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OBllAfl XAPAKTEPI1Cn1KA PABO'ru 

AKTyanbHOCTb TeMlJ. Ha116onee pecnpocTpaHeHHblM cnoco6oM opo

weHMH ,Jl,JIR pecny6JIHR Cpe,D,HeA Aa1111 11, B tJ8CTHOCTl1, ~A pecny6JIHKH 

KNprb!3CT8H HBJIHIOTCR noBepxHOCTHble cnoco61,1 opomeHl1A, B H8CTOA~ee 

apeMR noBepxHoCTHblM cnoco6oM opomeHHA nom1BaeTcn 6onee ~ scex 

opomaeMblX 38M8Jlb pecny6JIHRl1, 113-38 cne6oR MeX8HH3HpOB8HHOCTH, He
COBepweHHOCTH npHM8HH8MOi1 T8XHl1Kl1 TTOBepXHOCTHOI'O nOJIHBa 11 pe;itH
MOB opOID8HI-IA Kll,11. noJIHl'8 He npBb!Ul88T 6CJ'/,, HHblMH CJIOB8MM, OKOJIO 4o_t 
flO,Jl,8B88MOi1 BO,11,bl TepneTCH 6e3B03Bp8THO, yxy,n,wa~TCR M8Jll1Op8THBHble 

CBORCTB8 BO,11,b!. 

8 nocJie,J],Hl18 l'O,ll,bl 6bUIH 38JIO~el-!bl 'T .:!XHOJIOl'HtJec1rne np11HQ11ITb! H 

npone,D,8Hbl 3KCnep~M8HT8JlbHble 11CCJl8,ll,OB8Hl1fl no npHHQl1TTl18JlbHO HOBOMY 

cnocoe5y noaepxHocTHoro opomeHHR - ,D,HCKpeTHOMY cnoco6y non»aa no 

6op03,ll,8M. Qn,HBKO, BH8,ll,p8Hl18 nporpeCCHBHOA T8XHOJIOI'l111, 06J18,ll,8Km18R 

H8COD8HHblMl1 ,ll,OCTOl1HCTE8MM: 3H8tJMT8J!bHOe COKpameHHe rtpO,ll,OJIJKHT8Jlb

HOCTl1 noJIHBB, Bb1COK8R p8BHOM8pHOCTb YBJl8lltH8Hl1A, 3H8tJl1T8JlbH8.FI 3KO~ 

HOMH.FI pecypcoB H T·. n. c,a,ep~HB88TCR no PA.D.Y npHtUIH. Qo.HoA H3 HHX, 

no H8lll8MY MH8HHIO, RBJIA8TC.FI OTCYTCTBl18 HaytJHo o60CHOB8HHbllC 3Jl8M8H

TOB T8XHOJIO!'1111 H T8XHHKH ,ll,H ·~i;peTHOro cnoco6a opo111eHMR, 

IToJIHB no 6op03,ll,eM B TOM tJHCJie H ,Jl,11CKp8THblA, yCJIOBHO MOlll'.HO 

pa3611Tb H8 ,ll,BO OCHOBHblX B38HMOCBA38HHblX npouecca: Bl1MTb1B8HH8 H 

,ll,8JlbHeAwee npOC8tUIB8Hl1e BO,ll,bl B nOtJBY, tJepe3 60K0Bbl8 CT8HKH, ,ll,HO 

6op03.IU,I H ,ll,B11llt8HHA BO,ll,b! B,Jl,OJlb 6opO3,ll,hl, 

Peu1eH11e 38,ll,BtJY. 0 Bm1Tb1B8HHl1 H npocetJHB8Hl1H ITO3BOJI.R8T Ha,n,eirt

HO npe,D,CK838Tb CTeneHb H8Cblmeim.R KOpHe0611T88MOA 3OHH, rny6Htty H 

11HT8HCHBHOCTb npoC0tJl1B8Hl1R, o6ceM BnMT8BWeAcn BOAbl, T8Kl!t8 Bl,I.RBHTb 

OCHOBH!,!8 38KOHOMepHOCTH npoueccoB BJiaronepeHoca, CTeneHb BJIH.FIHHA 

p83JIHtJHb!X ~RTOpOB, (JlopM•rpy!ltl\11X npouecc ,D.Bl1llt8HHA BJ18l'H B noqaex, 

tlTO B KOHetJHOM CtJeTe cnoco6cTByeT nOBb!UJ8HHIO 3cp:fieKTHBHOCTH HCnOJib-

3OB8Hl1.FI npe)l,JlaraeMoro cnoco6a oporneHHA. 

Mccne,u.oaam1e )J.PHJl(eHH.R cTpy11 B0,11.bl no pyc11y 6opo3,D,hl Tpe6yeT 
paspa60TKY MeTO)J.11K pactJeTa ero OCHOBHHX 3Jl8M8HTOB, OCHOB8HH!,IX H8 

qiopMHpOB8Hl1H M8T8M8Tl11.leCKO!-\ MO,Jl,8JIH, M8TO,IJ.OB 11X 8H8Jll138 H peweHH.FI, 
~ tJTO flO3BOJI.ReT l136ellt8Tb np11M8H8Hl1R 60JibWOI'O KOJIHTt8CTB8 3M11MpHtJec

K11X 11 noJiysMmrp11t1ec1mx 38B11Cl1MOCTeA, CTp8)J.81ltl\11X H8ITOJIHOTOA H npO•· 
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' THBOpetrnBOCTblO, 

TaKHM o~pa30M, 11ccJ1e,o,oaatt11.11 .11 pewettHe no,o,o6Hblx. aonpocoa 

TeOpHH HH4i.HJ1bTp8w,tH 11 ,ll.BHlK6HM.11 B0,I\bl B MBJlblX K8H8JieX npe,i!.CTBB

JI.IIIOTC.11 8KTy8JibHblMH KBK C TOqKH 3p8Hl1.11 TeopH11 r11,o,po,o,HH8MHKH, 

T8K H C TOqK.11 apeHH.11 p83B11Tl1.ff MeJIHOpaw,iH, opoweHH.ff H ceJJbCKoro 

X03.RlkTB8, 

Uenb pa60Tbl - Hccne,o,oaaHHe npo4eccoa 11H~l1JJbTpa111111, KBK 

B o6~eM c~yqae, T8K 11 npHMeHHTeJibHO K KOHKpeTHblM o6-beKT8M, a 

T8Kllte pacqeT Pl1,D,p0,D,HH8Ml1qecKl1X xap8KTepHCTl1K ,ll.B11lK6Hl1.R BO,D,bl no 

pycJiy C yqeTOM HH~l1JlbTpa4110HHblX noTepb, C 1\8Jlbl0 paw,tOH8JIH381\11H 

3JIBMBHTOB TBXHOJ10r1111 ,D,11CKpeTHOPO cnoco6a opoweHl1.R no 6op03,D,8M, 

MeTOA11K8 11CCJIBAOB8HH.R. IlpH pa3pa60TKe MBTeMBTHqecKHx MO

,o,eneA, BJIPOpHTMOB ~ nporpaMM HCnOJib30B8Hbl OCHOBHble _38KOHbl rH

,D,pO,D,1-IHBMHKH H np116J1HlKBHHble MBTO,ll.bl. CcpopMym1pOB8HHble 38,D,Btm pe:

W8Jil1Cb npHMBHeHHeM np116JIHJKBHH0-8H8JIHTHqecKHX 11 B8pH84HOHHO

p83HOCTHl,IM MBTO,D,8MH. IlpH peweHl111 38,Il,8qff·H8nOpHoA l1H~HJJbTpa41111 

B O,D,HOM8pHOM CJiyqae npHM6HffJIC.11 MBTO,D, MBJIOPO napaMeTpa, C IlOCJie

,D,yl0111HM 11cnoJ1bSOBBHHeM MeTo,o,a rpynnoaoro attan11sa. ,!J,Ji.11 peweH11.11 

CHCTBMJ:J, MO,D,BRHpy!OU18tl ,I\Bl1.JKBHH8 BO,D,bl TIO pycJiy, npHMBH.RJIB Cb _Ml1H8-

8pH381\H.ff, OCHOB0HH8R H8 MeTo,o,e M8Jlb!X B03MYIIIBHHH. PeaJIH381\11.ff qHC

Jl8HHblX anrop11TMOB 11 C<:lCT8BJ1eH11e naKeTa nporpaMM npoBO,D,11JJHCb Ha 

aw THil8 EC, Ill 11CTTOJib30B8HHeM anropHTMHqecKOI'O .R3b1K8 ~0PTPAH-4. 
Hayqtta,11 HOBl13H8, Ilpe,D,JIOlK8Hbl 38Bl1Cl1MOCTl1 ,D,n.R CKOpOCTeA Bill1-

TblB8HH.R, npocaq11aaH11.11 H l'Jiy6HHbl yBJIBlKHBHH.11 B 38Bl1CHMOCTl1 OT 

ifii,tJJbJ)p81\110HHblX xapaKTepHCTl'IK cpe,D,bl Ii HaqaJibHOI'O COCTOl'IHH.11. 

Tipe,D,JIOlKBH8 H 1IHCJIBHHO pe8Jil130B8H8 M8TBM8THqecK8f! MO,D,8Jlb 

BJtaronepeHoca ,D;JJ.R onHcaHH.11 npoQecca HH~HJibTpaw,tH qepes 6oKOBble 

cTopoHbl 6opos,o,w, npoae,o,eHo cpaatteHHe nonyqeHHhfX pesyJihTaTOB c 
,!18HHblMH H8TYPHhlX H86JIIJ,I\BHl1~ ,lJ,)I.11 noqa pecny6JIHK11. 

TionyqeHo attaJ111T11qecKoe peweHHe c11cTeMbl ypaBHeH~~. nocTpo

eHHblX H8 yp8BH8IDUIX CeH~BeHaHa, ,I\Jlfl CJiyq8f! ,I\HCKp8THOro nOJil1B8 

no 6opoa,n;aw, Ha OCHOB8 KOTOpb!X npe,D;JI0~8Hbl 38BHCHMOCTM ,I\Jl.11 pac

Q8T8 paQl'.IOH8JlbHblX 3Jl8M8HTOB TBXHOJIOrHM opomeHH.11. Paspa60T8H aJI

ropMTM pacqeTa reoMe'l'pMqecK11x xapawrep11cTHK 6opos,o,1,1, 06ecneq11-

B81Jll1HX {)83MepHOCTb yBJiaJKHeHH.11 no ee ,D,JIMHe. 

[lpaKTl!qecKa.R U8HHOCTb BblTTOJtHeHHb!X HCCJ!Ei,D;OBSHIIJ~ onpe,D,8Jlf!-
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eTC.11 B03MOl!IHOC'l'bro McnoJib30B8HH.li nonyqef!Hhlx pe:iyJib'l'STos M cos-·· 
,IIBHHLIX anropMTMOB ,lJ,)I.R npoeKTHpO~HH.R CHCTeM opoweHHff H onTHM8JI·~ 
mix. oJieMeHTOB TElXHOJIOl'MH . noJJHBil. npHMe'HHT8JibliO K KOHKpeTHBM · no~ 1' 

tlB8HHO KJIHM8THq'8CKHM YCJIOBHRM, 

Ha 3811\1:1Ty BhlHOCSITC.R . : 

"'.'. MBT8Mf-THtleCKlfe MO,l\8Jil1 H8CT8ql!OMBpHHX · llpOU8CCOB HHqMJJbTp8qHII ,· 

B noqaorpyttTa:x qepe3 (foKcis1,1e rpaHH 11 ,!\HO 6op03,l\l,I s CJIY1J88 no-
_ JIHB8 no 6opo3,l\8M, · · 

;.. qiopMyJIHpOBKy; 11 peweHHe 38:V,airn ,ll,Jl.R Onpf1,IIBJl8HH.R
0 

3JJ8t.f8HTOB Tex- , 
HonorMH 6opo3,l\KOBoro n0Jt11aa a CJJyqae ,l\HCKpeTHoro cnoco6a no,I1a~ .. 

tUf B0,D,bl Ha BXO,IIHOM CTBOpe; . . 

- pa:'ipa60T8HHNB f!JlrOpHTt,11rneCKM8 11 np~rpaMMHb!e !(OMM8KCbl•,ll,1Ilf 

am, 003B0Jlfl!O~e nporH03HpOBSTb H pactmTblB8°Tb MeJIMOpl!ITMBH08 oo- . 

°CTO.R~11Je notisorpyHT8 C yt18T.OM OCHOBHl,JX 1np11p0,!1HblX qlaKTOpoa; 

..: 38BffClfMOCT~ ,lJ,)I.R CKOpOCTel\ BIU1'l'b1B8HM.R Ji npocainrna.HH11 npOQ8CC8 

HH4MJJbTpa11M11 e'. aae11cm.tocT11 oT ttaitaJibHoro cocT011HH.11 noQaorpyH-:-· 
. ' 

'I'OB· . ' : . . .. · . . .. • . . · 
- 1fflCJieHHble 3KCnepMM8HTbl HB 3JJ.I no peBJJbHOA noneaoA HH~pM8qHM; 

, · ·[locToaepttoc'i'b nOJI:{'!eHHHX pesyJit>TBTOB, TiocTpOeHMe MBjeMBTM.:.. 

-qecKHx . MO,l\e]Jetl rtp'ciQecca HH,!JHJ1bTpaw,i11 B nop11CTNX cpe,Ilax. 9epes 

60KOBblB CTOpOHbl H ,ll,HO 6op03,Il,1,J 6aanpylllTC8 HS !pYH,D.8M8HT8Jibt!WC' 

ilO~OlKSHIIJ.RX MeX8HHKH CnJIOruHblX Cpe,o,, CpaBHeHHe noityt18H~X , peayJli,'." 

TaToBxopowo cor.iiacyeTca c ,n.aHHblMH zj)yrHx aeTopoB H ,Il8HHblMH.:io:. 

'.neBblX 3KCnepHM8HTOB. . , . . . 

Anpo6aUH.11 pa60Tht. O~HOBt!ble_ p03yJibT8Tbl 11' 0()Jt()JPi8Hl1.R AJ!Ctiep- ' 

Tliw,toHHol\ pa6oT@ 6wm ,11,onol!leHbl 1-1· o6cYllt,IJ,eHJ,J Ha . ; YI Bceco1JsHoii 

ceMHHape "th!CJieHHble · MeTo,11,1,1 peweHM.R 38'A8tl. qMJibTpaq;m MHOtorJ9_a..: 

HOtl HElCJKMM88MOA.l!U!,D,kOCTM" (~yHse, .I982 r.), BcecolOSHOM cet.ik'." 
Hape "Coepei1eHJrue npo6neMii M i.!eTO,l\bl TeopHH ~JI~Tpa~KH" (MocKBa~ 

1984), Bceco~sHo~ KOH(fiepei!wm "CoepeMeHmte npo6new ~liitbTpaulrn" 

()tnnaH6e, 1988), Ha pecny6JIHK8HCHl1X KOHqi8,P8HWi.RX M8X8t!HKOB M 

M8TBM8Tli!WB fU,lprbJ3CT0H8 (~ymle; 1987, 1990); HB, °C8MMHBpe no ' / 

l'HAflO,ll,l1H8MHl{Ei no,n, pyKOBO,li,CTBOM · n. fl. KoqHHOI\ (M6CJ<B8, 1983), ~8 
ropo.~c1mx ceMY.HB pax no MexaHHKe CruIO!JIHllX cpe~ f'. FMm!ieKB, ·.. . . . 

• lli'.6Jif1KalJi111, Octtomn,1e pesyJibT8Tbl l-1. co~epiKaH!18 ,IVIJCCepTEiUKOf!;_ ,' 
, '" - . i,, 

, 
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· .HOA pa60Tbl ony6JTHKOB8Hbl BIO H8yqHblX CT8Tbf!X, 

. 0rpYKTypa H oCn,eM paOOTbl. )J,HccepT84Hff COCTOHT H3 BB8,D.8HHfl, 

2-x rnaa H 38KJIIDqelfflR, H3JI0~8HHblX HB CTpBHH4ax MBWHHOnHC-

\ 
Horo JTHCT8, BKJimQ88T Ta6nH4 H pHcyHKOB, 

CO,nEPlKAHHE PABOT!l 

• Bo BBe,D.eHHH ,ll.B8TC.R o6aop ny6n11Ka4Htl OTetJeCTB8HHh!X H 3apy-

6eJ1tH1.1x yqeHblX, 6JT113KHX K TeMe ,D.HCcepT84H11' IlOCBlllll8HHblX TeOpHH 

' l,UupKJTbTpa4HH, ,ll.mlllt8Hl1.R ~11,ll;l<OCTH B OTKpblTblX pycnax, npm.ieHHT8Jfb

.HO K nonHBBM no 6opoa,n.aM; cwopM;YnHpoaatta TeMa ,D.HccepTa4H11, Kpa

TKO K3JT0~8H8 ee CTpyKTypa H co,n.epE8H11e; 113Jf0ll8H8 HByqff8fl H npa

Knt~eCR8ff 4eHHOCTb nonyqeHHblX ·pesyJTbT8TOB. 

ITepB8f! rnaaa IlOCBH~8H8 npH6JTHllt8HH0-8H8JTHTHqecKOMy H qffCJT8ij

HOMy M8TO,Izy 11CCJI8,ll,OB8Hl1R npo4eccOB anaronepeHOC8 B O,ll;HO- H ABY~ 

M8pHoR IlOC'l'8HOBKe. B § l npHBO,ll.HTCH OCHOBHoe yp8BH8HHe anarone

peHoca, OllHCblBBID~ero npo4ecc HanopHoA HH,tiifJibTpa4H11. 06ocHoBBHbl 

H8KOT0pble npeAnOCblJIKH, ynpo~aDUjHe OCHOBHOe ypaBH8HHe ,11,JI.R peanb

HblX YCJTOBHA •. IlpHBO,ll;HTCfl OCHOBHh!e BH,D.bl 38BHCHMOCTetl KO8fPPH4H8H-

' TOB nepettoca H ycTaH9BJI8HLI HX flBHble BH,D.bl ,11,Jlfl HSKOTOPblX THllOB 
noqa pecny6nHKH. 

BropoA naparpa~ nocB.R~eH nocTpoeHHm np116n~eHHO-aH8JIHTH

ti.eCKOUJJ 8JiropHTM8 pemeHHR O,ll;HOMepHOflO ypaaHeHHH BJI8f'OnepeH0ca 
1 

3811HC8HHOro OTHOCHT8JlbHO BJI8f1OCO,ll.8plK8HHH llOJiyorpaH11qeHHOA 
llpHMoA 

oW _ .l r •-«1 1 _ ct - ~~ l 1)l\x,) ~!)::. l ~\((W) + t(~.~), c-:x:. ( I) 

r,u,e -t:_ - apeMs t ~ - BepTHK8JlbH8R K00p,D;HH8T8 
1 

H8np8BJI8HH8SI 

BHH3, l) (.w) t " ( W) - K08~4HeHTbl ,ll.Hqxfly3HH ff BJiaronpoBO,ll.HOCTH t 

- WHK~Ha, YtfflTblBB~~8R H8J!Hqffe HCTOtniHKOB HJTH CTOKOB, 

Ha nony6ectcoHeqHOC'l'H :x: ~ 0 ypa BH8HHe ( I) CT8 BHTCH CJie,D.y-

111118B ~8ll8BbHO-KpaeBaH 39Aaqa -
~ .. 
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W(x,o) = w~, W(O,t)-= H~, t ~o, . o, :tCtH) · ' 2
' 

,i.l,,1fl e.n,miCTB8HHOCTH peweHH.R 3a,Il,3'!H (I) - (2) 33,ll.86TC.R He

KOTOpoe ,D.OilOJIHHTeJlbHOe ycJIOBUe' a H\KHHO ycJIOBHt3 orpaHllltleHHOC--' 

TH 11YHK1..11111 

\v(-:t 1t) < M, ~.,.o,t:>O, 
( ;3) 

npw:ei• , B KatiecTae M ,.,O111Ho B3f!Th 1.rncno H,~E:'1 
YnpO!Ji':HHe 3aa.a1..rn (I) - (2) C ·u.onoJ1H1iTeJ11,~, J'CJ!OBl18M (3) 

npo113Bon,111Tcfl cJ1e,IJ,.y"lU\l111 o6oa3oi,: IW31f}11LllleHTbI nepeHoca D(w) 
H. ~lw) npe:J,CT l!lJIJU~TCf! B ~I-ILJ,C c·renGHHbr/. pfi,ii.OB no qlytt.l(l.lllli W 1 

33'1'6\I, nyTel'. paCTRllteH,Ul nepm.,eHHb!X ::X:.Ji, W . 11 npe,ll.CT8BJ!eHHR 

11CK0"O1i ,P~'HKI..11111 vJ D B11.ll,e pa3JTOlK6HHR no M8JfO!.,Y napa,mTpy 

npHXO,IJ.}W I( c11cre,.,e pErnypeHTHbix JIHHGliHWZ' .n.111¢epeH4H8JlbHblX ypaa..:: 

HeHntl B t1ai::rHff, npo11,3 BO!l,HLIX , r,11.e pe!lleH11e 1<alil.n,oro nocJie.n,yiouiero 

ypaaHeHHR onpeA!iJI.ReTcR qepe3 npc.ll,b!,!l,,Y'liee . B npo1..1ecce Bbnue.ii:ino-

11teHHoro c!Jlropwr"a COOTB6TC:TBYIC!lll1" o6pa3D)• H:WCH/U:lTCll !1 Ha4am,- · 
Ho-Kpaeawe ycnoBH.R,· 

B pe::iyJTbT8TO pe!llCHIUl HCXO.D,HO~ 33;:I,8'-Ui noJiyt.teHbl 8H8JIIHWICC

KHe 1am:c1wocTu .n,.nn c1rnpoc:r-ct;1 an1-11•LrnaH11H, rny'5irnbr npocat.11rnaH11R 

Mar111 Ii ''Oll\HOCTl1 BnW'.'l,IM~ qero · CJIOH. AH8JIH3 pe::iyJibT8TOB no!(a3bl- . 

oaeT, t.ITO npe.o,.'IO1!1:8HHEC '[•OpvyJill ,ll,Jlfl pac1.1eTa mi(j;Mb'l'pal.\HH ' B noq

Bo-rpj'liT xopoillo cor.1rncye•rc.R c )taHHi.'M, np11Be,D.eHHbl""l1 B pa6orax 

,n,pyrit:-- W:!C,1e)l,OB81'8.1':li1, B t.!UC'I'HOCTH , ypanttemie Xl-l) 1(31( pe3yJJb-· 

-ra T pc:nemur 3 a.rsa tm (I) - ( 2) 111,•eeT B>iA 

·-, 
:X: l-t:) == 1.\ · Y t -(H, -H,) -l

1
~2. + ll~t (4) 

crpyKrypHO COBna,n,aeT C WJBeCTHbllf peweHHell' ,J:lm. WHJ1Hfl8 

:l.:(;t) = Ji.·-\: 'Ii"' Jit _., J?.·t:.31:t* .. ·. (5) 

r.o,e J.( =Ji:('«t) 11 rpe6ym1 nonoJIHHTeJJbHblY BLillHCJJeirnn. 

Tpen1;:l naparpa'fi nepnov. rnaBbI nocB.RqeH 11ccJ1e,D;oBaHl110 npo..: · 

ljE:CCOB Bfll11'l:;188Hl1R BO.lJ.bl ttepe3 601~0BbJe rpaim cet.eHl-lf! 6op03)J.bl, B 
,ll;8HHO!< c.~y,.me npO!.\6CC. ,rn1,HJihTp8l.\Hl1 vo.n,em-tpyeTCf! )l,Byi•epHb!M • 

ypaEHe~me,., e.,aronepeHoca 
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, W ,= ~lll~w)!:1 + f~[Dlw)i~ - ~tw)] ·. · (6) 

2 y~aBtteH1111 (6) npHHf!Thl Te · 111:e o6o3Hat1eHHJ1, qTo H· ,D.JIH (I}, ·a 

. ~ - ropH30HT8JlbHBfl K.00p,IJ.HH8TB. · . . . · 

. 06naCTb pemeHM npe,IJ.cTaBJ1HeT -co6oll npasHJI&Hblll MHoroyronb-

, HHK, HB rpaH~~x KOTOporo 38,IJ.B~TCH Kpaeable YOJIOBHH. Ha , 60KOBblX 

rpaHm~ax 06JIBCTH B B11,lzy CHMIJOTpWIHOC1'1{ 38'Aaq11 ( B npeAfiOJIOlll'.e

tfHlt O,IJ.HOpO,IJ.HOCTII OOt!BO-f'pyH'ra) 38,IJ.S~TCH YCJIOBHH HenpoH~aHKH, . a ltM~HHQ · . . 

d\:/.1 ~-0, 
a~ 

X E:k,~, XE: l.v2. 

Ha r-paHK!.1;8 pa~.o,ena ''.nOtJS8-B03,ll,YX" ll_li8 Hl,f1Kt!811 f'pBHH!.1;8 

tHw)· .ow · - Klw) =- tlt) 
' ~1:. •· ~ E:~l, 

D.l'1.!) ~ ·.:.· Klw) = 0 -~ E: lii 

. npwqe~ ~ lt) = 0, · ecJnt noaepxHOCTb ,.~Jibtmppaatta. 

(?) 

(8) 

, EcirecTaeHHO :ia,IJ.8.BBTb YCJlOJl~e 'W =: w .. ~ 0

HB q:iamu~e "ll0,0.8-

not1sa"; T,e, Opij ('~,';!) C. k.,5 • 
Hat1MJ:iHOe pacnpe,IJ._8.lJ8HHe BJialltH.OC,TH B Q6JIBCTH (;- orpaH1tt1eH-

HO.A rpaHH!.1;8Ml,t )...,j.) "'~ I L3 ,_;..," ' H /..," 38,ll,8Bll.JIOCb H3 3KC11e-

PKH8HTa Ha pea.rrbHbl~ fiOJIE!BblX o6'heKTax: 
0

,lyIH pemeJrnH ypaBHeHHll (6) ripl'I 38,IJ.aHHNX HBt18JlbHO-KpaeBblX 

ycJiDBl,tRX n~m1eH1rJICfl aap»au;HOilHO-pa3HOCTHbli1 i1eT6.n,, corJiactto KO

TopOMJ' c(fiopJJYJrnpoaaHH!lfl sa,n.at1a np» rtOMOIJ11'1 aapHaq1,toHHOf'O np,m- · 

QH:n~ H t.'eTO,J\a ceTOI< CBO,ll,l'ITCll K MaXOl!,Il,eH~lO llliHl1!,o/M~ ipyttK!.l;l'IOHBJla 

j' . - - r { 1 ['1\" ~w~1- \y,!( ' [~ (1'" g;N." _ d ~lw"))11. \~,.;, ~-. J dll f.l a:i:. . w ½' d:t ., a'.l.'. u :t. /.1 w + 
~ d ' 

+ 9"· .lw~)]-~fi -. 2 1 ¼·W\!c; 
• G- , 

(9 ) 

\ 

- 9.,. 

f',O.e l)'< = D(w") 1 w" - 3Hat1eHHe WHKJJ;Hl,f Bp8M8HH B «-bllf MOMBHT 

epet.ietrn, Q, = 1/t 1 \.Vk = ',t./'/"C · 
~nee 1lJy1-11<i~HOHBJI (9) pac~enJIHeTCH Ha ,IJ.Ba O,IJ.HOMepHbli ~YHK~ 

qHOHana. KOTOpblC ,11,osoJibHO npocTbl ,D,JUl q1,1cneHHoll pea.n113au;1-111. Ait.11 ,. 
pac~eOJleHIUI ~Kl.l;KOHaJIB (9) ,11,0Jlll[flO Bl,IIlOJIH.f{TbCH ycJIOBKO npe~

CT8BJ18HHOII ¢yHK4HII Qk H ~ . B BH,D.e 8J1f'e6pa:Htiec1mx ~YMM HeKO-

TO~X tjlyHKL\KA;' B t!BCTHOCTM, ,IJ.BYX 1 T.e, . . 

Gw: = G1u + Gu , 

~ "'~\ + ~~. (IO) 

0 ' 

IlpHMOJ'f'OJlbHl;\H o6nacTb G- · pas61,tsanacb Ha ceTOt;Hyti 06nacTb
0 

b(.i nyTeH BBe,u.eHl'IH pa36MeHMH ".X!, = k1 · :r,-1 '~i;: ht-~fl ~ ,,l .. 1,2, ?i ' ' 
npMt<eM. H~ o6H38T8JlbHO 1-i ~ = h,... Ha K81!,11,CiM J,tHTepeaJie · [ 'l:!, - :X:.: -1]. . 
1m60 [~i · ~i-,1 Ha K-OM spet.:1eHHO'M CJIOe «cKoMaH 4JyHKJJ;HH annpoK

CHMHposanacb JIKHel!Hott 4lYHK41,tel! c norpewHOCTbro annpoKCKMSQHK 

0 ( "' C nepe,1eHHbl,.1M K03,Mll1J.1KeHT81,,1H qepe3 Y31l0Bbl8 3H8tl8HJ,tfl ltC- . 

KOMOA 4lYHK~1,t11. B KOHet;HOM cqeTe, npmco.n,1ru K c1,1cTeue aiire6pa»

qec1<11x ypaBHeHHA OTHOCJ,tT8JlbHO H8J,t3BeCTHOI! ¢YHKJ.IHl,f, pemeH!r1e KOTO

pol! npoi,o,n.HJIOCb M8TO,ll.0M nporoHKJ,t. B BH)J.y HeJIHHei:IHOCTK MCXO,O._HOf'O 

ypasHeHJ,tR, · T8M C8MHM K03,Mll,tl.1;118HTOB anre6pa1'1t;eOKKX ypasHeHHII, 

JlPHll8HHJICH HTepBJ.lltOHHblll npOQ8CC :· B Haq8JlbHQM flPH6JIKlK9HH.11 ' B iW$
JPPKJJ;HeHT8X D(w"l I,{ K(wKJ cpyHKI.\IIIH wt' , 38MeliJtJU¼Cb 4JyHKu;~el! 

. \XI l(-1 , t;TO npHBO,ll.HJIO I( .JIKHeap»38~1,f K03,Mll,tI..\HeftTOB, tfTepaQHOH

Hbll! npau;ecc npo,11,oJl!tfiJIC.R ,o.o Tex nop, ,no!(~ He Bt,UJO,JIHMOCb ycJI6s11e 

CX0,11.IIIMOCTJ1. . . 

Anpo6aq1,ta npe,JJ)lo11tettttoll Mo,n.e;rn · npoBo,ll.l'IJIBCll Ha peaJrbHb!X och,

' · 8KT8X. CpaBHeHHe pesyJibTBTOB UOK83b1B8eT, · ,ll.OCTBTOt!HO TO!Oi08 on11-

C8Hl,t8 npe,IJ.JIOl!WHHOJ;\ !"'),ll,8Jll,f peaJibHl,IX npou;eccoa i-lH~J.l.llbTpBI.\Ml-l lKH,ll,-

KOCTlol ~epe3 6oKOBhle rpaHJ,{ 6opo3,11,1,1. . , 

e qeTaepTOM naparpaqie OP1,t80,ll,flTCll ,o.a~H~e ITOJIBBhlX' 3~cnepH-

' MeliTf:\J!bHls'X pa60'f C t1eJ1blO yc'l'8HOBJieHHH H8t18JlbHOPO pl3Cnpa):\eJiet1¥J{ 

BJIBllHOCTK ,IViR cipopM'j'JrnpoBaHHbIX BL,11118 ~a,o.aq 1 1,t3ytl8HHj'J p83Jlffq}{U,C ' 

,, 

• q>aKTopb B Ha ( MY J1h~1,tpoaa1rne, nrnpmia Mell,izyp!l,!\l:,R) npoQec~ ~11aro- t 

nepettoca npK 6opoa,o.KOBblX no1rnaax. ! , , · t - . :·.i ' 
B rJJ~Be 2· p8CCMOTp61la_ ~~,11,av.a ,1{811.11'.eHl'!lt BOlU,I no ' (JYMY ifo"poe-

,o.h1 c ~eJiblO ' onpe,a,e.nemrn aneu$HT9B 1eXH0J1(?f'j1~ nMns~. 
, I 

' (._~ 
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TioTOK no 6opo3,B.8 Ct!HTaeTCff 0,Il,HOMepHb.'M, ,Il,OCTaTOt!HO nnaBHO 

113M8HSIKllll11t!Cff,. OTKpblT""! 11 np011CXO,Il,ffllll1t~ C noTepS!Ml1 B0,11,1,1 Ha. ID!- , 

(J;HJJbTp81.\lm• 
Bonpocat-1 TeopeTiNecKoro pemeH1111 3a,n,a11 noJ111aa rw 6opo3,n,aM 

noCB.RJlletlo ,Il,OCT8TOll'HO llt'HOro pa6oT. OCHOBO« pe1ueHl1ff B KOTOpbiX 

ffBJIHeTCH 6anaHCOBOe ypaBH8Hl1C OTHOCHTeJlbHO pacxo.n,a. B 3TO ypaB

HeH11e He BXO,Il,HT T8Kl1e BalltHble xap8KT8p11CT11Kl1 K8K YKJ!OH ,n,Ha, Cl1-

Jl8 TpeHl1H, nepet•eHHOCTb 11t11aoro ce1remrn. 

0TH xapaKTepl1CT11Kl1 BBO,Il,HTCH ,n,onOJ!Hl1T8JlbHO 11, K8K npaBl1.llO, 

Ha OCHOBe 3Mn11pw:ieCKIC{ rpoptlj'!I. B nocne)J.H11X pa60T8X noK838HO, 

1iTo ,l).JIH Teope·rw.iecKoro perneH11H 6opo3)],KOBOro, ~·0111eT 6b1Tb 11cno

I1b30B8H8 ~·o,n,eJib HeCT8l\110H8pHOrO )J.B11:KeHHH o-:KpblTOT'O nOTOK8, no

CTpOeHH8.R HS ypaBH81;!1111.X CeH-BeHaHa: 

1\J" o\f 
~ + If <¼i: -\. 

Q 'd" 
<J cH: 

,r · IP 
= gi-+ \ t -~ c'R \ 

'dQ + ~IJ = - a. , 
~l: <:lt ·y 

( II) 

r.n.e '); - TeKYlJ\8H K00pll,11H8T8. t - epe••.fl' lf - CKOpOC'i'b. 3 
ycKopeH11e cao6o,n,Horo na.n.emrn, L - yK!IO!l )].Ha, C - KooW,im1t1eHT 

llle311, _ ~ - r1111,paBJ1114ec1rnii pan.11:>'C, G. - pac·<o,n, t1epe3 nonepetlH08 

ce4eH11e, w - 1rneoe cetleH11e, C\r - n0Tep11 Hn e)].,1Hl1L\Y ,11,,111Hbl. 

I10Tep11 BOD,bl Ha e.11,11m11zy )J.Jll1HH KaHa;1a onpe.n,e,1sw7c.R no __ cj,op-

uyJie ITaBJ!OBCKOI'O 

C\, ::: ko · (Qi + 2 1-1) 

r.11,e !lo K03!pPITT(l1CHT cp11nbTpa111111; B - :rmp,!Ha Kaw1;1a no ype-

3Y_ B0.11,b!. 
I1p11 Bb!Bo,n,e c11cTet,.bl (II) :a.onycKam1t:h cne.D,y1CU\J11C .n.onymcH11H: 

YKJ!OH 6op03.ll,h! no sceti ee ,Il,J111He C'U1TUCTC'H n ocTOHHHOf: B8JlW-lV.HOll, 

11cnapeH11e,, c so.11,Hon nosep;-:HocTl'I npo11eopera1'r B Bl1,ll..Y ee .. a,1or

Tl1, a '!'8Kille ypaBH8Hl1.A. Cl,\CTEttbl 3am1cnm1 OTHOCl1T8,1bHO nepc,,eHHblX 

yc:pe.a.HeHHhlX no 19hICOT8 no':'OKa, 

• C1,1cTe1•a ypasHeH11TT (II) 3a~•burneTcR ::ia.a.aH11°-•' 3as11c1,1.-ocTrV. 

W =/(I.I) , KoTopaH ,Il,Jl.fl TpeyroJibHDf'O ce1.rnmrn w,eeT Bl,\)]. 4J = ll~{jrl. 
.n,n.11 TpaHcne11~ieI1,aJ1bHOro cet:JeH11.R Iv == ( 8 + J./.t!i)·ll , r.a.e o< - yK-

- II -

JIOH npl1 OCHOBSHHH. 

IlIDteapH381.ll1ff Cl,\CTe~ (II) np11 COOTBeTCTBYJOlljl1X HaqaJibHO-

KpaeBblX ycJIOBHA OTHOCl1T8JibHO .PYHKQI-I!\ If 11 JI , np0113B0,11.HTCH 

,,eTO,IJ.OM WiJlblX B03t.AYllleH11tl. )la.11ee, JI1,1Heap1130BaHHa.R Cl1CTeMa CBO

,IJ.11TCff K JlHHeAHO~ ,11.w1¢epeHL1H8JlbHOMY ypaBHeHl110 BTOporo nOpff,D,KB, 

KOTOpaH HHB8pH8H'rHO OTHOCl1T8JibHO CJ1e,IJ,Y10llll1X npeo6pa30BaH11A; 

7,-> 2 *"(!, , l:.1 ->J; .- Niro , JI, -, JI . O'l'CIOll,8 cne.n,yeT, tITO CY1118-

CTByeT pe111ett11e a11,11,a fl, • 'f{ 0), rll,e 0 = J -u;i . B peayJibTaTe 

noJiytteHbl qiyttKL,\HOH8JlbHble 38B11CJIIMOCTI,\, HMe!Ollll!e JJ,OCT8TO'llHO npoc-. 

TOA Bl,1,11, .11,Jlff CKOpOCTI! 11 .11,BHJlt8Hl1ff JI6a CTPYJ/1' ll,JIHHl! npo6era 11 ee 

o6pa·rtto~ !fiYHKJ..11111: epe11eH11 .IJ.O Ciera .11,0 3a.n,aHttoi1 ,ll,Jll1Hbl J.., . Pac

tteTbl npoae,11,ettu .n,JJR .n,ayx B11,n.oa nonepe1..1Horo ceqeHHR 6opo3,D.bl KBK 

C yt:JeTOM Cl1.ll conpOTHBJl8Hl1ff, TSK 11 6e3 yqeTa T8KOBblX. 

Pe3yJibT8Tbl paclleTa noK838Jll1, t:JTO 3Jl€MeHTbl T8XHOJJOPHH 6o
p03.ll,KOBOI'O Il0Jll1Ba CY111eCTB8HHO 38B11CffT OT T8Kl1X xapa1<Tep11CTHK 

KaK ttaqaJibHble 3H8t:j8Hl,\H CKOpOCTl1 11 paCXO,l).8 B Hat:JaJJbHOl,I CTBOpe, 

a T8KIKe qJH.llbTpal.l110HHblX xapaKT8pHCTl1K n04BO-rpyHTa. C yaeJl~e

HHeM BpeMeHH 38BHC11MOCTb 2= 2(-t) CTp8Ml1TCR K OpSIMO!%, T.e. 

11M8eT CBOH aCHMIITOTbl. 1ilyHKl,\l1R ,Il,JlHHbl CJ!a6o pear11pyeT Ha Bnl1Tbl

!18HHe np11 M8JlblX t: , a )l,Jlff ()OJ!bWHX t yMeHbllleHHe, i, B 08Tb 'pa3 

• yseJIHtrnaaeT ,Il,JI11HY npo6era B I ,5 pa3a. B 11e.noM yMeHbllleHHe aem1-

t:J11Hbl ct, Be.n,eT K pocTy 'JC+-) , CJle,Il,OB8T8JlbHO .11,JIR 3ipp8KTl1BHOPO 

npoBe,D.eHHH HMIIYJ!bCHb!X rIOJll1BOB no npoTOt:JHb!M 6opoa.n,aM. Heo6xo.a.11-

MO l1X npOBO,Il,l!Tb. Ha n04B8X C M8.llbll• :mat.eHHeM 'i,- WIH C03.ll,8B8Tb 

HCKYCCTBCHHble Meponp11HTl1ff no YM8Hblll8HH10 noTepb Ha BOHTbJB8HHe. 

·noK83aHa B03MOIICHOCTb np11MeHeHl1R noJiytteHHbIX pemeH11tl K pac

tteTy 3Jl8MeHTOB T8XHOJ!OI'l1H HMOYJ!bCHOPO noJIHBa no 6op03.ll,8M, 

BTopotl naparpa¢ noca.11~eH pactteTy reot1eTp114ecK11x xapa1<Te

p11cT1tK 6opo3,Il,bl, 06ecne411aa10llll1X paatto,.repttocTb yBJia111HeHHR no ee 

.11,JJHHe. PacqeTbl npoBO)J.11J111Cb MCX0.11,H H3 HeTpa,D,111.\HOHHOI'O Tpe6Daa

H11H nOHCKa MSKCtt'l,laJlbHOro 3H840HH.R nJIO!ll8,ll,H nonepetIHOPO ceqeHKH, 

~oTopoe npHB0.11,HT K pacqcTy reo1,1eTpmecK11X xapa1<Tep11cTMK, npH 

!pMKCHpoaaHHOM 3HaqeHl111 CM04eHHoro nepliM8Tpa J , a 113 Tpe6o~

HHR MIDlliMaJlbHOCTH ape1,1eH11 ,Il,O 6era CTPYl1 .11,0 38,D,8HHOA TOlU(K C 

ROOPAIDl8TOA /.., •. MHHl1M8.llbHble 3H8ll8H11H Bp8M8Hl1 ·AO 6era o6ecne4H:" 

Be ~T M8KCl1Ma.nbHpe 3H8ll8HHe CKOpOCTH ll,B111K~Hl1R, 4TO B~l,ll,HO ii3 no
~y4eHHoro pewett11H. npe.n.JioaeHHSH MeT0.11,HKa anpo611poaatta Ha Tee-

. -.· 
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. TOBOM np1wepe ,11,mt npR!,.llOYJ'OJ!bHOro KaHa_na, ,11,JIS! 1<0Toporo, Kai< U$'- . 

BeCTHO, cnpase,!J,.iiHBO cJie,11.,Y10111ee coowoweHHe Melll'.,ll.,Y napaveTpaM11 
6opo3,11,r,r · 

OcHOBHb!e pe3yJJbTBThI K Bh!B0,11,bl. 

I. Pa3 pa6oTaH npK6J11.111teHHO-af!aJmTK\18CKKll MeT0,11, pellleHKS! O,D,
Ho,~epHO!'O ypaBH8Hl'l.Fl BJiaronepeHoca C ytteTO"! rpaBKT8l.,ll'lOHHl:,ll\! ·K Ka

nKJIHpHb!X CMJ1 B cnyt:la~ HanopHoll HHipHRbTpal.,IHK. ITo~eHht aHaJJMTH-
. qecK1.1e 3aBHCl-l'MOCTK ,ll,Jlli B8l11Hei\wwc xapliKTepKCTIIK i:Ipo4ecca KH!pltllbT- . 

pa~l!iK: CKOpOCTb BilHTb1B8HHR, CKOpOCTb npoca1maaH1:Ut I,! rnyeimia. ya
Jl811tH8HJ,!.S, Kai{ iJiYHKLIKK, co,u,epll!8U(J,!e B Kat!eCTBe napaMeTpOR nO'l!BeH

Hbl~ xapliKT8pKCTl'lKH.' }:13yqeHa l'l Bbl.FlBJJeHa cTeneHb BJIJM!Hl'l.S yKa3aH

HblX napaMeTpOB Ha CKOpOCTl'l Bill1TbJB8Hlt.f! l'l npocatJHB8HH.Fl. 
2.Ilpe,11.JtO!lt8H8 It t!HCneHHO peamrnoBaHa ~<aTetA8THt!eCK8.f! M0,11.8Jlb 

npoQecca. 'BJtaronepettoca npK 6opo3,11,KoBblX noJIHBax AJI.Fl npo4ecca HH-

. · rpllJibTpa41111 tiepes 601<0e~1e rpaHH pycna ,11.JlH ero npoKsBOJtbHorci ce

_tJeHKH •. Anpo6al.,IK~ ~O,IJ,8Jll1. npoae,11,eHa Ha KOHKpeTHO}J o6r,eKTC, · IIocT- --

poeHbl KOHTyphl YBJl81KH8HKH . C yqeT01,i pa:lJJlf!IHblX ~HJ!; tpopvKpYJO!l\KX 
npol.(ecc ,11.BK11temrn · BJJarH B not1aax, BlmBJietia cTeneHb HX asaHMO,D.ell:... 

· CTBM, lfayqeH aonpoc KcnapeHK.a Ha npo4ecc BJiaronepettoca. 

3. l1ccJie,11,oaaHa .tvmaMHKa ,11,a111KeH1,ut B0,11,bl no pycJiy, a cnyqae 

11MnyJibcHoro cnocol5a no,11.atJ11 · BO,il.hr B Hatia?IbHOM CTBope. · ITonyqetthJ ' 

1<a1mcTBeHHb1e . 11 KOJilf!<~CTBeHHlie 04eHKn M3MeHeH1-1n ocHOBtfb!X xapaK· 
TepKCT11K rVl,l\pO,IJ,irnapHtJecKoro IlOTOKa B pycne: i'tJYHKI.iK.R ,ll,Jll1HLJ ppo

riera, qiyHKI.il:fll apeMeHVI ,n;o6era H ,11.p. , ocJiolltHeHHoro noTepavn BO,ll,hl 

Ha l'lHcpHJibTpa41-110. fac11eTbl npoBe,11.eHbJ ,IJ,JIR ,n,~yx TnnoB pyceJI. C¢op
'MYJI11poaaH no,11,xa,11,,· ocHoBaHHLin Ha aH.inrne noJiyt1eHHblX pememdt ,- noa

BOJI!I!Oll111X onpe,11,eJIHTb o6JI8CTb np11MeHeH11R npe,D,J!O!J\:8HH0!1 M8TO,ll,Hl<K, 
· . 4. TTpe,11.no11teH. ~rop11w pactJeTa pal.,lliOHaJibHblX sHa1ieH11il reoi.~eT

-pa11ecKHX xapaKTepHCTHK noToKa, ocHOBilHHhill Ha npHHU:Hne Ma1.c,waJrb
HOCT11 o·KopocTH ,nBli!Kruil!R. ·Pac1mTaHbl sna11e1mfl' reoi•eTpHt1ec1rnx na- · 

pa,,eTpoB ,ll,Jtfl TpeyroJtbHOI'O H TpaneuHBVl,l\HO!'O pycJia. YKa38HHbltl 
a;1rop11T1'.' npotie,11,eH ·Ha Te1wToilw npl-!'Mepe ,11,."IR cJiy1.1aJt npm~oyroJib

·Horo KaHaJia, ,11,Jlll l<oToporo l13B8CTHO KJl8CC'W18CKOC pemeHHe. 
. \ , 5 .Y CT8HCBJieHI.J, KOHKpeTHble BVl,l\b! K03qxll~11eHTOB ,11,nqxpy3KH H -

BJ!81"0IlpOBO;ri,HOCTH ,IJ,)l.R HeKOTOpblX TlffiOB IlOttB pecny6mnm, Il03BOJlffIO- · 

1111-10 ,peaJlllclO!l8Tb IipE',]\J!OllleHHbl6 8JII10p11Tt'lhl II ,,0,11,eJIH Ha pean'bHblX . 

o6MKTl3X. • 

. 

.) 
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I. B11A6ocYHOB H.B., MaM6eTKyJios IH., MyKaM6aes fi,lK. 
q~CJleHHoe pemeH»e H8JIHH8AHOA 38,JJ.at!H TenJIO-H BJiaronepeHOCa B 
notJBe npK 6op03,II.KOBblx noJ111sax. - B KH. : l1ccJie_u,oaeHHst no TeopH11 

MOCKHX . H OC8CHMMeTpHt1eDXl'l Te'l!eHHA IKVl,l\lCOCTH 11 ra;ia. l1ipYJi3e, . 
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