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BUBYEHHS CHENIAJIBHUX TUCITATLITH
B IH)KEHEPHI T'EOAE3II
3 IOCTYHOBOIO IHTET PAIIIEIO THO3EMHOI MOBHI

Moguan C.1., Jlememenko-JIaroaa B.B.
TaBpiiicbKni Iep>KaBHUIA arpOTEXHOJIOTIYHUI YHIBEPCUTET

iMeH1 JImutpa MoTopHOTO

Poszenanymo euxopucmanns nosimmnvoi memoourxu CLIL, wo nepeobauac nocmynosy
inmezpayito IHO3eMHOI MOBU Y NpoYec UBUEHHS (DAXOBUX OUCYUNIIH PIOHOIO MOBOIO.

Knwouoei crnosa. — nazep, egexm Jlonnepa, eunpominwoeau, npuiimay, yacmomd
ONMUYHO20 OIaNA30HY, CEIMNONOOINbHUK

Ilocmanoeka npobdaemu ma akmyaibHiCHb 00Ci0xMCeHb. Ha cydacHOMY
eTami PO3BUTKY JIKOACTBA BCE OUIBIIOI yBaru nmotpedye mpodrema MiAroTOBKA
CY4YaCHMX MEPINOKIACHUX (PaxiBLIB, 31aTHUX MPALFOBATH MO BCHOMY CBITY Ta
3MIACHIOBATH WIBHJKHIA Ta PE3yJbTATUBHHUIA OOMIH 3HAHb 3a1Jis MOKPALICHHS
JKUTTS CYCHIIBCTBA B LIJIOMY. TakMM 4MHOM, 3HAHHS 1HO3EMHOI MOBH CTa€ HE
MPOCTO MEPEBATrOI0, a HEBI' EMHOIO CKJIAIOBOIO MiITOTOBKHU CHEIIATICTIB PI3HUX
(haxoBUX CHIPSMYBaHb.

[ToenHanHst mpodeciiHUX KOMMETEHTHOCTEH 3 3aralLHOMOBHMMH Ta
IPEIMETHO-MOBHUMHU € MOKJTMBUM TIJIbKK TOA1, KOJIM IHO3EMHA MOBA CTa€ OJHUM
13 3aco0iB 3700yTTS HOBUX 3HaHb Ta HABMYOK I1114aC BUBYCHHS MPEIMETIB
npodeciitHoro Onoky. Peamizarito miei metu 3aknaacHo y meroauky CLIL —
NPEIMETHO-MOBHE 1HTErPOBAHE HaBuYaHHsS. 3actocyBaHHss Mertoaukn CLIL y
HABYAJILHOMY MPOLEC] Ja€ MOXKIIMBICTh IHTETPYBaTH BUBYEHHS 1HO3EMHOT MOBH
3 IHIIUM HaBYAJbHUM MPEAMETOM.

AKTyanpHUM € BOpoBaKyBatu MeToauKy CLIL y mpouec BUBYEHHS TEM,

110 y MEPIIy YePry NOB’si3aHl 3 CYYaCHUMU MEPEAOBUMH TEXHOJIOTISIMU.
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Jlazep — 1e KEPENO ONTHYHOTO BUIMPOMIHKOBAHHS 3 BUCOKAM CTYIIEHEM
KOTePEHTHOCTI. B camMoOMy 3araqpHOMY 3HAYECHHI TEPMIH «KOTEPEHTHICTHY
03HAYa€ «Y3rOKEHICThY. CBITIO HA3WBAETHCS KOTEPEHTHUM, SIKIIO BCI aTOMHU
PEUOBMHM BUMYCKAKOTh CBITJIOBI XBHIJII, IO MAKOTh CTPOrO OJHAKOBY aMILTITYAY,
4acToTy, (haszy, MOJSPU3ALIKD 1 HAMPsAM PO3MOBCIODKEHHS. Takoro ieaabHO
KOTEPEHTHOIO [KEpPENa HE ICHYe, aje Jlaep € sKHaWKpammM [0 HbOrO
HAOIMKCHHSIM.

The letters in the word laser stand for Light Amplification by Stimulated
Emission of Radiation. A laser 1s an unusual light source. It 1s quite different from
a light bulb or a flash light. Lasers produce a very narrow beam of light. This type
of light is useful for lots of technologies and instruments—even some that you
might use at home!

Buxnaoennsa 3micmy ocnoeénoco mamepiany. IpuHuun poOoTH Jiazepa
3BOJIUTBECS 10 HACTYMHOrO. AKTMBHE CEPEIOBMILE, OJAECPKYKOUH CHEPri0 BlX
JDKEpella HaKadyyBaHHs, NEPEXOJUTh B TaK 3BaHWM CTaH 3 1HBEPCHOKO
HACEJICHICTIO EHEPrETUYHUX PIBHIB — 30Y/UKEHHIA CTaH, TPU SIKOMY YMCII0 aTOMIB
PEUOBUHM, «MEPEKMHYTHX» HA OUTbLI BHCOKWN E€HEPreTHYHWI PIBEHb, CTae
OuTblIEe YWcaa AaroMiB, IO 3AIMIIWIACA HA HUKHBOMY (OCHOBHOMY)
€HepreTHYHOMY piBHI. Lleil crtaH € HecTikuMm: Oyab-sKWii 3 aToMiB, WLIO
BUSIBUJTUCS. HA BEPXHBOMY PIBHI MOKE MUMOBUIBHO MEPEHTH HAa3aJ HA OCHOBHUI
PIBEHB, BUITY CKArOUH MPU LIbOMY KBAHT CBiTJ1a ((POTOH) MEBHOI YaCTOTH, 3AJIEIKHOT
BIJl PI3HMLI €HEPrii piBHIB. Tak 1 BiIOYBAETHCS, NPUUOMY MOMEHTH HAPOKCHHSI
pi3HUX (POTOHIB, HINIHOBAHUX NEPEXoAaMH TUX a00 1HIIMX aTOMIB, BUMAIAKOBI,
HE 3JIArOJKEH1 OAWH 3 OAHMM, (POTOHM TPU LBOMY PO3JITAKOTHCS B PI3HHUX
HANpsMax, COPSMOBYIOUMCh «XTO KyawW». Take BUIPOMIHIOBAHHS HA3WBAETHCS
CIIOHTaHHUM (MHUMOBUIBHHMM), 1 BOHO HEKOTepeHTHE. | OCh TyT BCTynae B rpy
ONnTUYHMIA pe3oHarop. CrnoHTaHHI (POTOHW, MO HAPOAMIUCH y HaAmpsMl OcCi
pe3oHaTOpa, MPOKWIYTh Y3J0BXK HHOTO MOPIBHIHO BEIMKWH NUISIX, O0arato pasiB
HUPKYJIIOKYM MDK BiAOMBarOUMMM J3epkanamu. [Ipy mbOMy BHUHUKAE Iyke
BaxUIMBa OOCTaBMHA. BOHa monsrae B TOMY, IO LUPKYJIHOKOYl (POTOHH,

B33€MOI[1IO"II/I Ha CBOEMY LIILAXY 3 aTOMaMM, 110 HAIrpOMaanu/IMCA Ha BCPXHLBOMY
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€HEPreTHYHOMY PIBHI, IHILIIOKOTH iX MEPEXiT HA HWKHIM PIBEHb 3 BHUIYCKOM
(otoHiB. OCKUIBKM 1[I MEPEXOIA BUHUKAIOTh HE BUNAAKOBO, & BUMYIICHO, 1]
JUEKD  TUPKYJIOYMX  Y3JI0BXK OCl pe3oHaTopa (OTOHIB, TO (OTOHH, IO
HAPOKYIOTHCS TIPY IUX MEPEX0oAax OyAyTh TOUYHOK KOIMIE TOro GOToHA, M0
«BHUMYLIYE», — BOHM MaTUMYTh Ty K €HEPrit0, TOH e HampsM pyxy 1 1HOI
a0COJIFOTHO 1ICHTUYHI XapaKTEPUCTUKKU. BUHUKAE MOTYTHS JIABHHA 371ar0PKEHUX
¢oroniB. Take BUNPOMIHIOBAHHS HA3MBAETHCA (HA BIAMIHY BiJ CIIOHTAHHOIO)
BUMYILICHUM (& TAKOK CTUMYJIFOOUMM a00 1HIYKOBAHHM ) 1 €, SIK JIETKO 3PO3YyMITH,
KOrepeHTHUM. Ta o0CTaBMHA, [0 B Ja3epl MaE MICIE CTUMYJIHOIOYE
BUIMPOMIHIOBAHHS, BIJOOPAKEHO B cCaMOMY CJIOB1 «jia3zepy - 1e ¢ioBo (LASER) €
a0peBiaTyporo, CKIaACHOW 3 mnepumx OykB aHrmiiiicekoi ¢pasm Light
Amplification Stimulated Emission Radiation — «nocunenHs cBitna 3a
JOMOMOTOK) CTUMYJTFOFOUOTO BUIPOMIHIOBAHHS». B il (pasi, mpaBaa, MOBUTHCS
PO MOCHJICHHSI CBITJIA, TOJI SIK JIJa3ep — 1€ TEHEPaTop CBITJA, MPOTE 1€ HE Mae
NPUHLKAMIOBOTO 3HAYEHHS, OCKUIBKM OYyb-SKHAN MIJACHIIOBAY MOXKHA, K B1IOMO,
NEPETBOPUTH HA TEHEPATOP BBEACHHSM JIAHLIFOTAa 3BOPOTHOTO 3B'S3KY 3 BHXOIY
Ha BXIJ MiACWIOBaYa. TakuMm JIAHIIOTOM 1 € J3€pKajga pe3oHaropa
(MacuIrOBaYeM CIIYXUTh 30yJDKEHE aKTUBHE cepenoBuie). [licis kokHOro
NOJIBIHHOTO MPOXO0y AOBXWHHU PE30HATOPA YACTHHA BUMIPOMIHIOBAHHS BUXOAUTh
3 Ja3epa 4yepe3 HamiBIpo30pe A3epKajo. Jlazep Moxke reHepyBaTh HE Oyab-sKi
JIOBKMHU XBWJIb A, & TUTBKH TaK1, K1 YKIQJA0ThC LUIE YMCIIO Pa3 ( HA NOABIHHIMI
JIOBXKHH1 pe3oHaropa 2L, TOOTO 3a10BOIBHSIOTh YMOBI PE30HAHCY:
2L=qA, (2)

PE30HAHCHI TOBXWUHH XBHJIb HA3UBAKOTHCS MO30BKHIMA MOJAMM, 1 SKILO
B CMYTY MOCHJICHHS aKTUBHOTO CEPEAOBHIIA MOTpAIUIsie Oarato Takux AOBKUH
XBWJIb, TO BOHM T€HEPYIOTHCS OJHOYACHO, TOOTO B CHEKTPI BHIMPOMIHKOBAHHS
Ja3zepa MOXE MICTUTHCS Oararo Mo3J0BKHIX MOJ, BIJAICHAX OJWH BiJl OJTHOTO
0 YacTOTI HA OJTHAKOBUIA IHTEPBAJ:

AV= "V, 2L, (1)
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ne Vap - WBKMAKICTL CBITNa B pe3oHaTopi. Taki fasepu HasnMBarTbCH
baratomogoBumMn. CneyialbHUMU MeTO4aMWn CenekLii MOXHa BUAINUTY TiNbKK
OZIHY mopay, i ToAi Na3ep Ha3MBaTb OAHOMOAOBUM ab0 OHOYACTOTHUM.

How does a laser work?

Light travels in waves, and the distance between the peaks of a wave is

called the wavelength.

Each color of light has a different wavelength. For example, blue light has
a shorter wavelength than red light. Sunlight—and the typical light from a
lightbulb—is made up oflight with many different wavelengths. Our eyes see this

mixture of wavelengths as white light.

This animation shows a representation of the different wavelengths present
in sunlight. When all ofthe different wavelengths (colors) come together, you get

white light. Image credit: NASA

107



A laser is different. Lasers do not occur in nature. However, we have
figured ways to artificially create this special type of light. Lasers produce a
narrow beam of light in which all of the light waves have very similar
wavelengths. The laser’s light waves travel together with their peaks all lined up,
or in phase. This is why laser beams are very narrow, very bright, and can be

focused into a very tiny spot.

This animation is a representation of in phase laser light waves. Image
credit: NASA

Because laser light stays focused and does not spread out much (like a
flashlight would), laser beams can travel very long distances. They can also
concentrate a lot of energy on a very small area.

EtekT Ldonnnepa nonsarae B ToMy, WO npu 36aMmKeHHI abo BigaaneHHi
BMMNPOMiHIOBaYya (nepegasava) i npuinMava 4actoTa KOJIMBaHb, L0 NPUIAMAETLCS,
BIAPIZHATUMETLCA Bif 4YacTOTU BUMPOMIHIOBAHUX KONMBaHb. [Mpu UbOMy
baigyxe, WO caMe PYyXaeTbCA - BUMPOMIHIOBAY abo npuiimMady; BaXK/MBO IX
BifIHOCHMIA pyX, TO6TO 3MiHa BiacTaHi MiX Humu. (Lle cnpaeegnnsBo y pasi
HEXTYBaHHA PeNATUBICTCbKMUMM, TOOTO MNOB'A3aHMMW 3 TEOPiEr BiAHOCHOCTI,
epeKkTamum, AKMMW Yy BCIX WO LiKaBNATb HacC BMNagKax MOXHa HeXTyBaTu yepes
Masy 4acTKy LWBMAKOCTI pyXy B MNOPIBHAHHI 3 LWBWUAKICTIO CBiTNA). HAKLO,

CKaXKimMO, BUNPOMIiHIOBaY BifaanseTbCcs Bif HEPYXOMOro npuiimaya, To OCTaHHIM
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NPUEMATAME B OJUHUILIEO YaCy MEHIIE XBHUJIb B MOPIBHSHHI 3 BANIAJAKOM HE3MIHHOT
BIACTAHI MDK BUIIPOMIHIOBaYeM 1 mnpuiiMadeM. ToOTO JOBKMHU XBHJIb
30IIBLIYIOTECS, @ YacTOTa BIAMOBIAHO 3MEHIIYETHCS. Y pa3l HAOIM)KCHHS
BUITPOMIHIOBAYA 10 MpHiiMaya KapTUHA MIHSETHCS HA 3BOPOTHY — B OJMHUILIO
4acy CHpPUIAMAEThCs OUIbIIE XBUJIb, TOOTO XBWJII CTAIOTh KOPOTUIMMU 1 4acToTa
301bIIYEThCS. SIKIIO NepeaaBay, BCTAHOBICHWA, HATPUKIAA, HA CYMYTHUKY 10
PYXA€ETbCS, BUMPOMIHIOE PAAIOXBUIII 3 HE3MIHHOK 4YacTOTOr f, TO crpuiimana
npUiiMayveM 4acToTa piBHA:
fiip =1 = (V/v)], (3)

ne V — paaiajibHa MIBUAKICTE CYNYTHUKA (TPOEKIISE BEKTOPA IIBUAKOCTI HA
HaNpsM «CYMyTHHUK — MPHIAMaYy),

V — HIBUJKICTh €EKTPOMArHITHAX XBHJIb (B CEPEAOBULII). 3HAK B AY>KKaX
3QICKUTH Bl HANPIMY PyXy.

Takum 4YMHOM, YacToTa, 10 NPUHAMAETHCS, BIAPIZHAETBCA  BIX
BUITPOMIHIOBAHOI HA BEJIMUMHY:

atn = | fp— £l = v, )
3BaHy JOMNIUICPIBCHKAM 3CYBOM (200 3CYBOM ) YaCTOTH, a00 MPOCTO
JOMIIJIEPIBCBKOKD ~ 4acTOTOK.  OKpIM  «CYNMyTHUKOBOTO  BHMAIAKY» 3
BUITPOMIHIOBAHHSM PAII0XBHJIb, AOMIUICPIBCHKHIA 3CYB M€ MICIIE 1 B ONTUYHOMY
JanasoHi, 30KpeMa, TPy BIA3EPKATICHH] CBIT/Ia B1J A3€PKaja, 0 PyXaeThes,
npu poOOTI Ja3epHUX THTEPPEPOMETPIB EPEMIIIEHD. B IbOMY BUMAIKY CBITIIO
BiJI J1a3epa 3 4aCTOTOK V (1[1€:0 OYKBOIO MPUIHATO MO3HAYATH YaCTOTY B
ONTUYHOMY J1aMa30H1), MEPII HIXK MOTPANUTH B IPAAMAaY, MPOXOIUTh MOABIAHY
BiJICTaHb — JI0 JI3¢pKaJia (B1AOMBava), M0 PyXaeThes, 1 Ha3ad, 1 popmyna (2.22)
HaOyBae BUTTIS;
Avi =v (2V/v) (5)
ne V — WBHIKICTh PyXy BIIOMBAYA, V — IBHJKICTH CBITJIA B MOBITPI.
Ockinbku v/v = 1/A, T0 (9) MOKHaA IEpENUCcaTH y BUTTISIL

Avz =2V/h. (6)
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Doppler effect, the apparent difference between the frequency at which
sound or light waves leave a source and that at which they reach an observer,
caused by relative motion of the observer and the wave source. This phenomenon
1s used 1n astronomical measurements, in Mdssbauer effect studies, and in radar
and modern navigation. It was first described (1842) by Austrian physicist
Christian Doppler.

The Doppler effect can be observed for any type of wave - water wave,
sound wave, light wave, etc. We are most familiar with the Doppler effect because
of our experiences with sound waves. Perhaps you recall an instance in which a
police car or emergency vehicle was traveling towards you on the highway. As
the car approached with its siren blasting, the pitch of the siren sound (a measure
of the siren's frequency) was high; and then suddenly after the car passed by, the
pitch of the siren sound was low. That was the Doppler effect - an apparent shift
in frequency for a sound wave produced by a moving source.

JlazepHe BUIMPOMIHIOBAHHS BOJIOJI€ HACTYMHUMM BJIACTUBOCTSIMHU, IO
BIJPI3HAIOTH HOrO Bl BUIPOMIHKOBAHHS BCIX 1HIINX JHKEPE:

- BUCOKHMM CTYNEHEM MMPOCTOPOBOI 1 HACOBOi KOT€PEHTHOCTI,

- (9K HACMJOK) BUCOKMM CTYNEHEM MOHOXPOMATHYHOCTI, TOOTO
30CEPEIHKEHO B YK€ BY3bKOMY CIEKTPAIbHOMY IHTEpBal  (1ACATBHO
MOHOXPOMATHYHOIO JPKEpesia HE ICHYE, ajle ja3ep € sSKHalKpauuM 10 HbOrO
HAOIMKCHHSIM ),

- Ha3BUYAHHOK0 BY3bKOHAMPABIIEHICTIO (MAJIO1 ITMPUHOIO MYYKA);

- BUCOKOIO CIIEKTPATIBHO I'YCTUHOI MOTYKHOCTI (TYCTHHA MOTY>KHOCTI —
IIe TOTY>KHICTb, IO JOBOMTHCS HA OMHHIIFO IUTON, HAMPUKIAL, Ha 1 cM’;

- CIIEKTPaJIbHA T'YCTUHA MOTYXHOCTI — TYCTHHA MOTY>KHOCTI, BITHECEHA JI0
OJMHUYHOTO CIEKTPAIILHOTO IHTEPBATY, HAMPUKIIA, 10 1 MKM).

3anexHo BiJ BUAY AKTMBHOTO CEPEIAOBHINA PO3PI3HAKOTH TBEPAO TUIBHI
Ja3epH, PIAMHHI (JIa3epd Ha PO3YMHAX OpraHiuHux (papOHMKIB), ra3oBi 1

HAMIBIPOBITHUKOBI.
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