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06hJiiHO :a nyah!pl>KOBJDC Kauepax nopweHI> uexaHI13Ma pacumpeH!lfl HC

nocpe.l(cTBeHHO KOHT81\Tllpyei' C pa6otJeii cpe,ll,OJ.l:. I1p11 STOIJ npO,I.\YKTLI 11C

TI1paHllfl ynJIOTHeHI1fl ITOplliHfl 11NeiOT ll03MOJKHOCTl> rrpOHI1K8Tl> H pa60tJI1ii OCi'b

eu, coa.l(a:aaH uyTHYIO cpe,1J,y ll Hew 11 cnoco6cTnyH napaai1THOMY oopaaona

HHD rry3~pbKOB.BCJ16,1J,CTBHe HX OCa~eHHH Ha OTpa%aTeJibHHX 3JieUeHTaX CHC-

TCYbl OCB6U\BHRfl K8Y6pb1 CHHXae-tCH Scj){j)eKT>iBHOCTl> pac50Tbl 3TOi1 CI1CTC-

Ybl. KpoMe TOro,ll 30He nopillHH 11MBCT MCCTO TCITJIOITpi1TOK CO CTOpOHbl 

6onee TCITJlblX OOJlBCTeti KBYepbl 11 T6ITJ10BLJ,I.\eJieHI1li 38 Ct!CT TpCH14fl ll yn

JIOTHeHI1cl nopruHH. Il08TOMY ECCl>M8 U6J16C006pa3HO ITO,l.(ITOpillHBBYIO 30Hy K8-

NepLJ nepeOXJIB,I.\11 Tl>, HO STO npl4:BO,I.\11 T K ll03H11KHOBCinllO Kpatlne 116lKeJia-

T6Jil>HblX KOHB6KU1!0HHIDC ITOTOKOll 1l padotJeM OO'beYe, 6op:r:.6a C l\OTOpbJMI1 

38Tpy,1J,IU1T6J!bHB. 

Ilpl1YeHemtc paa,1J,eJ111TeJ1I>Hoi1 neperop.;,1J,RI1 (paauemaeuon ueJK,1J,Y noprn

HeY 11 pa6otJI1N OC5'beYON KBNepb!), llLIITOJ1H6HHOtl 113 Tep!.101130JUipyiOU\Cro 118-

TepM!BJIB, HanpuMep CT6KJIOITJ18CT11K8, IT03BOJ1fl6T H8,1\eflTl>Cfl HB 3H8t!liTCJib

HOe yYeHl>W6HI16 l1Jll1 !t1CltJIIOtJ6Hl16 paCCUOTpeHI!bllC Bbllli6 HeJKeJiaTCJ!bHbiX s<IJ

<i!6KT01l. TaR, rrp11 HBJll1lll1H pa3,1J,6JII1Te11I>Hotl: rreperopo,l\Kll noJIHOCTl>IO 11CK

JliOllaeTCH 1l03!.10lB:HOCTl> npOHI!ltH01l6H.UH ITpJ,l\YKTOll l1CTllp!lllllfl yiTJIOT!!CHIHl 

B pa60tJI1J.l: JO'beN 11 11NeCTCH B03MOlKHOCTl> nepeOXJ18,1J,M!Tl> IT0,1J,ITOpWHC~cii1 

oo'beu Rauepbl. 

Ileperopo,I.\Ra ::a B11Ae RpyrJioi1 rrJiaCTMHu rrepeuenHoro cetJeHMH,nJiall

HO rrepeXO,l\HU\eiil ITO rrepl1!Jiepl111 1l TOpO~l,l\BJ!bHLiil CI\Jihi~OH, l!bll!OJ!HeHa 113 

CTeRJlOITJ18CTl!Ra (Pl1C.I 11 2). Bo :apeMH pacw.Jpt;H;·!H ~tauephl pa3,1J,CJll1TeJII>-

HBfl neperOpO,l\KB rrepe!.IC!Il8BTCH H8 1li:Jlllt!11HY r. LIZ II 11CITLlTUB86T ,1J,l11181HI-

qecK06 HarpyJB:eHI\6 {YCKOpeHI!e UOiii6T ,1J,OCT>ir8Tb 150 g ) • ,lJ,Jifl yNeH:&IBe-

HI1fl ~UiepJ.UfOHH~ Cl:Jl UCHTpa1lhHBH 'lBCTb neperopO~Klil 1lLJITOJJHH€TCfl .13 

CT6KJ!OYaTa C OO'b6YHJ.>JN lleCull ;r = 0,52 J..'/C!.I
3
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PHc.I. Paa;n.enHTen~aaR neperopo;n.xa. 

R~ 

-c: 

~·-. ""! . .---1--- l 
r. a 

PMc.2. Donepet~noe cet~eH/de nnaCTHHKH neperopo;n.KH. 

K pHC • I H 2. a - pa;n.HyC OC8ll0£l HltiH'ilti Tapa 342,5 UY; !J -pa;zJ.HYC 
nonepetmoro cet~eHlHI Tapa 35,25 uu; h - ron~t.Ha cTeKnonnaOTHKa I ,so; 

cfo- ron~qMHa nnaoTRHKR 9 ut.~; pa;n.RyCbl llKna;n.uwa R-z = 292,5 uu 11 
r.. ;: no uu; O.z- TOH!qldlla llKHO;zJ,biWa 6 uu; IJZ- nepeKelleHBe nJiaCTHHXH; 
~·• 9•.- KOOPAHHa'lY CHJI!.rpOHB. 0° H 240° • 
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ilo;zJ,oOHaH KOIICTpyKURR YOllteT ObiT~ lt1Cll0Jl:b30ll8H8 

HH KaUepbl, 8H8JlOrHliHO TOlriY K8K 3TO ObiHO C,l\eJiaHO ll 

tiJYTOllOll BOAOPOAHOiil xauepbl A.NL. (ClliAYI~ 
B ;n.aHHOiil paOoTe npldllO.l\~1 TCH onucaH/de rexaoJIOrl 

uaorocnoiilaoiil paaAeJIMTen~aoiil neperopoAKH 113 cTexno 

TOAHKa pact~ era raxoiil ooonoliK/d. nonyt~eHbl ;a,aHHhle, xa 

t~ecxRx xapaKrep~!CT~IK neperopo;zJ.KH, ld np~t~lle;n.eao lAX c 

HbiUir\. 
PaB;n.en~t~ren~>HaH neperopo,l\Ka, paauepu xoropoiil 

1t1 2, npe;n.aaaaat~aeTCR ;n.nR yo;n.em1 uaoroxyoolloiil llti~AH 

KOllOiil Kauepbl ¢ ~00 uul2~ GTeKHOllHBCTitiK ~~T-10, KC 

CR ;zJ,HR Jt13rOTOllJ16HL\R OOOJlOliKJa, HDHHe TCH OpTOTpOllHb 

;n.ynH yn~yrocrH E1 = 2,7·Io5 xrjcu2 
1t1 E2 = I,76·Il 

uneHTbi llyaccoaa v,tl = O,II5 Ja Yet = 0,172). llpe;z 

aa;n.enKa CltiHl>~OHa ll 82 = 240°. 

I. Texaonorlr\H ldaroToBneHHH paa;a,eal!TeJlhl 
neperopo;nKirl 

lleperopu,l\Ka t cu .pldc .3) ~r~aruTa1lH/dll<lJi8Gl> ueTu; 

ll8HidH ll xeCTK0£4 Y6T8J1Jlldli6CK0£4 npeCC<,pOpt.te, KOTopa: 

aa 1t1 ;n.llyx nonyuaTp~t~u. llyaacoa Obln llblnonaea paa6o 

ldBllnexar~ ero /dB roToEoro M3;zJ,ennR no qacTHU n, K 
~ 

HO ldCllOH~301l8T~. llyaHCOH llO OTHOilleHidiD K llOJlyMaTp 

~iqldU, liTO rapaHTllpyeT pallHONepHyiD nponpeCCOllKY C 

Ke npecc~~publ. 

~nR ld3rOTOEJleHidH neperopo;n.Kid ncnon:b30Eanacb 

8/3-250, npe;zJ.llOpllTeHbHO llpOllldTBHHBR CllHBy~m~~8~T 

CllRBymmero 28-30%, neTyllldX 1,2 + !,5%). 0CHOEHOiil 

24 nenecTKOll xnnaoo6paaaoiil ~opuu. KoH~nrypauHR ~ 
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PHc.I. Paa;nenHTen:DHaR neperopo;nKa. 

R• 

---+-~--1"1 -- I 
r. a 

• Ilonepet~noe ce1.1eH~1e nnac'l'HHKM neperopo;nKH. 

a - pa,D.HJ'C OCeBOiil JIHH;IH 'l'Opa 342,5 uu; {J -pa,D.HYC 

cl.!eHHfl Tapa 35,25 uu; h - ron~1Ha C'l'eiCJionnaoTHKa I,S101;. 
nHa nnac'l'HHKH 9 u11; paAHYChl 11KJia;nuwa R .. = 292,5 uu H 

i 0., - 'l'OJIIIlHHB BKJia,D.!1WB 6 Ull i IJZ - nepell8116HH6 DJiaCTHHIUq 
~HHaTH CHH:b~OHa 0° H 240°. 

4 
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Ilo;no6HBH KOIICTPYKUHH YOllteT CibiT:D J.\Cil0Jl:b30ll8H8 ll BM;l\C AHMI!la-nopru

HH KBYepbl, 8H8JlDrHtiHO TOYJ' KBK STO CibiJlO c;neJIBHO ll KOHCTpyKUHH 12-

llJY TOllO~ :so;nopu;n,Hoiil Kauepbl A. N L. (CillA yi~ 
B ;naHHoiil paCiore npH:BOAMTCH onacaHHe TexHonorHH HsroToBneHMH 

YHorocnoiiiHo~ pas;nenHTeJI:DHoiil neperopo;nKH H3 cTeKnonnacT~lKB. AaHa ue

ro;nHKa pact~ eTa TBKOiil OCiOJIOtiKH. l1onyqeHbl ;li,BlUible, KBCBIOUI~leCH Y6XBHM

'i6CKHX xapaKTCP~ICT~IK neperopo;nKH, H np~t~:Be,D.eHO HX cpa:BHeJUle C paCtleT-

HbiYH. 

Paa;nen11TeJI:DHBR neperopo;nKa, pa3Yepb1 KoTopoti npH:ee;neHLJ Ha pnc.I 

H 2, npe,D.H83H8t186TCH ,D.Jlfl YO;neJHI I.IHOrOKJ'60JJJii\ lKI~lJ.KOBO,D.OpO,D.HOJi1 flJ'3blp:b

KOBOiil KBIJCpbl ¢ ~00 u./2~ GTeKJIOflJlBCTHK i::lJlT-10, KOTOpblti ~!CilOJl:b30llB11-

CH ,D.Jlfl H3rOTOBJ!eHLIH 060JI01.!KH, HllJIHeTCH opTOTpOllHbiN tlaTepl18JlOY (NO

AJ'JlH ynpyrocTH El = 2,7·105 Krjcu2 H E2 = I,76·IU
5 

Kr/cu
2

; K03~WH-
UilCHThi HyaccoHa v,2 = O,II5 ),\ Y,;u = 0,172). llpe;nnOJ!aranac:& l!teC'l'KBH 

sa,D.enKa CHJI:D<l!OHa :a Be = 240°. 

I. TexuonorMH Maro'l'uJJneHllH paa;neJnt TeJibHOiA 

neperopo;uKH 

llepero pu;nKa (cu. pHC. 3) 1t1 3ru 'l'BllJIHllCJJ1BUl> 1.1e Tu;noiJ npauoro npecco

BBHHH B X6C'l'KO~ Y6'1'8JlJlHti6CKO~ npeccwopue, KO'l'UpaH COC'l'OHT J.\3 nyaHCO

HB H ,D.BYX noJiyUB'l'PMU. llyaHCOH 6b1Jl Bblfl0JIH6H pa360pHb1Y, 1.!'1'0 ll03llOJ1HJ10 

HS:BJleKB'l':b ero J.\3 rO'l'OBOrO H3,ll6JlHH flO l.!BCTHY H, KpOI.Ie 'l'Oro, MHOrOKpOT

HO HcnonbsOBBT:b. IlyaHcou no O'l'HorneHHJO K nonyuaTplluau HllnHe'l'CH nnaBa

!OU\MY, t~'l'O rapaH'l'l1pyeT paBHouepHyJO nponpeccoBKY C'l'eKno'l'KBHn np11 sa'l'HlK-

Ke npeccwll!PWhl. 

J{nH HaroroBneHMH neperopo;nKH Hcnon:&aoBanac:D C'l'eKnoTKBH:& TC 

8/3-250, npe,D.:BOpll TCJl:bHO nponHTaHHBfl CBHSY!OUI~lll 3,ll,T-l0Il ( Co;n,epliCBHUe 

CBH3Yillll6rO 28-30%, Jie'l'yt~HX I ,2 + I ,5%). 0CHO:BHOti CJIO~ C06l1pBJICH .J.\3 

24 nenecTKOB KJIHHOoCipaaHo~ ~opubl. KoHw~t~rypaUHH nenecTKOB 6blna 'l'aKo-

5 



:a a, liTo noa:aomma npoHaBO.zlH TI> yKJIS.llKY E. CTbiK c5ea aaaopa. PacKpo£t npo

HSBOA.ftlj!CH 0 COc5JIID,llCHMeN Hanpa:BJieHMH OCHOBbl M YTKS CTeKAOTKSHM B,llOJll> 

pa,llHaJII>Horo H OKPY~Horo Hanpa:aJieHHlt neperopo,llKM. HbiKnS,llKa creKJIOTKB

HM npOBO,ll!tlJISCl> HS COc5paHHOU nyaHCOHe. He'CieTHble CJIOH Bb1Kn8,7.lb1B8JIHCI> 

HS aarOTOBOK KpyrJIO~ WOPNbl! nepBbiM ~ 675 UN, ETOpo£t - ~ 6!5 UN C 

nooJie,llym~u y:aeJIHIICHHCN ,llHauerpa Kaz,lloro cne:ztym~ero ,llHCKa Ha IS uu 

H C llOBOpOTON OCHOEbl CTeKJIOTKSHH HS 30° ITO OTHOWeHHD K KSK,llONY npe

,llbl,llyU(elly He'ieTHOUY C·JIOIO. 

~eTHble CJIOH H8c5Mp8JIHCI> MS aarOTOEOK KpyrnoA ~OpMbl, pacnonarae

YUX B UCHTpe llJ18CTMHbl~ sarOTOEOK KnMHOOc5p83HO~ WOPNb1 1 YKn8,7.lbiESeUbiX 

B CTLIK no ny .. e:ao£'1 cxeue • .l{Ha.uerp Kpyrnux aaroro:aoK, H811MHSH c ~ IOO IBI, 

B nOCJie,llyiOU(HX CJIOHX y:aeJIH'iHBSJICH Ha 20 .1111, 8 HX OCHOBS no:aopaqM

B8Jl8Cl> H8 yroJI 30°; KJIMHOBble aarOTOBKH CUe~aJIMCl> OT CJIOH K CJIOIO Ha 

IO-IS uu no napanJienM B = 0. 

Hoene Hac5opa wecrM cnoe:B no uearpy nnaCTMHbl YKAUbi:BSJICH ,llMCK 

zecrKoCTM (Ma creKnouara). Sareu yKJia,llKa aaroro:BoK npo,llonaanaci> ,llO 

nony116HHH 38,7.l8HHO£'! TOJI~HHblo ilOCJie YKJIS,llKH KSZ,llOrO CJIOH npOBO,llHJISCl> 

npMK8TK8 no nyaHCOHy c ,7.lOc5a:BJieHHeU CBHay~ero 8~T-I0 (npa 40°C).3a

reu Ha nyaHcoa ycraHa:BJIHEanaci> nonyuarpHua c ,llHH~eu M KOHUbl nenecr

Ko:a CTeKJIOTKSHH HSTHrMBSJIHCl> H8 TOpOrl,llSJII>HYIO 118CTI> nyaHCOH~3~ B 

npouecce B~KJ18,7.lKH (B CJiyllae HeOc5XO,llMMOCfH) KpOMKH aarOTOEKH no,llpe-

38JIHCI> no uecry. Ha nocne,llHHlt cnoA HaKJien:aanHci> TeHSO,llarqHKH (pHc.3) 
I 

,llJIH HSNepeHrlfl ,llCl!IOPYSUM!-1 B TO'CIKSX ll,llOJll> pa,llHyca neperopO;IlKH. 38!1'611 

npeCC\j/Op.Ua 38KpLIB8JI8Cl> H npOi13l!O;IlrlJI8Cl> ee 38THliCK8, npH STOll H3c5bl!l'OK 

CBH3YIOU(ero Bbl,ll8EJllill8JICH. 

Or:aepAeHMe CBHSYIOlllei·o npoMa:so.ztnnoci> npH reuneparype I20°C :s re

qeHAe 4-x 11aco~ H sareu npn reuneparype I40°C :B re11eHae 2-x 11aco:af~/ 

llocne oxnallt,lleHHll npeccwoplfbl (Euecre c ne"C~I>JO ;zto KOIIHarHoit reune-

• 
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. 
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. 
I 
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I
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paTypbl) OHa HarpeB8Jl8Cl> CHOB8 ,llO 60~ M B rOpHIIE 

H3l!JICK8Jl8Cl> roTOB8fl neperopO.ztKS. 

2. Pac'CieT paaAennTeJII>Ho~ neperc 

Jl.JIH TeopeTJ.I'CICCitOrO onpe]leJICHlifl HanpH;III;CHH£t 

pHBaeuoA KOHCTPYKUMH MCllOJII>Syell peayJII>T8Tbl, no1. 

ITpM paolleTe y,lloc5Ho BL!ACJIHTI> TPH sneueHTa neperc 

ue:ay10 CHNUeTpH'CIHY~ llJI6CTHHY rrepeNeHHOA TDJim"HU 

nDCTOHHHOA TOR~HHbl (pnc.4). MarepHaJI neperopo~~ 

TOTpOilHbiN R O;llHOpO;IlHbiN. PaCCNBTPHBaeTCH OCeCHU~ 

06oaHa11eHHH H reouerpnqecKHe paauep~ npHHRT~ cc 

. ilJiaC THHa noc TOHHHOii TOJIU!HHb 

0c50SH611HN yroJI no:aopOTS 3TO~ llJ18CTHHbl B pe 

qepea l(r) , r~e r - paooTOHHHe OT ueHTpa 

nep:aoro ypaBHeH:1H CHCTeYbl (3.3) (cu.pa6ory141 ~ 
HarpyllteHHO~ paBHOUepHbiN ,7.l8BJieHlleY HHTeHCHBHOCT~ 

npH R,dB- dr J ~.sinO -r' ~ - i -o ' 8 -{, 

d 2lf'I 1 dz/I f {j _;I /Jr 
fiO.I'jYa8M -- + - -- - - - V ---- t · dr 2 r dr r 11 £1 t2.D, 

£~1/ 
r,~te 4- f.?{f-~12v2,) t IJ -TOJI1!4HH8 nJiaCTHHbl. 

Jr1a ypa:aHeH,lfl (I) H8XO;IlHN: 
_,r 'r IJ u. pr,/ 1 fi( r lH ( r 3] 
P - ( 10) 7/{ro}f· 2.1J

1 
9-~z C ro-; - 10 ) ' 

d?lr r tJ-f /3 Jr /J/0~ 1 r 11-f r 
dr -(10) ro (ro) + e?JJ, 9-!3.1[ !J(ro) - 3(ro, 

3,~teCI> (3-rF"' J(roJ - HeH SBCC TH8fl noo TO lUI 

HSH B peWeliHR (2) paBH8 HYJ!IO l\8 ycnOI!Ufl KOHeU.iiC 

.fer; npH r =D). 

HanpllllteH~IH Ha Hapy~Ho£1 no:aepxHocrn nnacTnll 

@opuynau 
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TO noa:BoJIRJia npoMaDO,l.\H TI> YKJIBAKY E. CThiK 6ea aaaopa. PacKpoit npo

co6JIJO,l.\Ohl/leu HanpaDJI8HIIIli OCHOBhl M YTK8 CT8KJIOTK8Hiil ll,ltOJI:& 

111 oKpy~noro nanpa:BJieHIIIM neperopo,ltKH. HwKJia,ltKa CTeKJIOTKB

O:BO,l.\HJiac:& na co6panHou nyaHcone. HeqeTHhle CJIOIII BhiKJia,lthiBSJIIIIC:& 

roToBOK Kpyrnoli wopuhl: nepBhlw ~ 6?5 uu, :BTopoft - ~ 615 uu c 

AYJO~MY yBeJinqonncu ,7.\HaYeTpa Kaa,Itoro CJie,Ity~~ero .ltHCKa Ha IS uu 
OllOpOTOU OCHOllhl CT6KJIOTK8HIII Ha 30° flO OTHOWeHHm K KaZ,ltOUy npe

euy H6QCTHOYY CJIOIO. 

qeTHhiC CJIOIII H8611lp8JIIIIC:& 1113 aarOTO:BOK KpyrJIOI WOPUhl, pacnonarae

U6HTpe llJI8CTIIIHhl~ aarOTOBOK KJIIIIH006paaHo~ wopuw,yKJia,lthi:BaeUYX 

no nyqeBo~ cxeue. ~lllaueTp Kpyrn~ aaroTo:aoK, HaqiiiHaH c ~ IOOMU, 

flOCJie,l.\yiO~IIIX CJIOHX y:BeJII/IQIII:BaJICH Ha 20 UU, a IIIX OCHOBa flOllOpaqlll-

:& H8 yroJI 30°; KJIIIIHOBhle aarOTOBKIII CUe~aJIIIIC:& OT CJIOH K CJIO~ Ha 

uu no napaJIJieJIH B = 0. 

JlocJic Ha6opa weCTIII CJIOeB no ~eHTpy nJiaCTHHhl yKJia,ltw:BaJICH ,ltiiiCK 

oCTIII (111a CTeKJiouaTa). SaTeu yKJia,ltKa aarBro:BoK npo,ItoJIZanac:& ,Ito 

eHIIIR aa,ItaHHo~ TOJI~IIIHhl. ilocJie yKJia,l.\KIII Kaa,Itoro onoR npo:Bo,l.\HJ!ac:& 

TKa no nyaHCOHy C ,l.\068BJI6HIIICU C:BHay~ero S~T-!0 (np111 40°C).3a

nyaHCOH ycraHaBJIIII:BaJiac:& nonyuarp111ua c .ltHH~eu 111 KOHUhl nenecr

eKJIOTKaHH HaTHriiiB8JIIIIC:& Ha TOpOJ.I,lt8JI:&HyJO qacT:& nyaHCOH~J~ B 

Ce llhiKJI8,l.\KIII (ll CJ!yqae He06XO,ltiiiUOCflll) KpOUKIII aarOTOBKIII fiO,ltpe

no !ICCTy. Ha nocJie,l.\HI.Iti CJ!Oit HaKJieiii:BSJIIIIC:& TCH30,lt8fUKIII (plllc.3) 

uepeH>IH .l{etlJopuauntt :B ToqKax :B,ltOJI:& pa,ltHyca neperopokKIII. Sneu 

·op.ua 38KPL1ll8Jl8C:& Ill np0!13BO,l.\l!JiaC:& ee 88THJKK8, np111 SfOY H86blfOK 

~ero Bhl,l.\8llJIIIIB8JICH. 

T:Bep,lleHHe C:BHayro~Qei'o npoHa:BO.l{l1JIOC:& npH reunepacype I20°C B re-

4-x qaco~ u aaTell np111 reuneparype I40°C B reqeHHe 2-x qacopl~/ 

cne oxnaz,IteHIIIJ< npecccpopllbl (Buecre c neq:&ro :zto KOIIHafHott reune-

• 

:~.;~ g 
... 1:.~·.·:.·. -,,N, 
~~ 

,( 

~;r, 

~ ' t ~· 
~ 
;j~ 

paTyphl) OH8 HarpeB8JI8C:& CHOB8 ,1{0 60~ Ill ll rOpfJqey COCTOHHHIII H3 nee 

1113BJICK8J18C:& rOTOB8H neperopO,l{Ka. 

2. PacqeT paaACJIIIITeJI:&Ho~ neperopoAK~ 

,llJIH TeopeT~!qecrwro onpe,l{eJieHIIIH HarrpH;w;eHn£:! n AeflJOpllaJJ,IIIi1 paccuaT

pnBaeuo~ KOHCTPYKUIIIH 111Cfl0Jlh3yeu peayJibTaThl, IIOJiyqeHH~e E pa6oTe/4/. 

ilplll pacqeTe Y~06HO Bhl,l.\CJIHT:& !pill 8JieWeHTa rreperopo,l{KIII: CHJI:&@OH,KOJI:&

UCBym CIIINU8TplllqHym IIJiaCTIIIHY nepeNCHHO~ TOJimiiiH~ Ill CIIJIOWHyiO nJiaCTIIIHy 

IIOCTOHHHOtl i'OJimHHhl ( p1110 .4). MaTepnaJI neperopO,l{K~I npe,l{nOJiaraeTCH op

TOTpOflHhiU n O,l{Hopo.l{HhiU. PaccuaTpH:BaeTCH ocec~uueTplllqHaH ,l.lewopuauHR. 

06oaHaqeHnH H reoueTpnqecKHe paauep~ np~HHT~ corJiacHo plllc.I,2 111 4. 

· ilJIBCTHHa IIOCTOHHHOH TOJIII!IIIHbl 

06oaHa~nu yroJI no:BopoTa aTo~ nJiaCTIIIHhl ll pa~HaJI:&HOY Harrpa:BJieHnn 

qepe3 J(r) , r~e r - paCCTOHHIIIe OT UCHTpa IIJI8CTIIIHLI. Tor,l{a 1113 

neplloro ypaBHeH:1H CHCTCIIbl (3.3) (cu.pa6oTy/41' ,ltJIH ilJIOCKOti nJiaCT~Hhl, 
HarpyJJteHHO~ pa:BHOUepHhiN .l{allJ1eHneu 1/lHTeHCU:BHOCTIII p , 
np:~~: R1 d8- dr J ~.sin& -r, _; - .J.. -o , a -o 

~' R~ 
d<'lfr 1 dzii I 6 zlr pr (I) 

fiOJI.vqaew -- r - -- - - - ---- ' 
# dr2 r dr I.? £1 t2]), 

£,,;/' 
r,l{e 4- f.?{f-'iuv~,) , h -TOJl~HHa nJiaCTHHbl. 

VIa ypa:BHeH,JH (I) Haxo,Itnu: 

r r 8 u. pt;/ 1 {i r >' 1 r""J ?f- ( 10) 7/(IO}+ t?.lJ
1 

9-/3z L( 10-; - ~"ro ) ' 

d?lr r ,_, /3 llr pc.il 1 [ fl-1 .z 
--(-) - V(IO}+ _o - /.1/r.l - J{r-) 7 
d r 10 ro .? ..IJ, 9-f:Y ''1 ro 1 10 ~ 

(2) 

3.l{ec:& /3-Jllf, J(ro; - He1113llCCTH8H nOCTOHHH8H (llTOpaH IIOCTOHI!-

Haft ll peweHHIII (2) paEHa HyAID ll3 yCJIOEllH KOHeqHOCTl/1 yrJia nonopoTa 

z1 ( r) n pH r = 0) • 

HarrpHJJtemw Ha HapyJKHOH IIOBCpXHUCTll IIJI8CTUHbl IIO,l{C4HT1Hl810TCH ITO 

cjlopuyJiall 
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Plc.3. PIQ8D!IUBU Deperopo- aa CHUOU8CUB8 
C B8KI88HBYMI !8B80,l8fqaK&Ma. 

a) 

s-ll 
! 

5) 

ap 

r- ----~ 

R 

Jl, 

tl 

~-.::.· 
< 

Plc.4. Paoqetau oxe.ll8 neporopO,lD a • ~.5 ••; !J • 33,25 DJ 
h- h(Cl) • I,5 ••1 h{IOJ • 9 ••; r. • IIO ••; P -

paot•ra~am•as ca~a. 

• 

.. _:_'ti' 

''i'f ~, 

-' .. :~~~. 
~~ ... M/-

~
. 

:' ,, 
,, 

z Dh ( dzlr 'll Jr)· z Ezh ( 1JZ .y 
6, - 2/f-~'ilt) dr + fi!r ' 0-=- R(1-Y12~-11) r + ~1 

(HailpHllteHHJI H8 BHyTpeHHeti IlOBepXHOCTM OTJU\li8JOTCH J 

~3 ~OpUyH~ (2) BMAHO, liTO np~ r = 0 ~YHKI 

CHeAOB8T6HhH0 1 H8IlpHllt6HMH (3) 06pa~810TCH B 6eCKOHE 

CTH~ti MB TeopMM opToTpvnH~X nnacTMH waKT. OH o6~Hc 

:a oKpeCTHOCTM r = 0 uoAynM ynpyrocTM E1 M E2 AOJ 

B~ M {3 = 1, TaK K8K B C8YOti TO 'IKe r = 0 :ace HI 

H8l!H~. \i.lleAO:B8.ll0 6~ CIJM T8Th xapaKTepliiCTMKM Ya Tepl1l 

~_,1 ) He IlOCTOHHH~UM 1 a 38llMCHIJlMYM IJT r TBKHU 1 

r -o Er = E2, .Y,2 - .Y.H • ::ITo o6cToHTen:ocTilo , 

eTCH. ~opuynaYM (2), (3) UOlltHO IlO.llh80:B8ThCH BC~AY 

TO'IKK r = 0 H ee Uanoti OKpeCTHOCTH. 

llnaCTHHa nepeueHHO~ TonmMH~ 

PaocuaTpR:aaeTCH Kon:o~e:aaH nnaCTI4Ha ro .::.r <:a 

NeHHeTCH no HJ4HetiHOYY 38KOHy (p14C.4 6) 

h{r) - h(!O) RR-r ' -tO 
R _ ah(lo)-roh(a) • 

h(IO)-h(a) · 

Ypa:aHeHHe (3.3) pa6oT~/4/AnH yrna no:aopoTa 

UeHHOlit TOH~HHhi npMHllN8JJT BI4A 

dlJ~1-D+~ dh) dt!I_(-' ...£i__ ~12 3 dh)?JI- __ 
dr' t f h dr dr r-2 £1 r 7i dr , 

8Aec:o y'lteHo, '!To,noYRYO pacnpeAeneHHoro ABB 

'.rHH~ r • r;, Tipi4HOllt6H8 CH.ll8 W'rop • 
Ilepe~AeM B (6) K HOBO~ nepeYeHH0£'1 p -; 

1 cJ!?fi ( f 3 ) f d1l
1 

(; f £3 + 31t2 ) JI 
"'f dp~+ fi? - t-f,P fo df - f/?2 

£1 f,?ft-f,?l -
. J' 3 6ff-~e~t){1-fo R ~9 

- ·- Dh3(to) (1- iH 

• 



paqeuteuau neperopo• u CH1UlOIL1l&OtiBB 

a) 

8•1! z 

!8B80Jl8!'18KIMI. 

ap 
~. 

r 

( 
-!! < -c 

·---

R Q 

oxen neperopOJlD a • ~.s ••; !J • 33,25101J 
h- hta) • I,S MM 1 h('-J • 9 MM; r. • no ••; P -
rrali&Dil&H cua. 

I 

.,,'!' 

f·4k· .,,,, 
.,t1r.' 

·;> 
~:J. 

,· 
.Y~. 

6, ~ Dh d-JI -Jf 
' 2ft-~-i,~,/ dr +v,..r), 

dt £2h J.l dJI 
6'.a- 2(1-~tz~.,,/r- + v.,, dr ) 

(3) 

(HanpHllteH~IJI Ha llHyTpeHHe~ llOllepXHOCTM OTJlM'IiSIOTCfl Jll-llll:& 3H8KOY), 

1/13 iJ!OPYYJlbl (2) llM,li,HO, liTO npv, r = 0 cnYHRU,Ml-1 ~J , ~~z M, 

CJle,li,OllaTeJl:&HO, HanpH~eHMfl (3) oOpa~aiOTCfl ll 6eCKOH81iHOCT:&. 8TO M3D8-

CTHbl~ 1-18 TeOpMM opTOTpullHbiX llJl8CTMH ~aKT. 0H oO~HCHHeTCfl TeY, 1iTO 

ll oKpecTHOCTM r = 0 uo,ll,ynl-1 ynpyrocTM E1 1-1 E2 ,li,OJI~Hbl ObiT:& o,li,HHaRo

llbl 1-1 {3 = I, TaK KSK :B cauot\ TOIIK8 r = 0 :ace HanpaBJieHfllfl pallH03-

H81iHbl. l.iJie,ll,ollano Obi ctntTaT:& xapaKTeplilCTHKH YaTepi1aJia ( Ep E2 , ~~ , 

Y.,, ) He noCTOHHHbiYH, a aaDfiiCH~HYH oT r TaKHIJ oOpaaou, IIT00h1 npH 

r -o Er = E2, Y,2- Y2f • oTO 00CTOflT8Jl:&CTllO Teopl'let1 He ytaHTblDa-

eTCfl. ~OpYyJiaYl-1 (2), (3) WOlltHO ll0Jl:&80li8T:&Cfl llC~,ll,y, 38 1-ICKJl!O'IieHHeY 

TOIIKH r = 0 Ill ee W8J10t\ OKpeCTHOCTH. 

nxacTHHa nepeueHHO" TOJI~MHbl 

PaDCIIaTpH:BaeTCfl KOJ1:&1.\8118fl llJiaCT!t!H8 10 <.T <.a , TOJliJIHHa KOTOpOH 

Y8HHeTCfl no JlHHe"HOIIY 38KOHY (pHC,4 0) 

h(r) - h(IO) RR-r -tO 
R _ ah{l;;)-rohfa) • 

h(IO)-h(a) · 

Ypa:BHeHHe (3.3) pa6oTbl/4/,li,Jlfl yrna no:BopoTa 
JI 

W8HHOR TOJllqHHhl npHH!UI810T :Bl-l,ll, 

il
l _,r 

L+(_!_+2. dh)si.!!.. -(_!_ £.,_ ~~,z J dh).JI _ _ pr 
dr' r h dr dr r.z £1 r 1i dr 2JJ1 

(4) 

(5) 

nnaCTHHbl nepe-

(6) 

3,ll,eC:& y'iteHo, IITo,nouHYO pacnpe,ll,eJieHHoro AaliJieHMfl, K Kpa!O nnac-

THHhl r • 10 npHJlOllteHa CHJ18 W'IOJJ • 

ITepe",ll,eW 11 (6) K HOllO" nepelleHH0£'1 f- ~ 

1 c/?lr( f 3 ) 1 d?II (; f £2+ .3Yt2 )II 
"f dp~+ fi? - f-f,? ft df - f/?.2 £; f,?(f-f,?J -

6(f-YteYat)(1-H/R3 ~? p 
- ·- £,h3(10) (f- i??)3 

(?) 
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0 a a ro ro r;zte u- R' ,o-R' P,<?<1, ~-a • 
PeweHMe ypa!HeHMB (7) uoze~ 6~~~ no~yqeHo ! rMnepreoue~paqec

KHX ~iBKnasx, npe;ztcra!naeu~ 6ecKoHeqH~H ps;ztaua. B Hac~oa~e« pa6o

~e ypa!HeHHe (7) pewanoc~ qHcneHHO Ha a:au. Y'paBHeHHe (7) aalleHsnoc~ 

KOHeqHo - pa3BOC!BHU,H npHJI8HHBCft Jl8!0;zt nporOBKB. fionyqeBHOf pewe
HHe HJI88! BH,A: 

zlfPJ- f,r9Jifo + Pf?J?!{p,J+ftf'IJP, . (8) 

r;zte 71(,;, lfPoJ - HeKalleCrHble noc~oHHHble, f, fo, fi - WYHKIUJR 

nepeueHHol p , y;ztoB~erBopsm~e ypaBHeBam (7) a ycnoBaau 

;,r?oJ-o. ;r,;-t, .forM-t, fir,J-o, fir?-rf,(f)-o • (9) 

HanpHKeHHB Byqac~amrcs no l)opuynau: 

~ a:_ Eth /d?!~ ~ " .r £2h (_ ?!r d.J_~ 
f .. w-"~~uv.H>a IC:tp rJ' ~-20-~~..,>a l?+~ df J' (IO) 

h- h(to) t-B? • 
1-fo 

C 311 HanpBZeBHH no~yqana 11 IH;zte cyUJibl rpex cnaraellwx, &Hanoraq-

Bo (8). BblqHCnBJICB nporz(J jiB8CTHHbl: p 

W- W(O) -j?fdr - W(a)- afz/dp • (II) 
Q f 

Topouan~BbiA canl4!oB 

Teopas pacqera OHn~oHoB, npe;ztcraBnam~x co6ol ropoH;ztan~Bym 

o6onoqxy xpyroBoro ceqeHHB (pzc.4 a), ;ztoc~aroqHo no;ztpo6Ho HanozeBa 

11 pa6orl4/ H yze HYena npaxrHqecKoe npKno&eHHe 11 pa6ore1'3( noarouy 
. I 

a;ztec~ Ubi He 6y;zteu no;ztpo6Ho ooraBaBnHBa~~os sa uero;ztzKe paoqe~a OHn~-
l)oBa. 

Kpa« OH~~osa fY • 240° aecrJCo aa;ztenaB (paBHbl Hy~m yron nollo- · 

pora H O!HOCU8JI~HOe y;ztnHH8HHe Kpafl), 8 no KpaD 8 = 0° OUJ40B 
oonpsraerca o nnacraBol. 

HarpyaKo« H8 CH~~OH BBnBe!CH PSBH08epaoe ;zt8BB8HHe p H ooe

li8H cana P-prd , npznozeHHas K Kpam 8 .0° z ooa;ztallaeuaa ;zta:sne-

10 
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II 

:a __ ·•" ~~!j 
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-~ 
''l·i 

( 
·' 

HHeu, ;zteAorlly~u Ha n~aO!HBbl. Sauerau, qro,KBK 

HanpHKeHHH, B08BHK8DIIIH8 B OIIIJIIo\f!OHe 0! ;zt810fliJUI 01 

aaaqH!e~~Bo npe:aooxo;ztar no :aenaqHBe Banpazesza o 

;ztH~eroOB C06C!B8BHO Ba OH~DWOH. 

Paoqer CHJ1DWOH8, K8K H ll pa6ore1¥ npOH8liO~; 
Z8HHR Kpae:aoro awweK!8 li~BCJIBJIHC~ 0 fOqBOO!~D ,AI 

A _ Q,.(o)-Q,.''ro;, 
8 

_ cYE,l; [7/roJ-llf,. 
IJ a 

onpe;zte~seu~ Ha rpaHaqsux yonoBHR Ha Kpam 8 = 
HanpH.IeHHI acno~~aollanzo~ ~opuy~w (1) - (3)/)/ 

10JIOBIB oonpBKeBHR 

Ma ycnOBHI ynpyroro CODpB&tHHB !PIX p&OCMO!J 

ueHroB paa;ztenHre~iHol neperopo.AKJ no~le&Qt onpe~~ 

DOC!OftHBble: 
11('0)' zl~), z/f,;, A, 8 • 

Ha pac.5 DOK888Hbl BOIO&KT8H~Hb18 H8fip8li18HHf 

llaeubiX Ha Kpasx n~aC!HB H oanDWOB& - yrno» no:aopc 
r-ro Hueeu: 

tf(to; - tf/M, I I 
11, {10) -111(?->) • 

fipH r-a H 8-0 

.. ,;ft; - ?fro;, I 
f1t (f) - 1'1if0) 

(BeJIHqHHhl WOJ , 1"/,{0) OfHOCBfCB K CH~OHY) o 

Kpoue 8THX yonoBHR,npaHBuanoc~ npH6nHaareH~H 

C!BHe otHoCHren~Horo y;ztHHHeHaB Kpaa OHBDWOHa npH 
,..,.,~ £ o"" - Y12c5, -o . 

YCHOBHR (!2) - (!3) 8KBHli8~8B!Bbl cne;ztym~Y: 

tJ710) - t![po)' %/'t- c::J,.?o ' 
_,I .l ~ri 
v (fJ - vrOJ , ~ ft) - 6',(0) •. 
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a 0 ro ro 
~- R I ;o- R I ~< 9< 1, ~- a . 
ea»e ypaEHeHHH (7) uozer 6~r» nonyqeao E rHnepreouerpHqec

UHfiX, npeAcraEJiseubiX 6ecKoaeqHWfH pa,Aa.IIH. B aacroaatel! pa6o

eaHe (7) pewa.noc» qHc.neHHO Ha aBM. YpaliHeHHe (7) saueaaJioc» 

- p83BOC!HW11 H npHU6HHJ1Cff 116!01( nporOHKB. fioJiyqeHH~ peme

f EH,A: 
'PJ-f,{'l)lftJ+ ft(9)7lfp,J+-ft('l)P, . (8) 

'{I), JfpoJ - Hel4sllecra~e nocroHHHble, fi, ft, fi - l)yHKI.UIR 

, Y1tOEH6fll0pftmatBe ypaliH6HKm (7) H yCJIOliHSU 

J-o, fr,J-t, .forp.;-t, fir,1-o, fir?-rf,(f}-o • (9) 

as E~Hcnsmrcs no l)opuyJiau: 

&h /d?f~ ~) " £2h (_ ?!r dl~ 
-~v..,;al<:tp ~r' 6e-2(t-~ .. ~~~>al?+~df)' 

h- h(toJ t-JU • 
1-fo 

(10) 

aanpsaeHHH noJiyqaJIR E IRAe cyuu~>~ rpex cnaraellbiX, aHaJioruq-

~Hc.nsJics npora6 ?HSOTHHbl: ? 

W- W(a) -j?fdr- W{a) -af/cip • (II) 
a , 

TopoHAaJI»H~>~H OBJikWOH 

pHs paoqera CHJI~OHOll, npe,AcraliJism~x co6oR ropoHA&JI»Hym 

KpyroEoro ceqeHHB (PHC.4 a), ,AOCf8fOtlHO fi01(p06HO ,HSJIOEeHS 
4/ H yze Buena npaKrHqecKoe npllJIO&eHHe 11 pa6ore1'( nosrouy 

He 6y,AeU RO,Ap06HO OCf8H8liJIHll8f»Cft H8 116fO,AHK6 paCtl8f8 CRJI»-

CHJI~oHa fY = 240° aecrso aa;~tenaH (paliHhl Hynm yroJI nollo-

raocueJI»Hoe YAJIHHeHHe Kpafl), a no Kpam 8 = 0° CHJI:&ijoH 

!Oft C llJ18CTHHOi!. 

pysKol! aa omni(joH ftllnaercs pa11aoaepaoe ASliJieHHe p H ooe

P-prd , npmJioJB:eHHaa K Kpam 8 .0° a cos,Aallaeuaa A&llne-

10 

" 
' 

' 
\ 

't 
!' 

!'; 
I 
,l 

'\ 
''::I 

I~ . \ ,. 

( 

HB611 1 ,A6HC!EYmatBU 118 llJ18C!HHhlo 5alleTHU, tl!O,KSK M CJie,AOli8J10 OKH;Itat», 

HanpsaeHHH 1 EOBHHK&mDtBe ll CBJiawoae Of ,A6RCtliHS 0081101 CIJIW )D 

8H8tlHf6JIDHO npeBOCXO;Itftf RO li8HHqHHe H8fipHll6HHft Of ;lt8l1Jl8BBH 1 RpRXO

AHaterOCS C06CTli6HBO H8 CHJID!)OH. 

Pactlet CBJIDWOHa, KaK H 11 pa6ote/~npoHSliOAHJICH aa SBM. Hanps

seHHR Kp&elloro SWW8Kt8 li~HCJIBJIRC» C fOtlHOCt»m ;ItO ;ltllyx BOC!OSBHHX: 

A
_ (},.(0)-(},.'tO) B- cYE,l; {7/rOJ-lffo;) 

L 1 ,-, f 

onpe,AeJIS6UbiX HS rp&HHqftbiX yCJIOliRI H8 Kpam 8 = Q0• ~JIH liYtlBCJieBHft 

Hanpff.leHBI HCROJ1»80li8BHC» ~OpUyJIY l1) - (3)/)( 
IOJIOliBB CODpBKeBRft 

~s ycno11Hl ynpyroro conpsaeHHH tpex paccuotpeHHHX noposHD BJie

ueatoll pas;~tenaten»Hol neperopo;~tKR no~neaat onpe;~teneHHm cne;JtY~e 

noctoftHHhle: 
?!('OJ' zl~), z/f,;, A, 8 • 

Ha pac.S noKaB&HH nonozKren»HHe sanpallneHHH lleJIRqHa, npmpaliBB

llaeuHX aa Kpasx nnacrHB a CHJIDWOHa - yrno11 no11opora H uoueatoB. fipa 

r - ro RUeeu : 

ziPoJ - ,JfM, I I 
11, (ro) -111 (?oJ • (12) 

Ilpa r-a H B-o 
z/fiJ - z/(O), 

I 
~{f) - /1({0) (13) 

(llenHliRHhl 'lftOJ , lft{O) OtHOC.fttOH K CKJI;r,(joBy) • 

Kpoue B!RX yonoliKA,npKHHManoc» npR6nmsRten»Hoe ycnoliBe - otcyt

CfliBe orHocmren»soro y;~tnaHeHKH Kpas cBnD!)oHa npK 8 = o:. 
.,~ € 
o.oo - "'1261 -o . (14) 

YcnoliKH (12) - (13) SKliRllaneHrBhl cne,AymatBM: 
~ I ct?frf cttfi/ 

7'DJ- ziTfo} • dr /r-to- ct~ /?•?o ' 
_,1 _t lltl 
v (f) - vrO) , ~ ftJ - d,(OJ •. 

(15) 
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3. OnpeAeneaHe aanpH~eHH~ E neperoponKe 

IIOA EJlHHHHeLI Je!llopYHpylluutx CHn 

Ha ycTaHOBKe (pM!c.6) Hauep.Hnac:o ,lletJ!opuauHH :s neperopo,llKe OT 

paCTHrl1B8iO~eH CHRhl p - xdp , C03,ll8HHOH l!HyTpeHHHY ,ll8l!ReHneu 

p • .l(eliJopuau>tH ltl3tJep.Hnac:o :s pa,ll~tlan:oaou n OKPYlltHOtJ aanpaEneHHHX 

TeH30,ll8TtlHKaiHI C 0830iil IU YIJ (Ha IIR8CTHHe) H C Ciaaoiil 4 YY (Ha Clt!R:D-

(!JOHe). 

EhiRO npoHaBe,lleao: 

I. Onpe,lleneHHe li6JIH'IIHHH llteCTKOIIT~l F l\3 cooTnoweHIAH 

P fra
1
'" F- --· _ __ P_ Kr 

t:.z t:J.z 1"11'7 • 

2. Orrpe,lleneHlie rrporHoon w rrnaCTitiHK!A neperopo,llKH IIu;l\ ,1\eiilcTim-

eu ,ll8Bn6HHH P 

3. Onpe;u.eneH!tle aanpmiteHHiil B ooonu'l!Ke rro;u. :1\e~cnHeY pacTHrJABaJO-

~en cum.I P 
IlepeM611\6Hitlfl GJIBCTHHKH iJZ (ll TOtlKe 8 = 0) OTCll!t!TbiB8,JJIC:& ITO 

lt1HAl1KaTopy I. OcTaR:&Hhle HH,l\lt!KaTOPhl (II - YI) JAauepHJlJA npor~t\6 w :s 

TOtlK8X C warou p ~ 0,2. 0THOCJA TeR:&H8fl ;n,eilJOpU8U!Afl B p8;lll18R:&HOY e1 H 

OKPY~HOY 'e:~ aanpaBneHHHX rreperopo;n.KH H3Uep.Hnac:& npROopou VJCll-3. 

Hanp.HJKeHVIH :s ne peropo,IlKe onpe,ll,eRHRJAC:& rro ~opuynau MH opTOTporrHol 

o6uJIUtrKl3f: 
6l&,?)= r-::~ .. 

1 
[e,{61,P)+v£'E,(~Pfl-; f-f:~,n ~: [?rs,p)-r~12l.(B,~~- K1tJ,(8,'l) , 

6
8
(B,p)-

1
_ f;~ [~(8,?) +v,11El8,~H = 1 _{~, n J:~(~p) +-v.,,l,(B,9fl = K.at1,l8,?) • 

l';lle K. - __h_n s]l .. 1 t-v,,l!z1 Sr ' 
~nSJ ~ 

Kz-F~~1 .Sr ' 

ll1(fM) - e,(B,p) + ~,2Ez(8,p) '; ll2(B,p; -£z(e.?Jt-'l!e,r,r£Nl); 

0 - KOOp,llUH8T8 Ctm:&iJIOH8 (p!AC.I); 

p - 6eap83UepH8fl ltOOp,ll!AH8T8 ITJ18CTUHK11 ( ~-; r - paCCTO.ii-

Hlt!e '+'Jl.JKH OT uea•rpa ITJ18CT1t!HKH); 

12 

,..,.. r· 

PHC.5. fiOJIOZMTeJI:&HHe HanpaliJ18HHft UOUeH!Ol! 
no:Bopota ~ Ha KpaftX. 

PHc.6. YotaHOJKa ~na aarpyaeHHft ueperopo~KI 
I - HB~HK8!0p; 2 - aepaate.n:&; 3 - rE 
4,9,10 - ITIBtM; 5 - O!OIKa; 6 - OteJ 
7 - neperopo~xa; 8 - wnaaeu. 

13 



3. OnpeAeReHHe uanpH~eHH~ E neperopoAKe 
noA EJHIHHHe.u p.eq!OpYHPYIO!!!~IX CHR 

yCTClllO:Ulte (p!I!C .6) III::J.IIepHR8Cl> ,l\6tlJOp.118L{IIIH l! neperopO,l\Ke OT 

J38l011\6i1 CIIIRbl P - Fdp , CO::l,l\8HHOH llHyTpeHHII\.11 ,l\8l3ReHI!IeU 

,l{e!lJopual..{"lH 113UepHnaci> ll pa;n~laJli>HOY 11 OKPYlKHOU Hanpa:aneHHRX 

TtU1JWIHl c 6aaot1 IU uu (nu nnaCTII!He) l1 c Ciaao£1 4 uu (Ha cnn:&-

.no npol13llt;;neHo: 

0npe;nenCHI1C EeJIH'III!Hbl JKeCTKOIJT!II F 113 COOTHOWeHHR 
P !Td'~ F- --·- __ JV_ E:_ 

t:,z Ll z 1'11'? • 

Onpe;lleneHHe nporH6oB w nnaCTitHKIII neperopo,l\KH lll.l.l\ ;netlCTDIII-

HHH P 

Onpe,l\eneuMe HanpH~eHl1£l :a ooonol:lKe no;11 ;lle~CTEHeu pacTHrH:aaJO

p 

IPCMCII\eHHH nnacTHHKH LIZ (E TOtlKe 8 = 0) OTCtlHTblllaoci> no 

opy I. OcTaJil>Hbie HHt\l!KaTOPhl (II - YI) 1113.11epRnH npor116 w :e 

warou p ~ 0,2. OTuocuenl>HaH ;nellJopuai..{HH ll pa,llHaRl>Hou c
1 

111 

c.2 Hanpa:aneHMRX neperopO;llKIII Ma.uepanaci> npiiiOopou !tJC.l(-3. 

11R ll ne peropO,l.lKe onpet(eRRRHC:b no ljiopuynau ;1\JIH OpTOTpOilHOii 

1-:.':~. re,(~P)+vti.'E.r(~~)l- ~_P..J n SS.D lf.rs,p)+~12~(8,~}1- K,LI,{B,r;) Yt;!Y~f L' ~ 1 •t221 r r ~ .. , ' 
1_ [;~et f2(t9,?) +v..,A(e,~g = 1 -~!~.n n J:~~P> +v21l,{B,9fl = K~L!.zfs,p> • 

- _.£!_n S:IJ ' 
K1 t-v,2'l!!t Sr ' 

____f;z_ n S.D • 
K2- f-11,.'1.!, .Sr ' 

jj1(fJ,p)- €?(8,?)+v,zE2(B,p) '; ij2(B,pJ- €,..(B.?J+-"Ye,r,rs,'IJ; 

oop;ni1HaTa Cl1RI>00H8 (PIIIC.I); 

'espaauepuan KOOP.l\IIIHaTa nnaCTliHKIII ( t;-~ 

Ill OT L{eH'l'pa llJl8CTIIHKIII); 

12 

r - paCCTOR-

,. . "· r-a, 

Pao.s. Dono&HreJII>Hble HanpaBneHHH uoueHroB N a yrno:a 
noBopota ~ xa Kpasx. 

Pl!c.6. Jotaao:axa AlB xarpyaexas neperopo~Ka. 
I - HH~HKatop; 2 - aepaateni>; 3 ·- raiKa; 
4,9,10 - Uni!f&; 5 - OfOUKa; 6 - OtepaeHI>; 
7 - neperopo~Ka; 8 - wnaxe~. 
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n = ro-5 - ~eHa ~eJieH11fl TipV!OOpa 11C]{-3 np!A liYllCT:BJAT6Jll>HOCTJA T6H-

30~a T'li!AKO:B Sr = 2; 

5.D - liYECTll!ATUJll>HOCT.b H8ltJl6HHbiX T6H30P,8T'li!AK01li 

c,(I:J, 'l), c.;(B,t;) - p83HOCT.l> .Ue:Qy TeKyUJ,H.II lA H8li8Jll>Hbl.ll llOK838HHH-

IH1 np11100pa ViC.l.(-3 P,Jlfl T6H30;&aTqHK8 1l tepB].tHOHSJll>HOII H OKPYEHOII Hanpa:B-

Jl8H!U!X. 

!10 1lb!4JACJieHHbl!.l 3H848Hl!HY K,(IY,f;jp , K.;(fl,?Jjp H f'J,(0,~) , t1..(8,!J) 

onpe,ZJ,eJIHm1C.I> d,({},P~p , 6.,(fY,'ljp OT 1l03,ZI,6~CT1lliH p8CTHr!All810UJ,8~ CJAJlbl 

p- c;-d•p • 

8KcnepJAMeHT8JI.I>Hue pesyn.I>TUTbl npep,cTanneHJ:J Ha pHc.7 - 10. 

4. 06cymAeHHe pesyJI.I>TaTo:B 

PaclioTHoe sHalieHi!e Ee.nlll11HHbl ; xecTKOCTil neperopop,KJA/
4
/ fixx = 

61,25 Kr/uu XOpOWO cornacyeTCH C SKCTI6p!AY6HT8Jll>HO Ha~~HHblll 

3H8'li6HHOY F = 60,85 Kr/uu (P,HC .8), 

rpa~JAKH N6p!A.ZJ.HOH8Jll>HblX lA OKpymHbiX HanpHE6HVl~ 1l p83P,8Jll1T6Jll>HO~ 

neperopO.ZJ.K6, OTHeCeHHblX it 1l6JIJA'Il!AH6 P,81lJI6H!AH p , np~!ll8;&8Hbl H8 PRC .9, 

10. ITo OCH aoc~JACC P,JIH ilJ18CTi!H TIOCTOHHHO~ H nepeUeHHO~ TOJlUJ,HHbl OTK

Jl8,ZI,blll86TCH :B6JlH'IlHH8 9- :; , a P,Jlfl CHJI.brlJOHa- :B6JlH'IlHH8 yrna 8 

Cpa:BHeHHe pac'lleTHJ:JX H aKcnepJANeHTaJI.I>HbiX sHalieHJAM HanpameHJAH no

KaSJ:J:BaeT, 'liTO K8li6CTDOHI!8H K8pTHH8 pacnpep,eneHJAH H8llpHE6HJA~ npJAYepHO 

OP,JAH8KOB8. ]{OCT8TO'IlHO XOpOWO COEll8P,810T H8llpHm6HHH H llO ll8JlJA'liJAH6 :BCIO

p,y, 38 li1CKJI1048Hl16Y 48CTL1 CJAJI.l>~OH8, KOTOpOH COOT:B8TCT:BYIOT 3H8'1l6HJAH 

yrno:B lOu < 61 < 45°. 3Ha4neJI.I>Hoe pacxomp,eHHe HanpHllteHHi1 E yKa-

saHHoi1 o6nacTJA oobHCHHeTcH TeY, 'liTO npHHHTaH pacqeTHaH cxe.ua ;&JIH 

KOJI.I>~eEOW llJ18CTJAHbl nepeueHHO~ TOJlUJ,JAHbl He COOT1l8TCT:BY6T peaJ!l>HO« YO

p,em:l. PeaJI.I>HaH nnacTilHa 1.1ueeT liKJ18.ZJ.biW Iii nnocKyiO HapylltHYIO no:BepxHoc T.I> 

(pliic.2), CJie~Oll8T8Jll>HO, ee cpe~HHH8H llOEepXHOCT.I>, K paCCYOTp8HJAIO 
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-- -P8C118THOe SH8118HH8) o 

15 



-5 - ueHa A6116H1Hl np1100pa lliCJl-3 npltl 'iYllCT:Bit1T61ll>HOCTit1 TeH

Sr = 2; 

llCTlllt1TU1!I>HOCTI> H8lt116HHbiX T6H30,ll8T'ilt1KOll; 

, c
3

(B.?) - pa3HOCTI> Ue~,ny TeKymHY lt1 H8'i81!l>Hb1U DOK838HIAH-

8 J/iC~-3 ,nnn reHao,naT'iJAKa ll MePB.llHOHa11I>HOM B oKpyzHoY Hanpa:a-

b141t1CJieHHbiiJ 3H846H1UIN K,(S.IJjp , ~(8•?J/p H 4,{0,1>} , l!l.e(8,?} 

cf,(fY.PJ/p , 6_.(fY,?J/p OT ll03Ae~CTllllH paCTHrHll810lllet1 CllJlbl 

.. 
epHIJ~HT81ll>HUe pe3y111>TUTbl npeACT8V116Hbl Ha p!t1C.7 - 10. 

4. 06CY*AeHMe peay1!I>T8TO:B 

CTHOe 3H8'i6Hit1e B6JIH'iHHbl i JieCTKOCTH neperopO,llKH/4/ fix,.:= 

xoporno cor11acyeTcH c aKcnepHYeHTa11I>HO Ha~~HHbiM 

= 60,85 Kr/YY (~1t1C.8). 

uep!t1AllOHa11I>HbiX 1t1 OKPY*HWX HanpHEeHJA~ :a paaAeJIHTeJIJ>Hott 

Ke, OTHeCeHHbiX k :B61llt1'ilt1He ,ll8:B1!6HIAH p , npHBe,lleHbl H8 PHC.9, 

1t1 8001.\IACC ,ll11H D1!8CTJAH flOCTOHHHO~ lt1 nepeNeHHon T01lllllt1Hbl OTK

CH Be1!JA'iViHa p- :; , a .nnR CIAJII>q)oHa- :aeJIJA'iJAHa yrna B 

00H6Hit16 paC'ieTHbiX 1t1 3KCneplt1!16HT8Jll>HbiX 3H8'i6Hit1~ H8DPH*6Hit1M no

' 'iTO K8'ieCT.BCHII8H K8pTIAH8 pacnpe,ll8Jl8HHH HanpHliCeHJA~ DpltlNepHO 

e. )locTaTO'iHO xoporno co:anaAaJOT HanpH*eHHH 1t1 no Be1!1t1'ilt1He :acm

CKJIJO'ieHJAe!l 'i8CT~l CIAJII>itJOHa, KOTOpOM COOTB6TCT:ByJOT 3H8'i6HIAH 

< (Y < 45 O. 3H84~1 T61ll>HOe paCXOJIC,lleHit16 HanpHllt6HHM ll YK8-

01!3CTM oo~HCHHeTCH TeM, 'iTo npiAHHTaH pac'ieTHaH cxeua ,nnH 

n fl118CTit1Hbl nepeYeHHOM TOJIIIIHHbl He COOT:BeTCT:ayeT peaJII>H0£1 Y0-

8Jll>H8H flJI8CT~lH8 JAYeeT BK118Abllli 1t1 DJIOCKyJO HapylKHYIO no:aepXHOCTl> 

CJieAOEaTeJIJ>Ho, ee cpeAJAHHaH noBepxHOCTI>, K paccwoTpeHJAJO 
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aKcnepRYBHT8Hl>HbiB 3H8llBHiiH). 
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P11c·.ro. OKpylltH~e HanpallteHMH ll neperopo,Z\Ke noA Aet;tcnReY 

paCTflrliBBIO!IlCtl CliJlbl (--pacqeTH~e KpliBbiB, O.t.\700[>

aKcnep11YCHT8Jl:bHble 3118lleHRH)o 

16 

paBHOBemiH KO'l'opot;t CDuAI-ITCH pac"eT nJiaCTHnu, 6y,lle 

pyiO KOHyCHOCT:b! /r;'f' = 0,0!6!, JY - yroJI l(OHyCHO 

HyCHOCTD He .bt:lHi\K8, 0118 KOpeHHbi!J o6pa30lll ll1U1He T H 

nnaCTllH!ll. 3TO npOHhJluCTUH npe~AB BCero ~ TOY, liTO 

U paCTH~eHt!JI 1l ilJIOCKOCTli He paS,Z\BJIHIOTCH, KB!t 

,Z\Jlfl ITJIOCKOK ilJl80Ti\Hill, UTYelleHllOB OClCTOHTCJl:bCTllO y 

JlpRXO.Z\MTCH pewaT:b conYeCTHO ,Z\lla YlJ<1.bHeHMr: lllii!.tB (2 

Oft ll ypaBHeHHftX (60Jl:bWOtl ,Z\JIH TOHKOCTCHHUX o6onoqe 

He T8K yllt BCJIRK, qro6u YO&HO 6~JIO EOCITOJl:b30D8T:bCH 

YBTO,Z\OY MHTerpRpOD8HRH. 

KonycnoCT» cy!lleCTllCHHo BHI1HeT HO DCJiilqi-IHY llte 

TliHhl, conpHllteHHOrO C mtJll>WOHOU: lltBC TKOCT:& Kpaa yy 

TCJI:&Ho pal.tllan»Horo nepeuellleHMH ll yDeJIHqliDaeTCfl OT 

E0POT8. 3a CtJCT HCTuqHoro onpeACHCHl-IH HanpfllltCHUM 

OKpCC'l'HOCTU KpaH Ci\Jl:&GJOH8 8 = 0 npoRCXO,Z\11 T pacx 

li SKCnepliYCH'1'8Jll>HiliX HailphlltCHI-111. 0K83b1Dafi 60JI:bil!OC 

HI1H Kpae~oro &WWCKT8 ll Ci\Jll>WOHe, B6JIRqMH8 lltCCTKOC 

r = a D Y6Hl>We« CTCITCHH CK831l1D86TCH H8 HanpH~ 

CHe,Z\YeT o&HABT», qTo eCHH 6bl Nlll llhiiTOJIHMHH 6onee T 

TliHbl nepeYeHHO~ TOJI!llMHhl, yqTH ee ItOHYCHOCTD, 3TO 

HHT:b HanpRSBHlifl ~ CHJl:&~OHe, HanpHlltBHi\H lltB ll COMOI1 

JIHC:b 6bl HCSHaqMTCJl:bHO. 

HanpallteHHH D cnnowHoM nHaCTHHB BLiqHCJlHJIIIC:b, 

HMH KOOPAHHa'l' ? - :; , OTJIHtJHiiiX OT HYJlH (Ha 

DCAeH~, f18qliH8ft C ? = 0,0059); KSK yllte 6b1Jl0 CR 

HanpHlltCHl-IH C'l'peYHTCH K 6eCKOHeqHOCTM. 

Ort.~eTMY OAHY oco6eHHOCT:b rpatlJMKOll HanpallteHRtl 

& = 90° KpHBhiB HOilpHllt6HM~ TepnRT paapull. ~6~H 

6ou paclleTa CHJl:&q!OHa. ECHli CliJI~OH COl.teplltiiT o6e '1' 
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3KCnepltiY6HT8BbHble 3H8Q6HJ.IH). 

16 



- <it , K8K ll H8WBIJ CJiy'!ae, Jr1JUI 0JiH3Kir1B OKPBCTHOCT11 OClB11X TO'!BK, TO 

paCCI~8Tpl1ll810TCH nop03lil> ll,DC '!80TH Cl1JII>cj)OH8, p83,ll,BJIBHHOrO lll!OCKOCTI>IO 

B = 90°. EcTeCTllBHIIo, '!To np11 aTOM HanpH~BHHH HB KpaHX ll.DYX 48C

Tetl Clllli>liJOHO !Wry T HC CODfl8C TD. He OOXO,lJ,!IISO ll,8J!BB COIIpHra Tl> peweHir1fl 

i'VlH 7J.J!YX 43C~'CU. Ho IIOCKOJII>KY :BBJ!l1'!1r1H8 pa3pbJll8 H8IIpHlKBHiltl IJ8Jl8 ITO 

Cp8llilCil~IO C M8KCliM8Jli>HUUil HarrpHlKBHilflUir1, TO T8KOB COTipfllKCHllB He 6~-

JIO Cll,BJ!BHO. 

B 38KJIIO'!BHHe UOJICHO Cll,BJl8TI> CJie,ll,yiOU(Hl1 BLIDO,lJ,. HeCIJOTpfl H8 OTU6-

'!CHHLI6 DU~C H6~0CT8TKir1, rrpell,JiaraeM8H UBTO,lJ,HK8 paC'!BT8 ,lJ,86T llp8Dir1JII>

ilOC npell,CT8DJIBHIB 0 xapaKTCpe paelOTW p83,lJ,6JIHTCJII>HOil neperopO,lJ,Kir1 M 

D03HV!K810UlHX B Hetl H8llpllllteH!lHX. HeKOTOpOe HBCODII8ll,BH1r1B paC'!BTHblX lr1 

aKcnepuMJHTaJI:&HbiX aHa'!cHir1i1 HarrpHliteHir1i1 o<5'l>HCHHerc.a He norpelliHOCTfi!Jir1 

paCY<::T8, 8 KOHC TpyitTHllHLIU OTJII!'!Ir1BIJ peaJII>HOtl UO,lJ,BJ!M OT paCC'!HTiiBaeMoa. 

O,n,Harco y4eT :acex KOHCTPYKTiiDHhlX .oco6eHHOCTe£\ UOABJll1 rrp11:ae,n,eT K cepi>

eanouy yCJIOKCHBHHIO paC'!eTa. 

Anopb non:&ayiOTCH cny'!aell Bblp8311TI> npvl3!!8TBJII>HOCTI> 33 y'laCT>le 

1l J!3rOTODJJC!!Hll lJ83~CJl.iTBJll>HOl1 neperopO,lJ,KH lr13 CTBKJ!OllJIBCT11K8 B.r.l1r

HUTI>CBY l1 A.~.HODl1KOBy, 38 UOUOU(I> H npOBCll,BH11l1 H31JepCHl11 E.M.MeJI:&

Hil'!yK, a Tamtte T.U.Tl1XOHODO£l 11 JI.H.KyaHeUOBOtl 38 IIOUOU(I> D otlJopUJie

Hil•l paelOTH. 
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K8K :B HDUJeU CJiyqae, lilJUI QJH13Kli16 OKpeCTHOCTR 066RX TOlleR, TO 

T]JHIHJIOTCH DO]J03H:b ,1\IlC ll8CTI1 Cl1JI:b\I!OH8, ]J83,116Jl6HHOrO Dl!OCKOCT:biO 

90°. Ec TCC TI!Clll!O, tJ TO 11]-ll'l 3TOM 118D]JfllK6Hl111 Ha R]JEHIX .1\IlYX l.!8C

HG :wry T He coDHac TL. Heo6xo,11111W ,1181lee conpHra TI> peweHHll 

l.!oc~·en. Ho nocKoJL&Ky IJennllHHa paapw1:1a uanpHlKeHHii !Jan8 no 

M8KCliM8Jl:bHUMI1 H8TI]JlllK6HI1HUl1, TO T8R06 CODplllKCH116 He 6~-

MOlKHO C,118Jl8Tb CJie,IIyiD.HR IlUBO,II. HeCUOTpll Ha OTUe

npe,IIJiaraeMaH ueTO,IIHKa paclleTa ,11aeT npa:sl!lni>

o X8J-l8KTcpe pa6oT~ P83,11eJIHTeJII>HoA neperopo,IIKH H 

HanpHJKeH~l1x. HeKoTopoe Heco:sna,I~eHl!le p8CileTH~x H 

JHTCJJILH~X 3HGilCiililA Hanplllit6Hli1A 067>llCHH6TCH He norpelliHOCTHMlil 

, a l<OHCTpyrtTIUJHL!M OTJII-lll!llell peani>HO~ M0,116JIR OT paCCilHTHBae:Moll. 

Y4CT IlCex KOHCTpyKT11BHbiX _oco6eHHOCTeti MOAeml np!IIB6,116T K cep:b

ycJIOUCHBHHID paCileTa. 

:s~pa3!11TI> npl13HaTeJII>HOCTI> 38 yll8CTMe 

··em111 ]JU3;;.\CJI.iTt::JI:bHOl1 DeperopO,I\Klil !113 CT8KJIODJI8CTMK8 h.f .l1r

l1 A.~.HOillilKOl:ly, 38 nouo•I> B npoBe,IIeHH!II H3MepeHl!ll E.M.MeJII>

T.U.Tl!lXOHo:so~ !11 B.H.Ky3Heuo:soii 38 nouo•I> ~ o~opune-
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