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BBEAEHUE

OcHogHble 3afa4yn CKnenBaHnAa — BOCCTaHOBJIEHUE LENOCTHOCTU paHee pa3py-
LLEeHHOro u3penuna unn coeguHeHue ,D,ETaﬂeﬁ BO BHOBb U3roTaB/IuBa€MOM.

KOPOTKO O AAMHHON UCTOPUMU KAEEB

C Tex cambix Nop, KaK Ye/0BEK C/Ie3 C LepeBa W CTas npeobpasosbi-
BaTb MUP, €70 OKPYXKAIOT NPeLMETbI (BELLH), CO3AaHHble ero pykamu. [pu ux u3rotos-
JIEHWM YEIOBEKY NMPHLLOCH HAyYUTbCS COEUHSATD YacTH NPEAMETOB. XapaKTepHO, 4TO
BELL,aM CBOWCTBEHHO loMaTbCs. W BOT C TeX CaMbIX JABHUX NOP JIOAH, XyXKEe WK Nyy-
e, 3aHAManucb ckaeuBaruenm. o cBoeMy 3HaUEHHWIO A/ YENIOBEYECTBA OTKPbITHUE
BO3MOXHOCTH CK/AeuBamb, KAeums, NPUKAeuBams MOXHO CPaBHUTb C U300peTeHH-
eM Koseca. ITOT cnocob coefnHEHHS MO3BOSSIET AENATH TO, YTO HUKAKUMU APYTHUMH
cnocobamu He ypacTcs.

Bewuectsa, KOTOpble MOXKHO OblI0 KCMO/Ib30BATH B KAYECTBE NEPBbIX K/IEEB, YEsO-
BEKY 0BHapyXWTb BblI0 HETPYAHO: CMONa [ePEBbEB, NPUPOAHbIE BUTYMbI B MecTax
BbIjeNIeHUs] HepTH, COKW PacTEHUH, COAEpPIKaLLMe NPUPOAHbIE KaydyKH, KNEHKKe Bbl-
LEeNeHNs XXUBOTHBIX (LUKypa pbiB, Kbl KMBOTHbIX). Ha 0CHOBE NaneoHToNorMYecKnx
M3bICKaHWUI MOXXHO YTBEPXKAATb, UTO K/EUTb JIIOMU HAYUU/IUCH PaHbLLe, YeM BA3ATb y3-
Nbl. HaliaeHbl HaKOHEUHUKM CTPEN U KOMWH, 3aKpensieHHble Ha APeBKaXx BOSIOKHUCTbIM
MaTepuasoM, NpONUTaHHbIM APEBECHOM CMOJIOM, /U XKM/IAMH >KHBOTHbIX, 6e3 nomo-
LUK Y3/I0B.

HeobxoanMoCTb 3acTaBua uesioBeKa B 3aBUCHMOCTH OT PELUaeMON 3afiaun KOM-
GMHWPOBATD M yNyyLaTb YXKe W3BECTHbIE eMy peLenTbl. [TpUMeHeHWe OrHa No3BoNMIIO
CU/IBHO PaCLUMPHTb aCCOPTUMEHT KJIEEB M Pa3HOOOPa3uTb CMocobbl MX MPUMEHEHHS.
lopsunit GUTYM, pacniasbl CAaMOPOLHOM Cepbl — 3TO TO, YTO Mbl CeHyac Ha3sau bbl
KnesMu-pacniasamu. HaHeceHre Ha NieTeHKY MHOTMX C/I0EB KaydyKOCOAep»Kallero
COKa fiepeBa reseu C Moc/efyloLM KondeHueMm B AbIMy KOCTpa (Cnocob WaroTos/ieHus
COCY[0B 415 BOAbI MPUMWTUBHBIMU naemMeHaMu uHaeknues KOxHoH Ameprkn) — npu-
Mep MCMob30BaHWA NpoLiecca By/KaH13aluuu pesuHbl. OBnages orHem, Niogu Hayuu-
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JINCb MPOU3BOANTb M3 XKMBOTHOIO CbIPbs FPYNMY KAEEB, CYLLECTBYIOLMX [O HACTOSILLE-
ro BpeMeHH. ITO TaK XOPOLLO BCEM W3BECTHbIM CTONSIPHDIN K/eH, U3roTaBNMBAaEMbIU U3
KOCTEW, Me3[pOBbIH — W3 MEe3ApPbl, )XW/l U CYXOXKW/IHUH XXUBOTHbIX. [lamsaTeH Ham no
PYCCKMM HapoAHbIM CKa3KaM pbibui Kiel, 0Opa3ylomuica Npu BbiBAPHBAHUH HECHE-
DOBHbIX YacTel 0CeTPOBbIX PbiB, KOTOPLIMU B CKa30uHble BpeMeHa Poccus Bbina oueHb
Borata. COOpKY NyKOB, CofiepyKaLMX pasHOPOHbIE MaTepUasbl — KOCTb, POr, peBe-
CHHY, WJTbl, Y1aBas0Cb NPOM3BECTH TONbKO Bnarofaps atomy Kneto. K apesHemiumm
CNeflyeT OTHECTU Ka3eMHOBbIM KNel, NosTyyaeMblit U3 MonouHoro benka kaseuHa. C Tex
Nop Kak U3BECTHa MyKa — MLEeHUYHasl, PUCOBas, U3BECTHbI U KNENCTePbl COOTBETCTBY-
IOLLLero Ha3BaHwusl.

[pamMmoTHOE MCnoNb30BaHWe (CNMIOWNTD, CNOXKWTb KPECT-HaKPECT, CNpeccoBaTh,
BbICYLUWTb) MPUPOAHBIX CBOMCTB Manupyca, WMEIOLLEro BOMOKHWCTYIO CTPYKTYpY M
BHYTPH CTEBNA KNEMKUI COK, NO3BONMNO APEBHWM ErMnTAHaM [aTbh YenoBeyecTBy
nepeyto «Bymary».

He Bce 3HatoT, UTO NOSABNEHWE NOKPOBHbBIX KPACOK (T.€. KPAcoK, KOTOpble He BMu-
ThIBAIOTCA B OKpAaLUMBaEMbli MaTepHasl, a 00pasyioT 3allUTHO-AEKOPATUBHYIO NIEHKY
Ha ero NoBepPXHOCTH) W3HauabHO 0BA3aHO CYLLECTBYIOLWMM Ha TOT MOMEHT KNesM,
KOTOpbI€ COCTaBASAIOT OCHOBY TaKMX KPaCcOK U UCMONb3YIOTCA KaK CBA3Ka /1 Kpacou-
HOM KOMMO3HWLIMH.

KoMnosnuum Ha OCHOBE BbICbIXaOLMX (OKUCIIEHHDBIX) Macen W KUPOB NOSIBUIUCD
MO3fHEE W B PAMKaX 3TOM KHUTW PacCMOTpPEHbI He ByayT.

Pa3BsuTHe ecTecTBEHHbIX HayK B O4eHb DOMbLIOKM cTeneHn 0b6A3aHO Kneam, Ko-
TOpble NO3BOM/M yUEHbIM-NIPAKTUKaM CO3faBaTb HeoOXoanMble NPUOOPbI U Mexa-
HW3Mbl, CKJIEWBas MaTepuabl, KOTOPble He YAABaNoCh COEAMHUTb Kak-NMBo uHaue.
M HaobopoT, yueHble-NpaKTUKK YacTo ABASMCh W30OpeTaTensMu HOBbIX PeLenToB
KNeeB U TeXHONOMUM ckneuBanus. Hanpumep, MeHgenees ¢ ero «MeHpaeneeBcKoM
3aMa3Kot», KOTopas LMPOKO UCNO/b30BaNach B HaydHbIX NpUboOpax W ans ux pe-
MOHTa.

OpHako paxke B Hauase 3TOro CTO/IETUS OCHOBHBIMU B MPAKTHKE CKNIEUBAHWS CUM-
Ta/IUCb KMBOTHbIE U PACTUTEJIbHbIE K/IEM, KOTOPbIE U 10 3TOr0 BpeMeHH Bbiiv B yno-
TpebneHnu Tbicauu net. M B HacTosLee BPeMs OHHU LIMPOKO NPUMEHSIOTCA ANs CKie-
MBaHHsl NOPUCTbIX MaTepHUanos, Hanpumep Gymaru. B neprog nepeoi MUPOBOM BOMHDI
Ka3eHHOBbIE KJIEW LUIMPOKO MCMOMb30BA/IUCh A1 U3rOTOBNIEHUS LEPEBSHHbIX KapKa-
coB camoneToB. [pu WX aKCnayaTaluu BbISCHUIOCh, UTO K/IEM TaKoro TMna HefocTa-
TOYHO CTOMKM K JAENCTBHMIO Bfaru U obpacTaioT nnecHesbiMM rpubkamu. Hegoctatku
K/ieeB NPUPOLHOro MPOUCXOXKAEHUS MOCAYXKUIW BaXKHBIM CTUMYIOM ANS CO3LAHWS
HOBbIX K/leeB.
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Pa3BsuTHe XMMUH, U B NEPBYIO OUepPefib OPraHUYECKON XMMHUHU, OTKPbITHE AJINH-
HbIX LIEMHbIX MOJIEKYN — MONMMEPOB SBUIOCH BAXKHENLLIMM LLIArOM B Pa3BUTUU Ha-
YKK 0 Knesix. UMeHHO HaTypasbHble NosMMepbl BblIM OCHOBOW BCEX MEPBbIX MPH-
poaHbIx Kiees. [ToHnMaH1e MeEXaHW3MOB B3aMMOJIEUCTBHSA TaKUX MOJIEKYN, COBEp-
LIEHCTBOBAHME OPraHWYECKOrO CUHTE3a NO3BOJI/IO CHHTE3UPOBATb HOBbIE, OT/WY-
Hble OT NPUPO/HbIX, NOSMMEPbI U NPOU3BOAMTL HA UX OCHOBE KNleu C 3apaHee 3a-
JaHHbIMW CBOMCTBAMM, NOMTYUUTb KOTOPbIE B NPEXKHWE BPEMEHA He NpeCTaBNsIoCh
BO3MOXHbIM.,

B 1930-e roabl Ha OCHOBE CUHTETUYECKUX CMOJ CO3LAOTCA HOBble Keu. Mepebl-
MW CMHTETMYECKMMU COEAMHEHWSIMU, MPUMEHSABLUMMUCA B CK/IEUBAHWM, CTANW (eHO-
nocopMaberuaHble CMosbl. BaxHeHIIMMK npenmylLecTBamMu BHOBb pa3paboTaH-
HbIX K/JI€EB Nepes, paHee NPUMEHSIBLUIMMUCS SBASANIUCD UX UCKIOUMTENBHAA CTOWKOCTb
K [EMCTBUIO Baru, K 0BpacTaHHIo NieCHEBbIMU FPUOKaMK, a TakKe paj Apyrix Heob-
XOAMMbIX 3KCM/IyaTalMOHHbIX XapaKTepucTUK. TpeBoBaH!s NPOMbILLNEHHOCTH NpUBe-
71 K CO31aHHI0 MOAMMHLMPOBAHHBIX KOMMO3WLMI Ha OCHOBE (DEHOJIbHBIX CMOJ1, CO-
JepXKallux cuHTeTHYeckue Kayuyku. B 1950-e rofpbl B KauecTse OCHOBbI K/1€EB CTaH
NPUMEHATLCA 3NOKCUAHble cMonbl. Celuac CHMHTETMUECKHE MONAMMEpPbl — OCHOBA
BO/bLIMHCTBA BbIMYCKAEMbIX NPOMbILLIEHHOCTbIO Knees. [TonMMepbl UCNob3yIOTCA U
ONS U3rOTOB/IEHHWS IWMKKUX JIEHT W Hak/eeK. HaHeceHHbIN Ha HUX KNeeBOoM coCTas He
BbICbIXaET U He 3aTBEPAEBAET CO BpEMEHEM.

B HacTosllee BpeMs Kieu Ha OCHOBE NPUPOAHbIX BELLECTB OTOLU/IM Ha BTOPOH
nnaH. Mx no-npexHeMy akTUBHO UCMNOJIb3YIOT PECTABPATOPbI, KOMUUCTDI, XYAO0MKHU-
ku. OfHaKo B 6O/bLIMHCTBE 0ONACTEN X BbITECHUIM COBPEMEHHbIE KIEU Ha OCHO-
BE CUHTETMYECKMX BELLEeCTB. ITO 0OYCI0BEHO AOPOrOBU3HON KOMNOHEHTOB NpU-
POAHbIX KNEeB, HENOCTOAHCTBOM COCTaBa, CIOKHOM AN KPYNHOTOHHAXHOMO Npo-
W3BOACTBA TEXHOIOTMEN NOJTYYEHHUS U 3a4acTylo Bonee HU3KUMHU NO CPABHEHHIO C
COBPEMEHHbIMW CHHTETUYECKUMU KIeAMW NoTpebuTenbckumu ceoicTeamu. Hemo-
OWUULMPOBAHHDIE NPUPOAHbIE KNen B GONbleN CTeneHW NofBep>KeHbl paspylie-
HUIO MUKpPOOpPraHu3Mamu, 061aaloT MeHbLUEeH NPOYHOCTbIO KNIEEBOTO WBa, Hedo-
CTaToOYHOM BOJOCTOWKOCTbIO U TEPMOCTOMKOCTBIO MO CPABHEHUIO CO CreLnaniau-
POBaHHbIMK COBPEMEHHBIMW KOMMO3WLMAMU, a TaKKe COBCEM HenpUrofdHbl Ans
CK/IEMBAHHUS HOBbIX, HE M3BECTHbIX NpeaKam marepuanoe (abconotHoe GONbLIMH-
CTBO naacTMacc).

CoBpeMeHHble KNeu BbiMyCKAlOT XUAKUMH, eneobpasHbiMiA U NacTooOpasHbIMH,
B BM/E NPYTKOB MW NEHT (KNeu-pacnnasbl), B BUAE NOPOLIKOB-NONYhabPHKaTOB, U3
KOTOPbIX K/EALLMH COCTaB rOTOBAT HENOCPEACTBEHHO nepes ynoTpebneHrem. Kaue-
CTBO K/I€Al — ero BA3KOCTb, BPEMsl KW3HH, T.e. BPEMsl, B TeUeHHe KOTOPOro KNew He
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TONbKO COXPaHAET CBOM K/eALLMe CBOMCTBA, HO W COXPAHSAET XapaKTePUCTHUKH, Heob-
XOAWMbIE [/11 €r0 HOPMA/IbHOrO HAHECEHWSA Ha NOBEPXHOCTb CKNEMBAHHS, a TaKXKe BO-
[OCTOMKOCTb, LIBET M MPOYHOCTb KJIEEBOrO LWBA — 3aBWUCHUT OT €r0 COCTaBa, B NEPBYIO
ouepefib, OT OCHOBbI Kfies. Tak, Kneu Ha ocHoBe 6e/IKOB (N0IMMEPOB XXMBOTHOTO NPO-
UCXOX[EHHUs) — Ka3eMHOBbIM (Ha OCHOBe KasenHa — 6esika MoJIoKa) M KOCTHbIM (Ha
ocHoBe 6efika KonnareHa) [aloT NPOUHbIE WWBbI C HU3KOM BOAOCTOMKOCTbIO. Kneu Ha
OCHOBE Kay4yyKOB [aloT MPOYHbIM W 3N1aCTUUHDBIW LOB, HO NOABEPKEHbI Pa3pYLLEHHIO
noJ AEeMCTBUEM OpraHWUeCKUX pacTeopuTenel. HutpouennionosHbie kieu, npeacras-
nsioume cobom pacTeop B OPraHHUECKUX PACTBOPHTENAX NPOAYKTA HUTPALMH Leslio-
N103bl (MPUPOLHOrO NOSMMEpPa, NOJTYYaeMOro U3 APEBECHHDI), YA0BHbI TeM, uTo BbiCT-
PO BbICbIXAIOT, & K/JIEEBOM LIOB AOCTaTouHO BogocToek. OfHaKo 3Th Knen orHeonac-
Hbl. K!'IeM Ha OCHOBE 3NOKCHUAHbIX CMON1 — CUHTETUYECKMUX NOSIMMEPOB, KOTOPbIE OT-
BEPXAAIOTCA NOJ, NEUCTBUEM cneuWanbHo A0OaBnseMoro peareHta (oTeepautens),
DAIOT NPOYHbIN, BOAOCTOMKUH LLOB, CTOWKHIH K SEHCTBUIO KUC/IOT, OPraHUYeCcKUX pac-
TBOPHUTENEN, U He COfIEPXKAT NeTyunx pacTBoputesei. OnHako Takow LIOB OT/IYaeT-
CSl HU3KOM 31aCTUUHOCTBIO, UTO Npe/cTaBnseT cobol cepbesHbll HeOCTATOK, ec/u
Bbl cobupaetech 3akneutb nopolwsy 6oTvHKa. Knew, obpasyiouime coefuHeHus ¢
MeHbLLEeH NPOYHOCTbIO, HO Boee 3NacTUUHbIE, HAaNpPUMeEpP, NONYJYalOT Ha OCHOBE ApY-
TMX CUHTETUYECKUX NONIMMEPOB, TakKX Kak nonusuHunxnopug (MBX), nonueuHunaue-
Tat (MBA), nonamMmuaos, nepxn1opBUHUIOBOW CMOJIbI.

O6nacTtv npuMeHeH1s Knees oBLIMPHBI M pa3HooBpa3Hbl. [NasHble noTpebuTen
KNeeB B HacTosLee BpeMs — ByMaxkHasl, filepeBoobpabatbisaollas v 0bysHas oTpac-
nu. Pe3ko pacteT MCnonb3osaHue Knees Npu NPOU3BOACTBE NPOMbILLIEHHOTO 06opY-
LOBaHHWA, B CTOOUTENDLCTBE, B CTPOUTE/IbHbIX KOHCTPYKLUHUAX, B CPeACTBaX TPAHCNOPTa,
B KOHTPOJ/IbHO-M3MEPHTENbHbIX, INEKTPUUECKHUX M ONTUUECKWX npubopax, a Takxe
AN BOEHHbIX U KOCMMUECKMX Lienei. B nocnegHue gecatunetus Gbino paspaboTtaHo
MHOrO HOBbIX K/iees, 6osiee NPOCTbIX, 3NACTUUHBIX W [OJrOBEYHbIX, NO3BOMAIOLMX
CKJ/IenBaTb COBPEMEHHble MaTepHasbl (pa3HooOpaaHble HOBble NNACTUKU U KOMMO3KT).
PaspaboTke HOBbIX KNleeB CONYTCTBOBa/M paboTbl MO COBEPLIEHCTBOBaHUIO 06OpYL0-
BaHWUS M TEXHONOTHK CK/ienBaHKsA. Bce 310 No3BoAMNO CO3aaTh NPHUHLMMNHAIBHO HO-
Bbl€ TWMbl KOHCTPYKLMM. B aBMaLMKM — caenatb CUNOBble aBUALMOHHbIE feTanu (nona-
CTW Hecyllero BMHTa BepToNeTa, OOLLMBKY (pro3ensKa camoneTos) 6bino Bbl HEBO3-
MOXHO 6€e3 MCMOb30BaHUA COTOBbIX KNEeHbIX MaTepHanos. B asTomobuabHOMN npo-
MbILLJIEHHOCTH — KPenneH1e (PPUKLMOHHDIX HaKNafoK AUCKOB CLEN/IEHNUS U TOPMO3-
HbIX KONOAOK 6e3 UCNOb30BaHHS 3aKNenoK; cbopKa LeMKOM NNacTUKOBbIX KY30BOB
Ha Kneto.

Knaccudmkaums knees npeactasneqa s Taén. 1.
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TG6IIUL{G 1. K}'IaCCMCbVIKaLlMFI K/ieeB No NPOUCXOXKLAEHUIO U OCHOBE

MpoucxoxpeHue
(ocHoBa) knees

Kneswue cocraBnsiowme

MpupoaHbie kneu

XKusotHoe

Benkosble (anbOyMMHOBbIM — Ha OCHOBE BeNika KPOBH), KMBOTHbIE (BK/OYas Pbib-
Hble), Ka3eHHOBbIE, XXENaTHHOBbIE M Ha OCHOBE NYeMHOrO BOCKa

PactutensHoe

Mp1poaHble CMONbI (apaBuiicKas Kamefb, TPAraHT, KaHOIb, KaHAACKMH Gab3am 1
1..0.), Macna v BOCKM (KapHayBCKMM BOCK, IbHAHOE Macno W T.4.), 6enky (npoteuH co-
eBblx 6060B), yrneBofib! (Kpaxman, AEKCTPHHbI)

HeopraHquCKoe

HeopraHuueckue Matepuanbl (CHAMKATbl, OKUCb MarHus, docdartbl, CBUHLOBbIM
TNeT, cepa v T.4.); MMHepasibHble BOCKM (Mapadhntbl); MHHepasbHble CMObI (konan,
AHTapb); GMTYMbI (BKNtouas acdanbTbi)

CuHTETHUECKHE KNeH

InacTomepsl

HarypanbHbiit kayuyk (ero nponu3eoaHble — B TOM YMC/IE XJIOPUPOBAHHbIE, THAPOXO0-
PUPOBaHHbIE W LMKAHUECKME Kayuykk). CUHTETHUECKME KayuyKK M UX IPOH3BOAHbIE —
ByTHAKayUyK, NONMH30BYTUAEH, NOAHBYTaaMeHbl (B TOM YMCAE CONOMMEPI CO CTUPO-
JIOM W aKPUJIOHHTPHIIOM); NOIMM3ONPEH, NOMXIOPONPEHDI, NOSHYPETAHbI, KPEMHHH-
OpraHH4eckie Kayuyku, NonMcybduabl, N0AHONE(DHHBI (B TOM YHC/IE COMOMMMEPDI
3TUNEHA C BAHMNXJIOPUAOM W 3TUNEHA C MPONKMNEHOM). PereHeprpoBaHHble Kayuyku

TepmonnacTbl

Mpon3BoaHbIE LeNMON03bI (aLeTaTsl, aueTobyTHpaTbl, 3HPbI KANPUHOBOH KUCAO-
Tbl, HUTPATbl, OKCUITUNLENNION03a, KaPOOKCUMETULENN0N103a). BUHMNbHbIE no-
JAMEpbI U COMONMMEPDI (NONMBUHANALETAT, NONMBUHUNOBBIA CTIMPT, NOJMBUHUNA-
LieTanu, NONMBUHUNXOPHE, NONUBUHUNUAEHXNIOPHUA, NONMBUHUNANKKIOBbIE 3hH-
pbl). HacblleHHble CoXHble NOAM3COUPDI (MONUCTUPON, NOAUAMULbI — B TOM YHC-
JIe HEWNOH W ero MopudrKauum). Monnakpunatbl (NOMMeEPbI Ha OCHOBE MeTaKpH-
JIOBOW M aKpUIOBOW KMCNOT, LiMaHaKpunathbl, akpunamug). Mpoctble nonuadpupe
(noauruapokcuadup, ahupbl nonmcpeHonos). MoaucyabgoHbi.

TepmopeakTHBHble
noJMMepbI

AMuHONNACTbI (MOYEBMHO- U MeNaMMHOOPMAbAErUaHbIE U UX MOBUADHKALMH).
JNOKCHAbI U UX MOAWMKALMK (3MOKCHBHO-NONMAaMUAHbIE, 3MOKCHAHO-OUTYMHbIE,
3MOKCHAHO-NONMUCYNb(UAHBIE, IMOKCHAHO-HEHNOHOBbIE KOMNO3WLMHK). DeHonb-
Hble CMOJbI U UX MOAH(IMKaLMK (heHo10- U pe3opLMHOdOPManbaeruaHble; deHo-
JIOHUTPU/IbHbIE, (DEHOJOHEONPEHOBbIE M (DEHONIOINOKCHAHDBIE KOMMO3WLMM).
CrnoxHble nonnadmpsl (HeHacbieHHble). Moanapomatiueckie nonumeps (Moau-
WMHEbI, NONMOBEH30MMUEA30MbI, NONMOEH30THA30bI, NONMdeHKNEHbI). PypaHo-
Bble MOMMMEpb! ((heHonodypaHosbie)
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OCOBEHHOCTHU CKAEMBAHMUA
KAK METOAA COEAMHEHUSAI AETAAEN

NMPEMMYILECTBA

CknenBaHue, HECOMHEHHO, HAMHOTO yaobHee W NpoLle, YeM Apyrie U3BecTHble
cnocobbl. OHO NO3BONAET UCMO/b30BaTb CaMble Pa3HOOOpa3Hble MaTepHasibl, KOTO-
pble MOFYT CYLIECTBEHHO OT/MYaTbCA MO CBOMM CBOWCTBAM, YNPYrocTH W TOJLLMHE.
MOKHO TaKKe COeIMHATb TOHKME NIMCTOBbIE MaTepHarbl 6e3 aedopMaLii U Kopob-
nenus (cm. Puc. 1).

Puc. 1. Cnocob KpensieHHUa TOHKUX TIMCTOBbIX MaTeprUanoB:
a — XOpoLo; 6 — nnoxo

CknenBaHWe [aeT BO3MOXHOCTb W3roTaB/MBaTb W3LENUS CIOXHOW (hopMbl,
ANA KOTOPbIX HenpuemaeMbl apyrie cnocobbl cbopku. HenpepblBHOCTb Kneesoro
COEAMHEHHA NPUBOLMT K PABHOMEPHOMY PacnpefesieHUlo BHYTPEHHWX Hanpsxe-
HUW NO BCEM NNOLWAAW CKIEUBAHUSA U NO3BOMSET NOJHOCTBIO UCNO/b30BATb NPOY-
HOCTb 3I€MEHTOB KOHCTPYKLMK. ITOT MeTo He TpebyeT npuMeHeHHa Kakoro-nubo
JOMNOJIHUTENIbHOrO HHCTPYMEHTa U MaTepHanos. C NoMOLLblo K/est MOXHO NpUKpe-
MUTb KPIOYKK K KadenbHOM CTeHe KyXHU M/ MOYUHWTL CNOMaHHYto TabypeTky, He
“cnonb3ays apenb w wypynbl. OTCYTCTBUE 3aKNENOK M BONTOB CHUXAET Maccy Bcek
KOHCTPYKLMK. Bbl cMoxeTe cHepeub cunbl, BpeMs, U Bam He npuaetca ybupatb My-
cop, Hen3bexxHbIM nocsie UCNosib3oBaHua apenud. MHoraa knek npocTo HezameHWM
— He BypeTe e Bbl coeuHATL € NoMoLLbIo BONTOB U raek YacTH pa3buToi nobu-
MOM Ba3ouku Baluei Tewm WaM cnomaHHble AeTanu NAacTMacCoBOW WrpyLLIEYHOM
MaluWMHKK Balwwero cbiHa. Knei faeT BO3MOXHOCTb cLieNaTb NPaKTUYeCKU He3aMeT-
HbIMW CNefbl Takoro pemMoHTa. [prMeHeHUe Knes No3BONAET COeLUHATL MaTepra-
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Nbl, YyBCTBUTENIbHbIE K HarpeBy, 4eOPMHUPYIOLLMECS WK pa3pyllaloliuecs npu
cBapKe WM naike. Knen o6nagaiot XopowuMu repMeTU3UPYIOLMMK U 3/IEKTPO-
W30NALMOHHBIMU CBOWCTBAMH M MOTYT cTaTb BapbepoM, NpefoTBPaLLAIOLIMM BO3-
DEeUCTBUE BNark U XMMUUYECKHUX peareHToB Ha coefiMHsaeMble aetand. Kneu Hesame-
HUMbI PH CTPOUTENBCTBE U PEMOHTE KBapTHUPbI, B NPOM3BOACTBE Mebenu, n3rotos-
NIEHUU U peMoHTe 0ByBU. B HacTosLLee BpeMa BbiNyCKaeTCA MHOXECTBO HOBbIX Ke-
eB 119 peMoHTa aBTomobuns. CosepLieHHO HeoOxoauMbl Kneu B BbiTy. Mpu cospe-
MEHHOM LUMPOKOM aCCOPTUMEHTE K/IEEB NPAKTUYECKH B JTIOOOM Cyuae MOXHO Bbl-
Opatb K/el ¢ 3apaHee 3alaHHbIMK CBOMCTBAMM, HYXXHBIMU /1Sl PELIEHWUA KOHKPET-
HOM 3afauu.

HEAOCTATKH

MpaKTUUECKH eMHCTBEHHbIM Cepbe3HbIM HEe[lOCTaTOK — Hepa3bopHOCTb Knee-
Boro coefuHerns. OaHaKo B Heganekom Byayllem U oH, BeposTHO, ByaeT npeoo-
NeH. Y)e ceryac CyLLecTBYOT MHOTOKPATHO UCNOJ/Ib3YeMble «3aCTEXKU» HA OCHO-
BE JIUMKUX NIEHT C HEBbICbIXAIOLLMM KIEUKUM CNoeM. Yike B HacTosLLee BpeMs pas-
paboTaHbl Tak Ha3blBaeMble 3/1EKTPOPeONorMueckue cocrtaebl. B npoctbix cnosax
MeXaHU3M WX OEeHCTBUA MOXKHO onucaTb CleaylowrM obpa3oMm: noka yepes Knee-
BOW LUOB TEYET 3/IEKTPUUECKHH TOK, KNel «LepXXuT». Bbikntounmn nogady toka —
pacK/iennoch.

K ycnoBHbIM HeLOCTaTKaM MOXHO OTHECTH TO, UTO Ha HACTOALLMM MOMEHT He Cy-
LLECTBYET KNeeB, CNOCOBHbIX BblAepXaTh BCe HeBNAronpuaTHbIE YCNOBUA U BO3AEHCT-
Bus ogHospemeHHO. K npumepy, kneu Ha ocHose MBA Heropiouu, Ho obnafaroT He-
[OCTaTOUHOM BOAOCTONKOCTbIO. M HaoBopoT, BOAOCTONKWE HWTPOLEN/IONO3HbIe
KNien orHeonacHbl. McnpasuTb Noio)KEHWE NOMOratoT COBPEMEHHbIE MOAWKHULIMPYIO-
wre nobasku. Tak, COBpeMeHHble MOAUMDHLMPOBaHHbIe Kneu Ha ocHose MBA kyaa
6osee BOAOCTONKH, UeM TPALAULIMOHHBIM HEMOANMDHULIMPOBAHHDIM K/IEEBOW COCTaB.

HeB03MOXXHOCTb Cpa3y ke NoyYUTb NOHYIO NPOYHOCTb COEAMHEHHS, KaK 3TOro
MOXHO 10BUTbCA, HaNpUMep, CBAPKOM, He/b3si OTHECTH K HeocTaTKaM, NPocTo 3Ty
0COBEHHOCTb KNEEBbIX COEMHEHHI HeOBX0AMMO YuHTbIBaTb NpU paboTe.

B HekoTOpbIX C/lyyasx NPOLECC CKIEUBAHUS MOXET OKa3aTbCs CIOXKHbIM U3-3a
HE0BXOMMOCTH OCYLLLECTBAATL CNeLMabHYIO NPeABapHUTENbHYIO NOLTOTOBKY CKNEH-
Ba€MbIX I'IOBerHOCTEH U NOAAEPXKHUBATb HeO6XO,IJ,I4MbIe TeMnepatypy 1 naBneHue B
NpoLecce CKNENKH.

K HepoctaTkam CKieMBaHus cnefyeT OTHECTH TaKXKe TO, UTO COBPEMEHHbIE K/leu
Ha OCHOBE OpraHMYeCcKUX PacTBOPHTENEN MOTYT BbiTb ANOBMTDI M (MNK) BbI3bIBATH al-
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nepruyeckue peakuuu. O6bluHo ANA YyenoBeKa onacHbl TOJIbKO UCXOAHbIE peareHTbl.

Mocne oTBepXKAEHHS, yaaNeH!s pacTBOPUTENS NOMYUYMBLLIMICA MaTepyas Wwea 6e3o-
naceH A5 Nosib30Batess.

TonbKo NonHoe NoHMMaHWe 0COBEHHOCTEN CKNEUBAHHUA Kak MeToAa COeNUHEHHS,
€ro [JOCTOMHCTB M HeloCTaTKOB N03B0/MT Bam 106MTbCA XOpoLuero pesysbTara.

Mepoi npedocmopodicHocmu Bceeda ykaszarel
B uHCcmpyKyuu no nPUMeHeHuro.
Ymober uzbexcame ompaBnerus, yemko caedyime uHcmpykyuu!



MPOLECC CKAEMBAHMUA

Ecnv Bbi pewmnu, uto ceoto 3aaady ByaeTe oCyLIECTBAATh C NOMOLLBIO Kes, TO
ONTUMa/IBHOTO pe3y/ibTaTa MOXKHO OXMAATb TO/bKO MPH YCIIOBWM TILATENBHOTO Bbi-
MOJHEHUA BCeX HEeOBXOAMMbIX CTafMi, BXOAALLMX B npouecc ckaeusaHus. Ckneusa-
HWE COCTOMT U3 HECKOJ/IbKMX OCHOBHbIX B3aMMO3aBHCHMbIX 3TaroB.

1. Bbibop knes unu knees. Ha atom atane Bam HeobxonumMo OLEHWUTb YCNOBMS, B
KOTOPbIX JaHHOE Kneesoe coefnHeHue byneT pabotath, TpeboBaHHs, KOTOpbIE K HeMy
OyneT npeabaBAATb XU3Hb, & TAKKe NPUPOY CKeHBAEMbIX MaTepHUasoB.

2. MoparoToBKka MecTa CoeAMHEHUA crelManbHo nogd cknensaque. OLeHKa Bennum-
Hbl M TUNa AENCTBYIOLMX B COEAMHEHUN HaNpsKeHWI cnocobeTeyeT Bonee npasuib-
HOMy BbIOOPY Kees.

3. MNpaB1nbHas NOArOTOBKa NOBEPXHOCTH Nepes CKNEMBAHHEM.,

4, CobctaeHHo cknensaHue. OHO BKAOUaeT B cebs Takue onepaLmu, Kak HaHece-
HWe Knes, divKcaLms CKNenBaeMblx AeTane, oteepyaeH1e knes. Bpems u Temnepa-
Typa ABAAOTCA BaXXHbIMKU B3aUMO3aBUCUMbIMU CbaKTOpaMM CKN1eUBaHHUA.

v Bonpochbl ByayT aanee NoAPoOHO PacCMOTPEeHbl B COOTBETCTBYIOLMX pasfe-
Nax KHWru,

OBIYME NPUHLIMIBI BbIBOPA KAES
U OBAACTU NPUMEHEHMUS

Kak Mbl yxke oTMeuasnu, Bbibop COBPEMEHHDBIX K/eeB HEOObIKHOBEHHO
wwpok. Mpaktruecku B mobom cnyuae Bbl cMoskeTe HaWTH KNel, KOTOpbIH OTBeuan Obl
MOCTaB/IeHHbIM 3aJa4am.

OcHogHasi npobnema 3aKnoyaeTcs B TOM, UToObl yAEPKUBATD CKEEHHbIE 3Jie-
MEHTbI 33 CYET MPUIMMNAHKUA K UX MOBEPXHOCTSM, & 3HAUWT, U3 BCETO MUMEIOLLErocs
MHOroo6pa3susi Heobx0AMUMO BbIBPATH TE K/IEH, KOTOPbIE AOCTATOUYHO XOPOLLO NPHIIH-
MatoT K y4acTBYIOLLMM B CK/IEMBaHWW MaTepuanam. B ganbHeliwem cnocobHocTb npu-
Avnatb Mbl Byfem Ha3blBaTb AN KPATKOCTH afresvei.
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Mo aaresver NPUHATO NOHUMATH CLEMN/IEHHE, BO3HUKAIOLLEE MEXAY ABYMS Npu-
BEAEHHbIMU B COMPUKOCHOBEHWE Pa3HOPOAHbIMM MaTepuanamu. B ciyuae kneesbix
COELMHEHUN afre3ns — 3TO CUeneHne MeXay KneslmM BeLecTBOM (aAre3nsom) 1
CK/IeMBAEMOM NOBEPXHOCTHIO (CYBCTPaTOM), KOre3nus — 3TO CLENNeH1e BHYTPH Knee-
BbIX MaTep1arsos (T.e. BHYTPH K/IEEBOTO LUBA).

CBoMCTBa CK/leMBaEMbIX MATepUasoB M XapakTep obpaboTKu noBepxHOCTeM ne-
PeA CKIeUBaHWEM — OYeHb BaKHble (DaKTOPbI, KOTOPbIE LOJKHbI YUWUTbIBATLCS MPH
noabope knes. Ecam ectb BbIGOP U3 HECKONBKMX Pa3fMUHbIX NO CBOWCTBAM K/eeB, TO
OCTaHOBHTbLCA CNEAYET HA UMEIOLLEM MAKCHUMAIbHYIO aAre3unio K CKenBaeMbIM CybcT-
patam. B ugeane, npu paspylieHnn Kneesoro LWBa OHO AO/MKHO MATH MO MaTepuany
cybeTpata, a He no Matepuany wea. OfHaKo ManonpoyHble MaTepyanbl, HanpuMep
TKaHH, BOWM/IOK, PbIX/ible COpTa ApeBEeCHHbl, NPaKTUYeCKH Bcerga OymyT MeHee npoy-
HbIMM, ueM Kner. B Takux cnydasx, Kak NpaBu/io, MOXXHO 3KCMAyaTUPOBATb K/IEEBYIO
KOHCTPYKLMIO B /II0DbIX YCNOBUAX, KOTOpbIe ByaeT Bbigepxk1BaTh cybeTpar, 6e3 ona-
ceHus, uTo paspyluutcsa wos. LlenecoobpasHee CIKOHOMUTb AeHbrM, HE NPUMEHSS
CBEPXMPOYHBIX U JoporocTosLux Knees (cM. Puc. 2).

.

ey T
6) 2)

8)

Puc. 2. XapakTep paspyLueHHs KNeeBoro COeiMHEHHS:
av 6 — KoreauoHHbIi; 8 — aare3voHHbil; @ — Ha 60% afare3voHHbIN
v Ha 40% Kore3uoHHbIH

Ecnn Bam npuxoautcs cknenwBatb 0fjHOMMEHHbIE MaTepuabl (4epeso C AepesoM,
PE3UHY C PE3UHOM, CTaNb CO CTanbio W T.n.), To Bawa 3agaua no BbiGopy knes oTHO-
cutenbHo npocta. Ecnu e Bbl cobupaetech ckneuBaTtb pasHOpOfHble MaTepHabl
(cTanb ¢ pe3nHoK, AepeBo C NIAaCTMAcCOM, KOXY C NONMYPETAHOM W T.1.), a Takas He-
06XOAMMOCTb BO3HUKAET OUEHb YACTO, TO KOMMUECTBO NPUIOAHbIX /151 PELLEHUS 3TOM
3a/1a4M K/IeeB 3HAYUTE/IbHO YMEHbLIAETCS U3-3a HEOOXOAMMOCTH XOPOLLEN aares3uu u
K TOMY, 4 K Apyromy cybcTpary.

Ba)kHbIMM XapaKTepuUCTUKaMK CyBCTpaToB ABAAIOTCA MX TONLWMHA M MPOYHOCTD,
ocobeHHO B Tex ciyuasx, Korga oT K/eesoro Lisa Tpebyetcs focTaTouHas anacTuu-
HoCTb. [lns ckneusaHus rMbKUX MaTepHasnos, HanpUMep Pe3nHbl, TOHKMX MNacTUKO-
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BbIX M/IEHOK, META/IMUYECKOMU (DOIBIY W T.M., KOTOPbIE NPU IKCMyaTaLmM1 NoABEepraroT-
csl U3ruby, He creflyeT UCNONb30BaTb KECTKUE, XPYNKue Kien. XKecTKui cnoi knes
MOYKET PaCTPEeCKaTbCs U BbI3BaTb CHUXKEHUE MPOYHOCTH K/IEEBOrO CoeanHeHus. Pas-
JINYMS B 3/IACTHYHOCTH UK KO3 (DULIMEHTAX TEPMHUUECKOTO PACLLIMPEHUS KNeS U CKe-
MBaeMOro MatepHasa MOryT NPUBECTH K MOSIBIEHUIO B KNIEEBOM LUBE BHYTPEHHUX Ha-
npsixkeHni. OHW cNOoCOBHbI Pa3pyLLMTL COoefiMHEHWe elle [0 TOro, KaK K HeMmy ByayT
MPHOXKEHbI KaK1e-NMOO BHELIHKWE 3KCNyaTalMOHHbIE HArpy3KH.

CneytoLimm BaxKHbIM MOMEHTOM MpH BbIOOPE K/ea ABNSETCA TeMnepaTypHbIi pe-
YKUM, B KOTOpPOM ByfieT paboTartb Kieesoe CoefiMHEHHE, a TaKXKE CHla W I/IUTENbHOCTb
MexaHWUYeCKMX Harpy3oK, KOTOpbIM oHO BygeT noasepratbcs. K npumepy, cratyatka
uepTUKa C OTOMTOM roNoBOM NPOM3BOACTBA KacaMHCKOrO 3aBoja Xy40XEeCTBEHHOro
JIUTbS U TPECHYBLLWH BI0K LMAMHAPOB «KUrynei» U3roTOBNEHbI U3 OJHOMO W TOrO e
MaTepuana — uyryHa. OfiHaKo cTaTyaTka, cKopee BCero, ByfieT HaXxoAuTbCs NpH no-
CTOSIHHOW KOMHATHOM TeMmnepartype W He ByfeT UCNbITbiBaTb Ha ceBe HUKaKUX Harpy-
30K, pa3se 4To Bbl cHOBa ypoHUTE ee C KHUXKHOW NosiKK. B nepeom cnydae BaxkHO, UTo-
Obl KNeeBOH OB BblN HEe3aMeTeH, a NPOYHOCTb ero MMeeT BTOPOCTENEHHOE 3HaUeHHe.
B cnyuae e ¢ 610KOM LIMAMHPOB Keesoe CoeauHeHHe paboTaeT B YCIOBHSAX NOCTO-
AHHOM BMOpauuu, nepemerbl Temneparyp oT —35°C (auMa, HenporpeTbli ABuraTens)
no +110°C (nsuratens B pabouem pexxume). [leKopaTUBHOCTb KIEEBOro LBa BO BTO-
po cutyauuu Bac Bpag nu BonHyeT. ManoBeposTHO, UTO OAMH U TOT XKe K/iel cymeeT
YCMELIHO CNPAaBUTLCS C TOW U Apyrok 3agadyamu. [lencTBuTenbHO, AN peMoHTa cTaty-
3TKW MOXHO BOCMOJIb30BATHCA LUAHAKPHUNATHBIMU KIEAMH, HEMOAWU(HULUPOBAHHBIMM
KNesMA Ha OCHOBE 3MOKCHAHbIX cMon. [lna pemoHTa 610Ka LMAMHAPOB NOAOMAYT
Kneu, obecreunBatoLLpe AUTENbHbIE, CPABHUMBIE CO BPEMEHEM JKW3HW CaMOro JBHra-
TeNs, NPOYHOCTb, TEPMOCTOMKOCTb, BbICOKYIO TEM/IONPOBOAHOCTb. ITUM TpeboBaHUAM
COOTBETCTBYIOT META/IIOHAMNO/HEHHbIE KOMMNO3WLIMK Ha OCHOBE 3MOKCHAHbBIX CMO, Op-
raHOCH/IOKCaHOB M np.

Ewe onHWM (hakTOpOM SBNSETCS HECOBMECTMMOCTb CybeTpaTta ¢ K/eeM Ui XOTs
Obl C OHWM W3 ero KOMMOHEHTOB. Hanpumep: Koppo3aus MeTasina, Bbi3BaHHAS NOBbI-
LUEHHOM KUCNIOTHOCTbIO KNesi, MUrpaLms niacTudMkaropa U3 cybctpara B knen (Mnu
HaobopOoT) ¢ NocneayloLWMUM NafeHHeM NPOYHOCTH KEEeBOro LWBa, OTpULaTeNbHoe
BO3JENCTBHE PaCTBOPUTENS, BXOASLLEro B COCTAB KNesl, UK IETYYUX NPOAYKTOB, Bbi-
[eNAeMbIX PU ero OTBEPXKAEHWH, Ha CKNeUBaeMble NNACTUKK (0COBEHHO NEHOUHbIE
U NOPUCTbIE).

He cTouT 3aBbiBaTh O BAWAHUM YCOBHIA, B KOTOPbIX ByaeT ocyLiecTAATbcs pabo-
Ta N0 CK/IEUBAHHUIO, T.€. BPEMS KU3HU KNIEEBOW KOMMNO3ULIMK JOIXKHO COOTHOCHTBCS CO
BPEMeHeM nposefieH1s paboT no cknelike. [ns acHocTv npuseny npumepbl. Ycnosus
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3afauu: pa3butas Ha 71 KyCKoB Nlob1Mas Basouka
TEeLM; B HANHUMK BbIOPaHHbIM KNel — 3MoKCHa-
Has CMo/1a 4eCATUMUHYTHOTO OTBepXKaeHHA. [pu-
HUMasCb 3a peLUeHWe 3TOM, Ha NepBbli B3rnag,
NPUMHTMBHOM 321auM, Mbl IETKO MOYXKEM COBEPLLMTb KakK MUHUMYM TpH OLWHOKK. Mep-
Bas: CMelaTb C OTBEPANTENIEM TpebyeMoe KOMMUECTBO 3MNOKCHAHONW CMObI, HeobXo-
OWMOE 1151 BbINOJIHEHUS BCeM paboTbl, TEM CaMblM NOCTaBWB cebsi B HEBbIHOCHMblE YC-
JIOBHSI HEXBATKW BPEMEHM [/ aKKYPaTHOM W TouHOW cBopku aetanei. Bropas: Bbi pa-
BoTaeTe NOCTATOUHO BbICTPO U YXUTPAETECh YIOXKWTLCA B OTRYLieHHble Bam 10 MuH.
Ho B 10 Bpems, kak Bbl 3akaHuMBaeTe KNeUTb ropJibILLKO Ba30UKH, KYCKH, COCTaBAISKO-
LLIME HUXKHIOKO YaCTb, CMECTU/IUCh, U B 3TOM AehOPMUPOBAHHOM BUAE Ba3ouka Ha Ba-
LIKMX rNa3ax npespalLaeTcs B NPOUHyIo, HO ypoaausyo. TpeTbs: BbiOMpas knew, Bbl uc-
XO[IUNIH U3 ero NPOYHOCTH W y06CTBa paboTbl, He YUUTbIBAA MPU ITOM 3aMETHOCTb NO-
JIyYeHHbIX LLIBOB, a B TaKMX paboTax HEBULMMOCTb PEMOHTA YacTO BaXKHEe NPOUHOCTH.
MpaBunbHbIM pelleHHeM 3afadun Bbi1o Bbl UCNONb30BaHUE CHIMKATHBIX CBA3YIOLMX
MaTepuasoB WK daXe AMUHOro Benka, KoTopble NP CKAenBaHWHK hapdopa AaloT Co-
BEPLUEHHO He3aMeTHble K/ieeBble LWwebl. Ecv >ke Bbl XoTHTE B OTPEMOHTHPOBaHHYIO No-
L06HbIM 0Bpa3oM Ba30UKY elle M BOAY Ha/MBaTb, TO BA30UKY HEOOXOAMMO U3HYTPH
0bpaboTaTb BOLOCTOMKHMHU COCTaBaMH, HanpUMep HUTPONAKOM WK NapKeTHbIMU Na-
KaMH Ha OCHOBE 3MOKCUAHbIX CMOJI.

Mpu paboTe ¢ KNeaMu HeOBXOAMMO YUUTbIBATb, KaKWM 0BPa30M NO OTHOLLEHHIO K
FOPU3CHTaNIM Pacro/IOXKeHa NOBEPXHOCTb, Ha KOTopylo Bbl cobupaetech HaHOCHTb
Knei. He 3abbiBaliTe, 4TO K/leW MMEIOT pa3Hylo KOHCHUCTeHLMIo, YKuakue Bosiee 3koHo-
MHYHbI W lerye HAHOCSTCS, HO 3TO BEPHO TOJ/IbKO B OTHOLUEHWU FOPU30HTA/IbHbIX UK
cnaboHaKIOHHbIX NOBEPXHOCTEN. TaKkKe Takue COCTaBbl He3aMeHWMbl Npu pabore,
rae Ken HY>XHO BBECTH B TOHKME TPeLLMHbI, uTo BbiBaeT Heobxoaumo, Koraa no psmy
NPUYKH HET BO3MOXKHOCTH PasHsATb CKeuBaeMble 3eMeHTbl (cM. Puc. 3).
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Puc. 3. CkneuBaHne o6beKTa C TpeLMHaMH

Pabotas Ha BepTMKa/bHbIX WAM, TeM
Bonee, NOTOMOUHbBIX NOBEPXHOCTSX, PaLyo-
HaslbHee MCNo/b30BaTh Honee BA3KMeE, nac-
TooOpasHble, reneobpasHbie, BbicTpoOryc-
TeloLMe Kneu uanM Mactuku. B Hactoswmi
MOMEHT MOXHO HalTH CEpPUIO KIEEB HA OC-
HOBE OJHOrO W TOrO )X aaresvsa, UMeto-

LLIMX COBEPLLEHHO Pa3HYI0 KOHCUCTEHLMIO (KMAKOCTb, reflb, NacTa), YTo NO3BONSET NPH-
MEHATb WX 15 Pa3/iMuHbIX MaTepranos (1MHoneym, obou, noTonouHbie naxenu). Mpu
coefMHeHUH feTanek, KoTopble NI0X0 NOAOrHaHbl APYT K APYrY, HEOOXOANUMbI 3330P0-

1

3anosiHAoLWMe Kneu (BA3KUE, BCMEHEHHDbIE
WK C BOMBLLMM KOMUECTBOM HANOHUTE-
N5i), B TO BPEMSl KaK Ans CKeMBaHHA Tlla-
TeNIbHO NOAOMHAHHbIX p,eTaneﬁ HY>XHbl HU3-
KOBSA3KHE K/esLLWe MaTepHarbl.

B npouecce paboTbl 4acTo oKa3biBaeT-
€S BXXHOW NIMNKOCTb KAes. JIMnKocTb, Uiu
KNenKocTb, Knes obecneunsaeT dpuKca-
LUMIo feTaneil nocne Toro, Kak oHW Obiu
npwaTbl ApYr K Apyry. JIMNKocTb 06biuHO
M3MEHSIeTbCS B OUEHb LIMPOKKUX Npeaenax
W 3aBUCHUT OT CneuudHUYecKUX CBOWCTB
Knes. XopoLuyto IMNKOCTb NPOSBASIOT Na-
TEKCHbIE K/ien NoC/ie YAaneHUsi OCHOBHOM
Macchbl uakon asbl (Bogbl). lMoatomy
OHM NPEKPacHO HaHOCATCS Ha Bymary, no-
C/le Yero Bnara BNUTHIBAETCS NOAJOXKKOM,
a K/e# Ha NOBEPXHOCTH CTAHOBMTCS BS3-
KUM U O4YeHb JIUNKKUM, 4YTO o6ecne\4MBaeT
OT/ZIMYHOE CXBaTbiBaHHE.
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Ha kaxnoi ynakoske knes — Oyfb To TIoOOUK, BaHOUKa MW BEAPO — NPUBOAATCA
JaHHble, KOTopble NPOHU3BOANTENb CYen HeoOX0AMMbIM [OBECTH A0 NO/b30BaTENS. ITO
He BCerfa ucyepnbisaroLlad MHCbOpMaLlHﬂ, HO BHUMATE/IbHO O3HAKOMbTECb XOTA 6b| C
TeM, uTo ecTb, U ybeauTech, uto Bbi ee noHsnu. Ecan y Bac BosHMKAM Bonpocsl, nonpo-
By/iTe NoNyuMTb OTBETHI HA HUX Y NPOAABLIA. 3a4acTylo y Hero UMetotca Gonee noapob-
Hble peK/iaMHble MaTep1asbl N0 NpeanaraemMon NPOAYKLMH,

[lTeped npuobpemeruem Kaes BHUMAMENbHO NPOYMuUMe
UHCMPYKYUO No npumereHuro!

NMOAITOTOBKA MECTA COEAUHEHMS
MnoA CKAEMBAHME

B cnyuae ecnv Bbl pelmnu Bocnonb3osatbes Kaeem aas cbopku 3a-
AymaHHoro Bamu uzgenus, 6yap To WwWKaduMK Ha KyxHe, NACTUKOBbIE ALMKK 08
LIBETOB Ha HankoHe unun uto-To elle, Bam HeobxoanuMo 3apaHee NpofyMaTh KOHCT-
PYKLHMIO KNEEBOTO COEMIMHEHHUSA, YUMTbIBASA Te HanpsXKeHUs, KoTopble ByayT B Hem
Bo3HMKaTb. CyllecTBYIOT YeTbipe TMNa Harpy>KeHusi (Hanpsi>KeHuH) KJeesoro co-
eguHeHns — cM. Puc. 4.
C0oBue. Hannyuwunin ons KneeBoro COeaMHEHUs BapUaHT HanpsikeHus. Takoe Ha-
NPs>KeHWe PaBHOMEPHO pacnpenensieTcs no BCen NAoWaan CKAEMBaHHSA, UTo NO3BO-

a)

\

KLE 012

6)

KLE 013

KLE-015

8) e)

KLE.014

Puc. 4 OcHoBHbIE THMbI HANPSIKEHWI:
@ — cfBur; 6 — paBHOMEPHbIH OTPbIB UM CUMMETPHYHOE PACTSKEHHE;
B — OTAMP; & — BHELEHTPEHHOE PaCTsKEHWE
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JISIET MCMO/b30BaTb MIOWAAb CKIEUBAHUS Hau-
Jyywnm obpasoM, nonydyas IKOHOMMUYHOE CO-

€AWHEeHUEe C MaKCUMa/IbHOW CTOMKOCTbIO K pas-

pywetuio. NoaTtomy Be3ge, rae aTo To/IbKO BO3-

MO>HO, HeOBXOUMO KOHCTPYUPOBATH K/leeBoe

coefiHeHWe TakuM obpa3oM, utobbl Bosbliast =
yacTb [EMCTBYIOLLEN HA HEro Harpysku TpaHc-
hopMHpPOBaNach B KNEEBOM LUBE B HANpsiKeHWe
caswura (cm. Puc. 5).

PaBromepHeii ompeiB. MpoyHOCTb Npu pas-
HOM M/IOWAAM KNEEBbIX COEAWUHEHWH, Harpy»KeH-
HbIX Ha PABHOMEPHbIN OTPbIB UK CABHT, BSI3KA.
Mpu paBHOMEPHOM OTpbIBE HANPSKEHUE TaKxkKe Puc. 5. YncToi casur
pacnpegnensieTcs paBHOMEPHO MO BCEM NOLWAAH
ckneusanua (cm. Puc. 6). [lns coeanHeHns Takoro TMna odeHb BayKHO, UTOBbI CKeu-
BaeMble 3/1eMeHTbl UMEJIU [OCTATOYHYIO XXECTKOCTb U NOA4 BO3AeﬁCTBMeM npunaraeMoﬁ
Harpy3Ku He NOABeprasvuch 3aMeTHOH AedopMaLMK1, NOCKO/IbKY HAapYLLEHHE 3TOrO YC-
JIOBHS NPHUBEAET K HEPABHOMEPHOMY PacnpeesieHUIO HaNpsiXKEHUH B COEMHEHNH.

BreyenmpeHHoe pacmsxcerue. ITOT TN Harpy>KeHUsi UMEET MeCTO B C/lyyae He-
CMMMETpMLIHO;i Harpy3ku OTHOCUTENIbHO niolWann CKNeuBaHUa UnrM npu Haludynunu Mo-
meHTa cun (cMm. Puc. 7). B npoTHBONONOXHOCTD NpefblayLleMy caydyato paBHOMEPHO-
O OTPbIBA NPU TAKOM BUAE HArPYXKEHWS HANPSXKEHWS pacnpeenstoTcs HepaBHOMEp-
HO. C O}J,HO“ CTOPOHbI NPOUCXOANUT UX KOHLEHTPALKUA, UTO MOXKET NPUBECTU K NPEBbI-
LWEeHWIO LOMYCTUMOW Harpy3ku Ha 3TOM YYaCTKe K/IEEBOro LIBA WU ero paspyLueHHto.
[ns BbipaBHMBaHKA HanpsxKeHWH notpebyeTcs Bonblias NIoWaAb CKIEUBaHUS, UTO
CKa3blBAETCA Ha 3KOHOMWUHOCTH CK/EMKM, & MHOTAA SBASETCS MPOCTO HEBbIMNOHM-
MbIM W3-3a KOHCTPYKTHBHbIX OCOBEHHOCTEN COeUHEHNA.

Y

Puc. 6. PaBHOMepHbI OTPbIB Puc. 7. BHeueHTpeHHOe pacTsiKeHHe
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