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BCTYII

[Iporpama HaBuanbHOI aWcHUILUTIHK «TexHika Jia3zepiB» CKJIaJ€HA BIAMOBITHO 10

OCBITHBOI IPOTpaMU MiATOTOBKH «Marictp» 3i crerianbHocTi «104 — ¢i3uka Ta acTpoHOMIsN»,
OCBITHBO-HayKoOBa rporpama «®izukay.

1. Onuc HABYAJIBLHOI TUCHHUILTIHA

1.1. Mera BuKJIaJaHHS HaBYAIGHOI JUCHUIUIIHM — OBOJIOJITH OCHOBOIIOJIOXHHUMH YSBICHHSIMH
npo npuHIUNM OynoBH 1 (YHKIIOHYBAaHHS Ja3epiB pi3HUX THUIIIB, MPO TEOPETUYHI 3acaau
PO3pOOKH JKepesT BUMYIICHOTO BUIIPOMiHIOBAHHS.

1.2. OcHOBHI 3aBIaHHsI BUBYCHHS AUCITUIUIIHM — BUBYUTH MaTepiall 010 MPUHIIUIIB OYI0BH 1
(GyHKIIOHYBaHHS Jla3epiB, y paMmkax po0Oouoi mporpamMu JTaHOTO KypCy Ta JOJaTKOBOTO
marepiaiy, SKuii peKOMEHIOBAHO BUBUUTH CaMOCTIIHO.

KommereHTHOCTI, 1110 320€3MeUy0ThCS AUCHHUILITIHOO:

3maTHiCT,  PO3B’SI3yBaTH CKJIQJHI 3adadi 1 mpoOJeMH  JOCTIIHUILKOTO Ta/abo
IHHOBAIIIHHOTO XapakTepy y ¢isuii ta actporomii (IK 1).

3HaHHA Ta PO3YMIHHA MpeAMETHOI o00JacTi Ta Po3yMiHHS MpodeciiiHOl iAIbHOCTI
(3K 1).

31aTHICTh 3aCTOCOBYBATH 3HAHHS y MpakTHYHUX cuTyanisx (3K 2).

31aTHICTh BUKOPUCTOBYBATH iH(OpMalliiiHi Ta KoMyHikamiiHi TexHosorii (3K 4).

BMiHHsI BUSBIIATH, CTaBUTH Ta BupinryBatu npoodiemu (3K 5).

31aTHICTh BUYMTHUCS 1 OBOJIOiBaTH cydacHuMu 3HaHHsMu (3K 6).

3naTHicTh MpaloBaTH B MixkHapoaHoMy KoHTekcTi (3K 8).

3natHicTh 0 MouIyKy, o0poOieHHs Ta aHami3y iHpopMarlii 3 pisHux mxepen (3K 9).
3MaTHICTh JOTPUMYBATHUCS MIPUHIIMIIIB akaeMiuyHoi toopouecHocti (3K 11).

3/1aTHICTh BUKOPHUCTOBYBATH 3aKOHM Ta NPUHLUMINU (QI3UKU Ta/abo acTpoHOMIi Y
HO€AHAHHI 13 TOTPIOHMMH MaTEeMaTUYHUMH 1HCTPYMEHTAMHU JUIsl OIMCY NPUPOJHUX SBUIIL
(DPK 1).

3naTHICTh (QOPMYJIIOBATH, aHAII3yBaTH Ta CHUHTE3YBaTH PIIIEHHS HAyKOBHUX NpoOOJEM B
obuacti ¢izuku Ta/abo acrporomii (PK 2).

31aTHICTh TMPE3eHTYBAaTH pEe3yJbTaTH MPOBEACHUX JAOCIIDKEHb, a TaKOX Cy4acHi
KOHIeNii y ¢i3uili ta/abo acrporomii daxiBisam i Hedaxisism (PK 3).

3/1aTHICTh KOMYHIKYBaTH 13 KOJIETaMH YCHO 1 IMHCBMOBO JIEpP’KaBHOIO Ta aHIJIIHCHKOIO
MOBaMH I110JI0 HAYKOBUX JIOCATHEHb Ta pe3yJIbTaTiB JOCIIIKEeHb B 001acTi (i3uku Ta/abo
actpoHomii (DK 4).

31aTHICTh CHpUMMATH HOBO3J00YyTI 3HaHHS B o00jacTi (I3MKM Ta acTpoHOMIi Ta
IHTETPYBaTH iX 13 y)K€ HasIBHUMH, a TAaKOK CaMOCTIHO ONMAaHOBYBATH 3HAHHS 1 HABUYKH,
HEOOXI/HI JUIst pO3B’A3aHHS CKJIaJHUX 3ajay 1 MpoOsieM y HOBUX i ce0e JAeTani30BaHuX
npeAMEeTHUX  oOmactsx  (isuku  Ta/abo  acTpoHOMii W JOTHYHMX JO HHX
MbKIUCHHILTIHApHUX obnactsx (PK 5).

31aTHICTh BCTAaHOBJIOBAaTH 3B’S30K MDK EKCHEPUMEHTAJIbHUMHU 1 TEOPETUYHUMHU
pe3yibpTaTamMu, 31HCHIOBATH (PEHOMEHOJIOTIYHAN Ta TEOPETUIHUHN OMUC JOCTIHKYBaHUX
SBUII, OO0 €KTIB 1 MpOIECIB, IOB’SI3yBaTH pe3yJbTaTH JOCHIUKEHb 13 CY4aCHUMH
(bi3UYHIMHU Ta aCTPOHOMIYHUMH Teopisimu 1 ysiBeHHIMEU (DK 8).

3naTtHICT (OPMYIIOBAaTH HOBI TIMOTE3W Ta HAyKOBI 3a7adi B obmacti (i3ukd Ta
acTpOHOMIi, BUOMpATH BIAMOBIAHI METOIM JUIA IX pO3B’si3aHHs, OepydH 10 yBaru HasBHI
pecypcu (PK 9).
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e 31aTHICTH NMPOBOAWUTH aHANI3 HAYKOBUX PE3yJIbTATiB, OTPUMAHUX B 00nacTi (i3UKH Ta
actponomii (PK 13).

e 3parHicTh e()EeKTUBHO BUKOPUCTOBYBATH JIIOJCHKI Ta MarepiajibHI pecypcu s
BUpilICHHS (yHIAMCHTAIBHUX Ta MPUKJIaIHUX HaAyKOBHX 3aBaaHb (DK 14).

1.3. KinbkicTh KpeauTiB — 5.

1.4. 3aranpHa xinpKicTh rogus — 150,

1.5. XapakTepucTHKa HaBYaJIbHO1 AUCITUTUTIHI

Heopmarusaa / 32 BUOOpOM
Jenna ¢popma HaBuaHHS ‘ 3aouna (aucraHuiiHa) popma HaBUYAHHS
Pix miaroroBxu
1-ii |
Cemectp
2-it \
Jlexuii
24 rop. \
[TpakTHuHi, CeMiHApCHKi 3aHATTS
24 rop. \

JlaboparopHi 3aHATTS

HC nepezl6atleHo HaB4YaJIbHUM IIJIAaHOM ‘

Camocriiina pobora

102 ron. ‘

B TOMY YHMCJIl 1HIMBIIyaJbH1 3aBJIaHHS

HC nepeﬂ6aquo HaB4YaJIbHUM IIJITAaHOM ‘

1.6. 3arutaHoBaHi pe3ybTaTH HaBYaHHS
VY pe3ynbTaTi BUBUEHHS JAHOTO KYPCY CTY/ICHT IIOBUHEH

3HAaTH: OCHOBHI NPHMHLMIK OyJ0BM ONTHYHMX KBaHTOBHMX renepartopiB (OKI); romosui
BiJIOMi eKCrIeprMEeHTaJIbHI PE3yIbTaTH, KOHKPETHI TpUKIaau TexHiunoi peanizamii OKI pisHux
THITIB.

BMITH: 3aCTOCOBYBAaTU 3,[[06YTi S3HAHHA JI1 OACPIKAaHHA, aHani3y Ta TIOACHCHHS
CKCIICPUMCHTAJIIbHUX JAaHHUX, AJI9 KOPECKTHOT'O BI/I60py JOKEPETT KOTEPEHTHOT'O BI/IHpOMiHI-OBaHHSI B
CKCIICPUMCHTAJIbHUX I[OCJ'IiI[)KCHH}IX.

[TporpamHi pe3yibTaTH HaBYaHHS, 1110 3a0€3MeUyI0ThCS TUCIUILTIHOIO:

e BukopucroByBaTH KOHILENTyaJbHI Ta CIELlaNi30BaHi 3HAHHS 1 PO3YMIHHS aKTyaJlbHHX
npobsieM 1 JOCATHEHb OOpaHUX HAMpsMIB Cy4acHOi TEOPETUYHOI 1 eKCIepUMEHTATbHOT
¢izuku Ta/abo acTpoHOMIi JUIs PO3B’A3aHHS CKJIAJHUX 3a7ad 1 NPAKTHYHUX Hpodiem
(ITPH 1).

e [IpoBoauTH ekcriepuMEHTalbHI Ta/ab0 TEOPETHUH1 AOCTIKEHHS 3 (I3UKH Ta aCTPOHOMII,
aHaJli3yBaTH OTPUMAaHI pe3yJbTaTH B KOHTEKCTI ICHYIOUUX TE€Opiif, pOOUTH apryMeHTOBaHI
BHCHOBKHM (BKJIFOYAIOYM OIIHIOBaHHS CTYNEHS HEBU3HAYEHOCTI) Ta MPOIO3HMIII 010
nofanbimx gociimkers ([TPH 2).



5

OOupaty 1 BUKOPUCTOBYBATH BIIMOBIIHI METOIU OOpOOKM Ta aHamizy AaHUX (Pi3UUHUX
Ta/ab0 acCTPOHOMIYHUX JOCIIKEHD 1 OLliHIOBaHHS X joctoBipHOCTI ([TPH 4).
3niiicHioBaTH (PEHOMEHOJIOTIYHUH Ta TEOPETUYHHNA OMMC JOCHIKYBaHUX (Pi3MUHUX Ta/abo
acTPOHOMIYHHX sBHII, 00 ekTiB 1 mpouecis (ITPH 5).

OO6upatu eheKTHBHI MaTeMaTUYHI METOJIM Ta iH(OpMaIliiiHI TEXHOJIOTII Ta 3aCTOCOBYBaTH
iX anms 3miliCHEHHS JOCHTIKEeHb Ta/abo iHHOBAIii B obnacti ¢i3ukum Ta/abo acTpoHOMIl
(ITPH 6).

OuiHOBaTH HOBHW3HY Ta JOCTOBIPHICTh HAYKOBUX PE3YyJIbTATIiB 3 OOpPaHOr0 HampsIMy
¢izuku Ta/abo actpoHOMil, onmpuiaroAHeHHX Yy (opmi myOumikamii YM yCHOI JOMOBIiII
(ITPH 7).

AHaJTi3yBaTH Ta y3arajibHIOBaTH HAayKOB1 pe3yJIbTaTH 3 00OpaHOro Hampsmy ¢Gi3uKu Ta/abo
aCTPOHOMIi, BiICTIIKOBYBaTH HAaWHOBIIII JOCSATHEHHS B LIbOMY HAIpsMi, B3aEMOKOPHCHO
crinkyrouncs i3 koseramu (ITPH 9).

BinmykoByBatu iHopMariito 1 naHi, HEOOXiTHI s pO3B’S3aHHA CKJIAJHUX 33134 (Pi3UKH
Ta/ab0 acTpOHOMIi, BUKOPUCTOBYIOUM Pi3HI DKepela, 30KpeMa, HayKOBI BHJIAHH, HAYKOBI
0a3u JaHuX TOIIO, OLIIHIOBATH Ta KPUTHYHO aHANI3yBaTH OTpHUMaHI iH(OpMAIIO Ta JaHi
(TITPH 10).

3acTocoByBaTH Teopii, MPUHIUIK 1 MeTOoau (i3uKH Ta/abo acTpoHOMIi IJIsi PO3B’SI3aHHA
CKJIQJIHUX MDKIUCUUILTIHAPHUX HAYKOBHX 1 ipukiaanux 3anaad ([TPH 11).

2. TeMaTnyHMil IJIAH HABYAJIBHOI JUCHHUILIIHA

Poszoin 1. Texuixa nazepis

Tema I. TsepporinbHi nazepu. PyOiHoBuii nazep. Heomumosuii nazep. [Hmi kpucranmigsi
matpuili. Jlazep Ha oJleKCaHAPUTI.

Tema 2. Ta3oBi nazepu. Jlazepu Ha HeWTpanbHUX aTroMax. [ emnili-HeoHOBI Ja3zepu. Jlazepu Ha
napax Miji Ta 30J10Ta

Tema 3.  lonHni nazepu. AproHoBuii nazep. I emiii-kagMieBuil nasep.

Tema 4. MonekynsapHi ra3oBi ja3epu. Jlazep Ha Byriiekuciomy rasi. Jlazepu 3 moJoBKeHUM
MpoKavyBaHHSIM Ta3y. BinamasHi nazepu. XBuieBo 1 a3epu. Jlazepu 3 nmomnepeyHum
npokauyBaHHsIM. TEA-nazepu. ['azoaunamiuni nazepu. CO-nasep.

Tema 5.  AsotHuii nazep. EkcuMepHi ja3epu Ha MoJIeKyJlax TajJoreHiiB IHEpTHUX ra3iB.

Tema 6. Pinki nazepu — naszepu Ha po3unHax OapBHUKIB. DOTO(DI3MYHI BIACTHBOCTI
opraniuHux OapBHUKIB. [Tapamerpu nazepiB Ha OapBHUKAX.

Tema 7.  XimiuHi na3epu. Jlazepu Ha monekynax HF 1 DF.

Tema 8. HamiBnpoBigaukoBi Jna3epu. DoTodi3WdyHi BIACTHBOCTI  HAMIBIPOBITHUKOBHX
na3epiB. EHepreTHyHi cTaHu y HaIiBIIPOBITHUKAX.

Tema 9. HakauyBaHHS HaIiBIPOBIIHUKOBUX JIa3epiB. [HXKEKIIMHWN miOAHWH Jazep Ha
romornepexoi. Jlazep Ha moABIHHOMY reTeponepexo/i.

Tema 10. XapaKTepuCTUKH HAIMIBIPOBITHUKOBUX Ja3epiB. HamiBmpoBiTHUKOBI azepu 3
PO3MOAIIEHUM 3BOPOTHUM 3B’SI3KOM. 3aCTOCYBAaHHS HaIliBIIPOBITHUKOBHX JIa3€PiB.

Tema 11. Jlazep Ha ueHntpax 3a0apBienHs. Knacudikaris nenrpis 3adapsienss. Konctpykiis 1
XapaKTepUCTHUKH JIa3epiB Ha LIEHTpax 3a0apBICHHS.

Tema 12. Jlazepu pEeHTTeHIBCHKOTO [iama3oHy CHeKTpy. Tpyasomii ix peamizamii. [lpuknamn
po3poOok Takux nazepiB. Crerudika peanizaiii BAMYIIEHOTO BUIIPOMiHIOBAHHS.

Tema 13. YMOBH OTpUMaHHS TeHepallii y BHIUMOMY Jdiana3oHi crektpy. Jlazepn Ha BiTbHHX

esnlekTpoHax. Hemomiku 1 mepeBaru ja3epiB Ha BUIBHUX €IEKTPOHAX.



3. CTpyKTypa HaBYAJIbLHOI THCHHILTIHH

HasBu po3ziniB i Tem KinpkicTs rogun
neHHa hopma 3a04yHa hopma
yCBhOTO y TOMY YHCIi yCbOI'O y TOMY YHCIi
a1 | m | mab. | iHa. | c.p. A | n | nab. | iHa. | c.p.
1 2 3145 6 7 8 9/10] 11 | 12 | 13
Po3ain 1. Texnika nazepis
Tema 1 11| 2| 2 7
Tema 2 11| 2] 2 7
Tema 3 121 2] 2 8
Tema 4 121 2] 2 8
Tema 5 121 2] 2 8
Tema 6 121 2] 2 8
Tema 7/ 11 1] 2 8
Tema 8 11| 1| 2 8
Tema 9 121 2] 2 8
Tema 10 12| 2| 2 8
Tema 11 121 2] 2 8
Tema 12 12| 2| 2 8
Tema 13 10| 2 8
Pazom 3a po3aisiom 1 150 | 24 | 24 102
Yevozo 2ooun 150 | 24 | 24 102
4. Temu ceMiHApPCbKHUX 3aHATH
Ne Temu Kinbk.
3/m TOJIUH
1 | IlpuHuunu poOOTH Ta MPUKIIAAU TBEPAOTUIHHUX JIa3€piB 2
2 | IlpuHimnu poOOTH Ta MPHUKJIAJAHA ra30BUX JIa3epiB 2
3 | IlpuHimnu poOOTH Ta MPHUKJIAIN I0HHHX JIa3ePiB 2
4 | Ilpunnunu poObOTH Ta NPHUKIAIN MOJIEKYJIIPHUX ra30BHX JIa3epiB 2
5 | [Ipunumnu poGoTH Ta NPUKIAAN EKCUMEPHUX JIa3epiB 2
6 | IlpuHimnu poOOTH Ta MPUKJIAAM PIIKHX JIa3epiB 2
7 | llpuaumnu poGOTH Ta MPUKIAAHN XIMIYHHX JIa3epiB 2
8 | IlpuHimnu poOOTH Ta NPHUKJIAIM HAIBOIPOBILAHUKOBHUX Ja3epiB 2
9 | Pesonaropu ®abpi-Ilepo B mazepax 2
10 | CrabinmpHicTh KONMBaHb B pe3oHaropi ®@aodpi [lepo 2
11 | JIazepu Ha po3urHax OapBHUKIB 2
12 | JIazepu peHTTEHIBCHKOTO Jiama3oHy CIEKTPY 2
Pazom 24
5. 3aBnaHHd AJs caMoCTiliHOI po6oTn
Ne Buau, 3mict camocTiiHOT poO0TH KinpkicTh
3/ FOINH
1 | O3HallOMUTHUCH 13 OCOOIMBOCTSIMHU TEOPIi, KOHCTPYKITIT Ta 7
(YHKIIOHYBaHHS TBEpAOTUIbHUX JIa3epiB
2 | O3HAOMUTHCH 13 OCOOJIUBOCTSIMH TEOPii, KOHCTPYKIIi Ta 7
(GYHKIIOHYBaHHS Ta30BHX JIa3epiB
3 | O3HalOMHUTHUCH 13 OCOOIMBOCTSIMHU TEOPii, KOHCTPYKIIIi Ta 8




(GYHKIIOHYBaHHS 10HHUX JIa3epiB

4 | O3HAOMHTHCH 13 OCOOIUBOCTSIMHU TEOPii, KOHCTPYKIIIT Ta 8
(GYHKIIOHYBaHHS] MOJICKYJISIPHUX Ta30BUX JIa3epiB

5 | O3HallOMHUTHUCH 13 OCOOIMBOCTIIMHU TEOPii, KOHCTPYKITIi Ta 8
(GYHKIIOHYBaHHS] eKCHMEPHHUX JIa3epiB

6 | O3HallOMUTHCH 13 OCOOIMBOCTSIMHU TEOPii, KOHCTPYKITIi Ta 8
(GYHKIIOHYBaHHS PIIKUX JIa3epiB

7 | O3HalOMHUTHUCH 13 OCOOIMBOCTIIMU TEOPii, KOHCTPYKIIIi Ta 8
(GYyHKIIOHYBaHHS XIMIYHHUX JIa3epiB

8 | O3HallOMHUTHUCH 13 OCOOIMBOCTSIMHU HAIIBIPOBITHUKOBHUX JIA3€PiB: 24

TEOpi€r0, HaKauyBaHHAM, KOHCTPYKIII€I0; HAIiBIIPOBITHUKOBI Ja3epu
31 3BOPOTHHUM 3B’SI3KOM

9 | O3HallOMHUTHUCH 13 OCOOIMBOCTIIMHU TEOPii, KOHCTPYKITIi Ta 8
(GYyHKIIOHYBaHHS Jla3epiB Ha IIEHTPax 3a0apBiICHHS

10 | O3HaitoMHUTHUCH 13 OCOOIMBOCTAMU TEOPii, KOHCTPYKIIT Ta 16
(GYHKIIOHYBaHHS JIa3€piB PEHTI€HIBCHKOT'O /1ialla30HY CIIEKTPY
Pazom 102

6. InauBinyanbHi 3aBIaHHS
[nnuBiyanbHI 3aBAaHHSA HABYAJIBHUM IUIAHOM HE nepea0adeHi.
7. MeToan HABYAHHSA
1. ITpoBeneHHS JICKIIIHHUX 3aHATh
2. IIpoBenieHHS CeMiHAPCHKUX 3aHATh
3. CamocrTiitHa poO0Ta CTy/I€HTIB 3 BUBYEHHS JOJJATKOBUX MaTepialliB 3 Kypcy
8. MeToau KOHTPO.IIO
1. [ToToyHMiT KOHTPOJIH MPU MPOBEACHHI CEMIHAPCHKUX 3aHATh
2. JIBi KOHTPOJIBHI pOOOTH HA MPOTS3i CEMECTPY

3. Exzamen

9. Cxema HapaxyBaHH# 0aJiiB

[ToTo4YHMIT KOHTPOJIB, CAMOCTIiiHA po0O0Ta, IHAMBIAYaTbHI 3aBJAHHS
ITotounuii
KonTponbnaa KonTponbaa Ex3amen | Cyma
KOHTpPOJIb Pazom
pobora 1 pobora 2
Ha 3aHATTIX
20 20 20 60 40 100

JIoCSTHEHHsI CTYJEHTIB 3 HaBUAJIbHOI AMCHUUIUIIHU «TexHika ja3epiB» OI[IHIOIOTHCS B
Oayax, 3arajgpbHa cyma skux cTaHoBuTh 100. BoHa ckmamaerscs 3 60 OaiiB, sIKi CTYyJIEHT MOXE
OTpUMAaTH MpoTsAroM cemectpy, Ta 40 OaniB, sfKi MOXX€ OTPUMATH IPH MPOXOIKEHHI
MiJICYMKOBOT'O KOHTPOITIO Y BUTJISIII €K3aMEHY.
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60 OamiB mpotsirom cemectpy — me 20 OamiB, 1m0 HApPaxoOBYIOTHCS TPH IPOBEIACHHI
CeMiHapChKUX 3aHsATh, Ta 40 32 KOHTpOoIBbHI pobdoTH (1o 20 32 KOXKHY).

20 GaymiB mpH MPOBEIACHHI CEMIHAPCHKUX 3aHATh HAPaXOBYIOTHCS 3a BIJIMOBiJI Ha yCHI
3aMTaHHSA, TOCTaBJIeHI BUKIanadyeM. ONUTYBaHHS TPOBOMATHCS TOYHHAKOYUA 3 TPETHOTO
CEMIHAPCHKOTO 3aHSTTS, MUTAHHS CTOCYIOTHCS Marepiaily, BUKJIAJICHOTO Ha MOMEPEIHIX JICKITisX
B pamkax gaHoro kypcy. Ilepembavaerbes mo 1 Gaily MOTOYHOTO KOHTPOJIO 32 KOKHY TOJTUHY
CEMIHAPCHKOT0 3aHATTSI, OKPIM NEPIIMX YOTUPHOX TOHH.

Ex3ameH mNpoBOOUTHCS y THCHbMOBOMY BUTJISAI [UISIXOM HAIMMCAHHS CTYISCHTAMH
BIIMOBIIC Ha 3alWTaHHS €K3aMeHaIliiHOro OigeTy. MakcMMajabHOKO  OIIHKOK 33
eK3aMeHaliifny poooty € 40 6ais.

IIxajna onmiHIOBaHHSA

. . . Ominka
CymMa 6aiiB 3a BC1 BUAM HABYAIBHOT
TiSUTBHOCTI IPOTSTOM CEMECTPY A1 HOTUPUPIBHEBOL | JUIA IBOPIBHEBOL
IIKQJIM OLIHIOBAaHHS | IIKAJIM OLIHIOBaHHS

90-100 BiJIMIHHO

70-89 nobpe 3apaxoBaHO
50-69 3a10BLJIBHO

1-49 HE3a10BLIBHO HE 3apaxoBaHO

10. PexomenoBaHa Jiireparypa
OcHoBHa JtiTepaTypa

1. Frohlich H. Theory of Dielectrics. Dielectric Constant and Dielectric Loss, 2nd ed.,
Oxford: Clarendon Press. 1958. — 192 p.

2. Bertolotti, Mario, The History of the Laser. Institute of Physics, (2004). ISBN 0-7503-
0911-3.

3. Bromberg, Joan Lisa. The Laser in America, 1950-1970. MIT Press, (1991). ISBN 978-
0-262-02318-4.

4. Csele, Mark. Fundamentals of Light Sources and Lasers. Wiley, (2004). ISBN 0-471-
47660-9.

5. Koechner, Walter. Solid-State Laser Engineering. 3rd ed. Springer-Verlag,
(1992). ISBN 0-387-53756-2.

6. Siegman, Anthony E. Lasers, (1986). University Science Books. ISBN 0-935702-11-3.

7. Silfvast, William T. Laser Fundamentals, (1996). Cambridge University Press. ISBN 0-
521-55617-1.

8. Svelto, Orazio. Principles of Lasers. 4th ed., (1998) Springer. ISBN 0-306-45748-2.

9. Taylor, Nick. LASER: The inventor, the Nobel laureate, and the thirty-year patent war,
(2000). New York: Simon & Schuster. ISBN 978-0-684-83515-0.

10. Wilson, J. & Hawkes, J.F.B. Lasers: Principles and Applications. Prentice Hall
International Series in Optoelectronics, (1987), Prentice Hall. ISBN 0-13-523697-5.

11. Yariv, Amnon. Quantum Electronics. 3rd ed. , (1989),Wiley. ISBN 0-471-60997-8.

12.B. E. A. Saleh and M. C. Teich ,Fundamental of Photonics, Wiley Series in Pure and
Applied Optics, (1997), John Wiley & sons, inc. Second edition, Chapters 3,12-15,11

13. Saleh BEA, Teich MC. Fundamentals of Photonics. (1991), New York, NY: John Wiley.

14. Endo M, Walter RF. Gas Lasers., (2007), Boca Raton, FL. CRC Press.

15. Verdeyen JT. Laser Electronics, (1989), Englewood Cliffs, NJ. Prentice Press.
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