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NMpeaucnosue

WHTeHCHBHOE pa3BUTHE COBPEMEHHBIX HAYKOEMKHX TEXHOJIOTHH, B Hac-
THOCTHA HAaHOTEXHOJIOTHA, TPeOyeT YCHICHHOW MOATOTOBKH CTYJICHTOB
0 MaTeMaTHKE ¥ (PU3KKE I10 CPABHEHHUIO C TOM, KOTOpast MPelyCMOTPEHA
CYIIECTBYIOIUMHU O0Pa30BATEIBHBIMEI CTAaHAAPTAMU, TMPUHSATHIMUA IS
OOILETEeXHIMYECKUX BY30B.

B cBsi3u ¢ aTuMm Ha kadenpe ¢usnkn Poccuiickoro XUMHUKO-TEXHO-
norudeckoro yausepcurera um. /. 1. MeHeneeBa B KOHTaKTe C Ka-
(hempoli HaHOMATEPHUAJIOB M HAHOTEXHOJIOTHH OBLIT pa3paboTaH ycH-
JIEHHBINA Kypc Gu3uku o0beMoM 500 ay TUTOPHBIX YaCOB.

Pabora npoBoamiach B COOTBETCTBUH C pellieHHeM MHUHUCTEpCTBA
oOpa3oBanus u Hayku Poccuiickoit dexepaliiu o MoATOTOBKE CIeIHa-
JUCTOB TIO0 HAIPABICHUIO «HAHOMATEPHAIBI W HAHOTEXHOJIOTHID)
B psiJie TEXHUYECKUX BY30B, B ToM unciie U B PXTY um. JI. . Menne-
JeeBa.

OCHOBY HOBOBBEJICHUH B HEM COCTAaBIISIET Ja00OpaTOPHBIN IMPAKTH-
KyM 110 (PU3HKE TBEPJIOTO TEJIa U TEOPETUUYECKHE Kypchl «DU3nKa KOH-
JICHCUPOBAHHOTO COCTOSTHUS» U «KBaHTOBAs MEXaHHKA).

DT HOBOBBEJICHUS BHI3BAHBI 3HAUUMOCTHIO YIIOMSHYTBIX HaIpaB-
JIEHUH JUId pa3BUTHUA HAayKu U TexHUkH B X XI Beke, 11 cO31aHUs HO-
BBIX MaTEPUAIOB U TEXHOJOTUH. BaxkHO, YTO OHM HAXOMST OTPAKCHUE
B 00111€00pa30BaTEIBHBIX Kypcax U, MPEeXk]Ie BCEro, B (DU3HKE, COCTaB-
JSIONIEH OCHOBY (DyH/IaMEHTAIIbHOTO 00pa30BaHMs.
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Hacrosmee yue6HOE TOCOOHE 110 (PM3HKE KOHJEHCUPOBAHHOTO CO-
CTOSIHHS SIBIISIETCS YaCThIO HOBOTO Y4eOHOTro KoMIuiekca. B Hem, mo-
MHUMO TPAJAUIIMOHHO CIOXHUBIIUXCS Pa3/ieioB GU3NKN TBEPAOTO Tea,
OTpa’keHbl HEKOTOPBIC Pa3BUBAIOLINECS COBPEMEHHBIC HAIIPABJICHUS,
Takre Kak (Qu3nka (DOTOHHBIX KPUCTAJUIOB, HaHOMacmTaOHas (u-
3MKa, (ppaKTanbHble NPEACTABICHUS O CTPYKTYPE KPUCTANIMYECKUX
TEN U T. JI.

IIpesudoenm PXTY um. /. U. Menoeneesa
axademux 11. J]. Capxucos



BBegeHue

CoBpemMeHHbIE TEXHOIOTHUH TIPON3BOJICTBA MAaTEPHAJIOB HOBOTO ITOKOJIE-
HUS1, 00JIIA0IINX 33/ IaHHBIMH (PU3UKO-XUMHUECKUMU, MEXaHHYCCKHUMU
1 OKCIUTyaTalluOHHBIMUA CBOﬁCTBaMH, Tpe6y10T SICHOT'O IPEACTaBJICHU O
CBOWCTBAX YK€ UMEIOIIMXCS MaTePUAIIOB. DTO MPEXK/IE BCETO TEXHOIIO-
TUH TTOJIYUYCHUA HAHOMATCPUAJIOB, KOTOPhIM CBOMCTBEHHBI YHUKAJIBHBIC,
MIPUCYIIUE TOJIEKO UM Ka4eCTBa M OTIIMYUTEIILHBIE TPU3HAKH, TIPOSIBIIsie-
MbIC B PAa3JIMYHBIX, HOpOfI OKCTPEMAJIbHBIX YCIIOBUAX UX SKCILUTyaTallluu.
ByaymmMm cnienmanvicTaM, KOTOPBIM TPEICTONT 3aHIMAThCSI HAHOMATe-
pualaMu U TEXHOJIOTUSAMHU HUX IMOJYUCHUA, HCO6XOI{I/IM 6330BI)H71 KOM-
IUIEKC 3HAHWH B 00JACTH KIIACCHYECKOTO MaTepHallOBEJCHNS, CBS3aH-
HOTO C OOIICTIPU3HAHHBIMU IPEJCTABICHUSIMH O KBAaHTOBOW IPUPOJIC
CTPYKTYPHBIX 3JIEMEHTOB, COCTABIISIONINX JII000I MaTepuai.

B Hacrosimeli KHUTE H3JI0)KEHBI COBPEMEHHBIEC IMPEJICTABICHUS O
(hm3nYecKuX CBOWMCTBAX TBEPHBIX TEJl, ONMMCAHBI CTPYKTYpPhl MaTepHa-
JIOB ¥ TUIOB CYIIECTBYIOIIUX B HHUX B3aUMOJIEUCTBUN. MeTobl
HCCIICA0BaHU CTPYKTYPbI KOHACHCUPOBAHHLIX MAaTCPHUAJIOB OCHOBAHbI
Ha O6HIerPI3HaHHI)IX MOACIAX HACAIBHBIX W pC€ajibHbIX KPHUCTAJIN-
YECKUX CHCTEM. JTO, MPEXKJIC BCEro, OCHOBHBIC MPECTABICHUS KPHC-
TayorpauuecKoil HayKu 0 KPUCTAIUIAX U MX (PU3NIECKUX CBOHCTBAX.
Kpowme Toro, B KHUTE TatOTCsi OCHOBHEIE ITOHSITHS U METOBI CTATUCTH-
YeCKOH (PU3MKH, OMHICHIBAIOIINE (PHU3HUCCKIE (KBAHTOBBIC) COCTOSHHUS
OOJIBIINX KOJUIEKTHBOB, COCTOSIINX U3 TOXKIECTBEHHBIX IO CBOUM (hui-
3UKO-XMMHWYECKUM U CTPYKTYPHBIM XapaKTepUCTUKaM 37ieMeHTOB. Cy-
IIECTBCHHOC BHUMAHUC YJCIICHO O6HII/IM NpEACTaBJICHUAM O THUIIAX
AJIEMEHTAPHBIX BO30YK/JCHHI B KOHIACHCHPOBAaHHBIX CpellaX U yCIo-
BHSIX X BO3HUKHOBCHHSI.

B ocHOBHBIX pazfenax KHUTH H3JI0KEHBI PyHIaMeHTaNbHbIC (PU3H-
YeCcKHe CBOMCTBa KPUCTAJUIMYECKUX TEJI: TCIJIOBBIC, JJICKTPUYCCKUC,
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MAarHUTHBIE, a TAK)K€ MX B3aUMOCBS3U. JIMHAMUKA KPUCTAIIIMYECKOM
pEIIeTKH pacCMOTPEHa B TAPMOHUYIECKOM MTPHOIIKEHUH C YIETOM CH-
JIOBOTO BIUSHUS ONMMKaWmmx coceneil. Paznuuus B pU3MYECKHX Xa-
pPaKTEepPUCTUKAX MAKPOCKOMMYECKUX KPUCTAJUINYECKUX CUCTEM U HaHO-
YacTHUILl IPEACTABIIEHBI HCCIIETOBAaHUAMHU UX TEIJIOBBIX CBOMCTB. Mate-
MaTHYECKHH ammapaT, HCIOJIb30BaHHBIA B KHUTE, HE Tpelyer
CHeIHMaIbHBIX 3HAaHWH B 00JacTu (hopMain3Ma KBaHTOBOW MEXaHUKH.
M3noxenue marepuana OCHOBAHO Ha IPEACTABICHUSAX O MHOTOMEp-
HOM KOOPJIMHATHO-MMITYJIbCHOM (ha30BOM mpocTpaHcTBe [ mianbepra
M3BECTHBIX MOJICTISIX KBaHTOBOM (usuku Jlebas, [laitepica u mp.

Marepuan KHUTH TPOUJLTIOCTPUPOBAH CXeMaMH H rpadukamu, 1mo-
MOTAIOIIUMH OCMBICIIUTB CYTh OIMCHIBAEMBIX (PU3NUECKUX TPOLIECCOB.
Ocoboe BHUMaHUE YJEJICHO PUCYHKaM pa3ziesioB KpucTaiorpaduu 1
MEKaTOMHBIX B3aUMOJCHCTBUI B KOHJICHCUPOBAHHBIX CUCTEMAX. DTO
YK€ OTHOCHTCS K Tpad)UiecKoMy MaTepHalry, JeMOHCTPUPYIOMIEMY W3-
MEHEHHsI 3JIEKTPUYECKUX M MArHUTHBIX CBOMCTB KPUCTAJNIMYECKUX
CHCTEM, B YaCTHOCTH, IPH TEPEX0/ie MPOBOJHNKA U3 HOPMAIBHOTO B
CBEPXIIPOBOJIAIIEE COCTOSHUE WM MPU BO3JEHCTBUM BHEIIHHUX JJIEK-
TPUUYECKUX U MATHUTHBIX TOJICH HA CBEPXITPOBOIHUK. YacTh nH(pOpMa-
UM 0 (PU3NUECKUX CBOWCTBAX pacCMaTPUBAEMbIX MAaTEpPHAIOB MpeE-
CTaBJICHA B BHUJIC TAOIUII, TJIe COJIEPKATCS TEOPETUUECKUE U IKCIIEPH-
MEHTAJIbHBIE JTAHHBIE JJI1 KOHKPETHBIX XUMUYECKUX 3JIEMEHTOB U UX
COeTMHEeHNN. DTH JaHHBIE TOATBEPKAAOT IPABOMOYHOCTH CXEM U MO-
JIeJIeH, NCIIOh3yeMBIX B KBAHTOBOW TEOPHH JIJISI OTIMCAHUS HAOI0Iae-
MBIX DKCIIEPUMEHTAIBHO PEATbHBIX (PHU3MUECKUX MPOIIECCOB B BEIIeC-
TBe. TeopeTnuecknii MaTepuasn KaKJOW IaBbl 3aKAHUYMBAETCS 3aJa-
YaMU C PEHICHUSIMH, [TOMOTAIOIIMMHU JIy4Ille YCBOUTH M3JIaracMblil B
KHUT€ MaTepHal.

Kuura coctout u3 aeBatu rias. B nepBoii rjiaBe onmucaHbl CTPYK-
TYPBI PETYISIPHBIX KPUCTAITNIECKUX CUCTEM C FICTIOIb30BAHNEM MTOHS-
T COBPEMEHHOW KpHCTAUIOTpaduu O MEepHOAMYCCKHX (PYHKIHIX
C TPAHCIIAUOHHON cuMmMmeTpueir. Ocoboe MECTO OTBEICHO CBOWCTBAM
00paTHOHN pelIeTKH, COCTaBIAIOUICH OCHOBY KpHcTayutorpaduu mpo-
CTpaHCTBa, 00paTHOTrO peanabHOMY (usnueckomy. OOpaTHOE pocTpa-
HCTBO HEMOCPEACTBEHHO CBSI3aHO C ompenerneHueM 30H bpusiiosna,
HEOOXOMMBIX TIPH BBEACHUN (PYHAAMEHTAIBHOTO ITOHITHS KBaHTOBON
TEOPUH TBEPABIX TEJl — MOBEpXHOCTH Depmu.
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Bo BTOpOI1 TI1aBE paccMOTPEHBI BOMPOCH CTATUCTHYECKON (PH3UKH
0O0JIBIINX KOJUICKTUBOB TOXJIECTBEHHBIX MHKPOYACTHUI[, COCTABIISIO-
X OCHOBY JIFOOOTO PEajJbHOr0 KPHUCTAIIA, M €€ METOJIbI — KIIACCH-
YECKOM M KBaHTOBOM CTaTUCTUK. [IpencTaBieHbl CBOMCTBA HEBBIPOK-
JIEHHOTO ¥ BBIPOXKJACHHOTO KOJUIEKTHBOB KBAHTOBBIX OOBEKTOB U Me-
TOJIBI UX CTaTUCTUYECKOTO YCPEIHECHUS, HEOOXOIUMBIC JIJISl U3YYCHUS
CTPYKTYPHBIX XapaKTEPUCTUK KPUCTATUTHICCKUX CHCTEM.

B Tpetneii TmaBe gaHbI 6a30BbIe TIOHSATHS 30HHOW TEOPUHU TBEPIIBIX
TEJ, OMPEACIISIONICH YHEPTeTHUECKUE CIEKTPHI DJIEKTPOHOB, HAXOMI-
UXCSI B IEPUOAUYECKOM I10JI€ KPUCTAJUIMUECKON PEIIEeTKH peryJsusip-
HOT0 KpucTtajiia. PaccMOTpeHbl 3aKOHBI JUCIIEPCHUHU JIEKTPOHHOTO ras3a
1 3aM0JIHEHUE SHEPTETUYECKUX 30H JIEKTPOHAMU. DTa IJ1aBa SIBISIETCS
KJIFOUEBOM JUIsl IOHUMAHHMsI BCEH KBAaHTOBOW TEOPHUM TBEPJIBIX TEJI, I10-
CKOJIBKY B HEW M3II0’KeHa KiacCH(UKANUS KPUCTALTHYECKUX CHCTEM
M0 3JIEKTPUUECKUM CBONCTBAM.

B ueTBepToOil raBe pacCMOTPEHBI PA3IMYHBIE TUIIBI 3JIEMEHTAPHBIX
BO30YKJICHUH, JIOMYCKaeMbIX KBAHTOBOW TEOpPHEH B KPUCTANTMICCKIX
MAaKpOCHUCTEMAaX, U YCJIOBHS UX BO3HUKHOBEHUsA. Bosblioe BHUMaHME
YJICICHO TEIUIOBBIM KOJICOAHUSIM KPUCTANTMYCCKON PEIIeTKH, Win (o-
HOHHOMY ra3y. Kpome Toro, mogpoOHO paccMOTpeHa AMHAMUKa KoJje-
0aHMll OJTHOTO W JIBYX aTOMOB B AJICMEHTAPHOM STYCUKE KPUCTALITNIEC-
KOW PEIIeTKH C YUYETOM B3aMMOJCHCTBHS C OMVKANIIIMMHA COCEIISIMH.
Junamuyeckue CBOMCTBA KPUCTAILNTMYCCKON PEIICTKH MPEACTaBICHBI
SHEPTEeTHYECKUM CIIEKTPOM HOPMATBHBIX KOJIEOaHHA KPUCTAILIA.

B nsAT0i1 r11aBe U37105KEeHbl KBAHTOBBIC TEOPUHU MOTJIOMICHUS TEILIO-
BOH DHEPTUU W €€ PaCHpOCTPAHCHHS B IpelneiiaX KPHCTAIUTHYICCKUX
MaKpOCHCTEM ¢ rmomoltsio mozeneit Jlebas u [laitepiica. Ocoboe mecto
OTBEJCHO BOTIPOCY MOTJIOMICHIS TETUIOBOW YHEPTUH HAHOYACTUIIAMH U
CBOMCTBaM 3TOrO MpolLIecca.

Illectas rnaBa MOCBAIICHA H3YYCHHUIO SJICKTPUUYCCKUX CBOMCTB
KPUCTAJUIMYECKUX MaTEpUaIOB, HAXOJIIINXCA B HOPMAIbHOM U CBEPX-
MPOBOJIAIIEM COCTOSIHUSX. JleTaabHO HM3JI0KEHA TEOpHsI CBEPXIIPO-
BOAHMKOB B TpencraBneHnn bapmuna—Kynepa—Illpuddepa (BKIL-
Teopusi). PaccMoTpeHsl ciaydan BO3IEUCTBHSI HA CBEPXIIPOBOTHUKU
BHEILHHUX 3JIEKTPUUYECKUX U MATHUTHBIX MOJIEH.

B ceabmoii raBe onucanbl MarHUTHBIE CBOMCTBA KPUCTAIIOB U UX
oOmenpuHsATas KIacCu(pUKAIUsA ¢ MO3UINNA KIACCHYECKO M KBAaHTO-
Bo# Teopuid. [IpeacraBieHpl MOJICIb IPELECCHH AIEKTPOHHON OpOUTHI
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BO BHELIHEM MAarHUTHOM II0JIE, IPUBOASIIAS K BOZHUKHOBEHHIO JHa-
MarHeTns3Ma, Kjaccuyeckas M KBAaHTOBas TEOPHUU MapaMarHeTH3Ma,
B TOM YHCJE TapaMarHeTU3M 3JEeKTPOHHOTro rasza. OTAenpHO JaHa
KBaHTOBas Teopus (eppoMarHeTnsMa U OCOOCHHOCTH BHYTPCHHEH
CTPYKTYpBI (hepPPOMATHUTHBIX TBEPBIX TEI .

BocbMmast 171aBa 0XBaThIBaeT OCHOBBI OTHOI'O U3 aKTYaJIbHBIX HAIIPaB-
JICHUI pa3BUTHS (GU3UKH TBEPIOTO Tejia — (POTOHHBIX KPUCTAJUIOB M UX
cBoicTB. JlaHa OCHOBHas KJIacCU(HKAIWS CTPYKTYp (DOTOHHBIX KpHC-
TaJUIOB M OCOOEHHOCTHU MX CYIIECTBOBAHUS B CHELU(PUIECKUX YCIOBUSIX
(u3HYecKoro AKCIepuMeHTa. TeopeTHyecKue MpepAcTaBiIeHust o ¢o-
TOHHBIX KPUCTAJUIAX OIPAaHUYEHbl PACCMOTPEHUEM ClIydasi HEAUCCUIIA-
TUBHBIX MaTEpPHAJIOB C JEHCTBUTENBHON MOJIOKUTEIBHON TUAIEKTPH-
yeckoi moctostHHOH (Teopust C. J[xona).

B 3akimrounTenbHON, NEBSATOW IJIaBE M3JIOKEHBI MOHATHS O HAHO-
MaciTaOHOH (u3uKe, (pakTaasbHOH TEOMETPUHU U €€ MPHUIIOKEHUH K
Teopuu TeruioemMkocTr Jlebas s Makpo- 1 HAaHOCTPYKTYP.

ABTOpBI IpU3HaTenbHbl npodeccopy HUY MOTU 1O. B. [lerpoBy
3a MPOCMOTP PYKOIIMCH U Psi/I TTOJIE3HBIX 3aMEeYaHuH.

Marepuansl TEpBBIX CEMH TJAB SBISIOTCS TPAAWIMOHHBIMU Uil (H3HKK
KOH/ICHCUPOBAHHOT'O COCTOSIHUSI M COJICPIKATCS B Pa3IMYHbIX [0 00beMy U IIyOnHe
MHOT'OYHCIICHHBIX y4eOHNKaX U MOHOrpadusx. V3noxeHune 3TUX pa3/eloB B JaH-
HOU KHHTE OJIKE BCEro K M3BeCTHBIM pykoBozacTBam [. U. EnudanoBa «®dusnka
TBepaoro tena» u M. Kutrens «BBenenue B pusuky TBEpAOTO TENay.
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CTpyKTypa TBepAbIX Ten.
AneMeHTbl Kpuctannorpadgumn

1.1. Cunbl BaH-gep-Baanbca, nx knaccudgpukaumsa

Cuibl Ban-nep-Baanbca xapakTepu3yroT B3auMOJIEHCTBUE HA PACCTOsI-
ausix ~107° M MEKLy [IeHTPaMH AeKTPOHEHTPATLHBIX ATOMOB M MOJIC-
kyJ. Cunbl Ban-nep-Baanbca HOCAT AalIbHOACHCTBYIOIIMM XapakTep U
OTIPE/IECTISIIOT MEXKATOMHOE HJIM MEXMOJIEKYJIIPHOE B3aMMOJEHCTBHE,
JaKe €CIIM 9T MUKPOOOBEKTHI HAXOAATCS B PA3HBIX arperaTHbIX COCTO-
saHusx. KBaHToBas Teopusi BaH-/1€p-BaalbCOBBIX CHJI IIOAPOOHO M3JI0-
eHa B paboTtax [1, 2], a ee mpakTHUECKOE NCTIONIb30BaHKE [T aHAIN3a
Pe3yIbTaTOB SKCIIEPUMEHTA, B YACTHOCTH, BBIPALLIMBAHUS B [1apPOTa30-
BBIX cpeliax KpucTawioB Si v Ge (aBTOAMHUTAKCHS) ONMCAHO B paboTax
[3,4]. Cunbt Ban-nep-Baanbca BKITIO9ArOT B €051 AUCIIEPCHOHHOE, OPH-
EHTAIlMOHHOE W MHIYKIIMOHHOE B3aMMOJEHCTBUS MEXIY aTOMaMH U
MOJIEKyJIaMU. PaccMOTpUM KaX10€ U3 HUX B OT/IEIBHOCTH.

Hucnepcuonnoe e3aumooeiicmeue 00yCIOBIEHO CHIIAMHU, BO3HH-
KAIOLUIMMU IIPU JUIIOJIEHOM B3aUMOJCHCTBUHM COCETHUX aTOMOB, U Xa-
PaKTEpHO Ul HEMOJIAPHBIX MOJeKyJ. CHIIBI CBSI3U MEXIy aToMamH,
TTOSIBIISTFOIIIMECS BCIICACTBHE COTIIACOBAHHOTO JIBIKEHUS SJIEKTPOHOB B
COCE/IHUX aTOMaX, Ha3bIBAIOTCS Oucnepcuonnvimu cunamu. [lon Bnus-
HUEM BO3JIEMCTBUA DJIEKTPUYECKOTO AMIIONS OJHOIO aToma Jpyroi
aTOM IOJIAPU3YETCS U B HEM BO3HHUKAET JUIOJIbHBIH MOMEHT, CIIOCO0-
CTBYIOIMI TUCIIEPCHOHHOMY B3auMoieicTBHIO (puc. 1.1).

[loTeHumanbHas SHEPTHUs AUCIIEPCUOHHOTO B3aMMOJAEHUCTBUS ABYX
COCE/IHUX aTOMOB paBHA

3ol
- 75
4 6
rae o — HOJI}IpI/IByeMOCTL aTOMOB, I— 3H€pFI/I$1 B036y)KI[eHI/I}I aTOMOB,
¥ — PACCTOSIHUE MEKIY B3aUMOJICUCTBYIOIMMU aTOMaMH.

U,(r)=- (1.1)
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Puc. 1.1. CamocornacoBaHHOE IBIKCHHE 3JICKTPOHOB B IBYX COCEIHUX
aToMax ¢ 00pa3oBaHNEM HaBEJACHHBIX AIEKTPUUYECKUX TUTIONEH,
TapajuIeIbHBIX IPYT APYTY

Opuenmayuonnoe e3aumooeiicmeue XapakTepHO JUIsl MOJSPHBIX
MOJICKYJI, 00JIAafONIuX MOCTOSHHBIMU IUTIOJIBHBIMA MOMEHTaMH M,
MEXKJy KOTOPBIMH BO3HHKAET JICKTPOCTATUYECCKOEC B3aUMOJCHUCTBHE.
OT0 B3aUMOJIEHCTBUE CTPEMUTCS PACIOJIOKUTH AUIOJIN B OINPEJIEIEeH-
HOM niopsiake (puc. 1.2), KOTOPBIH HApyIIAeTCs TEITIOBBIM IBIKCHHEM.
B o0nacTi HU3KUX TeMIepaTyp OpUeHTALMsI SBJISIETCS IOJIHOM, a Hep-
't B3aHMOI[eI>'ICTBPIH ABYX MOJICKYJT OIIPEACIIACTCA KaK

2
___ M (1.2)

op ’
2ng o1

TAC €y — DJICKTPUUCCKAsA MMOCTOSIHHAS.

SE > > Sl > >
I O>F_O>F >F >F >

Puc. 1.2. Cxema pacronioxeHust JUIMOJIeH COCeTHUX MOISIPHBIX MOJICKYJT
IIPHU UX OPUCHTAI[IOHHOM B3aUMOJICHCTBUH

I[HSI BBICOKHUX TeMHepaTyp IIOTCHIIMAJIbHAA SHCPFHH OpI/IeHTaHI/IOH-
HOT'O BSaHMOHGﬁCTBHH ABYX IIOJIAPHBIX MOJICKYJI paBHaA
M* 1
V=7 & (1.3)
24ne kg r

rje kg — noctosinHas bonbiimana, 7 — aOcoltoTHAs TeMIieparypa.
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Kax Bugnao u3 popmyn (1.2) u (1.30), npu u3MEHEHHN TEPMOAMHA-
MHUYECKOTO peXruMa (TeMIepaTypbl Cpe/ibl) OpUEHTAMOHHOE B3anMO-
JeHCTBUE IByX MOJICKYJI PE3KO MEHSETCS B 3aBUCHMOCTH OT PaccTos-
HUS 7" MEXKTy HUMH.

Hnoykyuonnoe ¢3aumooeiicmeue BO3HUKACT y MOJSIPHBIX MOJIEKYJ,
00JIaIAIOIINX BBICOKOH MOJISAPHU3YEMOCTBIO OL, KOTJIa MOXKET MOSIBUTHCS
JIOTIOJTHATEIIEHO HABEACHHBIN (MHIYIIMPOBAHHBIN) dJIEKTPHUCCKUN TH-
T0JIb TTOJT ICHCTBUEM TIOJISI IOCTOSIHHBIX JTUMOJIEH COCETHUX MOJIEKYT —
puc. 1.3. Ha 3ToM pucyHKe TyHKTHPOM TIOKa3aHbl HHIYIINPOBAHHBIC TH-
noiu. ITpu 3ToM 3HEprusi B3aMMHOTO MPUTSHKESHUSI MEXKILY )KECTKUM (T10-
CTOS[HHLIM) SJICKTPUYCCKHUM JTUITOJIEM 0I[HOI71 MOJICKYJIbI 1 HaB€ACHHBIM,
WHTyLIUPOBAHHBIM, AUTIOJIEM COCEIHEH MOJICKYJIbI HE 3aBUCHT OT TEMIIe-
paTyphbl 1 OIpeaeNnseTcss COOTHOIIEHHEM [6]
oaM? 1

— (1.4)

Uig =~ 5
8ney ¥

<= <P

Puc. 1.3. CxeMa B3aMMHOT'O PacIoyIOKEHHUs KECTKOIO0 U HABEIEHHOTO dJIeK-
TPUYECKHUX AMIONEH B JBYX COCETHHX BBICOKOIOJSIPU30BAHHBIX MOJICKYJaxX
MIPYU UX UHIYKIIMOHHOM B3aUMOJICHCTBUU

B o0miem ciyuae npu cONMMIKEHHUM MOJISKYJI MOTYT BO3HHUKATh BCE
TPH BHUJIA CBS3CH, U ITOTHAS SHEPTHSI B3aUMOICHCTBHSI, BRI3BAHHOTO CH-
namu Ban-nep-Baanbca, pasra cymme U, =U  +U , +U . IIpo-
[IEHTHBIC COOTHOIICHHUS JIJIS1 PA3IMUHBIX BEIIECTB MEKIY dTHMH TPEMS
BHJIaMH B3aUMOJICHCTBHUI TIpe/IcTaBleHbI B Ta0d. 1.1.

Tabnuya 1.1

IIponeHTHOE COOTHOLIEHHME MeXKAY AUCTIEPCHOHHBIM U,
OpUHeHTAUHOHHBLIM Uy, 1 MHAYKUMOHHBLIM Uing
B3aNMO/IeiiCTBUSIMM VISl PA3JIMYHBIX BelleCTB

Bemectso U, Ugp Uina
H,0 19 77 4
NH, 50 45
HCI 81 15
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Tabnuya 1.2

OHeprus cBsi3u U 1711 MOJ1eKyJISIPHBIX KPUCTAJLJIOB,
oOpa3zoBaHHBIX cujamu Ban-nep-Baannca, k/:x/Moib

BemectBo U
Ne 1,9

Ar 8,4

N, 6,8

0, 8,2
CO 8,4
CH, 10,8

W3 310t TabmuIpl BUHO, YTO MHYKIIMOHHOE B3aWMOJICHCTBHUE B
MPOLICHTHOM OTHOILECHUU JJIsl BCEX MPEICTABICHHBIX BELIECCTB MAJo.
VY nonspusix monekyn H,O, NH; sHeprust BaH-ep-BaaibCOBBIX CBS3EH
COCTOUT B OCHOBHOM M3 OPHECHTAIIMOHHOTO B3aUMOICHCTBHS, 4 Y MOJIC-
kyn HCI ompenensiercss uX AMCIEPCUOHHBIME CBs3IMHU. B Tabm. 1.2
MPUBECHBI 3HAYCHUS SHEPTUU CBSA3U B pacyeTe Ha 1 MOJIb JjIsl HEKOTO-
PBIX MOJIEKYJISIPHBIX KPHUCTAJUIOB, 00pa30BaHHbBIX criiaMu BaH-nep-Ba-
anbca [6]. Oka3pIBaeTCs, YTO SHEPTUU CBS3CH aTOMOB MM MOJICKYJI B
KPUCTAJUTMYECKOM COCTOSTHUU, 00YCIOBICHHBIC BaH-IEP-BaallbCOBBIMU
CWJIaMH, HEBEJIMKH 110 CPAaBHEHHIO C YHEPTHSMH CBS3eH aTOMOB, 00-
YCIJIOBJIEHHBIX UHBIMH B3aUMO/ICHCTBUSIMHU.

1.2. MoHHasA, KoBaneHTHas U MeTarnsinyeckasi CBA3u
B TBepAbIX Tenax

PaccmoTtpennas panee MoJielb BaH-AEP-BaaIbCOBBIX CHII CBA3H MEXKIY
aTOMaMH WJIM MOJIEKYJIAMU CBSI3aHA C B3aUMHOM OpUEHTauuei 3aps-
JKEHHBIX JJIEKTpUYecKuX aumoiei. OHa He 00ycIOBICHA IEKTPOCTa-
THYECKHM 3aKOHOM B3anMoOJEHCTBUS (3akoHOM KyioHa) snmemeH-
TapHBIX 3apsAJ0B WM BO3ACHCTBHEM BHEIIHMX MarHUTHBIX IOJEH,
a TIOTOMY HE OTHOCHUTCSI K TUITY JIE€KTPOMAarHUTHBIX CHJI CBA3EH, KOTO-
pBI€ ABISIOTCS HanOollee CHIIbHBIMUA M3 BCEX M3BECTHBIX B3aUMOJICH-
CTBHUIl HA aTOMHO-MOJIEKYJIIpHOM ypoBHE. K 3TOMy THIy OTHOCHTCS
UOHHAA C6A3b, UMEIOLLASl MECTO Y LEJI0YHBIX METAJVIOB WU T'aJIOUJI0B.

[locne moTepu »rneMeHTapHOTO 3apsiaa (AJIEKTPOHA) aTOM LIEIO0Y-
HOT'O METaJula MPEBPAIIACTCs B MOJIOKUTEIbHBII HOH, a aTOM raJlouaa
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[OCJIE€ NPUCOCOUHEHUS! 3JIEKTPOHA CTAHOBUTCS OTPULIATEIBHBIM HO-
HOM. MOHBI B3aMMOJICHCTBYIOT MEX1y co00 1o 3akoHy KymnoHna, 00-
pa3ysi MOHHYIO, WU TIOJISIPHYIO, CBA3b.

DHEpPruro MNPUTSKEHUS IBYX UOHOB C PABHBIMU IO BEIMYUHE, HO
MIPOTUBOIOJIOKHBIMHU 110 3HAKY 3apsilaMUd ¢ Ha PACCTOSHUM 7 IPYT OT
JIpyra MOKHO IIPEACTBUTH B BUJIE

2
v, =—92
4ne or

Ha puc. 1.4 xpuas / nmoka3bIBaeT 3aBUCUMOCTb YHEPTUU MPUTSHKE-

nus U (r) npu ymeHblieHuu 1, korga lim U | (r) = —oo. [lox neiictBuem
r—0
CHJIBI MIPUTSDKCHUSI MOHBI CTPEMSTCS MAaKCUMAaJIbHO COJHM3HUTHCS APYT

C IpyroM. DTOMY Ha MaJbIX pacCTOSHUAX (7 — 0) MPemsITCTBYIOT CHITBI
OTTAJIKUBAaHMs, OOYCJIOBJICHHBIC MEXBSIACPHBIM B3aUMOJCHCTBHEM
CONMMKAIOMINXCS HMOHOB. DHEPrus OTTAJKWBAaHUS, IOKa3aHHas Ha
puc. 1.4 xpuBoii 2, OLIECHUBAETCS 10 CTEIEHHOMY 3aKOHY

rneBun— HCKOTOPLIC NTOCTOAHHLIC U 1 > 1.

U(r) o

v
~

Puc. 1.4. TToTenmmansHas SHepTrHus B3aUMOJICHCTBUSA ABYX HOHOB U(r)
B 3aBUCHUMOCTH OT paCCTOHHI/IH r Me)K}]y HUMHU
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PesynpTupytomias sHeprus B3auMOIeHCTBYIOINX HOHOB

2
B
U(ry=—--9_
" Amer
mpeacTaBieHa kKpuBoi 3. ONTUMATBFHOE PACCTOSTHUE MEKIY TBYMS B3a-
MMOJICHCTBYIOIIMMH HOHAMH 7() COOTBETCTBYET YCJIOBHUIO: min U(r) =
= Uy(ry) — OoNTUMaNIbHOI SHEPTUU CBS3H ABYX HOHOB. Ilpu » = 1 cuna

ou o
MNPUTSKEHUS] MOHOB F' =— paBHa 110 aOCOJIOTHOW BEITUYMHE
or |,
0
oU .,
CHJIE OTTAJIKMBAHUA [ = — , T. €. Iy + For = 0. B aTom ciyuae
or |,
0
13 PaBEHCTB
q2 nB
Fl'[ = _7; FOT =
4 n+l
TE o7 0

noJjiydyacM COOTHOLICHUE JJI KOHCTAHTLL B IIpu U3BCCTHOM PACCTOA-
2
q

. ro ! TIpu 3TOM pe3yibTHpyIOIas HOTCHIHANbHAS
On

HUHU ry. B =
SHEPTHUS CBSI3M JIBYX MOHOB, HAXOJISIIIIUXCS HA PACCTOSIHHH F), OTIPEIIe-
JISIETCST U3 BRIPAYKCHHUS

U (ry) =—qZ(1—1j<O.

4ne 41, n

DddexkTuBHAS MOTEHITHATHHAS YHEPTHSI BCEH KPUCTATUIMIECKOH pe-
LIETKH, MOCTPOSHHOM U3 NN 101I00HBIX HOHHBIX MOJICKYJI, paBHA

2
Upem(ro):_NAq(l_l} (1.5)
4re o1 n

rae A — noctosiHHas MajenyHra, yYuTbIBaIOIIasi SHEPrUi0 B3auMO-
JIEWCTBUSL JaHHOW MOJIEKYJIbI, COCTOSILIEN M3 JABYX MOHOB, C €€ cOoce-
JISIMU B KpHCTAJIE.

B ta6u. 1.3 B xauecTBe mpuMepa MPUBEIACHBI B pacdeTe Ha 1 MOJb
SKCIIEPUMEHTAJIbHBIC 3HAUCHUS DHEPTUU CBSI3U MOHHBIX KPUCTAJUIOB U
X TCOPETHUYECKHUE OIEHKH, BRIYUCIICHHBIE TTI0 (hopmyde (1.5) [6].
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Tabruya 1.3

IxcnepuMenTanbubie U, u Teoperuueckue U, 3HaueHus
JHEPI'MH CBSI3M HOHHBIX KPUCTA/LIOB BellecTBa, k/:k/Moi1b

Bemectso U, U,
NaCl —752 —754
KI —650 —630
RbBr —635 —645
Csl —595 —585

B npupoze cymecTBy0T MOJIEKYJIbI, IPOYHOCTH CBSI3U ATOMOB B KO-
TOPBIX 3HAYUTEIIBHO OOJBINIE TOW, KOTOpas OOyCIIOBICHA CHJIAMH
Ban-nep-Baanbca, 1 B TO ke BpeMsI MEHbBILE SHEPIHU CBSI3H, CyIIec-
TBYIOILIEH B MOHHBIX KpucTamiax. Harmpumep, noTeHIMaIbHAs SHEPTUs
aToMOB B MoJiekynax H,, O,, N, o0yciioBiena cuimamu 0OMEHHOTO B3a-
HUMOJICHCTBYSI, U3BECTHOTO KaK KOGAJICHMHASA C6A3b ATOMOB.

PaccmoTpum npupory KOBaJE€HTHOM CBA3M HA NMPUMEPE MOJIEKYIIbI
BOZIOpOJA.

Ilyctb aToM A cocToUT U3 siipa @ U BIEKTpoHa /, aToM B cooTBeT-
CTBEHHO U3 siapa b u anektpona 2 (puc. 1.5). Ha 6onpmmx pacCTOSHHAIX
7 MEXIy sSApamMH, KOTAa CHpPaBEAJIMBBI COOTHOLICHUS » > 7, I, TIE
7, U ¥, — paiuychl dJIEKTPOHHBIX OpOWT, aTroMbl Bozopona A u B
MO’KHO PacCMaTpUBaTh KaK W30JUPOBAHHBIC, IPH ITOM SHEPIUs CHC-
TEMBI JBYX aTOMOB paBHa 2E, rine E, — 3HEprus M30JIMPOBAHHOTO
aToMa BOJIOPOJia B HOPMAJIbHOM COCTOSIHUH.

Puc. 1.5. Mopens MoJIeKyJIbl BOJIOPOIA

ITo mepe cOMMKEHNST aTOMOB BEPOSITHOCTH IEPEX0/a JIEKTPOHOB
K «9yXXUM» gApaM YBCIMIUBACTCA, U HACTYNACT NECPCKPLITUEC UX BJICK-
TPOHHBIX 000JI04eK. [IpH 3TOM TepseT CMbICT MOHATHE O TPUHAJICHK-
HOCTH dJIeKTpoHa / atomy A, a anekTpoHa 2 — aromy B. O600mecT-
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BJICHHE JIEKTPOHOB CONPOBOXKIAETCS epepacipeieieHueM 3JIeKTPO-
HHOW MJIOTHOCTH B MOJeKyJsie Bogopoaa H,, n n3MeHeHuem sHepruu
CHCTEMBI 110 CPAaBHEHHIO C YHEPTHEH N30JIMPOBAHHBIX aTOMOB.

Ha puc. 1.6 OyHKTUPHBIMU JUHUSMU [ TOKA3aHO pacIpeesiCHUue
3JIEKTPOHHOHN IJIOTHOCTH M30JINPOBAHHBIX aTOMOB, MyHKTHPHOW JIH-
HUeH 2 cyMMapHas IUIOTHOCTb, KOTOpas IIOJIy4yaeTcsi B pe3yJbTare
IIPOCTOTO CIIOKEHHS AJIEKTPOHHBIX IJIOTHOCTENH M30JUPOBAHHBIX aTO-
MOB, a CIUIOIIHAs JHUHUA 3 JaeT (PaKTHIECKOe PACIpeeNICHNue dJIeK-
TPOHHOM INIOTHOCTH BAOJIb OCH, COCOUHAIOUICH sapa ¢ U b aTOMOB,
B Cilyyae 0000IECTBICHHUS JIEKTPOHOB B IpeJiesiaX eIUHON MOJIEKYIIbI
BOZIOpOJA.
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Puc. 1.6. Pactipeienenue 371eKTPOHHON IUIOTHOCTH 7(7) B MOJICKYJIE BOIOPOAA

W3 puc. 1.6 BuaHO, 9TO MpH 0000IIECTBICHUN JIEKTPOHOB IPOUC-
XOJUT BTSATMBAHUE HIEKTPOHHOM IUIOTHOCTH B IPOCTPAHCTBO MEKIY
sapamu. Bue snep cnunooanu (o6nacti GpU3NUECKOro MpOCTPAHCTBA,
B Ipejeiax KOTOPOro 3JIEKTPOHHAS IIOTHOCTh OTIUYHA OT HYJIA)
MEHBIIIEe, a B MPOCTPAHCTBE MEXIY AIpaMu OOJbIE 0 CPaBHEHUIO
C CyMMapHO# 3JeKTPOHHOH IMIIOTHOCTHIO H30JIMPOBAHHBIX aTOMOB.

[loBblIeHHE TIOTHOCTH JICKTPOHHOW CHMHOAAIH, 3alOJIHSIOLUICH
MEXbSJIEPHOE ITPOCTPAHCTBO, IPUBOANT K YMEHBIIICHUIO YHEPTHH CHUC-
TEMBI ¥ TTOSIBJIICHUIO CHJI MIPUTSDKEHUS MEXKTy aToMaMu. MexbsaepHas
9JIEKTPOHHAS CITMHOJIATh 0000IIECTBICHHON MaphI SJIEKTPOHOB CTATH-
BaeT s/ipa aTOMOB B MOJIEKYJIE BOJIOPOJIA, CTPEMSCh MPUOIU3UTD HX
ApYyT K ApyTy.

Pacuers! [Naiitnepa u Jlonmona [5] mokazanm, 9To cuctema IByX 00-
OOIIIECTBICHHBIX AIEKTPOHOB TIPH CONMKEHHUH JBYX aTOMOB BOJIOPOJIA
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B 3aBHCUMOCTH OT B3aUMHOM OpUCHTAIHX CIIMHOB B HUX MOXKET obOna-
AaTb ABYMS 3HAYCHUAMU SHCPIrUn:

U, =2E, +K7“21 (1.6)
1+S
IIpU aHTUIIAPAJIJICIIBHOM HAIIPaBJIICHUN CIIMHOB U
U, =28, + 54 (1.7)
1+S

IIPU NapajieNbHbIX clIMHAX. 3aeck K < 0 — sHeprus sJeKTpocTaThyec-
KOT'O B3aUMOJEHCTBUS 3JIEKTPOHOB C SAPaMHU, 3JIEKTPOHOB MEXKIY CO-
001 1 siIep MeXKIy coboit; A — 2HEprusi 0OOMEHHOTO B3aMMOICHCTBHS,
BO3HHKAIOIIas BCIEJICTBHE OOMEHA AJIEKTPOHAMHU MEXKIY JABYMS aTo-
MamH; S — UHTerpai HeopToroHanbHoctd (0 < S < 1).

Kax crmenyer u3 pabotsl [5], sHEprUss 0OMEHHOTO B3aUMOICHCTBUS
BCETJa OTPHLATENbHA, HO MPEBOCXOIUT MO aOCOIIOTHOMY 3HAUYCHHIO
COOTBETCTBYIOIIIEE 3HAYCHHE KyJIOHOBCKOM 3HEpTUH, T. €. | A | > | K |.
Coctosinue Monekyssl Bojgopona H, ¢ aneprueit U, Ha3bIBaeTcs cum-
MempuunblM, a COCTOsIHUE C 3Heprueil U, — aumucummempuunbim.

IMockompky K <0, 4 <0, S <1, To mpu 00pa3oBaHUN CUMMETPHY-
HOTO COCTOSIHMS DHEPTUs CHCTEMBl YMEHBIIAETCS 10 CPaBHEHMIO C
SHEPruen ByX M30JIUPOBAHHBIX aTOMOB U, < 2E, 4TO COOTBETCTBYET
BO3HMKHOBEHUIO cuil nputsbkeHust. [lockonbky | 4 | > | K |, ymeHbIe-
HHUE YHEPTUHU CHUCTEMBI IByX aTOMOB IIPOMCXOJUT 3a CYET OOMEHHOI'O
B3auMozecTBHsL. [10dTOMY CHITy NPUTSDKEHHS NPU 0000IeCTBICHUH
3JICKTPOHOB HA3BIBAIOT 0OMEHHOU CUNIOU WA 0OMEHHOU CBA3bIO.

[To Toii e mpuuuHE Npu 00pa30BaAHUU AHTUCUMMETPUYHOTO COCTO-
SIHUSI MOJIEKYJIbI BOZIOPO/Ia SHEPTUs CUCTEMBI IBYX aTOMOB YBEIHIHNBA-
eTcsl. DTO COOTBETCTBYET CUJIaM OTTAJIKMBAHMS, UTO J1€JaeT HEBO3MOXK-
HBIM 00pa3oBaHue MoJieKyJisl H,.

Ha puc. 1.7 npuseaensl 3aBucumoctd U, u U, OT 7, 3a HyJ€BOM ypo-
BEHb OTCUETa YHEPTUU MPUHSAT YPOBEHb 2E),. JIJ11 aHTUCUMMETPHUYHOTO
COCTOSIHUSI (KpHBasi /) SHEPrUsl CUCTEMbI HEPEPHIBHO PACcTET 110 Mepe
CONMMKEHUST aTOMOB, YTO COOTBETCTBYET OTTAJKUBAHUIO aTOMOB JIPYT
ot npyra. [loaTomy B ciryyae, KOrzia CIIUHbI 2JIEKTPOHOB MapaJlICJIbHBI,
MOJIeKyJia BOJIopoJa oOpa3oBaThcs HE MOKET. J[JIsl CHMMETpHYHOTO
cocTosiHUS (KpHBasi 2) ¢ yMEHBILIEHUEM PACCTOSIHUS ¥ MKy aTOMaMH
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Puc. 1.7. 3aBucuMOCTh MOTEHIMATIBHOI HEPTUH B3aUMOACHUCTBUS ABYX aTO-
MOB BOZIOpPO/Ia OT PACCTOSIHMUS 7 B ClTydae MapaulebHbIX (KpuBas /) U aHTHIIa-
payuIenbHBIX (KprBas 2) CIIMHOB

BOJIOPOJIa PHEPT sl CUCTEMbI BHAYAJIe YMEHBILACTCS U IIPU ¥ = 7y JOCTH-
raeT MUHUMaibHOro 3HaueHus U, = U(ry). B nanbHeiimem sHeprus
CHCTEMbl HAYMHACT yBEJIUUMBATHCS BCIICACTBUE IOSBICHUS OOJIBIINX
cwil oTTankuBaHus. [losromy Hanmmune MuHUMyMa Ha KpuBod U(r)
CHCTEMBI JIByX aTOMOB BOJOPOAa JaeT BO3MOXKHOCTH 00pa3oBaTh
YCTOMYHMBYIO MOJIEKYIY, Ul Pa3pylIeHUs] KOTOpoH TpeOyercs padora,
paBHasi SHEPTUH MOTeHIMANBHOH siMbl U, = U(r,). PacueT 310 3HEp-
MM TPUBOANT K pesymbratam: Uy = 4,37 9B, r, = 0,735 A, sxcrmepu-
MEHTAJIbHBIC OLIEHKH JAI0T COOTBeTCTBeHHO: Uy =4,38 5B, 1, =0,75 A.

XapakTepHasi 0COOEHHOCTh KOBAJICHTHOM CBSI3U — €€ HACbIILECH-
HOCTh W HAIIPaBJICHHOCTS [6]. Hacwiuyennocms 03HaYAET, 9YTO KaXKIIBII
aToM crocobeH 00pa3oBaTh KOBAJICHTHYIO CBSI3b JIMIIb C ONpE/ICICH-
HBIM YHCJIOM CBOHMX COCEJICH: JBa aTOMa BOJOPOAA B COCTOSIHUM 00pa-
30BaTh KOBAICHTHYIO CBsI3b. HanpaeieHHocms KOBAJIEHTHOW CBS3U
3aKJII0YAETCS B TOM, YTO OHA peau3yeTcs JUILIb B HAIPaBJICHUH MaK-
CHUMAJIbHOTO MEPEKPHITHS DIICKTPOHHBIX 000JI0YEK aTOMOB, y4aCTBYIO-
IIMX B CO3TAHUU DTOM CBSI3H.

Oco0yto rpyIy TBEpAbIX TE COCTABIAIOT METAJUIbI, CTOSILUE B Ha-
yajie Ka)XJ10ro rnepro/ia Tadnuisl MeneneeBa. ATOMBI JIF000T0 MeTasuia
He 00JagaroT J0CTaTOYHBIM KOJMYECTBOM BAJIEHTHBIX 3JIEKTPOHOB
JUIs1 00pa30BaHus NPOYHON BaJICHTHOM CBSI3H CO CBOMMH OJMKaHIIUMU
cocemsiMu. sl MeTanmoB  XapakTepeH OcoObIi BHA CBSI3M —
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MEMANIUYecKan c6A3b, YUUTHIBAIOIIAS CHELU(PUKY METAUINYECKHX
cucTeM. BHemHne BaleHTHBIE AJIEKTPOHBI B aTOMax MeTajlla CBS3aHbI
C ApaMH OTHOCUTENBHO c1ab0. [Ipr 06pazoBaHNH KHUIKOTO U TBEPOTO
COCTOSIHMM aTOMBI pacloaratoTcs HACTOIBKO OJIM3KO APYT K IPYTY, YTO
BAJICHTHBIEC DJICKTPOHBI CIIOCOOHBI MOKHIATh MecTa BOJIM3H CBOMX aTO-
MOB U CBOOOJIHO IEPEMEIAThCs BIOJb PELIETKH KprcTauia. Takum 06-
pa3oM, BO3HUKAET BECbMa OTHOPOJHOE PACIIPENIEIIEHUE OTPULATEIEHOIO
3apsa B KPUCTAUINYECKOH pelleTKe MeTala.

Ha puc. 1.8 mpencrasieHa sKcriepuMeHTalbHas KpUBasi pacipese-
JICHUsI 2JIEKTPOHHOM IUIOTHOCTH A(¥) MEXIYy y3JIamu pemietku 4 u B
KPUCTAIJIMYECKOI'0 QJIIOMUHMSA, HOJIYy4YEHHas PEHTIeHOrpaduuyecKum
METOAOM.

n,&f‘}
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Puc. 1.8. Pacnipenenenue 37eKTPOHHOMN MJIOTHOCTH MEXKIY Y3JIaMH PEIICTKH
KPUCTAIITUYECKOTO aTFOMUHUS

Ha 3HaunTensHOM pacCTOSHUU MEXKIy y3JIaMHU AJIEKTPOHHAS TUIOT-
HOCTh COXpaHsieTcsl HeM3MeHHOH. JINIIb HemoCpeCTBEHHO Y y3710B A
1 B KpUCTAITMYECKOH PeIIeTKH OHA PE3KO BO3pACTaeT M3-3a HAJTHUIUS
3/1eCh BHYTPEHHUX 000JI04YEK aTOMOB amtoMUHUsL. CBSI3b B pEILICTKE Me-
TaJyla BOBHUKAET BCIIEJICTBHE B3aMMOJEWUCTBHUS TOJOKHUTEIBHBIX HO-
HOB C JJIGKTPOHHBIM Ta30M. DJEKTPOHBI, HAXOJSAIIAECS MEXIy HO-
HAMH, CTSTHUBAIOT WX, CTPEMSCh YPaBHOBECUTH CHIIbI OTTAaJKUBAHUS,
JEHCTBYIONINE MEKIY OJHOMMEHHO 3apsbKeHHBIMU HoHaMU. C yMeHb-
LICHUEM PACCTOSIHHUS MEXTy HOHAMH YBEIHMUUBACTCS IIOTHOCTD AJICK-
TPOHHOTO Ta3a, BCIEJICTBUE YET0 PacTeT CHiia, CTATUBAIONIAS HOHBI.
C npyroil CTOpOHBI, 10 MEpPEe YMEHBIICHHUS PACcCTOSHHUS YBEINYHBa-
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I0TCSl CUJIbl (PepPMHUEBCKOI0 OTTajukuBaHMA. Ilpum mocTmxeHun onTu-
MaJILHOTO PacCTOSHUS, KOT/Ia CHUJIbI IPUTSDKEHHS YPABHOBELIMBAIOTCS
CHJIAMM OTTaJIKMBAHU, PELIETKa METAJUIMYECKOrO aTIOMUHUS CTaHO-
BUTCSI yCTOMYMBOH. MeTanueckasi CBS3b UMEET CXOACTBO C KOBa-
JICHTHOM CBSI3bI0, TIOCKOJIBKY B OOOMX CilydasX MMEEeT MecTo 0000-
LICCTBICHUE BHEUIHWX BAJCHTHBIX 3JIEKTPOHOB. OJHAKO MpH KOBa-
JICHTHOM CBS3M B 0000IIECTBIEHUH ABYX IEKTPOHOB YYaCTBYIOT Maphbl
aTOMOB, SIBJISIFOILIMECS ONMKalIMu coceisiMu. B cityuae sxe Metayuiu-
YeCcKOH CBSI3M B MpOILelype 0000IIECTBICHUSI YYaCTBYIOT BCE aTOMBI
KpHUCTalja, M BJICKTPOHbI CBOOOJHO INEPEMEILAIOTCs BHYTPU BCel
KPUCTAITTMYECKON PEILIETKH.

B 3akmroueHne faguM OOIIYI0 XapaKTEPUCTHKY CYNIECTBYFOIIUX
BUJIOB CBSI3M HA aTOMHOM U MOJICKYJISIPHOM YPOBHSIX.

Booopoounas cesa3b BO3HUKAET B TEX ClTydasix, KOTJa aTOM BOJI0poOJia
KOHTAaKTUPYET C aTOMaMi, UMEIOLIMMH JOCTATOYHO OOJBLIOE YHCIIO
BAJICHTHBIX 2JEKTPOHOB, HAIPUMEpP C aTOMaMM KHUCIopoza, (Topa,
aszoTa, Xjopa u T. 1. [1omoOHBIN aToM MPUTATHBACT K ce0e DICKTPOH
aToMa BOJIOpOJia, B Pe3yJIbTaTe Yero NpuoOpeTaeT OTpULaTeIbHbIN 3a-
psiI, aToM e BOJOPOJA 3apsbKaeTcsl MOJIOKHUTEIbHO. [IpuTshkeHue
MEXIy 00pa3oBaBLUIMMHUCS CTPYKTypaMH HPUBOJUT K BOJOPOTHOMN
CBsI3M ¢ SHEprueit mopsiaka 2,5 - 10% Jix/mMonb.

Csa3b Ban-0ep-Baanvca. D10 Hanbomnee cinabast CBsI3b M3 BCEX H3-
BECTHBIX C dHeprueii nopsaka 10* Jlx/vons. B unctoM Bujie oHa mpo-
ABJISIET ce0sl IPU B3aUMOACHCTBUM HEHTPAIbHBIX aTOMOB U MOJIEKYJ,
HMMEIOIUX 3allO0JHEHHBIC BHYTPEHHHUE 3JCKTPOHHBIC 000704kH. CH-
namu Ban-nep-Baanbca 00ycCiOBIEHO CYIIECTBOBAHUE >KHIKOTO H
TBEPJOr0 COCTOSHUI MHEPTHBIX I'a30B, BOJOPOAA, KUCIOPOJA, a30Ta.
BcernenctBre HU3KOH 3HEPrUM BaH-ACP-BaalibCOBOM CBSI3M 00pa30BaH-
HBIC €10 CTPYKTYPBl HEYCTOWYMBEI, JIECTYYd U UMEIOT HU3KHE TEMIIEepa-
Typsl 1uiaBnenus. Cwiisl Ban-nep-Baanbca cyiiecTByloT Mexay arto-
MaMH BEILECTB, HAXOIAIINXCS B OJMHAKOBBIX WIIN PA3JIMUHBIX arperar-
HBIX COCTOSIHUSIX.

Honnas cés3b — TUNIMYHAS XUMUYECKas CBsI3b, PACIIPOCTPAHEHHAS
MEXIy HEOPTaHMYECKHMMH BELICCTBAMM: COCIUHEHUSIMH METaJIOB
C TaJIOTEHaMH, OKUCIIAaMH METaJlIoB, cyjib(uaamu. MoHHas CBs3b Xa-
paKTepHa TaKKe A MHTEPMETAUIMYECKUX COCAMHEHMH (KapOubl,
HUTPUIBI). DHEPIHs HOHHOIT cBs3M — mopsiaka 10° [ix/mons. Bee Tena
C MOHHOM CBSI3bI0 00J1a1al0T BHICOKUMH TEMIIEPATypaMHU IUIABICHUSL.
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Kosanenmmuas (6anenmuas) c643v pacpoCTpaHeHa B OPTaHHYECKUX
U HEOPTAaHUYECKUX COCIIMHEHUSAX, B HEKOTOPHIX METaJIaX U HHTEPMeE-
TAJUTHYECKUX COSIMHEHUSX. DHEPTrHusl KOBAJICHTHOHN CBSI3W — TMOPSIKA
10° JIx/Mob. JIJ1s1 BEIIECTB ¢ KOBAJICHTHOM CBSA3BIO XapaKTEPHbI BBICO-
KHE TeMIIepaTyphI TUTABIICHHUS.

Memannuueckas ceés3v Kak oco0asi Pa3HOBUIHOCTh BaJICHTHOM
CBSI3M TIPHUCYIIA OOJNBIIMHCTBY METAJNIOB M HHTEPMETANTMIECKHIX COe-
JIUHEHUW, DHEPTUsi CBSA3M CPAaBHUMA C BaJICHTHOU | sl OOJILIIIMHCTBA
BEIIECTB COCTABJISIET MOPsJIKa 10° Jx/Monb. J1i1st OOJTBIIMHCTBA METaJ-
JIOB, CIUIABOB XapaKTEPHBI JOCTATOUYHO BHICOKHE TEMIIEpaTyphl ILIaB-
JICHUS.

1.3. Kpuctannunyeckasn peweTtka. PeweTtku bpaBa
u ¢ 6asmcom. O603Ha4YeHUs1 y3noB, HanpaBneHumn
M NNocKocTen B Kpuctannax (mHaekcbl Munnepa)

TBepaoe Teno ¢ peryyisspHOM NpaBUIBHON CTPYKTYpOH B PacroJioxKe-
HUU aTOMOB B IPOCTPAHCTBE Ha3bIBaeTCs Kpucmaiiom. J{is onucanus
MPaBUIBHOM BHYTPEHHEH CTPYKTYpPbl KPHUCTAJUIOB BBOJST IIOHSTHE
KPUCTAIJIMYECKON pelIeTKU. Pa3nu4aiorT TpaHCISIIUOHHBIE PEHICTKH
Bbpass u pemerku ¢ 6a3ucom.

Pewemka bpass. C reoMeTpuyecKord TOYKH 3PEHMS MPABUIBLHOE
MEPUOANYECKH IOBTOPSIOIIEECS pa3MeIleHHe YacTHIl B KpHUCTaJuIe
MO>KHO OTIMCAaTh C TIOMOIIIBIO ONEpalMi NapajyIeIbHOr0 epeMeleHNs,
win Tpancianuu. [lepenoc wactuisl Bosib ocu OX 1ekapTOBOM cHc-
TEMbI KOOPIMHAT Ha OTPE3KH d, 24, ..., md, BIoJAb ocu OY Ha oTpe3Kn
b, 2b, ..., nb, Bnonw ocu OZ Ha 0Tpe3KU ¢, 2¢, ..., pc, TAe m, n, p — 1e-
JIBIC YHMCHa, €CThb onepayusa mpancaayuu. [lonoxenne 1000 yacTUIbI
B TAKOM peIIeTKe OIpeIesieTCs BEKTOPOM

F=ma +nb + pc,

rne da, b, ¢ — HauMEeHbIIHE BEKTOPBI TPAHCISILUK, X a0COIIOTHBIC 3Ha-
YEeHUs €CTh MIEPHOJIbI TPAHCIISIHH.

Pemerka, mocrpoeHHas myTeM HapajuleIbHOro epeHoca (TpaHcs-
[IMM) KaKoOro-1uOo y3ia (TOYKH, IJie KOHYAeTCs BEKTOp 7, HAYMHAIO-
IIMICS B Ha4yajie IPOU3BOJILHO BHIOPAHHOM CHCTEMBI JEKapTOBBIX KO-
OpJMHAT) MO TPEM HANPABICHUSAM, HA3bIBACTCSA MPAHCIAYUOHHOU pe-
wiemxotu, WK peutemxoti bpaega.
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