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I 
I. BBEUlEHHE 

r B .n;aHHoA paoore nponozseao HOCJIe.n;OB8Hll:e caoacra tPePpoMaI'HeTHl<OB 

c ilJnYRTyaItHOHHHMH nap~~THHMH sapo,ltHlll8MH. PaOOMOTPelDte Be.n;eTO.fl B 

paMRaX 06111e1'O nonxona 1-5 , pasBHT01'O ~ 0r0aHH.fI OHOTElM 0 reTepollas• 
HHMH ¢llrYKTY8UltlWH. B npe,IJ;H,IJ;ylllHX paoorax 6-8 , Ka08lllllllXO.fl MaI'HeTHl<OB, 

H3Y'laJIHOl> MO.n;eJIH ¢lePpoMaI'HeTHl<OB 0 nap8Me.rHJITHHMH WRTyauRRMlI B CJIY

'lae lIteOTKoll pemeTKH, 6es y<leTa <Ix>HOHHhlX OTeneHeA OB060,IJ;hl. 

llOJleSHO nO.D:'lepKHyTl>, 'iTO MO.n;eJIH reTepollasHlu ¢lePpoMameTHl<OB 06

JI~~T oBoAoTB8MH, KOTOpue no.n;TBe~8DTO.fl MHO~ 8KOnepHMeRTaMB. Ha
npHMep, 6Hno TeOpeTH'leOKH rrpo.n;eMOHOTpHPOBaHO/

8 , '1.'1'0 l~arHH'l.eHHOOTl> 
HeKoTopux MeTaOTa6KnbHUX tPePpoMaI'HeTHl<OB HMeeT MaKOHMYM HHZe KPHTH'le

ol<OA TO'lKH. TaKHe MaKOHMyMH CJIeBEl OT KPH'I'H'lOCKOA TOttKH 6wm ,neAcTBH

TeJIl>HO o6HapYJleHU. <lKOnePHMeHT8.JIbHO/
9/ B BMop<llHHx OI1JlBBaX 0, Co , 

, J~~ B 
[J,yH F" "'.i ,[r 51 c.\~ 1'1 ['-$, F. 'fa ,nOJIJ"{emllix 6UCTpUM OXJI8lllJl6HI'I

8M 1'13 paonxaaa. JTI'I MaKCHMyMbI OMRJ"l8lOTCR ITpI'l upl'lJlOllteHl'I1'I BH6UIH6I'O Mal'

HHTJlOJ'O nOJIR H OOBceM KO'le381lT, xor-na nono .noc'raraeT H6KOTOpo1'O KpH

'ra'UlOIW!'O 3H8'l6/UIR. CymOCTBOBaHl'lfl KpH'nI'LOOKOJ'O MaI'lIHTIIor'O nOJlR, pa:l
PYWRro\OJ'O I'OT6po¢a3HlllJ COCTORlIHH,OfLJIO IIPO,nCKfl.:*tIlO TOOIlO'rHll8cIGI1Gi'. 

Y'IO'I' IIIlPflMRJ'IUlTllliX <1UIYKTY~" D MEU'IWTI'lKaX no:mOJUIOT 'I'6KlKIl O(11.ROIIK'I'h 

llfiOJlJ,al:l~1l0 BHOMaJIHI'I TO1U10UMKOO'rl'l, HMllUlIllJ'I MfiKOHMyM IIHllto KpHTH'l6CKOA 

TOlJ.KH l{) • 13 ,nonOJlIIBIIHIl I( /UI.II0PHMOTPH'lflOKIYM IYMOIOTCR H JIIlYI'HO sxcrropa
MlllITIl, 1I0JITllll\lIIlJlUJOOlKO, 'ITO Hfl!WTOpIW 1I0lUOOTBH n~)rOTa/lJIHIOT ooooa 1'0

'l'u\)()\IIll:J1UlO OM80H. TliJ<, pOlJOomUlO Hll'lTPOIIOI/ I L. L:G MOT 8O:...OlltHOOTh 

tlH3ynnHliHponllTh IllJ 'I'OJILIU) KOlll%Mryptlll,HOllllyn O'rpylcTypy, 'ITO MOlIHa one
JlftTI. II npH nOMOll\K IltlI~TI'lJIIO"()KMX JlYlJ.OIll/ [:17, 110 1'IlJalij it MfU'/IMT/lYlJ OTpyK" 

Typy. C:y:lyKIl H Xiq II\Jln14/. 1II0llo.nloaYll \18001111111'10 1II1A'fPOIIOR, 1I00Jl9JIoI.IIUl... 

.I10KWIhll01l YIIO~II)IO'l.l}IIIlU II HllyiIO\1I1,110'IIlIl/loM OIlJIllIIfl flu .. f'vln • :!rOT 

o11.11lUI JlllMnlloT\lHIlYUT IJltIIlIlllMl\l'llllTIIOll nononeuao , I/O 0 I/flMIlI'lOl'tOIlHOOTMJ. 

KOTOIIW! 1I~1f IIIIWKJIX TllMIWpltTYllllX OOOTIUUI/lO'I' OI(()JlO 1I0JlOYHUU I18MW'I/H'IIll/

1I00TIl yno\lll,1lo'U1J1HIH') OOO'l'OIlIllUI. l;fLJIo OOllllllY"OIl(/14/, 'ITO OIllUWI/...1l 

HNltl.l·IIM'lIlJlIIOOTIl II Vftay"olm,no'lllllllolll nOO'ronJlIlII Ol'lfllll\11O 1I\1...oy-ro'rWlIl .UI·· 

1lo111IOMIII'IIH'rJlux IlTOMOD Mn ,II "llO'riJIIOl/oJlOaUloOTJo nomloMY OTOY1'CTIUlll 

'rllKMX IITOMOh II Yllollll.nO'lUIIIIOM OOO'rOJlII...II. :lIIl1lllllT MllooOllylll* Tlllt.l:lt JUtllT 

'llJIHUIU'lltJIllo 110l/yn 1l1l~llNIUI,M.1 (I HftJlH'll'lM "lI'rU\lllifjft"noA 1I1ll'lMOOlt It ..'u·I/tI'r...· rii..,~: 
, fl.ll. . 

( · 

http:Ka08lllllllXO.fl


RS.X. .Hanpm.tep, aROnepHMeHT!i oo OIIJI8BOM Mn Au 1 
, ROTOpldt aHTHfllep

poMB.I'HBTeH BO BH8111HHX Ma.I'HBTHiiX IIOJUIX BIUIOTI. ,1(0 KpHTJAeOKOro IIOJIJI, 

noOJie qero OIJJI8B OTBHOBHTOH flleppoMB.I'HBTHHM, nom38JIH, 'ITO B o6ou 

OOOTOHHHHX, H 8HTHflleppoMa.I'HBTHOM, H flleppoMa.I'HBTHOM, y STOro 0~ 

HM81lTOH napaMB.I'HBTHiie M8oo6ayapoBOI<He oneKTpli :aea,l(e HHllte T01UCI'I nepe-

xo.na. Meoo6ayapoBOKOe HOOJie,l(oBaHHe, npoBe,l(e~e ~ 2n N.- Fl. 0,. !I6/ 0.3 0.1' ... 
H Z,.0,5 N·~.If Fe

2 
0-, , ,I(OKasaJIO , "liTO B STHX BeuteOTBS.X 

IIapaMa.I'HBTHM ({838. OOOYJI(80TBY8T 0 Ma.I'HBTHOit HDe Tet.mepa'cypli HeeJUI 
T, ,1(0 Tet.mepaTypli 0, 9 · T111 • HMeeTOH ueJDdt PJf,l( lqlyrHX aKonePH-

MeHTOB, IIrTB8pB,ltBJOIIti!X HaJDAHe IIapaMa.I'HBTHiiX cJplyKTyauld B MB.l'H8TH

~I? ,I8 • Bee 8TO ,l(eJiaeT Heo6XO.J(MMYM y-qeT TaKIIlX cJplyKTyaJ.ijd ~ OIDII

OaHIISI pe.8Jil>re BeuteOTB. A TaR KaK Hsy-qeHHe B8pDHTHOOTH &qxlleKTa Meo

o6ayapa!I9-2I ,naeT ,I(OIIOJIHHTeJil>HYJl HOHYJI HHitX>JIIaiUD> 0 OYJQ80TBOBaHHH 

I'8Tepoi.{831WX OOOTOHHHit H B TO lle BpeMH T8CHO CBH38.HO C itX>BOBHYMH 

CBOIOTB8MH, He06XO,I(HMO HM8TI> a,I(8KBaTHOe OIDIIC8.HJ!8 itX>HOHBWt OII8KTpOB 

reTepoi.{83BiiX uaraeTHKOB. Cmm-itX>HOHHiiM B88BIIO,I(elcTBlUDI nooBml(eaa o6-
DIHPHM JIHTepaTypa. 06sop a~riipoOOB uomro Hd'l'JI, Haiip:HMep, B ,1(0-

IIOJJHeHBB K KHHre TJi6JmKOBa 
22 

• 0,1(HaKO BOH STa JIHT8paTypa K8.0a8TOH 

TOJII>KO M8I'HeTHKOB 6es reTepo({8SIWX cJplyKTya.uHI. 

B HaCTOJm181 OTaT::r:.e paoOMOTpeHa OHTyauHJI, I«>r,l(a ~ flleppoM8I'H8TH

Ka CO OIDIIH-itX>HOHHHM B38.HMO,I(8itOTBHeM yq:HTHB81l'l'Cfl '1'8D8 H II8p8Ual'HHT -
uuo if\'lf"VltiJtVQTT'II"tr J.fovn...,..nuo TfT'IOlf'Dt:IT\U'"'O""-VUO T\AOW'IR.tn0""-1' va,_a..,.,..nl'll,.,. "',.,.., 
--- x--.,-·-v----r-· ----~---.--- --r----.r---·--- r--., .. ---·-• ---~--·· _..,..,.. 
ro BOIIpooa

7
, H OC,OBaHHiie Ha 01i8B::r:. rpy6J:a IJPH6Jom8HWIX, 6wm 8HHOHOHpo

BaHJi paaee 23,24 • 

2. Cl:OOI-Wli>HH!iR r.AMHIII>'IUHHAH 

CorJiaCHO 06uteMY II01(XO~I-S/, .J(BY$SHM CMeC::r:. OIDIIOJiBaeTCH ag'r 
flleKTHBHHM I'8IIJIJI::r:.TOHH8HOM H = H1 @ H1 , onpe,I(Ql[eHBJAI aa C'1'8H.JUlPT-

uou paoOJIOeHHOM IIpoCTpaHOTB/
25

/ T = d, ® .f;; C 6asSMB pao~oru 
Tp ( p = I,2), BMelllltlDIH OOOTBeTOTB~e OBOIOTBa OHioWe'l'plDI 26 • 

lWl: OJlY'l8Si CI>eppo-napSMB.I'HBTHOI oueox 6-8/ Y; - aTO Tax HaSJi:eaeMOe 

IIpoOTpaHO'fliO flleppoMa.I'HB'l'HiiX COOTOHHJ!I, a :f - IIpoO'l'paHOTBO napa

MarHHTHJ:a OOOTOHHJ!I. OTH IIO,I(IIpoOTpaHOTBa, eOJIH OTOJTOTBY8T BHeDIBee 

IIOJie , Y.Jl06HO pa8JIH'l8.T::& , HOIIOJI::r:.SYH rpaHlAHHe YOJIOBl'UI 

< ~~ > = < s; >1 ~ 0 J < :s:fl > = < ~ '>2 = 0 ~ 
I',l(e ~ - OIIHHOBidt onepaTop, MOOUJIHPOBaHHJil 0 YSJIOM pemeTIG!, KOTO-

pouy one-qaeT pemeT01iH!il BeKTOP '{:: { f.( l ( c1. = I , 2, 3) ; ope,I(Hee 

< '>p ( p = I ,2) OSHa1iaeT CTaTHOTH1i8CKOe Ope,I(Hee 0 OOOTB8TOTBYDQHM 

2 

1 
1 

.. 
I 

• 

rSMBJI:r:.TOHHaHOM H" . lJHOJio ySJioB C'UITaeTOH paaHHM 'il!OJIY -qaoTHII N · 
Cpe,I(Hee 'IB:OJIO 'IBCTHU flleppoMarHHTHol <flasH - N1 ,a napaua.rHHTRol - N1 • 

KoHrteHTpaUWI <flasu p -STO "'p-= Np j/11 ( r =1,2). ee MOlUI.O TaKllte Has

BaT::& BepoJlTHOOTl>IO <flaSU, TSK KaK OHS HM66T OBOiiOTBS B6poJlTHOCTH! 

0 ~ Wp ~~ > W 1 +'W'l :j, 
YpaBHeHHH Ha i.{830Biie BepoHTBOOTH IIOJiytlBIOTOH npH MHHHMH38.UIIH Tef.MO,I(H-

HSMJAeOKOro noTeHUmJI8 _ H 16 
4 JJ -x=-;CAlhe > 

TO eOT::& HS ypaBHeHHH 

~ = < l!!.... > = 0 ( w ~ W'f W'2 = f- w ) . 
'Qw 'Ow ' 

,IJ;M OTKpllTHX O'OTi 'tip MOJteT 6JiT::& Sa,l(aHa KOHKpeTHYMH ~ BHem

HHX napaueTpOB 
27 • 

.na,nee .JWI ynpouteHlUI 06oSHa-qeHd Y Be.mAHH, OTHOOJmiHXOH K nepBOI 

(flleppouarHHTHol) ((ase, 6Y.JleT onyoKaTMH HH,I(eKo p = I, TaM, r;n:e aTo 

He IIPJ!BO,I(HT R He,l(~sreHHJ!M. Tax, B Ka1ieCTBe rSMBJI:r:.TOHH8Ha flleppoMa.I'

HliTHOI qJQSii :HMeeM 8 

w ~ 2 ""' --- ""' ""' ..... ---H.=;:;- L p + ~ L /}(R5-~)-w LI(Rf-R~)~SJ ~ (I) 
t f 1t t3 

r,l(e IIepBOe OJiaraeMOe COOTBeTOTByeT KHHeTJ!1ieOKOI SHeprHH. rBMHJII>TOHHaH 

nap8M8I'HXTHOI ((asH 8H8JIOrReH (I), II08TOMy OH S,l(eO::r:. He BUIIB08H. BoJie.J(-

OTBHe TeiiJIOBJ:a cJplyKTya.ue:l KOOp,I(I!HaTa zoua R OTRJIOHHeTOH oT noJio-
_. ! 

lleHBR paBHOBeOHH f . BBO.J(H o6osHa1ieHHe 

Rt-R3 :1-3 ... U: , -
paSJIODM IIOT8HUHSJIH B~O,I(eiOTBHI B ( 1) IIO CTeiie.HJW Uf ,1(0 KBa,l(pa-

TH'IHOro OJiaraeuoro BI<.JliRHTeJil>HO. OTo ,l(aeT 3 

H f :: E + H f'\. + Hsp + Hsp-r'- (2) 

r.J(e HeonepaTOpHaH -qacT::r:. 

E=~zNA A=IA(d) 
.. ' t 

38.BHOHT OT Tet.mepa'fYPii H ,llpyrHX TeJMO.lJ.}IHSMR1l801G!X napaMeTpOB -qepes 

BepoHTHOOT::r:. 'VI H llO STOJIY He MOllteT 6JiT::& OT6pomeaa K8R B 0Jiy-qae 1ii!OTO

ro flleppoMaraeTHKa, xor.na "' • I. Be3.J(e HJ!lle pemeTKa C1ii!Ta8TOH X,l(e8Jil>

HOI, a lleJttlB.OTJAHiie BSaHM0,1(8ICTBl'UI OHMM8TpH'UIIiMIII: 

ll{i)= A<-f)) T.(f)=I(-1). 
~HOHJWI r8MBJil>TOHH8H B (2) HM88T BH,I( 

'W '-1 w1 ' ' A"'f "- /" 
Hpl. = ~"" L ~ ... -;:- L L fQ "'f! "f." ~ 

i ..,. i3 ~r Q (/ 

3 

(3) 



r.ne /J ""f = 'a~ f1 Cf -f)/of... 'J f(!. 
18 ,. 

'l'peTJ>e c.naraeMoe B ( 2) - aTO ciiHHoBHI I'8MHJII>TOHBBH 

H~r :-wl ~I({-j)~~13 ' (4) 

a llOCJI9,IlH99 CJI8.I'a9M09 B (2) OIIHCilBQ9T CIIHH-i!X>HOHHOe B38HMO,Il9ICTB:He 

1 ( ~ / .c.A ). - -=-w 2I u +i T r " I' 
H,n" ~ "' -13 :f) .2 ~ -i~ ut~ tJ:tf Sf Sl (5) 

B KOTOpoM ..... _,. J _. .., 

r" = 'diU-8 > r"P = 3 Ili-aJ 
i8 'iJ t ) 13 'iJt,. 'Pf~ 

061RHo/22/ BllP8llt9HM, 8.H8JIOITUW9 (3) :H (5), llOJiy1l8.10TC8 IIpH paSJIO!te

HB:H no CTeneHJW ( Ri - f ) , O,IlHaKO IIpH STOM HapymaeTCH Tpa.HCJIJm!!OH-. 

HM CHMM9TpH8, Tor,na RaR B Ham eM CJiy'lae Tpa.HCJIJIIUIOHHM CJlMM9TpWi ra

MHJil,TOHBaHa CO:xpaHHeTCH. 

.IJ.;Irs:I TOro liT06H pacCMaTPHBaeMYJO npo6JieMY MOJ!tHO 6WIO peum:T:&, He-

06XO,IlHMO ynpoCTHTL BXO~ee B (5) onepaTOpHOe IIpOHSB9,Il9HH9 
J ~ --uf .. U S , B KOTOpoM S : ~ S • HcnonsyeM CJie.nylllltee pac~eiiJieHHe: 
(J f3 t~ tfj f Q 

"- f1 S - u"' f" ...1 J t> · 
utB ui~ fa - < -f3 uf1 > .)f~ + ufJ uf3 < .s'f9 '> + 

+(<u:S"')W~ +U~<u!,">) SH_:<Uf~ Ui~':><S0')-(6) 
- - v - v 

- <u"''> <t.t~,.. '>- <uf3':> _,uo1 ,.. ' ta ftJ ..lffl fV " -t8 .;) H ~ . 

flO.IlCT8BJIJIIl (6) B (5), Dtf9CTO (2) HM9eM 

I I I I 
H = E + H + H + 1-l$ I • (7) 

' PI- 'r p-rft 
HeonepaTOpHoe CJiaraaMoe B ( 7) paBHo 

E'=w
1

[NA+LL"r''f~(<uf~u~·><S '> +'-<1.11~> < ut
8 

S" >)] 
J f I -< (' t3 • :f ~ s{J u J 8 • 

B RatWCTBe 4Jc>HOHHoro raMHJlliTOHHaHa no.nyqaeu 

I W' ' _, J W). '\" "\ 'f' rtf r/.. ~ 
J1 pl. = J,; L ~ + T L L ta ~' UtO , 

-:i f' .L~ 

(8) 

r,ne BB9,Il9HO 06oSHali9HH9 nepeHOIJIHPOBaHHOI ,IlHH8MJA9CKOI MaTp~ 

<f' "f = J... A "'fl- I ,(~ < s > 
tt " fa fa 1q 

H Y'lT9HO CBOI:CTBO Toll, = If?).. . CIJHHOBaH 'UlCTI> 

Hsp' = - w .t L J ~-La ta :fa J 
(9) 

4 

... 

.. 

CO,Il9pm!T nepeHOpmJ>OBB.HHHA o6MeHHHA HHT9l'p8JI 

... - 1 .... ll.f> o/. f> J -= I U -8) ~ 2. L 14a <lo(~t "sq" · 
5~ Af v 

flocJie,IlHee CJIB.I'QeMOe I'8MHJII>TOHHaHa (7) OnHCHBa9T CIIHH-i!X>HOHHOe BsaHMO-

,neiCTBHe 

I l~' ,J. ./..,J H =-w L £. K u ,) 
'P-P~ fa .c. Jf fW i3 (IO) 

C nepeHOINJ!POBS.HHHM !IOT9Hll.li8JIOM 

ol. II. ' "(4 ~ 
" -:: T + L T .. Q < ULQ '> i8 f~ {'> ~. ~-

Bee nepeHOIJBPOBKll B ( 8) , ( 9) H ( I0) BKJIIlll8111' ycpe,IlHeHHH C 1'8MliJI&TO

HHBHOM (7), noaTOyY HOHO, liTO B9po8THOCTI> !IJeppoMarHHTHOA IJe.Sli W 

BXO,IlH'l' B 8TOT raMHJil>TOHHBH B9Ct.Ma 38MliCJIOBQ'J.'HM 06paSOM. To .Ee CSM09 

MOltHO CI<a38.T!o. H 0 BeponTHOCTH napSMarHHTHOA !Je.Sli w' 1.. , BXO,nmlleft B 

raMHJil>TOHHBH H 
1 

TB.It ae, RaR -w BXO.nHT B H 1 • 

3. ltOHOHBHR CIIEKTP 

~HoHHHA cneRTp onpe,neJIHeTcn Hs ypaBHeHHH Ha co6cTBeHHHe sHa'le-

HH8 

wL: L 
' f> 

- ~ ~ 
cnf(/" -d (f-J) ~ l! o< 
T e e =mcv e 
f8 "<~ v ,.d. J 

(II) 

B ROTO~ C~6CTBeHBHe BSRTOpH E?k - S'l'O B9RTOpH !IOJIHpHS~ C BOJIHO-- ... 
BHM B9R'l'OpoM ~ H HOMepoM B9TBH J • ~ C06CTBeHHHX 3Ha'll9H:HI H 

BeRTOpoB BH6JIIpaeM CJDIMS'l'pJ!'lHHe pemeH:HH, KOr,na w,.
1

= ~lr<l , elt.J.= ~/, . • 
J[eBaH cTOpoHa (II) co.nepuT w , liTO nosBOueT, nepexo.JU~ R npe.ncorb-

Jiemm BTOpJAHOro KB8HTOB8.HJUI _ _. 

- · ,-;;;-' ' - r:- (B C + ) .: H 
P = - t. '1/ "iii L- E' .. · " "'"' · k . - -lc · e • 
t ".!' a 11 " J _ ..... _ 

- 1 ~ -; 8 " + ) ,·1 cs -3 ) u = -- ~r· + u e 
t8 "21'11 f( "0 'f J~.4 ( It~· -I.~· ~ 

nOJITUITI> 06ICCIHYJ) 4Jc>JNY ,1WI 4Jc>HOHHOro r8MJIJIIoTOHHaHa 

H~ = wL w~.- (C"~ fl~.. + i), (I2) 
,... ,., .. " J 

OTJDA8IliiiYIIC8 OT CTaH.D:&p'l'HOI TOJII>KO IJ8RTOpou W • ~eo:& H ,Il8Jlee HC-

nonsymon yOJIOBJI.II oproroii8JiloHOCTH 

- ..... "\> """ til ,A 'i7 e •. e,. =O·. .L- e .. eL. =o.c.A 
... ..~ 'tl ' ~· "• "'ct r 

CIIHH-i!X>HOHHH1t 1"8Ml!JJl>TOHH8.H (IO) npeo6pasyeTC8 R. BH.ey 

5 



~ " /}+)s H 
1 

: - .!!___ L L Bi} ( f ... , + 0-lt · 13 .. 
'P -p~ {N I<. • • J 

f8 a 
B KOTOpoM ®'H~ "' .r ( f- o) 

"i - L K "' e..,. e L v . 

Bs, - <4 to •/Jmu:;,.,J. "~· :tc- B -~<~· =-BIt~ 
o6.rnmaeT CBO!CTBaMlt ( Bf~ ) - :S~ -'S-:f 

rm.mm.TOlmaH ( 13) nepemtC!iBaeTC!i B \floJ:Ne 

r,IJ;e 

H' =-w[NI 'P~..u~..+~:.) 
5r-t'~ •· ~ J " d 

w ~ "J s 1' 
'Pic. -= - L 8,~ sa , 'P" · = J:~. · 

~ " f3 u ~ d 

(13) 

8 kJ' 
f3 

(14) 

TenepL CYMfliY raMHJILTOHHaHOB (12) H /~13) ~o11W.o ,IJ,Hai'OH8JlltSOBaTL nocpe,IJ;

CTBOM KB.HOHH1!9CROro ~o6pa30BaHH.fi 8,29 
"' ~ N 
8~ -= f.,.J. - ~ 1\,· ' (15) 

J "' kJ \1 

B KOTOpoM il . HM99T CWCJI onepaTOpa O,IJ;9TOro \floHOHao fipeo6pa30BaHBe 

(15) ,IJ;aeT ~ 

J.,U.O 

I HI H ~ 
P~ sp -pl. 

- ,, 
= Hpi.. + H,P 

..) 

H ·= w L w" . C ~ ~ ~ + f ) 
pl. ... . ~ u J 

i) 

- 3TO raMltJILTOHHaH O,IJ;6TliX \floHOHOB, a 

(16) 

(17) 

II /v' + 'i) 
H = - w L ·- P r . ( 18) 

'f' {..). . ko' lc I 
'v. "'" v ., 

- 'l!eTypexcnHHOBOe B3aHMO,IJ;elcTBHe, no~~oe paHee c noMo~m npeo6pa-

aoBaHBH, aHaJIOrH'I!HOro (15), B pa6oTe 0 o HeCJIOlltHO nposepHTL, 'I!TO 

<l ':>·=o = <R i '> 
"f "J" "J' ' 

(19) 

TOr,IJ;a RaR H90,IJ;9TH6 \floHOHH ROH,IJ;eHCHPynTCH: 

f + w ~ ( k~· ) < --4- ") :: - L Bjo / (i)lt · < Sfo ') 
\& N. N t3 <I J v 

(20) 

KoppeJU~UHOHHM l})yHRuM < s;-1 '> , CTporo roBOpJI, OTJIH1!H8 OT Hy.1IJl npH 

BC9X TeMIIepa-rypax, HO TO'I!Ra KilpM HrpaeT .Jl,liJl \floHOHOB poJIL a(MleRTHBHOft 

TO'I!KH ROH,IJ;eHCB.UHH, nOCKOJILicy RaR paa· B6JIH3H 3TOI TO'UGI H HBZe ee 

ROppeJISn4J[OHHM ~H <:) t 3 '"'> CTSHOBHTCH 98M9THO OTJIH1!HOI OT HYM, 

a 3H811HT, H BlipU8HH9 (20) o 

6 

""" 

• 

BcnOMHHM, l!TO Mli HM99M ,IJ;eJIO C <leppo-napaMarHHTHOI CM9CL!l, He-

06XO,ll,l'DIO npH3H&Tl>, l!TO nOSIBJIHJ)TCH ,IJ;Ba THna \floHOHOB, <leppo- H napa

M8l'HHTHii9 o CBOICTBa STHX \floHOHOB, CTporo roBOpH, pa3JIH1!HH , H&npHMep, 

y HHX p8SJIH'UII)TCH cneKTPH H B9KTOpH. HOJIHPH3~ o A TaR RaR ROH,IJ;9Hca

llHH H90,IJ;9THX \floHOHOB, corJiaCHO ( 20) , npoHCXO,II,HT TOllt9 no-pa3HOMY, TO 

pemeTO'I!HaH CTPYRTYPa <Ieppo- H napaMarHHTHO! ~3 TaRllte HeO,IJ;HHaROBao 

B.:IIaro,IJ;apa pa3,D;eJI9HH!l B Bypallt9HlDI (16) \floHOHHiiX H CDHHOBHX nepe

M9HHiiX, cpe,D;HHe, sxo~e B onepaTopHoe npeo6pasosa~me (6) H B peHop
J. 

MHPOBaHHiie BaaHMo,IJ;elcTBHH ~ H Kfa , MOlltHO ynpocTHTI>, 6epa CJie,IJ; 

no \floHOHHiiM nepeMeHHiiM o ITpH a~OM nOJIY1!aeM -+- W/(fj )-1 <B. 8 > =( e "a -1 =n ".! Ito)· ".i ) 
# + 

o+ " ...... :: n + -, < 'P "R .,. < ole~· '\ , ~-i w lis ltd· ki 
+ + # -n+ n < 8 8 . -,. :: < B I. . 8_1c . > = -:~. < r ~ . r" '> " 

-".; "-J 4 J u.\ il J 

.,. .l(t-i') e., + (} 
~" <'P"_..,. e 
"""- J 

~ 

'I!TO ,IJ;a9T ;. - ['I' I' 
<. 1At3 > -~-; lc. 

" f> - e~.., e~, n . + i ..., -~- < P. + P. )' g( f- N ) 

<u .. u.A >- / ~- "·' ( k, z. L.J :l ~< 1 • 11,· 
•II J(J T ..... -~i ~ itd· •. v -

4 
..., 1 m ( ) m ' t' "-'k · < p )' = - L w . n + L = - L c.Jic . co ,., ~ " 

S N . "J ltd ~ ~ N " . J 2 8 
'kol ... - -+ ... d 

"' rT' ' Qk it{f-3) -n cl 
<.uti sfl > =~;; "fi w:f'- e < '\.l -)f3 > . 

~ TOro ~T06H paCC'I!HTaTL 3TH cpe~e ,IJ;O ROHU&,He06XO,II,HMO yY9Tl> BH-

11HCMTJ. ,IJ;ByxCnHHOBH9 H 1!9THpeXCDHHOBHe ROppeJIHTOpH, ,IJ,rul 'l!ero, B CBOJl 

O'l!epe~, HYJ!tHH ,IJ;aJIJ.HelmHe npe,IJ;nOJIOllt9H:H.fi OTHOCHT9JILHO HOBe,IJ;eHHH CDHHO-

BHX nepeMeHHiiXo 

4 o IIPlffilUilKEHME TEP XAAP A 

0,IJ;HO B3 JIY1!111BX npB6JIHllteHHI ,IJ,rul CnHHOBHX raMltJILTOHHaHOB, cnpase,IJ;

JIHBOe B IIIHpoKO! 06JiaCTH T9MnepaTyp ' ~ ~6eHX ~3, <leppo- H napaMar

HIITHol, - 3TO npH6~HHe Tep X&apa 3 - 33 , CMHCJI ROTOporo COCTOHT B 

pac~enJieHHH 

s.,, s.,,, I = < Sfs > sf 'I' .. sfcf <sf., • ..,. - < ~4 > < si.,.> . C2r> 
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llpH aTOM ~eTHPeXODHHOBHA KOppenHTOp ~TOPHSYeTOH: 

< tt~ s1'8' > = < .s'u ".> < si'8'"> , 

BOJie,I(OTBHe ~ero 

+ ,_ 11 
< 1'". "P,_. "> : ''k,· 

~ ~d • , 

w "" v 71. = < 1> "> = - L Btq < { 8 "> 
"c!' lo.i Nt' II :t 

r.ne 

B pesy.n.TaTe pao~eiJJiemu.t (21) I'8MHJII>TORH8H (18) npHo6peTaeT BH.n 

H " = - w L ~ ( "P~ ~ :MkJ· + 7it 'P• . - I ;;-" . I il ) • 
Sp ... ~<,( J II J • 

Cyr.t.aa I'8MHJII>TOHH8HOB ( 9) H ( 25) ,naeT 

I II "' ' N H +H :H +wL'(F 
£p 'P .sp ltJ "-d-

~ 

I r~ll .) 

r.ne a@lexTJI!IHidt ODHHOBul r8MH.lll>TORH8H 

(22) 

(23) 

(24} 

(25) 

(26) 

H' = - ...,.z L. j s (27) 
sp , t3 ta 13 

oo.nePEHT e~e pas nepeHOPMHPOB8HROe odYeHHoe BSBBMo,nelcTBHe 
lc · 

':; - .., • ~ 2 jjk( l D d \ it f?Q' 

df' - Jf' 
0 

k_f -""~a..- \ ""f$ I • 

Co6Hp&H BMeoTe Bee HeonepaTOpHHe CJiaraeMHe 

...., I "'N I ..... 11 E = E + "" L ;-;- , It . (29) 
"""lo..· J , 

ltd -~ 
,Ir,:JU1 I'EIMJJJILTOID!aua (2) no~eM 

H,::: f + HPh ~ H.sp ' (30) 

KY,1(a BXO.I(HT (29), (17) B (27). 

.IJ,u r8MIIJn.TOHmHa napaMarRJITHOI {laSH npo,n9JIHB81l'l'CH T01UIO T8JCIII9 

ae npo~e.nypg, B pesyJit.TaTe ~ero H 1 JJpJIHJDI8.eT, B npz6JmaeHIDI Tep Ia
apa, TY ae onepaTOpHyll ifK>IIIY, ~TO z (30), r.ne w H8JlO 38MeRHn sa 

w2 = 1 - w , a ~CJIJIJI xoppemrrop < ~. "> 1 H8,1J;O npoBO,Jtliln ycpe,n-

HeHJie no BOJIHOBHM ~ n&paMarRJITHOI'O npC>OTP&JIC'l'Ba COOTOHHJII :;;. 

EOJIB )'paB119lUI9 ,ItBPeRHH ,Ir,:JUI .tC ~& ">p liiii89T H90I<OJII.KO pememd, TO 

mt6op npaBll.lDoHHX pememd 1 OnBOHB81:1ltHX OOOTB9'1'0TBYDJt1!9 (laSH 1 MODO 

OOYJI'80'1'BJUITlo 0 IIOMOIIIJ>Il ~a oo.u.6JieRJIH KOppeJIJDVII EoroJIIl6oBB.734/ ... ~ ... ~ ~ ..... 
< stt "> P-= < s; S'<1 "> r ~ < ~ ">r < $4 "'> P (I i-8 I ..., DO ) ~ 

8 

,..., 

.... 

B KOTOpoM, OOrJiaOHO OBOftOTB8M OHMMeTpKH OOOTB9TCTBymmHX ITpOCTpaHCTB, 

< :rt ">, .,. o , < st ").z ~ o . 

5. CPE,II,HEE ITOJIE 

Haz6oJiee o~eBH,nHO paSJIH~e MeE,ny ~ppoMarHHTHOA H napBMarHHTHOA 

qasBMH npoHBJIHeTC.R: B npH6JIBJKeHKH cpe,nHero noJI.f'!, xor.na 

<sjs'>,-= cl) <~,>l. -=o, (3r> 

3,neoE> _. 
~ = I < ss '>1 I . (32) 

3To npH6JIHJleHHe llll'lpoKO HOllOJIE>SyeTC.f'! ,nJUI MarHHTHHX CHCTeM i It!M9IOTC.R: 

~ppoMarHeTHKH, Hanp:HMep Ho RAAt B ~ , ,Ir,:JUI KOTOpHx npH6JIBJKeHHe cpe.n-

Hero llOJIH 'aeT npexpaOH09 COrJiaCHe C 3KCnep:HM9HTOM BO BCeft o6JiaCTH 

TeMnepaTyp 35/, H ,nallte B6JIH3H KpHTHll9CKOft T9MnepaTypli. 

rBMJ!JibTOHHaH (27) B npH6JD!.llt9HKH Cpe,nH9I'O llOJI.f'! npBHHMaeT BH,Il; 

- ;~.- (::~ a) 
H -= - "' '::J .L 2. ~· c - c fp <I j- ) 

t 
(33) 

r.ne 
,..., -
~: :L l 
d :t u . (34) 

~lf'I'WlrllllA .'ITWHAMW1:1At'llfWA MA'I'IJWTTIJ IT.ITR' ~IJIJOMAT'mf'I''RJ.lY W nA:pAMAT'mf'I''RJ.lY 

ifK>HOHOB, COOTB9'l'OTBeHHO 1 paBH!i 

ct"'0 =.LA ... f\- I ot.f\ c" 
t 8 1. 1. fa 17 

ti.f - .J... >ijJ 
• ~~ 2 - 2 llf3 . 

,ll.n:.R: Op9,1l;HHX (24) H (23) B OJI~ae ¢leppoMarHHTHOii qJaSH It!M99M 
% ... _...., 

·1"'1 wC 'L.kot. elr.. i~f < 1 1. · )1::. .~ L · fO 1 V e > 

(35) 

.... a V~lr\ f .,;., (.v~,. 
rJ {'> ;) 

+ w .z .A4' "" e~.. e,.. K o( 
--LLL 4 ~ <'P.' P.k·')1- " W 'fO 1 

I< ,. i L (f--1) 
io t e (j. 

kJ ~ " tn f 8 tJ(/' v 
TaKHe :ate Cpe,nHBe ,Ir,:JUI napaMarRJITHOft qJa31i TOlr,ll;9CTBeHHO paBH!i HyJIIl, 

HeOJioeo 38MeTBTE> , ~To nepexo.n OT ~ppoMarRHTHOA I< IIapaMB.I'HHTHoil 

~Se BO BOeX qopuyJIBX MOitHO OO~eCTBBT~ nocpe,nCTBOM 38MeHH C _, 0. 
3Ha'leHHe '\ '!! 0 - 8TO O,nHO B3 BOSMOitHHX pemeHd ypaBHeHHH (32), 

c = s B
5 

( 2 ""
2 iS ~I e ) .. (36) 

s.necE> $ - onzH, Bs -~ BpBJIJIIlaHa. ~ppoMarHBTHoA (lase oTBe

~eT H9TpHBH8JibHOe pemeHHe ypaBHeHHa, 
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!r1CCJie.nyeM C.HTyaLUIJO B6JIH3H TeMIIepaTypl:l Kl>pll, KOr,na C _.. 0, W ..,. I/2. 
Tor,na 3®eKTHBH1dt 06MeHHiiA JIHT8rp8JI ( 34) CTaHOBHTCJi paB!WM 

-,..., t -•f\ ,j.. /'>. 
l - 1 + r fr l.ts < ~, ui8 > 1. ~ 

J. ,1 

__. _. .;. l" ~ L eit,. e~. atJ, "'"4' 
]=;ru-a)~ <ut8 1.45j>1-~.., . .z,.N""~<,·..c ~e 

r.ne 

KpHTH~ecKaH TeMnepaTypa orrpe,neJIHeTCH ypaBHeH.HeM _,, 
ICI - s (S H) ( ]· L ..1.\o..t (J.I/~ t.)ljt ) 
I.Yc - . (; -r "i 'tiM N "'"4'1 }. @' .> 

B KOTOpoM 
r/. \ fl( fl. 

-r'' ·= L. 1: T 'e e'· 
"i f oil~ i3 kJ' kj 

.Il.lm qx>HOHHOro CTI9KTpa, COrJiaCHO (II), HM88M ....... 
1.. "' "" ...... d":J al ('> al. 11 '. J. rJ w --L-LT e e e 

l.,l p - M J «f OfJ f ~· ~· 

(37) 

(38) 

(39) 

(40) 

Pa~e MeJt.IJ;y qJ9ppoMarH.HT!WM H nap8MarH.HT!WM qoHOHHI:lMH CTI8KTPBMH, 

o6ycJIOBJI8HH09 OTJIH'l.ll:8M .npyr OT .npyra ,IJ;.HH~8CKHX MQTP~ ~~"~ 
( p = 1,2), 3a,naBa8MHX paBeHCTBBMH (35), CTaHOBHTCJi BC8 M8H~We, KOr

,na C.HCTeMa npH6JmJita9TCJI K TO~e KlopH, B KOTOpoA o6a CTI8KTPa CJIHBaJOT-
,. ... .... -

:t 1 ...-, Ll "'1 1 e:~.. ,1 d[J .a. w =- L L n e e -w 
lr.J't 1m a o(i" f3 ~· t,· - kJ' ~ 

(6=8.). 

lr1M8HHO 3TOT CTI9KTp CJie.nyeT TIO,IJ;CTaBHT~ B (38). 

KpHTH~ecKaH TeMIIepaTypa ~cToro qJ9ppoMarHeTHKa, Ror.na w : I, B 

npH6JIHJteHH.H cpe,IJ;Hero noJIH 38,IJ;aeTM ypaBHeH.HeM 

T - JS (Su) ( '1 + 2::" _!1._ uf" ~ .) 
~- 3 d kj fftN£1t~· .1~ ~ 

B KOTOpoM CTI9RTP qoHOHOB ~CTOft qB31:l E 1o • -:: t.V" · 1 {i' . CJI:e.IJ;OBST~HO, 
J ~ 

TO~ Kl>pH reT8poqB3HOro qeppoMarH9THKa JiezHT HBE9 COOTB8TOTB~8A 

TO~ ucToro qeppouarHeTHRa: 8, <. Tc.. • .Itmt 6o.11ee ,neTaJD.HOro opaB

HeHWi 3THX T9MII9paTyp Ha,II;O peWHT~ ypaBH8HHJI (38) K SHan 3HaR r;11 

" ol.\ __ .., 

IlpoH3BO,IJ;HI:l9 Itl H ~~~ OT o6MeHHoro HHTerpaJia :r ( J-5 -~I) 
MOMHO Bi:ipa3HTb ~epes B~HH 

I (f) = '()1(1't-i,) 
11 - '4 I f-it 

IIpH aTOM (1) 1 .. 
.. -I -

Ifo - to f 

l1) 

) I13 

__. 

'JzT(I'f-jl) 

~ tf-jt}. 

f::lfl.) 

10 

t 

~ 

• Tr/.(>::: T (1) t-.ff} .... T ltJ (1'. - 1~:f,l) 
-to to il iO -<ll 11 

ECJIH ~ o6MaHHOro KHT9l'paJia BSJIT~ ~CTO HCTIOJib3Y9~36/ qopMY 

T (i) =I (o) ~-x.p (- f ~/ .:1 tr0 

1 
) , Tor,na 

i r1~11 -= _ L t l It':' -= £ (£ - , ) 
THl 6'/ > I(i) a-,2. ~a ' cal 

0TCJO,IJ;a OJie.nyeT, ~TO r.;~~ O'l'pJI~T~HO, HO ~0 M<»t9T 6HT~ H OT-

p~TeJibHO, H TIOJIOlltHT~HO, B 3aBHCHMOCTH OT paCCTOJIHHJI f H paro!YCQ 

CHJI ~ • 

6. CKOPOCTb 3BYKA 

IIocMOTpHM, RaKBMH oco6eHHOCTHMH o6Jia,naeT cRopocT~ sByroa B cnyqae 

cocymeCTBOBaHHJI qeppoMarHHTHOa H TIQP8MarH.HTHOft qBS • 

CKOpoCTb 3ByRa i - a TIOJIHpH3~ B p - a qsse onpe,neJIHeTCJI 

RaR 

-5. = {,., lA:~. /~. 
IP l. ... o ... p 

0TC~, B COOTB9TCTBHH C (40), HM9eM 

112 

~iP = ""r cdP ~ 

r.ne • l { .J/1 I-; ... 1 
~ -:: t~w. - T I ' cp I \. .. J ) 
JP ""' L -k-oo h "'fl 0

3P ~;l 
" 11 e e 
~ .. .,.. 

)LHH~eCKaH MaTpH~ B 0611{eM CJIY1l8.9 HM99T BH,Il 

c:poi('J_..L "'(\ r/.f\. 
uP - 1 ;11, - Iu < s1a > P 

1 ":J 
J 

a B npH6JDIJiteHHH cpe.IJ;Hero noJIH ( 44) nepexo.IJ;HT B ( 35). 

(41) 

(42) 

(43) 

(44) 

3<1xl>eRTHBHaJI CKOpoCT~ 3ByRa ~ i _ . A fiOJIHpH3~ BO BC9M 06-
pasne Mo&eT 61:lT~ orrpe,neJieHa RaR 

4. = e-,. 
J ..... 0 

i. L: _!_ <H; "> 
k. P (Pn lr,ll' 

(45) 

3,necb 'H,t - I'8MILII!tTOHHaH o,ne'l'WC qoHoHoB (17) ~ p - a qBBI:l. Hs on-· 

pe,neJI9HHJ'I ( 45) Bl:lT8RaeT 

l/1 J/2 
-ti = "'• ~1 +w;~. ~ia = ""• ~-·, + ""~ co. a • (46) 

JLM Bl:lJICH8HHJI CMI:iCJia ( 46) BB9.I(eM cpe,IJ;HI)J) CKOpoCn 3Byt<a CJie.nyD

IIIHM o6pa30M. IIyoT~ ,JT.lDIHa IIY'l'JI, npoxo.IJ;HMoro 3BJKOM1 - aro l , a 
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BeJm'lHHH !1 H ('J. - 3TO ,n;JIRHH nyTeii B COOTB8TCTBy:KJIIRX iflasax ( e = 
f, + f~ ) , B KOTOpHX 3BYJ( npoxo~T CO CKOpoCTJ'IMH ';,·, R ~.1 ; TOI'-

~a cpe~ CKOpoCTL 3BYJ(a paBHa 

~·' = "-·, C::,.t / ( '"'' ~~ +w.t cd.~) ' (47) 
r~e HCllOJIL30:saHS. nponOpllHOH8.1ILHOCTL fp jt "'Wp , TaK 'lT06H B CJIY1lae 

O~aKOBliX CKOpoCTeii 3Byxa 

C.=C.::C· 
t)1 d 1 d 

Cpe~HH.fl CKOpoCTL (47) COBnB,llaJia C (48). 

(48) 

0'leBJI!,IUIO, 'iTO CKOpoCTH (46) H (47) H80~aKOBli. Pa~e M~Y 
HRMR CTaHOBHTC.il 6o.nee .fiBHliM B CJifllae ( 48) , KOr~a 

Ji'- 3/J. ) I -!.=c.(w, ~~~~~ s-. =C· 
" ' ) J d . 

(49) 

0TCRm8 CJI8.Izy8T, 'liTO t. <. i ·' ( 1o1 :1; D) 1 ) , 3TO CpaBHeH:He ll03BOJI.fleT 
d J 

npeMOlltRTL C.li8.D.YJOIIIYIO HHTepnpeTallHIO CKOpoCTeil: (46) R (47). flpR Bli'IHC-

JI8HRR CKOpoCTH ~· He.R:BHO npHH:HMaeTC.il BO BHRMaH:He paCC8RHR8 3BYJ(a Ha 

Me1!i{Ja3HHX rpamn:(ax, TOr~a KaK B onpe~eJieH:HR CKOpOCTR .S .' HRKB.IGI8 
I ~ 

rpaHRUH He fl!TeHH. BoT no'leMy B CJIY'lae (48) ~J. <. ~ · • floaTOMY Ta 

CKOpoCTL, KOTOpa.il peaJILHO Mep.R:eTC.fl,- 3TO RM8HHO (~6), HO He (47). 

Heo6XO~O OTM8TRTL, 'iTO paE8HCTBO (48) ~3JI'q8CKH BllOJIH8 OCMHC-
ol 

.neHHo. 3To CB.R:SaHO c TeM, 'iTO MarHRTOC'l'pRKilHOHime Bsa:HMo~eitcTBM I 1 3 a .. 
T ~,-\ n2 ua.mr no ~!'IA'RHAm.tTn "' .~ :: ~ a . !'~e !'! ~cc~ "!:~: :.~~~· ~.,w
~ coca~. HanpRMep, B peayJILTaTe R!:NepeHJI'JI/377 ynpyrn noc

TORHHHX )I,· H CIIJI8.B8. R! )< "''-x 6HJio uabeuo, 'liTO J I: .. 1 01 

N I ro:~ I c. ~ "' f D 
2 

K ' TOr~a KaK I ,q ():/'> I a .l ""IC .f /(. • C.ne.no:ee.TeJILHO' 

BKJIB,ll HaMarHR'1!8HHOCTH B ~HOHHH8 xapaKT8pHCT~ RM88T llOP.fi.D;OK 

I r~ I 11 :to I ,.. I T0~/
1 I ,q :: I "' 10-

1 
. ~~CTpRKilHOHHHe 

~KTli MaJili TSRae R .1I;JI.fl ~yrHX MarHRTHHX B8~8CTB 3B sa HCR.IID'l8HHeM, 

MOllteT 6HTL , JIHIIlL ieKOTOpHX, KaK, HanpRMep, Ftz 3 f>t , .1I;JI.fl KOTOporo 

Ha~CL/39 •40 3Ha'IHT8JILHH8 aHOMaJIRH MO.D;yJieit Dfira. 

TaKRM o6pa30M, CKOpoCTH Cip , onpe~eJieHHHe B ( 43) , nO 'liTH 0~

HaKOBH .1I;JI.fl 06e:HX iflas, qJeppoMarHRTHOit H napaMai'HRTHOit. BoT n0'1!8My pa

BeHCTBO ( 48) np:a6JnateHHO BWOJIH.fi8TC.il np:H BCeX TeMnepaTypax, KaK BH

me, TaK H HRllt8 TO'I!KH iflasoBoro nepexo.na. 

TipH ItpHTH'I!ecKol TeMnepazype, KOr,na no onpe.ne.neiDIIO 

w,="':l=r, <~>1 :: <~'>1 ::o (~=lSi,), 
i$IJeKTRBHa.il CKOpoCTL 3BYJ<8 ~· Ml!HHMaJILHa: .Sd.jc.{ -= t/(2' = 0,707. 
YM8HLIII8HH8 CKOpoCTH 3BYJ<8, Bli3BaHH08 paCC8RHR8M Ha Me$3HHX rpaHH

~. MOQO X8paKT8PH30Be.TL KOa@mnl8HTOM 

12 

f~ 
.I 

I I I ~ !./'1 3iJ. 
fs., :(~~-sJ) ~~ -= w +(1-w) -i. (50) 

Kor,na CHCT8Ma O.D;HOqaSHa, TO eCTL 'W paEHO HJm uyJIIO, HJm e~HHII;e, 

TOr.D;a HRKB.IGIX Me$3HHX ~ H8T, COOTB8TCTB6HHO Ci
7
!icl. = 0. YM8HL

W8H:He CKOpoCTH 3BYJ<8 MaKCHMaJILHO B !tpHTR'1!6CKOI TO'I!K8, liTO COOTB8TCT

BY8T !tpHTH'1!8CKOMy paCCeRHHil, KOr~a cf~4 . = -0,293 (8 = 6', ). 

TipoBe.neHHHI SHaJIH3 noRaaHBe.eT, 'liTO cBMO no ca6a HaJI}I'qH6 napa

MarHRTHHX sapo.D;HWeit B qJeppoYarH8THK6 ropa3.11;0 CHJILH68 CKa3HB8.6TC.fl Ha 

~HOHHHX xapaKTep:a:CTHKaX, 'l!eM npoCTOI fll6T CIIHH-1JOHOHHOro Bsa:HMO.D;ei

CTBH.fl. 

7. ~31BI:lE BEPOH'IHOCTK 

YpaaHeHHe Ha qasoBHe BepoJlTHOCTB no.lly'W.eTCR B pesynTaTe MRHRMH

~ T8JIIO.ll;BHSMH'q8CKOro IIOT8HIUI8Jia a ': - ! Cn-;;. cxp [- ( H, (ill-t,_) I c9 J . 
I'aMBJtLTOHHaHH H P ( p = I, 2) , KOTOplle ~o cxma no.ncTaBHTL, B IIpH6JIH

llteBHH Tap Xaapa HM&IlT Blf.It 
"" "'P ~p 

H P = E P + H pl. + H 5r j (51) 

Il6PB08 CJUU'aeM08 B (51) - 8TO 
3 l· ~ 

...., I "'e I ~ J "' I E = F + T L B,A- < <l,~). (!'\?.) 

r " kJ " "'"•, I t8 Jll ,- ~II I I ' 

BTOpo8 c.naraeM08 - ~TOHHaH 0.11;8THX ~HOHOB 
p ~t N 

H,.. =w,'L ~\iP (8~.. B~.+f), (53) 
k.j . <I d 

B KOTOpolll Cll8K'l'p, Ollpe.11;8JI.fi8MHI paB6HCTBOM (40), 3aBBCHT OT THIIa q&SH, 

'l'p8TL8 CJIB.I'Q81108 B (51) - 8{fxlleKTRBHHit CnHHOBlll raMBJILTOHBaH 

"'p __ :l ""' 

H,r - w-P 'f, 'ltl P ~~ . (54) 

TaK 'liTO B Ka'1!8CTB8 T6JIIO,II;HH8MlA8CKOro llOT6HIUI8Jia 11M88M 

J::: _-t (£, +El.) + _!_ L. €, (2 &~,nh ~) 
N6 # •c1· a.~ (55) 

[ 
1 "'f ""' J. ] - -;- f~ ~ e-x.p - ii' ( H,r + H 'P ) . 

CoBepmeHHo .R:CHO , 'liTO ypaaaeBHe 'd /j I~ w = 0, onpe.n8Jl'JIDIIee Bepo.iiTHOCTL 

riJeppoMarHHTHOI qaas, Blll'JIJI,JO!T :a:oi<JIJ:ABTeJlLHO CJIOQO. MOJtHo ynpooTHTL 

aTo ypaauaHIIe, no.naru A:/' "" /1( a) I o. ~ :a: 6epa I l a) "" to ~ K , 'liTO 
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BepHo ,II,liH 6oJILIIIHHCTBa MarneTRROB, Tor,na, npRBJieRM oueHRR nyHRTa 6, 
BR,IJ;RM, 'iTO ICA) I Ala) "" ro-1 • Y'lTeM TaRJite, 'iTO < u:, '>p"' A€, 

ot \ :1 '7 L :t c, < Uif W tS ":> "-' ·lp 0 "{I -t- b. r p , r,ne At: p - H3M9H91m9 ~CC'l'OmmJI 

M9JB.nY ~ COCS,IJ;RMll BCJI9,II;CTBH9 Marlm'l'OCTpiiKUHH, a 'Z'I' - Cpe,D;Hee 

RBa,npe.TH'lH09 OTRJIOHeHHe aTOMa OT y3JIB., .lLnJl o6wumx TBep,nwc TeJI 

'lfl'ja "" I0-1 , A e_p/Ct "- I0-5 • IlpH6er8Jl CHOBa R 0U9HRBM nyHRTa 6, I!pHXO

,IJ;HM R BbiBO,IJ;y, 'lTO 
.. ,'\ J. ,'\ 

Too < uoa u oc. >r -4 
IV IO 

.t(3 "' ,1\ 
I"oa <IAoe~ ~ p < tAoa >p vt0-13. 

A (a) 

"-(3 ... u fl> ::> 
Ie~a <u, .. ou P "' 

I u~> 

-3 

'" 
A l"-) 

(I" ) :~ 
flO 

/Ut:~> II "tJ oa 

-t 
tv IC 

Iloa;OMY B ~'aJiteHIDIX (51)-5_55~ ~litH~ onycTHT:&""cJiar___ae~e,_~~e:plKalliHe 
TiJ H I fa , 3TO ,naeT E p - .ll w p N 1/ , J - l ( f 3 ) , ~HOH-

Hilit cneRTP npHo6peTaeT BH,IJ; t3 P .... 

( 
' "fl oc. ('> I ,8~\ 

£It.:;: ;m I L 4.,.. ell. ek .e. j(56) 
Cl J "'/" ·q J J • 

1/J. c.o ~w E 
1.~· p p kJ• 

.li.H@lepeHUHJlYR (55) no "" , noJIY1laeM ypaBHe~me ,Ir.JISI BepoRTHOCTH qJ9ppo

MarHB:THoA !laSbl 
~~~~14-II-JI 

W= 
II • - -'"" . ·~ .. , 

:J (11·~ r, -t- r:~) ' 
B ROTOpoM tl~ 

I : - j_' I (t-8) < S. > A :: .~we I £,.. atl-. 
p N T ill p > p ~ N ... ~ 

(57) 

l/2£ 
"'r k" 

)(!) 
a ~ ~ 

B npR6..7oolteHBH cpe,D;Hero noM I, = - J C , T J. = 0, H (57) ,naeT 

w = f{ri+A 2 -11,)/(R-JCJ.) ~ (58) 

s,nec:& C sa,naeTcn ypaBHeHHeM (36). 

.lLnJl Ra'l9CTB9HHOro HCCJ19,IJ;OB8HH.Ii noBe,neHHR B9poRTHOCTR (58) BOC

noJIL3yeMC1I npH6nll:xeHHeM 3!HmTeAHa ,Ir.JISI ~HOHHilX nepeMeHH!lx: ~~-~~£, 

.L ~ I = 3. B 3TOM I!pH6JnmeHD 
It/ k. 3/J. 1 

~ II - .3_ 1/J ' . J.l Wp (I.E 
"P - ~ \lip 4.E l6t:n 

J@ 3/ 
IlpH lm3KHX TeMIIepaTypaX, ROr,na f {1-w) l/~ cJ <@ ~ i w ~ W , DOJiy'laeM 

E G ~ l. 

)] " =- !.[~ + (1-•) "'E 1 
. ' '- .:l t-w 4 e 1. 1\ '::( .1 W tUW f1+ J,. txp (- w.l/JU:E 

t It EL1 
(8 

Il03'1'0My {58) OOBM90THO C (36) ,IJ;allT 

}4. 

w -~ f-.£ 
K" 

) e <: M•n { f t..5 4 0 ). 
E , £....'1 

£ 
~ ~ (59) 

l . ~ 2 
r.ne ¥ : ![ ,-l + f "-'E - 5 J ~ >O. BblpaJiteHHe (59) noxasHBaeT, 'lTO npR 

HYJI9BOA TeMnepaTfPS BCR CRCTeMa HaXO,IJ;HTCR B ~CTO qJ9ppoMarHHTHOM 

COCTORimH. 
!/J. 

Ilp:H BbiCOKHX TewepaTfPaX, Ror.na (9 > f- w wE , ,ll;.1IJi o6eHX ~s 
Ap ~ ~@· j'J. '"'P • Ilo,nCTaBMR B (36) pa3JlollteHHe ,II,liH i.WHKUHH Bp:MJIIOsHa 

$;.1 (.S'H)('lS
1
1-~S~1) ! ( ) 

B.s (l<.) !::!. . -~ s X - !I 0 ,.; 3 :X. :X .(.<. 1 • .) 

aaxo,IJ;HM RPHTH'lecxoe noBe,ne~me napaMel'pa nopll,II;Ra C :-::.fl, (-T) '
12

, r.ne 

L = ( 8 - e' ) I <!!) c:. • BepoRTHOCTI> qJ9ppoMarHBTHOli !laSbl CJieBa OT RPRTH-

'l9CRO! TSMnepaTfPbl Be,neT ce6n CJie,n~ o6pasoM: 

w ~ t +fl., (-1:) (T~- o) . (GO) 

HBHble BblpSllteHHR ,ll;.1IJi RPHTJII'l9CRHX BMIIJmTy.n II< H II., ,noBOJILHo rpoMos.n

RH, n03TOMY OHH 3,IJ;9Cl> He BbiDRCaHbl, 

C~ecTBrs~e napaMarHBTHilX sapo,llblllleA B MarHeTHxax, xax 6b1Jlo no

xasaao paaee 6-8 , MollteT H3M9HBTI> po.n nepexo.na co BToporo Ha n%JBf • 

3TO ,IJ;a9T B03MOlltHOCTI> O&hRCHHT:& JIIM9~9C1I BO MHOrHX MarH9TRm ttl ne

pe:x;o~ nepBoro po,na RaR pesyJILTaT reTepo!lasHblx <l!JIYKTYSUJIIA. B Mo,ne

=:../29/ ~~::: ~~~ ~~'!':Ty~! ~~~!!~ !"'J1:A nA!'AYn_n:A fT!X'l'HCX01IHT JIHIIII, IIpH 

H9peBJIHCTH'lHO 6oJILWOM CDHH~HOHHOM B38.HMO,IJ;9ftCTBHH, ROr,ll;a 6espa3Mep

H8Jl ROHCTaHTa 3TOro B3aHMO,IJ;eitCTBM nop1l,II;Ra 9,IJ;HHHUbl. 0,IJ;HaRO, RaR CJie

,nyeT H3 I!p:HB9,IJ;9HHOro Bblllle pacCMOl'p9HRR, 3Ta ROHCTaHTa JIIM99T DOp1l,II;OR 

(Ic:)~/]fJ0:r''' rv I0-3• Il03TOMYMaJIOB9poRTHO, 'l'l'O B peaJILH!lXMarHe

T:I'!RaX CDHH~HOHH09 B3aHMO,IJ;eftCTBR9 HrpaeT 3aM9THYJl po.IIL, I!pHBO,II;1l R 

cMeHe po,na nepexo,~~;a. 

8. ::MEKT ~CCBAY3PA 

B TOM C~e, ROr,na B91!19CTBO npe,D;CTaBM9T C06ol CM9C:& ,IJ;Byx !las, 

BepoRTHOCT:& a@leRTa Mecc6ayapa JIIMeeT BH,IJ; 

:fl'l :~o~, f,..1 + wl :f,u :> (51) 

r,ne DapUH~~ BepoRTHOCTI> a@JeRTa ,Ir.JISI !laSbl p - 3'1'0 jH~-:; e:xr {-?. W,.l 
\7; :: f f. 'lf , ~ - BOJIHOBOI B9R'l'Op raMMa-RBaHTa, ?I' 

2 
- ope,IJ;Hee 

RBa,D;paTH'lHoe OTRJIOHeHBe aTOMa ,Ir.JISI p - A !lasH. PacCMOTPHM BElJIK'UIHY 

a. .L~ oL ,( 

~P = 3 ~ <uta uta > P • (52> 

Hcnonsyn pesynTaTbl JIYHRTa 3, noJIY'laeM 
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-x = -- L_ _,_ ~~u, -.::tJ!_ ·+ - 1- < '"P, P,. > l 1 [ ""'~< iN + ] 
P ~,. N "-'' . J. @ Wt. "'d 4 p • 

kd k~ I' - ~I' 

B npH6JmJiteHHH Tep Xsapa (OM. lJYHKT 4 ) HaXO,IJ;HM 

1 1 ""' I t' ~ t 1. x ·= -- L -~ c4 h . + b r (53) 
P 6tnN k.j k~p '/.8 ~ 

r~e MarHHTOCTpHKUHR ~aeTCH BHpaEeHHeM 

f ~ ~ I "' I~ .: "'l s- 1 l ~.~ /2 
11 ~fL <'\11"> -= ~L-,- 2B,.op<J't.,>l' (54) 

P t1- ' p Jm 11 11 · "-"-J iS '" • 
a 

~ ~eHHH Oo~ee KOHKP9THHX qopMy~ BOCTIOnD3YeMCH npH6~eHHeM 

I' ) 1:) ) 3 . t 
.Ue6M: {..S L k (.. 1c. 

C.'\· p---? 0 ~ k ':> k p , ( k, ; 6 
.N ,f) J (55) 

r~e .f ':: NjV' - Cpe,li;HilH MOTHOCTI> 118.CTHU, l'I30TPQIIHBJI CKOpoCTI> 3Byt<B., 

B COOTB9TCTBlm 0 (4I)-(43), .&p: t4~,:: w/1icr , Cp: i ~~-p , 
ItpOMe TOro, BO Boex BHpallteHHHx Ha,n:O dc~e~TI> saMeHY aHH30Tpon1mx BeJil'I-

LI ... ,-1 II'' I " - I I-< > I,, 
"l.l''H Ha HSOTponHHe: nf. ~ n'l.l ~ 13 ~ Lta , 11' ~ Jl • 
3qxlleKTHBH8Jl TeMIIepaT%a .Ue6M ,ll;1Ili p - A. qe.sH @ = .s l • IIPH nepexo~e R 

.,_ P"» .. 
R TepMO;nmlaMJAeCKOMy npe~e~ ~~eM o6HlUJYil 38N9HY 1; 1: -. .L J d ~ 

3 
• 

Tor~a _,lf,IUl CKOpoCTH 3Byt<B. f - a 48Sli Haxo,IJ;HM .. I ('lu) 

- '1 . 1. 'Wft / - - II , 
op "'"'p ~p :;; ~ \ .., ~ .L p ) ~ \o.JO/ 

a ,ll;1Ili MarHHTOCTpHKUlofil (54) JIMeeM 

'). :1. /. I 

Afr =up , uP= <u,3 >p =- IP j (t>+ iiP") ~ (57) 

S~eCI> HOTIOnD30BaHH OOoSHaqeHHH 

''Ll" ~ 2 [). 1J :: - ~ .L n~ t 'l ;: t•m 
- l j a ' ) " 1.-.o 

( 'i' .... ) 1/ l 2. 
~ ~ 

• "" • 2 . I'' L " 2 s 
"'P = J 1~ 'l1 <Soa">,, > P = j T"8 ~ < •s>P 

Taro1M 06pa30M, S@leRTHBHM ~e6aeBORM TeMIIepaTYPa f - I 48SH B ~-
118.9 CMeoH HeoRCnDKHX qas paBHa 

®,=w~11 T'l> (1+I~'!t>)
112

, TD:(r>;?.-,.)'
1z1" (58) 

BliP8lleHHe. /anoMHH&:JJJ,ee (58), 6~o nOJiy"leHo .BalloorpoBHM B CeJIIlT:a
m. /42 •43 , BO AlUl 'UICTOI !PeppOMal'Bl!TBol lf!asH R B np:a6.maemm 6.1m
uitumx cooe,Jtel. 

Cpe~ee I<B8,1Ul8TJiqHOe OTKJIOHeHHe (53) B ~e6aeBOKOM npH6JnuteHHH 
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61p/26 

IJC. 
1 

_ .!..!!_ ( ~· c.IJ., "'-' of"'-' + Alp 
r-rnelJ 

l. 
~ { 2 

- 'l + A p p 
I' 0 II 

.Ka.:K 6~o noRasaHo BHIIIe , aHaqeHHe Tl' np~He6pelltHMo MBJio no CpaBHeHHn 

c D • 0THOOl'ITenDHM MarHHTOCTpHKUHR Atp I 01 "" ro-5' TOr~a RaK OT-, 
I ·l')l -o 

HOCHT9nDHOe cpe~ee OTKJIOHeHHe ?p jO. "" 10- • C~e~OBaTenDHO, A(p ~ "-10 , 

Ilp:HHl'IMM BO BHBMaHHe_ 3Tl'I OUeHRH, lr!MeeM 

1. l. J 3 /.q m t5? p > 2 'ii B << ® p , 

.z, ~ xr :::::I('!.@/"" erl > ( 1+ f!jrJ. /.36 t!i' J.) , l.i7 ~ '>"> ep , 
np:aqeM ~RTHBHBR ~e6aeBCRM TeMnepaTypa 

IJl_-ep ~ "',., 'D . (59) 
Ha BHpaEeHHH (59) BH,lUfO, 'ITO ~RTHBHM TeMIIepaTfPa ,lle68S:! B o6JracTR 

COOYJII9CTBOB8.Hl'IH, r~e 1111 p .(_ I, OTaHOBHTCH Memwe, q9M B "UUCTOft qe_se 

B OOHOBHOM BC~e~OTBHe HeO~Opo~OCTH CHCTeMH, HO He H3-3a no~eHHR 

~~Hero MarHHTHOro nop~a. Eo~ee TOro, CaMO BOSHHRHOBeHHe reTepo

qe.aHH.X OOCTOHHHft 0 aapo,nHIIIBMH, lr!Me~ paaH!il MarHHTHHi nopH.ItOR,RaK 

pas H 06R3aHO HeO~Opo~OOTl'I B peanDHOM TipoOTPaHOTBe. 3Ta H90~0po~

HOCTI> , TipoBOIOIPYJIItM qop.mpoll8.Hl'Ie reTepo483HHX ifA!J:yKTyaiXHI, MOJiteT 6HTL 

Bli3BaHa, HB.IIpHMep, ~ORBJil>HHMH qmyRTyao;l'LHMl'I TeMII9paTYIJH H SHTpomm • 

CMii!"'leHHe TewepaTYIJH .Ue6M (59) B reTepoqe.sHol TeMIIepaTypHoA. 

o6~0TH Be~eT K YBeJilf'leHHIO ope~ero RBa,IIJla~oro OTKJIOH9HHH (53) H, 

HUJlttAU1'.tl.H.~ Ct1'U.L'U t A .)'MttttbW~W!AJ .a~~.riiiiU0·iii Q~Ai"O. ~.~ii~~~Q.JCipri {5!), 
KOTOpaH RBJIHeTCH ~eft 48BOBOI KOHUeHTpSUl'IH W , J, : f14 (IV) • 
HSMeHeHJie BTOI ~ Y~06HO xapaRTepHSOBaTI> OTHOCJITenDHOI Be~~ol 

if (w) = f,(w)-;f,.,(t) (60) 
M f,.. (1) 

MHHHMYM mq>alleHBH (60)· npBxo,ItH:TCH Ha w = I/2, TO ecTI> RaR pas Ha KPH

THqecRYIO TeMIIepaTypy @, , B ROTOpoA 

{ 
f () o,1t - / 

.,.., ) 1- .. 1 @ < '~ 2 p d' f ( J. ~ ,.. J ' ... ~ 

"'
1 

t-f/14(1) > @,/T0 /Jii. 
BHe reTepoqe.sHoA o~aoTH, TO ecTI> HHJte Tol TeMIIepa~MRo~ sapo;o;H

IIIH Y3fJ He Ha~TOR, l'I BHIIIe BepXHel TOqKJI HYKJierunm •
45 , r~e 48-

SH HBJIJmTOH npaKTneCRH 'IU!oTHMB, BeJIH"UUHa (60) paBHa HYJm. 

CpaBHBM no~eHHHe ~BYJ!I>TaTH 0 SROITepHMeHTBMH/46/ Ha :rpaHaTax 

~ 'o 0 1a H Ya fe't !Jf1 0 12 • :Hx KpHTneoRHe TeMIIepaTYPH - 548 K H 

4I5 K , COOTBeTCTBeHHO, a TeMIIepaTYPH ,lle6M ,ll;1Ili 'UIC'rHX OOOTOHHHft -

378 K (ORTaB,Iijla.lii>HM CTpyRTypa) MH 343 K (TeTpaS.npBJIJ>HM CTpYRTYPa) 

,ll;1Ili Y3 lis- Otz. ,. H 467 K (oRTaa.npam.HM OTPYRTYPa) l!JIH 405 K (TeT-

paa.IUJaJli>HM CTPYRTypa) ,ll;1Ili ya ~., !Jf, o,l. . IIoJUU'aJI, RaK l'I B SRCnep:a-
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MeHT/46/, BepoRTHOCTh a@leKTa Mecc6ayspa "UUCTIIIX COCTORHHI B6Jm3H 
TeMIIepaTypH lWpH,paBHOit j11 (1) ~ /, {o) ~ 0,?, ~ BeJIH1U1HH (60) H8.XO~ 
fi'jM (f)--: 0,3, 'lTO COBII~eT C 3KCII9pHMeHTaJII>J:WMH ,ll8.HHHMH/46/. 

.II.JISI peJI.IlTHBHCTCKHX TeiiJIOBHX C,D;BHroB M9CC6ay&poBCK.IiiX CII9KTpoB 
' (.,...,~ (A!' . l -= - L L ~ c~tk ~ 
p IV .,.. ~InC~ 2 B 

KOTOpHe B ~e6aeBCKOM IIpH~eHKH HMeDT B~ 
+ y/l& 

·~ J6 e 3 .JI I 
0 - - ---:-----::- W COft\ W Of t....c 
P- mcl.& 1 

r o 

l·- 9W l/l T: €,) ~ T /t'il 
. p D' P 
c'i' ~ l. .cl r - 3 @ I 7.. rn < ' 1:1 "> T-p I 7. , • 

IIOJIY'lB.eM 

)J.Jm 6oJILnm:HCTBa MarHeTHKOB T-o /l.iiB(. ~ ro-I. a OTHOCHTeJILHOe H3MeHe
HHe T9IIJIOBOro C,D;BHra B reTepoqJa3HOft 06Jia.CTH, CpBaHHTeJILHO C ero 3Ha'le
HHeM ~ 'U'ICTOro COCTORHHR, He npeBbiJDaeT I%, B TO BpeMR KaK TO'lHOCTh 
3KCIIepHMeHTa He BHme I%. 

TipaxTH'leCKH Taxoa ~e nporH6 BJPORTHOCTH ~KTa Mecc6ayspa npH 
TeMIIepaType nepexo~a Ha6Jno,naJic;;47 B cerneTOMBKTPHKe SaT.· 03 • 3Ta 
aHOMSJIHR H9 HaiJIJia HHKaKOro ~OCT,TO'lHO rayrmoro 06'hJiCHeHHR, KaK 3TO 
CJI9.IlY9T H3 o6cylt,IleHHR B pa6oTax 48 •49 • B HBJII~M lKe IIO~O~e 3TOT npo
rH6 BepoRTHOCTH a@leKTa B TO'lKe IIepexo~a cerneTOMeKTPHKa MOlteT 6b1Th 
o6~CH9H a6COniDTHO TaR Jte,KaK H B CJIY'la9 MarH9THKOB. TipH'U'IHa 3TOro 
nporH6a TO'lHO Ta lite - CY!II9CTBOBaHHe reT~r3HHX !J)JryKTyauHit B6Jm3H 
CerHeT03JI9KTPH'l9CKOrO qJa30BOro IIepexo~a O • 0THOCHTQnhHaR BJm'IHHa 

nporH6a, H3MepeHHaR ,ItJIJI cerneToanexTpHKa/47/, TOJKe o~HaKCBa: 
3j (f)~0,3. 

1'1 

ABTop c 6oJILWHM y~oBOJILCTBHBM H npHaHaTSHhHOCThD BCIIOMHHaeT 
O'l9Hh IIOJI93HHe o6cylt,IleHHR c n. Tep !aapoM. MHOJKeCTBO neHHHx 38Me'laHHA 
A.M. AXMeTeJm, H.M. Il.na.KH;Iui, A.C. lllyMoBcKoro H H.P. DxHoBcxoro TaKJKe 
noMorJIH B pa6oTe. Mecc6ayapoBCue aRcnepHMeHTH o6CyJt.118JIHCh c M .H. Yc
neHcKHM, KOTOpoMY aBTOp BHpalK8.eT rJIY60KYD 6Jiaro~apHOCTh. 
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nKanoa 8.H. P17-88-545 
CnMH-~OHOHH~e a3aMMOAeHcTaHA a reTep~a3H~x ~eppoMarHeTHKax 

~ccneAQBaHO coaMeCTHOe anHAHHe reTep~a3H~X ~nyKTYa~MH H ~HOHH~X ao3-
6Y*AeHHH Ha peweT04H~e H MarHHTH~e CBOHCTaa ~eppOMarHeTHKOa, nnA aaeAeHHA 
~HOHH~X nepeMeHH~X HCnOnb30aaHa npo~eAYPa, COXpaHA~aA TpaHCnA~HOHHy~ CHM
MeTPH~. CnHHOa~e nepeMeHH~e paccMaTpHaa~TcA a npH6nH*eHHH Tep Xaapa H a npH-
6nH*eHHM cpeAHero nonA. HaXOAHTCA nepeHOPMHpOaKa CKOPOCTH 38yKa, o6ycnoaneH
HaA KaK COHH-~HOHHOH CBA3b~, TaK H reTep~a3H~MH ~nyKTya~HAMH, 4HcneHH~e 
O~eHKH 00Ka3WBa~T, 4TO nocneAHHe Hrpa~T pewa~~ ponb a6nM3H KPHTH4eCKOH 
T04KH. B~4HcneHa aepoATHOCTb 3~KTa Hecc6ay3pa H npeAno•eHo o6~AcHeHHe aHo
ManbHoro nporH6a a T04Ke nepexoAa. 

Pa6oTa a~nonHeHa a fla6opaTOPHH TeopeTH4eCKOH ~3HKH OH~M. 

DpenpiDIT c:>&.enaaeHHOrO IIIIC11ITYT& li.II.BpHWX HCcne,11011811111. Jly6Ha 1988 

nepeaoA aaTopa 

Yukalov V. 1. Pl]-88-545 
Spin-Phonon Interactions in Heterophase ferromagnets 

The combined influence of heterophase fluctuations and phonon excita
tions on lattice and magnetic properties of ferromagnets is Investigated. 
A new procedure for Introducing phonon variables preserving the translatio
nal symmetry Is developed. Spin variables are treated In the ter Haar ap
proximation and in the mean-field approximation. The renormallzation of the 
sound velocity due to boih the spin-phonon coupl lng and heterophase fluc
tuations is obtained; the latter are found by numerical estimates to be more 
Important near the critical point than the former. The Hossoauer=effect pro
bability" Is calculated and its anomalous sagging near transition points Is 
explained. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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