VY3BEKUCTOH PECITYBJIUKACH
OJIUM BA YPTA MAXCYC TABJIUM BA3UPJIUTU

OJINM TABJIUM TU3UMU MEJATOT BA PAXBAP KAJIPJIAPUHA
KAWTA TAHUEPJAII BA YJIAPHUHT MAJIAKACUHUM OIIUPUIITHUA
TAIIKAJI 3TULI BOII UJIMHIM - METOJIUK MAPKA3H

V3BEKMCTOH MIWIJINIA YHUBEPCUTETH XY3YPUJIATHU NEJATOT
KAJIPJIAPHU KAUTA TAUEPJIAIII BA YIAPHUHT MAJTAKACUHHA
OIIINPUIII TAPMOK (MUHTAKABHUI) MAPKA3H

“OU3UKA”
UYHAJIUIIT

“AMAJIMHA ONITUKA: CIEKTPOCKOIINAI,
JA3EP ®U3NKACH BA POTOHUKA”

MOIYJIM OyUnu4a

VKYB-YCIYBUHU MAKXKMY A

TomkeHnt — 2016



V3BEKUCTOH PECIIYBJIUKACHU
OJIU BA YPTA MAXCYC TABJIUM BA3UPJIUTU

OJ}I/Iﬁ TABJIUM TU3UMH ITEJAT'OT" BA PAXBAP KAJIPJIAPUHH
KAHUTA TAHEPJALI BA YJIAPHUHI' MAJTAKACUHHU OLIUPUIITHA
TAIIKWJ OTUII O HJIMHUHU - METOAUK MAPKA3H
V3BEKMCTOH MUJLJIMI YHUBEPCUTETH XY3YPUJIATH NEJATOT

KAJIPJIAPUHU KAVITA TAUEPJAII BA YJIAPHUHT MAJIAKACUHHA
omnPHUII TAPMOK (MUHTAKABUUN) MAPKA3U

“AMAJIMU OIITUKA: CHEKTPOCKOIIUS,
JIABEP ®DU3UKACHU BA POTOHHUKA”
MOAYJIM Oyiinya

VKYB-YCIYBUHMU MAXKMY A

TomkenT-2016




Maskyp yKyB-ycayonii Mmakmya OJinii Ba ypTa Maxcyc TabJUM Ba3UpPJIUMrHHUHT 2016 iina
6 anpeauaaru 137-consm Oyiipyru OMJI1aH TACAUKJIAHTAH YKYB pe:ka Ba JacTyp acocuaa

Talépianan.
Ty3yBum: V3MYV, b-M.¢.H., TOIEHT
A.K. Kacumos
Takpuzum: Karnyxupo Hakamypo,
Y3MVYuuHr ¢usnka QakyibTeTH
xamza Ocaka maxap

YHUBEPCUTCTUHHHT  HadaKagaru
npodeccopu (SInonus).

Ykye -yenyouit masyemya Y3sMYuune ...... Kenzawiununz 2016 aun oacu __ -
COHNU Kapopu 6unan macoukKka maecus KUJIuHaH.




MYHIAPUIXA

O 0 L1 001 Nl 1074 TN 4
Il. MOAYJIHU YKUTHUILJA ®ONIATAHUIAUT AH UHTPED®AOJI

TABIIAM METOJITAPHL. .....ooovvveeeeeeeeeeeeeees st snesses st 10
I1I. HABAPUU MALIFYJIOT MATEPUAJUIAPHU ... 10
IV. AMAJIUI MAIIFVJIOT MATEPUAJIUIAPH ... 66
V. KEVCJIAP BAHK .........oooveviieiicessessieress e sesisss s essen s senes s esnessenensnens 69
VL. MYCTAKUJI TABJIIAM MAB3YJIIAPH .......oocveeeeeeeeeeeeeeeee e 76
VIL TTIOCCAPHI ..ottt 78

VI AITABUETIIAP PYMIXATH ..o 84




|. UIIIYA JACTYP
Kupum

Maskyp HAacTyp pHBOXKIIAHTAH XOPWKHMU JAaBIATJIAPHUHT OJUN TabiIuM
CoXacua dpUINTaH ITYKIApY XaMla OPTTHpPraH Taxpubanapu acocuaa “dusuka’
KauTa Tauépiam Ba MaJlaka OLIMPUIN MYyHAIUIIW YYyH TaW€pilaHTaH HaMyHaBUU
VKyB peka XamJa JacTyp Ma3MyHHJaH KelnuO YMKKaH Xojjaa Ty3wiraH Oymnuo, y
3aMOHaBMM Tamabiap acocuja KadWTa Tal€piamn  Ba Malaka  OIIMPHII
JKapa€HJIApUHUHT Ma3MyHUHM TaKOMWUIAITUPUII XaMmJa OJHH  TablIUM
Myaccacajapyd IMeJaror KaJpJIapuHUHT KacOMM KOMIIETEHTIUTMHH MYHTa3am
omupud OOPUIITHA MaKcal KUIaau.

Kamusar Tapakkuétn HadakaT MamIakaT HWKTUCOIUN  CATOXUSTHHHHT
IOKCAKJIMTH OWiiaH, Oaiku Oy cajJoXuAT Xap OMp MHCOHHUHI KaMoJI TONUIIM Ba
YUFYH PUBOXKJIAHUIINTA KaHYAIMK HYHAITUPUITAHINTH, MHHOBAIIMSIIAPHUA TaI0NK
STWITAHIUTH OWUjaH XaM yiadaHaiau. JleMak, TabiuM TH3UMHU camMapagopiIurdHU
OLLIMPHILL, NTEJArorIapHU 3aMOHABUI OMJIMM XaMJa aMaInii KYHHUKMa Ba MaJjlakayiap
OuiaH KypOJUIAaHTHPHIN, YeT dJ1 WIFOp TaXpUOalapuHH YpraHWIl Ba TabIuM
aManuEéTUra TaaOouK ATUIN OYrYHTM KyHHUHT noi3ap06 Basudacumup. “Amanuit
OITHKA: CHEKTPOCKOMUs, J1azep pusukacu Ba (pOTOHMKA MOAYJIM alHaH MaHa IIy
HUYHanmuIiiaru MacajiajlapHy XaJjl STUIIra KapaTuiraH.

AManuii onTHKa: CHEKTpOCKOmMs, ja3zep (usukacu Ba (oToOHUKA (paHU
3aMOHaBUH ONTUK KypuiMayap OujiaH TAaHUIITUPUIL, YIapHU WIUIAN TPUHLILIApU
Ba aCOCHM ONTHK XapaKTEPUCTHKAIAPUHHU YPraHUWII, HYpJAHUII CIEKTHpJIApUHU
ONTUK ycyJulap OWjaH KailJ KUIUII, HAHOCTYPKTypajiap CIEKTPOCKOMUSICH, KBAHT
ONTUKACH, HOKJIACCHK HYpJIap Ba YJIApHUHT KYJJIAaHWIWIIN, Ta3epiap pusukacu Ba
¢doTtonuka acociapv, QOTOHHK KpHCTAJUIap Ba YJIAPHUHT TypiapH, HypTOJalu,
KOMIBIOTEp (POTOHMKACH, ONTOMH(OPMATHKA, ONTHK CHTHAIAP, YIAPHUHT
dbyHIaMeHTa)l Ba amaiaui jkapa€Hyiapu acocuja 3aMOHaBHil acOo0jap spaTuil
MyamMoJiapu 0a€H 3TUJITaH.

MoayJJHMHI MaKcaau Ba Basudaiapu

AManuii OnTHKa: CHEKTPOCKOmWs, Jiazep ¢u3nKack Ba (POTOHUKA
MOAYJTHHUHT MaKcaj Ba Ba3udanapu:

-3aMOHaBHM ONTHUK KypwiMajap OWJIaH TaHUIUTHPULI, yJapHU HIUIAMI
OPUHIIUIAPK Ba ACOCUMH ONTHK XapaKTePUCTUKAJTAPUHU YpraHUIl, OITHK
HYpJAQHUIIHU KAl KWIMII yCyJUlapu OuiaH TaHUIITHPHUIL, HIEKTPOMATHUT
TYJIKUHJIAPHA MYXUTIIADHUHT aTOM Ba MOJIEKYJIajlapy OWIIaH ¥3-apo TabCUpJIallyB
xkapa€Hmapugaru — QU3MK  XOJUCAJapHU  YpPraHWil,  HAHOCTYpPKTypayap
CHEKTPOCKOMNUSICH acocjiapy OWjlaH TaHWIIMIL. KBAaHT ONTHUKACH Ba HOKJIACCHK
HypJap XakuJa MabIyMOT Oepulll Ba YJIAPHUHT KYJJIAHWIMIIA OuilaH
TaHUIITUPHIL, (HOTOHMKA acociapu, (OTOHHK KpUCTAUIAp Ba  YJIApPHHUHT
XycycusiTiapu, (OTOH KOMIBIOTEpJap SpaTWIUII TEeHAEHUUsIapu OuilaH
TQHUIITUPHUII Ba OJMHTAaH OWIMMJIApPUHU aMajauérra KyJulam MaJlaKaBHid
KYHUKMaJIApVUHU [AKJUTAHTHPHULL.




Mopaya 0yiin4a THHIVIOBYMJIAPHUHT OWJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHIUSIJIAPUra KYHWIaauran tajgadaap

“Amanuii ONTHKA: CTIIEKTPOCKONHS, Ja3ep (pusukacu Ba GOoTOHMKA” KypCHHU

Y3JIAIITAPUII Kapa€Hua aMalira OIUPUIIAIUTaH Macajiajiap JOUPacHuIa:
Tunriaosuu:

- 3aMOHAaBUI CIIEKTPOCKOIIMK KypWJIMajlap, YJIapHHM HIJIAIl IMPUHLILIAPU Ba
aCOCHM XapaKTEPUCTUKAJIAPH;

- KBaHT ONTHKACH ACOCIJIApU BAa KBAHT ONTHKACHIATM HOYM3HKIIM KapacHuap;

- poTonuka acocnapu, POTOHUK KpHCTAUIap Ba EPYFINK HYpHUHH OOIIKApPHUIII
yCyJuIapy Xakuaa OMIMMJIapra 3ra OyJIuIim;

TunriaoBuu:

- CIIEKTPOCKOIMK KypHJIMaJapHU MIIJIaTa OJIUILI;

- KBaHT ONTHKAacH Ba Jia3ep (PU3MKACHHUHI 3aMOHAaBUU IOTYKJIapHUHUJAH
ol nanaHuI;

- OTOHUK KpuCTaiap, yJIapHUHT XyCycUSATIapd OWJMII Ba MILJIATa OJIMIL
KYHHKMa Ba MAJIAKAJIAPUHU 3TaJIaLIN;

TunriaoBuu:

- CIIEKTPOCKOMHUK TAAKUKOTIAP YTKA3HII Ba OJMHIAH HATHXKAJIAPHU TaXJIAJ
KHWJINLI,

-JJa3ep KypwiMalapu €pJaMua KBaHT ONTUKACHra JOWUP MacalajlapHU Xajl
KUJTUII YYyH TaxpuOanap YTKa3zuil KOMIeTeHIMAIAPHH 3T aJJIAIH JIO3UM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3MII OyiMYa TaBCUsljIap

“AMainii ONTHKA: CIEKTPOCKOMUs, Jiazep (¢u3ukacu Ba (HOTOHUKA’ Kypcu
Mabpy3a, aMaliiii Ba KyuMma MallifyJIoTaap MaKiuga oJud Oopuiiau.

KypcHu yxutnm xapa€Hua TabJIMMHUHT 3aMOHABUM METOJJIapH, ITEJarOTUK
TEXHOJIOTHUSJIAD Ba axOOpPOT-KOMMYHHKAIIMA TEXHOJIOTHSUIApY  KYJJTAHUIHIIN
Hazap/a TYTUJITaH:

-Mabpy3a Aapciapujia 3aMOHABHM KOMIIBIOTEp TEXHOJOTHSIIApU EplaMuaa
MPE3EHTAIIMOH Ba 3JIEKTPOH-IUIAKTUK TEXHOJOTUsJIap/IaH;

- YTKa3uJIaJIurad aMajauyd MalryJjaoTiapJa TEXHUK BOCUTAJapIaH, dKCIpecc-
CYpoBIIap, TECT CYpOBJapH, aKJIUM XYKyM, TYpPYXJu (UKpail, KUIUK TypyXxJjap
OwWIaH uIIall, KOJUIOKBUYM YTKa3HuIll, Ba OOIIKA UHTEPAKTUB TabJIUM yCYJIJIAapUHU
KYJUTall Ha3apia TYTWIAIN;

-Kyuma napciapiaa  PecrmyOnukamusmard  €Takyd  WIMHA - TaJKUKOT
WHCTUTYTIapuAa onaud OopwiaéTraH TaAKUAKOTIAp OWjaH TaHUWIIMIN Haszapa
TYTHWJITAH.




MoayJHHMHT YKYB peskajgard 00mKa MoayJ/uiap Onjiad OOFJIUKJINTH Ba
Y3BUMJIUTH
“AManuii ONTHKA: CIIEKTPOCKOMUS, Jazep pusukacu Ba GOTOHUKA™ MOAYJH
Ma3sMyHH YKyB pexanaru “FOxopu sHeprusiiap ¢uzMkacu Ba acTpo(DU3UKAHUHT
3aMOHaBUH XoyaTu” Ba ‘“3aMOHABUIl MAaTEPUAIIYHOCIHUK Ba HaHO(U3UKA~ VKYB
MOAYJUTapy OwiaH y3BUU OOFJIaHTaH XOJAa TEAaroTJapHUHT KacOWi Teaaroruk
Ta€prapivk JapaxaCuHU OLIMPUIITa XU3MaAT KUIaau.

Moay/JTHUHT 0JIMH TABJIUMIATUA YPHU
MopaynHu y37alTUPUII OpKajdyd THUHIJIOBYMIIAD CIEKTpal Kypuiamaniap,
Ja3epiap Ba (POTOHMK KpUCTAIUIApHU aMalija KyJulaml Ba Oaxojamira 1oup Kkacoui
KOMIIETEHTIMKKA Ara Oynaaunap.

Monaya Oyiin4a coatJjiap TAKCHUMOTH
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3aMOHaBUH CIIEKTpall Kypujimanap,
1. | ymapHM HILIAII TPUHIIUIAPHA Ba 8 8 2 6
acocHii ONTHK XapaKTePUCTUKATAPH.
OnTuK HypJaHUIILIAP, YIapHU Kan
KW yCYIIIapH, dJICKTPOMAarHuT
2. | TyAKUHJIAPHU MYXUTJIAPHUHT aTOM Ba 2 2 2
MoJIeKyJanapu Oninan y3apo
TabCUPJIAIITYBH.
3 Hanoctypkrypanap CrieKTpOCKOIHSICH 5 5 9
" | acocnapu.
4 KBaHT onTukacu Ba HOKJIaCCHK 8 8 5 4
" | HypJaap, HOUYM3HUKJIIM KapaéHiap.
doToHuKa acocnapu, POTOHUK
KpUCTaJIap Ba YJIApHUHT
5. [P b Ba yrap 8 6 | 2 | 6 2
XyCyCHUSITIIapH, (OTOH KOMIBIOTEPIIAp
SPATUIINII TeHACHIUSIIAPH.
Kamu: 28 26 10 12




HA3APUH MAIIFYJOTJAP MASMYHHU

1 - Mag3y: 3aMOHaBHIi CHIEKTPaJI Kypu/aMaJjiap, yJIapHy MILJIAM NPUHHIILIAPH
Ba aCOCHH ONTHK XaPaAKTePUCTUKAJIAPH
Cnekrtpan KypUiIMaJlapHU KJIaCCU(DUKAITUSCH. Acocuii
xapaktepuctukaiapu. ONTUK cxemajapd Ba MIUIANI OPUHIUIUIApU. AsKpara
omum KoOwmusatu. [lpusmamm cnektpan Kypuimanap. [Ipusmanm crektpant
KypUiIMajap XyCyCUsATIIapH.

2 - Mag3y: ONTHK HYPJIAHUILIAP, YJIAPHH KAl KWIKII yCYyJ/UIapH,
3JIEKTPOMATHUT TYJKHHJIAPHUA MYXUTJIAPHUHT aTOM Ba MOJIEKYJIAJIapH
OWJIaH y3-ap0 TabCUPJIANTYBH

Hypnanum manOanapuau Typiaapu. ONTHK TaaKUKOTIApAa HYypJIaHUII
MaHOanapura Kyvuiagurad tajgabnap. ONTUK KBaHT reHepartopiapu. Yuszukium
(Y3mykyM) Ba Y3JIYKCH3 CHEKTpJap TapKaTyBuu Epyriuk maHOanapu. ONTHK
HYPJIQHUIIHYU KAl KWK YCYJIIapHu.

3 - Mag3y: HaHOCTypKTypaJiap CIEKTPOCKOIUSICH acOCAapH

HaHocTypkTypanap CHEKTPOCKONMSICMHUHI Y3Mra XOC TOMOHJIApH.
3eemaH xonaucacu Ba MarHutaBuil pe3zoHanc (OIIP, SAMP). Ilamen-bak
addextu. Tapk X0AUCACUHUHT YMyMUN TabpUPH.

4 - Mag3y: KBaHT onTHKacH Ba HOKJIACCHUK HYPJIap, HOYM3UKJIU
Kapaéniap
KBanT onTtukacu acocuil TymryHuasiapu. KBaHT omnTukacu Ba Jasep
(GU3MKACHHUHT 3aMOHAaBUN IOTYKJIapuHu Kopmyukymnsp TYIKUH Tyalu3MHu.
®doton maccacu Ba umnyibcu. Komnron s¢gdexrn. Hoknaccuk Hyp Ba YHUHT
Kyutanunuu. bpayH-Tsucc taxxpubdacu. benn TeHreusnury.

5 - Mag3y: ®@oTOHHKA acocaapH, POTOHUK KPUCTAJLIAP Ba YJIAPHUHT
XYCYCUSITJIAPH, (POTOH KOMIIbIOTEPJIApP APATHJINII TeHIeHUUJIapH
®doToHUKa acocyiapy, GOTOHUK KPUCTAUIAp Ba YJIAPHUHT XYCYCHUSATIApPH.
DeMTOCEKYH)] Y3YHJIUIMIATH Jla3ep MMITYJIbCIAPHHM TeHepalysuiam. Y3 —
V3unu  Qokycnam. Ontuk  TpaHcnopantiaap. ONTHUK — KOMIbIOTEpiapaa
MaTeMaTHK amMaJuIapHu Oa>KapuIil.

AMAJIMA MAIIFYJIOT MABMYHHU

1-AMaJunii MaLIFyJIoOT:
CrnekTpaj KypHIMAJAPHUHT ACOCHH XapaKTePUCTHKAIAPH
3aMOHOBMI CHEKTpald KypWIMAQJIAPHUHT OMNTHUK CXEMajgapd Ba MIILUIAII
NPUHIUILIAPY. Typnu aTOMJIAPHUHT CHEKTpJIapUHU KOMITbIOTEPIA
monestamTupuil. Cudar cnekTpaid aHalu3 YTKa3WIl TeXHUKACUHU YpraHWII Ba
KyHUKMaJIap XOCHJT KHJIULI.




2-AMaJuii MalIFyJioT:
POTOH KPUCTAVIAPDUHUHT ONITHK XyCYCHATIAPH
bup ymuamim ¢QoToH Kpucramwiapu, HMKKA Ba Y4 yauamiaud (OTOH
kpuctajutapu. QPOTOH KPHUCTAUIAPU XYCYCUATIAPUHU Martpunaiap épaamuaa
taBcupnam. Ilepuonuk  cTpykrypanu — myxutiapaa Dypbe  onrtukacu
AIIEMEHTIIAPUHU KYJIIAIl.

KYUMA MAIIFYJOT MABMYHHU

Kyuma wmamrynotmnapga ¢oronuka coxacujga PecnyOnukamuszga oiub
OopunaérraH WIMUN TaJKUKOTIAp OWIaH TaHUIIMII, [y cOoXaJa HW3JlaHaEéTraH
olMMmiiap OwWiaH yupanlyBjlap TalIKWJ OSTHUII Ba UMKOHUST JIOUpacujia
AKCTIIEPUMEHTAN TAJKUKOT/Iap/ia KaTHAIIWII Ha3ap/ia TyTUJITaH.




YKUTHI INAKJUIAPHA

Maskyp Moays Oyinda KyiHuaaru YKATHII aKJmiapuaas o 1amaHuiau:

- Mabpy3ajnap, aMajduil MalFynoTiIap (aMaquil ONTHKA: CIIEKTPOCKOMUS, Ja3ep
¢busukacu Ba (HOTOHMKA ACOCHAPUHU Y3IAIITUPHIL, Oy coXaaard OWIMMIIApHU
aMaJIMi KYJUIalll MaJIAKACWMHU 3rajUlalll, aMaJIiil OINTHKA: CIIEKTPOCKONUs, Ja3ep
¢uszukacu Ba (POTOHMKA PUBOXKIAHUIINMIA (UIUKAHUHT YPHUHU aHTJIAI,
Y37amTUPUITad OMIIMMIIApHHU Y3JIyKCH3 paBullia MycTaxkamiiad Oopwuii);

- amanuii Taxkpubanap Ba yJapHM MyXoKamaiapu (CIEKTPOCKOIHS, Ja3ep
¢busukacu Ba (OTOHHMKAra OWJ aMalui TaxpuOanap VYTKa3uIll, HATHKaJapHU
MyXOKama JTull, (U3MK XyCycHsATIapW XakKuJard Ha3zapuili Ba aMaiui
OWIMMIIapHU YKYB Ba MIIMHM TaJKHUKOTJIapAa KYJIai OJIMII Majlakacura srajuiai);

- Y37MamTHpUITad OMJIMMIIAPHU TaxXJIWJl 3TUII Ba MyCTaxkamiiam (Mabpy3aiap
Ba aMaJMii MalFynoTiaap OyiHnya Y3JIaluTUPWIraH OMIMMIIAPHU aMalvil ONTHKA:
CHEKTPOCKOMHUS, Ja3ep (pu3nKacu Ba (POTOHMKA HYKTaW HazapuaaH TaxXJIAJ KUIUILL,
3apyp Xojulapja KymuMmMua aaabuétiap wMarepuaiiapu  OuiaH  OOMMTHILL
YyKypJIalITUPHUII Ba sSTHaJa MyKaMaUTalITUPUO OOpuUIll KYHUKMACHHU 3rajuialll).

BAXOJIAII ME3OHUA
Maxkcuman
baxomnamr me3onu
o Oat
Ne YKyB-TONIUPHUK TypJiapu - -
2 5 a,])JIO" "SIX]]_[I/I" "ypTa"
' 22-25 | 18-21 | 1,4-1,7
1 TecT-CMHOB TONIIUPHUKIAPHHH 05 0.4-05 | 034-0.44 | 0,28:0.3
OaxkapuI
9. |  YKYB-JIOHHMXa MILTapUHK 1 09-1 |0,73-0,83 | 0,56-0,7
Oaxkapuin
3, Mycrakun um 1 09-1 |0,73-0,83 | 0,56-0,7
TOMIIUPHUKIAPUHU OaXKapHIIl




1. MOAYJIHU VKUTHIIJIA ®ONIATAHWUIAIUTAH
WHTPE®AOJI TABJIMM METO/UIAPH.

“TymyHyajap TaxJujan” MeTOAU

MeToaHUHT MaKcaau: Ma3Kyp MeToJ Tajabamap €KW KaTHAITIMIApHU
Map3y Oyinua TasHY TyIIyHYaJapHU V3JIAIITUPUIL JapakaCMHU aHUKIAI, V3
OMIMMITApUHU MYCTaKWJI PaBUIIJIA TEKITUPHUII, OaxoJialll, IyHUHTACK, STHI'M MaB3y
Oyiinya pgacTiabkd OwiMMIIap JapaXacMHM TalllXUC KWW — MakKcaJuja
KYJUIAaHWIAIH.

MeTonHM amalra OUIMPHIL TAPTHOU:

® WINTUPOKYUIIAP MAIIFYIIOT KOWTAJIapu OWJIaH TaHUIITHPHIIAIH;

e VKyBUMJIapra Map3yra €ku 000ra Terumuiu OyiraH cysiap, TyllyHYauap
HOMM TYIIMPUJITaH TapKarMayap oepuianu ( MHAUBUAYAT €KY TYPYXJIU TapTUOaa);

e VKyBUIJIAD Ma3Kyp TyIIyHYanap KaHAail MabHO AaHIJIATHINHN, Ka4OH,
KaHJal xonatinapaa KyJUTaHWIUIIN XaKuaa €3Ma MabIyMoT Oepaaniap;

e QeirujaHTaH BaKT SIKyHUTa €Trad YKUTYBUM OCpUJITaH TyUIyHUaJapHUHT
TYTpH Ba TYJIUK U30XUHU YKUO SIIUTTUPAIU EKU Al OpKaJd HAMOMHUIIL STaju;

e xap Oup MIITUPOKYM OEpUiITaH TYyTpH kaBoOJap OWIAH Y3MHHMHT IIaXCUH
MYHOCAa0aTMHU TAaKKOCTaWIu, papKIapuHi aHUKIalIu Ba ¥3 OMIUM Japa)kacMHU
TEeKIIUpPUO, Oaxoaau.

“AccecMeHT” MeTOAH

MeTOAHMHI MAKCAJAU: Ma3Kyp METOJl TabJIUM OJYBUWJIAPHUHT OWIUM
JapaxacuHW 0axoJiall, Ha3opaT KWIHIL, Y3TATHUPUIL KYpCaTKUYM Ba amalluid
KYHUKMAJIAPVHH TEKIIMPHUINTa HyHANTUpWITaH. Ma3Kyp TEXHHKa OPKajlu TabIUM
OJyBUWJIAPHUHT  Owiuil  Qaonustd Typau  UyHanmunuiap (TecT, amMaiuil
KYHUKMalap, MyaMMOJM Ba3HSTIIAD MAIIK{, KUECUH TaxJWi, CUMIITOMIIAPHU
aHMKIal) Oyilnya Talxuc KWIMHaIu Ba 0axojJaHaIu.

MeToaHu amMaJira OIIMpPHUII TAPTHOM:

“AccecMeHT” naplaH  Mabpy3a MAIFyJOTIapua TUHIJIOBYMWIAPHUHT
MaBXyJ OWJIMM Japa)XaCUHU YPraHullja, sSsHTM MabIyMOTJIapHU 0aéH KUIUIIAA,
CEMMHap, aMaJliii MaLIFyJIOTJIapJIa 3ca MaB3y €KUM MabIIyMOTIIAPHU Y3JIAIUITUPHULL
JapakacMHM 0axoJiall, IYHUHTJEK, Y3-Y3uHU Oaxoiall Makcaauaa WHIUBUITYaIl
maknga  (Govgananum TaBcus dtunaau. [IyHWHTIEK, YKUTYBUYMHUHT WKOIUN
¢HmanyBu Xamjaa YKyB MakcaJjiapuaaH Keaud 4MKuO, accecMeHTra KyIinmmua
TONIIMPUKIAPHU KUPUTUII MYMKHH.




“Nucept” MeToam

MeroaHuHr Makcagu: Maskyp MeToa YKyBUWIap[a SHTH axOopotiap
TU3UMUHU KaOyJl KWIMII Ba OWJIMIAPHHU Y3TAIITUPUIUIINHN EHTUJUIAIITHPUILL
Makcaauaa KyJmaHuIaau, IyHUHTAEK, Oy METOJl YKYBUMJIAp YUyH XOTHpa MalIKu
Ba3H(pacHHU XaM YTailu.

MeTtoanu amMaJira olIMpuIl TAPTHOM:

» VYKUTYBYM MAIIFYJIOTra Kagap MaB3yHHHI AaCOCHH TYyIIyHYajJapu
Ma3MyHHU EpUTWITAH MHIYT-MAaTHHU TapKaTMa €K TaKIMMOT KYPUHHUIIHMIA
Tanépuanau;

» SHTM MaB3y MOXUSATHHH EpPUTYBYM MaTH TabJIUM OJyBYHJIApra
TapKaTHJIAIN KU TAKAUMOT KYPUHUIINIA HAMOWHUII STUIIA]IH;

» TabJIUM OJIyBUWJIAD HMHIWBUIYyall Tap3/Ja MaTH OWJIaH TaHUIINO YUKHUO,
V3 maxcui KapauuwlapuHu Maxcyc Oenrwiap opkanu udonanaiaunap. MartH
Ownad unutamga tanadanap €Ky KaTHalIguiapra Kydujgara Maxcyc OeiruiapjaH
¢oiinanaHuIl TaBCUs dTUIAINU:

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

“V” — TaHUIIl MabITyMOT.

7’ — Ma3Kyp MabJIyMOTHH TyITyHMaHM, U30X
66()7’ y y y y ,
KEepax.

“+” Oy MabIyMOT MEH yUyH SIHTHIIUK.

[13

—” 0y (GuKp €KU Ma3Kyp MabJIyMOTIa KapiuuMan?

benrunnaHraH BakT SKyHJIaHTad, TabJIMM OJIyBUWJIAp YYyH HOTAHHWII Ba
TylIyHapcu3 OyiraH MabIyMOTJap VKUTYBUM TOMOHHUJAH TaxJWI KUIUHUO,
W30XJIaHA/IM,  YJIAPHUHT MOXUATH TYnuK Eputwiaad.  CaBomapra 3xaBoO
Oepuiaay Ba MAIIFyJIOT SKYHJIaHA/IH.

“ITopTrdoano” meroau

“IToprdonno” — ( uran. portfolio-noprdens, UHMI.XYXOKATIAp YUYH MaIKa)
TabIMMHUN Ba KacOuil (AaoausAT HATHXKAIAPUHU AyTEHTUK Oaxonamira Xu3mar
KUJIYyBUM 3aMOHAaBUU TabJIMM TEXHOJOTHsUIapuaaH xucoOnanamu. Iloptdomnmo
MYTaxaCCUCHMHI ~capajlaHTaH VYKyB-METOJUK HWIUIapH, KacOuil IOTyKJIapu
wuruHaucu cudaruaa akc stagu. JKymnagan, tamaba €KW TUHIVIOBYMWJIAPHUHT
MOJYN 03aCUAAaH Y3JMAIITUPUII HATHKACHUHHU SJIEKTPOH MOPT(OIHoIap OpKaiu
TEKIIUPUII MYMKHMH Oynaau. Onuii TabiuM Myaccacalapyaa HNOPTHOIMOHUHT




KYWHJIArd TypJlapyd MaBxKy.l:

DaouAT N makiau
TypH HNupuBuayan I'ypyxui
Tamabanap moptdoamocu
. P 1OpTY ’ Tanabanap rypyxw,
Tabmumuit OWTHPYBYH, JIOKTOPAHT,
THUHTJIOBYHJIAP TYPYXH
daomusT THUHTJIOBYA TIOPTHOINOCH Ba
noptdoarocu Ba OOIIK.
OOIIIK.
[Tenaroruk VxuryBun noprhoinocy, Kadenpa, baxymsrer, Mmapkas,

daommsT

pax0ap xoaum nopThoarocu

OTM noprdonarocu Ba OOIIK.




I11. HABAPUI MAILIFYJIOT MATEPUAJLIIAPU

1 - MAB3Y. 3AMOHABHI CHEKTPAJI KYPUJIMAJIAP, YJIAPHU UIIJIAII
INPUHIILIAPA BA ACOCHI ONITUK XAPAKTEPUCTUKAJIAPA

PE’KA
1.1.Cnexmpan Kypurmanapuu kraccugpuxayuscu. Acocuu
xapaxkmepucmuranapu. Onmux cxemaniapu 6a UuLLawL NPUHYUNIADU.
1.2.Aorcpama onuw koounuamu. Ipusmanu cnekmpan Kypuimanap.
1.3. Ilpuzmanu cnekmpan Kypuimaiap Xycycusmiapu.

Tasnu ubopanap: Cnexmpan 4uzux, oucnepcus, Keapy npusmd, axcpama
onuw Koounusamu, annapam @yukyus, iuH3a ¢oxyc macoga.

1.1.CnexTpaj KypujiMajJapHu KJIacCuPUKANUICH. AcOCHI
xapakrepucTukaaapu. OnNTUK cxeMaJapd Ba MILIAII NPUHIHUILIAPH.
MabiiyMKkn UHCOH atpod MYXUT Xakugaru MabiyMoTHU 80 % Hu Kypwuil

opkanu KaOyn kuiaau. 20 % Oomika TypTTa ce3uin opraniapura kosrad. Ly
cababnu XaM HWHCOHHU KYpUIIl KOOWIATH, UMKOHUWTIAPUHHM KUIMPUIL YYYH
MUHIIA0 TypJid XWIJard KypuiaMmanap sApaTwiad. AHa NIy KypuiIMalapHU
OapuacuHu HWOUIA0 YMKMII Ba KYyJJlall amaluil onThkara JIoup Basudaiap.

buznunHr Bazudamuz EpyFIMKHU CIIEKTPAl aHAIN3 KUK TEXHUKACUHU YPTaHHIIL.

Cnektp ¥3u Huma? Epyrik cnektpu Oy EpYFIMK MHTEHCUBJIUTMHH

(Heprusicunmn) yactorajiap (TYJIKAH y3YHIUIH) OViHYa TAKCUMOTH.




Y
S

Ay

By Typmaru OGOFIAHWII WMCCHKJIMK HypIaHMIIM y4yH Owmiamumsl. Wccukan

HYpJIAHUIIHN YIyH

_ 2rhyv 1

v.T — c2 hv
ekT — 1

[Inank dopmynacu YpuHIM AeraH 3auK. MuUco; MeTaa KpUcTaul makiauaa,
MeTaa ra3 makiujaa. Moamanu EpyFlIMKHU FOTHIINM YHJIArd aToMJIap HEPreTHK
YTuLIapura OOFIMK. EpyFiuK crieKTpy YM3HKIN, TI0JI0CAIH Ba Y3IMKCU3 OYJIUIIN
MyMKHH. CIEKTp MOJIIa aTOMUHH TY3JUIIMHU TYIIMHTUPUIIIA SHT aCOCUN KYpOJL.
EpyrnukHu  cnekTpra EHMIN  yCyJIMHMHr OSHr coja Xoiu. @panroydep
criekrpoMetpu. by ycyn mucnepcust xomucacura acocianrad e N(A). [lynmaii

MOJIIaJIaH sicajiraH Mpu3Ma CIieKTPOMETP acocH OYiaiu.

! Vittirio Degiorgio, Ilaria Cristian. Photonics. A Short Course. Springer International Publishing Switzerland,
2014
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CrnekTpan KypuiMalapHU XapaKTepJIOBUU KaTTaIUKIIAp
1-tupkuin, 2-aucnepcus XOCHI KWIIYBUM dJIEMEHT, 3-IuH3a, 4-hoKal dKUCTUK, 5-

KaOyJ1 KHJITHY

400

Flux

400 500 600 700
Wavelength [nm]

Arapja AUCHEPCUSIIOBYM DJIEMEHTIAH CYHI WHITMYKa THUPKUII KyHWIca y
xonia yukumga Qgakat OWTTa TYJIKUH Y3WHJIMTUIATH Hyp 4MKamu. by Typaaru

KypWIMaHU MOHOXPaMaTop




Arapna Oup HeuTa TUPKUII KYWWiIMO OWp HeuTa TYJIKUH Y3YHJIUTHHH OJICAK Y
XO0J1/1a TTOJINXPOMATOP.
CriekTpHM Kaii KWIKII KWINLI yCyJulapura Kapao:
CrexTpocKoIl - arap/ia Ky3aTHIll BU3yall
Cnektporpad - arapaa crektp ¢oToruiacTukara Kaia KWInHca
CrnektpomeTp - arapaa GpoTokadysn KWIrH4 HIUIaTUICA
Crektpan KypuiManap 0ab3u XapaKTepUCTHKATAPH:

bypuak aucnepcusicu

de
Dy =—
Yusukim aucrepcus
p =L
L7 da

Ky xonnma reckapu gucniepcus KyJUIaHUIA I

1 dA_a°

= [—]

D; T dltmm’

Yankmrupuin Kepak sMac MaTepua Jecrnepcusicu Ouian

WUnean xypunamana TUPKHUII TacBUpU (HOKal TEKUCITWKIA WHTHYKA YU3UKIIAP
cudaTtuga KYpuHHIIM Kepak 3au. JIekuH pean Kyuwimana OyHaai smac. bup xKanua
cababmap O0opku TacBup Oy3unub kypunaau. Kypunmanu Tabcupu:

1. Tupkuiln KEHTJIUTYA Y€K KuiiMaTra ara.

2. MudpakuuoH xoaucanap XxucoOura TaCBUp KEHraluIIIN.

3. Onrtuk cucteMacuHu AedeKTiapu.

4. PerucrtpaTcus BOCUTaCH KUPUTAIUTAH KEHTauIIl.

JleMak crnekTpajl KypwiMa MOHOXpaMaTUK EPYFIMK Kaia KWwiranjaa OUTTa Yu3uK

YpHUTa KaHIaWuIup KOHTYPHU PErUCTpaTUUs KUIaau.




AHa 11y KOHTYp/IaH KUYUK OUp 6§7Haf< 0JICAaK

0D=Df (A)or
by enqa ©@ TynkuH okuMra mMoc WHTerpan curHai. f(A) dbyHKIMS KypuJiMaHd
anmapat QyHKIUsICH JUiuIaan

Anmapat GyHKIMS HOpMaJJIaHTaH Oyaau

]0 Oof(/l)dl =1

Anmapat GpyHKIHS KaHaKa OYJIMIIM MyMKUH 0ab3U XOJUTAPUHU KYpaMu3.
1-xon. TupKMIl 4YEKCU3 KHYMK HYp MOHOXpaMaTtuk OVyicuH. Y Xohga Qokan

TEKUCJIUKAAaru TacBup daxat nudpaxcust OuiiaH aHUKJIaHA U,

E(p:Eo

il Y6y epna n = 2 cun
n2 y pll - )' (p
0-nuadparma yiuamu
@ —MapkazgaH  Oonutad  Xap  MKKM ~ TOMOHTra  caHajllaguran  Oypdak

@ nap KUYuK OYiaraHga CHUH@ ¢ 16 ONUIIT MyMKHH.

E, cuH? nTb )
flp) =72 = —r4—
E, mb 2
)
By QyHKIUSITHUHT KYPUHUIITA MabIyM. By 6ormanutnnu f; (x) — é3um

MYMKHH




X
¢ = —7 —JIMH3aHHHT dboxyc Mmacodacu

'
3A A XA g A 24 3A
3t T B A
2-x0J1. THPKHUII KEHI HypPJaHHII MOHOXPAMAaTHKTHPKHUII HOJWHYK TH(PPAKCHOH

MakCMMyMJIaH aH4a KeHI yxojjaa audpakcuaHu xucoOra osimaca Oyiaau Ba

TacBUp OMp TEKUC EPUTUITAH J1e0 XHCOOIaMU3.

1 a
—, <=2

) —_
2

fo(x) =% q, (1 —TaCBUp KCHIJIHIH
0,16 =

Jlemak Xyrnoca KAauO auTUIIT MyMKUHKH OOIIIKA TahCUPJIAPHU XUCOOTa OJIMaraHsa
anmapat GyHKnus Oy cucTeMara MOHOXPaMaTHK EPYFIIMK TYIITaHJa YUKHUIIIATH

EPUTWITAHIMK TAKCUMOTHUHU Oepurad (yHKIHS.




1.2 AxxpaTa onum KoouausaTu. [ipusmanu cnexkrpana npudopJiap.

TUpKWII KCHIJIMIW eTapiidda KaTa JIGKUH JWCIICPCHS MAaBXKy[, SHHU
JTUCTICPCUSHU XucoOra OJIMINTa TYFpU Keiaau. Y XoJja THPKHUIITHU OuUp KaTop
YeKCU3 KWYWK THPKUIUIapra Oynmamu3. THUPKWIN TEKUCITUTHHUA W-KOOpJWHATa
Omyan OenrmialiMu3 y  XJJa d3JeMEHTap THPKUANI KEHTJUTH 1A YHHHT
KOOpJIMHATACH y; ne0 onamus. g Xolija Xap Oup sjemeHTap THPKUII (GoKa
TEKUCIUTHAA W(PPAKCMOH TacBUpP XOCWJI KWIagu. XOCWI OYyIraH TacBHUP
MaKCHMyMJIapH X;HYKTara TYFpH Kemaau, Oy éputwiramimk (1) KypuHHUIIAIATHA

byukius Onnan anukaanaa. dakar apryMmeHTHH X (X — X;) Y3rapTHPHIN Kepak

y1 (O fi(x —xq)

Tupkunuiap KOrepHT 3Mac. Y XOjaJa yMyMHUH EPUTWITAHJIMKHHA aHWKJIAIl Y49yH

a a
fl(x - xl) HHU -7 JaH 7 radya MHTCrpaJuiail KCpak. lleMaK

2( ( xl))

F(x) = j fi(x —x1)dx, = J_ i xl))z

Oy epna 6l = Ab—r . Arappa Tupkunuiap KorepeHT oyica y xoiga

2
o sin(—n(x(;l xl))

1 ( |)




Enan um3uknm keHraium 2 Ta Typau cababnap xucobura kenn® umkaau 1ed
xucobmaimus. Y xonna

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

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

Xap oup  f1(x)- Hu BeMeHTH f,(X)-HM TabCUPW HATHXKACHIA KCHTasIM Ba
KEHTralraH KOHTYp f,(x) OuiaH aHWKJIaHaIU JIEKMH KOOPMHATA X; Ta CYypHJIaJInBa
Eputmrammk  f; (x;)dx;-ra nmpornopcuoHan Oyiaau. Jlemak mry 3JeMEHTHHHT
TabCUPU YMYMHUH KOHTYpra XHyKTaJaru TabCHpH

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

Ba f,(x) map Ooupop x; < x < X, opaJMKIa HOJIJaH KarTa Oymaan. Y xojaa
X2
PO = [ AGOf0-x)dx
X1

ned €3uI MyMKHH.

CepTkana Kaiicu (PyHKIUS Kaii Oupura KyIIMIMIIHHA aXaMUSITH HVK. SbHN
X2 ! X2
Fx)=] ACDLG—=-xDdx = | filx—x)f2(x")dx'
X1 X1
CBepTKaHUHT siHa OUTTAa MyXUM XyCYCHUSTH, arp/ia ydara TacBHp OyJica y xoJaa
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 Kahtamus Oy wmHTerpanga F(x) Ba f,(x) mawaym Oyaca f;(x)

aHUKJam MyMKUH (uc6otcus). By Takumiam onTvka Ba paguodu3uka Kata YpuH




AraJUTalIA.

CrnekTpal 4YM3MKJIAap KEHIJIMTH [y [aiTraya Hjaean XoJaTHH KypuoO
cnekTporpagra TymaérraH EpyFJIMK MOHOXpaMaTHK Je0 XucoOmjaml KeJauk.
Jlekun acnmpa xap KaHaam CIiecTpajl YM3HMK KEHIVIMKKA dra Ba YHJIATrW SHEPIrus

TaXMHHaH

(/D_dCD
="

Kyn xommapma @(A) makcumymaaH uKKajga Tapadaa aCHMTOTHK paBHIIIA
Hosira HTUIaAM. [IIyHUHT Y4yH YHUHT KEHIJIMTUHU aHUK alTtuO Oynmaiiau. Ly
cababnu crnekTpaja YM3UK KEHIVIMIH Ae0 yHH SpuM OallaHJIMKIAard KEHIJIUTH

OJIMHI'aH.

Imax

By uHTepBan 4YM3MK SpUM KEHIJIMTH JUiWiIagu 0ab3u XoJaa

HUCOATH OJIMHAOU
Xyaau myHaal creCTpall KypyuIMaHUHT anmnapaTt QYHKIUIACH KSHTJIUTH XaM
AHUKJIaHAIN.

Mucon: nudpakCHOH TaCBUp y4yH TYFpHU OypuUakiii 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’

—oo
ned €3uIl MyMKUH

Jlemak criektporpad YMKUIIUAATA TACBUPHHU OMIICaK crekTporpad ammapar
GYHKIUSCUHM aHUKJIAcak, y Xoyijga TylaéTraH CHEKTpHU aHUK aluTud Oepa
oJlaMu3.
@(x)-HM aHAIMTHK aHUKJIANl XaMMa BakT XaM MyMKHH 3Mac. IllyHuHr yuyH
WHTerpauiamacaal Typub 0ab3u XyCyCcui X0JUIapHU KYpaMu3.

1-x071. CHekTp KEHIVIMTH anmapaT (yHKIHMS KEHIIMIHIaH KAYKuHAa Ba @ (X)




HoamaH [x — Ax ; x + Ax] opanuruma dapkim. Jlemak

x+Ax
U(x) = f F(x")f(x —x")dx'

x—Ax

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

[y cababmu ypraya KUIMAaT TeopemMacura acocaH (PyHKIUSHU OUpOp KuiMar
OnyaH 1y opiauKAa aaMmamtupca 6ymaaun. F(x) = F(X)0y epaa X € [x — Ax ;x +

xA] y xoma

x+Ax

U(x) = F(x) j @(x—x")dx'

x—Ax

x+Ax
] px—x"dx' =1

x—Ax
Hemaxk U(x)=F(x)
SAna Oup mapta F(x) Hu Gepunran UHTEpBaANIIAa XaM Y3rapuIlInHA XUCOOTa OJICAK y
X0J1/1a

Ux)=F(x)

Jlemak 4MKHII KOHTYpH anmapaT GyHKIUs OWUIaH MOC KEeNasiTH.
Xynoca. Arapaa 4MKUII KOHTYpH ammapar GyHKIUS OWIaH MOC TyIIca y XOJjaa
KUPUIIAATA HypJIAHUIITHA MOHOXpaMaTHK Je0 xucobaca Oymaau.
Teckapu xam Ypunnu. Hypnanuiga sHaprusiHu TYJIKUH Y3YHJIMKIApH Oyiinua

TaKCUMOTUHM aHMKJIAIl Y4yH (CEKTpHU aHUKJIAI), CIEKTpal KypUIMaHUHT




anmapaT QyHKUUACH CIIEKTP KeHIVIMTHAAH KUYMK Oynuiy kepak. Onataa anmapat
L1 o
(YHKIUS KEHIJIMTMHUA aHT'€CTPM EKU o, Ja yriananu.

VYauam XAaTOJIMKIIapHU TabCUPU, ABHU acoCHH HaTWKara KaﬁTaMHS.

U(x) = fooF(x’)<p(x —x"dx’

—o0co0

Arapma F(x) mabnym Oyaca U(x) Hu ymuab oincak y Xoiaa @(X) HU UXTHEpUN
AHUKJIMKIA AaHUKJAIl MYMKHAH JEraH XyJjiocara Kajlamu3, S’bHU KypPUJIMaHHUHT
cudaty Xxe4 HapcaHu aHUKJIaManIu.

by epma U(x) Ba F(x) nmapHu aHuKIampgard xaToJUK XucoOra OJIMHMAaras.
KypwiMaHuHT XaTonuKiIap KUPUTUIIM YYYH aXpara OJUII KOOWIATH OwiiaH
aHUKJIaHaAu. A’Kpara OJIUII KOOWJIAITUHM aHWKJALIIAH OJJUH MKKUTA YU3UKHU
Kaiicu xosjma axpanrad jguiimu3. [lyaun anukmad  onamus. YusukiapHu
axpanranuHu Pemmii  kputepuiicu Ownan ¢dapxmam  Kynail  Oymanu.Penuit
KPUTEPUIMCH: SHI KUYMK aKpaTa OJUIIM MYMKWH OViaraH WHTEpBal €0 M1y
KOHTypJlaru OOIl MakCMMyM Ba OWpPHUHXUM MHUHUMYM opacujard macodaHu
anlTamus.

Bbypraun ynuoB Oupnukiapuaa
A

5§0=E

JleMak MKKU MOHOXpaMaTUK Oup X EPKUHIUKIATH YU3UKIAp aKpajran Oymaam.

Arapia OupUHYHMSINK MUHUMYMH KKMHYHASINK MAKCUMyMHUTa MOC KeJica
o b o
By KOHTypiap 4YM3HUKIapHu KECUIITaH KO ¢ = 7 WY KuHMaTHH

. _oTh
Ep sm27<p 1

WG )

Y xonnma éEputunrannuk 0,8 Epurunrannuk Oepamu. [emak Epurmiranmaru

>=0,4

yyKypauk Makcumymaad 20 % vy tamkun kunaau. by dapkau ky3 wiirait omaam.
p) . .
[y cababmm WKKH YH3UK 6@ = v Maco(dama xoitamran Oyica, y xoiga yiaap

anuxuaa KypuHaau. JHau Oypyak AUCTepcuscH popMmysiasind dCIaiMus.

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




Enr knunk AKpalaurad MHTCpBaJl, AbHU KYPUJIMAHUHI A’)KPATHUII YCTrapacCu.

Nnuratuimra 6011Ka KaTTamuk KyJaipok Oyiamam.

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

by xputTHpHuil Mykammai 3Mac.

Mucoi: nkku €ama-&H um3uk Epkunnukiaapu 10:1 myHocabataa OGyisin Ba yiap

opacuaaru MaCO(ba% OyJIsin y XoJi/1a yJIapHHA aXpaTtud Oyimaiau.

Jemak Pemnii KpuTepuiCH HMKKM YW3UK QKPAIWIIA XaKuJa AHUK TacaBBYD

OyMaiau, TeKUH KypuiIMajJapHU CONMIITUPHUIIIA KY/1a KyJal KpUTEPHl.
[Ipusmanu crekTpain KypwiMajiap CIHEKTpJapHU YpraHuijgard OUpUHYU

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

o o dn
JqUcriepcusira ara Oyiaran Kym Kuppaiu KUCM. (E-nﬂcnepcm{) JeMaK Ipu3Ma

scajlaJurad Marepuaira Oup Katop taizadiaap Kyiuimaau.

B

AbHN MaTepuan TaAKUKOT YTKa3WIaauraH TYJIKWUH y3uHiaukiapuaa maddod Ba

o dn
IOKOpHU JUCIICpCHUATra ora 6YJ'II/IHII/I KCpPak. aﬂHa y OIITHUK XUXATIaH 6I/Ip KHUHCJIIN

Ba n30Tpon Oynumu kepak. KojmaBepca yHra ocoH MIUIOB OEpUIIMILM KEepak Ba y
ap30H OYIMIIN Kepax.

Tabunit kBapc 20004000 A° opacuma sixmm aucnepcus sra. Jlekun 4000 A°
KUWMH AMCTIepCUsl Te3 KaMasau. DPUTWITaH KBAapC XaM ULIyHra yXIaml JIEKUH
JIECTIEpCUSICH KaMpOK y3HW ap30HpOK. TaOuaTaa kaTa KBapc KpHCTaUlapy Kam

yupalam y XxaM KUMMat Typajiu.




[uma: 5000+ 7000 A° opacuna, AUCTIEPCUSCH SXIIH “‘(KBapcaa Kam)

YTKa3ul CrieKTpU

n
2401
220
200 -
180
Cepoyenepod
1,60+ — Benson
-
2008 4000 000 A, A

KBapcna: yrkazum koownatu 2500 A° nan Oommad Oupra sikuH Oab3u
tabuit kpuctamwap 2000 A° na XM YTKa3u MyMKHUH.
[Mumra: ~4200 A° napaan 6onuiad yTka3uil Oupra siKuH.

Xynoca: Yinrupabunadma coxamna 2000 A° kara TYnIKuHIapaa Tabunii
KBapCHUHT ajloXWJa HaMyHajapu unamu MyMKuH. 2500A° y3uH TynKuHIapaa
KBapc mpusManap unuiatuira Kynai. 4200 A° napaan 6onuiad mwiia nmpuMaap
Kynait Oymanu.

V myamnapu:

[Tpusmanap onarna 10 cm gaH kuuuk Oynaau. YHIaH KaTa MUprU3Ma UIiad YuKHII
KUiinH Ba KuMMat O0ymanu. Kenr nerannap Ownan unuiam kepak Oyiaranaa, mpu3mMa
MaKIUAard MONINTa JUCTICPCHUSICH KaTTa CYIOKIMK COJMuMHAAW. baw3mma sca Omp

KaH4Ya MpU3MajiapHu OUpTralivKaa UIIaTHiIa Iy, (Mypakkad mpusmaap)




1.3. Ilpu3manu cnekTpaj KypuwiMajiaap XyCycusiTiapu.

an

Papa3 KWIaWIUK N Ba—— MPU3MAHUHT OyTyH Xaxxmu Oyiina 6up xui. [Ipusmara

Tymaérran 0ap4 HypJapHU TPAeKTOPHACHMHHM aHUKJam KuiuH. LlyHuHr yuyn

COJLIANAIITUPUIITaH X0J1 OYIraH acocuil kecumia ETyBYM HYpJIApHU KYpaMus3.

Acocuii kecuM/1a HypJiapHU CUHUIIN

@ =a;+ az(Br — B2)
A=p+B;
sina; = Hsin 34
sina, = Hsinf3,

Kyn xommapna A, H, o JJapHM ONAMHAAH aHMKJIAM MyMKUH. KonranmapuHu
IOKOpPHUJIaru CIIEKTpJaH aHUKJ1aca Oyiaau.
IIpusMaHu XapaKkTepJa0BYM KATTAJIUKIAP.

1. YerapaBuit Oypuak. YUerapaBuii OypuakHM aHMKJIANl YYYH O = Qp =
: : .1
90° (sina; =sina, = 1) y xonnaf; = [, = arc sm;Amax =
.1 .y
2 arc sin ;Arapa)la A> Ay Y X012 IipU3Mara TyImraH UXTHEPUN HYP UKKUHYH

CUHAMPYBYM TOMOHTA TYJia WYKK KaWTuil Oypuarugad kata Oypyakiaa TyIIiaiau
BalMpu3Ma acoCHIaH YUK IH.
Arapama n = 1,5 + 1,8 ypracuga O0ynmamu, y xonga A, = 84° + 64° 6ynaam.

Kyn xonna A = 60° onunanu.




2. EHr xara oruin Oypuyaru siHa yiia TEHIJamanap cecTeMacHJaH aHUKJIAII
MYMKUHKH @ = Qp = @y OYJIranjga ¢ = @, by Xoiaa TylIyBYM Ba YMKYBUU
HypJap mpu3Mara HHcOAaTaH CHUMMETpPUK Oyiaau Ba TpH3Ma HYMJIa acocura
napasuien oynaau.

YHUHT KWIMAaTUHU aHUKJIall YI9yH

A =60° n=16 nebomamu3 yHaa

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

bup ukku karranukiapaa npusmara Outra Hyp Tymasntu aed ¢apa3 Kuiau.

Acnujia npusMara raTOCeHTUPUK HypJiap JacTacu TyIIaiu.

0 Ba JI- JTap TYIIyBYM Ba YUKYBYH JaCTa KECUMJIAPHU.

Bypuak ky4aiitupumm 1e6 w = % = S

[Ipu3amManuHr Oypyak KATTAJAIITUPUILMCOH JKUXATAAH TYJIUK (POHTHUHU

[Ipu3Majialn S"TFaHI[a CHUKHWJINIIINUIAa TCHI .

[Tapayuten nacranap Xxam CUKUJIWILIY Ba KEHIaUWIIA MyMKHUH.

Kypunmanunr Oypuak jgecrnepcusich D, = OyHH aHUKIIII y4yH siHa YIua acocuid

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

OypuarnHu ¥y3rapmac Ae6 XucoOiiacak y XojjJa MpU3MaHU JHT KaTa OFHMII

Oypuarujaa ypHaTuiraH ae0 IUCTIEPCHUs YUyH OJIaMU3.




_ 7 A
do sin 8 d_n _ SIn = dn

d/l_zcosad/l_ Aﬁ
\/1—nzsin27

bab3u Oenrunaniap KUPUTAWIUK 1Ty TACBUPIaH

1T 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 xomnmappga mpusmanap SHI KaM OFMIN Oypyarura KyWWiaad Ba YyJapHU
cuaaupuin  Oypuarm  A=60° Oynamu. by wukkana Qopmyna xam 0Oab3u
COJIANIAIITUPHUIII SBAa3HUTra OJMHTaH Oyiica xaM sSXIIN HaTwKanap oepaiu.

Arapna 6uzna mpu3Mainap cecremMacu Oepuiran o6yica y xoijaa

Apum _ d91 A9
dA dA dA
Arapja nmpu3Maliap SHT KaM OFUII XoJlatujia 0yiica, arapaa 0yc xapT 6axapuiMaca
dPun _ o1 dos
dA 2dr o dA

Arappaa 6uzna kata nmpusma Oyica y xonjaa

APum _ AP—1 Ay
= wk + -

dA dA dA

Arpan cuHaupuin Oypyakiap Teckapu TOMOHJapra Kapaca y XoJiga WUFUHAHNIA

HIIopa MUHYC OJIMHA/IH.

yl
Axpata Ui KOOWIATH R = 5 bD

@

JlexuH XaKUKui aXkpaTta oJIMil KOOWIATH Oy KMIMaT/aH aHya KaMm OyJap HKaH.
Cababu Oy KuiiMaT T€OMETPUC ONTHKA SKUHJIAIIUIINAA OJMHIaH Ba YHJA MpU3Ma
KUppKIapuaard audpakcus xpcoOra oguHMaraf. JludpakcussHu XpucoOra OJIMII

9HT KaM OFHUIII X0JaTu Oaxkapwiaau Ba KyWuJaruda aHuKIaHaIu.

dn
R=(t; - tz)ﬁ




. d d
Arppa gacta npu3MaHu Tyla Kortacay xonga R =T d—;l bD, >T d—;l
[lynunar yayn P=bD, wHazapuil axpara onuml KOOWnATH auiinnanu. Iluma Ba

KBapC IpPUSMAIAPHUHI OHT acocui KaMYWJINKIIapuaaH 61/IpI/I AUCIICPCUAHHUHIT

KuitMaTu. TYIKWH Y3YHJIUTH OIIMIIKM OUJIaH KaMasi/Ix.

dn

Mucosn: T®-5 Tunuaaryd muia yyyH CIEKTPHUHI XaBO PAaHI KUCMHU YUYyH T

3200 sm™1, ku3mn KucMmu YUYyH Z—Z = 1170 sm™!. Y xonna 6azacu 5 cMm oynran

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

JleMak CrieKTpHHM KypriaéTrad IMarno30Hora Kapad Ty3aTHII KUPUTHII KEPaK.
Onuuran HatwxanapaaH Qotaananu® OW3HM KU3UKTUPraH YHU3UKJIApHU

akpaTta OJIMII YYyH KaHJal Mpyu3Ma KepaKIUTuHA aHUKJIall MyMKHH.

Mucon: natpuiitHuar 6000A° -maru aymuieT 4u3uKiIapu opacuga macoda 6 A°

6000
J€MaK aKpaTull y4yH R = — = 1000 xu3ma IMana3oHIUTMHU XHcoOTra 0Ho.

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 KOOWISTUHH OIIUPHUII YUyH K - Ta pU3MajaH Ty3WITaH cecTeMa
WIJIATUII MyMKUH. by Xomna R, = {'(=1 Ry
Axpata onuil KoOWATHra Typiau Qakropiap MaHpUl TabCcUp KHIWLI
MYMKHH: FOTWIHII, TpU3Ma UIUIa0 yrkapuigara aedextinap katapum Oy §
IIyHUHI  y4yH  Xam Rrear K Ryeley [Ipu3manapHuHr  TypiiH
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 cnektpu xakujga TymyHua. ChekTpioap TypiapH, YJIapHH
KHCKaya XapaKTepUCTUKAJIAPH, YIIapHU XOCHII OYnuin cababiapu.

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

3. MoHoxpoMarop, MOJIUXPOMATOp, CIEKTPOCKON, crHekrporpad Ba
CIEKTPOMETp MOopamap OwsiaH aTaiamuraH KypuiMaaapHuHT dapku. CrexTpan
KypwiMa (GOKadl TEKHCIUTHIA XOCHJ OYIamuraH THUPKHUII TACBUPWUHU KEHTAWHII
cababmapw.

4. CnexTtpan Kypuiama anmnapar QyHKIUSICH, YHU XYCYCUSTIAPH.

5. CnekTpan KypuiMmaaa CHEKTp YU3WFH KeHranummra cababmap. Ceprka
XaK{Ja TyIIyHYa Ba YHU XOCCaJapH.

6. TupKUII KEHTJIUTH HOJUHYHM TU(PPaKIIMOH MAaKCUMYyMHU KEHTJIMTHUIAH OUp
HeYa MapTa KarTa OyJIraH XoJ Y4yH CIEeKTpall KypuiMa ammapat GyHKIHSICH.

7. Anmapatr (QyHKIUSHU aHUKJamgardu Ba (Qokal  TEKUCITUKIAaru
EPUTWITAHIIMK TaXCUMOTHHHM YIHalIJard XaTOJUKJIAPHUHT XaKUKUWA CHEKTPHU
AHUKJIAILIATd POJIH.

8. CrnexTpall YM3MK KEHTJIUTY XaKuJa TYIIyH4Ya, CIIEKTpal YN3UK KeHTalnuIu
cababmapu.

9. AxparwmaguraH YW3HWKJIAp OpacHJArd dSHI KAYWK HWHTEPBAITHU
anuknamga Penenr kpurepmiicu. Penelt kpurepuiicnra acocaH axpara OJWII
KOOUJTUSATH.

10. CriexkTpan 4M3WK KEHIJIMTH ammapaT (QyHKOHMS KEHTJIUTHIAH KYI MapTa
KMYMK OYNraH Xojja CHEeKTpall Kypuima (oKal TEKUCIMIuaa EpUTHITaHINK
TaXCHUMOTH.

11. KBapry Ba mumia TpU3MaJapHUHT COJUIITHPMA XapaKTEPUCTUKACH.
JucnepcusuioBunr 35eMeHT cudaTuia UIUIaTUIaurad mpu3Manapra Kynuinaauran
Tajadnap.

12. Hypuunr npusmazad YTUIIUHU XapakTepialuraH acoCuil KaTTaJIUKIIap.
by xarranuknapau 00oFnoBYM TeHrnamanap. CHHIupHII Oypyaru ydyH derapaBuit
KUMaT. DHT KaM OFUII Oypuard.

13. Tlpusmanunr axpara onuml kKoOunusatd. [lpusmanap cucTeMacHHUHT
axpara onum KoOwnmsaTH. [Ipu3Ma axkpata onuIl KOOWJIMSTHIAa TabCHpP 3TYBUYU
OMUJLIAP.

14. Tlpusmanunr Oypuak karranamrtupumu. [lpusma Ba  mpusmanap
CUCTEMACUHUHT JIUCTIEPCUSICH.

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. [Tpuaiuner u npumenenue. [lep
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 KAJIHUII YCYJLIAPH,
IJIEKTPOMATHUT TYJIKUHIAPHU MYXUTJTAPHUHI' ATOM BA
MOJIEKYJIAJIAPA BIJIAH Y3APO TABCHUPJIAIIIYBH

PE’KA
1.1. Hypaanuw manbanapunu myprapu. Onmux maoxuxomiapoa

HypAQHUW Manbanapuea Kyuuiaouean manaouap.
1.2. Onmux xeaum ecenepamopaapu. Huszuxiu (Y31yKiu) 6a YV3ayKcus
CNeKmpaap mapKamyeyu Epyeiux MaHoaiapu.

1.3.  Onmuk mypranuwiHu Kauo KULys4u Kypuumanap.

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

2.1 Hypaanum man0anapunu typiaapu. OnNTUK TAAKHUKOTIApAa
HYPJIAaHMII MaHOAJIapura KyiujaaJaura rajadJap.

EpyFinuk MaHOaTapMHUHT CHIEKTPIAapHAa CIEKTPACKOMHSAIA ACOCAH UKKUTA
Bazua Oakapuaam.

1) Man6a CrieKTpOCKONUK TaAKHKOT O0CKTH Bazu(acHHU OaXkapajiu.

2) Epyrmuk  manGacu éprammpa Oupop 0OBbEKT XaKuaa CHEKTPACKOIHK
MaJlyMOT OJINHA/IH.

bupuHun xonga €pyrauk MaHOAcu 4YMKApaéTraH HypJaHUII MaHOa Xakujaa
MabIyMOT OJMO Kenaau. By Xoijga CHEKTPOCKONMK aHaldu3 ycysulapu MaHOa
XOoJIaTHTa Xe4 KaHjal Tacup YyTkazMaiau. MkkuHum Xonjga EpyFiauk MaHOacH
épllamMuia TEKIUPHUIT 00EKTUTa OUPOP TAbCUP YTKa3MaNIu.

WNkkuaun xonja Epyrivk MaHOacu €paMuja TEKIIMPUI OOEKTUra OUpop
TabCUP YTKA3WJIAAM Ba HAaTWXKa/la XOCWJ OyiraH HypiaHum KysaTuiagu.(Mucon
($hOTOIFOMEHCETCHS FOTHUII CIIEKTPU Ba X0.30)

bupuHun xonga manOara xap KaHJad TacBUp OJMaiMH3, S’bHU MaHOaHU
CIIEKTPU €KUM YHU EPKUHIIMTUHU Y3rapTUpa OJIMANMU3.

NkxkuHun xoyijia O6u3 MaHOaHM XapaKTUPUCTUKAIAPUHM V3UMU3ra KyJian
KWINO TaHIAIIMMUA3 MYMKHH.

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

1.Epyrnuk man6acu KysBaTU Ba yHU (KyBBATMHHM) BAaKTTa MHTEHCHUBIMKHUHT
OOFIMKJINTH.




2.CriekTpaj TAaKCUMOTH Ba YHH (TaKCUMOTHH ) BaKT OVHWYa Y3rapuIim.
Man0a yrapmac neiiunaay arapjaa HypJaHHUII KyBBaTH BakT Oyiuda y3rapmaca. by
XapaKTUPUCTUKAHU  Kypcarrmuu  cudaruga  (CTaOWUIMK — KypcaTTuyu)

AB? .
M= - -KaTTajluK ojvHaau. by epna B- épyrnux
Al
B=—coc

AS ¢

I_cb _[ vatt ] .

=— Z=|——|-épyIJIUK Ky4H

®w m2fer Py v
C- manb6a r03acu (p — mMaH0a cupTura 0 TKa3WIrad HOpMaJ ouJiaH

w ..
Ky3aTHUIll opacuaaru Oypuax (]):? -EpYFIMK OKUMU W-HYPJIAHUII YHEPTHUSACH.

Wnean crabwanran Hypianum Man6acuga M=0 6ynaau kyn xonaa 3+5%
OFUIIJIMK  CHEKTPaJl MHTUHCUBIWKIAPDHU  AHUKJIAII  XaTOJMIUra  TabCHUP
kypcarMmaiiim .ba3sm Xxonga oObekTra KHCKa MyJJaT TabCUp YTKa3uO, YHU
pEeSKCHACH Ky3aTWiIaau.yY XoJjia HypJaaHUIl UMITYJIC KYPUHUIINAIA OVIUIIN Kepak.
VYxonma crabun wmaHOagaH Kkena€TraH EpyrIMK MOAYJIUATIUSAIAHAIN, EKU
razjiapJaH TOK HMMIYJCH YTKa3uO pasps] ojiMHaau. MexaHuk MOAyJsTcHUsiapa
OJIMHAIUTaH UMITyJIcIapaa
1=10"+10"cex )

[ezoenextpuk mednexropaa 10°+107 raua ommm mymxun Jlasepmapaa
moxynap dasacunau cuaxpornamtupu6 102+10"4cex onmm Mymkun.

2.CrexTpan XxapakTepUCTUKAIIAP
Manb6anap cniekrpiapu Oyiinda mapTiv paBuiaa 3-ta rpyxra OVinHaIu.

1. Y3nyKcu3 CrieKTpiu

2. [Tonocanu ciekTpiau

3. Uu3uKJIA CIIEKTPIIN

1-au Typaaru omatia ojaTAa YYFIAHUIN Jammanapu unviatuiaaan. Kupxrod
KOHYHU OYyin4a HypJIaHUII KOOWJISATHra HUCOATH BaKT Ba TYJIKWH Y3yHIWTHra
OOFMK yHHBEpcall (-5

% =p(A, T) . Kupxro¢ ynusepcan p-s
At

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

-8 vat

P=c T** Credan boarcman konynu 6=5.67*10

m2it

b
BUHHUHT CHIKUIIT KOHYHU /1Max=; 0=2.9*10°Mm.x




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

2Hh 3* 1
Pys = C—ZV —— [1maHk dhopmynacu
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Kamunnmuru Yb coxana HypiaaHWII MHTUHCUBIIUTHY KaM
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Sna Outra Yb —coxa y4yH y3imykcu3 ManOa cccecee
By anexTp €iin kaM4YuIMru cTabmi1 sMac Ba AJIEKTPOjIap T€3 TOMOM OYiaau.




FOxopu 6ocumra sra 6ynran Oomrka raznapard paspsan xucooura Yb coxana
HYpJaHHII ONHIl MyMKHH. (Mmucon —rokopu OOCHMIIM WHEPT Tas3nap OWiaH
TYJIMPUITAH JIaMITanap) .

Nmnynecnu  HyplaHWUII OOJIMIN yYyH HMMITYJICTH KaTTa »JJIGKTP TOKH HWHEPT
rasjlapfaH yTKa3uiaiau.

2.2 OnTHK KBaHT reHepartopJiaapu. Yu3sukian (y3J1yKJn) Ba y3JIyKCu3
CIIEKTPJIAP TAPKATYBYH EPYFIUK MaHOAIAPH.

Uu3KKJIM CIIEKTP OJIMII YUYH KYT XOJUlapa nmact 0ocmaaru rasiapa €Ku
METaH NapyiapuaH KEKTp TOKH YTKazuilagu. (raznapiard 3JIeKTp pa3psau )

EHr kaM oNMHUIIY MyMKUH OYJITaH YU3UK KEHTTIUTH Oy TaOUMii KEHTJIMK OujiaH
aHUKJIAHATH.

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

Uu3MK KEHIJIMIU 3appavyaiap OpacHJArMHTYKHAIIMIIN XHUCOOUTa OpPTULIN
MyMKUH (tokopu Oocm) TykHammmumagarn tabcup OuUp SKUHCIHM OYJIMara,
HocTtarcuoHap tapk adekT OunaH TyUIyHTUPUTIAAH.

bocMm 1-atm Oynranga kenraitui acocan ltapk adektura xucooura.
[Tact 60ocmaa =~10mm.c.ycT KeHraiummra acocuit ca6ab Jdomiep adextu
Jlazepiiap X03uUpru KyHaa CIEKTPOCKOMUAAA SHT ACOCUM EPUTIAYra aujlaHTaH.

Jlazep cnekTpockonuscu (paHu KIACCUK CIEKTPOCKOMUSAIAH KYIUIAHUITUIIH
Oyiinua y3rapub KeTau

JlazepyiapHu CHIEKTPOCKOMUAYYYH aXaMUSATIN Xoccalapu

1. Cnexktpan B3WYIMKHHHT YTa KaTTanurd. Jlasepimap HypJaHUITUHUHT
CHEKTpal 3WWINTH OJIUH HYPJATTUWIAPHU CIIEKTpaJl 3UWIMTHAAH Oup Heda
TapTuO fOKOpuM Oynumm MymkuH. by Xxoccacu nasepmapna  ranaéHra
KeNTUPWITAHJa WIOBKUHJIAPHU KaMaWTUpHUINTa WMKOH Oepanu. SHa Karrta
CIIECTPAJT 3UUIIMK KYTI (DOTOHIIM XOMCATApHU Ky3aTHIITa UMKOH OepaJiu.

2. Jlazep HypiapUHUHT OypYaK KCHTaWUIITN KaMYUJIHUTH.

3. Mucon y4yH I0THIMII KaM OYrana y3yH MyXUTHH TEKIIUPHUO IOTUIIUILIHU

(V)

YPTraHUIl MyMKHH.




4. CriekTpan KeHIIMKHUHT KHYUKIIUT Y.
By xonat 1okopH axkpara oy KOOWISITHHUA aMajra OIUpUIIAa Ky Kelaau.

5. HactoTaHu y3rapTUpHUIl HMKOHUSTH.

6. CyOnmuKOCeKyH T UMITyJICTIap TeHepaTCUsIal UMKOHHSITH

KoMOMHAaTCHOH COUMIHILIA JTa3epiiap KaTTa axaMHsITIa ara.

JlazepnapHu akTHB MOJIJ1a TY3WIHIIINATA Kapald MapTiIu paBUIlga 3-Ta rypyxra
akpaTca O6ymaau.

1.I"a3 nazepnapu

2.KaTTuk ®ucMmim Jiazepiap

3.5pum yTKa3ruuim naszepiap

1.I'a3 nazepnapunu >HT EpkuH HOMOEHAacu He-Ne nazep, yHUHT HypJIaHUIIN
yTa TOp IMano30Ha Oynaau, pe3aHatopiiap opacugaru Macoda KaTTaJluru
XucoOura, HyHaITUPWITAHINTY XM (MU KeHraluIira sskuH KeJIUI MyMKHH)

o=
2

A=0.63mxkm CO; —A = 10,6mkm WHTUHCHUBIMTU KaTTa OYIMaiau, ra3 Oyaranu
YIyH.

1.Kartuk xucmin naszepiaap Homoéuaacu 4AesO1:Hi®t utpnii amomunuBwii
rpaHaT JONMUPOBAHHUN HEOJAUMOM.

Cnekptu ra3 naszepiapura KaparaHja KEHrpok. KaTrTta HWHTHMHCHBIHMK OJIWII
mymkuH. Iy Typnaru nazepnapna cyOnmeMTaceKyHJIM UMITYJICTIAp OauHaAu. Te3
YTyBYM Kapa€HIapHU YypraHuuiaa Kyl KeJlaau.

6. Apum  yTRasrmwm  mazepnap.  CmekTpan  auana3oHd  KaTTHK
KACMIIApHUKMJAH XaMm KeHr.bypuak €ummumm keHr .O.M.K-tu karra 20+ 25%
sraau. CrnekTponusana Kyn UIUIATUIMANWIU, JEKUH KATTUK KUCMJIU Jla3epiapHu
KyBBaTJalia siXiuu UMKOH OepaJiu.

Xynoca:Hypnarruwiap kyn KeparuiHu TaHjaad OJUII Kepak.
OnTUK HypJaHUILIAPUHU KAl KWIIyBYM KypuiaManap.

2.3 OnTHK HYpPJAHUIIHH Kaill KHJIYBYHM KypuuMaJap

bapua €pyrnukHu Kaiig KuauIm mMaHOalapuHU OWp HeuTa Typyxra Oy
MyMKUH.bu3 0y KaOyn KUATWWIapHU YTaHWIa TapuXuid KeTMa KeTIHMK OVyitnua
fopamu3. Cababu sHT OMpUHYM KaOyJl KWJIMII MOCJIaMacH XaM Y3UHHU axaMHUSITHHU
TyJa UyKOTraHu NyK.
1.Busyan meroamnap.

Kabyn xwunrua cudatuga wHCOHHM Ky3u wunuiaigm Kys3 épmamuna
MaWJOHJIADHU  COJMIUTHUPUIN MYMKHUH. SHM cTaHmapT Ba ypraHa€TraH
MHTHUHCHUBIMKHU (papkiamiia conumrupumaa ~4-5% oymnamu.




CrekTpanm aXpaTuilld SHA WKKA Oup Oupura SKMH YM3UKIAPHU aXpaTa OJIUII
koounaty ~20%. Jemak wkku umsuk opacuga 20A° ¢papk Oyiaca axparuin

MYMKHH.
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dotorpapux meromnmap. I[lmactuaka (€xku meHka) ¢GoTOCE3yBYaH KaTiaM
cyptunaau. DOTOIUIACTMHKA KOpaWuiura kKapad TymraH EpyFIuK MHKIOPU
aHukianaau. Kopaiiuin gapakacu Kyiaaruia aHUKJIaHA .

DZIQ% Oy epna ¢o-Kopaiimaras >koiiiad yTrad EpyFiIMK OKUMHU
$-kopiiran xoinan YTranu.
Kopaiinm gapaxacy SHT aBBasio dkcno3urcusra 6ornuk D=E*t
E-éputnnranivk t-Bakt
JlexuH y stHa EPUTUITUTI XapaKTepJIH, TNIEHKAHH KalTa UIUIamra OOFJIUK Ba siHa
KOpalull Japa)xaCuHU yiI4all yCyJIura.
Kopaitnm napaxacu 3KCO3UTCUSICUTa HOYU3HKIIM 0a yTa Mypakkad OofJiaHraH
IIIYHUHT YYyH 3MIIEPUK 3TPH YU3UK OniIaH udoaanaHaIu-XapakTepUCTHK YHU3HK.

D
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1- xaM EpUTHIITaH UHTEPBAI.
2-HOpMaJl SKCTIO3UIUS
3-Kyn EpUTHIITaH coxa
4-consgpuzanus coxacu




Ce3yBuaH/IMK, yHHM XapakTepyiall aH4ya Mypakkad, UIYHUHT y4YyH TYypJH
['OCT nap maBxyn. LIyHWMHTr ydyH SKBHBAJEHT KBAHT YWKUIIM TYIIyHYaJId
KUPUTHIAIN.

dapa3 KkuiamMu3 Ou3a myHaai KatiaaM Oopku y xap Ourra OTOHHU Ce3au

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

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

Opnatna muma konda oup kucmura gorodrdpddext xoaucacura sra Kariam

hc 1236 0 *
CypuJiaau, KU3WiI yerapa Ao——(p TA (p —3B*B-/1aru YNKHII UK.

Cnexrtpan ce3rupiauk

Typau dotokaTonmap ydyH Typiidya, sSpuM OajaHJIMTHAAQ CIEKTpal
cesrupmuk  200-400A° [m/BT] arpoduma Oymamu. Kamummurm - Xycycwuid
NIOKUBKMHM KaTrTa, My cababimu, KWYUMK EpuTWiIranaukau cesmangun. MK
JMana3oHja Kym XoJjia MHTerpan €pUTWITaHIMK YiI4aHaau, yHAa Oanomerprap
unuiatuiaag. Yb coxana unuiam ydyH ra3z OWiIaH TYJIupuirad (orosneMeHTra
KaTTa Ky4JaHUI Oepuiiajiy Ba ra3jia MOHU3AIMUS XOCHJI KWJIMHAJAN XAaTHXKaJga TOK
Kydasau. ['eiirep cu€rumkinapura yxmam KypuiMmanap épaamuaa mnact GpoTtoHiap
OKUMHU YruaHaau, ynap poronnap okumu 10+100 ta/cex 6Ynaranna umnuianu.

@DOTOINEKTPOH KydaUTUpTUUIap KyuCH3 CHUTHAJUIAPHU KaOyNl KHIUIIIA
VIJIATWIAAN. Y TapHU UIUIAIIN UKKAJIAMYU YMUCCHUSACH XOJIMCACUTa ACOCIIAHTaH.

Kyuaiitupum xo>dpuuuentu 10%+108 x=~(ao)* o-xenrmrm smertupra
etn6 Gopran (OTOTOKIAp COHM G-ypuO YMKAPUITaH DIEKTPOHHH TYIIraH
AJIEKTPOHJIApra HUCOaTH.
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Hasopar caBosiapu
1. ®oTOAMYNBCHOH KATJIaMJIAPHUHI CIEKTpaji Ce3rupiuru. MoHOXpoM Ba

reTepoxpoM (poToMeTpIIallLl.

2. ®DOTOSMYNBCUOH KAaTJaMHUHI XapaKTEPUCTUK (PYHKUUACH Ba YHHUHT
acocuil coxajiapy Xakuja MabJIyMoOT.

3. DOTO3NEKTPOH KydaUTUPTUUIIap Ba YIapHU KYIJTaHHIIH.

4. Spum yTKasruwid  (POTOAETEKTOPIIAP. DOTOKAOYTKUITUYIAPHUHT
Ce3yBYAHIIUK COXAaCH.

5. Epyriumk MaHBOanapMHUHT acoCHii XapaKTEepUCTHKANApH. Y 3JIUKCH3
CHEKTPJIU MaHbOaIap XaKuaa MabJIyMOT.

6. Hccuxnuk HypnaHuml MaHbOamapu EpPYFIUTMHU CIEKTpal TaXCHUMOT
KOHYHJIapH.

/. Pact Ba rokopu OOCMMIIM ra3iu JiaMpajap CHEKTPOCKOMUsa EpUTTUY
cudaThia UIUTATHIALIH.

8. DnexTp pa3psiau CeKTpocKonmusaa EpuTrud cudarraa HIUIaTHINIIH.

9. Onrtuk HypJaHUIUIAPHU Kail KMITyBUM KypuiMaiap.

10. DneKkTpoMarHuT TYJIKUH HypJIaHUILIApUHU QoTorapPuk ycynma Kaij
KUJTUII.

11. DnekTpoMarHuT HypJaHUIUIAPUHUA (HOTOINEKTUPUK YCyaa Kaila KU,

12. poronmoanap. Y mapHUHT acOCHUN XapaKTePUCTUKAIIAPH.

13. ®oTonpUEMHUKIIAPHUHT CIIEKTPAJl CE3THPINKIAPH.

14. HomabiyM CIEKTPIAPHUHT TYJIKUH Y3YHIUTUHU aHUKJIAILL.

15. CnexkTpinapHy MUHTEHCUBJIMTUHU, CIIEKTPal TAPKUOWHN aHUKJIAIIL.
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3-MAB3Y: HAHOCTYPKTYPAJIAP CHEKTPOCKOIINSCHU ACOCJIAPA

PEZKA
3.1. Hanocmypxmypanapoa épyenuxk HmMuiuiy 6a COYUNUUUHUHE Y3ued

X0C Xycycusmaapu. '
3.2. Hamnoszappauanap cnekmpockonuscu.

Tasnu uoopanap: Hanozappauanap, oucnepc myxum, KOAIOUO IPUMMACHU,
oucnepc mysunuu, Memai napoanap, ONMUK X0Ccanap, pe3oHanc Iomuiuiu

3.1 HanoctypkTrypajapiaa épyfjauK ITHIUIIH Ba COYMTUITUHUHT
y3HUra xoc XycyCusit/iapu

Hano3zappavanapaa EpyFriIMKHY IOTWINIIA Ba COUYMJIMIIM MMPUK HaAMyHajapra
HUcOaTaH y3ura Xoc Xycycusariapra odra. by Xycycusitiap Kyl COHJIHU
3appadaliapHu  ypraHuImiia sSKKOJIpPOK HaMmMo€H Oymamu. MacanaH, KOJIJIOH]
spuUMajap Ba JAOHAJIAHTAH NApAAIap HAHO3aPPAYAIAPHHUHI MaxCyc Xoccallapu
Typalian TE3KOp paBHIga OYAIWIIM MyMKUH. Jlucmepc MyXHUT OITHK
XOCCAJAPUHM YPTraHUIIHKUHT HT SXIIM HAMYHACH ONTHHIND. Y3 Baktuaa Dapaneit
OJITMHHUHT KOJUIOW]I 3PUTMAcCH Ba IOMKA MAapAacu paHIyIapy YXIIall SKaHJIWTWra
»pTHOOP OepAu Ba ONTUHHUHT JUCIIEPC TY3WIMINTA 3Ta SKAHIWTU Xakuja (UKp
Owupras.

EpyFIUKHMHT HO3MKIOHAJOPAMK MeTal mHapianapujaa  IOTHIMIINAA
CIIEKTPHUHT KYPUHAJWTaH KUCMUJA MUPUK HaMyHalapaa ydpamManJurad FOTUIIULI
YM3UKIapy (4YKKUIapy) naino 6ymaaul. Macanan, AgQ 3appaJlapuHUT JOHAIOPIIUK
4 M nuamMeTpiu napaanapu EpyraukHUHT A=560-600 HM coxacuaa SKKOJI HAMOEH
Oynanuran oTuaum Makcumymura asra. llynra yxmam Ag, Cu, Mg, Li, K, Na, K
HaHO3appajapy XaM OITUK JHana3oHAa dHI KYII FOTUINIIHYU KypcaTaau.

JloHanaHraH mapjajapHu sHa ajJoxXuja XyCycCUsATiapuiaH Oupu EpYFIHK

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




CHEKTPUHUHT KYpUHUII cOXacuJaH HMH(paKu3miI coxara yTranjaa FOTHJIALIIHUHT
Kamainmmaup. TyTtam mMeran napaanapaa 3ca, OyHnaH (Gpapkiau paBuiiia, EPyFiIuK
TYJIKUH Y3YHJIUTH OPTUIIM OUJIaH IOTUJIUII XaM opTUO 6opaau.

OnTHK X0CCaJapHUHT YI4amiIuK 3QdexTiaapu ymuamiaapu EpyFIUK TYIKUH
Y3YHJIMKJIapUJIaH Ce3Wapiii Japaxkana kuuuk Oynran Ba 10-15 HM nmaH karrta
OYJIMaraH HaHO3appajap y4yH MyXUM poJT YIHANIH.

Hano3appauanap Ba HupHuk MeTaiiap IOTHIMII CIIEKTpiapuaaru (apkiap
YIIAPHUHT TUENEKTPUK CUHTANPYBYAHIMKIapu (hapku Tydainu 103 oepaau €= g1+
€. JlUCKpeT DHEPreTHMK  CHEKTPJAM  HAHO3appadalapHUHI  JUEIECKTPUK
CUHTAUPYBUAHJIMTH 3appadajap yiId4amylapura Ba HYPJAHHII YacTOTAIAPUTA
OofNuK. JIMeNeKTpUK CUHTIUPYBUYAHIMK HYpJIAHMII YacTOTacura MOHOTOH 3Mac,
OaJIKM DJIEKTPOHJAp XOJaTJIapu oOpacuaard YyTuuuiap Typaliau Te3 y3rapuo
TypyBUYH X0Jia OOFJIaHraH.

Taxpubanapaa ONTUK XOCCATapHU YIIYanl ydyH 3appadanapHuar conu 1020
JaH KaM Oynmaciuru Kepak. byHnail Mukaopaard Oup Xwil yiadam Ba HIakjgard
3appavajapHy XOCWJI KWINII aMalia MyMKUH OYJIMaranu yuyH peai lapouTiapaa
3appavaiap TYIjiaMi Y4yH TeOpaHUIIUIap TEKUCIaHUO KYpUHaAIH.

[IlyHra Kapamacian € HUHT ypTaya KHHMaTl WUPUK HaMyHa € cuaad (hapk
KWwiagu. JIMenekTpuK CHHIAUPYBYAHIMKHUHT MaBXyM KHCMH 3appada paguycH p

ra TeCKapH IMpOIOPCUOHAUINTUHH KYPHIII MyMKHH:

Al@)

&(w)=¢,,(®) +T )

OyHIa €02(®w) — WMPUK KPUCTAI IUEICKTPUK CHUHTIUPYBYAHIMTUHUHT MaBXyM
KucMu, A(w)-dactotara Oornuk Qynkuusa. Taxpubamapma p=0,9-3,0 umM jnm
OJNITUH 3appavaiiapu yuyH A=510 HM 1 y3rapmac TYJIKUH Y3YHIUKIN HypJIaHUIIIA
€2~1/p sKaHJIMTH TacAMKJIAHTaH. 3appadaiap yrdamura TN COXaCH KCHIJIUTH
Ba YHHMHI T[aCcT 4YacTOTaJd TOMOHM IIAKIM XaM Oofimuk. Ay Ba Ar
HaHO3appayajapyuHU KUYUKIAHTaHAa EPYFIMKHUA FOTWIMII COXAacH KEHTaluiu
Taxpubdanapaa Ky3aTHIraH.

Sna Oup Yymuamnuk HhdexTn - EPYFIMKHUHT PE30HAHC FOTHIIUIIN




YYKKUCUHHUHT CWDKUIIMAUD. JlMaMeTpu WHMPHK METANAard 3JIEKTPOHIAPHHUHT
OPKHH IOTYpUII HyIM A JaH KWYUK 3appajapAard SJEKTPOHJAPHUHI DPKUH
IOTYpUIl WYIIA 3appa paguyCcd p ra TeHr. by Xxoima EpyfiuK OTWIHIIUIATA

a(PeKTUB penaKcaTcus BAKTUHU

KYypuHUIIKAA Udoaanam MyMKuH. byHna t=A./ 9. - HUpUK MeTaa HaMyHACHIAru
penakcarcus BakTH, $.— OJIEKTPOHJApHUHT DepMH caTXHIard Te3JIUTH.

3oHanapapo YTUIUIApHU XHCOOra oyiMacliaH Ba ¢akaT HPKUH DIEKTPOHIIAP

XapakaTUHU XucoOra oJIraH X0Jijia
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ne6 &mm MymxuH. ByHna o, =4mHe’/m*- nnasma udactotacu, H, 3, m*-epkuH
AIIEKTPOHIAP 3UUWINTH, 3apsau Ba 3HPEeKTUB MaccacH.

Mu Hazapusicuna EpyFiauK IOTWIANIHHAHT SHT KaTTa KHiMaThra &,=-¢1( @, )
mapouTuaa dpuimiaau. byHum XxmcoOra ojraH, Kyaa Maijga 3appyanap ydyH

r ~ 9. /r Oynran xonaa (2.56) maH pe3oHaHC YacTOTa
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KypUHHINTa Kejmagu. byHra acocaH, 3appada yiadyaMM KWYUKIIAIITaHJA
PE30HAHC YacTOTa XaM KamasiIy, S’bHU FOTUIMII COXACH MACT YacToTajap TOMOHTIa
CIUDKUIIM Kepak. JIekuH, KBaHTMEXaHUK XHCOOJap 3appaya yiauamiaapu
KUYMKJIATaHAa pEe30HAaHC IOTWIMII YYKKUCH IOKOPH 4YacToTajap TOMOHMIa
CWDKUIIMHYU KypcaTaau. MaHa miyHaai Kapama-KapIiy HaTikKanap Taxpudanapaa
xaMm KypuHaau. byHnail cuipkuIiap yayH 3JIeKTPOH OyJTyTHHHUHT 3appadya CUpTHIA
KyJla 03 MUKAOpAA y3rapuilyd Xxam Kudos sKaHaurd TaxMuH KuinHaau. lyHra
acocaH, €pyFIMK IOTHJIMII COXAacH KEHIJIMTH 3appadaiap YI4aMUHUHT MYypakkao

bynkuusicu 6ymuo, y D~ 1,1am atpodua sHT KaTTa KHAMatTra 3puiiaim.




3.2 Hano3appauajap CieKTPOCKOIMSACH.

Oxupru mnadtnapaa SpPUMYTKA3TUYWIAPHUHT ONTUK Ba  JIIOMHUHECCEHT
XOoccallapyuHu ypranumia yiadam d¢dekTiapura KU3UKUIL OPTMOKAA, YyHKHU
APUMYTKa3rA4Iap 30Hajdap THU3UMHHM YpraHuiia ONTHK IOTWIHII aCOCUU
ycylulapian  Oupupup.  SApumyTkazruwiapia  MoJeKyjialiapapo  y3apo
TabCUPJIAIIUII SHEPTHUACH KaTTa OYIraHu y4yH MaKpOCKOIHMK SIPUMYTKa3TH4IN
KPUCTAJIHU KaTTa OMp SXJIUT MOJIEKya J1e0 KaOyn KUIUII MyMKHUH. SIpuMyTKa3rud
KPUCTAJUIApU DJICKTPOHJIAPUHM KY3FOTUII KydcH3 OOFJaHTaH »3JIEKTPOH-KOBAaK
KYPTIUTA — DKCUTOHJIAP XOCHJI OyIvIura oiaud Kejaaau. DKCUTOH TapKajulll
(menmokanu3arcus) COXacu SPUMYTKa3rMd KpUCTald IMaHXKapacu JaBpuJaH Ky
MapTa OPTUK OYJIUIIK MyMKHUH. SIpUMYTKa3ru4 KpUCTAIMHU SKCUTOH YiIyaMjiapura
AKUH Yyiyamiapraya KAYpauTHUpUIICa, YHUHI XOcCcallapu yiayamra OOFiuK Oyiu0
KOJIa/Ix.

Hlynnait kKunuo, spuMyTKa3ruy HaHO3appadaJlapuHU y3Ura X0oc Xoccaiapu
HaHO3appavajgap yiadamjaapud MOJICKyJIa Yyiayamjaapu OWiaH XaMm, MHUKPOCKOMHUK
KPUCTAJIJAard SKCUTOHIAPHH Bop pamuycnapy [Pex=HN2E/Uex€?; Hex=MeMy/(MetMy)-
€KCUTOHHU KEJITUPWITaH Maccacu; MeMy — OJJEKTPOH Ba KOBakjap 3(PQeKTUB
maccanmapu; n=1,2,3..] Owman xam Oenrunanagu. Spumytkazruwiapaa bop
paguycu 0,7am (Cu, Cl na)nan 10um (Ga As na) rada y3rapuiig MyMKUH. Apum
MOJIEKYJIaJia 3JEKTPOH KY3FOTUII SHEPIHUICH MAKPOCKOIMHUK SIPUMYTKAa3ruuiapaaru
coxanapapo (TabKUKJIAHTaH COXA KEHIJIUIM HHEePrusiCM) YTUII SHEPTrUsCHUIaH
ce3usiapiii Japaxkaja KarTapok Oynaau.

Jlemak,  KpuctajngaH  MoJieKyJara  yTUIIAa, SbHU  3appayaHu
KUYPAUTUPraH/1a JIEKTPOHHU KY3FOTHUIL HEPTUSACH KUYMK KUAMATAAH Karracura
CWUIMK YTraH yiyamiap coxacu MaBxkyja Oynuiy Kepak. bomikaya ailTrasna,
APUMYTKA3rW4  HaHO3appayajapyd  yI4amMJIapuHU  KAYPAUTUPUII  FOTHIIMIL
COXAaCHHMHI IOKOPHM dYacTOTalap coxacura CWDKHIIWra onu0 kenanu. byHnai
s PekTHUHT Taxkpubaga TacCAUKIAHUINM Oearucu cudatuga spUMYTKa3rUWINd
HaHo3appayajap  yiIyaMJIapUHA  KAYpPAUTUPUIIAAH  SKCUTOHAA  FOTHJIMIIL

COXACHMHUHT KYK paHr (FOKOPUPOK YaCTOTa) TOMOHTAa CHUDKUIIUHU KYPHUIII MyMKHUH.




Kynpok ypranwnran spumyTtkasrud — CdS maHa mryHaail IOTHIMII COXACHHUHT
“KYK” cumkuIiM HaHo3appadanap auamerpu J<10-12 um Oynrannma Ky3aTuiaau.
Hano3appauanap yiauyaMJIapuHUHT ONTUK FOTWIMII CHEKTpJIapUra TabCUPU KYII
SPUMYTKa3Tu4Iapaa Ky3aTHIITaH.

MakpocKolMK  KpucCTanjga d3KCUTOH HHeprusicu E  KpUCTamHUHT
TabKUKJAHTaH 30HAcCM KEHMIMTH Er JaH 57JeKTpoH Ba KOBAKHUHI OOFJIAHUII
suepruscu (Punbepr >pdeKTHB SHEPTHACH Ipy=lex€?/2HM?) Ba DKCHTOHHUHT
OFUPJIMK MapKa3u KUHETHK OSHEprusjiapu alupMacura TEHI. p YI4aMiH
APMMYTKA3rM9 HAHO3aPPaYacH y9yH OXMPIU KYIIMIYBYH - H> T2 % /2 lexP? T'a TEHT,
SbHM P> Ta Teckapu IponopcuoHan. HaHosappa YIYaMHHHHT —3KCHTOH
HHEPrusiCUra TabCUPUHUHT, 3JIEKTPOH Ba KOBAKHUHI Y3ap0 KYJOH TabCUPJIApPUHU
XaM YbTUOOpra OJIraH XO0J11aru, aHUKPOK Tax IMiUiapu Kyuaaru udgomaanu 6epaau:

n*z’n’ 1,786’
2

E=E, —0248E,, +
’ Y 2u,rt e

bynparu OMprHYM Ba YYUHYM Xaajap MUFUHINCH TAKUKJIAHTAH 30HAHWHT
3¢dexTuB KuiimMaTura TeHr. 3appaya yayamMu KAYpalWIIM TaKUKJIAHTaH 30Ha
abdexTuB KeHrnuru optumura onubd kemagu. Mana myHnan y3rapum CdTe
HaHO3appavajapy y4yH Ky3aTWIraH; WMpPUK KpUCTalAaH AUaMeTpu 4 Ba 2 HM JU
HaHo3appauanapra yruiraaaa E. =1,55B nan moc xonaa 2 Ba 2,8 3B raua opranu.
Maiina nucniepciu KykyHiapaa SizNs kpuctanura Huc6atan Eg HUHT opTHUIIMHU

UK Ba piryopecceHcrst SMUCCHOH CIIEKTPJIApUHU YPTraHUIIIa aHUKJIaHTaH.

Optik zichlik

F.cV

. 10K na nmamerpnapu 2,1 nan 4,0 am raya 6ynran CnCe HaHO3appayaTapUHUHT




OIITHUK IOTHUJINII CIICKTPJIapH

DKCUTOHHU  KY3FOTHII SHeprusichk E=no (w-Tymaérran  Epyriuk
4acToTacu) OYJIraHu y4yH, HaHO3appaya yIiyaMy KHupaluiiy OuiaH ONTUK CIEKTP
YU3HUKJIApU IOKOpH YacToTajdap TOMOHWIra CWDKUIIM Kepak. ManHa 1ryHjan
cwokuinl (0,15B raya) CuCl nanozappavanapu ([=31,10 Ba 2HM) IOTUIUII
CHEKTpJIapy/a aHUKJIAHTaH.

Pacmpa CdSe nano3appayalapUHUHT ONTHK CHEKTpIapH KYpcaTUJITaH:
CdSe mHano3zappauanmapu KHUpaWTHpWUITraHia IOTWJIMII COXAacH IOKOPHPOK
DHEPIUSAIM, SbHM “KYK  TOMOHIa CHDKHIIA Ky3aTWIMOKAA. bupmamun
SKUHJIAIINIIAA IOTUIUIT COXaCMHUHT MakcuMyM 3Heprusicu CdSee 3appauanapu
paguycu KBajJpaTura TecKapu MNpornopcuoHan. FOTwimil coXacu KEHIJIUTMHUHT
karta (~0,15eB éxm 1200 cm?l) Oymunumry Hanosappadanap yird4amiapu
qucrnepcusicura OOFJIMK — 3appadaiiap AuamMeTpu Ypradya KuiimatugaH +5% ra
YeTJIaHraH. XaKUKaTaH, XaTTO SHI' MOHOAMCIEPC HaMyHajap YpraHWiraHuaa Xam
KEHrairaH I0TUJIUII COXaJIapH, ’IbHU TOMOTEH OYJIMaraH KeHraluil Ky3aTuiaaian.

[ynunr yuyn CdSe HaHOKpHCTalIapuaa SKCUTOHJIAp AMHAMUKACHHU
ypranumn yayH (QeHTOCeKyHanu (OTO-€X0 TEeXHUKa KyJutanwiaau. by ycyn
roMoreH Oyimaran KeHTalMIJIapHH XHUCOOTa OJIMAcliaH HaHO3APPUYAHUHT aWHU
Oup KUMaTUTa aHUK MOC KeJaJuraH “roMoreH” YM3uKJap KEHIJIMTUHU TOIHUIITra
€pnam Oepanu. ByHUHT HaTKacua HaHO3appadagap JUAMETPUHU KUYPAUTHPHUII
IOTWINII YU3UKJIAPU KEHTJIUTH OPTUIINTA OJU0 KETUIIN KYPCaTUIIIH.

“I'omoreH” HOTWIMII YU3UKJIAPU KEHIJIMTUra Y4 XHWJI XUCCA KYIIMJINIITUHA
KYpHUIII MyMKHH. DHT KaTTa Xucca — Oy HYpPJIaHUIIHWHT KPUCTAJJard KUpHUIIMa
aToOMJIapu Ba MaH)Xapa HYKCOHJIApUJaH 3JIaCTUK COYMWJIMIIM Xuccacu . by xucca
HaHO3appaua ymyamu, anukporu 3appadanunr C/B (Oynma C Ba B-mano3zappaua
CUPTH Ba XaXMH) Ta TPOMOPCHOHAN COYMIUIIT CUPTH AS(h(EKTUB MaiijoHuTa
OofrnuK 0Vn0, TemnepaTypara OOFJIMK dMac.

WNkxnHuM Xpccacu — KpucTai TeOpaHUIIUIapU MacT YacTOTalu OYIIaruHUHT
Oofnmanu® komumuaup. by Xxucca TemmepaTypara Kywid OOfJaHTraH Ba

TeMIiepaTypa OPTUIIY OUJIaH YU3UKIAPHUHT KEHTAMUIIKA YU3UKUA paBUILIa OPTHO




oopagu. Ilact wactotasm TeOpanumiap OunaH OoOFnMK Oynran (OHOHIHU
KEHTaiuimI “romMoreH’” KEHIJIMKKa (akaTt I0KOpH dMac, MacT TeMIeparypaiapaa Xam

cezunapiu (20-35% raya) xucca Kymaam.

] ] [ I ] | [ I
24 2,8 3,2 3,6 <p= 1111

HOTnnui onTuk YM3uKIapy XaKUKUM KEHIJIMIKM A Ba YHUHT Xucca KartanuruHuir 15 K ga
CnCe mHaHO3appauajapu aguamMeTpiiapura OOFIMKIMIU: 1- KUpUIIMajiap Ba MaHXkapa
HYKCOHJIapUJa 3JIacTUK COUYWIMII Tydailnu Xocun Oymamuran Xucca; 2- MacT YacTOTalld
TeOpaHunuIap Oyaaru OOFIaHUO KOJWIIKM OWJIaH OOFJIMK X¥CCa; 3- SKCUTOHHUHT SIIIANl BaKTHHA
xucoOra oylyBuUM Kymmmua; 4-xakukuil (“roMoreH”) 4YM3WKJIap KEHIJUTd — KYpcaTWiraH yd
Xyccanap MMFUHIUCHIAH nOopar

CrexTp 4M3UKJIapU KEHTJUTUIra YYUHYM XUCCa SHT KUYUTH. Y JacTiaOKu
XOJIATHUHT TlapyajaHuO, acocui XoJiaT OwiaH Kydcu3 OorinaHTaH OoIKa
XoJlaTra TE3pOK YTHUINTa MOC KeTyBUM SIIall BaKTH OujaH OOFIMK XwHcca.
DJIEKTPOH XOJATUHHUHI Y3TAPUILIN, SKCUTOHHU CHUPTHM XOJaTiap TOMOHHWAAH
yiu1ad OJIMHUIIM HATHXKacuia, 3appadaiap yadamiaapura 0orMK Oynaau. Arap
ASKCUTOHHU YIUIa0 OJMIN WYKU TYJIKUH (PYHKUMSIAPUHUHT CUPTUM XoJatiiap
TOMOHHUJIAH cojaja ycyhaga Kampa® oswmHca, yHuHr Tte3auru C/B ra
MPOTIOPLIUOHAT X0JIIa




Hasopar caBoJsuiapu

1. Kpucran mnamxkapacu TY3WIHIIATAa YHUHT YiI4aMH KaHAal TabCHP
Kypcaraau?

2. Hanozappanapaaru CUpTH THAPOCTATUK OOCHM YHHHT YIIdaMHTa KaHJIai
Oofanran?

3. HanozappamapHMHT CYIOKJIQHUII TEMIIepaTypacH YHHUHT YI4aMura
KaH/1aii OofjaHran?

4. Hanozappaua KpucTajd TNaH)Kapacl MJaBpUHU YHHUHT Yiadamjapura
OOFTaHMINN XaKW/la HUMaJapHu Ouiacu3?

5. HanozappamapHUHI HMCCHKJIMK CHUFUMU YyIAPHUHT YiIdamura OOFIHNK
paBuIllla KaHaal y3rapaau?

6. Hanozappanap MarHUTHK XOcCcallapyl yJIApHHUHT yTdamMura OOFIUKME?

7. Koepcutus kyusap 3appa yiauamura KaHjaai OofiaHran?

8. CymnepnapaMarHUTHK X0JaT JeraHja HUIMaH! TylIyHacus3?

9. Hanozappamap ONTHK XOCCIAPUHUHI  yoyamMura OOFJIaHUIINHU
TYIIYHTUPUHT.

10. Hanomatepuannapiaru HaHo3appaiap OOFJaHUIIM NOJUKPUCTAIAAru
JIOHAJOPJIMK Yerapajapuiad Kanaa papk kumaau?

11. CyOMUKpPOHIIM KpUCTAIap TY3WIMIIMHUHT Y3Ura XOC KHUXaTjapu
HUMaaH uobopat?

12. TapTuOiaaHMarad HAHOTU3UMIIAP TY3WIWIIHN XaKU/1a HUIMaJapHu Omnacus?

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



http://www.britannica.com/science/nanoparticle

4-MAB3Y: KBAHT OIITUKACH BA HOKJIACCUK HYPJIAP,
HOYM3UKJIA KAPAEHJIAP

PEZKA
4.1. Keanm onmuxacu acocuti mywyHuarapu. Keawm onmukacu ea nasep
@usuKacuHune 3aMOHABULL TOMYKAADU.
4.2. Kopnyckynsap myakun oyaauzmu. Pomon maccacu ea umnyivcu. Komnmon
aghexmu.
4.3. Hoxnaccux nyp 6a yHune yanawunuwiu. bpayn-Teucc mascpubacu. benn
 MeH2CU3IUU.

Tassnu udopanap: Keanm xonamu, keawm cucmemacu, Xoiam 6eKmopu,
gdomon, keanm, mampuya, Pabpu Ilepo unmengepomempu,

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

KBanT onTukacura terunuin 0ab3u TyllyHUYajgap OWlaH TAaHUIIUO OJIaMU3!
KBaHT x0J1aTH — KBaHT CUCTEMAacH OYIUIITN MyMKHUH OYJraH Oapua xojariap XoJjar
BEKTOPH - KBaHT CUCTEMACUHU TYJIUK TaBCU( KWJIaJUraH MaTeMaTUK KaTTaJIuKJap
WUFUHAKCH (KOOpAWHATA, CIIMH, UMITYJIBC ...).

To3a xonmar — OuTTa XOJar BEKTOpU OwWjiaH TaBCU(] KWIMHHMIIA MYMKHWH
Oynran xonat (OMTTa TYJIKUH (PYHKIUSCUHU TOIMHUIL €Tapiin).

Apanam xojgaT — OMTTa XOJAaT BEKTOPU OWJIaH TaBCU(] KUIMHUIIM MYMKHH
OyIMaraH Ba 3UWJIMK MaTPULACUHU Tajad KuiIaJuraH xojiar
To3za xonar OynumM ydyH cucreMa ENUK (TalIKapuIaH W3OJSLUS KHIMHTaH)
Oynuiy mapt. AKC X0J1J1a TalllKU YPOB X0JaT BEKTOpJapu OWJIaH TabCUPJIAIIyBHU
xucoOra oJuIl Kepak Oyiaam.
To3a xomar OMp KaHuya y3 X0JaT BEKTOpJjapura sra nojcucTeMajaplaH TallKHI
Tonrad Oynuim MyMKuH. By Xonataa OyTyH cuctemMa MyCTakuil MOojiCHCTeEMaliapra
QXpaTWINIIA MYMKUH. ByHIall cucTeMaHWHT XOJjaTH axpaTwiyBuu (separable)
XoJiaT Jeunitagu.

EpYFIMKHMHT KOPITYCKYJIAp TYJIKHH dyaau3MHU

50% reflected The coincidences are to be zero!

(1)
Eo/V?2 (D
E()/\/§ (2)
50% —_— —_—
U U U : /U U U transmitted / @

EO




EpyFiuk TY/IKUH - UKKHU JeTeKTOp OUp BaKTAa Kabyll KUIUILIN KepakK.
Epyrmuk 3appa — éku TYFpuaru Ky Temnajaaru AeTeKTopra 60puily Kepak

Kyn Xxomnmapma  KBaHT  ONTHKAaCHIArd  JKApaCHIAPHU  TE€OMETPHUK
ONTHUKAYCYJ/UIADUHUA MAaTpUllajap HIIATUINI  OwiaH Oupraiukaa TaBcudiaca
Oymamul. Bupop ONTHK DdIeMEHTHra TyaéTraH HypHH Kypamus. VY Xouja
napakcuaina SKUHJIAIIMIIAA HYp BEKTOPUHM MKKHM Y3rapyBuu Owian udomanaca
OVmanu, r(z) -paguan CUIDKUII Ba 9 —Oypuak cuypkuil. [lapakcualn sSKHHIIAIIMIIa
sinf = tg0 =~ 0.
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Kyiinaruda 6enrunamt kuputamus & ~ (dr /dz) =r| n 8, ~ (dr,/dz) =r; pg
y XoJaa
ry=Ar + Bry,
ry=Cr, - Dr,
Oy epna A,B,C,D ontuk KypuiMaHHu XapakTepyioBuu Kartanukiap. OIuHran
CUCTEMaHU MaTpHIla KYpUHHUIIUAA E3aMuU3
A B
=|c D

ry n

ry ril’
IOxopumaru ABCD - maTpuiia onTuK 3J€MEHTHYU TTapaKcHail SIKHHIIAIIHIIIA
Tynanuruda udoganaian. Mucos yayH HypHUHT OUpOpP N CUHIUPHUIN KYPCATITHUITU

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




Ba YHra MOC KeJyBYM MAaTpHULla KYPUHUIIIH
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JIuH3a ydyH HypHUHT Ky4MIIl MaTpUIIACH Kyhaarnyia €3uiaau

110
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Wcrtanran MypakkaOJUKIarn ONTHK CHCTEMaHU JJIEMEHTap TalllKWI
3TyBUWIapra 0ynub xap OMpu yuyyH ajoxuja MaTpuila Ty3ull MyMKHUH Ba OyTyH
CUCTEMAaHMHI MaTpHIlacu NIy MaTpulajap KynaTMacuaaH uobopar Oynanu.
Martpunanap €paamuga HapakaT HYpPHHHI TapKaJdWIIMHM Hdojanam MyMKHH,
Oayiku cpepuk TYJIKUH TapKaIMIIUHU XaMm udoganaca oynaau.

Matpuk onThKa amnmnapaTUHU KYyJJIAHUIIMHUHT siHa Oup muconun Padpu
[lepo unrendepomerpu,

T
|
|
t
<

L 3

Eg=Ey(ryrz)exp(4i9)
2_ EZE;rirzeap(2ig)

3 /ry/ E;Egtt; exp(i¢))
=
b o
Ry Rz
®abpu Ilepo unTepdepomeTpu Jazep Kypuiamanapujaa pe3oHaTOp POJIUHU
Ooaxxapaau. Kywalitupuiaguran €pyriauk KyHIAJIaHT KECHMUJArM WHTEHCHUBIIHUK
TaKCUMOTH KyIl Xojulapja ['aycc takcumotura sra (raycc pactamapum). [laycc
JACTaJApUHU XapaKTepJlall Y4yH KOMIUIEKC (| mapaMeTp KUpUTaMu3,
1/g =1/R — iA[nw?.
by epna, R — gacta TYJIKUH (QPOHTH STPUIMK PaJUyCH, ® — UHTEHCHUBIIUK
TaXCUMOTH 3UUJIUTH.
By mapameTp oaatia KOMIUIEKC STPUIIMK palycu XaM Jed aTanaiu.
bupop ABCD warpumna Ounan wudopalaHaguraH ONTUK CHUCTEMaHUHT
KHpUIIUTa (J; KOMIUIEKC NapaMeTpid raycc JacTacu TylIca y XOJija Iy CUCTEMaA
YUKUIIAJATH TAaCTaHUHT (2 KOMIUIEKC TapaMeTpH

—Au+B
q2 Cqy+ D~




By xonyH raycc nacracu tapkanuimugaru ABCD konynu ne6 atananu.




4.2 KopnyckyJsp TYJKUH ayajau3Mu. @oToH Maccacu Ba UMITYJIbCH.
Komnron 3¢ dexru.

DiiHiTelH Gomynacuaad GoToH Maccacu

E = mc?
DOTOH UMITYJICH
E  hv
Pr=c=7%

Arapaa Hyp KadTapuin kodpdUIIMEHTH p OYJIraH »XUCM OUPIHK FO3acura
oupmuk Baktaa N Ta (JOTOH Tylica yHHUHT to3acuaad pN ¢oton kaituo, (1-p)N Ta
(oToH roTunamu. EpyFIMKHUHT cHpTra Tabcup STyBYM OOCUMH  CHUpTra OHp
cexkynaaa tymaérrad N ta GOTOH UMITysIbcUra TEHT

2V N+ Y (N = (14 p) Y
C C C

Epyfiuk 60CMMH TabCUPHUTa aCOCIaHTaH KOCMUK KeMajlap MpOeKTIapH

N.

p= )lw




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 sddexrtu’; Kucka TYIKMH  y3yHIMIMIa 5ra  DIEKTPOMATHUT
HYpJIAHUIIHUHT (pEHTrep Ba Y-Hypjapu) MOJJAHUHT JpKUH (€KUM Ky4dCH3
OOfJIaHraH) AJIEKTPOHJAPUJA TYJIKUWH Y3YHJIWTMHUHT OLIWINM OWJIAH KedaauraH
AIIACTUK COYMJIMILN.

Electrons
J
@ J
J . J
(b)
J J
{a) Fiecte
) X-ray /Jt:ch:d
LY N Y Electron
Photon
X-ray
(C)
J
Modified Photon

Counnirad Hyp TYJIKUH Y3YHJIMTUHUHT y3rapuiid (AL) dakar counaui Oypuarura

(0) 6ornuk Ba A > A. AA Oapua MojIanap yayH OUp XuJl.

h
A'—A=—(1—cos0)
me

1 B. Camex, M. Teiix. Ontuka u QoToHuka. IIpUHLMOB M OpuUMeHeHue. Ilep ¢ aHrl. JOJNTONpY/HBIMH,
Uz narensckuii gom «Murenext», 2012.




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

KBanT Hazapusicuja cucTeMa HWKKM Ba YHAAH KyI XoJjaTiap CyNeprno3usicu
XxoJjarujaa OYynraHna cuUcTeMa HMKKM XOJIATHUHT Xed Oupura Xoc XapakTepiiu
xycycusrra sra 0ynmaiinu. Cucrema Oup BakTAa UKKHU €KU YHJIaH KYTI XoJaTiaap/a.
Cynepnio3ust xonarujga OViraH Xojamiap CHUCTEMa JIOKAJUIAllyBU TOTEHIIAAI
MYMKHUH Xonatiapaup. CHUCTeMaHUHT yhnaplaH Oupuia HaAMOEH OYIHIIN yYyH Y
OMJIaH KOHTAKTra KUPHIL JO3UM (M.y. YIT4al) — 1eKOrepeHLns.

Wkku Typmu (a3zoBuii HyKTajgapaa kedaéTrad BOKEaJapHUHT OMp BaKTaa COIUP
OynuIy KoppeJsuus 1e0 aTanaan

bupuHun TapTHOIM KOTrepeHTIHK (BaKT KOPPEISIUOH (DYHKITUSICH)

(E"(1.1)EG.1,))

(=) zes.eof) |

WNkxknHun Taptnbiu (ha3oBUil KOTEPEHTINK (MHTEHCUBINK KOPPEISIIMOH
(GyHKLIMSICH)

<E*(11.3‘1)E"(rj_r:)E(;]_;l)E(;»P;ED
<|E(;’,3‘1)‘2><|E(;}r2) 2>

gV tint) =

g(z}(r,i‘llrg,i‘z) =

%
/l\

in M Dy

l(jm HAal

Xanbepu bpayn Ba TBUCCHUHT pafuOTYIKUHIAD OUIaH TaXpuOacH CXeMacH
By taxpubazna kaOynn KUITHYJaru CUTHAI

C = (I(r1)I(r2)) = I5g"™ (r1,72).




Kyitnna Xan6epu Ba TBuc 1956 itnnga Nature sxypHanuaa 4or 3TraH MakosiagaH
0ab3u HaTWOKaJapy KeNTHPUITaH.
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kechga qolish vaqgti

1 — 3KCriepUMEHT

2 — $hOTONETEKTOP TE3JIUTU eTapyinya KaTrTa Oynarania Ky3aTWIaJuraH HaTrka
DKCIIEpUMEHT  XYyJIOcCacH: WKKH KOTepeHT JacTtagard (OToHJap  y3apo
Koppensusaa 6ynaan Ba Oy Koppessius (OTOIIEKTOH SMHUCCHS JKapaéHUIa XaM
CakJIaHuO Koyaau




1.

Hasopar caBosiapu

Epyrnuk Hypnarruainapu. HypiaHMIIUTApHUHT CIEKTPAN 3UWIATH XaKUAA

TyLIyHYA.

2.

©ooN Ok oW

Hypnanumn Typiapy, HCCUKIIUK Ba JIIOMUHECIICHT HYpPJIAHUIII.
JlroMuHECTIEHT HypaaHUII Typiaapu, CTOKC KOHYHH.
VIcCUKINK HYpJIaHUIIIH.

Credan bonbiiMan KOHYHH

BuH CHIDKUTII KOHYHH.

Hypnanui Ba I0THII CLIEKTpasl KOOWIUSATIAPH.

Kupxrod yauBepcan QyHKIUACH.

[Tnank popmynacu

10. Spum yTKasrUwIapaa HYPJIAHUITHAHAT TAITKA YHEPTETUK YAKHUIIIH.

11. Slpum yTKasrUwIapAa HYPJTAHUIITHAHT WIKW Ba TAITKW KBAHT YHKHUIITH.

12. Slpum YTKa3rU4IM CBETOAMO A HYPJIAHUII XOCHIT KHJTUIIIA KaTHAITYBYH
yTUmiap.

13. TakukmaHran 30Ha KEHTJIMTH Ba HYypPJAHUII 4YacTOTACH Opacuiaru
OOFJIAHMILL

14. CrionTaH Ba MaxxOypuil HypJIaHUIII.

15. MaxOypuii HypiiaHuiga SUHIITENRH KO HUIUIHTIAPH.

16. Jlazep HypsaHuIIK Ba yHHU OOIIKa MaHOanap HypJaHUIIUAAH QapKu.

17. 3 - sHepreTHk caTXJid CUCTEMaja TeHepaIus XOCUJl KWK apTIapy.

18. 4 - sHepreTHk caTXJIM CUCTEMaJa TeHepaIlvs XOCUIT KIJIHUIIL.

19. Typnu akTUB AIEMEHTIIN Ja3epIapHUHT HypJIaHUII XapaKTepUCTHKATIAPH.

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

S.
6.

www.manchester.ac.uk.
www.photonics.com/
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5-MAB3Y: ®OTOHUKA ACOCJIAPH, POTOHUK KPUCTAJIJIAP
BA YJIAPHUHI' XYCYCUATJIAPH, ®POTOH KOMIIBIOTEPJIAP
APATHJIMII TEHAEHIUATAPH

PEJKA

domonuka  acociapu,  GOMOHUK  KPUCMALLAD 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.

DOoTOHMKA TEPMHUHH KEJIUO YMKUIIHU AIIEKTPOHUKA TEPMUHUTA YXIai 0yIuo,
EPYFIMKHUHT TYpJIM MyXUTIapJa TapKaJIUII Ba MOJJIa OUlaH ¥3apo TabCUPJIAIIYB
XycycustiaapuHu ypranyBud ¢anHu udonanaiinu. doronuka danu EpyrauKHU
KBaHT XyCYCHUSITIIApMHU ypraHaau Ba 11y (U3UK >kapaéHiiap acocuja EpyrIuKHU
reHepalusiall, yYHU XyCYyCUSTIIApUHU OOLIKApHIl, EPYFIMKHUA Y3aTHIL, Kaij
KWIWII Ba OOIIKAJTApHU Y3 UUWTa OJIA/IH.

Epyrnuk snekrpoMarnuT Hypaasumuuar Magpakusun (A =2 mm (v = 1,5 x 1011
I'm)) coxacuman To Ynsrpadbunadia (4 = 10—6 cm (v = 3 x1016 I'i) coxacuraua
OyJIraH OpaJIMKHU drajlIaiIn.

KypunyBun coxa A = 400 — 760 um, Vmerpabunadpma — A = 10 — 400 =M,
Nudpakuzun - 4 =760 am — 2 mm.

visible

" ; ltraviale
radio  microwave infrared ultravioiet

Frequency
(Hz)

105 107 10% 10° 10 10Y 102 10 oM 1016 10

Wavelength

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

700nm 400 nm

(10°m=1 pm; 10 m= | nm)




®oToH KpUcTaIIap yMyMaH OJITaH/a y4 Typaa Oynaau:

- bup ymuamnu poton kpuctamiap

- Wxku ymuaminu GoToH KpucTamiap.

- Yy ymyamnu OTOH KpUcCTaiap

bup ymuamnam kpuctamiapaa MyxuT CHHIUPUII KypCaTTUYH MIEPUOIUK
Kuxatuia oup wyHanui 0yitnad y3rapamu (1D). Bynnait crpykrypanap OupuHun
KYJUIaHUILY CTIEKTpai GuibTpiap uiiad yukumra Tyrpu kenau. Keitmnuanuk
TYpJH ONTHK 3JIEMEHTJIAPHU Iy TypJary rjaeHKazap OuiaH Koruiam OOlIaHaxu Ba
Oy Typaaru saeHTIap EPUTHITAH ONTHKAa HOMU OWJIaH aTaax.

Kyitnaru pacmaa Typiau GOTOH KpHCTAUIapU CXEMATHK TaCBUPU KENTHUPUITAaH

1-D

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

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

Yy ymyammm GotoH kpuctamiap daszoza yu MyHanui 6yinya nepuoank
cTpykTypara sra 6ymamu (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 (PYyHKIIMOHAJ CXEMacu

1-aKTUB AJIEMEHT, 2-ONTHUK PE30HATOP, 3-Aamiiall (HaKadyka, pumping) CUcTeMacH,
4-pe30HaTop MUMra KyWuiauiy MyMKUH OYiIran Kymumya sneMenmiap. A4' YK
JIA3EPHUHT ONMUK VKU

Onmuk pe3oHamop WKKHU SICCU, OMpPU SICCM Ba MKKMHYM CPEpPUK €KUM UKKAIACH
chepuk ky3ryrnapaan ubopar Oymuiin mMyMkuH. Ky3rymapman OWMpUHUHT HYpHH
Kairapuim kodddunuentu 100 %, UKKMHUM KY3ry KUCMaH YyTkazaau. ONTHK

pe3oHaTop acocuii Bazudacu reHepanusg IMAPTH - MycOar TecKapH

OOFJIAHMIIIHHM 103ara KeJTHPHIIL.

Jlamnaw cucmemacu akTUB MapKasIapHU KY3FAaTHIN YUyH UILTATUIAAM. EpyFmuk
JaMITAJIAPH, IEKTP pa3psal, KHMEBUN peaKUus, SPUM YTKA3ZUTUY EPYFIUK
JIUOMJIapU Ba X.K.

Onmuk pesonamop uuuza Kywumya rnemenmiaapru (IUIACTHHKA, MpU3Ma Ba
X.K..) YpHaTHUII MyMKHH Ba yaap xap Xu Bazudanapau 6axapaau. Macanas, iazep
HYPUHHU MOZIYJIALNS KWINII, EPYFIMK CIEKTPUHU TOPAUTUPUIL, JIA3EPHU KEPaKIIN

peKUMIA UIILJIATHUII Ba X.K.




Mopanap cUHXpOHHU3AIUACH, PEeMTOCEKYH UMITYIbCIIAp TeHEpaIHsICHUIIAII.
Jlazep ommuii pexumaa UWIUIaca, TeHepalus OyaraH  UMITYJIbCIApHUHT
JABOMUIUINTA ~ MWUIMCEKYH/JIap, TUraHT  HUMIYAbCIAp  peKUMUIA  3ca
HaHOCEKYH1ap Oynaan

Vo modulyator

a) é\/)c '

no JacToTali MOHOXPOMATHUK TS’/HKHH pareHcuBauruan f wacrora Owman

!
il
!

MOIYJISIIUS KAWL, a- MOAYJISATOpPra TyIIAa€TTaH MOHOXPOMATHUK TYJIKHH CIEKTPH.
0- MOIYNATOpJaH YUKKAH TYJIKUH CIEKTPH. N, 9acTOTaIy MOHOXPOMATHK TYIKHH

UHTCHCUBIMTHHH  yacToTa OMIaH MOIYNSINS KWIUIIL a- MOAYJISTOPra TylIaéTran
MOHOXPOMATHK TYJIKUH CIEKTPH. 0- MOAYISATOPAAH YAKKAH TYJIKUH CIIEKTPH.

6
2Yn I A Torepn
B MOAYJAATOpE
2 CseroBoii umnyasc I(1)

/

'
t, t

AKTHB »3JIEMEHT JIIOMMHECHEHUUACH (KyyalTupuul) mnpoduiii Ba pe30HATOp
MyIanmapuHUHT Oup-Oupura HucOatan okoinmammmy. [IpoguasHHHT dN —
KEHIIMruAa 4 Ta Mya reuepanus OYIuIy MyMKUH




1V

5 Ba 41 Ta y3apo CUHXpOHM3aLWs KWIMHTAH akCUall MyJajiu Ja3ep HypHu
WHTEHCUBIIUTHHUHT BaKTTa OOFJIUKJIUTH.

th




Hasopar caBosiapu
OnTuk Oypbe-anaMalTHPHUILIH.
Tapkanuiiia MaiJOHHUHT Y3rapuiid, Judpakius UHTETPaIH.
®penenb AubpakuUsIC UHTETPAIIH.
®paynrodep audpakuuscu UHTETPaIH.
Tupkumgaru @paynrodep nudpakiusicu.
Jlunzana TYIKUH GPOHTUHU aTMAIITUPHUIIIH.
OnTuk cucremana GyHKIIMOHA aIMAIITUPUIILIAD
Jlnuzanu cuctemaga Oypre-aIMamTHPUIITH
JIuH3amu CUCTEMaHUHT aKC (QYHKIIHSICH.
10. ATMAIITUPHUIITHUHT XOCCATapH.
11. OnTUK TaCBUPHU XOCHJI KHAJIUIIL.
12. UkxkuH4# TapTHOIN KOTEPEHTINKHUHT KJIaCCUK OagHH.
13. UkkuHYM TapTUOJIU KOTEPEHTIIMK (PYHKIIUSICUHUHT TapKaauu: Bax
[Hutrepr-LlepHuke Teopemacu.
14. HypnaHu1 CrieKTpH Ba KOTEPEHTIINK JapakKacu.
15. ®doTocaHokIap cTaTucTUKacu, Manens hopMynacu.
16. dorocanoknap GaykTyanusiapu
17. iccuknuk HypJIaHUIIMHUHT (POTOCAHOKJIAP CTATUCTUKACH.
18. ®oronnap rypyxjaaHuni 3QhexTu.
19. UnTencuBnuk narepdepomerpusicu, Xeunoepu 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. [Ipunnune u npumenenue. [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 XapaKTePUCTUKAIAPH

Mmpan Mmakcaa: 3aMOHOBHI CIIEKTpajl KypUIMAJIApPHUHT ONTHK CXEMaJlapy
Ba MIUIANI NPUHUMIUIAPUHM YpPraHWIl Ba CIIEKTPJIApHU KalTa HIUIALI >KApaEéHU
OuJIaH TaHUIIMIIL
MacanauuHr KyUuJanmu: TUHIIOBYMIApra TypJiM KUMEBUN 3JIEMEHTIIAPHU
CHEKTPJAPUHUA MOJEIUIAIITUPUII Takiaud STUIaAXd Ba Iy CHEKTpiapAaH cudat
aHaAJIM3U YYyH aHAIUTUK YA3UKJIAP aHUKJIAII TaKIH( STUIIAIH.
Nau 0askapuil y4yH HaMyHa

TunrnoBumnapra 3aijienb CHEKTPJIApPHU MOJCIUIAIITUPUIT  TPOTrpaMMaCUHU
YPHATHIIl Ba UYIITa TYIIUPHUII TakIu( KWIMHAIWA Ba yjlap TypJid IIApOUTIapiaa
CHEKTPJIApHU MOAEIIAIITUPULIIIAPU Kepak Oynaan. Mucos yuyH UIIXOp MeTaiap
CHEKTPJIAPUHUA MOAEIUIAIITHPHUILLL.

Ha30paT caBoJliIapm

OnTUK ceKkTpall KypuiMaap.
OnTHUK CHIeKTpall KyprIMaJapHU KiIacCU(pUKAIIUICH.
AcocHil XapaKTepUCTUKaIapH.
AskpaTa oJuIl KOOUITUSATH, TUCTIEPCUICH XaM/Ia ONITUK TUATa30HH.
Onruk cxemanapu.
[Tpu3manu criekTpan Kypuimanap.
JudpakinoH naHxapaiv CieKTpaia KypuiManap.
HNHuTepdepeHIInOoH CIeKTpall KypuiMaap.
®abpu-Ilepo unreppepomerpu.
Tapcus dTHiaauran 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
c aur. Jonronpynusiid, U3gatensckuii nom «MaTENeKTY?, 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 ONTHUK XycycusiTiapuHu Yypranuim. OOTOH Kpucrajuiapu
XyCyCUATIApUHN MaTpumanap Epnamuaa TtaBcuduiam. [lepuomuk cTpykTypanu
Myxutiapjaa Oypee ONTUKACU AJIEMEHTIAPUHU KYyJUIall.

MacajanuHr Kyumiaumm: Tudrnosuwmiapra @ypbe aaMallTUPUILUIAPUHU
amajira OIMpaguraH mporpaMma OWIaH TaHUIIUMO YHJAa HWIUIATHIAIUTaH
napaMeTpjapHu ypraHuO 4YUKHUIN TaBcus KuiauHaau. [lepuoauk cTpykTypara sra
Oyiran Mojaaiapaa TYJIKUH TapKaJIUIIN YPraHWIaau.

Nau 0askapuil y4yH HaMyHa

Tunrnosumwnapra ®@ypbe aaMalITUPULUIAPUHM amara OLIMPYBYM Iporpamma
Takau( KWJIUHAAW, TUHIJIOBUMWIAD EPYFIMK TYJIKUHUHM (DOTOHHMK KpHCTalaH
YTULI )Kapa€HUHU MOJEIUIAIITHPATAIIAP.

Ha3zopar caBosiapu
Ontuk @ypbe-aIMalITUPHILIN.

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

OnTuk cucremazia QyHKIIMOHAI alMallTUPUIILIAP

JInnzanu cucremana Oypbe-aaMalITUPUIIN

JIuH3a1M cucTEMaHUHT akC (QYHKIUSCH.

AJMAIITHUPULIIHUHT XOCCalapH.

OnTuk TAaCBUPHHU XOCHUJI KUJIMIII.

© © N o gk~ WD e

WNkknHYY TapTHOIM KOTEPEHTIIMKHUHT KITACCHK OaéHM.
10.MkxuH4YM TapTUOIHM KOTEPEHTIIMK (HYHKIUSICHHUHT TapKanuiu: Ban
[MutTepr-L{epHuke Teopemacu.

11.HypnaHull CHEKTPH Ba KOTEPEHTIUK JapakacH.




TaBcusi sTUIaIUTraH agaduéTIap

1. 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. [I[puHIUIBI 1 IPUMEHEHHE.
[lep c aurn. Jonronpynusiid, U3gatensckuil nom «HTENEKTY, 2012.

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

HNuTepHer 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 naBoMuia Yzoekucton PecryGnukacu ®anmap AkageMusicy
Hon mna3ma Ba Ja3epiud TEXHOJOTHSIAP WHCTUTYTMHHHT OUp KaTOp €TaK4yu
TaIKUKOT jabopaTopusiiapu OWJIaH TaHUIIMIN Hazapia TyTwirad. JKymiagaH
Jlazepnu TexHonorusuiap Jjaboparopusicuia (PEMTOCEKYH]Zl Juarna3zoHujaru
Ja3ep MMITYJIbCIAPUHU TE€HEepalMsulall Ba yiap €pAaamMula HAHOCTPYKTYypaau
MYXHUTJIAp ONTUK XYCYCUSITIIAPUHM YPraHWIll, HAHO CTPYKTYypaau Mojjanap Iry
KymiiagaH (OTOHMK KPUCTAJUIAPHU YpraHUIA ajoxXuja pojib YHHaWTUTaIH
AJIEKTPOH MHUKCPOCKON HIIANl MPUHIMOW Ba TY3WIUIIMHUA YpraHuil Ky3aa
TYTUJITaH.

Nmpan makcan: HWmnynbe y3uHIMKIapu (PEMTOCEKYHIT AuamazoHuia
ETyBYM JIa3epTEXHUKACU OUJIaH TAHUIIUIN Ba (PEMTOCEKYHI UMITYJIbCIIAPUHU OJIUIII
YKapaéHUHUHT TYPJIM JKMXATJapy OujIaH TaHUIIUII Ba (PEMTOCEKYH y3YHIUKIAru
UMITYJIbCIIAPHU KYJIJIAaHUII coXaJlapy OWJIaH TaHWHILIUIIL.

MacajnaHMHr KyWMJIMIIK: TUHIIOBYWIAD YIBTPAKMCKA HMITYJIbCIAPHU
TeHepanusUIall Kapa¢Hu1a UINTUPOK dTaauiuiap Ba Oy kapa€Haa KyJlaHAIUTaH
KypwiMaiap OWIaH TaHWIIAIuIap. DJIEKTPOH MHKPOCKON WII jKapaéHu OuiaH
TaHMILIAIAIIAP.



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

Hasopar caBoJsiapu

Pe30HaTOpHUHT aCMJUIATY Ba YHU MOJYJISIHUSIIALI yCYJIUIapH.
Jlazep akTUB MyXUTHUTra KYWHJIaUraH Tajadiap.
TyuHYyBYaH FOTUII MYXUTIIAPH.

QyurypeHIap XaKku/1a TyIInHYa.

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

|. Munn keiic. CnekrpaJj KypujiMajap XyCcyCUsiTJIapu
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 Yia4ald, ypra MuEHA CHEKTpal KypuiMajaa
CHEKTPHU UXTUEPUI aHUKJIMK/A yTdaHca Oynaau.

Harmka: CnekTpall KypWIMAaHUHT CU(DATHHUHI axamMusiTd OynMmail Koinau. Y
X0J1/1a Hera CHeKTpall Kypuiamanap CU(paTHHU OIIUPHILTa XapakaT KUIMHAIU?

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 vu ynmua6b, P2 =P - P1, aHuk Tonmuim MyMKUH.

WNKknHYM 3appa KOOAMHATACUHU AHUK yI4all MyMKUH X2.

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

N3ox1ab OepuHT.

I1l. Munu keiic. IkcepUMEHT HATHKAJIAPH

[uma npusmanu crnekTpaig Kypuiamaga KeHT CHeKTp ymyaHau. CHeKTpHUHT
OuHaa TOMOHHMIA WHTEHCUBIUK TaxMmuHaH 0.4 mxm TYJIKWH Y3yHJIUKra sra
TYJIKUHIApAaH Oouutad TYJIKUH Y3YHJIUTH KamMauimym OWiiaH HWHTEHCUBIIHMK
KaMaiino KeTraH.

OnuHraH HaTHKaHU M30X71a0 OSpUHT.




VI. MYCTAKWJI TABJIUM MAB3YJIAPU

MYCTaKI/IJI HITHA TAIIKHWJI STUITHUHT IIAKJIA Ba Ma3MYHH

TUHIIOBYM MYCTAKWJ HIINHU MYyaistH MOJYJIHH XYCYCUSITIApUHU XucoOra
OJITaH XOJ/1a KyHuaaru maxiapaad ¢poigananud Tai€piaiiy TaBcusl dTUIaIu:

- MeBEpu XyXoKaTiapJaH, VKyB Ba WIMHH anaOuériapaad doiganaHuIn
acocuza MOAyJl MaB3yJapyuHU YpraHHIll,

- TapKaTMa MaTepuasuiap Oyiinua Mabpy3ajiap KUCMUHH Y3JIalITHPHILL

- aBTOMATJIAIITUPWITaH YpraryByd Ba Ha3zopaT KWIyBYM JacTypiap OujaH
UIIall;

- Maxcyc amgabuérnap OViinua Momayn Oyaumiapu €Ku MaB3ylapu ycTHAa
UIIJIaNT;

- TUHTJIOBYUMHHUHT KacOui (aonusatd OunaH OOFIMK OyiaraH Moayn
OynuMIiIapy Ba MaB3yJIapHU YYKyp YpraHuul.

MycTakui TabJIuM MaB3yJapu

1. JludppakuuoH mnaHxkapalid CHEKTpald KypWIMaJIapHU axpara OJUII
KOOMJIUSITH.

2. Ilpusmanu criekTpaji KypuiMajJapHH akpaTa OJUII KOOWIUSATH.

3. OnTuk cucremanapaaru aboepanusiiap.

4. Yuzukiv Ba y3JTyKCU3 CIIEKTpIIap.

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

6. Cnexrpiapuu ¢poTorpaduk ycyaaa Kai1 KAIAIIL.

7. CunextpiapHu (OTOIIEKTPUK YCYIAa KAl KHIIALL.

8. ChekTpiapHU TYIKUH Y3YHJIUTUHU aHUKJIAIIL.

9. Epyrnuknu 3MUIMKHUHT (IyKTyalus CUXMCOOUTa COUMITHILH,

10. EpyrnuxkauHr KOMOMHALMOH COUMJIUIIM BA YHU TaKpH0aa aHMKJIALL.

11. MyxuTnap CTpyKTypacUHHM VpraHuiga EpyFIMKHUHT MOJIEKYJSIp Ba
KOMOWHAIMOH COYMJIMII CIIEKTPIAPUHU YPHHU.

12. DnexTponTuk aedexTopap.

13. bper nednexropu.

14. Ontuk mpoieccopiiap uiuiaml MPUHIUIIY.

15. Tamku TalryBuUM1aru ONTUK XOTUPa

16. HypTonanu onTuk ajioka TApMOKJIAPUHUHT YMYMH KOHCTPYKITHS.

17. Ontuk HypTOJa Typiapy Ba yJIapHU XapaKTEpUCTUKATapH.

18. Ontuk HypTOJaIapaa JUCIEPCHs TypIiapHu.

19. HypTonanaru :0TUIMII 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 TJIOCCAPUI

Tepmun

Tabvpudpu

Definition

KBant
MEXAaHUKACH

OuU3NKaHUHT aJIOXUIa 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

Hykranunr dhazomgaru Ba3usTHHA
TYJIMK aHUKJIOBYH Y3ap0 OOFIMK
OYJIMaraH KoopJuHaTajapyu 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

Mabiym OMp KOHYHUATTa MyBO(QUK
JaBpUI paBUILJIa TAKPOPJIAHUO
TypyBYH KapacHIap

Oscillations are a repeating
process which submits to the
certain law

I'apmonuk
TeOpaHMIII-
Jap

TeOpanaeTran >KUCMHUHT KY4UIIU
CUHYC €KM KOCUHYC KOHYHHTa
MyBO(UK 103 OepaauraH gaBpuit
KapacH

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

TeOpanaerran ¢pu3NKaBHii
KaTTaJIMKHUHT MyBO3aHaT
XOJIaTHJIaH SHT KaTTa OFUILIN

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

Xycycui
4acToTa

Kapmmnuk kywiapu 6yamaranuaa
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 Tabcupuia 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/IH.IJIap
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 TapKaJIHIIUIA F03ara KeJaural propagation of oscillations in a
00BEKT space
. The length of a wave - a
o TebGpanunuiap naBpura TeHr OyJraH . S
Tyakun . . distance which is propagated a
BAKT OpaJIutu MO6aI/IHHI[a TYJIKHUH . . .
Y3YHJIHUTH wave in a time which equal to
TapKajaauran Macoda : N
one period of oscillations
o Wavenumber - a physical
. 27 COHMHUHT TYJIKUH y3yHJIUTHTa . .
Tyakunaap . g magnitude which amount to
HUcOaTUTa TeHT OyiraH (pu3snkaBuil A
COHH the ratio of constant 2z to
KaTTaJIuK
length of a wave
KorepenTt dazamap papku y3rapmacaaH Coherent waves - waves with a
TYJIKHHJIAP CaKJIaHA/INTaH TYJIKUHIIAP constant difference of phases
o . Interference - redistribution of
KorepeHT TynKuHIap Ky IIUIUIIN _— )
HNurtepdepen | Tydailnm ro3ara KearaH HaTUKaBHMA energy of oscillations in a space
I:m P T§IKHHHUHT SHEprusicH (azoja in consequence of addition of
" FAREE P A coherent waves
KanTa TaXCUMJIaHUIIIN
Epyrauk- The law confirmatory about
o OnTukK )xuxaTAaaH OUp >KUHCIIN L :
HUHT TYFpH . . rectilinear propagation of a
ol Oynran MyxuTaa epyFiIuK HypU : : :
YH3HUK OYii- . o light beam in optically
TYFpU YU3UK OYi1ald TapKaaTuIInHHA .
Jad Tapka- homogeneous medium.

JINII KOHYHH

UCOOTIIOBYM WJIMUN XYJIOCa.

WKk MyxuT yerapacuaa €pyrink

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

Tymum HYpH TYIIMII HyKTacH1a 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
WKKku MyXUT yerapacuja epyFiIuKk on boundary of two mediums
Kaiitnm HYPUHUHT TYIIUII HyKTacuaa forming in a falling point by
oypuaru CHpTra TYIIMPHUITaH HOpMaJl Ba normal to boundary and by the
KalTran Hyp opacuaara oOypuak reflected beam
Wxku myxut yerapacuaa epyrauk | Angle of refraction - an angle
CyHuUII HYPHHUHT 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 TYIUIAMH

K¥yn muknopaaru 6up xumn Oynrad Ba

A grating is any regularly

spaced collection of essentially

identical, parallel, elongated
elements.

Epyraux

AUCIIEPCUACH

Monna cuHaUpPHII KYPCAaTKUIUHUHT
CPYFIIUK TYJIKWUHH Y3YHIUTHTA
OOFMKIUTH Tyhanan Coaup
OynaguraH xoauca

Dispersion -the dependence of
wave velocity on frequency or
wavelength

CpPYFIMK

Kyro0manran

TeOpanunuiap WyHaAIUIINA MabIyM
Oup Koujara Kypa TapTuOIaHTaH
CPYFIUK HYpH.

polarized ligh - radiation in
which oscillation are ordered
somehow

Kyroaaruu

Tabuwnii (KyTO1aHMarad) HypHH
sccH KyTOJIaHTaH Hypra aujaHTupuo
O6epyBuM pudOp

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

KBant

Mopna TOMOHHMIaH HypJlaHACTTaH
CKH IOTUJIACTraH SHEPTUSHUHT
YEKJIM TOPIUACH.

Quantum -the minimal portion
radiation absorbed or radiated
by substance

Tamku

dororpdexr

EpyFnuk HypH Tabcupraa MoIaiaH
AIEKTPOHJIAPHUHT Y3UINO YMKUIIIN
XOIUcacu

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-bpoinb
TYJKUHHU

MarepussHUHT yHUBEpPCal 3appa-
TYJKUAH TyaTu3MUHUHT HAMOCH
OynuIM: Xap KaHaai dHeprus Ba
MMITYJIbCTa 3Ta 3appara TYJIKUH
y3ywimurua h/ p Ba wactoracu v=E
/h ra tenr ne-bpoinb TYnKUHU 16
aTaJlyBYM TYJIKUH MOC Kenaau. by
epaa h —Ilnank noumuiicu. [le-
bpoine TyJIKUHIAPU IXTUMOJITAK
TYJIKUHIIApHU €0 U30X1aHaIH;
YJIAPHUHT MaBXyJIMry Xakuaa 1924
nunnaa JI. ne bpoines dukp
ounaupras. by ¢pukp 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 OPKaJIu TACAUKJIIAHI'dH.

v=E /h

Xouar Bektopu. KBanT
MEXaHUKACHJIa CHCTeMa XOJaTHHU
1 01aJIOBUN Ba IXTUMOJUTHKHU Ba

yHU TaBCU(I0BYN (HU3UKABUN

A wave function in quantum

mechanics is a description of

the quantum state of a system.
The wave function is

Tyakun KaTTAIMKIAp YpTada KniiMaTiiapuau | a complex-valued probability
byHKIHACH TOIHMIITAa UMKOH OepyBun acocuii | amplitude, and the probabilities
(mcu— KaTTatuK. TYIKUH QyHKIHICH for the possible results of

(yHKIHSA) MOJTYJIMHUHT KBaJpaTy Oepuiran measurements made on the
X0JIaT 3XTUMOJUIATHTa TSHT, IryHUHT | System can be derived from it.
YUYYH TYJIKUH QYHKIUASICUHU The most common symbols for
SXTUMOJIIMK aMIUIATynacu ae0 xam | a wave function are the Greek
aTamniam. letters
Heisenberg's uncertainty
principle, is any of a variety of
mathematical
Mukpo3zappanu Oup BaKTHHHT y3u/a inequalities a_sse_rtlng a
IeiizeH0epru fundamental limit to the
MabJIyM Oup KoopAuHaTa (X,y,Z) Ba - : : .
WHT YHT'a MOC HMITYITHCHH (Dx Py Pa precision W_lth which certain
HOAHMKJINK pairs of physical properties of a
HcCTaJlraH aHUKJINKJa ynqa6 .
NPUHITAITH 6 . particle, known
YIManuau. .
as complementary variables,
such
as position x and momentum p,
can be known simultaneously.
The oorbital quantum
bepuiran 6orr kBaHT conu N yayn | number describes the subshell,
Opo6uran 1=0,1,...( n-1) kuitmaTiiapau kabya | and gives the magnitude of the

KBAHT COHH |

KWJIYBYHU Ba aToOMAaru UMITyJibC
MOMCHTHHH aHUKJIOBUYN 6YTYH COH

orbital angular momentum. The
value of ¢ ranges from 0
ton-—1,

The magnetic quantum
number describes the

Be%“graHll ngﬁgﬁfﬁ =;1I6’ IJ'Il’ specific orbital within that
Maruur o Zeeee DR PHI aby subshell, and yields
KHIJIYBYH Ba OJICKTPOHHUHI MabJIyM . . .
KBaHT COHM oo the projection of the orbi-
HWyHaJIuira MMITyJIbC MOMCHTHU
mj POEKIHSCHHT AHHKTOBHH 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 Xapakaty ounaH OOFIUK OyIMaran of the electron within that

XyCyCHUH XapakaT MUKJIOPHU
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 OVIIHIIT
mymkuH (1/2, 3/2,...).

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

aynau
NPUHIHITH

TabuatauHT QyHIAMEHTAT
KOHYHH. Y Hra Kypa KBaHT
cucrteMacuja MKKuTa (€K1 yH/1aH
Ky1) sspuM OyTYH CIIUHTa 3Ta OynraH
aliHaH OWp XWJI 3appajiap Oup Xui
X0JIaTAa Xounama oaManauap.

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.



https://en.wikipedia.org/wiki/Spin_quantum_number
https://en.wikipedia.org/wiki/Spin_quantum_number
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Identical_particles
https://en.wikipedia.org/wiki/Fermion
https://en.wikipedia.org/wiki/Spin_(physics)
https://en.wikipedia.org/wiki/Quantum_state
https://en.wikipedia.org/wiki/Quantum_state

VIII. ATABUETJIAP PYUXATH

1. 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. [Ilpunuune u npumenenue. [lep
c auri. Jonronpynnsiii, U3gatensckuit jom «UaTEenex», 2012.

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

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

6. Hammna AWM. @®oToHMka ©  ONTOdJEKTpOHUKA. BBengenue B
CIIEUAJIBHOCTb. [Tepms, N3z narenscTBO [Tepmckoro HannonanbeHOTO
yHuBepcureTa, 2012.

7. A.Jl. Iomaraiino, A.C.Pozenoepr, .E. Ynsaua. HanoyacTuisl MeTanos
B nosimmepax, M., Xumus, 2000 r.

HNuTepHet pecypceiiap
. http://www.photonics.com
. www.optics.arizona.edu » Research » Specialties
. www.manchester.ac.uk.
. www.photonics.com/
. www.photonics21.org/
. www.phys.soton.ac.uk/module/PHYS1004
. photonics.cusat.edu/
. Www.britannica.com/science/nanoparticle

0O NO OB WDN -



http://www.manchester.ac.uk/
http://www.photonics.com/
http://www.photonics21.org/
http://www.phys.soton.ac.uk/module/PHYS1004
http://www.britannica.com/science/nanoparticle

