Jlexmis Nel

KonaencoBanmii cTaH K aHCaMOJIbL B3A€EMOJTIHHNX YACTUHOK.

=

EneMeHTapHI YACTUHKY Y KBAHTOBIH MeXaHilli.

2. CTpyktypHi oauHuui pedyoBuHU. Pojib CTPYKTYpHHX OJUHHIb
(popmMyBaHHI BJIACTUBOCTEH KOHAECHCOBAHUX CePeI0BMIII.

3. Snpa. EjgekTponHi 00010HKH.

4. MoJaexyJin.

5. CrarucTuka ancam0JIiB CTPYKTYPHHMX OMHNIL. CHJIH B3a€MOL.

[lepmr HiXK TIEpeTH 10 BUKJIAJACHHS MaTepially, OB’ I3aHOTO 3 BIACTHBOCTSIMHU
TBEPIUX T K KOHJACHCOBAHOTO CTaHY PEUYOBUHU, CJI1I BABHAYUTHUCS 3 OCHOBHUMU
noHsaTTsMu. [1[o  1me Take — KOHIIEHCOBaHMI CTaH PEeYOBUHU? SIK HOTO MOKHA
BU3HAUNWTU? SIK HE NMBHO, ajie Kpallle 3a BCe CiiJa moyatd 3 razy. ['azomosiOHa
pEUYOBHMHA CKJIQJIAE€ThCS 13 TITQHTCHKOTO YHWCJa 4YacTUHOK. Hampukman, B lem®
noBitpss Mictutees mopsiaky 10° momekyr. To6To, ra3 € CHCTEMOK 6araTbox
YaCTHHOK, a00, MOXXHa CKaszaTH, ra3 € aHcamOJieM YacTHHOK. AJie X PpIIUHM U
TBEP/Il TIJIa TEX € CHCTeMaMHu 0araTb0X 4aCTUHOK, a00 aHCAMOJISIMU YaCTUHOK?

To x 1m0 iX pi3HUTH Bij Ta3iB? ['a3 Moxke yTpuMyBaTUCA B MEBHOMY 00’ eMi
TUIBKA B TOMY BUIMAJKYy, KOJIM BIH 3HAXOJMThCS B sIKiM-HEOynp mocyauHi. [lo3a
MOCYJTMHOIO MOJIEKYJTM YM aTOMH Ta3y PO3MITAIOTHCA. Y TOU K€ Yac YaCTUHKH, 10
BXOJISITh 10 CKJIaay piAuHU a00 TBEPAOro Tijia, HE PO3TITAIOThCS.
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Crae oueBHIHUM Ta OOCTaBMHA, IO Ta30MOJIOHI i KOHJIEHCOBaHI CEPEIOBHUIIA
BIJPI3HAIOTHCSA XapaKTEPOM B3a€EMO/IIT MK YTBOPIOIOUMMH iX YaCTUHKAMH. 3B1JICH
BUTIKA€ MPHUPOJHE BU3HAYEHHS KOHJACHCOBAHOTO CTaHy. II€ aHCaMOJli YaCTHHOK,
0o0’eM SKMX 3a 3aJaHUX 30BHIIIHIX YMOB BH3HAYA€ThCS B3AEMOJIEI0 MIXK
yacTUHKaMu. HasBHICTH K€ CHJIBHOI B3a€MO/IIi MI’K YaCTUHKaAMU KOHJICHCOBAHOTO
cepenoBumia (MpUHAWMHI, y TOPIBHSAHHI 31 B3aEMOMIEI0 MK YACTHHKAMH Ta3y)
MPUBOJUTH, SIK OAUMMO, 10 CKOPOUYCHHS BIJICTaHI MK IIMMHM YaCTHHKaMH, TOOTO,
70 30UIBIIEHHS TYCTHMHHM CepelloBHINA. BiAcTaHb MK YacTMHKAMHU CEPEIOBHIIA
BHACJIIIOK IIbOTO CTa€ TOPSAKY po3Mipy camux dacTuHOK. lle, y cBow uepry,
NpuBOAUTh (MPUHAMMHI, Y BHIIAJKy TBEPAOrO TiJia) 0 BCTAHOBJICHHS MOPSJAKY B
po3TalllyBaHHI YaCTHHOK SIK «IIETJIMHOK>» PEYOBHHHU:



CTRVETYPA AJIMAZA

AJe TaKOXK € MPUINHOIO Ti€T 0OCTaBUHU, [0 KOHJACHCOBAHE CEPEIOBUIIE TOBUHHE
a priori posrisiaaTucs SK CyTO KBaHTOBUW 00’ €KT, 1 TOMy BUMarae Onmcy Ha MOBi
KBAHTOBOI MEXaHIKH. [3 111€1 MpUYMHU JaBaTe 3rafaemMo, K HEOOX1THO PO3yMITH
YACTUHKU B KBAHTOBIN MeXaHIIll.

EjemeHTapHi YaCTHHKHU B KBAHTOBI MexXaHiui.

VYci yaBieHHs npo aHcaMmOJ11 eleMEHTapHUX YaCTHHOK Y KBAaHTOBIM MeXaHiIll
3aCHOBaHI Ha EKCIepUMEHTaIbHUX ¢dakTax. [3 1€l mpuyuHU B aOCOJIOTHIM
OUTBIIOCTI BUMAJIKIB HE MOXHA BIMOBICTH Ha MUTaHHs «qoMy Tak?». Hampuknan,
13 eKCIEpPUMEHTY BWTIKA€, MO0 EJIEKTPOMArHiTHA XBHWJIA MOXKE OOMIHIOBAaTHCS 3
PEUYOBMHOIO EHEPTi€l0 JIMIIE KBaHTaMH €Heprii. ToMy eNeKTpOMAarHiTHY XBHIIIO
MOXHA PO3IJISIATH SIK MOTIK Jeskux 4acTHHOK (borowis) i3 enepriero E i

IMITyJIbCOM P,

hw _ ., 2T
Eph:hw, pph:T:h7=h‘k" (1)

Je C - MBUAKICTH cBiTha. L1 Bupa3u moB’si3yl0Th €HEPrito Ta IMIyJabc (HOTOHY 3
YacTOTOK () ¥ XBHJIBOBHM BEKTOpOM K  BiAMOBiAHOT HOMY IUIOCKOI
MOHOXPOMATHYHOI XBUJI1 3 HAMPYKEHICTIO €JEKTPUYHOTO TMOJIS

E(r,t) = Eyexp(i(at—kr)). 2)

XBUIIBOBl BJIACTHBOCTI (OTOHA TMPOSABIAIOTHCS B EKCIEPUMEHTax 13
mudpakmii ¥ iHTepdepeniii. Takum 4YMHOM, €NEKTPOMATHITHI XBHJII MalOTh
OJTHOYACHO XBHJIbOBI M KopmyckyisipHi BuactuBocTi. (Kopmyckyma (anru.
corpuscle, wim. Korpuskelen) — y3arajibHeHa Ha3Ba JPiOHEHbKHX YACTHHOK
marepii. I'imoTre3a mpo Te, MO MaTepiss CKJIAMAECTHLCA 3 KOPHMYCKYJ OyJia
nomyjasipia B 17 c¢r. — 18 c1.. Cepen 1i npuxXmwiabHUKIB 0yJH Taki BUeHi sIK
Pene [dexapr, /Ixxon JIOKK Ta iHIIi.



Pene Jlexaprt (¢pp. René Descartesiat. Renatus Cartesius- Penar Kapresiii; 31 6epe3ns
1596, JIa-E-an-Typen (pp. La Haye en Touraine(zapasz micro Jekapr), nenaprament Exmap i
Jlyapa, ®panmis — 11 mororo 1650, Ctokronsm) — dpaniy3pkuii dimocod, disuk, disiosor,
MaTeMaTHK, OCHOBOIIOJOXHMK aHaJITHUYHOI reomerpii. Y wmaremaruui JlekapT 3ampoBaavB
JIEKapTOBY CHUCTEMY KOOPAMHAT, J1aB TOHATTS 3MIHHOI BenWYMHU 1 (yHKINi, BBIB Oararto
anreOpaiyHMX TO3HAa4YeHb. Y Gi3ulli BiH cPOpMyIIOBaB 3aKOH 30€peXEHHS KIIBKOCTI PYyXYy,
3alpoOBaIMB TOHATTS IMITYyJCY CHIHM. JleKapT — aBTOpP METOJYy paJHKAILHOTO CYMHIBY B
¢inocodii, MmexaHinu3My y ¢i3ulli, BBiB y HAYKOBHH 00Ir MOHATTS pediexcy.

Jxon Jlok (anrn. John Locke1632,Pinrron, Comepcer, KoponiectBo Anriist — 1704 ,Eccekc,
KoponiBctBO  AHrIis) —  aHrmikdcekuil  ¢imocod, OAMH 13 OCHOBHUX IIPEACTaBHHUKIB
aHriiicekoro emmipusmy Ta [IpocBiTHHIITBA.

IIoHATTA KOPIMYCKYJH OJU3bKE 10 MOHATTA aTOMAa 3 TOK BIAMIHHICTIO, HIO
aTOMH BBaKAJMCS HENOALIBHUMH, TOAi SIK BBAXKAJIOCSH, 0 KOPMYCKYJIH
MOTJIM AUTATHCS. 3anponoHoBaHa HbI0TOHOM KOPIYCKYJISIPHA TeOpis CBITJIA
BBa’Kajia, IO CBITJI0O L€ MOTIK JPiOHUX YACTHHOK PEYOBHHM, X04Ya cam
BUEHMIi MPUIYCKAB i XBWJILOBY MPHPOAY CBiTJIa).




Cep Icaak HeroTon (auri. Sir Isaac Newtorfcep Aiizex Horoton) (4 ciuns 1643,Byncropr,
JlinkonmeHup, KopomisctBo Anrnis — 316epes3ns 1727, Jlonnon, Benukuii Jlongon, Aurmis,
KoponisctBo Bennkoi bputanii) — aHrmiiicbkuii HayKOBEIIb, SIKUi 3aKJIaB OCHOBU CY4acCHOTO
MIPUPOI03HABCTBA, TBOPEIh KIIACHYHO1 (DI3UKH Ta OJIMH 13 3aCHOBHHKIB YHCJICHHS HECKIHYCHHO
Manux. Y kU3l «Mamemamuuni Havania Hamypaivhoi ¢inocoghii» HeroTOH chopmMyIiroBaB
3aKOHU PYXY, BiIoMi sIK 3akOHU HbIOTOHA ¥ 3aKOH BCECBITHBOTO TSKIHHS, SIK1 CTaJId OCHOBOO
HAYKOBOTO CBITOIJIAY BIIPOZOBXK TPHOX HACTYIMHHUX CTOJNITh 1 MaJIM BEJMKHUI BIIUB HE TUIBKU
Ha (i3uKy, a i1 Ha ¢inocodiro. BukopucroByroun cBoro Teopiro HpI0TOH 3yMiB MOSICHUTH 3aKOHH
Kemnepa, mo onucyroTs pyx maaHeT HaBkosio COHIIS, YMM 3alepeyrB OCTaHHI CYMHIBH MO0
TeTOEHTPUYHOT CUCTEMH CBITOOY/IOBH.

3mict dpynkmii E(r,t), Ko po3rasaaTi XBUII K MOTOKH (POTOHIB, HOJISTrae

B HacTynHoMy. OueBHIIHO, 110 TycTHHA eHeprii xBuial W He MOBUHHA 3ajeXaTu
BIJl TOTO, SIK I[I0 XBWUJIIO PO3MNIAAATH. 3 OJHOTO OOKy, SIK MM 3HAa€EMO, T'YyCTHHA
eneprii xauwii W mpomnopuiiiHa KBagpaTy MOYyJi HAIPYTH €IEKTPHUYHOTO MOJIS

W~ E(r, 9. (3)

Y KOpmycKyJIspHIA e i1HTeprpeTaulii T'yCTHMHa €Heprii MpomopIiiiiHa TyCTHHI
(oroniB N

W~ N,,. (4)

Otxe, ryctuHa (OTOHIB TpPONOpIIAHA KBaApaTy MOAYJS HANpPyKEHOCTI
eJIEKTPUYHOTO OIS

N (r, )~ [EC 0. (5)




3BiacH BUTIKAE, 10 3a AUQpaKiii i iHTepdepeHIii po3noaia ryCTuHU (OTOHIB Ha
€KpaHi MMOBUHEH BIAMOBIIATH PO3MOJAUTY TYCTHHU €Heprii B audparyrouiil XBuii.
To6ro, makcumymy E(r,t) mosunen inmosinatu maxcumym N (r,t). Ane x

HISIKUM €KCIIEPUMEHTOM He MOXHa 3adikcyBaTh ApoOOBY YacTHHY €Heprii

¢dorona. Tomy miumabHUK (GOTOHIB (Jliumibnuk ¢oToHis BHAMMOIe cBiTia — Iie
dboTomeTeKTOp IS MiIpaxyHKy (POTOHIB, 3aCHOBAHHUI Ha MPOBITHOCTI 30HH JOMIIIOK y KPEMHI1,
JIETOBAaHOMY MUII'SIKOM. BOHM MatoTh BIHCOKY KBAaHTOBY €(DEKTUBHICTD 1 3/IaTHI BUSBISTH OKpEMi
¢GboTOHU y BUAMMOMY Jlialla30H1 €JIEKTPOMArHiTHOTO CIEKTPY . 3MaTHICTh MiJIpaxyBaTH TOYHY

KUTBKICTh BUSBICHUX (OTOHIB HA3BHYAWHO Ba)XJIMBA JJIsi KBAHTOBOT'O PO3IMOALTY KH}O‘-IiB)
Oyne peectpyBatu ab0 KBaHT eHeprii /@ abo HIYOTO. YpaxoBYIOUH, IO
HanpyXeHIicTh ellektpuunoro moyist E(r,t) e BeawumHOIO HeElepepBHOIO, a HE
JUCKPETHOIO, BHHHMKA€ NUTaHHS mpo iHTepmperanito (5). 3 HeMUHYUICTIO
OPUXOAUMO JI0 BHUCHOBKY, IO TMOMNaJaHHA (OTOHY Ha eKpaH HEOOXIAHO
TPaKkTyBaTU SIK MpPOIEC, MPUYOMY HOro MMOBIPHICTH BU3HAYAETHCS T'YCTUHOIO

. . 2
eHeprii AudparoBaHoi XBWJIl. [HIIUMU CIIOBaMH, BEJIMYMHA ‘E(r,t)‘ BU3HAYAE

WMOBIPHICTb 3HaXO [KEHHsI (POTOHA B AaHIN TOYIIl IPOCTOPY.
2

AHAJIOTIYHO, IOTIK €JIeKTPOHIB (YaCTHHOK 3 C€HEPIri€ro > it iMITyJIBCOM P )
m

nudparye sk IUIOCKa MOHOXpoMaTh4yHa XBWs. lle Tex € ekcrepuMeHTalbHUM
¢dakrom. [loBeniHKy BITBHOTO €JEKTPOHY MO aHAJOTii 3 (POTOHOM TaKOXX MOKHA
OTIMICATH BiJMOBITHOIO XBIJIBOBOIO (DYHKITIEIO

w(r,t)= Ayexpli(at—kr)), (6)
2
hi(S a)zzpﬁ 1k :%. ®iznynnii cernc ¢yHkmii ¢(r,t) mossrae B TOMy, IO
KBaApaT il MOy
w(r .t =@ twe b (7)

BHU3HAYa€ WMOBIPHICTh 3HAXOJ/KEHHS €JICKTPOHAa B TOYIll I y MOMEHT 4Yacy t.
EnexTpony Sk 4YacTHHII CTaBUThCA Y BIJAMOBIAHICTh XBWJIS WMOBIPHOCTI, IO
HA3WBa€THCS XBWJIeIO Ae Bpoiins (oBruii wac Oyiio rinore3or — rimore3omw e
Bpoiias).



TakuM YMHOM, YACTMHKM MAalOTh XBHWJIbOBI, a XBWJI — KOPIYCKYJISIPHI
BJIACTHUBOCTI. I[le € Tak 3BaHUMK  KBAHTOBO-MEXAHIYHMH  JyaJii3m
(BUKOPUCTOBYETBhCSI TaKOX clioBocmonydeHHs " KopmyckyJasipHO-XBHJILOBHIA
ayajizm"), sIKMi i3 HEeMHUHYYiCTIO MPHBOIUTH 10 BHCHOBKY, III0 Y KBAHTOBIi
MeXaHill YaCTUHKHU HE € TOYKOBAM 00’ €EKTOM.

3a3Byyaii THMO YacTMHKM Ta 11 CTaH BHU3HAYAIOTHLCS IMOCTIMHHMU
XapaKTEPUCTUKAMHA — MAacOl0, 3apsAloM 1 JIWHAMIYHUMH XapaKTEPUCTHKAMHU:
KOOPJIMHATOIO, IMIYJbCOM, C€HEpri€lo, CImHOM. Y KIacuuyHId ¢i3umi 1
XapaKTEPUCTUKN TMOBHICTIO BU3HAYAIOTh CTaH YACTHHKHU SIK MEXaHIYHOI CHCTEMH.
Y KBaHTOBIM ke MeXaHilll Ha JUHAMIYHI XapaKTEPUCTUKU HAKIAJAI0ThCA
oOMexeHHsI, OB’ s13aH1 3 MPUHIIMIIOM HeBU3Ha4YeHOCTI [ aiizenOepra:

ApAX~h, DEAt~H. (8)

3BiZICK BHUJIHO, MO JaHa OOCTaBUHA € BIIOOPKEHHSM TOTO, IO YacTHHKA Y
KBAHTOBIM MexaHilll HE € TOYKOBMM 00 €kToM. [HIIMMH cloBamM#, TOYHE
OJIHOYACHE 3aBAAaHHS JUHAMIUYHUX XapaKTEPUCTHK YACTMHKH HEMOKJIMBE 1 B3araii
noymiieHe ceHcy. CriBBiIHOIIGHHsS HeBHW3HaueHocTi (8) ykasye TpaHUIlO
3aCTOCOBHOCTI MOHATH KJIACHYHOI (PI3UKH JO KBAHTOBHUX 00’ €KTIB.

{00 moeaHaTH OUCKPETHICTH Ta HENEPEpPBHICTh, y KBAHTOBIA MEXaHIIl
BBOJSTH MOHATTS «moJje». KoxXHOMy cOpTy YacTMHOK BiJIOBIAa€ TEBHE IMOJIE.
Hanpuknan, ¢poroHam — eIeKTpOMAarHiTHE IOJ€, €JIEKTPOHaM 1 MO3UTpPOHAM —
€JIEKTPOH-TIO3UTPOHHE I10JI€, ME30HaM — Me30He nouie 1 T.1. [lose sx npoctopoBo
HENEPEpPBHE CEPENOBULIE MOXKE TaKOX pO3IVISIIATUC SIK JedKa JUHaMI4Ha
CUCTEMA, 1110 MOXE 3HAXOJUTUCH Y PI3HUX AMCKPETHUX IMITYJIbCHO-€HEPTE€TUYHUX
craHax. HalHwx4ili cTaH 1€l CUCTeMHM Ha3MBA€TbCs BakyymMoMm moJs. lle
0COOJIMBUI CTaH Martepli, 3a SIKOr0 YaCTHHKHU € BiAcyTHIMH. IlosiBa yacTMHOK Ha
¢oHI BakyyMy Ha3MBa€ThCS WOro 30yM:KeHHsIM. 30Y/DKCHHS BiTOYyBa€ThCs
JUCKPETHO, NUISIXOM TOSBH OKPEMHUX IMOpILii, KBAaHTIB, €HEPrii Ta IMITyJbCY.
KBantu eneprii Ha3MBaIOTHCS €IEMEHTApHUMH 30y/KeHHsIMH ToiiB. Came Taki
30y/KEHHS W BU3HAYAIOThCS SIK YaCTUHKU. EHepria eneMeHTapHHX 30YIKEHb
BU3HAYAIOTh Macy YaCTUHKH:

E=mc. 9)



AJie KIHETUYHA EHEpris MOoB’s3aHa 13 IMIYJIbCOM YacTUHKU. HaitHmkue 3HaueHHS
eHeprii 30ymkeHHs Bianosigae iMmmyiascy P=0. Lle 1 € MiHIManpHa eHepris,
HeoOXiHa JUIsi HAapOPKEHHS 4YacTHMHKH. Helo BH3Ha4yaeThCs Maca CIOKOIO
YAaCTUHKH.

Enepris HapomkeHHs mnapu 30yIKEHb E€IEKTPOH-TO3UTPOHHOIO TMOJIS
(omekTpoHa ¥ mo3uTpoHa) ckiamae npubau3Ho 1 MeB, mo BiAmoBigae Maci

crokoro enektpona M, ~10™° xr. Enepris 30y/5keHHS €l1eKTPOMArHiTHOIO MOJIA

NOYMHAETHCS 3 HyJsl. Lle 3HaunTh, 10 Maca CoKo (POTOHA JOPIBHIOE HYJIIO.

Pi3HI moJyis MOXXyTh OOMIHIOBATHCSl €HEPri€0, TOOTO, B3AEMOJISITH OJHE 3
onHuM. Llg B3aeMonis BU3HAYae CUJIM, 3 SKMMHM YaCTMHKHM JIIOTh OJHA Ha OJHY.
[TapameTp, 10 XapakTepu3ye B3a€MOJII0 IOJIB, HAa3MBAETbCA IX 3apsiAoM. Y
3aJI€KHOCTI BIJl TOTO, 3 SIKUM IIOJIEM PO3IJISAAETbCA B3a€EMOJIIS, MOKHA TOBOPUTH
PO eNeKTPUYHUN 3apsa (pu B3a€MOJIT 3 eNEKTPUYHUM TI0JIEM), ME3OHHHHN 3apsij
(mpu B3aemopii 3 Me30HHUM mosieM) i T.a4. OTKe, eJeMEeHTapHI YaCTUHKUA MOKHA
PO3TIISAATH SIK eJieMeHTaPHi 30y/1:KeHHsA KBAaHOBUX IOJIIB.

JAuHaMivHi piBHSHHS 1/ YaACTHHOK.
Sk MM 3HaeMoO, HAMPYXKXEHICTh  EJIEKTPUYHOTO  TOJS  TUIOCKOI
MOHOXPOMATHYHOI XBUJI1 3aJJ0BOJIbHSIE€ XBUILOBE PIBHSHHS

1 9°E(r,t)
AE(r,t)==————=, 10
== (10)
2
ne A =F - oneparop Jlamnaca. V 3arajibHOMY BHUIIAJKy €JIEKTPOMArHiTHE IOJe
r

OTMHCY€EThCA piBHSHHAMU MakcBemia. PiBHsHHS MakcBemwia € JuHAMIYHUMUA
PIBHSHHSIMHU €JIEKTPOMArHiTHOTO ToJisi. BOHM Tak Ha3WBaKOThCS dYepe3 Te, IO
ONUCYIOTh JAWHAMIKy, TOOTO, PO3BUTOK a00 €BOJIOLIIO MOJia B yaci. JluHamiuHi
PIBHSHHS MOJKHA III€ HA3WBATH PIBHAHHAMH PyXy IS TIOJII YU PIBHSIHHIMH
eBOJIONII. Y CWIy BHKJIQJCHOTO BHWINE, IMOBHHHI ICHYBaTH W pIBHSHHS, SIKI
ONHUCYIOTh JWHAMIKy €JIEeMEHTapHUX 4YACTUHOK Yy KBaHTOBIM wMexaHii. Ham
BiJIOMUI TIPHUKJIa] TAaKOTO PiBHIHHS — 1e piBHSIHHS [IIpenunrepa:

ih%w(r,t)zl—iw(r 1), (11)

ne H - omepatop I'aminibTOHa AJ1s1 4YaCTUHKH, a00 ramuibToHIaH. lle piBHSHHS
4acTo 3aMUCYyIOTh Y BUTJISAIIL:

.. 0 h?
m_‘/j(r,t):__Aw(r 1t)+V( )‘ﬂ( 1t)1 (12)
ot 2m
ae V(r) - 30BHIIIHS 1O BIJHONIECHHIO 0 YaCTUHKH MOTEHINalbHA CHeprist. SIKio
MOBa #e MPO €IEKTPOHHO-TIO3UTPOHHE TOJIE, TO BOHO OMHUCYETHCS PIBHIHHIMU
Hipaka



(ca-p +pmc) ¢ = ibgf’—

[Tons Aunpe Mapi [ipak — ar0/iMHa, <110 MpUIyMajia» aHTHUCBIT.

Tpeba 3a3nauntH, mwo BiH OyBaB y XDTI, Buctynas i3 qonosigsamu... TpuBanuii
yac Ha crapoMy Maiianuuky B XDTI 36epiranacs nomika 3 popmynamu, siki ipak
MYCcaB Mij 4yac JonoBiai. Ha nmpeBenukuii *aab Hapasi, HACKUIBKH B1JIOMO, JOIIKY
BTpaueHo. Illkona, 3Bu4aitHO, ane x 1 «peTummcramMu» He Clijg OyTH TeX, SK
KaKYTb, «HE COTBOPHU COO1 KyMHUpa».

[Ipo iHIII BUAM AWHAMIYHUX PIBHSHB JUISI CHCTEM YaCTHHOK Y KBAaHTOBIU
MEXaHIIll MOBa II[e UTUME MI3HIIIIE.

OTxe — rosoBHHN BUCHOBOK: KopIyCKymsipHO-XBUIILOBA IPUPOAA YACTHHOK
OPUBOAWTH JIO TOrO, MO0 YTBOpPEHAa IMMH YaCTUHKAMU pPEYOBHHA B
KOHJICHCOBAaHOMY CTaHI € CHHTE30M JINCKPETHOTO ¥  HEMEepepBHOTO.
KopmyckynapHi ¥ XBWJIBOBI YSABIEHHS MOXKHA Ha3BaTH JBOMA MPOEKLIIMU
BJIACTHBOCTI MaTepii, IBOMa CTOPOHAMH OJHI€T 1 Ti€l K peaabHOCTI.

CTpyKTYpHi OIMHNIIi pEYOBUHH.

[ToroBopumo Tenep npo iICHyBaHHS MEBHOI 1€papxii B opraHizallii CTpyKTypu
KOHJIEHCOBaHO1 pe4yoBMHU. Hampukiian, sSKOI0 TOBOPUTH MPO aTOMU SIK TPO
CKJIQJIOBI «IICTJIMHKU» PEUYOBHHHU, TO MH K MOXKEMO 3raJlaTH, [0 KOXEH 13 HHUX
TaKOX CKJIQJAETHCS 3 €JIEKTPOHHOI 0O0JIOHKH Ta si/pa.

O INeKTpoH

[MpoToH
(Mnn HelATpOH)

Ksapk

9




Jlami, sIK MU 3Ha€MO, siApa YTBOPIOKOTHCS HYKJIOHamH (HEHTpoHaMu ¥
IPOTOHAMHK). Y BIAMOBIAHOCTI 3 YABJACHHSAMH Cy4acHOi (Pi3UKH MPOTOHH W
HEUTPOHU CKJIAAAIOTHCA 3 KBAPKIB 1 TIIOOHIB. TakMM YMHOM, SiJpa € CKIIaJHUMU
CHUCTEMaMH, IO MICTATh BEJIMKE YHMCJIO KBApKiB, IIFOOHHUX 1 ME30HHUX MOJIIB,
B3aEMOJINHUX MK co0or0. OnHak mMpu BHUBYEHHI KOHJCHCOBAHMX CHCTEM
CYTTEBUMH € TUIBKM MAaKpOCKOIIYHI MapameTpH siiep, YHACIIJIOK 4YOro MO>KHa
OOMEXUTHUCS TIIBKU 3arajJbHONPUMHATOI HYKIOHHOIO Mojemuno. Sapa 3
eJICKTPOHHUMH OOOJIOHKaMU YTBOPIOIOTH aTOMH, aTOMU — MOJIeKynu. BuHukae
NUTAHHS. a YU 3aBXIU Tpeba BUXOAUTHU 3 MEPBUHHOI KAPpTHUHU, TOOTO, PO3TISLAATH
PEUOBUHY SIK CYKYIHICTh YCIX €JI€MEHTapHUX YaCTHMHOK? UM MOKHA OOMEXHUTHUCH
PO3TIISIIOM OLJIBII CKIIQJIHUX YTBOPEHB (HAMPHUKIAM, SAEp, aTOMIB, MOJIEKYJ) 1 BXKeE
3 HUX OyJayBaTH OMUC PEUOBUHHU? SIK YCTAHOBUTH MEXY MK OUIbII MPOCTHUMH i
OuTbII CKkIaAHUMU 00 ekTamu? Ll Meka BU3HAYAETHCS TOHATTSAM <«CTPYKTypHA
OJIMHUIISI» PEYOBUHU. YAaCTUHKH, SKI MOXXHA DPO3TJSJATH K «EJIEMEHTApHI» B
TeOpili KOHACHCOBaHUX CepeloBuUll, OyAeMO Ha3uBaTH CTPYKTYPHUMHU
OMUHULSIMU PpedoBHHHU. [li CTPYKTypHUMH OJMHHUISIMUA DPEUOBUHU OyaemMo
PO3YyMITH YaCTHHKH a00 KOMIUJICKCH YaCTHHOK, €HEPrisi yTBOPEHHSI SIKUX CYTTEBO
MEPEBUIILY€E EHEpril0 B3aeMOJIl MK HUMH Ta KIHETHYHY eHeprito ix pyxy. Ilix
CHEPri€l0 YTBOPEHHS PO3YyMIETHCS. JUIsl OKPEMHMX YaCTMHOK — €Hepris, HeoOxiaHa
I X Hapo KeHHs (MO-CyTi, SK MM Oa4MiId, CHEepris eJIeMEHTapHOTO 30y KEeHHS
BaKyyMma), s 0araTo4yaCTHHKOBUX KOMILICKCIB — €HEprisi 3B'S3Ky YaCTHHOK Y
HUX.

SKu0 BUXIIHUMHU CTPYKTYPHHUMH OJMHHUIIMA PEYOBUHU € aToMu alo
MOJICKYJIM, TO E€HEpTisl 3B’ SI3Ky eJNeKTpOHa 3 SApOoM ab0 aTOMIB y MOJEKYJax

Takoi YMOBHU 30€piraeTbCsi I1HAMBIAYAJIbHICTb aTOMIB YH MOJIEKYJT B YChOMY
IHTepBaJIl TeMIEpaTyp, B SIKOMY I PEYOBHHA ICHY€E. AJie SKIO 3a KOHJEHcalli
CUJIM B3a€EMOJII1 HACTIIBKM BEJIMKI, IO 1HAWUBIAYaJIbHICTh aTOMIB YU MOJIEKYII
TyOUTBCsI, TO iX y)K€ HE MOXHa pO3TIAIaTH SK CTPYKTYPHI OJUHUII PEYOBHHH.
[Mpukaamom Moxke ciayryBaTu Kpuctan 3BudaiiHoi comi NaCl. ¥ npomy xpucrami
ion Na omnouacHo o’ si3anuii i3 8 ionamu Cl. Kpucran NaCl € rirantchkum
YTBOPEHHSM, CTPYKTYPHUMH OAMHHIIIMHE sikoro € He atomu Nai Cl, a ix ionu.

[Hmmit npuknan — metanu. KojlekTHBI30BaH1 €JIEKTPOHU YTBOPIOIOTH €JIEKTPOHHY
plauHy, siKa 3all0BHIOE IPATKY, YTBOPEHY 3aps/IKEHUMH 10HHUMH OCTOBaMU



OpHak eHeprisi HApOJKEHHS €JIEKTpOHa W TO3UTpOHAa Ta EHepris
PO3IIETUICHHS sJipa 3aBXIM OlbIlIa eHeprii 3B’ 3Ky €JIEKTPOHIB Ta sifep y Oyab-
SIKAX pEYOBHHAX (KpiM PEUOBHMH 3a EKCTPEMalbHUX YMOB, HANPHKIAJ, SACPHOI
marepii). ToMy sapa ¥ ENEeKTPOHM 3aBXIUM € CTPYKTYPHUMH OJWHHISIMU
peuoBHHH. CTpyKTYypHUMH OIMHHULISIMHU STEp € HeﬁTpOHH il TpoTOHN (HYKJIOHH),
AHTUIPOTOH) HaOarato OiNBIIA 32 EHEPril0 B3aeMOAIl HYKIIOHIB y sapi. OmHak,
SHeprisi mepexoy HYKJIOHA 13 HEHTpaldbHOTO IO 3apsAIKEHOro CTaHy MEHIIa 3a
SHepriio 3B’ 3Ky HYKJIOHIB y siipi. ToMy MpUNHCYBaTH KOXKHOMY HYKJIOHY 3aps,
TOOTO, IHAUBIAYyadi3yBaTH HEUTPOHM W TPOTOHU y sA1pl, HE MoxkHa. CTporo
KaXy4H, CIIJ PO3IJSIAATH SIAPO SK CUCTEMY HYKJIOHIB 13 TMEBHHUM 3arajlbHUM
3apsIOM.

Po3rnsan KOHAEHCOBAHOTO CTaHy pPEUOBHMHHM SIK aHCAMOIIIO CTPYKTYPHHX
OJIMHMIIb CYTTEBO CIPOIIYE 3a7auy OMHCY.

PoJib CTPYKTYpHMX OJMHULL Y (OPMYBaHHI BJACTUBOCTEN KOHIEHCOBAHUX
cepe10BHIII
BracTuBOCTI KOHJIEHCOBaHUX CEPEIOBHUII BUZHAYAIOTHCS:

1. BnactuBocTamu siiep aToMiB.

2. CTpyKTypOIO €JIEKTPOHHUX 000JIOHOK aTOMIB.

3. Cunamu B3aeMoJiii Mi>K CTPYKTYPHUMH OJTUHUISIMHU.

4. CTaTuCTUKOIO, 1110 OMKCYE MOBEAIHKY aHCAaMOJIIB CTPYKTYPHHUX OJIUHUIIb.

Anpa.

HaliBaxnmuBimmMu XapaKTepUCTUKAMHU 7P SK CTPYKTYPHUX OJIMHHUIID
pPCUOBMHM € Maca (0 BU3HAYAETHCS YUCIOM HYKJIOHIB), 3apsa (YMOBHO YHCIIO
IPOTOHIB), MEXaHIYHMH MOMEHT KimbkocTi pyxy L, =#l, cmin (I - smephe

CHIHOBE YHCIIO), IO € BEKTOPHOIO CYMOIO CHIHIB HYKJIOHIB Ta iX OpOITalbHUX
MoMeHTIB. CIiHM HEUTPOHIB 1 HpOTOHlB TIOPIBHIOKOTE 7/ 2. Op6lTaJIBH1 MOMEHTH
NpUIMAaOTh TUTBKU 3HaY€HHS, KpaTHi /. TakuM uyuHOM, si/pa, K1 CKIaAaloThes 13

13

HENapHOTO 4YHWClIa HYKJIOHIB, MaioTh HamiBuun cmuan (I =—=,—,..)

2' 2
iANOPSAKOBYIOThCA cTaTucTull Pepmi-Zlipaka, a 13 MapHOrO YMciIa HYKJIOHIB —
i cmiaw (1 =0,1, 2,..) 1 miaAmopsaKoByIOThCs cTaTUCTHI bo3e-EiiHmTeiHa, mpo
10 MOrOBOPHMMO IIle HE pa3 HibK4e. 3a3Ha4uMMoO, 0 criH, piBHuA Hymo (1 =0)
MarOTh S/Ipa, K1 CKIJIAJal0ThCS 13 OJTHAKOBOI'O YKCJIa TPOTOHIB 1 HEUTPOHIB.

JHliameTp sapa Mae TOPSIOK 10" M. Ha Tabnuii HaBemeHO OCHOBHI
XapaKTePUCTUKHU EJIEKTPOHIB, HEUTPOHIB 1 TPOTOHIB.

YacTuHKa Maca 3apsg, Kn Cmig, 7
KT a.0.M.

Enextpor | 9,10910% | 0,000548¢| -1 6022110 1/2




ITpoton 1,673m0% | 1,0072¢ +1,60227110" 1/2

Hetitpon 1,67510% | 1,00867 0 1/2

Anpo 3 | #0 mae Mar"iTHUM AUNOJIBHUI MOMEHT [, IPONOPLIMHUN CHIHY

aapa

py =yl (13)
SlnepHe TipoMarHiTHE BITHOLIEHHS )/ - BIIHOIICHHS MAarHITHOTO MOMEHTY spa JI0
foro MOMEHTY KijbKocTi pyxy L, TpuHHATO BUpaXkaTu dYepe3 OIMHHULIO
TIPOMAarHiTHOTO BiTHOIICHHS

Yo =¢el2m, (14)
(e i m -3apsn i maca npoTOHA Bianosiano). Toni

Y=9V,
ne g - aaepuuii pakrop Jlanze, 1
Hy = 9yolil = gug ! (15)
Bemuuuna
eh
N —
#e = omc

HA3UBAEThCA  sAjepHUM  MarHetoHoM (4 =5,05010%epr/I'c). JlumonbHuit

MAarHiTHHIf MOMEHT [, 3a3BMYail BUMIPIOETHCS B SEPHUX MATHETOHAX A4 .

[3 HasBHICTIO CHiHY Ta SIEPHOTO MArHITHOTO MOMEHTY TIOB's3aHi: 1)
SICPHUIA MarHeTh3M, 2) MarHiTHa B3a€MOJIisl 3 MarHiTHUM MOMEHTOM €JICKTPOHIB
Ha opOiTax aTOMIB, [0 BUKIMKAE HAJATOHKE PO3IICTJICHHS €HEPreTUYHUX PIBHIB
IIUX €JIEKTPOHIB.

B ocHoBHOMY, HEe 30y/I’KEHOMY CTaH1 T'yCTHHA €JIEKTPUYHOIO 3apsay sapa —
napHa (QyHKIIS KoopJauHAT. TOMY MOCTIHHUNA €IEeKTPUYHUN JAUNOJBHUNA MOMEHT
s]ipa B LIbOMY CTaH1 JOpiBHIOE HYM0. OaHak yci anapa 3 | 21 MaloTh enekTpudHuii
KBaIpyNoJIbHUI MOMEHT. KBajpynojdbHUN MOMEHT MOB'SI3aHUU 13 BIAXUIICHHSM
dopmu siapa (IPOCTOPOBOTO PO3MOILUTY 3apsimy) Bia cepudHoi W 3pocrae 3i
301IbIIeHHsAM po3Mipy sapa. [lpu | <1 sapa marote chepuuny cumeTpiro, 1 ix
CJIEKTPUYHUNA JUTOIBbHUI MOMEHT JIOPIBHIOE HYJIEBI.

B3aemomist eneKTpUYHOTO KBaJPYIMOJIBHOTO MOMEHTY 3 HEOIHOPIIHUM
BHYTPIIIHIM  €JICKTPUYHUM TIOJIEeM TPU3BOAWTH JO 3HATTA BUPOKEHHS
CHepreTUYHUX CTaHIB, BIAMOBITHOTO PI3HIM Opi€eHTAaLIi SAEPHOTO CIIHY BiTHOCHO
SJIEKTPUIHOTO T10J1s1. [le € mpuunHOIO AIepHOT0 KBaAPYMOIBLHOTO PE30HAHCY, SIKUI
CIIOCTEPITa€ThCA 3a BIJICYTHOCTI 30BHIIIHBOI'O MArHiTHOTO TOJISI, HA BIAMIHY BijJ
SJIEPHOTO MAarHiTHOTO PE30HAHCY, B SKOMY PO3ULICIUICHHS €HEPreTUYHOTO PiBHA
AJipa BUKJIMKAETHCS 30BHILIHIM MarHiTHUM TOJIEM.




Kpim Toro, B3aemomis €NEKTPUYHUX KBAJIPYIOJbHUX MOMEHTIB SA€p 3
CJIEKTPOHAMH BHUKJIMKAE TaK 3BaHE HAJTOHKE PO3IICTUICHHS €HEPTreTUYHUX PiBHIB
€JICKTPOHIB B aTOMaX 1 MOJIEKYJIaXx.

3apsaa sApa BU3HAYAE€ BEJIMYMHY PEISTUBICTCHKUX €(EeKTIB y PEYOBHUHI,
30KpeMa, EeHeprito CriH-opOiTanbHOi B3aeMoli. CriH-opOiTalibHA B3aEMOMIS —
B3a€EMOJIiSl BJIACHOTO MAarHITHOTO MOMEHTY €JEKTPOHa 3 MAarHITHUM IIOJIEM,
YTBOPEHUM OpOITAILHUM pPyXOM eJeKTpoHiB. I[loTeHIiambHa eHeprisa i€l
B3a€MO/Ii Ha3UBAEThCA €HEPTIEI0 CMIH-OpOITATbHOTO 3B’ A3Ky. BoHa BU3HaUaeThCs

- . .\ 2 . .
LIBUJIKICTIO V PYXy €JIEKTPOHA U IPOIOPIIHA (V/ C) . OCKUIbKY IIBUJKICTh PYXY

€IEKTPOHA B AaTOMI BHM3HAYA€THCSA 3apsSAOM  fAJpa, EHEPTris CHiH-OpOITaIbHOT
B3a€EMOIII OibIIa y BaKKWUX aTOMiB. SIK HACHIAOK CIH-OPOITAIBHOI B3a€MO/IIT
CTaHH E€JIEKTPOHY 3 PI3HUMHU MPOEKIISMU CHIHY BIIPI3HSAIOTHCS CBOEID €HEPTIEI0
(crriH-OpOiTaNTIEHE PO3MICTUICHHS).

Posrnsnemo netanpHilie cHiH-OpOiTambHY B3aeMoil0 B aromi. B atomi
3aBKAM € BHYTPIIIHE MAarHiTHE IOJe, SIKe YTBOPIOETHCA OPOITAIbHUM PyXOM
eNIEKTPOHIB HABKOJIO sijpa. Po3riissHeMO eJeKTpOH, II0 PYyXaeThCsl B aToMi IO
KpYroBii opOiTi 13 MBUAKICTIO V HABKOJIO sJipa 13 3apsioM eZ.

Y cucremi KOOpAMHAT, TMOB'sI3aHIA 3 EJNEKTPOHOM, SAPO PYXa€ThCS HABKOJO
eJIEKTPOHY 31 MBHUIKICTIO —V . TUM caMuM MOPOIKY€EThCS CTpyM —Z€V . MarHitHe
nosie H 1poro ctpymy B TOYII, /i€ 3HAXOUTHCS €IEKTPOH, JOPIBHIOE

H=-28[rv]=-—28), (16)

cr3t’ mycr®

ne | = [r ,p] - opOiTaIbHUN MOMEHT IMITYJIbCY €JIEKTPOHA.

Eneprist B3aemozii W cmiHOBOTO MarHiTHOTO MOMEHTY €JIEKTPOHA

M=-e5/mc
(S - cmiH enekTpoHa) 3 MarHiTHUM mojeM H y cucremi BiIiKy, HOB’ s3aHiil i3
CJIEKTPOHOM, 3aITUIIETHCS Yy BUTIISII

e Ze Zé

W=- (MH ) = ——

m,c m cr ngér

VY BuxigHil cUCTeMI BIJJIIKY IIC/s MepeTBopeHb JIopeHia 3’ ABIISIEThCS MHOKHHUK
1/2. Po3risiHeMo J1aji BUpas3

Sl = Sh. (17)



(sh _[r.p]s
ré r:

SAkio 3ragatu nani, o KyJOHIBCHKUIM MOTEHITIal BU3HAYAETHCS (POPMYJIIOIO:

U (r) = —g,
r
13-32 9OTO HOTO TPAIIEHT MA€E BUTJIIS;
Ou(r) = Ze:r |
r
TO
Ou() _r
Z¢€ r

[TiacraBnsroun 1eit Bupas 10 (18),3100yaemo
(S _[Bu(n).p]s
ré Ze? '
3 ypaxyBaHHSIM 4oro Bupas mist eneprii W HaOyBae BUTIIS!

w2 Z€[0UM.pls _[OU(n.pS
2 28 onge

(18)

(19)

Hns enextpona S=#/2. TakuM YUHOM, €Hepris CHiH-OpOITANBHOI B3AEMOIL
BUHUKA€ BHACIIIOK PYyXy EJNEKTPOHY BIJHOCHO Spa. €JIEKTPOH pPYXaeTbCsi B
eIEKTPUYHOMY TMOJ1 siipa. ToMy 1 B KpHUCTall CIIH-OpOiTaJbHA B3a€EMOIS €
HACIIIIKOM PYXy €JIEKTPOHA B HEOJHOPITHOMY EJIEKTPUYHOMY TOJI IpaTKu (sKa

CKJIQIa€ThCS I0HAMH).

Cxema po3paxyHKy B TaKOMY BHUIQJIKy TaKOX 3aCTOCOBHA, SKIIO 3aMiHUTH
IEHTpajbHe TMoje aromMa B Bupasi (19) mepioguuHuUM ImOJEM KpHUcTaly. Y

3arajibHOMy BHUIIAJIKY W BHU3HAYa€THCS BEIUUHHOIO rpaz:ie:HTa HOTCHHiaJ'Iy.

EnexTpoHHa 000/10HKa aTOMIB.

JnexmponEes

/__—7/95”'9"'”
= —qgroma




CTpyKTypa 3JIeKTpOHHOI 000JIOHKH aTOMiB BU3HAYAE:
1. CrpykTypy XIMIYHHX 3B SI3KiB, X €HEpril0 Ta B3a€EMHY OpI€HTAIlIO, 1, SIK
MIPABUIIO, CTPYKTYPY KpPHUCTAIYy.
2. MarsiTHuii opOiTaTbHUNH MOMEHT 1 CIIIHOBUM MarHiTHUH MOMEHT aTOMIB.
3. CTpyKTypy €HepreTUUYHHUX PiBHIB Ta ONTUYHI BJIACTUBOCTI aTOMIB.

CraTructuka ancamM0JIiB CTPYKTYPHUX OAUHHUILb.

CraTucTHKa BU3HAYAE XapaKTep PO3MOILITY YACTUHOK 32 €eHEPreTUYHUMH CTaHAMHU.
KO0 YaCTHMHKKA MAarOTh HAMIBIUMA CHIH, TO BOHH MIAKOPSIIOTHCS CTATHCTHII
®epmi-/lipaka i1 npunuumny [laymi, y BIAMOBIAHOCTI 3 SKMUM Y KOKHOMY CTaHi 13
3aJlaHUM 3HAYEHHSIM IMITYJIbCY Ta MPOEKIIIl CIIHY MOK€ 3HAaXOJIUTHCS JIUIIE OJHA
qacTUHKa. YacTMHKM 13 IIJIMM CIIHOM OMHCYIOTBCA CTaTUCTHKOK bo3se-
Eitamreiina. [Ipy 1poMy B KO)KHOMY CTaHI MOK€ 3HAXOJIUTUCH OYIb-sIKa KUTbKICTh
yacTuHOK. [Tpu posnonini ®epmi-/ipaxa iimMoBipHiCTh g 3HAXOMKEHHS YaCTUHKY

y cTaHi 3 eHeprielo E, (MokHa Tako>K TOBOPUTH MPO YMCIIO YACTUHOK Ng Yy CTaHi 3
eHepriero E, ) npu tremneparypi T omucyerbest GyHKIIERO

1
E. -4,
kT

ne [ - XiMiuHMIA noTeHmian, K, - mocriiiHa Bomprmana. Ximigauii nmoteHmian —

fe =

n

(20)
ex

OJIMH 3 TEPMOJMHAMIYHUX MapaMeTpiB CUCTEMH; €HEPTisl 10JaBaHHs OJHIET YACTKU
B cucTemy 0Oe3 3aiiicHeHHs poOOTH. [IOHATTS XIMIYHOTO MOTEHIIANy 3anpOBaIUB
1875 poky Jxosas Bimmapx [i66c. OnMHHULE BUMIPIOBAHHSA XiMi4HOIO
noreHiiany B cucreMi Sl e J[x/mMomb.

JIxo3as Bi'.ﬂ.ﬂapn I'i663 (anrn. Josiah Willard Gibbs/Jocoscds Buinapo Ti63; 11 mortoro 1839,
Hepro-T'eiiBen, CILIA — 28 xBitHsa 1903, TamMm camMo0) — aMepHKaHCHKUII MaTeMaTtuk Ta (Qi3uK,
OJIMH 13 3aCHOBHHKIB BEKTOPHOT'O aHAJI3y Ta MaTEeMaTUYHO1 TEOpii TEPMOJIUHAMIKH.



Ilpu E, <y 1 T=0 f. =1, To0TO, BCi CTaHM 3 TAaKOIO EHEpri€ro 3amoBHeHi. [Ipu
E,>4 1 T=0 Bci cranu BuibHI. Takuil po3NOALT € HACIIAKOM JBOX BHUMOI —
MiHIMajabHOCTI eHeprii Ta npuHuuny Ilayni. Enepris E., BignoBizHa wmexi

3allOBHEHUX CTaHIB, Ha3uBaeThcsi eHepriero depmi. Y 3aragbHOMY BUNAAKY
eneprito @epmi MOKHA BU3HAUUTH SIK €Heprito, 3a skoi f. =1/2, tobto, E; = 4.

[Tpu T >0 posnoxin @epmi «po3MaszyeTbes» (PUCYHOK).

f(E) AT

0 E, E

IIpu posnoxaini bosze-EliHimiTeiiHa WMOBIPHICTh YACTHUHII 3HAXOAUTHUCH Y
CTaHi 3 eHeprieto E Bupaxaethes popmyiioro

f. = ! . (21)

E,—-u _1
K, T

lpu E, > 1 T=0 f. =0, anpu E, - p f. - o (Goze-elimmreiiniscrka

KOHJICHCAIIiA).

B. Kemmepne

200 1K

0.5 mxK

400 uK

K Rivan



Ilepwi excnepumenmanvhi pezynomamu 060x zpyn (nopmpemu n1idepis) i3 cnocmepercenus
bo3e-Eunwumeiiniscokoi konoencayii 6 1995 poyi

[Tpu HassBHOCTI B3aeMoOZil (CHJI BIIIITOBXYBaHHs) KOHACHCAILllS BCiX YaCTHHOK Ha
HaWHMKYOMY piBHI (TOOTO, B OJHOMY M TOMYy K CTaHi) CTa€ HEBUTIIHHM
CHepreTUYHO, OCKUIBKU BEJIMKA TYCTHHA YaCTUHOK B OJHOMY CTaHi MPUBOAMTH O
30UIBIICHHST TTOTEHIIAJIbHOI €Heprii B3aeMOJIl 3a paXyHOK CHUJI BIJIIITOBXYBaHHS.
EnepreTuyHo BUrijHO, 1I0OOM T'YCTHHA CTaHIB B OCHOBHOMY CTaH1 3MEHIIMIACK, 1
MOTEHIlIaJTbHA E€HEPTisl MOHU3WJIACh 3a PaXyHOK NEPeXOoay YaCTHHOK 10 OiIbII
BHUCOKHMX CHEPTEeTUYHHUX CTaHIB. [[pUITHATO TOBOPUTH, IO B3a€EMOJIISI MMPU3BOIUTH
710 BUCHaXXEHHsI 003€e-eHIITEeHHIBCHKOTO KOHACHCATY .

Cratuctuka  aHcaMOliB  BH3HAYa€  MPAKTUYHO  BCl  BJIACTUBOCTI
KOH/JICHCOBAaHUX CTaHIB. TEIUIOEMHICTh, TEIUIOMPOBIIHICTH, €IEKTPONPOBIIHICTS,
MarHETH3M.

Cuun B3aemoii.
Cunm B3a€MO/IiT BU3HAYAIOTH!
1. Crpyktypy.
2. KopCTKICTh CUCTEMU.
3. XapakTep CeKTpy KOJIMBaHb YACTHHOK Y KOH/ICHCOBAHOMY CEPEIOBHIII.
4. Jlng 3apsOKCeHUX YacTUHOK (HANpHUKiad, 10HIB Ta €JISKTPOHIB y MeTajax)
OJlHA CHUCTEMa TIOJSPHU3YE IHINY, M0 MPU3BOAWTH 10 BUHUKHEHHS HOBOTO
TUIy B3A€EMOJIi, XapaKTEpPHOrO Ui KOHJEHCOBAHHUX CEPEJOBHI —
MOJIIPU3AIITHUX CHJT.
30KkpeMa, 3 TaKOK B3AEMOJIEI0 TIOB S3aHE SBUINE HAIMPOBIMHOCTI (KymHepiBChKi
napm)



