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§ I. BBe~eH11e 

B CBfl3ll C MHOrOti11CJieHHhiM11 SKCnepl1MCHTa!m no Typc5yJICHTHOMy 

l!arpeBy Illla3Mbi/I-3/ 60JI:&IliOC BHHMaHlie TeopeTHKOB BnJIOT:& ~0 HaCTO.illllCro · 

BpeMeHH npllBJICtiCHO K llCCJie~OBaHliiO CBOi1cTB l!OHH0-3BYKOBOii ( S ) 

TypoyJieHTHOCTH /4~ . · 
XopOWO 113BCCTHO, tiTO ( S )-BOJIHbl OoJia~aiOT HepaCII~HhiM cneKTpO!/f 

T. e. o~uoDpeMeHHOe y~onneTnopeHHe ycJIOBHit 

W,+Wz=WJ 

i{, + Kz .. KJ 
(I.I) 

.flBJI.flCTCfl HeB031JOlitHhiM. ( 3~ec:& W,, W.t., c..);, H ~ , K.t., Ks cyT:& tiaCTOTbl 

11 BOJIHOBbiC BCKTOphl B3aJ.·IMO~el1CTBYIOillHX BOJIH). BCJIC~CTBHH 3TOro OCHOB

Hh!M Hemlf!etiHb!M stW~eKTOM, npHBO~.flii!HM K ycTaHOBJieHHIO cneKTpa CTa~HO,;.. 
HapHOii ( S ) Typ6yJieHTHOCTH, CtiHTaCTCfl HH~y~HpOBaHHOe paCCC.flHHe 

l!OHII0-3BYKOBhlX BOJIH Ha tiaCT·H~ax nJia3Mhl /~:.f>/. C ~pyroi;i CTOpOHbi,BO

nepBhlX, B 3ByKOBOi1 tiaCTH cneKTpa BCJIHtil!Ha 11 3anpellleHHH 11 pacna;lla OT

HOCHTeJI:&HO MaJia 4 w1 "'WsK~d/' ,( dt - ;llCOaeBCKHH pa;lll!YC 3JlCKTpOHOB), 

BO-BTOphlX, Mbl 3llUeM MHOJ!tCCTBO npHMepoB, KOr~a Hamitil'le ~allte CJiaooli 

· Typc5yJieHTHOCTH B KaK0£1-TO Oc5JiaCTH tiaCTOT (Hallpl'!Mep, Ws ) MOlKCT cy-. 

ll\eCTBeH!IO HCKa3l'IT:& ~HcnepC110HHble CBOMCTBa !1Jlaat.Ibl B OOJIUCTH 6oJiee 

H113KHX tiaCTOT /?-9/. 9TOT lj)aKT COOTBeTCTByeT XOpOlliO 113BCCTHOMy 

B03HHKHOBeHHJO CABllra • tiaCTOTbl AWn B peayJILTaTc HeJ111HeilHhL'{ naanMo

;llei1cTBHii /IO/. ECJIH STOT C;llBHr npeBOCXO;llliT BCJIHl!HHy tiaCTOThl COOTBeT

CTBYIO!l\C£1 JIHHei1HOi1 MO;llhl KOJie6amlii W t. , TO B03IH1KaeT HOBUH BCTB:&, 

KOTOpaH MOiKCT CTUT:& rl'l;llpO~HHUMl'ltiCCKH (no aHaJIOrliH C nytiKOBbiMH HC-

yCTOl:itiHBOCTHMU) ·HeycTol:ttil!Boli1. B cJiytiae AWn <<we , HeycTo~i-
tiHBOCT:&. HOCHT CJiaoblii. KHHeMaTlltiCC!tllll XapaltTep ll 06bltiHO HU3b!DaeTCH 

pacn~HOfi (l!JI1l napmieTplltiCCK0£1 /S/), I!pU 3TOM ;llOJlli!Hhl 6b!T:& Bb!IIOJIIICIILI 

ycJIOBl'I.il (I.I). 
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B npe,n;eJie 

A w, >> wt ( I.2) 

BTopoe 113 ycJIOBH~ (I.I) BhlllOJIHfl6TCfl, a nepnoe waKTll~6CKll urpaeT 
· poJin ,n;ucnepcuoHHoro ypanHeHHH ,n;na HallHH3me~ R3 ~acToT. TaKoe 
B3allMO,Zl;6~CTBJ.16 6y,n;eT Ha3UBaTnCH KBa3Hpacna,n;HhlM. ' 

BMmecKa3aHHoe nosBonaeT c,n;enaTn cne,n;yiOl!lHe· Ka~ecTneHHhle Bb!Bo,n;u, 
HCXO,Zl;fl 113 HallclOJiee Tpl1Bl1aJll>HhtX p'asMepHOCTHblX C006pal!t6Hl1~: li6Jll1H6llHblll 
C,l{BHr 1l·ac~OTbl BCJie~CTlH~e Typ6yJieHTHOCTl1 C ~aCTOTO~ B6Jll13ll ws MOlK

HO' rpy6o O~eHHTn KaK 

{ w 
A w" "'or Ws f1'f'" (I.3) 

( 3,1{6Cn W -llJIOTHOCTD SHeprHJ.1 Typ6yJieHTHOCTl1 B, 06JiaCTl1 ;.._ W 1t. , 

· n r - nnoTHOCTn Tennonol1 aHeprwu nnasMhl) ~ · :Benu~nHa 11 3anpemeHHH 11 

pacna,n;a ,Zl;Jlfl (S) Typ6yJI6HTHOCTl1, KaK OTMe~aJIOCn Bh!me, 6CTn 

LlWJ ..:.:. CrJs K; Cit 
. ' 

(I.4) 
' . 

r,n;e 
.f._JL 

K •. (,f.t «:f.. 
CpanHHnaa (I~3) 11 (I.4), MoiKHo saRJIIO~Hn. ital!ecTneHHo, ~To ycnonueM 
B03Hl1KHOBeHl1H KBa3Hpacna,n;HOrO B3al1.MO,ZJ;6~CTB~H flB.ilfleTCfl 

AWn > AWf 1 

UJIU B paCCMaTpllBaeMOM CJiylJ:ae 
w . . .. .t nr >.o( Ktz.de . (I.S) 

Eonee TO~iloe paCCMOTP6Hl16 noaBOJifl6T OTb!C~aTD Koawwu~ueHT oG *>. 
TaRoro po,n;a naauMo,n;eticTBHe ,n;oJilKHO npun6,n;,un K nepeKal!Re aHeprHu 
S -BOJIH no Cll6KTpy B CTOpOHY M6HniDl1X l!aCTOT W 11 BOJIHOBhtX ~l1C6Jl 

11K11 (nocKOJinKY n 3ByKono~ tiacTH cneKTpa w.S,;. K'l/s , J/s = Vre.!mt' . ) • 

2£) ltoa~l1~!.16HT ol B 6ecCTOJIKHODl1T6JlnHOM npe,n;eJie MO~eT 6b!Tn npoCTO 
~HCJIOM, hpl1 B3aHMO;zi;6tiCTBl1ll JieHrMIOpOBCKl1X·J.1:aKyCTl1ll6CKl1X · KOJie6aHU!t1. 

. . .t 

«. nponopiUIOHaJinHO JI116o (K1 vi I v.z. ) , JIH6o (fi) 3a c~eT nepimop-
MnponaHHH BepOHTHOCTl1 (cM/9/). B paCCMaTpl1BaeMOM CJiy~ae OH ;zi;OJillteH 

COCTOHTD 113 TeX llte napaMeTpOB. 
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0;LIH8KO, Tal\ 1\ai< B papcMaTp:11BaeMOM, rrpo~ecce rrpl1CYTC'rByeT 0;1\Ha 

Hl13I<aH 't!O.CTOTa, T.e. w<<U.h ,.c-.c.J:~- :11 K<~K1 1 K1- 1 TO B KaJK.IJ;OM aitTC 

. B3al1MO,l\CllCTBl1fl SIIeprl1H U3M8Hfl8TCl1 H83H8t!~!T8JIJJH0 1 a B03Hl11\aiO!I\8fl 

rrepercaqrta anepr1111 s -BOJIH HOC11T acTa!lJeTHblit (.n;l11/C~epeH~l1aJIJJHhlH) 
xapaitTep. 

§ 2. Jll1CI18pCl10HHbl8 ypaBH8H:I1H 11Jl83Mhl C pa3Bl1T,Oiii 

l10HH0-3BYlWBOif Typ6yJIElHTHOCTJJIO B OClJI8CTI1 qacTh!X 1tYJ!OIIOBCICl1X 

coy.n;apcHI1i1 

B H8I130TCpMl1qecitOti ITJia3JJ8 ( 'l'e > ri ) lWHH0-3BYitoBaH BCTBJJ H0-

rrocpeACTBCHHO rrepexo.n;uT • B m<ycTH'tlecKyio rrpl1 K"' •.h 17ft. ( ve- -qacTo

Ta napHh!X CTOJIKHOB8Hl1i.1 SJ18KTpOHOB C SJI8ItTpOHaMU L1 l10Ha!.H1, Vi- l10HOB 

;n;pyr C .n;pyroM; lfe , 1/i. . - T811JIOBU8 CKOpOCTH SJICICTpOHOB, 110I!OB COOTDCT-
.1.. 7e . . ., . . 

CTBCHHO: tL - m.J:: ). . • e,t. 
Bcne.n;cTBI1e sToro pacna.n;uoe naauMo.n;eticTBl1e lilOHHO-aByKOBbiX (s ) 

:11 aKycTJi1qecrmx (a,) rcone6aHuiii aarrpemeHo aaKoHaM:I1 coxpaueHii1H. O.n;nmto 

MOl!tllO Ha.n;eHTJJCH, t!TO np:11 orrpe.n;eJieHHOM ypOBHe (S ) Typ6yJieHTIIOCTii1 

SJI8KTpOMarHl1THhl8 CBOitCTBa 11JI83Mbl B OOJI8CT:I1 'W < 'V~, Vi l13M8HflTCfl 

H8CTOJIJJICO, 't!TO 110fllll1TCH B03MOl!tHOCTJJ ltll831i1pacna.n;a. JlJifl :11CCJI8,L{OBaHl1fl 

STOrO SWW8ICTa 'noJiy'tllilM 110 aHaJIOrl11i1 C /S,9/ TeH30p .IJ;:I1SJI8KTpli1'tl8CltOll 

npOH:I1~aeMOCTii1 ITJia3Mhl .IJ;Jifl (a) KOJieelaHl1ti B npncyTCTBI1:11 pa3Bl1TOti (S) 

TypelyJieHTHOCTH. 
3.n;ecJJ Mhl dy.n;eM cne.n;onaTJJ weuoMeHonornqecitoMy no;L~xo.n;y, rrpe.n;no-

l!teHHOMY B j9,II7. 0TBJieitaflCI> OT .IJ;:I1CC:I111aT:I1BHhlX s!lJ!l>eKTOB, CDH3aHHbiX 

C aaTyXaHl18M JlaH.n;ay 
1 

,L{Jlfl_ OI1:11CaH:I1fl ( S ) ICOJie6aH:I1it HCI10Jl:&3Y8M,. a.n;eK

BaTHhlC ypaBHCHl1fl·CleCCTOJIKHOB:I1T8JI:&HOit r:11.IJ;pO.IJ;HHaM:11ICH /12~ .. 

~qe + di?lne Vt -.o ~~' .+ dir! lli 71. =O (2.1) 

oh.. + (Ve v) Vt = _.n._ vne +.!:..l 
~ · mene mt 

(2.2) 

~v.: - )- .e. -
0/ • (vi V Vi = - m( E . (2.3) 
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CooTBeTCTBeHHO ypaBucui1.a 7\JIH H.ll. ItOJI66aiHii1 11M ClOT Bl1l\: 

one . d { -+ -- +- neVe.) =0 ot iJv 
dl'li 0 ( -) 
(Jt + f)., !till,· ""0 (2.;4) 

[.J- +(iZv)']~"'=-~ ~l'le'Te --4- ;.7lb(~ .. .f..Eo~+!...~ Rr (2.5) vt ') • n1ene v Xot me l'le .xp mt i"'"' 

r11e 

[
L+(ilv)'1v. --~ on.-7i _ _!_ o.Ji;o~l} -L __ ,_ R 
'irt l ') i,ol.- m;ltt oXoc m;l'li 'iJXJO m.- Eo< m;n,· T 

1(£ +ii V) n + 7e ov; =- .Jle~f! aVt-< _ L .£. ii 
2 C>t Yt. W l'le oX!' ne or- -ye 

~ (2._ ... ~· v) 7:· + 7i 0 ~ - - .7[ '"' (} 0 v.·~ - .L .£._ ii 
:Z. 'Ot I I I ff - l'li OXp 11; (}f"" -yi 

on Rr =-0.71ne
0

p 

-£h = -3.9 njTt of.· 
m; \h o y: 

Ji i -"96 n;r.· ,.,< 
"'~ .. v. ~ '""'P 

Cie =-3.16 !kit oie meve w 

.,;e . ne re e. J'«r = -o. 73 ~ w..,,. 

W. = oVe( + 'OVf> -~ & ov 
olf ~X~ ox... . Jl j FY. 

Heo6xo,nl1MO OTMC'l'VIT:D, liTO ypaBueH!<IH (2.4)-(2.8) a·armcaau c 

JIICTOM CJICAJIDml1X yrrpomeHR~: 
I) uac l1HTepecyeT cJ!yllaia /9/ lfltc ~ « w ..:.<.K7/e , K"-r/ /ve 

(2.6) 

(2.7) 

(2.8) 

(a To npl1BO;r(l1T K w.._ >"> ~ Ye 1 T. e. qacToTa 11aKyCTJ.11lecKoia BCTBl1 11 

OOJib~C CKOpOCTl1 BhlpaBHl1BaHl1fl TCMnepaTyp) 1 ITOoTOMY BCJil11ll1HaMJ.1 1 npo-

ITOPUJ.10!laJibHblMl1 8 v "'3 ~~ ve 1 MOlKHO rrpeHe6pellb; -

2) npeHeoperaeM TOKOM CMCI;\6Hl1H ( K 1ft. << c.i.Jpt. 

l1Jll1 u = Ve - Vi = 0 

) 1 nonaraH V.·-f- VeR 

CHCTeMy l1CXO;r(HUX ypaBHeHl1li (2.1)-(2.8) 6y11eM pemaTb.MeTO;l\OM 1 

pa3Bl1TWA B pa6oTe / 9/ 1 T .e • pa3JIOntl1M BCe iflYHKUl1l1 B pfl;l\ ITO aMITJll1TYl\6 

6 



cna6oro perynHpHoro nann ER , npe:z~napMTeJJ:oHo pas611B 11x Ha xaoTI1-qec
KI1e (Typ6yJI8HTHb18) 11 peryJIHpHh!El -qaCT:I'I o 

B~c:z~eM odosHa-qeHI1H 

E=E~+E101 +£f'), n=nll+l[I•J.,.fi.l'), V=VR+v'•'.,_v(f) (2.9) 

3;ll8C:O "fll ' It ll ' v.( - cpe;llH:I'Ie 3Ha-qeH:I'Ifl rlJYHK~Yili E, n. ' v no CTaTI1-
. CTlltJ8CKOMy aHCa!~6JllOi . f'toJ ~· f[t•J, (lt•J He 3aBHCHT OT £~ , a ffuJ, nt'~ 

v(t) - nponop~liOHaJI:OHhl E~ 0 

IIo:z~cTannHH pasno::cem1e (2o9) B ypa:eHeHliUI (2.1)-(2.3) ;llJIH 
11:iTepecyJOll\8I'O Hac cny-qaH, nony-qaeM cooTne·rcT:acHuo: 

\jCoJ =- ie ~ E~toJ 
Ke me K'Vl" " 

11 ,(\Jifl• 

r:z~e 

(2.10) 

" w''. _wly c (w,K)=1. + Klv; w.t. - JIMHefiHaH -qacn :z~nsneKTpw-qe-
Ci\Oti ilp0lfll~a8MOCTll ilJia3Mblo 

IlpM nony-qermw Bh!palKeHl!H (2.II), Mbl ym:ITb!Bam!, -qTo Bitna:z~ 
( ~~·' v ) ~~ MeH:ollle l!Ln'•' vne. ua J!i.- .!!!i. e e n:C t e ?!J me , 8CJil1 W-<<Kl/e 

il08TOMY Bhllll€1YKa3af!HOti B8JIM-qllHOH·MOlKHO npeHe6peq:oo 
IlpOB8].tll aHaJIOrH-qHble paccyllt,l(eHYifl, ypaBH8Hllll (2.4)-(2.8) B 

!IJyp:oe-KOMTIOH8HTax MOl:\HO sanncaT:O B CJ18:zlYIOll\8M BH;ll8: 

7 
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-1 iw 1-3,16 K Ve .!.1m_- -lKVKe _g 1./tC z K,K,J -[K.K•] V,'''VfqJ d). 
( 

.2 .t.) '7'~ /? J (.. .. %. ... - .t 

.:!. ~ Te .3 Ve K, KJ. K.e K:u 

· 1. ,_ ~ n/' It 

( -lw + i K V,; ) V. :::: -iK1fl ...!i. +a 11 i KV/' 'fu.. - !::.. Ell. + 
W Ki T; ' 7',· 1'11i o: 

(2.14) 

+ 1.2 8 11,·" .f[K:. (KK,) K.., + K: (ii.{) K•J V r•J IJ.'q' d;.. . . v, I I<J<, W.t. /(/(J. c.v, Kti K .. i 

. .t .. ,.R j ;-- .. )~. [-- ]J. rJ ~r" 
(-~iWt3.9.Q[.· )!E... =-iKV.K_1.21 2 K,K, - K,K~, V ~ V," d.A 

~ vi r.· /(, Vi . K,K, K,t K., 
!lO]J.CTaBJiflfl (2.11) l1 (2.12) B (2.13), (2.14) l1 pemaH IlOJIYt!l1BUIYIOCH 

CHCT61;Jy COBM6CTHO C . 
-/( /? ~ dill' E = 4Jie ( nt. - n 1 ) 

,l\JIH IlpO]J.OJI:&HOi'i t!aCTl1 H6Jil1Het-iHOrO T6H30pa ]J.l1SJI6KTpli1t!6CKOH npOHl1-

qaeMOCTli1 nJia3MLI, IIoJiytiaeJA cJie;ztyJOJ.J(ee BblpallteHli1e: 

r;ne 

H .t. ~ e (W,K)=1 + i ~ Wee. + i Wet • i..:!:.A :::.0 m, GtJw, wwe 1+ pe 

. . K'lff K.t.lff 7e K.t. V'-
Wi -= -t-W + t. (;) + "'"J'[i -0.71 Tc· ~ 

• • K'-zk.t. · K.t.'rfe .. 
We "'- t.. w + t.. ----w- + 1. 11 Jle 

KL1f.!
Qi :: f t.' w + 3. 9 vt 

· l"'l 3 · ,.r.t 
' ·;,,e "'"" ~iw +~. 1{, K -~e · . ' ve. 

. _ . !!!.!. _1!:. ~ !K, (I,} ,....ro) tL - : . .. f t. . 

~· - 1.2K t.. m1 Te vu.J;Sl1 K= C{w-, K-> / VK, / d. K, d w, 

f>e=-0.91 w,~ (2fld(Ki?,)K,z jv'"Jf'-d'K dw, 
v~~.W£~( Jw,K~e rw-,·K-J K, ' 

. (4):: - KK, W-. + (K K,) + (i<, K-J i_ + (R K-) _5.!.._ 
CcJK- Wt · KC.V- . K,K- .W I<K- w,. 

8 

(2.15) 



{····.' .. '.· ~ : 

·. 
\!.} 

;nna HCCJie~O:BaJU!fl, ~HcnepCHOHHblX C:BOliCTB 11JIU3Mbl B BL!pallt6HHU 

, (2 .15) y~OOHO :Bbl~eJIHT:b JIHHeliHYIO l!aCT:& ~l13JieitTpUl!eCI\OLi npOHlll~aeMOC'fH 
H sanHcaT:& ~HcnepcHOHHOe ypanHeHJiie :a BH~e: 

L + f' ., o, (2.16) 

s~ec:& 

~ V.(V 1· Z( .... )t. -a) t t. r e, = ag':f. _,..mme• K..JLL _1_ K, K K; (K al: NK, dif. -2.S6i~ K'Tfe • 
J ~17> Ve Wi· nTe I<' w- Ki1 . . m/ ve Wi 

llocne~Hee :aupal!teHHe noJiyl!eHo .npH ylleTe K<< K, (I{_ -x. K,), a 
v; = '0 7: - rpynnoBafl CKOpOCT:& DbiCOltOllaCTOTHhiX ( 5 ) ltOJieoaHHit, .. 'aw .. 

Nt, -llHCXO nXa3MOHq~ HOHH0-3BYltOBbiX BOJIH, ROTOpoe MO~eT ObiT:& onpe

~eJieHO U3 COOTHOilleHUfl 

§ 3. Hl13KOl!aCTOTHble HeyCTOMllHBOCTU HOHH0-3ByKOBOit 

TypoyJieHTHOC'fH 

PaCCMOTpl'!M Tenep:& HCXO~HOe ~ucnepCUOHHOe ypaBHeHHe 

(3.I) 

:nna ~an:&J!eliimero pemeHuH ~aHHoro ypanHeHuH BUli~PJIHM BHallane. HHTer

panb!, Bb!XO~fl~lle B :Bb!pal!teHHe f' 1 KOTOpb!e B ~aJI:&HelimeM Mbl 0003Halll1M 

9 



tie pea 

J, ., K,K K,) 1'1 f t{-- 2 

KG 
{K -h.) N~. ol i(, 
W- l iJ'J 

'1 J Kt (KKr) ;.;~- ~ di(, 
v2 "' K • c.Y- K zr, . 

(3.2) 

. .. } (3.3) 

ITocne ::meMeHTapHoro HHTerpl1poBam'lfl 110 yrnaM *), a aaTeM 110 tiaCTflM; 
110JiytiaeM COOTBeTCTBeHHO: 

r;zte 

e .. ...{ a=+ W Wpt & ·!J_ +/;;;ct-_..:z<£.-'!n_ /X. -111 
1 Kt.lfsl. K~'lf/' K.t J - a: +1 

j .:-Wt w~e £(.1 +A.£nl'£-11) 
.z, KtV; K~ V/ 1< 3 . ~ <£+ 1 

w 
ct.::: K ?!s . 

TaKHM o6paaoM,;ztl:!C11epcl1oHHOe ypaBHeHl:!e 11pl:!o6peTaeT cne;ztyiO!Ill1lii Bl:!;zt: 

1 + trle we +0.97.!!J.g_ w:e .l1C..[.!!.. r't~l.+:Z'£J/n /::t-1/ 7 J. 
. 'l m.: w; ' . m; vtWi. n'!e J · ~.,.1) (3.4) 

. . t t( 6J I -+-2S6 i me Eli!. llL 7';) '2 K,Vt (1+ tK tn /tJt-t )= 0 
· m,· vt w; nTe 7't Qi .t ~ +t 

r:zte AJifl naTepecyiOU\ero Hac 
K'-1/",z. 

Wi- -iw , we~i~ 
DMSCTO (3.4) l1MSeM: 

me~l .t..rt/ c;nytiaa: m; v~ << w << K7fe ' K Ve ve. 
() ___ 3t.'•' 

' J(.' 2 (,.V • 

.t. t. I 1_- w ... +091ime. Wpe JL{!!.+Lf<£ .. +flfl.
3 &, ltJt.-t} 

w:t. . m,· ve. w 3 ct + 1 ' 

_ 2 . !!k w:e. ., (. r,.)sh 1L.(1+g.tn 1~-11)- · 
2.S6·slm; \lt. K,v~ ~ w2 :~, ?e+ 1 -o, 

wt 
u--- nTe .. 

*.) Ilpl:! l:!IIT6r{!l:!POBaHl:!l1 no yrJiaM Mil Ct!l:!TaeM (S) Typc5yneHTHOCT:& 
naoTponami. 
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;llaHHOe ypaBHCHUe B OOll\eM BH~e 
L:hl pacc.:r.JOTPMI~l ~na Kpa~unx cnyqaH: 
I) <t. >"> I 11 2) £ « ! . 

' pcumT:& i\OBOJI:&l!O CJIOlitHO, IIOSTOMY 

nm1 nepnoro CJiyqaf! IIOJiyqaeM ypaB!IeHUe . ~J 
.i. • m~ :. ~ W -r·m~,.,.t£.U.t K,Tf~(li) "=O 

Wq- w!; W -0, 7J L ""i"ffi w,._ \1~ U f"0.5rt m;L<Je.. 'ft ~ Tt ~ , 

KOTopoc npu w >> WQ.. l!MeeT HeycTOH'UiBoe peweHne 

(3.5) 

cnpane~nnnoe npn 

U (
7t)S,h K

2 
1(,7/c Ve 

· >> 7i Kf WPl -z;sp;: · (3.6) 

B cnyqae ;r << 1 l!Meeu 

(3.7) 

B cuny ycJIOBlUI w « K1fs nonyqnM, qTo pememie (3.7) cyll\eCT-
r. { ~ )'lr{ m· )I/~ nyeT nnm:&, ecnn BhiiiOJIHC!IO (3 .6) l1 7f >> -i m'e , 

T .c. CTeneH:& HeU30TepMUqHQCTI1 IIJia3Mbl ~OJilit!la ObiT:& ~OBOJI:&Ha BCJ!Uita. 
HaKOHeih MOlKHO paccMOTpeT:& cnyqM z - 1.s TaK qTo ~ -! << 1. Ilona
raa Tenep:& £ -!= !:. 8, oy~e!l pelllaT:& (3 .4) Me'.CO~OM llOCJie~OBaTCJI:&HbiX 

.. npl10JII1llteHUl1, OCTaBJIHH ~Jill npOCTOTbl Jllllll:& IIOCJie~Hllli liOHHblll qJieH, 
nponopiU1oHaJI:&Hblit u , ll oTopach!BaH aneKTPOHHhli1. B pesy JII,TaTe IIOiiJ-

II 

rrpn ct.:f fs 
(3.8) 

rrpu ?I ~1··8 



JlerKO ITpOBepVIT:b, 'liTO nepBoe 113 BhliT11CaHHhL'< ypaDHCH11iii 11M66T 

TOJI&KO yCTOiii'l!I'!Bble peweH11H c :Jm J = j m w "'0 • BTopoe ypa.BHeHHe 

np11BO.I\11T I\ Re J > 0, 11 HeycToiii~11DOCT11, onpe,I\eJIHeMoti 113 ycnoBHH 

~ rn ~.,- Jm w < 0 t1Jl11 en iff < z , 

IT OSTOMY 
{8! > .ezz z 0.2'1. 

(3.9) . 

Ycnon11e HeycToiii'lll1BOCTl1 (3.9),cTporo ronop.ff,npoT11Bope'llt1T npe,I\nono-

JKeHHOMY { S { -'<I, T.It. pemcH11e B aToM cnyliae Haiii,I\eHo .1\0BOJI:&Ho 

rpyc5o C TOliHOCT:&!O ,1\0 30%. TeM He M6H66 ITOJiyKOJUI'l!CCTBCHHhlC BhlBO,I\hl 

MOryT c5b1T:& C,I\6JiaHb1: B Oc5JiaCTl1 de. - I ITJHi ycJIOBlll1 (3 .9) B03MOlK!iO 

cyll!eCTBo:BaHI'!e lieycToiii'llt1BhlX pemeH11iii.I\JIH aKyCTll'llecKnx KOJiec5aH11i1, 

cJia30BaH CKOpOCT:&, KOTOpaH MCH:&me 1/a - rpynnonotf CROp.OCTI'I llOHHo-· 

3BYKOBb!X. 01.\CHl!BaH J8/ ll3 ypa.BHCHllfl (3.8)1 HaxO,I\llM, liTO (3.9) 

aH?-JIOrllliHO (3 .6) C TOliHOCT:&!O ,1\0 li11CJICHHOrO K08if!cJil1~6HTa, CJIC,ll;OBa

TeJI:&HO, noporOBOe 3Ha'lleHt1e 8Heprt111 llOHH0-3BYKOBOa Typ6yJieHTHOCTll 

onpe,n;eJIHCTCH 113 ypaBHCHI'IH 

tJ1r.. ~ K ~ 1ft (li:..J "'tlL ~ 0. J 
mi \)e K'-!!1. ie t'l ' • (3.10) 

8TO COOTHOW6Ht1e MOlKHO nepenllCaT:& B OOJiee HarJIH,ll;HOM Bl1,1l;6 

l1 ~[Kt ~ (...zL)S/2 7 Kz d: .· . 
tt KF K, 1fe 1'; I I I (3.II) 

OTKy,I\a Bll,ll;HO, liTO ynOVHHYThliii Bhlme lt08WcJill~I'I6HT 6CT:& . . 

ot. = Kt -Ys_ ( 'T'e ) of:. 
K} 1<, 11'e Ti 

8TO COOTHOmeHlle MOJK6T c5hlT:& JierKO ITOJIY'li6HO 113 npOCThlX Wll3JtlqeCKllX 

C006paJKeHI'Iiii npll ylieTe TOrO ~aKTa, liTO OCHOBHOiii BKJla,I\ B H6Jll1HeiiiHhle 

B3allMO,n;eiiiCTBI'IH ( S ) ll ( 0..) BOJIH ,n;aJOT liJICHhl, nponop~llOHaJI:&HhlC T6H30-

py BH3KllX HaiTpHJK6Hllfi Jiolf • 
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