Ky3aTuamaiau. Bynunr cab6abu Humaza? Maskyp
capoJara #aBob O6epHin yuyH [efi3eHGEPTHHHI HOAHUKJIHK-
Jap MyH,ocuaﬁaTura MYypOxaaT KuJailiuk. By MyHoca6Gatra
acocad, YHFOHTaH XOJaTHUHT HYpPJAHHIIW KaHYa/JuK Te3
conup 6¥.Jca, aiiHH YHFOHraH X0.aT 3HEDTHSCHHHHT KHHMa-
THAAQrH HOAHHWKJHK LUIYHYaJWK KYNMpoK 6yaaau. Pakar Gap-
Kapop (AbHH CTabuJ/) S1PO aCOCUH XOJATHHHHI 3HEDTeTHK
KuitMaturuaa anvg (AW =0) 6yaand, xoaoc. Doumka 6ap-
ya XO0J/aT/]aD 3HepPrUsICHHHHT KUAMaT/AapHIa HOAHHKJIHK
MaBXyx, AbHH AW s~ (0. Macasan, Taxpubana gyanaHu-
aaétran Ir'%! sgpocunnar W, = 129ksB 1e6 Gearuaanrax
XoJaTiary swail AaBoMuRaIarH Af =~ 10—'%. fapo 6y
X0J1aTAaH aCOCHH XoJsatra VTuil xapaéHuaa YHUKadHJAraH
{- HypJIaHHII SHePTHUACHHHHI KHAMAaTHIard HOAHHKJIHK

A 1,05-107"XK.¢
AW ~AaT 10—10¢

~ 102K~ 6-10—%3B
ra Teur. By HOZHHMKAMK 7Y-HYyDJAHHLIHHHT HOMOHOXpOMa-
THKJMrura cafadé 6y.aaid. HOMOHOXDOMATHKJHK aHa Wy
KaTTa/MK OHJIaH XapakTepJ/iaHalh Ba YHH 7- HyDJaHHII YH-
3UFUHHHr TaOuuit keHrauru (/) ne6 HOM.1aHaiu. Myxokama
Ku/anHaéTran Mucosra I’ =~6-10—%B. Ma3kyp karranauk
Y- HypJIaHHII SHEPTUACHHUHI HHUXOSAT KUYHK YJYLIHHH Tall-
KuJ stanu, ApHd I'JW =6-10—53B/129-10%38 =~4-10—1.
DHAH, AIDO Y- KBAHT uMKapadTraH BaKTia cOauD OV.a-
JAural Ky#uiard Xoaucara 3pTHOOD GepaiiMK. Y- Hy pJaHH Ll
yuKapaéTral si/1pO Ba HypJiaHI'aH |- KBaHT OUTTa CHCTEMaHH
TaWKUJA sTald. ByHH MUATHK Ba yHAaH 4uKHO KeTaéTran
¥KaaH nbopar cucTeMara yxiwatdil MyMKHH. LLIYAUHT yuyH
YHKAPHJTaH 7- KBAHTHHHI MMIYJbCHTAa MHKIOpaH TEHT, Je-
KHH TeCKapH HYHa/iuilAard uMnyJscra sapo xaM 3ra 6y-
JIMIIH, SBHH Y ,TeNKH“ oJMIUM J03uM. By ,Tenku“ HaTu-
kacuza AP0 MabAyM KHHETHK sH2prusara spumaiu. bBou-
Kaua aifTraHja, SAPOHHHI YHFOHHIU 3H2PTHUACH, IbHH W, =
= 129 k3B (hbakaT |- KBaHT 3H2PrUsACH Ta)3uia HYpJaHTH-
puaMaiii. AKCHHYa, Ma3KyD 3HEprusi - KBaHT Ba f1pO
opacHla TakCHMJaHalH. By TaxcuMOoT s1po Ba - KBaHT
Maccajnadura TeckapH MpOMo . HMOHAA paBHuiia conup 6y-
Ja1d. YHuyaJHK Mypakkab Gy.Marad Xuco6./ap MyXokama
KHJAMHASTrad MHCcoJaa 9400 ,Tenki® tydaiiu T, =~ 0,053B
KHH2THK 3HEPrusAra 3pHIUMIIKHY Kypcarald. By yHuaauk
KarTa 3H2prus svac, JeKHH HyODJIaHHI YH3HFUHHHT TaGHHE
KeHraurujal ~ 10' mapra karra. [eMak, 4uxapH./aéTrad
{- Hy DJIaHHIIHUHT SH2DPTHUACH SLAPOHHUHI YHFOHHIU SHEPrHs-
cunan T; xalaD kuuuk, asHd W, =W, — 7. By 1-xBaut
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HULIOHTa TYLITaHAA 3HEPTHSIHHHT 7, ra TeHr KHCMH HHILOR
sapocura uMnyJibc Gepuura capdaasann. Harmxana mumon
SIADOCHHH YHFOTHII YUYH KOJIT@H 3HEpPrHSHHHr KHHEMAaTu
W, — 27, ra tenr 6ysanu. by aca W, sHeprus 6uJsaH xapak-
TepJaHyBYM XOJAaTHH YHFOTHIUr&@ ertapad smac. LUyHunr
YuUyH 'rax(pnéaua 7- Hy pJaHII HHHHT pesoHch IOTHJIHIIH
xysam.zman,un.

1958 #imana ém ¢usux P. Mecc6ay3p (y 1929 #muaza
TyFuaran) 6a€H 3THJATaH MyaMMOHH XaJ KHJMII HYJHHH
HIIJa6 YHKIH. 7- HYPJaHHII YHKarLaéTrad IAPDOHUHT ,TenkKu*
CHHM KaMaHTHPHII YUYYH HHXCSAT NacT TeMNepaTypaJaplan
¢donnanannagu. Man6a Ba mHumcH 88 K temnepaTyraraua
coBuTH K. ByHnali macT TemnepaTyraJjapia KpHCTajlaru
SIAPOJIaQHUHT HCCHKJHK TeOpaHHINJAfH Iy Kazap KaMaduo6
KeTalMKH, KpPHCTalJ DapuyacH (pakaT MYCTaxKkaM sirOHa
CHCTeMaleK XapakaTJaHWIIKW MYMKHH, XoJoc. ByHnna#t kpHC-
TaJaJs Tapkubujaard OGHPOp AP0 T-HYDPJAHHII YuKaprania
»,TEeNKH® HH 1y SIADGHHHT ¥3u sMac, GajiKH SXJHT KpHC-
TaJsJl napyacH onangH. KpHcTaas NapyaCHHHHT Maccacd siapo
Maccacura HucGaTaH xkyna karta (~ 10° mapra) 6yaranu
YUYyH SADOAAH - KBAHT YHKA[LHJHMIN ¥ apaéHHAa KpHCTaJara
»TenKku* cudaTtuna O6epuaaiuraH sHEPTrUsSHH amaJjila HOJra
TeHr ne6 xucobaaw MyMkHH. LLIyHHHT yuyH GyHAa# ,My3-
JaTHJAraH* KpHCTaJAJ TapKHOHIarH sapoJsiap 4yHKapae€TraH
1- HypJIaHHILJIApDHH JesipJIH MCHOXPOMaTHK ae6 xucobaa-
ca 6ysmanu. Hesapau CY3UHU HINJATHIIHMUSHHHT cababu
WYHAAKH, 6y HYDJAHHIUHHHT 3HEPreTHK TapKOKJIMTH (SBbHH
AW) MmaBxyn. JlekuH 6y TapKOKJHK Y- HypJaHHII YHKa-
pHMII YM3HFHHHHT TaOuuit KeHrauruw [ JaH opTMaiiau. Y
sca HUX0AT kuuuk /W =4-10—", Huwonnaru sapoJaap
Xyaau manbanarusapiek ,My3sJatuaanu‘. Hatuxana HUIIOH-
ra Tywaérrad |- HypJaHull SHepPrusAcH SAPOHH YHBFOTHILUTA
ertapJaH 6yaanH. Lyuuur yuyn Méccbaysp amajara omHpran
Taxpubasapia 7- Hyp/JaHUILHKHT Pe30HaHC IOTHJMILH Ky3a-
THJLIH.

X 00606
A1POBUN PEAKLIUSIJIAP

1-§. SlnpoBHA peakuMATapHMHT acOCUA KOHYHHATJIapH

WMkku sappa (Mkku saapo €xku anpo Ba 3appa) Gup-
Oupu Ouaad 10—!% m sap yamacuraya sKMHJAamITaHAa si-
POBHH KYYJJaDHHHI TabCHPH  Tydalin §3apo HHTEHCHB.
TabCHpJIAlaRH, HAaTHXala SIAPOBHH  y3rapuiijap BYXKYA<
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ra xenaau. by XapaZuuu s1poBHA peaxuusJap Ae6 arana-
Au. SlopoBufi peakuusHM KyHuaaruya &3uwm ojaT 6YyJraH:

A+a—~B+b éxu A(a, b) B, (10. 1)

6yHna A — GOLLIaHFHY SAPO, @ — pPeaKuMsara KHPHUIIYBYH
3appa, b — sAApOBHA peakuusila axpa/aub YHKYBYM 3appa,
B — anpoBuil peakuuana ByXyAra Keara" sipo. @ Ba b
3appaJap —HeHTpOH, NPOTOH, aJbda-3appa, raMma- KBaHT,
€HTHJ aApoJap €xku OOllKa s/JeMeHTap 3appasnap Oyauuu
MYMKHH.

Bupunun saposui peakuusau 1919 fuana Pesepdopx
amasra owuprad. ByHia a3cTHu a-3appasap GujaaH 6oM-
GapAMMOH KHJHII HAaTH>XKacH.1a KHCJIOPOJ Ba NPOTOH XOCHJ
6yarad. lOxopuia O6afH 3TuaraH aApoBHH peakuusaap-
HH €341 yCyJHTa acocJaHHO MasKyp peakuHsHH

7I\Il4 + 2He4_"80” + 1H1 (10. 2 a)
€KH HXYaMpOK
N (a, p) OV (10. 2 6)

KypHHUWJIapAa Hdoaasam MyMKHH.

PeaxiiugnapHHHr TypJapy Kkyn. JlekuH peaxuusra
KMPHIIYBYM 3appa/jlapHUHT TaduarHra acocJaHud y4 CHHO-
ra: 1) 3apsaau 3appaJjap; 2) HeiTpoHJaap; 3) 7- KBaHTJap
TaBCHpPHAA amaJjra OllajluraH peakuua/apra axxparui
MYMKHH.

Peakuus/iapHy aMa/ra owqil MexaHW3MHu Oyhuya ysaap-
HH HKKH CHH(ra mapTjd paBHlIga axpaTca 6yJanu:

1. H0posuit peaxyusrapru opasux 50po Opxasl
anarza ownwu. Bynaa peakuus MKKH 60CKHYJda YTadH.
Bupunun GockHuia 3appa s.1pO TOMOHHIAH loTHJaaad. By-
WYAra KeJaran CHCTEMaHH OpaJHuK SAPO €KH KOMMayHI
A4po neb aranaid. MKkuHUM GOCKHula 3ca Opa/luK f1pOo
emHpuaanu. lemak, peaklus

A+a—->C*->B+ b

cxeMa G¥yimya amaara omald. C* sapoHuHr (dyHAarH
10/11y34a SIPOHMHT YHFOHraH XOJAaTHHH H(oaanafiiH)
sillall 1aBOMHHJIKTH aHya Karta—TaxMuHaH (10— +10-""°) ¢
6ynazu. fapo ¢usukacula sAAPOBHA BaxT TyLIyHYacH-
JaH dofitananvin onar 6yaran. SHoposuis saxm nerania
sHeprusacu 1 MsB 6yaran Hykaon (v ~ 107 M/c ra MocC
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Kesany) SApOHMHT AuaMeTpura ( ~ 10—'¢ M) Tenr maco-
¢anu 6ocHO YTHIIHM YYYH K€TraH BakT
10—14 a1

107" ¢

10 =
c

TywyHuaaau. Jlemak, orajHk SAPCHHHT AlIall J@BCMHE-
JHMIH gApcBuH Baktrnan 10°-+ 107 mapTta KatTa.

2. Suppanu adro busan 6ecgocuma yiapo mazcup-
Aauysy mydaian  axasza OwWAOuIaK peaxyusiap.
Mucoa Tapukacuna neiircH (H?) Hu siapo OuJaH  ¥3apo
TabCHPJALIYBHHH (aéH KHJaliMK. Slapora sIKHHJalIrag
JEeHTOHHHHI TIPOTCHHHM SIAPO uTapuO (o€cpaiH (HMKKana-
CHHHMHI XaM 3apsili MycGar GyJranauru yuyH). JleHAToH-
HUHT HeHTPCHH 3ca sIApPOra KHpPHIUM MyMKHH. HaThxazna
IeHTOH GYJAMHHO KeTalH, SbHY YHHHT HEHTDOHMHH SADO
I0TalM, NPCTOHH SCa AApOTa KMpPMAaCiaH yTHO KeTajaH.
Bynn €ab3an, ,y3u6 osum“ peaxuuscu ne6 XaMm aTanald.

SIApCBME [eakuusapHH TaxpuCalapia YpraHuui Ty-
tdafau peakuussapra caKJaHWIL KCHYHJADHHHHT €axapu-
JUINH aHWKJaHLH:

1. SnpoBuii  peakumusra KHPHIIYBYH 3appaJlapHHHT
YMYMHI 3apsiAH peakLMsiZa BYXKYAra KeJrad 3appajapHHHT
YMYMHH 3apsaura TeHT.

2. Slaposuii peakuuara Kupumaérrad 3appajiapiary HyK-
JIOHJapHUMHT TYJUK CCHH [eakuHslaH KeAHH XaM cakJaHalH,
SIbHU peaKuusia Xocua 6yJaraH sappaJiap HyKJICHJAADHHUHT
TYJIMK COHHTa TeHr GYy/anu. By WKKH KOHYHHHHI €axxapHJH-
LWIHHY KYyHHJaruw jxajBasza KeJATHLHJTraH SIAFOBHH peax-
L¥saap MHCOJIMIA TeKINHPHO Kypca 6yJaanH.

Tg =

Slaposuit peakuns I DnexTp 3apaau l Hyknaonnap coHx
Nt a >G04 p 7+2=8+1 144+4=17+1
H2+ H:—He 4 n 1 4+1=2+0 24+2=31
Li" + p — PeT 4 n 34+1=4+0 7-1=7+1
S32 L n—DPg p 164+0= 1541 32+ 1=32+1
Be? 4+ 1> 2llet—-n 4+0=2.240 9+0=2-441

3. Slaposuii peakuus/aapia MacCaHUHT CaKJaHHIN KOHYHH
(Ba sHEpTHSHMHI CaK/aHHLI KCHYHH Xam) Caxapuaaid. By
MKKM KOHYHHM GHMpraiukia €a€H KH/JMOKYH/JIMIHMH3HHHL
caCabu Mmacca ea sHefrus y3apo W=mc? mynoca€at GuaaH
CoFJiaHraHauruaanup. Slaposuii peakunsen (10, 1) Gearu-
JIAHUIIHra aMal KuJaiavK. Y XoJja SIApOBHME [eakLusara
KHPKIWaETraH 3appaiapHHHT THHYJIMK/J ard MaccaJlapHHH Ma
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Ba m, 1e0, peakiuaia Byky/ra kearal 3appajapHUKUHA 3ca
mp Ba m, 1e6 Oearunafivu3. YJapHUHT KHHeTHK 3Heprus-
aapunn Moc pasumntaTa, 7, Ts, T, ne6 Gearunaitnuk. Hatu-
kala peaKuusra KupuuiadtraH 3appanap TYJAHK 3Heprus-
JIaDMHUHT AMFHHIHCH peaKlHsla BYXKyara Ke/irad 3appa-
Jap TYJAMK SH2Prusila)MHUHT HHFHHIMCHrAa TeHTJHTHHH
Ky#iiaruua Hponanaivus:

ma ¢ +Ta+m,c* +T,=msz¢* +Tg+myc* + T,
Moc xaiaapHu rpynnaiacax, 0y ¥ poia Kyidiaru
[(ma+my)— (ms +my)|c>=(Ts +T,) —(Ta +T),)

xyp.mmura KeJaiu. By TeHrIMKHUHT YHI‘ TOMOHH peax-
1S HATHXKACH1a BYXKYAra Kesla1Mra SHeprus y3rapuiuu-
#i¥ Wdosasaitau. S1posufi peaxuusia axpaaud YMKaIMra
8KkM OTMJALWraH 3SHEPrusiHu peaxyus 3Hepeusicu nebd
atajaiu Ba onaria, Q xapdu 6usan Gearuaadaiu. Y xoda.

2a

Q=[(matmy)—(nsg+m)| =g +T)—(Ta+T,)
(10. 3)

Arap Q>0 6y.aca, 3appasa) THHUJMKAACH MAaCCaCHHHHT
KaMaloBH XMCOOMra 3appaja) KHHETHK 3HeDTHSICHHHHI  op-
THINM Ky3aTHJald. Dy Xxo/aaa 3x309nepeemux pearxyus
amaJra omadtrad 6yJaaiv. DK3o3HEpreTuk peakuus (74 4
-+ T,) HuHr Xap KaHlafi KufivaThla Xav avajara olualH.
daxar 3appa 3apa1a4 6YJArad X0J4a YHUHT 3HEPTrHUscH s11po
9/eKTp MAHIOHMHUHT KapIIWJaurdHd (oJaTia, YHM KYJIOH
TYCHFH Jefidaa’dy) eHruumra erapad OYJIdIIH Kepak,
ajacarra.

Arap Q <0 oOyaca, 3wndosnepzemurx peaKyus COLUP
6ysa1n. ByHia 3appaJ/iap KHHETHK 3HeDTHSACHHUHI KavaioBH
xyucofura yJapHUHT THHUYJMKIAry Maccasnapu opraiu. Lly-
HHHT YUYyH peakuusra KHpHmaETPaH 3appajiap KHHETHK
3HeDrusJapH €rapJdua xarra Oy, sabvHd (Ta + T,) =
= [Q| + (78 + T,) wapr GaxkapuJMLUIH KeDaK.

2HAH A1POBHHA ¥3aD0O TabCHP 3XTUMOJJIMIHHHE XaDaKTep-
Jawl yuyH KYyJJIaH4Madurad 3pgexmus recusw TyuWyHUacH
6uJiaH TaHHWARIYK. ByHUHr yuyH Kyhudard xa€uauii Tax-
pHCa ycTHAa MyJaoxa3a lopHTaiiink. Humon cudaruna xya-
JaHuJ/JadTraH OMp IKHHC/AM KHCM TapKuOWiard sjpoJap
KOHIEHTPALUMACH, AbHY OUPJHK XaXMilarH §1poJap COHH
n 6yacud. HUIWCHHMHr KaiuHaury 8 wmyHIal GYJ/ICHHKH
(10. 1-pacw), yHaaru siapoJsap OMp-OMPHHM TycmacuH., DBy
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HHUIOHTA TyuaéTral 3appaJjapHUHT
XJ 3UYJHUTH (IBHH HHIIOHHUHT GHDJHK
© ! 103unaH 6MPAMK BaKTAa YTaguran
—_— i 3appasap conu) N Gy.cun. By 3ap-
: paNlapHHHI XaMMacH XaM HHILOH-
Jar¥ aapoJap GHJaH TYKHalaBep-
Maiiny, anbarra. UyHKH TYKHamIum
coAup 6YJHINH YUYH3appa HHILIOH~
JaH yuub YyTaéTraHnga YHHHT Ay~
Juia SIAPO MaBXyA OYJaUIIH Ke-
paK. Arap sIApDOHH pajHyCH Iy 6YJ-
rai wapuya Ae0 TacaBBYD KHJCaK,
YHHHT KYHAaJaHr KeCHMH o’ = wrg?
10°1- pacwm. 1031 jfoupa 6yaaiu. HUIIOHHKHT
GHpJIHK 103Hra MOC KeJraH XaxM-
Jard f1poJiap CCHH 723 ra, 6y siApoJiap KeCHMJIapHUHHHT yMY=
MHH 1034 3ca ¢’ nd ra TeHr 6ysaiu. By 103HuHT KuimaTH
KaHyaJMK kaTTa 6¥Jca, HHLIOHra TywaéTraH 3appaHH sapo-
JaH 6HpOpTacH GHJaH TYKHAIIHLIHHHUHT 3XTHMOJIJIHTH IIYH-
YaJuK KaTta 6yJandH. ¥ XoJia HHIIOHAardH sapoJap OuJaH
TYKHallagHTaH 3appaJjiap COHH

AN=Nd nd

udonra 6uaan anukaaHagus Arap Nes 1 (SbHH HHIIOHHWHT
GHPJAHK 103Hra GHpJHK BaKTaa OHTTa 3appa TYMIMOKAa)
Ba 73 =1 (9BHH HMINOHHMHT GHpJHK IO3Mra MOC KeJYyBUH
Xaxmia 6uTTaruHa sApo MaBXyn) 6¥aca, AN =o' 6yaHu6
Kosanu. JlemMak, 1034 OHp GUPJHMKKA TEHI HHIIOH XamMH-
Ja GuTTar¥Ha sAPO MaBXy[d OyJaraH xosaila Oy HHIIOHTa
OHpJIHK Baktia OMTTa 3appa TywaérraH 6y/ca, yHHHT A4pO
6u/aH TYKHALIHII SXTHMOJJIMTH MHKAOPaH SIADOHUHT KYH-
laJaHr KeCcHM I03Mra TeHr 3Kad. JIeKHH 3appa fA4pO
GusaH TYKHalIraHda XaMMa BaKT XaM Ou3 xnsnxaé'rraij
A0POBHH peaklusa cOAHp Gy.aaBepMaiiiv. ¥ MyMaH, slpPOBUH
peaklHsaHH COAHPp OYJAHII 3XTHUMOJJHIH 3appa Ba HHIUOH-
HUHT DapaMeTpJiapHra, afHHKCa, 3apPaHHHr 3HEepruacura
60FaHK. Bynnan Tamkapu gaposuit peaklHsIHH KaTTHK 3ap-
pa GuaaH cepuk wakAnard KaTTHK SAPOHHHT TYKHAIIHIIH
KaOH TacaBBYD KHJHII XaM XaKHKaTra YHYaJHK MOC KeJ-
Mafinu. HaTuxaga sanposufi peakuusHM COAHp Oyauul
9XTHMOJIJIMTH 3appaHH SIAPO OHWJIaH TYKHaIIHII SXTHMOJ-
JMTHAH MHKAopaH dapK Kuaaad. Bomxaua xunnG aATras-
Aa, OMpPOp sSADOBHA peaKLMsHH COAMp OYJHII 3XTHMOJ-
JHrH aciuja o’ ra smac, Gaiku YHAaH ¢apKJaaHyBYH o
KHAMaTra sra Gysanu. By KuiiMaT siApCHMHT KYHIaJaHr
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gecumura svac, OaqkH KaHlakiup sbbektus kecumra
Moc xesaad. UIyHUHr Y4yH SIDOBHH  peaxlMAHHHC
cofup OGY/IMU 3XTUMOJIIMTHHHM 3 D)eKTHB KeCuM ODKa/ld
XapakrtepJall olaT oy/araH. Dpbextus kecum M’ Japaa
Y1uanaiu.

2-§. He#irponnap.

AcCpUMH3HHHT YTTH3HHUH HHJAJMADH 94p0 (u3HMKacH Ta-
puxuja Wy 6UJaH XaDakTepJHKH, 0y AaBpAa a-3appanap
TabCHPH1a COAMD OF/aivrad peakuusiia) MHTEHCHB PaBHull-
Aa yoprauuaiu. By wumia 3p-xotuH $pesepuk Ba Hpen
(Mapuga Ckaazosckasg — Kopunuar xusu) 2Kousumo- Kiopu-
JapHUHT XHccaslapH xaM Karra. YJa), xycycaH, O6epu/IdA
a-3appajap OuJaH ©O0OMOa)IMMOH KHJWHraHla BYXyAra
KeJjaqurad HypJanuw najpabus éxy1 Tapkuduia BOAOPOL
6ysarad 6oulka KHUCMJapjiaH HHTEHCHB paBuIijla MPOTOH-
JiapHH YDHO UYMKaDUUIHHU aHHK/1alunaa). KefnHuanuk, ,6e-
PH/MA HYpJIaHHIIK® a30T, aproH KaSHu sAApoJap OuJaH TYK-
Hamrasia Maskyp f1poJap aHyardHa KyuJad ,TemKH® OJH-
My aHdKJaH1H. JlexkuH ,6epHJNHA  HYpJaHUIIH® HUHT
Taduaty XakKHuila aHHK ¢ukpra keaiuHvaid. 1932 #Huada
JI. UenBuxk a-3appata) TabCHPHAA BYXYAra KeJalurat
“OGepH/HR HYDJAHUIIH MaccacH NPOTOH Maccacura SIKMH
6y.raH aJeKTPOHEHTpaJ 3adpajtapiaH Hoopar, neraH Guxp-
HU HJrapu cypad. 5y ¢uxpra acocsaHud3 Ye1sBHK MaBXyl
TaxpuOa HaTHXKAJaDUHH MHKIODHH XuXaTlaH XaM H30X-
na3 6epau. He#rpoHsnap ne3 HovJgaHran 3appaita) Wy
Tap3ia Kaup 3THIIH.

Lynnat KMaKM0, HEATPOH.1aD) K, 3aTUaraH OHDUH U A1-
POBHH DeaKLUAHH

Bed + Het+C? 41 (10. 4)

waxJsaa €3a onavu3. By peaxuusizaH xaHy3raua HeHATPOH-
JIADHHHI HXuYaMruHa MaH’au cudartiia ¢onaasaHuIa1H.
Bynnait MaH5anapHd Oepu/inii MeTaaura o - HypJaHA LI
YMKapalWural npenapar apanaliTHPUO XOCHJA KHJAMHaIH.
Macanan, | r paiuira 6Mp Heya rpavm Gepuaauii apa-
JamTdpHuJca, CeKyHidra taxMuHad 107 HeATpPOH uHKapaiH-
rai mManbéa Xocua OG¥yaaid. | r NOJOHHHA apajalITHPUJ-
rai (Po-—DBe) man3anan cexysnura uumKapuiaiurai Hei-
TpoH/Iap coHu 3-10°% ra etaiu. By ukkasa mMaH3a uMKapaid-
raH HEeHATPOH/AD 3HEPruUACH KeHr HHTepBa/Jiard Kuiuar-
Japra sra. Arap MOHOZHEpPreTHK HeHATpOH/aD JIO3HM

191



6y.aca, 6olKa peaxuusasaprian ¢ofinananuaaiy  Macanan,
Bi2'* yunr 1,78 M3B 3Heprusau - KBaHTJapH TabCHPHAA

Be® + 7—>2He' 41 (10. 5)

peakuus Tydaihan sHEPTHACH ~v1‘10 k3B 6yaran moHo-
3HEepPreTHK HEHTPOHJap XOCHJ 6yaanu. uprm{ X0Jat. aru
(s7bHM sApO TapKMGHra KHpMaraH) HeHTpoH {7 - pa.o-
aKTHB €MHpPHJ/IHIITA MOHHJ. YHHHT SDHM €MHDHJHII AaBpH
~12 muHYT. Enupuanw

n—p+e— —{—-v

cxema Gyfinua coaup Oyaaiu.

Hefirponsnap GHpOp MYXHUTAAH yTa€TraHia, MyXHT aTOM
Ba MOJEKYJaJapHHHUHT 3J€KTPCH KOOHMKJapH GuJaH nesp-
a1 TabcHpJaawmaiad. Ca6adH — HeHTPOHMADHHHT 3JEKTP
3apsara sra aMacauruiup. HelTponsap dakarrvuna MyXHT
aTOMJIaDHHHHT f1pO0JapH OHJaH TasCHpJAmaiH, X0J0C. By
TabCHPJALYB HEHTPOHHHMHI Te3JHMrHura (SbHH 3HEepPrusiCHTa)
60FauK. HeATpoHsapHHHT Te3JurH Oyiuua wapTJad  pa-
BHILIJA Te3 Ba CEeKUH HEHTPOHJapra axparH/aiu:

1) ne-Bpo#ap TyakuH Yy3yHAukJaapuw (A= h/m,v) sapo
palMyCH Iy 'ag KMYUK OyJraH HedTpoHsap [Gynra (0,1 -+
= 50) M3 B sHeprussap Moc kenanu]| me3 wHeldmpoHaap
Ae6 aTaJnaly;

2) HeHTpPOH/MADHHUHI 1e- Bpofab TYJKHH y3yJauKJAapH SADO
paiHycHiaH Karta GyJaraH XoJJapiaa (6ysra 0,1 M3 B naun
KHUHK 3HeprHsJap MOC KeJa/iH) YJapHH CeKUuH HelmpoH-
Aap ned HOMJIaHaiH.

Te3 HeHATpCHJapHHHT sipoJap OHJaH TasCHpPJAAINYBH,
acocaH, CCYHJAHULTaH H6opaT. COYMAHLI MKKH XUJ GYJsaaH.
1. HeliTpoH sapo Gu.aH 3jacTHK TYKHamraHaa yHra V3
KMHETHK SHEPIHSICHHHUHT GHD KHMCMHHH 6Gepaiu. BepHJaiu-
rai sHeprus s/po Ba HEeHTPOH MaccaJlapHHMHT HUCOATHTa
6oranK. IUyHHHr y4yH eHruJa siApoJiap GHJaH TyKHaluraHaa
HEHTDOHHHHT 3HeprHsCH aHYaruHa kavasau. MacaJaH, Tap-
kubnia cys (H,0) 6yaran Myxurtaap opkaau yTHII »Kapa-
€éHuaa HeATpoH npoToH (H') ra ¥3 3HePruHsaCHHUHT TaXMH-
HaH apMHHH Cepaiu. HaTwxalla MyxXHTZard NpPOTOHJAp
6uJaH k£ MaDTa TYKHamraH HeATPOHHMHT sHepruscu 2°
MapTa kamasiu. XycycaH, GoiusaHFuy 3Heprusichi 5MsB
6y/raH HeHTPOHHMHT SHepPruscH 22 TYKHaliyBJaH CYHT
TaxMHHaH 1 3B 6y/u6 kKosaan. 10.2-pacMaa Te3 Hei-
TPOHHHHT CYB.Jarv NpPOTOHJAD GUJaH TYKHallyB >KapaéHH-
Jda GocuG yTran HyJaH TacBHpJaHraH. TaxpuOasapEHHI
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KypcaTiiHya, SHepruscH
~5M3B A HeilTpoH cysaa
~ 0,2 M yavacHgard Maco-
¢danu 60CHS  yTaiu, XoJoC.
Y xoaia Ky#fuaard casoJ
TYFUAHIIH  MYMKHH: GHDOD
MyXHMTJ1a  XapakaT/aHa€Tras
HeATPDOHHHHT 3HEPTHUSICH KayoHraya Kamaluiiy® MYMKHH?P
MabayMKH, MYXHT TapKuOMWjard 3appanap AOMMO HCCHK-
JUK XaDakaria KaTHamwub Typaid. MYccukauxk Xapaxat
sHeprusicH (~%&7T) MyXuT TemmeparypacH OWJ/IaH aHMKJa-
map 314. XycCycaH, XOHa Temneparypacuaa (I ~ 300 K) 6y
sueprusHUHr Kuimatd 0,25 5B ra tenr. Iy KufiMatra
SpULIrad HEWTPOHHHHT  3HeprusgcH OOMIKAa  KaMalHIIH
MYMKHH 3Mac, 4YYHKH HeHTPOH MYyXUT 3appasanu GuJaH
HUCCHKJHK MYBO3aHataa OyJjanu. Bomkaua afitrania, 6yH-
naft HeHTPOH MYXHWT 3appajapy OujaH TYyKHamra€Hia 6ab-
3aH yJjapra 3H2prug Oepca, Gab3aH 3ca SHEPrus OJalH.
DHepruscH HCCHKJIMK XapaxaT JHeprusicHra TeHr Oy./raH
HEHTDOHMADHN UCCUKAUK HedmpOHaap Ned Xav arajald.

2. Tes HeHTPOHJAPHHHI s1p0 OuJaH HO3JAaCTHK TYKHa-
WYyBH COIUp GY/araHia HeHTPOH 3HEpPTHACHHHHT OHD KHC-
MH SPOHHM YHFOHraH XoJiatra yTkasuuwra capd OyJaanu.
By s1po acocuit Xosatra KafATHmn kapa€Huia Y- HypJa-
HMII yHKapald. [lemak, HefiTpoH Ba f1p0O oOpacHlia HO-
3JIaCTHK TYKHaulyB avaJjra OWHIK YYyyH HeATPOHHUHT
KHHETHK 3HEprusiCH sIADOHHHT OHPHHYM YHFOHraH Ccarxu-
HHMHT JHEPrusicH (AbHHM acocuft xonar W, naH KeHHHTH
6upHHYHM 3HepreTHK catx W, Guian xapakTepJ/aHyBYH X0J1aT)
JlaH KH4HK OYaMacaurd wapt. EHrua siposapia OHDHHYH
yHFOHraH cartx 3Heprusici 6up Heua M3B ra tenr. Lly-
HUHT YUuyH €HIHJ sipoJiapia HeATPOHJapHUHT HO3JaCTHK
COYHJIMIIK XHCOOra OJIMHMaiauran Aapaxala KHUMK OY-
JalH. JIekHH OFMp gapoJapia OMPUHYM YHFOHrad 3Hep-
reTHK caTX aCOCHH caTXra aHua siKHH. YJapHHHT (apKH
100 k3B sap wavacuza. Ulynunr yuyd 6y XoJJapia HO-
3JaCTHK COYMJAHII Ky3aTHJald. Bupok O6up Heua TyKHa-
yBiaH CYHI HeATPOH 3HepruscH kamaiiu6 keraiu. Haru-
xala Oy HeHATPOHHHMHT s1p0 GHUJAH HO3JACTHK TYKHaLIH-
LM MYMKHH GYyJaMail KoJjaau.

HefirpoHJIapHHUHAT xapakTepJH XycyCHsTJapH IIYHIaKH,
yJap MyXWTAa XapakaT/iaHHIUH J[aBOMHJa 9pPTapoK €KH
KeuypOK OHpOp sApO Huura KUpub OGopasH Ba SADOBHH
peakuHsiHH amajara owmHpaad. He#itponaap Ttabcupuiard

10.2- pacM.
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Jr lné SIIPOBHH peaKlMasapja NPOTOHJAPD,
JleATOH/Iap, a- 3appaJiap Ba - KBaHT=-

ﬂ Jap YHKaPHJHIIH MYMKHH.
Byxyuara keJran sapoJsap, 6ab3aH,
paavoakTiB O6yaaau. OFHp sapo-
Jap 3ca HeHTPOHJAp TabcHpHuia 6Y-
JUHHILH MYMKHH. ByHiaH Tatukapu
6apua 3JIeMEHTJIaDHHHT sApOJaph
TOMOHHAAH HEATPOHJIaDHHHT, aliHHK-
ca, HCCHKJHMK HeHTpPOHJapHHHT TY-
THJAHIIHY cOAHp OYJaanu Taxpuba-
JapHHHT KYpCaTHLINYa, MYXHTTa
TywaéTrad HeHATpOHJAp 3Heprus-
CUHUHT 0ab3H KHuAMaT/apuia My-
XHT SLADOJIaDH TOMOHH1aH HEATDOH-
JIapHH TYTHJMHIUH XYIa WHTEHCHB-
Jamub KkeTaiHl, SbHH Ma3Kyp peak-

\J uHa 3P(PeKTHB KeCHMH KECKHH
omn6 keraau. By xonuca weim-

POHAADHUKZ DE3OHAHC MYMUALULL
ne6 aranaiu. 10.3-pacmaa U?®
SIAPOCH  TOMOHHAAH  HeHTpOHJap
~7:8  lnl, TYTHAHWH 3Q¢EeKTHB KeCHMUHHHD
rpagury TacBUpJaHraH. HeRTpPCH-
Jap 3HeprusicuHuHr 7 3B ra TeHr
KHHMaTH a Pe30HaHC TYTHJHUI XO-
AHcacH KysaTuJaau. Bynaa o HHHT
KHiimath  ~10* wmapra cpraim, ssHM 4-10—2*M? nan
2,3-10—% m? rava cuin6 xeta-u Jlemak, KHHETHK 3HEp-
ruscu 7 3B 6yarar mefirpon U*® gapo 6uaan K3 MHJKIIH
Tydaliin Byxynra kearaH cucrema (9bpHH cpaaug U?®
SIAPC) HMHT TYJMK sHeprusick wy U?*° gipOHHHT yHFOHTaH
XoJaraapysad OHPDHHMHI SHEPrusicira afiHaH TeHr OyJjasan-
TH. LyHuHr yuyn 73B 3Heprusiin HeHTPCHJAaPHVHT $1DO
TOMOHH J8H IOTHJHMII 5 XTHMOJIJIHTH KeCKHH OpTHO KeTalH.
Llynsaft KuanG, HeHTpPOHJMap 3SJeKTPOHEHTpasn 3appanap
6yaranauru Tydafian ysaap 6eBCcCHTa MyXHTHH HOHJALITHP=
Ma#A H. JleKMH HeNTPOHJNapHMHT MYXHUT siApcJapd OuJaH
TapCHpJJawyBH Ty(aian TypJau adgekTaap ByxyAra KeJa-
AM. MacaqaH: a) Te3 HEATPCHJAa] HUHT 3JIaCTHK COUHMJHIINAA
SIIPOHMHT ,TeNKH' OJMUIH; €) HEHTPOHJAap HO3JAacTHK CO-
YHJrak.ad CYHT SAPOHMHT (aCOCHH XcCJaTtra KaATHiln xapaé-
HH]la) 7- KBaHT YHKADHIIH; B) HEHTPCHJAP TabCHPHAA COAHD
6yJiran peakuHs/apia OpaJHK S.POHHHT €MHDHJIMIIH TYy-

|
|
|
|
|
1

10.3- pacwm,
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daitan 3apsAnH 3appaiap Ba Y- KBAaHT UYHMKHIIK, r) HefiT-
POH TabCHPHAA AAPOHHHT GYNHHHLIH, n) HEeATPOH TYTHJH-
wu Tybafiin ByxyAra KeJaraH CyHbMH DPaAHOAKTHBJIHK-
BaéH STHaraH 6y 3(QGexT/apHH KaHa KU A§an OGHaaH
HeiITpPOH/IAD XaKHJAa GHUJBOCHTa axGopoTra sra 6y auui
MYMKHH.

3-§. faponapHUHT OYJIHHHIIH

3. depmu (Utanus), U. XKoauc- Kiopu Ball. Casuu (Ppan-
uus), O. 'an Ba . llrpaccman ([epmanus), O. Ppui
Ba JI. MaijitHep (ABCTpHs) JAPHHHT Tax pHOaBUH Ba Ha3apuil
H3JaHHIUJIapH  Tydaliv HeATPOoHJAap OuJaH GomGapius
MOH KMJIMHraH OFHMp fiipoJap (Maca/laH, ypaH) HM WKKH
KHcMra GYJIMHHIUM aHWKJaHAH. DyHiaaH Tamkapu HeATpOH-
Jap, 3MEKTPOHJap Ba 7- HyPJaHUIUJADHUHT XaM BYXYy.-
ra KeqUIIH Ky3aTHJAH. By XoAHca a1p0 O6YauHHiuu 1e6
HOM OJLAH. ByauHu xapaéHuiaa ByxyAra xejaraH (MeH-
JleJieeB 1aBpHH XaliBaJHHHHI YPTapOFHIAru 3JeMeHT/apH-
ra TaaJlJyKJH) fApoJiaDHH 3ca OYJAMHHII TNapuasapH jAe6
aTajaid.

By XxozHcau sapo ¢H3HKacura oug  GHJAHMJApPHMH3
acocu1a TaakuH KuauO kypafauk. Hefitpon ,X4 gapora
KHprau, yHHHI HYKJOHJapDH opacHia ypanawmub Ko.alH.
Hartuxazna suru zXA+! g1po xocua 6yaazu, y 3ca HKKH
aapora, fbHU 7, Y4 Ba z,V4: siponapra 6ynuHanu. Byau-
HHII HATH)Xacuia BYXYAra KeJHIIH MYMKHH OyJraH
6omka 3appasap OHJIaH KHM3MKMacak, Mas3Kyp peaxlHsHH
Ky#fin/lardya €3a o/1aMH3:

z2XA 4+ n— XA+l VA4 VAL | (10.6)

X anpond ¥ Ba V  sapoJapra aypaauiml HMKOHHSTH
SHepreTHK HyKTau Hasap/aH

T — (o1 Ao Ay) —ed (10.7)

upojaaHUHr Muopacura 6ofFaHK. (10.7) na e, e, e Jap
MOC paBHIluAa OyaunHMw napyanapy — Y Ba V xamaa X
saposapaary GUTTa HYKJOHra TYFPH KeJyByH GOFJaHHLI
SHEPrUsiIapUHHHI KuiMaTsiapH. [laBpufi kalBaJHHHF YpTa
KHCMUIAry 3J1eMeHT/1Iap AApOJapH y4yH HYKJOHHHHT S/~
pora GOFJIaHHIU SHepPruscH (AbHH €, Ba e, Jap) HHHr KHiA-
MatT/apH aABaJl OXHPHAArH OFHD SAPOJIaPHHKH (AbHH €)
ra HucGaran ~ 0,8 M3B karra IlyHuHr yuyH Q HHHT
HmopacH myc6ar Gynaau. Bynaan Tawkapd X SADOHHHT
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HyKJOHnapu ¥ Ba V s(pe/ap opacHia TaxXCHMJAHTaH/IHCH

y4yH

ne6 xucobaam MyMkuH. Hatnxata orup szpo (macasad
) ukkH ¥pTayapoK sgipora axpajaraiia Q=< A.0,8
M3B sHeprus axpa/iuild J03WM, JAeraH XyJocara KkeJa-
mu3. Kusuru wynlaky, (10. 7) ubosa acocuaa xHCo6-
nawaap Macca cond 100 naw xarta 6yaraH Gapua si1po-
Jap YY4yH Q HMHT HIIOPaCH MycOaT 3KaH/JIHTHHH K pCcaTiH.
Jemak, Hasapuii xuxariad A > 100 Gyaran sipoaap ¥y3-
y3uiaH, AbHH CHOHTaH OYJMHUIIN MYMKHH. ¥ XoJsla HHMa
YuyH CHOHTaH GYJMHAW (paKaT OFUD f1poJapia Ky3aTH-
JAasu? XaKkuMKaTaH, CIOHTaH Da3HlIla OFMP sAPOHH HKKH
yprauapox fAi1pora axpaadllv 3J2MEHTJa) Aa3pHH KaiBa-
JIMHUHT OXHpHiard Gab3W fAI1poJapia CoOBeT (PHU3HKJApH
I'. H. ®aepor Ba K. A. IleTpxaxiap TOMOHH 1aH 14y3aTHIAH,
JlexkyH cCcnoHTaH OYJAUMHUWHUHT Taxpubala anuK/JaaHrad
SXTHMOJLITH 3KYyJa KU4YHMK, SbHH SIDHM EMHDHJUIU 1aBpH
HUX0AT Katra. Macajas, ypaH yuyd 0,8-10'° fuara TeHr.
Jemak, IOKOpHdaru CcaBoJHH KyHuiariua udojagaca xam
6y/nald: HUMa Y4yH HKKHra axpaaumra HucGarai Q > 0
6y/ran A:1poJapHUHr OYJHHHIUMHA avajara OWHpHLI YYYH
TauiKapHiaH GUpop TasCHp GepuHiy xepak? Dy casosra
#aBcO OepHIl YuyH SIDOHMHT TOMYH MojeauiaH dofila-
JaHuJa1v. Maskyp MojeJsla atoM S1POCH CYIOKJAHK TOM-
yucura yxmardgaaid. LIyHUHr y4yH SI1pOHMHT OGYJIHHHALI
wapa8HHHM GafH KHJHLI1aH OJ1MH CYIOKJIUK TOMYHUCH ycC-
THAArd MyJoxasajapra TyxTab YTafiiuk. Arap uiapcHMoH
CYIOKJAHK TOMYHCHHH acTarMHa TypTcak, y Je¢opMalus-
naHu6, ,Habac osadtraH.lek“ TedpaHaiu. ByHia ToMuu-
HUHT 1IaK/JAM [apCHMOHIaH 3J/JHMCOHICHMOHra, YHI1aH
siHa wapcumoHra yraid. Ly Ttan3ia Mabaym BaxT TeG6-
paHray, TOMYH $Ha 1WaDCHMOH LIaKJWHH OJa1H, YYHKH Oy
IIaK/J TOMYM Y4yH acocHiiiud. Arad ToMmMuura GepHu/ral
TYpPTKH eTap/xya karta 0¥./ca, TOMuYM TeOpaHHI Kapa-
éHu,J1a 3/MaCTHK AeOopMaluHsAHHHT KPUTHK HYKTacHlaH yTHO
keraid. Haruxaia TOMYHMHHHT 6omJaaHFHY cdepacHMOH
WakJjra KaiTHII MMKOHHATH #yKoJsaid. LyHunr yuyn
TOMYH O6Hp Heua GockuuJap/aH (10.4- pacm) yTHO, HXKHra
axpaJsaid. SLAPOHUHr OYJMHHIIM XaM TOMYMHHMKHIA YXIHail
6ynanu. Helitpon s4po uuura KHpHO HYKJIOHJapra apa-
AamnG Kertalu Ba sApOBHE KyuJsap Tydaiain sipo OuJan
60rFsanu6 xosaalH. DyHaa HEHTPOH sApoJarH HYKJOHJap
»KOJVIEKTHBUH® ra Y3HHHHI KHHeTHK Ba OOFJaHWul 3Hep-
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FUAJapHHHHT  HMFHHAKCHTA TEHr
MHKOpLary sueprug Gepaau. slapo-
ra GepusiraH 6y 3HEprHs CYIOKJHK
TOMYHCHHH JedoDMauusIam xKa-

paéHuja 6epH/rai 3sHeprusra yx-
maiiav. Heltpon oau6 kupran ¢

SHeprHus TabCHpHia s1po 6Y./HHa-
JAuran Jfapaxana Jdedopmanusia- )
Maca, 6Up Karop TebpaHHluIaplaH

cyHr sApo OOIWJaHFHY  XOJatra
Kafitaiu. TebpaHHuiu 3HEpTrHsICH 3Ca 6

- KRaHT Tap3uiia HypJaHTHDHJIALH.
Arap  HeHATPOHHHHT SHEPTrHsCH /—\/
gipora 10. 4-6 racunia TacBup-

JaHraHieK TaHTeJCHMOH UaKJHH
6epuwira etapsu 6y.ca, sHiH A1pO

cepacHMOH LIaK/JIHHH THKJa#l oJ-
MafiiH. XaKHKaTaH, TaHTeJCHMOH
piag/ara KeJiraH sApDOHHHI YeKka-
JapH,ia X CHJaIraH NPOTCHAADHUHT

¥3apo HTapHUIHII KYUJaDUHH SAPC- 4

BHH KyuJap MYBO3aHaTJalITHPOJ-

MaiiH, U)HKH SADOBHH KyuJap

dakat kHcka MacodaaapiaruHa

TOPTHIIYB XapakTepura sra. [aH-
TeJICUMOH SIIPOHUHT UKKH YeKKaJja-
pH opacHiard MacogaJsapia aca sii-
POBHH KyuJap TOPTHIIHII 3Mac,
aKCHHYa WTapHWIMII Xapaktepura sra. LllyHunr yuyn Oy
XoJ1ia AAPOBHH KyuJap AAPCHH 6Y/HHHINNrA KYMaKJallaiH,
HaTtuxana ranTe/iCHMCH IlakJhard sApO MKKH sapora —
6YJIMHHLI Tapuajapura axpaJjaid. SAAPOHUHr OYJHHUILU
YUyH eTapJid Aapaxana AeopManusiail oJaiurad sHeprus-
HHUHT KHAMaTH OYJMHHILHWNT KPHTHK sHeprusick W, (éxu
axkmusaaul Inepeusicu) ned atanaiu. By KaTTaJHKHUHT MO-
XxusTHHH 10. 5- pacMia TacBupJanran 6YAMHHII TapuajapH-
HHMHT §3aDO TabCHpP MNOTEHUHAJ SHEPrUACHHHHT OFJ/MHHLI
napuaJjapH opacHiaru Macodara GOFIHKJINIHHH H(DOLaN0OBUH
rpadpuxk €pramusa TaBcH® sTafiaMk. BYauHMm rapuasnapu
6up- OMpHIaH aHya y30K CHaawraH G6ysaca (pacmyaru C
HYKTa WIyHfad BasusiTra MOC KeJaiH), yJaap OpacHaart
9JeKTpOCTAaTHK HTapuumiHml (KyJIOH KOHyHMra acocaH) wy
Kalap KHuMK OYyJagMKH, YHUHT KMAMaTHHM HOJb Leb XH-
cobJawi MyMKHH. Byaunum napuanapu 6up-GHpura sKHH-
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Jaurad cap¥ yJapHHHT ¥3apo
WTapUIIULI TNOTEHLHAJ 3Heprus-
cd xaM opTH6 6opaau. 'paduk-
HUHr OyHAa#l y3rapumu O6yau-
HHUII DapuaJjapd Gup-6upura Te-
Al rajuraf apaxala sKHHJIalCyH-
ya (pacmaru B HyKTaraua) 1aBOM
sTagd. DyHzafi wmacodasnapia,
SH/H, HYKJOHJAD opacuja Tab-
CHp 3TYBYH SIAPOBHHA KyuJap
{¥3/1apUHUHT TOPTHIIHIN TabHaTH-
HU HaMO€H KHJa GomJiafiiu. Hua-
Ja KHcKa Mmacodanapiaa s.1pOBHH
i KyuJap KyJOH HTapHLIMII Kyd4-
e ol MapuiaH yCTYHJMK KuJaaid. Ha-
THXajJa NOTEeHLHal 3Heprus Ka-
10.5- pacm. Mag Gowsaiinu. 'papuxHUHT Oy
coxacH mapyaJjap f1pO TapKHOH-
Aa Oyarad XoJapra, sieHH SAPOHMHT GYJ/HHMaraH Ba3HAT-
Japura MoC KeJaiaH (rpapuKHUHT YCTKU KHCMHAA OY/JIHHHII
napya/JlapuHUHT Ba3usT/apu TacBMpJaHran). ['pabuxHuHr A
HyKTacH 3Ca OOWJIaHFUY SADOHHHT acOCHH XoJiaTHra Moc-
nup. B Ba A BasusgrTsapra MoC KeJyBuYH TOTeHUHaJ 3HEp-
THSVIaDUHUHT (papKH g1po OYIHHHUIN YUYH JI03UM OYJ/1al1H-
raH KPUTHK 3Heprusiup. lllyHia# Kuau6, KPHTHK 3HEPrHsi-
HUHT KHAMaTH sADOBHH KyuJap Ba NPOTOHJAD OPacCHlaru
KYJIOH Ky4YJIADUHUHT MYHOoca0atura OOFJHMK 3KaH. EHruA
fapoJapia f1poBHH KydJap YCTyHJIHK Kuaaiu. LLyHuHr
YUYH yJapHUHT GYJHHHUIIK XKyJa Kau coiup OyJaaiv. Ma-
canad, A= 100 6y.ran saposap yuyH W, HuHr Kuiivaru
50 MsB .aapra eraiu. A =~230 6yaran siposap Y4yH
KPHTHK 2HEPTHsHHHT KuHMaTH OHp weda MsB sapra Temr.
HIyHHHT yY4YH OFHD f11pOJIADHHUHT OYJHHHUIIHHM avMaJ/ra OlliH-
puil aHya OCOHPOKAHp. A =260 6yaran siposap yuyH
W, Hosra Tedr. [lemax, CyHBHH PaBHILAA XOCHJ KHJHH-
raH OFMp fApOJaD y30K fllad oJMaiiu/ap, yJaap CHOHTaH
6y IMHAAH.
Slapo OyauHMIN XOIMcaCHHUHr Hadapuscuru 1939 Auaia
H. Bop, K. Yuaaep Ba coser ¢usuru 1. U. Ppenkessb
apatad. Ly Hasapusra acocsiaHraH SAPOHHHT OYJIHHHII
MEXaHH3MHHH COJJafaliTHPHJraH Tap3la IoKopuaa Oa€H
KHJAOAMK- OH1M, AAPOHUHT OYJMHUIIHAA Ky3aTHJaluraH
HeATPOH/AD Ba 3JEKTPOHJap KaHnall cabaSsaap TYyaiau
BYXYy/Ara KeJaju? jAeraH caBoJra xaBoG KHAHDaH/HK.
ByHHHr y4yH sinposap Ty3HJMIIHJATH KyHHAard KOHYHH-

Nomenyuan smevzug
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Arra 9pTHOOD Gepafiviik. DJIeMeHTJap AaBpuil xalaBa/u1a-
ru TypJHu CTabua (4bHH GapKapop) snpoJap.iard HeATPOH-
Jap. COHH N HUHF NPOTOH/Ap COHH Z Ta HHCOAaTH eHruJ
A4poJap Y4yH TaxMuHaH 1 ra TeHr 6¥.ca, OFHp s1poJap
COXaCHra CH/DKHTraHHMH3 cadH Oy HUCOAaTHUHT KHUAMATH
Karrtasamu6 Gopanu. Macaaan, O'%, Ag'%, Ba'®? U8 gn-
poaapu yuyH N/Z HuHr xuAMatiapu MocC pasHuwiia 1,0;
1,3; 1,45; 1,6 napra rteHr. [emax, oFup siapo (MacaJjaHd,
ypaH) O6YIMHUIIK Tydaldad XOoCHA Oy/araH O IHHHII map-
ya/Japuia XaM HeHTDOH/aD MPOTOHJapJaH aHuYaruHa Kyn
6ynain (uyeku N/Z = 1,6 3au). ByHaaH Tawkapu 6y-
JIMHHIL TapyajaDH AHCHUCHHA BYXYAra KeJraH BaKT.la HH-
XO0AT dapaxaia AedopmaiusiaHrad 6.1aau. ByHiai aedop-
Malusaaapra sra 6y/rad s:1poJapHH JTa YHFOHraH s1poJap
neb araiand. YTa yAFOHraH s1{DOHHHT MOTEHIHAA 3HEPTrHICH
Kyna karra. UIyHHHr y4yH ¥ra y#rFoHraH sanpo (6yAHHHII
napuyacH) ,CHJAKHHUG" ¥3u.1aH GUD- HKKHTA HefAITPOH YuKapuo6
1o6opank. HefitpoH uukanum 6yauHHII akTH GoulJaHraH-
ndaH cyHr 10—' ¢ sap wavaci BayT HuM1a CO.1MD OyJjanH.
iy cafabau Ma3Kyp HEATPOHJAD OHUL HeAmpoHaap
ne6 aranazd. OHuEi HEHTOHOHJap 4YHMKaApW/IraHlaH KeHWH
XaM OYJHHYII NMapuaiaDHHHHC TapkubGuia OpTHKHa Hedl-
TpPoHJap Masxyn 6Vaaiu. UlyHuHr yuyH G6yJHHHII Mapuya-
Japu B -eMHpHJIHLIra MOHWJ G§/1ald, ABHH 3JEeKTPOH Ba
aHTHHeATDHHO YHKapHO HeATHOH MpPOTOHra afinaHaiu. Haru-
»KaJa napua- sAPOHHHT 3ads1HM | ra opraid, HeATPOHJap-
HUHT COHM 3ca 1 ra kavasiu. JlekuH Oy s1pola Xaum
HeATPOHJIAD OPTHKYAa O6YHIIM MYMKHH. ¥ Xosaxa Oy sAd-
pona siHa B~ evupuaum coaup Oyaanu. Pakar OXHPTH
saaponaru N/Z uucbat 6apKadopauk (CTadUJJIMK) LIapTHra
JKa300 6epaiuraH WapTHH KaHdaTJaHTHpraHiaruHa f— -
eMHDHJHULIAD 3aHXHpH TYXTaiid. Macasnad, ypaHHHHT
Oy inHdIIM Tydadid Xocu.1 6¥arad OYJMHUMN TNapyasapH-
JaH oupu — Xe' HUHr B-eMHPHIA 3aHKUPK Ky#Hiard-
ya:

— — — B—

54}(elio —>55 Cslio —*sGBaHO —>57La‘l40 —>58Ceuo.

Oopuna Xe''® gqapocuHn ypaH SIPOCHHHHT OYJIHHHLIH
TyQaiti® ByXyara Kejalurad napuasiapgad Oupu  neb
araiuK. DyHI1ald AeHdWUMA3HHET cabdadu IyH1aKH, ypaH-
HUHr 60 ra AKvH OVJAUHMIIK Ky3aTHJaiH. YJap HuHIa
Gy/IMHM LI MapyasapHHHHT Macca COHJapH HHcOatH A,/A,
#uHr 2/3 ra AKUH OyJraHaapu 3ca KaTTa 3XTHMOJJIHK GH-
Jlai amaJra ouagH.
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4-§. 3anxup peaxussd. Peaktopiaap

U gnpocu GYaMEMIIM TydaiiH axpasnanuraH sHep-
THSAHHHT TaxMHHaH 82 + 84 % u O6yJMHHII NapyaJlapHHHHT
SHepruscH Tap3nia, KOJraH KHCMH 3Ca HeHTpoHaap (23
%), y-HypJarum (56 %), aaexkTpoHaap (3-+4 %) Ba
HeiTpuHosap (5 + 6 %) HHHT sHeprusicH cudaruia HaMCEH
6Yaanu. Xap 6up sapo Oy uHranaa TaxmuHan 200 MaB
sHeprusi axrpajiaiu. COJHINTHPHII MaKcanuia OAAMH XH-
MUABHI peaxuussiapna (mMacaJsal, €HHII NpolecCHaa) aXpa-
JaiMraH sHeprusiHHHr xap OMp aToMra TYFDH KeJiaauraH
yaymu aturd 6up Heua 5B skaHauruHM scaafink. [le-
MaK, f1p0 GYJMHHMILIHIA XHMHSBHH peakUHslarHiaH MHUJ-
JUCHJ20 MapTa Kyn sHeprus axpajaan. LUyHuUEr yuyH
OFMD SIAPOJIAPHUHT GYJHHHUII XOAHCACH Kami() KUJIHHHIIH
6usiaHoK, 6y peakuusia ampaJaiulraH sHeprusnaH ¢oina-
JaHuI HyJaJapH H3JsaHa OoluJaHAH. BYyJaHHUII 3HEpruscu-
JaH (cHnasaHNIl MMKOHMATH aMajra OMHIIH YYyH IIyH-
Zlafl 1apoMT fApaTHII JO3WMKH, Oy IDapOHTIa peaKlHs
6up 6cuiJaHraHAaH CYHT ¥3- Y¥3uaH NaROM 3Ta OJICHH, S’BHH
peakius 3aHXXHp XapakTepra sra OyJcHH. Dynpali peak-
LHMAHM aMajra OLIWpHIUra OFHp SADOHHHT OYJHHHIIHIA
ByXyara keaaauran 2—3 jncHa HeHTpcH €piaaM OepanH.
Macanan, 6upuHuM sapo GYyJMHraHaa axpaaub YHKKaH
2—3 HeHTPCHHMHT Xap Oupu ¥3 HaBOGaTHIa sHTH siApOJap-
HUHr 6yJuHMIIMra caGabun Gynaanu. Hatnxkana 6—9 aHru
HeHTPOHJIap BYXYyAra KesanH. By nefitponsap sitHa Goiuka
SAIpPOJIapHH OYJMHHMIIHIA HMMKOHHAT fpaTagH Ba XOKaso.
Ly rapuxa 6y/vHaétran sapoJap Ba 6)yHHHT HaTHXacuia
BYXYAla KeJajiuraH HeHTPCHJAap CCHH HHXOST Te3 OPTHO
6opanu. Baén stuaran Tapsna pHBOXJIaHagMraH MpoLecC
— 3aHXHD peakUHsAHD. XHCOOJALHUHI KYpCaTHIliHua,
6MpHHYH g4pO GYyJMHraHuWaaH keiuH 7,5-10—7 ¢ BakT yT-
raa 10* -+ 10®® gaipo (wyHya sApo TaxMHMHaH 1 Kr ypad
TapkuGuaa Gy.anu) peakuusia KaTHawraH 6yJaaind. Peak-
LHAHKH OyHjaH YTa WHAKATAH TyCia YTHILIH — MNOPTJALL
AeMakaup. JlekuH 6y MyJoxasagapra €apua HeHTPOHJap
SINCU SIADOJIADHMHT GyJuHMIIMra catab Gynanu, neran ¢a-
pa3naH ¢o#i;anaHHJALH. Acauja HEHTpCHJap O6cCluKa SApo-
Jlap TOMCHHJaH ICTHJHIUM, JEKHH 6y a4po OyJHHMAaCJHIH
MYMKHH. Exyn HeHTpoHsap O6yJHHYBuM saposap OHJaH
TYKHaIIMaclaH peaKUus COAHp OyJaguraH xaxM (abHU
akmue 30Ha) 1aH 4YMKMO6 KeTHIIM MYMKHH. Hatnxana
3aHXKHD [eaklUHs DHBCxkJaHMainu. Jlemak, 3aHxHp [eak-
UHA DHECXJIAHHIIH YYYH SAPOHMHr OYJMHMIIK Ty(aiin
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Xocua G6yaraH HEATPCHJapPHHMHr ypTa Xucobna OuTTazan
OPTHFM SIHTH OYJHHHIUHM BYXYAra KEJTHPHLIM ILapT.
YMyMaH, 3aHXHD peaKUHSHHHT DHBOXJAHHII Te3JIMIH
kynatuw kosgguyuenmu K, HUHr KuAMaTH OGujad Xxa-
pakTepJaHagd. Kymafiniu kosaddvuneHTH — 6HpOp aBJoL
6YauHMILJApHa BYXYAra KeJaraH HeHTpCHJap COHHHHU
YHIEH OJIZHHTH aBJoa OYJuHHHIIIApAa XOCHJ 6YJaraH Hefi-
TPOHJIap coHura HucGatuaup. Arap K, > 1 6y.aca 3aHxup
peaklHsi pUBOXKJIAHaAH. A, < 1 na peakuus cyHanu. K, =1
6ysranna peakuus 6up Mebépaa naBoM stapH. LLyHuHT
yuyH Kynafum Kos3QQUUHEHTHHHHT KHAMATHra TanCHP
STyBUYH (paKTOpJapJaDHH Y3rapTHpHUIL HYJaH GHJaH 3aHKHDP
peakuus Te3NHIHHH OCIIKapHIl MYMKHH. 3aHXHD peak-
Iusaaapiaa ypaH €KH NJYTOHWAHUHT H30TOomJapuaaH ¢oina-
JaHusanu. Macasnan, Ttafumnii ypaH Tapkubuma 99,282 %
U238 usorom, 0,712 % U**® uscton Ba 0,006 °/, U?* uso-
Tcn 6op. Te3 HeHTpPOHJap TatcHpuaa Oy H3OTONJAPHHMHT
6apuacH 6y/MHanM, CeKWH HelTpoH.iap sca (akar U?*
H3OTONHHHI OYJHHHIIKTa cabab 6yJa osnanu. DHeprusich 1
M3B nan xuuuk HerTpcHaap U?*® sppocy TOMOHMIAH Ty-
tuaaau Ba U xocua 6yaanu. Jleknn U?® usorton $—-
eMUpHJHI HaTHxacuna Np** ra, y sca Pu?®® ra afinananu,
SIBHH

= =
5sUB8 4 11— 5, U9 —> 0sNp230 > o PU2. (10. 9)

Pu?® xam, xyanann U?® xabu cexHH HEHTpCHJAp TaBCHPUIA
6yauHanu. Bynnan tawkapu U?® Ba Pu®™® saposapHHMHT
6y MMHHIIMAA XOCHJ 6yJaiuraH HeHTPOHJAD COHHHHHT
ypraua kuiivataapu (v) mcc pasumpaa 2,46 Ba 2,90 ra
teHr. Jlemak, U?3® éku Pu ?* gaposapuaan ¢oiiianaHub
3aHXKHD [eakllMSIHH amaJ/ra OLIHDHII YYYH HMKCHHAT/AAp
MaBxyA. dakaT HeHTPCHJIApPHM peakLMsaa KaTHaIuMai
aKTHB 30HalaH YHKHO KeTHIIHWHH KaMaHTHPHII JIO3MM. ¥ 3-
Y3HJaH paBlAHKH, aKTHB 30HAHUHT XaXMH (OYIHHYBUYH MOJ-
JaHUHI MaccacH Iy XaXMra NpPONOPIHOHAN) KaHYaaHK
KHYHMK OYJsca, yHIaH YHKHG KeTaauraH HEHTPOHJAp COHH
IWYyH4aJHK K¥n 6yaanu. LIlyHUHr yuyH akTHB 30Ha Xax-
MHHHM KaTTaJaliTHPHO OOpHuJca, YHHHT OHpPOp KHuiMaTHIA.
3aHXXHMP [eaKIMSHY aMajra OLIMUIKM YYYH eTap/d LajoHT
sipatuirad 6yJaanu. Byupa# xaxmparu 6YJIHHyBUHM MOALa-
HUHT MaCCcacHHU Kpumuk macca (m.,) 1e6 arajsanu. Ma-
canad, codp U?®* paH Ttawkus TonraH GYJMHYBYUH MoAAa

YUYyH Mmp=~~9 Kr.
lynna#t kuau6, 6YAHHYBUM MOAJA MaCCaCHHHMHI KHH-
MaTH m < m,, GyaraH Xo/aa HeATPOHJAPHHHI KYnaiuil
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kospduunenty K, <1 6yaanu,
IWIYHUHT YUYYH 3aHXHD peaxkuus
amMaJara ouwMaiau. AKCHHua,
m>m,, WapT OaxapuJjraiia
K> 1 6yaanu (rexun K <v),
HaTHXala 3aHXHp peaxkUHs DH-
BOXJaHalAH. 3aHXKHUD peaklus
6ouKapu/AMaiiurad Tap3ia aMals-
X ra OmHIIH aTOM 60MGAHHHT NOPT-
N ~odda Jawl kapaéHuiaa coaup OyJaanu.
dgnannapd AToM  OOMOaHUHT TY3HJHIIH
10.6- pacu. cxematdk Tap3aa 10. 6- pacmaa
TaCBUpJaHTaH. YHIa OY/IHHYBUH
MOIa HKKH €KH KYNnpoK 6y./ax-
Jap tap3una Tai€paaHanu. By Gysax/aapHYHT yMyMHH Mac-
€aCH KDHTHK MaccalaH KarTa, JieKHH Xap OY/IaKHUHr Mac-
€aCH KpDUTHK MaccajaH kHuuk. [HlyHuHr yuyH xap 6y.jax-
HUHT ¥3uia OYJ/IMHHII 3aHXKHD PEAKUUACH PHBOXKJJIaHMaHIH.
BoMGara xofiamiTHpu/ran 0a1Mi MOPTJIOBYH  KypHJMA
TIOpT/IaraHuia Maskyp 6y.Jaxjap KYIUHJAHO, 3aHKHD peak-
UHMAHH aMaJra OIUHIUHra WapouUT sipatuaaiu. By amaum peax-
IugcHHM OomJiad GepHul yu4yH Kepak Oy/aaurad GHDHUHUH
HeATPOHsIap 3ca OY/NMHYBYM MOA1a HUMIA AOMMO ,alawHo®
loprai 6yJaau. Macasaad, Maccacd 1xr 6yJrad ypas.ia CroH-
TaH OyauHuuW Tydaiiau cekyHaura TaxMmuHaH 20 H2ATPOH
ByXy./ra ke/janu. ByHnaH tauikadd KOCMHK HypJap Tab-
CHpHIa XaM [JOHMO TYpJiH 3appasap KaTOpH HeATpOHJap
XaMm Byxyara keau6 typaad. Artom Oomba noprJaraiia
Xylda KUCKa BaKT H4YHAa HMXOAT Aapaxkala Karra 3Heprus
AXpaanb YMKKaHJAWTH Y4YH NMOPTJall 30HaCH1a HCCHKJIHK
O6uMp HEeda MHJMHOH rpalycra eraid. ByHaalh HCCHKJIHK
TabCHPHIA MOPTJAll 30HacCHAard MoaAaslap OyFraad/iaHamH.
Ta KM3HTraH I1apCHUMOH ra3 Te3 KeHralWiud HaTHXacHaa
XKyna ky4/ad 3ap6 TYJIKHHH ByXy.ira keaub, y¥y3 #Hyauiaa-
TH O0BeKTVIapHH eMHpalu Ba Kyhiupud Tamiaiid. Kesu
KeJraHna WyHH Kaila KUJAMOK JIO3HMKH, Ma3Kyp KYPOJIHH
snpoBuit 6omOa neb arawr TYFpHpPOK G6¥./1ap.iH, UYHKH
YHUHT NOpT/IaWlxia sApPOBHil sHeprus axpanaiu-zal
Bouwkapunaauran GyMHUW 3aHXHD peaKIHANAPHHU
-aMa/ra OUIMPHII YuyH KYJ/JaHHJAaiuraH Kypu/MaHu 20po-
-8ull peakmop ne6 aranand. ByHnali Kypuamasnapaa Heid-
TPOHNAD kynmafium koshpduuuentn K, nuur 1 nad
O3rvHa KarTa KHHMarT/Jiapula 3aHXHD peaxlusHH OOlIJIaLI
-HMKOHHUATH MaBXKyn OYAMIIM KepakK. ¥ Xosga aKTHB 30-
#HajJary HEeATPOHJIap KOHLEHTPALHUICH Ba peaKTOPHHHI KyB-
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BaTH opTa GowJaian. Kepakan KysBaTra spHmuJrana K,
HUHC KHAMATHHY afiHaH | ra TeHr XWJH6 TYpDHII HMKO-
#uATH 6yauiuM Kepak. By XoJaa 3amxup peakuus ysrap-
MacC Te3JMK OMJaH 1aBOM 3TaaH, HaTHXKala PeaKTop cma-
yuonap pexcumda wmaaf Gowaadan. BYJHHUIU 3aHxup
peaKUHsCHHUHT aHyaruHa BapHaHTJIapH MaBXya. Du3 xo-
3MprH 3aMOH 3HepreTHkKacuia KeHr ¢ofnantaHuIaéTraH MC-
CHKJIMK HEATPOHJIap TabCHPHIA HIUJAHAHIaH peaKkTopJap
6uJaH TaHHIIaMu3. PeakTODHMHI acOCHH 3J1eMeHTH — 6VJu-
HYBYH MOAJanup. 3aMOHaBHA peakTopJapaa OYJIHHYBYH
Moana cudaruga U3 usorton 6usaH GORUTHATaH TaOHHIX
ypaniaH (Qofinansanunanu. Mccukank Hefirponnap U5 Hu
sbdexTuB paBumaa 6yauHuminra cabadyn 6yaaaum. Lly-
HUHI Y4yH OYJHHHIU DeakuHsCHIa BYXKYyAra KeJraH Tes3
HefITpOHJIaDHH CEeKHHJATHII RY/aAH OHJaH HCCHKJIHMK HeMT-
poHsapra afaHtHpuJaau. Oparia, CEKHHJAaTKHuYJap cHda-
Tuaa rpadurt €xu orup cys (D,0) naH, Gam3aH 3ca O4auH
cyB (H,O) nan xav ¢ofiiananunazu. 10. 7- pacmaa peax-
TOP aKTHB 30HAaCHHHHI C€O0J1]a/jaliTHPW/ITAH CXeMacH Tac-
BHDJIaHTaH. PeakTODHHHT aKTHB 30HAacH CeKHHJaTKH4 OWMan
Tyanupuarad. CexHHIaTKUY HYUra CTepxeHb €KH TJIaCTHHKA
maxJauaa 6y MMHyBYM Moaja 6YJaxkJaapH KOAMAWTHPHAALH.
3aHkUp peaklMs Te3JUTHMHH OOIIKapyBUH CTepKeHJaap
€praMuaa y3rapTupHil MyMKHH. By cTep:xeHJap HeATDPOH-
JIapHH MHTEHCUB PaBHIL/JA I0Ta1MraH MatepHa/siap (MacasaH,
60p éku KaIMHWH) naH TafidpnaaHagu. DBomxkapyBuu crep-
XKEHJAaDHUHT KYNpox &KW KaMpoX KHCMHHH aKTHB 30OHa
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10.8- pacum.

vuyMra KUpHTHII #yJau CusadH K, HHHT KMAMatHHU Y3rap-
THpHWra >spHmuJasd. CrauMCHap fFexuM[a HIJaéTrau
PEaKTOPHHHT AaKTHB 3CHaCHIard HEHT[CHJap CCHH HOpMa-
JaH O3THHa ueTra YHKkumu (abHU K, HUHr KuiimaTd 1 nam
O3rHHa (apKJ/JaHHmH) GHJIaHCK MaXCyC aBTOMaTHK KypHJIMa
6omKapyBuH CTepIXeHAaf HM KerakJ/JH TOMOHTa CHJXKHTAH.
10.8-racmna ¥Y36ekucton ¢ansap AkalieMHCHHHHT DO
(¢u3uKacH HHCTHTYTHIA HJMUM- TAAKMKOT Makca/JiapHia
¢dofinanaHna€Tral SALOBUHA [€aKTO[HHHT TacBHDH KE€JATH-
pHJraH.

SlapoBuii sHeprusgran gofinanaHdmra acoc/JaHral KypHJ-
MaJIapHMHI aCOCH{i KHCMH SAPOBHME peakTOpuMp. MHCOJ
TapHKacHia aToMm asekTp cTaH us (A3C) HuUHr HIJjAI
NPUHUKMNH OHJIaH TaHUIUABIHK. 3aHXKHD OYJHHHII peakUHus-
CHJa axpaJaéTraH sHeprus akTHB 30HaHH afyjaHHO Iopa-
auran  (10.9-pacmra K.) HCCHKJMK 3JTyBuHMra YTaiH.
HMccugank aaTyBuM 6y 3HEPrusiHM HMCCHKJWK aJMalrdy-
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HCCLr ke /My o4
10.9- pacm.

nard Cysra Oepaiu, HaTHXaila cys OyFra aliladaau. DyF
sca Y3 HaBdaTHW1a reHepaTOPHHHT TapKUOUHA KHCMH GyJrad
TypOGHHAaHW XadakaTra KeATupaid. TypOuHazaH ytraH GyF
KOHIeHCcop.la CyBra af/aHHO, gHA HCCHK/AUK aJMallrdyra
6opaiy. Ly Tajp3ia A1DpOBHE 3HeDruUs 37AeKTD 3Heprusara
afaHTHPHIaIH.

5-§. TepmosiaApoBuA peakuusnap

dapo OoF/iaHHW 3SHEpPrUACHHHHT GHP HYKJOHra MOC
KeayBud KHAMarTH & HUHC Macca coH A ra GOFJMKJIHIH-
HH xapaxTepJoBuu rpahux (9.2-pacMra K.) Ka Hasap Tail-
Jaacax, (aatr OFMp AIDOJNAIHUHC OYAUHHIIM TydaliauriHa
aMac, Gaaxu Hcyo0r exzua Adpoarpsn Oupuxmupuu (sa-
poJap CHHTe3H) Ycy.au GUAIH Xam S0pIsull 3IHepausioar
Polidaranuus mysriun, nerad gukpra keaamus. Macanad,
nefitepuil Ba TDUTHAHUHC CHHTE3u1Aa @-3aDpa Ba HEHTPOH
xocun 6yaany, bHH

1H’ + 1H3 +2H64 + n. (10.10)

Maskyp peaxuusHunr sHepruscuHu (10.3) mMyHocabarra
acocsaHdHb XHCo6aalIHK:

Q=[(mao4ma) —(mues +m,)]|c?=17,6 M3 B. (10.11)

Jemak, peaxuus 3xk30TepMHK Ba yHAa KaTHamaérrad Xxap
6up HykJOHra TyFpPH KeJyBuH 3sHeprus ~3,5 MsB ra
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renr. Takkocaaw Makcaguaa U2° HuHr 6yauEuminnia
axpananuraH SHePTHAHUHT OUTTAa HYKJOHTa MOC KeJyBuH
yaywu ~ 0,85 MsB aurusn scaadiuk.

slaposiap CUHTE3H amajra OIUHWH YyYyH yaap Oup-
6upy GuJaH AAPOBHH KYYJNaDHUHT TabCHDH Ce3HJaaHraH
Macoda (r ~10~1!° M) raua AKHHJIAWHUIUK Kepak. JIeKHH sA-
posapuuHr Oy Jnapaxana SKUHJAWHLIHIA KYJOH HTapH-
LIMII KyuJapu Tydafiau yJaap opacuia BYXYAra KeJaiuras
MOTEeHuUax TYCHK KapIUJHK Ky pcataau. By Tycuxun enrum
yuyH H? Ba H3® HuMHr CHHTe3 peakuuscuia sapoJap

e (1,6:10-1) . N
Trer = 43,14.8,8 10-=g 105 2k~ 0,7 MaB (10.12)

sHeprusra sra Oy/auIuH Kepak. Jlemak, TyxHawadTrad sii-
pOJIapHUHT Xap OHDHHM KHHETHK sHeprusci ~0,35 MsB
6ysca, sapoBHA CHHTE3 peaKUHACH avanra owanu. ¥ XoJ-
a SIAposap CHHTE3H HCCHKAMK XapaKaTHHHT SHEeprusich
(seHu 32 7/2) Tydaltin coaup OYaMiuM yuyH sapoJap-
HH KaHjali TeMmIepaTyparaia KH3JUDHII JO3HUM?P — Je-
ral caBoJra »kaBo0 TONaHJHWK. XHCOGJapaaH KypHHHILHYA,
6y Temneparypa 2-10° K 6yaumu xepak Maskyp temne-
paTypaHy avaJsia XocHJ xHJaHO 6yiaMaiid. Jlekun GyHua-
JUK I0OKODH TeMnepaTypara xoxar XaM GyJamaca kKepak.
By ¢ukp gyifinnaru nkxu cadabra acoc/aHaiH.

1) uxtuépuit T TemnepaTypasaru ra3 MoOJEKYJajlapH
Te3JHKJapHHHHT KHAMatH MakcBeasn Takcumorura OVi-
cynaau. lly ca6aban MaxcBeas1 TaKCHMOTHHH XapakTep-
JIOBYH TPAPUKHUHT ,AYMH" ra MOC KeJyBUYH Te3JHKJAap
6u/iaH XapakaT/JaHaiHraH AApOJap HCCHKJHMK XapakaTt sHep-
THACHHMHT KuiivatiapH 34£7/2 jpaH aHua Karta GyJaanM;

2) tynHeasn addext Tydahau aaposap GUPUKHIUM YUYH
J0O3UM OyJanurad KHHETHK SHEPTUAHUHI KUAMaTH KYJOH
TYCHFH GajaHAJUTHAAH KHUHK XaM 6yauwu MyMkud. Hly-
HUHr yuyH H? Ba H® saposapununr ~ 10K teMmnepary-
paza XaM erapJHua HHTEHCHB OWDHKHIUM Ky3aTHJAalH.
Hopoaap cummesu ioxopu memnepamypasrapoa cooup
Oyazanauzy Y4yH YHU mepmosOposuli peaxyus O0e0
xam amasadu, By Kanap wxopu TeMneparypa i0Jny3-
Japia, xymJaajad, Kyémina Maexyn. Kyémw HypJ/aHHIIH-
HUHT CHEeKTPHHM YpraHuil acocHia IoJAy3Jap TapKHOH,
acocaH, BOJOPOJ Ba reJMAZaH Xamzaa 03rHHa MHKAOpAard
( ~ 1 9% 4a) yrznepon, a30T Ba KuMCJA0pOAAaH ubopar. 1eran
XyJocara KeaMHraH. Ky€m sHepruscH yHUHT TapKHOHAard
ALDOJIADHHHT CHHTE3H, ABHH TEPMOAAPOBHEA peakuHsaiap
Tydafiin axpananu. By peakuusaapHuHr BapHaHT/AapuiaH
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6upH TNPOTCH — NPOTOH (pp) UHKJHAHD. Maskyp nuksa-
jary GHpHHYH peakLHusiia HKKH NPOTOH OHPHKUG, NeHTOH-
HH XOCHJ KHJaAH:

H'+4+H'— H? + et 4. (10.13%)
WkknuHun 60CKHuna
H? 4+ H!'— 7+ He? (10.13%
peakuus amajra oiwaad. Ulynnan cydr
He® 4 He® ., He® 4 2H! (10.13%)

peakumsna reauii SA4pOCH Ba MKKH NPOTOH XOCHJ 6yJaanH.
Byunan Ttawkapu Bete ToMoHMZaH Tak.auM( STHATAH yrije-
POA LHKJHM XaM aMajra OWUIIH MYMKHH. MasKkyp LUK.J
Kyfinnaru TypT 60oCKHYla YTanu:

C'2 4 Hl—> g4 NPT C12 et 1y, (10.14%)
C® 4+ H! —> 1 4+ NY, (10.14%)
Nt f Hls y 4+ 0% Y N5 Lot oy, (10.14%).
N5+ H! — C12 4 Het, (10.147)

By uukaza xam reaufi aapocu xocua 6yaanu. ByHnan
TaulKapHy UMKJHUHT 6uprHuYH Gockuumnnaru C'% sapocH Xam
BYXYyIra KeJaiH. ¥ 9Ha §H[H LHKJHH GoiuJjadnH. Bolka-
ya Kuau6 aptranaa, C'? aapocH yraepon HUHMKJAMLA ,84pO-
BUH Kkatanusatop® BasudacuHu VTaiinu. [lynn xaM Kahn
KHJIMOK JIO3HMKH, YIJIepOA LMKJH pp — LuKAra HucOGaTaH
IOKOPHPOK TeMIepaTtypaiapia yTanH. 3aMOHaBHH TacaBBYp=-
Japra acocaH, Ky€m sHeprusCHHMHr MaHGau acoCaH
PP-UUKLIHD.

OusiuMJsap CYHBMH paBHIZA TEPMOSNPOBHH peaKlUMSHH
amajra OLUMPHII YCYJHHH TONAHJap. ByHMHr yuyH TepMmo-
SADOBHH peaKLMAla KaTHallMIUM JO3uM OyJarad  Monna
(Macanan H? Ba H® apanammacu) numna '
atoM 6omGa (10.10- pacm) nopraarua-
ca 6ac. AtoM O6oM6a mnopT/aarania
FOAT KHCKa BaKT HMuHAa TeMmneparty-
pa ~ 107 K ra eru6, nefirepuii Ba
TpuTHRA Oupukanu, OyHIa 3Heprus
axpasubd UYMKHIUKM $HaZa KYuJHPOK
NopTJaul Tap3uaa HaMo€H OyJsand.
ITopraamuna BOZOPOA  H30TOMJApH
KaTHawrauaurugan  6aé€n 3THJITaH
NpHHIMNAA  HluJdafiaurad  KypoJra
8000p00 6omba ne6 HOM OepHaraH.
Arap Bosmopon 60OMGaHHHT neBOpJa- 10.10- pacm,
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pura U8 u3oTon (avHU TaGMHA ypaH, YyHKH YHHHT 99% H
U»® 31M) KOMJaHCa, TEPMOSADOBHA peaklusaa axpaaud
yuKagurad Tes Hehrporaap U®® anponapuHHHr GYJIHHU-
wura cababuu Oyaanu. DyHuHr Hatxkacuma GOoMGaHUHT
mopTJ/iall KyBBaTH siHaJ1a OpPTaiH.

Heiampor 6omba ned aTalyBuH KypoJjaa 3Ca sIADOBHH
CHHTE3 peaxKlLHsiCH aMa/jra OWHIIH YuyH Tajal KHJAHHagH-
rad 1JAaDOHMT AEeTOHAaTOPJHK BasvpalHHU 6axaDyBud aTOM
6oMGaHu TOpTJaTHIN HYJaH OuJaH 3Mac, Gaaxu 6ouiKa
yeyaaap €paamuia  ByxyAra Keatdpusanu. Hedrpon
60MOBaHH XxapaxTepJ/IOBUM KDUTepHH cHdbaruia TepMmosipo-
puitink ko3dbpuunenru Kr nau ¢ofnananusasu. K — an-
poBHil CHHTE3 peaxudsCHAA aXpaJaiurad 3HeprUsHUHT
NOpT/Iall BaXTHIA axpaflaluraH yMyMu#l sHeprusara Huc6a-
tuaup. He#itpon 6Gomdana Kr=<=0,90-+0,95. Saposuit
CHHTE3 peaxKlHACHaa axpaaubd uHKaaWuraH SHEepPrUSHHHT
acocuit KucMu ( ~ 80 %) HPHATDOHAADHHHT 3HEPTUACH
cudaruia HaMO€H OyJjaid (Ma3Kyp KYDOJHU HeATpOH
GoMmba ne6 aralHUWIKHHMHT Cabadd XaM wynna). Ulyxusr
YUYH Kedmpor Oomba nopmaazarda 8yxcyoza Keaaou-
2ar 3ap0 MYAKUK QHYAZUHG KY4CU3, ACKUK HYDPAAHULLL
odosacu Hux0am kyiau O0Ya20u. HelTpoHaap MyXuT
aTOMJIADHHHUHT 3JEKTPOH KOOHK/Iapu GuJaH GesocHTa Tab-
cupaawmaitad (2-§ ra K.). JISKMH MYXHUT aTOMJIaDHHHHT
anposapi OHJIaH TtabcHDJAAWyBH Tydafiau 3apsi1J4 3appa-
Jap, T-KBaHTJAD Ba palHOaKTHB f1DOoJa) XOCHJI GYJaan.
Byaap 3sca, ¥3 Hasbaruna, 6oluKa aTOMJIADHH HOHJAUITH-
paiu. llyHuHr yuyH omxaM oOpraHu3Mura H2HTPOHJIADHHHT
TabCHPH THDHK TYKUMaJaDH4AHC aTOM Ba M )JeKyJ/ialadHHH
HOHJAWITHDHIIAAH HoopaT Oyaaiu. MOHAapHHHT aKTHBJHIH
V3raua Oy rall/Iird y4yH COF upraHd43Mia caliduil TabCHD
KypcaTyBud XUMHUABHH OHDHKMaJa) BYyXKyAra KeJanH.
Slaposuit Hyp.,aH4, XycCycad, H2HTPOHAaD TabCHPHIA
6ab3d Mypaxkal MOa2Kyaagda), O:upHHIM Hasbarga HWJHK,
CyHrpa KOH XOCHJI OVJdII Kapa3Hd, alHHKCA, Ma)Ka3ui
HEpPB CHCTEMAaCHMHHUHI TYKWHMajadH 3adadJjaHaid. OBKaT
Xa3sM KHJHII HYAM Ba KUHCHHA ab3dJapHUHr Xy:KadpadapH
XaM muxacTIaHaiu. HypaasuuiaadHUHC THPUK ODraHH3Mra
TabCUDPU TYFPHUCHAA KyHRMJard TaxpHda era)nuya TacaBByp
Gepaau: mMaliMyH1aD Y30K BaxT /1asOoMMl1a KyHHra OJTH
coaTnaH 4avOdapak afifaHTHpUMIra, yH MUHyT alJaHTHPraH-
NaH KeAuH Oeul MHHyT JaM oJHlra ypraruarad. ByH-
Aall MexHaTlaH yJa) MyT/aao yapuaMaraH. CyHrpa Mail-
MyH/Ia)pra HedTp OH-raMMa HypJaHdIl GU/IaH TabCHD THJraH.
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HypaaHuIIHUHT 3KBUBaAJEHT n03acu 46 3uBepT (l 3B=1_l)‘.*l(_)

6yaran. Hypaauranpan Oe€w CeKyHA ¥Trau, MafMyHaap
fHa uyamO0apak afJIaHTHpHILUTa yHAaAraH. JIeKHH yJapHUHT
80 % 1 8 MUHYT MuHaa MLl KOOMJAUATHHH GyTyHJal AYKOT-
ran. Hypaanranpau cyur 7 + 132 coar uunna Gapua Maii-
MyHJap XaJloK O¥JraH.

lllynu anoxuna Kaha KHJIMOK JIO3MMKH, KYBBaTH VH
KWUJAOTOHHA Gyaran HeATpoH Oomba (OyHnali GoMGanmaru
nefiTeprH-TPUTHE apajawMacHHHHT Maccacu 130 rpamwmra
TEHr) NOpTJAaTHJAraHa MNOpPTJalll MapKa3uaaH GHD KHJO-
MeTpua Macotamard OYHMK epja >OfsawraH ojaMJanra
Xyanu 1oKopura €aéH 3TH/AraH Taxpubanaruiexk HypJaHuil
SKBHBaJIEHT J03aCH TabCHD 3TaJH.

IeMak, AnpoBuii CHHTE3 peaKLMsCH, X03Hpua, GoluKa-
pHAMaiaural Tap3za amaJnra OLUMDHJHNIM MyMKHH. Bour-
KapHJafMrai TepMOs/[pOBHH DeaKUHsHH aMaJ/ra OlHpHIL
YuyH, acocaH, MKKH KHHMHYUMJIMKHH €HTHIU Kepak. DupuH-
4YHjaH, ,TepMOSiADOBUH EKHUJAFH“ HHMHI TeMIlefaTy[acHHH
~ 108K raya gusaupui, svHu Kyém reMnepatrypacuian
TaxMuHaH 10 Mapra 10OKOpPM TeMmneparypanapHH OJMIL
YCYJHHH TONMILI J03WM. ByHualuK I0KOpHM TeMNleparypaJap
3apypJAMTUHUHT Cababu HuMana? Macasa 1WYHAAKH, CyHb-
Ml paBHILRA TepMOSAPOBMA peakuuss coadp O6yJsaiurad
KYDHJAMAHHHT XaXMH derapaJjaHraH, HaTHxala VHAaH
HCCHKJHMK HYKOJMIIM XaM Kyémparunan aHuya karta 6y-
snanM, aafarra. IIyHMHr yuyyH CyHBU paBHILIAA XOCHJ
KHJIMHAAWTaH ,MHTTH-Ky€1“ TeMmmeparypacH KyéHuKuaaH
aHua Kopu OYauwu J103uM. ,TepMosapoBHA EKHJIFM*
OyHjiafl I0KOpHM TeMmepaTypaJ/japia TepMOSAPOBHA N/a3Ma-
ra ainanaau. Bepk xaxMmpuaru mJja3Ma KaMmepa jJeBopJapH
OuJiaH KOHTaKTra KHpajad Ba yHra MCCHKJHK GepuHb COoBHA-
IM €KM XYyAau Bojgopoh 6oM6a MHCOJMAArHAEK KaMepaHH
spuTHO6 106opaau. LLIyHUHT yuyH TepMOSLPOBUA MNJa3MaHH
6epk xaxmzaa Gupop MyjaaT [aBOMMIA Caksab TypHIU
MyaMMOCH TyFuJand. By MKKMHUM KHAHHYHJAHKIMD.

M. E. TamMm Ba ynunr xoaumJaapu 1950 fuana naas-
MaHd MarHMT MaiAOH €paaMuia H3oJsuufJall MYMKHH,
leraH (UKpHH uJarapu cypausaap. By ¢uxpra acocsanu6
6up Tataft Kypu/aMajap sicaaraH. YJap MYMja COBET OJIHM-
Jlapu sicaraH Ba ,TokaMak“ HOMHM OHMJaH 0Pru3ujanuraH
Kypu/iManaap abTHbopra JOAMKAUDP. ,Tokamak* Jap é€paa-
Muaa Xaskapo XaMKOpJWMK acocuaa GoluKapuJagura
TEpMOSAPOBHH peaKkuWsHM aMmaira owupum OyfiHua H3.na-
HUIUJAD XaM 0JM6 6OpHIMOKJa.
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6-§. Anpo H3UKACHHHUHT IOTYKNapPHIAH THHYJIMK
MaKcagnapuaa doigaranum

Aapo ¢u3MKacy Y3UHHHI HAaBKHDOHJMTHra Kapamai
rTasafirMHa I0TYKJapra 3pHILAMKH, YyJap ¢aH-TexHHKa Ba
CaHOaTHMHI KYNTHHa coxa/japuia Kyajaauuamoxkspa. Lly-
JapHUHT GaB3vJapd XaKkuia TYXTaauO YTalsuK.

1. Soposuii snepzemuxa xaxuda. $S11poBUH 3HEpPrHS
XupocuMa Ba Haracaku ¢oxuanapunan CyHr KeHr KaMo-
atyuJukka aéH OVaau. S1IpOBUH 3HEpPrusilaH THHYJHMK
Mmakcansaapuia odoiaarasiin CCCP  1a 1954 #ua uioana
6UPHUHYHM aTOM 3JEKTPOCTAHUMAHW MLITa TYIUHPULI OHUJaH
fowaHAX. XO3WPrW BaxTia AYHSHUHT 16 MaM.JakaTHaa
100 naH opTux aroM 3aekTpocTaHuust (AC) sap wwaab
TypuGau. Y napHUHT YMYMHH saexTp KysBath 4-107kBr
JaH oOpTHK. DyHzaan Oy€H sHepreTuk CajaHcpa ApOBUER
SHEPreTHKaHUHr yaywn opTud 6opain. DyHuHr cabadu
IIYHAAKH, AYHE€4Aa HIIJIATHIAETraH SHEPrUSHUHT TaX MUHaH
70 9% u HedTbp Ba TrasHM €KMW XUCOOHIa OJHHMOKAA.
Bopran capu owud OGopa€TraH 3sHeprust 3XTUEXKJIADHHH
xucobra oJacax, HedTb Ba Taduuiél ras 3anacjapH y3OFH
6usan 50 #Huura erain. KyMupuu Eguw xucodura 3ca
3Hepruss 3XTHEXJADWHM Y30FM Ounan 500 lua gaBoMua
KOHIMDHO TYpPHIl MYMKHH. By pakamsap HHCOHHSATHUHT
SHeprusi TabMHHOTHAA BYXYAra Ke/araH MyaMMOHH Xapak-
TepJaiiin. By MyaMMOHM Xan KuJuuina sapDoOBHE 3Hepre-
THKara MyXHM poOJIb axpatuarad. Xo3upru BakTia A3IC
JIaDHUHT peaxkTopJaapuia, acocaH, UZ* pan ¢oiisnansanun-
Moxna. Jlexud U?® naH Te3 HefirpoHJsap Tabcupuiaa Pu?®
xocua guaum [(10.9) ra x.] MyMxuH. By npouecc xynai-
THPrHY peakTOpJapia amajra omaad. Hartuxkana OyHaaii
peaxkTopJ/apja MKKH Npouecc, AbHU A1pOoBUH OYJWHHIL Ba
fAHIH ,8KWAFH" — NAYTOHHE Xocua 6Yaanu. Kyna#tupruu
peakTopJapiaH ¢ofinanaHub AHa GuUp ,EKUAFH“ HHU XOCHJA
KUJUII MYMKHH:

Th® 41 —» Th® 25 pa2ss L5 Uoss,

U2 Ba Pu® jsappa, xyaau U?® ra yxmam, HCCHKJIHK
HeHTpOHJap TabCHpuAa OVJIMHUII peakLUMACH aMaJira oiua-
IM. MyTaxaccucaapHuHr ¢GuUKpuuya, GOiuKapuJanural 3aH-
kup OYJMHHILN peakuusJapy VUyH Kepak OVJanurad
~EKWJFH" JlapnaH 1y Tap3ja (QoiinanaHuica, yJap HHCO-
HUAT SHEPTHABUN 3XTHEXJAADUHM OuUp Heda 103 HHJ 1aBO-
MHJa KOHAHpa oJiap 9KaH.
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TepMosapoBHil peakUUsiHH GOWIKapHII MyaMMOCH Xaa
6Y/araH TaKaupaa HHCOHHAT YUYH SHEPTHSl TaHKHCJHTH
xaBhu OyTyHsalt Hykoaran 6y/anM, uyHKH OKeaH CyBJa-
punary ,TepMOsAPOBHH EKHJFH® HHHT 3anacjapH Xyna
KaTTa.

2. Cynsuit paduoaxkmusruxoan oidaranuur. 1934
fiunga HMpen Ba @penepux Koauo-Kiopunap amomu-
HUiiHM ©-3appajsap OuaaH HypJaaauaap. Hypaaw TyxTa-
THUJATaHAaH CYHT XaM HHIIOHAAH MO3UTPOHJADHH axpaaub
YUKABTTaHJUTH aHUK.JaHAW. BakT jTuwu GuaaH NO3HTPOH-
JIADHUMHI aKTHBJWMIHM 3KCNOHEHUHan KOHYH Gyiiuua kamainb
Gopau. By Xoauca CyHBHH paguoakTHBJMK 31W. DaéH
STHJTaH TaxpHbana

Al + Het—P3%° 41

AOPOBUA peakuus Tydafiiu xocua G6yarad P30 — gpum
eMupuadw faspu 150 ¢ ra TeHr O6yJraH palHOaKTHB
aapoaup. AHa wmy P30 gpposapHM eMHUPHJHILM Tydaiiu
NO3UTPOHAAD KYy3aTHJraH. X03upry BakTia CYHBHHA pagHo-
aKTUBJIMK XOCuJ OYJianurad peakiuus/ap fXWH yprauurat.
By coxana, aiiHukca, »xucMaapHM HEHATPOHJAD OKHMH
Gunan Hypaam Tydaiau (sbHH HEATPOH Deakuusiapia)
CYHBHH DaJHOAKTHBJHK XOCHJ KHJAHII KEHr KYJJIaHuJalH.
Macanan, Gupop :kHCM TapkHOUAAr¥ apasaliMa MHKIOPHHH
aHuKaam JIo3uM GyJcuH. ByHuHr y4yH XHCMHH Ba yHIaH
anoxuia apajaliMa sjgeMeHTHAaH TaluKHJ TONraH MO1AaHH
(yun xoHTpos Moana ae6 artaitavk) OMD XHMJ IapoHTHAA
peaxTopia HypJaiiuk. Mabjaym MyLAaTiaH CYHT, TeKIIH-
pusIa€TraH XHCM Ba KOHTPOJ MOJAJA YHKapaeTraH HypJa-
HUL CIIeKTPHHHM YJvaiMu3. DyHaa apajauiMa atoMJapH-
HUHT HEHTPOH TYTHIUM Tydaitid Xocusa O6yJaaaurad CyHbui
PaAHOAKTHBIHKHUHI XYCyCKATHHH xucobra oaub6, a«, B,
€XyA Y-CnexkTpHH YJayami MyMKHH. MuCoa YyYyH ByXyAdra
KeJajurad CYHBHH paluOaKTHBJAMKHH XapaKTepJ/adauraH
MabJjiyM 3HEPTHUSIM T- KBAHT/IAP HHTEHCHBJIHKJAPHHM Y./1yall
MyMKHH. Texmupuiaétran xucM Ba KOHTPOJ MOAJAa TOMO-
HUIAQH YMKADUJAETTaH afiHH 7-HypJAHMII HHTEHCUBJHKJA+
PHHH COJMHIITHDPWG, TEKIUHMpHJIAa8TraH JXHCMAAruk apaJjaiiMa
MHUKIODH XaKujaa »yjaa aHuK MabayMOT OJHII MYMKHH.
By ycya skucM Tapkum6uparu apanalmiMaHH CyHBHI panuo-
aKTHBJAHTHDPHIUra aCOC/AHTaHJHIH YUYYH YHH paouoaxkmii-
sayuon anasus neb arananu.

SIHa Gup Mucos Gusan Tanuwadiuk. Ep atMocdepacuna
KOCMHK Hypsaap Takcupuaa C!'* usorTonm XOCHA 6yaainu.
Yuuur spum emupusum aaspu 5600 fus. Bup ToMonzaH
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CH xocua 6y/nand, UKKHHYM TOMOHAAH DaAMOaKTUB €MH-
puJHLI XMCOOMra KaMasilu, HaTHxala atMocepamaru CM
.panuoaKTHB MyBo3aHaT“ na Gyaanu. Tapkubuaa yraepon
6yaran Gapua xucmiapra C'" xam Masxyn. Macanan,
ozaM G6alaHUHHHT THDHX TYKHMMaJapuiard YrJAepOHUHT
traxMmuHad 10—8 yaywu C'" nan tawkusa tonraiaup. Bapua
TUDUK MaBXKYI0T Ba YCHMJHMKJIAD Tapkubuaa xam C!4
MaBXy/l Ba YHUHT MHUKAOpH arMocdepanaru C!' Guaan
MyBo3aHatAa Oy/aau. JlexuH xa&t Tyramu OuJaH opra-
Huamra C'* HUHT KYWMAMWM XaM Tyxtafiau. Bupog
opranuaMia Masxyna 6yarad C'* paqnoa<THB eMUPUIMIIHU
nasoM strupaad. UlyHMHr ydyH 3cku €rou €KM CysK
Tapkubuaa sHrucura HucGarad C'* HMHT MHKIODH KaMpoOK
6yaaau. [emak, C'* HUHT KOHUEHTPAUMACHHH Yayawn
Tydatau xadT Tyrarasiad Gepu yTrai BakKTHH XHCO0GJaa6
rtonuiu MyMkud. Ulynna#i kuano, C!* usoton anrponoJor-
Jlap yY4yH ¥sdra XoC ,DalMOaKTHB coaT‘ Oyaud Xu3Mar
KHJIanH.

3. Paiuoaxtus wu3oTOn onAu# u3dTOmra Xxoc OyJran
6apya XUMHUABHA Xycycusitaapra sra OyJaaid. JIekun
onnuil usoronnaH (padxM YHUHT paauoakTuBauryaa. Ily-
HMHT Y4YyH XXHUCM (Maca/jaH, ODraHM3M) Jard paliuoax<THB
H30TONHH YHHHT HYDPJIAHHUIHMHU Kafil KUJAYBUH KYypHJMa-
Jap €praMuia aHUKJall MyMKHH. DyHnaH MeaguuuHana
AMarHOCTHKA yuyH (ofiiaiaHusianu. Macajad, paauoakTHB
fongaH KaJdKOHCHMMOH Oe3HUHr (YHKIMOHAA XOJAaTHHH
aHuKJai 1a pofirasaHdl MyMKUH. ByHHHT y4yH oOpraHusM-
ra 3apap Ku/JMafiiurad MHKIODAA paAUM0aKTHB HOLJIH
spuTMa HuuIaiH. KalKOHCUMOH 6e3 y3JaluTHpraH HOLHUHT
MUKIODHHA YHHHT 7T- HYPJAHHIIMHA Kafl KUJAHIL yCyJH
O6uJaH aHuKJAab Oopuaaiu. Kacansnapaa COFJaOM onaMJapra
HucOataH H)OAHM Y3NMAWTHUPUAMLINA TE3DOK COAUD OYJ/AHIUH-
ra acocsanud guarHo3 Kyauaaad. Maskyp yCyJHU uujIab
YMKKaHJAMKJADH  y4yH  pecny6/JuMKaMHU3  OJHMMJapH —
E. X. Typaxynos Ba P. K. HMcaombekos Jlenun Myxodo-
TH OuWJaH TaxguUDJaHraHzaan.

4. CaH)oaTHUHT TYpJM COXaJaduia ravMMa-aedeKTocKo-
N1, TeXHOJIOTHK MPOUEeCCJadHH KOHTPOJ KWW yCyJJa-
punan ¢ofilanaHuIMOoK1a. ByHia KyanaHuaadTran AADOBHH
HYpJaHWLUHM KafAd KWJAYBYM CUYETUMKJIADHH MPOLECCHH
6OIUKaDyBuM KypuaMmasajpra yJaw Hyad OWJIaH MasKyp
NpOHEeCCHH a3TOMaTHK pasuluja Yy3raDTMpUO Typulura
(ABHM KOPPEKTMDOBKA KHJIMIITA) 3DHUIKHIALH.



XI 606
3JIEMEHTAP 3APPAJIAP

1-§. Kocmuk Hypaap

KocMocnaH kenaéTraHjurd y4yH KOCMHK HypJap ne6
HOM OJraH 3appajapHd HOHH3alUMOH KaMepaJapiar#t Cup-
KHII TOKHHMHT cababsapvHH Kuaupuul Tydafau xawd
STHJAAM. SIAPOBMR HypJaHWIIJAD TawCHPU OYJ/Marad xoJia
MOHH3aUMOH KaMepa OpPKaJlM YTaauraH TOK (SbHH CHPKHLU
TOKM) HUHT KHMAMaTH Xyja KH4YUK O6YyJaanu. By Tok HOHH-
3aUMOH KaMelPaja KYJJaHWATaH 3JeKTDOU3OJALIMOH MaTe-
pHaNJIaDHHHT HHX0AT KHUMK Oyjca-na, YTKa3yBuaHIMK
XycycussTura sraauru Tydafiau keau6 uvxanid. CHpPKMIU
TOKMHM BYXYAra KeATupyBuu €apua catabJapHu 3bTHOOpra
oaub VyTKasuaral XHCOOJap CHPKHI TOKHHUHI KHAMaTH
taxxpubasapna Kys3aTu/a€TraHuJaH aHyariHa KUYUK OYJH-
K JO3UMJUTHHK Kypcatau. 1911 — 1912 fmanapna Tecc,
lokxean Ba Kousierepcrep xaso 1uapJapu €paamunaa
MOHH3aLUMOH KaMepaJapHH aTMoC(epaHHHT I0KODH KaTJaM-
Japura kyTapub MaxcyC Taxpu€Casap YyTkadaujap. Tax-
pufa HaTHXKajJaDMHH MyXokaMa KuJaub, yJap KyHuiaru
XyJocara KeJau/aap: KOCMHK ¢a3onaH kesa€TraH KaHAaH-
JUP 3appajap HOHH3AUHOH KaMepa TOKHMHWHI OpTHILUMTa
catabunaup. KefMHualuKk KYnruHa OJMMJApHWHT XH3MaT-
JAapy TydailiM HOHM3aUMOH KaMepajaard rasHH HOHJALUTH-
PYBYM HYpJaHUII (SBbHH KOCMHMK HypJiap) HHMHT TabuaTH
aHMKJaHAH. KOCMHMK HypJapHM 6MpJaMuM Ba , HKKHJIaMUH
HypJlaHUIUJap Tap3una ypraHaMus. DupJsaaMuu HypJaHHII
KOCMHK (asonaH KeJiaéTraH 3appasap OKHMHAHD. Bupaam-
U4 HypJIaHMLI 3appaJapHHUHr ypraua sHepruscu 10'° sB
yaMacuja. Jlekun afipum 3appaJsap sHeprusicu 10'° 3B Ba
XaTTO YHIaH XaM 10KOpH Ku#MarJjapra sra. XaBo wapJapH
Ba pakeTtajap €piaMula MOHH3ALMOH KaMepaJap, CUETUMK-
sap, QOTOIMYJ/ILCHSA/NIADHH aTMOC(PEepaHHHT I0KOPH KaTJaM-
Japura kyTapu6 YTkasuJaraH Taxpubasap HaTHKaCHAA
OupJaMyud KOCMHMK HYpPJaHHIUHMHT TapKHCH Y praHu/raH.
2-xanBaana Ep cuprtunuar 1 m? losura 1 ¢ uuyuaa Oup-
JaMyd KOCMHK HypJaHMII TapkuOuiaa Tyia€Tra sappaJjap
COHM KeJTHPUJIraH.

Bupaamun mypaanum Ep aTMocdepacuHHHT 10KOPH KaT-
JaMJiapHjiard atoMJap sapoJapu OusaH TYKHAaWIWC, HKKH-
JaMud HyDJaHMIIHM Byxynara xearupaiu. Opnaraa, 20 kM
JdaH KYAUpOK OaslaHAJMMKJapha KOCMHK HYpJap, acocaH,
HMKKHAaMuM HypJaaHuwnaHl u6opar Oynanu. KkxuaaMuu
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2-xanBada

3appanap HOMH ’ zZ 3appa:tap coxu
TlpoTonaap 1 1300
Anbda-3appanap 2 94

L1, Be, B uusar saposapu 3-5 2,0

C nan F rava sjeMeHTnap fApOJapH 6—9 6,7

Ne nau K raua sjieMmeHTIap sapoJapu 10—19 2,0

Ca gan U raua sieMmenTsap sjapofapu 20— 92 0,5

HYpJ/iaHHLI HKKH KOMIIOHEHTajaH HOOopaT: OHPUHUHCH I1OM-
WOK KOMNOHeHTa, ¥ 8—10 CM KaJWHAMKAAru Ky proiiHHAA
10THJAaAH. MIKKMHYHCHHM KaTTHK KOMNOHeHTa Ae0 HOMJaH-
rag, uYyHku KaauHauru 10 cM 6yaraH KypromMHAaH
yTraiga xaM YHHHT HHTEHCHBJIMIH YHYAJHK y3rapMaiau.
IOMIIOK KOMITOHEHTa 3JEeKTPOH-NMO3UTPOH KY(QTJaapu xa-
nacunad uGopar. Tes xapakarsiaHaéTraH 3apsl1Jd 3appa
aToM SADOCHHMHT sIKMHWIAH yuu6 YTadTraHga TOpMo3Ja-
Ha/lW, HaTHKala 7Y-KBaHT uMKapuaaau. Ly Tapsna €xu
Gowika GMpOp_npoueccia ByXYAra KeJraH KaTta SHepPTUSIH
7-KBaHT aTOM_siApOCH OWJIaH TabCHpJallTaHia 3JeKTPOH-
NO3UTPOH X ydt xocua Gyaaau (11. 1- pacmra k) Xaso
TapkuOUaard aroM sApOCH-
HUHT SIKMHUAaH y4ub YTaér-
rai 3JeKTPOH €xyn MO3UTPOH
TOPMO3J1aHUO. 7- KBAaHT YHKa-
pamu. ¥ sca siHa 3JIeKTDPOH-
NO3WTPOH XKYPTHH XOCHJ KH-
Jaid Ba Xoka3o. XKasacHMOH
PHBOX.1aHaguran Gy mnpouecc
Y-KBaHT SHEPIHsACH 3/]EKTPOH-
NO3UTPOH X Y(PTHH XOCHI KU-
JIMLITA €TMaif KO.ITyHYa JaBOM
3THIIH MYMKHH. OJEKTPOH-
NO3UTPOH xydraap walacu
6upuHud Maprta 1928 #uana
akaneMHK CkoOe.lbUHH TOMO-
HMJaH KY3aTH.TaH.

KaTrTuK KOMNoHEHTa Me-
30H;ap OKWMUIaH HGoparT.
Me3songap KOCMMK  HypJap
KaTTHK KOMMOHEHTaCHHUHT
XHCM GHJaH TabCHpJALlyBH-
Hu yprauuuw Tydadiam xawd

“

2

s



kuaunau. X. Anzepcer Ba C. Heanepmeitlep Maruur Maii-
JIOHTa XORJAIITHPH..Tal BUALCOH KaMmepacHiaH ¢oiinanaHuG
yTkasraH Taxpuda,api acoCHia KOCMHK HypJap KaTTHK
KOMIOHEHTACHHUHT TapKuOHaa MacCaCH 3/€KTPOH MacCacH-
Aan TaxMuHaH 200 Mapra karTa Gy.arad 3apsasu sappaJiap
MaBXyn, A€ran Xy.1i0cara KeJiau.sap. }{aim KHJIHHTaH
3appanapHHHI MacCacH 3/1eKTPOH Ba NPOTOH MacCCa/iapHHUHT
opa/jWFUard KuiMatra sra Gy raHiuruiad yJiapHd Me3OH-
saap (rpexua ,pecos‘ ,opasMKaard“ CysuiaH osuHran) ne6
atangu. MycCar Ba Manduii Me3oH.,ap Masxya 6y.auo,
yiap MOC paBMlliia pT Ba p~ Iuak/ula OGe.ruJaHanu
(M10-1TI0C-M@30H Ba MIO-MUHYC-Me30H neb6 yxu. anu). Mio-
ME30H MaCCaCMHHMHI 3aMOHaBWUH KuHMatH m, =~ 207 m,.
Mio-me3onaap t=2-10—% ¢ paBp 6u.an
pt— et +v4+v Ba p—>e"+v4 v

cxema OyifiMua eMHpHsiaid.

KocMHK Hyp-apHM YpraHuil xapa€Huia siHa Gup Heua
s;ieMeHTap 3appa.-ap Kaw¢ 3TH.aad. DBy 3appa.iapuu xain
KHJMII YUYYH Ka/iuH (POTOSMY.bCHA1M (OTONAaCTHHKAAAD
6asiaHl TOF.:apHMHI UY¥KKH..apHra OH.jallTHPH.:a1H, EXyn
XaBo wap.apu épnamMuja aTMochepaHWHr OKOPH KaT-
JaMJaapura uukapuzaau. PoTosMy.sibcus KarsaMmura Kup-
raH KOCMUK 3appa Y3WHHHT HOH.IOBYM TabCHPH Tydahau
U3 Koanupaau. DyHoaH Taiukapu KOCMHK 3appa (oTo-
sMyJsbCHA Tapkubupary Kymywr €xku OpoM aTOMHHHHT
saapocu 6uaaH TYKHawMu Tydadian coaup 6yJaraH sapo-
BUA peaklLusja ByXy.nra KeJiran sappa.ap xaM ¢oron.ac-
THHKaga M3 KoJsaupaau. PoTongacTHHKAra XUMHsIBHA
vmaos Oepusray, 6y H3JaDHH MHKPOCKON OCTHAAa KYHT
6ullan Ky3aTuO ypraHusaiu.

2-§. 3apsnnadraH 3appalapHH Te3daTHII
ycyJaiapu

3apsaasianrad 3appaJjapHd Te3 aTHIL YUyH KY.JjaHHJa-
JAWral KypHiManrapjaa (yzapHM oJjaTna, Te3.aTKuu.zap 1e6
HOM./iaHanH) 3apsifljaHraH 3appajsapra 3/€KTP Ba MarHuTt
MafilOH/apHUHT TabCHpuAaH (oinanaHu’anH.

TessaTusa€Tran 3appaHUHI TPAEKTOPHACH TYFPU YM-
3UKKa fKHH OYJraH Te3;aTKuu.ap — 4u3uKAUL me3nam-
Kuisap vkkura 6yavHanu:

1) 3appasapHu Te3;aTHil YuyH Y3rapMac 3/ieKTp Mafi-
NOHAaH (¢ofinasaHuaraH KYypPH/Majiap YH3HKJAH 3J€KTPOCTa-
THK Te3JiaTKu4 ne6 ara;aiu;
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Ny

Jagpanay
* dacmacy. .

L
—0  o—
11.2- pacwm.

2) uM3MKJIH Ppe30HaHC Te3/jaTKHyJapia 3Ca  3appa.Jap
yarapyBuaH 10KOPH 4aCTOTaJd Mafil0H TabCHpHIA Te3.1aTH-
JaaH.

UH3KKIH SJEKTPOCTaTHK Te3saTkudaapaa (11.2- pacwm)
yxaapu Gup TYFpPH uM3KMK OFfiMua xofiiawraH OGup Heua
UMAHHIDCMMOH Xa/lKajiap KeTMa-keT XoHJawran 6Y.1aiu.
By Xa1ixarap Te3.aTyBuM SjeKTpojiJap Badudacuru Gaxa-
paiM. OJJeKTpoAJap TNOTeHUHaIJapUHUHT  KHRMaT/apu
Xa/jKaiap HoOMepura MocC paBuwaa optu6 Oopanu. ManbGa-
NlaH uYMKKaH 3appajgap 371eKTpojsap opacujaru yarapmac
9JeKTPOCTaTHK MalI0H71apaa Te3salladd, ABHH ,TYPTKH®
onand. XanKajiap Hudaa scCa HHepuuscd Oyiuya Xapakart-
aaHanu. Has6aTaaru xaikanap opajdFuaa sfH2 ,TYPTKH®
osaiM Ba xoka3o. Iy Tap3ga Te3.naTuaran 3appajap
OKUMH HHIIOHra TyLIamH.

Uu3uKaM pe30HaHC Te3JjaTKuuaa TOK HoMepsu (1, 3,

5, ...) XaJkajap IOKOPH 4aCTOTaJH ¥3rapyBuaH TOK
reHepaTOpPUHUHI OUp KYTGH GuuaH, XydT Homepsun (2, 4,
6, ...) Xaikanap 3Ca HMKKHHYM KyTOM OuWJaH y./1aHTaH

(11.3- pacM). Xankanap Opa/MKJapHAard 3/1eKTp MaH1o0H-
HHHC OHMH HAYHanMWJIapy pacMAa CTpeskanap OHJjaH
Kypcatu/arad. Xa/ika/ apHUHr Y3YH/MKJapH WyHAoak TaH.ja6
OJIMHAIMKH, HaTHUXajla 3appanap XalKaJaDHUHT HaBOaTiard
opanurura y3rapyByaH TOKHUHI SIDUM aaBpura TeHT BaxT-
na etub kenaau. By BakT uuuMna s/iekTp MafgoH HYyHa.1H-
M TeCcKapucura yaraprad O6yJsanu. llyruur yuyr Oy
Xa/lKa/jap oOpaJjiMFuJa XaM 9.eKTp MaHAOH 3appa.napra
y/apH4 Te3. aTyBud ,TYPTKH* Gepanu. llly tap3ana 3appa-
Jap XankKaJapHHHT Xap Oup HaB6aTiard opa.dFMza ,TypT-

—»@“@gﬁm o O~

11.3- pacm.
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U * os1aBepand. UHSHKIH 9.1€eKT-
pPOCTaTHK Te3/]1aTKHYAA 3apsiH
6up Gup.IMKKA TEHr 6yJraH 3ap-
panu eU (6ynna U — GupHHUH BT
OXHUPTH Xa./Ka/1ap opacuaary no-
TeHnua.aap ¢papku) sHepruaraua
Te3naTuil MYMKHH. UH3uKIH pe-
30HAaHC Te3/aTKH4Yla 3Ca afHH
3appa 3pyINAJUraH SHepTUSHHHT 11.4- pacm.
kuiimati n-eU (6ynaa n — xai-

Kasap cond, U — renepatop Kyu.1aHuuu) ra Tedr. LIynunr
YUYYH 31€KTPOCTATHK Te3.71aTKKW4Y.1aPA4a 3aPPa 5PUIIHIIH MYM-
KMH Oy raH SHePrUAHHHT KHAMATH I0KODH MNOTeHLHa./iap
dapxuHH XOCH.1 KHIMII KUAHHYW.IMTHrA Ayd Keaaad. Yu-
3UKJAM PE30HAHC Te371aTKHYl1a 3Ca 3appara loKOpH 3Heprus
GepuMoxuu OF/ca Te3.aTKUY Y.uaM/apH KaTTaJawub
KeTaau (YYHKH Xa/KaJiap COHH 7 HH KYNaATUDHIU JIO3HM).
Ma3kyp KMAMHUKMAMK/IADAAH X014 6. raH Te3/aTKU4./apiaa
Jloypesc roscuiaH dofinatanu1agd. DyHaa 3apsngiaHrad
3appa 371eKTp MafinoHna Te3iatdsaau (11.4- pacMmra K.)
Ba MAarHdT Mad10H €praMuia sipUM af1aHABUA TPAEKTOPHUS
6yfirua Xapakar.aHu6 sHZ Te3.1aTH.1aJUraH OpA.THKKA
Kafgranu, fHA 3.1€KTP Mafi0H TOMOHMIAaH ,TYPTKH® oJanu
Ba X0Ka30. Maskyp rosra acocsaHrad OGMDHUHUM Te3.art-
KH4JIap Yuraompoxsap ne6 HOMJAHraH. JIEKHH LLHKJO-
TpPOH épaaMuaa 3appara 6epd.IdIIM MYMKHH G6yarad
SHEDPrUAHMHT KUAMATH XaM uerapa.;adHrad. DyHUHr cababu
Kyiunaruaad ubopar. LIMK.,10TpoHAAa MAarHUT MaAIOHHHHT
KaTTaJurd wWyHnafi TaHiaHanMKH, Oy MafinoH TabCHpH.IA
3appa AyaHT.1ap oOpacdjiard Y3rapyBd4aH 3.1eKTp ManioH-
HUHT #pUM [aBpUra TEeHr BaKT HYMAA sSHA JAYyaHraap
OpaTHFMra kKafitub ke dd Kepak. Domkaua xuau6 ait-
raina, 3appaHuHr XapakaTd Ba Te3/aTyBuYd MainaoH Oup-
OupH OW1aH CHHXDOH (ABHM OMp BAKT/AM) OY/HLIKM Kepak.
JlexuH 3appa Te3jMI'H OPTraH Capd, HUCOUAIMK Hasapus-
cUra acocaH, yHHHT Maccacd XaM opraad. Haruxana
3appaHMHI MArHAT MaWIOHIA afi 1aHMII NABPH XaM OpPTanH,
WYHHHT Y4YyH JAyaHT/ap opaidFura 3appa Kedukub eTub
kenaau. Dy BaxT MydMaa 3appaHd Te3JaTHIUH JIO3UM
Oyaran y3rapyBuaH 31eKTp MainoHHHHr (dasacu 180° ra
sMac, 6a.IKH KaTTapoK KuiMarra y3raprad 6y.sanu. 3appa-
HUHT 6aSH 3TUITAH KeyHKHIUM OOpraH capd Wy Kaagap
Karrajawdb KeTaluKH, HATHXKAAA 3/1eKTP MAaALOH 3appaHu
Te3naTHIl YDHHUTA YHra TOPMI3J10BYM TABTHD KYypcaranH-
rai 6yiu6 Koaanu.
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[{uk K Te3/IaTKMY/JapHU TAKOMHUJIIAITHPHII na Bexc-
aep (CCCP) sa Mak-Musan (AKIUI) rosiapunan doiina-
JaHWJIOH. ¥Y1ap 3appa MAacCCaCHMHUHI Y3TapyBUHM MarHuT
MafilOHHM KYyuyaHTHpUIl Ky M OWJaH €KM  Te3.1aTyBuM
9/eKTP MAHAOHHUHI [NaBPUHM KAaTTAJAWTHPHUIN BV .M
6usaH KoMMeHcauuasawHd Takaud ataunap. Cunxpoyux-
a20ompor (da3oTpoH) neb aTanaguraH Te3/aTKU4YAa MarHuT
Mali10H HHAYKUMACH XYAIH LMKJIOTPOHAATUAEK y3rapMac-
JMMYa CaK/JaHanu, JEeKUH Te3.1aTYBYM MaflOHHHUHT 1aBpH
acra omwHpu6 Gopusraau. CHHXDOUMKJIOTPOHIA XaM 3appa
SHEprUsiCH OPTraH CapH YHMHI TPaeKTOPHSICH CNHPa/JICUMOH
paBuumIia KeHraiu6 6opand. UIyHHHI yuyH CHHXPOUMKJO-
TPOH ¥iuaMsapu KaTrasamaiad. bBupaawran aaposuit
TaaKuKoT.1ap uHcTuryTtuaark ([y6GHa 1axpu) CHHXPOUHMK-
notpod (11.5-pacm) MarHuTMHHHT ofupauru 7000 TouHa.
Maskyp CHHXDOLHMKJIOTPOHAA NpoToHaap 680 MsB raua
Te3jaTH.IaAu. DJEKTPOHHHU Te3jaTHIl YuyH Oemampox
ne6 aranaaurad xypuama.iapiad ¢ofnanaHuaanu. Bera-
TPOHJA 3/1eKTPOH/Iap YIOPMABHH 3.1€KTP MaHLOH TabCHPH-
na Te3jaumiaad. DeTaTPOHHUHI TY3H/JMIUMHM TYWYHHIU
YYYH OQOHH HKKK 4yJ/FaM/a4 TpaHCHOPMATOPHH TacaBBYp
kuaudar (11.6-pacmra K.). Bupunum uysaraM y3rapysuan
TOK MaHGaura Yy.aHaad. HaTvxana y3rapyBuaH MarHut
MafiloH ByXKyara kesjaad. MarHUT MaltlOHHUHT Y3rapyBH
coaup 6Y.ianuraH ¢daso COXalapuaa 3/EKTPOMArHUT HH-
AYKLUUA XOoJucacdra acoCaH YIOpMaBHH 9JEKTD MaHloH
ByXyAra Kej1aau. LLIyHuHT yuyH MasKyp coxara 3/eKTPOH-
Jap OKUMH KUpHUTH./CA, /4P YIODMaBUH 3/1€KTD MaHAOH
KyusaHrauauru (Ep) uusuxiaapu 6yi.aab a#nananu. Bow-
Kaua KWu6 aftraHga, TPaHC(HOPMATOPHHHT HKKHHYH
»Uy/JFaMH‘ BasucdacuHu y3rapMac paguycJd a#jaHMa op-
Gurarap OyfiMua xapakariaHajuraH 3/eKTpoH.ap Oaxa-
paru. BerarpoHaard 3/eKTPOH.IAPHH XaM Te3JaTHILI yera-
pacd MaBXKYyA. DyHUHr MOXHATH IUIYHIaKH, Te3/aHUIU
OunaH  xapakaraaHaéTtraH
5JEKTPOH 3/eKTPOMArHUT

TYAKUH HYP/aHTUPALH.

UlyHuHr y4yH 3J4€KTPOH | 4 m
6up Heua 103 MsB suep- | ===t
rusiraya Te3JjlaThJaraHina 7’ ‘s \:;1::1}'
YHUHT HYPJaHWII CH(paTH- LU
na HYyKOoTaguraH sHeprusi-
CH ce3uaapau 6yaub KoJa-
au, Hatuxana 3.1eKTPoH-
HMHI TPAeKTOPHACH afiia- 11.6- pacm.

CCCCC

ho-
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Yuze g
MeISaAmRLA

Jappanapres puiwonea
agranmupybu
Sypusma

11.7- pacm.

Ha 3Mac, OaskM HYKapH TOMOHTa KafipuaraH cnupan
waksaura ytagd. JleMak, S/eKTPOHHM 6oluka Te3.aTHO
6y Maiau.

¥3una 6GeTaTpoH Ba CUHXPOLMKJOTPOHHHHT —HIIJALI
NMPHHUMNIADHHH MYXKAcCaMJAIUTHPraH KypH/JMaJjap XaM
MaBXya. J/EKTPOHJAPHH Te3JaTHII YYYH KY/a.iaHH.1a1aH-
raH OyHnafi KypuJMasap CHHXPOTPOH ne6 aTajaaiM.
OrFuppoK 3appasiapHM, MacasiaH, NPOTOHJApHM Te3s:aTHIL
MaKcaauia K¥./aHHJIAIAMraH MasKyp KYpHAMa CUHXpOPa-
30mpor neb6 HOMJaHraH. ¥ apaa 3appasap OWTTa afaaH-
Ma op6uta O6YyH1a0 XxapakaT/aHTaHJMIH YYYH Kamepa
KaTTa TOPOHJ liaKauMia scananu. By sca ¥3 Has64aTHia HU-
XOAT KaTTa 3/IeKTPOMATHUT SICAMAaH KyTKapaau. Boumkaua
afTraHna, Si€KTPOMArHUTHUHI Mapkasuii KHCMMra XoXxar
AyK. dakar 3appasap xapaxaT.iaHaAuraH coxasjapiaa (SbHH
Topoua arpoduaa) MarHMUT MafnoOH MaBxyn OGyaHiun
wapT. LyHHHT YyuyH 3/eKTPOMarHMTHH SXJHT LIaKJA3
sMmac, Gasku OuUp Heua OysaxksapiaaH ubopaT KHAMO sicald
UMKOHUATH TyFuaaau (11.7- pacmra K.). Jlekun 6y 6y.ak-
JapHH OKORJAINTHPHUII HHXOAT KaTTa aHUK/IHUK Ou.;aH
6axapuaanu. [lpoToHsap, aBBas, YH3HKJM Te3jaTKH4yaa
50 MsB raua Tesnatniann CYHr cHHXpOda3oTpOH Kame-
pacura KUpHTHaaau. Ycu6 GOpyBYM MarHuUT MaiaOHA3
6y npoToHsap afiraHMa opOuta 6Vi1nab xapakaT KH.aiH.
JlaBpu optu6 6opanuraH s/71eKTp MafilOH 5ca NPOTOH.7apra
Te3jaHHw Gepand. By Tapsga Gup Heua yH ['3B raua
NPOTOHJ/aPHH Te3/aTHUILUTra SPHILHIALH.
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3-§. daemenrap 3appanap

3aMOHABHiA TE31aTKUY/APAA 3apPaNapHU IOKOPH 3Hep-
TUs1apraua Te3JaTUIN UMKOHMSTH 3/1eMeHTap 3appanapHu
YpraHuIUra KeHr mwapouTaap apatub 6epau. XycycaH, aHTH-
fIPOTOH BA AHTHHEHTDPOHJAPHH KAl ITHIMIIK CHHXPOda-
30TPOHIA IOKOPH SHEPTHAJH MPOTOHJIAD OKMUMHUHH XOCHJ
KHAHL OusaH GOFIMK. YMyMaH, 1932 fiuana snekTpoHHUHT
AHTH3appacH MO3UTPOH Ky3aTHJraHAAH CYHr, Gapua sJe-
MeHTap  3appasiaDHUHT  AHTH3appajiapH XaM OyaHmHK
JIO3UM, jerai ¢ukp (usnMkaza MyCTaxkaM VpHH OJIIH.
JlexkuH aHTHUNPOTOH 23 HAM/ARAH CYHT, ABHH 1955 fuana
Uembepsien, Cerpe, ¥Yuranua Ba Hncuiautuc amagra
owuprad Taxpubana kaka Ku.IMHAK. Yaap 6 3B raua
Te3/4TH.IMaH MPOTOHAAp OMJIaH MHC HHIUOHHM HYyp.1aau-
nap. DyHzna 10KOpH 3Heprus.iM NPOTOH MHC SADOCHHHHT
Tapku6uaard OUPOp HYK/JOH OMJIAH TaBCHpJamIagy Ba
Kyfinnary peakuussiapnad OupH amanara ouanu:

pt+p—p+p+p+p éxu ptn—sp+n+p+p.

AHTHODOTOHHMHT 3JEKTP 3apsaad MaHbdul, xycycufi
MArHUT MOMEHTH MEeXaHUK MOMEHTra TeckKapd MHyHa.ra.
Xyaau 3.1€KTPOH Ba MO3KWTPOH Kabu IPOTOH Ba aHTHMPO-
TOH ¥3ap0 aHHUTHJAUMAJIaHAAW., AHTHIDOTOH HEATPOH
Ou/aH TYKHAWTaHAA XaM AHHUTUAALUSJAHMION MYMKHH.

Bup #fuanan cyur, asup 1956 fAuMsana aHTHHEATDOH
Kawd KUIMHAH. AHTHHEATDOHHHHT XYCYCHA MAarHut Mo-
MEHTHHHHI AYHA/JMIIX MeXaHHK MOMEHTHHHHT HAYHaiuuH
6unaH OUp XHA. ¥ HYKJOH O6uaaH (ABHH TPOTOH EKH
HeATPOH OHJaH) TYKHALIraHAa AHHUTH/IALUAJIAHHIIH MYM-
KHH.

Ke#finnuank (1965 — 1966 #.) sur oazuf sxpo.ap —
nefirepuii Ba TPUTHATADHHUHT AHTHUALPOJAPH AHTHAEATEpHUM
Ba aHTUTPUTUAIAD KY3aTHJ/LIH.

Xo03upru Bakraa gesipsv Gapua 3appaJapHHHT ((oToH,
NH-HO/b-ME30H Bd 3Ta-Me30HIAH TALIKAPH) aHTH3appaaapu
MaBXYAJMIH aHUKJAHTaH, AHTH3appaHuM Geardnam yuyH
3appaHuHr Gearucupad <¢ofinasanuaanu, oagar 6eard
Temacura 4u3ukua Kyhusaaau. 3-:xkanBa;na 3appaJap Ba
Y/apHUHT aHTH3appa/iapH KeJ/THPUJTaH.

Kapsangan Kypuuuawudua, 6Gapua 3appanap TypT
Tpynna WakaMaa XKORAMAWTHPHATraH. BupuHuM rpynnara
Y3UHUHT XycycuATapH OuJaH 6oluKa 3appanapiaH ax-
paau6 TypaguraH 3/1eKTPOMarHuT MamaoH KBAHTH—QOTOH
gupaad, xosaoc, JlemroHsap rpynnacu Maccanapu 207
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9/eKTPOH MacCacHiaH KHYHK OJJ/raH eHrus 3sappajapaan
TawKWa TONraH. MesoHJap rpynnacura Kupral 3appa-
JIADHHHT MaccaJapu 3Ca JIENTOHJAapAaH OFHPPOK, JEKHH
GapuoHJap Tpynnacuaard 3sappasapaaH eHruapox. Uly-
HHHT YuyH YJapHH ¥pTa Maccaad 3appajap rpynmacu
jeca xaM 6yJaanu.

3appasapHu TpynnaJjapra axpaTiuina YJAapHUHT (a-
KaT Maccajapu sMmac, 6aaxku OOIIKa XYCYCHAT/IApH XaM
apTHOOpPra OJMHraH. MacaJaH, JenToHjaap Ba 6apuHoHJAp-
HUHT cnuHgapH 1/2 ra (oMera—ruNepoOHHMHTI CnuHH 3/2
ra teur), Me3oHsapHHKd O ra, GOTOHHMKH 3Cca 1 ra TeHr.
3appasap sHa OHp XyCyCHATH OusaH Oup-6upuiad dapk-
JaHagu. DBy Xycycuar — 3appaJap opacuMmard y3apo Tab-

3-xanBaan

3appaHuur HOMH Bearucu Tunyaukaard | flwaw RaBOMHIi-
maccacu, MaB | aurn, c
3appa | anrtm-
3appa
®oToH I T I 0 ‘ Gapxapop
Jlentounap
DaeKTpoH e~ et 0,511 6apxapop
Mio-Me30H p E‘ 106 2-10-¢
HefiTprHo v v 0 6aprapop
Me3sonanap
MMu-Me30H nt | == 140 2,6-10—3
TTit-HoAB-Me3011 20 135 0,8-10—'s
Ka-Me3on Kt K- 494 1,2-1073
Ka-Honb-me30H Ko / Ko 498 10—10 + 108
Sta-me30n 7 549 2,4.10—w
Bapuon.aap
Mpoton PP 938,2 6apKapop
Heittpon n n 939,6 0,9-103
Jlam6aa-runepon A A 1116 2,5.10~10
Curma-nawc-runepou i+ [ ¥+ 1189 0,8.10-10
Curma-HoZb-rHIepOH o | Yo 1192 <10—u
Curma-MuHyc-runepon =] - 1197 1,5.10~10
Kcu-Honb-runepon E &0 1315 3.10~10
Kcn-munyc-runepon E=] &~ 1321 1,7-10~10
Owmera-muuyc-runepon | Q= | Q- 1672 1,3.-10~10
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cup ¥ xapaxTepuiup. Y3apo TamcupHuHT TYPT Typu
MaBwkyn; °

1) Kyusau ¥3apo Tawcup, y GH.IAH SIAPOBUil KyuJap
MHCOJUIA TAHULITAHMHU3;

2) 3/1eKTPOMATHUT ¥3ap0 TABCHUD;

3) KyuCH3 ¥3ap0 TabCHp, YHHUHT HAMOEH GYAMILIMHM
B- eMupu/IHII XapaéHHIA KY3aTraHMM3;

4) rpaBUTALHOH ¥3ap0O TAabCHP, SHT CYCT ¥3apO TaBCHp
6116, \yHUHT 3JeMeHTap 3appanap OJaMHAard pOJIMHH
xucobrao.aMaca xaM Gy.and.

BapuoH/ap Ba Me3oH.jap Trpynnasnapura ouj 3appa-
Japaa Kydad ¥3apo Tancup HaMo€H 6y.ianu. Bam3u 3ap-
pazap OMp BAKTHHHT ¥3uAa OMp Heua ¥3apo Tawncupaa
KaTHawM KoOuausarura sra. Macasal, npoToH 6o0mka
sappajap OuW.1aH KydJH, 3/J1EKTPOMArHHT, KY4YCH3 ¥3apo
rascupaapaa 6y.aa osanu.

Kefiunryn Auaapaa xyd.ad ¥3apo TabCHPAA KaTHama-
IMraH 3appajap oujacu pe3oHaHCjap €6 araJganura
3appajadapHUHr Karra rpynnacu GuiaH Tyaau. PesonaHc-
JJApHHUHT siwaw gaBoMufiuru (10—22 + 10-?%) ¢ wamacuaa.
Bupunuu Mapra pesoHanc.iapuu 1952 #maga . Pepmu
TIH- ME30HIaDHUHT NMPOTOH/I2pAd COYUJIHLIMHHM TEKILUHPHII
wapadnHuaa KysaTtrad. Masxyp Taxpubana mH-Me30H./1ap-
HUHT COYHM.IHLI 3XTUMOJJMUIMHH YJaDHUHT 3HEPrusicura
GOF/IMK/IMIHHEM HDOnanoBuu rpadukaa KeCKHH MakCUMyM
Ky3aTH1ad. Dy MakCUMyM XyaoH MAsATHUKHHHT MaxOy-
pHuii Te6paHUiIMAA 103 Gepaniurad pe3oHAaHC X0AMCACHAArH
MakcuMyMra yxmafdid. Kamd aTharan 3appaHd Pe3oHaHC
Ae6 aTa.1MIIM dHa IWIYHAAH Keaub uMKKaH. Y MyMaH, peso-
HAaHCHU 3appa €xM IHU- Me30HHUHT HYKJOHra ,énvumraH
Xonatu nAeb TaJKMH KUJAXII XO03Hpua XaJa OyaMarad My-
aMMoaup. Banky, HUXOAT KMCKA BakT/ap AaBOMHUH.IMTHIA
(pesonaHc yuyH T ~ 10-22-+ 10—% ¢) 3appa Ba nu- Me-
30HHUHT HYKJ/OHra ,E€MUIITaH“ XOJaTH TYLyHYa/JapHHHHT
¢bapku AYKaup.

bupox kawd KuIMHra€H pesoHaHc.ap COHH aHuaruHa
6yu6 K004 Ba ysaapHM KYiHG Xuco6./araHna 3jeMeH-
Tap 3appaJjap COHH [03]aH OpPTHO KeTAH. XO3UPIH 3aMOH
TacasBypJapHura acocad, MabpayM OyJsradH 6oumka 3appa-
JapJlaH TallKHJA TONMaraH 3ippaHd 3JeMeHTap ne6 araiu
MYMKHH, xo.s0C. MacasaH, B2J0pOA aToOMH NPOTOH Ba
saexTpoHnaH uOopar. ILyHuHr yd4yH YyHM | 3;eMeHTap
3appa ae6 6y.Mafinu. Danku BOJ0pPOA aTOMH 3JeMeHTap
3appasaprad TawkKd/a TOMraH cucreManup. HeATpoH-uu?
He#irpon n—+p 4 e~ 4 v cxeMma 6yfimua eMmupunand, Jje-
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KUH y TPOTOH, SJEKTPOH Ba HEATPMHOAaH MGOpar CHcTe-
Ma sMac, 6y 3appasap HEHTPOH €MHUDUNAETraH Jax3ana
ByXyAara Kesaau (XyAAH SADOHHUHT YHFOHTaH XO0JIaTHIaH
acocufi Xon8Tra YyTHmKMAA (OTOH XOCHA OF./raHunex).
[llyHHHr yuyH XO03UPr¥ TacaBBypJ/iapra acocaH HeHTPOH
sj1eMeHTap 3appaaup. DBupox imyHra kapaMma#i, o0.iMM.1ap
MabJyM SJ€MeHTap 3appasaplaH XaM 3/eMeHTappoK
3appasap MaBXyl 3MaCMUKaH? — JeraH CaBo.ira Xasob
KUAUpPMOKasiap. Bab3u Ha3apuéTud (HUSHKJADHUHT (PHK-
pHua, Tabuaraa XaJd kawmd KHJHHMarai 3appaJap
MaBxynkd, Oy 3appa;apiad Xo03upua 3..eMeHTap neb
ataqz€TraH 3appa.ap TalukuJ Tomranavp. By coxazna
1964 #uima Tean—Man TOMOHMIAH Takau( 3ITH.IraH
runotesa sbTUbOpra achiuk. By runoresara acocan, Gapua
Me30H.apHH, GapHOH.JIADHU Ba DE30HAHCJIAPHH KEApPKAGP
Iie® HOM/aHI@H yu 3appa Ba axmuxsapxaap neb ara.i-
rai yu aHTH3appaHUHr TYpJH KOMOHHauMsjaapjiars
6OF.IaHWIIM Tap3ula BYXyJra KeaTHPHII MYMKHH. Arap
Maskyp runortesa xaby.s KH.HHCA, XO03Wpraya MabiyM
6yaran s.eMeHTap 3appa/ap TapTHO.M cuCTeMara KeaTH-
pusaau. JlekuH Tak.uQ 3TH/aéTraH KBapK.aDHHHT XyCy-
CHAT..aDH XO3HMDIH TaCaBBYPHMMHU3Za FaJaTHPOK. XycycaH,
KBapK.lapaaH OUDUHUHT 3,€KTp 3apaiu - 2¢/3, Ko.ran
HKKHTaCHHUHT 3.€KTp 3apsaaJapd aca — e/3 naH OY.iuLln
JIO3UM. BYyHMHI FajaTHJIMIM LIYHAAKH, X03uprava € 1aH
KMUHK 6§.raH 9.eKTp 3apan TabuaTAa Ky3aTH.ITaH 3Mac.

YMymaH KBapKJap Xaxuiaru rHNOTe3aHW pajd STYBYM
6upopra XaM TaxpuOaBuli €xW Hasapui nasqu1  HYK.
HKkuHuM TOMOHAAH, KBapKJ4PHMHI MAaBXYNJIHIMHH Tac-
IUKA0BUM OMpOp TaxpubaBuii naJjua xaM #yk, Oy coxa-
znaru ypuuuwaap tydafiam xo3upua 6upop MyBadpakusarra
3PUILKATEAHH XaM HYK.

Baén stuiran MyaMMoOHH Xa.1 KHJIMIU — QU3HK.IaPHUHT
Kenaxaknaru acocui pasuga.iapuiaH OGUPHAHDe



NIOBA

Xankapo GApauknap cHcremacH (CH)

KaTTanukHiHT
HOMH

Homu

Bea-
THCH

Tabpudu

Y3yHauk

MeTp

Acocull Guparuxarap

M

Kpunton-86 atroMuHHHT 2 p,o B2 5d;.
caTXJapH oOpacuparu ¥rtuumra moc
6jAran HYpJAHHIIHUHT BaKyyMAarwu
TyaKun  ysydaurugad  1650763,73
MapTa KaTTa O6YAraH  y3yHAMKHH
1 meTp ne6 xabya KHauHraH.

Macca

KHJIOT paMM

Kr

XanKapo KuJIOTPaMM NPOTOTHIHHHHI
MmaccacHHH_ 1 kuiaorpamm jae6 Kabyr
KILIHHraH.

Bakt

CeKYHT

t{eanii-133 atomn acocuii xonatu-
HUHT HKKH §Ta HO3HK CaTXJAapu
opacuiaru yraur BaKTHra moc Oya-
ran Hypaauuw jpaBpuian 9192631770
MapTa KaTTa BaKTHH | CekyH: neb
KabyJ KHJIMHraH.

SDJIeKTp TOK-
HHHE KyuH

amnep

Annep BakyyMAa Gup-6upnmad 1 M
macodaja wolnamrad WKKH mnapan-
NeJ YEKCH3 y3yH Ba KeCHMH XKyZa
KHYHK TYFpH ¥TKas3ruwiapnan yrrau-
Aa YTkasruyHuHr Xxap 1 M y3yHau-
ruga 2:10~7 H §3apo Tabcup Kyuu
XOCHJ KHJIaRHraH y3rapmac TOK Ky=-
THAHP.

TepMoaxHa-
MHK TeMIe-

patypa

Ke€JbB HH

CyBHHHr yuJjaHMa HYKTaCHHH Xapak-
TepJA0BUH TePMOJHHAMHK TeMIIepa-

TYPanuHr 57376 yaywH 1 KeabBuH

Re6 Kabyn KHIMHTAH,

Monxna muk-
IOpH

15—774

MOJb

MOJIb

Yraepoxn-12 uunr 0,012 kr Maccacu-
JardH aToMJap COHHra TeHr SJeMeHT
(MacanaH, aToM, MOJieKyJa, HOH, ..)
JapJaH TAKWHJ TONraH CHCTeManaru
Moxna MuKiopu 1 Moap Re6 Kabyn
KHJIHHI aH,
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Hasoxnu

1 \ 2 3 | 4
Epyrauk KaHje.a KN 101325 IMa 6ocuM ocTHparH mJIaTH-
e HaHHHT KOTHLI TEMIEepaTypacHra Texr
y TeMnepaTtypajard Tyia HypJaHTHY-
HHHT
1
~———M" [03HAaH NepneH UKy Iap iy«
B0000" 1031 AAH NEpNeHANKYIAP HY
HaJIHIUJa YHKAPHJIAETraH EPYFIHK Ky~
yuHu | kaugena fe6 Kabyn KHJIHHraH.
Kywumua Oupauxaap
flccu 6ypuak| pagnan pan | Y3yHaurn papuycura TteHr &ira (aii-
JaHa é&jfiura) THpaayBu# Mapka3uit
6ypuax | paauan 1e6 Kabyn KuIMH-
TaH.
dazoBuit cTepagdad | cp Yuu coepa Mapkasupa GyaraH Ba
6ypuakx iy cdepa CHpTHAAH Paauyc KBagpa-
THra TeHr 1031d QUrypaHu axpaTys-
uu ¢asoBuil 6ypuakHu | crepamuad
ne6 Ka6yn KHJHHTaH.
Xocunrasuii Gupauxaap
fO3 MeTp KBa- |M? 1 M?—TOMOHJIapUHHHT y3yHJHTH | M
apar XaH 6yiraH xBaApaTHHHI [03H.
Xanm MeTp Ky6 [m3 1 M3—KuppanapuHuHr y3yHJauru 1 M
IaH 6§araH KyOHHHT XaXMH.
Tesmux MeTp M M .
TaKCHM ry 1= teamix Ounan TyFpu uH3IHKIH
CeKyHnn TeKHC XapaKaT KuaaétraH MOAIHi
° Hyxta 1 ¢ nasomuga 1 M macodara
KydYanaH.
Tesznanuw MeTp Tak- M M .
CHM CeKyHJI CT 1? TesraHumw 6HAaH TYFPH YH3HK-
KBajpar JH TeKHC ¥3rapysdaH xapakaT KulJa-
€Trad MomAaufl HYKTaHHHT Te3JHCH
M
1 ¢ nasoMuga l <ra ¥arapanu.
Bypuak Tes- | panuan pan pax
MK TaKCUM < l——C Gypyax Te3nuk OHJIaH TEKHC
CEeKyHI aiinaHaéTraH JHCMHHUHT Gapuya HYK-

TajJapu | ¢ BaxT u4HAa aftnaHuUI
¥Kura Hucbatan 1 pag Gypuaxka
6ypHuaazgy.
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Hasoxu

1 2 3 | 4
Bypuak Tes- | paguan Tak-| pag p
JNAHHIIT cHUM CeKyHI | o7 1 =5~ 6ypuak Te3nraHuw GujaH TeKuC
KBajpar Teananyaqan ail1aRMa XapakaT Kujla-
ETraH XHCMHHHT Oypyak TesjHrd
pax "
1 ¢ naBomuza IT ra ¥srapanu.
3uuark KUIOTPaMM | Kr KT .
TakCHM vl lﬁ—mynnau 6up XHHCAH Mop-
MeTp KY6 IaHHHF 3HYJAMTHKH, MasKyp Mojma-
IZaH axpaTHO oiawHrae 1 M3 xamm-
HuHr Maccacu 1 kr 6¥magn.
HMnynbc KHJIOTPaMM- | KT-M KT M
Metp Takcum| ¢ [l —¢ — Teamuru l— 6¥aran 1 kr
Cexynn Macca:m MOZAHH ny'ramlm' HM-
nyJbcH
Bl .
HUmnyabe KHIOTPaMM- | KI-M2 |  Kr-M3 .
MOMEHTH MeTp KBa- c c __ pamuycu 1 M an altzana
ApaT TAKCHM 6yin1a6 xapaxkaTIaHaETraH HMAYJAbCH
CEKYH]I KI M . "
1 6yaran MOAAMA HYKTaHHHT
HMAOYJbC MOMEHTH.
Huepuus KHAOrpaMM- { kr-M2 | 1 kr.M? — aiiganum Yxuman 1 M Ma-
MOMEHTH MeTp KBa- codama moMiamrag Maccacu 1 kr
Apar 6¥1raH MOAXHN HYKTaHMHI HHepHHUS
MOMEHTH.
Kyu HBIOTOH H 1 H —maccacu 1 xr %HCMFa TabCHP
Kuaub, Iy TabcHp HyHaammuuza
M
wucMra 1 =5 Tesnannur Gepaguran
KyH.
CoanmTHpMa| HbIOTOH Tak-| H H .
Ba3H (OFHp-|CHM MeTp |33 1 -5 — wyHpa#t Gup XHHCIH MOANa-
aHuK) Ky6 HUHT COJHUITHPMAa OFMPAHTHKH, Oy
Momna 1 M3 XaXMHHHHF OFHDJHIH
1 H ra tenr 6ynanu.
Kyu (Ba HbloTOH-MeTp|H M |1 H.M — kyuHHHT TaBCHP UH3UFHAAH
WYPT Kyu) 1 M Macodazna xoitnamran HyKTara
MOMEHTH Hucbatan KuitMatu 1 H 6yaran kyu-

HUHT MOMEHTH.
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Hasomu

1 | 2 3 | 4

Kyu nM- Hblotod ce-f H-¢ |1 H-c—1 ¢ naBoMuaa tabCHp 3TyB-

1y1bCH KYHI yu 1 H KyYHHHT UMOYJbCH.

BocuM nacKanb ITa 1 TMa—1H KyuHHHT KyY A¥HaAHWIH-
ra neprneHpHKyasp 6yaran 1 m? w3-
ra Gepanguran 60CHMH.

IIHHAMPK KO-| nackaib- Ma.c |1 MMa.c — myHnat MYXHTHUHT JRHHa-

BYIIOKAHK | CEKYHI MUK KOBYIHOKIHTHKH, 6y MYXUTHHHI
NaMHHap OKHWHKAa OHp-Ghpuman 1 M
macodpa (oKHMra HopMan HyHaaHI-
Za) Y3OKIHKAATH KaTIaMaap Te3qHK-

M
JApHHHUHT dapKH l—c- 6ynca, wmy-
XMTAAardk KataaMHUHr 1 M2 o3ura
I H uukn MWIKaJaHWMII Ky9H TabCHP
3TagH.

KunemaTux | MeTp KBa- M2 M2 KT

KOBYWIOKJHK | IPaT TaKCHM| ~¢ 17— 3uuurH 1 35 B2 IMHAMHK

CeKyHI KoByutokauru 1 ITa-c 6§aran myxur-
HHHT KHHEMAaTHK KOBYUIOKJHTHAHKD.

CupTHit HBIOTOH H H

TapaHrAHK | Takcum Metp| 5y |1y — WYHAAH CYIOKIUKHHHC CHp-
THil TapaHrIHTHKH, 6y CYIOKAHK 3p-
KHH CHDTHHH YerapaloBYH KOHTyp-
HHHT ! M y3YHJHTHra (CHPTTa ypHHMa
6yiina6, 1exMH KoOHTypra HopMal
fiynaammpa) ! H kyy tabcup Ku-
NnazxH.

HNuw (sa KOY1b X 1 XK—1H kyu Tancupuaa KUCMHH

SHCPTHS) (rabcHp 3TyBYM Kyu HyHaAIHIIHIA)
1 M Macodara xyuupuuiga 6axapui-
raH oL

Kyemar BATT Bt 1 Br—1 c naBomuaa 1 K wuur 6axa-
paguran mawuHa (éxyn Hwm 6axa-
PYBYH) HHHT KYBBAaTHRHD.

Llenbcuit neabcHit °C [ Lexabcuit rpaiycn ¥a4oB )KHXaTHLAH

Temmepaty- | rpagycu KeJIbBHHTA TEHT.

pacH

Hccngnuk KOYJIb X 1 XK ~xarraaurn 1 XK G6yaran wme-

MHKIOPH XaHUK HIIra 9KBHBAJAeHT MCCHKIHK
MHKLOPHIUD.

Uccuxauk | sart Bt I Bt — muxgopu 1 Br 6jaran Mexa-

OKUM HMK KYBBaTra SKBHBAJEHT HCCHKJIHK
OKHMJHD.
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Lasomwx:

1 2 4

Hccukank BAaTT TakcuM| Bt Br

jTkasysuan- | MeTp-keab- | yrK | 3K " WYHA2H MOLNAHHHT HCCHK-

MK BHH AWK ¥TKA3YBYAHIHTHKH, GYHAAH MOA-
Za xecHMHMHHUHr ] M? j03ura Gepuna-
€TraH HCCHKJHK OKuM | Bt 6¥aranna
Ma3Kyp MOMJAAHMHT GUp-GMpHzaH 1 M
Y30KIHKAATH HYKTaJlapHHHHT TeMIe-
patypacu 1 K ra ¢apkaanazu.

Hcenxauk [ xoyas tag- | XK .

CHFHM cum kemb- | |1 ¢ WYHA2H CHCTEeMaHHHr HCCHK~

BHH JUK CHFUMHKH Oy cHcTemara 1 XK

HCCHKJAWK  MHKAOpPH  Gepuarauga
yHHuHT TeMnepatypacu 1 K ra oprazu.

Mouasp xoyab Tak-| XK ) K

HCCHKAMK | cuM Moab- |womn-K| | monp. 1k — Maccacu 1 MOIb 6yaran

CHFHM KeJbBHH a : -
X0/11a HCCHKIHK CHFMMH [ =1~ 6yna-
AHraH MXHCMHHHIT MOJAD HCCHKJHK
CHFHMHIHD

ConumTupma|xoyab Tag- | 2K .

HCCHKJHK cum kuno- || e e — Maccacu 1 kr 6yaran xoia-

CHFHM rpaMm-Keib- K

BHH @ HCCHKJIUK CHFHMH ] 'S 6¥nanu-

FaH MHCMHHHT COJHIITHPMA HCCHK-
MUK CHFHMHJIHP.

SaexTp KYJOH Kn |1 Kn—Tok kyun 1 A 6yaran KyH-

3apal MHUK- AanaHr KecumpaH 1 ¢ masomnzaa yT-

Aopu raH 9aeKTp 3apsAi MHKIOPHAHD.

dnextp Maii-| Boabr B 1 B — azexTp MaiiloH WYHAAH HyK-

JOH NOTeH- TaCHHHHT  TMOTEHUHaMHAHPKH, OY

LHATH HyKTanaH 1 Kn 3apsnHu 4eKCH3THKK2
kyuyupuw yuyH 1 XK um Gawapuus
Kepax.

dnexTp Mait-| BoaAbT Tax-| B B wu

HOH KyunaH-| cum MeTp |37 1 4 — KYUJaHTaHIHK YH3HFH 6yit-

TaHAHUTH

na6 Gup-6upugan 1 M y30KAMKAA-
MOHJaIrad HKKH HYKTaCHHHHr [MO-
TeHuuaanap oapku 1 B 6¥aran Oup-
WHHCAH SNEKTP Mai{AOH KYyuJaHraH-
auruaup. DyHpait Mafizonra KHpH-
tuaran 1 Ka sapagra 1 H kyy tan-
CHP STalH.
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Hasoxun

R !
Bnextp kyaoHn raK- | Ka Ka . .
—_— — — 9l aii -
VIHILY K US CHM MeTp M2 1 w7 OJIEKTD MAHIOH WIyHAAM HYK
{cumxum) | kBagpat TAaCHHHHT HHAYKunnuHKH, 6y HyKTa-
Iard KyuJdaHrauauk (£ = - ndo-
]
1
Jlara acocas) T N 6y nanu.
Junoauuur |kyaoH-MeTp |Ka-m |1 Ka-mM—6up-6upunan 1 M macodana
SJEKTp JKOHMAWraH Xap OUDHHUHT 3apAnH
‘MOMEHTH 1 Kn nan 6¥aran Kapama-Kapuiu
HLIOPANM CHCTEMA, ABHHU JUTIONHHHT
3MeKTP MOMEHTHIHP.
KourypHunr | amnep-metp| A-M? (1 A.M2—1031 1 M2 6YaraH CHPTHH
'MarHuT KBajgpar ¥pa6 oxran saccH KoHTypRan 1 A
MOMEHTH TOK JTrangard MarHHT MOMEHTAHP.
Maruut Tecna Ta 1 Ta —wyurait MaitqOHHUHT MaruuT
HHAYKUHA HHAYKuHACHKHK, OyHnnait MafiioH TO-
MOHHJAH MarHHT MomeHTH 1 A.-M?
6¥aran fcCH KOHTYypra Ta'’bCHP 3Ta-
IMTaH  ail1aHTUPYBYH MOMEHTHHHT
MakcuMaa kuitmatd 1 H-m ra tedr.
Maruut Maii-| aMmnep Tak- | A A . .
IOH KyunaH-|cum MeTp |71 1 - — marnut Maition wysAail HyK-
TaHIHTH TACHHHHI KyYJaHFaHIMIHKH, Oy HYK-
Tajlark MarHUT HHAYKUuuA (B=pould
Hbonara acocan) pouw Ta G¥aagu.
Maruur Bebep B6 1 B6 —wMaruut uuaykuusacu 1 :Tx
OKHM 6jaran GUpP WHUHCAH Maiinouna (Mait-
NOH HYHaJIHWIKra nNepneHgHKyaaD
pasHwia xoigawran) 1 M2 103HH
TewHn6 YTaguran MarHUT OKHMIHMP.
Hunykrus- | renpu 'n | T'u — mynnaét yrrxasruy (KOHTYP)-
JHK HUHT HHIYKTHBIHIHKH, YHAaH | A
TOK yTraHga BYXYAra KeJagurad
T¥na Mariur oKkuM 1 B6 ra reur
6ynanu.
DaexTp oM OmMm 1 OM — HKKM yyHAard noTeHUHAN-
KapUIHAHK nap ¢apku (kyunauuw) 1 B 6¥arau-
Xa 1 A Tok yTaaMraH ¥TKaarHUHHHI
9MEKTP KAPUIHIAHTHIHP.
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Hasonue

1 2 3 | 4

dnexTp BOJbT B 1 B— wyHpaii saexTp Tox ManGau-

OPHTYBYH HHUHT 3JEKTD WPHTYBYH Kyur (DIOK)

KyY . kH, 6y Man6anu §3 uuura onral Gepk
3amxup G6Fiaa6 1 Ka sapaguu_ky-
yupuwga 1 2K um 6axapunanu.

dnexTp BOJBT B 1 B —¥arapmac Tok Kyun 1 A 6¥a-

KyHJAaHKLI raH xonja SJeKTp 3aHwHPHHHT 1 Br
KysBaT cap¢aaHajHran KHCMMIArs
KYUJaHH I IHP.

daexTp dapax Y 1 ® —1 Kna 3apan Gepuiarauga ro-

CHUFUM TeHuuain 1 B ra opramuran jrtkas-
THYHHHT 3JeKTP CHFHMHIHD.

dnexTp ¥T- | CHMEHC CwMm 1 CM— saektp Kapumaura 1 Owm

Ka3yBuYaHJHK 6ynraH YTKasTHUHMHL 3JeKTp ¥TKa-
3yBYAHIHIHIHUD.

CoauwTupmal OM-MeTp Om-M| 1 OM-M — k¥HIanaur kecuMu 1 M2,

3JEKTP y3yuauru 1 M 6§aranga 1 Om anektp

KapIIHAHK KaplIHAHKKa 3ra 6ynaguran ¥Tkas-
THYHHHT COJNHKILITHPMA 3JEKTp _Kap-
IIHJIHT U HP.

ConuurTupMa) cuMeHc Tak-| CM CuMm . \

9JIeKTP CHM MeTp |y 15~ — xyunanasr kecumu 1 M? Ba

Jrrkasysuai- yayHauru 1M 6¥aranna 1Cum anextp

MK YTKa3yBUaHAWKKa 9ra G¥nanuran.
YTKa3rHYHUHT COJHLITHPMa 3JEKTP
YTKa3yBYaHAHUTHAMP.

dnexT aMnep Tak- [ A .

TOKHmI{)r CHM ﬁeTp e lﬁ'-’— —1 A ToK JTKasruuxuuar 1 M2

SHYJIHTH KBaapar KyuIanaHr KecMMH OFHuuya Tekuc
TAaKCHMJAHTaH XOJJarH SJeKTp TOK-
HUHT 3HYJIHTHIMP.

JaBpuit repu I'n 1 Tu—1 ¢ naBoMuaa naspuit mnpo-

npouecc IMeCCHHHT OGHTTa LHKAM amaira ola-

4acToTacH JIMraH XoJjaru JAaBpuit mpolecc
YacTOTaCHIHP.

Aiinaunmn  |cexyuauuur | ¢—! |1 ¢=! — 1 ¢ paBomMHaa Gup Mapra

yacTotracH |MHHYC OH- TYAHK aitaHagUraH TEKHC aHIaHyBUR

PHHYH napa- WHUCMHHHT aiiaHMLI YacTOTAaCHAHMP,.
HacH
Epyrank MoMeH aM 1 aM — épyrauk kyuu 1 kx 6¥aran
OKHM HyKTaBui ManGazan 1 cp ¢asoBuil

Oypuakna YHKapHAAE&TraH EpYFIHK
OKHMAHD.
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Hasomu

1 2 3 4
Epyrank moMeH-ce~ |am.c |1 am.c—1c AaBoMHAa TabCHP 3TYB-
SHeprus KYHA qu | IM EPYFAMK OKHMIA Myxkac-

caMialral €pyFJIHK SHepPrHSIHp.
Pasmannux | xanmena Kn KL
TaKCHM T |15 — €PyFIHMK KydH 1 kn Gfaran
MeTp 1 M? 10371H EpPYFIHK TapKaTaiural
KBanpar CHPTHHHT PaBIIAHTUTHAND.
Epurysuan- |momen Tak-| aM aM .
JHK cuM Metp |3z (1w — 1M 8pyFIMK OXHNM UHKa-
KBajapar panurad | M? 031K CHPTHHHT EpH-
TyB‘laHJ!Hl'HJIHp.
Epurtuaran- | mokc 1K 1 ax—103u 1 M? 6Varan cupTra
JIHK 1 1M €pYyFAMK OXHM TYHIHIUH TY-
(alinm ByXYAra Kelaaurad EpUTHI-
TaHAHKIHD.
Epymmc NMOKC- ak. ¢ } 1 ax.c— épuruaraaank 1 gk 6yiran
9KCNO3HUHA | ceKyH], xoama 1 ¢ maBOMHAA BYXyIra kena-
JAHraH €PYFIHK 3KCUO3HUHUALHD
Panuoaktus | Gexkepeas |Bx 1 Bx—1 ¢ naBoMuia 64TTa EMHDPH-
MOINaHHHT AU aKTH COAMp 6yaaguraH paauo-
AKTHBJHUIH AaKTHB MOJIZAHHHI AKTHBJIHCKIHD.
STpum CeKyH] c 1 ¢ — wyH1all PafiKOAKTHB SLPOHMHT
€MHDHIHII APHM EeMHDHJHII XaBpHKH, Oy BaxT
JaBpH naBoMKja GollIaHFHY X0JNaTAa MaB-
HYAR OFaraH saposapraH SpMU eMH-
pranb 6yarad 6ynanu, SbHH MasKyp
9ApONapAaH TAlIKHJI TONraH pagHo-
aKTHB MOINAHHHI A3KTHBJAHTH 6y
BAKT 1aBOMHJ2 HMKKH MapTa KaMas-
In,
Hypaauuw | BatT Takcum| Bt Br
WHTEHCHB- | MeTp kBaa- | - |l 3 — WUyHAaR HypraHuur HHTeH-
JHTH par CHBIMrHKH, GyHna 1 M? 1031 cupTra
HOpMaJ paBHIIfa TYWAETraH HypJaa-
HUIUHHHT KyBBaTH 1 BT ra Temr 6¥-
Jaau.
Hypaaunw- | rpeii p 1 I'p — 6eBocHTa HOHJOBYM HXTHE-
HHHI OTHI- puit Hypaanuw ToMoHMAaH 1 Kr Mac-
raH jo3sacu caan xucmra 1 XK sseprua GepanH-

raH HypJaHHIIHKHT IOTHArAH J03a-
CHIHD,
_
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Lasomn

1 e | 3 | ‘
Kepua rpeit I'p 1 T'p —6uABOCHTAa HOHIOBYHM Hyp-
JaHHII TAbCHPHAA XHCMHHHT 1 kr
MaccacupaH ypub 4UHKapuarai 3a-
PANIH 3appanap KHHETHK SHeprus-
AapUHHHr HHFMHAHCH | XK ra Ttenr
6jiran kepMa.
Ip . :
IOTHran rpefi TakcuM I‘_Q 1 — T WYHIa#l HYPAAHHI OTHAraH
eKYH
ﬁ;ﬂ?ﬂr CeKYHR ¢ JLO3aCHHHHI KYBBaTHkH, OyHaa 1 c
IlaBOMHJAA HYDPJAHraH XHCM OTraH
HYpJIaHHII RO3acCH IF ra tesr 6¥-
AanH.
KepManuur |rpeit Takcum|p Tp o
- —— ait KepMaHHHT -
KyBBATH CeKyHI < 1 c LIYHA p KyBBaTH
ku, 6ynga 1 c uanparu xkepma 1 XK
ra TeHr 6¥aaznm.
Pentred Ba |kyaon Tax-|Kna Ka
- — Ba ram H -
raMMa Hyp-|CHM KHIO- |&r I = penTreH ) raMma Hypia
JMAHHITHHHT | rpaMM HUIIHHHI WIYHLAaH 9KCMO3HUHOH KO-
SKCIIO3H~ sacuxk, OyHIa KypyK aTMmocdepa
HHOH 1033~ KT
CH XaBOCH (3HUJHTH 1,293——Ma 6jaran
atMocdepanuir Ep cuprHra saxum
KaTAaMHAAru xXaBo) HUHr 1 kr Mac-
cacuHAa BYXYATa KenajuraH xap Gup
MIIOPAJH HOHJAPHUHT YMYMHil 3aps-
aun I Ka ra tenr 6¥aanu.
Hypnauum- | susept 38 | 3B —HypAaHMLIHHHT WIyHZaH SK-
HHHI 3KBH- BHBAJEHT JHAO3aCHKH, Gy HYpJAaHHIU
BaNeHT TabCHPHAA THPHK OPraHu3M, TYKHMa
xo3acH €XyRn opraHia BYXYAra KeJaguraH

" K
EMOH (canbuil) oxubataap lﬁ Hyp-
JaHHIW RO3aCHHHHT Ta'bCHPHra SKBH-
BaJeHT 6¥xanu,
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CT C3B 1052 — 78 cTtanzapTtra acocaH 1980 Aua 1 snsappan

Gomna6 GeKop KHJIMHTaH GHPAHKJAD

KaTtTanuxkHuer $a4os GHpAHrHU

KarTanuxkHuur
HOMH
HoMmu Bearucu cH S;ggg;ga?:““

VayHaux aHrcTpeM P: 1 oA = 10~=10 M
O3 6apH 6 16=10=28 M3
Kyu, Basn LuHa IMHA 1 nuna = 105 H
(OFHpAHK) KHJOTPaMM-KYy 4| KI-Kyq 1 xr-xyu=9,80665 H

rpaMM-Kyd r-Kyu 1 r-xya = 9,80665 X

X 10=3 H

Bocum KHJIOTPaMM-Ky4]| KI-Ky4 Kr-Ky4

TAaKCHM CaHTH-| ~opz I=Ge — —9%8066,511a

MeTp KBaxpar

MHJIIHMETP CH-| MM CHM, yCT. I MM cHM. YyCT.=

MO6 yCTYHH = 133,322 Ila
W, 3Heprus 3pr spr 1 spr = 10-7 X
KysBat OT KyuH 0. K. 1 o. x. = 735,499 Bz
JlvHaMHK KOBY-| nyas I 1 T1=0,1Ia-c
HIOKJHK
KuneMmatuk Ko- | cTOKC Ct M3
BYLIOKJIHK 1 Ct= 10—
Maruut okuM | MakcBean Mkc 1 Mkc =108 B6
Maruur muayk- |raycc Ic 1 Tc=10=¢Tax
1us
Maruur MaitnoH| apcren 3 103 A
KYYJaHTaHAHTH =4z M

A
= 795775~

Hceuknuk  Muk-| kaaopus Kan 1 xan = 4,1868 XK
JopH
Panunoaktus KIOpH Ku 1 Ku = 3,7-10%° Bx
MORJAHHHT aK-
THBJHTH
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dasomu

HypAaHHIUHHHT
I0THAraH jg03ac

pax
H

paxn

lpan=10,01Tp

PenTreH Ba ram-

Ma HypJIaHHII-
HHHT 3KCTO3H-
LHOH RO3aCH

PeHTreH

Kn
1P =258 lO‘*—KT

HypaaHHiIHHHT

9KBHBAJEHT J0-

3acHu

69p

69p

XK
1 63p = O’OI—I(F

CH Gupauxnapu 6u1ai1 Gapasap PoAfanaHHIAAUTAH CHCTEMAaAaH
TamKapa Gupauxiaap

Karraaukuedr ¥a408 GUpAMTH
KarTanskHHHT
HoMi Homu Bearucu CH Gupauru 6unan myHocabatu
Macca TOHHA T 1 T=103kr
MacCaHMHI
aToM Oup-
JUTH M.2.6. 1 m.a.6, = 1,66057-10—27 kr
Baxr MHHYT MHH 1 MuR =60 ¢
coat coat 1 coar = 3600 ¢
CyTKa CyTKa 1 cytka = 86400 ¢
OHeprusa | sjzekTpoH- |3B 1 9B = 1,60219.10=te K
BOJbLT
XaxuM JHTD 1 1 a=10-3 m3
flccu Gypuak o
pria¥| rpanyc ' 1° = = pax~1745329.10~2pax
180
MHHYT W/ T
v 1= mpﬂ}l:2,908882~ 10=4pan
CeKyHA 7 v T - 10=-8
1’_6—48000 pan ~ 4,848137-10
pax
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GOUSHK AoHMuAap

JOUMHAHHHT HOMH

Roumasinuar GeATHCH Ba XmAMaTH

I’ paBuTauLHOH ZOUMHI

SaeKTPOHHHHT 3apAAH
BogopoA aTOMHHHHT THHWIHK-

Jaru MaccacH
HeiTpOHHHHT THHYJIHKAATH

MaccacH
FIpOTORHUHF THHYIHKAArK Mac-

cacH
DNeKTPOHHHHT THHULIHKAATH

MaccacH
Marsut nonmuit
Bop MarieToHH

He# TPOHHHHT MarHuT MOMEHTH
TIpOTOHHHHT MarHHT MOMEHTH
DJeXTPOHHHHT MarHKT MOMEHTH
Hopman mapourtaapaaru
(To=273,15 K,p,=101325 Ila)
1 MOaBb HIeald rasHHHr XaMH
BoabumaH noumwuiicu

Iaask poumuiicu

EpyraukHUHT BakyyMamark Tea-
AUTH

DeKTPOHHHHT CONHUITHPMA
3apann

Fa3 yuusepcan noumniicu
Aporanpo conu

JlomMHuAT coHu

dapageit conn

DJeKTp AOHMHKI

frposnit MarHeron
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H.-m2
Y = 6,672.10=11 =23

e =1,60219.-10=1 Kax
my, = 1,67356-10=27 xr

m, = 1,67495 10=27 kr
mp = 1,67265 10=97 kr
m,=9,1095 10=31 kr

r r
w0 = 4r-10~7 — =1,256637-10~8

eh ,
pp = -2_’”3- =9,274-10~2¢ A.M

Hp==0,647-10=21 A.u2 =—1,91p,
pp=14,1-10=27 A.u2=2,79 p,
pe=9,2848.10=2¢ A.u2

RT, M3
v —_— = .10~3 ——
o 7o 22,414- 10

MOJb

R K
=Ni= 1,381-10 %
h = 6,6262 10=3 X-c
i
h = g0 = 1,05459 10 XK.c
¢ = 2,997924 10°
1 ¢
(F — 3,335604- 10=° ;—)
2
(¢ = 8,987552. 100 X5)
e Kn
ey = 1758805101 7
R = 8,314

MoaL- K
N, =6,022-10

MOJIb

Na _ 92686.1 25.‘-
Mo = Vo - o 10 M3
Kn
MOJb

= Nag.e=9648-10¢

¢
eq = 8,854188-10~12—-

eh
Pa = Im, = 5.0508-10—27 A-M2
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