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WDROZENIA MIETODY ANALOGII DO OKRESLENIA
PARAMETROW STRUKTUR PERIODYCZNYCH. DYFRAKCJA
SWIATLA JAKO MODEL OBSERWACJI ODBIORU
ROENTGENOGRAM

Niniejszy artykut po$wiecony jest badaniu metod badawczych
parametrow przestrzennych struktur periodycznych. Do tego celu
stosowanio analogii. Oryginalny obiekt jest analiza rentgenowska.
Jako przedmiot-analogowy ogladany dyfrakcji swiatta widzialnego,
jake przechodzi przez dwoch siatek dyfrakcyjnych. W ten sposéb
struktura przestrzenna jest analogiczna do dwuwymiarowej siatki
dyfrakcyjnej. Wykazano, ze badania dyfrakcji rentgenowskiej jest na
podobnych praw fizycznych i pozwala bada¢ strukture krystalicznych

bryt i skomplikowanych obiektow biologicznych, takich jak czasteczki
DNA. Dr.doc
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INTRODUCTION OF METHOD OF ANALOGY IS FOR DETERMINATION OF PARAMETERS
OF PERIODIC STRUCTURES. DIFFRACTION IS LIGHT AS MODEL OF SUPERVISION OF
PROCESS OF RECEIPT OF SCIAGRAMS

This article describes the application of the technique of using analogies to explain the
formation of diffraction patterns, which determine the parameters of periodic structures. The
process of obtaining a diffraction pattern of light from a point source in the visible spectrum is
demonstrated. And its successive passage through two diffraction gratings are describes During
the rotation of one grating with respect to an axis perpendicular to the planes of both arrays, there
is a diffraction pattern which resembles the form of radiographs, obtained by the method of Laue.
Provide methodological development of laboratory work, which used the method of analogies.
Laboratory work designed for students.

Keywords: X-ray diffraction; A method similar to the condition for Bragg; The diffraction of
light; diffraction grating; wavelength; interference; diffraction order maximum.

BNPOBAIMKEHHA METOAY AHANOTI ANA BUSHAYEHHA NAPAMETPIB NMEPIOAUYHUX
CTPYKTYP. AN®PAKLIA CBITINA AK MOAEJIb CMTOCTEPEXEHHA NMPOLUECY
OOEPXXAHHA PEHTTEHOIPAM

[aHa ctaTtTa npucBaYeHa BUBYEHHIO METOAIB OOCHIOKEHHA napameTpiB MpoOCTOPOBMX
nepiognyHnX CTpykTyp. [nsa uboro NponoHyeTbCA BUKOPUCTAHHA aHanorin. O6’ekTom-opuriHanom
€ PEHTTeHOCTPYKTYPHUIN aHani3. B skocTi o6’ekTa-aHanora posrnagaeTscs Avdpakuis BMauMoro
CBiTa NpW WOro NPOXOKEHHI 4Yepe3 [AOBi AudpakuivHi rpaTkn. TakMM 4YMHOM, aHanorom
NpPOCTOPOBOI CTPYKTYpWU € ABOXBMMIpHa AudppakuivHa rpatka. 3anponoHoBaHa nabopaTtopHa
poboTa, nig Yac BUKOHAHHS SIKOT CTYAEHTU BU3HAYalTb NapameTpu OBOXBUMIPHOT AMdpaKLUiNHOI
rpatku. [lMokasaHo, WO [ocnigkKeHHs Audpakuil peHTreHiBCbKUX NpOMeHiB BiabyBaeTbCcs 3a
aHanoriyHMMn Pis4HUMK 3aKOHaMK Ta A03BONSE AOCNigXyBaTu OyAoBY KpUCTaniyHUX Tin Ta
ckrnagHux b6ionoriyHmx 06’ekTiB, Hanpuknag, monekyn AHK.

Knroyoei cnioea: peHTreHorpama, Metoq aHanorin ymosa Bynbda-Bperra, gudgpakuis
CBiTNa, oudpakuiriHa rpatka, 4oBXuWHa XBUIi, iHTepdepeHLis, KpucTarnivyHa rpaTka.
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3actocyBaHHA MeToAY aHarnorii B HayLi Mae BENNKE 3HAYEHHSA A5 PO3BUTKY €BPUCTUYHOIO
mucnenHs. B [1; 2, c. 105 - 107] onucaHuin po3BUTOK (HaxoBOi KoMMeTeHUil ManbyTHixX
cneuianicTiB-i3nkiB y npoueci BWKOHAHHS CaMOCTIMHMX poOIT, 30kpema B nabopaTopisix
isnyHOro npakTukymy. B gaHin ctatTi 3actocoByeTbcsl MeTog aHanorin. O6’eKToOM-opuriHanom €
KpucTaniyHa CTpyKTypa TBepaux Tifl Ta iHWMX nepiogndHmnx O6’eKTiB i MeTo4 BU3HAYEHHs iX
napameTpiB, 3a [OOMOMOIO peHTreHorpam, a ob’ekTom-aHanorom € o6’€gHaHHa  OBOX
OndpakuiiHMx rpatok, sKi  CRAyryloTb aHarorom ABOXBUMMIPHOI  AuddpaKuiHOI  rpaTtku.
MpBOANTBCA METOA BU3HAYEHHA X CTanux npu CnocTepexeHHi audpakuii ceitna. Bigomum
3HaHHAM € NpouecC YTBOPEHHS iHTepdepeHLUinHOT KapTUHU NpU NPOXOAXKEHHI napaneribHoro
nydka MNPOMEHIB Kpi3b AuddpakuiiHy rpatky. BucHoBOK, 3pobneHun 3a MeTOAOM aHanorii,
cTocyeTbca 06’ekTa-aHanora. Ha ocHoBi nogibHocTen 06’ekTa-opuriHana ta o6’ekta-aHanora (sKi,
Ha nepwui nornsag, He Nig4alTbCA MNOPIBHSAHHIO) BWHMKAKOTL IHTYITUMBHI nepenbadeHHs Wwoao
cnocobiB po3B’a3yBaHHsA npobremn [3].

Mig 4ac BMKOHaHHA nabopaTopHMX pPOGIT CTydeHTM HabyBalTb HOBi 3HAHHS, HaBUYKK
MOCTAHOBKM HAyKOBOrO €KCNEePWUMEHTY, HaBWYKM POBOTU 3 is4HMMK Npunagamu, HaBUYKU
OLEePXKaHHSA KOHKPETHUX 3Ha4YeHb Pi3NYHMX NapameTpiB AOCTiAXKEHNX 06 EKTIB.

OfgHuMm i3 GrMCKy4Mx BIgKpUTTIB Hayku y XX ctonitti 6yno ogepxaHHs cTpyktypmu OHK
(ae3okcMpuboHykneiHoBoi kKucnoTn). [lo BUCHOBKY NPO NOABINHY cripanb, WO YTBOPKOE MONeKyna
OHK, yyeHi ginwnun, BMKOpMUCTaBLUM 3HAHHSA 3 Pi3HMX Hayk: Bionorii, cTepeoximii, TeOpeTUyHOI Ta
ekcrnepMMmeHTanbHoi  @isnkn. OCHOBHMM  METOAOM  €KCrepuMMeEHTanbHOi  isnkm Oy
PEHTreHOCTPYKTYPHMUI aHani3.

Puc. 2. PeHreHorpama B — dhopmu [HK, oTpumana Posaning peHkniH y KiHui 1952 p.

Ha puc. 1 npuBegeHa peHTreHorpama kpuctaniyHol A — doopmu [HK, ogepxana y 1952 p.
PosaniHgoto ®peHkniH [4]. 3a posTawyBaHHAM TEMHUX NNsaM (pedrnekciB peHTreHorpamm)
PO3pPaxoBYKTbCA MapaMeTpu NMPOCTOPOBOI CTPYKTYpU — BIACTaHI MiX MAowMHamMu BiabvBaHHS
PEHTIEHIBCbKMX NPOMEHIB (ANnA HanbinbL NPOCTUX PEHTreHorpam). 3MiHIOKYK KiNbKiICTb MOMEKYN
BOAW, Wo obos’a3koBO NpucyTHi B Mmonekynax AOHK, Posaning ®peHkniH HanpukiHui 1952 poky
oTpumana peHTtreHorpamy B - oopmun OHK (puc. 2). HaBegeHa peHTreHorpama gae OCHOBY AN
BMCHOBKY NP0 HaABHICTb CTPYKTYpU NoABIiNHOT cnipani [4].

Binbw nerkum gna iHTepnpeTauii CnyryloTb PeHTreHorpaMmu KpucTaniB HeopraHivyHUx
mMatepianis, siki MaloTb BiNbLU NPOCTY CTPYKTYPY, Hanpuknag KyGidHy (puc.3).
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CTpyKTypa KpucTtana - e Bu3HadeHe po3TallyBaHHS YaCTUHOK Yy NPOCTOpI.

MpocTopoBa rpaTtka - Lie crnocié nogaHHA NepiognyHoOro NOBTOPEHHS B NPOCTOPI OKPEMMX
MaTepianbHUX YaCTMHOK abo rpynun YacTUHOK.

Konu kpuctan 3pocTtae, YaCTUHKK
BULUMKOBYKOTLCA B 3aKOHOMIpHi [
CUMETPUYHI pagun, CiTkW, rpatka. [paHi

, KpuctaniyHmx OaraToKyTHUKIB
BignoBigalTb nnowmnHam, AKi
¥ CKnagarTbCs 3 MaTtepianbHUX YaCTUHOK,

pebpa Kpuctany - NiHiAM NepeTuHy umx
NNoLWmH, To6TO NaHuoram MatepianbHUX
YaCTMHOK.

3aKOHOMIpHICTb i cumeTpist
CTPYKTYpPU  Kpuctanmy €  Hachnigkom
ANHaMIYHOI piBHOBarn Garatbox cun abo
npoueciB. 30BHIWLIHA Aid, K Hanpuknag
ﬂ Y enektpyyHe  abo  marHiTHe  none,

MexaHiyHi  3ycunns  abo  BBeAEHHSA

Puc. 3 lNpocToposa rpatka. Kpucrtan CTOPOHHIX aTOMIiB Yy KpucTan, MOXyTb

KyBi4HOI CTPYKTYpU 3MIHUTM U0 AWHaMivyHy piBHOBary Ta,

B1AaCTUBOCTI KpucTtany.

Taknm YMHOM, cumeTpis,

NepiognyHIiCTb Ta 3aKOHOMIPHOCTI po3TallyBaHHSA aTOMIB BW3HaA4alTb KpUcCTanivyHy CTPYKTYpY,

TOOTO KpUCTanivyHMi CTaH pevyoBMHU. BCTaHOBNEHHA CUMETPIl CTPYKTYpU, BU3HAYEHHS BidCTaHEN

MK aToMamu, X 3B’SI30K i3 30BHILLHIM BMrNS4oOM KpucTana BuBYae kpuctanorpadis. Ha puc. 3

npvBegeHa cxema po3aTallyBaHHsl aTOMIB Y KpucTani, Skui mae KybiuHy CTpyKTyp, OCi koopauHat
obpaHi B3goBx pebep kyba (puc. 3, a).

Mpn YTBOPEHHI KpuCTany BUKOHYETBCS MPUHLUMM HENEPEpPBHOCTI - NPOCTIP 3anOBHIETHCS
aTomamu ©0e3 NpPOMIKKIB MK enemMeHTamn CTPYKTypW, $Ki Ha3MBaKTbLCA eneMeHTapHUMMK
KOMipkaMn KpucTarny. FAKWOo KpucTan cKrnagaeTbCa 3 [OeKinbKoX pisHUMX aToMmiB, Hanpuknag
KyxoHHa cinb NaCl, To enemeHTapHa KOMipka MNOBWHHA BKMYaTM B cebe uiny KinbKiCcTb
POPMYISIbHUX OAMHULB, TOBTO KiSIbKICTb aTOMIB HaTPil0 NOBUHHA BYyTU PIBHOK KiNbKOCTI aTOMIB
Xnopy.

binbwicte TBEpAMX TN € NPO30pPMMM  ONs  PEHTIEHIBCbKOrO  BUMNPOMIHIOBAHHS.
EnekTpomarHiTHi xBuni LbOro gianasoHy nexatb B Mexax 5 - 102 < A > 10HM, @ MDPKaTOMHI
BiACTaHi MeHLUi 3a oaMH HaHOMeTp. Take CniBBIAHOLUEHHSI MiXK OOBXWHOK XBWUITi Ta PO3MipoM
nepeLlikoan BXOOUTb B YMOBY CMOCTEPEXeHHA sBulla Audpakuil peHTreHiBCbKUX XBWMb, a
peHTreHorpama (puc.4) [O3BONSIE pO3paxoByBaTW BigcTaHi MK aTOMHMMW MAOWWHAMM, SKi
nokasaHi Ha puc. 3, 6).

*
T
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Puc. 5 YmoBa Bynbda-bperra[5]

PeHTreHOorpamu MoOXHa OTpMMyBaTU $SK B MPOXiQHOMY, TakK i B BigOMTOMY mnyu4ky
PEHTIEeHIBCbKNX XBUMb. Mpu OCBITNEHHI KpUcTany PeHTreHiBCbKUMU NPOMEHAMMU S;, NOKasaHMMn
Ha puc. 5, siki NagalTb Ha KpucTan B niowmHax, napanensHux (ZOY) (puc. 3), a nnowmHu
po3TallyBaHHs aToMiB napanenbHi (XOY), Big KOXHOI MfowWmHM aToMiB Oyde crnocrepiratmcs
YyacTkoBe BigOVBaHHS pEHTreHiBCbkMX XBWIb. Ha puc. 5 nokasaHa cxema BiabuBaHHA
PEHTIrEHIBCbKMX XBUIb Bi TPbOX NapanenbHuX NAOLWWH, BiACTaHb MiX kMMM piBHa pebpy kyba d.
Mix BigbutTumMmn npomeHsiMM S, Npu OAHAKOBOMY KyTi MadiHHA MPOMEHIB S; BUHUKAE OMTUYHA
pisHmus xody. MNpu noganblloMy NOTPanAsHHI LMX NPOMEHIB Yy MEBHi TOYKM MPOCTOPY nNpu iX
HaknagaHHi OGyae cnocrtepiratuca iX iHTepdepeHuis. YMOBM ogepXXaHHs MakCUMyMiB Ta
MiHIMyMiB iHTepdepeHLUil 3anexaTb Bif KyTa nagiHHA NpoMmiHiB S;. na yTBOPEHHS MakCMMyMiB
iHTepdepeHuii Biabntnx npomeHiB HeobxigHe BMKOHaHHS ymoBu Bynbda-bperra (piBHaHHA (1))
[5]:

2dsin6=nA(n=1,2,3...) D)
Mpwn 3agaHomy 6 yMOBIi MakCMMyMy BiANOBIiAa€e KOHKpeTHe 3HadyeHHs d. 3a po3TallyBaHHAM

— ]

_ LA

i

g .

Puc. 6. lNMpuHuUMnoBa cxema ofepXaHHs peHTreHorpamun. 1 —
AXepeno peHTreHiBCbKOro BUNPOMIHIOBaHHS, 2 — konimaTtop, 3
—3pa3soK 4 —hOoTO YyTnMBa NracTuHKa

iHTepepeHUiMHUX MakCMMyMiB, NokasaHux Ha puc. 4 [5], BU3HaA4aOTLCA BiACTaHI MK aTOMHUMU
NMoWWHaAMU B KOXHOMY HarpsMKy, a No HUX BU3HaYalTbCA napameTpu KpuctanorpadivyHoi
CTPYKTYPU JOCHIOKEHOro 3paska.

MprHUMNOBa cxeMa OfepXXaHHA peHTreHorpam nokasaHa Ha puc. 6 [5].
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Oudbpakuisa — 3MiHa HanNPAMKY NOLWMPEHHS XBUAI MPU HAABHOCTI NepeLukon, Po3Mipn AaKnx
OZHOro MOPAAKY 3 AOBXUHOK XBUN.

Ha gocnigi B nabopatopii HemMae MOXIMBOCTI nobauntn iHTepdepeHLil0 PEHTreHIBCbKMX
NPOMEHIB, ane € MOXIMBICTb OTPUMATU aHanoriuHy KapTUHy 4ns  guddpakuii MpOMEHIB, AOBXUHU
XBUMb SKMX NexaTb Y BUOUMOMY AianasoHi.

OTmxe MeToq 3acTOCyBaHHA aHanorin gae MOXIUBICTb NPOBECTU AocniA, Wo cnpusie
pO3yMiHHIO npouecy, AKMA crnocTepiratu 6esnocepeaHbO B nabopartopii Hemoxnueo. B
nabopaTopii BUKOHYEMO AOCNIA4 MO CNOCTEPEXEHHIO IHTEpdEepeHLUii CBITNIOBUX MPOMEHIB, SKi
NpoXoasaTh Kpi3b ABi AudpakuinHi rpatkn BiH € 0OCHOBOO MeTOoAMYHOI po3pobku nabopaTopHoi
poGoTu.

OCHOBHUMW NUTAHHAMMU, LLLO BUBYAIOTBLCSA NPY BUKOHAHHI abopaTopHoi poboTu €:

- O3HAMOMISIEHHS 3 peHTreHorpagiyHMM MEeTOLOM BM3HAYEHHSA napamMeTpiB BNopaaKoBaHMX
CTPYKTYP;

- BUBYEHHS siBMLA Andopakuii €NeKTpOMarHiTHUX XBUilb;

- OTpUMaHHsA iHTepdepeHUinHOI KapTUHW, YTBOPEHOI CBITNOBUMW MPOMEHSAMHU,  SKi
NPOXOAsATb Kpi3b CXpeLleHi AndpakuinHi rpaTkm (4BoXBUMIpHa rpaTtka);

- BUSHAYEHHS cTanux ABoxX AMdpakUinHNX r'paTok;

- CMNOCTEPEXEeHHs 3MiHM iHTepdepeHUiiHOT KapTuHM npu obepTaHHi OAHIiel 3 rpaTok
HaBKOSO ONTUYHOI OCi CUCTEMU.

Mema nabopamopHoi pobomu: 03HAOMIIEHHS 3 MEeToO4aMM BU3HAYEHHsI napameTpiB
YNOPSAKOBAHNX CTPYKTYP, LUNSIXOM BUKOPUCTaHHS iX MoAeni.

O6n1adHaHHSA: fXepeno ceiTna 3 JOBXWHOW xBuni y gianasoHi 380 < A > 780 HM., Habip
andpakuinHmx rpatok (50 - 100 wTpuxiB Ha MIiNiMETpP), eKpaH 3 MIiNIMETPORBOKD LUKAIOH,
BUMiptOBarbHa fiHirka, WwinuHa.

HawnnpocrTiwa gudpakuiviHa rpaTtka - ue cknsiHa nnacTuUHKa, Ha SKy 3a AOMOMOro TOYHOI
OiNVNBHOT MaLIMHN HaHeCeHI nNapanenbHO oAHa OOHI HEMPO30pPi PUCOYKM MK AKUMW 3anuLLeHi
BY3bKi HEMOLUKOMKEHI CMY>XKW. Henposopi puckn - aHanoriyHi 40 NpoekKuin MAOWMH, B SIKUX
po3TalloBaHi aToMu KpUCTani4yHOi r'paTky, BY3bKi HEMOLUKOMKEHI CMYXKM - TMPOMDKKM MK
aTOMHUMK nnowmHamu. lNepiogom rpatkm abo cranot rpatku d, HasuBawTb CyMy pO3MipiB
Npo3opoi a i Henpo3sopoi b gingHok: d = a + b (2).

AKWo ocBiTUTU AndpakuinHy rpaTky R ny4koM KOrepeHTHUX napaneribHUX NPOMEHIB (pucC.
7), SIKi NnagaTb NepneHauKynapHO 0O MNOBEPXHi I'paTky, TO CNOCTEpPIraeTbCcsa sBuULle audpakLii.
lMpomeHi BigxunawTbca nig pisHUMKM KyTamu. Ha puc. 7 nokasaHo BigXWNEHHsI NPOMEHIB Ons
OAHOro KyTa gudpakuii @.

OCKinbKN KOXHY LLINMHY ANdPaKUiNHOT r'paTkM MOXHAa BBaXKaTW CaMOCTIMHUM [Xepenom
KOrepeHTHNX XBWMb, TO Ha ekpaHi E B dokanbHii nnowwmHi niHam L, — 6yayTe HaknagaTucb
GaraTo YmcenbHi Ny4Ykn NPOMeEHiB. 3CyB a3 MK MPOMEHAMM 3aNeX1Tb Bi NOSTOXKEHHS TOYKM Ha
eKpaHi, JOBXMHM Nadalouvoro CBiTna, Ctanoi KpucTaniyHoi r'patky, gka BU3HavyeHa PiBHAHHAM (2).
Ha puc. 7 BkasaHo TOYky K, ge 30MpaloTbCa NpOMEHi, Ski nayTh Nig KyTOM @ A0 OMTMYHOI OCi
niHaun L,. MakcumanbHe 3HauyeHHs K BignoBigae mMakcMManbHOMY KyTY BiAXWITEHHSI MPOMEHIB —
/2.

Akwo ana kyta @, BUKOHYETbCS
ymMoOBa Makcumymy iHTepdepeHLii, To
y BignosigHin Toyui Oyame cBiTna
cmyra.

Konun oxepeno cBiTna
BUMNPOMIHIOE Pi3Hi JOBXWUHU XBUMb, TO
BHacCNigok iHTepdepeHUil Ha ekpaHi
3'aBns0TbCA 3abapBrieHi 306paxeHHs
k WinuH. Axkwo mgxepeno ceitna gae
% 7 MOHOXPOMAaTWYHE BUMNPOMIHIOBAHHS —

CBITNO OAHIET OOBXWHU XBuAi (Take

CBITNIO, MOXHa OTpUMaTth, SKLLO

Puc.7.Cxema yTBOpeHHS K Makcumymy NMocTaBMTU Ha  LWMSAXY TMNPOMEHIB
iHTepdepeHLiNHOT KapTuUHKU. 3 gudparoBaHmx CBITNOQINbTPM), TO  300paxkeHHs
NpOMeHIB 00paHi Ti, WO BIAXUINIUIIUCE Ha KYT @ LUiNWH Ha eKpaHi (csiTnosi
mMakcumymu) OyayTb 3abapeneHi B
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OQVH Konip — Konip ceiTnodineTpa.

YMOBa BMHUKHEHHSI MakCUMYMIB CBiT/la BU3HAYa€eTbCs i3 cniBBigHoWweHHA (3) [6]: dsin ¢ = &
(3), ae © - pisHMUA xogy NpomeHiB. Akwo & KpaTHa LinoMy 4mucny xBuib, TO6To & = kA, TO
OAEPXKUMO MaKCUMyMK nepuloro nopsigky anst k = 1. BigxuneHHs npomeHis BigbyBaeTbCsl B ABI
CTOPOHW BiA OMNTMYHOI OCi, TOMY OAEPXYETbCA ABA MaKCUMyMW MEepLIoro nopsiaky, ANst BCiX
3Ha4veHb K TakoX CnocTepirarnTbCA Mo ABa MaKCUMyMMU.

Mpn k = 0 Ha makcumym B Touui 0, 6yae 6inum, 60 BUKOHYETLCS yMOBA MakCUMyMy A5t
BCiX JOBXMWH XBWUSb.

3 cbopmynu (3) dsin @ = kA otpumyemo d = kN sing. (4)

Mpn HasBHOCTI Opyroi AndpakuinHoi rpaTkn, npo3opi
Ta Henpos3opi CMyrn 4KOi nexaTb B NepneHaukyrnspHoOMy
HanpaAMKy OO0 CMyr nepwoi rpaTkm audpakuinHa kKapTuHa 30 31 32 33
6yne aHamnoriyHa [0 PeHTreHorpamu, nokasaHoi Ha puc. 4. e 7*0 7}1 _}qL_) 71"2
Ha puc. 8 BkasaHi TOYKM NEpeTHY JiHiN, B SKUX TEOPETUYHO o T T T
3HaxoOATbCA  MakKCUMyMW  iHTepbepeHUinHOT  KapTUHW, 1-1 fn IJI,I Iﬂ,z 11,3
OTpPUMaHOT Npu Andpakuii NPOMEHIB Ha ABOXBUMIPHIN I'paTKu. L 0%1 oén n#] 0-%7 0%-3

[na nagawounx NpoOMEHIB CBiTNa, NepneHauKynapHUX O
A0 NIIOWMH r'paToK, yMOBM MakcuMmymis GyayTb: Ans nepLuol -L-1 | -1
rpaTku: diSin @1 =k A; ona apyroi rpatku - d, Sin @, = Ko A; Ky i =5 =
k,—vuiniyucna: k=0, +1, -1, 42, -2, i T.A4. B T

Ha puc. 8 nokasaHa TeopeTudHa KapTuUHa po3noginy -3-3 -33
MakCUMyMiB iHTepepeHUinHOT KapTUHU Npu  gudpakuii ' I
eneKkTpoOMarHiTHUX XBWUnb Ha ABOXBUMIPHIN KBagpaTHin rpaTui Puc.8 CXGMaTVNH? 306paxkeHHs!
[6]. posnoainy

Mpu  BMKOHAHHI nabopaTopHOi pPoOBOTM  CTyAEHTU IHTEHCMBHOCTI Npy Andpakuii Ha
OTPUMYIOTb Ta [OCHIMXKYIOTb iHTEepdEpPEeHLiiiHy KapTUHy, ABOXMIpHil rpatui [6]

aHanoriyHy o npuBegeHoli Ha puc. 8. MeTtog aHanorin
CNYLIHO 3aCTOCOBYBATU NPWU BUKOPUCTAHHI MPUPOAHNX SIBULL
y sikocTi 06’ekTa-opuriHana [7].

BucHoBku. B cTatTi 06rpyHTOBaHa [OOUINbHICTb
BUKOPUCTAHHA MEeToAy aHasnorin npyu BUBYEHHI KpUCTamniYHUX
CTPYKTYpP i BU3HAYeHHi X napameTpiB. CniBCTaBNeHHA AianasoHy JOBXWH XBUIb PEHTIEHIBCbKOMO
BUNPOMIHIOBAHHSA Ta CBiTNa AEMOHCTPYE X HAMEXHICTb 4O €NEKTPOMarHiTHMX XBUsb. Y CTYAEHTIB
BMHMKAE iHTEpeC A0 BUBYEHHS [Xepen XBuMb 3 Pi3HUMU eHepriaMn, BUBYEHHSA MPOMYCKaHHA Ta
NOrNIMHAHHA eNeKTPOMArHiTHUX XBUNb Pi3HUMM MaTepianamu.

OTpymaHHA, nig 4ac BUKOHaHHA nabopatopHoi poboTn, AundpakuiiHOl KapTuHU €
NepeKkoHNMBMUM HaOYHUM [JOCNIAOM, WO NiATBEPOXYE TeopeTudHi po3paxyHkn. BusHauyeHHS
ctanux gudpakuiiHux rpaTok ABOX [pPaTOK pPO3BMBAE MNPaKTU4YHI HaBUYKM Y MPOBEOEHHI
po3paxyHKiB i3VYHUX BENUYMH, BU3HAYEHHI CMIBBIAHOWEHb MiX OAMHMUSMW BUMIPHOBAHHS
OOBXMH.

Y MeToavKy NpOBeOeHHs O0Cnigy BKIIOYEHI TakoX MNUTaHHA nobyaoBu 300paxeHHs B
30ipHin NiH3i Ta iHWI NUTaHHA 3 po34iny reoOMeTpUYHOI ONTUKKU. Y3aranbHeHi YMOBU OTPUMaHHS
iHTepdepeHLUINHOT KapTUHK, TOBTO MOBTOPEHI OCHOBHI  XapaKTepuUCTUKM XBuMb. [lpu ubomy
BMPOBNAETbCA BMIiHHA 3aCTOCOBYBaTW BXe BiJOMi crnocobu po3B’a3yBaHHA 3adad y HOBUX
HaBYasnbHO-MNPAKTUYHUX CUTYaLLiSIX.

3acTocyBaHHs ONMMCaAHOIO MeTody AonoMarae BuKMagadyeBi JocsiraTv ronoBHOI MeTu -
OOMOITUCA  PO3YMIHHA  cTyaeHTamu  doisuyHoro 3micty sasuwa. HasegeHwn npuknag
BCTaHOBMNEHHs CTpykTypy [JHK AeMOHCTpye 3B’A30K MiX Pi3HUMM Haykamu, SKUA CYrnpoBOXKYE
BCi Cy4YacHi HayKoBi BIOKpUTTS.
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INTRODUCTION OF METHOD OF ANALOGY IS FOR DETERMINATION OF PARAMETERS
OF PERIODIC STRUCTURES. DIFFRACTION IS LIGHT AS MODEL OF SUPERVISION OF
PROCESS OF RECEIPT OF SCIAGRAMS

A. GUBANOVA

Application of the method of analogy in science is of great importance for the development
of heuristic thinking. In [1; 2, S. 105 - 107] described the development of professional
competence of future specialists-physicists in the process of independent work, particularly in
laboratories of physics laboratory. This article applies the method of analogies. By the original
object is a crystal structure of solids and other periodic objects and determining their parameters
with the help of radiographs, and the object-analogue is the Union of two diffraction gratings,
which serve as the analogue of the two-dimensional diffraction grating. A method of determining
their sustainable when observing diffraction of light. Known knowledge is the process of formation
of the interference pattern when passing the parallel beam of rays through a diffraction grating.
Conclusion the method of analogy concerns the object-analogue. Based on similarities of the
object-source and object-analogue (which, at first glance, not at all comparable) there are intuitive
predictions regarding the ways to solve the problem [3].

During laboratory work students acquire new knowledge, skills, performances of a
scientific experiment, skills of work with physical devices, skills obtain specific values of physical
parameters of the studied objects.

One of the brilliant discoveries of science in the twentieth century was to obtain the
structure of DNA (deoxyribonucleic acid). To the conclusion about the double helix) that forms the
DNA molecule, scientists have used knowledge from different Sciences: biology, stereochemistry,
theoretical and experimental physics. The basic method of experimental physics was Xx-ray
analysis.

Fig.1. The x-ray crystal of A —form DNA
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Fig. 2. Rangenormal In — form DNA obtained by Rosalind Rankin at the end of 1952.

In Fig. 1 shows the x-ray crystal of A — form DNA obtained in 1952 by Rosalind Franklin
[4]. The location of dark spots (reflexes x-ray) are calculated parameters of spatial structure — the
distance between the planes of reflection of x-rays (for the most simple of radiographs). Changing
the number of water molecules that are always present in molecules of DNA, Rosalind Franklin
late in 1952 received a radiograph of the In - form DNA (Fig. 2). Given radiograph provides a
basis for a conclusion about presence of structure of the double helix [4].

Easier to interpret are x-rays of crystals of inorganic materials, which have a simple
structure, such as cubic (Fig.3).

The crystal structure is the arrangement of particles in space.

The spatial lattice is a way of representing a periodic repetition in space of separate
material particles or groups of particles.

i)
Fig. 3 Spatial lattice. Crystal cubic structure

When a crystal grows, the particles are arranged in regular and symmetrical rows, grid,
grid. The faces of the polygons correspond to the crystal planes, which consist of material
particles, the edges of the crystal lines of intersection of these planes, that is, the chains of
material particles.

The regularity and symmetry of the crystal structure is the result of a dynamic balance of
many forces or processes. External influence, such as an electric or magnetic field, mechanical
stress or introduction of foreign atoms into the crystal, can change this dynamic equilibrium and
the properties of the crystal.

Thus, the symmetry, the periodicity and regularity of arrangement of atoms determines the
crystal structure, crystalline state of matter. The establishment of symmetric structures, the
definition of distances between atoms, their connection with appearance of the crystal studies
crystallography. In Fig. 3 shows the arrangement of atoms in the crystal, that has cubic
structures, the coordinate axis is chosen along the edges of the cube (Fig. 3, a).

During the formation of the crystal is performed the principle of continuity - the space is
filled with atoms with no spaces between elements of the structure, which are called elementary
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cells of crystals. If the crystal is composed of several different atoms, for example table salt NaCl,
the unit cell should include a number of formula units, i.e. the number of sodium atoms must be
equal to the number of Chlorine atoms.
Most solids are transparent to x-rays. Electromagnetic waves of this range are within the 5
. 10-3 < A > 10Nm, and interatomic distance less than one nanometer. Is the ratio between
wavelength and size of obstacle is included in the condition monitoring of the phenomenon of
diffraction of x-waves and x-ray diffraction (Fig.4) can calculate the distance between atomic
planes is shown in Fig. 3,
fi

Radiographs can be obtained in the transmitted and reflected beam of x-waves. Under
illumination of the crystal with x-rays of Si, shown in Fig. 5, which fall on the crystal at planes
parallel (ZOY) (Fig. 3) and the plane of arrangement of the atoms parallel to (XOY), from each
plane of atoms will experience partial reflection x-ray waves.

S $
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Fig. 5 Condition Bragg|[5]

In Fig. 5 shows a diagram of reflection of x-waves from three parallel planes, the distance
between which is equal to the edge of the cube d. Between the reflected rays S with the same
angle of incidence Si occurs the optical path difference. With the further penetration of these rays
in certain points of space in their imposition will experience constructive interference. The
conditions for obtaining maxima and minima of the interference depends on the angle of
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incidence of the rays Si. For the formation of maxima of the interference of the reflected beams,
you need to meet the conditions of Bragg (equation (1)) [5]:
2dsin6=nA(n=1,2,3...) D

— ]

¢

g .

Fig. 6. The concept of obtaining radiographs. 1 —x-ray
source, 2 —collimator, 3 —sample 4 —photo sensitive plate

For a given 6 the maximum condition corresponds to a specific value d. Location
interference peaks, shown in Fig. 4 [5], to determine the distances between atomic planes in
each direction, and it defines the parameters of crystallographic structure of the investigated
sample.

Schematic diagram of the receiving cavity shown in Fig. 6 [5].

Diffraction — a change in the direction of wave propagation in the presence of obstacles
whose dimensions are of the same order of wavelength.

On experience in the laboratory there is no possibility to see the interference of x-rays, but
it is possible to obtain a similar picture for the diffraction rays, the wavelengths of which lie in the
visible range.

Therefore, the method of analogies gives the opportunity to spend experience that
contributes to the understanding of the process, which is observed directly in the laboratory
impossible. In a laboratory experience performed by observation of interference of light rays that
pass through the two diffraction gratings It is the basis for the methodological development of
laboratory work.

The main issues examined while performing laboratory work are:

- introduction to radiographic method for determination of the parameters of ordered
structures;

- the study of the phenomenon of diffraction of electromagnetic waves;

- receiving an interference pattern formed by light rays that pass through the crossed
diffraction grating (dovima grid);

- the constants of the two diffraction gratings;

- monitoring changes in the interference pattern when rotating one of the gratings around
the optical axis of the system.

The purpose of laboratory work: familiarization with the methods of determining the
parameters of the ordered structures, by using their model.

Equipment: a light source with a wavelength in the range 380 < A > 780 nm., a set of
diffraction gratings (50 - 100 lines per mm), the screen with a measuring scale, a measuring stick,
the gap.

The simplest diffraction grating is a glass plate, which with the help of accurate dividing
machine applied parallel opaque lines between them are left intact narrow strips. Opaque risks -
similar to the projections of the planes, which are the atoms of the crystal lattice, a narrow intact
strips - spacing of the atomic planes. The lattice period or lattice constant d, called the sum of the
sizes of a transparent and opaque sections b: d =a + b (2).
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If you illuminate a diffraction grating R, the beam of coherent parallel rays (Fig. 7), which
fall perpendicular to the surface of the lattice, the observed phenomenon of diffraction. The rays
are deflected at different angles. In Fig. 7 shows the deviation of the rays for the same angle of
diffraction ¢.

Since each slit of the diffraction grating can be considered an independent source of
coherent waves, on the screen e in the focal plane of the lens L2 will be numerous bundles of
rays. The phase shift between the beams depends on the position of the point on the screen, the
length of the incident light, the constant of crystal lattice, which is defined by the equation (2). In
Fig. 7 shows the point k, where the rays coming at an angle ¢ to the optical axis of the lens L2.
The maximum value of k corresponds to the maximum value of the deflection angle of the beams
is T1/2.

Fig.7.The scheme of formation of k the
maximum of the interference pattern. Of the
diffracted rays selected those that are lost
the way on the angle ¢

If angle Phi, the condition of maximum interference, then the corresponding pixel will be a
bright band.

When the light source emits different wavelengths, the result of interference appear on the
screen painted images of the cracks. If the light source provides monochromatic light is light of a
single wavelength (the light you can get, if you put in the path of rays filters), the image of the slit
on the screen (light highs) will be painted in one color — the color of the filter.

The condition of occurrence of the maxima of the light is determined from the relation (3)
[6]: dsin @ = & (3) where & is the path difference of rays. If & is a multiple of a whole number of
waves, i.e., & = kA, we get the maxima of the first order for k = 1. The deviation of the rays takes
place in two directions from the optical axis, so that the obtained two peaks of the first order, for
all values of k are also observed for two maximum.

For k = 0 to a maximum at the point 0, will be white because the condition of maximum for
all wavelengths.

From the formula (3) dsin ¢ = kA we get d = kA/ sing. (4)

If you have a second diffraction grating, the transparent and opaque strips which lie in the
perpendicular direction of the stripes of first grating the diffraction pattern is similar to x-rays,
shown in Fig. 4. In Fig. 8 shows points of the cross lines, which are theoretically the maxima of
the interference pattern obtained when diffraction rays on dochviri lattice.

For the incident light rays are perpendicular to the planes of the gratings, the conditions
for maxima are: for the first grid: d1sin @1 =k1 A; for the second lattice - d2 sin @2 = k2 A; k1 and
k2 are integers: k =0, +1, -1, +2, -2, etc.

In Fig. 8 shows the theoretical distribution of maxima of the interference pattern in the
diffraction of electromagnetic waves on dochviri a square lattice [6].
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Fig.8 is a Schematic view of distribution the intensity at the diffraction on Dohrn lattice [6]

When performing laboratory work students will receive and examine an interference
pattern similar to that shown in Fig. 8. The method of analogies are eligible to apply if you use
natural phenomena as the object of the original [7].

Conclusions. The article substantiates the expediency of using the method of analogies
in the study of crystal structures and determining their parameters. A comparison of the range of
wavelengths of x-rays and light shows that they belong to electromagnetic waves. The students
raises interest in the study of the sources of waves of different energies, the study of the
absorption and transmission of electromagnetic waves by various materials.

Receiving, during execution of the laboratory work, diffraction pattern is a compelling
visual experience that confirms theoretical calculations. Definition of permanent diffraction
gratings two gratings develops practical skills in carrying out calculations of physical quantities,
determining ratios between units of measurement.

In the method of conducting experience includes the issues of building a team image in
the lens and other issues from the section on geometric optics. Generalized conditions for
obtaining the interference pattern, that is repeated the basic characteristics of waves. This
generated the ability to apply already known methods for solving problems in new training
situations.

Application of the method described helps the teacher to achieve the main goal - to
achieve students understanding of the physical meaning of the phenomenon. An example of
establishing the structure of DNA illustrates the relation between different Sciences, which
accompanies all the modern scientific discoveries.
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