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Kpuctannbl B Tpex NamepeHmnax

TpexmepHeie pemeTkn bpaps H KpHCTALUTI eCKHE CTPYKTYPBL

Hamomuum, 2-ro ompemeneHnd PE cocToHT B chemyromeM: TpexmepHad Pb

oOpazopaHa mtlmn-u-lr:pﬂ:m},-'r:-ner:ml:rm.-u-lR BHA R=111 y+mdd; + A5
I'me (11 d; (I3 moOble TpH BeKTOpa, He Je/Kalll e BCce B OJHOM II0CKOCTH,
0y Ii; 13 BCe BO3MozHBIe Hemble dncraa (<0, 0, =0). [Tostomy 4T00BI JOCTHTHYTE

TOUKH \_1 N;d; weodxomumo mponenars /7; maro JiHHON (I; B HampaBIeHHH

il
=1,2,3. Bexktoper {l; Ha3. OCHOBHBIMH BeKTOpaMH. CYIIeCTBYeT HeZJOCTaTKH Y 5TOT0

ompenenennda: 1) Breibop TpoHKH OCHOBHBIX BEeKTOPOB  JITA pelieTkn Bpaps
HeoJHO3HAYEeH.

2) TpyoHo mokaszatk CYIECTBYEIOT JIH 3TH TPOHKH BEKTOPOB.

Ha puc. npueeqeM mpocTy KyOmeckyw pemerky bpape.



[TpocTas kybuyeckasa pelueTtka (simple cubic)

HESOJHA p0cTad E].-"jI]‘IE': KA DT kA 0P ORTACTCA OCAOERBOLL
dh, Y, il

5,-01-1F0 OPICIOHAARL CIHHOTHELX BCRTCPA. TO B R



OUK — 06beMHO-LEeHTPpUPOBaAHHasH Kybndeckasa peLueTka, Kotopasi NosflydaeTcsi, eCnu K NPOCTON
KyOudeckon pellueTke ¢ yanamm B Toukax A gobasum yribl B, pacnonoXeHHble B LEHTPE KaXKaoro
N3 Marsnbix KyOoB.

Bcakyto LeHTpanbHyo TOYKY B MOXHO paccMaTpuBaTtb Kak YrrioBYy TOUKY Kyb6a BTOpOU NPOCTOU
KyOn4YeCcKon peLLeTKN.

B aTOM HOBOM pelueTKe yrnoBble TOYKU A NpeacTaBnAaAloT LeHTpasribHble TOYKN.

[MoaToMy BCe TOYKM peLlleTkn nMelT oanHakosble okpyxeHna n OLIK pelueTka asnseTcs

pelwieTkon bpasa.




'BEKTOPOB T4 0. T, K, DEMETKH MOKHO BHIODAT BEKTOpbI
=& =, =1 (xty17)

M




CymecTyer H Gonee CHMMETPHYHBIH Halop:
1=l (xtytz),, m=al (xty-2),. 1=/l (Xty - Z)




2nemeHTapHble a4enkn OLIK-peLueTkuy,



onemeHTbl ¢ OLUK cTpykTypoun

a, A a, A a, A
Ba 5.02 Li  349(78k) | Ta 3.31
Cr 2.88 Mo 3.13 Te 3.88
(s 6.05(73K)] Na 4.23(5K) | V 3.02
Fe 2.87 Nb  3.30 W ilo
KK 5.235K) | Rb 5.39(5K) L




[ paHeueHTpupoBaHHas kybundeckaa (LK, r. u. K.) peweTka

bpase (Face Centered Cubic, FCC, fcc)
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CHMMeTPHUHABH Habop OCHOBHEIX BEKTOPOB I8 T. T. K. PEWIETKH HMEET BRI
a,= a2 (xz), @= a2z 1x) a=a/2(xy)
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Herkoropre TOUKH I.1.ik. peinerky bpaBs?



Advenka [ LUK cTpyKTYyphI




ONERERTH ¢ MUHOATCMHUM FPIHELETPHpUBAINOH Ky(RUSEEOM KpocTarmmseckoll cTpyETypoR

2 TCN &HT g, A ote HCHT 0, 4 dJICHEHT 0 &
Ar 2,26 (4,2 K) Ir 3,84 Pt 3,92
Ap 4,09 Kr Se(08K)  §-Pu 4, B4
Al 4,0 I 0,30 Rh 3,40
e 5,08 Ne LK) S 45
(a 5,05 Ni 3,02 o 6,18
Ce 3,16 Ph 4,93 Th 0,0

B-Co 3,00 il 3,89 Xe ol K) b, 20)

Cu 3,51 Pr 0,16 b 0y19



KOOPIMHAIIMOHHOE YNCJIO

Tourn PEMETHH H]_JHEB, ek ITHE (THKE BCEFO K TARNON TOUHE, HasWDRIOTCH
et fanaruliyaan cocedad, B cnny nepuomimnocrd peweTru bpars amban Touma
TMEET ONMTAROBOE SHCA0 GIwmABmux coeelem. |109T0MY TaR0E SHCAO ABANECA
XADAKTEPHCTHROH PCIETRA 7 070 HABHBAIT KOOPAURALUOHNNA HULIOM 3TOH peiner-
re. ¥ mpoctoll KyGumeckoll pemeTH KOOPIMRATROHROS WHEA0 PRBEO TIECTH, §
OFTEMHOLEITPUPOBIRKROH KYOHTECKUE — BOCRME, 2 Y TPRHETEHTPEPOBATHON Ky-
OEIeCKOR — Nempanard. LONATHE KOOPJUMALEOHHOTD YEETR JOLYCKAeT OReRyl-
HOR (FOTIENTE M Ha IPOCTHE IEPHOTHURCKAE CYPYRT VK, 8 HKIXOHECH DETIOTRS-
NT bpaln, mpit veI0BOL. 970 KAMKIAA TOUKR B ATOH CTPYRTVPE HMECT OATAKOROE
yHET0 OIHHAAMHY COCCRET.

KoopauHaunoHHoe yncro gna NK -6, OUK - 8, T'UK - 12.



IIPYMUTUBHAA AYEMNERA

Pacesorpum ofwem IpoCTPaneTBA, ROTOPRI, Oy Tyai DONBEPIAYT BCOM TPANCIA-
AN, ofpasyIoMEY permeTsy Bpaps, 3amonnger Bee TpoCTPAHCTBO, HUIME 118 nepe-
KPHIAACH CaM ¢ COB0H } He 0cTasdAA npoMemyTrcE. Tarol of7eM FasrBaeTCH
RpWNUmIUSHOU guefigoll LI RpuMUmyerol JeMERMaprotl syelikol pemeTEy - Y,
Tng pemetsn bpapd me eymecrsyeT oMu03HITHOrG ¢nocoba BRopa opEMRTHLHOH

AelkH, HecKOMpRO BO3MORHWX cLOCOHOB TMOOUPA HpUMHTHENLX AY¢eR JNA IHY-

[ipamurEBras auefika TOM&HA COTEPMATE TOABKO QHY TOMRY PEMICTRH (el
oA BHOPAHA TAKLM 00pa3oM, 4T0 Be CONePSKET TOYeK 11A NOBepXHoCTH), LreaoBs-
fRTBHO, BCTH # — MIOTHOCTD ToueR B pemeTse ¥), a v — 0OTCM HPAMUTHREOR A1efH-

ku, 10 w0 = 1. [looromy v = {rn, Llockoubky aror pesyastar enpaseniss yin mmo-
foft MprMATHRROR dTelRE, ¢e ofbeM ke BaBucht 01 cuceofia BEOUpA.



UgeEnmBe, TTO KmHUCHE Tpofise OCNORUMX  BEKTOPOR MOMHO CONOCTRBRTE
HCROTODYE) MPUMHTHBE Y10 AYEARY, 00PasoBAHNYI0 BLeMU TOUKEMU T GEL

I —= 18y - Xyl 4 Tedy, {4.6)

THE &; HaMeRAeTe Benpepunia ot (0 1o 1; ona mpeneTaBaser eodoll vapasieienune],
TOCTPOCHHEIN WA Tpex BERTOpax &,. 8, W A, blegocrator takoro sufiopa TpuMurye-

MOE SYelEY 32KII0Y4eTCA B TOM, $T0 ON HE OTp&KaeT HONN0H CHMMOTPHHE PelInTRE
Dpaes. Hampivep, econ Bulpark NPEMATHEHYH AYCHEY B . 1. K. pemieTre bpabs

5’[?.1{)311&:? A - donpwof ¥yh, Inmemyeisy

HUCHEA—TTA P ATTOIeMUICT 1 TECTHIO POARAME, HMEH-

mune Gopwy Dapaniesorpamace, Owa obmamaer

OfBOMON, PARRbY L ofibend HyvBa, 1 mieer Goged
RIUGEYHD CHMMETTIIRY,




YCJIOBHAA JJIEMEHTAPHAA AYEHERA

Bee OROCTRAHCTRO MKHD JHOOJHETR HENPIHMATHEHRME 4. €MEHTa PHEIME HT{EI‘;I-.
REMIT (WX HASKRAKYT JeA0HbLMN DACKENMAPHIMY MNETRANY), JIEMERTADEAN MTed-
Kt upencrasiuer cofoll TaRyl0 0014Ctk, KOTOpAS BaMOXHAET Reg HDOGTPAHCTRO
§63 TOPERPHTIL, BCNTT 6 TIIBEPTHYTL TPANCIAUAY, TPUMATICHATIRY TEROTOPOMY

ROfMHOICECMEY BeeS TRARCARUEE, ofpAsyOmX peweTky Dpaba. Yeaonuyio aae-
MENTAPHYID ﬂHEﬁH}’ (O RIILC ]]]_,I[ijﬂIﬂT T4k, YTOGH DHE BLija GOTRE H[II‘TMHTHBHHﬁ
K ﬂﬁJlEﬂﬂﬂH Tpeﬁ}.feml[}ﬁ {flilf}{ETpHEﬁ. I'IHHPHMEP, ITA OIECAHWA 0. L, K. PeImeTEI
yaeT HENOIRIYHT RYGUIRCKYR veosnylo ATCHKY {(§mr. 4.13), Roropan B usa paga
GOUBE COOTBETETRYIOMEH TPHMUTHBROH AYCHKY, & INA ONMCAHHA V. U K. pemer.
kR — H}'ﬁHqE!EH,}’]U VETOBHYH H'IE!EH'F [:l'_'-ll."l. fbHT'. 4. 12} ROTOPAA N HCTLIpe Pedda MHC-
BOCYXOIHT B0 OUBOM Y LPAMHTHTHYIO I, T{. K. -

ACLITAAE L ELEE FETLTTARTE M RS TT Wil bl rer pRLilidEn
O EL-IaTer TTE MR A T AL LL L FL SOOIk 43T aE —
PTETI T ey TACK AL TA N ERTIm 0, ., CFIrIl 1-FTCr T a0 THER EC O EEE e
Pold FoRp 0l T MG TIPS IS TEs A G FEEFL A SN a4 ST A IT T O A AT
FTSICTAaRisr , (R CIrOSTola s LI AT "Ll Fa, "I i kial LRE3 s
TECP S P LIRS T BF ITEs 005 E O e dEr s - S ez 3 e~ 3T ea |
W EL PRS0l FTRCRELT, T E5 T S AEC Y A AT EFr T I»FT B
FYMAIFEL I -0 EAIOFPPFITLEeCECF A IR PFIT e L ) ST TS
1T e Cr AL BE A TTELEG 141, ELA A8 PO Floe.
CFTECRSAALFEDA AL FEETLCES TR AT




OPUMUTHRBITAS SYENKA
BIIHEIA —3ERTILA

* Bcerpa moxHo BbIbpaTh Takylo NPUMUTUBHYIO SSIMENKY, KOTOpas
obnagana 6bl NOMHOM CUMMETPUEN peLueTkn bpasa.

* Haunbonee n3BecTHbLIM NpMMeEPOM NoaobHOro Bbibopa ABNseTCs
Ayenka BurHepa - 3entua.

* HAdenka BurHepa - 3entua ¢ LEHTPOM B HEKOTOPOW TOYKE PELLETKM
eCcTb 06NnacTb NPOCTPAHCTBA, Nexallasa ofmxKe K 3ToON ToUKe, YEM K
Kakon-nmbo Opyrom TOYKE peLlETKN).

* W3 TpaHcnaunoHHon cuMmMeTpun peLlleTkn bpaea cnegyert, UTo
ecnu a4enky BurHepa - 3entua € LUEHTPOM B OO4HOMN U3 TOYEK
PELLETKN CMECTUTb Ha BEKTOP pPeLUETKU, COeaNHAILWNN OBE ee
TOYKWM, TO OHa OOJIKHa nepexoauTb B a4enky BurHepa - 3enTua,
LEHTPOM KOTOPOU HABNSETCA BTOpas TO4Ka.

* [lockorbKy bnmxanwmnm coceioM Kaxaou TOYKN NPOCTpaHCTBa
SIBMNSIETCS NULb OfIHA TOYKa PeLLUETKN, OHa OyaeT npuHagnexaTb
TOJIbKO TOU Avenke BurHepa - 3entua, LEHTPOM KOTOPOWN ABNAETCH
9Ta TouYKa peLUeTKu.

* CrnegoBaTesfibHO, ecnn NOABEPrHYTb A4enKy BurHepa - 3entua
TpaHCcnAUuMaMm, onpeaenseMbolM BCEMU BEKTOPAMM PELLETKN, TO OHA
3anosHUT BCe NPOCTPAHCTBO 6e3 nepekpbiTus, T. e, a4enka BurHepa
- 3enTua npeacrtaBnseT cobon NPUMUTUBHYIO SYENKY.



Adyenka BurHepa - 3enTua gomkHa ObiTb CTOMb XKe

CUMMETPUYHOMN, KaK U pewleTka bpaea

3amMeTum 4TO, AN NOCTPOEeHUs a4enkn BurHepa-3entua ¢ LEHTPOM B
HEKOTOPOM TOUYKE PeLLETKU HY>XHO NPOBECTU NpsAMble, COeAUNHAKLWME ATy
TOYKY CO BCEMU OPYrMMUN TOYKaMM pPELLETKNU, NOCre YEero NocTpouTb
MNSIOCKOCTU, NEPrNEHONKYNAPHbIE K 3TUM NPAMbIM Aensiine ux nonosam, 1
BblOpaTb HAMMEHbBLUNWA MHOrOrpaHHUK, orpaHUYeHHbIN NOCTPOEHHBbIMN
MSIOCKOCTSAMMU U coaepXKallun OaHHYHO TOYKY.




Prrr. 4,15, Hweinia Burmepa - Sefitng g
O, 01 eneTEY LipdRs  (EVCeYCHIEE QK-
TN,

-"-HIEI-J‘I [}

Orpymanmil ¢t KYD Ipencraniaer cobod yenoniiym
0. If. K. AYCEKY, B UCHTDE B B REQHOHHAX HOTOpoi
PACTINIOMCHEL TOURH peraeTh. dlecTryToosENC Tpa-
HU PACCERANT TONEIAM OTPCAKE IIDHMRY, COCTHHTH-
IMe OEHTRAJALNYE TOUKY ¢ DEpwniaMy Ky0a (o1
OTPEIRY TI00PAENDL COIOIMUEIMH JIHIEAMK). KBa1-
PATHRLE TRATIT PACCCKAWT [TONONANM OTPL3KH IRIMHY,
CORZHHIEHMIIIC VEHRTHILEYIO TOUKY ¢ LCHTDARABIBMIT
TOUHAMI HakIOM M3 ImecTr roreogdauy  KyongecKiry
TUPPk {H3 DNTYRe OTH TWIMHH He gokasars. Nle-

CTHYIOURIIITHIT TRIMHITOT H]:II'IHH.TTT:TH:TII-“'f {EM EH:'EH“F
R | S LY




dnr. 4.16. Hueiixa Boruepa — BedTiia ;A
r. I, %, pemerky  Dpaes  (¢poMGIUCCKITI

10 I0KEADIN Y, |

ORpyaionui ee Kyd He ARIACTCA YCHOBNON KyOU-

yeckolt Aueitwoll, Nowasaimici Ha fur. 4,12, To9KH

PEILCTIM  PACOOIMNEeNs B UPHTPE BTOTH Kyba u B

nenTpe Kammoere u3 12 ero pebep. Iaskpad ua 12

(KORTDYIHTHEE) TpaHcii NeprernusvoIapHa mpmsorl,

COCIMHTTFNIE eITPANBE VH TOTK Y ¢ neHTpay pelpa.




PELLETKA C BA3/NCOM.

dursnyecknin Kpuctann MoXHO onucaTtb, 3aaB Nexallyo B ero
OcHOBe pelleTky bpaBa 1 ykasaB pacrnonoxeHvue aToMoB, MOMEKyI
B OTOErNbHOWN 3NIEMEeHTapHON s4elke.

UTOoObI NOAYEPKHYTb pasnnune Mmexay abCTpakTHbLIM
npeacTaBfieHMEM O ToYKax, obpasyoLlmnx peweTky bpaBa u
pearibHbIM OU3NYECKUM KpUCTasrnom, obrnagaroLmm Takom
peLeTKon, MPUHATO NCMOSIb30BaTb TEPMUH «KpUCTannmndeckas

CTPYKTypa»:
KPUCTanNmM4Yeckyto CTPyKTypy 06pasytoT MOEHTUYHbIE K3eMNIAPb

OZIHOW 1 TOW e (Pn3nYeCcKon eanHULIbI, Ha3biBAaeEMO 6a3nucom,
KOTOpPble pa3MeLLEeHbl BO BCEX TOYKax pelwleTkn bpasa.

NHoraa ncnonb3yoT TEPMUH «peLleTkn ¢ 6asncomy.

PelwweTky bpaBa Tak )xe MOXHO 3afaTb Kak peLueTKy ¢ basncom,
BblOpaB He NPMMUTUBHYIO YCITOBHYIO AYEUKY.

K Takomy onncaHuio 4acTto npmberatoT, YTOObl NOAYEPKHYTh
Kyounueckyto cummeTtputo O.LLK. n I'.L1.K. peweTtok bpasa.



K Takomy onmncaHuio 4yacto npmberatoT, 4ToObI
noayepkHyTb Kybunueckyto cummetputo O.L.K. un I'.LLK.
pelwleTok bpaBsa.

B arom CIYYEE HX OUUCHIBAKYT COOTRETCTBEHH KdK 1HPOCTHIE H}’GH'—I’:}EHHE

PCHICTKH, NOPOKIACMBIC BCKTOPAMH ax , H)j,HZ 0 ODIZIBIONIAE JBYX = TOUCHILIM

Guseon. 0, w2(X+J+Z) QLK)

W 4eTHIpeXTOYETHEIM DARHCOM:;

G,,a»“Z(f-l-)A))}MZ(ﬁﬁ-f)} 2(X+2) (TIK)



[TpuMepbl KpUCTaNIMYEeCKNX CTPYKTYP U peLLeTok

c 6a3ncoM. Cmpykmypa muna anmasa

PelwleTka ¢ 6a3snucom Tuna anmvasa obpasyetca atoMmamu
C wuncocTtonT u3 AByx B3anmonpoHukarwowmx LK
pelwleTok bpaBa, CMeLlEeHHbIX BAOOSb NPOCTPAHCTBEHHbIX
avaroHanemn Kyobundeckon peweTkn Ha 1/4 guaroHanu.

Ee moxHo paccmatpuBath Kak LK peweTky, 6asmncom
KOTOPOW ABMAIOTCA ABE TOYKU

O u (a4 X+3+ Z).

KoopanHauMoHHOE Yncno pasHo 4.
PeweTka TMna anmvasa He aBnaeTcs peweTkon bpaBsa,



JJIEMEHTH ¢ KPHCTAJUIHIECKOH CTPYKTYPOIl THIIA aIMasd.

IMEMCHT
C (anmas)
Si

Cropona ky0a a,A
3.57
543

SJIEMEHT
Gc
a-Sn

Ctopona ky0a a,A
5.06
0.49




KOTOpPOMY C NMOMOLLbIO OrpaHKKN NMpunaaeTcs
onpeaeneHHas opMa C Lenbio AOCTUXKEHUS
npeaenbHbIX 3HAYEHUN TaKuX NapaMeTpoB, Kak 6neck
N Urpa ceBeTa BHYTPU KaMHS.

CunTaeTcs, 4YTO BNepBble OrpaHKy asiMasoB CTanau
NpUMEHATbL B UHAMM — anMas nonauposanm no
€CTeCTBEHHbIM FPaHsiM, MPUMEPOM TaKOW OrpaHKu
MOXET CNYXWUTb 3HAMeHUTbIN anma3 KoxuHyp (B
nepBoHa4yasnbHOM BapuaHTe). B XV Beke npuaBOpHbI
toBenup bypryHackoro repuora Jliogeur BaH bepkem
BrepBble NPOn3BEN BPUNNIMAHTOBYIO OFPaHKy B
dopMe «po3bI».

K Hauany XX Beka 6bin pa3paboTaHbl HECKOMbKO
BMAOB OrpaHKM, No3BONASOLWMX NONYUUTD
Hanbonbwyto nrpy un bneck kamMHga. Hanbonee
pacnpocTpaHeHHOW aBnsnacb popma Kp-57 -
Kpyrnbli 6punnnanT ¢ 57 rpaHaMmn, paHHen dopMon
KOTOPOro sIB/IAETCS OrpaHkKa «po3a».

MocTeneHHO chopMUpoOBanUCb N TpeboBaHUA K
OCHOBHbIM 3/IeMeHTaM orpaHkun. Ha npumepe Kp-57
6blna paspaboTaHa Knaccmyeckas cxema
OrpaHEeHHOro asmMasa: 6punamaHT noapasaensercsa Ha
BEPXHIOK YacCTb (KOPOHY) M HUXHIOK (MaBUIbOH),
MeXAay HMMMK pacnoflioXeH pYHAUCT, 3@ KOTOPbIN
6punamMaHT KpenuTcsa B ONpaBy HOBEUPHOro
ns3genus.

Camas 6onblias rpaHb KOPOHbI Ha3bliBaeTCs
naowaaKkomn, ee okpyxawT 32 rpaHu-daueThbl
(0oMHapHbIE KINHBSA, MNaBHble rPaHn U NapHble
KNMHbS). NMaBUNIbOH COCTOUT U3 24 rpaHen (HUXHUe
KNMHbS M OCHOBHbIE MPaHN HMU3a) N HUXKHEW BepLUMHbI
6punnmaHTa — nnowankn «kannetbl» (MIn wmuna — B


http://rnd.cnews.ru/liberal_arts/reviews/index_science.shtml?2009/11/30/371543
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http://rnd.cnews.ru/liberal_arts/reviews/index_science.shtml?2009/11/30/371543
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HH#HHE KNMHDA M OCHOBHEI 8 MP3HK HWaa) W HMKHER BEPWKHLE BPHANKHAHTA - NNOWaAKH
€KANNETH » (MNW WKNA - B €PYCCKOW OrpaHKes ),

OCHOBONONO¥HMKOM COBPEMEHHOM OrPaHKK CYMTARTCA DpaHuys Mapcent TONKOBCKHK, KOTOPbIK
E 1919 rogy e ceoew patoTe Diam and Design paccyMTan napaMeTpel MABANbHOM Kpyraora
OpMANKaHTa C 57 rpanAmd, B KOTOPOM JOCTHI3KITCA M3KCMMANbHO BO3MOXHE & Bneck u urpa,
CornacHo pacyeTtam TOMKOBCKOrD, TaKOH BpMNNHAHT LONXEH MMETh CIEAYIOWKME NPONOPLMK:
pasMep nnowagky - 53%, yron Kopodel - 34,5%, yron naemneoda 40,75% . CpagHeHue
MONYYEHHE X MABANEHEX 3HAYEHHA ANA 3THY NapaMeTpoe C NPonopUMAMK peanbHb Y
OpMANKAHTOR CHAWNYYWEN Mrpok 1 BNeckoM 4ano #0pOWee COBNAageHKe,



AMMAG MPHHIECLY Envaaz (VPIH Anmaza [GPHAR
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[‘ekcaroHanbHas NNOTHOYMNaKoOBaHHAas CTPYKTypa

['T1Y, hep

L b

Fear, AL Pemearony dedan IaTe: v

=l FIF LY 1 -_— . LR - [N} [N} T ARITITTI T

He aBnsasck peweTtkon bpaBa, rekcaroHanbHasa nnotHoynakoBaHHasa [T1Y cTpykTypa cTonb
Xe BaxkHa, kak n OUK nnn N'JK peleTtkn bpaBa — Takylo CTPYKTYpy MMEIKOT KpucTanibl
bonee 30 anemMeHTOB.

B ocHoBe [T1Y CTpyKTypbl NEXUT NpocTasd rekcaroHasibHas pelueTtka bpaBa, koTopas
nony4yaeTcs, ecnv yknagbisaTtb B "CTOMNKY" O4HY Hag ApYyron OBYMeEpHble TpeyrosibHble
peweTkn (cetn). HanpasneHne B KOTOPOM BeeTcAa nofdobHoe yknagbiBaHne - C-oCb (OHa
BblbupaeTcs 06bI4HO napansienbHO BEKTOPY



I'poHKa 0CHOBHBIX BCKTOPOR TAKDBA;

_ L LoN3a . ~
a) = dx, azza/2x+ ) V., dy=cCZ

lIcpeBIC AB4 U3 9THX BCKTOPA MOPOKIAKT TPCYMONBHYK PCIUCTKY B MNOCKOCTH  {X-
¥), & TpeTHH "VKIadMBaeT" ITOCKOCTH OJHY Hal Apyrodl Ha pacceTodnrm C,
1Y cTpykTypa  COCTOMT M3 ABYX  B3AUMONPOHHKAKUWHX  NPOCTBIX
ICKCALOLAILLLIX PEWICTOK Bpas?, CMCIICHIILIX OTHOCHTCILIO APYL APYLA 1A BCKIOP,
ay/3+a,/3+ay/2
Hazepanue 1LY oTtpamact ToT akT, 4To NMOA00HAR  CTPYKTYPA MOMCT  ObITh
HOyYena upy "Iaornod” yuakoske Kecerkux chep. Hucaunnoe oruomenue

C/a =1,63295



Tre2. IlmoTHAaA  rexcaroHanbHag — YHakobKa  Pric.dJneneHTapeing ATefka JA

ChepOTIOR TS MET AR CN SHAYeHTTaN 270 1 633 TTTY cTpyRTYp



Fi1c.6. ATOMBI B ITepEAT KOOpIHALRIOHHAA Ccepa B o-Z1



A4enka
[T1Y-pelieTku




NEMEH L a, A cia JEMEHL a, A C c/a
Be 2.29 3.5% 1.56 Os 2,74 4,32 1.58
Cd 2.98 5.62 1.89 Pr 3.67 5.92 1.61
Ce 3.65 5.56 1.63 Re 2.76 4.46 1.62
a-Co 2.51 4.07 1.62 Ru 2.770 4,28 1.59
Dy 3.09 3.03 1.57 SC 3.31 5.27 1.59
Er 3.56 3.59 1.57 I'b 3.60 3.69 1.58
(id 3.64 5.78 1.59 Th 2.95 4.69 1.59
He (2k) | 3.57 5.83 1.63 Tl 3.46 5.53 1.60
11t 3.20 5.06 1.58 Tu 3.54 5.55 1.57
Ho 3.58 5.62 1.57 Y 3.65 5.73 1.57
La 3.75 6.07 1.62 Zn 2.66 4.95 1.86
Lu 3.50 3.55 1.59 YAy 3.23 5.15 1.59
Mg 3.21 5.21 1.62

Nd 3.66 5.90 1.61




MaTpuryHoe npeacraBneHne peLleTku

bpaBas
Y1oGBL TOUHO OLPeNeNUTh BeKTOpEL ; , 1, A1 + Hydy + Hydy (1=1,2,3),

YAOOHO OTHECTH WX K HPAMOYI'ONLHOW cuCTeMe  Koopiuuar. Torua

KOMIIKMHCH T BI BEI{'I'UPH ﬂl.: G}’A}'I, JI'H 9 BCIHHYKH ffr HHUYCKCUC ] llpHHHMHE’I'

tHauennd 1,2,3/ MomHOCTRIO ONPENendioT PEeTKY,

Yuobuvie  ofosnaucuns nouyqaores, cen 3auucars 9 komnuoneurd;, 5 BuuL
e

MATPHOBL, & 1M CNBIX HHONA 1) TIz T KAK KOMIIOHCHTBI  BCKTOPA-CTOIOLA.
2 | 1z 3

Torna Touka pemeTkH 3a4eTea CHMBOIOM Aﬂjrﬂe:
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CymMa 2-X TpamcImpii 11a sekTop pemetku A¥ u A pasma A(7+m).

Takum oBpasoM, TPANCISILHOIIIAN PCIUCTKA IOJIOCTBIO OUPCICIACTCH MATPHUCH

A=

fa 0 0
0 a 0
0 0 a,

g OIK penreTkw: A=

(—al2 al?2
al2 —al2
L al’2 al?
(0 al2

ana 'K pemerku: ;i =|al2 0

a/2 al?

al?2
al?2
—CI/2/J

al2)

al?
0 )




,HIIHII'H [IPHMHUTHBIILIX BCKTOPOB  MOWKIIO IIaHTH, CKIAILIBas KBadpaTh]

2
snemoerror  Jboro  cronba. Jhm OITK ‘ﬂ-] =3ﬂ2/4 . Jls TTIK

.::112:::12/2.

Yron MCERIY IMPHMHTHBHBIMIE #BCKTOPAMH  MOMEHO MONYYUHTE COCTABEHE

U[{HJIH[')H[‘JC- IIpUHFiHB_}LEHHC; T.C, IIC]’]DMHU}HHH 2 J[H}ﬁhlx U'I'{}Jlﬁllﬂ Mﬂ'l'p}illh[ A
TakuM obpazom, gna OIK — 24 = 3 a%4 * cos®: num cosd= -1/3, uto naer
6—-109%30; Mna TTTIK a4 — a2 * cost; cost — 1/2; 8 — 60%;



ObpaTHas pelueTKa.

Oupencineune 1. BoisMem MuoKecrse redek R, cocrapasiowne pelnerky bpano,

—

W MNOCKYIO BONHY e~
IIpy OpoM3BONRHOM K Takasd BOMHA HMeeT NEpHOTHIHOCTR pemeTKn bpaps mpn
OLPCACISIIIOM BLDOPE BOULOBOIO BCKTOPA.

MuoxecTBO BOJNHOBBIX BEKTOPOB K Ha3LBAwdT 0OpATHOH PCIICTKOH, €CITH

—_ —

wiockas poma © K — K MMCeCr  LCpHOAMMUOCTL  Jauuoid pcelcrkd  Bpaeo.

AWATHTHUSCKH 3TO 03HA9aeT, 9T0 K MPHHAUIERNAT 0DPATHON penmeTke JTAHHOM

peruery Bpass ¢ roukamu R, cciu i Juodo10 7 U R CLUPaBeIMBo pasCcLcTBO:
ik(r+R) _ _ikr

e = £

—p

[Tonenum Ha e W Toraa oBpaTHY PelIeTKY OOUIIEM KK MHOMECTRO TAKMX

BOMIIOBLIX BeKTopob K I KOTOPLIX ™" =1 mpu Bcex R, OpHOANISKAIIHX

pelreTke bpaps. ObpaTiiagd pemeTka ompenelelld II0 OTIONMISHHIY K KOIKPETIIOH
peureTe bpagz.

Pemerxy bpar?, COOTRETCTRYIONYK J@HHOH ©OpaTHONH permeTke HazhiRawT
NPAMOH PCIUCTKOH.



Omnpenenenne 2. pvroe ompeneleHHe OCHOBAHC HA BREICHHHU TPeX BEKTOPOR D

b_:. b_3 , OIIpeleleHHX VPaBHSHHAMH
i *b=2n (ij=1.23);

rae a, (1=1,2,3) npumuTHRHLIE ReKTOpH penieTkW bpars. Toraa:

a
[
|
3
5




Toria pewerka, cocraricHHas vz royck [iby | b, 1 L3y (rue [ - nenbic)

HasLIBacres o0paron pewerkoi. Pasmepuocrs cm™*.

—

(OTHeceM ReKTOpPH b) K OpAMOVIOIRHOH CcHCTeéMe KoopduHaT. lorma ymobHo

BBCCTH Marpuuy B, aHanornuHo pewcrke bpaso ¢ Marpuuch A:

Tak uTo;

o Ibl:-; bl}' '{]2:

[B=(ly L 13)| bax by Dy
bl\' bE_‘r bS:

Tor @ oupeACICHNUE PCIICTKY 0OPaTHOI PCINCTKH CROMTICS K BHLY:

§j=2ni, roe 1=E — eqpmimias Matpuua. HampuMep, ang O11K:

1 1

b 2nm = =
2 B=2x =
a {1

> = 0



[MPUMEPDI

O6paTtHasg pelleTka cama ABnsieTca peweTkon bpaBa, NO3TOMY MOXHO NOCTPOUTL €€
obpaTHyto pelueTky. OkasblBaeTCH, YTO OHa nNpencTaBrisieT cobon NPOCTO UCXOOHYIO
NPSIMYIO peLleTKy.
O0parHoi PCICTKOH LIO OTHONICHHID K NPOCTOH KyOuucekoi penerke bpany,
CTOpOTIa KYOHYCCKON RIICMCTITAPTION A9CiKH KOTOPOH paBlia &, ABIACTeS TTpocTas
KyOHUecKas pelleTka ¢ KybHueckoii aneMeHTapHOH Auelikoil co cTopoHOl 21/q.

1A CpalcIcIITPHpORAIIol KyOHuccKkol pelicTkm bpams co cropoliod
YCIOBHOH  KyOMMeckoH  #guclikm @  oOpatHOH — pemeTKol — ABRIIeTCH
OOBEMHOIICHTPHPOBAaHHA KvOHUeCKad peIleTKa <0 <CTOPOHOH  yCIOBHOH
KyOHueCKoi sueiikmn 4a/a.

s 0ObEMHOLIEHTPUPOBAHHON KyOHUECKOH pelleTKH ¢0 CTOPOHOH YCIOBHOM
KyOnueckol a4eliky a o0paTHOH ABNAETCA [LILK, PELISTKI CO CTOPOHOH YCI0BHOM
KyOHUCCKON syuciHky 4/,



Pcicrka, obparnas K Hpoc1on 1CKCaroniLIon pewctke bpasy ¢ uocrosisiMy

PCWCTKH € H & CCUB TAKGKC 11POCTAd ICKCATOHANBHAA pPelcTKd © HOCTOAHHBIMH

pemetku 2/¢ v 4n/+/ 33 norepHyTas Ha 30° ROKpYT €-OCH MO OTHOIIEHWIO K
TIPSIMOA PCIICTKC.
Ecin v — 0bbeMm 20ICMCHTAPIOM AHCHKM IPAMOH POLUCTKH, 1O MICMCIITAPIAsN

Aqciika oBparnoi pewerku nveer obues (21 F /.

?

™

a 1]

bar. 51, @ — QCAONAEE RORTOPE OO0 OPOCTOR rescarosancsod peneTsn Lipamna,;
& — pcHOBHRIE BEETORE ONA PellerTkEH, fJﬁ]ﬂHTH’DI'{T TC'I':"[, HOTORAR MODOMIEHL OCHOBHEME BCETODAMY
PRUETRY .



OGpaTtHas peweTka. OnpepgeneHuve 2 (0A4HO U3 MHOIUX)
PaccTOAHAE MEXKTY TAROI COCETHIK TTAQCKOCTER 12 cemelicTra (hkl) HAazkmasTea
MEKTTAOCKOCTHBIM PHECCTOAHHEM K 0DO3HAYASTCA Gpp. (JHO HEMEPAEBTCS NO HOPMAAK K
TAQCKOCTH (hkl) W 3ARHCHT OT METPHUCCKHX TAPAMETROR G4 @), @3 INCMEHTAPHOR AueilkH.

[HocTporM K Keaoi naockoeTH [hkl) HopmaasHelid eektop Hiyy v onpejeann ero
JAMHY KAK BEAMYMHY, ODDHTHYIO MEMKUIACKOCIHOMY pacctodtuio gy Huy | = day -
B abILeM CAYIAC KGCOYTOARHCH sICHKM (pHe.4) HOpMAAEL K KOOpIHEATHOH IAOCKOCTH
3a0:8TCH BEKTOPHBIM ODPOM3BENEHHERM BHUA jﬂi a,l' - BEKTOPOM, MOIYAR KOTOPOIO PiBEH
NAGMAMH 1TIEMHA G G, FI‘-[E‘lf-'{KH: i MEAKNADCKOCTHRIC DECCTOAHHA MEX/ 1Y KOO/ MHATHBIMH

MAMKOCTAMH €CTE HACTHBIE OT JIEAEHHA abLEMa AYEAKH A AL B T 'PELHH.
(ObRen TueiKy ONMPETEARETCA CMETITAHHRIN TTROHARETEHHEM!
= 31.3331] = E:.E]El] = ES,EIH:] .

|
A

"™

al
- --

Tagmm obpaszoMm, dygg = ——— , doip =, App1 =

"||?

|lazaz] lazayll 313_]
Fro OnpezeAseT TPU BeKTOPa Hm,:. =aq", Hpgg =a>" , Hppy = a3™:
lasay] . B33,] . _ [3;3;]

E'j. n?a:— n.‘-‘ai_ i A

HODMAABHBIX El' KDD]]}IHHHTH]’:-IM MAOCEKOCTSHM. GTE]ED,EI;H, CACHOBATEABHA,

dygo = 8} 2 dogp = 032, dgoy = a3~°

i - LR w -



MeNAOCKOTTHEIR PACCTORNHR Gy, (e, (s, 1 HOPMANL (848 k nnackocT (001} B o6uiets cydae KocoyronLHO

TUeR KU



B 4acTHOM CAYYAE OPTULOHAABHBIY PELUETOK. 0F = 05 = dos, 02 = 02 - = dog
Ll {-1' 1= .
aa = .
110, 1%

CoenageHie No HanpasAeHAM Ba3nCHbIX BEHTOROR NPAMON &, &, 8 M oBpamIoil ., 4+, 8- PELIETOH B ORTOTOHA/HON

uslike



Hﬂ.ﬁ,[[CM TCIICPL H JLAST HpﬂHEHﬂﬂLIIUﬁ IMAOCKEOCTH C MHAACDODCEHMHE HIIACECAMHA
(R =R, Jas 21000 HOCTYLMM TAK e, KAK M JAH KOOPAMHATHLIX LIIAOCKOCTEH, HO CABAAEM
BCHOMOTEABHOE HOCTPORHAE H BMECTO SAEMEHTAPHON S4eHKH Dy/1IeM PacCMaTpHBaTE

MAACTILEYIO SICHKY © DAsHCIILIME BCKTO PAMI:
T :-1' :- (] :.- 1

ﬂl = ._' _— _3 ,_ L = = __’. ﬂ- = __ »

B . - T

B cropoHax naockoctd (h. 7,0, ) AGKAT BEKTOPLL a3 H @) M BEKTOPHOS LPOMIBEACHUE [aja) |
OIpeacAseT HatIpanacHue H, | | ¥ TAOIIAAR MascHEKOH TpaHH, a4 Q = a; [ala:], T.E.
thaks

T [Ila'

Fal = eee——
L sfis 1] H .
e B | Y 51 T a

ar B LY L I B
ITAHACM, ITO iaiaj] = (h,al + h.a: + h.a; &, Q

lNocTpoeHue sekTopa Hy,

K nnockoctM (k. h,hs)




TTOAYHAETCH 3AMEHATEABHBIA PRAYABTAT — COHOKYIHOCTE BekTOpOB Hiy Boipakaercs vepes
GasHCHEIe BEKTOPEL a;, a8, a: ¢ HeAOUHCAEHHEIMH KOOPAHHATAME hkl, KOTOpLIe ABAIOTCA KAK
183 MUAAEPOBCKHMH HHEJIEKCAMK LAGCKOCTER (Axl). JDyrdmMu CAOBAMH, KOHUB! BEKTOPOB Hy
obpasywoT pewetky T (5), TOCTPOEHHYIO Ha BEKTOPRAX 4., a-, 8; TOYHO TAX ¥e KaK BeKTop
IPOCTPaHCTRERHOI pemeTky t, ,_, 0bpasyer pemeTky T(X), IOCTPOSHHYIO HA BEKTOPAX
a. a, a;:
I'(S) =X35...6(5 - Hyy)

[nc 6 - peanTa-chyIEmmg

Pemetka ¢ BexTopoM H, ., MocTpoeHEAd HA Ha3HCHEIX BeKTOPAX a:, a-, a:, HA3LIBAETCH
obpamitoll petiemxodl, BCKTOPLI a:, a3, a; |obo3radacMLIc Takske K a”, b, ¢) -

KOOPIHHATHBIME BEKTOpAMI 00paTHOR pemeTki. [lpu arom u3 {11), (14) caemyer, mITO
d a; 3 a3
Hiw—=1LHy==1 Hyy—=1

il .

-’

OOpaTHAS PEITETKA ONPE/IEAEHA R TPEXMEPHOM 0DDATHOM NPOCTPAHCTRE ¢ PASMEPHUCTRIO
0 PATHEIX AAHH+, UTOOB OTAHTIATE HCXOQHYIC PELICTEY KPHUCTAAAA, OTIPEACACHHYED B
PCAALIIOM IIPGCTPAIICTDE, 0T 0DpaTIIOf PCIICTKH, IICPDYIC b TAKMX CAYIAAX [1A3LIBAIOT
s@TOMIIOH» HAK #IIPAMOH» PCIICTROH.



ATOMUAH PCLICTRA ABAACTCH O0pATIOH L 01U0WeI0 K 0BPATLOK PCLUCTKE, T\ €. OLH
RIAHMAQ-00PATHRT, 1 MOHD TICAFRWHRT 00 3RCHTOTRAMH JAMCHHTE HA TARORKIC 603

ABEROMEK 1 UAGOOPOT, 1 TOM YuCAe W £ 1a £F LpH 3aMeLe & 1 &,

Qo2

022

QGpaTHaA pelleTka Kak COBOKYNHOLTb Y3A0B
ozt €06a3mcoma;,as, a; M oanH v3 sekTopos H e Hel (H. ..)

202 f

Baumociaib aTOMHONH W 0BPATHON PELIETOK
MOXeT ORITh ChOPMYAHPOBAHA 1 TAK: Y3AOBBIE
TIPAMETE R Q/THOH DETITETKE TIepreHMKYAA PHEI
TTAOCKOCTAM B JIPYTOMH, PACCTOAHHA MCKTY V3AAMH
T3 DﬂITﬂﬁ l'lﬁI'IElTITLI MERTIAQCKQCTTIGIM PDACCTOATTHAM

2
o240




UHpekcbl Munnepa aToMHbIX NJTIOCKOCTEWN

* OpueHTaums NIoCKOCTN ONUCbIBAETCS NyTeM 3a4aHNA BEKTOpaA
HOpManu K 3TOU NNOCKOCTW.

* [locKomnbKy Mbl 3HAeM, YTO A51s1 BCSIKOrO CEMENCTBA aTOMHbIX
NSIOCKOCTEN CYLLECTBYIOT HOPMaribHbIE K HEMY BEKTOPbLI 0OpaTHOM
pPEeLIETKN, TO ECTECTBEHHO BbIbpaTb B Ka4eCTBE HOpManu Takou
BEKTOP 0bpaTHOW peLLeTKu.

* YT100bI coenaTtb 3TOT BbIOOP OAHO3HAYHbLIM, BbIOUpaAOT
HaMMEHbLUMN N3 yKa3aHHbIX BEKTOPOB. Taknum nyTem Mbl
onpenensieM uHoekcbl Munnepa naHHOW NIIOCKOCTM.

* WHpekcbl Munnepa HeKOTOpoM aTOMHOW NIIOCKOCTU — 3TO
KOOpAWHaTbl HAMEeHbLUEro BeKTopa obpaTHOM peLLeTKy,
nepneHanKynapHoro AaHHOM NOCKOCTU, B CUCTEME KOOPpAMHAT,
3ajaHHOW OCHOBHbIMU BEKTOPaMu 0OpaTHOW peLUeTKu.

| [mockocTn, MMeTomas WICRe Munepa &, &/ TCpTCNUHRYTAMIA BCKTOPY OBPATTION
peleEy Al | kB | i,

{}llpmlmmllllhm HO 00 1M ﬂﬁpa:mm HILICKC I MHJlchlm JOUEKHBL QBT 1CIRIMA YHEIAMM,
MOCKOILKY Mobof BexTop obpatioid peeTRE opedcTasndacT coboil THICHITYIO KOMDHIIAUMIO TPCX
OCHOBHBIX BEKLOPOB, B3UBX ¢ LebIMA KO3(QuumenraMs, Jig 5400809 HOPMAIM K LOBEPXHOCTH
HEHCQUIERYCICH NAUMENRIIHA NCPICIHEYIHPUBIA BCK TP OBPATUOH PCHICTKY, I0TIOMY, HUICKCH! f1, £, 1
11C MOTYT HMCTL OBIICT0 MIIGKHTENA H 3aBHCAT OT BLIGOPA OCTIOBIILIX BCKTOPOE.



B npocTton kybnueckon pelletke bpaBa obpaTtHasa pelleTka siBfsieTCs
NpocTon Kybnyeckon n nHgekcol Munnepa cnyxat KoopanHaTamMmu BEKTopa

HOpMaJin K NJI0OCKOCTU, B3ATbIMA B B |<y6|/|qe0|<0|7| KOOp,EI,I/IHaTHOI7I CnctemMe.

* [.U.K 1O. U.K. pewieTkn bpaBa 06bI4HO ONMUCLIBAIOT C MOMOLLbIO
YCITOBHOW KyBMYECKOW AYENKUN, KaK NPOCTbIE KyOUYECKNE PELLETKU C
b6asncamu. INockonbKy Kaxgas aToMHas NOCKOCTb BT. L. K. U 0. L.
K. peweTkax npeacraBnsieT cobon aTOMHYHO MMOCKOCTb
COOTBETCTBYIOLLEN NPOCTON KyOUYECKOM pELLETKN, ONd
0003Ha4YeHNs1 aTOMHbIX NIIOCKOCTEN MOXKHO BOCIMOJSIb30BaTbCA TEM
Xe cnocobom 3aaHns MHOAEKCOB, YTO U B NPOCTOW Kybu4veckomn

peLueTke.
{YHCCTBYCT OINA TCOMCTPHYCCKAA HITCPOPCTAIMA  HIIICKCOB MEMMCpa IIT DpaMoi
PCTICTEH, KOTOPYID AMOTAA HCMONGIVIOT B KAUCCTD¢ ATLTCPUATHBIONG CTIOCODA HX OMPCICTCIINA,
Mockonmky 110ckoCTs pemersn ¢ whjiekcama Muiepa #, & { nepuenjikyspHa gecropy obparioil
peltetke K — Aby kb 11y .10 mpR ompeneIenHoM BHOOPE DOCTOAHHON A 0Ha OYIET CONENXATECA B
TCOMCTPRYCCKOH TITOCKOCTH, OMPCICTACMON Ynasmeimes K r=A,



13 IIOCKOCTL TIEPCCCKACT OCH, IATIPABICHIEL IO OCIIOBILIM BEKTODAM ; NDMMOH PCIICTRE,
Iy TICROTOPHX TOTRAR Xy, Yoy Xady, TVIC X OTIPCICNAIOTCA TPCOORAIACM TOTO, UTO BCTHUHTIA X;d,
yiiomersopi yparkennio niogkoe s K Ona) AL Taccas Keap=2xh, Koy =2nk w K 43=
2rl, moTyaacy
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NPONOPLEOHANERE HHAeECAM MiInepa 3ToE nI0CKOCTRL.

KpreTanmorpathul MEpChopamimaleT Beio THODIGMY ¢ TIOT 1T TOMOBY W OMNGICTAINT ANAckent Manmepa

kik Hﬂﬁllp HE WMEHKNIIHX []ﬁ'lllﬂl'l‘l MHHTENA [IENIMX HHCE], IE'[]"I"[]']'II:IE {.‘rﬁpﬂ’l'HH IIPHII'[]']'II[H{}HHJII:HI-:I

ONHHiM OTPe3KOB, OTCOHACHbLX EPHCTELHJH‘IECEUH [INMOCKOCTLHY Hil OCAR KPHCTLIA



Kpucrangorpagmueckoe onpeneneHie HH
Munnepa aTOMILIX TUIOCKOCTEH.
TTnOCKOCTh - HaCTh

X313 ATOMIOH TINOCKOCTH
Huickent Muuiepa eopardo nponopiito-

OAILILI X|.




npaBurna o603Ha4YeHnUA HanpaBfeHUN

ATOMIILIG [MIOCKOCTH COLMIN 000INAYAIOT, VRASLDAL B CkoOKAX MR mumckel Mumnepa (h k, D).
LlampyMep, B KyOHUECKOH CHETEME MIOCKOCTE ¢ HOpMALbio {4, - 2, 1) WIH ¢ KpHCTALIOrPagRYEC KO
TOUKH 3PEHUA NIOCKOCTE, OTCEKARNTYRY oTpeskn (1, -2, 4} va ocax kyba | HazmRa0T nockoeTRRY4,-2,
1), Jarrsaeie ONYCKAKYT W, 4TODR HE ROHWKIIO NYTARWIE, 3IHCHBEHT T BMECTO T, TI0NY'H 18Y
camim Donee upoctoe odosHaverde (421). Trode Takwe CHMBOIBL MOBHO DRI OJIHORHAYHE
MHTEPIPETUPOBATL, HEODXOAUMD 3HATh, KaK BRIOPAHB MCHONREYEMBIE OCH. Ko spretul nmeen
KYOHHCCKYIO CHMMCTTHIO, BECTIA IPHIEATO HELLIBIOBAT OCH IPOCTOR KyDUHCCROR AMCHKN.

LT nAmpARICITAE NPHMCITAGT KRATPATIILIE, & IT1¢ KPYTILIC CKOOKH, 'Tax, MpocTpancTBeImmag JHATOIANL
NPOCIOH KyDUHCCKOR PemeTkn uMecr nanpasicouc | 111], a s obmes coyuac panuyc-sekoop na; +
Nad2 | M3d3 MMEET HALPARICHKE [Tynan;] L0 OTHOMEHHIY K BaLaly OTCHETE.

(HonagenHe DecX JPYTHX  CCMCHCTD, KOTOPLIC DKBHDATCHTIILY B CHTY CHMMCTPHH EPHCTANTA.
Hanpumep, B kydmueckon kpueraiie naockocr (100), (010} w (001) akemsanenrin. B corocynHocs
ux 0Bo3AuA10T Kak n1ockocTy {100}, B odwes coyyae n1a obosuausung nnockocted (hkl) n poex
APYIHA LIOCKOCTCH, JKIHMBICI TIEE AM B CHIY CHMMCTPHI KPRCTILIA, HOIE3YIONCH cumuonom [hf] .
(CX0UHOE UPABIIO LPHMEHSIIOT | B OTHOLIEHHYH HAaupasueHRi: Haupasienus [100], [010], [001], [100]

[ 010 [O01] B kyEIMCCKOM KNHCTATNC MASLIBAIOT TAMRABICITHMH < 100>,
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NMEPBAA 30HA BPUITITIOOHA

ONeMeHTapHyo a4enky BurHepa — 3entua ans obpaTtHoOn
pPeELLETKM Ha3biBalOT nepeol 3o0HouU bpunnroaHa. MoxHo
onpenennTb Takke creayoLwmne 3oHbl bpunnioaHa, KoTopble
ABMSATCA dfIEMEHTAPHbIMU A4YenkamMmmn MHoro poga. OHU BO3HUKAKOT
B TEOPUN INEKTPOHHbLIX YPOBHEN B NEPUOANYECKOM MOTEHLUMAne.

XOoTs TepMUHbI «si4erka BurHepa — 3enTtua» u «rnepsas BOHa
BpunnoaHa» OTHOCATCA K MOAEHTUYHBIM reOMETPUYECKUM
NOCTPOEHNAM, TEM HE MEHee nocrnegHnn N3 HUX PakTU4eCcKku
ncnonb3yeTcs Nub Ana 0603HaYeHNA SYENnKU B K-NpOCTpaHCTBeE.

Korza roBopsiT 0 nepBov 30He bpurnnioaHa HEKOTOPOU peLLeTKH
BpaBa B r-npoctpaHcTBe (CBSA3aHHOM C KAKOW-TO KpUCTanin4eckomn
CTPYKTYpOW), TO BCerga MMerT B BUOY s4enky BurHepa — 3enTua
09 COOTBETCTBYIOLLEN OOpaTHON PELLETKMN.

[ocKonbKy obpaTHONM ANs 0. L. K. PeLIeTKN ABNAETCS T. L. K.
pelleTKa, To nepBas 3oHa bpunnaHa o. L. K. peLleTKn ecTb,
NPOCTO T. L. K. A4elika BurHepa — 3enTua.

HaobopoT, nepBas 30Ha bpunntoaHa r. L. K. pelleTkn eCcTb NPOoCTO
0. U. K. s4erka BurHepa — 3enTtua.



[lepBas 3oHa bpunntoaHa ang
0. U. K. (Q) UT. U. K. (6) peueTKn.




Mwukpokpuctann Ge
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