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n P E / ] , H C / I O B I E .

M3 iiaBaH K paTK in Y^eÓHHK^ KpHCTajuiorpacfńH, a 

hm^ jtł btd BHiiy r îaBHBiMT} o 6 pa3 0 MT> cbo h x ,l  c jiy m a - 

Tejiefi CTy^eHTOB-L eCTeCTBeHHHKOBR PiM nEPATOPCKATO 

C.-EIeTep6 y p rcK a ro  Y HHBepcHTeTa. H x o ’rk/n> npniiTH r -l 

hhmtj Ha noM om t, AaB^ b r  pyKH RH nry, KOTopan Moriia 

óbi cjiy>KHTb jijih cnpaBOKi) npn npaKTHiciecRHX'b saH jm s^ R  

h  CHCTeMaTHaecKOMTs cA ym am n  jieK uin. H  He Mon> y n y -  

cKaTb H3R BH,ny h ctoh m octh  y^ieÓHHRa; h >Kejxainb cirfe- 

jiaTb ero  oómeiLocTynHbiMR no ipfeH^. B c^  s t h  o ó cto h-

T eilb C T B a C Jiy^ aT T , npHHHHOIO TOH KpaTKO CTH  H OTHaCTH 

AOrMaTHHHOCTH, KOTOpblMH OTJIHHaeTCH MOH yneÓ H H R R . 

H o  h n p n  B ce n  o H a T o c r a  h y p l^ R a R R  b r  p n c y H R a x R , 

eiiB a  jih  M orR  6 b i n s i ia T b  e r o ,  e c iin  ó b i ^ H S H R O -M a T e -  

M aT H n ecK in  <$>aKyjibTeTi> He O R a3a jiR  m h ^  cym ecT B eH H O H  

M aT ep iajibH on  n o iu e p }H K H . C r  o coóeH H biM R  y/iOBOJibCTBi- 

eMis n o j ib 3y fo c b  c jiy ^ a e M R , h t o  ó b i B bipa3H Tb <£>aRyjibTeTy 

CBOfO HCKpeHHfOIO n p H 3HaTejIbH OCTb.

flpocf). /!. 3eMRrrweHCHiu.





B B E / I E H 1 E .

HacTHUbi MaTepin, upn nepexoa'fe H3i> noTBHżKHaro cocTOHHifl 

(żKHjiKaro hjih ra30o6pa3Haro) bt. HenojiBHJKHoe (TBepaoe), 

rpynnHpyBCb Bidbcrb, Hep-feflKO pacnojiararoTca tbkhmt. oÓpa- 

30Ma., hto Ba, pe3yjibxaTrfe nojiynaeTCH Kyaa MaTepiajibHbixT> 

aacTHua,— „rfejio“ , orpaHHaeHHoe poBHbiMH njiocKOCTHMH, to , 

BTO Ha3bIBaeTC51 MHOTOrpaHHHKOMT, HJIH nojliaapoMT,. TaKHMT, 

npHpOJI.HblMT, MHOTOrpaHHHKaMT), npOHCmeUHIHMT, OTrb H3Bf>CT- 

Haro 3aKOHOMrbpHaro pacnojiomema MaTepiajibHbixT> aacTHHb, 

H3ji.aBHa npHCBoeno Ha3Bame „KpHCTajuia".
KaK'b yBHHHMT, HHme, KpHCTajuibi oóJiaflaioTT, BecbMa mho- 

FHMH 3aM^HaTejIb,IbIMH lJ)H3HHeCKHMH OCOÓeHHOCTHMH, pfcsKO 

OTJIHBaiO LU,HMH HXT> OTT. MHOTOrpaHHHKOBT. HCKyCCTBeHHbIXT>j

xoth 6bi nocjitflHie bt, reoMeTpHHecKOMT, oraomernH 6łijih co- 

BepmeHHO TOJKuecTBeHHbi ct, hiimh.
Cjiobo KpHCTajurb np0HCX0 flHTT, ott> rpeaecKaro zpocnakloę, 

KOTopbiMT, bo BpeMeHa ToMepa o6 o3HaaajiH Jiejia,; nosmrfee, bo 

BpeMH rijiaTOHa, sto cjiobo nepeHeceHO óbuio Ha MHHepajrb, 

BecbMa aacTo BCTp^HaiomiHCH bt> npHpojrfc bt. BHjrfe mecTHCTO- 

pOHHHXT> npH3MT> CT. HICCTHCTOp OHHCH HIipaMHJIOH Ha KOHLlfe, 

Óe3HBi5THbIH H COBepHieHHO np03paHHbIH, n03,OÓHO JlbTy, H hm1> 

KDUliH XHMHHeCKifi COCTaBT. Si 0 2; OTT. CJIOBa zpuaTaWoę HP0H30- 

uijio h pyccKoe Ha3BaHie stoto MHHepajia „ropHbift xpycTajib
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riocTeneHHO cjioBy „KpHCTaajm" npnaaBaaocb óojrfce ii óojrfee 
intipoKoe 3Haaeme, nona, HaKOHeim, oho He ólijio pacnpocTpa- 
HeHO Ha Befe rkna, oóaaaaiomiH cBoncTBaMH, oóiuhmh ct> rop- 
hbimtd xpycTajieMrb.

Tana. Kaim KpncTaajrb oópa3yeTca Bca^acTBie nsB-fecTHaro 

pacnojiomema aacTima., 3aBHcainaro o m  hxt> B3aHMHbixa» npii- 

T5T>KemH, to oaeBnaHo, BHyTpeHHee CTpoeHie ero .hojokho Ha- 

XOa,HTbCH B'b H"feKOTOpOMT> Onpea f̂ejieHHOMT. COOTHOLIieHill CT> 

BHisUIHeiO (f)OpMOK).
Il3yHeHie pa3JIHHHblXT» (|)H3HtieCKHXT> CBOHCTBT, KpiiCTajTJia 

noKa3biBaem, hto Karabin Kycoaeim, Kamaan ero Toana oóaa- 
aaem coBepiueHHO tIsmh me CBoncTBaMH, naim u BCHKaa apyraa 
Toana Toro >ae KpncTaajia. 3 to cbohctbo Ha3biBaeTca r o m o- 
reHHocTbio (oaHopoaHocTbio). Ca. apyroft cTopoHbi, roBopa 
Booóine, CBOHCTBa KpHCTaaaa, npa ero roMoreHHocTH, pacripe- 
aisjiaioTca btb Heara HeoanHaKOBO no pasanaHbiMa. HanpaBJie- 
HiaMT., ocTaBaacb HeH3ivrfeHHbiMH no Bc^na HanpaBJieHiaMT., na- 
paaaeabHbiMa. apyra> apyry. Tanoe CTpoeHie Ha3biBaeTca a h h- 
3 o t p o n h bi m t>. Kanmaa Toana i-cpHCTaajia npeacTaBaaem Ba 
3T0MT, OTHOmeHlH COBepUieHĤ HUjyiO KOnifO COĈ aHI-LKT).

JIjih npHM^pa B03bMeMa KpncTaaaa KaMeHHon cojih, myrfeio- 
m,in (f)opMy nyóa. JrCpncTanaa 3Toro semecTBa oóaaaaem  cno- 
coÓHOCTbio pacKajibiBaTbCH no- TpeMT. B3aHMHO-nepnenaHKyaap- 
h m m t . HanpaBJieHiaMT. (cooTB-fcrcTBeHHO rpanaMa nyóa). Kanyio 
6bi Toany Ba KpiicTajurb Mbi h h b3h h h , 3Ta cnocoÓHOCTb npo- 
hbhtch Ba oaHHaKOBon cTeneHH. Bo B<yfexa Toanaxa KpncTaajia 
HanpaBaema naocnocTen cnanHOCTn óyaym naTii no TpeMa 
B3anMHO nepneHanKyaapHbiMTb HanpaBaemaMa, n Ka>Kaoe H3a  

3Th xt> HanpaBJieHin óyaem naTH napaaaejibHO TaKHMT> >Ke Ha- 
npaBaemaMa bo Bdbxa apyrnxT> ToaKaxa KpncTaaaa.

HcnbiTbiBa5i KpncTaaaa Toro me BemecTBa no oTHomeHiio na 
pa3pbiBy, HanaeMt, hto Jierae Bcero pa3pbiBa nponcxoaHTa rio 
HanpaBaemaMTj, nepneHaHKyjiapHbiMa na rpaHHMa Ky6a, Tpya-
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H-fee -— no HanpaBjieHi5Ji\rb, coeflHHiiiomHMa npoTHBonojioiKHMe 

TpexrpaHHbie yrjibi ero, h eme TpynH^e— no jiHHmMa, coenH- 
HmomHMTj cpeaHHbi npoTHBonojiojKHbUTb pe6epa. Ecjih, Hanpn- 

Mlipa, rp y 3a  Ba, o jurna KHJiorpaMa cnocoóeHa pa3opBaTb npH3M\r 

KaMeHHon cojih riepneHji,HK3̂ JiapHO na rpami Kyóa, to Ba Ha- 
npaBJieHin BTopoMa noTpeóyeTca rp ysa  Ba 2 KHJiorpaMMa, a 

Ba TpeTbeMa— 2,6 KHJiorpaMMa. H3a  Kanoro 6bi MiicTa Ba Kpn- 

cTajurfe KaMeHHon cojih mm hh Bbip^ajm 03HaneHHbm npH3Mbi, 

Bcerjia nojiynHJiocb óm to >Ke caMoe oTHomeme rpy30Ba, He- 

o6xoa.HMbixa mai pa3pbiBa nxa no yKa3aHHbiMa HaripaBJiemHMa. 

B a  KaHmoMa KjJCOHirfe en HanpaBjiemn HaHÓojibmaro co- 

ripoTHBJieHia pa3pbiBy HayTa napajuiejibHo rlsMa >Ke HanpaBjie- 

HiaMa bo Bci3xa cocEnHHxa. B a  oTOMa h cocToiiTa ojmopoji- 
HOCTb HJIH rOMOreHHOCTb KpHCTaJIJia.

Ha 3T0Ma me npnMlspIs mm BHjiHMa, CBepxa Toro, hto ojiho 

H TO }Ke CBOHCTBO H3MrfeHHeTCH KOJIHMeCTBeHHO BMllCrfe Ca H3- 
M^HemeMa HanpaBjiema, t. e. mto KpHCTajuibi KaMeHHon cojih, 
upił OflHOpOJIHOCTH, aHH30TponHbI .  Heo6xOJIHMO aaMilTHTb, 
hto hhh  30TponHocTb  Ba pa3JiHHHbixa BemecTBaxa mo- 
>KeTa oTHOCHTbca He ko Bĉ feMa cBOHCTBaMa KpHCTajuia; TaKa, 
KpHCTaJIJIM KaMeHHOH CO.TIH IIO OTHOIHeHifO Ka CB^TOBblMa HBJie- 
niuMa He oÓHapyjKHBaioTa aHH30TponHOCTH.

PI TaKa  KpHCTajui a  ecTb t b e p ji o e o n H o p o a H o e  

a H H 3 0 T p o n H o e  t ^ jio, HMproinee npHpoj iHyro 4>op- 
m y m h o r o r p a h h h k a 1).

AHH30TponHOCTb OTJIHHaeTa KpHCTajIJIHMeCKOe COCTOHHie 
TBepaaro rfejia oTa aMopcfmaro, npn KOTopoMa TaKHie B03- 
MoacHa rOMOreHHOCTb (ojiHopojiHocTb), HanpHMiBpa Ba cTeKjrk 

Ho 3jrfccb Bcii CBOHCTBa ocTaioTca óe3a KSM^Hemu, KaKoe óm 

HanpaBjieHie mm hh b3hjih. Tanoe crpoeme rkra Ha3biBaeTca

’) HisKOToptie ii3Cjrfe,n,oBaTejiii He cniiTaioTL (j) o p m y cymecTBeHHbiMt 
npusHaKOM-Ł „KpHCTajuia", ocTaBjiHH jijih Hero tojibko rOMOreHHOCTb h amt- 
30Tp0nH0CTŁ,

1*
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H30TponHfciM-L. H tekt, a m o p <f> H o e rfeao r o Mo r e H H o  
H H30TpOIIHO.

H iooli acmfee noHiiTL 3Ty pasrnmy, Jiemamyio bt, ocho- 

BaniH Bcen KpiicTajuiorpacJmi, BOSBMeMm caEayromm rpyÓBin 
npHM^p-B.

PascMOTpHiTB cTony óijjioft óyMarn, jihctbi KOTopon bcP oan- 

HdKOBBi Memay coooio. Mbi MomeMm pa3CMaTpiiBaTB ee naam 

oa.HO roMoreHHoe (oaHopoaHoe) uPjioe, noTOMy mto npnpoaa 

H pacnojiomeme cocTaBjimom,Hxm ee hhctobt, s e s a t  oarrfe h 
r±-me. O^HaKO 3Ta crona óyMarn HM-feeTm He oannaKOByro 

CTpyKTypy bt, ropH30HTajiBHOMt h BepTHKajiBHOMił HanpaBJie- 
Hiaxm. Ba, to BpeMH Kanm oHa jierno pasaPnnTcn no HanpaB- 

jieHiro ropn30HTajiBHon nnocKOCTH napajuiejiBHO ancTaMm, bt, 

HanpaBjiemn nepneHanKynHpHOMm noTpeóyeTca mm sroro orpoM- 
H°e ycnjiie. TaKHMm oópa30Mm cTona óyMarn óyaeTm npea- 
CTaBJinTb rfeao roMoreHHoe n aHH30TponHoe.

Bo bchkomt. oa,Hopoa.HOMa> KpiicTajiannecKOMm tPhE pac- 
noaomeHie KpncTaaanMecKHXT, MoneKynm b'l npocTpaHCTBp 
OKoao Kamaon nsm Hnxm ranoBo me, kbkt, h okojio bchkoh 

apyron. IIoaoÓHoe pacnoaomeme aacTHHm Ha3BmaioTm npa- 
bhjibhbimt,. MTaKT, MomHo CKasaTB: KpncTannm e c t b o a h o- 
p ° a H o e  a H H a o T p o n H o e  T B e p a o e  t ^ jio cm npa- 
BHHBHOK) M o a e K y a n p H o i o  c T p y K T y p o n .

TPao npHHaBmee BHam KpucTaajia, ycaoBHMcn HaaBiBaTB 
o K p II C T a J1J1 O B a H H BI M m. EcjTH me Tiao He HMpeTm ({)OpMBl

MHororpaHHHKa, ho BHyTpeHHee ero capoeme cooTBirrcTByeTm 
BHyTpeHHeMy cTpoeHiio KpncTajuia, to HasoBeMm ero KpncTaji- 

JIH30BaHHBIMT, HJIH KpiICTajIJIHTeCKHMT, HHaHBHayyMOMT,. TaKHMT, 
oópa30Mm, KpncTaaam ecTB Tome HHanBnayyMm, npnHnBmin 
(t)°P My  MHororpaHHHKa.

KamaBin KpiicTannm MomeTm obitb H3yHaeMm cm pa3jiHHHBixm 
ciopoHm, Bm 3aBHCHM0CTH OTm pa3JiHHHBixm ero cbohctbt,. 
Mo/Kho H3yaaTB oanHm BHpnjHin BHam ero, Kaam noaisapa t. e.



HaXOJJ,HTL HSB̂ fecTHblH MaTeMaTHHeCIUH COOTHOmeHia H 3aKOH- 
hocth Me>K.ny ero ajieMeHTaMH; hjih aie 3aHHTbca BbiacHemeMa. 
ero pa3jiHHHbixa> 4>H3HaecKHxa> CBoiicTBa.; hjih me, HaKOHem, 
H3Cjrfe,n;oBaTb ero xHMHtiecKiH ocoóeHHocTH. Oómaa coBOKyn- 
HocTb Bclma. 3HaHM o KpHCTajurfe cocTaBJiaerb oaHy Hayny, 

KOTopyio HasbiBaioTrb KpHCTajiJiojioriefł. Ona MO>KeTa> 
óbiTb Ha3BaHa Haynofi o TBepaoMa. cocTOjiHie MaTepiM 
b o o 6 m e.

Ba, 3aBHCHMOcTH OTa, pa3jiHHia cbohctbtd KpHCTajuia, o ko- 
Topbixa> cKa3ano Bbime, KpHCTajuiojioria pacnanaeTca Ha Tpn 
OTjiijibHbm oTpacjiH:

i) MaTeMaTunecKaa KpHCTajiJiorpa(f)iH hjih npocTo KpHCTaji- 
jiorpa(f)ia.

2) KpHCTajuio-(|)H3HKa hjih <J)H3HHecKaH iipHCTajuiorpacfna.

3) KpHCTajuio-xHMi5i hjih xHMHaecKaa KpHCTajiJiorpa<J)i5i.

MaTeMaTHHecKaa KpiicTajuiorpacfna 3aHHMaeTca
H3yHeHieMa> KpHCTajuiOBa,, bana, reoMeTpHHecKHxa> MHororpaH- 
HHKOBrb (nojiisupoB^b). CTajio 6biTb, ea 3anaaH CBOjiaTca Kb Bbi- 
acHemfo MaTeMaTHaecKHX'b 3aKOHHOCTen, npaBHjfbHOCTeft, B3aHM- 
Hburb cooTHOHieHifi Memny 3JieMeHTaMH orpaHema, ohhhmtd cjio- 

BOMa. Toro, hto cocTaBJiaeTa, CHMMeTpiK) KpHCTajuia; oTCfona, 
roBopa KpaTKO, „reoMeTpHaecKaa KpHCTajiJiorpa(f)ia ecTb yaeme/ 
o cHMMeTpin MaTepiajibHaro npocTpaHCTBa“.

^ H 3 H i e c k a a KpHCTaj iJiorpa^ia H3yaaeTa>BHyTpeH- 

Hee cTpoeHie KpHCTajijiHaecKHxa> T ĵia, 11 3aBHcamia OTa, Hero 

pa3JiHHHbia (|)H3HHecKia CBOHCTBa—CLrfcnjieme, aBjiema CBHbTOBbia, 
TenaoBbia h np.

X n M H H e c K a a  K p n c T a j i J i o r p a t f i i a  oÓHHMaeTa, 
906010 pa3JiHHHaro pona xHMHaecKia aBjiema, oTHoeamia-
ca Ka> KpHCTajuiaMa., — cocTaBa> Hxa>, ycjiOBia o 6pa30BaHia 
h np.
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CuMMeTpia KpsicTaniioB-b.

HraKT., C"b TOB KI I 3pri>HlH MaTeMaTIIBeCKOH KpiicTajuiorpacfiiH, 
KpHCTajijnb ecTb MHororpaHHHKa> (nojiisap^). HosTOMy juih H3y- 
aeHî i ero bjb KpHCTajuiorpa(|)iH npuMisHaioTca Tfe >Ke npieMbi u 

cpeacTba, KaKHMH Boo6m,e nojib3yeTCH reoMeTpia.
Tana., Ba> KpiicTajurfe pa3jiHBaioTCH cjrferiyEomiH nacTu: hjio- 

ckocth hjih rpaHH, peópa (jramn nepecIsBernH AByxa> cocfea.- 
HHx'b rpaHefł) h yrjibi: njiocKie, njiocKOCTHbie ii TfejiecHbie. ^opMa, 
bhcjio, pacnpearfejieme 3THxa, sjieMeHTOBa, BecbMa pa3Hooópa3Ho, 
ho jijih KpucTajiaoBrb HdbKOTopbie BHflbi rpaHefr hbjbhotcb 

OBeHb xapaKTepHbiMH h Hep^Ko oóycjioBjiHBaiorb coóoio 

Ha3Bame MHororpaHHHKa. Ka> BHCJiy TaKHx,b rpaHefl npHHaa- 
jieiKarb:

Puc. I. Puc. 2. PlIC. 3.

Tpi i roHa.  hjih p a B H O c T o p o HH i i  Tpe y r o j i b HHKb  
(puc. 1).

JX e ji b t a hjih p a BHoóeapeHHb i H T p e y r o j i b H H K i  
(puc. 2).

Cna j i eHa  hjih h e p a b h o c t o p o h h i h Tpeyro j i b -  
HHKT) (pHC. 3).
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l e T p a r o H rb hjih K B a a p a T j b  (puc. 4). 

r i p H M o y r o j i b H H K t  (puc. 5).

P O M 6 'h (puc. 6). ■
PlJC- 4- Puc. 5. Phc. 6.

P O M O O H U b  (puc. 7) eCTB KOCOyTOJIbHblH, HepaRHOCTOpOH- 
hirr napajijiejiorpaMib.

F p a ii e u o h a ecTŁ KJiHHorpaMa,, He iurfeiomm napaji* 
jieabHbixT> cTopoHa-.

C h m m e t p u h e c k i h t p a n e u o h a a. h ji h a e a b t o n a a

Płlc- 7- Phc. 8.

(piic. 8) ecTb Tpanenonaa, KOTopbiii oaHoio H3a aiaroHaaeH (hh 

puc. aa) pa3a'kiiHeTCH Ha aBa paBHbixa, u ripu TOMa no Ty h



upyryio CTopoHy aroii aiaronaan oaHHaKoao pacnoaoKeHHbix-Ł 
TpeyrojibHHKOBi>.

PaBHoSeapeHHbi i i  T p a n e u o a a i  (puc. 9 H 10) ecrb
rpanenoHfl-b, KOToparo aut, paaoMt jiemamia cTopoHbi (ab) paBHbi 
Me>K̂ ,y COOOHD.

^HC' 9 Puc. 10.

P a b h o 6 e a p e h h a u T p a n e a i a  (puc. n )  ecrb Tpaneuin,
KOTopoH aut, piia0M'i, jieatamiii CTopoHbi (ab u ab) paBHbi Meatay 
COÓOIO.

C hmm e t p u   ̂6 c k ifi  n e HTa r oH" L (puc. 12) ecTb naTH- 
yrojibHHK-b, neTbipe paBHbm CTopoHbi H JW± napbi

Puc. i i . PlIC. 12.

paBHbDTb yrjlOB-b. OropoHa, eaHHCTBeHHaa bt> CBoeMT, poai;, 
Ha3biBaeTCH ochobhokd JiHHieio.
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F e K c a r o H i ) ,  hjih n p a b h ji b h bi h n i e c T H y r o j i b H H K t  
(puc. 13).

JZHTpHrOHTD (pHC, 14) meCTHyrOJIbHHKTj, KOTOparO BCrfe 

CTopoHbi paBHbi, ho yrjibi TOJibKO nonepeMi^HHO paBHbi.

Puc. 13. Puc. i4.

J^HTeTparOHTb (puc. 15 ) eeTb BOCbMHyrOJIbHMKrb, KOTO- 
paro Bcis CTopoHbi paBHbi, ho yrjibi TOJibKO noriepeirfeHHO paBHbi.

J l H r e K c a r o H T ,  (pnc. 16) ecTb aB^Ha.mj.aTHyrojibHHicb, ko- 

Toparo Bcfe CTopoHbi paBHbi, ho yrjibi nonepeM^HHO paBHbi.

Phc. 15. Puc. 16.

B c^  nojiioapbi, He cMOTpa Ha cBoe óeBKOHenHoe pa3HO- 

oópa3ie, Moryń* óbiTb pa3n-krieHbi Ha hb1b rjiaBHbia rpynnbi: 

i )  BT* OaHHXT> He 3aM-feHaeTCH HHKaKOH npaBHJIbHOPI nOBTO-  

p a e M o c T H  sjieMeHTOBi,: Kanaan rpaHb, Kaaiaoe p e6po, Ka>K-
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ji,bif} yrojTt npucy rcTByioTT) b'b ejiHHCTBeHHOMTD HHCjrfe; 2) bt> 

■W 1 ̂ X"B HanpOTHBT,, TaKBB IIOBTOpHeMOCTB cymecTByeTT), 
h npuTOMTj bt> pa3JiHHH0H CTeneHH.

IIpaBHjibHoe pacnojiOKeme ToneKT, bt> npocTpaHCTB-fe, Bbi- 
paavaiomeeca b-b 3aKOHHOH noBTopaeMocTii 11x1, CB0HCTB'b, Ha- 

obrnae ren ch  MMe T p i e n .  T  aKHM'b oópa30Mrb, b c 'h n o ji i a n p bi 

M o r y  t 'b 6 bi t b, h a 3 b a h bi A) a c c h m m e t p h b h bi m h , 
apyrie— B) c h m m e t p h h h bi m h .

C hmmGTpiiahoe pacnojiomeHie aacTefi bt> (J)Hrypaxa> h no- 

ai3apax'b Bbipa^KaeTca bt> a,Byx'b hxtj CBOHCTBax'b; cHMMeTpHH- 
HblH T fejia HJIH CnOCOOHbl KT) COBM'feui,eHi5IM'b npH riOBOporfe BO- 

bpyrb H^KOTOpOH JlHHiH, HJIH H(e pa3JIHHHbIH HaCTH HXT> 5IBJIH-

rdich sepKajibHbiMH. HsoópameHieMa. apyrHX'b.

ripaBHJibHocTb pacnojiomemH sjieMeHTOBT. nojiisjipa h bo- 

oóme loaeKb bt> npocTpaHCTBis Bbipa>KaeTCH no oTHomeHiio a) 
Kb KaKOH JIHOO TOWfe, b) KT> KaKOH JIHÓO JlHHiH H, HaKOHeUT>, 
c) KT> KaKOH JIHOO njIOCKOCTH. 3 th .‘ TOHKa, JlHHiH H HJIOCKOCTII
iiasbiBaioicH 3 ji 0 m e h t a m ii c ii m m e t p 1 h; a )—neHTpT> chm- 

MeTpiH, h) ocb cHMMeTpin h c)— njiocKocTb cHMMeTpin.

3 -ieMeHTbi CHMMeTpin xapaKTepH3yioTCH cji^jiyiomHMH cboh- 
CTBaMH.’

a) neHTpT. CHMMeTpin (oóosHanHMT) ero óyKBOió.C) jieiKHTb 
bt, cpeiHĤ fe nojiianpa h yrfejiHTJb nonojiaMT) Bcis jmnin, coejiH- 
HHIOIIHH rOMOJIOrHHeCKia (paBH03HaHHbHl) tohkh nOBepXHOCTII 
Hojiisapa. OTaona oneBHUHo, kto b c h k a h jiHHia, n p o Be- 
a e h h a h i i3 b ne h t pa  CHMMeTpin Ha Kany io-h h 6 ynb  

TOHKy no Be p x HOCTH noj i i a j i pa ,  B C T p t T H T r  no 

cBoeMT.npoKOJimeHin no upyryto  c T o p o r y  ueHT-  

P a Ha t a k o m T> żke pa scTOAHi n  Tanyio )Ke (tomojio- 
llHieCKyio) TOHKy. A-an npOCTOTbl B03bMeMT> BM̂ CTO MH0T0- 
rpaHHHKa (finrypy M N  na miocKocTH (cm. pnc. 17). OneBHjiHO, 
bt> aaHHOH (Jmrypii Tonna C óyreTT, neHTpoMT. CHMMeTpin, thkt. 
KaKT> BCHKan npHMan, npoBejieHHaa H3T> Hen Ha jnoóyio TOHKy



cTopoHia (fairypu, Bcip^TiiTt Ha CBOHxa KOHuaxa roMOJiornae- 
CKia tohkh (a a, h b b), h Ba tohk^  C pa3 ,irfejiHTCH nonojiaMa.

OieBHaHO TaKyKe, qTO MHOrorpaHHHKH 

(nojiiaapbi) ca. ueHTpoMa ciiMMeapin hm^- 
fOTa aJm KamaoH rpaHH h peópa upyria 

hm'ł napajiJiejibHtm, Tara rana onycTHBa,
HanpiiMispaj, Ha jnoóyio rpaHb nepneHflHKy- 
Jl̂ pa. H3a> ueHTpa CHMMeTpiH, MU HOJIHIHbl 
BCTp^THTb no apyryK) cTopoHy ueHTpa na 

Ta ko Ma me pa3CToamH Taayio aie na ryiH- 
hoh jiHHin nepneHUHKyjiapHyK) rpaHb, t. e. napajmejibHyio nepBon.

O cb  CHMMeTpiH ecTb npaMaa, okojio KOTopoft mohiho 

noBepHyTb (fairypy Ha H^KOTopun yrojia Tana, HToóbi Bdb tohkh 

noBepxHOCTii nojiioupa Ba HOBOMa nojiO/KeHin coBepmeHHO 

coBnauajin ca ToanaMU ero npeauiaro riojiOHema hjih, K a ra  

roBopuTa KpaTKO, HToóbi (fmrypa coBM^cmnacb caMa ca coóoio.
BejniuHHa yrjia, Ha KOTopbiii Hyamo noBepHyTb (fmrypy ho 

nepBaro en coBM-femema, MoaieTa óbiTb BecbMa pa3jinaHa, ho 
Bcerua cocTaBjiaeTa û fejiyro aacTb OKpyaiHocTH.

B hcjio coBMrfeiueHiH npu nojiHOMa noBoporfe (fmrypbi BOKpyra 

och CHMMeTpiH Ha3biBaeTca ea nopaHKOMa hjih npocTo cjiyaiHTa 

eii HaiiMeHOBaHieMa; Tana Hanpmrfepa, ecjin (fmrypa npn noji- 
HOMa noBopoTii BOKpyra och coBM^maeTca u b a pa3a, to noc- 
jrbuHaa Ha3biBaeTca ocbio BToporo nopanKa hjih hbohhoio (nnro- 
HajibHOio ocbio); ecjin coBM^meme npoHcxo,n,iiTa Tpn pa3a, ocb 

óyueTa TpeTbaro nopanKa hjih TpoiiHaa (TpHroHajibiiaa); Boobme 

ecjin mhcjio coBM^meHiii 6yneTa n, to ocb óyneTa n-aro no- 
pauna hjih n-Haa. Jlpia upocTOTbi ii yaoócTBa ocb CHMMeTpiH 

Booóme o6o3HaaaioTa 6yKBOio L; ea ace nopaaoKa hjih Ha- 
HMeHOBaHie cTaBHTcaBa bhh^  nonasaTejia npn L; cTajio óbiTb 

Ln óyueTa ocb CHMMeTpiH n-Haro nopauna.
OaeBHHHO, HToóbi HaHTH nopajioKa hjih HaHMeHOBaHie och 

CHMMeTpiH, Ha,no OKpyamocTb pa3jrfejiHTb Ha ryrojia noBopoTa,

Puc. 17.
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npH KOTopoMTa npohcxojiHTia nepBoe coBM^meme; HanpHM^prb, 

ecjin yrojiij BTorb paBeHT> i8o°, to HaMeHOBaHie hjih nopanoicb 

och cMMMerpin 63^eTT. ^^- =  2, t . e. oct óyneT^b BToporo 110- 
pajTKa (L2). E cjih noBopoTT. a,o coBMTmeHia óyjieTT. 90°, to 

nopaj3,OKT> och cHMMeTpiii óyneTT>-^ == 4, t . e. ocb óynerb aeT- 

BepTaro nopa,mia hjih aeTBepHaa (L4) h t . t . noBopaaHBaa npaMO- 

yrojiBHbiH iiapajuiejiorpaarŁ (pnc. 5) BOKpyn, jiHHin nepneHTH- 

Kĵ JiapHOH kt> njiocKocTH aepTema h npoxoTHmeH ape3T> neHTpT> 
(fmrypbi, mm nojtyTHMT. riepBoe coBM^meme npn noBoporfc Ha 

1800, h BTopoe— Koraa (fmrypa 3aHMeTT> npenwee nojiomeHie, 

Tome Ha 1800, cTajio óbiTb naHHaa ocb dynerb TBOHHaa. Tonie 

caMoe hhcjio coBMTmemH npencTaBjiaiorb cfmrypbi 6 h 7. FIo- 

CTynaa noTOÓHbiMm nie oópa30MT> cm paBHOCTopoHHHMT Tpe- 

yrojibHHKOMTj (TpnroHOMT), (fmr. 1), nojiynHMT. Tpn coBMTme- 

ma, npn KamnoMT. noBopomk Ha 120°; CTajio óbiTb sjrfccb óyaeMm 
HM T̂b ocb HaHMeHOBania Tpn (L3) hjih ocb TpeTbaro nopajiKa, 

hjih Tpoimyio (TpnroHajibHyio) ocb. TpoHHOto ocbio odjiaaaeTm 

Tanme 4)HrYPa x4- ^  4)HryP'Ł 4 h 15 HMTeTca aeTBepTaa 
ocb (L4); y 13 h 16 mecTepHaa (L fi) y  9, 10, 11 h 12) hTtt> 

ocen cHMMeTpin. B t> MHororpaHHHKaxm MomeTm óbiTb hjih onna 
ocb CHMMeTpin hjih HTciiojibKO, npHTOMm ohT npHHaTJiemaTm 

hjih OTHOMy nopanny hjih aame— pa3JiHHHbiMT>.

ri j IOCKOCT b 10 CHMMeTpin Ha3biBaeTca Tanaa Booópa- 
maeMaa miocKOCTb, KOTopaa tTthtt. nojiisapm Ha tbT paBHbia 

h CHMMeTpnaHbia aacTH, BCjrfencTBie nero OTHa nojiOBHHa no- 
jiisapa aBJiaeTca 3epKajibHbiMT. nsodpamemeMm apyroii; 3epna- 
jiomT) caymHTT. njiocKOCTb CHMMeTpin. 06o3Haaeme njiocKocTH 

CHMMeTpin: P. ITiocKocTeH CHMMeTpin bt. nojii3npax'b MomeTm 

ÓbiTb pa3HHHHOe HHCJIO.
E cjih pa3CMOTpTTb npejŁTjHTymia (fmrypbi cm stoh cto- 

poHbi, to jiemo BmrfeTb, hto (fmrypa 1 oóJiajiaeTm TpeMa 

njiociiocTHMH CHMMeTpin, (fmrypa 2 —  othoh, 4 aeTbipbMa

H T. T.



Ka/Katift sjieMeHTB cHMMeTpin oóycjioBJiHBaerb H^KOTopoe 

HHCJIO B03MOH{HbIXT> COBMTmeHffl, BCH COBOKyriHOCTB KOTOpbDCb 

Ha3biBaeTCB cTeneHbio hjih BejiHHHHOio CHMMeTpin. BcT bo3mo;k- 

Hbie BHflbl CHMMeTpin eeTb HMHTO HHOe, KaKT. B03M0>KHbJH KOM- 

ÓHHaum ajieMeHTOBTb CHMMeTpin.

OrpoM Hoe pa3Hoo6pa3ie bhtobt, ciiMMeTpiii reoMeTpHae- 

CKHXT> nOJlis/ipOBT, 3HaHHTeJlbHO COKpamaeTCH BT, KpHCTajIJiaXT> 

nam, TaKHxa> nojii3npaxT>, y  KOTopbixT, HapymHaa reoMeTpHae- 

cKan (popMa HBjiaeTca (fiyHKuiee ott, hxt, BHyTpeHHaro cTpoe- 

ma, ott> H3B"fecTHaro saKOHOMispHaro pacnojiom em a MaTepiajib- 

HbIXT, MaCTHIIT..

B t> Kpi'ICTajIJiaXTb B03M0 >KHbl TOJIbKO tT  BHAbl CHMMeTpiH, 

KOTOpbie He npOTHBOp^naTTj OCHOBHOMy 3aKOHy KpHCTaJIJIO- 

o 6pa30BaHi5b 3 toTT> 3aKOHT> H3B"feCTeHT> nOJTb HMeHaMH! 3aKOHa 

3o h t>, pauioHajibHocTH HHaeKcoBT>, 3aKOHa Taycca, HaKOHeujb, 

3aKOHa o^Hopo^Haro (roM oreHHaro) pacnpejTfejiema MaTepin. 

Bcis OHH paBH03HaHHbi; BT> Ka>KU.OMT, COTepyKaTCH BcT OCTa.TIb- 

Hbie. 3 TOTT, 3aKOHT, He TOJIbKO SMIIHpHMeCKm, HO MOHierb ObITb 

BbiBeaeHT. h aHajmranecKH.

Cnocotfbi onpeAt̂ eHiH m odoaHaieHiH rpaHeii m cjiopMi,.

Troóbi npome CBK3aTb rpaHH KpiicTajuia MaTeMaTHaecKH, 
HTOÓbl yflOÓĤ fee Bbipa3IITb BSaHMHblH COOTHOHieHiH njIOCKOCTeH 

ero, npnó^raioTT. kt, oóihhmt, npieMaMT, aHajiHTHaecKOH reo- 
MeTpiH, npHM^HHHCb BT> TO >Ke BpeMK KT, OCOÓeHHOCTKMT, npH-
poAHbixT> MHororpaHHHKOBTj-KpHCTajuioBT,. ,Hjin onpe/rfejiema no- 

jiojKenia hjiockocth bt, npocTpaHCTBT h en o6 o3HaaeHia, bt, 
aHajiHTHHecKoii reoMeTpin nojib3yioTca Tana, Ha3biBaeMbiMH ko- 
OpAHHaTHblMH OCKMH —  JIHmHMH, nepecisKaiOIHHMHCH BT, OJIHOH 

tomkT h He jiemamHMH bt, ojihoh njiocKocTH. Tania jiHHiH 

oópasyioTT, c u c T e  m y KOopflHHaTHbixT, ocen. B t> npocrfenmeMT,



cjiyaaT 6epyTT> Tpn Koop,n,HHaTHbiH och, KOTopbia M oryTb 

nepecfeKaTbCH hjih nonm pa3JiHHHbiMH yimaMH, hjth me oópa- 
30BaTb npHMOH yrojiT. (npaMoyrojibHaa CHCTena KOopji.HHaTb). 
ToHKa nepecTaema 3Thxt> ocen Ha3biBaeTca HaaajiOMT. noop- 
KHHarb.

OóbiKHOBeHHO npHHBTo Koop^HHaTHbia och pacnojiaraTb 
onpejrfejieHHbiiyrb oópaaoMt OTHOcHTejibHO Ha6jiioj3,aTejia, hmch- 

ho ocb X  HanpaBJiaeTca npaMo kt> Ha6jno.aaTejno, ocb Y kt> 
HeMy napajuiejibHO, a ocb Z cTaBHTca BepTHKajibHo.

Tenepb npeacTaBHMT, Kanyio HHÓyab njiocKOCTb ABCD; 
npoBoaHM-b cHCTeMy KoopjtHHaTij X, Y, Z (pnc. t8).

ilaHHaa njiocKOCTb, noc- 
Jrfe CBoero nponojimema, 
hjih me HenocpeacTBenHo 
oTcimaerb Ha h hxt> aacni 
oa, ob h oc.

3 t h m t > BnojiHia onpemfe- 
jiaeTca nojiomeHie b3h to h 
njIOCKOCTH. OTp'Jb3KH KO- 
opaHHaTHbmm ocen oa, ob 
oc Ha3biBaeTca na pa ne-  
T p a M H njIOCKOCTH. 
Tome caMoe óynerb, ecjin 

Mbl B03bMeMT> He npHMOyrOJIbHblH KOOpflHHaTHblH OCH, a KOCO- 
yrojibHbia; Bb nocjrJbuHeMij cjiyaais, oaeBHjiHO, HeoóxojiHMO yna- 
3axb 3mojiT> KoopjiHHaTHbixTb ocen.

Bo3bMeMT> njiocKOCTb, napaMeTpbi KOTopon nycTb 6y- 
.nyrb oa: ob: oc hjih npocTo: a: b: c (pnc. 19). nepeKBHHeM^ ee 

napajuiejibHO cbmoh ce6T; oaeBHKHo, ecjiH ojihht napaMeTpm 

ea yBejiHHHTca (hjih yMeHbinHTca) bo CKOJibKO-HHÓy,n,b pasa,, 
to bo ctojibko me pa3T> yBejmaaTca (hjih yMeHbmaTca) h 
apyrie napaMeTpbi. TaKHMT> oópa30MT>, ecjiH napaMeTpnb, Ha- 
npHMTpa. b, yBejiHMHjica bt> m pa3T>, to bo ctojibko me



15

pa3i> yBejiHHHBaioTCH napaMeTpbi a h c. Orajio 6biTb, na- 
paMeTpbi hoboh riJiocKOCTH MoryTnb óbiTb Bbipameiibi ma 

mb; mc. 3 to BbiTeKajio 

CBMO COÓOK) H3T> OTHOUie- 

Hin a: b: c, hóo oTHome- 
Hie He H3Mi5HHTCH, ecjm 

HjieHbi ero yMHOJKHTb hjih 

pa3jrfejiHTb Ha ohho h to 

>Ke hhcjio. OTciojia oneBKA- 
ho, hto napaMeTpbi njio- 
ckocth abc Moryrb óbiTb
BĤ OHSM̂ HeHbi a : b : c =
a c ___a_ . Jp . j. __
T ' 1 ‘ TT c ‘ c
—  JL • Jb • -JL. n x. Bdb

m ' m ' m
3TH BHaoH3Mł,HeHiB 6y-
nyTŁ cooTBisTCTBOBaTb napa.TiJiejibHOMy nepeM^memio naHHOii 

nJIOCKOCTH.
E cjih pa3CMaTpHBaTb nojiojKeme hjiockocth He Booóme bt> npo- 

cTpaHCTBii, a bt> onpezrfejieHHOM^b rbjrfe MHororpaHHHidp ripo- 
BOTB KOOpjlHHaTHblB OCH BHyTpH HerO, TO OKażKeTCH, HTO OJIHH 

HHCJIOBbIH OTHOUieHiH HapaMeTpOBT, HJIOCKOCTH He COBCfeMTb TOHHO

yKasbreaiorb en nojiojKeme; Heo6xojniMO yKa3aTb Taume, no 

Kanyio cTopoHy Hanajia KOopunHarb aaHHaa njiocKOCTb pacno- 
jjaraeTCH. Mowe-rc, cymecTBOBaTb BOceMb miocKOCTen, hm^ io- 

LHHX'b oaHłi h rh  me napaMeTpbi. TaK^b, HanpHM̂ fep̂ b, rpoMl. 
hjiockocth abc ct> napaMeTpaMH o a , o b h o c, MOweTm naxo- 
AHTbCH njlOCKOCTb ct> napaMeTpaMH oan obi, oc2 h t . jx.

JlerKO MOJKHO ÓyfleTb OTJIHHHTb 3TH HJIOCKOCTH OJIII} Olb
jipyroH, ecjin npHÓ-brnyTb kt, oTpnnaTejibHOMy snany. By- 
fleMT> HasbiBaTb oTptsKH K00paHHaTHbixT> ocen, Hflymie BBepxT>, 

Bnepeji'b h nanpaBO nojioHorrejibHbiMH + ,  KOTopbin oÓbiKOBenHO 

He nnuieTCH, a HanpaBJunomiecfl BHH3'b, bjî bo ii Ha3ajn> oi pn- 

uaTejibHbiMH h o6 o3HanaTb — , KOTopbin cTaBHTcn naa'b napa-



MerpoM-B.TaKHM-L 06P330MT,,yKasaHHbiH Bbirne BoceMb njiocKO- 
cTen Óyjiyn, o6o3HaqatBC5i:

oa: ob: oc 

oa ; ob ; oc 

oa: ob : oc 

oa : ob : oc 

oa:ob : oc 

oa : ob : oc 

oa : ob : oc 

oa: ob: oc

CoBOKyiTHOCTb BckTB B03MQ.KHL.XB HHOCKOCTefl CB OHHHa-
k o bum h  HHCJieHHtJMH 3HaHeHi™„ napanerpoBB („  oaH„aKo-

B“ MH ł 11131™ ™ ™  CBOHCTBaMii) ofipasyeTB npocTym * oPmV
o6o3HaqeHia TaKofl cf,opMH BeftcB npeMoatajn, noabao-

BaTLca napawerpaMB ow tabn ofl fuiockocth, aaKamnuBB hxb bb

paMKH Han ckoCkh; tbkb |^ T b ^  (a :b :c)  6yaeTB oSosaa-

npocTyio (fjopny, y  KOTopoft napaMeTpbi rpaHefl othochtcsi 
Ka n t a ! b ; c.

CnocoÓB Beflca aaetB BoaMoawocTb «e tojibko oSoBnaanTb 
BCX, <f>opMy, HO H Kawaym raocKocTb oTfl-feabHo; oanaKo 3To 060- 

3HaqeHie He cobc^ mb yaobHo no CBoeii rp0M03flCK0CTH, no- 

arony nperuiarajincb HHbie npieMH, npeacTaBjiaBiuie BnaonsM-fe- 

He" Ie Cnoco6a Beflca- OcoSeHHow nonyjiHpHocTbio ao noca-fy.- 
Haro BpeneHH noabaoBaao, chocoSb  HaynaHna, ho renept ero 

3a™ 1  TaK'Ł Ha3ŁIBaeMbiri MHaaepoBCKin chocoSb , npea- 
aoweHHuił Bnepsue MeBeaaeMB h ycoBepH.eHcTBOBaHHb.aMna-
JiepOMT̂ .

CnocoSB oeosHaaeHir, Mnaaepa ocHOBbraaeToi na cjrfc- 
^ m n x B  coo6pa*eHiBXB: Ecan mb, BOBbMeMB ‘ KaKym-hh- 
°yaB naocKocTb cb napanerpaMn a:b:c,To Bornym apyrym 
nP0H3B0abH0 BSBTym naoCKOCTb Mb, MOHteTB Bb.paSHTb TaKHMH 
napaMerpaMH, Koropue 6yayTB npeacTaBaarb H-feKoropua aa-



cth cooTBFfiTCTByK)iii,HX't napaMeTpoBa. nepBOH, t . e. ea napa- 

MeTpbi MoryTił ólitb BbipameHbi Kaaa, -£*- : : - f - . Tana,

Kana, a, b h c ocTaioTca HeH3Ml5HHbiMH, to , oaeBHaHo, nxa> 

MO/KHO Bcer.ua noapa3yi\ri3BaTb, a yKa3biBaTb TojibKO oaHH 3Ha- 

MeHaTejni: h, k, 1. 3 th 3HaMeHaTeaH Ha3biBaioTca u h n e k c a m h 

Hxa> nninyTa^ paaoMa> oe3a> BcaKHxa> 3HaKOBrb: hkl .  E chh xoTaTa> 

oóo3HaaiiTb njiocKOCTb MHororpaHHHKa ca. noaoÓHaro poaa 

imaeKcaMH, to 3aKJiioaaKDTa> nxa> Ba. ckoókh (h k 1) ii Ha3bi- 

BaioTa> c h m b o j i o m t  naocKOCTH; ana o ó o 3Haqema me Bceft 

((DopMbi HHaeKCbi 3aKJnoaaKyra> bt> apyria  ckoókh {hkij-. IIpHHaTo 

óyKBis h npnaaBaTb Haiióoabmee ancnoBoe 3Haaeme, k— cpea- 

Hee, h 1— HaHMeHbmee; cTaao óbiTb h > k> l. 3 th HHaeKCbi mo- 

ryTT. OTHOCHTbCK KTj Ka>KaOH KOOpaHHaTHOH OCH.

K a a a  aaa napaMeTpoBa Mbi HivrfeeMa> soceMb B03MomHbixa. 

nonoa^eHm naocKOCTH, cooTB"feTCTByiouU'ixa, BocbMH OKTaHTana, 

Tana., oaeBHaHO, TomecaMoe HivrkeTa irfecTo h aaa HHaeKCOBa; 

3 jrkcb Mbi noayaHMa. cn^ayiomie CHMBoabi aaa riaocKocTeH c a  

HHfleKcaMH h k l Ba. 3aBHCHMOCTH OTa> OKTaHTa (h k 1), ( h k l ) ,  

(h kl), ( h k l ) ,  ( h k l ) ,  (h k 1), ( h k l )  h (lik 1).

IIopaaoK a cjrEnoBama oflHoro imaeKca 3a apyrHMa Bcer- 

aa cooTBisTCTByeTa. no- 

p aaay  ca^aoBama ko- 

opaHHaTHbixa ocen X,

Y  h Z; noaTOMy, H a - 

npHirfepa, CHMBoaa. (h 

k 1) oTHOCHTca Ka nao- 

ckocth, KOTopaa ae- 

żKHTa. bt. BepxHeMa, npa- 

Boaa. h nepeaHeMa ok- 

aaHrfe h HM̂ beTa. no och 

X  oTpfeoKa. (aacTb na- 

paMeTpa, npHHaTaro 3a 

eaHHHiiy) HaHMeHbmiii,
o
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Taia> KaKT> no ycjioBiio HHfleKca, h Hartem HaHÓojibuiee nncjieH- 
noe 3HaneHie; no och Y  oTpfeoim cpejmifl (nHjieKCT, Tome cpeji- 
mn) n no och OTpfeoirb Hanóojibmin HnaeKCT. C  HanaieHb- 
min). P hc. 20.

Ecjih, HanpHarkpm, HHjieKCbi pacnojiaraioTCH bt> TaKoam no-

pnfliefe kfn 1 pnc. 2i t to 

OTO ÓyjteTT, OTHOCHTbCH 

kt> njiocKocTH jiemamen 

BT> TOMT> >Ke OKTaHTfc, 

KaKT. n nepBan, ho ct. 

oTpfeKaMn: cpea,HHMTł

no OCH X, HaHMeHbUIHlSlT, 

no Y H HaHÓOJIbLUHMT, no 
OCH Z.

CHMBOJITb (1 k h) 03Ha- 
naeTT. njiocKocTb, jrema- 

myto BT> TOMT. H<e ok- 

Tamrfe, y  KOTOpOH HaH- 
OOJIbUlin OTpfesOKT OTHOCHTCH KT> OCH X, HaHMeHbmiH KT> Z H
cpejmin kt. Y. P hc. 22.

UpHpo^Hbie MHororpaHHHKH (KpHCTajuibi), orpaHHneHHbie oth-

HaKOBblMH njIOCKOCTHMH 
(t. e. TaKHMH, KOTOpbIKT) 
napaMeTpbi, a cjî knoBa- 
TejibHo h HHfleKCbi, npea- 
CTaBJIHIOTTb OflHHaKOBbIH 
HHCJieHHbin 3Haneffln, h 
KOTOpblH HarfejOTL OflH- 
HaKOBbm (f)H3HnecKiH 

cBOHCTBa) npeflCTaBJin- 
JOTb (|)OpMbI n po C T bl H, 
BT> npOTHBHOMT) me CJty- 
na-fe hxt> HasbiBaroTTj

Phc 21 ^  ^ nmc. 21 l3 4 2J.

Phc. 22 {2 3 5} .



KOMg HHa u i OHHb l MH HJIHnpOCTO K O M 6 H H a Ul S M H. I U m

npHM-bpa yKaweM-b na puc. 24 u 25; m-b hhxt, 25-ii npeacrae-

jineTb npocTyio <|)opMy 
(Ky6i>), a 26-ft KOMÓHHa- 
uiio flByxa, npocTbixTa 

(|)opMrb(Ky6aH oKTasapa).
K a k h m t» me o 6- 

p a 3 o m m h a fl o n p o -

B O p T b  K O O P P '

H a T H bl H OCH 'B Ta

k p h c t a JI JI 'fe?
KaKm yme óbuio yna- 

aaHO Bbirne, juih onpe- 
mfejiemn xapaKTepa mho-
rorpaHHHKa-KpHCTaJiJia h 

BbiacHemn pa3JiHHHaro 

poaa cooTHonieHift m ok- 

ay 3jieMeHTaMH orpami- 
qema, nojibsyiOTCH CHCTeiwaMH KOopflHHaTHbixTa ocen, o m e

n fh k 1 \
PHC- 23 13 2Ti*

■ CHTeJIbHO KOTOpbDCb H OnpejvfejIHK>TCH pa3JMHHbie aaeMeHTbl 

KpncTajiJia.
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Bt> KpHCTaJI.JiaX'B K OOpjHHaTHblJl OCH npOBO- 
Jl, H T Tb T a K H M Th O 6 p a 3 O M a, HT O, Ó bl n JI O C K O C T H, H M 'fe K> 
mia oaHHTb Ii t 0Trh aie BHfla> h (|)H3HqecKia cboh- 
c t b a (cocTaBJiaiomia, t a k,h m oópasoMa,  o^Hy  
npocTyio (f) o p my), h m -fenu 6 bi o p n  h Ti; ;k e anc- 
JieHHbia 3 h a a e h i n napaneTpoBt ,  a cj i^aoBaTejib-

H O H HHJieKCOBh 

Bo3bMCMa> Oa,IiHTb H3Tb 

caMbixa> npocTbixa> 

MHororpaHHHKOBa. —  

Kyóa. Ba, Hena, mo>k- 

ho npoBecTH Kairb 

yroaHO KoopaHHaT- 

Hbia och, riepedbKaio- 

ipiaca noaa, npaMbiMTb 

yrjioMTb; ora, nxa> no- 

JiomeHia óynyTa. 3a- 

BHciTb napaMeTpbi 

Kaaiaofi naocKOCTH 

Kyóa. npoBeaeMTjjHa- 

npuM^pa, Tpn npHMO- 

yrojibHbia Koopan- 
HaTHblH OCH TaKHMTb 0Ópa30Mai (puc. 26) OCb ZZ npOH- 

aeTa> apesa cpeaHHbi peóepa dc h gh, ocb YY ape3a  

cpeaHHbi TaKHxa> ;ae peóepa Kyóa ab h ef; ocb XX apesa 

cpeaHHbi napajuiejibHbixa rpaHeii adeg h bcfb, Toraa chmbojil>i 

rpanen óyayTa: aJia abcd (011), ajia dcef (011), aJW abgb (011 ),.

efgh (o 1 1 ); aJia adeg (100), ana bcfh ( 100); t . e. npn Ta- 
koh nocTaHOBK  ̂ KOopjiHHaTHbixa> oceii naocKOCTH Kyóa óyayTa 
HM̂ Tb pa3aHHHbie HHaeKCbi: y aeTbipexa rpaHeii HHCJieHHbia 
3HaaeHia HHaeKCOBa óyayTa ojihh, a y aByxa rpaHeii—apyria, 
Toraa KaKa> Bcrb naocKOCTH Ky6a coBepmeHHO TomaecTBeHHbi. 
Ecjih npoBecTH KoopaHHaTHbia och ape3a cpeaHHbi napajuiejib-



Hbnrb rpaHeft, (pnc. 27 ), to  nojiyHHMT.: jyifl njiocKOcra abcd 

( 001),— jyih dcef (0 10 ),— juih abgh (010 ) ,— HJIH efgh (001), jum  

adeg— (io o j, juin bcfh;— ( 100)-—t . e. bcP  njiocKOcra K3 óa oy- 

jiyTT. narfeTb ojuiHaKOBbie hh - 

HeKCbl, OTJIHHaHCb TOJIbKO w h- 

CTOMTb BT CHMBOjrfe H 3Ha-

KOMT) -j- HJIH ---. BcjrfeaCTBie

3TOTO H npOBOflHTT. KOOpaH-

HaTHbia och bt> Kyórfe nocjrfca-

HHMT) CnOCOÓOMT).

Pacnojioa^eHHbiB 03HaLieH- 

HbIMT> o6pa30MT> KoopaHHaT- 

Hbia och 0Ka3biBai0TCH Bceraa
napa.TuiejibHbiMHpe6paMrbKpH- 

cTajuia, HJ1H npncyTCTByio- 
LU,HMT> Ha HeMT>, HJIH KpHCTaJIJIOrpa^HHeCKH B03M0/KHbIMT:>. 

Bt> npHBeaeHHOMT. npHMppP ohii napajuiejibHbi peópaMT> 

Ky6a. KpoMp toto, npn TaKon nocTaHOBKrb, KoopnHHaT- 

Hbia och qame Bcero coBnaflatoTT. ct> ochmh cHMMeTpin, ecjin 

TaKOBbIH HpPICyTCTByiOTT. BT> KpHCTaJIJlP; THKTj, BT. KyÓP OHp 

coBnajpatoTT. ct. ochmh CHMMeTpin 4-ro nopHjpKa.

ripOSKTUpOBaHie KpMCTaHJlOBTj.

JXhh HarjiHjpHaro npen.cTaBJieHiH o KapaKTepis KpncTajuia, 
o6t> oTHOCHTejibHOMT. nojiojKemn rpaHefi, pacnpeaPjiemH 3Jie- 
MeHTOBT) h np. nojib3yrc)TCH ctfjepHHecKOH hjih cTepeorpacjai- 
necKOH npoBKuieH. Ct> stoio ipfejibio nocTynaiOTT. cjrfeayioHpHM̂ b 
oópa30MT>: BÓKpyrt KpncTajuia oiiHCHBaiorb h3t> ero ipeHTpa 
HiapoByK) noBepxHOCTb. Il3T> 3Toro >Ke ueHTpa npoBOjiHrb nep- 
neHaHKyjiHpbi Ha rpaHH KpHCTajuia h npojpojiżKaioTT. iixt> jpo 

BCTppHH ct> mapoBOio noBepxHOCTbio; tohkh nepecpHema 3Thxt» 
nepneHa,HK37JiHpoBT. ct> nocjiPaHeio HasbiBaioTCH nojnocaMH jpaH-

21

Puc 27.



HtixL rpaHen. I lo  sTHMa nojnocafria JierKO B03CTaHOBHTt> (|)opMy 
KpncTajijia, ecjin npoBecTH n.iocKocTH, KacaTejibHbia Ka niapo- 
BOH noBepXHOCTH Ba #lHHbIXa TOqKaxa H IipOflOJIJKHTb HXa flO 
B3aHMHaro nepecfeaeHia. Oobikhobghho iiojiiocbi rpaHeił npoeK- 
THpyiorŁ ca mapoBofi nOBepxHocTH Ha njiocKocTt KaKoro-mi- 
óyafc oojibmoro Kpyra en, KOTopbiH h coBMlsinaioTa ca, njio- 
CKOCTŁK) qePTe>Ka. OaeBHflHo, stoio hjiockoctbk) mapa pasjrfe- 
jihtch nonojiaMa, Ha nepeamoio h saimrcao nojiyc^epu.

T ohkh mapoBoii noBepxHocTH, Ba KOTopbixa nepecrfenaeTa 
ee zuaMerpa, nepneHimKyjiapHbiH na njiocKocTH nposKuin (njio- 
chocth nepTeaca), BbiónpaioTCH sa ueHTpbi npoaKH-iH. 3 arfeMa r 
oTa nojiiocoBa njiocKOCTeił, Haxofl«mHxcH Ha mapoBon no- 
BepxH0CTH, npoBOflBTa jiHHiH (jiyan nposKHiH) Ka HeHTpaMa 
uposKuiii: oxa nojiiocoBa, Jieamim^a Ha nepejmen nojiyc^e-' 

kl ueurpy nposKum, jieacameMy Ha 3aa.Heft nonyc êp f̂e 
h Hao6opoTa,~oTa nojnocoBa, HaxqaHiu,Hxca Ha Baaneii rioay- 
c^epi;, na ueHTpy nposKHiH, Jiea<am,eMy Ha nepejmen nojiyc^epla 
T ohkh nepedmema Jiyaeił iiposKuin ca hjiockoctbjo nposKuiM 
(njiocKocTb aepTejKa) h óynyra nojifocaMH njiocKOCTeił, npoeK- 
THposaHHbiMH na hjiockoctł Óojibiuoro Kpyra. £jia paaaacne-

Hia CKa3aHHaro óyueMa pa3CMa- 
TpiiBaTb 3Ty KapTHHy ca 6oKy; 
OHa npeacTaBHTca HaMa Toraa 
Ba cjiisayiomeMa BHjrfc: (pnc. 28). 
HiaMeTpa r2 npeacTaBjiaeTa jih- 
Hiio nepedbaema njiocKocTH npo- 
3KHin ca miocKocTbio aepTe- 
>Ka, jihhhi roaor— dbaeme toh 
;Ke- njiocKOCTbio rpaHen KpHCTaji- 
Jia. JiHHiH cou, co^ caj -h cr. 
cyrb nepneHjmKyjiapti, onymeH- 
Hbie Ha rpaHH KpHCTajuia; Ta- 

KiiMa oopa30Ma, tohkh o1} a1} o1I( r2 óynyra nojnocaMH 3THxa



rpanen. T oan a  a łX ecTb ueHTpa. nposKum BepxHen noayc(f)epbi; 

oTCtoaa JiHHiH r1a11, o ^ ,  a ^ ,  onaU} r2an npeacTaBaaioTa. ayaH  

npoBKuift. T omiku o 3, o4 óyayTa. npoaKiUHMH cooTBrfeTCTByiom,HXT> 

hojiiocobt*; Tonna c (ueHTpa. Kpyraj óyaeTa. nposKuieft nojnoca a.

TaKHMT. o 6pa30Ma>, ecjiH B03bMeMa> KpHCTaaaa., BHaaa k o to - 

paro  H3o6pa)KeHTD Ha pnc. 29, Ha3biBaeMbift aeTpasapoMa., no- 

cTaBHMis ero  Tana., aToóbi, Hanp., ocb X X  óbuia nepneHjHiKy- 

anpHa na. naocKocTH óyMarn, h h t o ó u  Kpyra., coBnaaaiouiiH ca. 

stok ) naocKOCTbio, npoxoa.Haa> ape3a> cpeaHHy KpHCTaaaa, Ba» 

TaKOMa> cayaa^b noaiocbi naocKOCTefi noca^feflHaro pacnoaaraioTCH 

na- npyrfc aaa a,Byxa. nepea,HHxa. naocKOCTeft B'b a h an a aa a 

aByxrb 3aaHiixa> Ba. b h bt (puc. 30).

Z

Piic. 30

Ba>KHoe npeHMymecTBO 3Toro poaa npo3Ku.in npeaa. apy- 

ruMii poaaMH nposKuitt saKaioaaeTca Ba. carfeayioiHHxa. ea oco- 

6eHHocTaxa>:
1) JXyrn óoabinoro npyra Ha c^ep-fe npoeKTupyioTGH ayrann 

Kpyra, pnnpaiouiHMHCH Ha KOHHbi oanoro h toto >ne aiaMeTpa 

npyra npo3Ku.iH.
2) Yrabi Me>Kziy KacaTeabHbiMH Ka. TaKMMa. ayraMa>, nepecfc- 

KaiomHMca Ba. oshoh TOHKis, paBHbi yraaMa. Meatay TfeMH npa- 

MblMH Han naOCKOCTHMH, KOTOpblH npoeKTHpyKDTCa 3THMII ayraMH.

Phc. 29.
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3) Majibie Kpyrn na c ^ e p t  TaK>Ke npoeKTHpyiotch jiyraMH 

Kpyra (tojibko 3Th s y ra  He onnpaiOTCH Ha kohhłi ^iaMeTpa).

3 to cbohctbo  aaerb B03M0>KH0 CTb BectMa npocTo, nocpea- 
CTBOMT, HHpKyjIH H JIHHeflKH, HaHTH BT> HpoSKUin reOMCTpHHe- 
CKoe M^ CT0 bcP xt> npHMbnrb, oópasyioiiHDrb ca, aaHHOKD npa- 
moio flaHHbiH yrojrb, hjih bcP xt, hjiockoctch, o6pa3yioimixT> ct> 
flaHHoro n.nocKocTbfo jfaHHbiii yrona,.

OCHOBHLIE 3AKOHBI KPIiCTAJIJIOrPAOHI.

A ) SaicoHB pau;ioHajri,HocTH napaMGTpoBB h  HH^eKcoBŁ.

H epPano  oaHo h to >Ke BemecTBo hbjihctcji bt, KpucTaji- 

JiaXB, HmP k)IHHXT, paSJIHHHblH BHJTb (cOXpaHHH HCH3MpHHO CTe- 

iieHb CHMMeTpiH), T. e. npeaCTaBJJ5HOIHHXB paSJIHBHbm npoCTbHI 

(|)0PMbi hjih HX'b KOMgHHauiH. E cjih, onpeatjiH B t napaMeTpu  

pa3.iniiHbix-b npocTbix-b (fiopM7,, BCTpI;qaioii[MXC/i y  aaHHaro Be- 

mecTBa, cpaBHHTb h x x  C-L. cooti!-|,tctb\-,oiiuimh  napaMeTpaMH 

OUHOH KaKoft-HHfiyab (|)opMbi Toro w e  BemecTBa, npHHjiBiiiH ee 

33 ocHOBHyio '), TO OKa3biBaeTCH, hto O T H o m e H i f l  3Tnx-b 

n a p a M e T p o B T .  B c e r j a  e u p a m a i O T c a  s e c t M a  n p o -  

c t h m h  p a u i o H a j i b H b i M H  a i i c j i a M H .  Tam , KaKT, napa- 

MeTpbi MoryT-b óbiTb aairhiiurbi iiiueiicaim , to , OTemuiio, h h - 

He K c bi k a jk a o fi r p a H H  K p i i c T a j i j i a  n p e j c T a B . n a i O T b  

n p o c T b i H  p a u i o H a j i b H b i H  h h c j i a.

BosbMeMB ium npHMppa KpHCTajuiM HHpoxjiopa (pnc. 31). 

OnpeaPjiHMB napaMeTpbi BCTppHaromnxc5i 3flPcb njiocKocTefł. 

E cjih npoBecTH KoopaHHaTHbm och t h k b , KaKT, noKaaaHo Ha 

pncyHKp, TO óynearb hmP t b ' ajm hjiockocth O  napaMeTpbi 
a . a . a hjih chmbojit, en ( i i i ); ^  hjiockocth m napaMeTpbi

’) napaMeTpti ochobhoh cfjopjiM Ha3MBaioTCH k p 11 c t a ji ji h b e c k h m ii
OCJIM II.



25

óyjiyTT* HHbie a ': b ': b' (napaMeTpbi no ochmt> Y n Z óyn yn , 
oanHaKOBbi n óojibme napaMeTpa no och X); cTajio obiTb, chm- 

BOjrb en óyaeT^b (hkk); hjih nnocKOCTH t óynyTT, HOBbie napa- 

MeTpbi a " : b ": b", cjrfeaoBaTejibHO CHMBOjrb en (h'k'k'); HaKOHeirb, 

j,jih rmocKOCTH c napaMeTpbi: a,,!:coa":c>oa , iijih cHMBOjrb (ioo). 

CpaBHHBaa napaMeTpbi 3THxt> <|)opMT>, Mbi Bceraa nojiynaeMT.,

HTO a . a =  Ul, d. . d — “ ------’ • 7
npn 3T0mt> m, m', m", n, rv, n", ii t . fl. cyTb nncjia panionajibHbia 

ii oóbiKHOBeHHO BecbMa npocTbia, a oTciona ii HHneKCbi h, h , 

i ,  k, k, o cyTb TaKTi >Ke nncjia irfejibm h npocTbia. Bii nacTHOMTi 

cjiyna f̂e jyia naHHOH (JiopMbi mipoxjiopa oTHomeHie napaMeTpoBTi 
paajiHHHb^Ti njiocKOCTen cpaBHHTejibHO ca. napaMeTpaMH ochob- 

hoh nnocKOCTH O naerb cjrfeayiomm BejinnHHbi rjih hjiockocth 

m -a: 2 a : 2a;— oTcioaa chmbojit. ea óyaerb (211), una njiocKO- 
CTH t —  a :3 a :3 a  cHMBomb —  (311) JUifl nnocKOCTH c óyzterb. 

a : 00a : 00a; CHMBOjrb (100), t . e. napaMeTpbi no ochmt. Y h Z 

y  nnocKOCTH m bt. a.Ba pa3a óojibine, m̂ mt. y  nnocKOCTH o, y 

nnocKOCTH t—  bt. TpH pasa, a y  nnocKOCTH o bt, óesKOHeaHoe
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ihcjio pa3a>; aiicjia. i, 2, 3, oo, o —  cyTt HHCJia npocTLW paipio- 
HajIbHBIfl.

S t o i-ł  saKOHa., BbiBejpeHHbiH FaioH TeopeTHaecKH Ha ocho- 

Bamn ero HecoBepmeHHbixa, npetfCTaBjiemH o CTpyKTypF KpH- 
cTajuioBTj, 6buia> no^TBep ĵieHT, aMHHpHaecKH, H no chxt> nopa>, 
ne cMOTpa Ha jpecaTKH Tbicaaa, onpejrfejiemH, oht, He BCTpisTHJia. 
HCKjnoaeHiH; HanpoTHBa>, <rfeMa> Toanise cpeacTBa onpe^jiemH 
napaMeTpoBa., tFm-h coBepwemrfee no^TBepHaaeToi saKOH  ̂pa- 
HiOHajibHocTH napaMeTpoBa> hjih HH,n,eKCOBa>. Kpoidp Toro, oht> 

HaxoaHTC5i Ba> hojihomt, corjiaciH h ca> apyrHMH saKOHaMH 

KpncTajuio-oopa30Bam5i, HanpHM'fepa> 3aKOHOMa> 3oht>, a TaKa> a<e 
H CT, Teopiefl cTpyKTypbi KPHCTajuiOBa>, cosflaHHOH Ha ochobb- 
Hin H3yaeHia BcFxa, cbohctbt> KpncTajuioBa>.

B ) SaicoHŁ 3oirB. ,

CaMbiMa. saMFaaTejibHbiM-b cbohctbomt, KpHCTajuinaecKHxa> 

MHororpaHHHKOBT) (KpHCTajiJioBa>) cjiy>KHTa> 3 0 H a j i b H o e  pac- 

nojKHKeme rpaHefł, t . e. upiicyacTBie rpynna, rpaneft, nepecF- 

KaromHxca bt, napajiJiejibHbixa> pe6pax'b; Kamnan Taran rpynna 

1 paneii Ha3biBaeaca 3ohoio, hjih noncoirb, a jihhhi, KOTopoił 

napajuiejibHbi sth rpann hjih, hto ojjho h to me, hxt> peópa, 

hochttj HasBame o c h s o h u . Bam noe snaneme stoh ocoÓeH- 

hocth KpHCTajuioBa. bjih reoMeTpHaecKon KpiicTajuiorpacJiipi 
BnepBbie noKa3ajia> Beiica>.

FIphmrjjpamh 30HajibHaro pacnojiopKemn MoryTa, cjiyHHTb 

njioęKOCTH ryóa puc. 2 7 , h MHororpaHHHKa, H3oópa>KeHHaro 

Ha pnc. 3 1 . Ba> nepBOMjb or],Ha 30Ha coctohtt, nsm njiocKocTeft 
acfeg-, abcd, bcfh, efhg; ocbio 30Hbi CJiyPKHTb KOopTjHHaTHan ocb 

Yf; BTopyto 30Hy cocTaBjiBioTl, adeg, dofe, t*fh, abhg; ocbro 
30H-b cjiywHT-Ł ZZ; Hai;oiieii'L TpeTbio —  abcd, dcfe, efhg, abhg; 
ocbio 30Hbi BBjiseTCH oc XX. T o b ho Tana, we u Ha cjmryp-fe 31
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I1JI0CK0CTH C, t, m H O OÓpasyKTTb 30Hy, OCblO KOTOpOH CJiy- 

>KHTrb KOMÓHHauioHHoe peópo ruiocKOCTeft o h m,
MaTeMaTHMecKoe H3Cjrfeji,oBaHie noKa3ajio, hto TOJibKO i b 

iuiockocth M o r y ń ,  oÓpasoeaTb sony, KOTOPbixT> HHfleKCbi b u - 

paźKaroTCH ipbjibiMH pauioHaJibHbiMH hhcjkimh. Tato* KaK'b 30- 
HajibHoe pacnojio>KeHie rpaHen MOJKerb óbiTb aoKa3aHO BecbMa 
tobho, TO oneBHjmo, 3aKOHT> panioHajibHOCTH napaMeTpoBT, HJIII 
HH3,eKCOB'b Haxoa,HTT> bt> stomt* BBJieHiii secbMa npoHHyto onopy.

Ka>Kfla>i njiocKOCTb MO>KeTT> Jie>KaTb oanoBpeMeHHO He bt> 
OTHOH, a BT> fffeCKO JlbKHXT> 30HaX'b. EcJIII OHa CT> HJIOCKOCTHMH 
3Thxt> 30ht> nepec+,KaeTCH HenocpejicTBeHHO, TO ea cTopoHbi 
oopa3yioTT» cTOJibKO napT. napajuiejibHburb jihhih, cKOJibKHMT, 
30HaMT> flannaa njiocKOCTb npHHajyiejKHTb, nanp., hjiockocth 

uyóa (cm. puc. 27) jie>KaTT, bt> aByx'b 30naxi> 11 HM^iorb 
napbi napajiJie;ibHbnrb ctopoht>; bt> KpncTaJurfe Ha pnc. 32 hjio- 
CKOCTIi C Jie>KaTT> TaK>Ke BT, TByx'b 3QHaXT, H HirfeiorbflB-fenapŁi 
napajiJiejibHbixT. cTopom,; rpaHH o Jiona-rb bt, TPexi, 3 0Haxi> 
11 iim^ kdtt. TpH napbi napajuieJibHbixT> cTopoHi^ h np.

n PH noMomn HaflJiemamaro reoMeTpnnecKaro nocTpoeHW 
mo« ho aoKaaaTb, hto napaMeTpbi peópa J3,Byx'b imocKOcrefi, 
oópa3yH3m,HXT> 3ony, cTOHTb bt> oripe^JiennoMT, hhcjichhomtj 
cooTHomeHiH kt> napaMeTpaMT, 3Thxt, miocKOCTen h Moryń, 
ÓbiTb BbiHHCJieHbi H3T> nocjrfcaHHXT>. Ecjih HHfleKCbi peópa 000- 
3̂ aMH?iT> no OCH X  ÓyKBOK) U, no och Y — V  h ho Z W,*iih- 
aeKCbi nepeciłKaiomHxcH rmocKOCTen h, k, 1 h hlt k „ 1,, to 

Mea<ay bc^ mh sthmh iiHaeKcaMH cyme- 
cTByeTT, Tanaa npocTaa CBH3b:

U =  k l t —  1 Kt 

V  =  l h j  —  h l t 

W  =  hkt—  kht
TaKT. KaKT> HHfleKCbl h, k, 1 h hiy 

k cyTb HHCjia pauioHajibHbm h npo- 
cTbia to oneBHjiHO h HHaeKCbi U, V, Puc. 32.



28

W óyayTa TaKme MHCJiaMH pauioHajitHbiMH h npocTbiMH. H h- 
JieKCŁi peópa, 3aKJnoaeHHbie Ba ckoókh (U V W), h a 3 ti b a- 
K>t ca c h m b o j i o m T) p eópa .

Jieraawinaro 3anoMHHaHia 3;rKa3aHHoii cbh3h MOKay hh- 
aeKcaMH njiocKocTeft h peópa, o6pa30BaHHaro hmh, npnóiraioTa 
mb cjrfeayiomeMy MexaHHaecKOMy npieMy: nHmyra noaa-paaa aBa 
pa3a HHaeKCBi oaHofi hjiockocth; noaa sthmtd pnaoiwa noarrH- 
cbmatoTa Ba. TaKOMa. >Ke nopaaK^ HHaeKCbi BTopoft naocKocTH. 
3 arfeMa oTa^aaioTa Kpafraie HHaeKCbi, a ocTaabHbie nepeMHo- 
acaioTa KpecTa. Ha KpecTa h BbiHHTaioTa noayHeHHbia npoii3Be-
aem a oaHo H3a ap3rro ro Ba. TaKOMa nopaaKii:

h k 1 h k 1

X X X

hi ki 1, hi k i

k l, —  kyl ==, i h , — hi = ,. h k , - h , k =
—  11 - V =  w

HpucTaû MHecKie oaecbi m cucTeMbi.

H cxoaa H3a ochobho:to CBOHCTBa KpHCTaaanaecKaro Beme- 
cTBa oanopoaHocTH ero, bo3mo>kho MaTeMaTHaecKHMa> n3nreMa 

BbIBeCTH BC'fe Trk BHabl CHMMeTpiH, KOTOpbie He npOTHBOp^aaTa. 

yKasaHHOM 7̂ cbohctbv. 3THxa BHaoBa HacamaiBa-eTCH 3 2 ; ohh 
Ha3biBaioTCH KpHCTaaaHHecKiiMH KaaccaMH Han rpynnaMH. Ka>K- 

abin Kaacca. oÓHHMaeTa Bcis MHororpaHHHKH, oóaaaaioiiue oan- 
HaKOBbraa. xapaKTepoMa>, HHCJioMa h pacnpeaTbaeHieMa saeMeH- 
TOBa. CHMMeTpm:

3 th Kjiaccu cjrfeayiouiie: I)— H-fcra, cHMMeTpiii; II) C: III) C, L-, 
P, IV ) L 2; V ) P; V I) C, 3L 2, 3P; VII) 3L 2; VIII) g L -^ P ; IX) C, L 3, 3L 2, 

3P ;X )  L 3, 3L 2; X I) L 2; XII) C, L 3; XIII) L 3, 3P; X IV ) C, L*, 6L2,
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P, 6P1; X V ) L*5, 6L2; X VI) L 6; XVII) L 6, 6P; XVIII) C, P, L ,;; 

XIX) L 3, 3L 2, P, 3P1; X X ) L 3, P; XXI) C, L 4, 4L 2, P, 4P1; 
XXII) L 4; XXIII) L 4, 4L2; X X IV ) L 4, 4P; X X V ) C, L4, IJ; 

X X V I) L 2, 2L2, 2P; XXVII) L 2; XXVIII) C, 3L 4, 4L 3, 6L2, 3P, 

6P1; X X IX ) 3L 4, 4L3, 6L2; X X X ) C, 3L 2, 4L 3, 3P; X X X I) 3L 2, 

4 L 3; XX X II) 3L 2, 4L3, 6P.

ConocTaBJieme 3Thxt> KJiaccoBa MeżKny coóoio riOKa3biBaerB, 

mto ohh a.oBOJibHO yaoÓHO M oryrt óbiTb coeaHHeubi Ba hP- 

cKOJibKO rpyrina, Ha3biBaeMbixa k p u c t a ji jiii a e c  k h m h  c ii- 

c t e m a m h. Ba. HacToamee Bpena óojibiueio aaciaio npmraMaioTa 

mec- Tb KpHCTajiJH«ecKHXT, ciicTeMa:

I) TpexKJiHHOM'fepHaa,

II) oaHOKJIHHOMppHaa,

III) poMÓnaecKaa,

IV) KBaapaTHaa,
V) reKcaroHajibHaa h

VI) npaBHJibHaa.
Ba ocHOBame o3HaaenHaro zpkjiema noaoźKeHa xapaK- 

Tepa  Koopa,HHaTHbixa oce t ,  aatomiii B03M0>KH0CTb bh- 
paauaTb npocTO h oanooópasHO bcP naocKOcra bobkom npocToft 

(|)OpMbW

I





KPIICTAJIJIMECEIfl CHCTEMBI.

1. C H d e M a  n pasw ibM aa, n m  ny6nHecnaa.

K t  HeH IipilHaUJieyKaTL I-CpHCTaJIJIbl, Ba. KOTOpbK̂ b możkho 
HaHTH Tpn paBHbia B3aHMHO nepneHjiHKyjiapHbia HanpaBaeHni, 
coenHHHiouuH Tpn napbi o,n,HHaKOBbixa> ajreMeHTOBaj orpaHeHHi. 
3 th HanpaBjiema coBnaaaioTa. ca> TpeMH eaKHCTBeHHbiMH ochmh 
CHMMeTpin 4-ro hjih 2-ro nopaaKa. CobmIżcthbh. ca. aaHHî iMH Ha- 
npaBJieHiaMH KOopaHHaTHbm och h npHHHBa. Hxa> oTpi33KH, ae>Ka- 
mie BHyTpH caMoft npocTon cJiopMbi, aa KpHCTaaaHaecKm och, 
możkho cKa3aTb; npaBHJibHaa c h c t e m a xapaKTepn-  
3 y e t c a TpeMH p a b h bi m h b 3 a h m h o nepneHf lHKyj iap-
HblMH K p H C T a JI JI II H e C K H M H OCHMH.

TaKHMa. o6pa30Ma. OTHomeHie KpncTaaaHtiecKHxa> ocefł a:a:a. 
Kpoarfe 3Toro, KpHCTajuibi npaBHJibHOH cHCTeMbi xapaKTepH3yioTCH 
nocTOHHHbiMTb npncyTCTBieMa. aeTbipexa> ocen CHMMeTpin 3-ro 
nopaaKa. Ba. oaHHxa> KpHCTajiJiaxrb. BejiHHHHa CHMMeTpin sthmt. h 
HcaepnbiBaeTca, Ba. apyrHxa> żKe—npHÓaBaaioTca HOBbie sjieMeHTbi: 
ueHTpa. CHMMpTpiH C, HiscKOJibKo ocen CHMMeTpin 2-ro nopnana 
L 2—-h nnocKocTH CHMMeTpin P. Ka> npaBHHbHOH cHCTeMis othochtch 
nnTb rpynna. hjih KaaccoBa. KpHCTaaanaecKaro crpoema.

1) r p y n n a  copoKaBocbMnrpaHHHKa,  Han r e k c a- 

KHct -OKTaaapa .  ( r  o a o a n p i a).

C, 3L 4, 4I.3, 61Ą  3?, 6P‘ .
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Mna, B(rfexTb rpynnm, 3Ta caMaa óoraTaa ajieMeHTaMH chm- 
MeTpin. Ba, Hen npucyTCTByioTa:

C, 3L4, 4L 3, 6L3, 3P, 6P‘ .
ripejicTaBHTejieMa, cjiymHTm Tanrn Ha3biBaeMbin copoKaBoebMH-

rpaHHHKa, hjih reKcaKHcn>-oKTa- 
3flpn>, pHC. 33; OCTajlbHblH rfiopMbi 

hbjhhotch jiHmb ero aacTHbiMH cjiy- 
aaaMH. KpHCTajiJiHBecKin och co- 
BM^maioTca ca> ochmh cHMMeTpin 

4-ro nopmuKa. Ero rpaim pa3H0- 
CTopoimie TpeyrojibHHKH hm^ iott* 

Tpn pa3JiHBHbixa> napaMeTpa, cjrfe- 
aOBaTejlbHO CHMBOJTb nJIOCKOCTH co- 
poKaBocbMurpaHHHKa Ba, oómeMa, 
BHjrfe (hkl )  h Bcen (|)opMbi jhk l j .  

JEfeftcTBHTejibHO, ecjiH Mbi npencTaBHMm ceó̂ fe noaBjieme no- 
aoÓHOH njiocKocTH, to Ba, crpoeHiH pa3CMaTpHBaeMOH cTenemi 
CHMMeTpin OHa nenpeM^HHO aojimHa noBTopHTbca copona, bo- 
ceMb pa3a,. Jlyame Bcero moźkho yacHHTb ceó̂ fe 3T0, ecjin 

nposKTHpoBaTb aaeMeHTbi CHMMeTpin Ha óojibmoH Kpyn> ccfiepbi,
COBM̂ CTHBT, IieHTpa, CHMMeTpill 
(oHa> me h ueHTpa KpHCTajma, 
ohtj me h Haaajio KOopanHarb) 
cm ueHTpoMa. ctfiepbi, npyrm 
npooKLUH ca, njiocKOCTbio nep- 
Tema, h OKHy H3n> ocen chm- 
MeTpin 4-ro nopanKa nepneHaH- 
KyJIBpHO Ka, 3TOH nJIOCKOCTH. 
ByaeMa, HwrfeTb KapTHHy, npen~ 
cTaBjieHHyio Ha pnc. 34. 3 mbcb 
aBOHHblH OCH o6 o3HaneHbI 
TpOHHblH ▲, HeTBepTHblH ■ . 

O ch cHMMeTpin, ecjin omfe jiematm Ha nnocKocTii Kpyra

Puc. 33.



nposKUUH, óyjieMTj oóo3HaaaTb nyHKTupHbiMii jiHHiaMH, a njio- 
ckocth CHMMeTpin—criJioniHbiMH; nojiiocb^ nepejiHHX'b njiocKO- 

cTeH —J-; nojiiocu 3aAHHXT njiocKOCTeH O-

Mbi yBHUHMT, hto nojiyc^epa pa3ÓHBaeTca npw stomt Ha 
24 TpeyrojibHHKa, HMrfciomHXT oTHHauoBoe 3Haaeme 11 Jiema- 
m.hxt no 6 bt  KamnoMT KBa.apaHrk. Tom e caMoe othochtch h 
kt HiijKHeH nojiyc(J)epT. TaKHMT oópa30MT, bch c(f»epa pa3- 
ÓHTa Ha 48 paBH03HaaHbixT TpeyrojibHHKOBT. Ecjih npejicTaBHMT 
Tenepb ojmy Tauyio njiocKocTb, y  KOTopoił chmbojiomt óyreTT 
(hkl), to ea iiojhoct nona.aerb bt ojihht h3t  yKa3aHHbixT 
TpeyrojibHHKOBT., nanpHMTpT bt Tpe}mojibHHKT a b c; nojnocT 
ea nycTb óyjieTT ot; BCjrkncTBie npncyTCTBia naocKocra chm- 
MeTpin AB, Tanaa me njiocKocTb bt 3epKajibHOMi> nojiomemH 
K'b nepBoił juwimHa noaBHTbca bt. TpeyrojibHHKis b c d; nojnocT 
ea óyjieTT o2. Tana. KaKT bt> tohkE b npoeKTiipyeTca ocb 
CHMMeTpin 3-ro nopanKa, to, otcbhtho, TpeyroJibHHKH abc h 
bcd CT> nOJIK3CaMM Oj H 02 AOJUKHbl COBMrfeCTHTbCa npH nOJlHOMT 

noBoporfe BóKpyrr. och 3-ro nopajina Tpn pa3a; no3TO]\ty bt 
TpeyrojibHHKT bde jiojimeHT Tanme Haxo.n,HTbca nojnocT nao- 
ckocth o3, a bt TpeyrojibHHicfe b e f  nojnocT o4; tohho Tanme 
bt TpeyrojibHHirfe b fg  h abg nojnocT o5 11 oc. I aKT KaKT bt 
TOHkT f BbIXOTHTT OCb 4-rO nOpa,HKa, TO, aCHO, BCrfe IIieCTb 
njiocKOCTeH, nojiyaeHHbixT htmii, nojimHbi noBTopHTbca BOKpyrT 
Hea aeTbipe pa3a. HaKOHeuT, BCJiEncTBie npHcyTCTBia njiocKOCTii 
ciiMMeTpiH, coBriajiaFomeii ct nnocKOCTbio npoaKHiii, nojiyaeH- 
Hbia HaMH 24 hjioćkocth totku bi noaBHTbca H no apyryio ea 

cTopoHy bt 3epKaabH0MT nojiomeHin, T.-e. nojimeHT nojiyninrca 

C O p O K a B O C b M H r p a H H H K T .

HacTHbiMH cjiyaaaMH CHMBOJia {bkl/ HBJiałOTca:
Ecjih h =  k> l ,  noayaHMT {hhl}  II h p a m h a a ji b h bi ił o k-

t a a t p t . (Puc. 35).

Ecjih h >  k =  1, hojij ĥhmt {hk k} T p a n e u. o 3 jx p t  (h k o -
c h t e t p a 3 a p t ).
(Puc. 36).
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Ecjih h =  k =  l, nojiyHHMi. { 1 11 } O K T a 3 j ip i. (Phc. 3 7 ). 
Eg.hh h>k, l=o , nojiy^HMij jhkoj FIiipaMH jiaji bHLiii Ky6a>.

(Phc. 38.

Ecjih h=k, l= o , nojtyHiurb {110} P o m 6 h b e c k i ii o a e-
Kaaapa.  (r p a h  a t o- 

aapTb)- (Phc. 39).
Ecjih k =  1 =  o, noayaHMa. {100} K  y 6 a> (r  e k c a a a p a>).

Phc. 40.
Bthmtj HcaepnbiBaioTCH Bdfe npocTbia (JiopMbi KpHCTajiJiOBa>, 

npnHajiaeHyauiHKTb aaHHOH cTeneHH cHMMeTpin.

Phc. 37 PlIC. 38.

Phc. 35. Phc. 36.
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Puc. 39. Piic. 40.

Ba> npHpo^fe BćTp^HatoTCfl KaKT> npocTLia (J)opMbi, rana. h 

nxa> pa3HOo6pa3Hbia KOMÓiinaum. Cio^a othochtch Hanp. r p a -  

HaTbi ,  KpHCTajuiH3ytomiecH Ba> Biijrk pomóhb. nojieKasapoB^b, 

hjih TparieuoajipoB^, hjih bt  ̂ hx'b KOMÓHHauin; cm. pnc. 41 h 42

Puc. 41. Puc- 42.

Puc. 43. Piic. 44.

ópa>KafOT'b KpucTajuibi cbhhhob. ÓJiecKa a = {1 0 0 } ,  0 =  {1 1 1 }, 

d = {  110 }.
3*

0 = {2 1 l},  n— { n o } ,  S =  {321 }. TaKHie: CBHHUOBblH ÓJieCKTs
PbS, cepedpaHbiH ójiecirb Ag,S h a.p. PucyHKH 43 h 44 H30-
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2) K  ji a c c t> n e H T a r o H a i i t H a r o  H K O C H T e T p a a j t p a .

(IIjiariaapiMecKaH hjih ruposapuMecKaa reMiaapin).

3\J, 4L3, 6L \

Cioaa OTHOCJITCH KpHCTajiJibi, HM^iomie, naicb bb nep'BOMT> 
KJiaccT, — KJiaccb rencaKHCT, — oKTasjipa, 13 ocen cnMMeTpm 

Tanoro >Ke xapaKTepa 3L4, 4L3, 6 L 2; oTcyTCTByioTbi ueHTPT> n 
ruiocKocTH CHMMeTpin: oC, oP, 0P1. Oómeio (jiopMOio cjiy>KHTT> 

neHTaroHajibHbift 1iK0cnTeTpa3j1.pT> hjih rupoajipTb, njiocKOcra 
KOTOparO no BcTmT> (TpeMT>) KOOpjHlHaTHHMT, OCHMT> HmT iOTT* 
pa3JiHHHbi6 napaMGTpbi. OopMa iijiockoctch neHTaroHbi, 

HHCJIO—24.
JJjia KajimoH KOMÓHHauin HHCJieHHbixT> 3HaqeHin HH.aeKCOBT>, 

t . e. JIJI5I Ka>Kflaro ruposjipa ct> onpejrfejieHHbiMH napaMeTpaMH, 

Moryrb cymecTBOBaTb jibT  (jiopMbi, KOTopua, ynoBJieTBopaa 

BC-feMi* ycjioBiBM^ jtaHHaro KJiacca h npeacTaBjnui nojmoe cxoa- 

CTBO Meaay COÓOK) no CBOeMy BHJiy, OTJIIlHaiOTCJI OTHOCHTeJIb- 

HbiMTa pacnojioaieHieMn> rpaHen: oójiajiafl coBMTmemeMT, caMii 

C"b COÓOIO, OHjb H6 MOTyTTb ÓbITb COBM'l>HI,eHbI Jipyńb C b A p yi  OM b, 

pacnojiojKeme iixt> nacTefl Tanoe >Ke, Kam> pacnojiojKeme na- 

CT6H ripaBOH pyKII OTHOCHTeJIbHO jri>BOH. CoBM'ł>LU>6H16 MO/KC i b 

n p o 113 o h th TOJibKO b t> tomt> cjiynaT, ecjiH 3aMf>HHTb ojhiht, 
H3b cpaBHHBaeMbixTa MHororpaHHHKOBił ero H3o6pa/KemeMT> bt> 

3epKajrfe.
Tanie HecoBMTcTHMbie MHororpaHHHKH Ha3biBaioTCH 3 h a h- 

t i o m o p 4) h bi m h oTHOCHTejibHO jipyrb Jipyra. OjIHOMy H3T> 
HHxrb aaiorb Ha3BaHie npaBaro, a jipyroMy— jrfeBaro. Ecjih no- 
cTaBHTb neHTaroHajibHbin HKoeiiTeTpa3ji.pT> (rHposjipTb) kt> Hao- 
jnojiaTejiio TaKT>, htoóh ero KOopjniHaTHbia och, coBMTmeHHbin 
ct> ocbmh ciiMMeTpiii 4-ro nopHjiKa, pacnojiarajiHCb oóme-npii- 
HBTblMT. CnOCo6oMT>, TO jrfeBbIMT> ÓyjieTb Ha3bIBaTbC>I TOTJb, \ 

KOTopa.ro H3i> TpexT> njiocKOCTeii, Jie>KauiHXT> bt> BepxHeMb npa- 

bomt> oKTaHTli, ójiHa óyneT'b HMi>Tb rio och X napaMerpjb Han-
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MeHbiuift, a no och Z — HaHÓojibinra, cTa.no óbiTb en chmbojit, 

Jhkl} (pHC. 45); y  npaBaro neHTaroHajibHaro HKOCHTerpasapa 
HaHMeHbiniH napaMeTpn. óynerb no och Y; HaHÓojibimn, Kaim 
h bt> jtIibomt, no och Z; OTCiona chmbojlt> {khl} (pnc. 46).

PlIC. 45. PHC. 46.

B ek  yKa3aHHbia oraomeHin BecbMa Har:m;nio BbicrynaiOTT. 
npii ii3yqeHin cifiepmiecKon npoaKnin 3Tiixrb MHororpaHHHKOBrb. 
Pnc. 47 h 48.

Puc. 47. jliklj. Phc. 48. jkhlj.

ripHjnaBaH pa3JiHKHbni 3HaneHi5i HH^eKcaMt h, k, 1 neHTaro- 

HajibHaro HKOCHTeTpaaapa, nojiynniyrb Kann. H3i> npaBaro, Tana. 

II II3T> JlpBarO UieCTb HOBbIXT> (flOpMT̂ :
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{ h k k } H  k o c h t e t p a 3 jx p t>.

{ hhl } 11 h p a m h a a ji b h bi h OKTasup^b ( t p i a k h c t>
o k t a a r  p a.).

{ i i i } OKTaajip^b.

{ h k o }  I lHpaMHnaj ibHbiH KyÓT* ( T e i paK HC b- r e -  
Kcaaa.p^) .

{ i <j> o } P  o m ó h n e c k i h noneKaaj ipa,  hjih r p a h a t o- 
pa..

{ i o o }  K y 6 a >  ( r e K c a a i p i ) .

3 tH (|)OpMbI COOTBpTCTByiOTa. BCpMT. B03MO/KHbIMT> CJiyHaHM̂ b 
nepeMpmeHiii nojnocoBT> bt, Ka-rnoMT, oKTanrfe; Taicb HanpiiMppT, 
ecjin nojnocbi njiocKOCTen rapoaapa ynanyrb Ha Jinum, coejiH- 
HHiomia och cHMMeTpin 4, 3 11 2 nopiuiKa, to nojiyHHTca npo- 
3kiuh HKOCHTeTpasapa; npn nepeMpinenm hxt> na nyrii, coemi- 
HMiomiH Tania >Ke och cHMMeTpin, nojiyHHTca npo3KH,ia TpianncT.— 
oKTasapa; ripu nepejiBHjKeHiH nojnocoBi* kt> och CHMMeTpiH 
TpeTbHro nopajiua 11 cjiiamn ct> Hen nojiynHTca OKTasupa* 11 npon.

Hojiynaioiiiiecn TaKHMT> oópa30Mrb MHororpaHHHKH HMpiorb 
no HapyżKHOMy BHjiy CHMMeTpiio óojrfee Bbiconyio, hxt>
BHyTpeHHee cpoeme. OiiHano noKa3aTb y TaKiixb KpHCTajiJioBT> 
MeHbinyio ciiMMeTpiK) możkho jierno, nojib3yncb xapaKTepoMT> 
pacnpen^Jiema pa3JMHHbixrb cboiictbt, bt> hhxt>. Hanie Bcero 
ct> 9Toh uPjibio nojib3yioTCH (jnirypaMH pasT/lmama hjih BbiTpa- 
BJiemn, t . e. thkhmh (fmrypaMH, KOTopbia nojiyaaioTCH npHirM- 
cTBin pacTBopjnoin,HX'b BemecTBJb Ha rpaHH KpHCTajiJia. Ecjiii 
BHyTpeHHH CHMMeTpiH KpHCTajiJia COOTBpTCTByeTTj HapyiKHOH, 
to nojiynaiomiacn npn stomt* (fiHrypbi h hxt> pacnojiomeme 
6ynyTT. HM^Tb Ty >Ke CTeneHb CHMMeTpiH, Kanaii npHHajiJieiKHTb 
Hapy>KHOH cfiopMp; bt. npoTHBHOMT> cjiynaP napTHHa óynerb 
upyraa. OcoóeHHo noywrejibHbi bt. 3tomt> oTHomeHiH KpncTajiJibi 
HamaTbipa hjih cajibMiHKa N H4 Cl. Ero KpiicTajuibi npencTa- 
bjihkdttj Tpaneuosjipbi,—(Jinrypbi, oÓJiaaaiomiH, naicb Mbi BinrkiiH,
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HaHÓojibiueKD CTeneHbio cHMMeTpiii. O.rwano npii H3B'PcTHbixi3 

ycJioBiflXT> KpHCTajum3auin Ha Heivrb noHBJiaioTCfl njiocKOCTH 

neHTaroHajibHaro hkoc HTeTpasapa. Puc. 49.

OneBHjiHO u caMi> TpaneuosjipTb AOJia<eHa> hmP tb  BHyTpeHioio 

ciiMMeTpira, oAHHaKOByio erb nenTaroHajibHbiMT, HKOCHTeTpa- 

3flpoMT>. O H rypb i BbiTpaBJiHBairifl, HaÓJiiojiaBmiHCfl Ha HeMT>, sto  

h n oaT B ep aaa io rb ; cm. (fmr. 5 0 . IIxt> pacn o jio jK em e TaKOBO,

Piic. 49. Phc. 50.

4T0 He aaeTTj B03M0JKH0CTH IipOBeCTH HH OAHOH HJIOCKOCTH CHM- 

MeTpiH.

Tanoio >Ke CTeneHbio CHMMeTpin o6 jiaaaioT'b h nyobi ch.ib- 

BHHa { KCl}, OKTaajipbi KynpHTa {Cu20 }, no BHTHMOMy raK>ue 

KaMeHHOH cojih NaCl h xjiopncTaro cepeópa AgCl. .

E cjih cpaBHHTb Me>Kay co6oio nposKLUH neHTaroHanbHbixrb 

iiKocriTeTpa3apoB'b, ruposapoB^b ct> nposKuien coponaBocbMH- 

rpaHHHKa, to moikho saMpTHTb, HTO nepBbie hbjuhotch k3kt.

6bl nOJIOBHHHblMH (flOpMBMH IIOCJlPa.HBrO: Mbl MO/KeMT> nOJiyHHTb 
HXT> II3T> COpOKaBOCbMIirpaHHHKa reOMeTpHHeCKHMTi nOCTpoeHi- 

eMT>, eCJIH Brb COpOKaBOCbMHrpaHHHKE ÓyaeMT, yHMHTO}KaTb OT- 
JbfejIbHbHI nJIOCKOCTH IlOOHepeTHO CT> OCTaiOUIJiMHCH, a 3 11) 
nocjrfeaniH óyreMTb pa3BHBaTb to B3aiiMHoft nxrb BCTpPnH (01- 
ciOTa h Ha3Bame noTo6HbixT> (jiopMrb — reMiarpifl). CMOTpn no
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TOMy, kćiktj pacrio;iowaTc« ocTaioiuinca njiocKocTH, mo;kho no- 
JiynnTb ^Ba aHaHTioMopffjHbiKT, rHpoaapa pnę. JNśJS; 51 H 52.

Puc. 51. Puc. 52.

3) K i i a c c T b  4. i a k h c a> - a. o ji; e k a a 4; p a, h j i  ii ii p e j i  o m ji e h - 

Haro neHTaroHaj ibHaro j iojieKaajipa.

(lleHTaroHa.ribHaa reMiajpia).

CTeneHb CHMMeTpin stoto KJiacca: C, 3 L2, 4 Ls, 3P. Haiióo- 
.ribe o o mero (|)opMofi cjiyaaiTb ;i i a k hct> -;io;ie Kasapa, hjih npe- 
jiOMJieHHbiH neHTarouajibHbiH nojieKasnp-b { h k 1}. rTpii oóbm- 
hoii nocTaHOBK'k KOop.miHaTHbix'b ocen h oóo3HaneHńi (JiopMT. 
ajrfecb B03MoaiHbi a.Ba npenoMjienHb^n. nenTaroHajibHbixb 4.oa.e- 
î aajipa. npaBbiii { k h 1} u jiljBbin { h k 1 }, no hapy>KHOMy bhzi,)' 
coBepmeHHo HeoTJiHHHMbie ojnimb ort npyroro n coBepmeHHO 
coBMiscTHMbie nocjrk noBopoTa BOKpyrT> och CHMMeTpin 2-ro 
nopnji,Ka Ha 90. Pnc. N2N2 53, 54.

ripnaaBan pa3jiHHHbiH oTHocHTejibHbm 3HaqeHm HHji,eKcaMb 

h, k, ]( Mbl nOJiyHHMT} BĈfe B03M0>KHbie MHOrOrpaHHHKII Toro ;Ke 
BĤ a CHMMeTpin:
rip u  h >  k, k^ l nojiyMHMi,: { h k k } T  p  a n e u o 3 2 p t,.

I I p n  h =  k, k > 1  nojiyHHMT.: { h h 1 } n  h p  a m h ji a ji b  h b i n

o KTa34p'b.
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P iic. 53 (khlj

llp n  h =  k = 1  nojij^HMt: { i  1 1  } 

n PH li— k, l= o  nojiymiMV. { hk o }

{ k h o }

n PH h =  k, 1=0 nojiy^HM^b! { i  i  o } 

n PH h ,k =  1 = o  nojiyHHMi.: { i  o o }

O K T a 3 R P T>.
FI e h t a r o h a .i b h bi ii a o- 

a e k a o a P rb jrbBbiH 

(Phc. 55).
I I  e h t a r o h a a b h bili a o- 

a e k a o j i P b npaBbrii 

(PliC. 56).

P  o m 6 ii a e c k i fi a o a e- 

k a o a P a>.
P e K c a 3 f l P b (nyóa.).
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Phc. 55. Phc 56.

Il3i> nepeHHCJieHHMxa tpopMa TojibKo oa,HHa neHTaroHajib- 
HbiH aoaeKasapa HMpeTa ocoóeHHbin BH.ua; bcT me ocTajibHbie 
He oTJiHHHMbi o Ta Tai\OBbixa me npeflLuecTByiom,HXTb KJiaccoBa. 
BcT 3Tii cjiyaan cooTBTTCTBytOTa bobmO/Khbimtj nepearfememaMa 

nojnocoBa aiaKHC,b-aoji,eKa3jipa, coBepmeHHO nonoÓHO TOMy, 
na na sto 6buio }ma3aHO Ba KJiaccrh neHTaroHajibHaro hkoch- 

TeTpaajipa.
CpaBHHBaa nposKuin copoKaBocbMHrpaHHHKa h npejiOMjieH- 

Haro neHTaroHajibHaro aoaeKas^pa, He Tpy^HO 3aMpTHTb, hto

nocjrfeaHiii cooTBnbTCTyeTa rrepBOMy 
ca TfcMa TojibKo pa3JiHHieMa., hto ♦
3^fecb HpTa nOJIOBHHbl COOTB^TCTByiO- 

m,Hxa njiocKOCTeH, nepeefeKaioiinascH 

Ba cpeaHeMa peóp f̂e; npn TOM'b ot- 

cyTCTBytomia npaBHJibHO nepeayiOT- 

ca nonapHO ca npncyTCTByioiii,HMii.

P hc . K s 57.

T o me canoe HymHO CKa3aTb h 
othociiTejibHo neHTaroHajibHaro ao- 

aeKaaapa: nepBbfn cocTaBJiaeTa, Tana CKa3aTb, nojioBHHHyio 
(j)opMy copoKaBoebMH-rpaHHHKa, a apyron (neHTaroHaJibHbin 
aoaeKaaapa)— mipaMH,n,ajibHaro nyóa. O raona h Ha3BaHie r e m i- 
3 a pin n e H T a r o H a j i b H o i  K ana Ba riHpaMHaajibHOMa nyóT 

Kamjiaa njiocKocTb no cBoeMy nojiomemio cooTBTTCTByeTa

Phc. 57.
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jJByMT} IIJIOCKOCTHMa. COpOKaBOCbMIirpaHHHKa, nepee^KaiOmHMCH 

Ba. cpeaneMa. peópb, TaK'b >Ke tohho Kanaan njiocKocTb neHTa- 

roHaabHaro aoaeKaaapa cooTB^TCTByeaa. aByMa. njiocKOCTBMT> 

nepeJioMJieHHaro neHTaronajibHaro aoaeKaaapa, coeaHHjnouuiMCH 

BT> JtJIHHHOMT. peópda

Sa^cb, Kana. h B'b rpyrirrfe neHTaroHajibHaro HKOCHTeTpo- 
aapa, Hapy>KHa>i CHMMeTpia Bci^a. (j)opMa>, npoMrfe oóoiaaa. neH- 
TaroHaabHbixa> aoaeKasapoBa., óyaerb Bbime BHyTpeHHefi. Ha- 

cToamyio CHMMeapiio h 3jrł5Cb mo>kho aouasaTb BbiTpaBJiemeMa.. 
Tana. mipiiTa. Fe S2, KpHCTajiH3yacb Hepisano Ba. (f>opMaxa. neH- 
aaroHaabHaro aoaeaasapa, aame Bcero oópa3yeTa> npocTbie 
Kyóbi, imoraa oKTasapbi, a TaKżKe u pa3JiiiHHbm KOMÓHHaiiiii. 
Ecjih noaeeprHyTb naocKOCTii Kyóa â kwcTBiio a30Tnoft khc- 
aOTbl, TO Ha HHX'b nOBBHBlOTCa (|)HrypbI aHCCHMMeTpHHHblfl 
(HMrbfOUUH aBOHHyK) OCb CHMMeTpili H naOCKOCTH CHMMe-
apm), a He TeTpaciiMMeTpiiHHy to, aa na, aonawo óbiao óbiTb, 
ecaii óbi Kyóa. nnpHTa npHHaaae>Kajia. cHMMeTpiH reKcaKHca.- 
OKTasapa (rojiosapiiaecKaro KJiacca). P hc. 58 npeacTaBaaeTa> 
(finrypy pasadbaama Ha naocKOCTii nnpHTa.

Kpowrfe nHpHTa na. 3TOMy naaccy npHHaaaeataTa. TaKme 

KpMCTajuibi KOÓajibTOBaro ÓJiecna Co (Fe) AsS h ho BHaHMOMy 

KajiieBbixa> KBacuoBa. K A 1(S04)212 H2 O. O tirypa 59 npeacta-

Phc. 58.

BJineTa apucTajuia. napirra, coctomiiuh H3a>: p (100), d ( l i i ) 

h e =  (210).

P hc. 59.
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4) K  ji a c c t> reKcaKHCT>-TeTpa3 u,pa hjih n p e j i O M -  

ji e h h a r o n H p a M H f l a j i b H a r o  TeTpaanpa.

(TeTpaanpimecKaa reMisapia).

Ciojia othochtch MHororpaHHHKH-KpHCTaJiJibi, cHMMeTpia ko- 

TopbixT3 Bbipa>KaeTca 3L2, 4B3, h 6P.
ripeji,cTaBHTejieM"b 3Toro KJiacca, co,nep}KamHM'b Hanóojib- 

mee bhcjio rpaHefi, cjiymnrb reKcaKHC'b-TeTpa3,ap'b, chmbojih. 

KOToparo: {hkl} (puc. 60); ero riposKuia Ha puc. 61; bc4i 
ocTajibHbie MHororpaHHHKH npejicTaBJiaKyrb aacTHbie ero 

cjiynan.

Phc. 60. Pac. 61.

B b  reKcaKHC,b-TeTpa3jiprfe (f)opMa rpaHen—pa3HOCTopoHHie 
TpexT>yrojibHHKH. Hhcjio rpaHen 24. ĵ BOHHbia (aHroHajibHbin) 
OCH COejIHHHIOTT, BepUlHHbl pOMÓHHeCKHX'b yrJIOBH>; TpOHHbHI 
coea,HHaK)T'b flHTpHroHajibHbie yrjibi, npHneMaj ohhhh. KOHeirb 
hxt> npoxoa,HT'b npesTa BepuiHHy Tynaro OTpHroHajibHaro yrjia, 

a jipyron— apeajb BepiuHHy ocTparo; TaKHMrb o6pa3oarb Tpnro- 

HajIbHblH OCH HBJIHIOTCH IlOJIHpHblMH. B-b 3aBHCHMOCTH OT'b no- 
CTaHOBKil KOOpAHHaTHUXT> OCefl OTHOCIITeJIbHO HaÓJlIOJiaTeJIH, 

njiocKOCTH reKcaKHca.-TeTpasapa HMrfeiOT"b hjih nojio>KHTejibHbie
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CHMBOJibi (jieatarb Ha Bepxy Bnepejm HanpaBo) {h k  1} hjih o t - 

pnu.aTejibHt.iH HHneKCT. no och Y (jiemHTb HaBepxy Bnepejm  

HajiisBo) {h k  l}. IlosTOMy nepBbiH HasbrnaeTca nojiomHTejib- 

HbiMTD, a BTopoH oTpHuaTejibHbiMt. 0 6 a reKcaKHCTb-TeTpaanpa 

cnocoÓHbi coB^maTbca jipyn> ci> jipyroMT. nocni; noBopoTa 

na 90°.

IlpHJiaBaH pa3JIHHHbIH OTHOCHTeJIbHblH 3HaneHHI HHJJ,eKCaMa> 

3TOH OÓHien (f)OpMbl, nOJiyBHMH. BCi> B03M0>KHbie MHOrOrpaH- 

hhkh aaHHaro BHua CHMMeTpin.

h >  k, k =  1 { h k k ) TI h p a m h a, a .1 b h u  ii t e t p a s  ji p i>

[I O JI O/KHTeJIbH bl H. (Puc. 62). 

h > k ,  k =  1 {h k k }  II  i-ipa m i u a  :i b h u  ii T e r p a s a p a .

O T p II LI, a T e JI b H bl H.

h =  k, k > l  {  h h I }  J i e j i b T o a a p ^ b  (;ie jib T o iiji/ b -ji ,o -

ji e k a 3 a p rb) n o ji o >k 11 t e ji b h bi ii. 

( P iic . 63).

PlIC. Ó2. PlIC. 63.

{  h h 1 }  J ie  j i b T o  33.p1> ( j i e j i b T o n j n > - j i o -  

a e k a 3 3 p Jb) o t  p i m  a t  e ji b h bi ii. 

h =  k =  1 {  i i i  }  T  e t p a 3 a p b n o ji o >k h t  e ji b h bi ii. 

PlIC. 64.
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{  i i i  } TeTpaajip^Ł o T p n u a . T e J i  bHbift. 
t f y  k, 1 =  {  h k o }  II U p a m h II a ji b h u  h k y  6 t,.

Puc. 64.

^ = ^ 1 = 0  | n o  } P o M Ó H ^ e c K i i ł  a o / i e  na  sapa*-

h > k ,k = l= o  {  001 } K y 6 T> ( r eK c a a a p T j ) .

BcP cooTB^TCTByiomiH nojio/KHTejibHbiH n oTprmaTejibHbia 
<|>opMbi no Hapy>KHOMy B iu y  He oTjmnnMbi apyra, orb flpyra. 
Pa3JiHHHTb 11x̂ 1 mojkho Brb KOMÓHHani -̂b no nxa, nono- 

jKemio.
II B-b 3TOM'b KJiaecP HMpeTCH HpCKOJIbKO (fjOpiTb (niipaMH- 

jia:ibHbin KyÓT,, poMÓnnecKin aojieKasapi, n Kyón.), KOTopbw no 

HapyjKHOCTH He oTJinnnMbi o tb  TaKHXT> nie (fjopMn, npezune- 

CTByiOHXHX'b KJiaCCOBT,; OflHaKO HXb BHyTpeHHHH CHMMeTpm 

BnojiH^ otb fenaeTTj jiaHHOMy KJiaccy. Taicb, HanpHMppa*, nnoc- 

kocth ny6a uhhkoboh oÓMaHKH (ZnS) npn BbiTpaBJiHBaHin 

jn a iorb  aHCHMMerpnHHbiH <j)nrypb i\BM pcTo TeTpacHMMeTpHHHbia^b), 

a Ha njiocKOCTHxa> jpoMÓnnecKaro nojieKasapa MOHOCHMMeTpnn- 

Hbi5i, KaK"b 3Toro n T peóyerb  cHMMeTpia KJiacca reKcaKnca,- 

TeTpasapa. IIpHMppaMM MoryT^b cjiyjKHTb TaKJKe KpncTajuia 

ajiMasa, ójieKJibixa> py/Ub, óopannTa h np. P hc. 65 11 66 

nsoópaw aiorb KpncTajuibi óopanHTa: o =  ( m ) ,  c =  (ioo), 

6 =  (110).
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PIIC 65. Puc. 66.

5) K  ji a c c T e T p a a j i p i i H e c K a r o  n e H T a r o H a . H H a r o

a o a e K a a a p a .

(TeTapToaji,pi5i npaBHJibHOH cncTeMbi).

3 L2, 4 ^-
Ciona npHHajyiemaTT, MHororpaHHHKH, CHMMeTpia KOTopbiKa. 

Bbipa>KaeTca ripncyTCTBieMa, tojibko ocen ciiMMeMeTpiii: 3 L 2 h 

ą U ;  ocTajibHbie ajieMeHTbi en oTcyTCTByioTb.

0 6 m,eio (|)opMoio cjiyTKHrb TeTapToazip^b hjhi TeTpasapiiaecKin 

neHTaroHajibHbift noneKaanp^b, chmbojtb KOToparo { hkl }.  C m. 

puc. 67. <4>opMa niiocKocTeft— HeciiMMGTpiiMecKie nHTiiyrojrbHii-

PlIC. 67.

kh, y  KOTopbixa» 4 cTopoHbi nonapHo paBHbi, a naTaa ocoóeH- 

Haa; mhcjio rpaHeft 12. JCiroHajibHbiH och CHMMeTpin (oh^  >ice
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II KpHCTajIJnweCKifl) COeflHHHIOrb CpejlIIMbl e,4HHCTBeHHbIXT> 

cTopoH rb nflTHyrojibHHKOBT»; TpiiroHajibHbiB OCH r ip o x o a a rb  Hpe3T> 

BepuiHHbi TpexrpaHHbix'bTynb!XT> u ocTpuxTb yrjiOBT> h , TaKHMT,

oópa30MT>, oÓJiaaaioTTj ri o ;i h p h o c t b io.
n PH onpea^JieHHOH nocTaHOBKis KOopaiiHaTHbDTb ocen ot- 

HOCHTejibHO HaóaioaaTejiH nepemna BepXHin hjiockocth TeTap- 

Toaapa hm^ eotb hjih nojiożKiiTejibHbie HHaeKCbi, ecjiH oh^  jie- 

>KaTb Ba> BepHeMTa n p a b o m t  nepeflHeMb OKTaHrfe, hjiii me  

OH.HHT> H3T> HHX'b HO OCH Y  OTpHIiaTeJIbHblH, eCJIH HJIOCKOCTH 

.leataTb bt> BepxHeirb nepeflHeMT, ji 'fe b o m t> OKTaHrfe. Bi> Ka>K- 

a,OMT> yKaaaHHOMT, oKTaHTfe hjiockocth TeTapTooupa Moryrb 

pacnojiaraTbca jibohko: onna h3t> hhxt> nepedbKaen, ocb X  bt>
HailMeHbliieMTi pa3CTOBHipI, OCb \  BT>

I
6ojibm eM 'b  i i  Z b t . HaHÓOJibmeiyrb,

t . e. cii ciiMBO.Tb óyaeTTb (h k l); hjiii 

;ice o;uia n:n> nnocKOCTeii nepecliKa- 

c r t  Bi) HaiiMeHbmeM'b pascToimiii ocb 

0Cb ^  b1d 6o;ibiueMT> h  ocb Z b t> 

HaHÓojibineMTa, t . e. ch m bo jit> óyaeTT, 

J j i k h i). rTonepnyB-b oKTaHTb, bt> ko- 

p 68 TOpOMla Jie>KaTT> HJIOCKOCTH, npHMO

kt> HaójnoaaTejiK), yBiijiHMT,, hto y  

nepBaro TeTapToaapa ruiocKOCTb (h k 1) jieam rb bt> OKTaHrh Ha- 

jrfeBO, nooTOMy oht> Ha3biBaeTcn jî bbimt* (puc. 67), a yB T o p o ro  

{k h l} HanpaBO, h oht> Ha3biBaeTcn npaBbiMi, (pnc. 68). 0 6 ^ 

3TH cJiopMbi 3HaHTioMop(|)Hbi OTHOCHTejibHO a p yrb  jipyra. To >Ke 

CaMOe OTHOCHTCH KT> TeTapTOSJipaMT), HJIOCKOCTH KOTOpbIXT> Jie-

iKaTTj bt> .t IibomT) BepxHeMT> OKTaHTfel 3a,i5Cb npaBbiii TeTapTO- 
aapTb HlifteTTb nJIOCKOCTb Cb CHMBOJIOMT> {h k l}, a jrfeBbIH—

{k h 1}.
TaKHMT3 0Ópa30MT>, B03M 0>KHbi neTbipe TeTapTosapa: nojio- 

>KHTejibHbie: npaBbiii h jrfeBbiii, h oTpHuaTejibHbie: npaBbiii 11 jrfc-

BblH. npaBbiii H jrfeBbIH OCHOTO 3HaKa3HaHTiOMOp())HbI, HM^IOHUe
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jne pa3Hbie 3 HaKH coBMrfematOTca npn noBoporfe ojiHoro otho- 
CHTejitHO jipyroro Ha 90°.

E cjih npiiMrkHHTb 3jrfecb oóbiHHbifi npieMa> BbmejieHm B03- 
MO>KHbixa> (fiopMa, flaHHoft cHMMeTpin, hcxouh H3 i> oóiuaro CHM- 

BOJia {h k l} hjih npHÓ^raa kt> nepearfememio nojitocoBa, Ba, 

nposKuin, mh HaftaeMa, 3 jrbcb cjrfejiyiOHue MHororpaHHHKH:

{ h k 1}  JT 4 , b bi h n o ji o >k ii t e ji b h bi h T e T a p T o s a p a , .

I l p a B b i H  n o ji o n t e ji b h bi h T e T a p T o a n p a .{ U i l }
{  k h 1} J I^BblH  OTpHUaTeJ IbHblH T e T a p T O S J i p b .

{ h k l }

{  hkk}

{hkk }

n paBbi f i  O T p H ua T e j i b H b i H  T e T a p T o s a p b .  

ET h p a m ii a a ji b h bi h t e t p a 3 a. p 'b n o j i o m n -  

t e JI b H bl H.
I I  Hpa MHj i a j i bHb iH T e T p a s a p a ,  o t p h u a- 

T e JI b H bi II.

{  h h 1}  JX e JI b t o 3 a  p a, 11 o ji o >k h t e ji b h bi fi.
{ h h l J3. e j i bT0 3 ji.pa> OTpHuaTej i bHbi H.  

i i i  / h { i i i  } T e T p a 3 jipa> nojiojKHTejibHbin h 
O T pHUaTeJIbHblH.

i

(h k o }  h {k h 0 }  I l e H T a r o H a j i b H b i H  j i oJ i eKa s j i pa ,

ji 4> B bi h . h n p a B bl H.

{ 1 1 0 }  PoMÓi iuectuH aoaenasapa, .

{  100} K yóa ,.

Ka> 3T0My Kaaccy npiiHaanejKaTa, 

KpucTajuibi xaopHOBaTO-KHcaaro HaTpa 

NaClOg, npejicTaBamomie { m } , { 2 i o }  

h { i i o }  (puc. 69); a3 0 THOKiicaaro 6apm 

h  cBHHua (B aN O g h  P b N 0 3); Tan m e jibo h - 

Haa c^pHOKHcaaa cojib KOHiiiHa h nie

u k a  (C8H17N)HFe(S04)2i2H20  h ji p. 

KpucTaaabi TerapTosapHaecKaro Kaacca 

oójiajiaioTa, BpaiuemeMa, naocKOCTii nojinpH3 auiH.

Puc. 69.
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U. fiBSApaiBaJi cucieiwa.

OÓHHMaeTTb KpHCTaJIJIbl, BTE, KOTopbixa> MOHiHO npoBecTH Tpn 

esaHMHO nepneHflHKyjiHpHbm KpHCTajuiHBecKia och, hst, koto- 
pbixa> m b  paBHbi Me>Kay coóoio, a TpeTbfl ocoóeHHan; TaKHMT, 

o6 pa30MT> oTHomeHie ocen a : a : c; oTHomeme a : c h xapaKTe- 

pH3yeTT5 flaHHyio cncTeMy. Och a h a coBM^maioTCH ca, Koopjni- 

HaTHbiMH ochmh X  h Y; ocb c ct> OCbtO Z.
B c E  KpHCTaJIJIbl KBaapaTHOH CHCTeMbl HM^IOTT, OCb CHMMeTpiH

4-ro hjih 2-ro nopHUKa hjih Ty h apyria BM^crfe. K t> hhmt, npn- 

coejiHHHKDTCH h apyrie ojieMeHTbi CHMMeTpiH: Hemp-b- h hjio- 

CKOCTH CHMMeTpiH. CoOTBisTCTBeHHO OTOMy KT> KBaflpaTHOH CH- 

CTeM̂ fe OTHOC51TCH CeMb KJiaCCOBT..

6 )  K jia c c a , B O C b M H r p a H H o i i  ÓHnnpaMHUbi .

(rojioanpin).

C, L4, 4L2, P, 4P1.

EaHHCTBeHHaH OCb CHMMeTpiH 4-ro nopHflKa, COBM̂ LHaeMaB 

CT. OCblO C; flB'fe OCH CHMMeTpiH 2-rO nopHflKa, COBMEmaeMblH 
ct. KpHCTajiJiHHecKHMH ochmh a h a; flB  ̂ och T oro  H<e HaHMe- 

HOBaHiH jrfejHTTb HOHOJiaMT> yTOJTL MOKfly ochmh a h a. KpOM̂ fe 
Toro, 3fl*bcb npncyTCTByeTT. ue-HTp-b CHMMeTpiH h nnTb hjiocko- 
cTeii CHMMeTpiH; H3T> hhxt» oma, nepneHjiHKyjiHpHaH kt, och 
4-ro nopHflKa, Ha3biBaeTca rjiaBHÓio. OcTajibHbin neTbipe npo- 

xojj,htt> Hpe3T> j],BOHHbiH och, nepeckKancb bt> och 4-ro nopnaKa.
npeacTaBHTejieMT* 3Toro KJiacca cjiyjKHTT, BOCbMHrpaHHaa 

ÓHHHpaMHfla (HHTeTparoHajibHaa ÓHnnpaMHna); pHcyHOKT, h npo-

enuin ea bmE ct£  ct, 3JieMeHTaMH CHMMeTpiH HsoópaateHbi Ha 

pnc. 70 h 71 . PncyHOKT, 72 nsoópaiKaerb c ie r n e  flHTeTparo- 

HajibHOH ÓHHHpaMHflbi nepneHUHKyJiHpHO kt> L4; maroHajiH m re- 
TparOHa npeflCTaBJIHlOTT, ropHSOHTaJIbHbTfl KpHCTaJIJIHHeCKlH OCH.
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OHa orpaHHneHa niecTHaauaTbio HepaBHocropoHHHMH Tpe- 

yrojiŁHHKaMH. FjraBHaa KpacTajuinnecKaa ocb, coBirfemaiomaaca 

ca> ocbk) CHMMeTpiii 4-ro nopflaKa, coeaHHBerb npoTHB3^jie>Ka-

P iic. 71.

mie aiiTeTparoHajiBHbie yrjibi; ropH30HTajibHbm KpiicTajumne- 
CKifl och npoxoaHT'b Hpe3a» npoTHBonojiowHbie óojrfce ocTpbie 
poMÓHBecKie yobi; npoMewyTOHHbin we och coejjHHHioTb óojrfce 
Tynbie poMÓHnecKie yrjibi. Chmbojiw stok (f)opMbi {  h k 1}, npn- 
nearb: h >  k; 1 >  <  k. HacTHbiMH cjiynaHMH en hbjihiotch:

4*
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h — k { hhi }  Kea i ipaTHaH ÓHnHpaMHna
1- ro po aa. (Phc. 73).

h>k,k  — o { h o l  }  K B a ap aT na a  6nnHpaMii .ua
2- ro po aa. (Phc. 74).

Phc 73. PlIC- 74-

h > k ,  l =  o {  hko  }  B o c b M H r p a H H a n  ( f l H T e -

t p a r o  h a jib h a n) n p H 3 Ma..

(Phc. 75).
h =  k, 1 =  o { 110 } KBaapa TH aa  npH3 Ma i*ro

p o jia (Phc. 76).

h>k,  k =  o, l =  o {  100 }  K B a j i p a T H a H  n p n s M a  2-ro
pona. (Phc. 77).

Puc. 75 Phc. 76. Phc. 77.
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h =  k =  o { o O l }  OCHOBHOH I l H H a K O H f l t  ( ó a 3 onn-

HaKOHn^fc) 1). (Phc. 75, 76 h 77).

Bdb yKa3aHHbiH (JiopMbi MoryrŁ óbiTb BbiBeneHbi TaK>Ke H3T 

pascMOTpi&Hia nposKuin bocbMHrpaHhoh ÓHnHpaMH,a,bi. ITepe- 

M̂ femaa nojnocbi sToii (|)opMbi, Mbi nojiyHHMT Trfe )Ke ceMb pa3 - 

JIHHHblKTb CJiyBaeBTa.
K^b aroMy KJiaccy npHHamiOKarB: hhpkoht. (Zr0 2Si0 2), 

OJIOBHHHblH KaMeHb (S11O2), pyTHJTb ( T 1 O 2 )  H iip.

7) K a a c c n b  BOCb MHr pa HHOH nnpaMH.ii.bi.

(TeMHMopifmafl reMisapja).

L \  4P.

ripHcyTCTByioTb 0Cb CHMMeTpin 4-ro nopajina n neTbipe 

njiocKOCTH cHMMeTpin, bt. Hen nepecfeKaiommcH. IIpe,n,cTa- 

BHTejieMT, cjiyjKHTb BOCbMHrpaHHaa HHpaMH,n,a: chmbojtb {  hk 1 / 

BepxHBB (pnc. 78), h {  hkl }  hhjkhbh. nposKuifl ajieMemroBT.

Phc. 78. Phc. 79.

CHMMeTpin h nojnocoBT. {  hkl }  Ha pnc. 79. HacTHbiMH cjiy- 

MaaMH HB.TI5HOTC5H

1) IlHHaKOHflOMT. HasbiBaioTt npocTyio $opMy, cocTonmyio h3t> 3,ByxT> 
uapaJiJiejibHbiKTj ruiocKocTen.
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{ hhl } K B a u p a T H a j i  n u p a m*h a i - r o  

p o f l a  b e p x h a h. (Puc. 80).

Phc. 8o.

{  hhl } KBaj ipaTHaa iinpaMHna £i-ro
p o j ą  h ii >K h a a.

k = 0 {  hol } KBaa,p atH aa mipaMiina 2-r o

{  h o T }

pojia BepxHaa.
KBanpaTHaa n ii p a m ii n a 2-r o

{  hko }
po na HHJKHHH.

1 = 0 BocfcMnrpaHHaa npH3Ma.
h = k, 1 =  o {  110 } KBaapaTHaa npi i3Ma i - r o

p o a a.
k = 1 =  o {  IQo I KBaapaTHan n p h 3 m a 2 -ro

{  OOI }
pona.

h = : k o n  e u. i o h a, b e p x h i ft *).
{  OOI } n e n i o m *  HH ® h i H.

Ka> BTOMy KJiaccy npHHaHJieaiaTa.: neH- 
TaapHTpHTa, (TeTpaMeTHJiojit-MeTaHij) C 5H 120 4 

(pHC. 8 l)  H CyKD.HH'B-ioj31rb-HMHJ].'Ł C 4H 402NJ. 

c = {  o o i }; o =  {  i i i  }; o 1 =  {  i i i  }; a =  

{  ioo }.
P hc. 8i .

J) Pleni ohomt. Ha3HBaeTCH npocTaa (j)opMa, cocToamaa h3t> ojmoił 
njIOCKOCTH.
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8) K i i a c c i ?  K B a a p a T H a r o  T p a n e u o s n p a .

(TpaneuosnpHuecKaH reMisapin).

L 4, 4 L 2.

npiicyTCTByiorB bc4; och CHMMeTpin roaosapHaecKaro 

Kjiacca: L4, 4L 2. OTCyTCTByiOTb ueHTpTs H njlOCKOCTH CHMMe- 

Tpiii. O6me 10 (j)opMOK) cayjKHTb KBaapaTHbift Tpaneuosapm y 
KOToparo HHjieKCbi nnocKOCTeft: hkl. <£nrypa orpammena 

BoceMbio paBHOÓejipeHHbiMH Tpaneu.oHa.aMH. KpHCTajuiHuectuH 

och npoxoaaTTb: c upe3Tb BepuiHHbi KBaapaTHbixT> yrnoBr, a 60- 

KOBbia: a h a coeaHHmorb cpeaHHbi kopotkhxt> peoepa., Jieam- 

m,HX'b bt> 3Hr3arfe. C motph 110 nojiojKemio naocKocTeft bt. ok- 

Taurfe, pasanaaiorb n^BbiH Tpaneuo3apa> { h k l }  (puc. 82) h 

npaBbiH {k h i} (puc. 83).

Phc. 82. Phc. 83.

3 th (JjopMbi 3HaHTioMop(|)Hbi oTHOcHTeabHo apyra> apyra. 

riposKuin 3Tp.ro Knacca H3oópa>KeHa Ha pHC., 84.
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HacTHbiMH cjiynaHMH Tpaneuo31npoB'b bbjibiotch:

Phc. 84.

h =  k {  hhl } K n a a p a T H a n 6 h  n h p a m h  jx a 1- r  0

p 0 n a.

k =  0 {  *>q 1 } K B a u p a T H a a 611 n h p a m h u a 2 - r  0

{  hko  }

p ona .

l =  0 B o c b M i i r p a H H a n  n p h 3 m a.

k:= 1= o {  1 1 0 } K B a n p a T H a n n p h 3 m a £-r 0 p o n a .
h =  k {  i ° o } K b a n p  a T  h an n p h 3 m a 2-r 0 p 0 na.
1 —  0 { 0 0 1  } B a 3 o n H H a K O H j n b .

K-B aTOMy KJiaccy o t h o c h t c h : efepHOKHCJibin HHKejib [N iS0 46 H 20 ], 

cipHOKHCJibiii cTpHXHHHa> (C 21H 22N 20 2)2 . H 2S0 4 . 6 H 20  H H-fe- 

cKOJibKO .npyrHK^. ripHHaj],jie>KHocTb HXTb kt, KJiaccy KBaupaT- 

Haro Tpaneuoajipa n,OKa3aHa Ha ocHOBamu (Jmrypa. BbiTpaBjin- 

BaHW.

9) K j i a c c a .  K B a u p a T H o f l  ÓHnHpa MHj i b i .

(IlHpaMHflajibHaH remaapiK).

C, L4, P.

CTeneHb CHMMeTpiH orpaHHHHBaeTcn npHcyTCTBieMa, C, L 4 

h  P; nocjrfcuHHH nepneHUHKyjrapHa kt> o ch  4-ro nopnuKa. ripen - 

cTaBHTejieMnb cjiyjKHTa. KBajipaTHaH ÓHnHpaMHna 3 -ro  poa,a, no
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HapymHOMy BHay HeoTJiHHHMaa oaa> KBaapaTHbixa> ÓHnHpaMHfla, 

i -ro  h 2-ro poaa. Pa3jmaie 3aKJnoaaeTCfl Bb cTeneHH chmmc- 

Tpin BHyTpeHHaro cTpoemH h Ba, oTHOCHTejibHOMa, nojiomemn 

ea Ba, KOMÓHHaujHxa,; Ba, 3TOMa> cjiyaaP óokoblih KpHCTajum- 

aecKia och en Bbixo,n,HTa, Ha ropH30HTajibHbixa, peópaxa, hcchm - 

MeTpHHHo. 3 th oTHomeHiH npeacaaBjieHbi Ha pnc. 85 h 86; 

nposKHm CHMMeTpin h nojnocoBa, miocKocTefi Ha pnc. 87.

Puc. 87.
i
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ChMBOJTŁ njIOCKOCTH { hkl }. HaCTHblMH CJiy âHMH 3TOH 

oómeft (f)opMbi cjiy>KaTb:

{  hhl }  K . B a n p a T H a f l  Ó H n n p a M H j i a  i - r o  p o  a. a.

{  hol }  K B a s p a T H a a  Ó H n n p a M H a a  2 -ro  p o a a .

{ h k 0 } K B a j t p a T H a a n p h 3 m a 3 ' ro p 0 a. a.

{ n o } K B a a p a T H a a n p h 3 m a i - r  0 p o a a .

{ 1 0 0 } K B a a p a T H a a n p h 3 m a 2-r 0 p o  jxa

{ 001 } B a 3 o n H H a K O H j H

Ka> 3TOMy KJiaccy ripuriajuiełKarb m eejm rb CaW0 4; Mefło- 

HiiTTb Ca4Al6Sie0 25 —  n ap. Phc. 88 KpHCTajuiTi iueejiHTa- 

P = { m } ,  n = { 2 0 1 }, a = {  3 1 1 }•

Puc. 88.

io ) K J i a c c y  KBaj ipaTHoi ł  n- HpaMHj UJ.  

(reMHMop^Haa TeTapTosapia Han reMHMoptfmaa reMisapia).

L 4.

KpucTaaabi, cto^a oTHocamieca, oó jiaaaiorb ejmHCTBeHHborb 

aa6MeHTOMrb cuMMGTpin —  ocbio 4-ro nopa,n,Ka; ocTaabHbie sae- 

MGHTbi OTcyTCTByioTT>. n p eacT aB H Te jie ftrb  cjiy>KHTb KBaflpaTH aa

nHpaMH.ua 3-ro poaa {hkl }  u {hkl }  (pnc. 89). riposKina chm - 

MeTpiii h  noafOCOBTj { hkl } H30Ópa>KeHa Ha puc. 9°-
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PlIC. 89. pHC. g0

npejI,rbjIbHŁ>IMH ([)OpMaMH 5IBJI5nOTCa:

{  hhl } h {  hhl \
f K b anp aT H bl H n h p a M Hf lb l I--ro p 0 a a.

{  ho1 } h {  hol } K B a j i p aT h  bi a n h p a M Habi 2-ro p 0 a a.
{ hko} K ea n p aT Han np H 3 m a 3 - r o po  a, a.
{ 1 1 0 } K B a a p aT Han np H 3 m a i -r 0 p on a.
{ 1 00 }

H {OOI
K B a a p aT Han np H 3 m a 2-ro p 0 jia.

{ 00 1 } } n ea ioHi> b e p X Hi ił H H H }K H i ił.

ClOfla OTHOCHTCH By JI b (|) 6 HHTb PbMo0 4 H flBOHHaB COJIb 

óapin h aHTHMOHHJia npaBOBpamaioineił bhhhoh  KHCJioTbi 

Ba(Sb0 )2(C4H406)2H20 . reMHMop^HO-TeTapToaflpnnecKiił xapan- 

Teprb nocjrfeaHaro BemecTBa jj,OKa3biBaerb (fmrypaMH BbiTpaBjin- 

BaHBI H nnp03JI6KTpH HeCKHMH OCOÓeHHOCTHMH.

11) K n a c c T .  K B a i p a T H a r o  C K a j i e n o s a p a .
' /

(CKajieH0 3 jipHHecKan hjiii ccf)eHOHflHBecKaa reMiajipia).

L2, 2 L l  2P. >

XapaKTepH3yeTca npiicyTCTBieirb T p e x i >  B3anMH0 -nepneH- 

a.HKyjiapHbix'b o c e ił ciiMMeTpin 2 -ro  n o p n a. k a u n b y  x t> 

n j i o c K O C T e n  CHMMeTpin, jrkmmi,HX'b nonojiaMT> yrojia. MOKny
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ji,ByMH paBHbiMH ochmh cHMMeTpin 2-to nopimKa. ITpejici aBirre- 

jieMij cjiya^HTij KBaupaTHbiH cKajieHOBjapT. { h k l } ;  bh^Tj ero h 

uposKum 3JieMeHTOBT> CHMMeTpiii ct. nojiKDcaMii njiocKOCTen 

cKajieHoaapa H3 0 Ópa>KeHbi Ha pnc. 91 11 92.

OneBKUHO, no nojiojKemio ruiocKOCTeft MO/Kern óbiTb UBa 

CKajieHOOjipa {  h k l }  h {  hkl } ,  KOTopbie no BHimiHeMy B im y hh- 

h^ mtj apyra, oTb apyra ne oTJiHHHMbi; pa3JiHHaioTCH loJibKO

OTHOCHTejibHbiMTb pacnojiO}KeHieMT> nnocKOCTett bt. KOMOHHa- 

u,i5ixT>. npe^JibHbiMH (JiopMaMH cjiymaTT.:

{  hhl }  K  B  a n p a t H bi fi 6 i i c 4) eHOHf lT> n o j i o  aui Te  Jib- 

HblH (pHC. 93) II
{ h h l }  K B a j i pa THb i H  ÓHC(J)eHOHH.'b o t p ii u. a t e ji b- 

H b ill.

Phc. 91. Phć. 92.

P hc. 93.



6 i

{ h o l }  K B a j t p a T H a H  Ó H n n p a M H A a  2-ro p o a a .  

{ hko }  B o c b M H r p a H H a a  npH3Ma.
{i i o }  K B a ^ p a T H a a  n p n 3 Ma i - r o  p o  Aa.
{100 } KBaupaTHan npH3 Ma 2-ro po Aa.

{ 0 0 1 }  B a 3 o n 11 h a k o ii a t >.
CioAa othochtch: irfeAHbin KOJiBeAaHT) CuFeS2, oAHOKajiie-

Baa COJIb OpTO(f)OC(f)OpHOH KIICJIOTbl KH 2? 04 H H^KOTOpbm Ap.

12) K jia c c T j K B a A p a T H a r o  ó n c c f i e H O H A a .

(C^eHOHAHBecKaa TeTapTOSApia).

L 2.

IIpHcyTCTByeTTj tojibko ocb cnMM6Tpin 2 -ro  iiopaAKa L J. 

ripeACTaBiiTejieMTj cjiyaaiTT. kbaApaT h bi h ónccfieHOHAT. { hkl } 
3-ro poAa, oTJiHaaiomiiica ott. KBaApaTHaro 6nc(j)eHOHAa i - r o  

poAa BHyTpeHHeH cHMMeTpieii; BH f̂eiimiii aie bhat> hxt> oAHHa- 

kobt>. npeACTaBHTejieii btoto KJiacca KBaApaTHOii cncTeMbi nona 

eme Heii3BFcTHO hii cpeAH MHHepaaoBT., hh HCKyrcTBeHHbixT> 

coeAHHeHifi.

III. TeKcaroHa/ibnafi CMCTeMa.

BaaroAapa ocoóeHHOMy xapaKTepy cHMMeTpin KpncTajuioBrb, 

oTHOcamiixca k t . s t o ii ciicTeivrfe, yAOÓĤ fee nojib3 0BaTbca He 

Tpena, a aeTbipbMa KOopAHHaTHbiiYiH ochm h : Tpii oAHHaKOBbia 

och  (a, a, a,) nepedfebaiOTca noA^ yraoM T. bt> 6o° h  jieiKarb bt> 

oah o h  naocKocra; aeTBepTaa (c) 0T"b nepBbixT>. oTJiHHHaa, kt  ̂

hhmt> nepneHAHKyjiapHa. CoraacHo BpaB3, sth  och oóo3Ha- 

aaioTca: BCTp^kaaiomiaca noA'b yrjioMrb Brb 120° noAoaiHTejib- 

HbiMH a1,a2,a3, i ix t > npoAOJHKeHia no Apyryra cTopoHy Haaajia 

KOopAHHarb oTpHuaTejibHbiMii: a ^ a ^ a j,  (pnc. 94 11 95).
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KpHCTajiJibi reKcaroHajibHoii CHCTeMbi xapaKTepH3ytoTca no- 

cTOHHHbiMij npHcyTCTBieMa> o p o i  o c h  c H M M C T p i n  6 - r o  

HJIH 3-rO  11 O p M a K O B 'b, K"b KOTOpbBTb M oryrb npHcoezHi- 

HHTbca h upyrie sjieMeHTbi cHMMeTpin.

K/b 3 TOI1 CHCTeM^ OTHOCHTCH 12 paSJIHHHb^aj KJiaCCOBTa, 

OTJIHHaKDlHHXCH CTeneHblO CBOeft CHMMeTpiH.

Phc. 94. Puc. 95.

13) K  ji a c c t> a b 'fe h a a u a t h r p a h h o fi 6 h n h p a m  h a li.

(rojioa^pia).

IIpHcyTCTByioTT,: C, L 6; 6L2, P, 6P1. JlpeacTaBiiTejieMT, cay- 

jKHTTb aB^sHaauaTHrpaHHan ÓHnHpaMHaa (pnc. 96).

<$>opMa orpaHHHeHa 24 HepaBHocTopoHHHMH Tpeyro jibm r- 

KaMH. KpHCTajiJiHHecKia och  n poB on arb : rjiaBHyio ocb  c Hepe3a> 

BepmHHbi npoTHBonojio>KHbiXTb jtHreKcaroHajibHbix'b yrjioBTb (oHa 

thkhmtd oópssoM a. coBM ^m aeTca ca> ocb io cHMMeTpin 6-ro no- 

pHJlKa); ÓOKOBblH OCH COeaHHHIOTT, npOTHBOnOJIOHHblH BepilIHHbl

poMÓHHecKnx'b yrjioBnb ojiHoro xapaKTepa, npoMea^yTOHHbia >Ke, 

yrojia. Mearny hhmh nonojia^rb, poMÓHaecKie yrjibi
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u pyro ro  xapaKTepa. H  r h  h apyria  coBnanaiorb ca, ochmh 

cHMMeTpin 2-ro nopa^Ka.

E cjih Mbi npeacTaBHMa. ceó f̂e hjio-

cKOCTb, KOTopaa nepedbKaerb Bdb 

aeTbipe KOopHuaTHbia och reKcaro- 

HaJIbHOH CHCTeMbl Ha paBJlHHHblKHj 

pa3CToamaxrb, to , oaeBHTHO, ea h h - 

aeKCbi 6yayTT> HarfeTb paaHoe 3 Haae- 

Hie. Ha3 0 BeMT, OJUHHTj H3Td HHTeKCOBT;,

OTHOCam.HXCa KT> r0pH30HTaJIbHbIMH> 

ocaMT., HaHMeHbmin h, HaHÓojibimH

Puc. 96.óyKBOK) k h cpeamn i; HHaeKca.
BepTHKajIbHOH OCH ÓyKBOłO 1; OHT 

MWKeTT. 6 biTb paBeHT>, óojibme hjih MeHbme yKasaHHbnrb 

HHaeKcoB'b. HsoópasHMT) pacnojiojKeme KpHCTajuiHxiecKHxrb 6 0 - 

KOBbixT> ocen Ha naocKOCTH óyMarn (rjiaBHaa ocb óyneTT. ktj 

Hen nepneHaHKyaapHa). Cjrfejpb yKa3aHHOH Bbime njiocKocTH 

CT> pa3HHHHblMH HHfleKCaMH H30Ópa3HTCH, Hanp., JlHHieH IK H  

(pnc. 9 7 ). OaeBHTHO, napaMeTpaMH ea 6yjxyrri>'.

P h c . 97.
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ar a2-a3-C
CI:CH :ĆK :C

CTajio 6łitł , no HameMy ycjioBiio, HH,n.eKCbi óy.nyTm: no och 

at —  i; no och a2—  h, h no och a3— k, no och c— 1; TaKHMm 

oópa30Mm, chmbojitd en óyneTm { i hkl }.

J Ijih bchkoh  jipyroH njiocKOCTH, HM^ioineft Tanie me napa- 

MeTpbi, ho  pacnojiomeHHOH HHane, Tib me HHneKCbi óynyTm  

cjrknoBaTb ojn-mm 3a npyniMm B'b hhom t> nopajudb. Tanm Hanp., 

fljiH nnocKocTH, cjrfejim KOTopon H3 0 ÓpamaeTCH jiHHien PQ, hh- 

jieKCbi óynyTm  h tt h  Bm TanoMm nopHindb ^  ; cji^flOBaTejib-

ho CHMBOjrb en {  k h i 1 }  h t . r.
,HjIH TOTO, HTOÓbl HaHTH BHJTb MHOTOrpaHHHKa, yflOBJieTBO- 

pH iom aro naHHOH cTeneHH CHMMeTpin h  HM lnom aro rpaHH cm

HHflencaMH i, h, k, 1, nposKTHpy- 

eMb, nanm sto jrknajiocb h Bm 

npyrHxm CHCTeMaxm, 3JieMeHTbi 

CHMMeTpin Ha njiocnocTb npyra; 

nojiynaeMm cjrknyEomm BHnm 

(puc. 98).

riojiiocm nnocKocTH, hm^ kd- 

uuh HHjteKCbi ihkl ,  óyneTm Ha- 

xoflHTbca Bm ynacTicfe c a3, 

Hanp., Bm O r  ripncyTCTBie njio- 

ckocth  CHMMeTpin, coRnanaiomen 

cm KpHCTajuiHHecKOK) ocbio a3 a3, 

TpeóyeTm noHBjieme Tanm me nojnoca 02; nnocnocTb cHMMe- 

Tpin PP oóycjioBJiHBaeTm noHBjieme nojiroca 0 3 h t . n.

J3,ojimHO noHBHTbCH, TaKHMm oópa30Mm, nB^HannaTb ruiocno- 

cTeft, nojiiocbi KOTopbixm O t— 0 12. IPonyMaeTcn 1 2 -TH-rpaHHaH 

nHpaMHfla, KOTopan ónaronapn npncyTCTBiio nnocnocTH chm- 

MeTpin, coBnaaaiomeH cm npyroMm nposKnm, nonmHa noBTo- 

pnTbCH Bm bhh^  3epnajibHaro H30Ópamemn h no npyryio cto- 

poHy rjiaBHOH och (och CHMMeTpin 6 -ro nopanna), t . e. nonmna

Phc. 98.
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nojiyniiTbca flBOHHafl aBEHajmaTHrpaHHaa napa- 
m m a, a (ÓHriHpaMHfla).

HacTHbiMH cjiyaaaivm ea óyayTa. cjrfexi.yKmiia MHororpaH- 

hhkh:

1) E cjih njiocKOCTb MN npHMerb Tanoe nojio>Keme, hto no 

j^ByMa. óoKOBbiMTb ocaMa., Hanp., no ay h a3, cjpfejiaeT^ oflHHa- 

KOBbie oTpi33KH cat n ca3, a rpeTben och a2ń óy jierb  napaji- 

jiejibHa (pnc. 99), to 

ea HHfleKCbi óyjiyrb 

h = 0 ,  i = k ,  t . e. chm- 

bojit> {  i o i 1 }. 3Ta  

nJIOCKOCTb JlOJDKHa 

noBTopuTbca mecTb 

pa3-b (ójiaronapa npn- 

cyTCTBiio och 6-ro 

nopaxiKa (c) h njioc- 

KocTefi cHMMeTpin 

a3 a3, a2 a2, at ar  Elojiy- 

aaeTca reKcaroHajib- 

Haa mipaMHaa, ko- 

Topaa noBTopHTca 

TaKTj >Ke h no apyryio 

cTopoHy rjiaBHOH och, t . e. HHfleKcaarb i o i l  oTBisaaeTTa renca- 

roHajibHaa xi,BOHHaa nnpaMHjia (ÓHnupaMHua), KOTopyio Ha3 bi- 

BaK)TT> ÓHnHpaMHnoH i-ro  poxi,a (pnc. 100). OaeBHXi,Ho, ea nojnocbi 

pacnojiaraioTca Ha jiHHiaxrb, jrfejianu^a. nonojiaya. yrjibi MejKjiy 

KpHCTajIJIOrpa(J)HHeCKHMH ocaMH (pnc. 101).

2 ) njiocKOCTb M N  npHMerb Tanoe nojiomeme, hto no oa- 

hoh och, Hanp., no och a3 (pnc. 102) cjrfejiaerb HaHMeHbmm 

OTpi3 3 0 KT>, a no flByMT. apyrHMTj at h a2 ornwaKOBbie h óojib- 

rnie oTp̂ fe3KH. JTerno BHjrfeTb, hto nepBbin oTpl^oKT. C K óyaerb 

bt> xiBa pa3a MeHbOje nByx,b nocjrfextHHX'b Ca, h C a2, t . e. chm- 

B0J1T> TaKOH njIOCKOCTH MN ÓyaeTT. ( ii 2 i 1 ). CoOTBETCTBeHHO

5

Puc.. 99.
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aaHHOH cTeneHH CHMMeTpm (npncyTCTBito ocii cHMMeTpin 6 -ro  

nopnana h n jiocKocTH CHMMeTpiH na. Hen nepneHji,HKyji«pHOH)

P iic. 102.

3Ta njiocKOCTb flOJDKHa noBTopiiTbCH mecTb p a s ij ca> oa,Hoii ii 

a p y ro n  cTopoHLi njiocKocTH npoaKuiH, t . e. nojijKHa nojiynHTbcn 

reKcaroHajibHaa fleoHHan impaMHa.a (ÓHnHpaMHjia), no H ap}7>K- 

HOMy Bnay He OTJinnnMaH o m  reKcaroH ajibH on ónnu-

paMHflbi i - r o  poaa. Pa3Jinnie Hxa> 3aKJiroHaeTCH tojibko  Ba. pac-



67

nojiO/Kem H njiocKOCTefi oTHOCMTejibHO k  o o p jh  h aTH bi x t > ocen  

(puc. 103). n oc jr fc jH en  ónnnpaMH^fe ja io r b  Ha3BaHie ren ca ro - 

HajibHOH ÓHnnpaMHjbi 2-ro p o ją .  Pacn o jio jK en ie  en n o jn o - 

c o b j> b j> c^epnnecKOH npoaKuin H30Ópa>KeHO Ha pnc. 104.

Phc. 103. Phc. 104.

Tpii yKa3aHHbia ÓHnnpaMHjbi iipeBpamaioTCH bj> npH3 Mbi ec;m 

riapaMeTpbi nHpaMHjj. no och Z cjPjiaioTCH 6e3KOHeHHOc. óq*%- 

UIHMH, TaKHMTa OÓpa3 0 MT> HHjeKCb 1 =  0 . npe^fejIbHblMH ^>0 p- 

mhmh AHreKcaroHajibHoft (jBpHajuaTHrpaHHOH) ÓHHHpaMH-jbi -*6y- 

jyT^ : - _
{ i h k o }  j^BisHafluaTHrpaHHaH npH3Ma.

{ i  o 7  o }  JIjih ÓHnnpaMHjbi i -ro po ją  —  n p h 3  m a i-ro po ja  

{  rf>2 o } ,H,jih ÓHnnpaMHjbi 2-ro p o ją  —  n p h 3 m a 2-ro po ja . 

(Phc. 105, 106 h 107).
3 th npH3Mbi cooTBpTCTByioTJ. rfeMJ, cjynaHMT*, Korja  nojfocbi 

nJocKocTen ynajyTi. Ha OKpyJKHoeTb npyra npoaKiHH.

HaKOHeuJ., ecjra Bcrfe napaMeTpbi no ropHsoHTajibHbiMj. ochmj> 

ó y j y r b  6e3KOHenHbi, to nojynHTCH (fiopMa ct>hhjeKcaMH {  0001 }, 

cocTOHHi,aH H3J> jByxj> napajuiejibHb^Tb njoci-cocTen, nepecPhaio- 

iii,hxt> oóa KOHua och CHMMerpm 6-ro nopnjKa,—  ochobhoh mi-

5*
HaKOHJJ..
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MTaiCb, btd KJiaccP anreKcaroHajibHofi ÓHnupaMHflbi cyme- 

cTByroTa. (f)opMbi, OTBpHaromia cHMBOJiaMa.:
{ i h k 1} J ^ H r e K c a r o H a j i b H a H  ÓHn n p a MHa a .

{ i o i 1 }  F  e K c a r o H a j i b H a a  Ó H n H p a M H f l a  i - r  o p o u, a. 

{ i i 2 i 1}  r  e K c a r o H a j i b H a a  Ó H n n p a M H f l a  2-r o p oa a. 

{ i h k o }  J X n r e K c a r o H a j i b H a H  n p H 3 Ma.

{ i  o i o } r e K c a r o H a j i b H a a  n p i i 3 Ma i - r o  p o  a a.

{ i  i 2 o }  T  e K c a r o H a j i b H a a  n p H 3 Ma  2 - r o . p o n a .  

{ o o o i }  O c h o b h o h  n H H a K O H p  (6a3onHHaKOH,irb).

Ka> aTOMy KJiaccy npHHaflJiemarb KpHCTajiJibi óepHJiJia 
(Be3A l2) (S  i 0 3) G. Puc. 108; M =  { i  o i o } , p  =  { i o n }  s = { i  i  2 i } ,

m =  {o o o i}.

Puc. 108.
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14) K n a c c a .  A B ^ H a j m a T H r p a H H o f t  ( n H r e s c a r o -  

H a j i b H o f t )  n h p a m h a bi.

(reKcaroHajibHo-reMHMop(|)HbiH KJiacca.).

L G, 6P.

BejmaHHa cHMMeTpin Bbipa>KaeTCH npHcyTCTBieMa. L n, 6P. 

Hanóojrfee o 6 me 10 ąjrfecb cjiy>KHTa> (JiopMa, rpaHH KOTopofi 

Bbipa>KaioTCH HHjieKcaMH ihkl .  TaKiixa> rpaHen no ycjioBiio chm- 

MeTpin hojukho óbiTb 1n,BrfeHaji,u,aTb, 

t . e. H3a> hhxh> aojUKHa cocTaBHTbcn 

jlB^HaanaTnrpaHHan nnpaMHjia (pnc.

109); rpaHH en Moryrb nepedsKaTb 

(bpoM f̂e doKOBbDTb ocen) hjih Bepx- 

Hin KOHeirb och Z, —  Toraa HHaeKca.

ÓyjteTai nOJIOJKHTeJIbHblH, HJIH HH>KHiH 

Z, Ba. TaKOMa> cjiyaaP HHaeKca. 6y- 
aeTa. OTpHuaTejibHbift ł, t . e. MoryTa.

óbiTb a, b 'fe jiHreKcaroHajibHbKT. nHpaMHabi: BepxHnn { i h k l }  h 

HHjKHnn { i h k l  }.
HacTHbiMH nxa. cjiyaaHMH, baba. h Ba. npeabiayiHeMa. baaccP, 

óyayrb:

{  i o i 1 }  h { i o i F } T  e K c a r o H a j i b H a n  n H p a M Hf l a  i - r o  

p o j i a  B e p X H H H H HIHKH5HI.

{i i 2 i 1}  h  { i i 2 i l } P e K c a r o H a j i b H a n  n h p a m h a a 2-r o 

p o a a b e p x h n n h h h >k h 5I 5i .

{ i hko} J l H r e K c a r o H a j i b H a n  n p H 3 Ma. 

{1010} T e K c a r o H a j i b H a n  n p n 3 Ma i - r o  

p o a a.
{1 1 2 0 } F e K c a r o H a j i b H a n  n p n 3 m a 2 - r o  

p o  a a.

{ 0 0 0 1 }  ii {0 0 0 1 } n  e a,i o h a. b e p x h i h h h h >k h i h .

P h c . 109.
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Cf0.ua npHHauJieżKarL KpncTajuibi rpeeHOKHTa (CdS), Byp- 
LfHTa (ZnS) h up. P hc. i i o  H3o 6pa>KaeTa> KpHCTajuiu. rpeeHOKHTa. 

c o p =  {1:010}, 2P =  {2 0 2 1} , P  — { 1 0 1 1 } ,  i/2P =  {1 o 12}, 0P =

{000 1 }.

PlIC. IIO.

15) K . i ac c i )  r e K c a r o Ha j i b Ha r o  T pane uo oupa .

(T p a n eu o a u p m ecK a fl rem aup ia ).

O reneH b CHMMeTpiii Lfi, 6L2.

ripeucTaBHTejieM^ cjiyyKHTT> reKcaroHajibHbin Tpaneuoaupa>, 

rpaH ii KOToparo hmP iotb napaMeTpbi no BdbMT. ochmt> p a 3- 

jmnHbie, cjiPuoBaTeabHO hhugkcbi rpaH efł ó y u y rb  i, h, k, 1. 

Tai-niMa. o 6 pa3 0Ma., chmbojit. reKcaroHajibHaro Tpanenoaupa: 

{ i  h k 1}. TpaHn iimP iott, bhut> TpaneuonuoBa, ouH-fe cTopoHbi 

KOTopbixT> cxouhtch Ha och CHMMeTpiH 6-ro  nopauna (cB epxy  

h CHH3y); UBa poua upyrHXT> Jiem arb 3Hr3aroMT>. H p e 3T> hxt> 

cpeuHHbi n p oxou a rb  och CHMMeTpiH 2 -ro  nopauna (ohh a<e h 

KpHCTajiJiHnecRia och). O cb  CHMMeTpiii 6 -ro  nopauna (oHa >ne 

h  ruaBHaa iipHCTajunnecKaa ocb ) coeuHHHeTT. BepniHHbi m ecTii- 

rpaHHbDCb (reKcaroHajibHbix 'b ) yrjioBTb. C M orpa  no p acn o jio - 

yKemio iu iocKocTen  oTHOCHTejibHo KOopuHHaTHbixa ocen , B03- 
MoiKHbi ubP  (JiopMbi cn> ouhhmh h rfeMH me HHueKcaMH, yuo- 

BneTBopafoinia uaHHoii cTeneHH CHMMeTpiH,— UBa reKcaroH ajib- 

nbixTb Tpanen.03upa, orpaHHneHHbie ouHHaKOBbiMH njiocKocTiiMH,
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HO HeCOBM-fecTHMbie Upyra. Ca> JipyrOMT., (|)OpMbI 3 HaHTi0 M0 p(f)- 

Hbm. OflHOMy H3'b hhxtd, y  KOToparo chmbojtb nepeflHeii npa- 

boh  BepxHeft njiocKocTH ( i h k 1), aaiorb na3Bame npaBaro (ero 

njiocKocTb npHxoa.HTC5i Ba> BepxHeMa. npaBOMa> ceKCTaHrfe Ha 

ero npaBOH cTopoHij (pnc. 112); apyrofi, BepxHaa npaBan rpaHb 

KOToparo Hirfeerb chmbojit. (k li i l ) ,  t . e. Jieaorrb na jtŁboh  

CTopoHii BepxHaro nepea.H5iro npaBaro cencTaHTa, Ha3 biBaioTa> 

jii3BbiMa> (puc. i i i ). CymecTBOBaHie TaKHxa> (fiopM-b BbiTenaerb

Puc i i i . Phc. 112.

H3a> pa3CMOTp'fem5i npoaKuiH sjieMeHTOBi* CHMMeTpin h nojno- 

coBa> njiocKOCTeii cib HHaeKcaMH i, h, k, 1. 3 jrfecb bo3 mo>kho 

aBOMKoe pacnpejpfejieHie noaiocoBa.: 1) H3 oópa>KeHHoe Ha 

puc. 113— npaBbiH Tpaneuoaapa. { i hk 1}, 2) Ha puc. 114— jrfe- 

Bbiii Tpaneuoaap^ {k h i 1 } .

I l3rb pa3CMOTp f̂eHia B0 3 M0 /KHbixa> nojiomeHift nojnocoBa. nao- 

CKOCTefl Tparienoajipa, jierno BbiBecTH (f)opMbi, npeacTaBjiaKiiiuH 

ero  aacTHbie cjiynan (nana. h bt> apyriixa KJiaccaxa>).
Oni; óyayrb, oneBHflHO, cjrfeayiomifl:
{ i oT 1} r e K c a r o H a j i b H a a  6 h nnpaMH.na i - r o  

poia.
{ i  i 2 i l } r  e k  c a r o h a ji b h a 5i 6 11 n 11 p a m h a a 2 - r o 

p o aa.
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Phc. i 13. Puc. 1x4.

{ i h k o }  J I , H r e K c a r o H a j i L H a f l  n p H 3 M a .

{ 1 0 1 0 }  r  e k  c a r  o h a ji l  h a a npH3Ma i - r o  p o n a .

{ 1 1 2 0 }  r e K c a r o H a j i B H a a  n p H 3 M a  2 - r o  p o n a .

{oOOl} OcHOBHOH nHHaKOHJlt (6a3HCT)).
OqeRHji.HO, 3 jrfecb TOJibKO T p a n e u o a a p b i npe.n.cTaBjnnoTm  oco -  

óeH H bie M H ororpaH H H Kn; o cT ajib H b ie  m e  n o  H apym H O M y BH,ny 

TOmUeCTBeHHbl ca> (f)OpMaMH rOJIOSJipHHeCKHMH. Omfe OTJIHHaiOTCH 

o r b  nocjrb,HHHxm cH M M eTpien B H yT peH H nro c T p o e m n .

Km KJiaccy reKcaroH ajibH aro Tpanen,0 3 Tj;pa othochtch Kpn- 

cTajuibi jj,BOHHbixm co jien  npaBon bhhhoh KncjioTbi n a30TH0 - 

KHCJia.ro Kajiia: Pb(SbO)2 (C4H40 6)2 -f-  KN0 3; Ba(S60 )2(C4H40 6)2 -f~ 

-|-KN0 3. npHHaaJiemHocTb nxm Km naHHOMy KJiaccy ji.0Ka3bi- 

BaeTca (f)HrypaMH BbiTpaBJiHBaHia (pnc. 115).

Phc. 115.
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i6 )  K  ji a c c a, r e K c a r o H a j i t H O H  Ó H n H p a M H j i t i .  

(llHpaMHflajibHaa reM is^pia).

OreneHb CHMMeTpin C, L fi, P. IL io cK ocT b  CHMMeTpin nep- 

neHflHKyjiapHa kt. L 6.

IIpeflCTaBHTejieM-b cjiymHTi. flBOHHaa reKcaroHajibHaa rinpa- 
Mliaa, njIOCKOCTH KOTOpOH HMlblOTTa HHĄeKCbl i, h, k, 1, Ha3bl- 

BaeMaa ónnHMHpaMHjiioio 3-ro pojja. E h Shjm  h npoaKiHH H3o- 

6pa>KeHbi Ha pncyHKax'b 116 h i  17. OaeBHjiHo, no Hapy>KHOMy

PHC. I16. PlIC. II7.

CBOeMy BHJiy ÓHnHpaMH,H,bI 3-ro poaa HeOTJIHMHMbl OTb flpyrHXT> 

reKcaroHajibHbixa» ÓHnHpaMHjrb; ho no nojio>Keniio bt. komóh- 

HaniHxrb h no BHyTpeHHeMy cTpoemio OĤ fe oTB^fenaiorb Tojibno 

aaHHon cTeneHH CHMMeTpin.

Pba. npoaKuin pnc. 117 jierno BHjrfeTb, hto B03MomHbi ab-Ł 
ÓHnnpaMHji.bi 3-ro po,n,a; KpoM̂ fe naHHaro pacnojioaKema nojno- 
cobtd, oTB^Hafomrorb (|)opM"fe { k h i l } ,  3,iTfecb bo3mo>kho h jrpy-- 

roe (pnc. 118), oTB^naiomee cpoparfe { i h k 1 }- EfepBaH Ha- 
3biBaeTCH jrfeBon, a BTopan npaBon ónnnpaMHjioH 3-ro poaa.
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Flpu COOTB^TCTByiOIHeMTb HSArfeHeHM HHaeKCOBa, npefllsjlb- 

HbiMH (JiopMaMH ónnHpaMHjibi 3-ro poaa bbjibkd tcb :

{ i o i l  } r  e K c a r o H a j i b H a a Ó H n H p a M i i a a

i-ro  p 0 a a.

{ i i 2 i i } r  e K c a r o H a j i b H a a ó n n H p a M H a a

2 -r 0 p 0 a a.

{i h k 0}  { k h i 0 } r  eK ca ro H a j i b H a n n p h 3 m a 3 -r  0

p 0 a a.

{ 1 0 1 0 } r  e K c a r o H a j i b H a s n p H3 Ma  i - r o

p o na .

{ 1 0 2 0 } r  e K c a r o H a j i b H a a n p h 3 m a 2 -r 0

p 0 a a.

(0 0 0 1 } OcHOBHblH nHHaKOHaa (6 a 3 h c a).

TaKHMa oópaaoMa, no.Ty^aaioiii.mcfl (f)opMbi HM^ioTa TOTa me

BHaa, KaKa. h ojiHOHMeHHbiB (jiopMbi Ba. a p y r n x a  KJiaccaxa; ho 

oH-fe oTanaatoTCH o T a  nocjrfc.ii.HHxa CHMMeTpieft BHyTpeHHaro 

crpoema. T ana npH3 Ma i - r o  p o a a  Ha KpHCTajuiaxa ananiTa 

(Cl, F) C a, (P O 4)3, rio (J)HrypaMa BbiTpaBJiHBaHia, H irfeeTa  TOJibKO 

ojiHy njiocKOCTb cHMMeTpin, a {  0001} TO.abKO ocb 6-ro nopaflKa.
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KpoMp anaTHTa Ka. 3TOMy KJiaccy npHHazuieataTa.: nnpo- 
MOp(j)IlTa> ClPb5(P0 4)g, MMMeTH3HTL ClPb5. (AsOJg H J],p. 
Puc. 119 H3oópa>KaeTa. KpHCTajuia. anaTirra: M = {  1 0 1 0 } ,  

X =  { IOII }, p =  {0001} S =  {1 i  2 1}, u = { 2  i  3 1}.

P hc. 119.

17) K a a c c a .  r e K c a r o H a j i b H o i  n h p a m h a  bi.

(PeM HM op^Ho-reM iajipHaecKift KJiacca. hjih reMHMoptfmaa 

TerapTosap ia ).

L fi.

K aacca . 3TOTa> HaxoAHTca bh> TaKOMa. >Ke oTHomeHiH na. 

npeau iecTByioiueM y, Ba. naKOMa. A iireKcaroHajibHaa nHpaMH.na 

tcb AHreKcaroHajibHOH ÓHnupaMHflP, t . e. (jiopMbi, cioaa o t h o - 

cam ia ca , m o>kho  p a3CMaTpHBaTb (ca. BHpmneH cTopoHbi), nana.

nOJIOBHHbl---BepXHK)K) H HII/KHKDK)--- COOTBpTCTByiOmHXa> (JlOpMa>

npejuuecTB yiom aro KJiacca: Ba> HHxa> hP tt> hjiockocth  cHMMe- 

Tp in , nepneHjiHKyjiapHOH na. och cHMMeapiH 6 -ro  nopaaKa. CTe- 
neHb CHMMeTpiH BbipawaeTca npiicyTCTBieMa> TOJibKO nocjrfefl- 

Hefi; HHKaKHxa> apyrHxa> sjieMemroBa. CHMMeTpin He HMpeTca. 

C hmoio o óm e io  (Jk p̂m o h  cjiyjKHTa. reKcaroH ajibH aa n h p a m h a a 

3 -r o p o j ą ,  njiocKocTH KOTopon Bbipa>KaioTca HHjneKcaMH i, h, 

k , 1; TaKHMa. o ó p a 30Ma>, cHMBOjia. Ha3BaHHOii (|)opMbi óyaeTa. hjih 

( i h k l ) — npaBaa BepxHaa nHpaMHfla 3 -ro  po.ua, hjih ( k h i l )  

jipB aa  BepxHaa nnpaMH.ua 3-ro poaa; KpoMp 3THxa>, MoryTa>
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óbiTb npaBaa h a^Baa HHtfwia nnpaMH,n.bi ca. CHMBOJiaMH (i h k 1 ) 

h (k  h i 1 ). IIpaBaa BepxHaa nHpaMH,na 3-ro poa,a H30Ópa>KeHa 

Ha pHC. 120; ripOSKLUB JI^BOHHa pHC. 121. f lo  Hapy)KHOMy BHay

Puc. 120. PHC. 121.

reKcaroH ajibH aa ra ipaM iwa 3-ro poa,a coBepmeHHO cxoa.Ha ca. nn- 

paMHnofi i - r o  h 2 -ro  pona. OauraaaeTca oTa> HHxa> tojibko no- 

jiomemeMa* Ba> KOMÓHHau.iaxa>: óoKOBbia KpHCTajuiHHGCKia ocii 

BbIXOa,HTa. HeCHMMeTpHHHO OTHOCHTeJIbHO peÓepa> nHpaMH^bl.

HacTHbiMH cjiyaaBMH reKcaroHajibHoii nnpaMH.ii.bi 3 -ro poaa

óynyTa>:

{ i 0 i 1 } h {i 0 i 1 } r  e K c a r o H a j i b H a a n a p a M M u a i - r  0

p 0 a. a —  b e p x h a a h HHf f i Haa .

{ i i 2 il } m {  i i 2 i l  } r e K c a r o H a j i b H a a n H p a M H j i a 2-r 0

p o a a  —  b e p x h a a H HI HKHa a .

{ i h k 0 } h { k h i 0 f r e K c a r o H a j i b H a a n p h  3 m  a 3 - r o

p o a a  —  n p a B a a  h j i ^ B a a .

{ 1010} r  e K c a r o H a j i b H a a n p h 3 m a 2-r 0

p o j i a .

{1120} r  e K c a r o H a j i b H a a n p h 3 m a i - r o

p 0 a a.

{oO O l} H {o O O l} B a 3 h c a> (ri e a i 0 h a>) b e p x h i h 11

H H >K H i H.
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BcjrfeflCTBie nojiapHOCTH och CHMMeTpiH 6 -ro  riopa,n,Ka Kpn- 

cTajiJibi 3Toro KJiacca o ó jia a a io rb  nnposjieKTpHHecKHMH cboh- 

CTBaMH.

Cioa.a npHHaflJiemaTa,: He(j)ejiHHT. (Na,K)8A l8Si9034; hboii- 

Haa cPpH  OKHCJiaa cojib Kajiia h jihthi L i K S 0 4 h HpKOTopbia 

COJIH npaBOH BHHHOH KHCJIOTbI.

H m K ec jrb jiy iom je  KJiaccbi reKcaroHajibHOH CHCTeMbi oó jia - 

naK)TT> ocbK) CHMMeTpiH 3 -ro  nopaflKa, kt. KOTopon npHcoezm- 

HHKDTCH TaKH<e HeHTpT. CHMMeTpiH, OCH CHMMeTpiH 2-TO nO- 

pajiKa h njiocKOCTH CHMMeTpiH. H e  Bcrfe KJiaccbi, TeopeTHHecKH 

B03MO>KHbie, BT. HaCTOHlHee BpeMH HBB^CTHbl. K t . TBKHMT. npH- 

H aajiem arb : KJiaccT. 18) j t H T p n r o H  a ji b h o h Ó H H H p a M H f l b i  

(TpHroHajibHan reM isap ia ) h 19) T p n r o H a j i b H  o i  Ó H n n p a -  

m h 3, bi (TpnroHajibHaa TeTapTosapia ).

CuMMeTpia nepBaro H3T> h h xt , Bbipaa<aeTca npHcyTCTBieMT. 

L 3, 3L2, P (nepneH3HKyjiapHa k t . L 3) h 3 P 1 (n epecpK atom jaca  

BT> OCH CHMMeTpiH 3-rO nOpHflKa). Bo BTOpOMT. }Ke HaX03aTCa 

L 3 h P (nepneHflHKyjiapHaa kt. L 3).

KaKT. y>Ke ynasaHO 6biJio Bbirne, npeacTaBHTeaeH 3Tiixt> 

3ByxT> KJiaccoBT. Me>Kny KpncTajuiaMH non a  He HaiłaeHO.

2 0 ) K a a c c T .  3 H T p n r o H a j i b H a r o  C K a a e H o s a p a .

(PoM ÓosflpHaecKaa reM isap ia ).

C T e n e H b  CHMMeTpin: C, L 3, 3L 2, 3P. H j io c k o c t h  CHMMe

TpiH jrfejiHTT. y r j ib i  M ea<ay ocaM H  CHMMeTpiH 2 -ro  n o p a a K a  n o n o - 

jiaMT,. n peT C T aB H T ejieM T . cjiyatH TT, aH T pn roH ajibH biH  ( r e K c a r o -  

HajibHbin) cK a jieH O sa p a ., rparn-i K O T o p a ro  h m P io t t . HHaeKCbi i, 

h, k , 1; (p n c . 12 2 ).

E cjth npeflCTaBH Tb b t . n p o sK H ffl BejiHHHH}^ CHMMeTpiH a a H H a ro  

K a a c c a  h n o jn o c b i n jio c K o c T e n , K O T opbia c b o h m t . pacnojio> K eH i- 

eMT. ó y zty T T . y a o B a e T B o p a T b  aaH H oii cT en eH H  CHMMeTpiH, t o
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O^eBHAHO, B 0 3 M 0 } K H b l  ^Ba MHOTOrpaHHHKa CT> OJ[HHaKOBbI MH HH- 

aencaMH ruiocKOCTeft, pnc. 124 h 123.

Puc. 122. Phc. 123.

Puc. 124.

EcJIII nOCTaBHTb BCIO CHCTeMy SJieMGHTOBTj CHMMeTpinTaKHMT> 
o 6 p a 3 0 i\rb, bto 6bi L 3 cToa jia  BepTHKajibHO, ocb a, (L 2) kt> Ha- 

ÓJiKDflaTejno npaMO, to riojnocbi BepxHHXT> nepea,HHX'b rpaHew
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óyayTa, Haxoji.HTbCH HanpaBO ott, ocii at (puc. 123), hjih Ha 
jtŁbo ott, Hea (pac. 124); nepBbiH cKaaeH03apa>, chmboht* ko- 
Toparo BbipamaeTca {i h k l}, Ha3biBaeTca noaoamTeabHbiMa, 
(ero naocKOCTH nemaTa, ripoTHBa, BepxHaro nepeaHaro npa- 
Baro ceKCTaHTa); BTopon >Ke ca, chmbojioitb {h i k l}—oTpn- 
uaTejibHbiMa, (ero hjiockoctii neacaTa, npoTHBa, BepxHaro nepea
Haro ji^Baro ceKCTaHTa). <$>opMbi oth coBepmeHHo Toatae- 
cTBeHHbi h MoryTa, óbiTb pa3jmaHMbi tojibko bt> KOMÓHHaniaxa>, 

Ecjih bt> HHaeKcaxa> i, h, k, oaHHa, caFaaeTca paBHbiMa. o, 
to aBa ocTajibHbie cTaBaTca paBHbiMH Meacay coóoio, t. e. 6y- 
aeTa> (i o i 1). UnocKOCTb ca, noaoÓHbiMH HHaeKcaMH (ea noaK)ca> 
npnaeTca Ba, iuiockocth CHMMeTpin), cootb^tctbchho aaHHOH 
cTeneHH CHMMeTpiH, aonama noBTopHTbca BOKpyra. L 3 Tpn pa3a, 
t. e. ea noaiocai ynaayTT> Ba, tohkh Ot, 0 2, 0 3. ripucyTCTBie 
ueHTpa CHMMeTpiH Bbi30BeTrb noaB.neHie Tpexa> apyrnxa> nao- 
CKOCTen, napaaaeabHb^i. nepBbiMa> h ae>Kam,Hxa, no apyryio 
cTopoHy apyra nposKHin t. e. nxa> noaracbi óyayTa> bt> TOHKaxa> 
X i, X 2> X (pnc. i 25a). noayaaiomaaca (f)opMa orpaunneHa 
mecTbio poMÓnaecKHMH naocKocTaMH h Ha3bmaeTca poMÓoaapoMa, 
i-ro poaa (pnc. i 25b). FaaBHaa KpHCTaanorpa^HaecKaa ocb, Kana>

Piic. 125 a. Phc. 125 b.
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h y  CKajieHosjipa, coBMpmaeTCH ca, L 3, óoKOBbm >Ke ca> L 2. C m o - 

Tpa no nojiojKemio njiocKOCTen (a cjrkuoBaTejibHO n mnocoBa.) 

Ha npaBon hjih Ha jiP boh cTopoHp 0Ta> och av pa3JiHHafOTa>: nojio- 
yKHTCJIbHblH {i O i l } H OTpHH,aTeJIbHbIH pOMÓoaap^B {o  i i l}. B3H- 

Tbie oTjiisjibHo, ohh HeoTnHHHMbi apyra> oTa> apyra, ho no- 

jio}KeHie Ba> KOMÓHHaHiax't y  HHxa> pa3JiHHHO.

U,jih apyrHxa> npepfejibHb^a. cjtynaeBa. Mbi nojiynHMa.:

i i 2 i 1 } r  e K c a r o H a j i b H a a ó u n n p a M H f l a 2 - r 0

po j i a .

i h k 0 } j ^ H r e K c a r o H a j i b H a n  n p H 3Ma.

I OI O } r  e K c a r o H a j i b H a a n p h 3 m a i -r  0 p o s a .

1 1 2 0 } r  e K c a r o H a j i b H a a n p h 3 m a 2-r 0 p o n a .

0 0 0 1  } B a 3 H C a ,  HJIH OCHOBHOH n H H a K O H U b

3 th (|)opMbi no Hapy>KHOMy BHay coBepmeHHO ToauiecTBeHHbi 

ca> TaKHMH H(e (|)opMaMH a.pyrHxrb KJiaccoBTb reKcaroHajibHon

Phc. 126. Puc. 127.

cn cT eM bi, h o  nxa> BH yT peH H ee C T p o eH ie  o T B p n a eT a . cHMMCTpin 

H H TpH roH ajibH aro c n a jie H O s a p a . K a , 3 TOMy K J ia cc y  othochtch 

n p e 3BbinaHHO p a 3H o o 6 p a 3Hbie K p n cT a ju ib i H3B ecT K O B aro  m n a T a  

CaC03; TaKHte >Kejrfe3Haro ó jie c K a  Fe20 3, K op 3THji,a A 1203 h Jip. 

P hc. 126 h 127 npeACTaBJiHKDTHj K p ticT a ju ib i H 3BecTK O Baro 

r  =  { i o n } ,  v =  { 2131 f = { o 2 2 i } ,  b =  { 1 120}.
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21) K.JiaccT> f lHTparoHaj ibHOH nnpaMHji.bi.

(TeMHMopcfmaH reMisupia).

ripHcyTCTByKDTa. L3 h 3P.

I I jiockocth CHMMeTpiH nepedbukioTCH bt, och ciiMMeTpin 
3-ro nopanKa. V jiaBHaa upncTajumneeKaH ocł coBMTbmaeTCH ca> 
L3; óokobbib npoxo,HHTrb Ha paBHOMT. pa3CToamH orb njiocKO- 
cTeił cHMMeTpin; npencTaBHTejieMT. cjiyiKHrb HHTpHroHajibHaH 
nnpaMHjia, njiocKOCTH KOTopoft HM^iorb HHfleKCbi i, h, k, 1 

(puc. 128 h 129). Bo3MO/KHbi neTbipe flHTpuroHajibHbia nupa-

P hc. 128. Puc. 129.

MHjibi ctd ojihhmh ii riiMii me HHneKcaMii rpaHen, no HapymHOMy 

BHay coBepmeHHO cxoa.HbiH Meamy coóoio, ho oTjiHnaiomiaca 

nojioiKemeMTb bt. KOMÓHHanii^m. JJjih ojihoh ciiMBOJTb óyaerb 

{  i h k 1 } — sto nojio>KHTejibHaa BepxHaa miTpHroHajibHaa nn- 

paMHna (pHC. 129); {  h i k 1 }  —  BepxHaa OTpHiiarejibHaH jniTpii- 

roHajibHaa nHpaMHjia; { i h k i }  —  hhikhhh nojiomHTejibHaa h 

{  h i k 1 }  —  hhżkhhh oTpHiiaTejibHaa HHTpiiroHajibHaa nHpaMima.

HacTHbiMH cjiyn aaM H  ó y a y r b :  e c jr a  h =  o , t o  n ojiyH H T ca:

{  i o i 1 }  T p H r o H a j i b H b i a  n u p a -

{  o i i 1 }  m 11 a. bi, n o ji o >k h t e ji b-

6
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{ ioil  } 
{ 0 i i 1 }

Hblfl H OTpnuaTeJIb- 
H bl H, B e p X H i H H H Hv-
h i a.

i == h; { ii 2 i 1 } H { U 2 1 1} reKcaroHaj ibHaj )  nii-

l =  o; { i h k 0 } { hik0 }

paMHjta 2 -ro poaa, 
BepXHflfi H HHIHfla.

H JIiiTpHroHajibHbia npn3-
Mbi noj iojKHTejibHaa
h oTpnuaTej ibHaa.

{ 1 0 1 0 } H { 0 1 1 0 } TpnroHaj ibHbia n p h 3-
Mbi nojioHtHTejibHaa
h oTpHuaTejibHaH.

{ 1 1 2 0 } r eKcaroHa j ibHaa ri p h 3-
m a 2-ro p 0 n a.

{ 0 0 0 1 } H { 0 0 0 1 } B a 3Hcr  (neaioHa.) b e p x-
H i H H H H >K H i fi.

ripuM^poMT  ̂ Moryrt cjiy;KHTb: KpucTajuibi TypMajiHHa (pnc. 
13°) a =  (1010), o =  (0221) h p = (io u ) h p ~ (o iii ).  riapap —  
rupuTib 3 A g 2S . Sb2S3; cnaHrojmrc, (A1C1)S'046Cu(0 H)23H20 ; 

napaTOJiHjia. - (f)eHHjn> - KeTorn, C6H5Ć O C 7 H7 (pnc. 131) 

a =  (0111), a1 =  (1010), r =  (ioFi), s =  (oii2), r1 =  (0111) u 
s1 =  (1011).

Phc. 131.P hc. 130.
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2 'j) K  ji a c c t > TpuroHaj ibHaro t  p a ri e n, o a n. p a. 

(TpaneuoaflpH^ecKaH TeTapTosupia).

npHCyTCTByKDTTj L 3 H 3L2.

Och cHMMeTpm 2-ro nopa^na oójiajiaiorb nojmpHOCTbio. 
KpHCTajuiHHecKia o ch  coBM̂ manDTCH c t> o ch m h  cHMMeTpin. 06 - 
meio (JjopMOio cjiymHTb TpnroHajibHbiH Tpaneuooji.pTj, BHjpb 
KOToparo HsoópameHii Ha pnc. 132 (ero npooKuia Ha pnc. 
*33 11 134)-

Piic. 132. Puc. 133. Puc. 134.

JPkBbIH nOJIO>KHT. 

T p n r o H . T p a n e u o -  

ojip^.

Ilp a B b lH  n0J10}KHT. 

T p n ro H . T p a n e u o -  

oflp̂ b.

H3T3 pa3CM 0Tp^H ia p a cn o jio y K e m fl nojnocoBa> yK a3aH H O H  4)op- 

Mbl He TpyHHO BHfl^Tb, HTO B0 3 MO>KHbI HCTbipe BHJ3.a pacnO JlO - 

jKema nojnocoBiD, a c j irfe,n,OBaTejibHO— n eT b ip e  T p n ro H ajib H b ie  T p a - 

neu.03.npa.
6*



P h c . 135. P h c . 136.

{ ihkl  } npaBbift nojio;KHT. TpH- 
roH. Tpaneuo3j].pTb.

npaBbiH oTpHU. Tpnron. Tpa- 
neuosflpa,.

{ h k i 1 } hjih { k i  h 1 }

Phc. 137. Phc. 138.

{ k h i 1 }  jrfeBbift nojiojKHT. Tpii- JrfcBtiH oipnu. TDHroH. rpa- 
roH. Tpaneu.03ji.pnb. neuosjtpT..

( hikl } hjih { ikh' l }

Kanij bhuho H3T> pacnojiojKenia hojiiocobtd, npaBbiH h jrfe- 

BbiH Tpanen.03ji.pbi ojiHoro 3HaKa MejKjiy coóoio SHaHTioMopifiHbi; 

HanpoTHBT>, npaBbiH nojioHnrrejibHbiH (pnc. 1 3 5 ) h npaBbiii ot-
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pnuaTejibHbm (puc. 136), Taio> >Ke jrfeBbift nojio>KHTejibHbifi 

(pnę. 137) h ji^Bbifl oTpHuaTejibHbift Tpaneuosapbi (pac. 138) 

coBM^maioTCH apyra> ca> jipyroMa. nocjrfe noBopoTa Ha 6o°. 

Ilpeji^JibHbiMH (j)opMaMH óynyrb:
{ i o l l }  H { O i i 1} PoMÓOBf l p t nOJ I OJKHTeJ I bHb lHHOT-

p h u a t e ji b h bi h .

{ i i  2T 1 }  u {  2 i i 1 }  n  p a b a 5i h j i i sBaa T p H r o H a j i b H b i i i

ÓHIlHpaMHJtbl  (pHC. 1 3 9  H I40).

{ i h k o } h { k h i o } n p a B a f l H J i ^ B a f l f l H T p n r o H a j i b H H i f l

n p h 3 m bi.

( 1 0 1 0 }  r e K c a r o H a j i b H a a n p H 3 Ma i-ro  pojia. 

{  1 1 2 o }  h {2  7 7  0 } n  p a b a 51 h ji^  b aa  T p i i r o H a j i b H a i i

n p H 3 M bi.

{ 0 0 0 1 }  BaSHCT)  H JI H o c h o b h o h  n h h a -

KOHa'b.

Ka> aTOMy KJiaccy npHHajuieiKHTa. KBapua* Si02, y  koto- 

paro ii3Bi3CTHbi npaBbm h jtŁbłih (|)opMbi (puc. 141 h 142)

Phc. 139.

a =  {1 o i  o}, p  =  { 1 o 11 }, z 

St —  {2 1 1 1 } (npaBan h jrfeBaii

Phc. 140.

=  {o  111} ; ]  s ■ =  { 1 1 2 1}  h 

TpuroHajibHbm 6HniipaMHji,bi);
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{ 5 1 6 1 }  h x1= { 6i 5i }, npaBhra h jrfeBbin TpuroHajibHbie Tpa- 
neuoajipbi.

P h c . 141. F h c . 142.

Cioaa >Ke othochtch: KHHOBapb HgS; bhhhokhcjibih pyónnm 
RbśC 4H406 h «p.

2 3 ) P o m 6 o 3 a p H H e c K i H  k ji a c c a>.

(PoMÓoajipHBecKaH TeTapTosupia).

IlpHCyTCTByiOTTj C  H L 3.

ripeACTaBHTejieMT, c jiym u rt poMÓoaapi, 3 -ro pojja, HHjteKCbi 

njiocKOCTefi KOToparo i, h, k, 1. OÓHjjft BHjrb (f)opMbi h ea npo- 

3Kuia H3o6pa)KeHbi Ha pnc. 143 h 144.

H3Tj pHcyHKa oaeBHjiHo, hto  poM doajipaj 3 -ro  po.ua no bh^ u i- 

HeMy BHfly coBepmeHHO To>K.necTBeH'Ł ctj poMÓosjipoMaj i - r o  

pofla ; OTjmaaeTca TOJibKO nojio>KeHieMT> B"b KOMÓMHauiaxrb, Kor.ua 

e ro  njiocKocTH Hurferort HjieKCbi i, h, k, 1, a TaKJKe BHyTpeH- 

hhm t , cTpoemeivrb, onpe;rfejiaeMbi]vrb 4>nrypaMH BbiTpaBJiema, k o - 

TopŁixT> bh^Td h p acn o jiO K em e y.a.oBJieTBopaforb CHMMeTpin 

jaH H aro  KJiacca.
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H3T> n p03KU.iH BHflHO TaKJKe, HTO B03M0>KHbI HCTbipe pOM- 

óo s^ p a  c-b HHneKcaMH i, h, k, 1, ynoBJieTBopflioiiue jjaHHoii cTe-

P hc. 143. Puc. 144.

neHH cHMMeTpin (Kam, h bt, KJiacdb TptiroHajibHaro Tpaneuo- 

sapa): { i  h k l }— npaBbift nojio.atHTejibHbifl, {k  h i  l} —  n^Bbm 

nojiO/KHTejibHbiH; {h  k i l } — npaBbiii oTpimaTejibHbiH n {h  i k l} 

jrhBbift oTpHuaTejibHbiH.

JX,jih a p y r^ T , BOSMCOKHbDrb 3HaHeHifl h h ackco bt , h nojiojKernH

nojnocoBa. nojiyBaTca:

{i o i l } h {o  i i l}

{i i 2 i 1} h {2 i i i l}

{ i  h k 0 } h {h  i k 0 }

{1 0 1 0 }

{1 1 2 0 }

{0 0 0 1 }

P oM Ó osflp T , i - r o  p o n a  nojio>KH-

TejIbH b lH  H O TpH U aTaTeJ IbH blH .
o

P o m ó o s ^ t, 2 - r o  p o jia  npaBbiH  h

JTpBblH.

I lp a B a a  h ji^B a fl r e K c a ro H a jib -  

h a b npH3M a 3 - r o  po.ua. 

r e K c a r o H a jib H  an n p i i3Ma i - r o  

p ona.

r e K c a ro H a jib H a f l  n p H 3Ma 2 - r o  

p o n a .

B a 3HCT,.
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K t> flaimoMy KJiaccy npHHaajiemaT^: h ojiom u tb  C a C 0 3,M gC O s 

a,ioriTa3a. H 2CuSi0 4; KpHCTajun, nocjrkn.Haro HsoópameHa, Ha 

pnc. 145 b— (1 1 2 0 )— npnsMa 2 -ro  pojca; r =  (0 2 2 1 ) poMÓ03 .nprb 

i - r o  po.ua oTpHuaTejiŁHbifl h S = ( i . 14. 13. 6.) poM Ó osup ij 3-ro 

poaa  npaBbiH oTpnuaTejibHbiH. Cioua jae npHHaaJieaKarb (JjeHa- 
khttj B eSi0 4 h up.

Puc. 145.

24) K-naccrt. TpHroHajibHon nHpaMHUbi. 

(Oruosupia).

L 3.

npHcyTCTByerb tojiłko ocl CHMMeTpin 3-ro nopauKa. 0 6 m,eio 
4>opMoio cjiyżKHTa. TpnroHajibHaa nHpaMHua (BepxHaa hjih hhh\- 

hhh) 3-ro poua, njiocKocTH KOTopoft Hidbiorb hhugkcbi i, h, k, 1. 
Bhut, ea h npoąnnia H3o6paa{eHbi Ha puc. 146 h 147.

OaeBHflHo, bo3mo>khbi BoceMb TpHroHajibHbixu> mipaMHibb 

c"b oa,HHMH h TrbMH n e  HHfleKcaMH: aeTbipe BepxHHxa> h aeTbipe 

HH>KHHXT>.

Kaicb Me>Kay BepxHHMii, Tairb h Memuy hhu-chhmh pa3Jinaa- 

iotb npaBbiH n jrfeBtia nojiOHHTejibHbia {i h k 1}  h {k  h i l }  

h npaBbia h jrfeBbia OTpHuaTejibHbia {  h i k 1}  h {  h i k 1 }.
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JlerKo BbiBecTH upyria (JiopMbi, KOTopbia 6y,ayTa. aacTHbiMH 
CJiyHaHMH TpHrOHaJlbHOH HHpaMHflbl.

Puc. 146. Phc. 147.

Ba. H acT O H inee BpeMH H3Bi3CTHa OAHa c o jib , o T B O c a m a a c a  Ka. 

aaH H O M y K J ia c c y — BOflHbiH ioflHOKHCJibiH H aTpifł Na j 0 4 3 H20 .

K p o M ^  yK a3aH naro npieMa o 6 o 3Haaem a MHororpaHHHKOBa. 

ca. ojihoio ocbio 6-ro hjih 3-ro nopajiKa npn noM om u aeTbipexa. 

Koopji.nHaTHbixrb ocen , Ba. n o c ji^ jm ee  BpeMa npHÓiiraioTa. Ka. 

HHOMy, Ba. KOTopoMa. bm^cto aeTbipexa. Koopa,HHaTHbixa> ocen  

nojib3yioTca , Kana. h Ba. ocTajibHbixa. cncTeMaxa., TpeMa Koop- 

TlHHaTHbiMH oc5imh. 3 tii och npÓBOaaiaja TaKHMa. o ó p a 3 0 Ma., 

HTo6bi OHis jpfejiajiH ca. ocbkd CHMMeTpin 6 -ro  hjih 3-ro nopaA- 

KOBa, OflHHaKOBbie yrjlb l. ripH TaKOH HOCTaHOBK^ O TpfebH  

3THxa. o cen  ochobhoh <|)opMOH, 3a KOTopyio npiiHHMaeTca 

njiocKOCTb, nepneHflHKyjiapHaa Ka. och CHMMeTpin 6 -ro  hjih 3-ro 

nopanKa, óyayTa. oanHaKOBbi. O cTaeTca  yKa3aTb TOJibKo yro jia . 

MOKay KOOpflHHaTHblMH OCHMH: a. OÓbIKHOBeHHO 3a KOOpflH- 

HaTHbia och BbiónpaioTa. Tpn p eóp a  KpncTajuia, cxon am iaca  Ba. 

och cHMMeTpin 6 -ro  hjih 3 -ro  nopa,n,KOBa. h o 6 p a 3yioiii,ia ca. 

3THMH OCHMH OJIHHaKOBbie yrjlb i; npH 3TOMa> yK a3aHHbIH OCH 

CHMMeTpin ycTaHaBJiHBaioTCH BepTHKajibiio. JIjth npHM^pa p a 3 -
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CMOTpHRrt poMÓoanpa, i- ro  poaa puc. 148. riocTaBHB^L ero Ta- 

khmb oópasoMa., Kaicb omb HsoópaateHb. Ha pucyHiefe ocbkd 

CHMMeTpin 3-ro nopanKa BepTHKajibHO, mu bhuhm^, hto HHiHia 

BepTHKajiBHbiM^ peópa ero cm, ca h cp pacxojiflTCH orb  c

Pac. 148.

KBepxy, zrfcjian ojiHHaKOHbie yrjibi ca* ocbio cc (L 3). npnHHMaa 

cm, cn, cp 3a KoopjiHHaTHbiH och, bt> TaKOMb cjiyaa^ nojiynaeM^ 

3 0 3 M0 }KHOCTb Bbipa3HTb Bdb rpaHH pOMÓOSJipa mpe.UH OflHHaKO-

bumh HHaeKcaMH:

fljia rpaHH cn : (100) 

cp : (010) 

cn : (001)

UlIOCKOCTb OCHOBHarO nHHaK0HJ3,a nOJiyHHTb CHMBOJTb ( i i i ). 

Booóm e BCHKyio miocKOCTb mojkho Bbipa3HTb chmbojiomi> (pyr).

JXjih Toro hto6u  npeBpaTHTb chmbojiu KpaBa bt> chmbojiu 

Mnjuiepa h oópaTHO, mohiho Bocnojib3 0BaTbca cjrfejiyioinHMH coot-

HOiueHiHMH HHa.eKcoBrb Toro h apyroro: h =  0 1 — ,
, r - p  , p +  q + r .  , , , . 3 ’ . ° ,
k = — g— 1 — F g -— , HJIH p =  h — k 4- 1, q = i  —  h +  1,

r — k —  i +  1.
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IV. PoMÓMnecHaa CMCTeiwa.

OÓHHMaeTb COÓOIO KpHCTaJIJlŁI, BT> KOTOpbIXT» mo;kho npo- 
BecTH Tpn HepaBHbia B3anMHO nepneHjiHKyjiflpHbia npHCTaji- 
jinnecKin och, napajuiejibHbin Tpeivrb peópaMT*, B03MomHbiMT> Ha 
KpncTajurfe, TaKHMTł oópa30MT>, juih ji,aHHOH CHCT6MH xapaKTepHO 

a : b : c. OflHy h3t> ocen npHHHMaioTT. 3a BepTHKajibHyio c; H3T> 
AByx'b apynnrb oa.Ha, juiHHH^HmaH (bt> ochobhoh (j3opivrk) cTa- 
bhtch nonepeicb HaóJnoaaTejiH h o6o3HaaaeTca b (oHa Ha3bi- 
BaeTca Tanme nonepeanoio hjih Manpoocbio); HaKOHeirb, łpeTbH 
a npaMO kt> Haó.nioaaTejno (Ha3biBaeTCH npoaojibHOio hjih 6paxn- 

OCblO).
CHMMeTpin KpHCTajuioBa> BbipamaeTCH hjih npncyTCTBieMrb 

Tpex'b HepaBHbix-b ocen CHMMeTpin 2-ro nopHAKa, ueHTpa chm- 

MeTpin h Tpexa> njiocKOCTen CHMMeTpin, npoxofn,niii,HX'b Hpe3T> 

OCH CHMMeTpin; HJIH TOJlbKO TpeMH OCHMH CHMMeTpin 2-ro no- 

pflAKa; hjih HaKOHeum, oahoio (nojinpHOio) ocbio CHMMeTpin 2-ro 

nopnAKa h AByMH B3anMHO nepneHAHKynHpHbiMH hjiockocthmh 

CHMMeTpin, nepedbKaiomHMHCH sm 3T0«  OCH CHMMeTpin. C o o t - 

B^TCTBeHHO aTOMy KpHCTajiJibi poMÓHHecKOH CHCTeMbi pacna- 

aaioTCH Ha 3 KJiacca.

25) K j i a c c b  pOMÓHMeCKOH ÓHnHpaMHf lbl .

( r  ojiosapia).

ripHcyTCTByioTT>: C, 3L2, 3?.
OómeFO t|)opMoio cnymnrb poMÓHHecKaa ónriHpaMHAa(pHc. 149). 

Eh rpaHH nepedm aiorb bcE Tpn och Ha pa3JiHHHbix'b pa3CTOH- 

HinxT>,TaKHMT> oópa3 0 MT., chmbojit, en { h k l  }. <$>opMa rpaHeft 

HepaBHOcTopoHHie TpeyfojibHHKH. O ch CHMMeTpin (oHi5 me h 

KpHCTaJIJIHHeCKiH och)  COeAHHHIOTb BepiUHHbl npOTHBOHOJIOm-
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HbIXTj pOMÓHqeCKHX'Ł yrjIOBT>. rip03KD,i5I SJieMeHTOBT) CHMMeTpiH 
h nojnocoBT> poMÓHBecKofi ónniipaMHAbi H3o6pa>KeHa Ha puc. 150.

Phc. 149. P hc. 150.

HacTHbiMH cjiynaHMH óynyTT>: ec jin  o ah h t , H3T> HHneKCOB^ 

óyAeTT> paBHHTbca O , to  n o jiynaTca npH3Mbi:

{ o k l }  I I p n 3 M a  i - r o  p o  Aa  (puc. 151).

{ h o l }  I I  p h 3 m a 2 -r  o p o  A a  (pac. I52).

{  h k 0 }  TI p h 3 m a 3 - r o  p o  A a  (pnc. 153).

HaKOHeiTB, ecjiH ABa HHAeKca CA^JiaiOTca paBHbiMH O , to  

noAyBaioTCH napbi napajijiejibHbixT> naocKOCTeił n n H a K O H A O B i:
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{ i o o }  I l e p B b i H  n H H a K O H j i T )  (puc. 151).

{0 1 0 }  B T O p O H  nMHaKOHJJTj (pHC. 152). 

{ o o i j T p e T i f t  nHHaKonjcT. (pnc. 153).
Ka> 3TOMy KJiaccy npHHaaJieyKaT-L KpHCTajuibi c^pbi (pnc. 154). 

o =  { 1 11}, q — {011} ,  S = { i i 3 }  H c== {0 0 1 }.

Hajrfee: KapHajiHTa>, aparoHHTa, h MHorie apyrie.

Phc. 153.

26) K n a c c a .  p o M Ó n n e c K a r o  ónc i f i e HOHf l a .

( r  eMisapia).

ripHCyTCTByKDTTł 3L2.

Oómeio (|)opMOio cjiyżKHTa. poMÓnnecKm ónccfjeHOHaa. (hjih 

c^eHoajip-b), rpaHH KOToparo nidbioTa. maneKCbi h, k, 1. CMOTpa 

no nojiojKemio rpaHen oTHOCHTejibHO KpHCTajuiiinecKHxa> ocen, 

nocTaBjieHHbixa> onpejrfejieHHbiMa, o 6 pa3 0 Ma>, MoryTa, 6biTb aBa 

6ncc()eHOHfla ca. ojihhmh h rfeMH me HHaeKcaMn: ojpiHa. {  h k 1 } — 

npaBbin (naocKocTb nepejmaa BepxHaa jiemHTa, HanpaBO otho- 

CHTejibHO Ha6jiFOnaTe.ua; pnc. 155), npyroH { h k l } — jrfeBbin

Phc. 154.
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(njiocKOCTt nepeji.Hflfl BepxHHH jiokhttd BjrfeBo; puc. 156). Oóa 

ÓHC(|)eHOHfla— (f)OpMbl 3HaHTiOMOp({)HbI5L

riposK u m  jiiiB a ro  ÓHC(f)eHOH,n,a H3 0 Ópa;KeHa Ha pnc. 157.

Phc. 155. PUC. 156.

PliC. 157.

HacTHbiMH cjiynaaMH ÓHC(j)eHOH,n,OB'b ó y j iy r b :  

{  o k 1 } r i p H 3 M a  i - r o  poaa  

{ h o l }  I I p H 3 Ma 2 - r o  p o 3 a.

{  h k o }  H  p h 3 m a 3-r  o p o a, a.

{ 1 0 0 }  i -h n h h aK  o HflT>.
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{ o i o }  2-H n H H a K O H H L ,

{0 0 1 }  3-ft n H H aK O H flib ,

3 th (jiopMLi no Hapy>KHOMy Biniy He otjihhhmm oTa coot- 

BkrcTBeHHbixa (fiopMa npe.n.mecTByioiii.aro KJiacca.

Ciojza npHHafljie^arjb: clipHOKHCJiaH MarHe3in M g S 0 47H 20  

(puc. 158), H^CKOJibKO cojieii meJi0 4 Hbixa MeTajuioBa. npaBOBpa-

maRDineH BHHHOH KHCJIOTbl, MHK0 3 bI Ii Hp.

Phc. 158.

27) K j i a c c a  p o M Ó H H e c K O H  n h p a m h n bi. 

(reMHMopcfiia).

E[pHcyTCTByioTa>: L 2 h 2P.

Oóm eio (jiopMOio cjiy>KHTa poMÓimecKaa rmpaMHfla {  h k 1 }  

BepxHHH (puc. 159) hjih { h k 1}  HiiiKHBH. riposKum  BepxHeft 

nHpaMHUbi Ha puc. 160.

KpHCTajuiHHecKaH ocb C coBM^maeTca ca. L 2, a óoKOBbia 

och a h b jieiKaTb Ba. njiocKocTHxa CHMMeTpiH.

HacTHbiMH cjiyaaHMH poMÓHHecKHxa niipaMHjia ó yn yT a :

{ ok 1} J I omsl i-ro  pona ‘).
{ h o l }  J I,oM a 2 -ro  p o n a .

0 ZIomsmh HastiBaioTi. (jjopMbi, coctohiu,ih 1131. jisyzi. nepec-feKaiomiracH 

njiocKOCTen, peópo KOTopbi^a. napajuiejibHO oahoh 1131. KpncTajuinMecKHX'b 

oceń: njiocKOCTb ciiMMeTpin yro jit MeiKay iijiockocthmii nonojiaMT..
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{ h k o }  I I p H 3 M a 3 -r o  p o n a .

{ i o o }  I -H n H H a K O H F Ł .

{ 0 1 0 }  2-ft r i H H a K O H f l T j .

{ 0 0 1 }  H { o o i } n e j T , i o H T >  (óasHCTj) b e p x  h i h h h h >k h i tt 

(nojiojKHTejibHbiH h oTpjm aTejibHbm ).

Phc. 156.
X 

\
l_

__
__

__
__

_4

1
X

\

x !
1

X

________ .___A

Phc. 160.

ETpH3Ma 3 -ro  pona, nepBbiH h  BTopoft niiHaKOHjrb otjih- 

naioTCH o t t . TaKOBbDTb me (J)opivrb npeji,biji,yiuHX'b KJiaccoBi, 

TOjibKO BHyTpeHHHMTł crpoen iearb .

Ctoaa rip iiHam iOKarb: KajiaMHirb Zn2(0H)2Si03 (puc. 161):
V =  {121}, c = { o o i } :. b = ! 010}, g  =  <(I IO }> a =  {100}

p = { 1 0 1 } » 0 = {301]L m = { 0 1 1 } ,  r = { 0 3 1 J>; cTpyB irrb

Mg(NH4)P046H20 pHC. 162 c=={ o n  }, b = { 041 }., n = {  010 },

a =  { 1 0 1 } . m = { 0 1 3 . °  =  { 001}

Phc. 161. Phc. 162.
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V. OAHOKJIMHOMtpHafl CMCTGMa.

KpHCTaJiJiu, ciofla oTHOcamiecH, Moryra óbiTb ct> yfloo- 

ctbomtj oTHeceHbi mb Tpenrb KOopnnHaTHbiM"b ochmt*, napaji- 

JiejIbHblMT, BOSMOJKHMMTb peÓpaATb, H3T> KOTOpbIXT> OflHO Hep- 

neHjmKyjiHpHO kt> fleyMT> u p y iw b , nepecpKaioumMCH nojrb 

KOCbIMT) yrJIOMT>.

riepByio ocb oóosHanaiorb b h  cTaBHTb ropH3 0 HTajibHo 

cnpaBa Ha jtŁbo; H3T> flByxi> flpyrHXT> o^Hy CTaBHTb BepTH- 

KaJibHO h o6o3HaHaiorb c, a upyryio HaKJioHHo Bnepeirb h 

oóosHanaiorb a.

JX,JlHHa KpHCTaJIJIHHeCKHXT> OCeH pa3JIHHHa. 1  aKHMTs oópa- 

3 0 MT>, hjih oflHOKJiHHOM^pHOH cHCTeMbi xapaKTepHO oTHomenie 

a : b : c, h yrojrb Menmy a ii c, KOTopbiH npHHHTo o 6 o3 HanaTb [3.

y  MHOrorpaHHHKOBT*, CK>m OTHOCflUUKCfl BeJIHHHHa CHMMeT- 

piłi BbipajKaeTCH hjih npHcyTCTBieMT, C, L 2 h P , hjih ohhoh L 2, 

HJIH, HaKOHeHTb, OflHOIO P. TaKHMT- 0 Ópa3 0 Ma> KT> OflHOKJlHHO- 

MppHOH CHCTeMp OTHOCHTCH TpH KJiaCCa KpHCTaJIJIOBT,.

28) n p H 3 M a T H H e C K . i H  KJi aCCa .

(Pojioanpia).

CreneHb cmMeTpm: C, L2 a P. O cb ciiMMeTpiti L 2 nepnen- 

flHKyjiapHa kt> njiocKOCTH cHMMeTpm.
Ecjih npejtcTaBHMrb njiocKOCTb, nepec^Kaiomyio bcP  tPh och 

Ha pa3JiHHHbixi> pa3CTOHHiax'b, cTajio óbiTb erb HHjieKcaMH h k 1, 
TO, no ycjioBiK) CHMMeTpm, 3Ta njiocKOCTb HOJUKHa noBTopiiTbCH 
neTbipe pasa h oópasoBaTb #opMy oTKpbiTyio, orpamnieHHyio 
njlOCKOCTHMH, nepedbKaiomHMHCH Bij napajuiejibHbDCb peópax'b, 
t . e. npH3My. TaKHMT. oópasoiyrb, npH3Ma {  h k 1 },  Ha3biBaeMan 
npnsMOH 4-ro pona, hbjihctch hjih naHHaro KJiacca Hanóojrfee
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oomeio (|)opMOH. PacnojiojKCHie sjieMeHTOBij cHMMeTpin h rrojno- 

cob^  npH3Mbi 4-ro pojia H3oópa>KeHbi na pncj 163.

Phc. 163.

3 a ruiocKocTb nposKuiH npHHHMaeTca njiocKocTb chmmgt- 

pin, btd TaKOMTa cjiyaa-fe bt> ueHTpP Kpyra nposKinH óyneTa, 

nposKTupoBaTbca ocb CHMMeTpin 2-ro nopajtKa (oHa ate h Kpn- 

cTajuiHHecKaa ocb b); ocTajibHbia och óyjtyTb nposKTHpoBaTbca 

JIHHiaMH aa H CC. JJjIH npOH3 BOJIbHO B3HTOH njIOCKOCTH ca, 

HHfleKcaMH hk l nojroca. óyn,eTa> r,irfe HHÓynb, Hanp., BHyTpn 

TpeyrojibHHKa abc, X V  Ocb CHMMeTpiH TpeóyeTa., HToÓbi 3T0Ta> 

nojnoca, noHBHJica TaKH(6 h bh> TpeyrojibHHKp abCj Ha cootbP t - 

ctbchhomtd mP ctP, t . 6. bt> X 2- TaKHMa. oópa30Ma>, no ojmy 

cTopoHy Kpyra .noJUKHbi noHBHTbca abP  paBH0 3 HaHHbia njroc- 

kocth h k l h h k l ;  Tana, Kana. njiocKocTb Kpyra ecTb iijioc- 

KOCTb CHMMeTpiH, to oaeBHflHO h no upyryio CTopoHy ero 

ji.oji>KHbi noHBHTbca ji,B'fe flpyria njiocKocTH bt> 3epKajibHOMa> ot- 

HouiemH Ka> nepBbiMa., t . e. njiocKocTH h k l h h k l ’ nojnocbi nxa> 

oóo 3 HaaeHbi o. OaeBHflHo, MómeTa, óbiTb abP  npH3Mbi ca. HHjjeK- 

caMH h, k, 1, oa,Ha cocTaBjiaeTCH H3 a> njiocKOCTeii, jie>KaHiHxa> 

npoTHBa, Ty noro yrjia Mearny ochmh a h c; ee o6pa3yioTa> 

njiocKocTH { h k l } ,  { hk  l } ,  { h k l }  h { h k l } ,  a ąpyran npoTHBa. 

ocTparo (HHfleKCbi en rniocKocTeft npHBefleHbi Bbirne).
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K a io>  h  bt> fEtpyrHXT> CHCTCMaxrb, $opM a ci. HHjteKcaMH h k l 

hbjibgtch o óm e io , H3T> KOTopoft noJtynaioTCfl pa3JiHBHbm npe- 

irfejibHbifl <|)opMbi, K on ta  HHfleKCbi n o jiyn an b  H^KOTopbiB onpe-

Jł^fejieHHblH 3HaBemH, HTO ÓyiteTT) COOTB^TCTBOBaTb BOSMOJKHblftTb

nepeM^meHiflMił nojiiocoBTj bt> npyHb npoaKum. Konta  ohhhtj 

H3T> HHJteKCOBT, CjrfejiaeTCB paBHblMTi HyjIIO, Mb! nOJiyBHMT.: 

{ok l}, {hok } h {hko}. IlepBaB h nocjrfejtHjm (f)opMbi coctohtt> 

H3TJ ti6Tbipexrb njiocKOCTeft, nepec'feKaioni,Hxc5i bt> napajuiejib- 

Hbixa> peópaxT>, t . e. npH3 Mbi 2-ro h 3-ro pona. IlepBaB (|)opMa 

cocTOHTb hstj 0 6 ^ ^ 6 X15 njiocKOCTeH; napajuiejibHb^Tb och a; 

TpeTbH H3i> HeTbipexi> niocKOCTen; napajiJiejibHbixi> BepTH- 

KajibHOH och C. JKih {hol} nojiynaeTCB (j)opMa, coćTOBiu,aB 

TOJibKO H3i> ji.Byx'b napajiJiGJibHbDTb MOKjty coooio njiocKOCTcii, 

h napajuiejibHb^ij ocen b, t . e. nHHaKOHfl,i>, Ha3biBaeMbiH riHHa- 

KOHflOMTb 2-ro pojta.
K o n ta  jtBa HHjteKca óyztyT^b paBHbi Hyjiio, t . e. Konta n jioc- 

KOCTb óyaeTTj n ep ec rfeKaTb TOJibKO ojtHy Kanyio HHÓyztb Koop- 

jtHHaTHyio ocb, a itByMT. apyrHMi^ napajuiejibHa, t o  n o jiyn n irb  

{1 0 0 },  {0 1 0 }  H {0 0 1 },  T. e. riHHaKOHTbl, I-H, 2 -h  H 3-H.

3 t HMT> HCHepnblBaiOTCH BC^ B03M0 }KHbI5I (|)OpMbI n pH 3MaTH- 

necKaro K J ia cc a  oahokjihhom^ p h o h  cncTeM bi.

TaKHMT. o 6 p a 30MT. 3jrkcb HM^hlOTCfl:

{  h k l }  I I p H 3 M b i4 - ro  po j t a .

{ o k l }  E [pH 3M a i - r o  po j t a .

{ h o l }  r iHHaKOHj tT> 2 -ro  p o a a .

{h ko } I lp H 3 Ma 3-F0 potta.

{ i o o }  I-H nHHaKO MflT).

{0 1 0 }  2-H n HHaK O HJtT>.

{0 0 1 } 3-H nHHaKOHJtTa.

C io jt a  npHHajtJie>KHTT. ó o jib m o e  h h cjio  t ^ jtb K a n b  n p H p o jt- 

HbIXT> (MHHepaJIOBTj), TaKT. H HCKyCCTBeHHbDTb npOJtyKTOBTb.

npHM ^pa yKanteMT.: ran c ie  CaS042H20, pnc. 164, : b = =  {0 1 0 }  

2 -h  nHHaKOHjti>; s =  { n o }  ocHOBHan npH3Ma 3-ro pojta t =
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{ i i i } ocHOBHan npH3Ma 4-ro po^a. OpTOKJiaai) K(Na)AISi3o 8, 

puc. 1 6 5 : 1 =  { n o } ;  m  =  {010}; p  =  { 001 } ;  n = { o 2 i } ;  0  =  

= {  111}  hjih { i i i } , x  =  { i o i }  hjih {101} ; y  =  {201} hjih {201}.

P hc. 164. P hc. 165.

29) K j i a c c T ,  c (f) e h o h ji a.

(FeMHMop^m).

CiiMMeTpin BbipamaeTCH tojibko  npHcyTCTBieMT> L 2.

Ecjih nposKTHpoBaTb Ha njiocKocTB Kpyra, KpHCTajuiHnecKiH 

OCH H 3JieMeHTbI CHMMeTpiH, KaKT> H BT> nepBOlTb KJiaecF OflHO- 

KJIIIHOMFpHOH CHCTeMbl, TO nOJiyHHMT> (^H rypy, H30Ópa>KeHHyK) 

HapHC. 166.

Tenepb npejicTaBHMT, njiocKocTb, KOTopaa 0TpF3bmajia 6bi no 

TpeMT) ochmtj pa3HbiH BejiHHHHbi, t . e. HMF.ua 6bi HHjieKCbi hkl; one- 

bhuho en iiojirocT. noMFcTHJicn 6bi bt> HacTHKTj Kpyra OrpaHHHeH- 

HbIXT> OCHMH a a c ,  IIOJIOIKHMT>, Hanp., BT> TOHkF X i  TaKT) KaKT> BT> 

tohkF b nposKTHpyeTcn ocb CHMMeTpin 2-ro nopujiKa, to Heoóxo- 

THmo noHBjieme jipyroH njiocKOCTH, ct> KOTopoio Morjia 6bi cob- 

nacTb nepBan npn noBopoTF 1800; t . e. Mbi KOJDKHbi HM T̂b nojnoci?
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BTOpOH miOCKOCTH BT, X 2- OTCyTCTBis flpyrHXT> BJieMeHTOBTj 

CHMMeTpin HCKJHOBaeTTa B0 3 MO>KHOCTb noflBjiemfl óojibinaro h h - 

cjia paBHOsHaHHburb njiocKOCTeft. ITojiytiaioHi,a5icfl TaKHarb o6-

c

'
a /

-|6

\ "/CL

; *2 

7

Phc. 166.

pasoM^b (fiopMa Ha3biBaeTCH c^eHOHaomt, 4-ro pona. C m otph  

no TOMy, Kanon KOHenb och b nepecfenaerb nnocKOCTH ccfie- 

HOHji,a, pasjiiiHaiorb npaBbin h jrfeBbrii c<f)eHOH.nbi, (fiopMbi

MOKJiy COÓOIO 3HaHTioMOp(|)Hbl5I.

HacTHbiMH cjiynaBMH c^eHonnoBn, ó y ay rb :

{o  k ] }  {o  k l }  IIp aB b iH  h ji^ b h h  c(|)eHOHflbi i - r o  pon a .

{h  o 1} I l H H a K O H j i T )  2 - r o  p o n a .

{h  k o }  {h k 0 } IIpaBbiH h ji^BbiH  ccfieHOH.HT, 3-r0p0.ua. 

I l e p B b i H n hh  a k o h flb.

BTopoH npaBbiii h ji^Bbift nejiioHrb. 

T p e T i f t  nHHaKOHU^b.

IIpHMlipOMT. MOryTTj CJiy>KHTb KpHCTaJIJIbl npaBOH H JlIlBOH 

BHHHOH KHCJIOTbl C4H gO g, (pHC. 167 H l68): a = { lO o } ,  C = {o O l}, 

PI = { 1 1 0 }  jrfeBbift c^eHOHfl-b 3-ropo.iia; Pr =  { n o }  npaBbin c<f>e- 

hohutj 3-ro pojia; ql — {011} jrfeBbiH ccfieHOHiKb i-ro  pona,

{ i o o } _
{ 0 1 0 }  { 0 1 0 }  

{ 0 0 1 }
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qr =  { o i i }  npaBbin c^eHOHjrb i - r o  pou,a; r = { i o i }  ii rr = { i o i }  

nHHaKOHflbi 2 -ro  po.ua.

P h c . 167.

30) JPoM aTH necK in  K Jiacc^.

( r  eMioupm).

IIpHCyTCTByeTrŁ) TOJIBKO P. KpHCTaJIJIHHeCKiH OCH npOBO- 

■UHTt> Taict, HToóbi ocb b HanpaBjmjiacb nepneHjrHKyjnipHO kt> 

njiocKocTH CHMMeTpin, TaKHM^b oóp a30MT>, nocjrkuHKH óyjrerŁ  

njiocKocTbK) 2-ro riHHaKOH.ua {010}; ub^  u.pyrin och a h c óy- 
uyTT> jienraTb bt> otoh njiocKocTH.

E cJIH npOOKTHpOBaTb KpHCTaJTJIHHeCKiH OCH Ha Kpyrb, CTj 

KOTopbiMT) coBnauaerb njiocKOCTb CHMMeupiH (pnc. 169) h npeji- 

CTaBHTb H^KOTOpyiO njlOCKOCTb CT> HHU,eKCaMH h k 1, TO en rfJHOCTi 

óyuerb, HanpHM^p-b, bt  ̂ tohk^  X - TaKT. KaKrb npyrb npooKHin 

ecTb njiocKOCTb CHMMeTpin, to oneBH.uHO, no ycjiOBiio CHMMeTpin, 

nojuKHa noHBHTbca paBH0 3 HaHHaa njiocKOCTb no upyryio cto- 

poHy ero; en njnocT. o coBna.uaerŁ ct. njnocoMT. TaKHMT> 

o 6 pa3 0 MT> nojiyKaeTca (f)opMa, cocToamaa H3T> u,Byxrb nepedb- 

Kaioiij,Hxc5i njiocKOCTeH, h k 1 h h k 1, yrojiT, Mencuy KOTopbiMH 

jpbJiHTca nonojiaMT> njiocKOCTbio CHMMeTpin; sthmt, .uaHHaa (f)opMa 

OTJiHnaeTcn ott> c<|)eHOHua npeumecTByiomaro KJiacca ct. koto- 

pblMT) OHa, OTuEjIbHO B3HTaH, npe.UCTaBJIfleT'b CXOflCTBO. TaKOH 

4)op]vrfe a,aioTT> Ha3Bame u,OMbi h bt> nacTHOMT> cjiyna^, Kor.ua
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HHfleKCbi en ó yA y rt h k 1, h o m u , 4-ro p.ojia. O hcbhjiho, TaKiraa* 
ca> MHfleKcaMH h k 1 óyjjerb neTbipe.

P hc. 169.

Ob nojiy^emeM-b npea^fejibHaro 3HaHemH ojjHoro hjih flByxa> 

HHfleKCOBi, nojiy^aTCB:
JJoMa i - r o  pona. 
r i ea i oHa .  2 -ro  poaa .
J X 0 M a 3 - r 0 p 0 . i l .  a.
r i e p Bb i H  n e p e ;n h i h (noaoTKHTejibHbm) 
h 3 an.iiiH (oTpHuaTejibHbm) nejuoHT>.

{ 0 1 0 }  B T o p o f t  nHHaKOH a-b.
{ 00 1 }  H { 0 0 ! }  TpeTiH B e p x h i ii (nojiojKHTejibHbm) h 

h h >k h i h (oTpHuaTejibHbift) n e a i o h
rTpHM^pa>: TeTpaTiOHOBOKHCJibiH Kajiift K 2S4Og puc 170;

a = { i o o } ,  m =  { l i o } »  c =  {o o i } ,  q = { o i i } ,  p r = { m } ,  o =  { i n } ,  

r =  { i 3 3 }*

{ o  k 1 }
{ h o l }
{h  k o } _

{ 100  }  h { 100}

P h c . 170.
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VI. TpexMMHOivitpHafl CHCTeiwa.

Ciona oTHocflTCH KpHCTajiJibi hjih coBciMTb He HMFiomie CHM- 

MeTpin, hjih me nocjrfenHJiH orpaHHHHBaeTcn npHcyTCTBieMm 

ojiHoro ueHTpa cHMMeTpin C. IIoaTOMy ohh pacnanaioTCH Ha jiBa 

KJiacca: nHHaKOHnajibHbiH (cm ueHTpoMm CHMMeTpin) h neniajibHbin 

hjih acHMMeTpHHecKift. n PH onncamn (JiopMm jiaHHOH CHCTeMbi 

3a KpHCTajiJiHHecKia och moikho BbiópaTbTpn jnoóbiH HanpaBJiemH, 

nepec^KaiomiacH bt. ojihoh tohkF  h napajuiejibHbiH peópaMm  

KpHCTajuia. 3 th HanpaBJiemfl oópa3y io rb  Tpn p a 3JiHHHbixm yrjia  

a, (3 , y. TaKHMm oópa30Mrb TpexKJiHHOMFpHaH CHCTeMa xapaK- 

TepH3yeTCH oTHomemeMm KpHCTajuiHHecKHxm ocen a : b : c  h Be- 

jihhhhoh yrjioBm [3 h y.

3 1) n  H H 3 KOHH a JI b H bl H KJiaCCTb.

(F  ojioanpią).

IIpHcyTCTByioTm TOJibKO C; nosTOMy BCHKan njiocKOCTb HMFerb 
ceóF napajuiejibHyio, t . e. BCHKaa npocTaa (|)opMa óyneTm npeii- 
CTaBJiHTb nHHaKOHum. Ecjih njiocKOCTb óyjierb - nepedbKaTb 
bcF KpHCTajiJiHHecKia och, t . e. hmFtb HHjieKCbi h k 1, to (|)opMa

P h c . 171.



ó y ^ e r t  Ha3biBaTbCH nHHaKOH,noMrb 4-ro po.ua. Jlpyrie nacTHbie 

cjiynaH otom (|)opMbi óyayrb  npencTaBJiHTb napHbia njiocKOCTH,

{ i o o } , { o i o } h { o o  1 } — I-H, 2-H H 3-H miHaKOHiTb. { o  k l },  { hol } ,  

j h k o j  h  { h k 1}— młHaKOHflbi i-ro , 2-ro, 3-ro h  4-ro po^a.

ripHM^pOMT, MOryTTb CJiyJKHTb KpHCTaJlJIbl njiarioKJia3 0 BT, 

(TpeXKJIHHOM'fepHbIX'b nojieBbixT> mnaTOBi,), aKCHHHTa (pHC. 171) 

H flp.

32) r i  e i a JI b H bi n h. ji k a c h m m e t  p h h e c k i ii KJ i a c c b .

(FeMiaflpis);

SjieMeHTbi cHMMeTpiH oTcyTCTByK)T'i>. Kajman rpaHb Kpn- 

cTajuia Haxou,HTC5i btb euHHCTBeHHOiNrb HHĆjHb h oópa3yerb npo- 

cTyio (|)opMy „n en iom A  Bt> 3aBHCHMOCTH ott. nojiojKenm otho- 

cHTejibHO KpHCTajiJiHHecKHx,b ocen, bo3MO)khłj cjirk,ryiomiH ne- 

flioHbl.

{ h k l } n e j u o H T .  4 - r o  p o n a  1),

{ 0  k l } I l e j i i o H T ,  i - r o  p o j i a .

{ h o  1} I l e f l i o H T ,  2 - r o  p o n  a.

{  h k 0 } I l e j i i oHTb  3 - r o  p o j t a .

{ 1 0 0 } I l e p B b i H  ne j i i oHT j .

{ a  f  0 } B t 0 p 0 n n e f l i o H T .

{ 0 0 1 } T p e T i i i  n e ni  0 h t >.

0 6 bII<HOBeHHO nefliOHbl Cl> OflHHaKOBblMH HHJ3,eKCaMH, HO pa3- 

jiHHHbiMH 3HaKaMH BCTpisHaKDTCH BM^crfe, oópa3yn KaKT. 6bl nH- 

HaKOHjibi, ho oTJiHHHTb Tanie KpHCTaJlJIbl ott> nHHaKOH,n,ajibHai o 

KJiaeca B03M0MH0 , HSCJI f̂lyH (|)H3HHeCKiH CBOHCTBa nJIOCKOCTeft 

TaKHXrb nHHaKOHflOBT̂ : bt> cjiyKa^ npHHa,n,Jie>KHO'CTH HXT> KT> aCHM- 

MeTpHHecKOMy KJiaccy, ohh oóriapyjKHBaioTb pa3JiHnie.
IIpHM^pOMT, MOryrb CJiyiKHTb: (rfepHOBaTHCTOKHCJIŁIH Kajibmn

i )  TaKHX'B neAioHOBt ci, HHaeKcaMH h k  1 bo3mojkho BOceMb,
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Ca2S2036H20 (pHC. 172), yncycHO * a30TH0KHCjibiH CTpoHiijH 

Sr(C2H 3 0 2 )2Sr(N 0 8) 2 3H 20  K ^P-

Phc. 172.
SI

A B O H H M K H .

S thmt HMeHeMTa Ha3biBaiorb cpocTOKa. b i> Henapajuiejib- 

homt nojiornemu ,n,Byxrb OflHHaKOBbmT, KpHCTajuiHnecKHX'b He- 

a^jiHMburb no onpefl-fejieHHOMy 3aKOHy. 3aKOHHOCTb cpocTamn 

BbipamaeTcn pa3JiHHHbnvrb oópasoMT, ho Bceraa HejrfejiHMbiH, 

o6pa3yionj.iH hbohhhkt, Harfeiorb, no Kpaimen M^p^, ojmy o 6- 
m , y kd njin napajuiejibHyio Of l HOHMe HHy i o  KpHCTajijnmecKyio 

njiocKocTb, hjih p e 6 p o, Jiemam.ee bt> naHHOH njiocKOCTn. Kanm 

njIOCKOCTb, TaKTj H peópo HJIH npHCyTCTByKDTb Bb JiaHHOMT 
KpHCTajui^, hjih ecjiH hxt> h mfcrb, to omfe KpHCTajuiorpa(|)H- 

neCKH B03M0>KHbI. TaKT>, HBOHHHKOBblH KpHCTaJIJIT. THnca 

(pHC. 173) MOJKHO pa3CMaTpHBaTb KaiCb XtBa Hea,rfejIHMbIXT), no- 

cTaBjieHHbixrb OTHOCHTejibHO npyra. npyra nonoÓHO npe^MeTy 

h ero H3oópamemK) b i  sepnaji^ (pnc. 174) h cpocniHxcH no 

njiocKocTH, nepneHflHKyjmpHOH njiocKocTH nepTema; TaimMT. 

oópasoMT, 3Ta njiocKocTb, xoth h He cymecTByiomafl Ha ot- 

jrfejibHbmT HejrfejiHMbDTb rnnca, ho Booóme B03MomHaa hjih



KpHCTajIJIOBR, MOHOCHMMeTpHBeCKOlł CHCTeMbl H Ha3biBaeMaR 

nepBbIM1> nHHaKOHJJOMR, { I O o } ,  RBJIReTCR flJIR CpOCfflHXCR H eflP- 

jiHMbixR> o ó m e io ;  npH H em b br. H en br, napaJiJiejibHOMR. n o jio m e -  

h m  jieataTR . p e ó p a ,  o ó p a 30BaHHbiR n e p e cp R e m e M R , njiocKO CTH  ni/ 

cr. n jio cK O C T bio  b ' h  njiocKO CTH  m  c ”b  nJiocKOCTbK) b. O R e - 

bhj;h o , rto  Hefl^fejiHMbiH flBOHHHKOBaro K pH CT ajuia pacnojio>KeH bJ 

COBepmeHHO CHMMeTpHRHO OTHOCHTejIbHO IUIOCKOCTH { I O O }. 

3 T a n jiocK O CT b H a3biBaei'CR abohhhkobopi n jiocK O C T bio. J Iim iR , 

nepneH R H K yjiB pH aR  kr . ^ bohh h ko bo h  njiocKOCTH, Ha3bm aeTCR 

ti,bo h h iik o bo h  o c b io  hjih o c b io  B p a m e m R . O H a  saM ^ R aT ejibH a 

TisMR., RTO, nOBepTbIBaR B O K pyrR . HeR OflHO HeR.tjIHMOe flBOH- 

HHKa, mo>kho  npH BecTH  h xr> br, n a p a ju ie jib H o e  n o jio m e m e . B p a -  

m e m e  bto  R a m ę  B c e r o  Hy>KHo n p o n 3 B ecT H  Ha i8o°. P e ó p a  h 

y r jib i, nojiyRaiO H j,iecR n e p e cp R e m e M R . ru iocK O C T eft a,ByxR. c p o -  

CTaiOtU,HXCR Hejl.rfejlHMbIXR,) Ha3bIBaiOTCR flBOHHHKOBblMH. O c O - 

óeHHO x a p a ^ T e p H b i r,jir abo h h h k o br . b x  o jx r tu, i e y r jib i.

n o  xapaK Tepy  cpocraH iR  flBOHHHKOBbie KpucTajuibi a P jirtr. 

Ha abP  rpynnbi: i )  r b o h h h k h  cpocTaHiR h 2 ) jjbohhhkh npo- 

pocTaHiR. Br, nepBbixR> njiocKOCTb, KOTopofi conpHKacaioTCR 

JipyrR, CR, flpyrOMR, HeaPjIHMbIR, Ha3bIBaeTCR nJIOCKOCTbK) cpo -
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CTaHifl; OHa OÓbIKHOBeHHO BBJIHeTCH BT> TO >Ke BpeMB H flBOH- 

HHKOBOHD nJIOCKOCTbtO; IipHlTfepOMTb MOryTTa CJiyjKHTb yK a3aHHbie 

ceftBac-b flBOHHHKOBbie KpHCTajiJibi runca, ojiOBBHHaro KaMHH,

UinHHeJIH H MH. np. ( cm . h h >kc ).

P i5>Ke flBOHHHKOBaa HJiocKOCTb He coBnajiaeTTb ct* ruio- 

cKOCTbK) cpocTam a. IIpHM ^poM Tj MoryTT. cJiyamTb .ubohhhkh  

MHHepa jia  caHHaHHa K20 (Na20 )Al20 36Si0 2 (pnc. 175)- 3 flrfecb

Phc. 175.

ftBa HeK-feJiliMbia oaHOKJMHOM-fepHoft cHcTeMU cpocTatoTca hjio- 

CKOCT3MH BTOPOFO IIHHaKOHaa { 0 1 0 }  M, nOBepHyBUIHCb OSHH-b 

oTHocHTeJiBHo a p y r o r o  na i8o» B O K pyn , nepneH anKyaapa Kb 

BOSMOWHoft nJiocKOCTH nepB aro nHHaKOiiaa { i  o  o } ,  KOTopuii u 

aB jifle tca  T a n m  oS p a so M t aBOHHHKOBOio iu io cko ctb io  (K a p a ć - 

ÓaaCKift 3aKOHT>).
Bl> flBOHHHKOBb^T, KpHCTaJIJiaXT, BTOpOTO THHa OflHO He^lS-

jiHM oe, H axoflB C b b t> jtBOHHHKOBOMT* n o jio jK e m n , n p o p o c T a e r b  

flp y r o e ,  n e p e x o flH s a  uBOHHHKOByio r p a n u n y .  T a ic b  H anpH M ^pa,, 

ecjiH  UBa Hea^JiHMbiH, o ó p a s y io m iH  n so ó p ajK eH H b in  Bbirne uboh- 

h h k t > r r n ic a , n p o p a c T y r b  flpyrT> n p y r a  n o  H a n p a B J ie H u m  M M t 

H NNt (pHC. 173), T0 nOJiyHHTCH flBOHHHKT. n popO C T am H , H30- 

6pa>KeHHbm Ha p n c . 176. n o n o Ó H b iił H<e c jiy n a H  n p eacT aB JiaeT T ,
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phc. 177, H3o6pa)Kaiomift » bohhhki, npopocTamH MHHepaaa
CTaBpOJIHTa pOMÓHBeCKOH CHCTCMŁJ.

JIOBOJIŁHO OÓblKHOBeHHblMT, HBJIJieTCfl CpOCTaHie BO OflHOMy 

h  TOMy >Ke flBOHHHKOBOMy 3aKOHy He flByxnb, a Tpexn>, neTbi- 

pexa> h  óojrfce Hefl'fejiHMbixib; Tanie flBOHHHKOBbie cpocTKH Ha3bi- 

BaK)TT> HO HHCJiy HejpkJinMblXT> TpOHHHKaMH, HeTBepHHKaMH... H 

B ooóm e noJMCHHTeTtiHecKHMH flBOHHHKaMH. P hc. 178 npeTCTaB- 

jiaeTT> TpoHHHKOBbiH KpncTajurb pyTHJia T iO a, npHHajmewauuft

P hc. 178. P hc. 179.
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KBaflpaTHOPT CHCTeMrfe; BT> HeMT> CpOCJIHCb TpH HeflisJIHMŁIB, n pn - 

qeMTb flBOHHHHOBOH nJIOCKOCTŁIO H nJIOCKOCTBK) CpOCTaHifl CJiy-

TK U Tb njiocKocTb nHpaMHjybi 2-ro pona {  i  o i  }; pnc. 179 npejt- 

CTaBjiBeTTj nBTepHHKTj MpflHaro KOJine^aHa (nBaupaTHon ch- 

cTeMbi), bt> KOTopoMT^ 4 mipaMHjiajibHb^T, Heji,rfejiBMbix'b pacno- 

jio>KHJincb Ha pe6pax,b Tanoro me— rarraro. OneHb nacTo He- 

JTfejIHMblH, COCTaBJIBIOmm nOJIHCHHTeTHHeCKm flBOHHHHT., HBJIH- 

FOTCH CHJIbHO yKOpOHeHHblMH no U.BOHHHHOBOH OCH, TaHT> HTO 

rpaHHUbi Memny hhmh npejicTaBJiBioTCH bt> BH.mfc óojrfee hjih 

MeH^e rycTofi napaJUiejibHOH ihtphxobkh; Tanie jibohhhhh Ha- 

ÓJHoaaioTCH y  apparoHHTa, C a C O s (poMÓnnecnoH cHCTeMbi; 

pHC. 180).

P hc! 180. Phc. 181

HHor.ua UBOHHHKOBbie KpncTajuibi, o 6 pa30BaHHbie no onpe- 

mfeJieHHOMy aBoiłHHKOBOMy 3aK0 Hy, cpocTaioTcn Memjiy coóoio 

no ApyroMy flBOHHHHOBOMy 3anoHy; Tanie cpocTnn Ha3biBafoTCH 

UBOHHHnaMH Bbicmaro nopnana; pnc. 181 npejtcTaBJineTT. no- 

jcoÓHbin B,BOHHHnoBbin npHCTajunb, npHHaujiemaiuin jiaópa^opnTy; 

bt> HeMT> npHCTajuiHMecnie HHjjHBHnyyMbi cpoc.TiHCb no Tanm 

Ha3biBaeMOMy ajibónTOBOMy 3anoHy; rpaHHna Memay Hejpfejm- 

MbiMH P t, P 2, P 3, P 4, P 5 BbipamaeTcn napajuiejibHoio mTpHxo-
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BaTOCTbio Ha njiocKocTSDTŁ { o o i  }*, ho, KpoM f̂e 3Toro cpocTamn, 

nojiyneHHbie TaKHMt o6 pa30Mi> nojmcHHTeTHHecKie jibohhhkh 

cpocTaKDTca eme no Tana. Ha3biBaeMOMy KapjicóajtcKOMy 3aKOHy 

[flBOHHHKOBOIO miOCKOCTblO CJiymHTb { i o o } ,  a HJIOCKOCTbK) 

cpocTamn {  o  i  o } ]  h óaBeHCKOMy [ubohhhkobok) njiocKOCTbio h 

nJlOCKOCTbIO cpOCTaHin CJiyyKHTT* {  o 2 I  }].
Ba> H^KOTopbixT, cjiyn a^ a, noJHiCHHTeTHHecKoe flBOHHHKOBoe 

o6pa30Bame bt> pe3yjibTarfc f la e r t  (j>opMy Bbicmen cHMMeTpin 

CpaBHHTeJIbHO CTa CHMMeTpien OT/rfejIbHblXT> HefffejIHMHX-b. no- 
aoÓHbifi npnidbp^ npeflCTaBJiBKDTTb TpoHHHKH npopocTama poM- 

6HH.ecKHxa> KapóoHaTOBa>: aparoHHTa (pnc. 182), BHTepHTa 

(pnc. 183 h 184), KOTopbie hm^ iottj reKcaroHajibHbin bhjtb. 
HacTH, npHHajuiemamin pa3jmHHbii\rb HejrfcjiHMbBrb, oóo3HaneHbi

Phc. 184.
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pHMCKHMH U,H(f)paMH. TaKie KpHCTaJIJIbl Ha3 LIBaiOTC51 MHM6TH-

' l eCKHMH.
,H,BOHHHKOBOe nOJIOmeHie KpHCTaJIJIHHeCtn^T) HejrfsJlHMbram 

noBBJiBeTca hjih B”b caMbin MOMeHTb Hamana KpHCTajIJI0 0 Ópa3 0 - 

BaHia, hjih, Kaia> óbiBaerb bt> H^KOTopb^Jb cjiyHaHXT>, B0 3 HH- 

KaeTił ropa3 flo nosmrfce, nonm BjinmieM^b naBjiemH h nepeftrfcHm 

TeMnepaTypbi. B o 3 HHKHOBeHie HBOHHHKOBaro pacnojiomeHifl He- 

irfejiHMbnrb noam BJiiaHieM^ naBjiema bt> nepBbiH pa3m óhjio 

aaidbneHO Ha KajibHnrk KaKJb HoKa3ajiH II(f)a(f)(fnb h PeftHTb, 

mpncTajurb KajibHHTa orb  naBjiemH oÓHapyjKHBaerb njiacTHH- 

naToe cjiomeme, npHHeMm njiacTHHKH paenojiaraioTCH Brb uboh- 

HHKOBOMb. nOJlOIKernH OTHOCHTeJIbHO HJIOCKOCTH OTpHHaTeJIb- 

Haro pOMÓOSUpa {0 2 2 1 }; nOCJrfe.n,HHH HBJIHeTCH flBOHHHKOBOK) 

njiocKOCTbio h njiocKocTbio cpocTaHia.

OB-b H3MtPEHM YMOBTj KPMGTA/1/I0BT>.

HapyjKHblH BHH1> HaTypaJIbHbDTb KpHCTaJIJIOBTb OÓbIKHOBeHHO 

BecbMa najiemb cnrb Toro cHMMeTpHHecKaro BHua, KOTopbin 

npennojiaraeTCH hjih hhxt> bt> KpHCTajiJiorpa(|)iH. H e CMOTpn 

oflHaKO me Ha BC-fe HenocTOHHCTBa 3 Toro HapymHaro BH.ua, He 

CMOTpn Ha Bcfe ero ypojyiHBOCTH, omuocumejibHoe noMoweme 

ruiocKOcmeu es npucmajuiaom, a cjrfeucTBeHHO h 3aBHcaiH,aH o rb  

^  Toro eejimuua Kpaeeuxb u  njiocKuxb yuioeb, Booóme roBopu, 

OCTaiOTCB nOCmOHHHUMU. KoHeHHO, nOCTOHHCTBO 3 TO HMjfceTb. 

jyrfecTO TOJibKO npn ouhoh h toh me TeMnepaTyp^, npn ojiHHa- 

kobomT) xHMHHecKOM'b cocTaB^, h Korna He óyneTm npHjiaHO 

óojibuioro 3HaqeHin HlmoTopbiMib HeóojibmHMb. aHOMajiiuMb..

Hramb, enHHCTBeHHbie nocTOHHHbie sjieMeHTbi HapymHaro 

orpaHHHemH HaTypajibHbixT. KpHCTajmoBb, cyTb: KpaeBbie h 

nJiocKie yrjibi; nosTOMy HeynHBHTejibHO, hto hxt> npHHHJiH 3 a 

Tdb sjieMeHTbi jura HaóJiioneHiH, Ha KOTopbiKm ocHOBbiBaioTcn 

BblHHCJiefflH KpHCTaJIJIHHeCKHXrb (JjOpMb,. TaKb, KaKb> H3Mi3pHTb



njiocKie yrJiti, no pa3HHMi> npHHHHaMT, (cjihiukom-l Majion BejiH- 

q'HHU KPHCTajI-]IMBecKHX'Ł ruiocKOCTeft, HenpaBHJibHaro oópa3o- 

BaHia KpaeBLixT> JiHHin h zip.), flOBOJibHo HeyfloÓHo, to bt> Ha- 

cToamee Bpena óojibmeio aacTiio H3MispaioTca tojiłko ojihh

k p a e b bi e yrjibi, a ruiocKie H3T> 3Thxt> nocjipjimnrb bbibh- 
cjiaioTca.

Hsartpeme .naHHaro KpaeBoro yrjia, T.-e. H3MppeHie B3anM- 
Haro HaKJiOHema flByx-b aaHHbixT> ruiocKOCTen, Modern ÓbiTb 

npoH3BefleHo no pasjiHHHbiMT, MeTOflaarb. HHCTpyMeHTbi, yno- 

TpeóJiaeMbie fljia stóh iykim, Ha3biBaioTca r o  H i o M e T p a M H  

HJIH y r j i O M ^ p a M H .  B c i  ronioMeTpbi mo>kho pa3jtfjjiHTb Ha 

a,Ba KJiacca: ronioMeTpbi n p H K a c a T e j i b H b i e  n romo-

Me rPŁI -11 y  11 e ° t p a ;k a t e ji b h bi e (hjih npocTo o T p a w a -  
t e ji b h bi e).

riocpeacTBOMT. JiyqeoTpaa;aTejibHbix^b HHCTpyMeHTOBT, mo;kho 

aocTHFHyTb HecpaBHe-HHO óojrfee ToqHbixT> pesyjibTaTOBT,, He- 

/Kejin nocpeflCTBOMT, HHCTpyMeHTOB-b npHKacaTejibHbixT>, nosTOMy 

nocjiisame ynoTpeójiaioTca jinnib Toraa, nor.ua oócToaTejibCTBa 

He ho3bojihk)tt> ziJia H3jvrbpema npHMisHHTb JiyaeoTpa>KaTejib- 

Haro romoMeTpa, hjih Koraa o r t  nsM^pemił He TpeóyeTca
ÓOJTbHIOH TOHHOCTII.

n p H K a c a r e j i b H b i H  r o H i o M e T p t  K a p a H w o  hstoto- 
BJieHT, btd 1783 rojiy K a p a n m o ,  no HaeP P o m e e  - JI h ji a.

I JiaBHpHuiia Baera onncbmaeMaro ronioMeTpa, KOTppbifi 

npeflCTaBJiem, Ha cfmrypP 185, cyTb: nojiyKpynb 11 jiHHeHKH. 

Bojibuieio aacTiio nojiyKpynb fffcjiaeTca hstb m ± h h , a jihhchkh 

h3 b CTajiH. PIojiyKpyra. pa3jrfejiaeTCH Ha 180 aacTen hjih rpa- 

xiycoBT>. rio He3HaaHTejibHOH cTeneHH tohhocth H3MppeHuł, 

JiaBaeMbixT> HHCTpyMeHTOMT,, Tanoro rpyóaro jrfjjiema coBep- 

mem-io jtocTaTOHHo; BnpoaeMT, HHoraa Kapanin rpaaycT, eme 

noflpasfffejiaerca Ha j x b ± aacTn hjih nojiyrpaaycbi. JlnHeta Ha- 

Jio>KeHbi ouHa Ha apyryto h npiurfejiaHbi kt, jłyrp  TaKTb, Kann 

HonasaHo Ha (fmrypP 185; hst, hhxt> oaHa ab moh^ tb  hmP tb



tojibko ojiho nocTynaTejiBH oe p H ff le m e  B3ajTB H Bnepejm , a npy- 

raa  cd— nocTynaTejiBH oe h BM-fecrfe c b  t^ m t  BpamaTejiBHoe kbh- 

ateme. Ba. neHTpd; HaxonHTca bhhtb co mjianKOK) w, a npn Hanajrfe 

n yrn  (O  jrkneHia)— mnHHeKT e, He ,n,03BOJiaiom,iH jiHHemdb ab no- 

jiyBHTB Bpam aTejiBHaro juBnatema. Ha BTopon jiHHeHKis cd Haxo-

Phc. 185.

Hhtch jie3Bee, ocTpBift Kpan dg KOToparo, óynynH MBicjieHHO 

npoflOJimeHa., HenpeM^HHo nojia ieH T  npoxojxiiTB a e p e 3T> neHTpT w 

HHCTpyMeHTa ( h6o tojibko b t  stomt. c jiy a a ii JiHHeHKa óyn eT T  

noKa3BiBaTB B^pHoe hhcjio rpanycoBT,). K o rn a  ueHTpajiBHBift 

bhhtb w saKpisnjieHT, Torna 06^5 jiHHeftKH ocTaioTca HenonBHai- 

hbimh; HanpoTHBT Korna neHTpajibHBiH bhhtb w ocjiaóJieHT, 

T o m a  nepBaa JiHHeHKa ab (n o  npiiHHH^ Haxonam,Hxca nocpe- 

nHĤ fe ea  BBipi^OKT.) MO)Kerb óbitb nonBHHyTa B3ana> h BnepejrB, 

bt> HanpaBJieHiH ea hjihhbi, a BTopaa JiHHeHKa cd moikctb óbitb 

KBHraeMa TaKaie B3a,CB h BnepejTB (TaioKe no npHHHHis Haxo- 

nam aroca  b t  Hen BBipdbsa), h Kpoadb T o ro  n o jiy a a e rB  Bpaina- 

TejiBHoe nBHmeHie okojio neHTpajiBHaro BHHTa w, Kam , okojio 

OCH. TaKHMT. 0 Ópa30MT>, KOHHBI bw H CW OÓrbHXrB JIHHeeKT MOHIHO 

ynjiHHaTB hjih yKopaaHBaTB no npoH3BOjiy.

ynoTpeóaem e 3Toro npocToro HHCTpyMeHTa oaeBHKHO H3T. 

ero ycTpoficTBa. H 3 ivrfepaeMBiH yro jirB KpncTajuia noM^inaioTT.



riJIOTHO Me>Kfly aByMH HHHeHKaMH, BT> npOCTpaHCTBO cwb ( cm. Ha 

(|)Hr. 185), h noTOMTb CHHTaioTT> HHCJio rpaaycoBa>, noKa3 biBaeMoe 

jie3BeeMi> jihhchkh cd Ha jjyrb  a^JieHin.
Hroóbi nocpejiCTBOMTb roHioMeTpa K a p a H f f i o  mojkho óbuio 

nojiyHHTb pe3yjibTaTbi, yaoBJieTBopHTejibHbie HacToabKO, na- 

CKOJibKO fl03B0JiHerb caMoe ycTponcTBO HHCTpyMeHTa, Heo6xo- 

AHMO coóaioaaTb caPayiomiH npaBHJia:
1 )  r i0 B e p X H 0 C T b  H H C T p yM eH T a, n p H  H S M p p e m H , flOJUKHa

óbiTb n e p n e H T H K y j i a p H a  k p a e b o h j i h h i h , hjhi

Kb oópHMa* hjiockocthmtj, oópa3yioiHHMa> KpaH.

2) JlHHeHKH cbohmh KpaaMH jiojDKHbi naoTHO npHJieraTb K"b 

nJiocKOCTBMa, H3 MppaeMaro KpaeBoro yrjia.

J ljm  yaoBaeTBopema nocjrbimeMy ycaoBiio, nojie3 HO aepa<aTb 

HHCTpyMeHTrb h KpHCTajurb npoTHBa> CB^Ta. Ba> stomtd cjiyna-fe 

cTaHOBHTCH saMpraPe yKJlOHeHie noaoKemH aHHeeicb oTa, no- 

aojKema njiocKOCTen.
PasyM^eTCH, óoabmaa hjih MeHbuiaa ToaHOCTb H3MppeHm 

3aBHCHTa> TaKHie OTa. óojibmaro hjih MeHbmaro coBepmeHCTBa 
h BejiHHHHbi KpHCTajuia. HpMa. hjiockocth KpncTaaaa 6yayTa> 
poBHpe H HpMa, ohP óyayTa, saHHMaTb óoabmee npoTHjKeme, 
Ti5Ma> HSMppeme MO}KeTa> óbiTb yaoBaeTBopHTejibHpe. Bo bcb- 
KOMib cayaaP, cjiHiHKOMa> ToaHbixa> pe3yabTaTOBa> nocpeacTBOMa. 
romoMeTpa KapaHWO aocTHrHyTb HeB03M0 }K0 . llpu caMbixa> 
6jiaronpiBTHbixa, o6cTOHTejibCTBaxa», h npn Bbmoa^ cpeanHxa> 
BejiHHHHa. H3a. MHornxa> HaójnoaemH oaHoro h Toro H(e yrjia, 
MomHO TOBecTH oiHHÓKy oth. H3MrfepeHia eaea ao =t V2 rpaayca; 
oóbiKHOBeHHO me oiHHÓKa npocTHpaeTCH ao oaHoro Han aa>Ke 

ao HrfecKoabKHxa> rpaaycoBa..

JlynieoTpaaEaTejiBHHH roHioMGTpB BojuiacTOHa.

ycTpoHCTBO ronioMeTpa B o j u i a c T O H a  ocHOBaHO Ha ot- 

pajKemn ayaen cBpTa oTa. óaecTHHi,Hxa> naocKOCTen KpncTaa-



jioetb, noneMy romoMeTpb stott. h Ha3 biBaeTCH j i y n e o T p a -

J K a T e J I b H b l M T j .

OTpamaTejibHbiH r o m o M e T p b  B o j i J i a c T o H a  ycTpoeHb 

TaKb, KaKTa noKa3aHO Ha (fmryp^ 186. M^THbiH Kpyn> 

( o ko jio  3 BepiiiKOBTa Bia niaMeTp^) pasjrfejieHb na 180 rpajiy- 

c o b t>. K a a m b iii r p a j iy c b  no.npasirfejiHeTCH HHorjia Ha jijbI s nacTH, 

T.-e. n o jiy rp a a y c b i,  a HHor.ua, hto eui,e jiy n iu e , Ha Tpn  nacTH . 

H om ycb nn (npHKp^njieHHbra nocpejicTBOMb m^ ahoh njiacTHHKH

Piic. 1 8 6.

kt> nepe^Heft hożkk^  cTaHKa) cjiyHOiTb juui onpejrkneHui mh- 

HyTb. n PH HOHiydb HaxojwTCfl: umpMa i h Jiyna k; nepBan 

fljia yćtpaHemH oTÓJiecna, a BTopan— juih Toro, h t o ó w  nepTbi 

MejiKaro jpfejiema cfffejiaTb, Hpe3b  yBejnraeme, yuoÓHbiMH jijih 
spania. Ocb a n y c T a a  h cnaómeHa pyKOHTKOK) S (btb BHjrfe 

Kpy>KKa, cb 3a3y6peHHbiMH KpanMH). 3 Ta ocb a h MiflHbii



Kpyra V  cjrkuaHbi H3a ojiHoro h Toro >Ke Rycna m̂ hh; Ba 

npoTHBHOM^L cjiyna^ ocb a npHnaaHa Ka Kpyry V; cjrfe.11,0- 

BaTejibHO, Ba. oóoHxa cji}7MaHxa coeaHHeHa ca. HHMa HenonBHKHO. 

Ocb a BCTaBjieHa Ba oTBepcTie cTaHKa, ycTpoHBaeMaro pa3 - 

jiHBHbiMa. oópa3 0 Ma; ho>kkh ero yTBepMfleHbi Ha noncTaBK^ p, 

cToameH Ha Tpexa HO}KKaxa. OflHa H3a  HOJKeKa noncTaBKH, 

nocpeacTBOMa. BHHTa q, MO>KeTa óbiTb ynJiHHaeMa hjih ynopa- 

HHBaeMa. IlycTaH ocb a Ba. oTBepcTiH CTaHKa BpamaeTca cbo- 
óohho; cKB0 3 b Hee npoxoj],HTa. cnjioiuHaH ocb b KpHCTajuioHOCHa, 

CHaÓHieHHaa pyKOHTKOio T  (Ba, BHjrfe Kpy>KKa ca 3a3yópeH- 

HbiMH KpaflMH, Ĥ fecKOJibKO MeHbuiaro ^iaMeTpa npoTHBa 

Kpymna S). CiuiomHaji ocb b KpHCTajuioHOcua Ba nycToii 

och a Kpyra BpamaeTca ca T p e H i e M a ,  BCjrbncTBie KOToparo, 

ecjiH noBopaaHBaTb nocpencTBOMa pyKOHTKH S nycTyio ocb a, 

to BMiscafe ca  Heio óyn.eTa BpamaTbca h cnaoiHHan ocb b. 

HanpoTHBa, ecjiH noBopaaHBaTb nocpencTBOMa pyKOHTKH T, 

cnjioiHHyio ocb b KpHCTajuioHOCHa, to nycTaa ocb a, a cjrfeno- 

BaTejibHO, h npyra j^knema, óynyTa ocTaBaiaca HenonBH>KHbiMH. 

K a  oaHOMy KOHHy och b (npoTHBonojiojKHOMy TOMy, Ha koto- 
poMa Haxoa,HTca pyKOHTKa T) npHKprfenjieHa nyra c. B a  nyrb c 

HaXOflHTCH OTBepcTie, CKB0 3 L KOTOpoe npOXOa,IITa CTepjKeHb, 

BpamaiomincH ca TpeHieMa h OKaHHHBaiom,iHCH ca ohhoh cto- 
poHbi i<py>KKOMa g ca 3a3yópeHHbiMH KpaaMH, a ca npyron 

mjianKOio f Ha KOTopyio, nocpe^cTBOMa Bocna, yKp^nnaeTCH 

HSM̂ fepHeMbiH KpncTaajia. OaeBHao, hto bo BCHKOMa nojio- 

jKemn cnjiOHiHOH och b, Haca>KeHHOMy KpncTajmy, noMombio 

nyrn c h cTepmHH fg, mohcho cooómaTb pasHbiH n,BH)KeHifl. 

T a n a  Kana no ycrpoiłcTBy HHCTpyMeHTa och a h b nepneH- 

jlHKyjiapHbi i<a Kpyry jrfejieHiH, a 3 TOTa nocjrfeflHiii nepneHjiH- 

KyjmpeHa Ka noBepxHocTH noncTaBKH p, to Korna noncTaBKa 

3Ta óyneTa npHBeneHa Ba ropH3 0 HTajibHoe nojKmeme, Tor.na 

Kpyra jrfejiem a óyneTa cTOHTb BepTHKajibHO, a och a h b 

r 0 pH3 0 HTajIbH0 .
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Hsidbpeme naHHaro flByxrpaHHaro yrjia KpHCTajiJia ocHOBaHO 

Ha cjrfcuyiomeMa.:
IlycTb Kpan, oópa3 0 BaHHbiH nepec^nemeMa. n.Byxa> KaKHxa>- 

HHÓyn,b njiocKOCTeH KpHCTajiJia CD h CE, coBnaflerb coBep- 

meHHo ca. reoMeTpHaecKoio ropH3 0 HTajibHOio ocbio roHioMeTpa, 

KaKa> sto npejicTaBaeHO Ha (f)iiryprfe 187. E cjih aenepb mbi 6y- 

fleMa. noBopaaHBaTb npyra. jrkjiemfl bm^ ctE ca. KpncTaJiJioMa> 

(no HajyiemameMy HanpaBJiemio), to oaeBHjiHO, hto Koraa 

naocKOCTb CE npHaeTa. Ba. nojiomeme CF ( cm. pnc. 187), t . e.

Phc. 187.

aa. to caMoe nojiomeme, bt. KOTopoMa, HaxoflHJiacb nepBOHa- 

aaabHO naocKocTb CD,— Tor.na Kpyra. jpfejiema onniueTa. ayry, 

H3irkpfleMyio yrjiOMa. W, KOTopara ecTbl n o n o j i H H T e j i b H b i H  

y r o j i a .  no  1800 H C K O M a r o  t b  y  x r  p a h h a r o y r j i a  V 

KpHCTaj iJia.  PiTana., Bce 3 aTpyflHeme cocTOHTa. npeHMyme- 

cTBeHHO Ba. oTbicKaHiH cpeflCTBa, nocpejicTBOMa. KOToparo bo3- 

motkho Óbi Óbuio: n p h b e c t h  B T o p y i o  n j i o c K o c T b  CE 

m a t e m a t hh e c k  h Ba. t o  m e c a M o e  n o ji o jk e h i e, Ba, 

K O T o p o M a .  h a x o n, 11 Jiacb n e p B O H a a a J i b H O  n e p B a a



nJiocKOCTfc CD. 3 to cpencTBO HanneHO Ba oTpaatemH npejx- 
MeTOBa, nana b^ 3epK.ajrfe, OTa 6jiecTnm,Hxa nnocKOCTen, oo- 
pa3yioiii.Hxa Kpaft H3]vrfep5łeMaro TjByxrpaHHaro yrjia KpHCTajuia, 
a romoMeTpa Boj iJiacTOHa n,o3BOJi5ieTa BecbMa ynoÓHO 
nojit,30BaTbC5i 3THMa cpe^cTBOMa. npHHUHna OTpałKemn Jiyaeii 
CB̂ feTa npHM^HeHa na roHioMeTpy Bo j u i a c To n a  Ba cjrfeTyio- 
m,eMa cMbicjrfe: nojionniMa, bto oTa ynajieHHaro npejiMeia hjih, 

Kana roBopnTa, c h r h a ji a A  (pnc. 187) Jiyna CB^Ta naaaeTa 
Ha KpHCTajuiHHecKyio rmocKOCTb CD Ba TOBKrfe C, jiemameii ripri 

caMOMa Kpa-fe. OTOTa jiyna 0Tpa3HTcn OTa noMHHyTon iijiocko- 

cth no nsB̂ fecTHOMy 3aKOHy 0Tpa>KeHin (yrona nanema paBena 
yrny oTpa/Kema) Ba HanpaBjiemn CO , n rjia3a, HaxojyimmcH 
Ba tohbis O, yBHAHTa oTpajKeHHbin cnmajia A  Ha nponojme- 
Hin oTpaa^eHHaro Jiyna Ba Tonmfe B. E cjih Tenepb, He H3MfeH5W 
nojiojKemn rjia3a, noBopaBHBaTb Kpyra jrfejiemn (no HanJie/ica- 
meMy HanpaBJiemio) no rfexa nopa, nona OTa BTopon nnocKO- 
cth CE  cnraana A  oTpa3HTcn Ba TOMa >Ke caMOMa HanpaB- 
jieHin CB (t . e. Korna oTpaateHHbin cnmana A  óyneTa bh- 

THMa cHOBa Ba tobk^  B), to Ba 3TOMa cjiyna^b BTopan nno- 
CKOCTb CE  3anMeTa oneBHUHO, MaTeMaranecKH to we caMoe 
nojiomeme, Kanoe 3aHHMajia nepBan nnocnocTb CD, n yrona 
rioBopoTa Kpyra W óyneTa paBeHa nonojmemio to 180 hcko- 

Maro yrjia KpncTajuia V, t. e. V = i8 o °— W.
Bbimeo3HaBeHHan MeTona TpeóyeTa yTOBJieTBopemn cjrh- 

TyiomHxa ycjioBin:
1) K paeB an  jinm a nojiwHa óbiTb r i p n H a p o B J i e H a  ( „ iocth- 

poBaHa“ ), t . e. neprieHTHKyjinpHa n a  nnocKocTH K pyra , hjih, 
bto Bce paBHO, napajm ejibHa och rom oM eTpa.

2) OTa KpaeBan jramn, BM^fecrfe c a  rfeMa, nojUKHa óbiTb xo - 

porno n e H T p n p o B a H a ,  t . e. npoxoTHTb Bpe3a  neH Tpa K pyra  

jrfcjiemH rom oM eTpa.

3 ) OTpa>KeHHbin Jiyna cBirra, npH o ó o H x a  Ha6jnoneHiHxa, 

TOJimeHa HM^Tb MaTeMaTHnecKii otho h to w e  no jiow em e.
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4) BbiópaHHLm aaa oTpaHtema cnrHajit h KpHCTaaaa. aoaawbi

HaxoflHTbCH BTb o,hhoh h  to h  >ne njiocKOCTH, napaaaenbHOH 

KPyry  roHioMerpa.

5 ) OTpaHfeme, bo BpeMH o6onxa> HaóatoaeHm, aoanmo npo- 

HcxoflHTb npn caMoft KpaeBOH jiimin, bana. oto noKa3aHO Ha 

puc. 187.

U j m  TOTO, HTOÓbl nOKa3aTb, KaKHMT. 0 Ópa3 0 ftTb flOJl}KHO 06- 

pamaTbca ca> roHioMeTpoarb B o a a a c T O H a ,  omimeMb caMbin 

xoaa> HSM-fepeHia. IIojiojkhmt., TpeóyeTca H3ivrfepHTb KpaeBOH 

yrojia> KOHeaHaro npaa poMÓooapa H3BecTKOBaro mnaTa. Ha 

npaKTincfe nocTynaioTa. ca^ayiomHMa* o6 pa3 0 MT>:

HHCTpyMeuTT. noM^maroTTj Ha Henoa,BH}KHO ctohlluh ctojtb.

ToHiOMeTpTb CTaBHTCH npej],a. OTKpblTbIMH> OKHOMT., Hpe3T> KO- 

T op oe  mojkho BHjrfeTb BecbMa yaaaeHHbie npeaMeTbi (naKOBbi: 

KpecTa, uepKBH, (f)aiorepa>, h  t . n.). K p y ra . a^n em a  aojimeHa> 

óbiTb ycTaHOBJieHa> BepTHKajibHO h no bo3mo>kh o c th  nepneH- 

aHKyaapHO na, noBepxHOCTH o k h h . E cjih oTKpbiTb o kh o  

HeyaOÓHO, TO MOżKHO OTpaHHHHTbCa KaKHMTi HHÓyflb 3Ha- 

k o m t ., HaKJieeHHb]Ma> Ha ctckji^  OKHa, ho aa. otom t>

c jiy a a ^  HeoóxoaHMO xop om o  ueHTpnpoBaTb KpncTajuia., ecjiH 

He xoTHTa> nojiyaHTb rp y 6 a ro  p e 3yjibTaTa. Ha innanKy f  cTep>KHa 

fg  (pnc. 186), nocpencTBOMa. Bocna, npHKp^naatoTa. H3 ivrfepae- 

Mbin KpncTaaaa.. J^aa-fee, a M c T B y a  pyKoaTKOio S, 0 ° a ^ a em a  

HOHiyca coBM^maioTaj ca> 0 ° a ^ a em a  K pyra ; aaa óojrfee aer- 

Karo h cK op^H u iaro  ncnoaH em a ototo  coBivrfcw,eHia, Ha 

ap yrfe  aE aem a ca^aaHbi 3aaep;KKHt H3a> KOTopbixa. oaHa, aoiłafl 

ao Kpaa ivrfeaHaro nepa, npHBHHaeHHaro Ka> 3aaHen hojkk^  

cTaHKa, ocTaHaBaHBaeTa. Kpyra. naKa> p a 3a> Ha 0 ° aEnem a. 

VcTaHOBHBT) Kpyra> a^Jiem a, npHCTynaioTa. Ka> ycTaHOBy KpH- 

cTaaaa, a HMeHHo: cTapaioTca nocTaBHTb KpncTaaaa. Tana,, h t o ó h  

KpaeBaa aHHia H3]vrfepaeMaro KpaeB oro y ra a  6biaa cnonb B03- 

m o/Kho neHTpaabH^e h npHTOMa> napaaaeabH a och HHCTpyMe.HTa. 

ycTaHOBa> KpHCTaaaa npoH 3BoaHTca nocpeacTBOMa. noBopann-
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BaHifl pyKOflTKH T  (h, cjrfcflCTBeHHO, cnjiomHOH och b h ne- 

peM^memH nojioHcemn nyrn %), CTep)KH5i fg h caMaro Kpn- 

cTajuia Ha BOCK*fe. UeHTpnpoBaTb KpaeByio jiHHiio coBep- 

HieHHO TOHHO Ha HHCTpyMeH*rfc TaKOrO yCTpOHCTBa, KaKH> 

ilOKaaaHHbiH na Phc. i 86, hohth HeB0 3 MO>KHo; no otoh hPh- 

HHH-fe ueHTpnpoBaHie npoH3Bon.HTCH Ha rjia30MrfepT» npHOJin- 

3HTejibHbiMT> oópaaoMT.. Kto JKe KacaeTCH no npHHapoBJiemfl 

KpaeBOH jfflHiH (t . e. no npHBenemH ee bt> nojiojKeme, napaji- 

jiejibHoe ct> ocbKD HHCTpyMeHTa), to Tanoro npHHapoBJiema 
MOJKHO JlOCTHrHyTb HOBOJIbHO y/JOBJieTBOpHTeJIbHO . CJI'fe,HyK)IH,HMrb

o6pa30MT,: cnepBa noBopanHBatorb pyKOHTKy T  norkxT> nop^ 
nona rjia3T> yBHnnrb bt> oahoh njiocKOCTH oTpajKeHHbie ch- 
majibi; noTOMTb, nocpencTBom, BbimecKasaHHb^T. ABHJKemft 
CTep}KHH fg CTapaiOTCH, HTOÓbl ropiISOHTaJIbHblH JIHHin (Ha- 
npHMrfep'b, ropH30HTajibHbi5i nepeKJiaflHHbi paMbi OKHa) npea- 
CTaBJlHJIHCb Ha 3TOH njIOCKOCTH ropH30HTaJIbHbIMH, a BepTH- 
KajibHbia — BepTHKajibHbiMH. Kor.na Ha nepBOH njiocKOCTH no- 
MHHyToe oTpa>KeHie óynerb nojiyneHO, noBopaHHBaiorb kt> 
rjia3y BTopyio njiocKOCTb h nocTynaiorb ct> Heio tohho Ta- 
KHMT> >Ke OÓpaSOMT,. EcJIH 3a CHTHaJIT) BblÓpaHT, HaKJieeHHblH 
nepHbiH KBajipaTTj, to mo>kho hhjkc OKHa (Hanp. Ha crfeHp), Ha 
OHHOH H TOH >Ke BepTHKaJIbHOH JIHH1H, HaKJieHTb flpyrOH KBa- 
HpaTT) (jiyHHie 6'fejitift) hjih npoBecTH ropHaoHTajibHyio nepTy, h 
noTOirb nepHbiH KBanparb, bhhhmhh qpe3T> oTpameme, cobmP- 
CTHTb CT> ÓljJIbIMTb KBaflpaTOMT>, BHH,HMbIM'b npOCTbIMT. TJiaSOMT..
E cjih, nocjrfc HpcKOJibK^^b npHJiayKHBamH, óynerb , HaKOHeua,, 

j3,ocTHTHyTO Ha o6'fenxrb njiocKOCTHXT> nojiHoe coBM^meme KBa- 

ŚpaTa oTpameHHaro eh KBaapaTOwrb, bhhhmhmt, npocTbiM^b rjia- 

somtj, to  3TO óyn erb  3HanHTb, hto KpaeBan JiHHia npHHapo- 

BJieHa, t . e. napajuiejibHa och HHCTpyMeHTa. Pacnopanncb TaKHMT, 

oópa30MT,, HanHHaHDTb caMoe H3Mppeme. riocpencTBOMT, py- 

KOHTKH T  npHBOHHTT, cnepBa nepByio njiocKOCTb H3MppaeMaro 

Kpaa bt> nojiomeme, npn KOTopoMi, nponcxon.Hrb nojm oe c o b -
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idbmeme 3HaKOBa>, npn stomt, Kpyra, ocaaeTca HenoflBHjKHbma., 

Ha O 0 fl-fejiernH. rioTOMa>, nocpejicTBOMT, pyKOHTKH S, npuBO- 

flHTa. BTopyio njlOCKOcTB B"b tohho TaKoe >Ke nojio>KeHie (npn 

HBHjKeHiH OCH Kpyra fliniemA, BCjrfeacTBie Tpemn, .nBHraeTCH 

h BHyTpcHHaa cnjiomHaH ocb b); npH btomtd Kpyra, cjrfejiaeT b 

oóopoaa., h , TaKHMii o 6 pa3 0 Ma, noKa/KeTa, HaMa> yrojia, W, 

KOTopbifi Ba, BbiópaHHOMa, HaMH cjiyaa^, t . e. Ba, poMÓosap b 

H3BecTKOBaro mnaTa, óyn,eTa,=7 4 °5 5 ', h , cjrfejicTBeHHo, hcko- 

MbiH yrojia, V =  i8o°— 7 4 °5 5 ' —  io 5 °5 '
CaMbiM^b ynoTpeÓHTejibHbiMi, Ba> HacTonmee BpeMH romo- 

MeTpOMTj, OTJIHBaiOIIJ,HMCH ÓOJIblHOfO TOHHOCTbIO, HBJUierCH

romoaiepa, BeócKaro (H3roTOBji5ieTCH (|)HpMOH dPioscca), Ba, ko- 

TopoMTj Kpynb j3,jih HSMrfepeHia yrjioBa, pacnojiaraeTca ropH3 0 H- 

TajibHO, a H3M"fepaeMoe peópo KpHCTajuia ycTaHaBJiHBaeTca Bep- 

THKajibHO. E ro oóhuh bhjtb m pacnojio>KeHie aacTeH H3o6pa>KeHbi 

Ha cjmryp^b 188. O ht> ace Ba paspfeE  npcacTaBJieHa na (|)H- 

ryp f̂e 189. roHioMeTpa, cHa6>KeHa TpeMH HomKaMH ca BHHTaMH, 

nocpejicTBOMo Koaopbixa Kpyra) npHBOjTHTCH BecbMa tohho Ba 

ropH3 0 HTajibHoe nojio>KeHic. H o>kkh npHBHHaeHbi Ka TOJicTOMy 

jiaTyHHOMy Kpyry o, Ba KOTopoMa cjrfejiaHa KOHHaecKin KaHajia>. 

Ba, Hero BCTaBjiaeTca jrfejibiH pana nycTOTfejibDTb KOHHaecKHxa 

ocen, KOTopbia coejiHHHioTCH ca, KpyroMa. Ocb b BHH3 y ne- 

MHOrO BbIXO,H,HTa> H3a  HH>KHeH aaCTH o, BB6pxy MG COeaHHaeTCH 

ca, KpyroMa, d, Ha KOTopoMa Ba, ji,Byxa npoTHBonojio>KHbixa 

MrfecTaxa> noirfemaioTca HOHiycbi; Kaacaoe jrfcjieHie nocą b.n,HHxa 

cocTaBaaeTa, 30“ . K a  Kpyry d npHcoeaHHHeTca ropH3 0 HTajib- 

Han BdaTBb, Ka KoaopoH npHBHHHCHa KOJioHKa cjiyacamaa 

noacTaBKOH ajih 3pHTeabH0H Tpyóbi L; Bcfe sth aacTH. L, B, d 

h b BpamaioTCH BMEcafe BOKpyra, ueHTpajibHOH och HHCTpy- 

MeHTa. 3 to jTBHyKeme mo>kho saaepmaTb nocpeacTBOMa BHHTa a, 

npH>KHMaiom,aro KOJibuo, KOTopoe pacnojio>KeHO Ba, >KejioÓKrb 

Kpy>KeHKa c, npHKpdnuieHHaro Ka> HH>KHeMy KOHuy nojion och b. 

JJjia toh me h^ jih hm^ ctch h apyroft BHHTa) (oHa) He BHzrfejia
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Ha PHcyHKaX-b). BcjrfcflCTsie raKoro ycrpoftcTea apHTeJibHUKt 
Tpyfib L mojkho aaiipliiiHTŁ Ha jhoSomh. M-fecT-fe Kpyra.

BHyTpH nojiofi och b BpamaeTCH TaKwe nojiaa ocb e, sepx- 
nm KOHeu-b KOTOpoH coeaunacTca cb KpyroMb f, pa3fffejieHHbiMb 
Ha rpaaycu h nxb Baera, HHjKHift me Koneub HenoflBHWHO

Puc. 188.

npHBHĤ eH-b Ka> nonoMy KPy>KKy g ca, aapyÓKaMH na Kpaio. 

Ilpn  BpamemH KpyJKKa g BpamaeTca h Kpyra, f co bc^ m h  aa- 
CTHMH, KOTopbm BCTaBJieHbi Ba, nojiyio OCB e. BejiHKHHa Bpame- 

Hia MOłKerb óbiTb OTcairraHa npH noMomH HomycoBa,. M o >kh o  

3aaep>KaTB u  oto  aBHweme nocpeacTBOMa, BHHTa p. B h h tt> p 

HaxoflHTCH Ba, coeflHHemH ca, ap yrm n , BHHTOMa, G, HanpaBjien-
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HbiMTb kt> nepBOMy nepneHUHKyjiBpHO (Ha pncyHirfe 188 H3T>-3a 

hohckh npn6opa BHji,H'beTCH aacTb tojiobkh BToro BHHTa). IIo- 

cpeflCTBOMTb BHHTa G mchkho npoH3BOjiHTb BecbMa Majibia Bpa- 

mema och e h bc^^h aacTeH, KOTopbia bt. Hen Haxo,naTCH. 

rTepBOHaaajibHaa rp}^6aa ycTaHOBKa KpncTajuia npoH3BO,n,HTca 

nocpe4CTBOM'b BHHTa g, a OKOHaaTejibHaa— bhhtomt, G.

Piic. 189.

BHyTpn e cBo6oa,HO BpamaeTca nonaa ocb h, npHBOjiHMaa 
bt. flBHHteHie nocpejicTBOMT) BHHTa i; Bpamaa 3Ty ocb, npoH3- 

BOflaTT. Heo6xoa.HMbia ueHTpnpOBKH H KDCTHpOBKH flBHHte- 

Hia, He nepeflBHraa Bcero Kpyra. Tana, Kaio> ycTaHOBi-ca, npo- 

H3BOflHMaa BpameHieM'b g, TOJibKo Tor^a óyjjerb npaBHjibHOH, 

Kora,a h h i ,n,BHraroTca Bc;rfe,nrb 3a e, to i nocpeflCTBOMT. BHHTa I 
HenoaBHa{HO coeflHHaeTca ct> g.

HaKOHeu^b, BHyTpn h HaxonHTca HHaHHapHaecKaa ocb, Ha
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B6pxHeMa Kornrfe KOTopoii yKp^bnjieHO n p n cn ocoó jiem e  ajia neH- 

TpHpoBaHin h locTHpoBamH KpHCTajiJia. BHH3y  3Ta o c t  caym eH a 

h  cHaómeHa bh h to b o h  H ap feK on , n noTOMy M om eTa BpamaTbca 

BHyTpH My(fm>i, Ka HHmHeMy KOHuy KOTopon npHcoesHHeHa 

rojioBica k c a  3apyÓKaMH Ha npaio. BepxHHH nacTb sto h  Mycjnai 

coeji,HHeHa c a  i Tana, hto  OHa M om eTa BpainaTbca oaHOBpe- 

MeHHo c a  i, ocTaBaacb npn 3TOMa Bce BpeMH Ha ouhoh  h toh  

ace B b ic o rk  B lp ii Bpam em n >Ke k BHyTpeHHaa ocb  nepearb- 

LnaeTca Ba BepTHKajibHOMa HanpaBJiemn; ó jia roaap a  3T0 My, 

K)CTHpyiouj,m h neHTpnpyroin in annapaTa  MonccTa óbiTb noa- 

HHTa HacTOJibKO, hto HSM^paeMoe p e ó p o  KpncTajuia npnaeTcn 

Kana pa3a  npoTHBa oóaeKTHBa 3pnTejibHoii Tpyóbi. O cb  m o - 

m eTa  6b iia  HenoflBHjKHO saKp^njieH a KJnoneMa Ha Kanon yronHO 

Bbicorb npH noMOuiH npHcnocoóJiem a p.

LbeHTpnpyioiiuH h locTiipyiomiH annapaTa cocTOHTa H3a  

MeTajuninecKaro ópycKa n, npHBHHneHnaro na BHyTpeHHen och 

romoMeTpa; OHa Haxoji,HTca BHyTpn neTbipeyrojibHaro aimina 

nepeaHHa h 3 aaH5ia crbm-ca KOToparo Tana npHMbinaeTa na 

ópycny, nana sto noKa3 ano Ha nonepenHOMa cbnem n m'n\ 

nPH noMoniH BHHTa a amiiKa m mo>kho nepeaBnraTb cnpaBa 

HajiisBO h HaoóopoTa. Haaa m Ba nepneHjiHKyjiHpHOMa na 

HeMy HanpaBjiemii ABHmeTca BTopon aunina, no cBoeMy ycTpon- 

cTBy ToiKaecTBeHHOH ca nepBbBia. Ca m' coeaHHaeTcn ioctii- 

pyioiuuH annapaTa, cocTomnin H3 a  ,n,Byxa cajia3 ona t n t / 

Ba BHjrfe npyroBaro cerMeHTa. Cajia3 KH riocpencTBOMa BHHTOBa 

x n y MoryT b noBopannBaTbca Bonpyra ;iByxa B3anMHoriepneH- 

XlHKyjinpHbixa ocen. Ba BepxHnxa cajia3 Kaxa cjrbjiaHO Kpyrjioe 

oTBepcTie, Ba noTopoe BCTaBjineTca Hoacna KpncTajuiOHOcna 

(cTojMKa) juih npnKp^njiemji (nocpeacTBOMa Bocną) rmrfepne- 

Maro KpncTajuia.

Cnm ajibi npn H3MrbpeHin nonribmaioTCH Ba KOJiJiHMaTop^b, 

yKptnjieHHOMa Ha noacraBK-b C. Ha KOHn^b KOJUiHMaTopa, o 6- 

pameHHOMa Ka KpncTajuiy, Ba KOJiJiHMaTopis HaxojiHTcn axpo-



MaTHHecKafl jfflH3a. BcTaBJum cHrHaJibi Ba, npoTHBonojiojKHbin 
KOHeU,Tb KOJIJlHMaTOpa, yBHflHMTj HX3> B3> (̂ OKycfe JIHH3bI.

^JIH cnrHajioB^b cjiyw arb  y 3Kia apno ocB f̂emeHHbia mejin; 

ĵ jih 11x31 nojiyaem u cJiyjKaTa. pa3JiHBHbiH npHÓopHHKH.

T a m , Ha3biBaeMan mejib BeócK aro (puc. 190 b i , HaTypajib-

HyK) BejIHBHHy) COCTOHTb H33> JlByX3> BepHbDCb MeTaJIJIIiBeCKIIX b 
KpyjKKOBTb, nepe,aBBraeMbix3> npefla. KpyrjibiMT> oTBepcTieMa. npri

1 2 6

Puc. 190.

noMomii BHHTOB3,. TaKoe ycTponcTBo coen.HH*erb bt> ce6-h 

nperaymecTBa oaeHb y 3 KOH h oaeHb umpoKofi mejm: cntyjKeme 

CB^TJiaro nsoópameHm bt> cepeflHfffe naeTa, BOSMcmHOCTb 

ycTaHOBHTb cHraajrb oaeHb tobho; ca, flpyrofi cTopoHbi apesi, 

mejib npoxoa,HTrb flOCTaTOBHoe KOJinaecTBO CB̂ kra.
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