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Hac Tomnan pa C5oTa cne.rra Ha rro rrpocbC5e pyKoBo.rrc m a Jtl.Hll 
C ~eJibiO tJO.IIC50pa TTTVIMM }TJISI VICIJI:BBJTPHVI.R MaPHLIITHOPO tJOJI.fl B 

CVIHXpOIJ;VII\.JIOTpOHe, VICITOptieHHOrO B pe3yJibTaTe BHeCeHVI.fl B 

saaop MarHVITB MBPHKTHOro KaHana nnB BHrryc~a tiaCTVIU. 

l!lMPlO!l\VlPC.R B JJWTepaType '[opM,YJIHx) .f:!B7TfllQTC.fl MeJIOOpltlPO,li 

HbHv1Vl ."'.JI.fl TO't.JHOPO BHOOpa na paMrTpon 'T'Vl}.'J.1, DOCKOJibEY B HlllX 

BH~VICJieHO TOJJb~O MBrHVITHOP none HS Kpa~ oony6eCKOHP'tJHO~ 

TTTVJMMH. 

ITorraTEVI aRcnepv.rMeHTansHcro nonoopa rrrVIMM oKasanv.rcs Ma 

JIOYC ne .,,Hbllv1VI. ·;TO 00 'b.flCH.fle TC .fi 6 OJJb '"TTVllv! IWJTVItJ ec TB OM BapibVIpye 

MHX napaMe TpOB, Tpy,ITHOC Tb lO VISMepeHVIfl M8 PHVITHOPO DOJI.fi VI De 

pee TaHOBl\VI rrrVIMM BHY TpVI KaMepbi yciwpVITeJIB. 

B HaCTOflii(eM pa 6oTe BbltJVICJJ.fleTC.fl tl'a rHVITHoe none '11VIMMbl 

npOVI3BCL1IbHOfft popMbi. (H:CJJVI TOJibKO ee TOJill\fdHS Mana DO cpaB
HeHVIIO C B.biCOTOM) •. 0T.IIPJISHO Bbl"-Ilt1CJJfleTC.fi no.ne TTTVlMM onpe,TTe

JieHHOW <PopMH l rrJioc I\aJ1 ''VIMMa, cTeiJ:iKHeBa.R 'HVIMMa). 

)laJiee B paC50Te Bbl'tiVJCJIHIOTC.fl OrJTVJM8JibHble napaMeTpbi rrM 

T.e. TSK~e TOJIII(WHbi, noJIO~eHVIB VI BPpTitlKaJibHbie 8S30pbl B TTTVIM~ 

MaX, KOTOpbie rrpVI HPKOTOf-biX .TIODO.JTHJI.[TP.JTbHblX YCJIOBVI.F.IX, OC5ecne 

tJVIBSIOT, B HeKOTOpOM CM.biCJie, HBVIJTytJrrree VICDpSB.JTeHVIe MarHVIT

Horo no.rr.H. 

B oTJJVItJVIe oT BJ:::Il'QVICJJPHVI.fl BeJTVILTVIHH t/arHVITHoro rronfl 

TIVJMM, KOTOpOP Bbi't.JitlCJTHPTCB Cf-aPHVJTPJJhHO ripOCTO 1IJJ.fl TTTVIMM 

DpOVI3BOJibHOVI T'OpMbi, DOJIHOe perrreHVIe 3B.ITB'tUf Ha OrJTVIMaJihHtifft 

no,rr() op llTVll"':M ripe T1 CTBBJT .ReT ROJIOCCB JibHI:Je BHLJM C.JTVI T P.lTS Hble Tpy 'II

HOC Tltl. flo::3 Tm::y rrpl.1 BbltJVI C.n eHitlVI OrJTVIMa JlhH.tne oa paMe TpOB TTTVIMM 

----- . ..---·----- --- -·---'"'""-~-- -- "'''"~·-------- .. --- ·-·---------------------
x) CM. 
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ITpiiiXO,In1TCR rrrYI6era Tb l\ He K OTOpbiM yrrporueHiii.RM. l3 tia CTHOCTiii, C 

cpaBHMTenbHO MeHbmYIMiii BH~IiicnMTenbHHMM TPYEHOCT.RMW, ynaeTcR 

BbltiVfC JIM T:S OITTY.fMBJibH.bie rra paMe Tpb rrr:viMM B TOM C rrytra e, Korna 

ROBMymeHMe B ITOJie 88BiiiCMT OT onHOI FeRapTOBOI KOOpTIIiiHBTH. 

oTO COOTBeTCTByeT 1liJIMMVIpOB8HiiiiO BOBMYlliP.ffif.f.I, BbiB.biBSP.ItOrO B O,ll

HOp0,11HOM MS rHIJITHOM ITOJie 6eCROHP.tJHO-TIJJMHH.biM, ITp.RMHM, i.K.PJJeSH.biM 

6pyCKOM. fDIJIMMbi B 3 TOM c.rry-qae 6yrryT Ta KiKe ITJTOC"' RVIMliJ III 6ec RO

HP'tJHO-IT.TTIII HH blMiii. vl CTM'HI:ft1 MarHt-f THbiM Ka HSJI He rrpe J!C TaB JT.Re T C 0-

601 6eCROHP'tiHO ,JIJIIiiHHHVi rrpRMOM opycoK; BO-ITepBbiX, OH orpaHM

'tleH, BO-BTOpblX, tiJCRpt-iP.ITPH. ['~0./KHO, O.rrHal\0 7 .YTBPpiK_TTaTb, liTO, 

P.CJTiii Mbl BblC5epeM 1liiiMMbl OITTMMaJJbHbiMt-f B ITJIOCKOM CJiyqae, a Ba

TeM o6pe2KeM t-f t-fBOrHeM IiiX B COOT8~TCTBiiiiii C cJ>opMOM Iii paBMepOM 

K8H8JTa, TO rrpM HPC50nb~OM RpMBMBHe KaHana rrapaMeTpbl 1lMMM ORa

~yTCR C5niiiBRiiiMM R OITTIJIManhHblM. 

Bti'tJMCniJIB, IJIJIIii IiiBMepVIB, ITO.IT_f'tleHHOP ITOCJIP MBrVI6aHVI.R ffiVIMM 

MarHWTHOe rro.rre, MaKHO ero, B cny'tlae HeoC5XO)!IiiMOCTM, KOppeRTVI

pOBaTb HeOOJib'TTVIMVI ITJIOCRIIJMVJ VIJIM CTepJKHP.BtlMiii TTTVJMMBMiii, BJILf.fiHVIe 

ROTOpi::iX OC06eHHO ITpOCTO ITOJTC"qPJT:»BaeTCR. Cne.rryeT OTMeTI-!Tb, 

liTO B 8TO:tl pa 6oTe pe·"~eH TOJibRO tiJi1'CTtlti BOITpOC 0 TTTiiiMMt1pOBBHHW 

rronR rrpVI sanaHHOM RaHane. 3anatry oo ycTaHOBRe MarHiiiTHoro 

KaHana Iii TTTMIMMVIpOBSHH£1 Ha ~0 pe •ra Tb C.OBMeCTHO, a Ta R:JKe COB

MeCTHO c MeTO!IOM aa6poca tracTLf:q, rronoiiipa.FI rrapaMeTptl TaK,tiTo-

6bl K 03 ·p:fJiiii.~Iii eH T BHITYCRa 6HJI MaRC i-iMaJibHtlM. M OJKe T 01~ a sa TbC.ff, 

tiTo BHro.rrHee, HarrpYIMep, cnenaTb KaHan MeHomero ceqeHHR, Ho, 

3STO, ycTaHOBHTb ero 6JIIii11te. 

2. MAfHitl THOF; liOJlE ilMMM. ----------------
F.cnw pasMep mHMM~ B.rrono MarHHTHoro rron.FI MHoro 6onbrrre 

XOTH 6bl O,llHOrO VIS paaMepOB BOIT~peK ITO~.FI, TO, B J!OCTaTOtiHO 

CPIJibHNX rronRX, ~eneso mi-fMMH HaMarHVItiHBaeTCR .rro HacHmeHt1R. 

~'!TO BHatiMT, tiTO HaMarHHReHbe JKP.Jieaa paBHO ero rrpenenbHOMY 

BHa treHIJIIO 

( B-H) 
M = 4JL H --- c>= 

(I) 
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ltJ He 88BltJCltJT: HH OT paaMepOB 11THHM, Hltl OT BeJiltJ'tlt1HtJ NSI'HHTHOI'O 

riOJI.fi, eCJiltJ TOJibi\0 riOJie .,D:OCTaTOtiHO BPJTltJRO, ltJ T'fJltJMMS .ITOCTSTOtiHO 

TOHRa.H. UiocJie)IHe e BO Be ex, npP .Tf cTaBJIRJO~ltlx npa l~Tltl tiP.CRltl~ ItJH

Tepec cnyt~a.Hx, B~noJIH.HeTc.H). 

Yt~HTNBa.H, 'tiTO rrritJMMa .rraeT Jiv:rrrb HeC50Jib'TfYIO npitJC5aBRY R oc

HOB HClA Y noJIIO, MO:IKHO C'tiHTa T·b, tiTO Bel\ TOp HSMS I'HltltieHbSi Ha npaB

JJeH no OCltJ ~ , no .f\OTOpoU! Hanpai!JieHO OCHOBHOe noJTe. 

'l'aRltJM oC5paaoM, TTTVJMMY MOlltHO paCCMaTpltJRBTb, RBI\ plBHOMep

HO ltJ O,I!HOpO,I[HO H8M8I'HM'tleHH.biti RJC:OI\ :t..e ne sa. ! JIR MRPI\IIIX C opTOB 

JKe rre a a npe.rreJibHoe HaM a I'HIIIl!eHbe rropR,rrRa 2 I 000/4Jt ape Te.IIT. 

Tione M arHWTHoro ,rrflf non R B~qv·c.rr.ae TCR ItJ a noTe HUt-fa na 

rne x~y~z -Roop~HHaTH TotJRH aaC5JIIOne~R; 

X';y';Z' -I\OOpTit-iHST.f::i TO'tii\ltJ, P}TP HSXO,I!ltJTCR ,!TltJfJOJib. 

B HameM cJiyqae Mx ==My =0 "Viz. =M 

(2a) 

TipOltlHTei'pP!pOBSB a TO B~paJKeiMe nc1 BCeMy OC5'beMy TTTftfMM, nonyqt-fM 

noTeHUI-f aJI MarHI1 THoro no.n ,R, coa.rr~IBa~M oro rrrt-fMMO:U! 

( (Z-i!')dV' 

cp = M J [(x-x•)2 + (y -y•JZ+(l-Z.'J2] 3/z 

CocTaBJI.HIO~a.a MarHI1THoro noJIR 

H ==- g?.ad 4> 
no OCH 'l - C5y,neT 

r - I (x-x'}2 +(y-Y't-2(z-z•)2 
I 

H \ xJ lJ,Z)- M v [(x-x•)2 + ( ':J -y')z + (l-l'J2Jl'2 dv (4) 

r.rre ltJHTe rpa.rr C5epe Tc.H no BC PMY oCI'beMy '11HMMH. 
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Bi:lpaJKeHI<Ie (4) .TIBeT BOSMy~~~Ht<Ie B BPpTYTKBJibHO~ COCTBBJIR

IO~e~ MBPHKTHOPO rJOJI.ff, B.f::i3HB88M JPO npOt13BOJihHO:t1 'TTYTMMO"M. 

PaccMoTpt<~M HeCKOJib Ko tracTH.f::iX cnytraeB. 

I . J!!!~M!!_B _ BI4p:e -~JIKHH2::2_!0HK0~2~ Te .Q!t!:!~. 

B aToM cnyqae · x' ; ~· MOXH') c11ifTa Th nocTo.FIHHblMK t1 paB

H.f::iMK COOTB eTc TBYIOJ~PMY SHatreHKIO Ha OCK. JtlHTerpKpOBBHKe no 

x' Iff y' .rra,nyT nJTotr(a,nB cetreHK.fi c Tt~p:IKH.fl 6 . TaRWM o6pa a oM ,nJI.fl 

Ta K 0~ TTTHMMH 

(00 p2_2(l-Z.')2 
H=M6 J [fz+(i.-~') 2]~~ dl' (5a) 

h 
r,ne .f ~ paCCTO.flHHeB D;eHTp8JibH)f1 rJJTOC:f\()CTK---.. 2 =0 

TOtr RPI Ha 6JIIOJie Hlff.fl 0 T n:~oe KD;Hiff TTT!ffMMH 

h - B.f::iCOTa KOHIJ;a 1TiffMM.f::i Ha 11 IJ;P HTp8JihHOM [JJTOCROC Tb!O. 

( BT0pOir1: ROHeD; 6y,neM CtrWTa Tb yx ::>,!I.flll~HM B 6eCROHetrHOCTb). 

ITocne KHTerpwpoBaHW.ff rronytraeM 

h-Z 
H(p;z)==Mo [pz+(h-z:)zf;~ (5B) 

( T. P. rro.rre TOtrel!HOPO aap.fl.lTB , HBXO!f.ffU\PPOCH HB ROHIJ,e 

ttrt1MM). }IJI.H rmyx '1Tt1MM, CVIMMPTIWI~THblX OTHoc~TeJTbHO u;eaTpa.rrb

Hoffl ITJTOC KOCTH 

HaKo Heu;, none .!IBYX rrrv.tMM B u eHTpanhHoU! nnocKo c Tv.t ~ = 0 

H(p) =2 M6 [f;+ hz]3fz 

Ha r:pacpwKax (Ia) fl (IB) HaHeceaH H(p) npw paaH.f::iX h. Ha 

nepBOM, B e,nwHwu;ax 2 M6 , HB s..,(TopoM, B e.UKHKUax 2 M6 • ? h2 

2. TinocKaH 6ecKoHetiHa.f1 rrrKMMa. - "-·--··----- -·- -·-~- - --
ITo.n nnocKo~, 6ecKoaeqaoir1: Tit1MMO~ 6y.rreM noHHMBTb nnocKyiO 

mv.tMMy, npocTwparomyiOc.fl no ocv.t z oT h .rro 6ecRoaeqHocm,no 

0Ct1 y OT - oo )10 + oo t<I ITO OCll X OT - 0 1!0 + <:)' • 
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B 8TOM c.nytiae 

+c -=- +""" 2 
H(><; y; z) =MJ LJx'j dz'j (x-x') + (y-y'f-2("2.-l:'jZ 

-cf h -oo [(x-x•)2+(~-y~2+(z-z~2Jsf2 

-Mf)(dQ (_,d I-f-co ~2+t"t2-2~Z 
- ~-d ~ ~-l t, -oo ( ~2+7.2.+ ~z)S/z dtt 

(6) 

BocnonbsOBaBm~cb cooTHOmPH~HM~ 

(7a) 

( 7c) 

TaKt4M oC5pa aoM, no.nP. o.rrHo:V! n.rroc J\O~, C5ecKoHPqHo:t1 TTT~MMbl 

( 8a) 

H ( . )- 2 M i 2d(h-z) 
(1) x,z- ac.c 9 (h )2 z ...r.z. -Z +X -u 

,ITJI.ff TOH.KOm rn~MMbl, H8 C50Jib'TTOM pHCC'l'OHHTft~ d<.<:X 

(Be) 

(T.e. OOJIP. aap.A:~eHHO~ H~T~). 
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iloJie .ITBYX lTffrfMM, Ct-iMMe TpfrftiHbTX O~~HOC VI Te JibHO [(PHTpa.n bHO~ 
OJIOC 1\0C TW 

( 9a) 

npfrf 8 ~< h 

B UeHTpaJTbHO~ n.rroc KOCTJrf ~ =0 

H 1. J{) == 4 M a:z.c -lg ( 9c) 

~ .ITJIR TOHKO~ mWMM~ 

1-i ( 1(.) :::: ( 9) 

Ha rp. 2 HatieptieHo H (1-) .ITJIR TOHKo~ rrTkiiMM.bl npv.t pa sHblx 

h B e.11J.~Ht11Uax 8M~. 
(HaUOMH~M, ti~O h - ITOJIOBt~~Ha sasopa Me~ny mkiiMM8Mkll; 

0 - [JOJIOBWHa TOJI~kll~ mkiJMM.bl. 

3. ilJIOCKBfl KOHetiHaR lTfkiiMMa. 

ITnoc.Ko~ KoHetiHon mkiiMMo.t\ oyneM HashlBaTb rrTkiiMMy, npocTkll-

paiO~yiOcR ITO OCJrf Z OT h JIO ~ , no 0 Cfrf '' y " OT HY JIR 

.no " t " frf no oc kii X OT -c) :rro + 8 
TIOTP.H[(tllaJI TaKo~ mk~JMMH 

cf>-26M JtJ ;;;P ~-z' du' dz' ::::-
- o h [')(.'2( y-y'J2+ (l-2')2l~/z .J 

t d t-y d 
= 2 M 0 J y' I := 2 N Jj ~ =. 

~ ')(2t(Z.-h)Z+(y-y•)Z ~XZ+(l.-h)2.-+tJ2 
0 -';j L (I O) 

= 2 NO{ fn[e-yd ( e -yJ2+l<2 + (z -f;<]- En [ .J ce-yJ2+X2+ ( z-hJ>- y Jj 
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.Tiw11cpPpe HUMPY .F.£ no z , no.nyliaeM 

H=2Md'[ h-Z --, 
~Xz.HJ2 + (h-l} 2 [ ..J J{z.t ljz. +( h -l)Z- ':J] 

r===-=======h=-~l~====== } 
~ xz+(e_-yft(h-z)Z [~x2 +(e-y)z+,~h-l)2 +(e-y)] (I I) 

,IlJI.F.£ .!IBYX CilMMP TpVf"t!HbiX 'TIPJMM K 8 'COMY Bbl}JaJKeHPJTO Hy JKHO npvto a-

BPJTb TaKoe :ate c aaMeHo:Vl h-z na h+Z • 
I1pPI t ~oo , TO eCTb BOJIVfSfd KpaH )IOCTaTO"C!HO .lJJIVfHO~ . .,.fdMMbl, 

1 opMy na ( I 1 ) nepexOJU.f T 

H= 2MS(h-Z) 
~ X2 ty2 + ( h-lf· [~ ~2 +lf+(h -·Z)

21-':}1 ( I2) 

PI .!IJI.H .ITBYX CfdMMeTprd"C!HHX, OTHOC l.fTP JihHO IJ,P.HTpaJibHO-oi UJIOC KOCTPJ 

\4 =2MSf h-Z h+Z I l ~Xz+,f+(h-zl[{xz+yz.+(h-l)z-yf + ~Xz+'::Jz-+th+l?[~)(.z*':lz.+(h+i!)z'_Y]} 

HaKOHPIJ,, noJIP rmyx .,.,VfMM B IJ,PHTpa.nbHOti nnocKOCTK 

4Moh 
H = ~ xz-+'jz.~ hz'[~ xz+ 'Jz+ hz.- Yl 

PaccMoTprdM 2 cnytJa.H. I. y2
7/hztxz 

8M&h 
H == h z. +x2 

T.e. none [lJIOCKOfl 6eCl\OHet!HOM 'nfdMMbl 

2. y = 0 

T. e. B .nBa :pa sa ueHb'TTe. 

Tor.rra 

( 12B) 

( I 3) 
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Ha rp. 3 HapfiiCOBaHI:M RIJfiiBble paHHoro aaatieHfll.ff noJI.H aa nnoc!\o 

CTW X j y • Ha rp.4 HBpriiCOBBHO SHBtieiDf.e IlOJI.H KBK fj)yHI\I.l;fll.ff 

pace TO.HHfii.H OT TTTfiiMMbl IlpVI pa 3Hb1J: pace TO.HHVl.HX OT Kp a.H TTTfiiMM 

( BJIOJib mfiiMMfi). 

4. Ufii!Itf!!:!!.2~~~ c Ra ~-~~!~M~~ 

F,c.Jm orpBHflltieHH8.R 'TT.tJIMMB, ROTOpyiO M b1 paccMa TptiiBBJitii Bbl

me, filcRpfiiBJieHa c pa~fllycoM R , TO noTeHu;v.ran ee MBrHfiiTHoro 

no.rr R 6y .rreT 

~ 2 J M f QDS 'P "P z - z I R d 'f d l. .:::: 
'"¥ = [~Rot+ -z.2 - 2 -z.RCos( 'P-4'')+ (z-z 0?] 

h 0 

=2dRMj'fnp d'P (I4a) 
~ R2 + "Z.2 - 2-z RCos(\j>-c..t' )+ ( h-Z}2 

0 

r)Ie Z VI 'f -IlOJI.ApHble KO Op,!!ZHH Ttl TOtiKJ.1. 
R-z. X 

BBe.rr.R BeJifill.ItJIHbl ~ == R = R , nony-qVIM 

'f'np -'P d '{)' 
f"h==Md'j ~ ;-1 

'+' -~ 45i.n2( ~· )( t- E.)+( hRl. )\ ~~ 
(I 4B) 

W.cnt-J ECe pa cc TO.HHtJI.R MaJibl no cpaBHeHfiiiO c R , To 

TaKVIM o6paaoM nonpaBKa K noTeauv.rany, ytiVITblBaiO~a.ff KpVIBfiiBHY 

B nepB OM IlOpH}TKe: 
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~ COOTBeTCTBeHHO 

,IlJI.ff JIBYX C~MMeTptiqHI:JX mft1MM OOJI:J~Ofli 1JJift1Hbl t~oe B L\eHTpBJib

HOM n.rrocKocT~ z = 0, no.rrytiaeM 

TaK~M oopasoM, none VIso:rHyTotl 'iriiJMMbi, ooJiytiaeTc.ff ft13 no.rr.ff 

np.A:Mo11I 3BMeHHO~ X= R-f; :1 = R'f> If ilpV108BKOPI nonpaBKfl1. 

B 38!\JIIO'tleH~e ITOCMOTpVIM, 1IeMy pa BHO Ill3MeHeHitle ITO.JI.ff B 

UeHTpa JibH011! ITJIOCKOCT~, Bbi8biB8e1110e oepeMeil{eHitfeM lTTV1MMbi. I1p~ 

rrepeMell{eHHitl TOHKOM, DJIOCKOW TTT~l~Mi:l (2-X CV1MMe Tp~'tiHf:lX OTHOC~

TeJibHO t~eHTpaJibHOM o.rrocKocT~) 10 X noJiytiaeM 

aH hSx 
L\){H=H()(2)-H()(,)= ax ~X=-l6M ~h~+xz)2~X ( I7) 

I1pV1 ~sMeHeHHH sasopa MeJK,ny m~MJJBMH 

aH h2.-x2 

L\hH=ah ~h=-16Md hz+X2 ~h ( 18) 

(I g) 

-STO YPOJJ MPJK.:rry nepeMell{PHV1PM ~ :ra.rriilyCOM TO'tJKV1 Ha6JIIOJieH~I:l 

(20) 
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Yqe T oTpaJKeHL1.ff B RE~~:~a!~ 

,IIo C~X rrop MbT paCCMaTpVIB 3JIIii TTTVIMMbl, EaR YXOIT.fiii~liie .ITO 

6eCI\OHeqHoc TVI no Be:pTL1RaJI~. T ~ rrepb paceM oTpVIM: r:oHeqHOCTb 

VIX ~ pOJib OTpaJKeH~.ff B ItpbTrrrRaX. F,cn~ rrp~H.ffTh t' = oo= ,UJI.ff 

Rp.tiTTTe.K, To sa.rraqa CBeJ.IeTc.ff K aaxoJK.TIP~ro rron.H .rr~rron.H Me:JK,rry 

.UBYM.H MeTaJIJIHqecKliiMJii ITOBepXHOjTRMVI. 

TIOJie HCeX OTpaxeHHblX .IIVIOOJip~ CJIB60 8BBliiCL1T OT X 

(VIJ!VI p ) , DOKJ!!B ITOCJie.TIHeP MHOPO MeHbTTTe mVIpVIHbi sasopa :1:. 

TaK, liTO ero MOiKHO ctntTaTr:~ paBHblM rromo DpVI X=O C.P=O). 
ITo.rre o.nHoro J1VI£JOJI.f:l B u;eBTpaJibH011 nnoc.KOCT~ )lJIH CTP 

BO:fil TTT~MMbJ 

~ )lJI.fi DJIOCKO:fil Tff~MMbT: 

~HK ,-J 

4M6h 
(I< :z: p 

"C" I _ .Jl2 1 
x) IJOJihSYHCh C OOTHOTTTP.H~eM ..w-<z. -12 V1 ~ K3 "-'1,2 
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,IfJIR CTep:JKHP.BO:m TliVIMMbl 

Ta:KVIM o6pa soM nono.nHVITPJihHOe none BCex oTpaxeHVIi11 cocTaBJIReT 1 

.IIJI.ff CTepJKHeBOM ~VIMMbl (21 a) 

Bo BCeX npaKTJiiqeCI\VI VIHTepecHblX CJiytiaRX 3TO 6yJJ,yT M8.1Tbie 

nonpaBKlii. 

'EcJIVI mVIMM8 He JlOBeJTeHa .ITO l\I)H'TTI~K Ha BP.JIIi'll1VIHY h1 , TO, BCJJe.II 

CTBY.te OTpaJKeHVI.ff OT COOTBeTCTBYD~e11 Kpbi111Kiii, oopa syeTC.fi napa 

,ITft1no.neM. IloJii TaKOrO .rrft1nO.n.ff nplH).Tift13liiTP.JTbHO nocTO.ffHHO Ha .TIJ!ft1 

He nopB.!IKa 2 VI ero OTHOmPH!iie K nomo OCHOBHOrO ,!IVI nOJI.fi .ITJI.fi 

CTep:JKHP.BOM ~VIMMbl 

~=If>~· ( h;_f)"' 2 ~·""19.2 ~ ( h';~
2

)"'
2 

(22a) 

v.t .II JUI IT JI 0 C K 0 ~ TT!VIMM .b1 

(22B) 

YpaBHeHVIe (22) onpeiTeJI.fieT sa sop h1 , .rronycTv.tMbl:ill MeJK,ny 1Tv.tM-

MO~ v.r Kpbl1TKOM. BosMO:JKHOCTh nonbsopaThC.fl TITft1MMaMiti .IIJI.fl ft1cnpaB~ 
JieHIII.ff JIOKaJibHOM HP.O,ITHOpO.IIHOC TVI cym,eCTBP.HHO OITlP..TTP.JI.HP.TC.fi yc

JIOBitiP.M ~ ::>71 .IJJ!.fi Kp.blmeK nOJilOCOE. TOJih.l:\0 B 3 TOM cnyqae ,!U~MCT- :. 

BVIe BepXHIIIX KpaeB mMMM nOJIHOC1hlO KOMnP.HC~pyeTCH 38 CtieT OT

paJKeHVI.fl B KpbPITKaX. B npoTft1BHON CJiyqae, I\pOMe OCHOBHOrO .IIIti

noJJ H ~IIIpVI Hbl h , rJO.HBITHe T CH TIC no.nHidTP. JihHbl~ .IIVI no Jib OT He-
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KOMrJeHC~pOBBHHbiX KOHIJ;OB 1T~p~HOM ';f 11 TOJIU\11HO!O B ~ pas NleHb-

me OCHOBHOPO. Tio.rre TaKOPO _T'(WfJO.ITH crra_rraeT OliPHb MP.'IJ.JJeHHO.TiT~M

Mbl P03~t~0]KHO ap~MPH.A'Tb TOJibKO TOP.rra, 1\0P.!Ta 8TO )IOrJO.JJH~TPJibHOe 

ITO.TTP Ma.JTO. ;;TO rJOJIP .:rr.JT.R CTepJKHP.BOM m11MMbl )IJT.ff X<.<.";f_ paBHO 

.6H = 161'16 i 
~ £2. (23a) 

f,1 )IJI.ff [JJIO C I\0~ 'TT11MMbi 

~H= 32M8 _1 
~ "£ 

YcJIOBVJe TOPO, tiTOObl 8TO fJO.TIP ObLTO MaJIO [10 cpaBHe.truiO C OCHOB

HbiM )JJI.ff CTepJKHeBO:tl 'TT11MMbl 
llH __ §_ ~(h2.+.f'Z)3 <.<.1 
H- ~ h£z 

Ha ap11M e p, ap11 h =5 eM ; 

BO.ITV!T I\ t'/78. 

~H- -~ 
\=\--~ 

f =30CM; 

h2 2 
+ ~ .(L l. 

h£ 
£ =80CM. STO ycJIOBV!e ap11-

3a.rraqa o Bblqwcneffiil11 onTrtJMaJihHbiX oapaMeTpOB ope.1TCTaBJJB

eT Tpyrl'HOCT11 HP TOJibl\0 C BbiliVJC.ITJ'ITPJTbHOVl CTOpOH.bl, HO VI C TOli

.E\11 3peHV1.H DOC TBHOBKli1 BOrJpoca. 1T)li1 TTTV!IviFVJP,OBBHV1li1 J\.1 OJJ.\HO Tl'00li1-

B8TbCR, HarrpVJMPf, M~HVl'MBJibHOPO ~pPTIHeKBa~paTVJqHQPO OTKJTOHP.

H11B ITOJTB B pa6oqefft 06JIHC T~ OT H1?06XO;!W.IMOPO VJJTI.1 TOPO, tiTOObl 

Ma KCV1M8 TTSHOP OTRITOHP FlliP DO.'JT .ff OT I acqe THO PO Obi.'JTO HP 0 OJib'np 

HPKO't'r:: nr':1: BP.'JT11'411Hbi. J'peOyPTC.fl TniOK.P COOJiiOJJaTb ycJIOB~e, liTO

Obi BeJI!tP:mHa n=- ~~g~- JieJKa.rra B nonycT!t1M.bOC npe.rre.rrax. OnT~
MYM rrpwxo.rm TCR VIC I\8 T S npV! HeK OT JfLilX ,ITOfJOJTHVJTP JTSHbiX yc JTOBVJ BX, 

-~a api.1Mep, npw ycJJOBftfi.1, l!T06bl sa .3op MPJK.TIY !TftfMM8MI.1, ecJJftf noc

.rrenHB.ff aaxonwTc.ff BHYTP14 paOolle~ oOnacT~, OHJI He MPHhme 'TT~pftf

Hbl nyl!Ra. 
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Ot:~eHb BB~HHM ~orronH~Tenh~M ycnoB~eM, aanaraeMHM aa 

BH60p m~MM, .A:Bn.A:eTCH Tpe00B8H~e M~EMM8JibHaro yc~~eH~H ITOJIH 

m~MMO~ B neHTpe RaHana. B rrpoT~BHOM cnyqae ne~CTB~e m~MMH 

6y,rreT ROMneHC~pOB8 Tb ,rreitCTBl4e JJarH:r4THOro RaHana He TOJibRO 

B paOoqe~ oOnac~~, Ho ~ BHyTp~ RaHana. 

06m~M~ MeTO,JlaM~ Bap~a~~OHFOro ~Cli~CJie.fMfl B ,ITBHHOM cny- . 

qae He y,rraeTca orrpe.n:en:r4Th orrT~MaJibHfje napaMeTpH ~ ¢opMy 

nMMM. IIoaToMy npwxon~Tca "Ba,rraBETb topMy mWMMH B B~ne aanaa

ao~ tllYHRJJ;~~ c Heonpe.rreneHHHM~ rrapaMeTpaM~, B qacTHOCT~, B 

Bf4Jie TOHKO~ ITJTOCRO~ rtr~MMH, C Hf•Onpene JieHHO~ Ta.rrmWHO~ ~ He

orrpe,rreneHHHM aasopoM. 

ITp~ cpaBHeH~Ttf pa 8Hi:« Me TOJlOB noc TSHOBR~ 88 _n:aq MH npitiTTT

JT~ R OJTHOMY, npaRT~lleCR~ y.rroBJIPTBOp~TPJibHOMY ~ nerKo ocyu~ec · 

BJI.A:eMOMY, C npaRT:r4lleCKO~ TOtiR~ apeH~fl, MP.TO,rry orrpe,rreneH~fl 

OITT~MBJibHOrO mftfMM~pOB8H~H. Tip~ 3TOM m~MM~pOBBf.Me npo~SBOll~T . 

Cfl c.ne.JlYlOII\VlM oOpa 30M: noJT.OVlpae'~C.A: O.IIH8, Ta K H88blB8P.M8fl, OC

HOBHBfl m~MM8, KOTOpa.ff noliT~ no;IHOC TblO ROppeKT:r4pye T none. 

]{aJibHe~rrrflle ~cnpaBJieHVl.H nerKO npOTtl8BO,!IflTCH TOHP.HhR~MVl Tff~MM8 

MeTonoM non6opa. ( 0TMeTJrJM, tiTO onpe.rreneHrn:e MeTo.rroM no.rrOopa 

napaMeTpOB OC HOBHOJii TTTfiiMMH, .fiBJT.~eTC.H ~CI\JJIOti~TPJJbHO CJTOJKHOt\ 

a a,Jurqe:M) • 3a.rra t:Ia no onpene.n eH~ o na paMeTpoB ocHOBHO~ m~MMbl 

CT8BL1TCH CJie)lyiOm~M OOpaaOM. Jtiu.pTCfl OnTVIM8JibHOe 8H8'tieH~e aa

aopa, TOJJll~VlHO:fil Vl nO.TIOJKeH~e m.VlMIJTfj, o(')ec ne'tiVJBBIOU~ee M~HVlMBJih

HOe ycVIneHVIe non.H BHYTPVI KaHana npVI ycnoB~~, 'tiTo Ha rpaH:r4u;e. 

paOo"!e~ 06JJ8CT~ Tff:r4MM8 ITOJIHOCTblO KOMneHC~pyeT ;aePiCTB~e R8H8-

JI8 KaK no nen~'tiiiiHe nona, TaK VJ no ero npo~aBO,!IHO~ (no Ben~
qwHe n ). Tipw aTOM BEWTP:r4 pa6oqe~ o6nacT:r4 none 6y,rreT He non 

HOCTbiO CROMneHCT4pOBBHO, O,!IH8RC, OK83blBBeTCfl, 'tiTO TaM OTKnO-

HeH~e 6yneT HeBeJirn:Ro. TiycTh H ( o , h , i - x ) .rreV!.cT-

Bt-te mVIMMbl K8R tpyHRJJ;~H ROOp.II~HBTbl X~ napaMeTpOB Tff~MMH; TO~

m~Hbl 28 , aaaopa 2 h ~ nonoJKeE~.H t . Ba6epeM aa Hatiano Roop 

,!I~Ha T rpa HJI)ll;hl pa6 O'tie~ oOnac T~. IIyc Tb RaHa JI Ha XOIT~TC.fl B TO'ti

Re X= - t . V!~eTC.fi M~EMMYM cflyHRJJ;~~ na paMe TpOB h , 0 , t . 

(24) 
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T.e. MVIHt1MYM ,IIe~CTBVI.f.I TTTVIMMbl BHYTPVI KaHaJia npVI CJJe,UYIOII\eM 

.IIOUOJIHVITeJibHOM YCJIOBt-IVI: 

H(hlcf,t)=f(o) (25) 

npt1 3TOM 6y,neT BapbVIpOBaTb TO/IbKO h t1 d , a UOJIOAteHt-Je 

rrrVIMMH t orrpe.rreJTt-IM t1a y~JIOBVI.fl 

8H~~~o~tJ =J '(o) (26 ) 

r,ne j(1-) BOBMyru;eH!IIe, Bf;l3blBaeMO ~ Ka HaJIOM. 

YMHOJitaeM (2 5 ) Ha A, t1 t-Jru;eM a jc OJIIOTH~ MliiHIIIMYM no h VI c 
c.n e nyiOu~e r o B Hpa IKe Hili .fl: 

J == \-\ (hI 8 It+ t.') + A_ H ( h' 8 It) 
oJ = 0 aJ 
8 h 88 :~ 0 

PaccMOTpt-!M cnyqatl UJIOCKJIIX rnJIIMM 

r 5M8h 
H (hI 0 It- x) = hz +( t-x )z 

YpaBHeH~e (26) naeT 

lt1a rrepBoro y pa:eHeHVI .fl onpe.rre JI.f'eM Be JIVI'I:.MHY 
hZ+t2. 

A.=- h2 + (l+to)2 

ITo,ncTaBJI.fleM aHa'tleH!iie A BO BTopoe - nony-qaeM: 

(t +to) 2 - h2 
_ t 2 - h 2 

h2 + ( t +to) Z - h~ + t z. 

(27) 

(27a) 

(27B) 

(28a) 
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~) 

K 8 TOMY ypanHeHVtiO ,rroOaBJIRIO~'C.fi cne.rryiOmV~e ypanHeH~.R 

(28c) 

11s ypaBHeH~M (28) orrpe_TieJI.RK1TC.R TP~ HPIJISBeCTHbJe BP.JIIJitiVllHI:X 

t , h , 8 . PaCCMOTpiJIM ITpiJIMPp: W.CJIIJI Bi:XCOTa IJI TOJIIl\IJIHa I\B 

HaJia MHOPO MP.Hbrne paCCTOBH~.ff KaHaJia .ITO paBHOBP.CHO~ Op0IJITS 

to , TO BOSMyli(eHIJie, Bbl8I:Xf.'BP.MOP KaHa.JTOM, C xoporneMCTe

rJP.HblO TOtiHOC TVI a npoKCVlMIJIPYE TC.R BblpB1KP HIJieM 

j(~) =[x'":q' (29) 

TipH T8I\OM SHatieH~IJI j ( ~ ) CVICTeMa ypaBHPHIJIW {28) ITpiJIHIJIMa-

(t+tc)2
- h2 

_ t 2
- h2 8Moh _ p 

h2 +(i+tc) 2 - h2 +t'~ 1 h2 +tz- t~ (30) 

eMoht ___ P 
Lhzt-t_Z]z-- P ' 

0 

He Tpy,nHO BVI.IIe Tb, qTo perrreHL-l eM CVIC TeMbl ypaBHP. HIJIVI ( 30) .FIB-

t =-tQ. h:=lo. d=_£_-t 
2 ' 2 ' aMt; o 

Ha rpa1J~Ke ( ) noKa~ aao )1et'lcTBIJie rroJJ06HblM o6pasoM 

oo.rroopa HHO~ 'TT11IMMbl liJI.R iu =8 eM fz -=2560 raycc. ,IIJIR 

rJJIOCKOt1 rr!IJIMMbl pesyJibT8T HYJtHO YifB0111Tb (8% B08MJII(PHfffe ITOJI.fl 

Ha KpBIO pa6oqef1r OC5JTaC TIJI y .t:pa.FI llTIJIMMH). 

ITpw 8 T~x sHatieHIJI.fiX miJI1:My ay:&:no ycTaHaBJIVIBa Tb aa 4cM 

OT pa C5 oqeM: OC5Jiac TK c a a sapo~ MPJKJIY TJTIJIMMBMVI 2 h =8cM VI, ec JIW 

IJIHJIYKI\VI.ff aacfjiiJ,eH~.R JKenesa ~:I. Io3 , To TO,JTII(IJIHa 'TIIJIMMbl .IIOJJIKHa 
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C5HTb BH6paHa p8BHO:Vi 2d = 24,4 MM. 

KaK BW,IIHO £13 rpacfJ,iRa, 'raKa.f.l TTMMMa ITOl!TVI ITOJ!HOCTblO 

pema e T aa.rratiy. HeC5 OJibTTTOe y.rrJti'neHvte M OJKHO rro.rry'tl£1 Tb ycTa

HOB.KO:ti HPC50JibTJTO:Vi TTTVfMMbl B pa ~OHe HaVJC50Jibmero rrpoBa.na ITOJTR. 


