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Ilepenmona

Kpucranorpadis 1 MiHepanoris BIIHOCATbCS 10 HAWBaXJIMBIIIUX 1 CTapoO-
JaBHIX HaYK, sIKi 30€peryiv cBO€ (PyHIaMEHTaJIbHE 3HAUYEHHS JI0 1[bOTO Yacy.

Tak sk 70 MeTanypriiiHoi nepepoOKHu 3a1y4datoTh HOBI1 TUIU PYJ, 110 BU-
Marae 3MiHM TpPaaulliiHUX METOAIB iX BUA0OyBaHHS, 30aradeHHsi Toio. Bupi-
HIEHHS [[UX MUTaHb HE MOXJINBE 0€3 3HaHb MIHEPAJIOrii.

VY aockoHaNeHHs ICHYIOUMX Ta CTBOPEHHS HOBUX CIUIABIB Ta MaTepiaiiB Ha
1X OCHOBI BHMAarae BiJ CIIEL[laJIICTa 3HaHb HE JIUIIIE BJIACTUBOCTEN Ta TEXHOJIOT1HA
iX ofepkaHHsA, a W, MepiI 3a BCe, 3HaAHb KPUCTANIYHOI OyIOBU PEUYOBUHU, BU-
BUCHHSIM SIKOT 3aiMa€ThCsl KpUcTasorpadis.

JlaH1 MEeTOIMYHI BKa31BKH CKJIAJAI0ThCSA 3 TPHOX Ja0OpaTOPHUX POOIT, K1
MPUCBSYEHI METOJIaM OMKUCY KPUCTATIYHUX MHOTOIPAHHUKIB: BU3HAYEHHIO €Jle-
MEHTIB CUMETpIii Ta 1HAEKCIB IrpaHei, MoOyJOBI IIACKUX KpUCTaIorpapIiaHux
MPOEKIIIi.

Koxna nabopaTropHa po6oTa CynpoBOIKY€ETHCS OCHOBHUMH T€OPETHUHHU-
MU B1IOMOCTSIMU Ta JOKJIaJHMUMH METOJUYHUMHU BKa3iBKaMH, 110 JOTIOMOXYTb
CTyJI€HTaM Yy IIATOTOBIIl Ta BUKOHAHHI J1a0OpaTOpHUX POOIT, a TaKOX y PO3y-
MIHHI Ta 3aCBO€HHI TEOPETUYHOro MaTepiany KpeautHoro moayis 1 “Kpucra-
norpadis Ta MiHepanoris” AucHUILTiHE “CTpyKTypa, BIACTUBOCTI Ta 0OpoOKa

MarepiaiiB’.



JlaGoparopHna podora Ne 1
BU3HAUYEHHS EJIEMEHTIB CUMETPII KPUCTAJIIYHUX
MHOI'OI'PAHHUKIB

Meta pO6OTI/I — HAaBUUTHCH BU3HAYATH CIICMCHTH CI/IMeTpi‘l‘ KpI/ICTaJIi‘{HI/IX

MHOI‘OFpaHHI/IKiB Ha KOHKPCTHUX MOICIIAX.

OcHOBHI TeopeTH4HI BiIOMOCTI

Cumempisi — OCHOBHA BJIACTUBICTh KpucTaliB. CUMETpIsl «LapIoe» y CBIT1
kpuctaniB. lle Haii3aranpHila 3aKOHOMIPHICTb, 1110 BIAaCTUBA OyA0BI Ta BJIacCTH-
BOCTSIM KpHCTalliyHOT pedoBUHHU. CaMe CUMETpisl BU3HAYa€ 3aKOHU PO3Tally-
BaHHS CTPYKTYPHHX €JIEMEHTIB y NMPOCTOPOBIN IpaTili, B3aEMHE PO3TAIlyBaHHS
rpaHell MakpOCKOITIYHOTO KpHUCTalla, TUKTYE, Y AKX HampsMKax 1 sKi (pi3u4Hi
BJIACTUBOCTI MOKYTh OYTH B KpUCTAJII.

BusnayeHHs cumeTpis — moyaTKOBa 1 HaWBaXKJIMBIIIA 3ajja4ya IiJl 4ac po-
00TH 3 OyIb-IKUMU KPUCTATAMHU.

VY mepexianai 3 rpeubkoi CUMETpis 03Hayae CHiBMIpHICTb. CumempuuHuil
Kpucmain (MHO202paHHUK) CKIAAEThCS 3 PIBHUX YAaCTHH, K1 MOXYTh CyMillla-
TUCh OJ[HA 3 OJIHOIO B PE3YJIbTATI MEBHUX JI1{, 1110 HA3UBAIOTHCS CUMEMPUUHUMU
nepemeopeHuaMu abo cumempuunumu onepayiamu. J1o Takux onepariil BIAHO-
CSATb — GI00OPAdCEHHA Y NAOWUHI, 00ePMAaNHs HABKOLO OCI Ta NEepeHoC uepe3
MOYKY.

CumMeTpuyHi NEpPEeTBOPEHHS MOXKHA MOAUIMTH HA JABa TUNU: 1) KiHyesi,
ab0 mouxoei, i 4ac Ail SKUX Xo4ya 0 o/1Ha Touka (Irypu JUIIAEThCS HA MICII, 1
2) neckinuenHi, a0 npocmoposi, M 4ac Jii AKX KOJHA Touka (irypu He 3a-
nmuiaeTbes Ha Micui. KiHleBl cuMeTpuyH1 NepeTBOPEHHS BIANOBIAAI0Th CUMET-

pii KpUCTAIIYHUX MHOTOTPAHHUKIB, HECKIHYEHH1 — CUMETPIi CTPYKTYP.



[InouuHa, npsiMa Ta TOYKa € TEOMETPUYHUMU 3pa3KaMu, sIKi XapakTepH-
3yI0Th BIJIMOBITHO BiIOOpa)KeHHs y IUIOIIMHI, 00€pTaHHS HaBKOJO OCl Ta mepe-
HOC Y€pe3 TOUKY 1 Ha3UBAIOThCS eleMeHmamu cumempii.

B kpucTaniuHUX MHOTOIpaHHHUKAX MPHUCYTHI TaKi €IEMEHTU CHUMETpIi sK
yewmp cumempii, oci cumempii Ta NIOWUHU CUMEmPII.

Bci enemenTu cumeTpii, XxapakTepHi sl KpUCTATIIYHUX MHOTOTPaHHUKIB,
MIIPO3AUISIOTECS HA npocmi i ckaaowi. Ilpocmi enemenmu cumempii € pe3ylib-
TaTOM JIii OJHOTO CUMETPUYHOTrO mnepeTBopeHHs. Hanpukmnan, mionmHa cumer-
pii € pe3yabTaTOM CUMETPUYHOTO MEPETBOPEHHS “BIIOOPA’KEHHA y TUIOLIUHI.
CknaoHi enemeHmu cumempii € pe3yJIbTaTOM IOCIITOBHOI M1 ABOX CUMETpPUY-
HUX NepeTBOpeHb. Hampukiaz, iHBepciiiHa BICh € PE3yIbTaTOM MOCIITOBHOT Jii
“o0epTaHHs HABKOJIO OC1” Ta “IIEPEeHOC Yepe3 TOUKY .

JlJist mo3HaYeHHs! CUMETPUYHUX MEPETBOPEHb Ta BIANOBIAHUX iM €JIeMeH-
TIB CUMETPIi B KpUcTanorpadii BAKOPUCTOBYIOTh YMOBH1 cuMBOJIU. Halipo3nos-
CIO/UKEHIIIMMH CHUCTEMaMHM MO3Ha4YeHHs € 1) 3amuc MDXHAPOJIHOTO CUMBOILY, Ta
2) 3amnuc 3a gornomoror Gopmynu (Tadm. 1).

Llenmpom cumempii HA3UBAETHCA TaKa ysBHA TOYKA BCEPEIWHI MHOTOT-
paHHUKA, sIKa XapaKTePU3YETHCS TUM, 1110 Oy/ab-sKa MPOBEJEHA Yepe3 L0 TOUKY
npsiMa 1o oouaBa OOKM Bl Hei Ha PIBHUX BIJICTAHIX 3yCTpidae OJHAKOBi (Bij-
MOBI/JIH1) TOYKH (PITypH.

LlenTp cumeTpii Lie eJIeMEeHT CUMETPIi, IO J03BOJIsI€ 3AIMCHUTH CUMETPU-
YHE NEPETBOPEHHSI — B1IOOPaKEHHS BCHOI'O MHOTOTPaHHUKA B LIJIOMY 1 Oy/b-
AKOT1 HOT0 YaCTUHU B IEHTPaJbHINA Toulll QIrypH, 110 NPUBOAUTH PIrypy A0 ca-
MocyMileHHs (puc.l). MHOrorpaHHuKH, sIKi MalOTh IIEHTP CUMETpIi, XapakTe-
PHU3YIOTBCS THM, IO MalOTh MOMAPHO MapalieiabHl IPaHl pO3rOpHYTI OAHA BiTHO-
cHO onHOi Ha KyT 180° Ta piBHI 3a Gopmoro 1 po3mipom. ko xoua 6 oHA
rpaHb HE Ma€ BIJIMOBIJHOI MapajeabHOl pIBHOI 3a (JOPMOIO Ta PO3MIPOM IpaHi,

TO TaKUH MHOT'OT'PaHHHUK HC Ma€ LCHTPAa CHMCTpﬁ.



Tabnuus 1 — Ilo3HaueHHs eleMEeHTIB CUMETpIi KpUCTaIIYHUX MHOTOTpaH-

HUKIB

HazBa enementa cumeTtpii

MixHapOIHUN CUMBOI

dopmyia cuMeTpii

IImomuna m P
Ilentp 1 C
OyIb-sKa n L,
_ MoJBiiiHA 2 L,

[ToBopoTHa Bich cH- :
_ [OTpIHA 3 Ly

MeTpil

YeTBEpHaA 4 Ly
IecTepHa 6 L¢
OyIb-sKa n L.
IuBepciiina Bich cu- | HOTpikiHA 3 Ls
MeTpii yeTBEpHA 4 Li
IIeCTepHa 6 Ls

IInowunoro cumempii ab0 NIOWUHOIO 03ePKAILHO20 Gi0OUMMS Ha3UBa-

€TbCA yiABHA INJIONIWHA, SAKa HOI[iJ]He MHOTI'OI'paHHUK Ha ):[Bi A3CPKAJIBbHO plBHl

YaCTHUHMU, IO pOSTaH_IOBaHi OJHa Bi):[HOCHO OI[HOI AK IPCAMCET 1 HOoTO A3CPKAJIBbHC

B1nOUTTA. Ile eneMeHT cumeTpii, 110 J03BOJISA€ 3AIUCHUTH CUMETPUYHE MTEPETBO-

pPEHHS — B1IOOpaXKEeHHs y TUIOHINHI (puc. 2).

Bicv cumempii e Taka ysaBHa mpsiMa, TiJ] 9ac MOBOPOTY HABKOJIO SIKOi Ha

neskuil KyT irypa camocymimyetbes. [Iopsgok oci cuMeTpii # BU3HAYAETHCS

KUIBKICTIO CaMOCYMIIIIEHb MHOTOTPaHHMKA 3a MOBOPOTY Ha KyT 360 °. Kyt mo-

BOpPOTY, 3a JAKOTO BiI[6YBa€TBC$[ CaMOcyMiH_[eHHSI, HAa3WBA€THCA CIICMCHTAPHUM

KyTOM TTOBOPOTY o (00 =

360 /n).




Pucynok 1 — Jlist ciMeTpUYHOTO IEPETBOPEHHS “TIEPEHOC Yepe3 TOUKY

VY KpucTaniyHUX MHOTOTPaHHUKAaX MOXYTh OYyTH JIMIIE OC1 MEePLIOTro, APY-

roro, TpeTbOro, YeTBEPTOro Ta IIOCTOTO MOPSAKIB 1 HE MOXKe OYTH Ocell CUMeT-
. . .

pii ’TOr0, ChOMOI0 1 BUIIMX NOpAAKIB: n # 5, 7, 8 ... . Ile 06ymMoBIIeHO 3aKo0-

HOMIPHOIO BHYTPILIHBOIO OYZ0BOIO KPUCTATIB: HEMOXIJIMBO 3alIOBHUTH 0€3 Mpo-

MDKKIB aTOMHY TUIOLIMHY KpUCcTaia (parMeHTaMu 3 OJHUX NMPABUIBHUX I’ SITH- 1

CEMUKYTHUKIB, Y TOM Yac SIK 11€ MOKJIMBO 3pOOUTH 3a JIOMOMOTOI0 MPaBUIIBHUX

TPUKYTHHUKIB 1 IECTUKYTHUKIB, & TAKOX KBAJIPATIB 1 MPIMOKYTHHUKIB.



a — KBajipara; 6 - NpsIMOKYTHHUKA

Pucynok 2 — [Inounu cumerpii P

InBepciiina BiCh CUMETpIl — €JIEMEHT CUMETpIi, 10 J103BOJIsE 3AIUCHUTH
CKJIaJIHE CUMETPUYHE NEPETBOPEHHS — MOBOPOT (PIrypH HA MEBHUM KYT 1 OJIHO-
yacHe B1oOpakeHHs ii B IIEHTp1 1HBepcii, K y neHTpi cumerpii. Ha pucynky 3
MPE/ICTaBIICHO 1HBEPCIHHY BICh CUMETPIii 4-r0 MOPSIKY.

CamocTiliHe 3HauY€HHs MalOTh JIMIIIE TPU 1HBEPCIHHI OC1 CUMETPIi TPETHOTO
(3), YETBEPTOIO (4_1) i mocroro (6) nopsankiB. [HBepciiiHa BiCh CUMETpIi HepIo-
ro MOPsAKY €KBIBaJICHTHA IIEHTPY CUMETPIi, IHBEpCiiiHa BICh JPYrOro MOpsJIKY —
TJIOIIMHI CUMETPII.

MakcuMallbHO MOXJIMBE YHUCIIO €JI€MEHTIB CUMETPIi, 110 3yCTPIUyaroThCs B
KPUCTAIIYHOMY MHOTOTPaHHUKY: TUIOIIMH CUMETpii — 9; ocell cumeTpii: n1pyro-
ro NopsaKy — 6; TpeTboro NOpsSAKy — 4; 4eTBEPTOro NOpSAKY — 3; MIOCTOTO MO-
psaaky — 1; 1HBepCIMHUX Ocel CUMETpIi: TPEThOro NopsIKy — 4; 4eTBEpTOro IMo-

PAOKY — 3; IIOCTOro nmopsiaxky — 1.



L;

Pucynok 3 — [aBepciiiHa BICh CUMETPIi YETBEPTOIrO MOPSIAKY

B ogHOMY MHOTOrpaHHUKY OZHOYACHO HE MOXYTh OyTH MPUCYTHIMHU BCI

3rajjaHi eJIeMeHTH CUMETPIi.

IHopsinoxk BUKOHAHHSA POOOTH

1)  Cnouatky Tpeba 3HalTH OC1 CUMETPIi BUIIOTO NOPSAKY (BULIE APY-
roro), a MOTIM BXK€ MEPEXOJIUTH 10 3HAXOJKEHHS OCel IPyroro NopsaKy Ta iH-
[IMX €JIEMEHTIB cUMeTpii (IUIOUIMH 1 HeHTpYy cumeTpii). Oci cuMeTpii BUIIOrO
MOPAJIKY MPOXOJSTh 4Yepe3 BEpIIMHM, JI€ CXOASAThCA PiBHI pedpa, abo yepes
LEHTpPH IrpaHeil 13 yuciom pedep, KpaTHUM HOPSAIKY OC1 CUMETPII.

2)  Ilpu BU3HAuUEHHI Oceil cuMeTpii NOTPIOHO HaMaraTucs He nepeBep-
TaTU MHOTOTPaHHUK, TOMY IO 1€ MOKE€ MPU3BECTHU JI0 MOMUJIKU M1J Yac Imijapa-
XYHKY 4YHCJIa OJHAKOBUX €JIEMEHTIB CUMETIi.

3)  Bicek cumerpii apyroro nopsiuky npoxoauTh abo depe3 cepeiauHy
pebpa, MepneHANKYJIIpHO oMy, ab0 yepe3 LEHTp TpaHl, NEPHEHAUKYJISIPHO

rpati, mo mae Gopmy MpsIMOKyTHHKa ab0 poM0Oa, abo uepe3 BEpIIUHY, YTBOpe-
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HYy MMapHUM YHUCJIOM T'paHel 13 MOMApHO PIBHUMHU MPOTUICKHUMH 1 IBOTPAHHU-

MU KyTamu (puc. 4 a).

| |
¢ { | |“
L | I |
/4 I 1|1
/m ///\\ /J— '——I\
/ (] L~ ¢
/ Z \
/
LZ L3 L4 L6
a 4] 8 2

a —Lz,’ o — L3,' 6 —L4,' c— L6
PI/ICYHOK 4 — MHOFOFpaHHI/IKI/I 3 IIOBOPOTHUMU OCAMU CI/IMeTpﬁ pi3HOF0
MOopPAOKY

4)  Bicbk cuMeTpii TPEThOTO MOPSAKY (@ TaKOX 1HBEPCIHHI OC1 TPETHOTO
1 IIOCTOTO MOPSAJKIB) MPOXOAUTH ab0 depe3 MpaBUiIbHY (YTBOPEHY TphOMa PiB-
HUMU TUIOCKMMHM KyTaMH) TPUTPaHHY BepUIMHY, ab0 uepe3 LEHTpP I'paHi y BH-
[/l TPaBWJIBHOIO TPUKYTHHKA, a00 IIECTUKYTHHKA MEPHEHAUKYISPHO i
rpati (puc. 4 6).

5)  Bich cuMeTrpii 4eTBEpPTOTrO MOPSJIKY MOXKE MPOXOAUTH abo uepe3
MpaBWIbHY YOTUPbOXTpaHHY (BOCBMUTPAaHHY, IBAaHAISATUIPAHHY) BEPIIUHY,
ab0 yepe3 LEHTp TpaHi 3 YUCIOM pedep, KpaTHUM YOTHUPHOM, MEPIEHIUKYISIPHO
rpati kBajapara (puc.4 ).

6)  Bick cumeTpii MIOCTOro MOPSAKY MOXKE MPOXOIUTH a00 uepes Ipa-
BUJIbHY IIECTUTPaHHY (IBaHAALSITUTPAHHY) BEPILKHY, a00 Yepe3 IIeHTp rekca-

rOHa — MPaBWIBHOTO MIECTUKYTHUKA — MEPIICHANKYIISIPHO rpaHi (puc.4 2).
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7)  Ilnommua cumeTpii mpoxoauTh a00 y3/10BXK pebdpa Kpucraia, CTBO-
PIOIOYH MPU ILOMY PIBHI KyTH 3 000Ma rpaHsiMu, 110 TpaHUYaTh MO JaHOMY pe-
Opy, abo depe3 OiCEKTpHCY KyTa MK peOpaMH KpUCTay,ll0 MEepPeciKaroThCs,
PO3AUIAIOYHM ii HA JBI I3epKaIbHO piBHI yacTUHU. [InommHa cumeTpii mpuCcyTHS
y KpUCTanax, 10 MaloThb IHBEPCIHHY BICh CUMETPIi MIOCTOT0 MOPSAKY, EpPIeH-
JTUKYJISIPHO OCTaHHIM.

8)  LenTtp cumetpii BUSABISETHCSA MO OOEPHEHO PIBHOODKHUM T'paHSIM:
KpHUCTal, y IKOMY € LIEHTP CUMETPii YTBOPEHHUI PIBHOOLKHUMH I'PAHSIMU, OJHA-

KOBHMH 32 pO3MIpoM Ta (OPMOIO 1 MOBEPHYTHUMH OJIHA BITHOCHO OAHOT Ha 180°.

KoHTpoJibHI NUTAHHSA

1)  IlepeniuiTh BiIOMI TUIIH CUMETPUYHUX NIEPETBOPEHbD.

2)  Sxuii eneMEeHTapHHUM KyT BIJMOBIA€ OCI CUMETPIi APYroro mopsii-
Ky?

3)  Yum BiAPIBHAIOTHCS 1HBEPCiiHI OC1 CUMETPIi BiJl MOBOPOTHUX OCEH
cumeTpii?

4)  SIxkuM ocsiM CUMETpii MOKYTh BIIMOBIAATH KyTH moBopoTy 60°, 90°,

120°, 180°?

JlaGoparopHa podora Ne 2
BUBIP KOOPINMHATHUX CUCTEM IJIA OITUCY KPUCTAJITYHUX
MHOI'OI'PAHHUKIB I METO/I IHJEKCYBAHHS 'PAHEN
KPUCTAJIIYHMUX MHOI"'OIT'PAHHUKIB

Meta poOOTH — HABYUTUCH HA MOJENISIX KPUCTAIIYHUX MHOTOIPAHHUKIB
BUOUpaTu KpucTajgorpadiuHi KOOpJAUHATHI CUCTEMH Ta OMHCYBaTH B HUX TpaHi

MHOI‘OFpaHHI/IKiB 3a JO0IIOMOI'0O0 MCTOJa iHIIeKCYBaHHH.
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OcHOBHI TeopeTH4HI BiIOMOCTI

Jiist onucy Oyab-SKOro KpUCTaIIYHOTO MHOTOTPAHHUKA MOKHA BUKOPHC-
TOBYBATH JIBl KOOPJMHATHI CUCTEMU: MOJIAPHY Ta CHEILIaJIbHY.

Ilonapna cucmema Koopournam 3aCTOCOBYETHCS JJIsl BU3HAYEHHS] KOOP/IH-
HAT TOYOK Oy/Ib-IKOT0 KpUCTaa 3a JOIMOMOTIOI0 JIBOX KOOPJMHAT — IOBTOTH (),
sKa BU3HAYAETHCS KYTOM MIXK IUIONIMHOIO HYJIBOBOI'O MEpHiaHa 1 IJIOIMIMHOIO
MepHiaHa, SKUM MPOXOAUTh Yepe3 3aJjaHy TOUKY Ta MOJSPHOIO BIICTaHHIO (P).
[s koopMHATA € KyTOM MDK MIBHIYHUM T0JIFOCOM c(hepu Ta 3aJ1aHOI0 TOUKOIO.

Cneyianvna cucmema KoopouHam — Kpucmanoepagiuii — 3aCTOCOBYEThCS
JUISl TIEBHOT rpynu (CUHroHI{) KpucTtaiiB. KoxkHa 31 cremiaabHUX KOOPJIUHATHUX
cucTeM 3abe3nedyye MakCUMalbHy MPOCTOTY OMUCY KPUCTaJiB BIAMOBIAHOI CH-
Metpii. Tak SIK 7151 KOOPAMHATHUX HANPSIMKIB CIIEH1aJbHUX KOOPAUHATHUX CH-
cTeM BHUOMpaloTh a00 MEBH1 €JIEeMEHTH CHUMETpii caMUX MHOIOIPaHHHKIB (OcCi
CUMETpii, HOpMaJli JI0 TJIOLIMH CUMETPIii), a0 HampsIMKU pedep, TO Ll CUCTEMU
HA3UBAIOTh MPUPOJHUMHU.

[loyaTok KOOpJIMHAT B TAKMX CUCTEMaXxX 3aBXIH 3HAXOAUTHCS y CEpPEeIHHI
KPUCTAIIYHOIO MHOTOIPpAaHHMKA 1 criBnagae abo 3 LEHTPOM CHUMETpii, abo, 3a
BIJICYTHOCTI MEPIIOTro, 3 HeHTpoM Mac. Lli cuctemu koopauHat € npaBuMu. Bich
OX 3aBxJu HallpaBjeHa Ha JIOCIiIHUKA, Bicb OY — y npaBo, Bicb OZ — IOTOpH.
Oci MaroTh K JOJIaTHI, Ta 1 BiJl’€MH1 HaPSIMKH.

CrenianbHi CUCTEMH KOOPAMHAT JJIsl KOYKHOT CUHTOHII XapaKTepU3yIOThCs
METPHUKOIO, JI0 K0T BXOJATh OJMHUYHI BIAPI3KHU 110 KOOPJAUHATHUX OCSIX 4, b, ¢
Ta KyTH MK OCsiMU a., B, Y (puc. 5).

Tpuxknunna (TpUdi KOCOKYTHA, KJIIMHEO (TpeEll.) — HaXujl) KpucTtanorpadid-
Ha CUCTEMa KOOPJMHAT AY>KE€ 3py4Ha JIJIsl OMUCY HaWOLIbII HU3bKOCUMETPUYHUX

KkpuctainiB. g koopauHaTHa cUCTEMa XapaKTEpU3YEThCSl HEOJHAKOBUMHU (1 He-
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NpsIMUMU) KyTaMu o, 3, Y Mk ocsimu koopauHat OX, OY, OZ (o # B # v # 90°),

a TAaKOXX HEPIBHUMHU OCHLOBUMH (MACIITAOHUMU) OAUHUISMHU (a # b # ¢).

Pucynok 5 — 3aransHuit BUrisa kpucrajiorpadiaHoi CHCTEMH KOOpAUHAT

Y MmonoxnunHiti KOOpIUHATHINA cucTeMl (MOHO (Tpell.) — OJAWH) OJUH KYyT
(B) He npsimuii, a 1Ba 1HILI KYTH MK OCSIMU KOOpJIMHAT (0 Ta y) — mpsiMi (oL =7y =
90°£B; a# b #c).

VY pombiuniti KOOpIAWHATHIA CUCTEMI1 BC1 KyTH MDK OCSIMH KOOpAMHAT —
npsmi (o= =y =90°), a ocboB1 oauHULI HepiBHI (a # b # ¢). HacTo 1to cucre-
My Ha3UBaIOTh OPTOPOMOIYHOIO (OPTOrOHAIIBHOIO POMOIUHOIO).

Tempazonanvua KOOpJUHATHA CUCTEMA € TAKOXK OPTOTrOHAJIBHOIO (00 = § =
v = 90%), 1Bl OChOB1 OIMHMUIII 301ratoThCs (a = b # ¢).

Tpueconanvha KOOPIUHATHA CUCTEMA XapaKTEPU3YEThCSI HASIBHICTIO YOTH-

pHOX KOOpAMHATHUX oceld. Mk Tppoma ocsimu OX, OY, OU, uio nexatb B OJ-
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HIN TUToNMHI, KyT ckiagae 120°, a Bick OZ NeprneHAMKYISIpHA 10 IUX TPHOX
oceit (o =P =0=120°,y=90"). 11 0ocbOBUX BIJPI3KIB Ji€ CIIBBIAHOLIEHHS a =
b = w # ¢, IneHTHyHa cuUcTeMa KOOPJAWHAT MPUUMAETHCA ISl 2€KCACOHANLHOTL

CUHTOHII (puc. 6).

PI/ICYHOK 6 — Cucrema KOOpAHWHAT IJIA TpI/IFOHaJIBHOI Ta TeKCaroHaJbHO1

CUHTOHI1I
Kybiuna xoopaunaTHa cucteMa (HaHOUIBII MIMPOKO BIAOMA il HA3BOIO

JIeKapToOBOi) € opToroHaiapHOI0 (00 = f =y = 90°), piBHOOCKOBOW (@ = b =) 1

3aCTOCOBYETHCS JIJIsl OMUCY HAHO LTI BUCOKOCUMETPUYHUX KPUCTAIIB.
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Jlist onucy rpaHedl KpUCTaNIIYHUX MHOTOIPAHHMKIB 3aCTOCOBYETHCS Me-
TOJ KpUCTAOrpadiuHOTO 1HAEKCYBAHHS, 3pYYHUHN JUIsl BCIX KpUCTAIOrpapiaHuX
CUCTEM KOOPJMHAT HE3aJIEKHO BiJl TOTO, MPSMOKYTHI BOHHU YU KOCOKYTHI, OJHA-
KOB1 B HUX MaclITaOH1 BIAPI3KU MO OCSIX Y Pi3HL.

[Ipu iHIEeKCyBaHHI KOXKHAa TpaHb KPUCTANy XapaKTEPU3YETHCS TEBHUM
HAa0OpOM 1H/IEKCIB — CUMBOJIOM T'paHi.

Sxmo rpans AoByCy BUOpaT 3a oauHUYHY, TO i1 nmapametpu OAy, OB,
OCy (omUHUYHI BIAPI3KH) BBAKAIOTHCS OJWHUISIMUA BUMIPIOBAHHS IO BIAIOBII-
HUX OCSAX — OChOBI1 OJUHMUII (pHUC. 7). Y 3araJbHOMY BUIIAJKY BOHU MOXYTh OY-
™1 He ogHakoBuUMU (OAy # OBy # OCy). OchOB1 OMHUIII TTO3HAYAIOTH: TIO OC1 X
—a, o oci Y — b, mo oci Z — c. Omxe, nonoxxeHHst rpadi Ay¢ByCy BU3HAUYAETHCS
napamempamu a, b, c; nonoxenus rpaui A;B,C; - 2a, 2b, 3¢; A,B,C; - 3a, 3b,
2c.

Inoexcu epani ABC (inoexcu Minnepa) — Tpu uim uucia h, k, [, mo BuU-

3HAYAIOTHCS SIK 00EpHEH1 BEJIMUYMHHU JI0 TTapaMeTpPiB rpaHi:

h:k:lzl:l:l.
a b c

[Tapamertpu rpani a, b, ¢ MOXYTh NIPUMUMATH 3HAYEHHS BiJ - o© J0 +00, y
TOW 4ac sIK 1HIEKCHU A, k, [ MOXYTh TpuiiMaTtu OyJb-iKi BiJ €MHI a00 J0JaTHI
3HAYEHHS, K MMPABUIIO, BUPAXKEHI MAJIUM, OJJHO3HAYHUM YHCIIOM, B TOMY YHCII
— HyJIeM. PiBHICTb HYJII0 TOT0O 200 1HIIOTO 1HAEKCY MOKa3ye, 0 AaHa rpaHb Ia-

pajenbpHa BIAMOBIIHIN OC1 KOOPIUHAT.
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Pucynok 7 — Po3ramryBanns rpaneit 40ByCy, A1B1C, A>B,C, B cuctemi

koopauHat OX, OY, OZ

Ingexcu Minmnepa nmokasyioTh, 110 mionimHa ABC NOAUIse OTUHUYHUN
BIJIpi130K 110 oci OX Ha A yactuH, 1o oci OY Ha k yactuH, 1o oci OZ Ha / 4acTuH.

Tpu 1Haekcu, B3ATI y Kpyrial nyxku (hkl), Ha3UBatOTHCS CUMBOJIOM I'paHi
ABC. I'pani kpucTaia, siki oB’si3aHi TAMU a00 IHITUMH €JIeMEHTaMH cuMeTpii (i
TOMY MaloTh OJHAKOBI po3Mipu 1 Gpopmy), MalOTh OJHOTUIIHI CUMBOJIUA, TOOTO
TaKl, 10 BIAPI3HIIOTHCS JIUIIE 3HAKAMH 1HJEKCIB Ta MOPSIKOM IXHBOT'O 3aIUCy
B CUMBOJII TpaHi.

AOGCOJIOTHI 3HAY€HHSI OChOBUX OJMHUIP BU3HAUAIOTH 32 IAHUMH PEHTTE-

HOCTPYKTYPHOI'O aHaJI3y.
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IHopsinoxk BUKOHAHHSA POOOTH

1)  BusHauyuTH €NEeMEHTH CUMETPIii KPUCTATIYHOTO MHOTOI'PaHHUKA.

2)  Bu3HauYUTU CHUHTOHIIO Ta KaTErOPil0 KPUCTAIIYHOTO MHOTOTpaHHU-
Ka.

3)  BuOpatu cnemianbHy KOOpJAWHATHY CHUCTEMY ISl BIAMOBIIHOI CUH-
TOHI].

Pexomennaiii o0 BUOOPY HanmpsIMKIB KOOpJAMHATHUX OCEHl y KpHUCTali-
YHUX MHOTOIPAHHHUKAX PI3HUX CUHTOHIN:

Ky6iuHa — 3a 0Cl KOOpAUHAT MPUHMAIOTh TPU B3aEMHO NEPIECHAUKYJIISAP-
Hux oci 3L, abo 3 [ ;, a y BUNAAKY iX BiICYTHOCTI — 3L,;

2eKCa2OHAbHA [ mpueoHaibha — 3a Bick OZ nipuiiMatoth Lg a6o [ ; (Tek-
caroHaJlbHa CUHTOHIA), L3 abo [; (TpuronanbHa), 3a oci OX, OY, OU - ropuso-
HTaJbHI OCl L;, a 3a iX BIACYTHOCTI — HOpPMaJli 10 BEPTUKAJIbHUX IJIOIIUH CUMe-
Tpii, 32 BIICYTHOCTI OCTaHHIX — TPU TOPU3OHTAIBHUX pedpa, po3TalloBaHUX Mij
KyTom 120°;

mempaeonaivHa — 3a Bicb OZ, nmpuiiMaroth L4 a60 [ ;, 3a oci OX 1 OY —
B3a€EMHO MEPIECHANKYISIPHI TOPU30HTAIBHI OCl Ly, a 3a iX BIACYTHOCTI — HOpMa-
71 10 BEPTUKAJIBHUX B3aEMHO NEPIEHIUKYIISIPHUX TUIOUIUH CUMETPIi, 3a BIICYT-
HOCT1 OCTaHHIX — JiBa TOPU30HTAIBHUX B3a€MHO MEPIECHIUKYISIPHUX pedpa;

pombiuHa — TPU B3aEMHO MEPIEHAMKYISpHI ocl 3L,, 3a iX BIACYTHOCTI
€IMHA BICh L, npuiiMaeTbes 3a OZ, a HOpMalll 10 ABOX B3a€EMHO MEPHEHANKYIIS-
PHUX IJIOMIKH cuMeTpii — 3a oci OX 1 OY;

MOHOKIUKHHA — 3a Bich OY npuiitmaroTh L, a60 HOpMaJb 10 TUIOUIWHU CHU-
MeTpii, 3a oci OX 1 OZ — nBa pedpa, po3TaiioBaHi neprneHaAuKyIsipHo 10 OY;

MPUKIUHHA — HATIPSIMKHA TPHhOX HE KOMILJIaHApHUX peodep.
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4)  Po30butu BCl HasiBHI TpaHi KPUCTAIIYHOTO MHOTOIpaHHUKA Ha Tpy-
4, y AK1 BXOJSATh IPaHi OJJHAKOBOiI (POPMH i OJJHAKOBOT'O PO3MIpY.

5) Bu3HauuTH CUMBOJM TpaHEW KPHUCTAIIYHOIO MHOTOTpPaHHHKA, 3a-
MHACYIOUH iX B OKpEeMi I'pyInu BIIMOBIAHO A0 1. 4. J[Jd CIIpOIeHHs 3aMucy Bij-
pI3KH, 110 BIATHHAIOTHCS HA KOOPAMHATHUX OCSIX, MPUIUMAIOThCA PIBHUMH OJU-

HUII.

Ilpuknao. Ha pucyHky 8 300pakeHO KpUCTAJTIYHUN MHOTOTPaHHUK y BU-

I‘JISII[i TeTpaFOHaHBHOT IMpU3MH.
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Pucynok 8 — YcTaHoBKa KpucCTajiB TeTparoHajibHOI CHHTOHIi

Enementu cumeTpii 1boro KpucTaivHOro MHororpanuuka Ls4L,5PC.

Bubupaemo crieniaiibHy KOOpAMHATHY CUCTEMY JJIsl TE€TparoHaJIbHOT CUH-
rouii. Bick OZ — Bich L4; oci OX 1 OY — 1Bl B3aEMHO MEPHEHAUKYISPHI KOOP-
IuHATHI ocl L,. ['paHi KpUCTAIIYHOTO MHOTOTPAaHHHUKA CKJIAJIal0Th /1Bl Tpynu. Y

NepIy BXOAATh YOTUPU BEPTUKAIIbHI IPaHi, a B IPYTY — JABl TOPU3OHTANIbHI.
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3anucyeMO CUMBOJIM T'PaHEN KpUCTala Mo rpymnax:

[ rpyna II rpyna
(100) (001)
(100) (001)
(010)
(010)

[1ig yac 3amucy CHMBOJY T'paHi Ha MEPHIOMY MICIl CTaBJSATh 1HJIEKC MO
oci OX, Ha npyromy — 1o oci OY, Ha TpetboMy — 1o oci OZ. {15 rekcaroHalib-
HOT 1 TPUTOHAJIBHOI CHHTOHII CUMBOJI I'paHl CKIIAJIA€ThCA 3 YOTUPHOX 1HACKCIB

(Ha TpeThOMY Miclli CTOITh 1HJEKC 1Mo oci OU, a Ha yeTBepTOMY — 110 0ci OZ).

KoHTpoJibHI NUTAHHSA

1)  CkuIbKM TUIIB KOOPAMHATHUX CHCTEM 3aCTOCOBYETHCS B KPHCTAJIO-
rpadii?

2)  Oco6aMBOCTI MOHOKJIMHHOI KOOPAMHATHOI CUCTEMH.

3) 1o Take mapameTpH IUIOLIUHH 4, b, c?

4)  Illo Take IHAECKCH IUIOIIMUHU A, k, [?
JlaGopaTopHna podora Ne 3
METO/U ITOBYJIOBU IVTACKHUX ITPOEKIIIN

KPUCTAJIYHMX MHOI"'OI'PAHHHUKIB

Merta poboTu — HaBUMTHUCS OyayBaTH cTepeorpadidHi i THoMocTepeorpa-

(b14H1 TPOEKIIiT KPUCTATTYHUX MHOTOI'PAHHUKIB.
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OcHOBHI TeopeTH4HI BiIOMOCTI

30BHIIHA (opMa MPUPOJHUX KPHUCTAIIB, SIK MPaBUJIO, € JOBOJI CKIaj-
Hoto. J{J1s1 ii 300paskeHHs, a TaKOX JJis1 300pakKeHHs €JIEeMEHTIB CUMETPIl KpHc-
TajgiB Ta JJIs MPOBEICHHS BUMIPIB JIBOTPAHHMX KYTIB MK iX BIAMOBIIHUMH
rpaHsaMH B KpucTasorpadii 3acTOCOBYIOTh pi3HI BUAM Mpoekiliil. BinmosigHo 10
3aKOHY CTAJIOCT1 KYTiB, BEJIMYMHU ABOTPAHHUX KYTIB MDX BIAMOBIIHUMU I'paHs-
MU KpHUCTajia € CTaJUMU Ta OJJHO3HAYHO XapaKTepU3yIOTh IPaHi KpUcTaa.

entpanbHi chepruni npoekiiii BAAIO NEpeaaroTh 111 KYTOB1 CITIBBIIHO-
IIEHHS KPUCTAJIYHUX MHOTOIPaHHMKIB. J[JIs IIbOTO KpUCTaII4YHUII MHOTOrpaH-
HUK 3aMIHSIOTh NOJSAPHUM KOMNIJIEKCOM, 10 TIPEACTaBIsA€ COO0I0 CYKYIHICTIO
HOpMaJieil 10 TpaHed MHOTOrpaHHHKa, SKI MEePEeTHMHAIOThCS B OJIHIM TOYIl B
LEHTP1 MHOTOIPaHHUKA. SIKIIO MOJSPHUN KOMIUJIEKC MOMICTUTH Y LIEHTp cdepu
JTOBUILHOTO pajiycy (cdepa Mpoekilii) Ta 3HAWTH CIIJIH MEPETHHY €JIEMEHTIB
KOMIUIEKCY 31 C(heporo, TO OTPUMAEMO CheputHy npoeKyiro NosPHO20 KOMNIEK-
cy.

3pyUHIMIUMH JJi1 300paXkeHHs1 Ta KpucTtajgorpadiyHUX BUMIPIB € IIacKi
MPOCKLIl — cmepeoecpaghiuni ma eHomocmepeocpaghiuni. JIns TmepeTBOPEHHS
00’eMHO1 cepruHOi MPOEKIIi y TUIACKy MNOTPIOHO cepy MPOeKIid NepeTHYTH
wiouuHo0 Q. 3a TIOHMHY cTepeorpadiuHoi MPOoeKIlii NpUMaeTbCsl €KBATOPi-
aJbHA IUIOIIMHA, Ha Ky c(hepa MPOEKTYEThCA Y BUTIIAIL KOJIa MPOEKIIii.

[Tpunun noOynoBu crepeorpadiyHOi MPOEKIIi NOKa3aHU Ha PUCYHKY 9.

B oxpHomy 13 momtociB (miBAeHHOMY) chepu MPOeKIliil po3TaioByOTh TO-
4Ky 30py S.

{06 crnpoexTyBaTu HamiBnpsaMmy, Hanpukiag OA, npoBoAUMO TpsamMy AS
B1Jl TIOJIFOCHOT TOYKH A IOTO HAMPSIMKY Ha cdepl MPOoeKIii 10 TOYKU 30py S.
Toni mepetun niHil AS 13 KOJOM MPOEKIIii TOYKA a € cTepeorpadiuHoO0 mpo-

eKii€ero HanpsMKy OA.
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Pucynok 9 — Ipuniun noOyaoBu crepeorpadiqyHoi NpoeKiiil HampsIMKy

OA 1 wiommen P

Cmepeoepaghiuna npoexyis 6epmuKaibH020 HANPAMK)Y 300paxyeTbCs TO-
YKOIO B LIEHTP1 KOJIa MPOEKIII].

Cmepeoepaghiuna npoexyis 20pu30HmMaAnIbHO20 HANPAMKY 300paKyeThCs
TOYKOIO Ha MEXI1 KoJia crepeorpadigyHoOi MpOeKIIii.

Cmepeoepaghiuna npoekyis noxuno2o Hanpamky 300paxyeTbcsi TOUKOIO Y
CepelIMHI KoJjia MPOEKIIii, ika He CHIBMAJa€ 3 HOro IEHTPOM.

[Ilo6 orpumatu crepeorpadiuyHy MPOEKIi0 IUIONMHU P, HEoOXiTHO yci
Touku Ayru BCK, sika yTBOpPIOETbCS Ha NMEPETHHI TutouHu P 31 cheporo mpoek-
[1{, CIIOJYYUTH 3 TOUKOIO 30py S, mpaMuUMHU. B pe3ynbraTi oTpuMyeMO KOHYC
MIPOEKIIIH, SIKUI Ha MIEPETHHI 3 TUIONIUHOIO MpoeKIlid O yTBopuTh nyry BMK. 11
Jyra, MO0 CIHUPAETHhCS Ha KIHII JlaMeTpy KoJia MPOEKIiH, € crepeorpadiyHoIo
MPOEKIIIEIO TUIOMUHU P.

B kpucranorpadii crepeorpadiuHi mpoekIii 3aCTOCOBYIOTh ISl 300pa-

KEHHS €JIeMEHTIB CUMETP1l KPUCTATIYHUX MHOTOTPAHHHUKIB.
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Cmepeoepaghiuna npoekyis 2opu3oHmaibHoi oci cumempii 300paxy€eThCs
JIBOMA JlilaMeTPaJIbHO MPOTHIC)KHUMHU TOYKAMH Ha KOJ1 MPOEKITi.

Cmepeoepaghiuna npoexyis 6epmuKkaibHoi oci cumempii — TOYKaMH, 110
HAKJIaIAI0ThCS OJTHA HAa OJTHY B IIEHTP1 KOJIa MPOEKIIii.

Cmepeoepaghiuna npoexyis noxunoi oci cumempii — TOYKaMHu y CepeuHi
KOJIa MPOEKIIIH.

Cmepeoepaghiuna npoekyis 6epmuKkaibHoi 03epKaAlIbHOI NAOUWUHU CUMeN-
pii 300paXyeThCA TlaMeTPATbHUMU TTOABIMHUMU JIHISIMHU.

Cmepeoepaghiuna npoekyis 20pu3oHmMaibHoi 03epKAIbHOI NIOWUHU CU-
Mempii, Ka CIIBMAJa€e 3 TUIONMHOI KOJIa MPOEKIi, MO3HAYAETHCS MOIBIHOIO
JIHIEI0 B3JIOBXK JIIHIT KOJa IPOEKITii (1Ba KOHIIEHTPUYHI KOJIa).

Cmepeoepaghiuni npoexyii noxunoi 03epkaibHoi NIOWUHU CUMempii € 1y-
ramu, 10 CIUPAIOTHCS Ha JiaMeTp KoJia MPOEKIliN 1 MO3HAYaI0ThCs MOABIHHUMHU
JHISIMHU.

YMOBHE MO3HAUYEHHS OCEW CUMETPIi Ta IUIOLIMH J3€pKAJIbHOTO BIAOUTTS
Ha crepeorpadiuHiil mpoekilii HaBeeHO B TabuIi 2.

Jlist 300pakeHHsl TpaHell MHOTOTPaHHHKAa BUKOPUCTOBYIOTH 2HOMOCHIE-
peoepaghiuni npoexyii (Bl TPEIbKOro CIOBa “THOMOH’ — HOpMaJb). [Ipu oMy
300paXyI0Th HE MHOTOTPaHHUK, a MOro MOJISIPHUN KOMIUIEKC, TOOTO HE TpaHi
KpHUCTaia, a HopMali 10 rpaHeil.

[InoumHoI0 THOMOCTEpeorpadiuHOi MPOEKIi, K 1 JuIs crepeorpadiyHol
MIPOEKIIi1, CIYKUTh €KBaTOpiajbHa MIomuHa chepu npoekiriit O.

[Ilo6 onepxaTu THOMOCTepeorpadiuyHy MPOEKI[II0 TJIOMIUHHU, TPOBOJATH
HOpMaJlb BiJ II€T IJIOIMHU A0 MEPETUHY 31 c(heporo MpoeKliii, a MOTIM OTpUMa-
HY MOJIOCHY TOYKY 3’ €HY€ 3 TOUKOIO 30py S MHPSIMOIO.

[Ilo6 moOynyBaTH, rHOMOCTepeorpadiuHi MPOEKIii HOpMaJeH, 1o nepe-
TUHAIOTHh cepy B HIDKHIN miBcdepl, NEPEeHOCATh TOUKY 30pY 3 MiBAEHHOIO MO-

mocy cepu Sy miBHIuHMM nofiroc N. [Ipoekilii rpaneit, po3TaioBaHuX BUIIE
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Tabnuus 2 — YMOBHI TO3HAYEHHS €JIEMEHTIB CUMETP1i KPUCTATIUHUX

MHOTOTIPaHHHUKIB Ha cTepeorpadiyHiil mpoexiii

300pakeHHsI €JIEeMEHTIB CUMETPIi

Ha3Ba enemenra cu- | YMOBHE B1JTHOCHO IJIOIIMHU MPOEKITIi
MeTpii MTO3HAYEHHS | TIEPIICHIUKYJISIPHO
napajiesbHO
Ta MOXUJIO
[ImomwuHa n3epka-
| P yau—
JILHOT'O BIAOUTTS
LenTtp cumeTpii C C
JApyroro L, > O—Q
8
=
¢
R
& TPETHOTO Ls i : HEMae
=
'S
S}
E
) YeTBEPTOro L4
o
o
o]
o
=
IOCTOTO Le <:> Hemae
§=
=t TPETHOTO Ls ii: HEMae
R
o
)
=
'S
° YETBEPTOrO Li
=
=
'S
o
]
2 LIOCTOI'O Ls @ HEMae
i
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IUIOLIMHYU MPOEKIii, MO3HAYal0Th KPY)KKaMH, a HW)KHIX — XpecTHKaMu. [Hoxl
BEPXHIO I'PaHb 300paKYIOTh MOPOKHIM KPYKKOM, HUKHIO — 3a4OPHEHUM.
["opu3oHTaNBHOT IpaHi MPOEKTYIOTHCA B LIEHTP1 KOJIa MPOEKUii (BepXHs —
KPY>KKOM, HUXHSI — XPECTUKOM), BEPTUKAIBHOI I'paHi — HA caMOMY KOJI1 MTPOEK-
1li, a MOXWIi rpaHi — ycepeauHi Horo. Uum Oiunblie KyT Haxuiy 1o oci OZ mo-

XWJI01 TpaHi, TUM JaJi BiJl LHEHTPY PO3TAIIOBYEThCA TOYKA, 110 € il MPOEKLIEL0.

IHopsinoxk BUKOHAHHSA POOOTH

1) BusHauuTH €JeMEHTH CUMETpii KPUCTATIUHOrO MHOTOTPAHHUKA Ta
3allMCcaTH CUHTOHIIO Ta KaTETOPIIO, 10 SIKUX HAJIEKUTh MHOTOI'PaHHUK.

2)  Bubparu crneuiagbHy KOOPAMHATHY CHUCTEMY MJIS KPHUCTAIIYHOTO
MHOTOI'paHHHKA 1 BCTAHOBUTHU HOTO B Hiil.

3) 3o0pa3utu  crepeorpadiuHy 1 TrHOMOcTepeorpadiuHy MpoeKiii

KpI/ICTaJIi‘IHOI‘O MHOT'OT'paHHHKA.

Ilpuxnao. Ha pucynky 10 300paxeHi 3arajbHUNA BUTJIS TETParoHaJIbHOI
ninipamiau (a) Ta ii crepeorpadiuna (6) 1 rHomocTepeorpadiuna (6) mpoeKIii.

Enementu cumerpii kpucrana — L44L,5PC. CUHIOHIS — TeTparoHajbHa.
Kareropis — cepennsi. Bubupaemo 3a Bice OZ — Bich La, 32 oct OX 1 OY — Kko-

OpJIMHATHI OCi L,.
KoHTpoJibHI NUTAHHSA
1)  Slxe ocHOBHe mpU3HAYEHHS cTepeorpadiuHUX MPOESKIii?
2)  UYuMm BiIpi3HAIOTBCS cTepeorpadiyHa i THomocTepeorpadiyHa

npoeKIlii kpucrana?

3)  Ipunuun noOyaoBu crepeorpadiuHoi TPOEKIIii.
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a — 3arajbHIi BUTIIA TETparoHalIbHOI JinipaMiau; 6 — crepeorpadiaHa
MPOEKIIis; 6 — THOMOcTepeorpadiyHa MPOeKIis

Pucynok 10 — 3aranbHuil BU Ta NPOEKIli TE€TparoHalIbHOI AiripaMian
4)  Jle na rHomocTtepeorpadiuHiil mpoekIlii po3TalloBYIOThCS Bep-
TUKaJbHI I'paHi Kpucrana?

5) Sk BiAPI3HUTH HAa THOMOCTEpeorpadiuHiid MPOeKIii BEPXHIO 1 HUXK-

HIO IpaHi Kpucrtana?
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