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B B E 1I E H Ir E 

Uen1,ro Hacroamen pa6oTN HBJIJieTcn onpe.n;eJieHne o6na.cTH 3axBaTa 
JI,JIH ypaBH8HHSI C110.ItYIDntero Bvt,na~ 

: , ( m ( £ 
1 

' J · ) ¼- k ( E., t) P 
1

(x ) : d ( C, t, x ,X ) X 

r.n;e f = uaJiun napal.!eTp, KOTOpNfi MOXHO C'llHTaTJ, He OTpnnaT8JII,HNM, 
a q>yHKin,tH m (£) t ) n K (E) t) npH [ =- 0 He 3aBlICSIT OT t O JlyCTJ, 

X c. ecr1, noJioxemrn paBHOBeCHSI .n;Jm ypaBHemur ( * ) o Tor,na no,n od-

JiaCTl>JO 3aXBaTa ,ItJIJI 3aJI,aHHOro MOM8HTa BpeMeHH to H 3aJI,aHHOro no-

JIOl!temrn paBHOB8CHSI X z 3,It8Cl, nomn.raeTCH MHO%8CTBO 3Haqemtn Ha .... 

qam,Hiiix ycJI0Bt111 ( x0 J x0 ) Ta1mx, l!TO onpe,1.teJISie1,me m.m pememut ypaB= 

H8HHSI ( 'I ) 6yJI,yT ycToifqHBO KOJie 6aTl,CSI OTHOCHT8Jil,HO Xi.. 0 3a,ItatIH 

o uaxox,nemur o6nacren 3aXBaTa B03HHKaIOT rrp:vi pacqexax MHorHx THTIOB 

ycrtopLirte.neti: sapsnicemtli!X qacTMU, OTKyJI,a samJCTBOBaH M caM TepunH 

00 o6JiaCTI:, 3aXBaTa no ,UeJIO B TOM, 'l!TO 'llaCTMI~oI, ycrwpsre1.me BO BCSIKOM 

pe3OH8.HCHO}.t YCKOPMT8Jie, COBepmaroT TaIC Ha3Ii1Bae1me "cpa.30BLI8 KOJie6a= 

mrnf9, OilHChIBaetui1e H8KOTOpliIM H0JIHH8till1IM ypaBHemieM, M OdJiaCTl, sax= 

BaTa )I.JI.fl 3TOro ypaBH8H~SI onpe~eJISieT lJHCJIO qacTHU, 3aXBaTNBaeUNX 

B pe:imM ycKopemrn O CaMO ypaBHemrn cpa.30B!itX KOJie damtll MOJCHO TpaKTOBaTl, 

KaK ypaBHemrn TlUia ( - ) , BBO,ItJI ecTeCTBeHHhIM o6pa30M MaJIIdi napa= 

1,.re-rp o TaKMM o 6pa,soM, anamrn ypaBHe1rnq ( * ) uoxer 6ur1, 1tcnoJI1>so

BaH .ztJISI 6oJiee TO'l!Horo onpe,n;eJiemrn o6JiacTH saxBaaa B yc1wp11:TeJiex) o 

C MaTeMaTnqecxon TO'UCM speHMH B pa6ore BBO,Il;ltTCSI HeKOTOp!itit aHaJior 

cenapaTpMC, IlO3BOJISUOIJtJ,fi1 OT,Ite JUlTl, ,Il;BMXeHHSI pa3JIH'ql!hIX THIIOB, H 

.ztaeTca ueTo,n; ,ItJISI npaKTMttecKoro onpe.ztenemrn 3TMX cenapaTp:r-tcc o 

x) JKeJiaIOntMil MO:l!t9T Il03HaIWMMThCSI C TaKMM pactteTOM B HaTIHCaHHOll 
COBMeCTHO C DoCo CaSICOB!itM 3aM8TKe, KOTOpaSI 6y,IteT ony6JmKOBaHa 
B iI~Ttf> o . 



ca, 2 = 

Meto;tg npm.tenenHEiti cpM3HKaUH .,n;JI.H pemeann 3Ton sa)l;atm 

(Cl!eo 1tanpnuep9 [I] ' [i1 ' [3] . ) ,n;JIJ!· CJiytma I ( L) t, ){) x).~ 0 

COC'fO!!JI B CJie,n;yromeu~ TaK KaK f. Mano, TO M3Menemrn r.pyHKI.lMi1 

m ( £; t) H K (E
I 
t) sa Bpei.rn o,n;noro nep1to,n;a cpasoBax Konec5aHni1, 

HMeiomee nopn.n;oK E T ( T -nepuo,n; cpasonEix KoJie6a1rn:n), -TaK'1te 

Mano, H 3aBHClUAOCT1,PJ OT BpeMeHH npeHe6peraJIR. B TaKOU CJiyttae 
Q . . 

JierKO naxo,n;H'l'Cff HHTerpaJI 3HeprHH, C Il0ltOJitl>Y.> KOTOporo Jierr~o HaXO= 

~TCSI odJiaCT:& 3aXBaTa. O,IUiaK0,B CMJIY Toro, 'llT0 p'(x) 3aBe,n;OMO He 

JIHHei1naa cpyHKqHn:,, T 2amicHT OT X, M X !) VI neorpaH11:·qeHR0 nospa-

cTaeT !) Kor,n;a '>( (; · ti XO · npu6JimmIOT,cn K rpaa:vi11e 06)Iac1:m ~a:::rna:ra. 

TeM CaJ.!bIM E T CTaHOBHl'CSI npv! JIID6OM (pMKCHIJOBamIOM £ * 0 Ka~ 

Y~O,ltHO 60.n1»mm,~o CJie,n;oBaTe}ILHO, 0CH0DHaH npe,n;n0CbtJII<:a TaKoro po~a 

paccyx,n;enHfI ne nepaa. K citasam101.ty Moxno ,n;o6aBHT:& eme To, tITO 06 ... 
- -

Jia.c:r:11: saxBa-Ta ,n;Jisr yparinemrn ( * ) npH £, ~ o :vr rrp11 c * o cymecT= 

Benno pa3Jnttmug B nepBO?.t cJiyttae oua, Boo6nte roBopsr, orpaHntiena, BO 

BTOpOll c::> HeTo 

DoC O CasrcOBI,llJ o6JiaCTb saxBaTa onpe.n;eJIJIJiaci, C TI0:M0IItbIO tI!rtCJI8H= 

noro nHTerp11poBaHHSI. ypaBHemut ( -.v~ )o ITpM ··aTou OH noJiytituc aauexnoe 

yBeJIHttlHHe oc5nacTH sa,xnaTa H nocTaB11JI nepe;~o 1moi'1 sa,naqy onpe,n;ene...

nvuI . o6JiaCTPl 3aXBaTa aHa.1I1'ATHttSCKlU! nyreMo 

.. YpaBHemie ( * ) .JA'.OjjtHO TpaKTOBaTb C :Mexamri-teCK0i1 TOtJKli spemm' 

KaK ypaBHeHue OilMCl,IBaIOfflee .ItBHX8HRe iraTepHaJII,FIOti TOtIKM C nepeMeH<::> 

H0it Maccoi1 no,n; ,n;ertCTBHeM H8J1HH8!1H0ll ynpyroll CHJibI, CJiado 3aB:vtCSinteti 

OT BpeueH:vtg H MaJioM CPlJIH TpeHHSio I!O3TOMY ~Jiacc sa,n;aq q>M3Y!B:M, 

OilHCb!Baeimx ypaBH8HH8M ( * ) , tip83BR'llafiHO nrnpoK • .Un.a np:1,n.1eHM- . 

U0CTR MeTo,n;a Heo6xo,n;m,to TOJI:&KO, 'l!T06bt npn BbII10JIHeHMI1: HeKOTOpbtX 

. ecrecTBeHHbIX orpaHR'lleHHfI napBJd~Tp £ , xapaKTepH3YJOntHn 6JIH30CTb 

ypaBHeHRSI ( * ) K KOHcepBaTHBHOMY, "6aJI :uaJio 



B 3aKJIIOl:Jemrn IlOJI:b3YIOC:b B0:31.!0J!CHOCTI,IO Blilpa'3UT:b CBOIO npM3Ha

T8JII,IIOCT:b K)oC oCaSICOBY, pyKOBO)l;UTem~ :3TOit pa60TI1, C .B og°?OmUiy U 

JI.Ao tiy.n;oBy, npOl:IHTaDimtM PYKOrtHCI>, 3TOM pa60Tb! H c,n;eJianmm.rn pSI.n; 

KPMTMtJeCI<HX 3aJ,!etJaHMi1, a TaK1.te B oB 0Heu11n1t0My M ytJaCTHI!KaJ.{ ero 

C8MHHapa 3a II8KOTOp11e TI0J163IU,te 3aMetJamur e 
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r JI AB A Io 

~~enaeM Hec1toJI1>Ko sai.mttairnn _06 ypaBuen1u1 ( * ) o Tipe,ue Beere, 

BCIO,ny B .rcaJII>HellmeM Ubl 6y.rceM C'llHTaT:E, 9 tJTO cpyHKll£U1 m(s t ) ' K ( t / t) ' 
. . . .. -- ). 

I ) f ../.. •, p (X u --(l)l,XJ)Henpep,hlBHtr H oc5Jia,naroT HenpepblBHbtMH qa_CTlUiIMM npo:us-

BO.rtHblMH no Bee?.~.) rrepeMelIHhIM B Hyimon -HaM odJiaCTI1 H3MeHeHVUI £ , / , 

X , t .rco Hyxnoro nopSI.nKao B ttacTHocx11, Mhl c5y.neu npe.nnoJiarar1>, 

'lTO .n;nst ypaBHemrn ( * ) cnpaBe.nmrna Teopeua cymecrB0Ba1nrn YI 

e.rc1rncTBeHHocrn pel!IeH11st, onpe.rceJineuoro HaqaJI1>HLIMM ycJio-mrnuu: 
, ( _.J. - ) -- • ( +- \. - ,j ·t ' r X t. · LO ::::: XO 11 X t e, o ) ::_: , . o o ~y11 Krtirn rn ( E. 

1 
J I}. k' ( s ) .__ ) 

6y)I,yT npe.rcnonaraTI>CSI IIOJIOilCI1T8Jll>HbU,m 0 

U3 Bn,na ypaBHemm ( ➔f. ) HCHO t 'llTO HyJrn cpyHK~I1I1 p / (X) I1 TOJII, .... 

KO OHH. cyr:& IIOJIOX8III1H paBHOB8Cl!SI O B ,naJII>nenmeu MB dy.zteM npe,nn0Jtarar1,, 

tJTO Bee HYJill ~yiII{~l!M p'(X) npOCTRe, Toeo eCJIM p1(Xz.)~O, rop~(\;~,\t:: o _' 

Orcro.na cpa3y CJie,Ityer, tJTO Bee II0JIO~eHl!H paBHOD8CHH SIBJISIIDTCH M30JIH

poBaHHbIMlf O B 3aBMCHMOCTU OT 3HaKa~ p 11(xi)MH dy.rce:u roBOplITl>, "CITO X ~ 

ecr1> noJI0'1teH11e paBHOBecHSI uma ce.n;na, ecJIM p 11 (X'"i) < o , 
It - IlOJIOjICeHHe paBHOB8CHSI Tnna cpoKyca, ecJIJ,i p // (Xi)/ 0 0 

]!Jist nepBoro cJiyttaSI MU BBe,n;eM · o6o3Ha'llemrn \( 5 , .rtJist BToporo .... Xf 
ITono~eH~SI paBHOBeCHst THDa ce,n;na qepe3 O,ItHO qepe,n;yercn C TIOJIOXeHHRMH 

paBHOB8CMSI THna ~0KYCBo 

B .n;aJII>Hertmel! dy,n;eT Q'q8H:b y,n;odHO BCSIK08 pememrn. ypaBH8Hl1JI 

ltIITepnpeTMp0BaT:b, KaK Kp1rnyro OT napaMeTpa t Ha TTJI0CK0CTH 

( X) X )o C.n;eJiaeM II8CK0JI1>KO 3aMettaHMfi oc5 STOfi MHTepnpeTattHHo 

ITycr1> Xf ( t) -... HeKoTopoe pememrn ypa.BuemtSI ( * ) o Ey,n;eM ronopHTI>, 

tJTO X 1 
8CTI, T.00l!Ka B03BpaTa pemeHHSI )( E ( t) , eCJIH Hait,n;eTCSI TaKOM 

MOMeHT Bpe1JeIIM t '< oa , ttTo X f. ( t 1
) - x 1 11 .ztJISI ncex t , ,n;ocTa ... 

TO'lHO 6JUt3KlfX K t 1 
, pa3HOCTI, X t ( t) - X1 coxpaHSI8T TIOCTO.fIHHhlll 

• t I 
3lIBKo0TCIO,n;a MLI cpasy noJiyqae1.1, ttTO Xr:. ( ) :.. 0 0 TaKHM odpa30M, 

o6panteHlfe B HYJII> nepBOM npO:t13BO)l;HO.H eCTI, Heod;xo.rcm.rne YCJIOBMe TQqKI,t 



SIBJISI8TCH H ).tOCTaTOlIHiiIMo 

. , TO X t ( t 1
) =/= 0) 

B03BpaTao JieTpy,n;Hp· DH,n;eTI>, ttTO OHO 

·.netrcTDvITeJIJ,Ho, ec;rn X £ ( t')::::. o 
udo B rrpoTUBHOM cJiyrme X £. ( t I) 6HJIO 6H rronoxceHHeM paBHOB8CHSI 

u MY m,re;rn 6H peruemre, BXO).tJJll(ee B KOHeqHHfi MOMeHT npeuemr B !IOJIO

ICeHHe. paBHOB8CMR, tJTO H9B03MOjltllO rro reopeue O e,n;fUICTB8HHOCTH 

perueHM.FI O . Tar-cm.r o6pa3OM, ,1.tOCTaTOlIHOe ycJIOBIIe SKCTpeJJyl!a OKa3HBaeTCH 

BHI1OJIHeHHHMo Orcro.na m1 cuoxceM c,n;eJiaTI> He:rwropoe saKJIIOttemrn o rroirn- · 

,n;eHHe peruerrntt Ha <pa30BOrt IlJIOCKOCTH • HMeHHO: eCJIM peruemre X ( ( t) 

B 1w1rntum:n uoMeHT npeMe1m t' BCTpeTvrJioc1> c rrpmrnti X = 0 , ro 
. 

OHO nenpeMeHHO rrepexo,n;MT c rIOJIYilJIOCKOCTlt X > 0 Ha IIOJIYIIJIOCKOCT.o 

X < O MJIH uao6opoTo rr'ocJie,nnee saBMCHT OT 3HaKa p'<xt<t')) e 

MMe1mo: ecJIH p'(x't(t'))>o, ro perueHHe nepexo,n;11r· c Bepxuett 

ITOJIYilJIOCKOCTU Ha HMllHIOI0' ec;m p '( X F • .C t I)) < 0 ' TO Hao6opoT 0 

Orcro,n;a cpasy Bli!TeKaeT' tJTO Mex,n;y ,IJ;BYMJI IlOCJie,n;yiomm.m TOttK8.MH 

BO3BpaTa IIpOH3BOJIM-IOrO pemeimR X f ( t) HaXO).l;HTCSI HetJ9THO9 tJHCJIO 

nepeueu 3HaKa ipyHKitHM p' ( X) , T., e o Hetteruoe tJHCJIO rronoxcemttt 

paBHOBecmI, nputteu IlOJIOJ:CeHHM paBHOBeCMJI Tr,ma (pOKyca Bcer,n;a 6y,n;eT 
' 

Ha O,Il;HO dOJI:&rue' tJeM IIOJIOi:CeHMH THIIa ce,n;Jia., Pememrn XE. ( t ) 
ypaBI-IeHHJI( * ) Ha3OB8M 0,J -ICOJie6JIIOutH!.!CJI, ecnn OHO HMeeT c5ecxoneq-

HO !.moro TotteK BO3ppaTa npH t ,. 0 0 JierKO BI1,11;8T:&, tti'o Ha OCH t 
MOMeHTiiI npeMemr, B KOTOp&e npoMCXO,n;HT BO3BpaT ,ItBI1X8HHSI, He UMSlOT 

npe,n;eJII>HiiIX TOtteK~ )IeMCTBHTeJII>HO' rrpe,n;IIOJIODM npoTHBHOe: nycTl, t I< 

eCTI> MO?JeHT BpeuenH, B KOTOpbli1 npOHCXO,Il;HT K-,!Litl BO3BpaT ,n;mrnce1msr 

ue:rtoxoporo peruemur X" ( t) 1.4 ti(~ t I 
npH K ➔ C<> o .Torita· . 

Me~y Xe ( tK) H Xt. ( tKH) HaXO,JJ;HTC!I, IIO KpattHeti~Mepe, O)tlIO nOJtOXew 

HHe paBHOBeCHR M rrpH I< ,n;ocTaTOtJHO 6OJII>I!IOM = TOJII>KO o,n;Iio. ITycTlt 

3TO c5y.n;er X"' o Tor,n;a H3 Henpeph!BHOCTH pememrn cne,n;yeT, ttTO 

X t ( [ 1
) : X, , 'ITO npOTHBOpetIMT TeopeMe O e,n;HHCTBeHHOCTR 

peiireHHJI O Ey,n;eI,{ roB opHTI>' tJTO pemeHHe XE. ( t ) KOJie 6JieTCR ycT0tttJlt.801 

ecJm: JII06ble ero CJie,n;yomHe ,npyr sa .ztpyrou TPM TOtJKH B03Bpa?a X t ( t1,)t 

X t ( t 2 ) H . ?( l ( t3) ( t t < t 9.. <. t 3 ) y,n;oBJieTBOpRIOT cne,n;yromeuy. 

ycJIOBHIO: tJHCJIO IIOJIOJitemdf paBHOBe CI,IH ypaBH8lUUI ( * ) 9 HaXO)tf!ntPIXC.11 
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ue~y X £ ( t 9.) w X f ( t 3 ) He rrpeBOCXOl(H'f _ tmc.na nonoem'ifi paBHOc 

Becnn, aaxoitsnutxca Mex.Tty X 1 ( t1) YR. X f. ( t 2.) (j) · O<S W = · 1eoJiedJinttte1,rca 

penum, ypaBU81lHSI ( . * ) dy.7teM roBOpMTL, . qyo OHO xo.ned.weTCff O'fHO= 

. cMte.n1,ao nono~emuv. paBHOBecv.m Y, ~ eca K3 modHx ero JJ.B:/X n~c.ne~ 

,n;yronuix 1'0 treK B03BpaTa O)tH~ pacrtOJIOI<eHa npaaet X z. . i JtPYrtUI JieBee 0 

By,n;eu roBopttTiii 9 ttro pemen1te X £. (t) crpetm'fc~ K • TOttKe X · . 9 ec,m 

s vi "'· I x ~ ( t) - 3< \-'? C ( t' .,, t ) rtptt t -~ D<> e Jf3 c~enanmi1x 
f.... • . 

· 3atrettaumi1n JierRo cne,Ityer 9 . 1ffO w · = ito.nedaroriteeca pemenm1 -Mmier 

CTpeMHT!,CR TOJU,KO K llOJIOl?8HliID paBUOBecna 'ftma qn.neycao CJie'AODaTeJihHO 

:e noJio,ieemrttt _paBJroBeciur TMna ce,1tna • pemen11e 1.m~e'f BXO.ItnTi toJu,:reo · . . 
MOHOTOIIH09 'toee TRK9 tJTO C nexoroporo 1.1oueum BpeMelffl \ X'i:.(t)) / 0. 

B atofl padore MM BCD.Tty 6y,Jteu npe.1tnomt.ra-r1>9 urro pememte uoxer 

CTp8lll'lTbCJ'i MOHOTOHHO T011l>KO K rIOJtOJeeHl?llO paBHOB8CHJt Titrta ce.1t1Iao 

:3TO 03RatiaeT, BOc.:.riepBblX9" tJtO pememie H~ UO~'l' llOHOTOlIHO CTpeimThCSI 

K TO'l!Re9 He HBJISiro~encn noJI0%8HH!M paBHOBtcnno B0°Bf~pmc~ qro OHO 

He MOJ?eT CTpeJ.mT!>Cfi K 11OJIO%eHHIO paBHOBeCHR filll'ta cI>otcycao Bropoe 

orpamrttemrn osHa ttaer 9 ttTo MH _HCK1tn'ta®u cnyqa.H cmJI1;1toro TpelUUto 

3TO orpaHJ1ItJemie9 IlOHHTH09 He nnon:ue ecT®CfB8HHOg O,ItHa:rto Ol'Ka.3 OT 

Hero CHJJ:MIO uemrnT pesyJI1>TaTuo PaccMotpeHitlID 3toro cnyqan us 
' 

npe.rtnonaraeu nocBRTHTl> OT.rteJu,nyn pa.cJOTYo 

ITepnoe ~e orpaHH'qeHRe 6y.rteT OCTaBaT~tH B C~Jieg TaK Ka.R CJIYtmH, 

KOr,na OHO He BbIIlOJIH8H09 npe,ncraBJIHIOTCn HaM He HHTepeClibIMHo Cefittac 

Wit Cq>OpMyJiu~yeM )tOCTaTOtJime ycJIOBVUl )J,JIIJ. BHllOJ'lBeHMSI nepnoro orpaHHQ 

t1em1SI0 3TM ycJIOBMR no11yqaroTc11 M3 cpamremu1 c a.uaJiorH'Iec:rewim 

yc.rronnsrMM JT.JUI ypanHemrn: X -~, K ( t ) ><. = o , r.1te K ( t) ::r o 
JJ,J!R Hero ( CMG [ 4) ) IIeo6XO)T,Htr1IU H )tOCTaTOtIH!iitl . ycilOBll8M Hecy~C= 

TBOBaHUSI pemem11nj c:rpel.ttlIItMXCSI K KOHettHOMY npe,IteJiy,, OTJiffqrrouy or ay.111, 

ecTb pacxo,tt11:uocT:& irn:rerpana Jt K (t) d t . 3aMeHoit -d S = ::_I Lt\ . 
d . t ' 111( I 

ypaBHerrne d t ( m ct )r. X ) _ I<. ( () >< ::. O ( rn ( t) > O) 
·npMBOJT.HTCSI 1~ BH.ItY d~ - m (t (S)) t-< ( t ( s)) X = 0 - 0 u . s fX:lrl,,/.. . 
ecJm MHTerpaJI ( -~-'L~. paCXO,Il;MTC.R~ TO HeOdXO)ttnJUM M 

· J m(t) · 
J. 



,JtOCTaTOtJHLW YCJIOB1!8M JVUI BLillOJIHeHJUI nepsoro orpaHHtJ8HHSI 8CTJ, . 
c,O . 

pacxo,ItHMOCTl,. HHTerpana J :> m(s) Kc s) d s 
0 

t 'ITO,, pasm>cHJIJ:aHO 
' - • ~ ' ., : > 

pacxo~HMOCTH HHTerpam 
00 c,.o . 

J k (t) (/' S d1: ) Jt 
..J. to VYt('t) . 
lo O'O olt 

B CJ[j'qae, ecnH HHTerpaR J ---;:--t CXO,ItHTcs, TO, KaK DOKa3aHO B· [6J, 
'to \IV) I.. ) 

HeOdXO,It~MID! H ,ItOCTaroqnuu ycnOBHeu ,ItnH BNilOlH8HH8 nepBoro ori:nugqeQ 

HHSI ecr» paCXO,ItHMOCTL HHTerpana 
. t 

JOQ_j__, ( ) k (~) l-t) o/ t 
t h') (t) to I . 

CytDJMPYH B~e CK8.3aHHOe, UH uoxeM Clt8.3aTL, qro ,Itna Toro, tJTOdH 

ypasueKBe d ~ . ( rn ( t> X ) - I< (t) X "' o Y.1tOBJ1enop1111O nepe0111 

orpaHHtteHME, Heodxo~nuo n .ItOCTaroqao, qro o6a HHTerpana · 
bO f 0()1, t 

JK(t) ch: r;(t 1,,/ J-~(~t ·[k(1:)~ltdt pacX0)tHJIHCll 0,ItH0BpeMeHH0o 
· m Ct) t 'rf'\ )-t · J 

~ II~xeu cpa,BHenns ypaBHeHusr ( -X- ) c ypaBHenneu dt ( W)(t) x ) -
- K ( t) X ,=:: 0 , MU M0Z:8}.{ no11ytmT1' ,ItOCTaTO'llHlite ycnOBHJJ Toro, 
~TO ypaBH8HH8 ( 7f ) Y.It0Bn8TB0pseT nepBOMY orpaHHqeHHDo Ha OCHO

BaHHH TeopeMH O cpe,ItH8M ME MOX8M HaTIHCaT~~ 
' . . ·~ J1 ( m c ( 

1 
t ) X ) -r { K ( t / ) p 11 

( Y. s H C t:) ( )( c * l - x s ) ) -

- E 1: (\:, -1:,Xs -t e(i) (><(t)-X'_s)) e(t) 'i<m) e-(-t))( (t~. 

• ( X(t) - X5 ) = f-{ J: Ct, t, Xs + 1t(t-) (x'Ct)-X5 ) i e(t) X (t-l)ect)X(t) 

+ f c 1.,t, X5 + 9(-/;) (X(t) - Xs ) , e (t) X(t)) }i< Ct), 
. . . . . 

r,tte o < e ct} < i o IIycT:& ,n;ns 11ro6oro C :> o H ,1t1111 

,n;ocTa~oqHo Yanoro cpRK~HpOBaHHoro h0 > o cy~ecTBYIDT 

cpyIIIt~MH 1c c 'i,, -t:) ) 1r.. c r., -1: ) H I< C U. , t) "' {) TaKHe, tITO 
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Kc ( l It) '?-- ,~ (t /c) p ,1 ( ><) - £ f; ( r / r; x, . j X ) 

fc (t/") ~- Ii (f:1tJ X) ,X) X + j(e)t) X) )(}~-le(€., t}. 

n p u . JI ~() r(yf Y, I >( ~· X s I ~ h a u 1x1~c 

Q 

a o6a 1urxerpa11a 
0-Q ·. t -
J - J.. ~~--:- ( f. Kc ( £/Z: ) h e. U .. 1 t) ()I( r:) of C u 
~ h'·l(ci L ). hc<e1t} to · . 

• 
~ :· = .. t J· . 
J Kc ( t, t) ~ e.(€ l) ( J n1c'i~)·1;{~-z:·)· ) oft pa c x: oJ~ me,;i.. 
to . to .. J c t · . . 

- t 
) /J J he ( € 1 t ) = -e X /::> ( - £ j fc ( € 1 'C J d .. C' ) H 

. ' . . ... J.. .. ¼ .. ·. . 
'-- . / ~ 

-~ c. ( t It) =- exp (~ £. j ic. ( t tt ) ol 't ) . 
iv ... . 

3TH YCJI0BMSI .n;ocTaTOtJHbI JJ:JUI Toro, tIT06bI ypanHemrn ( -:½- ) y,n;OBJieT-

B0pHJI0 nepnouy orpanMttenmo ( cp. c ( 5] ) • Bcro.n;y B ,n;aJI:E>IIeUnreu Mb! 

Ciy.n;eu CtJMTaTl> MX BL!TIOJIHeHHbIMM M Ha30BeM ycJIOBMSIMM ( o() • 

OdosnatiMM ttep3 Cs MH0lteCTB0 rroJio,:cemdl paBJionecMJI TMna 

ce,ItJia ypanHem-rn ( ~ ·). Bosr,MeM ,n;Jisr KarQJ;oro X 5 ~ 8 5 nee 

pemeHnsr Xe ( t) ypanuemrn ( ;:X,,. ) , y,n;onJieTnopmomue ycnomno: XE. ( t) ~ 
. ➔ Xs nplA t~OORi)M (cynteCTBOBaime TaKMX penreHMff 6y,IteT ~0Ka3aHo 

i 

B .n;aJir,HettmeM) • M3 Toro qlaKTa, tITO B rIOJIOJJCeIII'!e paBHOBeCJrn TMna 

ce.n;Jia pemeime M0X8T BX0)tI1Tl> T0JI!,IW M0R0T0HH0 cne.n;yeT, qTo )tJISI Ta1rnx 
• I I 

pememd1 X e(t) -> o np11 c ➔ 00 • Ha nJiocKocT11 ( x ) x ) JJ.JISI 

.. Ka~oro TaKoro penre1rnsr nocTpom.r KPIIByro X ~ Xi ( t) , X -== XE. ( t) • 

IloJiytIIDf· HeK0T0p~rn ceuei1CTBO. KpHBiiIX, B006nte r0B0p.R nepeceKaIOI!{HXC.f.l. 

,UJISI H0K0TOporo . cpmtcMpOBaHH0ro MOM8HT~' BpeMeHM to ·Ha. Kax,n;on KJ)HBOM 
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, • :· __ , , • • I 

Ramero C8JllffCfB8 B03itteU··_TOtJKy(x-~Xt(ti,) t X:=?(E (to)),o fIOJtY= 

'lmf HIKO!Opoe: J.(HOZeCTBO f (tJo Ecin! B, Y~BH8HH8: ( * -, ) Bpeim _ 

IBHO RI _BXO)tl1't. TO I' ( t.,,) COCT(?Jff .?-t3 It81ILIX TP8,8KTOpHiL H _O't to ___ .. 
ue 3aBMCUt O. B ItP01'ffBJ{~~~ CJiyqae ·81'0 He Bepno O Po~• '.,r (t;) BWtOIUtfc;;, 

CSI H3 CJle)ty»Jir!fi _T80p~l-Ui1 0 

- i- r· ) . ~i -., Teoxeua Io· IlyCTL - fl ·:;:;;;;;· .. E:· ' ·. (to ·.::'- - , r.1te· C., 8CTJ. · • 

llJIOCKOCTI> ( X > X-} ._, 'g3 xo:opoff, BHdpomeHLt 'T0llKH BH,Jta (x" 
1
0 )' ~ 

Tor.1ta, -Cyrtt8C'?Bye:r e.n;imc1'B8HH08 ;- -'npe,!tCTfiBJI8HHe 6.: I/ A ci< ·,. · r)te . . . . 
. d. , 

Ka~oe A~ tCTl', JIHHetfH0c,,,CJ3SI3H0e uuoxecTBO, OTKplitTOe .A 1 · U aa( n A~ ~ 

==: o np/.,/ d..' :t· ti· o ITpe.ttTI0JI0DM, ,qro ,_ so uuoiecTBe -LS ~-/ CYJllecrsy~ · 

eT TOtII<a - ( )( 0 ~ * o) ?8Ka.st1 qro HatiHHaDnteecn B Hett -B MOUeHt · . 

Bpeuemi t 0 pememre ypanaeintri ( * ) · ycroitl!lfno xoJiedJie~c• OTHO~ · 

CMT8JI:&H0 -- Xi (npM 3?01.! · ·H8B8.XHO K KaKOMY Tltny noJIOZ8HHI!· }laBHO= 

B8CMSI X, nptm8.).tJiem-tT)o Tor){a: JI1>6oe .n;pyroe pemeaffe ypa.BH81Uta'•·( ~ j, 
Ha'!HHato~eecir' n uoueii± BpeMenn · __ ·to M3 npmrnBoni,aon :zoqttst,:'. npnmi.itne~ 
xal!teM Lio1.. ·-, dy,tteT ycTolftrMBO KOJiedaT1>csr oTHOCMTein)uo ·Xi."· o 

0 . ' .. 

l{Jisr ,tt0Ka3aTeJil>Cl'Ba 3TOii :reope:ua H&t noua.itodax'cn 'i ciJie)tynl(He . : : 

JieMMLto 

Jiem.ra IO ITycTb LC 6. -CB.f.l3Il08 MlIOl!C8CTBO, He :nepeC8K8.l)Jrll8CJI 

c npm.ion X :. 0 . ··, H nyCTl> XI nep!ast' rip~ -t > t O - TO'lim: 4~0·111J5a.ta 
-H8KOToporo pemenMa X £ (t) ypaBH8HR.ff . ( * ), Ha'IHHM~eroca ·» 
UOM8H1' Bpeuemr :to -113 TOttKH ( XQ t X

O
) C L o Tor,ita nep~-

Bast npn t '7 to TOtlKa. B0,3BpaTa npOH3B01I:f,HOro pemeHHSI X ~ ( f ) .. 
ypa.BHetnui ( -x- ) -uat11uiaionterocst B 1~0MeHT npetten11 ~t: o H3 np6HSBOJtJaHoff 

TOttKU, rrpima.n;ne,ranfeft . L HaXO)l;HTCSl 1l8Jt.ltY x~ H X 'i .rr_ite xf ~ 
. XI X ll ' nepBOe CJI8Ba OT -- TIOJIOJJC8Hl18 paBiiOBeCHSI ,: Cl - z. ~ nepBoe iCIJpa.18.o 

Pacc~.{OTPHl('cJiyqan~ 1wr,ria L Jiemtr B ·110JiynJio·riKOCXH ,( >"'6 i 0 

CJiyttan, ~or.iia ·t: . -JI8%UT B' rro~ynnoc·Kc{cTH' _j ~:< ,; o pacci.raf PH:BS.8TCH 

e.ua110 rH tnr o. 
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IIs onpe,n;eJiemur 1.mo1,1;ecTBa L cJie,n;yer, t1To JI106oe pememrn 

XE(t) 

)<0 )E-E· 

, 'uattMHaIOIJ{eecSI B MOM8HT Bpette1m. to H3 TOtlKR . ( · Xa 

. ; JIH60 Hi.teer npH t -;:;.· to ~OtJRY B03BpaTa., JI~6o YXO,D;ll.tT 

B ~Jiroc .6ecK0HetJHocr1, • .nenc'.tB11:TeJr&Ho, ecJIH Xt (t) o<lpaTHTCSJ npH · 

. t I > t O B HyJI1.,; TO. X Ect' ) ·. ecTI, TOtt~a B03BpaTa, eCJIH 1.te .. 

Xi ( t) B nyJI1, He oCSpantaeTcst, TO X ~ (-t) uonoTbnHo yxo,n:11:T B · riJI10c 
. . . . b . 
6ecIWH8ttlIOCTl,. CTep1.mTCSI B 3TOM cJiyttae It ItaKOl.lY -mtdo KOHetmOl.ty 

. sHatte1rn10 X t (t) ne uoxer B cnny. c,n;eJianHHX npe,n;~oJioitenun o noBe,n;e-

' 

. mm: pememttt ypamiemrn ( .·~·. ) H B CHJIY BiiICSopa MHOX8CTBa .· 0 •. 0 060·3 ... 
. . . ~ 

HattHM ttepe3 [ 
1 

. 1.moxeCTBO TOtteK { G° E i:: J Tam1x, ttTO y BHXO,IVlll{nX 

:us m1~ B MOMenT npeuemt to .. pemennn nepBan npu. t ,. t O TOtJKa 

B03BpaTa JiexnT .. Jienee X. { , ttepes f: ~ 1.rnoxecTBO { G' e J: J TaKMX , 

ttTo y onpe,n;eJIJieMHX 1u.m pemem1i1 nepnasr npv1 t ."> t~ .. TOtJKa B03Bpa.Ta . 
. I . I/ . '° 1H { . ~ } 

.. Jie:lltHT uex,n;y )(" H. Xi , tte_pes ~ - HHoxecTBO o". E- ~ TartHx, 

· ;.'ITO JIHdO y: o_npe,Ite_JISl,8UblX HUH peme1rni1 ne~>BaSI npH t. '? t 0 : TOtma 

· B03BpaTa ~8lltHT npanee X {. , Jm6o pemeHHe YXO'AHT B rIJIIOC 6eCKOH8'1-

HOCT1, • IIocJie,ItHee: MHOX8CTBO MOlCHO onpe,n;eJilITI,, KaK MHOX8CTBO TaKHX 

{ G'" Er J ·,. 'lJTO Ka~oe 113 .onpe,n;emI~MHX HMH peme1ml1 np_OXO)(HT _B K01I0tl

HJ:.If1 uoue11T BpeMeHH tij C OTJUflJHOll OT HYJISI CKOpOCTI,10 ll0KOTOPYIO TOtI

KY X <S > _X_'{ .. • _Us Teope~m o nenpepHBHOti saBucv1MocTu .pemem1:SI. oT· 

HattaJil>HHX ycJIOBMfi )(JISI KOHetJHOro npoMelltyTKa 3Hattemdt t cne.n;yex, OC~TO 

i' , ~/'.' ~ "i 111
- OTitpiiITiiie· uHoztecTBa. C ,n;pyro!i cropoHiiI !:11hlt'(/L~)1

~d 'i~ 
11

,

1 

:t n 

U r 11 .u.· ( £·' V >' 111
) :::. z . CorJiaCHO onpe,nenemno CB.fI3HOro 1.mo-

Lt · . ,;.-i I I ( / /I/) 
. ~eCTBa 3TO .B03M~lt1IO TOJII,~~o Tor.n;a, Kar.n;a JIM60 ,2: , · JIHdo r V ~ 

. . . . II . . . - Ill - . 

ecT_D nycToe J,~HOX8CTBO. TaK KaI{ .Z: -:/: 0 ' TO (X: I u ~ )- Oll.t ' 
.. . . · I I . . 

CJie).J;OBaTeJII,HO, r ::. E, . 3:r1ut JI8MJ.ta ,n;oKasana. 

neima 2. IIycr1, CBstsnoe uHoxecTBO I{ .nexuT ua ·npSiuon x = O 

H He co.n;ep:imr HH o.n;Horo nOJIOX0HHSI paBHOB0CH.fI H TIYCTI, to<~) Henpe-

. pLI~HaH Ha R :qlyHKl,HS:l • HycTI, .n;anee XI eCT:F, nepna11 npn t ·~ to (Ko) 
1 ',· :;,... ' ',, ; ' - ,· • ,· .! . . \ --• . • -

TOtJKa. B08Bpa:rc1 H0KOToporo pemeHHSI X t ( t),, uatt1rna10ntero B 1.-IOM0HT 

Bpeuemr. to ( ~o) lit3 TO'l!KM .. K
O 

Go. J< .• Tor,na nepB.a.fI npn t >·to ( ~-) 
\' 
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-T0tzRa B03BpaTa rtp0H3B0Jil>H0ro. pemeams XE ( t) , · HS.'UUUll>nterocR: B 

M0M8HT BpeueHM to ( K..) M3 :T0'IKM I< E- K t HaX0)tKTCR 11ew xf M X {, 

r.zte Xi' = nepBoe cJieBa or X 1 nonoxemie paBHOBecHsr, a X{ 0 nepBoe 

cnpaBao 

.nomaaTeJIEtC'l'BO 3TOf1 11em.nit aHaJIOrMtJHO .zt0Ka3aTeJILCTBY npe.zt1i1.zty ... 

ntefi JI8MUH H 1103T0MY onycn:aeTCRo 

. , 

,IlOKa3aT81II:,C~BO TeopeJJt:iH 
~' • , • ' , I 

JTyeT1, ( x 1 > x 1 ) Q npoM3B0JI:&Hasr T0tnea, npHHa,1v1emntaa A• 
0 

o 

O6031Ia'IMM ttepea f ( f ) :: { X :aa: /1. (t) , X :: f~ ( T J] , HenpepimHoe 

OT06paxemte 0Tpe3Ka [ 0} i] BO MHOlIC8CTBO A cl..o Taitoe, q•ro f (o): (><o /<: 0 ) 

M f1: (i)~ (X1>><1)0 O603IIatJMM ttepes G UHOX8CTBO {r ~ Co/tJJ 
TaKMX, tlT0 peme1rne ypaBH8HHS1 ( K.. ) , HaqnHaIOnteecJI B MOMeHT Bp81!8HH. 

to n TOtIKe 1,(1) dy,n;eT ycrotltJMBO KOJia<1ar:&cn OTHOC~TeJiiHO X z.o 
IToKaxeM, tITO G OTKpHTO B oTpe3Ke Co 1 1} o ITycTI> , , npoH3BOJll>c-

Han:f TOtJKa, IIpHHa,n;JieJitantaSI G • IIycT:& ,n;aJiee 1 <r') ::. · < 'X 1
) X1 J 

Ecirn X ' f' 1J , To Bosr:,MeM f > o nacToJii.Ko ua.rr1:,w, ttTodu o6pas 

l!HTepBaJia ( l 1 ... er) f i + f) rrpa OTO 6pa,xemtH 1 <r ) He nepe C8c-

Ka1!CJI C np.fIMOil X ~ 0 0 3TO :MO,itHO C,tteJiaT!> B CUJIY HertpepbIBHOCTH . 

f ('f) o Ee.nu. J!(e X 1 ;.;:; o , xo o6osilatJasi ttepes .t1. MOMeHT Bpec;, 

MeH11, B ItOTOphln npoucxo,n;HT nepBUfi npH t_ '> to B03BpaT ,ttBmxeHltft 

pemeIIMSI x( ( t) , Ha'tmHaIOmerocsr B T0tJKe I <r 1 ) B MOU8HT BpeueHH 

t O , BOST>MeM t: < ti. , HO 601u,me t0 o Tor,tta X €. ( t ~ ) :j: O 

Ha OCHOBamrn: Teopeim O HenpepliIBHOti 3aBHmtMOCTM pememur OT HatJaJIJ:,HJIX 

ycJtOBHll ,n;JIR KOHetuioro 11poue1.eyTKa SHatJeHidl t MH JJ:Oxiu BiiI<1paTL 

r-' .... o ,< ,< o ~ nacTOJicKO MaJI1i1M, trTOuht y JIIOvoro pememrn, HatJHHarontero B 

· MOMeHT BpeMeHH to 113 npoti3BOJI!>HOi1 TOtlKH, npMHa,n;Jiexcameit 
,,Lo' f <.(~ 1- 01 

> f'+ F')) · . 3HaK nepBoli npOMSBOJil,HOtl B TOtJKe C.. 

coBnan co SHaKou * t ( t: ) o Tor.tta c.rrytzait X ' ::: o cne,n;excn K cny" 

0 

t1a10 X 1 # O · , ec.rrH saMeHHTl> to Ha ti o IIpHMensrsr .rreu:uy I, 

MLI no.rry:9aeM, tJTO .nepBaSI np11 t > ti) TOt.1Ka BOSBpaTa aII06oro peme1msr, . 



.~: 
= I2 g 

Hatmna10merocst B MOHelIT BpeueHH to H3 np,OH3BOJI1,HOll TOtJitlt tn~oxec ... 

TBa E.:. f (('f. 1 .... ~ ?·' + f )J t JIGDT Mez,tty T8}.llt lie J:tBYMH 

IlOJIOXeHllSU.nt paBHOB8Cll.f!, tJTO lt nepBa..ff npn t > t o TO'CJita B03Bpa-

Ta pemeHHstp nattHHaromerocs B TO"tKe 1 (l1) o TiycT1> t1 (l) paBHb uo0 

ueHTY Bpeuemt, B KOTOpan npol'!CXO)l;l'!T nepBHi1 npH t > ta D03BpaT 

,n;mu.teurm. pememur j< t ( t 
1 3 ) , natittHatol!terocsr n xot11te /r,).. r.n;e 

f E ('f 1- (j 
I 
r / -f- f') o rl3 Teopel.rH O nenpepLIBHOn 3aBHCIDJOCTH 

pemeHlUl OT H~tJaJil,HUX yoJIOBltft CJie.n;yeT'. tJTO tt <t) HenpepiiIBRao 

TaKm.t odpa30M, 4 c,) ~.. K 1 ~ { X t ( t1 c,)) 1) J O } -
:t ', ;· 

' y,noBJI8TBOpSIIOT ycJIOBH.fIM Jiem;m 2 0 IIpnuemrn JI8MMY 2, MLI M02!C8M onpe.n;eQ 

JIHTI:i nenpepuBnyro cpymtrt:r1ro t ~ (' ) , noJiaraa ee pamrof1 MOMeIITY · 

Bp8118Hii, B KOTOpiiIH npOUCXO,ItUT nepBli!ll IlpM t '> t1 (~) BO3BpaT 

, .n;nu)!emtn pe~en1rn~··xt (·t~ f) i} 11 MH01.tecTBO Ki-= {xe.ttiJlJ,1) , o} 
1
·, KOTOpue' . Ott8Bll,1J;HO 9 Y.ItOBJI8TBOP.f.tt:lT ycJIOBlUU,I Jiein.m 2 0 

"Tenepi; HaM HCHO,Kax,nueSI tpyIIKI(UlO ti( <t) M UIIOX0Cl'BO Kv..,onpe,n;e-
JlllTl> t~+-1 (_,.)n . J<:~"t·t ". TaKl!M o6pa30M, Mlil IlOJiytJaeM B38.mmO•O.D:HO3HatJc,, 

. ~qe COOTBe_TCTBMe. Mex,n;y TOtIItat.m B03BpaTa J)ememrn X f:.. ( t) 1') lI JII06oro 

. ,n;pyroro pemeH~SI x ~ (t)}) , r,n;e T E- ( ,.( t ..... S-
1
1' + f) , . 

. ; 

Il})UtieM TaKOe, .tt~O K=TaJI ;otrn:a BO3Bpa.Ta npoirnBOJil:>HOrO peruemrn Xf (l.t )° 
nemtT uex,n;y. T_8MI1 xe ,n;Byusr noJioxe1rnm,m paBHOBemur, tJTo u K-TaR 

T.ottKa B03BpaTa pemem1n X £ (. t 
I 
lr) o Tait Ka.It Xe: ( t) ~:) 

no npe,n;nonote1rnro KOJie6JieTCJI YCTOlltWIBO OTHOCMT8JI:&IIO X '?. , TO M 

Xe. ( (}) ,n;_JISI r(: C,'-~~,l.t,b)6y,n;eT ItoJie6aTl>CSI ycTOlitJlrno, T.eo G 
OTitphITO B [ 0

1 
i] _ c, I{aK H3B6CTHO ( [8] 9 CTPoI30) , BCHitOe 

'Z.lM 
OTKPHToe MHoxecrno_na npauon ecT» coe,n;HHenne ne doJiee~cttexnoro 

i""I 
tJHCJia nonapno ue nepecertaront11xcSI 1rnTepBaJioB o CJie,n;oBa T0JII,IIO, G 
ecT:r:, coe,n;1rnen11e He 6oJiee ttei.t cu.exnoro ttMcJia nonapno ne nepeceitaro-

l!lvIXCSI HllTepBaJIOB M ue 6oJiee _qeu .ItBYX noJiylUITepBaJIOB, He MM8IOI!tHXCSI. 

odutnx Totte1t HM c 1mTepBaJia1,ut, 1m ,n;pyr c ,n;pyrouo B ttncJie xounouenT G 
HeT oTpe3KOB, n6o B TaKoM cJiytiae G: [o 11] M Bee ,n;oKasauo o Jtmr 



l. 

I 
I 

3aBepmemm .n;oxasaTeJI:eCTBa noxaxett, ttTo co BCRRHll HHTep.BaJIOll 

HJm noJIYHHTepBanoir, BXOJtHntnM ·B G , · G npnHB,JtJtemt n ero 

r!ll~MttHHe TOtJKtto . ITycTJ. ~to ~ npOll3BOJI:&Hhtff MHTepBaJI nnn llOJiyttHc;, 

TepnaJI, BXO,n;stmtdt B G t H fr,. ._ 0,I(Ha 113 ero rpaHHttHliX T0'l8Kt ,ItJISI 

onpe.n;eJielIHOCU! 6y.n;e:u CttltTaT1>, tJTO JieBaJio Ec,m HyzHO, 3a.MeH~SI t 0 

u8. ·t: ~fe, ·uu MOlt6M BH6pa.T1, f > O HaCTOJILKO lla1IInlt tJTOdH, BO=n8pBUX1 

( ~ 0 't 10 + ~) c.. Q,, ' BO-BTOpax, ttTO6Lt CBSI3HOe UHOZ8CTBO I, =-
I I ~ (]to . . 

{ Xf. (.to' /i) , i( E ( t: J ~)] (1 f (1 ~ > ~1;1+ b]) He nepece~noc1t c npauott_ 
X ~ 0 ' T .e O 11em110 JIMCSO B nonynJIOCKOCTH X > 0 ' JUt60 

. B no11yn1IOCKOCTH X <. 0 • B03l,l:!8M r I = 10 + f . 
Tor,tta pemeHHe X t. (t) 71 

) c5y.n;eT ycTOittIUBO KOJiedaTI,CSI OTHOCHT8Jtl>HO 

x, • TIOBTOPMB rIO't!Tll .n;ocJIOBIIO nepBYJ) ttaCTo ,ItOKa3aTeJILCTBa,MiiI 

• ,rerxo noJiyttmu, ttTo XE (t~1 0 ) Kone6nereJI ycTonttHBO OTHOCHTen1,Q 

HO Xi • Tenep1, HeTpy,1tuo noKasaT:b, tITo G ~ [ O 1 1) o IIpe,n;nonoxnM 

t 

npotuBHoe: nycT_fJ G 'f: [o i-1) o TaK KaK G OTKpUTo H () .. = o) E: G 
. . ' 

TO CYIIt0CTByeT IJaKCH?,{aJil:,HLili TIOJIYHHTepBaJI ~L1 t CO,Itepl!Camutt TOttKY 

·(1'= o), $l1.= [o>J) o TaK KaK BuecTe co BCSIKHM no,ryunTepBano:u G 
np1ma.n;11eqT u ero rpaHnttHHe TotJxu, TO [oJ'J c. G o CJie.1toBaTeJI1,uo, 

~ < i O Ho TaK KaK G OTKPLITO D [ 0) 1] ' TO Hall,n;eTCJt r > f} 
TaKoe ' tJTO [ 0 /~ + frc:.. G O CJie,l{OI3aT8Jil,HO' 9i1. ne e_CTh 

uaKcntra.111,HHfi noJiyunTepBaJI, co,1tepxantntl ToqKy (~ ~ o) o IToJiytJeHHiiIM 

npoumope-queu 3aBepmaeTc.n .n;otta3aTen1,cTBo namen Teope1.mo 



~) I4 = 
\, .. / 

rJiaBa 2 

Tiocne Bcero cKasaHHoro Mhl nepen,n;eu K naxox,nemiro cnoco6a. 

,n;11sr Blit'llMCJieHMn -Jj (t? ) o 1I1m storo nyxHo uattTR cnoco6 naxox,n;~mrn 

pemeann ypaBHeH1ur ( 1't )~ Y.ItOBJieTBopsrromvrtt ycnomiroi /'€ ::;- ~ ; 5 
npn t ~ 00 o Mu TIOnlitffl.8MC.8 BaXO,Itl'lTJ, -Tatme pemeHltSl: pa3JI8.= 

raa HX B pst,n; no crenemm :ua.noro rmpaueTpa r 
C. 

XE Ct) ~ 7/ (J..\ ...;., ;: 
- t,0, .... 1,,.., \ ',,,_. 

; I;.\ . 
l Jt , l -..i 

I ... \ - I . 

c; i 
-~; ~/ { ,/-- '· 

C\ J /, ,2, ~ '"" :' "7'~ 
1. . 

e 
a 

(2oI) 

Bupaxerrne (2oI)I) BOo6~e ronopSI 9 pacxo,n;vi:rcno RpoMe Toro- Buqv1cJiemte 

x\ __ ( t )' - rpOMO3,ItKO 9 PI UO3TOMY },{Ii( MOiteM qJaKTHtteCKH Bl,I\lHCJIHT:E, JIHIIII> 
. . . 

H8KOTOpoe He6OJI:omoe - '<U-'!CJIO -'CJJI8HOB psr,n;a (2oI)o IloJiaraSI 

V c r;) ( + \ 
/', Y' ~ I_. ) 

'-

r 
= )~ V I:#-) £ r:. 

l-J 1'.,(·'-~ -
. 1,,1_ " 
I\ - " 

.~) / 

Mlit ,I!;OJll?HbI OU8HHT:b • 

1.J.- )~ 
',, ·. 1 ~ --RY, ' -) ~ 

1,1 I ,J \ - I ( h) ( ".'" ~ . 
;'(.; " L / . ' \ - _; 

"" . t 

Ita.K xopomo H3B8CTHO H3 aHaJIM3a 1 

. 1 n d -~ , rt ) / e 'A" 1, 

Rr. (t,1.J = 'u£":t P<'I, cn~1)! 

(2o2) 

ITp:vrro,n;HOCTI>BblpaxeHHSI (2o2) ,Il;~H Bbl'<IHCJI8HHll 6y.n;et CJI8,ItOBaTI> H3 

Toro 9 ttTo I) Ka.I< 6y,n;eT _noKasaHo B .n;aJI1>Heitmeul) I R Vt \ t 1 ~ ') l ,f 

~ Nn { t) • £ r,~1. 
1 

r,n;e /\~ ( t) orpaHMtteHo npH t >,,-- to H 

-f-i'm IV Vi ( t) = a o IIoaTOMY npH )locrarottHo MaJIHX £. ttnen 
t ➔ !:X) 

l R f + ") I uo:m:er 6bIT1> c,n;eJiaH Ka.K yro,n;no uaJimi J1I,cne,n;oBaTe111,Ho, 
' l(\\'-1t, 

BhlpaE:en1rn (2 o2) KaK yro,n;Ho Mano or JIHttaetcst OT Toqnoro pememmo 

.nnst ,n;o~a~aTeJII>CTBa 3Toro <paKTa uu ,n;oKaxeu cyntecTeoBaHHe ~ pemenvrn 



= .J....J .... 

y,n;oBJieTBO'PRIOIItMX YCJIOBmo . X ~ ( t) ~·~ X $ 

' 
rtp01!3BO,I(HbIX no C ,n;o HYXHoro HaM TIOpR.n;Ka H npoBe.n;eu onem~y :ux 

none,n;emrn ,n;JIR 6om,mux -t o JIJIR 3Toro uau HyxHo yMeTl> pa3JUtttaTl> 

pememrn ypanHeHHR ( -)f ) , cTpeMm1i11ecSI npu t -> e,.::::, K o,n;Houy 11 
! 

Touy; ,xe noJioi!Cemuo paBHOBecuR nma ce,n;na, T Qe.., nai1TH. ycRomrn e,n;rrH-
j . 

' 
CTBe.HHOCTH 0 3TH ycJIOBHR ;caF:>TC.fI CJie,n;ym:terr Teope:MofiL~ 

TeopeMa 2e IIycTI> Bbipajitemrn 1<C~1t) p\x}- t f~CEiti X1 X)X <:. O 

np11 t >,, t0 ,I(JIR - ex> < X < +· o-o) o ~ £. ~ t. 0 lA \ X - Y. ~ \ ~ h 
. 0. 

Herpy,n;HO BI1)];8Tb, ttTO h Q ,I(OJil!tHO 6bITl, TaK uaJIO, qro6bI 0Tpe30K 

[is-ho 
I 
x

5 
+ h 

O
J ue c~,n;ep,mJI HH o,n;Horo 11onon:eHuR paBHOBeCHH, 

OT Jrnquoro OT X ~. 0 Tor,n;a pemeH11e ypaBIIeHlISI ( * ) ' y,n;oBJI0TBOpSIIO= 

mee YCJIOBHmr~ Xe.(t;)-= x/J i r,n;e I Xo-Xs16:.ho '> siJY\){t(t) = 
~si9n (Xs-Xo)np11 t '>,.. t 0 H XE ( t.) ~ )(5 npH t -"> oo > 

8,I(HHCTBeHHOe 

}lOK8.3aTeJil>CTBO: 

II . V l ( t) ,1r V ·: ( t) pe,n;rtOJIOJitUM rtpOTvrnHoe: rtyCTl> /\ t J/1 "c;. pemeHHR ypaB= 

HSHMR ( * ), y,n;OBJI0TBOpRFJntMe yc.JIOBHRM Teope1rn.., Tor,n;a 1 (t.)-= . 

~ X~Ct) - x((t) odpamaercn B aym, rrpn t = to H crpe-

Mt1TCR K HYJIIO rrpli t -➔ 0¢ _.., BTcm.n;a CJie,n;yeT' tITO 'r ( tJ 
B HeKOTOpoi1 TOtIRe t 1 > to m:reeT Jmdo llOJIOlIUTeJil>Hhiit MaIWl-UJYJ,1, 

;mc5o 0Tp11qaTeJI1>HbIH 1,rn:HMMYM, T 0e 0 ~ (t1) =- X(( t1.) - X {( t'l.) = o 

Tio,n;cTaBJrn, B ypaBHeHue ( ')(- ) CHa t.IaJia X ~ (t ) , a 3aTeM . X ( (t ) 

11 BHtIT.fI BTOpoe BLipa>I~mte U3 rtep~oro, l1MeeM rtpH t =\) t~ < 

M_(t 1t1.)T(t1.) + {i<(t/1) p 11

(xf
11
(t1 >+ e1(t1)) -

- f. r ~ (EI t ! > X t ( t_i ) + t) ~ ( t,t) ) >( ~I (ti)) }( t (t)} $ ( t1) : 0 , 

...,_Je O < e < d. . . JiTot< K'DfK J/9¥\ x~ (t)= ~tJV>Xt(t)=-

::: 5 ,·, h ( )( ~ - Xo) 1 V'n O / Xs - )( t ( t1. ) - 0 f (t1) I -'. ~ 0 > 

0 



..,. I6 .... 

n, cne.n:onaTeJI:&no, 1<(£,t) p11 (X/Ct1.> +-9T(t1)) 

l ' t II .J.. .J. ) 1' II t ) ( II - c (K (&, > ><t Ct1.)-+ ftf(«-t I X, ( ,.) )(( (t1.) <. 0 
TaK~M o6pa30M, Mlil IU.IeeM: 

i ( t1, ) - CJ '" ( t 4. ) ~ ( t :t ) ~ 0 _.-l ( 2 • 3) 

r ){8 tJ ?., ( ti) -;,. 0 11 r< t ,t ) =f O o OT CIO,na MbI HeMe,IVIeIIIIO npuxo,n;m.! K 

rtp0THB0pettmo, iH10, 8C1IH t (ti) .,. 0 , 'fO i ( t1) ~ 0 , ecJm: xe 
., 

1= {t t ) < 0 , TO f ( t1) ::;, 0 e 06e 3TH B03MOil\HOCTI1 IlpOTUBOpe-qaT 
) . 

paBeHCTBY (2.3)o IIoJiytieHHOe rtpOTHBOpetrne )tOKa3nIBaeT Hallie YTBepJ!\~e~.> 

Hne. Bcro,n;y B .nan:&nettmeu MU ff:,.,taft::C:ttRTaTi;, ttTo TeopeMa 2 cnpaBe,nJiki~ 

Ba ,n;JIH n106oro t O • 06parnucs:r Tenep:o K Bonpocy o cymecTBOBamrn: 

pemeHHil, Y.It0BJI8TBOpSUOIJtHX ycJIOBHSIM: )(t. lto)::: )<o 
1 

><tCt) ,.,,"X1 ~~ rtpH 

t ~ 00 H r i J n XE ( t) = s i ~ I(\ (X s -= XO ) jvi-A t ~ t, 0 Raso

Beu 3TH ycnonits ycnonmum ( A )o Bonpoc o cymecTBOBamui pemeHHit, 

y.n:oBJieTnopnrontHM ycJIOBHSIM ( A ) , paccuaTpnnanca B [5] o O~narw 

MH no.n;ott,n:eM K neuy C tlHOll TOtlltll 3peIIHSI H pesyJI:&TaT, KOTOpiiit1 MLI 

noJiyttm:1, 6y,n:eT necKOJU,KO OTJIHtteH OT pesyJI:bTaTOB [ 5 J O B3SIB TOt.I= 

ItY X O · ( I><., - )( ~ \ < h ) 06osnat1mi qepe3 L ~ ,n;yry 
_,. '- ,0 ~I 

napa6onu x ~ o1.. ~ i;} n ( X 5 - x 
O

) \ x - )( 0 \ i , coe,l(MHHJO~yro Toq1rn 

(x':.Xo) >('::! o) H ( X = Xs i X,:: ~ J19n (~i'"'X,,)\Xs=Xor1 (O(>o), 

Teopem:t. · 3o Bo MHOliteCTBe L eit cymecxByeT TO'!Ka, ns KOTopon 

naxo.n;HT npu t =- t 0 pemenne, y,n:oBJie!nopsmmee ycJioB1uu1 ( A )o 

.Il0Ka3aTeJILCTB0: 

O603HattH?! qepe3 ~ ~ MH0!:8CTBO TOtteK ,uyrn, tJTO uaqMHaro-

nmeca B HHX npn: t • t 0 pemeHHSI nepecexa10T tipm.i1yro X ~ X s , 
He c.n:e.nan JtO 3Toro npn t >,... to HH o,n;noro BOSBpaTa ,n;Bt1xemrn:, a 

ttepe3 ~~{ - 1mozecTBo TotteK .n;yrH L d... TaKnx, qTo nattnnaromHecsr 

B HJfX npx -/:,'!,~ t O pemeHHSI, He .n:ott,n;n: .n:o npSIMOti >( ::: X ,S 

npn t ~ t m.r~nT TOttKy nosBpaTa. li3 Teopeim o uenpepmmon sa1rn= 

· L' L11 
CMMOCTH pemem,ur OT HattaJi:&HbIX ycnomdt ·oJie,nyeT, tJTO -d. ll ,:),, 

'..·.;,< 

. \ 



O'fitpmm, 1.1aouc'fsafl 9 o,nm, 113 mtx ae nyc'f@ ( ro1.um.' C x-;::: Y~ 
1 
x = o) 

l 
I/ 

npna.tt~nt> d. 0 a TOtma ( X: X s , X ~ o(s tjt1 ( Xs ~- X o) / X ~= X0 /Ji) 
rtp71HM.RDf L~d.. ) ft MX nepecetteime }')a.BRO ftYJmo Tfottf@Uf i~-

. l I u ) II I· np~inonontii qro , 4 = Lt 
. e,\ ·ol· o( 

t> To 1m u1111i•1no 

noJtyqaeu npomBopeq~e c tpa.KTOU csa3uocnt otpe3mo caicnattano, 
CYflt~rnrByer il no Kpailaen uepe, o,ttHa rottm, ne np1nmJvte--... l: U L~ 
BLIXO,ttnntee M3 nee npn . t == t' pememre )tOmaiO UOROTOUHO 

0 

ctpe1.mri.ca ie ne:rtoropon rot11te, saxnn1111non uew XO w X s ·o 

TaK. mx uex.n;y · X o n X 5 · ner no.nonnnn ·pa,1urcnecn119 a w npeJt= -·_ 

no'Jro,m;m ii : tl'l'O". pemenrin; BXO)tSintmX JJOHOTOHHO ! 'l'OQIJtY 0 O'f Jl'IHJI). Of 

nonolten~n paB1w:secnur, neT, To name · pemenne DXOJUtf n X s o 3m.r · 

reope1.ra .r.to:reasana:o 

B ,I(an~Heffm®Ji Hau norpeayerca cne.;t'(~ ,mmmo 

, 

Jreima 3 e rtyc'fJ» xf ( t) n X {' (f). = ,ltBa _ paa,mquue ·. pennu YJliBQ 

aeHHH ( 4- ) i) y,ttoa.net:nopHnttJ11e yc,rormm.r ( ) H nye,a, npn t ~ to 
0 

i) r .1te h ? , Tate mM» 0 j X: { ~ :- { ~ h?'l IX t ( t) - X s / ~ 
'0-

tfl'O rtpH t )} t O BI1HtOJIH1lDTCH yc~OBHa TIO~W 2o T@f,Yta ffl'1ll'Jll.Oc;, 

6ou t ~ LO Bupa~eH11:e · 

JrOKa38.?8Jll>C?BOi 

, Hs ·reopeuu 2 cne,1tyeri) t1ro npb! .modou t >,., t- 0 1~mrt 
t) 

)< ( ( [) - )( t ( t) f:: 0 (ec,m 6Lt Ilplt HGKOTOpOU t19 t 0 Xf (t):: X~(~); 

ro cornacm:, reopeMe 2 n K ~ (t1.) = X / (ti.) f,l "l'fO ttpoffisa,ptqft 

nameMy rrpe,ttIIOJlOllteHlJJO, tJTO x; (t) rI X/ ( t) l)a3.b'IHW p®RBll0 
• "" •o<;! 

TaK mti: B npot'HBHOU CJiyttae :3TO npOTHBOpetmlIO (js f('eOptut 0 

e;uincrnennoc?H pemea11n o ITpe,1tnoJioxvnJ xenepL npon1uiJoeg rr.,c?& . tY1ffl 

t . • I 
_" [ nupaxeue (2.4G•~.~;:i~~~~~~~

1
~~~;0 e He orpaH&ittVIBa#J 06~1oc~H · 

HJ(epHLIX 11ccJ1.e]lona1rni'< I . 
§~5fl~OTEKA · 



= .Lo c:., 

<'JJteu ctmtatL, ttTo x,;_'(t)- xt<t) > 0 • Tor,1;a x~ (l 1
) -

- * t ( t') ~ 0 0 Pacc110TpHM c11yqatf X ~ .ct1
) - X~1 

( t 1) = 0 • 

To~:n;a_ npH t '? t' t RO )tOCTa?OttBO 6JIJI3KHX Kt\ X[ (t) - 'Kt (t) > 0
1 

ndo ec11n 6u Xi'Ct)- Yt (t)~ o , To x~(t'J-x'(:(t'J~ 0 , 

q:o npomBopeqnr paaeucTBY (2o3) (ctr.:n;oJt&3aTeJILctno TeopeMu·2). 

noatouy, B3JIB sa 0 t' 1tec1toJI1>KO CJo~ee n03JlR11n uoMeHT Bpeue1m, 

us CJtytU3.lt Xi' ( f') - xt (t') :::. 0 Cl3e.tteu K c,ry,;an )<"e rt') - xt (t') > a . 

Itomze11, qto I OH B&B03MOX8Ho )leltCtBHHJlLBOt '(t): Xf l't) =· ~'{(t ~ 

y,nOBJ18TBOpneT CJie.I(Yl'JIIMM YCJIOBHJU.U )"lt 1)>o ,i(t')>o Ry(t)-) O 

npH t ...:....,. oo o C.1e:n;oBaTen.no, ttt) o6na:n;aeT nononTe_JI:&HLn.1 

:uaKCJ4MYl{OM9 tlTO neB03M0lCH0, B qe1{ MU y6e.tntDCL npH ,Il;0Ka3aTeJII>• 

CTBe Teope1ru 2o 3THM .ne1n.ta ,Il;OKa3aH8.o 

Cne:n;cTBHe Io Tax KaK nn6Lie }!.Be ioqKn, 11em~11:e Ha o~non H Ton 

xe }!.yre 0 _, , y}!.OBJietnopsnoT ycJIOBm:> ( xi - X ~ ) ( '><1. - x ) -;,, o 
~ ~ 1 . 

npH Jtt5o:u d... > o · , To 1-moxec-rBo Lo(.\ ( L: U L''c,() cocTOHT 

H3 e:n;HHCTB8HHOM Toqm-1 npH Jm60M t O ff npH JIJ)C>OM o<. > 0 • 

Cne.n;ynnta11 Teopeua, CSy,1te?. no.neSHB. B ,n;e.JI:&Heiimeuo 

Teope2,m. 4 0 ITyCTE, ypaBlt8HHe ( * ) npH Bhl6paHHOM X C H t 0 

06Jia}!,aeT 8}!.HHCTB8HHblM pememtell X l ( t), Y.ltOBJI8TBOpsu.>mm.t ycJIOBHSIM 

( A ) o Tor.1ta 3TO pememte uenpephlBHO 3aBHCHT OT t , T. e. 

X ?, ( t ) -> >( ~ O ( t ) ) Cl )( C, ( t ) -➔ X ~ O ( t ) Y) p l,t t. -► t, () . 

paBUOMepuo no t Ha KaX,I(OM orpaHHtI81UIOM MHOJ!C8CTBe 3Hattemdt · t • 
.n,m ,I(OKa3aTeJI:&CTBa OTOil :reopeMN Hau TpeCSyeTCSI CJie}!,ynmasi JieM-

Mao 

Jie1.iua 4o IlyCTI, ypaBII8HH8. ( # ) npu BiudpaHHOM X' o H to 
. odJia,naeT 8}!.HHCTB81IHluM peme HReM xt. (t) , Y}!.OBJI8TBOpSIIomm,{ ycJIOBHSIM 

( A.) o · Tor}!.a Bcsntoe pemeHHe X t (t) ypaBµemrn ( * ) , BLIXO}!.stmee trpH 

. t = t O HS TOttKH ( X.o) "RQ ) npH !--0 
-) 7 1 n-epecetteT npsnzyro· 

. , Xl(t . 
)( = x s , He c.n;enaB }!.O 8Toro npH "'· t ~t 0 HH O,I(Horo B03BpaTa, 



. -"-' 
· · a npH i > ,1 ~~ > o , ne ,n;on,n;n npH t ~-- t 0 

f'. e, , L" I 
MOfi X ~ X $ , 6y,n;eT HM8TJ, TOlIKY B03Bpa.Tao 

.UOKa3aTeJ[bCTBO: . -

,no rtpR ... 

II Xo ..,,. A 
poBe,I(eM ,noKa3aTeJil>CTBO . ,D;JI.fl CJiyttaSI . . \ 7 .I,. 0 CJiyttail 

)( · XE ( t 17 I 

1 > .--~,,!:.,_, > 0 ,I(OKa3IiIBaeTCJl aijaJIOrHtrHO O IIpe,n;noJIOltliM 
X ~ ( t,, } ,,,~- ( X ) 

npOTMBHOe ~ nycT~ Hall,I(8TCSI XO ' ·.:, .. > 1. TaKOe' lITO 
=· . X!!(i~Q) t t 

COOTB8TCTBYD1Jt88 pemen11e X t ( t ) _ t ne ,n;on,n;sr npu .,.,.... 0 ,I(O TIPJI• 

MOti X =· XS , 6y,1teT m!eTI> TOtrity B03BpaTao IIyCT!, Ld.. ; Ka~ pan~-

me, ect:r, ,n;yra napa6onu X = o(. s i ~ Y\ ( x s - X O ) I 'X - x 
O 

\ -'i , 
coe,n;HHSIJOntaSI iTOtfKH ( x = x s. , x : d- dg n ( X's - x~) 1 x s .. x ul 1 ) w 
(X'=X~ x-:;;o), 

tiycrI> t~ 
1 

Ham.1eH1>mtdi npH t '? t 0 MoueHT BpeMeHn, Kor,n;a pemeHHe 

x l ( t ) nona,n;aer Ha L r,1., o JierKo BM,n;erI>, ~lo B3SIB Cl(, > o 

)l;OCl'aTOlIHO 6OJI1>WHM MU MOiiC8M ,D;O6HTl,CSI, ttTO6U , Xo · > 1 TipH 
· I - _. . X~ \ t) t0 ~ t ,:s t""- ,Cl.pe~emie >< t ( t. ) , y,:noBJieTBopsnomee ycnoBHm.1: · 

X! ( t;) ~· X
0
·- ( f )lsign (X~-Xo) ;1t(t) = t 0 , He .n;ou,n;sr npH 

-t_ .>,...- t 1 ,n;o npsn.toll X:.; X 5 , _ 6y,n;eT HJ.!eT.o TOttKy B03DpaTao 
.et • I 

IIycr1, LJ tiac.r:& ,n;yrH L , sar<:JnotteHua11 :ue:m:,IJ;y Tot1r<:alrn ( x = X :> , 
""' d. ' 

x~. ?lsi9n(x5-Xl))/Xs=Xol~) IA (x=Xo= (~Ysign(Xs-Xo), x~x·o) 
Jierito BH,n;er1,, 'CITO rottr<:a (x= Xt•(t~), x ~ Xt(t~)) He np11Ha,n;nemir 

l~ o IIp~L!enHB K l~ paccyx,n;eHHSI reopem.11 3, · Mb! nerr<:o ,n;oxa.xeu 

cyme cr,BoBaHHe pememu1 9 t ( t) , y,n;oBJieTBopirnmero · ycnoBHm.r ( A ) 
J,t OTJIHtmoro OT X ~ ( t ), 'CITO npor1rnope,rn:T CJlt,J;tT<BHD Jr~ L~ IToJiytteHHOe 

" 

npor1rnope1.me .n;or<:asNBaer neuuy o 

J(OKa3aTeJI:&CTBO ·T8OpeuH: 

J(JISI ,n;o1tasareJI1>CTBa HaM ,n;ocTaTO'tJHO ,n;orca.sar1,, ,ttTO X t Ctc )➔ X £} to) 

npH .C -~ €, 
0 

o 3T0 Ulil · H .,Il;0KaxeMo Ilpe,n;ITOJIOXHJ1 npOTHBHOe: IlYCTl, 

I /, ~ (to)~'."' 'kt cto) I ocraeTc.SI 601n,me II8KO.Toporo i 7 O npH 
,... 0 

s - t.o--"> . 0 ' 9 Bu6epeM IlOCJie,n;oBaT~JII,HOCTJ, CK_..,. £ a npH I('=➔ 0-0' 
x ~ ( t()) _;. ( - ) ( . . x' t (to) i 1 H nyCTJ:,. -=-; .. lJk----, > 1 + D. A > 0 CJiyttan' I<:or,n;a O <.. ~ . .,.- < - ~ 
!' tt> ( t) x~~ (to) 



o 20 c:o · 

.rtOJea3btBaetcB coBepmeaurn aHaJtorn11Ho )o nycti. XO nponsB0Jil:>Han Toq-
~~ x, . - . 

m ta1<tU'l9 'Ito i + l > ~ ~ t, > 1 o O6oanaqm.t qepes Xe~ ( -t,) 
-, -- . 

pemeawe ypaBBeHH1£ ( * )t1, npn s ~ £ K ( 1<. >,, o) 9 YJt0BJietnopSirontee . 

YC:JIOBllSUU Xf. ( t0 ) : X~ l ~ ( ti); ) =. 'Is o Tor,Ita pemem-te ~ ( t) 
. . K K " 

nepece~et npsrttyl) x = x s 9 He C,Ite.naB ;to 3Toro np~ t >,,,. to 
7 (t > X-mt O)tltOtO BO3Bpata ,ltBHl!temtS9 TaK KaK ·to 

O 
: , 

0 t > j_ 
o }(f11(~) Xt.,( r.) 

IT03TOUY Ha OCHOBaH:tlR o(5uqnon xeopeubl O nenpephtBH0il saBHCHMOCTU 

0 

peaetmn O? naqaJII,HHX YCJI0BHff H !Ce XE ( -t ) npn K 6oJILmHX 
I( ' 

· neKC>Toporo I<~ nepeceKyr npn:uyn x: Ks IIe c;teJiaB .Im: o.n;noro 

B03Bpara: ,ItBRXeHH.fl o Ho na ocuonamim: JieJ.tU:hI 4 9 Bee XE.K, (t;y , ne 

;toi1:.n;s( ri~tt t ?-- to ,1(0 ripsuoil X-= X s RMeIOT Toqrcy :so·sBpata, raK Ka.It 

o < ~~~-< ~ tJ_ < 1. , ITo.nyqenuoe np0THBope,me ,1t0Ka~1rnaer reope1.ty o 
X\,. C 1..i,) I 

ITyct'~ L~ 9 KaK paa1,me g 060:nrattaeT JI,yry napaCSOJILis, C08)tHHSUOcao 

IIlYlO T0'tJEM ( x~ )(r;) )( ::: 0) R_ (x-::: Xs \ X -=-oi, s\~n (X:,-Xc)fxs-><al~) '. 

(. c,1,. > o ,. I X t .- x' $ I < h0 ) o Bo3I>Meu npsruym X '=- X O o TorJI,a .ltJISI 
·. . J.: I . , . 

mo6oro t 0 onpe.n;emr:M 1.. 0 , MK _MoueHT Bpe1.mm1, B KOTopen, .ltBHrasrni, 
. . \ 

B oCSpaTH0M ;IanpaBJiemnt, pe memte X ~ (t) il BEIXO)l;SJiqee IIpH t : to 
H:3 neKoT~pon T0'llKR 9 nemmett Ha L d--- n y.noBJieTBopsnomee ycJIOBHSIM 

( R )9 nepece'~eT npsnityn X-= Xr, 0 QtI8BH)l;lI09 'ITO t·/ ~ t 0 

TaK Kalt cor.nacHO CJie.rtCTBllD I ]tJISI JII06oro t O CYIIt8CTBY0T TOJil,KO 

O,lt~O pemeane 9 BLIXO.n;snnee npH t : to M3 H0KOTOpoil TOtlKH .n;yrm l c,,:, 

H y.n;on:rieTBopnrom~e. ycJIOBHsn.t ( A ) 9 . To <!>YHKIUtSI t/=- frJ.(l) ecTL 

0,D;H03IIatJHast cpyHitr(lUI 0 

O603HatIHM qepe3 '( X Cto) 9, )' ( t,;)) TOtIKY na )tyre l,-d,.. . ' H3 ItOTO

pon nexo.n;HT np11 t = t 0 pemeH11e, y,1tOBJieT1opsiro~ee ycJI0BHSitt ( ·R ) o 

Tor,na paCCYJI.It8HHSIMvl9 aHaJIOI'RtJHLIM1'I TeM9 KOTOplle npHBO,ItHJIHCL npH 

,D;OKa3aTeJI:&CTBO TeopeMEI 49 JierK0 JIOR:a.3aTL, qTo TOtJlta ' ( }( (tr;) ' 

X (tfJ )} Henpeplill'H0 3aBHCUT OT tfi 0' OTCD,ltas, TTOJil>3YSICJ, :reope1,mn 
# 

0 

0 HenpepLIBHOH 3aBUCHMOCTH pemeHHJI OT llatJaJil,IILIX ycJIOBltll, l.Uit I10Jiy

tJae1.r, tJTO pememte Xt(t)-ypanHemm ( * \ 9 nexo,1tsnttee npl'I t= ~+~ to 
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Jt3 TOtJRn (X! ( t +At,), XE. ( t0 + 6' to)) nepeceKaeT npSIMyro X ::- X ~ . 

B uo1.reirx BJ)eMe1m ,- saBHCJJIItlill nenpepwmo or b t o , T .e e 1:tu no.ny~ · · . 

ttaeM, 'ITO f,1... :( tG) SCTI,. IIeTipepUBflaSI cpyHK~HSI ~ TaI( KaR f cv(t~) 4 ti, _ 
To fG{. (t 0 ) ~ - 00 npH t, ➔ - oo 0 TioKaiteM; 'I.ITO f~<t)➔ -%- oo. 

npH t- ~ C---=> 0 3TIM~y)teT noRa.3aHO' . ttT0 MH0'1C8CTB0 :ma~~- . 

null cpy1rnrimr fo1. (t$) ec'.n, ncn ttJICJIOBan ~psumn, r.e. 6y.1teT 
,noxasauo, '-ITO ypaBH8IIH8 ( * ) npH JIJJd0M to it XI) , )(OCT8.TOttIIO 

<1JIJII3K01t K · x 5 · { I x,-x ~ 1 ~ h0 ) o6na;caeT pememre:u, y,n;oB11eTBopnnme11i 
' . . . ' ':·' 

C118)(YJOI!tl1M yCJIOBHSJM: X~Cto) = Xo) XE. (t) ➔ Xs ~put ➔ oo 

n s/3ri Xt(t) == s/jn (Xs-X.i) IlPH JII060M t_ 7/'. to • liI3 reope-· 

MH 2 CJie,Ityer, tJTO 3TO pemeu11:e 6y,1:teT 8)(HIICTB8HHO, 

Jl)ISI )tORa3aTeJI:&CTBa aToro <pa.KTa npe,1:tnOJIOJmM npOTBBHOe: rryCTl, 
. . . -, 

fd. (to) orpairntreHo cnepxy vI nycr:r, t 0 .... ToqHaa BepXHSISI rpaH:&e _ 

IToxal'teM, qTo t ( t" ) ue ,n;ocxz.rraeT cBoen roqnon . BepxHen rpa:nne .. 

Tip8,ltl_:OJIOitt11i n_p0THBHOe ~ TIYCTI, f I').. ( t Q) ,ltOCTHra~l' CBOeil BepxHeil rp;:
1 +t ,-.. I t 

HM Li) . B HeK0T0poii T0tIKe to El 3T0 03HattaeT' tITO npu mo6ou t, 7 .o 
• . A . ~ . 

Jt XO pememrn X £ ( t) ' y,n;OBJieTBOpsrro11tee YCJIOBUSIM X E. ct: ) = X 
0 

l! )( ~ (to') = ')( 0 He y,n;OBJieTBOpJieT YCJI0BUSIM ( A )o IToKaReu, tITO 3TO .. 

He TaKo IIyCTl, X t. ( t ) eCT!, pemeHHe ypaBHeHHSI ( * ) ' y,n;0BJISTB0pm)= - -ttee ycJIODUSIM ( H )H YCJIOBHJO Xt.ft~)=Xc.e•06o3HatIUU trepe3X£(t) 

pememrn ypaBIIeHI-rn ( ~ ), y,1:tOBJI8TBOpSI1011tee YCJIOBHSIM: Xt ct/) -= xi) 
~ ~ ,...,, --- ' " 

XE ( to') :: t xt ( t~ ) , , a qepe3 )( t. (t) - peme1nte, y,n;oBJI8TB0pstro-

ntee ycJIOBHSIM: . Xe, ct~) ,:::: '/. o , x& ( l~) -:' + x~ (t~) ~ Tor.zta 
cymecTByeT 6. t '7 0 TaI~Oe, tll'O pemeHHe Xf. ( t) , Y.ztOBJieTBOpSil>r{el 

ycJI0Bns1i1: X & (t~ -r- At ) ·-::: '/4 o n it ( t~ +.At ) -:= ¾ X t (t;) ,· 
k -1 t nepecettet npsuiyro _ X -= y > , ne c.i:teJiaB ,n;o atoro npz.r _ t ,. t 11 + A 

. . . ~ . . . ' 

HM o,n;uoro B03DpaTa ,ltBHxemrn, a pemenne xt ( t) , y,n;onnexnop11rottee 

YCJIOBl!ll!.I xt ct:+~ t) = XO II 1/t + t. t) = ! Xe ct: ) , . 
He ,n;oll.1tn npn t > t: -I- At .ltO npnuon X = X > . , 6y,I(eM ntreT1!_ 

' 

tottity nosnpa:ra. Tor,n;a paccyx.ztemm1.m, no,n;o6mnm reu, xoxopli!e npnBo;,;n- -·• 

JIHCl> npn JtOKa3&18Jl1-CTBe Teopem,r 3, JierKO JtOKa3aT!t cynteCTBOBanne .· TOtIKH 
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~ ~, -
X , 3a1tJ11JtteHHo.n uex.n;y f X t ( f:0 ) ,;~ u f x ~ ( t: ) "! taxon 

tlTO pemeaue, J3LIXO,D;SU!{ee 113 TOtJKll ( X1 
1 

·x ) npH t ;: t; + /::,. t; 
Y.ltOBJieTnopseT ycnonusru (A), IToJiytJaeuoe npoxnnopetJne noxasu

BaeT, 'ITO /,;.., ( tD ) _ He ,n;ocxnraeT cBoen TOttHott nepxHeii rpan110 IIycT:& 

t i ,-, I t-~1 
Tenepi, t< < t Q H crpeMHTCH K . I;: ' npH K '""") ~ . 0 O603Ha= 

tJHM qepe3't:unoxecTBO 3Ha'tten11n to Taxnx, 'ttT0 d.ct.. (t0 ) = t~o TaK -, ' 

KaK t,, eCTl,OTQtlHaH B8pXHSISI rpaHL, TO HlUtaR:08 rr~ He nyCTO, a 

ra1t 1taK Jiro6oe to E- T1-;· y,n:onneTBopne:r ycJI0BHD t O > t ~ , xo 

cynteCTByeT KOHetJuoe t ~ ': LY) f to (tr,,!~ •l,,,e TaK Ka.It ·~~: ( j Henpeo 

.,/ i • . .. t' j (Jx,l \ 
pbIBHaH cpyHKltHSI, TO f ,,1., ( t K ) ;.~ . ~ , . B. ?alt Kalt "r«. ,. 1~ :; " . Re 

,ri;oc:r:0:raeT CB0eil nepxHei1 rpamr, To t.rc._ ~~~~ t>o rrpn I< --► o.o o 

t t i +< ,, ..... , 
CJie,IJ;OBaTeJI:E,HO' K ..... K > L K _.., to -•;. C>o 

rrpu. I< ~ e,.;o o Herpy.n;Ho BH.n;er1,, tJTO t K ecT:& nepB@i1 rrpu t > t ~ 
MOlJ8HT Bpeue1m, KO r.n;a COOTB8TCTBYJOI!l88 pememrn, BLlll)l;JI npH t ~ t ~ 
M3 TOtJKn, nexaIItef.t Ha rrpsp.wn )t;.' = XO , nona.n;er Ha .n;yry Let. , 
T o e o npH t 6. [ t ~ ) t K j X ~ K ) ( t ) -,.. d. · \ ~ - X o \ ~ , 

eCJIH Xo < Xs ' Xt(K)<.-~ 1x~ -xt'½. ecJIH Xo > X< Tee6 alt~< 
d x . It oJ x ·""' ...,_ X < ---- > ec.1m Y. 0 < X s t,.t -c ,- - 0-~.,,-,n~.,·~ .• ,cc~• , ecm~ X c, r s 

.. ~ 

el I )(o- ~ 11-t tr,1ct" \;( d.. \ X ;o;,= XI l::, 
IlHrerpupyn, noJiytJaeu, tITO J . .. ~ --:-~ > t -~ t: 

xt>(ti<,) d Xo oU ~<o-· ~!,1, t- ~ , 

H, - J ----1~ > tK- t~ ' eCJIH Xo >. X5 

ecmr x~ < Xs 

,, TaK Ka:rt 
x O oll x0 - , , i'. . . xt) ( tK) 3aKJIIOtI8HO D JI1060M H3 .UBYX UJiytJaeB Mext.!(y XO U XS , 

a no.rtMHTerpaJI1,1me 4JYHKllMH IlOJIOXVJ:TeJI:F,H:&I, TO, pacnpocxpamm HHTer-

pHpOBaIIHe Ha B8CI, npoMe}:CYTOit OT X i:i .rto X c , 1.m TOJII>Ko ynemrcmM .. 
B8JIMtJMHLI ltHTerpaJIOB, CTORII{HX B JieBHX ttaCTJIX HepaBeHCTBa, T .e e 

I Xs o/ ..J. 1 . X'J clr t - t < ( . :f - np11 X ·"' X H l - t < J-··~'.""'' ....... , .. , ,.·al:· I<. · K ) .1,v _-C/1_ 0 ...._ S· K. I< d..!'iZ =·~!""~ 
l<°"·''Q s- X .. o 7>· 

rrpM Xo>Xs O O MTaK, Mt.I HMeeM, tITO B odor,rx CJiytianx ·S 

t -+·1 <_& I~ -)(,_I\, T.e. !IpH JIID(JOJ.i K orpaHHtieHB cnepXyo IIoJiytieH= /( '-~ d... . 0 <) • 

noe npoTHBopeque .rtOKa3@BaeT Harne yrnepx,ttenue o TaimM o6pasou, B 

3aBHCI1MOCTH OT Toro C KaKOM CTOp0HI.iI OT , )( S pacnoJI0i.CeIIa TO'C!Ka X 0 

Mbl HMeeM no 0)tH0MY ceueitCTBY peueuun ypaBHeHH.fI ( ;:¥,)' BaBHCRIItlIX OT 
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o;tHoro napaMerpa t~ . 3TH ,ttna ceMettcTBa co,ttepxaT Bee pememu1, , 

BX0,ttJ-Ill{He. • ,11;a1rnoe rronoxenne paBnonecmI THna ce,ttJiae . 

Odo3HatJHM ttepes 3-l, Xs ( t0

1
) HenpepEIBHoe 0To6paxe1ut·e npnuott. f; 

B nJiocKocr:o ( x > X ) , Koropoe onpe,tteJim.r cJie,ttyrontHM o6pa.sou: 

Ha pelllHHH )( ~ ( t) ypannemu1 ( -)f. ) , YA0BJI8T~0pJIIOll{IU ycJI0BHsn.r: 

X't:.(t/, > =xo, Xo<. Xs, 1 x,,-Xs \<.h~ Xe.(t)-?)(sTIPH i -> ~CX) lf Ji9ri *i(t):: 

::. 1 i Y' ( X s - )(~) !IPI! t ~ t ~ . , depeM TO'IKY(X =· x,ct,), 
x. = x l ( tt),) ) • 3to 6y,11;eT HenpepLIBHoe M B3a1nmo-o,11;HosnattHoe 

oro6paltenne Ha nJiocKocr1, ( X > X ) • AHanorm:ttHo onpe,tteJine:rcst 

qt x (t 1 ) CJ--4 91 . Xo > 'Xs • TaKHM o6pa.30M I'(to)::: U(tx V L'' ) 
(! o > s o d Xs ·.· s xs ) 
r,11;e l 1 u L/1 ecT:& TonoJiorn:tJecKHi1 o6pas npsruon. 

X,s Xs 
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r JI a B a m 
c.::; 't '.Q/JM'."* t':::7Ti :x;?: 

B •JG!lrebeu Hall notpedynTCti Hf5KOl'OpliCe CBOfiCIBa pememd! 

c~e~N YJBBHiDff8 

_-/i-1 \f\f'i(t '; X ) - J< e,.t) ,: :~ .. - k ( t }'!,: ( t \ 0t\ . Q . ) "'t 

(:JoI) 

. 
r ;te l'Y\ ( t) '> o H 

f .. \ '<. < (,.. J >o :;;.•""1ill uenpepsBnb'fe rpyHKQMlto 

Coc'f!®tttB~~e o;t.tHopo).'(HOe ypa.rmem-ui m.1:erer e).'(irn:ctB~.rnBc>:1:~ nonoxenme 

paBHOBitP!1i8 / ~ CJ O 3l'O dy~eT IlOJlOXemrn paBHOB.SC'.P'l'.ti· ?~rra t;,~l(Jlao IleJIMQ 

H8.t'l'O ffltl n r1.m11n:1 ~ rs Jffl ~ T CJI )t ro Ita38. l' ~ .1Y 1- t l'B O C Jte ,nyrom e n Te O pI, l.l:bl 0 

Teope1m. So 

Ecn (O,?tHopo.rurne yparmem1e (3oI) y,noB.ner:aopner ycJtom:mM ( ::.I ). 9 

l\ 1;" { t) orpa1mq~Ha ri Cl'pe:mtTCH K HyJII.o npM t -~"' .,a 9 TO .D;JUI B(U!KHX r . 
Xc. Pl t.-; CYk1tettByc:T pemeHvre Y ( 7.: ) neo,nHopo,n;noro ypaBHemu1 

()o!)g YJCOBJt~I'BOpt!Dnt~t C:Jle,n;yromm,r YCJIOBI1iitB 
1,. . 

npn (.. --~ c;:,.~ o 

,~. \ --~ 'i - ✓\ 1.t~,-,;1 ~-,,,,.;~,411 
v{f \ -~ ,fj. 
,-·:, '\ ""1" ; -·····r ;v 

&u.ltrm.r tpaay 9 tlTO ec.nvr ·peweHite ypaBHemirli (3oI Y CYlltBCTByeT i) 

TO OHO tJ,tMHCTB8HH0 O 3ro c.neJ,tyer lt3 e,n;:v.i:Hc1·BeHH0C?~ peruemrn ~ y,n;oB.rre·r= 
• Bopsro~~ro·ycnoBMnu~ \/If· \ ~ r\} 

/ .. \~$/Z~,/ ,.J 
ri ><' r.;,, \ ··•';;, ,-, npH ·t 

; 'I\ -~· I 
~ ~~) 

tOO?Bt?CTBJ'Dt!t8rO o.n;nopo,n;Horo ypaBHeHl?!E O )l®~~'r@Jlllii~@!i'j(O ~TOH TeopeMLI 
0~ Jp 

,Il;JIII C.>rj'tla1Ig KOr)ta IUITerpaJI J _£,;'::;~·\ pacxo,n;vt·rcH9 Ifec.rebJI:&IW OTJIHl!HO . "" .m,,-, ~ Jr 
Ot auaJIOMi'qHOI"l1 J.tOita3at8JI'.bCTtBa B CJiyqae 9 KOr,n;a I-!HTerpaJI I ~~w.Ji~. 

/ tr-."',/, . 
. . !t "· ~ 4 .~-.;. - ,. 

cxo.n:wrcn o )ta.Ban .n:omsa1;e1.u~crBa aron '.I'eope1m ,n:1m Kaxt.n;oro lf3 

B0SM0:atmrx CJiyqaeB9 Mlit o,n;HaKO nocrapaeucn CB6CTI! It Ml!HMMYMY Bee 

D03UOXHliI8 nOBl'Op8HlU'io 3amnrnti S ~ /'-.fLt-:~ ypaBH6HH8 (3oI) npirne,n;eTCH 

K BH,n;yg 

r,n;e 

r12. x - -~- ,~·~-~ 

cl ·• s~ 
,,,.,,,,.. 
.~(f \ = .. ~ I 

- rr 1 • ·· , 
·,t'!/" ' 

,;?-.,,;. 

(::,) )( 
' ' ,,._,,~ \=··-ii'!,r\\ 

,,,. ".J{~ \ c.- 'f. i )-11" - -- :r'"'\ \\ ~ } f;: ~ """" _, l' ; , 

Jt (3o2) 
J,.. ' 

K ( t .. ( ;; ) ) ft\ CC( ~ 
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'neiwa 5e ITycTii 1un:erpax f __£'£.,._ pe.cxoJtKrca, \ ( s) nenpepuaaa · 

t Y'<'\(t) . ' ,, 
Bttec,, co CBOmnt npoH3BO)tHHMJf 11.}tO BTDporo nopa,Jtm JCJUI Jm<k>ro S >1 0 

M C'fpeJAHTCJI • syn npn s -, 00 J! rtyC'fl c;/: 1-~~~.! 
t d st 

O)tS'!HflKOBt:df 3H8.JC C F ( ) ) npw JmdoU .S >,... o · 0 Tor)tft y YPftlll8HJUI 

(3o2) cyt1tecTByeT pemeHne, crpe1.u111teec,r lt BYJII> npa 5 ➔ oo o 

}t0M3at8JU,CTB0 g 

"Sl 
. He'fpy,ItHO Blt'A8Ti, trrO. B 3THX npe.itnOJtOlfeHIUIX ·1 (~) He ;i.1e'IT ' 

aHtJ.m, TaK KaK ec,m npn s -= so 'f ( s ) =. O· ro npx ~ '> s 0 

1 ( s) = 0 ' 0 Tax K4lt B ITOU CJtyttae JtOKa.38.!8.IIC'fBO tpHBltaJILHO I 

TO. 1m 6y)teM npe.n;nomrati, 'Ito 'f ( s ) · npu ~ ,I' o ne 0d~etc1 • uy.n• 

H ,}\JI!! · onpe.rteJieHROCTR llOJIODTeJII,Hao Kpnntur X =- , ( S ) pa36HBaet 

noJiynJIOCKOCT!, S >,. O Il.lOCEOCTH ( S, X ) Ha JtDe tl8.CTn, B OJtBOll 

H3 te?TOpli!X BLipalteHMe X = r ( $ ) UOJIODTeJIJ.110 1 B Jtpyrori '-' 

Otpm:caTSJII,1!0 0 ITpOMHterpnpyeu (3e2) IIO 5 OT So >r O )lO S o 

11 O JtYtJHLI g ,5 · 

;1I~ ~- ~ ='.Q, l_ : f Kc·n {)(<-cl ~"I; ct)} dt: <3.:i, 
c,/S · r>IS. 5 . . 

Q 

U3 cpopMyJU,I (3 • .3) BH,JJ;HO 9 tr:O BCstK08 pememte X (5) ypaBHeHHft ('.3o2) 

C HattaJI:bHI,IM~ YCJ!ODMJI?ffl X(~o) ~x O ~ 1 (So) H X1(So)~ )<: >.,.... ,',s~) 
T8Km,ut, tITO ( 1 (So)- X o /" -+- ( 1' (So) - }< 6 )2. i' 0 .. YX0,llHT M0II0T0HH0 

B+ CX) O .AHaJiornttHO BCSfitOe pemea:ure '/_ (S) C IlatJaJII>HW.IM YCJIOBMSIMH 

X (c;o) ~: Xo ~ 'f (So) M X'(J~) ~ x; ~ ~/oCSo) TaKm,m, 

tJTO ( r ( s i.) -~' Xo) ~ + l 1 '.cs 0) -- '/.~ )i> 0 yxo,n;nT MOHOTOH.HO B - 0-C. 

0 

B03:&ll8M Xo > l (o) > 0 e ECJIH pemem1e X (S) ypaBH8HHSf 

(3o2) C HaqaJI:&HlilJM YCJI0BMHJ.m X t O) ~ XO ' X 1(o) < 0 

BCTpeTHTCSI C KpHBOii X = )" ( s) ' TO X ( s) MOHOTOHHO yxo,n;uT 

B - 0() 0 ]JUI ·:noro .n;ocTaT0tIH0 noKa!3aTI>, tJT0 B 'MOM8HT BCTpettn 

Si K' ( S.1) < t' ( S1.) , o OtreBn.n;Ho, tJTO X1
( .S1.) ~ ''(s i) o 
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lI03TOMY )tOCTa?O'CIHO )tOKaSa'l':&il tITO X1 
( S j ) ::j;: 1° I ( Si ) 0 

I . 
ITpe.1tno,roxmi nporuBHoei nycr:L I ( .i1 ) ::. ) I ( S1 ) o Tor~a· 

X ( r ) ~ X { S ,1 ) _,.,. "il 1 
( ~ A ) ( ( - S ~ \ ·~ (:, / ( C. - $ ,i ) 2. ) 

, , . I. V • ·,. ·• .., • , Ii' ~ • 
1 

..... fll!l! ', liW" - J ; :,~ '\ - wt ~ 

taK KaK x·. II ( S 1 ) . -:.::.' ('"I) p K 'F .. · { ~) ~ '- I r- A \ •.· 'r I ( t ... ) I i: ... SJ) ),.. 
\ ' M . . ...., • • ; " ,i, · . • J \, ,a, ,I ) -r °!;'. .;; .1, \ ;) ,ii, O 

+ ..,._ II ( ( 5. - 51. )!l. . . _: , ' 
f .S,t) ~~---- -'r o(LS-S 1 Y·) ~ 

Toeo l(s) - X (,S) ~ ~:I}' s::1) ( $ - S-1 )~..L .. , o(c s-S .. )") 0 ITpn S 
, $" • . ... C>I . ~ •· , 

Q f k, 

)tOCTAl'OtlHO 6JIH3JC~X JC .Si IT0JI_YtJeHH0e BHpa.UHRe )> c , !aK KaK 

11'.(.Si)> o o C .n;pyrott ctopo~u npn S<S-1. 1~s~-.:/ 1 r\ /, 

IloJiytteHHoe npor:0:13opet1He .n;oKasunaer name yx:aepA,1J;e1rn:e o 

Tiyctl\i X O > { (,;) > o v. ~ ~ <. , 1( o.> < o o O6oauaqm,1 trepd~ ~ f.; 

( -r: e: t c \ i)) , pememie ypanuemu1 (3o2) c naqaJiiHUMll ycJIOBRHMH 

X~(o):: t: x: . H X7::(,)= Xo+t:('j(o)-;<,}o O603HatUUJ ttepe3 ff1. 

JJHozecrno snattemIM [ t" E Co, i]} rattHxil 'Cll'O Xt'" ( ! ) ncrpeqaexcn c 

KpltBOff X = 'f ( s) Hs, CJie,ItOBaTe1It,H09. YXO,ItSIT B - t>O O O603Ha= 

'll!ll qepe 3 '1\, M1101:e cno saa qemin ['t €: [ o 1 1.)} raltllx • qr o pemem1e 

x't' ( s) 9 ne .1toc:nrruyn 1<:p1rnon X-= f ( c;) !) IDJ:eex T0"QKY B0SBpaxa 

lf yxo,ttH?' B + 00 0 Ji3 reopeuu O HenpepLIBHOtf 3aBRCMMOCTH pemeHRJI 

OT naqaJII>Hmc. ycJI0BHft cJie,n;yer i) qro 
11\ H ~ 1 orrepirrfi!e B 1: O?!I] 

) 

1.mo:s:ecrnao HH o.nuo ns · Hnx ne nycTo 9 raK I{:aK corJiacHo Bblll!e cKasanno= 

uy 'C' =. .-i_ npxrna,n;Jienr 7T1 9 a 't"'-= t? np:r-ma;n;JLexirr T ~ o Qqenn:,ttno i) 

'ITO ~ n r 'i,. ~ C 0 }13 CBH3HOCTlf OTpe:n~ CJ.te.n;ye:r i) lll'O t 09IJ ~, (T,JJ 

V '112,) t o o ITycri, 1:0 E [o /iJ, (fJ\ V 1\.) o Tor,na scno 9 t1:ro 

)(r-
0 

(S} > "f (S) '> O) Cl X~~ (S)°( O npV. S ~,. O 9 Toeo 

><to (S) crpeMHTCJI K ae1coropouy . ne o:rpim;areJit,Houy npe,neny o Yi.mor.nrn 

(3o2) Ha S H nporm:rerpnpoBaB po 5 or ay1ur ,no .S 9 no.ny'CJaeM . . ' . . s 

S X~~(S)-t Xt/o)-X~(S)::: J~'K(t'){~r0<"t)-y<~)}"f~_. (3.Y) 
JieBaH tJacriii paBeHCTBa (3o4) npj JI1>_601t s ).,- 0 He npeBocxo.n;nr · . . 

X-eo (&) . P TaK Kalt S tt~1; (~) - ><t;(t) < 0 ti .cJie,n;oBaTeJII>H0 9 H npanan 

tracr1> panencrBa ne npeBocxo,J!;HT lt:o { o) ~- Ta1t :tta!C no,n;1rnrerpa.1IMIOe 

Buparemre ne orpinta'feJILno,, ro 31'0 osaatraeT~ tiro HHrerpan 

~-::=:--:...c=..:...: ';:::.:-:-~-~· ::::~ --::.._- --"-::=--cc".-==~ - .cc=,_--~- -- -~-c· ... -- ----~- --



= C.I = 
. oO 

. ! s K IS) { xt', (>) -1 (;) J ,i/.s .. ··.'. ·. CXO,l!HTCl!o 

·YttHThtBaa YCJI0BHR . ( ~) MS JierEO noJiy-qaeM, tJT0 3T0 BOSJ.IOlIHO 

TOJit.KO. TOr,Ita, Eor:n;a Xr; cs} - f (s-) --:,. O npH S ...::.'? 60 7 

tait MK X r cs ) · MOHO'l'OHHO yc51wa10ntaa ipynK~Mst o CJie= 
-') 

' . 

· o 3Tm.! 11ama 'ie1ma :n;om--

3aHao 

. ' ... ' CQ Jt . 
nem.ia 5I. !Iycu 1mrerpaJ1 J, ;;;-rn- · cxo.l(l!rcn, ) ( s) ne .. 

npepllBHa BM8CTe co CBOHMH npOH3BO,l(HlitMH )tO BToporo nopsr,1uw. ,ItJI.fl 
""=> J.J.. 

JtJOcfor_o . 5 E [ o > SO ) , _ r.1te· So -= ) -·~ , MOHOTonno cTpeunTca K 

Hymo npH S --> S 
O 

It fiYCTJJ 1..o '~(' ( S )_ J.fM88T 3Hatt, np0'?MB0il0=. 

- JIOllCHbtff snaKy r ( s _) npn JDH7otr s ~ Co,) s O) 0 Tor~a y ypaBH8HHSY. 

(3o2) CYfl\9CTByer ~ememre, cTpeMsrnteecJI K uymo npH S ~ s 
O 

o 

.no Ka3aTe JI!,CT Ble,: 

Rar-c 'u npH ,l(0Ka3aTeJII>CTBe JieJ.UUl 5 M0itH0 orpaIIHGHTI>C_sr CJiy.ttaeM, 

. KOr,Ita ~ ( ~) > o ;J:1UI Jirodoro S f. [,o 1 SO) o H3 cpopuyJiu, aaaJiog 

rM'IHUil (3 03) 9 Httpy;J:HO yde,1tHTl>Cst, tJTO BCSIKOe pamemte X (S) ypanHe= 

HVLH (3o2) C Hattaninm,m ycJtOBttSIMlt X ( ~:) = XO ~ ·~ ( s:) . lt 

A'( st) :=i, X ~ ') t / ( st ) yxo.n;itT MOHOTOHHO B + ·ex) O Ana.norttWIIO 

BC.fIKOe pememte - C HatJaJU,Hm.m ycJIOBH.fIMH X ( 5; ~) :. O 
1 

X 1 
( s:) <. O ., 

yxO,Itl'l? lJOHOTOHHO B - 00 0 ITyCTl> 'X: · > JI (O ) o O603HatUUd 

tzepe3 X't' (,s) ( r- f [.o 
1
1]) pememre ypaBHemrn .. (3o2) c Hatra:Jit,Hm.m ycxomtc:> 

HUIU X-c(O)::. 'f(o) (1-'C') . li X~(O) ~-'t: + X~ (i-;-1'} ..... : 

t:Iepe3 ·~ , oCSosaattm.t 1.moxtecTBO ~natreHHii { -r f [ o, i J} · -TaKax, 

'ITO pemeHHe X't ( S) nepeceKaIOTCR npn $::: S~ 6 [o>~)c __ KPHBOH X: 1"(S) o 

tiepe3 -1';,· •. odo3Itattm.r LtHOiitecrBo 3Hattemtn {r: e,. [ o 11.JJ _ Ta1m21 "<ITO. . 

peme}!He Xr: ( S) nepeceKaIO:rca c npm.wil 'x::: o o Ra.R npu JtOKa..,. 

aareni,o-rBe ne:uuu 5, aetpy,u;Ho yde,ttHT:&csr, ttTo ecJIH pemenne. X z· ( S.) •. 

nepe ceKaeT KpHBytO_ .x ::: ~ ( s ) ' TO ,u;aJI:&me OHO MOHOTOHHO yxo,u;HT 

B ·+~ oc 
0

0 IT03T0:UY T1 n. rr' ~ . 0TKpliil'IiI8 B [OoI) MHOlt8CTBa 

kl 11. () r,.,-=- o o 
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B&(1op UHOXeCTBa HatJaJII,HblX 3Haqe1mn C,tteJiaH TaK, 'tIT06bl HH O)tH'.O 

H3 1.moxecTB He 61:lJIO nycTOo H3 CBSJ3aHHOCTH 0Tpe3Ka CJie,ItyeT , . 'tITO 

[o, t], ( T1. U T,.,). ::fa- o o Jlycr1, 1o -~ [o)fl, ('1\ Urt"-,.·) .Tor.zta 

X t'11 ( ,S ) _ 3aitJI10tI8HO M8:llt.ltY X : } ( S) Lt }( ~ 0 t ! .e • 

Xt
0 

( s ) ➔ o npH S -;, S o 11 3TRM JleMMa .It0Ka3aHa o 

Jleima 6. ~ycr1, f (S) onpe,IteJieHa H orpa.mitJeua npH s ">,,.. o H 

-. npn s ~ O<l crpeMH'l'CSI K Hymo, Tor.1ta cyntecrByet ~ ( s) 1 o 

ra1aur, ·qrofCS)'? 11(~)\, {tm~
1
(})~c, Tl(s) < o 9 ~P'{r;, -

• 'i, ➔ 0-¢ . 

KYCOtl_HO . HenpepRBHa, B TO'C!KaX pa3pbIBa HM88!J rrpe,neJI crrpaBa 11 CJI8Ba --
Ji T ,, < ~) > o .ztJIR JII06oro S ,>_.,.,. 'D II 

)!oKa3aTeJIJ:,CTBO:. 

IIyCTl> I ~ ( ~ ) J < lv\ rrpH S >.,.- o o B03l>M8M ~ o-= Y M M 

. TiononM t. ,<. = f O 2.- K .ItJI.fI K "> o 

SK Taitoe, qro) r ( $) I <: ~K .Jlll/1 5 .,, S., ( S O ::, O), Eep11, e~: •• t, 

Hy:i1mo, 5~ > $ k. ( $~ = O) , Ubl MO:llt8:M ,It06:t1T1>CSI, tJTOdbI ~K-;. ~-S 
.J l<·H.."" I( 

o ]JIH Kax.ztoro 
,. 
t ~ ... onpe,IteJIHU 

Y.ItOBJieTBOpHJIO YCJIOBHIO: AK < ~K-1H. - .1. o IIoJiara.g ~ K = 2,.AK - ,...,. 
!{bl BH)tHM, tITO . Li I< < 6. I<+ i ,ItJISI JII06oro I( >r O O BBe,n;eM ,ItBe 

KYC0tIH0-HenpepUBHFle cpyHK!lMM a;<s) =. 6. l< .ItJiff s E- C SK)s~,.!'1]1 Gi(s) :Z.K 
· C' L[S · (' . ) IT rfl!" (s)- E1<.+1(S=$illt¥;(S!¢u-S) · . 

,!!;JUI . ~ .'C' J{ ;:) I( 4" 1 o . ye Tl, V °3 - . s' ~ ~,_rt""""'---~ ~ o; ( S.)::, J. U ($) 
' . '.II'.,. t ! rt e>0 t 3 

.ItJIH S e- [ s K \ S t<+ 1 l o Herpy,Ituo BH,n;eTJ,, tITo Gi (s) : .... J ~ ('t) olt: u 
-0.0 . s 

~(5) = _ J 6i'({")olt"'. OtteBJ-t,n;Ho, tJTO-~ (-t:),. O-y('t) > 11(~)\. 
. s AK(S1<,...1.-S)+A1<.(S-Sts) ] 

HaKoite!l, BBe;uH~ G"L'" (s)::: 5 s· .It1IR s E [ S1<+1 Si< H 
;i e,,Q l<+l - K > -IlOJIOlmM r ( S. J :::_ - { ~ ( 't') oJ tt1 11 JierKO BH,It8Tl>, · tJTO O >..,.-

-~ O"i (s) >,..- o-;.cs)::,._.,. ~(S) .> Toe. 0<-~(s),-u's(S)~-½(S). 
I'IHTerpHpyn rtOCJle~Hee HepaBeHCTBO OT ,5 ,ItO 0c ' TIOJIYt.IHM, 'lJTO 

IC>Q t:,,O .. ~ 

- fc,;(t)drc~- fa-;Ct')olt-~ - fG:i.(1:)dr: l r.e. ~(s)~ ~(s). 
s s s . . 

. Cpe.BHHBaR nocne,Itnee HepaBeHCTBO C HepaBeHCTBOM c;. ( s) > \) ( s) \ , 

).ffl no.nytia!,M, tlTO 'f(s)>}~(s)/. r'(S)<OH.ItJISI SE (S1<J·S1<-t-i) 

~''(s):. 6 1
-<. - 6. 1< = _ e~+i ?O• Hs roro, ttto ~ (s) . H a;- (s) 

1 SI<. +-i - SK ( 5 K+ i - $ )?.- . - . 
C'rpe!.UITCSI K HYJID npH K , CJie,Ityer, tJTO M y (S) ➔ 0 rrpH S➔ ~, 

3THJl ,l'(0K8.3aTeJU,CTB0 Jlet™lit 3aBepmaeTC.fI 0 

• 

'-. 
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onpe.1teJie11a. M orpaHHtteHa ){JIil sf [o) 50 ) 

M CTpet.mTCSI K HYJUO npM 5 -:;. S0 • , · Torita Cytlt8CTByeT f ( S) > o J 

-MOHOTOHHO CTp8MJll!taJICJI K HYJIJO llpM S -> 5 
0 

· TaKa.SI, tJTO f (S) '> \1 (S) i J 

a. ""(s) -xycottHo-HenpepaBHa, B 

-11 

TOtJKax paspblna nMeeT npe,n;en 

cnpana H cJieBa H t ( sJ <. o JtJUI JIIOdoro S ~to,) So) • 

JroRasare.n1>cTBo: 

H3 TIJIOCKOCTH ( S 1 ~) B03:&MeM nonynpsn,1yro L : S = s o , 
i 1 > 0 M Ha Hen Il0CJie,n;oBaTeJl:&HOCT!t TOtteK. p ~ = { s O J ~ 0. ~ K } 

r,n;e yo:::::: sup l\(s),f • l!epes RaXJtYJO Tottxy p K npoBe,n;eM npm,ryro ,. 

f: 'f I< ,.5;;0/;!-s) ( f,, > O) TliK, qro(lu rpa:ql1nt qlyHK!IHI! 

l~(SJj HaX0,1.l;HJICSI HHXe Hamen npsMoff. ]JIil 3T0ro HY~HO B3RT:& 6K 
1 

.n;ocraT0'tlH0 60JI1>UJHM0 Ba6op jK 110,n;ttHIIHM c11e,n;yJOIItHM yc110B:mru: 

( '(K+i -tK) > [ ( t 1<. ~- ( \1..-1.) > ?t. fS,!;... U YI<.+\) ~ ('r< . Tor.na, KaK 

ueTpy.ztHo nponepwr1, S'~+-1 :: s + { ,lv.+1.~1i~ ~ y _3~H::_)'.~~-'~.:t.L 
0 '/ V , l{+i, --~ _ r~:,L- f1" _ . . '{i<+l -rK 

. rrpvt 1<+1. > O ·.,a . 5 0-0 · H fo-=-1o+~ 60 So y,n;OBJI8TBO-
- 3 _.;, 

pSIIOT CJie,n;ytOIJ{M:M YOlJOBHS.u.r: s~+I ""? .S\: i' 1{+1 <. 1 K 4 OK ( 51<-H, - S~)-' 

< (~I(-···· ri<.-+--L ) <. '(K+1. ()K+-l - St<) . Iloc11e,n;1me ycJIOBHSI, K_aK 

HeTpy,ItHO B 3TOM y6e,n;IfTI,CSI, RBJUIIOTCSI ueo6xo,n;HMbllrn: H ,ItOCTaTOtJHbIMH 

,D;JIR cymecTBOJ3aHiur_ uertpep1mHofi Il0JI0XMTe JII,HOfi _ rpyHKI.lHH o{ K ( S) 
Si<-i.i ~,-1-•i w 

TaKofi, ttT0 j d.. K ( S .) cl S ~ ¥ 1{-\·1. .:.. i ~.. VI j J c-l i{ ( s) cl s ol <..J _-::: 
- _ SK - - ) ! i< 3 · . 

=(~K.- '1~+-.t.) - 'lw.. (S t<.+1. -s K O s ~ 
0 60 3Ha qm,; tte pe 3 'ef ( S ) cpyHKD;HIO, pa BIIYJO t K ~-- ~ ~ x ',C) o{ 't" ,ItJin 

- JK s = [SK, s 1<+1.] , u. nycx:& 1 ( s) = ~ 0 - J '( (-r:) cGlr: .~. Tor,n;a, 
I ·c,·_ 

KaK 3TO H8TPY.ItHO nponepVITI,, noirytteHHasr q>yHitllHSI ' ( $) YJtOBJI8TBOpSieT 

BC8M YCJIOBVISIM JieMMbio 

3aM8TVIM cpa3y' tJTO JieMMa 5 (Jie1.rua 5I) OCTaHeTCSI cnpaB8,ItJIHBOi1 

ecirn 1 ( s.) ·' Y.ItOBJI8TBOpRIDIItYIO YCJIOBHSIM "JI8MM!il 5 (nem,m s1)' saueHHT'.b 

Ha 1 ( £) ' Il0CTp0eHHYID B JI8MMe 6 (neMMe 61). 

TIOJII:i3YHC1> IlOCJie,ItHHM 3a?A:etJamieM, 6y,n;eT coneeu HeTpy,n;HO san:oHtJHTI, 

,n;oKasaTeJII:icTB0 Teope1m 5. O6osua tJHM ttepes X ( t) pememrn o.nHopo,n;-
,, 
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Horo ~BHeHMS! (3.I), y.n;OBJl8'?'BOpntontee cJre)tYJ.)IltHJ.f ycJIOBMSJU: X (to) :::.1 
. ~ . , J 

l. (t:) < o n --li1tri K(i >.:. o • TorJ18., Kalt H3Becruo, o6ntee pememte 
i. ➔ ¢0 

Y~BH8HMII (JoI) nueer BM,n;: 
. t 

><(t-J = c x<t> + eixct) J~~ .. 
i . · t/'" ('t > x"(t') (3o4) 

t· ~ 

_ X(t1J
0

{-; i ··-- J1<(w)X(w)~(w)dw]d~, 
.i, rn Ct) Xl(~) · . . 
.... r, . t o( tQ 

r.ite X(t) 5 ___s__ ecTl> BTOpoe' JIHH8MHO-H83aBMCPIMOe OT >( (t) 
-t:~ 'M {'t) X ~(t') . 

pemeuMe o.n;uopo.n;noro ypaBHeHMH (3 oI). H3 roro, · tITO o,n;Hopo,n;no~_ ypaB.;,. 
• . ·t;· 

) ( ) . / &I~ 
H8Hl!e (3.I y,n;oBJieT~opsreT YCJIOBH.f.t:U i,,t, CJie.n;yeT, tITO X (t;. ·,.c:-c=""'-:-.. :;.- ~ 

i n11 Ct' > x ie,,. \ 
· r.:,0rtpM t -'> _e,,e • - CJie,zr;oBaTeJIJ,HO, BbIJ)axemre (3 .4) MO!teif cTpeMMTI,-

~ 

en x Hy.mo -TOJI:&KO npH c~ :::::: j l{(<.J) )((t.J)1(cJ)dt5J • ITO npe.n;noJio-

'1C8H?'lto f ( t) orpam-ttJeHa H crp73°MMTCSI K HYJIIO IlPH . t ~ oO O Tor.n;a 

cor.nacno JiemmM 6 H 6I Bcer.n;a cymecTByer f ( t) > 11 ( t) I TaRaR, 

tfTO 8CJilf B ypaBH8HHH (3oI) 3aM8HHTI, Ha r ( t), TO IlO.JIYtJMTCH ypanrre

HHe, y KOToporo corJiacao Jie:MJ.mM 5 M 5I cymecTByer pemeHne, cTpeMJI= 

meeCR K HYJIIO rrpn t ~ C>O . 0 3T0 03HatiaeT' ttTO Bhlpaxemrn 
. -! CX) 

x ( t). j. -~[-- · 1 · J' ,, t w ) I" t w ) x < w ) o/ v) } oh: 
7-o Yi'l (t') X'-~t') 1: · l . : 

crpe1mTCJI K HyJIIO npu t _:.,.. ex, 0 Ta.R .Kalt X ct) > t) rrpM 

t >,..-- to , TO 
t ~ ' 

. x(t) ){ 1. ·- j K(w)~(uJ) X(v?)dw} dt: > 
. .-t; mer) xic1:> ~ . . \ ~ 

~ . . . ~ i OQ -

~ 'l(tJ J {-· ·--~-- f K(W)l1(vJ)l X(lJ)tlw}d.1:>,,,-
t ~ lt) X;.(t') 'L ' 

0 . ' 

~ ;w f { J. __ / J K(_l.i)) \cw>)( cw J ctw \J elr ►,, 
. . '½ ~ Wt Ct) X t ( ,r) ,r; . . 
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' 
C1I8,ItOBaTeJU,HO I BHpaxemte 

. Jre:m.re. 7. TiycT:& O,ttHOpO,ttHOe ypa.BH8HH8 (3.I) y)tOBJI8TBOpsteT . 

YCJIOBHSIM ( .e,C) . , a X (f) ·ec1:& pemeuHe O,llHOpO,ltHOrO ,ypaBH8HHJt · 

(3.I), Y.JtOBJieTBopstB>ntee ycJIOBHRlA: · X(to) = 1 , X ( t; ~-.O npH 

t >_,.- t" · H · X(t)-> o npH · t --> ~ • Tor.tta Wl(-t) X(t)-') o 

TipH t -~ CXY • 

]!OKa3aT8Jil>CTBO: . . 
. . (-.., elf' 

.If.JISI CJiytmsr, KOr,tta HHTerpa.JI io -;; .(t)' · pacxo,nHTCSI ,JtOKa3aT8Jil>~ 

· CTBO Ott8BH,ltHO • ]!oKaxeu cnpa.Be)tJIHBOCTI, JI8MMH ,lJ;JISI CJiytJaSI, KO_ r.zta 
. c,,;;if r;/ t . c·' , . (t·) -MIITerpaJI . -:=-;:-·(,-- CXO,ltHTCSI. Wl t J X' . ecT:r, UOHOTOHHO 

~ frltt) · t 
BospacTaB>nta .. n cl>YHK~HSI, cTporo M8H:&JIEUI aynsr .JtJISI JIJ06oro · t >/ · · o • 

ITycT:& ✓li vYi vYi < t) x (t) = - c. < O. 'lor.n:a npH Jil)6OM t: ~/ to 
t -'> 00 . · -

• ..:. ' C e : 
VY'. : ..;. ) x ( t) < - c · , T •. e. - X ( L_ J '> v:-(;:. · .HurerpHpysi 

",, ._ • . 00 I 'I ,._ j 

OT t ,Ito- oo , no.11yttaeu, tJTO 7~(t)-;,c. J C)1't'..;- • YMHODB 
t VV\ ('C) .:a 

TIOCJie,ItHee pnBeitCTBO Ha I<- ( t j H. npOMHTe~pwpoBaB OT :..;. c, 

.I(O CX'.l 
' .<:><) •. 

J .~ (t j 
to · 
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1IocJ1e,n1mM HHterpaJJs, KaK churo ·sa:ueqeHo paur,me, cxo.rtHTC1Io CJie,!(0= 
' 00 t>O cf.. 
B8.T81H,HOil HHJerpaJI j i<(t) j m,{·) c/f Ttl.Kd CX0,ItHTCSI 0 U~B8CTH0 9 

qro H3 CXO,!{IU!OCTH H~Terp~Jia . Jr~fcs>I Js olv dJI~,!{'.ye'.t·'cxoi*MOCT.i ~HTQ-

?..f G//CI fa1f(s>t,ols o l{1ur s =J\,,_
0

1;)cl-c- H /<sr= m(tcsJ)• i/ctu.)) 
nepBuit · ~nrerpa.11 paBeH _JC>Qf~1(t;0 d1:' dt · lit no ,!(0Ka3aH-

m I'?" ) t ~ •' . 
HOUY CJ_COJ(HTCRc? CJte,1(0_BateJIMIO s, CXO,ltlitTCS lit BTOpOil HHTerpaJI, Toe o 

··P·: t\: .. -,_';, .'_ •.c: f,;r - :: ,.~·; ,.J.'"~~- 1 --~ ·- t 
CXO,!(HtCSI . mi:re r'pa~ .· j '' 1(t_-.). ,' f :,f( (r). d 1: pf t '. !}4lb ;:ifpoTHBo'pe\rn~f~ ;' . 

- t m r --
yc11onn1tM ( o() . 0 IToJiyqemibe npoTMBOpetiHe ,!(0Ka3:cIBaeT Ha.my J!8MMY 0 

Teope1vra 6 0 IIycT·:& ypaBH8HHe 
'._;? .. \ ·,.., -~~ .. --,~ ,,_,~:~~~-:~~!'""''~ : ~:#_:·, '_,)_· '. . < ,. \ ♦ 

L_ (w/t.
1
~1)x),~ K ( .( ,\ > x ~ -· Kc·t) A>-·r <t )-A> 

ol t •' u .. h; -,... , ., • , ., ,·• "'. - - - - - ·. - .,. .•,<. (-3o5) 
•~·. ·~· ~ -· • ·e--< ,': ~ ' '• ·,.: .'". ·~-·- ,'·' , • f . 

y,n;OBJieTB·hp)t'Ef:~t \'yc;ft0Bk.ftl;f /T'eope1m ".,5 1 ;7t.JIH·,,·Jl_If?dOro ,\ t [ >, ;- [) Ao··+~] r ( b., o) 

cpyHKD;HM~ ·m ( t > ,\) 9 I( (tr_).) H \Ct > A,-) crp~n.m.T;C1Ir~K ff)(.( t \k_(t
1
t) 

U r(t
1 
~~ynpH.::··,.t;~ )~ paBHOMepHO Ha KaJ!t,!(OM OT.pe3K0 [.to; t'J, 

a <pyHKD;IUI f ( t J ), ) orpaHHtteHa O,!(HOtl I<:OHCTaHTO~ ,Il;JISI JIJDdOrO 

.t ~ t· H n10doro }:~ [A-;~)•.~+~]o Od03HatIHM trep~3 X.>,(t) 
0 • . ... .. . 

~'.!p~~eHHe ypaBH9HH~ (3o5), y,!(OBJI8TBOp_snpIIte~,JTCJIOB~SI~f:. '/ ;/i:o.) = ~ 0 

H X;J:t.r~:._q,',. pp~,. l:.•~;'' ex>, ~}}9;~~-:;~xr() :.< 1re·~~~p~BH01f 

3aB~C~~·:OTi).. 9 To8o _ x>t~t) ~>.,X-Jiii:). IIPH ) ➔ \'~ 

paBHo•epno Ha KaZC)(Oro' K0H,etJH0M_ 0Tpe3~e_' ~HatJeHHtt t 0 
',,,, ··:. _,:,,',,,." ~., ~. ,: ~: •• ·",,:. ,' : ,: ; ·-~~~, "'# ·:' 

,l!0Ka3a?e Jl:&CTB_O t ·~ 

.co~JtacHo xeopeue 5 

. ;·:.;;(.i•') ~-- Xo X;.(t) + , ·' , .· .,~. 
1 
•. , J. . .. · 

-·- ·_j~'f'~·-~•;··--._:_.--1'1-~,.-, . . jc:x:lKt~-) 1.-)~-(:. ,_ .. \) .. -.. -X.(w!~W d~_· .(306) 
-t XA (t)lmc·~ )., ) ~ ~--;:,;) ,w,i<- \ ~,1,1 A.,,. . . ' 

to j ). 'L ;u .. , ', ... ,· ~;~ . ''. • •.,, 

rite X> ( t} 8Cl'!t pemeHI1fl 0,D;H0~0,n;H~ro ypaBH8~HSI (3o5), Y.ltOBJie~ 

. '.r:BOpl!IOl!t88 YCJIOBHSU.t~ x;. (ta) = Xr;, >0, (t) <. 0 H ~ (t) ➔. 0 npH t~ oo o 

'._ 
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H3 Toro, QT0 X, '~1 ,, npH , CTp8MSITCJI 
, 

. K '>t i"" \ l1 )<' ( t. ~C00TBeTCTBeHH0 paBH0MepH0 Ha Ka:at,IJ;OM Ao< :_ ,,, ,, t) .. 

oTpe3Ke C\ 
1 

:: ~: , noJI1>sync1, JieMMOfi 7 , l.10'1!:H0 Harrncar1>, qro 
0\) • ' 

j t<(t)) X,1.'(t) 'd-r :::: _:_ m (t 1>,1 X>,(t) ~-?' --rri(t)ofXx/t:-) .:= 
~ . 

'-

CN 

= j I~ ('tit,) XA/'r') drc 
t 

+-
paBH0MCpH0 Ha Ka:at,IJ;0M K0HeqH0M 0Tp83K8 3HaqeHMtL C. (B ClUIY Torp, 

qro Bam1caHHbI6_ Blilpaxemrn eCTl, M0H0T0HH0 · CTp8M.fill{l10C~ K Hymo cpy1mn11n 
...!,.. 

,___ , .. CJie,n;yeT, 'lITO CXO)tln.!OCT:& 6y,11;eT paBHOMepnon na Bee~ TIOJIYOCM 

• IIoJH,3YSICI, paBnouepHoi1 no , A 

Os:, ' ... ' .' 

j i< re 
I 
A ) 1 (-r, >i ) x A < t:) (7{ z- --';> 

c,.Q 

j K ('t >\o \ --c Ct >10 ': x\ c--r) ol-c· 
I I t ·. ) . / _/I_~ : 

+ t 

· npn )\ -> ,Ar;, . paBH_OMepno Ha Kailt,IJ;0M KOH6l!HOM ~TP?3K6 3rraqeHHM t • 
CTPeMIA'i'C,-1:l K C-JI-/Cl,.1/p'?,}!?.A.-iY ~/61,PCIJ,t_~<?.f/tl/•O £::'·1 .~;;:: ~o 

TiocJie,n;Hee ,xe osHaqaeT, qro BliipaJ1Cemre (3.6} np11 .\ _,, >--.;·~ paBno"'.' 

MepHO Ha Kait,TI;OM KOII8'lJHOM orpe3K6 SIIaqenHti t 
. ,n;OKa3aHa o 
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. PeayJ1:.rar11 rrpe.n;u.n;ymeil rJiaBLI .zcaIOT B03U0XH0CTlt 3aK0H'qJil'I,. , 

naueqenHyn nporpaJilfYo UeniIO 3Ton r.11aBu nB.11neTcn .n;oKa3aTe~ietBo 

C~e.n;yn~tff TIOpeMHo 

Teopeua 7 o ITyc;• cpyHKttHH tY! (t)t) 1 i<e~ / > 1 p' (x) I.{ F. f (&. 1 t, x 1 x ) x 
oc1m..n;aJ:>T uenpepLIBHliIMH npoK3BO)(HUMH no £. J • x 1.1 l ,77;0 K ·:;., Toro 

noplt)XKB. ( I<. > 0) . ,,H YJt0BJieTB0plIT YCJl~BHHM. ( ~ j ' (Rx, CMUCJI 6y.n;eT ",- ' 

o6'f>HCHeH npn: .n;oKa3aTeJII>CTBe reopeubI) ~ Tor,n;a Kax.n;oe pememre ypaBHe

nnst ( ¥.- ) , y.zcoBJieTBopnromee ycJI0BHnM ( A.), m.reex Henpep:orBuue npo ... 

I13BO.IJ:Hliie no [ ,ItO 1< ~Toro nopSI.n;Ka, CTpe1.mntHec.a K HYJIIO npH · 

t ~ oo IA y.n;oBJI8TBOpSIIOntHe ypaBHeHHSIM, IlOJiyttaIOl1{HMCH H3 ( ->f'· ) 

nocJie,n;oBaTeJI:&HWl ,n;mprpepeH~HpOBaHH9M TIO 

JJ:o:rta3aTeJI:&CTBO~ 

t. 0 

J(oxaxeu yrnepx,Item-re .n;JifI nepnon npoH3BO,ItFIOi1 ~ )lJIR · npmmno,ItHbIX 
. ' ' 

CTapmnx ·nopn,ItK0I .n:o:rca3aTSJI!lCTB0 aHaJiornttH0 O IlyCT:b X l ('t) 
. ' ' 

• • C • 

- pemeH11e ypaBH9HMSI ( ¥'- ) , · y.n;oBJI9TBOpsnontee YCJIOBlHU,1: )( t (t.,) ;;::.. Xo 

( / Xo - Xs } < ~ o ) 
1 

Xi ( t) -> X .S i'? p U t -·~ OO . /.,1 ~ iJ n 'xi ( t) :'. 
· ::. S l j. n ( >< s - XO ) j '-" ~ t ~ to ) . 
a )( t+~f. ( t) .... peme1me ypaBnemrn ( ~ ) , c H3MeHeHHbIM sHatI_emrnu 

napau:eTpa, Y.It0BJISTB0pmomee TeM :rice ycJI0BM.!IMo ll3 ypaBH9Htl.8' ,ItJUI Xe.+At. (t) 

BhltJTeM C00TB9TCTBYIOntee ,ItJin ><; ( t) 0 ITpm,!eHHJI JieMMY A,naMapa 
· · ~ 6 X r'' t X (~) 

, CTpo8I), Mhl IIOJIYllMM, tJTO __ :Li) ~2:"J±~tL~L.:. __ ,~ 
6 l .6 £. 

Y.It0BJieTB0pSieT ypaBHenmo: 

(CMo, HanpHM,pj [7] 

.Al=f=o 11pH 

i.(m(E+A£ t) h.XtCtJ. 
dt I Af.. 

) 
L\Xr(t) {f " t · ) -, --z-~=-' ·~ (€+ .... () ) X(+,At.) Xe.+l!~ + 

, 
··--·~. -----

/ 



1 

c £ + !H .. l x, ff:, ( z +A~/ i )<''i. + f i1 Xc /d °'1} = 
0 

1 i , . 

::: - c1t ( Xe l m~ (E+IM/)dr) - pl(x,) f K{(ttrc.~/ \ ''l+ 
- 1. . 

+ f cc, t, 'X,, x< ) x 1. + c e ➔-t,c l x< J f, <£+ \As 
I
t I xc-, ;d J~ 

; 0 • 

C rpan~tIHhIMH YCJIOBI1SIMM: 

c rpamitIHI,IMM ycJIOBHR1,ut: ~t, (t, ) ~ O 

B CHJiy Teope1iu 4 KOS(pq)HIU18HTLI B ypaBHemrn ( 4 .I) npH 6.. t -··► 0 

CTpeMJITCH K COOTB8TCTBYJOIItUM KO3cpcp:m:~ueuraM ypaBIIemrn ( 4 ~2). 0,11;Hopo,11;

H1Ie ypaBH8HI1JI (4.I) M (4.2) y.n;OBJI8TBOpmoT YCJIOBUSIM (d..) B CMJIY Toro, 

tITO YCJIOBMHM ( ol ) y,n;OBJI8TBOpSieT ypaBH0Hliff ( 7f- ) • TloSTOMy ,D;JISI 

npm.rnmIMOCTM · TeopeM 5 M 6 .nexBaTaeT TOJI!:,KO, 'lJT06bl BbipaJJCeHMe 



3~ 

{ 

i . _· 
,f(t1 t'. )(1 , XtJ ><c + ( t+11 <) .i\ [ f ~ !H\A< 1 t, X0 , )(,_ ) .f/ -

. . ,.. i 1. 

cl (. f ;· . - ✓·-t. xf.. m; (l+-14~ t)olr) - P'(x() l<~(t+}Llt,t)d-s: 1: 
C o I o }_,. 

Q 

1.. 

{ K(t+fl.£,t) f p11(x<-1-\ll.X,)dr-
. 0 

-(£+Ad x~ jf;/ t+ 11 .. ;t, x, +~A/!../~ J Pi-i; } 
I) 

6H1IO paBHOMepHO orpam1qeno ).{JUI ).{OCTaTOtJHO MaJII:itX A ( M 

cxpeMMJIOCl> K. HYJIIO npn t ➔ co O 3TO. 6y,n;eT BbifIOJIHeIIO' ec.im )J;JW 

JII06oro C> o )_{]IR I X-XsJ~~ 0 >Ji/ if c M).{OCTaTo·,.Ero MaJIRX 

A£. nupaiiteH11e {1 t('c.>i: 1x~ 1Xe) +(t+-A~4) 1~('t..-te1 t.e
1
t

1
xa>Xt)I + 

+ f 1<'~ (t+e1 At,t) 1j: /Kc. (E.+At,t)) (o < e1 , 1) 

(CMorJioI) 6y.n;eT orpamrqeHHO npn t ➔ ()o MJIH !JO3pacraeT ue,n;nem-ree, 

. , {. 1 1 } . c/(, I t)• 'lieu m,n 
1
. t-l > .J.)I , a BBpa'1Cemrnc/-t xt m£.(£.+e.'i.,At. 1 ) , 
Xt ( ) I Xs - X't.( L · . . _ -

\1< (t+At t)I (0<9<:l)OrpaIUitJeHO H __.::.? 0 rrpM l .....:.:,... t,o oHa3OBeM 
C. I , 1,. . 

3TO ycJIOBUe ycJIOBHeU ( /3 ) ; 0 Tpe6oBaI-UieM Bli111OJIHHMOCTH ).{JIJI ypaBHemrn· 
. ' 

( -)(:. ) YCJIOBI-!.fI ( f ) MI:it UOJ:61.{ saKOiI'tIMT'.b )tORa3aTeJIT:>CTBO TeopeMI:J s 

ndo ee )tOKaSaTeJibCTBO ~JIH rrpOli3BO).{HUX 6onee BUCOKoro nopR~Ka npM 

ycJIOBMH BHllOJIHHMOCTH ycJIOBll.fI, aHaJIOlflltJIIOro YCJIOBM:I0 ( (j ) , COB6P= 

meHHO o~nHaKOBOo 
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I' JI a Ba 5o 

3anueuc.a Tenep1:, cpa.:rc:rnttecrtnu B1ItIHCJieHneM x.f< Lt) o J(nqxpepen-

rinpysr ypamre H:tte ( * ) ~ pas no E.. n noJiara.a ~.:: o , Mbl 

rro Jiytiae1.r: 

+ 1<' o D i ( >(0 ) ::.~ 0 
i 

(5.0) 

I • , (5.K) 

TaKnM 06pas01,r, onpe.n:eJillB X0 ( L), us (5.,0.,), u11 uorJirr 6I:1, 

noJib3YRCb (5:rc), onpe.n:eJIRTb nocJie,ttoBaTeJibHO X1 (t) , Xt(t) ll x • .n:. 

0,1.tHa1w onpe)J.enemrn ~XK(t) sHatirrTeJibHO ynpoIItaeTcn, ecm1 B (5rt) -3a 

He3aB:ttCI1MYIQ nepeuemryIO B3.RT:o X o ., Yi.rnol\m.r )J.JIH 0roro (5 .o). 11a 
-OJ I ..J.... 

){~ (t ) u npoHHTerpnpyeM OT tq .n:o L. • ITOJIYtIIUt: 

. (5.I) 

Tiepexo.n:n B (5oI) K npe.n:eny npn 
..I-
L ➔ tx:> . 

oo• , a )(~ (t ) ➔ o· npn 
' 

tITO 

p (x, ct~;)} (5.2) 

VVl, e, 

( 
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· r,rce · t: = i-roueHt BpeMeH1r, B RoTopon pemem1e X ~-Ct), y,n;oBJieTnopsno .... 

niee yc.110BI1HU ( A ), B rrocJie.n;mttl pa3 rrepecexaeT rrpnMyD )(r~ x0 

HMeeu: 
.;__ olx: ~ 
xi<.=-=- X0 

d Xo 

· • o/P- ·-x·· , d -x·,- · ., ---~ . ~ ~.-_ ..... -~, () . V •. ..Jal 

X . '~ V""' "' X 
K ~ J'x/·" /\.o + d x~; b 

!IO)tCTaBJUUI B (5 .R), no.nyqae:u: 
'""' Q 

d~ XK ( ~; 1) · 2 -=-=.- p (Xd - p (Xo --
d ~/-

_g{~ p 1(Xo) + 
cl Xo 

. II ·-· - 1.. CJ:'' -· t· ! ' 
·I :< 1< p ( >( ~ ) ;.;-;., "(;- J . ( >< O ) • D ) • 

I f\.J K . . ~ 

. HeTpy,nHO rrpoBepI1l'l:,9 tJ?O 7lit(Xo)";;; ~2p(><s) .... 2-p(x,,] l 

(5o3) 

ecT:& CTpel,!.fII!teecSI K HYJlIO IIpM )(tJ-'> Xs (?080 rtpH t-i-~) 

penreHMe o.n;Hopo,n;Horo ypa.BHemrn (S.3)o _Tor,:n;a cormcHo 1eope:r.re 5 

pemeHH! 'ypaBHeHIUI· (5o3), paBHOe HJJI!) rtpH X0 .::;:, X' 0 , Toe., IlpH 

t ~ t~ M CTpel!Sitt(eecsi K HYJII>. TI})H x" ➔ Xs . t T .e c npH t ➔ CO · 

~ MM88T BH,!(: ~-
Xo . Xs - 1· i er , 

=·· . -~= r::--:~···•-·-·····"m• . . J- K= ~ ('f I to) ~r _, 
X K ( XO) ':.! '{ ,, p (Xs) - ~ p (Xo) • ._-i~--,.,,____. .. ;,,-~•·•-•;~o",'i• 0( X . (5 0 4) 

. . . · ( 2 p ( x~ ) -- 2 p ( X )) V!, 
Xo . 

J])rn Toro, trl'oda BiiI'-mcJIHTl> o6iracl'i:, saxBaTa .n;Jtsr MOMeH:r:a BpeMeHH to, 
HyxHO BliitmC1IH'l'J, Xi<( x'o) IA ~ t,, ,!J;Ji'.JY 3HatJeH:£t1I Xo:. X r; (tr) 

L I cJ Xa 1 ~,~ 
,!J;JfS{ Bcex Lo O Ilo B3SITOMY 't~ orrpe.n;eJISieM x(> M3 cpopMyJJ:bI: 

-
fx:~ cit . ·= ~ 
~-( p. fx~7:Pcr·)y · Xo V'f!o 

J... t I . 
Lo - 0 

(5o5) 
.I Tl • 

-=-"' = ~ A~ ~ 
J!Jm rroJtyqenHoro TaKHM o6pa3oM X D , orrpe.n;eJISreu X 1< (Xa ) H -;;r-r; x 0 

M3 cpopMyJtH (5e4), rIO,ll;CTaB!fB Ty,n;a rrpe,1tBapH?8JIJ:,HO BEpaJ1te1me ,UJIH t: rro cpop11ryne (5.5)e TaK ·noJiyqemiue nonpaBKM .n;aJOT xoponm:e, 

pesyJI1>Ta?Iit ,ll;JIH TOM traCTH rpaHM~U o6JiaCTff 3aXBaTa, KOTOpasr yxo~MT8 
I t I 

TO'<IKY ( XS 
I
o) t Teeo .n;JUr t-o !:: .o o J!Jtsi· ta > t~ :MLI CHatre.J!a 

----~.,.=-..,,....,,_7-~-~=~-......... ~~..,..,..,....~--- ';G =-----~~-~-_....._..,... . ..,.,re__.,,_,.,,.-,,,.,,_.~••_,,,,,___ -•-••---r--• 



onpe.ttenm.1 Xe ( t: ) ., a. · aa:retr dY'AiM wclf.8.TL ue.a pem-e1m® .rt.M 
I ~-to -$ t ,~- ti · t depJt B KatffiCTBe · X o pememte · ype.BH8HH~ (;; 0 0) 

. C Hatffl.Jtl>HUM?! yc11onnsu.m2 x'o (t:) ":;;; x, H 'Z (t~) ~ X t ( t.;) 0 a 

)!,l!SJ. X ~ = pemenite YIE,BH8HWSI (5oK) c Ha'lffl.JIJ.HYldJI YCJIOJU!&m2 
I . 

XK ( t
0

1 
) ~ >tK ( t: ) ;;;. o ( K > o ) o l!NI . _atoro pa:tJIOztHBR 

1 
.• 

· CitpaBe).tmtM Teopaua AoIT!a,H?ta.pe O pa.3JtOX81Uffl B l)S.tt no JeJfOJ.11 Da}'ll.0 

uetpy It OdU'iHHe Teopeuu O Cj'll9C'fBOBaHJ!I npOH3BOMHX IJO Ila}m,lttpyo· 

Taiemt o(Spe.3ou9 n B stou ·ceytm.e uu ttonu onpe.tttD'flt 'fO'IKJ. ( >< t:(t:,), 

X c (to)) . Ha pemeHHft9 YJtOBJteTBopnnmieu ycJ101nm.t ( A )o 

3 a x JI n q e u n e 

'4:11:ra?eni !JOI" 38.M!'fHTla,9 'ITO HHr.tte,, Kpoue llOCJl8).tHtff r~DH9) UH 

He TJOJ'i!»30B.B.JmCJ, 0Jl~30C'l'I:»l0 yps.BIISHHSI ( ~ ) E KOHC~pBafHBIJOUJ'o 

TamM odpa,301,19 pe3y.r.rn,fa.TU nepBNX tl8TLtpeX r MB OCTaHY'fCR cnpa.ae;i.a~ 

:em.m H ,tt.M Y,paB He mtH g 

- . J{ ( W, ( f l i ) Y ) + /( (!1 t ) P 1 
(X ) =' f ( f. I t , 'l J %' ) )( 

cJe 3 npe,n;no,ronIIttsr I ttto npr! l •::: o cpy.HKqNH h1 ( ~ i! ) H \{ ( l 
I
t ) 

~ 
He 38.BWCRT orr t I a f ( f ,.i J XI i( ) x paBHa uy,m to~ecTnessoo 

TroGT011fY MR tt 3.ttec~ uor.m CJbl cHat1ana. onpe,1temtT1t od.mcr1i aanata 

)tJUl Y~Blte HlUt (-¾ ~ ) npw f. .¢; Q 9 ttto O diittJHO llpol!le 9 qeu nim E.. ~ 0 
I;) 

a . 38Teu crponti. acmitnTotztqec1me pa3noxemm no cTeneanM E. o O.tto 
\ 

RaKO CJIYtJaH9 lt.Or.:tta K03cfJI>nttHeHTH pa3JIOXeHM11 :MODO Bl:!pt\3H'fl> B BUJte 

nurer~,ron 9 KaK a10 mxeer Mecro ;.vm ypa.BHennn ( * ) 9 npw tanx 
O<'lltffX JtpeJtllOJI0%8HHffXo npe)tCTaBJISIIS~Cff Hau KpaltHe pe)tKPIUHo 0JtH8.KO 

'IHCJIGHHOe Hllf erp11ponaune mure f1HUX ypaBH8Hi?ft ?mta (5 oR) Q D®pG&fHO, 

BClo'fftim RPDl!l®o tl81t tfflClleHHOe HHTerpHpoBe.HHe ypaBHeHP.Ul ( ~-- ·¢- ) 0 
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