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Kupuin

Yoy KyananMa KBaHT MeXaHUKACUHUHI aCOCHIl TyIIyHYa~
JIapy Ba YHJIAH Keunb dnKaJuran (pusnKapuii okubaTaiapHu Kyp-
caTyBUd MHUCOJIAp TYILIaMuaup. ¥ VHTa MaB3yJaH udbopar 0y-
6, V3bexkucron PecrybinKacy YHUBEpCHTETIAPHIA §KATHIA-
nuraH “KBaHT MexaHuKacu WHIINK KYPCUHUHT SPMUHT KaMPaod
0JIaJIN.

Kyianma ia KBaHT MeXaHUKACUHUHI (DU3MKaBUIT acoc/iapu-
ra, MaTeMaTHK allllapaTura, 3appaHu Oup yyrdaMin XapakaTi Ba
MapKaszuii Kydjap MailJoHnIarn Xapakar, YU3UK/I1 FapMOHUK
OCHIJLJISITOP Ba KBaHT MeXaHMKACUHU BOJIOPOJ, aTOMUIa KyJlla-
HUJIAIINATA JIOUP MaB3yJap épuTuiran. Xap Oup Map3y/la acoCuii
Ha3apuili MabJIyMOTIap KUCKada KeJITHUPUINO, cYHD OMp HedTa
TErnnIM MucoJiap Oatadpcui Kapad UMKUJITaH, OXUPUIA MY-
CTaKWJI eIl yIyH Bazudasiap KeJITUPUITaH.

Myasicuannr dukpuda, KyIIagEMaHIHAT Iy Tap3ja Kypu-
JIAIIN Tajiabajiapra MUCOJLIAD acOCU/Ia KBaHT MeXaHUKACHHUHD
TYLIyHYAJAPUHU V3JIAIITUPHUIIT Ba, MOC MaTeMaTUK YCyJIapHU
K{/L1all KYHUKMaJIapUHA XOCHI KUJINILJIAPUHNA €HI LA TUPa-
JIN.

Mucosn Ba Basudbanapaunr kymanmuru |1| Kymranmajan
oymmaran. Kynnanma oxupuaa Basudasap »KaBodjgapu, TOIIIIIH-
pUKHI OaKUPUII YIYH Macjaaxariaap, bab3um MaTeMaTuK TYITYH-
JaJiap XaKnjia UaoBa Ba aJgadueTiap pyixarn KeJITUupuIrag.

Hukkar! Kymaama Kucka BaKT, TaXMUHaH 1-0if, MoOaiiHm-

Jla TaiiepaaHraHInru cababim, YHIa IMJI0 Ba MaTeMaTuK ndoa-
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Japjia KU Xarosiap, TyIIyH4aJ apHu N30X/1al1a MypaKKa
ukpialap yapaiin MyMKUH. Arap myHaail xosariapra jiyd
KeJIMHCa, yaap Xakuga Myasandra xabap dbepacus jieran yMuI
omnaH,

Hurmmonos M. M.
31.03.2023



1- maB3y

Kuzaupuiran kucM HypJIaHUIIA

1.1 VNccnknukagaH HypaaHuL

Epyrink nypunn umkapaérran MaHOaaH, EpYRINK, SHep-
rust 0J16 Kerajn. Bpyrink Man6anra sSHEprUstHI TYPIIH H§IL1ap
OmaH Oepuill MyMKHUH. DHEPrus KU3JUPUII OpKaJu Oepuiica,
OyHail MaHOaJaH TapKaJyBUN HYPJIAHUIIT NCCUKJINKIAH HYpJIa-
HUII JIeHuJIau.

Nccukmmkaan nypaanudm — Oy »KUCMHUHI WYKKW SHEPrUs-
CH XUCOOHUTa SEKTPOMArHUT TYIKWUHIAPDHU TapKaTUITUIAD. Y
YKICM TapKUOWIAary MOHJapHIHT ¥3 MyBO3aHaT X0JIaTH aTpodu-
na TeOpaHuy Tydaiam maiao 0yiaaun.

Hypaanumununr 6y Typu XIX- acpuunar oxupuia (pusnkiap-
HUHD aJI0XUJ1a KI3UKUInra cababd oyian. UyHkn dpakat 1y Hyp-
JIAHUIITUHA, Oapyda TypJard JIOMUHeceHIusIapan papKiu pa-
BUIIJIA, KM3AUPUJITaH YKUCMIAp OnIaH TepMOJIMHAMUK MYBO3a-
HaTIa OYJIa 0181,

Nccukmmkaan By paaHuIn XOAUCaCuH Yprannod, dpusukiap,
TepMOJNHAMIKa, Ba ONTHKA Opacuja y3apo OOFJIaHUIIHN YpHa-

TUIITa YMUJ KUJITaH 3I1/1ap.
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dunsnkasunin Tascudpnap

DHepreTuk EpPKUHINK

R(T) — »KUCMHUHD SHEPreTUK EPKUHJIUTH, OUPJIMK BaKT-
HUHD t OHUJIa »KUCMHUHI OMPJIMK S 103acujian Oapua iyHaIMI-
ntap Oyitiad, bapya w dacrorasap (A TYIKUH y3YHIUK/IAPH)
OViinda TapKaJaéTraH 3JeKTPOMariuT TYIKUHHUHT W aHeprusi-

CH MUKJIOpUTra TeHr OViraH KarTajauk 0yimo, y T XapopaTHIHT

byHKIISICHIUP:
W(T)

R(T) = =

Hyp 4ukapuw kobnnnartun

r(w,T) éxku r(A, T) — KUCMHUHT HYD YUKAPUIIL KOOM/IHsI-
Ti, OOIIKA HOMU: SHEPreTHK EPKUHJIMKHUHI CHEeKTPA/ 3U9Ii-
ri. Y HypJaHUIl SHeprusgcuHu Oapya w dacTorajgap €xkum A
TYIKUH y3YHIUKJIApU CIEeKTpU OYitmdya TaKCUMOTHHU aHTJiaTa-
. Y (w,w + dw) éku (A, A+ dA) opaukka MOC KejlyBUH
dR(T) suepreTnk EépKUHJINKHE YI1a OpATUKHUHD dw éku dA
KEHIJIUTUTra, HUCOATH OPKAJIM aHUKJIaHaII:

Hw, T) :dljl—g) s r(A,T) :‘”Z—&T).

Bynan
R(T):/r(w,T)dw xcn R(T):/r(/\,T)d)\
0 0
OQKaHJIUT'TMHNU TOIIaMIN3.
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Hyp totunw kobunusatn

a(w, T) — XKUCMHUHT HYD IOTUIIT KOOUJIUATH, XKUCMIa TyIIa-
CTraH 3JICKTPOMArHUT TYJIKUH SHEPIUACUHUHI KaH4a KUCMUHU
W TacTOTAaHUHT dw aTpoduia KICM TOMOHUIAH OTUINIIIHI

aHIJIaTa I, Y XapopaT Ba 9aCTOTAaHUHT (PYHKIIUSICHINAD:

WIOTI/I.HFaH
a(w, T) = ———.

WTyH_[FaH

AbcosoT Kopa KICM TYHIAETraH 3JIeKTPOMarHuT HYp SHEpru-
SICUHU TYJIMFUYa 0T Ba 11y cabad Hyp IOTUII KOOWJIUSITH
a*(w,T) = 1 6Ynagu. Arap >KucM HYp SHEPIUSCUHU YMYyMaH
IoTMaca, OYHJall KUCM abCOIIOT OK YKUCM JAeifiniajgun Ba YHIHT
Hyp toruin kobunuatu a(w, T) = 0.

Tabuatiaa MaBXKy 00bEKTIAPHIHT HYP IOTHIT KOOWIUSTH
0 < a(w,T) < 1 opamukya §3rapaju. Bynjail >kucmap
KyJIpaHr yKucmap jefinnaau. Arap 6upop xuem yuyn a(w, T)
HYP IOTUII KOOMIUSATHHUHT KUMMATH derapaBuii KuiiMaTaapaaH
VHUYAJINK KaTTa dapK KujiMmaca, OyHuail »KucMJIapHU abCoJIOT

Kopa €K1 abCOJIIOT OK YKUCM Jie0 XICOOIaIl MYyMKUH.

Acocunii KOHyHUsITNap

XIX acpHUHT oxupaapuIa adCOIIOT KOpa YKICM HYPJIaHUAIIN

TaxKpudasiapjia sIXIn Ypranujirad 3/1u.

CredaH — bonbumaH KOHYHN

1879 itmta Mozed Credan Takpuba MabiyMOTIAPUHE

Tax/Ina KUanO, abCo/IIOT KOopa YKICM dHEpPreTUK epkuHgurm T
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abCOJIIOT XapPOPATHUHD TYPTUHYM JaparkKacura MpOoIoPIHOHA
R*(T) = 0T, (1.1)

Jeran xysaocara kejaau. bup kanda BaxT ytud, 1884 finnga Jlio-
nBur bosbiMan Oy OOFIaHUIIIHKT, TEPMOJINHAMUKATA, aCOCTIAHHO,
Hazapuil keaTupud unkapau. by konyn Credan — Bosbnman
KOHYHHI JIe0 aTajajiin. 3aMOHABUIl Yrdaliapra Kypa ¢ JIOMMUii-
HUHT KUMaTU Kyunjiarura TeHr:

o =25,671-10"%Br/(m* - K*).
BUHHUWHI cnn>xnw KOHYHN

XIX acpuunr 90-fintapu oxupuga abCOJMIOT KOpPa YKUCM
HYPJAHUIIN CIIEKTPpaJl TAKCUMOTH TaxKpubdasiapaa JMKKAT OnIaH
ypranuiu. Taxpubasapaan mMabjiym 6§uankn, (A, T) dyHk-
musi T XapopaTHUHT Xap OUp KUiMaTu1a TKKOJI aXKpasand Typa-
JIUTaH MaKCUMYMIa 9ra 9KaH.

Xapopar OpTUIIN OWJIaH MaKCUMYM KHCKa TYJIKUHIAD TO-
MOHTa, cuyKuiim, oyaga T XapopaTHn MaKCUMyMTa MOC KeJTyB-
91 Ay TYJIKHH Y3YHJIUTHHUHD KEAMATHIa KyHaiTMacu y3rap-
Mac/laH KoJiap dKaH:

Aagx T =b ékun Az =b/T.

By myHnocabar apBaJipok Bun ToMOHMZAH TepMOIMHAMHIKAra
acocJIaHnO oJMMHTaH 34U, Y DBUHHUHAT CHIKNII KOHYHUHHT 1(O-
Jasaiian: abcoIIOT Kopa »KICM HYPJIAHUIIN SHEPIUsiCU MaKCH-
MYMHTa MOC KeIYyBUN Ay TVIKUH Y3yHIUTH T acOo/IoT Xa-
poparra TecKapu IpOoIopuuoHal. BUH JOUMUICHHIHT KUiiMaTn

10
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1.1 - pacm: A6comor Kopa kucm (A, T) Hyp YuKapuin KOOUJIUSTHHE TYDJIH XapOPaT-
Japaa A TYJIKWH y3yHJIUTATa OOFJTAHUIIIN.

Kyinjiarura TeHr:
b=2,898-10"3m K.

Ymby KOHYHHU Kyaab, »KyJa y30KJa rKoiljaalmraH XaMmja §Ta
KU3IUPUATAH KUCMIAPHIHT XaPOPATUHH VTdall MYyMKHUH.

Taxxpubanapga >pUIIAIT MYMKUH OV/IraH XapopaT/apia
r(A,T) nyp qukapuin KOOWIUATH MaKCUMyMH HHMDPAKUSHI
coxaga éraau. Paxar T > 5-10% K 6yuranga maxcuMym
CHeKTPHUHI' KYpUHAJIUIAH coxXacura Tymajau. Kyem HypiaHui
SHEPIUSICH MAaKCUMyMH TaxMuHaH 470 HM (CIIEeKTPHUHT ST
coxacu) TYIKUH y3yHgurura T§rpn keand, Kyémr cuprugaru
(arap Kyémnrau abcosror Kopa kucm cudarnia Kapacak) 6200
K xapopatra mMoc Kejiain.

11
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Kunpxrod koHyHwu

Xap KaHjiail XKUCMHUHI' HYD YMKapPUIIT KOOUJIUSITUHN YHUHD
HYDP IOTHII KOOWIUSTHTa HucOaTh OepuyiraH Xapoparja Ba da-
cTOTa 8 yHoOy >KUCMHUHI IMAKIUra Ba YHUHI KUMEBHI Tabua-
Tira OOFINK SMac, abHi Oy HECOAT HYPJIAHHUIT YaCTOTACHHITHT
(TY/IKMH Y3YHJIUTMHUHT) Ba XaPOPATHUHT YHUBEPCAT (DyHKITHSI-
CHJIAD:

r(w,T) . r(A,T)
,T) = ——< AT) = ———.

f(w ) a(w,T) €K1 f( ) a()\,T)
AbcotioT Kopa »KueM yuyH Hyp toruil Kooumsaru a*(w, T) = 1
skarurmias, f(w,T) = r*(w,T) Ba 6y dyukuus Kupxrod
dyHKIMACH efiniau.

Peneii — XKnHc KoHyHN

Credan-bosbiivan Ba Bun KoHyHIapuHu Hazapuil KeaTu-
pubd YMKapuIra IMKOH OepraH TepMOJINHAMUKAHUHT I0TYK/Iapy
abCoJIIOT KOpa »KUCM HypJanuin crekrpas Takcumoru (A, T)
JUBNFUHU TYIUFTYa TepMoJMHAMUKAra acoCJaaHud KeJaTHpuod
JUKAPUII MYMKUH jJeraH yMuaHu naiigno kurgu. 1900 iimnga Oy
MyaMMOHI Malixyp uHrim3 usurn 7K. Peneit eunmra ypun-
Ju. Y Y3MHUHT PUKPIIAILIAPUTra aCOC KUINO KIACCUK CTATUCTUK
MEXaHUKAHUHI TePMOJIMHAMUK MYBO3aHAT XOJIATHa SHEPIHSI-
HI Oapya SpKUHINK Japakajgapu Oyilnad TeKnc TaKCUMJIaHH-
MY XaKUJaIrm TeopeMaHu oju. by Teopema Peseit ToMmonngan
FOBAKHIHI MYBO3aHAT HypJIaHUIINTa KYJLIaHWII. bup Kanda
BaKT yTrad ymoy rogaun 7ZKunc sHaga pupoxkiaantupau. Ly iy
OmaaH abCOIIOT KOpa »KUCM XoJujga KupxroHuHr yHUBEpCa

12
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byHKIMACH yIYH KJIACCUK CTATUCTUKA acoChjia KyHujarn nK-
KuTa popMyIa OJINHJIN:

f(AT)=a A~Se T, (1.2)

oy epia a,b —xaunaitup poumuiiiap; (1.2) udona — Bun dop-
MyJiacu Jefiniain; yioy gpopMysia HypJIaHUII CIIEKTPUHE KaTTa
qacToragap (KHIuK TYIKHH y3YHJIUKIAD) COXACH YIYH 9KCIEpH-
MeHTJIapHU TYFpH udogasiailim;

f(A,T) = kTA?
EKU (1.3)
flw, T) = e 22kT flv,T) = kT

oy epua k = 1,380649 - 10~ % — Bosbivan ronmmiicn; (1.3)
myHocabar Peneit — zKunc dopmynacn jged aranagun. Y Ki-
qUK 9acTOTajn (KaTTa TYIKUH Y3YHIUK/IN) COXa YIYH OJIMH-
raH Taxkpuba HarTukagapuau udojgasaian (1.2- pacm). Byn-
Jlal Tamkap, yajaan abeosor kopa kucmuuar R(T) sneprerux
épkunuruan Peseit — 2Kunc cbopMyﬂaCHFa K{pa xucob/aHca,

0

/rdev—]Z—Z v dv — o0

0 0

JeKCU3/IMKKa allJIaHuII Ba OYHJAH FOBAK MUYMJAId KU3JIUPILI-
raH »KHUCM XaMJla HYPJaHWUIII opacija MyBo3aHaT darxaT abco-
JIIOT HOJI XapopaT/Jarnia YpHaliu Kabu MaHTUKCU3 XYJI0Ca Ke-
b nKau. VMecuknkaan HypJaHUIl XO[IUcacura JOUp TarxKpH-
Oa HaTWKaJJapUHM KJIACCUK (PU3MKa acoCha Has3apuil N30X/1all

MMKOHUHHN H{KInrn yarpabunadiira xaaokaT j1ed HOMIAHIH.

13
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Penen-HinHC
dopMy nacK

Bun
dopMmynack

FRCHEDUMENM

1.2 - pacm: Peneit — 2ZKunc dpopmynacu Kuank dacrorasap/ia abCoJIOT KOpa KUCM HYP-
JIAHWII CIIEKTPUHU TYFpu ndoaiaiinm, ¥pra qacTorasap/ia SKCIepUMeHTIaH
YeTJIaHa U, IOKOPU YacTOTaJap/la XaTo HATHXKAra OJIMO KeJIa i,

1.2 KBaHT Ha3apuUsiCUHUHI nango oynuniin

[Iynpait kmanbd, Kiaccuk gpusmkara Kypa xarocus OViaraH
dopMmyna Taxkpuba OmyiaH OyTyHJIA KapaMa-Kaplim HaTHzKa-
jnapra oyb ke, AOGCOTIOT Kopa YKUCM HYPJIAHUIIN CIIEKTPAJI
TaKCUMOTHU XaKUJard MacajaHu Via maiTia MaBxKyJ Ha3apus
acocjia eund OymMacauru MabayMm Oyian. by Macasia Kiaaccuk
dusukara ér 6ynran rod acocuga Hemuc gusurn Maxc [Lnank

TOMOHI 1aH MyBOCb&KI/I?ITJH/I eHYNJI M.

NnaHk Fosicn. Epyfnuk kBaHTNnapu

[Irank MojmanapHn “Y3MHUHT MyBO3aHAT XOJaTH aTpodu-

(%) 7
Jla TeOpaHyBYM OCHMJLIATOpJIA TYIiaMn’, — Jieb TacaBBYp KHJI-
an. OcnuuigTopsiap Ba HYPJIAHWUIIT OPacHIard MCCUKIMK My-

14
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BO3aHaTH Macajlacura KJacCuk (bU3MKa yCy/aapura acocaaHund
énjammica ssHa Pejeit — 2KuHc KOHYHM KeJInO YMKUIIN TYIITY-
Hapan. HypiaaHuin Ba ocIuIgTOpIap OPacuaaru SHePrus aJ-
MalTUHYBHU/la, KJACCUK TacaBBypJapra Kypa, IOKOPHU YacTOTa-
JIN OCHMJLIATOPJIAP acocuil YpuH TyTa . AMMO, TaxKpubasap/ia
Ky3aTH/Iral HaTHzKaaapra Kypa, clieKTpasl TaKCUMOT (DYyHKITHSI-
CHHUHI KUAMATH IOKOPHU JacToTajapjia Kamaitumm 3apyp (1.2-
pacmra kapasr). [y cabab, 10Kopu 9acToTajin OCHuLIATOPIap-
HUHD SHEPrud aJMalliHyBUIard XUCCACHHN KaMalTUPHUIT MaK-
caguia [lnank, Kusaupuaraid >KUCMHUHT HYPJAHUIIIHA SJIeK-
TPOMAarHuT TYJIKUH 5Mac, OaJIKI SHEPrusiCl HYPJIAHUIT YacTOTa~

cHUTa IpoIropHuroHa oyiran
e =hv =hw, (1.4)

3appasiap (KBaHTJIAD) OKUMU Tap3u/ia Kapall Kepak JieraH Fosi-
Hy wiarapu cypau. bynna h — [Liank gjonmuniicn gefiniagy, yHIHT
KuiivaTin b = 6,626-10734 JK-c, h = JL = 1,054-10734 2K c -
kentupuiaran [lmank gommuitcn. ITnank gommuiicn — KBaHT u-
3uKacugarn pyngaMenTans gouMmuit 6yano, y “Maxcyc mucoObmii-
JINK Hazapusicuia’ EpyrIuK Te3/IUTu ¢ Kabu axamuatiaun. Hypia-

ISRZ000050%0500 yM}/MI/Iﬁ OQHEPI'UACH, 9H/ U
E, = ne (1.5)

OVIam.

Kusiupuirad »KucM 3J1eKTPOMArHuT HYPJIAHUIIN YKaPaEHU-
Jla SHePrusiHi KBaHT/Ia0 YMKAPUJIMIIKE Ba, IOTUINIINATA JOUD FO-
scuan Kyniad, Ilmank, abcomror Kopa »KueMm xoauaa Kupxrod-
HUHI YHUBepcas PYHKIUICH YIyH, bapya JacTroraapia TYrpu

15
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uiiaiinran, staru opmystann o, byaga y (1.3) udosa
opka/n anukjanran Peseit — 2Kunc konyauga kT §prura Moj-
JIAHK TAIIKNJI KUJITaH OCIUJLISITOP/Iap TYIIAMUHUHT YpTada Kil-
HETUK SHEPIUACUHN UIIATIH:

flw,T) = 5 (E). (1.6)

l-mucost. Ocumnasitopsiap TymiaMmuaunr (E) §prada KuHETHK
SHEPTUSICUHI TOIMHT.

Euanvu. Kncka snactuk TyKaammo, Oup-ompu Onsian SpKuH
SHEPIHd aJMallyBUYd, KYII COHJAIM FapMOHUK OCIUJIISTOPJIAD
TVILIaMUra sraMus, Jed TacaBByp Kuaailank. BojbIiMaH TaKcH-
MOTHUIa KVpa OCHM/LIATOPHUHI E, SHeprusira sra OV/IUII 3XTH-
MOJIM Ky#ujgarnda aHuK/IaHa 11

Wn — e—En/kT

Y xos1a TebpanMa XapaKaTHUHT YpTada SHEPTUsICH

Y WE, 1 Epe B/
<E> _ n=0 _ n=0
LW, L eET
n=0 n=0
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YHexkcns reoMeTpuK MPOrPecCHsiHn OJaiINK:

Zﬂn—zﬂoq 1_ p 6]<1.

q

TenrymukHuHr MKKasla Tapadujan g oyiinda xocuia xucodaii-

MU3:
> ao aoq
apng"~ = ang" = ——.
,{So g B g
Arap Z q" 1 —; OKAHTUIIHY xXucobra oJicaK
Y. aong”
n=0 1 _aog Ao
00 T 1 . -1
Z qn q q
HATIDKAHWM ojlaMn3. YOy MyHocabaTiapia 4y = Nw Ba q =

e /KT Gerunanuiap KHPpUTCAK, SHEPIUSTHUHT §PTata KUiiMaTh

yiyH
hiw
(E) = ohw /KT _ 1

(1.7)

ndojiara KeJaaMus.

I-mucosyia tonmaran  (1.7) udomann (1.6) dopmymrara
Kyitn6, Kupxroduunr ynusepcasa gpynkmnusicu yayH [Lnank dop-
MYJIACUHU €3aMU3:

hw? 1
flw,T) = 4202 phw /KT _ 1°

(1.8)
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[Tnank dopmynacu abco/0T Kopa »KUCM HYPJIaHUITUHUHT
CIIEKTPaJl 3UITUTE TAKCUMOTHUHE (9HEPTeTHK EPKUHIUKHN) X~
TUCPHUIT JacToTajap YUyH TaxKpubasjapia OJUHraH Oapda Ha-
TiKajapan oupaamTupan. Ilnank dopmynacugan Credan —
Bonbmman Ba Pesteit — 2Kunc konyniapuan KeaTupubd IuKapuIi
mymMmkuH. [L1ank dpopmynacn hv < kT oynaramnia Peseit — 2Kumnc
dopmynacura yram.

AbcositoT Kopa, »KUCM HYPJIAHUIINA MYaMMOCUHU €4uIl pu-
3UKaJla STHI'M acpHu Oomwiad Oepiu.

2-mucost. [Tnank popmynacunan Credpan — BosibiiMan KOHyHUHI
KeJITUPUO INKAPIHT,

Eunvu. DHepreTnk épKuHINK

R(T) = 7r(w, T)dw

noia OmIaH aHUK/IaHap 3. AOCOJIIOT KOpa »KUCM YIYH HYpP
arkaputn koownusitn ¥*(w, T) = f(w, T) Kupxroduunr yHu-
Bepcasl (PYHKIMACHTA TEHT. DHEPreTUK EpKUHINK Hdoiacura

f(w, T) yayu [lnask dopmytacuan uiiaTaiivk:

Ji [ haw 1
/f(w, T)dw = Lrr2e e R 1dw.
0 0

Kyfingarn ajMamTupuniapan dazkapammus:

hiw h
x—ﬁ = dx—ﬁdw,

18
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kT kT
Y xoJ1a
) [ e’ 1 k4T x>
R*(T) = L202 ghaa T — 19w = 4020217 / 1%
0 0
k4T4 4 2k4
— 3 . T _— ( T 3) T4 =0 - T4.
4122 15 60c2h
By epna

oo

x3 T
/ex—ldx_ﬁ
0

SKaHINTHHE Xucobra onauk'. Arap Credan — Bosbnman mon-
Muiicu ¢ HI XucobJ1acak

21k B
= Y 56795987 1078 —~
60c2h> M2K4

KuiiMaTH ojlaMnu3. bynga bBoabmman jgommmiicn, IlmankomHr

KeJITUPpUIral JOUMURCH Ba €pYyrIUK TE3JIUrU y4yH Kyhujgaru
KuimMatTaiap

7K
k = 1,38064900- 102 [?]

h = 1,05400000 - 107>* 2K - c]
c = 2,99792458 - 10° |*]

C

xamaa 1 2K — 1 Br-c skanimurn xucobdra OJIMHIN.

1By UHTETrpaJIHI (10.18) MyHOcabaT épraMuia XucobJrarl UaoBaIa KeJITUPUITaH.

19
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3-mucoJt. [lnank dpopmynacugan Peneit — 2KuHe KonyHuHn KeJ-
TUPUO INKAPUHT
Eanvn. Kuank gacroranapna iw << kT neb dhapas kim0,

h_w [x) b (X)
exT bynkuuaan Teitop KaTopura EgilnK:

e;kl_(%]—l—l—l)kl—w—l—l h_w 2—I—l h_w 3—I—
a kT 2! \ kT 3! \ kT

bynaa
1w\ 1 o\t
2! \ kT 31\ kT

dKaHJINI'naH

narTmKanu onamus. Yun (1.8) — [Trank dopmynacura Kjniacaxk

hiwo’ 1 hawd kT w?

T — _ — kT
f(w ) 477202 phw /KT _ 47t2c2 heo 47722

TeHIyIMKKa Keaamns. [lyngait Kuinbd, KUK JacToTajgapia, aB-
BaJIpOK (1.3) dbopmysiaia KeTupuiran

aﬂ

flw, T) = 4712c2kT

Peneit — 2Kunc koryHu oxamus.

d-vucost. Thnank dopmynacngan BUHHUHT CHKUIT KOHYHUHHA
KeJITUPUO INKAPUHT.
Eamvin. FOxkopuia kenrupusran (1.8) — [Tnank dhopmytacu-

JaH BUHHUHD CHUJIKUIT KOHYHUHN OJIMIIT YIYH W ¥3rapyBIuIaH

20
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A y3rapyBunra yTaMus:

w, T) = AdWiypranmm
{ ;E)\ T)) = _dWH}fl;iaHHm = f(C(), T>dw — f(A’ T)d)\

dA

Y xo0J11a
‘ ‘ B 27‘CC B ‘_271_(: B @
d)\
bynnan
dw 2mc hw? 1
f(A/ T) — f(w' T) R - A2 477202 phw/KT _ 1
_ 4mthet 1
A° ez)gcrzl"c —1

OJsimHrad yHKIMUSIHA 9KCTEeMYM KUIMaTIapu YUyH TaJIKUK 9Ta-
mu3. By makcamia f(A, T) dyukuusauar A 6yiinda GupuHan
TapTHO/IN XOCUJIACKHI HOJINA TeHIVIaiMu3. ABBaJI XOCUIAHN XU-

coOTaflIIK:
df(A,T) _ Amhe 1 4mh2mhe i
dA AS A1 A ANT (ﬂiﬁf B 1)2‘
OHIT X = Z)TTC aJIMalTupuI Oaxkapubd, Kyimgarn ndoianu
0OJIaMU3 Ba YHU HOJII'a TEeHTJIAMU3:
470°hc? [ =5 L X e*
A6 e*—1  (ex—1)*)
Bynan
5

—5(*—1)+x-e*=0= (x—5)e"+5=0=¢" = —

x—5
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TpanmenjeHT TeHIJIaMa OJIMHIM, YHU Tpaduk ycyijaa edra

MabKysl. Bynunr yuys @(x) = e skcronenuan Ba P(x) =

— 2 runepbostnk  GYHKIUSIAPHT TPAbUKIADHHT  TH3aMIS3.

x—5
Ymby dyukmusiiapauar rpadurn X ~ 4,965 Hykraja Kecu-
maim. Y H1a, 2{2@? = 4,965 TeHrUKIAH Ay = 4% — ,_Qr

MyHocabarHu osamns. Bymnan b = 2,9 -1073 m-K — Bun jjon-

Muiicn KuiiMaTn Kejinbd YnKa/in.

H-mucost. Arpod myxut xapopatu 17°C OVirania »KICM dHEPIU-
sicunn forranuad Kypa 100 mapTa KYIpok HypJaéTran Oyiica,
VHUHT XapopaTu KaHaail OVIuimm jJo3mum?

Eqnmvu. 2Kucmuunr t§iuk S cuprujan dbapda iyHaumwiap
oyitmaa dt BakT MoOaliHI A HYpPJIAHTAH SHEPrUsl MUKJIOPH KYii-
UJIarura TeHr:

dW}KI/ICM—Hyp. — R)KI/ICM S d tl

Oy enja Ryyeny — KUCMHUHD SHEPreTUK EpKUHJINTU. Yoy dt
BaKT MOOaliH1Ia TYIUK S cUPT OPKAJIK »KICM I0TaETraH SHEepPrius
[y BaKT OpaJInfuja MyXUT HypJlaraH sHeprugra TeHr:

dW}KI/ICM-IOT. — dWMny/IT—Hyp. — RMyXI/ITSdt°

Macama mapTura Kypa

dW}KI/ICM—H . R}KI/ICM S dt R}KI/ICM
= = = 100. (1.9)
d W)KI/ICM-IOT. RMyX,I/IT S dt RMyXHT

7Kuem Ba MyxXuTHUHT SHepreTuk éprkuaankaapunn Credpan

— Bosbiman konynu oprasn udoanaiimus Ba ynapau (1.9) dbop-
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MVJla/da naljiaTaMW3:

— 4. _ 4
R}KI/ICM - O—T}KI/ICI\T, Rl\/lyXI/IT - UT

MyxXuT/
4 4
O-T}KI/ICM — T}KI/ICM — 100
oT# T4
YXUT MYXUT

Haruxka:

Towens = V100 - Ty = 290 - v/100 = 917 K.

6-mucosi. P = 1 kBt KyBBaT HCTebMOJI KIJIAETTaH Iedjga S =
100 cM? TpKUI MaBzKy L. Arap INeUHUHD HYKH CUPTH XapopaTu
1 kK 06¥i1ca, neu jeopsiapu TapkaTaéTrad KypsaTHuHI OUK Hu
AHUKJIAHT.

Eunmvm. [legnaunr geBopsiapu TapkaTaéTral KyBBaT hoiiga-
mu um kodpdurmentn (PUK) meua jgesopsapn TapkaTaéTraH
Prapx. KyBBaTHU IIeY UCTEBMOJI KMJIAGTral TYINK KyBBaTra HUC-
ObaTura TEHT:

Py P—-Py, P—-R-S5 P —oT*S

P

- - P

_ = 0,433.
=3 5 0,433

7-mucoJ1. Ep cupTUHUHD §prada 9HepreThk epKUHINIT Ry g,y =
0,54 7K /(cm?-mun). Arap Ep, nypiannm kosdduimentn & =
0,25 6ynran KyJpaHT »KUCMJIEK, SHEPIUsHI HypJaéTran Oyiica,
Ep cuprununr T xapoparu Kanjail Oyininm Kepax”’

Eunvu. Hypananum koadpdunmenta € — Crecdban — bBosbi-
MaH KOHYHHI'a Kypa KyJpaHI »KUCMHHHI, Oepu/ral Xapopar/a,
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MNCCUKJIMKIaH HYpJIaéTTaH SHEPrUusiCUHM, YIlla XapopaTaari, ad-
COJIIOT KOPa »KUCM HYPJIAHHUIIT SHEPrUusicura HUCOaTHHN KypcaTa-
Jn. ADCOJIIOT KOpa »KUCMHUHT HypJiaHuiln Koddduimentn € = 1.

EpHUHT SHEPreTUK EPKUHINTH
Rrgy) = € Rf = eoT*.

Bynan
4

R
T = ¢/ —LE) _ ngn [k — 9o,
ET

8-Mucos1. Ky€mm HypJaHuimy Y3UHUHD CIEKTpaJ TapKuoura Ki-
pa abCcoIIOT Kopa »KUCMHHUKHUTa SKUH. ByHaa Hyp/aHu KoOm-
JIMATUHUHD MAKCUMYMU Appe = 0,48 MKM TYJIKUH y3yHJIUTHUTA
Tyrpu Kegajan. Hypmanum tydaiiim xap oup conmsia Kyér-
HUHT Maccacu KaHdara kamaimmuan Tonunr. Kyém Maccacn 1
% kamaluim yayH KeTaJiural BAKTHU OaxOJIaHT.

Eunvu. Kyémnunar 1 conusjia fiykoTaéTran Maccacuiu To-
naimK. DiHmTeitn popmynacura Kypa, KyEemHuar HypaHui
suepruscn W = mc?, 6ynna m — 6y 1 connsana Kyém ifykoradT-
raH Macca. KyEnHuHr sHepreTuk epkunjnra Ry = %, OyH1aH

W = Rrt- 5.V xomnna

W Ret-S  ob*t-S
2 2 A4

Bynna Rt = ¢T* Credan — Bosibnivan Ba T = % Bun konyHa-

PUHI X1COOTa OJIUK. DHAU S = 471'Riyém (Rkyem = 6,95 108 m

— Kyém pajuycn) skanmurugan, Kyénau nypianuin Tydaiiiun
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1 conuga iykKoTa€Tran Maccacu Kyiiunjarura TEHIJIUTUHUT TOMa-

MU3:

m=>5,09-10° kr.

Kyém maccacu 1 % ra kamafiuinm yayH KeTaurai BaKTHI 0axo-

JIAMJINK:
- Amc? _ 0,01 My C? _ 0, 01 My C?
4 2 4

Bynna Miyen = 1,98 - 10%Y kr — Kyém maccacn. [lynjait ku-
0, Kyém macaccu 1 % ra kaMaiinim yayH

T=1,2-10" fiun

BaKT YTUIIN 3apPYP.

9-mucos. Abcostor Kopa kucm xapoparu 17 = 2900 K 6y-
raH xosatraa koitamrad. Coymn Tydaiiim, sHEePreTuk EpKuH-
JIMK CIEKTPaJ 3MUJTUTHHIHT MAKCUMYMUTa MOC KeJTyBUM TYJIKIH
y3yHimK y3rapuimm AA = 9 mxm. Y Kanjait Tr xapoTrada coBy-
'’

Eunmu. Bunaunr cumkum xkonyaunu 17 Ba Tp Xapopatiap

VUYH €3aMU3
b= Almax ) Tl; b= AZmax ) T2~

TYnkua y3yHAUrnHuar y3rapuiid AA = Ay — AMpax SKAHIN-

I'ijiaH

b= AMmax + AT, = b= (TE + AA) T,.
1
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Bynan
b-Th
T, = = 290 K.
*Th+ALT
10-mucost. duamerpu d = 1,2 cm Oyarag Muc mapda, XaBo-

cu cypub osmHran Ba WIKHU JeBopJapu xapopatn 0 K Oyiaran
ujuira sKoinamrupun. [lapyanuar OonLIaHFud XapopaTu
To = 300 K. IHapya cuprunm abcosoT Kopa »KucMm Jied dapas
K10, KaHda BaKT yTrad YHUHI XapopaTu 2 MapTara KaMuiin-
IIMHU QHUKJIAHT.

Egnmu. Hlapua xapopatu dT ra KaMafuimmga YHAHD TIKHI
sueprusicuan kamajinmu dW = —dU. ZKucemun coBymmia (éxn
Kusumnia) naku sueprus Yarapuimm dU = CdT dhopmyrta 6u-
naH ndojasanagy, oyuaa C — »KUCMHUHT UCCUKJIUK CHFUMU Ba
y Kyfujgarmda TOIUIa 1

4 7d’

C:c-m:c-p-V:§7rr c-p:Tc-p,

oy epaa ¢ = 390 2K /(krcdotK) — MUCHUHT CONUIITHPMA HCCHK-

mik curnvi; 0 = 8900 kr/M® — mucHuHr 3uunrn. Jemak

Baxkraunr dt opanuruia mapda CUPTHIAH TapKaJIaéTrad Hyp-

JIAaHUIT 9HEPIUACH

dW = R;Sdt = (o - T*- 7t - d%) dt.
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OHePrusiIapHU TeHIJIaIMU3:

3
(—%c-p)dT = (- 0 T dt

d-c-p dT

= dt = — c o Ti
bynapaan
f d T 7-d
_ .C.p al _ . .C.p%
O/dt— -~ T/T4:>T —18-U-Tg 2,9 coar.
0

1.3 MycTtaknn vwnaw y4yH Basudpanap

1.1. Abcosmor Kopa »xkucm xapopatu 11 = 500 K. Kuzgupuin na-
TI2KACHIa HYDPJIAHUII OKUMI 1 = 5 MapTa KydJaiica, KICM-
HuHr T xapoparu Kanjai Oysiam?
sasobn: 747.6 K.

1.2. Kyém HypJsiaHuIIM CHEeKTPUHM TaJKUK STHUII HaTHXKaCH
SHEPreTUK EPKUHINK CIeKTpasl 3UIIUTHHUAT MaKCHMYMH
Amax = 500 A skamurunm Kypcaran. KyémHu abcooT Ko-
pa ¥ucm j1ed dapasz kunbd, 1) KyermHnHr sHepreTik épKiH-

qmarunn; 2) Kyém Hyp/aérran sHeprist OKUMUHE aHUKTAHT .

/Kapobu: Ry = 6,4 - 107 BT/MZ; d =3,9-10% Br.

1.3. Arap HypJIaHUIIl 3HEPrUgcd MaKCUMyMHU KYpHUHAJMraH
CHIEKTPHUHT KU3UJT derapacujiai (Aqpay = 780 nm) ounad-
ma derapacura (Aomay = 390 HM) cuKica, abcoTIoT Kopa
JKICM HYPJIAHUII OKUMK KaHjail Ba Heda MapTa Yarapajiu’

slapobir: 16 mapTa opTaii.
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sKuemnunnr acn xapopatu 3,2 kK. Kynpanr :xucMouar pa-
JMallioH IIMpoMeTp Ousan yirdanran xapoparu I, = 1,4
kK 0yi1ca, yHUHT d,, 7 HYD IOTHUII KOOUJTUSTHHN aHUKJIAHT.

siasobn: 0,037.

[Teannnr kysarys rupkuimian € = 4 k2K /MuH. oKuM Hyp-
naHanTH. Arap Tupkui o3acu S = 8 cm? 6yiica, HeUHIHT

XapopaTUHU aHUK/IAHT
siasobn: 1049 K.

AbcoJroT Kopa 2KICM XapopaTu UKKK ODapobap oIliraH/jia Hyp
JUKAPUIIT KOOMJIUATH MAaKCHUMYMHUIa MOC TVJIKHH Y3YHJIMK
AA = 400 uMm ra cukuau. BolaHrud Ba OXUPru Xapo-

paT/IapHU TOIIMHI.

sasoon: Ty = 3625 K; T, = 7250 K.

Arap s71eKTp YnpoK cuMUHIHT XapopaTu 2650 K, unpok cup-

™ 103acu 47 MM2

, YUPOK CUMMHUHI SHEPreTUK €PKUHJINIH-
HI a0COJIIOT KOpa, »KUCM SHEPreTHK EpPKUHJINIHUIa HUCOATH
k. aitnan yira xapopatiaa, 0,31 6yiica, 3/IeKTp YUPOK, KyBBa-
TUHU TOIINHI.

slasobn: 40,7 Br.

Hyp unkapuin KoOMJINATH MaKCUMYMUIa MOC KEJIYBIU Ayyay
TYIKUH y3yHJUTH atMocdepaian Tamkapuaa 0,50 mxm, Ep
cupTuga vca 0,505 MM Oyiica, Kyem sHeprusgcuHunr Kanda

KHUCME aTMocdepa TOMOHU IaH couud 0dopuia i’

sKapoou: 0,32.

Kyvupunar T = 600 K xapopaTnarn MCCUK/INK HYPJIaHU-
i Koapdunuentunu € = 0, 8 y1e6 xucod1a0: 1) KyMUpHIHT
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sHepreTnk épkuturunu; 2) = 10 MuayT MobaiHIIA K-
MHUpHIHT S = 5 cM? 6yiran 1o3aciial HypJIaHaéTraH SHep-
ISt MUKJIOPUHN aHUKJIQHT.

sKasoon: R = 5,88 kBr/M?, W = 1,76 /K.
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2- MaB3y

doTon

2.1 ®oToadhcekT

EpyrinKHIHT, 9/1eKTp XOAHCalapuHn COUP OYIIIII Kapas-
HUra, Tabcupuan 1887 iimaa ['epll Ta KUK Trad. &Y 3JeKTpP JaK-
Harud!l épramujia Tazkpubaaap §Tkasub (2.1-pacm), yibTpadu-
HadIa TYJIKIHIAD OlIaH HypJIaHraH a JIEKTP YaKHAI §Ta Kil-
JUK Ky4IaHUIIapaa coanp oyanmman Ky3aTan. 1889-1895 iini-

e
v('k-v

. SNeKTp YaKHaru4
Epy¥FNHK KBaHTH

2.1 - pacm: I'eprr TaykpubaCHHUHD CXEMACH.

napaa, A.I. Croseros kyitmjaru cxemanu Kyntab (2.2-pacm),
EPYRIMKHU MeTajulapra TabCUPUHU TAJKUK STJM: YpraHuiacT-
raH MeTaJulJIaH sicajiral KaTo/ Ba aHO/ BAKYYM XOCHJI KUJIMHIaH
VNI §3rapMac TOK ManbOaura mymjail yuanranku, R kap-
MUK EpJlaMijia yiapra oepuaaérral KydJIaHnil KuiiMaTuHu
BA UIIOPACUHU Y3rapTUPKUIN MYyMKHUH. Pyxjian dcajirai KaTojl
HYPJIAHTAH I SJIEKTD 3aHKUPIJIA, MULIHAMIIEPMETD épjlaMijia

1 PYC. IEKTPUUECKUN PA3PsTHUK
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YurdaHaurat, 97eKTp Toku okKaju. CToJIeTOB KaTOJHM TYPJIH

i

2.2 - pacm: CToJIeTOB TaXKPUOACHHUHT CXEMACH.

TYIKUH Y3YHINKIN EPYIINK Ontan Hypaad, Kyinjgara KOHyHH-

ATJIAPHU KY3aT/IN:
- yabTpabunadIa HypPJAAHUIT SHT KYUIH TabCUPra Sra;

- EpYHJIMK TabCUPU/IA KATOJIaH MaHMUl 3apsi/iin 3appaJiap
01O OJIMHAIN;

- EPYIJINK TabCUPUIa XOCUI OVIran TOK KyIn €pyranK NHTEH-

CUBJIMTUTA TYFPU NIPOIIOPIMOHA.

1898 ftnna Jlenapa Ba Tomcon 10110 ommuaéTran 3appaJjapHITHT
(e/m) comumTupMa 3apsiinHI Yiadagauiap. Y 9JIeKTPOHHUHT CO-
JIAIIITAPMA 3apAaura TeHT Oynd YnKau Ba 11y cadad, KaTo1aH
107110 OJTMHAETTaH 3appaJjap — JIEKTPOHJIAP SKAHIUTU Mab/IyM

oV In.
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Tawkun doToacpdekT

Epyrmnk tabenpiia Mojyiaiapiad 3JIeKTPOHIAPHI azKpa-
0 gukumy tamkyn porodddekT meitmnaan. byrga axkpaanod
JUKAETIaH 3JIeKTPOHJIap — (POTO3JIEKTPOHIAp, yiaap Tydaiiin
XOCUJI OVJIraH 9J1eKTP TOKH — POTOTOK J1ed aTajialii.

CrosieToB cxemacu épipamuja, P EpyrImK OKUMH y3rap-
Mac Oysiranja, (poTOTOKHM OepuiaéTraH KydIaHWIITa Kyiuia-
ru GoF/IaHuIN (BOJIBT-aMIlep XxapakTepuctukacy, BAX) ojusu:
Kangaiigup U, kyananumiga hoToTok I, TYHMHUINra SpUIiain
— KaToIJaH YMKAETraH Oapda 3JIEKTPOHJAp aHoAra eTud Oopa-
qan, I, TVnHraH TOK Kyd4M, €PYFINK TabCUPHUja OUPIUK BaKT
MoDaiiHI/1a, KaToJ[JaH YNKAETIaH 9JIeKTPOHIap MUKJIOpU OnJIaH
AHUKJIQHA .

(a4
4

Uy L;
2.3 - pacm: CrosieToB Taxkpubacuia (pOTOTOKHI aHOAJIATM KYUJIAHUIITa OOFIAHUIIIN.

FOm6 gukapuiaérran (hoTo3/IeKTPOHIAD COHU KATOJ[ CUP-
TUra TYHMAETraH EpYyFINK KBAHTJIAPU COHUIA HPOIOPIIOHAIL.
Epyrmnk kBantiapn conu xaroira Tymaérran @ épyrink oKn-
MU OMJIaH aHMKjIaHa u. Karoj cuprura t BakT mMobaiiHua Ty-
maérrad N doToH/Iap CoOHU
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W -t
N:—:—

€ €
dopmytara Kypa Toumnagu, oy epga W — cupr t BakT MoOaiiHm-

Jla OJIAGTTAH HYPJIAHUII SHEPIusicl; € = hv — (POTOH SHEPTUSICH;

@ — épyrinK OKUMHU (HYDJIAHUIT KYBBATH ).

Tamkn doroddpdexkTaunr 1-KoayHU. Tymaétran €pyrink-
HUHI TaHJaHTaH YacToTacujia TYHUHUIT (POTOTOKU TYIIAETraH

EPYFJIMK OKMMUTa TPOIMOPIUOHA:

I.~®, v =const.

I'rl ————————————

Iz V-’:

b 4
4

F;.rl [y2
2.4 - pacm: Tamku dhorosddeKTHUHT 1-KOHYHUHN TACIUKJ/IOBYN T'PadUK.

By epaa U, — yuuiab KojyBuM Kyd/IaHWI, yHJa OupopTa
XaM 9JIEKTPOH aHojra eTud d6opmaiian. Jdemax, Oy xosjaa sHEp-
IUSTHUHD CaKJIAHUIT KOHYHUHU KyHngarnda é3uin MyMKIH:

2

y4In0 IUKACTraH JICKTPOHIAD SHEPIUICH SJIEKTP MaliJOHMHUHT

yILIa0d KOJIYBUM SHeprusgcura Tenr. bynjgan (poTodeKTpoHiap-

33



M. HuirrionoB, mnishonov@gmail . com

HUHT MaKCUMaJl Oyygx TE3JIUT'MHU TOIXIIT MYMKUH

2 _ 2e U,
max m ‘
Tamiku doroadpdpekTHUHT 2-KOHYHH. POTO3/1eKTpOHIap-

HUHT OONLJIAHIUY MAaKCHUMAaJI Omax TE3JIIUTU TymaéTFaH épyFﬂI/IK

(Y

narercuByurura (P ra) 6orIUK sMac, y EpyRIMKHIHT V 9acTo-
Tacu OMJIaH aHuKJ/IaHa .

Vel T

'Aq g

2.5 - pacm: MakcuMaJt Te3/IMK Ba MaKCUMaJl KHHETUK SHEPIUAHU TYIMIACTraH EPYFINK
4aCTOTACUAT OOFJIAHUIIIN.

Tamkn porosadpdpeKTHHHT 3-KOHYHU. Xap OMp Mojjia yIyH
doTosdpheKTHUHT K311 derapaci, s’bHI, MOJJIQHIHT KUMEBUI
TabraTu Ba MOJJA CUPTUHUHL, Tamku hoTodddekT coaup OF-
JIAIIH MYMKUH O¥/Iran, Xo1arnra OOFIIK Vi, KPUTUK (MIHIMA)
JacToTa MaBXKY/I.

DoT03pHeKTHUHT 2- Ba, 3-KOHYHJIAPUHU EPYFINKHUHT KJIac-
CHK 9JIEKTPOMAIHUT Ha3apusicu (EKn EpyRJIMKHUHT TYJIKUH Ta-
omatu) Eppamuia w3oxjab Oyamaiinn. By nazapusira Kypa
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9JEKTPOHJIAPHN MeTaJjiapiaH 10110 OJIMHUIIN YIapHU EPYFINK
TYIKUHUHIHT 3JIEKTPOMarHUT MaiiJoH TOMOHIIAH “TeOpaTIIm-
mu’ HaTHKacuga coaup Oyiamu. Epyrinx unrencusiuru (D)
OpTHUIIN OMjIaH MeTa/uIgaH YIub IMKKAH 3JEKTPOH TOMOHMIAH
OepuiaéTralH SHEPrus, JeMakK, Upygy OPTHUIIN JIO3UM. by xosar
TamkKu PoTod3(POEKTHUHT 2-KOHYHHUTA, 3.

Epyrimkanar TYAKIH Hasapusicura Kypa 3/1eKTPOMArHUT
MaiiJJoH TOMOHUJIaH OepuiaéTraH SHepPrusl €pyrJinK MHTEeHCUB-
qurura (P ra) mporopunoHan SKAHJIUTHAH, eTapnda KaTTa
MHTEHCUBJIMKKA 3ra OY/IraH, UXTHEPUN dacToTalnl EPyrInK Me-
TaJLIJIaH 9JIEKTPOHHU I0JIM0 OJIUIIN, STbHU, (POTOI(DHEKTHIHT K1~
3WJ1 Yerapacu MaBxKy/l OY/IMac/Iuru Kepak 3/ii. By xXosiaT Tamkn
dorosdpdekrannr 3-Konynura 3uja. Tamru porosddekT Hom-
HEPIMOH Xojmca (EpyFRINK TYIIUIN TYXTAIn OWIaH y XaM CO-
ap 6¥Mait Kysi). By xoccann TYIKMH Hazapus TYIIYHTHPHO
oepa oJimaiijin.

Tawkn poTosacpdekT yHyH DAHLWITENWH TeHr1amMmacwu

1905 itmiipa Asbbepr DitHinTeiiH, Tamku oTrosddeKTHH,
KBaHT TacaBBypJapra acocjaHud TyIIyHTUPUO Oepiu. DitH-
mTeiinra Kypa, épyrink Iliank rosicura OMHOAH KBAHTIAD K PH-
HuInIa HadakaT dukapuian, oagaku y daszona xaM € = hv
SHEPIUsLIA aJ0XUJIa KICMJIAP — KBaHTJIAp MIAK/INIa TapKaJIaln
Ba 1Ty Tap3/a MOoJIagap TOMOHUIAH 0TI, DJIEKTPOMATHIT
HYpJaHUIT KBaHTH hoToH 1eb aTasiaju.
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doToH TaBcudnapu
1) Dueprusicu: E = hv = hw.

2) Nmmyiben: 6pyrauk §3uHu Xyym 3appasiap (¢Goroniap)
OKUMUJIEK TYTIaHJIMIHUJIAH, aMMO Yy XaMOH BaKyyMjla ¢ =
299792458 % Te3/INK OMIaH TapKa/aaural 3J1eKTPOMariuT
TYJIKIH 9KAHJIUIY ca0adIM YHUHD UMITYJIbCU XY/ PEJIsiTH-
BICTUK 3appaHUKU KaOu

ndogagal anuKaanaa, oynga k = 2)? — TYJAKUH COHU. Y
xoJ14a (POTOHHUHT UMITYJILC BekTopu p = hk, k — Tyakun
BEKTOP.

3) @oronnunr maccacu: Hosra Tear. PoTon HGapda CAHOK TH-
3uMJIapuia pakaT EpyrInK Te3JIUTIHUra 3ra OY/Iran Xapakar-

JlarMHa MaBXKY/I.

[lynpait Kuanbd, €pyriuk 3appa-miyaixur 0Yasudmiu Xoc-
cacura sra “KaH. Y Oab3u OuMp Xosulapja Y3UHU TYIKUHICK,
OolIKa XoJLIap/ia 3appa TabuaTUHU HAMOEH Kb — poToHIap
OKUMUJIEK TYTaJIH.

Tamkn dorodsddeKT yuyH SHEPrussHUHT CaKJaHUIl KOHYHH —

OWHINTENH TeHrIaMac Kyiugarn KYpuHuIia, e3mna,u:

2
hv = Aq + mvzmax, €= Aq + Tmax'
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Tymaérran oTon sHeprusicu MV 3J1eKTPOHHN MeTa LAl 10110

OJIMIII YUYH, si’bHU, A, YUKUII UIINATa Ba yINO YUKKAH (DOTOIIEK-

MUmax 6
TPOHI'a —5X KIHETHK SHeprus Oepuin yuyH capdiiaHam.

LR |

2

2 mv, ..

2.6 - pacm: Tamku dporodddekTia YUKAII UIIH.

Bakyym/ia 9/1eKTPOHHU KATTUK »KUCMJIaH F0JIM0 OJIUIT YIyH
yHIra Oepuiainral MIHIMAJT SHePT s YUKUIIT Uy gefintann. Er
Depmu sHEPrusicu Xxapoparra OOF/INK Oy IraHnru ad A, TUKNAII
UIN XaM XapopaTra OorfuK. DyHaan Tamkapy, YUKW WIIN
MOJIJIa, CUPTUHUHLD COMINIUTA YKy Ce3TUp.

OWHINTEH TeHriaMac Talky (poToddpdeKTHUHr Oapya
yaTa KOHYHUHU TYIIYHUIITA UMKOH Oepa/ii.

1-KoHyH: Xap Oup KBaHTHM pakaT OUp JIOHA SJEKTPOH FOTAJIH.
[y cababjan 10/m0 oquHran GpoTO3IEKTPOHIAD COHU EPYFJINK

37



M. HuirrionoB, mnishonov@gmail . com

(D) mHTEHCHBIUTUTA TTPOMOPIHOHAI OV THIIN JIO3UM

D -t
N=—.
£
2-KOHYH: Uy, ~ V Ba A, duxuir umun P ra 60rmK smac, OyH-

JIAH Upax XaM P ra 00rmK aMac

- \/Z(hv — Aq).

m
3-KOHYH: V KaMailuim OMIaH Uy, XaM KaMasil Ba V = Vg,
Oynranjia Uyax = 0, Jemak, hv,, = A,. Bynjan

A,
VK — 4
P h
S'bHU, TalKu HoTodPdeKT coanp Oyaminm OomIaHajIural Mu-

HUMaJI 9aCTOTa MaBZKVY/I.

I-Mucos1. BuTTa 3/1eKTpo/in 1e3uil, ”KKUHINCH MUC OV/IraH BakKy-
yM oToasieMenTra araMmus. Llesuiinan sicaaran s7eKTpos A =
0,22 mxm (1 mxm — 107% M) TVIKHH y3YHIMKIN 371KTDPO-
MarHUT TYJIKUH OWJIaH HypJaHaéTraH Oysica, MUC JIEKTPOJIUTa
yaub KesjgaérraH (GOTOIJIEKTPOHJIAPHUHT MAKCUMAJI TE3JIUTHH
AHUKJIAHT. DJIEKTPOJIap TallKapujgaH KHCKa TyTallTUPUIraH,
neb dapas3 KUJINHT.

Eunvu. Kucka Tyramys norennumasiap dpapkum — Oy Tep-

MOJMHAMUK MYBO3aHAT MAPOUTHIA YTKA3rUIIaPHUHD TYTalllyB
Aq2_Aq1
qe
Ay = 1,89 5B (nesuit cuprujan 370eKTPOHHN FOJUO OJIUII

HyKTacujaru noreHnuasiap dapku: A = ., OyHza
VIyH Oazkapuiauran TuKkuil uin), A, = 4,47 3B (muc yayn
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unkui uimm); g = 1,16 - 1071 K — ssexrpon sapsian. [lyn-
nail Kb, 1me3uit 9/1eKTpoL MycOaT, MUC JIEKTPJ MaHduii 3a-
PSLAIAHNO KOJIa 1N,

DorosdpderT yayn DitHmTeH HGopMyTacuin ¢3aMu3;

hc
x — Aq —|_ Tmax.

Bynga A, = Ay — 97€KTPOMArHUT HYpJIAaHUII TYIIAETraH Iie-
31 JIEKTPOJJIAH JIEKTPOHHU FOJINO OJIUIN YUYH Oarkapuiras
YUKHII WA,

DJIEKTPOIAD TyTaIITaHa XOCII OVIYBIN 3JIEKTD MailIoHN
9JIEKTPOHJIAPHU 11€3UIT 9JIEKTPOJIJIAH MUC 9JIEKTPOJ] TOMOHI'a, Xa-
paxaTIanumura TYecKuHINK Kuaaau. [y cabab, Oy maiijoHHIHT
Oarkaprat uIM (POTO3JIEKTPOHJAPDHUHI KUHETUK IHEPIUsiCUHU

KUCMaH KOILJIQU1:

Tmax? — Tmaxl T qu(Pr

Oy epiia Thax1 — 1E3Ui cupTHial IYMKAETTaH SJIeKTPOHIaPHITHT
MaKCUMaJl KHHETUK SHEPTUACH, Tja0 — FJIEKTPOCTATUK MaiioH
Tydaiinm anoara eTud OopraH 9JEKTPOHJIAPHUHT MaKCUMAaJ KH-

HEeTUK sHepruscu, g,A@ — 3JeKTpocTaTuK Maiijjon Oazkapra

WIII.
Hemax,
hc hc
Tmaxl — x — Aql; TmaxZ — x — Aql — QeA(P;
hc Ap— A, hc
Tax2 = X_Aql_CIe‘ Qqe 1:x_Aq2~

SHGKTPOHHI/IHF KHHETHUK SHEPIrudCuHM YHUHI' TE3JIUTI'M OPKaJIl
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ndogacu OMIaH COMUIITHPUO

e T

2 A

QJIEKTPOHJIaAPpHUHI' MaKCUMaJI TE3JINT'U

ALIQ

h
Vmax = A2 (XC — Aq2> /m?~6,4- 10° M/C

oymiman Toramus. Bynua 1 5B = 1,61 107" JK Ba
h=46,63-10*K-¢; ¢=3-10°wm/c; m,=9,1-107% kr

KUiMaT/Iap UIJIaTUIJIN.

2-mucost. Tyaxkun y3ynauru A = 0,3 MKM Oy/iran sjaeKTpomar-
HUT HYPJAHUIT TYHTHUIT XoJIaTu1aru (poTod1eMenTra TY ST,
By xapaénga ¢poTosieMeHTHIHT crieKTpaJi cesrupyanru | = 4,8
A /Br. Xap 6up doroHra TYFpH KeJyBUN 9JIEKTPOHIAP COHN Ka-

Ha 9KaHJIMI'MHU aHUKJIaHT

Eunmu. ®oros/ieMeHTHUHT CIEKTpaJl Ce3rupaurn | = é
dopmyna O6unan aHukgaHaau, OyHIa [ = Ait = e-AI\tfe — doTo-

ok Kuitmatn (N, — hOTOTOK XoCH OY/IHINIIa KaTHAITAGTIaH

. _ I’lCNq; . o
3JIeKTpoHIap cotn); O = AL — EPYFIINK OKUMU KHiiMaTH (No
— KATOJI CUPTUTA TYIAETTaH (DOTOHIAD COHM).

Y X0J1]1a CIIEKTPaJI Ce3TUPJINK

eN, AAt  AeN,
At I’lCNcp - hCNcp

| =
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Kabu anukaaHaau. Tymaérran xap oup poToHra Moc KeayBun
1n — GOoTOIEKTPOHIAD COHU (POTOIIEKTPOHIAPHUHT N, — yMy-
muit Muxjopuin N — ¢oromnap mukjgopura N,/ Ne nucdoarn
OpKAJIX TOINJIa 1N

N, Jhe _
No eA
By epna | = 4,8-1072 A/Br, h = 6,63 1073 XK-c, ¢ =
3-108 m/c, e =1,6-107 Kiu, A = 0,3-107° m kuitmariap

NIHIJIaTIJIIN.

0, 02.

2.2 KomMnToH achdekTn

Komnron sdpdexrn — 0y dpoToHsmapHn mury mypaar IpKuH
anexmponaapda coanuin (OOMTAHFIY XapaKaT HyHAJINIINHNA
yaraprupuiim) xoaucacuanp. 1922 — 1923 fiumtapaa Komiron
TOMOHU/JIAH Kallld 9TUIraH Ba YpraHujirag.

DJIEKTPOHIAP MoJIa1ap U4Inia aToMaap €K HoHIap Ouran
OboryiaHran, aMMoO OOFJIAHUIN SHEPrusicn OWp KaHda SJIeKTPOH-
BOJILT TapTuoOmuaa Oynaan. KommnTon adpdektun hoTOHIapHIHT
SHEPrusicu OMP Karda 103 3/IEKTPOHBOJIBT OVITaH 18 Ky3aTHIa/ 1.
Bynait xo/11a 971eKTpOHJIApHIHT aToMIap OniaH OOFIaHraH M-
IMHE XUCoOTa 0JIMAC/INK Ba YJIApHHU SPKUH 3appaJiap j1ed dapas
Ky MyMKuH. Mojara tymaérran (hoToOHIaPHUHT UMITYIbCH
XaM 3JIeKTpoHIapHuKIIal anda karTta. [y cabadbra Kypa s/ek-
TPOHJIAPDHUHT XapaKaTUHU XaM Talniad 10060pu0, yaapHU THHY
TYpuOIN JACHUIT MyMKIH.
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Xymau poroadpdekTiarn cuHrapu, 0y XoJucaia XaM, dJIeK-
TPOMAIHUT TYJIKUH 3appa TabuaTuHu HaMoE€H Kuiajan. PoToH-
HU 3JIEKTPOH OMIaH TYKHAIMUIINHE NKKUTa, KJIACCUK IapJaap-
HUHD TYKHAIIUIN KaOu Kapalll MyMKHH (2.7-pacMra Kapamr).

bynja sHeprus Ba MMITYJbCHUHT CaKJIAHUIT KOHYHJIAPU YPUH-

2.7 - pacm: QPOTOHHU JIEKTPOH/IA COUUIIUIIIN.

JIN:

hwy = hw+T,

hko = hk+p,
oy epia hwy — Tymaérran (GoTOH SHEPrusicu; Aw — COUMITAH
doron sneprusicu; T — poToH Keynbd ypuirad, Xapakarra KeJl-
raH 9JeKTPOHHUHT KUHETUK 3Heprusicit; kg — Tymaérran poton
uMIyaIbch; ik — coumaran boToH UMIYIbCH; P — POTOH OMIaH
TYKHAIIrad, 3JeKTPOHHIHT UMITYJILCH.

Komnron sdpdekru rokopu sHeprusiyin poToOHIAp UIITHPO-

KuJa cojaup Oyyramaurujan, poroH OmjiaH TYKHAIITAH 3JIEK-
TPOH, SXTHUMOJI, PEJIATUBUCTUK TE3JIMKKa 3ra OViaau. By xou-

Jla, UMITYJIbC Ba, KMHETHK SHEPI'usl opacuaru O0rIaHuIIHA aHUK-
JIaIia

p*c? = T(T + 2mc?)
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peJIITUBUCTUK MyHocabar unniaruiaan. CakjgaHUIl KOHYHJ/Ia-
PUHU Ba PEISTUBUCTUK MyHocabaT/apHi KyJiad, OTOHHIHT
(ko, k) TysikuH BekTOpsIapu opacugaru 6 coUmIIn Oypuaru Ba
AA TYIKMH y3YHIUTHE Y3rapuii opacuiary OOFJIaHUIIHNA OJIKII

MYMKHH. MMHYHBCHMHF CaKaJlaHUII KOHYHM/TaH
ko =hk+p = p=hky—hk.

BexkTopsiapan #yKOTUIN yuyH oJIMHTaH MOJaHN KBaJgpaTra

K{TapaMi3 Ba TEHTJIMKHUHT TKKN TapadpuHn c? KyHauTupamms:

p? = B°K3 + I°k* — 2h*kko cos(6),

p* = W [k§ + k* — 2kkocos(0)],

T(T +2mc*) = h°c® [k} + k* — 2kko cos(6)] .
TYIKUH COHMHN IUKINK YacToTa OPKAJIN I/ICbOILaCI/IHI/I k = %
Ba SHEPI'UAHN CaKJIaHWII KOHYHMWIaH KHHETUK 9HEPIrUuAadHN T =

hi(wo — w) sKaHIUTIHE XOCO0Ta, OJICAK,

2 2

Wi  w wWow
e |44 42" cos(0) | = hlwp — w) [iwo — w) +2me]
2hwwy [1 — cos(9)] = 2mc*(wy — w);
wp—w N B
e = me [1—cos(0)].

[[uk/uK JacToTaHu TYJAKUH Y3YHIUTH OPKAJIN (W = 2"0 nhoia-
cHM KYys1ad, poToH TYAKUH y3yHjauru AA = A — )\0 y3rapu-
I Ba, COUMJINIT OypyUaru opacujaru OOrJIaHUII YIyH Kyiujgara

ndogara KeaaMns:

27th
AN = o —— [1 —cos(0)],
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oy epaa
27th
A =2 (2.1)
mc

9JEKTPOHHUHT KoMmITon TYJIKUH y3yHIUTN JIednIa/ii.
Komnron acpdexTn Ho1ika 3appajiap yayH XaMm cogup Oyiia-

au. bynjait xommapja hoTon TYJIAKUH Y3YHJIUTUHN V3apUITHN

TOIUIIIA VIIIa 3appajliapHUHI Maccacy UILJIATUIUIIN 3apyp.

3-mucos. MoHOXpOMaTUK PEHTreH HYPJAHUIINHUHT HHITIKA
OKHUMU COUYBYN MOJJIara TYIISIITH. ByHia HypJIaHuinHuar 0 =
60° Ba 0, = 120° Oypuakjaapra counaraH apaJsiaiirad TallKII
STYBUMJIAPH TYJIKWH Y3YHIUKIapn Oup 6upujian = 2 Maprara
dbaprsianaan. CounInIn 3pKUH SJIeKTPOHIAPIa COAUP OY/ISITH
71ed xnucob/1a0, TymaeéTran HypJaHUITHAHT TYJIKAH Y3YHJIUTUHY
TOIIIHI,

Eanmvu. Komnron dopmynacugan doitgananamus: AA =
Akl — cos(0)]. Bearunam kupuramus: Ag — Tymaérran Hyp-
JIQHUII TYJIKUH Y3YHJIUIH, A1 Ba Ay — HYPJIAHUIIHU apaJiaiirad

TAIIKNJI 3TYBYUJIAPU TYJIKUH Y3YHIUKIApU. &Y XOJIJ1a
Al - )\0 = )\K[l - COS(91)], (2.2)
)\2 — )\0 = /\K[l — COS(Qz)]. (23)

Ay = A1 skamrunn xpcobra osmb, (2.3) udopanu Kyituaru-
Ja €3aMU3:

17)\1 — )\0 = )\K[l — COS(QQ)].
(2.2) udomagan Ay vHu Tormd, (2.3) ra KyaMus:

i {)\K[l — COS(Ql)] + )\0} — /\0 = )\K[l — COS(QQ)].
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Bynjian
1 —cos(62) — {1 — cos(6;)]
n—1

SKAHJIUTUHA TONaMU3. XUcobIalLIapHu OarKapuijia sipuM ap-

Ay = Ak

I'YMEHTHUHI TPUTMAHOMETPUK QopMmyiacugan ¢oiiianiaHaMus;

sin? (§) = 120 4 1 — cos(0) = 2sin? ()

_2/\1( .2 @ . .2 @
AO—U_l{sm <2> 1 sin (2)}

0:/2 = 60°/2 = 7t/6 Ba 05/2 = 120°/2 = 71/3 »Kkanyuru-

HU Xpcobra oJicak, Sin (%) = %, sin (%) = @; 9JIEKTPOHHUHT

KOMIITOH TYJIKUH y3YHIUIH Ag = miec ~2,4-1002 v =2

OynapiaH

3 2
~2.24.107%¢- =V —12.10712 .
)\0 ’ 0 {4 4} P 0 M

4-mucost. Arap KOMIITOH 3/IEKTPOHIAPUHUHT MaKCIMa/l KHHETHK
sueprusgcu T = 0,19 M»sB 0ysica, penTren HypJlaHUIIAHITHT
TYJIKIMH Y3YHJIUTUHN TOTIUHT,

Eunmu. Besrmnam kupuramus: pg (Ag) Ba p (A)— doron-
HUHT, MOC PaBUIIIa, TabCUPJallyBrada Ba TabCUPJIAITYBIaH
CYHITU UMITYJIbCJAapn (TYIKUH Y3YHIUKIAPH); Pe — JIEKTPOH-
HUHT Ta’bCUPJIAITYB/IAH CYHITH UMITY/ILCH.

K¥itnnran Macagany equInn yayH SHEPTUs Ba UMITYJIbCHITHT
caK/JIAHWIT KOHYHIapuiaH oiijjaanaMu3. DHEPTUAHITHT CaK,Ia-
HUIT KOHYHU:

mc* + poc = pc +mc* + T, (2.4)
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6y epia mc?

— TUHY Typrat 3JICKTPDOHHUHI' SHEPIusgcCH; poC Ba
pc — GOTOHHUHT, MOC paBUIILjla, TabCUpJallyBrada Ba TabCUP-
JIAIITYBJIaH CYHITU SHEPrUsIIaPU.

nmynbe Ba sHeprus opacujaru peassTUBACTHK MyHocabaT-
HI XUCOOTa, oJicaK, SHEPIrUsHUHT CaKJaHUI KOHYHHM KyHHIarn

KYpUHUIITa KeJaau:

mc* + poc = pc + \/pgcz + m2ct. (2.5)
(2.4) udonanan poc — pc = T éku
h  h T

SKAHJINTY KeJIU0 IUKAJIN.

D1eKTpoH, poToH “opkara’ 180° ra coumnarana, MakcuMal
KUHETHK sSHeprusra spummaan. [y cabab, mMyJIbCHUHD cakJjia-
HUIII KOHYHU

Po = Pe— P
KYPUHHAIT 0J1a] 1, OYHIA SJIeKTPOH Ba, (DOTOH MUMIIYJIbLCIApHU Y-
HAJINILIAPY KapaMma-Kapiy (BekTopsap OuTTa YKja, MacajaH,
X-YKuja éTuda, aMMo HyHAINIIN KapaMa—KapLHI/I) SKAHJIUTUTQ
bTUO0P OepuHr. lemak, 3JIeKTPOH UMITYJILCUHU, BEKTOPJIAPHU
X VKUra MpoeKIusaiapu OpKaJIul aHnuKJJaal oJ1aMu3:

ook
pe=potp=o+7

Ao A
By epna % ypaura (2.6) udoann niLIaTaMms:
0

h
o=t = (2.7)
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(2.4) Ba (2.5) udoganmapaunr gan tapadaapuHu TeHTIA0,

KyUnJarniu oJiaMuns:

pc+mc*+T = pc+ \/pgcz+m2c4 —mc*+T = \/p§c2+mzc4.

Oxupru ndogann KBajparra KyTapaMus Ba y3rapTupuiiLiap oa-
KapaMus:

m*c* +2mc*T + T? = p2c® + m*c* — 2mc*T + T? = p>c?.
DJIEKTPOH UMITY/IhCH yayH (2.7) ndojanu yiiaTamus:

2
2mc?T + T? = (% — I) .
/\0 C

bynnan
1

2mc*T = F(4hz 2 — 4hTc))
0

Ba Ag ra Hucobaran
mcT - A5+ 2hT - Ag — 2h*c = 0
KBaJpaT TeHIJIaMaHU OJIaMI3. Y HI e4n0,

h \/hz 2h2c2m

A= ——
0 mc * m2c2 + m2c2T

HATIKaHN oJaMn3. by epia % HU WIJN3/IaH YNKapCcakK,

2
)\0=£<\/2mc +1—1>
mc T

ncdojara kenamus. Arap mc? ~ 0,5 MsB, T ~ 0,2 M3B, ssex-

5 o .10-12 _
TPOHHUHI KOMITOH TYJIKUH y3yHINrH = ~ 2,4 - 1077 M. sKan

JINTWHU Xucobra oJicak,

Ao ~2,4-10712 (\/5— 1) ~1,5-2,4-100%=3,6-10""2wm.
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H-mvmcost. Dueprusicu hw = 0,15 MsB 6§aran dhoron tunu
Typrai 3pKUH 3JIeKTpoHIa coumian. Hartmkana yHUHD TYIKIH
yayuiurun AA = 0,3 1M ra y3rapau. KoMrnTon s1eKTpoHn yuno
JUKKaH fyHaIuI Oypyaruiy TOIMHT.

Eunmu. VMIOyabcHUHD cakIaHUI KOHYHHJIAH Qoiigagana-

MU3:

Po = Pe T P-

Po

"
-~

B
L

Pe

v

2.8 - pacm: POTOHHHM THHY TYPraH 3JEKTPOHJIA COUUIUAIINIA UMITYIHCHIUHT CAKIAHUIIT
KOHYHU.

Koopiuuara §kapura mpoekiusiiap (2.8-pacu):

x: pp = pcos(0)+ p.cos(¢),
y:0 = psin() — pesin(g).

OuinHraH TeHryiaMajapHu y3raprupud, yuud dukuin ¢ Oyp-

qal'l TaHI'€eHCUHU TOllaMU3:

po — pcos(0) = p.cos(@), psin(f) = p,sing
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ndoiaaapian
sin (0
tan(gp) = psin(f) : (2.8)
po — pcos(0)
Doroununar Oonutanrud sHeprusicunn Ey = hw Owiran
X0J1JIa, TabCcupJialnyBrada (poToH TYJIKUH Y3YHIUTUHE TOIAMU3:
_ ke
/\0 — E_O

DOTOHHUHI TABLCUPJIAILYBJIAH CYHITH TYJIKUH y3YHIATU:
A = Ay + AA.
DoTOHHK 9JIEKTPOH OUIAH TabCUpJIALIYBUrada Ba TabCUp-

JIAIYBUJIAH CYHITU UMILYJIbCJIapU, MOC PaBUIILJLA

_ h _ Ep
Po = 3, = <
_ h_ _h _ _h _ _hE
P = AT AgFAA T e AL T hetAAEp”
0

0 oypuaknu Komnron dgpopMmysiacujiad TOMAMUI3:

AN = Ak [1 —cos(6)] — cos(0) =1 — A—A
Ak
Y xoJ1a
2
sin(0) = \/1 —cos?(0) = /1 — %

tan(g) = L2

YUKUII OypYarn TaHMeHCHHN TolaMu3. Bynna Ax = 2,4 - 10712

M AA = 0,3-107" v me? ~ 0,5 MsB; E; = 0,15 M»sB
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KuiiMaTiapau Kyino,

tan(¢) ~

224
Vo v
1,3 T

0
0,15
1+ 0,5

Jemax, ¢ = arctg(2,6) = 68,6°.

2.3 MycTakun vwnaiwl yy4yH Ba3udpanap

2.1.

2.2.

2.3.

Pyx yuyn dhoTodddekTHIHT KU3u/1 Yerapaciuiu Ba, TYIKUH
y3yHaurn 256 HM OYJIraH 9JIEKTPOMAIHUT HYpPJIAHUII TYII-
rafjia YHUHI CUPTHAAH YMKAETTaH (POTO3IEKTPOHIAPHIHT

MaKCHUMaJI TE3JIMT'MHN aHUKJIaHT.

Zasoom: 332 nm; 6,6 - 10° M/c.

Asoxua axkparuiarad, R paguycin mapda TYJIKUH y3YH-
auru Aq Oyiran €pyriuk omiaaH épuTtuisinTi. Arap mapda
TYJIKIH Y3YHIUTH Ay OY/IraH EpyrinK OUIaH KYIIIM4a €pu-
Tuica (Ay > Aq), mapuanu stua N Ta 9/IeKTPOH TapK 9TaJIu.

/\2 TyﬂKI/IH Y3YVHJIMT'MHU TOIIMHI.
M

Nezx\l ’

47reoth+1

/Kapobu: Ap =

[InaTuHajan scairal ONKa KasaTdaja!' yiabrpabunadiia
Hyp Tydaitim conup O6yiaaérran poTodddeKTHN TYXTaTHII
yayn Uy = 3,7 B ymnad KoayBun norennnasiap papKuHl
Oepul Kepak. Arap KaBaTdaH! OOIIKACKUIa aJIMallTHPIIICA,
yiad KoJlyBun noreHnuainn 6 B rada KydaiTupuiin Jo3um.

DJIEKTPOHJIApHN YIIOy KaBaTda CUPTUJAH YUKUII UIITUHN

lpyc. IIJIaTUHOBAadA IIJIaCTHUHKA

20



2.4,

2.5.

2.6.

2.7.

M. HwuiriosoB, mnishonov@gmail. com

AHUKJIQHT.
sasoon: 4 3B.

Bakyymaaru ¢oTosieMeHT 3aHxKupuja, pyXJaH scajraH
SJCKTPOJHN TYJIKUH Y3YHIUTU 262 HM OY/Iran 3eKTpoMar-
HUT HypJIAHUII OWIaH €pUTUITaHIa Xocua Oymaérran ¢o-
ToTOK 1,5 B ymiad KoyBUM TalllKi KydJIaHuIl yIaHTaH 1
TyxTaiin. GorosleMeHTHIHT TAIIKA ToTeHIInasLIap papKu
KUHMATHHY Ba KyTOJIQHIAHINTHHI T TOIMHT.

sapobn: 0,5 B; yauar KyTO/IaHraHINrn TAKA Ky 4T AT

KYTOJIAHTaHIUIUTa KapaMa-KapIiu.

Sueprusicu hw = 1,0 M»sB 6§aran doron tund Typrad
PKUH 3JIeKTPOHIa coumyin. Arap counuin Tydaiiim ¢po-
ToH TYAKUH y3ynauru 25% ra y3rapca, y3aTuarai 3J1eKTPOH-

HI/IHI‘2 KNHETUK SHEPIUACHHN TOIIMHI.

siapob: 0,2 M»aB.

Tynaxkun ysynaurn A = 6,0 v 0yaran GoToH THHY TypraH
9JIKTPOH/Ia TYFpu Oypduax OFitiad coumyim. a) coOUn/Iran
dboToH YacToTackHu; 6) y3aTH/ITAaH 3JIeKTPOH KIMHETUK SHEp-

rmAaCrHNn TOIINHI.

Zasotn: a) 2,2-10%° ¢t 6) 60 k9B,

Wwmnynsen p = 1,02 MsB/c (6y epjia ¢ — épyiiink Te3/urin)
OViran pOTOH TUHY TypraH 3pKHUH 3JIEKTPOHJa COUYM/Irad,
yuunr mMiysasen p; = 0,255 MsB/c 6316 xosu. Poron
KaH/lail Oypuak ocTujia COUnIran?

i apoon: 1200,

1 pyc. MOJITPHOCTD

2pyc. JIEKTPOH OTIAUH
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DoroH THHY TypraH 3pKuH 371eKTpoHa 8 = 120° Oypuax
octuga coumnarad, sjaekTpod I' = 0,45 M»sB kuneTux snep-
rust oyian. Counmuirada GOTOHHIHT SHEPTUsICUHN TOIINHT.

slasodm: 0,68 M»sB.

DJICKTPOHHUHI THHY TypraHjaru sHepruscujial 4§ = 2 Map-
Ta, KaTTa SHEPrusjin POoTOH THUHY TypraH SpKHUH 3JIEKTPOH-
na couryan. dyekrponHunr B = 0,12 T xky4ananraninkka
9ra, OY/IraH MarHuT MaiiJJoHUJard TPACKTOPUSICU STPUINK
paguyCcrHN TONWHT. Y3aTUaral 3JeKTPpoH Maiijion fynasin-
mura KYHJaJaHr paBuIljia XapakaTaandanTn Jed dapas Ki-
JIMHAJIA.

sKapobn: 3,4 cMm.
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3- MaB3y

bop nazapusgacu. JIyu ne bpoita rosicu

PesepdopaHuHr sigposuin (nnaHetap) mogenu

AToMm mycOaT 3apsijijIaHraH sIApo Ba MaH(Uil 3apsijjIaHran
9JIEKTPOHJIAP/IaH TAIIKMII TOIraH. ATOM SAPOCH YM3UKJ/IN §Ida-
v 1075w jan karTa 6yMaran gaszo KUCMEIA MyrKacCaMIaH-
raf. ATOM SJIPOCUHUHI MACCACU JesdpJI aTOM Maccacura TeHT,
sapsi i 6yiica +Zle|, 6ynjua Z — sjeMeHTHUHD JaBpUi »Ka(Bajl-
narn Taptu6 pakamu. Yusuksm furaamiapu 10710 v 6yuran da-
30 coxacujia Z Ta 9JIeKTPOHIAD »KOMIamraH.

MyBozanar xoaaT/1a »Koitalral HyKTaBuil 3apsijjiap TH31-
MU, aToMJIaH (hapK/Iu paBuUIlLia, TYPFYH 3Mac. 3apsijijiap opac-
njia MaBxKyL OVviran Kymon kydiapu Ba caiiépaJiap opacujgari
IpaBUTaIUs KYU4IapUHUHT Ta’bCUPJIaliaéTral 00beKTiap opaci-
naru Macodara OorsiaHuIn TabuaTy afiHaH OUp XWUJI, YJIapPHUHD
MKKaJacu XaM MacoaHUHI KBaJpaTura TecKapu IMPOIOPINO-
naJs. Caliépanap TU3MMUHUHT TYPFYHJIMUK cababdbu, ymap Kyém
arpocdua opbuta OVitiad xapaxaraanrangurugangap. [lym-
nait pukpaamniapra acocaanud, Pezepdop, snekTporaap, Xy/l-
nn caiiépasiap Kyém arpoduia aitianrann Kabu, aToM sSApOCH
aTpodua aittanMma XapakaT Kuiaan, 1ed dapas kupgu. Hlyn-
Jait Kumb, aTroM IutaHeTap Mojeiara sra 0yimb kosgn (3.1-
pacMmra Kapasr). JlekuH, aroMHUHT OyH/Iail MeXaHUKABUI I11a-

HeTap MOJIeJIM KJIACCUK 3JIEKTPOJMHAMUKA KOHYHJIApUra Kiypa
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FFFFFF

-

3.1 - pacm: Pesepdopsra Kjpa aToMHUHT siipoBuii (IIaHeTap) MOJIEJIH.

TypryH O¥/1a oaMaiin. XakukatT myHIak, Kymon Kkydiapu Tab-
CUpU OCTHUJIa alllaHMa XapaKaT/IaHAETraH 3JCKTPOHIAD

Ze?

PK - -
471012

Mely

HOpMaAJI Te3JIaHUIITaH 3ra OVIMIIN JIO3UM. AMMO, T€3JIaHHIIIT OU-
JIaH XapakaTJaaHaéTran 3apsij 9JeKTPOMArHuT TYJIKUHIAD HYpP-
naian. Hypaanumn tydaiinm, s71eKTpoH, SHepIrugcuHu iyKoTHo,
aTOM SIJPOCHUTa, CIUPAJICUMOH XapaKaTJIaHnO sSIKUHIAIIAIIN Ba
OXUP-OKHOATIa SApOoTa KyJIalii JO3UM. XICOOIalIapHIHT Ky P-
caTuiya, Oymuail aromuunr smam BakTi 10710 cexymiian
opT™Maiiin. Yoy Mojera Kypa, aTOMHIHT HYPJIAHUII CIIEKTPH
V3JIYKCH3 OV/InIIM Kepak Ba Oy Xyjoca TaxkKpuba MabJ/IyMOTJIa-
pura 3u/I.
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ATOMJ'IapHI/IHF HN3NKCUMOH HYpPJ1IaHULW CNeKkTpu

Kusnupuiras »KucMjiap HypJAaHHUII CIIEKTPU Y3J/IYKCU3. 3ap-
pajapu aToMapaH nbopat Oyaran cuiipakjalirad ra3jiapHIHT
HYPJIAHUII CIIEKTPU j3U2a TOC KOHYHUAM ACOCUJIa YKOIaIraH
MHIUYIKa ClIEKTpaJl Yu3uK/Iapaan noopar. ByHiai KoHyHIATIAD-
HUHI MaBYKYJJIUTU aToOMJIap/a WUKK CTPYKTypa OOpPJIMTHHU Ba
yJap ailHaH 11y CTPYKTYPaHU TacBUPJAIINHE aHIJIATa/IN.

OHI' CcoJlJla aTOM — OUp JOHA MPOTOH Ba OUD JOHA DJIEK-
TPOHJIAH TAIIKNJI TOIMAH BOJAOPO ATOMUHUHT YN3UKCUMOH HY]P-
JIAHUI CIEKTPH COJJa SMIUPUK opMmyiagap OumiaH XalipoH
KoJIap/in Japazkajia aHuk udogananaj . ByHjga crekrpa qm-

3UKJIADHUHT OapUacuHH cepusijiapra aykKpaTUIl MYyMKHUH.

1) CrexkTpHuHT  Kypunaduear COXACUa ETYBUN UU3UK/IAD
Banbmep cepusicura Mancyd Ba yJapHUHT 9acTOTach KYTi-

ujarn popmysia OpKaJIN XIcodaa0 TOIUIa

1 1
v =R ?—E , n:3,4,5,... (31)
2) Yavmpabunagua wypiap coxacura TaaTyKjd IU3HK/IAD
JlafimaH cepusicura MaHcyO, yJIapHUHI 9aCTOTACUHU KYIH-

naru popmysia OMIaH aHUKJIAIl MyMKIH

1 1
v=R 7 2) n=223,4,... (3.2)
3) CrekTpaj YU3UKJIAPHUHT stHa 6up Tymiamu [lamen cepu-
sgcu Jiefinaaay, yaap SJIeKTPOMArHUT HYpJIaHUIT CIIEKTPH-

HIHT UHEPAKU3UA TYTKIHIAD COXACUTa MOC KeInb, 1acToTa,
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Kyunnjaru CbOpMYﬂa épﬂaMI/Iﬂa I/ICbOZLaJIaHa,ZLI/I

1 1
v:R(———>, n=4,2>5,6,... (3.3)

(3.1), (3.2) Ba (3.3) dopmynanapgaru R — Pujbepr ponmuiicu
Jefina u, YHUHD TaxKpudajap/ia Yadanrad coH Kuiimatn R =
3,2898419602508(64) - 10 'y,

FOkopuia kenrupuiran 6apda dopMmysianap yMyMJalirad
Banbmep dopmynacu opkasiu OUPJIAIITHPIINIIT MyMKIH:

1 1
v:R(—2——2),m:1,2,...;n:m+1,m+2,...
m n
(3.4)

Nkknaan xaggarn # con opTud Oopuinm OmigaH cIeKTpasl ce-
pusJiary IM3uKJIap cepud derapacurava 3udaamnd 6opajgu Ba
Oy n = oo Kuiimarra Moc Kejajau Jeinmaju. Cepust derapacu-
JIaH KefnH y3JIyKCHU3 CcreKTp éTajin. JucKpeT ceKTpHHu y3/IyK-
CH3 CIIEKTpra yTHilny dapda aTomapia Ky3aTUIa/u.

3.1 Bbop nocrtynaTtnapwm

Kiraccuk dpusnka Pezepdopn Tomormaan Takandg KuanHTaH
aTOM MOJIEJINra acoc/jaHnd aTOMJIAPDHUHT TYPFYHJIMIU Ba YJIap-
HUHI YU3UKCUMOH CIIEKTpJIapUHK n3ox/1ait osmarad, Huibse Bop
BOJIOPOJICMOH aTOMJIAPHUHI Hazapusicuuu Taxand stau. by Ha-
3apusjla Kyinjgara moctyaatiap KaOysl KUJINHTaH:

1) DJieKTpoHIap aToMIap NIKa TYPFYH (cTanuoHap) opouTa-
Japjia, SHePrusgCcuiy HypJIaMac/ial, XapakaTIaHa,m.
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2) AToM, 3JIeKTpOHHE OUp craruoHap opouTajan OOIMKACHTA
YTranga, SHeprusdcuHu HypJaaiian ¢Ku oTajlu. bynaa myp-
JaHuMl (FOTHJININ) YacToTach Kyiumarsn myHocabaT OmiaH

aHUKJIaHa 1

B —E
-2

oy epna Ep Ba E1 — aTOMHMHT cTaloHap XOJaTaapu SHEP-

1% (3.5)

rusicu, b — Ilnank goumuiicu.

DJIEKTPOH YeKCH3 OFup (Ky3raimac) Ba Ze 3apsijiii sijipo
aTpodua aiiana 0Oyitnab xapakaTjaHanTu, ged dapas Kuja-
mus. Z = 1 6yaranga Bomopoj aromu, Z > 1 0yiica, Bogpopo-
CUMOH MOHJIAD XaKuja Y3 I0pUTUIagu. ATOM siIpOCH TOMOHH-
JIaH 3JIEKTPOHTa Ta’bcup dTaéTral KyIoH Ky4un Ba 9/IeKTPOHHUHT
afilaHMa XapakaTy (HopMaJI Te3/Ianui) Tydaiim MaBxKy/1 Map-
Kaz3JlaH KOUyBIN (MHTHIYBUIM) Kyd QTOMHUHT TYDPEYH OYIdIIn
mapTUJIaH y3apo TeHr OY/ININN JIO3UM

m,v> Ze?
7 Adrregr?

(3.6)

By epaa m, — 971eKTpOHHUHT Maccacu, U — TE3JIUIU, ¥ — CTalll-
oHap opbuTa pajuycu. bOpHIMHI KBaHTIAII MAPTUra Kypa, MM-
MyJThC MOMEHTHU JINCKPeT KuiiMaTaapra sra (cranuoHap opouTa-
nap MaBxky). Ummyabe Momentn [lank gouMuiicura kappasin
OVIIUIITHN JTO3UM

myor =nh, n=1,23,... (3.7)

(3.6) Ba (3.7) MyHOCabaT/IapjaH CcTAMOHAD OpPOUTA paJycH
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yayH popMysa oJlaMn3

drtegh® \ n?

Bogopos aToMUHUHT OMPUHYN CTallMOHAp OPOUTACH PaJIyCH-

auHr kuitMatn Z = 1 Ba n = 1 6yuranga anukjianain

B A7reh? _ he 1

rH = = — 3.9

1M,e2 mec2 o’ (39)
6y epia & = L£-C  Genrmiam KNPUTAHK, COH KHAMATH
0 = %7 oOynaran ymoOy KaTTaJuK — HO3UK CTPYKTypa JOMMMUIi-

cu geftmnagun. AToM Virdamiapuia XpcobsialriapHu OarKapuii-
na sna fic &~ 197,33 3B-nm, m.c? ~ 511 x 10° 3B, 1 3B = B

KUMaT/IapHU UILJIATALT KYJIai.

l-mucon. Hosuk crpykrypa mommuiicu &, ic Ba M,c> KaTTa-

JMKJTApHUHT Kuiivaraapuan a6, (3.9) dbopmyta Ounan
AHMKJIAHTAH 71 PAJANYCHUHI COH KUIIMATUHN TOIMHT,
Equmu. Bepuiran karraaukiapauar kKuiimariapubn (3.9)

dopmymnara Kyiind, Kyiiugarn HaTUzKaHT OJTAMU3:

r = e 1 197,33-137 1073 = 0.052904521 n.
MeC% i 511

Y BOJIOPOJI aTOMHK YUYH bop pajmycn peimnajn. Y HIHD KuiMa-

TH rasjap KUHeTUKacu (aHd MUKECHIa aTOMJIAPHUHT YIdaMu

OnJIaH MOC KeJIaJIu.
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ATOMHUMHD TYJIMK SHEPIUSICU 3JIEKTPOHHUHI KHHETUK Ba 110~
TeHIUA/T SHEPTUATAPUHIHT HUFUHANCHIAH HOOPAT (ATOM SIIPO-
cu Ky3rasMac J1eb omHa )

m,v? Ze?
2 Artegt,

E—

Arap (3.6) Hu xucobra oJicak

m,v? 7.2 7>
= = E=—- )
2 81teot, 87TEQT

Crannonap opbura pajumycuausr (3.8) udogacuun Kysiab, mry

opOnTa SHEPTUICUHN TOIIAMNS

2
m, [ Ze? 1
E, = — —. 3.10
(47T8()h> n? (3.10)

2-mucost. (3.10) dopmynaga 1 = 1 Ba Z = 1 j1e6 onud, Eq
SHEPIust KUHMaTUHNA TOINHT.
Eunvn. By epjia XaM HO3HK CTPYKTYDa JOUMUIICH & Ba 11,C>

KaTTaJJMKHUHE KuiiMaTiaapugad doiijgaianuim Kysail. Jemaxk,

£ M 2\’ B _mec2 e? 2
V7 2 \amegh) 2 \dmeghc
2.2 3
M.C° 511 - 10
— — 2 13,6 9B
2 21372 369

dKaH.
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Arap arom m > m sHepreTuk carxjaH m > 1 carxra yra-
érran O¥1ca, hv = E, — E,, sueprustin ¢poTOH HypJIaHaJIl Ba
YVHTa MOC 9acToTa Kyinjgarun popmysa OuIan TOTUIa N

m, ze2 \* /1 1
= — ——=]. 3.11
"' 4 (47teoh) (m2 n2> (3:11)
Bogopon aromu yuyn Z = 1, arap Punbepr qummuiicu cudarmnia
m e\’
R=— , 3.12
47th (47‘(80h) (3.12)

ndoa kady1 kuinaca, (3.11) myrocabar (3.4) opKaIi aHUKTaH-

raH ymymamrain banbmep dpopmynacura afiiaHam.

3-mucost. mec® A~ 511-10° 5B, hic ~ 197,33 s3B-uM, & =
1 2 1
Felmes = 137

CUHUHT K‘I/II!/JIMaTI/IHI/I TOIINHTI.

KaTTaJuKaapaan goitpanannd, Pugbdepr gounmuii-

Eamvin. (3.12) dopmynann Kyingarada §3rapTupaMns:

R — M,C? 2\’ .
~ 4gthe \ dmeghc '

FOkopuaaru connapau uILiaTuo,

_ 511-10° 3.10Y
" 4.3,14-197,33 1372

MUKJIOpHU oJlaMu3. Y Taxkpubajapjia Vidanrann Ouian KaTTa

R — 3,2938 - 10 I'y

AHUKJINK/Ia MOC TYyIIa/1.
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= n=a0
] n=4
[Tauen
Yy n=3
banemep
v

Yy ﬂ=2

JlaiimMan
YYyYy n=1

3.2 - pacm: ATOMIADHUHT SHEPIUs CATXJIAPUA CXEMACH.

3.2-pacMjia aTOMJIADHUHI SHEPrUsl caTXJjiapu CXeMacu Ta-
cBUpJIaHTaH. ByHia BoJgopoj aToMu HypJIaHTaH/Ia CIIEeKTpaJsl ce-
pUsLIap SHEPrust caTxjapura Mocaad KypcaTuiraH. ATOMHIHLD
SHEPIUsl CATXUHU aHUKJIOBUM # OYTYH COH — OOIIl KBAHT COHMU
nefimtaan. Arap 1 = 1 6yica, arom acocutl zoramda, n > 1
OViIca, aToM ylizoHean LoAamAG »KOMIalral jJeiiniam.

Bojopos aToMUHUHD acocuii XoJiaTura, MOC KeJIyBUU SHep-
rust carxu Eqi ~ —13,6 5B, yiironran XoJaTUHUHT SHI KaT-
Ta 3neprusicu Eo, = 0. Arap BoJ0pojI aTOMUJIAIYT JIEKTPOHTa,
E > 13,6 3B sueprust bepuiica, aroM 5pKUH XapakKaTaaHaETraH
aJIOX1/1a JIEKTPOH Ba IIPOTOHIa HapdajaHud kerajgun. AToOMaH
9JCKTPOHHM 10JIM0 OJIUIN »KapacHu uoH.AaHuwL, OyHra capdriaH-
raH SHEPIUs UOHAAHUUL INEP2UACY, TCHITATH.
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Bop HazapusaCUHNHI OTYyK1apw

1)

2)

BogopoacuMon aToMJIapHUHT SHEPrusl XoJdaTJapuHl JIHC-
KPETJIMTUHU U30X/1a/11.

Arom Yirdamiapu MUKECHA cOUpP OVIYBUM »KapaéHIapHU
M30X/1aIl11a Oy TYHIa sHrrnda ¢HIaITyB Ba aTOMHIHT OUPITH-

IU APUMKBAHT Hazapuscu OY/IJIu.

Bop HazapusacunuHr 3BPUCTUK axaMUSATH IIYHJIAKH — VH-
ra Kypa aroMmjap/a CTalmoHap XOJaTJap MaBXKYJIJIATU Ba
yJIap opacuJaru YTUILIap CaKPaIICUMOH TabUaT/IN SKAHIN-
' XaKuJaru dpapasjiapin KUPUTUITaHINTT KBAHT MEXaHH-

KACUHU APATUINIINIA YTa MyXUM YpUH TYT/IN.

Bop HazapusaACUHMHI KaMuYuankKIapwu

1)

2)

CrekTpaJs Yn3nKJIapPHUHT HHTEHCUBIUTUHN M30X/Iaii OJIMAali-
JIN.

dakaT BOJIOPOJICUMOH aToMJIap yuyHruHa ypunam, Menie-
JIeeB JaBpuil »KaJBajmjgaru OOIIKa aTOMJIApHH, TaykKpuba-
JapJlaH OJINHTAH MabJIyMOTJIapen3 (MacaaaH, MOHIAIIHII

SHEPIUsAIapH ), U30XTail oMaiiin.

MaHTuKuit 3uAanuaTra 9ra; To3a KJaCcCUK €KH TO03a KBaHT
Ha3apud dMac. Y HIHT acocuia €TTaH NKKUTa TeHTyIaMaJiap
TU3UMU/JIA, OUPK — JIEKTPOH XapaKaTUHU UMOIaI0BUN TEH-
rylaMa, — KJIACCUK, MKKUHIICH — opOuTaiapHi KBaHTJIAI —
KBAHT TEHIJIaMaJup.
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Bop HazapusiciHUMHI KaMYMIUK/IapU Ba, YHIAIW 3UJIIASIT-
Jap, KelmHJYalIuK, YHU Xed KauJail sugausiTiapra sra OyiMa-
raH, YMYMHUIPOK apasiapra acocjaHMaH KBaHT MeXaHUKACH
OmIaH aaMaIlTHPUININNra oud Keaau. Xo3up, bop mocrynar-
Jlapyd — KBaHT KOHYHUATJIAPUHUHI XyCycHil oKMOATIapu SKaH-
JINTH MabJIyM. YHJIAIW KBaHTIAIl KOUJAAcH OM3HUHT KyHJIap.ia
XaM, TaKpubuii MyHocabatyiap cudaruia, AILIATUIaINA: Yiap-

HUHI aHUKJINTU KYIIMHYaA YTa IOKOPUJIUD.

3.2 3appaslapHUHI TYIKUH XOoccacu

JIyn pe-Bpoiiiab rosicu. bop HazapusgCMHUHI KaMYUJINI-
KJIapH, 9JEKTPOH KJIACCUK IIapya Tap3ujia TacaBByp KUJIMHCA
TaKpuda Mab/JIyMOTJIAPUHE U30X/1a0 OVIMACIUIT MUKPO3appa-
Jlapra siHrmda Hasap OujiaH KapallHu Tajabd 9Tiau.

DoToHIapHUHT 3appa-TYJIKUH JIyaJ TabuaTra 3ra SKaHIUIN
xakugarn Kamduet, 1924 imnna JIyn ge Bpoiiira, “Oymaait mpy-
aJl Tabuatra (akar gporoHgapruia sMac, OaJKu dapda MUKPO-
3appaJiap (9JIeKTPOHIApP, IPOTOHIAD, ATOMJIAD Ba X.K.) XaM 574
Oynagn’, — geraH FOgHU WITapu cypuimra cabad oyiaan. AbHu,

zappara je bpoitn TViknnn geb atasga uran

V= £ w = £ (3.13)
h R '
JacTOTaIN TYJIKUHHT MOC KyHnuin MyMKuH. byHa
h  27mth
A= —= (3.14)
mo mo

3appaHuir Jie bpoita TYIKUH y3YHIUTN J1einain.
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Jlyn ne Bpoitnnunr ymoby roscu 1927 imnna lesuccon —
Kepmep Taxkpubanapujga 3 Tacauruam Toian. By Tarkpuba-
Jap/ia JeKTPOHIAPHUHT HUKEJ KPUCTAIIApUIa COTUTUITT Ta~
JKNAK STIIIN Ba yaap/ia 3JeKTPoHaap AnMpaKIusaci Ky3aTuIIi,
S'HbHU 9JIEKTPOHIAD TYJIKUH TabuaTra XaM Sra SKaHJIUTN Kypca-
THO OEepUIJIn.

1926 imnna Makce bopn ge Bpoiin TynkuniapuHuaT husn-
KaBUil TaJKUHUHNA TaKJIUd 9T, YHra Kypa TYIKUH KOHYHUST-
Japra 3appaHuHr XOJaTUHA UPOJaTOBIN — TVIKUH (DYHKITIS
(Y-dbyuxiust) Oyitcyraan. TYakuH GYHKIMST MOIYJINHUHT KBa/I-
paTh BAaKTHUHT TYPJIM OHJAPUIa 3appain TOTHIIT 3XTUMOJIIAT Y-
HI aHuKaaian. VMiynben annk Oepuiral SpKUH XapakaTjaHa-
¢TraH 3appaHuHr TYJIKWMH QYHKIUsIcH — Oy Jjie Bpoitn Tynknam-

HUHT ailHan y3ujup.

[elizeHOEepPrHMHIr HOAHNKANK NPUHLUNN

SappaJapHuHT JyaJi “3appa-TYJIKua Taduarra 3ra, SKaHIH-
I'M XaKuJgarn xysjaocara Kypa MHUKpo3appaHun udojagall yIyH
Oab3uga “TYIKUH', OOIIKa XoJIapia ‘3appa’ TacaBBYpPU KYi-
nanmmamu jo3uM. Ly cabab Mukposappa szappajapHUHTI Ba
TYJIKUHJIAPDHUHD bapva XycycusTaapura, Oup HalTHUHD V3ujia,
sra, OVi1a oamaitaun. MacasiaH, KjlacCMK MeXaHHMKaJla MXTUEPUil
3appa KaHJIaiup MabJIyM TpaeKTopus 0Yilnad xapakaTaiaHaln
Ba BAaKTHUHI' MXTUEPUIT TaHJIaHTaH OHUJIA Y aHUK KOOpJIMHATa Ba
IMITYJIbra 9ra Oya . KBanT Hazapugcuia 3appaiu KaHpaiamp
aHNK TpaeKTpus OVitaad XapaKaT/laHdITH el MyMKIH 9MAac.
Atomyiap cuHrapu sappaJjiapra “3appa’ Ba “TYAKUH  TYyIIyHYa-
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JIAPUHU UIJIATUAIIT MYMKHUH, aMMO Oy TyIIyHYaJapHu OUpP IHaiT-
HUHT {3118 aHuK Kyiad oyimaiiau. HHyanait dukpaap acocuia
1927 iinnna Bepuep I'eiizenbepr ToMoHn1aH, 3appatnHT KOOPIH-
HATaCH Ba UMITYJILCUHH YTIalIard XaTOJUKIAp YIYH KyHuari

MyHocabaTIap, KHPUTHJIJIH:

AxAp, > g, AyAp, > g, AzAp, > g (3.15)

Yuiby (3.15) mynocabariap [eiizeHOepIrHUHT HOAHUK/IUK TTPIH-
[N JIeunJiaan.

DusnkaBnii KaTTAJIUKHIHT Yydalgarn XaToanK jied yia
KaTTAJIUKHUHD YypTada KuiMaTuAaH ypTrada KBaJpaTUK dYeTJ/ia-

HUIITa aiTHIa/Iu:

Ax = /(x2) — (2)2,

['eit3eHOEPIrHUHT HOAHWKJINK NPUHIIAINATA Kypa MUKPO3ap-
PAHWHT YKOUKW Ba, YHUHT TYJIKWH y3YHJIUTUHNA OUp HalT/aa aHnuK
Yiuab oynmaitan. HoaHUKIMK NpUHIUIN — TaOMATHUHI KATb-
Wil KOHYHHU, YHU VJIT90B aco0001apuaaru HoMyKaMMa/IJINKKa Xe4
KaHlail ajgokacu #yK. Arap HOAHUKJIUK MyHocabaT/iapuiaH Ou-

pUHUN

Ax - Ao, > i
2m

MmaKJ/jia Kapacak, 3appalHlHl Maccacu KaHdaJmK KaTTa Oyiica,
Ax - Av, KymafiTmMa KuitMaTi IyHYAJINK KTIUK, ShbHI TPACKTO-
pugd TYUIYHYACUHUA OFUP MaccaJii 3appaJjiapra Karra aHuKJ/JInK/ia
Kytam MyMKuHIuruan kypamuns. [y cababgan maxposappa-

Jlap YUYYH TYJIKUH XOccajap axaMUATIN IMAC.
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4-M1COJI. DJIEKTPOHHUHT Jie Bpoitn Tynkun y3ynauru 0,1 jgan To
0,05 HM rada Kamaliniy y4yH yHTa KaHjJall KylmmnMda SHeprus
Oepuill Kepax?

Eunvu. PengaruBuctuk saeKTpoHHUHT sHepruscun E, =

\/ P22 + m2c*. Dnexrtponnunr je Bpoiln TYAKMH y3yHIUTH

A = % SKAHJIUTUHNI XUCOOra 0JICaK
471217 2 471217 2
AE = T + mgc4 — T + 77136’4
2 1
13,6 - 197,332
- g 5112 - 106 —
0, 052 *
13,6 - 197,332

_ 012 + 5112 - 106 = 450,46 5B

HaTU>KaHW OJIaMU3.

H-MUCOJI. DJIEKTPOHHUHT Jie Dpoiis TYJIKMH Y3YHJIUTH YHUHT
Kowmmmon TyIKuH y3yHIUTUra TeHT OVIUIT YIYH Y KaHiail Tes-
JIATYBYM HOTeHIMa Iap papKugiaH YTUIIN JTO3UM !

Eunvu. Bynjga sn1ekTp MaitjonmHuHT OGarkapral WIIN Te3-
JIATYBUYN TOTeHNUasIap (papKujan yTranja 3JeKTPOH SpUIlia-
JuraH KuHeTuk sHeprudra Tenr: el = T. Penatusuctuk 37ek-

TPOHHUHI' KNHETUK 9HEPIrUACUHA

mec® + T = \/pzc2 + m2ct

mapTaaH aHuKJaiMu3. YHH KBajpaTra KyTapub, T KHHETHK
SHeprusra HucOaTaH TeHIJIaMa OJIaMU3:

T? + 2moc* T — p*c* = 0.
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By renrnamanm eund, T KuUHETHK SHeprusd YydyH wudogaHn

AQHUKJIANMUN3:
T = c(\/mgcz + p? — m,c).
DJIEKTPOHHUHI' KOMIITOH TYJIKUH Y3YHJIUIH Ay = %, Jie bpoiin
TYIKIH y3yHIUru oyica, Ag = ? SN
2th  27th
AKiziAB — —
meC p

mapriafH p = m,C Ba

T = c(\/mgc2 + p2 — mec) = c(meeV2 — moc) = mc?(V2—1)

HaTHU>Kara kejamns. emak, »KapoO

el = moc*(v/2 —1) =~ 511-0,4-10° = 211,7 - 10°5B

9KaH.

6-Mucos1. MoHOSHEPreTHK 3J1eKTPOHJIAPHIHT HapaJie] OKUMU
HopMas pasuiiia b = 1,0 MKM KeHIJIKIaru TYrpuOypUak/in
TOP TUPKUIIKN OY/iran guadparmara TYIAnTn. Arap TUPKUIILIAH
I = 50 cm macodasga Typram sKpamHia MapKasuil J1ndpaKiinon
MakcuMyM kenruru Ax = 36,0 MM Oyiica, 97eKTpoHIap TE3-
JINTUHYA aHUKJIQHT.

Eunmu. dudpaxius Tydaiian 37eKTPpoH HI KaTTa SXTHU-
MOJIIMK Omjian 2¢ Oypuak MHUKECHJa XapaKarjiaHain, OyHjia @
— OupuHIN U PaKIHOH MEHIMYMIa MOC KejtyBan Oypaax (3.3-

pacm).
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A

3.3 - pacM: Bupurun nudpakion MUHIMyMIa MOC KeJIyBYH ¢ OypUak.

Vuiby @ 6ypuak b -sin(¢@) = A maprian anukjianajiu, oy
epia A = Ap — 9J1eKTPOHHUHT jie Bpoii TyiKuH y3yHaura. Ku-
quK OypUakaIapja

A
sin(@) = tan(g@) = or
21
Y xoJ11a
A _be_Znh:>v_ 4rtlh
STl T muo  bm,Ax

Arap 3/1eKTpoHIAD Te3/IUTTHI

. 4rtlc fic
~ Ax-b \'m,c?

KypuHHIIa ¢3ub ojicak, xucobganuiapau maddod Oarkapui

myMuH Oyiaju. Hlynmait knimo,

t197,33 M
= """ .10°~2,02- 10" —.
T % 511 c
7-mucos1. Koopaunaracn Hoanukurn Ax = ﬁ oyran 3appa

TE3JINTMHUHI HOAHUKJ/IMIMHU OaxoJiaHr, Oy epja A — 3appa je
Bpoit1 TyKun y3yHaurn.
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Eunvn. Hoanukjmk mynocabaruan Ax - Apy > h j1ebd xu-

cobstaiimns. Yuu Ax - Av, > % aKJ/a é31o ogamMus. Y XoJiia
A h
— - AUy > —.
27T m
. " __ 2mh
3appa jie Bpoitan TYiaKuH y3yHamra Ay = o, OKAHTHTHHI
Xucobra 010,
h h
. A’()x Z -
MUy m

HaTU>KaHW OJIaMU3. B}/H,ZLaH, 3appa TE3JIMI'MHUHI' HOaHUKJINT'U

AV, ~ v, TapTUO/IA SKAHJIUTUHA aHUKIAIMMI3.

8-mucos. Knneruk sueprusicn T = 4 5B Oyran siekrpon | =
1 MM Juraamin coxasia Kamasran (Jokatamran). Hoannkimk
MyHOCa0aTH €pjlaMu/ia YHUHT Te3JIUIMHI HUCOMIT HOAHUK/IMTUHN
OaxXOJIAHL.

Eunvn. Hoanukuk mynocabarunu Ax - Ap, > h éxn Ax -
m,Av, > h kypunumiga ézamns3. Ax < | 9KaHJIUTHHI XucOOra
osicax, Im,Av, ~ h, oyngan Av, ~ % Kuneruk sneprusicu T

OVIraH 9JICKTPOH TE3JIUTU Uy = i—f Y xo0J114
Av, hoofm, h B fic
Uy Im,\ 2T  1\/2m,T 1\ 2m,c>T
Jlemak,
Av, 197,33

~ ~98,67-107%~0,99-10"*
vy 1034/2-0,511-106 -4
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3.3 MycTakun nwnaw y4yH Basundanap

3.1.

3.2.

3.3.

3.4.

3.5.

XoHa XapopaTuja TepMOJIMHAMUK MYyBO3aHaT/a KOMJIalll-
raH BOJIOPOJT MOJIEKYJIACUHUHT Jie Dpoity TVIKuH y3yHIm-
'MHU TOIIMHI.

Jasoom: 1,03 - 10710 .

15 M banangnkiaad Tymrad m = 20 r mMaccaad TOUIHIHT

ne bpoitn TYIKWH Y3YHIUTUHT TOINHT.
asoom: 19,1 -1073% .

[Torennmamiap dpapku 1 B 6yiaran maiigonjan yTran 9/ek-
TpoH Jie bpoitn TyiKmHN notennnasiap dpapku 1 kB Oyiran
MaliJIoHJaH TYTral 3JeKTPoH Jie bpoiin TYIKuHuIan Heda
Mapra gapk Kuaajgu’

sKapoonu: 31,6.

[Torennmamtap dbapku U = 25 B 0yusiran maiigonia Te3alii-
TUPUITaH 3JIeKTPOHJIAPHIHT apaJiie/l OKUMI Oup-Oupuaan
d = 50 mxMm macodaja Kofjamrad UKKATA TUPKUIILIN
nuadparmara rymsnTa. Tupkunuiapgad [ = 100 cM y30k-
Jla, »KOMJIallral SKpaH a XOoCUa OY/IraH MKKUTa KYIIHHA JIH-
bpakinoH MaH3apa MaKCHUMyMJIapu opacujiaru MacodaHu
AHUKJIAHT.

sKaBoon: 4,9 MKM.

XapakaTaanaéTran 3appa KOOPJAMHATACUHUHT HOAHUKJIUTHT
VHUHT jie Dpoits TYIKuHn y3yHjauruara Tenr jied xuco0.1ab,
Iy 3appa HMIMIYJIbCHHUHT Ap/p HucOUil HOAHMKJINTMHU

AHUKJIQHT.
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siasobn: 0,159.

Bappa Je bBpoitn Tynkun ysymaurn A, uMmiyabcuauar 1%
HICOUI HOAHUKJINTUTA MOC AX KOOPJIMHATACH HOAHUKIUIH-

JlaH Heda MapTa KMYNK !
siasobn: 15,6.

Hyxkmonnunr gapojgaru munuMalg saeprusgcn E = 10 M»sB
neb xucobiad, HOAHMKJINK MyHOcCaDATUIAH SAPOHUHT M-
3UKJIA VId9aMUHI OaxoJIaHr.

sIasodi: 3 Owm.
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4- MmaB3y

Tyakun dyukims Ba onepaTopJjap

4.1 TynkuH pyHKLUS

Ya yiraoin hazo/ia 3pKUH XapakaTaaHacTral 3appain Ka-
paitmuk. KBanT MexaHnkacuia YHIHT X0JIaTH 1/J(x, y,z) TYJIKUH
dbyukmms épaamuia annkaanau. Maxke bops tajnkunnra Kypa,
TYIKUH (DYHKIMS MOJIYJIMHUHT KBaJpaTn ]lp(x, y,z)]z7 3appa-
HUHD pasojard Kofinan anukiama yan (X, y,z) HYKTa/J1a TO-
U SXTUMOJLINTY 3ULIUruanp. bysjgan TVIKUH yHKIS YIVH

+00 400 400

///W(x,y,z)]zdxdydzzl

—00 —00 —O0

HOPMUPOBKa MapTn Keaud dnmkajn. JlekapT KoopjuHaTalapu
YpHUra SrpH UM3UKJIN KOOpJUHATajapHu, MacanaH, (1,0, @)
ceprk KoopJuHaTaJapHn KyJuiam MyMKuH. Kesrycenjia Koop-
JMHATATAD TYIIAMUHI § OWJIaH, XayKM 3JeMeHTuHH dg Ou-
naH OenrmiaiiMus. Macamnan, [lekapt Koop/uHaTasapuia dg =
dxdydz, cdepux koopaunatanapia dg = r*drsin(6)d6de sa

X.K. by XoJij1a HOpMUPOBKa, MapTH

[ le(@)Pdg =1

COJIJIa KYPUHUIITHU OJIA/JIN.
KBanT MexaHuKacua TYIKIH QYHKIAAIAD Y3IYKCH3, IeK-

cn3 JuddepernuaaIanyBIn Ba KBaJIpaTHK WHTErpasIanyBIn
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oymmm Jj1o3uM. Bynjait xoccaau (QyHKIUIAD MaTeMaTHKa 1
ausuk/m ['uisbepr dasocunu tamkui sragu. Uy cabad P(q)
TYIKUH PYHKIUAHT YOy azojgarn BeKTop aed Kapall MyM-
KiH. YHI Jupakaunr [) ket Bektopu Guian bearuiab, xoaar
BeKTOpHU 70 aTaiiMus. TVIKUH QyHKIUIIAPHA BEKTOp 1e0 Tac-

caByp KuJrad, yJapHUHD CKaJdp KylanTMacuHn

(oly) = [ ¢ @¥(a)dg (4.1)

KYpunniyia kuputamus. byaga (P|@) = (@|¢)* sxannuru Ty-
nryaapsi. Cxansp kynafrmanuir (4.1) amukianuiman, yHIHr

@) = Ailgr) + Aal@2),  [¢) = Ba[¢1) + Bafiha)

BeKTOpJIap OVimda IN3NK/IN SKaHINTH KeJIN0 IIKaJIN:

(A191 + A2a| Biyp1 + Batpo) =
= A1Bi(@1[¢1) + A3Bi(@2[91) + (4.2)
+A;Bi(@2|ip1) + A3Ba(@2[4h2),
oyuia Ay, By — Kangaitiup komriexke gounmuiiiap (o = 1,2).
Arap (@|w) = 06¥1ca, ¢(gq) Ba P(g) TiaKkun QyHKIELIAD
(xosar BekTOpsIApH |@) Ba |1P)) oproronasn jeitusiaau. Hopma-
POBKa IApTH, X0J1aT BekTopsapu Twinia, (P|) = 1 kypunuri-
J1a, €3UJIAJIHN.
['masbepT dazocuia NKKUTa BEKTOPHIHT CKaJIsip KymaiTMa-
CH, BEKTOD HOPMACH Ba BEKTODJAPHUHI TYJINKJUK MTapTH (9u-
3uUK/M OOF/INK OfsiMaran 06asuc BEKTOPJIAPHUHT KUPUTHJIUIIN)
aHMKJIaHTad, H1 OM3 KBaHT MEXaHMKACHa 3apPaHUHI XOJ1a-
™ ['misbept dhazocura TErunum XoJaaT BEKTOPHU OMIaH TYIINK

aHUKJIaHa /11 ﬂeﬁI/IHII/IMI/IS MYMKHWH.
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Tynkun gynkuus (xonar sexropn) € xypunumgarn dpasza-
BUl KynaiiTyBunrada aHUK/IUK/a Kypuiaiu, Oy epja ¢ — Jou-
Muit. bynjait kynaiiTyBunuu TYJIKUH GYyHKIUA P —> e'd . P Tap-
KO8 OYININ HOPMUPOBKA MAPTUHHU Y3rapTupMaiiim Ba ¢pu-
3UKABUII KATTAJIUKJIAPHUHT ypTadya KUNMaTUHI aHuKJIAIIra Tab-
cup srMait i (OyHall aHuKIaHraH TYJIKAH (QYHKIUSIHE YHUHD

KOMILIEKC KYIIMACUTa KyaiTupud Ky puHr).

[-M11cOJ1. 3appaHuHT XOJIaT BEKTOPU

) = Algr) + [¢2))

Kypunuiia 6yiica, A joumuiinu tonunr. By epaa |h1) Ba [ih,)
— ¥3apo oproronas (Yn|P,) = 0 Ba HOpMUpPOBKacH Gupra TeHr

BekTopsap: (Y1|P1) =1, (Pa|gn) = 1.

Eunvu. A joumuii [) Xosar BEKTOPH y9yH HOPMHPOBKA
maprugad romaan. Craystp KynairManuar (4.2) aHuKjIaHK-

1 J1aH

() = (A1 + o) |A(Yr +¢2))
= AA((1|¢1) + (Y1]vh2) + (2|ip1) + (Pat)) =1

1
2A*FA = 2]AP=1 = |Al=—"—=
A A=
Hemak, A = % sKaH. TYakua pyakius dhazacu aHnKMAaCIAT -

ya KOJIaJ 1.

4.2 OnepaTtopnap

KuiimaTiapu sKcriepuMeHTIap/a YadaHajgurad (pu3nkaBuii
KaTTaJIMK/Iapra, KBaHT MexaHukacujga, [mandbepr dazocuia
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TYIKUH QyHKIUsIapra (X0J1aT BEKTOPJIApUra) TabCup ITYBUN
JU3UKJIM DPMHAT olieparopJsap Moc Kyitnraan. OmepaTop xoJar
BEKTOPWHH, MabJIyM KOujara acocaH, OOIIKa BEKTOpra yTKas3a-

. Kanjgainp F ONIEPATOPHUHT YU3UKJIU SKAHJIUTU UXTUEPUIl
P(gq) Ba @(q) TaKHH QyHKIUATAD VIyH

F[Ay(q) + Bo(q)] = AFy(q) + BEg(q)

XoccaHn OarKapu/uiuHu aHriarajgun. by epga A, B — uxrTuné-
puit KomILIekc corap. Oneparopra 6upiuk omneparop E(q) =
P(g) our comma wmumcon Gymaau. Yusukjaumac oreparopra
ﬁgb(q) = /P(g) KBagpaT W3 OJIUIIT AMATHHT MUCOJT KIJIHO
KEJITUPUII MYMKUH.

AAFap I:IXTMépHﬁ ¥(g) byuxuus yuyn ﬁlgb(q) = ﬁng(q) OV1-
ca, F; Ba F, oneparopJsiap TeHr jeitmiann. fHa, arap UXTUEpHit
ukkuta @(g) Ba Y(q) dyHKIMATAD YVIyH Kyilugary

[e@Ey@ds = [ o)l (43

A

MyHocabar barxkapuica Fy Ba F oneparopiap tenr aeiiunaau. F
oreparopra KOMILIEKC KyiiMma oneparop F* xypunumiia oearu-
Janaju. bynga Kyfingarn xocca YpUHIn:

Fyr(q) = [Fy(9)]" (4.4)

2-MUCOT. (1:" *)* — F sxkanauruny ucboT/iamr.
Eunmvn. Vxruépuiit (g) yuyu

*

(B wla) = [Py @) = {[Fe@)]"} = Fy.
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Bynyan, anukianumm Oyiinda, (ﬁ *)* = F kequ6 quxau.
F olepaTopra TpaHCIIOHUPJIaHTaH OllepaTop ET KYPUHUIILIA
oesrmnanau. bynjga Kyiingarn xocca YpUHIIM:

[e@E e = [ p@)Fe)dg.  (15)

3-MUCOJI. (1:" T)T —= F sKamIurunm nc6oTant,
Eanmvn. Vxruépuit @(q) sa ¥(q) yuays

/qo(q) (FT)" ¢(q)dg = /tP(q)ﬁTfp(q)dq = /fp(q)ﬁtp(q)dq-

Byna (4.3) Tabpudian (ﬁT)T = F.
Srrubop Gepunr: [ @*(q)EFp(q)dq unrerpan (@|Fy) cxa-

asp kynafitmanuar §3u ((4.1) ra kapanr). By, ogatia, cummer-

pUK KYypuUHUIILA KYHnjarnda e3uia/im

(9lF1¥) = [ o' (@) Pp(9)dq (4.6)

Ba y F omnepaTopHUHTI MATPUK SJIEMEHTH JIeHNIa .

4-nvucost. Tpancnonupaiall Ba KOMIUIEKC KYIIMa OJIMII aMaJljia-

TURNS ) AT *
pUHE UXTHEPHUil TapTuOia OarkKapulll, sSbLHH, (F ) = (F )
MYMKUHJIUTHHEA KYPCATHHT.
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Eunmvu. Vxruépuit @(g) sa ¥(q) yays

[o@ (F) y@da = [y(@)Fe
/#J(q) [Fo*(9)] dg = [/z,b*(q)ﬁgo*(q)dqr _
[/ fp*(q)ﬁTw*(q)dqr = /(p(q) [FT9*(q)] " dg

bynnan (ﬁ*)T = (ﬁT)* KeJinb YuKaIn.

F omneparop ycruja TpaHCIOHUPJIAII Ba KOMILIEKC KYIIMAa
OJTAII aMaJlJIADUHN KeTMa-KeT Oaxkapuill (MxTuépuii Taprub;a)
VHI'a, DPMUT KYIIIMA F+t oneparopru xocus Kusiajim:

B = (B9 = (ET)". (4.7)

2- Ba 4-MucoJiap HaTuzKajgapujgan ¢oiijgaaanno, (ﬁ+)+ = F
SKAHJIUTUHU OCOH KYPCATUIIT MYMKIH.

Arap F=F+ MyHocabaT barkapurca, F- OPMUT orepaTop
neiimtan. Jnkkar! KBanT Mexanukacujia, KuiiMaTiapu 9KcIe-
puUMeHTIap/ia YadaHa uran, pu3nKaBuil KaTTaauk/jiapra ajiiHaH
OPMUT orepaTop/iap MOC Ky uiain.

Sappanun X Vku Oyitnad omp Ydamim XapakaTHHH Kapaii-
JIMK. 3appaHuHr »KONNHM KypcaTyBunl (PU3NKaBUNl KaTTaJIuK —
X KoOopJimHaTara KBaHT MeXaHuKacua X Koop/inHaTa olepaTopu
MOC KeJiaJu. YHUHT TYJIKUH (DYHKIHUATa TabCUPU X KOOPUHA~

TaH! TYJIKUH QYHKIUATa KYTaUTUPUIAIINTS, OJIHO KeJla In:

2ip(x) = x-9(x). (4.8)
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S-mmconr. a) £ 6) ®7; B) £7 oneparopaapnn Tonumr.
Eunmu.

a) Vxruépuit (x) tynkun dynxuus yayn (4.4) anukiamra
Kypa
p(x) = [29"(x)]" = [xp" ()] = xgp(x) = 2y (x).
(4.3) ra kypa X* = X sKaH.

6) Nxruépnit ¢(x) Ba P(x) yayn (4.5) ra kjpa

7w¢(x)£T¢(x)dx = 7w¢(x)fq,(x)dx:
701P(x)xq)(x)dx = 70€0(X)X1,b(x)dx

T

(4.3) ra kypa £' = X sKan.

B) By epya a), 6) naruxkanapu Ba (4.7) anukjiamjan X = £
SKAHJIMTUHI oJlaMu3. fbHu, X omepaTop DpMUT, HIYHIAM
OVsnIny XaM 3apyp. UyHKHM y SKCIepUMEHT/Ia YIdaHaiiurad

busnkaBmil KaTTa/IMKKa MOC KEJIyBIH OIEpaTOPup.
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6-mucos. P(x) TYaKuH QyHKIEsITa YHUHD a”ggcx) XOCUJIACUHU

MOC KYIOBUN % nuddepeHImaiiall onepaTopuHl KapaiMus.

T -
a) (ﬁ)*5 0) (ﬁ) . B) (ﬁ) oIepaTopJIapHU TOINHT,
V30x: 6up yuamin macanaia 4 ~ TYIMK XOCHJIAHU Kapall MyM-
KUH 3]11. AMMO XyCycuii Xocujia yqu HaTHKaIap OOIIKA Maca-
nanapia kyn yupaiian. Ly cabab xycycuit xocumaanu KoJIupa-
MU3.

Euyumn.

a) Uxruépuit P(x) Gyuxuust yayn (4.4) anukjaiira K§pa

(2 o= (252 = (2) ot

Bynan (%)* = % KaH.

6) Uxtuépuit @(x) Ba P(x) dbynkiusiap yaya (4.5) aHuK-
Janra Kypa

—+o0

[ o (83) / p(x

dx—

— 00

= p@el| .~ [ >a";§c>

—+00
Tynkun QyHKIusgIap yIyH f [p(x)]> = 1 nopmupos-

Ka, [apTi OarkKapuuiiy JIO3uM, OYHJIaH llm P(x) =0
xX—>*+oo

79



M. HuirrionoB, mnishonov@gmail . com

(aKc X0JIJIa UHTEerpaJl y30KJallyBun 6§’/ﬂa,zLM). [Iynnait Ku-

b, Kopuaaru udojaaa oupuHIrn Xa 1 Houl, (4.3) ra Kipa
d _ d

(a) = T ¢ OKaH.

B) ABBasiru a), 0) mHarTmxkasmapjgan Ba (4.7) aHUKJANIAH
+
(%) = —% SKAHJINTHY Keud umkau. Jemak % nudde-
PEHITHAJIIAII ONEPATOPH DPMUT IMAC.

ObTbop Oepunr! Arap % oriepaTrop 1 MaBXyM OHPJIIKKA

KynaiTupuica, IJPMUT oleparop xocus Oyiaajau. Kuiimary-
HU SKCIEPUMEHT/a ViIdall MYMKUH OYJIraH KMMIIYJILCHUHD X-
KOMIIOHEHTACUTa MOC Py OllepaTop

i o
D, = - 49
px i Ox ( )
KYpUHNIIIa anukjganaan. by eppa i — Ilnank gommmiicn. 6-
MUCOJI HaTUzKaJlapuJal KYypunubd TypraHujieKk, Py oleparop —
OpMuT. Y4a yurdosian dasoga 3appa XapakaTh YIyH HUMITYJIbC-
HUHT BEKTOD OIEPATOPU KUPUTHUIAIH:
h d d 0 h

p=—-|ey— +e,— +e,— | =-V. 4.10

P=7 ( ox Yoy Zaz) i (4.10)
OnepaTopiiapHu KyLWunLl Ba KynantTupuil

A A

Tynkun dyakiusiapra Tabeup 3TyBun F Ba G omneparop-
JIAPHUHT F+G AUTUHINCH

(F+6) ¢(q) = Fp(q) + Gy(q) (4.11)

xoccara Kypa kupuruiaan. Yiaapauir F - G kynaiirmacu aca

(F-G)v(q) = F [Gp(q)] (4.12)
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xoccara sra. Kearycuga oneparopiaapHu KYTIaiTUPHIT YIyH €31-
JIQH HYKTa OeJrucuHu Tymupud Koaanpamus. OnepaTopiaapHu
KYIINII Ba KYHAUTUPUIL aMaJllapyd aCCOIMATUBIIUK Ba JUCTPU-
OYTHUBJIMK XOCCACUTa Ta

(F+G)+A = E+(G+A), (4.13)
(FG) A = F(GA), (4.14)
(F+G) A = FA+GA. (4.15)

Kymmim Ba KynafTupuin aMa/Iapuial KOMILIEKC KYIIIMa OJIUII,
TPaHCIIOHUPJIAIT Ba IDPMUT KYIIMa OJIMII amMaJjuiapu OWjaaH
O0rOoBUM Kyiingarn xoccajap XaM YpuHin:

(afF +BG)" = a*F* + p* G,
(aF + ,BG)T = oFT + BGT,
(zxﬁ + ﬁé)+ = o*Ft + ,B*é+, ®, B — nonmuitnap (4.16)
(FG)" = F+G+, (BG)' = GTET, (BG)" = G E™.
Oxupru TEHIVIMKHY UXTUEPUI COHAArd KYyHalTyBUWMIAp YUyH
YMYMJIAIITHPAINK:
(BB B) =B EF, - B (4.17)

Hapazkara KyTapuil aMaJuHl aHuKJIaiMMI3:

A

Pn—f.F. P P-E. (4.18)

g

N Ta KYyIanTyBun
f (x) dbynkmusgan Maxiaopen Karopura €fni MyMKIH OVJICHH:

© £(n)
flo) =y
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oynma fM(0) — 6y f(x) dynkuusanunr x = 0 nykrajgaru -
tapru6im xocunacu. Y xoija F oneparopra Gormx f(F) dyuk-
st cudaTuia

& Fm(0) .
f(F):Z;)f (O)F” (4.19)

n!

KATOp Hasap/a TyTwiIaam. F omneparopra Teckapu omeparop £

Ky puHHAILIa Oenrniafaan. byHaa Kyimaaru xocca YpUHIIN:
FF1'=F'F=E. (4.20)

(4.20) mam, (ﬁ_l)_l — F Gyumiiy TyiyHapII.

(-MHUCOJI. (ﬁé) - = G 1F! skanurnnn ucbomaHr.

Eunmu. Tenrmmkuu, yHM #KKajga TapaduHu (ﬁé) ra
KymaiTupud, ucobornaimus. (4.20) ra kypa, damn Tapada
(ﬁé) - (ﬁé) = E uu onamus. Yar rapad, (4.14) accormarus-
JINK XOCCACUIaH

A

(GUEY) (FG) =G (EE) =G EG = GG = L.

Arap

F1=F" (4.21)
xXocca YpuHan oyica, F- VHUATaAp orneparop Aefinyiaan. YHATAP
OIIEPATOPIa FHT COyIa MUCOI — Oy E GUpJINK omepaTopiup.

Hukkar! Bup oproHopmas 0Oasucjgan OOIIKa OPTOHOPMAJ
Oazucra yTuiljia aiiHaH YHUTApP olepaTopJ/ap Ky/lIaHuia/ .
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Arap F oneparop unsukin, dpmut éxu yautap 63ica, E1 omne-
paTop XaM UMUK/, IPMUT EKU yHUTAD OVIIaiu.

4.3 MycTaknn vwinaw yd4yH Ba3udanap

4.1. Kyfingarniapan xucoOJianr:
D) li+17% 6) [1—iP 5) [3i — v2P
o) [ ) e e) e

4.2. [1) Ba |th1) xonar BekTOpIApU HOpMUpPOBKacu (h1|Yr) =
(2| P2) = 1, ammo (P1|1ho) = a Hooproronas 6¥iicun. Byn-
Ja & — Kangaiiagup KoMiuieke con. Kyifinparu

o 1
|(P2> — _\/1_7‘“‘2‘1/)0 + \/1—7|06‘2w}2>

byuxuusan kupntamns. Bynna |¢1) Ba |@2) xoaT BEKTOD-
Japu y3apo OpTOHOPMAaJI SKAHJINTUHU KYPCATUHT.

4.3. (4.16) xoccanapau ucOOT/IAHT.

4.4. % olieparopra JIpMUT KYIIMa ollepaToOpHi TOIUHI. ByHja

N — UXTUEPUIT HATYypaJ COH.

4.5. %xz Ba (aa—xx)z omeparopyaphu a) sin(x) sa 6) ¥ ¢ynk-

[myusjiapra TabCUPpMU HATUZKaCUHKW TOIIMHI.

4.6. IkkuTa DpMUT orlepaTop/IapHUHT AB K{TaiT™Macu XaM Jp-
MUT oIeparop OY/ININ YIVH, AsaB oreparopJiap opacuia
KaH/1ail MyHocadaT YpUuHIN OVIMIIN JIO3UM?

4.7. Kyitmjgaru oneparopjap SpMUTMU?
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2 6) py; B) i(pR% — £p3); 1) £px:
aP(g) = ap(q) conra KyuaiiTUpuIL onepaTopu;
) IAgb(x) = (—x) uHBepIUA ONEPATOPH;
k) C(q) = 1¥*(g) KOMILICKC K§IMa, OJIII OEPATOPIL

=
~—
—

@

A2

0~ = E xoccamu uxtuépuit & oneparop yuyH

e'%" = cos(0) + it sin(h)

MyHOCA0AT VPUH/IM SKAHJIUTMHE KypcaTuHr. By epupa 6 —
KaHJIaunp XaKUKU COH.

Arap F yHUTap omneparTop oyica, F1xam yHUATAp OYINIIITHNI

KYpPCaTHUHL.

Arap F Dpwmur oneparop 6¥ica, G = o't orepaTop Xam

YHATAP OYJIMIMUHN KYPCATUHT.

Arap A Ba B Dpmur oneparopiiap 6¥ica, nxruépuii F ore-
patopun F = A + iB k{pununia racBupsai MyMKIH/IH-

I'MHA KYPCATUHT.

Arap F oneparop Dpmur 6¥ica, AFAT xam Dpmur ornepa-

TOp OVIMIINMHN KYPCATHHT.

T.p(x) = ¢(x +4a) CHDKUTHIT OUEPATOPH K§PHHUIIK

L A
T, = en®P*¥ sxanymuruin nCcOOT/IAHT.

-1 ) .
e orepaTopHu KaHaiiup P (x) TYIKuH QyHKIHITa
Tabenpr HatizKacuau P (x) Ba P(—x) dyHKIMATAD OpKa-

s udogananr. By epia [ — unsepius oneparopu: I1p(x) =

P(—x).
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Kyfingarn oneparopjapHu TOIMHI:

- -
a) (2)": ©) <%> - 5) () (%) -
By epaa 7,0, ¢ — cdepuk xoopannaTanap, 0 — NUIUHIPUK
KoopjinHaTa. 30X: KUCKAJIMK YIYH TYJIKUH (DYyHKIMsLIAP-
HUHT, bakaT OUTTa KoopaumHaTara OOFJINK, adOCTPaKT ¢aszo-

CUHM KapaHT.

+
“Arap aBBajrm MHUCOJJArW T) OaH/ M (%) — _% —
0 2\ " AN .
gp MATH/KACHII (W) = (%) TEHTJINKKa, KYJj1a-

2\ +
CaK, (a%) orepaTop YUyH TYFpPU HATUKAHU OJTaMU3MU?!
I30x: aBBajrnm MacaJlaHuHD KypcaTujiran OaH Il HaTUzKa-
cl Kanjgail pynknusaap cuau yayH YPUHIN SKAHIUTUHN

AHUKJIQHT.

“Kanpaitanp F — Dpmur oneparop Gepuiran sa (q)
TYAKUH (PYHKINSA YIyH ﬁ”d)(ﬁ/) = 0 xocca ypunam OyIcuH.
By epsa n — narypai cou, n > 1. Fip(gq) = 0 sxammrunu
KYpCaTHUHI.

Huxkar! Basuda maprujia * Oejnrucu — y OMIaH axKpaTii-

raH BasudaaapHu OazKapuill OFUPPOK SKAHIUTMHU aHIJIATa I,
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5- MaB3y

KomMmyTaTopJiap

5.1 Ymymuin xon

OmneparopsapHuar (4.12) KymalTUpuIn aMaan KOMMYTaTHB
dMac: YMYMUI XOJI/1a EG KyrairMma GFE ra renr smac. Ukku-
ta F Ba G onepatopiaapHuHr KOMMYTATODH [ﬁ, é] K PUHHAIILIA
OeJIrmIaHaIn Ba

[£,G] = FG - GF (5.1)
MyHOca0baT OUIaH aHUKJIaHA M.

Arap [1:", G] = 0 6%uca, F Ba G oneparopiap KoMMYyTa-
TUB Jeliniaa . bynia FG = GF. Macaian, uxTuépuii omnepa-
TOp Y31 Ba V3MHUHI UXTUEPHUIT Japarkacu OmaaH KOMMYTaTHB:
[ﬁ, 15} = 0, [ﬁ, 15”} = 0 (n — marypan con). Arap F onepa-
Top H Ounan kommyrarus Ba G oneparop H OmiaH KoMMyTa-
tus GYuca, F Ba G koMMyTaTus GIMACIUIN MYMKHH. SIHHN
[ﬁ, H] = 0 Ba [G, H] = 0 skaHuruaH [ﬁ, (A}] = 0 skaH/Iuru
KeJIMO YMKMaiiIn.

(5.1) aruKTanal Kyiujgara xoccaiap YPUHIT SKAHTITHHA
K{pcaTuIn MyMKIH:

a) AHTHCHMMETPUKIIIK
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Oy eplia a1, Xp — UXTUEPUIT KOMILJIEKC COHJIAP.

KommyTaroparu omneparopsap/an oupn (Macaaas, OUpHH-
qucn) OOTIKA NKKITA OllepaTopJIapHUHT Ky aiiTmMacu 0yica, 0b-
3uj1a OyHIall KOMMYTATOPHU KyUjarn MyHocadaT OuIan aaiMa-
IITUPULT KYJIa:

[AB,C] = A[B,C] + [A,C] B. (5.2)
Bynu ncoornait yays (5.2) MyHocabaTHUHT YHI' TOMOHUHIE, KOM-
MYyTaTOP aHUKJ/JAHUIINTa Kypa, 0und €3ailIuK:

A[B,C]+[A4,C]B=A(BC—CB)+ (AC— CA) B —
ABC — ACB + ACB— CAB= (AB)C — C (AB) = [AB,C]
(5.2) MyHOCAOATHN UKKUHYH OMepaTop OOIMKA HKKHUTA OTle-

paTop KynaiiTmacu O6Vran XoJ yIyH €3aMuI3:

A,BC] = [A,B] ¢+ B[A,C]. (5.3

I-vucost. Kyi#mparuniaap oepuiras:

Fo(r) = f(r)y(r), Gip(r) = g(r)p(r).
By epaa f(r) Ba g(r) — xanjaitaup yHKImsLIaD. [1:", G] KOM-
MYTaTOPHU XUCOOJIAHT.
Eanvn. Kanpaiigup ¢ (r) 9akun GyHKInAra KuIipUiaeT-
raH KOMMYTaTOp OujIaH TAbCUD STAMU3:

[E.Gly(n) = (
= F

= f
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Bynuan, ¢(r) uxtuépnit skammrugan [F, G| = 0 6ymummmn

TOIIaMU3.

5.2 KoopguHaTa, umMmnysibCc Ba UMNY/1bC MOMEHTMU

Koopnara Ba uMItysibe orieparop/iapu Moc pasuiiia (4.8)
Ba (4.9) MyHOcabaTIap OPKAJIN KUPUTHIITAH SJIH.
2-Mucoal. [Py, £] KOMMyTaTOPHN XHCOOJIAHT.

Eunmvun. Kngupuiaérran KoMMyTaTopHiu Kasaiiaup P (x)

TYIKUH PYHKIUATa TAbCUD STKA3aMINK:

[P X1 () = (Paf = £P2) Y(x) = P [2P(x)] = £ [Pxtp(x)]

o ()] )
- ?[W“x ox ]—?x ax ¢
Hemak, [Py, X] = ? — —ih sKam.

Kosran dekapT Ykjapu yayH HIyHra §XIIAIl HATHZKAIAD
omuanmy Tymysap: | Py, §| = —ih, [P, 2] = —ih. Arap v
IIYJILC [POEKIMACH OLEPATOPU YIyH OUTTA YKHU, KOODIMHATA
OLIEPATOPH YUYH UKKUHYNA YKHE OJICAK, Y XOJIJA KOMMYTATOD
Host 6ynagn, macanah, [Py, ] = 0. OmuHran HATHKAHT yMyM-
JAIITHPUO, UXTUEPUIT KoOpAuHATa YKIApW YIyH KyHHIarn My-

HOCAOATHHN E3UTNNMU3 MYyMKIH:

[Pu, Xp] = —ihbug, (5.4)

Oy epna &, B — dexapT KoopaunaTa YKjiapu nuiexkcy, dug — Kpo-
HeKep Oe/IrucH.
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KBanT Mexanumkacuja, KIAMaTUHNI SKCIEpUMENT/Ia yadaca

OVaauran (pusnKaBuil KaTTa/JInK, UMITYJIbLC MOMeHTH L opKaJin

Oenrminanaj. Y L = r X p myHocadaT Oujian aHuK/IaHap 3/11.

Yura L — uMIry/ibc MOMeHTH ollepaTopn Moc Kyinitanan. kknuTa

BEKTOPHH BEKTOP KyTafiTMacu Tydailan Xocus OViajinran ssHru

BEKTOP KOMIIOHEHTaJIaph

3 €1 éx €3
axb= Y eupeuiph,= a1 a a;
wpr=l by by bs

dopmysna 6uran Tormaap sau. By eppa («, B,y) — Hekapr ko-

opJiMHaTa YKjaapu pakamiapu, (e, ey, e3) — Jekapr koop/mHa-

TaJapu TU3UMUJArK OPTOHOPMaJl Da3uc BEKTOPJIAp Ba €4p, —

Jleu-Hupura Oeyrucu, y Kyiinjgarn xoccara sra

Eapy =

i

\

((x, B, ')/) IUKJINK YPUH aJMallraHia;
((x, B, ’y) HUKJINKMAaC YPpUH aJMalllraHia;

UXTUCPUIT MKKNTa, WHJIEKC TeHT OVIraH/Ia.

Ymby MabayMoTIapaaH

L

3 ex ey eZ
= ). &plulppy=|% 7§ 2
pr=l Px Py P

SKAHJIMTMHU aHrjIam Kuitnd smac. lyrgai kuamo,

N

Lx — yAﬁz —

89



M. HuirrionoB, mnishonov@gmail . com

A

3-MUCOJI. [tx, Ly] KOMMYTATOPHU XUCOOJIAHT.
Eqnmu. (5.5) anukiamian doiigajanaMins Ba KOMMYTATOD-

HU YM3UKJIN 9KAHJIUTUHA XUCoOra OJIaMus:

Lo Ly) = [9p= — 2Py, 2px — 2p]
= 9Pz 2px| — (9P 2P:] — [215}//21536] + [2151//92152] :
Osmaran ndogaia TEHNIMKHIAT VHE Tapaduiara OupuHIN KOM-

MYTaTOPHU KapaiMuns:

9Pz 2P| = §P=2Px — 2PxJP--
Bynja p, oneparop 0Oolika Oapua oneparopsap OUIaH KOMMY-
TaTUB SKAHJIUTUra 9BbTUOOP KapaTaMus. Y0y xoccalal, Py HHU,
VHUHI YPHUHU OUp Heda MapTa aJMallTupud, MKKaa XaJHUHD
gall 9eTKN KucMuga €310 ojamus. CYHL, YHI KABCIaH TalllKUPH-

ra, YuKapuo, Kyiugarnam €3aMus:

A A

092, 2Px] = JP:2Px — 2Px0Pz = PxiP22 — Px20P>
= Px{(@p2)2 — 2( j

by dukpnamnapgan cyHr Oup MyXUM >KUXAQTHU aHUKJIAJIUK.
KommyTaTopja, Oomika Oapda orepaTopsap OWIaH KOMMYTa-
TUB OlIEPATOPHU, KOMMYTATOP OEJINMCHIAH TAIIKUPUTa YHKAPUO
€311 MyMKHWH KaHJIUTMHE Omand osjuk. Haruxkajga ojinHran
(D2, 2] xommyTaTopsa, § xaMm y epjia Typran 6orka bapua orre-
patopsiap 6mian kommyTatus. Ly cabad, [Pz, 2] = 7 [Pz, £]
xocca Ypunmn. Hlyngait Kuano,

A

9Pz, 2Px) = Pl [Pz 2]
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sKaH. Kuaupuiaérran kommyraTop nudojgacujaru OOIIKa KOM-
MyTaTopJap XaKuja XaM yximail (hukpaap acocuaa Kyiuaari-
HU €3UMNUMU3 MYMKHUH:

A A

L2, Ly] = Py [P 2] — 92 [Pe, P=] — Py [£,2] + Py R [2, ]

By epna [P, P2] = [£,2] = 0, [P, 2] = —ih, |Z,p.] = ih Ba
L, = pyX — Py sKaHmMIruHM XUCoOTra 0JICaK,

Lo 0,] = ifl. (5.6)
HATHKAHU OJIaMu3. KOMMYTaTOPHUHD AHTUCHMMETPUK 3KaH-
JINCUJIaH, [ﬁy,ﬁx} = —ihl,. Iy iy Gunan [iy,iz} =
— [tz, ﬁy} = ihL,, [liz, tx] = — [ﬁx, iz] = ihliy SKAHJIUT -

HU KYpcaTuin MyMKUH. Y110y HaTHZKaJIapHU
[Lx; tﬁ] = ihﬁalgvt?, (5.7)

dopMyIa opKaaIn yMyMJIAIITAPUO €38 0JIaMU3.
IMIiry/ibc MOMEHTH KBaJIpaTy OllepaTopu

L =13+ L5+ 12 (5.8)

KYpUHUIILIa aHUKJIaHAN.

4-MUCOJI. [Lx, LZ], [Ly, Lz}, [LZ, Lz} KOMMYTaTOpJIapHU XU~
COOJTAMT.
Eunmu. muconnn 6arkapuIIHIHT SHI OCOH MV — yHU On3-

ra MabyiyM (5.7) KoMMyTaTOpIapra KeJITupuip. by Mmakca/ra
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sputtiiin yaye (5.7) anukjamias Ba (5.3) xoccagan doiiiana-

HaMU3:

L., 1% = [L, I3

+ [La, Ly] Ly + Ly [Ls, Ly
+ [Ly, L.] Lo+ L, [Ls, L]

= ihL,L, +inL,L, —inl,L, —ikL,L,
= ih ([L., L,] + [Ly, L:]) = 0.

[Tynra yxmarmi, [ﬁy, tz} =0, [tz, tz} = 0 HaTmKaJIapHu OJa-
MU3. YJjapHu ouTTa dpopMmyaara yMyMJIAIITHAPUAIIT MYMKUH:

1,12 = [i2,1,] =0, (5.9)

oyaga « — exkapT KoopJuHaTa TH3UMH YKJIaPU WHIEKCH.

Kynnaya nMIryib¢c MOMEHTUHUHT YTIaMCH3 OllepaTopIapn

uijiaTnJI1a/Jmn:

A A A A 2~ Vo

fe=1L./h, I,=L,/n L=>L./n (510

(5.7) Ba (5.9) myHocabarap, UMITYJTbC MOMEHTHHUHT §TIAMCH3

oreparopJiapu XoJauja, Kyiujarn KypuHUIITHA OJIa/in:
o s| =ieapshy, |1 B| = |BL] =0, (5.11)

bup karop xosnapja

N N N

[y =1L +il, [I_=I—il, (5.12)
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oliepaTopJIapHI KUPUTHUII KyJail. Yiap Kyinjgara KOMMYTalioH
MyHoOcabaT/IapH KAHOATIAHTUPAJIN:

] =1, [ih] =1, [hi] =2k (a3)

VImviysibe MOMeHTHHUHAT lekapT KoopJnHaTa VKJIapura mpo-
eKIudIapn yrdaMcus oleparopJjapu

Ty S
= Ny Yaz)
. 0 0

[, =i i—xi
= = Vo oy

KYpuHUIra sra. Yaap t3iakud dbyaxuus P(x,y,z) Jdekapr Ko-
opJinHaTaIapura 0ornK jied KapaJjramia Ky/aail. AMmo, dab3n
XoJu1apjia TVIKUH GYHKINS chepuK KooparmHaTaapra OOFJIMK
oy mymkus: (7, 0, @). ByHa uMITyIb¢ MOMEHTH [TPOEKITH-
silapu orepaTopiapuHu cpeprK KoopAuHaTaaap YIyH E3UIra
IXTUEK TYyFUJIa . Yiap

A

b =i (sin(q))aae + ctg(0) cos<¢)i> ,

o
i = —i(cos(p)2 — cta(@)sin(o)>), (515
y = cos(9) 55 — cta(0) sin(g)7 |, .
, )
lz——l%

KYPUHUIIIa aHuKJIaHa/Id. Dy onepaTopyapHn ¥ KoopauHaTara

oormukMacaurn ybTrnoopan TopTasn. Iy xocca Tydaiimm Kyii-
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1Jar KOMMYTalIOH MyHocabaTaap YPUHIIM:

UUL&]ZO, p(;ﬁ,ﬂlzo, (5.16)

oy epia f(x) — Maksiopen karopura éiica Gyiajuran uXTUEPHii
byukiud, & — JlekapT KoopAnHaTa TH3UMEIAIN YKIap UHIEKCH.
VIMIy/IbC MOMEHTU KBaJIPATUHUHI YI9aMCU3 OlepaTOPUHU

ccheprK KoopJnHaTaIapIaru OmKop KYPUHUIINHA XaM €3aMU3:

P:_[mkﬂ%(ﬁﬂ@%>+géwﬁi4' (5.17)

By omneparop xam r ra 6oruk smac, 1y cabad, (5.16) ra yximar

MyHOCa0aT OarKapiiain;

d
o] _ 9\ 2| _
Fr),B] =0, [f (ar>’l] 0.  (5.18)
Ba Huxosr,
0? 0? 02
A=ga ™ 0y T oz

Jlartac onepaTopuHuHr cpepuk KoopuHaTajiapiaru udoacu-

HU e3allIuK:

C1a/,0\ 1] 1 a/. 9
A= 5 (V a) T Linw)% (Smw)@)

1 92 19 [ ,0 1.
+gﬁww¢]_ﬁ§(r_>__l (5.19)

bynnan
[A, l}] —0, [A, 1”2} —0 (5.20)

KOMMYTalIOH MyHOcadaT/Iap KeJubd UMKa Il
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, d ,AF
S-mucosl. zxe™" Hu Xucobstanr, OyHa A — COH Iapamerp.

Euanvu. Oneparopra 6ormuk Gyakiusiauar (4.19) anukia-
HUIIN TaH

2: ,A”F”

By udonanunr xap oup xagugan A Oyiinda Xocuia oJ1aMu3, YMy-
Mmuit Kymaiitysau F orrepaTopin KaBcgan Talmkapura YnkapaMns
Ba WATUHJIM WHJIEKCU]Ia aJIMAIITHPHUIT DazkapaMns:

d ap _ (31 (d N |

— — A" B = A"~ 1Fn
0 = L \an Lo

= F — AT F" ) =F) —AF = Fe'.

~ (n—1)! = k!

YMyMuit Kynairysau Oyiran F OolepaToOpHU KATOPHUHT YHI TO-
MOHMJIa XaM é3uin MyMKuH. VIxTuépunii omneparop ysura 0O0r-
JIUK OYran nxTuépuit PyHKIMs OMIaH KOMMYTATUB SKAH U -

HU TabKUJJIaIMN3:
(£, f(F)] =0. (5.21)

[Iynnmait kKuamb, MUCOJ »KaBOOMHM MKKUTa KYPUHHUIIIA E3UII
MYMKUH:

ie)‘ﬁ — Fe'F = MP, (5.22)

5.3 MycTtakun nwnaw y4dyH Ba3udanap

5.1. (5.5) udojanmap 6unaH aHUK/IAHTAH L, ty, L, oriepaTopJiap
OPMUT SKAHJIUTUHA UCOOTIAHT.
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[ieix %, e_ix} KOMMYTATOPHU XUCOOIAHT.

[ﬁx,lf} KOMMYTATOPHU Xucobjanr. by epua F - 1
MIUCOJIJATY OIIePaTop.

[ﬁ,x, iﬁ] KOMMYyTaTopJ/IapHn Xucobsanr. By epna a, B — e-
KapT KoopJuHaTaIap TUSUMUJIATY VKJIap UHJIEKC/Iapu.

[ﬁa, tﬁ] KOMMYyTaTopsiapHn Xucodsanr. By epna a, B — He-
KapT KOOPJMHATAJIAp TUUMUJIAIN YKJIAp UHJIEKCJIAPU.

~ \ T ~ ~ \ T ~
(l+) =1, (l_) = |, sxaHguruHE UCOOTJIAHT.
(5.13) myHOCabaTIApHN UCOOTIAHT,

(5.12) na kupururas [, Ba [ oneparopiapin cheprk Ko-
opJinHaTaJap/ia €3nHr.

Kyitnparnnapun ncboryianr:

= Il +2-1,

Kyitujgarnam ncborianr:

e C=F 4 [GE] + ~

o0 pllx0 — | cos(f) — Ly sin(f) reHriuKHE UCOOTIAHT.

Kyitnaru KomMmyTaTopap HOJIra TEeHIMU?

a) [1,p], 6) [f, dd—i}
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By epma I — umBepcust omeparopu; Gup $uTdaMn Xoiia
[ip(x) = p(—x).
5.13. F Ba G oneparopiap yuyn [ﬁ, (A}] = 1 ypunan 0Oyica,

[F”, G] = nF" 1 skammurunn ncboTIaHT.

5.14. dxobu aitnugaruom ncOOTIAHT:
(A, [8,C]] + 8 [C,A]] + [¢, [A4, 8] —0.

5.15. ¢ [I:‘, [ﬁ, é]] = 0 Ba [CA;, [ﬁ, CA;H = 0 mapriapaHu KaHoat-

N A A A _l A A
JIAHTHPYBUH ollepaTopiap yuyH el T¢ = eCele 2[GF] Betiin

AMHNATUHU UCOOTJIAHT.

Hukkar! Baszuda mapruga * Oejnrucu — y OugaH axKpaTujirad

Bazudasapan daxKapuill OFUPPOK SKAHJIUTUHU aHIJIATA .
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6- maB3y

Xycycmit KuitMaTtjaap Ba Xycycuii (pyHKOusjiap

F oneparop ¥(g) tiuxkun QyHKiusra Tabeup STrad, HATH-
Kajga sHa Iy l/)(q) TYIKUH (DYHKIUSIHUHD Y31, Kaugaigaup A
coHra KymaiTupuaran xXoJijia maigo oyica,

Fip(q) = Ap(g) (6.1)

yuioy ¥(q) dyuxiust F oneparopuunr xycycuit gynximsicn jefi-
wian. Kynaiirysan cudariia naigo 6§uran A con sca E ore-
PATOPHUHT, l/J(q) Xycycuil pyHKIUACHTa MOC, XYCYCUil KUMaTn
nefimagun. Arap E oneparoprunr A xyeyeuii kufimatura my F
orepaTOpHUHT haKaT OUp JoHA EJIFN3 Xycycuil (DYHKIUSICH MOC
KeJica, OyHIail xXojar — aifHuMaraHn xoJsar jgeitunagun. Arap oup
JIOHa Xycycuit Kuiimarra Oup Heurta (buTTajaH Kyi) Xycycuii

byHKIHSIIAD MOC KeJica,

Fi(q) = Api(q), Fya(q) = Apa(q), Fps(q) = Mbe,(q),(. 5
0.2

OyHtail Xos1aT — aiffHuran xXoJaT Aeinaaim. F OllEPATOPHUHT Y-
BUKJ/IM SKAHIUTIIaH, P (q), ¢2(q), ¢3(q), ... PYHKIUSTIAPHUHT
UXTUEPHUIT KOMOMHAIUSICH F ollepaTOPHUHI, A Xycycuii Kuiima-
Tira Moc, xyeycnit gyuxmusicn 6yiau. Iyanai kb, F orme-
PATOPHUHI affHUraH Xycycuil KuiimaTn A ra Moc KejyB4un dapua
xycycuit (pyHKIusIap IM3uKIN KUCM (Pa30HU TAIIKII 9Ta/Iu.
Yoy kucm dazonn Ly opkasu denrmiaivus. Arap aifHuran xo-
JaTna Xycycuit pyHKInggap coHn n Ta oyica, F OlepaTOPHUHT
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A xycycnit KuiiMaTu n-kKappaJju aitHuran jgeitunaju, Ly Kucm
basoHUHT YyaMu 1 Ta TeHT OY/1a 1.

A

F Dpmut oneparop yuyH Kyimjgaru xoccaaap VPUHIIH:

A

a) F oneparopuunr 6apda Xycycuil KuiiMaTaapu — XaKUKHii
COHJIAD;

A

0) F orepaTopHUHT, TypJin XyCyCHil KUMATIapra Moc, Xycy-
cuit pyHKIUATIAPT OPTOTOHAJ;

A

B) F oneparopuunr xycycuii pyHKIHsIIapUIaH, TYIKIH QyHK-
musiap gazocuga, opToroHas das3nc Kypuin MyMKIH. byH-
Ja Oapda ajiHuraH A xycycuil KuiiMaTiap y9yH OPpTOrOHaI
bazucaap ymnapra Moc Ly KucMm azosapia TaHJIaHUII Ke-
pak (Oy amaJiHi deKcn3 Ky iysiap Ouian 6azkapuin MyM-
KIH).

A

F Spmyut oneparopuunr, F dpusnkapuii KarTaJgmkka MOC Ke-
JIYBUH, XyCyCuil KuiiMaTiapu oJinii (pusnKapuii MOXIATTra 3Ta, —
yiap F ¢pusukaBuil KaTTaJukHl SKCIepuMeHTIapaa Yrdarania
OJIMHAJIUTaH KuiMaTapup. by, arap sappa (6.1) Tenriama-
HI KaHoaTaHTupyBuu ¥(q) Tyakun dyHkims Gmwian udoa-
JIaHaIUTaH XoJ1aT/Ia Koiialiral 0y/ica, 3appaHu TaBcudJIOBUN
F dusukapuii KaTTa K S5KCIepuMeHT/1a YrdaHranjga A KuiMar
oymmHam, jgeranuaup. [y cabad, dusnkapuit KarTaankiapra
KBaHT MeXaHUKacHuJa aiiHaH DPMUT ollepaTopJapu MOC Kyiin-
Jnaju: pU3NKaBUil KaTTaJUKIAPHUHD SKCIEpUMEHTIapia Yida-
Ha/IUrad KUMaT/Iapu XaKuKNUil conapiup.

99



M. HuirrionoB, mnishonov@gmail . com

6.1 OduckpeT, y3/1yKCM3 Ba apaJsjiall crnekTpJap
IlnckpeTt cnekTp

OnepaTopHuHT Oapda Xycycuil KufiMaTiapu TYIIaMi YHIHT
CIIeKTpH Jiefinyiaju. Arap F OllepaTOPHUHI XYyCyCUil KUiiMaT/1a-
PUHU pakamJall MyMKUH OViica, sbHU, A1, Ay, A3, ... Oy omepa-
TOP JIMCKPET CIIeKTpra sra Jiefinian. bymnjiait onepaTopHunr Xy-
cycuit pyHKIMAIapuIaH, TYIKIH QYHKIRAIap dpa3ocuia, opTo-

roHaJj 6a3uc Kypuil MyMKUH. byH/ia {1/)1(q), 1/)2(6]), 1/)3(6]), .. }
byHKIMSLIAD TYILIAMU

ﬁl/)n(q) = AuPu(g), n=1,23,... (6.3)

TEHIVIaMaH1 KaHOaT/JIaHTHUPadWu Ba KYﬁI/IﬂaFI/I XoccCaJiap ypI/IH.HI/I

1) ymdy dyHaximsiap
n # k 6ynranga (Pel,) = /l,b,’;(q)gbn(q)dq = 0 oproronaj.

Hopmuposka mapTura Kypa

(el n) = onk (6.4)

Oy epua 0, — Kponekep Gejrucu.
2) uxruépuii P(g) byuxiusanu 6asuc 6itnda

= chlpnw) (6.5)

KaTopra éiuin MmymMkuH, OyHja C,; — KOMILIEKC JOUMUILIAD.
Basnc dyuxnums P (g) Ba (6.5) éiinnvaia anukianran ¥ (q)
byHKIugHN cKaagp Kynaitupuo,

(e ) ZC (Ylpn) =Y Cubn = Cx (6.6)

HOMabJIyM C Koecbd)MuMeHTﬂapHH ToIla OJIAMU3.
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V3nykcns cnekTp

Arap onepaTopHUHI XyCycuil KuiiMarjiapuan pakamiad o3yii-
Maca, d'bHHU, yaap y3JIyKcu3 KuiiMariap Kabys Kuica, OyHjai
orepaTop y3JyKCH3 CIEeKTPra sra Jeiuaajimn. byraaii Xoaa xXy-

cycuit KufimaTiaap Ba Xycycuil pyHKInAIap TeHIJIaMacH

Fye(q) = Asps(q) (6.7)

KYPUHHUIILLA €311/, Y3JIYKCU3 CIeKTpra TEeruinin XycyCcui
byHKIUsIIAp YIYH HOPMHUPOBKA, HMIAPTU OayKapuaMaiiay, s'bHH,
[ 1¥¢(q)|*dg nurerpan ysoxnauysunup. By xosna tinxun
dynxius mopyunnnr |(r(x,y, z)|* ksagparu sappanu (X, Y, z)
HYKTa/a TOINUII 3XTUMOJLINIY 3UWINTHHI aHrIaTMaiiim. AM-
MO, UKKHUTa HYKTa/1a TOIUITaH TYJIKUH QYHKIUSLIAD MOJLyJLIapy
KBaJipaTu HUcOATH TYpJid MKKUTa HyKTa/japra MOC KOOPJUHa-
TaJapHU TOIUII YIYH HUCOMIT SXTUMOIINKHN Oepaju. Karbuii
afTrafa, y3JIyKCU3 CIIEKTPJIM OIePATOPHUHD XyCyCcuil pyHKIIN-
stiapu ojinit I'miasbepT dasocura smac, ymymiaiirad ['miboept
pazocura TeruILININp.

YBJIYKCU3 CIEeKTPJIM ollepaTop Xycycuilt pyHKIUsIapuIa
XaM TYIKUH QyHKIUAIap dasocua opToroHaa 6a3uc Kypull
MYMKWH:

a) xycycuit (pyHKIMsIAp TYIIAMATa TErUILTH (DYHKUsIIAp §3a-

po oTporonast; ammo, (6.4) ypaura

Woley) = [ 3@, (0dg=3(F =), (63

MyHocabar Ypurin, 6y epia d(f — f') — dupakuunr jesbra

byHKIHISICH;
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6) uxruépuit P(q) TyaKuH HYHKIUAHN

¥() = [ CHys () (6:9)

MHTErpaJl opKaJii taceupsant MymkuH. By epra C(f) — kom-
1eKC pyHKIIIAIAP.

O-pyHKL NS

d(x) dbynkiusnu, kuiimar x = 0 HykTajgan 60mka 6apua

HyKTasgapaa Hoia, X = 0 mykrajga sca oo OyiaraH, dyHKINMA
—+o0

cudpaTna TacaBByp KWJIUIT MYMKHH. Y yUIyH f d(x)dx =1
—0o0

xocca Vpunau. Bynapaan o-pynkius ogatia Kabysa KUJIUHTaH

MabHOJArM (PYHKITIS SMACTUTUHA MMafikaca OY1aau. YHI Tabpy-
du cudbarnaa Kyitngaruon Kadya KAJIaMu3:

b
[ F@é(x)dx = £(0), (6.10)

oy epra a < 0, b > 0, f(x) — uxruépuit dbynxuus. Bynjan
nesbra-pyHKIms MoxusaT skuxarugan f(x) dyukuusra f(0)
COHHE MOC Ky10B4N (DYHKINOHAT SKAHIUTIHN OO olaMu3!.

Henpra-pyHKIUAHIHT 0ab3U XOCCAJapUHI 6310 IUKAMM3:
1) é6(ax) = |i—|5(x), Oy epjia a — coH; Xycycuii xosaa: (—x) =
d(x) — nenbra-pyHKIUSA Ky DT;
+oo
2) 6(x) = 5 [ e™dk - nenvra-dyuxnusnunr Oypbe-

TaCBUPU;

Ldyukrmonan Taxmuia gerbTa-byHKIMAr, FXITAIT 00beKTIAPHE OEJIIIIAIT YIyH YMYMIAIITaH (BhyHK-
s Ba CUHTYJIAD (DYHKINS Kabu ubopasap KUPUTUIAIN.
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3) f&(x — xo) f(x)dx = f(x0), 6y epra a < xo < b — (6.10)

TabPUMHIHT YMYMJIAIITAHH.

r = (Xx,Y,2z) pajanyc-Bekropra GORINK JebTa~-QyHKIHs jie-
ratjia (1) = 6(x)0(y)d(z) uu TymyHnamus.

OHIN, Y3IYKCH3 CIEeKTPIa TYAKUH (DYHKINAHN Oa3uc Xo/1aT
BeKTOpJIapu opKa/n &iumvacu (6.9) ra xaiitamus. P (q) Hazuc

xosaT Ba P(q) GYHKIUSHIHD cKaIap KymaiirMacyan

Wele) = [ CHplepds = [ C(PO(F = Haf = C(f)
(6.11)
KYPUHHUII A, C( f) byHKIUSAIApHT TONUIT yIyH, (opMyJia

Apanaw cnekTp

Arap KaHjailup onepaTop Xycycuil KuiiMaT/IapuHUHD 01D
KUCMHI JINCKPET, NKKIHIN KUCMH y3/IyKCu3 OyiIca, y Xosaa OyH-

Jlail oriepaTop apaJialll CIIeKTpra ara Jieiniaajin.

I-vucost. Bappa x ¥ku Oyiiiad xapakariaHaérran Oysicun (Oup
Yordamiin xoJ1). VIMIyJIbCHUHD X-KOMIIOHEHTACUIra MOC Py Olle-
PATOPHUHI XYCYCUil KuiiMaTaapyu Ba Xycycuil pyHKIUsIIapUHN
TOIMHT.

Eunmu. miyibe onepaTopuHuHr Py-KOMIIOHEHTACH y4yH

(4.9) anukyamgan doiigansannd, Xycycuii KuiiMaT Ba XycyCcuii

103



M. HuirrionoB, mnishonov@gmail . com

byHKIMS TeHrIaMacuHu €3aMn3:

D — rp). (6.12)

Vuiby (6.12) renrmamanusr edumn P(x) = Ceit* K{pUHUIITA
sra. Bynia A — komriexe con 6§icnn A = Re(A) +ilm(A), 1e6
dapasz kunaiymk. Y xosja

Im(A)

¢(X) _ Ce%Re(A)xe— B X

oynamu. Bynga, arap Im(A) > 0 6Gyuca, xgrpw [P (x)| — o0,
arap Im(A) < 0 6¥1ca, xl—igloo [P(x)] — —o0. lemak, Im(A) =
0 Ba mry cabab, A Xakukuii KuiiMar Kabya KuiyBanm coH (Dp-
MUT OTIEPATOPH XYCYCU KUFMATH yIyH Iy HJail OF/IUIIT Kepak).
Vmiynbe oneparopn Py KOMIIOHEHTACHHUHI XyCyCHil KuiiMaTu-

HU p Oujtan Oejruiaiiyiuk. Y xoJja
P, (x) = Ceir?, (6.13)

Oyuja p — uxruépuit xakukuit con. Ilynnait kuumod, P, ounepa-
TOPHUHT CIIEKTPU Y3IYKCU3 SKAHIUTUTHA OWINO 0T IUK. XyCyCHil
KUiMaTIap aliHIMaraHJIurura 3bTHO0p KapaTaMus.

Arap zappa P, (x) Tynkun GyHKnus 6uinan udojaiaHaéT-
raH xoJ1aT/ia JKoil1amran 0§ica, YHUHI UMITYJIbCH Py IPOEKIUs-
CU KUIMaTH yrdaHranjia p KuiMaT oJIMHa/IA. by epja \lpp(x) ]2
KaTTaJMK SHIU 3appaHd X HYKTaJa TOINII SXTUMOJLIAIHY 319~
JINTVHU aHTIaTMACIUTTHI TabKUJIIaiMU3.

(6.13) wudomamarn C gommuit xycycuit (yHKIHsIIAD-
HU  JeJbTa-PYHKIUSICUra ~ HOPMHUPOBKACUJIAH  aHUKJIaHAIU:

<l/Jp/|l/Jp> =0 (p' — p). Henbra-pyHKIUIHIHT IOKOPUa caHab
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yTuaran xoccajapujan QoiijgajsaHnd, cKajadp KynaiTMaHu

XUCOOJIANIINK:
400
<¢p"lpp> = /1Pp X) Py (x)dx = ]CP/ S OEED

— |Cl2ms (’7 - P ) = |C|27thd (p — ).
Bynpan C = \/Zlﬁei“, X — UXTHEpuil Xakukuii con. TVaKuH
HKIA dazaBuil KynafTyBunrada aHnK/INKIa TOIUJITAHIN-
y y y

i Tydaitm Oy Harmka Tyrpu. Pazapuii KynafTyBInHE OUpra
TeHr Aed osmml Kysafl. fAxkynuit natuzkala, Py OLEepaTOPHUHL

Xycycuit pyHKIusIcu

Py (x) = it (6.14)

KYpuHUIIIa OViIaan, Xycycuii Kuiimar p — UXTHepnii XaKuKui

COH.

2-Muco/1. 3appa X §Ku O0yitnab xapakarianaérran Oysicun (Oup
yraam xou1). Koopanuara oneparopuaudr (X) xycycuii Kuii-
MaTIapyu Ba Xycycuii pyHKIUsIapUHI TOIIIHI.

Eunmn. Koopaunara oneparopu yUyH Xycycnil KuiiMaT Ba
Xycycuit pyHKIUS TeHITIAaMACHHI ¢3aMI3

2Y(x) = ap(x). (6.15)
X omneparopuunr (4.8) tabpudunu xucobra ojcak, (6.15) Tenr-
nama X P(x) = a(x) kypununyia ésunajn. Bynuan (x —
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a)(x) = 0 narmkara kejamus. JlemMak, X = a4 HyKrajaH 6oIi-

Ka Gapua Hykrajgapia ¢(x) = 0 skan. Akc xosjga y Gapua
—+o0

HyKTajap/a Hos Oymumm kepak sau Ba Oy [ |@(x)[*dx = 0

—00

Kab1 MabHOCH3 HaTM»Kara ojamd KejaraH Oysap sau. Koopauna-
Ta KUAMaTH X XaKUKWI COH OVIraHJIUTUIaH, 4 XaM XaKUKWi
sKaH U Kenb unkaau. fua, arap ¥(x) dbykuugs x = a
HYKTa/a KaHIailJup 4YekJm KuiiMaTra sra Oy/ica, aBBaJIIUJIeK

“+00
f [P (x)[Pdx = 0 mabhocus marTmKara Kejsamus. By dbuxp-

o
nanuiapian cyHr P(x) dbyHKIUg X = 4 HyKTala 9excu3 6y-
JIMIINA Kepak JIeraH XyJiocara KejaaMmns. Kypub TyprannMusiiex,
P(x) dyuxuns genbra-GbyHKIMAHIHD aJlOMaTIapUra ra Ba Xy-
cycuit (PyHKIUSHN

Pa(x) =Cé(x —a)

KYPUHUII I, QHUKJIAI MYMKUH.

X olepaTOpHUHI CIIEKTPU y3JIYKCH3, Dapda XyCycuil KuiMmar-
Jap altHUMaraH sKaHuruHu 6uinb o/uk. Arap 3appa P,(x)
TVIKUH (pyHKIMA On1ad ndojjasanaéTran XoaaTaa Koiaamran
OVIIca, YHIHI KOOPJNHATACH SKCIICPUMEHT/Ia YIdaHraHia 4 Kuii-
MaT OJITHAJIH.

Tormmnaran xycycuit yHKINUAIap HOPMUPOBKACH JIEIbTa~

dbyuxnust sxanaurngan C gjonMmuiiny xucobsiad TornaMms:

—+ o0

(ultpa) = |CJ? / O(x —a')o(x —a)dx = |C|*0(a — a').

— 0

Bynpan, C = 1 skanaurunm 0mand oJIuK Ba KOOpJMHATa Olle-
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PATOPUHUHT XYCycHil (PYyHKITUSICH
Pa(x) =(x —a), (6.16)

KYPUHUIILIA €3UI1a/d, XYCyCUuil KuiiMaT 4 — UXTUEPUIT XaKUKU

COH.

Iz0x: 1- Ba 2-Mucosiapjia KapaJrai onepaTopJapHuHT XyCYCuii
KuiiMaTiapu UXTUEpHil XaKuKuil con 0yimb yukan. OmnepaTop-
Jap Xycycuil KuiiMaT/lapuHUHD KBaHT MeXaHUKacuiaru pusmnka-
BT MOXUATUHU XUCOOra 0JIcakK, TYPJIU XoJuIapiia 3appa UMITYJI-
CUHUHI Py HNPOEKIUACUHNA Ba X KOOpAMHATACHHHU SKCIEPUMEHT-
Jlapjia yadaraHuMusjia UXTUEPUI XaKUKWIT KuiiMaTaapHU OJId-
MUMI3 MYMKIH. Kiaccuk Mexanmkajga Oy TabKuj Y3-y3mgaH
TYIIYHAPJIU, aMMO KBaHT MeXaHUKacuia 0ab3n pU3nKaBuil KaT-
TAJUKJIAPHUHT KUMaTIapu Yadanramjia JUCKpeT KuiMmatiaap
oymHUIIN MyMKIH. LIIyHait Xora HaBdaT ar MICOJI I'yBOX/ UK
OepaJii.

N

3-M1coJL. I, omepaTopHUHI Xycycuili KHAMATIapy Ba XyCycHii
bYHKIUSITADUHN TOMUHT (51CC1T DOTATOD).

Funmn. Xosaru 6up JloHa KoopjuHaTa — ¢ KyTO Oypuak
Oonnan OMp KUiMaT/IN aHuKJIaHaIUraH TU3UMHN Kapailink. byn-
Jait TH3UM sicCi poTaTOD 1eb aTastanu’. ByHgail Moesl TH3UM

xosatu Y(@) T¥ikun Gyaxuusiiap Guian TaseudiaHau. I,

'Knaccuk mexanmkaa, VHIa, KOTUPUITraH YK arpodunsia ailylaHMa XapakKaTjJaHaETraH KaTTUK 2KICM,
yxmmaim.
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orepaTop y4yH Xycycuil KuiiMaT Ba Xycycuit (DyHKIUsS TeHTJia~
MacCUHU €3aMU3:

= AP(9). (6.17)

Bynna [, onepatoprunr cdepnk KOOpIMHATAIAD THHMUIATH
Kypunui, (5.15), kyutanwigu. Yoy (6.17) muddepeniman
renriama eanmu (@) = Ce? kypunumira sra. TYakun dbyHK-
nust asoga 6up Kuitmariu O6Yuuimn Kepakauruian P(0) =
P(271) mapr Gaskapuanmm jozuM. Bymgan e = 1 kesu6
ynKa . By A Kuilmarmapura deksanuiap Kysaam. Macasam,
A — komiieke con Ofscun: A = Re(A) + ilm(A). V xosja
p27iRe(M)p=2mm(A) — 1 By renrux daxar Im(A) = 0 (aban, A
— Oy xakukuii con) Ba Re(A) = A = m, m — 6yryn con 6ica, ba-
skapunii MyMkiH. [yHail Kuiub, [, onepatopHuHr Xycycuil
dbyHKINIATApH

(@) = Ce™?, (6.18)
9KkaH, Oy epga m — OyTyH coH. bymnapjas, I, OIIePATOPHUHT
CIIEKTPH JUCKPET SKAHIUTY KeJIUO YNKAITH. Y110y HATUKAHITHT
busrKaBrit MOXUSTH HIYHJIAKT, IMITYJIHC MOMEHTHHU ayKpaTii-
raH YKKa IPOeKIUICH SKCIIepUMEHT/a YIdaHraHia pakaT JIuc-
KpeT KuiiMaTiap TyiiaMu ojinHau. Arap TH3UM l[Jm((p) TYJIKNH
by ounan mdogasanaéTran xXoJaTaa »Koiaamran Oyiica,
VHUHT UMITYJIC MOMEHTH [, IIPOEKINSACH SKCIIEPUMEHT I, YIIaH-
rapjia m KuiiMaT oJmHa . Dy epjia XaM, ZAZ OlepaTOPHUHT XY-
cycuil KuiiMaTjiapu alHuMarad 3KaHJANTIUHN TabKUJJIanMI3.

(6.18) TyskuH QyHKIWIIAD JUCKPET CHIeKTPHE ndo1a1aéT-
raH/Iuryn Tydaitiy, yJrapHuHr HOpMUPOBKACKH OUp OV/INIIN Kepak
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(W) = 1. By mapraan C jouMuitHu aHuKIaimus:
(fulpn) = 7] [ om0 9dg = |C?| [ dg = 2m|C? =1.
0 0

Hemak, C = \/— Ba I, OllepATOPHUHI Xycycuil (PyHKIUsIapU

) = —=e™, (6.19)

KYpUHUIIA 9KaH. bynjga m — Xycycuit Kuitmatiap — OyTyH COH-
Jap.

d-vucout. Ya ymaamian pasoaru XxapakaT yayH ZAZ OlepaTOPHUHT
Xycycuil KuiiMatriapu Ba Xycycuil (pyHKIUSIIAPUHU TOIMHT.
Eunmu. By muconam 3-mucosgan dbapky MyHJIAKNA, TH3IM
XOJIATH SHJM yduTa KoopjuHartara Ooruk (1,0, @) TyiakuH
dbynknug ounan udogananaan. Xycycuii KuiiMaT Ba Xycycuii

hyHKIMS TeHIIaMaCuHK €3ailInK

.0

— z%gb(r, 0,9) = Ay(r,6,9). (6.20)
Viby (6.20) renrsiama T¥akuH dbyHkisauar (7, 0) §3rapysuu-
Japra OOFIMK KHUCMHIa Xed KaHJail dekjanuiap Kyimaiiim, Q
{3rapyBunra O0FINK KUCMU 3-MucoJigaru ownan oup xwi. IIyH-
nail Kunnod, Kyiniran MacaJia »KaBoOHN JappoB €3I MyMKIH

((6.19) ra xapamr):

Yu(r,0,9) = \/—f( 0)e™?, (6.21)
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Oy epja m — xycycuit Kufimar, 6yrya contap; f(r,0) — Tyikun
byHKIMAra Kyiinarag TajgadjgapHi KaHOAT/IaHTUPYBIM HXTHE-
puit GyHKIMA (IbHE, Y Y3/IYKCH3 Ba HOPMUPOBKA MMAPTHHN Ka-
HOATJIAHTUDAJIN ).

Bup naiitga ynuaHyB4Yn cpnsmnkaBuii KaTTasamkaap

KuitmaTiapuan sKcrepuMeHTAa Vidaca Oyiajiural NKKATa,
A Ba B dusnkapuil kKarrajankiaapra KBaHT MexXaHuKacuja A Ba

B omneparopsiap Moc Kyitmiaran OyicuH. Yiaap yayH Kyiujgarna
TEeHIJINKJIap OarKapuacuH

AlPMl(‘i) = Apau(q), BlPMl(‘?) = wpru(q),

abHI, Pry(q) — A Ba B ouneparopiaphunr ymymuil xycycuit
dynxmusicn. Yoy Py, (q) xonaria A Ba B dusnkasuii karra-
JINKJIADHUHT KUAMaTIapy SKCIEPUMEHT Ia YIdaHca, MOC X0J1j1a,
A Ba Y KuiiMaTsIap OJIMHA/IN.

Arap A Ba B oneparopiapunnr ymymuii xycycuii byHKImsI-
Japujad TYAKUH pyHKIugaap gpazocuia 0a3uc Kypuin MyMKIH
oyica, A Ba B dpusukapuil karrajaukiap Oup naiitia yirdaHyB-
an gefimiagu. durutop Gepunr! Bynga A Ba B oneparopaap-
HUHD HIyHJail yMyMuil xXycycnii (pyHKIUSIIAPUHN TaHJIaIl HM-
KOHU OYJICUMHKH, yyiap Oa3ucHU TaIllKWI KUJICHH. AMMO, YMyMUii
X0J1J1a YOy UKKUTa ollepaTopJiap Xap OUPUHUHT aJI0X1I1a 3 Xy-
cycuit pyHKIUSIIAp MaBxKy OVInO, OMpUHYIN OIIepaTop Xycy-
cuit PyHKIUSIIAPU NKKUHIUCUHIHT XyCcycuil (pyHKIusIapu 631-
MACJ/IMIY MYMKUH.

KomMmyTarus oreparopsiap XakujJara Kyimnjgarun TeopeMatn
1cOOTIAIT MYMKHUH: A sa B orepaTopJjap [A, B] = 0 xoMMyTa-
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TUB OY/Iranga Ba gakaT MIyHIa TYIKUH QYHKIUsIap pasocuia
A Ba B oneparopnapuunr ymymuii xycyenit byHKIIsIAPHIAL
basnc kypuin mymxuH [(5.1) ra xaparr].

S>-mucosi. Maccacu m 6yaran 3appa X YKu 0yiinad xapakaTiaH-
SIITU (6Mp YraaMn Xapakar). KuHeTwk sHeprusi oneparopu
T = p L yqyH Xycycuil KuiiMaTiap Ba Xycycuil pyHKIUsIIap-
Hn TonuHr. Vmirysbse npoexiusicn P, oneparopn Ouian yMyMuil
xXycycuit (pyHKIMsiIapHU, arap IHyHjgail QyHKIUsIap MaBxKYy/l
Oyica, KYypCcaTuHT.

Eqanmu. Mmnyibe npoexiuscn Py oneparopunnur (4.9)
aHnKJIaHuImIan oitgasanno, T oliepaTop Y4yH XyCycuil Kuii-
MaT Ba Xycycuil (DyHKIINs TeHIJIaMacuHU €3aMU3

- zhma ;bx(zx) = Ay (x). (6.22)

Yusuku, ouprkuncan (6.22) nnddepeniman TeHrIaMaHTHT

eanvunu P(x) = Ce" xypunuinjga Kujupamus. Bynia 7
VUyH ¥ = :I:@\/——)\ TeHrjaMa oJjlaMu3. X — $00 OyJiran-
Ja TYJIKMH (QYHKINASA MO/ OYitmda 400 ra MHTHIMACIUTT 3Y-
pyp, 11y cabab ¥ cod mMaBxym coH OVsmmm jo3um. lemax, A
XaKHKMIT Ba MychaT OYInImM Kepak SKaH. Xycycuii Kuitmatiap-
HU, Maca/a MOXUSITHIaH KeJnd YuKu0, 3appa KUHETUK SHEPT -
CHHUHT MyMKIH OY/iran Kuiimatiaapuan, E opkaan denrniaiiMms.
Bus T oliepaTop Y3JYKCHU3 CIIeKTpra 3ra, XyCcyCuil Kuimariap
(E = 0 xuiitmaTiaH Talnkapn) KK Kappa aifHuran SKaHIuIiHI

arukTanK. dyaxkn 6epuaran E > 0 yayn (6.22) TeHriaMagnHr
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J_

'Y :l:l KI/II/IMaTﬂapFa MOC UKKHUTa qu/IMﬂapI/IHI/I OJIaMU3.
lPEl (X) _ Ce—i\/ZmE-x/h’ 17[JE (X) _ Cei\/ZmE-x/h. (623)

By Tynkun dynknugnsap ukkn Yadaman Ly Kuem dasoma-
ru 6azuc pyHkuusiap 0yinod, yiaap uKku Kappa ajtnuran E > 0
Xycycuil KuiiMarra Moc Xycycuit pyakungaapaup. 1ypan E kuii-
matin (6.23) kypunumgaru dapda GyHKIusap TYIKIH QYHK-
musiiap pazocujia TYIMK O0A3MCHU TAIIKII STl

(6.23) Ba (6.13) dysxmusiapan takkocaabd, (6.23) dyHK-
IUsIap UMILYJILC HPOCKUUSICUH Py OLEPATOPUHUHI XaM Xycycuit

byHKIISAIApT SKAHIUTUHNA MaflKall MYyMKUH:

P () =9, r(x), ¥ () =9, mr(x). (6.24)

By 6unan, T Ba Px olleparopJiap yMyMuil xycycuit pyHKIuUsI-
Jlapra sra SKaHJIUTWHU, yaap TYJIKUH GyHKIusaap dazocuia,
(6.23) KypuHHUIIATH, TYIUK Oa3UCHI XOCUJT KIJIUITHHN KYpCaT-
UK. YOy HaTmKa KOMMYTaTHB ollepaTopJ/ap XaKujiard Teo-
peMa Guian Moc kejaaanm: T Ba px oliepaTop/iap KOMMYTaTUB,
YYHKHU T OIlepaTop COMJIM KylaiTyBunurada aHuK/InKIa Py ole-
PATOPHUHT UKKNHYN Japaxkacuanp. Xap Kanjaail omeparop y3u-
HUHT Japarkacujgal noopatr onepaTop OmIaH KOMMYTATUB SKAH-
auruHn gxmun omravu3. Hlyagait kummb, T KUHETUK SHEPTus
Ba, UMITYJIbCHUHL Py IPOEKIIUACH oup nafiTaa yadaca Oyiaguran
busmKaBnii KaTTaJ IKIapIup.

6-mucost. Maccacu m 6yaran 3appa X yKu 6ym1a6 XapakaT/aH-

MOKJ1a. KnHeTnK sHeprus onepaTropu T = p o ydyn I UHBEPCUSI
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orepaTopu Xycycuit pyHKIIgIapn Onian yMyMuii OVIran Xycy-
cuil PyHKIUSIIAPHU K PCATUHT.

Eunmu. b-Muconn eqnin ykapaéHuia oJIMHTaH HaTuzKajap-
naH doinananamMus. VMkkn ymaamnn Ly ausukmm KucM dpaszoa,
T oneparophunr ukkn Kappa aitnuran E > 0 xycycuil KnfiMar-
ra Moc Xycycuit pyHknusiapuian dakar (6.23) KYpuHAIILIAIT
byHKIMAIapHUTUHA SMac, yIapHUHT KOMOMHAIIAACHIaH nbopar
UXTUEPUIT OA3MCHI TAHIAII MYMKUHJIUTMHI TabKuaaaimms. Ma-
cajlaH, Oasuc cudaruiia Kyingarn QyHKIUSIaAPHA OJIMII MYM-
KUH:

o (v) = {90 + 9P ()} = VaCeos (Frtx),

o2 () = L {9 () - 9P (1)} = V2iCsin (¥2Ex)
(6.25)
I wmBepcnst oneparopunnur Tanpudnian [1.7 Basuda e)
Gann|, (6.25) Gyukmmsiiap I oneparoprnar xycycuit byHKI-
SLTAPU SKAHJINTHUCA, NHIOHY XOCHJI KAJIUII MYMKUH:

fol)(x) = 9 (x), T9}? (x) = =i (x).  (6:26)
[Ty 6unan, T Ba [ oneparopiap ymymuii xycyenit dbyHKIm-
siylap TU3UMNTA, 3Ta, SKAHJIUTUHA KYypcaTauk. by Xycycuit pyHK-
musiiap TYAKUH GyHKIusIap daszocuia, E sHeprussHuHr Ty pJin
XaKUKuit Kuitmatiapura Moc (6.25) KypuHAIIIar, TV/IuK dasnc-
HU XOJICHJI KWJIaau. YOy HaTH»Ka KOMMYTaTHB OIEpaTopJap
XaKmaarn reopema ousan Moc: 1 Ba [ omneparopiap KoMMyTa-
TuB |2.12 Bazuda, 6) danu|.
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Izox: T oneparop yuyH Py oueparop Oumjan ymyMuil xycy-
cuit dyuknusiiapau (6.23) KYpuHUIIIA TaHIANl MyMKHH. By
byuKImsIap [ HHBEpCHs OMepaTOPHHIHT XyCycnit (hyHKIMsiIa-
pu dMac. T orepaTop y4yH I oreparop OWIaH YMyMEIl Xycycuii
byuximsitapan (6.25) KYpUHUIIA TaHIAIl MyMKIH. By (dbyHK-
nusiap, ¥3 Hasbaruia, Py OLEpaTOPHUHT Xycycuil (DyHKIIHMAIa-
pu smac. Jlekun Gup maiitannr $3una yara T, Px Ba I oneparop-
Jap yIyH yMyMuil 6yiaran xycycnit (pyHKIUsIIApHA TaHJIAIITHHA
MUMKOHU HYK. Bynra cabad, P, Ba I oneparopaap KOMMYTaTHUB

sMacuruanp |2.12 Basuda, a) damu|,

7-MICOJI. P UMIIYyJIbC OIEPATOPUHUHT Xycycnuil KuiiMaTiapn Ba
Xycycuit pyHKIUSIIAPUHNA TOINHT.

Eunmvi. p = (Px, Py, Pz) BEKTOP ONEPATOPHUHI XyCyCHil
bynknpsinapu cudarnia Py, Py, P onepaTopjaapHuHr yMyMuii
Xycycuit (byHKIUSIJIApUHT oJlaMu3; Ym0y oleparopjap Oup-
Oupu OMIaH KOMMYTATHUB, JIeMaK, YMyMUii XyCcycuil (pyHKIISLIAD

TYVIJIAMU MaBXKY/L:

PYp(r) = pipy(r). (6.27)

[exapT KoopJAnHaTAJIApH axKpaJiaii;, Xap OUp KoopaumHaTa YIyH
(6.13) xypununyiarn 6ormanum kegnb dnkau. [y cabab

P, (1) = CePr/TePyy/heip=2/T — C olpr/T (6.28)
(Yp|p) = 6(p — p') HOPMUPOBKa mapTHIAH
1 i
r) = ———enf7, 6.29
¥ol) (27th)3 (6:29)

xycycuit pyHKIusaHn Tonamns.
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I2 onepaTopHuHr xycycuii pyHKLMsIapm

MNKKMHYM MaB3YHUHI 4-MUCOJIMJIa UMITYJIbC MOMEHTH KBa/I-
patn oneparopu §2 Ba [, omeparop KOMMYTATUB SKAHJIUTUHN
KypraH 31uK. KomMmyTaTus oleparop/ap Xakujara TeopeMmara
K{pa yJIapHUHD yMyMUil Xycycuit pyHKIUsIIaPUHA TOIKIIT MYM-
KuH. by dyukmusiiap chepuk GpyHKIusIap HOMU OMIAH Mab-
aym Ba Yy, (6, @) kypununia oeruianam. Kyiingarn mysoca-
OaTiap Oarkapuiain:

PYin(8,9) = 1(1+1)Yi(6, ), (6.30)
LY1.(0,9) = mYy,(6,¢). (6.31)

[ nnnmexc OyTyn Mmycbar Kuiimariap KaOyn Kuiaaan. bBepuiran
[ yaya m wnjgexe —1,—1+1,...,0,...,1 — 1,1, gemak, 21 +1
Ta KuiiMatiapra sra. Juckper crekTp yayH Xycycuil pyHKIns
cudarua, chepuk PyHKIIAIAD OPTOHOPMAINK XOCCACUTA, 3Ta
[(6.4) ra xapa#r|:

27T 7T

Y[ Yirny) = / dg / Sin(0)d0Y, (6, @)Y (6, @) = S
0 0

(6.32)

Cdepuk DyHKIUIAPHIHT Oab3UIaPUHI OIIKOP KYPUHUIIN

minoBajia kearupuiarad. Chepuk dyukinusiap (0 < 0 < 7, 0 <

@ < 27) oypuakiaap dbynknusaiapn dasocujia 6a3UCHI XOCUT
kusta. ly cabab uxruépuit (0, @) T§akun QyHKIMAHY

00 l
P(0,¢) = ). Y. CYiu(6,9), (6.33)

=0 m=—1
Cimn = (Yim|9), (6.34)
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KypuHuiyiaru karopra éitum mymkun [(6.5), (6.6) ra xkapamnr|.
Y1) Xosar BekTOpH YUyH, Keiarycuja, Kynuada |[m) Geiru-

JIAITHU KYJLIaiMu3.

0.2 KBaHT MexaHUKACUHUHI MaTpuuanap
chopmanunusmm

JImcKpeT creKTpJii omnepaTopsap YIyH KYIT XoJuiap/ia MaT-
punagap eHanyBUHI KyJLaal Kyait. byrga xap oup onepaTop-
ra, KaHJaiup JuckpeT TYJIKIH (pyHKIrdIap Oa3nucnia ¢3uaraH,

marpuiia Moc Kyitutama. {P1(q), ¥2(q), ¥s(q), ...} uyaaii 6a-
3uc Oycun. Y xosaa F onepaTopra MoC KYyUHIralH MaTPUIAHIHT

A

snementaapu (F)yy, éxku coptapok kypunuiiia Fu, Kyfinjgarn
dbopmyagan Tommwiau [(4.6) ra kapamr):

Fan = (0l Pl = [ 93 (0) P ()0 (6.35)

OPMUT OIEePATOPHUHI MaTPHUIACH DPMUT OYIUIINHA K{pca-

| (F*), = (Eun)". (6.36)

IpMuT orepaTopruir (4.7) aHMKIANHII AL
(F) = WalE L) = [ 9@ pula)dq
= /tpm(q)ﬁ*wi(q)dq = /tﬁm(q) (Fpu(q)) " dg
= [ (@) Fu(@)) g = (Fun)"

OneparopJ/iap HUFUHANCKA Ba KYIaiTMaCUHUHT MaTPUK JIe-

MeHTJIapU Kyiinjgarn gpopmyratap épaaMuia TOIIIAIN;
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(F+G), = Fun+ Gum, (6.37)

nm

(FG), = Y FuGim. (6.383)
k

(6.38) dopmysta an3uKM ajgredpajiart MaTpUaJIapHl K-
nafiTupuIn Koujgacura Moc Kejaajan. VxTuépnii lp(q) TYVJIKUH
byuxuusian, Tannanras 6asuc oyiinya, ¥(q) = Y Cup,(g) Ka-

n

Topra éitnmn MymkuH 6yscun. Marpunanap éugamysuia P(q)
Cy

TyakuH dyHkiwsra (|P) xonar sekropura) | Cp | yeryH moc

Kyitmnaan. Bymia ﬁt/)(q) — Oy olepaTopra MOC MaTpHIIAHN
YCTYHTa KYTalTUPHUIN HaTWKaCchla XOCHJI OViIajuran ycTyH.
P*(gq) tyaxun Gyuxmusra ((@| xomar sexropura) (CyC; ...)
catp Moc Kyitnnaan. Byruaii anukaniapian cyur, (P|) cka-
JIdp KynanTMa MaTpuiaaapin KyInaiTupulln Konjgacura Kypa Xu-
cobJiab TOILIHIIa

Ci

=) |G =1

8-mucoJ1. F oneparop

Fipu(q) = Autpu(q)
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JMCcKTep criekrpra sra oOycun. Iy oneparop marpuiiacunu
VHUHD Xycycuil (DyHKIUsIaApUIal Kypujiral 0a3uc/ia, TOIHT.

Eamvin. F,,, matpuk snementan (6.35) dopmyrara Kypa To-
TAMU3:

— <¢n‘ﬁ|’~ljm> — <’~/’n‘/\n|1/)m> = AuOum.

[lynrmait Kuimd, omepaTopra MOC KeJIyBUM MaTpHUIlla 1Ty olepa-
TOPHUHT Xycycuil pyHKIMdAIapuIan noopat da3ucia Juaronal,
Jquaronas Oyitnab onepaTOpHMHI XyCycHil KuiiMaTiapu Typap
skaH. Iy cababman maTpunaiap dpopMaaIn3Muia ornepaTopHITHT
Xycycuit KuiiMariapuan Ba Xycycuilt (QyHKIMIIapIHI TOITUIIT Ma-
cajlacu Iy olieparopra Moc MaTpUllaHid JUaroHasl KYpUuHUIra
KEJITUPUIIT MacaJacura KeJTUPUuIaiu.

L, lAy, lA+ Ba [_ onepatopnapHunr cdepurk cbyHkUUANAP
Oa3sncupgarn matpuuaniapu

N

Cdepuk cbyHKuMﬂﬂap 12 ga I, olepaToOPJIaPHUHT Xycy(:ﬂﬁ
GyHKIUAIAPH, aMMO Ly Bal OIEPATOPJIAPHIKE SMAC. I Bal
OIepPATOPJIAPHUHT MATPUK djieMeHTiaputn | Yy, ) = |Im) xonar-
Jta GasucHia OJTHIN YUyH aBBaj L4 Ba [_ orepaTopiapHiHD MaT-
PUK 9JIEMEHTIApDUHI TOIuO ojran Mabkysa [(5.12) ra xapamr|.
Kyiinna 1mry ornepaTopJapHuHT HOJJIAH (DapKjIn MATpUK Djie-
MEHTJTAPU KeJITHPUJITAH;

(Lm+1lim) = JII+1)—m(m+1),
(6.39)

Gmll [l,m+1) = JII+1)—m(m+1).
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(Lm+ 1| |Im) = (Im|i|l,m+1)
= /Il +1)—m(m+1),

(6.40)
(1, m+1|L,|Im) = <lm|lAy|l m+1>
= —I/I(I+1) —m(m+1).

6.3 MycTtakun vwnaw y4dyH Basudpanap

6.1.

6.2.

6.3.

6.4.

Kyfingarn omnepaTopaapHuHT XyCycuii KuiiMaTiapy Ba XyCy-
cuit (PyHKIMATIAPUHI TOIUHL:
a) & COHUTa KYNAWTUPUIL; T) Sin ( pe

0) ze“"xaa , @ — JIOUMWUIL; 1) COS ( ai) 0< <271

B) x + 12 g — jonmuii; ) —i—

aax’ xax

p(r) = C \/x% yukuus [, oneparopurunr xycycuil
x=Ty
dbyukusgcumu? Arap myHjgail 6yica, yHra Kanjaai xycycuit

KuiiMaT MOC Kesiajm?!

¥(q) dyuxims A oneparopuunr xycycuit GyHKIISACH, -
mu, Ap(q) = Ap(q). Arap B oneparop A 6unan [A, B] =
0 xommyTaTus 6§ica, ¥(q) bynkuusa B oneparopuumnr xy-
cycuii pyHKIusicn O6ya umMu’?

P(gq) dyuxums A oneparoprunr xycycuii GyHKIHACH, sb-
m, Ap(q) = Ap(q). B oneparop A 6unan [A,B] # 0
KOMMYyTATHB Mac. P(q) pyHKIms B omneparopuunr xycy-
cuit pyHKIUACH OY1a M’
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3appa yu ¥urdosin Qaszoda XapaxkallalMoKa. P, Ba [, one-
paTopJsap yuyH yMyMuii Xycycuii dyHKIUsIIAPHA TOINHT.

F oneparop  {41(q),¢2(q)} opromopman  6Gasucia
0 1—1
1+7 O

Xycycuil KufiMaTiaapy Ba Xycycuit pyHKINAIAPUHNA TOIIMHT.

MaTpurara sra. Yoy 3 OIEPATOPHUHT

Iy, I, Ba I, oneparopiapHuHr MaTpUIAIaAPUHI

a) | =1 oynranyga cdepuk GyHKIUsLIAD;
0) | = 2 oyramia chepuk GyHKIIATAD

Oa3ucnia TOINHT.

(Im|L|lm), — (Im|l,[Im),  (Im|L]Im),  (Im|2|lm),
<lm\l§\lm>, (Im|I2|lm) nmaronan MaTpuK s/eMeHTIAPHN
TOIMHI.

F oneparop 1eknu conparu F, F, ..., F, xycycuii kuitmar-
Japra sra 6yicuH. By xosjia Kyiingaru TeHIIMK OarKapuim-

IIUHU KYypCATHUHT:
(F-R)-(F-B)-...- (F—=F) =0.

¥au(q) — 6y A Ba B omeparopmapuunr ymymuii xycycuii
dbyHkusicu, Oynua A — A OLIePATOPHUHL, Y — B oneparop-
HUHT XYCyCU# KUHMaTH. A sa B oreparopJiap aHTUKOMMY-
TaTUB OYJICUH: AB+BA =0. By xonmna A Ba p ap xaxuaa
HnMa sieftnm myMrnH? Mucos cudatuna Py Ba [ unsepcus

ollepaTOPUHU KapaHr.
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6.11. A, B ga C oreparopJiap DPMUT Ba Kyiujgaru MyHocabar-
JIaDHU KaHOaTJIaHTUPaJIN:

[A,C] =0, [B,C] =0, [A B] £0.

By xomnja C OIIEPATOPHUHT XYCyCUil KuiiMaTaapu opacujia

allHUranjgapyu MaBxKy/JINTUHNA KYPCATUHL.

6.12. % — X OIEPATOPHUHT XyCycHuil (DyHKIMSIIAPIHI TOIINHT.
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7- MaB3y

KBanT Mmexanukacuja yadamnl KapacHn

Arap MuKpooObekT Xxosarudn  udoganaiiuran - P(q)
Tk GYHKIMs E DPMUT onepaTopHuHr xycycuil hyHKIHsICH
OyuIca, 1my MUKpooObeKTHN TaBcudoBun F dpusukapmit kaTTa-
MK KHHMATHHE 9KCICPHMEHTAA Yordaradia L omepaTopHIUHT,
Xycycuit pyHKIUSCATA MOC, XyCYCHil KuitMaTu oJmHaju; Oy
xXoJaTaa, yirdanaétran F KaTTaanK anukK MabJyM KIiiMaTra sra
OVuIaM, Jeduin MyMKHH. Arap MUKPOOObBEKT XOJaTUHH KQO-
nasaérran P(gq) T¥iakua GyHKms F oneparopuunr xycycuii
dbynknusicu OysiMaca, yira Xosaarjaa Kuiimatn Yadanaérran F
busrKaBuilt KaTTaIMK yIyH OJMHAJIUIAH HATWKAHU OJIJIUHJIAH,
OUp KuiMaT/IU, aHUK aiTud OEpHITHUHI MMKOHM HYK; Oy
HOAHUKJIMK — MUKPOAYHEHUHT (PYHIAMEHTA XYCYCUITIIUD. By
xXo/1/1a F KaTTaJuKHUHT KUIMATHHE SKCIIEpUMEHT Ia, YIdaraHia
OJIMHAJIUTAH TYPJU HaTHzKaIap SXTUMOJIMKIAPUHU Xucobrad
TOIUII MYMKHH XOJIOC. Y3JIyKCH3 CIIEeKTpra sra Oyyran ¢pusu-
KaBUl KAaTTAJUKHUHI KUAMaTUHU Yadalijga SXTUMOJJINKIAP
BUWINTY XaKuja cy3 6opaju. YOy SXTUMOJINKIAD, KBaHT
MexaHUKacuja (U3MKABUN TU3UMHU TaBCUMJIOBUM, (DUBHKA-
BUII KaTTAJUKHUHI KUUMATUHU YiIdall HaTuzKajgapu XakKuja

MYMKHIH OVran sur 6atadcua MabIyMOTHN Oepaiu.
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7.1 XU/pTaqa KuimMaTapHn xmucobnadu

Yhuaauk daradcuiamMac MabIyMOTHE Oepajuran aMas — Oy
F xaTTaJUKHUHT KHAMATH YIYH JKyja Ky conjgarn (Yaaamap
COHU YeKCH3 KYTI OY/IraH JIMMUT/IA) aJoXujla Yurdariapia oJIi-
HaIMTaH HaTUKajIap yIyH yprada apudMeTuK KuiMaTHI XICO0-
nanup. byHga KBaHT MeXaHUKacH KOHYHJIapura Kypa ypraHu-
JnaéTrad (pU3HKaBUI TU3UM XOJIATH, TYPJIM VIdallIapHIHT Xap
oupn yuyn aitnan 6up xust P(q) xonar, 16 dbapas KuJIUHAIM.
Bynnait karramnk (F)y kypunnia Oenrunanamm sa “F du-
3UKaBUil KaTTa uKHUHT P (q) Xosmataaru yprada kuiimarn” j1eb

aranajau. Y Kyiinjgaru popmynara Kypa xucobgsad TOIMIIAIH:

(Fly= [ v @Fpladg = (gIFly). (1)
(7.1) cdbopmynanunr §ur tapduga E oneparoprmr P(q)

bYyHKIUSA Al JUArOHAT MATPUK SJIEMEHTH TYPramnruiy naji-
Karn MmymknH [(4.6) ra kapanr|. [lyrnait kuimb, 9pMut orepa-
TOp JMArOHaJ MATPUK 3JICMEHTIAPUHUHT (DUBNKABUIT MOXUATH
Iy oIepaTop MoC Kyimiaran pu3nKaBuil KaTTAJUKHIHT, Kapa-
JIAETTaH XoJaTra MOC, ¥prada KUAMaTUHU aHlIaTap dKaH.
Arap ¥(q) tyukun dyukiua F oneparopuunr xycycuit dyu-
musicn, sunn, F(g) = Ap(q) 6yica, y xoma yprada Kuiimar
(F)y = A Oyummmm TyHyHap/In; Ba UXTHEPUH N HATYpas COH
yayn (F")y = A" ypunm. Bynan auciepius ((F — <F>¢,)2> =
(F?) — (F)3 = 0, mynaii 6w xam Kepax, TyHKi Oepusran
P(g) xomaria yuraant bazxkapuica, F Gusukapuii Karraniuk yayH

aHnK A KuiiMaT OJIMHAaJIN.
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l-Mmucot. X KoopuHaTa Ba Py UMILYJIbLC IIPOEKIUICH YpTada Kuii-
aTUHU

x2 :
1P(X) _ Ae—za—z-f—lkx
TVIKUH (GyHKIMA OmgaH mdogasaHaéTraH XoJaaT YUYH XHCOO-
n1ab TornmHr. By epaa a,k — xakukuit Typgaru jgonmMuiiiap, A —
HOPMUPOBKA KYIIANTYBYNCH.

Eauvu. (x) Ba (py) ¥prada kuitmariapuu tomui yays (7.1)
dopmynann KymaiMms.

—+o00
() = [ 9@ Ep(xdx
+oo Xz k xz k
= ]A\z/e_ﬁ_l e 22 T xdx
T o 2,2
= |A\2/e_a_2xdx: |A|2/e_a_2d (—2) = 0.
a

(p) = [ 9" paplx)dx

—+o00

xz . xz .
— |A|2 / 6_211_2_lkx (?%) 6_211_2+lkxdx

A R A
= hk|A\2/e_a_zdx%—E]A\z/e_a_Zxdx

— — 00
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—+o0
— k| APa / e~ dy = hik.

By epaa xyfinmarn MyHocadbaTiap Xucoora OJIIMHIN:

hd _».; h X . 2%
Tl et L (——+zk>e 22 Tk

idx i a2
2
_ hk—h—x e—z’iz—z—i—zkx
ia?
+o00
|A\2a/e_’72d17 = 1.

OXupru TeHIVIMK TYJIKUH (DYHKIUSHUHT HOPMUPOBKacU Oupra

TEHIVJINTU OKMOATUIUp. YHJaH HOPMUPOBKa KVHalTyBUNCHHU

XaM aHNKjIa0 Kysamns: A = \/17 Bymya [lyaccon-Ditrep (xa-
an/ 7t

TOJINK ) WHTEIPAJIH
+o0
/ e dy =/
oo

9KAaHJIMTTMHW Ha3apda TYTANUK.

2-MUCOJI, ]l[)) X0JIaT BEKTOPU MaTpuliajap ¢HAAIlyBU MUKECUIA

OepuraH:
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Arap F oneparopra, ym6y émuamysa

5 1-2
1+2i —4

MaTpUIla MOC Kyimiaran Oy/ica, KUAMATUHNA SKCIIEPUMEHT/Ia, VJI-
gaca OViaaauran F dbusnkaBuii KaTTaJuKHU 11y X0JIaTIard ypra-
ya, KuiiMaTnHI X1co0/1a0 TOIIHT.

Euanmn. (7.1) Juarotaj MaTpuK 3JeMeHTHU MaTpuriaJjgapHn

KYTaliTHPUTIT KOMJACUTA Kypa XIcoOaa0 TOTaMu3:

A (11 5 1-2i\( %
Fy =W =(5 %) 100 4 )3
442i 542 1

2 2 2

[ei3eHOeprHMHr HoaHUKJANK MyHocabaTu

Kuitmarnapuan 6up naitia yuidadb Oyimaiiauran A Ba B
dusnkaBuil KaTTATHKIADHI Kapalink. By xoma yiapra moc A
Ba B oueparopsap kommyTarus smac Ba Gymga C = —i [A, ]3’]
oneparop Kupurui MyMKHH (C DPMUT SKAHINIHHE OCOH TeK-
mmpca 6ynan). Uxtuépuit (g) xonar yayH Kyiiugaru MyHoca-
baT OaXKApPUINIINHT KYPCaTHI MYMKHNH:

2 2 2 2 <C>12P
((42y = (A3) (B2 - (B3) = —*. (72)

(7.2) Tenrcuznuk [efizeHOePrHIHT HOAHUKJIMK MyHOCAOATH

ned aranaan. Kuiimatiapunn sKcriepMenT/aa Ydaca Oyiajiuran
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X Ba Py KaTTajuKjap yuyH y, uxtuépuit () xonaria

2

(2= @3) (e~ (p3) =5 (73

KYpunuiiH ofau. Byuja [Py, £] = —ih skawmuruan xucobra
oK. (7.3) MyHocabarjian, X Ba Py KuiiMaTiapu, Xed KaH/aifi
XoJlaT/ia, Oup nafTHUHD Y3118 aHUK KuiiMaTiapra sra Oy/ia oJ-
MacCJINTU KeJinh YnKaIu.

7.2 VYn4aw HaTum»Kanapu 3XTUMOJIINKIAPUHN
xncobnaiu

dunckpet cnekTp

F dmsukapnit kKartaankka Moc F ormepaTop JUCKPET CIIEKTP-
ra sra Oy/iraHja,

Fypu(q) = Fupu(q) (7.4)

Yurdania oJMHa Ural TYpJi HaTHXKaJapHUHD 3XTHUMOJIINKIIa-
puHN XpcobJtall MacajJacuin KapafiMus. Bynga n — 6yTyH COH.
Dusnkasuit Tuzum P (q) TYaKHH QyHKIMS OnTal ndoagaHa -
raH XoJaT/aa »Koilaamran Oy/Icua. YHHI F OllepaTOPHUHT XYCYCUI1
byHKIHAIapuIan noopat basuc 6yiinga éitum mymxus [(6.5) ra
Kapasr|:

¥(q) = chlpn(‘ﬂ/ Cn = (Puly). (7.5)

F,, — aitnumaran xycycuit kuiimar 0yicun. ¥ xosaa F kuiimatunn

Yurgaranga F, KUfiMaTHI OJIAII SXTUMOJIINTY KYHHJArura TeHr:

PIP(F — Fn) — ‘Cn|2 — ’WJWJHz (7-6)
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Ougn F, — aifinuran Xycycuii KuiiMaT OVJICMH Ba yHTa
Vu1(q), Wn2(q), ¥u3(q), . . . XyCAyCI/Iﬁ DYHKIUAIAD MOC KEJICHH.
Yoy xycycuit pynaxiusiiap, F oneparopuunar F, xycycuit Knii-
matTin, Ly uusuxim kucMm daszojiarn 0asucHU TallKNIJI 3TaJu:
ﬁl/Jm' = F,,i(q). By xonga F dusukaBuii KaTTagukHi §Ida-
ranjia F, kuiiMmaTHI OJIUIT 3XTUMOJLINIY Kyniarura TeHr:

Py(F=F,) = |Cul*+ |Cu2|* + |Cus* + - - - (7.7)
= {9} 1>+ [(@u2l ) 1> + | {Pusl ) >+ - - - .

Arap 6apua F, xufiMariap yuyH sXTHUMOJUILKJIAD MabJlyM
6yuca, (F)y yprada kuitmarun (7.1) Gopmysara kpa smac, yii-
Oy SXTUMOJUINK/IAD OPKAJIK

(E)y = Y Fu - Py(E = E) 79
Fy

KYpUHHIIIA, OCOH XUCO01a0 TOIHII MYMKHH.

3-mucos. fdecu porarop xosaru P(¢@) = A cos(@) TyaxunH
dbynkuust ouian ndojasana iy, OyHiga A — HOPMUPOBKa KyIaii-
TyBuncy. Bapua Oyryn m sap yuyn Py(l, = m) sxrumosnin-
kaapan Torndr. (1) Ba ([2)y yprada KUiMATIAPHYE TOIMHT.
FEanmm. (7.4) KypuHUIIIATT TEHIJIAMAHH, [, onepatopHuHT
Xycycuit KuiimMaTu Ba, Xycycuil (pyHKIHUSCH YIYH, 3-MaB3yHUHT

3-MUCOJINJIa edraH dIUK:

. 1 .
(@) = mpu(@), Yu(e)= me””“”, m e Z.
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Mucost maprujga 6epuiran t¥ikud Gyuxuusian Py, (@) GyHK-
IusijIap/al TallKII TOIraH 6a3uc Oyitmdya Karopra Eiur J1o3um
|(7.5) ra xapa#r|:

P(9) = Y Couthu(@) = A cos(9) = ——=Y_ Cre™,

27T
Cu = (Pulp) = [ ¥}(@)p(@)dep = —— [ e7™? cos(p)dg,
/ v

OyHla mHTerpaJnn bapya OYTyH M KuiiMaTiap YIyH XUCOOIAII
Kepak. Ammo, ymoy mucosga C,, koddduimreHTiapiu 1appoB
aHukjan MyMKuH — Oymia (@) = A cos(@) dyuxiustu Ge-
BocuTa P, (@) = \/%Teimq’ 9KCTIOHEHTAIAPHUHT YUK/ KOMOU-
HUIMsicura éiicak Oysiaan. ByHunr yuyn Ditnep dpopmyiacuian

doitananamms:

A _ V21T A
P(¢) = A cos(g) = 5 (e +e™?) = > [¥1() +9-1(9)].
[Iynmait Knauo,
Ci=C_ 1= gA, arap m #= +1 6yica, C,, = 0.

Ba muxosT, [, MMIyILC MOMEHTHHE Y/I9alll HATH KAIaph SXTH-

mosuiruau (7.6) dopmysiara Kypa TOmaMus;
7T
Pyl =1) =G = Flap,

I
Py(l. = —1) = [C4|* = EyA\Z,
Py(l; =m,m # £1) = 0.

129



M. HuirrionoB, mnishonov@gmail . com

7KaBobuu con Kuiimarunu oy yayH A ko9sburuenTan pora-
TOP TYJIKUH (DYHKIUSICHHITHT

27 27

Wlg) = [ 9" (@)p(9)dg = AP [ cos(g)dg =1

0 0
HOPMHUPOBKACHIAH TOIMHO, SXTUMOJIMKIAD YUYH AHUKJIAHTaH
ndoanapia KyuLam MyMKIH 9110, AMMO, §urdanaérran KaTTa-
JIMK KUAMATIAPU YIVH TYDPJIH HATUKATAD SXTUMOJLIHKTADIHI
HOPMUPOBKa MapTuan (oigaJaHuIl OCOHPOK: MyMKHH OYII-
ran 6apua HATHKAIAD SXTUMOJLIHKIAPH HUFHHNCH OMpra TEHT.
busHuHr Xo/1714a, P¢(lz = m,m # +1) = 0 sxkanaurujan
Py(l; = 1) 4+ Py(l; = —1) = 1. Xucobab TonMIraH sxTu-
mojnknap yuyn Py(l; = 1) = Py(l, = —1) renrmk Gazkapu-
nransmrugat, Py(l, = 1) = 3 Ba Py(l, = —1) = 1. Jemax,

1
Pyl =1) =35, Pyll.=—1)=

skan. Duan (7.8) dopmynagan (l;)y yprada KuiiMaTHH XHCO6-

1
> Py(l, =m,m # £1) =0

Ja0 TOIIaMM3:

(lz>¢:;m-P¢(lZ:m):1-%+(—1)-%:O.

Vxmam avamnap épaavna [2 karrwmk yayn (12), yprada

KAMMAaTHN TOIUII MYMKHH. YMYyMHIII X0J11a
(Z)p = ) K- Py(I2 = K),
K

oyepna K =0,1,4,9,...06yTyn connap kBajapaTtu. bus kaparan
MIICOJIIIA

(Z)y=1-Py(Z=1) =1.

130



M. HuirrionoB, mnishonov@gmail . com

A

Ana  jguckper chnekrpaum  F omepaTopHum  Kapailink:
ﬁan(Q) = F,,(q). Jlexun suam dbusvkaBuii TusmM XoJa-
TU ¢ y3rapyBumjlal TalllKapu sHa ¥ Y3rapyBunra xam OORJIUK
oyiran (g, 1) tyukua dynkius outan udopatancu. By
X0J1Jla 1 y3rapyBUMHUHI Xap oup KuifiMaTu YIyH lp(q,ﬂ)
byuxuusian P, (q) 6asuc dbynxkuusiap 6¥itnda karopra éfiunin
MyMKHH; ¢iinimMa Ko dunuentiapn sHu 4 §3rapyBUUMHUHD

byHKIMACH OVJINIIN TYITyHAPJIN:

P(q,1) =Y xa(1)Pu(q). (7.9)

F, — 6y F onepaTopHuHT aifHUMaraH Xycycuii KuitmaTn 631-
cua. Y xomga F xKartagukau yiadarapnga F, kuiimarau o

9XTUMOJIM Kyiinjarura TeHr:

Py(F = ) = [ xa() e, (7.10)

(7.10) dopmynanm aiiHuraH Xycycuil KuitMaTiaap YIyH yMyMJIa-
MITUPUIIT OFUP MacaJsa sMac, y Xy (7.7) ra yximarr Oyaim.

d-nmucost. 3appa P(r) = A% TYIKNH QyHKIMA Onaan udogaa-
HaETraH XoJaTha »KoitamraH, OyHga A — HOPMUPOBKa KyTiaii-
rysuncu. 1y xomar yuyn Py(l; = m) sxrumomknn 6apua
OYTYH 1 COHJIAD yUYH TOIIMHL.

Eunym. Op6uraa MOMEHTHUHT [, KOMIIOHEHTACH XaKUJIa CY3

Oboprammrugan, dazojia aflanui Haszapa TYTUIANTA Ba Iy
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cabab cdepruk KoopamHaTaJIapja UILIaraHUMU3 MYbKY/aI. DyH-
na x = rsin(0)cos(@), z = rcos(f) sxanmurngan TYIKUH
byuxuus ¥(0, ¢) = Asin(0) cos(0) sin(¢@) kypunnn onam.
Kyitmran mymvonn xaut stumia (7.9) dpopmynann KyJuiar Jjio-
3uM, Oy X0J1J1a ¢ ¥3rapyBun YpHUia @ Hi, § YpHuia 0 au dapas
Kustamn3. buz (7.9) kypunnira yxiarm

P(6, @) = A sin(0) cos(0) sing = Y _ xu(0)Pum(9)
efinIMain TONNIMMNI3 Kepak. by epja

1 .
e’ m e Z.

Yu(p) = ot ,
Ditsiep dpopMmysiacuian
P(0,9) = %Sin(@) cos(0) [e'? — e Y]

— é sin(6) cos(@)\/ﬂ [P1(@) —P-1(9)].

21

[Iynmait knanb, HOoIAaH (PapKJIM TKKIATA

x1(0) = > sin(6) cos(6),
x-1(0) = —@A sin(0) cos(6)

bysximsitapan Toruk. Jun (7.10) hopmyara Kypa HMITYJIbC
MOMEHTUHUHT [, MPOEKIUSICUHN {Idall HATHZKAJIAPU SXTUMOJI-
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JINTUHU €3aMU3:

Pyl =1) = [Ixa(®)Psin(e)ds,

Pyl = —1) = [ |x-1(6)sin(e)d,
Py(l, =m) = 8, m # £1.

Bynapnan, Py(l; = 1) = Py(l; = —1) sxammruan Kypui
MymKuH. Oxrumosnkiaap Py(l; = 1) + Py(l, = —1) =1
OVIraHIUTUIaH
1 1
Pil=1) =L, Pyl——1)=]

HaTHU>Kal'a KeJIaMU3.

OHjM Oup naiTaa Yadam MyMKUH OY/iraH ukkuta A Ba B
KaTTATHKIADHI Kapalink. By xomta yiapra Moc A Ba B onepa-
TopJiap YUYH YMYMU l[)nk(q) xXycycuit (pyHKIUATIapHIHT TYINK
Tu3uMn MaBxky (n,k € Z):

A‘Pnk(CI) = APk (q), B¢nk(‘7) = Bux¢pu(q)- (7.11)

Xosup xycycuit kuitmaraapuuar (A,g, Byg) Kydraurura 6up
noHa Pui(g) Moc kemaau n1e6 dapas Kuivmans (JeKHH agoxXu/a
Kapajranjia Ay,x Ba B, xycycuil Kuiimariap aiinurad Oy/immim
MYMKHH). YpranmiaéTral MUKPOOOLEKT XOJIaTH P(g) TyaKHH
dyHKINg OnytaH aHUKJIaHTaH OYJICHH. YHH ank(q) dyHaKIINIATAD-
JIaH Kypural 0a3uc opKaan Eiumm MyMKIH:

¥(q) = Zk:cnkllﬂnk(Q)/ Cuk = (Pur| ). (7.12)
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A Ba B kuiimariapu Oup mnairiaa YdaHUIIN MYyMKUHIATHIAH,
KYTIAI0K XOQUCA COIUD OVIUIIN IXTUMOJIINTH XaKI1a Tl PUII
MyMKIH: A Viidanranjga A, Kuitmar, B yinaanranga B, kuitmar
OJIMHAIN. YTIOY SXTUMOJLINK

Py(A = Ak, B = Bu) = |Cut|? (7.13)

KYPUHUIIJIa aHUK/IaHa1.

S-mucon. 3appa P(0,¢9) = Alcos(0) + 2sin(6) cos(¢@)]
TYIKUH PYHKIUS OuIaH aHUKJIaHAEGTTaH XOJIaTla »KoilaamraH.
Mymkun 6§iaran 6apua [ Ba m nngexcnap yuyn Py(12 = I(1 +
1), I, = m) 3XTUMOJUIMK/IADHU TOIMHT,

Eanvu. 12 Ba l; orepaTopJIapHUHT YMYMUii Xycycnil (pyKH-
nusiiapu — 6y Yi, (6, @) chepux dyuxuusaiapmup. By epia un-
nexkcaap | =0,1,2,...s8am = —I1,—1+1,...,1 —1,] kuiimar-
gap kabya kutaju. (7.11) myrocabariap s (6.30) Ba (6.31)
K pUHHUIITa 3ra 0yaa . VxTuépnit 1/)(9, go) TYIKIH QYHKIUAHN
cchepuk pyHKIUsIAP OPKAJIN

00 l
v(0,0) =Y Y CiuwYim(0,¢), Cim= Yiulp)
z

=0m=-—1
éitmmn mymxua. Y xosa (7.13) dopmynara Kipa
P¢(12 =1(1+1),, =m) = |Cp|*
[Myngait  kunb,  macana  edumu (6, @) =
Alcos(8) + 2sin(0) cos(¢@)] tynkun dynkiuaan  cdeprk

dbyukmusiap oyitnua karopra eéitrangaru Cpy,, Koaddunneniap-
HU ToluIia Typajin. By maxcagia, cepuk yHIUgIapHIHT

134



M. HuirrionoB, mnishonov@gmail . com

WI0BaJla  KeJTUPU/IraH OLIKOD Kypunuinugan d¢oiiasaia-
Mu3. Ditiep dopmysnacn opkaau cos(@) OyHKIMAHT EgMu3
Ba KHUCKAJIUK Y4yH chepuk QYHKIUSIAp apryMeHTIapiiu
eé3MaiiMns:

P(0,p) = Alcos(8) + 2sin(8) cos(¢)]

Hemax, dakat

. 47T . |87 . |87
C10=—AZ ?, C11=AZ ?, C1_1=—AZ ?

KodpunenTaapruia HojgaH (apkan sSKaH. Kymanok Xo-
JIMCJIAPHUHT yJIapra MOC 3XTHMOJIINKJIapT

Py(I>=2,1,=0) = —Ai\/%r
3 2

Py(P=21=1) = Ai\/?n
Py(I?=2,1,=-1) = —Ai,/%ﬂ

OVuIain. IXTUMOJIIMKIIAP HUFUHIMCKH 1 OVIMIM 3apypJauruiaH

2

4

/4

2

doitnananamns. Bynja P¢(12 = 2,1, = 0) = 7 Gesrusiain Ku-
purcak, Py(I* = 2,1, =1) =2y Ba Pp(I* =2, 1, = —1) =

2’)/ OKaHJINTMHN KypI/IHlI/IMI/IS MYMKMNH. SXTI/IMOJUH/IK HOPpMUPOBa-
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Kacu 7y + 2y + 27y = 1 Oyiaraniurnjian,
Py(I>=2,1,=0) =

~

Py(IP=2,1,=1) =

Q1| NU"U (\ORO) Nl

Py(I>=2,1,=-1) =

HaTHKaIapHu ojaMus; (Im) nrjgexciap KyQriuruHuar 6omKa

KAMaT/Iapu YUyH 3XTUMOJLINKIap HOJIra TEHT.

Izox. Kymmanok xoaucamapHunr Plp(l2 =I1(l+1),1,=m)
IXTUMOJUINTH MabJyM Oyiica, 12 Ba [, Karrtajukiap yuyH §ii-
Yalll HATHKAJIAPH SXTUMOJLIMKJIAPUHI aJIOXUIa TOIUIT MYMKHH.
IXTUMOJUINKIAPHI KU KOUJIACUTa MOC PABUIILLA Kyl 1ari-
JIApHU €3aMU3:

Py(IP=1(1+1)) = 2 Py(I*=1(1+1), I, =m),
m——l
Py(l, =m) = z;|P¢ =1(14+1), 1, =m).

Oxupru udonaja | MHAEKCHUHT M UHIEKC OMIaH Ky (OTIn-

rEJIa MyMKUH OY/Irat 9HD KUYUK KUAMAaTH || ra TeHr,

V3/1yKCU3 CNeKTp/an KaTTaJnK YHYH 3XTUMOJIINK
3NYANTN

Crexkrpu y3iaykceus Oyusiran F oneparop moc kyiiniran F kar-

TaJIMKHU Kapalank:

Fyr(q) = Fyr(q). (7.14)
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Xycycuit KuiimMaT Ba Xycycuil (pyHKIUAHN OeJITMJIOBYN NHJIEKC

cudaruia Xycycuil KuiiMaT OeJIrMCUHI UILIATINK.
Muxpoobbekr xomaru ¥(q) TynknH yHKIMs  OuiaH

AHIK/IAHAGTIAH OYJIcHH. YHE F DPMUT OnepaTopHUHT XyCycHil

byHKIIAIApUIAH TAIIKII TOITaH Oasuc Oyitndaa EHuim MyMKITH:

¥(q) = | CRWr()aF, C(F)=(yely).  (7.15)

(7.15) mHTErpas — aHUK MHTErpaJ SKAHJIUTUHE TabKUJIaiMI3.
VuTerpaJsuiamt y3rapyBunc Mab/IyM OpainKJia y3rapajiu.

F — aifauMmaran xycycuii KuiiMaT GyicHH. YoTdariga 6apop
aHUK F KuiiMaTHU OJIUIT SXTUMOJIJIUIY HOJIra, TEHT. KarTtajink-
Hu Kufimarnan Yordaramian yauar Yra kuank (F, F + dF) opa-

JIMKJIa €TYBYM KURMATUHU OJIUIN YIYH KUYIUK JuddepeHima

IXTUMOJIJIINK
dP,(F,F +dF) = |C(F)|*dF, (7.16)
KYPUHUIILJIQ aHUKJIAHAN. ByHﬂa
dPy(F,F + dF)
P ’
py(F) = TF

KaTTaIuK Yrdaln Oaxkapuiaranga F KuiiMaT ouIIHIHT 9XTIMOJI-

qury sudurn geitmnaa. (7.16) nan
oy(F) = |C(F)[? (7.17)

skan. Ymuaramga (Fp, Fp) opaiukiarn KuiiMaTHI OJIAIT 9XTH-

MOJLJIUT'U KYI‘/JH/I,ZL&FI/IFEL TCHI

Py(Fi, F) = / dP,(F, F + dF) = / op(F)dE.  (7.18)

& 5]
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2
6-mucos. 3appa P(x) = Ae 22 TYIKMH (DYyHKINSA OuIaHn
aHUKJaHaeTraH XoJaT/a »Koijalmran. by epja 4 — XaKukuii
Typjaru jgoumuit, A — HopMuUpoOBKa KymairTyBuucu. Bapua p
XaKUKUIT cCOHJIAp VIVH plp(px = p) SXTUMOJIJIUK S3UYJIUTUHUA Ba
MMITYJIbCHUHT Py HPOEKIUACH YIdaHranjia MycoaT Kuiimar oJi-
HaJIMIaH P¢(Px > O) 9XTUMOJIJIMKHU TOIIMHT.

Fuumn. Py oneparop yuyH Xycycuil Kuiimar Ba Xycycuil
dynxius renrnamacu Pr,(x) = pP,(X) aBBary MaryIoT-
Jlap/ia equsiral 31, yHIa

1 i
x) = ent c R.
Pp(x) = p
Ouan Oepuiran P(x) dynximsnn P,(x) byukuusiap 6a-
3ucy Oyitnda €I Kepax:

—+00

v(x) = [ Cpwxdp, Clp) = (9ly) =

— ()P (x)dx = e iP e 2a2dx
4 vy () ﬁ
OXupru uHTErpaIHu
+00
/ e dy =/t

[Tyaccon-Ditnep naTerpammgan doiigagsannd xucoodaaiiMusz. by

MaKcaJlJla 9KCIIOHEHTa JaparkKacuHu TYJIMK KBaJpaTra KeJIThupa-
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MU3:

1 , ip
2w T

Yoy TeHrInK OarKapuIniid YIyH

x = (a-x+ B)* = a’x* 4 2apx + B

1 ip
2
e =—, 2u
2a? p= h
oy Kepak. bynapian o = ﬁ, B = % SKAHJIMTTHU TOTIa-
Mn3. Jemak

x> x—(x+ia>2 (mp)
22 P V2a  van' T V2h

9KaH. bynapgan

+o00 +00
2 p2a2

: 2
- ST S
/e_bz_z_ﬁp dx = e W/e <ﬁa+ﬁhap> dx.

—00 —O00

Yby unTerpasjia y = T + fhap AJIMAIITHPUII DarKapcax,
dx = /2 2adn Ba

22 T ) 202
V2ae~ e /e Tdn = av2me 22,
—00

[Iynmait Knauo,

aA _ra
Clp) = —ze
Vi
HATIKAHU ojlaMu3. Kuampuiaérran Plp(Px = p) IXTUMOJIINK

sudasurn, (7.17) dopmynara K§pa Kyfinjgarura TeHr:

2 22

a
py(px=p) = [C(p)|* = |APze .
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HopMmuposka KynailTyBIMCHHN
+00 “+o0 )
ly) = [ lp(x)Pdx = AP [ ¢ Rdx =1

mapTaaH aHuKIaiiMu3. byraan

+oo +00
_ X
|A? / e Zdx = |A%|a / e_’72d17 = |AlPay/m = 1.
— 0 —0
Hemak, |A|? = ﬁ Ba
a _a2p2

Oyap PKaH.
Ba HI/IXO?[T7 MYC6&T px I/IMHyﬂbC HpOGKLLI/IHCI/IHI/IHF SXTI/IMOH—
JIMITMHU TOIlaMU3.
+00 . T o
p >oz/ — )dp = /e‘th.
y(px > 0) oy(px = p)dp Nl p

0

By epuna n = % asiMalTupuin daxkapuo, dp = %dﬁ SKAHIUT -
JIaH
Y P B Oy P |
hy/ / P hy/TT aZ_OO T=7
Harmxka 1
Py(px > 0) = 5

9KaH.
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IXTUMOJIJIUK OKUMU 3NYSTUTU

Maccacu m 6yiaran 3appa () Tyukua QyHKius OutaH
noanaHaéTral XoJ1aT/aa KOMIaImran OyIcHH. DXTUMOJLINK
OKUMU 3UIIATH (KU OKUM 3UTINTN) — Oy BEKTOp KaTTaukK 6F-
7m0, y Kyinjgarnia aHuK/IaHa i

: ih

() = 2 [p(r) - grad () — 9" (r) -mrad p(r)] . (719
Yoy BeKTopaan OepK cupT OVitnda onHTaH nHTErpaJ — Oy Oup-
JIMK BaKT MoOaliHujia 3appa Iy CUPT OpPKaJU VTTaHIUTTHUHT
SXTUMOJIINTYA MabHOCHTA 3Ta. Arap OKUM 3UYWINIH Ba TYJIKUH

(DYHKIMSTHI BAKTHUHT PYHKIUsICH crudpbaThjia Kapacak, y X014

%)
a\I/J(r,t)\z +divj(r) =0, (7.20)

MyHocabaT YpuHIN. Y 3JIeKTPpOoMHAMUKA AN 3apsIHIHT caKJIa-
HUIIT KOHYHUHU aQHIJIATYBYN Y3JIYKCU3IUK TEHIJIaMaCH aHaJIOTH-
jup. Arap g — sappanunr sapsim 6§iica, g - [P(r, t)|* xarranuk-
HU 3apsjl 3uaiard J1e0, g - () KarraaukHu 5ca — TOK 3UUJIUTH

J1e0 TaJIKMH 9TUIT MYMKWH.

7-MICOJI. 3appa XoJaTHHI NOoIaToBUYN TYIKIH (YHKIUIIa MO-
JyJ1 Ba KoMILIeke basanu axkparub osuin MyMmKuH: (r) =
(7)) Dxrumommuk oxkumu suwwmrnan |[P(r)| Ba a(r)
opKaJi 1OoIaATaHT.
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Eamvin. (7.19) dopmynara Kipa

jlr) = % [!tp(r)!ei"‘(r) - grad <]1'b( )|e —in )> _
—[(r)]e™") - grad (|¢( )|eiw(r>)}
= L) Parada(n).

Bynjan, arap TVJIKUH QYHKITUSHIHT KOMILIEKC ha3ach JieKapT
Koop/inHaTacura OOFIUK OViMaca, 1y KoopJuHaTara MOC OKUM
3UYJIUTY HOJITQ TEHT SKAHJIUTUHU HafiKall MyMKUH.

8-MHCOJI. 3appa HUMIIYJbCHUHI MabJIyM P KuiiMaTu Onsan
AHUKJIAHTaH X0JIaT/1a »Koijtamral OVIcHH. DXTUMOJIINK OKUMU
SUIIATHA TOITUHT.

Euanmu. Bynait xonar yays tyakun dyaxims (6.28) ndoja
Onan aHuK/JIaHTaH KYPUHUIITa 9Ta:

Pp(r) = Cehr™.

HopmupoBka KynaiiTyBuucu ydyH aHUK KHIMaTHHI KypcaTMaii-
MI3; 3-MaB3yJla TabKUJJTaHIaHUJIEK, Y3JIYKCU3 CIIEKTPJIA ollepa-
TOPHUHT Xycycuii (pyHKIUsIIapi HOPMUPOBKACKH OUp KUIMaT/IN

aHUKJIAHMAaraH. (-MUCOJI HaTuzKacuaH (poiigataHaMus:

i) = Ly Parad (1) = P2 ray

Arap Oup yurgamiyin MacaJia KapaJiaéTran Oyiica, 3appa XoJa-
TH UMILYJIbC Py HPOEKIUACUHUHI MabIyM P Kuiimarn OujiaH
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aHnK/IaHral P, (x) = C P oyknn GyuKius ontan udoiasia-

HAJIM Ba OKUM 3UINTY dpakaT X YKu OViinda KOMIIOHEHTArarnHa

Sra, OVIaiu:

je(x) = ycF%. (7.22)

7.3 MycTtakun nwiaw y4yyH Ba3undanap

7.1.

7.2.

7.3.

7.4.

(7.3) HOAHUKJINK MYyHOCAOATHHN
x2 k
px) = Ae ™

TYIKUH PYHKIUS YIYH OarKapuJIMIIIHI TeKITHPIHT.

P (x) TyukuH DyHKIM OUIAH AHUKTAHAETTAH XOJIAT/Ia X KO-
ODJIMHATAHUHT BA Py UMITYJIBC IPOEKIUSCUHIUHT ¥pTada Kuii-
MaTIapy MOC PaBHIIIa Xg Ba po OFucun. (x4 xo)e_%po'x
TYAKUH PyHKIUA OUlal aHUK/JIaHACTIaH Xo/1aTla X Ba Py

KaTTaJIMKJIapHUHT ypTaqa KHﬁMaTHHH TOIINHTI.

F — Dpmur oneparop Gyicun. Uxruépuit P(q) xonar yuyn
<F2> Yprada KuiiMar Manuit OyIMacIuTTHA KYPCATHHT.

Vu Ymaamin dasona 3appa L, IMIYJILC MOMEHTH TPOEKIIN-
sic KMIMaTH aHWK 1 OYJiraH XoJiaTiia yKoiijaamraH OY/ICHH.
By xonpma 3appa TYIKUH (QYyHKIUSICH cPepuK KOOpInHATa-
Jap TU3NMUJa Kynnjarn KypuHuiira sra:

(r,0,9) = f(r,0)e™?.

(L), (Ly)y, (Iz)y ypTada KuitMaTIIADHN TOIKHI.
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Acen poraTop TYIKMH DYHKIUACH

p(p) = A cos’(¢)

TYIKUH (DYHKIMST OMIaH aHUKJIaHaH. byHja A — HOpMUPOB-
Ka Kynaitrysancn. Bapua 6yryn m consap yuyn Py (I, = m)
SXTHMOJLIHK/IAPHE TONHHT. () Ba <l§>¢ Yprada KuiiMar-
JIAPHYU TOIIVHT.

3appa XoJ1aTu
2
_ Y7
P(r) = AF

Tk QyHKINA Ouiad aHukjianrad. Byajga A — wopmu-
poBka Kynaiirysuancu. Py(I* = 12) Ba Py(l; = 1) sxrumon-
JIMKJIAPHE TOIUHT.

3appa xoJiaTu
¢(9, gO) = A [YH + Yi0 + i(YH — YlO) -+ (1 -+ Z\/E_S)Ym}

TVIKUH GyHKIM Ouian Oepuirad. bynjga A — HOpMuUpoBKa
KYHaiTyBYUCH. I KaTTa/MKHIHT TYypJi KUiMaT/Iapu 3XTHU-

MOJIJINKJIAPUHN Ba YHUHI 'ypTaqa KI/II)JIMaTI/IHI/I TOIINHTI.

XOoJIATHIHT ¢(x) TYAKUH (DYHKIUSICH Ma'bJIyM. pll)(x =
a) SXTUMOJLIINK 3UYINTUHA TONMHL, OYHAA 4 — UXTUEPUil
XaKUKNII COH.
Kyiingarn
_ 2 +ikx
l/)(x) f— Ae 242
TYIKUH PYHKIAA YIVH SXTUMOINK OKUMU 3UUJINTHHUA TO-

I[INHT.
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8- MaB3y

ITorennuana Mmaiigonga Oup yadaMan xapakaT

8.1 WpeguHrep TeHrnamacwm

KpanT mMexannkacuia sappanutr (g, t) t$uknH QyHKIms-
cu t BakT Mobaitnmga noctainnonap [lpejgunrep tenrnamacura
Kypa y3rapaju:

ndPWt) Hy(g,t), (8.1)

ot

6y epira H — sappa Dammisronnann 1e6 aranain. Y KJIACCHK
dbusukagaru laMuabToH PYHKINSACHHUHT KBAHT MeXaHUKACH1a-
M aHaJioru. ['amuibToHnaH — Oy 3appaHWHI SHEPTUsSICUTra MOC
Ky arans IpMUT olepaTopup. ['aMuIbTOHIHAH OIIKOpP BaKTTa
6otk O¥Maca, H omeparopHunr xycycuii KufiMaT Ba XyCycHil
byHKIMAIAPH MacaJaCuHN 4Nl MyXUM aXaMusTra sra. by ma-
cajia ctarmmonap [llpeguHrep TenriamMmac opKaJn Oepuiaiu:

Hlpﬂ(‘]) = Expu(q)- (8.2)

['aMuIbTOHMAH JUCKpET cIeKTpra sra Oy/ranja yHUHD E,
xycycuit Kuitmatiapunu (3appa sHeprusicuan), n = 1,2,3,...
HaTypaJl COHJIap opKaJu, ycubd dopum Tapruduia, E1 < Ey <
E; < ... pakamyam Kabyn Kuanaran. bupnaanm n = 1 paxam-
JIN SHEPTHsl 3apPaHUHT SHT KuauK Ep sxeprusm P1(q) acocuit
XoJIaThra MOC Kyiiniau. DHeprusici MabJIyM KuiiMarra ara 03J1-
rai Ba ['aMuIbTOHMAHHUHT Xycycuii pyHnkiusaapu omigan ndo-

JalaHaJIUral XoJIaTiap cranuoHap xosatriap jgeiunaan. (8.1)
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Ba (8.2) TeHrmamasapHu OMprajuk/a edud, CTarumoHap XOJIaT-

Jap TYJIKIH (QYHKIUICHHUHT

Palg, 1) = e ', (q)

BaKTra OOFTUKJIUTUHE OJlaMu3. DyHpan BaKTHUHT Oapda OHJIa-
puia TYJIKUH (QYHKIUS 3apPaHIHT afiHaH OUTTa X0JaTUHA 1dO-
najaaCTrafaInr Ky puauo Typubdau. YyHKN KBaHT MeXaHUKacu1a
TVIKIH QYHKIUS dasaBuil KymaiTyBuurada aHuKJIMKIa TOIIH-
Jnaju. JlemMak, KBaHT MeXaHUKacura Kypa s3appa YeKCu3 Y30K
BaKT CTal[MOHAp XoJiaT/ia TYPUIIA MYMKHUH.

Baxrnunr 6omtanrnd t = 0 onnjta nXTUEPHUit Xo1aTHI 1PO-
nanoan P (q,0) tyakun dbynkiusa Gepuiran 6ycun. Yuu [a-
MmutbTornaHHIHT {1, (g) } Xycycuit dbykuImAmapn 6a3uc opka-
Jn €ino

P(g9,0) =Y _ Capu(q),

oy epia C, — kanjpaitup y3rapmaciaap ((6.5) ra xkapanr), (8.1)
TeHIVIAaMaHUHT eYUMUHN OJIaMU3

p(q,1) = Y Cue BBy, (g). (8.3)

KBanT MexaHukacuja 3appa XoJjaTu Oup KuiiMaTin
AHUKJIAHTAH SKAHJIUTHHA TabKujiaiivMus:  sappanuar  (8.3)
TYIKUH PYHKIUSICH, BAKTHUHT OOIIJIAHFIY OHUJIa OepuiraH Xo-
JIaT TYIKAH (DYHKINA OPKAJIN, BAKTHUHT Dapya KeJIrychu OHJIapH
yayH OUp KUfIMAT/IN aHIKJIaHTaH. Y/IHall HATHKAIapuiara Oup
KUAMATIUIMKHAHT OY3UJIAIIN {/idalll »KapaéHu OugaH OOFINK,
S'bHU KJIACCUK O0BEKT — MAKPOCKOIMK Y/Idall YCKyHacu OujIaH

TabCUPJIALIYB Tydailanamup.
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3appanutr E sneprudiu Ba p UMILYyJIbC BEKTOPUHUHI Mab-

JIYM aHUK KUHMaTUra sra KoopjauHaTara OOFIUK KUCMU OV/IraH
P(r,t) = CenPr=F0)

TVIKUH QYHKIMS Omaan ndogajlaHyBuIl CTallOHAD XOJATHHU
Kapaiimk [(6.8) ra xapanr|. Bymma Bakrra OORIUK TYIKHH
byuxius k= p/h TYIAKUH BEKTOPJIM ACCH TYIKUH SKAHJIIN-
IM'MHI KYPUIIUMUA3 MYMKUH. By Xo/arT yayH SXTUMOJIINK OKH-
MU 3UYIATH KoopjiaHarara O6oruK smac Ba y (7.21) dopmynaia
AHUKJIaHTaH

hik

- 2

r)=|C|"—.

i(r) = |2

Y 9pKUH 3appa ‘XapakaTn scchl TYIKUH OumitaH udojasanaim
Jleral TacaBBypra MoC KeJa/lu.

8.2 3appaHuHr noTteHuMan magoHaarn xapakaTtu

Knaccuk mexannkaja, oup yrdamian dpazojia, 3appanunr [ a-
MUJIBTOH (PYHKIIHSICH
p?
H=_—+4U(x
5y T UE)
KYpUHHILIA aHWK/JIaHad. Dy epma m — 3appaHUHI MaccacH,
U (x) — norennuas MailloHHI aHUK/I0BYN DYHKIMA. [aMuibTon
dyaKIMgCcHIarn 6apyia KaTTaJINKIapHA ollepaTopap OWIaH aj-
MamTupud I'aMu/JIBTOHMAHHN OJIaMU3
P n A

[Torenmuan MaiiJOHHN aHUKJIOBUN U(x) GYHKIUAHIHT CcOJIa
KYPUHUIILJIAPDUHU KapaiMus.
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[-MucosI. DpKITH 3appa YIYH FraMIJIBTOHUAHHIHT SHEPIUs CIIeK-
TPU Ba XyCycuil pyHKIUSIIAPUHN TOIMHT.

Eunmu. By xosga norennuas MaiiloHHI aHUKJIOBYM (DYHK-
nust wvoira rear: U(x) = 0. Bynga (8.4) opkain aHuk/ja-
raH raMIJIBTOHUAH KUHETHK SHEPrust orneparopu OUIaH MOC TY-
majiu Ba P, oleparop Oujan KommyTarus. [lemak, H sa D
omMmepaTopJaap yMyMuil Xycycuit (pyHKIISIIap TYILIaMUTa, 3ra (3—
MaB3yHUHT 5-MICOJINTa Kapanr). Duepruanunr xap oup E, xuit-
MaTHTa Ba l/)Ep(x) xycycuit pyHKIMAra 3apPAHUHT P UMITYJIbCH

MOJIYJIMHU MOC KYUUIIT MYMKHUH:

2

E, =1

o’ lllEp(x) = Ae%px—l—Be_%px, (p >0, A, B = const).

(8.5)
Xap oup Pg,(x) xycycuit GyHKINA Py ONEPATOPHIHT, HMITYIIhC
IPOEKIUsIapU Py = p OFuIran xosarjaapra Moc KejlyBuH, HK-
KUTa Xycycuil pyHKIUAIAPU CYIeprno3unugcuiad noopar. Ab-
mu, Xap oup E, xycycuit kuitivar (E, = 0 nan Gomka) nkku
KappaJn aliHuraH.

By xo/11a p KaTTaIUK y3/IyKeus y3rapajiu Ba Ly cabab sHep-
rusnunr E, ysiykens crexTpunu oamms. Arap XapakaT WH-
(bunuT 6F1ca (Xapakar MOTeHIMaI TYCUK OMIaH deK/TaHMaraH,
ssbHE E SHeprust 4exkcus/imkjia HOoTeHIal TYCUK OaslaH I Iuri-
JlaH KarTta 6¥/1ca), IONM 9HEprust CeKTPH Y3/IyKen3 OfInImHm
KypcaTuill MyMKHH. AKCcHHYa, (DUHUT XapakaT cojup OVirania
3appa SHEPrusicu JUCKpeT OViiajiu.

3appaHiHI UMITYJIbCH MOJLyJN Oustan p = hik taps/ia 60rynK
oyran k TyiKuH coHuMHN KupuTtaiiimk. Y xoaga (8.5) opkasm
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aHMKJIaHTaH Xycycuil KuiiMar Ba Xycycuil pyHKIuaIapun Kyin-
Jlaru KYPUHUIILLA €3UIT MYMKUH:
72k>2 . .
Er=——, up(x) = Ae*™ 4 Be ™, (8.6)
2m
Arap zappa yu yuraamsn dazoja XapakaTianaéTran Oyiica,
yIoy 3appa raMuJibTOHMAHN
H ? 9* 9

H=-_—A A=
2m ox? i y? i 0z?

makJira sra oysaam, oyrjga A — janiacua, raMuIbTOHMAHHITHT

Xycycuil KuniMatjaapu Kyiujarnda aHukJjaaHa/u:

2
p 2 2 2 2
EP:%’ P :px+py+p21
xycyeuil pynkiusaapy 0yca, UMILY/IbLC MOy OUp Xujl p Oy1-
rapyary (6.28) KypuHuIIars QyHKINIAPHIHT CYTTePIO3HITHSI-

cujan nobopatr Oysraan

2-mucot. Kyfinjgarn

U() 0, 0<x<uqg,
X)) =
400, x<0,x>a

HOTCHIMA Vpajia XapaKaT/JIaHAETTaH 3appa TaMUJIBTOHUAHU-
HUHT SHEPIus CIeKTPU Ba Xycycuil pyHKIUAIapUHNA TOINHT.
Eunmu. 3appa keHrmuru a Oyjiran 4ekcus 9yKyp TYEpuodyp-

JaKJI1 MOTEeHIHAI Ypajia XapaKaT/JIaHAaAITHA. Y pajlad TalTKapua
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(x < 0 Ba x > a 6yuranga) U(x) — 400, 3appa XKofiaia
oJIMaiiu, OYHUHI y4YyH Yy YeKCU3 KaTTa SHeprusira sra OVIIm-
mu ozum. Temak, ¢(x < 0) = ¢(x > a) = 0. Ypa nun-
na U(x) = 0 Ba spkun 3appa cunrapu (8.2) KypuHUILIAIU
[IIpeaunrep TeHrjiaMacuHU OJIaMU3. Dy TeHIyIaMaHUHI €9rMU
(8.6) kypunwmIITa sra. JHjan yimoy nkkuTa equmaapan X = 0 Ba
X = a JerapaBuil HyKTaJjapaa “yjaanr Kepak, abHU derapaBuii
mapTIapHl aHUKJIAII JIO3UM. erapaBuii mapTtiaap cudarujia
TYIKUH QYHKIUIHN 1Ty HyKTaJap/a y3/AyKCH3 OVINIINHT KYyJl-
naiivMns (x — a — 0 gan Tomonyan, X — a + 0 yHr ToMoH/1aH
JTUMUTIADHE AHTIATaJIN )

xliglolp(x) - xligrlolp(x) 0=Ae"+Be
: _ 1; ika —ika __
xgzrlotp(x) = xliirl0¢(x), Ae™ + Be ™ =0.
bynapnan
B=-A

2iA sin(ka) =0 87)

HATUKAHU ojlaMu3. TYJIKIMH (QYHKIUSIHU Y3JIYKCU3JIUTHE 3appa-
HU TOIMII SXTUMOJUINIY 3UUIMIU OUp HYKTaJaH KYITHU HYK-
Tara YTUImaa y3rapMac OV 3apypPJAUTTHUHT OKHOATHIA].
Axkc xos1a Via HyKTa/la 3appaJjapHiaHr MaHOan Oyiap 911 éku
yJIapHU IOTUJINIINA coaup Oyimap saum. XakKukuii YKiaa pusnka-
Buii MabHora sra 6yimaran (A = B =0, ¢(x) = 0 — rynkun
(OYHKIUSHIHT HOPMUPOBKa MApTH OarKapuMaiiuran) TpUBH-
aJl eIUMHM Taliad 1060pud, TYIKUH COHUTa HUCOATAH IIAapTHU

0JIaMU3:

sin(ka) =0, ky = % n=1,23,...
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Bynja punuT Xapakar yayH Ypunin Oyaran XyJTKHE Ky PUTIT
MYMKWH, 'bHU SHEPTUs CIEKTPHU JUCKpeT Ba afinumaran. [TIyH-
nailt Kmamb, Xycycuit KuiiMar Ba Xycycuit pyHKIUsIap YIyYH KY-

fujgarnjapHu TOIaMMIs:

7 r2n2 \/gsin x),0<x<a,
Ev= G Pn() = () (8.8)
0, x<0,x>a.

. - 2 - . . .
21A = \/; HOPMUPOBKa KYIIalTyBUNCH TYIKUH (DYHKIUAHITHT

[0 =1

HOPMEPOBKa MapTujian anukianamm. 8. 1-pacmia P (x), o (x),
P3(x) xycyenit pyHKIMsATAD TACBUDJIAHTAH.

Iz0x. JleBopsnapu deknn OYyraH MOTEeHIHA] Ypa yIyH KV-
mMYa, JerapaBuil 1mapT naiijgo OVuiaanm — Oy HKKHUTA COXA
gerapacua TYIKUH (DYHKIUSI Z—f XOCHJIACUHUHT  Y3/IyKCU3JIMK
maptu. Acinga xaMm, (8.4) ramuasronunan yuayn [lpegunrep
TEHIVIAMCH/IAH, Z—f XOCHJIA —2h—’? [E—U(x)] ¢(x) kypunuma-
Il KUCMU{-y31yKens (pyHKINAIaH OJIMHIaH HOAHUK, HHTETPAJIra,

TEHTJINTH KeJINO IMKa/IN, JIeMaK, V XaM y3JIyKcn3 (PyHKINAIID.

3-mucost. dueprugcn E > 0 O6yiaran sappa X = —oo Ttapadian
X YKu Oyitnab mycoar fiyHaauma

0, x<0,
U(x):{
400, x>0
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U(x)

N

8.1 - pacm: Kenryiuru a 6§iaran dekcus aykyp Tyrpubypuakiu noreranuari ypa U(x) sa
raMIJIBTOHHAHHIHT JacTIabKu yara P, (x) xycycuit yHKImsanapn (MxTuépuit
macirad). Hrpuxiap 6uian 3appa xoitraima oavaiiguras x < 0 Ba x > a
coxayiap axKpaTud KypcaTuyiram.

KYPUHHUIIIA aHUKJIAHTaH [10TeHIIA 1eB0) TOMOHIA Xapakar-
JAHSITH. 3appPaHuHr TYIKUH (YHKIUICUHA E3WHT Ba YHU “Jie-
BopJan’ KaiTui KodhbUIrueHTHHN TOIHT.

Equvu. TMorennman maiigon U(x) = +oo 6ynran x > 0
coxaja TYAKUH (PYHKIMS Hojira TeHr. 3appa X < 0 mandwnii
spuM VK 0Vitnad XapakaTianumu MyMKuH. by coxanga Ipeun-
rep TEHrMacuHUHI ednmMu (8.6) Outan MOC KeJiaju:

k>
T 2m
oyuna k > 0, A,B = const, ¢, — tymaérran, P, — KaiTran
TynKuHIap (8.2-pacm).

E , P(x) = Ae™ + Be ™ =y, + 1, (8.9)

[[Taprra xypa Ousra zappanunr E sHeprusgcm Oepuiran.

Bapua karramukiaapan k TYIKIH COHE OpKaand nudopaaaiMus.
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Ulx)

2.

8.2 - pacm: Bepruxan norenmman “aesop”. Tymraérran (A e*¥) pa aiitram (Be )
TYJIKUHIIAD CXeMATUK paBUIIa TacBUpJaHrad. By epaa x < 0 coxana P(x)
Tk DYHKIMs Yy NKKATA TYIKHHIAPHUHT CYTIePIO3UIUACHIAH HOOpaT-
JIHP.

(8.9) dopmynasan

k =+2mE/h (8.10)
SKaHIrH Keub ankajan. P(x) Tyakud GyHKImga GupruHIn
P, = A e* xanmm makiman x YKu O§iab Mycoar iyHasIm-
Jla XapakaTaaHaéTran py = +-hik umiynbean 3appa Jied Kapari
mymKuH (“nesopra’” Tymaérran TikuH ). [lyHra yximan, nKKnm-
un P, = B o~ ikx Xa/[HU TecKapu yHaulga xapakarjiaHaeTran
(“neBopra” ypuind Kaiitran) p, = —hk umnynbean 3appa je-
fimm MymkuH. Tynkun dynkmusauar ¥3u x < 0 coxaja ymoy
TYIKUHJIaAPHUHAT CyNepHo3UInschuial nbopar Oyiam.

[Torenmuan T{cnkaan KaiTuin Ko3(pOUIIeHTHHN Kyiiniarn
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Tap3/a aHuKJIaiMu3:

R = |;—‘ (8.11)

Oy epjia J, Ba jx — MOC X0JIJa TYMIaéTral Ba KallTral TYJIKUHIAD
IXTUMOJITK OKUMHI 3uIrKIapu. Yaap (7.19) dopmyrara kypa

Jr = %(lpde ~ dx>'
o indyr L dy,
Ik = 5 (l/’ _l/’K > (8.12)

e—ikx

ndojiasapaal ToIuI . Yiapra P, = A e** gy Y, = B
JIApHU Kyitno,

k

= lap = - ppt 1—

HaTuzKara KejgaMmus. TYnkna dynknuara X = 0 HykTajga Kyiin-
JITAH YerapaBuil MIapTHU €3aliI1K:

lim ¢(x) = lim ¢(x), Ae’+Be®=0, B=—A.

x——0 x—+40
Kyrunraangex, OyHzmail “geBopjaH’ KalTuil KodbDUINeHTN
R = 1. (8.11) dopmyragarura yximad, MOTEHIHAT TYCUKIAH

YT KOdPPUIMEHTUHT aHUKJIaiMMI3:

. ih( d d
D=ji/ju Js=7 (%&—% %)f (8.13)

Oy eplla Py — noTeHI Al TYCUKJAH cU3U0 §Tran TYJIKUH (TyCMK—
JaH YHr Tapad/ia Koiaamran 3appa TYJIKuH ¢yukiusicn ). bus
Kapaétrrat xo/ija Py = 0 Ba my cabadb D = 0.
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8.3 MycTakun nwnaw y4yH Basudanap

8.1.

8.2.

8.3.

8.4.

8.5.

(8.3) mu (8.1) ra kyitu6, (8.3) éiinmma woctanmonap IIpe-
JIMHTED TeHTJIAMACHHUHT €TUME SKAHJIUTUTA UITOHY XOCHJT
KUJTAHT.

VxTuépuit Tyakua GyHKIusaap yayH yJIapHUHT cKaJsp K-
maiiTMacu BakKT MoOaliHIIa Y3rapMacIurnil KypCaTwHT:

(p(q,)|9(g,t)) = (¢(4,0)|p(q,0)).

Ymby HaTuKagaH Qoiigagsannd, arap

{¢1(4,0),42(q,0),93(q,0), ...}

TVIUIaM — TYJIKUH QYHKIUsIap dpa3ocujia opToHopMasl ba-
3uc Oyiica,

{1(g,t),v2(q,t),¥3(q,t), ...}

TYILIAM XaM — OpTOHOpMaJI Da3uc OVIMITIMHNA KYPCATHHT.

A

Kuitmarn skcrnepuMentia Yadanagnran F xarragnkka F
OPMUT orepaTop Moc Kyimiaran oysicu. CralpoHap XoJiaT-
na F yprava knitvar sa Py(F = F,) sxrumosik (arap F
OIIEPATOP Y3IIYKCU3 CIEKTPra ara O¥iica, Py (F) sxruMosntk
SUYIAIN) BAKTIa OOFJIMK SMACJUIMHE KYPCATHHT.

VIxTuépnit HocTarmonap XoaaTAa SHEPIUAHUHT ypTada Kuii-

MaTHUu BaKTI'a 6OFJH/IK OMaC/IUTMHU K}U/pCaTI/IHF.

X YKUHUHT MycOaT HyHaJIMIINIa XapaKaT/JIaHaéTraH d9PKUH
3appa p uMIlyjbcra sra. BakTHunr uxrtuépuit £ onnja, Jo-
Ml daszaBuil KymaiTyBuurada aHUKJIMK]Ia, 3appaHuHAT
P(x, t) TYIKUH DYHKIUACUHI E3UHT.
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8.6. BakTHuUHr OonLIaHFY OHIJA 3appa,
1
#(x,0) = 5 [91(x) + pa(0)]
TYIKWH (QyHKIMS OuiaH aHUKJIaHTaH XOJIaT/Ia yKOoTaliraH.
By epaa 11 (x) Ba P2 (x) — 3appa H ramuinsronuanuuunr Ey
Ba E, xycycuit Kuifimatyiapura Moc Xycycuit (pyHKIUsAIapu.
BakTHuHr nxTtuépuii t onmaa 1p(x,t) TYIKUH (DYHKIUSHN

Ba 3appa sueprugicurunr (E) yprada KuifiMaTuHn TOTIUHT.

8.7. llorennuan ypaja koitamran 3appadur P, (x) Tynakus
byHKIIsicn HopMEpOBKacuiaH (dhoiitasannd (2-Mucosira Ka-
panr), (8.7) renramaiaru 2iA goumuiiny, dhasaBuil Kyaii-

TyBUNTaYa aHUKJMK]Ia, XUCc001a0 TOINHT.

8.8. IMorennuan ypaja 3appa: a) P1(x); 6) Wo(x) xosaria Koii-
namrad. Bapua xakukuit p consap yuyH py(px = p) sxru-
MOJITUK 3UYTHK/IADUHEA TOTIUHT.

8.9. BakTHuUHT OGepusraH OHHJA 3appa MOTEHIHaa Ypaia (2-

MUCOJITA KAPAHT)

2/35 0<x<y,
P(x) = . N
2\/;'(1—5)1 2Sx=a

TYIKUH QYHKINA OMJIaH aHUKJIaHTaH HOCTAIIMOHAp XOJIaTAa
JKoittamran OyyicuH. 3appa sHeprugcu YiadaHranjga Eq; =
h 2

a2 KHﬁMaT OJIMHUIIIN IXTUMOJIJIMTUHW TOIINHI.

8.10. Dueprusicu E Oyiran 3appa
0, x<0,

U(x) =
Uy, x>0

156



M. HuirrionoB, mnishonov@gmail . com

IIOTCHITAJI MaﬁzLOH):Lal

X = —oo Tapadjan x YKu Oyitiad
mycoar iyHaauma xapakariansiara. E > Uy > 0 j1eb xa-
OyJ1 KWJIMHIaH. 3appaHuHr TYIKUH QYHKIUICUHA 63UHT; R
— TycukaH Kaiitum Ba D — Tycukigan Yruin KoddduimeH-

TUHU TOIIMHT.

8.11. Dueprusicu E 6yaran 3appa

0, x<0,
U(x) =
Uy, x>0

moTeHIua I Maiijjonja x = —oo Tapadgan X YKu OViiiad
Mycoar ityHaanita XapakatiansaTn. E < Uy 0yiica, 3ap-
paHWHT TYJIKWH (DYHKIUACHHI ¢31HT; R — TYCuKIaH KafiTui
Ba D — Tycukgan yrumn KosdpuimeHTHHn TOIrHT. 1§ CnKo-
CTU YTUINTa XOC 0 IYKYPJIUKHI XaM aHUKJIAHT.

8.12. Dueprusicu E 0§iran 3appa

0, x<0,x>a
U(x) =
Uy, O0<x<a

MOTEeHNNAJ Mailonga’ X = —oo Tapadgan X Vku 6yiliab
Mmycoar ityHasuita Xapakatiansar. E > Uy > 0 6yiica,
D — rycuxgan yruin KoM UIUEeHTUHA TOINHL.

8.13. Dueprusicu E 6yaran 3appa

0, x<0,x>a
U(x) =

Uy, O0<x<a

Lhorennman “suna”
2y rpubypUAKIIN TIOTEHIIAT THCHK,
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moTeHIa I Maiijjoaja x = —oo Tapadgan X YKu OViiiad
MmycoatT ityHanumga Xapakatiagganrt. E < Uy 0yica, D —

TYCHK1aH §TUI Ko9hUINEHTHHI TOINHT .

8.14. *Bup yuraamian norennnan Maiijgonjga Tomac — Peiix — Kyn
HUFUIT Kongach® 1e6 aTaayBul KyHijarn MyHOCaOaTHI HC-
OOTJIAHT:

2 H
X)|x X E,—E;) = —,
;Hlﬁn( x9N (Ew — Ex) = 5

Oy epna Pr(x) — 3appaHUHr KaHJIalJnp CTalioHap XOoJa-
TUHU nQoJaJaéTral TYIKUH (DYHKINA, 1 HHJeKcra Kypa
fimrnaau 6apda cTaloHap XoJaTaap OVitmua barkapuiiaiu.
Kypcarma: P (x) xonaraa |£, [I:I, %|| oneparopunur ypra-

qa KUAMAaTIHN XUCOOJIAHT.

Lyyanen sapdexrn
2 pyc. mpaBmwiio cymm Tomaca-Peiixa-Kyna
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9- maB3y

YHuzukJam rapMOHUK OCIIAJLIATOPD

9.1 lNoTteHuwnan

3appa, X = Xg HyKTaJla MUHIMYMTa 3ra O3JIran, Kaujaimp
U(x) noreniuan §paja »xoitiamran 6¥icun (9.1-pacwm).

r U{_‘(]

9.1 - pacm: 3appa Koilnamran, X = X HyKTaja MEHAMYMIa 3ra Oy/raH, TOTEHIIUAI
(y3iykeus unsuk). Y3yK 4M3MK OHJIAH Iy MOTEHIUATHHU, |X — Xo| KaTTammk
. 14U 2
KuiiMaTIapuIal KHanK qertannmiapia, U(xo) + 553 (x — xo)” mapabosa
OPKAJIU allPOKCUMAIIUACH TACBUPJIAHTaH.

U(x) dyukiustun x = xg HyKra arpoduia Teitjop karo-
pura edaiik:

U(x) = U(xo) + 1

(- x0) + 1d2%U
Y1 0/ 51 dx2

(x —x0)> +0O [(x - xo)ﬂ , (9.1)

X=Xq
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6y epaa O [(x — x0)®] opkamn (x — xp)", n > 3 raprutin
Xautap Oenrmyianrad. EitmaMajary HOJIMHYM XaJl SHEPTUSTHUHT
bapua carxjapunu U(xg) Kufimariu joumuiira 6Up Xua cuji-
YKUTAJIM Ba y Xycycuil (pyHkmmstaapaa ake stMmaiian. [y cabab

U(xg) = 0 aeb osmmn HaTuzKasapra Tabcup Kuamaian. Iy

Onan Oupra X = X HyKTa JIOKaJ SKCTpeMyM OYJIraHInruiaH,

‘Zi—g = 0, Ba €éiluyMaHUHT OMPUHYU XaJU HOJIra ailjiaHau.
X=X

Sappa SHeprugcu KNMIuK Oyiranja YHUHT TYIKAH (YHKIUSICH,
Ba JIeMaK 3appaHi TOIUII IXTUMOJLINIY 3UIIUIT X = X HYKTa
aTpodugarmHa cesuaapan Horjgad papk Kutaan. Iyauar yaya
(9.1) éimnmaga O [(x — xo)?’] XaJJHU XaM X1cobra oJIMacjuK
MyMKuH. KoopuHaTa OOMIMHA MUHUMYM HYKTACHUTra CUIZKIUTHO,

Kynnjgaru KypuHuiiari 1moTeHInaJ i oJiaMus3
U(x) =ax? a>0. (9.2)

Arap TebpaHuII yuyH W 6ypUyaK YacTOTACHHN & = Mw? /2 Tap3-
Ja kupuTcak, (9.2) ndo/ia K1accuk MexaHuKaiarn In3nK I tap-
MOHHUK OCHIJIJISTODP HOTEHINAJIN OMIaH Oup Xua Oynub Koain.
Yuiby norenrmasian (8.4) udojgara Kyiud, oCHUISITOPHUHT Ta-
MIJIBTOHUAHITHN OJIAMU3:

. e A2 mw?x?

H = 5T + R (9.3)

By ramuisronnan yayn (8.2) crarmonap [l pegunarep Tenriama-

cnu hz dz n o
- 2m lgxgx> + ma; . ¢”(x) = En1,bn(x) (9.4)

KYPUHUIIHKA OJIa . DHJIN X = mh—w ¢ aJMaIITUPUII OarKapuo,
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(9.4) Tenrmamaiaru KoahhUIIEHTIAPHN JTIaMCH3 KUJTUIIT MY M-
KIH Ba TEHIVIAMaHUHI KYPUHUIIN COJIaJIallau:

= lcll)ggg) + 8% (8) = entpu(0), (9.5)

oy epaa &, = % — yuraamMcus sHeprusi, ¢ — YurdaMcus3 Koop/iu-

HaTa.
Sappa moTeHnuas ypaja »KoMjalraHJIurujgal, YHUHT Xa-

pakaTy (GUHUT OYJIUIIN JIO3UM, SI'bHU ghT ,(¢) = 0. byn-

Jail xoccara Ky coHJArv CHJLINK (DYHKIUSAIAD 3ra, MacaslaH,
Ae=PE — Tayce dbynxiuscn, B > 0. Yuby (&) = Ae B
bynkmustan (9.5) renrmamara 6eBocura Kyind, B = 1/2 6§-
raajga y €9 = 1 SHEprusyim eduM SKaHJIUIUra, UIIOHY XOCKII
Ky MyMkuH (6.2-Basuda). Bomka eanmiap, n > 1 6§
ranga, Pu(8) = Qu(&)e /2 kypunuiiia ramwnanagn, Q,(E)
— 0y ¢ ysrapyBun Oyitmdaa n-raptudin mnojunom. Xucobiariap
xaKkn1a 6aTadCcyl MabIyMOT OJIUII YIyH KBAHT MEXaHUKACUTa
OaruiLIaHral Mab/IyM ajaduéTaapra MyposKaT KNI MyMKUAH.
Hlynmait kb, (9.5) TeHNIaMAHIHT eqrMIaph Ky injgarn Xycy-
cuit (pyHKIMAIAp Ba Xycycuil KuitMariap 6yiaim:

Yn(&) = CuH,(E)e ¥, ey=2n+1, n=0,1,2,...
(9.6)
by epna

di’l
H,(g) = (-1)'e ¥ = (%)
N-TapTHOJI DPMUT TOJTUHOMIIAPH,

Co = (VA2'n!)~ ~1/2
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JOUMMU A
—+o00
[ #3€)9(2)dE = b (9.7

OPTOT'OHAJIIINK XOCCacuJaH aHUKJJIaHa M.
Borutanrua y3rapysumnapia (9.4) TeHrIaMAHUHT eduMJIa-
pu Kyiujgaru KypuHUAIra sra:

~ mwxz
Yu(x) = C,H, (”n;_wx) e~ 2 , E, =hw (n + %) ,

—+00
& - 4/”;_%”,/ 0 () (X)AE = 6,1, (9.8)

oy epuran =0,1,2,....

Mucosutap unaniia ¥, (&) GyHKuusiiapu yays, IpMUT 10~
JIMHOMJIAPY XOccalapuiaH OJIMHaJNIaH, PEKKYPeHT MyHocabaT-

Jap Kepax O¥yuiaiu:

glpn(g) — \/§¢nl(g) + . —Zl_ 11/)n+1(€)/ (9'9)

(@ = 30 © " 0@, 010

Msox: Kuekamuk yayn ¥, (&) tinkun dbyukuusiap ypHura
Oab3uia |1) XoJaT BEKTOPJAPUHI KYJLIaiMus,

I-mucost. YusuK/M rapMOHUK OCHUJLIATOP |1) cTaiuoHap Xo-
Jatria Koiytamran. KoopjumHaraHunHr <Ax2>n Ba, UMITYJIbCHUHT
<Ap§>n ctepcusicuan TonuHr. [eiizenbepruunr (7.3) HOAHUK-

JINK MyHOcabaTn 0a KapUInuIINHT TeKIITTPUHT.
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Eunmn. Koopannara aucrnepcnsiciin

(Ax%)y = (x%)n — (x);

ndojara Kypa xucodaaiiMmmns. Kypuaubd Typranmjiek, gactiad Ko-
OPJIMHATAHUHT (X ), ¥pTada KHAMATHHI TONUIIUMUS 3aPyD:

(¥ = (nl2ln) = {zg\/z} \F ()

Xucobsaniapau baxkapuriga ¢ y3rapysunra §auk, (9.9)
PDEKKYPEHT MyHocabaT Ba TaMUJILTOHHAH Xycycuil pyHKIMsIa-
punrHr (9.7) oproronasuK xoccacugan doiinananauk. Mm-

IyJIbCHUHT <px>n Yprada kuiiMarn xam mryHra §xmair, (9.10)
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peKKypeHT MyHocabaTaaH (oitjgaaannd, TOnIaIn:

o [, hd d
<px>n = <n‘l9x’n>—{]9x—?%— vV hmow }

i
(D) "~
= —iVimo [ 9@ "’;g 4z = —ivima [ () x

X <\/gllin1(§) — n—zl—llljnﬂ(é)) d¢
= iy [ @ (@ +

—+o00
iU T (@) = 0

Koopannara kBajparu yprada KUAMaTHHI XUcoOJIall yIyH
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(9.9) pekKypeHT MyHOCAOATHI UKKH MapTa KYJLIaIl 3apyp:

(W0 = (@) = @) = T @) (@) dg

— nfl—w/’abZ(g)g (\/glpn1(§)+ n‘2|‘11l)n+1(§)> dg
- " [y <\/§¢¢n1<é)+ ”Zlétpm(é)) a

= \/gnfl—w 7902(6)( _1¢n2(§)+\/g¢n(‘:)> ¢
\/m /wn (

1
i %+z(<§)> it = (5 + ")

—i n_i_l
 mw 2)°

Mnynbe kBajparn yprada KuiiMaTi XaM Iy iy Ousian

P (8)+

165



M. HuirrionoB, mnishonov@gmail . com

Xnco0/1a0 TOINIIAIN:

(phn = —hmw/% {dg%(é‘)} dg

d
= —hmw/TIJn d—g(\/7¢n 1
1Pn+1 )
— \/7hmw/l/2n an 1(8)d¢ +
+ﬁhmw/ l/JZ(g)%anJrl(g)dg

= \/thwyoow:(@( —

La(0)-
—\/§¢n<¢>) 4z -+ /" e x
></ (&) ( n+1¢n(€) — \/n_2|_277bn+2(§)> d¢

n—+1 1
= hmw <2+ > )—hmw<n+§>.

[Tynpait kumub, (Ax?), - (Ap2), = h* (n + 1)2 > hz.
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2-MucoJ1. YMBUKJIM FapMOHUK OCIU/IJIATOP MaMUJIbTOHMAHUHITHT

|n) xycycuit dynkiusapugan ubopar 6asucia £ KoopuHaTa

Ba Py UMILYJILC OLlePATOPJIAPUHUHT MATPULAJIAPUHY KYPHUHL.
Eunmu. Vxtuépuit ukkura n Ba 1’ ngexkcjaap yayH X, =

(n|X|n") MaTpuK s7eMeHTHI TONAMUI3:

Yo = (nl]n') = f / Vi(E)Ep(2)de
SNy / G ( () + /+1¢n+1(§)>d§
o @ae (T o
@@ =\

(n"+1)h
2mw

+ 5n,n’—|—1 .

[Iynaait Kuanb, X orepaTop MaTPUIIACUHIHT KY AT 3J1e-
MeHTJIApUTIHA HOJLIAH (PapKIn SKaH:

| nh [(n+1)h
Xnn—1 = Y110’ Xnn+l = % (9.12)

Koopaunata oriepaTopu MaTpuiac SPMUT SKAHIUTH Ky PU-

. _ *
HUO TypUOIH: Xy 1 = X, 1 ,,- VIMIIyJIbC OmIepaTopu MaTpuiiacy
MATPUK 3JIEMEHTIAPUHI XUCO0J1a0 TONUIIHT YKYBUMIa KOJIJIH-
pamu3. Harmkajja pMuT Marpuiia oJnHau:
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. [nhmw . (n+1)hmw
(px)n,n—l = —1 T’ (px)n,n—i—l — Z\/ 7 .

(9.13)

3-Mucos. Uu3uKJIM TapMOHUK OCHUJIIATOPHUHT CTallOHAD XO-
narn TyaKuH bynxiuanapuia (123 |n) maTpuk snementHu Xu-
co0J1a0 TOTIMHT.

Euanvu. Kyituiran Basudanu, okopugaruiek, (9.9) pekxy-
peHT MyHocabaT épjamujia darkapuil MyMKHH. AMMO »KaBoOHM
TE3POK, OJIUII YUYH 2-MUCOJI HaTUKaJapuHU KYJuTall Ba Kyiiu-

naru dpukpianiapaan oiagaHral MabKy/l. X° OolepaTopHH

ydTa olepaTop KylnanTMacu IIak/Injia Kapall MYMKUH: £ =
X - X - X. bynngait onepaTopHUHI MaTpPUIACH, YN3UK/IN aaredpa-
qa MabyiyM (6.38) “carp-yeryn” Koujia OFiinda, yara amoxuaa X

orepaTopJap MaTpulagapu KymnaiTMacian nobopar:

(0.¢]
(323)1111’ — Z Xnl * Xim * Xmn! -
I,m=0

By eppa ifinrusgaununr 6ab3u Xalapurunia HoJial (papKim
oynamn. Xaknmkarian xam, (9.12) xoccara kypa | = n £ 1,
m=1x1n" = m=*1 Bal,m unnexcaapun MyMKun Oyran

Oapua KuiiMaTIapu yIYH KyUHJaITHA OJIaMU3:

A3 .
(X )nn’ = Xun+1 - Xn+1n+2 * Xpron/ + Xnn+1* Xn+1n ° Xnn! +
FXnn—1 " Xn—1n" Xnn' T Xnn-1"Xn—1,n-2" Xp—2n'

3

Hemax, X° omepaTopHUHI akaT KyHnIarm MaTpPUK SJIEMEHT-

JIApUTMHA HOJJIaH PapKJIn:
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A3 L
(X )n,n+3 — xn,n—i—l : xn+1,n—1—2 : xn+2,n+3
B 3/2
= | —— n+1)(n+2)(n+3
(o) Vs D+ 2)n+3),
A3 L
(x )n,n+1 = Xpn+l " Xn+1n+2 ° Xn+2,n4+1 + Xnn+1 " Xn+ln * Xnn+1
3/2
hn+1)\
+xn,n—1 “Xn—1n-2" " Xn-—2n+1 — 3| ——
2mw
a3
(x )n,n—l — xn,n—i—l : xn—i—l,n : xn,n—l + xn,n—l : xn—l,n : xn,n—l
3/2
hn /
+xn,n—1 "Xn—1n-2" " Xn-—2n-1=— 3
2mw

A3 L
(x )n,n—?) — xn,n—l : xn—l,n—Z : xn—2,n—3

_ (%)M Jn(n=1)(n—2),

OllEpATOPHUHI KOJIraH Oapya MaTpPUK 3JIEMEHTJIapu HOJITa,

5&3

TCHI.

9.2 TynaupyB4yn coHnap cdopmasinamu

Kyfingarn oneparopjapHi KHPUTAMUS3:

Y

Borika Tomon1aH:

d
g = il

( +ﬁ+)’ dé

(@a—at). (9.15)

Sl

V2
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FapMOHUK OCHUILISITOD TaMuIbToHnaHuHr Py, (&) Xycycuit

byHKIMsICUTa 4 OIePATOPHU TabCUD TKA3ANINK:

(@) = (éwn(@ "””(‘5))

i
(s
L (\[ P +1%+1(§)>

= Vni, ( (9.16)

Okopua (9.9) pekkypeHT MyHOCAbATHN KY/LTajuK. [lemax,

z —2|_ 1lpn+1(‘:)> +

d onepaTop Xycycuil (GyHKIUATa TabCUP 3TUO YHUHI UHJIEKCUHU
1 ra xamafiTupap sxkan. Ukkunum 47 oneparop 6yica, Xycycuii
byHKIMST MHACKCHHN 1 ra ommpain:

At _ L _dlpn—l(g)
(@) = s (a0 - )

1 n—1 n
— 7§< — Y- 2 )+\/;§bn(§)> -

1 —1 n
_7§ ( an—Z(é) o \/;lpn(‘:)>
— \/ETPn(g) (9 17

(9.16) Ba (9.17) mynocabariapaan, @ Ba A oneparopJap-

HUHT, Kyiujgara HoJijgaH hapKain MATPUK SJIeMEHTIapUHI OJia-

MU3:

(n—1ldln) = (nla*n —1) = /n. (9.18)
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[apmonuk ocr/isiTop ramuibronranmia (9.15) épramuia
Y3rapyBYMIAPHE AJIMAIITUPHUO

n 1 1
H = hw (ﬁ*ﬁ + 5) = hw (ﬁ + E) (9.19)
ndonara kejnamus (6.7-asuda). By udonagarn i = 474 one-

paTtop — TVJIJUPYBYN COHJIAP onepaTopH1 nefinaagu. Y Xycycuii

byHKIHIATa Tabeup 9THO, YHU 1 MHACKCTa KYTIalTUpuO Kysiin:

Apn() =npu(g). (9.20)

[MTapTiu paBuiijia, rapMOHUK OCIMJLIATOPHUHT M-XOJIaTHIa
xap Oupu hw sHeprusiim 1 Ta KBasusappasap Moc Kejaajn jied
Kaby/1 Kuuin MyMKuH. Y xosta (9.8) dopMmynaia aHuK/1aHTaH
E, = hw (n + %) TYIMK, SHEpPrus KBazu3appaJjap SHeprudiapn
Ba Ey = %‘” BaKyyM SHEpPrusicl MUFUHINCHATA TEHT. Y10y dop-
masmsmiarn @ Ba A1 oneparopaap, (9.16) Ba (9.17) xoccacura
Kypa, MOC paBHUIILJa P’IyKOTquM2 Ba HpaTquI/I?’ orzepaTop J1ed
arajaJii. Yjaap rapMOHUK OCIUJIISTOPHUHI CTallOHAD XOJIaTH-
ra TabCUP STraHJa VIla X0JaT SHEePIUsiCHHU AW KaTTaInKKa

KamafiTupaju (ormmpan).

4-MUCOJI. 3-MUCOJIIATY TONIIUPUKHNA 4 Ba AT omepaTopsap/an
doitpasannd dGaykapuHr,
Eamvin. Matpuk smementia (9.15) éppaMuia i{KOTYBIH Ba

Lpye. oneparop umces 3amosmenmst
2 pye. omepaTop yHIYTOKEHIST
3pyc. omeparop poxaeHus
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dpaTyBUl olepaTopJjapra yTaMus:

(n]#]n') = (i)m (n|&n'y = (i)/ (n](a-+ &+

maw

B 3/2
= (—2mw) (n|a® + %t +aata+ (%) a4+ ata ) +

ho\? 2 3
+ | =— nlataat +a(at) + (a*)" o’
(o) o (@) + (@) )
By epaa kyd ndomann oguin TapTudura 3LTHO0P KapaTtamMus: i
Ba A7 oleparop/ap KOMMYTaTUBMACIUIUIAH, I0KOpUIaru 1do-

JaHUHT Xap OUp XaJu aJoxujia E3uInInd 3ypyp. demax,

(n|a’|n’) + (n|a%a*|n') + (n|aataln’) + (n| (ﬁ+)2ﬁ]n’>+

(na*a?|n) + (n|a*aa* ') + (n|a (7)) + (n] (") ')
Onaum n Ba n' opacmia Kamgail MyHnocabar Oyiaramma ymoy
CaKKM3Ta MaTpUK SJEeMEHTIapaaH Kaiicu Oupm HoJjgaH dapK-
M SKaHJINIHHK anukiam kepak. Macanan, (n]a’|n’) dakar
n' = n+ 3 6yarangaruna HoJIra TEHI SMAc, YyYHKK yuTa d olepa-
Top |n') xosmarra HagbaT OuiaH TaAbCUD STTAHJA, YHUHT TY/1IH-

/ 9 o
pyBUM coHjapuHu n' — 3 rada kamaitupagu. Hlyrgait kunmo,

(n|aaa|\n 4 3)0,/ 13 + (nlaaat|n +1)6, .1+
(n|ﬁﬁ+ﬁ\n + 1>5n’,n+1 + <n[ﬁ+ﬁﬁ\n + 1>5n’,n+1+
(nlatatain —1)6,y , 1+ (nlataat|n —1)0, , 1+

(nlaatatin —1)0,y 1+ (n|atata*t|n —3)0, ,_3.
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Kponexkep 6esrucu épuamMuia gpaxar HOLIAH HapK/Id MaT-
PUK 3JIeMEHTIap XIcoOra OJMHMOK/Ia. YOy MaTPUK 3JIEMEHT-
napuu, (9.16) Ba (9.17) myHocabatiapan Kyiiabd, xucobmab To-

[TaMUn3:

(n|daaln+3) = vn+3(nladln+ 2)
n—+2)(nlan+1)

)(
= J(n+3)(n+2)(n+1),
(nlaaat|n+1) = \/(n+2)(n+2)(n +1),
(mjaataln+1) = \/(n+1)(n+1)(n +1),
(mlataaln+1) = \/(n+1)n-n,
(mlatataln—1) = \/(n—1)(n -1,
(n\ﬁ+ﬁ&+n—1> = Vn-n-mn,
)
)

3

[y i1y Omstan X° omepaToOpHUHT HOJIAAH (bapKJId Kyingarn
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MaTPpUK JJIEMEHTJIapUHN OJIaMU3:

(n|n+3) = (i>3/z \/(n +1)(n+2)(n+3)

2mw

h(n+1) 3/2
03
(n|%°|n+1) 3 ( )

3/2
(n|#3fn —1) = 3( i )

2mw

(n]2n —3) = (i)m Jnn—1)(n—2).

2mw

S5-Mucos1. Mops norennuaim
2x x
U(x) = Uy (e7 - 2ea) , Uoa>0

MailJOHI/Ia YKOMIAIITaH 3apPaHIHT TYIKIH (DYHKIINSACH Ba SHEP-
sl CHHEKTPUHU TOIIMHI.

Eunmun. Kyiimaran macajann TakKpuOnili eduMIHNA TOIIAMU3.
By makcajyia U(x) dynknuanu Makiopen karopura éin6, x
{3rapyBUMHUHI KBaJipaTurada OVraH Xa//IapHu KOJIJIIPaMU3;

2x 1 /2x\?
U(x) = UQ{1+;+5<—) + ...

a
x 1 /x\2
214240 (3) 4.
a 2! \a
UQXZ
~ —Uy+ ot (9.21)
Arap mTwz = % MyHOcabaT OMIaH W YacToTa KUPUTHJICA,

U(x) dbyukiust, sueprus carxjiapu —Uy jonMuiira CujizKuram,
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L U (x)

9.2 - pacm: U(x) = Uy (e%Tx — 2€%> — Mops norennuam (y3/1yKeu3 9u3uK). Y3yK IU3HK

2

o X
OwiaH |X| HUHD KUUuK KuiiMariapuia norennuaann — Uy + Uao_z mapaboJia
OPKAJIN AIIIPOKCUMAITUSACH Ky PCATUITaH.

YUBUKJIM TAPMOHUK OCLUJLIATOP HMOTEHIMaI Oulal Takpudban
moc Tytman (9.2-pacsm). TYKuE QyHKINAIAD Ba SHEPIHs CIIEK-

tpu (9.8) ndonanapian, w = \/% AJIMAIITUPHUIN OUIAH, OJIU-
HAJIN:

/4

4 4 o
P (x) \/ZmUO/an (\/Zmuox) - 2y 5
v 2"n'ha Vah

h /2 1
E, = —\/ﬁ<n+—) — Uy, n=0,1,2,..(9.22)
a m 2

(9.21) anmpokcumalst, HOTEHIMAT MUHEMYMUJAH KUK
veraHuIIapa, |x| < a 6yuranaa, s E, SHEPrusHUHD K-
UK KUMaTIapyiariia, KyLIaHnInmg MyMKIH. Bolkaya, aitT-
ramjia, udojacu 1-MUCOI eUUMUIAH MabjyM OY/raH, KOOpiu-
HaTaHUHI YpTraua KBaJpaTUK YeTJaHUIId 4 KaTTaJuKIaH aHda
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KUIUK OVJIMIIN JIO3UM:

ot = \[h (n+1) = g (7)<

OyH1aH

V2mUga 1
S !

XoJlaT MHJEKCU M HUHP (aKaT IIyHail KuiMarjiapujiaruHa

(9.22) TakpubwUii eIuM FPUHIIN.

9.3 MycTtakun e4dunws y4yH Basudpanap

9.1.

9.2.

9.3.

9.4.

h

(9.4) Tenrnamana x = ¢4/ = anMamTupun 6azkapuo, (9.5)

TeHIVIaMaH1 OJIMHT.

Po(¢) = AePE Tk QyHKiug (9.5) TeHrIaMaHn edn-
Mu Oymajguran B > 0 gomMuil KufiMaTHHU TONUHT. YIIOY

eduMIa MOC €y SHCPTUAHM TOIINHT.

Yusukjau — rapMOHMK — ocluuiaATpo () =
C [u(x) + i1 (x)] xonarmna xkoitmamran. Yy TIKHH
(OYHKIUSIHIAT  HOPMUPOBKa maptugad C  HOPMUPOBKA
KynaiTyBuncuin pazaBuil KynaiTyBuurada aHuKJIMK1a, TO-
nunr. 1y xonarma (x) koopjuaarta Ba (pPy) UMITYJIbCHIHT

yprada KuiiMaT/jiapuHu TOIUHL.

Yu3uk/am rapMOHUK OCITUJLISITOD |n> cTallloHap XO0JIaT/Ia
»xoftnamran. Iy xomatna <x4> <pfg> YpTada KuiiMaT/IapHU

X1co06J1a0 TOIIMHL.
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(9.14) anuknaman ¢oiitagannd 4 ornepaTopHUHT DPMUT
Kymacu A7 sxamurunn kypearunr: (4)T = 4t
"]

(9.14) anuxramian doitpananub [4, 47| kommyTaropau xu-

CcOOJIAHT.

(9.3) rapMoHuK ocI/LIATOp ravMusibronnanna (9.15) anma-
HITUPUIIL EpJaMujia HYKOTYBUM Ba dpaTyBYM OllepaTopJiap-

ra §1uo, (9.19) MmyHOCAbATHN KeJITUPUO TUKAPUHT.

l-Mucosiary TommMpuKHN, 4 Ba A1 omnepartopaapra §Tuo,

OarKapuHT.

Honmvuit F Kyd Tabcup 3TaéTraH YU3UKJIM TapMOHUK OC-
MUJLIATOD TYJIKIH PYHKIUSIAPU Ba SHEPIUs CIIEKTPUHE TO-

ITNHT.

Kangait mapriapaa (n|xX|m) marpuk smement rapmonuk
OCHIJUIATOPHUHT CTAIMOHAD XOJIATJIAPK/IA HOJITa TeHT?

— 1 (s
“TapMOHUK OCIULISITOPHIHT P (X) = ﬁ(llpo + 1) xos1aTu-
J1a KOOpJIMHATA Ba KUHETUK dHeprus yuyh [eizenbepranur

HOAHUK MK MyHOocabaTn (7.2) OaKapuInINHI TeKIITHPUHT.
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10- maB3y

Boaopoa aTommn

10.1 3appaHun mapka3uii mangoHaarn xapakaTtum

Arap norenmuaJ Maiigon daxar macodararuia 60rImK, 631-
ca, y Mapkasuit Mafijon jgeiimiaajgu. by Xosia raMIIbTOHUAH
hZ
H=——A+U(r
o (r)
Kypunuia ésunaan. By epaa A — Jlamnac oneparopu, U(r) —

cchepuK cuMMeTpusira 3ra OYIran moTeHIuaa MailjoH (PyHKIIH-

sicu. AlTraHumusjiek y dakar r = \/x2 —I—y2 + z2 — maiijon

MapKa3uJIaH 3apparada Oyiaran macodara OOFJIMK XOJI0C.
3appaHIHI MapKa3uil MaillJoH I XapakaT cepuK Koop-

JUHaTaaap TU3UMUIa KapaJajn Ba Oy xosja cramuonap [llpe-

JAUHTEP TEHIVIaMaCu

W(r,0,¢) = E¢(r,0,9) (10.1)

12
[—%A + U(r)

Kypusniia éutau. (5.19) nudogasa Jlamrac oneparopuan mm-

IyJ1bC MOMEHTH OIEepaTOPU KBaJIpaTu OPKAJIM aHUKJIaraH 3/I1K:

Yuioy ndogann (10.1) rerrmamara Kyitnd, 6ab3u cojujia y3rap-
TUpUILIapIaH CYyHT

{%(ﬂ%)_2$2muy—a}¢ma¢%=ﬁwnam (10.2)
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TeHrJIaMaln OJIaMU3.

(10.2) TeHrsaMaHWHT YAl TOMOHUJATH IMTAK/IA KABC H9U-
1a, 0 Ba @ Oypuak ysrapysunsiapra 6orink Oyimaran, dakat r
y3rapyBUHra TabCHP STYBYU ONEPATOP TYPHOAN. YHI TOMOH/A
sca, aKCHHYIA, 12 oriepaTop * y3rapyBunra OOFINK sMac, y dpakaT
0 Ba @ Oypuak y3rapyBumnsapra Tabcup 3Ta . bynjait xosiap-
na qudpdepeHnall TeHraaMa eIuME Y3rapyBInIapHA ayKPaTHUII
YCyJIM acocuja Kuaupuiagn. By ycyijia eduM K§pUHUIIN

(r,0,¢) =R(r)Y(0,9), (10.3)

maksia Tanaanajgn. Bynga R(r), Y(6, ¢) — kanjgaiiinp GbyHk-
nustiap. (10.3) wu (10.2) ra K§itnd, TeHrIaMAHIHT HKKAJIa Tapa-

bunu R(r)Y (6, @) ra 6ymamus:

1 [0 rzg _ 2mr? N N — 1 5
o o () - 2o )~ 1 RO = 34 PY(0,9) (104)

TenrnamMaHuHT Yall TOMOHH pakKaT ¥ ra, YHI' TOMOHH 5ca aKaT

0 Ba @ ¥srapyBumsapra OOfJINK SKaHIUIU KYPUHUO TypuOIn.
YOy nkkaJjia QyHKIHsIap MycTaKuI 7,0, ¢ apryMeHTIapHIHT
UXTUEPUIT KUitMaTIapuia TeHT OVIUIIN YIYH YJIapHUHT UKKUICH

XaM KaHgaiaup A jouMuiira aiiHaH TeHr OY/IraHarinHa Y PuHIn:

w2 (P2) - 22 [U(r) — E]} R(r) = A,

72 _
vaal Y (0, 9) = A

OJiMHTaH TeHrJIaMaJjap CUCTeMACHHI Kyinjiaru Ky puHMIiia ¢3a-

MU3:

{2(2) - 22 [U(r) - E]} R(r) = AR(),

(10.5)
PY(0,9) = AY(6,9)
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(10.5) renramarap cucremacua R(r) Ba Y (60, @) dynkiu-

su1ap, MOC PABUIILIA, {% (rZ%) — 2’;:;2 U(r) — E]} Ba I2 onepa-
TOPJIAPHUHTL, OUp XU A Xycycuil KuiimMatiaap TYILIaMura TYEpu
KeJIYBUM, XyCcycuil (OyHKIUSIIAPU SKAHIUTA KYPUHUO TYPUOIN.
12 onepaTopHUHT Y1 (0, @) xycycuii dbyHknusaiapu Ba xycycuii

Kuitmariapu (6.30) TenriiaMaia KUPUTUITAH )11
Y(Q,(p) = Ylm(Q,(p), A=I(l+1),1=01,...,m=—1,...,1I.

(10.5) renramaiap cucreMacugaru OUPUHIN TEHTJIAMAHUI
eanmu 6yran R(r) pajguan Gyuxiusiapau ronui yaya U (r)

QYHKIUAHIHT aHUK KYPUHUIINA OCPUJINIITN JTO3IM.

10.2 Bopopoa atomMmun TYNKUH PyHKLUSICK

Bojgopos aroMmuga —e 3apsijiin 3J1eKTPOH e 3apsijiin 1Ipo-
TOHHUHI 3JIEKTPOCTATUK Mafimonnga »koittamrad. Iy cabab
U(r) norennuan — Gy

Kyson norennmaaununr Y3u. Bojopo aromunn yidy 1moTeH -
as1 épjamuia Hlpeaunrep Tenriamacy acocujia TaaKUK STUIILJIA
VHUHD sJIPOCH Maccacu deKcus KarTa jJed dapas KujinHalu Ba
VKKI YKUCM Macajacual 3JIEKTPOHHY MapKasuil MailjoHiaru
xapakatuan ndoganosan (10.1) TeHrmamara, OuUp KUCM Maca-
Jacura, yTuaaau.

Kynon norenrmasnu yayn (10.1) rearmamanunr E < 0 6§1-

180



M. HuirrionoB, mnishonov@gmail . com

raHjaru YMyMuii equMu

1l)nlm(r/ 9/ (P) — Rnl(r)Ylm(Hr QD),
RPN} _r 2 (10.6)
Rnl(r) — Qn_l(r)e na, En — T 5.2

SKAHIUTUHN K§pcaTuin MyMkud. by epmra n = 0,1,2,.... ] =
0,1,2,...,n—1eam = —1,—1+1,...,1; Q. (r) - ap-
rymentu ¥ Gyiuda (1 — 1)-raprubau Xakukuii Typiaaru moJim-
HOM; 4 = % 0,53 A— Bojopos aToMuHHHT Bop pajuych.
n =1,2,3 6ynranga R, (r) paguan dbyHKIMsIaD HIOBAJA KeJl-
TUpWIrai. byrnma n — 6o, [ — opburasi, m — MarouT KBAHT
constapu Jeiintaan. (10.6) dopmynanan, manduil sHeprusdiap-
J1a, BOJOPO/JI AaTOMHI CIIEKTPH JUCKPeT, Xycycuit kuiimaT E, dakat
1 — OOI KBAHT COHUTaruna OOrIuK OVIuIm KYypunubd Typudin.
Mycbar sHeprusiap/ia BoJ0pO/l aTOMU CIHEKTPU Y3/TIYKCH3, SJIEK-
TPOH SHEPIUSICUHUHT Xap OUp KUIMATH YeKCH3 Kappasiu aiiHu-
raH.

Pajunan dyHKIUsIIapHIHD
/an () rPdr = 5, (10.7)
0

HOpMUPOBKacH Ba cepuk GyHKusiapHuar (6.32) HOpMEPOB-
KaCHJIaH BOJIOPOJL aTOME TYJIKUH QYHKIUICH Yy (7,6, @) yuyh
HOPMHUPOBKa MIAPTH KeIN0 IUKAJIN:

/rzdr/sin(e)dé/dgotp;lm(r, 0, 9) P11 (7,0, 9) = Opp S0y (10.8)
0 0
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Kynuaaa opburan KsanT conunn Oeiarmianiga [ =
0,1,2,3,... kuiiMaTiap yIyH, MOC PaBuUIIlia, JOTHH aJrdOocu-
HUHT S, P, d, f, ... xapdaapn nnutaruiau. Macanan, n = 2 Ba
[ = 1 kBanT conynapu OWiIaH aHUKJAHTAH XOJIaTjap TYILIaMn
aTOMHUHT 2p-Koburu, n = 3 Ba [ = 0 — 3s-koOuru j1ed aTasua/u
Ba X.K.

V30X Wypy TYIKAE QyHKIUsIAD YIyH Kyuada |nlm) 6e-
MUJIalIH KyJL1aiMus.

I-mucos1. Bojopos aTOMUHUHAT acocHil Xo1aTh YIyH

2 2 T
V(82 (ap2) = 3

HOaQHUKJINK MyHOC&6aTI/IHI/I 6a}KapI/IJII/IH_[I/IHI/I TEKIINPWHI.

Eunmu. Bogopoa atoMmu acocnii XoaaTn TYJIKUH (QYyHKITUSICH
1100) = Ry0(r)Yoo(6, ) udonacunu pajuan sa cepuk GyHk-
MUSJIAPHUHT WJI0Ba/ & KeJITUPUJITAH KYPUHUIILIapUIaH aHK,1aii-
MU3:

2
100) = —— 2 ¢

VAT a3 \/—

Cdepuk koopannaraiapra ytud, x = rsin(6) cos(¢) koopmu-

Slﬁ
SIN
.

HATAHUHT YpTrada KHIMaTUHA XuCcoO1aiiMu3:

o0

(x) = (100]£]|100) = % rzdr/sm(é))dQ/dgoe_zarrsin((?) cos(@)
0
1 o0 T 21
_ -2 3 .2 _
= e dr/sm (O)dﬁ/cos((p)d(p = 0.
0 0 0
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FOkopuaaru yuta nnTerpaJiga OXUprucu HoJra TeHr. Y10y Ha-
TUKaHU aBBaJIJlaH alTUIl MYMKHUH 3/U: aCOCHUil XOoJiaT TYJIKUH
byuxuusicn cdepuk cumMerpuk OyrannrugaH, (X,Y,z) Kop-
JIMHaTaIapAaH UXTUEPUUCUHUHTD YpTadya KuliMaTh HOJIra TEHT

oynaau. lyura yximabd, py yuyH

1 °°2 (kD
<Px>—7m30 dr/sm 6)doe (;ae )

mlﬁ

x Gyitnaa xocunann, ¥ = /x2 + y2 + z2 sKaHJIUruHE XUcobra

om0, Mypakkad pYHKINAIAH XOCHIAIEK OJIUI MYMKUH:

9 (- d ( r\ OF X _r sin(0) cos(¢p) _:
a(e‘l):g(eﬂ)-a:—gea:— . e
Hemax,
. 7T 27T
(px) = 7;—7;[4 _%rzdr/sinz(Q)dG/cos(go)dgo = 0.
0 0 0

Koopaunara KBajipaT ypTada KHiMaTH:

o0 T 2n
(x*) = %/rzdr/sin(G)dG/cl(pe_zarr2 sin?(8) cos?( )
0 0 0

27T

B L ¥ 2 LVEIE
= — e ar dr/sm (G)dG/COS (p)de = B
0 0 0
bynaa
o T 27

J1= /e_%r‘Ldr, Jo = /sin3(9)d9, J3 = /cosz(q))dq)

0 0 0
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_ 2r
Oenrunamiap Kuputuian. bupunun wnrerpanna ¢ = 5 ai-
MAIITUPUII OaxkKapub, [ HE DIJIEPHUHD HATypas apryMeHT/IN
['(k) = (k—1)! ramma dyuxuusicura kearupuiaiu, k € IN:
(0 )

i = /e_%r‘Ldr = (5)575 e °d¢
0

0

- (@ro- () -

J1 Ba J, mHTErpaLIapHn XucobaiMns:

> = /sm /ﬂ 1 — cos*(6)] d[cos(0)]

= /(1—x2)dx:2—§:§,
-1
27 1 27
Js = /cosz(go)dgo = 5/ [1+ cos(2¢)]de = 7.
0 0
BynapiaH,
1 3: 4
2 __ — ¢ — 5 « — o f— 2
<x > T 7Ta3 411 3 7t a.

<p§> yprada KuUiMaTHU TOMNUII YYYH KyWujiaru ycyJjgal
doitananamns. |P) xonamia kKanjaianp F Dpuur omeparop
KBaJIpaTUHIHT {pTada KUAMaTHHI XUCOO1aIl Tasad 3TuIaéTran

OVsicuH. AffHMIT anMalnTHpuLIap iy ouiaH Kyingara Kouia-
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e —
() = [y'Pydg= [ F(Py)dq [ (Py) FTydg
= [ (B9) (1F") ) da = [ (By) (F*y) dq
= [ (By) (Py)"dq = [ |Py[*dq
gbHE Yoy Yprada KniiMaran F orneparopan TViIKuH (yHKIH-

sira, Oup MapTa Thcupu opkKaanm udopaiaca OViaan. BusHuHD
XOJ1]1a,

B2 7 # sin(0) cos(¢) _r ?
<P325> = r2dr sin(6)d6 dqo‘ e
) / 0/ / a
hz i 2r f T
= — e‘7r2dr/sin?’(())d()/cosz((p)dqo
0 0 0
hZ

- 7Tﬂ5 ]1 ]2 ]3

By epnaru [, Ba J3 uHTerpaiapHu IOKOPHUJIa XUcoO1ad ToIraH
UK. J1 Oyiica,

Hemax,
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Koopaunara Ba IMITYJILC JUCTEPIUAIaAPUHIHT X-ITPOEKITUsIapy

() = () — (2=, (Ap2) = (D) — (p)? = 1y

SKaH. byHJia HOAHUKJINK MyHOCA0ATH DarKapuia u:

Vo) ap = == 5

I1z0x: ymby mMucosiiarn TONMUPUKHN TE3POK DarKapulll ycy-

JIN MaBXKyl — 7.3-BasudaHn Oarkapull YIyH KypcarMmara Ka-

paHr!

2-M1coJi. Bomopo aromu acocuit XoJiaTia »KOiIalrad. DaeKkTp
MailJIoH! IOTEeHIIMAJUHIHT, BOJOPOJl aToMu sijipocujian R Mma-
codayiary, yprada KUAMATUHE TONUHT (TEKCH3 y30K HYKTaJIa
MOTEHIHAT HOJITA TeHT j1e0 KaOyJs1 KUInHa ).

Eunvu. Pazojia 37eKTp MailJOHUHT aTOMHIHT € 3apsijiin
SIIPOCU Ba, —€ 3apsi/IIn 9JIEKTPOH XOCHI KUIagu. ATOM sijipo-
CHHU, KOOpJMHATa OOIMIa »KoijallraH, HyKTaBuil 3apsij Jed
XHCOOJIAI MyMKUH. DJIEKTPOH 3apsn Oyica, daszoma p(r) =
—e|100(7)|? xammuit suaank Gunan “mysanran”. Acocnit Xo-
JIaT TYJAKUH DYHKIUSICH

100(r) = L o

Tas

CCbepI/IK CUMMETpHUAr'a 3ra 6§/JIF&HJH/IFI/IILaH, 3apd] SHYJINIU

dakar r y3rapysunraruna 6ormuk. By xuxar aromuunr E(7)
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s7eKTpocTaTuk Maitgornnn Ocrporpajckuii — ['ayce Teopemacu-
naH Qoiigagsannd TOMNUITa UMKOH Oepaiu:

Jf EdS =4nQr =4 [ e— efff [W100(r) [V |, (10.9)
SR VR

Oy epJia Jaliaru nurerpaJ pajnycu R Oyran Ba MapKasu KOOp-
JnHaTa OoIIIa YKoamran cpepaHuir Sg cupTu Oyitnda osim-
Hai, Qg — cdepa nunja xxoitaamran TVINK 3apsi, VR — chepa
xaxkmu. Cpepuk cummerpusra K§pa EAS = EdS Ba

f EdS = 47R2E.
SR

(10.9) TenryiukuauHr YH Tapadugarn Vg 6yiinda narerpaj nKKu

MapTa KICMJIA0 OJIMHAJIN:

R

47T or 2R?2 2R 2R

2 9v7r P 2R

fvfj [4r100(7)|°dV = —3 e arsdr =1 ( o + . + 1) e,
R 0

Arom siipocujian R macoda/ia 3/1eKTp MaiijloHn Ky dIaHraH-

JINT'U MOLLyJH/IHI/I TOITaMNU3S.
ATR?*E = 47te (— + 4 1) e,

2 2 1 2R
E(R) = — 4+ —+ = |e 9.
(R) e(a2+aR+R2>e
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SHGKTP MaﬁﬂOHH [orennna/in Kyd/jaH'aHJINK omtan

—+o0 —+o0
2 2 1\ _2
»(R) = /E(r)dr:/e(;—kﬂ—l—r—z)e adr
R R

= e 1—|—1 e_E
- R a

Taps/ia OOFJIaHTaH.

Macoda R xarra Oynrania IOTEHITUAT ~ e~ SKCIIOHEH-
muaJl KOHyHIra Kypa KaMmafiumm Kypunud Typubdan. by xocca
9JEKTPOH MaiiJIOHI aTOM sJIPOCH MaiiJIOHUHH TYCUIIN OWIaH
M30X/TaHa . Y30K Macodasapa (R >> a) aTOMHUHT 9JIeKTPOH
KOOMFH VyrdaMUHU Xpcobra ojMaca XaMm OyJ1aju, aToM YyMyMMii
X0JIIa HeiTpaJsi, MailJJoH HoJra WHTWIa . FKuH Macodaiapia
(R < a) 97eKTpoH KOOMK TOMOHUJIAH XOCUT KIJIMHAETTAH Maii-

JIOHHE Xpcobra omvaca O¥tamn Ba @(R) = 7

10.3 MycTtakun vwnaw y4yH Basudpanap

10.1. Bojopoji aroMuHUHT 7 OOl KBaHT COHM OujIaH TaBCUd-
JIAHYBYM SHEPrusi caTx/apy aiHWIIl KappaJulImHH TOINUHD
(sHeprus caTxy affHUI Kappajnru — Oy 11y SHeprusiin §3a-
PO OpTOroHaJ XoJaTaap MUKJIOPHUIa TEHIJIMTUHU E/Ira OJia-

MU3, 3-MaB3yra KapaHr).

10.2. Duektpon a) 1s; 6) 2s; B) 2p; 1) 3d KobuK/a XKofamramn
Oy/1ca, BOJOPOJ aTOME/IA JIEKTPOH opbuTacu pajuycu (r)

yprada KUiMaTUHA TOINHL.
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l-mucosytarn TonmupnkHu, assan (r?) Ba (p?) ¥praua
KuiiMatTyiapau cdeprk KoopJuHaTajgap/ia xucobsad, cyHT
(r?) = (x%) + (y*) + (z%), (p*) = (p2) + (py) + (p2) my-
Hocabatiapian Ba (x°) = (y?) = (z%), (p2) = <p}2/> =
(p2) sxanurugan Qoiiananub, GazKapuHr.

Bogopoi atromujia ssextpon a) 2s; 6) 2p KobuKIa yKoiljia-
mraH Jied xucob/abd, 1-Mucosiaru TOMIIUPUKHI OarKapUHT.

Bomopon aromua 971eKTpoH 25 KOOMKJA rKoiljaamraH 1ed
Xnco0/1a0, 2-MUCOJIarn TONINPUKHI OazKapIHT.

Bosopoj aromutunr |nlm) xonaruga 97€KTPOH TOKH 314~
auruan xucobsanr. 11y XosaTiaa BOJOPOJ aTOMU MAarHUT
MOMEHTHHH KJIACCUK 3JIEKTPOIMHAMUKAArn N oIach1aH
doitranannd xucobsad TOIMHT.

“Bosiopoji atomu acocuii xosatu yayH O(p) SXTUMOJINK
suaurunn Tormar ((7.17) ra xkapamr).

189



Bazudanapuunr kaBpobJjapu Ba MacjaaxaTjaap

4.1.
4.4.
4.5.

4.6.
4.7.

4.8.
4.14.
4.15.

[ =

a) 2;0) 2v2; 8) 11; 1) 1; 1) &

an
(1)
a) MOC PABHUIIIA

2sin(x) + 4x cos(x) — x*

Ba

sin(x) + 3x cos(x) — x?;

0) Moc paBuriia

(2+8x + 4x2) e

(1+ 6x + 4x7) >
AB = BA
a) xa; 0) Xa; B) xa; I') HYK; J) arap & Xakukuii Oyca, Xa;
e) xa; ) fyK
Macaxar: €% bynxuusmnu Maxsopen karopura éiinmr
P(x) cosh(x) — (—x) sinh(x)

MaciaxaT: TpaHCITIOHUPJIAIT aMaJnHIHD (4.5) aHUKTAHUIIH-
Ja dq — XaxKM 3J1eMEeHTHHU aHIIaTnd, YHJa JIeKapT KOOP/IU-
HaTaJapUIaH STPU YM3UKJIN KOOpAUHAaTaIapra YTUI SSKOOU-
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4.16.
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aHy OOPJINTMHU X0COo0ra OJIMHI.
_I_
o\T _ _2_ 9. 9\ — _29o
a) (W) — r  or 0) (84)) — 9¢

G =0 g (3) =iod

+
Arap (%) VUIVH aBBa/Iru BasuaHUHT ') MapTUHE OarKa-
puIljia OJIMHTaH HaTUZKa KYyiniaca

i +_28 + i (10.10)
o?)  pop 9p? |
ndogara kejauHaju. AMmo Oy HaTuKa aHuK sMac. VIxTu-

épuit @(p) Ba Y(p) dyHKIMATAD YUYH, KUCKAJUK YIyH
TYJAKUH (DYHKIUAIAD O apryMeHTUHU TYMUPUO KOJIUpUO,

€3aMuU3:
+o0 .
/pw( 2) qodp:/pqo( )tpdp—
+00 +o0
_ oY I¢
/pqod( ) = P95, O O/le (¢+p$>
al/} +00 a +00 +00
= 095 | —ev3 | — e+
X 0 X 0 0
b on (224 2 papiion
J oy pop | 002 pap
+o00
Tynkua GyHKOusaap yayH f olw(p)|*dp = 1 nopmupos-
0
‘2 _

ka maprmian lim p|Y(p)|* = 0 keaub unkamu. Uy ca-

p—+00
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4.17.
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oabman, (10.11) Hatmxka Kyiugarn KypuHAIITa KeTa

Dy epaarun oupunHum XajJ HOJJIAH ce3maapian dpapK KHIN-
iy MyMKuH Ba TYrpu kaBobuu (10.10) »kaBobgan dhapKu-

au anukaiian. (10.10) udogaruar xato sKaHgInrnra cabab

IIYKH, YHHW OJIXII/a (i) == S — TEHIVIUK MUIllJIa-

dp o 9
tuau. by renruk p = 0 OVuranja, HopMapoBKacu 4eK-
“+0o0
CU3JIMKKa afljaHMaiiiuran Ba JeMak 0@y = 0 xoc-
0

caqn TYIKUH yHKIUsIap cuHdu yuyH YpuHau. Jlekun

(%) . (%) oliepaTop KapaJraHja Jalljia Typrai orepa-
TOp, ymyMuit xo/ta 0 = 0 Oyuiranjia YeKCU3/IUKKa ailiaHa-
JIMraH TYJAKUH (PYHKIUATA Tabcup dTajin. Bynaait pyHKIm-

siap aca <i> = —1 9 penpuk Ypunin 6§ran GyHK-

dp o dp
usiiap cuHdura Kupmaiim.

2\ ™" 2\ 7"
Yoy Bazudaiaru huxkpaaiapin (ﬁ) Ba (W) or1e-

paTopJap yIyH MYyCTaKWI KyJiad Ky pUHT.

Vxruépuit @(g) tynkun Gysximst yayH f q)ﬁ”gbdq = (0 ba-
Kapuian (TYIKUH GQYHKIEsIIap apryMeHTHHU E3MaiiMu3).

urerpasian y3raptupnd €3ailjinK:
/ pF"pdg = / (F*"'y) Flodg
— [ () (Be) dg =

OJinHraH TeHrIMKHN, S0, @(q) = [ﬁ”_zlp(q)r OVran
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5.2
5.3.
5.4.
5.5.

5.8.

5.10.

5.11.

5.12.

5.15. f(A

M. HuirrionoB, mnishonov@gmail . com

TYIKIH YHKIUATa KYLIaiMI3:
/ (F"'y) (BE"2p) dg = / [FrYy|*dg =0,

bynnan ﬁ”_qu(q) = 0 skanurn kennd gukajgu. FOxopnia
Oarkapuira dpukapaanaapHd 1 > 2 yIyH KY/LIa0, onepa-
TOP JapayKacuHu TYymupuO OOpPUIT MyMKHH; OKHOATIa K-
smpniran F(q) = 0 narmkany onamus,

1
o OF (1,
_ih f(gxyz)

iheypy X, Oy epiia €45, — Jlesu — Husura Genrucu

1hewpy Py

[, = el¥ (aa_g +ictg (0 ai) [ =eio (—— + ictg(0) 2 )

A A

Macnaxar: f(A) = e ACFe=AG greparopun Kapanr, GyHia
A — con mapamerp. f(A) byaxmusann A 6§inua, (5.22) nn
xucobra osrad xoJja, Makjopen KaTopuiu Kapalr Ba f (1)
HII XUCOOJIAHT.

Macnaxar: aBaaru Basudaja OJMHIAH HATHXKaJaH ¢oiiga-
JIQAHUHT
a) iiyk; 0) xa

A

AF

= G olepaTopHU Kapailink, OyHja A — coH rapa-

MetTp. 5.10 Bazuda HATHKACUHY Ky11a0, KyHuIaruam €3uIi
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6.1.
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MYMKHWH:

—d];()i\) = (G%—e"éﬁe_)‘é) f(A)
= (G+F+[G E] M) f(A).

£(0) = E — Gupiuk onepaTop SKAHINTHHI XHCOOra oo,
yimoy muddepennmar TeHraamMa eIuMIHN KyHngarn Kypu-
HUIILJIa €3aMU3:

A =1 1eb6 onubd, Beiln aifinugrura KejaMus.

—inx

A
6) Xycycuit dyuxuusiiap Py (x) = Ce™«® | xycycuii Kuii-
MaT A — UXTUEPUIT KOMILJIEKC COH;

ax?

B) Xycycnii dynkimsiap P, (x) = Ce" =2 xycycuit Kuii-
MaT A — UXTUEPUIT KOMIIJIEKC COH;

r) Xycycnit dyuxnusiap Pr(x) = Ce'** | xycycuit Kuitmar-
nap Ay = isinh(]), k — uxtuépnit xakukuii con. Maciaxar:
eanmvun P(x) = Ce™ KypuHuIIIA KUJUPUHT; OllepATOD/IaH
byukiusgnn (4.19) aHuKTaHAIT acOCHIa Ky HHIar XOCCAH!
1cOOTIIAHT: arap

Fyp(q) = Ap(q)
oyca,

f(E)p(a) = fF(M)yp(q)

ypumim, 6y epia f(F) — oneparopaan kanaiup dyHKims.

Bormikaga eunm:
0 D
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6.2.

6.3.

6.4.

6.5.

6.6.
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SKaHJIMIMHU KYJLJIAIIL.

1) Xycycuit dyskimsiaap Py, (@) = Ce'™?, xycycuil Kuii-

Mariap Ay, = cos(m), m — uxruépuii conap;

e) Xycycnii dyuxuusiiap P, (x) = Csin(v-1x) ”X_Ax), Xycycuii

Kuiimariap A — Manduit xakukuii consiap. Maciaaxar: ednm-
X

i Py (x) = Xalx) KYPUHHAILIA KAJIIPUO, lin(l) Pa(x) =0
x—

OVIMIIMHN Taj1a0d KUJIMHT.

Xa, xycycuii dyHkmus 6yiaagu; yara —1 xycycuii KuiiMar
Moc kesa . MaciaaxaT: DUIMHIPUK €K1 cpepuK KOOPAuHa-
Tajapra YTUHD

Arap A — A oneparopHuUHI aflHUMaran Xycycuili KuiiMaru
OVica, xa. Ara y alinuran Oyica, Oup KuiimMaTin »xkaBob Oe-
pubd Oy IMaii .

bup kwuitmaTin »kapob Oepud OyIMaiian: KoMMyTaTuB O3.I-
MaraH oreparopJap Y3JapuHuir ajgoxXu/ia XyCcycuil Kuimar-
Japura sra OYJIMIIN MYMKHHJIMTH TaKUK/JIaHMaraH. AMMO
Oynmait pyHKIuggIap TYIIaMu TYIKUH PYHKINAIap paso-
cuJia 0a3nuc XoCus KUJaMailin.

Humnapuk koopaunaTaiapra §mud, (6.13) Ba (6.18) japHu

oupIamTIPUO Kyiugarn »>KaBoOHN OJIAMUI3:

Pup(p, 9,2) = €iPe™ f(p),

oy epana f(p) — rynkun dyHKIWsIapra Kyiiniras 6apya Ta-
MabIapHu KAHOATJIAHTUPYBYH UXTUEPUil (DYHKIUS.

Xycycuit kuiimariap: A = /2 Ba A = —/2. Xycycuil
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6.7.

6.8.
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byHKIISIIAD

P() = !

1
1/’1( ) + 7§¢2(Q)

Ba

1—1

Yua(q) = ——i(q )\/—Ebz( 9)

€KU MaTpuiasap CbOpMaJH/ISMI/IZLa

1-i 1—i
W5 = (i) Ba [P_ 5) = <_1> :
v v

HM30x: KBaHT MexXaHUKacHJia XoJaT BeKTopJaapu dasa Ki-
nafiTyBunurada aHUKJIMKa TONWIAIN, XyCcycaH, HIoparada
aHUKINKa. Macaias,

i1
P5) = <_i>
/3

HATUZKA XOCUJT OYJINIIN MYMKUH 91,

a) {Y11, Y10, Y1, -1} Gasuca [ Ba lAy olepaTop/ap MaTpHlia-
JIapU, MOC paBUIIJa, KYHUJIard KYpUHUIITa 374

1 i
0 % 0 0~ 0
5 0 5| s |5 0 —
1 i
0 % 0 0 & 0
(Im|L |lm) = (Im|l,[lm) =0, (Im|L|lm)=m,
I(14+1) —
(mllim) = (i i) = LD =

(Im|PPIm) = m™.
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6.9.

6.10.

6.11.
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H30x: onuHran HaTHUzKa MabHOCH IHIYKH, TOIINUPUK IIap-
TUHN KaHoaTjaHTupyBuum F omeparop yuyn F" gapazka
E, F,...,F" 1 oneparopnap oprasu 4nsukan udojaiaHa-

JIN.

Apu = 0. Mucon cudaruna p, Ba [ unBepcust oneparopia-
DHHI Kapaiyink. Yiap aHTHKOMMYTaTHB, G6-Mucosa | un-
BepcUsl OIepaTOPUHUHI Xycycuii kuitmatiaapu +1 Ba —1
SKaHIUTH KYpcaTuaran 9 [(6.26) ra kapadr|. Xo3up oJmH-
raH HaTHzKa/laH Py Ba I olepaTopJIapHUHI YMYMUI XyCYCU
dbyuknusicu Py oneparopuunr 0 xycycuit KuitMaTiim xycycuit
dyHKIMACH OYININN KepaKJINTH KeJgnb YUKaId. XaKHKaT-
aan XaMm, (6.14) Tyaknn GyHnknusiap opacujgan Gakar p =
0 O§iran pyHKIUSTHHA UHBEPCHUSI OIIePATOPUHUHD XYCYCHii
dbynknuscn oynaau. [lynra yxmam dukpaaniapan X Ba
[ oneparopsiap yayH Mycrakm 6asKapuur.

A

C onepaToOpHUHI, aliHUMaraH XyCycuii KuiiMarra MOC, Xy-
cycnit dyukimsicn A a B oneparopiapHunr xaMm Xycycuit
dyuxiumsicn Gymumnan ocon K§perui myMku. Arap C ore-
paTop dakaT aifHuMaraH Xycycuii KuiiMaTjgaprarmHa 3ra
OVaIrana 911, yjapra Moc Xycycuii pyHKIUsIap TYINK T-
IUIAMHI TaIlKII KIrad Ba A xamua B oneparopiap Kowm-
myTaTtus Oyiap sau (“Bup naiitna yidaca 6yiaguran kat-
Tasnkap’ GaHjura Kapanr). Mzox: babsuia, Oy Xoua C
OIepaTOPHUHT Oapya Xycycuil KuiiMaTaapu aiiHUraH OYJIm-
I1u J1031M, axe xoupia A Ba B oneparopiiap kamjgaiiup ymy-
MU Xycycuit pyHKIIAIapTa 3ra OyIaam, aMMo OyHI OY/1i-
I MYMKIH 3Mac, JleraH XaTo TabKujiap yuapaiian (2| ra
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6.12.

7.2.
7.3.
7.4.

M. HuirrionoB, mnishonov@gmail . com

KapaHr). JIexnu A Ba B KOMMYTaTUB oliepaTopJjap NKKaJla-
CM YIYH YMyMHUiT OVIMaran ajgoxuga Xycycuit (pyHKInsiap-
ra sra Oyumm XaM MyMKuH (6.4-Basudanu Kapasr).

Kypcarniran oneparop YM3WKJ/IN, aMMO DPMUT SMACIUTU-
ra obTu60p Gepuit Kepak. Fi,(x) = A, (x) renrnamanu
2

eun6, P (x) = CeM 2 kypunniiary eduMun ogamus. Y
A HUHI UXTHEPHUN KuiiMaTuga X — £00 OysIranjia 4eKkcus-
mukKa nntuaaau. Hlymgait kuind, KypcaTuaran omepaTop
busmKapnii axaMusITra, 3ra, Oyaran Xycycuii (yHKIUsIIapra

9l'a d9Mac.
ypT&‘I& KHﬁMaTﬂapHHHF NKKHUCH XaM HOJII'a, TCHI.

10-maB3yHUMHI 1-Muco/Mra KapaHr.

(I,) =0, (I;) =0, (I.) = m. Macasnan,

—+o00

1)y = / rdr i sin(6)do 7d¢f*(r,9)eiwixf(r,e)eim.

0

Cepuk koopannaranapia Iy yayn ndogann (5.15) gan
0110,

—+ o0

L)y = /rzdr/nsin((?)dO 7d(pf*(r,0) X

X1 (sin(go)aa—g + imctg(0) cos((p)) f(r,0)

HaTuzKaHu osamu3. Y sin(@) Ba cos(@) dbyHkuusiiapian ¢
OVitmua mHTerpaJ Tydailan HOIra TEeHT.
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7.5.

7.6.
7.7

7.9.

8.5.

8.6.
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(5.11) opxasu 6epuiran I, [;] = il kommyTaimon MyHoca-
batra Ba DpMuT oreparopHudr (6.36) MATPUK IeMEHTIADH
XOCcaIapura acoc/Ianran, siHa Oup eduin yCyJIura TYXTasla-
MU3:

N

(e = (llly) = =i ((@IRLIY) — WILL )

= —i (m{plhp) — (plmlp)*)
= —i (m{glhly) —m(pl ) =0

By yeyiia nnrerpajiapiu XucobJialil mapT SMaCTUIIra b
TOOP OEPUHT.

_3) 207 <ZZ> =0, <l§>¢ — %
Py(I?=12) =& Py(l,=1) =1
Py(I?=2) =1 Py(I?=6) =1, (I’) =4

27
2

_2x2
ju(x) = |A]P e .

P(x, 1) = \/zlﬁe% (px_%t).

P(x,t) = \%[wl(x)e_%Elt—|—1/Jz(x)e_%E2t}. Dusukapuii

KarraukHuAr (7.1) §prada KufiMATHHN aHUKJIAHUITHHNA

KYJL1a0, Kyingarnau oJIaMu3:

(E)(t) = (p|H|yp) = (E1+Ez)
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8.7. 21A = \/

8.8. a) py,(px = p) = % [1+cos ()] —2—:

0) Py, (Px = P) = 55 [1 — cos (B)] —L

89. Py(E=E;) =%

8.10. 3appanunr TVIKUH QYyHKIUSICH

l/)( ) Aeikx + Be—ikxl x < O,
X) = ,
Ce™, x>0,

oy epna k = VzhmE, A = V2mED) (10.1-pacm).

h
U (r)
A
Aen‘fi.\'
NANNNN
Ce
ANNNN
Be—fﬂ'.\'
S N\NNNAN
X

10.1 - pacwm: Tlorenmuan “rycux’. Tymaérran (Aeikx), KafiTran (Be_ikx) Ba yTraH (Cei)‘x)
TYJIIKAHIAP CXEMTUK PaBUIILJia KYPCATUIITAH.

Koadpunenrnap B = ’]i +§A Ba C = kikAA TYIKUH (DYHK-

must Ba, YHUHD X = (0 HyKTaJarm XOCHJIACH Y3JIYKCHUBIUTH
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k=12 __4kA
kTA) D= (k+A)2
R+ D =1 6ynmumn tymynapiau. [lyngait Kkuamb, Kiaccuk

mapTuJan Tonumaaam. R = ( bynna
MeXaHUKalaH (papKJIM PaBUIa, SHEPIUICH TYCHK, OaJiaH/I-
JIMCUJIAH KaTTa OVJIUIINra KapaMaclaH, 3appaHi TYCUKIaH
KAUTUIIN YIYH HOJIJIaH PapKJI IXTUMOJLINK MaBXKYII.

ApBajirn Bazuda TommupurugaH Qapk, 3appa dHEPrusi-
cu E tycux Oamangaurn Uy gan kuamk. TYcuKaaH opKa-
Jard coxaJia TYJIKMH COHM MaBXyM OViund xkosaam: A =

V2m(E — Uy) /h = +iy/2m(Uy — E) /h = +i|A|. Bynia

44 )

UIIOpa/Id eIUMHN Talniad odopaMmu3, YyHKKI X — —+00
na y CelM* gexens opru6 Gopajuran, usnkasuii MabHO-
ra sra OYuvaran ednm. “+7 mmopaan Ce MY eunm 1-
cukian yar tapadga 6 = 1/A macodaga cyund 6opysUn
TynKuHra Moc Kesaju. IlyHpait Kuind, KIacCuK MexXaHu-
KaJlaH papK/Id paBullljia, 3appaHi TYCUKJIaH YHIJa TOINII
IXTUMOJI MaBKYy/I; Kiaaccuk jumutia (i — 0) tycukoctn
yrum aykypaurn 6 = 0. fna, j = 0, D = 0 Ba nemak,

R =1.
2
el 4E(E—Uy) )
812D =4 4E(E—Ug)+UZ sin? (/2m(E—Ug)a/h) (10.2-pacura
KapaHr ).
8.13. D = AE(E-Uy) lynpait xkumun0,

AE(E—Uj) +Uzsmhz(\/2mE Up)a /h)'

KJACCUK MeXaHuKaJiaH (papK/Ind paBuillia, TYCUK OaJiaH11i-
IIJaH KIIUK SHEPrUusii 3appaid 9eKJIn KeHTVIMKIAr TY-
CUKJaH cu3nub VTumm — TyHHeJ >PdeKTr comup OVIuim
MYMKHH.
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U (r)
3

.A]E'Hﬂ Azef/..\

ANNNS> A \\N\> .
Ce

- B AN

L A AAAA L A AYAYAAY
X

10.2 - pacm: Tyrpu Oypuak/u moTeHIUAT Ypa.

8.14. Oneparopsap Kymnaiirmacu (6.38) MATPUK JIEMEHTHHU XM~
cobsam Koujgacujgan Qoiigagsannd, KypcaTuiaran yprada

KUIMaTHI €3aMU3:

(W | [2, [H, 2]]| 9x) = (¥ |22HE — £°H — HZ*| ¥
2 (il x| En (el x|) — 2) (W] x| i) (| x| i) Ex.
(8.4) raMuIBTOHUAH YUyH [9?, [I:I, J?H KOMMYTaTOp Z—Z IO~
MI/II‘/’IF& TEHIJIMT'TUHU XI/ICO6Fa OJ_[C&K7 Taﬂa6 KI/LHI/IHFQJH TEHI -

JINMKHU OJIaMU3.

9.2. (9.5) renriamara Po(¢) = Ae & byHKIUAHN KYiini Ba
TEeHIJIaMa aiffHuil »KIXaT/IaH HOJ OVINIIN yIyH e_ﬁ(32 xaMja
gze_ﬁ‘:z XaJI1ap oJaujIa Typrai KodduunueHTIapHu HOJITa,
TeHIvIall B = %, €9 = 1 HaTmkara onbd Kejaju.
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9.3.

9.4.

9.6.
9.9.

9.10.
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e

(W|w) =1 6yuranmrugan C = 7 Kyituarn

o0
h : :
(x) =\ ICP [ (i) (9 + i)

unrerpaan xucobsai (x) = 0 uu 6epau. [lyura yxmar,

(px) = 0.

AN
s _ (N 2
(x*) = (2mw) (6n” + 61+ 3),
4 mwh\ > 5
() = (™) (on? +6n+3).
1.
Kyua F = const. y3rapmac Oysirania oCIuLIATOP MOTEHIIN-

2.2
. — mw x LE LS ) (5]

am: U(x) = >— — F - x. By epaia x 0§itunva TymK KBa,1-

parHu axkparub, ¥ = x — —mfu 5 STHI'M y3rapyBUld KUPUTHHT.

Xycycenit pyHKIUAIApP YU3UKI OCHUIISTOPHUANT, MYBO3a-
F
mw?
byHKIMsIIapY OMJIaH MOC TYIIA . DHEPIrust carxjapu OViI-
FZ
2mw?

HAT Mapkasu cujkuraH, §,(X) = ¥, (x — ) XyCyCcuii

Ca, OCHUJIJIATOP 9HEPIud caTXJlapuJaH — 'a CJIzKUI'aH:

E, =hw n+1 — F n=20,1,2
n — 2 mezl R Al Ay AC B R

Kyitnaru maptiaapian xed OyiMarania Oupu dazkapurat-

a;
a) k < |n—ml; 6) n+k+ m — 1ok com.
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10.1.

10.2.
10.3.

10.5.
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n—1
Y (2141) = n2
[=0

a) 3a; 6) 6a; B) 5a; 1) 2.

Kypcarmagan doitjasannd, Kyiingaraaiapan oJaMmns:

—+c0
1 47'( 2r
(x*) = Z(r*) = /r4e_7dr:a2.
3 37tad
Ta /
+o00
1 47th? y 9 [ ,0ea h*
2 _ Lyooy —r 0 [ > _
(Px) = 3<P> 37m3/e or \" Tor ar 3a2°

0

Oxubatia, 1-Mucos aru HaTUzKaH OJIaMIS3.

ATom/ia 97IEKTPOH TOKU 3UTINTN 3/IeKTPOH 3apsiinan (7.19)

SXTUMOJLINK OKUMH 3UUINTHUIa KYyIafiTupn® aHuK/IaHaIu:

(lpnlqujjzlm - ‘P:lmv‘/’nlm) ’

Oy epja e — 3JIeKTPOH 3apsijii, M, — JIeKTPOH Maccacu. V

: ieh
Jnlm = — 75—
nlm 2m,
orepaTopuHuHr cepnk Koopanuatanapaaru (10.13) ndo-
JacUHU KY/1a0, KyfiuJaruioy ojlaMus:

. meh .
Juntm = mersin(0) ¥

Oy eplla M — MarHUT KBaHT COHU, €, — CPEpUK KOOpJuHa-

Tajiap TU3UMEIJIArd Oa3UC BEKTOP. DJIEKTPOH CIIMHU XUCOOTa
OJINHMAaraHjia, aTOMHUHI MArHUT MOMEHTH Kyiinarura TeHr
OyInO IMKaIu:

M, = %fif |7, juim) AV = —mpge;,
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Oy epjla Up = zfch — Bop marneronu.

5 2\ —4
10.7. py(p) = 73525( 2+Z—2) .
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NnoBa

Komnnekc coHnap

KowMIiieke con Moaynn Kyingarnda TOIIIa u:

|x +iy| = /%2 + y>.
bynaa

(x +iy) (x +iy)* = (x +iy) (x — iy) = [x + iy|?

QKaHJINTI'MHU T&%KMﬂﬂ&ﬁMHS.

Ditiep dopMmysiacu Kyiinjaru KYypuHUIITa Sra;

e'? = cos(¢) +isin(g).

Cdepuk koopguHaTanap

Jlexapr koopjuHaTagap cucreMacugaru (X,Y,z) KOOpJIHHATA-
napuunr (1,0, @) chepuk KoopauHaTasap opkaiu 1o anap:

(x =7 sin(6) cos(¢),

y = rsin(0) sin(¢), (10.12)

|z =rcos(6).

N\

Kangaiiup f(r) ckanstp GyHKINSHUHT TPaJIMeHTH Ba, YHTa JIall-
JIAC ONEPATOPUHUHT TAbCUPUHN JeKapT Ba chepuk KoopnHaTa-

Jnapjgarn ndojagapuin KeJITHpaMns:

V) = ex% + ey% + ezg (10.13)
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e%“@ (1%) e (rsirll(e)ggj;)'

sp) = 2L 22 w010

r28r( g{) rzsi; 6 889 (Sl (6 )gg)
()
1 0 f

T sin?(0) 0¢?

Llnnnnapuk koopgunHatanap

Jlexapr koopjuHatagap cucremMacugaru (X,Y,z) KOOpJIHHATA-
sapuur (0, @, z) UWIMHIPUK KOOPJUHATAIAD OpKaIu udo/ia-

Jlapu:
(x = pcos(@),
q y = psin(g), (10.15)
z=z.

Bab3un dHUK UHTErpasjajaap

['(k) — Diiepuunr ramva-GyHKIUsACH:

+o00

/ F1e8dE = T(k). (10.16)

0

Aprymentununr narypas kuiimataapu yayn I'(k) = (k— 1)L
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Diiep — [lyaccon (xaTomK) WHTErPAIH:
+o00
/ e dE = /. (10.17)

Pumannunr ¢ (S) 3eTa~-(YHKIUSICH OPKAJIN XUcoOIaHa IuraH

oo

3
X
I = d
/ex—l &
0

THTEerpaJHn Kapailauk. bynga

1 (0,0)
- = E n 1

reoMeTpHUK Iporpeccus Koropuan doiitananamus. lemaxk,

o0

3 —x * 3, —x ©©
x°e” x°e” B
I = dx:/ E e dx
0

— p—X __p—X
1—e l—e™ =~

0
(e,0]
(e0]
_ /x3 Z o1+ 1)x g5
0 n=0
Kucemiab unrerpasiad, Kyiinjgara HaTuzKara KeJaMus:

[y 321 / o~ (1% g
—=(n+1)3

= 31 CESICe 317(4). (10.18)
n:1$
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4
AHUK/TAHUIINHN Ky/uiauK. Xycyenii xomua, {(4) = 79T—0. [yn-
nail Kb, KyHuJIaruam oJ1aMus:
™

[=6 —=_—.
90~ 15

Boaoopoa atomun ydyH paguan dpyHumsanap

Kyiingarn »Kanpajjga 0ol KBaHT coHmHuHr n = 1,2,3
Kuiimariapun yayH Ry (r) paguan dyHKusap KypuUHUIIT

KEeJITUPpUJII'aH.

n|l|Ry(r)
2 oz
110 \/?e
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Cdpepuk dpyHkunsanap

Kyitngarn »xagsasia opoburas kpant connnunr [ = 0,1,2 xkunii-

Matiapu yays Yy, (6, @) chepuk dyHkuusiiap KypuHUII KeJl-

tupuirad. Vsox: amabmériapia cdepuk QyHKIUAIAD TYpJIH

KOMILTEKC (basza OmiaH aHuK/IaHa M. by epja |2| kurobaa Tan-

JnaHrafn dazagap Kabya KUJIMHTaH.

Il m | Y,(0,9)

0] 0 \/%

1] 0 i\/gcos(é))

1 &1 | +iy /& sin(6)e*?
210 \/16171 (1 —3cos?(0))
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m | Yi,(0, )
+1| £4/3>sin(0) cos(6)e*?
£2| /55 sin” (6)e ™2
0 | —iy/ &= cos(0) (5cos?(0) —3)
+1 :I:z\/;sm(Q) (5cos?(0) — 1) e*'¢
2] - /I sin(0) cos()e*%
+3 iz\/;suﬁ(@)ei?ﬂ'qv
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