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Poccttiicrcuti uaytuutù 4eHnlp "Kvpuamoacruù uuÛnwnvrn" , Mocrcaa

FIa ocuone reopern(recKoro aHaJr[3a noKa3aHo, rrro cocraBHble [peJ'IoMrtrouIrle JrI'IH3br gJu Qorycr'tpon-
Krr [yrrKoB peHTreHoBcKoro crrHxporponnoro rr3nyqenldfl u g;rx QoprnrrlpoBaunt u:o6paxeulrri c npege"nu-

Ho BbtcoKtrM pa3perxeHueM uMeroT [per.rMyilIecTBa IIo cpaBHeHI'IIo c ,'lltH3alru c oguori I'IJIlr AByMfl rpaHl{-

qaun. ,ll,axe .rp"qano*ro AJruHHbre Jlr{H3L,r c MaKcLrMaJ'Ibuo xoporxotî g,lttuorî Qoxyca He I'IMe}or a6eppa-

q11ù. Pass['ra io.rHaq reoptu rpaHc[opra r.r3JryqeHufl B HenpepbtBHo npenoMflfllouleti lnnle. B rIacrHocrll.

nonyqeHa agaJrr{TuqecKaa $oprrnv,'ra Ânq fiponararopa nI{H3bL noJIytIeHbI TpaeKTopIrrI nytleI'I.B n[H3e. aHa-

,Ûr'rin.tecxar soprtlyla AJrr nponararopa lr306paxeHr{r. o606[IeHHaq $optnty,ra JIIIH3bI Ant QOKVCTIpOBKII
Toqearnoro ncrorrH[Ka r.r u:o6pa>reur.ra ur.xpoo6'beKToB. O6cyxgae'rcq poJ'Ib HeoAHopoÂHoro [orJroule-

Hr{fl r{3nyqeHrrr B JII{H3e nprr SoplrnpoBanrrl'I nro6paxeutrtl.

BBEAEHI4E

B re.{enue 100 rer nocJre orKpbITI{t peHTreHoB-

cKr.rx Jrvqeù npeJIoMJ'IflIouIaq onrfiKa AJrff 3TOrO Tlrna
Lr3nyqeHnfl ctrl4TaJlacb npaKTLrr{ecKL{ HepeaJrbHolÎ no
Toù npu.ruHe, qro KoMnJleKcHuir roeSQuLIrre^HT npe-
JroNfJreHul peHTreHoBcKr{xJr\qeu n= | - ô+ iB ovenl
MaJro orJrr{qaercfl or eÂuHuqu, ilplrtleM o6a Saxropa -

KaK oqeHb cJlaooe [peJIoMJIeHI{e. TaK I'{ KOHer{Hoe IIo-

rJrouleHrre - ilprrBoÂsr K fipo6reMau. HanpnueP, A.[q
aJrloMlrHI{JI Ir sHeprI{I4 $oroHoe 25 xeB uM€elrl ô =

=8.64 . l0-7. F = 1.75 ' l0-e. Cla6oe npenoMJreHlle
peHTfeHoBcKr.Ix rytreù - npuquHa rofo, qro Ânt co-
31alnve Hyx{Horo npo$nnr noBepxHocru AJIHHa peHr-
r-eHoBcKoù nrlH3br L c pa:yrrauo Ma,'loÉ aneprypoli A

AoJr)ara 6rrrs cpaeul{Moù c AirI{Hoù Qoryca F, a pagu-
yc Kp[rBH3HbI ÂoJI)KeH 6ltrb s l0t pa: MeHblIe ÂJrnHbI
J'rr{H3bl. LIro racaercfl flofJloqeHl{tl. To oqeHb yAaq-
HbrM oocroqreJlbcrBoM oKa3aJlocb ro, qro Re(n) < I,

nogroMy SorycHpyrotuat nI{H3a flBlrfl.e'rcfl ÂBoqKo-
eoruyrorir. CreÂoeare,tbHo, TonxltrHa Marepuara B
qeHTpaJrbHou .{acrll nuH3bl oTHOCUTenbHO HeBe,TI{Ka.

Bneprrre npeJloMJrtloulaq nnH3a 6ttla co:gaua r
Butre cocraeHori nnH3El. T.e. cocrolqeri l{3 MHorllx
roBropqloquxcfl oJlel{eHroe Il]. flpn arou paAI'Iyc

KpuBr.r3Hbr KDK,qO|O SJIeN{eHTa MO)<H0 6ltlo eu6parl
orHocr{TeJrbHo 6olturuu. qro6u nyxHstli npo$nrl
l,ror 6srrr pea!'IH3oBaH rlpocrblMLt cpeÂcrBaMII. B qacr-

Hocru cBepJreHuel{ Kpyrnbt x oreepcrnù. llepeaa,rrm-
:a QorycnpoBana B JIHHHIo. Estnu raKxe n3roroBJle-
Hbr rr ncIIbITaHbt JILIH3bI c AByMt pflÂaMrr oreepcrnù'
npocBepneHHbIX B ÂBVX B3aLIMHonepileHÂrrKy!'IqpHbIx
rr!'rocKocrflx [2, 3] arq QoxycllpoeKfl B roqKv. Vget

cocraeHoù JIITH3bI peaJIL{3OBaHa LI B Àpyfllx MeroAax
co3gaHut $a:oeoro $poHra BoJIHLI c :aqaHHoù xpr-
Brr3HoIl. B oAsou r13 HI{x BAaBJILIBaTT ny3É,lpbKu Bo3-

Âyxa B >xnÂruri <,reri, roropbtù 3areM orBepAeBaer

[4]. Ta< Ha3bIBaeMâq "a,rrI ' IraropHaq" JrI 'IH3a [5] nue-

er ptÂ rpeyfo.llbHblx 3yOoB Ha AByx noBepxHocrqx'

opr{eHrrrpoBaHHblx noA MaJIblM vrJlOM Âpyf K Apyry.
llpu erou cyMMapHafl ToJIIIITHa N'IareplraJra Ha nyrtl

nyueû [pegcraBnqer co6où noMaHy]o KpllByrc' npn-

6,qruxeuuo roxoxvlo Ha naPa6orY.

Hau6oree nprrBJreKarerbHbIM npeAcraBJ'Iflercq

noÂxoq. pa:eurtttî s [6.7], rAe Bl\{ecro cBepJIeHI'll or-

eepcrnri ncnoJ] b3oBaHO BbIAaBJIITBaHIIe napa60r Hqec-

roù rpaHnqbt c orHocureJlbHo 6o,llruuu paAl{ycoM

Kpr{Br{3HbI B TOHKL{X nJIacTr{HKax I13 cna6onofJloularo-

rqero BeqecrBa (arIoMI'IHr{ù, nJIacrllx). Bcxope nocJre

STOIO C t{CnOJlb3OBaHI'IeM coBpeMeHHbIX BhlcoKr{x Tex-

sororr.rû 6u;rtr co:gaHbl rlnaHapHble,rlIrH3bI lr3 KpeM-

Hr{rr. uMe}oullre craHÂapTHyro llapa6o,rr'l'lecxvro no-

BepxHocrb c otleHb MaJI;IM pagltycoM rpunrl:nlr [81.
Teu cal,rrtrrl 6stla nora3aHa rlpnHlll{nllaJlbHat Bo3-

MO)KHOCTb CO3,qaHUJl peHTre HoBcKoù onruKr'I, aHaJro-

rurqHotÎ onruKe Bl{,qI'lMOrO CBera.

Ile,rr Âausoù crarlu - pa3BHTIIe reopllt{ cocraB-

Hbrx flpexot{nflIolru4x peHTreHoBcKlrx JrlrH3 c napa6o-

rrrqecKr.IM npo$n.nerrl, AJII{Ha Koropblx cpaBH[Ma c

Â,rnHoû $oxvca. f lorasaHo, tlro cocraBHble rI{H3bI c

6ollrunu r{HcJ'toM 3JreMeHToB. xa>xgultl n3 KoropÉ'Ix

[pegcraBJlter co6où napa6onuuecKylo JII'IH3y c 60rb-

ullrM paAlIycoM Kp!IBLI3HbI, I,IMeIOT JIVr{[II4e orITI'Iqec-

xue ceol4crea flo cpaBHeHIIlo c JII'IH3aMI{' IrNletOU-lIrMrr

oAHy r.r"[t{ 4ee napa6orullecKre fioBepxHocrll c Ma-

nbrM paÂrlvcoM KpI{BI'{3Hlt. B'racrHocrll, Henpepbl BHo

nper'IoMnaloulafl JTuH3a, KaK IIpeAeJl cocrasHoti n r I H 3 bI

c oqeHb 6o,rlnnu qtlcJloM 3JIeMeHToB. coBceM He

rrNreer adeppaquir npu ;rru6or'i ,qJrI'{He nIIH3bI, [axie
npeBbrrxarcqeu gllluy Soxyca. .[],'u Hee pa3Bura roq-

Har reopuq nepeHoca n3JlvqeHl{fl [9], onncltnaroqafl

xar QoryctrpoBKy ltao6pax<eHul Syuxqr'nr o6lexra'

rax r t  Svpue-npeo6pa' totsaHHe.
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IEPCNEKTI,TB bI I4CNONb3 OB AHI,Tq

I. 3JIEMEHTAPHAq TEOPWfl

Tax rax peHTreHoBcKue nyqKn oqeHb c:ra6o npe-
noMJltloTcq, oHrr IrorlTrr [apaJrJIeJ'IbHbI It UX nonepeq_
Hbre pa3Mepu (no ocu x) MaJrr,r no cpaBHeHr{ro c pac-
cTorulrflMu MexÀy SJreMeHTaMr{ 3Kcnepr.rlvrenra;rtnoii
cxel,rbr BÂoJrb onrlrqecroù ool (ocs;). Tnnuvuaq cxe-
rua gKcnepr{MeHTa n o6o:Haqenpu rroKa3aHbr Ha
puc. 1. B erux ycJroBrrsx cnpaBegJrr{Bo napaKcnaJrbHoe
npnd,rruxeHrre, B KoropoM BMecro c$epuvecxoù so,ï-
Hbr HcrroJrb3yercfl napa6o,urvecK_[u nponararop, a
rrHTerpaJr Kr.rpxro$a rrMeer MaKcr.rManbHo npoéroli
BIIII

I

A( . r , : )  =  l dx 'P (x  - , r ' ,  r )A ( , r ' , ; n ) ,

P(x, ; )  = - - - l  - . *of ;n j l .  
( l )

1 i À ; ) " -  
' \  ^ . t

3gecr, r = a-:6, Syuxryra A(x, z) onr{cbrBaer rronepeq-
Hyro 3aBncr4Mocrb peHTreHoBcxoÉ eorHoeoli eyHx-
quu, [oJrHar aMnnr{Ty4a xoropoù paBHa E(x, ;) =
= exp(rk)A(r, :), rge k = 2nû,,l. -,qlnna BorrHbr MoHo-
xpoMarrr3lrpoBaHHoro u3ryr{eHurr. Ec;rz eorHoeas
SyHxrryq rpeÂcraBrqer co6orî cxoÂrrrlyroca napa6o-
rutrecKy BoJrHy, T.e. rrMeer napa6on[.recKy]o 3aBrlcu-
Mocrb Sa:r,r or no[epeqHoù xoopguHaTÉ,r B nJrocKo-
crrr : - i6Jo Hâ paccroqHr.tu r = F osa $orycupyercr
B rotfKy. flpu erou A(r'. ;o) = T(.r', F), rAe T(x, F) =
= exp(-ilcrrl^O.

Erqe_ 6o,ree r{HrepecHrire e$$errrr - $oxycupon-
ra u:o6poxeHr.r{ BoJrHbr r{ ee $ypre-npeo6pa:ona-
Hue. llycrr $yHrrryra A(x', lo) e ( 1) npegcraBrqer co-
6ori soJrHoeyro $1'nxqnlo. nepeHeceHHylo Ha paccro-
flHt4e ro - :0 - :o u3 fIJrocKocTLI i = i,, v npolxeA[ryrc
qepe3 irr.rH3y, r.e. rnlogrQuqlrpoBaHHyro Qa:onuru
MHoxr{TeJreu I(,r', fl. B erou cryqae HMeeM gnoùHoù
uHTefpaJr

trpuqeM rlHTerpar'r B KBa4parHsrx croOxax BbrqtrcJrr_
ercr aHaJltrrnqecKr.r. B pe3yJrbrare cBq3b Me)Kny
SyHrcrluauu o6texra ra u:o6pær<eHlnr Mo)KHo 3a[r{-
carb B BrrIIe uHTefpalrrbHoro npeo6pa:oeauux A(.v,, 1,\ =

= 
ldx,,G(x,. r,, lA(x,,, :,,). qgpo Koroporo uMeer BhA

I
G(.r,..t,) = ---:; x

,  . 1

\ l l t f t )

[II4HHbIX rrpEJroMJ'Igrcuux IIhH3

Pnc. l. feor,rerpll.recxue napaMerpbr 3KcneprrN{eHTaJ,rb_
uori cxeruu.

fg  = r i+ r , , -  r , ro lF,

8n = l_  r , /  F,  g i  = I  -  r , ,1  F.  
(4)

Yc;roeue r, = 0 coorBercrByer eopnayire rosroù
JIuH3bI g,rx QoxyclrpoBKr{ tl3ry.reHilfl or roqeqHoro
IlcrorrHrrKa. B srolr cryqae G(x,.,r,,) = M-u26(x,,- x,,),
rge ô(.r; - gein'ra-$yHKrrr{fl filrpara, M = rili,,: çiii-
Top yBerilqernfl., x,,1 = -xilM - ToqKa rrcxollHoro Bon-
HoBoro rroJrfl, Koropax $oxycnpyerc{ e u:o6pæxe_
Hr.ru. B pe3yJTr,Tare u3ryqeHue nepeHocrrrcx u: ôgHori
nnocKocrtr Ha Apyryrc nJrocKocrb 6eg n:venenufr. za
r4cKJrror{e Hr{elr Qarropa yBe Jr r.rr{e Hnr n r.rHBepcupoBa-
nuq. C qpyrori cropoHbr, rrpu BbrnoJ'rHeHr.ru vcJ,IoBtnq
9,, : 0 rrHTerpaJrbnoe npeo6pa3oBaHr{e npespârqaerca
n Qypre-u:o6poxenue BoJrHoBoro no,rq. O6a srr{,B-
neHvs xopotxo rI3BecTHbr I{ npaKTuqecKx l{cnor,r[,3y_
IOTCq B OnTUKe BUÂI{MO|O CBeTa.

2. AIILIHHAT OÂI4HOI{HA' JII,IH3A
B OTCyTCTBT4E [OfIOilIEHr.{q

Yrodrr nyqrrre noHrrrb npo6reusr nperoMrqro-
rqeù peurrexoecrori oflTrrKr.r. paccMorpr{M cHaqara
r{cKVccTBeHHyrO -CnTyaquro KofÂa rrofJrouleHlre oTcyT_
crByer. T.e. B - 0. llo aHanorr{u c orrrrrKoù eraguuoro
cBera Heo6xo4rnrrsrr:l Qa:oesrù c4Brlr rvro)KHo no!,ry_
qr.rTb npr.r npoxoxÂeHr.ru peHTfeHoBCKOrO nvrrKa qe_
pe3 Beil{ecTBO, TOJTTU{r,iHa KOTOpOfO [MeeT napa6oln_
qecKyro 3aBr{cr{MocTb oT nonepe.rHor.r KoopÀuHaTbr.

flycrl napa6oluvecrax rpaHrrrla cyrqecrByer
ToJrbKo c oqnoù cTopoHbr JrrrH3br, KaK rroKa3aHo Ha
puc.2. B sroN{ cJryr{ae n npn6:loreHrrr4 reoMerpuqec-
roù onrnxr.r, npeue6peraa orKnoHeHr{eM .ryueir e
nr,rH3e, nonyqaeM Qa:onsrù MHo)Kurerb B BuÀe

/ ( . r )  = l + a . r = { .
: K Ô

(3) 3qecr d - uusurrlaJ'rbHafl Tojrrrlr.rHa JIrrH3r,r. flVcrl
Jrr.rH3a uMeer areprypy A. rorga ee AJ'rnHa L = A2lgR +
+ d. O6uqHo L) du, qro6u ynpocrnrb pacqerbr. no_
r'ro)Kr{M d = O. Tax rar AeKperueHr roe$euqueHra
[peJ'IoMJIeHrrq ô - l0{ - oqeus Ma,rrar BeJrrjrtuHa. To.

169

A ( , r r ; , )  =

= Ja- ,lpr (r, - x'. r,)T(.r', F)p(x' - x,,. r,,)fx (2)

x A (.r,,, :,, ),

r r(.r, F) = 
"^n(-if art.rl) =

= r(.r, rl".n(-ifaa), (s)

r *n(;fi r.ei{i - 2.r,.x,, +s,,,r:l ),
fÀe
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Puc. 2. Tpaerropuu ,'tyueti B oÂHocropoHneù ltnr:e; l =

r{To6br tloryqurb pa3yMHy[o AJIrrHy Qoxyca F = I u,
Heo6xoÂuMo co3Âarb rapa6orrqecKylo rpaHully c pa-

Ar{ycoM KprrBr43HbI R = [ uxu. Elqe coeceu HeAaBHo
TaKafl 3aAar{a Ka3aJlacb npaKTuqecKu Hepa3pelxnvoù.
OgHaxo cerogHt oHa B nptrHl{lrle perrraercq, rI no
xpalîneir Mepe rlJraHapuue napa6oJrril{ecKIre nl{H3bl c
raKrM pagr{ycoM KpIIBrr3Hbt co3ÀaHbl [8]. C lpyroù cro-
poHbr. .rro6r,r noJlf{r4rb pa3vrvrFr!'ro a[eprypy A = 2 ml
npr.r raKoM paAl{yce KptrBrr3Hbl, JIIrH3a ÂoJr>KHâ r{Merb

AJrr{Hy L = 0.5 M. r{To cpaBHuMo c $orycuur'r paccrot-
sueu. TaxuM o6pa3oM, xorfl B orcvrcrBt{e rlorJloqe-
Hlur pa3Mep anepTypl'l HIrrIeM He orpaHuqeH, Ho pe3-
KO vBeruquBauqatcfl A.III,IHa JTIIH3bI BCe paBHo co3Âa-
er npo6leurt.

OvewrgHo, vro Qoprnrv,rsr (2) u (5) senpulvleHlrl{t'I

AJrfl ÂJII{HHoû :rungu. t{ro6rt florrvqttrb npeAcraBJle-
Htte o Bo3Mo)KHocrtr TaKoll r'lllH3bl. ilcnoJ'Ib3yel\{ teo-
MerpuqecKylo olrrltKy. Paccuorplru cHaqara oÀHo-
cropoHHrolo JrI{H3y c napa6o,rnqecKIIM npo$IilIeM Ha
:aguer? cropoHe JIIIH3bT [tt]. n"vu, ettxoÂqqrù noÂ yr-
lon 0 rr3 ToqKII rô s lrcxoÂFlofi fi.]rocKocru Ha paccrofl-

HnLr ronepe[ JrtlH3oH nepeceqer napa6oluvecKylo no-

BepxHocTb B Tor{Ke.Yl. B KoTopou vfo,'I HaKJIOHa nyqa

rr3MeHnrcfl rr craHer paBHbnI 0r = 0 -.\JF.3areu lyu

nepeceqer rrJrocKocrb ua6.ryroÂeHnfl Ha paccroflHrNr ri

rrocJre JTr{H3br B ToqKe,t;. .tl,"na grtlx KoopAI{Har HMeeM

ypaBHeHnq Jt  = Ju + 0(r , ,  *  / ) . . r ,  =. r ,  + 01(4 + l ' -  t ) , rAe

t = "ri 12R.3Âecr BeJIIlqrIHa t paBHa roJrtr{t{He Marepr-

aJra JrrrH3br B ToqKe nepeceqeHufl,tyqa c napaoolltve-
croli rpaHurlerll. lloqcrLrBxflfl oAHo Bbtpa)KeHl{e B ÂpY-
foe rroJlyqaeM

î ' u  =  r r + t ,  V i  =  r i * L - t .

fnr $oxycrlpoBKll u:o6pæxeuu-fl Heo6xoÂLIMo,
.rro6rt KoopÂLrHara xoue.Ûroli Tot{KI{ TpaeKToplII4 .{i

He 3aBr{ceJra or HaqaJlbHoro yfna 0 npu lro6oM 3Haqe-
Huu Har{aJrbHori roopgllHarbl Jr.). llpn L ( F, npene-

6peraa gllrHoù JIIrH3bl no cpaBHeHl{ro c paccroflHv{e.-
Mr4, cpa3y rroJryqaeM Qoplrlyly JILIH3sI u cBq3b Me)Kny
ToqKaMlr qepe3 $arrop yBeruqeHlrtl. OgHar<o B cny-
Lrae ÂJrrlHHorî rurngsr xoeQQuqueHTbl nepeÂ,r,, H 0 on-
pegenrxlrcfl eQ$errueubrMlr paccroqHu{Mfl, Koro-

pbre cJro)KHbru oopa:ortl 3aBl{ctr or KoopAIIHarbI Ha-
.raruHoù ToqKr.r LI HaqaJlbHofo yrJra qepe3 TonilIrrHy
JurH3br B ToqKe nepeceqeHlrfl. B 'IacrHocru, npll 0 = 0
(naparne,rlnuù nagarorqlû nyvox) paccroanur, ua
Koropbrx nyqu nepeceKalor onrr{qecKy}o ocr' (r, = 0),

HeJrr{Her{HbIM O6pa3oM 3aBUcflT or HaqaJIbHoù none-

pevnoû KoopÂrrHarbr, a HMeHHo, ri = F - t + x)nn.

Orcroqa cneAyer, qro ryqrl e6nn:n oilTl4qecKoli ocu
6yuyr Qoxycnponarbcq Ha paccroflHl4r{ F - L. s ro
BpeMq KaK Jryqu Ha Kpalo aneprypbl 6yqyr cABr{HyrbI
Ha paccroqHue F. 3ror BbIBoA npuMeHrrM Ans JrrlH3bI
c .rrroOoii xone.rsoù Alnsolr. Ho BJItrflHrle vKa3aHHbIx
a6eppaqlrù Bo3pacraer flpu yBeJruqeHlII{ orHo[IeHlrl
LIF.

Ha pnc. 2 noxasaH xog lyueli ÂJls napaJuleJlbHoro
nyrlKa (nepxnuù SparueHr) n roqeqHoro HcrorlHuKa
(uuxuuli Qparueur) B cryqae, Korqa r,, = ri = L. F =
= l.5L.3anerlru, qro B pearbnoir lltr:e BeprIIKaJrb-
Hlrû pa:rraep npIIMepHo e 1000 pa3 MeHbrxe no cpaB-
HeHrrlo c noKa3aHHbIM Ha pt{cyHKe. !,luHa Qoxyca.
OTCLII{TAHHA' OT CCPCAIIHbI JII{H3bI, COOTBCTCTBYCT

paccrorHr{}o Âo nJIOCKOCTL HaorrOAeHIrq, noSToMy
napaJrJreJlbHuri ny.Iox Aon)KeH $oxycHposarbct B
Tor{Ky, a rr3ryqeHue ror{er{Hofo l{croqHr{Ka - npeo6-
pa3oBbrBarbcfl B rtapanne,rtnuli nyqoK. Tpaexroplrn
peanbHbrx,lyveH 3HaqurerbHo ornr{qalorcq oT )Kena-
eMbrx rpaeKTopllù.

AnanorHqHbtù aHa:rus Mo)KHo npoBecrl4 A,tfl ÂBoq-
ronoruyroiï JrutH3bI c reML )Ke napaMerpawu L u F. B
3ToM cryqae paÂHyc KpIIBI43HII roBepxHocreù e 2 pa-

3a 6oJrb[re, L = Êl4R u rpaeKTopna .nyveû oIIIrct IBa-
ercq qenoqKoù yparHeunù: x, = x,, * 0(r,, + /1), 01 = Q -

- x yl2F, r. =,rr * 0r(/, - /r), 0: = 0 t - -\zl2F,tri =,rl + 02(rr +
: -

+ L - t,), tr= Ll! - x, l2R, b = Ll2 + x.l2R.O6u1ee nrr-

pilKeHlre Art Jr qepe3 .r,, u e uMeer rpoMo3AKI{ù sng.

Paccuorpnu, KaK lr BbIlIe, paccroflHrul. Ha Koropblx
IIapaJIJleJIbHble JTIyLII{ nepeCeKa}OT OIITI'IqeCKyro OCb
noc,re npoxo)KÀeHnt qepe3 JrI{H3y. IIpHr{eM ,qJrt IIpo-
crorbr orpaHllquMct roJIbKo ,tI{HeIrH[,lMrI no LIF no-
npaBKar!fl.{ (:ro cnpaaeAJrrrBo. KorAa LIF < I ). B sro\,r

cJryr{ae flonyrraeM ri= F - Ll2 + .r,,/4R. 3Ha'{ur, Jryqtr

e6ru:n onruqecrorl ocn 6ygyr Soxycnpoearbcfl Ha
paccrorHnl{ F - Ll2, B ro BpeMt KaK Jryqu Ha Kpalo
aneprvpbt 6ygyr orogelrHyrbl Ha paccroflHue F - Ll4-
Taxnu o6pa3oM, pa:l6poc ,ryvetl B AaHHoM cJlyr{ae B
4 pa:a MeHbuIe, qeM Arfl oAHocropoHHeli ,ruHell. flo
eroH npuunHe,qBotKoBofHyTat rI,IH3a l{Meer npel'IMy-
ulecrBo no cpaBHeHnrc c oAHocropoHHerr nr{H3ol'I.

Ha pr.rc. 3 noxasaH xog ly'Ieù e raroii nI{H3e Anrt
Tex xe :naqeHlrrî [apaMerpoB, LITo tr Ha pIIc. 2. Xorq
a6eppaquu I{ MeHbtue. r{eM B nepBoM cJlyqae, Ho Bce
)Ke oHr4 3aMerHbl Âaxe npil HLI3KOM pa3pelIeHl4l4 pI'I-
cyHKa. Ha puc. 4 nora:as xog lyveù B J'lI ' IH3e npI'I ToM
)Ke coorHolxeHl{I{ paccroflH]/.ù r,,= f i= L. HO xOrga F =
= 0.75L. B ::rou cJryqae roHKar Jrr{H3a $oxycnpyer
u3nvqeHue roqerrHofo l,IcroqHLIKa Ha yKa3aHHblx pac-

HAyK. CEPI'Ifl OI43I'{LIECKAfl rorl 68 N -l 200'1

KOH

, ,  = , , , ( ' - ; )+e(,  . ,  -+)"
( 6 )

I,T3B ECTI4q A KAtrEM I4I4



IEPCTEKTI{B bI I,{CilO JIb 3 OB AH VIfl ETII4HHbIX N PE JIOMIIqN U NX JII{H3 471

Puc. 3. Tpaexropuu ,ryuer'i B ÂBorKoBorHvrofi JrltH3e; F =

cToflHvrflx. B qnnnnoù Jlr4H3e, oÀHaKo, sOrycupyrorca
TOJTbKO Jryql{ OKOIO OnTnr{ecKot{ ocH. rrpeJroMJreHHr,re
B rIeHTpaJrbHoù qacTu J'rrrH3br. Tpaerroplu.r ryqeri,
npeJroMJreHHsrx e6rusu Kpar anepTypbr, He nptrxoÂqT
B rorrKy $oxyca.

Ana:roru.rubui anarus Mo){<Ho rrpoqoJrxrrrb I{ pac-
cMorperb rouonuaqlrrr rr3 AByx, Tpex u 6olee ;ruHa,
uMeroulue B coBoKynHocrrr re )Ke AJU{Hy n QorycHoe
paccrorHr.{e. Xors aHarurur{ecKue pacqerbr grr.rx cJry-
r{aeB Bce 6olee ycJro)GrroTcx, n luuelisorrr no LIF
npu6nlrxeutrrr Mo)KHo rroKa3arb, qro c pocroM qucra
;urH: pa:6poc ucxogHo napaJrJreJrbHsrx ,ryueù BAoJ'rb
onru.{ecxoù ocu pe3Ko yMeHbrxaercx u oltacrb +o-
KycrrpoBKrr KoHrleHTpr4pyercq Ha paccrornr.rr{ ri = F -
- LlZ. Taruu o6pa:olr, Mo)KHo cAeJ'rarb Br,rBoÂ, qro
cocTaBHar AJInHHat iII{H3a LrNreeT nyqlllue onTl,Ir{ec-
rue ceorlcrna no cpaBHeHuro c HopMaJrbHol.r qlunuoÉ
;rus:oli. 3ror $arr c,'reÀyer r.rMerb B BnÂy Aa>Ke r{
rorAa. KorÂa LIF < l.

3. HEfIpEpbrBHO TTPEJIOMJI_SIOIIIAq
JII,IH3A B OTCyTCTBI{E nOUIOilIEHI4q
llapadonlrvecroli HenpepbrBHo npenoulrrcqer:r

(nHn) peHTreHoBcrori luH:oli 6ylerra Ha3brBarb ra-
Kyrc JruH3y, KOTOpar norylraeTcr B pe3yJ'rbTaTe rrpe_
AeJrbHoro nepexoÂa N -+ * [ocJlegoBareJrbHocrrr
JrrrH3. nMeloqrrx oÂHy n Ty )Ke feoMeTp[qecKy]o Ann_
uy L, aneprypy A 14 HoMlrHaJrbHyro AJrr4Hy Soxvca F =
= F1lN, Ho pa3ruqauqrrxcfl qr.rc,roM gJreMeHTapHbrx
rlrHs N rr paAr{vcoM KptrBrr3Hbr R = RrN napa6o.rruvec-
Kr.rx noBepxuocreri, KaK rroKa3aHo Ha prlc. 5. To;uquua
oJIeMeHTapHorï ruHsrt p = LI{ [pr.r groM crpeMgTcr K
HyJrIo, a IIJTLIHa ee Qoxyca Fr = Rl26 HeorpaHrrrreHHo
pacrer. OgHaxo npeJroMJ'rflrou1ne caolicrBa Ha eqrrHtl-
rly AJrnHbr raKo[ cucTeMbr r'rHH3 AocrarovHo 6ucrpo
nepecraror 3aBucerb oT ry rr onpeAer'rrrcTcr Kpuruare-
cxor;i gr1rHolr L, = (pF,)U2 = (pRl26)u2.

Tpaexropux .nyveù B nr.rH3e MeHqercq HerrpepbrB-
Ho r{ oflncbrBaercfl QyHrqueu,r =,r,(:). B To BpeMrr KâK
yfon-, Koroprrù nyv o6pa:ver c ocbro :, oqeBuqHo, pa-
eeH 0 = 0,(:) = dr,ldz. C gpyroû cropoHbr, paccMarpu-
Baq oÀr.{H 3JreMeHT Jrr{H3br c napa6oluuecrutM npoQu-
JreM r,r Aelrafl flpeÂenbHbtû fiepexog. JrerKo rroKa3arb,
qTo H3MeHeHr4e yfnoBofo no!'roxeH[q n] {a oflpeAe-

ilflercfl ypaBHeHueM d0,ld: = -.r,()l L,. flolyvnnurar-

I43BEC'î149. A KAÂEMI{I{ HAyK. CEpUq ô t{3 I{rrE cKAt

Pnc. 4. Tpaerropuu ,rvveli B ÂBorKoBorHyroli ,ruuee; F =
= 0.75L.

cq cucreMa guSSepeHr{r.raJrbHbrx ypaexenuri r{Meer
aHaJmrr.rqecKoe perxeHue. llplr 3ToM Ha Bbrxo[e H3
IIHfl-nuHgsl c trnunorli L nueeu

. r , ( .L )  -  xuCr+OeL,51,

g i (L )  =  onCr . - )1S, .  
Q)

L , '

3gecr r.r ÂaJree ucnoJrb3ylorcs o6oesaueuua C, -
= cos(a1), S. = sin(a.), ut= LlLr.. Kpoue roro, J6 r{ 0o -
KOOpAr.rHaTbr ryrra nptr BXoAe B peHTTeHOBCKVK)
IIHfl-nun:y. Llz (7) crregyer, qro napaMerprr "rrvueri
npu BbrxoAe I,I3 nIH3br rrepr{oÂr{r{ecKll I{3MeHt}OTCq.
Kor4a Ânr.rHa JrrrH3r,r L = 2nnL,, rÂe /? - rleJroe qncro,
napaMerpbr ,ryveli Hâ Bbrxoge coB[a4âror c r{cxoÂHbr-
rtru. 3ro o3Haqaer, qro raKar Jrr.rH3a n:o6poxaer BoJr-
HoBVro $yuxrluro 6e: HcxaxeHl.rù. Ec"nu AJrrrHa J'rnH3br
L = 2n(n + | l2)L,' ro KoopÂrrHarsr lyreri oKa3brBaror-
cfl rrHBepc[poBaHHbrMu. Haxoueq, npn ÂJrr.rHe JrrrH3br
L = n(n + ll2)L, Bce napaJrJreJrbHbre rpaeKTopur{ oKa-
3L,IBarOTCq Ha OnTHqecxol.t ocl.t He3aBrrcl{Mo oT Ha-
qalrHoù KoopÀuuarbr.

Kar HeganHo roKa3aHo r [9], grx nHfl-,'rr.rH:tr
MO)KHO HarrrrcATb aHaJrr{Tr{qecKoe BbrpDKeHr4e Ànt
nponararopa P2Q, .r', L) , roropsrù flBilsercfl flApoM
r.rHTerpaJrr,Horo coorHorrreHr{r rma (l) r.r npeo6pa:y-
er BoJrHoByro Qynrquro Ha BXoAe JrrrH3br gluHorî L n
BoJrHoByro SyH<qlto Ha BbrxoAe 143 J'rrlH3[,r. Analllru-
qecKoe BbrpoKeHrre onpeAeJrrercx Qoprr,ry,rori (12) e
[9]. Ee Mo)KHo To)KAecrBeHHo npeo6pa3oBarb K cJ're-
Aylou{eMy cr4MMeTprrqHoMy Br.rÂy:

Puc. 5. floc,reÂoBâTer.r bHocrb !'r lt H3 c vBe Jr rr rr rrBa roilrrrN,rct
rr[cJ'roN.r 3"'reMeHToB (CJ'reBa) rr napaN.teTpbr oTÀer'rbHofo
3JreMeHTa (crpaBa).
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Puc. 6. Tpaexroputr ryqel:I B HenpepblBHo npeJloNI!'ltrc-

IUCII  JI I IH3E.

r.e. Bbrpa3r{rb qepe3 nponafarop KnpxroQa (l) u
cxoArulufi cq [apa6oJrl4r]ecKr.I I;t Oa3oB bIù M HoxI'{Ter b,
Ho c 6oJlee cJIox<HbIMtt apryMeHTaM[, a [MeHHo: rL =

= L.Sr ,  ot= |  -  Cr '

Asaln.ruqecKllli pacqer 6olee cnox<Horo npo[a-
raropa, onltcbtBaroxrero [epeHoc BoJrHoBoIi $yurquu
II3 IIOCKOCTLI, pac[onoxeHHolI Ha paccroflHrrll ro ne-

peÂ Jr}{H3Où, Ha nJIOCKOCTb, yAa,'IeHHy]o or nl{H3bl Ha

paccroflHlle rr (ct'1. pl{c. I ), BblrorHqerct c floMoulbto

Taorur{Hofo trHTefpana, I,tcrloJrL'3oBaHHoro npn [epe-

xoAe or Soprnlynu (2) x Qopr'lyne (3). Oreer cHoBa

I'IMECT EIAI (3). HO C ÂPYIITMI{ AP|YMCHTAMI,T:

KOH

Jloù ÂJrI{He JrL{H3bI, or{eBI{AHo, KaK flponaraTop' TaK n

$opr'ryna JrrrH3bI repexoÂflT K rlpegeJry 3JreMeHTap-
Holi reopuu. Ycrost{e ua;roù ÂJrr{HbI JrIrH3bI lrMeer

el,tg L ( L,.. B erou cnyqae ÂJrI{Ha Qoryca nvnlot F2-è

-) F = fi.lf ysemrl4Baercr odparHo nporop4{o-

HaJrbHo L npu yMeHbrueHuu L. tlpu 3ToM noryr{eHHoe

Bbrrrle ycJIoBI{e 3KBIrBaJreHTuo L 4 F. MoxHo 6e: rpv-

Aa Harlucarb nonpaBKrI nepBofo nopffAKa IIo ManoMV

napar'lerpy L/F

l ,  |  |
t ' i L  =  t ' i + : L .  r , , L  =  r , , +  

1 t .  
, t  =  F  +  

à L '  
{ l l )

etot nplo:rH>resnr,trî o-"rrn"tut 6rt.n nolyueH
paHee e [Ô] uocraroqHo cJIo)KHbIM o6pa:lor'r. OH ec-

TecrBeHHo BbtreKaer nJ TotlHoI:l TeopnH.

Z: nonyvenHoro Bbllxe aHaJII{TI4r{ecKof o pelxeHIIq
(3), (9) AJIx nponararopa HeMeÀreHHo cre[yer' qro

peHrreHoBcraa IIHII-nnH3a rpeKpacro Qorycrrpyer
u:odpæxenue r Aenaer $yple-npeo6paaoeaHue, r.e.

oHa coBceM He I4Meer adeppauuù npr'r .nro6oit AJIITHe
JruH3bI. Ha puc. 6 nora:aH xog lyveù B raKol'i Jll{H3e

Arq 3HarreHllIî naparrlerPoB r,, = ri = L, rg = 0. 3ru yc-

roBrq BblilorHqlorcq npl4 ur = l'30654' flpu erou

Ft= 0.'793L I4tar, B orcyrcrBrle norJIotLIeHI{q peHT-

reHoBcKaq flHll-nrtrsa rrMeer orJrrrt{Hble onrusec-
KLre cBolîcrBa He3aBLIct{Mo or ee ,qrl{Hbl. YseruqeHu-
eM AJrrlHbI JII{H3bI MO)KHO IOJTHOCTbIO KoMneHcrrpo-

Barb Manvro Benl{quHy AeKpeMeHTa xoesQuqueura
npeJroMJleHilq. .[eI;icrsl,ITer'IbHo. tBHoe 3HaqeHue rIa-

paN{eTpa KpuTuqecKotl g,ruHut J'IIIH3bI HI'{KaK He BXo-

AHT B npuBeÂeHHoe Bbllre ycxoBl{e QoKycltpoBKrl
u:o6pareHnx.

4. POJIb nOfJIOUF'H\\fl

B peanlrroù >Kn3HIr [oKa3areJIL rrorJrouleHrra B He

paBeH HyJIlo, xorfl orHollleHl{e Y= ô/P < 1. noarortv

Bce nonyqeHHble Bbtrrte Sopr'lyllt ocrarcrcfl cflpateÂ-

J.rr,{BbtMII I,t B 9TOM Cnyqae. ecJIII B HILX napaNleTp o 3a-

MeHrrrb Ha n 
- ô( I - ,9. flplr eror,t saaoestu NIHO)KII-

reJr r, B ( 5 ), onucsrs arouluri cxoAt ulylocl napa6o,'t tt ve--

cKyro BonHy. yMHo)Kaerct Ha AononHureJlbHblll
MHo)KJ.rreJrb. y6slnaroqllti no rayccoBy :a<ouy. ,4'la
oÀ[Ho.rHori JruH3bI 3To rIpLlBoAlIT K ecrecrBeHHoNIV
orpaHnqeHurc anepTypbl LI3-34 norJIotLIeHI{t' a cJreAo-

BaTeJIbHo, Ir K orpaHuLleHl{ro AJIIHbI J'II{H3bI. TaK KaK

JII4IIIHT0IO ÂJII{Hy I\IO)KHO IIpOCTO OTpe3aTb IIJItt He

nprrHnNrarb Bo BHIrMaHue. Blr6epelt raKog 3HaqeHI'le

x'= Al2,.rro [r(.r) = (4?r/À)B(-r)lR1 = 2. Torga -rr =

= ÀR/lnÊ. ÂnHHa ÂBoflKoBorHVToù ,rru:ut c raxoù anep-

rlpoù paBHa L = .r2lR = )'l2n!. B peaynlrare trMeel\{

coorHorrreHlre Ha paÂIryc KptrBlI3HbI R = (FlL)(Xl21Ty).

Orcroqa cJreAyer, qro npt{ ÂJllrHe JrilH3bI, paeHoù Qo-
KVCHOMy paccToqHulo u onTI{Mtl3I'IpoBaHHoI,I aIIepT\'-

pe. rpe6oeaHlle Ha paglryc KpI'IBlI3Hbl HeBo3Mo)KHo
BbrnoJrHltTb. TaK KaK [pl4 Tunl'{qHbIX 3HaqeHl'ttIx tr -

- 0.5 . l0+ uru, y- Z' i0 3 rtoJIVLIaeM R < l0-: MKNI. B

To BpeMq xax L = F = 0.5 crvr (npu ô = l0{). Ec:rlr xe
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Py(x,x',t) = r(x, 
fr ')rrr-.r ' , 

r.)Z('r ' , 
, 'r), 

(8)

T( . r , r )=  
" ^n ( - i n ; ) ,

r .  = ( r i + r , \ c L + ( L ,

- t ' '  t '  =  | -UF,

gn  =  Cr -? , t r ,  , ,  =

-t)",
'  (s)

c,-7!,.
I4Hrepecuo, r{To apryMeHTbl Mo)KHo 3arllrcarb B

elrge, xaxoû oHI{ I4N{e}or B SneNleHTapHoÉ reopntl, ec-
xrr BBecrr{ o6o6lr,eunsle paccroqHut I'r ÀJ'II{Hy QoKyca

t iL fuL
f g = f i L l l ' u L -  

\ ,

-  - l
5 , ,  

-  ,

fÀe

t ' rL = f  i *  b1,  r , ,7  = t ' , ,  1b7,

L .  ( l  l )
F ,  =  ) .  b ,  =  P r l  l  - C L ) .

.  J ,

C;regosarerbHo, AJIfl fl Hfl-,rHHslt npou:so,rlHoù

ÂJIHHbr cyqecrByer o6o6uleuHaa Qopr'r,v.rra JIrrH3bI. B

xoroporir KaK A!'IrtHa cloxyca. TaK I{ paccroflHlJl 3aBtl-
cqr or ÂJrI'rHbI JrI,IH3bt He,rtrHerluut't odpa:otut. flpu ua-

(  l0)
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uc[oIrb3oBaTb onTr{Mr,r3r{poBâHHyro aflepTypv rr 3a-
AaHHbrr{ paavyc Kpr{Br.r3Hbr, Koropbtri onpeAeJrflerc{
TexHoJrorueù, ro lHn3a Bcerga KopoTKa no cpaBHe-
Hrrro c gnr*rol;i Qoryca. 3alrerlru. qro c pocror.,r R
areprypa pacrer rax Rl/], AJrr{Ha $oxyca - rax R, a
AJrr.rHa rrrH3br eoo6ule He 3aBuclrr or R u onpeÂerqer-
cq rorbKo [oKa3areJrelr nor:rorqeuru B.

Taruru o6pa:ou, ÂJruHHafl oÀ[Hor{Haq Jrr4H3a - no-
HflTve AoBoJrbHo ycJroBHoe. Ecln nnHaa HacroJrbKo
AlrvrHuafl, qro ee AJrr{Ha cpaBHrrMa c SorycrtrM pac-
cTorHrreM, To npr4 AocTr.DKt4MOM paArryce Kpr{BH3Hbr
oHa neu:6e)KHo He Hcrroirb3yer Bcro cBoro aneprypy,
r.e. pa6oraer roJrbKo rleHTpaJrbHar rracrb JrrrH3br c ro-
pa3Âo ruessruel.r Â,rnHoù.

llpmqnnraJrbHoe orJrrrqr4e cocransolî JrrrH3br or
oÂuHoqHon Jrr4H3br cocTor{T B ToM. r{TO C yBeII{qeHUeM
trr4c!'ra 3!'r e MeHToB rrpoucxoÂnT e s$erTmnoe yMeHb-
rrreHr.re paguyca Kpr{Bt{3Hbr npoQunx $a:oeoli no-
BepxHocrr.r He3aBrrcrrMo or norJrou{eHlrx. fipyrurlrl
cJroBaMr4, nperoMJrqloulne cnoûcrBa cocraBHori nus-
3br 3aBrrcflT or ee ÂJrHHbr. llpu 3aÂaHHoM pagtryce KpH-
Br{3Hbr R ogHoro 3JreMeHTa efo MaKcr{MaJrbHafl ToJr-
u\rlHa p orpeÂeJrrer reoMerpur{ecKyro aneprypy: a =
= 2lR(p - d)ltl2. rge d - MrrHr.rMa!'lr,Har roJrrur{Ha JrrrH-
3br, Koropaq o6rrqHo MHoro MeHbue p, ll nprr Bbrflon-
HeHr.Itt KaqecTBeHHr,rx oqeHoK ero Mo)<Ho flpeHe-
6pevr. 3ra aueprypa paOoraer rronHocrbro roJlbKo
rlplr raKoM qucJre 3JreMeHToB N, qro pN = L<7,"14n8.
.[:u rnnrl.*rlrx :naqeHufi À - 0.5 . 10-8 cru u B - 2 . t0-,
rroJryqaeM L<0.2 cla. B groil.{ crvrtae Jrr{H3a eule Ko-
poTKa AIq rlcnolb3yeMbrx Ha npaKTr.rKe 3Ua.reuru.r
aneprypbr, TaK KaK ycnoBne L < F sKBr{BaJreHTHo yc-
noBr{ro a> (Xln)(2y$fr/2 - 0.005 rnru.

ta,rsHeùuree yBeJII{r{eHHe qucJTa e,reueHron eS-
$errueHo rrpnBo4ur K yMeHbueHulo paguyca Kpn-
Brr3Hbr. xoTq anepTypa y)Ke [cnoJrb3yeTcl nurxb qac-
TI{r{Ho. Ecnu e cryr{ae c oÂgoii ,rnH:où vBe,'IuqeHl4e
AJrr{Hr,r Jrr{H3br IIpu 3aAaHHoM paÀtryce Kpr{Bn3Hbt V)Ke
Hr{qero He MeHrer. To Arq cocrasHorl J'rurH3br yMeHb-
neHr.re eQQerrunHou aneprypbr corpoBo)Kgaercq
e$Sexrlrenr rM yN{eHbtxeHr{eM paÂr.rvca KprrBrr3Hbr, a
cJreAoBarenbHo, r{ AJrr{Hbr Qoxyca.

QoplraltHo B vcJroBrnx),'trleHbrueHlra eQ$exrnn-
uoù aneprypbr Mo)KHo 6sr,ro 6u yMeHbrxarb ro,irquHy
3J'reMeHToB, yv{eHbrxafl TeM caMbrM ÂJrr{Hy nmrsrr. Ho
)î,{eHbueHr4e ToJrrqr{Hbr 3JreMeHToB orpaHrrqeHo Tex-
HoJrorrrqecKrrMrr nprrl{Hauz. .{ericrBureJrbHo, trycrb
p! =_L = ?vl4n9 = 0.2 c.M, q,rnnatporycâ F = R/2ôl/, npn
L = F u:'.leel,r N = 2re{Rft, u p = 2D6l R. llpu R = 0.2 mr Ang
)'Ka3aHHbrx Bbrrxe napaMerpoB rrMeeM p = 5 . lù-5 r,nl,
B To BpeMrr xaxN= 5 . l0+. 3rn napauerpbr Haxo4rrcq
3a rrpegeJraMrl TexHoJroruqecKrrx eo:N{o)KHocreii.

Telr ue MeHee trprl 3aAaHHoM paqnyce xpurlr:Htr R
AJTHHa Soxyca F uoHoroHno y6rreaer c pocrorrl N.
flpn :agaHHori ro.nrquue qntta p nilvHa JruH3br 7 = pN
MoHoroHHo pacrer c yBeruqeHr.reu N, noerolvry yc,'ro-
swe L= Flerro BbrnoJrHr.rrb. flpu:rou e$serursHaa
a[eprypa raroù JrrrH3br 3aBr{cr4T or ee ÂnnHbr t{ co-
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craBJrrer MaJryro qacrb or reoMerputrecror.i anepry_
pu. O4naxo erori afleprypbr eqe ÂocraroLrHo AJrq
n:o6pa>xenru uurpoo6reKroB. Hanpuuep. KaK no-
Ka3aHo e [9], npu p = I nru, R = 0.2 pç{ JrrrH3a u3 aJr;o-
v.vtnyrs.npu 3Heprr{u SoronoeE= 25 rsB $oxyorpyer
napaJrJreJrr,Hrrlr nyvox Ha cBoeM KoHrle npn N = 534.
I4cno.rrr:yr roqHoe Bbrpa)KeHrre Àrq nponararopa (8).
Mo)KHo noKa3arb, qro B sroM c.lrwae Ar{aMerp gu$pax_
rgronHo )ïrupeHHoro SoxycHoro nnrua 0.ll MKM,
a eS$erruBHar areprypa 100 rlrc,l.

5. OUEHKA PA3MEPOB AfIEPTyPbT
I,I OOKyCA Ânq nHn_II,IH3bI

Bærsoe npaKTt{qecKoe 3HaqeHr.{e uMeer rotrHoe
3HaHrre raKr.rx napaMeTpoB, KaK pa3Meptr eeeerrna_
uoù aneprypbr peHTreHoncxoù Jrr,rH3br n pa:uepu $o-
KycHoro rrflTHa nplr SoxyclrpoBKe n,rocxolî so,'rHrl. B
orrTrrKe Br4ÂrrMoro cBeTa anepTypa 3aBucuT oT feoMe_
Tpr.rqecKux pa3MepoB Jr{H3bt, T.e. or rori nlorqagu,
npoxoÂr qepe3 Koropyro, J'ryqu 3areM cxoqrrca e So_
ryce. B cnyqae "ToHKoii" norJrorqarcu{eli IIHII-nus-
3br ÂJrfl 3TOro AocTaTorrHo paccMoTperb pacnpeÂeJre_
HLIe I'IHTeHCIIBHOCTI{ U3r'ryrleHnq cpa3y [ocJ're JII{H3br.
flpu erou :QSexru*ryrc areprypv orpeÀenfler no-
rJroIrIeHHe r.r3JryrteHl{t B MareprraJ're lrrlrH3br. Tax xax e
nycToM rrpocTpaHcTBe rrHTerpaJrbHaf, rrHTeHcr.rBHoCTb
BOJrHbr COXpaHfleTCq, Me)KÀy pa3MepaMr{ anepTvpbr r.r
Qoryca cyulecrByror npocrbre 3HepreruqecKtre coor-
HoueHr.rq. .{lr llrH:u npor{3BorbHol,i gnlrust, paccMa-
Tpr.rBaeMo[ e qauuoù crarbe,.raxori noAxoÂ He roÀHT_
cl, TaK KaK r{acrur{HaflvrIrrt norHaq Soxycuposra na_
Aalou4erl nnocroù BoJ'rHbr Mo)Ker npoucxoÂurb B
cauoli Jrr{H3e, rrooroMy pacnpeqeJ're Hr{e r.rHTe HcrrBHoc-
Tu r.r3JryqeHns cpa3y :a ,rnHsoù He Àaer npeÀcraBJre-
Hr{q o peaJrbuoù aneprype JrHH3br.

Aneprypy gluHHoiï llHfl-,rnn:tr B frprrHrlrrne
Mo>KHo onpeÀeJrr.rrb vepe: ceoiicrBa npo[afaropa
G(x,, x,,). Pacclrorplru 3Âecb Apyrolî. 6o,ree npocroù.
trogxoÂ, ocHoBaHHbrr.r Ha 3HeprertrqecKr,rx coo6pæxe_
Hr.rrx: rroÂ eQQerrlreuor:r aneprypoù .nuHsÉ,1 6yqev
noHr4MaTb r.rHTerpaJllHyrc IHTeHCI{BHOCTb fi3J'IyLreHlrq
e Soxyce, T.e. qacrb t{HTencrrBHocru flrocKou BoJrHbr.
KOTOpar [polxira qepe3 JTHH3V He nofJ'roTrrBllrucb.
llplr erou [apa3lrrHoe nor!'toqeHr{e Ha ToHKr.rx qac-
Tqx aJTeMeHTapHbrx Jrr{H3 c ro,rrquHoii d (crrl. plrc. 5)
Mo)KHo He yr{rrrbrBarl. OrpaHHv[Mcq cryrraeM, KorAa
AJruHa Jrr{H3br L< h- @12)L,. r.r JrHH3a Soxvcrapver Ha-
6eraroulyro BoJrHy B npocrpaHcrBe 3a co6olr, r.e. Ha
paccrorHr.ru r, > 0. OvenrqHo, aMrrJ'rurvÂy BoJrHbr rro-
cr're JIuH3br rlprl ocBeilIeHl{tl ee n,rocroli eolHora no,ry_
qrrM, Bbrr{ucrqr cBeprKy npo[araropa G(,r,, "r,,) c e4r.r_
nnqHoù Qyurqraerl, He 3aBrrcflrr{eri or KoopgnHar"
ToqHee, r.rHTerpnpyfl no KoopÂrrHare .rr. tr4Hrerpa.rr
cBoÂr.rrcr x npeo6pa:oBaHr.rrc <Dypre or ravccoeoÉ
QyHxqHll r,r Bbrr{uc,'rqercfl TortHo. B pe:ynlraie
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3gecs i(, rroJryLraer cn uz L, saN.{eHoû ô ria ô( | - iy), a c 1,
^r1 - rr3 C1, S1 3âMOHoir ,L. ua :..

3auetulr, qro pe3yJlbrar He 3aBI,IclIT or paccrofl-
HLls. ro. C $n:uuecxoû roqru 3peHIUI, oqeBugHo, r{To

3TO BbrpDKeHUe Mo)KHO noJlytlr{Tb u He[ocpeÀcrBeH-
Ho rr3 nporararopa u:o6pæxeum (3), (9), paccuarpu-
Bar roqKy e6rraau onrx.recroù ocll Ha 6ecroHe'IHov
paccrofHlll{ ro \r aeilA ero Ha aMnJrI{TyAy rlponafaTopa
KHpxroQa Ha roM )Ke paccroflHlrt{, rocKoJlbKy ror{eq-
Hslù ucro.{Hr{K Ha 6ecxonequoM paccroflHtûr aae'r
nJrocKylo BoJIHy flepeA anepTypoil J1l1H3bI.

Kax cnegyer us ( l3), nrocKaq BoJIHa nepeÂ,'t[H:oÉ
npeBparqaerct B rayccoBy BoiIHy rlocJre ,rnu:lt. llpu-
HilMafl BO BHUMaHrre, r{TO [apaMerp noulou{eHuq Y <
( l, g;rr KaqecrBeHHoù oqeurlr Mo>KHo l{cnoJrb3oBarb
.nuHerinoe npu6,ruxeHrle no y. C yverortt npl'{Hqroro
ofpaHlrqeHlrq Ha ÂnI4Hy Jrl{H3bI rrMeeM cooTHoIrIeHI{fl
sr = Sr - i (yl2)u yC r, c r = C t + i (yl2) u 25 to z, = L,(l + iyl2).
Marculryn ,qocrllraerct Ha paccroflHvtv ri = F2C2.
flpn arou

lA( . r , ) l t  =  I  
"^of - .#- t t '1 .^ { a t  . \  y ^ r t a t  t  

( 1 4 )

u L =

4',74

A( r , )  = (*e jLrr)" ' .^o(- ,n

tr{cno,rlayx loryqeHHoe BEIpDKeHI{e, gnx :$Qex-
rusHori aflepr]pbr Ao. onpege,rqeN{où KaK [HTerpa,'Ib-
Har rrHTeHcIIBHocrb Soryca, u Arq florHoir urnpmu ua
noJIoBI{He BbTCOTbI nllKa TTHTeHCI{BHOCTII Sr TIOJIT{ae N,{

4 = Jdx,la(',)l' = (rr!!t 
''' 

,

sy = 0.664( y)"Frur1tt., ,, = o.al?

KOH

6. COOKYCI4POBAHHOE I,I3OEPAXEHT'IE
MI4KPOOE'bEKTA

B pea:uHoli cr{Tyaqur{ peHTreHoBcKoro 3Kcnepu-
MeHTa c rroMorqbro JII{H3sI u:oOpaxaetcfl orHocl{-
TeJrbHo roHrurû o6r'exr, xoroprtù ocBeulaercfl BoJI-
Hoii, u:,t yuaeNrol:i ro.Ie.{HbI M I{crorIHI,IKoM, pacnoJlo-
xeHHbrM Ha paccro{Hl{I{ r{ or o6terra u lrMerorlnM
iloilepeqHbre KoopAI{HarbLy( II 1',. Kax [paBI{JIo, IIc-
TOqHI{K r.rMeer KoHeqHbIe pa3Mepbl, Ho pa3Hble Tor{Krr
ucrorlHrrKa HeKofepeHTHbI, nogToMy ua nocnequeù
cra[ur.r pacr{era Heo6xognlro npoBecrl{ I{HTerprrpoBa-
HIIE NHTCHCI'IBHOCTI4 rlo KOOPAT{HATAM ITCTOI{SUTA. B

STOM pa3AeJre orpaHur{HMcfl cJlyr{aeM. KorAa paccTot-
HI'IC OT IICTOTIHIIKA ,qO OoICXTA AOCTATOqHO BCJIITKO II

yriroBbre pa3Mepbl flcroqHuKa B nJlocKocru o6'beKTa
He npeBbnxarcr xapaKTepHblx yrJIoB paccexuu-a o6's-
eKToM. fipyrurr,rlr cJIoBaMr{, BbITIoJIHfl}orct ycJIoBIrt
KorepeHTHoro u:o6pa><enru.

HoprnluponaHHafl BoJrHosax Qynxqru B rlJlocKocru
naodpaxeuna lttxpoo6reKTa BbltrncJlflercfl c noMo-
ulblo HHTefpa!'Ia

A("(x , ,  y , ;  =
( l6)

f Â e r r - l " r * t " , * f ; ,

Gf'){ .r , ,  J ' i .  t ro,  ) ' , )  =

( t7)

Oyuxqnr G,(-r;, x,,) = G(xi, x,,)P(r,, -,r,, r,) npeÀcraBJlrt-
er co6or.r napqlraJlbHbltr nponararop tl:o6pæKeHut
o6'sexra, a SyHxqra T(xn, y,,) = exp[iv(,r,, y,,)] onucrt-
Baer rrepeHoc eoruosori Synxqun u3ryqeHut r{epe3

unrpoo6reKr, T. e. rarflerca Synxqnerl o6r'erra.

SxcnoHeuqua,'lr,ssrù MHo)KHTeJII e Sopuy:re ( I 7)
oilr.rcbrBaeT rlapa3ltTHoe norJIoIqeHIIe Ha roHKI{x qac-

Tqx 3reMeHTapHbIX JIIIH3, Ho $arrtluecxr.r He yr{acrBy-
er a $oprntupoBaHl4l{ u:o6pæxennx. l,lurerpa.n n $op-
Mv,'re (17) e o6qeN{ cnyqae Mo)Ker 6ltrr, paccvuran
TOJIbKO III,ICJICHHbIMI,I METOÂAMII, TAK TAX QYTTXqNA
lt(-r,,, )',,) 3apaHee He onpeÂeJ'IeHa II 3aBuclrr or crpyK-
rypbl rrrr.rKpoo6re,xra. C qpyroù cropoHbl. qgpo uHre_-
rpaJrbHofo npeoopa:oeaHut l{Meer aHaruru'{ecKuù
BrrÂ, Lrro cyxlecrBeHHo ynpoqaer pacqerbl tr ÂeJlaer
lrx 6o,'lee ror{Hbt MIt.

Ha ocHoee Soprqrn (l), (3), (9), ( l6), ( l7) pa:pa6o-
TaHa yHr.rBepcanbHaq KoMnblorepHat [pofpaMMa Ârq
pacqera u:o6paxeuuli tutlxpoodteKToB. llporpar'lna
Hanr{caHa B cpeÂe "[gor-Pro" Snprnlrr "WaveMetrics"

I I l] ra no:roJ'rter B I{HTepaKTIIBHoM pe)KI{Me 3a,qaBarb
napaMerpbl Ânt pacqeTa u nolyqaTÉ, foîoBble KapTII-
Hsr u:o6paxenuù. flporpaMMa cnocodsa pa6orarb
flpn pa3Hblx 3HaqeHlltx napaMeTpoB, BKn]oqaq KaK
qacrsrrri c,ryuaù pacqer cQoxycr.rpoBaHHoro u:o6pa-
)KeHnq, Korga BblnorHqercfl o6o6qenuar Soprly,la
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l.tl 3 i
À(:. c1 - r is r-)

L?,.i)

= xr, ldr,,r l .r , ,G1."(,r, ,  ), , .ru, -yn)z( xn, Iu),

= exp(-tftn 4 t)c,{*,,x,,)G,,(v;, ),).

(  l s )

[4s no,rvqeHHrrx QoprnryJl cneÂyer, qro orHoile-
nue s "f A,, = 0.94yu t, npllqeM B npeÂeJre'o.rosroli",tItH-

zst L 4 Lu r.rueelr at= l, a B npe,qene car.ao$oxycllpy-

roqerî JruH3br L = h r{MeeM a1,= 1El4 = 0.785. C,'rego-

BareJrbHo, crerreHb c)Karuq nyrlKa B cpeÂHeM paBHa
0.8y u goeoirlHo c,ra6o 3aBIrcr{T or ÂnIIHbI flHll-,'tnu-
:sl. C gpyrori croponsl, eSQexrueua-fl areprypa JInH-

3br yMeHbrxaerct c pocroM L rar F.-. 3aruerlrM. t{To

g:ra cauo$oKycupyloqeli,rnngt't Fr= L* r.e. o6o6-

rqeHnafl ÂJrr.rHa Soxyca e 1.57 pa3 MeHblrre ÂJII{HbI ca-
rr.toù ,ruggsr. Ovewrqno, 3To Mt{HI{MarF,Haq g.nrana $o-
Kyca, Koropylo Mo)KHo fIoJIVr{I,lrb Arq nuH3bl C 3aÂaH-
HbrMrr rapaMerpaMlr pâÂIIVca KpuBI{3HbI R, rolrquHlt
gneMeHTapHoii ,rnïebr p n AeKpeMeHra xoeQQuqueH-
Tâ rrpenoMr'reHr.rr ô.
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IIHII-nnnsbr r{ napqrra;rrssIù nponararop cLIJIbHo
JIoKaJIII3oBaH oKoJIo u:o6pæ<aeuoû ro.rKu Ha MI,IK-
poo6rerre.

tr4Hrepecuo, r{ro caM no ce6e Qaxr HeognopogHo-
fo flofJroqeHrrrr B peHTreHoBcKofi JrrrH3e rrpHBoAr{T K
neo6r,r.rFroÀ,{y e$Serry BI{AI{MocrII HeoAHopoAHbIX
rpo3paqHbrx lrlrrpoo6'reKroB ua cSorycupoBaHHoM
n:o6pureHun. llpnueu grx c;ra6oueoÂHopoÂHblx Mr4-
xpoo6rexroB TaKrre uao6paxeulrq flo3BoJrflror Helo-
cpeÂcrBeHno Br{3yaJrrl3l{poBarb rpagueHT cgnnra Qa-
3br, co3AaBaeuoù wrpooO'rexrou B ToqKe Hao6pa-
>KeHIIfl, [I TeM caMbIM [3yr{aTb efo BHyrpeHHroto

crpyKrypy. 3ror nsrnog 6rr.n cgelaH eule B [0], u ou
nonHocTbro nprrMeHuM I{ K Ân}rHHbIM JII{H3aM C MaKCr.r-
MaJrbHo KoporKr.{Mrr paccroflH[qMr4 IIpr4 3aAaHHbrx pa"

Âr4yce Kpr{Br{3Hbr r.r roJlrlr.rH e orAenbHbrx 3 Jre MeHToB.

B raqec'rne rrplrMepa nc[oJlb3oBaHr{rr [porpaMMbr
Ha pnc. 7 nora:aHu u:o6paxeHnq lvrnKpoo6l'exra e
BrUe KpyrJroro orBepcrru{ Al{aMerpov 3 }r{KM B c.roe
KpeMHHrr ro.iruruHofi 3 rtrru. Ocr oreepcrnq napan-
reJrbHa ocu i (onru.{ecKot ocu), noerouv Ha rpaHrlrle
orBepcrr.rq Bo3Hr{Kaer cKar{oK Sa':rr. PtrcyHox noKa-

3brBaer pacnpegerrenue F(x,1') = 4")(r, )')ll. 3ra Qvur-
L\nq oflucbrBaer r{HTeHcnBHocrb n:o6paxeunfl orHo-
CIITEJ]bHO I,IHTCHCI{BHOCTII TOqCqHOfO HCTOqHIIKA B

cryr{ae orcyrcrBrDr rrluxpoooleKTa rr ,ruH:st. llpu
3ToM r{epHoe [oJIe coorBercrByer F,,,1,,, a 6e,roe -

F,.*. 3naveuur Fnin tr Fn* noKa3aHbl HaA KDKnbtM

SparveHrolr. Pacqer Bbrno,'IHeH AJrr 3Hepfnu Soro-
Hos E = 25 xeB, a ilapaMerpbl orAeJlbHoro 3neMeHTa
coorBercrByK)T Jrr{H3aM rpyrmbr JIenre;repa [6], r.e. ua-
replIa,r - a.nrouunuri, R = 0.2 MM, p = I m,t, d = 0.01 rrlr'1.
t{uc,ro gJreMeHToB N = 100 . B sroN{ cnvqae AJrr.rHa

Jrr{H3br L= 0.1 u. F= fi p= 1.157 rrr. Fr= L,.ftv1(t 11,,.1=
= 1.174 M, paccrorHrlfl.[\rrfl r.r:o6paxeHm urarpoobt,-
erra 6e: yBernr{eHI4t t"i= t 'u--2.29'731t. Toqeqnr'tù rtc-
ToqHrrK Haxoglrrcr Ha onrr.IqecKoli ocr.r Ha paccrosHrru
r, = 40 M or MrrKpoo6rerra. Cxaqox $a:rr na rpaHrr-
I{e orBepcrllq Aq = -O.29+, roe$$uqueHr nornorqe-
Hnq B nracruse 0.00 l. OqeHI' ualr,ui roeQ$nqlleH'r
norJlou{eHllq no3BoJ'rqer crnlTarb nurpoo6reKT co-
Bep[IeHHo npo3par{Hbrrnl. .tl e itcreureJr bHo, 3HarreHrrq
LHTeHCTTBHOCTU B r{eHTpe H:O6paXeur.rr rtrurpooo.b-
eKTa r{ BHe ero Ha QparueHrax 6-z [paKTuqecKu paB-
nu. Ha $parrrrenre a KoHTpacr oqeHb c,'ra6brti, rlo-
3TOMV MO)KHO 3aMerr{Tb rrpocBerXeHr.re B rIeHTpe U3O-
6paxeHnr orBepcrnr.

C gpyroû cropoHbr. IIHII-,ruH:a orqerJu.rBo noKa-
3brBaer xpar o6rerra, fge HMeercr cKaqoK Qa:st. Ha

$parlreHre a lrnrpoo6reKT HaxoÂrrcfl B qeHTpe Jrr{H-
slr. B gror\4 cJryqae rpaH[IIa n:o6poxaercr oAHopoA-
HO nO BCeM HanpaB,'IeHII'M KaK IIOHIDKeHHe UHTeHCUB-
HocTri. Ho KoHTpacr oqeHb cra6url - oKoJro 0.8o/o. Ha

Sparuenre 6 r"lrarpoo6reKT cÀBr.rHyr Ha 50 NlxM ene-
BO OT qeHTpa JrlrH3br. a n:o6paxeHrre cÂBr.rHyTo B[pa-
eo. Bnguo o6u1ee vMeHbrueHue HHTeHcuBHocrrr, cBr-
3aHHoe c HeoAHopoAHbrM nofnouleHueM e ,'urH:e. Ha

49 -5t )-J

r', . l0 urrrr

Puc. 7. CQoxycilpoBaHHbre u:o6paxeHnr ulrxpoo6rex-
ra r Sopue orBepcrr.rr ÂrraMerpor\{ u r.ny6unoù 3 rurNr e
pa3Hbrx no3uullrx orHocrrreJrr Ho rIeHTpa flHfl-,r ns:sr.
Mrrsûua;ruHoe Fn;n u MaKcuMa,'rbHoe dr,,, :ua.reunl rIIr-
TeHcrrBHocrrr rr:o6paxeHua o6.serra. orHeceHHotl K t H-
TeHcuBHocrlr ocBculeHlrt o6-r 'exra Ha orÀe,ruHsrx Qpar-
MeHrax paBHbI: (a) Fn;n = 0.788. F-n" = 0.802; (6) F,rr i , ,  =
= 0.362. I'rr, = 0.50-5; (e) Fmin = 0.362. Ëmax = 0.50-5;
(z)F,r1n =0.177' Fmax = 0.302' YnenlueHtre orHolrreHI{t
cBq3aHo c norJroilIeHneM B,'tIIH3e.

eroll Soue rpaHrrrla lurxpoo6rerra ueo6pæKaerct
cuMMeTpurrHo oTHocI{TeJIbHo foplï3oHTaJrbHor.r ocu,
HO acr,rM Merpr{qHo orHocr.rrenbHo BeprnKâ Jr bHoÉ ocrr,
IIpuqeM KoHTpacr ÀocTaToqHo BbtcoKr.ru. a uMeHHo
16.54/o. Ha Qparr'aeHTe 6 Mr,rKpoo6rexr cABnHyr Ha
50 r"rxw BBepx, a Ha SparrueHTe z cÂBnr pâBeH 50 rraxv
BBepx r{ BJreBo. Ceoùcrea cr.{MMerpr{rr n:o6pur<eHux
oqeB[ÂHbr. 3auerurrr. rrro KoHTpacr Ha $parMeHTe z
eule Bbrue r4 paBeH 26.10/o. lIIupHHa KoJrbqa, paBHar{
0.4 r'lru, paBHa reoperr.rqecKoMy npegeJry pa3peue-
Hl.lfl JrI{H3bt.

3alrernu. .rro fIHII-rHH3a lr3 100 aneueHToB errle
c xopoueù Tor{Hocrba r\{o)Ker cqrrrarbct rouxoù. rax
rar L = Fll0.,rlnH:y c raKr{M Lrr{cJroM gJreMeHToB rrc-
noJrb3oBaJru, Hanpr{Mep. e I I 2]. Pacqer grs Jrr{H3br, co-
croarqeii u: 400 or'reMeHToB Â aer KaprLIHbI, aHaJlorr{tt-
Hbre [oKa3aHHbrM Ha puc. 7, Ho c pa3peueHrrer,r e 2 pa-
3a,TyqlruM: oKoJro 0.2 rnlrrra. Cpegnlr orHocI{TeJIbHafl
r{HTeHcuBHocrb paBHa =0. l8 Anq Qparr'leHra a u =0.0 I
gnx Sparr'resra e. B ro >Ke BpeMrr KoHTpacr q"rrx Qpar-
MeHTa z noqru l)Do/o-tnsn. B erou cJrflae L = 40 clt, F =
= 28.925 cu, F. = 36.85 cM, r"r = r,,= 51.0243 cu. Tarunr
o6pa:ou, HecMorpq Ha HeKoropyro rroreplo r{HTeH-
crrBHocrr{,,qrHHHaq fl H fl -,rltr:a o6,ragaer nyqrrrlrMu
onrrrrrecKr,rMu ceorlcreaN{rl, T. e. 6o,r ee Bbr coKuM pa3-
perxeHr{eM n rrleururefi g,ruHoti $oryca. .Il,rnna aKcne-
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