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rrpn HeKoropofi qacToTe Bpau1eltxfl BaJIa Mox<Ho flonyqaTb npaKTuqec-
Krr lyfleByK) yrecKy

flparmfa noKa3ara, qro neJrb3fl orpaHuquTbcfl AJrff Bcex yctloBurt
H H$rpyx(enHfl oAHHM TnnoM ynnorHeHHs. PaqHoHaJIbHbIfr sux

8H6trpaKn AJtf, Kourperubtx 3aAaq npHMeHeHHr Ha ocHoBe
Sltatn3a oco6enuocrefi pa6oru increult d ee,arperaroB-

B CorprireHRHI m4pocltcreuax qtrse Bcero npnueHnui' KoHraKr-
fi,1qAmf entrg c slactliqnHM H rePMern3npyloulu M H eJI eM eHra rrln 

- 
( p e-

hfll, XOxa f, noAoduue Hu HaTeprlaauJ. OAHaxo KoHraKrHbIe ynJlor-
Eg f,etrPgreurilb( B yflPaBnstotrlnx ycrpofictBax cJleAflwux npldBo-
iy KOfOPt{( .[nf, floryqeHnt 3aAaHHux'(uau1e Bcero .nuuefiHrtx)

'pactrolrofi r cnaosof, xapaKrepncrnK seo6xoAuMbl orpeAe.neHsofi Qopt
fg{yu trpo0n_rn npoxoAnbrx ute.nefi H nepeKpbrrnfl, HsMepfleMbre TeJIHTILI-"
" :.fiamn B rrecKotbxo MrrKpoMerpog. B rroABHxHbrx coeArrHeHusx KgH.:

TaKTHHe ynnorHeHHfl, cog[ardr gHaqareJrbHoe rpeHHe, noBblllrarcIlleecfi

.-no Mepe yBennqeuHfl AaBJreHHs ]KHrKocrH. Osu 6ucrpo H3HarII,IBaIoTcs,
BecbMa tlyBcrBr.rreJrbHbr K HafiHqnro ,r{acrilrr garpff3HeHr.rfi s xI,IAKocrI,t-
OAHHu J{g cepb$Hbrx HeAocrarKoB yn.norueuuft, H3roroBJreHHbIx us
gJlacrrrrg.blx MarepHaJIoB, flBJltercg LIx HH3Kag renJrocrofixocrr, orpa-
HHrIeHHafl r,Jrfl 6o.nrruHHcrBa oJracroMepoB TeMneparypofi + 150" C-
OAHaro B HeKoropbrx cucreMax cneuuaJrbHoro Ha3HatreHus, HarrpuMep
B rHApocHcreMax cBepx3ByKoBblx peaKTHBHbrx caMoJreroB, uepxHraft
npeAen reMrreparypbr 3HarrHreJrbHo Bbrrue +150"C n uoxer Aocrrrrarb
+538"C. B pannofi Mepe yrJrorHeHr.rfl rrApoarperaroB AoJrxHn 6nru
pa6orocnoco6snuu npH orpHqareJrbHbrx reMlreparypax Hapy)Knoro
Bo3Ayxa, Aocrnraroulux -60" C. B xuAKocrHbrx paKerHbrx ABr{rareJrflx,
rlarlpuMep, yrrJrorHeHnfl AoJrxHbr pa6orart npu reMreparype -183" C
(a;rn )KHAKoro KucJropoAa) u reMrreparype MacJra +315"C.

Hexoropue >KHAKocrH Ha crlHTerurrecxofi ocHoBe, paspa6arbrBae-
I\Ibre AJrfl BbrcoKoreMneparypHbrx Tn4pocucreM, Bbr3brBaror nu6o qpe3-
MepHoe Ha6yxaune y[JrorHnTeJrbHoro Marepu ana, nu6o ero 3HarruTeflb-
Hyro ycaAKy. O'reHr MHorHe sJracroMepHbre cocraBbr npn coBMecrHoM
AetlcreHu eHcoKoft TeMneparypbr H AaBJreHr.rfl noKasaJrr{ pesKo Bbrpa-
xeHHoe ocTaToqHoe clr(aTr.Ie, B pe3yJrbTaTe rrero yrrJroTHeHHe TepfleT
repMernqnocrb. I,IsHcxauHe rpHroAHbrx Marepr{aJroB ynJrorHeHnfi AJrfr
BblcoKoreMfleparypHbrx cHbreu oKagaJrocb qpe3Bbr.rafiHo cnoxsort ga-
4auefi. l4s 1257 pasruqHbr.'( c?rrrrerurrecKr.rx MarepHaJroB, paepa6aru-
BaBIIrHxcfl H HcnbrraHHblx n CIIIA, Jrr.rlrrb oqeHb HeMHorue HaruJrn rrpn-
IvIeHeHHe V4. MaJroBepoflrno B 6y4yuferu ox(HAarb o6nerqeuwn pa6o-
Tbr ynJrorHeHlrfl. !,an"nennfl B-cxcreMax HMeIoT TeHAeHuHIo K gHaqu-
reJrbHoMy Bo3pacraHHro, a AeraJrflM npHxoAHrcff pa6orarr npu 6o.uee
BbrcoKrrx cKopocTflx.

A.ns .".t i* c BbrcoKofi pa6ouefi reuneparfpofi u 6o.rrruruM AaBJre-
HHeM eAHHCTBeHHO rrpHroAHbrMtr yrrJrorHeH[flMr4 6ylyr, BepoflTHor
ynJIoTHeHHfl c MeraJlJruqecxoli 

- 
Ha6Hsxofi , ropuoBbre ynJrorHeHrs, a raK-

x{e uleJreBbre H .ua6npr.rnrHbre yrrJrorHeHrfl,, B KoHcrpyKqnro Koropbrx He
BXOATT AeTanH Lr3 SJraCTOMepOB..

llle.reeHe u la6npuHrHbre ynnorHeHufl (pnc. 1) runpoKo pacrpocr-
paHenbr B arperarax ionpeMeHnbrx rHApaBnnqecKl{x, MacJrsublx .n Ton-

4

v ' /

777r,.VZ:n
J
A, a)

Puc. l. Cxeua qeflesoio (a) , nalnpuuruoro ynrrorHenufrr (6):
nnyH>Kep; 2 - runtsa

JIHBHbTX CHCTe.M: B HaCOCaX V fHApOABHraTeJrsX, B paC[peAeJrHTeJIbHbIX

I{ peryJrnpyrournx ycrpoficrnax, B cH.[osbrx uHJrHHApax. IIIe.reeHvI
yrIJrorHeHHeM Ha3brBaror gasop rvrex{Ay conpfiraeMbrMH AeraJrflMu, Roto-
pnfi, orpaHuqrBar,.yrerrKy, Heo6xo4rtu L[rfl, o6ecne.retLrfl, Mantofi cu.uu
TpeHHfl npu .ornocuTeJrbHoM rrepeMeuleHnn ynJrorHfleMbrx Aera.rreft . tIIe-
JIeBbre ynJIoTHeHnfl rrpr.IMeHflroT B arpefaTax c MaJrbrMH Ar{aMeTpaMH'
IIJIyHx{epoB H BaJroB, He rrpeBbr[raoxlux 100 urvr, H npn AaBJreHHflx Ao
60 trl l la. Ha"rnqne-HeKoroporo rapaHrnfisoro 3a3opa MelKAy ynJrorHfl-
eMbIMH AeraJIflMH He rlo3BoJlfler rtoryrluTb ltoJlHoft repuera.{uodrH. llo-
aroMy 6ecxoHraKTHbre ynJrorHer{Hff npr.rMeHflror I TaKHx ycrpoficreax,
r,ue',uonycKaeTcs HeKoropafl . yreqKa )KHAKocru. OrcyrcrBue H€rroCp€[,:
crseHhoro KoHTaKTa Me>KAy conpflraeMbrMH yrrJrorHfleMbrMr{ nonbpxHo-
cTf lMLI,  ITOMHMO CHHII{eHHfl  MeXaIIHqeCKHX IrOTepb Ha TpeHHe, I IpHBOAHT
K noBbIIxeHHro AorroBeqHocru.4era.nei t .  Oco6o aQQexrHBHo npuMeHe-
HIle lrleJreBbrx yn"uorueunft B pacnpeAeJrffTeJrflx cJreArulux ruAponpH-
BoAoB, npn 6o;ruxux cKopocrflx orHocr.ITeJrbHoro fiepeMerrreHns noBepx-
Hocrefi y ynJrorHfleMbrx 4eranefi, a raK)Ke B rr{ApocucreMax, lrpe4nas-
Har{eHHbrx AJrs pa6oru B rrrnpoKoM TeMneparypHoM Auana3oHe c
6oluuuu pa6ouzu AaBJreHr{eM, B Koropbrx aJracroMepHbre KoHTaKTHbre
ynJIorHeHHa (xoxa, pe3uHa u rtp.) npn coBMecrHou geficrBr{r.r reMrrepa-
Typ_bJ_H AaBJreHHx 6ncrpo BbrxoAlr H3 crpofl.

Il{e.nenue yflJrorHeHr.rfl Ha[rJrrr tufipoKoe [pnMeHeHr.re B KaqecrBe
nepno_li cryneHn's xoM6uHr.rpoBaHHbrx y[JrorHeHurx BbrcoKoro AaE/re-
nnq. KoIvI6uwuponaHHoe yrrJrorHeHiae Huebr o6u.rHo ABa ycraHoereH-
HbIx nocrleAoBareJrbHo repMerublrpyroilrux aJreMeHra (puc. 2). f lepnoft
cTyneHblo Ha nyTH TerleHr{f }r{HAKocTH trBIIfleTCfl UIeIeBOe yITJIOTHeHHe,
Koropoe noHuxabT. AaBJreHHe rrepeA yrrJrorHuTeJrbHbrM gJreMeHToM BTo-

'pofi cryrreHu, rpaHHqauIHM c sHer.uHer? cpeaorl. B KaqecrBe eropofi
cryleHr.I [IcrroJrbsyror KoHTaxrsoE yrrJrorHeHve-.o6nqhoe pe3HHoBoe
KoJIbIIo. 3anaxHyrar rloJrocit uerxAy cryrreHr,Mu ynloTHeHr.rfl coo6ura-
erct qepes o6parnrrfi r.nanaH co c"rlneHoft nttuuefi ruApocrecreulr. Ha-
pyxuuft repMetH3zpyroutuft eJrer!{eHT nropoir cryneHr{ rroABepraerc.rr
,ueftcrnuro JrHrrrb MaJroro AaBJreHHrr c.[HeHofi ITHHHH H gatuulrreH or rHA-

. f r

t)



Pnc. 2. Cxeua rou6HurrpoBaHHo-
ro ynJroTHeHr{fl:

. I  -  fqe, 'reBoe y[norHeHue:.2 _ Karrrepa
orBoAa yreqeK B cruBrryro lrarucrpaiu
r r r .qpocHcre l ru ;  J  -  pe3r rHoBoe vn .nor -f u r T c J b r r o e  x o n b U o ;  4 _ B a n ; 5 _  x o n _

nyc arperaTa ^

TJI fl. KO JIbIICBOIi UICJIH

paBrHqecKHx yAapoB npr{  KoJre6aHHf lx
AaBJreHHfl B CtrCTeMe H rro3ToMy o6JraAaeT
noBbrueHHorl HaAelr(HocTblo. ! ,axe. npu
BbrxoAe H3 cTpoq pe3HHOBO|O Ko.rrbrla UIe-
JreBoe yrrJroTHerrHe B AOCTaTOqHOT1 CTene-
HH OfpaHHqHBaeT yTeqKy.
- Vre.Ixy xHAKocrH Q rlepe3 il{eJreBbre
ynJrorHeHHq onpeAeJrf lroT r lo oopMyJraM,
r(oTopbre B JrHTepaType o6uquo Ha3brBa-
ror {opMyrraMH faresa - I lyasefrns;

AJrfl nrlOCKOft UIerH i

(  1 )

(2)

rAe W u nd - IUHpHHa ilIeJII{; /z --srrcora 3a3op a; AilnKoJrbrleBoli uleJrr,r
ho - BblcoTa 3a3opa - t lpH KoHqeI{TpHrIHoM noJrON(eHHH rrJryH)Kepa B
r I4JIb3e ( I ILUILIH4pe) ; ,1 , -AJrHrra U{eJr r . r  B HanpaB"r reHHH yTerrKH,  V,  p- - - -
ccorBercTBeHHo xoeQOHIII{eHT IcIseMarurrecKoi.r Bfl3Kocru H. rrJrorFrocr,b
>I{HAKOCTH; LP: PO-PT - I ICPCIIAA AABJICHHfl ,  3ACCb PO U PT - COOT.
BercrBeHHo AaBJIer rHe y  BxoAa H Ha BbrxoAe H3 3a3op?i  s -  e lho-
orHocr.ITeJrbHbrft SKCrreHTpHCHTer, T. e. CMeU{eHde ocu n,rryux{epa orHo-
CI ITC. I IbHO OCH |HJIb3bI .

Anarus tIoKa3aJI, qro cyuecrByrouue MeioAbr onpeAeJreHnfl yrerr-
I(H qepe3 3a3opbI UIe,/ ' IeBbIX VTIJIoTHeFIiI f i ,  paci lpeAeJreHr{f AaB,' IeHI.I f l  t4
cHil ,  AeftcrBylou{l lx . [ Ia yrlJlorr{f lroi l Ine noBepxHocrrr,  Moryr 6urt Hc-
rIo.I Ib3OBaHbI JII IUIb A,lg OfpaHrrqtHHoro xpyfa 3aAaq r.r He oxBarbrBaror
Bcero pa3Hoo6pa3ll f l . . I{o_n_crpyxTr.rBHbrx cxeM r.r yc/roBufi  pa6oru 6ecxos-
TaI{TIIbIX yn.norneuntl .  Hau6onee BHaqHTeJrbHbre pacxolKAeHHfl Melr(Ay
Sat<rHuecl(HMu AarII-IbIMr{ H AaHHbrMrr pacrreroB no cyurecrByrourgM
IvieroAIlI{aM nposBJlf l IoTcrr y ynJrorr{eHnrl c MaJrofi  seruquHofi 3agopa,
Itsvepnevofi  HecI{oJlbI(I IMII MI{KpoMerpaMrr. Orcyrcrnrae HaAex{Hbrx
I\{eroAoB pacqeTa II  [poel{TnpoBaHr.rf l  rrreJreBbrx r.r ra6upHHiulrx yrrJror-
nelt l t t l t  BbIHy.x(Aaer SaTpaqHBarb 6o.i l rul le ycHilHq Ha gKCrrepHMeHTaJrb-

aBr . rau l rH.

)
I

i

'  f  i l a B a  I

KO HCTPYKTII B H bI E NAPAMETPbI,
crr EIIH OH KA PABOTbT Vr HCCJIEAOBAH Hg

IIIEJI EBbIX yIIJIOTH EH H H

Hecrrrorpfl Ha r{a}Kyxryrocff rrpocrory, onpeAeJreHue 3aKoHoMepr{oc-
Tefr rerre1qrfl'>l1'.vr''KocrH B 3a3opax MaJrbrx pa3MepoB flBJrflercfl rpyanofi
3aAa.c,efr..

Pacxo4 )KHAKocrH qepe3 xle.rTeBoe yrrJrorr{eHHe gaBvcHT or MHorHx
B3aHMOCBfl3aHHbrx rrapaMerpoB: reoMeTprrqecKHx pa3MepoB UIeJIH
(A;runu l, tstttptntbr W, unn nd, H Bbrcorbr h), nepenaAa AaBJreHHn A,p:

' :Po-fu, Bfl3KOCTH )KLIAKOCTH; F3aHMHO|O nOJIO)I(eHHfl, AeraJlefi, O6pa-
ByIorrIHX uleJrb, Hanpr.rMep gKcrleHTpucvrera'e, KoHQurypaurau [reJIH,
p ex{HM a TeIIeHHff , OTHOCT{TeJIbHO|O ABHX(eHHfl CTeHOK, Ofp aHHqLIB aIOUIHX
uleJrb, H [poqecca o'JrLlTepauHH.

B csorc oqepeAb, pa3Mepbr u{eJru (oco6eHHo ee B.brcor'a h, nrxrur)
r\ Ioryr HsMeHflTbcf rroA AertcrsneM.TeMneparypbr H AaBJreHHq. Ha H3Me-
HeHHe pa3Mepa ,h snunror cBoficrBa Marepr4alroB, o6pasyrcrrrux Tr\eJrb,-
xoa$SuqrreHr rnuefiuoro pacuupeHnfl oc, MoAyJrb ynpyrocrr E, xoa$-

$uquenr llyaccoua !r* r.r roJrrrrrrHa creHox. Kaxaort xourperHofi >KLIA-
KOCTr.r npHcyuln cBoH 3aKoHoMepHocrr.r H3MeHeHHfi Bs3KocrH or reMne-
parypbr H AaBJreHus,. B noroKe iKHAKocr14 BHyrpLr uleJrr.r AaBJreHHe vr
TeMrIepaTypa [epeMeHHbr. I{  3aBHCflT oT BeJrHrrr.rHbr IroABoAHMofo AaB"rre-
l lHfl ,  KoHQHrypaUHLr H AnuHu IrIeJrH, MoulHocrr.r rroroKa, TenJroo6ueHa
x(HAKocrH H crenoK, creHoK r{ oKpy}Karoulefi cpeAbr, yAeJrbHoft renno-
eMKOCTH X(HAKOCTLT. y HeXOtOpniX X(HAKOCreri Bfl3KOCrb SaBHCHT errle
oT cKopocTH cABr.Ira ee c/roeB.

[{e"rrr Mox{er 6urr'npflMofi, pacur{prrou{eficfl, cyxarcueftcs u 1py-
rof i  Sopurr, c na6upvrurHbrMn r(aHaBKaMH kr 6es HHX. l lonepxnocrr,r,
o6pasyrcI l lue II leJrb, Moryr 6urn rIH/rHHApHrrecKHMr.r, oBaJrbHbrMH, 6oq-
xoo6pasublMz, uMerb gaBaJrbl Ha KoHIlax, orpaHHocrb u r.  rr.  Heno-
cpeAcrBeHHoe BJIHflHHe Ha roH{ruryparluro uIeJrH oKa3brBaer nepenaA
AaBJIeHHfl >KHAKocrI{,  ylpyrHe ceor?crsa MarepuaJra H ToJrrrIHHa cre-

. HoK. f lonepxnocru, .  o6paeyroulne ueJreBoe y.rrJrorHeHr4e, Moryr 6prr l
I{e[oABLl]KHbrMH HJrH CoBeprrraTb OTHOCr.rTeJrbHbre ABH]KeHHfl : KpyfOBOe
BpaIIIeHHe, Bo3BparHo-nocryrrareJrbHble ABHIKeHHfl c nocrognHofi u[ru
nepenaeuuofi  cKopocrbro, noBoporHbre ABH}KeHr.rr,  ocrIHJrJrr,rpoBaHHe
r{ T. Ir. ./

3arououepHocrn ABHX(eHr{f l  iKHAKocrH B' ureresbl,r 3a3ope gaBHcflT
or pex{HMa reqeHnfl,  KoToprrft  ;vro>xer 6urr JraMHHapHbrM u ryp6y-
J ICHTHbIM.



3".aqerrc 3a3opoa r Lonycxor B KoJtbqeBbtx
)inlotHscuux BaroB H

T a 6 , n r t u a  t

ule,|Rx Anc pa3flrruHrtk 4naueri]oB
nnyH)r(epoB

J[onycx, uru 3aeop,  uxu

orrcpct'r 
I

tr txuuMaasuurf i uarcnua.nsnuf,

2 , 5
5
7 , 5

12,5
20
25
32
43
50

12,5
1 7  , 5
23,5
32,5
45
57"5
6 4 , 5
83

100

.HlleBoro c[JIaBa. I-Ioerolty npu cHI{x(eHHH TeMrreparypbr oKpy}Karoqeft
gpeAbr'xopnyc o6xHlraeT- fH"1b3)" yMeHbrxafl ee BHyrpeHHufi "4uavrerp.

Lns roro rrro6br 
-rrporuBocroflTr, cxuMaloqeMy aeficrsuro Kopnyca,

rlIJIb33 AOJIIKHa 6urt AocraToqHo rlporrHori. llpaxrur<a aKclrJry araqln
noKasan4 rITo IIpI'I reMIIepaType DIIIHyc 40-50" C ru,ilrsa (c ro,tulHHOfr
creHoK 6-7 MM), o6n<aran KopnycoM, H3MeHrJra cBgtr pa3Mepbr raK,
rrro lrryH>i<ep s axn H:H]i-}ailcfl,.

Hoe r(penpaueHl ie aycrenuTa B l \ tapreucnT npr{  r rx repMoo6pa6orxe.
KorH'IecrBo ocrarorrHofo aycrel{HTa onpeAeJrflercfl xHMHTIecKLIM cocra-
BoM cTaJIH H yCJIOBHflMII 3aKaJIKI{. Tax, cpeArre-'I.r BbrcoKoyrJrepoAucTbre
craJu rIocJIe 3aKaJIIc.I c oxJlax(AeHr.reM Ao r(oMHarHof,r reMrreparypbl
coAeplKar Ao 40olo aycreHl'Ira. f{peepauleHlre ocrarorrHoro aycreHara
B MapTeHCHT I IpOAOJI} l iaercf l ,  XOI 'R [ I  3aMeAJIeHHO, B yC,, ' IOBHflX HH3I( [ IX
Tet\{neparyp; 6orrrlr le rofo, oror rrpoqecc He [per(paulaercfl noJrHocrbro

'I,a)l(e npH KoMHarHoft TeMrleparl, 'pe, Ho nporeriaeT c Hurrrox{Ho MaJrofi
cl(opocrbn. l l 'pr.r sroM nporrcxoAr.tr yBeruqerrue pa3MepoB AeraJrefi
l l3-3a pa3HI'II{bI B yAeJIbIlbIX o6beMax aycTeHLITa r4 MapTeHcHTa. r{ro6lr
cta6af lusr.rpoBarb 'pa3Mepbr H Qopirarr  roqHbrx repMur{ecKn o6pa6o-
TaHHbIx AeTaJIefi, Heo6xoAHMo npHMeHflTb rulareJrbHnfi ornycx (ren.no-
Boe crapeuue), a rat{}Ire o6pa6ocr(y AeraJrer? xo.noAorr,r. O6pa6orxe xo-
1949y_ ao4Be_Plalor Aeraflr{, H3roroBrreHHbre H3 . crarrei4 20X,. 12XH3A,
18x2H4BA, I i lx l5,  x l2o1. o6r,rqno o6pa6orKy xoloAoM rpu reMrre-
parype Mr{Hyc 70'C c nu4epxrcoii 1-3 q npoBoAflr HenocpeAcrBeHHo
I IOCJIC 3AKAJIKI { .

l 0

6
l 2
t 9
25
50
75

100
t50
200.

+6-0
+7,5-0
+10-0
+l'2,5-0
fl5-0
+ZO-O
+20-0
+25-O
+30-0

+0-4
+0-5
+0-6
+o-7,5
+0-t 0
+0-12,5
+0-12,5
+0-I5
+0-20

B ra6n. I npune.UeHbl 3HarIeHHfl pa4rari'rHoro - 3a3opa II AoIIycKa'

peKoMerrAyenrue' B. Spncrou [29] anq KoJIbueBbI* uenefi ,  r IpHMeHre-

iurr lx s o.6u{eM Ma[rrHocrpoeHnr.I.  E6.rrrurue 3a3opbl o6uquo npuMeHflIor

npu uanblx AaBJreHHflX, Bfl3KHX MaCJIaX I, I  TOrAa, KOfAa BJIHflHHe yTeq-

Kfl  Ha pa6ory .cHcreMbI He3HaqHTeJIbHo.

.nns noebli l IeHus HaAexHocTIt .pa6orbl cJIeAyeT cTporo co6flnAaTb

apf lMoJIHHef l IHocTb H coocHocTb,  [paBHJIbHocTb. .  Qopuq. , r to t tepeqHoro
ceqenus H M aJryro uepoxoBarocTb rloBepxHocreft 

' 
Abra.nefi , o6p asyioxll4x

ulenesoe yIIJIorHeHHei' 
fl.rryu>i<epbr r{ ruJrb3br HsroroBJrflor, KaK [paBIdJIo, no l-rury u ?-vty

KJIaccaM ToqHocrr.I , , I l l tHefiubre pa3Mepbl- BbIAepx{HBaIor c rorrHocrblo

5-7-ro KJraccoB. OrpanHocrb, r loHycHocrb, oBaJlbHocrb H 6ouxoo6p_as'

HocTb UHJIHHApa I{ I IJIyH>Kepa AoJtx{HbI 6rtrr MeHee 3-5 MKM. M. f .  Ka-

6axoe u C. l I .  CrecuH AHaMerpaJIbHbIrl  sasop B soJIorHHKoBbIX p?c.

IIpeAeJII lreJIf lx peI(oMeHAyIoT [PI.IHHMarl 5-35.MKM rp1a AonycKe Ha

easop 3-5 nrxnr ll2l. Orr.iiorierrile or iILIJII{HAppItIHocrII pa6oqHX no-

nepr"o""eft rurb3bl H nJlyHlKepa' AorIyCKaeTcs coorBeTcrBeHHo 2-

l0 vrwS I-Ipu .o6pa6orxe 6"noxa ur{rrnHApoB aKcuarlbHo-ropuHeBblx

ru4poniaunn r lorpe{uHocTb Qoplau pa6ouefi  noBepxHocrH t\HrrHHApa

Iv lox(er  6r t r l  10-15 uxu.
T. M. Baurra, o6pa6oraB AaHHbre sapy6e)KHbrx HcrotIHHKoe nnSop'

MauHH, peKoMeHAyeT cJIeAyIouIHe 3a3opbl Me)I{Iy ulyHxepoM 14 rl.4Jrb'

sor? [5]:
f iuan, terp f l ryHxepa, MM .
f inauerpa.rr lsst f i  3a3op, MKM

t

Eonee xecrKue Tpe6oBaunff npeA'bfBJlf loTcfl  xrUll4H{ApHrIecKHM

sOJIOTHI.IK9BbIM pacnpeAeJlHreJIf lM cJIeAtl l l {Hx npHBoAoB1' f l .  A. Eexnpon

[6] pexovreHAyer crleAy]ouge AqaMerparlbHb,_Ie 3a3opbl: 2-4; 5-B; 7-

10; -9-12 f i r r<u-npr l  AoI IycKe Ha sa3op 1-3 MKM. f lpu rar<oM Mar loM

Aorrycr(e Ha sa3op corrpf lraeMbre pa6oqne r loBepxHocrl l  r IJIyHlKepHbIX

nap cJreAyer H3roroBJrf lTb c.orKJroHeI{pIeM or UHJIHHApHTIHOCTH He 6o"nee

0,5--2 ttlr<ru, a nJIyHlKep Ao.n)KeH nepeMeIIIaTbCfl cBo6oAHo, 6es 3aeAa-
guft noA AertcrBueM co6creeHHor'r Maccbl rIpH JIIo6oM IIo./Io>KeIIHII ero

B rnJrb3e. l lapauerp r lrepoxo_Barocrn conpflraeMblx r loBepxHocrefi  Ta'

KHx 3oJrorHHKoB Ra-0,04-:0,16 vxrrr.  V n.nocxr{x 3oJIorHHKoB cJIeAfl-

rrlux npHBoAoB oAHocropoHHr{ft pa6ouuir, 3asop He AoJIN{eH npeBbllrlarb

3-.4 rt ixu npl l  i r ,onycKe sa 3a3op He 6oree I uNIu. Orx.nouesue oT

nJrogKocrHocra corrpf lraeMbrx pa6oqI.IX noBepxHocrefi  He 6oree 0,3 naxna.

f lapanrerp uepoxoBarocrn. conpflrraeMbrx pa6oqnx r loBepxHocrerl  Ra -

:0 ,02 .  0 ,16 t r lxna.
BecxonraKTHbre yrrJrorHeHnf pa6oralor, KaK trpaBHJIo, B Hanprx(eH-

H:/-fl 4era.rlefi, o6pasyroqrax 6ecxosraKTHoe yIIJIorHeHHe, HcrIoJIb3yIoT

BbleoKoJrerl4poBaHHbre H KaqecrBeHHbre LIHcrpyMeHTaJIbHbIe, uapHKo-

l l
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nonl l r t f  n l l l l l (oBblc l lcMcl lTyeMblc I {  Koppo3r.rorrno-cTof iKHe cTaJrH, o6i la1,a-
loultle' Eblcot(oii TBep/locibro, I l3rroc6iroiirocrbr,o H MaJrbrM xoaQQuuu-

, eHToM JIHHeIlHoro pacul{peHHr. TnepAocrr conprraeMb,rx noneixno-
crell Aeranefi B pe3yJlbrare repnroo6pa6orxu Ao.nxna 6url He HHIKS
H RC 58.

2. PEXHMbI TETIEHI4fl B 3A3OPAX YNJIOTIIEHHI'I
!,nu>reuHe )I(HAKocTH B uleJlrrx Molr{er npogcxoAgTb: noA Aeficrsn-

eM llepeflaAa AaBJIeHI'I Lp:Po__Pt npH HenoABH}KHbIX cTeHKaX KaI{a-
Jra (Hanopnoe reqeHne); no4'aefibisHb* 4"ur*yqefica creHKH KaHarra
B Pe3YJIbTATE Bf3KOfO TPEHHfl  NPH.OTCYTCTBHH NCPCNAAA AABJICHHfl
dp-0 (Opn*uuoHHoe reveuue); nb" io""ecr"oru leficre'r.r Ha )KHA-
Kocrb nepenaAa AaBneHHfl H ctlJr rpeHHfl o noABHlKHyro creHxy. Crenxa
llox(eT ABHrarbcn HaBcrpeqy noroKy, Bbr3BaHHOMy nepenaAoM ,AaBJre_
nHfl, no noroKy H nep[eHAr.rKyJrflpHo eMy (yn"rronreHufl Bpaularcrrluxcfl
na'lon). Taxoe coBMecrHoe Aeficri"e nepeniau AaBJreHHfl H cr.rJr rpeHgfl
noABHlI{Hblx'creHoK ynnorHHTeJrbHoro y3na Mox{eT cu"rrlHb BJrHfrb HayreqKy qepeq ilIerrb. r 

-
Be.nuqsubr yTerrKH n rnApaB.lnqeckoro coflpornBJreHnfl, npoer.rrl

cKopocTefi u uancHMaJrbHoe sHa'rdHHe CKOpOCTH TaK )Ke, KaK H XapaK-Tep TpaeKTopHH r{acTHu }KHAKOCTH B rr\eJrLr, gaBr|,cflT oT pex{HMa Teqe-
HHf, Koropnrfi Mo)Ker 6uft JraMHHapHulr r.r ryp6y.rreur"or". 

---

'C}KHM TCqCHHfl OTIPCACJIflIOT CPABHCHHCM IIHCTA PCfiHO.TTIACA IIO.roKa Re c KpxrHqecKHM 3HarreHHeM r{Hcna penno",riil R;;;." np;r;;-qeHHflx Re(Rer.p pexina.ABH)KeHnfl xHAKocrr,r JraMHHapHufi, a rpn
Re)_Re,.p-ryp6yneHrHnf i .  

^-- i -  
,  . /

Llncno PefiHontAca

Re: 
oD'-  

, (4)

R e :
v2h

1'

t 2

9n
S, r.  e. l-Q/S, TorAa AJIS rJlocroflr  ule.nH Re:# H-II ,JIf l  KoJIbqe-,

sofi  xonqeHrpuqHofi tr(e.nu R.:-9
ndrt

Ha 3HarreHue KpHTHqecKoro qr{cJra PefiHonrAca 6o.nluroe BJIHflHI4e

oKa3blBaroT pasJrr{rrHble Bo3MyII{eHH.fl, Bo3HHKaIoilIIle B rloroKe, s qAct-

rrocTH ycJroBHfl BXoAa B KaHaJI, IIIepOXOBaTOCTb CTeHOK, HaflI'IqHe nyJlb-

caqnri AaBJIeHHfl H pacxop,a, nu6paqlln creHoK l.I AP. B npaKrHqecKHX
pacqeTax, Ha[pHMep, ipy6olpoBoAoB crIHTaIoT, rITo H3MeHeHHe peX(HMa

75 uxu. flepeua4 AaBJreHr.rfl c HrrrepBaJroM I MfIa I{3MeHffJIcfl or I Ao
20 MI-Ia, reMneparypa x(HAKocrH Bo BpeMs npoJIHBoK ycTaHaBJIHBa- _
i l acb  +15 ,30 ,50 ,75 ,  100  r . r  150oC.  I I ponHBKH npoBoAHJ IH  qepes  nJ loc -

XHe f i  KoJIbUeBbIe II IeJIH. KolrUenue uIeJIH 6wtn o6pasoeauu nJIyH-

;repHofi napofi, cocroflureft Hs luaccHBHofi ru.ntsH H flJlyHx{epa. Kon-
rIeHTpHqHOe r.r gKCUeHTpHrrHOe nOJTOX(eHHS nJryHxepa ycTaHaBilHBAilH.
npHHyAI{TeJIbHo MeXaHHqecKHM l lyTeM. Heo6xoAHMo-ro 3a3opa AocTH-
rarv npuTr.rpxofi . nnyux(epa, AJrrrHy rqeJru ycraHaBJrnBailH MI{KpoMer-
pHqecKHM BLTHToM c uenoft AeJterrr.rfl_0,01 utvt. Jla1upuurHble KaHaBKH
arerbrpexyroJrbHoro H TpeyroJrbHoro ce.reuzft Hape3aJII{ Ha TIJIyH}Keps
.i lep[eHAHKyJIspHo ero ocu. t{ucno KaHaBoK I,I3MeHflJIocb or I  go 7, rny-
6u'ua xananxn--or 0,035 go'1,2 MM, IrIHpvla- or 0,46 Ao 2,5 rrau.

nns npeAorBparqeHr.rfl yMeHbrrretnfl, >r.HBoro ceqeHufl IrleJILr or sa-
Tpfl3HeHui,r >xu1xocrb orlu[raru c lloMournro Qunlrpa 12 fO-sC c cer-
xofi  caplKeBoro rJrereHHfl,  o6ecrrevuBaroulero yAeplKaHue MexaHnqec-
.KHX qacrnr {  pa3 l \4epoM 8-16 uxu.  <Dn.n l rp  ycraHaBJIABai lH B.Marucr-
paJrb HeqocpeAcrneHHo nepeA o6paeqou ueJIH. Hecrvrorpn Ha aro, B
3KcnepuMeHTax i lpH Ter{eHHr.I xHAKocrH rrepeg KaHaJIbI eHcorofi  Me-
Hee l5'nrxrr,r ua6nrc4a.nca HHrencHsHHft l lpouecc o6lurepaquN, B pe-
.syJrbTaTe xor'opofo pacxoA )KHAr(ocTH c TeqeHHeM BpeMeHH yMeHbIxaJI-
.cs. I logroMy AaHHue Ha6.nrcAeurrf i  ,u,. frx onpeAeJreHufl r{cKoMblx saKoHoj
.MepHocrefi o6pa6arbrBarrw Jrr.rur, AJrr o6pasqoe c ycraHoBIrB[IHMcfl
pex(HMoM TeqeHnfl,  T. e. AJrr ueaefi  c Bbrc_orol i  sasopa 6o.nee 15 uxtvt.

nnn coEAaHHfl ocuuJrJrupylorrlax xo.ue6auufi ruryH)Kepa' B rHJIb3e
.rIc[oJrb3oBarrfi ycrpoficrBo, rro3BoJrflloulee noJlyqarb r{acrory xone6auuft
or 1,0 ao 100 fu c aMrrJruryAofi or 0,22 ao I ul,l.

E ns o6paborxH pesyJrbraroR rrcno.rrb3oBanrr H3BecrHyrc'Soprvry"ny
f i ,aput, 3anl lcaHHyro B BHAe
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3AecE, L,p-nepenaA AaBJrer{r.rf  r .ra i l IeJrH; },"- KOg$$UqHeHT IHApaBJIII-

,qeCr(OrO colpoTl{BJlel{I{ f l ;  I  -  Anltna uIeJIH B HaIIpaBJIeHHH yTerIKH; p-

rrJrorHocrb x{HAKo cr4; u- Q/S - cpeAHflfl cKopocrb noroKa B illeJIH'
,Lluc"rro Re OnpeAeilg'r lr4 ro QopMyJIe (4). PeayJlbrarbl sKcIIepHMeHToB

rlp14 npoJII{BKax >KHAK9gTH rlepe3 TJIaAKHe qeJII'I' He I'IMeIoulHe JIa6H-

pr4HTHbIX KaHaBoK, [peAcTaBJIeHbI Ha pHc. 3.

AHa.rr r4supyn 3aBI{cHMocrLI L:t (8"), Mo}KHo cAeJIarb BbIBoA: Ko-

.eSQzUneut l"  npu yBeIHqeHHH qI ' IcJIa fte yueuluaeTcff;  qeTKo npocMaT-

planarorc n IBa pexuua TeqeHLIfl C pa3flHIIHbIMH 3aKoHaMI',I IISMeHeHLIfl

rHAp a BJI HTIeCKOTO COII pOTHBJI eHHtl.

f lpnuan / c MantrM,rrf icroM Re coorsercrByer JIaMHHapHoMy pe)KI{-

rr l ty reqeHnfl,  npflMafl  2 -ryp6yrreHrHoMy pelKHMy; KpHTHTIeCKHM quc-

norr,r Re*', xapirTepI43yIoilII{M rnepeXO.II, Jlay-ilHapHofo II6TOKa B Typ6y.-

.rreHTHbrt-n n,rrocxLrx Lr KoJrbrreBbri qensx 6ecxonrarKTHblx yrlJrorHeHHft

Mo)KHo cqgTarb Renp:1250, a B KoJrbIIeBbIx rIpH sKcueHTpI' Ir IHoM pacno-

-no)KeHLIH nJIyHX{epa, KofAa nJlyilKep npII}KaT K CTeHKe IHJIb3bI' -

Renp  -  1100 .

r{poHHbrMH pasMepaMH KaHaJroB }r IIogToMy flBJIfIOTCf, aKTVIBHbIMI'I Typ-

6ynnsaropaMH IroroKa.

MraxpopeJrbes noBepxHocru nJryH>KepHbIX nap 3aBI4cI ' IT or cr loco6a

o6pa6orxn .4erh.rreft  l i  cootsercrByeT IIapaMerpaM lxepoxoBarocrl ' I

R;-0,G3 . 0,04 rr,rxrvr, a Hav6oilhrxafl Bbrcora' HepoBHocreil R*u*:

pa3HbrM, TaK KaK CO CTOpOT{br ITOABOAa BbICOKO|O AaBJIeHIIf l  CTeHKH

rueJrr{ HaquHaror AeQopMuponarlcf l  H pa3Mep h yBerurl l4Barbcr. Ule,r l

c rrapaJIJIeJIbHbIMII CTeHKaMH IIpeBpaulaeTcfl  B KoHycHyIo, cy)Kalouyrc-

crr B HanpaBJIeHHLI yTetrKu. f loarcuy [onacTb s o6nacrb, fAe r luc"r lo Re

flepecTaeT BJILIf lTb Ha sHarIeHI,Ie KOsQQI{UneHTa l,  t .  e. B t(BaApa-
'TarrHyro rIJIrr aBToMoAeJIbHyIo o6nacrn, He l lpeAcTaBIqi locb Bo3Mo)K-

H b I M .

VcraHosJreHo, rrro SopMa ceqeHar, i la6vpvHTHblx KaHaBoK, r lacrora

H aMrrJrr.rryAa Kore6aHr4fi  l ryHxepa npaKTHrIecKLI He BJIHfl IoT Ha 3rlaqe-
'HHe .Rerrp, oAflaKo cHJrbHoe BJurf lrrue Ha Renp oI(a3aJIo qHcJIo i la6vpwff-

.  Hbrx KaHaBoK. r{eu 6olbrrre KaHaBoK 6bulo Hape3aHo Ha [JIyH)Kepe, TeM
'Merrb[re sHaqeHue Re*p. Pesy.ntrarbr o6pa6orKLI orlbITI{bIX AaHHbIx rrPH-
sBeneHbr s ra6n. 2.
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3raqeHHR xpRTHqecKHx qrrceJr Re n rqeaesux

T  a 6 n u u a  2

(6)

flaocraq n xoJrbueBar
t(oHrIeIITDIttIHas

Ko-nurt'esas gKcqegTpH'{-

H8f l  8:  I

t250

I t00

1200

t000

I t50

950

I I00

850

t000

800

70a

700

800

700

900

750

3. YPABHEHHfl ABI{XEHUfl >KH,.,KOCTH B II IEJI,X

Ans onHcaHHff ABHxteHHff BtIBKor? Hecx(HMaeMori H HeHarpeBaeMoft
:IIIarcIIIeM HeKOTOpbrx -npeAeJroB (ra_
)Jrb3yror ypaBHeHHfl Hasre_cTOKCa.
ilepa3pbrBHocrn [25, 2g].
BHeHHT? Hasle-croKca BCTpeqaer
:TH, H nOSTOMy TOqHbrx' peureHHfr
perxeHHH 6O.nHUHUCTBa 3aAa.r Hc_

)TaTbI, BBOAfl B ypaBHeHHe TaKHg
)HHfl,  KOTOpbre AeJraJrH ypaBHeHHfi

rHBrrreMcfl H3OTepMH.recK; TeqeHH.r.r
AOCTaTorrHo TOHKOM CJrOe, saKJIrO_qeHHOM MexAy rBepAblMH He[poHHqaeMbrMH CTeHKaMH, HCilOJrbSoBaJrn

.ypaBHeHr{s ABH}r{eHHq H HepaspbIBHOCTH:

A TCIICHHfl X(HAKOCTH HA COOTBCTCT-

acbrBaHneM H3 ypanHeHnfi Hasre*
JreHoB. MaccosHe cuJrbr Hrparor npn:.
o poJrb' ToJrbKo nu6o rtpn HaflHrrult
tw, nu6o KorAa xuAxoirb HeoAHo_

rpe4e.nbHHH nJrorHocru ) .
aele-CroKca cuJraMH HHepuHH Mox<HoA.'-r n r? K H a 3 brB a eM brx _rrorr3yurHx ABH>xeurft (zi, ig],^ ;.; ;;p;B eAeH Hoer {HcJIo 

Re* cyutecrBeHHo MeHbu'e eAI{HHIrbI : .  
. - - '  -v t ,  vvr ' i l  r rp, '

1 6  
I

ynJrorHeHHsx rHApoarperaroB
npH qHcre raoHpHHTHbrx KaHaBoK

Rg*: cHJa ltHepqHr{ 
_ oI I h \2

c l I n a r P e H H f l  v  \  I  l \ \ r '  
.

3ro Molr{eT 6urr B ToM cflyqae, KorAa cr.IJrbI Tpe'r.If l gHaqHTeJrbHonpeBbrruaror c'rrbr HHep'.r{H ti.o*,;';fi;";Hun (6) 'mnunp'MeHeHbr!PefiHoarrcoM B sa,q,a.re o ABr{xe nnn iwar{ocrr{ B cMa3oqHoM cJroe.onpe'qe"rr'M sHaqeH'e R"- anr 
-;fi;;*il 

uerreBoro ynrrorHeH'n_flycm-qeDe3 
T_{_ocKyr-o 1gelo,-c aucorori sa3opa ,h:20 

"rir, 
r,nnuofnl: l0 nar u wnpwnoft V:1'o-[" ;;; 

"iJp.nuou 
AaBrreHHn Ap:: l0 MfIa re'rei xHAKocr" amiilgT;."".laryport ,t-20oc. pac.re_rbr, Bbrnorr'eHHHe no @opuy.ne (ii, 

- 
;;;;;;"gil", .oro 

f,u"*oA e_,:0,41 5 cuslc, 
-a gn_eaHrn .iopo"r" roroKa ,4?';1".-i;rfi;.rac.no ee,sanlrcaHHo€ A.ns ArrHHbr u1enr, no:rln:itioo, il"il;;ffieHHoe q'c_

ft""*::;3f#S1 v*utot"u.-c uto cHrraMH HHepu'r.r B ypaBHe*Hra
A'"1.o;;r #,io"*3ff#'"+:#**u"'u yrlnorHeH', (cu. prc . rT)ypaBHeHlrn (6) AonycKaro" ari"*"].J.""*d"*.H'e. - BcneAcrB'e Ma_rlocr' yrrroB Ko_Hy_!1oma, o6pasy'orrr'xcn i,eilay ;;;i;il;ilr" rrryH_xiepa H r'Jrbsbr, Koropbre o'6u110 He npeBbrrrraror a:r *20, TeqeHHe6ylertn cqrrraTb_rurocKonapaJrJreJlbHbrM, 

ieru 60.nee rrro pe_3yJrbr'pyrc_Iqaq cKopocrb rroroKa c ocrro 
2, i6;i:^rr* |.on g"p:ol2.--tloaroruycKopocTb aaKa* p,anee B ypanueH'ir anq uanprin.rreH.fl ox uoxHonpene6perrb rr"[€ d2v-

-no"J;i 
, TaK KaK IIo cp,aBHeHrrrc c rrJreHoM 4+nepnufi n (u'h)2 pas MeHbrxe Broporo. oqeHr ue6onr,uon no*rpuulJrn,

ffffX;iflT#'J H ###. ff J"#:' x :;'^ F^L:1. 4, B vp a B H e H H H ( 6 ) "

. d2vx I dp dp drr.rl ., duu@: + ; t -o ;  +++_0.  Q)
f lsa u.neHa B ypaBHeHHH Hepa3pHsuocra loroKa coxpaHeHbr,  TaKKaK HMercr o1nuakberul nopraon Ma.[ocr'. 

rtol 'oKa coxpan
f lp" H3yqeHHH reqeHu

ecJIlI ]rpaBHeHHs l{asl; peIxeHI'Ir ylporlarorcfl,
B IIH/IHHApHqeCKHX Koo[ : SJflylnpeAcraBrreHbrK IIIeJTeBbIM yIIOTH.HH, c. zot. r lpHMeHHTeJrbHO
Hocrl{,  orpanavzBaloqltr M ctII4TaT6, rITo noBepx-

1"l l  UHrrHHApoB, a 3a3o[ 
o orr lHtlalorcf i  or r(pyr-

t't tuanofi l(onycHocrn Aei l-H4V 
ma.nocTu sa3opa

MyTa/IbHafl cocraB""riu, ilb, F?'I'uanb:nafl H a3H-
TaBJIf i IoUefi  ar, Apa.rr.r"rul i6 nnaEt,*-.--,_--- fo'MeHb[Ie ocenot? coc-

crr Hran rerreH'e nap a rrrrerrbH brM o cw o x,'";e;;;"#'":.tfi :Xli%JSJ :
f"Xitj',#tT..'.Tf#1' ilo z' B t;'v;;";i;:;"x yupo*r'e",i ypu"n.-

ffi.',t"f#il.#;;,11i*iill5i;ti3Tilggr""..i".il.',?i"1'ffi r?1i3i:
do" 

\- I dp
d r / u p d z '
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Ilo.lff:.;#i j.Ifi1::T..::p.:- :a3opbr MHKpoHHbrx pasMepo s iaa-
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::#:i:: J,.?f^"Ji| n p orr H B KH cl1sa a p rHo_ rr Hcro r? no f o c T 67 s 4 _7 i;,',il'ff lf"'?fr,"f,i1,"13#:,l3^";14,.0,:::;;;#';#ib-6iT;e+ri;] I {HAKocrta AMf-10 u xepocunz - ; -?-r-""
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t-t---l 
:ele3 

rIrIocKHe ue.ru pa3MepoM
i ;** I * y : "-,:.^":: _i9 ril " o ; ;;f. ; " ;' ;.,ff; _ H. 1,1.f", H ;r SI
;i'#:]ff l#'f^ip":::i:::,:,.::y:yl;;;ilffi ffi ;;"l#:J#xi,?Jro Ha3Banue o1nurepauHH xannnnipuofi q.rr. ,

.fi ereuae o6.rr Hrep aq,' .n.ay.f 
';"ffi 

#i 
"iuro,"u,Byx ac[eKTaX. no xparlHert naepe, n

l ' o6"rrurepaql{fl cnoco6crByer repMer'3 ar\Lrr4 arperaroB, H noaroMyycl'r ir lrr HccJleAoBare'nefi 4onx<nnr 6rirl 
"inpuureHbr 

Ha rror{cK, TaKr{xN{arepIlaJIoB II rloKpblrl ' If i  creuox KaHaJIoB, i raxx<e rar{HX xlr4xocreri
,a.nH 6u eror [poqecc. t
aTpHBaTt, 6esyc"noBHo, KaK BpeAHoe

KOAprMbr rror.rcKu MeToAoB r{ cpeAcTB,
rcxoAa. Taxas saAaqa uornr*u" j
yrraTb MaJrbte n cta6vtnbHbre Bo Bpe_
)arIHfi BCefAa conpoBolr(AaeTcfl poc-
)HHr conpffraeMbrx Aera"ryeli ornocn-
rx{epa B ruJrb3e. 3rra ycHJrHfl TeM
c o6nHreparIHH.

pef laAax AaBrreHHfi  or  I ,0 Ao 60 Mnqy IrIeJrH, OrrHuIaJrH pa3rHrJHbtMH Tr4
*:yuo11. H3 eerpa, MerarrrrnrrecKnx
6 r  +-D9 ) ,  MeraJrJroKepaMHKH, na6opi
porreJr.nrcJro3br uFs sunthesia. pasMep Bbrcorbr 3a30pa B nrrocKHx rtle-JIflx r{sMeHflrrn or 4 ao 84 Mr(M, B KorrFrrleBbrx ureJrf} oT I0 Ao B0 uxu,
;,fl:x}?" f IIIf:ji :l:3t.I"g"oi J 5 A_;a d ;il : 

- q;p * ;; ft rr br npo-,ilHBailH )r{HAKocrr: 6eus'H E_20, BoAy i".r"rrnr;;";il;";;;
I 8

q,cur/c

q008

q006

0,004

q002

n 500 /000 1500 2000r,c 0 500
a)

Pptc.4. Tunuqrafl. KaprHHa H3MeHeHHfl pacxoAa or
BpeMeHH npH TeqeHr.Ilr ]KHAKOCTTT qepe3 nJrocKyro'

IILeJrb c sHcorofi 3a3opa h: l0 uxtu:
a -  )KHAKocrb AMf-10,  Ap: t ,O Ml la;  6 -  xepocl l r r'  

TC- l '  AP:2 '6 14gu

AHyro, Kepocr4H, rJrurrepr{H, MacJIa: cHJIHKoHoBoe 7-50-C3,
)pereHHoe-AV, MK-8 w MC-20. Teuneparypy xuAxoirn nplz

0,/0

0,08

t1$o tr2oCc

AMf- 10,
npoJIHB-

ax H3MeH fl,rrr or * 15 ao + 150" C.
Eo.ururlrncrBo aKcnepHMeHToB 6uno BbInoJIHeHo Ha creHAe, oco6qs-

b KoHcrpyKI{HH Koroporo 3aKJIIoqaJIacb B ToM, qro }Kt4AKocrb, l ioA-

rvwafl, K onbrrHoruy o6pasqy i lrern qepe3 pa3AerrireJlb - rHApoaI{Ky-
yJrflTop c oJIacTHqHoiI rrrevr6p awofr., orAeJlflJlacb or >KuAKocrH, u,apKy-
npyrourefi  B ocHoBHofi cr.rcreue. Taxar KoHcrpyKqr4r nosBoJItJIa rtpo-

Jrr{Barb rrepe3 o6pasqsr ureneft x{HAKocrH c pa3Hori crenenno Qu"rrbrpa-
l1uH 6es sal,[eribr MacJra B ocHoBHofi cucrevre. f lpu_ oroM.BHaqr,ITeJIbHo
yJryquaJracb rar{}Ke Bo3Mox{Hocrb no,ryudnus, cra6umsof i  TeMIIepary-

QHKa.CJreAyer ,  qTo HHTeHCHBHOCTb yMeHbi leHHr paCXOAa MaCJa Ay
oHaqHTefibHo Br'nIJe, qeM >r(HAKocTn AMf-f0. HrrtepeeHrrr TaKx{e pesyJrb-
Talbr npoJrHBKu ?THx x(e )KnAKocrefi uepe5' nJrocKyro xleJrb nucorofi

pbr x<HAKoclv.

1. BJILIflHI4E THIIA PAEOTIEIT XHAKOCTI,I
' 3aeHcHMocrb o6.nurepaqrrn or rHna )KHAKocrH IroATBeplKAaerctr

orrbrrHbrMH AaHHbrMu (puc. 5) [poJruBor( x<HAKocru AMf-10 u'BepereH-
Horo NracJra qepe3 nJrocr{yrc uleJlb c Bblcoror:r sasopa h-8 MKM. Oqucr-
Ka xr- lAKocref i  or  3arpf lsueHuri  6ama oAnHaKoeof i :  nepeA o6pa3uoN{ ule-
nH ycraHaBrrHBailH Qz.nrrp Of-l l l l  c 6yvraxHurvr SranlrpoarreMeHroM
(6yuara  AOE- lK) .  Ha ocH a6cqHcc r roKa3aHo BpeMrr  Henpepunuor : i
npoJrnBKr.r, ocH opAHHar - 3HaqeHHe orHocr.rreJrbHoro pac{,oAa Q6lQr,
rrpeAcraBJrflroruero co6or1 orHorrrer{I4e QaxrHvecKoro pacxoAa Qo K
pacxoAy, 3aMepeHHoMy B Haqaf le npoJrHBKv Q.r .  f locroqnHoe 3Har{eHKe
brHocureJrbHoro pacxoA'a, paBHoe eAHHHue, cnnAfre.rrbcrByer o roM, qro
pacxoA cra6unen H co BpeMeHeM He H3MeHqerefl. VuenrureHue orHocn-
TeJrbHoro pacxoAa co BpeMeHeM Bbr3BaHo o6.nnrepaqHefi rreJru. VIs rpa-
Snxa-cJreAyer,  qro HHreHcHBHocrb yMeHbi leHnr pacxoAa rvracna AV

l 9
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0 400 800 /200 1600!,c
6)

Psc, 5. 3asncr{Mocrr ornocnTenbHofi BeJrrrrrrrnbrpacxo,(a_pq/Q" xnAKocrn AM|-I0 n 
".peeH"o.ro MacJra AV or BpeMeHH nponr{BKr{:'r - urent t 

HgL{; ^n!;i,,\y!,r,& -ap:2,0 Mna;

22 uxvr' (puc. E, 6). Ec.nu yMeHbrrreH'fl pacxoAa xHAKocrH AMf-lr  l r ' l l  I v

##f, 
t;?:" 

I Ty"lp-1 ? :^p,,: Y ::-tl n e u a 6''r roA a rI o c b' ro p a c x oA B ep ere Ir-
35olo or HaqaJrbHoro-eu  Io  u '  Ha 'aJ lbHoro -  r

' 
.,, o*f lP3i3:i::^t ". -Yi t lllt-" H H re p e c n p eAc r a B rr n er c p a B H H r e.n r H i r
: X : T I 3 ": 9 j :::rytv: S." I "_" o n * s *iiA ; #, &, 

^ 
; ffi;; i:; # I T Hil

8,1? 
rj^t::: 

1.T l - l9_li," r H br x c Hcre M a x H c Hcre rvr ; ; ;;; ; d' 
^o", 

il. u i.ntf; .
#:'..:lo?.^{.1-:I.[Kf ^aacopo,{"";";*';;;;ilil;'";T"f^"#*,"iX:
I I I I I 3 :,"9. T.'^X l:19r "'' u. p ",j,_ p "{r, ;;;,ft'#;; ;rT H:il ; fX_
ilft iJ Tr"il, d;B:' 

c Hrr H KoHo soio z-'so- d5, "Xii 
i: iq 

^ 
; ;;J. il;;;J'X$:

0 500 1000 1500
t a )

cp"ar HcnbrrbrBaeMbrx cJrox{Hbre no MoJreKyJrfl.pHoMy cocraBy )KHA-XocrH - MacJIa; K KoTopbIM AJIfl noBbIIxeHHt cMa3blBaloulero AericrsggAo6ae.nqrorcfi rroBepxHocruo_axrr"nra 
".ura.r"u 

(npuca4xu) H >r<HA_
]THO-aKTHBHbrx MoJreKyJr,  HarrpHMep,

BHO3HaqHble ycJroBHg, no3BOJIfl IOIUHe
to, qro Bfl3Kocrb xl{AKocrefi, a sua_
:tbI, noaTOMy pacxoA HgMepflJrH rrOC_

n [JrocKr.rivr, pas6opHbrM, c. pa3Mepa_
oJrHBr{y qepes, KaHaJr Bbt[onHgJtn .

2000q,c

20

Pesy.nmaru SKcrl\ePHMeHToB
BHAe rpa$uxon saBHcI{MocreH
Hocr.rreJrbHoro papxoAa QolQ"
o6teua [poJIHTbIx qePe3 xIeJIb

pH reMneparype 16-20" as/32
naAoM AaBJIeHHfl

C c n e -
Lp:

5,0 MfIa.

a3JIHqHbIX xnAxocreft nPeA-

. l r 0

0r8

0r6

0r4

0r2
hx unxpoHHblx  Pa3MePoB 3aBLI-

HT or rHIIa )KHAKocrIa. f IPn uPo-

:HBKe qepe3 o6Paseu urenu 6eu-
w*a E-70, AHcrHJIJIHPonauHoft
cAbr, KepocuHa, rJlnqepnua o6i
HTepaIrHH Kalaila ue sa6nrcAa-

aBJreHbL ua pnc. 6.
AHa.[pts [orYrreHHbIX AaHHbIx

oATBepx{AaeT SaKrIOqeHI'Ie O

M, rITO XapaKTep reqeHHq s ule-

b, B TO BpeMfl KaK npH Terle-

Pnc. 6. 3asncl'IMocrb orHocl'IreJlbHoro pac-

xoAa or o6teua npolHroft qepe3 rulocKylo
rqeJlb xllAKocrlt (ft: l0 urn):

I  -  6eHsuH S-79; 2 - BoAa. AHcrHnnnpo^BaHHaq;
J - sbAa Bo,u,onpoBoAuat; 4; Keloclt-H- I-C:!; {
i. 'rsulifrs:-o-J inauios z:so-ca; 7 - AMf:10; 8-:
; ;&d BepereHHoe AV; 9 --Macrlo MK-8; l0 -

Macno MC-20HH ApyrHX )I{LIAKoctefi Pac_xoA
o BpeMeHeM yMeHbIrIaJIcfl. Hau-

JIb[ Iaf l  HHTeHCHBHOCTb yMeHb-

,n"" pu.xoAa 6sna saMeqeHa y Macerl MK-8 n MC--2!'_{ult:-1lyt --

uano Ay, .tn.ttl.tKoHoBoe 7'50-C3, BoAonpoBoAHafl '- BoAa fi' HaKoHeII'

u""O AMf-10. BennqgHa oTHocHTeJIbHoro -pacxoAa y >KI'IAKoctefi,

KJToHHbIX x o6lnrepallnu, saBI'IcI'IT oT Maccbl nponurofi- lePF uleJlb

i"A*o.t".  f lpu reqeHHH rlepe3 UeJIb MaceJI Mt<-S 14 MC-20 qepe3

eKorqpoe BpeMfl Ha6nnAaJlocb noJIHoe 3apail{I ' IBaHHe III94H-'4 yreqKa

p;;i; '"t;nf.o. l lpu uporlggS?x BepereHHoro Macrla, 7-50-C3, r Bo.r'o-

io"bAnoflt no4u i vacna AMf-10, yueHlruarculgficq B HaqaJIe npo-

HBKH pacxoA qepe3 .HeKoropoe BpeMfl cra6unusllpyercfl '  I4HreHcIae-

HOCTb CHIIX{eHLIg paCXbAa, UhXCnMaJIbHaq R HaI{aJIe 1pOJIHBKH' nOCTe-

I IeHHO CHI4X{aeTcf .' 
Cor"nacso cyulecTByrOuferury [peAcTaBJIeHI'Irc o SoprranpoBaHl'Iu'?I

pyKrype fpaHnqHbIX crloeB nBJIeHHn, nponcxo{1T-ry- Tul::l:lT"*
;;;;;" ' , '&.i iu""qecKg Moryr 6nru onraCasu crleAyloufitrl o6pasol't.

uo.nnpuo aKTHBHbIX MOneKyJI H'TeM ooJlbuee HX KoJIHqecTB0 aA-

. ,  2 l
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cop6flpyercfl Ha ee creHKax. Taxu
rrpeAnoJrox<eHHfl o6tqcHsror 3aBHCr.d Q^/0,
Mocrb yreqKH npH o6rrHrepauHH rUe"l{
or BpeMeHn u KorHrrecTBa npo.rrraro{ 0.8
x{HAKocrH, a TaKx(e- [prdrIHHV 6oned

Puc. 8 SasBcuuoctl BeJIIiqsIIhI orEoclreJlbEoro itacxoAa x}I,[Kocrl'I AMf-10 or Epe-

MeEIt rIpoJl[BKt

Lrsqn4mn 
"ono"?uj^1'{"11 nPI.I reqeHl,Iu x"I*o"to u"pi"l flpx r->oo BerurrrrHa e-9.*0 E BbIpa)I(eH e (ll) sanuuercn rIlrerrb rorrxr'Ha rpaH[qHoro c.'ox 6 sa. cr!s,<e r";;;*, ;;il;""Barc_b cq'[,qeBpeMeHeM, crpeMrrcr x xexoropo; npba"r,orr-ofi 

"";;*;;.i;;::;i 
y"nr" D r za-., i,Bblpaxaercr iuu""nro"roil'"'uPu', 

rlPeaerlbHon Be"'IntIrIHe (pnc' 7) ni 
0",: -#:[t- "ff' I. 

(12)

8:bnur(1-e-!i (gii ro""o a., - cra6usrusupoBaB r,rfics ornocxrerrnnfr pacxoa (plrc. 8).

-3iec-l 
6-"' - uaKcr.rMaJrbHo Bo3MOXHa, Tonrqr.tHa rpaH[rIHOrO crorr.i 

ypaBHeHne 1rz) nosro.ixer onpeAenl.ITb t*Srcuuaalio Bo3MOXHyTO

;";"""t":T;, :::1""Ji;il;""TS:"11"; p --'illiidi'uffift"'dffiii:iti"* rpauruuoro c'non xn4i<ocru' a4cop6uporaqHoi Ha crenKe Ka-

l"j,f^ *91::"__*;;;;;y:#,,T,fi.#5|,"0';6#"I"*o'*ra 
*etro* i(aHa-iHana: hn ,, a.=-.

,-.ff",Tt*t"-l*,;"#i;; npa r-+oo roJrurrHa rpaHr.rr{Horo cJrorr - t^-:}-l-n/Q"\ (13)

f lpfi o6pisoaanxlr ua creri*r, k^Etan, v'6-"4n^6-.--- :eHlrt BeJrngEHbr .xoeQ-t[nuueura nponopul'oHaJlbHocrl.I

"" pi"*oq e o.;;;'il;;'),il#J:J"i1rff#"r"^i*1} '"ooryi-"'pu"['* tii n' ri -MeHeM' ra* xax nepeueunofi 6vaer eern'rHxi 3 ̂".;;-i: 
L:_se"-u. ff:_ lr ft-1r 

- 
"-*r]'i

A.- 
ltrh3|p o .-.

r4e1!o;  saqalu*uf i  
" r "oo.  

- - " -  
9 ' :1 '0

^.-svaeru !p*;p;;il";;M-lHerl+_eM u'pxHr,r 3a3opa o $).-: 
-uu "#. : -iur/d-'- rl

oo.nurcpaqzefi, rax xax V>>hs. flpu raxl1x np"ano}o*. da , 
)nIrleHHttx pacxoa Bblpaolrrct n rn4e saencruoctrz r Qyuxurl .ff nsnrcrca raHrencoM yrJra HaKJroHa Kaca-

Q: waP l*^-,)^ /.t ^-6,\rn. rneofi. a gaunofi rouxe
- 

l2e?I J'o-2bmax(1-e-F')F- 
rI4BUh

. vnfup |, 2i.u" .- ts r .rr (+-).-o:1s0:Ub'
: 

tIv_-it- 
-A:(l-e-f)j :a"l t- "";". (l- rrcca roqK' nepecerreHrrn cocbro-r xacare,nusofr ri xpuaoit

,qxe t:0 (cr' 'r. pnc' 8) ' Taxnu o6pasolrl'
ornocnrerluurl pa-cxo.q 

(14)
:- Q f . 2D-", 't, P-- --a=-l--'

a:-a; : [ l -  " f f .  r t -e-e1 1".  's ' (y 'Qcr-r)
22 

' J 

f".t i.A* 
(13) n. (1a) MoxHo onpeaenHrr' It3 rpa(pI.IKoB
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Kacare;rbHyro x xpunofi Q:tk) B roqKe c a6cr(nccofi r:0 nnoxuo
npoBecrH HecKoJIbKHMH cnoco6aun: Ha rJlag c noMorrlbro npogpaqHoro
yroJrbHHKa Htr'n nuuefixu, npoBeAeHHeM HopMaJrH x xpunolt a ,anonogo_
BaHHeM 3epKaJlbHoft .nuHefiKn H MeroAoM ceKyilIHX. Iloc"rleAHnrl cnoco6
flBJIflercfl HaH6o.nee.TorIHbIM H3 IIpHMeHfleMbrx cnoco6os rpaeuvecKoro
auS Qep eHrIr.rpoBa HHs.

PaccuorpHM_MeroAr.rKy_npoBeAeHHfl Kacaretbsofi g .ToqKe g: 1,0 n
r:0 x xpu_nofi Q:f (r), o6olHa.reHHofi Ha pHc. g nnaexc;; t, MeroAorti l

araMn 8:l '  H r:O *'*prnrti i  f npJ"o-Ltrnyu{n^.  r r3  ' t 'oqKu c  KoopAHHaTaMH e: l  H T:0 x  xpu,nof i  I  npoBo-
AHM HecKoJIbKo ceKyulHx. Taurenc Lr4a HaKJroHa rex4ofi  H3 ceKyrr{Hx
onpeAerrHM rracrHbrM or AerreHnq L,Qrby L,Qzlrz, ,LQelrs H r. A. I lanee
cTpoHM rpaQuuecKyro 3aBucnMocts  rAO/r : i l t ) -  c r*a-  cnnaBa HA nua R

HaKJroHa rgx4ofi  H3 ceKyrt{Hx
onpeAerrHM rracrHbrM or AerreHnq L,Qrby L,Qzlrz, ,LQelrs H r. A. I laneecTpoHM rpaQuuecKyro 3aBucnMocts rAO/r: i l t ) -  cr*a- cnnaBa HA nua R

Kn:MdlM,.

Ha rpaQHKe pHc. 8 Qyuxqna O:f (") uso6paxeHa B naacrura6e:
Md-0,02 l/rrru , M":83,3 c/rrarra. Tor4a K*: 4-0,0006 H sHaqe-

tvr a

HHe rpons-goanofi @{l!y\"=: :^2rS Kr*r:0p0l b. Tax KaK dQldn -- tg  0 :  I  l b ,  ro  b : ,U0 ,0015 :O6G c .

3apacTaJra co BpeMeHeM noaHocTblo.

lpr npoJruBKax >r{HAKocrH qepe3 rrreJru c Bbrcorolt  sasopa ho:21,
24,  28 n 34 MKM H3MeHeHr l f l  pacxoAa co BpeMeHeM ue o6Hapy*"n" .
Bosvro>Krro, qro c yBerHrIeHHeM paccroqHufl Mex{Ay rroBepxHocrrMH}
o6pasyrolr lHMI'I  i l IeJIL',  HHTeHcHBHocrb aJreKTpoMargr{THoro [oJIr oc"nh6e-

eM MaKcHMaJIbHo Bo3MoX(HyI,o TOJIUIHHy _ rpaHHqHoro cJrofl  0psa lrptf
ho: I0  MKM. nng nepereHuoro MacJIa-  6*"* :  l ,7S r r , rx r ra ;  a"n"*ogosof t

24

.- THAxocrH 7-50-C3 6mar: l,l5 MKM, BoAbr H3 BoAonpoBoAHofi cern
6*"":1,0 MKM, 6eHsr.rHa E-70, KepocHga.TC-1, r,rruuepnira u-BoAbr Anc-
THJIJrHposaHHofi Omax : 0.

2. BJIHflHHE IIHCTOTbI XHAKOCTH

Taras roqKa spenux cKJlaAbrnaJracb, no ncefi BepoflTHo cryr, Hg-3a
orcyrcrBHfl AaHHbIx IIo fpaHyJroMerpHrrecKoMy cocraBy safpqsHeHHfi s
)KHAKocrsx. I4e HaIIIHX oIIbIToB_cJIeAyer, qro AalKe B TaK HasbrBaeuofi,
craHAaprsofi <<qucrofi>> no focr 6320-bg xHAKocrH, r.rMeercg 6o.nu-

Macca STHX I{acTHq npu pa6oTe cHcTeMbI HaxoAplTcfl Bo BgBeueHHotvI

o6o6qeuHbIe pe3yJIbrarbI gKcrrepr.rMeHToB rrpoJrHBKH x(HAKocr'

. ' 2 - o
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Puc. 9. BnHqHI'Ie roHKocru Qu;rtrpauua Ha orHocure.nruufi pacxor xHAKocrH AMf-lO
npn ap:5,0 MfIa, t:20-22o c:'

/ t - u l e n b  4  M K M :  2  - l o  u x u ; _ J - 1 4  v x l r ;  4 - 2 1  u x u ;  i - 2 4  r , r K M ;  6 : - z g  M K M ;  z - t r 1 e . n u34 ruxru; a - 6eg -o.IL":L"i  6 - gerpoarrf i  6n4lrpi--- 'a 
-- 

cerqarnft gr.rrsrp; e - 6yrr. lax<urrf i
.  _en .nurp ;  d -  $n . r l s r fosaar r ras  6y l ra ia ;  e_  MeranJroKepaMHKa

AMf-10 uepes i lrerru npzBeAeHbr fia pHc. g. fpa0lrru yKa3brBaror Ha
npffMoe BJIHflHHe -ToHKocrI{ 

Qu.ntrpaUHH }KHAKocrr,r Ha npoqecc o6JrH-
reparrHH ilreJrer?. r{eu 

"nyuluylo rosnocft Qnnrrpaqun o6ecneqHBaer
Qr,tnr,rp, TeM MeHblrre pagMep ureJrn, i lpH KoropoM TeqeHHe cra6uJrbHo tr.
o6.nurepar{Hfl He npoucxoAnT. VlaenuueHlg_qacxoAa co BpeMeHeM rrprr
Irg-oJrHBr(e He+HflbrpoBaHHoli xnAxocrH AMi--10 Ha6nro4unoco y Bcex
o6pasqon_ue"neft c Bbrcorofi sasopa or 4 Ao 84 MKM. l lprn oqzcrKe )KHA-
Kocrl{ AMf-10 $erpoBblM OHJIbrpoSrreMeHroM rrrerrb sHcoroft 34 naxu
He SapacraJla, a npH npoJIHBKe etofi )Ke x{r{AKocrn, Ho orrgulennoli 6y-
Max(HbIM.Qn.rrlrpoaJleMeHToir,t, o6.ulrrepaqr.rn He Ha6flroAaJrocb y xleJr6rt
c Bbrcorort easopa, [peBbrrrraroulefi 24 vwtvt. Eure 6onee cra6u"nnnult
pacxoA AaJIH npoJIHBKH rlocJre orrncrKu x{HAKocrH .na6oparopHofi $u.i lu-rpoBaJIbHoli 6yruarofi u naerd.nnoKepaMHKofi. B noc"rreAneu cnyoue npo-
qecc o6nurepalJl{t4 sa6nrcAaJlcs ro_JrbKo npr4 TerreHHH x(HAKocr14 qepeg
3a3opbl MeHee 2l uxpt, c oqeHb He6o.nlruor? cropocrblo HsMeHeHHfl pac-
xoAa. Tonrxo qepes 30 uHH nocJre HarraJra npoJrHBKH rrepe3 ureJrb Bbr-
coroi't 14 uxrvr pacxoA lro cpaBHeHuro c HaqaJrbHbrM yMeHbrrlgJrcfl H?,'
20010, B To ]Perrlx KaK nocJle oqHcrKH cerqartlu Qu"rrtrpo3JreMeHroMylKe qepes 5 MHH rIocJIe Haqaila HcreqeHr.rfl BeJrHqHHa pacxoAa qepe3 ary
x(e qeJrb cocraBJrfl na 20 % or HarraJrbHoro.

flpHrraepuo raKaff xe xhprilHa BJrHnHHrr roHKocrn eu,rrlrpaurrr{ Ha
npoqecc od"rrurepaunH ua6ntogaJlacb H npn npoJrr.rBKe rrepe3 yKa3aHHbre
26

ule.ni.r ftepocuua TC-l . Ans Mare-
M aTHqecKofo orIHcaHHfl rrpoqecca
3apaIIIHBAHHfl, KaHarrA qaCTHrIa-

MH 3arprsrieHufi paccMorpr.rM Te-
qeHr{e qepe3 n.rlocxnfi KafiH[rilnp-
uurt xaHaJr sHcorofi hs, utnp]'1^]cloit
Vou A. r ruuof i  /e  (pHc.  l0 ) . l lpea-

noJIolKI,IM, qTO )KHAKOCTI He O6-
pasyeT  Ha  cTeHKax  KaHa i la  r<Ba-

Puc. 10. 3apaqnnauHe nJrocKofi uenn 'rac-
THTIaMH sarpRsHeuufi

SHTBepAbIX rpaHHrIHbIX cJIoeB, yMeHbuarorlf ix ero cerreHr4e. K raxu*t

cblBaercfl 3ar{oHoMepHocrbro K*:f (D), r4e D - Arra}rerp rracruubr.
TorAa rtpu TeqeHHH/ qepe3 KaHaJr rracrnrrbr pa3MepoM, paBHbrM ra 6onr-
ute hs,6yayr 3aAep)r(HBarbcfl y BXoAa B rrleJrb, HerrpepbrBHo yMeHbuat
€e )KIIBoe ceqeHHe. Ey4eru HcxoAHTb HS Toro, qro qacruqbr, 3aAeplKHBa-.
acb B KaHaJre, pacnoJrararoTcfl rreprreHAHKyJrflpHo. rroroKy .e olHu psa.
flpn 3roM nerdo noAcr{r4rarb rxHpHHy KaHarra 

^ 
Wio, xoroplrc repeKpo-

-t u:OtI4I(bI npr rporeKaHriu r{epe3 

;._ -_.:""u".o6reua 

}<EAKocrt4:

wJo:- '{f K^DdD'
o ino

3nar urnnyc nepeA HHTerpaJIoM yKa3brBaer Ha yMeHbrxeHr.re [rHpHHbr
KaHana; D^u* - MaKcHua.nrunft AHaMerp rracTr4 u safpf l3Heunfi ,  r .n,rerc-
.lr{HXCfl B x<T.TAKOCTH. 1

o4HaNo AJrf l  rrpaKraqecKnx pacqeroB Berzrr l , tHy wlo cnelyel.  yMeHb-
IUHTb IIO CJreAyroulzl,r  npfiqqrraM: r

He Bce rIacrHIIbI 3arpr3HeHufi pasMepoM, paBHbrM u 6onrurgM Bbrco-

,TbI 3asoPa ho, HMeIor Aocraroqnyio tnepAocrl H BaAep)KHBarorcf l  B ule-
JU; qACTb H3 HHX - THTIA CMOJI, BCTOIIIH, 6YVATN H T. TI. -  MO|YT NOA
4eftcrnlreM rrepenaAa AaBJreHHfl npoAaBJrHBarbcfl  qepe3 rrre.nr;

uaMH 3arprr3Heuuit,  t tcxoLnrrr H3 ycJroBufl ,  rrro qacrurlbr, 3arpoMolKAa,
BXOA B fr{e./rb, BbrcrpaHBarorcf l  B OAHH pflA; Ha CaMOM AeJre fpf l3eBafl
Aav6a o6pasyercr MHot"r4MH cJroflMH rracrvu, rrro orqerrr,rBo BlrAHo rroA
MHKpOCT(o i roM npu pas6opKe xreJrH.  Buecre.c  reM HaprrAy c  KpynHbrMH
qacrHIIaMH B UIeJIH. Mofyr 3aAeplKHBarbcf qacrur{bl Meirh[rero pa3Me-
pa, rreM pa3Mep ho (n rpocBerax Me)KAy Kpyn,HbrMH rracrHrlarrau); '

atf

27



HeKoropble KpynHble qacrH.IIbI r.rMeror rrpoAoJrroBaryro Qoprury r.r Mo-
. ryr npH orrpeAeleusofi opueuiaqHH B nOrOKe npoxoAHTb uepei uleir,

He saleplK[Bafl.cb;
flpfl pacrrere LY/io npegrroJraraJrocb, rrro rracryr{br pa3MepoM D, ne_

, Pe{phlBafl IIIeJIb, yMeHbIxaIoT rrrupr{Hy nocJre4nefi TaKxe. Ha ne.nHvuny
D 14qry rpsl'IoyrgrbEux); tta caMoM x{e Aerre, xon$urypur{" qaerurt
HeoAHOpoAHa, a 60.niluHHcrBo H3 HHX HMeer soprury, 6irnsxyro x cQe_-
puuecxoli; B TaKOM Cryqae qacrHubr, pacnoJroxeHHbre i l oAr,rH psA y_uc-
TOKOB ITIeJII{, ee noJlHocrblo He nepeKporoT u qepe3 npocBerbr MexAy
qACTPIUAMH }KHAKOCTb CUIC MO)KCT NPOTCI{ATb IICPC3 IIICJIb.

I'IsnoxeHHbre Bbrrre o6crosrefllirea 6y4err,r n 4a.nlueriureu yrrHTbr-
Barb c [oMourrrc xoe+SuqueHra o, yMeHbruapurero snauerrnrd wio
3uaqeuHe o, yrIHTbIBat cJlolKHocrb pacclrarpuBaeMoro npoqecca, Mox-
HO OnpeAe.nnr'o, o6pa6oraB AaHHbre eKcnepHMeHroB. c nsoAoru xoaQsa_
uHeHTa o IxHpHHa Ka[arra, nepeKpbrBaeMafl rracrHrlaMH SarpxaueHurt
NPH I IPOTCKAHHH EAHHHUbI O6ICUA )KHAKOCTH qCPC3 I I ICJIb,

=D^u*

l$/"o- -a, 
I KrrrDdD.

' "  
Du-ho

3a rpeua dt  uep* KaHaJr rrporeKaer o6reu x{HAKocrn dv:edr.3lecr,

t Q : w - p a c X o A I I e p e 3 u I s l n p H [ e p e n a A e A a B J I e H H f l , L p ; w -
yMerrbuaroularcfl co lpeMeHeM rxHpr{Ha rrIeJrH.

3a ero x(e BpeMfl di nmpuHa KaHaJra yMeHbu'Tcfl Ha BerHr{r{HV

Vh\t,n
dlY : lX/ uoQdr.-ly/ 

"o 
Z dr.

l2vpls

w
PasAenaM nepeMeHHbre

dV

r{ npoHHTefpHpyeM 3TO Bbrpa)KeHHe:

.  ln  v / - * "^#r f  lnc .  
)

fparu'runbrM' AJrfl paccMarp'BaeMoro cryqafl 6yry, ycJroB'fl npr{
W : V+ TorAa

orr(yAa
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( 16)
2g

Patxoa yepes ulerlb c yrleroM H3MeHflrculefics IIIHpHHbI IIIeTH

vuonf;tn
Vhsnn,p h t tp  f r "-  r  Q:--a:--+l f l re
l2vgls l2vgts

,Paexo4, qepes rqeJrl,. >ruBoe eeqerrue -noropofi He r{3Megsercfl eo
BpeMeHeM, HtH nepBoHaqa,tnsufi pacxoA r{epe3 rrleJrb, Koropafl co Bpe-
MeHeM 3apau{HBaeTcfl,

Iffshf;^^p
.  e n : f f i .

C yueroira ororo Bbrpa)r(eHufl, a raKx{e (12) pacxoA qepe3 IueJIb

( r7)

(  18 )

( 1e)

hf,o orv"tffi,
Q-Q*e

Orsoczrenruufi pacxoA

-, -1+- ,o-l^u* KurDaD'wo

: Q * €  
D : h o  I

(  15)

f lo.nyveuHble ypaBHeHHr onr{cbrBaror npouecc o6.nurepaqr.ru rreJrH.
qacrullaMr.r 3arpfl3ueHufi. kls Bbrpax(eHnfl (18) cJreAyer, qro ecJIH E.
x{HAKocrH, [porerarculefi qepe3 IIIeJIb, raMelorcq rracrnEbl sarpnsHeHult
pa3MepoM Dlho, ro pacxoa Q yrr,reub[raercfl co BpeMeHeM r.r rrpH r-+oo.
crpeMuTcrr K HyJrro. Pacxo4 )KHAKocrH rrpn 3apaurr{BaHrvr rrIeJrH npr4 He-
narueusoir KoHueHTp at1:4u 3arpflgHuTe.flf l  3aBHcHT or uaqa.rrbHoro pac-
xoAa Qo, Haqa.u.uuoft rxHpHHbr Ue.nu V(o w BpeMeHv r. OqesHAHo ra.KlKe,
rITo rIeM 6o.nnrue B eAHHr.Iqe o6reua qacruu sarpaeueunfi pa3MepoM,
IrpeBbruaroulr{M MHHuMaJruuufi pa3Mep uIeJIH. l le, T€M HHTeHCHBHee HAeT
rpoqecc o6.nnrepar1:av. f lpe4e.ntuufi c.rryuafi; ror1a He 6y4er npoflB-
Jlsrbcfl [poqecc o6.narepauun, Bbr3saHHHfi qacruuaMn 3arpfl3HeHufi s"
)I(HAKOCTI.I, QyAer rrpH pa3Mepe 3a3oPa ho, rrpeBbruarculeM MaKcHMaJrb-
Hrtfi paeuep qacrHq. B arorra cryrrae

0
K*DdD;O, a eHaurr,  vt  q-  

o" 
-  1,0.

on - -Y -  
Q "

D-D^^*

V"x: - a. I-  D Z h o

klraw, gnn rtoryueHnfl 3HarreHult pacxoAa )KHAKocrH, H3MeHflIoxre-
rocfl Bo BpeMeHH H3-3a SacopeHHfl uleJreBofo Kar{aJra qacTHrIaMH- 3a-
rpfl 3 HeHr.I l i , Heo6xoAr.IMo r.rM erb M areM arnqecKoe onuca HH e s aBHcr.rM ocrn
rrucra,qacrnrr garpfl3Heuuft. s eAHHHrre o6reua )r{HAKocrH or HX pa3Me-
pa K-:f (D). t lpn aroM cJleAyer yqecrb, rlro rlucrro H pa3Mepbl.qacrur{
B eAHHHqHofi npo6e >KHAKocrn o(uqHo rrpeAcraBJrflror co6ofi TaKyro co-
BoKyrrHoclb 3Harrenufi, Koropble npaxruuecKn HeBo3Mox(Ho coeArrHHTb
nraeHori xpunoft. l lrranuyn KpHByro K*: f (D) Mox{Ho .rrocrpoHrr}
JrHrIIb Ha ocHoBarr4r4 ocpeAHeHun 6onl'.woro rIHcJra uauepeuufi sarpfl3-



I {CHHOCTH BO MI{OTHX rrPO6AX X{HAKOCTU. D,Nq MHO|HX |HAPOCHCTCM AO.
nycrufuaf l  sarpr3HeHsocm >KHAKocrH HopMHpoBaHa. |OCT l72l}-71
ycraHttBaHBaer 19 x.rraccoB rrHcrorbr )KHAKocrH, Ka)KAqMy H3. KOTOPbTX
coorBercrBy_e_T orrpeAeJreHHoe qncro qacrHrl, coAepx(auirxcfl e 100 cr\,r3
)I{HAKocru. HanpuMep, 8-fi x"rracc qucrorbr }KHAKoCrn (aro rurroBafi 3a-
fPlqSlqggfb lK444qqt4 !4Apq!4qr9!4 !3t4a49raEl ;raparrep@ysres
Tal {HMrr  r roKasaTeJr f lMr{ :  qucJro qacrHrr  pa3MepoM 5-10 MKM -
4000 ur., 10-25 MKM - 2000 ur., 2s-80. rurrivr - 200 rrrr., 50-
100 rrrxrrr  -25 rur. ,  100-200 MKM -6 ur. ,  BoJroKHa-He 6o.uee B rur.
I ' lruret craHAapTHuft uoxa3areJrb rrHcrorbr HJrr.r rpaHyJroMerpr.rqecKyro xa-
paKTepHcrHKy Saxruuecxofi 3arpfl3HeHHocrr.r x(HAKocrtr, noflyqeHHyr.o

D: Drnu* i  '

1r3 r\{ ep eH Hfl r\r H AJrfl .rpy6oli oqeH r(H, BeJr r{q r{ H)/

BaMeHurb cyMMoft -npoHsneAeHur? .r.vcila qacruu
paBHoro H npeBbl luarculero pa3Mep hs,  Ha. HX
TorAa Bbrpalr{eHlre (15) uoxHo sarrr{carb B Br4Ae

Wun:  -g
i -D . r *

K^Dd.D: -a
i :  ho

I-lpu sroM Qoprrayna(18)  sanur rerc f l  raK:

, Q H- A  - . E

l V o

Q: Q"e

arcu7" cTr.r xapaKTeprr3yeTcfl  TaKHMr,r AaH-
HbIMr.I: e I cNIs )KI,IAKocrH rIrIcJIo r{ac-

rurr pasMepoM 2-4 naxu-4600 rur.
4-8 MKM - 1600 urr. 8-15 rraxu -

D:D^^*

of,o"

\

\

s
\ I 2

o=o,i)\ q

KtDi

200 rur.
. A;rs

Mepa

Vuoj

i : l0urrr . r

VAosrerBopHreJrbHoe coBnaAeHHe
p$yJrbTaToB SKcnepHMeHTa H Teo-
p:./-r4 Ha1ltroAaJrocb flpn cr:0,1.

i :D^u*

s
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l - h o
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o,08
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Pnc. I  l .  3asncnruocm H3MeHeHHfl
onbrrHoro (rpunan ^l) n pacuerHoro
(ttpunan 2) pacxo4on xepocuHa TC-l
qepe3 nJrocKyro uleJrb oT BpeMeHH Te-

I{CHII'I

I

30

3.  COBMECTHOE AEHCTBHE 3ArPt3HEHHpr  H
sOAEKTA

-

A,[COPEIIHOHHOTO

, flpouecc o6nHreparlnr.r hpu reue:a:ar >Kt1Kocrerl, eKJroHubrx o6pa3o-
BbrBaTb Ha cTeHKax KaHaJroB cJroH H3 aAcop6HpoBaHHblx MoJreKyJI '
uAeT oAHoBpeMeHHo c 3acopeHHeM BroAa B Sasop r racTHqaMH Sarpf3He-
uzil-Eeau, uexoArl H3 HaHJefr trHr{€Te3ir, equTa+b, q+o I4aMe+IeHHe +oJ{-
xIHHbr fpaHHqHofo cJlof npH.Ter{eHHH rrepe3 uleJrb rroAqHHfleTcfl  3aKoHo-
MepHocrH (9) ,  ro  3a3op co BpeMeHeM Mo)Ker  6brrb

h :ho-28 :  no l l -  2Df lax  ( l  -e -e " ;  l .
L  h o  ' J '

K ̂ DdDdt

(2rj

(22)

(23>
3 t

I K *nao MolKHo
o !  no
Kax{Aofo pa3Mepa K;,
cpe4HHr? [HaMerp D;.

paccMaTpHBaeMoro npI,I-

/ - 1 5  u r u

Vl l2vpts

H rrporrHTerpHpyeM 3To Bbrpax(eHve

flpu erou BcJreAcrBAe_ 3arpflsHeHzfl 6y4er yMeHbuarbcq nepBoHa-
qaJrbHaff rlr4praHa rrreJrr{ V/s. flpu nporeKaH[H rrepe3 qeJrb eAHHHqHoro
o6rena xuAKocru rxHpHHa uIeJrH yMeHbrxnTcs H Mo)Ker 6ura HafiAeHa
no $opMyJre (15). B pe3yJrbrare yMeHbrrreHr.rs sa3opa h n natpa;x<eHvrw
( l5) usueHurcfl HHIKHHTI npeAerr HHrerpr.rpoBaHnff

lY/ uu- -a K -DdD,

dtV' d\p

D:D^u*

oJ,.,

rlleJrb.
Tax  KAK W: l  ( " )  , r  h_ f  f t \  ,

D-D^max 
lVhaAn

ro dW - -o t -- dtK*DdD. .,
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t0rcxlc

O,02

-e: [ t  -Srr - ;P" , ] ' *

x exr{-
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500 /000

Prc. 12. 3anHcHruocrr H3MeHeHnff pac-
J(OAa rrepe3 nnocKyn rqenb oT BpeMeHH

regeuug: I

rocrr)

VpanueHue (24) onncbrBaer
rpoqecc o6.nnrepaqun s o6qer{

er )KHAKocrb, He cKJIoHHag x o6.

/ _ s x c n e p x M e H T a n b H a q X p u B a f , ; 2 _ t e o p e . - ; . ^ , p ^ - , ' - - - - - - r
rurrecKa, (6es yvera 3arprs*eH*ocr* *i 'f: BHAe. Ec.nu qepe3 ureJlb nporeKa-'TurrecKar (6es yvera sarprsHeHHocrH H(HA-

r{o rA a 6m a * : 0, a ur e I b 3 a p a cr 
" 
ut r, 

",1 : ffi 
"# 

" ## " iT? J" r rtJ"""%":
cru,  ro Bbrpax{eHue (24) npeo6pasyercn n ( lg) .  Ec.rru x(e pa3Mep l i
np eBbrrx aer M a Kcuvr f"rrnuufi p asrra ep q acrHu 3 arp fl 3Henu fi , co4ep* a rrli*.'cfl B )KHAKOCTH, a >KHAKOCTb Ha CTeHKaX KaHaJra o6paeyer aaiop6r.lpo-
BaHHbre rpaHHqHbre crror{, ro Bbrpax(eHHe (24) npeo6pasyercn n Qoprr,Iy-JIy ( l l ) -Yl  puc.  12 npune4eH^rpaQur lxpnna^n ly 'np6" ' r r"*"  *"ano-
€rH Aivrr -lu .rep9l nJrocKyro ureJrb pasMepaMr.r: Vo:S,g Mnr; /s:':!,7 yl!_H hs: l0 naxrr,r. f lepena4 AaBJreHHfl np' aKcrrep'Menrax'a!:
-5,0 Mfla,_reM.Ieparypa t*t20'C. XnAxocrb orruuaJrg c rroMoulbro

SrEnrrpa Of-l1ll, rtaaxinr*,ra.nulufi pa3Mep qacrurr sarprsHeHufi s xHA_
KocrH He npeBbluan 25 MKM. PacxoA s npoqecce npo/THBKH yMeHbrrraJr-
cfl oAHoBpeMeHHo n_ pesyJlbrare 3aparrluB aHHr xartaia .raci"uu* 14 ga-
rpfl3HeHHfi U aACOp6qUn, r. e. o6pasoeaHr.rr Ha creHKax KaHalra rpaHr,rq_
HbIX rrJreuox. PaccqHraHHafl rro Qopuyne (10) sanu."ro.ri pu.*o4u o,BpeMeHH Ter{eHHfl' npqucxoAflLqafl JIHIIIb H3-3a o6.trr.rrepaqirr.r KaHaJra
noJrqpHo aKTHBHbTMH MoJreKyJraMu, noKa3aHa xpunoft' 2 ua puc. 12,
B xa'IecrBe KoHcralT npunartl: MaKcHMaJrbHo Bo3Mox(Hafl T9JTTJIHHa
rpaHuqHol i  n.ueuxn 0:0,48 uxu r .xoaQQHrIHeHr F:0,00t-  Cpauftune
rroKa3brBaer' rrro AoJrfl yr{acrHrr paccMorpenHrrx saxropoB B rrpoqecce
o6.nargp auun pa3nnurra. Peruarouree BJTHflHHe Ha H3MeHeHr{e pacxoAa
oKa3aJra 3a.rpf l  3HeHHOCTb X{H,4KOCTH.

4. BJII4f lHHE PA3MEPA H KOHOHTYPAUHI,I KAHAJIA

Sxcnepr.rMeHTbr noKagaJrH, qTo Ha npoqecc o6.nurebaquu ule.neesrx
ynJrorHeHHr i  s rHrror  KaK reoMerpHqecKHe pa3Mepbr ,  raK ,  ^on$"rypa-
uHfl KaHana- kIsrvreueHl' Ie AJIHHbI kaHa.na t ipu HeH3MeHHbrx Bbrcore h n
rxupHHe vf npnnoAr.rr 'K H3MeHeHHro cKopocru sapaqHBaHvfl.  r{eu MeHb-
i lJe AruHa KaHaJra, TeM 6O.nsrue yrerlKa, reu $o.nlrxe qepe3 rrreJrb B-eAH-

:11l-"^t:y_." 1 npoHocHrcn 3 afpnsHeH Hfi H MorreKy.rr, cuoco 6H brx aAcop-
oHpoBaTbcfl Ha creHKax, TeM HHTeHcHsHerl r.rAer rrpouecc 3aparrrgB aHHrI
TIeJII{. Beclua qyBcrBHreJIbHa EHreHcHBHocrb oOn"i.puqf" * r{sMe-
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HeHHTO Bbrcorbr 3a3opa h. l lpu Aocraroquo 6o.nsuofi Bbrcore 3a3opa
yMeHbueHre pacxoAa nu6o He nponcxoAr.rr, nu6o npotrcxoAuT croJrb
He3HatIHTeJrbHo' t{to o6nHTepaunr npaKTHrIecKH He BJrHfler Ha pacxoA.
flpu rrpoJIHBKe rlepe3 IIreJIb C Iraa"rrnu D-pacxo4 yMeHbrrraercr co BpeMe-
HeM. 3ror BbIBoA Moll(er 6rrru cAeJraH Ha ocHoB aHHV AaHHbrx npoJrlrBor{
qepe3 rJrocKHe rqeJrr{ (cir,r. puc. 9). Muuuuantulrf i 3a3op, rpH KoropoM
paexoA I{e MeHfleTCfl tO BpeMeHeM; S?B}reftT OT TOHKOCTH OqHeTr(H )KLrA-
KocrH, a raKx(e or cKJIoHHocrH )KrrAKocru o6pasoBbrBarb Ha creHKax
KaHaJroB a4cop6upoBaHHbre rpaHHqHbre cJrou.

Enn o[peAeJleHrrfl B[rr4nHHr Ha npoqecc o6anTepa4uu BeJrHrrLtHbr
KoJIbIreBoFo 3agop a 6rtna BbrrroJrHeHa cepnfl gKcrrep.r4MeHToB Ha ur.r-
rt4HApplqecxorlr [JryHxepnofi nape. Auauerp rnJrbsbr d--25 MM, AJTHHa
IUeJIH l0 lr,rrrl. !,uavrerp nJryHxep'a H3MeHflJrcfl rrpuTlrpxori, TaK rrro ga-
3op npn KoHueHTpHrrHoM pacnoJrox{eHuu [Jrygx{epa B rHJrbBe 6tr"rr pa-
neH I.0, 25 u 30 uxu. t lepes u{errb np'H reMrreparype }Kr4Ar{ocru *30'C
noA nepenaAoM aanneruufl Lp-5,0 MlIa npoJrHBaJrH KepocHH, orraua-
euuft or 3arprsueHr,rri Su,rrnrpou l2f@-5C. l lp" HeH3MeHHbrx pa3Me-
pax nnyHx(epa H ruJrb3br, o6pasyroultrx KoJrbueByro uleJrb, Be.rr[qHHa ga-.
sopa ['Io]Ker 6tttr pa3rutlHofi, n eanucuMocrtr or paciloJro)KeHr.Ifl nJryH-
xepa.B ruJrbse - KoHueHTpr.rrrHoe HflH sKcrIeHTpHrrHoe. IIpu KacaHHH
rrJryHlr(epa rroBepxHocrH rr.rJrb3br (puc. l3) eKcqeHrpHcHrer uaxbzua-
JIeH, a BeJIHtIHHa ero paBHa SHaTIeHHIO 3a3op2 rmax:ho.f lpu 9TOM ga-

lop h BoKpy.r rrrryHxepa HMeer [epeMeHHyro Beflr.rqEHy, r4gMeHrfl 'eb or
hmtn:Q AO h^^*:2hO

h :  h o -  e  c o s  0 . (25)

34ecl  0  -  no.nspguf i  y roJr ;  ho-  3a3op npH KoHrreHrpHqHoM pacnoJro-
)KeHWr rIJryH)Kepa B fHJIb3e.

KoucrpyKrruf l  o6pasqa no3BoJruJra npr{ aKcrrepuMeHrax r{eHrpgpo-
Barb IIJIyH)Kep B rI{JIbse H fioflyqarl crp-ro KoHrIeH.TpHrrHyro ureJrb rr
noAX(l.IMaTb TIJIyH)Kep K creHKe rlrJrbgbr, qro6lr floflyqarb oKcqeHTplrq-
HY9_ufe"nb c MaKCI4MaJIr,HblM SKCUCHTpHCHTCTOM.

, . :KpnBbre r4sMeHenlrf l  orHocr.ITeJrbHoro pacxoAa or BpeMeHH, nocrpo-
eHHbre ro orrbrrHbrM AaHHbrM, [pHBeAeHbr Ha pr{c. 13. tr4s rpaQuxa c"rre-

+yeT,^:rro npH KoHIIeHTpHTIHOM paCnOJrOX(eHHH [JryH)KepOB ]r sa3opax
Ito-25 u 30 rrtxrr,r ne,uuquua-orHocuTeJrbHoro pacxo4a nocroflHHa n He
MeHflercf l  or BpeMeHH, T. e. npoqecca,o1nirepar.IHH KaHaJroB Her. l lpu
SKCIIeHTpHtIHOM paCTIOJIOXeHHH nJryHNrepoB B fuJrb3ax oTHocllrelr,Hr,rf i
pacxo4 yMeHburaeTcq LI ToJrbKo rrpuMepuo rrepe3 30 uuH rrocJre HarraJra

TeHHfl nJrOCKr.re rleJrr{ Sapacrailkr roJrbKo, c slrcorofi sa3opa MeHee
20 urm, y utenefi  c 6o"nruefi  errcororl  sasopa o6,rrurepaqHH He^ua6"nrc4a-
.nu. V rioJIbueBbIX aKcueHTpHqHbrx ule;refi c nepeMenHor? etrcorofi :xalaila
qacrb >NuBoro cerreHnfl c pa3MepoM ga3opa, MeHb[rul l t  20 MKM, BHAr4Mo,
TaKN(e sa6Hsaercf l  t IacrHIIaMH sarpasneuuit >xuAKocrH. Sror [pouecc
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P r rc. I 3. Xapaxrep H3MeHeH 
i:r"#ffi lri,H?.ii.X"ffi ffJicHH 

a or p a3Mepa sasopa

t  -ho :25  s  30  ur r r l ,  b -0 ;  2  - f t0 :30  MKM,  g-ema* i  3 - f t0 :25  r r l x r r l ,  E-8^"s i  4  -ho :19  MKM,
e : 0 ;  6  -  f t o - 1 0  M K M  , r : r m a x

I

cou.poBo>KAaercf yMeHbrrreHHeM pacxoAa. ocra.nrHaff rracTb )r(HBofo ce-
rreHHfl uIeJrH, Bbrcora 3a3opa B Koropor? 6ontrue MaKcHMaJrbHofo pa3Me- r
pa qacTHrI  3arpf3HeHr{f i ,  3apacTarb He 6yaer l .  SneueHTapHbrf i  pacqer
AJrfl er{cueHrpHrrHbrx uleJrefi, nuno.nHeHHbrft no +opMyJre (25), rroKasaJr
(puc. l3) ,  vto ecJru noJrox{Hrb npeAeJrbHbrf i  pa3Mep 3a3opa h:20 MKM,
npH KoTopoM eule npoHcxoAHT o6JrHrepauHf, To SoHa 3apacTaeMoft ue-
JIH I IpH hs:25 rr , txru saHLIMaet 20:157" C, a I IpH f to:30 Irnru 20:140"-
Tax xax AoJrt nJIoIIIaAH xuBoro cerreHnr, sa6urort qacrurraMn garpr3-
HeHHii y He.nn c ho-25 uxu, 6o.urure, TeM y rqe.[H c ho:30 uxu, To H
orHocHTeJrbHbrft pacxoA y nocJreAsefi ulenu 6o.nirue, qeM y ueJrH'c f1
lLo:25 MKM. Te.reHr.re x(HAKocrr.r npH <<craltrJrvrcarIHH>>:- pacxoAa HocHT
lfeycrofiqHBbrr? xapaKTep: pacxoA Ha KaKoe-To BpeMq cTaHoBvrrcrl He-
cKoJIbKO MeHbLIre CpeAHerO, SaTeM CKaTTKOM rroBbruaeTcfl H CHOBa rral.a-
er, H TaK rrpoAoJr)Kaercfl HenpepbrBHo. flo-nu,AllMoMy, B uleJrr{ TaM, FAe
:JaKaHttHBaeTcf npoqecc o6.nHrepaqHH" pbrxJrbre fpfl 3eBbre o6paaonauun
rrepHoAHqecKH cMbrBarorcfl rroroKoM. KoflbqeBaf ilIeJrb c hs: l'0 nrxu
6yaer {JapacraTb [oJlHocrbro H npr.r KoHqeHTpHrrHoM r.r aKcr{eHTpHqHoM
pacno.ilo)(eHHH nJryHx{epa B rHJrb3e.

IIpn npo.rrnnxe qepe3 KpyrJrbre orBepcrr{s x}rAKocrn AMf-10 r.r xe-
pocHHa, oqHrr laeMux $unrrpaMH l2fO-5C, ycrof i r rHBbrf i  xapaKrep re-
qeHHfl B Ar.ranasoHe AaBJreHHr or I ao 60 MlIa 6un noJryrreH y o6pas-
uoB c AHaMerpoM, [peBbruarcrqHM 0,15 rrau. fIpH vreubrrreM Ar{aMerpe
orBepcTHfi xapaxrep nepBoHaqaJrbHoro TeqeHHfl HapyuraJrcfl, pacxoA
cTyI IeHf lMH yMeHbIXaJrCd H 3a HeCKOJTbKO MnHyT TeqeHHe'  MO|JTO r lpeK-
paTHTbcf l  coBceM.

' t flo,qo6Hue paccyx{AeHHq cnpaBeAJrHBbr Jrnrrrb AJrff xr.rAKocreft, He o6pasynu{Hx
Ha creHKax KaI{aJIoB QuxcnponaHHbrx cJroeB noJrflpHo-aKTHBHbrx MoJreKyJr, TaKHx KaK
KepocHH, 6eHsHH, rJrHuepHH. BomruuucrBo xe MuHepaJrbHbrx MaceJI BcJreAcrBHe Bgan-
MoAeficrsnr norefi, H3ryqaeMblx creHKaMu KaHaJroB c xn4Kocrblo, o6paayer Ha no- .
BepxHocTH KaHaJIOB rpaHHrrHbre cJroH, yMeHbruaroulHe xHBoe ceqeHHe uIeJIH.
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5. BJr HflHUE AABJI EHHfl

BnasHue [epe[aAa AaBJIeHHfl Ha nportecc o6rr,rrepauHH u{eJreBoro
ynJrorHeH[fl, Hsyqafiu gxln MacJra AMf-10 n xepocr.rHa. xlrAxocrb rrpo-
rvrBailn qepe_3 rrJrocKHe ureJrH sHcotofi l0 v 14 MKM rrpH rrepefiaAax

+aBreHr.rs I,O;2r0;5r0; l0r0 MFIa e reqeHHe 30 uun. Kar-a ox'flAanv

npeKparH{o^c_Lr 3a BpeMs -3 C nepe[aA AaBJreHHfl Ha uleJrH 6u,t yne-
JrHrreH Ao 12 MlIa. 3ro nprzaeJro r{-pesKoMy yBerHqeHHro pacxoAa, noc-
Jre qefo rrleJrb cHoBa Haqaila 3apacrart. I loao6Hyro KaprHHy HadrroAa-
Jrr4 14 rrpH [ocJreAyForrleM yBerHqeHHH nepen a[\a AaBrreHHfl lo 14,0 MlIa,
a saTeM pr 16,0 MfIa. l lo-sraAr.rMoMy, nJrorHocrl Hac.uoeuvrfi, rrpuBoAr-
sHX K 3apaCTaHVrO UreJrr{, nponopuHoHaJrbHa ' [epeiraAy /..a&lrervfl.
Enrcrpoe yBernqeHne nepen a1a AaB[retilfl. trpr.rBoAr{Jro K qacrr.rrrHoMy
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Pnc. 14. B.nnsnne nepeflaAa AaBreHHq
Ha orHocurgrrHnfi pacxoA xIlAKocrH

AMf-10 ( f t :10 rurrr l ) :
1 - Lp:l Mlnat, 2 - Lp:2 MtIa; 3 - Lp-

- 5  M l I a ;  4 - A p - 1 0  M n a

Puc. 15. Xaparrep Hs.MeHeHHs pacxoAa
)KHAKocrH qepes n.noci<ylo ule.nt c lr:
:10 rrlxrrl npn nepuoAuqecKoM r.l 6ucrporra

yBerHqeHr.rH nepenaA a AaB lreKH,fr.
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Prrc. 16. 3asucnr'4ocrr, orHocHTenbnoro pac-
xoAa xHAKocTH OT BpeMeHH Alrf,. pa3fiHrr-
Hbrx reMneparyp ( f t :  l0  MKM, Lp:

:5,0 MtIa):
,  -  50 '  C;  2 -75" C: 3-  t00" C

6. BJI Hfl HHE TEMNEPATYPbI

flosbtueHLIe reMneParypbI
X(HAKOCTH ITpHBOAHT K yMeHbUIe-

.HHIO ee Bf l3KOCTH, a SHaqHT, H K

yeg4H.Iel4lq yl9l9{ .Ie!99 1q!o-
pbr uleJrennrx yu.rrofHeHrd. Ec"rrn
npHAepx{HBaTbcfl  rHIIoTe3bI Me-
XAHI{IICCKO| O 3A6HBAHHfl M HKPOH-
Hbrx KaHaJloB ynJIorHeHuir. ear-
pf l3HeHHflMH XT4AKOCTH, TO C yBe-
JrHqeHrreM TeMneparypbl I Ipol(ecc
o6.nurepaquH KaHaJroB AoJI)KeH
ycKopr.rrbcf l .  3ro H noArBepAHJIH
p esyJrbTaTbI 3 KCIIep HM'eHTOB.

Ha puc. l6 noxasana saa:acr-
MOCTb OTHOCLITeJIbHOTO paCXOAa KepocHHa oT BpeMeHH rrpn pa3Jrr.rrrHblx
reMrlepaTypax )KHAKocrH. flpune4eHbr pe3yJrbTarbr npoJrHBoK rrepe3
n"rlocKylo ilIeJIb c Bblco.Tofi sasopa l0 rrnxrra IIpH nepenaAe AaBJIeH[tt
5,0 MfIa. I, ls rpaSHKoB BtrAHo,.trro qeM Bbrrxe reMrreparypa >KHAKocrH,
reM LIHTeHcHBHee HAer npouecc o6"rrurepaqun xleJrr{.r{ TeM 6ucrpee
yMeHbuaercfl pacxoA.

7. BJr Vfl Hr[E O CIIH Jl Jr H pyrorrl HX AB HX E H H n n Jr y HX EPA

l{s npaxruKu I{3BecrHo, qro ecJrn Aerailw,-o6pa3yrourlre Karrvrnnts.p-
IIbIfi KaHaJI, rIocJIe roro KaK oHH HaxoAHJrHcb B noKoe noA AaBJIeIIHeM
xillAnocrrr, rrprrBccrrr B l(Brrx(eHtre orHocr{TeJrbHo Apyr Apyra, To yreqKH
'lcpcs lr. lcJrb Bospacryr. o,lenrrAHo, nprr nepeMeureHHH Aera.nefi npouc-
xoAHT pa3pyueHHe pblxJrblx rrJracToB H3 opHeHTHpoBaHHbrx MOJreKyJr,
Itptl groM TaKlKe Hg 3a3opa BblMbrBarorcr r{acrnrrKu 3arpfl3HeHuft. 3xc-
nepHMeHTbI AJIfl onpeAeJleHufl BJrHrrHHfl ocrlr{JrJrnpyrou{Hx (nosnparHo- "nocrynare.unurrx) ABHX(eHHr? ua r.r3MeHeHHe pacxoAa >KHAKocrH rrepe3
I(oJIbqeBbIe ueJrn BbInoJrHflJrH c nJryHx(epaMu Ar,raMerpoM 12 w 25 vtvt.
I (  o6paelraM rIoA AaBreHHeM l0;  20;30-u 40 MfIa noAnoAu.nn MacJro
AMr-10 H KepocHH. HenpepuBHo B rrpoqecce ar{crepxMeHra H3Mepsrnr
yTeTIKLI: B OAHOM Cryqae npH HenoABr;rx{HoM rrJryHx(epe, B .4pyroM -
npH nocroflHHblx ocIrHJIJIHpyrour,x xore6aHHqx nJryHx(epa B rzJrb3e c
qacrorof t  1,6,20 H 60 fq H aMnJrnryAori  -0,5-0,8 vvr.  f lpu ocur4nrrr-
poBaHHH yrel{Ka ocTaBaJlacr cra6uJlbHoft B TeqeHHe Bcero oKcrrepHMeH-
ra, Koropur? A"rtl lncn 40 MHH. l lpu HerroABHxHoM nJryHlrepe yreqxa
yMeHbrxaJracb. l lpu ocqnJrrnpyroqeM flJryHx(epe pacxoA oKasaJrcfi
MeHburHM, qeM npr{ HenoABHx(HoM nJryHx(epe. 3ro, BrrAHMo; o6tscus-
ercfl TeM, rITo Kore6"nrcqr.rf icr TIJIyHX{eP, B orruqne or'HerroABH)KHoro,
3aHHMaer B tHJIbSe nof lbx(eHHe, 6nHsxoe K KoHueHTpHqHoMy, npH Ko-
ropoM yrerrKH Mr.rHr4MaJrbHbr, qTo cneAyer H3 Qopuy"rru (2).

3axaHquBafl paccMorpeHHe BonpocoB, cBfl3aHHbrx c flBJreHr.reM o6-
JIHTepaUHV, AAAI,,M HeCKOJIbKO COBeTOB, KOTOpbre CJreAyeT yqHTbrBaTb B
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nparrHx6 rlpneMo-cAarorrHbrx Hcrrbrraunir rn4poarperaroB co rrleJreBbl-
MH yrrJroTHeHHflMr4

VqHrHsaff, qro pacxoA,xr{AKocrH rrpr TerleHr.r[ qepe3 IrreJrH MHK-
poHHorX pa3Mepon, o6uuuo H3MeHfleTcrr  co BpeMeHeM, i lFH oueHKe rep-
MeTLIqHOCTH CJreAyeT r.rCnOJrb3OBaTb cpeAHrorO BeflHrrHHy pacxoAa, H3Me-
peHHyIo B TeqeHr{e HecKoJrnKI,IX MHHyr: B rexul.rqecKux ycJroBntx Ha
HcnbITaHue ueo6xoAfirrao ororiapunarb, rrepe3 Krar{oe BpeMrr rrocJre IioABo-
Aa AaBJIeHur K arperary cJreAyer Har{HHarb H3MepeHHe yrerreK. nnn
BoccraHoBJreHr.rfl yrerreK (pacxoaa) sapocruefi uenu ueoSxoAuMo Aera-
.nn, o6pa.3ylotUue uIeJIb, npuBecru B ABHIKeHHe c orHocr.rreJrbHblM rrepe-
Meuleiluerr,I. Taxofi xie eQQeKT Aaer cryleHqaroe yBeJrr.rqeHHe [epenaAa
AaB[IeHnfl, Ha x{eJII4. Ile"uecoo6pasHee Bcero r43MepeHud pacxog,a HaqH-
Har_b_ cpa3y x{e [ocJre HecKor'rrjxux nepeKJrroqeuzfi arperara.

Vreuxy rrpn r{cnbrrasuqxtcJreAyer H3MepflTb npu ycroBtrflx, coor-
BercrByrorqux pa6ore arperara npn sr(cililyarawr4, T. e. npn pa6oqeM
AaBJIeHHH r{  TeMneparype. Heo6xoAHMo yr{HTbrBarb raK}Ke, u ' ro Sanru-qecxrai' i  pacxoA 6y4et sHaqHTeJrbHo orJrnqaTbcfl or onbrrHoro, ecJrr4 cre-
rreHb {ru.rrnrpauHH xr{AKocrr,r B creHAe H peaJrbH afl, B rLhpocHcreMe or-
JIHTIACTCfl.

l IpN npoBeAeHHH rlplleMo-cAaroqnbrx r{cnbrrauuft ruApoarperaroB
peKoMeHAyelcfl Hc[oJrb3oBarb pa6ouylo x{HAr(ocrb, orBeqarcuiyrc Bcervr
rpe6onarlufl M TexHHIIecKHx ycnonurl ; HcKJrroqeHHe Mox(er 6brrb cAeJr aHo
TOJIbKO B TeX CJIyqaflX, KOrAa MON(HO AOKa3aTr, HeqyBCTBHTeJTbHOCTb
rHApaBJIHqecKoro MexaHr{3Ma K H3MeHeHr{f lM Toro ?rJtH l4Horo cnoficrsa
x{HAKOCTLI.

!,.nx ycrp aHeHLIfl LIJrH 3HarrLITeJIbHoro cHH)KeHr,Ig HHTeHcHeHociu o6-
JII{Tepaqutt KaHaJIoB H Aocrrax{eHnq ycrofiuunbrx pacxoAoB Heo6xoAHMa
TulareJrbnax QrnbrpauHfl xr.rAKocrr.r,  cJreAyer raKxe npuMeHqrb )I iHA-'
xoci'H, ue o6pasyrculue Ha creHKax KaHaJtoB noJrnMoJreKyJrflpHbre cJron
noJlf lpHo-aKTHBHbIX MoJIeKy.n. Touxocrt Sunlrparlur{ AoJt)r(Ha 6lrrt  ra-
xori ,  uro6br B orruureuHofi x(r.rAKocrr{ He 6u.rro qacrr{u pa3MepoM paB:
HbtM r.r 6o.nee Bbrcorbr ga3opa. Cra6u.rr luuft"pacxoA MoxHo noJryqr{Tb
IIpH TeTIeHHH rlepe3 3a3opbl nJryHx{epHbrx [ap, coBepuarculux ocrIHJrJrH-
PYrcque ABHx(eHHfl.

f . r a s a  I I I
ynJroTH EH Hfl C nJIOCKT,TMH TTIEJI 'MH

,  EecroHraxrirua ynror"gHHfl B BHAe nJrocKHX ule,r lef i  vc[oJrb3yrorcf l
B pacnpeAeJrHTeJrbHux ycrporicrsax rHApoanpefaroB, a raKx(e B Haco-
cax H fHApOMOTOpax.

IIIe,nr Mo>Ker rzMerr, rrocrorHHy.Io Bblcory 3a3opa,- Ho Mo>Ker 6arcr
xouycuofi .  KouycHocrb IITeJIH o6uquo ssrqercs cneAcreuera HecoBep-
I lr tHcrsa I{3roroBJIeHHfi H HepaBHoMepHoro H3Hoca Aeranefi  npH gKc[Jry-
aTaI{'HLr.

Vieuxy )r(HAKocrH rrepe3 KoHycHyro ureJrb paccqHTbrBaror.no eopvry-
J Ie  ( l ) , ,u  roropof i  sa Berr . rqHHy 3a3opa npprnuMaror  cpeAHroro BerHqH-
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Puc. l7..Cxeua n.nocrofi xoHycuofi xleJrn

.  h 4 - h q
Hy, onpeAeJlf leMylo H3 BbIpalKeHVr, h"p:: i- .  3Aecn hr.vt lxz - co-

OTBCTCTBCHHO BCJIHIIHHA 3A3OPA HA BXOAC IT HA BbIXOAC H3 UICJIH. 3XC-
neprrMeHTbt [oKaSaJrH, trTo pacqeT yrrJroTHeHufi no,ft .n cnpaneAJrr4B JIHLIIb
AJrff  KOHyCHbTX UleJrerl  C MaJTbIMH yfJraMH KOHyCHOCTTT, He npeBbrrrrarcrr lH-
Mu 0"20'.  f lpn 6o.nr,urux 3HaqeHl.I f lx yrJra r(oHycHocru pacqer yrerrKn rto
h"o oxasbrBaercf l  3aBbrneHHbrM, ecJIH ureJlb paci lr{pf lercf,  H 3aHH}KeH-
HbrM, ecJra II{eJrb cyx{aercr. PacxoxAeHnfl Bo3pacraror rro Mepe yBeJIH-
qeHIIf l  KoHycHocrr.I .  Tax, y pacuHprrou{eficq B Ha[paBJreHHr.r yrerrKn
uleJrr.r c .yrJroM KoHycHocru, paBHbrM 2", rpaxruuecrnfi  pacxoA Mo>Ker
6u r r  MeHbue  pac r re rHo ro  no 'hcpB  8 -10  pas .

PaccuorpuM ABHX{eHHe x(HAKocrlr B RJrocxoft xouycsofi  uleJrH, o6pa-
soeauHor i  AByMr Henpor{Hr{aeMbrr \ {H creHKaMH, oAHa H3 Koropbrx  (pnc.
17) - HHII(Hnn r{eorpaHuqesuofi  AJrHHbr - nepeMeirraercf l  c rrocrorH-
noi.r cxopocrblo -t- u. OnpeAeJrHB 3ar(oHoMepHocrt,  paclpeAeJreHr.rrr AaB-

t t l r

JreHHfl H CKOpOCTH nOTOKa B 3aSOpaX TTJTOCKHX r(OHyCHbrX rrleJreu, rroJry-
vurvr QopMyJrbI Arrr pacqera pacxoAa (yreuxH) rr cuJrbr rpeHHfl, 4erlcr-
nyrouleft Ha creHKH, o6pa3yrouue uleJrb. XuAxocrb B r.ueJrH ABulKercrr
rroA AeItcTBr{eM nepenaAa AaBJreHHrr [r cHJrbr TpeHr.ra o noABH>KHyro
cTeHI{y.

;- . B nprnloyro"nluori cucreMe KoopAHHar ocb Ox HanpaBr.rM no rerre-
Hr.rro, coBMecrHB ee c oAnofi r{3 

'nJrocKHX 
creHox, oci Og - BepTHKaJIb-

Ho r {  ocb  Oz-  ro repeK (pnc .  l7 ) .
BseAer{ o6osHa.{eyun: W, I -tssupvtHa 14 L;nnla rqeJrr.r; oy, os, oz-

rpoeKqHfl cKopocru rroroKa Ha coorBercrByrourue ocu; h(x) -tepeMeH-
, ut't i t 3a3op; hs, lt1, Po, Pr - cooTBeTcTBeHHo pa3MepbI 3a3opa H AaBJIe-

HHe )KHAKocrr,r Ha BxoAe r.r BbrxoAe H3 ureJrr,r; Lp- po-pt - IreperraA
AaBJIeHHfl ;  p:pl ,Lp,  Fo:polLp, Fr:pr lLp -  ofsoczreJrbHaf i  BerHrrHHa
AaBrIeHHfl; tg e.: m- (ht-hi I, l  - KoHycHocrb i lIerrr{; k: (hr-ho) i,ho -
HeKoropbIfi napalaerp, olpeAeJrrrorqufi xoHycHocrb ueJru, xoropnrfi c
KOHITCHOCTbIO f t7 CBf3aH COOTHOIXeHHeM

rnl:kho. (26)

Haupan.rreHue Kol{ycHocru rro reqeHuro }KHAKocrH onpeAeJrqefcq
sHaKoM rrapaMerpo.B ft v ff7. A.rrr^ pacuupflrorrluxcfl ure.nefi m)0 w k>0,
AJrf  cy)KaroulHxcf l  -  m(0 u f t<0. 3uaqeuue rapaMerpa k MolKer Me-
Hflrbcrr -l <rfr(oo. f lp" k- -1_rpanuqbr cyxarculeftcn uIeJrH cMbrKa-
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Iorcq i l  TeqeHHe )r{HAKocrr.r i lpeKpauaerc f l ,  a npv k--oo uMeer Mecro
TeqeHr.re N(HAKocrH rrepe3 orBepcrlre B ToHKofi crertxe.

!,nuxeuue x{HAI{ocrH B LueJIH npeAnoJraraeM H3orepMHqecKHM, Jra-
MHHapHbIM rI ycraHoBHBrrIHMcfl,  a x{r.rAKocrb Hec}Knuaenaofi  c rrocroflH-
nofi  sqexocrblo. Cquraeu, qro pa3Mep IrreJrH, a TaKX{e oqxcrKa }KHAKo-
crH ot qacrHII Barpfl3HeHufi raxoBbl, r{To uer o6.nurepaqr.rn KaHaJroB.

saeopoe..fiJrtrrra
l r  rxHpHHa Kara[ra MHofo 6o.urure 3a3opa, r.  e. /)  h u lY/]h, a paswe-
pbr sa3opa He H3MeHflrorcf l  or 4eficrnun AaB[reHHF-. nns olpeAeJreHHs
HcKoMbIX 3aKoHoMepnocreft BocnoJrb3yeMcfl npu1nu>xeHHbrMr.r ypaBHe-
HUflMH Hante-CroKca I{ Hepa3pbrBHocru rroroKa, 3anHcaHHbrMH B BH-
a e  ( 7 ) .

fpanuuHblMI,I ycJI oBHflMLr AJrfl cr(opocrer? rBJrflIorcfl paBeHcrBa cKo-
pocfH rracrHrr x(HAKocrI{ H rroBepxHocrefi ,  ofpaHHqHBalourux noroK

x l4AKocra .  f l pu  U :0  ex :+  {J ,os :O,  npa  U=h(x ) -n r ( t+k+ \ :" \  t  I
-ho(l *kx) ox70, ga:0. fpaHLItrHbIe ycJIoBLIfl Lrrfl AasneHnir,: rpH
j r=0  p :po ,  TrpH x : l  p -p t .
" f lponnrerpnpoBaB rrepBoe ypaBHeune (7) ABax{Abr flo A, noryrraeM

a* (x, u):+ + az * Ar@) v* Ar(x)-
2rtp dx r \

I4s sHa'r ellfl. cxopocrefi Ha rpaHHrlax o[peAeJrfleM nponsBoJrbHbre
Qynxqr.rn Ar @), Ar(x). Taxuu b6paeou, saxbHouepHocrb'pacnpeAerre-
Hr.rfl cKopocTpr

a,(x, a): +(u, - hil+ x + (h- a).
A"na onpeAeJreHnfl p(x) o6parraucfl K ypaBHeHnro HepaspbrBHocru
I4.Hrerpupyfl oro ypaBHeHHe no A B rpeAerrax hr(x) 4A4'hz(x),
f lVTIHM

(27)

(7)  .
i lo-

(28)

(30)
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rte h- f lepeMeHuuf i  sasop:

3lecr ,V: +,

*cr,

h x ( x - l )

( t  I  kx lz  (2  + k)

p(x): *6vpu : #, - r2vpcr: +?

$  h :hoQf  kx ) '  (29 )

:0 - Ha BxoAe B IqeJrb, i : l  -  Ha BbrxoAe H3 ureJrH.

I.  3AKOHOMEPHOCTH HSMEHEHI4fl  AABJIEHT4fl B II IEJI 'X

3axonoMepHocrb H3MeHeHHfl AaBJreHHfl B rr leJrf lx Mox<Ho ..noJryrrHTb,
HHTefpHpyfl  ypaBHeHHe (28), HcrroJrb3yfl  fpaHHqHbre ycJroBHs, KorAa
npu r :0  p(r ) :po vr ' r rpu E=l  p@): fu Onycxaa erreMeHrapHbre
BbIKJTaAKH Antfl, OnpeAeJreUUn c1 H cz, no,rryuurr,r

( t  +  k ) 2 '
p (x)- Po-

2 *rh



l .  i lde.rrr  o6pasoaaHa napaJrJreJrbHbrMH creHKavu (h-const,  f t :0) .
olua rr3 cTeHoK ABHlKercfl co cKopocrbro L'".*0, >xlr,4xocrb HaxoAHTcr
nol  Aef ic lBHeM rrepenaAa AaBJreHr.rr ,  r .  e.  ,Lp+0. B .raxdu cryrrae 3a-
Iiottoi\{epHocrb II3MerreHr{r AaBaeFrrrff (30) sanHrrercs B Br.rAe coorHo-
rueurri. i

x
VG):Vo-i unu p(x):po- * oo. (?t l

I4s.. (31) cJleAyer, qro HsMeHeHHe AaBJreHHfl B r.rr,eJrrr trpoucxoAprr no JrH-
i leirHorvry 3aKoHy or AaBJreuun po, noABoAHMoro K uIeJrH, Ao AaBJreHHfl
Pr Ha BbIXoAe H3 ITIeJIpI HeshnHcr.IMo or rofo, ABHlKercff creHKa uleJrpt
I ' IJIH Her. Be.rrHqLtHa AaBJreHvfl  B trpor{3BoJrnuoft ToqKe ureJrn gaBHcHT
JIHTUb OT AaBJreHHfl ps V pr *t  orHocHTe.ntsorl  KoopAHHarbr roqxu .c:
:x l l  t r  He saBHcHr or  pa3Mepa zasopa h.

2. V ruena c napaJIJIeJIbHbIMpr creHr(aMu ft-const noABHx{Ha rpaHr.r-
I l3  C 'cr :Q,  HO OTCyrCTByer  HanopHoe rer {eHHe,  T.  e .  Lp:po-pt -0 ,  f lpn
sroM IaBJreHHe e r ro6oM ceqeHHH 3a3opa ) r [J rorHeHuf l  paBHo AaBJrer i r4 lo
Ha  rpaHH\ax  p  ( x )  :  po :p t .

3 .  ̂ KoHyc_Haf  u{eJ lb  k+O o6pasonaua .  HerroABH)KHbrMH creHKaMH
o.cr :  0, 4 u: 0, Te'IeHnf xlt4Kocru trpoIIcxoAHT BcJIeAcrBHe rlepenaAa AaB-
{g! .Hf l  Lp:po-pr ; r0 .  [oacraBuB BaAaHHbre BHarreHHf l  B fopr ray.ny
(30 ) ,  no ry r rHM

. ; r r r  =  ( l - p t ; z  z x + * z
P\x ) -  Po -  - - ^

2 + k  ( + k V ) 2

IlIs tq2'l cJleAyer, r{To AaBreHHe BAoJrb x{eJru saBrlcfiT He roJrbKo or
Pq,.Pr,  c,  uo H oT pa3Mepa BXoAHoro 3a3opa h6 u KoHlcHocTH k.  Ha puc.
I B npegcra BJIeH a rp a Qr.t.tecKaff B aBHcHMocrb rr3MeHeHrrr orHocnrenfnofi
BerrrrrHHbr AaBJreHHf F@, E):plLp BAoJrb i l reJrH. B pacuere npHHfro:
AaB/'IeHHe >KHAKocrH y BxoAa B KaKa[r P:Po, Ha BbIXOA€ H3 KaHAila p-
:Pt_:0,  T.  e.  Ap:Po, AtIHHa uIeIH / :  l0 I rau,  nXo4HOli  3a3op hs-
:20 ntxvr. HsMeHeHr.re KoHysHggrlr ir lenu nponcxoAuJro BcJreAcrBHe H3-
MeHeHzf i  BbIXoAHoro 3a3opa hr:Q+ 120 rr ,1xu. 3ga.reHr.re m:tg a:
:0,01 coorsercrByer yrJry E-0"35'  n xouycHocrn k:5.

flpu ttt<0 (cy>r<aroulrrecfl rqeJru, pHc. lB, 6) H3MeHeHHe AaBJre-
HI'If l  B II{eJII{ Bblpax(aercfl BbIrryKJrbrMH KpHBbrMH, a rrpn m}0 (pacuru-
pfrox{Hecf rr{€JTr{, pHC: I8, a) - BOfHyTbrMH. fpanr.rqeft pa3rr,eJra sTHX
KpnBbrx flBJrflercff npflMarr Jtvtrnfl, floryr{eHHan Ailfl [apaJrJre.nluori ule-
nv. Vz rpaQraxa cJleAyer, qro r{eM 6onirue KoHycHocrb trpn HeHsMeHHoM
BXOAHOM 3a3ope, TeM 3HaqHTeJrbHee npoflBJlflercfl orKJroHeHHe H3MeHe-
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(32)

o qz q4 q6 qs T o o,z 0,4 o,g o,E T
a ) i l

o .

Pnc. 18. fpaQur saBncuMocrnf,:16, q B KolrycHblx uteJrsx npr4 HanopuoM TeqeHnu
LP+0,  Pt :O,  ocr :0 ,  f te :cof lSt ,  h t :Ya l :

c - ulenb pacunpf,rolqaacn; 6: lqeJrb cy)Karoularcq

HHfi AaBJret:nr. or npflMolusefiHofi,sanucuMocrr. l lp" k- --l,nepxHrn
H HHlKHflfl rpaHHIIu Uelnu cMblKalorcfl Lr rorAa AaBJreHHe B Jrro6ofi roq-
KE UICJIH-CTAHOBHTCff PABHbIM IOABOAHMOMY AABilEHHIO.

4.'SegHanopHoe ABHX{eHr.Ie B KoHycnofi uIeJrH c noABr{x{Hofi crenxofi
(Ap: 0, .  po:pi ,  a"r*0,  k+0).  I Ipu-yKa3aHHbrx ycJroBnf lx 3aKoHoMep-
HOCTb H3MeHeHr.rfl AaBJreHHfl, 3anHUJeTCg

_ r-.-r -r_ 6vp/u.,
P\x) -  Pot  

T
nV(V- r ) (33)

(2+ k)(  TAx)z
'Ans rroryqeHufl, saBtrcrMocrr.r (33) n 6espasMepHoM BHAe rroAeJruM Jre-
ByIo H npaByIO qaCTH ypaBHeHHf. Ha p0, TOrAa

t  -  Vo17;: t  -r  rooi l  ( ;-  t)
fm

, 6,oplun-tKe tao lf 
ffi 

- oe3pa3uepHstft napailIerp i p'(i):+-.

(33a)

Ha puc. I9 npuneAeHbl pacr{erHbre KpHBbre H3MeHeHHfl orHocr4Te.rrb-
Horo AaBJreHr{n po_ f (n) B KoHycHbrx ueJrf lx c.no4nnx<uofi  cresxor?.
f lpu ABH)r(eHHH creHKH B HanpaBJreHHn MeHbrrrero sa3opa (puc. 19, a)
pacrlerbl nunolnhi lH I.Jrf l ,  4q:5:Const H Tpex sHaqeHufi napaMer-
poB  KoHycHoc rH  k :1 ,0 ;  2 ,0  z  10 .

[Ipn ABHxeHHH creHKH B c.ropoHy yBerr.rquBaroi l lerocq 3asopa (puc.
19,  6)  coxpaHrerc f l  HeH3MeHHbIM 3HaqeHHe KoHycHoctn k :1 ,  Ho r repe-
MeHHbIM CTaHOBHTCff I IapaMeTp Quo, HTO AOCTI{raeTCfl H3MeHeHileM CKO-
pocrH ABr4>KeHrarr creHKH asr. ! ,nn o6osx cryr{aeB TeqeHHfl xapaKTepHo
HarHr{He sKcrpeMyrraa. f lpn ABr.r}KeHuH creHKH lrreJrr.r B cropoHy MeHb[re-
fo sasopa AaBJreHHe BHyTpH rqeJrr.r cHaqaJra yBeflHrrnBaeTcr, AocTHfafi

4 l



0,6

Puc. 19. fpaQHr 3aBHcHMocrHTD:f G, kl s KoHycHbIX ulerqx npr'r  QpuxUHoHHoM re-
rreHrra a+'0,'Lp:O, KorAa creuKa ABH)Kercg B cropoHy, MeHblrlefo 3a3opa (a) u e

cropoHy 6olnuero sasoPa (6)

MaKcr.nvryMa, 3aTeM yMeHbrxaeTcfl  IO Po. B Ule"r l l t  BO3HHKaeT I{36blToq-

Hoe AaBJIeHHe, co3Aatoqee rIoAAeplI(HBal,oqyrc cHJIy. <Doprray.rra (33)

noKa3bIBaeT, rrTO MaJIbIf i  3a3op fts I Io3BOJIf l  eT.IIoJIytILITb AoBoJIbHo Bblco-

KOC AABJTCHHC B UICJIH.
f lpH ABHIKeHHH HHrKHeir Cheuxn B HarrpaBJIeHHH yBerurlnBaloi l Ierocfl

3a3opa (crnr. puc. 19, 6) AaBJreHHe BHyrprI i l IeJII4 BHarIaJIe noHu)Kaercf l ,

a 3aTeM Bo3pacTaeT Ao Po. KoopAHHaTy TotIKH sKcTpeMyMa AaBJIeHI' I f l
r \ ,{ox{HC 'onpeAeJII{Tb, [oJlb3yflcb LI3BecTHbIM IIp?IeMOM. B TOqKe

3KcrpeMyva dp ldx-0.  I4cnor lb3y i l  (33) ,  nor lyqnM

(34)

(35)

TeoperuqecKu npr.r ABHIK eHHV HHX{Heri creHKH ueJIIa B HanpaBJIeHI' IH

)/BeJIHqHBaI,OU,erOcf 3a3opa BHyTpH i l IeJIII  i lpl ' I  HeKOTopbIX yCJIOBI'I f lX

AaBJreHHe Mox{eT AOCTI4qb noJl l{oro BaKyyi\, fa. 3aeHcu,N'IoCTb Me}KAy cKo-

pocTbro ABEx(eHHfl cTeHKH ocr.Hp napaMeTpoM KoHycHOcTH k, AJIHHoii
UIeJrr{ / ,  nRsxOCTbrO v H HaqaJIbHBIM AaBJIeHIIeM Po, I IPH KOTOpbIx AOCTH-
raercrr BaKyyM, Mox(Ho onpeAeJrHTb, ecJIH B ypaBHeHHH (33) rIoJIo)KHTb
p - Q , . r - l l ( 2 + k ) :

z p o h ' o ( t  + e ) e + k )
"cr.KP- l 'y i ln

OAHdr<O B peaJlbHblx ycJloB4fl .x AaBJIeHHe B UIeJILI HHKorAa He Aoc-
Tr . r rHer  HyJr f l ,  TaK Kar(  oHo orpaHuqHBaercq o6teNlHof i  npouHocrb lo  )KHA-

KocrH.  B ru4panJIHqecKHX pacr terax o6urqHo c t luTator ,  r ITo HanMeHbl .uee

AaBJreHr.Ie, KOTOpOe MOX{eT 6ntrt AOCTLITHyTO B )KHAKOCTH, paBHO HJIH

6,[Hsxo K AaBJreHI.Irc ee HacbIUreHHbIX f lapoB rIpH AaHHofi TeMrIeparYPe:.

f lpn pa6ore rroAtrrurrHur{a cKoJrb}KeHr.{f l  xHAKocrb.B ToHKoM cJloe 3a3o-
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orB.

Pnc.20. Cxeua pacnpeAeJleHHff AaBJIeHHff B KoHycHbrx uleflqx npH coBMecrgoM Aelicr-
BI'I,I NCPCNAAA AABJICHNN LP*O H ABH}KEHHH CTCHKH CO CKOPOCTbIO {-UCr

pa HarpeBaerct ,  r ITo CHH)KaeT ee Bf l3KOCTb H I IOBbrI I raeT AaBJTeHI ' Ie Ha-
cbrrrleHHbrx napoB.

5. !,nuxeHue x{HAKocrfi n xouycHbrx rrleJrflx rrponcxoAuT noA Aefi-
crBr.reM cyMMapHofo 300eKra - repen aha raBrreHHfl Lp u Qpa}<qaoH-
Horo sogAericrBrfl, rroLBHx<sofi creHKH Kanaila.

crr.r, 'Bbr3BaHHoe neperraAoM AaBrreHfif l, ;4,p, [poHcxoAr4T B cropoHy yBe-
rHr{eHHfl 3a3opa h. !,anneHHe BAoJrb. ureaH 6ncrpo yMeHb[raercfl, a
KorAa creHKa 6yAer ABHraTbcq raK)I{e B Ha[paBJreHHH pactunprroulero-
cfl 3a3opa, AaBJreHr.re MolKer Aocrr.rqb HyreBofo SHaqeHr.rfi. f lpn reqeHHn
xHA[iocu4 B cropoHy yMeHbrrreHHfl 3a3opa h u cosnaAeHHfi HanpaBJre-
HI,Ifl ABH)KeHHfl CTeHKn C IOTOKOM LIHTeHCHBHOC'Ib IIaAeHHfl AaB,ileHI.Jfl,
BAo/Ib creHKI{ cHI4>Kaercfl., a rrpH AocraroqHo 6o.nturorl cKopocrn Lt6 anu-
)KeHr{rr creHKH.AaBJreHHe BHyrpH.rrIeJlH MOX(er AaX(e BO3pacTarb H npe-
BOCX9AHTb.3HarreHr.re noABoAr4Moro AaBJreHHfl po. KOOp.UUHary q: Xrl l ,
cooTBeTcTBylouyrc M a KCHM aJIbHOMy 3HarIeHI4FO IaBJreHVfl B CylKa rOilIeM-
cfl  3a3ope, HaxoAflr Hs ycJroBufl  dpldx-\.

0,2 0,4 c,
a)

0,2  q4 0,6

,[)
48

0r2 q4  q6

a)

0,2 0,4 0,6 q8 X

6)

t - l
J L r :  r  4 . 1 :'  2 + k  2 + k

(36)

Ecnr.l x{e creHKa ABH}Kercfl nporuB rroroKa or rrepenaAa AaBJreHH, Lp,
TO rlpH HeKOTOpOfi CXOpOCTLT, UsY AaBJreHHe BHyrpH rrreJrH Mo)Ker yMeHb-
IUHTbCfl AO HyJrf l . .

2 .  CKOPOCTb NOTOKA B 3A3OPAX

A,ns o[peAeJIeHHfl 3aKoHoMepHocrr4 H3Menesras cKopocrn noroKa B
sa3opax 6ecxoHraKrHbrx yrrJrorHennfi  ueo6xoAuMo B ypaBrreHue (27)
noAcraBHrb sHarrenue dp ldx.
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Prrc. 21. Pacnpe4eJreHne cKopocrn B nJocKoir ueJrn ft:cotrst l'on o"u*.r"" noroKa
noA AefrcrBHeM nepenaAa AaBJreHHr, rr cnJr rpeHHq noABHXHofi creHxr,r:

a - creHKa ABIr)Kercn2 Torflil";"url"iiil#i +:l$il:"r"j""";"r1,r";;1."?ilr0rl'Kl{norrHoro 
reqeHHs;

Hn>xe npnBeAeHbr pe3yJrbrarbl pe[reHur? .(.,-rr pfl3aur{Hblx cJryqaeB
T C q C H I I f l .

l .  Ann $pHxrlnoHHoro reqeHHfl B ureJrn c napaJrJreJlbHblMr.r creHKa-
MH (u"r*O, 'k :0 ,  Ap:0)  AaBJIeHI . Ie  B I I IeJ IH He l {3MeHf leTcs,  T.  e .
dp ldx:0 .  3axoH pacnpeAeJreHr{ f l  cKopocrn roroKa B rqeJru (pnc.  2 l )
noryqeH JrHHefiHbrM B BH.Ae coorHorrreHHfl

Puc. 22. Cxeua pacnpe,ue.feHHs cKopocru c rouycHofi qeJrH rrpn ABr{xeHHr.r creHKH
(6esnanopHoe reqeHue) a HanpaBJreHHH yMeHbllrarcqlerocr sa3opa (a) n yBennqnBaro-

qeroca sasopa (6)

HeHH?r (39)  npnpaBHf leM oa:Q:

. U r
T. e. KOOpAHHaTa npaHr.Irlbr 3aBHcr.rr or cKopocTH ABH)KeHI.j-fl. creHKH og1,

,BeilHrri.rHbr nepelaAa AaBJreHHn Lp, BblcoTbr 3a3opa h u tssKocTr4 )KHA-
KOCTI,T \'.

4. Ann Qpu^qr{oHHoro rerreHr.rfl n xoHycHoft rqeJrr.r npu ABH)KeHHH
cTeHKH co cKopdcTblo - l?cr, LP:0, k+0 n scnOJIb3oBaHHH gaB:/ lcvMoc-
ru (33), norryqr.rM(37)Q  - x + @ - d .

2. Ann HanopHoro rerleHnfl B .I I IeJTH c napaJrJIeJIbHbIMH H Heno-
ABHIKHbIMH creHKaMI, I  (Lp+0,  u" r :0 ,  k :0) .  3Haqeuue npogsBoAHof i

d p  _ _ y  6 v g f t u " ,  V Q + k ) - l
E-- "-fuzapy (t l-p;p-

l Y l  : l + ( 2 u - h ) g = F b l  L o o  = + : Q ,
d , g  l a : h  l 2 , o p  

\ v  ' d x  '  h l v . : h  2 y p  d x  '  h

dp Ap
a Bbrpax{eHHe AJrf l  onpeAeJreHHfl cKopocrl{ noroKa IIpH-T:- - l - ' '

HHMaeT BI{A

3alrernu, r{To npn QpuxuHoHHoM TeqeHr{H B KoHycHofi urenn }Kr.rAKocrr,
4BHlKe.Tca B HarrpaBJIeHHH Bospacraroxlero AaBJreHHrr: y cylKaroureficq
IIICJII,I 3TO NPOHCXOAI,IT AO CCqCHHfl C KOOPAHHATOft fI, I"4€ AABJICHI'IC AO-
crHraeT MaKcHMaJrbHofo sHaqeHHf l  (c r ra .  puc.  19,  a) ,  y  pacuHparcu le f ica
ilIeJIH - CIIpSBa OT CeqeHHfl, rAe IOCJIe AOCTH)K€HHfl, MvrHHMyMa AaBJIe-
HI,Ie B TIIeJIH HaqnHaer yBerr4rruBarbcfl  (crur. pHc. 19, 6). Bc.neAcrBue
arofo, HaqHHafl c HeKoroporo cerreHufl AE, onpeAeJrfleMoro a6a\uccoir
*z (pvc. 22), anwlKeHne >xu4r<ocru s6nusu nepxHefi '  HaKJroHHor. i  creHrn
6y4er IrponcxoAr.rrb B HanpaBJreHHrr, [poruBonoJro>KHoM ABuxenurc
uuxuefi  TToABLIX{Hofi creurn. Mareuarl lqecKlr 9To, oqeBHAHo, Mo)Ke'r

6urrn oxapaKTepHsoBaHo reM, r{To B ceqeHHH AE npousBoAHafl rydg
npw A: h raenqer cnoft 3HaK. .C.neAonareJrbHo, B TorrKe c KoopAHnatoft-Ez

6y4err,r. uNrerb +f :0. I4cnorrb3yn (27), onpeAerrnM

o_r : -#(ar -hd. (38)

(41 )

(+2)

I IPHBOAHT K

I,IMCCT KOHCII-

3ro napa6onHqecKoe pacnpeAeJIeHI Ie  cKopocrn l lMeer  MaKcHMyM B

ueHrpe ceqeHuf l  npu g-h l2 :

dt - hzLP
"max -  

gvP/

3.  A" ls HauopHoro reqeHvn B rJ\eJrr . r  c  napaJIJIeJIbHbtMH 
'creHKaMLI

h: Cof lSt  r rpu rroABnxsoft  creHKe ( ,Lp+0, u.r* '0,  k:01:

#: -f ; 0x: - #(u'- hd! ftr- i l .
dv.r I
os lo:,(3e)

Kor4a HanpaBJreHHe ABH)KerrHf l  c reHKH coBr laAael '  c  HanpaB.JIeHHeM Te-
qeHHfl )KHAKOCTH, CKOpOCTH CKJIaAbIBaTTCfl,  npl4 ABH)KeHHLI CTeHKH
IraBcrpeqy noroxy cKopocr ln  Bblq t t ra lorcn.  l loeroMy BcerAa noror  6y-

AeT HIvreTb ABa HanpaBJreHr{ f l  TeqeHHf l ;  BO3JIe nOABH}KHOf i  CTeHXH qaCTH-

IIbI XUAKOCTH, ynnexadUble TpeHHeM, ABHIKyTCq B HanpaBJIeHHH ABHx{e-
HHfl creHKV, a B ocraJrbuofi  qacrH ureJl[r -  o o6parHoM HaIIpaBJIeHHH.

Ann o lpeAeJIeHHn rpaHHI{bI  t I3MeHeHHf HanpaBJIeHHf  noToKa B ypaB-

44

orKyAa c iroMolrlrn (41) 6yaem HMerb

v r :  
' * ' o  

H . ' H  x o _ | J  + 2 k ) l  .-  k ( z + k )  k ( 2 + k )

Vs (42) cJreAyer, rrro yMeHb[reHue KoHycHocrn rreJrn
yBernqeHHro 3HarreHHfl KoopAHHZTbr x2. flocxo.ugxy ue"nr

45
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{
t
I

HbIe pasMepbl '  To sHaqeHHe KoOpAHHaTbLt2 MO)KCT BbIXoAHTb 3a npeAe-
Jrbr r.qeJrH, T. €. o6"nacrr nporHBoToKa B qeJrH MolKeT He BO3HHKaTb_ jvlH-
Hl rMa. / rbHoe 3HaqeHHe napaMerpa KoHycHocrv  k ,  KorAa B r r leJrH BO3HH-
IiaeT TerIeHHe, npOTHBOnOJIOIKHOe HaIIpaBJIeHLIT IIOABHIKHOft CTeHKH,

Taxunt o6DasoN4, Spux4HoHHoe rer{eHue B r{oHycHbrx ureJrqx, KorAa
)KITAKOCTb ABH)KerCfl TOJTbKO B - OAIOU HanpaBJreHHH, BO3MOXHO lpH
3r{aqeHr{f lx r(oHycHocrH -0,5<ft< l .  Bo Bcex ocraJrbHbrx cryrrarrx B
ilIeJIH IIoToK 6y4er HMerb ABa nporuBorroJrolKHbrx HarrpaBJre1nfl Terre-
HI,If .

5. HafiopHo€ Teqer-rae B KoHycHofi ule.nrl  rrpH He[oABH)r{Hbrx creH-Kax
( 'Lp+0,  u"r :O,  k*0) .  AuQQepenuHponaHr. re nnrpaxenur  (30)  a ler
3 H a q e H H e

dp _ ( t  + k)z 2Lp
d x  2 1 - k  t ( l + k x ) z  

'

3axoHouepHocrb r.r3MeHeHHr ixopocru noroKa npn groM onpeAeJrff€Tcfi
ypaBr reHHeM

VeeflLIqeHHe rlapaMerPd {o, PaBHo
xaK H yBerHrIeHHe napaMerpa p,  nP!"
BOALIT K yMeHb[IeHHIO KOOpAHHatat xz.

?IsNreHeHHe HalpaBJIeHI' Ir  noroKa B

il{eiH Hex{eJIaTeJIbHO, TaK I{aK rIpI4 gTOM

co3Aaercfl Heycrofi'IHeoe TerIeHI'Ie )KI{A-

'rpt E2 B pacunpqrcuefics UIeJIH AorI)K-
HO BbIXOAHTb 3a [peAeJIbI IIIeJII',I, T. e.

AOJIIKHO 6url *z)1. Ec.rrn B ypaBHe-

rIHe (46) noJIo)KI ' Irb frz)1, ro 3aBv-

cHMOCrb MeX{Ay f lapaMerpaMl{ k U. qo,

f lpH Koropblx B pacuHpflduefics rreJIH

fie Bo3HHKaeT I{3MeHeHHe HanpaBJIe-

.HHfl I IOTOKa, 3arlHlueTcg TaK:

Qr
15
/2

IMOX{ei '  6trrn onpeA^eJreHo H3 coorHorreHufi:  AJrf l  paculuprrci lrHxcfi  ule-

"ner? xr- 1:]I,21, , orKyA a k:l, *o" .yrKaroqnxcs ulenefiF"72+T
-  _ n _  |  + 2 hxz:U: 

f f i ,  
orK!f la k: -0,5.

i (47)

i lrpr,r KoTopbrx B cylKaroil{r4xcf, rueJrflx He Bo3HHI{aeT H3l\{eHeHI4e HatIpaB-

JreHHfl. rroroKa, 6yaat

-
(4);

6. Eonee c"uoxnofi 6-y4er KaprHHa H3MeHeHHfl cKopocru rroroKa e'
xonycuofi [reJIH c noAsll-x{uofi creuxori npu HailLrqvl eure H HanopHoro
reqerrHff  noA 4ef icrnlreu nepenaAa AaB"rreHHr ,Ap*g, k+0, a+0_
flpu eroru \

#:{," 2 ( t  +  k )
l(1+ t ')Iq,l-L-

I  ( l  I  kx)z

Korla HanpaBfleHlle ABII)I{eHHfl no4nuxuofi  creHKH npornBonoJro}KH,a
noror{y, BbrsBaHHoMy nepenaAoM AaBJTeHH' Lp, BO3Jre nOABHX{HOfi CreU_
KII qacrHubl x{HAKOCTH, yBJreKaeMbre cr.rJraMH TpeHr.rf l ,  ABH}Kyrcrr BMecre
co crel lKori.  Ha.rrraque AByx nporl lBol loJrolgHbrx rroroKoB BHyrpH rrteJr6
Mox{er 6otu' I t  AJIf l  ci lyrrag, KofAa HanpaBJreHHe ABH}KSHHa no4nu>xuofr
creHKH coBr laAaer  c  HhnpaBJIeHHeM Ha[opHoro reqeHurr .  3ro  s t rsBaHo
rroBbrrueHHeM AaBrreHHfl BHyrpH sa3opa (cu. puc. 20, 6). I Iolaraevl, .
qro  Ha[paBJreHHe noroKa H3MeHferc f l  B ToM.cerreHHH, fAe y  c ' reHKr

npou3BoAHafl cKopocrn 6y4er MeHsrb cnofi  3HaK, T. e: 
u!,  

|  -Q,

I4cnonr,eyn ypaBrrcrrrre (ZT), rrarileu t\^fl onpeAerrerrrrrr ,!:rrlErirr^r*
Jg,  nPI  r (oropoM npoHcxoAHT HSMeHeHHe HarrpaBJreHHf l  f lo roKa,  ypaBHe-

""" ff 
t ry-O, rroAcraB'B B Koropoe suaqbsne #, noryrr'M

vr- t: 
f3 e + e) F-+ k + 1)- IJ. (46)- - '  

h  L  z - r n  \  q o  t  
J  I

46

(43)

(45)

I

F - W  (  n ( x \ d x .
J ' \  /
0

1

-tv/t\p I- t

0

t
!

. a '
t

{
a.
{l

ri
( l
d. r I
l l
! lr l{r
t l
I

if
{t
l l
a ,

{ l
{l

3 ( t  +  k \ 2
Q o : -  r +

3.qecr, / u lY/ - coorBercrBellHo r..Jtrua

3yeMcrl  3aBI, IcHMocrtMI{  V@- 
p(*)  '

a p '

P*tc. 23. fpaHnua 6esorpunuoro re-
qeHHfi B KOHyCHbIX UIeJIflX npll ABH'

xeHLIH CTeHKH B HanpaBJIeHHH yBeJIH'

rrHBan[lefocq 3a30pa H HaIIOpHOTo

r e q e H H f f  L P + O ,  k + 0 ,  a c r * O i

I -  o6tacrl  oAl{oHa[paBJlet lHoro rerlenutl

(48)

(2 + k)(t  + kx) f lpu /t-> | -0,5 | q,**.

3. C I,I JI A' AAB JI E H I,I fl , \EV'ICTBYIO IIIAfl H A CTEH K I'I UI EJI I'I

Cuna AaBJIeHHfl B 3a3opax crpeMurcfl  pa3ABI'IHyrb creHKH (pac-

x{pblrb ynJlorHflIollge [oBepXHocTI,I). flo.naraff' IITS yroJl Me]KAy creH-

xaMH, orpaHt,tqf iBaloi l InMu 3a3op, MaJI '  6y4eu crluTarb KocHHyc ero

paBHbIM eAHHHIIe. Cuny,4,aBJIeHHfl.  HaxOLnT uHTerpupOBaHHeM AaBJIe'

.Frr{f l  B 3a3ope

vr utrpr4ila uleJrI'I. Bocno.nt,-

v:?, 
?:+, 

rori.a F':

V G) ax.

47



f lpu r'rHrerpHpoBaHun HcnoJrb3oBailH Bbrpax{eHue (80) E' roflyrrnJrr.r pe-
IUCHHC

F :tv tL, {V,-ffi + #lffii '",' J 
o,11 .

F
q8

q6

q+

0,2

0
- / 0

Puc. 24. fpaQux 3aBucnMocru F:f Gl
rrpH HarIopHoM TeqeHHH X(HAKOCTH qepe3

KOHyCHyro uleJlb c He[oABHXHbIMH CTeH'
-  KAMH

=  * L +

0r90

or85
0 2 l s 6 8 / 0 / 2 / 4 k

k

"-  Pprc.  25.  fpaQurc saBncLIMocrH
F:f (k, Q"o) npu 6esnanopHoM reqeHnn
XHAKOCTH qepe3 KoHycHyIo qeJlb c noA-

snxHofi creHxoft:

-  I  -  7 v o : 5 ;  2  - q s o : 2 i  3  -  q  v t ' l i  4 -  q  r r o :
- - 1 ; S - 4 ! o  - 2 ; 6 - Q r o : - S

(56)

HanopHoe

(57)

|  + kno-ffi
(5e)

F
f,/o

1,05

1,00

0,95

(4e)

A-tiq ) 'Ao6crna a*ai lH3a H 
'pacqeroB 

BBeAeM 6e3pa3MepHbrf i napaMerp ,
HJIbI l- K

JreFrHff A,p ua n.noqaAu IZl:
cHJre AaB-

(51 )

. \
F:-L:6-:+++f+- ln(r  +e) l  -  (bo)W I a p  ' Y  2 + n '  k  l Z + P  i  k  l '

C yuetou groro 3HaqeHHfl czJrbr AaBJreHHfl Ha creHKV

F -FlVlap.

A6cuuccy rorrKu rrpuJroxeHnff paBHo4eficrnyrouefi. cnJrbr AaBJreHnfl B
UeJII I  " rp MOXHO OIIpeAeJIHTb H3 yCJIOBHfl  paBeHCTBa ee MOMeHTa OTHO-
cHTeJIbHO HaqaJIa KOOpAHHaT MOMeHTy CHJI AaBJreHHs, B3f lTOMy raKx{e
OTHOCITTCJIbHO HAIIA JIA KOOPAI, IHAT:

p@ian

.  rAe ip:xpl l .

_T.I_oIo:yn 
ypaBjIeHHn (49), (5p).- u (52), orpeAerrrrM 3Har{eHrrs napa-

Merpa -F, cvtnrt F, 4eficrByroqefi.Ha creHKr.r n KoopAHHary r, npa"rro-
x{eHHf cHJIbI  Ai l f l  r {acTHbIX CJIVqaeB.

l .  [I{e.nr o6pasona"a 
"enbABH)I{HbrMH 

napaJrJreJrbHbrMH creirxanan,
TeqeHI {e  HanopHoe ( ' k :0 ,  ncr :0 ;  Ap*0) .

Eesp asrraepnur l  nap a Merp

F - p -0,5.

Ha cTeHr{y

. F -1u71 Po * Pt
2

npuJrox{eHuq cHrH F

v^- \e:-z
u  3 ( 2 p o -  l )

Tax, xor4alo :+- 1, qro Bo3Mo)r(Ho npH pr:0, ToqxaAp
HHfl  cHJrnr F uaxoAHTcf l  Ha.paccTof lHun xp:UB or BxoAa B
pr:O,1po Koop,u,HHara xi :  4U9.

48

2'. D,ns SpnxquoHHoro reqeHufl qepe3 rqeJlb c napaJIJIeJIbHbIMH creH-
KaMLI  (a " r *0 ,  Ap :0 ,  f t : 0 )

F- l i  F :WlPo  H xp :0 ,51 .

3. KonycHafl IIreJIb c H,eiloABI,IxHbIMu creHt<aMI,I, TeqeHHe
( ,Lp+O, I)cr :O, k+0):

F : n - . - l  * o  ,'  v  2 + k '

F-tY/rLo(v,-H). (58)

fpaQnx 3aBHcHMo crv.  F or I lapaMerpa k,npuneaeH Ha puc.24 npw
orHocr.rreJrbHoM AaBJreHHu Fo:pol6p:t. kls rpaQuxa cJleAyer, qro F
y cyx(arcilrHxcr uenefi 6onuure, qeM y napaJlJlentuofi u pacuHparourefi-
cq. MaxcHMaJIbHoe 3HaqeHue F*"*- I 6y4er npw k: -1, t. e. Kotr,a
BbrxoAHofi sasop ht:O r4 TerreHnfl )KHAKocrH qepe3 IrIeJIb uer. lIpH gToM

AaBJreHHe no sceft AJIHHe il{eJll{ 6yAat nocroflHHbrM P:Po, a cwila
Frrra*: lY/lpo. A6cqucca npHJIo)KeHHg cu.urt F

( l + h l z f  k  Io, 'po - f f i ) lZ *  t+  k  
-

I

Fx o:u' I'P @) xdx unn FV o- .l. O  0

1

orKyAa

'Cvtna 
AaBJreHHfl

A6cuucca roqKn

(52)

(53)

(54)

(55)

rrpHJrolKe-

uterrb. fIPn

I r " ( r+ f t ) ]
& p -

Hanpnvrep, nplt Fo: I H re,reHrvr >r<HAKocrH rlepes pactutrps.rcIrlyrocfi
u leJrb  c  k : l  xo-0 ,2941.

4 .  EesHanopHoe reqeHne B KoHycHof i  uenn (k+0,  aor+O,  Lp :O)  -
Eespasuepnuft  napaMerp

(60)
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(6 1)

3asncnlr{ocrb BHaqeHHfl 6espasrraepHoro rtapaMerpa F or KoHycHocrn

A6cUucca hpHJIolKeHHs panuo4eficrByloqefi  culu AaBJIeHI{f l

(2  +  k )  k3  *  Qoo[2  (3  +  2k) tn ( l  +  f t )  -  k (6  +  e ) ]

CH;ra AaBJIeHHff, AeficrBylourafl  Ha creHKy,

x p :
2k {(2 + k)  k2 *  rool2k -  (2 + k)  In ( l  + f t ) l }

I n s  h : 7 ,  Q o o : \ ,  V o : 0 , 5 1 .  f i n a  k : 7 ,  H o  Q z t o : 1 0  x p : 0 , 5 2 '

4. PACXOA (YTEqKA) XHAKOCTI{ I IEPE3 II IEJIb

Puc. 26. 3asuclruoctr aelHvHuu Q 4
or rrapaMerpa k trpH HanopHoM reqe- /6
HHH qepe3 uleJlb c HenoABHIKHbIMH

CTEHKAMI{ , ,

+
I

F:v/an {r

@% np]{BeA€Ha fla paeJSllpH fl,BIDI{€fl+Ifi eT€HKH+ eT€po++y
yMer-rbueHr.rf l  3a3opa F no Mepe yBernqeHufl 14",1 pacrer, rIpH ABI{}K€.-
inr"  . t . " , . "  n o6patnou nanian.treHul ' I -1naAaer.  

-  
@yuxryun F:f  (k)

r{Meer oKcrpeMyM rIpH k: L,2. f lptt '  sroM F r*- 1 - 0,0267Qo,
To.rKa MaKcHMyMa (rrruHurr,lyrraa) AaBJIeHHT HaxoAHTcfl Ha paccrofl-

H I { ILY1E0,3 l3 l  o r  BXoAa B 3a3op. 2. Te.reHHe B 3a3ope Bbr3BaHo ABH)KeHr{eM
noc ro f lHHa  (a " r *o ,  k :0 ,  Lp :0 ) ,

PacxoA rlepe3 IIIeJIb

q_+i,V!tk, .
l 2

l0 Jro 60 7,0 k.

cTeHKI{, BeJII, IqHHa 3a3Opa

3. KonycHafl u{eJrb c HenoABr.rx{HbrMH creHKaMr.I.
( k + 0 ,  u " r : 0 ,  A P : 0 ) .

OrHocnre.nrnufi pacxo4

Q-2 
(L t  k)2 -
2 + k

PacxoA rrepes IqeJIb \

Q : Q o " : :  : *  .
p -'l- fr

(66)

Teqenue HarropHoe

3anucuvrocrb rr3MeHeHHq Q or rapaMerpa k rrpHBeAeH a Ha pnc. 26. kls
rpa$uxa w ararrvsa QopnryJrbr cJreAyer, uro Q rro Mepe yBerHIIeHns h
IloBbluraercr. f lpn k- -1, uro 6y4et npH hr:O, ?:0, a sHaqr4r, v3
pacxoA rlepe3 uIeJIb Q:0.

4. Crenxu ure.nu i lapaJrJreJrbHbr ft-coflSt, k:0; AszxeHrre )KHAKo-
cru rrepes xreJrb Bbr3BaHo nepe[aAoM AaBJreHHfl Lp+0 n cpr.naMg Tpe-
HHn noABltx<Hofi creHrKH (u"rf0\:

-l,o o

(62)

Q:rv I o.or.
(u:)

(68)

(6e)
(70j

I,Icuonrsyfi 3aBHcI,IMocrH (27\, (45)
oKoHqareJIbHoM BHAe QoPuYnY alx
qepe.3 KoHycHble UIeJII' i t lpH HarI'ItIHH

sufi

H OnycKafl BbIKJIaAKH, IOJIyTII',IM B

ofipeAeJteHIIq pdcxo4a ]KI'IAKOCTH

QpuxuuoHl{oro LI HarlopHoro reqe-

a Vhf;t,p (l + ft)2 4 v (63)

HCNOABHX{HbIMH

junl
pacxoAy

(65)

BCJI} I I IHHA 3A3OPA

8 : l ) -

(
t .

I6vpl (2 * h) l + k

PacxoA Q6 uepe3 nJrocKyro uleJtb c rapa.JrJreJrbHbrMH H

creHr{aMu onpeAeJI I {M r lo  3aBI ' Ic l IMocru ( l ) .

O6osHarIHI"I

g_ze+ pr  l , r+ .11 . - )  ,\  2 + k  \  : t + : h l

rAe Q - oTHotxeHHe SanruuecKoro pacxoAa Q uepes ilIeJIb K
qepe3 uIeJIb c I IapaJIJIeJIbHbIMII  I {  HeI IOABHX(HbIMH CTeHKaMI{: .

Q:QoQ.

PaccuotpnM Bo3^{o)KHbIe cryqau reqeHnfl '

1. Ule.rru o6pasonaHa HenoABtrX(HbIMH CJeHKaMLI,

nocrof lHHa,  TeqeHI{e Har lopuoe (ust :0 ,  f t :0 ,  Ap=€0,

PacxoA 
v fion^p

Qo:ff i ,
50

Ecnu FrarrpaBJreHHe ABHX(eHHfl creHKH coBnaAae,T c HaIrpaBJIeHHeM yrerr-
KH,rBbrsBangor i  nepenaAoM AaBJreHyf l  Lp,  To B€. , 'THHHH& 4u-  r loJrox(H-
TeJIbHa, npn o6parHoM T,BHIKeHHH - orpurrareJrbHa. Ec"rrn Qo- -1,

yreqKa qepe3 xIeJIb r lpeKpau{aercf l .  f lpn sHarIeHHH Q"}l ' - l  I  B IrIeJIpr
Bo3HHKaer rrgroK, nporuBono,roxnufi  Bo3MolKHoMy reueHnro or rrepe-
rIaAa /(aBJreHr.rff.

5. @puxquoHHoe reqeHue qepe3 KoHycuyro qeJrb (o'"r*4, k*0,
A p - o ) . '
PacxoA rrepe3 IIIeJIE -

Q-  1  *q " ;

Q : Q o  ( l * q " ) .

(7r'l

5 l

Q - 2  l h * -  l ;  r :  ' .  "  I  I('.#) 'r:#l



6

n
2

10
74

6. KoHycHar uleJlb, TeqeHHe BbI-
SBaHO' [epeIIaAOM AaBJIeHLIf l .  U Cr4'
JraMH TpeHHfl nOABr{>KHOft CTeHKH
(k+0,  Ap:0,  a"r*0) .  f lp"  eroM
oruocnferluutfi pacxoA Q uo4cuu-
rbrBaror no fiopnay.rre (64), a pac-

t 0 2 + 6 8

Pvc.  27.  fpa$nx 3aBncHMoctn Q-or
paMerpoB k n qo

puc. 27 _rtpHBeAeHLI pac.ietHue 3Ha-
qeHHf Q nn^ pa3flHqHbrx Qt: H'k. kls

'  
rpaor.rxa 

-c.neAyer, 
qro npH ABHX(e-

HHH rpaHH(br HaBCTpeqy rroToKy,
Bbr3BaHHOMy nepenaAoM AaBJreHHf
L,p, gnn Kax{Aoro .3HarIeHLIt k npu

rueM yBen,rreH HH lquf n sasop. 
"orffi$":ffi*;f; 3;.tl,lJ 

Aa'nruen-
Onpe4e.nxM, npn KaKr{x 3HarreHuflx k u qo ornocure.nrunrl pacxoA

o6paulaercfl B HyJrb. Atn aroro BbrpalKeHHe (64) npupaBHreM Hyrrro:
2 ( t + k ) 2 ( t +  q "  

\ _ 0 .
2 + k  \  

' t + k l

I'Iccne4yeM gro Bbrpax{eHue. Hy.neBoe suarreHue $yH^q"" Mo}Ker HMerb
npn AByx 3HarreHunx:  rpu (1+f t )2-0 r4 npH 1+#-0.  I4s nep-

Boro 3Har IeHHf l  uat?Aeu f t tpF-1,  . ITo corJracyercq C f iocraHoBrof i  ea-
.uar{H. l lpn /e: - l  rpaunqu xoHycuofi  uIef lH cMbrKatorcf l  H reqet{Hq
r{epe3 i l{eJrb 6url He Mo}Ker. Bropoe ypaBHeHHe Aaer 3HaqeHHe kup:

( l  *qr ) .  f lycr r  Har IpaBJIeHHe ABHx(eHHrr  creHKrr  coBnaAaer  c  Han,
paBJIeHHeM HarropHoro reqeHHff. i forAa qo HMeer noJrolr{HTeJrbHbre gHa-
r{eHHr. B coorsercrehu c rrpuHflTbrM orrpeAeJreHueM rrapaMerp k:
-  ( l t 1 -ho )  l ho l  a  sasop  h1 -  ho ( l  +h )  : h ; ( - l - q ,+  I  )  :  - hoQu .

Taxoro cryqas Ha npaK3raxe 6nrrt He Mox<er. C.neAonaTer'rbHo, uletb

SarrHpaercf l ,  ecJrr{ [apaMer p go: -stt  HMeer orpHrlareJrbHoe 3Ha-E

qeHr{e, r.  e. KofAa creHKa ABHx{e ,"ro:: :""rper{y HarropHoMy rer{eH'ro.

f J r a B a  I V  .
ynJroTH EH rlfl C KOJI brIEB brMr{ rrIEJIfl MH

Eo"nrurnucrBo 6ecxoHraKTHbrx yn.norHeHHfi rr{ApoarperaroB npeA-
craBJrrer co6orl xonnqenlie u{e;tu, Me)KAy nJryHlKepoM H rn.rrsofi. Ens
orIpeAeJIeHI{fl 3aKoHoMepuocrefi TeqeHHfl >KHAKoerH B- KoJrbrlenrix ule-
JIfx paccMoTpHM JraMHHapHoe H3oTepMHrrecKoe ycTaHoBHB[reecfl Teqe-
HHe Hec)Klluaeuofi sqsxofi xHAKocrH, Bo3HHKrrree no4 4eficrBueM rrepe-
rna4a AaBJIeHHTT H cnt TpeHHff IroABHlKHoft creHxr.r. Ul,e.rrt o6paeonaHa
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k  
- r -  - - r - -

"  HSKOTOpOM 3HaqeHUH napaMeTPa 4"
ra- I I IeJIb 3anHpaeTcfl ,  T. e. pacxoA rle-

pe3 uleJrb craHoBKTcs, paBHbrM Hy-

Puc. 28. Cxeua xo.nuqesoft xouycuoft ulern
(1 -  rnarsa ;  2 -  naYux<eP)

UHJTHHApHI{eCKHM IIJIyH}KepoM ll xonycuofi rH.nrsofi, ocu KoTopbIX rl?'

eM,. r{To pa3Mep rIeJrH, a raK}Ke.oqHcrKa x{HAKocrH or qacrHll  3arpfl3-

uenuft raxosu, t ITo Her o6.unrepaul ' Iu KaHa.uon. PeueHVe npoBoAHu ir.nn

hf r:0,0005 . 0,003) .  / .
fl p u p e[reHr{H sa4a.uv'pyKoRoAcrBoBa Jr Hcb HAefl MI,I, B blcKa3 a HH bIMa

e pa6orax [33, 34], r4e onpeAeJIf lJIH xapaKrep paci lpeAerleHll f l  AaBrIe-
HLrr B r{oHycnbrx rqerrx, o6pa3oBaHHbrx HenoABH}KHbIM l/ IyH}KepoM H

runrsof i .
f lpuHnrrle o6osHarieHlln: d, r - LuaMerp w pa4ayc nJIyHlKep 2i Do,

Ro, Dr, Rr - coorBercrBeHHo Ar{aMerp H paAr{yc nonycnorl rHJIb3bI y
BXoAa B UIeJIb (co cropoHtt sltcoKoro 4anneHnx) lI Ha BbIXoAe H3 Ule-
JrLr h,  h"p:  (ho*h) 12, '  n-Hr -coorBercrBeHHo nepeMeHHafl ,  cPeA-
Hflf, H oTHoCHTeJIbHafl BbIcoTa 3a3opa; ho, 'ht - BbICOTa 3a3opa y Bxola
H y BbrxoAa v3 rrIeJrH npH KoHTIeHTpLIqHOM paCIOJIOX{eHHH TIJIyH}Kepa B

ruJrb3e; 7,:elho- orHocnre.nruufi sKcUeHTpHcI{Ter (s4ecl E - cMeule-
HHe OeH rrJryHx(epa oTHoclrTeJrbHo ocrl rHJIb3bI; y KoHIIeHTpHqHO paclo-

JroxeHHofo r IJryHX(epa B rHJIbse e:0 r , r  e-0);  npH oAHocropoHHeM
KacaHtrrr nJryH>Kepa noBepxHocTrr fr.IJrb3bI gKcIIelITpHcI4TeT MaKCHM?/IeH

s-fus, e:1, l- LilHHa u{eJIH B HarlpaBileHrkr yreqKu;
nepeMeHuuf i  sasop

h (., e, 0):92 - 9r:1U 
9' 

- do) - . 
:. 

0 + 0,5 (:, D) zl t;

h ( 2 ,  e ,  0 ) :  h o ( 1  -  t  c o s  0  *  k z h

(72)

(73)
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ypaBHeHHe rpaHHU

9r: rol qr(  z ,  1 i l :h(V, ; ,  o)*ro. a (4')

(75'.

tg or: (hr-hd l l- (Dt-Do) l2l - KoHycHocrb rqerrn; k- (h1-hd |ho-
rlapaMerp KonycHocru uIeJrH; xotoplrfi c xofycnocrbro cBfl3aH coorrro-
rreHHeM ml-kho. )

Hanpan.rreHHe KouycHocrrl rro rerreHnlo >KHAKocrH, KaK H y n' 'rocKHX
u1elefi, onpeAeJrflercr 3HaKoM sHa.renraft k n m. V utenefi, pacuupflro-
rr{Hxcf B HarrDaBJreHHH yreqKr. I ,  Bbr3BaHHOfi  nepeuaAoM AaB.neHHt,  k20,
r t t )0;  y ue.nef i ,  cyx(arcuruxcr rro reqeHuro, k-10, m10.3Haqesue na-

Ha BxoAe s i lIefl! H Ha BbrxoAe H3 xIeJrHi Lp:po-pr, F:FlAp, Fo--: polLp, Fr:prl Lp - neperlaA AaBJreHHfl H orHocaTeJrbHafl BeJrr{rruHa
AaBJTeHLIf .

yfJIoB KOH_y_CHOCTH CKOpOCTb a3HMyTaJrbHOrO TerreHr.rs BoKpyr nJryHx(e-
pa oo(0,02 ar .  Anropnt  pa6oru [30]  npuMeHureJrbHo K nr ryH]KepHbrM

?,:+ + r'+ Artnr*Az.

<Dyuxqr.ru At(v,..9) u Az(2, 0) onpeAerrsror rrpu yAoBJrerBopeHHH rpa-
HHqHbIx tt l t"""r.: 

- on | +r- t i- d p.l- *. l"+/+, 
- 

nrt l", l /q,, ;
54

Az-t on-+uf,#-AtLn,1,,.

f loc.ne eroro ypaBHeHI'Ie (75) rpltMer BHA

,  [  
' r  - '  

/

oz:  4*  l r r - . l?- . t+3- .1 ,?)  

'na '  
lg to , ( r -

L  
Y I  \ Y z  ' t )  

t " # l  
d z '  

\

BseAer\,r HoByIo
-tl)r, rIorYtIHM

I IepeMeHHlro r-f i r*A. Vql,trHsafl  TaK]Ke' rITo n:tpz-

+?r-q?:2grhI h2' r2- g?: 2*ru * a'.
PasnoxuM JIorapHQutt,  BXoAflIrrI Ie B ypaBHeHHe' B prAbl

'n#:rn(r++):+-++++

9r{ '
\

Q t

* r

\
I t

h

B1-f t+,+ ilo,"da.
0

h3

+?
g I U2 r I U3

l l n  
-TE- r  

3  ' ' - " '
r n f : r n ( t *  * ) :

'Bnu4y ua;iocru npeue6peraeM sIIaqeHHflvtu hl2r[t, 'h' lfrr ' , A2l,Pf , ?I i loc-

Jre noAcraHoBKLI r npeo6pasosan[ft rtorytlt lM

er+(a'-oal# Lon(t .  
")

(76)

'Ans 
onpeAeJleHHfl ry- o6parvnlcfl K ypaBHeHLtIo Hepa3pblBHocru (S)

dz
H npoHHrerpupyeM ero IIo r B npeAeJlax or , l,t 4o rp2:

Q r * r r { E

r 0 r  
| * \  

, # d r : o .
* t  { t

I lepnuft {neu c yqeToM rpanuqliblx ycnonufi o6paulaercn B HoJIb.
Mo>xuo AoKa3arb, I{To AIIfl, AaHHofi gaAaqn

dv,
T -

dz
d.r -  j ro"dr:0.

Orxyaa
9,
t ro.dr- Br: coflst.
J *
{ t

(77)

klHrerpar npeAcraBJrfler ceKyHArrbrfi pacxo4 )KLIAKocrH, rlporeKalouleu
qepe3 ureJrb eAHHHrrHoft urnpnHu. V,IHrHBafl, qro rpz-rpr -h, 1':rpr*U,
d,r-dA, Bblpax{eHHe AJIfl 81 npl/.ilHMaer BHA

DO



Hcnontsyr rerrepb ypaBHeHue (76) H HHrerpupys, noryrrnM

B r : + t - 4 ! - l - l f  h 4  l - -  , l h  r  h 2  \
2r? d, L- 6 

- 

",t,J 
r ?n?t(;f 

u,f,, / '
f lpeue6perafl sHaqeHHsrvru lpl6p1, hLf |2p,
NOJIVqHM

B,-  -  * rh3 dP + vn{rh
' l T v p d z 2 '

r f  n  I  c ) - . ^  E l  A - ,  - .  ^

_  
, o v y u l _  1  w u n V y

dz hs*t hz

orr(yAa

(78)

(7eJ

I .  3AKOHOMEPHOCTb I, I3MEHEHHfl AABJIEHI,I,  B II IEJIH

3axoHomepHocrb Id3MeHeHHq AaBreHHfl B IqeJrH MolKHo orrpeAeJrgTb>
HHrerpHpyff ypaBHeHHe (79). Ecnu 3aAarb sHarreHr{f l  napar'reipoB ei Lr
h s swle (72) H (74) H BBecrH o6osHaqeHu€ c a I ;  cos 0,

tugl81

)'trurtrsar, qro. z :Z\ dZ - ldz)

p:-  72vptB1\#*  6vp/  
\+ !8 , .

rshf;n p a n?yz
p - (80)

(8U

Als onpeAeJreHufl f lapzrMerpoB
eMcfl rpaHHrrHbIruH ycJIoBHflMH:

B 1 -
dshsocz (c I

l2,tpl (2c I k)

h)2

loo * hfic 1c a k)
6vpu,,/

' B r : p o *  
- 6 v p u , , / .  _  , t r ? u r t t , . ,  l M *  - o v p u , , /  l .-  

hZG +k ' ) k  k (2c *  k )  L - t  
=  -N@+ 

0  l
I IOACTASJIf l ' I  TIOJIYI ICHHbIE 3HAqCHHfl  BT H BZ B YPABHCHHE (80),  NOJIY-
ul'tu nupax(eHHe AJIfl onpeAeJlelrlrr AaBJreHr.rr rroroKa B KoHycHoft nlb-
JIH' KorAa x(HAKocrb ABIIx{eTcfi I{ noA AeficrBHeM nepenaAa AaBneHr{flpL yBJreKaercrr noABHIKHbrM .nJryHx(epoM :

1vsvntkZ (7- t)

HHTerpHpoBaHHff Br H ^B2 BOCnOJrb3y-
P:po  npv  V :0  w ,  p -p r  npn  V : I :

] ,

_  ( c + p ) z Q c 7 + n 7 ) A p  
*P : F o  . :

Arq Toro qto6lt 3aKoHoMepHocrb r.r3MeHeHr{fl AaBJreHHfl 3anqcarb B
6espasuepHoM BHAe, BocrroJrb3yeMcf l  saBHcHMocrrMH F:plLp, po:
-  po lLp .o6osuaquM Y:oo.  TorAaniaP

V:Vo - -Q-l nY Q'7 + n4' -L '-  
@+ a@T6, 

:- vo

PaccuorpHM HecKoJrbKo qacrHbrx cryrraeB
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n?opc + iylc a4

n7(7- r )
(2c + k)(c + n77z nl

TCqEHHfl.

(82)

1. HenoAsraxHnft nJryH)Kep I,I rHJIb3a n-peAcTaBJIsIOT CO6Ofi qH'

JtLIHApbI c napaJIJIeJIbHbIMH ocrMLL, t '  e' k:0, ot:0"Te'{eHHe B UIeJII{

-i"ri | i"oe Ap+g. Ann ororo crlqafl 3aKo'oMepHocrb I{3MeHeHHfl' AaB-

JieHI,Ifl B IUeJIH

I,Is (83) cJreAyer, qro AaBJIeHHe or po y Bx.oAa B uIeJIb Ao p1 ! BbIXoAa

B HarrpaBJIeHHLI yTeqK1l MeHfleTcx no lnuefiHoMy 3aKoHy KaK AJIf l  KoH-

ueHTpHqHofo, TaK 14 AJIfl SKCUeHTpHIIHOTO [oJIO]KeHI',tfl [JIyHX(epa B

fHJIb3e.
2. HenoaeuxHHflI IIJIyHIKep B rHJIb3e

(k :0 ,  0n :  0 )  .  TeqeHue  Ha ropHoe  AP=e0 '
'>r {eHHH nJIyHX{epa B . fHJIb3e c : I -e  cos 0 :

3 aKOHOMep HOCTb lI3M eI{eHVfl' LaB[IeHr4f'

Np, nnu V:V,-Z.

paCIIoJIO)KeHHLI nJIyHX{epa B

(c + k)2 QcV -P n7zl

(83)

o6pasyet KonYcHYIo ilreJIb
flpu KoHueHrPHqHoM roJlo-

l. VIs (82) orpeAerlreM

P:  Po -  T

P: Po.- (84)

fprJrb3e 
-e#0 

AaB-l lpu arcueHTpHr{HoM
JICHI,IE B ulCTU \

P :  P o - (85)
( 2 c + k ) @ j _ f r 1 2

Pacqerulre KplrBbre HsMeHeHnfl I .aBreHHq B KOHyCHbIX Ulef lsx npH H3-

BXOAHO|O 3a3opa Aaer ToT >Ke pesyJlbTar.

xontqeboro 3a3opa B ceqeHIII{,  IepIIeHAHKyJIf lpHoM ocl{ [JIyHX(epa.

V pea'nt ibrx rrJryr{)KepHbrx rap paAHaJIbHoMy rIepeMeuIeHHIo nJIyH-

>Kepa B rLIJIb3e'o6st.IHo Huqro ud-npennTcTByeT, r looroMy. I IJIyHxep B

rgJrb3e MolKer saHH.MaTb aKcrIeHTpLIrIHoe rIoJIo)KeHue (e*0), npu Koro- '

poM 3a3op B cerieHuu n/rocKocrbx), nepneHAuKyJlf lpHofi  ocn r lJlyHx(epa,

nsMeHrercr or Mr{Hr.rMaJrbHoro 3HarreHHfl Ao MaKckt MaJIbHoro (puc. 29),

j re lys  saKoHoMgpHocrn h-ho( l - ; ' cos 0) .  3Aecr  hs-  BerHt I I4Ha sa-

iopa, KgrAa e:01 0 -yro.n paccMarpr.rBaeMoro cerleHHfl orHocHTe/IbHo
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A-A

Pz

0,9

0,6

q 2

0,4

0 q 2 q 4 0 , 6 q s z

:#f fr'; iffil"'fr'#"'#J; ^i#:l,K;" -TJ;IiiioH';
rHJIb3e npn k:I,0 n ft:-0,5

BeprHKarrbHofi rrJrocKocrH. v pacrunpflrouefics uIeJrH i-elho Mo>Ker
H3MeHflTbcff or-e-0 Ao G- l, a n.nyH)r{ep Kacaercfl rHJrb3br Jrr{[rb B
lorlKe z:0. V cyx<aroqeficfl uIeJrH -l<ft(0 xacaHze nJryHlKepa rpo-
HCXOAHT B TOrrKe Z:1. l lpu_aroM Kax(AoMy rrapaMerpy ft coorsercrBy-
er onpeAeJleHHoe 3HaqeHHe e. OqeeuAHbrMrr H rrpeAeJrbHbrMH cflyqaflM6
rrBJrsrorcfl: npH k-0 (U1enr c [ocrorHHofi BerHrrnHoft sasopa) gr,"n:

=t,,t npn ft-l errpen_O. A"rrs Haxox(AeHHfl B3aHMHorl cBfl3n Eupetr:
: l\k) 

_BocroJrbsyeMcrr Sopuynor? (73) AJrfl onpeAerreHr{fl 3a3opa h-
- f  (z - , i ,  O) ,  r roJro)Kns 0 :0" ,2 - l  H  s  roqKe KacaHHs h :0 .  To iaa  nc-
KOMafl  3aKOHQMepHOCTb Bbrpa3r.rTcf l  B BHAe

enpe ' :  k+  1 . (86)

Hanpuuep, 3Haqeu:arc k:-0,5 coorBercrByer ,.ro"o:0,b, rtpu KoropoM
rIJIyHlKep KacaeTcfl rI'I.IIb3bI. BcneAcrnne nepeMeHHorl neng,rr.Ignt ga3o-
pa y KoHycHofo nJlyHxepa, sKcueHTpHrrHo pacnoJrolKeHHofo B rHJrb3e>
AaBJIeHHe B sa3ope raKx{e He 6yAer nocroflHHuira. Ha puc. 29 rroKa3a-
HbI pacqetHile I(pI{BbIe pacnpeAeJreHHfl ,u,aB.rreHHfl B 3a3opax Bor(pyr
KoHHrIecKoro TIJIyHX(epa. Tpu nnxHHe KpHBbre xapaKTepH3yror H3MeHe-
HHe AaBJIeHHfl B pacuupflrorquxcr ureJrflx c napaMerpoM .k=l " 

,:
:0,5,  TpLt 'BepxHHe KpHBbre-AJrf l  cy>Karoi l tuxcf l  rqener l  c G:0,b,  Ho,
c &: -0,5.  f lpu k:  - ,0,5 BeJrH,qHHa E:O,b.  sBJrf lercr .  npeAentHof i .

. !p"^^eroM B ceqeHHH rrJrocKocrbru, npoxoAflrrreu rrepe3 ocb nayHxepa c'0-0o, 
n.nyHxep B rorrxe v:1 xacaercs rr{Jrbsrr. V cyx(arcuehcs ur"n"
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Prqst

225 270 J15 g "

r*;"1t{:;;:#ffi:ihx *1# l}Tfiry j,T
dolluree AaBJreHHe 6yaer B.CerreH[H C MeHbIIIHM 3a3opoM, no3TOMy

rr.rryHlKep 6y4er cTpeMlITbCfl sal l lTl qerlrpaJlbHoe f ioloxesue' I IpH KO-

.TopoM ocLI r/ IyHx<eP? l l  I IzJIb3bI coBnaAalor. V pacunpflolqefics uleJIH

6O.nlUee AaBJIeHHe^6y,Uer B CeTIeHHI'r C' 6O"l lruefi  se;1utlggOft 3a3opa'

a IIJryHlKep BCJIeACTBHe STOIO CT'peMHTCfl IIpUX(aTbCfl K CTeHKe rH'IIb3bI'

Ha pHc. 30 noxasaHa pacqerHaf KaprI ' IHa pacfipeAeileHrf l  AaBJIeHHfl

n sasope pacurt4pflroilfefiCq uleJIlI B ceqeHI'IH' r-epneHAI'IKyrqpHoM ocu

nJIyH>Kepa H {TcTofUIeM Ha pacCTOfHHu 7:0,5 OT BxoAa" Pac'Ier e6-

I I o J I H e H A J I f l [ t e J I H c I I o c T o f I l i r u t ' , i 3 H a q e H H e M [ a p a M e T p a f u - 2 , u o

pa3IHrrHbIM14 3HaqeHHfMH OTHOcI{TeJIbHoro SKCUeHTpHcI4TeTa e: 0; 0;5;

i .  npg KoHI IeHrpHqHoM pacI IoJIox(eHHH nJIyH)Kepa (e :0)  BcJIeAcrBHe

Cr.rMMeTpHtIHoCTH Aeranefi  AaBJIeiIue S i l IO6Ofi TOTIKe CerIeHHfl B 3a3ope

noc"Os""o. f lpu aKcII$HTpHTIHoM pacIIoJIox{eHHH IIJIyH)Kepa B rHJIb3e

.(aBreHIIe B sa3ope u3ueunercf l .  HepannoMepHgclb_--.1-1119tAeJIeHHfl

AaBJIeHI{f Bo3pacTaeT rlo Mepe } 'BeJII4qeHI' I f l  SKcIIeHTpuqHocru' Maxcn-

MaJrbHOe AaeIeHHe 6nt lO TaM, r / te  Bef lHt IHHa 3a3opa MaKCHMaJIbHa'

,T .  € :  B cer leHun 0:180" .  Munuua.nbHoe AaBJIeHHe [o Iyr IeHO B CeqeHHH

. 0-0o,  tAe 3a3oP MHIIHMaJIeH.

B pea.nluofi  nnynxepHoflr 1ape, KorAa pacrpeAeJleHge AaBJIeHI' I f l  B

3a3ope HepaBHoMepHo, {Povre reqeHHfl BAOJIb nJIyHX{epa' cyulecTByer

TerIeHHe BoKpyl HerO.. 3ro nplrroAuT K rIacTHqHoMy BbIpaBHIaBaHHro

.[,aBJIeHI,I f l ,  HO H B STOM Cd'Iyqae HaJrHr{ue fpaAHeHTa AaBJIeHLIf l '  B 3a3ope

no oKpy)KHocrd BIIoJIHe onpan4auo' TaK KaK xHAKocTb r43 o6i lacTH c

So.uturHu AaBJTeHHeM rrepereKaer s o6nacrb MeHblr lero AaBJIeHHfl qepe3

cy)Karouyrocfl uleJrb. A n cyxarou{eftcs ilIeJIIr, t<ax 6ttno rloKa3aHo BbI-

rue, BcerAa ecrb rpaAHeHT AaBJreHflf l .  PasHocrb AaBJIeHHfi cosAaer 6o-

KoByIo cnrly, roAlKl lMaloulyro nJIyIt)Kep (cvr. 'puc. 29) c k: l  x nepxHeit
qacTg rgJrb3bt. I-Ioarortay i.rrn nepeABnx{eHvr, TIJIyH)Kepa ueo6xoAlll'lo

npeoAoJrerb cuJry rpeHufl 4era.nefi, BbIgBaHHyI,o AeficrelreM sTofl He-

r i=0 \

4 \

ypaBHoBe[reHHoIl 6oxonofi  CHJIbI.

Ontttsas rpoBepKa pacilpeAeJleHuf, AaBilegufl. B KoHycHbIx

IrpH HenoAnuxubru nJlyHx(epe flo.IIHocTbIO coBltaJIa C BbIBOAaMH

q 2

0 ,1

+5

.rqeJrflx
TeopHH.

5e



Pac. 31. cxeua HeycroirvHno- :a 
pHc. 29. PasHocrb AaBJreHlrf i  cosAaer tra_ro noJro)KeHuq asyinoflcroBo- py c_HJr P, ycraHaBJIHBalou1yrc ocb [JIyH)Ke_ro nJryHx{epa B rHnb3e pa 
lapj.n.rrenrHO 0€H rHJrb3bI.

ryspenaAa AaBrreHHl Ha_ uerrr ";#'{:ilH; i;1Tj;1" HJ#lfllJ""J#,(k:0, Lp:0, arr4): b;";;yH)Kepa H r'rrb3hr naparr/re.rrbHbr, Ho Mo_ryr He coBnaAa% (e_ e,  1a {40).  H; ypu"".*  (g l )  cneayer,  r r ro AaB-JIeHHe B 3a3ope nocToflHHO r{ paBHO Aan,rreuHro Ha fpaHHrlax:

V (; ,  o):  po: pr.
4' fl'rrynxep c r'.rrsor? o6p.aeyror xounueixyro ilreJrb,',"Xll9:T^ 

tpl11r"oHHoe h + o,ip:-o, r;;'oj .JAKOHOMCPHOCTb H3MCHCHHfl  / tABJICHHg B IUCTH.

P(2, il-pot ,olf"lt;(;- lJ .h(,(2c + k)@ + Ez)z- 
-

B 6espasMepHoM BHAe

vo@ s
(2c + k) (c + nVyz '

po(V, o):  P(z,  o)  
i  o- .  -  }vPvnt

P o  
t ' 1 ? o - 6

flpu xonrreHrpaqHoM pacnoJroxeHan ruryHx<epa B

r_ (87)

ABr{}KeHHe

.(uul

(8e)

rAe

eoohE (V -  t )

po (v, a qo ,E  ( z  -  l )

( 2 +h) (t + nV)z

rHJIb3C

"(s0)
Bslpaxeuue (g0) aHaJrornqH, ee^ \

Oi,tuxq"o"""- reqeH'q *" 
":^,I#itt j::-.-(_3gul' 

ro.rryqeHHoMytrH',B,ff T"rT.1?l?*'"'J:::,T'*^J:i'_""T##Ji'i'];ui;J,l'ilJ;Hf'm:ul,i3flT:rl";;:'jff*,Tf.xHl."1J*:ffix.xxy:i?,T,***ilf'l'iTi"fi""Tt;:;":'Hi:i*,$i:idr1#Jfr "?:#:T'i."i6j:il3ii j
lj{l*.l 

AB'x(ercn B .rfro"y MeHbrrrero r#";:T'^l[;."T,J-"ffif;
60
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Pwc. 32. Pacnpe4eleHHe AaBJIeHHfl B ceqeHiltx rouyCuofi i lIeJIH npH noABI{}I(HoM nJIyH-

;ft"is;'*i'nio-ffi ".ueune) " o""T:l{fr""t3li .:":""1 t:::**" (a) u MeHbrlero

t  -  0 :6 ' ;  2  -  0 :45" ;  3-  0-90" ; '4  -  0 :180i

UIeJTH IIoBbI[IaeTcfl, a ilpLI ABI'1x{eHI{l'I B cTopOHy 6O'rrrurerO 3a3opa --

nOHr.I lKaerCs. KOOpAHHaTa 21 TOHKH gKCTpeMaJIbHOIO 3HarIeHHfl AaBJIe-

HHfl onpeAeJlrerc'  H3 ycJIoB va 
d!--gi

dz

zt : l lQ+ 4;  Vt- l lQ+,4) . ( e  1 )

IIpu ercuerrrpnr{rroM pacfloao)Kertl ltt nflytl]Kepa B l 'HJIF,l3e (e*O)

u QpllxuHoHHoM Ter{eHuH pacrrpeAeJleHlle AaBJIeIIHfl B qel'blpex ceqe-

,i""i c 0:0, 45, g0 n 1g0" nora3aHo Ha pr.rc. 32. Pacqerbr BbrnorFreHbr

AJrfl, gHaqesufi (loo.:2, k:l, s:=0,5. Ans ABI'IX(eHHa irniu>repa B cTo-

poHy yBeJIHqeHnin easopa flapaMerflt q * u k cril4TailV IIoJIoxHreJIbHbI-
'ruru."flpu 

aToM (pIac. 32, a) AaBiIeHI'Ie BHyTpH ilIeJIH BHarlaJre roHux<a-

ercs,  AocrHfHyB MHHHMyMa npH zL: 
f r '  

a 3areM BHOBb BO3paCTa-

eT AO gHarIeHHfl p:po,-YcTaHoBJIeHHOro Ha rpaHnqe. I{errl MeHbIIIe y

ceqeHgfl exoltofi sa'sop, revr MeHb[Ie 
-AasreHl'{e. 

Alfl paccMaTpl{Bae-

MoFo rrpuMepa MHHHMaJIbHafl Be.[urIHHa AaBJIeHHfl 6yaer B'ceqeHHH c

0-0",'a nau6o,/Ibll lafl - c 0:180o. f loarorr'ry [JIyHxep,crpeMHrcfl IIe-

peMeCTHTbCff B CTOpOHy MeHbIIIero sa3opa u sOfiru B coIIpHKocHoBeItue

C |HJIb3OH.

,I l ,nu>xeHne nJlyHlKepa B cTopopy yMeHbualoil lerocfl 3a3opa npuBo-

AHT K noBbI[IeHHn AaBJIeHHfl- B^ IIIeJIH' KoTo.pOe AoCTHraer uau6onlueft
Bef iHr ln l rbr  B ceqeHHH c KoopLuuaroi i  21:U'(2+h) (puc" 32,6) '  ' [ l ,anee
BAOJTb IIO il{eJIH AaBJIeHHe cI{H)KaeTcg, H AOCTHTaeT B KOHII€ U{€JIH p:'

6 t
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Psc. 33. Pacnpe4e.neHne AaBfleHHr B Tpex ce-
rreHuflx KoHycHbrx qeJrefi npH ABr.rx<eHHH nJryH-
xepa noA AeficrBHeM neperraAa p,aanennn Lp u
IroTor(a B HanpaBJreHHH yBeJrHqHBaroulerocff

(a) n yMeHbrrrarcqerocfl (6) easopa:
. t - 0 - 0 " ; 2 - 0 : 9 0 ' ;  t - 0 - 1 8 0 .  a

f,

-Po.3Aect 6o.nturee AaBJIeHIie BogHHKaer B cetreuuH c MHHHMaJTbHbIM
3A3OPOM, T. €. B CEIICHI,IU O:OO, & MHHHMAJIbHOE AABJICHHE B CEIICHHH
c 0= 180". floarolray npn ABHX{eIIuH B cropoHy yMeHbrrrarculerocfl saso-
Pa, T. e. npl{_fr(0, n.rrylx(ep crpeMHTcfi B ruJrb3e 3aHflTb rreHTpanbnoe
NOJIO}KCHHC. HA PHC. 33 NPI,IBCACHbI TPAOHKH Il ,sMCHCHHfl AABJICH}If l  B
xoHycHblx u{eJrf lx B Tpex cerreHHflx: 0:0o, 0:90o, 0:180". f innxe-

\ (q" l - \

z N \

\

\,
\
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#:"ffi-ffi
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'TaKT c rl'.Ulb3oll'

CKOPOCTb NOTOKA B 3A3OPAX

3asucnlvlocrb H3MeHeHHfl cKopocrll rIoToKa B 3a3ope nofiyr{ega B

BI'IA. 
Q':+(a'-hi l  #+ 

o'(r -+)
' Z.o?

ti

Alno[peAeJIeHHf 'cKopocTHI loToKaHeo6xoAl , lMo3HaTbBei l I , IqHHb' -h ,U

u upoll3BoAtlofi + 111yueMcn

1. AJIS HarlopHoro reJe.H ̂f y KoHycHofi uleJlu rpll ABI{

nJrvHx{ep" tnpzo, a'I*o, n+!oj no.,i" auQQepeHlri lpoeaHHn 
BbIpa}Ke-

Hr-r; (82) nonytrHM

dp : {o- . - - - "YP - [c(c*  k)+q, l \  (e2]
.  

d z  \ t l "  Q c + h ) ( c * h z ) '

, z . A n g H a n o p H o | o ' l e q e H w f l l - K o H y c H o i l I q e J I I 4 n p H H e n o A B I , I ) K t t o M

"'i;'6;J 
taP/o' k+o' uu:o)

dp - - ?" \' I !)' ,oo==^. 
le3)

d z  
- t 1 z t + k ) ( c * h z ) t

3. Arr HanopHoro
npH HeTIOABHIKHOM vr

o"+0)

4. Lrrn
Ap:0)

TerreHHfi B UIeJIH C IIapaJIAelIblbIMI{ cTeHKaMI',t

ABHxyrIrgMc' #;#d"- (AP +o' ft:Q' oa:$

dp -  - - t ! - .
a

d z L

SpuruuoHHoro 
reqeHI'ItI B xoltycuofi IITeJIH (ao*0' k+0'

' (94)

" (e5)

63
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5. Ans QpuxuruoHHoro
uu  (ua+O,  Ap :0 ,  ' t : 0 )

dp :0 .
dz

lIpH Qpuxu"oHHoM reqeHrru R KoHycHbrx rrreJrflx noroK Ha HeKoro-
pofi ,u.rruHe ureJrr{ ABr.rx(ercfl B HanpaBJreHHH yBeJrHquBarouerocfl AaBJre-
IrHfl (cu. pHc. 32). 3ro npr.rBoArn r( ToMy, qro qacrb rroroKa Bo3Jre
TlerloABlrxtrofi creHKH MolKer ABllrarbcrr B HanpaBJIeHHr.I, nporunono-
JIO)KHOM ABlrlr(eHHro [JryH]Kepa. A6cqr{ccy 22, npr xoroporl noToK Me-

rlfler HanpaBJreHHe ABr.r)KeHHr, HaxoAHM H3 ycJroBHfl +1 
-0. vlc-

norrbsyfl (g2), rrorryrr'M 
" du lu:n

4.1 
'- 

=h !! x !, -o, u,r' dt- a,,r!!" -,0. (gT)
dg ls:n 2yp dz h dz h2

OrcoAa c roMorrtnro (95) HMeer\t

t c ( 2 k 4 c )  c ( 2 k a c )
k t :  r  l / l i l f l  & r :-  

k ( 3 + f r - c )  '  k ( 3 + e - d )
(e8)

_ llpu oKcueHTpHrrHoM pacrroJrox(eHlru nJryHlKepa B
a6cqncc:';t zz gaBHcHT or agnMyraJrbHoro rio.noxeHHs

TeqeHHfl B XIeJrr.I  C [apaJrJreJrbHbIMH CTeHKa-

(e6)

rHJIb3C SHAqCHI,IC
I

paccMaTpI,tBaeMo-
.To ceqeHr4r,, Ta:K :KaK c- l-; cos 0. llpn rouueHTpHirHoM pacnoJroxe-
r{rin rrJryH}Kepa, KorAa c-1, -

i*"no-eHne KoHycHocru'npuno.ruT K yBeflHqeHuro 3HaqeHufl KoopArr-
J{arbI Vz. flocxoJlbl{y UeJIb HMeer KoHerrHyro AJrHHy, To rrpH MaJrbrx 3Ha-
rreHtrflx napaMerpa h 3HarreHHe KoopAHH aru v2 Mox(er BbrxoAr,rrb 3a
rrpeAeJrbr_ uIeJrH H TorAa o6lacrt flpornBoror(a B xleJru Moxer He Bo3-
lrr-rKarb. t lro6u onpe4efinrb npeAenluufi napaMerp k, npw KoropoM
NOTOK B IqCJIH ABH>KCTCfl TOJIbKO B OAHOM HANPABJIEHHH, BOCIIOJIbSYEM. -
cr ycJIoBHeM 72- I 4"rra pacrrrHpfroulerlcs uIeJrH H Z2-.Q AJrfl cylKaro-.llefics. tr{cno.rrleyr (98), noryrrHM, rrro B pacrrupflroutelicr ilIeJrh rrpa
KoHrIeHTpHqHoM pacrroJrox{eH}rn nJryH)Kepa nportrBoroK fe sosHuKaeT,
KorAa ft< l, a B cyx{arcuertcs - KorAa k<l-0,S 1 . Ecnu rr.rryH-

'TeqeHHfl, MO)KHO OnpeAeJrr{Tb, noJro}*{HB ur:0 n ypaeHeHflH (76). Ans
rtpocrefturefo crvq afl - ABlrlr(eHHfl nJryHx(epa HaBcrpeqy HarropHoMy'TeqeHuro nprr napa.rrJreJrbHblx cTeHKax KaHaJra -

(lm)

- (ee)

6{

2vpuol: - -
f,r (t - e ccs t) -\p

B xoHyiHblx ilreJlflx, HecMorpfl
Ha coBrraAeHHe HarlpaBJIernft

ABrrxeHHfl IIJIyHII(epa A Ha-
IIop rrofo Ter{eHr.rrr BoEJIe HerIoA-
su)(Hofr cTeHKI4, Mox(er BogHIa-
r{arb [oroK, ABI{x{ytuuitcs, [po-
rue HanopHoro rer {eHl l f l  (puc.
34). 3ro rpouexoAur rroroMy,
TITO B KOHYCHbIX UICJIflX TCqC-
Hr.re, BbrSBaHHoe [repenaAoM

. qaBJIeHHfl Lp: Po-Pr, HaII-
paBJreHo npoTHB yBeJIHr{I4BaIO-
urerocff AaBJIeHr.rfl. Enn ottpe-

AeJIeHHfl KOOpAHHarrt V2, IIpH
xoropofi B rueJru HBMeHflercH
HarrpaBJreHrle .  noroKa, Boc-
noJrb3yeMcfl SaBI,IcHMOCTflMH
(97) u (92). I4x perueHue- Aaer

t '  
' i ' " ;  

r
Pnc. 34. HsMexeglte AaB.reHHt H ABH)KeHHff
xlrAKocru n rouycHofi ureJIH. Ifanpan.neune

'ABH)KeHHf l  CTeHKH COBnaAaer  C TeqeHHeM, .

sHssanHbrM nepena,(oM LL:po-pr. flpu-
Hflro Ps: Pold.P: l, P: P1l LP:O

v,-t{'lii!r'lry+'] r}

p
lr2

q8

9'+
0

q 2

(  1 0 1 )

IIpu xoru(eHTpnrrHoru pac[oJrox{errnu rrJryHx(epa B fLIJIb3e, KorAa c-1,
RbrpaxeHue (101) sanraulercrr

SaeHcr.r l{ocrb MexAy napaMerp avu k .H Qat
[(e/rrrx rrpH KoHrIeHTpHrrHoM pacrroJro>KeHHr.I
o6parHoe reqeHue, BbrpalKaercf l  TaK:

I B p?CUnpfIOIqUxCfl il{eJItX o '

3 i l  +  k lg c : E l

B cyx{a0ilIl{xcff [IeiIflX

I  qo: - t  
! '  .*=!) '  .l + 2 k

<Doprrry.nf i  (103) u (104) rrorrvrreHbr H3 ( l0 l )  npw, V2:1.  y pacur?Ipnlo-
rqefics ueJrn H 7z-0 y cyxaroutefics. FIa puc. 35 npuneAeHbl-rpaHI{IrbI
oAHonarlpaBJrer-rHoro rerreHufl, B xouycnoft u1e;iu, KorAa HarropHoe reqe-
HlIe coBnaAaeT c $puxqHorr-HbrM. t{erra 6o"rrlrire xoHycnocrb IqeJIH, TeM
MeHb[re SHaqeHHe napaMeTpa Qo, npr4 KoropoM He H3MeHflercfl Hsrrp?B;

,reuu'e, rroroKa. fpanuqa' og,uoHarpaBJreHHoro rroroKa / acuunrorurre:
cxn npu6Jrux{aercfl K 3HaqeHr.rrc A:-0,5 y cyx(arculerlcs ueJrn n k-
- I y pacruirpnrou{eftcs.

3. CHJ|bt, AEIACTByIOqUE HA nJIyHXEP .

Bo nperran pa6orrr gJreMeHrbr 6ecxoHrdKTHbrx yn.norueuuft noABep-
rarcTcfl Aeficrnurc cHJr AaBaeHufl, )Kt4AKocrn. tlacro grn cv;'nbr AocraTorr-

3-397 65

npH KoTopbIX B KOHyCHbIX
rrJryHx(epa He Bo3HuKaeT

\
( 103)

( 102)

( 104)

z
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Puc. 35.  lpaHr,uui  oAHoHanpaBJIeHHofo no'
roKa B KOHyCHbIX UIeJIsx:

r- cyxarouefics u 2- pacwnpnpulefics: 3- o6-
Jf acrb o4noua n pa nleu noio noroK a (Ap+=O, tt r*o,

e+o , ;Eo)

HO BeJrHKr.r  r r  Mofyr  6uru nprrqHHoft  HapyrxeHHrl  HopMaJIbHof i  pa6oTbl

r r rApocuc reMbr ,  no3ToMy i l p r . r  KoHcrpyHpoBaHHpI  r l lApoanrapa lypb l

HeodxoAHMo 3HaTb  npuqr rHy  l r x  Bo3HHKHoBeHHf l ,  BeJ Ip Iq [Hy  H  XapaKTe-

prrcTrrKy.  B saeHcr.r r {ocTH oT HanpaBJIeH?rf l  Aef icTBHfl  cHJrbr pa3AeJIf l }oT
'  Ha 6oKoBbre (paana. l lHble) ,  Aet lcrByloqf ie neprIeHAI{KyJIspHo K ocn

nJryHxepa, H oceBbre (axcuanrHbre) - AeficrByrolr l ,He BAoJIb ocH.
B xoucrpyKuzflx goJrorHLIKoB Bair(Ho o6ecreqnrl [oJrHoe crarurlecKoe
paBHoBecHe paAHaJrbHbrx H aKcr.raJrbHbrx cHJr, .AefrcrByloxlHx Ha nJIyH-
>Kep. Arq 3Toro Heo6xoAHMo,'qro6br orBepcrnfl  B ruJrb3e 3oJIorHLIKa
6ullr  AHaMerpaJrbHo nporHBorroJrolKHbrMu. J{yuure, ecJIH y orBepcruft
ITOABOAa H OTBOAa )KHAKOCTH RrrD/Tpr.r rHflb3br BbrrroJrHeHbr KOJrbileBbIe
r(aHaBKH. Ann oqeBoro paBHoBecila n.rryHxepa HaAo, qro6bl Bce y[/ror-

'Hflro'uHe qacrH HMeJTH oAlrHaKoBbIf i  AHaMerp. I l lynxep, cMa3aHHblf i
pa6ouefi  x(rnAKocrbrc, npn KoMr{argofi  reuneparype AoJr}KeH cBo6oAHo
nepeMeularbcfl  H3 rn6oro noJro)r ieHlrf  B r l l . rJrHHApe noA co6cTBeHHofi.
uaccofi .  Clr,na, neo6xoArrMafl Aflrr nepeMeu{eHHfl nJryH}Kepa, AoJr}r(Ha
cocTorTb I{3 cHJrbI xHAKocTHoro TpeHr.rfl H cHJrbr IIHepTIUII IOABLI)KHOTO
gJreMerrTa. oAHaxo npaxrHxa nor{a3brBaer, qTo ycKnvn, Heo6xoAlrMbre
AJIfl nqpeABH)I(eHHf nJIyH)t{epOB, IlaxoAfllllHxcfl noA AaBJIeHLIeM x{I'IAI{o-
cTH, MOfyT B OnpeAeJreHHbrx cnyrla"^ Bo3pacrarb B HecKoJrbKo coT pa3-
3ro sarpyAHser  pa6ory  oneparcpa u npHBoAHr K HapyueHuro Hop-
ItanrHofi  pa6qrtr ruApocucreMbl, oco6eHuo cucreM c AHcraHrrHoHHbrM
ynp aBJr eHHeM p a cnpeAeJr l{reirbHbrM H r.r p eryJrupyr.our{ MH ycrpoiicrB a M H
c IIOMoulblo gJreKTpoMarHHTOB r.I  3JreKTpoMexaHr.r3MoB.

t{ro6u rapaHTnpoBarb HaAe>KHyrc pa6ory, B HeKoropbrx KoHcrpyK-
III{flx Arfl npeoAoJreHHfl crrJr rpeHnfl [JryHX(epoB rrpHxoAHrcfl npLIMeHfTb
gJreKTpOMarHHTbr C 6O,tnrUHM Tffr ' ,OBbrM yCHAHeM, AOCTH|aTOUIHM 150-
250 H. Taxue ycrpoficrBa HMeror 3HaqurerbHbre pa3Mepbr I{ Maccy }I
He6orbruoft cpox cJryx(6br, TaK KaK 6onuurne HHepuuoHHbre cnJrbr, pa3-
BLIBaeMbIe rKopeM npH ero BTrrHBaHuu,  6uctpo pas6l rBarcT aJIeKTpo-
MarHlrr. B ro x<e BpeMfl. 6orrune nycKoBbre roKn rpe6yror MoIr,HbIx
KoHTaKTHblx )'crpor"rcrs B crrcrelrax gJeKTponnraHrrs. Eo.rbllroe rpeHIIe
B BeAyueM 3BeHe (pacnpeae.rrure.ne) cJreAflulnx cltcreM BbI3bIBaer

6 6 \

- 0 , 8 - q 6 - 0 , 5 0 1 2

cxa. {xoo6pa3Hoe ABH}KeHHe npuBo,qa npu r rJ IaBHoM H3MeHeHHH curHa-
Jra ylrpaBJreHI,Ifl, r{To npHBoAI{T t< ouru6xe no noJIo>reu'uto u xone6anu'
qM, a B HeKoropblx cJryrraf lx Ir  K noJrHoMy ocraHoBy cJleAff l l lero IIpn'
BoAa.  HecrouneHcHpoBaHHoe 6oxoeoe oAHocropoHHee Harpy)KeHHe
n"tyHx<bpor Hac0coe a ruApoMoropoB rroMI{Mo cHH>KeHHr MexaHl,Iqec.
Koro KnA sbrsHeaer HHTeHcHeHnrrl  HepaeHbuepnrrf i  LI3Hoc ITJIyH)Kep- -

HbIX NAP, T{TO NPHBOAI,IT CO BPCMEHCM TI K CHI,I}KEHUrc O6ICMHO|O KNA.
Ir ls npaxrr{Ku H3BecrHo, r{To Ha nJryHx{epbr 3oJIorHHKoBblx paiqp,e'

4e.nHre"nefi KpoMe pa1railbtsrx cHn 4eficrnyrcT_oceBble ycHrIHr', o6yc.;
JIoBfleHHbIe TeIIeHI4eM X(H,II.KocTI,I qCPC3 OKHA. BCNH'IHHA ETVX YCWNUfiT
B OCHOBHOM 3aBI{CIIT OT nepenaAa AaBJreHHn I{ pacxpAa )I{HAKOCTH
qepe3 BoJrorHHK, T. €. or nepeAasaeMoft MoulHocru. Onnrr pa6oru ru-
noBbrx qerbrpexxoAosHx 3oJrorHHKoB rroKa3aJI, rrro Ha I xBfluoir lHocln,
repneuoft B BoJrorHnKe BcJreAcrBr.re [epenaAa B HeM AaBJIeHI{f l ,  npnxo'

rtrrcf l ,  5-8 H ocesoro ycwntwfl, .  3ro ueo6xoAuMo yrrHrblBarb npn r lpo'
er(Tr{poBa Hrrr{ cucTeM ynp aBJreHHrI.

To'rno paccqvrarb cuJrbr, 4er?crnyrcurue Ha nJlyHlr{ep, o6rtuuo He,
yAaercfl, rroaroMy nto6as, IrHJrLIHApHqecKar napa AoJIIKHa [poxoAuTb
creHAoBbre r{crrbrraHufl,  rrro rpe6yer Aorro/THI,ITeJIbHbIX 3arpar,BpeMeHH
rI cpercr;ffi,t"ffffi", 

rHApaBrIHqecKoe <3aIqeMJIeHHe> nnyn*"'u.
O,u,na r{s ocHoBHbrx npHqrIH, npunb4rlq}Ix K yBeflHrIeHHIo cltflbl Tpe'
Hkrf l , ,  -  HepaBHOMepHOe pacnpeAeJleHHe AaB/IeHI' I f l  X(HAKOCTI{ B 3a3ope
Mex{Ay nJryH)KepoM H rr{Jrb3ofi. flosHueHlre cnJrbr rpeHufl no sroft npn-
I{I,IHC NPHHflTO HA3bIBATb THAPABfiHqCCKI,IM (<3AUICMJIEHI,ICM>> NJIYH)KEP-
Hbrx i lap. Bo ncex c.[yrraf lx, KorAa ruJrb3a H noflcKu r lJtyH]Kepa cHMMer-
pHr{HbI orr{ocuTeJrbgo flpoAonnnofi ocvt, a ocu nJIyH)Kepa v rHJIb3bI
coBnaAalor, 6oroeafl  HeypaBHoBeIIreHHafl cwila He Bo3HHKaer, TaK KaK
B CeqeHr.rH rro6ofi rrJrocKoqrbro, npoxoAsulefi qepe3 ocb [JIyH]Kepa,
xapaKTep H3MeHeHuq rqenn 6yaer oAHHaKoBbrM. To,rHo raKx(e He 6yner
<<3auleMJreHHfl>> r.lHJrHr{ApHr{ecKoro nJryH}Kepa B uHJILIHApHqeCKOfi rWnt-
3e,  ecJrH HX OCH napaJ lJreJrbHbl , 'HO He COBIIaAaIOT,  T.  e .  n / IyHl l {ep pac-
loJroxeH B ruJrbge 3KcueHTpr4rrHo. 3ro sHsBaHo reM, qro B rIapaJIJIeJIb-
sofi ule.nu He3aBHcHMo or Bbrcorbl sp3opa
,[aBJreHHe HgMeHfeTcfl no .uuuefigoMv 32:
I{oHy or po Ao pr [crra.  ypaBHeHHa 1$; i l
(87)1. I loerouy AaBrreHHe n .nn6oli nno-
cKocrr.r, f leprreHAuxy.unpnofi ocu, 6y4er 

-

coxpaHflTbct oAr4HaKoBbrM AJrfl Bcex To-
qeK 3a3opa tto nepzQepran oKpyx(Hocru
He3aBHCHMO OT TOrO, ABr{}KeTCfl ITJIyH--
}I{ep HJr4 HeT.

Eu"no r roKa3aHo,  qro HepaBHoMepHoe
pacnpeAeJreHHe AaBJreHr.rf l , .  Bbr3brBarox{ee
noflBJreHHe 6oxonor? HeypaBHoseureHHofi
cnJrbr, 4efcteyrcHefi Ha rrJryHlKep, Bo3HH-
Kaer  TofAa,  KofAa xapaKTep 3a3opa
Mex(Ay nJryHx(epoM H ru.rr lsof i  B pa3flHrr-
HbIX CeqeHVf,X HeOAHHaKOB, T. e. IOTOK

3{'

Pnc. 36. Cxeua K onpeAene-
HHro <<3alrlenr.nr0u1efi > cunrr
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N(HAKoCTH B 3a3ope 6yAer JIH6o' pacul{pflIo[l l{Mcfl, JIH6o cyx(apqHMcfl '
f lH6o Apyrofi Soptvtu.

3Haq 3aKoH I{3MeHeHHfl AaBJIeHHfl BAoJIb IITeJIH' MoxHo onpeAeJIHTb

eAHHHqHyIo cHJIy AaBJIeHHfl,  T. e. cHJIy, 4eficrnynqyrc Ha f loBepxHocrb

eArIHIlqHori tutl p I.IHbI :

F"o p (z) dz.

f loAcr aurrnf B 3ro BbIpa)KeHHe 3HaqeHne AaBJIeHHf I 'I3 (81) Lr yttl-

rbrBafl, rrro p (z) -F G) Lp, z:71, noflytl,M

F.o: t ̂  p ln' - ffi + + (# + +'q#)]
Ans onpeAeJIeHI.I f l  6oxosoli  cHJlbI Heo6xoAHMo npocyMMI{poBaTb tto

oKpylKHocr.Hi eAlrHtrqHbre cir.nu AaBJreHHx, 4efictByloxlue Ha noBepx-

HOCTb nJIyHX(epa.
Tax xax p iccuarpnBaeMaf l  c r rcreMa (n . r ryHxep H r I {J Ib3a)  cHMMer-

purrHa orHocureJlbHo napcKqcrl{,  npoxolsutef i  qepe3 I ' IX ocn (puc. 36)'

:ro 6yleM yqHTbrBaTb ToJrbKo SJreMeHTapHble cHJIbI, npoxoAtII IHe napaJI-

JreJrbHo n;locxocru cnMMerpr.rf i ,  TaK KaK Apyrl{e cocraBJlf l IoulHe sJIe-

MeHTapHux 6oxoBbrx cHJr B3aHMHo ypaBHoBecnrcf l .  C yuerou [ocJIeA-

H.ero c\ila AaBJIeHHfl , ,i(eficTByloxlafl Ha rIJIyHlKep,

F -2 ro c + k  r  4 a  |  2  |
' r c + k - r  k  l 2 t * u t

ln '  
) l  cos odo.

c + k l )
fJoc.rr e HHrerpHp oBaHHfl

F ry'{+ f t--4f+q"(2+,e)x-
L  V t z + k \ 2 - 4 ; 2  )

=f

io", cos gdg :2rdL,p il-4,
.) 

- 
.-r L

0 0
t l- r h

ulaf l  Ha nJryHx(ep,

It (105)

Pacxpun HeonpeAeJIeHHocTH, Mox(Ho y6e4umca, ufo pe3yJlbTllpyrcUatl

6oxoeas cuna; 4eficreyroulafl Ha ocecnMMerpuqHblfi nnyu'x<ep' paclo-

JTOXeHHbIft e ocecuMMeTpH.{Hoft rHJIb3e I(OHUeHTpI'IrIHo (e:0), panHa

"ynto- 
ToqHo TaK )Ke 6y,ier paBHa HyJIIo cilila F, ec.nH rlapaMerp k:0,

He3aBHCHMO OT TO|O, KOHrIeHTpHrrHo I{JIH 3KCUeHTpUqHo pacIIoJIafaeTcf

nJryHx{ep B rHJIb3e
"Koraa nJryH'(ep HenoABHX{eH (,rr,=0), 6oxosaq crri la, 4eficrnyto-

2 + k Ap. (106)

AaBJIe-

I
Einu BJIHgHHe paAgyca nflyHx(ep A for ero AJIHHat I  u nepenaAa

68

o lro .2,0 
, J,o 4,0 k

I
Pnc.37.  IpaQur  3aBucuMocrn p: i (k ,  e)

unn, A,p:po-pr Ha Be.[Hquuy F 6oxoeoll  cI{JIbI '  oqeBHAHo, To sroro

HeJrbgfl cKa3arb o rrapaMerpax k n e. n.nn BbIflcHeHHfl aroro B:i-HflHHfl'
rprBeAeM $opvIy .ny (106)  x '6espasMepHoMy'nHAY

2 + k ( 107)

H nocrpourra rpaSuuecryro saercl i l locm F:f  @,;)  (pnc.  37).  f lpaean
r{acrb rpaQnxa' nocrpoeHa Ailc., pag[IHpfli lrqeficq u{eJrn, JreBarr qacrb c
k<0 - Arfl ureJrr cy)Karoulefics. OrpuqareJrbnbre 3HaqeHHr f ' y pac-
nrapflroxlefics i lIeJrH cBHAereJIbcrByIor o Bo3HI{KHoBeHHH cHJr, crpeMfl-
u{Hxcs rroA}Karb nJryH}Kep K creHKe rHJrb3br. f lpu connaAer{HII ocefi
rrJryH>Kepa H ruJrb3br, KorAa a-0, 6espasMppHar 6oxosai cr4ila F, a
3HaeHr;  Lr  caMa cvi la,F panHu HyJIro.  Vne.ruqeHl{e napaMerpa le npw.no-
Ar,lr BuaqaJre K cpaBHHTeJrbHo 6ltcrpouy pocry a6co.nrcrHofi serHqHHbI
F, a s-areNr lFl  MeAJreHHo yMeHbruaercq. MaxcuuaJrbHoe 3HaqeHHe
lFl rprlo6peraer B MoMeHr xaiaswn fiJryHx(epa creHKI] rt4Jrbabl, T. e.
npu i==  |  n  tapaMerpe k=  1 ,  ro iAa l7 - :  0 ,171.

V n.nyHx<epHbrx i lzp, o6pasyloulux cyx{arcuaecrr B HarrpaB,rreHLIH
yrerrKn u{eJru, c pocroM 3HaqeHrlr napaMerpon. ft H e 6oxosas cwila,
ueHrpapyloxrafl nJryHlr{eF, yBeJrHquBaercfl. Ha puc. 37 cneea oqepqeHa
IpaHHrIa F AJrfl rrpeAentHbrx sHaqeHrlfi epp6o Anrr cy>KarctIleficq uIeJIH,
rioryubnHbrx ro Qopuy.ne (86), rrpu Koropbrx rrrryHx(ep Kacaercs ruJrb-
sH. TaK KaK. paAr.Ia"[bHoruv nepeMeuleHuro nryHx(ep a B rrl lbse o6u.rHo
HLIr{To rre ilpenflTcrByer, To Mo)KHo npeArroJrararb, r{To noA 4eficreuena
nbsHl,Ixu.Ibfi 6oxosoijr cu,rrlr nJIyHlKep, o6pasyrcuuli B rnJrb3e pacurupn-
Iotly]ocs B HanpaBJreHHH yreqKpr rrleJrb, shfiuer [o.[ox(eHu€; npH Koro-
porvr e:1. f lolcqer MaKcHMaJrbHoro 3HaqeHras 6oxoeofi cunu Moxer
6rtrr  BbInoJrHeH B npeA[oJroiKeHHH, qro F:-0,17 -u e:1:

' 
F,nu*lFn'u*rrr otLp_ -o,i l3rol!^p. (108)

Ec.nu rIJ'IyHxep HMeer ln noscxoB, pa3AeJrrrox{Hx AaBJTeHH n pt u pi,,To

F:  F  :_L I r_
nrsltp 2, - 

l_
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I'6oxoeaq 
cI{JIa yBerl l t lHBaercff R n pa3l

F"*: -  0'5310/ LPn' ( 10e)
IrepeKaTbrBaTbcfl  B r l{Jrb3e, noKa He gafi I \deT ycTofiqHBoro noJIo}KeHI4fl .

Eo.rrturnncrBo )KuAKocrefi  ,  Hcnorb3yeMbIX B rHApocucreM ax, o6.rra.qardr

csoficrsoN4 aAcop6upoBarbcq Ha noBepxHocrtx I IJIyHlKepa u rHJIb3bI,

o6pasya rpaHrzrrHbre cJrotr,  ci loco6Hbre BbIAep)KI{Barb sHaqHTeJIbHyIo

Harpy3Ky, He pa3pyrxaflcb. 3ru cJrou BbrrIoJIHsIor poJlb [poreKlopa,

npenflTcTByfl  HerrocpeAcTBeHHoMy KoHTaKTy MeTaJIJIHqeCKIIX noBepx-

nocrefi .  i

Ao rex f lop, noKa He npousofi4er I lpopbIB salqgruofi  n4ac.rqHofi

nJreHr(H, TpeHHe 6yner rpaHrrqHbntr. OAHaxo [pI{ Harpy}Kerwr ni lyH}Ke--

pa 3Har lure.u tnof i  6oxoeof t  Harpy3Kof t ,  nosuoxeu npopblB rpaHl IqHoH

nJIeHKu H llpon3ofiAer KoHraKr rloBepxHocreft IIJIyHxep a H \LrIrrHApa.
3rouy cnoco6crByror MHKpoHepoBHocrLI H BoJIHHcrocrb noBepxHocrH

4era,uefi .  OAnaxO ecrb )Kr{AKocrtr,  Koropble Ha l loBepxHocrl4 RoHTaKTa

c Mera"[JIuqecKHMH noBepxHocrf lMH ue o6pasylor sauIHTHbIX rpaHuq-

Hbrx rJreHo{. B TaKoM cryrrae noA AeficTBHeM Hafpy3KH COTJIaCHO TeO-

pHrI, pa3surofi  A. IO. Vninvs"t(HM H 14.ts. Kpare.rrncKl{M, Mo>Ker npo-

HCXOAHTb rrOCTeleHHOe yBeJrHqeHHe cytrruapuoft nJIouIaAH KOHTaKTOB

colplrKacarcrr luxcq noBepxHoctefi ,  a raK)Ke 83aI{MHoe BHeApeuue o6oux
rgp [11]. llpH aroM yBeflHrrHBaercff BJTHflHHe cLIJIbI MorleKyJltpHo_ro

cu'en"rrenHfl, B pe3yJrbTaTe lrefo cKlra cTaTllqecKoro TpeHLIfl c npoAoJI]KH-
TeJrbHocrbn HeIIoABHlKHoro KoHTaKTa BogpacTaer. I Ipu eucoKux reM-

neparypax, rpeBbrrrrarctuux +100"C, cnoficrna rpaHLIrIHbIx nJIeHoK,
npeAorBpauraloqux HeIIocpeAcrseHuHfi KoHTaKr roBepxHocleft,  Hapy.

uIaIoTcfl .
Ec"rru 11pH rrLIcTo rHApoApIHaMIIqecKoM rpeHHI{, KorAa noBepxHocTH

nJryHlKepa H frrJrb3br oTAeJreHbr cJroeM x{HAr{ocTvr, cwila TpeHHfl.nponop-

uHor-raJrbHa Bfl3KocTH )KrrAKocTH r.r cKopocTPr nepeMeuleHl,I f l  nJlyl- l iKepa,
ro  npH rpaHHrrHoM H noJrycyxoM TpeHHH 3aKoHoMepr locr t4  6o. r ree

C", ' IOX{}IbI.

Cu"rra rpeHlrfFrp B 3TorVr c"ny.iae 6yeqr 3aBllcerb He roJIbKo or Be-
.rriquHnr 6oxosoii (nbplra"rrrnofi)- 

"arpysxll 
F, uo eue H or xoa$QuuH-

enra TpeHHa f ,  euaueune Koroporo npu nepexoAe or x l lAKocrHoro rpe-
r{prf B-fparJtrqHoe Bo3pacTaeT rro N{epe yMeHb[IeHHfl ToJITIIH]IbI nJIeHKH
(pHc. 3t i1 :  Fro-fF.  f ipn rpaHHrrHom'rp-eHuu sHaqeHH6 f  c"ra6wnH3Hpy-
ercfl, Ho npr{ npopbrBe rpaHurrHoft vac.usHofi nJreHKH c yBeJIHqeHHeM
roqeK KoHrar{ra nonepxuocref i  roaSQuUHeHT f  uauuuaer Bo3pacTaTb,
npu6.nl lxarcb K 3Har{eH[ro xoaSQuuHeHTa cyxoro rpeHnf l .  Be"rr l tunuy
rpaHHr{Horo TpeHr.rf . B op}IeHTrrpoBaHHbrx pacqeTax Mo>KHo rIpI'IHflTb

I : 0 , 1 .  :'  
B. H. Jlosoncxl.rf i ,  H3yqafl  npr.rrruHbr orr(a3a rof i ,rrusuofi  u ru4p aBil :a'

. iecxor l  an[aparypbr ,  ycraHoBrrJr ,  r {To npn HeKoropbrx  ycJIoBI I f lx  Harpy-
>r(eHnfl u sn6paqHfi sosr\ro)KHo cxBarbrBaHr.re coflpf lraeMblx r loBepxHo-
crefi  nJryHx<epa r4 rnJrb3br, rrro nprrBoAI{T K 3HaqHTeJrbHoM_y_yBe_rHqeHHIo
cuJrbr rpeHrrf l  r{  HapyueHuro ueJrocrHocrn noBepxHocrH [5]. B.u.no yc-
TaHOBJIeHO, qro MaKCHT,IaJIbHOe 3HarIeHHe CprJrbI TpeHHfl na1ntO(aeTcfl
B MOMeHT CTparHBaHHfl UryHxepa C MeCTa; y ABI{>KyUIefOCfl UryH}Kepa
cr l .na rpeHHs yMeHbuaercr .  f loeromy npnBeAeHHbre HI I IKe onbITHble
.i IAHHbIC - 3TO MAI{CIIMAJIbHbIC 3HAIICHHfl CHJIbI TPCHIIf l  NJIYH}KCPOB, T. C.
cuJIbr, norpe6unre AJrf l  crparunaHur r lJryHxepa c Mecra.

Onpele.rIeHne BeJII{qlrHbl 6oxonoft curlbl no Sopuy"{e (106) anlnercf,

ro.n6l io lreKoTopbrrr l  npl l6,nux(eHl.{eM I( peaJlbl{oMy. } l lcruunylo BeIHrIuHy

gTor? crr.rrbl Molr(Ho noJlyqHTb, ecJIrI .  yqecrb, qro I{poNIe reqSHI'I f l  $KHAKO'

cTH BAOJIb nOflCKa [ayH)l(epa noflBJIf leTCfl I IOTOK X<HAKOCTH BOI(pyr

I lero. Oopuy,rraMH TaKx(e He yrITeHo' I{To 3a3op I{ .xapaKTep 
[ leJII{ Mo'

ryr rr3Merrf lrbcf l  B pe3yJlbl aTg Aer$oprrlaUIII I  Aeraneft n"nynx<epHofi napbl

trbn Aet-tSTBLIeM Aae"'IeHutl .  l lepervreusoi l  TaI()I(e qnnseicq Bfl3KocTb

>rir.{Al{ocrr.I BAoJIb ureJIH. O6utero peueHuq AJIfl onpe.AeJleHllr BeJIHtII{Hbl

BanI Ipapule t " I  cLtJ Ib I  npu Aef icTBI ITeJIbHoM TeqeHl l I I  r IoToKa B sa3ope

il( ,ryrrtrTb ue yAa.rroci.  OAuaxO pe3yJIbTaTbI BbInoJIHeHHOro TeopeTI' I-

qec l (o roaHaJ I I , I 3aAocTaToqHoxopo luo I I oATBep}KAa IoTc f l 3 I (C [ep I {MeH-

TaIuII I , I  MoryT 6ttrt  I Icno.IIb3oBaHbI B npal(TI ' Iqecl(I{X pacqeTaX'
'  

Arra"q"t" jry" rpaQllxlr plrc. 37, rr lox<uo cAeJIaTb BblBoA o ToM' t ITo

A.4q npeAoTBpalqeHHfl 3auleMJIeH?If l  nJIyHlKepHbIX IIap AocTaToqHo Ae-

Jrarb nd'ryHxiep r.r rr.rJrb3y crporo TIHJIHHApI.IqHbIMI'I. OAnaxo IIoJIyqI'ITb

cTporyrc t(HJTHI-IApI.IqHocTb Aeranefi  npaxruuecgu HeBO3MOx<Ho' BcerAa

ttt . i ryi  6trrt  orr{d,rorreHrrf or HAea.rrtnofi  
'Qoprran BCJIeACTBIIe HecoBep-

[ reHcTBa npoH3BoAcrBa (onal luogTb,  BoJIHHcTocTb u r -  n . )  '  f loarOMy

AJlf npeAoTBpail IeHHfl 3aUIeMJIeHI{t
lo roB. I IeHHH npnAaBarr  raxyro Qo1
yI'eqr(H IIMeJI ne6o'nluryru cy)Karoul
Molr iHo npnrt{pKofi  n.nynxepon. Be.

r leJrecoo6pa3Ho, TaK KaK AaJIbHefi i l r
BCJIIIqI{HY UCHTPHPYrcUTCfi CI4JIbI '  TIO
IIOI{a3aJrH sKCnepHMeHTbI, He6oJIbII l

Aa)Ke I( HeI(OTOpO*y yMeHb,IxeHHIO yTe'{KH [O CpaBHeHI.Irc C nJIyH]Kep-

nofi  napofi ,  o6fady"roulei i  napaJIJIerIbHuti i  sasop. 3"q rpoucxoAur' BH-

AI.tMo, IIoroMy, tITo [ryH]l{ep npu HaflHtII'IH cy}Karcqefics ilIeJIH qerlrpn-

pyeTcfl  B rLIJIb3e, B TO BpeMf KaK npH xIeJIu c [apaJIJIeJIbHbIMH CTeHKa-

iug rrJryH1(ep B rgJrb3e 3aHHMaer ai<cueuTpr.rqHoe [oJIO]KeHl{e. vreqxa

.np ' -a ior  [ iu .  QopMyrry  (2) ]  s  2 ,5  paza rpeBbluraer  yrer lKy r lepe3 3a-

s0pbr nJryHlKepHofi napu, KorAa r lJryHlKep cueHTPHpOBaH B fI ' IJIb3e.
^ 

I4s oflHros c;eAyer, uro ycHJIHe' IIOTpe6HOe 4ilfl- [epeMeuleHl'Itt

n"r lyHx{epa, I . IHTeHcIIBHo yBeIHrIHBaeTcfl  JII{ l l Ib B TeqeHHe nepBbIX l-

5 lnrrH nocne noABoAa AaBJIeHHfl K 3oJIoTHHKy H' AocTHrHyB MaKcI{My-

Ma, B xaxoft-ro cTeneHH cra6H.}I lrsHpyeTcfl .  Bpeun I '{HTeHCI{BHOTO BOs-

paCTaHIIf l  3anHparoUefi CHflbI 3aBHcltT OT Bfl3KoCTH x(HAKoCTH' I iOBbI-

II Iaf lCb C yBeIHtIeHHeM IIOCJIeAHefi,  a raXlKe OT IIepeIIaAa AaBJIeHVf B

uteJrH. np" BbIcoKlX nepellaAax AaBJIeHll-f l  3To BpeMfl I l3MepfleTCq ce-

r iyHAaMI.I.  Hapac"aHue 3anupalouleft cn.rrbl B reqeHHe HeKOTOpoTO Bpe-

I\reHH rrocJl.e noABoAa I{ I IJIyHX{epuoft i lape AaBJIeHHS' BepOflTHo' BbI3Ba-

HO TeM, qTO nIyHX(ep He cpa3y Mox{eT 3aHflTb ttoJlox{eHl' Ie'  COOTBeTCT-

Byroillee M a r(cH M a JrbHoi\4y 3 H aq eHI{ to 6oxosoil cI'I JI bI.
" 

B nepBoHaqalnsurf i  MoMeHT nOCJre noABpAa AaBJIeHHfl nJIyH)Kep

rrepeMeqaeTcfl  K cTeHIie rI{JIb3bl '  Bb,IAaBJIIIBafl  c aroit  cTopoHbl }KHA-

riocTb, rr npIIXoAur c ueit  B corIpHKocHoBeHIIe. 3areu nJlyux(ep MolKeT

70
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.Pnc .  39 .  BrHqHHe AaBJIeHHf l  Ha BeI I { I IHHy

3anHParcIr1eft cu.rt l t :

/  -  TeODeTl tqecKaH KDHBan;  2  -  3 t (c l repHl le l {TaJ lb -
Han xp f iaan ( lo :12  '  t r r rv r ,  t ,4  -$ ,1  MKM'  c  A  

-

: 4 , 2  n r r u ,  T 6 : 8 ; l  M K M ,  c 6 : 6 , 1  l r r l t )

3ncnepltMeHTbI nOKa3aJIH TaKX(e, qTO KOrAa IIJIyHII{epHafl '  I Iapa

HMeJra pacuupflIolqylocfl IIIeJIb,.. nJIyH}Kep npH IIOABOAe AaBJIeHHf <(34-

il{eMJIfleTcfl>>, a nptl cy)Ka1o-qeficq 
"UIeJI; aioro He Ha6JI'IoAaJIocb' Ha

puc. 39 npr.rneAeHa 3aBHcIIMOcTb 3a[HparcUefi cI{JIbI oT noABoAHMoro

AaBaeHHf K AByxIIofcKoBoMy nJIyHXePY, o6pasyrcu{eMy B rHJIb3e pac-

lrnpfrculylocf l  i {eJto. Cuny, norpe6Hylo AJIn crparHBaHI'I-a nJlyHx(epa

F"ro, Hsrr,ripn.rr' rrocJle 2 ivt^ Haxox{AeHgfl nJIyH}KepHofi IIapbI noA

AaBJTSHI{eM, a 3areM ro QopMyJle ,Fcrp =f F HaX6AHJII4 6oxonyrc 3anu-

parcu1yrc cHJIy F. Pac.{ertto6 s;taqeH;e cltnn'F onpe.u,eJlf lJl l {  ro $opMy-

r" ( ldO). Peiynrrarbr reopHr.I I , I  eKcnepl{MeHra xopouo corr lacyrcrcf l

B o6fl  acttt  HH3KHX AaBJIeHHfi.  Hexoropoe pa3rHtlue B AaHHbIX Mox(Ho

O6.ascsuTb HecoBepIIIeHcTBoM H3T9TOBJIeHHfl onbITHOrO 3OJIOTHHKa (sa-

BaJrbr Ha KOHIIaX nOflCKOB), a rarXe TeMH AOIIyUISHHS MH' KOTOpbIe

6snv(  r rpHHf l rbr  rpr l_Bl rBoAe sopMyJrb l  (106) .  np{  AaBJIeHHf lx '  rpeBbl -

-u16uf"* Lp:16 MfIa, yne.rrlluenge 3anplpa1gx1efi gI'IJIbI [peKpaIII'aeT-

cfl; 6oJlee TorO, CHJIa HatII'IHaeT yMeHbuaTbgfl. 3ro ceI'IAeTeJIbcTByeT o

roM, rrro QopMinu (106) cnpaBeAJILIBa JIHlI lb ArIr MaJIbIx H yMepeHHbIX

Auun"n"ft^ xu4rocTg, r.IpH KoTopblx KOHQI'IrypaUHn rqe'rrefi BcJIeAcTBHe

aeQoprr,raLlHH AeTaJrefr oT AaBfleHI{R He LI3MeHtleTcfi.

Tax rar nonyuu""e rtn?non KoHycHocTH Bbl3blBaer TpyAHocTH, Man-

narn [+S] aU"TaeT Bg3MO)KHU1a nnynxep HSroToBJIfTb CTyneHqaTbIM

HTOB rIoKa3bIBaIor' qro oAHa cry-

ueHrpHpyloqefi cHJIbI KoHycHoro

onb[ryrc cHJIy' nosToMy cTyrIeHbKI{
'aHoBJIeHO, qTO yreqKa MacJra qepe3

,Kofi HZ 300/0 breHbIIIe' qeM-y KoHyc-

HOIO nryHx(epa.- 
Aptiofi rrl'eroa yMeHbueHIIfl cIlJIbI rpeHlrn nnyHll{epHblx IIap' npeA-

JlaraeMblf i  HaMH, 3aKJIIOqaeTCt B I ' I3TOTOBJIeHHH Ha nOflCKaX nJIyH)Ke-

po"-^a"u"o* neperr,renHoft rny6uuu, f lapaJIneflbHbIX oc1l nJIyH]Kepa'
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4- Pnc. 40. Crynenvarnfi nlyHxep Puc. 41.  Cxeua qeHrpHpoBaHl{ f l  nJIyH-
)Kepa c rroMoulbro KaHaBoK nepeueHuot?

rlv6aHu

Oco6o Heo6xoAHMbr eQQemuBHbre MeroAbr l{eHrpHpo.Barnfl  3oJIorHH-
KOB, eCJrH OHH pa6OTarOT Ha BO3AyXe HJrH X(HAKOCTflX, He O5JTaAaIOUIHX
cMa3brBaroulHMr.r cBoficTBaMH, a. TaKx(e y 3OJTOTHHKOB C 6O"ryrrUHMH reo-
MerpHr{ecKHMH pa3MepaMH. K HaM o6p arKrr:, / .cb corpyAHHKH oAHoro I l3
rIpoeKTHbrx HHCTHTyTOB C npocb6ofi  peKoMeHAOBaTb MeTOAbI yMeHblIIe-
Hr.rf  cH./rbr rpeHHfl AByxnoflcHbrx nJryHli iepoB - AHaMerpoM 35, 50 t4
100 rrau, npeAHa3HaqeHHbrx AJr.n ruApocucreM npoKarHblx craHoB. Vcz-,
JfiLf, HeO6XOAHMble AJrR nepeMerqeHHfl STHX OTTbITHbIX 3OJIOTHHKOB, rlpe-
BbIIIAJIH 5OO H.

l4les MeToAa ueHTpHpoBaHHr, cBoAHTcfl K H3roroBJIeHHIo Ha rlolc-
I iax nryrDKepa [poAoJrbHbrx KaHaBor{, rrTo6bl f loryqarHcb KoHHqecKI{e,
cyx(arcuHecf B HanpaBJreHHrr yTetIKH uIeJIH, rIpI{ KoTopblx fHApoAHHa-
MHI{CCKHC CI,IJIbI I{EHTPHPYIOT NJIYHXEP B THJIb3E. PASUCPTT U qHCJIO

KaHaBOK Ha nOfCKaX ruryHlKepa AOJT}KHbT 6brrb TaKHMH, tITO6bI nOKpbITb
BoSMolKHbre HeroqHocrr.r [poH3BoAcrBa uryH]Kepa l lap v nonyqHTb
orrrnMaJrbHbrft eQQexr ueHTpnpoBatvfr npn Ma/rbrx yre'{Kax rrepe3 sa-
30p!1.

Ha pHc. 4l npHBeAeHa cxeMa rlJryH)KepHofi napbl c IreI{rpHpyIoII lH-
M H  K A H A B K A M H .

Rupasuvr napaMerp KoHycHocru rqeJru ft  uepes trf loulaAn ceqeHufi:

nab

ndh*  nab  
'

rAe Sr --fidh - nJloulaAb ceqeHllf Ha BbIxoAe H3 IIIeJIHi So: ndh*
*nab -rrJrouraAb cerreHnfl Ha BxoAe B ueJrb co cToponbr BbrcoKoro
AaBJreHHs;  n-  qHCJIO KaHaBOI{ ;  A,  b-  MaKCUMaJrbHbre paSMepbr  Ceqe-
HHf l  KAHABKH.

Onpe4e.rrui l  uaxcHMaJrbHyro rJry6uHy KaHaBr(H

ndhk
a -

b ( t  *  k ) n

IIIupgHa KaHaBKH b Aonxsa 6urr BoBMo)KHo Mailofi, KaK no3Bo/rfler
TexHoJrorHfl npoH3BoAcrBa 0,5-1,0 ur*r. t lprc.rlo KaHaBoK-uernipe u.nn
Bo.ceMb. Paccrosune Melr(Ay KaHaBKaMI,r Ha oKpylKHocru AoJrx{Ho 6brrb
oALIHaKoBbrM; rrpz qerbrpex KaHaBKax yrorr  0:90" (cu.  prac.  4 l ) ,  npr
BocbMH KaHaBKax-0:45o. PaccrosHue or KoHrra KaHaBKH Ao roHrla l lo-

,  h r - h o  S r - S o- : - : - :
ho .so
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f lcKa TIJIyH)Kepa C- I  .  1,5 tuu. Ba>xHo BbIAepxHBaTb eroT pa3Mep AJIf l

BceX I(aHaBoK oAHHaKOBbIM. l lplr paCI{eTaX cJIeAyeT npHHHMaTb k-

,: - (0,2 . 0,5) .
Pdcurrorpeirnnft MeroA IIeHrpHpoBaHHfl Aaer Hauryr{IuHft ?F$exr

npn 6onorr* AuaMerpax uryHlKepoB, npeBbllranu{Hx 20 rvrrra. Vreqxa

XIIAI{OCTH l lepe3 3a3opbl, HecMoTpf Ha HaflHtlue KaHaBOK' npaKTI' IqeCKH

rie y.BeJIH,{HsaerCs, TaK KaK nJIylI}Kep 6es qeHTpHpyIOuIuX KaHaBoI{ '

o6utqHo B r l{ Ib3e, pacnoJlaraeTcfl  SKcI{eHTpHqHo [I  yTeqKa rrep$ 3a3op

rrpr.r eToM yBeflHr{H;aeTcn B 2,5 pa3a no cpaBHeHIt lo c yTeqKoft '  KorAa

n.rryH>xep KoHqeHTpHtIHo pacloJlolKeH B rHJIbse. SxcnepuMeHTbl noKa-

sa"tu, qio ontlcaHHorft cnoco6 UeHTpHpoBaHHfl npIIBoAI' Ir  K 1000/q-Hoft

pa3rpy3Ke IIJIyHx(epa oT 6oxoertx HeypaBHoBeIIIeHHbIx iun. Ctua, He-

o6xoAtt l t  af l .  AJrtr nepeMeil IeHHf nJlyHxepa, [paKTlIqecKH He 3.aBHcHT oT

BCflHIIHHbI NOABOAI,IMO|O AABJICHHfl H COXPAHflETCfl PABHOH CI{JIC, NOT-

pe6r{or-r AJIf l  nepeN,IeIIeHHfl nJIyHX(epa npr Hy, ' IeBoM H36bITorIHoM AaB-

J ICHI {H.

P accuorp eH rJ bre M eroAbr qeHTp H poB aHHfl n.rlyHlKep oB Herlp HeM.JI€M bI

B rex cryqafx, KorAa Bo3MolI{Ho peBepcHpoBaHHe A?u{9l_yt '  raK I(aK

TofAa uIeJIb MelKAy IIJIyH)KepoM H rIIJIb3ofr Ils cyx{arcu1ercfl' IIpeBpa-

IrtaeTcf B pacuHpfl]oqyrccfl, npn KoTopoI? nJIyH]Kep salqeMJlfleTcff B

rHJIb3e. . I l ,pyrne MeroAbI I{eHTpllpoBaHIIff  nJlyHx(epoB paccMorpeHbl B

pa6ore t191.'  
<Dopiay"rra (105). rro3Borrrrer onpeAe.n'Hrt HeypaBHoBeIueHHyIo 6oKo-

Byro cHJIy, AeficTBylotqyrc Ha nJIyHlKep IIpH QpnxUuoHHoM rerIeHI{H''

KorAa Ap-0 :

y 1 3 +

F*o:'#l
V t - + { ( + i l r =

( 1 1 0 )

( 1 1 1 )

(1  12)
TOrAa

l2nrsl2vPvn -F : f f F r o .
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rrapaMeTp KoHycHocrH noA-

cquTblBarb [o rPoPrvlY"rre k-
- (h1-l to\ l 'ho.

B ct4Jly nPHHflToro AoIiYue- 
-qo?

nua 6y ler  BcerAa f t )0 ;
orHoctireltuufi  sKcIreHTpHcH- 

-q04

Ter e:elho onpeAeJlt lrb B ceqe- -q06

Hhlrr c MHHHMaJIbHbIM 3aSOpoM'
T.  e .  B ceqeHHH, rge h-hs;  

-u 'ud

HanpaBr-IeHHeABHx{eHl{f l  IJIyH- thp
)Kepa, a 3HaqHT, U pe3yJlbTHpy-

rouieft cr.IJIbI .F, uoAcqnTannofi no Dnn
Soprvry"rre ( I  l0), cql, Irarb noJlo-

x{HTeJIbHblMH, eCJIH nJIyH}Kep "

F f'--

4v1

/

I
-q8

V E=l,o/

42. fpaQnr saBHcHMocrH F*o:
: f  (k ,  e)

ABr.rlKercfl'B cropoHy yBeJII'IqeHI',Ifl ^ 
'

;;-p;-(;; i t u nunpuurleHl,r ' h) v orpHIrareJIbHbIMH npl4 o6parHo1t

HATIP ABJICH IIH ABI{X(CHI,IH IITYHX(CP A.
:tnp" 

TaKLIX o6osHaqeHuflx xoaQSuUHeHT F6p, orpeAelieMblrt tto

Ogp;y;r t i i i l ,  u.. . lu 6ya9r rrueib orpgl(arerlbHoe 3HaqeHHe. Orpn-

UaTeJIbHbIs 3HaqeHnn cLl i l ; r .F,  sosHltKaloqei l  npH QpUKUHoHHoM ABH-

x(eHHH, CBHAeTeJIbCTByIOT O CTpeMJIeHHH I IJIyHX{epa npH}KaTbcf  K cTeH-

Ke rHJIbBbI,  npu noJIo)KI . ITeJlbHbIX sHaqeHHsx .F n.nynx{ep UeHTpHpyeTctr

B TI{JIb3C- - 
!1a- puc. a2 rroKa3aHa 3aBncHMocrb 6eapaeuepHoro KoISOI{AI{eHra

Fqrp oT IIapaMeTpa k H oTHocIITeJlbHOro gKclIeHTpHcHTeTa e. VeeJIHqe-

"i l |" 
n npn"oa"r BHaqaJre K cpaBHHreJIbHo 6ttcrpoiray pocry a6conrcr-'

Hof i  BerHqHHbI i r -oo,  a 3areM lFonl  ueAneuHo yMe-Hbrxaercq'  Maxcu-

MarrbHoe sna.IeHH6 lFoql  npuo6p6raer jpu h<1. t lerra 6onrure 3Harl .e-

HHe orHocuTeJlbHoro aKcUeHTpHcHTeTa e,  TeM 6orblxe 3HaqeHHe lFOol
I Ipf l  npoqHx paBHbIX yCJIOBIIf lX.

KOne6aTeJIbH\bte lr  BpaulaTeJlbHble ABH)KeHHn nfly4x(epa. 3uaqu-

Te/rbHofo yueHll i leHHfl cHJtbr TpeHHfl MolKHo AocTHqb, ecJIII  I IJIyHX{epy

HrH rgJrb3e coo6qnTb BpaueHlte H,i ' I I ' I  nocroflHHble xone6aHug ue6o"l l-

ruofi  anauJruTyAbr tr BbrcoKofi qacrorbl.  f IpH sToM yBeratl l ' IBaercs I43Hoc

corrpf lraeMbrx Aerarefi  ,  Ho B BblcoKoroqHbIX cl lcreMax aBTOMarHqecKoro'

ynpaBJreHHq MolKHo noJryqrrrb ycrofi  . IHe_He xap aKTepHcrHKH cH/I rpeHHs

MaJrofi  BeJIHqLIHbI. oco6enno uenecoo6pasHrt Bo3BparHo-nocrynareJlb-

Hbre ABHIKeHLIf l  3OJTOTHHKOB CJTeAflUIHX CHCTeM ynpaBJIeFIufl ,  TaK KaI<

uoMLrMo CHH)KeHHfl TpeHrIf l  pe3Ko yMeHblxaeTcfl  3oHa <<HerIyBcTBHTeJIb-

Hocrg>>. B catr, tol, t  AeJIe, craruqecKafl r{yBcrBHTeJIbHocrb cJIeAfluIeft cuc'

TeMbr orrpeAeJrf lercq BeilHqlruofi  xoJrocroro xoAa, npLI KoropoM nJIyH)Kep

ABI-IIKeTCfl,  HO He OTKpbIBaeT AJq XUAKOSTH npOXOA K HcnOJIHI{TeJIbHo-

My MexaHH3My. 9ro6u xu.i tKocrb Mor.ra nocryrlarb K HcrloJIHHTeilb'

HoMy MeXaHH3My, I IJIyHx{ep Heo6xoAvnao nepeMecTHTb Ha BeJIHqHHY'

HecKoJrbKo 6onnuyn, qeM BerHqI' IHa nepeKpblTufl  oKHa.

f lpn oceBbrx ocuHJrJrHpytouIHX ABHIKeHHflx c aMnJIHTyAofi,  HecKo./ ' Ib-

Ko r lpeBbltr larcuefi  BerHr{HHy nepeKpblTl{f l  oKHa, [oJtocrl4 cHJIoBoro UH-

nHHApa [ocJreAoBaTeJrbHo coeAHHflIoTcn c JIHHHefi HarHeraHll1,fl. 14 r]H-

t c
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nprerl orBoAa )r(HAKocrH, a nopflreHb uH-
JrHHApa uoflyqaer xo'.rre6areJrbHble ABH-
x{eHnr. Ec.nu qacrora xo.rre6aHufi nJIyH-
xepa 6y4er AocraroqHo 6o"utruofi, a au-
rtJrHTyAa ua.nofi, To noplxeHb rruJrr.rHApa
He cMo)KeT pearHpoBarb Ha HMnyJIbcbI,
3aAaHHbre grHMH xone6asnf lMu. Ho r to-
6oe ua.rroe' [epeMerqeHne ocl{ ,  orHocu-
TeJrbHo xoropofi xo.ne6nercs [JIyH]Kep,
or Hertrpa.nrHoro rroJiox{eHnfl HapyuuT
paBHoBecne cHJr, 4eficrnyrculnx Ha nop-
III.EHb IIIINHHAPA, KOTOPbIfi .NOA ACfiCTS.HCI{
ueypAeuoseu€iHrrltx cr{JI HarIHer rlepeMe-
ulaTbcfl, B Ty HJrH .HHyrO CTOpOHy.

fl.nyuxep n.nn rflJrr,3a Moryr Bpa-
ulaTbcfl  or MexaHHqecKoro npHBoAa HJIH

rr.rApanrH,recxor? peaKrnBHofi ryp6HHu. Bpaqaroul lr f icq rrJryH>Kep, yB-
JreKafl  MacJro, HarHeraer ero B xuuHoo6pa3Hyro noJrocrb, o6pasonau-
Hyro rroBepxHocrf lMK nJryHx(epa H ruJrb3br. B pesyJrbrare s erorl  rroJlo-
cTH noBbrlr laeTcfl  AaBJreHHe, KoTopoe He no3BoJrf ler nJryHx(epy f lpLIlKH-
Marbcr K creHKe. f lpa AocraToqso 6o.nlrtof i  qacrore BpaueHufl nJIyH-
)Kepa rpeHrre 6yaer )KHAKocrHbrM c MHHHMarbHbrM 3HaqeHneru xoeQQlt-
r. [HeHTa .TpeHHfl.

llp" xo.ne6areJrbHbrx ABHIKeHHflx rrJryHlKepa orHocnTeJrbHo ruJrb3br
Bo3HHKaer raKlKe rrrApoAHHaMrrqecKoe pacKJrHHHBaroqee Aeficrsne.
Ha puc. 43 npuneAeHbr pe3yJrbrarbr 3Kcrrepr.rMeHToB rro BJruflHr{ro qacro-
Tbr KoJre6auuft Ha cnJry, ueo6xoAl.rMyro A,'rfl [epeMeuleHHfl [JryHxepa
golorsf ixa. I4innrbrBaJrH AByx[oscKosHft [JryHx(ep c Ar{aMerpoM noflc-
xos d-12 rr,r l ,r ,  paALIaJrbHbrM ga3opovr f ts-10 rrnrr,r.  VcraHoeHJrw, qTo

HgMeHeHHe aMrrJrr. ITyAbr xo.ne6aHnfi g ArlauasoH'e or 0,1 ao 2,4 utt / . t ts,
3aAaHHbIx r{acroTu xone6aHHfi H AaBJreHr{f l  }r(rrAKocrn Ha gauleMJrf l Io-

uyto cHny He BJrHfler. f losrr 'ureuue qacrorbr xo.ne6aHnft nnyHx<epa Ao
5 fq npHBoAHr r uHreHcHBHoMy curi lKeHHro ycu[rvtr. ,-Koropoe B AaJrb-
uefiureu cra6unusupyercf l 'H coxpaHflercr lorrru H'eHsrreHHbrM Ao MaK.
ct.IMaJrbHoft qacrorrr 30 fq, xoropan 6rrna [of lyqeHa B aKcnepnMeHTax.

4. PACXOA (yTETIKA) rtEpE3 KOJIbtIEBytO ITIEJIb

PacxoA >KHAKocrH rrepe3 KoJrbqeByro KoHycHyr.o [IgJrb

arrdrd|. (1  13)

3Haqe-

0 5 70 tf z0 zf nl

Pnc. 43.  3asncur*4ocro qacrorbl
xo.ne6annii [nyH]Kepa or cnJrbt,
norpe6Hoft .4rq ero nepeMerrreHnn
uPn AP:5 MI- Ia ( rpueaa , l )  H

Lp:7,5 MIIa (r<puaan 2)

*' 2tc

a-:.[ I
{ r 0

. { r

VqurHeaff, qro 
I rts"drt B, H HcnoJrb3yrr

0 t

HUn 81, Bbrpz)KeHHe AJrf l  pacxo4a 6y4er
o 2 n

e* :y l  @{T 'z :?  l op tl 2 v 9 l )  2 c + h  L - - -
U
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r{ilr4

rAe

PacxoA qepe3 ueJrb,
nJryHx{epa H rHJIb3bI
x(epa, \

G + n)z cz .ta 1_u,v _:_
2 c *  k

:i
0

f iepnufi  qre' ypaBHeHHfl npeAcrqBJrfer co.6ofi  pacxoA qep". uIeJIb'

nsrieaHHsrft nepena.AoM AaBJIeHHn Lp, nropoft qJIeH - yreqKy' BbI3BaH'

Hyro ABHIKeHT{eM nJIyHX(ep a.'  
npoAanu" Bblr{ l , tcf leHuf npl4 HctIoJIb3oBaHHrl gaBHcHMocrI{ c- l-

-e COS 0, nonyunM pe[IeHHe AII1, OnpeAeJIeHHf pacxoAa 1{HAKOcTH

ndoh}An - :

Q*:#t1+1,5. ,+0,5f t (3+0,5f t -0,25H2)+o'75ke2+

(114)k4 h2+ h, -
8  V e + k ) z - + E z1/e+

v tz + k)z-+Ez
Pacxo4, BbI3BaHHbIi. i  AeHxeHI{eM rulyH>Kepa, KorAa

HHfl -Ha'KoHIrox ureJIH orcyrcrByet. (Ap-0),

r l- r 8

Otxy.Ua pacxoA, BbI3BaHHuft nepenaAoM AaBJIeHHfl Lp tpu HenoABHlI(-

HoM nJ lyHx(epe (uo:0)

- traohl^p 
tr + l,,Gr+ 0,bft (g+O,bft _.I,zskz)+0,Tsk;2 +Qrap: 

nvpt r ,

h4 ( 1 r5 )

nepenaA AaBJIe-

t 
Qrcep: * 

ndolt'oan ('+ u -
4 \

k2

) 
( r lo)

3anzrueu Qopruyny  (116)  raKHM o6pasou:

(1 17)Q**o:Q*iQ*p,
t \  r  t rdghgo,
vop: - -T

o 6 p a so n a H Hyro qI.IJI H HAp Hq ecKlt M I'I noB ep xHocrfl M H

rIpH e:0 n aBH]KyIIIHMHCff CO GKOpOCTbIO Utr TIJIyH-

Q*,:#--+(r*o h2 ( 1 1 8 )

3aszcuMoqrb p*n-;1f te)  npeAcraBrleHa Ha puc. 44. BetsquHa H3Me-
Hflercfl B rpeAeJlax or 0(QOn{2. HecosIIaAeHHe oceft l lr lyHx(epa v
rnJrbsbr (gxcqeurpnunoCrt) 

-Ha 
senHrIHHy Q6p BJIHxeT HeSHaqHTeJIbHo.

PInreHcuBHoe usMeHeHr.re oop npoHcxoAHr npH' HsMeHeHHH napaMerpa
o I  f t - - l  4 o  k x 3  .  4 .
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I- Ipu KoHrIeHrpHr{HoM pdcroJro.
)KeHHH KOHyCHO|O nJryHx{epa B

rHJIb3e (e:0) pacxoA AJrf l  Herro-
IBIIX(HOrO nJryHx(epa .H HarropHofo
re r reHn f l  ( oo :0 , , Lp *0 )

. ndnh3n^o

Q*ap --'# x

x tl + 0,5ft (3 + q,sk-0,25k2) +

(  1 1 e )

(120)

h 3 (  +  k )  ̂ p

q8

4 4
0

I iJTII

n  _ n a o h \ s p 2 ( + D z .v r A p -  
l r r L  2 + k  ;

ana QpuKr{rroHHoro rerreHufl

O ' -= * ndohoa" ( l  * k)
r  \ ( x o p _ _ .  _  

2 + h

IIpu ABHx(eHHH nJryHx{epa HaBcrpg,ry HanopHoMy reqeHgro yreqKa rre-
pe3 lqeJrb Molr(er npeKparHrbcfl. cxopocrl n.nyixepa, cooieercrByro-
II{4fl HyJIeBoMy pacxoAy, onpeAeJrrercrr H3 ycJroBHfl e*ap:Q*6p:

-2 -1 0 2 4 6 8 k

Puc. 44. fpa$nx 3aBrrcnMocrn 0oo:
: f  1k ,  e)

'71n.xp

6vp/
(r2r)

Ec"nlr noJroxHT ? h :0_ ( xonrueBafl ilreJrb c napaJrJreJrbH brMn creHxdn,rn ),r lopvy.na (1l5) npeo6pasyercn B H3BecrHyro eopMyrry (2).
E nn yrpoueir.rs sbrq'c.rrennfi san''u6rr{ ndpaxe*rtie' (l l B) Ailft

onpeAeJIeHHfl pacxoAa XHAKOCTH qepe3 KoHycHyro i lIeJrb npH HanopHoM
TerreHr.rH TaKHM o6pasou

  nashf;L,p 
ap:QQo' (122)

rAe Qo: ,"-f 
-pacxoA x<IrAKocTH qepes KoJrbrleByro UeJrb.c rto-

,  l l \ )Pu

crorrHHoft  eHcorof i -sasopa H e:0;  Q-orHocHrensHtrf t  pacxoA, [peA-
craBJrflrorltuft, co6ofi orHorxeHpre pacxoAa qepe3 KoHyCHyrO rrerrb K pac-
xoAy rrepe3 rqeJrb, o6pasonaHHylo uunurr4pHrrecKHMH nJryHx{epol{ n
ru.nlsofi c rocroflHHort sHcoroft sa3opa Hl_0:

o

Q: 
-To 

! l  + t ,s;2+ o,Tskez+ t,sft  j_o,25kz_0,125ks +- Q o

o,125k4+
78

(123)

7g

e
t0

8,0

6,0

4'o

2,0

0
/,0 2,0 ' J,0 4,0

45. fpaQuK 3aBncttMocrn Q:f (ft, $

^  2 ( l  +  h ) 2
w - . T .

2 + n

yMeHburaercr H npu k:-l pa.BeH qyJrro. Cephn sKc[epHMeHToB, BbI-
rroJrHeHHa fl, AJrfl, ure.nef c pasntnHuriril" 3Har{eH;flMH rlapaMerpa k u o't-
HOCLITeJTbHOTO SKCTIeHTpHCHTeTa e, ITOJTHOCTbTO rrOATBepAHJra BbIBOAbI

TeopHH. 3auersl re pacxox{AeHnf l  pacqerHbrx 14 gKcrrepHMeHTaJrbHbIx

AaHHbrx HaquHarncb npu yrJre KoHycHocrn ueJrr.I cu)3". PacxoA rrepeg

r(oHycHbre ureJru no h"p:b Il" MolKHo orrpeAeJrffTb roJrbKo AJrfl lqe-

Jlefr c MaJrbrM yrJroM a. Vx<e rip" yrn. a-0o30'yreuxa, noAcuuTaHHafl,
Tto hsp, Mo>Ker npHMepHo s 2 pa3a orJruqarbcs or $axrnuecKoft. f lpu
4a"uruefirueM yBefl HrreHuH yrJra c[, pacxo]K AeHnfl. Bo3pacraror.

5.  nPHMEP. PACqETA I I IEJTEBOTO ynJTOTHEHHf

A"rrs oqeHKH pacxoAa )KHAKocrH qepes r.qeJrb, 6oxosoro ycn[rtfl.,
.UeircrByloll\ero Ha rrJryHlKep, ll cuJrbr rpeHnfl nJryH)KepHofi rrapbt rrpn
Hailr4qrr KoHycHocrlr paccMorpuM rrpou3BoJrbHbrft [pr{Mep, B KoropoM
paSMepbr AeTaJrefi H AonycKrl HA H3roroBJreHHe npHMeM B cooTBeTcrBHH
c cyurecrBylorl(HMI{ peKoMeHAauHfl Mu. P accrvrorprlM 3oJrorHHKonuft pac-
npeAeJluTe"rrb c AuaMerpoM AByxnorcKoBoro nJIyHlKepa d--,- 15 ttrru, ne-
Jtu,lr4Hok' neper(pblTHfl (AnaHa u1en"rl) l:10 urvr, pa1aaJrbr-rblM sa3opoM
h:0,012 rrau. Terraneparypa )KHAKocrn AMI-10 +60" C. rlepenaa AaB-
JreHHs Ha roflcKax nrryH)Kepa Ap:10 MfIa. f lpe4entHlrrt AonycK npu
rrsroroBJreHur.r rrJryHx{epa H rnJrbsrr f 0,003 uu. floqcxH rrJryHx(epa
Illoryr Kaca-Tbcff noBepxHocrn ruJrb3br. B sanucuMocrI.I or AorrycKa Ha

-1r0

Puc.

Kor,qa i:0,

(r24)

'2.
\ ,/, z v'

,,:'=y'z
E=t,oa -<;

q2

2 7
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T a 6 n H u a

Onpe, leJqeMaf l  BenHqnHa P a c q e n r a g  S o p M y n a  H  g H a r f e H u e

I(ourqenrputtHoe pacnotoilceHue ntgHjrcepd I eu.nbae G:0)
. Ornocnre.nruufi . pacxoA AJrfl

TICJIH:

pacur{pflrouefrcH

cy)Karoueircn

Pacxo4 qepe3 ueJrb c nocrorn-
Hoil  nucoroi i  saeopa fto: l2 uxu

PacxoA qepe3 ureJrb:

pactt:npflrcuyrccp (ft:0,5)

cylKapuyrocn (ft:-0,5)

Q :2 (t  + k)2lp + k) (125)

0 P :  l  ' 8

C : 0 , 3 2

,1 ndlfnJp
L _ r ^ :

l2vp l

Qo :  0 ,965 cu3/c

Q*ap -F QQo

Qprp  :  1 ,71  cus l c

9.oo 
:  0 ,309 ot3 /c

r t P e ' l  : l + k  \

Errper l .p :_ l  ,0

Eupe , r . c  :  0 ,5

Q :  I  +  t , b ; 2  + o , 7 i k 7  +  t , 5 &  + o , z i k 2  -

- 0,t25ks + o, 125k4 /{w 4;'
Qp."  :  3 ,699

Q c . s  : 0 , 6 1 6 3

QrcAp : Q*''Qo

Qp.sap :3 ,57 'c rvr3 /c

Qc.eap :  0 ,595 cM3/c

Qr. ,n"*  :2 ,5  Qoi
Q" .* "*  :2 ,412 c l {3 /c

F -  k  l ,r  -  
%-"  L ' -

f -

2 + k

F -  Fnrs lLpn;

.F :693 ,07  H

F . rp :  f  F i
\  FcrP -  62,37 H

SrccqenrpuqHoe pacnortoJtceHue nngucrcepd I eunbne (e:e-"r)

flpeaennuoe sHaqeHHe
TETbHOTO 9KCIIEHTPHCHTETA,
TopoM nnyHlKep KacaeTcq
,UJIfl UIEJIH:

OTHOCH-
npn Ko-
rt{JIb3bt,

pacurHpfltouteiicq (ft : 0,5)

. qyxarcqeftcq (f t :-0,5)
OrHocurelrHuli pacxoA AnR

r l I I€nHl

pactuttpnrcuteiicn (ft : 0,5)
cyxarculef icn (k:-0,5)

PacxoA qepes ueJrb:

pacunpflIotUyrccn (& :0,5)

'cyxarcUyrcca (A:-0,5)

Pacxb,u, qepes rqeJrb c nocronH-
ttofi sucorofi s-asopa ho:12 uxu H
i l " ' : 1 ,0

- EespasuepHufi xoeQQnqueHr
cu.lb_! B pacrunpqroueficfl uetu (ft:
:0r5)

. Eoronaq (saueM.rrnnutan) crrra,
AeHcTBypqaff Ha nnyH)Kep c pacllrH-
prtournMucfl uleJrrrltu (ft : 0,5)

Cu.na, seo6xoAurrl afl Ailn nepe-
YeuIeHHq nJryHx(epa (llir xnnxocrn
AMf-10 14 craJrbHbrx nnyHxepa H
rl{Jlbsbr f :0,09)

] '

80

KoHycHocrb uIeJrH Me)KAy norcKoM nJlyHx(epa Lr rHJIb3bI .Moryr 6ltrn

pacilIHpfl roulHMHcs H Cy)KaIOilIHMLICfl .-  
f lo.rraraeM pa3Mep sa3opa y BXoAa B i l IeIb I IpH KoH-IIeHrpuqHoM

PACTIOJIO)KCHHH NJIYH)I{CPA B fHJIb3C HCH3MCHHbIM hg:O,OI2 MM. OAHA'

r{o pa3Mep 3a3opa Ha BbIxoAe u3 II IeJIH npH TaKoM' pacnoJlo}KeHHA

rulyH>Kepa c yqeroM'AoIIycKa Ha Herol{Hocrn npoH3BolgTla MO}KeT

6nrr pasnuuuurrra: y pacuflpf l Ioueficf l  ureJII;  
-  

hr:0,012+0,006:
:0,01b urra; y cyx(a-Iour-ef icq rterln h1:0,012-0,006-0,006 MM- f lo-

3roM y n p e4e"nln oe 3 H ar{ eqr{^e. Ir a p^a y.ef p a KoHycHo crrl y p acIIIH p fl Io ueft -

h . t  -  ho  -0 ' 018  -  0 ' 012  n  r
- : - - : u t ' - t

'  "3: jA%Cfl UIeJIH Rr:- , ,  \  n ^reh o \

a y cylKarouleficfl k":

0 , 0 1 2
0 , 0 0 6  -  0 , 0 1 2

0,012
:  -  0 r5 .

Pesy.nrrarbr pacqeroB cBeAeHbI B ra6n. 3.

Kar eHAHo Hg IIpLIMepoB, pacxOlKAeHHfl B pacxoAe qepe3 KoJIbUe-

Byrc xleJrr c ytibroM AorrycKoB Ha KOHycHocTb rIpH LI3TOTOBJIeH.HH nJIyH-

)KepHbrX l ]ap .BecbMa 3HaqHTeJIbHbIe. SrHu o6rscHqeTct ToT Qarr, urO
IIACTO sKCNCPI4MCHTAiOPbI HC MO|YT NOTYIIUTb YTCqKY, CPABHHMYIO
pacqerHofi.  B pacqerai coBepilenHo He yrIHTbIBaIor Bo3MoxHbII l  3Q-

Qexr o6"nurepaqllu uIeJIH, KoTopbrf i  f lpn sKcnepHMeHTe BHeceT cBoll

KoppeKTHBbr.
V n.tyn>xepHoft napbl c pacuHpflIoIIIHMHcfl. y IIoflcKoB nJlyHlxepa

uleJrfl MH rrpH 3r{cueHTpHrrHoM p acnoJroxeHr{r.r AeTaJIefi Bo3HI{Kaer 6oxo-

Ban HeypaBHoBeLUeHHafl cvi la,F, noAxI.IMaloi l Iaq IIJIyHII(ep K cTeHKe
ruJrb3bi. AJrq o6ecneqeHr.rf l  HaAex{Hofi pa6orbr'3oJtorHHKa i lpH Bbl6ope
Mexa.HI43Ma nepeKJrrorreHufl nJIyH)Kepa (naupuM€p, coJIeHoHAa) Heo6xo-

AHM HeKoropbrf i  3anac ycnJrrf l ,  no cpaBHeHHIo c noryqeHHblM 3HatleHI' I-
€M ltrs1p* 62,37 H.

'  
f  r l a B a  V

vrrJr oT H EHvrfl C KOJI bUEBbIMH lqEJIfl Mlt,
OEPA3OBAHHbIMH NJIYHXEPOM H THJIb3OFI

OBAJIbHOTO CETIEHVIfl

IIpr HccreAoBaHHv norpeluHocru I 'eoMerpnqecKnx Qoptrt nJIyHx<e-
poB H oTBepcTH-fi xopnyca orrbrTHofi naprun 3oJroTHHKoBbIx pacilpeAeJIil-
TeJIell ruApocucTeM 6bIJIo YCTAHOBJIEHO, I{TO TOJIbKO TOIo BHOBb I,I3TOTOB-
.rIeHHbrx AeTaJrefi  He HMeeT oTKJTOHeHUfi Or I . IHJTHHApLTqHOCTH. oCra.nrHlte
nJryHxepHbre napbr HMeloT oBaJrbHocTb pa6ovux rrof lcKoB oTBepcTHfl
Kopryca Ao l0  uxu,  a  nJIyHXepoB Ao 4 MKM. l lp r  excr l r lyaraUHH B pe-
3yJrbTaTe H3HOCa OBaJTbHOCTb yBeJrHqHBaeTCrI I{  AOCTLITaeT y pa60rIHx
noflcKoB Kopnyca 20 urrra H y rJryH)r{epoB 8 vtxtvt,- llo qepre}Ky paAH'
aJlbHbrft  3a3op Mex(Ay KopnycoM vr rJlyHxepoM ycraHaBJIHBaIoT 4-
l6 rraxu, HoMuuaJrbHbrrt AHaMerp orBepcrHn 25 wtu, AonycrnMyio. oBarb-
HOCTb He 60ree 4 uxtvt.

Bonpocu rrcreqeHnfl x(r{AKocru r{epe3 3a3opbr, o6pasoBaHHbre IJIyH-
)r iepoM H rHJrb3oft osaarHofo ceqe[vf l ,  H3yqeHbI HeAocTaror{Ho. vs-za

8 t
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Pac.46.  PacqerHas cxeMa reqenuff  x(HAKo-

" " ;:oJ',,'.1#l#h ""u"%"r',"## ?':- J#JJ"''
a

orcyrcrBufl pacqerHbrx Soplayn npu HaJrH,s,Hr4 oBaJrbnocrn AeraJrefi
yreqKy noAcrruTbrBaror, ocpeAHrfl 3a3op H AuaMerpbr, no Qoprvry"rle (2),
f lponepra [oKa3aJra, qro Mex(Ay AaHHrTMH pacrrera rro ycpeAHeHHbrM
3HaqeHHnu d u h rt Qanruuecxofi yreurofi na6nrcAarcrcfl sHarrurerbHbre
pacxox{AeHHfl, KOTOpbre. BO3pacraroT tro Mepe yBeflHrreHHfl oBaJIbHocTH.
3ur pa,cxolKAeHl{s oco6eHHo ne.nHx6 npH aKcqeHTpHrrHoM noJro.}KeHHH
Aera.nefi. I( tonay x{e yreqKa qepe3 3asopbr, o6pasonaHHbre oBaJrbHbrMH
AeraJIflMLI, KaK 6yAer rroKaSaHo HH>xe, cyqecrBeHHo SaBHcHT OT ynJra
[oBopoTa 6onnrueft ocn ceqeHHr nJryH]Kepa orHocuTeJrbHo no4o6nofi
ocH ceqeHHfl rHJIbau. 3ry 3aBtlcHMocrb no Qoprr,ry.te (2) yvecrb HeJrb3r.

Te.IeHHe e iaeopax, o6pasoBaHHbrx oBaJrbnbrM uryHlKepoM H oBaJrb-
HbrM orBepcrr.reM rroA nJtyHlKep (puc. 46), noA AeficrBHeM fleperaAa
AaBJIeHI'In Lp- Po-Pl 6yAerra cqnTarb JraMHHapHbrM, HsorepMnqecKlrM
H ycraHoBHBIrII{Mcq. BocnoJrb3yeMcfl cncreruofi r{HJTHHApH.{ecxHx Koop-
AII I IaT r ,0,  z.  Oca Oz coBMecrrrM c rorrKoft  nepece,{eHuh oceft  cHMMer-
pllrr ceyeHnfl rrJryHlKepa H HanpaBHM rro reqeHuro )KHAKocru. Hecro.nr-
Ko ynpouafl ga(avy, 6yAeu rroJrararb,. r{To r(oHTypbI ceqeHufl nJryH}Ke-
pa u rrlJrb3bI olrncbrBalorcff ypaBHeHHflMH zlt[rrrca,'Iro 6.[Hsro x Aerl-
crBIITeJIbHocrII. I{enrpr'r BHyrpeHHero H BHerrrHero gJrJrr.rncoB Moryr
orcrdgrn Apyr or Apyra Ha paccroflHr.ru r, Ho oHrl pacnoJrararorcfl Ha
Qoxa.nluofi ocu BHelrrHero 3JrJrHnca.

o6osHaqHM qepe3 a u b, coorsercrBeHHo, 6o.nrruyrc H MaJryrc [oJry-
ocrr ?Jrnrrnca, 2c - paccroflHue Mex(Ay SoxycauH, € - gKcrIeHTpHcHTer
eJr.nrrrca. O6osHaqeHHfl c HHAer(coM i 6lraa-oo orHocHrb K BHyrpeHHeMy
errJrr{ncy (n.rryHx<epl'), a c HHAeK-coM 2-x Hapyx(Horrny errn"ncy (oi-
BepcrHro runlsu). 3HaqeHafl. c 14 e y ?il i lvrnca olpeAeJrrror r{3 H3BecT-
Hbrx coorHorueuufi c:{ffi H e- cla. Drnn HccJreAoB aHvfl,,TerreH'fl
BOCrrOJrb3yeMcf ypaBHeHHflMr4 ABHX(eHHfl H Hepa3pbrBHoCTH (g) B Ur{-
rHHAprqecKHx KoopAuHarax. .[,nn rpnHflrbrx o6osHa.reHuft (prac. 46)
ypaBHeHr.rR rpaHr{u Mo}KHo 3anHCaTb

,.1,r:Dr 
It * ! t ' ,  cosz(o*r)]; ( 126)
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Be.r'.rr.rHa sasopa 

gz- b'(l
f . \ /

++  e i cos2  0 ) - r  cos  0 .' 2  
I

1b2elcos2 0 -'bre', cosz (0 * g),],0+-L' 2

( lw)

( 128)

( 1 3 1 )

I .  BEJII4I IHHA PACXOAA TIEPE3 KOJIbI IEBOH 3A3OP

I'IHrerp'npyr nepBoe ypaBHeHHe (8) ABaxAbr rro r, ucnoJrbgyfl rpa-
!I..IHye ygrroBu4.H npeHe6perax r{3-3a MaJrocrr.r 3HarreHHflMH hlZr7r,
h'lr0r', x2llVf, htlrptt, xslrhf, rroJryqaeM i,Bhrpax{eHze AJrfl onpeAeJreHrrfl
cKopocTH noToKa

(r2e)
rAe r- r-rDr.
HHrerplrpoBaHue ypaBHeHHr Hepa3pbrBHocrn (8) f lo r B rrpeAeJrax or
Qr Ao tpz nosBoJlfleT onpeAeJIHTb ceKyHAnut? pacxoA >xnAxoifg, npoTe-
xarcurefi qepe3 rrrerb eAHHHrrHort urnpuHrr,

(130)

f loAcrasJrfls ypaBHeHHe

h: -ho-  e  cos

r4e ft6:'b2-by

BHAC

o":+(xr_ri#,

q_ ! '  d!_(_+_+)
'  2 , t p  d z  \  6  l 2 h l

3saqeHHeu hal l2rpl  r raoxHo npeHe6peul H3-3a MaJrocrr . r .  TorAa

n -  *rh3 dp-  
I r W  d " '  ,

f lpu AauHofr nocraHoBKe saAaqu 
'(orcyrcrBnu 

nepeKocon 
-u 

xonyc-
HOCTH Aeralefi, oopasyrourHx qenr) 3a3op h s uanpaBJreHHH yreqKu
6yaer nocrotHHbIM B .nro6oru aBHMyraJrbHoM ceqeHHH. nJryHlKepa.-TorAa
Ha ocHoBaHHH BbTBOAOB, noryrreHHbrx Bbrrle [cu. QopMyJry (83)], uox<-
HO yTBepXAaTb, rITO I,I3MeHeHI{e AaBJreHHg BAOJTb UIeJTH noArrHHtleTcfl
nuHefiuoMy 3aKoHy He3aBHcHMo oT Toro, KOHI{eHTpr{rrHo HJrH gKcrIeHT-
quqHo pacuorraraercr nrryilKep B rr{Jrbae, r. e. -dpldz:-Lpll.
c-yverorvl 3Tr.rx sa}4eqauHfi npe4u4yrqee Bbrpax{eHHe neperrHueM B

9,
a : l  r u -d r .  

t
. J

. { t

(129)  n  (130) ,  ronyqaeM

,[[.nn onpeAeJreHr.rr pacxoAa ]KHAKocrr.r, npoxo,qsqefi. qepeg rrreJrb, npo-
CYMMHPYEM SJICMCHTAPHbIC PACXOAbI,  NPHXOAfl I I IHCCg HA CAPIHHUY IX[ I .
p l rHbr:  :  .  I
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,+rhldo. ( 132)

npr HHrerpupoBaHnrr HcrroJrb3oBaHbr 3aBHcHMocrH (126) v (  128),
flocne oueHKH sHa.IeHllf i qJreHoB, n pesynr'rare Koropofi 'He rtpHHHManH'
EO BHr{MhHne BerHqHHbr, HMerourHe BTopoft nopn4oK MaJrocrH rro cpaB-
HeHHro c ocraBrrrlrMncfl, Soprrry.na Anr onpeAeJreHufl pacxoAa fipuHraa
cJreAyroulur"l strA:

r  -  
" 2 h 7  e  ^ t  Ia : ory lznt + Be2 h s + + fto -srJ + + s,'? (r + +.o._ze) x

x(ho- b,,)++ brelho@r- hn!ft fiti(Jho- bt)*

+ + o,e7(n3* B,')* 9- n,sltl,+ # dd1.l r?orri(ho-2b,)x

x |,r + ] cosz e) + * r?ort\1z", - brorr\)(8 sinz E - t) *
\  

,  
2  

' l  ' -  
6 4  

- .  - \  - . - L - ' /  \ -  - - - -  .  - t

+ * o,*\orel ebr- hr) (4- 3 sin2 e)]

flprrse,qervr Qopuy"try. (133) K BHAy, yAo6Houy A"ns BbrrroJrHeHv'fl, aHaJtH-
3A H EH'IHCTCHI, I f t :

Q:QoQo",
rAe , 

(t3n)

( r35)

2tc

a--{qdu=#.\
0 0

( r33)

r\ 2nbfif;t p
vo: 

rr"pt
- pacxoA qepe3 KoJrbrleByro u{eJrb, o6pasonaHHyro AByMfl iKoHrIeHT-
PITIIHO PACNOJIOiKCHHbIMH I{HNHHApaMH: BHeIIIHHM paAHycoM R:bz,
B_J{yrpeHHHM paAaycoM r-bt Lr pa[HarrbHbrM sa3opoM ho:bz-bi,
Qo" - 6enpasrvrepHuft xoaQQnrr"."l pacxoAa:

Oo": t+ 
#** rho-Br,)++ +(t + * cos zr) @o- b,)*

-L  €  g (h , -h )+  5  -o?"9  L  3  bzeStu ,?
+ n f i t , ,  . - v , , .  nB  TFho-br ) * ;Tgh6+B ' r ) *

r e 034 r s oStE _r _B e2rbzel ,,i -  s2 Z ,  r28 ut . . |+T@rru ' ) (1++cosze)1

| 3 elo2e?, ,n.T r2B T\zd3- 
orore\)(8 s inzq- 1) +#

x (4 -3  s in29 ) .
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Puc' 47 ' BosruoxHsr" 
.'#.,liT"TrT."#?ff#T"ffit"xT:i; r;frff#HqecKoto 

ceqeHHs B

A.rq Hexoropux qacrHblx cJlyqaeB BbIpalKeHHe (136) yilpoqaercq' Ha-

IrpHMep, AJIn onpeAeJleHnfl yTeqKH tlepe3 KoJIbUeByIo uIeJIb' o6paeOean-

Frvro [JIyH]KepoM sIILIrTI'IqecKoro ceqeHufl I{ rnJlb3oft a gTPgP-crHeM IIo-

crofHHofo paauyca R_-az:b2 (puc.47\ ean*tcnMocrb (136) npeo6pa-

3yercfl B BbIpalKeHI,Ie

Qo": t +& ++@-sb)++ + (ho-r,) (t ++cos ze) +

+# +,Q,- ho)++ #(uho- b)' (r37)

85



f lp l r .coBnaAet l t l l t  ocdt l  ruyn)r(epa rr  r r rJrb3br r  o6paulaercf l  B FryJrb,
a xoasQuqtreHr pacxoAa Qon nepecraer 3aBrrcerb or yfJra ,cp. Tor4a

o _  _ 1 J _  
t ?  s  b p \  t , ,  r \  |  5  t ? t l  IQo" ron :  r *  qho  f t o -30 ' ) * ; t ? r -h r ) l  *  t ?ho -b t ) -

( 138)

Ecnlr rurynx(ep H rr.rJrb3a uHJrrrHApriqecKue, xosQQrrqr.reHT pacxoAa
Qoo;  l+1 ,5  i ' ,  u  $opvry .na  (133)  npHrrHMaer  BHA Bbrpa l r {eH vn . (2 ) .

Ann ynpolr(eHur aHaJI l I3a sasHcur,aocru 6espasMepHoro xoaScfrrqrr-
eHTa pacxoAa Qos BBeAeM IIoHflTHe oTHoczre,ttnofi o^sdrrHocra

ho": (lto - h)l ho- 7 - h dl ho, 1 13e)
r g e  h s : , R - b t ,  h o : R _ a r .

Hs onpe4eJreHufl cJreAyer, r{To orHocHTeJrbHafl oBaJrbHocrb- H3l\,reHrr_
ercf l -or  f te"- : l  rpy.  ho-g (crrr-  cxeruy IV ua pnc.4T) Ao kos-0 npn
ho:lre (cu. cxerury v wa puc.'47). B nepnoM cryqae, ^oila hor-Jl, 6o,rrr-
IUafl noJlyocb SJIJIHIIca paBHa paAHycy rr{Jrb3br, T. e. a1:R, Bo BTopoM
cryqae- nJIyHX{epJ_TaK Xe KaK H fH./rb3a, HMeeT ceqeHHe oKpyx{HocrH,
lotA9 

at :bt-r .  Ha. puc. 48 npuneAeHa 3aBHcuMocrb Koe$$ru".uru
?or or orHocl{Te"nrHoti oBaJIbHocrH Eo", noayqeHHarr pacqeroM i.r dxcne-
pHMerlTa.lbHo. Kpnnaa .l coornercrByer r{o}rrreHTpnrrHoMy pacrroJrox(e-
Irro 

nrryHx(epa B fHJrb3€, e:0 (cu.  cxeuy I  ua puc.47),  kpl{ntre 2 u
r-sKCUeHrpHrrHoMy pacnoJrox(eHHK) e-emax. f lpn q_Q (crra.  cxevy
II ua p:rc:_47) -rrHHHfl 2, npu g:g0o (qur.-cxeMy V/ Ha fuc. 4T):
.trHHWr 

{. np, KOHITeHTpHTIHoM pacrloJrox(eHnn rJryHx{epa B rgJrbge 3Ha-
:e]{Hfl Qos nPlt yBerHrleHiln ks" yMeHburalorcfl or Qo":l ao Qo":0,3.
J\Jrfl nJIyHX(epa, HMeIOUIefo pacnoJrox(eHHe B rl.Jlb3e sKCr{eHTpr{qHo,
3HlqSHT Qoa npu yBeJIHTI€HHH ko" yMeHb[arorcfl c Qen:2,5' /Lto'?o"-'-u,J. SHarreHHfl ?os Afiq BCex ocraJrbHbrx no"uoxeuh? nJryHlr{epa B
rHJIb3e c yrJroM q, H3_MeHrrronurMcf l  or  q-0 Ao p:90",  

"u"oA"ra"-MexAy KpHBbTMH 2 u 3 (pHc. 48).  
' \

-tr cJrH AJrfl Ur.rJrLrHApHqecKHx nJryHx{epa H rHJrb3br pac,xo4 >KraAKocrtr
B 3aBIICnMOCTI ' I  OT IOJIOX(eHHfl  r rJryHlKepa B rHJrb3e H3MeHfercn n 2,5
pasa [ura. Soprr'ryJly (2)], ro AJrfl rIHJrHHApxqecKori rurnsbr H oBaJrbHoro
nJlyHxiepa pacxoA B\ 3aBHcl'tubcru or noJIox{eHH{_ rrJryHx(epa B rrrJrb3e
Mox(er H3MeHHrbcr B, 8,33 pasa (or Qo"-0,8 4o e-o"-  z,s)^. f toc.neAuee
o6croqreJlbcrBo rpe6yer rulatenruoh nocraHoBKH gKcnepuMeHTa nppr
cpaBHerrHu saxruqecKoro H pacrrerHoro pacxoAoB >KHAKOCTIT qepe3
il{e{lr npH oBaJrbHoM cerreHHH Aera"rrefi nJryH>r(epHbrx nap.

fIp" coBrtaAeHHH r.[asrror:r ocrr sJrJrHrtca c AHaMerpoM orBepcrlrr,
3HaqeHr{e SKCTIeHTpHCHTeTa MO)KeT

=R-ar (cu. cxeuy II  na pnc. 47).
3JrJrHrrca Ha yfoJl q MaKCr.rMa.rrbHoe
aercf l .  Ha cxeue VI (crvr .  puc.  4T)

r'rrb3br s ro.rxa)i M uN. enpeo.nr?" h"# -I'*lj":.'!';;1il:-"ffiil'J
HHe' 9JIJIHTIca H oKpylKHocrH B npflMoyro"rrrr iof i  crrcreMe xoopAlrn'ar,
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0 ,7 0,8 0,9 ko,t

Puc. 48. 3asHcHlrocrs rosQ$urlneHra p".*oAa Q-o" or ornocure4tmofi oBaJIbHocrH
&o" (urrpuxoBbre r{prlBbre - TeoperHrrecKne, cnJIoIIIHbIe - 3.KcnepuMeHTaJIbHbIe Aasurte)

npHHrB Ba Haqaro ror lKy O. '

,z 1 a2, * A, I b', : l, 
- 
x2 + (A *e.,*)2 : R2. (140)

I Ipu perueHHH arl lx ypaBHeHHfi socnonbsyeMcr BbIpalKeHHQM c12-at2-
-bf . Toqnu Kacattrr., M u N -o6Uue AJIfl sJIJIHnca v oKpylKHocTH.
CosMecrHoe peueHue ypanHeuuit no3BoJlf leT orpeAeJILIrb opAHHaTy

K A C A H H g

2b2re^^* *{

Qos

2 4-)

2,0

7,6

7,2
1 n

0,8

0,4

0.s0,40,J0,20.1

2n? |
' " L

3aLaqr4 3TO BO3MOIKHO,, KOfAa noAKOpeHHOe BbIpa-B cu.rry cHMMerpHH
}KEHHC

OrryRa

! - ( 1 4 1 )

(r42)

(14_3)

4 ble?,^* - +c?O?(R' - el"" - a71 : g.

, qfffi,
E m a x :  =  

" -

OrcroAa cJreAyer,  qro npH ar:R Emax:0.  <Doprr,ryna (143) cnpaBeAJIH-
BA JIHI.IIb AJIS TCX C.NYUACN, KO|AA SJIJIHNC KACACTCfl OKPYX{HOCTI,I B ABYX

roqKax (cu. cxenny VI Ha pnc. 47), OnuaKo IIpI4 oIIpeAerteHHoM coqe-
TaHxH pa3MepoB drt bu R n.nynlxep MolKeT KacaTbcfl .fHJIb3bI JIHIIIb B
oAnofi io.rxe ,8. Toiaa Sopuy.rra repfler cBoll cMbIcJI, a cMeureHne ocefi
nJryHx(ep a 14 tnlb3br €max: ho: R-br. f loc,neAHee ycJIoBIIe Bbl[ofiHq-
ercf rrpH

hoat
c r (

/  nz - t t ,
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a ) _ 0 )
Puc. ,49. Cxeua pacnortoxeHns uHTIHH^l:"".Til;.o nnyHlKepa B rH.irb3e sr'rJrunrrrqecKoro

Ans retreHHfl rrepe3 K-oJrbueBofi ,easop, o6pasonaHHtrf i  uHJrHHApr.rqecKnM
nJIyHX(epOM r- A1: br :  COflSt 

' t l  
rUntSOIi gJIJIr4rrTHqeCKOrO ceqeHH51

(prrc .  49,  a) ,  xoaSQuqueHr pacxoAa

Qo": 1* 
3e2 ' 3b2e72 ' '2'?

q +;;# 1+ifits.,)* ffi(s6/zo + sb,e3). 0M)
'  , . U

Ec"uH npu groM rreHTpbr aJrJrnnca H oKpyx(socru'coBrraAaror, To

Qo"! r ++ #+ %(3610+ so,e\).
3gaqeHue Qo".AJrf rHJrb3bI SJrJrHrrrHqecKofo ceqeHr.rf l  H rrtrJrHHApprqecKo-
ro nJlyHx(epa BcerAa 6o.rrsrue eAHHHIIbI H npu coxpaHeHHg HeH-s1aeunofr
BbIcoTbI  3a3opa f ts  Bo3pacTaeT no Mepe yBerHqeHHf l  gKcUeHrpHcHTeTa
€2 3JIJI l l [Ca H paCCTOqHUn e Me]KAy UeHTpaMH OKpyiKHOCTH H sJrJrHnCa.
Konla orB€pcrue rnJrb3br o6paulaercq B oKpyx{Hocrb, y Koropofi  ez-
:0, xoa$QHuueHr pacxoaa_Qo"-- |  npH xonrreHrpHqHoM pacnoilo)Ke-
Hl r ,H nJryHx{epa B rHJrb3e 'u  Qo" :2 ,5  npu SKCUeHTpHqHOM pacnoJro} r (e-
HHH (e:umax: ho:az-r)-.  Ec.r lz paAHyc oKpyx(Hocru paBeH ua.noi i
IOJIyOCH SJIJIHIICa r:bz U hs:Q, tO yTerIKy MOXHO paCCqHTaTr, i1O
Qopruv.ue,  ror ryqeHHor l  Hs (133) :

(  145)

f lpu onpeAeJreHHH rmax cJreAyer yqHTbrBarb, r{To nJryH)Kep MOX{er Ka-
caTbcff [oBepxHocrH 3JIJrHnca nn6o B TorrKax M u N, nu6o , trpH HeKo-
TopoM coorHol r leHHH pa3MepoB a2,  b2,  R, .  J rHrub B ToqKe B u ror la
.Emax: ho-ar-1.. B nepnou cryqae E4q-ax tho. <DyHxrlnoHaJrbHyro 3aBH-
cHMocrb Enrax: f  (ar, bz, r) Mo)KHo onpe4e"rrHTb coBMecrHbrM perxeHneM
ypaBHeHHff aJrJrHnca t,r oxpyx{Hocru c r leHTpou n rouxe O1 (pnc. '  49, al.
Onycxan xoA Bbrr rucneuHf t ,  noJryqaeM

' (  
146)

t  t-V-

,  c z V  b i -  r z
- m a x  -

02
88

(r47)

Qopruy"rr a (la7) cnpaBeAJrHBa ilvxtb
J lJ I f l  3HAqCHHf l

\ bz{A_ hz"
, - _ Z - ,

c2_

BO BCeX OCTa,' I t 'HbIX CJIyqaf X 6max:
- l7o-  az- f  .

nnr^ f lpoBepKH rIpaBI.IJIbHocrl{
peruenuft BbIIIOJIHHM cepHIO sKcne-
pHMeHTOB C OBaJIbHbIMH nJIyHlKep-
HbrMr{  I IapaMH? o6opy4onaHHbIMH
npHc[oco6.u.eHnsupt LJtf l  i lpI, IHyAH-
TeJrbHofo ueHTpI4poBaHHfl nJIyHX(e-
pa B rLIJrb3e H 6oxoeoro rIoAlKHMa
ero r (  c reHxe.  3aAaHuoenporpauuof i

a q4 qg ' /,2 /,6 2,0 2,+ %i?o

PHc. 50. ConocraereHl,re pacqerHblx
(cnnoruuue rpHerte) H sKcnepl{MeHraJIb-
Hbrx AaHHbrx (urrpuxonnre rpnarte)

nrryH)KepHofi napol (Lp:7 MIla)

HcnbrraHufi asr.rvtyraJrr,Hoe noJrox(eHue rr/ tyH)Kepa B rHJIb3e, T. e. yroJl_ g,

OnpeAeJrqrH coBN{eqeHHeM CTpeJIOK, nu6urltx sa eruX AeTaJIf lX. Ha
puc. 48 npeAcraBJreHbr reopernqecKr.Ie H gKcrIepI,tMeHTaJIbHbIe AaHHbIe
LJIfl f,r.rJrb3br, rltrJrHHApHqeCKOrO CeqeHHf. 14 OBaJIbHOTO IIJIyHlKepa, a Ha
puc. 5_0 - rlr4JrHHApr.rqecKoro rrnyHx{epa B rHJIb3e gJIJII4nrHrIecKoro ceqe-
HHq. OsanlHocrn rHJIb3bI oIIeHHBaJIH napaMeTpoM ko":nalho. 3Aecn
fla:2az-2b2, ho: (2b2-d) 12. CpaBHeHHe pe3yJlbraroB IIo xosSQuutl-
eHry p acxoAa Qos noATBepx{Aa er cnp aBeAJrHBocrb JeopernrlecKoro ara-
.; ' i 'w3a. HesHaquTeJrbHbre pacxoxAeHnff Mox{Ho orHecrn ga cqer qacrHrr-

uoft o6nurepaunr.r )KHBofo cerreHnr rueJra B Mecrax MaJloro 3a3opa.

. .  2 .  OnPEAEJTEHHE AOnvCTHMbIX 3A3OPOB I , r  IOTPEI I IHOCTER
TEOMETPHqECKOH OOPMbI  Y  NJ IYHXEPHbIX  NAP NPH

KOM Nf l  EKTOBKE

llpu KoMnJTeKToBaHHH nJryH)KepHbIX nap .AJrf l  ruJrb3br, HMeroqefi
cBorl pa3Mep H. oBaJrbHocrb, cJreAyer no4o6parr raxofi  nJryHlKep, uro6rt
yTeqr(a x{HAKocTil  r{qp$ 3a3opbl uleJreBoro yrrJroTHeHHfl He npeBblLnaila
yreqKy, 3aAaHHyr,o rexHHqecKHMH rpe6oaaHvrf lMvr, a TerrJroBafl  Aeoop-
MaqHrr He npHBo/.r4i la 6u r 3aKJIHHHBaHI,In AeraJIeI i .  <Dopnay.rru (133) u
(3) nosnorrflror perxl{rb no4o6Hyro 3aAar{y 1221. l4s npeAblAyrrlux perrre-
nrafi  cJreAyer, qro Hau6onruar, yrerrKa r{epe3 sa3opbr, o6pasonaH-
Hbre oBaJIbHbIMlI I IJIyHX{epOM I4 rHJlb3ofi ,  6yAer I Ipu e-90o u e:Emax.'

O6osHaqral{:  r lA:2a2-2b2 - oBaJrbHocrb orBepcrr.rf l ;  np:
--2a1-2b1 - oBaJrbHocrb rrJryHlKepa. MaKcrrMaJrbHoe 3HaqeHI4e 3Kc-
I{eHTpHCHTeTa smax: ho*0,5nn. C"rqtaf tBaJIbHOCTb tUa.nOtt 11o CpaBHe-
HHrO C.pa3MepaMH A U b nOnyocefi  OrBepcrHrr r.r  rrJryHx<epa, ene4bnt yn-
poua rou lne  Aonyu1eHns  b1 la1x  l ;  b2 f  a2x  l ,  ( a r+b t )  l a r x  (az+
a bz)  luzx ? .  Ton4a €f  :  (a t ' -br ' ) , la r ' : t ta lor ,  e22:  (ar ' -br ' )  la r ' :
: f ldlaz.C yuerou rrpnHflTbrx AonyueHprf i  ! .ns, B3aHMHoro pacnoJlox(e-
Hr4fl ,  AeraJreft,  KofAa yTerrKa\rrep$ qeJrb MaKcnManrbra (":e-"* H

' 8 9



e:90 ' ) ,  Soprrayna (133)  npuMer BHA

,a (ho*  0 ,5no)z+h3

r 9- r n

q _

2
( 14e)

Qoon

A
t

o: +_.(n"* na)z.

Ans npaKrnrlecKoro Hcrrolb3oBaHur Soprvrynm (149) yaoQ-rro cAeJrarb
raKyro 3aMeHy (puc. 5l  )  ;  / r^r  -  ho- -hr l2,  rAe hn, -  MHHHM'al lnurf t  ea-
sop B conpffx{eHurr nrryHx<epnor? napbr.  TorAa ypaBHeHHe ( la9) Mox{Ho
3anucaTb

{TT
( 150)

Buqnc.neHrle c r loMoulblo ypaBlreHHfl trUOl AocrarorrHo rpyAoeMKo, . [o-
gToMy AJIf l  npaKTur{ecKuro HcnoJrb3oBar{r.rf l  y,u,o6uo peueHue rpaQlrue-
CKHM MeroAoM c noMouluro Hol rorpaMMbr.  3a xoopluHarHbre ocu HoMo-
rpaMMbI I le"necoo6pa3Ho npHHflTb S*, - BHar{eHr.re AonycruMoro AHa-
MerpaJr_buorb sa3opa B nJryHx(epuoilr  nape H f la. -- oBaJrbuocrb orBep-
crnrl  Sn,:2hn -dA *n-dB max, t l4__di nrn*-da mrn:2az-2b2. 34eco
d" ,  - tn  H d, rmax -  COOTBeTCTBeHHO MHHHMaJIUUTI f i  H MaKCHManUUUf i
AI{aMerpbr orBepcrnfl ;  du ^^* - MaKcHrua.ntuulf i  Ar.raMerp [JryHx{epa-

90

Q'-" 
nhnlnp 

If + B (/bo * 0,5no) _ Bn" a
6vp/ [ 

'  2 h6 4ho 16

"f i  s n'u-++ 
+I4ho*B(ho*0,5n)2ll- F - l r e T r  

1 6  h t  r r ' '

I I ttA I 5 ntA 3 nBnA 2l n"n'A | 6 ,,qn2a 1-r 
82 E-r r28 T- 16 T- t2sT-r 256 

-El '

o6osHaq ̂ t  \o '1. '  :A r . r  noJrarar,  qro yreqKa paBHa ruaKcuMaJrbHo
6vp/

AonycrHrvrolt yrevKe Q: Qron, Mo)r(Ho sattucarb

h3+ !Of^- ns\ h,n++ 1tlnza-4nana*Bn'") ho- L nL *

,  28 2T z 2 Qe" _0. (14s)-f 
azo 

tla- 
a2o 

flatl.a.- 
T 

- 
e

D,ts o[peAeJleHus [peAeJrbHo AorrycruMoro sHaqeHufl 3a3opa ueo6xo-
AHMo peuurb ypaBHeHHe (1a8) rperter? crereHn orHocvrenuno hs:

hs:{re+/ l/T+-+ (Bnu,-,Ls),
' Srrto 

* 
Trtu 

f 
j3 --z , ,21 .-2 .- | 2

rAe 8:  neo ,  1280 . ,  tzs '  
nanA+ 

l*-  
nana,+;

+tl

I

U

7

6

5

.]

1

2

1

,0

Puc. Puc. 52.
IIAflbHbIX

2 3 4 5 6 7 6 9 t : ; , M K t ! t

HouorpauMa AJlr o[peAeJIeHiln na-
sa3opoB H norperxHocreft reoMerpu-

51. K onpeAerleHulo
t m  a x

PaccrrrorpnM npHHIrHrI  nocrpoeHur HoMorpaMMbI Ha r lp l4Mepe ao-
JrorHr.rKoBoro pac[peAeJlHreJIfl P-75-B3A rnApocncreMbI rpaKropoB:
l{onycrHMar yreqKa x{HAKocrH rlepe3 KoJIbIreBbIe ga3opbl r{epe3 ABa
rroflcKa nJryH)Kepa Qgou:63,5 cnas sa 30 Mr.rH Haxo>KAeHHtI n"rryHxepuori
nhpu noA AaBrlenr.renr Lp-7 Mf la npH reMrleparypeMac.na / :$g+s "  6.
Anuua yrrJrorHrrrournx noflcKoB nJIyHlKepa l:6 uvr. Pa6osan xiuAKocrb
MacJro An 11. 3alasas,c,a sHarreHHrrMH oBaJIbHocrlI_ o.TBepcrnfl t la [[ lf l .
pqAa oBaJrbHocrefi nlyux<epA rLp no Soprrly,rre (150) roAcr{HrbIBaIoT
iHaqeHriq h* v Sr, :2hr.  f lo arHM AaHHbIM nocrpoeH rpa0lrx (puc.
52). Kax<Aafl HaKJIoHHaT JI.LrHr4fl. ua rpa$Hxe coorBeTc?Byer orlpeAe-
.nenso;i o B aJrbHocru TIJIyH)Kep a.

Ha uouorpaMMe (puc. 52) ; lnHIaef i  / - /  orpaHuqlnsaercs MHHI{ '
MaJrbHo AonycraMrtfi AuavlerpalrHufi 3a3op Sr gorr. BeJILItIHHy gToro

sasopa oilpeAeJrflroT H3 ycroBHq TerrJroBofo 3auIeMJIeHI,Ifl TIJIyHX(epa B
ru^nl-se. Aeno B ToM., rrro. rryHx{ep H rl{Jrb3a pacrpeAeJIHreJIfl P-75-B3A
u3foToBJreHbr H3 pa3HbIX MaTepI{aJrOB C pa3ILI t IHbIMI{  3HarIeHHtMH KO-

eQsrruuesra .nuuefiHoro paclxupeHVfl,  a. Kopnyc pacrpeAeJIHTeJIff  c or-
Bepcri leM IIoA II4yHxep HsroroBrleH H3 r lyfyHa c ol -  (  l0 '  10-6;
. - i  1 ,4 ,10 -o )  l l "  C ,  r r r r yH)Kep  c ra l l uo f i  c  a2 :  ( 12 .10 -6  .  14 .10 -6 )

l l"C.Blrrue 6uno noKa3aHo, rITo ecJII{ az}G1, To 3a3op f lpn rIoBbIIxe-
r{HH TeM[eparypbl yMeHb[Jaercf l  I{  Mox(er HacTynLITb MoMeHT, KOrAa
rlJryHx(ep oKax(eTcrr 3aKJrHHeHHbrM B rHJrb3e pI nepeMecTHTb eFo cTaHeT
Heuos\oox{no.  C noMo. I r (bro ypaBHeHHtI  (3) ,  npnHr, r iuaq L, t : t - to :60o C,
nof lyqHM AS11 aon:3,5  MKM. 3uaunt ,  Hg ycJroBtr i i  reunosoro BSKJIHHH.
BaHHf, B paccMaTpnBaeMoirrnnyn>xepHofi nape MHHHMaJIIHTtf i  AHaMeT-

9 l

qecxofi Sopuu nJryHx(epHblx nap rpaKropHoro
rHApopacrpeAerlurelq P-75-B34'



T a 6 t u u a  4

f laparrerp oraepcrne,
M M

MaxcuualbHbre pasMepH noflcr(oB nryHx(epoB
H OBAJIbHOCTb

la
nryHxepa d B ^ ^ * sd-4A. l r , -

' : d B ^ u * ' Smtn

dA- tn :25 ,026

t ta  :0 ,003

I
2
3
4
5

2 5 , 0 l g
2 5 , 0 1  6
25,023
25,021
25,020

0 , 0 0  |
0 ,000
0,003
0,002
0,003

0,009
0 , 0 1 0
0,003
0,005
0,006

0,0069
0,0076
0,005
0,006
0,005

Aun onpeAeJreHlrfl AHaNrerparrbHoro 3a3opa smin (pH c. s2) H3 rbqKn
?,r:3 uxu HaAo BoccraHoBHTb [ep[eHAHKyJrflp AO fiepeceqeHt{fl c JrH-
HII f lNTH' COOTBCTCTBYIOUIHMH 3AAAHHbIM OBAJIbHOCTflM NJIYHX{CPOB. HA

::f::.f iT:9|!:i l1_Tto*v 3HarIeH Hto tla v trn coorBercrByer Aonyc-

KOrAa S111r1)SO, T. €. y

TrrMrrir AHaMerp aJrbH brr l  3a3op S_,r,.
ycJroBHfl repMerHqHocTu BbrnoJrHflIoTcfl .

nrryH)KepoB Nb 3 u Nb 4.'  
Hr ycaoBHfl TerIJIoBoro saureMJreHHs rrJryHiKep Nb 3 He Moxer'6url

:::.Y:t:'j1?"11_: {11":rr KogrycoM,, ro3roMy rorrbK.o rrryHx{ep Nb.4
MolKer 6lrrs ycraHoBJreH B AariHtrrt xopnyc.

' H ona orp a rri rr,r.a no3 Borrrer onpeae;;;;' 'M a K.HM arrbHo oony.rr* o, ft
ApIaMt l rpanuHl t t? '3a3op,  o6ecuequBarorqur l  ba4aHuyro rexHnqecKHMH yc-
JIOBHTMH yreql{y nPlt qltnHHAPH.{eCKHX nJryHx{epe H rr4Jrb3e. 3naqeHue
3TOrO 3a3opa onpeAeJrf lror B TorrK_e [epeceqeHHfl C OCb]O OpAHrrar KpH-
eoi ' r  co 3HaqeHr4eM nB:0.  nnn paccnaarpnBaeMoro cryqar{  s_, "1
:10 MKM. Ha ocuoBa.HHLI npoBeAeHHoro aHaJrH3a rorrHocrH H3roroB-
JICHHfl '  r IJ IYH}KCPOB PACIIPCACJIHTCJI g,  P-75-B3A YCTATTOBJICHO, TITO MAK.
Cl lMa": IbHaf l  OBaJIbHOCTb HX He BbIXOAHT 3a npeAeuru f tB:0,003 Urr , t .
l lonlsyacb HoMorpalauof i ,  .Mox{Ho ycraHoB'Tb H rrpeAeJrbHoe sHarreHge
Aorlycrl'Inaofi oeaJbloc-rH orBepcrl{fl Kopryc a. Ans'arriro H3 rorrKH re-pecer{eHufl rHHHH I-I C XpHnofi, coorBercrnyroulefi n6:3 uxu, HaAo
onycrnTb rrepneHAuKyJrrp Ha ocb a6curacc. .3Haqeuue f t t :4 uxu f lBrr f l -
eTcf IIpeAeJIbHbIM AonycKolvl Ha oBaJIbHocTb OTBepcTI{f. OnaltuO;rl
/t1:4 uxv B AaHHoM cryrrae rBJrrercfl npe4e.rlHuna aony.nor'"r?a] i
TOqHOCTb H3 |OTOBJICHHq OTBCPCTHf i  4AHHOTO PACNPCACJIHTCJI f l .  OATTAXO,
npl lMeHeHl le  HOMOfpaMMbl  no3BoJr fer  HecKoJrbKo pacuHpHTb r rpeAeJrb l
Aonycxa Ha oBaJrbHocrb orBepcrtrs. kls puc. b2 BHAHo, rrro rt f lyHx<ep, He

f lapalrerprr nryxxepa, r\ !M

92 93

HMelouluit  osamHocrl ' I  (rut-0) npn 56:4 tr lxt l t  Mo)Ker 6utr cKoMrI '

JTeKTOBaH C fHJIb3Ofi, Urr{eroulefi oearnHocTb fl|:7 uxu.

Paspa6oraHHdfl MeroAr{Ka nocrpoeHEfl HoMorpaMMbI RBJIHeTCR'yH}I_-

nepcani"ofi, u ee Mo)KHo LIcIIoJtbBoBarb AJIfl rvHorHX KoHcrpyKuufi

rrJryH>KepHbIX nap.

3{rQerrUBHocrb pa3pa6orasHoft  HoMorpaMMbI npoBepeHa Ha nparcl

THKe.^lia sa"oAe-H3roroBr4TeJre-tto HoMorpaMIlIe cKoMrIJIeKToBaHo 40

nJryH)KepHbrx rrap, KoTopble r{crrblTaHbl B COOTBeTCTBHI4 C IIpHHflTbIM}I
xHHqeCKI{M II  ycJIoB \rrrvr, B pesynlTaTe I, IcnbITaHHfl ycTaHoB,neHo' qro

pMeT[tIHocTb HaxoAI,IJIacb'B npeAeIaX TexHHI{eCxux tpe6Osauufr '

Taxuu o6pasou, npurrleHeHl{e HoMorpaMryb^I^ ^IpH ..  KoMnJIeKroBKe

nJryHlKepHbIX nap Hcx.rrrcqaer Heo6xoAHMocTn 1000/o-Hofi rlpoBepI{H tx
repMeTHqHocTLI. -3ro nosBoJlfleT coKpaTHTb BpeMfl peryrgpoBKl't H I 'Ic-

n brraHHft p acrpeAeJIureJlefr .

f  n a B a  V I

YNJIOTH EHVIf l  C KOJIb[EBbIMH IIIEJIf lMH,
OEPA3OBAHHbIMH NJ IYHXEPOM H IHJ Ib3OH

KO H I,l tl ECKOTO CEq EHklfl '

PaccuorpHu JraMrrHapHoe r{sorepMllqecKoe ycraHoBHBlt leecq reqe-

HHe Bfl3Kofi necx<uuaeltofi )KI'IAKocrH B KoJIbueBoI? ue;lu noA AeficrBHeM
neperraAa,AaBrIeHHr. Lp:Po-Pt [ I [e.rrn (pHc. 53) o6pa3oBaHa ocecnM-

MeTpr.rq"HbrMH AeTaJrflMH - yCeqeHHbIM KOHyCHbIM TIJIyHX{epoM I4 KOHyC-

Hofi rrrrbsofi .  I I IeJIH raKoro rurla Bcrpeqarcrcq y peryJl l{pyeMblx Apoc-

cenert H BeHTHJtbHbrx KpaHoB. Cresxn rIJIyHx(epa H rHJIb3bI rIpeArIoJIafa-.
.roTcf a6co.nrctHo x{ecTKHMI{ H HerIpoHHIIo€MbIMH; Vrnu KoHycHocrH

irnyuxeps onn H ruJrb3br or y,TaKHx_KoHcrpyKunft npn HerdrosreHl'1.1,

crpeMffTcff cAeJrarb gAr.rHaKoBbrMr{. OAHaxo BcJIeAcTBI{e HecoBepueH-

crBa .rrpog3BoAcrBa Bo3Mo)r{HbI He6orbulne orKJIoHeHHfl or- 'Teoperuqe-

cxofi  r .o*."p"qecKofi Sopuu. B raxovt cJlyqae paAHaJlbHafir sazop h t '

HanpaBJreHLIu reqeHl{f l  )KHAKOCTU 6y4et nepeMeHHbIIU.

B Ia,irlnefiureiu 6yleu rroJrararb, rITo yrJIbI KoHycHocrI'I nilyHx{epa
,r{ fHJrb3bI OTJIHqaIOTCfl Apyf oT Apyfa Ha BeIHtIHHy' He IIpeBbIIXarcIIIyIo

1". Taxoe He6orbi lroe.pa3Jrnrrue B yrJrax KoHycHocru TIpHBOIHT K 3HaqH-

TeJTbHOMV H3MeHeHHIO Bey111quHbl 3a3opa. TaX, D,Jrf l .  geT1.nefi ,  y KOTOpbIK

or:31u, 
-o"r,-30", 

AaHHa uleJIH l0 uu, i lpl , I  Har{a.unuofi  BeJIHTIIIHe pa-

AuaJrbHoro 3a3opa hs:10 r raxnr  sa3op Ha BbIxoAe H3 tueJIH craHonuTcf l

panuula 235 ntxn,t, KoHycuocTb nJlymKepa H KoHycHccTb IIIeJIH 6y.Ueu e

.qantrref iuleM yrIHTbIBaTb qepe3 6espasivrepHble f lapaMeTpbl a: (rr-
-ro) lro, k- (ht-ho) iho, r, [ ,€ /"s Ir f  1- pdAHyc II-r lyHIIepa co cropoHbl

BblcoKoro t I  HH3Koro AaBJIeHI{ f l ;  f to :Ro-ro  f i  h r :Rr- f r  -pa46a1rb-

HHrlr sasop co cropoubr BbrcoKoro rr HH3Koro AaB.neHHfl (r lpl t  coBnaAe'

Hr . r [  ocef i  nJ IyH)Kepa u ru .n tsu) ,  O6"nacr l  H3MeHeHHf i  napaMeTpoB
- l  < f t (  m,  - l  <a (  qq .



Pa4lrycu [JryH]Kepa H rHJIb3bI B
npoH3BOJIbHOM CerreHIIH z UIeJIH
Mox{Ho onpeAeJILIrb r lo Qopruy,rrau

r- rol z tg u,n; R:Ro I z tg a,
( 1 5 1 )

rAe tg onn:( r r  -  rd l lo ,

tg  o" : (Rr  -  Ri l lo .
3asop

h : R - r - h s ( l l k - z ) ,

rge 7 -zf ls.

Prrc. 53. f'eouerpHn rr pa3rvrepbr ruenn
Aaxe npl,t uefisMeHHofi Bblcore

3a3opa & y rouycHblx Aeralefi n.no'
ulaAb ceqeHzf KaHaJIa B" HarlpaBJIq
HHrr yTeqKH X(HAKOCTH MeHHeTCt.

3ro sbrsbrBaer H3MeHeHHe cKopocrn norolr^a H rrof lBJIeHHe cHJI LIHepUHH
Ei.rrn cxopoCra noroKa yMeHburaercs, To r{HepuI{oHHbIe cHJtbI cnoco6'
crBlrFor yBeflHqeHHro yTeqKH, npH TerIeHr.rf i  qepe3 yMeHbualoi l Iyrocf nJIo'
ilIaAb KaHA[rA CHJTbI r.rHepUHH CHHX(aIOT paCXOA.

Awrxreune )r(HAKocrn 6yAeM paccMarpr.{Barb B KpnBoJlnHefiurtx op1
TOfOHaJrbHbrx KoopAHHarax x t ,  x2,  x3 (pHc.  54) .  KoopAHHary. f r  coBM€c
Tr.r,M c nnHueir roria ua o6paayroufefi  r l r lyHx{epa. KOeSfuIIHeHrbl / lq* '
H i  \Jrf l ,  I IpHHflTbIX KOOpAHHaT OIIpeAeJII, IM, f ic[OJlb3yfl  COOTHOUesne [2t ' ,

, (152)

dS t: ld*71: ?t dx,- H dx,,
oxt

r le dSi - AHQ$epeHI{HaJI AyrLI .KoopAl{I{arHoft rI I{HI ' IH
Ber( rop.

I4snecrHo,  t l ro  ecJIH U: t (x) ,  ro

.  d s : t f f f i a * .
Y  \ d x l

, . - ] ,
I  l o c '
\  : i

Xi', r - pa[wyc'

Onpe4e,rrHM 3Haqeuun H1, Hz, Hs, I {cnoJlb3ya (153) u (154) H

xr-  f  (z) ,  r  (z)-ro* tg annz, H 1- l /cos onn;

x2: - f  @),  dsz:  rdg, Hz:r ;

xs-- -f (h), dSB: h*dxr, H s: h*.

Ha ocHoBaHHr{ npr{Hrrblx ycJIoBHfi oo' x ert nogroMy 6yaewt
TITO

h* - /x cos 0,,r.

( 154)

puc. 54:

( rss).

( r
cqHTaTh

( l

VpanHeHHe Hepa3pbIBHocrH noroKa AJIff  Hec)KHMaeMbft x(HIKocTl{

94

div 7- V a:0. ( l

95

/
Pr.rc. 54. K onpeAerreH"frr,\fr:eenurleHroB .IIaue trf r,

B 
"pfqfg'anrHott 

KpHBonrrHertHofi c,creMe KoopAlrHar AHBepr€HrIrsaexropa [28]

v":#t# (o,H2H )+ # @2H,H r)+ tu, (asH fl )1.
Ha ocHoBaHvv Toro, qTo o2:0 n art  0,  4 f"fi 

(oflzHr):Q,AHQ.
pepeurlnpyx,[oIytIHM a1H2Hs- C, orxyAa cKopocrb noToKa

7 ) 1 : C - C'  
HzHz rh+ '

locnontsyeMcf l  ypaBHeHHeM Haele-Croxca
TLr ,  ganHcaHHoM B BeKTopHof i  Qopnre:

dup t : - v  p *upv6 .

(160)

AJrr Hecx{unaaeuort x{HAKo_

( 1 6 1 )

Vs ypanHeHnr BbrnaJra MaccoBbre
ABHx{eHHe oAHopo4Hofi )r(HAKocrH 6es

,B'  Hanpan,neiau ocH x1 ypaBHeHHe

czJrbr, n'ocxornxy paccMarpHBaeM
cso6o4Hort nonepxHocrr.r.
( l 6 l )  n p u u e r  a u 4 ;

( 156)

P +:  
-  (v  p) t*np v2ot .

3'a'reHae (v p) 1 MO)KHO OrrpeAeJr,rb, HcnoJrb3yfl  ypaBHeHHe

( v p ) r , -  |  d P  7 t  I  d P - ;  I  t:tfti+ * frk-r;fra.
f l  paccMarpuBaeMoro cryqan dpldx2:0, dpldxs:0. l loaroMy

( v p \ , -  I  d P  :  I  d p
'  'L 

H1 dxr -H1 d, 
'

cTauHoHapHoro rroToKa

+: 
do, dxr t-drL dxz 

4- dar dxe
da 

- 
dq d"t 

-r 
drrz d, TE-an

. l

( 162)

[28J:

(  163)



Vrrmo>rHM I{a}KAbIft  q.neu ypaBHeH vfl ,  Ha +lI  BocrloJlb3yeMcn pa-
d S '

BeHCTBoM (154 ) ,  npHHHMaf l  Bo  BHHMaHHe,  r { r o  As r i a t -a ; . ' To rAa

dvt a1 dq r e2 drtt  r  ul dat

A ; :  H t  d . t -  , ,  , -  
- r  

H 3  d k t '

Tar rar 'us:0 ,a , ?ot t 0,
dxz

'  dut  ^  . .  rJ1 dvt  v1 dv-  ' - : -
dt  H1 dxr  Hr  .dz  t

Oneparop , I lan . r raca  B ypaBHeHHH (16 l )

ir.,,- 
| 

| 
d HzHt dar 

+ 
d HsHt

H1H2H3 L dxr H1 dxr ' dxz Hz

uo dar f  dx2 :0 ,  noorouy

\2,:#+(++++Hl (105)
i l o A m a e H B  3 H a q e H u a  ( 1 5 6 ) ,  ( 1 5 7 ) ,  ( 1 5 8 ) ,  ( 1 6 0 ) ,  ( 1 6 3 ) ,  ( 1 6 4 )  u  ( 1 6 5 )
B ypaBHenae (162),  i loryr{r . rM

c 2  d  I  - -  I  d P  
+ u f  

c  d  ( r h * c o s o , . "  d  t  
\ +

r h *  d ,  r h ' " : - - i  a ,  - ' I r w  o z  \ ' "  
. J '  

d z  r h * ) |

( 164)

d a r  I  d  H r H z  d u r l

dx, 
-T 

d"t Ht do J'

( 166)

f lepefiaeM r( o[peAeJreHuro cKopocru [oroKa. ,[,onycruu, rrro npn
JraMHrrapHoM pelKHMe TeqeHHf pacnpeAeJreHHe cKopocTH B uIeJrH orrH.
cbrBaercf l  napa6onof i

C:1xr- *3) *.

BseAervr ocpeAr{eHHf rro KoopAHH.sT€ x3, noJrararr

I  dp I
- -  ( , , !3 :

P O Z P

<c>: \ '  - lxr- x31axu:ft;
0

I

(Qz): 
tr,", 

1x,- xZ) a xr:ff ;

,/ dzc \ d2 , 
'2,

(  + ) :nz -?(xt-x: t ) :  -2m-
\ dri ,/ v^B

I

: .l fdx,:
0

dp
- t
oz

<f>
(167)

I

, / _ l  d p ' \ _ \

\  P  d z /  J
{
P

96

Q:QlQo,

c yuerorra ocpeAHeHuri nupaxeH'e (r66) san'rrrercfi

## + # + #+,1#*/rft*cos o.,*#)-
. 2 m l

- - _ 1 .
c o s o n n r t * 3 j -  '  '

no z B npeAe;rax or 0 4o l, npHHntvt afl, TaK-

# +(rt* cos o." + #)< r;"#^-,

Ir lurerpupyfl ero ypaBHeHHe
)Ke Bo BHHMaHHe, qTo

noryqHM

3Aecr

* ,  
# 

-vpBmi@o- p) :0. ( 168)

(r6e)
A

II.rt

h (k2

2 a ,

I
cosh602r ( t  +a)z(  +  qz

B : 2to +2k- \ak-  4a) 4 2  '  l + a -
- - r l l - 1 .

h - a  t + r J

(170)

refrfi cosa arn 1nJa1z 2( t  anyz

Perua.a KBaAparHoe,ypaBHeHHe.(168) orHocareJrbHo m, noilyqtrt

m__-3_
| / .^-- 

'.PBP '

t , reP:* ( t+ l /W.
Onpe4enuM pacxoA xr.rAr(ocrn rrepea rr{eJrb

2 t c '  I

Q: .f laras,fiSs.
d d '

.'urrrunaa (160) n (16T), a rarx(e, vro dS2 :rdq, dSr:p*6*r, roJry-

Q-#:+#. e=s)
lTrlf""f; 

rBa Aarlbuefiruero a*arr*sa BBeAeM rroHnr'e or'oc'rerrb'o-

(r7r)

(r72)

IAe Qo:

4-397

(r74)

(r751

97



Qo - pacxoA rrepe3 KoJrbrleBofi  gtauan, o6pa:onauunfi  Mex{Ay AByMf

IIHJTHHApaMH C BHyTpeHHEM paAHyCOM fs, . I I ,JIHHOfi Xasana I- 
l '

cos crn
H Bblcoroft sasopa 7: (Ro-r6) cos our :  f te cos onni

^  (h-  a)z  D
Q :  : 7 .  ( 1 7 6 )

L  
'  z t r + - x  

-  
k 4 ' n  r + f t  J '

D -
(  k -  a)z (r77)

h (kz  *2k-  3ah-  4a)  
_  

a2 
h.  

|  *  o

2 ( 1 n P  h - a  t + h

f lpu k:a n Qoprrryne (177) qucJrHreJrb lr 3HaMeHarevlb o6parrtarcrcn B
HyJrb.

P acxp urn HeorrpeAeJreHHocrb, i loJryqHM

, . ,  3 ( l  an ;s
k 2  + 3 k + 3

Kora,a a:  ( r r - rs)  f ' rs:Q (n.nynxep qr{J luHApnuecxuf i ) ,  sHaqeHue D
craHoBrlTcf l  paBHbrM 3Har{enuro (124) :

D -  2 ( t  +  k ) 2
2 + k

( 17e)

Haroueu, i lpH a:0 n k:0,  uro coorBercrByer reqeHlr lo )KHAKocrH
qepe3 KoJrbr{eBofi saaop c fiocrortHlrtrM 3HaqeHHeM Bbrcorbl h, ne.nuuuunt
D:1 ,  P : l  u  Q: l  H  Qoprvry . r la  (173)  o6pautaerc r  B  H3BecrHyro  Qop-
Myay f  arena- l - lyaeef inr .

Ha pHc. 55 npHneAeHa 3aBr{cnMocrb pacqerHoro 3HaqeHHfl  D or us-
MeHeHHf l  napaMerpon a  u  k .

I (oe$QHurreHr P n Sopmyrrax (173) u (176) yrrHrbrBaer Brr . r f lHHe Ha
yTerrKy HHepuHoHHoro Hanopa,  BbI3BaHHO-
ro u3MeHeHHeM CKOpOCTLI nOTOKa B 3a3o-
pe.  f lpn 6est tuepuHoHHoM ABHIKeHHH,
HanpHMep npH reqeHHH qepe3 KoJIbIIeByIO
ureJrb c nocroflnHofi sl,Icorofi sasopa /t u

rrocToflHHbIM paAHyCOM rIJIyHlKepa r, sEa'
q e H n e  P : L .

Ec.nu B Hanpanilerrtr noroKa x{HAKo'

CTLI nJIOUIaAb CeqeIII'If UIeJIH yBerHtIHBa'

ercf l ,  ro P( l ,  npu yMeHbIUeHI'I l I  nJloua-

An ceqeHnfl ureJrn P> l .  Bnnnuue HHep-

rrnoHHoro nosAeficrsus Ha pacxoA )KHA'

Kocrn 6yaer reM 3HaqI{TeJIbHee, qeM

6onrure 3a3op ft6, jroJl KoHycHocTH nJIyH-

xepa osn; n€p€naA AaBJIeHUfl Lp, napa'
rrreip KoItycHocrLI lteJlu ft H nneHsule BR3-
KocTti i$(H.tl,Kocrll v H AnHHa lrlellu /0. Mrt-

HHMaJIbHoe gHaqeHue P:  0 ,5 .

(178)

0 2 4 6 8 a
'Pue. 

gg, SaEnenuoerr root$-
QuuneHra D ot napar' letpda

a : , / - k

98

p

lr0

q8
-1,0 0

Puc. 56. 3Ha.reHr.rq xoaQ0nuuenra P npu
reMneparype xrrAr(ocrn:

/ - 0 " C ; 2 - 2 0 .  C :  J - 5 0 " C

0,5

Puc. 57.  fpaQnr saBxcr lMocru pacxoAa
)KHAKOCTH qepe3 KOJrbUeByn rqeJrb oT

nepenaAa .qaBfleHHfl:
I - ho-92 ur<u; 2 - ho:67 wxu

Q,rntk

lr0

q5

0

npH + r:ll* > 1 Qopuy.rra (tT2) craHoBr.rrcn Henpnro4,
lb ,s2pB2

or{eHr{l.r BJtrr'^Hufl i.rHepuHoHHofo Hanopa Ha yrerrKy Ha pnc. 56 [pr.rBeAe-
Hbr pacqerHbre gHaq.euur i  xoa$SnrrneHra P n SvHKrr l lu napaMerpa h
4.na o6par iuoB c reoMerpnqecKr.rMu pa3Meparv[H: ro:3,7 MM; rr=
:5 ,15  r r , r r r , t ;  /0 :10  MM;  c :0 ,381 ho :30  r t rx r ra ;  AMf-10  -npn reMnepa-
rype 0, 20, 50'C; ,L,p: l0 MfIa. !,.rrn npoBepKr.r npaBgJlbHocrr.r reope-

1,5 lprl,//7a

4t 99



ConoctaeJIeHHe noKagblBaer xoporrree coBnaAeHr{e pegyJrbraroB
TeoperHqecKoro aHaJrH3a c AaHHbTMH sKCnepHMeHTa. PaC.rer yreuxn Q
no ocpeAHeHHbIM 3HaqeHHflv hcn s d"o npHBoAHT K cyIUecTBeHHbIM pac-
xox(AeHHrM c QarruuecKuMr.r AarrHbrMH. Oopuy.r la (173) npHMeHHMa
TOJTbKO AJrf l  JraMHHapHOrO peX(HMa TeqeHHfl,  KOHTIeHTpHqHOTO paC[OJrO-
xeHHtI nJryH)Kepa B raJrb3e H l lpH P>0,5. PacqerH noKagaJrtr,  r ITo B
HaruHx 3KcflepHMeHTax sHar{eHHfl XOaQQUUHerrra P, yuuruBarorr lHe
HHepIIHoHHbIe cHJIbI noroKa, MaJro orJrnqaJrncb or 3HarIeHHir Pxl.

f  .n a n a VII

PAEOTA rrIEJr EBbrx ynJrOTH EH lr n
IIPH BblCoKHx AABJIEHHflx (AO l0o MIIa)

Passarue ruApgrpHBoAoB Hepa3pbrBHo cBr3aHo c yBerHqeHHeM pa-
6oqero AaBJIeHHg. 3ra 83ar{MocBs3b flBJrrercq cJreAcrBueu raxoii gaKo-
HoMepHocrH: MoIIIHocrb r.HApor1pHBoAoB .l/:,ApQ nponopUHoHaJrbHa
BeJrHr{HHe nepenaAa AaBaeHHn Lp H npoKaqKn Q. f losHuas nepenaA
AaBJreHHff H oAHoBpeMeHHo yMeHbtuaf Q, MolKHo cHHsr.rrb Maccy 14
ra6apuru rr{ApocncreMbr I - yueubrrraercfl nJrox{aAb nopuruefi, A:aZ-
Merp rpy6onpoBoAoB, o6sena x(HAKocrrr, 3aJrHBaerraofi B cncreMy. Onur
noKa3blBaeT, qTo noBbIL[eHHe AaBJreHHfl rrpH rIpoBeAeHHH COOTBeTCTBy-
IouIHx KoHcrpyKTHBHo-TexuoJrorHrrecKrrx Mepolpl{s,rnfi He Bbr3brBaer
cHHX(eHHr HaAelKHocru ocHoBHbrx arperaroB rnApocucreMbr. Pacnpoct-
paHeHHbtM AaBJTeHHeM B THApOCHCTeMaX JreTaTeJrbHbrX annapaTOB flBJrfl-
erct 2l Mfla. I,IsnectHnl cucreMbr c pa6ouuM AaBJreHuerrl 48 n 70 MfIa.
AasneHr.re 32-50 MlIa sBJrflercfl HbrHe rl{rroBbrM B ruApocucreMax
npeccoB. B Hexotopblx KoHcrpyKuuflx npecioB c MyJrbrunJrr{KaTopaMH
pa6oune AaBJreHHn Monyr 6urrn paBHbrMH 140 MlIa.

Bonpoc o pacqere yretex qepes i lreJreBbre ynJrorHeHurr npu BbrcoKux
.4aBJIeHHflx )I(HAKocrH, HecMorpfl sa 6o.nrruoe rrHcro reoperHrlecKnx H
aKcnepHMeHTaJIbHbIX HccJreAonaunfi, Bce eure AaJreK or oKoHrraTeJrbHoro
pelxeHHfl. Eo.nnuHHcrBo reoperHqecKHX pe3yJrbraroB _lrMeror HeAonyc-
Tr{MbIe AJIg npaKTHKH pacxoxAeHns c AaHHbTMH onbrra. fnasHafl npu-
qHHa noAo6uutx pacxoxAeHHfi 3aKJrroqaercff B ToM, r{To LrccJreAoBareJru
He yqHTbIBaIor Bcex BogMo)KHbIX l,raMeHeuufi,. Bbr3BaHHbIX BbIcoKHM AaB-
JIeHLIeM, a MaTeMaTHqeCKHe TpyAHOCTH npn perIeHr.rH BbrHyX(AarOT HC-
noJlb3oBarb ynpouaForqHe AonyuleHHfl, Koropbre raKlKe nprrBoAqr K
3H aqHTeJrbHbIM nOnpe.tIIHocTtM,

r V cyulecrByrcqHx MarepHaJIoB Ans H3roroBJreHHff rnApoarperaroB n rpy6onpo-
BoAoB HMeercg npeAeJI cHHxeHHr Maccbr 3a c'rer noBbruleHHfl AaBJreHHr. Auropu {l7l
y4a3b1Bqgl sro'MHHHMaJrbHafl Macca y cra4bHbrx rpy6orpoBo,[oB AocTHraercfi npn
'17-39 MIIa, y rpy6onpoBoAon HE rHrana - npn 36*54 Mfla, y crnoBbrx ulrJrnH,qpoB,
HsroronJreHnblx Hs yKagaHHbrx MarepuanoB, J npu ,(aBJreHHH Ebrure 60 MFIa H T. Jt
Ha'IHHas c HeKoroporo AaBJreHHfl, npoucxoAHT yBennr{eHne ronuluHH creHoK rpy6oupo.
BoAoB u arperaroB, a sHarrHT ux Maccbl R o6reuos; aro ArrKTyercfi ycnoBnsuu trpoq-
HOCTIT.

r00

Q,cx%

40

0 l0 20 J0 40 ,t0 60 70 SA p, Mfla

Pac. 58. fpafux .ono.rrrn.uun QaxrHqecxofi yreq-
xn (rpnra" r,,r..ro;;,Hil,#i, 

,H:T"T" 
no sopvy_

,  ̂ ^T.o.,"uueMy MHeHHro, np' orIpeAeJreHHH yreqK' rrp' Aa,BJreHrrflx roruu lvll la cJleAyer oAHoBpeMeHHo yr{HTbrBarb, rro xpafiHefi Mepe, TpH Ao-
noJrHlrreJrbHbrx QaKTOpa: U3MeHeUrae xous.Hrypar{HH H pa3MepoB ureJrr.r
noA AeficrBt{eM BblcoKoro AaBJIeHHfl; BJTHflHHe AaBJreHHr rra. Bfl3Kocrb
x{HAKocrH ; AHccH narunuufi HarpeB }KHAKocrr.r, Bbr3Bausufi pa6oroit cu.rr
BHyTpeHHero TpeHr.rfl.

trcnn H3MeHeHHe xoH0urypa(Hr.r ueau H HarpeB )KHAKocrn cnoco6_
crByer yBetHqeHHI,O yrel{KH, TO nonbl[reHHe BTSKOCTH X{HAKOCT n npv Bbr-
COKOM AABJICHHH NPHBOAHT K CE C.HH)KCHHrc. B"rr.UqgUC KAfi<AOrO H3 TPCX
yKa3aHHr,Ix QarropoB pa3JtHtIHo H gaBHcHT or r{yBcrBHTeJrbHocrg Bff3Ko-
crH )KIIAKOCTH K HSMeHeHHIO TeMnepaTypbr H AaBJreHHfl,  >KecrKocrH KoH-
crpyKIIHI ' I-  n pasrra'epoB nJlyHx{epuofi  napbl, BerurraHbr nepBoHarraJrbHoro
3asopa.  f lp r  onpeAe/reuuu paCxoAa qepes i l {eJrb,  o6pasona"ryo nnyn-
xepoM H fHJlb3ofi ,  HsrotoBJIeHHbII\{H r.r3 pa3JrnqHbrx MaTepgano", anuiy-
eT TaKX(e BHOCHTb B pacqeT KoppeKTHBbI, yr lHTbrBarou{ue H3MeHeHHe 3a-
3Opa, Bbr3BaHHOrO AHCCHnaTHBHbTM HarpeBoM X{HAKOCTTT. Taxuu o6pa-
3oM' onpeAeJIeHHe yTerIKH xHAKocTH q_ep.e3 IIIeJIeBbIe ynJIoTHeHHfl, np1
BbIcoKHx AaBJIeHHflx npeAcraBJlf ler co6ofi  cJrox(Hyro KoMnJreKcHyro 3a-
Aauy THAPoAHttaMHKH; rerlJlorexHHKH H reopnr.r ynpyrociu. I Io rrHrepa-
TypHbIM AaHHbIM, TeoperHl{ecKHe sahilqv peualorcf l  c AoIryrqeHHflMH,
npH KOTOpbTX npeHe6perarcr n"iHsHl.rerur oAHoro HJrH AByX H3 Tpex yKa-
BaHHbrx Qaxropon.

Ha pac.  58 npnneAeHbr  cpaBHuTerbHbre 3HarreHurr  pabxo4a,  noJry-r {eHHoro B 3r {cnepHMeHTaX ( rpnnar  7) ,  u  pacxoAoB,  r roAcrrHTaHHbrx no

$:p yt_gM p asrr HrrH brx a Bropo B. flpon nnxi_ rtn ucnu' rrilrti rtp 
"uno"o.zu> Bbrno[rrfltrr npn TeMfleparype t:.Zgo C vepes KoJrbueByro. ureJrb

.n.nnnofi l*12 MM H nucordft rrgqgu ho:gg r,rxrr,r. p;d;;; 'run+*"r.
H3MeHflrrH c HHrepBarroM e l0 Mna or l0 ao gb MIIa. IInyHNep H
rHJIb3a 6stnu H3roroBJIeHbI I{3 oAHHaKoBoro MarepraJra - craJrvt V12,
Hapy)KHblfi a nHyrpeHnufi pa4nycor rgJrb3br. coorsercrBeHHo 25 u G nrvr.

1 0 1

/

/
7

/ 6
.Y

I
,,, q

.v

-.t ,4 5
+

aG
-a

4
'2



ueHTpEqHofo pac[oJlox(eHHn nJryH]Kepa B fHJrb3e, coorBeTcTByeT KpH-
Bafl. 1- Kpuaan_2lpeAcraBrlf ler pe3yrrbrarbr pacqera no Qoprray.rre, trp€A-
rraraeMofi T. M. Eauma [5]:

*anf;\ exp (- bp)l
Q (180)

l2rtsgl

<Do_ptrty.na (180) BbrBeAeHa H3 [peAnoJrox(eHHr, rrro creHKH uenH noA
AeficraHeM AaBJreHHfl He 4eQoprrrupyrorcfl, TeqeHr.re HgorepMgqecKoe, a
Bfl3KOCTb } I { I {AKOCTH 3aBHCHT TOJTbKO OT AaBJreHHf.

Kpunan. S- _cogeqyur uHQopMauuro AaHHbrx pacqera no Sopuy.ne,
noryqeHHofi M. K. XoxoBcKHM. Anrop yrrurbrBaer asNreHeHI{e Bs3KocrH
X{HAKOCTH r{ HsMeHeHHe 3a3opa qerrH or AaBJreHnn u0l. ofnaxo reqe-
HHe npHHHMaJIH H3OTepMHIIeCKHM H npeArroJlafaJrH, qro Ha SJreMeHTe
AnilHlt 4eQoprraupoBaHHoro sa3opa ABH)r{eHHe }r(HAr{ocrl,t noAqgHflerct
3aKoHaM ABHIKeHHfl  B 3a3ope ur. tJrHHApuvecxof i  $opvru:

Q - #6{[*, - mn)s + + fto- mn)2 ++U,o- mn) *

+ ^ ]  -+"  
{ ta ,+  p(m-m,) t '+  + Iho*p ln-m)t2*

l #U,o*  p (n t -mr ) l -  + )
KoeQ f u ulreHrbr 4e$op rr,r a urrur

f n t  I
l f l l :  " -  p

P ' rUtt
u nJl

rAe r a R - BHyrpeHHufi n napy>xiult pa4uycu rtlJrb3br; Ev .u Enn_
cooTBeTcTBeHHO MOAyJrb ynpyrocTr.r MaTepHaJra rHJrb3br H rrJryHx{epa;
rni-  paAnyc nrryHxepa; p;  H p;-xoaQQnuneHrbr f lyaccona Mare-
pfialla rHJrbsbr H nayHx(epa.

Kpunax 4 (cu.  p l lc.  58) nocrpoeHa ro pe3yJrbraraM pacqera no
Soptr,ty.ne (122) [cu. rnany IV]. B pacuerax npeArorrararrocl, uro nRa-
Kocrb x{HAKocrH B sa3ope HeH3MeHHa, Ho ilrelr nol AeficrBHeM AaBJre-
HLIfl )KHAKocrH craHoBnTcfl KoHycnofi. f lapaMerp KoHycHocru k, yqurbr-
saroulHfi 4eQoprraauHro crerroK [JryH]Kepuofi napu,

( r 8 1 )

( 182)

(183)

h"ux -  h rx

hit
109

h,-

r03

34ecs htur* u h"*- cooTBercrBeHHo Be.[HqHHa ga3opa Ha BbrxoAe H
le^ pg3yJrbTaroB pacrrera H eKCnepH-
30 MfIa.
M pacrrera, no Qoprray"rre, flpeAJrara-
rrrzBaer o6nacm nplrMeHeriHq 6op_qo 55o C n sanneHueM ao'gb ifili"

Ha AoryqeHnflx a6conmHo x(ecr_
:ssofi Bfl3Kocru:

nd nfl
E . -'  

1 2  
t - - z -

-€xp t-op)l j ;
(184)

3j:::"{ ;,*T11a.recxuit aKBr.rBarreHr rerrrrorbr, c _ y Aerrbuan renrro-eMKOCTb )r(HAKOCTTI.
Eu.n BbrrroJrgen pacrrer yreqKn 

_yacJra ,iZrrry"rpnaJrbHoe 20> uepes
f:txxTffil,tt'o 

c par\HarrbHbrM sasopoM'hoJts ;il-"o-4opryn"

er-- #{.xp lpo e+re2)] - 1] 
#,

rA€ vo - xoesQ.HuueHT K,HeMarr.rqecroft Bfl3Kocr' np' AaBJr eHLrH po HreM[epaType /e, IIo[BoALIMbrx K rrIeJrH; b--_nbesoxoeseur{Heur; E2:
:iro - xoaQsHrIHeHr nporopqrroHaJrbHocr', aHarror'rruuft xoeeQd-

#;UtU 
e2 B OopMyrre Spncra; l, - reprvr H,recxltfr xoafienqueHr Brr3Ko-

arn Q^oprvry.rry (lg5) npr4 AaBrreHHH{0_ 100" c.

eMrreparypbr r{ AaBile:g-Hfl.
raHa no Qopvy.ne ( lgg). 34ect og,
Uns Aeranefi n"rrynxepHofi uapti,il sa3opa n roHQurypatluu rleJrr.r, a,cTH B 3a3ope, npOHCXOAsrr{ee OT
fo  Ha fpeBa .

( r85)



PHc. 59. K onpoAeneHHto ae$opr'laqnn
nnyHx(epa H rrrJlb3ril

ConocraBrrenue pe3ynbraToB pacqera no Qopruy.narrl  (180)--(185)
II (199) (crrt. puc.58) cnuaereJrbcrByer o roM, r{ro npH 6o.nlurux nepe-
naAax AaBJIeHHfl Ha6JloAaeiTcff sHarllrTeflbHoe pacxox<AeHHe c AaHHbr-
MH eKcnepHMeHTa. Hannyvuee coBnaAeHne p$yJrbraroB pacqera H
Qarruuecr{Hx AaHHbrx yreqKn qepe3 3a3opbl ureJreBbrx ynJrorHeHnfi- lo
repenaAa AaBrIeHun A,p:65 MlIa no;yr leHo npg HcroJrb3oBaHHH 6op-
M y r r b  ( 1 9 9 ) .

r. AEOOPMATIHfl nJrvHXEpA H rHflb3bl

PaccnnorpHM reqeHrre xHAKocrH noA AeficrBHeM, ndpena4a AaBJreHHfl
Ap: po-pr r{ep$ xo.tisqesyrc 

' 
ureJrb, o6paeoBaunyro' nflyHx{epoM r.r

runrsoft KoHHrIecKoro cer{ennfl (puc. 59). Eyaertr noJrararb, rrro ocn
nJryHx(epa H rHJrb3br coBna.(alor; yrnbl KoHycHocrr{ MaJrbr, a ho He npe-
BblIIIaer 50 Iraxu, tITo Aaer ocHoBaHHe npH perIeHHH H3-ga ManocrH npe-
ue6penarb 3HaqeHHflMH orHoueHHrr ga3opa ft x pa.quycy nJryHxepa H
rHJIb3bI. Onpe4enHlr .qeQopMaqnlo nJryulKepa H FHJrb3br noA 4eficrnHeu
AaBJteHHff x{HAKocrH r{ oueHHM H3MeHeH.He BeJrHqHHtil ga3opa H xonQu-
rypa[nn i lreJIH. Tax xar AaBJreHHe y BxoAa B [reJrb po MaKCHMaJrbHoe,
To H yBernqeHue sa3opa sAecb 6yaer ri{aKcHMaJrbHbrM. Aanee AaBJreHHe
no AJrr{He u{eJrH yMeHbrraeTcfl Ao Pr. f lponoprlHoHanbHo naAeHHro AaB-
JIeHHff B uIeJIH 6y4er yMeHbuarbcn u 4eQoprraaunff AeraJrefi nnyH)r(ep-
uofi napu. Tarnu o6pasorrr, noA AeficrBHeM BbrcoKoro AaBneHHff KoH-
Qnrypaur{fl gasopa H3MeHflercfl, crpeMrcb rpHHrrb orrepTaHus cyxaro.
i l{efics B HanpaBJreHHH yrerrKH ueJrn. 3annueu ypaBHeHHfl rpaHnu ga-
sopa c yrreroM ynpyrofi 4eSopuarlnt{ crenoK KaHaJra . noA 4eficrnueu
AaBJreHHfl .

VpanuenHe rp.aHuubr nJryHlrepa

gon @):g"no (z)-  Don @)-ro * rye- 
Doo (e).

Vp anHenne npaHHq ruJrbgbr

g"(f):rpro(e)f D"(e)* Ro+ +i" af D,(a),

r4e Quno(e), ,1,.0 (z) - ypaBHeHHe rpaHnr{ npn orcyrcrBnn
0""(e), 0r(e) - Berurlrua 4eQopMardr.rn creHoK nnyHrxepa
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(186)

(187)

AaBJreHHr;
H THJIb3[il.

Ecnlr r{gBecrHbr rJraBHbre IJopMaJrbHbre Harrpr}r(eHr.rf l  ,
Hun 4eQopMarlr{H nnyrpenHefi o6pasybureft rurrb3br
IO,' I  I)3O82 Ha $Op Uy"rr a

D" (e)-  : -  b,-Pio,) ,
L ) 1

rAe r - paAuyc i lpor{3Bo.r lsnoi i  ToqKH.
C yuerovr npLIHff TbIx .o6osHaqeslr i l  r .rraBrrbre HopM aJrbHbre Hanpfl  x(e-

uran 6y4yr
'  -  t 2

P \z ) Yio\z ) R2 I
- l . R -

I .  r 1 -

7 2 J

TO AJrfl OrrpeAeJre-
Mo)Ker 6urr, Hc-

4 _

To14a

R2 + [Ro l- (Rr - Rs) z]z

R2-  [Ro* (Rr -  R0712
3leco z: zl l .

VpanHeHHe rpaHur{ rnJrbgbr (187) c yrreroM leOopuaqun

R2 -,plo tz)

D. (z): [Ro + (R, - Ro) ;1 
{ol +

l p d
I E "

R2 - *30 t'l

R2+ [Ro*(Rr- Rs1-z1z

Enn

: f t *u  *8 ,

Rz + [Ro t(Rr - RsyVlz

+, rtt- [Ro+ (,R, - Rria{t * fur+Rz- [Ro *(Rr - Ro)V2

A6co.nroruaa 4e$opMarlr{fl sHeilrHefi o6pasyrouteft n,rryH}Kepa

8"" (zJ : e6!+@- (l -pln):[ 'o*(r,- rdvl(l- n*,,) J# .
VpaeHeHHe rpaHHrI r rJryHx{epa ( l80) c yqeroM 4e$opuar lHH

* , , ( z ) : l r o f ( r , - ro )  " l l t - ( 1 -p : " )  
-  P€ )  I

,  
L  

\  i r rJ t /  - * ,  J

Paguanantrr? sagop B nJryHxepHoft nape

h(7):9" 6-q^,(V)- hol+ kA+ lRo* (Rr -Ro)71  pG>
E t

* (rt- ro) A p t2lIro

rAe ,t :  
(Rr - Ro) J- (ro- rr) 

.  h..^.-- I t ,nn+ hz\-. .nnrR.rrr 'nF
ho ,  h*^r -ho( l lkz) -coorBercrBeHHo.  I IB-

paIvIeTp I(OHyCHOCTH H BeJrr{rrHHa 3a3opa uIeJrH rrpH OTCyTCTBHH AaBJre-
HHfl, >Kt4!.KOCTr.r.

lA,eQopu a\zrfl, [JryHx{gpHofi naplr noA Aefictsuerl AaBJreHr.rrr

fr,:+

(1 -Pl , )  :

( 18e)

X

(  le0)

5-397

R2- [Ro *(Rr- RsyVlz
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' t -

(1 - pl,) lr @).
f IpH BbIBoAe Sopuy.nu (190) npene6perarru KacareJrbHbrMu Harrpf lx(e-
HItf lMH, BO3H}IKAIOqIIMPI BCJICACTBTIC H3N{CHCHI,Iq AABJICHHfl BAOJIb II ICJII{.
OAuaxo Arq pacqetHol"t cxeMbl I I IeJTH, npnHnroft B Karrecrne lrcxo4uofi ,
TaKoe AonyqeHne He Bbr3brBaer 6o.nluroro orKJroHeHHfl noryrIeHHbIX pe-
syJrbTaToB OT AeftCrnUre.nruoft 4eQopuaqurE. L.uf l  onpeAeJreHHfl H3Me-
HeHHr BeJrr { r r r rHbr  3a3opa 0 e  ueru HaAo 3Harb 3ar{oHoMepHocrb l r3Me-

'HeHlr f l  AaBJreHr{ f  ,  a  ra  B cBoIo oqepeAb 3aBHcHT or  xapaKTepa 3a3opa.
To'{troe peueHHe Mox(er 6tt lr  f ior 'ryqeHo MeroAoM nocJreAoBareJlbHbrx
nplr6lrrx<eHufi.  Maxcl lrr laJrL,HaH 4eQopMaqlra i l reJrn 6y4er co cropoHbt
noABoAa AaBJreHHrr ,  KOrAa 7:0  H p(z) :po,  MHHHMaT' rbHaf l  4eQOpua-
ur . r f l  -  Ha BbrxoAe H3 r r leJr l r  I IpH z- l  u  p(z) :p t .  B erou cryqae 3a3op

-1-

h"': ttsr i+ (r,r+ fuT) ++(1 - r,i,) ]r,;
h,o*: f t , (1*f t )+ f i l - l / r , :+ : :  -g )4 'a 1r' r  

L  E "  \ ' " '  R 2 - R ? l '  E , n
I- P;,) lo,. 

.

CTEHOKf laparvrerp r(oHycHocrn ureJnr c

h -

yqeroM 4eQopvaqun
h"or*- hr*

h"*

Orpr-rqareJrbHbre 3HarreHnf ft ceH4ereJlbcrBylor o roru, rrro urerb B Han-
paBJIeHHH yrerrl iu cyx(aercfl . f lp" rroJrolKHTeJrbHbrx 3HarreHuflx ft-ute.nu
paclxrrpreTcf l .

2 .  ( 3A I I IEMJ IEHHED nJ I yHXEPOB nPH Bb ICOKHX AABJ IEHHfX

llprauranorl <<saureMJreHlrf l>> n"r lyHxepa B ruJrb3e f lBJrf lercf l  HepaBHo-
MepHoe paclpeAeJreHHe AaBJreHHfl B 3a3ope, BO3Hr.rKSrOiqee TOfAa, KOfAa
uIeJIb B HanpaBJIeHUH yTeqKH pacurHpseTcfl ,  a OCU rrJryH)Kepa B frrJrb3e
He coBnaAaror (crr l .  r .n. IV) .  Buno4 Soprrly.rru ( 106) ro orpeA€neHun
paAHaJrbHoft cH.lrr, I ,  r IoAX{Huarourefi  rrJryHx{ep K creHKe rHJrb3bI, 6asupo-
BaJIcf l  Ha Aonyu{eHHH, qro rrJryH)Kep H ruJrb3a noA AerlcrBHeNr AaBne-
HHf l  He 4eSopunpyrorc f l ,  a  3HarrHT,  r r  pa3Mep KoJrbueBoro ga3opa l tp t t
pa6ore He r.r3MeHflercf l .  OAHaxo e AeficreHre"nsuocrl.r  noA AeficrBnerl
BbICOKOTO AaBJreHHrr H nJryH)Kep H rHJrb3a Ir3MeHfror cBoH pa3.\repHr'
qro npHBoArr r  K H3MeHeHHlo pa3MepoB u xouQurypaunn rueJrH.  Huxe
npHBeAeHbr  paccqHraHHbre no Qoprray. r re  ( l9 l )  3HaqeHHr cyMMapHof i  , { ,e- ,
Qoptt at\Hvr rrJryHlKepa H raJrb3br rroA 4eficrnueM AaBJrenux. f lpH AaBre.
HLrr4 p- l0 Mlla AeQoprr,rdI1nR 0 n.rryuxepnofi rapbr y BXoAa B 3a3op:
paBHa 0,72 t txrv1 t rpf f  30 Mf la :2,16 uxn, npn 50 MfIa -  3,6 MKIJ
npn 70  Ml Ia -5 ,04  MKM H 100 Mf la  -7 ,2  MKM.  f lpu  pacqere  r rpnnr :
ro: r\rareplraJr uryHx{epa rr rrrJrb3br - craJrb l2XH3A c Nro.qy.reM ynp}-
rocrt l  E:2,04.105 } l f la rr  xosQ0rrurreHroM f l ) 'accoHa !-r* :0,28. PaAS
)Ic nof lct(a nJryHlr(epa (c l r .  prrc.  59) ro:6 i l rM, rHJrbsbr R: l2 uu.
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Pac. 60. 3asucnMocrt ycHJtHt crparuBaHHrr
n.nyHx(epa or AaBJleHHfl npn pas.navuofi xo_

HycHocTH IleJrH:
A  - t " : 6 , 1 ;  t r : 8 ,  l :  6  - t , : 6 . 2 .  r ,  : g , B ;  ,  B -

r  
" -14,1;  

r r :9,5

qannnur? 3a3op y  BxoAa B r r leJrb ho b uxvr ,  Ha BbrxoA E h l :7  uru,  r .  e .
I I Ie/Ib B HanpaBJIeHI{H yreqKH pacnHpfleTcff,  3HaqHT, nJryH}Kep cKJro-
HeH I( <rHApo3aIIIeMJIeHHrc>>. AasJIeH_Hg y- BXoAa B 3a3op MeHflercf l ,  Ha
BblXoAe -  HeLI3MeHHoe,  paBHoe pr :0 ,1  Mf Ia

l locxo.nrKy MaKcHMaJrbHbrM AaBJreHHe 6yaer y BXoAa B rreJrb, To rr
Ba3op 3Aecb 6yaa" MaKcHMaJrr,HbrM. Aa.nee BAoJrb u{eJrr.r AaBJteHHeyMeHbuaercf l ,  rroaroMy cHH)Kaercr 14 ae0opnaaunr rrJryHxepnori f lapbr.
f loerovry  3aAaHHaf l  KoHycHaf l ,  pacr rnpf l rou{ar rcr r  B HanpaBJreHHH.yreq-
KU lr{e.nb no Mepe noBbrueHHf AaBJreHHfi cHar{aJra npeBparHTcff B f i te.nt
C NAPAJIJICJIbHbIMH CTCHKAMH, A 3ATEM H B CYX{ArcUrYrOdq. TAX IITO IIPH
HCK.OTI)POM AABJICHHH NJIYHX(CP AOJI)KCU OCSO6OAI,ITbCq OT SAIqCMJIffIO.
urefi  cunbl H 3aHflTb norox{eHne, [pH r{oropoM ocn nJIyH}Kep a v rr41rb-
3br coBrraAaroT. Ans paccMarpHBaeMOrO [pr.rMepa pacu]Hpflrouraqcfl
uerJ? npuo6peraer napa.nne.nisue creHKr.r irpu 4anneHHH pox30 MfIa.

Ha pac.  60 npzeeAeHa 3aBr . rc ,Mocrb ycunwn crpar ,BaH' ,  rpex
NJIYH}KCPOB OT BCJHIIUHbI NOABOAI,IMOTO AABJICHHff. ! .NANACIP 3KCNCPU.
MeHraJIbHbIX noffcKoB rIJIyHxepoB npHHHMarrH paBHbrM l2 rr iru. fHnisa
BbInoJIHeHa uHJIHHApHqecKot?, noRcxH nJIyHlKepoB KoHycHbrMH, TaK qro
xHAl(ocrb noA 4eficteueM nepe[aAa AaBJIeHHfl f leperexana qepe3 rrreJrg
B cropoHy yBerurruBaroqerocfl  3a3opa. MarcIMaJrbHoe ycr{Jrub crparH-
BaHHfl '  npeBbrualoulee. 90 H, 6uno no.rryueHci y rrrryHx{, ipa B np" aa"-: leunz po:17,5 MfI a. vcnnue crpar' BaHLrfl [JryHx(epa ,rr.fln;;;-

i H. l,j ::..1::j.._l:{:g{i ra sneHH n. Cuna, i.q.rn"rcuas rrrryHx(ep,
npH 1tggfl HrIeHuu AaBJIeHI{I BHarIaJIe Bo3pac raila, Aocrnrafl MaKSHM aJrb.HOI.O 3HarIeHHfl, a 3aTeM IJIaBHO yMeHblxaJracb. rleu ueHbue norpeu-
nocrb Qopun nnys;aaoHoft napnr, TeM npn MeHbureft seaur{Hne AaBJre-nHr-rr.irynx(ep ocBo6oAurcq or sauIeMJreHHfl. f lnyHxep B, uueronlHft
nau6onnruyro .KoHycHocrb, -or 3aureMJrenHr ocso6ox( nui", 

'nin_o 
np*

AaBJIeHHH, npeBburrarcxleM 50 MlIa, B To BpeMff KaK ocno6oxAeHue or3arBopa y nJryHx{epa A Hacrynarro rrpH AaBJTeHHH 20 MfIa. E.n, nrryH-
) I (EP NPH BbICOKOM AABJICHHI, I '  MO)KCT OCSO6OAHTbCfl  OT 3AU{CMJIEHHff ,

( re4)



Bbr3BaHHOrO |HApOAHHaMHqeCT(I.IMH CHJIalrU, TO trpH AOCTaTOTIHO AJI.H-
TeJrbHoM troKoe noA AaBr'reHHeM r.r oco6eHHo lrocJre c6poca noABoArIIvIoro
BblcoKoro AaBJreHHn Io HyJIf l  crrJla, norpe6uafl  Airr,  crparl lBaHnfl,  Mo-
)Ker pe3Ko noBbrclrrbcf l .  l lplruHnoli  eroro f lBJrf lForcf l  TBepAbIe' qacruqbl

3arpr3Heunr : l  x< l rAKocrr r , 'nonaAaroul l re  B 3a3op,  14 y l rpyr r le  cHJIbI  Mare-
pr raJra nJryHl r {epHbrx I rap.

3.  , IHCCHNATHBHbIH HATPEB XH.4KOCTH B 3A3OPAX I I IEJIEBbIX
-  YNJ IOTHEHI IH

Te,renue errsr{oir x(r.rAKocrrr qepe3 ureJreBoe yn"rrorHeHlte BcerAa co[-
poBolr<Aaercf l  rroTepflMrr SHepfuH, Koropafl ,  r IpaBPaluancs B TenJlory,
Bbr3brRaer  HarpeB x{ r rAKocrH.  Mou{nocrb,  sarpaqnBaeMag Ha r lpeoAoJIe-
Hrre rtrApaBfl[rqecKoro conpoTHBJreHrrs ynJIoTHeHHfl,  nponopuI4oHaJIbHa
pacxoAy H neperaAy AaBrleHvfl ,  Ha rterlH //-  QLp. ?ra r lorepflHHafl
Nlorr lHocrb 9r(BrrBaJreHTHa Her(oropoMy Korf lqecrBy rerrJrorbl.  Ec"ult  npe-
ue6peur ren,noo6tvreHor\{ Mex{Ay }KHAKocrbIo H AeraJlrMtt,  o6pasyrcu{u-
r ,ur  i l1ern l ,  ro  Mo)r (Ho 3anucarr  QAp-QpgcAt l ,  r [e  L t : t - to-  no-
BbI [ IeHHe reMneparypbr  ]K] IAxocr l r ,  oC;  to ,  I  -  coorBeTcrBeHHo reMr le-
parypa xr rAKocru nepeA y lJ IorHeHI teM H sa HLIM;  . I  -  uexauuqecxui r
SKBIIBaJreHT TenJrOTbr; C, p - yAeJIbHaq Te[JIOeMKOCTb H IJIOTHOCTb
>xHAI{ocru. VIe rocJreAHero paBeHcrBa noryt lHM

^ t  P o - P t  \ P- : :  : _
pgcl PgcJ

Otxy4a BHAHo, qro rroBbri lreHr.re reMrreparypbr BcJreAcrBHe AuccrlnarHB-
Horo HarpeBa f lponopqHoHaJrbHo Ap.  Vqurnrsar ,  qro  3HaqeHuf l  nJ IorHo-
cTH r.r yAe.r lHofi  TerrJroeMKocrr4 y ueSrenpoAyKToB lr3MeHllorcf l  He3Ha-
qHTeJrbHo, rrpH opr{eHTHpoBorrHbrx pacqeTax rroBblueHl4e TeMrlepaTypbl
MOX{HO npHHr. rMaTr ,

Lt--(0,40 :0,7) a^p.

Bonpocnr onpeAeJreHrrr  3ar(oHoMepHocref i  rasvleHeHHfl  TeMneparypbl  npH
TeqeHHtI )KI,TAKOCTH r{epe3 Ue"' i l4 OTHOCflTC.R K tIHCIy Ma,lOII3yI{eHHbJX.
?Icc.neAoBaHHf 

'nocBrureHbr rJraBHbrrra o6pa3oM onpeAe,' IeHLIIo ret\ ' Inepa-

Typbr B IronepeqHoM cerreHr.ur rueJru c rrocroflsuofi  sntcoroft sa3opa H B

MaJIoM Auarra3oHe yBeJlHt IeHI In  reMneparyp.  npu sToM ycraHoBJIeHo,

uro npo$HJrb reMneparypbr B i lonepeqHoM ceqeHI4H Ltl{eer napa6o"n}Ir{e-
cruf i  iapaxrep c  MaKcrrNraJrbHbrM 3HaqeHr. reM TeMneparypbl  Ha oc l t  c l tu ' -
MerpHH [3, 4, 2l] .

Coer\,recrno c B. A. EapuHoBbrM onpeAeJrf lJl l {  3aKoHoMepHocrb LI3Me-
HeHHs TeMrrepaTypbr , '  BbrsBaHHyro AHccHnaTHBHblM HafpeBoM KaK BAOJIb
I I IeJTH,  TaK H B noneper{HoM ee ceqeHHvr  c  yqeroM AeQopu?[ t lH creHoK.
B yr<asaHHbrx pa6orax paccMorpeua rrreioAHKa HccJIeAoBasnfr H npnBe-

I B Haurnx sr{cnepr.rMeHTax, pe3yJrbrarbr Koropbrx npeAcraBJleHbl Ha pHc.
crrMaJIbHoe 3HaqeHHe cropocru 6tt.rto paBHblM 17,5 rvr/c, npn KoTopofi qacruUu

cru B 3a3ope HaxoAHJrncb i l reHee 6 '10-s c.  3ro Aaer ocHoBaHtIe noJlafarb,  t l ro

CTBO Tenf lOTbI '  nepeAaBaeMOe CTeHKaMH KaHa, la '  HeBeJIHKO'
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Pnc' 6l' f lposa'rm 
leYnep.arypu (a) H cKopo- Pnc.,62. HsMeHeHr.re reMrreparypbrcrn noroxa (6) n nonep-eun6la ceveHun uleall BAonb uleJrri - (saeop h-2g MKM,.np' nepena(.ax AaBreHHfl, MfIa: a.i 'Ha rrIeJrH tJtz dou, *_paccro:I - Lp-29,6" 2.- Ap--'3g,2t 3 - ap:49,6; 4 - ap- sHHe or BxoAa B rrleJrb Ao paccMar_b8,9; i - Lp:ag,z 

paBaeMoro ceveurr)

AeHbI pactlerHbre fopuy.ntr A.ris orpeAeJreUnr npofuJrs reMneparypbr.fIpH erou 6u"rro yc"ano"n.nfr-uro ni,o$nr^nJ.nopo.rufi s ueJra us,napa-6o.ll lr lecxoro np; ]vIaJIo[I gutn"r", Bbrrqf'Ba6rcR, ,3MeH* cBolo KoH_Qurypaqu-Io npH [oBbrrrreH HH AaBJreHHfl, rrro Bbr3BaHo yBerHrreHHeM TeM-
Bf lsKocrn xHAKocrH (pnc. 6l  ) .aHHbrx B 3a3gp ueJreBofo yrrJtorHe_

py Macrra .. l i lnAy.rpra"nrHbe 20>> e
H pa4uailbr{oM 3asope 2g naxr,a. pe_

ulerH rroBbrrrraeTcq HepaBHOI,IepHo.
pst  ua6nrcAaercf l  Ha HarrarbHoM yr{ i
PCHHC ABH)I(EHHfl  qACTIIU X{I , IAI{OCTH
cref i  noroxa. OcpeAHeHHbr.  i "uoe"n
BbrxoAe H3 UIe.UU saBHCET OT nepe[a.
pe noBbnrreH[q 

,Ap or At:3,7.^C np
Lp:8C Mfla {a'xa>xtore l0'Mfla n
TAK}KC NOATBEPAHJIH BbIBOAbI TCOPUH H NPHHflT.IC AO,,YUICHH..

-  
4 .  YTEI IKA I IEPE3 I I IE. I IdNUE YNJIOTH EHHf l  [PI4  BbICOKHX

nEPEnAAAX AABJr E:arl f l
vreqxa qepe3 iasopsr ulenenrtx yn/rorHeH ufr c yrreroM oAHoBpervreH-Horo H3MeHeHH.rr Be.rrHrryrHbr ga3opa,- r<oueary p,uur^ ilI€.1rur, Bfl3Kocru)I(HAKOCTH oT geficrzux AaBJreHHs' H TeMleparypu -noKa He noAAaerc,TOqHOMy OnpeAeJreHHro. Ann no.rryqeHHfl npa6JraxeHHofo euaueuaa 6y_AeM BbIrIHcJIf lrb yreqKy no Qopvry"rre (r22i,  np.4"43Ha.qe'Ho fr gnn xo-nycuoli  qeJru:

^ f idnhI
iIA€ Qo: -#L Ap;

Ap =80 l/lla
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f lapaverp f t ,  onpeAeJlneMblf i  gs Bbrpax(eHrdf (194),  yr{r{rbrBaeT
Maur{rc creHoK, o6pasyrcurr{x 3a3op noA Aer?creneM AaBJreHHfl.
I\t lrJIy no onpeAeJleHuro Qo BBeAeM Kopper{Tr.rBbr, }rqr.rrbrBaroqge
HIIe Bfl3KOCTH X(HAI(OCTH BAOJIL UIeJII{.

BqsKocrb Mox{Ho rrpeAcraBHTb cJreAyrounM Bbrpa>r(eHHeM:

Y-vo( *1" * '

ae@op-
B Qop-

H 3 M C H E .

(  1e8)

Aaer pacxoll{AeHHe B pe3yJrbTaTax tlo cpaBHeHHro c Aeftcrsnrenruofi
yreuxofi. B. SpHcr [29] cvuraer, r{To pacqer Mo}KHo yrorrHurb, ecJrg
cpeAHrn BeJIUqLIHa Bn3r{ocrr{  B 3a3ope 6y4er npH6.nnx<eHa r(  ee'KoHeq-
t loM)'  3HaqeHl ' l lo.  V. I t l rbtsaf l ,  qro ocHoBHoe yBear{qeHue reMrreparypbr
X{IIAKOCTH BCJICACTBI,IC AHCCHNATHBHOTO HATPCBA NPONCXOAHT HA BXOA-
Holt l  yt l2crKe B KaHaJIe (cpt. puc. 62), rtpeAJraraercf l  Hcrro.rrb3oBarb
sHaqeHt{e Bf l3Kocrn,  orBeqaroqee cpeAHefr  serHr{HHe AaBJreHHr B 3a3o-
P€, r.  e. P':  (po+pr), H reMrreparype Al": to+I\t l {  rAe po-AaBrre-
HHe X(r.rAKOCrH y BXOAa B 3a3op; Lt - yBerHqeHr.re reMreparypbr x(r4A-
I(OCTI' I  Ha BbIXOAe H3 3a30pa, f lpoHcxoAflI l lee BCJreACTBr.re Ar{CCHTTaTHB-
HO|O rrafpeBa. c yr{eroM yKa3aHHbrx npeAnofloxeHl.rf i  ocpeAHeHHoe

Qopl t l 'aa (  l98)  y t (a3bIBaer  Ha He.nuuei luoe r r3MeHeHr. re  v  no AJTHHe r (a-
HaJra.  f losrouy [oAcqer  yreqKH npH HcnonnsosaHHr. r  cpeAHeno sHaqe-

HHfl BflSKOCTH MelI(Ay BXOAOM H BbTXOAOM pl3 UIeJrH, T. e. v"p:
vnx J- ver,rx

SHAqCFII{C Bf l3KOCTH B I ICJIH

to

) " '

Y"p:  v lo

4 +  *  u

rrepe3 ueJreBoe ynJroT-
I , I3MEHCHH'I  Bf3KOCTI{

Torla Qopuy"rra (197) AJrfl onpeAerreHgfl yrer{KH
rreHrre c yqeroM aeQopuauHu creHoK r(aHaJroB ,r . r
oT TeMrrepaTypbr H AaBJreHHfl  npHHHMaeT BHA

nash!* tp ( lse)

I- Ipl l  yMeHbtueHHI{ AaBJIeHHfl po H orcyrcrBnn r(oHycHocru BeJrHrrHHbr

--r 1.
(  t o  \ n  oJ *

\.;ry4-1 "
Oopnayna ( 199) npHHHMaer H3BecrHbtri nna (2) . Peey.urrarbr pacrreroB
yreqKn >r{HAKocJI{ qepe3 u{eJrb, o6pagoBar{Hyro nrryHxepoM H rnnssoff
no Sopir , ryJre (199),  npr{BeAeHbr Ha puc.58 B BHAe xpnnof i  6.  Conocras-

l l 0

reHuq pe3yJrbraroB pacqera (xpH- o
nal  6)  H oKcrepuueCra (xpnnan'T) 

6 '

noKa3brBaror,  uro Qopuy"na (199) ro
AaeT xopouee coBnaAeHr.re pesyJrb_ I
TaroB Ao AasreHr.rfi nopqAKa E
65 MfIa.  3ro E Aaer HaM upano :
peKoMeHAoBarb ee AJrfl pucu"tou. +
OAHa-xo npu AasfleHr.rflx 6onee 2

Ka HaqHHaeT npeBocxoAHTb pacqeT-
Hyro. yToqHeHHe pacrrera npu 6o"rree
BbrcoKHX AaBJreHr{f lx I IpoBOAHJrIt
coBMecrHo c B. A. EapHHosHr,r lB, 4l

Puc. 63. 3asHcnr\4ocrb pacxoAa }KHA-
Kocrn (cnrecu Macerr MC-20 n MK-8)

or AaBJIeHHn (ft0:29 r*"1
c noMoxlblo SJreKTpOHHbrX Bbrrrr4cJrl4_
TCJIbHbIX MAIIIHII. V4ANOCI NOJIYqHTb XOPOIIICC COBNAACHI,IC TCOPHH H
sKCnepHMeHra Ao AaB/renHf i  100 Ml Ia .  OAUaXO MeroAHKa pacqera no-
TYIIHflACb AOBOJIbHO TPOMO3AI{OfI U 3ACCb CC HC IIPI,IBOAHM.

3axaHquBafl paccMorpeHHe oco6esuocrefi  re,reHprq qepe3 rrreJreBbre
yrJrorrreHnfl,  r lpl f l  BbTCOKHX AaBJTeHHAX, O6parHMCfl X rpaol lxy prac. 63,
orpaxapruefo pe3yJrbrarbr rrpoJrvBKrr qepe3 K_OJrbrreByro rueJrb c pa-
AHaJrbHbrM 3asopou hs:23 uKM cMec '  MaceJr  MC-20 1. ,  lux-a.  pac ioa
X{HAKOCTH NPH NOBbII.IICHVH AABJICHHfl, AO 65 MfIA, KAK N O6ITUUO, YBC-JII ' IqHBaJICfl,  HO SareM [pHpocr yrerrKH f lpeKparr{rrcf l  H IIpH Aa,rrbHefiurerryBerI ' IqeHHfi raBileHnfl,  BrIJIorb Ao MaKcHMaJrbHo [oryqeHHoro 3Harre-
uun 90 MlIa, Ha6,nnA.aJrocb yMeHbrxeHHe pacxoAa. Taxofi  ; ;p;; ; ;
xpHnof'r ,  no-BHAHMOTUyi nusnaH reu, qro npu BbrcoKHx AaBrreHlnx y
IrcnoJrb3yevroft cMecr{ MaceJr npeo6.naaurourea BJrr.rrHHe Ha Br3Kocrb Ha_IIHHACT OKA3bIBATb AABJIEHHC, BbI3bIBAIOHCC YBEJIHqCHHC Bq3KOCTI,I.
Mox<Ho o>KHAarb, .rr9 npH AaJrbHerirueu yrar"ua"Hr.r yreqKa qepe3 ureJrb
npeKparHrcq.  noAo6Hsr i r  xapaKTep H3MeHeHHf l  y reqKH OT AaBJreHHf l .6urn no"ny,rgl rr npn eKcrreprrMeHrix s MBTV ,r.  Suyru* X. K. , I Ira-
11pe-nrru. B ero sKcnepHMeHrax npu raBileHnv, npeBbrlxarcureM
200 MfIa, o6ttvuoe Maiul'tHHoe Mac,,ro AeJraJrocb HacroJrb^o Bfl3Kt4M, rrro
cranlrrofi Kal,Hlri l f lp c orBepcrHeM d: l,g uvr craHoBrrJrcfl npaKTr.rqecKq
HenpoxoAnMbrM. B ro )Ke BpeMrr KepocHH qepe3 3TOT )Ke KanH Jrltf lp npn
Tex >xe ycJroBnflx npoJrr.rBailcr, cso6oAHo.

'  
f  n  a B a  V I I I

TYPEYJIEHTHOE TETIEHHE N UIEJI f lX

B eucoxoreM[eparypHbrx rr{Apocl lcreMax, a TaK)r{e B cncreMax cM ar'roBf 3 K Vtvtu p a6oqr.rM H xHAKOCTfl M H AalKe np H o6u quo np 
", "r";., 

;;neperraAax AaBJreHun Saxruqecxnft pacxoA uepes uleJrb MolKer 6trrl3HaqHreJrbHo MeHbrrre paccqHraHHoro no QopuyrraM (, i  )  H (2) .  3ronoArBepxAalor rpasHxu, nprrBeAeHHbre na puc. 64, r4e .o.ioi"u"JreHbr
AaHHbre saxruuecKoro (no.nyueHHoro rrpH npoJil.rcryax) pacxoAa KepocH_Ha qepe3 r ioJlb[eByto l r lenr c paccqHraHHbrM no Qopnrvie (z) .  npi i*JH"
ueHTpHqHoM pacnoflox(eHHH , n/ryHx{epa B rHnrse' ,fra*"iouecxzri pac_

/

i l l
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PHc. 64. PacxoA r(epocnHa r{e-
pe3 KoJlbueByro uleJrb B 3aBH-
CHMOCTH OT nepenaAa AaBJre-
HHE npr{ pacnoJro}KeHHrr nJryH-
x e p a  ( d : 2 5  M K M .  l -

:  l 0  Mt r t ,  f t o :30  uxu ) :
I - axcqeHrpnqHoM, e1ir61:/r; 2-
Korrr let t r l ) r { t {Hor\ t ,  8:0:  cnaorut taR
J T H H H T  -  t p a x r n u e c r n l {  p a c x o A ;
u r T p H X o B a q  -  p a c x o a ,  p a c c q H T a H -

rr r , r i l  no $optuyae (2)

xoA xilrAKocTr.r npH Ma"rlbrx 3HarleFrHfx a,p
coBnanaeT c pacqeTHbrN,r ,  HO 3aMeTFrO OTJIH-
saercn or Hero npH Ap>5 Mfla.  f lpn
9I{CI{eHTpHqHOM paCrrOJrOXeHHtr ["rryH]Kepa
yMeFrbrrreHr.re 0ar(THqecKofo pacxoAa )KHA-
KOCrH nporlrB pacqeTHofo Ha6Jrr.oAaeTcfl rrpH
Bcex 3Har{eHuf lx Ap; a npn Ap)5 l l f la xa-
paKrepr{cTr{Ka pacxo^a llepecTaer 6urt . i i l .r-
HefiHofi. f lpu repenaAe AaBrreur,rr Lp:
:20 Mf la Qaxr l lvecKoe'H noAcrrnTaHHoe no
fopny.rre (2) snaueHrre pacxoAa KorrbueBof i
rue.rrH pa3f luqaercf l .npu e-0 npnMepHo Ha"
3 0 % ,  a  n p n  Q m a x : h - e  3  p a s a .

lloAo6ntre pacxolKAeHr.rfl MolKHo o6tsc-
Hrrrb reM, qro BbrBoA Qoprray.rru (2) ocnonu-
BaJrcfl Ha AorryqeHHr{, qTo pex{HM TerreHr4f
x(HAr(ocrrr B rqeJreBbrx 3a3opax JraMrrHapHbrfi,
Ho B onHcbrBaeMorvr npxMepe npu Ap)5 Mf la
TeqeHrre )Kr{AKocrrr B uleJrflx flBHo Typ6y-
/reHTHOe. -PaCUer, BbrrroJrHeHHulfi no pe3yJrb-
TaTaM npoJ IHBOK,  [OKa3aJ I ,  r {TO npU Bb ICOKHX
IepenaAax AaBJreHHfl  r . r  reMneparype ]KHAKo-
cTu cpeAHnn cKopocTb noToKa B rqeJrH AocTH-
raer 100 rvr/c, a qncro Per?Ho,rytAca rrpeBbrura-
er 5000. Typ6y.neHrHoe 4nilxeHHe )KHAKo-
cru B KaHaJrax u rpy6ax rBJrflJrocb [peAMe-
TOM MHOTOqHCJTeHHbTX HCCJreAOBaHr.r f i .  oAHa-
KO CUIE HCT AOCTATOIIHO YAOBJICTBOPI,ITCflb.
Hofi reopnr.r ryp6yJreHTHoro reqeHufl, Koro-
par HenocpeAcrBeHno BbrreKaJra 6at r.r3 oc-
r{oBHbrx ypaBHeHr.r f i  r l rapo4HHaMHKH. Tpya-

IlocTb pelxeHHfl 9Tofi [po6reMu o6ycnoBJreHa c.no]rHocrrrro [poqeccoB,
coBepIxarcuIHXcfl B Typ6yJIeHrHoM noToKe. Ao Hacroflrrlero BpeMeHn
norepr.r Hanopa, rposlurb cKopocrefi, pac*oA rrpu .Tlrp6yJreHrHoM Terre-
Hl{r.r orrpeAeJrflJru no QopvryraM, noryrreHHbrM B pesynnrare o6pa6orKn
AaI{HbIX 3I{CnepIIMeHTOB, U nOSTOMy, 'KaK ;npaBlrJro,  9TH AaHHbre HMeroT
J'3r(r{e npeAeJrbI  npHMeHrrMocTrr.

_ T1'p65'neHTHbre pex(HMbr reqeHr{fl B r\{r.rKpoHHbrx sa3opax Haqarn
o6croqreJl[ 'Ho I.IccJIeAoBarb JrHIrJb B rIocJreAHHe roAbr, TaK KaK 6ltno
MHeHI'Ie, qTo B u{eJltx MaJrbIX pagMepoB TeqeHHe r\Iox{er 6nrrn roJrbKo
JIaMI'lHapHblM. Hcc,ueAoBaHHe saKoHoMepnocrefi ryp6y"neHrHoro reqe-
r{r{f l B sa3opax qeJreBbrx ynnorHeHuit 6vtno BbrrroJrHerio sauu no o6ule-
npHHff ToIi MeroAHI(e: ycraHaBJI HBarrH gKcrrepHMeHTaJrbr{bre gaBHcHMo-
crll xoaQSuqueHroB I'HApaBJIHrIecKoro conporuBJreHHq l, or qucJra Pefi-
HoJIbAca Re s 6o.nuurou Anarra3oHe AaBJreunr?,  reureparyp H pasMepoB
IIreJIrI, a sareM AaHHbre grKcrrepr.IMeHToB MareMarnqecKu o6pa1arbrBaJra
AJrfr nonyv'euHfl pacqerHbrx Qopvry.n. 3xcnepuMeHrbr IIpoBoAHnu c o6-
pa3rtaMr.r, o6pasyrcu{HMH rr"rrocKne H KoJrbr{eBbre u{eJrn c pagMepaMH
h:15-"76 Mr(M, / :0,5--15 rurvr [pr . r  Ar iaMerpe [JryHX{epoB d:15:

1 t2

l0 lS lp,Mtla

-:30 MrvI turrpt{Ha Kana.rra n.[ocKux

l1.l-{Il*Tu " 
rzrrbse. Lnn o6pa1

eopMyrry l{apcu

AP:I -! Pvz
D r 2

Vzc.no PefinontAca noAcqurbrBarn ro Qopnry"ne (4)

Re: 
a,zh- -  2Q

v ndv

Bsrpas'n cpeAHrorc,cKopocrb rroJoK_a u qepe3 pacxoA e n nnorq z[b cE:rreHl4g xlenk S:ndh, uoxno 3alHcaTb

poMe ]u, nv,6o saAaHbr, lw6o NroryT

( I  ) ,  (2) H (200) ,  ,o*"-o orpeAe_
pex{HMe TeqeHHr:
H NPH I{OHUCHTPHqHOM 

PACNOJIO)KC.

(200)

i . :96/Re, r (201)
AJI'  KOJIb*CAOI? ^CJIU H 3I{CIICHTPHTIHOM 

PACNO.IOXEHI,IH TTJIYH)KEPAIIpH enr"*:f t

3r<cnepuMeHTaJrbHbr(
yBeJIHtIeHaenn qucna Re 

:) I IoKa3bIBaIoT, rITo c
erct ABa yqac"*u *pri  

uaercf l .  f lpn srorra Hr,re-
naMHrIapHoMy, a lpyro 

oTopbIX coorBercrByer
secKHM 

-or.ror 
R;: i ; ;  

' l {HMy reqeHatl.  Kpgiu-
n ryp6yneHTHbru, AJrfr.  rr 

q ' i ral\ ' IHHapHoro noroKa
UeHTpHtIHbrx IIeJrer? UO; 

) AJrfl KO,rlbUeBbIX KOlr-

5 : { . i i  
(exn:1100.  l lp l  

v ,  Anf l  3KCUeHrpHrrHbrx
II{eJIeRbrX yrrJrOTHeH utt^C _}IHbIe [OIyrIeHbr 4,JIfr
\HH )KHAKocrH He 6ulo 

Koropblx npa Qa.rrbrpa-
TeMarnqecKyrc o6pa6orr Aa"ree n_poBoAI4JIH Ma-
Horo pexrartaa TerreHr{fl , 

*eHToB. Ann JIaMHHap-
no.nyl leHa 3aBucuMocrb KoHl{eHTpltvHofi  rr lertx

tron.,: 100/Re, (203)
N.PAKTHTICCKH COBNA.IA C TCOPCTHIICCKHMH 3HAqCHHflMH (2OI) .

r(oTopafl
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f lapauerpbr c u n no16r{paJrr,r Ha ocHoBe SKcrtepnMeHTaJllsoft saBHcH-

ono.t"  l r : f  (Re) no oaeto4y cpeAHHX. MareuarnqecKaf l  o6pa6orxa pe-
gyJrbraroB sKcrrepHMeHToB noeBoJIHJIa rIoJtytIHTb: AJIfl KoJlnqenoft KoH-
qeHTpHrIHoH I{ n.nbcxofi UIeJIL1 n: -0,77; c:19,63; AJtfl KoJIbIIeBofi 9.Kc-

i"" t i "unoft  u lenu rpl4 Emax: lL n:  -0,583; c:3,937. Taxuu..o6pasou,

ano ivp6yneuruoro pe)KHMa reqeHnfl B IIJIocKofi u KoJlbueBofi lqeJlflx'

KOrAa o :0 ,  3HaqeHHe xoeQQnuHeHTa

,4nq gKcIreHTpLIrIHoft ureJlu IIpH tpxa:h

Ion.n. "  max:57/Re, (204)

T.  e .  AaHHbte gKcr lepr rMeHTa oKa3aJrnco 6o.nee BbIcoKHMH, qeM TeoperH-
qecKlre SHar{eHr.rf  (202)
f lonuureHge oI Ib ITHbIX 3HaqeHHf i  l ,  no cpaBHeHHn c TeopeTHqecKuMH

Mox{Ho o6tgcgnrb MecrHbrMH cyx(eHuflMH KaHaJIoB, BcJIeAcrBHe BOJI-

HHcrocrg noBepxHocrn creHoK, o6pa3yloulux ureJIH, HaJII4qHeM Ha BxoA-

HOM yqacTKe Ka!1^ai laAonoJrHHTeJrbHOrO rHApoconpoTHBJIeHHfl '  KOTO-

pnrft  4rop*ynut" ( l  )  H (2\ He yqHrblBaercf i ,  a Ai l f l ,  sKcl leHrpuqsofi

uleJlr{-eure u qacrHr+rolt  o6.rnrrepaqlleft  xaHana Ha rex yqacrKax, rA€

sa3op h1 l5  r r lxu.

n n^ orpeAerreuur_ )vr-f  (Re) npn ycraHoBgBrreMcs ryp6yJIeHrHoM

ABI{X(gHHH 06t ' t t lHO HCnOJIbgyIOT CTeIIeHHyIO 3aBl{cHMOcTb

) '": c Ren' (205)

(206)

(207)

(20e)

3Ha-
ATN

)  _  19 '63'  \ : $ f l r

AJIf l  gKcueHTpuqHofi urenH (e*"*: l t)

)  _  3 '937
"re max- p"0,583

CosN,recrHoe peueHre ypaBHeHHft (2) u (206) H ypaBHeuun (207) nos-

BOJTHJTO rroJl]r{trTb Qopruynur AJrfl OnpeAeJIeHLIfl pacxoAa XI{AKOCTII qe-

pe3 [teJIeBbIe ynJIoTHeHHfl npn typ6yJIeHTHoM peX(H'A'Ie TeqeHI'I f :

AJI'I NJIOCKHX H KOJIbIICBbIX KOHqCHTPHqHbIX II{CJICf,I

Q.: o,424lvv( ry."o! )0'813 ;
\ lPvz I

(208)

Q": o,424ndv( 1'-!.! )o't" ,
\  lPvz  I

AJrf f  KOJIbUeBbIX 3KCUeHTpHIIHbIX U{eJIef t  (e^"* : f t )

e," .u* - 4,225d, {+)0'703
\  /Pvz I

f lpOnepxa noKa3aJIa, qTo paCXOlI(AeHHtI B sKcIIepHMeHTaJIbHbIX

qeHHfX H nOActIHraHHbIX, COOTBeTCTBeHHO' nO QopuyJIaM (208)

l l 4

(299) He npeBbrrxaror 2-Eo/0, vro BnorrHe npr{eMrreMo A/rfl HHx{eHep-Horf  npar(THKH.
vcraHoeJreHo raKxe, qro np'  ryp6y.rreurHoM pelKHMe reqen,f l  pac-xoA Qre max B KoJIhUeBbi" trlar"" npg sKcrIeHTpHrrHoM pacnoJro)KeH'HnJlyH)I(epa (e^^*:h) npeBocxorHT pacxoA Q, trpu r{oHrIeHTpHrrHoMpacnoJroxeHuH nJryHlr{epa Ha BeJTHTTHHV

<Dopuynu (206) - (209) cnpaBeAJr'Bbr rr 'rr b Arrr pac'{era rrrerreBbrx yn-.noruenufi, y koropbrx Her npouecca oOnHrefrrIHH KaHa/roB npn r(oH_ueHTp H rr HoM p acnoJro)KeHr.ur n JryHx(epoB, ule.r u o6p aeo"u"ii,r"r,, u ApH-qCCKHMI{ r IOBCPXHOCT'MH rHJIb3bI  H TI . I IYH}KCPA (OTCY,; ; ' ; ;  ;HYCHOCTbH OBA"IIbHOCTI) , A T\ABJICHHC )I{HAKOCTH HC I]CKAX(AET XOHSNTYP AI\HH'ICTH BCJICACTBHC ACOOPMAIIHH 4CrA.NCf i .  MAXCUUA [ IbHAf l  AJIHHA XICJIHB HanpaBJ IeHHH y req .K '  He  o rpaH 'g 'Baerc . f f ,  oAHaKo np '  AJTHHe KaHaJ Ial<70h saxr'veLxufrr pu."oj k"r^o.r' craHoB Hrcfl MeHbilre pacgerHo-ro, .crtrHlr{arrcb rro Mepe yMeHbueHHfl AJrr4Hbr rrreJr' np; of,"."""po-BO.{HbIX pacqerax AJI' OnpeAeJIeHHt yreqKH X(HAKOCTH rrepe3 rrleJr,eBbleynJrorHeHHn npv ryp6yfleHTHbrx pex(HMaX TeqeHHfl, KOfAa 3a30p Mex(AynJIyHX{epoM H ru"rrsori o6pasyer KoHycHyro rrerrb; il;;; *"oi"y.no.""ue 6onee 3o, uox<Ho ucnonisoBarr cleayronrue eopvrynu:AJra cyxarcUeftcs B HanpaBnenuh yieuxa ilIe.nn

Qr, , r* t ( l ,  l  _:_ l  12) er.

Qr.: (1,2 -_ I ,25) e*,;
'4Jrfl pac[apnrcuqerlcr B HanpaBJreHHH yrerrKu ureru

Qrp: (  1,3 --  1,35) Q*r.
Beru'HHV Q.' orpeAerrneM no eoprvry.ra^a (20g) ---- (2r0)
HHeM cpe4Heft  BeJrHqHHbr 3a3opa h"o:  

hrx t  hr^r*
L P 2

(2r0)

(2r1)

(212)

C UCnOJIb3OBa.

(2r3)

['rrx ynpouleHHfl p acqeroB uleJleBbrx yrrJrorHeHurl np r-r ryp 6y.rrenrHo]rtTeqeHHH paspa60raHa HOMOfpaMMa,  no *o"opo,  c  Aocraro, rHof i  nr f l  HH-)KeHepHor i  npaxraKH TOqHOCirn MO)KHO Onpe4e.nur l  nu60 yreqKy,  nvt60BeTH9HHV sa3oDa, o6ecne.ruBaloxlero sa4arrHyro. yreqri)/ .  Hol,rorpaN,rMa(p'c. 6b) no.'po." ̂  rii 6;;;;,;^; ?il;#il, HHa Lt Macrra AMf_r0,AJrr AaBrreHHfl  or  0,5 ao 30 MlIa,  reMrreparypu or __b0 ao +f  00"C 1asa3opcB or 3 Ao 100 uxna. I - Ipu ncno.rb3oBaHzu uouonpaMMbr eopiuy.ny(208) Mo)KHo npeAcraBnrb B BH.4e

Q : A B .

3Aecr 4-0,424 
#i B: (+)0, ' , '  .

I

3a,qaqv IIo onpeAeJreHrrrc pacxoAa qepes ruerb npg BaAaHHbrx Ap, h,l, d, i , t"nu x(HAKocru peruaerra MeroAoM rrocJreAoBaTeJrbHbrx npu6nm_xeHafi ' BHat{ane nPea,no.naraeM' qTo pex(HM TeqeHH fl }KHAKocrH B IrIe,rrHrlaM'Hapuufi, H HaxoAHM pacxoA no ipopryru" 1i1 i i i  ibj", 'rur.M rro
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Qopuyne (4) onpeAerrrreM qacJro Re; ec.nu Re(Re*p: IZSO, ro aro 03-
Harlael ' ,  r ITo r loroK B UI€JIH JIalvt l lHapHbII l  H pel lreHHe f lBrqercf l  oKoHrIa-
TeJIbHbIM. Cnyuaft Re)Relp,cBHAeTeJrbcTByeT o ToM, rrTo pelKHM Teqe-
HHfl B UIeJIH Typ6yreHTHblft ;  BHaqeHHe Q 

-oxasa.noct 
3aBbr[reHHbrM H

paccqr . r rbrBarb HaAo ro  oopMyrre (213) ,  no"nn3yfc t  HoMofpaMMof i  pHc.
65.  f lo  Bgprnxa. [bHof i  ruKate HoMorpaMMbr (c . r rena)  HaxoA;M sHaqeHue
/0'8r3 u Bblqncrf leM A -0,424 ff i  .  3aren HaxoAHM 3HaqeHHe B. ! ,nn

SToro or BepxHeft ropneoHTa.rlbHorl t i iKaJrbI HoMorpaMMbr,or orMerKH, co-
oTBeTCTByrOUerf 3aAaHHOMy rrepe[aAy AaBJreHHfl,  O[yCKaeM BHH3 nep-

TOqKa OIIpeAeJIf leT r. ICKotvrqe 3Har{eHne h.

f n a s a  I X

,JTAE VIP HH T H bI E YN JI OT H EHTIfl

tlenesoe ynJIorHeHHe c Bblcryrr a*v. wftr KaHaBKaMH, pe3Ko HgMeHfl-
loulnun npoxoAHble ceqefiHn KaHaila Hilu HanpaBJreHLIe noroKa, Ha3bI-
BaIOT JIA6U!rHTHbIM{.I. V Un"nuHApHr{HbrX corrpfraeMbrx AeTaJreft ila61-
pHHTHOe ynJIorHeHI'Ie, KaK rlpaBHJrO, HMeer oAHocropoHHee pacfioJro]Ke-
HHe KoJIbUeBbIX KaHaBoK' H3roroB.[eHHbIX Ha [/ IyH]I(epe (pr.rc. 66). Con-
POTHBJIC.HHC NOTOI(Y. XA4XOCTI,I B TAKOM YTIJIOTHEHHH COSAACTCfl HA

1-/

3

Q - Yutlo (t + t,biz;; t"e:t->t*.- 
l2,o?[ea

I
\
)(2r4)

l t7



Puc.

3lecu ,l - pnulHa ureJrr.r B HanpaB-
JTeHHH yreuru x(HAKocrH;  X/x :
- z l ^  -  cyMMapHan  uHpHHa  KaHa-
BoK; z - qncno KaHaBoK; /n - urn-
p H H a  K a H a B K H  ( c u .  p u c .  6 6 ) .

PIs QopMyrlbr .(214) crleAyer,
'{TO yrerrKa qepe3 .rra6Hpttt trHoe yn-
rorHeHue yBeJluqHBaercf l  s rol l  xe
cTeneHH, HacKoJIbKo KaHaBKI I  yKO-
paqHBaror AJTHHy ureJIH. Cpe4u xou-

66. Cxerr,ta .na6upuHrHoro ynflor-
H C H U f l

crpyKTopoB ruApoarperaroB MHeHne o roM,  qro ra6Hpr . rHTHbIe KaHaBKH
B ureJleBblx ynJIorHeHHqx yxyAualor ynrorHfl Iourue caoficrsa, Ao noc-
JreAHero BpeMeHH 6lr.no npeo6raAalournM. VI ecnu, HecMorps Ha oro, Ha
noBepxHocrsx ynJrorHfleMbrx Aerareft Hape3alor KaHaBKH, To sro AeJIa-
Ior, rJraBnurt o6pa3oM, B ueJrf lx pasrpygKa n.rryuxepoB or 6oxoeblx He-
ypaBHoBeuJeHHbrx cHJI, [oBbruIarcurnx cHJrbI TpeHHfl .  VqErutsa]or ra Kx(e,
qro KaHaBKH HrparoT nofiolKHTeJrbHyto poJlb B npouecce npHTrlpKH
nayHx(epoB H yMeHbuaroT orracHocrb 3aKJrHHHBaHI.rf  i lJIyHX{epHOfi na-
pbr  r rpH pa6ore Ha 3arpr3HeHHof i  )KI {AKocrH,  TaK xax o6. lerqaerc f l  Bo3-
MoxHocrb yAaJreHHf l  TBepAbtx  t racrHu garpn3Heuuf i  Hs 3a3opoB.

Onuruas  npoBepKa  3aBHcnMoc rn  (214 ) ,  nponeAeHHaq  HaMH n  6on t -
uroM AHana3oHe AaBJreHHf H TeMneparypbl ,  noKa3aJla ,  qro  Teoper l ' Iqe-
cxnf i  u  Qaxrnqecxuf i  pacxoAbr  coBrraAaror  roJrbKo npu J IaMHHapHoM pe-
xHMe rer{eHHfl B rqeJrr{ c qucJraMr.r Re(400. l lpn rer{eHuH c r{HcJraMi,I

Re)400 aeficrBr.rrerbHuft pacxoA MeHbnle pacqerHofo, noAcrIHTaHHoro
no Qoprvry.rre (214). PacxoxAeHnfl B pe3yJrbrarax yBerHqHBalorcr no
Mepe noBbIL leHHf l  r repenaAa AaBJIeHHf l ,  TeMneparypbl  x (HAKocrH H qHc-

na na(tupHHTHbIx KaHaBoK.
B T exuuqecxof i  JHTeparype He ocpeuraJ lacb MeroAnt{a  pacqera yreq-

Krr qepe3 .na6up u HrHbre yh.norueu Hfl  ruApoarperaroB npH ryp 6y.neHrH bIX
noroKax.  PercoueuAauuu no nu6opy Qoptr ru  pa3MepoB KaHaBorK,  a  raKx{e
paccTofHpr f l  MelKAy KaHaBKaMu pa3HopeqHBbl ,  y  pa3J l t {qHblx  aBropoB
HaxoAr{M TaKHe BeJrHqHHbr: rrrupHHa KaHaBKH (crr l ,  puc. 66) vro>r<er Surn
l^ :0 ,2- : -1 ,5  nau,  rny6una h^-0,2+1,0-  una,  paccrorHl4e Mex{Ay KaHaB-
KaMH l r :0 ,5 :5  r t r r ra .  Eo.nee roror  yKa3aHHbIe pa3Mepbt  HH n xaxof i  c re-
r reHu He cBf l3aHbr  HH c sern, rHHof i  3a3opa h,  uw c  pe lKHMoM TeqeHlr f l .
Ontrrulre AaHHbte cBHAereJrbcrByror o roM, qro MaKcHMaJIbHoe rI{ApaB-
rIHqecKoe coi lpoTHB,'IeHHe co3AaIoT KaHaBKH JlHll Ib OnpeAeJIeHHOro no[e-
perrHofo ceqeHHf l  r rpH HeKoTopbIX or rTHMaJIbHbIX pa3Mepax,  SaBuct {UIHX
or BeJIrrqHHbI 3a3opa MelKAy. nJIyHlKepoM H ruJlb3ofi  u orcroqxrux Apyr
or Apyr'a Ha onpeAeJreHHoM paccrosHl.tn. MaccosuIf i  nepexoA rHApaB-
r r rqecxHx H TonJrHBHbrx c l rc reM r ra  pa6oty  c  6onruptM AaBJIeHHeM H Bbt -
coxof t  reMneparypof i  AeJIaer  axrya.nruof t  saAaqy paepa6orxn raxof t
MeToAHKH npoeKTHpoBaHHn H pacr{era .na6upuHTHbtx ynJ lorHeHuf i ,  npn
r<oropolt pacqerrlbre AaHHbre MaJro orJrnqalorcr or HcTHHHbIX. Eu"ra
nocraEJreHa 3aAaqa onpeAeJrr {Tb BJTHaHHe Ha BeJIuquHy yreqKLI  H xoaQ-

Quuuenr  qucJra Re $opubr  ceqeHHn A pa3MepoB KaHaBKu,  paccrof lHus
MC}I {A) -  } IHMH,  T IHCJIA KAI IABOI(  H OTHOCHTCJIbHOFO TIOJIO)KCHH' I  NJ I )THX{CPA

B rHi lb3e.  3xcnepHMerr rbr  BbtnoJIFI f lJ I14 c  o6pasqatv l l . t ,  o6pasyrcurHMn

l l 8

1
I
i
I

i
J'

nJrocKHe r.r KoJrbueBbre i lreflH, npn neperraAax AaBJIeH[q or I ao 20 MfIa.
MaxcuuaJrbHoe qncro KaHaBoK B yrrJrorHeHLIH AocruraJlo ceMH, 3a3op
h usweHfl;ru or l0 ao 76 trxm, rny6n.Hy KaHasow h^ or 0,035 4o 1,2 ltv,
runprrHy /r, or 0,46 lo 2,5 uu, paccroflHne MelKAy KaHaBKattu lr or 0,5
Io 2,5 uu. I4cc.ueAoBarn nflrb pa3rr.rrrHbrx $oprr,r ceqeHufl xauaexu (ctvt.
pnc.  68).  t {epea yrrJ lorHeHfie npoJIHBarIH Kepocru T-1,  6eueLIH B-70,
Macrro AMf-10 u >xnlKocrb 7-50c-3 rpn reMneparype or *  15 ao
+ 150" c.

AasneHI.Ie x(HAKocrH H3MepsJII ' I  y BXoAa H Ha BbIxoAe I43 ITIeJIH,
TeMneparypy x(HAKocrH - ToJrbKo y BXoAa B ureJlb. PacxoA x(HAKocrH
orrpeAeJrf lrn o6relrHbrM MeroAoM.

VqurlrsaJrH, rITo B peaJlbHbrx )rcrpoficrsax nJryHx(ep B rI, IJIb3e Mo)Ker
npHHHMart .nn6oe npoMelKyroqHoe rroJroxeHHe or KoHIIeHTpHqHoro,

KOrAa HX CCU COBnaAaTOT H e:e lh-O,  AO MaKCHMaJIbHO 9KCUeHTpHTIHO-

ro H smax:  e^u* lh :1 ,  xorAa 'nJryHx(ep I IpH}KaT'K noBepxHocTLI  rHJIbSbI .
f loerouy 14 oKcrreplrMeHTbr, H MareMarurrecKyro o6pa6orKy pe3yJIrtatoe

na6"nrcAeHnrt npono1anrr4 AJrf l  AByx rrpeAeJlbHblx cJlyqaeB c r-0 H s: l ,
qro r lo3BoJrf lJro oqepTnTb noJre BepoflTHblx gHaqenufi  ytrJIorHHTeJIbHoro
eQSexra.  I , Ic ruusoe ero 3HaqeHHe MolKHo ycraHoBzTb roJIbKo npn 3a-
paHee H3BecrHofi sefl  r .rqf iHe 3KcueHTpHcr.rrera.

Ilo'repn AaB/reHHfl n nalupvtHrriolr yrrJrorHeHHH onpeAeilflJu4 no Qop-
Myrre !,apcu-Beftc6axa

Lp:) .++rze
rAe l, u [ - xoaSQuqneHrbr rnApaBJrrrqecKoro corpornBJreHnfl, coor-
BercrBeHHo, TpeHHrr B y3Kofi qacrn uIeJrH Ha yqacrKax Me)r(Ay ,na6u-
pHHTHbTMLT KaHaBKaMv f i  MecrHoro conpornBJreHun v na1upuHrHot i  xa-

l o *
HaBKe;  t r " * " : ' ^  

+  *  .E;  D 
"= 

2h.  f lpHuuuan Bo BHHMaHHe,  r { ro

cpeAHr f l  cKopoc rb  no roKa  a :Q lS ,us  (215 )  no " r r yuHnr

. :  
2L,pS2 _ 2Lp (ndh\z

qQ2 ?Q2

I4ues AaHHbre npoJrHBoK, JrefKo orrpeAeJrnTb hHe. f lo sHa.IeHHRM is*" H
Re croon.nn rpaQnK L*":f  (Re). Ha oroM x<e rpaSHKe crporl lrr4 KpLr-

l^*
ByIo L 

+ 
: / (Re) ArIfl urerln 6es KaHaBoK.

' KooSSHTIHeHT l, rn4panfiHqecKoro conporr{BJreHaff r.na4xofi rueJIH
(vrex4y KaHaBKarrru) n 3aBHcHMocrH or pexarvra reqeHHfi H noJrolKeHuff'
nr lynlxepa B ru.nbee r laxoAHfiH no $oprrryrraM (203),  (204),  (206),
(207). 3HaqeHne zl AJrfl KalKAoro qncrra Re onpe4eJrrlf locb BbrrIHraHHeM
ef,:l,3*s-l,,1e*12h. f lpu raxoft nreroAnxe o6pa6orxu AaHHbrx eKcneptl-
MeHToB xoa$SHrrHeHT MecrHbrx coflporuB.neHHfi [, nxnrouaer B ce6s He
TOJTbKC noTepr{ 3HeprHr.r, BbrsBaHHbre pe3KHM c)KaTH9M H pacrrIHpeHLIeM
noToKa, Ho H noTepH Ha TpeHr.re B KaHaBKe H AorroJrHHTeJrbHoe yBeJII{qe-
HHe corporuBJreHHfl, rrpr Soprr,rupoBaHHLr [oroKa (npo$unn cxopocru)

' pvz t pv2

2  
- " " K R  

2  
t (215)

Ha yqacrne ysxoir uIeJrH ea, xaHanxoft.

i l9



l .  THAPABJI HTIECKOE COnPOTHBJIEH14E I , l  PACXOA

Ha pHc. 67 nprrBeAeHbr orrbrrHbre 3aBficr.rMocrn xoeQQHIIHeHToB
MecrHoro co[pornBJreHHfl . ira6npnHruofi KaHaBKH or qrrcJla Re. I(pu-
Bbre I f iocrpoeHbr AJrfl KoHrreHTpnqHoro pacnoJro]KeHufl nJIyH]Kepa B
ruJrb3e, KprrBble 2 - glt sKcIreHTpHtIHoro (e- l), xorAa nJIyH)Kep Ka-
caercR noBepxHocru rHJrbsu. Ooprua ceqeHHfl  KaHaBKH rrpf lMoyroJlbuat.
Pasuepu: ln:0,46 tr l t r , t ;  h^-0,5 uui  l r :  I  vrrra.  f lpu aHaJIH3e onblrHblx
AaHHbrx cAeJraHbr Tar(He BbrBoAbr:

npr{ TerreHr{H }r(r.rAKocrrr c Re(400 .q.rrn aKcueHTpr.Ir{Horo u Re(500
AJrf KOHUeHTpHTTHO|O paC[OJTOX(eHHn rrJryHxtepa B rHJrb3e HaflHqHe fla-
6HpHrirubrx KaHaBoK He Hapyuaer JraMHHapHoro reqeHnf l  B sa3ope n
r<oeQQlruHeHT MecrHoro conporHBJreHHfl  KaHaBoK 6nusor(  K HyJIIo.  nnn
pacqeTa.yTeqKH r{epe3 y[JroTHeHr.re B STOM cryqae o[paBAaHa 3aBwcvt-
M o c r b  Q l a ) ;

.  nplr  yBeJrrrqeHrrn 3Harresrr i ' r  or  Re=500 a.rrq KoHueHTpnrlHoro pacno-
Jrox{eHufl nJryH}r{epa B rHJIb3e H Re=400 a.ns 3Kcr{eHTpnrrHoro pacno-
Jrox(eHuff, KorAa [JryHx{ep Kacaercfl noBepxHocr[ rHJrbsu, ua6rloAaer-
cr  aHeprurrHoe Bo3pacrauue xoeSQraqrreHra f ,  vro Bbr3BaHo H3MeIIeHH-
eM pe)KHMa TeqeHHR B 3a3ope y[JTOTHeHHfl ;

sHarreHur Re*p:500 Arq nrocKrrx lr KoJrbueBbrx rrreJreir npu e-0 n

f texna:400 AJrf l  KoJrbueBbrx uteref i  npn e:1 HaseaHbr KpHTHqecKrrMrr;
B rpaHHUax 500(Re< 1200 AJIf l  KoHIIeHTpHtIHoro pacro, ' Io lKeHl{ t t

rrrryHlKepa u_400<Re(1000 Arq 3Kcr{eHrpuquoro pacnoJlo}KeHI,If i
rrnyHx(epa (e: l) na6"rrroAaercfl noBbILUeHHe 3HarIeHHfl xoeQQnuHeHTa
E npn yBeJIHqeHHH qucra Re. 3ro repexoAHas o6"nacrr .  Bepxuee 3Ha-
qeHtre qHcJra Re s nepexoAHoft o6nacrn 3aBHcHT or qucra na6upuurHblx
KaHaBOK B  ynJ roTHeHHH [ r  yMeHb[ IaeTCf  npH yBeJ IHqeHHH qUCJIa  IOCJ IeA*

HI tX ;

s  o6nac rn  ryp6y .neHTHoro  reqeHuf l ,  Ao  MaKcHMai lbHo  no ryqeHHb lx

r rpn eKcrrepuMeHrax 3HaqeHnrx r{Hce"rr  Re:4500, xoaQQu,qHeHT I  c yne-
f lHqeHHeM qHcJIa Re yuenr, i laercf l ;

' E

t,6

1,2

O,E
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+Oo AoO tnO fi00 20M 240A 2800 3200 J600 Pe

Puc. 67. fparprrx 3aBtlcl tMocrlr xorQ$u-
uneHra f aa6HpuHrHofi xasanl{H npnMo-

vto,'IbHofo ceqeHHq or qnc,ra l?e

/JJI

7
lJJZ

J,
,/2
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\

/<- I r
TI

{
2

/

120

/ \
npH SKCUeHTpHqHOM paCnOJrOX(eHHH, '

KOfAa rrJryHx{ep c Hap$aHHbrMH Ha HeM
nonepeuurrMu xaHaBKaMH Kacaerccr  r ro-
nepxuocu.r rllrrb3br, Re*p floroKa xr.IAKo-
cru B rrerx, TaK )Ke KaK H [;  yueHluraer- .
cf rro cpaBHeHHro c cooTBeTcTByrorrIHMH
SHarreHHflMr.I AJrf y[JroTHeHHfl C KOHTIeHT-
pHrrHbrM pacnoJrox(eHHeM uryHx{epa B
rHJrb3e.  3saqeuas xoaQQuur4eHToB con-
porHB/reHHfl eAraHuquorl KaHaBKH rtpn
KOHUeHTpT.TqHOM p aCrrOJrOX(eHVH IIJryH]Ke-
pa r . r3MeHf lercr r  or  E-  1 ,6  npu Re:1200
Ao €:0,9 npu Re:4500 r.r oKcueHrpuq-
HoM pacfioJrox(eHun (e- I  )  or E: 1,363
upu Re- 1000 Ao E:0,72V rpu Re:
:4500;

,%z.t:4: 24
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0 +00 800 1200 1600 2000 2400 Re

Pnc. 68. Baassne tpopun ce-
qeHHff .na6upnuruofi KaHaBKH
Ha Benuqr.rHy xosQQnuneHra
rH.4paBflHqecKoro conpoTHBJre-

HH'I

(216)

r2t

I
L

2,0

lr5

' / , 0

q5

xoaQ$uuuenr conporunJreHnfl z KaHa-
BoK, pac[o/to)KeHHblx lrocJreAoBa.TeJrbHo oAHa or Apyrofi Ha paccroflHnn
l t>30h, orpeAeJrf l ror  H3 BbrpalKeHnq )E-zE.

flpu ynaeHlur'eHua paccrofl Hr.rr Me)KAy KaHaBKaMH, BHar{eHHe I iar<>xe
yMeHbuaeTcf l .

O srusHr.ru Soprrnbr ceqeHuq KaHaBKH Ha BerHrrHHy xoaQQuuHeHTa
f wtoxHo cAeJrarb BbrBoAbr rro AaHHbru rpaQr.rKa, trpuBeAeHHoro Ha pnc-
68. Han6oJlbuee rHApaBJIHrrecKoe co[porr{BJreHue rroroKy co3Aaer Ka-
HaBKa C CeqeHHeM npflMoyroJrbHoro TpeyfoJrbHHKa, KareT KoTopofo
[ep[eHAzKyJrflperu HanpaBJreHr.rrc roroxa, a ocrplrf i yron HaxoAHTcfl co
cropoHbl us6Hro'IHoro AaBJTeHl{fl . VeenHqeHHe rHApaBJrr{qecKoro cofipo-
THBJIeIILIf l  raXOfi KaHaBKH nO CpaBHeHHTO C COnpOTHBJIeHHeM KAHaBKTI
npflMoyroJlbHOro ceqeHHfl AocrHraet 40010_.

MHsIzltaJIbHoe conpornBJIeHr.re rroroKy co3Aaer KaHaBKa rpeyroJrb-
Hof i  SopMbr c  ceqeHueM panHo6e4peHHoro rpeyroJtbHVKa.  fn4pan.nuqe-
cKoe conporHBJIeHHe KaHaBKH, r, t ,Meroxlef i ,  cxpyrJreHHbre KpoMKH, rrplr-
MepHo ua 300/6 MeHbrxe conporr.{BJreHHfl xaHaexH c ocTpbrMH KpoMKaMH-

B.nuqune uupHHbI KaHaBKr.r /* npnuoyroJrbHoro ceqeHnfl,  Ha BeJrurr lr-
Hy E Hrrrrrocrpupyercrr rpaQuxor,r (puc. 69, a). MaxcnnaarrbHoe 3Haqe-
Hae I rrorryqeHo rpr{ orHorreHuu l^lh= 20. fpaQux Ha pr.rc. 69, 6 noKa-
BbIBaer BJrr.rf lHr,re r.ny6nHlr KaHaBKH h^ ua xoeQQH[r.reHT [.  HaunlrroA-
uefiuran r"rry6una KaHaBKr.r JreN(Hr B npeAe/r ax hn: (3+-5) h. [Lpu orHo-
rueHHH h"lh>8 sHaqeHr.re xoaQQHrlr,reHra E crafuilusupyercfl. Vls
paccMoTpeHufl puc. 69, 6 cJreAyer, rrro paccToflHHe MelKAy KaHaBKaMrr
He peKoMeHAyeTCs IIpHHHMaTb MeHb[Ie r letvI 40h.

M arerr,I atul{ecKafl o6p a 6orxa p e3yJr braroB g Kcnep HM eHToB rro3 Bodrr I{-
f la [oryqurs SyuxurroHaJrbHbre 3aBHcuMocrrr €: l(Re) Ai ln er,HlnqHofi
KaHaBr(H npnMoyfoJrbHoFo ceqeHHr c  ocTpbrMH KpoMr{aMw npK qHc" [ax

Re)  Re, ,p :
AJrf KOHTIeHTpHT{HOrO paClOJrON(eHHfl ruryH}Kepa B rHJrb3e



45 60 Ll /h
B)

AJrrr 3KCrIeHTpHrrHOfO
BepxHocrH fHJIb3bI,

pacnonox(eHHfl, KotAa rIJIyHlKep KacaeTcfl IIo-

, 4 1E: *p;r-. 
(217)

Koe$$nrIHeHT conpornBJreHHrr KaHaBKH c ceqeHHeM nprMoytoJlbHo-
ro rpeyroJlbHuKa, ocrpnrft yroJr Koroporo HaxoAHTcfl co cropoHbl [e6H-
TOqHOTO AaBJreHHrI, a KaTeT nepneHAHKyJrfpeH HanpaBJIeHHlo rIoToKa,

(218)

l lo.nyueHHbre 3a KoHoMepHocrH rro3BoJrRror np HcrynnTb K npoeKTHpo-
BaHHro H pacqery na6upr.rHTHoro ynJrorHeHufl, cfioco6soro co3AaBarh
MaKcrrMaJIbHoe THApaBJIHT{ecKoe corporHBJIeHHe noroKy. f lpoerrnpo'
BaHHe cBoAHTctt K onpeAereHnrc 3asopa h vre>x,qy nflyHlrep-oM H rHJIb'
sofi, 4.nuHbr ureJrH l, 

-nnr6opy 
Sopunr ceqeHun "rra6HpnHrnofi KaHaBKH'

OrrpeAeJIeHHIo ee pa3MepOB, -yCTaHOBflerlHIo paccToflHHfl Me)KAy KaHaB'
KAMH H qHCJIA  KAHABOK.  

.

Tax xarc pacxoA )KHAKogrH qepe3 xIeJrH noA AefiCTBHeM nepenaAa

AaBJTeHH fr Li s 6onruofi  c{eneHn 3aBncnr or BeJII. IqHHII sa3opa h, no'

3ToMy oH AoJr)Kes 6urn MHHHMaJTbHbTM n nrt6npam ero_ cJleAyer B co'

oreeicrnHr4 c pexorrleHAaqHtrMH, H3JIOIKeHHbIMH B fJI.  I .  vSerI ' I ' {eHHe

AJIHHbI /  tr1e.nr ynJIorHeHHfl npHBoAHT K yMeHbIrIeHI'r Io yreqxn . MnHn-

MaJrbi{af l  A,rtHHa I Lns n.nyHx-epoB ALIaMeTpoM, npeBbluarcU{HM l0 UU,

AoJrlKHa 6utn 2-3 MIr,t  *.  
,

V soflornuKoB c nJIocKHM H uI{JIHHApHTIecKHM [JIyH]KepoM' rAe Bax(-

Ho noflyr{HTb MHHr{MaJrbHyro yrerlKy r lepe3 3a3opbl, 6onee nuno4Hoft 6y-

* 3ra peKoMeHAaqHr He pacnpocTpaHflercfi Ha ynpaBnflolqne 3oJIoTHHKH cJIeAfl-

ulHx nprrBoAoB.
' t22

ACT QOPMA CCIICHHfl  KAHABKH B BHAC l lPf lMOYfOlbHOfO TPCYIOJIbHHKA,
KaTeT KoTOporo nepleHAHKyJIf lp_eH HalpaBJIeHnIo noToKa, a ocrptrr i
y foJl  HaXOAHTCff  CO CTOpOHU Ug6UTOrrHOfO AaBreHHq, TaK KaK TaKaf l
$opvra co3Aaer MaKcvMaJrbHoe colpor'BJreHr.re noiony. oa"uno cJreAy-
eT yqecTb' rITo npI'I H3TOTOBJIeHfiH KaHaBOK TpeyrOJIbHorO CeqeHLIfl TpyA-
HO noilyqarb oAHHarKoByro urHpHHy no oKpyx{HocrH nJryHx(epa. A^ake
He3HarIHTeJIbHOe H3MeHeHHe rxHpt{HbI KaHaBKr.r MOX{er npr.rBecrH K rloflB-
JICHHIO 6OKOEOI? HCYPABHOSCUCHHOfi  CUIU, sAUICMJIf l rOUCfi  I IJ IYH>KCP B
rHJrb3e. f loaronay nplr3HaHo rle"rrecoo6pa3HbrM y rrJryHx{epoB \wrHHApr4-qecxofi 

Qopl,rrr KaHaBKW y nalupuHTHOM ynJrorHeHrln AeJraTb npflMo-
yroJrbHoro ceqeHprf c ocTpbrMtr, KpoMr{aMH.

l lpa onpeAeJIeHHI{ pa3MepoB KaHaBoK cJreAyer yqr{rbrBarb saKoHo-
MepHocrI ' I '  t IpHBeAeHHbIe Ha pHc. 69, nuecre c reM HeJIb3r He VqHTbrBaTb
H npoH3BoAcrBeHHbIx Bo3Moll(Hocretl .  f loeroMy . UeJrecoo6pdsHo Hape;
sarb KaHaBKH urupnHof i  /x :20h,  rny6uuof i -  hn:$h ( "o  He MeHee
hn-  0 ,2  narvr ) .
PaccroqHae Me)KAy KaHaBKaMH cJreAyeT AeJraTb h:40fu. Ecnu [oJro-
)KHTb' qTo MaKCHMaJIbHOe rHApaBJrHqecKoe conporHBJreHHe CO3l],zl€T Jr2=
1upuuruoe yrJrorHeH,e, y Koroporo u'pHna xi'a"o* r^:208,';-p;;-
cToflHHe oT BxoAa Ao nepBofi xaHasxr{ H Me)r(Ay KaHaBKaMH lt:40h, ro
JIefKo onpeAeJlfleTct H qHcJIo KaHaBoK z, np4 KoTopoM yTer{Ka r{epe3
yrIrIgTHeqH,e 6yaer Mr{HaMarrruofi. Hs pHc. 66 cneayer, ,rro I _ ir i
: z ( l r *  /n ) ,  o rKyAa

I  -  I '
t -  -  L  -

,  l t * I x

f lo.rryveuHoe sHaqeHue z oKpyrJrflroT Ao ueJroro rrucJra, B cropoHy
M e H b u e r o  3 H a q e H H t .  I

-..-', 11_11 lllrrrorgeHun np eAycM arp HBaer orrp eAerreHn e p acxoAa (yreu_
KH' qepe3 rrreJrb. l lpe4nonaraeu, qro nepenaA laeneHH, Ha UreJrH'.Lp:
:Po-pt 3aEaH, TaKxe I ' I3BecrHbI TeMneparypa n r: , / 'n )KHAKocrH, qrro
ACCTATOqHO AJI'I OIP-C-ACJICHfi' IIJIOTHOCTH P H XOESQUqUCHT A KHHCMATH-tlecxofi  Bfl3Kocrl l  v. I ' lseecrHbl TaKx{e nu6paHHbre HaMH reoMerpHrrecKue
pa3Mepbl ITIeJIH (a.nusa /,  sasop h) ^ pa3Mepbr KaHaBKH (rny6uua h^,,
rurr,plrHa /*, paccrorrHne Me)r(Ay KaHasxaM u t i) .

Ann onpeAeJreHufl pacxo/a >xHAKocrH npu ryp6yJreHrHoM TeqeHHH
HctIoJIb-3yeM, ypaBHeHHe (215), I{oropoe nocJre rroAcraHoBKH B Hero BHa-,IeHr.Iii E, L, lt, l^, h*, z npunuvtaer BHA:

AJIR KOHUCHTPHTIHO|O PACIIOJIOX(CHHA NNYHKCPA B fHJIb3E i-O

Pnc. 69.  Xapaxtep H3MeHeHHfl  roaQ-

QnqueHra MecrHoto conporHBJIeHHl.
.na6lrpuurHot l  KaHaBKH B 3aBHcHMo-
crn o-r uHpHHbI (a), uy6unu (6) .tl

paccrof fHl ln Mex(Ay KaHaBKaMH (d)

JO15

t - 4 0 h (21e)
60/t

Ap: Aqr,zs + BQ,t,u, ,

A-0,47, 
'tol7 p (t,L20h) 

i B:0,0846 
tto'a| p (I - 4oh)

l134t,zo fu841,57

(220)
TAC

AJIff  9KCIIeHTpHqHOTO pacnoJlo)KeHHf, KOrAa rrJryH)Kep Kacaercf l  creH-
KH ruJrb3br G: I  )  ,

(22r )
123

I Pe= tJ00 |
i ̂ pd- f ̂

-'1^t'-^T x x+'xrr!-

i.-= .,?e =1900 _f-

Ap-AtQt,4z + B"Qr,tr,



rAe

A"-0,0862 vo'58p U +2oh')
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VpanHenux (220) Lr (221) yAo6nee perlarb rpa$oaHarIHrHrIecKHM
cttoco6oM (puc. 70) .  ! , .nn groro 3aAaeMcfl HecKoJIbKHMLt 3HaqeHHflMH
pacxoAa Q, Ans Koropblx noryqaeM coorBercrByloune 3HaqeHHr no-
ieps Harropa Ap.  3areM crpouM KpHByIo Lp- f  (a) .  B toqxe nepeceqe-

-  I  MM,  r rgc ro  KaHaBoK z :6 .
I(punue I w 2 (cru. puc. 70) noryqeHbl rrpn pacrlere no $opnlyJlaM

(2201 H. (221) Ans, na1Hpl{HrHoro ynrrorHeHLfl r IpH KoHueHrputIHoM H

3r(cr{eHTp[rr{HoM pacnoJlo)KeHLIH [JIyHX(epa (e: '  l  ) .  nns- cpaBHeHI,If l

Jrox(eHHH nJlyHlKepon. f lpt l  onpeAeJIeHHH yreqKn KoHcTpyKTopoB, KaK

npaBrrJro,  HHTepecyroT MaKcr IMaJrbHbre 3HaqeHI . I f l  pacxoAa,  KoTopble

roIyqaFTcf l  npH e:  l .

lp,l,//7a
CpaeneHHe 3HaqeHI4iI  PacxoAoB

A-Jtfl, ila1HpHHTHOrO ynJIOTHeHnff H

yrrJlorHeHnfl c r.naAxoft It(eJIb{o ro-

Bophr B noJlb3y nepBoro. xors pa3-

JrrrqHe B pacxoAax H [oJlyqnflocb He

oqeHb cyi l IecrBeHHblM, OAHaKO CJIe-

Ayer yqecrb Apyfoe, BaxHoe npeu-

MyIIIecrBo JIa6HpHHrHoro ynJIorHe-

HHff, SaKrloqanqeecfi  B TOM, qro

KaHaBKH, BbIpaBHHBafl,  AaBJIeHHe B

KoJrbueBoM 3a3ope, clroco6crByIor

ueHTpr{poBaHIIIO nJIyH}I(epa B rHJIb-

3E I, I  3HAI{HTCJIbHO CHH}KAFOT CHJIY

TpeHHt. f lo AasHottvI gKcIIepHMeH-

TOB, npHMeHeHHe KaHaBOK, Hape-

3aHHbIX Ha nJ lyHxepe,  npHBeJIO K

cHfl>xeHnlo cHJIbI TPeHHfl ua 98% no

t5

50 100 q,cnr/c

Pnc. 70.  fpaQurn 3aBHcl lMocrn pacxo-

Aa or H3MeHeHHfi AaBJIeHHtl, paccqHTaH-
Hbte no QoPuYnau:

.t - no (220); 2 - no (221); 3 - no (208); a -
(20e)

t24

cpaBHeHHIo c cHJloft rpeHur [JIyH]I(epai He'HMerou1ero KaHaBox. I(anae-
KH TaKlKe yMeHblxalor onacHocrb saKJrHHHBarrf l ,  nJryH)Kepa rrpu pa6o-
re sA 3arpfl3Hei{Hori x(LrAKocrH.

f lo,ryueHHble 3HarIeHHfl pacxoAa cpaBHlrBaJrH Tar{}Ke c pesy {rbrara-
MH, paccqHraHHbrMr{ ro fopuy.ue (21,4) - eAr{HcreeHuofi Qopmyne 4nn
pacl{era na6upvrurHbrx yrrJrorHeHufi rulpoarperaroB. PaCxox<aeHHr B
3 H aqel{ I{fl X np eB bI Ix anu 200 0/e, urO [OATBepX{AaeT a I(Tya JIbHocTb ltp oBe-
AeHHOf O trCCJreAO B aHHfl .

B saxrrorreHue yKax(eM, uro $opr'rynat (220) u (22I) cnpaBeArrnBbr'
JrHrub AJrf l  yrrJrorueHrari,  y Koropbrx Her o6.nurepar{lra ueJrH rrpr{ KoH-
IIeHTpHTTHOM paCrroJIOX{eHHH nJryH)Kepa, uleJrv o6pasonaHbr rrJrocKHMH
ullkr r\LrJrHI{ApHrIecKLrMLr noBepxHocrflMH rrJryH}Kep a H rnlrbstr (orcyrcr-
Byer l(oHycHocrb rr oBaJrbHocrr),  a AaBJreHr,Ie >KHAKocrr,r He I{u{a}Kaer
xo u_Q r-rry p aryuu x{eJr H BcJr eAcrB ne 4e$op M ar{ H H 4 er a.n e fi .

.B ]'cfloeuflx pa3Bprsarcqefics, o6nnieparrnn ue.nert eopnry.nnr (220)
I{ (22I) cnpaBeAJInlbr nulJtb Arrfl, orrpeAeJreHnfl MaKcnuannHort BeJrK-
r{I{HbI yreqKu, LI3MeptIeMot? g HaqaJrbHbrft uonaeHT nocJre [oABoAa LaB-
JICHI,If  .

2.  CHJIbI  TPEHI4 '  H PASI 'PYSOTIHbIE KAHABKH

- l lpnuanofi  ru4paBrHrlecKoro gaII{eMJreHHfl xJryH}Kepon f lBJrf lercr He-
paBHOM.gp.HOe paclp_eAeJre[ue AaBJreHVfl, B sa3ope Mex<Ay rrJryHlr(epoM vr
rH.rrsol? (cu. rn. IV). Ha.rrwil4e Ha rroBepxHocru rr/ryH)Kepa rrJrr{ ero
fHJIb3bI KOJIbI{eBbIX KaHaBOK AOJr}KHO rrpHBOAI.rTb K BbrpaBHHBaHr.r lo AaB-
JIeHI4r B 3a3ope, a 3HaqHT, H K yMeHb[reHuro HeypaBHoBerrreuHori 6oxo-
noft cr.r.rru, 4er?crnynuefi Ha [JryHxep.

PaccvrorpuM c.ryuar?, KorAa rrJryH)Kep B. ruJrr,3e o6pasyer pactr inpr-
loull.riicn rro HarrpaBJreHHro yreqeK 3a3op, T, e. [JryH]r{ep, cKJroHHufi r

Pwc.7r. Xapaxiep H3MeHeHHn ^X?.;,:Tgri_rffill;,.lon HarrntrHrr Ha rrnyHx(epe pa3-

a-L iq  Kogycnoro  nnynxepa;  6 - \ , i f , .  r l ragn,upucecKoro  [epeKor r reHr {oro  nny t r )Kepa;  Ap-ns .
. JIHqI{Ha HeypaBHOBeIUeHHOTO JlaBIeHUq B CeqeHHIt npH orcyTcrBrru KaHaBoK
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r r rAp03aule l \ ' l r ' IeHIr lo  (p l rc .  71,  a) .  f l l ' c r r ,  H? r l . r l1 r11;<epe 6y4er  I tape3aHa

KoJrbr reBar  r (aHaBr{a ur rp l ' ruof r  /3 .  f "ny6rrHa r r  ur rpHHa KaHaBKpt  Ao, r t )Kr lbr

6g, ru  Tar f l te ,  . l to6ut  conpoTi lBJ ' leHI Ie  TeqeHHFo x i l . lA I {ocTI I  B KaHanxe 6utno

3HaquTeJrbHo Iv leFIb l I ] r r r , t ,  r reNI  conporr rB ' r reHr . le  B 3a3ope.  B ero l t  cJ) / I Iae

KaHaBr ia  xat< 6sr  pa3pe3ae ' r  nJryH)Kep Ha ABa caNIocrof lTeJIbHbIX l io l l l rc '

Ht IX n.nyHlKepa,  HIv lercUI I tX A, ' I l lHY / r  u  ,2 .  [ ,aWIeHI Ie  B STI iX SaSOpax 6.V-

AeT i lOHLI)KaTbCf  nO TeI , l  3a l {OHaM, KOTOpbIe yCTaHOB., ' I€HbI  AJ l f l  I {OH\ /C-

HblX l l ' t ) /HX(epOB:  AJI I I  r ' leBOrO -  C Po AO npOMe) l {yTOt IHOTO [oCTOst l l lo ro

3Har leHrr f  pnp,  A€f ic rBy iour .e fo  B KoJrbueBoi l  r (aHaBI<e t r r l lp l lHo i i  lz ,  LJ l f l .

npaBOI -o  
-  AaBJ IeHHe  B  KaHaBKe  P 'p  61 '4e r  I IOHI i x (aTbCn  AO p1 .  3n rcpa

H;) ;paBHotseuteHHoro AaB.r reHrr f l  xcrAKocru Ha nJ lyHl r {ep 6y4er  I lMer t }

/ .J r - f  3TOro cJ lyqaf  Br lA AByx y3Kl rx  3a[ ITpI IxOBaHHbIX cerN' IeH' foe.  AJ, I

cp aBHeH r r r  t t r rp  r rxoBof i  J r  u  Hrre f i  [or {a3 aHa Be. r rHq HH a Heyp a B_t {oBeuIeHHo-

rb , raeneHr. r f l  AJr r r  3oJrorHl rKa 6es pasrp) ' )Karcuref i  xauaex l t .  Veer l lqe i t l te

qt IcJ ' la  I<aHaBOK AOJIX(HO npI IBOAI ITb X 6O" ' Iee 3Hat l l lTeJIbHoMy BI r lpaBHl l -

BaHI r ro  AaBJ te r r r r r  t r  yN reubue i ru to  rpeH l rq .  B  caMoM AeJ le ,  np t l  Ha , t t ' t t t l ' t t ' l

Hecr io" I lbKHX pa3rp) / )Kal0Ul ' t . \  I {aHaBoK BXOAHOe AaBJleHLle Po Ao BbixoA-

t roro p t  6y ler  noHr{x(ar r rCf l  c r } ' i le r r f lMn l -8 .  [ {a  I<ax<4o} t  yq261l<e A. i : t i -

Hbt  notcr ia  t r {e) r (Ay AByi l r f l  KaHaBKaMII  oHo 6y4er  noHn} t iarbcf l  r to  3a l ' {o-

Ha\ , I ,  DaccMorpeHHbrM Bbrr r re .  Snropa HeypaBHoBe[ IeHHoro AaB,TeI I t t f l

)KIIAI{OCTlr Ha STOT nJrSrl-I211a0 6y.Uer COCTOflTb II3 OTAeJIbtlblx y3KtIX ccf-

M eHToR,  n  peAcra BJrr lour r rx  co6of i  gn lop br  He) /p  a  BHoBeIU eFIHbtx  AaBreH L l  ] i

oTAeJrbHbrx r ror rcKoB.  Ha puc.7 l ,  6  npe4craBJIeHbI  r {pr tBbte AaB,r ter l I4 t  B

BepxHe\{  r r  Hrr )KHeM 3a3opax nepeKoueHHofo uHJI l IHApl l t lecKoro 3o.xoT-

H l . i r <a  r rp r r  Ha f lHqHr r  pa3 rpy3o r rHb rx  I ( aHaBor ( .  [ . r r n  cpaBHeHt t t  r u rpHxoBb l -

MH J rHHHfMt r  HaHeceHbr  Kp r rBb re  AaBJ reHHf  6e3  pa3 fpy3o r lHb IX  KaHaBoK.
r le lur  lu r rpe KaHaBKH, Ter{  6oJrbue 6yAer  aQQexr  pa3t 'py3KH r tJ IyH] I {epa.

O,nnaKO KaHaBKI I  ) /MeHbularcT A, ' I I IH) /  ) /nJ IOTI lqrc111ei t  r laCTl l  UISJI I I  l l  np l ' I

J IaMI I I lap l loM pelKHMe Teqeut l f l  B  UleJI r I  np l {BOAf lT K yBer ' I I ' IL Ie I IHIO yTer lK l i '

i lo3To\ , ty  tu t . rp t rHV KaHaBor(  ue" lecoo6pasHo AeJIaTb HacTo, ' IbKO NIar lo i l ,

I lac t ioJ t r ) t (o  3To no3BoJI teT TexHoJIOr l l f l  I I3 |OTOB, ' le l { l l f l  ( r lopn4Na L, r :

: 2 0 1 t ) .
Ha p l rc .  72 not<asaHa rpacprrqecr{ar  3aBr . rcHMocrb cn. r tb I ,  Heo6xoAI I -

Moi l  A, ' r f l  nepet \ , te tUeHi l f  n" t ) 'H l t (epa,  or  BeJI l lq l lHb l  ncJ.BOLLIMoro K Pqc-
npeAe.nr r re , r rc  pa6ouero AaBJeHnf l  r r  qr . rcJ la  I iaHaBot(  Ha n, , ' IyHx(epe.  i ' Ic -

rb rTb r5aJ IH  AByxno f lCKoBb l i l  n ; r yux<ep  AHaMerpoN{  d :25  \ IM  c  3a3opox {

h:5  r . r  r<NI .  Pa6o. tar  ) t i r . rAnocrb Ntac. [o  < l4n4ycrpHaJIbHoe 20>>.

I , Ia  pr rc .  72 cnep5 'er ,  r r ro  npu VBer 'u t t teHnt . I  qnc. [a  I iaFIaBoK ct . tJ ' Ia ,  n i ) -

rpe6u an D,J t t r  nepeMe[ leHrr f l  r r , r l rH;aaO?,  yM€ubulaer( ] t i .  
' l 'aN,  

npt {  pa60-

q-eu AaBJreHl r r4  l0  Mna pr  oAHof i  xaHasxe Ha nJI \1HX{epe cwi la  cHI t )Ka-

eTct  lO 20,5 0 /o  nO CpaBHeHl l lO c  nJyHlKepOM, He I ' IMelou l . l ' IN{  KaHaBOK;

np r r  AByx  I i aHaBKax  -  Ao  14 ,40 lo  I I  np l ' l  r pgx  KaHaB l i ax  -  Ao  201s .  Yna -

saHHr, te  3r raqeHr. r r {  cHi l }KeHrI f  c } r , ' ' lb l ,  norpe6Hofr ,  l rnn i lepeMeuIe l - lHt l ,  BI I -

A I I I , t o ,  H€J I r ; 3 f l  paCnpoc rp_aHI ITb  Ha  BCc  3OJ IOTHI I I { l l .  Ta  t< ,  p lC I l b l r aH I t t r

nJrvH)r (epa AHaMerpou l2  pr l r  c  rpeMf l  I iaHaBI{aMI . I  Ha pa6oqef i  }Kr tAHo-

.n i  Rnni -10 nor<a3aJI I I ,  qro  c t l ' la  ) IMeFIbI r laercq J lHI r Ib  ua 60%. f lo -er r -

A r rMOMy,  cH t r> r {eHr re  c r r J rb r ,  noTpe6no r?  A rq  nepeN le l r l eH l l u  nJ I yHX(epa  npH

Hape3 i lH t rH  r {aHaBoK,  3aBHCt r r  o r  Ao [o "4Hnre rbHb ix  (baKTopoB ,  K  Ko ro -

pbtN, I  MOl l {HO OTHeCTI ' I  pa3\ {epbl  3OJ ' IOTHHKa,  Be"r lHq14Hy 3a30pa '  I IOCTOf lH-

126

CTBO ruHpl rHbr  KaHaBor{  no oKpy} l (HocTI I  I I

4p.  Onr ' r rb l  noI {a3ar ' lu ,  qro  pa3fp} r3ot IHFJIe
KaHaBI< l I  oKa3aJrr tcb Hecnoco6HbIMI I  npor t l -
no4eficrnoBarb I loc'rof lHIrbIM ]rct{, ' ILtf l t \{ ,  Bbt-
BOAflUIT.TM nJryHx(ep [r3 KOHI{eHTpHtiHOfO nO-
JroiKeHr.rf l .  3ru ycrr. lr .r f l  Moryr co3AaBarbcfl
l rpyx{r{HaMr.r H APY| rrrvtH KoHTaKTIIPYrcUIl lntt . t
c  nJryHl r (epoM cMelKHbrMH AeraJr fMH.  l lepe-
I(OCbI ) 'BeJIHqHBarcT )rTeqKId H CHr'Ibl TpeHHf
i l , lyHx{epa.' I4cnHr aHwfl,  cepHfiHofo 3oJrorHH-
xa 4173- l  r roKa3a. r ' rH,  qro cwi la  rpeHHr np l r
ycTaHoBKe B pacnpeAeJrHTeJre Bo3BpaTHbIX
npylKHH yBerr.trrr4f lacb c 9,8 Ao 29,4 H AalKe
ilpH Ha[rrrrr4r.r Ha nJryH]Kepe pa3fpy3orIHorl
xaFraBKLr .  f loerouy npH Kor{crpynpoBaHHH 14
r.r 3 f oro B,'r e H r,r n p a c n p eA e JI H T eJr fl H eo 6 xoA I.r M o
co3AaBaTb ycJroBHfl.  n.Jrf l .  ycTpaHeHHfl oAHo-
cTopoHHefo npLr lKHMa [ , r ryH] I (epa npy]KHHa-
MH, B r {aCTHOCTH HeJIb3f l  AOnygK2tb HaJrHt{ r re
yr{JroHa Ha ropuax rpy}KIIH H rrJryHx{epe.

f lpn H3roroBJreHr . rn  Heo6xoAr4Mo o6ec[e-
qHBarb irocroflHH)'ro turrpHHy KoJrbrleBoi '{
p a3 rpy3oquoii  KaHaBKr4 no oKpylKHocrr.r,  qro6sr npeAorBparuTb Bo3 H lt  t(-
HoBeHrre AonoJrHHTeJrbHbrx HeypaBHoBeureHHbrx 6oKoBbIX cr . rJ l  or  AaBJIe-
r r r r f l  )Kr . rAKocTH B STHX r (aHaBKaX.  B gr<cnepHMeHTax c  pa3rp l r3gt lHblMt l
KaHaBKaMH Tpe) ' fo i rbHoro cer{eHHf l  l . r3 foToBJreHr{e Ha nJ lyHx(epe BTopof t
yrJloeoft xaHaBr(n npr.rBeJro He K yMeHbrxeHHI,o, a r i  yBe/rHr{eHHIo cH"rIbl
TpeHHf l  no cpaBHeHHIo c  nJIyHlKepoM, HMetou{ [ tM oAr l ] r  I (aHaBKy.  Ot<asa-
Jrocb,  r {To rxHpHHa BTopor? KaHaBKH 6ntna Henocrof lHHa no oKpyx{Ho-
cru u r.rsMeHffJlacb Bceno lr4wb Ha 0,07 MM, oAHaKo gro yBerHt{HJIo cu-
Jry  rpeHpr f l  no cpaBHeHr. r ro  c  nJIyHlKepoM, HMeIOUIHM oAHy I {aHaBKy,  npn-
MepHo y  2  paza.  f lo" r ryuHrb [ocrorHHyro TI IHpHHy KaHaBKr. t  no oKp]r ]KHo-
cra npoue,  ec, ' IH ceqeHne ee 6y4er  npf lMoyroJ lbHbtM,  a  He AYroBblM IL ' IH

q225 0,25 0,++ 0,50 0,55 0,75 x/L

Pttc. 73. B.nnssue rroJro)r(eHHfi pa3rpy3or{-
Hoft xaHastu Ha [JIyH]Kepe Ha cHJIy, nor-

pe6uyro Aflq nepeMelrleHufl nJlyHlKepa

60

20

BO

0 5 / 0 / 5 M n a

Pwc. 72. 3aeItcHIvIocrs ct{r ' Ibl

cTpar r {BaHI {q  nJ IyH)Kepa oT

LaBileHHtr H qHCJIa pa3fpy3oq-

HbIX I (AHABOK:

, l  -  nnyHi t tep  6es  xa t ranor ;  2  -  c
o , r n o i i  x a u a n x o f l ;  J - c  a s t ' r t q  x a -
HaBKaI \ Iu ;  4  -  c  rpe t r f l  Ka t - {aRKaM! I
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P t rc .  75 .  3as l rc l l t rocTb oTHOCi lT€ ; rb l IO[O pacxo. la  Q oT oTHoc] lTe ' r luo l ' t  AJ I I IHbI  UIeJ I ] I

l : l l l t  a"rs ryp6yJeHrt loro pelKI I r {a ret leHl l t :

a  -  n l ) i l  K o i l r t e H T l ) i l , i l r o i l  p a c n o . ' r o x e r i l r r r  n J r v r r x e p a  B  r l r , l b 3 e  ( e : 0 ) :  I  -  l t :  I 8  u x r ' , l :  r l :  l 5  t ' l u ;

2  _  r t : 22  r , r x :u ;  d :2b ' " i ; ' . , i ' ; - [ : t i ' i i i i " l - l { s ' r i r r ;  4  - t t : 31  r r xv ;  d :25  r r ' ;  5  -nD} r  s r i c r reH-

Tlrurrno\r  Dacno., lo i r ieHrrrr  nJynxiepa B rr t .qb3edg;t r ;* ,  -  h:  lO r lKr l ;  d:25 rr r l r ;  2 -  h:22 vxu'

Ha p l lc .  74 u  75 npI tBeAeHbI  3aBHcHNIocTH orHoci tTev ' lbHoro pacxoAa

0 ot i tno.rt t .JlbHofi X,d'I I lHbl Ule.r l l I  T l , t ts JIaMHHapHoro H Typ6yJreItTHo-

fo  p€r l { i lN lOB Teqel I I I f  I Ip l r  KoHueHTpl l r lHoM I ' , I  SKCUeHTpl ' IqHoM pacnoJ lo-

, ,1eH1l r  nJryHxepa B ru , ' r ;3e.  Kprr r r ruecKne 3HaqeHI ' I r  t I I IceJI  Pef iuo. r t l4ca,

xapaliTepl l3)/ loul. le l l3)vIeHeFIlIe pelKI ' lNIoB TeqeHH'I B i l Ie' ' ' l l I '  nplIHl lMaJIl I :

r rpg I {oHUeHTpt t t tHol \1  pacnoJ lo)KeHLI I I  i , ryn>xepa H r l IJ Ib3e (e :0)  Re 'g :

:1250 I {  npH 3KcUeHTpl ' l r lHO}I  paCnO,I IO}KeHHl I  nJ IyH) I iepa B |HJIbse (e :

:  I  )  -Re , , p :  I 100 .3a  o r t r oc t t r e .nuu l t i t  pacxoA  Q  6u tna  np l lHq ra  BeJ IHq I I -

1a oTi to t t tc t l t t f  { ta t i r l t ' tec l ioro  pacxoAa Q, ,n1t ,  I Io"T ly( le t lHofO B 3 l {Cnepl l -

t \ reHTa. t ,  I t  TeOpeTI I t teCI iOl r , Iy  SHaqeHt t tO paCxOr la  Q,  nOACqLITaHHOTO ts  3a-

B 'cr r r , tocr r . r  or  l rs ;1surr r1  I IC1bl raHI I r i  no oAHol i  H3 QOpMyr (2) ,  (208)

r r . r r r  (209) :
(222)

1 3 0

a _ Q*op
Y -  0

pe3yJlbrarbl 3r(cnepr.rr,reHToB, noJr)'quJrH c"rreA]'rotqr.re Soprral,"rrur AJrr pac_
I{eTa }.'T'eqr(r.r qepe3 riopoTKHe UIeJrr.r:

na.i lruHapHbLri rg p6gttenrHbLrt
. peJlCUJtt TerIeHHfl peircUlvr TeqeHr.tfl

IJIOCKI{e UIe,'rH H ITXIIeHTpHqHOe pacljodxo}I(eHr{e nJI,vH)Kepa B II{.rIb3e

( . :0 ,  R.  (  1250)

(223) j O,== 1,35 {0,02/lho;Q, :  7 ,12-7, ,2no l l ; (224)
gKclleHTpr.rr{Hoe pacrroJrox{eHue rrJr}rHx(epa B rr{Jrbse (e : ho)
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