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Cr ar ss nocas uiexa OCHOBat-1 HOBOil re xnonoran npl1JlaHl1l1 MeXaHI1'l eCKOH 11 Me)f(CnOeBOH npo-mocrn nepennern ov y 11 KO­

p06 0YHOMy xapr ony li3 MaKy JlaTy p bl CI1HTeTl1'l eCKHMIi CBll3YlOI.l.(l1MIi MapKH «Ynsrp apes DS». 
Aaamn <j>a.J\ropo il npO'lHOCTH KapTOHa noxasan, '11'0 OCHOil Hoe Bnl1l1HHe aa npO'l HOCTh OKa3bIBaWT canu CB1l3J1 MelKny BO­

nOKllaMJ1 . Orp aaaxenaax B03MOlKHOCTb n oasnuar s np0'lHOCTh CJ1 n CBll311 r periyer pa3 pa60TKI1 npl1HI..U1nHan hHO HOBblX re xnono­
mH. O CHOBbl OilllOH H3 B03MO)f(HbIX TeXHOnOrJi H paapatioraa u , Y npoxueuue OCHO BallO u a n pI1MeHel-l1-IM :"-leX3H113M3 B031lell CT­

BWl a a CBOHCTua 6YM31K H0i1 MaCCbl cneUHan hHblMI1 CMona MM «Ynsr papea DS». C Pa3J1H YHbIM n OTeHUM3JI0 :vt 3;ICKTp Wl eCKor o 

3ap llila ­ nonl1<j>Yil Kul1ollanbHbIMH n OnI1KaTI10HHO-11 0n l1aHI10HHbIMI1 CB1I3YIOll.lI1MI1 . 

KJIIO'le6ble cnoea: trr cpa-moe BOJJ OKHO, MaKynaTy pa , KapTOH, Cl1nbl CB1I3H, 3neKTpl1yeCKI1f\ aapsn , l1onl-1 c!lYHKUJ1 0HaJlbHall 

CMona, 1101J11K aT110HlIO-nom13H11 0HHble CB1I3y WI.l.(He, MO.aYHb y n py r ocra, ile(llOpMaUl1ll , nanpax enae, Me)f(CJiOeB311 I1PO\lHOCTb. 

11\OB 

essi­
~ p. 
ne-

Llem, pa iiomu - a HaJII13 qJaKTOpOB MCXaHJ11-feCKol1 npO\IH OCTI1 KapTOHa Llflil Ha Y4Ho-o6 oc1-lOfJaHHOrO 

npl10pl1TCTHOro n anpasn ena a rro n sn u e u a s Me ){(CflOeBOM npOlJHOCl'l1 KapTOHa 113 Ma KyJ1aTypH oro B0J10Kl-la . 

<t>aKn1 0p bl uexauuuecxoii np 0 l./ HOCmU «ap mou a 

sutiopa 

KapTOH 113 Ma Ky JlaTy p bl - nepennerasm, Kop060lJHbI M, KaK c sipse M il npOl13BO)J,CTB a KapTOHHOM rapu p asn av ­

0 2 
noro Ha.3HalJeHIDI, rte p enneros nonurpadrasecxoit npOLlYKQHI1 11 n p y r u x KapTOHHblX 1i311efll1l1, n omKe H I1MCTb n pe­

lKne scero onpeneneu tryro Mex aHWlec KYfO npOlJHOCTb [J, 2) . ITOJ.l, HeM n OHI1MafOT c n o c o fi n o c r s x aproa a npOTl1fJO­

CTOHTb CTaTJ11-feCKI1M 11 nI1HaMlI''IeCKI1M HarpY3KaM 11 OL\eHHBaXn npenern.uu» ypoa uev c unu, npa KOTOpOI1 x apro s 

HalJl1HaeT J.l,C4!opMl1pOBaTbCil 11 paspynrarscs. YpOBHI1 Cl1J1 HOpMl1pYKHCH pHnoM 4!11 3I1Ko-MeXaHl1'l CCKI1X nox asa re­

n eii , u afio p KOTOpblX onpenenser ncrpetiarens cxyro nparonaocrs x axcnoro BI1J.l,a KapTOHa. ,D,nil KapTOHa n epenner­

a ero - 31'0 « )f(eCTKOCTb npn CTaTHlJeCKOM 1i3r1i6e B 110nepe'lHOM u anpaa neuna» 11 « n p ezten npOlJl-l OCTI1 npa pac­

Cfl aI1BaHI1Ii» , a nJJ.Sl Kopo60l{HOrO KapTOHa ewe Ba)f(H bl « pas p y ur aro uiee YCI1JlI1C B n on ep ev HOM Ha n pal3J1 eHI1I1» 11 

<m p O\lHOCTb aa 113flOM». 06111I1MIi noxaaarensvn nJlH ofionx Bl1nOB xaproaa ssnmorca lK eCTK OCTb np» 113rli6e H 

npo-nrocrs npa paccn aaaannn, n03ToMY OHIi p acca ar p a s aior c s KaK Hal1 6 oJ1ee Ba){(Hble. 

3KOHOMII\leCKIi 11 TeXH OJlOr l1l{ eCKIi KapTOH paL\110HaJIbHO np0I13BOJ.l,I1Tb MHorOCflOHHblM [2, 3). ]1I1C1' xaprona 

4!op M l1pyeTcil 1i3 ornensnux aneveirrapanx cnoes , x oro p u e C03J.l,afOTCH 11 COCJ.l, I1Hil fOTC51 B eLlI1HY fO crpy xrypy nne­

r a Pa.3JlI14HbIMI1 cnocofianu . OLlH aKO rJl aBHblM npl13Ha KOM non aana iouief MaCCbI Bl1nO B KapTOHa OCTa eTCH MHo r o­

CJlOI1HOCTb. O LlHO 1i3 Ba){(HblX LlOCTOI1HCTB MHOrOCJlOMHOrO 4!o p MOBaHl1il - B0 3MO)f(HOC Tb I1Cn0J1 h30B aTb p a3J1l1lJHhle 

• AST op , C KOTp bIM cn en yer BeCTH nepenacxy . 



180 c,n.A HAPEEBA, C.IO. Km KEBHI1KOB, A.A. AYJlhKI1H, B.K.AYEOBhlH 

no BH!l.Y H xasecray BonOKHHCTble nonyqiatipaxaru JlJlSl ¢ OpMHpOBaHHSI ornensnux anevetrrapau x CJlOeB. Ho JlJl}! 

nos snueaas MeXaHl1'1eCKOH npOliHOCTH KapTOHa, ynysurenas ero nesarasrx CBOHCTB, napyxou.re CJlOH cnenyer 

H3rOTaBJlHBaTb 113 60Jlee xasecr aeaao ro BOJlOKHa. 

){(ecmKocmb npu cmOmU'l eCKOM useutie. 3TOT noxaaarens onpenenser npo-mocn, I13JleJlHH npa C)\(aTHH (pac­

U)KeHHH). B OTJlli'lHe OT npO'lHOCTH, )KeCTKOCTb xapasrepasyer YCTOH'I ltBOCTb (nOJlaTJlHBOCTb) KapTOHa (asnenna 

li3 Hero) K lle qlOpMamlH. )l(ecTKocTb (D) MHOrOcJloilH OrO KapTOHa onHCbIBaeTC}! ypaBHeHHeM Luey [3]: 

E: n 

D=B· "E. ·(d 3 / 12 + x2 . d. ) ( 1) ~ I I I I' 

;=1 

rne B - KOHcTaHTa, aaaucs uraa OT npocrpa acreeunoro pacnOJlO)KeHHSI BOJlOKOH B JlHCTe; n - lJHCJlOCJlOeB xaproua; 

E/- MOJlynb ynpyrocr a i-roro enos ; d, - r omuaaa i-roro enos; X, - paccr osaae OT HeihpaJlbHOH JlHHHll xaproua JlO 

OCH cHMMeTpHH i-roro enos. 

Aaanasapya $ opMyny , ner xo nOHSlTb, -rro )KeCTKOCTb KapTOHa 3aBHCI1T OT psna $ aKTopOB: paCnOJlOiKeHHSI BO­

nOKOH B 3neMeHTapHOM cnoe, r .e. OT npocrp ascrsenuoti cr pysrypu anevem apuu x C1IOeB, MOJlYJlll ynpyrocr u, 

r omuaau It xonaxecraa anexsearapastx cnoes. I1ToroBaJI )KeCTKOCTb KapTOHa lIBJI }!eTC}! l1HTerpHpOBaHHbIM pe3Y1Ib­

TaTOM .lleACTBHlI scex ¢a".opOB. Ha ¢one ypOBHSI BJIlISlI01l\HX epaKTopoB ssrnenaerc s ljIaKTop T01l1l\HHbl 3JleMeH­

rapuoro CJI01l H, B KOHeliHOM trrore, ronuraasr xapr oxa. )l(eCTKocTb xapr oua nplIMo nponopua onansua ronunure 

xaproua B 3-11 crenena. 
Cnenyer 06paTHTb ocofioe BH~lMaHlle aa MO.llYJlb ynpyrocru. XOTII OH BXOJlHT B ypasueaue l -H crenena, pons 

ero TaK)Ke He06bl'laHHO 3HatiHMa. TaK, no 3aKOilY Fyxa, Beml'lHHa .ue$ opMaIlHll npasio nponopuuouam. aa npH1IO­

)f<eHHoMy Hanp.ll)KeHHIO: 

E = E . a HJlH E = E . F/ S , (2) 

me £ - BenH'lHHa .1l.e$ opMaIlHH; E - MOJlYJlb ynpyrocr a; F - npanoxcenaan CHJla; S - nnouians rtpanoscenaa CH1Ibl; 

(J - Hanp.ll)KeHHe. 

113 $ OpMyJlbl (2) CJle.1l.YeT, 'ITO E = eks, r .e, MOJlynb ynpyrocr n xapaxrepmyer nerpopv apyeaocrs KapTOHa, npn 

npHJlO)KeHHH e.llHHHUhl Hanp.ll)KeHI1.l1 (CHJJhl) . OTClOna cnenyer, 'ITO rtposuocn, KapTOHa 3aBHCUT OT BeJlH'lUHhl ne­

ljIopMaUHH, a OHa B CBOIO osepeas onpenenxer cs np0'l HOCTblO CBSl3H Me)KJlY BonOKHaMH. Ta KHM 06pa30M, npos ­

HOCTb KapTOHa 3aBHCHTOT cansr CBSl3H Me)f\)ly BOJlOKHaMH Her o TOJl1l\l1Hbl. ECJlH HCXOJlHTb In OCHOBOnOJlaralO1l\e­

ro npouecca TeXHOnOrHH 6yMar H - CB1l3e06paJOBaHH" Me)K.llY BOJlOKHaMM, 6JlaroJlapII 'IeMy If nonyuarcr 6YMary, 

TO MO)KHO yr sepx nar s, 'ITO canst CB.lI3H .lIBJI.lIIOTC.lI onpenenarouiaa $ aKTopOM MeXaHUlJeCKOH npO'IHOCTH xaproua. 

A CJleJlOBaTeJlbHO, peurenae 3a.lla'lH nOBhlWeHH.lI npo-mocr a H )f<eCTKOCHI xapr ona npex zie acero 06eCnC'IHBaeTC}! 

MexaHH3MOM cBII3eo6paJoBaHH.lI Ii npnpauieuuejaCHJlbl CBII31l Me)KJlY BOJlOKHaMH. 

Ilponnocme npu paCClIaUaOHUu. n pH HeJlOcTaTO'lHOH npO'l HOCTH KapTOHa aa paCCJlaHBaHHe B03HHKalOT npo­

6J1eMbl C ero npOH3BOJlCTBOM H nepepacor soa , npH'IHHa - or o cnafioe COeJlHHCHHe :meMeHTapHblx CJlOeB Me)KJlY 

C060H B 30Hax KOHTaKTa COnpR)KeHHbIX nosepxnocrea. 3 Ta npH'IHHa np05lBJllIeTC}! B CJle,UYIOlll,HX nerpexrax: npo­

H3BOJlbHOe paCCJlaHBaHHe xaprona B nenpencxasyea u x MeCTax mroTOBJleHHOrO xaproaa - HaMOTKe, nepev orxe, 

H3rH6ax, Ii npn nepepafiorxe - cxneaxe, neuar a, au cexxe l1 r .n, 

~py rHM xapaxrepnsns BHJlOM paapyurenas xaprona }!BJl5IeTCli asnnnnu aanne BOJlOKOH C nos epx aocrn noxpos­

aoro CJlOSI B npouecce rtexar a, xoropoe ' laCTO nepeXOJlI1T B paccnaaaanue, T.e. B OTCJlal1BaHl1e aroro CJlOR I1JlH ero 

'IaCTH OT OCTaJJbHOA MaCCbl xapr oua. B JlaHHOM cny-rae npMlJHHol1 paCCJlaHBaHH}! xaproua }!BJ]}!eTCli He CTonbKOero 

HH3Ka.ll Me)f<CJlOeBaJI npO'lHOCTb, CKOJlbKOHll3KaR npo-mocrs caMoro CJJ05I [3]. 

Ocofieaao ocrpo npofineaa npoxnocra KapTOHa npOllBJlReTCR npu HCnOJlb30BaHI111 BOJlOKHa m MaKyJlarypbL BTO­

pWlHoe BonOKHO »MeeT c1Ia6blA noreauaan npapauieaaa Me)KBOJlOKOHHbIX CHJl CB1I3H, H Jla)KCTOT yposeas CH1I CB1l3H, 

KOTOpblA ynaercs .uOCTIftlb, He rrpencraanaer cs B03MO)f<HbIM CTa6HJlli 3HpOBaTb BO BpeMcHH. A Y'l HTbIBa}!, 'ITO Mexa­

HH'IeCK3.lI np0'lHOCTb KapTOHa B ueno« H MC)KCJlOeBa51 IIP0'l HOCTb B 4aCTHOCTH, KaK 6blJlO nOKaJaHO ssnue, onpenens­

eTC}! CIIJlOH Me)KBOJlOKOHHOH ,CB1I3H, TO cneziyer noasunars norenuaan CH1Ibi CB1I3eH. YKa)KCM , '-ITO crenens nOMOJla 

BOJlOKHa, KaK rnaBHblH ljIaKTOp nossnueaaa noreaunana CB5I3e06paJOBaHI1}! BOJlOKHa, Ha npaxrnxe yxce JlOCTHI"Jla 
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III 
MaKClfMa lJbHOr O BJHHlHHll . A aHHall c n ryauns rpefiyer p asp ao o r x a HOBhl X p eW e HHH, 11 , no Haw e My Mlle1l1110 , OD.HHM 113 

~T 
TaKHX pewe HHH MOil<eT 6hlTb 6 0 Jiee p aUHOHaJ1hHOC npllMCHe HHC CHHTeTH'1eCKHX nOJiIlMCpHbIX CB1I3YKlW I1X. 

B a rore xenoct ar osnaa np0'lHOCTh 3J1CMeHTa p Hbl X cnoes II cnafias Meil<Cn Oe Ba li np0 4 HOCTb npusonsr K 3Hay J.1 ­
c-

TeJIbHbl M 3 KOHOM WleCKI1M nor epaa , Y Me Hh WH Tb HX J.1nH npaKTf I'I CCKH IiCKJ1IO' I I1Tb MO}J<HO y n p OYHC!l llCM. C 110\10 ­
~i1 uiuo HOBblX rexaonorua npHMCHCHIUl nonuvepnu x CB1I3YKl ll.\ HX . 

Petaeuu e 3aOQlj U n08 bl UieHUR M e:JICCJlOe e o u npouuocmu KapmOHG 

B Hay 'lHOH paoore npCD.n Oil<CHO nOBblWCHl1e Meil<CJiOCBOH np04HOCTl1 KapTOH a, OCIlOB aHHOC aa WI MeHCHI1I1 

csoncra cycneaaun 6 yM m KHo H MaCCbl , nocrynaiouiea aa 4Jop M HpoBaHHC 3JI CMCHTapHbl X cnOCB «aproua, CXCMa 

H3MeHeHIUI CBOHCTB MaCCbl - 'lepe3 enos . Csoacrsa 6YMa)\(HOH MaCChi 113MeHlIKlTCli sa c-r er nOD.aYI1 B HI1X CI1I1Te ­

T I1y.eCKHX nonaue pnu x ynpos as iounrx XHM l1'leCKIIX nponyxros no onpezieneauoa cxexre. B KalJe CTBe n06aBOK 

sa; I1CnOJIh3YlOTCli rtonaxrepuu e CB1l3YIO ll.\ I1C (CMOJIbl) MapKH « Y nsrpapes OS 150» ( aMepoTc pHhIC, XaTl10 HHbl C 11 a lll l ­


.110 OHHblC) npoasso ncr aa 0 0 0 « C K I1 <1> C n e W HaJ1 K CMllKaJ13» .
 

C MOJIbl «Ynsr papes D S » llBJHl lOTCH COn OJIHMepOM aKpHnaMl1n a 11 KaT l10 HIlOrO MOHoMepa B CTp yKTypC nonu­


BO- MepHo M llenO'IKI1 conepx ar KaTIlOHHble H aH l10 HHblC rpynnu, T.C. aansior ca nO,1 11epYH KuH oH anbHh1MI1 nonuxara­

'111, OHHO- nOnlm HI10 HHhlM H CB}!3y IOll.\I1Ml1. B 3aB HCI1M OCHI OT COOTHo w eHHlI 4JYHKUHOHaJ1bHb IX KaHlOHHbiX H aHH OH­


ns­ Hbl X rpyrm 6 bIBalOT C npeofinanaaaesr xar uouus»; rpynn ( KaTI10 HHble cv cn u ), rrpeofinanaauev aHl10 HHbi X rpynn
 

ell­ (aH110HHbl e CMOJIbI) H aM tPo TepHbl e - I1pl1 06m eM KaT I10 HHOM sapane OAHOBp CM ClI HO npos snmor H KaTl10HHYKl aK­


I1He THBHOCTh. H aHHoHHYlO. Hcnom.sya HX pa3JIH'lHYIO aKTI1BHOCTb no OTHOWeHl11O K orpuuarern. eo 3apH)\(CHHoMy 

aonoxny, MO)KHO yrrpaanar s McxaHH3MOM B3al1M OnelkTBHSI Bon OKOH B 6 y Ma)KHOH Macce, a CJICD.OBaTeJIhHO, 34J4JCK­

onb TII BHO Bn WlTb aa cuny CB1l3 11 MCiI<.uy BOJTOKHaMI1. 

UlO- Ilpennoxenaaa aBTOpaMH CXCMa I1cnonh30B a HI111 cwon «Ynsr papes OS» n 0 3BOJlll eT BJlI1S1Tb aa CB1I3C06 paJOBa ­

Hue II CIUlY CBll3H M CiI<ny BOJTOKHlICTbl MI1 3nCMCHTapHhlMI1 cnOSlMH KapTOHa n o CJlC.uYWWI1M Me XaHI13:VlaM: 

a) CB1l3YlO IUCC su nonaaer npllMYIO ynpo-nououryro pens - noau uiaer an r e3 110 HHYKl n p OYHOCTb COnpSl)\(e HHbI X 

2) 
3nCMCHTapHbl X CJlOCB; 

6) CB1I3YlO w ee, otinanas onpezreneuasra nOJIOIKHTCn bHbl M HflH orpa uarens nu« ( I1JlH TCM 11 TCM) nOTeHUHaJIOM , 
1J1 bl; 

yBC JIHtIHBaeT ynepx aa ae Men Ko ro Bo n OKHa H npyrax xonnoannu x 'IaCTHU, a 3TO snnser na 06e3B O)!( HBa HI1C H 

¢ OpMl1pOBaH11e anea eurapuoro enos; y rrpO y.HSlIOll.\I1H 34J4JCKT coaaaercx YBenHy e HI1CM KOHT aKTHpYKlll.\HX nosepx­
npH 

HOCTCH cn OCB sa C'lCT ynepsoraaea oro BonOKHa;
 
ne­ B) CB1l3YIOll.\ce aa cs er noasnuea us ynepxanas BonOKHa II c06CTBeHHblX 4JYHKuI1OHaflbH bI X rpynn nossuuaer
 

JO'\-
Bn aIKHOCTb MaCCbl H C0 3n aeT aa r p aHHUC KOHTaKTOB CJJOCB nOBblwCHHYIO Typ6yfleHTHOCTb ; y n p o clHlIH) W H11 34J¢ e KT 

uue­ cosnaerca YBen W-Ie HHeM 30 Hb'.KOHTa KTa cnOCB aa ever 6 0nbweH rny6HHbl B3aHMHoro npOHll KHOBCHWl BonOKHa . 
ar y , 

OCYll.\eCTBJIeHHe nO,lJ.0 6 HOH TCXHOn OrHH, HanpaBnCHHOH aa H3MCHCHHe ycnoa uil CBil3bJil aHWI 3n e MeHTap HblX 
»ta, 

crroes KOlITa KTHpYJOlll.l1 M H nOBepXHOCTll MI1 B MOMeHT COCD.lmeHI111 cn OCB u CD.I1HYKl nanxy, n03Bon»CT CBCCTI1 npo­
;TCiI 

6 JTCMy MC)!(Cn Oc Bo l1 npO'lHOCTI1 K n p HeMnCMblM ypOBHHM HnH i1<e nonaocrsio ec y CTpaHI1Tb . 

IpO­ 8bl600bl 
1<D.y 

1. n p 0'lHOCTb H Mc iI<Cn OCBa ll npOy.HOCTb nepenneruoro 11 «opofio-nroro KapTOHa on penenserca CJ.1JJaMI1 MCIKBO­ipo­
nO KOHHOH CB1l3H.rxe, 

2. YBenH'le HI1C CHn Meil<BOJTOKOHHOM CB1l3H ueJJcC006paJHO OCYWCCTBJIlITb cneuaansao Cl1HTC3l1p OBaH HbiM YI 

10B-
,Uflil ar oro nonHHOHHblMH nOJ1l1Me p HblMH CMOJJaMH MapoK «Ynsrpapes OS». 

3. Paapatioraaau ji H npC,UflOil<CH HhI M aBTOpaMI1 sapaaar I1CnOJIb30BaHl1H y npO'1HlI Kl ll.\ I1X csron xsnaercs OCHO­
cro 

BOH HOBOrt TeXHOn OrH H xapr oua, ynoaner aoparomea Tpc60BaHHSlM no MCXaHHyeCKO K H MC)\(CnOCBOH npOYHOCTH 
ero 

xaproua. 
4. Hosaa TeXHOn OrHll paspafiarstaaercx H HCn blT bl BaCTCH B nporasnunennocru.:TQ ­

1311, 
C" UCOK numepamypstxa­
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