HIIO YYEEHOU TEXHUKMU «TYJIAHAVUIIPYBOP»

METOINYECKOE PYKOBOJICTBO I10 BbIIIOJHEHHUIO TABOPATOP-
HOM PABOTEI

N3YUYEHUE CHEKTPOB ATOMOB HIEJTOYHbBIX METAJIVIOB HA
IMPUMEPE HATPUA. U3YYEHUE TOHKON CTPYKTYPBI
SHEPTETUUYECKHNX YPOBHEN ATOMA HATPHAI.

ABTOMATH3MPOBAHHBbIN J12a00PaTOPHBIN KOMILIEKC (C BBIBOAOM HHGOP-
Manuu Ha auciuiein [I9BM)

Tyuna, 2018 r.



2

JIABOPATOPHAS PABOTA

M3YUYEHUE CIIEKTPOB IL[EJIOYHBIX METAJIJIOB HA [TPUMEPE ATOMA
HATPUS. U3YYEHUE TOHKOM CTPYTYPBI DHEPTETUYECKUX
VPOBHEU ATOMA HATPUS
Lens paGoThI: U3YUUTH CIEKTP aTOMAPHOTO HATPUS, U3YUYUTh TOHKYIO CTPYKTYPHI
3Hep1“eTI/I‘{eCKI/IX ypOBHeﬁ aToOMa HanI/ISI Ha HpI/IMepe KEITOTO ):[y6neTa, BBIYUC-

JIUTH BKCHepI/IMeHTaJIBHO HOCTOHHHYIO TOHKOI71 CTpYKTypBI ol.

TEOPETHYECKOE OIINCAHMUE.
I1o/THBIA MOMEHT UMILYJIBCA 3JIEKTPOHA

DnexkTpoHHAs KOH(PUTypamus aTOMOB, 3a/1aBacMasi KBAaHTOBBIMU YUCJIAMH 1 U
[, TIO3BOJISICT MOHATHh NMEPHOTUYCCKYIO CHCTEMY DJIEMEHTOB M YCTAaHOBUTH OCHOB-
HbIC 3aKOHOMEPHOCTH ONTHYECKHX CIIEKTPOB. TOHKAsl CTPYKTypa CIICKTPOB 3aBH-
CUT OT MarHUTHBIX 3(PPEKTOB, CBI3aHHBIX C MOMEHTOM HUMITYJIbCa 3JICKTPOHA.
[Tpexxae yem paccMmatpuBath 3T 3H(PEKTHI, OTMETUM, KaK ONPEACIISICTCS MOTHBINA
MOMEHT UMITyJIbca 000COOJICHHOTO (€IMHUYHOTO) 3JIEKTPOHA.

OpOuTaabHBI MOMEHT UMIYJIbCa L ¥ CHUHOBOW MOMEHT S CKJIaJBIBAOTCS 10
MIPaBUITY CIIOYKEHHUS BEKTOPOB B ITOJTHBI MOMEHT UMITYJIbCA JICKTPOHA:

J=L+S (1.1)

[IpOeKIHsI TTOTHOrO0 MOMEHTa J , Ha U30paHHOE HampaBieHHe (Yalle BCero
OepeTcst MPOCKITUSA Ha HANpaBJICHUE JIMHUNA HAIMPSKECHHOCTH TT0JIS ) MOXKET IPUHU-
MaTh JUCKPETHOE 3HAUYCHHE:

J,=mph, (1.2)
1 y
rac ml. =m, + m,=m, + E [lonHbIlE MOMEHT HUMITYJIbCa 3JICKTPOHA KBAH-

TyeTcst 00bIYHBIM 00pazoM J =7-4/j(j+1) roe kBaHTOBOE 4HCIO j (€ro MHOIAA

Ha3bIBAIOT BHYTPEHHUM KBAHTOBBIM YKCJIOM) PaBHSETCS MaKCUMaJbHOMY 3Haye-
. 1
Huto m; . ITockombKy / ecTh MakCHMalbHOE 3HAYCHHUE My , TO j =1 iE. [Ipu 3a-

JaHHOM 3HAYEHUH j BO3MOXKHO 2j + 1 KBAHTOBBIX COCTOSTHUH, OTINYAIONIUXCS 3HA-
YeHHeM KBAHTOBOIO uucia m; (m;=%j, = (j-1),...). Hanpumep, B cinyyae / = 0 B03-
MO>KHO TOJIbKO OJIHO 3HaueHue j = 1/2. llpu [ = 1 umeem j = 1/2, 3/2, qnsa [ = 2
MMEEM j =3/2, 5/2. 3naueHne B ONMPEICTICHHOM COCTOSIHUU XapaKTePHU3yeTCs
WHJCKCOM Y OYKBEHHOTO O0O3HA4YCHUS OpOUTAIBPHOI'O MOMEHTA, 3aIMChIBAEMOTO
TaK e, Kak U JJIS OTJACIBHBIX 3JICKTPOHOB, HO 3arjlaBHeIMU OykBamu: S, P, D, F,
G, H. Tak, coctosaue ¢ [ = 1 u j = 3/2 o6o3Havaetcs kak Ps, cocrossHue ¢ /=1 u
j=1/2 —xak Pj,.
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MexaHu4yeCKUd MOMEHT MHOI'03JIEKTPOHHOI'0 aTOMa

Pacnpoctpanum Terneps BBEIEHHOE BBIIIE MOHATHE TOJHOIO MOMEHTa UM-
nyJibca J OAHOrO AJIEKTPOHA Ha Ciydyall MHOXKECTBA JJIEKTPOHOB (Kak M OOCTOUT
JIeJIO B CJI0KHOM aToMme). BBenem cienyronirie HOBble 0003HaYEHU

ML - CYMMapHBIﬁ Op6HT2UIBHBII>i MOMCHT CHUCTCMBI 3JICKTPOHOB B ATOMC;

MS - CYMMapHBIﬁ CIIMHOBBIA MOMEHT CHUCTEMbI QJICKTPOHOB B aTOMC.

Kak nokasbiBaet pacuet (KOTOPBIH MbI OITyCKaeM), CYMMAPHbIU OpOUmMaib-
HblU MOMEHM CUCTEMBI OIIPEIEISAETCS BEIPAXKECHUEM :

M, =h/L(L+1),

Tac L — Op6I/ITaJIBH06 KBAHTOBOC YHCJIO PEIYIbTUPYIOIICTO MOMCHTA. B
ciIydac CUCTCMbI U3 IBYX 9aCTHI] C Op6I/ITaJIBHBIMI/I MOMEHTaMH [ 1 H [ 2 KBAHTOBOC
yucnio L — OeJI0C, IMOJIOKUTCIIBHOC — MOKCT UMCTh CICAYIOIINC 3HAYCHUNA!

(1.3)

L=(y+1), (I +ly = 1), ., [y =1 . (1.4)

Otcrona cienyet, yTo L (a 3HAUUT U Pe3yJIbTUPYIOUIUI MOMEHT) MOXKET
uMers 21+ 1 umm 21, + 1 pa3nu4HbIX 3HaYEHUH (HYKHO B3STb MeHblUlee U3
JBYX 3HaUY€HUM /). ITO JIETKO MPOBEPUTD; Hanpumep, ais /; =2 [, = 3 nonydaem
2-2 + 1 =35 pa3ubix 3Hauenuii L: 5, 4, 2, 1.

Ecnu cucrteMa cocTouT HE U3 ABYX, & U3 MHOTMX YacCTHUII, TO KBAHTOBOE YUCIIO
L, onpenensioniee pe3ynbTUPYIOUUN OpOUTaTbHBIM MOMEHT, HAXOAUTCS ITyTEM
MOCJIeIOBaTENBHOr0 MpuMeHeHus npasuia (1.4), Ho Mbl He Oy/IeM Ha 3TOM OCTa-
HABJIUBATHCA, MOCKOJIBKY B JaJIbHEHIIIEM 3TO HE TIOHAJO0UTCS.

[Ipoekius pe3yIbTUPYIOUIETO OpOUTAIBLHOTO MOMEHTA Ha HEKOTOPOE Ha-
IIpaBJI€HUE Z ONPENEsAeTCS aHATOTUYHO:

MZ:h ‘my, my =O,Z|21,Z|22, ..... ,i L. (15)

[TogoOHBIM ke 00pa3oM ONPEACISIETCS U CYMMAPHBLU CNUHOBbLLL MOMEHM
CHUCTEMBI:

Mg =h(S(S+1),
(1.6)

/i€ KBAaHTOBOE YUCIIO S pe3yIbTUPYIOIIET0 CITMHOBOIO MOMEHTA MOXKET ObITh
LEJIbIM WU TIONYIIENIBIM — B 3aBUCUMOCTH OT YHUCJIA YACTUI] — YETHOT'O WJIU He-
yetHoro. Eciu unciao N vactui vemnoe, To S=Ns, Ns -1, ..., 0, rtnes = 1/2, T.¢. B
3TOM citydae S — nenble yncia. Hanpumep, npu N = 4 yucio S MoxeT ObITh paB-
Ho 2, 1, 0.

Ecnm ke uncio N dactull Heuemmuoe, TO S IPUHUMAET BCE MONIYILIEINIbIE 3HAYE-
Hus oT Ns o s, rae s = 1/2. Hanpumep, npu N = 5 BO3MOKHbIE 3HaYEHUS S PaBHBI
5/2,3/2u1/2.
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B MHOT03JIEKTPOHHOM aTtoMe KaXKAbId JJIEKTPOH MOXKHO XapaKTepU30BaAThb
OpOWTaILHBIM U CIUHOBBIM MOMEHTaMHU. BO3HHKaeT €CTeCTBEHHBIN BOIIPOC: YEMY
PaBEH MOJIHBIM MEXaHMYECKUH MOMEHT atoMa? OTBET Ha 3TOT BOMPOC 3aBUCUT OT
TOTO0, KAKU€ MOMEHTHI B3aMMOJICHCTBYIOT APYT C IPYIOM CHIIbHEE: OpOUTAJIbHBIE,
CIIMHOBBIE WJIM CITUH-OPOUTAIBHBIC.

Oxka3biBaeTcs, HanboJee BAXKHOW M PACIPOCTPAHCHHOM SIBISETCS TaK Ha3bl-
BaeMasi HOpMAlbHAs C8:A3b, WIH c6:3b Peccenv-Caynoepca. I1a CBsI3b 3aKIIIOYACT-
Cs B TOM, YTO OPOUTAIBLHBIE MOMEHTHI DJICKTPOHOB B3aMMOJIECHCTBYIOT MEXIY CO-
001 cuibHEe, YeM CO CITMHOBBIMU MOMEHTaMU. AHAJIOTUYHO BEAYT Ce0s U CIUHO-
BbIe MOMEHTHI. BcnencTBue 3Toro Bce opOUTaIbHBIE MOMEHTHI CKJIAJbIBAIOTCS B
PE3YIABTUPYIONIUNA OpOUTATIBHBIA MOMEHT M), a CHUHOBBIE — B PE3YJIbTUPYIOLIUM
CIIUHOBBIA MOMEHT Ms. A 3arem B3aumojaenctsue M; u Ms onpenenser cymmap-

HBIM MOMEHT M, atoma:

(1.7)

TAE K8AHMOBoe YuUcio J noiHo2o0 Momenma MOXKET UMETh OJHO U3 CIIEAYIO-
IUX 3HAYCHUM:

J=L+S L+S8I ..,]L-9

3HauuT, J OyAeT 1enbiM, eciu S 11e1o0e ( T. €. MPU YETHOM YHUCIIe DJIEKTPOHOB)
WJIU TIOJYIENBIM, €cli S momyienoe (Ipu HEUeTHOM YHCIIie JIeKTpoHOB). Tak, Ha-
pumep,

L ’ S . Bo3aMoKHBIE 3HAYEHHUSA J
2 1 3,21
2 3/2 | 12,52, 3/2, 172

Takoil BUI CBsI3M, KaK IPaBWIO, MPUCYIL JIETKUM U HE CIIMILIKOM TSKEJIBIM
aTOMaM.

OnHako HOpMallbHAsl CBSI3b SIBISIETCS HE E€IMHCTBEHHO BO3MOXKHOU. IJTO
TOJIBKO OJVH U3 KpaWHUX CIIy4aeB CBA3U. [[pyroi KpailHuil cilyyald Tak Ha3blBac-
Mas j-j ¢653b, KOIJla CIIMH-OPOUTAIBHOE B3aUMOJICHCTBUE Yy Ka)JOTO 3JIEKTPOHA
OKa3bIBAa€TCs OCHOBHBIM. B 3TOM ciyyae cyMMapHbIii MOMEHT atoMa M , = ZM i

J
T. €. paBE€H CyMM€ OT/EJIbHBIX CIUH-OPOUTAIbHBIX MOMEHTOB M.

Takast CBA3b BCTPEUACTCA y TSKEIBIX aTOMOB, HO JIOCTATOYHO peaxo. B oc-

HOBHOM JK€ OCYILECTBIISIOTCS 00JIee CI0KHBIE TPOMEKYTOUHbIE BUJIBI CBSI3H.
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B ciyvac HOpMaHBHOﬁ CBA3W BBOJHUTCA IOHATUC mepma anmomda, KOTOpHﬁ
IMOJTHOCTBIO XAPAKTCPU3IYCT SHCPICTHUUCCKOC COCTOAHHC BCCIrO aroMa B ICJIIOM,
TCPMBI IIPUHATO 0003Ha4YaTh CUMBOJIAMU:

V(L)J (1.8)

rae v =25 + 1 — MyJIbTUIIETHOCTD, J — KBAaHTOBOE YHCJIO TIOJITHOTO MOMEH-
ta. OTnnyue ¢ 0003HaY€HUEM BBEJEHHBIMU JJIsl 3JIEKTPOHA JIMIIb B TOM, 4YTO Ma-
Jble OYKBHI § U j 3aMEHEHBI Ha COOTBETCTBYIOIIKE Ooublue S U J.

[IpuBegem npuMepbl TEPMOB CUCTEM C ABYMS AJIEKTPOHAMU. 3/1€Ch BO3MOXK-
HBI J1Ba ciydas: S = 0 (CIIMHBI JIEKTPOHOB MPOTUBOMOJIOKHBI) U S = 1 (CIUHBI CO-
HaIpaBJICHbI).

B nepBom ciiywae J=L u 25 + 1 = 1, T. e. Bce TepMbl — cunaremul. Bo BTO-
pom ciydae 2S + 1 = 3, T. e. Bce Tpu Tepma — mpuniemol. CKa3aHHOE CBEICHO
JUTSA HATJISIIHOCTH B TaOiunel 1 u 2.

Tabanua 1 : Tabauma 2
L5127 Commmemn N R R —
P To To ol 1g 10 1 %s

L | | |
I I | ; 3 3 3p |
Lo 11 'p 1}1?2,1,0}1)2191130‘
" lol2 2  lp 1 2 3,21 %D %D, °D|
® | - —

Crenyer OTMETUTH, YTO MYJBTUILUIETHOCTh V JA€T KOJMYECTBO IMOIYpPOBHEH
moavko 6 ciyuae S < L (B ciydae xe S > L, 4nclio noaypoBHe# paBHo 2L + 1).
CrnenyeT TakXe MOMHUTbH, YTO HE BCE TEPMbI, (POpPMAJIBHO TOJIydyaeMble C MTOMO-
IIbI0 BEKTOPHOW MOJENM CIOKEHHUSI, PEaTn3yIOTCsl B peaibHbIX aToMax. g ne-
TQJIbBHOTO aHajv3a BO3MOXKHOCTH CYILECTBOBAaHUSI TOTO WM MHOTO COCTOSIHHMS,
HYKHO paccMaTpuBaTh 0ojiee MOAPOOHO CTPOCHHE JICKTPOHHOU 000JIOYKH aToMa.

Cienyer OTMETUTh, YTO HE BCE MEPEXOJbl MEXKIY TEPMAMU BO3MOXKHBI. DTHU
Mepexo/ibl JOJDKHBI MOMUMHATHECS MpaBWiIaM OTOOpa. DMMIUPHYECKH OBLIO ycTa-
HOBJICHO, YTO TIPU HOPMAaJbHOW CBS3U B CIOHBIX aTOMax IpaBuiia otOopa s
KBAaHTOBBIX uKcen L, S, J TaKOBBI:

AL =0, +1.
AS =0.
AJ =0,%1.

(1.9)

IIpu 3TOM, 0THAaKO, nepexox J =0 > J= 0 3anpewen.
VYkazaHHble MpaBuiia 0T00pa 000CHOBAHBI KBAHTOBOW TEOpPHEH U HE BCeTia
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ABJISIIOTCS TOCTaTOYHO KECTKUMHU. HanmoMHMM, CyTh 3THX MPAaBUJI B TOM, YTO TOJIb-
KO [PU TAKUX U3MEHEHUAX KBAaHTOBBIX YHCeN L, S, J BEPOATHOCTb MEPEXO/IOB SIB-
JIIETCS CYIECTBEHHOM.
CTpyKTypa 3HEepreTu4ecKuxX ypoBHeil MHOT03JIEKTPOHHBIX aTOMOB.
CocTostHUSI aTOMOB MPHUHATO U300pakaTh rpa@UUecCKUMU CXEMaMH, Ha KOTO-
PBIX IOMHUMO TEPMOB YKa3bIBAIOTCS TAK)KE€ BO3MOKHBIE MTEPEXO0IbI MEKTY TEPMAMHU
Y JUIMHBI BOJH U3Jy4aeMbIX MpU 3TOM JMHUM. 110 BepTHKaNbHON OCH OTKJIAbIBA-
eTCS SHEPrUs COCTOSHMIA (B dMeKTPoH-BoabTax 19B=1,6-10"" JIx), mpuuem 3a Ha-
yayio oTcuéra (3a HOJIb SHEPTHH) MPUHUMAIOT YHEPTUI0O OCHOBHOI'O COCTOSTHUS (CM.

nuarpamma 1 s
atoma Hatpus). Ho
HA camMoOM Jele
AJIIEKTPOH B aToMe
HE SBISETCS CBO-
OOJIHBIM (HAXOJUT-
Csi B TOTCHIHAIb-
HOM siMe), TOATOMY
€ro ImoJiHasg DJHep-
rusi JI0JDKHA OBITh
MEHBIIIE HYJISI
(BCTIOMHHUTE DHEP-
TEeTUYECKUE YPOB-
HU aroMa BOJOpO-
na). Takum oOpa-
30M, 4TOOBI MOJIY-
YUTh peajibHbIe
3HAYEeHHs]  JHep-
THU, OCh JHEPIruu
HAA0  CABHHYTHb
BHHU3 Ha BeJIUYMH-
HY MOHM3AIHOH-
HOr0 MOTeHIHAJA
- DJHEpPruu, KOTO-
pylO Haao Cco00-
IIUTh BaJCHTHOMY
ANEKTPOHY, HaXo-
asuieMycss Ha ca-
MOM BEpXHEM
YHEPTeTUUYECKOM

yYpOBHE, YTOOBI OH
CTaJl  CBOOOJHBIM.
B ciyudae Hatpus
9Ta SHEPrusi paBHa
E,0n=5,12 3B (mmo
nuarpamme 1). Tlo-

512 “Syro Pz 2Ry Doga sz Fapp s ;
sof ==  ZE = == -
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i-5 45
£ | / —s000
b0 Fope,sfe
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i ir
%“ 20000 2“
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20 —|25000 °3
] =
] o
—|F000
1,01 g
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Juarpamma 1 Cxema sHepreTHIeCKHX YposHed

ATOME BATPHSA
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lydaeM, 4TO peanbHas DdHEPrMs  OCHOBHOro  3°S Y TepMa  paBHa
2
Eoen=0 - 5,12 3B= -5,12 3B, a sHeprus tepma, Haripumep 32P7 E=2,1 - 5,12 5B.
2

DHeprus ke CBOOOIHOTO AJIEKTPOHA paBHA HYJIO U OOJIbIIE.

CnexTpel aTOMOB MPUHATO JEIWTh Ha cepuu. B oTiiMumMe OT MpOCTEUIIEro
cilydasl aToMa BOJOpOJa 37€Ch BBOAUTCS HECKOJIbKO Jipyras kiaccudukanus. [le-
pexoabl ¢ ypoBHs P Ha Oamskaiimeil CBOOOAHBIH K /Py YPOBEHb S Ha3bIBAIOTCS
riaBHOW cepueii. [lepexonpl, coorBeTcTBYMOMME S = P HOCAT Ha3BaHKHE Pe3KOM
cepueii. [Tepexonsr D = P — nuddysnoii cepmeii. U, Hakonern, nepexoas F = D
— (hyHIaMEHTAJIbLHOU CepHei.

«BuyTrpennuii» 3¢p¢pext 3eemana. ToHkasi CTPYKTYypa CIEKTPAJIbHbBIX
JIMHMH.

Cnua QJICKTPOHA CYHICCTBCHHO BJIUACT HA XAPAKTCP aTOMHBLIX CIICKTPOB, I10-
CKOJIBKY CBSI3aHHBIM C HUM MarHMTHBI MOMECHT BBI3BIBACT 3aBHCHUMOCTD OQHCPIUn

AJIEKTPOHA B JJTAHHOM COCTOSIHUM OT OpPUEHTAlLUU S oTHOCHTENBHO L. OpOutanb-
HBII MEXaHWYECKHI MOMEHT HMMITyJibca OOYCIOBIMBAET MArHUTHBI MOMEHT H,
CJIEI0OBATENIbHO, HEKOTOPOE MarHuTHOE mnoJie. [Ipoekuus crnuHa 3J1eKTpOoHa Ha Ha-
MPaBJICHUE HAIMPSHXKEHHOCTH 3TOrO MOJsA, KaK M3BECTHO, MOXET NMPUHUMATH JBa
3HAYCHMS, TaK Kak m, = =1/2. Jlnsg snektpoHa ¢ [#(0 BO3MOXHBI JBa  OJu3-

KUX COCTOsSHUA ¢ j,=[+ % s J,=1— % DHEpruu 3TUX JABYX COCTOSHUI pa3-

auvHbl. Takoe  CIMH-

opouTambHOE B3aMMO- =32

JICHCTBUE TIPUBOJHMT K Para
cBoeoOpasHOMy  «BHYT- P =1 .
penHemy 3¢ Pexty 3ee-

MaHa», Jaxe MPU OTCYT- B
CTBUU BHEIIIHETO Mar-

HUTHOTO 1OJIs1 ( BHYTPCH-

HE TII0Je CO3IaéT «IBHU-

)KEHHME» DIIEKTpOHA 10 ¢ ' S - Sie
opbure). Ha puc. 1 nmoka- 1=0 i=1/2

3aHO P - cocrosinue ([ = — Puc. 1

1), koTopoe B pe3yibTate

B3aMMOJICCTBUS MarHUTHBIX MOMEHTOB PacCHICIUIICTCS Ha JBa IOJCOCTOSHUS C

i=172

2 2 9 V)
TepMaMu P% u Py. [TosTOMy BMECTO OJIHOM CHEKTPaTbHOW JIMHUU, COOTBETCT-
2 2
ByloIel nepexoay P = S, B ICHCTBUTEIbHOCTH HAOIOMAIOTCS JIBE OJNM3KUE JIH-
2 2 2 2
HUM, COOTBETCTBYIOIIME NEpexoaaM P% ) v u PV -8 Y (cMm. Taxke aua-
2 2 2 2

rpammy 1 ypoBHel HaTpusi). IMeHHO 3TUM 0OBsicHsIeTCA, TyOJIeT >KEeNThIX JTUHUN
589,0 u 589,6 HM B cieKkTpe HaTpUs.
Pacmienienue ypoBHeil ¢ JaHHBIM / U3-32 CIIMH-OPOUTATIBHOTO B3aUMOJICHCT-
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BUsI HOCUT Ha3BaHUE TOHKOW CTPYKTYphl. « TOHKOI» OHA HA3bIBACTCS MOTOMY, UTO
pacuierieHle YpoBHEH Majio MO0 CPaBHEHHUIO C PACCTOSHUEM MEXKAY YPOBHSIMU C
paznuuHbiMU 7 U [. T. e., HaTU4Me y 3JIEKTPOHOB MOMEHTA CIMHA BBI3BIBAET pac-
HieryieHue TepMoB (ypoBHEH) Ha MOAYPOBHE KPOME S M Kak pe3yJbTaT paciieruie-
HUE CIIEKTPaTbHBIX JTUHUM.
N3 HepenaTUBUCTCKON KBAHTOBOM MEXaHMKE, TP PEIISHUU 3aJa4u 00 dHEep-

TUU 3JIEKTPOHA MHOTOXJIEKTPOHHOI'0 aTOMa MOJy4aeTcsl B MEPBOM MPUOIMKEHUN
cienytouias popmyna:

1

2

n

E,=-A(Z-0c,) —, (2.1)

kK*m e’
——<—=13,662 5B,

o

rone A=

m, = m- Macca IeKTPoHa, Z — 3apsj A1pa, e — 3apsij NEeKTpoHa, k=9-1 0.

3/1€Ch BEIMUNHY (Z - Gnl) MO>KHO paccMaTpHUBaTh KaK TaK Ha3bIBa€MbIil «a(-

(heKTUBHBINY 3apsij sapa — T. €. 3apsia, OOYCIOBJICHHBIN MOJIOKUTEIBHBIM 3aPsI0M
Z sipa U OTPULIATEIIBHBIM 3apsI0M AJIEKTPOHHON 000J0YKH, KOTOpask Kak Obl JK-
paHUPYET 4acTh 3apsna aapa. T. 0. o, UIMeeT CMBICI MOCTOSAHHON IKPAHMPOBKH,

YUUTHIBAIOLIEH B3aUMOJCIHCTBUE AAHHOTO DJIEKTPOHA U C SIAPOM U C OCTAJIbHBIMU
anexktpoHamu. OcobenHo xopoimio Gopmyra (2.1) onmuckIiBaeT MIEIOYHbIE METAIUIBI
B TOM 4YHCJI€ U MCCIIEyeMblid B TJaHHOW paboTe aTOM HaTpus, T.K., €CJIM aTOM Ille-
JIOYHOTO MeETajljla UMEET BCETro Z 3JEKTPOHOB, TO MOKHO CUUTaTh, YTO Z-1 dJeK-
TPOH C AIPpOM 00pa3yIOT OTHOCUTEIbHO IPOYHBIM «OCTOBY, B 3JIEKTPUUYECKOM T10JIE
KOTOPOTO JBUKETCS BHEIIHUN (BaJCHTHBIM 3JEKTPOH), JOBOJBHO CJIabO CBSI3aH-
HBIM C 0CTOBOM aroma. T.0., B HEKOTOPOM CMBICJI€ aTOMBI IIEJIOYHOTI0 MeTaJljia siB-
JSIOTCA BOJOPONOJAOOHBIMH, HO B OTJIMYUU OT (POPMYIIBI JJIsl SHEPTUH BOJIOPOJIO-
nogoOHoro aroma, ¢gopmyna (2.1) moka3piBaeT, YTO IHEPIHS 3aBUCUT €IIE U OT
KBaHTOBOI'O yucia / — T. €. B JaHHOM CJIy4ae BBIPOXKJICHUE IO / CHUMAETCSl.

TpuMep: >IEKTPOHHAS KOH(HUTrypamus aTroma Hatpus. 1s°2s°2p®3s'. BujHO,
YTO MOCHEIHUN 3JIEKTPOH CTOUT 0OO0COOJIEHHO OT MOJHOCTBIO 3aMOTHEHHBIX HHXK-
HUX 000JI0YEK.

PenstuBucTCKas KBaHTOBask TEOPHUs aToMa IOKA3bIBAa€T, YTO MOMpaBKa K
HHEPTrUU BOJOPOJONOJOOHOIO aToMa 3a CUET CHUH - PENATUBUCTCKUX 3(PPEeKToB
cienyronias:

Z'a*mc* (3 n

nt (8 2j+1
ke’ 3 1
he  137.03604
3BaHHE NMOCTOAHHON TOHKOM CTPYKTYPHI.

[To ananoruu ¢ ¢opmymnoit (2.1), bopmyny (2.2) M0okHO 000OIIUTH HA CIOXK-
HBbIC aTOMBI BBOJIS TOIPABKY K 3apsay sapa o, ., KOTOpas UMEET TOT K€ CMBICI,

AE = (2.2)

T€ K, ] — KBAHTOBBIE UMCIA, O = =0.00729735 - HOCHUT Ha-

nj>
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yro u o,, B (2.1). Takum oOpa3oM, (opmyiia, ONUCHIBAIOLIAS YHEPreTUUECKHE

YPOBHH CJIOKHOT'O aTOMAd, YUUTHIBAIOIIAAd PCIATUBUCTCKUC 3(1)(1)CKTBI " CIIMH - Op-
OuTaIbHOE BSaHMOHCﬁCTBHe 6YIICT BBITJIAACTD TaK:

(Z—an)40£4mecz 3
n' 8 2j+1

(2.3)

nlj

1
E =—#KZ—OWY-;?+

Kpome TOHKOH CTPYKTYphl B CHEKTpaX MHOTHX aTOMOB HaOJIIOJAeTCs TaK-
’KE CBEPXTOHKAsI CTPYKTYpa, KOTopast 00bSICHSACTCS B3aUMOJCHCTBUEM MarHUTHOTO
MOMEHTA JJICKTPOHA CO CIa0bIM MarHUTHBIM IIOJIEM aTOMHOTO sjipa, HO 37eCh
JaHHBIC ITONIPABKH MBI HE paCCMaTPUBACM.
B nannoit pabore

H3ydacTcs TOHKAas B _E2 [=3/2 Paya
CTpyKTypa (pacuiervie- p

HHE YypOBHEH aroma, =1 - El Pio
00yCJIOBJICHHOE  B3au- L i=1/2 v
MOJICHCTBHEM  CIIMHA — 5
9JICKTPOHA C MArHHT- hve,
HBIM TIOJIEM, CO3JaH- >
HBIM OpOUTATBLHBIM _ EO

MOMEHTOM) DJHEpreTH- ° 1=0 e i=1/2 Sie

YECKHX YpOBHEH atoma
Ha TpuMmepe ayoOreTa
xenTo JuHUU Hatpus. COOTBETCTBYIOUIUE TEPEXO/bl, 00yCIaBIUBAIONIIAE 3TOT
nyOJeT, Mmoka3aHbl Ha quarpaMme | U mpoayOJMpoBaHbl B 00Jiee MOHATHOM BHUEC
Ha puc.2. Jlns kpatkocTu 0603HauuM Tepmbl coorBeTcTBeHHO EO, E1, E2. [Ipu ne-
pexone E1 2 EO m3nydaercs GpoToH ¢ yactoroit v1 (IIMHHOBOIHOBAsS KOMITOHCH-
Ta JKEJITOro Jay0jeTa HaTpHs), IpU Iepexoje 3eKTpoHa ¢ ypoBHs E2 2 EO us-
nydaetrcss GOTOH OJM3KOM 4acTOThl V2 (KOPOTKOBOJIHOBAs KOMIIOHEHTA >KEJITOTO
nyonera Hatpusi). T. k. v2>vl, o A2<Al. T. 0. MOXXHO 3amKCaTh:

Puc. 2

E2—-EO0=hv2 (2.4)
E1-E0Q0=hvl
NJIn
E2—E0=h-<
A2 2.5)
El—E0=h-<
21

U Takum 006pa3oM BeIUUTAS U3 IEPBOrO YpPaBHEHUS BTOPOE, MOJyd4aeM dKC-
NEPUMEHTAIBHYIO (POPMYITYy TOHKOW CTPYKTYpbI AyOeTa:
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EZ_El:AEZl 9KCnepUMeHm. :hc.(é_%j (26)

C npyroit CTOpOHBI, BOCIIOJIH30BaBIIHCH TECOPETUUYCCKU ITOTYUYECHHBIM COOT-
HotmreHreM (2.3) I pa3HOCTH SHEPTHH MEXIy coceqHuMu ypoBHsmu E2 — El
MOXHO TIOJIYYUTh ClieyIonyo ¢hopmyny (BBUAY TPOMO3IKOCTH MpeoOpa3oBaHUM

MBI UX OIlycKaeMm, noapobHee cM. Hanpumep Llnonsckuit 3. B., AToMHas ¢u3uka,
T.2):

AEZ] meopem. 3 - (27)

e IoNpaBKa o, . Hekas 00O0O0IIeHHas CIIpaBOYHAs MONPaBKa TOHKOU

CTPYKTYpbl. 3HaU€HHUS MOMPABOK U APYrHe HEOOXOAUMBIE CIIPABOYHbBIC JTAHHBIE
npuBeAeHbI B Tabnuiax 3, 4.

Ucxons uz popmy (2.6), (2.7) MOXKHO MOJIYYUTh SKCIIEPUMEHTAIBHOE 3HA-
YeHHE MOCTOSTHHOM TOHKOW CTPYKTYPHI O

h- 11 4’
4 A2 Al

= < 2.
aakcnepmz. (Z _ GmL) ( 8)
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JKCIIEPUMEHTAJIBHASA YACTD

JlaGoparopHasi paboTa BBINOJIHAECTCS HA KOMOMHUPOBAHHOM y4€OHOM KOM-
miekce OKJI-24. YueOHbIil 1a00paTOpPHBIN KOMIUIEKC MPEACTaBIsECT COOON NEeUCT-
BYIOIIIYIO MOJIEb, (YHKIIMOHAJIBHO HE OTIMYAIOIIYIOCS OT CBOETo 0a30BOro Hay4-
HOro mnporotuna. KOHCTpYKTMBHO CTEHJ COCTOUT W3 JBYX MOJYJEH:
OCBETUTEJIA,  copepxkamero  cnekrtpaidpHble  jammnbel 1 BJIOKA
YIIPABJIEHU S, dhopmupytomiero Heo0X01uMble HAMIPSKEHUS TSI TUTAHUS JIAMIT
U TeHepupytomero nzoopaxenue Ha VGA BbIxojzie mpuOopa Jyisl €ro mojadud Ha

MOHHUTOP.

Puc. 3.1. [IpunnuunuanbHast 070K — cXeMa 3KCIEPUMEHTA 10 HAOII0IEHUIO N30 TOIMMYECKOTO
casura. | — ocBerutens ¢ HaTpueBoit Jammoi tuna JJHaC-18; 2 — [TYJIBT YIIPABJIEHUA n
MCTOYHUK nuTanus i ammbl, 3 — MOHUTOP VGA s Buzyanu3anuu CieKTporpamMm U To-
cienviomen ux oonaboTKH.

Opl MOOEAB CIIEKTPOMETPA
SAl
- /
VD1 PVl
s *
~ L1 X° —~ mV
220 B IOHaC-18 s

Puc. 3.2. [IpunnunuanbHas cxeMa BKIIIOUEHUS! HaTpueBoil cnekTpaibHoi jdammnbl Thna JJHaC-18

biiok cxema BKJIIOUEHHS U IPUHUUIIHAIBHAS 3JIEKTPUUECKasl CXeMa BKIIIOUE-
Husa crnektpanbHoil amnel [JHaC-18 nmpuBenaeHsl cOOTBETCTBEHHO Ha puc. 3.1 u
puc. 3.2. Hanpsokenue nutanusa ~220 B yepe3 cnenuanbHblil TOKOOTPaHHUYHBALO-
il 6amtactHelil gpoccens Jpl u kHonKy BrItoueHuss SA1 mogaeTcs Ha HaTpHe-
BYIO CIIEKTPAJIbHYIO JIAMITY, PAaCIIOJIOKEHHYIO B OCBETUTENBHOM OJ0Ke. M3nyuenue
OT JamIbl nocrynaeT Ha Goroanos VD1, BeIMOIHSAIOMUNA POSIb MOJENN CIIEKTPO-
MeTpa.
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HOPAAOK BBIIIOJTHEHMU L.
Ilepen BKIIOUYEHHEM YCTAaHOBKM B CETh MPOBEPUTH LIEIOCTHOCTH BCEX CO-
€AMHUTENIbHBIX CUTHAJIHBIX M CETEBBIX MPOBOAOB. Bce paboThl 10 MOAKIIIO-
YEHUIO KOMILJIEKCA K MOHMTOPY M OCBETUTENIO CIEAYET BBIIOJIHITH TOJIBKO
IpU OTKJIIOYEHHBIX OT ceTh mpubopax. Pazobparbes ¢ mMpUHUIUNHAATBHBIMU
0JIOK-CXeMaMu OIbITOB, B Ha3HAYEHHHM KHOIIOK, MepeKitoyaTeseii U pydek
npuoopa.
[TonkIIOYUTh OCBETUTENb K OJIOKY YIpPaBJIEHHS, UCHOJIb3YsS COOTBETCTBYIO-
1[ye MpoBOJA M3 KOMIUIEKTA, coeAuHUB BbIXonbl «JIAMIIA» ¢ coorBeTCT-
BYIOIIMMH BXOJaMU OCBETUTEII.
[TogkitounTh CTAHIAPTHBIM MOHUTOP, UMeromni VGA BXoA K BBIXOAY
«MOHUTOP VGA» yueGHOI yCTaHOBKH.
IToctaButh nepekmoyarens «CETh. AHAJIOI'OBAS YACTDb» Ha nmanenu
yueOHoro Mosayis B nosnoxxkenue « BKJI», nepexntouarens «JIAMITA» B mo-
noxenne «HATPUEBAS» npu 3TOM JOJKEH 3aropeTbCs CUTHAIBHBIN WH-
nukatop «CETb» u HauaTbcs I1yroBoil pa3psll B CHEKTPAJIbHONW HATPUEBOM
namrne. [locne 3 — 5 MUHYTHOTO IpOrpeBa JiamIbl, BKItoyaeTcsa nudponas
yacTh Lene nuranus npudopa HaxxatueM kinauin «CETh. HUOPOBASA
YACTD VGAM.
B nauane pa3psn B laMiie IpoMCXOJUT B Mapax Tak Ha3bIBaeMoro «oydep-
HOT'O» Ta3a (aprosa), Ipu 3TOM JIaMIla U3JydaeT roixyooBaTo - 6eyoe cBeue-
Hue. ITocTeneHHO UAET MPOrpeB U UCHAPEHHE C MOBEPXHOCTH IJIEKTPOAOB
napoB HaTpus. CBEUEHHE JIaMIIbI [IPY 3TOM U3MEHSETCS Ha XKENTOE.
[IpucTynuTh K HCCIETOBAHUIO MHTEHCUBHOM KENTOW JIMHUU HATPUs, COOT-
BETCTBYIOILLEH TJTaBHOW cepuu. B NENCTBUTENBHOCTH 3Ta JUHUS SIBIIACTCS
nyoneroM. Jlns 3TOoro HayHUTE HAOOp CHEKTpa, HaXKaB KHOIKY
«ABTOCKAHM.
[lo OKOHYaHWMM CKaHUPOBAHUS
kHonKky ABTOCKAH otxkarts.
Ilepememiass METKy, HaXOIALIYIOCS
BHHM3Y OCH OX C TIOMOIIBIO KHOIIOK
«/JJIMHA BOJIHBI» no cnexrpy,
ONpENENIUTh TOJOXKEHUS LIEHTpa
MIMKOB B J1y0JieTe U UX MOJTYIIHPH-
Hbl (IIMPUHY Ha TOJOBUHE BBICO-
Thl). MeTka TMO3BOJISIET COMOCTa- PR
BUTb KOOpPJAMHATHl JAHHOW TOYKHU 587 588 589 590 591
CIIEKTPaJIbHOU XApAKTEPUCTUKHU CO Wavelength E(nm)
3HAYEHUSMH JJIMHBI BOJIHBI A U Ha- |

MpsDKEHUsT Ha BbIXoJEe (oTomaTdH-
ka U (puc. 4.1). Puc. 4.1. Onpenenenne noaoKeHUsI IIEHTPA
MIMKOB B Jy0JieTe HaTpusl.

B0 s s i s B § Sodium doublet

= o R3
w0 o o
1 1 1

Intensity ( x10° a.u.)

0.5
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9. 3ammcate B Tabnuily 3 HalileHHBIE KOOPIAWHATHI IEHTPOB MUKOB Al ITMHHO-
BOJTHOBOUM U A2 KOPOTKOBOJHOBOM JIMHUH ay0Jiera.

10.ITpousBecTr pacy€T IKCIEPUMEHTAIBHOTO 3HAUYCHUS PACIICTIIICHHS YHEPTUU
ypOBHS E 51 sen. IO popmysie (2.6).

11. Teopernyecku BeuUCIUTh pacuieruienne no dopmyne (2.7) E 21 reop., BOC-
H0J1b30BaBILIUCH CIIPABOYHBIMU JJAHHBIMU O, ., YKa3aHHBIMH B Tabuuie 3.

12.1To dopmyne (2.8) u3 3KCIEPUMEHTA BBIYMCIUTH 3HAYCHHE IOCTOSHHOU
TOHKOM CTPYKTYPBI Osyepep, U CPABHUTH C TAOJUYHBIM 3HAYCHUEM Cyygy; .
13.0O11eHUTDh € - OTHOCUTENIBHYIO OIKMOKY U3MEPEHUS o 110 hopMyJie:

maon.

ty,

8 JKcnep. . 100%

a

maon.

OOBICHUTH BO3MOXKHOE PACXOXKJACHHE TEOPETUUYECKUX PE3yJIbTaTOB C IKC-
MIEPUMEHTOM.

14. Bce BeIuMCIEHUS M U3MEPEHUS CBECTU B TaOIUILy 3:

Tabnuua 3
}\‘27 HM | A 17 HM | AE 21 akcnepum.® 2B O e AE 21 meopem.® 2B Oskenep Orata.
7,445 0,007297

15. JJaGopaTopHasi paboTa MOXXET ObITh BBIIOJHEHA HAa PEaIbHOM CIIEKTPOMET-
pudeckoM mpudbope — MoHoxpomartope tuna MYM-01. Jlnsa eé BeimosHeHus
CMOTpPHUTE METOJAMYECKUE YKa3aHUs K JJabopaTopHoit pabore DKII-2.

16.ITo okoHuaHuu pabOTHI CJIEAYET CHauyaja OTKIIOUUTHh IU(POBYIO YaCTh
kHONKoN «CETH. HUD®POBAA YACTDb», pu 3TOM OTKIOUHUTCS U3MEpHU-

TeJIbHAas CUCTEMA, 3aTE€M BBIKIIIOYUTH AHAJIOTOBYIO YacCTh IIEPEKIIIOYATEIIEM
«CETb. AHAJIOTOBA YACTDb».
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KOHTPOJIBHBIE BOITPOCHI
Kakune Buapl CBSI3M CyLIECTBYIOT B CJIOKHBIX aToMax? B yem ux paznuuue?
Kakum o0pa3zoM u it yero BBOJUTCS MOHATUE TepMma aroMa? YTo OHO 03-
Hayaet?
Y HEKOTOpOro aroMa 3Hay€HHUE pEe3yJbTHPYIOLIET0 KBAaHTOBOIO YHCIA S
CIIMHOBOI'O MOMEHTA paBHO 2. [Ipu 3TOM 3HaueHune KBaHTOBOTro yucia L pe-
3yJIBTUPYIOLIET0 OPOUTAIILHOIO MOMEHTa paBHO 3. Hammcath Bce BO3MOXK-
HBIE TEPMBI.
Y HEKOTOpOro aroMa 3Ha4€HHUE pEe3yJbTHPYIOLIET0 KBAaHTOBOIO YHCIA S
CIIMHOBOI'O MOMEHTa paBHO 2. [Ipu 3TOM 3HaueHne KBaHTOBOro yucia L pe-
3yJIBTUPYIOLIET0 OpOUTAIILHOIO MOMEHTa paBHO 1. Hammcath Bce BO3MOXK-
HBIE TEPMBI.
KakoB ¢usnueckuii cmpici «mpaBuil 0T60pa»? Bo3MokeH Ju B MpUHIUIIE
nepexon ¢ AL=2?
Ilo naHHBIM nuarpaMmbl | BBIYHMCIMTE SHEPIHI0 TEPMOB 3 ZD% 5 PaBHbI

JIM B TOYHOCTH 3HAYEHUS YIHEPTUU ITUX TEPMOB?

Ha xakue cepuu mpuHATO NEIUTH CHEKTPHI CIOKHBIX aToMoB? K kakoii ce-
pUM PUHAJICKUT HCClieyeMas B JaHHOW padboTe TUHUS?

Yro Takoe cnuH-OpOUTAIBHOE B3aUMOJIeCTBHE?

3anuimure 3JIEKTPOHHYI0 KOH(QUTYpalui0 aroMa HaTpus B OCHOBHOM CO-
CTOSIHUM U TEPM OCHOBHOI'O COCTOSIHUS aTOMa.

10.1Tepeuncnure criocoObl Bo30yxkaeHust aroMmoB. Kakoit crioco0 Bo30ykaeHus

CBEUEHHUSI UCIIOJIB3YETCS B TaHHOU paboTe?

11. O0bsicHUTE NPUHIUIHAIBHYIO cXeMy ycTaHOBKH (puc.3). Ilouemy mocie-

JI0BaTeNIbHO JIaMIle BKJIOYeH OanmnacTHbId Apoccens [-297 Ilouemy HeoO-
XOJIMMO HCIIOJb30BAaHUE ra30pa3psTHON JIaMITbl UMEHHO HU3KOTO JAaBJICHUS?

12.B HekoTopoM aToMe KOH(UTrypauus 3JIEKTPOHHBIX OO0O0JIOYEK MMEET BHU/I:

2 2.6 2.6 110 2.6 110 2.6
15°2s°p®3s°p’d " 4s°p°d""f*55°p’ . OnpenenuTh MaKCHMAaIBEHO BO3MOKHYIO Be-

JINYUHY CYMMapHOﬁ IMPpOCKINN 0p6I/ITaJ'IBHBIX MOMCHTOB HMIIYJIbCAa BCCX €TO
QJICKTPOHOB Ha BBIJACJIICHHOC HaIllpaBJICHUC. (OTBCTZ

(>L,)  =10n=1,057-10" A c.),
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HHPUJIOKEHHUE.
CXEMBI SJHEPTETHUYECKHNX YPOBHE HEKOTOPBIX
QJIEMEHTOB.
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o Tg g 7 3y Ip Ip d
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Puc. 2.3. Cxesa sHepreTHYeCKHX ypoBHeR atoMa pTyTH
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- CoBMeCTHBIE ilamépenun. IlonsiTHe 0 MeToAe HAHMeHEIIHX lcnanparon (MHK)
PaccMoTpHM ciryqaii coBMeCTHRIX muepemm aByx Benw4uH B u o . Ecnu YPaBHEHHA H3MEpE-
HHSA, CBA3HIBAIOIIHE 3TH aemmmu TMHHEHHE, TO [is onpenenem Buas peaym;ra-:e MHOro-

](pan{blx H3MEPEHHHH HCKO’DOPLD( ApyTHX BEJTHIHH X H y; nomxyaHTCa NHHeHas CHCTEMA YC-
JIOBHBIX ypanﬂemn‘i KOKI0C H3 xompux HMeEET BUI ,

’ =Bx; +a (1
rae x;, y; - pe3ynbTarsl i -ro muepemm BEJIMIHH X H ¥ ; B H O - MCKOMBIE BEJTHIHHBL.

Cucrema ypasrennii (1) 6ynet, BooGe roaopx HECOBMECTHA, TaK KaK pe3yNbTaTsl H3-
MEpEHHHt x H y Heu30eRHO ComepXaT NorpemHocTi. [103ToMy M3 ITHX yYpaBHEHHH MOXHO OI-

PeneNHTL TOJILKO OLEHKH BEJIMYHH B H o (COOTBeTCTBEHHO B H A), xoTOpBIE ABNAIOTCA Clydali-
' HBIMH BEJTHIHHAMH. o '

Y JUIs HArAMHOCTH M3N0XKEHUA MPEICTABHM BCE

0 ONLITHBIC IAHHBIC X; W ); Ha rpaduke (cM. pHc. 1).
491 ‘ /H/ ['eoMeTpHIeCKH 3a1a4a HIMEPEHAA @ H B COCTOMT
3.0 A B OMPENC/ICHHH NMapaMeTpOB HEKOTOPOH MpAMOii:
2,0 3HaYEHHSA OPAMHATH! MPH HYJIEBOM 3Ha4YeHHH abc-
Lo _ LIMCCHI H TAHMEHCA YIJ1a HAKJIOHA COOTBETCTBEHHO.
. Tak kak MexIry ToukaMH Ha rpadHKe MOX-
510 15 20 25 30 X HO MPOBECTH HE OJIHY NMpPAMYIO, BOZHHKAET 3aj1a4a -

puc. | MPOBECTH MPAMYIO HaMNy4YUM obpaiom. Takas

npAMas XapakTepHiyercsa Hanbosiee TOUHBIMH OLICH-
kaMH k03dduunenTos B u o, T.e. HanGosee BEPOATHBIM.

ng(x.--y.-%gx,éy;

Ouenka B (3HaueHne B) ornpenensierca BuipakkeHHEM B=

n 2 n 2
”z Xj — Zx.'

i=1. i=l
Ouenka a (3HaueHue A) onpenensieTcs BbpaKeHHeM A=y-Bx

MoXHO Moka3aTh, 4TO OUEHKa CTAHAAPTHOrO OTKJIOHEHHSA ko3¢ duuneHTa B Boipaxaercs cne-
IyrouHM obpasom:

i()’i‘Bxi“A)z

SB = l:l ~

(”‘z)é("i ‘f)z

iy

Hurepsan, s Kompou cycranonnennoﬁ acpomomto ao MOX
3am{cmaaercanmme AB =i (n 2)_.5‘8 ST e

T A

HAXORHTLCA K03 mumeHT B,

Torna MoxHo 3aIMHCaTh: - B=B1AB
CrannaptHoe otkionenue xosdummenTa A onpenemmx no ¢popmyne
| | | =2 (y i Bx A)
' Lo X - i=1
S A= -+ - - -
n 2 n-=2
Z("l ~X) '

\
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