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B pa6oTe paccMaTpHaaeTCR aaaa~a o pac~~Te TepMoynpyrHx HanpR

MeHHi!:, B03HHK8IOUIHX a UHJIHHape acneacTaHe 6biCTporo Harpeaa. AaTopy 

yaanOCb paCC~HT8Tb aHH8MH~eCKHe TepMoynpyrHe HanpRMeHHR B 6eCKOHe~

HOM KpyrJIOM UHJlHHape. llpouecc Tennoo6MeHa He Y~HTbiBaeTCRo C~~T Be

aeTCR no 9HepreTH~eCKH yCTOH~HBOH pa3HOCTHOH CXeMe. llopRaOK H3JlO)I(e

HHR TaKas. CHa~ana aaeTCR MaTeMaTH~ecKaR nocTaHOBKa aaaa~H. llanee 

npHBOaHTCR pa3HOCTH8R CXeMa. 3aTeM aoK83biBaeTCR ee yCTOA~HBOCTb. 

B aaKJIIO~eHHe onHCbiBaiOTCR ~HCJieHHbie pac~eTbi. 

llOCT8HOBK8 3888~H 

l1MeeTCR 6eCKOHe~HbiA xpyrnbiA UHJIHHap paaHyca R 

M8Jlb!H npoMeMyTOK apeMeHH 

0,2 CM. 3a 

t 0 
-5 

TT • 10 CeK 

0 0 
TeMnepaTypa UHJIHHapa B03p8CT8eT OT 0 ao 100 no 38KOHy: 

T( t) 

~ 50 ( 1 - cOS A t ) 

~ 100, t > t 0 
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B peaynbTaTe TaKoro aarpeBa B UHnHaape B03HHKa~T ynpyrue aa

npmKeHHSI. 0603H8'1HM qepe3 U ( t, t ) CM9IIl9HHe B paaHanbHOM HanpaBneHHH 

TO'IKH, 38HHM8Blllel!: B H8'18nbHbil!: MOMeHT nonO)I{9HHe t • Bo3HHK8~IIlHe 

TepMoynpyrue aanpsr*eHHsr o6oaHa'IHM qepea arr ( C)I{HMa~mee aanpSI)I{e-

aue B paauanbHOM aanpaBneHHH), a¢¢ (pacTsrrHBa~mee TaHreHuHanbHOe 

aanpsr*eHHe), a z z ( C)I{HMa~mee Hanpsr*eHHe B aanpaBneHHH ocu uHnHHapa). 
/1/ 

TepMoynpyrHe Hanpsr)l{eHHSI H paauanbHOe CMellleHHe CBSI38Hbl COOTHOIIle-

HHSIMH: 

a 
rr 

= 2G l ~ + _!!._(~ +~) 
at t-2a at t 

-a 
1 +a 

1-2a 
T ( t) I 

a =2G -+--(...-+-)-a--T (t) l u a au u l+a . 

¢¢ t 1 -2a at t 1-2a 

a 
zz 2G ~ ~(~+ 

1-2a at 
u 

t 

1+ a. 
) -a 1-2a T ( t ) I 

(1) 

3aMe'laHue:. ITpu paccMaTpHBaeMoM pacnpeaeneHHH TeMnepaTypbi paauanbHOe 

CMellleHHe He 38BHCHT OT rronO)I{eHHSI Ce'leHHSI1 OCeBOe CMellleHHe paBHO Hyn~. 

CooTBeTCTBeHHO paBHO ayn~ "CKanbiBa~mee" aarrpsr*eHHe 
/1/ 

0CHOBHOe ypaBH9HHe aBH)I{9HHSI HMeeT BHa 

a2
u 2G 1 -a a --=-- atu (_!_ ) . 

a t 2 p L'-2a at t a I 

a 
rz 

3aecb G - Moaynb caBHra, a - Koa<P<PuuueHT ITyaccoHa, a - TeMrrepaTyp-

Hbll!: K09$$HUH9HT nuael!:Horo paCIIIHpeHHSI1 

B aamux pac'leTax 

4 

p - Macca eaHHHUbi o6'beMa. 

;I 

ll 
I 

t, 

G 
6 2 

788•10 r/cM , 

-6 
a= 16,4•10 1/rpaa, 

a 

p 

/2/ 
( 3H8"19HHSI rrapaMeTpOB B3SITbl H3 pa60Tbl ). 

0,19808429118, 

3 
17 r/CM 

B Ha"'anbHbil!: MOMeHT UHnHHap HaxoaHTCSI B ITOKOe, 

u(t,O)=-a-u(t,t) 
at t = 0 

0 

flpearronaraeTCSI1 'ITO ITOBepXHOCTb UHnHHapa CB06oaHa OT BHeiiiHHX 

B03ael!:CTBHl!:: 

a (R,t)=O. 
rr 

BcneaCTBHe OCeBOl!: CHMMeTpHH OCb UHnHHapa HaXOaHTCSI B ITOKOe: 

u(O,t)=O. 

11TaK, paauanbaoe cMemeHHe u ( t , t) srBnsreTcsr pemeHHeM cneay~mel!: 

cMemaHHol!: aaaa"'H: 

az u 2G 1-a a 1 -- -(-
at2 p 1-2a at t 

u(t,O) =-a- u(t,t) 
a t= 0 

u ( 0, t) = 0' 
au 
at 

+ ....!!._ 
0.'-a 

atu 
) ' 0 _::: t _::: R t~ 0 ' 

at 

0 (2) 

u 1+a =a--- T ( t ) 
t r= R 1-a 
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PeweHHe (2) BbinHCbiB89TCSI B BHae pgaa no cpyHKUHSIM 

BeccenSI, I1 ccneaoBaHHe Ha ypoBHe rnaBHbiX 'lneHOB aCHMnTOTHKH noKa3bi-

5aeT, 'ITO ps!ll CXOaHnCSI MeaneHHO, '4Hcno 'lneHOB pgaa, aaJOWHX npH6nH)K9-

HH9 1 38BHCHT OT I • KoacpcpHuHeHTaMH sToro PSI.lla RBnRIOTCSI HHTerpanbi, 

coaep*awHe cpyHKUHH BeccenR, TaK 'ITO C'IHTaTb u (I , t ) c noMOIUbiO pSI.lla 

HeyJlo6ao, TeM He MeHee sTOT pRa noneaea, C ero noMOIUbiO MO)KHO, aa

npHMep, npOBepRTb 'laCTOTbl OCUHnnSIUHil: 'IHCneHHOro peweHHSI, 

DepBoHa'lanbHO B ocaoBy '!Hcneaaoro MeToaa 6hma nono*eaa paaHocT

HaR CXeMa-MOCTHK • .nng nOBbiW9HHSI nopRaKa TO'IHOCTH npOH3BOaHnCSI nepe-

c'!eT no cxeMe-KpecT, 
/3/ 

ABTopoM 6hma ycTaHoBneHa 6eaycnoBHaR paBHOMepaag ycToii:-

'IHBOCTb CX9Mbi-MOCTHK anSI MoaenbHOrO ypaBHeHHSI ~ Ut + Ux "' 0 

B Toil: *e pa6oTe noKa3aH01 'ITO COOTB9TCTByiOIU8SI CXeMa C nepec'!eTOM 

no KpecTy HeycToii'IHBa B paBHOMepHoil: MeTpHKe, OaaaKo nono)KHTenbHbiil: 

onbiT MaTeMaTHKOB I10M, BbinOnHSIBWHX no STOil: CXeMe CnO)I{Hbie raaoaH-
/4/ 

HaMH'IeCKHe saaa'IH , H onbiT MaTeMaTHKOB C H6HpH, ycneWHO C'IHT8BWHX 

no sTOH CXeMe aaaa'ly 0 naBOaKe peK, o6aaae)KHBan, 'ITO paCCMaTpHBaeMaSI 

CXeMa yCTOii:'IHBa B KaKOii:-TO 6onee cna6oil: HOpMe H 'ITO sTa yCTOii'IHBOCTb 

noaBonHT npoBeCTH pac'!eT H B aaweM cny'!ae, 8Ta aaae*Jla He onpaBJlanacb, 

DpH6nHaRTenbHO Ha paccTORHHH 

"pea6anTbiBaHHe"peaynbTaToB no 

2t
0 

oT aa'lana C'!eTa Ha6niOaaeTCSI 

I CO CMeHOil: 3RaKa 6yKBanbHO npH nepe-

XOJle OT TO'IKH K TO'!Ke, DpH'IeM paa6anTblB8HHe Ha'IHHaeTCSI C I = Q, Bee 

nonbiTKH noanpaBHTb CXeMy B OKpeCTHOCTH OCH UHnHHapa He aaBanH OIUy

THMbiX peaynbTaTOB, Docne STOrO npOH3BOJlHnCSI C'!eT no oaHOMY "MOCTH

Ky". TeopeTH'IeCKHe npeacKaaaHHSI nonaocTbiO noaTBepaHnHCb, CxeMa-Mo

CTHK o6naaaeT XOpOWHMH CBOii:CTB8MH B CMbiCne yCTOii'IHBOCTH, oaRaKO ORa 

HeaocTaTO'IHO TO'!Ha, I1a-aa aeaocTaTKa TO~HOCTH Ha6niOJlaeTCSI napa3HTH

'IeCKHil: SKCnOHeHUHanbHbiil: cnaJl: rpy6o rOBOpSI, BMeCTO pRaa 
00 

~ A k cos .\ k t 

C~HTaeTCSI pRa 

6 

.', •.... ·····1···· 

',i 
~.. ,I 

~ 

,, 
(;r ~ 

.~:~ 
'<·;'! 

:.~~: 

:(· 
:~;: 
·;~. 
1.; 

1
.,,, 

. 
. , 
' 

\ 

~ A k ( cos .\ k t ) 
2 . 

e:xp (-cr ,\ k t ) 

rae r - war no BpeMeHH, TaKoil: pRa o6biCTpo BbiPO*aaeTcR B rrepByiO 

rapMOHHKy, DpH'IeM pac'!~Taoe .\ 1 npeKpacao cornacyeTCSI c TeopeTH'Iec

KHM, Ha6niOaaeMbiA sKcrrolieiruHanbHhiA crraa MO)KHO ocna6HTb, yMeRbWaR r. 

Ho npH aToM nporropuHoHanbHO yBenH'IHBaeTcR BpeMR C'!eTa, EcTb H apyroa 

rryTb ocna6HTb sKCIIOHeHuHanbHbiil: cnaJl: yBenH'IHTb IIOpRaOK TO'IHOCTH cxe

Mbl C IIOMOIUbiO nepec'!eTa, ABTOpOM 6binH npeanpHHSITbl nonbiTKH nocTpOHTb 

YCTOii'IHBYIO CXeMY C nepec'!eTOM, 0aHaKO OHH He yBeH'!anHCb ycneXOM, .nanee 

npOBOaHnCSI C'leT no oaHOMy "KpeCTy", 0THOWeHHe waroB CeTKH 6bJnO noa'IHRe

HO ycnoBHIO KypaaTa, 8To ycnoBHe npoBepgnocb aa MoaenbHoil: aaaa'le, 

CHOBa nOSIBHnHCb 3HaKOMbie OCUHnnSIUHH, Docne sToro OKOH'IaTenbHO CTano 

SICH0 1 'ITO Sa)la'la nnoxo MoaenHpyeTCSI, 0cTaBanOCb nocTpOHTb yCTOii:'IHByro 

pa3HOCTHYIO CX9MY HMeHHO anSI paCCMaTpHBaeMOil: aaaa'IH1 a He anSI KaKOii-TO 

ee MoaenH1 XOTSI 6bi sTO 6bma YCTOii:'IHBOCTb B O'leHb cna6oil: HOpMe! TaKaSI 

cxeMa 6bma nocTpoeHa. 

8HepreTH'IaCKH YCTOii:'IHBaSI p83HOCTHaSI cxeMa 

C'!eT BeaeTCSI C noCTOSIHHhiMH waraMH: r - war no t , h -war 

no I • CeTKa rrpeacTaBneaa Ha pHCYHKe, 

Ha HyneBoM H nepBOM cnoRX aaaaHhi ay-

t•rl't' neBbie Ha'!anbHbie aaHHbie: 

. ' . 
2"!' 

tr; 
R(M·0,5lh 

0 h. 2h · • • • h ·M1 Mh "'t: 

uo = u 1 
J J 

0 npH 0 ~ j < M 

Ha n -M (n ~ 2) cnoe no t aaaa-

'18 (2) SaMeHRnaCb paSHOCTHOil: anrrpOKCH

M8UHeil:, u~ "'0 , npH 1 =::; j ~M1"' M-1 

J-h 
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n+l D 

Uj -2u1 
2 r 

n-1 
+uJ 2G 1- (7 

=-
p 1-2u 

n-1 u r 

n+l 

I 
UJ+I 

n-1 u r 

n+l 
r1 +1-u 1 

r !+..!.. 
2 

n-1 u r 

r J 

{ 3) 

un+lr -un+lr 
j J J-1 J-1 + J+l J+l J J L-..J 

n-1 -u r 
~!=..!-I /2h2

, 

r I 
1--

2 

r 1 
1+2 

r 1 
1--

2 

rrpH i=M-0.5 aaaaeTCSI T8K8SI8IIIIpOKCHM8UHSI: 

!_I 
2 

n+l n+l n-1 n-1 n+l n+l n-1 n-1 
U M -u M I U M -u M I U U M + U M I + U M + U M I 
·----·- + + -- ---- .....;;~_.....;;;;:._. _____ _ 

h h 1-u 2R 
I =a 1+u T(or). 

1-u 

CxeMa HeRBHaR. 3Ha'l:eHHR u n 
J 

Ha xa~oM cneny~meM cnoe (n ~ 2) 

HaxonHnHcb MeTonoM rrporoHKH 1 xoTopaR rrpoaonHTCR cneaa uarrpaao. TepMo

yrrpyrHe uarrpSI)KeHHR onpenen~TCSI no cjlopMynaM { 1 ) , B KOTOpb!X npoHaaoaHbte 

3aMeHSI~TCSI p83HOCTHbiMH annpOKCHM8UHSIMH: 

au 

ar 

• U 8 D =-J - u2 - n r - ----
0

a (O,t) 6h---+ O{h 2), 
(O,t) 

n n 

au u !+1.:
0 

1-1-+ 0 (h 2 ), --=--
ar 2h 

au 

ar 
(R ,t) 

n n 2 ) -~-uMI_ + Oth ' 
- h 

n 
u ~ 
-= ' 
r rl 

_u_J 
r (R ,t > 

8 

1~i~M1, 

" n 

DM+UMI +0{Jt2 ). 
=~--

'
·,, ,, 

~-,_ .. ~ 
A ',, 

,.·',', 

.. 

.·:· -~; 

-,, 

noxaaarenbCTBo ycToA,HaocTH. llHcxpeTHbiA auanor 

uenpepbiBHorp aaxoua coxpaueHHR aueQrHH 

/5/ 
CnenyR A.A. CaMapcxoMy , cTpoHM paauocTHY~ arrrrpoKCHMauH~ 

BHna 

A ii n+l -z~n+ii n-1 - n+l+u n-1 o-n u + B 
2h 2 

{4) 
r 2 

tie pea un o6o3Ha'l:eH BeKTOp 3H8'ieHHli u ua n -M cnoe: 

U n ( U n 
I , ... ' n 

UM 

CooTBeTCTBeHHo A H B - MaTpHUbi nopSinxa ( M , M ) .- EcnH A H B 

CHMMeTpH"lecxHe, A ::: 0 , B :S 0 , To HMeeT MecTo ycToli"'HBocTb B CMbicne 

cneny~lllero auepreTH'ieCKOrO COOTHOWeHHSI: 

(u n+l -u n A (u n+t _ ii n ) ) _ ( u n+ t , B \jn +I ) 

(iin - n-1 A (- n - n-1)) (-n-IB - n-1) (- n+l - n-t,. o'" -u , u -u - u , u + u M -u M J · M 

.Uoxa)KeM, 'iTO cxeMe, no KoTopoa aeneTCR C'i~T, _or,aeqa~T Ma:rpHilbl· A H B, 

o6nana~wHe Hy)I(HbiMH caolicTBaMH, .Uanee I;IOKa)KeM, 'iTO nnR uawero cnyqag 

auepreTH'ieCKOe COOTHOWeHHe stBnSieTCSI nHcKpeTHbiM aHanoroM Herrpepb!BHO-

ro aaxoua coxpaHeHHR aHeprHH, 
~ 

06oaHa'iHM qepea R JlHaroHanbHY~ MaTpHuy paaMepHOCTH (M, M ) : 

R. = II r J II II j h II 1 ~ j ~ M • 
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3anHI118M ( 3) B BH.lle M8TpH'IHOro ypaBH8HHH: 

I n - n-1 1 "' -n+ -2u +u 2G -u B 
A _u ___ 2-----= --;;- 1-2u 

T 

-n+l - n-1 
11 +u - n -----+ D • 

2h 2 

"' • 0 n 3.nec& A • B HM8IOT cne.llj'IOIIIHA BH.ll: 

rl 0 0 ... 0 0 

r 
0 l 0 r 0 0 0 - 0 ... 

'Dn = A= I 2 . 
................. I 0 

0 0 0 ... r Ml 0 I I 't.fMI ~ ~ T n I 
0 0 0 ... 0 0 28-bh b i-2u 

8 =I 

r 8 
rlr2 I 

0 0 0 Q ... 
r I r I 2r 

1+! 1+2 1-2 2 

8 
r2 r1 - '2 ~a__ 0 0 . . . 0 

2 r r r 1 2r 1 2-! 2+~ 2-2 2+2 
2 

.......................................... 
8 

's r 1-1 r 
0 0 .... 0 

- __ s ___ 
2r s-J r 1 r 1 

2 lti j-ii 

0 0 •.••••. 0 •.••..•.• 0 

0 0 0 0 

10 

r 1 r lt1 
2r 

l+!. 2 

-~M/M1-1 
2r 

M1-f 

rMrM1 -
2rMI~ 

2 

0 ... 0 

r 3 r r 
_M_1__ .2U!..!. 

r r 2r 
Ml+; Ml-~ Ml+t 

28+bh -·-~ 
- 28-bh 28 

i 
j 

I 

{ 

3!!Me,aaue: .D.nH Toro 'IT06&t MaTpHua B 6btna CHMMeTpH'IecKoA, M&t 

yMHO*HnH npaaoe rpaHH'IHOe ycnoaHe aa 

rMrMI -/(.hl!_-1), 
--- 2R 
2r 1 

M1+-
2 

neMMa: MaTpHUbi A H B 

h < 28/b. 

b =-q-. 
1- q 

cHMMeTpH'IeCKHe, A > 0 , B $. 0 npu 

AoKa3aTen&CTBOj .D.uaroaan&HaH MaTpHUa A aeoTpHuaTen&Ha, TaK KaK 

r 1 = j h > 0 npH j ~ 1 . CHMMeTpH'IHOCTb MaTpHUbt B cne.nyeT H3 ee 

BH.lla. OcTaeTCH ycTaHOBHTb aenono*HTen&HOCTb MaTpHUbl B • fioKa*eM, 

'ITO .nnH n106oro aeKTopa x cnpaae.nnHBO HepaBeHCTBO 

M1 
( B~, i) = I r x ( 

1 j j 
~ -x 
2 r 1 1-1 

l--
2 

r2 
j 

X j 

r 1 r l-..! 1+2 2 

rl +1 
+--2r -- x J+1 

l+..! 
2 

) + 

+ r x ( 
M M 

'MI 28+bh r~ x 
) $. 0. -- M 2 8-bh 2r 1 2r XMI 

M-l M--
2 

CyMMa ecTeCTBeHHbiM o6pa3oM pa36HaaeTCH Ha TpH cyMMbt. 06'be.llHHHeM 

o.nHHaKoB&Ie cnaraeM&te B nepaoA H TpeT&eA cyMMax • .D.anee ucnon&3yeM 

aneMeHTapaoe HepaBeHCTBo 2x
1
xl+1 'S_x ~ + x 1~ 1 fiocne STOrO HMeeM: 

M1 r r 
(Bx, i) <I .:..u±! 

-I 2r I 
l+-

2 

M 
2 ~ r 1' J-1 2 

x +..w-----x -
l 2 2r l 

l-1 

8 

~
I r 2 _......_ ___ X 

r r l 
H-j l--\ 

rMr Ml 28+bh 2 
--- -x 

28 28-bh M 

Aanee .nocTaTO'IHO aocnonb3oBaT&cH aepaBeHcTBaMH 

3 
rtr2 r1 
-,....--<----
2r8 '!'! 

2 2 2 

r l r 1+1 

2rl+ t 
r I' 1-1 

+ 
2r1 _ J 
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1 
(2r 

1 
-h ) 
---

2r 1 r . 1 
1+2 J- i 

< 

8 
rl 
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rM fMI rM rMI 
---- < -""--

2R 2R 

2R + bh 

2R -bh 
npH 2R > bh. 

0Tc10na cnenyeT uenonoJKHTenbHOCTb B npH nocTaTO'IHO ManoM h 

TeopeMa, CxeMa (3) ycToii:'IHBa B CMbicne cneny10mero auepreTH'IecKoro 

COOTHOilleHHSI: 

Ml 2 Ir (un+l_ n )2 T 2G u 2Rb-h M (r un+l -r: un+1)2 
I j l U j + -2 -- ---- ----- ~. __ l_l J-1 j-1 

h P l-2u 2R-bh 'T - 2----- + 
r I 
l- ~ 

M . n+l 2 
2 G 

2R+h ~~ l ( n+l n+l )2 
+ ----· t' -r I u -u + 2R -bh 2 l-2 l 1-1 

h 2 •( n+l 
--- u 2r 1 l 

l-2 

+u : ) I 
j-1 

Ml 

=I r 
I 

( U n 

M 
n-1 2· r 2 · 2G U 2Rb-h ~ 

-u ) +--------k 
l h2 :p l-2u 2R-bh 1 

2 
h 

+ --
2R+h M l n n · 2 

- 'n n. )2 
( rl ti-l - rj-1 uj-1 
__ ....;·-- ---- + 

2 r J-..l 
2 

(u n + u n ) 2 l + 2G 
+

p 2Jr-.h 1 -
2

r 1 (u ·-u ) 
l-- l J-1 

2 2r l-.! 
2 

l J-1 

r rMI + M 

2R-bh 

l+ U T 2. 
a--- ( n+l 

t-2a ""h u M 
-u n-1 )Tn. 

M 

CooTHOilleHHe ( 5) SIBnSieTCSI llHCKpeTHbiM auanoroM' uenpej:>biBHoro 

aaKoHa coxpaHeHHSI aueprHH (2): 

12 

( 5) 

a 
at 

~ fl 2._ ( ~ )2 + ]_ 2G _u_ ( aru )2 + r ~G ( .!J!_ )2 + 
2 0 r at r p l-2u ar p ar 

+.!. L u 2 l dr =a 
2 G l+ u- R ..l.!J..R,t) T(t). 

r p p l-2u at 

( 6) 

2 _n+l _ n-1 
AoKaaaTenbcTBOi YMHOJKaeM o6e qacTH ypasueHHSI (4) cneaa ua r (u -u ). 

flony'leHuoe cKanSipHoe BbipaJKeHHe cyMMHpyeM no n 

N 
~(-n+l _n-IA(_n+l 2 -n -n-\) 
., u -u , u - u +n ) = 

r2 N 
- I (-n+l h2 n=l U _;n-1 

2G 1-u 

P l-2u n=l 

N 

( _n +I - n-1 )) ~ ( n+l n-1 8 u -a + ., aM -uM 
n=l 

ITocne cyMMHposaHHH nonyqaeM: 

!..u.!lu... 2._ l + u_ r 2 T a • 

2R-bh h l-2u 

N 
I ( 0 n+l -n-IA(_n+l 2 _n -n-1 )) (_N+I _N A(-N+I -N)) -u , u - u + u = u -u , u -u -

n=l 
-(ii 1 -u 0 ,A (.1 1 -; 0)); 

~ c-n+l _n-1 B c-n+l -n-1)) (_N s-N) c-N+I s- N+l)' ( _o B-0) ., u -u , u -u = u , u + u , u - u , u -
n=l 

flonolKHM n = N -o -
t U =U n-1 -I - D u = u • 

13 
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TOrna nony'IHM COOTHOWeHHe 



'A ( U n+1 --u 
n 2 

))- 2G 1-u r --- (- n+1 p 1-2u f! u , Bu n+1 ) = 
n+1 -n 

-u (; 

2 

(
-n -n-1 A(- n - n-1)) 2G 1-u r (_n-1 

8
_n-1) 

= u -u , u -u ------- u , u + 
p 1-2u h2 ( 7) 
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Terrepb 110llCT8BHM llOCJie)lHee llOJiy'leHHOe Bbip8)1{9HHe B ( 7). nocne 9Toro 

ocTaeTcsr JIHillb pacKpbiTb CKansrpHoe rrpoHsBeneHHe, conep)Kamee A • CooT

HOilleHHe ( 5) noKasaHo. HerrpepbiBHbtlt saKoH coxpaHeHHsr aHeprHH ( 6) MO)KeT 

6b!Tb 110JIY'I9H H3 COOTHOilleHHSI ( 5) rrpell9JlbHbiM rrepeXOllOM llpH T-+ 0, 

h ... 0 • 

qHCJI9HHbie P8C'IeTbl 

OcHoBHbte pac'l:eTbi rrpoBOllHJIHCb rrpH 

M =50, r/ h= 10 -6 . 

npH KOHTpOJibHbiX rrepeC'IeTaX lll8r'H ceTKH MeHSIJlHCbo PacCM8'f'PHB8JlHCb 

llB8 HMllYJibCa: 

Tl (t)= 

T
2 

(t) = 

5 

1
50 0-cos (10 l )) llpH 

100 llpH 

4 

t ·> t
1 
0 

1
50 0-cos (10 t )) llpH 

2 
100 llpH l > t O 
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nepBoHattanbHO CttHTanHCb TepMoyrrpyrHe HaiTpR*eHHR 1 OTBettaiDWHe 

"'c*aTOMy" HMrrynbcy T I (t). Pactt~T aaHHMaeT OKono 10'. nanee rrpo-

BOnHnOCb nBa KOHTpOnbHblX C'l~Ta: 

1. M = 50, ; = T /2' 
"' -6 
r( h=- 10 /2. 

- - 6 2. M =100, i=r/2, '¥/h- = 10- . 

PeaynbTaThl KOHTpOnbHhiX paCtt~TOB xopomo cornacyiDTCR C OCHOBHhiM 

C'l~TOM, Ha rpa~HKe HX rrpOCTO HeB03MO*HO paanH'lHTbo 

npH rrepexone K 'HcTHHHoMy' HMrrynbcy rrepBoHattanbHO mar rro Bpe

MeHH 5bin yBenHtteH B 10 paa. B peaynbTaTe BpeMR ctt~Ta ocTaBanocb 

HeHaMeHHhiM. TaKoe yBenHtteHHe mara rro BpeMeH~Kaaanocb aBTopy norry-

CTHMhiM1 TaK K8K HCTHHHhifl: HMITynbC T 
2 

(t) paCTRHYT ITO cpaBHeHHID 

c T /t) B 10 paa. OnHaKo rrpH aToM Ha5niDnaeTCR cHnbHoe pacxo*ne-

HHe B 3HatteHHRX H8ITPH*eHHfl:1 rronytteHHh!X nnR OnHOrO H Toro *e C T 

HCT/2. nanee 5bma caenaHa ITOITbiTKa yMeHbmHTb ttHcno TOtteK Ha R • 

CooTBeTCTBYIDIIIHfl: aKcrrepHMeHT rrpoBonHnCR KaK nnH 'c*aToro' HMrrynbca 

T I (t) , TaK H nnH "'HCTHHHoro"' HMrrynbca T
2

(t) • npH 9TOM Ha5niD-

nanocb cHnbHoe pacxo*neHHe peaynbTaToB, rronytteHHhiX rrpH M = 25, c pe-

aynbTaTaMH, rronytteHHhiMH rrpH M = 50. no-BHnHMoMy, rrpH M = 25 He 

XBaTaeT TO'lHOCTHo nocne HeynattHhiX ITOITh!TOK yMeHbmHTb BpeMH C'l~Ta 

nmr "HCTHHHOro" HMITynbC8 5bin rrpoBeneH '18COBOfl: C'l~T C T9MH *e T H h, 

ttTo H nnH "c*aToro" HMrrynbca. 3aTeM 5hmo rrpoBeneHo nBa KOHTponbHhiX 

cqeTa: 

1. M =50, ';=T/2. 
-6 

r/h=lO /2, 

"' "' "' -6 2. M = 75 , r = 2 r /3 , r (h = 10 

npH C'l~Te 'HCTHHHoro" HMrrynbca T 2 H8ITPH*9HHH cnerKa 'pacKa-

'fHB8IDTCH" • no-BHnHMOMy, 9TO CBH38HO C 5onbmHM 'lHCnOM marOB ITO Bpe-

16 

MeHH ( OCHOBHOMY C'l~TY OTBeqaeT OKOnO 40000 maroB H8 t ~ ! ) • TeM 

He MeHee peaynbT8Thl OCHOBHOrO H KOHTponbHOrO C'l~Ta cornacyiDTCR no-

cTaTO'lHO XOpomo. 

npHHomy 5naronapHOCTb H.C. EaxBanoBy H l1.H. CHnHHY aa o5cy*

neHHe peaynbTaTOB ctteTa H IO.l1. WenoHuesy aa KoHcynbTaUHH rro <I>OPTPAHy 

H 5onbmyiD rrpaKTH'feCKYID ITOMOWb rrpH OTnanKe rrporpaMMhlo 
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