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. UIIYN JACTYP

Kupum

Jlactyp Y36exucton Pecry6mukacu ITpesunenturunr 2015 imn 12 uronnaru
“Onuil TapauM MyaccacaJlapUHUHT pax0ap Ba IMeJaror KaapjapuHu KanTa
Tai€piaml Ba MajJaKaCHMHHM OLIMPHUII TU3UMHMHH SHA/la TaKOMUWJUIAIITHPUII 4Opa-
tagOupnapun Tyrpucuaa’tu [1D-4732-conmm, 2017 #un 7 ¢deBpannmaru
“Y36exucToH PecryOiMKacHHM sHAJA PHUBONIAHTHPUIN Oyifmua XapakaTimap
ctpateruscu Tyrpucuna’tu [1P-4947-connu @apmonnapu, mryHunraek 2017 vnn
20 anmpempmarn  “Onuil  TabauM THU3UMUHH SHaJa pPUBOXIIAHTHPUII YOpa-
tagOupnapu Ttyrpucuna’tu [1K-2909-connu kapopunga OenrunanraH yCTHUBOP
Bazudasap Ma3sMyHHUJAH KeIuO YMKKAH Xoyiga Ty3wiraH Oynu0, y 3aMOHaBUil
Tanabiap acocyaa Kaira Tai€piaml Ba Majlaka OIIMPHUIN >KapaéHIapUHUHT
Ma3MyHHHHM TaKOMWUIAIITUPHUII XamJa OJIMA TabJIMM Myaccacajlapyd IeJaror
KaJpJIapUHUHT KacOMN KOMIETEHTJIMIMHU MYHTa3aM OMIMPUO OOpHUIIHM Makcasn
KHWJIaU.

Kamusar Tapakkuétu HadakaT MamiakaT HMKTUCOJIUN  CAJOXUSTHUHUHT
IOKCAKJIMTH OWiiaH, Oaku Oy cajoXuAT Xap OUp MHCOHHUHI KaMoJI TONUWIIM Ba
YUFYH pPUBOXJIAHUIINTA KAHYAIUK WYHANTUPUIITAHINTH, MHHOBALMSJIAPHU TaAOMUK
TWITAHJIUTH OWJIaH XaM yia4aHaau. J(eMak, TabiuM TU3UMH caMapaJopJIMTUHU
OLLIMPUILL, NTEJArorIapHU 3aMOHABUI OMJIMM XamJa aMaJInid KYHHKMa Ba Majlakajiap
OWiaH KypOJUIAaHTHPHIL, YET 3J WIFOp TaxXpuOadapuHH YpraHuil Ba TabJIUM
amManueéTura TagOWK ATUII OYT'YHI'M KyHHUHT non3ap0 Basudacuaup. “Amanuit
OINTHUKA: CIEKTPOCKONHUS, Jlazep (pU3HKacu Ba (OTOHMKA MOIYJIM allHaH MaHa Iy
WYHAJIUIIJIAr MacajallapHU XaJl STUIITra KapaTUiraH.

AManuii omnTHKa: CHEKTpOCKOmus, Jjazep ¢uizukacu Ba (oToHHMKa (DaHU
3aMOHaBUI ONTUK KypuiMaiap OujaH TAHUIITHPULI, YIApHU UILIAII MPUHIIUIAPH
Ba ACOCUM ONTUK XapaKTEPUCTUKAJIAPUHU YpraHWLI, HYPJIAHUII CIEKTUPJIAPUHU
OINTUK yCyJulap OWjaH KaiJl KMIUII, HAHOCTYPKTypajiap CIEKTPOCKONHUACH, KBAHT
OINTUKACH, HOKJIACCUK HYpJIap Ba YJIApHUHT KYJJIaHWIMIIH, Jlazepiap (Gu3nKacu Ba
doToHMKa acocnapH, (POTOHUK KpUCTAJUIAp Ba YJIAPHUHT TYpJIapu, HYpPTOJAJH,
KOMITBIOTEP (POTOHUKACH, ONTOMH(POPMATHKA, ONTHK CUTHAJIAP, YJIApHHUHT
dbyHIaMeHTa)l Ba amMaiui jkapa€Hyiapu acocuja 3aMOHaBHil acOoOjap spaTwuiil
MyamMoJiapu 0a€H 3TUJITaH.

MoayJJHMHI MaKcaau Ba Basudaaapu

AManuii ONTHKa: CIEKTPOCKOomHMs, Jiazep @u3aukacu Ba (POTOHUKA
MOAYJIMHUHI MaKcaj Ba Ba3udanapu:

-3aMOHaBHI ONTUK KypwiManap OuWjgaH TaHMIITUPUIL, YJIapHU MILIALI
OPUHIIUIAPK Ba AaCOCUMM ONTHK XapaKTEPUCTHKAJIApWHUA YPraHuil, OITHK
HYpJIaHMUIIHU Kaija KWIMII YyCyJulapu OujlaH TaHUIITHPUIL, 3JIEKTPOMAarHuT
TYJKUHJIAPHA MYXUTJIAPHUHT aTOM Ba MOJIEKyJajapyu OuiiaH ¥3-apo TabCHUpJIALIyB
xapaéuiapugarn  (U3MK ~ XOAMCAJapHU  YpraHuil,  HAHOCTYPKTypajiap
CHEKTPOCKOMMUACH acociapyu OWilaH TAHMUIIUII. KBAHT ONTHKACH Ba HOKJIACCHUK
HypJap XakuJa MabilyMOT Oepulll Ba YJIapHUHI KYJUIAHWJIMIIKA Oujal
TAHUIITUPUIL, (QOTOHMKA acocyiapd, (OTOHUK KpHUCTAJUIAp Ba  yJIAPHUHT




Xycycusatiaapu, ¢GOTOH KOMIBIOTEpIap SPATWIWI —TEHIASHIUSIapu OwiaH
TQHUIITUPUII Ba OJMHTaH OWJIMMJIAPUHM aManuérra KyJlaim MajlakaBun
KYHUKMAJIAPUHHU [IAKJUTAHTHPHILL
Moays 0yiin4a TUHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHIUSIJIAPUra KYyHWJIaaurad tajgadsaap

“AMaJiii ONTHKA: CIIEKTPOCKOIHUS, Jiazep (u3uKack Ba (POTOHHUKA KYypCUHH
Y3IaTHPUIL )Kapa€Hua aMmaira OlHpUiIaJurad Macajanap Joupacuia:

TunriaoBuu:

- 3aMOHaBUI CHEKTPOCKONUK KypuiMaiap, yJIapHU WIUIAll NPUHUIUIAPUA Ba
aCcOCUM XapaKTEepUCTUKAIAPH;

- KBaHT ONTHUKACH acOCIIapy Ba KBAaHT ONTHKACUIAr HOUM3UKIIN XKapacHap;

- poTtoHuKa acocnapu, (POTOHHK KpUCTaUIap Ba EPYFIMK HYpPUHU OOLIKApUII
yCyJIapy Xakuaa Ouammiiapra 3ra OyJIuIu;

Tunriaouu:

- CHEKTPOCKOIMK KypUJIMaJapHU UIIaTa OJIUILL

- KBaHT ONTHKacu Ba Ja3zep (U3MKACHHUHT 3aMOHABUN IOTYKJIApUHUIAH
ol nanaHuI;

- OTOHUK KpHUCTaIap, YIApHUHT XYCyCHSTIapy OWJIUII Ba HILIaTa OJIMII
KYHHKMA Ba MAJIAKAJIAPUHU 3TaJLIalIN;

TunriaoBuu:

- CIIEKTPOCKOMHUK TAAKUKOTIAP YTKA3WII Ba OJMHIAH HATHXKAJAPHU TaXJIAJ
KHJINLL;

- lazep KypwiMallapu €pJaMua KBaHT ONTUKACHUra JOUP MacalallapHU Xall
KWIKII YYYH TaXpuOasiap YTKa3uill KOMIeTeHIUSJIAPHM 3TaJIJIAIIH JO3HM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3UII 0yiHMYa TaBCUSLJIap

“AManuii onTHKa: CHEKTPOCKOMHUs, Jazep (usmkacu Ba (POTOHWKA” KypcH
Mabpy3a, aMajuil Ba Kydma MaIIFyJoTiIap makiuaa oaud Oopuiaay.

KypcHu ykutni xapa€Hujia TabIMMHUHT 3aMOHABUM METOJIAPU, IEAArOTUK
TEXHOJIOTHUSJIAp Ba axOOpPOT-KOMMYHHKALUS TEXHOJOTHSIIApU  KYJJTAaHUIHIIN
Hazap/a TYTUJITaH:

-Mabpy3a Japcilapyia 3aMOHABUN KOMIIBIOTEP TEXHOJOTUSIApH €pAaamuaa
IIPE3EHTALMOH Ba 3JIEKTPOH-AUIAKTUK TEXHOJOTHIIApAaH;

- YTKa3uJIaJIurad aMajauyd MalryJIoTiapAa TEXHUK BOCUTAaIApaH, dKCIPeECC-
CYpoBiap, TECT CYPOBJIApH, aKIUN XYXyM, TYPYXJH (QUKpiall, KUYUK TypyXJap
OwJiaH MIIall, KOJUIOKBUYM YTKa3HIll, Ba OOIIKAa HUHTEPAKTUB TabIUM YCYJUIApUHU
KYJUIall Ha3ap1a TyTUJIa]IN;

-kyuma Jnapciapiaa PecnyOnukamusnard — €Takyd — WIMHM - TaJKUKOT
UHCTUTYyTIapuaa onaud OopwiaéTraH TaAKUKOTIap OWiaH TAaHUIIMIL Ha3zapaa
TYTUJITaH.

Moay/JIHMHT YKYB peskagaru 00mKa MoayJ/uiap Onjiadn OOFJIMKJINTHY Ba
Y3BUHIJINTH

“Amanuii onTHKa: CIEKTPOCKOMHUS, Jlazep (hu3ukacu Ba POTOHUKA MOIYIU
Ma3MyHH YKyB pexanaru “FOxopu sHeprusuiap ¢uzukacu Ba acTpO(U3UKaAHHHT
3aMOHaBUH XoyiaT’ Ba ‘“3aMOHaBUIl MAaTEPUAIIYHOCIHUK Ba HaHO(PHU3UKA~ YKYB




Monyiapyu OWiIaH y3BHM OOFJaHTaH XOJjJla MeJarorjJapHUHT KacOWil menaroruk
Tal€prapivk JapaXaCUuHA OLIMPHUIITa XU3MaT KUIAIH.
Moay/JTHUHT 0JIMH TABJIUMIATH YPHU
MopaynHu y37amTUPUIL OpKaldd THHIJOBUWIAP CHEKTpAl KypWJIMalap,
Ja3epiap Ba (pOTOHUK KpUCTAUIApHU aMalija KyJulail Ba Oaxojamira aoup KkacOui
KOMITETEHTIIMKKA 3ra Oynaauiap.
“AMaJjni ONITHKA: CIEKTPOCKONMNS, Ja3ep ¢usukacu Ba (pOTOHUKA”
Moaya 0yiun4a coatiap TAKCMMOTH
THHIJIOBYUMHMHI YKYB IOK/JIaMacH,
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3aMOHABUH CHEKTpaJl Kypuimaiap,
yJIapHU MIUTAII TPUHIIUIAPY Ba
aCOCUH ONTUK
XapaKTEPUCTHKAJIAPH.

Onrtuk HypJIaHUILUIAP, YJIAPHU
KaiJ KAWL yCyJUIapH,
ANEKTPOMATHUT TYJKUHIIAPHU
MYXHUTJIQPHUHT aTOM Ba
MoJIeKyJajgapu OwiIaH y3apo
TabCUPJIALIYBH.

Hanocrypxkrypanap
CIIEKTPOCKOMUSICH aCOCIIapH.

KBaHT onTukacu Ba HOKIaCCUK
HypJap, HOUU3HUKJIIN KapacHiap.
doTtoHuKa acocaapu, HOTOHUK
KpHUCTaJuIap Ba yJIApHUHT

5. | xycycustinapu, GOTOH 8 6 2 6 2
KOMITBIOTEPJIAp SIPATHITHII
TEHCHIIVSIIAPH.
Kamu: 28 26 | 10 | 12 4 2

HA3APUI1I MAUIFYJOTJIAP MASMYHHA
1 - Mag3y: 3aMoHaBMii ClIEKTPAJ KypPWIMAaJIap, YJIaPHU HILIANI NPUHIILUIAPH
Ba ACOCHUI ONITHK XapaKTepUCTUKAIAPH

CrnexTpain KypWIMaJlapHU KJ1acCU(DUKAIUSCH. Acocuit




xapakrepucThkaiapyd. ONTHK cXeMalapy Ba MIUIALI NPUHUUIUIAPH. AXKpaTa OJIHILI
KoOmwmmsaTH. [Ipuamanu criektpan Kypuimanap. [Ipusmanu crnekTpan Kypuiamanap
XYyCYCHSITIapH.

2 - Mag3y: OnTuK HypJaHUILIAP, YJIAPHUA KAl KWINII YCYJUIapH,
3JIEKTPOMATHMT TYJKUHJIAPHUA MYXHTJIAPHUHT aTOM Ba MOJIEKY.J1aJapu OWJIaH
y3apo TabcupJialyBu

Hypnannm wmanOamapuau typiapu. ONTHK TaAKUKOTIApaa HypiIaHUII
MaHOanmapura Kyhunanurad Tanabmap. ONTHK KBaHT TeHepatopiapu. UYusukiu
(Y31ykiu) Ba Y3IyKCH3 CIIEKTpJIap TapKaTyBuu Epyrauk ManOamapu. ONTHK
HYPJIQHUIIHYU KAJ KWK YCYJUIapH.

3 - Mag3y: HaHocTypkTypaJjap cCieKTPOCKONUSICH aCOCIapH

HaHocTypKTypanap CIEKTpOCKONUSACHHHUHT y3Ura XOC TOMOHJIApU. 3€eMaH
xoaucacu Ba MarHutaBuil pesonanc (D[P, SAMP). ITamen-bak s¢dexru. ltapk
XOAUCACUHUHT YMYMHH Tabpudu.

4 - Map3y: KBaHT onTHkacH Ba HOKJIACCHUK HYPJIap, HOYM3HMKJIM KapaéHJiap

KBanT ontukacu acocud TymyH4dasapu. KBaHT onTukacu Ba Jasep
(U3MKaCUHUHT 3aMOHaBUU I0TyKIapuHu Kopryukynsip TYIkuH ayanusmu. PoToH
Maccacu Ba wumnyibcd. KomnroH »s¢dextn. Hoknaccuk Hyp Ba YHHUHT
KyJuianunuiu. bpayn-Tsucce Taxxpubacu. bemn TeHrcu3nuru.

5 - Mag3y: ®OTOHHKA acocaapHu, POTOHUK KPUCTAJIAP Ba YJIAPHUHT
XyCYCHSAITJIAPH, (POTOH KOMNIBIOTEPJIAP SIPATWINII TeHAeHUMAIAPH
@doToHMKa acocnapy, (POTOHMK KpPUCTAJIap Ba YJIAPHUHT XYCYCHUSTIAPH.

DeMTOCEKYH/] Y3YHIUTUIAT] J1a3ep MMITYIbCIAPHHH TeHepalManam. Y3 — y3uHu
¢oxycnam. OnTtuk TpaHcnopaHTiiap. ONTHK KOMIOBIOTEpiapa MaTeMaTHK
amajiapHu OakapuIil.
AMAJIMI MAIIFYJIOT MA3SMYHHA
1-AMaJuii MalIFyJaoT
3aMoHaBHil cCIEKTPaJI KypHJIMAJIap, yJIAPHUA MILIAI NPUHUILIAPU Ba
aCOCHIl ONITHK XaPAKTePUCTUKAIAPH.

3aMOHOBUI CHEKTpaJl KypWUJIMAaJapHUHT ONTHK CXEeMajlapy Ba HIILIAIT
NPUHIUILIAPY. Typnu ATOMJIAPHUHT CHEKTPJIApUHU KOMITbIOTEpA
mozaemnamtupunl. Cudar cnekTpal aHalu3 YTKa3ull TEXHUKACMHU YpraHuil Ba
KyHUKMAaJap XOCUJ KAJTUII.

2-AMaJnii MaIIFyJa0T
DOTOHUKA ACOCIAPH, (POTOHUK KPHUCTAJJIAP BA YJIAPHUHT

XYCYCHUSATJIAPH, (POTOH KOMIIBbIOTEPJIAP APATHINII TeHACHIMAJIAPH.

bup ymuammm ¢oTtoH Kpuctammapu, HUKKA Ba Y4 Yymuamiau  (HOTOH
kpuctauiapu. DOTOH KpUCTAUIApU XYCYCUSITIAPUHU MaTpuLaiap €Epaamuia
taBcuduiam.  [lepuoguk  cTpykrypanmu — myxuriaapaa  Dypbe  OnTHKAcH
AIEMEHTIAPUHHU KYJUIAILL.

KYUMA MAIIFYJOT MABMYHH
Kyuma wmamFynornap wMoayn coxacu OyiiMua eTakud OJNHMHA  TabiIuM




Kadenpanapu Ba HIMHI-TaIKUKOT Myaccacajlapy JIabopaTopHsUIapy Xam/ia UIiad
YUKApUIl KOpXOHajJapu Oymumiapuja TalIKWI 3TWiIagd. Maskyp MamFysiaoTiap
coxara ouji 10J3ap0 MaB3ysapja TakpuOa-CHHOB Ba JIA00pATOPUS MAIIFYJIOTIAPU
Xamjia TaHUIIYB aMalnuéTu makuiapuga onubd Oopunamu. LllyHunraek,
TabKUJIAaHTaH Myaccacajlap Ba KOpXOHajap €TaK4h MyTaxacCUCIapu TOMOHUIAH
pecryOnMKa Ba XOPHXKHUW WJIMHH Mapkasjapja coxa WYHaJWIIWIa amaira
OIMMpUIIAETral WIFOP WIMHHN Ba aMalluid TAAKUKOTIAp Oyitnda Tax IHIIMK IapxJjap
OepuIuIIM MacKaara MyBOGUKIHD.

Kyuma mamrynotiiap yayH KyWuaaru MaB3yJiap TaBCUS dTHUIAAN:

1 maB3y: KBaHT onTrHkacu Ba HOKJIACCHUK HypJjiap, HOUM3HUKJIIN KapacHiap.

Kyuma wmamrynornapaa ¢oronuka coxacuaa PecnmyOmukamuzga onubd
Oopwraétran WIMHA TAaIKUKOTJIAp OWJIaH TaHUWIIWIN, Iy COXaja W3JaHAETraH
ofluMjiap OWJIaH yypalryBiap TalIKWJ OTUII Ba MMKOHHSAT JOUpacua
DKCIIEPUMEHTAJI TAIKUKOTJIapAa KaTHALIKWII Ha3ap1a TYTUJITaH.

MYCTAKWJ TABJIUM

TUHTIIOBYM MYCTaKWI HITHU MOJYJIHHM XyCYCHUATIAPUHU XHCOOTa oJiraH
X0Jiia Kyiuaaru maxksuiapaad ¢oinananud Taiépaiiy TaBcust dTHIIAIH:

- YKyB, WIMHUN anabuériapjaH Ba MebEpPUN XyxokaTiapaaH ¢oiiganaHuIn
acocua MOAYJ MaB3yJIapUHU YPraHUIIL;

- TapKaTMa MaTtepuasuiap oyinya Mabpy3ajiap KUCMUHH Y3l THPHULL;

- aBTOMATJAIITUPWITaH ypraTyBud Ba Ha30paT KUJIYBYM JacTypiap OuiaH
UIIan;

- Maxcyc agabuérnap Oyinua Momayn Oynumiiapu €Kd MaB3yJjlapu yCTHIA
UIIan;

- TUHTJIOBUMHHUHT KacOui (aonusatu OunaH OOFIMK OViAraH Moy
OynmuMIIapy Ba MaB3yJIapHU YYKYp YpraHUIIL,

- (pa"Ta OM/T CTATUCTUK MABIYMOTIIAPHU YPraHUIIL, YIAPHU TaXJIWIT KAJTHUIIL.

YKUTHII ITAKJIJIAPHA
Maskyp Moayn Oyiinya KyHuaaru YKUTHII IIaKuiapuaan Ghoiaanianuiaim:

- Mappy3ajiap, aMaJauil MalFyJIoTIap (aMajauil ONTHKA: CHEKTPOCKOIHUS, JIa3ep
¢buzukacu Ba (DOTOHMKA acOCIApPUHHU Y3JIAMITUpHUIL, Oy coxagard OWIMMIIaApHU
aMaJIMM KyJulalll MaJlaKaCUHU Jrajulalll, aMaJliii ONTHUKA: CIIEKTPOCKONMS, Jiazep
¢u3ukacu Ba (OTOHMKA PUBOXKJIAHUIINAA (PUIUKAHUHT YPHUHU aAHIJIALL,
V3namTupuiarad OMJIMMIIAPHU Y3JIYKCU3 PaBHIIIa MycTaxkamiaad Oopuiin);

- aManui TaxpuOanap Ba yJapHU MyxoKaMajapu (CIEKTPOCKOMUs, Jia3ep
¢u3ukacu Ba (OTOHMKAra OWJl aMadid TaxkpuOanap VYTKa3ulll, HATHXKaJapHU
MyXoKamMa OTull, (UMK XYCyCHATIApH XaKuJard Hazapuil Ba amanuid
OmIMMITapHU YKYB Ba HIIMHM TaIKUKOTIIap/aa KyJIIail OJUII MaJlakacura drajuial);

- Y3MamTHPUITaH OMIMMIIAPHY TaXJ Ui ATHII Ba MycTaxKamJani (Mabpy3anap
Ba aMajiuii MalIFyJIoTiap Oyinya y3mamThpuiradl OWIMMIIApHU amMalluid ONTHKA!
CIIEKTPOCKOMHS, ja3ep (pu3nKacu Ba (HOTOHWKA HYKTaW Ha3apUaaH TaxXJIUl KAJIHUII,




3apyp XoulapAa Kymumd4a —anabuériap Marepuayuiapu  OujiaH  OOMUTHIIL,
qyKypJIAIITHPHUII Ba STHAJa MyKaMaJUTAIITHPUO OOPHIIT KYHHKMACHHH dTaJIJIall).

"KOPUH HABOPAT(ACCUCMEHT)HH
BAXOJIALI ME3OHUA

opuit  HazopaT(acCHCMEHT)HM  Gaxomamr  Y30eKHCTOH — Muumii
YHUBEPCUTETH XY3YpHUIaru Teaaror KaapjapuHU KalTa Taiépiarmn Ba yJIapHUHT
MajlaKaCWHU omupuil TapMoK (MUHTAKaBUil) MapKas3uia TaCAUKIAHTaH MaKuIapy
Ba ME30HJIAPH aCOCHU/Ia aMajra Olupau.

Yy MOIyJTHUHT >KOpUN Ha30paT(aCCUCMEHT)ra aXXpaThupjaH MaKCHUMAl
o0au1-0,9 oas.




1. MOIYJIHU VKUTHIIIA ®ONIATAHWUIAIUTAH
WHTPE®AOJI TABJIMM METO/UIAPH.

“TymyHyajap TaxJuau” MeTOAU

MeToaHUHT MaKcaaM: Ma3Kyp MeToJ Tajabamap €KW KaTHaUTIMJIapHU
Map3y Oyiinua TasHY TyIIyHYaJapHU Y3JIAMITUPUILI AapakaCUHU aHUKJIAIL, Y3
OMIMMIIApUHU MYCTaKUJI PaBUILA TCKITUPHUII, OaxoJalll, IyHUHTACK, STHTH MaB3y
Oyiinya pgacTiabkd OWIMMIIap JlapaKacMHW — TalllXUC KWIMII — Makcajauja
KYJUIAaHWIAIH.

MeTonHM amalra OUIMPHIL TAPTHOU:

® WINTUPOKYUIIAP MAIIFYIOT KOWAAJapy OUiiaH TaHUIITHPUIIAIHN;

e VKyBUMJIapra Map3yra €k 000ra Terumuim OyiraH cysiap, TyllyHYauaap
HOMM TYIIMPUJITaH TapKaTMmanap oepuianu ( ”HIUBUAYaT KU TYPYXJIM TapTUOaQ);

e VKyBUHJIAp Ma3Kyp TyIIyHYajdap KaHAall MabHO AaHIJIATHIINHN, Ka4dOH,
KaHJal xonataap/a KyJUTaHWIUIINA XaKuaa €3Ma MablIiyMOT Oepaaumap;

e QeirujaHTaH BaKT SIKyYHUTA €Trad YKUTYBUM OepWiiraH TyIIyHYaJapHUHT
TYTpH Ba TYJIUK U30XUHU YKUO SIIUTTUPATU KU CIai1 OpKaIu HAMOMUIII 3TajIu;

e xap Oup MIITUPOKYM OEpUIITaH TYTpH kaBoOjIap OWIAH Y3MHHMHT IIaXCUH
MyHOCAa0aTUHU TaKKOCIahau, GapKiapuHu aHUKIAaM Ba ¥3 OWJINM AapakaCUHU
TEeKIUpUO, OaxoaiIu.

“AccecMeHT” MeTOAH

MeTOAHMHI MAKCAJAU: MAa3Kyp METOJl TAabJIUM OJYBUWJIAPHUHT OWIUM
JapaxacuHW  0axoJiall, HazopaT KWIMIL, Y3JAlITHPUIN KYpCaTKHUYM Ba aMalluid
KYHUKMAJIAPUHH TEKIIMPHUINTa HyHANTUPWITaH. Ma3kyp TEXHHKA OpKaJIU TabJIuM
OJyBUWJIADHUHT  Owiuil  QaonusiTd Typad  WyHamunuiap (TecT, amaiuid
KYHUKMaJlap, MyaMMOJM Ba3HSTJIAD MAIUKH, KUECUU TaxJIWI, CUMITOMIIAPHHU
aHUKJIaIT) Oyiinda Talrxuc KUiInHaIu Ba 0axoiaHa Iy,

MeToaHu amMaJira OIIMpPHUII TAPTHOM:

“AccecMeHT” naplaH  Mabpy3a MAIIFYJIOTIApUJa THUHIJIOBYMWIAPHUHT
MaBKyJ OWJIMM JapakaCUHU YPraHWILJA, STHTU MabIyMOTJIapHU O0a€H KWUIMILJA,
CEMMHAp, aMaJliii MaIIFyJIOTIIapJa 3¢ca MaB3y €KU MabIyMOTJIApHU Y3JIalTUPHULLI
JTapakacuHW OaxoJiall, IYHUHTJEK, Y3-Y3UHU 0axojall Makcaauaa WHIUBHUIyall
maknga  Qovmananum TaBcus dtunagu. [IIyHUHTHEK, YKUTYBUYMHUHT HWKOJIUN
¢HIalIyBH XamJa YKyB MakcaJulapuaaH Kenud 4MKuO, accecMeHTra Kylmmya
TONIIMPUKIAPHU KUPUTUII MYMKHH.




“Nucept” MeToam

MeroaauHr Maxkcagu: Maskyp MeToa YKyBUWIapja sSHTH axOopotiap
TU3UMUHU KaOyJ KWIMII Ba OWIMIIApHU Y3JIAIITUPWIMIIMHA EHTHIUIAIITHPUILL
MakKcaauJia KyJUIaHWIaIH, IIYHUHTIEK, Oy METO/ YKyBUWIAp YUYH XOTHPA MAILIKH
BasH(pacHHU XaM yTailau.

MeToaHu amMaJira OIIMpPHII TAPTHOM:

» VYKUTYBUM MAIIFYJIOTra Kagap MAaB3yHHHI AaCOCHU TYIIyHYajJapu
Ma3MyHHU EpUTWITAH MHIYT-MAaTHHU TapKaTMa €K TaKIuMOT KYPUHHINIKIA
Tanépuanau;

» SHTM MaB3y MOXUSATHHM EpPUTYBUM MaTH TabJIUM OJyBYHIIApra
TapKaTUIAAN KU TaKIUMOT KYPUHHILINIA HAMOMMII STUIIA]IN;

» TabJIUM OJIyBUWJIAD HMHIWBHUIYyall Tap3/Ja MaTH OWJIaH TaHUIINO YMKHUO,
V3 maxcui KapaluiapuHu Maxcyc Oenrwiap opkaiu udopamaiawiap. MatH
Ownad unulamia Tanadanap €Ky KaTHaIIYWiIapra KyMuaaru mMaxcyc oenruiapiaH
¢oiinanaHuIl TaBCUs dTUIAINU:

Bearnaa
P 1-matu | 2-matH | 3-MaTH

“V” — TaHUIIl MabITyMOT.

?”” — Ma3Kyp MabJIyMOTHH TYITYHMAJHM, H30X
66()7’ y y y y ,
KEepax.

“+” Oy MabIyMOT MEH yUyH SIHTHIIUK.

[13

—” 0y (uKp €KU Ma3Kyp MabIyMOTIa KapiuiMan?

benrunnaHraH BakT SKyHJIaHTad, TabJIAM OJIyBUWJIAP YYyH HOTAHUWII Ba
TylIyHapcu3 OViraH MabyMOTIap VKUTYBYM TOMOHHUIAH TaxXJIUJ KWJIMHHO,
W30XJIaHA/IM,  YJIAPHUHT MOXUATH TYIuK Eputwinaaun.  CaBosurapra »aBoO
Oepuiaay Ba MAIIFyJIOT SKYHJIaHAIH.

“IToprdoano” meroau

“IToprdonuno” — ( uran. portfolio-noprdens, UHMI.XYXOKATIap YUYH NaIKa)
TaBIMMHUN Ba KacOuil (aonusaT HaTWXKAJIApUHU ayTEHTUK OaxoJamra Xu3Mar
KUJYBUM 3aMOHAaBUM TabJIMM TEXHOJOTHsUIapuaaH xucobmanagau. Iloprdomnmo
MYTaxaCCUCHHHI ~ capajlaHTaH VKyB-METOJUK HWIUIapH, KacOul IOTyKJIapu
muruHaucu cudatuaa akc stagu. JKymnagan, tamaba €KW TUHIVIOBYMJIAPHUHT
MOJYJ F03aCHAAaH Y3MAIITUPHUII HATHKACHHHU 3JEKTPOH MOPTHOIHONap OpKalu
TEKIIUPUII MYMKHMH Oynaau. Onuii TabiuM Myaccacalapyaa HNOPTHOIMOHUHT




KYWHJIAard TypJIapyh MABXKY:

DaouAT N makiau
TypH HNupuBuayan I'ypyxui
Tamabanap moptdoamocu
. P 1OpTY ’ Tanabanap rypyxwu,
Tabmumuit OWTHPYBYH, JIOKTOPAHT,
THUHTJIOBYHJIAP TYPYXHU
daomusT THUHTJIOBYA TIOPTHOINOCH Ba
noptdoarnocu Ba OOIIK.
OOIIIK.
[Tenaroruk VxuryBuan noprhomiunocy, Kadenpa, baxymsrer, Mmapkas,

daommsT

pax0ap xoaum nopThoITHOCH

OTM noprtdonmocu Ba OOIIK.




I11. HABAPUI MALIFYJIOT MATEPUAJLJIAPU

1 - MAB3Y. 3AMOHABHI CHEKTPAJI KYPUJIMAJIAP, YJIAPHU UILIAI
MPUHIILIAPA BA ACOCHHM ONITUK XAPAKTEPUCTUKAJIAPA

PE’KA
1.1.Cnexmpan Kypunmanapuu kiaccugurayuscu. Acocutl
xapaxkmepucmuranapu. Onmux cxemaniapu 6a UuLLawL NPUHYUNIADU.
1.2.Aorcpama onuw koounuamu. Ipusmanu cnekmpan Kypuimanap.
1.3. Ilpuzmanu cnexmpan Kypuimaiap xycycusimiapu.

Tasnu ubopanap: Cnexmpan uuzux, oucnepcus, Keapy npusma, axcpama
onuw Koounusamu, annapam @yukyus, iun3a ¢oxyc macoga.

1.1.CnexTpaj KypujiMajJapHHu KJIacCuPUKANUICH. AcCOCHI
xapakrepucTukaiaapu. OnNTuk cxeMaJapy Ba HILIAII MPUHIUILIAPH.
MabiyMkn UHCOH atpod MyXUT Xakumard mabiyMoTHH 80 % HU KypuIn

opkanu KaOyn kwiaau. 20 % Oomika TypTTa ce3unn opraniapura kosrad. [y
cababiu XaM HWHCOHHU KYpUIl KOOWJIATH, UMKOHUWTIAPUHHM KUIMPUIL YUYYH
MUHIIA0 Typiid XWIIard KypwiMalap spaTwiid. AHa 1y KypuwiMajlapHH
OapuacuHu WOUIA0 YUKMII Ba KYJJIall amMalvil oOnTUKara JIoup Basudaiap.

busnunHr Bazudamuz EpyFIMKHU CIIEKTPal aHAIN3 KWW TEXHUKACUHU YPTaHMIIL

Cnektp ¥3u Huma? Epyrnk cnektpu Oy EpYFIMK HHTEHCHBJIMIUHU

(Heprusicunun) yacroranap (TYJIKAH Y3YHIUIH) OViinda TaKCUMOTH.




Y
S

Ay

By Typmarum OOFIAHMIN MCCUKIMK HypJIaHMIOM y4yH Owmmamus'. Hccukmm

HYpJIAHUIIH YIyH

_ 2rhyv 1

v.T — c2 hv
ekt — 1

[Inank dopmynacu YpuHIM AeraH 3aAuK. Muco; MeTaa KpucTaul makiauaa,
MeTaa ra3 makiauaa. MoanaHnu €pyFJIMKHU FOTHIINA YHJIArd aToOMIIAp SHEPIreTHK
YTumIapura OOFIUK. Epyriuk criekTpy 4M3HKIH, TI0N0CANM Ba Y3IMKCH3 OYIUIIN
MyMKUH. CHEKTp MOJJa aTOMUHM TY3JIUIIMHU TYIIUHTUPHILJIA SHT aCOCUN KypOJl.
EpyrnukHu  cnekTpra EHMII  yCyJIMHMHT 5Hr coja Xomd. @panroydep
criekrpoMeTpu. By ycyn nmucnepcust xoaucacura acocinanrad seau N(A). lynmaii

MOJIJIaJIaH siICajiraH MpU3Ma CIIEKTPOMETpP acocu Oyau.

! Vittirio Degiorgio, Ilaria Cristian. Photonics. A Short Course. Springer International Publishing Switzerland,
2014
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CrnexTpan KypuiMalapHU XapaKTepJIOBUU KaTTaIUKIIap
1-tupkuin, 2-aucnepcus XOCHI KUIIYBYH dJIEMEHT, 3-1uH3a, 4-hoKal dKUCTUK, 5-

KaOyJ1 KHJITHY

400 600 700

Flux

400 500 800 700
Wavelength [nm]

Arapja AUCHEPCUSIIOBYM AJIEMEHTJAH CYHI MHTMYKa THUPKUII KyHuUIca y
xoyjia yukuiga dakaT OWTTa TYJIKWH Y3WHJWUTUIArd Hyp 4ddkaau. by Typaaru

KYPHUJIMaHH MOHOXPamaTop




Arapna Oup HeuTa TUPKUII KYHWIHO Oup HeuTa TYJNKUH y3yHJIUTHHU OJICaK Y
XO0J1/1a TTOJINXPOMATOP.
CriekTpHM Kaii KWINII KWINII ycyJulapura Kapao:
CrexTpocKoIl - arap/ia Ky3aTHIll BU3yall
Cnekrtporpad - arapaa criekTp GoToriacTukara Kaia KuimHca
CrnektpomeTp - arapaa GpoTokadys KWITHY UIUIATUIICA
Crektpan KypuiMaiap 6ab3u XapaKTepUCTHKAIAPH:

bypuak aucnepcusicu

de
Dy =—
Yusukim nucrepcus
p =L
L7 da

Ky xonnma teckapu gucnepcus KyJIaHWIaIu

1 dA_a°

= [—]

D; T dltmm’

Yankmrupuin Kepak sMac MaTepua Jecrnepcusicu Ouian

Nnean kypuiamana TUPKHII TacBUpPU (OKad TEKUCIUKIA WHTHYKA YMU3HKIIAp
cudatuga KYpuHHIIM Kepak 3au. JlekuH pean Kywimazaa OyHaai smac. bup kaHua
cababmap O0opku TacBup Oy3unub kypunaau. Kypunmanu Tabcupu:

1. Tupkuiln KEHTJIUTYA Y€K KuiiMaTra ara.

2. JIudpakuuoHn xoaucanap XMcoOura TaCBUp KEHraluIIy.

3. Onrtuk cucteMacuHu AedeKTiapu.

4. PerucrtpaTcus BOCUTaCH KUPUTAIUTAH KEHTauIIl.

JleMak crnekTpail KypwiMa MOHOXpaMaTUK E€pYFIIMK KailJl KWIraHjaa OUTTa YU3UK

YpHUTa KaHIaWuIup KOHTYPHU PErUCTpaTUUs KUIadu.




AHa 11y KOHTYp/IaH KUYUK OUp 6}”/J1af< 0JICaK

0D=Df (A)or
by enqa ©@ TynkuH okumra moc uHTerpai curHai. f(A) dbyHKUMS KypuiMaHU
anmapat QyHKIUsCH JUiuIaau

Anmnapat GyHKIMS HOpMaJJIaHTaH Oynaau

fowfu)d/l =1

Anmnapat ¢pyHKIHS KaHaKa OYJIMIIM MyMKUH 0ab3U XOJUTAPUHU KYpaMu3.
1-xon. Tupkuill YeKCU3 KHYUK HYp MOHOXpaMatuk OVicuH. Y Xonma dokai

TEKUCTUKIAaru TacBUp ¢akat audpakcus OWIaH aHUKJIaHAIN.

cuH? @ __mh
— Oy epma n = — CHH @

E<p = EO
0-nmuadparma ymgamu
@ —MapkazgaH  Oonutad  Xap  MKKM ~ TOMOHTA  CaHajllaguraH  Oypyak

@ Jap KUYuK OYiaranga CHH@ @ 10 OJIUII MyMKHH.

E, CUH? HA—b )
flo)=—-=
E, mh N2
)
By QyHKIUSHUHT KYPUHULIN MabIyM. by 6ornanumiau f; (x) — €3uim

MYMKHUH




X
¢ = —7 —JIMH3aHHHT dboxyc Mmacodacu

4

_l _'A I i lA IL\__
3% 2% % w,% 24 33

2-xo0i1. Tupkum KeHr HypJaHUII MOHOXPAMAaTUKTUPKHII HOJWHYU JUPPAKCUOH
MaKkCMMyM/IaH aH4a KEeHT yxoyjga audpakcuaHu xucobra osiMaca Oyiaad Ba

TacBHUp OMP TEKHUC EPUTHITAH J1e0 XUCOoOIaiMu3.

1 a
—, ld <=

) —_—
folx) ={* a12 (1, —TacBHp KEHIJIUIU

0, |« =

Hemak xynoca Kuin0 alTUII MyMKHUHKHU OOILIKa TabCUPJIApHU XUCOOTa oJIMaraHaa
anmapat QyHkuus Oy cucreMara MOHOXpaMaTWK EPYFIUK TyIITaHIa YUKUIIIarHd

EPUTWITAHJINK TAKCUMOTHUHU OepauraH (QyHKIIHS.




1.2 Axxpata onum KoouausaTu. [ipusmanu cnexkrpana npudopiap.

TupkuIll KEHIJIMTK eTapiinya Kara JEKUH JUCIEpCUsl MaBXKyll, SHU
JUCIIEPCUSTHU XMCOOra oyMIra TYFpu Kenaau. Y Xojja TUPKUIIHU OUp Katop
YeKCU3 KUYMK TUpKUIUIapra Oynamu3. TUpKHI TEKUCIUTUHU  H-KOOpAMHATA
Owran OenrmwiaiMu3 y XJJa OJJ€MEHTap THPKUII KEHIJIMTA T YHUHT
KOOpAMHATacu y; Ae0 onamwus. _;7 XoJaa xap Oup sneMeHTap TUPKUII (oka
TEKUCIUTUAA W(PPAKCMOH TacBUpP XOCWJI Kujagu. XOCHI OYyiraH TacBHP
MaKCUMyMJIapu X;HYKTara TyFpu Kenamau, Oy Epurmwiramymk (1) xypuHUImMIaru

byukius Onnan anukiaanaau. dakar apryMeHTHH X (X — X;) Y3rapTHpHIN Kepak

y1 (O fi(x —xq)

Tupkumap KOrepHT 3mac. Y XO0J4a YMyMHUM EPUTWITAHJIMKHA aHUKJIAIl Y4yH

a a;
fl(x —xl) HHU -? JaH ? rada MHTCTpaljiam Kepak. I[eMaK

2( ( xl))

F(x) = j fi(x —x1)dx, = J_ i xl))z

Oy epma 6l = %r . Arapnaa TupKunuiap KorepeHt oysca y xoJija

2
o sin(—n(x(;l xl))

J (x) -
1 ( _ 1)
a2 (T[ X lx )




Ennn um3uknm keHraium 2 Ta Typau cababmap xucoOura kenu® 4dukamu n1ed
xucobmaimus. Y xonna

f1(x) - GupurauM cabab KOHTYpHU
f2(x) - ukkuHYM cabab KOHTYpHU

VuFMHIM KOHTYPHHM OJIMII YdyH SIHA MHTErpajUiall Kepak Oymamu. STbHHM
mucoll yuyH  fi(x) —Hm wMaiima wuHTEerpajuiapra OyimamMu3 Oy 3JIeMEHTIap
KOOPJMHATACHU Xq, KEHTJIUTH dXx;

Xap oup  f;(x)- HU 3eMeHTH f,(X)-HU TabCUpPH HATHIKACHIA KCHrasIu Ba
KEHTralraH KOHTYp f,(x) OuiaH aHWKJIaHAIU JICKMH KOOPAMHATA X; Ta CypHJIaJInBa
Eputmrammk  f; (x;)dx;-ra nmpornopcuoHan Oyiaau. Jlemak mry 3JeMEHTHHHT
TabCUPU YMYMHUH KOHTYpra XHyKTaJard TabCUPH

F(x) = fi(x) fo(x — x1)dxy
YMyMui KOHTYp
F() = [, Gt —x)dx (2)
Yam ToMOH/Ia TypraH HHTerpaj cBepTka ned atamaau. Kym xommapna — f; (x)

Ba f,(x) map oupop x; < x < X, opaJuKIa HOJIJaH KarTa Oynaau. Y xosaa
X2
PO = [ AGOf0-x)dx
X1

ned €3uI MyMKHH.

CepTkana Kaiicu (GyHKIMS Kaii Oupura KYIIMIMIIHHN aXaMUASITH HYK. SbHN
X2 Y X2
Fx)=] ACDLG—=-xDdx = | filx—x)f2(x")dx'
X1 X1
CBepTKaHUHT siHA OUTTAa MyXUM XYCYCHATH, arpjia yura TacBup Oyica y XoJja
F(x) = f fa(x —x") U fi(x") fo(x — x’)dx’] dx"
arapzia N Ta QyHKIUS TabCUP dTCa
R = [ fulc= xR, (DX

2- wHTerpayira Kaitamus Oy wmHTerpamma F(x) Ba f,(x) Mawaym Oyaca f;(x)

aHUKJa MyMKUH (ucbotcus). by Takuiam onTuka Ba paguopusnka Kara YpuH




AraJUTalIA.

CrekTpan 4YHM3MKIAp KEHIVIMTH [Iy T[aiTraya wujaean XoJaTHU Kypuo
cuekTporpagra TymaérraH EpyFJIMK MOHOXpamMaTHK Je0 xucoOnaml KeJauk.
Jlekun acnmpa xap KaHAau crecTpan YM3HWK KEHIVIMKKA 3Ta Ba YHJArd JSHEprus

TaXMHHaH

(/D_dCD
="

Kyn xommapma @(A) makcumymaaH uKKajga Tapadaa aCHMTOTHK paBHIIIA
Hoyira HTUIaAM. [IIyHUHT yd4yH YHUHT KEHIJIMTMHU aHUK aiTuo Oynamainau. [y
cababnu crnexkTpajd YM3UK KEHIJIMIH Ae0 yHM SpuUM OallaHUIMKIard KEHIJIUTH

OJIMHI'aH.

Imax

By uHTEepBan 4M3MK SPUM KEHIVIMTH JuiWiIaan 0ab3u XoJija

HUCOATH OJIMHAOU
Xyaau myHaal creCTpall KypHWIMaHUHT anmapar QyHKIUICH KSHIJIUTH XaM
AHUKJIaHAIN.

Mucon: nudpakCHOH TacBUp yuyH TYFpHU Oypuakiii KOHTYp/a SpUM KEHTIUK

A —088)L
(p_ ) b

Oxupru HaTH>KaMu3
U(x)-tacBup, ¢ (x)-criektp keHrurd, F(x)-amnapar ¢pyHKius xucodra ouo

Ulx) = jooF(x’)rp(x —x")dx’

—
ned €3uIl MyMKUH

Jlemak criektporpad YMKUIIMAArd TACBUPHHU OMIICaK crekTporpad ammapar
(GYHKIUSACUHM aHUKJIAcak, y XoJyiga TylIaéTraH CHEKTpHM aHUK ailtud Oepa
oJlaMu3.
@(x)-HM aHAIMTHK aHUKJIAIl XaMMa BakKT XaM MyMKHH 5Mac. IllyHuHr yuyH
HWHTErpajuiaMacaal TypuO 0ab3u XyCyCui XoJIapHU KypaMus.

1-x071. CHekTp KCHIVIMTH anmapaT (DyHKIHMS KEHIIMIWIaH KAYKuHA Ba @ (X)




HoamaH [x — Ax ; x + Ax] opanuruaa dapknum. Jlemak

x+Ax
U(x) = f F(x")f(x—x")dx'

x—Ax

F(x)-uu kuitmatu [x — Ax ; x + Ax]| uatepBanuma Kyn y3rapmaniau

[y cababmu ypraya KUWMAT TeopemMacura acocaH (DyHKUHUSHU OHpOp KuiMar
OnyaH 1y opiauKaa aamamTupca 6ymaau. F(x) = F(x)0y epaa X € [x — Ax ;x +

xA] y xona

x+Ax

U(x) = F(x) j o(x —x")dx'

x—Ax

x+Ax
] px—x"dx' =1

x—Ax
Hemaxk U(x)=F(x)
SAna Oup mapta F(x) Hu Oepuiran uHTEpBaia XaM Y3rapuiIdHu XUcoOra ojcak y
X0Ji1a

Ux)=F(x)

Jlemak 4MKHII KOHTYpH anmapaT GYHKIUs OuIaH MOC KEeNasiITH.
Xynoca. Arapga 4YuMKMII KOHTYpU anmapar (QyHKus OujaH MOC TylIca Yy XO0Jjjaa
KUPHUIIJIaTd HYPJIAHUIITHA MOHOXpaMaTHK Je0 Xucoobsaca 0yiaau.
Teckapu xam ypunnu. Hypnanuimiga sHaprusHd TYIKUH Y3yHIUKIApH Oyiinua

TaKCUMOTUHM aHUKJAIl Yy4yH (CEKTpHM aHUKJAll), CIHEKTpajdl KypUJIMaHUHT




anmapaT QyHKUUACH CIIEKTP KeHIVIMTHAAH KUK Oyiumm kepak. OgaTaa anmapat
L1 o
(YHKIUS KEHIJIMTMHUA aHT'€CTPM EKU o, Ja yriananu.

VYauam XAaTOJIMKIIapHU TabCUPU, ABHU acoCHH HaTWKara KaﬁTaMPIB.

U(x) = fooF(x’)<p(x —x"dx’

—o0co0

Arapma F(x) mabpnym Oyaca U(x) Hu ymuab oincak y Xoiaaa @(X) HU UXTHEpUN
AHUKJIMK[A aHUKJIAll MYMKHH JEraH XyJjiocara Kajamu3, SbHU KypUJIMAHUHT
cudaty Xe4 HapcaHu aHUKJIaManIu.

by epma U(x) Ba F(x) nmapHu aHukjgamjard XaTtojuk XucoOra OJMHMAara.
KypwiMaHuHT XaToONMKIAp KUPUTUIIM YYYH aXpara OJUII KOOWJISATH OujaH
aHUKJIaHaAu. AsKpara OJIMII KOOWJISITUHM aHUKJIANIAH OJJAWNH HKKUTA YU3UKHHU
Kaiicu xonjma axpanrad guiimu3. [lyan anwkinad onamus.  UusukinapHu
axpanranuHu Pemmii  kputepuiicu Ownan dapkiam  Kynaid  O0ynaau.Penmii
KPUTEPUIMCH: SHI KUYMK aKpaTa OJUIIM MYMKWH OViaraH WHTEpBal €0 M1y
KOHTypJiaru OOIl MakCUMyM Ba OWUPUHXM MHHHUMYM Opacujaard macogaHu
anlTamus.

Bbypraun ynuoB Oupnukiapuaa
A

5§0=E

JleMak MKKU MOHOXpaMaTUK Oup X1 EPKUHIMKIATH YU3UKJIAp aKpairan Oyiaau.

Arapia OupUHYHMSINK MUHUMYMH KKMHYHASINK MAKCUMyMHUTa MOC KeJica
. b o
By KOHTypiap 4YM3UKIapyu KECHUILTaH )XOU ¢ = 7 [y KuHMaTHH

. _oTh
Ep sm27<p 1

WG )

Y xonma éputunrannuk 0,8 Epurmirannuk Oepamu. [lemak Eputmiranaaru

>=0,4

qyKypJiuk Makcumymaad 20 % Hu tamkun Kunagu. by dapkHu kY3 unrail onaau.
2 . o
[y cababmm WKKH YH3UK 6@ = v Maco(dama xoitamran Oyica, y XoJjiga yiap

anuxXuaa KypuHaau. JHau Oypuak AUCTIepcUscH popMysiasind dCIaiMus.

d d y)
=2dr=L61="=
da Dy bDy,




Enr knunk AKpalaurad MHTCpBaJl, AbHU KYPUJIMAHWHI &)KpATHUII YCTrapacu.

Nnuratumra 6011Ka KaTTaluK KyJalpok Oyiaam.

2 . " oo ; .
R = i bD, Penuii xpurupuiicu Oyinya axpara ONMII Kydud, €KM Hasapui
aXkKparta OJIUII Ky4H.

by xputTHpHuil Mykammai 3Mac.

Mucoin: nkkn €ama-&H um3uk Epkunmkiapu 10:1 myHocabatma Oynsin Ba ymap

opacuaaru Mmacoda % OyJIsin y X0JiJ1a yJIapHH aXpaTtud Oyimaiu.

Jemak Pemnii KpuTepuiCH HMKKM YW3UK QKPAIUIIM XaKUJa aHUK TacaBBYp

OynMaiau, TeKUH KypuiIMalapHU COJMIITUPHINIA Kyl KylIail KpUTEPHil.
[Ipusmanu crekTpan KypwiMaiap CHEKTpJapHHU YpraHUIIIard OUpUHYH

Kypuiama. Chnektpan npusma Oy maddod wmarepuanmad Tal€piaHraH, KaTa

o o dn
JUcTiepcHsira ara Oyiaran Kym KUppajaud MKUCM. (a-zmcnepcm{) JeMaK Ipu3Ma

scajlaJurad Marepuaira Oup Katop Tanadnap Kyiuiaau.

B

AbHM MaTepuan TaAKUKOT YTKa3WIaauraH TYJIKUH y3uHiaukiapuna maddod Ba
o an
IOKOpY JTUCTIEpPCHSATA 3ra OYIIUIIN Kepak. —lHa Y ONTHK JKHXaTIaH Oup KUHCITU

Ba m3oTpon Oynmumm kepak. KosaBepca yHra 0COH WIUIOB OSpWIIMIIM KEPaK Ba Y
ap30H OYJIUIIN KEpak.

Tabuuii kBapc 20004000 A° opacuaa sxmu nucnepcus sra. Jlekun 4000 A°
KUWUUH JUCIiepcusl Te3 KaMasiiu. JPUTWITAaH KBapC XaMm IIyHra yxIami JICKUH
JIeCTIepCUsICH KaMpOK Yy3u ap30HpoK. TaOuarma kata KBapc KpUCTaIapu Kam

ydpauam y xaM KUMMat Typajau.




[uma: 5000+ 7000 A° opacuaa, qucriepcuscH XM “‘(KBapca Kam)

YTKa3ul CrieKTpU

n
2401
220
200 -
180 L
Cepoyanegod
1,60+ — Benson
-
2008 4000 6000 A, A

KBapcna: yrkazum xobunaru 2500 A° nan Oomwiad Oupra sikuH 0ab3u

tabuit kpuctamwap 2000 A° na XM YTKa3uI MyMKHH.
[Mwumra: ~4200 A° napaan 6onuiad yTKa3uin Oupra sKyH.

Xynoca: Ynrupabunadma coxana 2000 A° kara TYnIKuHIapaa TaOuuin
KBAPCHUHT AJIOXUJa HaAMyHAJIapu uiamyd MyMKuH. 2500A° y3uH TYJIKUHIapaa
KBapc mpusManap unuiatuimra Kyiai. 4200 A° napnan 6onuiab muiina npusManap
KyJai Oymaam.

V myamnapu:

[Tpuzmanap ogarna 10 cm gaH kuuuk Oynaau. YHIaH KaTa MUpU3Ma UIILIa0 YUKHIII
KUiinH Ba KuMMat Oymanu. Kenr nerannap Ounan unuiam kepak Oyiaranaa, mpusma
MaKIUAard MOWIITa JUCTICPCHUICH KaTTa CYIOKIMK COJWHAAW. bab3mma sca Omp

KaH4Ya Mpu3MajlapHy OUpTrajiuKia UIuiaTwiaau. (Mypakkad mpusMaiiap)




1.3. Ilpu3manu cnekTpa KypuiMaiaap XycyCHsTJIapu.

an

Papa3 KWIaWIUK N Ba—— MPU3MAHUHT OyTyH Xaxmu Oyitnu Oup xui. [Ipusmara

Tymaérran Oapd HypJapHU TPACKTOPHSICHHM aHHUKiam KuiuH. yHMHr yayH

COJLIANAIITUPUIITaH X0J1 OYITraH acocuil kecumia €TyBYM HYpJIapHU KYpaMus.

Acocunii KecuMIa HypJaapHU CUHUIIA

@ =a;+ az(Br — B2)
A=p+B;
sina; = Hsin 34
sina, = Hsin 3,

Kyn xommapna A, H, o JIapHU OJIMHAAH aHUKJIAl MyMKUH. Konranmapunu
IOKOpUJIATry CIIEKTP/IaH aHUKJ1aca 0yaau.
IIpu3maHu XapakTepJIoBYM KATTAJUKIIAP.

1. YerapaBuii Oypuak. YerapaBuii OypuyakHM aHHMKIAIl YYYH 0 = Qp =
. : .1
90° (sina; =sina,; = 1) y xongaf; = B, = arcsin ;Amax =
.1 -
2 arc sin ;Arapa,ua A> A, ax V X012 TIpU3Mara TyIIraH UXTUEPUN HYp UKKUHYU

CUHAMPYBYM TOMOHTA TYJia WYKW KaWTWIl Oypuarujad kata Oypyakma TyIiaau
BalMpH3Ma aCOCHJIaH YUKAIH.
Arapama n = 1,5 + 1,8 ypracuga O6ynamu, y xonaa A,,g, = 84° -+ 64° 6ynaau.

Kyn xonna A = 60° onunanu.




2. EHr xara oruin Oypuyard siHa yiia TEHTJamanap cecTeMacHJaH aHUKJalll
MYMKUHKH @ = Qp = @y OYJIranjga ¢ = @, by Xoiaa TyluryBYM Ba YMKYBUU
HypJap mpu3Mara HHcOAaTaH CHUMMETpPUK Oyiaau Ba TpH3Ma HYMJIa acocura
napasuien oynaau.

YHUHT KUUIMAaTUHU aHUKJIAIl Y9yH

A =60° n=16 nebomamu3 yHaa

Ay =n sing = sin A¥6y epaa Qpin = 46°
3. IIpusmaHuHT Oypyak KaTTaJalITUPHUILIN

bup ukku Karranukiapjaa npusmara Outrra Hyp Tymasnta aed ¢apa3 Kuiau.

Acnujia npusMara raTOCeHTUPUK HypJiap JacTacu TyIIaiu.

0 Ba JI- JTap TYIIyBYU Ba YUKYBYH J1aCTa KECUMIIAPH.

Bypuak ky4aiitupumm 1e6 w = % = S

[Ipu3amManuHr Oypyak KATTAJAIITUPUILIMCOH SKUXATAAH TYIUK (POHTHUHU

[Ipu3Majialn S"TFaHI[a CHKHWJIMIIINUTA TCHI.

[Tapaiien nacranap Xxam CUKUJIUIIN Ba KCHTaWWIIA MyMKHH.

Kypunmanunr Oypuak necnepcusich D, = OyHHM aHUK/III YYyH siHA YIa acocui

o o da
TEeHrjJaManap cecrcMacuHu auddepeHcuiiuiam kepak OViaau Bad—/11=OTyH_II/IH_I

Oypuarnnu ¥y3rapmac ae0 xucobiacak y XoJija MPU3MAaHM DHI KaTra OFUII

Oypuaruaa ypHaTuiraH ae0 IUCTIEPCHUsl yUyH OJIaMU3.




_ 7 A
do sin 8 d_n _ SIn = dn

d/l_zcosad/l_ Aﬁ
\/1—nzsin27

bab3u Oenrunaniap KUPUTAWIUK 1Ty TACBUPIaH

AT B
sin 8 —zacosﬁ—a

Jlemak
dp _Tdn
dA  adA (1)
do 2 dn
A-0ypuaxau 60° JICAK —_ = ———
6yp 20 one dA  Va-nz da

Kyn xomnmapma mpusManap SHT KaMm OFuIll Oypuarura KyWuiaaaud Ba ylapHU
cuaaupuin  Oypuarm  A=60° Oynamu. by wukkana dopmyna xam 0Oab3u
COJIANIAIITUPUIII SBAa3UTra OJMHTaH Oyiica Xxam sIXIIN HaTwkanap oepaiu.

Arapna 6uzna mpu3Malap cecreMacu Oepuiran 0yica y xoJjaa

Apum _ d91 A9
dA dA dA
Arapja nmpu3Maiap SHT KaM OFUII XoJlatujia Oyiica, arapaa 0yc xapT 6axapuiMaca
dPun _ o1 dos
dA 2dr o dA

Arappaa 6uzna kata nmpusma Oyica y xonaa

APum _ AP—1 Ay
= wk + -

dA dA dA

Arpan cuHaupuin Oypyakiap Teckapu TOMOHJapra Kapaca y Xojja WUFMHIWUIA

HIIopa MUHYC OJIMHA/IH.

yl
Axpata oauil KOOUIATH R = 5 bD

@

JlexuH XaKUKui akpaTta oJIMII KOOWJIATH Oy KMMaTIaH aHya KaMm OyJap dKaH.
Cababu Oy KuMMaT TeoOMETpUC ONTHKA SKUHJIAIIUINNAA OJMHIaH Ba yHJA MpU3Ma
KUppKIapuaara audpakcuss xucodra oauHMaraH. JludpakcussHu XucoOra OJIHII

OHT KaM OFHUII X0JIaTh Oaxkapuiaau Ba KyWuJaruya aHuKJIaHaIu.

dn
R=(t; - tz)ﬁ




. d d
Arppa gacta npu3MaHu Tyla Kortacay xonga R =T d—;l bD, >T d—;l
[ynunr yayn P=bD, wHazapuil axpara onuul KoOunsTd auiiviaand. Iluma Ba

KBapC INIpPUSMAIaPHUHI" JSHT acocui KaMYWJINKIIapuaaH 6I/IpI/I AUCIICPCUAHHUHT

KuitMatu. TYIKWH Y3YHJIUTH OIIMIIY OWJIaH KaMasi/Iy.

dn

Mucosn: T®-5 Tunuaary muma y4yH CIEKTPHHHI XaBO PAaHr KMCMH Y4yH T

3200 sm™!, Ku3WI KHCMH YYyH Z—Z = 1170 sm™!. Y xonna 6azacu 5 cMm oynran

npusma yuayH P=5000, xaBo panr yuyH P=15000.

Jlemak CeKTpHU KypuJaéTraH AUarno30Hora Kapald Ty3aTHUIl KHPUTHIL Kepak.
OnuHran HaTwkanapgaad ¢otgananu® OW3HM KU3UKTHPraH YU3HKJIApHU

akparta OJIMII y4yH KaHJal IpU3Ma KepaKJIMIMHU aHUKJIAl MyMKUH.

Mucon: natpuiitHuar 6000A° -maru aymuieT 4uM3uKiIapu opacuga macoda 6 A°

6000
J€MaK aKpaTull y4yH R = — = 1000 xu3ma Iuana3oHIUTHMHU XUcoOra oyumo.

d _ d
d—z = 1170 sm™1R = Td—z T~ 1 sm. Arapaa BoIOpOT U30TOINH AYTUIETUHU OJICAK

y xaM 6000 A° axun opacu 2 A° P=3000 Ba T=3 cm
AskpaTa oI KOOWISITHHH OIIUPHUII YUyH K - Ta pU3MajaH Ty3WITaH cecTeMa
WIJIATUII MyMKUH. by Xonna R, = {'(=1 Ry
Asxpata onuml KoOuisATUra Typiau (Qaxtopiap MaHDHU TabCUp KUJIUII
MYMKHH: FOTWIHII, TpU3Ma UIUIA0 YMKapuigarda aedextinap Katapum 0y J
IIyHUHI  y4yH  Xam Rrear K Ryeley [Ipu3manapHuHr  TypiH
XapaKTEePUCTUKATIAPUHM SXIIWJANl YYyH MPU3MAIAPHUHT Typau ¢dopmaaaru
Typiauya KeTMa-KeTJIUru Oupiammanapu unuiatuiaad. byHpail npusmanap
nevinnanu. Mucon: Pesepdopn npusmacu, AmMudu npusmacu, A0Oe mpu3macu Ba

Oomkamnap.




Hasopar caBoJsiapu

1. Epyrnuk cnexktpu Xxakujga TymyHua. ChekTpiaap TypiapH, YJIapHH
KHCKaya XapaKTepUCTUKANIApH, YJIapHU XOCUJ OYiui cabadnapu.

2. DHr coaja crekTpan KypwiMma Onok cxemacu. CrekTpan KypuiMalap
acoCui XapaKTepUCTUKaTapH.

3. MoHoxpoMarop, MOJUXPOMATOp, CIEKTPOCKON, crHekrporpad Ba
CIEKTPOMETp MOOopanap OwiaH aTaiagurad KypuiaMmanapHuHTr (apku. Crexrpant
KyprwiMa (GoKad TEKHCIUTHUAA XOCHJ OYNIaguraH THUPKHUII TaCBUPUHU KEHTAWHUII
cababmapw.

4. Chekrtpan KypuiMa annapat QyHKIUSICH, YHH XyCYCUSTIApH.

5. CnekTpan Kypuimaaa CHEKTp YM3WFH KeHraiummra cababmap. CBepTka
XaK{J1a TYyIIyHYa Ba YHU XOCCaJapH.

6. TupKUII KEHTTIUTH HOMUHYM TU(PPaKIHOH MaKCUMyMH KEHTJIMTHAAH OUp
HeYa MapTa KarTa OyJIraH XoJ Y4yH CIEeKTpall KypHuiiMa anmapaT GyHKIUICH.

7. Anmapatr (QyHKIUSHU aHUKJanara Ba (okan  TEKUCITUKIAru
EPUTWITAHJIMK TaXCUMOTHHH YIHallJard XaTOJUKJIAPHUHT XAKUKUH CIEKTPHU
AHUKJIAIIIATd POJIH.

8. CrnexTpall YM3UK KEHTJIUTY XaKua TYIIyH4Ya, CIEKTpal YN3UK KeHTalnuIIu
cababmapu.

9. AxparwmaguraH YW3HWKJIAp OpacHJArd dSHI KAYWK HWHTEPBAITHU
anuknamga Penenr kpurepmiicu. Penell kpurepuiicnra acocaH axpara OJUII
KOOUJTUATH.

10. CriekTpan 4M3WK KEHIJIMTH ammapaT (QyHKIHMS KEHTJIUTHIAH Ky MapTta
KMYMK OYNraH Xojja CHeKTpal Kypuima (OoKajl TEeKUCIUTuAa EpUTHITAHINK
TaXCHUMOTH.

11. KBapry Ba mumia TpU3MaJapHUHT COJUIITHPMA XapaKTEPUCTUKACH.
JucnepcusuioBun 35eMeHT cudaTuia UIUIaTUIaIurad mpu3Maiapra Kynuaajaurad
Tajadnap.

12. HypuuHr npusmazad YTUIIUHU XapaKTepialauran acocui KaTTaaukiap.
by xarranuknapau 0ofnoBYM TeHrTamanap. CuHIupHII Oypyard ydyH derapaBuil
KUMaT. DHT KaM OFUII Oypyard.

13. Ilpusmanunr axpara osmil KoOwinustu. llpu3amanap cucTeMacHHUHT
axpara onum KoOwnmusTu. [Ipu3zMa axxkpata onuil KOOMJIMATATA TabCUP ATYBUH
OMUJLIAP.

14. Tlpusmanunr Oypuak karranamrtupumu. [lpusma Ba  mpusmanap
CUCTEMACUHUHT JIUCTIEPCUSICH.
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c auri. Jonronpynusiid, U3gatensckuit nom «HTENEKTY, 2012

3. .http://www.photonics.com

4. www.optics.arizona.edu>Research»

5. Specialties www.manchester.ac.uk
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2 - MAB3Y: OIITUK HYPJAHUIILIAP, YIAPHU KAWJ KWJIHUII YCYJLIAPH,
IJIEKTPOMATHUT TYJIKUHJIAPHU MYXUTJIAPHUHI' ATOM BA
MOJIEKYJIAJIAPA BIJIAH Y3APO TABCHUPJIAIIIYBH

PE’KA
1.1. Hypaanuw manbanapunu myprapu. Onmux maokuxomiapoa

HypAGHUW Manbanapuea Kytuuiaouear maiaonap.
1.2. Onmux xeaum ecenepamopnapu. Yuzuxiu (Y31yKiu) 6a YV3nyKcus
CNeKmpaap mapKamyeuu epyeiux MaHoaiapu.

1.3.  Onmuk mypranuwiHu Kauo KUiysuu Kypuumanap.

Tassnu wubopanap: Humencusiuknune cnekmpalr maxcumomu, V3IUKCU3
CNeKmp, YUSUKIU CHeKmp, MOHOXPOMAMUK HYpAAHUuw, Jjaasep, QomodnieKmpon
Kyuaumupauy

2.1 Hypaanum man0anapunan typiaapu. ONTHK TaAKHKOTJIApAA
HYPJIAaHMII MaHOAJIapura Kyiujaaaurad tajgadJap.

EpyFinuk MaHOaTapHMHUHT CHEKTPIapyaa CIEKTPACKOMHSAIA ACOCAH UKKUTA
Bazua Oakapuaam.

1) Man6a CrieKTpOCKONUK TaAKHKOT O0CKTH Ba3u(acuHu Oaxkapaiu.

2) Epyrmuk  manGacu éprammpa Oupop 0OBbEKT XaKUa CHEKTPACKOIHUK
MaJlyMOT OJINHA/IH.

buprHun xonga €pyrauk MaHOAcH 4YMKapa€TraH HypJaHUII MaHOa Xakuja
MabIyMOT OJIMO Kenaau. By Xoiija CHEeKTPOCKOMMK aHajiu3 ycyulapu MaHOa
XOJIaTHTa Xe4 KaHaail Tacup YyTkazMmaiau. VkkuHum Xoijga EpyriuK MaHOacu
épllamMuia TEKIUPHUIT 00EKTUTa OUPOP TAbCUP YTKa3MaNIu.

WNkkuHum xonja Epyrauk MaHOacu €paaMuia TEKIIUPUILI OO0eKTUra Oupop
TabCUP YTKA3WJIAAW Ba HATHWXKaJa XOCUJ OYiraH HypiaHuil Ky3aTuiaau.(Mucon
($hOTOIFOMEHCETCHS FOTHUII CIIEKTPU Ba X0.30)

bupuHun xonga manOara xap KaHAal TacBUp oOJMaiMM3, S’bHU MaHOAHU
CIIEKTPH €KUM YHU EPKUHIIMTUHU Y3rapTUpa OJIManMU3.

NkxkuHun xoyijia O6u3 MaHOaHM XapaKTUPUCTUKAJIAPUHU Y3UMHU3ra KyJian
KWINO TaHIAIIMMUA3 MYMKHH.

Epyrmuk man6acu Tacup BocuTacH cudaTHaa WIUIATUITAHAA YHH acocaH
WKKHU XapaKTHPUCTUKACUTA dTHOOp Oepumaim.

1.Epyrnuk man6acu KyBBaTH Ba YHU (KyBBaTHHH) BaKTTa MHTEHCHBIMKHMHT
OOFIUKJINTH.




2.CriekTpai TaKCUMOTH Ba YHH (TAaKCUMOTHHU) BaKT OViWYa Y3rapuim.
Man0a yrapmac neiinnaay arapjaa HypJaHUII KyBBaTH BakT OYiinda y3rapmaca. by
XapaKTUPUCTUKAHU  Kypcarrmuu  cudaruga  (CTaOWUIMK — KypcaTTuyu)

AB? ..
M= |— -KaTTanukK onuHaau. by epna B- €pyriuk
Al
B=—coc
a5 0C®
[ vatt J-&
—— = -EpYyFIIHMK Ky4d
C- man0a ro03acu @ — MaH6a CHPTHTa O' TKa3UJITaH HOpMAJI Ounan

w ..
Ky3aTHIL opacujard Oypuaxk (]):? -EpYFJIMK OKUMH W-HYPJIAHHII SHEPTUSCH.

Wnean crabwinanran Hypiaanum Mman6acuna M=0 6ynaaun kym xonna 3+5%
OFUIIUIMK  CHEKTpaJl  WHTUHCUBIMKIAPHUA  aQHUKJAII  XaTOJUTUTa  TabCUP
Kypcarmaiinn .basum xonga oObekTra KHCKa MyJJaT TabCUp YTKa3uO, YHU
peSKCUSICH Ky3aTuiaau.yY Xojja HypJaHUIl UMITYJIC KYPUHUILIKIA OYIIUIIN Kepak.
VYxonma crabun wmaHOagaH Kkena€traH EpyFIMK MOAYJIUATIUSATIAHAIN, EKU
razjiapJaH TOK HMMIYJCH YTKa3uO pasps] ojiMHaau. MexaHuk MOAyJsTcHUsIapa
OJIMHAJUTaH UMITYJICIap/a
t=10"*+10"cek )

[Mesoenekrpuk gednexkropaa 10°+107 raua omum mymxun Jlasepnappa
moxynap dazacuuu cuaxpornamtupu6 1073+104cex onmmr Mmymkun.

2.CriexTpan XxapakTepuCTUKAIIAP
Manb6anap cnektpiapu Oyiinua mapTiv paBuiiaa 3-ta rpyxra OyianuHaau.

1. Y3nyKcu3 CieKTpiu

2. [Tonocanmu ciekTpiau

3. Uu3uKJIA CIIEKTPIIN

1-yn Typmaru ojaTna ojaTAa YYFIAHMIN jammaiapu umnaTwiaad. Kapxrod
KOHYHM Oyiin4ya HypJaHUII KOOWJIATATAa HUCOATH BaKT Ba TYJIKWH Y3YHJIMTUTA
OOFMK yHUBEpcal -5

it —p(/l T) . Kupxro¢ ynusepcan ¢-s

Bapua wacroranapaaru Hypaanunr P,=0 [ 0+O° p(A, T) -eHepreTUK HypJIaHUIII

P=c T* Crean bonrcman konynu 6=5.67*108 v,f t4
meK

b
BUHHUHT CHIKUIN KOHYHU /1Max=; 6=2.9%103m.x




2
1-uu popmyia p(4, T) Py = H: - V2 Peneit KuHC bopmynacu
’ c

2Hh 3* 1
Pys = C—ZV —— [1maHk dhopmynacu

ekt -1
— 70
(= st
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Kamununuru Yb coxala HypJIaHWII HHTUHCHUBJIUTHY KaM

Bonopona nammnacu 0y kamumiukHu Tyaaupanu. Tynkun y3yrunuru 5000-m1an
To 1650A y3nyKkcus criextpra sra. Bogopon rokopu 6ocmaa
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Sna 6utra Yb —coxa yuyH y3iykcu3 MaHba ccccee
By snextp €iin KaMUnIUTH CTaOMII AMAc Ba dJIEKTPOIjIap T€3 TOMOM OYJau.




KOxopu 6ocumra sra 6yiran Oomika razmaparu paspsg xucooura Yb coxana
HYpJaHHUIN ONHII MyMKHH. (Mwuconm —rokopu OOCHMIIM HWHEPT Ta3nap OWiaH
TYJIMPUITAH JIaMITanap) .

Nmnynecnu  HyplaHWUII OOJIMIN yYyH HMMITYJICTH KaTTa »JJIGKTP TOKH HWHEPT
rasjlapfaH yTKa3uiaaiau.

2.2 OnTHK KBAaHT reHepartopJiaapu. Yu3ukian (y3,1yKJn) Ba y3JIyKCU3
CIIEKTPJIAP TAPKATYBYHU EPYFIUK MaHOAJIAPH.

Uu3KKJIM CIIEKTP OJIMII YUYH KYT XOJUlapAa nmact 0ocmaaru rasiap/a €Ku
METaH NapyiapuaH KEKTp TOKH YTKazuilagu. (raznapiard 3JIeKTp pa3psau )

EHr kaM oNMHUIIY MyMKWH OYJITaH YU3UK KCHTJUTH Oy TaOUUii KEHTJIMK OujIaH
aHUKJIAHATH.

AEAt > h
Kypum nuanasonuna At ~108cek AL =107A0

UM3MK KEHIVIMIK 3appadyaiap OPACHAATMHTYKHAIIUIIM XHCOOUTa OPTHUIIH
MyMKUH (toKopu Oocm) TykHammmuaaru Ttabcup Oup KUHCIM OYyiMara,
HocTtarcuoHap tapk adekT OunaH TyUIyHTUPUTIAAH.

bocMm 1-atm Oynranga kenraitui acocan tapk adektura xucooura.
[Tact 60ocmaa =~10mm.c.ycT KeHraiummra acocuit cabab Jdomep adextu
Jlazepiiap X03upru KyHia CIIEKTPOCKOMUSAIA SHT aCOCUN EPUTTAYra alJIaHTaH.

Jlazep cnekTpockonuscu (paHu KIACCHUK CIEKTPOCKOMHUSAIAH KYIUTAHUITUIIIH
Oyiinua y3rapub KeTau

JlazepyiapHu CHIEKTPOCKOMUAYYYH aXaMUSATIN Xoccalapu

1. Cnexktpan B3WYIMKHMHT YTa KaTTtanurd. Jlasepimap HypJaHUIIAHUHT
CHEKTpal 3WWIMTH OJIUN HYPJATTUWIAPHU CIIEKTpal 3WWIMTHIAH OWp Heda
TapTuO 1OKOpHM Oynumm MymKuH. by Xxoccacm nasepmapna  ramaéHra
KeNTUPWITAHJa TIOBKUHJIAPHU KaMaWTUpUINTa WMKOH Oepamu. fHa Karrta
CIIECTPAJT 3UUIIMK KYTI (DOTOHIIM XOMCATApHU Ky3aTHIITa UMKOH OepaJiu.

2. Jlazep HypiapuHUHT OypYaK KCHraluIyi KaMUUITUTH.

3. Mucon y4yH I0THIMII KaM OYrana y3yH MyXUTHH TEKIIUPHUO IOTUIIUILIHU
YPTraHUIl MyMKHH.




4. CriekTpan KeHIIMKHUHT KHYUKIIUT Y.
By xonat 1oKkopu axkpata oJuIl KOOWISITUHUA aMalra OIIUPUIIA Ky Kelaiu.

5. HactoTaHu y3rapTUpHUIl HMKOHUSTH.

6. CyOnuKOCeKYH/T UMITyJICTIap TeHEepaTCUsIal UMKOHUSITH

KoMOMHAaTCHOH COUMIHILIA JTa3epiiap KaTTa axaMHsITIa ara.

JlazepnapHu akTHB MOJIJIa TYy3WIHIINATA Kapad MapTiid paBulla 3-Ta rypyxra
akpaTca O6ymaau.

1.I"a3 nazepnapu

2.KaTTuK XuCMIIM Jiazepiaap

3.5pum yTKa3ruuim naszepiap

1.I'a3 nazepnapunu >HT €pkuH HOMOEHAacu He-Ne nazep, yHUHT HypJIaHUIIN
yTa TOp IMano30Ha Oynaau, pe3aHatopiiap opacugaru Macoda KaTTaJluru
XucoOura, HyHaITUPUITAHIUTY XU (¢ KeHraluira sskiH KeJITUIl MyMKHUH )

o=
2

A=0.63mxkm CO; —A = 10,6mkm WHTUHCHUBINTU KaTTa OYIMaiau, ra3 Oyiaranu
y4yH.

1. Kattuk sxucmin nasepiaap HoMmoéuaacu 4AesO12:Hi®" utpuit anmoMuHuBuii
rpaHaT JONMUPOBAHHUN HEOJAUMOM.

Cnekptu ra3 nasepiapura Kaparasja KeHrpok. KaTra HMHTHHCUBIMK OJUII
mymkuH. Iy Typnaru nazepnapna cyOmemMTaceKyHIJIM UMITYJICHAp OJMHAmu. Te3
YTyBYM Kapa€HIapHU YpraHumga Ky KeJIaau.

6. Apum  yTkasruwim  mazepiap.  CoekTtpan  AWamna3oHW  KATTHK
KACMIIADHUKUJAH XaMm KeHr.bypuak €vmmumm kenr .O.M.K-tu karra 20+ 25%
staau. CriekTponusiaga Kyn UIIATAIMANUIU, JICKUH KAaTTUK >KUCMIIM Jla3epilapHU
KyBBaTJalia sXium UMKOH OepaJiu.

Xynoca:Hypnarruwiap kyn KeparuiHu TaHjaad OJUII Kepak.
OnTUK HypJaHUIIUIAPUHU KallJ KWIIyBYM KypuiaManap.

2.3 OnTHK HYpPJAHUIIHH Kaill KWJIYBYH KypuuMaJiap

bapua €pyrnmukHu Kaiin Kuiuin MaHOamapuHu OUp HedTa Typyxra Oymiwin
MyMKUH.bu3 0y KaOyn KWiIrdwiapHU YraHulga TapuXui KeTMa KeTJIMK Oyiinua
fopamu3. Cababu SHT OMpUHYM KaOyJl KWJIKII MOCJIaMacu XaM Y3UHU aXaMUSTUHU
TyJa UYKOTraH! NYK.
1.Busyan meroamnap.

Kabyn xwunrua cudatuga wHCOHHM Ky3u wunuiadgm Kys3 épmamuna
MaWJOHJIAPHU  COJIMIUTUPHUIN MYMKHUH. JSHM cTaHmapT Ba ypraHa€rTraH
MHTHUHCHUBIMKHU (papkiamiia conumrupumaa ~4-5% oymnamu.




CriekTpan axpaTWilld SHA WKKA Oup Oupura SKMH YW3HWKJIAPHHU aKpaTa OJIUII
koounaty ~20%. Jlemak Wkku umsuk opacuga 20A° ¢apk Oyiaca axparuimn

MYMKHH.
D W
v 7| PP
20k 2P
7
101 05
0 | ! !

0° 10" 10" I kbanmjem

dotorpapux meromnmap. I[lmacturka (€xku rmeHka) (oTOCE3yBYaH KaTiiaM
cyptuiand. @DoTomlacTMHKAa Kopailuiura kapad TyliraHn EpyriuK MUKIOPH
aHuknanaau. Kopanum gapaxacu Kyijaarnda aHuKJIaHaIu.

D=|g% Oy epaa ¢o-Kopaiimaras >koiaH yTraH EpyFJIMK OKUMU

$-kopiiran xoian yTranu.

Kopaiini napaxacu sHT aBBajio skcno3utcusira 6ok D=E*t
E-éputnirannuk t-Bakr

JlekuH y siHa EPUTHIIMII XapaKTepJiy, TIIEHKaHU KaiTa unuiamra OOFJIMK Ba sHa
KOpalull Japa)xaCuHU ydall yCyJIura.

Kopaitumm napaxacu 5KCO3uTCUsICUTa HOUYM3HUKIIN 0a ¥Ta Mypakkad OofJiaHraH
IIYHUHT YYyH SMIEPUK 3TPU YU3UK OuiiaH udoaanaHagn-XxapakTepUCTUK YHU3HK.

D

gH

1- xam EpUTHIITaH UHTEPBAJL.
2-HOpMaJl SKCTIO3UIUS
3-Kyn EpUTHIITaH coxa
4-consipu3zanus coxacu




Ce3yBuaH/IMK, yHHM XapakTepyiall aH4ya Mypakkad, UIYHUHT y4YyH TYypJH
['OCT nap maBxyn. LIyHWMHTr ydyH 5KBHBAJ€HT KBAHT YUKHUIIM TYUIyHYAJIU
KUPUTHIAIN.

dapaz KkuiamMu3 Ou3a myHaai KatiaaM 0opku y xap Ourra OTOHHU Ce3au

N; o
YHJa 3KBHUBAJICHT KBAaHT YMKWUIIHU Q:Tld kynu Ounan n=0.01 TteHr, sHU
tush

CE3TUPJIUTU aH4a KaM. (JIEKWMH BaKTHU OIIMPHUII MYMKHUH)
Bakymmu gorosnementiap.

Opnatna muma koinda oup kucmura gorodrdpddexr xoaucacura sra Kariam

hc 1236 0 *
cypwiaau, KU3WJI 4yerapa Ao——(p TA (p —3B*B-n1aru yuKuI uim.

Cnexrtpan ce3rupiauk

Typau dotokaTonmap ydyH Typiidya, sSpuM OajaHJIMTHAAQ CIEKTpal
cesrupmuk  200-400A° [m/BT] arpoduma Oymamu. Kamummurm - Xycycwuid
IIOKMBKMHM KaTTa, M1y ca0abnu, KAYMK EpUTWITaHiukHua ce3Maau. UK
Jyana3oHga Kyn XoJija MHTerpajl EpUTWITaHIuK Via4aHaau, yHAa OaroMerpiap
unuiatuiaan. Yb coxana unuiam ydyH ra3 OuiaH TYJaaupuiarad (otosaeMeHTra
KaTTa Ky4JaHUIl Oepuiiaii Ba ra3jia MOHU3AIMS XOCWI KUJIMHAAN XAaTHXKajaa TOK
Kydasau. ['eiirep cu€rumkinapura yxmam KypuwiMaiap épaamuaa nact GoTtoHiap
OKUMHU YrmyaHaau, ynap poronmap okumu 10+100 ta/cex 6Yynranga umuianu.

@DOTOINEKTPOH KydaUTUPTUUIap KyuCHU3 CHTHAJUIApHU KaOysi KWJIUIIIa
VIJIATWIAAN. Y TapHU UILIAIA UKKAJIAMYU YMUCCUSACH XOJIMCACUTa ACOCIIAHTaH.

Kyuaiitupum xo>dpuuuentu 10%+108 x=~(ao)* o-xenrmrm smertupra
etn0 Gopran (OTOTOKJIAP COHM G-ypuO UYMKAPWIraH OBJIEKTPOHHU TYLIIaH
AJIEKTPOHJIApra HUCOaTH.
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Hasopar caBosiapu
1. ®oTOAMYNIBCHMOH KaTIaMJIAPHUHI CIIEKTpan ce3rupiuru. MoHoXpoMm Ba

reTepoxpoM (poToMeTpIIallLl.

2. ®OTOSMYNBCUOH KATJAMHUHI XapaKTEpPUCTUK (YHKUUSACH Ba YHHUHT
acocuil coxajlapy XakuJa MabIyMOT.

3. DOTO31EKTPOH KydalTUPrudiiap Ba yIapHU KYJTaHHIIH.

4. Spum yTKasruwid  (POTOAETEKTOPIIAP. DoTOKAOYIKUIATUYTIAPHUHT
CE3yBYAHJIMK COXAaCH.

5. Epyriumk MaHBOATapMHUHT acoCHii XapaKTEpUCTHKANApH. Y 3JIUKCH3
CHEKTPJIU MaHbOaIap XaKuj1a MabIyMOT.

6. Hccuxnuk HypnaHum MaHbOamapu EpPYFIMIUHU CHEKTpal TaXCHUMOT
KOHYHJIapH.

/. Pact Ba rokopu OOCHUMJIM Ta3iad JiaMpalap CHEKTPOCKONHUsa EpUTrud
cudaTha UIUIATHINIIH.

8. DnexTp pa3psiau CeKTpocKonmusaa EpuTrud cudarraa HIUIaTHINIIH.

9. Onrtuk HypJlaHULUIAPHU Kail KUITyBUM KypuiMaiap.

10. DnexkTpoMarHuT TYJIKUH HypJIaHUNUIApUHU QoTorapPux ycynna Kaiia
KUJTUII.

11. DnekTpoMarHuT HypJaHUIUIAPUHUA (HOTOINEKTUPUK YCyaa Kaila KUJINII.

12. poronmoanap. Y napHUHT acoCUl XapaKTePUCTHKAIIAPH.

13. ®oTonpUEMHUKIIAPHUHT CIIEKTPAJl CE3THPINKIAPH.

14. HomabiiyM CIEKTPIAPHUHT TYJIKUH Y3YHJIUTHHN aHUKJIAIIL.

15. CnekTpinapHy MUHTEHCUBJIMTUHU, CIIEKTPal TAPKUOWHN aHUKJIAIIL.
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3. W. Lucke. Introduction to Photonics. Draft. Technical Universety of
Clausthal. 2005
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3-MAB3Y: HAHOCTYPKTYPAJIAP CHEKTPOCKOIINSCHU ACOCJIAPA

PEZKA
3.1. Hanocmypxmypanapoa épyenuxk HmMuiuiy 6a COYUNUUUHUHE Y3u2ed

X0C Xycycusmaapu. '
3.2. Hamnosappauanap cnekmpockonuscu.

Tasnu uoopanap: Hanozappauanap, oucnepc myxum, KOAIOUO IPUMMACHU,
oucnepc mysunuu, Memai napoanap, ONMUK Xo0ccanap, pe3oHanc Iomuiuiu

3.1 HanoctypkTrypajapiaa épyfjauK ITHIUIIH Ba COYUMTUITUHUHT
y3HUra xoc XycyCusit/iapu

Hano3appadanapaa €pyFiIMKHU IOTWINIIHA Ba COYWIMIIA WAPUK HAMYHAJIapra
HUCcOAaTaH y3ura Xoc Xycycusariapra osra. by XxycycusTiaap KyI COHJIHU
3appadajiapHu  ypraHumiga sSKKOJIpPOK HaMmMo€H Oymamu. Macanad, KOJIJIOH]
SpUMaIap Ba JOHAJAHTaH TMapjajap HaHO3apPPAYAUIAPHUHI MaxCyC XOcCCallapu
TyGaliam TE3KOp paBHIga OYSIWIIM MyMKUH. Jlucmepc MyXHT ONTHK
XOCCAJIAPUHU YPTaHUIIHUHT SHT SIXIIH HAMYHACH OJITUHIUD. Vs BakTHaa Papasnei
OJITUHHUHT KOJUIOW]I 3PUTMACH Ba IOMKA MApJAcCU paHIVIapU YXIIAIl SKaHJIWTWTa
»pTHOOP OepAr Ba ONTUHHUHT JUCIEPC TY3WIMINTA 3ra HKAHIUTH Xakuaa (Quxp
Owupras.

EpyFIUKHMHT HO3HKIOHAJOPAMK MeTal Mapiajapua  IOTHIMIINAA
CIIEKTPHUHT KYPUHAJWTaH KUCMUJA MMPUK HaMyHalapaa yuYpaManguraH FOTUIIULI
Yu3UKIapy (4YKKUIapy) naino 6ymamul. Macanan, AQ 3appaJapyuHUT JOHAIOPIIUK
4 M nuamMeTpim napaanapu EpyFaukHIHT A=560-600 HM coxacuja SKKOJI HAMOEH
Oynanuran oTuaum Makcumymura asra. llynra yxmam Ag, Cu, Mg, Li, K, Na, K
HaHO3appajgapy XxaM OITHUK JUANa30Haa HI KYII FOTUJIMIIHYU KypcaTaau.

JloHanaHraH mapAajlapHu sHa aJlOXUaa XyCyCHSTIapuaaH Oupu Epyrimk

! Nanoparticles — nanocomposites — nanomaterials: An Introduction for Beginner. First Edition. Dieter Vollath.
Published 2013 by Wiley — VCH Verlag GmbH & KGaA




CHEKTPUHUHT KYpPUHUII COXacHIaH HWH(paKW3WI coxara yTraHaa FOTHIUIIHUHT
Kamainmmaup. TyTtam Metan napaanapaa 5ca, OyHaan Gapkiu paBuiaa, EPYFIHK
TYJIKUH y3YHJIUTH OPTUIIM OUJIaH IOTUITUII XaM opTUO 6opaau.

OnTHK X0CCaJapHUHT YT4amiIuK 3QdeKTiaapu yauaminapu EpyFiInK TYIKAH
Y3YHJIMKJIapUJIaH Ce3Wapiii Japaxkana kuuuk Oynran Ba 10-15 HM nmaH karrta
OYJIMaraH HaHO3appajap y4yH MyXUM poJi YiHANIH.

Hano3zappauanap Ba iupuk Metaiiap IOTWIUIN CHEeKTpiapuaaru (apkiap
YIIAPHUHT TUENEKTPUK CUHTANPYBUYAHINKIapu papku Tydainu 103 oepaau €= g1+
€. JlUCKpeT DHEPreTHMK  CHEKTPJAM  HAHO3appadalapHUHI  JUEIECKTPUK
CUHTIUPYBUYAHJIMTH 3appadajap yiId4amylapura Ba HYPJAHHUII YacTOTAIAPUTA
OofnuK. JIMEeNeKTpUK CUHIAMPYBYAHIMK HYPJIAHUII YaCTOTACUI'a MOHOTOH 3Mac,
OaJIKM AJIEKTPOHJAp XOJaTjiapyd oOpacuaard VyTunuiap Typainu Te3 y3rapud
TypyBUYH X0Jia OOFJIaHTaH.

Taxpubanapaa ONTUK XOCCATapHU YIIYall ydyH 3appadanapHuar conu 1010
JaH kaM Oynmaciuru kepak. byHnaid Mukgopaard Oup Xwil yadam Ba HIakjAard
3appadaliapHu XOCUJI KAJIUIIT amMalijila MyMKUH OYJIMaraHu y4dyH pea mapouTtiapaa
3appavaiap TYIjiaMi Y4yH TeOpaHUIIUIap TEKUCIaHUO KYpUHaAIH.

[lyHra KapaMaciaH € HUHT ypTaya KUMaTH WMPUK HaMyHa € cuaaH (apk
KWwiagu. JIMeneKTpuK CHHIAUPYBYAHIMKHUHT MaBXyM KUMCMU 3appadya pajuycu p

ra TeCKapH IMpOIOPCUOHAUINTUHH KYPHIII MyMKHH:

(o) = 5.2(0) + 22,

OyHIa €x2(@) — WHMPHUK KPHUCTAN JUEICKTPUK CUHTIUPYBUYAHIUTHHUHT MaBXyM
kucMu, A(w)-yactorara Oormk (ynkuus. Taxpubanapaa p=0,9-3,0 HM s
OJITUH 3appadayiapu yuyH A=510 HM 511 y3rapmac TYJIKUH Y3YHJIUKIIA HypJIaHUIIA
€2~1/p sKaHIUTH TacOUKJIAHTaH. 3appadajap yIyaMura ITHINI COXAaCH KEHIJIUTH
Ba YHUHI TMacT 4YacTOTAJIdM TOMOHM IIAKiIM XxaM Oofnuk. Ay Ba Ar
HaHO3appaydajapuHu KUYMKIAHTaHJa EPYFJIMKHU IOTHIMII COXAacH KEHTaluIu
Taxpubdanapaa Ky3aTUJIraH.

Slna Oup Yymuamnuk HhdexTd - EPYFIMKHUHT PE30HAHC FOTHIIUIIN




YYKKUCUHHMHT CWDKUIIMAUD. JlMamMerpu WHUpHUK METalNAard 3JIEKTPOHIAPHUHT
OPKHH IOTYpUII MYyJIH A, JJaH KWYUK 3appajapAard JJEKTPOHJIAPHUHI JPKUH
IOTYpUIl WY 3appa paauycd p ra TeHr. by Xonma €pyfiuK OTWIHIIUIArA

a(PeKTUB penaKcaTcus BaKTUHU

KypuHUIIMAa udoaanam MyMKuH. byHna t=A./ 9. - HUpHUK MeTaa HaMyHacCHIaru
penakcarcuss BakKTH; 9. — OJEKTpOHJapHUHI DepMmu caTxygard TE3JUTH.

3oHanapapo YTUIUIApHU XHCOOTra oJMacjaaH Ba (akaT H3pKUH 3JICKTPOHJIAp

XapaKaTuHH XI/ICO6Fa OJITaH XO0Jaa

2
_ p

1
wp ®
2 & =1= 2
Wp+1/Tef o +1/ 7,

81 = 1 -
ne6 émm MymkuH. Bynpa o, =4mHe?*/wm*- nnasma yactoracu, H, 5, m*-epkun

QJICKTPOHJIAP 3UYJIMI'H, 3apsa U Ba 3(1)(1)€KTI/IB Maccacu.

Mu Hazapusicuia EpyFIIMK IOTHIAITMHUHT SHT KaTTa KUiMartura &, =-1( @, )

mapoutuaa spuiimiaagd. byHu xucoOra oisiraH, Kyaa Maija 3appyanap Y4YyH

r' =~ 9. /r Oynran xonaa (2.56) naH pe3oHaHC YacToTa

1) 92
w = 2 _TF
1+2¢, r

KypuHUIITra Kenaau. byHra acocan, 3appaya yiauyamMyd KUYMKJIAlITraHAa
PE30HAHC YacTOTa XaM Kamasiv, S’bHU FOTHUIMII COXACH MacT 4acToTajap TOMOHIa
CWJDKUIIM  Kepak. JIekuH, KBaHTMEXaHMK XucoOJiap 3appaya yiauamjapu
KUYMKJIAIITAaHAa PE30HAHC FOTWUIMII YYKKHMCH FOKOPM YacToTajap TOMOHHWIa
CUJDKHUIIIMHYU Kypcataau. MaHa myHaai kapama-Kapiind HaTHxkaizap Taxpudaiapaa
xaMm kypuHaau. byHnai cuipkuiiap yayH 3JeKTpOH OyJIyTHHUHT 3appadya CUPTHIA
KyJla 03 MUKJIOpAA y3rapuiiyd Xam Kudos dKaHauru taxmuH kuiauHaau. lllynra
acocaH, €pyHIMK IOTUJIMII COXACH KEHIJIMTH 3appayanap YJIYaMUHUHT MYpakkao

bynkusicu 0yiu6, y D~ 1,1aM atpodua sHT KaTTa KHMaTra Spuiiaim.




3.2 Hano3appauajap CieKTPOCKOIMSACH.

Oxupru mnadtnapaa SpPUMYTKA3TUYWIAPHUHT ONTUK Ba  JIIOMHUHECCEHT
XOCCANlapuHU ypranuniia ymuam s¢¢ekriaapura KU3UKUII OPTMOKIA, YYyHKHU
APUMYTKa3TA4Iap 30Hajdap THU3UMHHM YpraHula ONTHK IOTWINII aCOCUU
ycymiapaan — Oupuamp.  SpumyTkasruunapia  MoOJeKyJanapapo  ¥3apo
TabCUPJIAIINII SHEPTUsCH KaTTa OYJIraHu y4yH MAaKpOCKONMK SIPUMYTKa3THUIN
KPUCTAJIHU KaTTa OMp SXJIUT MOJIEKya 1e0 KaOysl KWIHII MyMKUH. SIpUMYTKa3ruy
KpUCTAJUIapU DJIEKTPOHJIAPUHU KY3FOTHUII Ky4dCH3 OOFJIaHTaH »3JIEKTPOH-KOBaK
KYyPTIUIA — DKCUTOHJIAP XOCHJI OyIummMra oiaud keiaaau. DKCUTOH TapKaJMII
(menmokanu3aTcus) COXacu SPUMYTKAa3rM4 KpUCTald IMaHXKapacu JaBpuIaH Kym
MapTa OpTUK OYJIUIIN MyMKHH. SIpUMYTKa3rud KPUCTAJIMHU SKCUTOH YiIdamiiapura
AKUH Yyiyamjapraya KAYpauTHUpUIICa, YHUHI XOcCcallapu Yyiyamra OOFiuK Oyiu0
KOJIa/IH.

Hlynnait kKunub, spUMyTKa3ruy HaHO3appadaJlapyuHU Y3Ura X0oc Xoccanapu
HaHO3appavajgap yryamjaapud MOJICKYJa yiadamjaapu OWIaH XaMm, MHKPOCKOIHK
KPUCTAJIJAard SKCUTOHIAPHH Bop pamuycnapy [Pex=HN2E/Uex€?; Hex=MeMy/(MetMy)-
€KCUTOHHU KEJITUPWITaH Maccacu; MeMy — OJJEKTPOH Ba KOBakjap 3(PQeKTUB
maccanapu; n=1,2,3..] Ownan xam Oenrunanagu. SApumytkazruuwiapaa bop
paguycu 0,7am (Cu, Cl na)nan 10um (Ga As na) rada y3rapuiig MyMKUH. Apum
MOJIEKYJIaJia JIEKTPOH KY3FOTHUII SHEPTUSICH MAKPOCKOIUK SPUMYTKA3rHujiapiaru
coxanapapo (TabKUKJIAHTaH COXa KEHIJUIW HHEPrHsiCH) YTUII SHEpruscuiaH
Ce3uJIapiid Japakaja KaTTapok Oyimaau.

Jlemak,  KpuctajngaH  MoJIeKyJara  yTUIIAa, SbHU  3appavyaHu
KUYPAUTHUPraHia 3JIEKTPOHHU KY3FOTHUII SHEPTUsCH KUYUK KAWMATIaH KaTTacura
CWUIMK YTraH yiyamiap coxacu MaBxyna Oynuiiu kepak. bomikauya aitrasna,
APUMYTKA3rW4  HaHO3appayajapyd  yI4amMJIapuHU  KAYPAUTUPUII  FOTHIIMIL
COXAaCHHMHI IOKOpPHM YacTOTajlap coXacura CHDKMIIura om0 kemamu. bynmait
3¢dexTHUHT Taxpubana TacAMKIAHUIIA Oenrucu cudatuia SpUMYTKA3THUIN
HaHO3appayajap  yJIY4aMmJapuHUd  KAYPAUTUPHUILJAH  DKCUTOHAA  FOTHJIMII

COXACHUHUHT KYK paHr (FOKOPUPOK YacTOTa) TOMOHTA CHUDKUIIMHU KYPUIII MyMKHUH.




Kynpok ypranwnran spumytkasrud — CdS maHa mryHaail IOTHIMII COXACHHHHT
“KYK” cWDKMIIM HaHo3appadanap auamerpu J<10-12 um Oynranma Ky3aTuiaau.
Hano3appauanap yiayaMJIapuHUHT ONTUK FOTWIMII CHEKTpJapura TabCUPU KyI
SPUMYTKa3Tu4Iapaa Ky3aTHIITaH.

MakpocKoluK  KpucCTanjga d3KCUTOH HHeprusicu E  KpUCTamTHUHT
TAbKUKJIAHTaH 30HACM KEHMNIMTH Er 1aH 5JeKTpoH Ba KOBAKHUHI OOFJIaHMIL
suepruscu (Pumbepr >QdeKTHB SHEPTHACH Ipy=|ex€?/2H’M?) Ba SKCHTOHHUHT
OFUPJIMK MapKa3u KUHETHK OSHEeprusjiapyu ailupMacura TEHI. p YI4aMiH
APMMYTKA3TM9 HAHO3aPPaYacH y9yH OXMPIU KYIIMIYBYH - H> T2 % /2 lexP? T'a TEHT,
SbHM P> Ta Teckapu IponopcuoHan. HaHosappa YIYaMHHHHT —3KCHTOH
HHEPrusiCUra TaAbCUPUHUHT, 3JIEKTPOH Ba KOBAKHUHT ¥3ap0 KYJIOH TabCUpJIApUHU
XaM YbTUOOpra OJIraH XO0J1aru, aHUKPOK Tax IMJUIapy Kyuaaru udoaanu oepaau:

n?z’h? _1,78e2
2p¥*ar

E=E, —0,248E,, +

bynparu OMprUHYM Ba YYMHYM Xaajap WUFUHIUCUA TaKUKJIAHTaH 30HAHUHT
3¢dexTuB KuilmMaTura TeHr. 3appaya yadamMu KHYpaluIIM TAaKWUKJIAHTaH 30Ha
abdexTuB KeHrnuru optumura onubd kemagu. Mana myHnan y3rapum CdTe
HaHO3appavajapy y4yH Ky3aTWITaH; WMpPUK KpUCTalAaH AUaMeTpu 4 Ba 2 HM JHU
HaHo3appauanapra yrwiranna E. =1,53B man moc xonma 2 Ba 2,8 3B raya opranu.
Maiina nucniepciu KykyHiapaa SizNs kpuctanura Huc6atan Eg HUHT opTHUIIMHU

UK Ba piryopecceHcrst SMUCCHOH CIIEKTPJIApUHU YPTaHUIIIa AHUKJIAHTaH.

Optik zichlik

. 10K na nmamerpnapu 2,1 nan 4,0 am raya 6ynran CnCe HaHO3appayaJapUHUHT




OIITHUK IOTHUJINII CIICKTPJIapH

DKCUTOHHU  KY3FOTHII 3Heprusichk E=no (w-Tymaérran Epyrimk
4acToTacu) OYJIraHu y4yH, HaHO3appaya yJIiyaMy KHupaluiy OuiaH ONTUK CIEKTP
YU3HUKJIApU IOKOPU 4YacToTajlap TOMOHWIra CWDKMIIM Kepak. ManHa ryHjan
cwokuinl (0,15B rava) CuCl nanozappavanapu ([J=31,10 Ba 2HM) OTHIHUII
CHEKTpJIapy/a aHUKJIAHTaH.

Pacmpa CdSe nano3appayalapUHUHT ONTHK CHEKTpJapH KYpcaTUJITaH:
CdSe mHano3zappauanmapu KHYpaWTHpUITaHIa IOTWJIMII COXAacH FOKOPUPOK
DHEPIUSAIM, SbHM “KyK  TOMOHIa CWDKHIIA Ky3aTUIMOKIA. buprmamun
SKUHJIAIINIIAA IOTUINIT COXaCMHUHT MakcuMyM 3Heprusicu CdSee 3appauanapu
paguycu KBajJpaTura TecKapu mOpornopcuoHan. FOTWiuill coxacu KEHTJIMTHMHUHT
karra (~0,15eB éxm 1200 cml) Oymunumry Hanosappadanap yird4amiapu
qucrnepcusicura OOFJIMK — 3appadaiiap AuamMeTpu ypradya KukMmatujgan +5% ra
YeTJIaHraH. XaKUKaTaH, XaTTO SHI' MOHOAMCIEPC HaMyHajap YpraHwiraHuaa Xam
KEHrairaH I0TUJIUII COXaJlapH, S’IbHU TOMOTEH OYyJIMaraH KeHraluil Ky3aTUiIaIu.

[ynunr yuyn CdSe HaHOKpHCTa/Iapuaa SKCUTOHJIAp AMHAMUKACHHU
ypranumn yayH (QeHTOCeKyHINIu (OTo-€X0 TeXHUKa KyJulaHwiaau. by ycyn
roMoreH OyiMaraH KeHTalMIJIapHH XucoOra oJiMacqaH HaHO3appUYaHUHT aiHU
Oup KuMaTUTa aHUK MOC KeJaJuraH “roMOreH’” Yu3uKJap KEHTJIUTUHU TOIUIITra
€pnam Oepanu. ByHUHT HaTKacua HaHO3appadagap JUAMETPUHU KUYPAUTHPHUII
IOTWIMII YU3UKJIAPU KEHTJIUTHA OPTUIIKTA OO KEJUIIN KYPCATUIIIH.

“I'omoreH” HOTWINII YU3UKJIAPU KEHIJIMTUTa Y4 XWJI XUCCA KYIIWJIAIINHA
KYpUIII MyMKHH. DHT KaTTa Xucca — Oy HYpPJIaHUIIHWHT KPUCTAJIJard KUpHUIIMa
aTOMJIapu Ba MaH)Xapa HYKCOHJIApUIAH 3JACTUK COYMJIMINM XHuccacu . by Xwucca
HaHO3appaua ymyamu, anukporu 3appadanunar C/B (Oynma C Ba B-mano3zappaua
CUPTH Ba XaXMH) Ta TPOMOPCHOHAT COYMIUIN CUPTH A(h(HEKTUB MailoHUTa
Oofruk O0Vno, TemnepaTypara OOFJIMK dMac.

WNkkrHuM Xpccacu — KpucTai TeOpaHUIIUIApU MacT YacTOTalu OYIIarnHUHT
Oornmanu® komumuaup. by Xucca TemmepaTrypara Kywid OOfJIaHraH Ba

TeMIiepaTypa OpTUIIM OUJIaH YU3UKIAPHUHT KEHTalMIIM YU3UKUN paBUILIA OpPTUO




o6opagu. Ilact wactotamu TeOpanummap OwuinaH Oormk Oynran (QoHOHIH
KEHTaluiI “romMoreH’” KEHTJIMKKa (akaT I0KOpH dMac, MacT TeMIepaTypaiapia Xxam

cezunapiu (20-35% raya) xucca Kymaiu.

| [ [ [ | | I "
24 28 3,2 36 <p> 1111

HOTunui onTukK YM3uKIapu XaKUKUM KEHIJIUTY A Ba YHUHT Xucca Kartaauruausr 15 K na
CnCe mHaHO3appauyajapu JauamMeTpiiapura OOFIMKJIMIU: |- KupUIIManap Ba MaHXapa
HYKCOHJIApUJa dJIAaCTUK COYWIMII Tydailnu Xocun Oyiaguran xucca; 2- MacT YacTOTalld
TeOpaHunuIap Oyaaru OOFIaHKO KOJUIIKM OMJIaH OOFJIMK XHCCa; 3- SKCUTOHHUHT SIIIall BaKTHUHU
xucoOra oyyBuM Kymmumua; 4-xakukuil (“roMoreH”) 4YM3WKIAp KEHIJIMTM — KYpcaTWiraH yd
xXuccanap WuFMHAMCHIaH nbopat

CriexTp 4YM3UKJIapU KEHIJUTUra YYMHYM XHMCCa DHT KUYUTH. Y JacTIa0Ku
XOJIATHUHT TlapyajiaHuO, acocwil XojaT OwiaH Kydcu3 OOFJaHraH Oorka
XoJlaTra TE3pOK YTHUINra MOC KEIyBUM AIIall BakKTH OuiaH OOFIMK XHCca.
DNEeKTpOH XOJATHUHHUHT Y3TapHIlld, SKCUTOHHU CHUPTHH XOJjaTiiap TOMOHMIAH
yIiad OJMMHUIIKA HATHXKACHIa, 3appadaiap yiuamiaapura OOrnuK Oynamu. Arap
DKCUTOHHHU YIUIA0 OJUII WYKA TYJKWH (DYHKIUSJIAPUHUHT CHPTHN XOJaTiap
TOMOHHUJIaH cojajJa ycyhajga Kampa® onuHca, yHuHr Tte3auru C/B ra
MIPOTIOPITMOHAIT X0J1/1a




Hasopar caBosiapu

1. Kpucran mnamxkapacu TY3WIUIINTa YHUHT ViI4aMd KaHIal TabCHP
Kypcaraau?

2. Hanozappanapaaru CUpTHi THAPOCTATUK OOCUM YHHHT yiIdaMHUTa KaHmaan
Oofanran?

3. HanozappamapHMHT CYIOKJIAHUII TEMIIEpaTypacd YHHUHT YiIdaMura
KaH/1aii OofiaHran?

4. Hanozappaua KpucTajd NaHXapacH MJaBpUHU YHUHT Yiadamjapura
OOFJTaHMINN XaKW/la HUMaJapHu Oumacu3?

5. HanozappanapHUHI HUCCHKIMK CHFUMHU YJIApHUHT Yiodamura OOFIIUK
paBuIllla KaHaal y3rapaau?

6. Hanozappanap MarHUTHK XOCcallapy yJapHHUHT yT4amMura OOFIUKMU?

7. KoepcuTtus kyusnap 3appa yinuamura Kanjaai OoriaHran?

8. CymnepnapaMarHUTHK X0J1aT AeraHja HUIMaHU TylIIyHacu3?

9. Hanozappamap ONTHK XOCCAIAPUHUHI  yioyamMura OOFJIAHUIIMHU
TYIIYHTUPUHT.

10. Hanomatepuamnapiaru HaHo3appajiap OOFJaHUIIM HOJUKPUCTAIAArU
JIOHAJIOPJIMK Yerapajapuiad Kanaai ¢apk Kuiaaan?

11. CyOMUKpPOHIIM KpUCTAIap TY3WIUIIMHUHT Y3Ura XOC KHUXaTjiapu
HUMaJiaH noopar?

12. TapTuOiaanMarad HAHOTU3UMIIAP TY3WIMIIN XaKHU/1a HIMaJIapHHU Outacus?

doiigaJaHUITaH agaduéTaap

1. Nanoparticles — nanocomposites — nanomaterials: An Introduction for
Beginner. First Edition. Dieter Vollath. Published 2013 by Wiley — VCH Verlag
GmbH & KGaA

2. Al ITomaraiino, A.C.Po3zenbepr, N.E. Ydbnsaun. Hanouactuiiel MeTamoB
B noiumepax, M., Xumus, 2000 r.

3. www.britannica.com/science/nanoparticle
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4-MAB3Y: KBAHT OIITUKACH BA HOKJIACCHK HYPJIAP,
HOYM3UKJIN ’KAPAEHJIAP

PEZKA
4.1. Keanm onmuxacu acocuti mywyHuanrapu. Keawm onmukacu 6a aasep
@usuracuHune 3aMOHABULL TOMYKIAPU.
4.2. Kopnyckynap myakun oyarusmu. Pomon maccacu ea umnyivcu. Komnmon
aghexmu.
4.3. Hoxnaccux nyp 6a yHune Kymnanuauwiu. bpayn-Teucc mascpubacu. benn
 MeH2CU3NUU.

Tassnu ubopanap: Keanm xonamu, keawm cucmemacu, Xoiam 6eKmopu,
¢domon, keanm, mampuya, Pabpu Ilepo unmengepomempu,

4.1 KBaHT onnTukacu acocuii TymyH4aaapu. KBant ontukacu Ba
Jasep (pU3MKACUHUHI 3aMOHABUH IOTYKJIApPH.

KBant onTukacura terunuin 0ab3u TyllyHuUajgap OWaH TaHUIINAO OJIaMuU3!
KBaHT x0J1aTH — KBaHT CUCTEMAacH OYIUIIN MyMKHUH OYJraH Oapua xojariap XoJjar
BEKTOPH - KBAaHT CUCTEMACUHU TYJIUK TaBCU( KUJIAJUTaH MAaTEMaTHK KaTTAJIUKIAp
HuFnHIUCH (KOOpIMHATA, CITUH, UMITYJLC ...).

To3a xomar — OuTTa X0dar BEKTOpU OujaH TaBCU( KWIMHUIIM MYMKHUH
Oynran xonat (OMTTa TYJKUH (PYHKIUSCUHU TOMHUIL €TapiIn).

Apanam xojmaT — OMTTa XO0JIaT BEKTOpH OujaH TaBCU( KWIMHHUILIKA MYMKUH
OynMaras Ba 3UWJIMK MaTPULACUHU Tajad KUiIaJuraH xonar
To3a xomar OYnuIIM y4yH cucTeMa €MUK (TallKapuaaH W30JALMS KUJIHMHTaH)
Oynuium mapt. AKC X0JJ1a TallKKd YPOB X0JIaT BEKTOpJapy OujiaH TabCUPIIALTyBHU
xucoOra oJuIl Kepak Oyiaam.
To3a xomar OMp KaHuya ¥3 XOJaT BEKTOpJIapura sra HojcucTeMaiapiaH TallKWUil
Tonran Oynuimm MyMKuH. By xonatna OyTyH cuctemMa MyCcTakuil MojicuCTeEMallapra
QXpaTWINIIA MYMKWH. ByHIall cucTeMaHMHI XOJjaTh axparuiyBuu (separable)
XoJiaT Jeuniiagu.

EpYFIMKHUHT KOPITYCKYJIAp TYJIKMH Iyalu3MH

50% reflected The coincidences are to be zero!

Ey/V?2
Eu/ V2
50%
transmitted




EpyFiuk TY/IKUH - UKKHU JeTeKTOp OUp BakTaa Kabyll KUIULIN Kepak.
Epyrmuk 3appa — éku TYFpuary Ky Temnajgaru AeTeKTopra 60puIly Kepak

Kyn Xxomnmapma  KBaHT  ONTHKAaCHIArd  JKApaCHIAPHU  TE€OMETPHUK
ONTHUKAYCYJUIAPUHU MAaTpullajap HILIaTUINI  OwiaH Oupramukiaa TaBcudaca
6ymamul. Bupop ONTHK DdIEeMEHTHra TylIaéTraH HypHH Kypamums. VY Xouja
napakcuasn SKUHJIAIIMIIAA HYp BEKTOPUHM HMKKH Y3rapyBuM Owiian udojanaca
OVmanu, r(z) -paauan CWDKUII Ba 9 —Oypyak cuipkuil. [lapakcuan sSIKUHIIAIINIIA
sin@ = tgd =~ 0.

3
™
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Kyitnaruyaa Genrunamt kupuramus & = (dr,/dz) =r{ n 8, =~ (dr,/d2) =r; pg
y XoJjia
r,=Ar - Br{,
ry=Cr -+ Dry,
Oy epna A,B,C,D ontuk KypriMaHHu XapakTepyioBuu Kartanukiap. OIuHran
CUCTEMaHU MaTpHIla KYpUHHUIIUAA E3aMuU3
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FOxopunaru ABCD - maTpuila ONTUK 3JIEMEHTHU TTapaKCUasl sSIKHHIIAIIHIIIA
Tynanuruda udoganaiian. Mucos yayH HypHUHT OUPOpP N CUHIUPHUII KYPCATTHUITU

MyXUTJIa Z Maco(ara TapKaJIUIIUHA KYypaMu3.
4
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! David L. Andrews. Fundamentals of Photonics and Physics. Published by John Wiley & Sons. Inc., Hoboken,
New Jersy.




Ba YHIa MOC KeJTyBYM MAaTpHULla KYPUHUIIIH
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JIuH3a y4yH HYpHHUHT Ky4HIIl MaTpUIACH Kyiaaruua €3uiiau

110
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Wcrtanran MypakkaOIUKIarn ONTHUK CHCTEMaHU JJIEMEHTap TalllKHI
3TyBUMWIapra 0ynub xap OMpu y4yyH ajoxuja MaTpulia Ty3ull MyMKHH Ba OyTyH
CUCTEMAaHMHI MaTpHIlacu NIy MaTpulajap KynadTMacuaaH uobopar Oynanu.
Martpunanap €paamuaa HapakaT HYpPHUHI TapKalIWIIMHA WoAalall MYMKHUH,
Oayiku chepuk TYJIKUH TapKUTUIIUHA XaM udoaanaca Oynaau.

Matpuk onTHKa anmnapaTUHU KYyJUIAHUIIMHUHT siHa Oup muconun Padpu
[lepo unrendepomerpu,

T
|
|
t
<

L 3__Eg=Ey(r,roYexp(hi¢)
2__EgEyryrzexp(2i¢)

8 / ;1,E,=Egt,f29:cp(i¢')

6

%

Ry Rz
®abpu Ilepo unTepdepomeTpu Jazep Kypuiamanapujaa pe3oHaTOp POJUHU
Ooaxapaau. Kywahitupuiaguran €pyriauK KyHAQJIaHT KECUMHUJATH WHTEHCHBIHK
TaKCUMOTH KyTl XoJuiapia [aycc Takcumortwra sra (raycc macranmapu). ['aycc
JlacTaJlapyuHU XapakTepiall y9yH KOMIUIEKC ( mapamMeTp KUPUTaMus,

1/g=1/R — i\/na®.

by epna, R — nmacta TynkuH (QpOHTH STPWIMK PaANyCH, ® — UHTCHCHUBIIUK
TaXxCUMOTH 3UYJIUTH.

by mapameTp ogaTna KOMILIEKC STPHIIMK pauyCcH XaM Jed aTtaiaju.

bupop ABCD warpumna Ounan wudopalaHaguraH ONTUK CHUCTEMaHUHT
KUPUIIUTA (; KOMIUIEKC TapaMeTpiIu raycc JlacTacu TyIIca y XOJijia Iy CUCTeMa
YUKUIIUAIATH TACTAaHUHT (]2 KOMIUIEKC TapamMeTpu

gy = gql + B _
1+ D

By xonyH raycc nacracu tapkanumugaru ABCD konynu ne6 atananu.




4.2 KopnyckyJasp TYJKUH ayaau3sMu. @oToH Maccacu Ba UMITYJIbCH.
Komnron 3¢ dexru.

DifHiTelH Gomynacuaad GOToH Maccacu

E = mc?
DOTOH UMITYJICH
E hv
Pr=¢=7

Arapaa Hyp KaiTapuin kod(pdUIIMEHTH p OYJIraH »XKUCM OHUPIHK FO3acura
oupauk Baktaa N Ta (poToH Tymica yHUHT to3acugad pN ¢oTtoH Kautuo, (1-p)N ta
doTon rotunamu. EpyrIMKHHMHT cHpTra TabCHp JTYBUM OOCHMH  CHPTITa Oup
cekyHAaa Tymaérrad N Ta (POTOH UMITYJIbCUTA TEHT

2N+ 2 (1 pIN = (1)
C

p= pN +
C
EPYFJIPIK 60CI/IMI/I Ta’bCI/IpI/IFa dCOCJIaHT'aH KOCMHUK KeMaﬂap HpOGKTHapI/I

)lw N




Laser-plasma acceleration of ions (2000-)

Clark et al, PRL 84 (2000) 670
Maksimchuk et al, ibid. 4108
Snavely et al, PRL 85 (2000) 2945

State of the art (2013):
-up to ~70 MeV protons observed

- > 1013 protons, > 10'' C ions accelerated in single shots

(as charge neutralized bunches)

- very low emittance measured (< 0.17 mm mrad)

- proofs-of-principle of spectral manipulation and beam focusing

Komnron osddexru’: Kucka TYIKMH  y3yHIMIMTa 95ra  DIEKTPOMATHHUT
HYpJIAHUIIHUHT (pEHTrep Ba Y-Hypjapu) MOJJAHUHT JpKUH (€KUM Ky4dCH3
OOfJIaHraH) AJIEKTPOHJIApUA TYJIKUH Y3YHJIMTMHUHT OLIWIIM OWIAH KedaJuraH
AIIACTUK COYMJIMILN.

etectrons

J
9
J . J
) (b)

Ejected
Electron

J

X-ray
* IAN AN Y

P hoton

J

Modified Photon

Counsirad Hyp TYJIKUH Y3YHJIUTUHUHT y3rapuiu (AL) dbakat counauin Oypuarura

(0) 6ornmuk Ba A > A. AA Gapua Mmopmanap yudyH Oup Xuil.

h
A'—A=—(1—-cos0)
mc

1 B. Canex, M. Teiix. Ontuka n ¢oronuxa. Ilpunnunsl u npumeHenue. Ilep ¢ aHria. J{oNTONPYIHBIH,
Wz narensckuii gom «Murenexty, 2012.




4.3 HokJjaccuk Hyp Ba YHMHI Ky/u1anuaumu. bpayn-TBuce
Takpudacu. beJlu1 TEHr CH3JIMTH.

KBanT Hazapusicuga cucTeMa HWKKM Ba YHAAH KyI XoJjamiap CyHepro3usicu
xoJjarujaa OynraHjga cuUcTeMa HMKKM XOJATHUHI Xeu Oupura Xoc XapakTepiu
Xycycusrra sra 0ynmaiinu. Cucrema Oup BakTAa UKKHU €KUM YHJIaH KYTI XoJaTiap/a.
Cynepnio3ust xonarujga OViraH XxoJjiaTjiap CHUCTEMa JIOKAJUIAIyBU IMOTEHIUANT
MyMKHUH Xonatinapaup. CHUCTeMaHUHT yhnaplaH Oupuaa HaAMOEH OYIHIIM y4YyH y
OWJIaH KOHTAKTIra KUPHIL JO3UM (M.y. YI4aiir) — 1eKOrepeHIus.

Wxku Typmu a3zoBuii HyKTajmapaa kedaéTraH BOKCaTapHUHT OUp BaKTIa COTUP
OynuIy KoppeJsuus 1e0 aTanaan

bupuHun TapTHOIM KOrepeHTIHK (BaKT KOPPEISIUOH (DYHKIIUSICH )

(E"(r.0)ECr.1,))

[<|E(Ii’fl)‘z><|5(fg.. : ﬂlﬂ

WNkkuHun taptu6iv $ha30Buil KOTEPEHTINK (MHTEHCUBINK KOPPEISIIMOH
byHKIMsACH)

(E"(3.1)E (1.1, EGr.1)E(r,.1,))
<‘E(;»,r1)‘2><‘E{r_j. ) :>

V(. tin.1,) =

{"_"7'

gc}(r,i“lli’j,f_j) =

N,/
/l\

I M Ds

l(m]m.l

Xanbepu bpayn Ba TBUCCHUHT pamnoOTYIKUHIAp OWIaH TaXXKpruOacu cxemacu
By taxpubazna kalOynn KMITHYIard CUTHAI

C = {I(r)I(r)) =129 (ry, 7).




Kyitnna Xan6epu Ba TBuc 1956 itmnga Nature sxypHanuaa 4or 3TraH MakoJiagaH
0ab3u HaTHXKaJapu KeNTHPUIITaH.

LIGWD  INTERFERENCE HALF-SILYERED
FILTER FILTER MIRAOR
kY | W PHOTOMUETIPUER TUBE
___________ 1-*._,._. +
@ G ﬂ |. L=
L
HEH:UH'F LENS mﬁnmm : SLIDE
 APERTURE Z
|
PHOTOMULTIFLIER
TUBE CORRELITOR
T
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INTEGRATIMG MOTDR

Mos tushushlar tezligi
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kechga qolish vagti

1 — skcriepuMeHT
2 — (OTOAECTEKTOP TE3MUTH €Tapirya KarTa OyJaraHaa Ky3aTuiaguraH HaTHXa

OKCIIEpUMEHT  XYJIOCAaCH: HWKKHM KOTepeHT jJactagard (oToHyap  ¥3apo
Koppessnusiaa 0ynanu Ba Oy KOppensiusi (POTOAIEKTOH dMUCCHS KapacHUa XaM

cakJIaHuO Kojaaau




1.

Hasopar caBosiapu

Epyrnuk Hypnarruainapu. HypiaHMIUTApHUHT CHIEKTPAN 3UWIATH XaKHU1a

TyLIyHYA.

2.

©ooN Ok oW

Hypnanumn Typiapu, HCCUKIIVK Ba JIIOMUHECIICHT HYpJIaHUIII.
JIromMuHECIICHT HypaHuII Typiaapu, CTOKC KOHYHH.
VIcCUKINK HYpJIaHUIIIH.

Credan bonbiiMan KOHYHH

BuH CHIDKUTIT KOHYHH.

Hypnanwuin Ba I0THIIT CIIEKTpasl KOOWIHSATIAPH.

Kupxrod yauBepcan QyHKIUACH.

[Tnank popmynacu

10. Spum yTKazruwIapaa HypJIaHUITHAHT TAIIK{A YHEPTeTHK YHKHIIIH.

11. Slpum yTKazruwIapaa HypJIAaHUIITHUHT UIKW Ba TAITKA KBAHT YAKHUIIIH.

12. Slpum YTKa3ru4IM CBETOAMO//Ia HYPJIAHHII XOCHIT KAJTUIIIA KaTHAITYBYH
yTUmiap.

13. TakukmaHran 30Ha KEHTJIMTH Ba HYypPJAHHWII 4YacTOTACH Opacuaaru
OOFJTaHMILL

14. CrionTan Ba MaxOypuil HypJIaHUIIL.

15. MaxOypuii HypiiaHuiga SUHIITENRH KO HUIUIHTIAPH.

16. Jlazep HypJsiaHUIIIK Ba yHHU OOIIKa MaHOanap HypJaHUIIUAAH QapKu.

17. 3 - sHepreTHk caTxJIM CUCTEMaJa TeHepalvs XOCHI KWK IapTIapHy.

18. 4 - sHepreTHk caTXJIM CUCTEMaJa TeHepaIvs XOCHIT KIIIUIIL.

19. Typnu akTUB AIEMEHTIIN Ja3epIapHUHT HypJIaHUII XapaKTepUCTUKATIAPH.

20. Slpum yTKa3ruwIv gazepaap TY3WIWIIHN Ba YIapHU XapaKTEPUCTUKATIAPH.

1.

doiigaHaJIMHTaH agaduéraap

Vittirio Degiorgio, llaria Cristian. Photonics. A Short Course. Springer

International Publishing Switzerland, 2014

2.

David L. Andrews. Fundamentals of Photonics and Physics. Published by

John Wiley & Sons. Inc., Hoboken, New Jersy.

3.

b. Canex, M. Teiix. Ontuka u poronuka. [Ipuniuner u npumenenue. [lep

c auri. Jonronpynusiid, U3gatensckuit jom «aTEnex», 2012.

4.

W. Lucke. Introduction to Photonics. Draft. Technical Universety of

Clausthal. 2005
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6.

www.manchester.ac.uk.
www.photonics.com/
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5-MAB3Y: ®OTOHUKA ACOCJIAPH, POTOHUK KPUCTAJIJIAP
BA YJIAPHUHI' XYCYCUSATJIAPH, POTOH KOMIIBIOTEPJIAP
APATHJINII TEHAEHIUAJTAPHU

PEJKA

domonuka  acociapu,  GOMOHUK  KPUCALLAD 64  VIAPHUHE
xycycusimaapu.

5.2.  ®emmoceKkyHO y3yHIuUOaU a3ep UMRYIbCIAPUHU 2eHEPAYUANAL. Y3
— Y3uHU ghoxycaa.

Tasnu wubopanap: Domonurka, ¢omonux Kpucmaniap, nepuoOUK
CMpYKmypanap

5.1 ®oToHnKa acocjapu, GOTOHNK KPUCTAJIAP Ba YIAPHUHT
XyCyCUATIAPH.

@DOTOHMKA TEPMUHHU KEIUO YMKHUIIN JIEKTPOHUKA TEPMUHUTA yXIam 0yiuo,
EPYFIMKHUHT TYpJIM MyXUTIap/a TapKaJIUII Ba MOJiJIa OUJiaH ¥3apo TabCUPJIAIIYB
Xycycusatiaapunu ypranyBuu ¢anau udonanaian. @oronuka daHu EPyFIMKHUA
KBaHT XyCYCHSITIApUHHM ypraHaau Ba 11y (U3MK kapaéHiap acocuaa €pyriauKHU
TeHepalMsuIalll, YHU XyCYCHSTIApUHU OOIIKApHIl, EPYFIMKHU Y3aTHIL, KA
KUJTUIII Ba OOLIKAJTapHU Y3 UYUTA OJIafH.

Epyrnuk snekrpoMarauT Hypaasumuuar Uappakusun (A =2 mm (v =1, 5 x 1011
I'm)) coxacuman to Yasrpadbunadma (A = 10—6 cm (v =3 x1016 I'm) coxacuraua
OyJIraH OpaJIMKHU drajuIaiau.

KypunyBun coxa 4 = 400 — 760 um, VYnerpabunadma — 4 = 10 — 400 HwM,
Nudpakuzun - L =760 aM — 2 MM.

visible

»

. ; 1 Ve
radio  microwave infrared ultravioiet

Frequency
(Hz)

105 107 105 10° 10 10 102 10 oM 1016 10V

Wavelength

(m) 100 10 1 100 10° 10° 10¢ 10° 1090107 10° 107
/ \
/ \
’ .

700 nm 400 nm

(10°m=1 ym; 10 m= | nm)




®oToH KpUcTaIIap yMyMaH OJITaH/a y4 Typaa Oynaau:

- bup ymuamnu poton kpuctamiap

- Wxku ymuaminu GoToH KpucTamiap.

- Yy ymyamiu GOTOH KpUCTaIIap

bup ynuamnm kpucraminapaa MyXAT CHHAUPHUIL KypCaTTUYU NTEPUOIUK
Kuxatuia oup wyHamumi 0yinad yrapaau (1D). Bynnait crpykrypanap OupuHun
KYJUIAaHUIIY CTIeKTpai GuibTpiap uiuiad yukuira Tyrpu kenau. Kelinnuanuk
TypJIU ONTHK JIEMEHTJIAPHU NIy TypAard IieHKaJiap OuiaH Koriamn OOIIIaHIu Ba
Oy Typaaru sneHTiaap EPUTHIITAH ONITHKA HOMH OWJIaH aTaJIu.

Kyitnaru pacmaa Typiau GOTOH KpHCTAUIapH CXEMATHK TaCBUPU KENTUPUITAaH

1-D

3-D
L7 T7 7
-~

L7 £
LY L7 L
L7 L7

periadic in periadic in periodic in
one direction two directions three directions

Wkku ymuammm ¢poToH Kpuctamuiap ¢ha3oa MKKU HyHamuI OYVitnda nepuoanK
cTpykTypara sra 6ymamu (2D).

VYu ymuamiu GotoH kpucTtauiap $hazona yu iyHanum Oyiinya nepuoank
cTpykTypara sra 6ynaau (3D).

@OTOH KPUCTAJUIAPUHM YPraHUII TAPUXH.
¢ First studied by Lord Rayleigh in 1887, in connection with the peculiar
reflective properties of a crystalline mineral with periodic “twinning” planes.

¢ He identified a narrow band gap prohibiting light propagation through the
planes

% In 1987, when Yablonovitch and John joined the tools of classical
electromagnetism and solid-state physics, that the concepts of
omnidirectional photonic band gaps in two and three dimensions was
introduced

)/

¢ This generalization, inspired the name “photonic crystal”




5.2 ®eMTOCEKYH/I Y3YHJIUTHIATH JIa3ep UMIYJIbCIAPUHU
reHepanusijiam. Y3 — y3uHu (poKycJaaml.

Light Amplification by Stimulated Emission of Radiation

JlazepHUHT (PYyHKIIMOHA CXEMacu

1-aKTUB 27IE€MEHT, 2-ONTUK PE30HATOP, 3-AamMiall (Hakayka, pumping) CUCTEMAcCH,
4-pe3oHaTop nuura KyHuiauim MyMKUH OYaraH KyuimMua snemeniap. A4' YK
JIA3EPHUHT ONMUK VKU

Onmuk pe3onamop VKKUA siccu, OUpU SICCM Ba UKKUHUM CHEpUK €KUM HKKaIacu
chepuk ky3rynapaaH ubopar Oymumm MyMkuH. Ky3rynapnan OMpUHUHT HYpHH
Kaitapum kodddunuentu 100 %, UKKMHUM KY3ry KUCMaH YTkazaau. ONTHK

pe3oHaTop acocuii Bazudacu reHepanusg MAPTH - MycOar TecKapH

OOFJIAHMIIIHHM 103ara KeJTHPHIIL.

Jlamnaw cucmemacu akKTUB MapKasIapHH Ky3FaTHII YUyH HILIATHIAIU. Epyriuk
JAMITAJIAPH, JIEKTP pa3psal, KHMEBUN pEeaKLUs, SAPUM YTKa3urud EPyFIUK
JUOJUIapHA Ba X.K.

Onmuk pe3onamop uuuza Kywiumua rnemenmaphu (IUTACTUHKA, MPU3MaA Ba
X.K..) YpHaTUIll MyMKUH Ba yiap Xxap Xuj Bazudanapuu O0axxapaau. Macainas, nazep
HYPUHH MOZIYJSINUS KWIHII, €PYFIMK CHEKTPUHH TOPAUTUPHILL, JIA3EPHU KEPAKIH

PCKMUM/Jla HIIJIATUII Ba X.K.




Mopanap cCUHXpOHHU3AIUACH, PEeMTOCEKYH UMITYIbCIIAp TeHEpaIMsICHUIIAII.
Jlazep ommui pexumaa UOUIaca, TeHepanus OyiaraH  UMITYJIbCIapPHHUHT
JABOMUIUINTM ~ MWUIMCEKYHJJIap, THUraHT  UMIYJAbCIap  peKUMHUIA  3ca
HaHOCEKyH1ap OYynaau

Vo modulyator

N 4acTOTaqd MOHOXPOMATHK TYJIKUH WHTEHCUBIUTHHH [ dYacToTa OuiaH

|
Il
1

MOIYJISIIUS KAWL, a- MOAYJIATOpra TyIIa€TraH MOHOXPOMATHK TYJIKHWH CIEKTPH.
0- MOIYNATOpJaH YUKKAH TYJIKUH CHEKTPH. N YacTOTal¥ MOHOXPOMATHK TYIIKHH

MHTEHCUBJIUTHHU f 4aCTOTA OMJIaH MOAYJISILIUS KWIHILL. a- MOAYJIATOpra TymaéTran
MOHOXPOMATHK TYJIKHH CIIEKTPH. 0- MOIYISATOPAAH YNKKAH TYJIKHH CIIEKTPH.

6
2Yms T IToTepu
B MOJIYJIAITOpE
2y, Cserosoit umnyJsc I(t)

/

>
t t

m

AKTUB DJIEMEHT JIFOMUHECIHEHUUSICH (KydaTupuil) npoduin Ba pe30HATOP
MYyAalapuHUHT Oup-Oupura HucOaran xonamumu. [IpopunbHuHr dn —
KEHITIUMIUaa 4 Ta MyJ1a reHepanus OYJIUiyd MyMKUH




1V

5 Ba 41 Ta y3apo CUHXpOHM3ALMS KWIWMHIAH aKcuajd MyJaldu Ja3ep HypH
WHTEHCUBJIUTHHUHT BaKTTa OOFIMKIIUTH.

th




Hasopar caBosiapu
OnTuk Oypbe-anaMalTHPHUILIH.
Tapkanuiiia MaiJOHHUHT Y3rapuiiy, Judpakius UHTETPaIH.
®penenb AubpakuUsIC UHTETPAIIH.
®paynrodep audpakuuscu UHTETPaIH.
Tupkuugaru @paynrodep nudpakiusicu.
Jlunzana TYJIKUH GPOHTUHU aTMaIITUPUILIH.
OnTuk cucremana GyHKIIMOHA aIMAIITUPUIILIAD
Jlnuzanu cuctemaga Oypre-aIMamTHPUIITH
JIuH3amu CUCTEMaHUHT aKC (QYHKIIHSICH.
10. ATMAIITUPHUIITHUHT XOCCATapH.
11. OnTUK TaCBUPHU XOCHJI KAJTUIII.
12. UkxkuH9# TapTHOIN KOTEPEHTINKHUHT KJIACCUK Oa¢HH.
13. UkkuH4M TapTUOJIM KOTEPEHTIMK GYHKIMIACUHUHT TapKaiuiim: Ban
[Hutrepr-LlepHuke Teopemacu.
14. HypnaHu1 CrieKTpH Ba KOTEPEHTIINK JapakKacu.
15. ®doTocaHokIap craTucTUKacu, MaHeas hopMynacu.
16. dorocanoknap aykTyarusiapu
17. Iccuknuk HypJIaHUIIUHUHT (POTOCAHOKIIAP CTaTUCTUKACH.
18. doronnap rypyxiaHuin 3QQexTu.
19. UnTencuBnuk natepdepomerpusicu, Xenoepu bpayn - Teucc addexrn.

CoNORODE

dDoiigaHAIMHIaH agaduéraap

1. David L. Andrews. Fundamentals of Photonics and Physics. Published by
John Wiley & Sons. Inc., Hoboken, New Jersy.

2. b. Canex, M. Teiix. Ontuka u ¢poronuka. [lpunuumner u npumenenwue. [lep
c auri. Jonronpynnsiid, U3gatensckuit jom «MaTENEKTY», 2012.

3. W. Lucke. Introduction to Photonics. Draft. Technical Universety of
Clausthal. 2005

4. Nanoparticles — nanocomposites — nanomaterials: An Introduction for
Beginner. First Edition. Dieter Vollath. Published 2013 by Wiley — VCH Verlag
GmbH & KGaA

5. A. Nomaraiino, A.C.Po3enbepr, U.E. Ydnsun. Hanouactuiel Mmetanon
B nosimmepax, M., Xumus, 2000 r.




V. AMAJIMA MAIIFYJOT MATEPUAJLJIAPU

1-AMaJunii MaLIFyJIOT:
CrnexkrTpaj KypHIMAJAPHUHT ACOCHI XapaKTePUCTUKATIAPH

Mmpan Mmakcaa: 3aMOHOBHI CIIEKTpajl KypUIMAJIApPHUHT ONTHK CXEMaJlapy
Ba MILIALI NPUHUMIUIAPUHH YPraHWI Ba CIIEKTPJIApHU KalTa MIUIAIN KapacHU
OuJIaH TaHUIIMIIL
MacananuHr KyuuJanmu: TUHIIOBYMIApra TypJid KUMEBUN 3JIEMEHTIIAPHU
CHEKTPJIAPUHUA MOJEIUIAIITUPUIN Takiu¢ STUIAAM Ba Iy CHEKTpiapiaH cudar
aHAJIM3U YYyH aHAIUTUK YA3UKIIAp aHUKJIAIl TaKJIu(} dTUIaau.
Nau 0askapuil y4yH HaMyHa

TunrnoBumnapra 3aijienb CHEKTPJIApPHU MOJCIUIAIITUPUIT  TPOTrpaMMaCUHU
YpHATHIIl Ba MYIITa TYIIUPUIN TAKIU( KAJTUHAIM Ba yiap Typid HIapouTiapia
CHEKTPJIApHU MOAEIIAIITUPULIIIAPU Kepak Oynaan. Mucos yuyH UIIXOp MeTaiap
CHEKTPJIAPUHUA MOAEIUIAIITHPHUILLL.

Ha30paT caBoJliIapm

OnTUK ceKTpall KypuiManap.
OnTHK CrIeKTpall KypriIMalapHU KilacCU(PUKAIIHICH.
AcocHil XapaKTepUCTUKAIAPH.
AskpaTa OJuII KOOUITUSTH, TUCTIEPCUACH XaM/la ONITUK JIUAIa30HH.
Onruk cxemanapu.
[Tpu3manu criekTpan KypuiaManiap.
JudpakiunoH naHxapaiy CieKkTpail Kypuiamanap.
HNHuTepdepeHIInOH CIeKTpall KypuiMaap.
®abpu-Ilepo unreppepomerpu.
Tapcus dyTHiaauran agadéraap

oCcoNOOR~ODE

1. David L. Andrews. Fundamentals of Photonics and Physics. Published by
John Wiley & Sons. Inc., Hoboken, New Jersy.

2. b. Canex, M. Teiix. Ontuka u poronuka. [Ipunuuns: u npumenenue. [lep
¢ aurna. Honronpyauneii, M3narensckuil nom «MuTtenext», 2012.

HuTepHer pecypcaap
2 www.optics.arizona.edu » Research > Specialties

3 www.manchester.ac.uk.
4 www.phys.soton.ac.uk/module/PHY S1004



http://www.manchester.ac.uk/
http://www.phys.soton.ac.uk/module/PHYS1004

2-AMaJuii MalIFyJioT:
@OTOH KPUCTAIAPUHUHT ONTHK XYCYCHATJIAPH

Nmpan makcaa: bup ymuamim GoTOH KpucTaaiapy, MKKH Ba Y4 YiIdamiid
(GOTOH KpUCTAUTAPHUW ONTHK XYCYCHSATIAPUHUA KOMBIOTEPJa MOJACIIIAIITHPHUIIT
OpKalld yJapHU ONTHK XyCycusTiapuHu yprauum. OOTOH Kpucrauiapu
XyCyCUATIApuHN MaTpunanap Epmamuna TtaBcuduiam. [lepuomuk cTpykTypanu
Myxutiapjaa Oypee oNTUKACH AJIEMEHTIAPUHA KYyJUIall.

MacajnanuHr Kyumiaumm: Tusrnosuwmiapra @ypbe aaMalITUPUILUIAPUHU
amajira OHIMpaguraH mporpaMma OwWIaH TaHUIIUO YHAA WIIATHIAIUTaH
napaMeTpjapHu ypraHuO® YUKHIN TaBCUs KWinHaAu. llepuoamk cTpykTypara sra
Oyiran Mojaaiapaa TYJIKAH TapKaJUIIN YpraHWIaau.

Nau 0askapuil y4yH HaMyHa

Tunrnoumwinapra @Dypbe aJIMAITUPUILIAPUHA aMara OIIMPYBYHM IIporpaMmma
Taknud KUIMHAIW, THHTJIOBYMIAD EPYFIMK TYJIKUHHUHU (DOTOHUK KpUCTAJJIaH
VTHUII )Kapa€HUHU MOJAEIUIAIITUPAIUIIAP.

Ha3zopar caBosiapu
Ontuk @ypbe-aIMalITUPHILIN.

Tapkanuiia MaiJOHHUHT Y3rapuiiu, udpakiuus UHTETPaJIu.
Jlunzana TYIKUH GPOHTUHU aTMAIITHPHUIIIH.

OnTuk cucremazia QyHKIIMOHAI alMallTUPUIILIAP

JInnzanu cucremana Oypbe-aaMalITUPUIIN

JIuH3a1M cuCTEMaHUHT aKkC (QYHKIUSCH.

AJMAIITHUPULIIHUHT XOCCalapH.

OnTuk TAaCBUPHHU XOCHUJI KUJINIII.

© © N o gk~ WD e

WNkknHYY TapTHOIM KOTEPEHTIIMKHUHT KITACCHK OaéHM.
10.MkkuH9M TapTHOIHM KOTepeHTIIUK QYHKIMSICUHUHT TapKaauim: Bax
Hutrepr—LlepHrke Teopemacu.

11.HypnaHull CHEKTPH Ba KOTEPEHTIUK JapakacH.




TaBcusi sTUIaIUTraH agaduéTIap

1. Vittirio Degiorgio, Ilaria Cristian. Photonics. A Short Course. Springer
International Publishing Switzerland, 2014

2. David L. Andrews. Fundamentals of Photonics and Physics. Published
by John Wiley & Sons. Inc., Hoboken, New Jersy.

3. b. Canex, M. Teiix. Ontuka u ¢poronuka. [I[puHIUIBI 1 IPUMEHEHHE.
[lep c aurn. Jonronpynusiid, U3gatensckuil nom «HTENEKTY, 2012.

4. W. Lucke. Introduction to Photonics. Draft. Technical Universety of
Clausthal. 2005

HNurepHer pecypceiiap
http://www.photonics.com
www.optics.arizona.edu » Research » Specialties

www.photonics.com/
www.photonics21.org/

photonics.cusat.edu/
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KYYMA MAIIT'YJOT MASMYHHA

D®eMTOCEeKYH/ Y3YHIUKIIM JIa3ep UMIYJIbCJAAPUHM FeHepanusJiam Ba
HAHOCTPYKTYPAJIU MYXUTJIAP CHEKTPOCKONMSICH

Mamrynor naBoMua Yzoekucton PecryGnukacu ®anmap AkageMusicy
Hon mna3ma Ba Jlazepiid TEXHOJOTHSIAp WHCTUTYTHHUHT OUpP KATOp €TaK4H
TaIKUKOT jabopaTopusiiapu OWJIaH TaHUIIMIN Hazapaa TyTwirad. JKymmiagaH
Jlazepnu TexHojorusuiap Jaboparopusicuia (PEeMTOCEKYH]Z JHhamna3oHuaru
Ja3ep HUMIYJIbCIAPUHU TEHEpalMsIall Ba yiap €paaMuia HAHOCTPYKTypaiu
MYXHUTJIAp ONTUK XYCYCUSITIIAPUHM YPraHUIL, HAHO CTPYKTYypaIM MOJJAaIap 11y
KymiiagaH (OTOHMK KPUCTAJUIApHU YpraHUIA ajoxXuja pojib YHHaWTUTAIH
AJIEKTPOH MHUKCPOCKOIN HIIANl MPUHIMNM Ba TY3WIUIIMHUA YpraHuil Ky3aa
TYTUJITaH.

Nmpan makcan: HWmnynbe y3uHIMKIapu (PEMTOCEKYHIT AuamazoHuia
ETYBYM JIa3epTEXHUKACH OWJIaH TAHUIIUIN Ba (PEMTOCEKYH]T UMIYJbCIAPUHU OJTUII
YKapaéHUHUHT TYPJIM JKMXATJapy OujIaH TaHUIIUII Ba (PEMTOCEKYH y3YHIUKIAru
UMITYJIbCIIAPHU KYJIJIAaHUII cOXaJlapy OWJIaH TaHWHIIIMIIL.

MacajaHuHr Kyiuiaumu: TUHIOBUMIIAD YIBTPAKUCKA HWMITYJIbCIAPHU
TeHEepaIysUIall KapaéHula UITUPOK dTaauiuiap Ba Oy xkapa¢Hma KyJlaHaJIuraH
KypwiMaiap OWIaH TaHWIIAIuIap. DJIEKTPOH MHKPOCKON WII >KapaéHu OuiaH
TaHUIIAIAJIAP.



http://www.photonics.com/
http://www.photonics21.org/

Hasopar caBoJsiapu

Pe30HaTOpHUHT aCMJUIATY Ba YHU MOJYJISIUUSIIALI YCYJIIapH.
Jlazep akTUB MyXUTHUTa KYWHIJIaIUTaH Tajadiap.
TyuHYyBYaH FOTUII MYXUTIIAPH.

QynnypeHiap Xakuaa TylIuHYa.

DNEeKTPOH MUKPOCKOIH HUILIAII IPUHIUIIN.

CriekTpalt yerapaHjiaHIraH UMITYJIbCIIAp.

No O~ WNE

TaBcus duaguran agaduériaap

1. David L. Andrews. Fundamentals of Photonics and Physics. Published by
John Wiley & Sons. Inc., Hoboken, New Jersy.

2. Nanoparticles — nanocomposites — nanomaterials: An Introduction for
Beginner. First Edition. Dieter Vollath. Published 2013 by Wiley — VCH
Verlag GmbH & KGaA

HNuTepHer pecypceiiap

5 www.photonics.com/
6 photonics.cusat.edu/
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V. KEUCJIAP BAHKHA

|. Munu keiic. CrnekrTpaj KypuiaMaiaap XyCyCusitjiapu
CHeKTpOCKONUSHUHT aCOOCHI TEHIIIaMaCUHUHT KYpUHHUIIU

U(x) = fooF(x’)<p(x —x")dx'

—oo
by epna U(x)-tacBup, @(x)-crnekrp keHrimmrd, F(x)-ammapat GyHkius. Y xosima
anmapar (yHKIMS Ba TacBUpHU Yyia4ald, ypra MHUEHA CHOEKTpall KypuiMajia
CHEKTPHU UXTUEPHUI aHUKJIMK/IA yiI4aHca Oynaau.

Harmka: Cnektpanl KypWIMAaHHHI CU(ATHHMHI axamusTd Oynmal konaud. Y
X0J1/1a Hera CeKTpaJl Kypuiamanap CU(paTUHU OIIMPUILTa XapakaT KWINHAIU?

N3ox1ab OepuHT.

Il. Mwunn keiic. PuKpuii IKCIIEPUMEHT
3appanuHr OouutanFuy umnyiabcu P. 3appa ukkura 0ynunanu: Xocun Oyiraxn

3appaisiap umiyibceu P1 Ba P2. UMmynbe cakiianuin KoHyHUra kypa: P=P1+P2.

bupunuu 3appa umnynbcu P1 vy ymuab, P2 =P - P1, aHuk Tonuin MyMKuH.

WNKknHYM 3appa KOOAMHATACUHU AHUK yI4all MyMKUH X2.

Haruska: Oup BakTIa MKKUHYM 3appa UMITYIBCU Ba KOOPJIWHATACH aHUKJIAH[IH.
KBaHT MexaHuKacu KOHyHIapura 3ui!

N3ox1ab OepuHT.

I1l. Munu keiic. IkcepUMEHT HATHKAJIAPH

[uma npusmanu crnekTpan Kypuiamaga KeHT CHeKTp ymyaHau. CHeKTpHUHT
OuHaa TOMOHHMIA WHTEHCUBIUK TaxMmuHaH 0.4 mxm TYJIKWH Y3yHJIUKra sra
TYJIKUHIApAaH Oouuiad TYJIKUH Y3YHJIMTM KaMaluiod OWIaH HMHTEHCUBIHK
KaMaiino KeTraH.

OnuHraH HaTHXKaHU W30XJ1a0 OCpHHT.




VI. MYCTAKWJI TABJIUM MAB3YJIAPU

MYCTaKl/IJI HIIIHA TAIIKWI 3THIIHUHI IIAKJIA Ba MasMYHHA

TUHIIOBYM MYCTAKWJ HIIHU MYyalstH MOJYJIHM XYCYCHUSITIApUHU XucoOra
OJITaH XOJ/1a KyHuaaru makimapaad Goiganannd Taiépianii TaBcust STUIAIN:

- MeBEpu XyXoKaTiapJaH, VKyB Ba WIMHH anabuériapaad doigamaHuIn
acocuia MOAYJ MaB3yJapyuHU YpraHUILL;

- TapKaTMa Matepuasuiap oyiinya Mabpy3ajiap KUCMUHH V3IaIITHPHUILL;

- aBTOMATJIAIITUPWITaH YpraryBud Ba HazopaT KWIyBYM JacTypiap OuiiaH
UIIall;

- Maxcyc agabuérnap OViinua Moayn Oyaumiapu €K MaB3yjapu yCTHA
UIIJIaNT;

- TUHTJIOBYMHUHT KacOuil ¢aonustu OunaH OOFIMK OYyiaran Moy
OynvMMIIapy Ba MaB3yJIapHU YyKYp YpraHuil.

MycTakui TabJIuM MaB3yJapu

1. JludppakuuoH mnaHxkapalid CHEKTpald KypWIMaJIapHU axpara OJUII
KOOMJIUSITH.

2. Ilpusmanu criekTpaji KypuiMajJapHH akpaTa OJUII KOOWIHSATH.

3. OnTuk cuctemanapaaru adoepanusiiap.

4. YuszukId Ba y3ITyKCU3 CIIEKTpIIap.

5. MaxOypuii Hypmanum Xxojucaiapu (ONTUK KBaHT TeHeparopiap
MHCOJIHIA).

6. Cnexrpmapuu doTorpaduk ycynaa Kai1 KAIAII.

7. CnektpyiapHd (POTOIIEKTPUK YCYIa KAl KATUIIL.

8. CnekTpiapHU TYIKUH Y3YHJIUTUHU aHUKJTAIIL.

9. EpyrmukHM 3MUIUKHAHT GIyKTyalus CHXHCOOUTa COUMINIIN.

10. EpyrnukHUHT KOMOMHAIIMOH COYMIMIIT B YHU TaKpHOa1a aHUKIIAII.

11. MyxuTnap CTPYKTypacHHU YpraHuimijga EpPYFIMKHUHT MOJICKYJsAp Ba
KOMOWHAIMOH COYMJIMII CIIEKTPIAPUHU YPHHU.

12. DnexTponTuk aedexTopap.

13. bper nednexropu.

14. Ontuk mpoieccopiiap uiuiaml MPUHIUIIY.

15. Tamku TalryBuUMaru ONTUK XOTUPa

16. HypTonanu onTuk ajioka TapMOKJIAPUHUHT YMYMHH KOHCTPYKITHS.

17. Ontuk HypTOJa Typiapy Ba yJIapHU XapaKTEpUCTUKATapH.

18. Ontuk HypTOJaIapaa JUCIEPCHs TypIiapHu.

19. HypTonanaru roTUIMILI MEXaHU3MIIAPH.

20. Kpucramn cTpyKkTypaiau Mojaiap/a YHEpreTUK 30Hajiap TYIIyHUYacCH.

21. KOTtumum Typaapu.

22. ®otope3uctop Ba poroauomap.

23. Tynemmu doToauoaIap.

24. Spum YTKa3TU4IH J1azepiap.

25. T'onorpaduk Xo0Tupa WILIALT TPUHITUIH




VIL TJIOCCAPUU

Tepmun

Tabvpudpu

Definition

KBant
MEXAaHUKACH

OU3NKaHUHT aJIOXUA aTOM Ba
anemMeHTap (cydbarom) 3appanap

KaOu MUKPOCKOIUK XKHUCMIIAP
(oOBekTIap) TaOMAaTUHH YPraHyBUU
oyuMH

Quantum mechanics is a
fundamental branch of physics
concerned the nature of atoms
and subatomic particles.

IJPKMHIUK
Aapakajapu
COHH

Hyxranunr ¢a3onaru Ba3usTHHU
TYJIUK aHUKJIOBYH Y3ap0 OOFIIMK
OynMarad KoopAuHaTaJIapyu COHU

The number of degrees of
freedom can be defined as the
minimum number of
independent coordinates that
can specify the position of the
system completely.

TeOpanum-
Jap

MabiyMm OMp KOHYHUSATTa MyBOQUK
JaBpUI paBUILJIa TAKPOPJIAHUO
TypyBYH KapacHiiap

Oscillations are a repeating
process which submits to the
certain law

I'apmonuk
TeOpaHMIII-
Jap

TeOpanaeTran >KICMHUHT KY4UIIN
CUHYC €KUM KOCUHYC KOHYHHUTa
MyBO(UK 103 OepaauraH gaBpuit
XKapacH

Harmonious oscillations are a
periodic process in which
changes of some physical
magnitude occur under the law
of sine or cosine

I'apmonux
OCLUJLISAITOP

["apMoHuK TeOpaHuLIIap r03ara
KEJIMIIM MYMKUH OYJIraH cucrema

Harmonious oscillator is
system in which harmonious
oscillation are possible

TeOpanu-
Jap aMIuIM-
TYAACH

TeOpanaetran pu3nKaBUii
KaTTaJIMKHUHT MyBO3aHaT
XOJIATUJIaH SHT KaTTa OFUILU

Amplitude of fluctuations is
the greatest deviation of a
oscillating magnitude from a
condition of balance

Xycycui
4acToTa

Kapumnuk kyunapu 6yamMaranuia
coaup Oyiaauran SpKuH
TEeOpaHUIILIAP YACTOTACH

Self-resonant frequency is a
frequency with which a free

fluctuations occur in system in
absence extraneous forces

Ma:x0ypuii
TeOpaHMII-
Jap

Tamku Kyd Tabcupua Coaup
Oynaauran TedpaHuIILIap

The compelled fluctuations

are a fluctuations which appear

under influence of external
forces

Pe3onanc

MaxOypuit TebpaHuILIap

Resonance - fast increasing a

JaCTOTACMHUHI CUCTCMA OPKHH

amplitude of oscillating at




Te6paHI/IH_IJ'IapI/I qacTtoTacura
SKUHJIaITraHuaa Te6paHI/IIHJIap
aMININTyAa-CHHUHIT KCCKUH OpTI/I6
KCTHUIIIHN XO0JucaCu

approach of frequency of the
compelled oscillation to a
frequency of self-resonant
frequency

TeOpanunuiapausr daszona

Wave - a object arising at

Tyakun TapKAIHIITU/IA F03ara KeJla ural propagation of oscillations in a
00BEKT space
o The length of a wave - a
o TeOGpanunuiap naBpura TeHr OYJIraH . S
Tyakun . . distance which is propagated a
BAaKT OpaJINtu MO6aI/IHI/II[a TYJIKHH . . .
Y3YHJIHUTH wave in a time which equal to
TapKajaauran Macoda : N
one period of oscillations
o Wavenumber - a physical
. 27 COHMHUHT TYJIKUH y3yHIIUTHUTa . .
Tyakunaap . . magnitude which amount to
HUcOaTUTa TeHT OyiraH (pu3snkaBuil A
COHH the ratio of constant 2z to
KaTTaJIuK
length of a wave
KorepenTt dazanap dapku y3rapMacaa Coherent waves - waves with a
TYJIKHHJIAP CaKJIaHA/INTaH TYJIKWHIIAP constant difference of phases
o o Interference - redistribution of
KorepeHT TynKuHIap KYIIWINIIN _— )
HNurtepdepen | Tydailnm ro3ara KearaH HaTUKaBHMA energy of oscillations in a space
I:m P T§IKHHHUHT SHEprusicH (azoja in consequence of addition of
" YRR P A coherent waves
KanTa TaxXCUMJIaHUIIIN
Epyrauk- The law confirmatory about
o OnTuK )XuxaTAaH Oup >KMHCIIN - :
HUHT TYFpH . . rectilinear propagation of a
ol Oynran MyxuTnaa epyFiIuK Hypu : : :
YH3HUK OYii- . .o light beam in optically
TYFpU YU3UK OYil1a0 TapKaIUIIUHA .
Jad Tapka- homogeneous medium.

JINII KOHYHH

UCOOTIIOBYM WJIMUN XYJIOCa.

WNKkn MyXuT yerapacua €pyFink

Light angle - a angle in a point
of falling of a beam on

Tymum HYpH TYIIHII HyKTacKa CUpTra mediums boundary formed by
Oypuaru TYIIMPHUIITaH HOpMaJ Ba Tyiirad Hyp | normal to boundary and by the
opacujaru Oypuax. falling beam
Angle of incidence - an angle
WKKH MyXUT yerapacuia epyFiIuK on boundary of two mediums
Kaiitum HYPUHHUHT TYIIUII HYKTaCHAa forming in a falling point by
oypuarm CUpTra TyIIHPHIraH HOpMall Ba normal to boundary and by the
KalUTraH Hyp opacuiaru oypuak reflected beam
Wxku myxut yerapacuaa epyrauk | Angle of refraction - an angle
CyHuUII HYPUHUHT TYIIUII HYKTachaa on boundary of two mediums
Oypuaru CUpPTTra TYIIUPUITaH HOpMaJl Ba forming in a falling point by

CUHTaH HYp opacujaru 0ypuyak

normal to boundary and by the




refracted beam

JAudpax-
IHOH
MaHxapa

Ooup-Ooupuman 6up xui1 macodana
YKOWJIAIITaH TUPKUILIAP TYIUIAMHU

Kyn Muknopaaru 6up xun OyiraH Ba

A grating is any regularly

spaced collection of essentially

identical, parallel, elongated
elements.

Epyrauk

AUCIIEPCUACH

Mopaaa cuHaupHUII KYpCaTKHIMHUHT
CPYFIUK TYJIKUHU y3yHJIUTHUra
OOFNMKIUTH Tyailiu conup
OynaguraH xoauca

Dispersion -the dependence of
wave velocity on frequency or
wavelength

CPYFIHMK

Kyro0manran

TeOpanunuiap WyHaAIUIINA MabIyM
Oup Koujara Kypa TapTuOIaHTaH
CPYFJIUK HYpH.

polarized ligh - radiation in
which oscillation are ordered
somehow

Kyroaaruu

Tabuwnii (KyrOaHMaran) HypHH
sccH KyTOJIaHTaH Hypra aijaHTUpuO
O6epyBuM pudOp

A polariser is an optical
filter that passes light of a
specific polarization and blocks
waves of other polarizations

KBant

Mopana TOMOHHIaH HypJIaHACTraH
CKU FOTHJIACTraH SHEPTUSTHUHT
YEKJIU TOPUUSCH.

Quantum -the minimal portion
radiation absorbed or radiated
by substance

Tamku

dorordpdexr

EpyFrnuk HypH TabcHpHia MOIAIAH
AIEKTPOHJIAPHUHT Y3UINO YUKUIIN
XOIMcacu

Extrinsic photoeffect is the

production of electrons or other

free carriers when light shines
upon a material

doToH

DJIEKTPOMAarHuT HypJIaHUII KBAHTH;

Photon is a quantum of all
forms of electromagnetic
radiation including light

He-bpoiiab
TYJKUHHU

MarepussHUHT yHUBEpPCal 3appa-
TYJKWAH TyaTu3MUHUHT HAMOCH
OymuIIM: Xap KaHjail SHeprus Ba
MMITYJIbCTA 3Ta 3appara TYJIKUH
y3ywimurua h/ p Ba wactoracu v=E
/h ta tenr ne-bpoinb TYIKUHN 1e0
aTaJxyB4M TYJKUH MOC Keyaau. by
epaa h —Ilnank noumuiicu. [le-
bpoinp TYJIKUHIAPH SXTUMOJIIAK
TYJIKUHIIAPHU €0 U30X1aHa/IN;
yJIapHUHT MaBxXyJJIuru xakuaa 1924
nunnaa JI. ne bpoines dukp
ownnupran. by dukp xycycan

Wave—particle duality is the
concept that every elementary
particle or quantic entity may
be partly described in terms not
only of particles, but also
of waves. It expresses the
inability of the classical
concepts "particle™ or "wave" to
fully describe the behavior of
quantum-scale objects
All matter, not just light, has a
wave-like nature; he
related wavelength

AJIEKTPOHJIAP TUDPAKIUSICUHU

and momentum : A=h/p
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Ky3aTuil OpPKaJIW TACOAUKIIAHI'dH.

v=E /h

Tyakun
(pynkuusicu
(meu—
GyHkun)

Xomnat Bekropu. KBant
MEXaHUKaCcHJla CUCTEMA X0JaTHHU
n(hoaaNoBYN Ba HYXTUMOJUIMKHU Ba

yHU TaBCU(I0BYN (HU3UKABUN
KaTTaJIMKJIap ypTadya KUMMaTIIapUHU
TOTHILTAa UMKOH O€pYyBUU acOCUI
KatTanuk. TYIKuH QyHKIHUICH
MOJAYJIMHUHT KBaJpaTH Oepuiiral
X0JIaT HXTUMOJUIATUTA TEHT, IIIYHUHT
YUyH TYJIKUH QYHKIUSACUHU
HXTUMOJUIMK aMIUIUTyJacu Ae0 xam
aTalaim.

A wave function in quantum
mechanics is a description of
the quantum state of a system.
The wave function is
a complex-valued probability
amplitude, and the probabilities
for the possible results of
measurements made on the
system can be derived from it.
The most common symbols for
a wave function are the Greek
letters

I'eiizen0Oepru
HHT
HOAHMKJINK
NPUHIMITH

Mukpo3zappanu Oup BaKTHUHT y3u/a
MabJIyM Oup KoopAuHaTa (X,y,Z) Ba
YHI'a MOC UMITYJIBCHHU (Px Py P2)
MCTaJIraH aHUKJIUKA y14al
OyIMaiiIu.

Heisenberg's uncertainty
principle, is any of a variety of
mathematical
inequalities asserting a
fundamental limit to the
precision with which certain
pairs of physical properties of a
particle, known
as complementary variables,
such
as position x and momentum p,
can be known simultaneously.

OpouTan
KBAHT COHH |

Bepuiiran 0011 KBaHT COHU N y4yH
1=0,1,...( n-1) kuiiMaTIapHA KaOyI
KWJIYBYH Ba aTOMIArd UMITYJIbC
MOMEHTHHH aHUKJIOBYH OYTYH COH

The oorbital quantum
number describes the subshell,
and gives the magnitude of the
orbital angular momentum. The
value of ¢ ranges from 0
ton—1,

The magnetic quantum
number describes the

Be%“graHll ngﬁgﬁfﬁ =:6’ IJ'Il’ specific orbital within that
Maruur o Lo DR PHI Kay subshell, and yields
KHIJIYBYH Ba OJICKTPOHHUHI MabJIyM . . .
KBaHT COHM oo the projection of the orbi-
HWyHaJIuira MMITyJIbC MOMCHTHU
mj POEKISCHHT AHHKIOBHH GyTYH tal angular momentum along a
P con I specified axis: The values
of m, range from —¢ to ¢, with
integer steps between them
Mukpo3zappaHuHT KBaHT Tabuatura | The spin projection quantum
ara Ba 3appaHMUHT OyTYHJIMIru4a number (ms) describes the spin
Cnun Xapakatu OmiaH OOFIUK OyIMaran of the electron within that

XyCyCHUU XapakaT MUKJIOPH
MomenTH; [Imank noumuiicura

orbital, and gives the projection
of the spin angular momen-
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Kappanu kuitmatiaapaa oytyH (0, 1,
2,...) €KU ApUM OyTYH OVIIHIII
mymkuH (1/2, 3/2,...).

tum S along the specified axis.
In general, the values
of ms range from —S t0 s,
where s is the spin quantum
number, an intrinsic property of
particles:

aynau
NPUHIHITH

TabuatauHT QyHIAMEHTAT
KOHYHH.YHra Kypa KBaHT
cucrteMacuja MKKuTa (€K1 yHJ1aH
Ky1) sspuM OyTYH CIIUHTa 3Ta OynraH
aliHaH OWp XWJI 3appajiap Oup Xui
X0JIaT/Aa ounama oJaManIuIap.

The Pauli exclusion
principle is the quantum
mechanical principle that states
that
two identical fermions (particle
s with half-integer spin) cannot
occupy the same quantum
state simultaneously.
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