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1. O0uIMe mMoJI0KeHus

[lenbto paHHOW pabOTHI SIBISETCA MOMBITKA IOCTPOUTH HAIJISIAHBIC
T€OMETPUYECKUE MOJICNIU, CBSI3AHHBIE C XapPaAKTEPUCTUKAMHU HEKOTOPBHIX BHUIOB
AJIEMEHTAPHBIX YacTUll. Mojenu, Mo BO3MO>KHOCTH, HEPOTUBOPEUUBBIC U HE
BBIXO/IAIIUE 32 PAMKH CYIIECTBYIOIIECH (PU3NUECKON TEOPHUH.

B oOCHOBy mocTpoeHus TakuX MOJelel Oblla TMOJO0KEHAa BHEIIHS
cxoxkecth  (popmyner  ['emn-Manna w  Hummmpkumer,  CBSI3BIBArOIIas
XapaKTEPUCTHKU DJIEMEHTAPHBIX YACTHIl: JICKTpHUecKuil 3apsa Q, mpoeKimro
nzocnuHa | u runiepsapsin Y

Q=1+, 1)

U Hamed Qopmyabl Uil BBIUMCIECHHS  IUIOIIAQAM  MHOTOYTIOJbHHKA,
PacroJIOKEHHOTO Ha IEJIOYUCICHHON PEeIIETKE

r
F_B+E’ (2)

3necb B - 4uciao y3moB  (TOYEK) PEMIETKH, MMEIOUUMXCS  BHYTPH
MHOTOYTOJIbHUKA, U I - YKHCIIO y3J0B PEIIETKH, PACIIOIOKEHHBIX Ha CTOPOHAX
(ma rpanuiie) MHoroyroibHuka. @opmyny (2) He Hamo myTath ¢ (GOPMYJIOM
[uka:

F=B+§_L 3)

D10 pasHble (OPMYJIbI, XOTS M OUYCHb TOXO0XHE IO CBoe cytu. Jlms
BbIYUCIICHUA Miomaau 1o Qopmyne [luka MHOTOYTOJBHUK — JOJDKEH
pacriojaraTbCsi Ha LEJIOYUCICHHON pemeéTke TakuM o0pa3oM, 4YTOOBI €ro
BEPIIMHBI HAXOAWIIMCh 00513aTENBHO B y3JaX JaHHOU peméTku. @opmyna xe (2)
MO3BOJISIET  HAXOAWUTh IUIOWIAJb B TE€X CIy4asiX, KOrJa BEpIIUHBI
MHOT'OYTOJIbHUKA PACIIOJIOKEHBI TOUHO B Mexcooy3auax naHHou pemetku (Puc
1). dAns pemérku ¢ KBaapaTHOM SYEHMKONW TOUKOM MEXIOy3lus OyAeT TOoYKa
MEPECCUCHUS JUATOHAJIEN STYEHUKH.
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Ilpumep: F=5+ g =6,5
// O Ve )
.
|
Puc. 1

®opmyny (1) camu puszuku Ha3bpIBaIOT a0OCYpAHOM, T. K. OHA CBSI3BIBACT,
Ka3aJioch Obl, COBEPIICHHO pa3iuuyHble BeauuuHbl. HOo oHa Bcerma ma€r
MPaBWIbHBIA pE3yJbTaT I ME30HOB, OApUOHOB U KBAapKOB. C TOUKH 3pEHHUS
¢usuku Gopmyina (2), Ha MepBbIA B3I, TaKXKE aOCypAHA, T. K. B MPaBou €€
YaCTH CTOAT HYJIbMEPHbIEC BEIMYMHBI (TOYKH), a B JIEBOW YacCTH — JByMEpHas
BeIUYMHA (ILJIOIIAb).

UTtoObl  OCYIIECTBUTH 3aJyMaHHOE MOJCIUPOBAHUE, HEOOXOIUMO
npuBecTd BeauunHbl | 1 Y B coorBeTcTBUE ¢ BenuunHamu B u I'. Tlo cBoeii cyTtu
TO4ku B He oTnuyaroTcs ot Touek I'. YtoObl moctpouth coorBeTcTBUE C | 1 Y,
MPEANOI0KUM, 4TO Kaxaas Touka (B unu I') SBIS€TCS HOCUTEIEM HEKOTOPOTO
3apsana. Ilpuuém 3apsapl  MOTyT OBITh  Kak IOJIOKHUTENbHBIC, TaK U
oTpuriaTenbHbIe. J[J11 ME30HOB U 0apUOHOB BeJIMUMHA Y - BCEr/ia 11eJI0€ YUCJIO, B
TO BpeMsl Kak | MoxxeT ObITh APOOHBIM. 371€Ch MbI BBOJUM i BeauduH | u Y
o0111ee KBAHTOBAaHUE, MPUHSB 32 HAUMEHbIIIEE a0COTIOTHOE 3HAUCHUE BEJIMUUHY

1
> HamoMHuM, 4TO 3TO TONBKO Maremaruueckas mojenb. Pacmmdpyem 310

MOJI0KEeHHE OoJiee MoAPOOHO.
Ecnu snemeHTapHas yacTHila UMEET MPOCKIINI0 U30CMUHA paBHYIO 1, TO

o 1 1 o
MBI IIPCACTABIIICM 3TO B HAIICH MOJCIIM KaK E+§ .Ecmu | = 0, TO OJIA HalICHU

1 1
MOJICIIH 3TO BEINIAIMT KaK - — - (mprMeEM Kak aKCUOMY).

HemHoro mo-apyromy o6ctout neso ¢ runep3apsaaom. Kak uzsectHo, Y =
B + S, rne B - 6apuonnslii 3apsin (He myTath ¢ unciaom B B popmynax (2) u (3)),
S - cTpanHOCTh. B Hamielr Mogenu Mpl MaciTabupyem (KBaHTyeM) KKIYIO U3
ATUX BEJIMYWH B oTnienbHOCTU. T. €. eciiu B =1, S = 0, TOo MBI IpecTaBiisieM 3TO

[To3BonuM ceOe HEOOJBIIOE OTCTYIUIEHHME W HEMHOrO Mo(aHTa3upyeM.
[Ipeanonoxum, 4To Ha OoJiee HU3KOM YPOBHE OapUOHHBIN 3apsi] U CTPAHHOCTh
SIBJISIFOTCSL TIO CYTH Y€M-TO €IUHBIM (KaKMM-TO OOLIUM 3apsioM) U TOJBKO IO/
BO3JIEUCTBUEM KaKUX-TO CHJI OOBEIMHSAIOTCS WM YHHUTOXKAKOTCA Ha Oosee
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BBICOKOM YpOBHE, TJI€¢ Mbl U HaUMHAEM UX pa3InyaTh Kak OapUOHHBIN 3apsi U
CTPaHHOCTb. B 10JIB3y TaKOTO MPENIOIOKEHNU MOXKHO IPUBECTU TOT (PaKT, 4TO
OapUOHHbBLLL 3aps10 U CMPAHHOCMb HUK020A He Obl8aom 00H020 3HAKA.

Wtak, 3HaueHHe MPOEKIUU H30CIHHA | MBI NTOCTaBUIM B COOTBETCTBUE
BHYTPEHHMM TOYKaM HaIlEro MOJEJIMPYEMOI0O MHOTOYI'OJIbHHKA, a 3HA4YCHHE
runep3apsaa Y - TOUKaM MHOTOYTOJIbHHKA, PACIIONOKEHHBIM Ha €ro I'paHule
(Ha cTopoHax).

Tenepp HaM KakuM-TO 0Opa3oM HAJI0 IOCTPOUTH LETOYHUCIECHHYIO

pElIETKY, «OKHMBHUBY» €€ TakK, 4TOObl Yy3Jbl PEMETKA CTalIH HOCUTEISIMHU
«3apanoB» | u Y. 31ech Ha MOMOIIF HAM MPUXOIAT TEOMETpPHUECKHE 00pa3bl
CYNEepMYJIbTHUILIETOB, TJI€ OOBEIUHEHBI SJEMEHTAPHBIC YACTHUIIbI, HWMEIOIIUE
OJIMHAKOBBIA CNHMH W OapuoOHHBIM 3apsa. B stux monensx BenumunHa | u
BeJIMYMHA Y pacIoyiaraloTcsi Ha OPTOTOHAJIBHBIX OCSX.
[IpeacTaBuM, 4YTO Halle MOJAETUPYEMOE KHU3O0MPOCTPAHCTBO»  COACPHKUT
B3aUMHO OpPTOTOHAJIbHBIE IUIOCKOCTH — HOcUTENU «3apsaaoB» | u Y. Ilpuuém
3HAKU «3apsA70B» YEPEAYIOTCS IO IUIOCKOCTAM, U IJIOCKOCTH PACIIOJIOKEHBI HA
OJIMHAKOBBIX PACCTOSIHUAX ApPYT oT apyra (Puc. 2).

Puc. 2

PaccmoTpuM  IUIOCKOCTB,  SIBJISIFOLIYIOCST  OPTOTOHAJIBHBIM ~ CEYEHHUEM
naHHbeix Tuiockocted | m Y. Ha »ToM ceueHuum Wbl yBUAMM pELIETKY,
00pa30BaHHYIO MPOEKUUAMHU IUIOCKOCTEN £ 1 U Y .
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Puc. 3

Ho »To em€ He Ta peméTka, KoTopas HeoOXoAruMa HaM IS TalibHEHIIero
MOJICTIUPOBAHUS, T. K. Y3JIbI €€ JiexaT Ha rnepecedeHuu npsameix | u Y, u tTakomy
y3Jy MOXKHO MpHUIucaTh Kak «3apsam» |, Tak u «3apsa» Y. HeoObxomumyro Ham
PEHIETKY MBI PACOIOKUM MO yIiioM 45° K peméTke, moka3zanHou Ha Puc. 3.
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Puc. 4

OcHoBHas pemi€Tka, HeOOXoaUMasi HaM JUIsl MOJEJIMPOBAHUS, MOKa3aHa
CIUIOIUHBIMM  JIMHUSIMM, a pelmETKa «3apafoB» (CWJIOBBIX JIMHHI) —
nyHKTUpHBIMU. Kak BumuM u3 Puc. 4, Kaxaplil y3e1 OCHOBHOM PEIIETKH TENEPh
ABJISIETCA HOCUTEIIEM OIPEAEIEHHOTO 3apsia.
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2. MoaeanpoBaHHue XapaKTEePUCTHK 3JIeMEHTAPHBIX YaCTHI

Terepp MBI MOXKEM NPUCTYNUTh K ITOCTPOCHUIO TIE€OMETPUUYECKUX
MOJEJIEN XapaKTEPUCTUK HEKOTOPBIX JIIEMEHTAPHBIX YACTHII.
[TocTpouM MO€IIb HEUTPOHA.

n: Iz—%; Y=B+S=1+0;

B namieit Mmojenu BeTU4uHbL | ¥ Y OyAyT BBIMJISAETh TAKUM 00pa3oMm:

1 11 11
l=——; Y=|+—+—-|+|+=-—=|
2 2 2 2 2

T. 0., 3apsA0BbIE XapaKTEPUCTUKU HEWUTPOHA, IMPEJICTABICHHBIE B BU/IEC

1
MHOTOYTOJIbHUKA, OyJe€T MMETh OJAHY BHYTPEHHIOIO TOUYKY C 3apsiaoM -5
1
HETHPE TOUKH Ha CTOPOHAX MHOTOYTONBHKKA: TPH TOUKH C 3aPAJIOM + - H OJIHY
1 o . .
TOUKY C 33psifioM —- . YCII0BUMCS CUMTATh, UTO KaXKABIA Y3€JI PEIIETKU HECET

1 1 .
3apsia oo +§ 0o -5 W, B 3aBUCUMOCTH OT TOTrO, KakKOW MPOEKIUU

TUIOCKOCTU OH MPUHAJJICKHUT, 3TO OyaeT 3apsn jauoo |, mudo Y.

O4eBHUIHO, YTO TAKUM O0OPa30M MOKHO ITOCTPOUTH HECKOJIBKO PA3TUIHBIX
mopeneit (Puc. 5). 3aberas Bnepén, CKakeM, 4TO MOJCIH JIEMEHTAPHBIX YaCTHII
HECKOJIbKO «CTaOMIIM3UPYIOTCS» TOCIE TOT0, KaK MbI PACCMOTPUM MOJICITH
KBAapKOB M BBEAEM 00IIee MpaBWiIO JUIsi TOCTPOCHUSI TOJHONW MOJACIH
AJIEMEHTApHON YacTHUII M KBAPKOB, U3 KOTOPHIX OHA COCTOMT. Takyr MOJIENb
YCIIOBHO HA30BEM MIEHbIO IJIEMEHMAPHOU YACMmUuybl Ha CPE3 MOJCIUPYEMOTO
M30IPOCTPAHCTBA.

T+

+Y
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MOI[GJ'H) IMPOTOHA BBIMVIAAUT TOYHO TaK KC, 3a UCKIHOYCHUCM TOI'0, YTO
BHYTPCHHA TOYKA B MOJACIN MHOI'OYI'OJIbHHMKA ITPOTOHA AOJIDKHA HOCUTL 3apPsan

1 o
+ E .T.e. MOICJIb IIPOTOHA CABHMHYTA OTHOCHUTCIIBHO MOJICIIN HCUTPOHA HAa OJHY

CHJIOBYIO INIOCKOCTb BJI0JIb IJIOCKOCTEH Y.
[locTpoum Mozaens 2~ TUIIEpOHA

> :1=-1 B=1, S=-1.

B Hamen mMonenm «KBaHTOBaHUE» XapPaKTEPUCTHK 2, THUIIEPOHA NPUMET

TaKoOUW BUJ:

T. e. MHOTOYTrOJBHHUK Q,~ WMEET JBE BHYTPECHHHE TOYKH U YETHIPE TOYKU HA

TpaHUIIE.

Y

Y wf

Puc. 6

YEBHUIHO, YTO MOJIYUUTH MOJEINH TUIIEPOHA MOXKHO CIBHUIOM MOJIEIIN
Oue 0, 4TO IIO onenp 2° €pOHAa MOKHO C OM MOJIE

>~ TUIEpPOHA BAOJb IUIOCKOCTEW Y Ha OJMH CHIIOBOW YpOBEHb (IIOCKOCTH ),

TaK 4YTOOBI BHYTPCHHUC TOYKH IIOJIYUMIIM 3apsa +E Kaxxjas. Taxxe

COBEPIICHHO OYEBH/THO, YTO JIAHHASI MOJICJIb HE OJIHO3HAYHA.
Mogenu IByX CIEAYIOIIUX YacTUI] Y.’ THIepoHa U A’ THUIIEPOHA C TOYKH

3pEHMS HAIIKUX IIOCTPOCHUN COBEPIICHHO OJUHAKOBHI, T. K. BCE XapaKTEPUCTUKHU
I, B, S yoTux 4yactuu oauMHakoBbl: |=0, B=1, S=-1. [[nga Hameun Moaenu
3T XapaKTEPUCTUKU OYIYyT UMETh TaKOW BUJI:
11 11 11

l=+—-——; B=+—-+—-; S=————.
2 2 2 2 2 2
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T+

Puc. 7

Kak Buaum, Mozenu THUNEPOHOB X~ W X° OTIMYAKOTCA OT MOJEIEH

runepoHoB Y.’ u A° pasBoporom Ha 90 rpagycos.
B sTom cemeiicTBe 0apHOHOB pacCMOTPUM MOJEINHU €€ ABYX TMIIEPOHOB
“u E°. OHM OTJIMYAIOTCSA JIPYr OT JIpyra TOJbKO 3HaKoM 3apsaa . Jlms =-

b

[1]

_ 1
uMeeM: E : l=-=; B=1; S=-2. [Ind NOCTPOCHUS MOJEIU HMEEM TaKOE

IpCaACTaBJICHUC!

byneM cTponTh MHOTOYTOJIBHHMK, KOTOPBIM MMEET 6 TOYEK Ha IpaHulE U

OJIHY TOYKY BHYTPH.

Puc. 8

Od4eBHUIHO, YTO MEPEXOJ OT MOJENIU TUIEepOHAa =~ K MOJEIU THIEepOHa

° ocCyIllecTBIsCTCS CABUIOM BIOJb IIOCKOCTEH Y, KaKk M B MPEAbIIYIIHX

P—
(=)
d

Cyvasx.
PaccMoTpum emi¢ oOaHO CEeMEHCTBO M3 &-MH 4YacTUIl, Ha3bIBAEMbIX

MC30HaAMH1 U O6’BGI[I/IHéHHBIX TAKKC B CYIICPMYJIbTUILIICT.
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[ToctpouM Mojenu MmepBbIX ABYX Me30HOB K° m K*. Mexmy coOoif, ¢

Halleil TOYKH 3PEHHUSI, OHU PA3IMYAIOTCs TOJIBKO 3HAKOM 3apsiaa |.

Js KO I=—%; B=0; S=1. [Ind noCTpOCHUS MOJICIIH 3aIUIIEM:
|=—1; B=—l+1; S=+-+=
2 2 2

+Y'.

Puc. 9

CaBuayB Momenb K° Me30Ha Ha OIWH CHJIOBOM YpOBEHb BJOJb
IJIOCKOCTEH Y, MmoyurM Mozaeiab K* Me30oHa. 3aMeTHM Takxke, 9yTo moaenn K°
ME30Ha ¥ HEUTpPOHA N MOKa COBEPIIEHHO HEPA3JIMYHUMBI, a Takxe Mouaenan K*

ME30Ha M IIPOTOHaA P. Ho wmbI IIOMHHM, 4YTO IIPCACTABJICHHBIC MOJICIIM HC

€IMHCTBEHHEL.
Paccmotpum monenu #~ u #* me3oHOB. st #7: 1=-1, B=0; S=0, T.

€. UMCCM TaKOC IMMPCACTABICHUC JII MOACIIN:

2 2
. I;I '-_\.:‘r_.-' z
-V - -~ . .
. <IN [
+Y " _|

Puc. 10
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Mogens z* Me30Ha MOJy4aeTcss U3 MOJEIN z~ ME30Ha TPaAUIMOHHBIM
CABUTOM. 3aMETHUM, YTO MOJCIM =z~ M 2,  TaKke IMOKa HEepa3IuYUMBbl. ITO
MOJKHO CKa3aTh U O MOJCIISIX YaCTULl 7#* U 2. .

Jis me3onoB z° u n° 3Hauenus |, B u S oxMHaKoBBI M paBHEIL:

1=0; B=0; S=0, T.c. moixy4yaem:

He npuberas k MoCTpOEHHMIO, MOXXHO 3aKIIOYUTh, YTO MOJEIU 3THUX
ME30HOB MOYKHO MPEICTaBUTh TAK JKe, KaKk U Mojenu runeponoB ° u A° (Puc.
7).

B aTOM CcynepMynbTHIIIETE HAM OCTAJIOCh PACCMOTPETH €IIE JBE MOJEIH
IS MEe30HOB K~ 1 K .

Jna K~ umeewm: I=—%; B=0; S=-1. [lna Hamero MoIeIupOBaHUs

MIOJIy4aeM:

+|

+¥ .

Puc. 11

—0
ITepexon k moaenun K  Me30HA OCYIIECTBIAECTCA OMATH K€ CIABUTOM
BJIOJIb TIOCKOCTEH Y.
3ameTnMm, 4To K~ siBIsieTcs aHTU4YacTuied K* me3zoHa. UToObl mepeiTu

OT OJTHOM MOJENM K APYroi B 3TOM Ciiydae, HE0OXOJIUMO COBEPIIUTH CHaydasa
CABUT BAOJb IUIOCKOCTEW Y Ha OAUH YPOBEHb, a 3aT€M IMPOM3BECTH MOBOPOT
BOKPYT BHYTPEHHEN TOUKH MHOroyrojibHrka Ha 180 rpamycos.

PaccMoTpum emie OIMH CYNEepMyJbTUILIET, cocTosuid u3 10-tn
0aprOHOB, HA3bIBAEMBIX PE30HAHCAMHU.

10
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Tak ’xe, Kak W B MPeNbLAYIIMX ClIydasx, OyJeM paccMaTpuUBaTh Mapbl
0apuOHOB, pa3Inyaroyecs Ui Hac TOJIbKO 3HAKOM 3apsiza |.
[lepBas Takas mnapa OapuoHOB A u A™. g A wumeem:

3
I = _E; B=1; S=0. [IpencraBnenue 1y MOAEIN UMEET BUL:

T. e. MBI UMeeM A IIOCTPOCHUA MOJACIIN TPpHU BHYTPCHHHUX TOYKH,
IMPpUHAAJICKAINX OTPULATCIbHBIM YPOBHAM, U YCTHIPC TOYKHU HA I'PAHUIC. TpI/I
N3 HUX C ITOJIOKHUTCIIBHBIM 3apsAa0M N OHA C OTPUIATCIbHBIM. Takux MOIIGJIGﬁ
MBI €IIIE HE CTPOUJIH. [Tokaxxem OJMH U3 BO3MOZKHBIX BAPpHUAHTOB.

+Y’ a ! Y

Puc. 12

CnBuHYB 3Ty MOJIe]b Ha OJUH YPOBEHb BJIOJIb TJIOCKOCTEH Y, MOIYyIUM
MoOJieb OaproHa A** .

PaccMoTpuM BTOPYIO mapy 3Toro myabTuiniera: A° u A*. Jlms A°:

I=—1; B=1 S=0.
2

Cpa3y MOXkeM CcKa3aTh, UTO MOJIENIb 3TOT0 OaprOHa BHEIIHE BBITJISAUT TaK
&e,Kak u Mozenb HeltpoHa (Puc. 5). A monens 6aprioHa A BHEUIHE COBIAJACT

C MOJIEJIBIO TIPOTOHA.
Cnenyromias mapa 6aproHoB Y ~ U Y " HMeeT TaKue XapaKTePUCTUKH:

maY T 1==1; B=1, S=-1,

mEg YT 1=+1; B=1, S=-1.

11
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OYeBHIHO, YTO MOJEIH WX OyIYT WAECHTHYIHBI MOJEISAM COOTBETCTBEHHO
THIIEPOHOB Y~ M X*. DTO K€ MOXHO CKa3aTh U O MOJCISIX OaproHOB Y °, E™ 1

E®. Ux Momenu OyayT OAMHAKOBBI C MOJCISAMH THICpOHOB X°, E u E°
COOTBETCTBEHHO.

Ocranocb  paccMOTpeTh  MOCIHEOHUN  JlecATbii  OapuoH  3TOTO
CyHepMyJIbTUILIETa — TUIIEpOH Q™. /{151 Hero umeeM:

HonyqaeM TAaKHUC MOACJIbHBIC XapPAKTCPUCTUKH!

BU/:
Q- ---' -~
. v :

£ . /

e b n / _.-'/’

- n < - B .h# e -f...
Y | . + |
Puc. 13

12
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3. MoaeqnpoBaHue XapaKTePUCTHK KBAPKOB
Tenepp mnpuCTYIUM K MOJEIMPOBAHUIO KBApKOB (MBI pPacCMOTPUM
MOJICTTMPOBAaHNE TOJNBKO JNETKMX KBapkoB: O, U u S). 3ameTuMm cpasy, 4TO
o 1
OapuOHHBIN 3apsii KBapKOB — JAPOOHOE YMCIO M NPUHHUMAET 3HAYCHMS J_rg.
3HAYEHHUs] MPOEKIMM U30TOIMMYECKOr0 CIIMHA OCTAOTCS B MPEKHUX IIPEAeax, T.

1
€. HauMeHblnas abcomroTHas BenuunHa | paBHa > OOuemacuItaOHbIM

1
HaUMCHBIIMM 3HAYCHHCM B JJdaHHOM ClIy4dac SABJIACTCA YHUCIIO g HmenHo a0

ATOW BEJMYMHBI MBI M OyJIeM «KBaHTOBATh» XapaKTepUCTUKH KBapkoB |, B u S.
PaccmoTpuMm mapy kBapkoB O W U, OTIMYAIONIUXCS 3HAKOM MPOCKITUH
n3ocnuHa. /s kBapka d uMeeM Takue 3HAYCHHS XapaKTEPUCTHK:

Wnu B IMpCaACTAaBICHUAX HOBOM MacIITaOHOH BEIUYMHEI IIOJIy4acM:

I=—1—l—1; B=+1+1; S=+l—1.
6 6 6 6 6 6 6

[TocTpouM ofIHY M3 BO3MOXHBIX Mojiesiel kBapka d, rie OyaeM uMeTh TpH
BHYTPEHHHE TOYKM M UYETBIpE TOYKA Ha TPAHULE MOAEIUPYEMOIO
MHOT'OYTOJIbHUKA.

._+|

+Y°

Puc. 14

3amMeTuM, 4TO MOojieb KBapka d mogooHa mojaenu 6aprona A™. Ho MbI He

JOJKHBI 3a0bIBaTh, YTO MacmITad pEHmETKM KBApKOB B TPU pa3a MEHbIIE
Macirada pemeETKY AIEMEHTapHbBIX YaCTHI, T. K. B IIEPBOM Cllydae MacIiTaOHOe

1 1
4MCII0 5’ a BO BTOPOM - 3

13
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CnaBuHYB BIOJIb TUIOCKOCTEH Y Mojenb KBapka O Ha OJHWH CHIJIOBOM
YPOBEHb, ITOJIYYUM MO/IEIh KBapKa U.
PaccmoTpum kBapk S.

B MOI[CJ'IBHO-M&CHIT8.6HLIX BCIIMYNHAX UMCCM:

11 1 1 111111
l=4=-=; B=+=+=; S=—=—-=-"—-—-=-= )
6 6 6 6 6 6 6 6 6 6

Moxem IMOCTPOUTH TAKYIO MOJCJIb.

> #
‘ L g _
: Z

Puc. 15

3aMeTHM, 4TO MOZEJb KBapKa S ogo0Ha MOJENIN THIIEpOHa Q.

Paccmotpum  mopenu ocrtaBmMXCS TpEX AHTUKBAPKOB. HauHéM cC
pPaccMOTPEHUS] MOJEIN aHTUKBApKa

S. |=0; B=——:; S=1.
B BenmmunHax 11 MOAEIMPOBAHUS 3TO BBITJISANAT TaK:
1 1 1

11 111 11
l=+———; B=—>—==; S=4—+—-+-+-+-+—.
6 6 6 6 6 6 6 6 6 6
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T. x. Mozenu KBapka S M aHTHUKBapKa S HMMEIOT IO JBE pa3HO3apsIHbIC
BHYTPEHHHE TOYKH, TO, TOBEPHYB MOJENb S KBapka Ha 180 rpaaycoB BOKpYr

OJTHOU M3 €ro BHYTPEHHUX TOYEK, MbI ITIOJyYUM MOJIENIb AHTUKBAapKa S .
PaccMmoTpuM aHTHKBApK d .

d: I=£; B=—£; S=0.
2 3
JI1st MOAENTMPOBAHUS TTOJTYyYaEM:
1 11 11 11
l=+=+=-+—-; B=—=-=; S=+—"-—,
6 6 6 6 6 6 6

T. 0., 4TOOBI mepeliTu OT Mojenu kBapka O K Mojenu aHTHKBapka d,
HEOOXOJIMMO BBIMOJHUTh KOMITO3UIIMIO MpeoOpa3zoBanuii: moBopor Ha 180
IpagyCcoB BOKPYI BHYTPEHHEH TOYKM W CIABUT BJIOJb IUIOCKOCTEH Y Ha OJUH
CUJIOBOM YpOBEHb. AHAJIOTMYHO OCYIIECTBISIOTCS B3aUMHBIE IEPEXOABI OT

MOJCJIH K MOJC/IM JIJIsI KBAapKa U M aTUKBApKa U.

15
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4. IlocTpoenue o01eit Moae N

Temnepp nepexoauM K caMOil HHTEPECHOM YaCTH HAIIETO MOJEIUPOBAHHS,
a UIMEHHO, K 00BbEIMHEHHIO JIBYX MOJIEJICH: AJIeMEHTapHbBIX YacTHI] U KBAPKOB B
€UHOE LETOE.

Camoe TI1aBHOE 3/1€Ch — 3TO TO, YTO HAIIM LEJIOYHUCICHHBIE PEMIETKHA CO
CBOMMU CUJIOBBIMH JIMHUSIMH «0€300J1€3HEHHOY» HaKJIaJAbIBAIOTCS JPYT Ha ApyTa.
Jpyrumu  cloBaMHM, YMEHbIIMB  MacmiTad  peméTrkd, Ha  KOTOpOM
MOJICTUPOBAINUCEH AJIEMEHTAPHBIE YACTUIIBI, BTPOE, MbI MOJYYUM PEIIETKY AJIs
MOJIETTUPOBAHUS KBAPKOB.

N3 Teopun »lIEMEHHTAPHBIX YaCTUI] U3BECTHO, YTO CBOOOHBIX KBAPKOB
HE CyIllecTBYeT (10 KpailHell Mepe uX HUKTO emi¢ He oOHapyxwi). [loaTomy Mbl
CTaBHUM JIJI HAIIET0 MOJICIUPOBAHUS 3a/1a4y MOCTPOUTH MOJIEb dJIEMEHTapPHOU
YacTUIIBl TaKUM 00pa3oM, 4yTOObl Ha €€ IUIOMIAJId MOXHO OBLIO Pa3MECTUTh
COOTBETCTBYIOIIME MJII A3TOM YaCTUIBI MOJEIU KBapkoB. IIpuuém Ttakum
oOpa3oM, 4YTOOBI MOJIETM KBApKOB Jpyr Jpyra HE TMEpeKpbIBali U HE
BBICOBBIBAJIUCH 33 TPAHULBl MOJEJIEH 3JIEMEHTApHbIX 4YacTul. OJIHaKO, MBI
JNOMYCKaeM, 4YTO KAacaHHE€ MOJEJIEe KBapKOB CTOPOHAMHU WM BEpUIMHAMHU
BO3MOHO. Bo BCSIKOM cilydae, 3TO He HapylIaeT CaMHUX MOJIETIEH KBAPKOB.

Ha mepBbliii B3rJIsi] KaKETCs, 4TO 3aj7a4a OYeHb MPOCTa, HO Mbl yOeaumcs
ceryac, 4To 3TO JIaJeKO HE TaK.

YToObl HE BO3HUKAJIO MPOTHUBOPEUMS C YABOCHUEM BCEX XapaKTEPUCTUK
Q, I, Y snmeMeHTapHOM YacTHIIBI TPU OOBETUHEHUH IBYX MOJCICH (2J1. YaCTHIIBI
M KBapKoOB), OyJaeM cuMTaTh, YTO TIEPBBIA JTall HAIIEro MOJEIUPOBAHUS
onpenensieT JHIIb NOAXOAAIlyl0 (GopMy (KOHTYp) 3J€MEHTapHOM YacTULbI, a
BCC 3apsaaHbIC XapaKTepucTuku, T. €. Q, |, Y BHOCAT B MO/IENTb TAaHHON YaCTHUIIBI
€€ KBapKH.

Hauném ¢ caMbIX MpOCTBIX MOjeNed 2~ rumepoHa U A OapuoHa, T. K.

MOJIENI ATUX YACTHUIl U MOJICJIM KBAPKOB, UX «HACEISIONINX», MOJ00HbI. [ Q~
MOYHO TIOCTPOUTH TaKyK MOJETb (TOMHUM, YTO €~ COCTOUT U3 TPEX KBAPKOB
S.

16



©®pany I'epman Teomempuuecrkoe modenuposarue

- || ' =Y
- &
} . - Ty
TR -
s -~ F 1 -y
| e - =
. - I . .
N T+
~. . i A -
- A i
. ", . 7 ‘,_f' -
N - ~ ] & L e
X - : j Ei
b N B villE
., ™, i 5 s S
T " o= e
- - 'f: -,
~ o B
- ;
TEL VL L <
I~ n 25 : \\ - g
; ; ¥ . B ~ w
Pl ¥ ', .
- » "__-I:' . W ™ -[
‘ S o : "4
+H -+l |
Puc. 16

Kak Bunum u3 Puc. 16, Takas moaenp BO3MOXKHA. 31€Ch HE HapyIIEH HU
OJINH CUJIOBOM ypoBeHb. Kpome 3TOro Hajio 3aMETUTh, YTO 3TO HE €JUHCTBEHHAs
MOJIelIb THUIEpOHA ¢ ero kBapkamu. He Hapymas XpoMOJAMHAMUKH, MBI
packpacuM Halld KBapKU B COOTBETCTBYIOIIME IBeTa. KpacHbIMH TOYKaMHU
MOKa3aHbl Y3JIbl PEIIETKU, COOTBETCTBYIIIME MOJEIH, NIpeAcTaBieHHOW Ha Puc.
13, a u€pHble - COOTBETCTBYIOT MOAENMN KBapka — Puc. 15. Ecnu kpacHble TOUKH
COBIIAJIAIOT C YEPHBIMU, TO MBI OCTABJISIEM UX B KpaCHOM LiBeTe. HamoMHuM, 4TO
BEJIMYMHBI 3aPSIOBBIX XAPAKTEPUCTUK DJIEMEHTAPHOM YaCTUIIbI OMPENECISIOTCS
CYMMO} COOTBETCTBYIOIINX XapaKTEPUCTUK €€ KBAPKOB.

He BbI3BIBaCT 3aTpyHEHUM U MOCTPOEHUE MOJIEIU A~ OapuoHa, KOTOPBIi

COCTOHUT M3 TPEX KBApKOB d.

L~ i Il I
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3aMCTI/IM, 4YTO 3TO HE CAMHCTBCHHOC IMOCTPOCHHUE MOACIIH 6apn0Ha A .

MOXHO W3MEHUTh BHEIIHIOIO  MOJEIb  JJIEMECHTApHOM  YaCTULBl U

COOTBETCTBEHHO HACTPAUBATh IO HEE MOJEIY BXOJAIINX B HEE KBAPKOB.
CnBuras JaHHYIO MOJENb BJOJIb IUIOCKOCTEH Y Ha OJIUH CHUJIOBOM

YpOBEHb, TTOJTy4aeM MOJIe]b 0apuoHa A™, KOTOPBIM COJIepKEeT TPH KBapka U.

Hanee Oynem paccMaTpuBaTh MOJACIHM 3JIEMEHTapHBIX YacCTHIl, WIS B
00paTHOM MOPSJKE K HaYaly HAIIETO UCCIEAOBAHUS.
Ha Puc. 11 Ob1a npeacTaBieHa Mojielb K~ Me30Ha. DTOT ME30H COCTOUT

U3 KBapKa S U1 aHTUKBApKa U.

L | | :
. ™, " nl F -
] "
& e
7 - .'p'i ;
wy LI R TN
LS ™
o v . “I
'|'1'|r :". fz .
2y . |
Puc. 18

B coorBercTBHM € NpaBUIaMH XPOMOJAMHAMUKH, IIBET YAaCTHULbI JOJDKEH
OBITb HEUTpATBHBIM, TOITOMY, €CIIM Y HAC KBapK S MMEET >KENTHIA I[BET, TO
AHTUKBAPK U JIOJDKEH UMETh LBET (PUOJICTOBBIM.

o —0
MbI 1ymMaeMm, 9TO MOCTPOCHUE Mojenell Me30HOB K*, a takke K°® m K
HE BbI3bIBAET 3aTPyIHECHUM.
Paccmorpum monens z~ Me3zoHa (Puc.10). On cocrouT u3 kBapka d u

AHTUKBAapKa u.
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B nanno# Mozenu kBapk d UMEET CHHUII IIBET, CIIEA0BATEIbHO aHTHKBAPK
U JI0JKEH MMETh [IBET OPAHIKEBHIIA.

CoryiacHO TEOpHUM XpPOMOJWHAMHKHM, KaXIbId W3 KBapKOB MOXKET
IPUHUMATh TPU Pa3JIMYHBIX [BETA: CHUHUM, KpACHbIA, KEIThIM. Torma
AHTUKBApKHM OyAyT HMETh IIBETa: OpAHXKEBBIM, 3€JIEHBIH, (PUOJICTOBBIN
COOTBETCTBEHHO. MBI HE JIOJDKHBI Takke 3a0bIBaTh, 4To Ha Puc. 19 mokaszana
BCET0 JIMIIb OJIHA U3 BO3MOYKHBIX MOJEIEH.

AHaJIOrM4HO CTPOUTCA U MOJIENb #° ME30HA.

Paccmotpum monens 7°

Me30Ha. MBI TOBOPHJIN,YTO BHEIIIHSSI €T0 MOJICITh
(obomouka) cxoxa ¢ Moaenbto Y.’ rurnepona (Puc.7). #° Me30H MOXKET COCTOSTh
U3 JII000ro KBapKa W aHTHUKBAapKa, TOYHO TaKke, Kak U Me30H n°. [lokaxkem

Mozienb z° Me30Ha, cocTosiuiero u3 d u d KBapKoB.

|| ™) 17
_\ - /.. < ”
] u -
N
o | B
L || .
%lm’_‘.v
— -1
ra ’ "
+Y ] ’ ~
oo L ~
Y
Puc. 20

He TpynHO Oymer mocTpouTh U MOJETbh n° ME30HA, COCTOSINETO U3 S U S

KBAapKOB. MOI[@J'II/I MOI'YyT pa3jin4arbCid W BHCIOIHUM BHJIOM, WU BHYTPCHHHUM
PAaCIIOJIOKCHHUCM KBAPKOB, a4 TAKIKC 1 BHCITHUM BHUJIOM Mo,ueneﬁ CaMHUX KBApPKOB.

r—

Paccmotpum monens E- runepona (Puc. 8). DTOT rumepoH COCTOUT U3

JBYX KBapKOB S M OJHOTO KBapka 0. 31ech KBapKH S UMEIOT CHHUN M KPACHBIH
[BETA, & KBapK 0- KENTHIA.
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Panee MBI ynoMuHanM, 4TO BHEIIHE MOJENIb E- THUIIEpPOHA CXO0Xa C
MOJIETTBIO YacCTHIBI =~ OapHoOHa, OTHOCSILIETOCS K TPYIIe Pe30HaHCOB. Takoi

OapuOH COCTOMT TaKXe M3 JBYX S KBapkoB M ojHoro kBapka d. IToxaxem
BO3MOKHYIO €r0 MOJENb, OTJIMYHYIO OT MOJIEJIH, TOKa3aHHOM Ha Puc. 21.
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Puc. 22

0

AHAJIOTUYHO CTPOSTCS MOZCIU 4YacTull 2° UEC. A MOXKHO 3TH MOJCIH

MOJTyYNTh, UCIIOJIB3YsI CIBUT COOTBETCTBYIONTUX MOJICIICH YacTuIl 2~ U E .
Tenepb paccmoTpuM Moeau yactull 2.° U A° rumepoHoB. BHemHuit By

Mozenu mnpeacrasieH Ha Puc. 7. Hecmorps Ha TO, 4TO 3TO pa3HblE YaCTUIIbI,
COCTOSIT OHH KaX/1ast U3 TPEX OJIMHAKOBBIX KBapKoB: O, U H S.

[TokaxeM BO3MOKHBIE MOJEIN ITUX YACTHUI], & TAKKE YACTHI[bI PE30HAHCA
Y,
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Ha Puc. 23 kBapk d moka3aH KpacHBIM IIBETOM, KBapK U - CHHHM, a KBapK
S - XKEITBIM.

3aMeTM TaKyl0 O0CO0CHHOCTb Hamlero Mojeauposanusa. Ecuanm
MO/IeJIM YACTHIl ABHIaTh BAOJIb INIOCKOCTel Y, To kBapku d m U OyayT Bcé
BpeMsl MEHAATHCA MeCTaMH, B TO BpeMsl KaK KBapkK S OyIeT oCTaBaTbhCA
CTa0MJIbHBIM.

PaccmoTpum ouepeanyro yactuily X~ runepoH. OHa COCTOUT U3 JBYX
KBapKOB d M OJTHOTO KBapkKa s. BHelIHss yacTh MOJICNIA Y.~ TUIIEPOHA MOKa3aHa
Ha Puc. 6. Cpa3y ckaxeM, 4TO B MOJEI]b, NTOKa3aHHYO Ha Puc. 6, 3tu Tpu
KBapKa yHakoBaTh HaM HE YJaJOCh, MOSTOMY Mbl H3MEHWIU «O0OJIOUKY»
MOJIENH.

Taxe MmokakeM OJIHy U3 BO3MOXHBIX MOJIelIeld U OaproHa Y .
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Ha nannpIX Mozensax kBapk S - )KENTHIN, a KBAPKU d - CUHUN U KPACHBIN.
OueBHIHO, YTO CMENIAsICh BAOJb INIOCKOCTEW Y HA OJIUH YPOBEHb, MBI ITOIYYUM
MOJICTTH TUTIEPOHOB X" ¥ Y ™. MOXHO IOCTPOUTH, HAIPHUMEDP, MOJICIIb THIICpOHA

2 , 1€ KBAPKHU d COBCPHICHHO HC UMCHOT TOYCK KaCaHHA.
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Tenepp MHpUCTYNUM K TIIOCIEAHEHM 4YacTH HAIIETO WCCICAOBAHUSA —
MOJICTUPOBAaHUIO HEUTPOHA M MpOoTOHA. Kak M3BECTHO, HEMTPOH COCTOUT U3
TpEX KBAPKOB: JBa d KBapka U oAWH U KBapkK. COOTBETCTBEHHO, IPOTOH UMEET
IBa U KBapkKa ¥ oguH d . 3aMEeTHUM, YTO OMCK MOJEIN HEUTPOHA TOCTABUJ HAM
HEMaJI0 XJIOMOT, HO B KOHEYHOM HMTOTe Takas MoOJelb Oblia mocTtpoeHa. B Ty
«000JI0YKY» HEWTpOHa, 4TO TOKa3aHa Ha Puc. 5 «ymakoBaTh» [aHHBIE TpH
KBapKa NPOCTO HEBO3MOXkHO. HaM yzpanoce mOCTpOWTH MOJENIb HEUTPOHA H
MOJIETU KBapKOB, YAOBJIETBOPSIONINE BCEM HEOOXOIUMBIM YCIOBHUSIM.
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B Mopenu HenTpoHa KBapK U IOKa3aH CMHHUM, a KBapKHA d - KpPAacCHBIM U
KENTBHIM. TpaJIMOHHBIM CIBUTOM IIOJydaeM MoJenb npoToHa. Kak Buanm u3
Puc. 26, kBapk U kak Obl 3axaT Mexnay kBapkamu d. B momenu mporoHna,
€CTECTBEHHO, Oy/ieT oOpaTHas KapTUHA.

MBI MOMHHM, YTO CpPEIu YacTUI[ PE30HAHCOB CYyIIECTBYeT A’ OapHoH,
KOTOPBIM 10 BCEM MOJIECIBHBIM XapaKTEPUCTUKAM COBIIAAET C HEUTPOHOM.
[ToaToMy HamM HEOOXOAWMO TMOCTPOUTH MOJAENH, OTIIMYHYIO OT TOM, KOTOpas
noka3zaHa Ha Puc. 26, HO OTBeHaroIIyl0 BCEM HEOOXOIUMBIM TpPeOOBAHUSIM
HALIEr0 MOJEIMPOBAHUS U TEOPHUHU.

bapron A° cocToWT Takke U3 IByX KBapKOB d W OJHOTO KBapka U. Takas

MOJIEJIb CYILIECTBYET.
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3nech kBapku 0 IMEIOT JKENTHIN U KPACHBIH 1IBET, a KBApK U - CUHHIA.

MosxHO modaHTa3upoBaTh U MPEANOIOKHUTb, YTO OJUHAKOBBIE KBapKH,
KaKk ¥ OJIHOMMEHHBIE DSJIEKTPUYECKHE 3apsiibl, OTTAJIKHBAIOTCSA, HaIpUMED,
kBapku d 1 d (Wam U ¥ U), a pa3HOMMEHHBIC — MPUTATUBAIOTCS. Toraa MoJelsb
HEHTpoHa OyJeT ycToidrBee Mojaeau A° OapvoHA. A €ClId MPEANOI0KUTh, YTO

cBsizka U - d - U kperue yem d - U - d cBsI3ka, TO TPOTOH OKaxeTcs OoJee
KU3HECTOMKHM, 4YeM HEUTpOoH. KBapk S MOXKHO CUMTATh HEUTPAIBHBIM IIO
OTHOIIEHUIO K IPYTUM KBapKaM U cede mo00HbIM.

['nmsans HA MOMy4YeHHBIE 00IIME MOJIETTH dJIEMEHTAPHBIX YACTUIl U KBAPKOB
3aMedaeM, 4TO BHYTPHU KOHTypa MHOTOTPAHHHUKA OCTArOTCS emié CBOOOIHBIC
Mecta. Uto xe 310 Takoe? Ho oxa3biBaeTcs, Bce aJpOHBI KpOME KBapKOB
«HACEJSIOT» €€ U TIIIOOHBI — YaCTHUIIbI, KOTOPHIE CKICUBAIOT KBAPKU MEKITY
coboit. [ToaToMy MOXeM cuuTaTh, YTO CBOOOJHBIC MECTa B HAIIMX MOJEIAX —
3TO M €CTh MOJIEJIH TJIFOOHOB.

Mpb! pemiii BBECTH HEKYIO0 MOJICJIBHYIO XapaKTEPUCTUKY AJIEMEHTAPHBIX
yacTull. Mbl Ha3BaJIM €€ TJIOTHOCTBIO BJIEMEHTAPHOW 4YacTUlbl. Beruucnsercs
TakKasl IIOTHOCTH M0 cienytouei hopmyse:
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I @)

rae ».S, - CyMMapHas IUIOIaJb MOJENeH KBapKOB, BXOISIINX B JAHHYIO
MOJIEJIb DIIEMEHTAPHOM YaCTHIEL, @ S, - IUIOIIAAb MOJEIN CAMON YaCTHIIbL.
Jnst BBIYMCIIEHUA IUIOTHOCTU J,, TEHEPh yXKE HAa CaMbIX 3aKOHHBIX

MaTeMaTUYECKNX OCHOBAHUSX, OyIeM HCIIOIh30BaTh (hopmyiy (2).
OmnpenenuM ioniaad MoieJei KBapKOB.

S, =S, =3+4=5; S, =2+2-6.
2 2

O‘-IGBI/IIIHO, 4qTo InIiomaab MOICIIM aHTHKBAPKA paBHaA IIOIIAAW MOACIHU
COOTBCTCTBYIOHLICT'O KBAapKa. BpeaucnuM miaoTHOCTH IMIOCTPOCHHBIX MOHGHGﬁ
QJICMCHTAPHBIX YaCTHII.

ITosBienne  Kodpduuuenta 9 TpH  BBYUCICHHW IUIOMAAM S

0OBSICHSICTCSI TEM, UTO pEeHIETKa sl MOACIUPOBAHUS DJIEMEHTApPHBIX YaCTHI] B
TPH pasa KpyIHEE PEMIETKHU Il MOJICIMPOBAHUS KBAPKOB.

s -ds3+2 =45 J_=ﬁ=o,333...
& 2 &7 45
4 S, + S
S _ =9 1+-|=27; J _=—°_"U_0407..
K 2 K 27
S, +S-
s -9 2+2 =36; J_ =—%_"U_0277.
7 2 x 36
S, +S.
S,=S,=S_=36; J, = s =0,333..
T n T n 36
. =914 2]=36; 3 =23%50 g7
2 2 2 36
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S, =S, =9(2+ﬂ)=36, 3, =2¥5a*Su g4
2 : 36
SE_ = SZO , \]2— = ‘]201
S, =S, =9(1+f]=27 323,255 55
2 A

Mo>keT BO3HUKHYTH BOIIPOC, YTO K€ MPEACTaBIsET cOOON CBOOOIHOE
IIPOCTPAHCTBO BHYTPH MOJEIIH 3JIEMEHTApHOU yacTUIlbl? Beap Moaenu KBapKoB
HE IUIOTHO MpuieramT Japyr K Apyry. CoBpeMeHHas (U3MKa 3I€MEHTapHBIX
YaCTHI[ IIOMOTaeT OTBETUTh Ha 3TOT Bompoc [10]. CBoOoaHOE POCTPAHCTBO B
MOJIEIN MOKET TOBOPUTH O CYIIECTBOBAHUU IIFOOHA — 3JIEMEHTAPHON YacCTHIIbI,
KOTOpasi OCYILIECTBIISIET CBA3b KBapKoB. BOT ecimu Obl 3TOr0 MpOCTpaHCTBA HE
ObLIO, TO BO3HUKAN OBl JAPYrol BOMpPOC: MOYEMY B MOJENIU DJIEMEHTapHOU
YaCTULIBI OTCYTCTBYET MOJEIb TJIF0O0OHA?

M B xauecTBe MOCJIEIHEr0 3aMEeYaHUsl OTMETUM, YTO MOAOOHBINA MPOLECC
MOJICIMPOBaHMs, KaK HaM KaKeTCs, BO3MOXXHO OCYIIECTBUTb IPH IOMOIIU
KOMIIBIOTEPA. DTO TO3BOJMIO Obl OTHICKATh BCE BO3MOXKHBIE «KBAPKOBBIE
YIaKOBKW» U Pa3HOBUTHOCTU MOJIENEH 3JIEMEHTAPHBIX YaCTHUIl. A MOXET OBITb,
MTO3BOJIMJIO OBl U CMOJEIUPOBATh PEAKIIMK B3aUMHBIX NPEBPAILEHUN U pacnaoB
AJIEMEHTApHBIX YaCTULI.
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5. Xapakrepucruyeckoe ypaBHeHue

Kak yxe oTmeuanoch BbeIlIe, ¢opmysia MojenupoBanus (2) u dhopMmyna
[Tuka (3) — 310 pazubie (OPMYJIbI, XOTSI U OUEHb OXO0KHUE BHEIIIHE.

HamoMuuM, Juisi BbIYMCIEHUS IUIONIAJIM MHOTOYTOJbHUKA, BEPIIUHBI
KOTOPOTO PACHOJI0KEHBI TOUHO B MEHCOOY3IUAX TEIOUYNCICHHON PEIIETKU MBI
nonb3yeMcst  dopmysiod  (5) (3Ty ke GopMydy MBI HCIOJB3YeM JJIs
MOJICTUPOBAHUS 3JI. YACTHUIl U KBapKOB). TOUKM MEXI0Y3JIMiA, B JAHHOM ClTydae,
HaxoIATCSA Ha TEPEeCCUCHUH HArOHAICH KBAJAPATUKOB IEJIOYNCICHHOM
PELIETKH.

r
F_B+E, (5)

3eChb B - YHUCIO Y3JIOB LEJOYUCICHHONW PEIIETKH, PACIOIOKEHHBIX BHYTPH
JAHHOTO MHOTOYTOJIbHUKA, @ I’ - YKCIO Yy3JI0B, PACHOJIOKEHHBIX Ha TPAHUILIC
JaHHOTO MHOTroyroJyibHuKa (Puc. 28).

|
Puc. 28

B nannom npumepe B pasHo 5, I' paBHO 3, 110 dopmysie (5) nonydaem F =
6,5 KBagpaTHBIX EIUHUI] IMEJOYHCIeHHON peméTku. He TpymHo yOemuThbes,
pa3OuB JaHHBIH MHOTOYTOJIbHUK Ha COCTABJSIONIME €ro MPSMOYTOJIbHUKH M
MPSIMOYTOJIbHBIE TPYTOJIBHUKH, YTO 3TO JACHUCTBUTEIIHHO TaK.

MoxHO TIpeAnoyioxKuTh, 4To (popMyna (5) — 3TO BCEro JIMIIb YACTHBIM
ciyyaid u3BecTHOM Qopmynsl I[luka (6) 11 BBIUMUCICHUS — TLIOIIAAH
MHOTOYTOJIbHUKA, BEPIIMHBI KOTOPOIO PACIOJIOKEHbBI B y3/71aX LEIOUYHUCICHHOM
pem€tku (Puc. 29).

F=B +7—1 (6)
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Puc. 29

OueBuaHo, yt0 Bu B  u I'u I'", g dopmyi (5) u (6) He MOTYT OBITH
OJIHOBPEMEHHO PaBHBI JPYT JIPYTY.

MHoroyroipbHUK, TMOKa3aHHbIH Ha Puc. 29, MOXHO mONYy4YUTH U3
MHOTOYTOJIbHUKA, TMOKa3aHHOTO Ha Puc. 28, sneMeHTapHbIM CMeEIIEHHEM Ha

1
3
+1

1000 13 BEKTOPOB [
-2

], npu4éM, 3HaKU nepes; Kodh UIueHTaMu CMeeHus

3J1€Ch HECOTJIACOBAHBI.

Tenepb, 4TOOBI BBIYUCIHUTH IUIONIAJb 3TOIO0 MHOIOYIOJIbHHMKA, HAa0
BOCITIOJIb30BaThest (hopmyiioit (6). 3nech B =3, I'' =9 (Puc. 29). OdyeBuuHo,
MOJIy4aeM TOT ke pe3yibTaT: F = 6, 5.

B teuenne 20-Tu mocineaHMX JIET aBTOP, BPEMSI OT BpEMEHH, BO3BpALLAJICS
K 9TuM (QopmylaM, TBITAsCh HAWTH 3aBUCUMOCTh WM  (GOPMYITY
npeoOpa3oBaHus Ui BeIMYMH BU B u I' u I'". B utore Mbl caenaim BbIBOJ,
YTO 3TO COBEPLIEHHO pa3Hble (OPMYJbI, XOTS U OUYEHb MOXOXHue. Mbl He
IPUBOMM 37€Ch I0Ka3aTeIbCTBA 3TUX POPMYJI, a 3aAMHTEPECOBAHHOTO YUTATEIS
OTCBUIAEM K COOTBETCTBYIOWIEH uTeparype [3].

Teneps nmombiTaeMcsi B3TJSAHYTh Ha 3TH (OpMYJbl riazamu (uszuka. Mbl
MMeeM HEKylo (IEepBO3/IaHHYIO) PEHETKY, B Y3JIaX KOTOPOHM CcocpenoToyeHa
Kakas-To «meTta’Heprus» (y3nbl pemiétkn). C TOUKU 3peHHs] (PU3UKU TUIONIAAb
MHOTOYTOJIbHUKAa MOHO paccMaTpuBaTh, KaK DJHEPTUI0, KOTOpas B HEM
comepxkercs. Kak TOJNBKO MBI CTpOMM Ha 3TOM PEMETKE KaKOU-TO
MHOT'OYTOJIbHUK, BEPUIMHBI KOTOPOT'O PACIOJIOKEHBI B MEXKIOY3JIHUSIX (WM B
y3Jlax) Halledl pemeTKH, «METa’HEeprus» PelIETKU MpeBpallaeTcsl JJis HaIlero
MHOTOYTOJIbHUKA B JIBa BUJIA KOHKPETHOM dHEpruu: sHeprus Gopmel - E, =TI

(MOXHO cCKaszaTh, YTO OJTO aHAJOT KWUHETUYECKOW SHEPruv) UM DHEPrus
cojepxkanus - E,=B (aHaJOr MOTCHIHAIbHON 3Hepruu). Torna eauHUIy B

dbopmyre (6) HamO MPECTABIATh, KaK €IMHUILY «METadHEPTUN» PEIIETKH: ¢,. U
dbopmyisl (5) u (6) MOKHO TIepenucaTh CICAYIOIMIM 00pa3oMm.

c

E
E=E +7“", (7)
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*

. E
E=EC+7¢—eO. (8)

BBeném obOosHauenusi: AE, =E, —-E,, AE, = E; —-E,. Torna u3s dhopmyn
(7) u (8) monmydaem Takoe BbIpaKCHHE:

AE
eOZAEC+T¢’ (9)

®opmyna (9) mokasbIBaeT CBS3b EIUHUIIBI «METAIHEPTUN» PEMIETKU C
sHepruen Gopmsbl U CoiepKAHUS.

Ecimu mexny Benmuunnamu popmyn (5) u (6) (wu (7) u (8)) cymiecTByeT
NOJTHAsT HEOMPEACICHHOCT, TO 3aBUCHUMOCTh MEKIY BEIMYHMHAMU AE, u AE,

BCE-TAaKH YCTaHOBUTH YAAETCSA. AE, IPUHUMAET 3HAYCHHUS {O, -1,-2,-3,..,—n },
AE A
B COOTBETCTBHHM C YE€M, BEINYHUHA T IIpUHUMACT 3HAYCHUA: {1, 2,3, .., n+1}.

AE,-AE,

OTKysa MOXHO 3aIHCaTh: =-n-(n+1). Yro6bl He myTaTh 4ucma N ¢

YUCIAaMH HATypaJbHOTO psNia, TEPENUIeM IOJydYeHHYI0 (OpMYyITy, B BHJIE:
AE,-AE,
2
nociieqHee BbIpakeHue U popmyny (9), MOXKHO COCTaBUTH KBaJpaTHOE
ypaBHEHUE <«DHEPreTHUECKOT0» COCTOSIHUSI MHOTOYyrosibHHKA. HazoBéM ero
XapaKTEPUCTUUECKIUM ypaBHEHHEM MHOTOYTOJbHUKA, PACBIOJOKEHHOTO Ha

L[EJIOUYHNCIICHHON PEIIETKE.

=—k-(k +1), 3mecp k npobGeraer 3Hauenus {0, 1,23,..,n } Hcnons3ys

E?—e,E—k-(k+1)=0. (10)

AE
Kopusimu ypaBHenust (10) Oynyr BenuuuHbl AE, H T"’, a coMo

ypaBHeHue (10) HampsMyro 3aBUCUT OT 3HAUEHUS YUCEJ HATypaJbHOrO pAJa,
JOIIOJTHEHHOT'O HYJIEM.

HeMHoro otBne4émcsi ¥ MOroBOpUM O TOM, KaK BBIBOASTCS (CO3A0TCA)
dyHIaMeHTalIbHbIE YpPaBHEHUS (PU3HUUECKUX TEOPU.

Bo-nepBbiX, (¢QyHAaMEHTaIbHbIE YpaBHEHUS SBISAIOTCS 0000IIEHuEM
dbopMyI1, OJIYYEHHBIX B PE3YJbTaTe MPOBOJUMBIX (PU3UUECKUX IKCIEPUMEHTOB
(marmpumep ypaBHenus Jlarpamka, Makcsenna, ...).

Bo-BTOpBIX, HA OCHOBE YHCTO TEOPETUYECKUX MCCIEAOBAHUM (Hampumep
ypaBHEHUSI DUHIITEIHA).

B-TpeTpux, Ha OCHOBE YK€ HWMEIOIIErocs peleHuss B  BHJE
MaTeMaTu4ecKou (HOpPMyIIbI.

PaccmoTpum 60s1ee moapoOHO MOCIeTHIMA CITydai.
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B cBoé Bpems OpBun Ilpénunrep crpows CBOE ypaBHEHUE
(pyHnameHTabHOE ypaBHEHHWE KBAaHTOBOW MEXAaHUKH) OTTAJIKUBAsCh OT
Gopmynel ne bpoitng ans miockol BomHbL. OTta ¢QopMmyna Oblia B3sTa
IIpéauHrepoM B KadeCcTBE PEIICHHUsS YPaBHEHHs, KOTOPOE OH 3ajalics
noctpouts. W moctpowmi. Kak m3BecTHo, 3T0 auddepeHIranbHoe ypaBHEHUE
BTOpOTO nopsiika. B 001ieM Buje Takue ypaBHEHHUS MOKHO 3aIIUCaTh:

2
d 1:+a£+bf=0 (11)

dx? dx

B  marematmke ~— cymiecTByeT ~ METOX  JUISI  PEIICHUS  TaKUX
muddepeHnranbHbIX ypaBHEHUH.

CHauana pelnraercs XapakTepUCTUYECKOe YpaBHEHNE B BUJI€ KBAJIPaTHOTO
ypaBHeHHMS k°+ak+b=0, a 3areM, Ha OCHOBE IIOJYYCHHBIX PCIICHHIA,
HaxoJsATcs perieHus ypasuenus (11).

A Ttemnepp nodaHTazupyeM U MpeacTaBuM, 4To ypaBHeHue (10) sBusercs
HEKHM XapaKTePUCTUICCKUM YpaBHEHUEM TSI KAKOT0-TO Au(depeHITnaIbHOTO
YpaBHEHUS, ONMHUCHIBAIONIETO HEKOe (U3MUecKoe sBJICHHE. Torma MoKem
3ammcarh:

—e —X—k(k+1)-§=0. (12)

VYpapaenue llpénuarepa nis Bo1opo10mo400HOT0 (IIPOCTEHIIIero) aroma
umeeT Buf (cm. ([8], ctp. 197)):

d?u du [q 1(1+1)
— =2f—+|-—-—=—"|-u=0 13
dr? 'Bdr +{r e | (13)
B ypaBuenun (13) mapamerp | — sBnsiercs BTOphIM (IIOCJE TJIABHOTO

KBAaHTOBOIO YHCJId) KAHTOBBIM YHCIOM (€ro Ha3bIBalOT OpPOUTANIbHBIM) H
npoOeraeT TOYHO TaKKe ke 3HAYCHHs, 4TO U napameTp K B ypaBHenuu (12).

Buemnss cxoxects ypaBHenuit (12) u (13), no 6onbmioMmy cuéry, HU O
4éM HE FOBOPUT, HO, HE 00y3/IbIBas Hallly (PU3UKO-MAaTEMAaTUYECKYIO (paHTa3HIo,
MOKHO MPEIOJIOKUTh, YTO BBIIIEU3T0KEHHOE MOJCIMPOBAHNE XaPAKTEPUCTUK
AIIEMEHTAPHBIX YaCTUI[ U KBApPKOB, MOXKET OBITb, U HECET B cebe HEKOTOpoe
paloHaIbHOE 3epHO 1A (PU3MUEeCKON HAYKH.
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6. BeiTaruBanue

B nepBbIX 4acTAX HAIIEro UCCIEAOBAaHUSA Mbl HE pa3 MOAYEPKUBAIIU, YTO
MOKAa3aHHbIE MOJIEIN XapAKTEPUCTHUK HIIEMEHTAPHBIX YaCTUI] U KBapKOB HE
OJIHO3HAYHbI. XapaKTEPUCTUKUA OJHON M TOM K€ YaCTHULIbl MOYKHO IPEACTABUTH
B BHUJE MHOIOYTrOJbHUKA, BOOOIIE TOBOPS, OECKOHEYHBIM MHOXKECTBOM
crioco6oB. Ceiiuac MbI MOKaXEM OJHO, MHTEPECHOE Ha Halll B3IJISAJ, CBOMCTBO
MHOTOYTOJIbHUKOB, BEPUIMHBI KOTOPBIX PACHOJIOKEHHBI B MEXKI0Y3HIX (y3/1aX)
LEJIIOYNCIICHHON  peméTku. Ha3oBéM  3TO  CBOMCTBO  BBITATMBAaHHEM
MHOTOYTOJIbHUKA.

PaccMoTpuM MHOTOYTOJIBHUK, BEPIIMHBI KOTOPOTO PACIOJIOAKEHBI TOUHO B
MEXKJI0Y3IusAX 1enouncieHHon pemérku (Puc. 30).

Puc. 30

[lepecTpouM gaHHBI MHOTOYTOJBHUK cleAyomumM oopasom (Puc. 31).

=T
/é,
/

Puc. 31

[Io ToMy, Kakyro IUIOIIAAb 3aHMMAET MHOrOyroJibHUK Ha Puc. 31 mo
CPaBHEHHUIO C MHOTOYroJIbHUKOM Ha Puc. 30, MOXHO CYyAWTb O BBITSATHBAHHH.
[Ipu 3TOM HU 3Heprus GOpMbI, HU SHEPTUs CoAepKaHusd He M3MeHWwIuch. Ho
IPOJ0JKUM Haule BeiTsiruBanue (Puc. 32).
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B

é>
7

Puc. 32

O4eBUHO, YTO TPOJAOJKAS ITOT MPOIECC, MOXXHO BBITSHYTh Halll
MHOTOYTOJIBHUK Ha JI000€ JKEJIaeMOE€ pACCTOSHUE, HE Hapylas SHEPruio
dbopMbl U dHepruro cojepxkanHug. Kpome TOoro, Mbl MOXeM €ro eme u
MePEOPUEHTUPOBATh, TIPU 3TOM OCTaBJIsAsl HEMOJBH)XHOM, HApUMEP, HUKHIOKO
JIEBYIO BEpIIMHY Halllero MHoroyrojasHuka (Puc. 33).

N

[r

///

Puc. 33

SIcHO, YTO Takoe BBITATHMBAHHE HE OJHO3HAYHO. UHWTaTeshb caM MOMKET B
ATOM YOEIUTHCS, BBITIOJHUB HECKOJBKO MOCTPOCHUN MHOTOYTrOJIBHUKOB Ha
nenourcieHHon pemérke. Ilpu 3ToM HE0OXOAUMO CIIEIUTHh, YTOOBI YHCIIO
y3JI0B, PACHOJIOKEHHBIX HAa TPAHUIE MHOTOYTOJbHHUKA, M YHUCJIO Y3JIOB,
PaCIOJIOKEHHBIX BHYTPY MHOTOYTOJIbHUKA, BCET/1a OCTABAJI0OCh OCTOSIHHBIM.

Ha naw 632190 3mo ceolcmeo moyxcem Oblmb HAZTAOHOI
unnocmpayuel  080UCMBEHHOZ0  NOHAMUA:  YACMUUA  —  6OJIHA.
Mmnozoyzononuk (wacmuya) mosrcem O0blmb «CMAHYM) KOMRAKMHO HA
UEIOUUC/ICHHOUl  peulémKe, a Modcem Oblmb U  «PaA3Mazan» 00
OecKoneunocmu.
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7. KBanToBanue

Knaccrnueckoe OHSITHE KBAHTOBAHUS CBSI3aHO CO CTpOEHHEM aTtoma. MBI
JeaeM TPEAOJIOKCHUE, YTO KBAHTOBAHUE — 3TO (YHJIAMCHTAJILHOE SIBJICHUE
IIPUPOBI, KOTOPOE PACIIPOCTPAHICTCS M Ha SJICMCHTAPHBIC YaCTHIIBI U KBapKH.

BcMnoMHMM — aKCHOMY, Ha OCHOBAaHMHM KOTOPOH CTPOMJIOCH —HaIle
mozaenupoBanue. Bemuuwael | u Y=B+S MBI mpeacraBiasim B BHUJIE CYMMBI

o 1
Ipobeii, Kaxk1as U3 KOTOPhIX paBHA JIHOO0 + 5 B Clydae SIIeMEHTapHEIX 9acTHL,

1
oo + ¢ B ClIy'ae KBapKOB. [Ipu 3TOM yHOMHHAJIM TEPMUH «KBAHTOBAHUE.

Bo3Bpaiasce k BHemIHEMY cXOACTBY ypaBHeHuM (12) u (13) moxHO
BBECTH IIOHSTHE «KBAHTOBAHHME» HA MOJIEIBHOM YpPOBHE IO AHAJIOTHH C
KBAaHTOBAaHMEM B KBAaHTOBOM MexaHuke. Torga OJHMM U3 MOJEIBHBIX
KBAaHTOBBIX YHCENI MOXHO Ha3Barth mapamerp K ypaBuenus (12). Kcrarw,
napametp K mpoOeraer TOYHO Takue e 3HAYCHHS, KaK M OpOUTAIbHOE
kBaHTOBOE unciio |. HamoMumm, uto uncio K moirygaercst u3 BbIpakeHUsI

—%=k-(k+l). (14)

Yucno K Oynem Ha3bIBaTh 21a6HbIM MOOEIbHBIM K8AHMO08bIM Yuciom. T.
0., TJIABHOE€ KBAHTOBOE YKCJIO HAIIEr0 MOJEIUPOBAHUS OTBEYAET 32 DHEPTHUIO
dbopMbl W comepxkaHUS dJIEMEHTapHOW dYacTuIlsl (KBapka). EctecTBeHHO
ONpEeNeNIUTh €II€ JBa KBAHTOBBIX yucia. CraenmaeM 3TO Ha IpPUMEpPE MOJAEIH

2 2 2
OyzleM TOBOpUTb, 4YTO [UI1 IPOCKUMU H30CIHMHA HEHUTPOHAa HAMMEHbLIEE
KBAHTOBOEC YHCJIO PAaBHO | = 1(0, 1). OTO 3HAYMT, YTO 3HAYCHHE U3OCIIMHA PABHO
OIHOM IpoOH co 3HaKOM MHUHYC. KBaHTOBOE 4ncio i OyaeM Ha3bIBaTh BHELTHUM
KBaHTOBBIM YMCJIOM. AHAJIOTMYHO BBOJMM M BHYTPCHHEE KBAaHTOBOE YHCIIO Y.
Jlns HelTpoHa MepBOe BHYTpEHHee KBAHTOBOE 4uMCio paBHo y=4(3,1). T. e.
3HA4YCHUE TUIEp3apsaAa CKIAAbIBACTCS M3 CyMMBbI YETBIpEX IpoOei: TpéX co
3HAKOM IUIIOC M OAHOM CO 3HAKOM MHHYC, O 4€M TOBOPAT YHCIa B CKOOKaX.
BTopeIM M30TONMMYECKUM, BHYTPEHHUM KBAaHTOBBIM UHUCIIO U1 HEWUTpOHA OyAeT

o o 1 1 1 1 1
HeltpoHa. [lomHuM, yTO AJ1s1 HEUTpOHA | =—§; Y=[+=+= |+ +——§ . Y MBI

. 1 o
YHCJIO |=3(1, 2), T. K. | =—§——+—. B sTOoM ciiyyae BHEIIHWW BHUJ MOJEIH

00s3aTEIPHO M3MEHUTCSA, T. K. HW3MEHUTCS YHUCIO BHYTPEHHUX TOYEK
MOJICIBHOTO MHOTOYTOJbHUKA, HO XapaKTePUCTUKU HEUTPOHA OCTAHYTCS
MPEeKHUMHU. byJileM TOBOPUTH, YTO HEUTPOH NEPELIEN B HOBOE SHEPTETUUYECKOE
COCTOSIHHE.

Pa3BuBas Hamy ¢aHTa3u0 B 3TOM HaNpaBlIeHWW W TPUpPABHHUBAS
kKod(ppunireHTs pu GYHKIUAX & U U, 1 KO3IDOUITUEHTHI IPU UX TPOU3BOIHBIX
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dé du
o B g UodydaeM yCHOBMS NEPEXOJia ypaBHEHHA (12) B ypaBHEeHHE

[pénunrepa  (13), omnuceIBaIoOlee  COCTOSHHE  BOJOPOJIONOA0OHOIO
(mpocreitiero) atoma. T. e. moaydaem CUCTEMY YpaBHEHUM:

e, =20
r r
2
3Hasg, 4YrO0 fB= _Z;nZE U q=2m$ ([8], ctp. 196) wumeem:
28 _ .2m_ &
B == >—, OTKyJa. PERT= WA
2 g2
E=—e°8r: | (15)

rac E - SHEPruA aToMa, M - peICTIBUCTCKAs Macca 3JICKTPOHA.

C . h:  Ze? T Ze? 4E "
Jpyrou CTOpOHbl — = . Torga = ——-. V13 BTOPOIr0 ypaBHCHUA

2m q q €o
CHUCTEMBI (14) HMeEEM BBIpaKeHue UiA (-

q= %[|(| +1)-r’k(k+1)]

Ucuxmrovast U3 NOCHEAHUX JBYX BBIPAKECHUM, MOJTYYAEM:

ZZZEeg =—%[|(| +1)-r2k(k +1)], (16)

31yCchb Z€ — 3apsij a1pa, e — 3apsjl JIEKTPoHa, Z - YUCIO MPOTOHOB B SI/IpE, €, -
0 CYTH TOCTPOEHUS MOJAENeH — 3TO KBAHT DJHEPIUU MOJCIUPYEMOIO
MPOCTPAHCTBA XaPAKTEPUCTHK IEMEHTAPHBIX YACTHUI[ U KBAPKOB.

Bpsan nu 3a Bcelt 9T0i MaTeMaTtuyecko (paHTaszuel ecTb XOTh KaKOM-TO
¢uznyeckuit cmbica. Ho o6 stom moryt cynuth Tonbko ¢usuku. Kcratu
ckazath, ¢panmy3ckuii pusuk 'acton KazanoBa [9] mokazam, uyto (opmyna
l'enmn-Manna u Humumgxumsl (1), Ha OCHOBE KOTOpPOW CTPOMIOCH 3TO
reOMETPUUYECKOE MOJICIUPOBAHUE, HE MPOTHUBOPEUUT TEOPUHU JIENTOHOB. MBI
OTMETHWJIM 3TO TIOTOMYy, 4YTO YypaBHeHHEe (13) OMUCBHIBa€T COCTOSHUE
MIPOCTEHIIEro JISMTOHHO-0apMOHHOTO aToMa (aToM BOJOpPOJA: OJWH EIEKTPOH,
OJINH MPOTOH, JUISl KAXJ0TO U3 KOTOPHIX crpaseyBa dopmyina (1) u dopmyna
(10)). B cBere »3TOro, MOXHO TOBOPUTH O BO3MOKHOCTH THOJOOHOIO
MOJIETMPOBAHUS U Il aTOMOB.
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8. BMecTo 3aKJII04YeHU S

Kaxk mbI yxe roopunu panee Gpopmyisl (2) u (3) — 310 pa3Hbie GOpMYIIbI.
Ho ¢ momoripio 3tux GopMysl MOXHO BBIYUCIUTH IUIONMIAAh MHOTOYTOJBHHUKA,
PacToJI0KEHHOTO Ha IEJIOYMCICHHON peméTke. B HameM MojenupoBaHUHM MBI
ucroiaszyeM (opmyny (2). MoxkeMm MNpeanonaokXuTh, YTO B paMKax HaIlero
MoienupoBanus u popmysa [Inka Toxke UrpaeT HEKOTOPYIO POJIb.

PaccmoTtpum onHy U3 Mojenei, Hampumep Mojenb HeTpoHa (Puc. 34,
cneBa). YUToOBI MHOTOYTOJBHUK, BEPIIMHBI KOTOPOTO PACIOJOKEHH B
MEXIOY3JUAX PEMETKH, pacroyiarajcs TaK, YTO €ro BEpIIUHBI OyIayT
HaxXOJIUTHCA B y3JIaX MOJCIBHOU PEHMIETKH, €T0 HAI0 CABUHYTh Ha HEKOTOPHIM

1 1
+4 +4
BEKTOp a = [+ ij B mamewm ciyuae - a =( f] (Puc. 34).
t3 —3
a - BEKTOP
i CIIBUTA i
\\ +I \\ +I
A -l ¢ -l
-Y +1 -Y +

Puc. 34

OueBugHO, uTto 3HadeHUs | u Y MODKHBI TOXXKe U3MEHHUTHhCS. HoBble
3HaueHus |* u Y* BBIUHCISIIOTCS yKe HE ¢ YYETOM CHIIOBOM CETKH (TTyHKTHUpPHAS
peméTKa), a MPOCTO MO KOJMYECTBY Yy3J0B PEHMIETKM HAa TPAHWIC W BHYTPH
MHoroyroibsHuka (Puc. 34, cipapa). T. 0., OyJaeM UMeTh TaKue HOBbIC 3HAUCHUS |
I* =0, Y* =8. Torna no popmyne Iluka nosyqaem:

Y *
Q=1*+ _120+5_1=3. (17)
2 2
Hanmomuum, 4T0 B ycnoBusix Haiiero moaenupoBanus (Puc. 34, cieBa) mbl

HUMEH TOXKE 3Ha4YeHUE: Q=1 + YE =1+ g = 3.

UtoOs1 Beipakenue (17) uMeno HEKOTOPHIA (PU3UUECKH CMBICT BBEIEM
o003HaueHne [JIsi OTPHIATEIbHOTO €IWHUYHOTO 3apsina (T. €. I 3apsnaa
anekTpoHa): e  =-1. Torma Beipaxkenue (17) mokem mnepenucaTb TaKUM
obpazom:
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*

Y
=1*+—+e".
Q 2

Wnu Tak:

Q" =Q-e =1+ (18)

Bripaxxenue (18) coxpansier Bua hopmyisl ['emn-Manna — HummmpxuMel.
A ¢ ¢usnyeckoil TOUKU 3peHHs (KOHEYHO K€ B paMKax Hallel MOJENH) 3TO
MOKeT 0003Ha4yaTh, 4YTO CABHUI OJJIEMEHTAPHOW YAaCTUIBI Ha BEKTOp a
CONPOBOXKIAETCS MOTepel (MCIyCKaHWEM 3HEpPruu) 3apsia B pa3Mmepe 3apsaa
OJITHOTO DJIEKTPOHA.

®opmyna Iluka MOXeT OBITH HUCTOJKOBaHA €HIE U TakuM OOpa3oM.
[Ipenmonoxxum, 9YTO Hamla YacTULA IIOJY4YWJa CABUT B  pE3yJIbTATE
CTOJIKHOBEHHSI ¢ MO3UTpOHOM. Toraa Beipaxkenue (18) mMoxxHO mepenucath B
TaKOM BUJIE:

Q*=Q+e+=l*+Y7, (19)

rae e - 0003HayaeT 3apsa IIO3UTPOHA.
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