CoBpeMeHHble MaTepurasbl, MPUMEHSAEMbIE A/ U3rOTOBNEHUSA 04EXAbl, MO CBOEN
CyTW, ABNAOTCA NoOAMMepPHbIMU. OHM BbIBAOT Pa3/IMYHON NPUPOAbI: HaTypasibHbIe,
NCKYCCTBEHHbIE N CUHTEeTuYeckune. icnosnb3oBaHMe NOJIMMEPHbIX MaTepunasoB B
NMPOn3BOACTBE NU3AEIMA NEerKOn NMPOMbILLUJIEHHOCTN N34eNNA faeT BO3MOXHOCTb
N3MEeHATb UX CBONCTBA B LUMPOKUX npepenax. CeroaHsa HenNb3s rpamMoTHO
KOHCTPYMpPOBaTb O4EeXAY, HE 3Has CBOMCTB MaTepMasioB, U3 KOTOPbIX OHa
n3rotosnseTcs. MossaeHne HOBbIX BOJIOKOH, MaTepuanoB BaeYeT 3a cobon
NPUHLMNMAJIbHbIE U3MEHEHUS B KOHCTPYKLUAX, ee MoAe/IbHbIX 0CODEHHOCTSX,
cpencTBax popMmoobpa3zoBaHma N hopMO3aKpernjeHns, MeTogax u pexxmmMmax
obpaboTkun nspennn, a Takxxe B obecnevyeHUn CoOXpaHeHNs KavyecTBa N3gennin B
npouecce akcnayaTaunin. KOHCTPYKTOP OOJI>KEH B COBEPLUEHCTBE BAAAETh
TEXHOJIOrMEN N3roTOBJIEHNSA N3OENNIA, @ TEXHOJION - 3HaTb KOHCTPYUPOBaHMe,
OTYEeTNIMBO NpencTaBnATb cebe, Kak NpeanaraemMas KOHCTPYKUMS U3genns nposasuT
cebs B obpaboTke, T.e. bByaeT M OHa TEXHOIOMMYHA, NO3BOJIUT /I B AOCTAaTOYHOM
NCNoJsib30BaTb COBPEMEHHbIE MaTepuasbl, MeToabl 06paboTkn n obopynosaHue,
aBTOMaTU3MpPOBaTb NPOLECC NPOU3BOACTBA. ACCOPTUMEHT TEKCTUJIbHbIX MaTepuMasos,
TPUKOTa>XHbIX N HETKAHbIX MOJIOTEH, KOMMJIEKCHbIX U APYrUX HETPAONLMOHHbIX
MaTepuasioB 04eHb pa3Hoobpa3eH N NOCTOSAHHO OOHOBNSIETCA 3a CYET MOSABEHUSA
HOBbIX MOIMMEPHbIX MaTepunanos. CBONCTBA 3TUX MaTepmnasioB CyLLECTBEHHO
pasnu4yatoTca. OHM 3aBUCAT OT BOJIOKHUCTOrO COCTaBa, CTPYKTYpbl, cnocobos
NMpon3BoACTBaA N OTAENKN. PaCCMOTPUM HEKOTOpPbIE U3 HUX. HaTypaibHble MONMeEpHI,
HanpuMep xsaon4aTobyMar>kHble TKaHW, obnagatoT LesibiM KOMMJIEKCOM
NONIOXKNTENIbHbIX CBONCTB - JIEFKOCTbIO, MAFKOCTbIO, BLICOKMM MOKa3aTenem
rMrMeHNYeCKMX CBONCTB. 3Ha4YNUTENbHOE KOIMYECTBO X10N4aTobyMarKHbIX TKaHen
BbipabaTbIBAlOT C UCMONb30BAaHNEM XMMUYECKNX BOJIOKOH (BUCKO3bl U ee
MoAunKaunn, NoanNd3IUPHbLIX, NONAaMNOHbIX). MepcneKTUBHbIMU ABNSAIOTCSA
MaTepuasibl HA OCHOBE Pa3BOJIOKHEHHOM CTPYKTYpbl (MUKpocmnbpa). LepcTaHble
TKaQHW OT/INYAIOTCA KPaCcUBbIM BHELWHMM BUAOM, BbICOKMMWU Teni03anTHbIMK
cBoncTBaMu. brnarogapsa NnpuMeHeHUt0 B COCTaBe NCKYCCTBEHHbIX N CUHTETUYECKMX
BOJIOKOH YJly4LLAKOTCA 3KCMNJlyaTauMOHHbIE CBONCTBA: N3HOCOCTOMKOCTb,
(hOpPMOYCTONYNBOCTb, BHELLUHUA BUA LUBENHOIro n3gennsa. BeegeHne nascaHa, HUTpPOHa
bonee 60 % npnaaeT TKaHAM Masnylo ycaaKy, OHM MasIOCMUHAEMbI, XOPOLLO
PUKCUPYIOT CKAAAKN N NANCCE NPU BNIaXKHO-Tens10Bon 0bpaboTke, KOTopble XOpOoLlIo
COXPaHSATCA NMPU HOCKE Aa)ke nocse CTUPKU U XUMUYECKON YNCTKKU. Y
NoNyLepCTAHbIX TKaHen (ocobeHHO C copep)xaHneM nascaHa, HUTpoHa 6onee 30 %)
BO3HUKAKOT CJIOXKHOCTW NPU NPOBEAEHUN CYTIOXKKUN N OTTSAXKKM TKaAHWU, YTO Bbi3blBaeT
HeobxooMMOCTb BHECEHUSA U3MEHEHNI B KOHCTPYKLUMIO nsgenna. Heobxognmas
obbemMHasa popmMa MoXKeT ObITb OCTUIHYTa /INLWLb 3a CYET BbiTavyeK. CUHTeTU4Yeckme
TKaHM 13 nonmapupHbix (M3) n nonmammaHblx (MA) HUTEN N NPSXKM B HacTosuWlee
BPEMSA NMMEIT HECKOJIbKO UHblE CBOMCTBA 3a CHET LWMPOKOro NCMOJIb30BaHUS
CBEPXTOHKUX HUTEN (MUKPOHUTEN), a TaKXe OTAESI0K, MPNAAoLWLNX TKaHAM



OOMOJIHUTESIbHY0 MATKOCTb, YBEJIMYUBAOLWMX FpA3eoTTaslKuBaHue,
FMMIrPOCKOMNNYHOCTb, YMEHbLUAKLWKNX 31eKTPU3yeMocCTb [1]. AKTYaslbHOCTb N BbICOKUIA
CMpocC BO BCEM MUpe ceroaHsa npuobpeTtaeT ogexxna C UCNOJIb30BAHMEM HUTEN,
obnagaownx BbICOKOW PacTAXMUMOCTbIO. AKTUBHO UCMOJIb3YOTCA TKaHU U
TPUKOTa>KHbl€ NONIOTHA «CTPey», KOTopble 3a CHEeT NMPUMEHEHMNS NOJINYpPeTaHOBbIX
HuTen (MY) - nankpbl, CNaHgeKkca, gopJsacTaHa - CO34al0T YHMKaJIbHble BO3MOXXHOCTM
A8 MOOEeNMPOBaHNS BbICOKOKTACCHOM OA4e)XXAbl: U3AWHOW, NIaCcTUYHOW, 06 beMHON,
3/1eraHTHoON, KOM(OPTHON, COBPEMEHHbIX CUTYS3TOB, HOBbIX 0bpa3os 1 T.4. [2, 3].
N3roTtoBneHne n3pennin n3 COBpeMeHHbIX MoJIMMEPHbIX MaTepmnasioB CBSA3aHO C PSALOM
ocobeHHOCTEN N TpyaHoCcTeN, 0byCnoBAeHHbIX creunpunyeckumMmm CBONCTBaAMM
MaTepunanoB. OTMETUM, YTO €C/IN U3 MaTepPMaoB C PasINYalOWLMMNUCA CBONCTBaAMU
CWNTb n3genue no o4HUM U TEM e NiekanaM, TO OHM ByayT No-pa3HOMY BbIFrNA4eTb
Ha OQHOW N TOW XXe purype, Tak Kak byayT oTan4aTbCa No hopme, pa3Mepam U
nnacTuke. Kak n3BecTHO, y3es «nporMa N3genns - okaT pyKaBa» aBaseTcsa Hanbonee
CJ/IOXKHbIM B KOHCTPYMPOBaHUKN 04eXAbl. DTO CBA3aHO C TEM, 4TO HeobxoaAnmMo
MOCTPOUTbL ABe HenpaBuJibHble pa3HOXapaKTepHble KpUBble MO ToYKaM, B0JIbLUMHCTBO
N3 KOTOPbIX NPAMO He CBA3aHbl C U3IMEePEeHUAMUN PUrypbl, a HangeHbl NyTeM
OOMOJIHUTESIbHbLIX PacyYeToB U MOCTPOEHU. [MapamMeTpbl KOHCTPYKLUN BTA4YHOI O
pyKaBa KJlaCCU4eCKoW hopMbl BO MHOIOM OMNpenensTCcs pa3Mepamm n
KOH(Urypaumen nponmbl, Tak Kak CyLLecTByeT NpsMas CBsA3b MeXXy OKaTOM pyKaBa
n nponMon nigennsa. Hanbonee Ba>KHOM XapakKTEPUCTMKON JAHHOMO y3/a ABAAETCA
pacnpeneneHve nNocakn okaTa pykasa rno y4acTkaMm nponmbl. BennymnHy nocagkm
pykasa Nnoc nony4alnT YMHOXKEHNEM ONNHbI NponMbl (np) Ha HOpMY nMocagku
pykasa (H) Ha 1,0 cMm anunHbl nponMsbl: Nnoc = Onp*H. HopMa nocafku pykasa 3aBUCUT
OT BOJIOKHMUCTOro CoCTaBa, CTPYKTYpPbl, CBONCTBa UCMNOJIb3yeMoro Mmatepuana. Ans
N34eNnNN N3 TOHKUX, CYXUX TKaHen U TKaHen ¢ 60NbLUINM BNOXKEHUEM CUHTETUYECKUNX
BOJIOKOH B cpefiHeM paBHa 0,05-+0,1 cm, a 4Ng TKaHEN YyTOJWEHHbIX U PbIXJibIX
CTpYkKTYyp - 0,1+0,15 cM. YKa3zaHHble HOpPMbI MOCaAKN OKaTa pyKasa NPUMEHSIOT Mpwu
BTa4YMBaHMM pyKaBa 6e3 ckagok n cbopok ¢ HanpaBsieHMEM MPUNyCcKa Ha WoB
BTa4yMBaHMA B CTOPOHY pyKaBa. [pun apyrux cnocobax BTa4nMBaHUs HOPMY MOCaaKM
yMeHbLwaloT. lNocagky okaTa pykaBa pacnpenenstoT HepaBHOMepPHO. HanMeHbLuyto
NnocaaKy NPOEKTUPYIOT Ha HUXXHUX yHaCcTKax pyKaBa, XapaKTepU3yroLWMXCa MabiM
Yr/10M HakKJIOHa Cpe3a OKaTa pykKaBa K HUTAM OCHOBbI, Ha Hanbosiee KOCbIX BHELIHUX
y4acCcTKax cpe3a okaTa, BepXHUX y4acTKax - mocagka Hambonbwas [5]. PaumoHanbHoe
MOCTPOEHNE KOHCTPYKLUMIM ofoexabl TpebyeT He TONIbKO y4eTa aHTPONnoMeTpnYeCcKux
rnapameTpoB uUrypsbl, HO N gedOopMaLNOHHbLIX CBONCTB MaTepunanos. NpoekTupoBaHme
n3gesnnin C pykaBoM NOKpPoOs pernaH TpaguuMoHHO CHUTaeTCs HENPOCTOW 3ada4ven.
XapakKTepHOW 0COBEHHOCTbLIO 3TOF0 NOKPOS ABNSAETCA HE3aMKHYTas JIMHUSA NPONMbI
pa3IMYHON KOHUrypaunum n pykan, LesIbHOBbIKPOEHHbIN C MNJe4eBON YacCTbio
n3penus. CopeplueHCTBOBaHMeE npouecca opmoobpasoBaHMa n3gennin C pykasamm
CJIOXKHbIX MOKPOEB ABNSETCHA akTyasibHOW NpobnemMon, Kak Npu TpaanLUNOHHbIX



MeTohaX NPOeKTUPOBaHUSA, TakK U 0COBEHHO, Npn Nnepexoie Ha KOMMbOTEepHoe
npoekTnpoBaHmne. Kpome Toro, akTyaJlbHOCTb Takoro poga pa3paboTok obycnosneHa
MPaKTUYECKOM 3HAa4YMMOCTbIO. MOKpPOW pernaH CHoBa BXOAUT B MOAOY U MOXET BbITb
NCNoJsIb30BaH NPWU CO34aHNN MHOTUX CUTYITHLIX (hopM oaexabl. [laHHbIN MOKPOM
pekoMeHOyeTCsa OJ18 BCeX BUAOB XKEHCKOM OfeXXAbl, @ TaKXe HEKOTOPbIX BUAOB
OeTCKOW 1 MYy>XCKOM ofex bl (NanbTo, niawm, KypTku). B eBponenckon ogexnage
pyKaBa NOKpoA perjlaH NoAaBuaNCb B KoHUe XIX BeKa 1 Ha3BaHbl Tak Mo MMeHN
AHIJINMACKOro reHepana BpemMeH KpbIMCKOM BOWHbI Slopaa PernaHa, KOTOPbIA BBEJ
MYHAUP TaKoro nokpos B apMun. NMNosBMUBLLUNCE NMePBOHaYa/lbHO B My>XCKOW ogexae,
pyKaB MOKPOS perfliaH cTajl BCKOpe MOonysispeH 1 B XXeHCKOW ogexae. AHanus
KOHUrypaumm AMHUU NPOnMbl persaaH NnokasaJs, 4TO OHa NOCTOAHHO U3MEHSETCH Ha
BCEM MPOTAXKEHUN CYyLLECTBOBAHNSA U3OE/TUA 3TOr0 NOKPOS U 3aBUCUT OT
HanpassaeHns Mmoabl. Mo BU3yaslbHO-KOHCTPYKTUBHbBIM NpU3HaKaM, BCTpevalLumecs B
COBpeEMeHHOM oaex e, BapuaHTbl MOKPOA pykKaBa persaH KJaaccuuunpyoT no
cnefyrouwmm NnpusHakam: BUAY YIeHEeHNs INHUEN perfiaHa; KoHpurypaumm aMHnm
NPONMbI; r1ybmnHe NponMsbl; LWUMPUHE pyKasa; No AJIHE pyKaBa; PacnoloXKeHUI0
YNIeHEHUIN pyKaBa; penbedy NoBepXHOCTU pykKasa [4]. OTMeTUM, 4TO KOHCTPYKTUBHbLIE
0COBEHHOCTN pacCMaTPUBAEMOro NOKPOSA pyKaBa CBOAATCSA K clefyuwmMm MOMeHTaM:
* yBE/IMYEHWNE MO CPABHEHMUIO C BTA4Y4HbIM pyKaBoM npmnbasok rno AnHum rpyaun (MNr He
MeHee 4eM Ha 2+4 cM), K 06xBaTy nseda (Mon Ha 2+4 c™), Ha ceoboay nponmsl (Mcnp
min - 4+5 cM, max - 4O JIMHUX TaanKn), 4TO NPOANKTOBAHO HEOBXOONMOCTbIO
obecneyvyeHmnsa yoobcTBa KOHCTPYKUUN B AMHAMUKE; * YMEHbLUEHNE BEJINYUHbI
nepenHee-3agHero banaHca 3a cyeT nogbemMa ropaoBMHbI CMUHKN Ha 0+1 cM;
nepesop NJjeyeBoro LWBa B CTOPOHY nepena; * NoJsioxxeHne sepmHbl GOKOBOro cpesa
Ha cepefunHe WNPUHbBI NPONMBbI; * COKpaLLeHne pacTBopa njae4yeBon N HarpygHowm
BblITa4eK NyTeM 4YaCTUYHOIr 0O rnepeHoca B Cpe3 NpPonMbl C Liesbio ero yaanHeHus, a
OCTaBLUENCS YaCTWU B rOPJIOBUHY MOJIOYKN U CAUHKK [4]. OINna KOHCTPYKTOpa y3en
«MNpoMNMa-pyKaB» MOKPOS pernaH nHtepeceH 6onbwnMM pasHoobpasmem pelleHuin B
3aBMCUMOCTM OT MUCMOJIb30BaHUSA COBPEMEHHbIX MOJIMMEPHbIX MaTepunanos. U3
NNTEpPaTYPHbIX NCTOYHUKOB U3BECTHbI TP MeToLa NPOEKTUPOBAHUSA KOHCTPYKL NN
XKEHCKON oaexabl C pykaBaMuy NOKPoOS pernaH: 1) pacyeTHo-rpadpuyeckmnin meton [4,
5, 6]; 2) rpachuyeckmnin metog [4, 5, 6, 7, 8, 9]; 3) mynsxkHbin meTong [7]. Mpwn
pacyeTHO-rpauyeckom MmeTone pa3paboTKa KOHCTPYKLUA XEHCKON MNsie4eBon
odexabl 3aKJII04YaeTCsA B pacyeTe BeIMYMH KOHCTPYKTUBHLIX Y4aCTKOB 1 onpeaeseHnu
MX NOJNIOXKEHUN Ha YepTexe. icnosib3yeMble Npu 3TOM pacyeTHble QOpPMY bl
BOCMPOUN3BOAAT U3BECTHLIE aBTOpPaM MeTO0B peLleHns (popm nsgenun.
pahmyeckum MeTo4oM, NOoJYHYUBLLUNM Ha3BaHUE «MeTo NPUCTPanBaHNSA», MOXXHO
pa3pabaTbiBaTb KOHCTPYKUUN n3gennin pasHoobpasHbix hopM, Tak Kak ero CyTb
COCTOUT B Npeobpa3zoBaHnm getanen 6azoson KOHCTpyKUUK (BK) cnocobamn
KOHCTPYKTUBHOI0 MmogenmpoBaHus. MNpm 3TOM YepTexx KOHCTPYKUUU MOKPOS pernaH
MOXXeT BbITb MoJsly4YeH B ABYX BapuMaHTax: BapmaHT 1 - Ha 4epTe)xe NosIo4KN N CANHKN



NnPOBOOAT IMHUKN NPOWMBbI pernaHa. Ha pykaBe yBe/IM4nMBalT BbICOTY OKaTa, KOTOPYHO
onpepnensatoT no opmyne: A Bok = Bok*K, roe Bok - BbICOTa oOKaTa MCXO4HOro
BTa4yHOro pykasa; K - koaggpunumeHT, paBHbin 0,1+1. K=0,1, ncnonb3ytoT npu
NMPOEKTUPOBAHNN pyKaBa CTPOron Knaccnyeckom popmbl. BepxHme 4acTm CNnNHKN v
MOJIOYKMN, OTHJSIEHEHHbIe JIMHNEN NPOMNMbI periaHa, NpUcTpanBatoT K AeTanaMm
BTA4YHOro pykKaBa, COBMeLLlasa COOTBETCTBYOLME KOHTPOJIbHbIE TOYKK (puc. 1) [4, 6, 7,
8]. BapuaHT 2 - [leTann BTa4HOro pykaBsa, 3aZlHIO0 U NepenHio 4acTu,
NMPUCTPanBalOT COOTBETCTBEHHO K CMIMHKE M NOJIoYKe. 3aTeM 0OPMAAIT JINHUN
pernaHa ons nponMbl N okaTa, 06MBasACh IMMIUPUYECKMM MYTEM COMNPAXKEHNA ITUX
JINHUW C HUXKHUMUN HaCTAMMN MPOUMbI U OKaTa NCXO4HOW KOHCTpyKuumn [5, 6, 7, 8]. Puc.
1 - CxeMa NOCTPOEHMNA KOHCTPYKLUN XXEHCKOro N34e/ng C pyKaBoOM MOKPOSA persaH,
BapuaHT 1 XKenaemoe HanpaBsieHNe pyKaBa B nsgennsax obecneymsatloT NyTEM
COoBMelleHNs 3a4Hen 4YacTun pykKaBa C NPONMON CINHKK, a nepenHen - C NPoNMon
MOJIOYKM, TakKMM 0Bbpa3oM, 4ToObl pacCTOAHNE MeXXAy ToYKaMu BeplwmnH okaTa (022,
021) n KOHeYHbIMU nJie4yeBbIMMN ToYKaMu CrHKK (M11) n nonoykum (M51) coctaBuso
1,0+1,5 c™m, a paccTosiHMe (N0 ropm3oHTaNN) MeXOY KOHTPOJIbHbIMU To4KaMu (M3 n
P3; M6 n 1) coctasunno: * 0+0,5 cMm — ansa pykaBos oTBecHon popmsbl; * 1,0+3,0 cm —
ONa pyKaBoB cpefHen MAarkoctu; ¢ 4,0+5,0 cM — ong pykaBoB MArkon hopmebl (puc.
2). MNpw BblYEPYMBAHUN HUXKHUX CPE30B OKaTa pyKaBa UCMNOb3YIOT KOHTYPbI JIMHUN
HVWKHUX YH4aCTKOB NPOMNMbI MOJIOYKU U CMUHKW 0151 BTA4YHOro pykasa. HuxHue cpesbl
PYKaBOB MArKNx hopM opopMAAT NPAMbIMU JNHUAMN NAX C NPOrnbom
(nactoBuueobpasHoe oopmneHune). na obecnevyeHns xenaemMmon CcTeneHn MArkocTun
3a4al0TCA Yr/IOM HakJI0Ha pyKaBa (o) OTHOCUTENbHO BepTUKanu oT T. M1, KoTopbIn
Kosiebnetcs B npenenax: *« 40°+45° — B pykaBax oTBecHOM popmbl; * 50°+60° — B
PYKaBax cpefiHen MArkocTu; * 65°+75° — B pykaBax MoKpos perfaH MArkon hopmbi
[8]. Puc. 2 - CxeMa NoCTPOEHUSA KOHCTPYKLNN XXEHCKOIo n3gennsa ¢ pykasoM Nnokpos
pernaH, BapunaHT 2 NMpUHLUNNANBHOro OT/INYNA B pe3yibTaTaX OT NpUMeHeHuns
rnepBoro uam BToporo cnocoba npuctpanmBaHmsa HeT. Ho BTopon cnocob pnaet 6onee
HarnNsa4HbIN BapuaHT NPOEKTUPOBAHUSA, TakK KakK MPOMMa N OKaAT KOHCTPYKLMK NOKPOS
perjiaH oueHUBATCA KOHCTPYKTOPOM O4HOBPEMEHHO OTHOCUTENIbHO APYr ApYyra, Kak
no popme, Tak U Ha COMPSAXXEHHOCTb U COpa3MepHOCTb. B nccneposaHusax B. B.
3anKnHA NpoLecc NoCTPoeHUs pyKaBa persaH rpapu4yeckmum MeTonoMm
paccMaTpuBaeTCHa C UCMOJIb30BaHUEM Clefyowmx napamMeTpos: * R - paccToaHue,
MeXXy BEPLIMHOW rOpPJIOBUHbLI M COOTBETCTBYIOLLEN TOYKOMN HaYana JIMHUKW pernaHa; °
¢ - Yros Mexay JIMHWEN persaHa n ropsioBUHON UM NeYeBbIM CPE3OM NN CpeaHEN
JIMHWEN NOJNIOYKM (CMUNHKKN); * Y - YION MexXAay JIMHUen persaHa u nponmon; « f -
paccToaHMe Mexay njie4yeBon TOYKOW U BEPLUMHON OKaTa pykaBa. B xone
nccnenoBaHms 6biaM MosyvYeHsbl pasHble BUAbl pykaBa pernaH: - R 0 - nonypernatn; R =
0 - HyneBou pernaH; R > 0 - Knaccu4ecknm pernaH, persiaH-noroH, persiaH-koKeTKa; -
f=0wunmf>0-orBecHas popMa pykaBa; f 0 - markasa copma, KoTopas 3aBUCUT OT
npunbaBku Ha ceoboay; - ¢ Ny oNpeaensatoTCd KOHCTPYKTOPOM BU3yasbHO, B



3aBUCUMOCTW OT COOTHOLIEHMSA APYrMUX NapaMeTpoB U HeEOBX04NMMON KOH(Urypaumm
nnHUKM pernaHa [9]. Ha puc. 3 npeacrtaBneHa cxeMa NOCTPOEHUSA pyKasa NMoKpos
pernaH rpamMyeckmMm MeToLoM C UCNOJIb30BaHNEM NPensiIoXKeHHbIX NapaMeTpos.
Mpnyem nonyvyeHne NMHUK persiaHa Ha rnosiovke N CrNMHKe NPoONCXoauT aHasor 4Ho.
Puc. 3 - CxemMa noCTpoeHns pyKaBa NoKposa persaH rpapuyeckum metogom Meton
npucTpamBaHnAa faeT Xopowmne pesysbTaTbl MPU BbINOJIHEHUU CNeAYIOWNX YCII0BUN: -
NCnonb3oBaHUe anpobnupoBaHHON NCXOOAHOW KOHCTPYKLMN, B TOM Yucne bK,
obecnevmBatoen xopoLlee Ka4eCcTBO NOCaAku n3gennsa Ha urype; - UsMeHeHue
nepefHee-3agHero 6asaHca KOHCTPYKLUNM B COOTBETCTBUN C NPOEKTUPyeMon popmMon
n3genus; - nepeson rnje4vyesoro wea snepef Ha 0,5+1,0 cM ona nsgenuin Markown
o06beMHoM (hopMbI; - COBMELLLEHME HaACcevyeK NMPOoNMbl M OKaTa BTA4YHOI0 pykKasa nuau
nx passeneHuve no Ayre pagumyca C uenbto yBesnnyeHns obbema nsgenuvs; -
MPOEKTUPOBaHME 3a30pa MeXXy Nnae4eBon TOYKON MOJIOYKU U BEPLUMHON OKaTa,
paBHOro A BoOk; - yCJIOBHOE pacysieHeHVe 1 pa3BefeHune getanen pykasa no JIMHUAM
nepenHero 1 JIOKTeBOro rnepekaTos Npu pa3MoaeIMpoBaHNN Nje4YeBOn BblTa4yku
CMUHKW N HAarpy4HoOW BbITAYKM MOJIOYKN B JINHWUIO MPONMbI ANS YAJNHEHUS; -
perynnpoBaHue 3a30p0OB Mexx4y njie4yeBol TOYKOW CMMHKU U BEPLUNHON OKaTa Asd
YPaBHMUBAHUA OJINH CPeOoHUX JIMHUA 3a4HeN YaCcTu pyKaBa C rnepegHen 4acTblo.
PaBeHCTBO ANMH YAOOHO KOHTPO/IMPOBaTb OT BEPLUNHbI FOPJIOBUHbLI 0
KOHCTPYKTUBHOW IMHUN OCHOBaHWSA OKaTa pPyKaBa; - pacluMpeHne KOHCTPYKLUMN Nno
JINHUN Tpyaun u yrnybneHne NnponMsl B COOTBETCTBMU C 3CKU30M MOLEJIN; - U3MEHEHMne
NN COXpaHeHne NoNoXXeHNsA JIMHUN OCHOBaHUA OKaTa B COOTBETCTBUMN MOLE/bHOM
LWMPUNHON PYKaBa; - KOHCTPYKTUBHOE pacysieHeHne CyMMbl aeTanen (CnnuHKa + 3aaHas
4aCTb BTA4YHOr0 pyKaBa; NnoJiovkKa + nepenHAs 4acTb pykKaBa) JIMHUEN NPONMBbI
pernaHa B COOTBETCTBUM C 3CKM30M MoAesN; - BbIDOP Ha JIMHUN NPONMbI NOJI0XKEHUS
TOYeK, OT KOTOPbIX Ha CMNUHKE U MOJIOYKE PacXoAAaATCA HUXKHME YHaCTKU JIMHUW OKaTa
N NPONMBbI perjslaHa, C y4eToM NpoeKkTnpyemon (hopMbl pyKaBa, ee HarnoJIHEHHOCTU B
obnacTtun nepegHero n 3agHero crnbos; - opopMsieHne NNHUN CpefHero wBa pykaBa B
COOTBETCTBUN C NPOEKTUPYEMbIM CUJTY3TOM MoAenun B naevyeson obnactu u c
obs3aTeNbHbIM CONOCTaB/IEHNEM CNEeAYIOWLNX XapaKTEPUCTUK KOHCTPYKLUN: YI10B
HaKJIOHa ero rnJjie4yesBblX y4aCTKOB; KOH(PUrypaunum KOHTYpoB AeTasien, Npu 3ToM
NPUOPUTETHON XapaKTEPUCTUKON ABAAETCA KOHUrypaLuma KoOHTypa nepegHen 4acTtu
pyKaBa; OJIMH KOHTYPOB, PaBEHCTBO KOTOPbIX KOppeKTupyeTcsa B 06,1aCTu nnevyeson
TOYKM CMOCOBOM KOHMYECKOro pa3sBefeHUs Uam CXJ10MblIBAHUA TOW U MHOW AeTann
pykaBa [6]. Taknm obpa3om, MeTo NpUCTpamBaHUA, NPy N3MEeHEHNN NOKPOS pyKaBa
[aeT xopolwue pe3synabTaTbl Npy cobnogeHnn BCcex BblllenpmBeeHHbIX YCA0BUN U
rapaHTUpyeT TOYHOCTb MOCTPOEHUSA KOHCTPYKLMKU MOKPOoA persaH. [padunyeckni
MeToL MOXeT ObITb MPUMEHEH KaK Npu NPOMbILLJIEHHOM NPOU3BOACTBE O04eXAbl, Tak
N Npu NHANBNAYASIbHOM, HE3aBMCMMO OT MOJIOBO3PACTHOIoO NpU3Haka, Buaa oaexxabl
N NCNOJIb3yeMbIX COBPEMEHHbIX MOJINMEPHbIX MaTepunanos. [laHHbIA MeTOL MOXeT
ObITb MCNOJIb30BaH B rMpoLeccax KOHCTPYKTUBHOIO MOAE/INPOBAHMUSA, KaK Mpu



TPagNLUMNOHHOM, PYYHOM, TaK U KOMMbIOTEPHOM MPOEKTUPOBAHUN KOHCTPYKLUNA
N34enun C pykaBoM NOKPOS pernaH. MI3BecTeH ele MysKHbIN MeTo. DTOT MeTo[
NPUMEHSETCA B COHeTaHMUN C APpYrMMin cnocobamMmn npu KOHCTPYKTUBHOM
MOOe/IMPOoBaHNM ofexabl. [103TOMY OT KOHCTPYKTOpPa, NCMNOJIb3YIOLLEero 3ToT MeTOo/,
TpebyeTcsa He TOJIbKO XopoLlee 3HaHMe CBONCTB COBPEMEHHbIX NOJIMMEPHbIX
MaTepuasioB, ero rnosefeHns Ha purype, BrageHme npueMamm cosgaHusa gopmbl, HO K
yMeHune npeBpaTUTb HAaKOJIKY B Pa3BEPTKY U B KOHEYHOM pe3ysibTaTe B YepTex, rae v
noTpebyTCA 3HAaHUSA reoMeTpUYecKn ToOHHOro crnocoba co3faHNa KOHTYPOB
KOHCTPYKUUN. N8 KOMMNbIOTEPHOro NPoeKTUpoBaHns Hanbonee nepcrnekTUBHbIM
ABNAETCA pa3BUTUE TEXHOIOMMW rpau4eckoro Mmetona - Metona NpucTpanBaHus, C
NCNoJIb30BaHMEM UCXOOHON KOHCTPYKLMK, MPOBEPEHHON NpUMepKaMu, C BbIDpaHHbIM
hopMoobpasoBaHNEM pyKaBa U OCHOBHbIX AeTanen (npnbaskamn, pacTBOPOM
BblTa4yek, GopMON NPONMBbI, YIJ/I0B HAaKJIOHa U OJINHbI NJ1e4eBbIX CPE30B U T. 4.).
Ncnonb3oBaHMe KOMMNbIOTEPHbLIX TEXHONOMMI HAaCcTOATEsNIbHO TpebyeT Noncka HOBbIX
CcrnocoboB NPOEKTNPOBAHMSA, OCHOBAHHbIX HA TEOPUN UHXXEHEPHOW rpadhukm v
NCKJII0YaLWMUX HETOYHOCTN KYCTapHbIX MPUEeMOB PYy4YHOro rnpoeKkTupoBaHua. Llenbto
HacTosawen paboTbl CTana pa3paboTka peKkoMeHgaunnm NOCTPOEHNSA rpaPnyeckmnm
MeTOO0M KOHCTPYKUUA pyKaBOB NMOKPOS perjaH U3 pasiMyHbIX NOJIMMEpPHbIX
MaTepunasoB C ncnosibzoBaHmem so3MmoxxHocTen CAMP ogexnabl «Ipaynsa». OCHOBHbIMUA
yepTamu CAIP «[paunsa», BbIFOAHO OT/INYAKOWMMU ee OT APYruX CUCTEM, ABNAIOTCA:
YHNBEPCaJ/IbHOCTb, OTKPbITOCTb, BbICOKME (PYHKLMNOHAIbHbIE BO3MOXXHOCTU, KOTOpPbIE
MO3BONAIOT NPUMEHATb €e OJ19 peLlleHns npakTnydeckn Nobbix 3agay NPOeKTUPOBaHUS
0e3 orpaHn4yeHuUn no Bnaam n3genuin, Matepuanam n cneunpmnyecknm ocobeHHoOCTAM
TexHoJ1Iornyeckux npoueccos. [laHHaa nporpaMMma asTOMaTU3MPYeET BCE NPOLLeCChl
LWBEMNHOro NPOU3BOACTBA OT NJIaHNPOBaHUA By AyuLuInX KONNEKLMn 00 peannsaunm
NPoayKUUW 1N aHaNn3a geaTeNbHOCTU npeanpuaTtuns. NMogcnctema «KoHCTpynposaHue
n MopgenuposaHue» B CAlP «[paynsa» npegHasHavYeHa 4719 aBToMaTM3aUnUM pelleHuns
BCeX 3aa4 KOHCTPYKTOPCKOM NoAroTOBKU. Hanu4ume ycsioBHoro onepatopa «Ecan...,
TO ..., UHa4e ...» N03BOJISeT aBTOMaTU4YeCKMN YYNTbIBaTb 0COOEHHOCTN NMOCTPOEHUS
JleKan B pa3HbIX pa3Mepax, OpraHn3oBaTb UHTENIEKTYyallbHble U LUKInYeckue
rnpoLuecchl MPOeKTUPOBaHUA. BbICTPO U Ka4eCTBEHHO pellaeTcs 3ajadya BHeCeHns
N3MEHEHWN B KOHCTPYKLMIO MOCAe U3roToBaeHnsa N aHann3sa obpasua. KOHCTpyKToOp
BHOCUT N3MEHEHNS B OCHOBHbIE JsleKaJsla, a COOTBETCTBYOLWLME N3MEHEHNS
aBTOMaTU4YeCKN BHOCATCA B NMPON3BOAHbIE U comnpsraemble nekana [10] Ha puc.4
npencrasneH pparMmeHT Konun s3kpaHa CAMMP «pauns»: cnesa (OKHO YyepTexa - o1
oTobparkeHnsa rparu4ecknx NOCTPOEHUN) - YHEPTEXX KOHCTPYKLIMN XXEHCKON oaexXabl C
PYKaBOM MOKPOSA periaH 13 noJiMMepHbIX MaTepunanos, a crnpasa (OKHO oNnepaTopos -
08 3annucm anropmTma) - aJiroOPUTM NOCTPOEHNA AAHHOW KOHCTPYKLUUN.
OOHOBpPEMEHHbLIN MPOCMOTP Ha 3KpaHe KOMMNbOTEpPa YepTe)Ka NPOeKTUPyemMoro
n3genmsa n NCnoJsib3yeMblX MaTeMaTUYECKUX POPMY MOMOratoT B KOHCTPYKTOPCKOM
paboTe. Puc. 4 - ®parmeHT Konum akpaHa CAIP «payna» (KOHCTPYKLNS XKEHCKOWN



ofexabl C pykaBaMum NOKPOS pernaH U3 rnoJmMepHbiX MaTtepmnanoB) B xone Hawero
nccnenoBaHms 6binM BBEAEHbI NapaMeTpbl ANs onpeaeseHns obuen KOHCTPYKTUBHOM
npnbaBkK, 3aBUCALLME OT CBONCTB NOJIMMEPHbLIX MaTEPUasioB, a TakXXe NCMNOoJIb30BaHbI
napameTpbl, pa3paboTaHHble aBTopoM B. B. 3anknHg. KMobuw, = KMNmin + KMa + KIT,
roe Knobuy - obwasa KoHCTpykTuBHaa npubaska, KIMmin - MUHUManbHO-Heobxoanmas
npunbaBka, 3aBucsAllag oT BMAa U PYHKLUMOHANBLHOIr0 Ha3HavyeHusa nsgenus, Kls, KT -
nprnbaBKK, y4NTbIBaOLLME IKCMTyaTaUNOHHbIE N TEXHOJIOrMYeCcKne CBONCTBA
COBpPEMEHHbIX MOJIMMEpPHbIX MaTepnanoB. N3BeCTHO, 4TO 3HaYeHUNS JIMHENHbIX
KOHCTPYKTUBHbIX MPMBABOK, MPOEKTNPYEMBbIX B MPOLOJIbHbLIX U MOMNEPEeYHbIX
HanpaBneHnAX Npu pa3paboTKe YepTexen KOHCTPYKLMIN aeTanen, aBastoTcs
OCHOBHbIM (0aKTOPOM, BANSAIOLWNM Ha 06 EMHO-NPOCTPAHCTBEHHYIO hOPMY oaexXXbl,
OLLYLLEHNA KOMMOPTHOCTN NPU €€ HOWEHNN. 3HAYEHNS KOHCTPYKTUBHbIX MPMbaBoK
0151 )KEHCKOM ofeX bl 3aBUCAT OT MHOIMMX (paKTOPOB, HarNpuMep OT NOKPOS oAexXabl
(6ba3oBbIN, pernaH Uin LeNbHOKPOEHbIN), HEKOTOPbLIX MOKa3aTeNen CBONCTB
MOJINMEPHbIX MaTepmnanos (ToNAWMHA, PAaCTAXKMMOCTb, CNOCOOHOCTb MOBTOPATL (hOpMY
y4aCTKOB (oMrypbl U Ap.), BUaa npoektTupyemMon opmbl nsgenms, HarnpasaeHuns
packpos geTtanen n 1.4. [11]. OTmMeTuMm, 410 06 bLEMHAA KOHCTPYKTUBHas npmnbaBka
YYUTbIBAET Cpa3y HECKOJIbKO (paKTOPOB, OTHOCALLMXCS K PUrype, ogexxae n nx
cucTteme: NJacTUKY NOBEPXHOCTUN PUrypbl; Pa3HOCTb MeXXay 0o6xBaTHbIMU
N3MepeHnsaMn purypbl n ogexxabl (HepTexxa) Ha aHTPONOMeTPUYEeCKOM "
KOHCTPYKTUBHOM YPOBHSAX; CNOCOOHOCTb TEKCTUSILHOIO MaTepmasia NOBTOPATbL POPMY
y4acCTKOB (PUrypbl; BJAUAHNE KOHCTPYKTUBHbIX 3/IEMEHTOB ofexAbl (LLUBOB, AeTanen v
Op.) Ha U3MEHEHME NAACTUKN ee NMOBEPXHOCTU. Mpn 0AHUX N TeX XKe 3HAYEHUAX
NMHENHbIX NpubaBoK NoWann 3a30p0oB MeXAY PUrypon n ogexxaomn n3 pasHblx
MaTepuanos 6yayT pa3HbiMu [12]. Takum obpa3oM, codeTaHne 3HaAYEHUN
KOHCTPYKTUBHbIX MPMOABOK NMpu NMPOEKTUPOBAHNN YEPTEXEN XXEHCKON 04eXAbl C
pyKaBaMu NOKPOA peryiaH U3 pasHbiX NOJMMEPHbIX MaTepunasios (MPUPOOHbIX,
NCKYCCTBEHHbIX N CUHTETUYECKNX) OPNEHTMUPOBAHO Ha paclumpeHmne basbl NCXOOHbIX
OaHHbIX. MeHs4 3Ha4YeHUa NapaMeTpoB B OKHe popmyn (F), nponcxoanT
OHOBPEMEHHOE U3MEHEHME KOHCTPYKUMK. NMpru4eM napaMeTpbl MOXXHO BapbupoBaTb
00 Tex nop, noka He byaeT HangeHa xenaemasa popma nigenuns. Npeano>xeHHas B
CAIP «Ipaumnsa» BbICOKasA KOMMNbOTEPHAA TeXHON0rnsa obecne4ynBaeT KOMMIEKCHYIO
aBTOMaTM3aLUWMI0 3a4a4 KOHCTPYKTOPCKOW NOATOTOBKU, KQ4eCTBO U3LesIi BO BCEX
pasMepax 1 pe3koe CoKpalleHne BpeMeHn Ha pa3paboTky. C nomouwbio CATP
«paumsa» MOXXHO MOJSy4YUTb pa3Hoobpa3sne XXEHCKON oaexAbl C PYKaBOM MOKpPOS
periiaH U3 pas/inyHbIX COBPEMEHHbIX MOJIMMEPHbIX MaTepnanos, NyTEM N3MEHEHNS
HECKOJIbKMX MapaMeTpoB, YTO 3Ha4YNTENbHO obnervyaeT paboTy KOHCTpPYKTOpa 1 faeTt
HeorpaHW4YeHHble BO3MOXXHOCTU 419 TBOPYeCTBa.



