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•, 

B p11ne pa6oT paccMaTpHBanocb nepeceqeane H OTTanKHBSHHe saepre-

TH"!eCKHX ypOBHeti "18CTHUhl CO CnHHOM H KB8ApynonbHbiM MOMeHTOM 1 OTnH"'-

HblMII oT 0, KOTopag noMemeaa B onaoponaoe MarHHTHoe ( H H aeon-

non.11 (eM., aanpHMep,ll-31). Ecnn 
.. 
H 

napannenbHO ocn CHMMeTpHH aneKTpnqecKoro non11, TO nm1 onpeneneHHhiX ... .. 
3Ha"!eHHti MarHHTHoro non11 H = H0 6yneT npOHCXOAHTb nepece"!eHHe 

9HepreTH"!eCKHX ypOBHeli, OTBe"!SIOWHX pa3nH"'HblM 3HS"'eHHIIM npoeKUHH CnHHa 

"!aCTHUhlo Ecnn npn aToM aanoJKHTb cna6oe MarHHTHoe none, nepneHAHKynRp-.. 
HOe Ho J TO OHO Bbl30~eT nepeopHeHTSUHIO cnHHa "18CTHUhl 1 qero He Ha6niO

-o 

naeTc!l npn 3Ha"!eHHIIX B • naneKHX oT H o. Bo3MymaiOmee none MOJKeT co3-

naaaTbCII, aanpHMep, MarHHTHhiM MOMeHTOM npyroli "'SCTHUhi. OnHaKo B aToM 

cnyqae H3MeHeHHe nonllpH38UHH 6yneT B03HHK8Tb H npH ApyrHX 3Ha"!eHHIIX .. .. 
H OTnH"'HblX OT H o , "'TO CB!I38HO C nepece"!eHHeM ypOBHeli Tenepb 

yJKe CHCTeMbl H3 ABYX "18CTHU, B npHHUHne 9TH IIBneHH!I MOryT 6b1Tb HCfiOnb-

30B8Hbl AnH H3MepeHH!I MarHHTHblX MOMeHTOB HnH KB8ApynonbHOrO pacmen

neHHII !IAep B MOHOKpHCTannax (eM, TSKJKe/3/). nn11 onpeneneHHOCTH orpaHB-

"'HMCII cny"!aeM1 KOrAa CfiHHhl 

"18CTHU8 o6nanaeT KBSApynonbHblM MOMeHTOM. MarHHTHOe none C"'HT8eTCR 

napannenbHbiM OCR KBSApynonbHOrO pacmenneHH!Io raMHnbTOHH8Jf CHCTeMbl 

6e~ f"'~Ta MarHHTHoro nnnonbaoro B38HMonellcTBHII MeJKAy "18CTHU8MH paaeu: 

A 

rne U KB 

.. 
(p.t 5 tz+ P.a Sh) Hz+ UKB 

- onepaTop KBanpynonbHoro MoMeHTa ao aaemaeM aneKTpR"!ec-

KOM none. CT8UHOH8pHble COCTORHHII CRCTeMbl MOryT· 6b1Tb 38fiHC8Hbl B BRAe 

s 
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2 2 ~ 2 2 6 2 2 

3 neprHH STHX COCTO!IHHII 118JOTC!I ljlopMynoil 

•: (a 1 ' a 2 ) "' ( p. 1 a 1 + I' 2 a 2 ) II + ,\ l a I I • (I) 

rne 11
1 "' 2 

- M8rHHTHble MOMeHThl Sltlep, a
1 

a 
2 

- npoeKUHH CITHHOB 0 

,\ -KnanpynonbHoe pacmenneune. 

1-13 ( I) cnenyeT, 'ITO npn cooTneTCTBYJOlllHX aHa'leHHHX MarunTuoro nonn 

ooaMOJKIILt nepece'le HH!I ypoeueil, yKa3aHHLte e Ta6n. I. 

TaKHM o6paaoM, ecero HMeeTC!I 8 nepeceqeunil npH mecTH paann'IHhiX 

aHa'leHHHX non11. B6nnaH TO'IKH nepece'leHH!I neyx yponneil 6yneT cymecTBeH

HhtM MarHHTJIOe llHI1011bHOe B38HMoneiiCTBHe 'lllCTHU, KOTOpoe npHBOilHT K OT

T811KHB8HHJO c6J1HlK8JOillHXCH ypoBHeli H H3M0.He11HJO BOJlHOBhiX qJyHKUHli CT8UHO

napHiolX coCTO~IHIIil, CooTBeTCTBYJOIIlllli orrepaTop noaMymennH HMeeT BHn 

v 
(~ ;t ) -3 <;t ril ( ;: ,-:) 

I 2 I 2 

H 3 

.. .. 
rne P.1 • 11 1 a 1 • I' 2 .. I' 2 a 2 

.. .. 
-MarHJJTHhie MOMeHThl '18CTHU, H • It n 

p81lliYC-H8KTOp, coenHH!IJOllliiH '18CT11Uhl, 3neMeHTbl M.1Tp11Ubl V tk e 6aance 

tjlyHKUIIH cp I + rp6 
Hei!CTBI!TeJlbHbl II IIMeJOT Bllll, yKa38HIIbiH B Ta6n. 2. 

\ 

3necb ( CMo T86Jl, 2) y -yroil M8lKilY OCbJO CIIMMeTplllli 3/IeKTpll'leCKOrO 110/IH H .. 
panuycoM-BeKTOpOM It llnH rrpo113BOilbHoli nayxypoaueaoll cncTeMLI npn 

H8110lKeHIIII B03MyllleHHH C Bell!eCTBeHHbiMll M8Tpll'1Hh1MII sneMeHT8Mll CT8UllOH8p-

Hb!e BOilHOBbie tjlyHKUIIll t/J II v BhlplllK8JOTCH qepe3 CTllUH0!18pllLie 

BOilHODhte tPYIIKUIIll JICB03MyllleHHOil CIICTeMhl r/> II </>' no ljlopMynaM 

t/J • rp COlO .g. rp ' . f3 }· ( 2) + ~1n T 

0' -4>' f3 rp' f1 '1 c:' ~tn -:-- + co~-

2 

4 

I .. 

' 

rlle 

fj 2<c/>l~lc/>'> 
2 

.A. A "' ·-------,;i" 

<c/>1 Ho + V I </>> -<c/>'I.Ko + Vl</1'> 
ts 

3HeprHH HOBbtX ypoeHelt 

... A A 

E 1,2 = f- [ < cf> I }{ o + V l <fl > + < <P' I }to + V I cf> '> ! 

AAI A A 2 A 2 

;1;. +vl<<PIK o~- v!<P>-<<P'IR 0+ v!<P'>l +4l<c/>1 v l<P>I 

B HameM cny'lae HMeeTCH 6 ypoenell, HO e6nH3H TO'IKH nepec 

i1J06biX llBYX BilHSIHHeM OC,T811bHLIX ypoBHell MOlKHO npeHe6pe'lb H ITO/ ... 
cH ljlopMynaMH (2) H (S). EcnH npH aToM <c/>l VI cf>' :>f, o, TO r 

llHT •cMeUIHB8HHe• ypOBHeil cp H cp' npH <</>'! v"'! </>> ·• 0 
' 

COBIT8llJOT C cp H cp' H 'cMeUIHB8HIIH., He npOHCXOilHT. 

06p8THMCSI K KOHKpeTHbiM nepece'leHHSIM, 

nepece'leHHH cp 4 II cp ~ 

1/J H 

l{aCTb ·MaTpHUbl 
.. 
v, COOTBeTCTBYJOlll8SI 3THM llBYM ypoBHHM, 

BHA: 

npn 

A 

v = 

2 
1-3coto Y 

2 
3toin Y 

2y 2 

3toin\ 

- 2y2 

0 

... 
y = 0 eenH'IHHa <c/> 

4 
l V lc/> 5>,0 

npOHCXOllHTo 3TO o6~HCHHeTCSI TeM, 'ITO ITpH 

H CMeiiiiiB8HHSI yp< 

y a 0 CllCTeMa CU' 

OTHOCHTeilbHO OCH z H CT8UHOH8pHble COCTO!IHHSI llOillKHLl HMeTb 

neHHYJO CyMMY npoeKUHil MOMeHTOB '18CTHU H8 OCb 
z. CocToHHHt 

tP ~ HMeJQT p83Hbte cyMMbl npoeKUHil, IT03TOMY IIX ilHHeiiHiole KOl\< 

He MOryT 6biTb CT8UHOH8pHbi ( ecnH He COBD81l8JOT C HHMH CaMHI 

C8MOe npoHCXOAHT H npH nepece'leHHH ypOBHelt <fl 1 - cp 8 • 

5 



> • c/>2 = II,!> I T. -+-> • </>~ = ll,-1>1...:_ . .!.....> 
2 2 

I I I I I 
- > ' <P = I t,o > I - . - > • cp = J!,O >I -.- ->. 
2 ~ 2 2 6 2 2 

CTOSIIIHH Jl810TCH <flopMynoii 

• " 2 ) ( 1', "t + 1'2"2) II+ ,\ I "I I . (I) 

HY.IC MOMeHTJ,J S!Jlep, a a 
I 2 

- npoeKUI!H CIIHHOB, 

cwennenne. 

'ITO npH COOTBeTCTBYJOUIHX 3H8'1811HSIX Mllri!IITIIOro IIOJlSI 

yponneii, yxaaaHHbte n Ta6n. 1. 

ucero nMeeTCH 8 nepeceqennli IIIJH mecTn paanH'IHhiX 

:111 To•IKH nepeceqeHHH nnyx ypouneii 6yneT cymecTBeH-

HOC B38HMOI1eHCTBI!C '18CTHU, KOTOpoe llpi!BOJlHT K OT-

HXCH ypOBHeii ll H3MOHCIIHJO BOJlHOllblX qlyHKUIIii CTBUHO

OTBCTCTBYJOlllllil onepaTop B03MYIIICHH51 HMeeT BH!l 

v 

... 
2 a 2 

( ~ ,t ) - ~ (It ril ( It :) 
! 2 t 2 

---·-------~------

II a 

... ... 

-MarHHTHbJe MOMeHTbi 'lliCTHU, II • R n -

51IOlllllii 'IBCTHUhl, 3neMeHTbl M.3Tp11Ubl v,k B 6aance 

,i\cTnnTenbHhl 11 nMeJOT unn, yKaaannhtii B Ta6n, 2. 

y -yron MC)!{l!Y OCbiO Cl!MMeTpHII sneKTpH'ICCKOrO IIOJlR H 

L\n11 npon3BOJ!bnoli nnyxyponneaoil cncTeMbi npn 

C BenteCTBCHHbiMM MliTpH'IIIhlMH sneMei!TliMH CTliUHOHap-

t(J H 1/J' BhlpfilKBJOTCSI qepe3 CT8IIHOH8pl!ble 

03Mylllelll!Oil CHCTeMhl ¢> " ¢>' no ¢opMynaM 

{3 
• ' . p } • ¢CO!!'\~ + !"'in 2" ' ( 2) 

' =-1> "in J!._ + </>' cos ..!!.... 
2 

4 

~-

rlle 

fJ 2<</>lvi<P'> 
tg 

2 
- .A. .. "·-------,;\ 

<<PI .Ko + V I </>> -<1/>'iKo +Vic/>'> 

3HeprHH HOBblX ypOBHell 

"' "' "' 
E 1,2 = f- [ < 4> I .K o + V I 4> > + < <P' I .Ko + v I <P '> i ± 

( 3) 

1 ~ A I\ A ~ A 2 

:1;. ,-v'l<<Pi.K a+- VI</>>-<</>'IR 0+ VIc/>'>] +41<</>'1 V I<P>I 

B HameM cny'lae HMeeTCSI 6 yposneA, no s6nn3H TO'IKII nepeceqennH 

nt06bJX llBYX BJ1H51HH9M OC.T8J1bHL>IX ypoBHei! MOlKHO npeHe6pe'lb H IIOJ1b30B8Tb-

CH cjJopMynaMH (2) H (S). Ecnn npn STOM <<PI Vic/>' >~ o, 

liHT 'cMeUJHBBHHe' ypOBHeit c/J H c/J' npH <c/J'I v'"l</>> • 0 

TO nponcxo-

' "' " "' . 
COBII8l1JOT C c/J H 4>' H 'cMewneannH' He nponcxonnT. 

BHn: 

06p8THMC51 K KOHKpeTHblM nepeCe'leHH51Me 

lfaCTb ·MaTpHUbl 

A 

v = 

" v, 

nepeCe'lei!H51 c/J 4 H cP 3 

COOTBeTCTBYIOlll8R 3THM llBYM ypollHSIM1 l!MeeT 

l-3cM 
2 y 

2 
3,.in Y 

2y 2 

... 

2 
3 sin y 

- 2y2 

0 

.,, 

npH y '"' 0 BeJ1H'IHH8 <</> lVI</> >=o 4 5 
H CMCIIIIIBliHH51 ypoBHeli He 

npOHCXOllHT. 3TO o6o51CHSieTCSI TeM, 'ITO npn y = 0 CHCTeMa CHM!I.IeTpll'lll8 

OTIIOCHTeJ1biiO OCH H CT8UH0118pllble COCTOHHHSI l!OJllt<lll>l HMeTb onpene-

neHHYJO cyMMY npoeKuHA MOMeHTOB 'IBCTIIU na oc& z • CocToSIIII!SI <P 4 II 

</> 5 HMeJOT p83Nbte CYMMbl npoeKUHil, ll03TOMY HX nnneliHI>le KOM6HIIBUHH 

He MOryT 6b1Tb CT8UHOH8pHbl (ecnH He connana10T c HHMH caMnMn ). To Jt<e 

caMoe nponcxollHT H npH nepece'leHHH yposaeil c/J 
1 

- 4> 
6 

• 

• 
5 



nepece'leHHSI <Pa-<Pe 

1-3 cos 
2 y 2-3sin 2y 

2 ---;:Jf. ... 
v 

I 
2 

2-3sin y - 0 
2y2' 

3necb CYMMbl. npo&KUHA cnHHOB OLlHHSKOBble, H npH Y • 0 'cMeWHBSHHe' 

COCTOSIHHlt B03MO~HO, 0LtH8KO OHO He npoHCXOLlHT npH y • 55°, KOrLta Be-
A 

nH'IHHS < cp 
8 

IV I cp 
8 

>"' 0, llnn <P 
2 

-<P 
5 

CHTYBUHSJ aHanorH'IHS, 

nepeCe'leHHSI cp 
8 
-·cp 

5 H cp 4 -cp 6 

nocKOnbKy Y YKS3SHHbiX COCTOSIHHlt OL1HH8K0Bble npoeKUHH CnHHS S1Llp8 

c S 2 • 1/2, COOTBeTCTBYJOWHe 'cMeWHBBHHH' 06'bSICHSifOTCSI B pSMK8X 

TOnbKO nepBOlt 'ISCTHUbl/1-3/, npH'I~M TeapHH nepeC~'IeHHSI ypOBHelt OLlHOlt 

panb B03MyWeHHSI HrpseT none MBrHHTHOro MOMeHTS SILlpS C S 
2 

= 1/2, 

npu y = 0, ~ 'cMeWHB8HHSI' ypOBHelt He npaHCXOLlHT, TSK K8K none

pe'IHSSI COCTBBnHJOWSSI nonH MBrHHTHOro LlHUOnSI B 9THX cny'IBSIX o6p811ld-

eTCSI B HYnb, To ~e C8MOe MO~HO CKS3STb 0 nepeCe'leHHSIX cp I - cp 
5 

H 

"'2 -cp 8 • 

noaeLteHHe CHCTeMbl npu c6nu~eHHH ypOBHelt cymecTBeHHO 38BHCHT OT 

CKOpOCTH H3MeHeHHSI nonSJ, PaCCMOTpHM CH8'1SnS cny'lalt MeLtneHHO MeHSJ-

fOWerOCSI nann, KaK uaaecTHo, npu MenneHHOM H3MeHeHHH aaewHHX ycnoauA 

CHCTeMS, H8XOL1HBW8SICSI nepBOH8'18nbHO B CT8UHoJapHOM COCTOSIHHH, ycne

BSeT nepecTpSHB8TbCSI BCneLt 38 9THMH H3MeHeHHSIMH 0 TSK 'ITO ee COCTOSIHHe 

B K8~Llbllt MOMeHT CT8UHOH8pHo, 86nH3H nepece'leHHSI ycnOBHe 8L1HS68TH'I

HOCTH 3SnHCbiB8eTCSI B BHL19 

(4) d't' 

" 2 2 1 
« [ ""jiT". J r .. 

dH 

6 

I I ... 
• 

PsccMOTpHM, asnpuMep, nepece'leHue <P 4 -4>5 • nycTb none MeLtnE 

eTCH OT 3HS'IeHHSI H, • KOTOpoe HSXOLlHTCSI HH~e TO'IKH nepeceqe} 
2 

p.!H'-Ho I»~· 
R 

- nocne TO'IKH nepeceqeaun, npn'I~M H" 
p. 2 

p.IHH-H 0 ! » RT"'' Ecnu cucTeMs npu H •H' HSXOLlHTCSI 

SIHHH cp 4 
, TO UpH H ,. H" OHS UpHXOLlHT B COCTOSIHHe cp 5 

( 

llonyCTHM, 'ITO Mbl HMeeM HS60p TSKHX CHCTeM (He B3AHMO.QeltCTBJ 

C LtpyroM) H npu H "'H ' 3SCeneHHOCTH COCTOSIHHlt cp 5 H cp ~ 

COOTBeTCTBeHHO N 5 H N 4 > N 5 (asceneaaocTH N 4 H N5 

onpenenHTbCH, HSUpHMep, pscnpeneneaueM BonbUMBHS). npu H- H 

3SCeneHHOCTH 6yLtyT LtpyrHMH 0 • 8 HMeHHO! COCTOSIHHfO cp 
5 

6yneT 

BeTCTBOBSTb N 4 , S cp 4 -.N 5 •. nocKOnbKY 3SCeneHHOCTH LtpyrH:X 

ae uaMeanroTcn, To KonuqecTaa SJLtep B cocToHHHHX II, o > u 

LlO nepece'leHHSI COOTBeTCTBeHHO 

N •N +N 
4 3 

N eN + N 
0 5 6 

3TH BenH'IHHbl nepexoLtHT nocne nepeceqeauSJ B 

N:_. N
5

+N
8 

, N~-N 4 +N 8 , 

PsaaocTb (N:_-N'0 l-( N _-N 0la2 (N 5 -N 4 l<O, T,e, cywecTac 

psHee pS3HOCTb 38CeneHHOCTelt psanH'IHblX COCTOSIHIIA S1Llp8 C S I 

yMeHbWHn8Cbo 

PeanbHO anbJT MO~HO UpoBOLlHTb B MOHOKpHCTsnne, KOrLtS 0 H 

S1Ltp8 c 5 2 • l/2 SJBnSJfOTCSI UpHMeCbfQ B peWeTKe H3 HLtep C . 

B 9TOM cnyqae KapTnHa nepeceqeaun cymecTaeaao ycno~aSieTcR, • 

HHSI MSrHHTHOrO nonSJ H , OTBe'ISfOWHe nepeapHeHT8UHSIM CnHHOB1 

fQTCSI npe~HHMHo npu 9TOM npaKTH'IeCKH BCe S1Ltp8 npHM9CH 0 HSXOLlJ 

ua nepecexarowuxcSJ ypoBHHX, MeHSIJOT aanpaaneaue caoelt nonSipH3f 

npHno~eHH&) o Heo6XOL1HM00 KOHe'IHO, Y'IHTbiBSTb BnHSIHHe CUHH- .pel 

B$8HMOileltCTBHSI H8 OpHeHT8UHfO p8CCM8TpHBSeMbiX SJLtep, 0LtH8KO B 

6anbWHX H . H HH3KHX TeMnepaTyp BpeMSJ CDHH-peweTO'IHOlt pens: 

UHH LlOCT8TO'IHO BenHKO H nerKO MO~HO YLlOBneTBOpHTb Tpe60B8HHI 

pOTbl H3MeHeHHSI H DO Cp8BHeHHfO C aTHM BpeMeHeM npH ( 

ycnoBHSI 8L1HS68TH'IHOCTH,. 

7 



nepece'leHHll </> 8 - </> 6 
2 

1-3 cos y 

2 

2 
2-3sin Y 

2y2 

2-3sin 2y ---~ 

0 

pO&KUHll cnHHOB O.!lHH8KOBbie1 H npH 

O*HO, O.nHaKo oHo He nponcxo.nHT npH 

Y • Q 'cMel!lHBSHHe' 

"' 
y • 55°, Kor.na Be-

I v I ¢6 > = o. nnR ¢ -¢ 
2 5 CHTY8UHll BHanOI'H'IHS, 

nepeCe'leHHSI </> 8 -·</> 
5 H </> 4 -¢ 6 

y YK838HHblX COCTOSIHHII O.!lHHSKOBbJe npoeKilHH CnHHa S!.!lpa 

COOTBeTCTBYIOI!lHe 'cMel!lHBBHHSI' 06'bSICHSIIOTCll B pSMKSX 

eHHll ypOBHelt O.!lHOlt TOnbKO nepaolt 'ISCTHilhl/J-3/, npH'I~M 

ll HI'paeT none MSI'HHTHOI'O MOMeHTS ll.!lpa C S 
2 

= l/2, 

~ 'cMeWHBSHHll' YPOBHelt He npoHCXO.!lHT, TaX KaK none-2 

'liiOI!lSll nonll MSI'HHTHOI'O .!lHnOnll B 9THX cny'lal!X o6pSJ14d-

lo *e CaMoe MO*HO CK838Tb 0 nepeCe'laHHliX </>I - f/J 
5 

H 

CHCT9Mbl npH c6nH*9HHH ypOBHelt CYI!l9CTBeHHO 38BHCHT OT 

eHHR nonll, PaccMoTpHM caa'lana cny'lalt Menneaao M9Hli

KaK uaaecTao, npn Me.nneaHoM HaMeHeHHH BHaWHHx ycnoanlt 

HBW8l!Cll nepBOHS'IanbHO B CTSilHOHapHOM COCTOliHHH
1 

ycne

BCne.n 38 9THMH H3MeBeHHliMH1 TaK 'ITO ee COCTOliHHe 

T CTauHoHapao. B6nHaH nepece'laHHR ycnoaue a.nua6aTH'I-

B BH.Ile 

dJ( fL 2 
2 

-«[~.] 
dl · R · · 

I 

r· (4) 

6 

.... -

''11• 
.,\~?,: 
·: i 

' 
.'~ ,.. 
.'!)'/! 
::~1~ 

:if 
)~~ 

'

·':'-! 

. ' 

··~·.·· 
l 
'~~ . 

PaccMoTpHM1 HanpHMep, nepece'leHne ¢ 4 -¢ 5 • nycTb none Me.nneHHO MeHll-

eTCll OT 3HS'IeHHll H ', KOTOpOe HSXO.!lHTCll 

H " - nocne TO'IKH nepece'leHHll, npH'I~M 
HH*e TO'IKH nepece'ISHHll1 .110 

2 

f'IH'-H 0 I» ~· H 
• 2 R 

f'l H."'- H 0 I » V · EcnH CHCTeMa npH H • H ' HSXO.!lHTCll B COCTO-

liHHH </> 4 To npH H .. H" OHS npHXO.!lHT B COCTOl!HHe ¢ 5 (n Hao6opoT), 

nonyCTHM1 'ITO Mbl HMeeM Ha6op TSKHX CHCTeM (He B3AHMO.IleltCTBYIOIIlHX .!lpyr 

C .!lPYI'OM) H npH H •H' 

COOTBeTCTBeHHO N 5 H 

3aceneHHOCTH COCTOliHHlt 

N 4 > N 5 (aaceneHHOCTH 

¢5H 

N4 H 

</> 4 paBHbl 

N 5 MOI'YT 

onpe.nenl!TbCll, HanpuMep, pacnpe.neneHHeM EonbuMaHa). npH H- H , HOBble 

aaceneHHOCTH 6y.nyT .!lpyi'HMH1 • a HMeHHO: COCTOliHHIO </> 
5 6y.neT COOT-

BeTCTBOB8Tb N 4 , 8 f/J 4 -.N 5 •. nocKOnbKY aaceneHHOCTH .npyi'HX COCTOSIHHlt 

He HaMeHliiOTCR, To KonH'IeCTBa R.nep B cocToliHHliX II, o > 

.110 nepece'leHHSI COOTBeTCTBeHHO 

N • N +N , 
- 4 8 

N =N + N 
0 5 

3TH BenH'IHHhl nepexO.!lliT nocne nepece'leHHR a 

N:_. N
5

+N
8 N~·N 4 +N 6 , 

u Il-l> paBHbJ 

PaaHOCTb (N :_- N '0 >-< N -N 0) .. 2 (N 5 -N 4 )<0, T,e, cymeCTBOBSBWaSI 

paaee pa3HOCTb aaceneHHOCTelt paanH'IHhlX COCTOl!Hklt ll.!lpa C 
S I = J l 

yMeHblllHnac&. 

PeanbHO OnbJT MO*HO npoBO.!lHTb B MOHOKpHCTanne, KOI'.!la, HanpHMep
1 

ll.llpa c S 2 • l/2 l!Bnl!IOTCSI npHMeCbiO B peWaTKe H3 ll.llep C S 1 • ], 

B 9TOM cnyqae KapTHHa nepeceqeHHll cywecTBaHHo ycno*HllaTCll
1 

no 3Ha'le-

HHll M8I'HHTHOI'O nonll H , OTBe'laiOI!lHe nepeOP,j:leHTSUHliM CnHHOB
1 

OCTa-

IOTCll npe*HHMH, npH 9TOM npaKTH'I9CKH BCe li.Qpa npHM9CH
1 

H8XO.Illll!lHeCl! 

H8 nepeceK81011lHXCll ypOBHliX,· MeHl!IOT HanpaBneHHe CBOelt nonl!pH381lHH ( CM, 

npHno*eane), Heo6xo.nHMo, xoaeqao, Y'IHTbiBaTb enHliHHe cnua- .peweTO'IHoro 

B3aHMo.nellcTBHR Ha opneHTSilHIO paccMaTpHaaeMbiX ll.llep, O.naaxo a cny'lae 

6onbWHX H . H HH3KHX TeMnepaTyp BpeMl! CnHH-peweTO'IHOlt penaKca-

llHH .llOCTaTO'IHO BanHKO H nerKo MO*HO Y.!lOBnaTBOpHTb Tpe60B8HHIO 6bJCT":' 

poTbl H3MeHeHHll H no CpaBHaHHIO C STHM BpeMeHeM npH coxpaaeauu 

ycnOBHll 8.1lHa6aTH'IHOCTH,. 

• 7 



06paTHMCSI Teuep& K cny'laiO 6biCTpblX HaMeHeHHII: H , Ecne H 6biCTpo 

MeHSieTCSI OT H ~ H 0 .QO H • H 
0 

, TO CHCTeMa OCT8eTCSI B COCTOSIHHH, 

OUHCbiB8eMOM npeJKHell: BOUHOBOII: ljJyHKUHell:, HO Teuepb OHO yJKe He CT8UHOH8p-

Ho, To JKe caMoe upoHcxo.QHT B cnyqae, Kor.Qa ace apeMSI H .. H 
0 H O.Q-

H8 H3 '18CTHU OK83b!B8eTCSI B paCCM8TpHB8eMOM COCTOSIHHH B peaynbT8Te 

KaKoro-nH6o H.QepHoro npouecca ( HanpHMep, aaxaaTbiBaSI Heii:TpoH, nonHpeaoaaH-... 
Hblll: napannen&Ho H 0 ) , 8 peayn&TaTe Haw a CHCTeMa CHOBa MrHOBeHHO 

cTaHOBHTCH HecTauHoHapHoll:. PaccMoTpHM aepoHTHOCTb HaMeHeHHSI nonRpHaa-

UHH B 9TOM C~Y'I8e, J1TaK, npH e 0 CHCTeMa H8XO.QHU8Cb B COCTOSIHHH 

¢, KoTopoe paanaraeTCH no CT8UHOH8pHblM COCTOSIHHHM: 

rp ""t/1 f3 ·'·, 0 f3 
COS - -·¥' I!IIQ -- o 

2 2 

Tor.Qa nonHaSI BOUHOB8SI ljJyHKUHSI CHCTeMbl B MOMeHT apeMeHH 1 pasHa: 

E' f3 -l't"'t 
cos--r/J"e 

2 

-1 E 

rp(t) - t/1 e rt 0 f3 
I!UQ2' 

r.Qe E H E' - COOTBeTCTBYIOIUHe 9HeprHH, flpHHHMaH BO BHHM8HHe ( 2), 

MOJKHO. T8KJKe aanHC8Tb: 

E E' 
-l""ft f3 f3 f3 -1-rt 

rp(tl•e (cpcos-+rp'sin-lcos- -e 
2 2 2 1</>'cos.l.-</>,.inl...l sin.!..• 

2 2 2 
E E' 

-Itt 2 f3 -ITt 2 f3 -tr 
•</>[e cos -+e sin -l+¢1e 

2 2 

.. '£¢+I:rp,. 

Cne.r:~osaTen&Ho, aepoHTHOCTH nepeopaeHTauaa: 

-e 

E' 
-ITt f3 f3 

]sin-cos -• 
2 2 

.. ' 
21<¢' IV l</>>1 2 (1-cos w tl 

WN,-II'I2 .. -·------.... .. .. .. .. 2 

[<¢'1 J( 0+ vi'¢>'>-<</> I J(o +VI</>>] 2+ 41<</>'1 V 1¢>1 

r.Qe 

E -E' 

W= t 

8 

_,. 

i' 
i 

~· 
·. ;·(J I . .. 

\ ' 
I 

··'r··' :I t
. 

• :jl 

·.,.·~f ., ',it 

,·;{:;\;: \ 
,.;f,\'11'1 
li:'(.\j' l 

.;}> 
. •II 

i 
( 

.!t;i,} 
.... , 

'i,l .. 
II' 

.. II! 
........ ,. qt ,.·,•. J 
' . . 

'\( 

I. 
II 
I. 

I I. 
f, 

':i 
i): 

,; 
·I' 

I!' 
l 
1\ 
: 

Ycpe.r:~ueuuaa no apeMeHH aepoHTHOCTb nepeopHeHTaUHH 

·W = 

[<¢1 Y +VI¢> 
0 

"' 
0 2l<<t> ~v I it~>l 2 

.. .. 
-<¢'1}{ +VI¢'> 1

2
+41<¢' IV lit~>l 2 

0 

BH.QHO, 'ITO 38BHCHMOCTb w oT aenH'IHHbi MarHHTHoro nonSI H 

THnH'IHbiii: peaouaHCHbiii: xapaKTep, PeaouaHc uacTynaeT npu none 
A A ~ "" . 

Kor.Qa <¢1 J( 0 +vI</>>- <</>'IJ<
0 

+vI</>'>= o. UJapeHa peaoHaHca 

HMeeT UOpSI.QOK {!t J1 a , 'ITO COOTBeTCTByeT HHTepBany 3H8'1eHH 
R3 -

ll. H .. 10 raycc, npH'Il!M caMa aenH'IHHa H 
0 

.. 108 raycc ( ll. .. 

Ill ·ll 

w 
max 

w .. 

-28 -24 ~nr 8 
10 of 10 ~; R • 1o- eM); aMnnHTy.Qa peao 

raycc 

'" 1/2, l.faCTOTa uepeopHeHT8UHH '18CTHU B TO'IKe peaOH8f 

ll1 ll a -R 3 
.. 3 5 -1 

10 of 10 CeK , 

B cny'lae 6on&woro 'IHcna 'ISCTRU cne.QyeT OJKR.QaT&, 'ITO ne1 

THpyeTcSI TaKJKe npRMepHo nonoBRHa acex SI.Qep c S I "' 1, 

4>opMyna ( 5) cnpaae.r:~nusa .r:lnR cTa6un&HbiX H.Qep. llna uecTae 

a.r:~ep 

w 
21 <</> ' I v I </>> 12 

i 2 w 2 +1".2 

r.r:~e t 
[' -

r pacu. 

flpR 0 t W » [' T,e, , .QnSI anep nonroJKaaymex, ljJopMyna ( 6) nepexo~ 

Ecnu JKe 1i w « [' TO w 0, T,e. 'laCTRua He ycneaae• 

HRTb HaupaaneHue nonSipuaauRH B Te'leHue r pacn. 

8 H8CTOSIIUee BpeMSI cymeCTByeT pan MeTO.QOB H3MepeHHH KBa 

HOro pacmenneHHH H MarHRTHbiX MOMeHTOB anep B KpHCTannaX, l.fac 

CBH3aHa C HCUOUb30B8HReM a.~:~epHoro MarRHTHoro peaoHaHca R 1 

Ma nHWb .QUSI unep C .QOCT8TO'IHO 6on&WHM BpeMeHeM lKH3HH, C np:y 

pOHbl, MeTO.Q y.- Y COBna.QeHHII: noaBOUHeT H3MepHTb KBa.Qpynon&HOI 

9 
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enepb K CIIY'IIliO 6biCTpbiX H3MeueHHII H • EcnH H 6biCTpo 

,. H 
0 

JlO H • H 
0 

, TO CHCT9Mil OCTil9TCH B COCTOHHHH, 

*Hell BOIIHOBOII ~yHKUHell, HO Tenepb OHO Y*e He CTilUHOHilp-

npOHCXOllHT B cnyqae, KOI'Jlll ace BpeMH H = H 0 H Oil-

ll3b!Bil9TCSI B paCCM8TpHBil9MOM COCTOHHHH B peayn&TilTe 

HOI'O npouecca ( HanpHMep, 3/lXBilTblBilSI uei!Tpou, nonS1pH30BSH-.. 
Ho ) • 8 peayn&TSTe HilWa CHCT9M8 CHOBS MI'HOB9HHO 

HOHilpHoll. PaccMoTpHM aepo>ITHOCTb HaMeueHHSI nonSipHaa

rrpH I = 0 CHCT9Mil HllXOllHIIIlCb B COCTOSIHHH 

araeTC>I no CTSUHOHSpHbiM COCTOHHHSIM: 

co~ !!..__ - r/1' ~in ..!!_ . cp =r/1 
2 2 

HOB/lSI ~YHKUHSI CHCT9Mbl B MOM9HT apeMenH t paaaa: 

r/le 
E 

-lrt 
E' 

13 -lrt 
cos 2- r/J"e 

. {3 
~1n -

2
-, 

- COOTB9TCTBYIOIUHe 3HeprHH. flpHHHMilH 80 BHHMilHHe ( 2), 

E' 
{3 {3 {3 -1-rt 

os- +¢'sin --1 cos-- e I "'-' f3 "" . {3 I . {3 
2 2 2 

E' E 
-ITt a f3 -lr 

+ e sin -l+c/>1 e 
2 

-e 

pOSITHOCTH nepeopHeHTilUHH: 

't' cos-- . ..,_,s,n-. s1n-• 2 2 2 
E' 

-ITt {3 {3 
]sin-cos -• 

2 2 

2 I<</>' I VI </>>I 2 I I ,-cos w tl 
A A. A. A 2 A~ 

c/>'1 }( ·+ Vl\6, >-<</>I}( +VI¢>) + 41<</>'l v I.P>I 0 0 

E -E' 
W= r-· 

8 

... 

'i 
.{ 
/) ., 

i' 
r 

i' 
·.~J t ·~ 

f:;' . ·.~·;~) 
' .J 

1
,. 

•.") I 

'.·'~.;1: _.t~ 
". ( '/ 

. ·.! .:/ 

···crf;·f ') 

:(f~~\ ,jl 

I 

""' «I 

li· 
!I· ..... _, 

·,_:.!~. J 
•;·I J, 

. 1\l 
/., 
,., 
I. 

'i· 

' ~ 
~~ 

.i/ 
,\1 

I 
1\ 
, ~ 

YcpeJJ.ueuuaH no apeMeHH aepoSITHOCTb nepeopHeHTaUHH 

,. 
·2 ·1-<4> ~v I 'P>I 2 

(5) W m 
~ --------

-<¢'1}( + ~14>'> 12
+ 41<4>' 1";14>>1 2 [<.PI Y.+VI.P> 

0 0 

BHilHO, 'ITO 3/lBHCHMOCTb w OT B91IH'IHHbl Mlli'HHTHOI'O nona H HMeeT 

THnH'IHbiii peaoHaHCHblll xapaKTep. PeaoHaHc uacTynaeT npH none H• H 
0 

, 

~A A A . ~ 
KOI'Jlll <</>I }( 0 + V 14> >- <c/>'1}(

0 
+vI</>'>= o, lllHpHHil peaoHaHca (41<¢1VIcf»>2> 

HM99T nopstllOK .l!.r..La 'ITO COOTB9TCTByeT HHTepaany 3Hil'19HHII nonH aa -. 
11H .. 10 raycc, npH'I(!M caMa aenH'IHHa H 0 .. 103 raycc ( 11 .. 10-20 apr; 

~'-t • p. 

w 
max 

...... 

-23 -24 anr 8 ) 
10 .. 10 ..........._ j R • l(j CM j llMniiHTYllll p930HilHCil 

raycc 

= 1/2. qllCTOTil nepeopH9HTilUHH 'lllCTHU B TO'IK9 p930HilHCil 

p.l p. 2 3 5 -1 
10 .. 10 CeK o 

R a 

B cnyq:ae 6on&woro 'IRena 'lllCTHU cneJJ.yeT o*HilllTb, 'ITO nepeopuea-

THpyeTCSI TllK*e npHMepuo nonOBHHil BC9X SIJlep C S I "' 1. 

¢lop Myna ( 5) CIIpllB9JliiHBil JliiSI CT86HIIbHblX Slll9Po .Unst H9C1'1l6HIIbHbiX 

stJJ.ep 

21 <¢ ' I v I ¢> 12 

w = -------------------------
i2,.,2+f'2 ( 6) 

rJJ.e t; 
[' . 

r 
pacn. 

flpH · t w» [' T.e. , JliiSI Slllep JlOIIrO*HBYIUHX, ~OpMyna (6) nepeXOJlHT B (5). 

Ecnu *e t w « [' TO w 0, T.e. 'lllCTHua ue ycneaaeT H3Me-

HHTb HlliipllBII9HH9 nOIIHPH31lUHH B T9'19HHe 
r pacn, 

B uacTostmee apeMH cymecTayeT pstll MeTollOB HaMepeuust KBil/lpynon&

uoro pllCIU9IIII9HHSI H MllrHH1'HbiX MOM9HTOB Slllep B KpHCTiliiiiilX. qllCTb H3 HHX 

CBSI31lHil C HCIIOIIb30BilHHeM stJJ.epuoro MaruHTHoro peaoHaHca H npuMeuu-

Mil IIHWb JliiSI Slllep C JlOCTilTO'IHO 60IIblUHM BpeMeHeM lKH3HHo C Jlpyroll CTO

pOHbl, M9TOJl y. -y COBIIIlJlanHII II03BOIISI9T H3MepstTb KBilJlpyiiOIIbHOe pac-

~ 
9 



I' 
I' 
! 

I 

I~ 

.,. 

ruenneHHe H MBrHHTHble MOMeHTbl Hllep, 015nBilBIO!UHX MBnbiMH BpeMeHSMH 

mHaHH, He HCKniO'IeHo, 'ITO HanomeHHble B HBCTOHIUell CTBTbe cool5pameHHH 

MoryT nocnymHTb OCHOBOI! MeTOil80 npHrOilHOrO llnH H3MepeHHSI BbillieyK838H

Hb!X xapaKTepHCTHK Hllep B npoMemyTO'IHOII o15nacTH apeMen mH3HH, B oTnH'IHe 

OT MeTOil80 pSCCMOTpeHHOrO B pafiOTe/3/, TSKOII COOCOI5 npHrOileH H llnH Hllep, 

He HMeiOIUHX KBBilpynonbHOro MOMeHTS, 

npunomeHHe 

PaCCMOTpHM DOilp06HO cnyqal!0 KOrlla HMeeTCSI N 'IBCTHU c s = l/2 

H OllHB 'IBCTHUB C S • ), noll06HaSI CHTySUHSI C031l8eTCSI0 HSDpHMep, KOrlla 

Mbl rosopHIII 0 ~pRMeCH Slllep CO CDHHOM J B perueTKe H3 Hllep CO CDHHOM 

J/2, KaK peaynbTST ysenH'IeHHSI 'IHCna 'ISCTHU B 381l8'1e DOHBnSIIOTCSI HeKOTOpb!e 

ycnomueu~H, 

nepBOe H3 HHX 38KniO'I8eTCSI B TOM0 'ITO peaKO ysenH'IHBSeTCSI 'IHCnO 

aHa'leHHil MarRHTHoro nonH H, npH KOTOpbiX OpOHCXOilHT .nepeCe'!eHHe SHep-

reTH'IeCKHX ypoBHell CHCTeMbl, OllHBKO raMHnbTOHHSH CHCTeMbl COCTOHT 

H3 cyMMbl TOnbKO OllHO'IBCTH'IHb!X H llBYX'ISCTR'IHbiX 'lneHOB, noSTOMy nepe-

OpHeHTSUHSI 6ylleT npOHCXOilHTb nHWb TOrlla0 KOrlla nepeceKSIOIUHeCSI ypos-

HH OTnH'ISIOTCSI OpHeRTSUHSIMH CDHHOB He 6onee '19M llBYX 'I~CTHQ, npH aTOM 

B03MO}I(Hbl llBB cny'IBH: paanH'I8101'CSI nH60 npoeKUHH CDHHOB HS HanpaBneHH9 H 
y llBYX 'IBCTHU OCHOBHOI! peiUSTKH, nH60 y OllHOII H3 'IBCTHU peweTKH H Slllp8 

npHMeCHo nepBblll cny'lail llnSI HaC He HRTepeC9H0 TSK KSK Mbl cnellHM 38. H3-

MeHeHHSM nonHpH38UHH 'IBCTHUbl C S • J; 'ITO KBC89TCSI nepece'!eHHI! BTO-

poro POil80 TO OHH npOHCXOilSIT npH TeX me 

CHCT9Mbl llBYX 'IBCTHU ( CM, OCHOBHOII T9KCT), 

3H8'19HHSIX nonH0 'ITO H llnlt 

• 
BTopoe ycnO}I(H9HHe CBSI38HO C DOSIBnltiO!UHMCSI BblpO}I(Jl9HH9M ypOBHell, 

KOTOpoe HMeeT MSCTO B npeHe6pelK9HHH MarHHTHblM llHDOnbHblM B38HMOileii

CTBHeM '18CTHUo PaCCMOTpHM CHB'IBna STO Bb!p0lKileHH9 B 'ISCTHOM cny'lae, ., 
KOrlladpeiUSTKa COCTOHT R3 Tpex 'IBCTRQ, Ha pHC, J H306palKeHbl llBB ypoB-

HSI0 38BHCSI!UH9 OT MarHHTHOrO nonSt, 

YpbBHIO J COOTBeTCTByeT COCTOSIHH9 

rp •II, +I >1.!.,-.1....>1_!_,-..!.>i....L,-~. 
0 2 2 2 22 2 

10 

r .. 

YpoBHIO II COOTB9TCTBYIOT COCTOSIHHSI 

rp - I I, 0 > I .!.. . .-!.. > 1-1- • - .1... >I ...!... • - .1....> . 
t 22 2 2 2 2 

I I I I I I rp •II,O>I-,-->1-.->1-.-->, 2 '2 2 2 2 2 2 

I I I I II I I I I rp -1,0 > -.--> -.--> -.->. 
3 2 2 2 2 22 

T,e, ypoBeHb II TpexKpSTHO Bb!pOlKileH, B ypoBeHb I - He BblpOlKil9 

C N B o6rueM cnyqae KpSTHOCTb BblpOlKileHHSI p8BH8 rile • m 

no 'IBCTHU C npoeKUReil COHRS + J/2, o6p83YIOIUHX llBHHOe COCTOSIHH9 

'IBCTHU c npoeKuHeil - J/2 paBHo N- m ) , 

Ha-aa llHnonbHoro saaHMOileilcTBHH yKaaanHoe BbipOlKileHHe Ha c 

Ilene CHSIT00 H DOSTOMy KBlKilblil ypoBeHb 
p.2 

N 
pacruenneH HB C m ypOBHel 

nH'IHHOII pacruenneHHSI ,. --. .B o6naCTH H • H 0 Ra 
MelKilY ni06biM 

ypOBHSIMH HMeeTCSI OTTanKHBSHHe ( CM, pHC, 2), 

B paccMaTpHBaeMOM npnMepe ypoBHH II a , II 6 ,II B BllBnH OT 

OTBe'ISIOT HeKOTOpb!M Cynepn03HUHSIM COCTOSIHHII 'rp I , rp 
2 

, rp 
3 

• 

nyCTb BHS'Iane npH H • H • 'IBCTHUbl npHMSCH HMenH npoeKUHK 

EcnH Hllpa peweTKH uenonHpHaosaHbi0 TO ypoBHH lla , 116 ,liB paBHoaac 

EcnR CHCTeMa OK83anaCb HS ypoBHe II B , TO npH 81lH86aTH'19CKOM I 

HHH nonH llO 3HS'IeHHSI 'H= H" OHB nepeXOilHT HB ypoBeHb I, E 

'lanJ.HblM cocTOSIHHeM 6bmo II a HnH IIo 1 To npoHaOillleT nepexoll B c 

116 H lis COOTBeTCTBeHHO, 

HTaK, TOnbKO OllHH 'ypOBeHb H3 Tpex CBSI38H C nepeopHeHT8UH9i 

Ubi npRMeCRo 

B o6rueM cny'lae, ecnH nepeceKaiOTCH yposHH c KpaTHOCTHMH Bh 

lleHHSI M 1 • C N .. 
HHSI0 'IHCnO KOTOpbiX 

N 
R M 2 "'C m _ 1 , K nepeopHeRT8UHH npHBOilSIT C 

p88HO min I M 
1 

, M 
2 

I • 

nonH09 'IHCnO COCTOSIHHII, B KOTOp.b!X MOlKeT 6b1Tb CHCT9M8 B H~ 
N 

Hblll MOM9HT npH ljJRKCHpoBSHHOII npoeKUHH COHRS npHMeCH1 paBHO 2 

llOBBTenbH00 BepoSITHOCTb H3MeHeHHSI B nonBpH38UHH paBH8 

] N N N 
p • -· I min I c , c 1 I . 

2" -· ... ..-

JJ 



HHTHbJe MOMeHTbl SI.Qep, 06na.QaJOI!lHX ManbiMH BpeMeHaMH 

JO'IeJIO, 'ITO H3nO>KeJIJibJe B JiaCTOSII!leA CTaTbe C006pa>KeJIHSI 

b ocaoaoA MeTo.Qa, npnronnoro nnH HaMepeHHH BbiweyKaaaa

THK Hnep a npoMe>KyTO'IHOA o6naCTH apeMen >KH3JIH. B oTnH'IHe 

MOTpenaoro B pa6oTe/3/, TaKoA cnoco6 npnronea H nnH H.Qep, 

npynon&noro MOMeHTa. 

npHnO>KeJIHe 

M nonpo6ao cnyqaA, Korna HMeeTcH N 'laCTHU c s .. l/2 

c s 

pHMeCH 

1. nono6aaH CHTyauHH cosnaeTcH, HanpHMep, Korna 

SI.Qep CO CflHHOM J B pemeTKe H3 Hnep CO CflHHOM 

TaT ysenH'IeHHH 'IHCna 'laCTHU B 3a.Qaqe flOHBnHJOTCH HeKOTOpNe 

HHX 3aKnJOqaeTCH B TOM, 'ITO pe3KO ysenH'IHBaeTCH 'IHCnO 

Horo nonH H, npH KOTOpb!X npOHCXO.QHT.nepece'leHHe SHep-

HeR cHcTeMhi. OnHaKo raMHnbTOHHaH CHCTeMbl COCTOHT 

0 O.QHO'IaCTH'IHb!X H .QByX'IaCTH'IHNX 'lneHOB. noaTOMy nepe-

T npoucxonHTb nHmb Torna, xorna nepecexaiOmHeCH ypos-

pHeHTaUHSIMH CflHHOB He 6onee '18M .QBYX 'I~CTHU. npH 9TOM 

ny'laH: paanH'IaJ01'CH nu6o npoexuuu cnHHOB Ha HanpasneHHe it 
nH60 y O.QHOA H3 'laCTHU pemeTKH H H.Qpa 

cny'laA nnH Hac He HHTepeceH, TaK KaK Mhl cnenHM aa H3-

3aUHH 'laCTHUbl C S • 10 'ITO KacaeTCH nepeceqeHHA BTO-

Tex JKe 

CTHU (eM. OCHOBHOA T8KCT). 

3Ha'leHHSIX nonH, 'ITO H .!lnH 

O>KHeHHe CBSI3aHo C flOHBnHJOI!lHMCSI Bb!pOJK.QeHHeM ypOBHeA, 

eCTO B npeHe6pe>KeHHH MarHHTHblM .QHflOnbHblM B3aHMO.QeA

'aCCMOTpHM CHa'lana STO Bb!p0JK,Q8HHe B 'laCTHOM Cny'lae, 

OCTOHT H3 Tpex '18CTHU. Ha pnc. 1 H306paJKeHN .QBa ypoB-

MarHHTHOrO nonS!. 

OOTBeTCTByeT COCTOSIHHe 

¢ •!l.+l>!.l..-..2....>1-l.-l..>!...!...,--4. 
0 2 2 2 22 2 

lO 

~ 

YpoBHJO II COOTBeTCTBYIOT COCTOSIHHSI 

<~>. •!I,O>!.!._,_!_> 1-1 ,-...!...>i..l..,-..2....>, 
' 22 2 2 2 2 

I I I I I I if> •!I,0>!-,-->1-.->!-.-->, 
2 '2 2 2 2 2 2 

¢ ·11,0 >I.!_ .-.1.>!.!.'- .1.>1 J., ..L>. 
3 2 2 2 2 22 

T.e. ypoBeHb II TpexxpaTHO Bb!pO>K.QeH, a ypoBeHb I - He BblpOlK.QeH. 

B o6meM cny11ae C N KpaTHOCTb BblpO>K.QeHHH paBHa rne m -'IHC-m 

no 'laCTHU C npoeKUHeA CflHHa + 1/2, o6pa3YIOIIlHX .QaHHOe COCTOHHHe ('IHCno 

'18CTHU C npoeKuHeA - 1/2 paBHO N-m ) . 
Hs-3a .QHflOnbHOro B38HMO.QeACTBHH yKa3aHHOe BblpO>K.QeHHe Ha CaMOM 

N nene CHHTO, H flQSTOMy Ka>K.QbiA ypOBeHb 
2 

pacmenneH Ha C m ypOBHeA C Be-

nH'IHHoA pacmenneHHH .. L. . B o6nacTH H .. H 
0 Ra Me>K.Qy nJ06biMH .QByMH 

ypOBHHMH HMeeTCH OTTanKHBaHHe ( CM. pH C. 2) • 

B paccMaTpHBaeMOJ1.4 npHMepe ypoBHH II a , 116 ,II B snanH OT H 
0 

OTBe'laJOT HeKOTOpb!M Cynepfl03HUHHM COCTOSIHHA if> I , if> 
2 

, if> 
3 

• 

nycTb BHa'lane npH H • H ' 'laCTHUbl npHMeCH HMenH npoeKUHIO 0. 

EcnH H.Qpa pemeTKH HenonHpH30B8Hb11 TO ypoBHH IIa ,116 ,JIB paBH03aceneHbl, 

EcnH cncTeMa oxasanac& Ha ypoBHe II B , TO npn anna6aTH'IecKoM H3Meae-

HHH nonH .QO 3Ha'leHHSI ·H .. H" ona nepexonHT Ha ypoBeHb I, EcnH Ha-

'lan&HhlM cocTOHHHeM 5binO II a nnn JI5 '·To nponsoAneT nepexon B cocToHHHe 

ll~ H lis COOTBeTCTBeHHO, 

HTaK, TOnbKO O.QHH ypoBeHb H3 Tpex CBH3aH C hepeopHeHTaUHeA 'laCTH-

Ubi npHMeCHo 

B o6meM cnyqae, ecnu nepecexaJOTCH ypoBHH c KpaTHOCTHMH BbipoJK-

N N 
.QeHHH M I • C m H M 2 ., C m -I , K nepeopHeHTaUHH npHBO.QHT COeTOSI-

RHH, 'IHcno KOTOpbiX paBHO min I M 
1 

, M 
2 

I . 

nonH08 'IHCnO COCTOHHHA, B KOTOp.b!X MOlKeT 6b!Tb CHCT8Ma B Haqanb-

RbiA MOMeHT npH fjJHXCHpoBaHHOA npoeKUHH CflHHa npHM8CH, paBHO 2 

.QOBBTenbR01 BepoHTHOCTb H3MeH8HHH B nonHpH38UHH paBHa 

) N N N 
p • ._. I min I C , C 

1 
I • 

2"'-l m m-

~ 
ll 

N 
Cne-



/!,. 
3To BbJpalKeKHe cnpaaennHao nnH To'!eK nepece'!eHHH H -· + (a oT-

0 -fl2i:J.I. 
/!,. 

nH'IHe OT "o • ±. --. 
f' I 

rne npoHCXO.IIHT nepeOpHeHTaUHH BCeX '!aCTHU 

npHMecH). 

MolKHO noKaaaTb, 'ITO npH 5onbWHX N cnpaaennHao acHMDTOTH'Iec-
'""'fii""" . 

Koe BblpalKeHHe P • I - V T 1 T.e. B aTOM npenenbHOM cny'lae nepeopH-

ElHTHpyK>TCH npaKTH'IeCKH BCe '!aCTHUbl. 3TO HBnHE!TCH 05WHM CBOitCTBOM BCE!X 

nono5HbiX CHCTeM. HanpHMep, ecnH B3HTb DpHME!Cb CO CDHHOM 1/2, a Hopa 

peweTKH CO CDHHOM 1, TO: 

P"'-
3N 

N N N N-m 
I I min I c c 
m=:n 1'11111110 m 

N N-m+l 

;Cm-lcn+l J, 

MOlKHO DOKaaaTb, 'ITO CHOBa p .. I npH N .. .. • npH npOH3BOnbHOM 'IHCne 

'!aCTHU C pa3Hb1MH CDHHaMH 3Ha'IE!HHH nonH H 0 Te lKElo HO nepP.OpHeHTaUHH 

ylKe HenonHaH. BenH'IHHa N ae paaaa, KOHEl'!Ho, nonHoMy '!Hcny Hoep 

KpHcTanna. ORa onpenenHeTcH ycnosHeM anHa5aTH'IHOCTH ( 4), rne R -pac-

CTOHHHE! MEllK.IIY HaH5onee naneKHMH '!aCTHUaMH 0 KOTOpblEl CnenyeT DpHHHMaTb 
dJ< 1'1 

- ,rne BO BHHMaHHElo no OOpH.IIKy BenH'IHHbl 
dt 

- BpE!MH CDHH-

peweTO'IHOR penaKcauuu. 

Ha «jlopMynbl ( 4) BbiTE!KaeT CnenyK>WaH OUE!HKa llnR 05'beMa CHCTE!Mbl: 

3 2 dJ< t -IS 2 -,-
R •ft <- ) '"fl V-· 

dt 1i 1'1 

1'1 8 -1 -2 -8 
npu T . 10 CE!K H r • 10 CElK senH'IHHa R "'10 CM, 'ITO OTBEl'laeT 

DpHME!pHO O.IIHOit R'!ElltKe KpHCTannH'IElCKOit peWE!TKH. npu T • 102 CE!K 

cnenyeT Y'IHTbiB8Tb DpHME!pHO 100 R'IE!E!K0 'ITO npaKTH'IE!CKH YlKEl COOTBeTCTBy

ElT npenenbHoMy cny'laK> p = 1. 
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t\ 
cnpaBeAnHBO JlnH TO'ieK nepece'!eHHSI H •· + ( B OT-

O -l'atJL• t\ 
±. --. rAe npoKCXOAHT nepeopneHTaUHSI Bcex '!aCTKU 

I' I 

aaaTb, 'ITo npu 5onhwux N cnpaseannBO acnMnToTH'Iec-
.;~ . 

p .. 1 - v N 1 T.e. B aTOM npeAenbHOM cnyqae nepeopu-

KTK'ieCKH BCe '!aCTHUhlo 3TO SIBnHeTCSI 05WKM CBOIICTBOM BCeX 

M. HanpuMep, ecnu B3HTb npuMecb co cnunoM 112, a HApa 

HOM I, TO! 

N N N N-m 
I. I. min I C C 
mJJ rJCI() m 

N N-m+l 

; C m-1 C n+l J. 

0 'ITO CHOBa p -> I npu N .. .. • npu npOH3BOnbHOM 'iHCne 

auaqennH nonH H0 Te >Ke1 HO nepP.OpHeHTaUKSI 

enn'inua N ue pasua, KOHe'lno, nonnoMy qucny HAep 

onpeAenHeTcH ycnoeueM aAna5aTH'iKOCTK ( 4), rAe R -pac-

uau5onee AaneKHMK '!aCTHUaMH, KOTOpble cneAyeT OpHHHMaTb 
dJ< ~ 

-,rAe OOpSIAKy BenH'IHHbl - apeMH cnuu-dt 

bl ( 4) BbiTeKaeT CneAyJOIItaSI OU6HKa AnA 06'beMa CHCT9Mbl! 

3 2 dJ< +- -Y.. 2 -;--
R '"~' <-h > '"~' v-. 

dl t ~ 
-1 -2 -8 

ceK H T "' 10 CeK eenK'IHHa R "'10 CM
1 

'ITO OTBeqaeT 

R'leiiKe KpKCTannuqecKoil peweTKK. npu T • 102 CeK 

Tb fipHMepuo IOQ Sl'ieeK1 'ITO npaKTH'iaCKH y>Ke COOTBeTCTey

cny'!aJO p = 1. 
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