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Pezonancune EPONCCChl B MArinTiueX JioByninax
L. B. Qupuros

Faccmo‘rpcnm PCIOBARCGH MOy JapPMODPOBCRIG BRACBHOM 3&1})ﬁ}1\'0111101“l HACTHILI
B MAarniiTHOM 1IOJC B MONJZCHALMIY ROJICORHIAMI o8 BIOJAER CILIOBLIX AL Hoxaaano,
Y10 9TH PE30HAHCH MOLYT DI CUPCUVICHALIX VCAOBIAX IpHBCCTH K IOJIIOMY Gunedy
mxeprneﬁ MEIRAY CTCTCHA M CBOGO}{M HacTiiybl It BRIXUAY €C H3 JOBYNIKI. PaCCMOTpC‘HO
TarMe BAMAHIIC DPE30HAHCOB HA amla(’)aruqccmte nponecenl, -CBA3AHANS € HI3MCHORIIEM

MargiTHOTO LOJA BO BpPCOMENH.

OaunM 13 METO/I0B TepPMOUIOAALNGI IIASMEL
HAR OCYMECTEBACHUA YHPABIAEMOI TepMosiep-
HOll peaknuMu SBAACTCA NPAMCHEHIE TaKk Ha-
ARBAGMAIX  aMABATHIECKUX JIOBVINCK, M
JOBYLICK © MarHHTHHMIL IpoGKaMH, Hpejio-
sienpelY B paccunitanumx I'. M. Byzaxepoas [1].
ABaJIOTHYANE CHACTeME ONIX UpPeANOMKEHH
X. Tloprom [2] m paccuntamm B padote [3].
I3 nocneamee EpesMa 310 HAnpamieBRe HOMY-
Y10 3HAYNTEABHOC paskutne [4, 5], m moare-
MYy DpCACTaBIACT HHTEPCC Jasbiueiimee usyue-
HNe TTOAO00HKEYX CHCTEM.

JeficTBoe aamadaTHyecKuX JIOBYIRER 0CHO-
rano {1] #a coxpasenuit opéuranpuoro Mar-
HATHOT'O MOMEHTA 3apmenHpl YacTuiel B Mar-

X :

HHATHOM IOJIe ( = 5‘;—;{*, U] —- COCTABAAON{AA
¢KOPOCTA YaCTHIH B HAUPABICHUM, ICPUCHIH-
KYJNApHOM MarsEtHomy nomwo H). Heolxoan-
MBIM, HO, KOHEYHO, HajieK0 He JOCTATOTHLIM
yCAODICM IPHTOAHOCTH JAOBYWRIL ABIACTCH
BO3MOKHOCTD ViAep:haHus B Hell  orjeabHoil
‘3lpsirednod uactonsl. Bpema skusma Taxoil
YacTunW B JIOBYIIKE, BOOOIE TOBOpPA, He Oec-
KOHCYHO, TaK KaK MATHWTHHI MOMEHT ABIAET-
A Jmmb apuabaTHUecKmM WHBapuaHToM, T. e.
MOKRT MeJJIeHHO HM3MEHATHCA, 9YTO MpPHBOANT
K NCPepacHpeAeIeNMIO SHEPrum Memiy Ipo-
A0SR0 W HODepPeYMBIMA CTeHeHsIMH CBOOONE
YACTANH B K BHXOAY €e N3 JOBYIIKH.

Bonpoc 06 mamemenum amnaaTHdeckoro
“HBAapHAHTa paccMarpABancA B paAje palor
(es., manpmmep, [6 —8]), ograxo amms B pa-
Gote [7] BMumcneHns noBejeHH [0 KOHKpeT-

HOTO pesydibrara i TapMOHHYECKOTO OCHUWII-
JAHTOpA, 4 HMEHHO!

A 2@ g
7 == (2;;;5(;;1‘ - COS (260 AL (1)

rae I — apmabarmveckuil mupapmaur, AP —

paspwiB ¢-1 mpomssonnoil w(l); 0, o, --dasa
0 9acTora OCHHNJATOPA B MOMCHT pasphlBa
npousrojiricii. OCHOBUBIM HCIOCTATROM IpnBe-
JCHHOTO BRIPA;KEUHA ABIHETCH erd acimuTo-
THYECKUI Xaparrep. J1T0 03nauder, UTO OHO
cnpasepiiuso ymmp opn 1/w?-—» 0 (T — xa-
pakTepHxoe Bpemsa usaMencuusa o (f)). Ilpm kKo-
HEYHES 3Ha4YeHlAX s1apamerpa afgnabaruquoctn
1/ opvyna (1) mne Bcerga npaBHibHa
(ycnosnd ee mpumenmmoctn Ranw 8 [lpwio-
swenuyn), B wacrooMm cuyvae, Korga o (1)
ABJfeTcA aHanntmyecKofl QyHrunel, dopmy-

na (1) maer AI/]=0. 310 ozmawaer, 4TO IpH

1/0T->0 AI/I crpevurcsi K Hymo OuicTpee
mwboll cremenu napamerpa 1/w? (uaupnuep,
karg e~"T), MO KaK HMEHHO, O0CTacTCH HCI3-
BecTHEM. Tarny 0GpasoM, upaMenaeMuil oGmg-
HO MCTOJ AacCHMITOTHYCCROTO PAa3jiosKeHusi 0o
creneHsM Manoro umapaverpa tana 1/oT B pan-
HOM CJIy¥ae HenpHIojeH.

B  nacroameii palore paccmarpiBaercs
apyroit uwomxon ¥ 3sajnade. OH ocuHOBau Ha
npocToil grangeckoil MONeNH PE30OUALCOB MEHK 1Y
JapPMOPOBCKMM BpaIeHHeM 3apfiKeHHoil dYa-

CTHHW I Me/UICHHRMH KoaebammaMu ee BIOME

MargnTHEX cmiaokx auumiil. Taxme peso-

1 Ha pexv pe3oHaHCOB B H3MeHeHunm apmabartn-
9eCKOr0 MNBAapPHEAHTA YKasano B paborte [9].

630



. PEBOHAHCHBHE IIPOIOECCHL B MATHUTHBIX JOBVIIKAX

HAaHCK BO3MOKHH, HECMOTps Ha paaimime dYa-
CTOT, eClE MelJleHHHe KojJebaHuA 4YacTANH
aHrapMOHRYHHK (COJEpKaT BHCOKHAE rapMOHAKHE
ocHoBHOM wacTtoTH). [leficrsme pesomancos
OpPHBOJUT, B YACTHOCTH, K U3MEHEHHIO Mar-

HETHOI'O MOMCHTA OTHexbHON 4wacTunoo (Ges
CTOJIKHOBEHUI).

1. Hcxopnbie ypasnenus

Hacroamasa paGora Be CTaBHT CBOEil UE/IDLIO
fI0JIy4ATHh pacyeTrbe GOPMYJIL; OCHOBHOE BHE-
Mapue o0panmieH0 Ha ¢QusmIecKne IPOHECCH,
NpOMCXOAINME HPA JBIDKEHIM  3aPAKeUUOI
yacTalsl B Marunruolr nosymixe. IloarTomy mu
OrPAHAYNMCH PACCMOTPEHIICM IPOCTOTO TAMHAINIB-
TongaHa, WCOOIb30BaHHOrOo B pabore [6]
(M =1): ’
P+ py + vt () ¥2

2

3neck z, y — KOOPAMMATH BJOJb H NOTIEPEK
MaryuTHOll CHNOBOH JIHAWA COOTBETCTBEHHO;
® -— TAPMOPOBCKAA HacToOTa.
VpaBueans ABICKCHHA RMEOT BHJ
- dw
2 2
= —wly; T= — oy, 1.2)
y ¥ i y (1.2)
Tax kaK Koaebanmda BIONL OCH & ABIAIOTCA

MericHEpME (2 € w), TO prinenne jiA y Upex-
CTABJAEM B BHE

y=pcost; 6= wdt+y  (13)

{p — napMOPOBCKUIl paauye qacmnm) n

= —o 3‘: L P (1 4 cos 26).

[lockonsry “5- =1, rxe J— unrepecymomui

H3C ammoa*ruqec;{nn HEBAPITaRT,

€ MATHMTHEIM MOMSUTOM cooTHOmeHneM [ = cu/e,
noayuaeM ' '

RN fonap -1—--cosza (1.4)
Taxkum obOpazom, ;(Bmi:enne BIOAL OCH I
ABNAAETCH KonebaTEIbHERM ¢ HOTEHURAJIHHOMN
spepruei Juw (z)=pH () m Ba Bero Haxxa-
AEBaeTcA OHCTpONEpHONUYICCKOS BRO3MYINEHH®
‘¢ gacroroil 20, OOGHYHO ITHM BOIMYINEHUEM
npeuebperaloT ‘H3-3a TOTO, 4TO O D> 2, OpxHAKO,
ecnd KolefaHHMA BIONB OCH Z COJEPKAT BH-
COKFe TapMOHHKH OCHOBHON YRCTOTH, TO BO3-

MOKeH pe3oHaHC ORCTpPOUEpEONHEYECKOTO BO3- .

631 .

Torjia T .,

eBAzaHEEE

. do “
Mymenug J g €os 26 ¢ onpoif u3 TakKmx rap-
MOHHK.

K onucasnoMy sPdexry MoKHO mOmOfiTH
A ¢ ApYroif cTOpoHH. Paccmeprm ypasHenne

y+0?(t)y==0, B KOTGPOM 3aBACHMOCTb ® OT
BpPeMEeHH CBA3aHa ¢ KojaebanuAMH BHOJID OCH Z.
Ilepunox mamenenns Pymrmunm o (f) Maoro Gonn-
me 1/o, HO ecim ©(f) copmepmET BHCOKHE
9acTOTH BILUIOTH JI0 ®, TO OjHA M3 HAX MORET

BH3BATH DAapaMETPHYECKHU pe30HAHC.

IMockonpxy nonmaa dHeprus gacTanH H
coxpansiercd, o6a paccMOTpenHHE pe3oHaHca
OpHBOJAT K  NEpepacupeelicnuio SHEpran
YACTHIH MEM{Yy CTEemeHAMA CBOOOJH.

Hua wccnegopannA yKa3aHHHX Pe30NaHC-
HE(X SIBACHHI BOCIIONBE3YeMCA METOHOM, OIIMCaH-
M B paGore [10]. Ilpemxpme Bcero BBejeM

raMEIBTONHAN (%, ONHCHBAaUall AsmieHne
BJIONL OCH Y: | - :
; 2 2 2
_ Pyt (t)y
Hy= 5 (1.9)
a -, |
= F, = vy Hasn nawvene-

mnA apmabaruaeckoro mmsapmanra f=J%¢ /o

Han;l;eM

A Foy0/0* =0 (y* =), (1.6)

THe qepTa 03HAYAET ycpennemm uo ¢asge, na-
mensomeiica ¢ wactorol w. PaccmMarpmpag o
Kagr napaue'rp, NOIyIHM WONPABKY K 4aCTOTE

‘*:” [ (al >m. :'(W) n] -

(1.«7)-,--

Bpenes TaxksKe raMENbTOHNAH (7, ; OBHCHBa~~
Ui ABIGKEHES Bp;om, ocm T (1.4);

H +Im (i+co:26) (1.8

Honaraa ; o
z=z(l, 3); S*SQ(]V).’dt—M) RN

® yumtHBad, 4ro Bemwquna W= pi/2 -+ Jo,
paBHAA OONHOMY TaMAJIbTOHHAHY J?&’ coxpa-
HAETCA, MOIy4HM

W:"%‘}‘{Wx, cz@x]-—.{m’“$""‘l 00596 O




B. B. YHPIIKOB

rae [ , |]—ckodrn Ilyaccoma. Orciona

I=1-"-cos 29, (1.10)

gro cosunajgaer ¢ (1.6). Amanormamo ypasnue-
mmo (1.7) moayumm ams & (1.9) [10]:

b= (31>I 1( >9d“cos9e (1.11)

OrmernM, uro ypamwemna (1.7), (1.10),
(1.11) smamoTCA TOYHHMHE IJA TPHHATOrO

rampasToEEana (1.1).

2. Pesonancu NDepBOre NOpANKa

- bynem mmrerpmposats (1.10), pasmaras
npaBy®w sacthk B pag Oypre. Oynxmus cos 26
BHP&KAET YACTOTHO-MOAYJIAPOBaHEOe KoJjeba-

‘Hme:

§=at-pmtg-+ 3, cos 20,

,O=eteit g sinad.  (24)

UYepra zmecs = paasme ofosmauaer ycpexue-
HRe N0 $asaM, EIMEHFIIEMCA C TRCTOTOR £.

Hpongsens mecromume npecOpazosasHns, Hak-
nem '

cos =13 (Frn £ Fra)cos 2 (sl + 9 £ nd),
(2.2)

; rm npalmmcx cysmumponanme no obomm
mm, npmuen 002 3Haka HIMPHVIOTCH OXBO-
Bpewétimo. Pasnokenne o (f) TonAbXo no Kocw-
' HycaM CBE3aNO C CHMMETpHEEH OTHOCHTEILHO

MoMeETA NOBOPOTA (Z = 0); MEOKETEN: 2 B (2.1)
XAapaKTepE3YeT CHMMETPED @ () OTHOCETCRLEO
 MeZEABHOK INOCKOCTH MarsmrTaoro mois. Hoad-

- fummentit @ypse F,, m F,, ompejnensmorca

(i) S

L (2.3
~ sin (E Fsin 2::».)2 3\ F,, sin2nd. &)
' =32, sin2nb. (2.4)

[lepemuomxan (2.2) n (2.4), moaywum ypas-

HeHne
dI . 5 =
-'&T:[ 2 P cos . (2.9)

w=19

Yeaosue o =~ (@ norasmBaeTr, UYTO0 H3 BCel
CYMMH HY/KHO COXPAaHHTH JMIOb O[UIH YJeH,
4acTOTa H3MEHEeHAs KOTOpOro O/n3Ka K HYJIW.
ITO M eCTh PEe30HaHCHMII WieR, jJamoulii HAR-
Oonpmuil BKJIan B m3Menenne [.

b, =2(wt+ o, —8); ¢, =¢—m5/4, (2.6)
4P = = 2_‘_ le(F1n+F°n)+
+n—?1::=l lm(Fln"’an)—
2 le (Fln_F2n)' (2'7)

m-+n==l
Vpapaenme (2.5) pomxmBo OHTH JOHOJHEERO
ypaBmeREeM Jud ¢, (1.7); (1.41):

==2(m——lﬂ-—--—-—sm29 T2 o)
Dipeamsas
8 de Q
2l = —= Y8, cos2mB,  (2.8)
W o2(e—i2)— 3 Q,siny, (2.9)
at ‘ J 'p? :
_ o @ ’
rae (, ompenensercE BMpamenueM _
—40p= D (Firat+Fap) (Qan+2y)+
Mr—Rp

+ D (Frp—Fa)(@am— L)+
B M=Tp
+_;§= Fra— Fru) (G +2p)- (2.0)

3. Pesomamcai Buiemmx RODANKOS

Ypasaenwn (2.5), {(2.9), xoropme mul Oy-
AeM RCCIEJOBATH NUJKe, NBASOTCA HpeOIR-
MeHEMME e TONAKO DOTOMY, STO B RNX OF-
OpMmeBE REpe3ONAHCHME INEHR (EOCIeABEe
RPEBORAT INEIL K MaZmM kxonebammsw ), Bo
rzasamM ofpasoM. DOTOMY, ¥TO B BEX YITEEM
Be NCE PeIeRaHCH. , BEpE BN-
moge (2.5), (2.9) ma mcOumIN B3 (2 1), (2.2),
CUNTAS P N { HOCTOSHENME, TOTRA K&K ORSN
m: MANNe REPEOANSSCKNE KOMDOBCHTH
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CRELGUHALCHBIE OPOILECCH B MATHEY HLIX ToRNIDHAX

(1.7), (1.11). 9ro npuso-
K NOABIEHUIO [Ju-
" OUpeeTAeMBIX

(Rooddummenr £

B COoTmaeyTes it o
AT, LOE 3BENGHO HOKA&3aTh,
ROAHH T R WN pesoHaucon,
veaonies ko = 1Q (k > 2).
AyAes HasWBATh [MOPAJKOM peloHanca.)
mecTsyloT w o apyrke oddenTs,
K pesowancaM  BRCHHX  HOPHJIKOB.
yaer ux uc npomspomica. Pacemorpenne ke
JACTHHIN CJAVYACK [OKA34J10, 4YTO pPe3oHanNCcH
BRICHMX UOPHIKOB OIIENBAIOTCA Y paBIeHIAMM,
anagoritianmy (2.9), (2.9), ¢ 3ameroil o — kuw;
Pl — PE'“} ot Pz“h; 'Qi Zom Q’fk’czQéak, rje da,
TPHHIMACTCA PABHKM HanGOJIbMIeH H3 DeUTHE
(p/Ry*": @@y~ (R~ papsyc xpueHsum
MarunTHoi cujosod auauu). IIpy sTom B mep-
oM ciaydae (p/R) BO3MOKHM KAaK [eJme, T4k

OoJiynesiWe 3HAYCHHUH Kk, a BO BTOPOM
(@,/2) — roasko nenme. Pasymeercs, copumy-
AHPOBARHOE UPABAAO FOIUTCA IFMb AAA TPy-
OHIX OHEHOK, a BONPOC B uejoM rpedyer gaib-
HEHAEeT0 M3YHOHRAA. ]

4. Cranmonapmmiii caysall

Hox crammomapmocTsio OyheM HOHNMATH
oTCyTCcTBRE ABEOH# 3aBucmocTH @ B (1.1) or
BpeMEHH (%:f”"“ 0> B IPOTHEBOHONOMKHOCTE HO-
CTRENOHADHOMY CJIYSAD, Koraa @ =e(z, t)l.
Cranmonapauiéi ~ ciywaii coorseycrsyer no-
CTONHHOMY B0 BPEMOHH AKCHAILEO-CRMMETDNY-
HOMY MATEMTHOMY noan. HecrammomapHOCTB
BOSENR2ET KAK BCIEJICTBAC a3WMYTANBHMX
Heopmopogmocredi 2 (m3-sa gpeilipa wacrmn),
T&K N OpH ABHOH 3ABACEHMOCTH MAarsETHOrO
OOXH OT BPeMEHN.

Xopomo mamecTEO (CcM., Benpamep, [11]),
710 ypasmesmum (2.5), (2.9) B paccmarpm-
BaEMOM CA%ae ompefeaawT pAj obiacred me-
ycrofisnnocT® npx o= [Q mapags KOTOPDHX
A, (o —IR)~ @,. Rag Oyner aumso H3 naie-
Belmrero, Her HeoOXOxEMOCTH DOAPOGHO MCEne-
‘DOBaTh 5TH o0AACTH, BANKEO IHIIL OTMETHTE,
YTO OHE He- HepPeRpMBATCH MeKAy coboi,
T. €. HX MHEPHHa (J; Wenmme PACCTONHASA
wemny Ramm 2Q. IT0 caexyer HOUOCPOACTBeH-

1 3amrcaMocTs ®(3), BCTpeusmmasCx Bhume,
spaseTch wenmmoll (wepes z).

3 Crporo rosops, ramanpromman (1.1) cmpasepums
B aKCEANBHO-CEMMOTpEwWSOM DoNe. OAnaRo, ecam aar-
BETHO® DORe MAJ0 HIMEHACYCH UPE Apedfe wacrEn
3a ppema - {/Q, To moxmo coxpamaTth BN (1.4),
BEEIN RBHYIO 3AENCEMOCTE @ OT I.

.

no us ogenr v O, (1.2 QR Qw1

Pesonauent polcmtix HOPHAIROB He HI3MCHHT
MOCIeTHEe HePABCHCTBO, IOCKROIBRY TIOJTHAA M-

W ~1{F Al
Cy-~ PUHA pe3onancos ~ o Q[ ~ ¢, X ka, ~0Q,,
npupoganyneé ! § -
Toannuit. +
_—

a2, < 1) (eMm. pasaen 3).

Ho B Takrow cayuse o01u¢TH HeycToiM4n-
pocTH BooOule e WTPAT pOJTH IX3-3a HelIM-
peitnoern woaebaumi, Towliee, 13-33a 3aBHCH-
MocTH uacror o, @ or [I. [Jame y wacrny,
HonasniMx B HeycTouwunue objactu, [ BOBce
He OyjeT MOHOTOHHO H3MEHATHLCHA, a Oyjer
copepmarh KoxeGaHUA BOKPYr PpEe30HAHCHOrO
anavennsa [10]. 3tm roxnebanus wmu 6ynem Ha-
3WBaTh B jajbHeimeM $a3oBuMHA IO AHAJOTHH
¢ KodeDaHUAME 3aPAMEHHLIX WaCTHI B VCKO-
parexsax. MIx MoxHO ACCICIOBaTL C NOMOMbIO
ypasmenma, noaydamomerocs u3 (2.5), (2.9)

ncxaosenued [
d%) a4 — a4

(4.1)
3neck ® Janeire ME Opesefperaem “IeHOM
¢ @, w10 ponycrmso npm ycaopax Q<
L |IP, %—(;a-tﬁ)l [10], xotopoe Bcerna Bh-

DOERSETCE. AMIANTYNA H3IMEBEHAA YACTOTH
opx dasosux KoxeGamnmax

se@—2) =2 1P, S @—m)| (42)

a uacrora $a3zoBHX Kogebammi
-y = S
%.,x}zzpl-é-f(g;azeyi. ©43)

OcoGoro paclvMoTpenma Tpebyer ciywai,
KOorpa asmuianryga(4.2) CTAHOBHTCE CpaBHEMOH
HJIM TPeBHIIaeT DACCTOAHHEE Me:Ejy PeaoHaH-
casm 22 (cM. pasgex 6). e

BPOXOMIERI® SEPes PEeSONARCH) '

Ecag swacrorsl ®, 2 BaBECAT OT BpeMeHK
ABHO X Pa3gocTs ® — [Q HIMeHmeTcA, TO TPO-
ACXOMAT HPOXOAIeENe Yope3 Pe3OHaHCH X H3- -
memenme /. Paccmorpmu BRagane cxydad Gm-
CTPOT® NOpOXOMKAEHHN, KOIJA MOKHO IIpeHe-
fipess CHOPOCTHIO H3MERGHHR YacToT o, & W3-34

1 ( 1.4)—(1.3) —dopuyau Tipuromenss.
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5. B. YHPUKOR

u3MeHeHnss / 1O CPABHEHHI0 CO CKOPOCTBHIO
H3MEHEHNA NX BClelcTBUEe ABHOI 3aBHCHMOCTH
OT BpeMeHI:

’ IP, -;7 (0—19)
4 =

j a(— o II<<1. (5.1)
ETAN l

B atom caysae ypasaennsa (2.5), (2.9) ve-
NOCPEeACTBEMBO HHTETPHPYIOTCA H B TIEPBOM
opubanxennn (mo Al/I):

A= YRrYy) DL Gt 7/d

w2 ‘/

3necr U, — 3vavuerne ¢asz ¢, B MOMEGHTH pe-

.._.a_.__*:_._..____ .

sonancos (Y, =0). Ilpu caywaiinom pacopepe-
aeHnu $a3 §, AAA PA3TUIHEIX OPOXOKIEHMI
Yepes pesoHaHncH Al =0, a :

B =33 g,  (53)
1 l’é}'(‘““—l(—))‘

re CyMMUDOBaHHe pacnpoCTpaHAercd Ha Bee
npoiileHHHEe pPe30HAHCH, a 4Yepra O3Hagaer

ycpennenue no ¢asam ¢,,. B crenyomem npu-
- bnmxennn =

18 o
M=o G+

1| m [Q‘”T%'(Ptl)] . (5.4
ot .

—-—
(I3

7

b

Hepeuii moment (5.4) xapakTepusyer cucTeMa-
TUYeCKoe m3Menerme [/, a BTOpoOil (J.3) — «pac-
ceannes no /. 3manmsa ofopgx MOMEHTOB JoO-
CTATOYHO JJA COCTaB/eHUA YpaBHEHHH THIA
(Dokkepa — [Inanka, pemms KoTOpoe, MOMKHO
HaHTE DOTOK 4YacTEI Ha 3anpeTHHH KOHYC
‘{1}. Oamako, Kak BEAHO M3 BHpPaKeHHH A
MOMEHTOB, 3TO YpaBHeHNe NOIYUMTCH BECHLMA
cnoBny. [lostomy wmm paccmorpmM Gomee
npocToi ¢nocol oueHKH naMenedns 7.

M3z (5.4) caenyer, uro AI/I ~ (A1)%/12. Ecan
Al/l € 1, T0 BAEANEEM IEPBOTO MOMEHTA MOMKHO
- monuoETHI0 mpeneGpeun (((A1)2/12)/2 > Al/I);
ecnm Al 51, to Bnmasue oGomX MOMEHTOB
OJMBAKOBO WO NOPAAKY Benmuuuu. I[losromy
JJIA ONEeHKH A0CTATOYHO HCCIEN0OBATH H3MEHe-
HEe TOABKO (Af)%. YcmoBme BHXONAa YaCTHUI
H3 JOBYMIKE nmMeeT NpHE sToM BuJ (A)?~v
o~ (I,—1,)% rne I, — Hauaisnoe.sxHavenme 1,

(5.2)

a [, —ero 3mavenue ua MOBEPXHOCT o
HOTO KOHYCAa.

Tax wak B egnuuny Bpemenm nrca
8 —
—g—— 52'(“’"19); Pe30HaHncoB, TO ¢ yuioM (9.3)
nMeeM
d —~—— = kIz(pPy
Rl I 2 el —
= (31) 3 o . (5.9)

Jdr0 obmKkuoBennoe pnpdepennnansroe ypas-
HOHHE Y’Ke HCTPY/AHO peNmIHTh YHCIEeHHO UM
npEbnmxensnym Metogama. [ cmpasepna-
BOCTH (5.5) HeoOxonHMMO, KoHEQHO, YTOOH mame-
Henne I OpEW HPOXOKJEHUA ORHOrO pe3oHAaHCa
OBJI0 MaJi0 WO cpaBHeHuIo ¢ [. '
Waperc k£ B (5.5) ofosmazaer nopsjpok

THpPOXOJUMBIX PpPE30HAHCOB, KOTOPHH ompepe-

JNAeTCA HMETEpPBAaJOM H3MeHeHHA o — @ n3-3a
ABHOM 3aBHCHMOCTH OT BpPEMeHH:

k=Q/A, (0 — 12). (5.6)

B uactrocTH, mpm asmMyTanpmOi RCOAHOPOA-
HOCTH MATHETHOTO NOJXA MH OyjeM omneHm-
BaTh k mo dopmyne k =~ (R/w)/(AH/H), koro-
pas  moaydaercss mn3 A, (w—IQ)/w ~AH/H!.

B kauectBe mpumepa mposejeM cpaBrenue
HONYYCHHNX ONEHOK ¢ TOYHOH aCHMIOTOTH-
seckoil popmyaoit (1) [7]. Us empasncennsn (1.3)

ara P m ypammenns (5.5) maiimem Af/]

AW A 29. -
T af nian e = . -
TV E (20)101 3a Bpem =/22, cooTser

CTBYIOMEe MOHOTOBHOMY M3MEHEHHIO o (2) B ofn™
CTOPOHY, Kak OpaHumanocek B pabore [7;

4 (9)
LY £7 W SEeet—
S e
DOPARKY BEIMYHHE.

gro cosmapaer ¢ (1) no

6. Kparrepuii croxactiuunoctu

®opmyanr (5.3)— (5.5) ocuosamm mHa mpen-
NOJIOJKeBHE O CTOXaCTHYHOCTH, T. €. caydaiino-
cTi das ¢,. IlocrapaeMcsi BHACHHNTH yCNOBMA.
OpH KOTODHIX OHO MOKET BHIOOIHATHCH.

PaccmoTpay fjia mpocToTH Hepmopmueckoe
OPOXO3KACHHE eAWHCTBEHHOrC pe3OHaHca nep-

! MomeT DOKABATLCH, UTO a3EMYTAIBHAA HEONHO-

POMHOCTL He HPKBOAMT K H3MEUEHMW YacToT w, Q,
T3K KaK Apeii 9aCTHI UPOMCXOAUT HePUEHARKYIAPHO |
VH. Opsaxo, eciu y9ecTs ABMMeNne 4YacTHI BAGTL
CUNOBOLl JMHER, TO HETPYHHO DpocTenHTsh, 310 H
Ha opbuTe yacTEOM GyfeT M3MEHATLCA ¥ DPRTOM Tax,
uT0 B xKawecree AH/H Bymno GparTh MaKCEMAJALHOE
3HAYeHRE HEOJNHODOMHOCTE BAOMAL CHNOBOH JBHEE.
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PEZOHAHCHBLIE TPOIECCH B MATHUTHLIX JOBYIIKAX

BOFO. NOPAAKA Yepe3 OMH M TOT 5Ke IPOMeKY-
Tox ppemenn 7/2. Cornacuo (5.2) A7~ Y cosd, ,

n
rie v, - QassH B MOMEUTH pe3onaHcos. Ecan

qacToTH ®, € me zapucat or [, ro,,, — ¥, =
t,+T/2
=y =2 g (0 —IQ) dt = const u, cnenosa-
;

n
TOJIBHO,

(6.1)

AT ~ ' cos n,y < 1/sin by /2.
n

> brom ciywae Al orpanmueno m cTOXacTAY-
HOC"b OTCYTCTBYET. Y4TeM Teneph Hexmueii-

HOCTE Koaebawmii. Ilocne Kammoro mpoxosx-

JCHHA 4Yepe3 pesoHaHC dYacTora o-—I[RQ Oy-
/CT M3MEHATBCA Ha peamumuy (o), = (Al), X

a —
X 57((» — [2),uT0 Ip¥ ey OMeEM HPOXOKACHAR

IpuBeNieT K JOTONHATENBHOMY R3MeHennio Pasu
Ha peamuniy ¢, =7 (3v),. Ipa 4 L1 uu
BO3BpanlaeMcsl K npeasaymemy cayiaw. Ecan
e ¢, > 1, 10 muenHo O, m oupepenseT mame-
neHne daset .. Iro uH3Meneume B OTIEIHE
ot (6.1) ne anserca panuoMepHEWM ,a 3aBmcnT
OT DPEANAYIEH  GasHl (}, ~ (Sw), ~ (A1) ~
~ COS %, }, DpPNUYCM HE3HAYHTENbHOEe HM3MEeHEeHHe
npennaynieit dgasH BHIWBaeT H3MEHeHHE IIO-
caeaywmeii Ha 2=. Ilpencrasaserca owepmp-
HHM, 970 B JTOM CJYy4ae OOCIeNOBaTeILHOCTH
das 4, Oyner 6rm3Kka K caywaiiroit. Crporoe
AORA34TEAbCTBO ITOrO YTBeIKNACHNSN, OJHAKO,
OTCYTCTBYET, M MH LIDXIMEM €ro OoKa KaK I'Huo-
Tedy. Torna rpnrtepnii croxacTHYHoCTE mMeer
BU L

, | IP;T%(ZIHIQ)
1y = = _..__5______________,__ > 1.
3/1‘5{(“’"‘”19){

Anajornynsii xkpuTepmii mogydes B paboTax
[12,13] B peaynbrate umcneRHEX pacueToB
ABMKeHI HEJIMHe{noro ocuminATOpa noy neii-
CTBHEM KODOTKHX NEPHOJHYECKAX TOJIYKOB.
AsTopE BBOgmT v; XaK KpmETepHil Heycroiiym-
ROCTH; €BA3bL Er0 CO CTAXACTHYHOCTHIO HE pac-
cuarpanaerca. Cornacno namEmM >THX pabor
HCYCTOMMIBOCTD BA'IMHACTCA npg v, ==%.
Hpagapan  nonysemmomy KpOTepHio He-
CROJNLKO MHOM drauveckui cumca. Ecnm w(z,?)
UEPHONHIEA YO I, TO KAMAAS TFapMOHHKA BHI-
paweanit  (2.5), (2.9) oxamercs wMonyaBpo-
BauHOH € HexoTopoii sacroTolt @, =2x/T u ee

(6.2)

MOMHO DasiOIRM b HA HORKE CAPMONIIICCKIe
cocrapisiiomne ¢ wactoramm 2(w — IRQ) L pQ;

(v obosuauaer ycpeguenne mo gasaM, uave-
HAmUMCA ¢ wacrotamu 2, @, a @ —no da-
3aM, MIMEUAKINIMCA ¢ vacToTodl R,) m Kood-

$unmenraym Py~ P/ "R (cv. Tlpa-
23[ {u)——- lg)
Joxkenne, m. 1).
Honcrasnaa mocnennee eupaskensne B (6.2)
A moJaras
Ao —

19
D) ) Q. noxyunm

5 — ,
!E(w—-lQ)’::.'

.Q(%
2
h: 3

= — ]
rae 2% = IZIP;,»(% o—I2 4 f%—‘->£- KBaj-
paT 4acToTH ¢az0BHX KonebaHmil Nas HOBoIl
CHCTeMH De30HaHCOB (4.3), a 2, — paccroanne
MeI1Y HAMM.
[IpmvenmM xparepmit (6.3) k CTalnoHap-
HOMY cnyuamo (cM. pasgern 4). Ucnoasays (4.3)

# YYATHBAS, YTO PACCTOAHNE MEKAY pe30OHaH-
camm pasHo 282, noayumm

sz4]/'/ﬂ '}\1,

(6.3)

ZV;IPI%($~19)§
g3 > 1.

% ===

(6.4)

llpn sumonmenmm (6.4) mpomcxommt croxacTa-
YecKkoe mavenenume J. »

ITo-sapmmomy, aror sddexr m mabimopancs
B pabore [14], aBTOpPH XoTOpOH ¢ ToMOmBIO
JUCNEeHHHX METONOB H3y4ajl IBHKeHHE 3apaA-
MeHHOH wacTROHW B ajgmabaTmIecKoll noBymKe.
Umn obmapysteno, uro sGnmanm 3aUPEeTHOrO
KoHyca cymecTsyeT 061acTh «HecTabHIBEHX»
opbuT, CTOXaCTHTeCKH BHIXOANIAX M3 JOBYIN-
ku. [lpnmenmm x pamesm paGoru [14] mpm-
repumit (6.4). Ounpepenmm P, m3 (2.5) amaio-
THYHO TOMY, KAK 3TO JerJalock B IpAMepe
pasiena J: .

(A]/[)uz o ‘RPI/Q,

rae  (8/1)i, —oTHOCHMTENBHOE m3Menenue J
3a NOJYyUepuoj MeAJNeHHOre KonxeGanma (=/R).
JTa BeIHuNMHA TaKme BHUACIANACh B paGore

[14]. THonaras ] %(Gwzg)lgls/f, Raiinem

n3 (6.4), 9T0 BecTaGHIBHOCTH HAYKHAETCS NPH
(A/I)y, 50,1, Torma rax w3 gamAwx paborTw
[14] crenyer, aro (AI/I),, > 0,02. Pacxompe-
HAEG He ClefyeT CYATaTh CAMIMKOM GonbmmM,
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THIPHRORB

ecJal Y4yecThb, YTO HOIVUCHHEIC ONeHRl Hb-

AAOTCH BECHMA TpyOsnImn.

7. Hecranponapustii cayuail (mejuienuoe
HPOXOAEICHIIC UCPC3 PCIORAHCHI)

VesoBiieM MCAIOHHOTO HPOXOIICHIS Yepes
pesouauc spaseresi, ouenunmo, A > 1 (5.1).
Har unorasano 8 padore [10], myeworcn Ba
OCHOBHEHIN PERUMA MO ICHHOTO NPOXOIK/ICHIIA:
3axpaT N O{HOKpaTHOE Hpoxorkienue. Baxnoi
0co0CHHOCTBLIO BTOPOTO pPOIKUMA ABIAIOTCA HC-
sanncnMocth A or (asm KojeSaumii M cpa-
3aHHang ¢ JTHM OOpATHMOCTH mporecca Raike
NPT BHIUGJIHCHHIT  YCITOBAA CTOXACTHIHOCTH
(6.2). Ilostomy upsn DepiOiNCCROM MeJUIeH-
HOM NPOXOMRACHIUL OJHUX H Tex ;Ke pesouaH-
coB B ode cTOpoHH [ OyJIeT HCUBITHBATH UMb
Manke KOJe0anns.:

Pexuy saxBara o3sauaer, 9TO UPH H3Me-

HCHHEI QacToOY (!) Q us-3a HBHOII 38 BUCHMOCTII

0T BpCMCHI I aBTOMaTHYECKM H3MEHAETCA Ta- .

KaM  o0pasoM, 9TO BCe BpeMs COXpaHAeTrcH
veiaosne pesoHanca o &~ [Q. OueBnjgHo, 4T0 UpH

HEepPHOANYECKOM H3MEHEeHNH 9acToT w, & Hpo-
necc OyieT TaK:Ke NOJHOCTBIO OOpPaTHMEIM.

OnHaKO 3aXBaT MOET OKa3aTh CYMECTBCH-
HOe BiAMAHNEe Ha ajiadaroyeckHe IPOLECCH,
CBA3SAHHLIE CO 3HAYHTEJIBLHEIM H3MEHCHIEM Mar-
HATHOTO HOJIA BO BpeMeHI, TaK Kak npimr
3TOM HOMKHO BHIUOIHATHCA AONOIHITEIBHOE

yeaopue ©/Q =const. OCHOBHAA TpyHHOCTH

-RACNONS30OBABHSA 3TOr0O BIIHAHIA CBA3&Ha& C TeM,

£

O

yto ofxacTb saxsara vaia. lmpuma ee mo-
KPYr Kams[0ro  pesoHaHca NpIMEPHO paBHa
[10] 23p(w —IR)~ Qy (4.2). Ilpn paBHOMeD-
HOM pacupepeielnn yactuif mo [, a ciegosa-
TENBHO,

Q
yacTan ~——§-. Ho arto oTHomenne Kak pa3

A JOMAEO OHTHL MAJKIM COMJIACHO KPUTEpHIO
croxactuyaocTa (6.4).

. CpaBHenne ¢ SKCHEPHMCHTOM

__ Hacxoasro Bam mn3BectHO,
paboToit, B KOTODOil TNOTYYEHH KOIMUECTBEH-
AHe JaEHne 00 M3MEHeHUH aAHadaTHYecKOro
ursapranra, asagiores onwtH C. H. Poamo-
aosa [15]. CpaBmenme ero 3KCIepHMEHTAJH-
HHX JaHHBIX ¢ OOIYYeHEBIMH BHIOEC TEOpPeTH-
YeCKAMA pe3yibTATaMU NPOBOAUNOCEH ITIA Tpe\
Kombnrypanuii MarH4THOrO N0 (e TabIRIYY
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- mavenennio [ (Myy,),

H OO 9acroTaM [0 3axBa4YeHHHX -

eINHCTBEHHOH

i

Jas waxos;eHis Rodg@uiacuTon ff)yphe o -
MATHHTHOC LOJC 1 ocu eieTeMul (H (&) ~ w (.c))
anmoporcuMuposasiocks gy uxmici piuga 1/(x-1-b)?,

rji¢ Z — paccTosiuiie 10 TOMKM nosopoTta (x=:0),
a b weOnpajiock, Tak, 4TO0H HOAYYUTH Hal-
Jyumee corjiacie. TO4HOCTE AlllpOKCHMA In
coctanagsia 20— 50%. Bstan npunsiti eneyo-
e 9Yirc;ionnie 3HAMYeHs I cpe;iuee paceTonaHie
OT YACTHIT [0 OCH CHCTEMH B MEHanHoil mJ10-
CKOCTH MATHHTHOIO TOJAH ry=2 CM; Pajuyc

pﬁBPl3HI>I MACHUTHOII citopoin mumunn R =

== — CJ4l; moRazaTe]ab Ciiajia MAardaMTHOrO 1014

({--— 1)/640; == Hyp/H,, rie Hyp-—vaken-
ManbHOC DoJle I1a OCH CHCTeMH (MarHATHRHE
npodrw), a H,— munnyaibuoe moie Ha o
cHCTEMBL 1.

WUsmenenne 7 Haxoqnioch H3 ypanHenusd
(5:9). I, smOupamock T2K, YTOOH v) ~y.
Brawane (npu I~ [,) I uamensioch nauboee
MEITeHHO KaK H3-3a 0Oollee BIRREOKOIO. nopa.’u\d
BpOXOANMEIX pesonancos (Goawmoe Q, cx. (5.6)),
Tak U ®3-3a Manoctu P, (Gosee mannaﬂ fyuk-

nua o/w, vesbmne ). Cuurasocsk, 4ro no-

CTATOUHO OHNPEAeIMTh YUCJ0 OTpaKeHn or

MArHATHHY fpolok N, mpiBosiltee K TaKomy
47056l HOPSAOK HPOXO-
ANMEX pesomamncoR ymembmyrics ma 1/2%, rax
KAaK HoCJe 3TOr0 CKOPOCTL uaveHeuist [ Bos-
pacraer. Hpunnmaziocs, ato Afy,/f o \ﬁ{’:_” !

=;Q),

(5.6). Vuureisan cootnomeuie df =d
HOIV4M B3 (9.9)
o o2
N =a smi (PO (8.1)

Hdagbtpuuuen'r P ouenumpaiacsi no . '“(ﬁopszleo
(I4)\ wpuréepun 4, v 1 x—mo dopmyaanm

(5.1) \(6 2), (6.4). Tlps sToM” DpHHRMAIOChL
l_..(m‘__.zg )| ol iﬁ(&-fzg)fg

~ B (w—-—-l”)é b ( AH )g

Hacrora npcfuﬁa wacTuy Q= Uy/r OuEHNBa-
Jace mo timp)\iy.ne [11}.

Q

__Q{u_g_(pl/r 0—§]——---<1 Un >. (8.2)

1 Bomxee nmoapoiioe onmcane sKCmepuMeura
cM. B pabore [15].

2 Pasy\ree'rca, B obmeM ciaydae MomeT OWTH Ka .
1/, TAK H | B 3aBMCHMOCTH OT coomomenna Bey-

umH p/R n /2 (cMm. p&BIIBﬂ' 3).
; J;Luui

o




PESOHAHCHBIE IIPOUECCHI

B MATHHUMTHBIX JIOBYIIKAX

 PesynnTaThl PACUCTOB HPEHCTABICHK B TaG-
anue. Jlanuwme nocdearero cronxbra  B3ATH
u3 paborn {15} Daxuueckn cpasnenne Momer

HCKOTOpLiE CHCTEMH C KOMIeHncalgeil Topo-
npaxeioro papeiida [4]. HaubBomee nebaaro-
APUATHRIC yCAOBHA € TOYKA 3PeHAA PEe30HaHC-

T:(i'q' St te “‘f?‘
'C}ﬁﬁiﬂ(‘unc T(‘Opl"rﬂ‘i(‘bhﬂx " ')ihcﬂ('pu\'(‘ﬁ'rd lﬁl{ux ,!d mlﬂx

|
I I P o | e
4 2,5 — <2-10-% ’ 2-10-8 o >6.108
4 13 6-10-3 |
3 3,5 — <2.10-6 2-10-8 oo >6.108 -
* 4 4 — 3-10-3 0,4 o o 2.105
2 40 5-10-2 9 2 10-1 2. . 0,4 . 8-10% 2. 108
15 1,5 | 2.10—2 2 0,4 6-103 2100
Iy
<0:5 13y5 - <8'104 4‘10‘-'7 ) O . ) >3'10‘
3 5 3.10-3 :
4 2 - <8108 4407 o >3-10%

Gm Th HPORCACHO TOJBKO AAARGRPATY paiia gons

2', Hasn A/H, pasnoro 9 n 15%, nmeetca
y,xomcwopme:umoe corjacue ¢ IKCIePAMEeH-
roM. Pesroc pacxomgenne gas AH/H < 4%
o0BACHAETCA, DO-BAAMMOMY, OOABRUIIM Auade-
HiteM % (114 OTCYTCTBASA cm&acw%cxar H3ME-
wewiyiy / meoOxogumo, 91o0E x ORIO MHOTO
svedbine 1; ope »>1 ymexo koaebaunmi cocra-
wI0 On Beero okoao 1000).

q, Balmmtie_!me

PacesoTpenwwiii B wacrosmieii ‘pabore pe-
30HAHCHLIT 0OMeH dHepruell MKy CTeHeHHMHA
CROOOZN 3apsUKEHFOH YACTHUM OPOUCXONAT,
pasymeerca, B JA1000H MarsuTHOH JOBYIIKE.
Onuakxo oy APeACTaBIAECT ONACHOCTD (B CMEICTE
BHXO0Ja YaCTHH B3 JOBYIIKH) JUHIb B CHCTEMAX,
HMBIOUIRX <JampemierHniey BaNpaBIeHEA JIs
CKOPOCT.I 4YacTuM. Hpome JNoBymex ¢ Marsur-
HUME NPOOKAME, K TAKOBHM OTHOCATCH TaKkKe

! CregipanpHme  IKCHEPAMONT AR nponepn
Aanundd reopun ue HPOBO (M THCh, HOCKOJLKY K BATATY
pac4eTos (oceds 1958 r.) omura C. H. Ponmomosa
Om. * vike 3amONWEEAM N YCTAHOBKA pasobpawni.

HOro o0MeHa aHeprueil mMeT MeCTO B JOBYI-
KaX ¢ «roppupoBaHEHKM» MAarHETHHM HO-

aeu [16]. B ramox noje aummry,m pesouaﬂ:.‘yr .
el IR
/

HHX TapMOHUR MeJIeHHRX Roaedaumit
3HaAYATeALHO 60.7[51!!9, qeM kMQHOTOHHO n3Me- e
HAKXIDEMCH IIOJIG 3 ; :

M H&KOH@K, ‘II‘ KEJIOX‘H‘IHHE pe-
30HAHCHHE ABJISHHA MOIYYT HMeTh MEeCTO npm

| NOUHTRAX YAePHaTs n1a3My [ > HOMOIIEID BRICO-

5yner IPORCXOXHUTH yx{e me obMen anepma
a E3MeHeEHe SHEPrud noJN fAeiicTEEeM BEICOKO-
JaCTOTHHX KoAehamui.

Honroywoes -cayssen  supa3uTh my6ony_m
oaarogapsocts . MH. Bynxepy 3a ueHphe
AECKYCCHH. , e

NPRATIOMEHRHAE
Onenxn mad)d:nuueumsPﬂQ"

. Tlpawes, 910 Q,;p ~ Q,pn, a HX 3HAKA CITY-

-‘!&HHH Hpﬂ!eil Takme, wro ¥ n OJIBOI‘O JTOPARKS /Td :

L cn< 2o F,,,._o BEE BTOr0 MHTEpBaJA,

Q Q '
a svaxkm F, cnynazm.[ (A,u::m,-—w,—-lareynm

H3MEHOHET 93CTOTH o). Tawkoli BUR COSKTPA WBAAETCH <



K. B, YHPIIKOB

Xopomus [puOIHKEHEM NPH FapMONNYCCKO  YiCTOT-
HOMl MOAYZnRMM M Moier Ouith  nenoibsoBan jas
OREHOK B Apyrux ciayuanx. Torja wa ocponanun pa-

seuctia Ilapcepann | Fp|~ Y 0/Aw &

‘/2 "Q" m-_efQ ' y
. W | L
LP‘lcx——Z—- 'ATs( Z Qfm) :
m==w /&
fQul=V2|P].

Npustennst pasenctso Hapeenam K eysme - mog
ROpRUM, BalijeM, %TO  OHA UHC HPCBOCXOjHT L3

(c>. (2.4); w]w - Q). Hoaaran, KpoOMC TOI0, Aw ~ o,
moaysnm w3 (1.1)] ]
Qe V jed (1.2)

2. Ecmq o (l) vepumt pagpus A'P B g-ii npons-
BOAMONH, K, chepoBatearno, (¢-1 1)-a % npowanoanan

{1.1) '

coepmnt S-PyHKuio, 1o HCHUCPOACTRCUNIOR BL'IRCITE-
RUEe JaeT :
2 QAW

Q- =0
T e w (2mA)e

apir mi = oo,

Honpcrarana 810 vipanccune w (1.1), noryunm

pV2onw

T (1.3)

Herpymio npocnieants, wro nasu enpapefansocrTn
(1.3) Bonce ne tpebyeres, wrobu paspus o (f) wnocwa

MaTEMATHUCCKME  Xapaxrtep.  Heolxonumo  apm,
qToDR  a) BpoR3BOABAA © ({) MIMCUNAACHL. B KaKoii-TO
MOMCHT  BA  Beamdimy A‘D 3a ppemn & /e

G) B OCTAILIKC MOMCHTIN RIMCHCHHA CORCPRIAZINCH Bib
BpeMern 2 f/w. JT0 M €CTH YCHOBWR HPHMCHRMOCTH

_(Impmynu {1).
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