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O BJINAHNN TUAPOIMHAMINYECKOI'O HOJISI HA YCTOMYMBOCTDH
JIAMAHAPHOI'O IINIAMEHN

' Hn. Cusawmuncruu
(Mocksa)

Wccmenosanne TugpONMHAMAYECKOM yCTOHIMBOCTH IIIOCKOro (pPOHTA MmiIaMeHH OBLIO
nposefero B pabore JI. II. Jlammay [], B KoTOpOii ycTaHOBIEHO, 9TO IIOCKUHA PPOHT mIame-
HI afCOTI0OTHO HEYCTOMYNB.

Ilexs mpeamaraeMoi 3aMeTKH: BEIABUTH BINAHNE KPUBU3HE THAPOIMHAMUIECKOT O MO
Ha YCTOMYMBOCTH IIaMeHW. VcciefoBaHWE yCTONIMBOCTH MIaMeHM OPOBOJHTCA B paMKax
reopuu JI. . Jlagmay, Tak 9ro POHT ITaMeHH HpeACTaBiseT 060 MOBEPXHOCTh, HA KO-
TOPOil TepuAT PaspHB 3HAUEHHS CKOPOCTH, INIOTHOCTH ¥ TeMIepaType. BsaskocTs, muddy-
31 ¥ TeIVIONPOBOJHOCTh He YIUTHBAIOTCH. DPOHT ABIKETCS OTHOCHUTENbHO ra3a ¢ M3BeCT-
HOIl TOCTOSHHON CKOPOCTBIO. 'a3 mepen ¢poHTOM U 3a PPOHTOM Ipefmojaraercs HeCyKUMae-
MEIM.

IToxkasaHO, 94TO CYImECTBYIOT HOJIA Kak cTadwinsmpyomue, Tak U fecrabuinsupyomue
mraMs. PaccmaTpuBaeTcss NHIMHADHYECKOe mvIaMsi, 00pa30BaHHOE COCPelOTOYEHHEIM HC-
TOYHHKOM 3aJaHHOH WHTEHCHBHOCTH (IIOCKas 3amada). Mcciemyercs yCTOHIMBOCTH IJIa-
MeHU Ipu BO3MYIeHWH (poHTa miIameHH. IlokasaHo, 9TO B 3aTOoM Ciaydae TUApPOAMHAMUYEC-
KOe 0O0jJe OKA3HBaeT CTa0unusupyolllee BiIMsAHAe Ha miams. I[a1A HepBHX TIapMOHHK
BO3MYIIeHUs MAecTa0winmampylomuil (axkTop pacmupeHHs Tasa OKa3HBAeTCS [OCTAaTOTHO
cralbM M0 CPABHEHUIO CO cTA0UIU3NPYOINUM BAUAHNEM HOAs cKopocreil. [lepBre rapmo-
HOKH BO3MYINeHW# 3aTyxaior. IIpuBefeH Opmmep HecTabunu3upyomero BIUAHUA HOIA
CKOpoOCTeil: pajualbHBIA IIOTOK CBesKell Cmecwm IOflaeTCs M3BHe; CyIMecTBYeT COCPelOoTOdeH-
HHIH CTOK /I OPOLYKTOB CTOPaHMS.

§ 1. TugponmEaMuIecKas KapTHHA HEBOSMYINEWHOTO NUINHPUIECKOI0 ILIa~
MEeHU B TOJAPHHX KOOPAWHATAX 7, () EMEET B[

= — = e USr <=2 = R

Q 9P>° Q 1D~ N \

.1,

3necs v, — pagmanbHAA KOMIIOHEHTA CKOPOCTH rasa, S — CKOPOCTH IIa-
MEHH OTHOCHTEJBHO rasa, p — INIOTHOCTH rasa, P — maBienwe B rase, Q —
HHTEHCUBHOCTH WCTOYHUKA CBeKeM cMecH, R — paguyc HEBO3MYIIEHHOIO
¢ponTa muaMenu (BCe mapaMeTpPHl CBesKe#d cMecHM muImyTcs ¢ MHTeKcoM 1, ¢
HHIEKCOM 2 MHITYTCA MapaMeTpPHl MPOAYKTOB CrOPAHUS).

Ilpu wmccaemoBaEmm yCTONYMBOCTH OymeM MCXOMUTH M3 YypPaBHEHUA [
¢yuxnun toka V'
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Jlna manbmeiimero HaM morpeGyercsa CBA3H MEEAY;E M P, KOTOPYIO JErKo
OOJYy4YNTh W3 ypaBHeHHWEH 9Jitmepa

11 9¥ v 1 0% 2% |, 1 oY 0¥ 1 opP “ o

gtor 'Nr or, or2  r or ord@ ' r dr 49 ~ pr 09 \rey
Homosmum ¥ = ¥° 4, P = P° + p (¥, P° coOTBEICTBYIOT HEBO3MY-
IIEHHOMY IIJIaMeHH).
Bynem cumrarh, 49TO

lp| <|P°| (1.4)
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Ucoonssys (1.1), (1.4), numeapmsyem ypasmemua (1.2), (1.3)

- =9 ‘
o o =0 (=) (1.5)
ik SR i BRI N ) (1.6)

otor ' r or2 r2 or pr op
Nz (1.5) umeem

Ap=F (t — r*/ 2x, @) (1.7
HOJIO?KMM B HAYaJbHBEIA MOMEHT
F(t—r2/2x ¢) =0 (1.8)

Ilpepgmonarass, 94ro WCTOYHWK CBeKEeH CMeCH HE MBJIAETCA WNCTOYHHKOM
vuxpeit u yauteiBas (1.8), monyunM, uto Ay = O npr ¢ >0, 0 <r<R =

r>7V 2ut + R* — D (f). Takum o6pasoM, B JIWHEAHOM OpPUGAWKEHHR Te-
geHme Oymer 3aBeoMO Ge3BUXPEBEIM TOJBKO BHe Koabma R < r <D ().

Nrakx, B pesyabraTe BO3MYyHEeHHS OT (YPOHTA MJIAMEHH OTHEJSETCA IO
BEPXHOCTH pa3priBa Bmxpeit. CKOPOCTH ee MBUIKEHUA OTHOCUTENBHO rasa paB-
Ha mym:wo. Ilostomy mpm r — D (f) TaEreHnuanbHAs KOMIOHEHTA CKOPOCTH
MOKeT IpeTepHeBaTh paspeB w (¢, t). Tak Kak B HaYaabHBIA MOMEHT BO3MY-
IaeTcs TOJABKO (POHT, TO IOJOMKUAM

w(p, 0) =0 1.9)

§ 2. Hannmmem nuHeapH30BAHHBIE YCIOBUA COXPAHEHHA MTOTOKOB MAace M
KOMIIOHEHT HMMOyjbca Ha (POHTe IJaMeHH, a TAKKe YCJOBHUsI IOCTOSHCTBA
CKODOCTH pacmpocTpaHeHHs (pPoOHTA DHJIaMeHH OTHOCHUTENbHO Trasza. VMMmeem

opu r = R
HEIPEPHIBHOCTL IOTOKA MAacCCHl
S1p1 =35, 0, (2.1)
HEIPEPHIBHOCTH HOPMAJNbHOH KOMIOHEHTH HMIYJIbCa
P1—DPe= AR p1% (%, — %) (| A|<ZR) 2.2)
HEIPEePHBHOCTH KAaCaTeJbHON KOMIOHEHTAa WMITYJIbCa
0 1 0A ‘
— (P2 —P1) = 7 55 (%2 — ) (2.3)

TIOCTOAHCTBO HOPMAJIBHOH CKOPOCTH pacmpoCTpaHeHWs (pPOHTA OTHO-
CHTEJIBHOTO rasa
ON | %1 4 1 oy J .. N A, o 0 IA

3pecs A — BoaMymenue ¢poHTA.

IlpuBememM nmHeapum30BaHHHE YCIOBHA COXPAaHEHHS HA IOBEDXHOCTH pas-
DPHIBA BHUXDe#, a TAKKe YCJIOBHEe HENPOHUI[AEMOCTH BSTOH IOBEPXHOCTH A
raza. Umeem mpu r = D (¢)

HEIPEePHBHOCTh HOMAJBHOA KOMIOHEHTH HMIYJIbCa

ps —ps =0 (2.5)
HEeNPOHMIIAeMOCTh TOBEPXHOCTH pa3pHBa BHXpeil
—0 (2.6)
BO3MOKHOCTh Da3DEHBA TAHTEHIMATHHOH KOMIOHEHTH CKODOCTH
'a—?- (P2 — Pz) = w (1) (2.7)

(C WHIeKCOM 3 MMITyTCsA IapaMeTPH NIPOAYKTOB cropamms B obmactu r > D),
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§ 3. HoxaeM, 9T0 paguadbHOE IOJE COCPEIOTOYEHHOTO MCTOYHUKA OKa-
BBBaeT cTabmiamsmpylomee BiausHUe HA (pPoHT miuamenu. Ilas sToro mpexamo-
JOJKUM, 9YTO TEIJIOBOE DPACIIHPEHWE OTCYTCTBYET, T. €. P — Py — P, 07 =
=S, = §. Torma Bosmymenmne poHTA miIaMeHH He OymeT BEIBEIBATH BO3MY-
IEeHNH CKOPOCTH W IABIEHUS.

W3 mepBoro ypaBHeHUs (2.4) mMeeM ypaBHEHWe [AJs BO3MYINEHUs (POHTA

Otcioma BUgHO, 9YTO (POHT IIaMeHH abCOJIOTHO YCTOWYIUB.

IlokaskeM, 970 THIpPOAMHAMUIECKOE II0JIE COCPEIOTOYEHHOI'O CTOKA OKA3BI-
BaeT jecradmimsupyiollee BiIusgHUE HA (GPOHT. [[eHCTBUTEIBHO, IOJOKUB
01 — Ps — P, ©y =28, =5, aHATOTWIHO BHIIIEUBIOKEHHOMY, HOJIYINM
ypaBHEHHe

ot R

Takum o6pasoM, B 9TOM ciydae GpPOHT mIaMeHH abGCOJIOTHO HEYCTOWYUB.
Ecau e p; > 0,, Ile P, — IJIOTHOCTh HPOJAYKTOB CrOPAHWUA, TO JecTabuian-
3UpyIOINee BINAHNE TEIJIOBOTO PACIIMpPEHHs GYmeT CyMMHUPOBATBCA C IeCTa-
OMIMBUPYIOIIMM BO3[eACTBHEM PATMAIBHOTO mOJSA CKOPOCTeH HEBO3MYIIEH-
HOT'O INIAMEHHW, YTO TOJbKO YCHJIUT HEYCTOMIMBOCTH (POHTA.

§ 4. Paznoxum pyaknuu ¢, p, A, w, F B pag Dypse oo ¢. Ycrosusa (2.2) —
(2.7), mpeo6pasyiores B yCaoBUsA A Qypbe-KOMIOHEHT (HHAEKC & 0603HATaeT
k-0 pypre-KOMIOHEHTY)

a
Pik— P2k = Ba P11\ — ==+ o= (or — P1x) = 55 (%2 — %1),

I W L

- —ah

. A
ik (b — Pg) = — 1 —%y), Pop— Pap =0
0
Vo — P = 0, o (Vo — Psx) = wi (¢)

Vpasrernusa (1.6), (1.7) mepeiinyt k¥ ypaBHeHUAM s $yphe-KOMIOHEHT

% 02 | % 0 ik
gtor -+ r orz ' rz 9r  pr

—t = Y — VU

Ucnonsays (4.1.2), (4.1.4), (4.2.1) — (4.2.3), upeobpasyem ycaopue (4.1.1)
K BHUIY

R2
e (prtpay — o = P P (£ — ) (4.3)

Amamormuno ycaosme (4.1.5) mpeobpasyercs K Bumy

Ho F, (t —D?/2x%,) = F, (—R?/ 2%,) = 0 B cmIy HavaJbHOTO YyCJIO-
Bus (1.8).
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Tarum o6pasoM, ycaoBue (4.1.5) 9KBHBAIEHTHO YCIOBIIO
dwk / dt =0

Orcropa, w;, = 0 cornacEo HadaabHOMY ycioBuio (1.9). Mrak, Hazams-
Hoe yciaosue (1.9) ofecmeumBaer HenmpepHBHOCTH TAHTCHIMATbHON KOMIOHEHTHI
cKopocTH Ha moBepxHocTH r = D (f). Vcaosme (4.1.7) mpumer Bup

=0 (4.5)

damernM, 4ro Temephb yciaosme (4.1.5) — cmepcrsue ycaosmsa (4.5), mo-
aToMy npm r = D (t) mocratouno TpeGOBATL BHIOJHEHNs JNMb COOTHOIIE-

Ot (4.1.6) m (4.5).
§ 5. Cayuaii k =0, coOTBeTCTBYIOMUI OJHOMEPHEIM BO3MYyIIeHUsIM GpOH-

Ta, KaK HETPYAHO BHETh, NPHBORMT K ypasHeHmio (3.1). Orcroga — ycroii-
qusocTh ¢pporra st k — 0.

Ilpum & —1, 2,... ymo6uo mepeiitn K Ge3dpasMepHEIM IePEMEHEHBIM IO Clle-
gyomuM GopMyiaMm:

r=R4RE/k, t=Rv/Sk,  p,=-¢py, iA,=RO(W)k,
Py = RS0 (1,8) /k,  RF,= Syk0(1—& —E?/2k)
Venosust (4.1.1) — (4.1.4), (4.1.6), (4.5) mpumyT Bup
2P (oy—en) = 0, 2 (0g— ) = (1 — e)
for=v. @o—a3+2=8=0 (E=0) (5.1)
o— =0, (o—w)=0 E=k(YIT20k—1)=d)
M3 (4.2.2) — (4.2.4), mepexoms K GeapasMepHBIM IepeMEHHBM, IOTY M
oy =Cy (t) (1 + &/ k)
0y = Cy (1) (1 +E/R)F + Co(v) (1 + E/R)") + (5.2)

[

w3 =Cy(v) (1 +E/k)"

3nech yareHo ycaoBue |, | < oo mpu r = 0, ¢P; -0 mpu r — co.
U3 cucremnr ypasreEm#A (5.1) — (5.2) MOYKHO BHIAENUTH CHCTEMY YypaBHE=
Ui 1A O u 0

<

ad” + b9’ 0 =0, 20+ cd= S 0(2)(1+ 2 (v— z)>—1/zkdz (5.3)
0

a_i——a’ b_(i——a)(i—}-k)’ ',:U=}+tf’ c:(l——s)(ko——-k)
& k k

Paccmorpum cayuait k — oo, torma (I + 2 (v — 2z) / k)~ — ez
Ecau mpu s3tom Q — oo, Tak ar0 Q/ k < oo, TO HpUXOAUM K 3amade 06

YCTOMYMBOCTH IIOCKOr0 (ppoHTA miaMennu mcciaeposammoid JI. II. Jlammay [!]
METONOM BOJHOBBIX pemIeHUH.

2 1IMT®. N 6
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Ipa k — oo cucrema (5.3) JerKo IPUBOAMTCA K OJHOMY YPaBHEHHIO Aiisi ¥
A@+ed +204+e(e—1) =0

Monosxum ¥ (0) = va. Torma ms (5.3.2) mmeem U (0) =1/, Gy(1—¢).
OTcoga BHIHO, 9TO IIOCKMH (pOHT miIaMeEn abGCOJIOTHO HEYCTONUME.

OTMeTHM, 9TO pelleHHe NOJIYyYEeHHOTO YPABHEHHMA ACHMOTOTHYECKH COB-
namaer ¢ pemerneM, masEeM JI. [[. Jlagmay [!].

§ 6. Jlna manpHeimero MCCJIefOBaBMA yHOoOHO mpeo6pasoBaTh CHCTEMY
(5.3) & BERY

'&00

¥ =— S-exp —— — 0(z) exp———dz 6.1)
0
‘ Boc (26 — ..
0= A9=S 0(z) G (v—z)dz + °;‘(2+ a")c) exp — (6.2)
0
Bo=10(0), G(2)=—urg(t2z) "' 20 oxp =0

OrmeTuM, 9TO
2b — ac = (kky — 1)/ e kky >0 mpm k >1

Humxe Gymem cumrtats ¥, > 0, 9r0 He yMeHbIIaeT OGIIHOCTH 3aJaUM.

Hoxraxem, aro ¢’ >0 opu k >k, (¢ <0). Hdua sroro, Kax BUFHO u3
(6.1) mocraTouHO moKaszarth, 4To O < 0. PaccMorpmm MHOKeCTBO (PYyHKIHI
{u (1)} rakmx, 310 — Qe < u (1) < 0 (X, y — momOKMTENbHEEE TOCTOSH-
mhie). [TokaskeMm, aTo s mocraroyHO Goapmumx Q u y omepartop A mepeBOTUT
3T0 MHOKeCTBO (QYHKIuUi B ce6sa. [laa sroro, Kak HETPYHHO yOemUTHCA, [OC-
TATOYHO IOKAa3aTh, YTO

0

9TO0 HepABEHCTBO 3aBEIOMO CIOPABENJIMBO [JIA JOCTATOYHO GONBIMHUX Q H Y.
Nrar, — Qe <{Au <0, xorma — Qe < u <0. Orcioga, coriaceHo
treopeme Jlepe — IMlaymepa [2], cymecrByer takoe 0 (t) <C 0, aro A6 =49.

ABasoruaHO MOKHO foKaszarb, aro O’ < 0 mpm k < k, (¢ >0). B atom
cilydae WIeM @ cpefn MHOKecTBAa QYHKUMA {u (T)} Takumx, 410

O0<u(t)<Q (Q = const)

Jasa toro uroGe omepatop A mepeBea 3TO MHOMKECTBO B cebs, mocTa-
TOYHO NIOTPe6OBATh BHIIOJHEHWs] HEpaBeHCTBA

0
9TO HMeeT MeCTO IPHU MOCTATOYHO' Oonpmmx 2, TaKk Kak

T

0

3aMeTuM, YTO W3 BHINEHM2J03 €HHOIO M W3 (5.3.2) HemocpefCTBEHHO CJle-
nyer, aro ¢ >0 mpu k < k,.
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§ 7. Iloxamem, 910 ¢ — co mpuT— 00,k >kou9 —0mput — 00
IMockonbky 0 >0 mpm k£ <k, u & >0, 9'<0 mpu k< k,, 10 mia moKa-
3aTeJbCTBA CPOPMYIMPOBAHHOTO YTBEPIKIAEHHsl [OCTAaTOYHO MOKA3aTh, UTO
¥+ mpu T— o0, k==ko (0<< 6 <<oo).

Bypem pemars sagauy mocpemcrBom [3] pmeficTBuTennHOro mpeoGpasoma-

gusa Jlamaaca o

LY = 3 e* % (1) dt = f (s)

0
ITyets & — 6 mpu v — oo, TOrma, OYEBUAHO,

0/s<<f(s) mpm k< ky,s>0
0<f(s) mpm k >ky s>0 (7.1)

N3 (5.3) nerko moayuuTth BEHpakeHHe AusA | (s)

o Yo acsh+2(a-+b)h +4
2 ashbsn+ 254 oy

T'e

IIyets s - -+ 0, Torma
h(s)~1/Vs, —Ins, 1 (7.3)

cooTsercTBeHHO mpn k = 1,2, n (n >2).
Us (7.2), (7.3) umeem mpu s - + 0

1 o Ins 1
(ko—k) Vs " "7 ko—k

N

cootBeTcTBenHo npu k =1, 2, n (n >2).

Orcroma cpasy cienyer, 910 ycuaoBus (7.1) He BHOOJHAIOTCA Ye B OK-
pectrOCTE § = 0. OTcloma ® — oo mpu k >k, 1 & —0 opu k <

B saxmiouerme aBrop 6aaromaputr I'. M. Bapem6marra, A. I'. Hcrparosa
u B. B. JIlu6poBuua 3a BEEMaHHe K paboTe U IEHHHIE COBETHI.

Moctynmna 15 VI 1967
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