«Iquemy MbI HE ITPOBAIUBACMCH CKBO3b I10JI>»

Beedenue. HoBast Hayka 0 IPOYHBIX MaTepHaJiax, #iu KaK 3a1aBaThb TPYAHbIe BOIPOCHI

Yacmos |. Ypyroctb U Teopusi MPOYHOCTH

Inasa 1. Hanpsoxenust v gehOpMaIuH, wii OYeMy Mbl HE IPOBAIMBACMCS CKBO3b I10JT
[asa 2. BHyTpeHHee CICIUICHHE, Uil HACKOIBKO MPOYHBIMU JOJIKHBI OBITH MaTEPHATIBI
I[nasa 3. TpemnHbl ¥ JUCIOKALIMH, 41U TIOYEMY CTOJIb MaJia (haKTHYCCKas MPOYHOCTh MATEPHAIOB
Yacmyp ||. Hemeranabl

Iiasa 4. TopMOKEHUE TPEUIUHBI, 11U KaK 00CCIICYHUTh BI3KOCTh

I[nasa 5. JIpeBecrHa 1 MEJUTION03a, Ul O IEPEBIHHBIX KOPAOJIAX 1 JKEIC3HBIX JIFOIIX
Inasa 6. Kneii u ¢panepa, wiu ciiosia B TUIaHEpax

[nasa 7. KoMIo3UIMOHHBIE MaTepUaIbl, 1y KaK JAeJIaTh KAPIUYU C COJTOMOM

Yacmo |11. MeTaibl

Tnasa 8. [11aCTHYHOCTE METAILIOB, 1114 HHTUMHAS KA3HbL JUCIOKAIUI

Iasa 9. Keneso u cranb, uru 'édect cpesb 4epTOBBIX METHHHUII

I1asa 10. Matepuainsl OyayIiero, wiu Kak omudaThCs B JOraIKax

Ilpunoscenue [. O PA3INYHBIX THIIAX TBEPAOIo TeJia, ujid KOE-4TO O IAaTOKeE

Ipunosxcenue 11. TlpocTbie (opmyibl Teopuu O0aJOK, MJIH KaK CAeJaTh pacyeT Ha
NMPOYHOCTH

BBEAEHUE

MeTa/L1bl M HEMETAJLIBI

Yto Takoe MaTepuaioBeIeHHE
CyeBepusi ¥ peMecJaeHHUYECTBO
ATOMBI, XUMHSI, eIMHUILI N3MePEeHUs

Kmo 6b1 nu 63s1ca nucamo kKHu2y, NOCEAUWEHHYIO CMOIb 0OWUPHOU 001acmU 3HAHUL, KAK HAVKA
0 NMpOYHOCMU MAmepuanos, oH ece20a Oyoem 4Yy8CMB08AMb, YMO CHEYUATUCMbl HAUOYM 8
Maxoll KHuee MHO20 OWUOOK, YNPOWeHUll U npocmo Hesedxcecmsd. Taxkas KHuea HenpemeHHO
ABUMCSL OMPAdCEHUEeM A8MOPCKOL UHOUBUOYATbHOCMU, U 8 Nepeylo oyepedb 3MO KOCHemcs
ombopa mamepuana.

A nucan o mom, umo UHmepecoealo MeHs 6 mo ulli UHoe 6pemA. HGOQIOCb, MEHA 3 MO HE
ocy()ﬂm. Beow ne moe st nucamo o J1€2UPOBAHHBIX CIMAJIAIX, HANPUMED, UIU O MUMAHe. eCmb JZ}‘OOI/I,
Komopble coenaiom 2mo 20pa300 JYHue MeH:.

Hayxa o mamepuanax u meopusi ynpyeocmu cyumaromcsi 0080J1bHO MAMeMaAMu3upO8aHHbIMU
oucyunaunamuy. OOHAKO 5 ONYCMUNL 6CIO MAMEMAMuKy, 3ad UCKIIOYEHUEM COBEPULEHHO
NeMeHmapHoll aieebpvl, KOmopas. 00CMYNHA KAHCOOM) .

IDic. T'opoon



HOBASA HAYKA O ITPOYHBIX MATEPHUAJIAX,
unu
KAK 3AZTIABATD TPY/HBIE BOITPOCHI

Kaxkyio nuwgy nawemy ymy daem cozepyanue cun cyennenus! Kax
MHO20 HOBbIX A6NIEHUL OMKpbIBaemcs 30ecs! Umenno smu cunvl
0becneuusaiom nPoYHOCHb 6Ce20 MO20, YMO COOPYHCAEM Mbl HA
3emie, UCRONb3YS JHCeNe30, KAMEHb U Opyeue npouHble Mamepuabl.
H monvko nodymatime, umo 6ce Hawiu KOHCMPYKYUU - 835Mb XOMSL
ovt "Ipeim Ucmepu" *, pasmepvl Komopoco u MOwb, KAHCEMCS,
Jedcam 3a npedenamu 4eio8eecko2o 6000PANCeHUs, - CYWeCmayiom
HOCMONBKY, HOCKOJIbKY CYUECEYION CULbL CYENIeHUSL.

M. ®apaneit
"O pa3smTUYHBIX CHUIIaX TPUPOJIBI" **

[Touemy nomarotcs Bemu? [louemy BooOIIe MaTepuansl 001a1ar0T MPOYHOCTHIO? [Toyemy oM
TBEp/bIe Tella IpovyHee apyrux ? [lodeMy cranb Bs3Kas, a CTEKIIO - xpynkoe? [Touemy npeBecrHa
pacmersercss? UTo oO3HAUAIOT TaKWe TMOHSATHUS, KaK MPOYHOCTh, BSI3KOCTh, XPYIKOCTH?
Mcnonb30BaHbl JIW BCE PE3epBBI MIPOYHOCTH, CKPBIThIC B Marepraiiax? MOXHO JIM YITy4IIUTh
CyH_IeCTBYIOH_II/Ie THUIIbBI MaTepI/IaJIOB n COo31aTb COBepH_IeHHO HOBBIC, OTJIMYHBIC OT HUX, KOTOpBIe
ObTM OBl HamHOTO TpouHee? Ecnmm ma, To kakuM 00pa3oM 3TO caellaTh W KaKk OHH OyayT
BHITJIS1€TH? Eciii MBI B caMoM jienie OyzieM pacroliarath JTy4IIMMA MaTepuaiaMu, TO KaK | TJie
UX CIICAYyeT MPUMEHSTH?

* "I'peiitr UctepH" - cynHO, MOCTPOCHHOE 3HAMCHHUTHIM aHTIIMIICKMM HHXEHEpOM bpronenem B cepennne XIX Beka.
Bo Bpemena ®apajes OHO ObUIO HEMPEB30OHICHHBIM MO CBOMM pa3Mepam (Bomousmeruenue 27000r1). - Ipum.
nepes.

** Dnurpad B3saT u3 paborel M. dapaznes "On the various forces of Naturepropas Obiia M3gaHa Ha PYCCKOM
s3pike 1oa HassanueM "Cuibl Matepud W HMX B3aumooTHoureHus" (M., ToCymapcTBEHHOE AHTHPEIUTHO3HOE
uznarensctso, 1940).Hacrosimuii nepeso oTiiMyaeTes oT u3iautoro. - Ipum. nepes.

®dapanes B MOCICAHUE TOIbI €r0 JKM3HU CTaIM 3aHMMaTh HEKOTOPBIC M3 ATHUX BOIPOCOB, HO
OTBECTUTHL HAa HUX OH HE CMOI, a4, HpI/IBHaTBCH, U MBI JIMIIb COBCEM HCIABHO OKas3aJIMCh B
COCTOSIHMM 3TO cnenartb. OAHAKO yXe caMOW MOCTaHOBKOW Bompoca Papaaeil 3HAYMTEILHO
ONEpe/IUil CBOE BpeMsl; BIIOCIECACTBUU €IIE JOJTO€ BpEMsi MCCIEAOBAHUS MPOYHOCTH U CHII
CIETIJICHUsI He OBUIM B YECTH Y yUYEHBIX. DTa KHHTAa PacCKa3bIBaeT O TOM, KaK MbI IPHUILINA K
NOHUMAHHIO TMPHUPOIBI MPOYHOCTH MATEPUATIOB, KaK CBS3aHBI MEXAy cO000H MPOYHOCTHBIE
CBOMCTBa METAJIOB, IPEBECHUHBI, KEPAMUKH, CTEKJIa, KOCTEH, KaK 3TH MaTepHallbl BEAYT ceOs B
Pa3TUYHBIX KOHCTPYKIHUAX - CTAHKAX, KOpaOIIsx, caMolieTaX, 3JaHUsIX, MOCTaX.

Hosas nayka o Marepuanax O4eHb Ba)KHA, IOTOMY 4YTO BCE HAIM TEXHUYECKUE JOCTHKEHMS
Bcerna ObUTM OrpaHMYEHbl HEJOCTATOYHOM MPOYHOCThIO MaTepuasioB. M eciau eme coBceM
HEJaBHO YEJIOBEK IMPUHUMAJ MaTepuaibl KaK HEYTO HUCIIOCIAHHOE CBBIIIE, TO CETOAHS Mbl
MO’KEM HE TOJIbKO MOHATh XapaKTep MOBEACHUSI MAaTEpUajIoB, HO U HAUTU CHOCOOBI YIydlIeHUs
UX CBOMCTB. Y>k€ BUAHBI IYTH MOJYyUYECHUS] HECPABHEHHO JIYULIUX MATEpPHUAJIOB, HE TTOXO0XKHUX HA
cymecTByomue. OHM OTKPOIOT HHKEHEPaM COBEPILEHHO HOBBIE BO3MOXKHOCTH.

MeTa/iibl 1 HEMETAJLIbI

B TexHuKe Bcerna CymecTBOBANIO AEJICHUE HA METAUIbl U HEMETAJUIbI, U, XOTs TaKHE MacTepa,
Kak BproHesb, OJMHAKOBO YMENO HCIOJB30BATH U T€ U JIpYTrue, OONBIIMHCTBO MH)KEHEPOB IO



TPaAUIMU CTAaHOBUJIUCh 'METAUIMCTaMHM WM "HemeTaymuctaMu'. [lpuymHa Takoro JeneHus
JISKHUT B PE3KOM PaA3JIMUMU CBONCTB METAINIOB U HEMETAJIOB - MBIl CKOPO YBHJHMM, B Ye€M 3]1€Ch
IeNo, - W, CIeAOBaTelnbHO, MyTed WX ucCmoiib3oBaHus. OJHAKO S CKIOHEH IyMaTh, YTO
OTIPENICTICHHYIO POJIb B BhIOOpE "CBOEro" maTepuayia UrparoT XapaKTepbl JIIOJICH: METAITUCTHI
MPEJICTABIISIFOTCS MHE JIFOJIbMU TPAKTUYHBIME, 36MHBIMU, OHU HE BBIHOCST TOTO, YTO UM KaXKEeTCs
OCCCMBICIICHHBIM, a HEMETaJUIUCTHl, BEpPOSATHO, OoJiee JHUPUYHBI, Oorade HaJCICHBI
BOOOPaKEHUEM.

Bo3MO0xHO, MBI HE TOJDKHBI JeNIaTh 0COOBIX BBIBOJIOB M3 CaMOro ()akra TaKoro pa3iesieHus, HO
OHO TaK WJIM MHAa4Ye MPOXOJUT Yepe3 BCIO UCTOPHUIO TEXHUKU. B Hamielt KHUre Mbl IpOCieIuM
pPa3BHUTHE STUX JIBYX TPAAUIIMOHHBIX HAMPABICHUH B CBETE COBPEMEHHOW HAYKH O MaTepHaiax u
MOMBITAEMCSl  BBIZICNIUTH MPOOJIEMBbI, KOTOpble B CBOE BpeMs TpeOoBanu pemieHus. Mol
MOCTapaeMcsl MOHSTh, IOYEMY MPOU3OILUIA 3TU MTEPEMEHBI.

Ha npotspkennn XIX Beka 1eHBI Ha jkeJe30 U cTtaib cHU3WInCh B 10pa3, 4To 0OTHOBPEMEHHO ¢
yIy4YIIEHUEM HX Ka4ecTBa SBHJIOCH BEChbMa BaXHBIM COOBITHEM B PAa3BHUTHU TEXHHUKH, a MOXKET
ObITH, JaXke Hanbosee BaXKHBIM UCTOPHUYECKUM coObITHEM. Bo BCsKkOM citydae, jkene3o U CTallb
NPUILTICH OCOOCHHO TI0 JyIIIe MacTepaM BpeMeH KOpoJieBbl BUKTOpHH, /1a ¥ Hallla COBpEMEHHAs
TEXHUKA 3WKJIETCSI B OCHOBHOM Ha MeTayuiax. OHAaKo MeTaljlaM He MPUHAUICKUT MOHOMOIHS
Ha TPOYHOCTH. [lOpoii JTydIIMMU COYETaHUSMHU YIEIBHOTO Beca W MPOYHOCTH O0JIAJal0T HE
METaJUIbl, @ caMmble NMPOYHBIC M3 M3BECTHHIX BEIIECTB - HEJABHO IOJYYCHHbIE HUTEBHIHBIC
KpHUCTaLIbI (YCBI) YIIEpO/1a B OKUCH aTFOMHHHS.

TenneHUnn pa3BUTHS MaTEpPUAIOBEIECHUS CEWUYac TaKOBBI, YTO, BECbMA BEPOSITHO, CKOPO MbI
OyIeMm pacrnojiaratb KOHCTPYKLIMOHHBIMU MaTepuaniaMu, KOTOpbIE IO CBOEH CTPYKType ropaszio
OoJbllIe HAIOMUHAIOT JIPEBECHMHY HJIM KOCTh, Y€M METAJIbl M CIUIaBbI, XOPOIIO H3BECTHHIC
HaIllUM HHXeHepaM *. DTO He 3HAYUT, YTO Mbl BEpHEMCS K I[apCTBY pe3bObl MO JAEpeBy U
IUIOTHUYBETO MACTEpPCTBA WJIM YTO METAIbl OYAYT BBITECHEHBl KaKMUMHU-TO JPYTHMMHU
Matepuaniamu B OmmwkaimeM Oynymem. Konedno, HeT. $1 X0o4y MOAYEpPKHYTH JIUIIb, YTO 3TO
JIelaeT yMECTHBIM M3y4€HHE BCEH MCTOPUM IPUMEHEHHS MPOYHBIX MAaTEpHUaJIOB, Kak
METAJJIMYECKHX, TaK U HEMETaNINYeCKUX. XOTS HOBbIE TEXHOJIOTUYECKUE MPOLECCHl BO MHOTOM
OyAyT IOBOJIHO CIIOKHBIMH, MBI, OBITh MOXET, BEPHEMCS K TEPIEIUBOM CKPOMHOCTH
KOPIICIOIIEr0 HaJl CBOMM MaTepuaioM peMeclIeHHUKa, KOTopas HbIHE Ha HAIINX MPearpHsITHIX
BOBCE 3a0bITa. DTO NpuUBENO OBIK OOJNBIIEH 3aHATOCTU U, BO3MOXHO, KaK-TO KOMIIEHCHPOBAJIO
OBl pa3HOrO poja MHAYCTpUaiIbHbIE ypoJcTBa. Eciu Tak ciiyduTcs, TO 4eJIOBEYECTBO OKaKeTCs
TOJIBKO B BBIUTPBILLE.

* Cwm., Hanipumep, kaury A. Kelly, Strong Solids, Oxford, 1966,raxke 1. 10 HacTosIIeld KHUTH.

OTnpaBHON TOYKOM, KOTOpasi MOMOXKET HaM pa300paThCsi B MCTOPUM M HEKOTOPHIX 00IacTsIX
MMPUMCHCHUA KOHCTPYKIIMOHHBIX MAaTCPUAJIOB, KAXYIIUXCA HanOoJIee Ba)KHLIMH B COOUAJIBHOM U
TEXHUYECKOM OTHOLIECHUSX, MOCIYKAT COBPEMEHHBIE MIPEACTABICHNS O IIPOYHOCTU MATEPHUAJIOB.
Br160p 00BEKTOB HccnenoBanus Oy/eT B M3BECTHBIX IMpeeiiax MPOU3BOJIbHBIM. I He Kacamics
HEKOTOPBIX BaXXHBIX MAaTEpHUalOB, HaAIPUMEpP, AJIIOMUHUS, €CIM OHHU HE WUIIOCTPUPOBAIU

KaKoro-1mbo MHTEpeCHOro npuHIuna - I'art d'ennuyer consiste a tout dire *.
* MICKyCCTBO HABOJAMTH CKYKY COCTOMT B CTPEMJIEHHH pacckaszath 000 BeeM (ppany.).

Yro Takoe MaTepuaJIOBeieHUE

[TpoyHOCTH Jake camMoOro KpymHOTO COOPYKEHHsI B KaKOM-TO Mepe 3aBUCUT OT XMMHUYECKUX U
(GU3HYECKUX MPOIIECCOB, KOTOPBIE MTPOUCXOAT HA MOJICKYISIpHOM ypoBHE. [loaTOMY, TOBOps O
MaTepuanax, HaM TpUIETCS ONepUpoBaTh (PUINYECKUMHU BEIUYMHAMH, OTPOMHBIMH U
COBEPILIEHHO HUYTOKHBIMHU, MIEPEXOJIUTh OT XMMUYECKUX MPEICTABICHUM K YHUCTO TEXHUYECKUM,



COBEpIIAaTh CKAYKW M3 OJHOW 00JacTh HayKd B JAPYryl0. MaTepUAIOBEICHUE, BBIPAXasch
COBPEMEHHBIM S13bIKOM, HAXOIUTCSI HA CTHIKE HAYK.

Crout nuuIb 3ayMaThCsl O MEXaHUUYECKUX CBOWCTBAX TBEPJOIrO TeNa, KaK CTAHOBUTCS SICHBIM,
YTO KaKue-TO MPEJCTABICHHS O IMOBEIEHUH MAaTEpUANIOB €CTh Y KaKJOr0 U3 Hac, HO JaJeKo He
BCErJja Mbl MOXKEM IIOHATH, IOYEMY MaTepHaibl BEAyT ceOsi UIMEHHO Tak, a He uHaue. [IpaBna, Ha
BOIIPOC "TIOYEMY' OTBETUTH Bcerna cioxHee. OHAKO, MPEXIE YEM JOUCKUBATHCSA 10 MPUYMH
KaKoro-m0o sIBJIEHUs, €ro CliefyeT ONMUCaTh - TOUHO U 0OBEKTUBHO. DTO A€o MHXeHepoB. Ecnu
JUJIETAHT MOXET JIOBOJIBCTBOBATHCS CMYTHBIMH MPEJCTABICHUAMHU O TOM, KaK Je()OpMUPYIOTCS
U pa3pyliaroTcs TBEpIble Tella, TO MHXKEHEp 00sA3aH ObITh TOYHBIM, U HEMaJO IOKOJECHHH
HMH)KEHEPOB COBEPILICHCTBOBAJIO 3TO ONHKCAHKE, CTPEMSICh CAENAaTh €ro NPeaeabHO 00BEKTHBHBIM.
KoHeuHo, MHKEHephl 4acToO He OTAABaIM cebe oT4yeTa B TOM, ITOYEMY KYCOK CTalld BeleT cels
Tak, a Kycok OeToHa - MHa4e, HO U B TOM, U B JIPYIOM CIIy4asiX OHU MPOBOIMIN HU3MEPEHHS U
OMHUCBHIBAIM BCE O3TO B TPYAHOYUTAEMBIX KHHUTaX. BoopyxkeHHbIE 3HAHUSMH ' CBOWCTB"
MaTepHaoB, OHM OOBIYHO MOTYT MPEACKa3aTh MOBEACHHUE CIOKHBIX KOHCTPYKIMHI XOTS M Y HUX
CJIy4arOTCsl OIIMOKH, U TOT/1a MOCTBI JIETAT B PEKH, KOPAaOJIX TOHYT, cCaMoJIeTsl pazouBatoTcs. Bes
3Ta MPEMYAPOCTh BOIUIOLIEHA B TEOPUU YIPYTOCTH, ONPEICNISIONICH YCIOBHUS, MPU KOTOPBIX
KOHCTPYKLIMOHHBIE MaTepHaibl BOCIPHUHUMAIOT U INEPEJaloT Harpy3kH, CONPOTUBIISIOTCS HM.
Hekotopoe nmoHnMaHue BCEro 3Toro HEOOXOAUMO U JJIsl TOTO, YTOOBI pa3o0paThCs B Mpobdieme
po4HOCTH MaTepuana. Eciu oT0pocuTh BCIO MaTEMaTHKY, OCHOBHBIEC IPUHILMIIBI YIPYTOCTH Ha
NEePBbIA B3I, MPABO XKe, OYeHb MPOCTHI, HO Ul UCTUHHOTO TIOHUMAaHUS OHHM Ha YAWUBIICHHE
TpyaHbl. [IpuumHa 3Toro, s aymaro, KpoeTcs B TOM, YTO BCE Mbl BOCIIUTaHbl Ha HEKOTOPBIX
MHCTUHKTUBHBIX 3HAHMUAX O NPOYHOCTH - HE Oyabp 3TOro, Mbl JIOMaaun Obl BeUM U
TPaBMUPOBAIMCh TOpa3fo damie, yeM ceddac. VI B pe3ynbTare HaM KakeTCsl, 4TO TaKOro
IIOJICO3HATENILHOTO TOHMMAaHUS BIIOJIHE JAOCTaTOYHO. B KOHIIE KOHIIOB BCE 3TO 00OpauuBaeTcs
TPYAHOCTSAMH, CBSI3aHHBIMH HE€ CTOJBKO C HM3YyYCHHMEM D3JIEMEHTapHOW TEOpUHU YIPYrOCTH,
CKOJIBKO C COOCTBEHHBIMU MIPENYOEKICHUSIMHU.

Kto comHeBaercs BO BCEM 3TOM, IYCTh MOMPOOYeT OOBEKTHBHO OINHUCATh PA3HUILY MEXIY
MEXaHUYEeCKUMHU CBOMCTBaMH, Hampumep, Mena u ceipa *. Kak mpaBuiio, WHXXEHEpY MOJ CHITY
Takas 3agada. bonee Toro, ecim ObI MBI 3aXOTENH MO CTPOUTH HEKOE COOPYKEHHUE, UCTIONB3YS
OIMH W3 JTUX MAaTEpUAIIOB, OH CMOT OBl TMpEJCKa3aTh XapakTep ero paspymeHus. OaHako
O6’b$ICHI/ITB pasHuny MEKAY CbIpOM U MCJIOM HaM MOT'YT TOJIBKO MPCACTABUTCIIN OIMPCACIICHHBIX
obJacreil HayKH.

* JInsi BOCHUTAHHOTO Ha MMOMAX aHTIMHCKOTO YHTATENsI MEJI U ChIP MPEICTaBISAIOT cOO00H 00pa3oBbIld MpUMeEp
COBEPIIEHHO pa3lIMYHBIX BEINECTB. B aHIIMKMCKOM s3bIKe CyinecTByeT Boipaxkenue as different as chalk is from
cheese- Ilpum. nepes.

TBepable Tena COXpaHAIOT CBOIO (GopMy Onaromaps XUMHUECKUM M (DU3MYECKHM CBA3SIM,
CYIIECTBYIOIIUM MEXAYy UX aToOMaMH M MoJjekynamu. JItoboe Teao MOYKHO BBIBECTH U3 CTpPOS
HECKOJIbKUMH  PA3IUYHBIMU TYTSIMH - MEXaHHYECKUM pa3pylIeHUEM, IUIABJICHUEM WIH
BO3/ICHICTBMEM XMMHYECKH MU peareHTaMu. Tak Kak B KaXIOM CIydae TOJDKHBI OBITh Pa3opBaHbI
KaKHe-TO BHYTPEHHHE CBSI3M OJIHOTO THIIA, MOYKHO OBLIO OBl MPEAINOJIOKUTh, YTO CYIIECTBYET
HeKas MPOCTasi CBA3b MEXKIy BCEMH Ha3BaHHBIMHU ()OpMaMH Pa3pyLICHHs, U CErojiHs, KOrjaa o
IPUPOJIE MEKATOMHBIX B3aUMOJICHCTBUNA XUMHKH M (PU3UKU 3HAIOT JIOBOJHHO MHOTO, UM HE TaK
yX TPYAHO JaTh OOBSCHEHUE W MPOYHOCTH, U JPYTUM MEXaHHMUECKHM CBOMCTBAM MaTepHaJOB,
TakK 4To, MO CYIIECTBY, U3YUYEHHUE pa3pyIICHUSI MAaTEPHUAJIOB JOJKHO OBl CTaTh pa3esioM XHMHUU.

B nmanpHelimeM Mbl YBHIMM, YTO NPOYHOCTH CBSI3aHA - KaK JTOr0, KOHEYHO, U CIIEOBAJIO
OKUJIAaTh - C XMMHUYECKHMMH B3aMMOJCHCTBHUIMH, HO CBS3b 3Ta KOCBEHHas, U OOHApYXUTh ee
CPEACTBaMHU KJIACCHYECKOM XMMHUU WM (PU3MKK HEBO3MOXHO. OKa3bIBaeTcs, Mbl HE TOJIBKO
HY)KJIaeMCsl B HUHTEPIPETALMU Pe3yJabTaTOB ITUX HAYK CPEICTBAMM KJIACCUYECKON TEOpUH



YIIPYTOCTH, HO HaM HEOOXOJMMO BBECTHU €III€ U TaKHE CPABHUTEIHHO HOBBIC M OYCHH Ba)KHBIC
MOHSATHUS, KaK AUCIOKAIMKA W KOHIICHTPAIIUs HAPSHKEHUM.

B cBoe Bpemsi UX BBEIEHUIO CONMPOTUBIISUIUCH MHOTHE OPTOAOKCHL. J[0 HEZaBHUX MOp Hayka O
MMPOYHOCTU MATCPpUATIOB HCCOMHCHHO OTCTaBaJla OT APYIruxX AUCHHUININMH, KOTOPBIC Ha HepBBIﬁ
B3TJIAT KaXyTcs U Oosee TpyaHbIMU U Oojee d(ppekTHpIMU. B TeueHne m0iaroro BpeMeHU Mbl
ropaszio Jiydmie ObLIM OCBEIOMIICHBI O PaJMO WM O BHYTPEHHEM CTPOCHMHU 3BE3J, YEM O TOM,
YTO MPOUCXOJUT B Kycke ctanu. [lo-MoeMy, mpuyuuHa 37€Ch HE CTOJIBKO B KpailHEW CI0KHOCTH
npeamMeTa, CKOJIbKO B TPYAHOCTAX, CBA3AHHBIX C O6I>GI[I/IH€HI/ICM AJOCTAaTOYHOI'O YHCJia JIIOI[GI‘/JI,
3aHATBIX B Pa3IMUHBIX O0OJIAaCTAX HAyKH, IJIsI COBMECTHOM pabOThl Haa OJHOW oOmein
po0OIIeMOii.

XUMHKH, €CTECTBEHHO, MPEANOYUTAIOT OOBICHITH BCE CBOMCTBA BEIIECTB HA A3BIKE XUMUH, HO
KOrZla OHH, HAaKOHEll, pa3JeiblBalOTCA C TPYAHOCTAMHM, IOPOKIECHHBIMU HCIOJIB30BAHUEM
WH)KCHEPaMHU HMHBIX CIUHUI] U3MEpCHUs (Harmpumep, JJIs SHEPrHH), TO YacTO OOHAPYXHBAIOT,
YTO PACCUMTAHHBIE MMH MApaMETPbl NMPOYHOCTH HE TOJBKO OTIMYAKOTCS OT HMCTHHHBIX HA
HECKOJIbKO TOPSAKOB, HO Ja)kKe KAaueCTBEHHO HE HMMEIOT HHUYEro OOLIero ¢ pe3ylbTraTaMu
sKcriepuMeHToB. [lociie 3Toro oHM CKJIOHHBI 3a0pOCUTH BCE, YTBEpXkAas, 4TO IpeaMeT U He
UHTEpeceH, U He BaxkeH. OTHomeHne (U3MKOB K 3TOW MpoliieMe HECKOJIBKO MHOE, HO OYEHb
MHOTHME M3 HHUX B TEUEHHE [OJIFOr0 BPEMEHM THAJIUCh 3a APYrUM 3aillleM: Haao ObLIo
pa3dupaTbcs B TOM, UTO IPOUCXOIUT BHYTPH aTOMA.

beccmopHo, B HammM JHW COBMECTHBIMH YCHUJIUAMH (U3MKOB M METAUIOBEIOB YAAETCS B
YI[I/IBI/ITCJIBHBIX HO,Z[pO6HOCT}IX pa3ra;[aTb HpOI/ICXO,Z[}IH_II/Ie B MCTaJlJiax Hpoueccm, 1o
KJIACCHYECKOE METAJUIOBEJICHUE CIUIIKOM JOJTO OCTAaBAJIOCh YHUCTO OINMMCATEIbHOW HAYKOM.
MerannoBenbl 3HalM, 4TO, JOOABUB TOT WJIM MHOW 3JIEMEHT K CIIaBY, OHH KaK-TO M3MEHST €ro
cBoiicTBa. Ellle OHM 3HAIM, YTO HArpeB, OXJAXKICHHUE, KOBKAa MEHAIOT MEXaHUYECKUE CBOMCTBA
MCTAJIJIOB. C IIOMOIIIBKO OIITUYCCKOI'O MI/IKpOCKOHa OHH MOTJIN Ha6JIIO,Z[aTb JINIIb CpaBHI/ITe.HBHO
rpyObIe pa3nudusi B MUKpOCTpyKType. Ho, HecCMOTps Ha TO YTO HAOMIOAaEMbIe CTPYKTYPHI KaK-
TO onpe;[en;um MEXaHNYCCKHUC CBOﬁCTBa METAJIJIOB, 3TA CBA3b CaMa I10 C66€ HC MOI'Jla CHUTAThCA
yOeIUTEeIbHBIM HayYHBIM OOBSICHEHHEM MEXAaHUYECKOTO TIOBEICHHS METAJVIOB U CIIJIaBOB.

CyeBepusi 1 peMeCJIeHHNYeCTBO

Ecnmn Hayka o wMarepwanax okasajgach TsDKella Jaxe IS Y4YCHBIX, BpSA JIM MOXKHO
MPEIONIOKUTh, YTO HAIlM MPEIKH BIIOJHE OCO3HAaHHO 00padaThIBAIM W HCIOJIH30BAIN
marepuaisl. M B camoM Jiernie, HM OJTHAa U3 TEXHUYECKHUX JUCIHUILTIH HE N300MIyeT CyeBEepHSIMHU B
TaKOW cTereHu. MokHO ObLIO ObI (2 OBITH MOXKET, U JOJDKHO) HANKCaTh O0BEMHUCTYIO MOJIHYIO
Y)KacoB KHHTY O TIpeApacCy/Kax, CBS3aHHBIX C IMOJyYCHHEM MaTepHalioB. Tak, B JApEBHEM
BaBuiioHe Tpu HM3TOTOBIEHUU CTEKJIA HCIOJIH30BAINUCH YEIOBEUECKUE AMOPHOHBI, STIOHIIBI
3aKaJMBAJId ME4YH, TOTPYKash WX JOKpacHa pacKaJCHHBIMH B TeJla JKUBBIX IUICHHHKOB.
OOBIYHBIMU OB CITydau MOTPEOCHUS KEPTB B OCHOBAHUSAX 3J]aHHI ¥ MOCTOB, JIUIIb B IPEBHEM
Pume mroneii 3amennnm uyydenamu. [logoOHbIe 00bIYan CBSI3aHBI C MPUMHUTHUBHOM (duocoduei,
KOTOpasi Ka) Iyl KOHCTPYKIIUIO HaJelsijia COOCTBEHHON JYXOBHOM JKHU3HBIO.

Co BpeMeHEM 4YeJIOBEK CTal MEHee JKeCTOKHM, HO HE MeHee CyeBepHbhIM. Bo BcskoM ciydae,
HCKOTOPBIC TMCPCIKUTKU HUPPALUOHAIBHOIO YYBCTBYIOTCA MOaXE B HAICM CCTOAHAIIHCM
OTHOIIEHWH K MarepuajgaMm. Tak, 3a4acTyl0 BecbMa OypHO OOCYKHAIOTCS BOMIPOCH O
IMNPUMCHCHUN CTapblX W HOBBIX, HATYPaJbHbBIX HW CHHTCTUYCCKUX MATCPUAJIOB, IIPUYUCM
Oyuryromue Ha TaKoro poja AHMCKYCCHSX SMOIMH [AJIeKO HE BCErla OCHOBBIBAIOTCS Ha
PCATBbHBIX 3HAHUAX UJIN SKCIICPUMCHTAJIbHBIX JJOKA3aTCJIbCTBAX. Ot npez[y6e>Kz[eHH;1 HaI/I6OJIee
cunbHbl B ObITy ("MoOKeT M 4TO-HHOYIb CPaBHHUTHCA C ImepcThio?” wmiau "Her uuuero,



nogoOHoro Koske!"), HO MHOTJa OHM MPOHHKAIOT M B 00JACTh MPOCKTHPOBAHHS CEPHbE3HBIX
KOHCTPYKITUH.

N3naBHa 4enoBeKy Ka3aJoch YAOOHBIM BHJETh B MaTepuasliaX HEKYIO XM3HEHHYIO CHIIy, OT
KOTOPOH SIKOOBI 3aBUCUT UX paboTocnocoOHocTh. Hampumep, roBopmid, YTO BELIM JIOMAIOTCS
IOTOMY, YTO MX MOKHJAeT HeKas cwia. Bo BpeMs BOMHBI 1 MMeN Ael0 ¢ IOCTaBKaMu OaMOyka,
KOTOPBII IIIeJl Ha M3TOTOBJICHHE a’pOCTaToB 3arpaxkiaeHus. Kak-ro oauH mmmoptep 6amOyka
KAJOBAJICS MHE Ha TPYAHOCTH XpAHEHUS NPYThEB HEOOXOAMMOW HaM JUIMHBL. IS HHUX
TpeOOBaJIOCH CIMIIKOM MHOTO MECTa, MMOCKOJBKY MX HYXKHO OBIJIO CKJIaJbIBaTh TOPHU3OHTAIBHO.
Ha moe npennoxenne XxpanuTh 0aMOyK B BEPTHKAIFHOM IOJIOKEHHH COOECETHHK 3asiBHI, YTO
3TO HEBO3MOXKHO, TaK Kak cujia 0amMOyKa BBUICTUT U3 HEro uepe3 OOpalleHHbIH KBepXy KoHel. B
NpOLUIOM MNpU BBIOOpPE Marepuasa ¥ MPOEKTHPOBAHWHM KOHCTPYKIHMH TOJArajiuch JIMIIb Ha
MHCTHUHKT U ONBIT. Cpenu JIyuIInX peMEeCcIeHHUKOB, pa0OTaBIINX MO CIOKUBIIUMCS TPATULIIIM,
BCTpeYaIUCh HWHOrAa Omnectsme wmactepa. OmHako ObUTO OBl OMIMOKOW MpeyBEeIUYMBATH
BO3MOXXHOCTH TpPagUIM{A, MAacTEpCTBO PEMECICHHUKA MOIJI0 OBITh BEJIMKOJCMHBIM, HO
MH)KCHEPHOE PEIICHNE €T0 M3/ENNi, KaK MPaBWIo, B JyYIIeM clIy4ae ObUIO TOCPEICTBEHHBIM, a
MHOT'/Ia OKa3bIBAIOCH yIMBUTEIBHO TUIOXUM. [TOBO3KH Tepsiiu Kojieca, IOTOMY YTO KapeTHBIX
JIe7l MacTepaM HE XBaTalo CMEKAIKH KpPemHWTh MX mojobarommM oOpazom. TodHO Tak ke
JiepeBsiHHBIE KOpaliM B IUIaBaHUHM IOYTH BCErJa HMMEJIHM 3JI0CYACTHBIE TEYH, MOTOMY YTO
KopaOiecTpouTenu TexX AHEH HE MOHMMAIM TPHPOIBI KacaTeNbHBIX HANPSDKEHHH, KOTOPEIE,
00I0Ch, U CErOJIHS /11 MHOTUX OCTAIOTCS 3araKou.

DKCKypC B TakKHe JaJieKue JUisl HaIlero mpeaMera BpeMeHa MOXKET MOKa3aThCsi HEYMECTHBIM B
KHUTE, MOCBSIIEHHOW COBPEMEHHON HAyKe O MaTepualiax, OJTHAKO CIEIyeT MOMHHUTh, YTO HayKa
9Ta, MOJOOHO MEIUIMHE, MOJKHA ObLIa MPOKJIAIbIBATh CBOM MYyTh HANEPEKOP TPAAULIMOHHON
MpakTUKE W cyeBepusMm. He nmaTe mpencraBieHUs O TeX TIyOMHAX aHTHU3HAHUS, U3 KOTOPBIX
JOJKHO OBLIO MOAHSITHCS COBPEMEHHOE MaTepUAIOBECHUE, 3HAYUIO Obl B Y€M-TO MOTPEIIUTh
MIPOTUB UCTUHBI.

ATOMI)I, XUMUH, €IHHULBI U3MECPCHUSA

HecmoTpss Ha TO 4TO HEe BcerjJa MPOCTO YCTAaHOBHUTH MPSMBIE CBSI3M MEXKIY MPOYHOCTHIO
MaTepualioB U 3aKOHAMH KJIACCUYECKON (DM3UKH U XMMHH, B KOHEYHOM CUETE€ UMEHHO 3TH HAYKH
COCTaBJIAIOT (PyHIAMEHT MaTepHuaioBeneHus. [loaToMy s TeX, KTO MOT 1M03a0bITh KOE-4TO U3
IIKOJIFHOM MPOTPaMMBbI, B KOHIIE KHUTH UMEETCS IPHIIOKEHHUE, T7Ie KPATKO U3JI0)KEHBI OCHOBHBIC
cBesleHus, 0e3 3HaHMs KOTOPBIX TPYAHO CICIUTHh 3a JalbHEHIIUMH paccykaeHusMu. OgHaKo
JUIS TIOHMMaHHUsST MaTepPHAIOBEJICHNSI HE B MCHBILICH CTENECHH, YeM 3HAHUE 3aKOHOB XUMHH U
¢u3uKky, HeOOXOMMO MPaBUIILHOE MPEACTABICHUE O pa3Mepax W Macuitade. IHpIMU clioBamy,
3aKOHBI HAayKM JAIOT MpaBHWJIa UTPHI, HO pa3Mepsl IMAaXMaTHOM JOCKH, TO €CTh T€ MacIITaObl, B
KOTOPBIX Pa3bITPBIBAIOTCS UTPHI B NMPHUPOJE U TEXHHKE, MOCTOSHHO M IOYTH HEBOOOpA3uMO
u3menstorcs. [loaTomy octaHoBHMCS, XOTsI ObI KpaTko, HA BOIMPOCE O MAacIITadax M €AMHUIIAX
U3MEpPEHUs.

KenbBuH He pa3 MOBTOPSUI, UTO HayKa HAYMHAETCs ¢ u3MepeHuit. Ho 1t Toro, 40061 H3MepsTh,
HYXXHBI CIMHHIBI M3MepeHus. {7 M3MepeHus: CPaBHHUTENBHO OOJBIINX BEIUYWH MBI OyaeM
UCIIOJIb30BaTh CAaHTHUMETPBI U MUJUTUMETPHI, TOHHBI, KHUJIOTPAaMMBI B rpaMMbl. Omnepupys o4eHb
MaJIbIMA BEJIMYMHAMHU, MBI OOBIYHO CTAHOBHMCS 0OJee palMOHAIBHBI MH M oOpamaeMcs K
MaJIbIM €IMHUIaM. A TIOCKOJIbKY MaTepHaJOBEJCHHE YacTO HMMEET JAeJI0 MMEHHO C MaJlbIMU
BEJIMYMHAMH, KOTOPBIE HE HCIOIB3YIOTCS B MOBCETHEBHOW JKU3HHU, 00 3TUX MAaJbIX CIMHHIIAX
ciefyeT pacckazarb noapoonee. Mukpon (Mkm) - 1/10000cMm, to ects 1/1000mm. Pasmep
caMoil MaJIeHbKOM TOYKH, KOTOPYIO MOKHO YBHIETH HEBOOPYKEHHBIM IJ1a30M, - 0K0J10 1/10mm,
To ectb 100MKM. A camblii Manblii peaIMeT, BUAUMBIA C MOMOIIBIO OOBIYHOTO ONTHYECKOTO



MUKpOCKOIIa, Kak mpaBuio, MeHbine 0,5MkM. Ha mpakTuke BO3MOXHOCTh BHUICTH MPEAMET B
3HAYUTEIBHON CTEMCHW 3aBUCHT OT YCJIOBHUH OCBEIICHWS. TaK, B CHWJIBHOM JIy4e CBETa,
IMPOHUKAIOIICM B TCMHYIO KOMHATy, MOXXHO BHACTH HCBOOPYXCHHBIM IJIa30M YaCTUIBI IbUIA
pazmepom B 10 MKM mim ake MeHbIe. Tak Kak mpezes pa3pemeHus: ONTHIECKOT0 MUKPOCKOTa
IPUMEPHO PaBEH OJHOMY MHKPOHY, MUKPOH CTaJl U3I00JICHHOM €JMHULICH TeX, KTO B OCHOBHOM
paboTaet ¢ ATUM MUKPOCKOIIOM, B YaCTHOCTH OHOJIOTOB.

Anrctpem (A) - 1/10000mkm, mm 1/10000000@m. DTa equHHUIEA TOTB3YETCS YBAKECHHEM TEX,
KTO paboTaeT C 3JICKTPOHHBIM MHKPOCKOIIOM, €€ IPHUMEHSIOT JIi H3MEPEHUS aTOMOB H
Mosiekyin. C TOMOIIBIO COBPEMEHHOTO BJICKTPOHHOTO MHKPOCKOIIA MOKHO PacCMOTPETh
(0OBIYHO B BHJIE HESICHBIX MSATEH) YAaCTHIBI pa3MEPOM OKOJIO 5 A. DTO MpUMEpPHO B THICAYY pa3
MEHBIIIC TOTO, YTO MOXKHO YBHJETH B JIydIIEM ONTHYECKOM MHKpOckore. Ho u B aTOM citydae
Pa3spCICHNUC CUIILHO 3aBUCUT OT YCHOBI/Iﬁ OKCIICPUMCHTA.

BeposiTHO, 371€Ch clielyeT HEMHOTO OTOBOPUTH 00 aToMe. ATOMBI - 3TO TO, U3 YETO MOCTPOCHBI
Bce BemecTBa. CaMH aTOMBI COCTOSIT U3 OYEHb MAJIBIX M TSDKEINBIX SAEP, OKPY)KEHHBIX 00JIaKoM
oOpamfamuxcs BOKPYT HHX JJIEKTPOHOB, KOTOpBIE SBISIOTCS BOJIHAMH, YacTHIIAMHU WM
OTPULATEIBHBI MU 3apAAaMH JICKTPUUECTBA. DJICKTPOHBI HECPAaBHEHHO MEHBIIE SIp aTOMOB.
Macchl ¥ pa3Mepbl aTOMOB Pa3IMYHBIX BEIIECTB MOTYT OBITh OYEHb Pa3HBIMU. ATOMBI MOXKHO
IpE/CTaBUTh ceOe B BUJAE IIAPUKOB C HETJIAAKOWH IMOBEPXHOCTBIO JMAMETPOM, Tpy0O TroBops,
okoj0 2 A. Ilo OOBIACHHBIM TMOHATHSM, 3TO HEBOOOpPA3UMO Maiblil pa3Mep, Mbl HUKOTAAa HE
CMOKEM YBHUJIETh OTJICIBHBIN aTOM C TIOMOIIBI0 OOBIYHOTO BUAMMOTO CBETA, XOTSI B Macce CBOCH
aTOMBI, KOHEYHO, SBJISIOTCS Tepesl HaMU B BUJE JTI000T0 Tena.

3nech MOJIE3HO HAlOMHHUTH, YTO HaWMEHbIIass YacTUla, KOTOPYIO MOXHO BHJETH
HEBOOPY>KEHHBIM TJ1a30M, cojepkut nmpuMepHo 5S00000aToMoB B momnepedyHuke, a ¢ MOMOIIBIO
ONTHYECKOTO MHUKPOCKOIIA HaM yaaeTcsi paccMoTpeTh yacTuuky ¢ 2000aToMoB B mornepeyHuKe.
DJEeKTPOHHBI MUKPOCKOI MO3BOJISICT YBHJAETh PACIOJIOKEHHE aTOMOB B KpPHUCTaJlIe, KOTOPOE
HAaIlOMHMHAET TMOCTPOEHHUE COJIJAT Ha Mapaje; ¢ MOMOIIbIO YCTPOMCTBA, HAa3bIBAEMOT0 HOHHBIM
IPOEKTOPOM, MOXKHO PAaCCMOTPETh Jaxe OTACIbHBIE aTOMBI - MO KpalHEH Mepe HeKHe HuX
TymMaHHble ouepTanus. OQHAKO JaKe MPHU 3HAYUTEIBHO JIydIIed pa3perraronieil CnocoOHOCTH
MHKpOCKOTa (a CO BpeMEHEM TaKOBasi, BO3MOXXHO, ¥ OyJeT JOCTUTHYTA) BPS JIM HaM yIacTCs
YBUJETh YTO-HUOYAb OUEHb KOHKPETHOE.
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T'naea 1.

HAIIPAKEHUA U AE®@OPMAIINN,
unu
IHOYEMY MbI HE ITPOBAJIMBAEMCS CKBO3b 1101

OH umen obbIKHOGEHUEe KAXNCObIN Beyep emaeusams Bana 6
unocopcxyio ouckyccuro u 8 amux cnopax ece20da nOOYePKUBaL
pasHuyy medxncoy cucmemoi Ka-nuna, 6 komopoii 3emas eucum Ha
MOWHbBIX Kanamax, u cucmemotl Tati-y, cuumaeuie2o, umo 3emiust
onupaemcs Ha 2pomaonslii bamobykosuiii cmonbd. Camobvimmublil u
nponuyamenvuvlii ym Au-uty yoice 0a6HO 0OHApYICUN cIAbOCMb
obeux meoputl 8 camoll Ux OCHoge.

OpHcT bpama.
"Kaii JIyn pacctunaet cBoto IUHOBKY"

Mgl 1elicTBUTENBHO HE TPOBATMBAEMCS CKBO3b IMOJI, U 3TO JUIsl HAC HACTOJBKO OOBIYHO, YTO MBI
HaJ| OTUM HHUKOT/Ia He 3amyMbiBaeMcs. Ho Gomee obmuii Borpoc, moyemy jto0oe TBEpAOe TEo
BOOOIIE CIIOCOOHO COIMPOTHUBISATHCS MPHIIOKEHHON K HEMy Harpys3ke, W3/laBHA 3aHHMAll YMbI
yueHbIX. OTBET Ha HEro MpejacTaBiseT coOOil HarJsIHBIA MpUMeEp TOro, Kak 0e3 MpUMEHEHHUS
U3OLIPEHHBIX MPHOOPOB MOXET OBITh TEOPETHUYECKH peIlIeHa HaydHas mpooOiiema (MCKITrodasi,
KOHEYHO, €€ MOJICKYJSIPHBIA acreKkT). ITO OTHIOIb HE TOBOPUT O OECXUTPOCTHOCTH MPEIMETa.
Bens HemapoMm TiepBBIM CYNIECTBEHHBIA BKIAJ B peEIICHUE MpPOOJIEeMBbl BHECIH TaKue
BhIIarommecs ymol, kak [amueit (1564—-1642) I'yk (1635—1702)HysxHo0 cka3aTh, YTO HMEHHO
OHH BIIEPBBIE YETKO C(HOPMYITHPOBAIH 3a/1aTy.

[IpaBna, sta 3amaua okaszanach 3a mnpexaenamu Bo3moxkHocTed XVII Beka. bonee Toro, nHa
MPOTSKEHHUH €eIlle JBYXCOT JIET He ObUIO JOCTATOYHO MOJHOTO MPEICTABICHUS O TOM, YTO ke Ha
CaMOM JIeJI€ IPOUCXOIUT B KOHCTPYKIMAX; Aaxke B XIX Beke Kpyr Jojiel, IOHUMABIINUX YTO-TO
B OTOW 00JacTH, OTPaHUYMBAJICS HECKOJbKMMHU HE OYEHb NpPU3HAHHBIMHM B T€ BpEeMEHa
TeopeTuKkaMu. HHXEHEepBI-IPAKTUKKA BCE €IIe MPOJOJKAIM JellaTh CBOM pacydeThl, 4YTO
Ha3bIBAeTCsl, HAa Mmaibiax. Hy)KHO OBLJIO MPONTH MONTHNA MyTh, MOJHBI COMHEHHH W KaTacTpod
(Bpoze cityuast ¢ MoctoM 4epe3 peky Tait *), 4roObl OHM yOeaMIHCh B TOJIBb3€ OOOCHOBAHHBIX
pacyeToB Ha MPOYHOCTH **. BmecTe ¢ TeM OOHApYKWUJIOCh, YTO MPaBUJILHBIA pacdyeT MOXKET
yIEIIEBUTh KOHCTPYKIMIO, TaK KakK IO3BOJIAET SKOHOMHUTH MaTepualibl Oosee Oe30macHbIM
nyreM. B Hamm JHM CyTh pasHUIBl MEXAY KBATU(QHUIMPOBAHHBIM HHKEHEPOM, C OIHOMU
CTOPOHBI, U CIIECApEM HJIM IPOCTO CAMOYUYKOW-TIOOUTENIEM - ¢ IPYTo, 3aKJII0YaeTCsi He CTOJIBKO
B M300peTaTeIbHOCTH UJTH CTETIEHU MacTepCTBA, CKOJIBKO B TEOPETHUECKOM MOJATOTOBKE.



* JKene3HogopokHBIN MOCT yepe3 peky Toil B ee ycTbe (mauuoro moutu 3 kM) Obu1 mocTpoed T. Bayimem B 1879r.
Ero cunrtanum ogHMM W3 BEIMYAMIINX TEXHHUYECKHUX IOCTIDKEHHH cBoero BpeMeHd. OmHaKko depe3 HECKOJIBKO
MECSIIIEB MOCIIe OTKPBITHS, 3UMHEH HOYBI0O MOCT HE BBIJIEpIKall TSDKECTH IacCakUPCKOTo moesna. Bee maccakupsr
yToHyH. PaccienoBanue ycTaHOBHIIO cepbe3HbIC Ae()EeKTHI MCIONB30BAaHHBIX MAaTEPUAIOB, OMIHMOKHA B MPOEKTE U
HEOpPEKHOCTH TMPHU TMOCTpoiiKke. J[pamarnmdeckue 0OCTOATENBCTBA KAaTAaCTPO(Pbl W YUCIIO MOTHOMIMX CHENald 3TO
COOBITHE MMeYaIbHO 3HAMEHUTHIM B aHTIUICKOW nctopuu. - Illpum. asmopa k pycck. u3o.

** Bputo Bpems, koraa B CIIA exeromHo pyImaocs 0KoJio 25MocToB.

JlaBaiiTe HauHeM C camoro Havaiga, ¢ Herorona (1642-1727),x0oTopblii cHopMyIHpoBa
OCHOBHOM 3aKOH MEXaHUKHU. JEHUCTBUE PABHO IPOTUBOACUCTBUIO 110 BEIUYUHE U
MPOTUBOIMNOJIOKHO €My [0 HaMpaBieHHIO. DTO O3HAyYaeT, 4YTO Kaxaas cuia JOJDKHAa OBITh
cOaraHcupoBaHa TOYHO TAKOM K€ M0 BEIMYMHE CHIIOW MPOTHBOIOJIOXKHOTO HarpasieHus. [Ipu
3TOM NpHUpOJa CHJI HE MMEET HUKakoro 3HaueHus. Ha mpumep, cuia mMoxkeT ObITH co37aHa
KaKUM-THOO HEMOJBIKHBIM Tpy3oM. lIpenmonokuMm, s CTOK Ha MOy, MOW Bec /SKT.
CnenoBarenbHO, MOU TOAONIBBI aBST HA IMOJI C CHJIOM /SKr, KOTOpas HampaBjieHa BHU3; 3TO
JIETI0 MOUX CTyHHEeW. B TO ke camoe BpeMsl IMOJI JOJKEH JaBUTh HAa MOM NOJOIIBBI C TOW Xke
CUJIOW 75Kr, HampaBJIeHHON BBEPX; 3Ta CHJA MCXOIUT OT mosa. Ecinm Mocku moma oKakyTcs
MOJATHUBIIMMH U HE CMOTYT O0ECIIEUUTh CHUITY /SKT, 1 HEMUHYEeMO MpoBatiock. Ho ecnu kakum-
TO YyJOM TIOJI COOOIIMT MHE CHJYy, OOJBIIYI0, YeM Ta, KOTOPYIO TpeOOBaJ MOM BEC, CKaXKeM,
75,5KTr, TO 5 - HI MHOTO HU MaJIO - B3Jieuy. Te e pacCyXIeHusl MPUMEHUMBI K JII0OOMY Tpy3y:
€CJI CTYII Becut, Hanpumep, 20Kr, TO, YTOOBI OH OCTaBaJCs Ha MPUBBIYHOM ISl HAC MECTE, MO
NOJDKEH IEHCTBOBAaThL HAa HEro ¢ Takod ke cwioil. OmHako B 3akoHe HpIOTOHA coBCeM HeE
00s13aTeNFHO CHJIa CBSI3aHA JIUIIL ¢ KAKUM-JIMOO HETIOABMKHBIM Tpy3oM. Eciu s HanpaBiio cBoi
aBTOMOOWJIb B CTE€HY, TO OHA OTpearupyeT Ha MOMW JCHCTBHUS C CHJIOW, B TOUHOCTH PaBHOU TOM,
KOTOpasi HeoOXOoAuMa, 4YTOOBl OCTaHOBUTH AaBTOMOOWIB, Na)xe eClId IMPU ITOM TMOrudaer
BoauTeNb. U eme oauH mpuMep: BeTep OKa3bIBAET JABJICHHE Ha JBIMOBYIO TPyOy, MBITAsCh €€
ONIPOKHMHYTb, HO TOYHO C TAKOM ke CHIIOH TpyOa AeicTBYeT Ha BO3yX - MMEHHO [T0O3TOMY OHA HE
ONPOKUBIBAECTCS.

Bce 310 numie yacTHBIE TIPOSIBICHHS TPEThero 3akoHa HproTOHA, KOTOpHIM, TpydO TroBOpS,
YTBEPKAAET, YTO IJIsl COXPAHEHMsI CTATyC-KBO COBOKYIHOCTb CHJI, AEHCTBYIOLIMX Ha TEIO,
JIOJDKHA OBITh ypaBHOBelIeHHOW. [IpaBna, 3ak0oH HUUEro He TOBOPUT O TOM, OTKyAa OepyTcs Bce
3TH cujbl. YTO KacaeTcsl BHEIIHMX HArpy30K Ha Tello, TO OOBIYHO MX OOHApY>KUTH JIerde. Bec
rpy3a BO3HMKAeT WH3-3a TPAaBUTAIMOHHOTO BO3JCHCTBUS 3eMIIM Ha Maccy TIpy3a (3eMHOe
NPUTSDKEHUE); B CTydae TOPMOXKECHUS ABHXKYILEics Harpy3ku (Oyap TO TBEpIOE TEIO, KUIKOCTh
WJTH Ta3) BOSHUKAOLIHME CHJIBI TAKOBBI, YTO BBI3BIBAIOT HEOOXOIMMOE 3aMeJICHUE JBHKYLICHCS
Mmaccel (BTopoit 3akoH Hprorona). 3amaua 000 MEXaHUYECKOW KOHCTPYKIMH COCTOHMT B
COXPAaHECHHUHU U MOAJEP/KAHUU CTATYC-KBO, JJISl €€ BBIIOJHEHHS B KOHCTPYKLUHU JOJDKHBI KaKMM-
TO 00pa3oM BO3HHUKATh CHJIBI, KOTOpPBbIE MOTJHM OBl YPaBHOBECHTh BHEIIHUE HArpy3KH,
nercTByromue Ha Hee. Kaxercs, Tenepb Mbl MOKEM IOHATH, KaK I'Py3 JaBUT HA IOJI, HO KaK I10JI
JIABUT Ha rpy3?

OTtBeT Ha 3TOT BONPOC JalleKO He o4YeBUAEH. Bo Bpemena ['anuies u I'yka, Ha 3ape Hay4dHOMH
MBICIIH, TIpoOJieMa Oblia emre Oosiee Hepaspemmmoi. Ee pemenne ycyryosuiocs 4enoBeuecKon
CKJIOHHOCTBIO OCMBICIIMBATh HEMOHATHOE, OTTAJIKUBASCH OT CaMUX ce0s, OT MPOLIECCOB, KOTOPHIE
KaXyTCsl 3HAKOMBIMH IO CBOEMY COOCTBEHHOMY BHYTpeHHeMy onbiTy. Ho Takoi
"aHTPOIOMETPUUECKUI" TOAXOX M OHMOJOTMYECKHE aHAJOTMM MOTYT JIUIIb 3amyTaTb Jejo.
JXXuBOoTHOE MMeeT /Ba MEXaHU3Ma CONPOTUBIIEHUS Harpy3kaMm. Ero MHepTHbIE 4acTH - KOCTH,
3yOBbl, BOJIOCHI - BOCIIPUHMUMAIOT MEXaHUYECKYIO HArPYy3Ky TOUHO TaK K€, KaK U JII000e HEKUBOE
TBepao¢e Teso. Ho KuBOM OpraHu3M Kak 11eJ10€ BeJeT ceOs COBEpPIIIEHHO MHBIM 00pa3om. JIroau u
KUBOTHBIE CIIOCOOHBI aKTHBHO CONPOTHBISATHCS MPHIOKEHHBIM CHJIaM: OHM HANpATraioT CBOU
MBILIIBI U B 3aBUCUMOCTH OT TOTO, YETO TPEOYeT CIOXKMBILASCS CUTYalUsl, OTTAJKUBAIOT WIH



TSHYT 4TO-TO. ECJIM BBI IOCTaBUTE MHE Ha JIaJIOHb KaKOW-T00 rpy3 (I0MmycTHM, KPYXKKY MUBA),
TO, YTOOBI yIEPKATh ATy HArPY3KY, sl TOJKEH YBEIUUYUTH HATSKEHHUE B OMPEIEIIEHHBIX MBIIIIAX.

bnaromapss clI0HOMY U COBEpLIEHHOMY OHOJOTHYECKOMY MEXaHHU3MY HaIlM MBILIIbI
HEMPEPHIBHO MOJICTPAUBAIOTCS O] BHEIIHIOIO HArpy3Ky, YTO MO3BOJISET YAEPKUBATh KPYKKY B
BBITSIHYTOM pyke. OpHaKo coxpaHeHHe OHOJOTHYECKOro HamNpsKeHHsl MBI Tpelyer
HETPEPHIBHOTO PACcX0JI0BaHUsI SHEPrun (MOJO0OHO TOMY KaK YIEpPIIHICS B CTCHY aBTOMOOWIIb,
000py/I0BaHHBIN FUAPABINYECKON Niepeadeii, MpoA0KaeT CKUraTh OCH3UH B CBOEM JIBUTATEllE,
OKa3bIBasi NIaBJICHHWE HA CTEHY, HO HHM MallliHAa, HU CTCHA MPH ITOM HE JBWXYTCs). Pacxon
SHEPruu NPUBOIUT K YCTAJIOCTH MBILIL PYKH, M, YTOObI CHATH C HUX HArpy3Ky, s paHoO WIH
MO3/HO JOJKEH OYAy BHITUTH MHBO.

B ornnuune oT HEOMyIIEBIEHHBIX MPEIMETOB YEJIOBEK BCEr/A, Jake KOI/Ia CTOMT HEMOJBHIKHO,
IPOM3BOJUT HANpaBJIEHHBIE, XOTS, BO3MOXKHO, 1 HEOCO3HAHHBIE, NOJCTPOCUYHbIE OINEpaluu B
mbinmax texa. Co BpeMeHeM OH YCTaeT U, eClii OOMOPOK MJIM CMEPTh MPEPHIBAIOT MBILICUHBIC
nporeccel, Mnagaer. B  HeoaylieBIeHHBIX Tenax MOJO0HbIE OHOJOrMYECKHE IPOLECCHI
OTCYTCTBYIOT. KOHCTPYKIIMOHHBIE MaTepualibl HACCUBHBI, TaK YTO OHU HE "yCTaloT"' B OOBIYHOM
cMbIciie 3TOro cioma. Ilpexne ueM HadaTh CONpPOTHBIIATHCS BHEUIHMM HAarpy3kaM, B HHUX
JIOJKHBI BOBHUKHYTH KaKHe-TO CMEIEHHs, TO €CTh, YTOOBI OKa3aTh KaKOe-I100 CONPOTUBIICHUE,
OHHU JOJDKHBI B OONBIIEH MM MEHBIIEH CTENeHH noagarbes Harpyske. [lon cmemeHueM Mbl
NOHMMaeM He IMepeMeIleHUe Tela Kak IeJoro, 0e3 H3MEeHEeHus ero ¢Gopmbl, a HMMEHHO
reOMETPUYECKUE MCKAKEHHsI caMOro Tejla, TO €CTh TENO B LIEJIOM WM OTAEIbHBIE €r0 YacTH
CTaHOBSTCS KOPOYE WU JAJIMHHEE BCIEACTBUE PACTSHKEHMSI MIIU CKAaTUSl BHYTPH CaMOTI'o Tela.

B npupone He cyiiecTByeT U HE MOKET CYIIECTBOBaTh aOCOJIOTHO >KECTKOro Marepuaina. Bee
Telna B TOW WJIM MHOW Mepe 00JIafaroT MoAaTiuBOCThIO. Ecnm BBl B30MpaeTech Ha JEPEBO, TO
BETKU MPOTruOaroTCs MO BaMH, U 3TO Cpa3y CTaHOBUTCS 3aMeTHBIM. OJJHAaKO, KOTJa Bbl UJETE 1O
MOCTY, €ro Mporud HACTOJIBKO Mall YTO BHI €ro He omrymaere. Ho kak cMeleHus BeTBel, Tak 1
OTKJIOHEHHS MOCTa MOTYT OBITh OXapaKTepU30BaHbl KoiuyecTBeHHO. [loka cwmemeHus,
BBI3BAaHHBIC BHEUIHUMHU HArpy3KaMH, HE CIHIIKOM BEIMKA M HE MEIMIAI0T KOHCTPYKLHUHU
BBITMOJIHATh CBOM 3aJaud, UX HENb3sl CUUTATh OLIMOKAMU MPOEKTa, OHHM OIpPENesioT Kak Obl
BPOXKJICHHBIC, 00s3aTeIbHBIC XaPAKTEPUCTHKH KOHCTpykimu. (Huxke Mbl gamum um Oosee
0ApOOHOE OMpeIeICHHE. )

Mexay mnpouuM, BCIOMHHUTE, YTO, JeTas CaMOJIETOM, BbI, OBITh MOJKET, 3aMeyalH, Kak
CMEUIAIOTCA BBEPX-BHU3 KOHYMKU €ro Kpbuia. KOHCTpYKTOp, MpOEKTHPYST KPbLIO, HAIETUI €ro
TakKUMH CBoiicTBamH. BeposiTHO, BaM yKe $ICHO, YTO CMelleHus, Oylb OHM MaJbIMU WU
OOJBIIMMH, CO3/IAFOT CHIIBI COMTPOTUBIICHUS. DTU CHIIBI ONPEIEISIIOT )KECTKOCTh TBEPAOTO Tela,
€ro crocoOHOCTh COMPOTHUBIISITHCSI BHEITHUM Harpy3kam. JlpyruMu cioBaMu, B TBEPAOM Telie
BO3HUKAIOT MMEHHO TaKWe CMEIIEHUs, KOTOphIE KaK pa3 JOCTATOYHBI, YTOOBI YPaBHOBECUTH
MPUIOKEHHBIE BHEITHUE HATPY3KU. DTO IPOUCXOJUT COBEPIIEHHO aBTOMATHUECKH.

Kak e BO3HUKAIOT 3TH cuibl? [leno B TOM, YTO B JIOOOM Tejie aTOMBl XMMHUYECKH CBS3aHBI
mexay coboit (Ipunoskenue |). DTH CBA3HM YCIOBHO MOYHO IMPEICTABHTH B BUIC MPYKHUHOK,
XOTSl, KOHEYHO, HHUYEro 'TBepHoro” B OOBIYHOM BYJIBFapHOM CMBICIE JTOrO CJIOBa B
IPOMEKYTKaX MEXIy aromMaMu He cymectByer (puc. 1). Te ke cuiibl, KOTOpBIE IENarT Teo
TBEPABIM, OIPENCISAIOT MU €ro XMMHYECKHE CBOMCTBA. PaspyllleHHe XUMUYECKHX CBS3EH
0CBOOO0XKJIAaeT PHEPrHI0 NMOpoxa M OEH3MHA, T€ )K€ CBS3U JENAlT PE3UHYy M CTajldb YIPYTHMMHU U
IPOYHBIMHU.
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Puc. 1. Harnagaas MoeIb XHMAYECKHX CBsI3eil B TBEPAOM Telle

Koraa TBepmoe Teno MOJIHOCTHIO CBOOOTHO OT MEXaHWYECKHMX HArpy3oK (4To ObIBaeT, CTPOro
TOBOpPSI, OYCHb PEIKO), XMMHYCCKHE CBSI3W, WIM NPYKHHBI B HAICH MOJCIH, HAXOIITCS B
HelTpanbHOM moNokeHnu (puc. 1, a). JIrobas mombiTka COMM3UTH aroMbl (3TO MbI Ha3bIBacM
CKaTHEM) WM OTTSHYTh HX Jpyr OT Japyra (4TO OOBIYHO HA3bIBACTCS PACTSHKEHHEM)
CONpOBOXKIAaeTCsl HeOoNmpIUM  yKopoueHueM (puc. 1, 6) wnm  ymimHenuem (puc. 1, 6)
MEKATOMHBIX TPYXHH BO BCeM oObeMe Marepuana. [Ipu 3TOM sapa aTOMOB CUHTAIOTCS
KECTKUMH, KPOME TOrO, B TBEPAOM TeJIe aTOMbl OOBIYHO HE OOMEHUBAIOTCS MECTaMH, II0
KpallHe Mepe IIPH YMEPEHHBIX, WM "0e30macHbIX ', Harpy3kax. Takum oOpa3om, OJAaTINBOCTh
TBEPAOTO Tejla OINpPEHCNseTCS MEKATOMHBIMU CBS3sSMH. JKECTKOCTh 3THX CBsI3eH MOXET
U3MCHSATBHCS B IIMPOKUX IMpeJeaax, HO Ui OOJBIIMHCTBA BEIIECTB OHA HAMHOTO BBIIIE, YeM Yy
TEX METAUIMYCCKUX TPYKUH, C KOTOPBIMH MbI BCTpPEYaeMCsi B MOBCEIHEBHOHN ku3HU. OueHb
YaCcTO BEJIMYUHBI MEKATOMHBIX CHJI BeChbMa M BEChbMa BEIMKH. DTOrO M CIICAOBAIO OXKHIATh,
€CII BCIIOMHUTh O CHJIaX, KOTOPbIE MOTYT OBITh IOJIyYCHBI NPH pa3pbiBE XUMUYECKUX CBs3CH
TOPIOYMX HMJIM B3PHIBYATHIX BEIIECTB.

XoTa abCONIIOTHO JKECTKHX Tell, TO €CTh TaKHX, KOTOpbhle MOJ JCHCTBHEM BHEIIHUX CHUII
COBEPILICHHO HE H3MEHSIOT CBOeH (opmbl, B mpupoae He ObIBaeT, CMEIIEHUS BO MHOTHX
npeaIMeTax 4acTo OKa3bIBAIOTCS OYEHb MalbIMU. Hampumep, eciu s HACTYIUTIO HAa OOBIYHBIN
CTPOMTENBHBIA KHUPITUY, TO €ro BhICOTa YMEHbIUTCS npumepHo Ha 1/20000cM. A 1Ba ar00BIX
COCETHMX aToMa B KMpIHYe CTaHyT OJIKe OAMH K npyromy Ha paccrosiHue ~1/500000A (210
cMm). BenmunmHa 3Ta HEBEpOATHO Majla, HO OHA COOTBETCTBYET COBEPIICHHO peabHBIM
nepemMenieHusiM aToMoB. KOHEuHO, B KPYHHBIX KOHCTPYKIHMSAX IEPEMEIICHUS JIEMEHTOB HE
Bceraa Maibl. Kanatel, Ha KOTOpBIX BUCHT MOCT depe3 3aimuB Poprt (LloTnanaus), Bce BpeMs
pactsHyThl mpuMepHo Ha 0,1%,9To mpu ux obuIel AmuHe MouTH 3 KM COCTaBisieT okoiio 3 M. B
9TOM CJIy4ae aTOMBbI JKejie3a, PACCTOSTHHE MEXIy KOTOPBHIMH B HE Harpy:KEHHOM COCTOSHHH
okouo 2 A, ynamsitorest Ha Bennunny ~2/1000A.

Tot ¢akT, 4TO paccTosTHUE MEXKIYy aTOMaMH JEHCTBUTEIBHO U3MEHSCTCS TOJI Harpy3KoH, ObLI
MHOTOKPATHO TPO BEpPEH IyTEM IMOCTAHOBKH CaMbIX Pa3IUYHBIX JKCIepruMeHTOB. Hamboiee
HarJISIIHBIE PE3yJbTaThl J1aeT CTaHAAPTHBIA METOJI M3MEPECHHSI MEKATOMHBIX PACCTOSIHUH IO
OTKJIOHEHHIO MTyYKa PEHTT€HOBCKUX JIy4el MpU MPOXO0KACHUH €ro Yepe3 KPUCTalll, OCHOBAHHBIN
Ha siBieHun nudpakmun. bonee yem moayBexoBas mMpakTHKa MO3BOJIMIA JOBECTH ATOT METO 10



BEeChMa BBICOKON TOYHOCTH. OMBITHI TIOKA3aIH, YTO CMEMICHUS aTOMOB B METaJlIaX, HalpuMep,
CTPOTO TIPOMOPIMOHATBHBI BEIMYMHE, Ha KOTOPYIO YIIMHSACTCS (WM YKOpauyMBaeTCs) BECh
KyCOK MeTayuia. B 3TuX JKcrmepuMeHTax HaONI0JaINCh MU3MEHEHHSI MEKATOMHBIX PacCTOSHUN
npumepHo a0 1%. Ha puc. 2 mokazaHbl pe3ynbTaThl U3MEPEHUN HA MATKOW CTaJld, B KOTOPOH
MaKCHMAaJIbHBIE CMEIeHUs aToOMOB ObuTH 0K0J10 0,5%.
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Puc.2. CpaBHeHMe HANPSI’KEHMI, YCTAHOBJIEHHBIX JKCHEPUMEHTAJbHO ¢ MOMOIILI0 AUdpPaAKIUH
PEHTTeHOBCKHUX Jy4Yeil (MeTOAOM IBYX IKCHO3MIMII), ¢ PACYETHBIMH HANPSKEHHSIMH, BbIYHCICHHBIMH IO
KPHBH3HEe H30THYTOH 0ajJKd (0TOMKEHHAsi MAJOyrjiepoAucTasi CTajb). beiblii KPyXKOK - JaHHBIE
IKCcIepuMeHTaTopa A, YepHBIii - skcriepuMenTaTopos B u C.

Hanpsikenusi u nedopManuu, 4To 3107

Bce st paccyxaeHus moABOAST HAC K MOHATHAM "Hampspkenue” u "nedopmanus’. Korma mbl
TOBOPHWJIM O CHJIaX, TO MUMEJIH B BHUAY IOJIHbIE BEITUYMHBI CUJ, ACUCTBYIONIMX Ha Teno. Takoii
cHIIoi Mor OBITh 1000 rpy3. Korga mMbl TOBOpMIM O CMELICHUH O] HAarpy3Kod, TO UMENU B
BUJy TIOJIHBIE CMEIIEHUs HE3aBUCHMO OT pa3MepoB 00BeKTa, Oylb OH OOJBIIMM WM MajbIM.
OpHako Bce 3TO HE MO3BOJIIET HAM CPAaBHUBATH OOJBIION OOBEKT MO OONBIION HArpy3Kou c
MajbiM OOBEKTOM IO MeEHbIEH Harpy3koil. Hampumep, ecnmm W3 cTaim OJHOTO copTa
M3TOTOBUTH KPOIIEYHYIO A€Tajlb MUIIYIIEH MallMHKK U KOPILC BO3YIIHOTO JIailHepa, TO Kakue
XapaKTepUCTUKU ITOr0 MaTepuana, paboTaolIero B CTOIb Pa3IMYHBIX YCIOBUAX, MOXKHO OBLIO
ObI cpaBHMBaTh? be3 oTBeTa Ha 3TOT BOMPOC MBI HE MOXKEM MPOAOIIKATh Pa3roBOp O MaTepraiax
U KOHCTpyKIMsAX. HykHble HaM BeIMUYMHBI Ha3bIBAIOTCA HaNpsDKeHHEeM U JnedopMaiue.
Hanpsokenue - 310 Harpy3ka, OTHECEHHAs K €IMHUILIE IUIOMIAAH, TO €CTh

0 =PJ/F,

rae O - HanpsbkeHue, P - Harpyska, F - mnomane. [IpuBenennas ¢popmyna Takke MoBCETHEBHA,
KaKk U TPUBBIYHBIC BCEM BBIPAKEHHUS KHJIOTPaMM Macja CTOUT 3 pyons' wiM "MammHa
npoxoauT 10 kmioMeTpoB Ha 0JTHOM JuTpe O6en3uHa". CaeaoBaTebHO, €CJTU MBI CHOBA BO3bMEM
KHAPIHY C MOTIEpeYHbIM ceueHneM 25%12 cM, To ectb uiomasio cedyenus 300cm?, U s HaCTYILTIO
Ha HEro, MPUJIOKHUB K HEMY CHJIy CBOETO Beca /SKI, TO CKUMAIOIEe HalpspKeHUE, KOTopoe s
BBI30BY B KHpIu4e, OyaeT

O =P/F = 75/300 = 0,2%r/cm?

To4HO Tak ke, €Clii KUPIHYHAs Oropa MocTa uMeeT mnomnepeynoe ceuyeHrne 10x5 m u Ha Moct
BBE3KAET JJOKOMOTUB BecoM B 125T, TO cxxuMaroniee HanpsHKeHUE B KUPIIMYHON Kiajke Oyaer



okoino 0,25kr/cm?. Temepb MBI C TOJHOW ONPENEICHHOCTHIO MOXKEM CKa3aTh, YTO B O0OHMX
CllydasX HalpsDKeHHS B KHPIUYE NPUMEPHO OJMHAKOBBI, W €CIIM OJHAa KOHCTPYKIHS HE
paspyaercs, To, MO-BUAUMOMY, HE pa3pyluTcs U apyras. UTo KacaeTcs KUpIUYEH, TO HUX
MOJIEKYJIBI TTOJPKUMAIOTCSI OJJHA K JPYrod OJMHAKOBBIMH CHJIAMH, XOTS BEC JIOKOMOTHBA U BEC
MOETO TeJa COBEPIIEHHO pa3auyuHbl. OYeBHIHO, YTO MHXKEHEPA JTOJIKHBI HHTEPECOBATh UMEHHO
TaKNe BEJINYHHBI.

HanpspkeHre MOXeT OBITh BBIPAKEHO B KWJIOTpAMMax Ha KBaJpaTHBIA MHIUTUMETp (Kr/mMm?),
KWJIOTpaMMax Ha KBaJpaTHbBIH caHTuMeTp (Kr/cM?), HbIOTOHAX Ha KBajapatHbld MeTp (H/m?) mmm
JIPYTUX MOJO00HBIX €ANHHIAX.

* B 1969rony MeskayHapoIHBIM KOMHTETOM MEp M BECOB IJIsl H3MEPCHUS BEJIMUMHBI HANpPsDKEHUST ObUla MpUHSTA
emunnna "mackaip”. ([1a). [Tackanb - naBieHue, Boi3biBacMoe cuiioil 1H (HBIOTOH), paBHOMEPHO pacmpeae/ieHHO
10 IOBEPXHOCTH II0Iaasi0 1 M2 - Ilpum. nepes.

Pazymeercst, 3T €JMHULIBI TPUMEHSIOTCS K JIFOOBIM IMONEPEYHBIM CEYCHUSAM U K JII000H TOUKe, a
HE TOJIBKO K KBaJPaTHBIM MUJUIMMETPAM, KBaIpaTHBIM CaHTUMETpaM U T.II. To, 4TO 1ieHa OAHOrO
KuJorpamMma macia 3 pyOJis, BOBCE HE 03HAUYaAeT, YTO €€ HCIOJB3YIOT JIMIIb JUIS Beca B OJAUH
kuiorpamm. Jlepopmarus - 3T0 BeIMYMHA YAJUHEHUS CTEPXKHs MOJ HAarpy3Ko, OTHECEHHas K
HavajgpbHOW nnuHe. OUeBUIHO, YTO OTPE3KH PA3JIMYHOW JUIMHBI IIPU OAHOM M TOW K€ Harpyske

MOJIy4aloT B KOHCTPYKUHUAX pa3inyHoe yamnHenue. Ecnu 0o00o3naunTtsh nedopmanuio yepes €, To
E=Al/I

rae Al - monHoe yunuHeHue, a | - HayanpHas jumHa. Tak 4ro, eciu crepkeHb aarHo 100cM
1oJ Harpys3koi ymmuHsiercs Ha 1lcwm, ero aedopmarus Oymer 1/100, wnmu 1%. Takas xe
nedopmanuss Oymer y crepxkHs mHoM 50cwm, pactsayroro Ha 1/2cm, ut.a. Ilpu stom
TOJIIITMHA CTEPKHS POJI HE UTPAET, HE BAYKHO TAK)KE, YTO BHI3BAJIO YIUTMHEHUE.

B nanHOM ciiyyae Hac MHTEpecyeT JIMIIb TO, HACKOJIbKO HW3MEHMJIOCh B3aUMHOE IOJIOKEHHE
aToMOB u MoJekyin. Jlepopmarus, Tak ke Kak ¥ HalpshKeHHE, He 3aBHCHUT OT pa3Mepa oOpasiia.
Jedopmarusi ecTb OTHOIICHHWE Y/UIMHEHHUS K HAYalbHOM JUIMHE, W, CJIEOBATEeNbHO, OHA
Oe3pa3MepHa U He 3aBUCUT OT TOT0, KAKOW CUCTEMOU €IMHUI] MBI TTOJIb3yeMCHI.

3akon I'yka

Pobept I'yk ObuT mEpBBIM, KOTO OCEHMJIA JOTaJKa O TOM, YTO MPOUCXOAUT MPH HATPYKECHHH
TBepaoro teia. OH ObIT HE TOJIBKO (PU3UKOM, HO M M3BECTHBIM apPXUTEKTOPOM M WH)KEHEPOM.
Emy Hepeako ciydanoch OeceqoBaTh CO 3HAMEHHTBHIM YacOBBIX Jel MacTepoM Tomacom
Tomnuonom (1639-1719).Oun TONKOBAIM O MOBEACHWH MPYXHH M MasTHUKOB. Huuero He
3Has1, KOHCYHO, O XUMHUYCCKUX U JICKTPUUCCKHUX MCKATOMHBIX CBA3MIX, FyK IIOHAJI, YTO HacOBas
NPY’KWHA - BCETO JIMIIb YaCTHBIN CIIydail MOBEACHHUS JTF0O0TO TBEPAOTO Tela, YTO B MPHPOJIE HET
abCOJIIOTHO JKECTKUX TEJ, a YNPYroCTh SBJSIETCS CBOMCTBOM BCSKOM KOHCTPYKIIMH, BCSKOTO
TBEPJIOTO Tela.

CBou mperensun Ha npuoputer ['yk oroBopui B pabore "JlecaTox m300peTeHHi, KOTOpPbIE 5
HamepeH omnyonukoBath” (1676). Cpeau apyrux mpobiem Tam Obuta "McTuHHas Teopus
yrnpyroctu u xkectkoctu”. [lox STHM 3aroJloBKOM CTOsUIa JHMINb aHarpaMma Ceiiinosssttuu,
KOTOPYI0 MOXHO OBbUIO NMOHMMATh KaK YroaHo. JIMmie Tpemsl rogamu IMo3xe B TpakTaTre o
npyxuHax "De potentia restitutiva" () BoccranasnuBatomieit cwie") 'yk pacmmdposan ee

natuHcKo# (pasoii "Ut tensio sic uis™ "KakoBo yminHeHre, TaKoBa U cra’.



NHbIME  clO0BaMH, HampspKEHHE MPOMOPLUUOHANBLHO nedopMainuu, U Haobopor. Tak, ecnu
YIpyroe Tejo, HalpuMep CTpyHa, yauHseTcs Ha 1 cM o Harpy3koi 100kr, To moa Harpy3koi
200kr yanuHEHHE COCTaBUT 2CM W Tak jajee, Pro rata*. Dto yTBep)KAEHHWE M3BECTHO Kak
3akoH ['yka. OHO gBsi€TCS KPAaeyroJbHbIM KAMHEM BCEIl TEXHUKHU.

* [IponopuroHaIbHO (1am.).

[To cymectBy, 3akoH ['yka siBnsieTcssi mpHUOIM>KEHHBIM COOTHOILIEHHEM, KOTOPOE BBITEKAeT M3
XapakTepa MEXaTOMHBIX  B3aMMOJECHCTBHM. PasznuyHbple TUIBI XMMHMYECKMX  CBS3EH
(ITpunoxenre |) B KOHEYHOM cYeTe MAIOT 3aBUCHMOCTD JCHCTBYIOIICH MEKIY JIBYMS aTOMaMu
CHJIBI OT PACCTOSIHUS MEXAY aTOMaMH, KaK 3TO CXeMAaTUYEeCKH MTOKa3aHo Ha puc. 3.
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Puc. 3. 3aBUCHMOCTD CWJIbI, JeiicTBYIOLIEH MY IBYMsI aTOMaMH, OT PACCTOSIHUSI MEKAY HUMH.

IIpu ouenp OGompmmx nepopmanuax - ckaxem 5-10% - 0T TPONOPIHOHAIEHOCTH MEXKIY
HampsDKEHUsIMA ¥ JedopMariusiMid  He octaercss W ciena. Ho o0byHO gedopmanuu  He
npeBblmaroT +1%, a B 3TOM Auamna3oHe 3aBUCUMOCTh MEXKIY HAMpPsHKEHUSMU U ehopMaIiisMu
nuHeriHa. KpoMe Toro, mis mansix aedopmaruii mporecc Harpy3Kd M pasrpy3Kd o0paTtum, TO
€CTh KyCOK MaTepuanaa MOKHO Harpy3uTh U CHSTHh C HETO HATPY3Ky TBHICSYU M MUJUIMOHBI pa3 ¢
OJIHUM U TeM e pe3yibTaroM. HarmsinHelil nmpumep 3ToMy - MpyXKHUHKa OajlaHCHpa B Yacax,
KoTopas nostopsieT 3ToT npouecc 18 000pa3 B vac. Takoiif THI MOBeIEHHS TBEPIOTO Tela MoJ
Harpy3Koll Ha3bIBaeTCsl yOPYrUM. YIPyroe TIOBEICHUE CBONCTBEHHO OOJBIIMHCTBY
TEXHUYECKUX MAaTEepHajioB, XOTs CYLIECTBYIOT M MaTepHallbl C IUIACTUYECKHM IIOBEICHUEM.
Haubonee spko MIacTUYHOCTb MPOSIBISIETCS Y TaKUX BEIIECTB, KaK IUIACTUIIMH, OKOHHAas
3aMasKka - 3TH MaTepuaibl He TIOYHHSIOTCS 3aKOoHY ['yKa: mociie CHSATHS BHEITHUX HATrPY30K MX
¢dbopMa 1 pazMepsl HE BOCCTaHABIUBAIOTCS.

Boo0O1iie rosopst, Hayka 00 ynpyrocTu M3y4aeT HampspKeHHS U AedopMariii B TBEPIbIX Teax.
He Ttompko BO Bpemena ['yka, HO Jake M COBCEM HENABHO MBI Mall0 3HAIU 00 YIPYrux
CBOMCTBax MarepuasoB. B Tex cioydasx, korga ux aegopManuu npessimand npumepro 1%, onun
00 paspymianuck, JU00 yTpauumBanu yrpyrue cpoiicTBa. [losToMy KpuBas 3aBUCHMOCTH
MEKAaTOMHOM CHJIBI OT PACCTOSHHUS TPH OOJNBIINX CMEHICHUSX aTOMOB W3 TMOJOXCHHS
paBHOBecus (puc. 3) MpeACTaBisIa TJaBHBIM 00pa30oM aKaJeMHUYEeCKUN MHTEPEC, Ha MPaKTHKE
OOJBIINX HANPSHKCHUH JOCTUTHYTh HE yIaBaIOCh. M Wb CpaBHUTENBHO HEJABHO TOSBUIIACH



BO3MOXXHOCTh PACTSHYTh OUY€HBb MMPOYHBbIC HUTEBUIHBIC KPUCTAIIBI - YCBI - 10 AedopMmariuii ot 3
10 6%.OTH onbITH MOATBEPIUIH, YTO 3aKOH ['yka He Bcerna BepeH. 3aBUCUMOCTh HaIPSHKEHUS
ot nedopmanuu Ha TpapuKe OTKIOHSETCS OT MPSIMOW JTUMHUHM U CIEIyeT KPUBOM MEKaTOMHOMN
CUJIBI, KOTOpasi ObUTa paccuuTaHa paHee (pusukamu-teopernkamu. Ha puc. 4 mokaszana Takas
KpHBast JUI1 KPEMHHUEBOTO yca, aeopMupoBaHHoro 6onee yem Ha 3%.
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Puc. 4. KpuBasi HanpsikeHue-nedopMamusi OYeHb KPeMHHEBOTO KPEMHHEBOTO Yca, KOTOPBbIH ObLI
nedopMHPOBAaH B HCObITATeTbHOH Mamuue a0 3,6%. IloBenenme yca mpu Gouabmux gedopMamusx He
noaunHsAercs 3akony I'yka.

MoayJab FOnra

I'yk ycTaHOBWII, UTO YAJTUHEHHUS, YKOPOUEHUS, TPOTUOBI KaK MPYKUH, TaK U APYTUX YIPYTUX TEl
IPOMOPLUMOHANIbHEl  MPHJIOKEHHBIM K HHUM Harpy3kam. OHHM 3aBUCST, KOHEYHO, OT
TEOMETPHUYECKUX pa3MepoB B (OPMbI KOHCTPYKIIUH, a TAKXKE OT TOTrO, U3 KAaKOro Marepualia OHa
caenaHa. Mbl He 3HaeM, moHUMaI Jii ['yK, B 4eM pa3HHUIa MEXKy YIPYroCTbIO KaKk CBOMCTBOM
MaTepuana M ynpyrocTbio Kak (yHKIMEH (GOpMbI B pa3MepoB KOHCTPYKIHUU. J[eo B TOM, 4TO
MO>KHO TIOJTYYUTh CXOJHBIC KPUBBIC "HArpy3Ka - yUIMHEHUE" U sl KyCKa pe3WHOBOTO ITHYpa, U
JUISL 3aBUTOIO KYCKa CTajd, KOTOPBIM MBI HAa3bIBa€M IIPYXKHHOHM, - 3TO CXOACTBO SBUJIOCH
HMCTOYHMKOM OCCKOHEUHBIX 3a0myxaeHuit. [IpumepHo cronerue mocie ['yka cymecTBoBana 3ta
NyTaHHIIA: HE BCeM ObLIa SICHA Pa3HHLIA MEKIY ABYMS MOHATHSIMHU YIIPYTOCTH.

Oxono 1800roma Tomac FOur (1773-1829)npumien k BBIBOAY, YTO, €CIH IOJIB30BAThCS HE
aOCONIOTHBIMM 3HAUCHHWSMH CHJI M CMEUICHMH B KOHCTPYKIHMAX, a HANpsDKCHUSIMH U
negopmanusaMu, TO 3aKOH ['yka MOKHO 3amucaTh B CIEIYIOLIEM BUE:

Hanpsoxenune / lebpopmanus = O/€ = KOHCTaHTA.

IOHr 3aknroums, 4Tro 3Ta KOHCTaHTa SBISIETCS HEOTHEMIIEMOM XapaKTEPUCTUKON KaxKIOro
XUMHYECKOIO BEIIECTBA W MPEACTABIAECT €ro JKECTKOCTb. MBI Ha3bIBa€M 3Ty KOHCTaHTY
ynpyrocta moayieM FOHra n o6o3nauaem OykBoii E. UTak,

E=o0/¢
CnenoBarenbHO, E ONUCHIBAaCT KECTKOCTh MaTepuaia Kak TakoBOro. JKecTKOCTh TH00ro

3aJIaHHOTO0 00BEKTa 3aBUCUT HE TOJBKO OT MoAy/s FOHra marepuana, HO U OT TEOMETPUUYECKON
dbopMbI 00bekTa. Mk Iy IpodnuM, CIUTAOT, 9TO FOHT " 6611 uenosexom enuxotl yueHocmu, Ho, K



CodCanenulo, OH HUKo20a o0axce He NO003Pesal, UMO BO3MONCHOCMU 3AYPAOHO20 YMda
oepanuuenst” *. Ero upes o Moayse ynmpyroctd Obliia W3JI0KEHA B HE OYCHb MOHITHOM CTaThe,
onyonukoBanHoi B 1807romy. K »tomMy Bpemenun HOHTYy 3ampeTwsiv 4uTaTh JIEKIHMH B
KoponeBckOM HMHCTHTYTE, TaK KaK CUMTAJM, YTO OH CIIMIIKOM JalleK OT MPaKTHKH. Tak u
CJIyUMJIOCH, YTO OJTHO M3 CaMBIX PACIpOCTPAHEHHBIX HBIHE U MOJE3HBIX TEXHUYECKUX MOHATHH
He OBIJIO IPUHSTO ¥ BHEPEHO B MH)KCHEPHYIO MPAKTUKY TIPH )KU3HH aBTOPA.

* SB. Hamilton,History of Technology, 4.

['pomanHasi BaXKHOCTh MOJYJISl YIPYTOCTH ISl TEXHUKU OOBSICHSETCS ABYMs MpHuMHaMu. Bo-
NEepBbIX, HAM HYXHO TOYHO 3HaTh BO3HMKAIOIIME TII0J HArpy3kaMu CMEIIEHHUS KakK B
KOHCTPYKIUHU B IIEJIOM, TaK U B Pa3jMYHbIX ee JacTsax. PasHooOpazue KOHCTPYKIUN OTPOMHO -
MOCTBI, CaMOJIEThI, KOJIEHYaThle Balibl U T.1. [locMoTpuTe, Hampumep, Ha aedhopMHpOBaHHOE
Kkpeuto camosniera (puc. 5). IMox neiictBueM paboyux HArpy3oK B3aMMOCHCTBHE JeTaieil B
KOHCTPYKIIMU HE JIOJDKHO Hapymiathes **. B Takux pacuerax HaM B MEPBYIO OYepelb HYKHbI

BEJIMYNHEI E.

* OmHAKIBI 51 KCCIIe0Bal KOHCTPYKIIMIO BaroHa M3 MJIACTHKA I BpUTaHCKUX JKeIe3HBIX Topor. [IBepH, KOoTophie
HOpPMaJIbHO OTKPBIBAJIUCh W 3aKPbIBAJIUCH, KOI'Jla BaroH 6I>I.H IIyCT, 3aKIMHUBAJIUCH, KOrjga OH 6I>I.H II0JIOH
IMacCaXXupoB B YACHI ITHUK.

Puc. 5. Camouet, B KOTOPoM JeopManusi JJIOHAKePOHOB KpbLia cocTanisier 1,6% (paauyc KpUBH3HbBI 6aJIKH
= Tommuna / [2 [[{epopmanus])

Bo-BTOpBIX, XOTA HECIIELUAINUCTY U MO3BOJIEHO TyMaTh, YTO KECTKOCTH BCEX KOHCTPYKIIMOHHBIX
MaTepUajIoB MPAaKTHUYECKH OJMHAKOBBI U FOBOPUTH OTIMYHO, 3TO BHoOJHE *ecTko! He BuaHO
HUKAaKUX CMEIIEHUI", Takue CyXAEHUS HE COOTBETCTBYIOT JIE€HCTBUTEIBHOMY IOJO0XKECHUIO
Bereit. Ham HeoOX0aMMo 3HATh MOJIYJIM YIPYTOCTH Pa3JIMYHBIX MAaTEPHAIOB (CTaIH, IPEBECHHBI
¥ T.JI.) HE TOJIBKO JUISl TOTO, YTOOBI paccuuTaTh Ae(OpMalui KOHCTPYKIIMU, HO U JJIsl TOTO, YTO
Obl nedopManuy ee OTIACNBHBIX JJIEMEHTOB OBUTH COTJIACOBAaHHBIMH - TOTAA M HANpPSKCHUS
MEXIy STUMH 3JIEMEHTaMu OyIyT paclpelenaTbcsi Tak, KaK Mbl XOTEIH 3TOro, IPOEKTHPYs
KoHCTpyKuuio. Onpenernsis moayns FOHra, Mbl pa3aeniiv HanpshkeHne Ha 0e3pa3MepHoe YHCIIOo
- nedopmarnuio, CiieoBaTeIbHO, MOIYNb JOJDKEH MMETh Pa3MEPHOCTh HANpsDKeHUs (Kr/mMw?,
H/wm? u t.11.). Ecnin neopmarmst pasa 1 (100%),ro HanpsipkeHHE OKa3bIBACTCSl PAaBHBIM MOTYJTIO
ynpyroctd. Ctano ObITb, MOAYJb YHPYTOCTH MOXXHO CUMTATh TaKUM HAIPSKEHHEM, KOTOPOE
yIBaMBaeT JUIMHY yIpyroro obpasua (KOHEYHO, €CITM OH IMpexIe He pazpyluTcs). Jlerko cebe
IPEJCTaBUTh, YTO BEJIUYMHA MOJIYJS YHNPYrOCTH JIOJIKHA OBITh OOJBINONW, OOBIYHO OHa IO
kpaitneit mepe B 100pa3 Gombllie pa3pynIaomero HanpsHKeHUst: Beb Mbl YIIOMHHAIH YK€, YTO
MaTepHuaibl, Kak MPaBUjo, pa3pylIaroTcs, KOTJa uX ympyras aedopmanus He npeBbimaet 1%.
Mogyns FOnra mist cranu, Hanpumep, cocrasisietT okosio 20000kr/mMm?.

Kak mbl yxe roBopwid, BenuunHa E MOXET CHMIBHO M3 MEHATHCS OT OJHOTO BEHIECTBA K
npyromy. Huxe npuBeeHbl BETHUUHBI MOAYIIS 1151 HEKOTOPBIX MaTE€pHUAaJIoB *.

* JlockompKy KpWBas MEXAaTOMHBIX CHJI IUIAaBHO TPOXOIWT dYepe3 HYJIEeBYI0 TOUYKy BenmunHa E mrs moboro
MaTepuajia OJWHAKOBa KaK B CiIydae pacTsDKEHHsS, TaK W B cilydae cxatus. Ecmm Obl 3TOrO HE OBLIO,
MaTeMaTH4YeCcKasi TEOpHsl YIPYTOCTH OKa3amack Obl eme cioxkaee. OTHAKO MOIYIH MaTEpPHajoB, COACPKAIINX
JIOBOJIGHO OOJNBIIHE BHYTPEHHHE TOPHI, IPU PACTSHKCHUH M CKATHH MHOTIA OBIBAIOT pa3nWYHBIMH. [Ipm cxatum
MOJTyJIb OOJIbILIC OJaroaps TOMY, YTO MOPBI U TPECIIUHBI CMBIKAFOTCS.



Martepuan E, xr/mm?®
Pe3una 0,0000710 (t.e. 0,7)
HeapmupoBaHHBIE TUTACTHKH 0,01510¢
Opranudeckue MOJICKYJIIpHBIC KpUCTAIUTH, GTasmonuanna | 0,01510
JlpeBecrHa 0,1510
Koctb 0,310
Maruuii 0,410
OOBIYHOE CTEKIIO 0, M0
ATIOMUHUT 0,810
Cranp 200
Oxkucs amomunus (carndup) 400
Anma3z 120

Takum oOpa3oM, MOAYJIB CaMOro KecTKoro u3 TBepisix Ten (anmasa) moutd B 200 000pas3
OosblIe MOYIISl PE3UHBI, TOKE TBEPJOrO Tena. Y pe3suH MOAYNb YIPYTOCTH O4YE€Hb Mall, TOTOMY
YTO pe3UHa COCTOUT U3 JUIMHHBIX I'MOKHUX MOJIEKYJISIPHBIX LENOYEK, KOTOPbIE B HEHArpy>KEHHOM
MaTepuane HM3ru0aroTcs, CBHBAIOTCS, CIUIETAIOTCS, CJIOBOM, BEAYyT ceOsl MOJ00HO HUTKAM B
cnyTaHHoM kiyOke. Korma pe3uHy pacTAruBaroT, M30THYTblE LEMOYKH paclpsMIIIOTCS, U
COBEPILICHHO OYEBHUIHO, YTO HEOOXoaumas IS 3TOro cuija OyAeT HaMHOTO MEHbIIE TOM,
KOoTOpasg norpeboBanach Obl, 4YTOOBI pAacTAHYTh IIy4YOK HHUTEH, BBITSIHYTBIX B OJHOM
HanpasieHuu. COoBEpUICHHO WMHasi KapTHHa HaOmojaercs B Kpuctauie. [IpukmansiBas K HEMy
CHILy, MBI JCHCTBYEM HENOCPEICTBCHHO Ha MEXXaTOMHBIE CBSI3U, U C€IMHCTBEHHAs IPUYMHA
0O0JIBIION pa3HUIIBI B BEIMYMHE £ IS pa3HBIX KPUCTAJUIOB 3aK/IIOUEHA B PA3IMYHON KECTKOCTH
CaMHMX XMMHUYECKUX CBA3ed. HakiaoH mpsiMOro ydactka KpUBOM MEKATOMHOTO B3aUMOJICHCTBUS
OYCHb CHJIBHO 3aBHCUT OT JHEPrHMHM MekaTOMHOW cBsi3u. Ho oOmiast ¢opma KpuBO#l /i Bcex
KPUCTAJIJIOB OAMHAKOBA.

Ecnmu oOpatuTh BHUMaHWE Ha BEIWUYWHY E [UIs (TalONMaHMHA, TO HETPYAHO MOHATH, MOYEMY
OTPOMHOE MHOXKECTBO TBEPJBIX XHUMHUYECKUX COCAMHEHUNW HE MOXKET OBITh HCIOJIH30BAaHO B
Ka4yecTBE KOHCTPYKIIMOHHBIX MaTepualioB. BooOmie roBopsi, Mbl BCEr/ia XOTHUM, YTOOBI HAIIA
KOHCTPYKIIMU OBLUIM KaK MOXHO KecTde. KoJeOaHWs MOCTOB WM 3[aHUM W 0e3 TOro BeIHKH. A
€CITM C/IeIaTh KOHCTPYKIIMIO M3 MaTepralia C )KECTKOCThIO (ranolrannHa, oHa HUKY/Aa He OyaeT
roguthes. CTanb - Haubomee KECTKUH U3 CPaBHUTEIHHO JCIIEBBIX MAaTEPUAJIOB, U B 3TOM OJHA
U3 MPUYMH €€ IIMPOKOTO HCIONb30BaHMA. [ImacTuku, nake apMHpPOBAHHBIC CTEKJIO TUIACTHUKH,
UMEIOT HU3KYIO KECTKOCTh, YTO OTPAHUYUBACT X MPUMEHEHHUE JJIs1 KPYIHBIX KOHCTPYKIIUH.



IIpounocTh

[To-Buaumomy, Hanbosiee yOeTUTEIIbHO B pPeKIaMe IPOoIaBaéMOM BEIIIM 3BydYaT CJI0Ba "HE OOUTCS
orHsa" u "He nomaerca’. M XOTS mourH Bce MBI 3HAEM, YTO aBTOPHI pEKJIamMbl HE OYEHb
00BEKTUBHEBI, BCE )K€ pEKJIaMa HAXOJUT aapecara, ¥ BCera MOKHO BCTPETHUTh JIOJICH, HCKPEHHE
yOeXKICHHBIX B TOM, YTO CYIICCTBYIOT (HJIH, [0 KpailHEeH Mepe, MOJIKHBI CYIIIECTBOBATh) KaKue-
TO JCWCTBUTENHHO Hepaspymaronmecss mnpeamersl. OmHAKO co3IaTh TaKHe MPEIMETHI
HEBO3MOJKHO, TMOCKOJBKY SHEPIrusi XMMHUYECKHX CBs3€H HE OCCKOHEYHA, W O3TH CBS3U HMEIOT
oTpeeIeHHYI0 TPOYHOCTh. Hy)KHO NUIIb, Ha/Ie)KHO 3aKPENHB MPEAMET, JOCTATOYHO CHIIBHO Ha
HEro Ha)KaTh WJIU MOTSIHYTh, U OH ClIOMaeTcs. Borpoc mumibs B TOM, KOT/a.

Craemyer 4eTKO YCBOMTH, YTO MPOYHOCTH M JKECTKOCTh HE OJHO M TO ke. JKectkocTh (MOIyIH
OHra) mokaspIBaeT, HACKOJIBKO MOJATIUBBIM SIBJIICTCS MaTeprai. [IpoYHOCTh XapaKTepu3yeTcs
HaIpsHKEHUEM, HEOOXOIUMBIM JUIsl TOTO, YTO OBl TOT MaTepHan pa3pymuTh. [ledeHbe - )KecTKo,
HO HEMPOYHO, CTallb - U JKECTKas, U MPOYHAas; HEHIOH - HEXKECTKUU, THOKHUI, HO MPOYHBIN,
MaJMHOBOE JKEJle€ - W HEXKECTKOe, W HempodHoe. Bpsa 1M MOXHO OXUJaTh OOJbIICH
uH(pOpMAallMK O CBOWCTBAX TBEPAOTO TeJla, €CIHM TOJb30BAaThCS JHUIIb JABYMS €ro
XapaKTEePUCTUKAMU.

[Tpome Bcero HauaTh C MPOYHOCTH Ha paspbiB. DTO - HANpsKEHHE, HEOOXOIUMOe ISl TOro,
4TOOBI pa30pBaTh MaTepHall HA YaCTH, PA3PYIINB BCE MEKATOMHBIC CBSI3U BIIOJIb MMOBEPXHOCTH
paspeiBa. [IpeacraBere cede cTep)keHb, KOTOPBIN pacTsITUBaeTCs BIOJIb ocH. CTEp)KeHb U3 OYCHBb
TPOYHOM CTAaM MOXKET BBIAEPKATh pacTsruBaiomee Hanpsokerue 300Kr/MM>. A BOT OGBIMHBIIT
KUPIIUY ~ BBIJICP)KUT  JIUIIH O,4—O,6KF/MM2. CrnenoBaTenbHO, TMPOYHOCTH MaTEpPHAJIOB,
UCTIOJIb3YEMBIX B TEXHUKE, MOXKET u3MeHAThCs ipuMepHo B 1000pa3.

Huxe mnpuBeneHa mnpoyHOCTh Ha pa3pblB  HEKOTOPBIX Haubosiee dYacTo MpPUMEHSEMBIX
MaTepuaoB.

MATEPHAJI HPOquchI)’
Kr/MM
MeTtaJibl
Cmanu
POSITBHAS TIPOBOJIOKA 300
BBICOKOIIPOYHAs CTallb 150
HU3KOYTJIEPOAUCTAS CTAIIb 40
Yyzyn
OOBIYHBII 7-15
COBPEMEHHBII 15-30
JIpyzue memanwt
YUCTHIH ATIOMHHHMI 7
CIUIaBbl ATIOMUHUS 15-60
Menab 15
JIATYHH 12-40
MarHueBbl€ CIIaBbI 20-30

THTAHOBBIE CIIJIABEI 75-150



Hemetananl

JIpEBECUHA, €JTb

BJIOJTb BOJIOKOH 10
MOTIEPEK BOJIOKOH 0,3

CTeKN10 (OKOHHOE U TTOCY/HOE) 3-20
XOpoIias KepaMuKa 3-35
OOBIYHBIN KHPITHY 0,5
JIBHSIHOE BOJIOKHO 70
XIJTOTIOK 35
IIENK 35
nayTuHa 25
CYXOXKHITHE 10
[TEHBKOBLIN KaHAT 8
KOXKa
KOCTb 15

T'oBOpst 0 MPOYHOCTH, MBI OOBIYHO UMEEM B BHAY MPOYHOCTH HA Pa3phiB, XOTS MaTepUaibl yalle
paboTaroT Ha cKaTue, yeM Ha pacTspkeHue. Kazanmoch Obl, €M MBI TIBITAEMCS TIPUKATh aTOMBI
OJIMH K JIpyroMy, 3TO HE JOJDKHO BBI3bIBaTh paspymeHus. OQHAKO pa3pylleHHue MPOUCXOIMT,
XOTS W TPEACTaBIsAeT co0Oi sBIeHUE Ooyiee CIOXKHOE, 4eM paspeiB. [lom peiicTBueM
CKMMaIOIIel Harpy3KyU MaTepraj MOXKET JIOMAaThbCsS CaMbIM Pa3IMYHbIM 00pa3oM.

Eciim MBI C)kMMaeM J0CTaTOYHO KOPOTKHE CTEP)KeHb, HA MPHMEP IOJICTaBKY, MOINOPKY HIIN
YTO-HUOYAb B 3TOM poOJie, U3 MaTepuana MATKOTO, MNIACTUYHOTO, MOAOOHOTO MEIN HIIM MSTKOM
CTaJId, TO MaTepHall MIPOCTO PACTEUYETCS B pa3HbIE CTOPOHBI, CIOBHO IIACTHIIMH. ECI cTepkeHb
C/IeJIaH U3 XPYNKOro Marepuaia (KaMeHb, CTEKIIO), TO IPU CKATUH OH Pa3JICTUTCS, OOPATUBIIKCH
B OCKOJKM M TbUIb (MHOT/A 3TO OBIBAaeT JOBOJBHO OMAacHbIM). ECiu K¢ BbI HaBaaUTECh Ha
TOHKYIO TPOCTh, OHA BBITHETCS, a 3aTEM CIIOMAeTCs IOMOoJIaM - TaK BEAYyT ceOsl Mpu CKATUH
mo0ble JUTMHHBIE THOKUE CTEP)KHU U IacTUHKU. KoHCcepBHas OaHKa IMOj IEUCTBHEM OOJIBIION
HArpy3KH, HAIIpUMep €CIIM Ha Hee HaeJeT aBTOMOOMIIb, COMHETCS - ATOT BUJ pa3pyIICHUS TTOX0K
Ha TPEIBIIYIIUHA. AHAJIOTHMYHO pa3pylmIarOTCs JIOOBIE TOHKOCTEHHBIC KOHCTPYKIIMH, KaKHX
MHOTO B KOpabisx, camoserax, aBToMoouisx. Oka3anoch, YTO HEJIETKO COCTaBUTH TaOMHILy,
KOTOpasi JaBayia Obl HATISITHOE MPEJCTaBICHUE O 'TIPOYHOCTHU MPHU CKaTUU' . UTOOBI ompeieTuTh
ATy BEIMYUHY, TPEOYIOTCSI 3HAHUS U OIBIT, HO, BOOOIIE TOBOPS, STOW XapaKTEPUCTHKON TydIle
HE IMOJIB30BaThCS.

Mexny BeaMUMHAMU TPOYHOCTH MAaTepUajoB Ha pacTsDKEHHE U C)KaThe Kakoro-mbo
YHHMBEPCAJIbHOIO COOTHOIIEHHUsT HeE cymectByeT. OTyacTM 3TO CBA3aHO C TEM, 4YTO B
OOJIBIIMHCTBE CIy4aeB TPYAHO MPOBECTH YETKYIO IPaHb MEXAY MaTepuajoM U KOHCTPYKLHEH.
Hanpumep, kyuya kupnuda o01agaeT IpOYHOCTHIO HAa CKaTHE M HE UMEET HUKAKOM MPOYHOCTH Ha
pactskeHre. HecoMHEHHO, B JaHHOM Cllydae Ky4ya KUpIU4a IpeAcTaBisieT cOO0H KOHCTPYKIUIO,
a He MaTepHall, HO TaKue MaTepualibl, Kak 4yryH, O€TOH, TUIIC, HA MHOTO MIPOYHEe MPH CHKATHUH,
YEeM INPU PACTSIKEHUHU, U B OCHOBHOM I10 TOM K€ CaMOil MpUYMHE, YTO U Ky4a KUpIHYa. B HUX
Mmacca TpeuH. Llenu u kaHaThl TPOYHBI HA Pa3pbIB, HO COBCEM HE COMPOTHUBIISIIOTCS CHKATHUIO.
BeposiTHO, UX cneayeT cuuTaTh KOHCTPYKUHUSAMHU. J[peBecrHa, 0JTHAKO, IPUMEPHO B TPU-UYETHIPE
paza mpoyHee IpU PaCTSHKEHHH, YEM IPH CXKAaTUH, IIOTOMY YTO €€ OT/AETIbHbIE BOJOKOHIIA MPHU
ckaTuM crudarorcs. TeM He MeHee JIpeBecHHa CUUTAETCSl MAaTEPUAIoOM, a He KOHCTPYKITHEH.



PacrsiskeHue H c:kaTue B KOHCTPYKIUSIX

B TeyeHne MHOTHUX BEKOB MHKEHEPHI U apXUTEKTOPHI CTAPAIHCh 110 BO3MOKHOCTH HE Harpy»KaTh
MaTepuan pacTsokeHueM. M 3To Jenanoch He CTONBKO MOTOMY, YTO HE OBLIO JOCTAaTOYHO
NPOYHBIX Ha pPa3pblB MaTepHAIOB (IpeBECHHA, HAIPUMEP, B 3TOM OTHOIICHHH MPEKPACHBIH
MaTepHai), CKOJbKO W3-3a TOTO, YTO OYCHb TPYAHO CJEJIaTh JOCTATOYHO MPOYHOE HA Pa3phiB
coeaunenue. (BOJBIIMHCTBO M3 HAC MHTYMTUBHO UYBCTBYET, YTO C)KaTas KOHCTPYKIIUS
Oe3omacHee pacTSHYTOM; HampuMep, HaM KaXeTcs, YTO KUpIH4YHas CcTeHa Oe3omacHee
MOJBECHON KaHaTHOW moporu.) Ho korma Bce-Taku OPUXOJWIOCH COCAUHATH JCTAJIH,
paboTaromniye Ha pacTsDKeHHE, HallpuMep Ha KOopaOJisax, MecTa CTHIKOB Bcerjaa ObLIM Hambojee
YSI3BUMBIM MECTOM KOHCTPYKLMH. Ternepb Mbl HAyUYUIIUCH JI€TaTh HAJIEKHBIE CTHIKU C TTOMOIIBIO
00JTOB, 3aKJeNoOK, Kied U CBApKH, U YXKe HET OCOObIX OCHOBaHHI HE JO0BEpSITh TaKUM
KOHCTPYKIUSIM.

OpnHako B OpeBHOCTH MpoOjeMa COSAMHEHUH B CXKATHIX KOHCTPYKIUSAX pellasach HaMHOTO
IpOILE, YeM B PacTSIHYThIX. B caMoM mpocToM citydae 370 Oblia yKJIaJka KaMHEH WK KUpIHYen
OJIUH K JIpyromy 0e3 MpUMEHEHHs pacTBOpa, U TaKOE COOPYKEHHE HE PYHIMIOCh. JTa pabora
TpeOyeT HaBbIKa, HO OH HE MHOTHM CJIO)KHEE TOT0, KOTOPBIH NMPHOOPETAIOT AETH, CKIIaIbIBast
KapTUHKUA U3 KyOukoB. OHAKO C pa3BUTHEM apXHUTEKTYphl pocja M BBICOTA CTEH, MOSBUIACH
HEOOXOIMMOCTh HAJIe)KHEE CBS3bIBATh KUPINHUYM U KaMHM Mexay co0oil. VHaue cTeHBl ¢
IPOXOTOM MPEBPAIIAINCH B TPYJAbl KaMHS. HE CBA3aHHbIE MEXIY COOON KaMHHU pacroi3aluch
IIOJ1 BECOM BEPXHEH YaCTH KIIAJIKH.

Jlo Hammx THEH COXPaHUIIUCh BEIMKOJICITHBIE 00pasibl COSAMHEHUN B aHTHUYHBIX IMOCTPOMKAX.
[IpaBma, HEe sICHO, HACKOJIBKO HEOOXoAwMma Oblla Ta TIIATEIHHOCTh, C KOTOPOH BBIMTOJHEHBI
OonbpIIMEe KaMEeHHbIE OJIOKM O3THX COOpYXeHHH. BeposTHO, oT4acTu OHa oOmpeneisiach
cooOpakeHusIMH TIpecTika. Ho xak Obl TO HU ObUTO, MHOTHE U3 APEBHUX MOCTPOCK MMOPAKAIOT
Hale BOOOpakeHHeE.

OnHako Kakoil BBICOKOM M BIIEUATIAIONIEH HM ObLIa OBl CTEHA, TEXHUYECKA DTO HE OYEHD
MyJpeHas KOHCTPYKLHMs; €€ co3JaTeslb JOKeH ObU1 JyMaTh JIMIIb O HamnpsKeHUsX,
JEUCTBYIOIMX B OHOM HAIpaBJI€HUH, 10 BepTUKaiu. [IpaBaa, nepekprITusi, ABEpH, OKHA BCEraa
BHOCAT JIONOJIHUTEIBHBIE TPYOHOCTH. A KaKk TOJBKO MBI HAYMHAEM pHUCOBAaTh B CBOEM
BOOOPaKEHUHU CHCTEMBI HAIPSHKCHHUN B JBYX M TPEX HAMpaBICHUSX, Mepe] HAMU OTKPBIBAIOTCS
KOJIOCCATIbHBIE BO3MOXHOCTH. [IprMepoM MoXeT cinyxuTh apka. Camas mpoctas apka (puc. 6)
paboTaeT Ha cxKaTHe OJJHOBPEMEHHO B JABYX HAMPABICHUSX, XOTS Ha MEPBBIA B3I 3TO KaXKeTCs
HEBO3MOKHBIM. Kupnu4yHoi apkoil MOKHO 0€3 0COOBIX YXHIIPEHUN MEPEKPHITh MPOJIET JITHHON
okoj10 50Mm (wame BcTpedarorcs mposieTsl B 25—50m). 910 HaMHOTO 0OJIbIIIE TOTO, YETro yaaeTcs
JTOOUTHCS C TIOMOILBIO JIFOOOT0 MPOCTOro 0aI0YHOrO MEPEKPHITUS. APKA OY€Hb JOJITOBEYHBI, U
JI0 HAIMUX JHEH B OTJIMYHOM COCTOSIHUM COXPAaHWUJIOCh MHOTO JIpEB HEPUMCKHX apoK, C UX
MOMOIIbIO, HAPUMED, NIepedpachIBaIM BOAOIIPOBOIbI YEPE3 OBPATH.



Puc. 6. Apka, npeacTaBIsiomas co00ii KOHCTPYKIMIO, pad0TAIONIYI0 HA CKaTHe B IBYX HaNpPaBJIeHUIX

@dopMUpOBaHUE TMPEJICTABICHUA O CIIO)KHOM HANpSHKEHHOM COCTOSIHUM CTHUMYJIHPOBAJIO
TPOMAaJHBIA CKAauOK B pa3 BUTHU HE TOJBKO apXUTEKTYPhl, HO W TeXHUKHU. Kak Toibko ObLIa
NPUHATA KOHIETIUS JBYMEPHOM apKH, a BCJIEJ 32 3TUM CIeNaH CIEAYIOUINH JOTUYeCKHid mar -
K TPEXMEPHOMY KYIIOJIy, - apXHUTEKTypa CTajia TBOPUThH dyxaeca. LleHTpanbHas gacte cobopa
cB. Co¢un, nocrpoenHoro B Koncrautunonosne okono 530roxa npu ummneparope FOcrununane,
MpeACTaBISIET COO0M OrPOMHBIN KYIIOJ, AHAMETP KOTOpPOTo gocTuraer 33M. s jerkoctu oH
CJIO’KEH M3 MEeM3bl U MOKOUTCS Ha TPOMAJIHBIX apKaxX, KOTOpbIE B CBOIO OYEpeb OMUPAIOTCS Ha
BCIIOMOTaTeIbHBIE TOAYyKymoia (puc. 7). Pa3 Mepsl CBOOOIHOTO OT KaKUX-JIHOO KOJOHH
npocTtpaHcTBa Iuiomanpio Oosnee yeM 60Xx30 u BbicoTol okono 80M ObuUTH, BEpOSATHO,
HETPEB30iIEHHBIMHU BILUIOTH JIO MMOCTPOHKH COBPEMEHHBIX BOK3aJI0B, KPBIIIA KOTOPBIX JIEPKATCS
Ha METAJUTMYECKUX CTPOIUIAX.

Puc. 7. MakeT kynoJioB cooopa cB. Copuu B KoncranruHomno.ie.

@opmMbl BU3AHTUHCKUX 3JaHUN, KAK MPAaBUJIO, MPOCThI. ['OTMYECKHE K€ apXUTEKTOPHI, JaBast
BOJIIO CBOEMY BOOOPaKCHHIO, CO3/IaBaI TIEPEKPBITHSI, OOKOBBIE MPUIEIBI, BUTpaxu. 1 X0oTk 370,
HAJ0 TyMaTh, 00OXOIMIIOCH HEACIIEBO, TAKUE MOCTPONKHU, €CIM OHHM OBUTH CIIETaHbl CO BKYCOM U
3HAaHWEM JieJla, MOTJIM CIYXKUTh 00pa3laMyd WH)KEHEPHOTO HMCKYCCTBA U XYJIOKECTBEHHOTO
macTepcTBa. UTo ke KacaeTcss KaMeHHOW KJIaJKH, TO OHA JOJKHA OBITh BBITIOJNHEHA TaK, YTOOBI
HaIpsOKEHUST BO BCEX TOYKAX KOHCTPYKIIMU OBUIM CKUMAIOIIUMU. BEAb KJIaJKa COBCEM HE
COIIPOTHUBIIAETCS PACTSIKEHUIO, MO AEMCTBUEM KOTOPOTO OHA PA3BaJIMBACTCS 10 LIBAM.

l'oTrueckue apXUTEKTOPbI, MBITASCh 3aCTaBUTh KOHCTPYKIUIO paboTaTh Ha CXKaTHE, HE
npuberanu K MaTeMaTuke, W TOITOMY B TPEXMEpHbIC JAOUPHHTHI COOOPHBIX KPBIII YEPTOM
POKPAABIBATIOCH pacTsokeHue. Tak oOpymuiaachk OanrHs OJJHOTO U3 CAMBIX OOJBIIMX TOTHYECKIX
cobopoB - cobopa B bose (1247), kpblilia €ro MpoBajIMBagach ABaKIbl. APXHTEKTOPHI 3HAIH
JIMIIb KAYeCTBCHHYIO CTOPOHY TOJOOHBIX KaTacTpod) H MBITAIUCH MNPEIYNPEIUTh UX,
MOJIKPEILISAS KOHCTPYKIIMH 9acTOKOJI0M KOHTpdopcoB (puc. 8).



. Puc. 8. TUNUYHAS KOHCTPYKIHSI
roTH4ecKoro codopa c KoHTpdopcamMu
1 - nepeBsiHHAs1 KPbIIIA,

2 - apoYHbIii CBO;

3 - kouTpdoOpC;

4 - nepeBsIHHAsI KPbIIIA 0OKOBOI0 MPHU/EJIA;

5 5 - crena npunena.

B cobope cB. Coduu 3Ta 3a1a4ya pemnanacs U palfioHaIbHEE U YCIEIIHee: TaM BCIIOMOTaTeIbHbIe
KyIoJja JaBWIA Ha TJIaBHBIA KYIOJI U CO3[aBaM C)KaTue B onacHoi obsactu. OpHako MHOTAA
TOTUYECKUE 30[9He TepedaplIuBad: CO3[aBasl CIHMIIKOM OoJbIiie OOKOBBIE ABJICHHS, OHU
JOJKHBI OBLITM CTaBUTh MOJMOPKH H3HYTPH, YTOOBI MPEIOTBPATUThH Pa3pylICHHUE KpbIl. DTH
MOJIMOPKH YaIlle BCETO JeNalich B BUJIE IEPEBEPHYTHIX apOK, MOTOOHBIX apkaM cobopa B Yauice
(BenukoOpuTaHus), KOTOPbI, Kak Obl HU OICHUBAJIM €r0 B 3CTETUYCCKOM IUIAHE, TEXHHUUCCKH
noctpoeH HerpamotHo (puc. 9). He ymuBUTENbHO, YTO KpBIINIA IEPKBEH JOBOJBHO YAaCTO
PYLIMIKCH Ha TOJOBHI KOJIEHOMPEKJIOHEHHBIX MTPUXO0KaH.

Puc. 9. Co6op B Yaabce (Bequkoopuranus).

Kamennass kmamka ocraercs Ienod Omaromapsi CWJIaM TSDKECTH, TO €CTh TpPU TMPABUIBHO
CIIPOEKTUPOBAHHOM KIIaJKe BEC KaMHS CO3/1aeT 0e30MacHyI0 CXKIUMAIONIYI0 HAarpy3Ky BO BCEX €€
TOYKaX. A eclli 3TOro Beca He XBaTaeT, K 3[JaHUI0 BCErja MOXKHO J0OaBUTh OelbBeAephbl WU
OamHu. Ecnm ke B KOHCTPYKIMH TOSBISIIOTCS PacTAHYThle O0OJAcTH, TO, O€3yCIOBHO,
pacTATUBAIOIIKME U CKAMAIONIMEe Harpy3ku (B TOM YHCIIE HArpy3Kd OT Beca COOPYKCHHS)
JOJDKHBI  OBITH ypaBHOBeIlleHBbI. Tak, KaHaThl TojBecHOro wmocta (puc. 10) HaxomsaTcs B
pPacTsIHyTOM COCTOSIHUH, a TPYHT TOJ] MOCTOM OKa3bIBaeTcs CxKaTbiM. PacTskeHue B OpezeHTe u
pacTshKKax MajlaTKU YPaBHOBEIIMBAECTCS CKATUEM B LIEHTPAIBHOM MOJIMOPKE U HA TOU 3eMJIISTHOM



IUIOINAJKE, TJIe yCTaHOBJIeHa mnanatka. Ha mueiBymem kopalie pacTsikeHHe B Mapycax H
OCHACTKE BBI3BIBACT C)KAaTHE MAauT W PAHTOYTOB. B Tene >KMBOTHBIX CKMMAIOIIHE HArpy3Kd
BOCIIPUHUMAIOTCSI CKEJIETOM, B OCHOBHOM I103BOHOYHUKOM; OTU HAIPSHKCHUS BO3HUKAIOT HE
TOJIBKO MOJ{ JIeHICTBMEM COOCTBEHHOIO Beca, HO M BCIEICTBUE DPACTSKEHHUS B MBIIIAX U
cyxokmiusax. Coxpamas Mplly, s IOJHUMAK pPyKy, B 3TO BpeMs MbIIIIla IepenaeT
CKMMAIOIYI0 CHJIy KOCTH, a KOCTb JIETKO BBIACPXKHMBAcT cxartue. Ecim Hora momagaer B
yCIIOBHS, KOTJIa Ha Hee JeicTByeT M3ru0 - a M3ru0 BKIIOYAET PacTsIKEHHE, - HOTa MOXKET
CJIOMAThCSl.

Puc. 10. PacTa:keHHe B TPOcaxX 0aIaHCHPYETCS C:KATHEM B TPYHTe

Korna MbI pacnonaraem MatepuanamMi, OJUHAKOBO XOPOLIO pabOTAIOUIMMHU U Ha C)aThe U Ha
pacTspKeHHe, HaIlli KOHCTPYKIIMHM OKa3bIBAIOTCS Tpolie u OezomacHee. MIMEHHO mo3TOMY B
CTPOUTENILCTBE yII0OHBI KeJe300eToH u CTaJIbHbIE KOHCTPYKIUHU.
NnxenepaM moBe3iio, B UX PACIOPSIKEHUU €CTh KEJI€30 U CTallb - BEJlb Mbl YaCTO U HE 3HAeM,
KaKoro poja HampshKeHHs MPHUAETCS BbIAEpKaTh MalllMHE BO BpeMs paboTsl. Hanpumep, cTeHKH
MapoBOTO KOTJa paboTalOT HAa PACTsHKEHUE, HO €CNIM MO KaKOW-TO TMpUYMHE JaBJICHHE Tapa
ymajier Hike aTMochepHOoro, KoTel OyAeT cxkKaT pa3HOCTbIO JaBJIEHHM, OJHAKO CO CTAJbHBIM
KOTJIOM HHUYETO CTPALTHOTO HE MPOU30UIET.

K noBonbHO HeoxuaaHHBIM 3¢ (deKTaM, ¢ KOTOPIMUA MPUXOAUTCS OOpPOTHCS, MOTYT MPUBECTH
CKMMAFOIIHE HAMPSHKCHHS B KOPITyCe MOABOIHOM JToaKH. Kora j10/1Kka HaxoIuTCsl B HaIBOJHOM
MOJIOKEHUH, OHA TIaBaeT, KaK JIF000e JPYyroe CyIHO, MOCKOJIbKY €€ BeC MEHBIIE Beca BOJbI,
KOTOpasi MOKET OBITh BBITECHEHAa 00BEMOM JIOAKH. UTOOBI JOJKa MOTpy3ujachk, OaTacTHBIC
I_II/ICTepHBI 3aIlIOJIHAKOT BOI[Oﬁ HaCTOJIBKO, I-ITO6I>I BEC JIOJKHU 651.]1 paBeH Becy BOABI B €€ OG’bGMG.
Torma "ynenbHbIN Bec" j0IKM OyneT paBeH YAEIHHOMY BECY BOJbI, U JIOAKA HE OyneT UMETh
3araca IIaBy4ecTH.

Tenephb JIOAKa MOXET OMyCKAThCsl HA TIYOWHY W MaHEBPHPOBATh MPUMEPHO TaK K€, KaK ITO
poJeNbIBaeT AUpUKadiab B Bo3ayxe. OnHAKO, MOrpyXkasch IiyOxke, JIOJKa HCIBITHIBAET BCE
Oonpiiee u OoJblliee JABICHHE BOJbI, M COKMMAIOIIME HAIMPSHKCHHS B €€ KOpIyce pacTyT.
[TockonbKy naBiieHUE BHYTPH JIOJKH OCTAeTCs MPUMEPHO MOCTOSIHHBIM, KOPIYC €€ CoKUMAaeTcs,
YMEHbINAeTCsl 00BEM, a CIIeIOBATEILHO, YMEHBIIIACTCS U BBITAIKUBArOIIast cuia. Eciu Bec moaku
BMeCTE ¢ 0aljlacTOM HE M3MEHSETCsl, OHa CTPEMHTCS] IPOBAIUTHCS TIy0Xke, U TPU HEKOTOPBIX
00CTOSITENECTBAX ATOT MPOIIECC MOXKET CTaTh OMAacHBIM. Ha mpenenbHON IS MOABOTHON JTOIKU
rIyOMHE TIOTPY)KCHHUs BelWunHa nedopmanuu ckaTtus MoxkeT coctaButh okoso 0,7%.
Jedopmarusi TPOUCXOAWT BO BCEX TPEX HAMPABICHUSAX, IMMOITOMY OOBEM JIOJKH MOXKET
YMEHBIINUTHCSA MpUMepHO Ha 2%. Tak Kak C)KMMaeMOCTh BOJIbl OYEHb HEBEJIMKA, TO IJI JIOJKU
BecoM 1000T 310 OyzmeT o3Ha4aTh MOTEPIO BhITANKHUBaOMEH cuibl mpuMepHo 20 T *. Ecnu oty
CUJIy HE KOMIIEHCHUPOBATh, YACTHUYHO OMOPOXKHSS OalljIaCTHBIE HUCTEPHBI OT BOJIbI, MOJBOIHAS
Jo1Ka OyJIeT OIyCKaThCsl Bee MIyOkKe U TIIyOsKe, TIOKa ee He pa3JaBUT JaBJICHUEM BOAbL. B aToM,
MEXIYy MpOYMM, 3aKJIIOYaeTCid OJIHA U3 TPYAHOCTEM MOCTPOMKH TMOABOJHOW JIOJKU U3



CTEKJIOIJIACTUKOB, KOTOPBIE BCEM, MOXKAIYH, XOPOIIH, KPOME MOAYJSI YIPYTOCTH: OH CIIMILKOM
MaJl.

* OOmwuit Bec OajutacTHOW BOJBI, HEOOXOAMMOH MJsl TOTPY)XEHHMs TakoW joxakH, Oyzmer okosmo 100 T.
CrieroBaTenbHO, ynpyras gedopmarius Kopiryca notpedyer 3aMeTHOrO W3MEHEHHs OaacTa.

NHorma naymaroT, 4YTO 3aTOHYBIIME TOJBOJHBIC JIOAKUA "BUCAT' THE-TO TMOOIM30CTH OT
OKEaHCKOTO JIHa. JTO, KOHEYHO, HEJIeNOoe MPEACTAaBICHHUE. €CIIM KOPILyC MOTEepIeBIIeH aBapuio
JIONKY W HE COMHET JaBJICHHWEM BOJBI, UTO CIydaeTcs 4Yalle BCEro, TO OH OyAeT HeNpephIBHO
CXKHUMAThCA, BBITAJIKUBAKOIas cCuiia 6y;[eT nagathb MU JOAKa 6YI[GT OIMyCKaTbCd Ha IOHO BCC

OwIcTpee u ObIcTpee.

Bo3nymHeie mapel, MHEBMAaTHYECKWE IMWHBI W T. 1. TPEIACTABISIOT OCOOBIA Clydaid
KOHCTPYKIUH, B KOTOPOH pacTSIrMBalolIye HaMpPsLKEHUs B 000JI0UKE YPaBHOBEIICHBI JaBJICHUEM
HATIOJTHSIOIIETO MX Ta3a MW XHUAKOCTU. [loaToMy Oolbiine Oap:Ku-MEIIKu U HaTyBHBIC JIOAKU
0OBIYHO OueHb JieTkue U 3P(HEeKTUBHBIE KOHCTPYKIIUU. 300peTeHne KpbIll, ToaaepKHBAEMbIX
HU3HYTpU BO3AYXOM, 3aCTaBJISICT MCPECMOTPCTHL IMPCIKHUC APXUTCKTYPHBIC TpaJiulliU, B 3THUX
KOHCTPYKIUSX BCE 3JIEMEHTHI pab0TalOT Ha PACTSIKEHUE, JTUIIb BO3IyX BHYTPH 3[aHUS CKaT.

Baaku n u3ru6

Wtak, Mbl 3HaeM Temepb, YTO MOHATH, KaK pabOTaeT KOHCTPYKIUS HA PACTSXKEHUE U CHKATHUE,
JOBOJIBHO Jierko. Ho BOT Kak Te ’ke caMmble pacTsDKEHHE M CKAaThe IO3BOJISIIOT Oankam
BBIJICP)KHUBATh HATPY3KH - 3TO JAJCKO HE OYEBHIHO. A MEXIy TeM pa3Horo poja oanku (puc. 11)
COCTaBJISIIOT JIbBUHYIO JIOJII0O BCEX KOHCTPYKIUM, C KOTOPBIMH MBI IIOBCETHEBHO CTaJIKHBAEMCHI.
Camas oOblyHas MOJIOBas JOCKa - HArJSAHBIA mpumep Oajkd, W TaKUX NPUMEPOB MOXKHO
IIPUBECTU OrPOMHOE MHOXKECTBO. MBI yXe TIOBOPWIM, 4YTO 3ajJada d3TOH CaMOW JOCKHU
3aKJII0YaeTcsl B TOM, YTOOBI JaBUTh Ha HAIK MOJOIIBHI BBEPX C CWJIOH, B TOYHOCTU PaBHOMU
HalleMy Becy. ECTeCTBEHHO, 3Ty POjb IOJI TOJDKEH UIPaTh MOCTOSHHO, B TOM YHUCIE U TOTAA,
KOrja Mbl CTOMM IOCpPEAM KOMHAThI, JAaJlekO OT CTEHbI, KOTOpas B KOHEYHOM cueTe Oyner
BOCIIPUHUMATh CHJTy Halero Beca. Ho mo3BonbTe, Kak 3Ta cuiia nepeaaercs OT CTEHbl Ha Hallll
HOTH, U 00paTHO?

Puc. 11. CBoGoaHo onepras 6aaKka.

OTBeT Ha 3TOT BOIPOC JaeT TaKk Ha3bIBaeMas Teopus 0alloK, KOTOPYIO, MOXKalyid, MO’KHO Ha3BaTh
CTaHOBBIM XpeOToM TexHWKU. Ho, K coxaneHuto, 3TOT "Xpeber" mpesacraBiseT coboil pPons
asinorum* mist CTY/IEHTOB TEXHHYECKUX BY30B. BONBIIMHCTBO M3 HUX MEXaHHUUYECKH 3ay4UBAIOT
dbopMyInbl TEOpUHM OaJIOK UMb Ui TOTO, YTOOBI MPOCKOYWTH HA 3K3aMEHaX; MOHUMATh JTH
(dbopMyIibl OHM HAaYMHAIOT TOpPa3/io MO3KE, KOI/Ia HACTAaeT BPEeMsl My4aThCsl HaJl COOCTBEHHBIMU
npoektamu. [losTomMy naBaiiTe moka OCTaBUM BCIO 3Ty KYXHIO WHTETPUPOBAHUS JMIOP U
MOTBITAEMCSI TOACTYIUTHCS K CYHIECTBY MPOOIEMBI.



* Moct mist ocioB (zam.). Tak rOBOPAT O TOM, YTO, HE SIBIAACH CIOXKHBIM CaMo 110 ce0e, NPEICTaBIsSeT TEM HE
MeHee 3aTpyJHEHHE Ul HaunHaromiero. Mcrounuk Beipaxkenus - "Teomerpus” Eskinuma (Il Bex o H.3.). - Hpum.
nepes.

Hagnewm ¢ Toro, 4To BCIIOMHUM BBICKa3aHHYIO paHEE MBICITh 00 OTCYTCTBUU YETKOTO Pa3IUIUs
MEXIy TOHATUSAMH 'Marepuaid W "KOHCTpYyKIus'. Bonbmme Oanku, HampuMmep NEpeKpHITUS
YKEJIE3HOJJOPOKHBIX MOCTOB, TIOJJOOHO JETCKOMY KOHCTPYKTOPY, COOMPAIOTCS U3 MHOTHUX MaJbIX
CTEp)KHEH. DTHU CTEp>KHM PabOTaIOT KaK Ha PACTsDKEHHE, Tak M Ha cxkartue. Crocob nepenadn
HArpy3Kd B TakKO# pemieTdaroil Oanke, uinu (epme, MO CYIIECTBY HE OTJIIMYAETCS OT TOTO, Kak
nepeaaeTcsl Harpy3ka B CIUIOIIHOW Oalike, Jake TaKoW, KaK IoJioBas Jocka. B pemerdaroi
OanKe BCs Harpyska NepenaeTcs TOJbKO MYTEM CXKaThs U pacTsHKeHUs CTep)kHed. B crutomHoi
OaJIke TaKOW PEIIeTKH HET, HO MBI MOXKE€M IPEJCTaBUTh ceOe ee Kak Obl MPOIIUBAIONIEH BCIO
OanKy.

Jlis onpeneneHHOCTH HayHEeM aHajih3 C KOHCOJbHOW Oasiku, TO €CTh C OajKu, OJUH KOHEIl
KOTOPOW BCTPOCH B CTEHY WJIM KECTKO 3aKPEIUIeH KaKUM-JIMOO IPyruM crocoOoM Ha Jiro0oM
ocHOBaHMH (Ha SI3bIKE WH)KEHEPOB 3TO Ha3bIBaeTCs "3ajenka”’). K JIPYroMy KOHIY KOHCOJIU
NpUIoXKeHa Harpys3ka. Takyro kKoHconb pucoBan eime ['ammneit (puc. 12); mpaBaa, OH HEBEPHO
paccumTai MpoOYHOCTh CBOEGH KOHCOJIM, YTO, BIIPOYEM, €My MPOCTUTEIHHO. MBI K€ MOCTPOUM
HaIy KOHCOJIb TOJIBKO u3 CTepKHEH u HATSHYTHIX CTpPYH.

Puc. 12. Pucynok I'asmnes,
5 ; 0 HJLTIOCTPHPYIOIIHA MCTILITAHUSE
ol f'ﬁ"’-'l" PN et e KOHCOJILHOM 0AJIKH.
¥ iy AN oy 5
s

A
.'rui'.f-""l""'

PaccMoTpuM TpoCTyI0 KOHCTPYKLIMIO THNA KpaHa, M300pakeHHyl0 Ha puc. 13,a. Cxartblid
CTepXEHb 2 ONMUPACTCS HAa CTEHY W TOJICPKUBACTCS CTPYHOH 1, TakuMm 0Opa3oM OH MOXKET
BOCIIPUHMMATh BHEIIHIOW Harpy3ky (Ha3oBem ee W). OueBuaHO, CHIIa, MPOTHBOACHCTBYOMIAS
Harpy3ke W, BO3HHMKAaeT BCJEACTBUE CXKaTUi HAKIOHHOTO cTepxkHa 2. Harsbkenue
TOPH3OHTAILHOW CTPYHBI 1 JTUIIb IPEOXPaHsIET CKATHIA CTEPIKEHB 2 OT TIOBOPOTA U MAJCHUS.

C TakuM ’X€ YyCIIEXOM MBI MOKEM BOCIOJIB30BaTbCs APYrOM TPEYroJbHOW KOHCTPYKLHEH
(puc. 13,6), B KOTOpOW CXKaThlii CTEp)KEHb 4 3aHMMACT TOPU3OHTAIBHOC TOJOXKEHHE U
yIep)KUBAeTCs OT TaJeHUs HAKJIOHHON pacTsaHyTod cTpyHoil 3. B osTom cnywae cuna,
yaepxuBaromas Bec W, oOecneymBaeTcs CTPYHOHM, a TOPHU3OHTAIBHBIN CXKATBIM CTEP>KEHb
HE00XO0/IUM JIUIIb JJIs1 TOr0, YTOOBI CTpYHA HE MPHKUMaJach K CTCHE.



O0e 3TH KOHCTPYKLIMU OJUHAKOBO XOPOIIH, U MBI MOXXEM OOBEIMHUTH UX B OJIHY, CIIOCOOHYIO
BhIZIepKaTh Bec 2W, kak mokaszaHo Ha puc. 13,6. fcHo, uTo Harpy3ka 2W HemocpeacTBEHHO
BOCIIPHHUMAETCSI HAKJIIOHHBIMH 3JIEMEHTaMH 2 U 3, OJIMH U3 KOTOPBIX CXKaT, a APYroi pacTsSHYT.
['opuzonTanbHbIe 3neMeHTH 1 1 4 BO3/ICHCTBYIOT Ha CTEHY, OIMH M3 HUX JAAaBUT, IPYTOH - TSHET,
BMECT€ OHM OOECIEUYMBAIOT LIEJIOCTHOCTh KOHCTPYKIIMH, HO HE MOAJCPKHUBAIOT BEC Ipy3a
HETIOCPEICTBEHHO.

Puc. 13. ConocraBienue
HANPSAKEHHOT0 COCTOSIHUS
B CILIOLITHOM 0aJIKe ’
pemeryarToii pepme.
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[TpucTporB K MOTYYCHHON KOHCTPYKIMH €IIe OJHY, TOYHO TaKYIO €, MBI TOJIYYAM HOBYIO
depmy, mokazanHyo Ha puc. 13,2. B aToM ciiydae ToT ke cambiii Tpy3 2W momnepKkuBaeTcs
C)KaTBIMH M PACTSHYTHIMU HAKIIOHHBIMU dJIeMeHTamMu 2, 3, 6u 7, B TO BpeMsi Kak 3JIeMeHTHI 1, 5,
4 u 8 cxaTbl U PacTSHYTHl B TOPH30HTAIILHOM HAIPAaBJICHUH W, XOTS OHHU HE IOAJICPKHBAIOT
BHEIITHIOI0 HArpy3Ky HEMOCPEICTBEHHO, Onaromaps uM ¢epma He pymutcs. [lomydaercs, 4To



KB DJIEMEHT BBITIOJHSIET CBOIO (DYHKITUIO U, €CITU XOTS ObI OJMH CTEePKEeHb WJIM OJHA CTPYHA
BBIHJIET U3 CTPOsI, KaTacTpoda Hen30eKHA: KaXKAbIHA AJIEMEHT M0-CBOEMY BaXKEH.

Tenepp mocMoTpuM, Kak Iepepaercss B Hamled (epme Harpyska OT 3JE€MEHTa K JJIEMEHTY.
[IpaBas sueiika Ha puc. 13,2 paboTaeT TOYHO TaK ke, Kak €AMHCTBEHHAs sueiika Ha puc. 13,4.
OnHako B JieBoM (BHyTpeHHEH) suciike Ha puc. 13,2 meno obcrouT mHade. PacTsrusaroriee
HanpspKeHue B cTpyHe 1 BIBoe OoJibllie HANpsDKEHUS B CTPYHE 5, a cxkaTHe B CTep)kHE 4 B /1Ba
pa3a IMpeBBIIIACT CKAaTHE B CTEpHkKHE 8. DTO MPOUCXOIUT IOTOMY, YTO TUArOHAJIBHBIC HJIEMEHTHI
(HazoBeM wuX "CIABHIOBHIMHU') JOOABISIOT HArpy3Ky Ha OJJIEMEHTHI, PacCHOJ0KEHHBIE IO
HaIlpaBJICHUIO K MECTY 3aJleJIKi KOHCOIH. OHAaKO BO BCEX CIBHUIOBBIX 3JIEMEHTAX HE3aBUCHUMO
OT JAJTUHBI (epMBI HATpy3Ka OJIMHAKOBA.

MpsI MOKEM MPOJIOIKATh Hally (epMy, IpUCTpanBas K Heil Bce HOBBIE M HOBBIE STYCHKH, KaK 3TO
nmokazaHo Ha pwuc. 13,0. BHUMaTeNIbHO MOCMOTPEB Ha PUCYHOK, MBI TOWMEM, YTO W 37eCh
HAIpPsDKEHUS BO BCEX AMArOHAJIBHBIX JIEMEHTaX OAMHAKOBBI. C ApYyroil CTOpOHBI, HANPSKEHUS
CKATHSA U PACTSHKEHUS B HIOKHUX M BEPXHMX TOPU3OHTAIBHBIX JJIEMEHTAaX OT AYEHKU K A4YeiKe
BO3pacTaroT (eciy IBUTaThCsS OT TOYKH TMPHIOKEHUS HArpy3Kd K MECTY 3aCiKH KOHCOIH).
HerpynHo noka3ark, 4TO 3TO BO3PACTAHUE HANPSDKCHMS ITPONOPLUOHAIBHO HOMEDPY JJIEMEHTa
(omsATh-TAaKW CcUUTask OT TOYKU HArpyxeHus). IMEGHHO MO3TOMYy KOHCOJIb BCETJa JIOMAaeTcsi B
MecCTe 3aJIeJIKH, y CTEHBI, I'/le BO3SHUKAIOT HauOOJIbIINE HANPSKEHUs, €CIIU, KOHEYHO, 3apaHee He
1103a00TUTHCS O €€ MPOYHOCTH U HE MOA00paTh BCE CTEPKHH COOTBETCTBEHHO JIEHCTBYIOIIEH
Harpy3ke. Ecim Takoil mombop cnenaH CTpoOro NpONOpPLUOHANBHO Harpyske, To (depma
CTaHOBHUTCS PABHONPOYHOW, TO €CTh MOXKET CIOMAThbcs B JIIOOOM MecTe, a 3TO HJCalIbHBIN
CIIy4ai, COCTaBJISIONIMI LE1b MHOTHX PacdyeTOB HA MPOYHOCTh. COBEPIIEHHO SICHO, IIOYEMY MBI
XOTHUM, YTOOBI MaTepuas ObUI HANpsHKEH BO BCEX TOYKAX OJMHAKOBO, B 3TOM CIIydae MaTepuall
UCTIONIB3YeTCsl ¢ MaKCUMaIbHOM 3(D(PEKTUBHOCTHIO, @ KOHCTPYKIIMS UMEET MUHUMAJILHBIH BeC.

Ecnu Ttenmeppr Mbl mpeoOpasyem Hamy ¢epMmy MM 0aloyKy, MOCTPOCHHYIO U3 JIETCKOTO
KOHCTPYKTOpA, B CIUIONIHYIO Oanky, TO MOJIYYHM CHCTEMY HaNpsDKCHHH, M300pakeHHYIO Ha
puc. 13,e. B cpenneit mo BbicoTe 4yacTu Oaynku moxa yrioMm 45° K OCH ACWCTBYIOT TIJIaBHBIM
00pa3oM CABHUTIOBBIC HANPSDKCHUS, HEM3MEHHBIE 0 JUTMHE Oanku. Marepuan BepxHel U HIKHEH
yacTeil 0aku Harpy>keH B OCHOBHOM PAacCTsDKEHHEM M CKaTueM. [ Opru30HTaIbHBIE HAPSKCHUS
PaCTsDKEHUS-CKATUS OBICTPO BO3pACTAIOT MO JUTMHE Oalkd M B HamOoJiee OMAaCHOM CEUYCHHH
CTaHOBSITCSI HAMHOTO OOJIbIIIE CABUTOBBIX HampspKeHUM. VIMEHHO 3TH HampspKeHUs: OOBIYHO
HOBUHHBI B Pa3pYIICHHUSIX OANOYHBIX KOHCTPYKIHH M TSDKENBIX HECUACTHBIX CIIydasX, KOTOPHIE
32 HUMH CIe1yIoT. BOT modemy BBIUMCIIEHUS, CBSI3aHHBIE C PACYETOM HAIPSKEHUH, - 3TO COBCEM
HE CyXHe aKaJIeMHUYECKHE YNPAKHEHHS, HWHTEPECHBIC TOJBKO CIEIHMAINCTaM, OHHU IPSIMO
CBsI3aHBI ¢ 0€30MaCHOCTHIO U OJaromnoyyueM OOJIBIIMHCTBA U3 HAC.

Ecnu Bcs 9Ta 0Xx0Ta 3a HaMpsHKCHUSIMH TIOKQKETCS YUTATENI0 HECKOJIbKO HEMOHSITHOH, JydIle
BCETO C/CNIaTh MOJICbh U3 JIETCKOTO KOHCTPYKTOPA WIIM U3 COJIOMUHOK TSI KOKTCHIICH, CKPETLIss
uX OOBIKHOBEHHBIMU OynaBkamu. [lopa3MbICIMB HaJ TakoOd MOJENBIO, BBl IMOWMETE, YTO
MPEJICTaBIsIeT COO0M KOHCOJb BOOOIE M KaK OHA BBIJICPKHMBAaET HArpy3ky. KoHedHO, CKOJIb
CJIOKHBIM OBl HU OBUIO HAIPSHKEHHOE COCTOSIHHUE, MBI JIOJDKHBI OTJIaBaTh ce0e OTYET B TOM, YTO
m000€e HapsHKEHUE CBsA3aHO ¢ medopmariueid, mo3TOMy KOHCOJIb HEM30€KHO JTOJDKHA B OOJIBbIICH
WA MCHBIIIEH CTENCHU POTruodaThes moa Harpyskoi (puc. 13,01c).

KoHconu mupoko pacnpocTpaHeHbl B TEXHUKE, HO €Ille Yallle UCIOIb3YIOTCS OObIYHbIE OajKu,
BpOZIC T€X, KOTOpPbIC MPHHATO Ha3bIBaTh 'CcBOOOMHO omepThiMu" (puc. 14). [Ipumepom Takoi
OaJIKu MOXKET CITY)KHTh JIOCKa, IepeOpoIieHHas dyepe3 KaHaBy uin pydend. Kak ke takas Oanka
COOTHOCHTCSI C KOHCOJIbHOM? Harnsaauelit oTBeT Ha 3TOT Bompoc aaet puc. 14. Jleno B ToM, 4To
CBOOOJHO OMEPTYIO OAJKy MOXHO pacCMaTpHUBaTh Kak JIB€ KOHCOJH, KECTKO CBA3aHHbBIE JIPYT C



JPyroM B MecTax 3ajienku U nepeBepHyThie Ha 18(°. B To BpeMs kak Haubouiblee HaNpsHKEHUE
B KOHCOJIM BO3HHKAET B MECTE €€ 3aJIeJIKH, B HaIlIel HOBOM Oanke oHO OyneT B neHTpe. [loaTomy
Takue 0alIKi OOBIYHO JIOMAIOTCH IIOIIOJIaM.

Puc. 14. CoGoaHo onepras dajaKka, KOTOPYIO MOKHO PAaCCMAaTPUBATh KaK ABe KOHCOJIH,
cJI0KeHHBbIe BMeCTe Y 3a/1eJIOK H nmepeBepHyThie Ha 180rpaaycos.

Tenepp HaM MOHATHO, MOYEMY Mbl HE INPOBAIMBAEMCS CKBO3b IIOJI. HAIPSDKEHUSA B JOCKax
nepesaloTcs 3ursaramu, mojx yriom 45° K MOBEpXHOCTH, OT HAIIUX MOJOIIB JO CTEHHI,
ofOecrieunBasi B pe3yJjbTaTe CHILY, HallpaBJICHHYIO BBEpX, KOTOpas HAac W JEpXuT. Bmecte ¢
TUMH CIBUTOBBIMHU HAMPSOHKCHUSAMH B JTOCKE BOJNM3M BEpPXHEW W HIDKHEH €€ MOBEpXHOCTEH
BO3HMKAIOT HANPSKEHUSI PACTSKEHUS - CKaTHUsl, HAIIPABJICHHbIE TOPU30HTAIBHO. Ecin 1o Kakoi-
1100 TPUYMHE STH HAMPSHKEHUS OKAKYTCS CIUIIKOM OOJbIIUME (Ha TOCKY HACTYIHII Y4epecuyp
IPY3HBII YEIIOBEK WJIM cama JIOCKa CJIMIIKOM TOHKA), Mbl CHayajlla OOHApYXHM TPEBOXKHBIN
nporud JOCKH, a YK 3aTEM Pa3IacTcs TPECK.

Kaxxaplii MOXKET MOCTaBUTh MPOCTOM SKCIEPUMEHT, KOTOPBIA IOKaXET, YTO HAIPSDKEHUS U
nepeMenieH s, BbI3BaHHbIE U3rMO0M, HAMHOTO OIacHee TeX - MPH MPOYUX PaBHBIX YCIOBHUSAX, -
KOTOpbIC BBbI3BAaHBl PACTSDKEHHEM MM CKaTheM. JleliCTBUTENbHO, BO3BMUTE KaKyO-HHOYIb
JEPEBSIHHYIO TUIAHKY WJIM CTEPKeHb U MOompoOyiiTe pazopsarh ee pykamu. Kak mpaBuio, 3Toro
BaM CJlieJaTh HE yAacTcs, Kak He yJacTcs M 3aMETUTh Ha IJa3 YJIMHEHHE Bamiero oOpasia.
Teneppr HaunmHalTe THYTh CTE€P)KEHb, M Bbl TYT K€ 3aMETHTE BIIOJIHE OLIYTUMBIA mporud, a
BO3MOXKHO, 1 0€3 0c000ro Tpy/a ciiomaere oopasei. ITUM OOBICHSIETCS TO 00CTOSITENLCTBO, YTO
Oalky MOYTH Bcerjga TpeOYIOT THIATETBbHOM pacueTHOW MPOBEPKU MPOYHOCTH M KECTKOCTH.
Takoil pacder MOXKET cHaenaTh KaXAblid, KTO 3HAKOM C OJJIEMEHTapHOW anredpoit, o
CTaHJapTHBIM (OpMyJiaM, IPUBEICHHBIM B KOHIIE KHUTH.

MBI ye TOBOPHIIH, UTO Pa300paThCs B TEOPUHU M3rHba OAJIOK HE TaK-TO MPOCTO, HO, OTKPOBEHHO
TOBOps, 0COOOTO HANpsHKEHUs MHTEJUIEKTa UL 3TOTO He Tpedyercs, 1a M1 MHOTOE B TEXHHKE
CcTaHeT ropa3no scHee. [lo mpaBae ckaszaTh, NPOCKTUPYS Ja)ke BECbMa BHYIIHUTEIbHBIC
KOHCTPYKLIMHU, HH)KEHEPbI 3a4acTyIO MOJIb3YIOTCS MOYTH 3JIEMEHTApHOM Teopuel u3ruba. Jlanee
MBIl YBUAMM, YTO TaKas IPAaKTUKAa MHOIJA MOXKET ObITh OMACHOM, NOCKOJBbKY 3JI€MEHTapHas
Teopus, OyAydn Upe3BbIUAlHO MOJIE3HOH, BCe JK€ HE JaeT HaM JIOCTaTOYHO IIOJHOTIO
IPEJCTaBICHUs] O IMPOYHOCTH CJIOKHBIX KOHCTpyKUMH. TeM He MeHee OHa O4YeHb IIHPOKO
UCTIONB3YeTCsl JUIsl MPUKUAOYHBIX OLIEHOK IPOYHOCTH JIFOOBIX KOHCTPYKLIMH, OT KOJIEHYAaTOrO
Bajia 0 MOPCKHUX CYyJIOB.



bonbmnime 63.J'IKI/I Ha4YaJix KUCHOJIb30BATh B TCXHUKC IO CYHICCTBY HC CTOJIb OIdBHO, HCMHOI'MM
Oonee croneTus Hazaa. AHrauickoMmy umkenepy Tenbopay (1757—1834iamu MHOTO JIECTHBIX
IPO3BHUII 32 UCKYCCTBO CTPOHUTH MOCTBI, OH TOCTPOMJ HMX, BEPOATHO, OOJIbIIe, YeM KTO-IHOO
npyroii. O6bsr4HO Tendopa mpUMeHsT KaMeHHbBIE HITM YyTYHHBIE apKd, padoTalonue Ha CxKaTue,
a aJist GOHBLHI/IX MPOJICTOB ICPBBIM CTAJI CTPOUTHL MOABCCHBIC MOCTHI, UCITOJIB3YA KCJIC3HLIC LICITU
(Moct uepe3 mponuB Menait - 1819rox). Bpsa au Tendopa xorma-iubo mpuMEHsT OOJbIINE
6aJIKI/I, OTHACTHU HU3-3a OTCYTCTBUA NOAXOAAIICTO MATCpUaia - KOBAHBIX JKCJIC3HBIX IIJIUT, a
O0TYaCTHU OTTOTO, YTO HE OBUIO HAAC)KHOU TeopuH Oanok. Mexay mpodyuM, 00 ypoBHE PacueToB
Ha MPOYHOCTh B TO BPEMSI MOKHO CYAMTb 110 TOMY, 4TO (hopMa JIMHUHU LENel AT yIOMSIHYTOro
MOCTa OIpeelsiIach He PaCYETHHIM ITyTEeM, a Ha CICIUAIBHO IOCTPOCHHOW OOJBIIOW MOACIH
MOCTa, epeOpOILICHHOMN Yepe3 OBpar.

Jler tpuanate crnycts Pobepr Credencon (1803—1859)yxe mmen B CBOEM pacloOpsHKEHHH
JHUCTHl KOTENBHOH CTajaM; KpOME TOro, OH BEpWJI CBOMM pacdyeTaM. EMy NpuHaIeKHT
Onectsmast uaes * M3rOTOBUTh U3 JIMCTOB jKejie3a Oanky B BHJE IMOJIOT0 KopoOa M IMYCTHUTh
BHyTpH Hee moe3na. Tak, B 1850romy Obul mOCTpoeH Hemalieko OT TendopaoBa MOCTa
KeNe3HOIOPOKHBIA MOCT yepe3 Menail. Kaxxnas 6anka Credencona Becwia 1500t, onn Obin
coOpanbl Ha Oepery, 3a TE€M CIYIIEHBl Ha IUIOTaX Ha BOJY, YCTAHOBJICHBI HA IUIaBY ITOIEPEK
y3KOro OypIIsIiero MOTOKa MEXIy OIMOpaMH, IOCIE Yero NPUMHUTHBHBIE THAPABIMYECKHE
JIOMKPATHI 32 HECKOJIBKO NMPHEMOB TTOIHSUIN BCIO KOHCTPYKIIMIO METPOB Ha TPUALATH K OITOPaM.
XoTa Bes omepanus IMPOBOAWIACH C TOJHBIM TOHMMaHMEM Jejla, OHa HEe JIMIIeHa Oblia
3JIEMEHTOB PUCKA; 110 TEM BPEMEHaM 3TO ObUI BBIAAIOLIUICS TTO/IBUT.

*B HeﬁCTBHTeHLHOCTH OTY 4€CThb OH JOJIKCH pa3ACJIUTb CO CBOUM KoJuteroii Bunbsmom ®3ﬁp63pHOM.
Heckonpko mozxe CredeHcOHA 010JIeM COMHEHUS, W OBLIO MPEIIOKEHO YKPENUTh MOCT,
MOJIBECHB TpyOy Ha IIersiX, HO 3TO 0Ka3aJoCh COBEPIICHHO M3nuUIHUM. O0a MocTa 1o cel 1eHb
CTOSIT PAIOM - NPEBOCXOJHBIC OOpa3lbl HCHOJIB30BAHUSA PACTSIKCHUS M HM3rH0a B TEXHHKE.
[TonBecHoit moct Tendopaa BHauane OBLT HEJOCTATOYHO JKECTKHUM, IITOPMOBBHIE BETPHI,
TYJSIBIIME BJOJb TPOJIMBA, YIPOKAIOIIE pacKauWBaiM ero. Pacckas3bIBaroT, KakK OJIHAXIIbI
3MMHEW HOYbIO JIONIAIM MOYTOBOM KapeThl HE CMOIJIM yAEp)KaTbCid HAa HOTax, U BO M30eKaHUe
HEMPUATHOCTEN MPUIIIOCH CPOYHO MEPEKUTaTh MOCTPOMKH orHeM ¢onaps. [Tocie sToro ciydas
MOCT ObUT YKpeIieH, U B TaKOM BHUJE OH CIYXXUT N0 cux mop. Hemocrarounas xkecTKoCTh
MIOJIBECHBIX MOCTOB JI€NAaeT MX HEMPUTOAHBIMU JJISi HKEJIE3HOJOPOKHBIX LENEH: MOe3] MOXKET
coitu ¢ penabcoB. Mmenno moaromy Credencon u bpronens (1806—1859)paspaboranu mis
OonpmMX TposieTOB Oajouynble MocThl. Ho XoTst TpyOuareiii Moct uepe3 Menail umeer
BEJIMKOJIETIHYIO JKECTKOCTh M HHUKOTJa HE BBI3bIBAJ OECIOKOICTBA, B HACTOSIIEE BpeMs
N0JO0HBIE MOCTBHI MMEIOT PpeIIeTYaTyI0 KOHCTPYKIMIO. Takue MOCThl IKOHOMHYHEE KaK B
MOCTPOMKE, TaK U B IKCILUTyaTallUH.

Kopabnp Takxke mpencraBiseT cOOOM MIMHHYIO 3aKPBITYIO C JIBYX CTOPOH TPYyOy, KOTOpOM
Ha3Ha4YeHo TiaBaTh. OTIWMYME TAKOW KOHCTPYKIMU OT CTe(EHCOHOBA MOCTa IO CYIIECTBY
HeBenuko. Kopmnyc kopaOiist mopoii He BblIEp)KUBAET Beca JBUTATeNeil, rpy3a, TOINBa, KOTOphIE
OH HeceT, U uarubaercs. [nsaas1 Ha cTodllee y mpuUyaia CyaHO TPYIHO ce0e MpeiCTaBUTh, YTO
€ro MOXKHO Pa3pyLINTh HEOCTOPOXKHOW WM HEPAaBHOMEPHOHN 3arpy3koil TPIOMOB M ILIMCTEPH.
OI[HaKO TaKUC Tparcauu CIIydaJlucCb HOBOJIBHO 4YaCTO H, CyAs IO BCCMY, HC HCKJIIIOYCHLI U B
Oynymem. B cyxom noke kopalib TiaTelIbHEHIINM 00pa3oM yCTaHABIMBAETCS Ha clielaIbHbIe
KWJIEBBIE IOJICTABKM, YTOOBI KOPIYC OMMPAJICS HAa HUX PABHOMEPHO, HO B IUIABaHUM TaKHe
paBHOMEpHBIE ONOPBI OTCYTCTBYIOT. Kopabiib MOXKeT OBITH MOAHST BYMSI MOILIHBIMHU BOJHAMH
32 HOC U KOpMY, a €ro cepelrHa OKaxkeTcsi 0e3 onophkl. brIBaeT u Tak, 4To camasi MOII[HASI BOJTHA
MOJKET OKa3aThCs MO/ IIEHTPAIbHON YacThIO0 KOpITyca.



Puc. 15. Kopadoas " Ckenekrenu".

TpemmnHa HAYAIACh Y OCTPOrO YIJia JIIDKA HA
nmaayoe u " modexkana" 10 caMoro KHJIs

Kopabnu cranoBuimck Bce Oonblle, JJIMHHEE, a MHXKEHEPHl CTPEMUIINCH CAeNaTh ux jerde. B
1903rony bputanckoe AMHUPaITEHCTBO PEIIAIIO IPOBECTH CTICIIHATBHBIC UCTIBITAHUS CYJO0B Ha
npodHocThk. C 3TOi 1eNbIo 3cKapeHHbI MuHOHOCe! "Bonk" Obu1 3aBesieH B cyxoit nok. Ilocne
OTKAYKHU BOJIbI ITOJIMOPKU OBUIM OCTaBJIEHBI CHaYaja TOJbKO MOCPEANHE, a 3aTEM JIMIIb 110 KpasM
cyaHa. Ilpu 3TOM C TOMOILIBIO TEH30METPOB - MPHOOPOB ISl M3MEPEHMS YIUIMHEHUH, a
cJIeZIoBaTeNbHO, U AedopManuii Marepuanga - U3MEPSUIUCh HANPSDKEHUS B PA3IMYHBIX YaCTAX
Kopmyca. 3ateM "Boak" BbllIen B OTKPHITOE MOpE AJIs MPOJOJIKEHHSI MCIBITAHUM B IUIOXYHO
norony. Jlerko cebe mpeacTaBUTh SKCHEPUMEHTATOPOB, B TEMHBIX TpPIOMax OOpIOLIUXCSA C
MOpPCKOW 0O0JIE3HBIO U TOTJAITHUMH HE OYEHb MOKIATUCTHIMU TEH30METPaMH, - B O(pULIHATBHOM
OTYETE COCTOSIHUE MOPS Ha3BIBAIOCH 'upe38uluatino OYpHbIM ¢ culbHbiM eempom”. Kanurtan
JieNial Bce, 4To ObUIO B €ro CHIIaxX, YTOOBI 3TOT MoXo/ Obul XyamuM ais "Bonka". Ho kak oH HE
CTapacs, a HATIPSDKEHHS B KOPITYCe HUTJIC He MpeBbImany 9 Kr/MM?, B TO BpeMs KaK MPOYHOCTD
cTajieil, UCIOJIb3YEeMBIX B KOpaoisix, Obuta npumepHo 40—45kr/Mmz.

[Tocne 3THX JBYX HMCIBITAaHWH KOPAOJECTPOUTENN PEIIWIH, YTO CTAHJIAPTHBIA METOJ pacdera
MPOYHOCTH CYJOB MO MPOCTON TeOpHH M3ruba OalloK BIIONHE MX YCTPAUBAET, MOCKOIBKY OH
obecreunBaeT J0CTaTOYHO OONBIION 3armac mpouyHOCTH. [lopoit HUKTO He OBIBAaeT Tak Ciem, Kak
JKCIIEPTBHL.

Kopabmu mpogomkanu Bpemsi OT BpeMEHU JIOMaThCs 1Mo mojiaM. Takoe cTpsCciock, HapuMep, co
CTOMETPOBBIM MAPOXOJOM, TPYKEHHBIM pyI0il, HA OJHOM W3 Benukux o3ep B AMepuke BO
BpeMs mITopMa. MakCMMallbHOE HANpsHKEHHE B TaKUX YCIOBUAX IO pacueTaM JOJDKHO OBLIO
COCTaBJIATH He 0oJiee OJTHOM TPETH OT Mpezesia MPOYHOCTH MaTepHalia CyIHa.

Jaxe xorja He CIy4alloCh CaMOro CTPALITHOTO, MOSBISUIUCH TPEIIMHBI BOKPYT JIOKOB U JPYTUX
OTBEpCTHl B Kopiyce *. be3ycioBHO, KOpeHb 3j7a KPBUICS HWMEHHO B JTHX OTBEPCTHSX.
TpyOuatsiii MmocT CTedeHCOHA OKa3alICs HCKITIOUUTETHHO HAEKHBIM, TOTOMY YTO TPEICTaBIISLI
co00l CIUIONTHYIO O0OJIOUKY, €CJIM HE CUMUTAaTh OTBEPCTHM TMoj 3akienku. KoHedHo ixKe,
OpuTaHCKHE KOPaOJIeCTPOUTENN HE MOTIIN HE MPUHSATH BO BHUMAHUE BO3MOXHOCTh YBEITHUCHUS
HaIpPSKEHUS MPOTIOPIIMOHAIBPHO YMEHBIIEHUIO TUTOIIAJM TIOTIEPEYHOTO CEYCHHS 3a CUET BCEX
aTuX oTBepcTuil. OmHako mpodeccop MHrnmmc B cBoel 3HAMEHHMTON CTaThe, HANMCAaHHOW B
1913romy, mokasai, 4TO TaKOW MOAXO0/] HE OYeHBb XOpoIl **. OH BBEJ MOHATHE 'KOHYeHmpayuu
HanpsixceHuil", KOTOpoe, Kak Mbl YBUAUM HIKe (r1aBa 4), UMEeT KU3HEHHO BaKHOE 3HAYCHHUC B
pacdeTax MPOYHOCTH KOHCTPYKITUH.



* B 1966roay moueTHbIi Bulle-mpe3uaeHT KoposeBckoro obmiectBa kopabdaecrpoutenei Jx. Myppeit 3assui: " C
1950200a auww 26 cyooe paspywunuce 6 omxpvimom mope. H3 6Oonvuioeo uucia cyoos, O01a20noLyHHO
NPONIABAGUIUX 8 MOpe U 3ameM 00Caed08annblx 6 dokax, npumepro 20% umenu mpewunvl 6 21a6HOLU KOPRYCHOT
pepme" ("Taiimc" ot 23 mapra 1966r01a). HeckoabpKo IHEMN CITyCTs IPHIILIO U3BECTHE O IBAAATh CEABMOM CYJIHE,
CJIOMABILIEMCSI TIOTI0JIaM B IITOPMOBYIO 1MOroay Ha THXOM OKeaHe.

NepBble 3a/lada O KOHLEHTpALMKU HampspkeHwi Obuia pemieHa pycckuM yueHoiM ['.B. KomocoBeiMm. - Ilpum.
* B 0 I'.B. K 11
nepes.

Yro nokazan Muarmmc? OH HaIIe, 4TO €ClIH MBI, BBIPE3aB B INIACTHHKE OTBEPCTHE, YMEHBIIIHM
CEYeHHUe, CKaKeM, Ha OJ1 Hy TPETh, TO HAMPSHKEHUE HA KPOMKE OTBEPCTHUSI HE OYIET COCTABIIATH
3/2 ot mepBOHAYATHLHOTO, @ MOKET OBITh BO MHOTO pa3 Ooiblie. Yucio, mokasbIBaioliee, BO
CKOJIBKO pa3 MECTHOE HaIpsHKEHUE MPEBBINIAET CpeIHEe 3HAUCHUE HANPSHKEHUS - Ko GuimeHt
KOHIICHTPAIIUU HANpsDKESHUH, - 3aBUCUT OT (OPMBI OTBEPCTHS, WJIM HaaApe3a, U OT CBOWCTB
Marepuana. Hauxyzamas cuTyanuss BO3HHMKAeT B Cilydae OCTPBIX HaJ pPE30B U XPYIKHUX
MaTepUajoB.

Orot BbIBOJ MHrnMca, KOTOPHIM OH MOIY4YMI YUCTO MAaTEMATUYECKUM ITyTeM, ObUI BCTPEUEH C
OOBIYHBIM TPEHEOPEKEHUEM TEM YIUBUTEIbHO HENPAaKTUYHBIM IJIEMEHEM JII0JIeH, KOTOphIe
camu ce0s 30BYT MOYEMY-TO "TpakTUkamu'. IIpon30I11I0 3TO B OCHOBHOM MOTOMY, YTO MSITKast
CTallb MEHEE IPYTUX MaTepHajOB UyBCTBUTEJIbHA K KOHLEHTPALMM HANPSDKEHUH, XOTA U HU B
KOEM ciTydae He Oe3pa3iuiHa K He.



Tnaega 2.

BHYTPEHHEE CHEIIJIEHUE,
unu
HACKOJIBKO ITPOYHBIMMU JTOJKHbBI BBITb MATEPHUAJIbBI

Ymo, Haxkouey, npedcmasnaemcst Ham 3ameepoesbimM U NIOMHbIM,
To cocmosamb u3 HA4AN KPIOYKOBAMBIX OONHCHO HECOMHEHHO,
Cyennennvix mexncoy coboil Hano0obue 6emoK CHIeMEHHbIX,

B smom paspsioe sewetl, 3anumast 6, Hem nepeoe Mecmo.

byoym anmasei cmosims, ymo yoapog cogcem me 60Amcs,

Hanee - meepoviii KpemeHsb u dicene3a Mo2yue2o Kpenochb,

Tax srce kaxk cmouxas mMedb, 4mo 36eHUmM npu yoapax 6 3acosvl *.

Jlykpenuit.
"0 npupone Bemeit”

* TlepeBoa @.A. TlerpoBckoro (JIykpeyuu,O npupoae Beeid, M,
u3n. AH CCCP, 1958).B nposzandeckom nepesoze T. JIxekcoHa
Ha aHIVIMICKUH SI3BIK ajiMa3 Ha3BaH "6ce npesupaiowum", 9to
0oJIbIIIe COOTBETCTBYET IEHCTBUTENLHOCTH. - [Ipum. nepes.

[Ipexxne yem CTaBUTH BOIPOC O TOM, CKOJIb MPOYHBIMH JOJDKHBI OBITh MaTEpHAIIbI, CIEAYyeT
HayYUTHCSI U3MEPATh UX PEAbHYI0 MPOYHOCTh. K HacTosimeMy BpeMEeHH HaKOIUIEHO JOBOJIBHO
MHOT'O 3KCIIEPUMEHTANIBHBIX JAHHBIX, MOJYYEHHBIX B YUCTO HAY4YHBIX Leiax. Ho npBUHAsA mois
MEXaHWYECKUX UCIBITAHUN BCEr/la. MPOBOJWIACK M TPOBOAUTCA C IEISIMH  Cyryoo
MPaKTUYECKUMHU - 0€3 3HAHUS MPOYHOCTH MAaTEPUATIOB pa3BUTAas IUBIIIM3AIUS CYIIIECTBOBAThH HE
MOJKET.

BooO6iie roBopsi, cBeieHHs O IPOYHOCTU HY)KHBI HaM IO ABYyM npuyuHaM. [lepBas u Hanbomee
OUeBUJHAS - KOHCTPYKTOp JOJDKEH pacmojiaraTb JaHHBIMH, 0€3 KOTOPBIX OH HE MOJXKET
paccunrtare npouHocTh u3aenus. [IpaBna, Gojee miM MeHee CTPOTHil pacueT cTall BO3MOXEH
CPaBHHUTEIBHO HEAABHO. 3aTO BTOpasi MPUYMHA - KOHTPOJb KauecTBa MaTepuasia - U3BECTHA U
BOIIIA B MIPAKTUKY U3JaBHA. /(€710 B TOM, UTO BCErJia HY»KHO 3HATh, SIBJISICTCS JIU JaHHAs MapTUs
MaTepuaia CTOJb K€ KaueCTBEHHOW, Kak M mpensiaymas. MHoraa Bompoc 3TOT MOXKET OBITh
MIOCTABJICH M TAaK: MOYKHO JIM UCIIOJIb30BaTh IaHHBIN MaTepua B3aMeH MPEAJI0KEHHOTO paHee?

KoneuHno, 3aHsATHs, CTONH "ydeHbIE", KaK MEXaHHMYECKHE UCIBITaHHS, HE OBUIM B YECTH HH Yy
peMeciieHHUKa, HU y ero xo3suHa *. [Ipouenypa ucnbsitanuii, onucanHas Bectonom Maptupom
(1885-1966)B ero kHure **, MOCBSINEHHONW CTPOUTEILCTBY AEPEBAHHBIX Cya0B B Hooit
[oTnanauu B 1BaaIaThie TOABI HAIIETO BEKa, ObLIa, JOMHKHO OBITh, OYCHD PACTIPOCTPAHEHHOM.

* B "Ucropuun yepHoit Metayunyprun bputanuun” (J.C. Carr, W. Taplin,The History of the British Iron and Steel
Industry, Harvard University Press, 196@yBoasrcs cjoBa 0JHOI0O M3 BEAYIIMX OPUTAHCKUX IPeIIpHHUMATENEH-
MeTannprOBZ "}] He 3HAro, 4mo maxKoe UcnvlmaHusl. ECJZM Kmo-mo xo4denm nokKynanv Mo cmajb - noofcaﬂyﬁcma,
ecu He Xouem, nycmo uwem 6 Opy2om mecme'".

** J. W. Martir, The Southseaman, Blackwoods, 1928.

Ipesicoe uem npunadums Kakyr-uubyosb 0ocky, Max Anvnun, Tom u ecaxuii, kKmo 6vi18an psioom
¢ HUMu, 0oneo cosewanucs. CHaYana oMU ouenb BHUMAMENbHO ee pa3eniaoblédnu, 3amem eHYIL,
HOCMYKUBANU, NPUCTYIMUBATUC, U - MO2Y NOKIACMbCA - 5 8U0el 00HAMXHCObl, Kak Mak Anbnun
oezycmuposan 00ocky. Bo ecsakom cnyuae, OH JIU3HY1 OpeBecuHy, a 3amem MNOBMOPUL BCe
OBUIICEHUsSL ONBIMHO20 0e2yCmamopa 4as - 6nioMmb 00 NOCIEOHe20 JN0B8KO20 MNIe6KA CKBO3b
cmucHymuwle 3)0bl - 6ce OblL10 NPOOEIAHO C BUOUMBIM HACIANCOCHUEM.



[To-BumuMoOMYy, TepBOE 3apErHCTPUPOBAHHOE HCIBITAHUE HA PACTSDKEHHE OBLIO IMPOBEICHO
bpannysckum duaocopom u Myssikantom Mapunoit Mepcenom (1588-1648), koToporo
MHTEpecoBaJIa MPOYHOCTh CTPYH B MY3BIKaIbHBIX HHCTpYMeHTax. B 1636roay Mepcen mposen
CEepHIO MCIBITAHUI CTPYH M3 PA3IMYHBIX MaTEPUAJIOB; IIPaB/a, CBEACHUN O TOM, OBUIN JIN KaK-TO
UCIIOJIb30BaHBI TIOJTYYSHHBIC UM JaHHbIE, 0 HAC HE JIOLLIO.

Hackonbko st 3Haro, mepBoe YNOMHHAHHE 00 OOBEKTHBHBIX MEXAaHMYECKHX HCIBITAHUSX, 32
KOTOPBIMH ITOCJICIOBAJIO MPAKTHYECKOES MPUMEHEHHE TOJydEeHHBIX Pe3yIbTaTOB, TaTHPOBaHO 4
nroHg 1662rona.

Cop bammen, [logeti u s nonaviiu 8 Bynsuu, ede 6viliu ceuoemenimu UCnblmaHull 20A1aHOCKOU
npsicu capa Popoa (8 nociednee epems 5mom OnPoOC OueHb OECROKOUL HAC, 51 CamM NOOYMbLEAL
0 mucmepe Xoio, KOMopwvill NOCMABIAL HAM KAHAMbL U, CYOsi O 8CeMY, He CNPAGIAILCA € 0eNOM).
U Oeticmeumenvho, kanamol OblLIU OYEHb NIOXUMU. UCHBIMAHUS NOKA3AAU, YMO NAMb MAKUX
npsoeti peymcs Ovicmpee, yem demvipe HUMU puxicckou npsaxcu. Kpome moeo, omoenvbHble
8EPEBKU OKA3ANUCH SIBHO CMAPLIM XAAMOM, GbIMA3AHHLIM Oe2meM, IUllb C6epXy OHU Obliu
HOKPbIMbI HOBOU NEHbKOU. Bce 9mo noxoouno nHa HecivbiXauHoe HCyIbHU4ecmao.
DKcIepruMEeHTaTOphl B BynBrue MOTH pBaTh KaHAT, IPUBS3aB OJMH €r0 KOHEI[ K KaKoi- HUOyIb
Oalike BBEpXY, a K APYromMy KOHITYy IPUCTPOHB KOPHITIIE, B KOTOPOE MOKHO OBLIO KJIacTh MEpPHBIC
rpy3sl. Ho ckopee Bcero oHU MPOBOIMIN CPAaBHUTEIHHBIC MCIIBITAHUS. CBS3BIBAU JIBa KaHATA,
KOTOPBIC XOTEIM CPAaBHUBATH, U PBAJU ATY CBS3KY C MOMOIILIO0 BOpoTa. Unco npsaeit B KaxaoM
KaHaTe MOXKHO OBLJIO MOTOM IOJOTHAThH TaK, YTOOBI MOIYYMIach PaBHAs BEPOSTHOCTH Pa3phbiBa
000MX KaHATOB.

HcnpiTaTh KaHAaT WIM TPOBOJIOKY IOBOJBHO MPOCTO, TaK KAaK HMX KOHIBI JIETKO 3aKPEINUTh,
HaMOTaB Ha OapabaH BopoTa WM JeOeAKd. 3aKperuisiTh Ui pa3pbiBa 00paslbl JPYrux
MaTepHaJIOB HAMHOTO TPyAHEE, I03TOMY J0JIF0€ BPEMsI UCIIBITAaHUS OrPaHUYUBAINCH CKATHEM U
u3rnOoMm. CoBpeMEHHBbIE HCHBITATEIbHbIE MAIIMHBI HMMEIOT 3axXBaThl, B KOTOPBIX MOKHO
3aKpenuTh 000N METAUTMYECKUN CTep)KEHb M pa3opBaTh ero. IIpaBma, eciau B3ATh OOBIYHBIN
CTEep>KeHb, TAKOE UCITBITAHNE, KaK MPaBUIIO, OyJET HEYJOBICTBOPUTEIBHBIM: 3aXBaThl MMOBPEIST
METAJUI U BBI30BYT MPEXKJIEBPEMEHHOE PA3PYyLICHUE CTEPXKHS y OJHOIO U3 ero KOHUOoB. [ToaTomy
Jydllle W3TOTOBHUTH CIIEUAIBHBIA 00pas3el] ¢ YTOHEHHOH CpeaHel uacTbio, Takoil oOpaser
HIOpBETCA 110 HEMOBPEKICHHOMY 3aXBaTaMHU TOHKOMY ceueHHto. Boobue xe, 4ToObl NpaBUILHO
BBIOpaTh (hopMy oOpasia, Hy)KHO 00J1a1aTh HEKOTOPHIM ONBITOM U YMEHHEM, MIOTOMY YTO JUIs
Ka)JI0Tr0 TUIIa MaTepuaa J0JKHa ObITh HalJIeHa CBOS Hawlyulas ¢popma.

Uro kacaercs TEXHUKH HCIBITAaHUM, TO, KOHEYHO, K 00pa3ily MOKHO NPUKIIAAbIBATh HArPYy3Ky
HEMOCPEACTBEHHO Tpy3amu. OpHAKO paspymaroliee yCUiIue s OOBIYHO HCIOJIb3yeMbIX
00pa3loB JISKUT MEXKIY OAHOW U JECATHIO TOHHaMH, a B OOJBUIMHCTBE CIy4aeB HCIBITAaHUS
OPOBOMSIT JCBYIIKU-Ta0OpaHTKU. [lodTOMy Harpy3ka OOBIYHO CO3HA€TCA C  MOMOIIBIO
MEXaHUYECKOTO WJIM TUIPABINYECKOr0 ycTpolcTBa. [IpOMBINITIEHHOCTh BBITYCKAeT pa3linyHbIe
MalIuHbl TAKOTO POJia, MHOTHME U3 HUX B TOM WJIM MHOM CTENEHU aBTOMAaTU3UpOBaHbl. Bce, 4To
JOJKEH c/IeNiaTh OIepaTop, 3TO BCTaBUTh 00pasell, YBUIECTh, KaK MallliHa MOpBaja ero, a 3aTeM
pazaenuTh 3a (PUKCUPOBAHHYIO HArpy3Ky Ha HM3MEPEHHYIO IUIONIA/b TOMEPEYHOTO CEUYCHHUS
oOpa3sua. B pesynbrare monydaercs paspyliaroniee HanpsKeHue.

Pa3yMeeTc;1, MOJIY4YCHHOC YHMCJIO HUYCTO HC T'OBOPUT O TOM, IMMOYEMY MaATCpUal UMCCT UMCHHO
TaKyl0 IPOYHOCTh M HE JOJHKEH JIM OH ObITh npouyHee. C Ipyroi CTOPOHBI, MPOYHOCTDH JTHOOO0TO
TEXHUYECKOI0 MaTrepuana MpPaKTHYEeCKH JO0CTaTOYHO mocTosiHHa. [losToMy B cBoe Bpems
MPOYHOCTh CYUTAIH HEOTHEMJIEMON XapaKTEPUCTHKON MaTepHuaya, KOTOPOW OH HaJeleH OoJiee
WM MEHee cllydallHbIM oOpa3oM. MeramioBenpl 3HANW, YTO Ta WM WHas J00aBKa WU



TepMUYeckas oOpaboTKa MOTYT YNPOYHHUTH WJIM PA3yNpOYHHUTH CIUIaB, HO 3THU 3HAHUS OBUIM
YUCTO SMITUPUUECKUMHU, B HabOr01aeMble 3G (EKThI He YIaBaIOCh OObSICHUTD.

WHxeHepaM HpaBUIIOCh TAKOE IIOCTOSHCTBO B MMOBEJCHUM MAaTEpUAJIOB. UX PaJoBaja MbICIb, YTO
KaXIblii Marepuaid o00JajaeT CBOWCTBEHHOHW €My MPOYHOCTBIO, KOTOpas MOXET OBITh
olpe/ieieHa Pa3 M HaBCEr/a, CTOUT TOJBKO MPOBECTH JOCTATOYHOE YMCIO MchblTaHuil. Emie
COBCEM HEIaBHO B Ja0OpaTOpHsX MAaTepHaJOBEACHUS TJABHOW 3a00TOi OBLIO coO3laHHe
OnecTAIMX KOJUIEKIMHA OOJIBIIMX MCIBITATeNIbHBIX MallMH. Pe3ynbTaraMu HCHBITAaHUH
UCTHCHIBAJIOCH OTPOMHOE MHOXKECTBO OyMaru, OJHAKO 3HAaHMW O MPOYHOCTH MaTepHuajoB
npubaBIIsAIOCs BeCbMa HEMHOro. M B camoM Jiernie, TpyIHO NPEYBEIUYUTh CTPOrOCTh TOM TalHBI,
KOTOpasi BEKaMU OKYThIBaJIa IpoOIeMy POYHOCTH U Pa3pyLICHUS TBEPBIX TEI.

[IpencraBnenuss 00 aTOMHOM CTPOEGHHUM Marepuu ObUTM  BIEpBBIE  CHOPMYIHPOBAHBI
Jemokpurom (460—-370rr. 10 H.3.). 3aTeM OHHM OBLIH CYIIECTBEHHO pa3BHUTHI JIykpermem (95—
55rr. 10 H.3.), HAMHOTO ONEPEIUBIINM CBOE BpeMs. Ho 3Ta Teopus Obuia IETHMKOM MOCTPOCHA
Ha Jorajgkax, o0 yOeTuTENbHBIX SKCIEPUMEHTAIbHBIX CBHJETENbCTBAX HE MPUXOAWIOCH U
nymatb. W Bce ke Jlykpenwii mpeactaBisii cebe CylecTBOBaHWE MPOOJIEMBI CIEIUICHUS, WIH
KOT€3UH, OH MPEANOI0KII, YTO aTOMbl UMEIOT KaKHe-TO CBSI3BIBAIOLINE UX BOEIUHO 3alCIKU.
VBbI, u B cepenuHe XIX Beka Myzapeimmii @apaneil HUYEro HeE MOT CKa3aThb O MPOYHOCTH
TBEPAOro Tejia, KpOME TOTO, YTO OHA OMpEAeNseTcs] CIEIUIEHHEM MEeXAY €ro Melb4alinMu
gactuniamu. OH J00aBIsI K 3TOMY, 4YTO BCA TNpodOiieMa OYEeHb HWHTepecHa. XoTs o00a
YTBEPKACHHS BEpPHbI, OH HE MHOTUM OTJIMYAIOTCS OT BhICKa3bIBaHUM JIykperusi.

B npenpiaymieit riiaBe mpuUBOAMIIACE TAONHIIA PEATBHBIX MPOYHOCTEH PA3IMYHBIX MATEPUATIOB.
Kak 1 Mogynu ynpyrocty, sl pa3HbIX BEIIECTB OHM BECbMA PA3JIMUHBI, CTOJIb K€ HEMOCTOSIHHBI
U BEIMYMHBI TPOYHOCTH XUMHYECKOW cBsizu. Kazamock Obl, MOXHO TIPEIIOJOXKUTH, UYTO
IIPOYHOCTH BELIECTBA MPONOPLUUOHAIbHA IPOYHOCTH €r0 XUMHUYECKUX CBsi3ei. OJTHAKO Ha CaMOM
JIeJie 3TO HE TaK, © UMEHHO B 3TOM OJHO U3 OTJIMYMM MPOYHOCTU U KECTKOCTH. [[elCTBUTENBHO,
Moayib FOHra MOXHO CBSI3aTh € JKECTKOCTBIO XMMHYECKOM CBSI3M MEXAY aTOMamH, HO s
MPOYHOCTH 3TO, BOOOIIE TOBOPS, HECTIpaBeTHBO. CBA3b MEXKIy aTOMaMHU Kelie3a B CTAIH HE TEK
YK IPOYHA - OHA C JIETKOCTBIO pa3pylIaeTcs XUMUUYECKH, KOT1a KeJe30 pkaBeeT. B To ke Bpems
MEXaHUYECKH BEChbMa HETMPOUHAs pkaBuMHA (OKHCH XKejie3a) 001a1aeT MPOYHBIMH XUMHUUYCCKUMHU
cBs3saMu. [Ipyroit mpuMep: METaUTMYeCKUii MarHHi MpodYHee, YeM OKHMCh MarHus (MarHesus),
XOTS pa3HUIIA PHEPTUN CBS3U MPEKPACHO WILTIOCTPUPYETCS PU TOPEHUU MAarHUEBOM CTPY>KKH B
kuciopoge. [loaTomy MONBITKH CBS3aTh XMMHYECKYH0) M MEXAHMYECKYH0 MPOYHOCTH MOTYT
NPUBECTH K TpyObIM ommOkaM. B camom nene, umesi CUJIbHBIE XUMHUYECKUE CBSI3M, MOXKHO 0e3
oco0oro Tpyaa ciaenaTh O4YEHb HENPOYHBIH (MM [Jake COBCEM JIMIICHHBIH MPOYHOCTH)
MaTepuai, HO ClIelaTh O4YeHb MPOYHBIA MaTepual, pacroyiaras TOJIbKO CIa0bIMU XUMUYECKUMU
CBA35IMH, - HEJIb34.

[InacTuky U TOMUMEpPHI, KOTOpHIE BOUUIM B OOMXOJ B MEPHOJ MEXIY IBYMS MHUPOBBIMU
BOITHamM#u, ObUTH, BEPOSITHO, NIEPBBIMU IMPOYHBIMH UCKYCCTBEHHBIMU MaTEpHAIaMH, BIIIEAIIINMU
U3 XUMHUYecKUx Jaboparopuil. Mx pa3zpaboTka OCHOBBIBaJaCh Ha JOBOJBHO E€CTECTBEHHOM
MPEIIONIOKEHUH 00 0CO00N MPOYHOCTH ATHX MATEPUATIOB - XUMHUKHA HAJACTSUTH UX OYCHBb
CHUJIbHBIMH XMMHYECKUMU CBS3sSMHU. B Hauasje BTOpoit MUPOBOM BOMHBI KO MHE TIPHUIIIEN paboTaTh
OJIMH BECbMa CHOCOOHBIA MOJIOOW XMMHK aKaJeMHYECKOro Tosika. TyT e OH MpUHsUICA 32
paboty Haj co3gaHueM 0co00 MPOYHOTO IUIACTHKA, OOBSICHUB MHE IPH 3TOM, YTO MaTepuai
JIOJDKEH OBITh MpOYHEe APYIHX, MOTOMY 4YTO OH OyJIeT OCHOBaH Ha 0ojee CHIBHBIX CBS3SIX W
YUCJIO TaKWX CBA3ed OyneT Oosblne, 4eM B JIFOOOM W3 CYIISCTBYIOIIMX MaTepuaioB. Tak Kak
IOHOIIA OBbUT MEHCTBUTENHLHO OYCHHb 3HAIOIIUM XHMHKOM, S eMy Bepwi. Tak wiam wHaue, AJs
CO3/IaHMSI ITUX CBA3EH MOHAL00MIOCH OYeHb MHOTO BpeMeHu. Korna cuHTe3 OblT 3aBepieH, Mbl



C TpemeToM M3BJICKIU U3 (OPMBI ATOT CTpaTeruueckuit mpoaykT. Ho, yBbI, OH OKazaics He
IIPOYHEE KYCKa CTapOro 3aCOXILIETO ChIpa.

I'pu¢ppurc u >Heprus

Teneps MBI TOJDKHBI BepHYThCA Hazal, kK 1920rony, korna Bes mpobiemMa MPOYHOCTH JIOBOJIBHO
OCHOBaTenbHO mon3aBsizna. B 1o Bpems A.A. 'pudpdurc (1893-1963),M051010#f COTPYTHHK
ABHAIIMOHHOTO HCCIIEAOBATENILHOTO IeHTpa B PapHOOPO, HOCWICA C WACSIMHU, KOTOPBIC IILIH
Bpa3pe3 C TPAAMLHUSIMHU U MPOTUBOCTOSITN CKYYHOM OOBIZICHHOCTH paboT Hax marepuanamu. Ho,
K COXAaJICHHIO, BCEphe3 MX HHUKTO He BocmpuHuUMal. A ['puddurc craBmi odeHb MHTEpPECHBIC
Bompockl. [loueMy CTOIb BelIHMKa pasHHIA B MPOYHOCTHU Pa3IUUHBIX Ten? [loueMy mpodHOCTh
BCEX TeNl He oamHakoBa? [louemy BooOIIe MaTepuanbl UMEIOT KaKyr-TO NMpodHOCTh? [louemy
0661 uM He ObITh mpounee? Ilo kpaifiHeill Mepe, CKOJIb MPOYHBIMU OHHU "00s3aHbl" OBITH? [0
CPaBHUTEIFHO HEJIaBHETO BPEMEHHU BCE ATH BOIPOCH CUUTAIUCH JTUOO HEMOCTHKHUMBIMH, JTHOO
HECOCTOSITENLHBIMHY, THOO0 MPUHAICKAIIUMHA TITYIIIIaM.

Tenepb-To MbI 3HaeM B OOIIUX yepTax, KaKOH JOJDKHA OBITH MPOYHOCTD JIOOOTO Marepuasia u
HoYeMy JTaJIeKO HE BCErJa OHa JOCTHIraeTcsl Ha MpakThke. boiee Toro, HaM B KakoW-TO Mepe
U3BECTHO, YTO HYXHO JeNaTh, YTOOBI MOBBICUTH NMPOYHOCTh MarepHaia. DTUMU 3HAHUSMHU MBI
npsMO WM KOCBEHHO o00s3anbl ['puddurcy. Hmxe B cokpameHHOM W HECKOJBKO
BUJOM3MEHEHHOM BH/IE Sl IPUBELY €r0 OCHOBHBIC UJICH.

[Ipexne Bcero Mbl ITOJKHBI YMETh OOpamiaThCsi ¢ TMOHSATHEM DHEPTUHU, KOTOpasl MpPeICTaBIseT
co0oi crmocoOHOCTh coBepIIaTh paboTy. DHEprus UMEeT Pa3MEepHOCTh CHIIbI, YMHOKEHHOW Ha
paccrositaue. Tak, eciiu s MOJAHUMAIO TPY3 BeCOM 2 KT Ha BBICOTY 1,5M, TO 51 yBEIUYHBAIO €0
NOTCHIMATBHYIO SHEPTUI0 Ha 3 KrM. DTa 3Heprus (OHa MCXOIMT OT MOEro o0ena, KOTOPhIH B
CBOIO OYepe/b MCXOIWT OT COJIHIIA, M T.J.) MOXET ObITh IpeoOpa3oBaHa B J00yi0 u3 (Gopm
SHEPTUH, HO HE MOXKET OBbITh yHUUTOKEHA. [loTeHIInanbHas SHePTus MPeACTaBIsAeT co00il OYeHb
yInoOHBIN crioco0 "KoHcepBUpoBaHMs sHepruu. Korma 3To moTpedyercs, oHa MOMKET MPOUTH
yepe3 paszuyYHble MOCJeN0BaTeNbHbIe IMpeoOpa3oBaHus W3 ONHOW (OpPMBI B JAPYIyI0. OTH
NIePEX0bl MOTYT OBITh OYECHBb HATJISIIHBIMU, TIPH TOM MOXET OBITh paCCUMTaH OajlaHC YHEPTHU.

HaxomnenHasi, Win TOTCHIMANbHAs, SHEPTUs MOJHATOTO Tpy3a MPEKIC HCIOIh30BaIaCh,
Harmpumep, A OpuBOoAa HACTCHHBIX YaCOB. Ceiiuac B 60J'IBLHI/IHCTBG HJaCcOBbIX MCXAaHH3MOB
3amac PHEPIUU COJCPIKUTCS B MPYXHHE. BHIOOp croco0a HAKOIUICHHS] YHEPTUU - BCETrO JIUIIb
BONpPOC yA0OCTBa, a HE MpHHUMNA *. DHeprus AeGOpMUPOBAHHOTO Tela OYEHb HAIIOMHUHAET
SHEPrH0 MOJHATOTO TPy3a, CIEAYeT JHIIbL MMETh B BHIY, YTO B Mpolecce aehopMUpOBaHHUS
CuJia U3BMCHSCTCH, B TO BPpCMs KaK BCC MPAKTUYCCKHU HC 3aBUCUT OT BbICOTHI TOABEMA, CCIIM OHA,
KOHEYHO, He ciauikoMm Beimka. CormacHo 3akoHy ['yka mpu nmedopmanmu HampspkeHUE B
MaTepuaie pacteT IuHeiHo. ClenoBaTensHO, eCM UCXOMIHOE HAMpsHKEHHE ObLTIO paBHO HYIIIO,
TO 2HEprus AedhopMari B eIMHUIE 00beMa BhIpakaeTcs GpopmyIioi

1/2  Hampsoxenwe © Jledopmariwst)

To, uro sHeprus neopMaly BIIOJIHE OOBIYHASI TPUBHUAIbHAS BEIllb, OTIUYHO JIEMOHCTPUPYETCS
CTpEIKaMU-IIyYHHKaMHu. MexXny Ipo4nM, ITO3TOMY CIEAYET AEPKAThCA B CTOPOHE OT HATSHYTBIX
TpocoB. KuHeTndeckass sHeprusi NpUYAJIECHHOTO CYAHA, TO €CTh SHEPIUs JABMXKEHUS CYAHA,
Ka4alolerocss Ha BOJIHAX y IMpuyasa, mpeoOpasyeTcss B 3HEpruto aepopmauuu yainku. Ecnn
yajgka OOpBIBAETCs, TO 3Ta SHEPrHsl NEPEeXOAUT B KWHETHUYECKYIO PHEPTUIO0 KaHara, KOTopas
MOYKET 0Ka3aThCsl CIMIIKOM OOJIBIION /ISl CTOSIIErO Ha €€ IyTH YeJloBeKa.



* YacoBas IpyXXHHA TIPEICTABISACT COO0H CTANBHYIO JICHTY, CBEPHYTYIO ISl SKOHOMHH MECTa B CIIUPaJb, IIOA0OHO
pyaetke. [lo cymecTBy, 310 6anka. Korga gacer 3aBOAAT, 9UCIO BUTKOB CITUPAJIH YBEIWIHBACTCS, a TaK Kak 00mas
JUTMHA JICHTHl HE M3MEHSETCS, TO KaKIBIH €€ yJ9acTOK OKa3bIBaeTcs Oosiee M30THYTHIM. Ilockombky 3T0 Oanka, BO
BCEX €€ TOYKax JAeHCTByeT nmbo pacTsbkeHue, nmubo cxarwe (cM. rmaBy 1). Keratd, mo Mepe pacKpyddBaHUst
MPY>KUHBI YHEPTHUS, TTOJTydaeMasi ¢ OXHOTo 000poTa, yMeHbmaeTcs. [103ToMy 4aCOBITMKH B CBOE BPEMS BBIHYKACHBI
ObLTH M300pEeCTH YCTPOMCTBO, Ha3siBAeMOE YIWUTKOM (Wmu (y3weit): 3TO KOHHMUYECKas KaTyiika, Ha KOTOPYIO
HaMaThIBAaeTCs, MOJJIEPKMBasi CUIYy NPHBOJA NOCTOSIHHOM, BeAyllias Ienb. BOT mouemy mpeskae NpeanoduTani
OPHUBOJ OT Ipy3a: SHEPIus Ipy3a Ha OJUH CAaHTUMETP Beca OJMHAKOBA M B HIDKHEM, U B BEPXHEM IMOJOXCHHUsX. (B
PYCCKO#l uTeparype Juist YIUTKH 00BIYE€H HECKOIBKO MHON CHHOHUM - ¢hyzes - V.V.)

CrenoBarenbHO, Bce Tela B Harpy>XCHHOM COCTOSIHUM 00JIafaloT SHepruer aedopmanuu, U 3Ta SJHEPrHs TEM WU
MHBIM c11I0coO0OM MOJKET OBITh IpeoOpa3zoBaHa B Jr00yi0 Apyryro (GopMy dHEpruH, 4auie Bcero - B Temno. Ho nern
BCET/Ia YXUTPSIIOTCS Y3HATh, YTO YHEPIHIO PACTSHYTOH PE3MHBI MOXKHO HMCIOJIB30BATh [Vl pa3pyLICHUs, HaIpuMep
crekina. He 3Har0, MokeT ObITh, HIMEHHO TaKHe accoIManuu npuBesd ['puddurca K MBICIH O pa3pylIeHHH Kak 00
SHEPreTHIECKOM IIpoIiecce.

Korna paspyriaercs Xpynkuii MaTepual, B 0071aCcTH pa3pylIeHUs: 00pa3yrTCs JABE HOBBIC IOBEPXHOCTH, KOTOPBIC 10
9TOr0 HE CyllecTBOBanmM, W wuues [puddurca 3akimoyarack B TOM, YTO HYXKHO CBSI3aTh JHEPTUI0 HOBBIX
MOBEPXHOCTEH ¢ dHeprueil medopmamuu Tena mepes paspylieHHeM. Temepb AaBaiite pazdoepemcs, 4TO ke TaKkoe
MOBEPXHOCTHAsI dHeprus. MBI 3HaeM, 94TO JHEPTHs MMEeT MHOTO (GOpM - TEIUIOBas, dJEKTPHUUECKasi, SHEPrHs
nedopManud W T.4., - HO TO, YTO IOBEPXHOCTH TBEPAOTO Tena oOJamaeT SHEprHed TONBKO B CHIIy CaMoro
CYIIECTBOBAHMS CBOETO KaK IOBEPXHOCTH, - 3TO CTAHOBHUTCS SICHO HE CPazy.

HaOmronast noXk/eBble Karlid, My3bIpH, HACEKOMbIX, INATAMOIIMX [0 MOBEPXHOCTH BOJIbI, MbI JIETKO MPHUXOAUM K
BBIBOJlY, YTO BOJIA, KaK U JPYTHe KUIKOCTH, HMEET MOBEPXHOCTHOE HATsOKeHHe. [[0BEpXHOCTHOE HATSDKEHUE - ITO
COBEPINEHHO pealibHas (U3WUYecKas CHia, KOTopas MOXeT ObITh m3MepeHa 0e3 ocoboro Tpyna. CiemoBaTeNbHO,
€CITH IUIOLIA/Ib IOBEPXHOCTH KUAKOCTH YBEIHYUBAETCS, TO MPOU3BOIUTCS paboTa MO MPEOIOJICHUIO 3TOM CHIIbI, U
SHEprusi HAKAIJIMBAaeTCs B HOBOHW MNOBepxHOCTH. lloacuuThiBas OanaHC OSHEPTUH, Mbl JODKHBI YYUTHIBATH
MOBEPXHOCTHYIO JHEPTHI0 TaK e, KaKk W APYrue BUABI dHepruu. Hampumep, korja kKoMmap CaJuTCS Ha BOAY,
MOBEPXHOCTh NPOrMOacTCss IMOJA €ro JanKaMH, CICJOBaTeNbHO, IUIOMAJb IIOBEPXHOCTH U €€ JHEpPrus
yBenmumBaroTcs. KoMap mpoBanmBaeTcs IO TEX IOp, MOKA YBEIMYCHUE TOBEPXHOCTHON 3HEPTrUM BOJBI HE
CPaBHSETCS C YMCHBIICHHEM MOTCHI[MALHON YHEPTUU HACEKOMOTO, JTAJIBIIIE KOMap HE TOHET, ¥ 3TO €ro, HaBepHOE,
BIIOJIHE YCTPaUBacT.

KuakocTh CTpeMHUTCS IO BO3MOXKHOCTH YMEHBIIMTH CBOIO MOBEPXHOCTHYIO dHepruto. K mpumepy, ToHKasi cTpys
JKUJKOCTH U3 TOJBKO YTO 3aKPBITOTO KpaHa, JOCTHTHYB OINPEICICHHOrO AMAaMeTpa, HENPEMEHHO pa3o0beTcs Ha
OTJIeJbHbIE KAIlIM ¢ MEHbLICH MOBEpXHOCTHOU dHepruei. Korna »uakocts 3amep3aert, MOJIEKYJISIPHBIN XapakTep ee
MOBEPXHOCTU M3MEHSIETCS] MaJjio, U DHEPTHsl MOBEPXHOCTU COXPAHSETCS, XOTS MOBEPXHOCTHOE HATSDKEHUE YXKE HE B
CUIIaX WM3MCHHUTh (DOpPMY TBEpJOH 4YaCTUIBI, OKPYIJIMB €¢ MOJOOHO Kamye. B OOJbIIMHCTBE TBEPABIX TEI
ME)KaTOMHBIE CBSI3M MIPOYHEE M JKECTUYE, YeM B OOBIYHBIX JKHIKOCTSAX, COOTBETCTBEHHO M BEIIMIMHBI IOBEPXHOCTHOM
sHeprun y Hux B 10—20pa3 Beime *. He 3amedaem jxe Mbl HOBEPXHOCTHOTO HATSDKCHUS B TBEPIBIX TeENax He
MIOTOMY, YTO OHO ciaboe, a TOTOMY, UTO TBEpPIbIC Tela CIUIIKOM JKECTKH, 9YTOOBI MX (hopMa 3aMETHO HCKaKalach
CHJIaMH TTOBEPXHOCTHOTO HATSKEHHS.

* TIoBepXHOCTHAsI SHEPTHs BOMABI COCTABISET TPUMEpHO 77 3pr/cM?. VYV KOHCTPYKIIMOHHBIX MAaTepHajJoB 3Ta
BennunHa mopsaka 1000 spr/cm® TloBepxHocTHass SHeprusi anMasa paBHa 5400 spr/cm?  ([loBepxXHOCTHOE
HATSDKEHHME B IUH/CM YKMCJIEHHO PABHO MOBEPXHOCTHOM SHEPTUH B 3pr/cM>.)

Tenepb, MOAOOHO TOMY, KaKk MBI CTaIXA OBl BBIYHCIATH BEC CaMOTO OOJBIIOrO KOMapa, CIIOCOOHOTO Imarath Io
JAHHOM JKHIKOCTH, TIOTBITAEMCS OTIPEZCIUTD, CKOJIb MPOYHBIM OJDKEH OBITH TOT WM WHOW Marepuan. Hauas aTu
pacyeThl, OCHOBAHHBIE Ha BBIIIECKA3AHHOM, MBI C YIUBJIECHHEM OOHAPYKUM, YTO OHU OYEHB MIPOCTHIE.

[TommpoOyem HaifTn HampsHKEHUE, KOTOPOE HEOOXO0AUMO I pa3felieHus B 00beMe MaTeprana qBYX IMPUMBIKAOIIIX
OIIMH K APYTOMY aTOMHBIX ciioeB. [loka HaM Ge3pa3nudHO, KaKOH MaTepHual pacCMaTPUBATh, KPUCTAIUTHICCKIH HITH
amopusbIit. [To cymecTBy Bce, 4TO HAM HY)KHO 3HATh, - 3TO BETHMYWHBI MOAYJIs FOHTa 1 TOBEpXHOCTHOM SHEPTHH.

Wrak, mOJIOKKUM, YTO JIBa CJIOS aTOMOB BHAYalle HAXOAATCS HA PACCTOSIHMHM X CM OJWH OT IPYroro, TOTAA dHEPTHUS

nedopmanuu Ha KBagpaTHbIN canTuMeTp npu HanpspkeHun O u gedopmanuu € MOKeT OBITh HAMIEHA CIIEIYIOIIAM
obpazom:
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Ho o 3akony ['yka
E=0€,toectr E=0/E.
3amensis B nepsoM pasenctse € yepes O / E, nmonyunm

Oueprus nedopmaruu Ha KBaapaTHbiil cantumetp = O/ 2E .

Ecin G ecTh TIOBEpXHOCTHAs SHEprus TBEpAOro Teda Ha lcm? To oO0mias 3HEPTUs IBYX MOBEPXHOCTEH,
00pa30BaBIIMXCS [TPH paspymicHnd, OymeT 2G Ha 1 cm?.

Tenepb MpCANOI0XKNM, YTO MO AOCTUIKCHHUU Halei TeOpeTI/I‘IeCKOﬁ IMPOYHOCTU a, BCA DHCPIrUd [le(l)OpMaHI/II/I B
o0BeMe MECKAY ABYMS CJIOAAMHU aTOMOB NIEPEXOAUT B MOBEPXHOCTHYIO DHEPTHIO, TO €CTh

O/ 2E=2G

Orcrona

0.= (GE/X)™ .

IIpaBna, MBI HEMHOTO 3aBBICHJIM TCOPETUYECKYIO MPOYHOCTh, TaK KaK MPEIIONarajid, 4TO MaTeprai IMOIIHHSICTCS
3akoHy ['yka BIJIOTH 10 pa3pymieHus. Bexp B mpeaplaymieil riiaBe MBI BHIENIH, 9TO 3aKOH ['yka BEepeH JHIIb It
MaibIX aedopmanmid, a mpu OoNbIUX nedhopManusaX KpuBas 3aBUCHMOCTH MEXATOMHOUW CHIIBI OT AeopMaIiuu
OTKJIOHSIETCSI BHU3 OT mpsimoid. [ToaToMy aHeprust aedopmaruu OyaeT MEeHbIle HAaWJACHHONH HaMU dHEPTUH, Tpy0o
roBOp#, BIBOE. YTOOBI y4eCTh 3TO, MBI IIPOCTO OITyCTUM JBOWKY B BBIBEJCHHON Hamu (opMmyse, IMes B BUIY, UTO
MBI HE MPETEHIOBAJIN HAa TOIyYeHHEe TOYHON BENHMYMHBI IpouHOCTH. CIenoBaTenbHO, MPaBIOMOI00HYIO OLEHKY
MPOYHOCTH MaTepuaa J0JDKHO 1aBaTh BRIPAKCHUE

0. = 2GE/ X)*?
Mpo1Ie KOTOPOTo €1Ba JIK YTO MOXKHO NPUAYMATh.

Teneps npumeHnM 3Ty GOpPMYJTy K CTaIH, TUIIMYHBIMU BEJIMYMHAMU JISi KOTOPOW OYyIyT: MOBEPXHOCTHASI SHEPTHUS
G = 10003pr/cem?, moxyns FOura E = 2[10* aun/cm?, mexxatomuoe paccrosiaue x = 210° cm.

[ozCTaBUB 3TH 3HAYCHHS B HOPMYILY, IOTY4HM IPOYHOCTH 0K0710 30 mun/cM?, To ects npumepro 3000kr/MM?,
410 cocrapisier okoio E / 6, IIpounocts 00bdHOM cTamu - 0koao 50 Kr/MM?, IPOYHOCT CIEUUATEHON [IPOBOIOKH
MosxeT ObITh 300Kr/MM?.

Tak xak BenuuuHbl £ u G [uisi pa3HbIX TBEPABIX TENl PA3IMYHbBI, Mbl HOJIYYUM JJIsi HUX U Pa3IM4YHbIe 3HAYCHUS
TeopeTndeckoil mpogHocTH. EanHCTBEHHOE, YTO OYy/AET POAHUTH 3TH YHCIA, - BCE OHH HAMHOTO MPEBBICAT 3HAUCHUS
MPOYHOCTH, KOTOPBIE HAM JAI0T peanbHble MaTepraibl. [loxamyi, cTanb COCTaBIsSET UCKIIOUYCHHUE B TOM CMEBICIIE!
peanbHasi MPOYHOCTh HEKOTOPBIX COPTOB CTaU JOCTHraeT Bce-Taku 1/10 0T BBIYUCICHHOW MPOYHOCTH; OTPOMHOE
OOJIBIITMHCTBO TBEPJIBIX TEJI UMEET BCETO COTYIO HIIH JTAXKE THICSYHYIO JIOJI0 TCOPETHYCCKON MPOYHOCTH.

Jler 30—40Hna3an HUKTO HE PUCKHYJ Obl MYOJHYHO YCOMHHUTBCS B 3TUX BBIYHCIICHUSIX. Beb B TAKOM cilydae HYKHO
OBIIO OBI TaTh OOBACHEHUS, OTKYa OepeTcsl SJHEPTHs BHOBh 00pa30BaHHBIX MOBEepXHOCTEH. [ToueMy-To cephe3Ho 3a
9TO HHUKTO HE Opaics. ['e-To 4To-TO OBLIO HE TakK, M, MOXAIyH, pacCyKIAIH MHOTHE, JTy4llle 00 3TOM HOMEHBIIIE
TOBOPUTb.

Ecnan MBI 3aliMeMcs BBIYHMCJICHHEM JIMIIb NPOYHOCTH KAaK TAKOBOM, TO VIS Pa3IMYHBIX MaTEpHAIOB IOJIYYHM
pasIHMYHbIC 3HAYCHHUS TEOPETHYECKOi mpoyHocTd. OJHAKO MBI JIETKO MOXKEM HafTH TEOPEeTHYECKHE BEIMYHHEI
yIpyroi nedopmanuu pu paspbiBe; NpoJeiaB 3TO, Mbl OOHAPYXKHMM, YTO BBl YHCIICHHBIC JeOPMAIUU OKAXKYTCS
NPUMEPHO OJMHAKOBBIMM IS JIIOOOTO TBEPAOrO Teja MOYTH HE3aBUCHMO OT €ro XMMHYecKoil mpuposl. BooOie
rOBOpsI, BEJIMUMHA 3TOH Aedopmanun coctasiseT npumepHo 10—20% *.Ecnu 310 Tak, TO HPOYHOCTH TBEPIOIO TEia
JoJDkHa Jexars Mexay E/10 u E/5. Takum o06pa3oM, Mbl HE BIpaBe CKa3aTh, YTO BCE MATEPUANbI JOJDKHBI HMETh
OJJHy W Ty € IPOYHOCTh, HO MBI MOXEM YTBepknath (mpaBia, Ge3 rapaHTHPOBaHHOW TOYHOCTH), YTO BCE



MaTepHaJIbl JOJDKHBI ObUTH OBl IMETh OJHY H Ty XK€ YIPYTYIo nedopManuio mpu paspeise. [loBceqHeBHAs TpakTHKA,
OITHAKO, YOEXJaeT Hac, YTO MaTepuaylbl HE TOJBKO HE WMEIOT MOCTOSHHOW aedopMaiiy IpH pa3phIBe, HO U
pacdeTHBIE MPOYHOCTH BO BCEX 0€3 NCKITIOUEHHS CITy4asXx HAMHOTO TIPEBBIIIAIOT PealbHbIC 3HAUCHHUS.

* JlpoHUUIATENbHBIH YM JIETKO OOHApPY)XWT, YTO IIOBEPXHOCTHAs OJHEPIUs TBEPAOIrO Teja JOJDKHA OBITh

npornopuroHaibHa BenuuuHe monyisi FOmra. eiictBurensro, G = EJ10. Memo B TOM, YTO YOPyrocTe H
MOBEPXHOCTHOE HATSDKCHHE OMNPEACIAIOTCS OJHMMU M TEMH e cwiamu cBsasu. Kaydyk mmeer aedopmanuio
paspeia okono 800%,Ho mpupoa ee COBEPIICHHO HHAs, U IIOTOMY IPUMEHATH Hallld BBIYUCIICHHS 31eCh ObUIO ObI
KyapHHIeCTBOM (CM. mpmtoxkerne |). O mracTH4eckoM yUTMHEHHH MATKAX METa/UIOB (y MATKO#H CTajiu, HalpuMep,
oHo cocTasjsteT 60%)cMm. B riase 3.

I'puddurc 3anancs nenpio HAUTH GU3HIECKYIO TEOPHUIO, KOTOPAs MO3BOJIWIA OBl OOBSCHUTH PACXOKICHUE MEKIY
Teopuel M npakTHKOM. 51 He ObUI 3HaKOM ¢ camuM [puddurcom, Ho ero Tornamuuii nomouHuk ben Jlokcnaiicep
pac cka3blBaJl MHE KOe-4T0 00 00CTOSTENbCTBAX, IPHU KOTOPHIX BEJach 3Ta paboTa. B Te BpemeHa cunTanoch, 4To
YUYCHBIE UCCIIEOBATEIH JOJDKHEI 3apabaThiBaTh Ha HM3HB JIMIIL IPUKIAAHBIME pabotamu. OTClo/1a Clle1oBao, 4To
MaTepuanoBebl JOJDKHBI ObUIM OTpaHMYMBATHCS UCCIEJOBAaHUEM ITPUMEHSIEMBIX B TEXHHKE MaTepUalioB, TAKUX, KaK
JpeBecuHa WM cTaib. [ puddurcy HyxeH Obul ropaszzo Oosee MPOCTOM Marepual, OH XOTEJ UMETh MaTepuall ¢
YHCTO XPYNKHMM paspyuieHueM. [lostomy oH oOparmncs k crekity. Ceifuac Mbl HazBanu Obl Takoi Mmarepual
MOJICTIBHBIM, TOTA K€ OYEHb MOIMYJSPHBIMHU OBUIM MOJEIH B a9POJMHAMHUYECKHX TPyOax, HO, HOMHIyHTE, KOMY
HPUXOAWIOCH IPEXKIE CIBIIATE O MOJCIBHOM MaTepHane?

Nwmes Bce 310 B BUny, ['puddurc u Jlokcnaiicep octeperanuch o0CYkaaTh C PyKOBOJCTBOM MOJPOOHOCTH CBOHMX
IKcrepuMeHTOB. OHaKo padoTa BKIIOYANA BHITACMBAHKWE BOJIOKOH W BBIIYBaHUE MY3bIPEH W3 PacCILIaBICHHOTO
CTeKJIa, ¥ ONHAXKIBI, KOTJa OHU IpOopadoTaln YK€ HECKONbKO Mecaues, Jlokcmaiicep, yxomst JOMOH, 3a0bLI
MIOTACHTh Ta30BYIO TOPENKY, Ha KOTOPOH APY3bs IUIAaBWIX CTekio. [Ipummuiock naBaTh OOBSICHEHHUS IO TOBOIY
CIy4HBIIErocs Tmoxapa, nocie dero [puddurcy wm Jlokcmaiicepy OBIIO TNPUKa3aHO TNPEKPATUTh ITyCTOE
BpemsmpenpoBoxaeaue. I puddurc ObuT IepeBeicH Ha APYTYIO pabOoTy, TI03KE OH CTal H3BECTHHIM KOHCTPYKTOPOM
JIBUTATEJIEN.

[peny0exaeHue NPOTHB CTEKJIA PACCEUBAIIOCH C TPYAOM. MHOTO JieT cinycTs, Kaxercs, B 1943roay MHe 10BenOCHh
JIEMOHCTPHPOBATh OJHOMY M3BecTHOMY Mapiiany BBC oOrekarenb caMOJIeTHOrO pajnoiioKaTopa, CISNaHHBIA U3
CTeKJIOIIacTuKa. JT0 Oblia, ACHCTBUTENBHO, TPOMaJHAas IITYKa, KOTOPYIO HYXXHO ObUIO MOJBELIMBATH 0]
O6omMOaprupoBIMKoM Trma "Jlankacrep".

- I3 gyero o10 cremano?

- Crex10, cap.

- Crexno? UepT BO3bMH, s HE IO3BOJIIO COBAThH CTEKJIO HH B OJIMH M3 MOUX caMoJjieToB!..

Bepuemcst, onnako, k dkcrepuMeHTam [ puddurca. OH mepBbIM CTal CHCTEMATHYECKH W3rOTABIMBATH CTEKJIO
BOJIOKHA M, HUCCIEAys WX MEXaHHYeCKHE CBOMCTBA, HalIe] MPaBIONOJ00HOE OOBICHEHHE TOyYCHHBIM
pesynbratam. Buauane I'puddurc nomken Obut, XOTs Obl MPHOIU3UTENHHO, ONPEAETUTh TEOPETUUECKYIO
NPOYHOCTh CTEKJa, C KOTOphIM paboTan. Moayns FOHra jerxko ObUIO HAWTH MyTEM MPOCTHIX MEXaHUUYECKHUX
UCIIBITAHUH, @ BEJIMYMHA MEKATOMHOTO PACCTOSIHUSI HE JIOJDKHA ObLJIa CHIIBHO OTJAMYAThCS OT 2—3 A *.

* HyxHo cka3aTb, uto ['pudurc npuiesn K 3TUM OLEHKaM HECKOJBKO JPYTUM MTyTEM.

OcraBasioch U3MEPHUThH MOBEPXHOCTHYIO DHEPTHIO. A B MPOCTOTE €€ ONMpPEAEICHHs IS CTEKIAa U 3aKII0YaIoCh OJJHO
M3 JIOCTOMHCTB 3TOT0 Marepuajia B KauecTBe OOBEKTa HCCiefoBaHus. J[eno B TOM, YTO CTEKIIO HE HMEeT
(UKCHpPOBaHHOW TOYKHU IUIABJICHHs, a [PH HArpeBe MEIUICHHO W3MEHSETCS OT XPYIKOro TBEpAOro Teha o
COCTOSIHHUS BSI3KO# )KUAKOCTH, U B XOZ€ 3TOTO MPOILIECCa CYIECTBEHHBIX N3MEHEHNH MOJICKYIISIPHON CTPYKTYPBI HE
npoucxoaut. [1o3ToMy TpH mepexoje OT KUAKOIO COCTOSHHS K TBEPAOMY HE CIEAYyeT OXHIATh M CHIbHBIX
M3MCHEHHI BEIMYMHbBI IOBEPXHOCTHOM YHEPTHH, U [TOTOMY ITOBEPXHOCTHOE HATS)KEHUE M MOBEPXHOCTHAS SHEPIHs,
KOTOPBIE IOCTATOYHO JIETKO M3MEPSIIOTCS HA PACIUIABIEHHOM CTEKJIE, MOKHO C M3BECTHOM TOYHOCTHIO MPUMEHSTH U
[PU aHAIKU3€e 3aTBEPEBINEro CTEKIa. Eciu HarpeTh KOHEI[ CTEKITHHOTO CTEPXHS B IJIAMEHU ra30BOU TOPENKH, TO,
Pa3MSITYUBIIUCH, CTEKIO OYAET CTPEMUTHCS NPUHATH (OPMY IIapa, MOTOMY YTO CHIIBI TOBEPXHOCTHOTO HATSHKECHHUS
OCTAlOTCS JIOCTATOYHO OOJBIIUMHU M TIOCIE TOrO, KaK COMPOTHUBJIECHHE Je(POPMUPOBAHHUIO MO CYIIECTBY HCYE3NIO.
HetpyaHo u3MepuTh CHily, HEOOXOMUMYIO JIUISI MEJUIEHHOTO BBITSTHBAHMS CTEPIKHS B OTHX ycioBusx. Ho Bens oHa
JIMIIb OY€Hb HEMHOTHUM OOJIbIIIE COMPOTHBICHUSI MOBEPXHOCTHOMY HATSDKEHHIO. Ha OCHOBaHHM Takoro poja
IKCIIEPUMEHTOB, BBITIOJIHEHHBIX Ha OYeHb MPOCTHIX mpubopax, ['puddurc ycraHOBHI, YTO TEOpeTHUIECKAs
[IPOYHOCTB €T0 CTEKJIA IIPH KOMHATHOM TeMIepaType A0JukHa ObITh oyt 1400kr/Mm2,

3ateM ['pudduTc B35 XOJOMHBIE CTEPKHU IMAMETPOM OKOJO 1 MM M3 TOro e OOBIYHOTO CTEKIa, PasopBail B
UCTIBITATELHOM MalIMHE U OTIPEIEIIT UX MPOYHOCTh. OHa oKasanack 0kojao 15—20kr/MM?, 4TO BIIOJHE HOPMAITBHO
IUISL TEX CTEKOJI, U3 KOTOPBIX JEJIAI0T JIa00PATOPHYIO TIOCYY, IIUBHbIE OYTHIJIKU; 3TH XK€ CTEK/Ia BCTABJISAIOT B OKHA
u T.1. Ho ata nmpounocts cocrasisia okono 1/50—1/100T pacueTHOIH.



Torma I'puddutc cran HarpeBaTh CBOM CTEP>KHHU MOCEPEIIHE U OTTATUBATh MX KOHITHL. [lomy4yammcs 6osee TOHKHE
CTEP)KHU-HHUTH, KOTOPBIE OH TAaKXKe MOCIIe OXJIaKACHUS HCIIBITHIBAI.

YeM TOHBIIE ObLIM MOJYyYEHHBIC HUTH, TEM OHU OKa3bIBAIHCh mpouHee. CHayama MX MPOYHOCTH YBEIHMYMBAIACH
MEJUIEHHO, HO 10 Mepe TOro, KaK OHM CTAHOBWJIKCH OY€Hb TOHKHMH, MPOYHOCTH BO3pacTaja BeCchbMa OBICTPO.
[IpOYHOCTh BOJIOKOH IHAMETPOM OKOJNO 2,5MKM Cpasy IOCIe BBITArHBaHHs cocTaBmsuia 600kr/Mm® u Golee, a
CIIYCTS HECKOJIBKO YaCOB Majasa npuMepHo 10 350kr/Mm°. KpuBast 3aBHCHMOCTH MPOYHOCTH OT AHAMETPA BOJIOKHA

pociia CTojb CTpeMHTENbHO (puc. 16), uTo TpyaHO OBUIO YCTAHOBMTH BEPXHHM (MaKCHMaJbHBINA) HpEmeN s
BEJIMYMHBI IPOYHOCTH.
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1100 ni{rirr?
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Puc. 16. Iloctpoennslii I'pudpurcom rpaduk 3aBHCHMOCTH NPOYHOCTH CTEKJISIHHBIX BOJIOKOH OT TOJIIIHHBI
BOJIOKHA.

3aBHCHUMOCTb 3Ta HE ObLIa OYCHB TJIAJKOH, OIIBITHBIC TOUYKH UMEITU HEKOTOPBIi pazdopoc. OmHaKo Mo moBoAy 00 mieit
TEHJICHIINM HUKAKUX COMHCHUIN HE OCTaBajioCh. [ puduTc HE MOT HU M3TOTOBUTH, HU UCIBITATH BOJOKHA TOHBIIC
npuMepHO 2,5MKM, Ja eciu Obl OH U CMOT 3TO ClIIeJIaTh, B €0 BPEMs U3MEPUTh TOJIIMHY TAKUX BOJOKOH XOTh C
KaKOH-HUOYZb TOYHOCTHIO OBUIO OBl OYeHb TpyAHO. OIHAKO OH MpoeNal MPOCTONH MaTeMaTHYECKUH TPIOK:
OTJIOXKHB TI0 OCSIM KOOPJAWHAT OOpaTHBIC BEIMYMHBI, OH SKCTPAMOIUPOBATl KPUBYIO "MPOYHOCTh-pa3Mep” B 00JIACTh
HUYTOXXHO MAJBIX TOJIIMH, W OKa3aJ0Ch, YTO MPOYHOCTH TOHYAWIINX HHUTEH MOKHA ObITh OKoJO 1100kr/Mm2
HamoMH#M, 9TO BBIYHCIICHHAS BEIMYMHA TPOYHOCTH JUISA €ro crekia Obuta uyTh MeHbime 1400kr/mMm? Iostomy
I'puddurc cnenan BEIBOA, 9TO eMy MPAKTHYECKH YAUIOCH MPUOIU3UTHCSA K TEOPETHUECKON MPOYHOCTH, U, €CITH OBl
HA CaMOM Jieie MOXHO OBLIO cenarh OoJjiee TOHKHE BOJIOKHA, MX NPOYHOCTh ObUTa OBl OYEeHHb OJM3Ka K

TeopeTndeckoil. JIOCTHYh B OSKCIEpUMEHTE IOYTH TEOPETHUECKOW MPOYHOCTH OBLIO, KOHEYHO, TpuyMdom,
0COOCHHO €CITU YYECTh YCJIOBHSI, B KOTOPBIX 3TOT IKCIIEPUMEHT IIPOBOIHICS.

Henasao . Mopiu u3 ¢pupmsl "Posuic-Poiic” mosyuuni KBapieBble BOJOKHA (MX COCTaB OTIMYAETCS OT COCTaBa
rpuddurcoBa crekna) ¢ npourocteio 6onee 1400 kr/mm? (puc. 17). Kak Mbl YBHIMM B CIIEAYIOLIEH IIaBe, CTOJb

BBICOKas IIPOYHOCTH MOXKET OBITH IMOJIy4€Ha HE TOJIBKO Ha CTCKIIAHHBIX BOJIOKHAX, HO W ITOYTH Ha JIFOOBIX TBEPABIX
TCax, aMOp(i)HI)IX 1 KPUCTAJITIMYCCKUX.

Puc. 17. KBapueBasi HUTh, ynpyro u3orayras 1o aegpopmamnuu 7,5%;
HANPSKeHUs B Heil qoxoaat x0 530kr/Mmm?
(mpoyHOCTH 0OBIYHOTO CTEeKIA 7-15Kr/MM?)

Urak, I'puddurc npompemonctpupoBan (o kpailHeld Mepe, B OJHOM ciydae), KaKUM o0pa3oM
MOXHO Ha MPAKTHKE IOCTUTHYTH MOYTH TEOPETHYECKOM MPOYHOCTU. Temepb OH JOJDKEH ObLI

MmoKasaTrb, MNOYCMY IMPOUYHOCTL MOAABJIAIOLICTO GOHBLHI/IHCTBa TBCPABIX TCJI CTOJb PE3KO
OTJIMYAETCS OT TEOPETUUECKOM.



I'naga 3.
TPEHIUHBI 1 TUCJ/IOKAIINUMA,
unu
IHOYEMY CTOJIb MAJIA PAKTUYECKAS IPOYHOCTDb MATEPHUAJIOB

I'puddurc Hammcan KIACCMYECKYIO CTaThl0 O CBOMX ombITax. OmyOnukoBaHa oHa Obuia B
1920roay. B He#l moguepkuBagoch, 4TO 3a7adya COCTOUT HE CTOJIBKO B TOM, YTOOBI OOBSICHUTD,
MoYeMy TOHKHE BOJIOKHA TPOYHBI, CKOJIBKO B TOM, 4YTOOBI MOHSTH, MOYEMY CTONb Maja
MPOYHOCTh TOJICTBHIX BOJIOKOH. Benb OguHOYHAs IIETMOYKa aTOMOB HEW30€XKHO JIOJDKHA JINOO
00Ja1aTh TEOPETUUECKON TIPOYHOCTHIO, JINOO Ke BOOOIIE HE UMETH e€.

CtaHOBUIIOCH SICHBIM, BO BCSIKOM ciydae ['puddurcy, 4To B peaJbHOM MHUpE, IIe MaTepuabl
OOHApY)KUBAIOT JIMIIb MaJIyl0 W KpailHe MepeMEHUYMBYIO JOJII0 MPOYHOCTH HUX XUMHUYECKOU
CBSI3H, Ha CaMOM JIeJIe MEXaHUYECKYIO0 MPOYHOCTh OINpeAessieT MeXaHu3M ocinadnenus. Y Tonbko
MHOTO IMO3JHEE, YK€ B Halle BpeMs, KOTJAa Mbl HAyYWJIMCh II0OJIyd4aTh MaTepUalbl, IPOYHOCTH
KOTOPBIX COCTAaBJISI€T 3HAYUTEIBHYIO IO TEOPETUYECKON BEIUYMHBI, AEHUCTBUTEIBHO BAKHYIO
U TIOJIE3HYI0O DOJIb TPUOOPENO0 YMEHbE H3TOTOBIATH MAaTepHallbl C OYEHb MPOYHBIMH
XUMUYECKUMHU CBSI3SIMHU.

CnaboCcTh CTEKJISIHHBIX BOJIOKOH IOABOJUT HAcC K BOMPOCY O TIpUPPUTCOBBIX TpEHIMHAX U
BO3Bpamiaer k npodeccopy MHrImcy, KOTOpOro Mbl MOKWHYIW B IlaBe 1 B pa3aymbe Haa TeM,
oYeMy MOpPCKHE cyaa, 00Jajaroiye o TOrJallHUM pacueTaMm OOJIBIIUM 3alacoM MPOYHOCTH,
pa3liaMbIBalOTCSl HAJIBOE B OTKPBITOM OKeaHe. MHIiuc paccuuTan, Kak pa3HOTO poja BHIPE3HI,
BpO/I€ JIIOKOB Ha Naiy0e, BIUSIOT Ha MPOYHOCTh KPYIHBIX COOPYKEHH, B 4aCTHOCTH MOPCKHX
cynoB. ['puddutcy ke npuria B ToJI0BY OJECTsIIas MBICIb PacpoCTpaHuTh pacdyer WHrimca
Ha OOBEKTHl ropa3/l0 MEHBUIMX PAa3MEpPOB, C HAJApe3aMH IOYTH MOJEKYJISIPHOW BEIHUMHBI U
CTOJIb MaJIOM TOJIIMHBI, YTO UX HEJb3s PACCMOTPETh B ONTUYECKUI MHUKPOCKOTI.

Konuenrpauust HanpsiskeHU i

KakoBbl ObI HM ObUIM pa3Mepbl HAAPE30B-KOHIICHTPATOPOB, caMa KOHIIEHTPALUs HaIlpsDKEHUH
BCErJa UrpaeT OorpoMHyr poib. Kak mokazan WHrmmc, Bcskoe oTBepcTHe, JIOOOW OCTPHIHA
HaJpe3 B MaTepUaje CO3/1aeT B HEM MECTHOE MOBBIILIEHUE HAPSKEHUH. DTOT MECTHBIN BCILJIECK
HaIPsKEHUS, BETMYHMHY KOTOPOTO MOYKHO PAacCUMTaTh, 3aBUCUT TOJIBKO OT (hOPMBI OTBEPCTHS U
HUKaK HE CBfA3aH C €ro pasmMepamu. Bce mMHXKEHEphl 3HAIOT O CYIIECTBOBAHWU KOHIIEHTPALUU
HanpsHKeHUM, HO JTAJIEKO HE BCE €€ YYBCTBYIOT. J[€MCTBUTENBHO, MOJArasCh JIMIb Ha 3APABBIA
CMBICIJI, pr,Z[HO TIOHAATD, Hoquy KpOXOTHOC OTBepCTI/Ie OCJ'Ia6JI$IeT MaTepI/IaJI B TOﬁ K€ CTCIICHU,
9TO W OOJBIIAs IbIpa *: 3TO HECKOJIBKO MPOTHBOPEUUT MPUBBIYHBIM MpEACTaBICHUsAM. Tam, Te
€CTh MaJIble€ OTBEPCTUS U HAAPE3bl, MaTepHal HAYMHAET pPa3pyLIaTbCsd OT YCTAIOCTH OYEHD
CKOPO, HO ¥ TIPH OOBIYHOM CTAaTHYECKOM DPa3pPyMICHWH, TO €CTh MOJ JEHCTBUEM IOCTOSHHBIX
Harpy3oK, TaKM€ OTBEPCTUSI U HAJIPE3bl ACNal0T cBoe J1e10. Korga cTeKoNbIIUK peKeT CTEKII0, OH
HE CTapaeTcs Mpope3aTh €ro Ha BCIO TOJIIY JIMCTa, a JejlaeT JIMIIb HEerJyOOKHWil Haape3 Ha
MOBEPXHOCTH, TIOCTIE Yero Mo TaKOW IapamuHe CTEKJIO JIETKO pa3iambiBaercs. Ocnaldisrolniee
JIEHCTBHE IApallMHBl MMPAKTHUYECKH HE 3aBUCHUT OT €€ TJIyOWHBI. MEJKas IjapamnuHa JCHCTBYET
HUYYTh HE ciabee IITyOOKOH, MOCKOJIBKY CTENEHb MOBBIMICHHUS HANPSDKEHUH 3aBUCHT JIUILB OT
OCTPOTHI €€ KPOMKH.

* Kak Mbl yBuAMM Janbiie, B riaBax 4 u 8, HEympyroe MOBEJCHHE IUIACTUYHBIX METAJUIOB BBIPABHUBAET
HANpSDKEHUST BOKPYT MaJjlorO OTBEPCTHS, 3HAYUTENBHO OCNIabisas uX KoHIeHTpamuio. OTHAKO 3TO HE BCeraa
HaOJIIoMaeTCs B MeTaJuIaX, padOTArOMINX MIPH IIHKINIECKOM HAarpy>KeHHH, TO €CTh B YCIIOBHSX YCTaJIOCTH.

HetpynHo HapucoBaTh PU3UYECKYIO KAPTUHY TOTO, YTO XK€ B. IEHCTBUTEIBHOCTH IMPOUCXOAUT Y
TaKUX HaJPE30B, KaK TPEIIUHBI, 0COOCHHO €CITM pacCMaTPHUBATh CYIIECTBO Jieja Ha aTOMapHOM



ypoBHe. OOpatuBmnuch K puc. 18, BBl moiiMeTe, YTO NPH PACTSDKEHHM OAMHOYHAS IIETIOYKa
aTOMOB VWCIIBITHIBACT PAaBHOMEPHOE HANpPsDKCHUE, II03TOMY OHa o00JagaeT TeOopEeTHYECKOM
npouyHocThio (puc. 18,a).
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Puc. 18. Bo3HMKHOBEeHHE KOHIIEHTPAIIUH
HanpsizKeHui
Y KOHYHMKA TPeIHHBbI.

B3sB eme HECKONBKO TaKUX JK€ IIETIOYEeK U PACIONOXKHB WX TakK, YTOOBI OHU 00pa3zoBau
kpuctayu (puc. 18,6), Mbl yBHIUM, YTO TOKa €Il HUYTO HE MENIAeT KaXIOH IIEMOYKE B
OTIEILHOCTH HECTH €€ TOJHOE TEOPETHYECKOe HampspkeHHe. [IpeArnonokum nanee, 9To Mbl
nepepe3ain HECKOJIbKO COCEIHUX MEXATOMHBIX CBSI3eH, TO ecTh co3fgaiu Tpemuny (puc. 18,6).
Pazymeercsi, pa3opBaHHBIC IIETTOYKH YK€ HE CMOTYT, KaK MPeX/ie, HECTH HAarpy3Ky, IepeaaBas ee
0T aToMa K atromy. Tenepb 3Ty paboTy AOJKHBI B3STh Ha ce0s OcTaBIIMecs Lenoyku. M cuna kak
OBl 0OXOIUT TPEUIMHY IO CaMOMYy ee Kparo. Takum oOpa3om, MOYTH BCS HArpyska, KOTOPYIO
HCCJIN PA3pPC3aHHBIC ATOMHBIC HCIOYKH, MaAaCT TCICPh HAa CAMHCTBCHHYIO ATOMHYIO CBA3b Y
camMoro KoHuuka Tpemuusl (puc. 18,2). SIcHo, YTO0 mpU TOAOOHBIX OOCTOSATEIHCTBAX
neperpykKeHHasl CBsI3b MOPBETCS paHbIle Beex Apyrux. Korma ke Takoe meperpyKeHHOe 3BEHO
JIOTTHET, TIOJIOKEHHE HE M3MEHUTCS K JiydnieMmy. HampoTuB, OHO yXYIIIUTCS, TaK KaK Ha JOJIO
COCEJIHETO 3BeHa JOOABUTCS HE TOJBKO HArpy3Ka Mepepe3aHHbIX ¢ CaMOro Havasa Iernovek (mpu
CO3[JAaHUU TPEIIWH), HO €lle W Ta JOJs Harpy3KH, KOTOpas MPHUXOIWIACh HA TOJBKO YTO
JOMHYBIIYIO LENo4Ky. Takum o0pazoM, TpelHa B KpUCTAJUIe OKa3bIBAE€TCS MHCTPYMEHTOM, C
MIOMOIIIFI0 KOTOPOTO TMPUJIOKEHHAsT W3BHE ciadas CHjla PBET MOOYEPETHO OJHY 3a JAPYrou
MPOYHEHIIINE MEKATOMHBIC CBSI3U. Tak TpelrHa 1 0eXKUT 10 MaTepuany, Moka He Pa3pyIIUT ero
710 KOHIIA.

WHramc BeIYUCTHI KOA(PQPHUIIMEHTH! KOHIICHTPAIIMK HANPSDKEHH, MOKA3bIBAIOIINE, BO CKOJIBKO
Pa3 MECTHOC HAIIPSAKCHUC 60J'IBLHG CPCAHCTO HE TOJIBKO IJId MPAMOYTOJIbHBIX BBIPC30B, HO U IJIA
BBIPE30B Jpyroil (OpMbl, HAMpPUMEp KPYIIIBIX M WIMHAPUYECKAX OTBepcTHid. CHIIBHO
BBITAHYTOC OIJUIMIOTUYCCKOC OTBCPCTUC MOXKHO CYHTATH TpeHlHHOﬁ. I[J'ISI SIUIAIITHYECKOU
TPEIMHBI KOA(PPUITMEHT KOHIICHTPAIIMN HAMIPSHKEHUH OyIeT BhIpaxkaTbes GpopmyIioi
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rae L ecte monmymiuHa TpemuHbl, & R - paauyc KpuBU3HBI €€ KoHuMKa. Okazainoch, 4TO 3Ta
dbopmysa crmpaBenuBa HE TOJBKO JJIS AJUIMIICA. y BCSIKOTO OCTPOTO Hazapesa KoddQuimeHT
KOHIIEHTPAIIUU HAMPSHKCHU UMEET MOYTH TAaKyl ke BenuumHy. Kcratu ckaszarh, y Kpyrjioro
OTBEpPCTHUSI MECTHOE HAIpsKEHHE BTPOE IPEBBIIIAET cpeaHee. PaccMOTpuUM TpemiuHy AJIUHOM,
CKaxeM, 2 MKM C PaJlnycoOM KpHUBHU3HBI ee KOHUMKa 1 A. Takas TpemuHa CIUIIKOM Malia, YTOOBI
€e yJalloCh YBUJETh C MOMOIIBI0 ONTHYECKOTO MHKPOCKOIA, €€ TPYAHO OOHAPYXKHUTh Jaxke C
MIOMOIIBIO 3JIEKTPOHHOTO MUKpOcKona. Ho TeM He MeHee OHa MOBBIIACT HAMPSKEHUE Y CBOETO
koHunka B 201pa3. [Ipm momoOHOW KOHIEHTpAIlMU HAMPSHKEHUH TPOYHOCTHh TrpudduUTcoBa
crekia jgopkHa cHu3UThess OoT 1500kr/MM? 10 ypOBHSI BCErO HECKOJIBKMX KHJIOTPAMMOB Ha
KBaJIpaTHBI MWLIUMETP, TO €CTh IO BEIUYMHBI, OJIM3KOIM K MPOYHOCTH OOBIYHOTO cTekia. Bee
3T0 To3BoNMIIO ['puddurcy mpeamnonokuTh, 9T0 B OOBIYHOM CTEKIIE COJCPKUTCS MHOMKECTBO
OUYEHb TOHKUX TPEILMH, KOTOpbIe HE MOAMAI0TCA OOHAPY)KEHUIO C MOMOIIBIO KaKuX Obl TO HU
ObLI0 OOBIYHBIX cpencTB. OH HUYEro HE TOBOPUJI O TOM, KaK OHHU BBITJISAST WM KAKOBO HX
MPOUCXOXKICHNUE, a MPOCTO YTBEPKJaj, YTO €CIM OHU CYIIECTBYIOT B OOBIYHOM CTEKJIE - a
nouemMy Obl UM HE CYIIECTBOBATh! - TO CTEKIIO OJKHO OBITh ManonpouHbiM. OH MPEATONIOKIIT
Jasee, 4To Mo KaKoW-TO HEM3BECTHOH MPUYMHE B TOHKHUX BOJOKHAX OHU 00pa3yloTcs pexe, a B
TOHYANIIINX TIOYTH HE MOMAIAI0TCs, OBITH MOXKET, JTUIIb IOTOMY, YTO UM TaM HET MECTa.

I'pu¢dpurcoBbl TpeIMHbI

[Mo-Bugumomy, I'puddurc myman, dYro TpemuHbl, KOTOPHIE OH CUUTAT PEAIbHO
CYIIECTBYIOIIMMH B CTEKJIC, pa30pocaHbl BO BCEM €ro oO0beME M BO3HHKAIOT B IpOIEcce
3aTBEp/ICBaHMs CTEKJa M3-3a HECIMOCOOHOCTH €ro MOJIEKYJ COMKHYTBCS JAPYr C JIpyroM Ha
OTAENBHBIX ydacTKax. OrisapIBasch Haszal, MOXXHO TOJIBKO YIUBIATHCS TOMY, KaK MHOTO
BpPEMEHHU TIOHAJ00MJIOCh, YTOOBI OTBEPTHYTH 3TO mpenacTtaBieHue. Pacuerst ['puddurca
MOKa3bIBAJIM, YTO TPEUIMHBI - KAKOBO OBl HU OBUIO WX NMPOUCXOXKIEHHE - JOJDKHBI OBITH BeCbMa
Y3KUMH, BO3MOXKHO, MOPAIKA COTHIX JAOJEH JJIMHBI BOJIHBI OOBIYHOIO BHAUMOTO cBeTa. Tak Kak
YBHIETh OOBEKTHI, 10 pa3MepaM HaMHOT'O MEHBIINE, YeM JUTMHA BOJHBI OCBEIIAIONIETO UX CBETA,
NPUHIUIHAIBLHO HEBO3MOXKHO, TO PacCMOTpeTh TpemuHbl [ puddurca HemocpeacTBEHHO yepes
OOBIYHBIH ONTUYECKUIT MHKPOCKOI, KOTOPBIM B JydIIeM CIydae MO3BOJISET BUACTh MPEAMETHI
pa3MepoM OKOJIO IMOJIYMHUKPOHA, HE OBbLJIO HUKAKON Haaexnbl. [IpUIIIOCh *KAaTh MOSBICHUS
JIEKTPOHHOTO MUKPOCKOIA, B KOTOPOM M300payKeHNE CO3AaeTCs IEKTPOHAMH C JUTMHON BOJIHBI
9T0-HUOYIH 0KOJI0 1/25A, B TO BpeMsi Kak BUIMMBIN CBET HMeeT JIHHY BoJIHBI 0Kosio 4000A.

Ho yxe B 1937rony, To ecTh eme OO0 TOro, Kak B Ja0OpaTOpHUSX MOSBUINCH 3JICKTPOHHBIC
MHKPOCKOTBI, AHApane U LIMHp pemmin MmoucKaTh TPEIMHBI B CTEKJIE ¢ MOMOUIBIO IMPOCTOTO
ONTUYECKOTO MUKPOCKOIIA, MPUOETHYB K TaK Ha3bIBAEMOMY JCKOPHPOBAHUIO. DTOT METO/, YaCTO
BeCbMa JICWCTBEHHBIM, MOXXHO TIPEACTaBUTh cebe craeayrommM obOpa3zom. IlycTe ToHKas
IPOBOJIOKA, HAaIIpUMeEp TeJerpadHblil MPOBOJ, HATAHYTAa TaK JaJleKo OT Bac, YTO €€ COBEPIIEHHO
He BuaHO. Ho ecnu OBl ynanoch Kak-To 3aMaHHUTh HA HEE CTAIO JIACTOUYEK, TPOBOJIOKA CPa3y XKe
Opocuiack Ob1 HaM B ry1a3a. ([To 3To# camoii MprYMHE CBSI3UCTBHI MHOT/Ia HACA)KMUBAIOT MTPOOKH Ha
tenerpadusie nposona.) Tenepp mpencraBeTe cede, YTO MOSIBIIACH HOBAs CTas M ycelach Ha
CIIMHBI YK€ 3HAKOMBIX HaM ITHI] - MPOBOJIOKA CTaja emle 3aMeTHee. B mpuHmmme takum
0o0pa3oM Hally HPOBOJOKY MOXKHO CJENaTh CKOJb YrOAHO TOJCTOH. Temephb ocTaeTcs JUIIb
BCIIOMHHTH, YTO HEKOTOPBIE BEIIECTBA KPUCTAIM3YIOTCS JIETUE, €CIIN Ha TOATI0XKKE eCTh KaKHe-
TO OTKJIOHEHHS OT peryaspHocTd. BpIOpaB moaxofjsiiee BEIIECTBO W 3aCTaBHB  €TO
KPHCTAJUIN30BAThCSI HA KAaKOH-TO IOBEPXHOCTH, BBl YaCTO MOXETE 3aMETUTh, YTO HOBBIC
KPUCTAUIBl  3apPOXKIAIOTCS  TOYTH HUCKIIOUUTENIPHO HAa TOHKUX HEPEryIspHOCTSX 3TOU
IIOBEPXHOCTH H, CJIEIOBATEIILHO, JENA0T MOCIEAHNE BUAMMBIMU JUTS HaOIoqaTens.

AHzapane ocaxianl Ha TMOBEPXHOCTH CTEKJa Napbl HATpHsi, KOTOpPbIE NpPU KOHJCHCAIUU
CO3/MaBalld Ha HEW CETKY JNWHUN. MOXHO OBLIO MPEAINOJIOKHUTh, YTO 3TO OBUIM TPEIIUHBI, HO



MOJIHOM YBEPEHHOCTH, KOHEYHO, HE OBUIO. B TMOJOOHOM ONBITE HETPYAHO OBLIO MOJIYYUTH
M300pakeHue MapCUaHCKUX KaHAJOB WM JIIOObIX Ipyrux xumep. Ho maxke eciam »TH y30pbl U
BBISIBJISUTM TOHYAMIIIME TPEIIMHBI HAa MOBEPXHOCTU CTEKNIA (UTO, KAKETCS, B JICHCTBUTEIBHOCTH
TaK ¥ OBbLIO), TO 3TO €lIe HE CIYXHJIO JOKa3aTeIbCTBOM OTCYTCTBHS B CTEKJIE€ BHYTPEHHHX
TPEIIUH.

B mocneBoeHHBIC TO/IBI YIAJIOCh MOKA3aTh, YTO UCKIIOYUTEIBHO MPOYHBI HE TOJIBKO TOHUYAKIINE,
HO U JTOBOJILHO TOJICTBIC BOJIOKHA, €CJIM OHH TIIATEIbHO U3TOTOBICHBI. [IpOYHBIC CTEKIOBOIOKHA
OT TPUKOCHOBEHHUS K HHM CJIa0CiOT, a cliadble - YIOPOYHSIOTCS, €CIU YIaluTh C HHUX
MOBEPXHOCTHBIN CJIOW XMMHYECKUM IyTeM. Bce 3TO 1ano OCHOBaHMS CYMTATh, YTO BOJIOKHA
0CNabIISAI0TCS TJIABHBIM 00pa3oM nedeKTaMu Ha ITOBEPXHOCTH CTEKJIA.

[Mpubmusurensuo B 1957rony mel ¢ Mapraper Ilappat u /[[pBunom Mapiiem npoBeian OYeHb
MHOTO BpPEMEHH 3a HCCIICAOBAHUSAMH ITOBEPXHOCTH CTEKJAa. YCOBEpIICHCTBOBAB METOAWKY
Annpane, Ilappar Hayuywiack BOCHPOU3BOJMTH MpEKpacHEHIIne oO0paslbl TpEeIUH Ha
MOBEPXHOCTH CTEKOJI BCEX COPTOB. MHOTME M3 3THX TPEUIMH, MOKaITyl, OONbIIas WX YacTs,
MPEACTABISUIM COOOM TOHYAMIIME BOJIOCOBUHBI. [IJIOTHOCTH pacrpeleneHus TPEeluH OuYeHb
XOpOIIO YBS3BIBAJIACH C MPOYHOCTBIO OOPA3LOB pa3MUHBIX CTEKoJd. Bompoc temeps coctosin
TOJBKO B TOM, YTOOBI BBISSCHUTH, KaK )K€ TPCIIMHBI BO3HUKAIM Ha MOBEPXHOCTU CTEKOJ. Bo
MHOTHX CIIy4asX COMHEHHMH HacueT HPHUPOJBI TPEUIMH HE OCTABAIOCh. TPEUIMHBI OKAa3aJHCh
LapanvHaMH, HAHECEHHBIMH CTEKITy JPYTMMHU CONPUKACABIIMMUCS C HUM TBEPABIMU TEJIaMHU.
[MTappar chororpadupoBana Takue THIHYHBIC TpenuHbI (prc. 19u 20).

Puc. 19. TpemuHbI BOIM3N HAPANMHBI HA MOBEPXHOCTH CTEKJIa
(X7000).

Puc. 20. lapanuna Ha MpeAMEeTHOM CTeKJie MUKPOCKOIA




JlocTaToOuyHO CaMOro JIETKOro MPUKOCHOBEHHS K CTEKIIy YTOOBI CO3/1aTh Ha €ro MOBEPXHOCTH
COBEpIICHHO 3aKOHYEHHbIE OOpa3loBble TPEUIUHBL. JIMIIL B OYEHb PENKHX CIydasX CTEKJIO
obOeperaeTcsi OT TMOMOOHBIX MPUKOCHOBEHHH C CamMOro MOMEHTa €ro H3TOTOBIICHUS U3
pacIuIaBiI€HHON CTEKJIOMACCHI.

OTHIONL HE MCKIIOYEHO, YTO 3TO IMPOCTOE OOBSICHEHHE JaBallo MCUEPIBIBAIOIIMNA OTBET Ha
BONIPOC O TPOUCXOXKACHUU TPEUIUH I OOoJNbIIell 4YacTH OOBIYHBIX CTEKON *. BBICOKYIO
MPOYHOCTH TOHKUX BOJIOKOH MOXHO OTYAaCTH OOBSCHUTH TEM, UTO OHU OYEHD JIETKO THYTCSA U UX
mpolle U30THYTh, 4YeM mnouapamartb. OJHAKO HaONIOJaeTcs psij CIydaeB, KOTJa MPOYHOCTH
CTEKJIa MEHSIETCS, XOTSI €ro MOBEPXHOCTh COXPAHSIETCS COBEPIIEHHO HENMOBPEXAeHHON. O1HA U3
MPUYWH 3TOTO ObUTa M3y4ueHa Mapiiem.

* Dueprerndyeckuid kpurepuii ['puddurca, KOTOPHIA ympaBisieT pacnpocTpaHEHHEM TPEUIUH, pacCMaTpUBAaeTCs B
riaBe 4. XoTsi BHyTpeHHHE Je(eKThl TaM, Tie OHH CYILIECTBYIOT, B IPHHIMIIE HE OTIMYAIOTCS OT [TOBEPXHOCTHBIX,
OHM OOBIYHO OBIBAIOT KOpPOYE U, CICIOBATEIBHO, KAK MBI B 3TOM yOemuMmcs Aajbliie, IUIS MX pocTa TpedyeTcs
0oJIbIIIC SHEPTUH.

Korna >xuakocTu 3aTBepaeBalOT, OHU Yalle BCEro KPUCTALIM3YIOTCS. OOBIYHO KPHUCTALIBI
OBIBAIOT IUIOTHEE HCXOMHOM JKUAKOCTH (XOTS HW3BECTHBI HMCKJIFOUCHHUS M3 3TOr0 MpaBUIIA,
HanpuMep Boja). B KpucTaiiax aToMbl pacroyiaraloTcst 6osiee yrmopsaoueHHO U TeCHee APYT K
IpYTY, 4eM B )KUIKOCTH. CTEeKIIa JKe B MPOIIeCCe 3aTBEPACBAHMSI OBIBAIOT CTOJb BI3KUMU, YTO UX
MOJIEKYJIbI HE YCIEBAIOT PAacCOPTUPOBATHCA TaK, 4TOObI 0Opa3oBaTh KpucTawibl. I[loaromy
CTEKJIO - 3TO MEePEOXJIAKIECHHAS U 3aCThIBILIAS KUJKOCTh, 8 HE KPUCTAIUINYECKOE TBEPAOE TEJIO.

OnmHako W B CTEKJIE CYNIECTBYET TCHICHIMS K KPHUCTALIM3ALUH, W HEKOTOpBIE CTEKIa CO
BPEMEHEM  TPEBpAINAIOTCI B  KPUCTAUIMYECKME Telna. OTO  SBICHHE  Ha3bIBAIOT
paccTekiioBbiBaHuEeM. [10CKOJIBKY CTEKJIa IPU PACCTEKIOBBIBAHUM JAIOT YCAIKy, ITOT MPOIECC
9acTO CONPOBOXKAACTCS Pa3ylMpOYHEHHEM, OTYEro CTEKJa PACCHINAIOTCS Ha Kycouku. OOBIYHO
AQHTUYHBIC CTEKJIA JOXOIWIIM JI0 HAaC B PACCTEKIOBAaHHOM COCTOSHHH, BEIb WX, KaK IPaBHIIO,
wioxo Bapwin. K ToMy e ¢ Tex mop mpomuio 6osiee 4eM JOCTaTOYHO BPEMEHU M OHU BIIOJIHE
yCIeNU 3aKpHCTAIUTM30BaThCs. [IpaBa, cTaB HENPOYHBIMH, OHH HE CTaJlM MEHEE MPEKPACHBIMH.
Kak mnokazanx Mapmi, B HEKOTOPBIX CTEKNIaX, HaXXe CaMbIX CBEXHX, PacCTEKIOBHIBAHUE
IPOUCXOIUT C caMoro Hadana. EMy yznanock cortorpadgupoBaTh Ha 3JIEKTPOHHOM MHUKPOCKOIIE
KPOIIEYHBIE KPUCTAIUIMKH U MOKa3aTh, YTO yCaJKa B XOA€ MX 0Opa30BaHMS TOCTAaTOYHA, YTOOBI
3apoAmiach TpellnHa, Oerymias 3aTeM Mo BceMy Kycky crekia (puc. 21). Hano mom4epkHyTs,
YTO CTEKJIO B TOHKHX BOJIOKHAaX OT OOBIYHOTO CTEKJIa HWYEM OCOOEHHO He orTimyaercs. Ecim
TIOBEPXHOCTh TOJICTOTO CTEKJIA C/IENAaTh TJIaJKOW U MOCTapaThCsi COXPAHUTh €€ B TAKOM BHJIE, TO
10 IPOYHOCTH 3TO CTEKJIO HE YCTYNUT TOHKOMY BOJIOKHY. OJJHAKO TOOUTHCS ITOTO HA MPAKTHKE
OOBIYHO OYEHb TPYIHO.

Puc. 21. PocT KIMHOBHIHOTO KPHCTAJLJIA B CTEKJIE.




Ecnu B cTexknonomobHOoM amopHOM MaTepualie TpelrHa, Oepyiias Hadalio OT TOr0 WM HHOTO
MECTHOro ae(eKTa, He pacHpOCTpaHsercsi, TO IMOYeMYy K€ M KaKMM 00pa3oM OH BCe-TaKH
paspymaercs? B Takux ciaydasx marepual, MOoJ00HO IUIACTHIIMHY, TEUeT U pa3pyliaercs OT
casura. [IockonbKy CTEKJIO HaYMHAET TeUb NPU KOMHATHOM TEMIEpaType JIMUIb MO ACHCTBAEM
OYCHb OOJBIIOTO HAMPSHKEHUS M K TOMY K€ OHO JIETKO pa3pylIaeTcsi OT PaclpOoCTpaHEHHS
TPEUIMHbI, IMOCTOJIBKY OHO, KaK M Jpyrue amop(Hble Marepuanbl, NPaKTHUYECKH BCEraa
paspyaeTcst XpynkuM o0pa3oM. Mbl K 3TOMY NPUBBIKIH, U HaM TPYJIHO MPEICTaBUTH cebe, uTo
OHM MOTYT pa3pymarbcsi mHade. Ha camoM ke nene, eciam pacTpeCKMBaHHE CTEKIA, KOTOPOe
IPOUCXOIUT MPU PACTSDKEHUH, NIPENOTBPATUTD, HAIIPUMED, IIYTEM BCECTOPOHHETO €r0 CHKaTu,
TO B 9TOM CJIy4ac CTEKJIO MOXKHO 3aCTaBUTh T€Ub, KaK TEKYT IJIAaCTHYHbIE MaTepuainsl. CTEKIIo,
KOT/Ia Ha HETO OKa3bIBAIOT JIaBJICHUE MPUTYIUICHHON alMa3HOM UIIol (MHASHTOPOM), BEAET ceOst
noJ0o0HO 3ama3Ke, HO Bellb KacaTelIbHOE HaIpsUKeHHe, HeOOXOauMoe Ul TEUeHMsl, ropasfo
BhIIIIE HAOMIONAaeMON MPOYHOCTU. B OOBIUHBIX CTEKJIaX OHO MPEBHIMIACT NPU KOMHATHOM
temmeparype 350kr/mm>,

CoBceM HemaBHO Mapul mokasal, 4TO CTEKJIO, €CIM B HEM IOYTH OTCYTCTBYIOT TpPEUIMHBI,
NecTBUTENBHO TeueT. [Ipu KOMHATHOM TemIieparype HalpsHKeHHE TEUCHHS B CTEKJIE OOBIYHO
npeBocxoaut 350kr/mm? HMHTepecHO, YTO TeMIiepaTypa CpPaBHUTEIBHO Clab0 BiHMIET Ha
TEHACHLIMIO K pa3pylICHUIO CTEKJa IMYTEM paclpoCTpaHEHMsI TPEIUMH, B TO BpeMs Kak
KacaTeJbHOE HaIpsDKEHHE TEYEHHs] CHIIBHO 3aBUCHT OT Temrieparypbl. Korma Mbl HarpeBaeM
CTEKJIO, HE JOBOJS €ro J0 IUIABJICHHUS, HANpPHKCHUE TEUYCHUs CHUXKAETCS ObICTpee, 4YeM
HaMpsDKEHUE XPYMKOro paspyiieHus. MIMeHHO mo3ToMy Harperoe crtekiio (He o00s3aTeibHO
OYEHb TOpsYee) JOBOJBHO JIETKO THETCS, (OpMyeTcs W Iojanaercs BblnyBaHHIO. Haobopor,
cB0OOAHOE OT Ne(eKTOB CTEKJIO CTAHOBHUTCA MpPOYHEE MPHU OXJAXKICHUHU, TaK KaK MPH ITOM
MOBBILIAETCS €r0 CONMPOTHUBIIEHNE TEUEHMIO. M3-3a 3TOTr0 CTEKII0 C XOpOLIeH NOBEPXHOCTHIO MPU
temriepatype -180° C mo cBoeil mMpoYHOCTH MPUMEPHO B JIBa pa3a MPEBOCXOIUT TO KE CTEKIIO
IIPY KOMHATHOM TeMIeparype.

O00011as Bce CKa3aHHOE BBIIIE, MOXKHO 3aKIIOYUTh, YTO BCETJAa CYIIECTBYIOT JIBA MEXaHU3Ma,
BEAYIIUX CIOp 3a MpaBO pa3pylidTh MaTepuan, - IUTACTHYECKOEC TEUeHHE W XPYIKOE
pacTpeckuBanune. Marepuan ycTymaeT TOMY WIH JpyroMmy W3 HuX. EciM OH HayWHAaeT Teub,
IpeXJIe YeM pacTpecKaercs, To, 3HAUUT, OH TUIACTHUYEeH. Ecu e OH pacTpecKuBaeTcs 0 TOro,
KaK Hayall Te4b, TO MBI HIMEEM JIeTIO C XPYNKUM MarepuanoMm. [loTeHnuaipHble BO3MOXHOCTH
000MX BHJIOB pa3pyIlICHUs 3aJI0’KEHBI BO BCEX MaTepHallax.

[IpoyHOCTH XpPYNKHUX KPUCTAILJIOB M paccka3 00 ycax Bce, 4To MbI TOBOPUIIH, TOBOJIEHO XOPOIIO
O0OBSCHSET MPOYHOCTh CTEKOJI U TAKKX aMOP(HBIX MUHEPAJIOB, KAK KPEMEHb WIIH BYJKAaHUYECKas
naBa obocunuad. Ho momasistomiee OOMBIIMHCTBO TBEPBIX Tell, MPUPOJHBIX U UCKYCCTBEHHBIX,
UMEET KPHUCTAUIMYECKYI0 CTPYKTypy. CyIIecTByeT CBOETro pojaa MpeapaccyaoK, dYTo
KPUCTANIMYECKHE MaTepualbl HE MOTYT OBITh NPOYHBIMHU. Tak, ciecapb, OOHapyKUB
CJIOMAaHHBIA KOJICHYAThIM BaJI WM KaKyHO-IHOO APYTYIO JeTajdb aBTOMOOWIISA, MOXET CKa3aTh,
4T0 "OHA KPHCTAJUIM30BaNach". B KakoM coCTOsTHMM ObLIa 3Ta JeTallb 10 "KPUCTAIM3alNuU", OH
HE OOBSCHHUT, SICHO, YTO OHA He Obuta amopdHO. HeT HYXIbl MOBTOPSITH, YTO BCE METAJLIBI,
MOYTH BCE MHUHEPAJIbI, OOJBIIMHCTBO KEPAMHUECKUX MATEPHAIOB M MPHUBBIYHBICE HAM caxap U
CoJIb - BemiecTBa Kpuctayuinueckue. CooOpakeHHUsl 3IpaBOrO CMBICIA BPSA JIM TPUBEIYT K
3aKJTFOYCHUIO, YTO TOJILKO PETyIspHas yIOpPSIOYCHHAs YIIaKOBKAa aTOMOB WM MOJIEKYII MOYET
OBITh MPUYMHON MaJION TPOYHOCTH TBEPIOTO Tena. M melcTBUTENBbHO, 3TO HE TaK.

OpHako, Korza Mbl MMEEM [0 C TBEpAbIMH XPYNKHMHU KpHUCTaIJIaMH, Ha IpPAKTHKE HX
IIPOYHOCTH OKa3bIBAETCS JaKE€ HHMKE, YEM IIPOYHOCTH MOHOJUTHOIO CTEKJIA, U B CBOEM ' CHIPOM"
BUJIC HEMETAJUIMYECKHE KPUCTAJUIBI BIIOJHE 3aCIIyKUBAKOT TOI'O MPE3PEHHs], C KOTOPhIM K HUM
OTHOCSITCS] UH)KEHEPBI.



Teneps camMoe Bpems TOTOBOPUTH 00 "ycax". MBI 4acTO CIBIIINM O "'METaJNIMYeCKuX ycax', KaKk
eciu Obl OHU ObUIM €IMHCTBEHHBIM TUIIOM ycoB. Ha caMoMm e fene 3TH ycbl MeHee OObIUHBI U
MEHEe MHTEPECHBI, YeM HEeMETaJUTMUECKHe, T0OITOMY MBI OyJeM rOBOPUTH TJIABHBIM 00pa3oM O
MOCIEAHUX. Y Chl, 0 KOTOPBIX MOIAET peub, HE UMEIOT HUYETO OOIIEro ¢ YeIOBEYECKHMM BOJIOCOM
U TIPEJCTABIAIOT COOON IJIMHHBIE TOHKHE WTJIOBHIHBIE KPHUCTAIbI, KOTOPHIE MOTYT OBITh
CIIy4ailHO WM TpeJHAaMEPEHHO BBIpAllleHbl U3 OoNbIIMHCTBA BemiecTB. CyIIEeCTBYeT MHOTO
Croco00B WX BhIpalIMBaHusA. TONIIMHA YCOB OOBIYHO COCTaBisieT 1—2 MKM, XOTS WX JUIMHA
MO’KET U3MEPATHCS MUJTUMETPAMU U JIaXKe CAaHTUMETPaMHU.

Puc. 22. Ycbl, pacTylige Ha MeTAJJIMYeCKO MOBEPXHOCTH

WHornma ycel BRIPACTAIOT CIIyYailHO HAa METAUTMYECKHX MOBEPXHOCTSX (puc. 22), U, KorJa 3Ta
MOBEPXHOCTh OKAa3bIBACTCS DJIEMEHTOM JJIEKTPUUYECKON CXEMbI, BIIOJHE BO3MOXHO KOPOTKOE
3aMbIKaHHE, KOTOPOE WHOTJA OKa3bIBAeTCS JOCAIHBIM, MHOT/AA JOPOTOCTOSIINM, a TOpPOH U
OTIaCHBIM, CMOTPSI MO OOCTOATENHCTBAM. TaKoro poja METAIMYECKHE YChl OBLIM W3BECTHBI
JOBOJIBHO JaBHO, HO K HUM OTHOCUJIUCH pa3Be 4qTo C HeKOTOpBIM J'IIOGOHBITCTBOM, Koraga K BTOMy
HE MPUMEIIUBAJIOCH YYBCTBO A0cajbl. Tak mpomosmkamock n0 1952roma, xorma XeppuHTy U
FOHTy CJ'Iy‘-II/I.HOCB I/IBOFHYTB HCECKOJIBKO OJIOBAHHBIX yCOB. OHI/I 3aMCTHUIIN HpI/I 39TOM, 4YTO HpH
nedopmaruun ~2% ycel ocTaroTcs ynpyruMmu. Takas ympyras aedopmarids COOTBETCTBOBAIA
HANPSDKEHUIO0, KOTOPBIM HUKTO HHUKOTJA HE HAarpykajl HE TOJBKO OJOBO, HO M, BO3MOJXKHO,
HUKAKOW Npyroil mMetayyi. ITo ObUIO TOXO0XKE Ha TOBEJACHHE TOHKHX BOJIOKOH C aHOMAJIBHO
BBICOKOI IIPOYHOCTHIO, UTO, €CTECTBEHHO, IPUBIIEKIIO K ce0e OrpPOMHOE BHUMAaHUE.

Xeppusar u 'ont paboranu ¢ onoBoMm. OJOBO - MeTaul, a OT MeTaula KaXIbld MOYEMY-TO
OKHJAET MPOYHOCTU. MeHs ke B TO BpeMs 3aHMMall BOMPOC, MOKHO JIM CIIeNaTh MPOYHBIMU U
00bIYHO cnabble HeMeTaindeckue Kpucramibl. M BoT ogHaxmbl, 370 Obuto B 1954rony, s
3aleNl Ha CKJIaJ XUMHUYECKHX PEaKTUBOB M IONPOCWI JaTh MHE YTO-HUOYIb Takoe, 4TO
pacTBOpPsIIOCH OBI B BOJIE, 2 KPUCTALTU30BAIOCh OBl B BU/IE UTJ. KimaloBIIMK Aam MHE OYTBIIKY C
THUAPOXHUHOHOM, BEIIECTBOM, KOTOPOE OOBIYHO MCHOJb3YyeTCs B poTorpaduuecKux MposiBUTEIIAX.
byTbiika Obula MOJHA CyXHMX KPHCTAUIOB TOJIIMHON MPUMEPHO B OOBIYHYIO HIJYy U OKOJO
canTuMeTrpa JUMHON. Omnepupys ckaibreneMm, s OBICTPO TMOHSJ, YTO WX MPOYHOCTH
npeHeOpekuMo Malia. 3aTeM sI pacTBOPUII HECKOJIBKO THIPOXMHOHOBBIX KPHCTAJIOB B BOJIE,
HAHEC KaIlIl0 3TOT0 PacTBOpa HAa MPEIMETHOE CTEKIIO MUKPOCKOIA M CTaj *kJaTh, KOT/a BOJA
ucnapurcsa. B mpouecce wucmapeHuss B ToJjie 3pEHUST MHUKPOCKOIA BBIPACTAIM HrOJIbYaThie
KPUCTAIITMKH, KOTOPbIE OBUTM HAMHOTO MEHBIIIE PACTBOPEHHBIX MHOIO.

HoBple kpucTamibl uMenu HUTEBUAHYIO (opMmy. BHauane oHu ObUIM Tak TOHKH, YTO UX €/1Ba
MOKHO OBIIO Pa3IMUYMTL B ONMTHYECKHI MHKPOCKOI. [TOMIEBENINB HX UIJIOM, sI OOHAPYKHII, UTO
9T MAJICHBKUC HUTU OYCHBb IMPOYHBI, HO YCTAHOBUTH TOYHO, HACKOJILKO OHU IPOYHEI, - 651.]'[0
OYCHb HETPOCTO (puc. 23).



Puc. 23. HureBHAHbIE KPUCTAILIBI, UM YCbI THIPOXHHOHA,
pacryiue U3 BOAHOro pactBopa. O6paTure BHHAMHHE Ha
HesICHOE M300paskeHue - ITO ¢, KOTOPBIil 0cBOOOIHIICS OT
MeIIalUINX eMy MeXaHHYeCKHX OrPAHHYeHHIi H BBIIPSIMIIsIETCS
(mapanieabHbIe MO0CHI BbI3BaHBI AMdpaKIueii - 370 Most
omomHocTh!) (%x100).

OTO MeHs B3BOJIHOBAJIO, M OYEHb CKOpPO 51 Hayal MpoOOBaTh KPUCTAJUIBI Pa3HBIX BEILECTB,
B3ATHIX C ITOJIOK COOCTBEHHOI 1a00paTopuy 1 1a00paTopHii CBOMX KoJuter. HeKoTophIX HaBBIKOB
U MMUHUMAJIBHOM XUTPOCTH OBLJIO JOCTATOYHO, YTOOBI MOJIYYUTHh B BHJIE OYCHb TOHKHX HHUTEH -
YCOB KPUCTAJIJIBI IIOYTH JIFOOOTO PaCTBOPUMOTO TBEPIOTO BEIIECTBA. B X0/ monum ropekas coiib
U JTa)Ke XJIOPHUCTHIM HATpHil, 0ObIYHAs MOBAapeHHas coib. M BO Bcex ciaydasiX yChl OKa3bIBAIHCh
IpOYHBIMH. MOKHO OBIIIO TIPEAIIONI0KHTE, YTO UX MIPOYHOCTH KaK-TO CBSA3aHA C BIAKHOCTBIO MX
noBepxHoctu. B 20eroxapl pycckuit yuyenolii A.D. Modpde oOHapykus, UYTO HEKOTOpbIE
BEILIECTBA MOCJIE CMaYMBAaHUS CTAHOBIIINCH IpoyHee. [IpaBaa, ecTh U Takue BemecTBa, KOTOPhIe
IpU 3TOM, HA00OPOT, pasynpouHstoTcs. OnHaKO, HACKOIBKO 1 MOT ONPEACIUTD, BHICYLIHBAHNUE
YCOB HE CKa3bIBAJIOCh 3aMETHO Ha MX MPOYHOCTH.

Ha sroif cragum paboTsl ObUIO MHOTO TpyaHocTed. Hampumep, Mbl HE MMeNH JOCTAaTOYHO
HaJIC)KHBIX METOJOB U3MEPEHUS IPOYHOCTH YCOB.

OOBIYHO MBI W3THOAIM YCBI MOJ MUKPOCKOIIOM C ITOMOIIBIO WIJI; U3MEPUB MPHUOIM3HTEIHHO
TONIIUHY U PaguyC KPUBU3HBI, MOXXHO OBUIO ONpENeNuTh AeopManuio mpH pa3pylieHUU C
MOMOIIBIO TIPOCTOM Teopuu u3ruda Oanmok. MokHO cebe MpeaCTaBUTh, CKOJb AbSBOJIBCKU
HEyn00€H U HETOYEH OBLIT 3TOT METO/.

Ycbl 00BIYHO 3apOXKIATHCHh B BUJE YPE3BBIYAHO TOHKUX HUTEH, KOTOPBIC 3aT€M CTaHOBWIIHCH
Toule. 3aMETUB 3TO, sl YCOBEPIICHCTBOBAI METOIMKY M3ruba: mpu 3apoXKACHUU yca s HaunmHall
B30aNTHIBATh BOJY M 3aTEM OCTABIISLI YCHI YTONIIATHCS IO TE€X IO, MMOKa OHU HE JIOMAIHCh. ITO
ObL1a MeHee TpyOasi MeTOIMKa, HO BCE €Ille BeCbMa HEyI0BIETBOPUTENbHAS.

Kak pa3 B 310 Bpems (1956rox) ko MHe npumen padotars JaBun Mapin u OyKBalbHO MEPBBIMU
ero cioBamu ObuTH: "[louemy ObI HE clenaTh MOAXOMSIIYIO pa3peiBHYIO MammuHy?" Kaxercs, s
0e3 OOMHSKOB MPOTHAJ €ro, MOCOBETOBAB HE 3aHMMATHCS TIIYMOCTSIMH. YCBI OBUIM CIHIIKOM
MaJibl, 9TOOBI PAacCMOTPETh WX HEBOOPY)KCHHBIM TJIA30M, MHE MPEICTABISIIOCH, YTO HEINb3S
CIeNaTh HCIBITATENFHYIO MAIIWHY JUIsl CTOJIb KPOIIEYHBIX OOpasmoB. Mapiin yiien u 3aHsuics
OTHIOJIb HE TJIYIIOCTSMH: OH BO3BPATHJICS C MHUKPOWCIBITATEIFHOW MAIIMHOM, KOTOpas Ha
yIUBJICHUE BCEM... paboTana. CKOHCTpYHUpOBaJI U MOCTpomws OH ee caMm. OAMH W3 BapHAHTOB
mamuael Mapma (Mapk-1ll) momen B cepuiiHOoe MPOM3BOIACTBO, W CETOMAHS, MOKAIYH, HE
HalileTcss HU OJHOM YyBakaromiel cebs nabopaTopuu, KoTopas Obl ee He mmena. Ha »Toi
3aMeyYaTeNIbHOW MallliHE MOKHO TPU HEOOXOJMMOCTH HCIIBITHIBATH BOJIOKHA C TTONEPEYHBIM
ceyenneMm 0,1 Mxm? (10 CymiecTBy MX HE BHIHO B ONTHYECKUH MHKPOCKOI) U JJTMHOK OKOJIO
yeTBepTH MIiLTIMeTpa. OHa criocoOHa U3MepSATh YAJTMHEHUS MEHEe YeM S A, 9TO COOTBETCTBYET
IPUMEPHO Pa3pelIeHUIO XOPOIIEro IEKTPOHHOIO0 MUKPOCKOIIA .



* KOHCTPYKIMS W IPUHIKUII JEWCTBHS 3TOM MainuHbl onmcansl B Journal of Scientific Instruments, 1961,, 3.
229-234.

Pacnonarasi Takum ycTpOHCTBOM, MBI MOTJIHM yXe€ TOJYYUTh BIIOJIHE peajibHble pe3ynbraTsl. C
caMoro Hadajla Mbl OOHApYXWJIM, YTO BBICOKAs MPOYHOCTH MOXKET OBITH ITOJydeHa MOYTH Ha
BCEX KPUCTAJUIAX, OT TOPbKON CONU A0 camndupa, JIUb Obl KpEcTaI UMel (opMy TOHKOTO yca.
B sToM cryqae He nMenH 3HaYEHU] HU XMMUYeCKas IPUPOa KPUCTAJUIA, HU METOM, KOTOPBIM OH
ObU1 BhIpalieH. Mbl ucipoOoBaiy, TOJKHO OBITh, COTHIO Pa3IMYHBIX BELIECTB, TaK YTO HUKAKUX
COMHEHHUI OTHOCUTEIIBHO 3TOT0 HE OCTAaBAJIOCh.

[TocTpouB rpaduk 3aBUCUMOCTH MPOYHOCTH yca OT €ro TOJIIWHBI, MBI 0OpaTHUIN BHUMaHHE HA
TO, 4UTO KpI/IBaH JJIA KaXXJ0Tr0 JAHHOI'O TUIla yCOB 6]:1)13. ‘IepTOBCKI/I I10X02Ka Ha aHaJIOFI/I‘-IHyIO
KPUBYIO Ul CTEKJISHHBIX BOJOKOH (rmaBa 2). bomee Toro, korma Mbl IMOCMOTPEIH Ha
3aBHCUMOCTh OT TOJIIUHBI HE MPOYHOCTH, a JAePOpPMALUU MPU pa3pyILICHUH, TO OOHAPYKUIIH,
YTO BCE TOYKH JIJIsI BCEX MCIBITAHHBIX YCOB JIS)KAT HA OJTHON U TOU ke KpuBOH. Tak, Ha puc. 24,
HarpumMmep, MokKa3zaHa 3aBUCUMOCThH Je(pOpMaliu MPH pa3pbiBe OT TOJILIMHBI YCOB JIBYX PE3KO
pa3IMYaIOIINUXCS BEIIECTB - KPEMHHUSI M OKHCH IIMHKA. Pa31emnuTh 3TH KPUBBIE HEBO3MOXKHO.
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Puc. 24. 3aBUCUMOCTH MPOYHOCTH YCOB OT HX TOJUIUHBI.
Benblii KPY:KOK - YCbI KPEMHMSI; YePHBIii - yCbI OKHCH HUHKA.

Koneuno, Benuk Obl1 cOOJa3H CYUTATh, YTO MPOYHOCTh U Pa3pyIICHUE YCOB - a MOTOMY, OBITH
MOXET, OPYTUX KPUCTAJJIOB - ONpPENENseTcsl NOBEPXHOCTHBIMU TPEUIMHAMH, KaK U B cilydae
crexsia. OHaKO KaKUX-TMOO TPEeIMH Mbl He OOHAPYXHIIU, U OBUIM BCE OCHOBAHUS 10JIaraTh, 4TO
UX MPOCTO HE JIOJKHO CyllecTBOBaTh. Korza yc BelpacTaeT u3 pacTBOpa WM IapoB, TO OOBIYHO
BHAYaJIe TOSBISETCS OYCHb TOHKAs HUTh, KOTOPAs B AJEKTPOHHOM MHKPOCKOIIE Ka)KeTCsl IOUYTH
UeanbHO TIaJKOH. 3aTeM 3Ta HUTh YTOJIIAETCS, HA Hee Kak Obl HATATHMBAETCS CBEPXY HOBBIN
CJIOW Marepuaa.

[Tonauany 3Tu CIIOM MOTYT OBITh MOHOATOMHBIMH WJIH MOHOMOJIEKYJISIPHBIMH, HO, KOHEUYHO,
pa3IUYHbIE CJIOW HOBOTO Marepuaia OyayT MOANUTHIBATHCS aTOMAMU M3 OKPY’KaloLeH Cpeabl ¢
HECKOJIBKO pa3IMYHBIMU CKOPOCTSIMH. Tornma ciioif, KOTOpBIH 3aXxBaThIBae€T aToOMBbl ObICTpee,
OyIleT pacTu BIIOJIb OCH KpPHCTaJIa C OOJIBIIICH CKOPOCTHIO M MOXET HACTUTHYTh HYDKHHU CIIOM,
pactymmii meminerree. OgHakKo 0oOOTHATH €r0 OH HE MOXKET, M Torjaa oOpa3yercs CTYIECHbBKA,
uMeroIIasi ABOMHYI0 BbIcOTy. OHa Oynmer TpeOoBaTh JBOMHOIO KOJIMYECTBA MaTepHayia IS
CBOETO poOCTa, 4YTOOBI MPOJBUTATHCS C TOW K€ CKOPOCTHIO, YTO W OCTaJbHBIE cjou. B
NEHCTBUTENBHOCTH, OJHAKO, CKOPOCTh I0/BOJA MaTepuana myreM auddy3un ocraercs



IPUMEPHO TOM K€, YTO U ISl €IMHUYHBIX ci0eB. CienoBaTeNnbHO, IBOMHONW CIION JABHXKETCS CO
CKOPOCTBIO, MEHBIIEH YeM CcpelHss, M IOCTENEHHO Bce OOJbllle pacTyIIUX CJIOEB
HarpoMOXKIal0TCs BCJE 32 HUM M HE MOTYyT ero oborHath. OOpasyercs cepus OOpBIBUCTHIX
crynerek (puc. 25). B cpemnem a3TH cTymeHbKH OyayT TeM Bbimie, 4yem crapmie” M,
cleloBaTeNbHO, Todme Kpucrawl. Korma pocT Kpucramia HpeKpamaeTrcsi, 3TH CTYNEHbKU
OCTaIOTCs Ha MIOBEPXHOCTHU u ux MOYKHO BUJIETH B MHUKPOCKOTI.

Puc. 25. CTyneHbKH pocTa Ha HOIBIIOM yce, IBUKYLIHECS] BHU3 M0
KPHCTAJLTY

WHTynuus noackasblBaeT, 4TO TPEUIMHA - IUTyKa CKBEpHasl, HO JAJIEKO HE OYEBMJIHO, UTO U
CTYNEHbKA MOXET BBI3BAaH, BPEIHYIO KOHIICHTPALUIO HANPSKEHUH. ['OTOBBIX TEOPETHYECKHUX
pelIeHni 3agayd O TMOBEACHUM CTYIEHEK B JHUTeparype He Obulo, M s mompocwi Mapiia
3aHATbCA H3Y4YEHHEM JToro Bompoca. MerogoMm ¢doTtoynpyroct, paboras Ha MNpPO3pavuHbIX
MOJIEJISIX B MOJSIPU30BAHHOM CBeTe, MapIil cMor 0Ka3aTh, UTO CTYIIEHbKA TaK K€ BpEAHa, KaK U
SKBUBAJIEHTHasA € TpenuHa. [[o cymecTBy ee MOXKHO paccMaTpHUBaTh KakK ITOJIOBHHY TPELIUHBI.
DKcrepuMeHTabHBIN pe3ynbTaT Mapiia ObUT 3aTeM MaTeMaTHYecKH MoaATBepkaeH Kokcom.

Xota 3Ta paboTa ObUIA BBINOJIHEHA A OOBSICHEHHUS MPOYHOCTH KPOIIEYHBIX KPHCTAJIUKOB,
HOJIE3HO O0paTuTh Ha Hee BHUMAaHUE HHXXCHEPOB, KOTOpPbIEC, OIACAsCh TPEIIUH, MOPOH
JIETKOMBICIIEHHO OTHOCSITCA K CTYIIEHbKaM B MalllMHAaX U KOHCTPYKLUAX. 3aMETUM, UTO B Clly4yae
CTYNIEHEeK, KaK 3TO ObUI0O M C TpelMHaMH{, KOHIIEHTpalus HANpSDKEHHH ONpeaesseTcss He
abCOIIOTHBIM pa3MepoM Je(eKTa, a OTHOIECHHEM TTTyOMHBI K panyCy OCHOBaHHUs AedeKTa.

W3yuuB 1oy 31EKTPOHHBIM MHKPOCKOIIOM CEPHUI0 YCOB, MapIil Halen, 4To JJIs UCCIIeTOBAaHHBIX
UM BEILECTB PaJNyC OCHOBAHMA CTYyINEHEH pocTa ObLI MPAKTUYECKU MOCTOSIHHBIM M COCTaBIISUI
npumepHo 40A. 3areM OH CpaBHWJI BBICOTY Hambojee OMAcHBIX CTYNMEHEK C HW3MEPEHHOU
IMPOYHOCTBIO YCOB. CBa3b 61)1)18. HaJIMO MU HE OCTaBJidlla MECTa COMHCEHUAM OTHOCHTCIBHO
00BbsscHeHUsT MacmTabHOro 3¢ dekra Ha ycax. Tak Kak OONbIIME YChI HUYEM, KPOME Pa3MepoOB,
HC OTJIMYAKOTCA OT APYTrux TUIIOB KpPUCTAJLIOB, 3TO JOJIZKHO 651.]'[0 MOCIYKHUTb 06H_II/IM
O00BSICHEHUEM MTPOYHOCTH U Pa3pyIICHUSI XPYIMKAX KPUCTAIUIOB.

JI5ImI CBOMMH ONBITAMH TIOKa3ad, YTO ITOBEJCHHE YCOB B 3TOM CMBICIIE HE OTIMYACTCS OT
noBeieHusI 0oNbMMX KpUCTaioB. OH B3sul O0NbIION (2 CM) KPUCTAT KPEMHHS, KOTOPBIA B
OOBIYHBIX YCIIOBUSX 0CO00H MPOYHOCTHIO HE OTIMYAETCS, ¥ OUYEHb THIATEIFHO €Tr0 OTHOIMPOBAIL.
3aKIII0YMB 3TOT KPUCTAUT B MPO3PAYHYI0 KOPOOKY, CHa0KEHHYIO MeXaHH3MOM u3ruba, Jlsm
PETYIISIPHO MOSBISUICS C HAM Ha Pa3sHOTo poja KOH(EpeHIHAX W JIEMOHCTPUPOBAJ CBOM OIBIT
BCEM U KaXJIOMY. KpUCTaUI MOT M3rubarbcsi Oe3 paspymieHus 1o aegopmauuu 2%, 4To
cooTBeTCTBYET HanpsukeHnio 450Kkr/Mm? - 1udpa OYeHb BHYIITUTEIbHAS.



Korma mbr obparmaeMcs k 0oliee pacpOCTpaHEHHBIM KPUCTALUTHYECKUM MaTrepualiaM, B ILeNu
HaIllUX PaCCYXXICHUW TOSABISICTCS elie OAHO 3BeHO. MOKHO, KOHEUYHO, JEHCTBYS IMOJ00HO
Jp1ry, MONMyYuTh TOBOJBHO OOJBIION MOHOKPHCTAI, HO, KaK MPAaBHIIO, KKl OTACIbHBIN
KpUCTAUT B HamUX OOBIYHBIX MaTepHalax JJdOCTaTOYHO Majd. YChl - 3TO BCe-TaKu
UCKITIOYUTENLHBIE 10 CBOMM CBONCTBAM Majble MOHOKpuCTamibl. OOBIYHO Ke TBEpIbIC Tela
OOJIBIIUX Pa3MEpPOB SBIISIOTCS TOJUKPUCTAUIAMH. MOXHO CKa3aTh, YTO OHHM COOpaHBI W3
OOJBIIIOTO YHKCIIA MAIIbIX KPHCTAJUIMKOB, MPUMBIKAIONINX JIPYr K APYry B TPeX H3MEPEHUSX,
Mo00HO OYJTBDKHUKAM MOCTOBOM MJK 00acTsiM Ha reorpaduueckoi kapre. @opMa OTaeIbHBIX
KPUCTAIIJIOB MOXET OBITh BEChbMa HEMPABUIBHOW, OHU MPHUMBIKAIOT OJWH K JPYromMy IO
rpaHHIlaM OOBIYHO OYEHBb IJIOTHO, B YHMCTHIX MaTeprajaX KOHTAKT Ha MOJEKYJISIPHOM YpPOBHE
JOCTaTOYHO Xoporwii. BooOie roBopsi, MOBEPXHOCTHAsI 3HEPTHsl 3TUX TPAHUI] BHIIMIE, YeM
SHEPTHsl TOBEPXHOCTEH pa3pylmieHUs B KpPUCTAUIaX, M IO3TOMY B JIOCTATOYHO YHCTHIX
MaTepuanax 'TPaHMIBI 3€pEeH" HE ABIAIOTCS NCTOYHUKOM HU3KOH IIPOYHOCTH.

Jpyroe nemno - mMaTepuayibl ¢ OONBIIONW KOHIEHTpauued npumeceil. Xopomo H3BECTHO, 4YTo,
KOIZla >KMJIKOCTb 3aMep3aeT, B IPOLECCEe KPUCTAIIM3ALUU PACTYIIUE KPUCTAJUIBI CTPEMSATCS
U3rHATh M3 CBOEro o0beMa nmpumecu. Hampumep, ez, 00pa3oBaBIIMNACS U3 COCHON BOIBI, IPH
TassHUM JaeT JOCTAaTOYHO MPECHYIO0 BOAY (4TO OYECHB YHOOHO VISl TOJISIPHUKOB). DTOT IPOIECC
IPUBOJIUT K TOMY, YTO MPHUMECH B TBEPABIX TeJaX HaKaINIMBAIOTCA 10 TpaHHUIaM 3€peH. 3/1ech
e COOMpAIOTCS U BaKaHCHM, TO €CTh IOPbl aTOMHBIX Pa3MepoB. Bce 3TO MOXeT mpeBpaTUTh
TPaHUIIBl 3€peH B MOBEPXHOCTH paspyuieHus. VMIMEHHO wH3-3a 3TOoro Hebousblias mo0aBka
HENOAXOJAIIEH INPUMECH MOXET pa3pyluTh CrulaB. MHOrma NOHM)KEHHME NPOYHOCTH JAET
NOJIOXKUTENBHBIN 3¢ ¢ekT. PaccmMoTpuM, Hampumep, uTo AaeT noOaBieHUEe aHTHU(pPU3A K BOJE,
OXJIQXIAIOMIEH ABUTATEh aBTOMOOWS. OCHOBHOM CMBICH 3TOM OMNEPAIMKH COCTOUT B TOM, YTO
[JIUKOJIb, CYLIECTBEHHO TOHMXasi TOYKY 3aMEp3aHMsl IIOJYyYEHHOM CMECH, OTTSATMBAET
HENPUATHOCTH, HO, €CJIM BCE-TAKH CMECh 3aMEP3HET, JIeJ MOJIY4aeTCs NOPUCTBIM, JINIICHHBIM
MEXaHUYECKOM MPOYHOCTH U BPSJ JIU CIIOCOOEH CHIIbHO HaBPEAUTh MallluHE.

Opnako Uit OONBIIMHCTBA JOCTATOYHO YHCTHIX KPUCTALIMYECKHX TEN TPAaHHIBI 3EpeH
JIOBOJIBHO MPOYHBI U ITOBEJEHUE TBEPABIX XPYNKHX MATEPUAJIOB MOKHO CPABHUTH C IIOBEICHUEM
YCOB U JIpYI'MX MOHOKPHUCTAJIOB, a MOCJIEIHEE, KaK Mbl BUJEIIN, OUYEHb ITOX0KE HA IOBEACHUE
cTekia. B oboux ciydasx npoOriema MpOYHOCTH M Pa3pyILICHUs MOYTH UCKIIOYUTEIHHO CBsI3aHa
C THAJKOCThIO MOBEepXHOCTH. Jlis cTeksa ompenensiomuM aeGeKToM OOBIYHO SBISETCS
MOBEPXHOCTHAs TPELINHA, I XPYINKUX KPUCTALIOB - CTYNEHbKAa Ha MOBepxHOCTH. Hamnuwne
BHYTPEHHUX JIe()EKTOB B XPYIKOM KPUCTAIIE IMEET MEHBIIIEEe 3HAUCHUE.

Kak Mpl yBuUanM nanelne, JUId IUIACTHYHOTO MATKOTO MaTepHajia CYIIECTBYET COBEPIICHHO
npyras npooiema.

I[I/ICJ'IOKalII/ll/I H INIACTUYHOCTD

BemecTBa, ¢ KOTOPBIMU MBI UMEJIH JIENO 10 CUX IIOp, CYUTAIOTCS B TEXHUKE XPYNKUMU. DTO HE
3HAYUT, KOHEYHO, YTO OHHU PACCHINNAIOTCS HA KyCKU IIPH IEPBOM K€ NPUKOCHOBEHMH. Her, MbI
y’Ke BUJEIH, YTO HEKOTOpPhIE M3 HUX OYEHb MPOYHBI. AOCONIOTHOTO JIEIIEHUS Ha XPYIKHE H
IUTACTUYHBIE BEIIECTBA HET, HO, BOOOILE TOBOps, XPYIKUE Tejla MMEIT JOCTaTOYHO XOPOIIO
orpeneneHHble cBoiicTBa. Ecnum He cumTarh HEOOJNBIIMX YHPYTUX HM3MEHEHUH, KOTOphIE
HCUE3al0T I0CJE CHATHUS HArpy3Kd, XpyIKue Teja He Je(pOpMHUPYIOTCS Iepes pa3pylIeHueM, U
NPUYMHON MX pa3pyIIeHHUs SBISETCS TO, YTO OJHA MM HECKOJBKO TPEIIMH MPOOEralT yepes
Bech Marepuan. OOIOMKH XPYNKHUX TeJl MOCJe pa3pyLIeHUs MOKHO OYEHb XOPOLIO MOJOTHAaTh
JpYyT K IpyTy; HalpUMep, MOXKHO JOBOJBHO MCKYCHO CKIICUTHh pa3OMTyIo Bazy. B mimacTuyHbIX
MaTepuagax, HampuMmMep B MITKOH CTainM, MNepel pas3pylleHHeM HaOII0JaloTcs OoJblIne



HeoOpaTHMble HCKaKeHUS (OPMBI, TaK YTO W3 TMOJYYMBIIMXCS IOCIE pPa3pyLICHUS KYCKOB
HEJb3s yXKE CIIOKUTH IEPBOHAYAJIBHBIN MPEIMET.

XpyIKue BelecTBa, KOTOPHIMU MbI IMOJb3yeMCsl B MOBCEAHEBHOW >KHM3HU, - CTEKIO, (asHc,
KUpNU4Y, OETOH, HEKOTOpbIe IUIACTMACCHI - BIIOJHE YIOBIETBOPAIOT Hac. OmgHako Aus
M3TOTOBJICHUSI PA3IMYHOTO poOJia MAIlMH Mbl OOBIYHO MPEANOYUTAEM IJIACTUYHBIE METaJlIbI.
Xpynkue Tena pa3pylialoTcs MyTeM MOJHOIO pa3feieHHsl JABYX COCEIHHMX CJIOEB aTOMOB WM
MOJIEKYJI TIOJl PAcCTSATUBAIOIIMM HANpsOHKEHUEM, OCTalbHOW 00beM MaTepuana IpU 3TOM He
Hapymaercsa. [loBeneHne MmeTamsia HalOMHHAET B 4YEM-TO MOBEJAEHUE IUiacTuiauHa. Eme a0
paspylieHus, TO ecTh 10 pa3feneHus oOpas3la Ha JABE YacTH, B 00beMe MaTepualia pa3BUBaeTCs
WHTECHCUBHOE T€UEHHE, TIOJJOOHOE TEUCHHUIO BSA3KOM KHIIKOCTH. B 3TO Bpems coceHue aTOMHbBIS
CJIOH, HE Pa3eliisich, CABUTAIOTCS IPYT OTHOCUTENBHO Apyra NoJo0HO KOJloe KapT.

[Tocne TOro kak CoOCeHHE CIIOM aTOMOB ITPOCKOJIB3HYT Ha JOCTATOYHOE PACCTOSHUE U MaTepHall
OKaXkeTcs 1eOpMHPOBAHHBIM 3TUM CIIBUTOM, MIPOYHOCTh, KaK MPABUIIO, HE CHIKAETCS, TaK KaK
B3aMEH pa30pBaHHBIX CBS3€ld aTOMbl MOIYT 3aBsi3aThb HOBBIE C JPYrMMHM IapTHepamu. B
HEKOTOPBIX CITydasiXx MaTepUalIbl MOCIE TAKOTO MpoIlecca JaKe YIPOUHSIOTCS (3TO Ha3bIBACTCS
HAarapToBKOW win HakiernoMm). OQHAKO, €ClaM MPOIECC 3allen CIUIIKOM JaJieKo, MaTepHal
oclaOHeT U B KOHIIE KOHIIOB pa3pyIIUTCcs. BennunHa Hakiena u yJyInHeHHE,

KOTOpBIE MOXET BBIACPKATh IUIACTUYHBIA MaTepuain, CHUJIbHO KOJEONIOTCS OT MeTaia K
MCTAJIITy, OT CIlJIaBa K CILUIABY. Iloutn BCCTra C HArp€BOM 3TU BCJIMYHHBI BO3pPAaCTaArOT. Yro n
TOBOPHUTH, CITOCOOHOCTh METAJUIOB TUIACTHYECKH IE(OPMHUPOBATHCS U, CICIOBATENBHO, ITOJTy4aTh
3aIaHHYTIO (bOpMy B XOJIOJHOM U HArp€ToM COCTOAHUAX ABJISACTCSA UX OTPOMHBIM JOCTOMHCTBOM.
Kpome TOro, miaacTHYHOCTh BHOCHT CBOW BKJIaJ B CONPOTHBICHHE METAIOB TpeliuHe (CM.
rnaBy 8). OqHaKo OHa JKe SBISETCS U TNIABHOM MPUYUHON MX CPAaBHUTEIBHO HU3KOW MPOYHOCTH.
Mpbl yXe TOBOpWIIH, YTO €ciu o0pa3ell He pa3pylIaeTcss XPYIMKUM 00pa3oM H3-3a HAIWYHS
TPCIIHUHBI TOJ ONPCACICHHBIM YIJIOM K HAIIPABJICHUIO PACTSXKCHUA, TO OH MOXKCT Pa3pylIUTLCA
nyreM “cockanb3biBaHus” mox yriaoMm 45° k ocu (puc. 26) u, ecnum IS TaKOro Imporecca
HOTpe6y€TC}I MCHbBIIas cujia, €ro HHUYTO HE OCTAaHOBHUT.

Puc. 26. Bsizkoe pa3pylieHne Npu pacTsizKeHHH.

4+ S

HenaBno A. Kemnu mokasaj, 4TO TOYHBIM pacyeT COMPOTHUBJIEHUS TBEPAOrO Tejla CABUTY
JOOCTATOYHO CJOXCEH M OT BCHICCTBA K BGH_ICCTBy COHpOTI/IBHGHI/Ie 9TO CHJIBHO HU3MCHIACTCH.
OnHAaKO MBI MOKEM TOJIYYUTh MPUOIMKEHHOE 3HAYECHUE TEOPETUIECKOM MPOYHOCTH HA CABUT C
MIOMOIIIBI0 OYEHBb MPOCTON MOJENnu, U pe3ynbTaT He Oyner rpyObiM. PaccmoTpum Monens - Ha
Oymare WM B HAType, - KOTOpas COCTOUT W3 CJIOCB IIAPUKOB, MPEICTABISIONINX AaTOMBI.
CYH_IGCTBYIOT TAKHUEC B3aMMHBIC paCHOJIO)KeHI/I}I CJIOCB, HpI/I KOTOpBIX OHHU JICXKAaT HaI/IGOﬂee
Oym3k0 Apyr K Apyry. UToObl BBIBECTH WX M3 TAaKOTO IOJOXKEHHs, HEOOXOAMMO HEMHOTO
OTTHHyTB CJIOﬁ OT CJIO4I. TaKOMy ABUXKXCHHUIO COHpOTI/IBJBIIOTCSI paCTHFI/IBaeMBIe CBA3U. H_IapI/IKI/I-
aTOMBI IPOTHB TOTO, YTOOBI TOKUHYTH KOM(MOpTabeTbHbIE SIMKH MUHUMAJIBLHON YHEPTHUH.
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Puc. 27. CxemaTH4eckoe n300pakeHne cABUIa,
MPONCXOISIIIEr0 MMyTEM CKOJIbKEHH IeJIOH MIIOCKOCTH aTOMOB
0€3 MOMOIIH JMCIOKAIMHOHHBIX MEXaHN3MOB.

Ha puc. 27 uzo0OpakeHa AByMEpHask MOJETb - JBa MapaUICIbHBIX pPsiia MOHET, JIeXKaIluX Ha
CTOJIC. HCHO, 4TO MOCICAHECC CONIPOTUBJIICHUC CABUT'Y UCUC3ACT B MOMCHT, KOI'’Ia aTOMbI- MOHCTLL
0amaHCHUPYIOT Ha BEpIIMHAX JPYT Y OPYyTa, TaKOE MOJIOKEHUE CO3/IaeTCsi B MOMEHT, KOT/Ia CIION
OKAa3bIBACTCS CABHUHYTHIM OTHOCHTEIBHO Apyroro cios Ha yrou 30°. [Ipoiias 3Ty TOuKy, aToMbl
OyAyT CBaJMBAaTHCS B IIOJIOKEHHE PABHOBECHS HAa JHE CICAYIOMIEH sSMbI, ¥ CABHT HAa OJHO
MEKaTOMHOE paccTosiHue Oyzer 3aBepiueH. COnpoTUBICHUE CABUTY HAYaJIOCh C HYJIsSI, BO3POCIO
JI0 HEKOTOPOTO MaKCUMYMa, 3aTeM CHOBa yIaJo JI0 HYJIs, KOT/Ia aTOMBbI OKa3aJIMCh HAa BEPIITMHAX.
ConpotuBieHue OyeT MaKCUMaJIbHBIM IPUMEPHO Ha MOJIIYTH K BEPIIMHE, B HAILIEM CIIydae 3TO
COOTBETCTBYET yIily ciBura okojo 15°. TpexmepHsiid ciayuyait OyaeT HEMHOTO 00Jiee CIIOKHBIM,
JUIs Hero MakcuMmyM Hactymaer npu 10°. Jns KpucTamioB, KOTOpbIE COCTOST W3 aTOMOB
pa3IMYHBIX Pa3MEPOB, ITOT YTOJI MOXKET OBITh €Ile MEHBIIIE.

OueHb rpyOble BBIUMCIECHUS, OCHOBAaHHbBIE HAa 3TOH MOJENH, JAIOT BEJIUYHUHY TEOPETHUYECKOU
npouHoctn Ha casur mnopsaka 10% ot moxyns ynpyroctu E. (bonee clioxHBIH pacder,
npoBenennbii A. Kemmn, naer 5—10%ot E.) BrpodeMm, He CIUIIKOM 0ObIIas TOYHOCTh 3THX
yrcea 0co0Oro 3Ha4EHUS HE MUMEET: NMPH OOBIYHBIX HCHBITAHUSX PEaJbHBIX MAaTEPUATIOB MBI
JOCTUraeM uX BecbMa peako *. Teopernueckoe 3HaueHHE MPOYHOCTH HAa CABMUI Ul JKele3a
cocraisieT okosio 1200kr/Mm?, HO IPaKTUYECKU KPUCTAT OYEHb YUCTOTO KeJie3a CABHIaeTCs
NPY HAMPSDKEHUAX, Jiexamux Mexxay 1,5u 8,0 kr/Mm?, 17151 pAAOBBIX CTajlel MPOYHOCTD Ha CBUT
cocraisier 15—25kr/Mm?, 1Sl caMbIX TIPOYHBIX CTaiel - okosio 150kr/Mm?.

* 3amMeTnM, 9TO TeopeTHUYecKasi MPOYHOCTh Ha CIBHT, BOOOIIE TOBOPS, HIKE, YeM NMPOYHOCTH HA pa3phiB. [loaTomy,
ecim 00pasipl, ONU3KHE K COBEPIICHHBIM, MOTYT JOCTHYb OYCHb BBICOKHMX HANPSIKCHUN, OHU Pa3pyIIAIOTCS
MPEUMYIIECTBEHHO MMyTEM CABHUra. Or0 Mbl BUJEIH B CIy4yae CTEKJIa.

OdeHb MATKHE METAJUIbI, HAIPUMEDP YHCTBIE 30JI0TO, cepedpo, CBUHEI], MOKHO MCIBITHIBATH HA
CABUI' pyYKaMH. ITocae cumabHOTO HAaKIeIa CONMPOTUBJICHUC CABUTY HCCKOJIBKO IMOBBIIIACTCA, HO
OHO HHKOT/Ia He IpUOJIMKaeTcs K TeopeTnueckor BenmmuuHe. LIInpoko n3BecTHa KOBKAa MeTaa,
KOTOpas aejaactT ero 60.]166 TBep,Z[BIM: TAKUM ITYTEM NOBBIIMIAJIN TBEPAOCTH KPOMOK CIIC MCIHOI'O
1 OPOH30BOTO OPYXKHS, a B CTAPHHY YaCOBBIX JIEJI MacTepa Bceraa o0padbaThiBalid TaK JIATyHHBIC
3arotoBku IiectepeHok. (Ecau BbI BO3AEPKHUTECh OT CMa3KH IIECTEPCHOK CTapUHHBIX
HAIOJIBHBIX YaCOB, TO 3yObsl UX HE TOJILKO IMEPECTaHYT COOMPATh MBLIb H OBICTPO UCTHPATHCS, HO
C TEYEHUEM BpPEMEHHU OyIyT CTaHOBHUTHCS TBEPHKE M MOJUPOBATHCA, H TaK OyJeT MpOa0JIKAThCS
BEKA.)

Bmiote 10 1934roma oOmienpuHsATOE OOBSCHEHHE BCEX OJTHX SBJICHHH OBUIO KpaiiHe
HEYOCTUTENbHBIM M TOXOJWJIO Ha KelaHue YWUTH oT Bompoca. Bor ono: "Ckonvowcenue
APOUCX0OUM 8CIEOCMBUE MO20, YMO MATble KYCOUKU KPUCMALLA, 001aMbl8dsiChb, pabomarom Kax
noowunuuku Kadenus. Kozoa ux cmanosumcsi ciuwikom MHO20, OHU HAYUHAIOM MAMb OpPYe
opyea, u 3mo Aensiemcs npusunou Haxnena . Kax eosopun eepyoe Bennunemon, “eciu vl epume
8 9MO, 8bl MOdHCEMe NOBEPUMb B0 YMO Y200HO" .



B 1934rony Jx. Toainop u3z KomOpumka, KOTOpBId M300pen JIEMEIIHBIH SKOpPb, MpHUIyMal
Takke auciokanuro. [lo kpaitHelt Mepe, oH "mocaauia’ AUCIOKAIMIO B HAYYHYIO CTaThIO Kak
runore3y. OcHOBHas ujesi ObliIa YPE3BBIYAHO MPOCTA, HACTOIBKO MPOCTA, YTO HE MOTJIAa OBITh
ommbo4HOM. M 0HA B caMOM Jieie oKazajiach BEPHOU.

[Toutn HEBeposATHO, paccyxaan TAWUIop, 4TO METATUIMYECKUE KPUCTAUIbI B IEUCTBUTEIbHOCTH
TaK COBEPILICHHBI, KaK Mbl O HHUX JyMaeM, KOIJa BBIUMCISIEM HX IPOYHOCTh. JlaBaiiTe
MPEIOJIOKHUM, YTO BO BCEM 00beMe KpHcTaslia, ObITh MOXKET, Yepe3 KaXk/Iblii MUJUIMOH aTOMOB
WIA YTO-HUOYIb OKOJIO 3TOT0, BCTPEHAIOTCS HeOoiblIMe HempaBwibHOCTU. Ilpu 3Tom Hac
MHTEPECYIOT HE TOYEYHbIC HCKAXKEHUS, Takue, KaK YYXEpOJHbIE aTOMbl, KOTOpPHIE MOTYT
O6€CHG‘II/ITL AOBMKCHHUEC OTACIIBHBIX TOYCK, a JINHEHHBIE ,Z[G(beKTBI, KOTOPLIC TMO3BOJIAT
MPOJBUHYTHCA BIIEPE/ LIEIbIM apMUSM aTOMOB Ha IHIMPOKOM (PpOHTE.

Kpucranna cocTouT u3 cioeB, WK MIOCKOCTEH aTOMOB, KOTOPbIE NMOKa3aJIuch Obl HaOII0aTeNIo,
YMEHBIIEHHOMY [0 Pa3MEpPOB OJJIEKTPOHA, T'POMO3ISAIIMMUCS B YyXKacalolled OecKOHEUHOM
peryJsipHOCTH, TOAOOHO CTpaHWIIaM KakoW-TO TpomaaHou kHHUTH. IIpenmosnoxkenue Toritnmopa
3aKJII0YAJIOCh B TOM, YTO KOE-TJIE CJIOM aTOMOB OKa3bIBACTCS HE3aBEPILICHHBIM, KaK €CIIU ObI KTO-
TO BCTaBWUJI JIMIIHUNA JUCT OymMaru MeXIy CTpaHHWLIaMUd KHUTH U TElepb OHAa B OJHUX MecTax
COCTOMT, IOJIOKHUM, U3 MUJUIMOHA CTPaHUI], a B APYrMX - U3 MWUIMOHA U OAHOM CTPaHUIBL.
CaMble MHTEpECHBIEC SIBICHUS Pa3bITPHIBAIOTCS, KOHEYHO, BIOJb JUHHUM, TJE JMIIHUN CION
aTOMOB MOJXOJMT K KOHIly, Ha KpoMmke "numHel" riockoctu. [locmoTpeB Ha puc. 28,a, Mbl
YBUAMM, YTO JOJDKHBI OBITH JIB€ 00JacTH, 10 00€ CTOPOHBI OT KPOMKH IKCTPAIJIOCKOCTH, TJIe
aTOMBI CABUHYTHI Ha YTroJjl, IPUMEPHO COOTBETCTBYIOIIMN TEOPETUYECKOM MMPOYHOCTH KpHUCTaJlIa
Ha cnaBur. Jlpyrumu cioBamMHM, B OTHX 30HaX KpPUCTAJI TMPAKTUYECKU pPa3pyILEH.
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Ho emie Oosiee BaKHO TO, YTO JMCIOKAIMN OKA3bIBAIOTCS MOJBIKHBIMHU. ECIH MBI IPUIOKHM
HEOOJIBIIIYIO CIBUTOBYIO HAarpy3Ky K KPUCTAILTY, TO OOHApYKUM, YTO HEOOXOAMMA JIHIIb Maliast
nobaBovHas aedopmarysi, 9To0bI pa3opBaTh BCIO JIMHUIO CHIIBHO HATSHYTHIX cBs3eil. Ho 3aTem
Mbl OOHapyxum (puc. 28,6), 4TOo B pe3yibTaTe BCS PACCTAHOBKA OKa3aJlaCh BCEro JIMIIb
CMCIIICHHON Ha OJIHO MEXaTOMHOE paccrosiHue. [Ipomoikasi HarpyxaTh KpUCTaLI, MBI OyaeM
BHOBb U BHOBb IOBTOPATH 3TOT TPOIECC W B KOHIE KOHIIOB BBITOJIKHEM JHMCIOKAIUIO Ha
MOBEPXHOCTh KpucTauia (puc. 28,6). A cuiaa, HEOOXoauMast IS 3TOr0, MOXKET OBITh OYCHD
MaJIOH.



NHxeHepbl-MEXaHUKU M HEKOTOPBIE METAJUIOBEbl BCTPETUIN UACH0 ToWIopa B IUTHIKM, AAXKE
ceifuac ele Koe-KTo U3 HUX MU3JaeT Iiryxoe peluanue. OqHako (GU3MKH aKaJeMHYECKOro TOJIKA ¢
JUKOBaHWEM HaOpocwiuch Ha aucinokauuu. Ilo3ke ere MHOTHE TOJBI TUCIOKAIMHA, Kak
TAaKOBBIX, HUKTO HE BHJEJI H, OBITh MOXKET, HE OXHJAal KOrja-Inbo yBHIETh, HO HX
THITIOTETHYECKUE JBMKCHUS (IUCIOKAIIMK OJHOTO 3HAKa OTTAJIKHBAIOTCS JAPYT OT Jpyra U T.1.) U
npaBmwiIa pa3MHOXKEHHs1 (KOTa COI03 JBYX JWCIOKAIMH OCBSIICH BHE3AIIHBIM MOSBICHUEM B
KPHCTAJUIE IIATH COTEH HOBBIX JWCIIOKALUI) MOTJIH OBITh TEOPETHYECKU IPEICKA3aHbl, OHU
JIaBaJIU MPEBOCXOHYIO MUIY YMY, ObLIIM YEM-TO BPOJIE TPEXMEPHBIX IIaXMart.

HyXxHO cka3zarh, TOYTH BCE ITH aKaJIeMHUYECKHE MpeacKazaHus cObutnch. BHawame Taimop
mpearnoyiaral, 4YTO CKOJNBXKEHHE B IUIACTHYHBIX KPHUCTAUIaX O0ECIEYUBACTCS  TEMU
JTUCIOKAIIMAMH, KOTOpPhIE C CaMOro Hayaja MPUCYTCTBYIOT B KpHUCTaie Omaromaps
CIIy4aifHOCTSIM HEWJICaTBbHOTO pPOCTa. 3aTeM OKa3aJloCh, YTO OOBIYHO [JIi WHTCHCHBHOTO
CKOJIB)KEHUS, KOTOPOE MPOUCXOIUT B IJIACTUYHBIX MaTepualiax, dTUX IHUCIOKAlW HE XBaTaerT.
Bonbme cemeiicTBa HOBBIX IWCIOKAIMM MOTYT, OJHAKO, T€HEPUPOBATHCS JTMOO BCIEICTBHE
JTUCIOKAIIMOHHBIX  B3auMojeicTBuii  (ucrounuk  ®dpanka-Puga), aub0 Ha  pe3kux
KOHLICHTpAaTOpax HANpsDKEHHWM, HanpuMmMep Ha KOHYMKax TpemuH. IlocnenHmii  cioydai
BCTpeYaeTcsl damie. TakuM 00pa30oM HaNpspKEHHBIH METalT MOXKET OBICTPO Ha TOJHUTHCSA
nucnokanusMu (okosio 10Ha KBaJpaTHBIM CAHTUMETP) U JIETKO 00ECIEUUTh ceOe TECUCHHUE MO
MOCTOSTHHOM Harpy3Ko# JIMOO CTaTh MOCIYIIHBIM KY3HEYHOMY MOJIOTY.

HarmoMHuM, 94TO AMCIIOKAIMS - 3TO CYIIIECTBEHHO JUHEHHBIN AeEKT, KOTOPBIA MOXKET TOBOJIBHO
JIETKO MepeMelaTbes B Kpuctawie. Ecnu nucnokanuii MHOTO, UM HE HaJ0 COBEPIIATH JaJeKHUe
MyTEeIIeCTBHUsSA, Ja0bl BCTPETUTh JAPYTHE JUCIOKAlMU. Pe3ynbTaThl BCTpeud OBIBAIOT
pa3IMYHBIMU. HaIpUMeEp, MOTYT OOpa30BaThCsl HOBBIC IHMCIOKALMM, a Yalle COJMKAIOIIUECS
JIUCIIOKAIIMA B3aWMMHO OTTAJIKUBAIOTCS. JIMCIIOKAIMii CTaHOBUTCS BCe OOJbIIE W OOJbIIe,
JBUTasACh IO KPUCTAJLILY, OHM HAaYMHAIOT MEIIATh APYT APYrY, IIEPEIIETasCh, CJIIOBHO CIIyTaHHBIE
HUTKH. B pesynbpTaTe mMaTepuay ympoudHSETCs, M, €ClId MPOAOKaTh €ro nedopMupoBaTh, OH
CTAHET XPYIIKUM.

KaxxnoMy 3HaKOM XpecTOMaTHMHBIN MPUMEpP: €CIIH Ha/l0 CIOMaTh MPOBOJIOKY MIIH KYCOK JKECTH,
TO MX CIIEJlyeT HECKOJIbKO Pa3 COTHYTh B3an-Bmepen. CrepBa Meramn AeGOopMUpPYETCs JIETrKOo,
3aTeM HEMHOTO YIPOUYHSAETCS U, HAKOHELL, JIOMAeTCsl XpYIKUM 00pa3oMm.

Mertami, ynpoYHeHHBIN JAepopManneii, MOKET ObITh BO3BPAIIICH B MCXOJHOE MATKOE COCTOSIHUE
IIyTEM OTKMIa, TO €CTh HATPEBOM €0 10 IOJHON MU YaCTUYHOW PEKPUCTAIIN3ALMU, IIPU ITOM
OOJILITMHCTBO M30BITOYHBIX AWCIOKAIMK HMcYe3aeT. Tak, MemHble TPYOBbI CIEIyeT OTKHUTraTh
nocse ruOKY, B IPOTUBHOM Cllydae OHH OyIyT XPYIKHUMHU.
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I'nasa 4. TopMoskeHHe TPEIMHBI, 11U KaK 00eceYnTh BA3KOCTh
VY napHast mpoYHOCTH
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IIpecc-nopomku

CHOUCTBIC MaTePUAIBI C TICJUTFOJIO3HBIMH BOJIOKHAMU
CTeKJIOIUTaCTHKH

ApMHUpPOBaHHBIN OETOH

T'naea 4

TOPMOKEHUE TPEIIUHDI,
unu
KAK OBECHHEYUTD BA3KOCTD

[Imuauit  crapmmii (23-79rr. H.3.) B cBoeil BechbMma mytaHoi “EcrtectBennoi wucropuu”
YKa3bIBaET CIOC00, C TOMOIIBIO KOTOPOT'O MOKHO OTJIMYUTEH HEMOACIbHBIN anma3. OH coBeTyeT
MOJIOKUTh TPEAINoiaraeéMplii ajiMa3 Ha HAKOBAJIBHIO W YIAPUTh €0 TSHKEIBIM MOJIOTOM Kak
MOKHO cuiibHee. Eciii kaMeHb He BBIICPIKUT, OH HEe HAcTOSAIIMK anMas. Hamo mymars, Tak ObLIO
YHUYTOXKEHO HEMAJIO JIParolleHHBIX KaMHeH - Beab [ImuHuii myTaeT 3/1ech TBEpAOCTh U BI3KOCTD.
Anma3 - camblii TBEPIbI M3 BCEX BEIIECTB, U €r0 TBEPJOCTh OUYEHBb MOJIE3HA B TEX CIydasx,
KOrJa HEOOXOOWMO pe3aTh, Iapanarb WM OIudoBaTh;, B 3TOM COCTOMT €ro TJIaBHOE
npuMeHeHHe B TexHuke. Ho anmas, kak u Apyrue TBepAble OParolleHHbIE KaMHH, JOBOJHHO
XPYIIOK; M €Cli OBl Jake ero JOObIBaIM OONBIIMMH KyCKaMH U B OONBIIMX KOJUYECTBAX,
HIHPOKO PACTIPOCTPaHEHHBIM KOHCTPYKIIMOHHBIM MaTepUaIoM OH ObI HE OBLI.

CambIil TSDKKME TpeX KOHCTPYKIMOHHOTO MaTepHuaia - HE HEIOCTAaTOK MPOYHOCTH WIIH
KECTKOCTH, KOTOPHIE, KOHEYHO, COBEPIIEHHO HEOOXOIWMBI, a HEJOCTATOK BSI3KOCTH, WHBIMH
CJIOBaMU - HEJIOCTaTOYHOE COMPOTHUBIIEHNUE PACTIPOCTPAHEHUIO TPEIIUH. MOKHO MIPUMHUPUTHCS C
HCAOCTATKOM IIPOYHOCTU WJIM KCECTKOCTU M YYCCTh HUX B MNPOHCCCC KOHCTPYUPOBAHHA, HO
00pOTbCA C TpEIIMHAMM, KOTOpPHIE OKAa3bIBAIOTCS OYEHb OINACHBIMM, 3acTHras HHXKeHepa
BpACIIIOX, HAMHOI'O TPYIHEE.

BonbmMHCTBO METAIIOB M MOPOA JepeBa, pe3uHa, CTEKJIOIIACTUKH, KOCTH, 3yOBl, OJeXAa,
KaHaThl, HEPUT - BSI3KU. BONBIIMHCTBO MHMHEPAJIOB, CTEKJIA, NOCYJHAs KepaMuKa, KaHH(OIIb,
OakenuT, OCTOH, MEYEHbE - XPYNKU. XPYNKHUM MOXKHO Ha3BaThb M OOBIYHOE JKEJle, 3TO JIErKO
IPOBEPHUTH 3a CTOJIOM, HAOJIO/asi, KaK PACIpOCTPAHSIOTCS B HEM TPEUIMHBI OT JIOKKH WU
BIWIKH. BemecTBa, KOTOpbIe Mbl NEPEUYUCITUIN B KaKIOM U3 CIIHCKOB, UMEIOT JIOBOJIBHO Majo
00111eT0, BOT IMOYEMY HE TaK MPOCTO BBIIBUTH TO, YTO JENAET OJHH BEIIM BS3KUMH, a JIPYyTHE -



XpyHOKUMU. B TO e Bpems pa3inuue MEXAy XPYNKOCTBIO M BSA3KOCTBIO OUEHb OCSI3aEMO.
O00xKeHHAas TIMHA M KyCOK JK€CTH UMEIOT IPUMEPHO OJMHAKOBYIO MPOYHOCTh Ha pa3pbiB. Ho
€CIIM Bbl YPOHMTE Ha TIOJ TJIMHSHBIA TOPILIOK, OH pa3jieTUTCs BApeOe3rH, a ¢ ymaBIIeh
KOHCEpPBHON OAHKON HMYEro HEe CIy4yUTCs - B XyALIEM ClIy4ae Ha MEH HOSBUTCA HeOOoJbIlas
BMATHHA. [IpOYHOCTH Ha pa3pbIB OOBIYHBIX CTEKOJ U KEPAMUK MOXKET OBITH JOBOJBHO OOJBIIONH,
HO HUKOMY He MPUJET B rOJOBY JI€1aTh U3 HUX, HapUMep, aBToMoOmb. [IpuunHa sicHa - o4eHb
YK OHU XPYIKHU. 3ApaBblii CMBICI MOJCKa3bIBaET 3TO Kaxaomy u3 Hac. Ho mouemy? Uto xe
TaKO€ XPYIKOCTh Ha CaMOM Jiese?

[Ipexxne Bcero, CKOpOCTb HAarpyKeHUsl - JajeKo He TJIaBHOE, YTO OIpeNesieT XPYIKOCTb.
[Icuxonornyecku cymecTByeT OoOJbllasi pa3HUIA MEXKIY CTaTHUECKOM Harpy3kom, KoTopas
MIPUKIAABIBACTCA MEJIEHHO, U JUHAMUYECKOW MTHOBEHHO MPHJIOKEHHOW yAapHOW Harpy3Koi.
Pa3Huria cymecTByeT U Ha caMOM Jielie, ¥ €10 HeJb3s peHedpedb, HO OHA JAJIEKO HE TaK BaXKHA,
KaK 3TO MOXXET MOKa3aThCs C MEpPBOro B3risiga. Mbl CTydUM MOJIOTKOM HE MOTOMY, YTO Ham
HY)KHBI yJapbl caMu 1o cebe, a MOTOMY, YTO yAap TSHKEJIOr0 MOJIOTKA - OY€Hb YIOOHBIN U
JIEIIEBBIN MyTh TOJYYCHHUSI OOJIBIION JOKATBHOW CHiIbl. ECi ObI MBI PHIIOKIIIA TaKyHO e 110
BEJIMYMHE CUJy MEUICHHO, TO, KaK MPaBWJIO, MOJYYMIH OBl MPUMEPHO TOT K€ KOHEUHBIN
pe3ynbTar. JTO CIpaBeAuBO U B TE€X CIy4asX, KOIrJla Mbl pacCMaTpUBaeM MaJeHHUE MPEeIMETOB
HA 10J1, aBTOMOOWJIBHBIE aBapUU, KPYIICHUS CaMOJIETOB, XOTs B JalbHEHIIIEM B 3THUX SIBICHHSIX
MBI YBUJMM HEKOTOpbIE Ba)KHbIE 0COOEHHOCTH. OJIHAKO HE3aBUCHUMO OT TOTO, MEUICHHO HIIU
OBICTPO TMPUKIAABIBAETCS CHJIA K XPYINKOMY Telly, CTOUT TOJIbKO HAuaThCs Pa3pyUICHUIO -
TPEMMHBI OYAyT paclpOCTPaHATHCS B HEM OYECHb M OYCHBH OBICTPO - OOBIYHO CO CKOPOCTHIO
HECKOJIbKO ThICAY KHJIIOMETPOB B dYac. VIMEHHO mo3TOMy pa3pylleHHe KaxeTcss HaM
MT'HOBEHHBIM.

MBI ye roBOpwId, 4TO B KAKOM-TO CMBICIIE HET CYILIECTBEHHON Pa3HULIbI MEXKy MEXAHHYECKU
Harpy’>keHHbIM MaTE€pUajJOM M B3PBIBYATKOH. OHeprus aedopMamuu yrnpyroro Tena
HAKaIlJIMBAaCTCsl B HATAHYTBIX XUMHUYECKUX CBA3SX, a NPU DPA3PyIICHUU Tella 3Ta JHEPrus
ocBobokmaercs. Ecnu nocTurayTa Teoperuyeckas BenmuurnHa aedopMaiii pa3pbiBa, Bce CBS3U
OKa3bIBAIOTCS MAKCUMAJIBHO HATSHYTBIMM, U Mbl JIOJDKHBI CUMTaTh, YTO 3HEPrus JedopManuu
IIPUMEPHO paBHA YHEPIUM XMMHUYECKUX CBA3ed B Marepuaie. Ha npakruke, oqHaKko, MaTepuasl
OOBIYHO pa3pyLIAIOTCs, HE JOCTUTHYB M MaJOW TOJUKU TEOPETUYECKOH MPOYHOCTH, TAaK YTO
0CBOOOXKJICHHASL YHEPTUS MIPU TOM HaMHOTO MEHBIIIE, YeM SHEpPrHsl, JaBaeMasi SKBUBaJICHTHBIM
KOJIMYECTBOM B3pbIBUAaTKH. [ Bce-TakM paspylIeHHE MOKET CONPOBOXKIATHCS BIIOJIHE
OLIYTUMBIM XJOnKoM. HabGmroneHue 3a TeM, Kak pa3pbIBAlOTCS 0COO0 MPOYHBIE BOJIOKHA WU
ycsl (Hampumep, B MammHe Mapiia), yOeIUTeNbHO MOKa3bIBaeT, YTO UX NMPOYHOCTH COCTABIISCT
3HAYUTEIIBHYIO JOJI0 TEOPETHUECKO. B 3TOM ciyyae mocine pa3ppiBa He Haiiielb, Kak 0OBIYHO,
KyCKOB 00pasIia: Iociieé B3phIBOOOPA3HOTO pa3pylleHUs BOJOKHO HMCUYE3aET, OCTABIISIS JHUILIb
MEJIKYIO IIblIb. Takue HCIBITaHHMS HE OIACHBI JIMIIL ITOTOMY, YTO IPOYHBIE BOJIOKHA, KAk
IIPaBUJIO, OYECHb MAJIbL.

YnapHasi IpOYHOCTH

31ech yMECTHO IpepBaTh HaIl pa3roBop 00 oOuieil mpobiieMe pacrpoCTpaHEHHs! TPELIMHBI U
IIOTOBOPUTH O HEKOTOPBIX OCOOBIX 3(QeKTax, KOTOpble BO3HHUKAIOT MpPHU JWHAMUYECKUX,
yIapHbIX Harpy3kax. CHavajga HalOMHHUM, YTO MaKCHMaJlbHasi CKOPOCTb, C KOTOPOW MOXET
nepeaBaThCsl Harpy3ka uepes3 Jro0oe BEIIeCTBO, paBHA CKOPOCTH 3ByKa B 3TOM BellecTse. B
caMOM Jiene, 3BYK MOXHO TPEACTaBUTh ceOe KaK BOJIHY WM CEPUI0 BOJH HAIPSDKEHUH,
IPOXOSIINX Yepe3 Cpely C XapaKTEPHOH CKOPOCTBIO.

Ckopocth 3Byka B BemiectBe paBHa (E/P)*, rme E - moayns FOHra, ap - mioTHOCTh JAaHHOTO
BEIIECTBA. B3s4B OOBIYHBIC YKCIIOBbIE 3HAUCHHS BEIMYMH E W g JUIS KOHCTPYKIIMOHHBIX



MaTepHajoB, Mbl YBUJIUM, YTO CKOPOCTh 3BYKa B 3THUX. MaTepuanax OyaeT oueHb 0obIoi. Jlns
CTajH, allOMHHUS W cTekia oHa coctaBuT okoio 18000-2000G&km/gac (~5000m/cek), uTo
3HAYUTEIILHO MPEBBIIIAET CKOPOCTh 3BYKa B BO3IyXe. DTO TaKK€ HAMHOTO OOJIbIIE CKOPOCTH
yJaapa MOJIOTKA M 3HAYUTEIBHO 0OJIbIIE CKOPOCTH IIOJIETA MTYJIH.

Bpewmsi, B TeueHrEe KOTOPOro MOJIOTOK WJIM MYJIsSl AEMCTBYIOT C KAaKOH-TO CHUJION HA TBEPIOE TETO,
COCTaBIISIET OKOJIO COTOM JIOJIU CEKYHIBI. A ATO OYEeHb JOJTOE BpeMsi: (OTONIOOUTENTH 3HAIOT,
KaK MHOTO BCETO MOJKET COBEPIIUTHCA 32 OJHY COTYIO. TOUHO Tak >K€ M B HAIIeM Clly4ae coTas
JIOJIsl CEKYHIBI HAMHOTO OOJIBIIIe BpEMEHH, IMOTPEOHOTO JIJIsl OTBOA SHEPTUU OT TOUKH yaapa. Ot
9TOM TOYKM TIPU yHape U3JIydyaeTcss 1eflasi cepus BOJH HamNpsyKeHUM, KOTOphIe
pacmpocTpaHsoTcs MO0 BceMy oObemMy Tena. OdeHb OBICTPO, 3a BpeMs, CKaXKeM, OKOJIO
HECKOJIbKUX JECATUTBICSYHBIX MM CTOTBICSIUHBIX JOJI€H CEeKYHIbl, 3T BOJHBI JIOCTUTaIOT
MIPOTUBOTMOJIOKHBIX TPAHMI] TETa U OTPAXKAIOTCS OT HUX MOAOOHO 3XY, JIMIIb OYE€Hb HEMHOTO
YMEHBIAsICh B HMHTCHCHUBHOCTH. JlampHeWmuii XoJ COOBITHH oOmpeaenseTcss MHOTUMH
dakropamu, B ToM uucie (Gopmoi Tema, MectoM yaapa U T.A. O4eHb MOXET CTaThCs, YTO
OTpaXCHHBIE BOJHBI HAPSKEHUI MOCTOSIHHO OyAyT BCTpedaTh B HEKOTOPOW KPUTHUECKON WU
“HecyacTIMBONW” TOYKE MpsAMBIE BOJHBI, MIyIIME OT MECTa yJapa, M 3TO HArpoMOXIECHHE
BBI30BET MPOTPECCUPYIOIIUN POCT HANPSIKEHUS B 3TOM TOYKE BIUIOTH 10 paspyuieHus. Pacckasbl
0 TMEBIIaX, OT TOJIOCA KOTOPHIX BBUIETATHN CTEKJIA B OKHAX, HE TaK YK U (DaHTaCTUYHEI.

MOoXHO IPUBECTH MHTEPECHBIE IPUMEPHI MOBEIEHUS TBEPABIX TEN IOJA YAApHOH Harpys3koil.
Hampumep, npu HCCleIOBaHWM KEpaMHUK IOBCEIHEBHO HPOBOIATCS YAAPHBIE HCIBITAaHUS
KEepaMUYECKHX IUIACTUHOK - CBOOOJHO oOlepTas KBajpaTHas IJIACTUHKA IMOJBEpraercs yaapy
3a/IaHHOM CHUJIBI 10 HEHTPY BEpXHEH MOBEPXHOCTU. BO MHOTHX Cilyyasix IUIACTHHKA pa3pyliaeTcs
HE B TOUKe ynaapa. Yacro ciydaercs, 4TO OTBAJIMBAIOTCS YETHIPE yria IUIACTUHKHU, IIOTOMY 4TO
BOJIHBI HAIIPSKEHUI CTAJIKWBAKOTCA UMEHHO B yIiax.

Wnorpa ciyuaercs, 4ro, momaB B OpOHIO, CHaps[ He NpoOWMBaeT ee, HO OT BHYTpPEHHEH
MOBEPXHOCTH OPOHEBO# TUIUTHI OTJICTACT PBAHBINA KyCOK MeTalia, OCKOIOK. CKOPOCTh U SHEPIus
3TOTO OCKOJIKa MOTYT OBITh OTPOMHBIMH, U pa3pyllieHUs, IPUYMHEHHBIE UM BHYTPH, HAIIpUMED,
TAHKOBOW OAaIllHH, OKa3bIBAIOTCSA TAKUMH K€, KaK eciu Obl CHapsa JACUCTBHUTEIHLHO MPOOHIT
OpoHIO.

[TooOHBIM e 00pa3oM, KOTAa CHaps WM IyJs MomagaeT B 0ak ¢ XKHUIKOCTbIO, HAIpUMEp B
TOIUTMBHBIN 0aK caMoJIeTa, BBIXOJHOE OTBEPCTHE IOJyYaeTCs HAMHOTO OOJIBIINM, M 3ajelaTh
€ro 3HAYUTENBHO TPYIHEE - yJapHbIe BOJHBI JIETKO PACIpPOCTPAHSIOTCS 4Yepe3 KUAKOCTh H
BBIPBIBAIOT KYCOK B 3aJHel yacTu Oaka. ['ooBa 4enoBeka KOHCTPYKTMBHO HAallOMHHAET Oak C
KHUJIKOCTbIO, M TIOCJIEJCTBHS TONAJaHUS MyId B Hee, K COXAJICHHIO, CIHMIIKOM XOpOIIO
U3BECTHBI. MeHee M3BECTHO, OJJHAKO, YTO AaHAJIOTUYHBIE COOBITHS MOTYT ITOCJIE0BATh 3a TYIIBIM
ynapom B 700. IIpu mpoekTHpoBaHMM 3AIIMTHBIX KAaCOK 3a00TATCS O TOM, KakK IOTacUTh
yOapHYI0 BOJHY M TPEIOXPAaHUTh 3aThUIOK HpU JI0O0BOM ymape. ODTOH HEMU M CIYKUT
BHYTPCHHSS JIGHTa B KacKe, KOTOpas Ha TEpBBIA B3MIIAJ KaKeTCsl HEOOXOAMMOM JHMIIb IS
BEHTUJIALIUH.

B TexHuke BS3KOCTh MaTepHajia ONpeAessieTcs OOBIYHO IyTeM yIApHBIX HMCIBITaHUH oOpasia
MPSIMOYTOJIBHOTO cedeHusi pazmepoM 5-10Mm, 9acTo CHaOKEHHOTO CTaHJIAPTHBIM HAIAPE30M.
OO0pas3err 3aKpeTUIIOT IO KOHIIAM, a 3aTeM Pa3pyIIaroT TSHKEIbIM MOJIOTKOM B (JOpME MasiTHUKA.
N3mepsisi pa3HHIly MEXIY BBICOTOM, C KOTOpPOW MasTHUK THajal Ha oOpasel, ¥ BBHICOTOM, HA
KOTOPYIO OH B3JIETEN, Pa3pyIIUB €ro, OMPEICNISIOT JSHEPTUI0, 3aTPAdCHHYI0 Ha pa3pylICHHUE.
Ctporo roBops, 3TO HUCIBITAHHE MOYTH HU O YeM HE TOBOPUT, HO OHO TO3BOJISIET MPOBECTU
rpy0oe CpaBHEHHE pazIHYHBIX MaTepuayoB. [109TOMy Takue UCHBITAHUS OYECHb MOMYJISPHBI Y
WHKEHEPOB.



Kpurepuii I'puddurca u kpurnyeckas AJIMHA TPELIUHbI

BepHnemcs Tenepb K BOMpPOCY O pacIpOCTpaHEHUHU TPEIIMHBI B TBEPJIOM Tene. B maHHOM ciiydae
JUIsi HaC HE MMeEeT 3HauyeHus, CTaTHYecKas WM JUHAMHUYecKas Harpy3ka pa3pyliaer Teno.
BooOie rosops, eciiu B JaHHON TOYKE JOCTUTHYTO pa3pylliaolliee HanpssKeHue, TO pa3pyllieHne
IPOU30MAET HE3aBUCHUMO OT TOr0, KAaKMM IIyTEM OHO JocTuraioch. lIpaBna, cymiecTByrOT
HEKOTOpbhIE HCKIIOYECHHUS: OTIENbHBIE BEIIeCTBa, BpOJE Bapa WIM KOH(EThl HPHCKH,
YYBCTBUTEIBHBI K CKOPOCTU HarpykeHus. Jlake et 3HaI0T, YTO CaMyl0 HEMOJATJIUBYIO HPUCKY
JIETKO Pa3JIOMHUTh, YAapUB MO Hed uyeM-HuOyns. MHOTHA ynap mpUBOIUT K YCIEXy Tam, Tle
Oecrione3Hbl Me/yIeHHbIe mpreMbl (rmaBa 8). OObIUHO e MaTepHabl, KaK MPaBUIO, MEHbIIE
YYBCTBYIOT Pa3HUILY MEXAY JUHAMUYECKUM U CTATUUECKUM Harpy>KeHHEM.

Koneuno, naeanbHo ObUIO ObI KIMETH MaTepHall, B KOTOPOM 3apOXKJICHHE TPELIMH COBEPLICHHO
uckoYeHo. K coxkalieHWto, Ha TpaKkTUKE TaKoro, KaKeTcs, He ObiBaeT. MbI BHICIH B
HpeI[BII[YH_[eﬁ TJIaBC, 4TO AK€ caMas TjiagkKas HOBerHOCTB CTCKJ1a chempeHa MeﬂbqaﬁHII/IMH
HEBHJIUMBIMU TpEIIMHAMH; OoJiee TOro, eciam OBl yJIajioch TMONYYUTh Oe3aeeKTHYIO
MOBEPXHOCTh, OHA BCKOpE CcTasia Obl Me(eKTHON M3-3a CONMPUKOCHOBEHUN C MPYTHMMH TEITaMH.
CrnenoBarebHO, TPAKTHYECKH BCE ONPEACHACTCS JIETKOCThIO, C KOTOPOW  TPEUTUHBI
pacipoCTpaHsIOTCS B HArpy:keHHOM Matepuaiie. OCHOBBI TEOPUHU PACIPOCTPAHCHUS TPEUIUH
ObLTH 3aJ10KEeHBI Bce TeM ke [ puddurcom.

'puddurc ykazan aBa ycinoBus, HEOOXOJUMBIX IUIsI PACIPOCTPAHECHHUsT TPEIIUHBI. Bo-mepBbIX,
pPOCT TPEIIMHBI JOJDKEH OBITh PHEPTeTHYECKU BBITOAHBIM MPOIECCOM, U, BO-BTOPBIX, TOJDKEH
paboTath MOJIEKYJSPHBI MEXaHH3M, C TOMOIIBI0 KOTOPOTO MOXET OCYHICCTBUTHCS
npeoOpazoBanue HHepruu. IlepBoe ycinoBue TpeOyer, 4dYTOOBI Ha JFOOOH  CcTaauu
pacrpocTpaHeHHs TPEIIMHBI KOJIMYECTBO 3alIaCCHHOMN B Telle SHEPTHH YMEHBIIAIOCh - MMOJT00HO
TOMY, KaKk YMEHBIIIAeTCs MOTEHIMaIbHAs SHEPTUus aBTOMOOWI, cITyckaromierocsi ¢ ropel. C
JPYTOi CTOPOHBI, M TIPU SHEPTETUYECKON BBITOJIE aBTOMOOUIIHL MOYKET CITYCKaThCSI C TOPHI JIUIIIb
B TOM CITy4yae, €CIIM y Hero ecTh KoJjieca M X He Aepkar Topmo3a. Koseca B 3ToM cirydae ciykat
MEXaHU3MOM, C TIOMOIIBI0 KOTOPOTO aBTOMOOWJIb CKAaTBIBACTCS C TOPHI, OHH OOECIICYHBAIOT
npeoOpa3oBaHUEe YHEPTHH.

Kax Mb1 yxe roBopuiid, 1ehOpMHUPOBAHHOE TEIO “HAYMHEHO  SHEPrueil, KoTopas Mmpeanodsia Obl
BBICBOOOANUTECS. Tak, MOMHATHI BBEPX KaMEHb MMEET MOTEHIMAJIbHYIO YHEPTUIO U CTPEMHUTCS
yrmacte. Eciam marepwan TOJHOCTBIO pa3pylleH, SHeprus aedopMamuu ero, ecTeCTBEHHO,
MOJTHOCTBIO OCBOOOXKAECHA. PaccMOTpHM, 0JTHAKO, YTO MPOUCXOAUT HA MPOMEKYTOUHBIX ATarax
nporiecca paspymenus. Korna B nedopMHpOBAaHHOM TeJie TOSBISIETCS TPEUIMHA, OHA CJIeTKa
packpbiBaeTcsi U o0a ee Kpas pacxoIsaTcs Ha HEKOTOPOE pacCTOsSHHE. DTO O03HAYaeT, 4YTo
Matepuall, HeIOCPEICTBEHHO MPUMBIKAIOIINI K KpasM TPEIIUHBI, PEIaKCUPYET, HAMIPSDKEHUS |
yrnpyrue aegopMmalnuyd B HEM YMEHBILIAIOTCA, M YOpyras >Heprusi ocBoOoxknaercs. JlaBaiite
NPOCIIENM 3a TPEIMHOMN, HAYaBIIEHCs HAa MOBEPXHOCTH TeJla M HAYIIeH B ITyOb Harpy>KEHHOTO
marepuana (puc. 29). IloHsATHO, dYTO O00JNACTh CpENAKCHPOBABIIEro MaTepuaia OyneT
NpUOJIM3UTEIIEHO COOTBETCTBOBATH JIBYM 3allITPUXOBAHHBIM TpeyrojbHHKaM. OOIas rmiomaib
ITUX TPEYroJbHHUKOB Oyner mpumepHo |2 (I - mmuHa Tpemmnbl). CiaenoBaTeIbHO, KOJHYECTBO
OCBOOOXKIICHHON YHEPTUU JOJDKHO OBITH MPOMOPIIMOHAIBLHO KBAAPATy JTUHBI TPEUIMHBI, HIIH
rIyOMHBl € MPOHMKHOBEHUS B Teno. PacdeThl MOATBEpXKOAOT 3Ty rpyOyio OIEeHKY. MHbIMH
CJIOBaMH, TpEIIMHA TIIYOMHOW 2 MHUKpOHA BBICBOOOXKIaeT B 4 pasza OoJbllle YIPYrol SHEPTUH,
YeM TPelIMHA TTTyOMHON B MUKPOH, U T.J.



Puc. 29.Pacnpocrpanenne TpemnHbl I'puddpurca. C pacnpocTrpaHeHneM
TPelMHbI MAaTEePHAJI B 3aIITPUXOBAHHBIX 00J1aCTSX pa3rpyKaercs,
0CcB000KIas1 YIPYTYIO JHEPIrHI0

Ha apyroii yaiie Halmx 3HEPreTHYECKUX BECOB PACHOJIOKMIACH MOBEpXHOCTHAs 3Heprus 2Gl,
KOTOpass HeoOXoauMa st 00pa3oBaHUs ABYX HOBBIX MOBEpXHOCTEH. OUEBHAHO, 3Ta SHEPTHA
NpOMOPIMOHATIbHA ~MEPBOM  CTENEHW JUIMHBI (MM TIYOMHBI) TpPEIIMHBL.  BeTuuuHbI
MIOBEPXHOCTHOW HEPrUM ABYXMHUKPOHHOH M OJHOMHUKPOHHOM TpEIIMH OTJIMYAIOTCS JUIIb B 2
pasa, B TO BpeMs KaK BEJTMYUHBI OCBOOOKIEHHOU YHeprun nedopmaiuu - B 4 paza. [locnenctus
TAKOTO B3BEIIMBAHUS JOCTATOYHO SICHBI. MelKas TpeluHa JUIsl CBOEro pocTa J0JKHA Ooublie
NoTPeONIATh MOBEPXHOCTHOM JHEPTUH, 4YeM TPOHM3BOIUTH CBOOOIHON JHEPrUU BCICICTBHE
penakcany HanpsHKeHUH. DTH  yCIOBHS HEBBITOAHBI JUIsL pocTa TpewwHbl. OJHAKO, €ciH
UCXO/IHAS TPEIIMHA JOCTATOYHO BEJIMKA, KAPTHHA U3MEHSETCS Ha MPOTHBOIOJIOKHYIO: C POCTOM
pa3MepoB BeIMYMHA OCBOOOXKICHHON SHEPIMU YBEIWYHBAETCS OBICTpee, OHA Bellb 3aBHCHUT OT
KBaJpaTa JUIMHBI TPEHIMHBL. [lomydaeTcs, 4To, €Cliu JUTHHA TPEIIUHBI MPEBBIIIAET HEKOTOPYIO
“kputndeckyto anuHy ['puddurca’, TpemmHa npou3BOAUT OOJIbIIE SHEPTUH, YEM MOTPEOISIET.
Torma oHa MOXET C TPOMaJHON CKOPOCTBIO PBAHYTHCS BIIEPEI, U MPOIECC ATOT OYAET MOA00CH
B3pbIBY. JlIsl KaxIoi BENMYMHBI HAmNpsDKEHUS B JAHHOM MaTepualie CYIIeCTBYEeT CBOS
kputndeckas anuHa [puddurca. g TeopeTHuecKd MaKCUMaTbHOW BEITHMYMHBI HANPSKCHHS
(TeopeTHuecKOil TPOYHOCTH) KpUTHYECKas JJIMHA OCECKOHEYHO Maia, s Marepuana,
CBOOOHOTO OT HANPSHKCHUH, OHA OECKOHEYHO BEJIMKA - HHOTO MBI U HE JIOJKHBI OBLITH OXKHIATh.
K coxanenuto, [ Tex HaNpsDKEHUH, ¢ KOTOPBIMH HAaM HPUXOAMTCS OOBIYHO HMMETh JIEINO,
KpUTHYECKasi UTMHA TPEUIMHBI, KaK NMpPaBWJIO, OYCHb Maja, MOpsAKa HECKOJIBKHUX MHUKPOH, H,
KOHEYHO, OHa YyMEHBINAETCs, KOTJAa Mbl TMbITAEMCS YBEJIWYUTh HalpsbkeHHe. B sTom
3aKITI0YAeTCs OJHA U3 TPYTHOCTEH, CBA3aHHBIX C MOJyYeHHEM 0oJiee IPOYHBIX MaTEPUAIOB.

Wrak, mpu OOBIYHBIX YPOBHSIX HArpy>KEHUH BCE TPEUIUHBI, 32 UCKIIOYECHHUEM CaMbIX MEJKHUX,
UMEIOT PHEPreTHYCCKUN CTUMYN K pocTy. Beck Bompoc Temepbp B TOM, MOTYT JI OHH PacTH.
WNubiMu cioBamH, CYIIECTBYET JIM COOTBETCTBYIOIIUNM MEXaHU3M POCTA, TO €CTh CYIIECTBYET JIU
croco0 Il peanu3alid UMEIONIEHCs YHEPTeTHYEeCKOM BBITObI, WM MPeoOpa3oBaHUs OTHOU
dopmbl sHepruu B npyryw? ['puddurcoB OamaHc >SHepruu, -HHEPreTHUECKas BBITOJA
pacrpocTpaHeHUsI TPEITUHBI, JUTHHA KOTOPOH MPEBHIIIAET HEKOTOPYIO KPUTHUECKYIO BETUYHHY, -
SIBJICHUSI COBEPIICHHO OOIMe Juis BceX ympyrux Tel. Ho BOT MexaHw3M mpeoOpa3oBaHUs
SHEPTHH KaK pa3 U OTJIMYAET BA3KHE MATEPUAIIbI OT XPYIKHX.

ODTHUM MEXaHW3MOM SIBJIACTCS KOHIICHTpamus HanpsbkeHuil. Kak Mbl Bumenu B TmaBe 3,
KOHIIEHTpAIWsl HANPSHKEHUH Ha KOHYMKE TPEUIMHBI BRIpAXKaeTCs MPUOIMKEHHO (GOpPMYIIOi
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rae | - MHa TpemuHbl, UIynied ¢ MOBEPXHOCTH, HIIH TONYUIMHA BHYTPEHHEH SJUTHIITHYECKON
TpeuuHsl, R - paguyc ee KOHUHKA.

B TtunnyHoM Xpynkom maTepuaine paauyc KOHYMKa TpeluHbl R ocTaeTrcs MOCTOSHHBIM, OH HE
3aBUCUT OT JJIMHBI TpeIMHbI. [l03TOMYy C pOCTOM TpeLMHBl KOHLEHTPALMs HANpsSKEHUN
cTaHoBuTCcs omnacHee. Ha mpakTuke R nMeeT Benn4uHY, CPaBHUMYIO C aTOMHBIMH Pa3MEpaMHu.
IMyctp R, ckaxem, 1 anrcTpem. Torna y KOHUMKA TPEIIMHBI [UIMHON okoiio Mukpona (10000A)
HanpsDKEHUE, pPaBHOE TEOPETHYECKOW MPOYHOCTH, MOSBUTCS YXKe IMPU OYEHb YMEPEHHBIX
CpeAHMX 1O O0BEMY HANpsSKEHUSAXK. A TaKOro pasMepa TpeHIMHAa OOBIYHO COOTBETCTBYET
rpuddurcoBoii Kputhueckor mHe. CremaoBaTeNbHO, TpPEIIMHA MOXET pPAcTH, HadWHAs
IPUMEPHO C ATOW JJIMHBI, IPUYEM, KOHEUYHO, MOMEHT Hayajla pOCTa CHJIBHO 3aBUCUT OT
MIPUIIOKEHHON Harpy3KH.

Ho mocnie Toro, kak TpemlMHAa ABHHYJACch BIEpEHd, CHTyalus oboctpsieTcs. KoHueHTparms
HaNpsDKCHUN yBelMMUYMBaeTcs, OanmaHc »Hepruun Bce Oonee M Oojiee CKIOHSAETCS B IOJB3Y
pa3BuTHs TpemwHbl. Eciu BHEHmIHSS Harpy3ka HE CHHMAeTCs, pPOCT TPEIIMHBI OBICTPO
YCKOPSIETCSL U BCKOPE JIOCTUTAeT MAaKCHMAaIbHO BO3MOYKHOM BeTMUUHBI (OOBIYHO OHA COCTaBIISCT
npubimsutensio 38% ot ckopoctr 3Byka). Jiust crekiaa 3to okoio 6500km/gac (uro u
Ha0JII01a710Ch B dKcnepuMenTe). Hy, a B 3T0 Bpemsi BOJHBI HANPSHKCHUN TYJISIOT, HABEPHOE, B
Marepualie BO BCEX HAMpPaBICHUSIX CO CKOPOCThIO 3Byka (TO ecTh ObIcTpee, ueM
PacIpoCTPaHSIIOTCS TPEIIUHBI), OTPaXasiCh KaK OT CTapbiX, TAK ¥ OT BHOBb OOpPa30BaBIIHUXCSI
MOBEPXHOCTEM, U JICJIO 3aKOHYUTCS, BEPOSATHO, JAJIEKO HE OJHOW TpemmHo. MHbiMu ciioBamu,
MatepHuai pazOuBaercs BApeOe3rd. JTO OKa3bIBAECTCS BO3MOXKHBIM Ojarojaps TOMY, YTO IpHU
OOJBIIMX HAMpPSOKEHUSAX O0OIas yrpyras SHEprus maTrepuaia “3amiaTuT’ 3a oOpa3oBaHHE
MHO€ECTBa HOBBIX TOBEPXHOCTEH; B CAMOM JieIe, IPU TEOPETUUECKOI MPOYHOCTH OHA MOTJIa Obl
“paccunrtarbcs” 3a pa3JereHUE BCEro MaTeprasia Ha CJION TOJIIUHON B OJIMH aTOMHBIN pa3mep.

CoBepIIeHHO XPYIKHE MaTepUaibl BPOJe CTEKJIAa JOCTATOYHO HAASKHBI JIUIIb TP OUYEHb MaJIbIX
HanpspkeHnsax. CTeKiI0, HanpuMep, MOXKHO HCIOJB30BaTh B BUTPUHE MaraswHa, IOTOMY 4YTO B
3TOM ciy4yae Tpud@uUTCOBa [UIMHA TPEIIMHBI JOCTATOYHO BEIMKA W Marepual He OouTcs
HEeOOJBIINX [apalyH WM WHBIX MOBPEXKACHUH moBepxHOCTH. HO eciam MBI XO0TUM paboTath C
BBICOKUMH YPOBHSIMH HAIPsDKEHUH, T7ie-HUOYb OKOJIO TEOPETUYECKOM NMPOYHOCTH CTEKJA, MBI
HEe MMEEeM IIpaBa JOIyCKaTh IMOSIBJICHUS HA MOBEPXHOCTH AK€ CaMBIX MENbYaIINX TPEIIHH.
Benpb cTOUT TOJNIBKO OHOHM TPEIIMHE YBEIMYHUTHCS 0 KPUTHYECKOH JITHHBI (2 OHA MOXET OBITh
HOpsIIKA THICSYM AHTCTPEM - OJHOM JecITOH MHKpOHA), KaK HACTYIHUT KaTacTpoduueckoe
paspymenue. VIMEHHO TO3TOMY MpPHUMEHEHHE OJHOPOJIHBIX XPYNKUX MaTepHAIOB IPHU
CEepBE3HBIX HArpy3Kax yepecyyp OMacHo.

Henb3st cka3aTh, 4TO OTCYTCTBHE y HEKOTOPBIX MAaTE€PHAJIOB CIIOCOOHOCTH COMPOTHUBISATHCS
pacIpoOCTpaHEHUIO TPEIIMH Ka3aloch BCETJa HEAOCTATKOM MEPBOOBITHOMY YEJIOBEKY - OH MOT
JenaTh M3 KpeMHs M OOCHIWaHA pa3jMyHbIe PEXYIIMEe HHCTPYMEHTHI. [IpakTHUecKu STH
MUHEpaIbl MPEICTABISIOT COO0OW MpUpOAHBIE cTekia. Ecmu o0magate HEOOXOIUMBIMU
HaBBIKAMH, TO JIETKOTO HAaXKaTHs PYKOH Ha JIEPEBSIHHBIH HOX JTOCTATOYHO, YTOOBI OTIIECTHTH
JUTMHHYIO TIOJIOCKY MUHEpalia, KOTopasi caMa MOXET 3aTeéM HCIIOJIb30BAThCS B KaueCTBE HOXKA.
O6paboTka ke HEeXPYNKUX KaMHEH, TakuX, Kak He(puT, MOXKET OBITh BBIMOJTHEHA TOJBKO C
MOMOIIBIO TOpa3Ao 0ojee TPYAOEMKOTro Mpoiiecca-nmmudoBKu. Yamie BCero pacTsITUBAIOIINE
HANpsDKCHUST BO3HUKAIOT B MHCTPYMEHTAaX BCJIEICTBUE M3THOa, MO3TOMY, NpUaBas KaMEHHBIM
WHCTPYMEHTaM KOMMAaKTHbIE (OPMBI, MOXHO HE€ JIOMYCTUTh OONBIINX HAMPSKEHUN U
00€ecCIeunTh JO0CTaTOYHBIA CPOK MX CIIykObl. KOHeUHO, OpyXHe THIla KAMEHHOTO Me4a ObLI0 OBl
COBEPIIICHHO HEMPAKTHYHBIM.



Bsa3kocTh HEMeTAJIMYECKHX MaTepuaJioB

Hcropuss TEXHMKHM - 3TO BO MHOIOM HCTOpHs OOpbOBI C pacnpOCTPAHEHUEM TPEIIUH WU
UCTOPHUS MOMBITOK U30ekaTh ero nocneacteuii. Hanbonee oyeBuaHbINA crioco0d HE AaTh TPELIHMHE
pa3BUBAThCS B XPYINKOM MaTepHajie COCTOUT B TOM, YTOOBI HE MCIOJIb30BATh TAaKOM Marepual
IO/l PACTATMBAIOLIEH HArPy3KOM, TO €CTh HArPy’KaTh €ro TOJILKO CKaTUEM. B 2ToM 3akirouaercs
cepMsiKHasl TpaBJa KaMeHHOHM kiaaku. Mbl Buaenu B riiaBe 1, 4To, HaumHas OT MpocCTeuiien
CTEHbl U KOHYas apKOM, KyNOJIOM U IIEpPKOBHBIMH COOOpaMHU CaMbIX M30LIPEHHBIX (HOpM, Bce
JIePKUTCS B COCTOSIHUM cxxaTus. KamMeHHas Kia/ika mo-cBoeMy upe3BblYaiiHo 3¢ (eKTUBHA, HO IO
CBOCH IIPUPOJE OHA BCETJa TshKeNa U HeABrmkuMa. [1o3Tomy nosBuiacey nenast cepust Bapuanuin
3Tol ke uuen. OnHa M3 HUX - MPEIBApPUTENBHO HANpsHKEHHBIA >KelIe300€TOH, B KOTOPOM
XPYIKHANA KOMIIOHEHT IEP/KUTCS B COCTOSHUM C)KaTUS NPOYHBIMHM DPACTAHYTBIMU CTEP)KHIMH.
Jpyras - 3akaneHHoe crekino. OHO OAHOPOJHO B TOM CMBICIE, UTO, KPOME CTEKJIA, HUUETO B HEM
HET, HO €ro BHEUIHME CJIOW, Hauboyiee MOJBEPKEHHbIC BIMSHHUIO TPEIIMH, HAXOAATCS B
COCTOSTHUM CKaTHs 3a CUET PACTSYKEHUS B 3alUILEHHON CEpALIEBUHE *.

* OOBIYHO 3TO JTOCTHTAETCS ITYTEM OBICTPOTO OXJIAXKIACHHUS HAPYKHOW MOBEPXHOCTU TOPSUETO CTEKIa ¢ MOMOIIBIO
BO3ylIHOM cTpyn. CTEKI0, MOJ00HO IPYTrUM BEIIECTBaM, COKPAILACTCS P OXJIAXKICHUH, TOATOMY €CJIM BHELTHHE
CJION OXJIQXKIAIOTCS OBICTPEEe W 3aTBEPIACBAIOT MPEXIEC BHYTPEHHHUX, TO OHM BHA4ajie M COKPALIAThCS OYyIyT
MHTEHCHMBHEE BHYTPEHHHX; HO TaK KaK Cep/lleBMHA BHAYale XHIKAs, TO HA MEPBBIX CTAJUIX OXJIAKICHHS OHA
Te4eT. 3aTeM CEepAIICBHHA 3aCTHIBACT U CTAHOBUTCS, KAK U HAPY)KHBIC CIIOU, YIIPYTOd, U TSPMUYCCKUC COKPAIICHUS
CJIOCB B CTCKJIC CTAHOBSITCS HEOJIHOPOIHBIMH, PA3HBIMU IO BETUUMHE. B UTOTE, KOTAa OXIIAXK/ICHHE 3aKAHYMBACTCS,
CEep/IIICBHHA OKA3bIBACTCS PACTSIHYTOMH, a HAPYIKHBIC CIIOU - CKATHIMHU.

Hedopmanmmn B CTekiIe - Kak M B OONBIIMHCTBE APYTHX NPO3PAYHBIX TEN - CTAHOBATCA BHIUMBIMH B
noJisipu3oBaHHOM cBeTe. COJHEYHBbIE Jy4d, OTPaKEHHbIE OT HEMETAUIMYECKHX MOBEPXHOCTEH, OKAa3bIBAIOTCS
YaCTUYHO TOJSIPU30BAHHBIMU. VIMEHHO MOATOMY Cielbl BO3AYLIHBIX CTPYH, KOTOPBIMHU OXJIAXAaJOCh CTEKIIO,
MOJKHO BHUJICTh Ha BETPOBBIX CTekJaxX mamuH. KoHeuHo, 3¢(dekT 3ToT cTaHOBUTCS 00Jiee BHIPAKCHHBIM, KOT/Ia BBI
HAJIEBAE€TE OUKH C MOJIIPU3YIOIIMMHU CTEKIaMHU.

Takue cTekia MUPOKO HMCIHOJB3YIOTCS B aBTOMOOWISX. Pa3paboTkm B 3TOW 00J1acTH MOTYT
00epHYTbCS CO3JaHMEM HOBBIX MaTepuanoB. OcrTaeTcs YyIOUBIATHCSA, YTO OTOT CHOCOO
TOPMOXXCHHS TPEUIMHBI B KOHCTPYKIMOHHBIX MarepHajaX, MO-BUAMMOMY, COBEPIICHHO HE
MMpEaACTaBJICH B 6HOJ’IOI‘I/I‘ICCKI/IX MaTcepHraliax, B KOTOPBIX TOPMOKCHHUC TPCIIUHBI LECIUKOM
OCHOBAHO Ha TOM € MPHUHIINAIIE, YTO U B OOJIBITMHCTBE CO3JJaHHBIX YEJIOBEKOM MaTepHajoB, - Ha
CHIKeHUU 3(PPEKTUBHON KOHIICHTPAIIMHN HANPSHKEHUH y KOHUMKA TperuHbl. OJHAKO METOJIHI,
UCTIOJIb3yeMbIe TTPUPOJION, TOBOJBHO CYIIECTBEHHO OTJIMYAIOTCS OT TE€X, KOTOPHIC MPUMEHSIOT
METAJIJIOBEABI.

Eme yauBuTenbHee TO, Kak Majl0o HM3y4yeHbl MEXaHMYECKHE CBOMCTBA OHOJOTHUYECKUX
MarepuasioB. [loxxanyi, 37ech Urpaer MCUXOJOrMYeCKHil MOMEHT. O4eHb MHOTHUE CTaHOBATCS
OuosoraMu WIM MEIUKaMH TpPOCTO B pe3yJbTaTe peaklud MpoTecTa MPOTHB MEXaHUKO-
MaTeMaTUYeCKUX AUCUUIUIMH. A TeXHHKa, Hao0OpOT, ceiiyac mepeKuBaeT TOT MEpUo, Korjaa
NPUPOJHBIE MaTepuallbl O0OBIYHO OpakyroTcs. MeTamuibl cyuTaioTcsi Oosiee “BaKHBIMHUW, YeM
IpeBECHHA, KOTOpasi €/1Ba JI1 MPUHUMAETCS BCephe3 Kak KOHCTPYKIIMOHHBIN MaTepHall.

Ilemrono3a, riiaBHas COCTaBHAs 4acTh JIPEBECHHBI, TPOCTHHKA, 6aMOyKa U BCEX PaCTUTEIbHBIX
BOJIOKOH, - OYE€Hb BA3Kas. BUTHI U1l KpUKETa JENal0TCA U3 UBbI, MOJIOTKH Ul UTPBI B IIOJIO - U3
Bs3a, MSIYM JUISA TIOJIO - U3 0aMOYKOBBIX KOpHEW, TKAllKHE YETHOKU - U3 TMEPCHICKON XYpMBI.
CaMoneTsl B CBOE BpeMsl JeNIali JEPEBSIHHBIMY, IIIIAHEPBI OCTAIOTCA JNEPEBIHHBIMU 10 CHX IIOD.
JlepeBsiHHBIE CyJa CUMTarOTCa OoJiee MPUTOAHBIMHM JJIsl JIEJIOBBIX YCIIOBH, 4YeM CTajbHBIE.
[emmrom03a HE MOYKET CUMTATHCA HEIIPOYHOU WIIM XPYNKOM, XOTS XUMUYECKU OHA MPEACTABIISAET
co0oi caxap, MOCTPOEHHBIN M3 CBSI3aHHBIX BMECTE MOJEKYJ TJIIOKO3bl. Bce Kpucramumdeckue
caxapa O4eHb XPYIIKH, caXxap XpYyIoK U B CTEKII000pa3HOM BH/IC (BCIOMHUTE HPHCKY).



MarepuanoM KOCTei U 3yOOB CHyKaT JIOBOJBHO TMPOCTHIE HEOPTaHWMYECKHUE COCAUHCHUS,
KOTOpBIE B cBOel 00bIdHOM KpurcTammmaeckoit u CTeKI1000pa3Hoi hopMax TakKe OYCHb XPYIKH.
KoneuyHo, MOKHO ClIOMaTh ¥ KOCTh, M 3y0, HO 3TO CIIy4aeTcsi CPaBHUTEIBHO peako. OcoOeHHOTO
BOCXHMIIICHUS 3aCITy)KUBAIOT 3yObl, KOTOpPbIE MOTYT (MPH COOTBETCTBYIOIIEM YXOJI€) pa3rpbi3aTh
Oopexy B TEYCHHE TMPUMEPHO copoka JeT. Jlake apXHCOBPEMEHHbBIE 3YOHBIE I[EMEHTBI
HECpaBHEHHO cirabee u 0oJiee XPyIKH, 4eM MaTepHua 3y0oB.

IToBepxHOCTH pa3jiesa KAaK TOPMO3 sl TPELUH

B Bompoce O BS3KOCTH apMHPOBAaHHBIX IUTACTHKOB, CpPEIU KOTOPBIX HaWOOJee H3BECTHBI
CTEKJIOIJIACTHKH, CYIIECTBYET MHTEPECHBIN mapamokc. CTEKIOMIACTHK COAEPKHT MHOMXKECTBO
TOHKHX CTEKJISTHHBIX BOJIOKOH, CKJICCHHBIX CMOJION BoennHO. CTEKIIOBOJIOKHO HE OTJIMYAETCS OT
OOBIYHOTO CTEeKJIa HU (U3HYECKH, HU XUMUYecKH. Kak MBI yxe BHUAENH, CTEKIa
KaTacTpoUyecKn XpPYIKH;, TaK Xe BeIyT ceOs W BOJOKHA W3 CTekia. bomee Toro, cmorna,
KOTOpasi HWCIIOJIb3YeTCS KaK CBS3YIOIIas MaTpulla B CTEKIIOIUIACTUKAX, TaKXe JOCTaTOYHO
XpyIKa; MOXeT OBbITh, MOYTH B TaKOW CTEMeHH, Kak crekno. OmHako, koraa o0a 3THX
KOMITOHEHTa O0OBEIMHEHBI BMECTE, MOJIyJYaeTcsi MaTepuall, KOTOPbIi MPOU3BOAUTCS B OOJIBIINX
KOJIMYECTBAX IJIaBHBIM 00pa3oM Oyrarogapsi €ro BI3KOCTH.

He Tax mgaBHo mbl ¢ k. KykoMm pemmnu pa3oOpaTbcss B 3TOM SIBJICHHH KOJMYECTBEHHO. B
MaTCpUAJIOBCACHUN MHOTHUC 3aJa4U CBA3AHBI C MATCMATHYCCKUMHU TPYAHOCTAMU, TCOPCTUICCKHA
pa3pemruMbIMi, HO TPeOYIOIKUMHU CIHMIIKOM TPYAOEMKOW BBIYHUCIUTENbHOM paboTel. K Takum
3a/1auaM OTHOCHUTCSI B KAKOW-TO MEpPEe U PacueT paclpeeieHuss HanpsHKeHUH BOKPYT TPEIIUHBI.
Ho MBI 10KHBI 3HaTh HEKOTOPbIE OCOOEHHOCTH KapTHUHBI HAMPSKEHUI BOKPYT TPELIUHBI, €CIIU
XOTHUM IIpeyraiaTh, Kak MOBeAET ceOs TpeInHa, CTOJIKHYBIINCH HA CBOEM IMYTH ¢ KaKoi-110o
HEOJTHOPOJHOCTBIO. Beap CTekIomnacTUK - MaTepuai SIBHO HEOJHOPOAHBIH, OCOOEHHO
MHTEpPECHasi HEOJAHOPOIHOCTh BOZHUKAET HA TPAHUILIE pa3jiesia MEX 1y BOJIOKHOM M CMOJIOM.

B wname Bpems OBM MEHSIOT Bce€ TMPENCTABICHUS O BBIUYUCIUTEIBHBIX TPYAHOCTSIX.
KoHuenTpanus HampspkeHHM y KOHUMKA TPEIIMHBI Oblla BIEpBBIC BbIYMCIeHa MHTIHCOM B
1913romy. Mbl yxe roBOpwJd 00 3TOM, €ro Pe3yJbTaThl MOXXHO CUYUTATh KIJIACCUKOW, OHU
abcomoTHO BepHBI. C TeX MOop IENblid psiJl yYeHbIX, Oosiee CIIOCOOHBIX, YeM MBI, padoTallu Hal
aToil mpobiemoii. Ho AbpsSBONBCKM TPOMO3JKHN MaTEMaTHYECKUM ammapaT OJHHUX 3acTaBJIsuT
MpeIoiararh, YTO KOHYHK TPEUIMHBI OECKOHEUHO OCTEp, TO €CTh UMEET HYJICBOU pPaJnycC; TeX
e, KTO CUMTAJCS C KOHEYHBIM pPaguycoM TOJIOBKM TPEIIMHBI, Ta K€ camas MaTreMaTuKa
NPHUHYXJaJda WCIOIh30BaTh OYEHb MPHUOTMKCHHBIE METOIbl WU K€ OIpeAesaTh KapTHUHY
HaIpPSKEHHOTO COCTOSHUSL TOJBKO B KaKOW-TO OTpaHWYeHHON oOnactu. [Ipenmonoxxenue o
OCCKOHEYHO OCTpPOH TpeIMHE BEIeT K OCCKOHEYHO OOJNBIINM HAIMPSIKCHHSIM, YTO, OYEBUIHO,
JIMILIEHO PealbHOTO CMBICTIA U HE TIOMOTaeT B PEIICHUU MPOOJIeMbl pa3pylIeHHs *.

* Tlpocrast u wm3simHas uzaess B.B. HoBoxwunoBa (cMm. ero cratbto B kypHane “IlpuknajgHas mareMaTuka U
mexanuka”, 33, 1969, Bbin. 2) CBOAUT OCCKOHEYHbIC HAMPSIKCHUS, MONYYCHHBIC B PE3yNbTaTe PCLICHHS 3aIadyu
TEOPHH YHPYTOCTH, K PEALHBIM ITOJHBIM CMBIC/IA BEJIMUMHAM IIyTEM y4deTa aTOMHOW CTPYKTYpbI MaTepuaia U TOro
(akra, 4To 3TH d(eMepHbIe OECKOHEYHO OOJIBIINE HANPSIKCHHUS YMEHBIIAIOTCS TPH yIAJCHHH OT TPEUIUHBI C
OeCKOHEYHO OOJIBIION CKOPOCTHIO. - IIpum. nepes.

[TpubnuxeHHbIe METOJbI, MUCIOIB30BABIINECS /ISl CIy4as KOHEYHOTO paJnyca TOJOBKH, HE
JaBaJId JOCTATOYHO TIOJIHOTO MPEJCTABICHUS O TOM, YTO JIETACTCs y CaMOTO KOHUYMKA TPEIIUHBI,
TO €CTh TaM, 1€ UAET pa3pylICHHE.

Kak 651 TO HM OBLIO, C AIEKTPOHHO-BBIUMCIUTEILHOW MAIIMHON Wi 6e3 OHOM, s, BEpOSITHO, HE
cMOT OBl YIIPaBUTHCS CO BCEH ATOM MaTeMaTukou, Ho KyKy HpaBATCS TaKOro poja yrnpaxHEeHUs,
Y, HCII0JIb30BaB BBIUMCIMTEIbHYIO MalIMHY “MepKypuil’, OH CyMell OIpENEIUTbh HAaIpPsKEHUsS
OUYCHb OJIM3KO K KOHUUKY TPELIUHBI C KOHEUHBIM PaJHYyCOM.



OOmast kapTUHA HAOMHHAET KapTHHY, MOKazaHHylo Ha puc. 18. Hemnoro o0oOmas ee, Mbl
MOriaM Obl H300pa3UTh TPACKTOPUU HAMPSOHKEHHI, TO €CTh HampaBiIeHUs, MO KOTOPBIM
HaINpsDKCHUS MEPeatoTcs ¢ OJHOM aTOMHOM CBsI3U Ha JIPYTYlo, Kak 3To caenaHo Ha puc. 30.0ta
CXeMa IMOMOKET HaM MOHSATh JETAIM KapTUHbBI HANPSHKEHUH, ToTydeHHOU KykoM.
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Puc. 30. I'pybast cxema TpaeKkTOpHii HANPSIKeHUit
B PABHOMEPHO PACTSIHYTOM CTep:KHe, COiepsKanieM TPelInHy.

MBI, KOHEYHO, IOHUMAJIH, YTO AEJIAEM JBa JOIYLICHMs, KOTOPBIE YIPOILAIOT Hally 3axady. Bo-
IIEPBBIX, MBI CYUTAIIHU, YTO KOHUYHMK TPEIIMHBI UMEET OYEPTaHMsl JUINIICA WM KPyra - Ha CaMOM
Jiene B MaTrepuane, COCTOSIIEM M3 aTOMOB, TaKoro OBITh HE MOXET. Bo-BTOpBIX, MBI
Ipenonaraiy, 4To MaTepual BeAeT ceOsd Kak CIJIONIHOE YHIPYroe TelnOo U MOAYUHSETCA IMpU
3TOM 3aKOHY ['yka - 3TO TOXe He yYMThIBaeT peajbHBIX 0COOeHHOCTel Marepuana. Ho Hudero
JY4IIEro Mbl IPEANON0KUTh HE MOIJIM, OCTAeTCs JIMIIb HAAEAThCS, YTO OIIMOKH, BbI3BAHHBIE
TaKUM OrpyOJIeHUEM JEHCTBUTENBHOM KAPTHHBI, OYAyT HE CIUIIKOM BEIIUKH.

[lepBbIii BBIBOA OTHOCHTEIBHO pacIpelesieHUs] HanpsDKeHUH B 00JIacTH KOHILA TPELIMHBI,
kotopeiii Kyk cneman w3 cBoux ymnpaxsHeHuid ¢ DBM, 3akitouaercss B TOM, YTO HE TaK. YK
BaXHO, Kak TMPWIOKEHAa BHEMIHsS Harpy3ka. KoHewyHo, oO0IIas kapTWHA HAMpsHKEHHOTO
COCTOSIHUSI B Tejie OyAeT CHIIBHO 3aBUCETh OT TOr0, KAKUM CIOCOOOM MBI BBIHYJIUM TPEIIMHY
pactu - GYI[GM JIM MBI pAaCKJIIMHUBATL €€, HAIIpUMCP, I'BO3JACM HIIN 3y6I/I.HOM WM TPUITTOKUM
pacTsaruBamoilylo Ju0o U3THOAIoOUIyl0 HArpy3ky K Tely, colepkamemy Tpemuny. Ho
pacmpenelneHne HampspDKeHHW B 00JIaCTH, B KOTOPOW pa3BHBAeTCS paspylleHHE, TO €CTh Ha
pPAcCTOSIHUM HECKOJIbKUX aTOMHBIX Pa3MEpOB OT KOHYMKA TPEIIMHBI, OyIeT BO BCEX CIyyasx
IMpUMCPHO OAHUM U TCM IKC. CH@I[OBaTG.HBHO, MCXAaHU3M pa3pylmcHusA HE JOJIKCH, IIO0-
BUJUMOMY, 3aBHCETh OT crioco0a HarpyXeHHs Tena. 3ajada, TakuM o0pa3oM, yNnpocTUiach, a
3TO YK€ 03HA4aJI0 HEKOTOPHIH 11ar Brepes.

Obparumcst tenepp K puc. 31 u 32, Ha KOTOPBIX H300pa’keHBl JIEHCTBUTENbHBIC KapTHUHBI
HaNpsDKeHWH, pacCUMTaHHBIC JUIS TPEIIMHBI JUIMHONH 2 MKM W paauycoM KoHumka 1A. YacTs
TPEUINHBI, IPUIETaloIas K ee KOHYMKY, OTMEUYEHa Ha PUCYHKE INTPUXOBKOW. KpuBble nuHUM
HPOXOJAT Yepe3 TOYKH Tela, B KOTOPHIX KO3((PUIIMEHT KOHIECHTPALMH OCTACTCS MOCTOSHHBIM
JUIS. HANpsDKEHWH, HANpaBlIeHHBIX 1o BepTukaimu (puc. 31) m no ropuszontramu (puc. 32) B
IUTOCKOCTH JHcTa. (3aMeThTe, 3TO - HE TPacKTOpHH HampspkeHui!) Uucmo y Kakaon JTHHHA
0003HayaeT BEJIMYMHY KOA(PHUIMEHTa KOHIEHTPAMH, TO €CTh Yhcio K, Ha KOTOpOe clenyer
YMHOXHTB BEJIMYMHY CPEIHETO HANpPsDKCHHS Ha 3HAUNTEIBHOM YNAJIICHWH OT TPEIIHHBI, YTOOBI
NOJYYUTh COOTBETCTBYIOIEE HANpPsDKEHUE B JIIOOOW TOuKe Ha 3amaHHOM JmHuH. Korga pasmep
TPEIIMHBI YBEJINYNBACTCS, PANyC ¢ KOHUYMKA HE U3MEHSCTCS,; CIIEA0BATEIbHO, KOHIIEHTPALUI
HanpspkeHud Bo3pactaeT. Ho xapakrtep pacmpeseneHHsi HAUpsHKCHUH OCTaeTcsl MPEXHUM, BCe
M3MEHSETCS TPOINOPIHMOHANBHO. [l cioydas, KOraa TpemHa yKOpadMBaeTCs, CIIPAaBEMJIHBO,
KOHEYHO, 00paTHOE.



Puc. 31. Konnenrpauus Hanpsi;KeHUH BOJIH3H
KOHYMKA JUITHNTHYECKOH TPEeIMHBI.
PacraruBaionine HanmpsiKeHUs! HANPaBJIEHbI MO
NPSMBIM YIJIOM K TPelliHe, TO eCTh NapajieJbHO
NPUI0KEHHON HAarpy3ke. 3alITPHXOBaHHAA 00J1aCTh
npeacTaBJsgeT co0oii Tpemuny. Baoyib KpUBBIX

K03 PUeHThI KOHIEHTPALMH MOCTOSTHHBI, YHCJIA,
MPOCTABJICHHbIE HA HUX, MOKA3bIBAIOT, TAKUM
00pa3oM, BO CK0JIbKO Pa3 MeCTHOe HanpsizkeHne
NpeBbIlIaeT cpefAHee Mo o0pa3ny. MakcuMaabHas
BeJINYMHA KOHUIEHTpauuu - okoJio 200. AGcooTHast
BeJIMYMHA KOHIEHTPALUH 3aBUCUT OT AJIHHBI
TPEUHBI, HO MPOMOPIUH OCTAIOTCSI HEN3MEHHBIMHU.
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W3 puc. 31 BuUaHO, YTO HANpPSKEHUs, HATIPABJICHHBIE BEPTHKAIBHO, TO €CTh CHJIbI, CTPEMSIIHECS
PacKpbITh TpEIIMHY, pa3opBaTh €€, O4YEHb BEJIUKH, OCOOCHHO B 00JIACTH, BIUIOTHYIO
NPUMBIKAIOIIEH K KOHYMKY TpemuHbl. CaMble OnacHble HANpsDKEHUS MPUXOIATCS Ha 00JIacTb,
MPUMEPHO PaBHYIO IUIONMIAJM OJIHOW aTOMHOW CBSI3U. UHCIIEHHAas BEJIMYMHA MAKCUMAJIbHOTO
HaIIpSDKEHUsT paBHA 3[eChb IOJy4YeHHOMY MHIUIMCOM HampsKEHWI0 B CaMOM KpalHEW TOYKe
TpeIMHbI (IpaBaa, 3TO TOYHOE 3HAYCHHE HE CTONb yX BAaXKHO, IMOTOMY YTO BCE MOJOOHBIC
pacdeTsl OCHOBaHBI Ha KaKUX-TO JOMYLICHUsX). Ho eciiu MbI MpoiBUHEMCS BIIEPE]] OT TPELIHHBI,
[IEPECKOYUM, Ipy0o TOBOPS, Ha CIEAYIOLIYI0O aTOMHYIO CBSI3b, TO OOHApY>KUM, YTO HaIPsSKEHHE
Ha HEH ynaJio B [1Ba C JUIIHUM Pa3a 10 CPABHEHUIO ¢ MAKCUMAJIbHOM BEIUYMHOU. BeposaTHO, 3TH
COOTHOILIEHUS] BEPHBI BCETa, U OHM OUYEHb SCHO IOKa3bIBAIOT, YTO OOJbLIAs 4acTh HArpy3Ku
KOHLICHTpUPYETCAd B MaTepualle Ha €JUHCTBEHHOW IIENOYKE aTOMHBIX CBS3€H, IPOXOMSLIEH
yepe3 caMblidi KOHYMK OCTPOM TPEUIUHBI; CIEAYET JIHUIIb IIOMHUTH, YTO Mbl MMEEM JEN0 C
TBEPIBIM TEJIOM (a HEe C JIMCTOM Oymaru) ¥ KOHYMK TPEIIMHBI MPEACTABISICT COOOW JIMHHIO B
TPEXMEPHOM IpocTpaHcTBe. Kak TOIbKO meperpykeHHas CBs3b Ha KOHYMKE TPELIMHBI JIOIHET,
UK KOHLEHTpAIMM HaNpsDKEHUIN MEepPEeMEeCTUTCS Ha CIEAYIOUIYIO CBSI3b W T.JA. U T.J., M0JO0HO
NETJISIM Ha YyJIKe.

Ecin yBenmuuuBaTh TOJNBKO IPOYHOCTh XMMMUECKHUX CBSI3€H, TO 3TO Majlo IOBIMSET Ha
IPOYHOCTh TENa, COJEprKallero Ae(eKThl, TaK Kak 3TOT MyThb HE YMEHbBINACT KOHLEHTPALUH
HanpsDKeHUH y TpemH. IMEeHHO mo3ToMy anma3s U camngup - BEIIecTBa XPYNKUE U OOBIYHO HE
OUYCHb IPOYHBIC, HECMOTPsSI Ha UX OOJNBLIYIO TBEPJOCTh U BBICOKYIO JHEPIMI0 XUMHUYECKUX
csizeil. Ha aToM MOkHO ObIIO OBl M MOCTaBUTh TOYKY B MUCTOPHH O MPOYHOCTU U XPYNKOCTH,
eciy Obl 1eJ10 OrpaHUYMBAIOCh 00JIee UM MEHEe YIPYTUMH U 0ojiee MM MEHEe OAHOPOIHBIMU
tenamMu. C Takoil TOYKM 3peHHs MPaKTUUYeCKH Oe3pas3sinyHO, ¢ KaKOro poja TeJIOM MBI UMEeM
JIEJI0 - KPUCTAIIIMUECKUM, CTEKI000Pa3HbIM MIIH J1aKe OJMMEPOM; HECYIIECTBEHHA U BEJINYMHA
monayist FOura. Bakno nuiib, 4ToObl TENO MOAYMHSIIOCH 3aKOHY ['yKa B JJOCTaTOYHO IIMPOKOM
obyactu npedopMannii, BIUIOTh 10 pa3pymieHus. XPYNKOCTh - He eCTh 0¢000€e COCTOsIHME, OHA
SIBJISIETCSH HOPMAJIbHBIM COCTOSTHHEM BceX NMPOCTHIX TBEPABIX TeJl.

Bsi3kocTh mpucymia 6oee CI0KHOMY TBEPJOMY Telly; MOXKHO JaKe CKa3aTh, YTO TENO TOJKHO
OBITH CHEIUATBHO “CKOHCTPYHPOBAHO” TakWM oOOpa3oM, YTOOBI 00JajaTh ATUM CBOWCTBOM.
Bsi3kre matepuanbl 4acTo coiepkKaTr B CBOEM 00bEMe KaKHe-TO TPaHUIIbI pasliena, MHOTHE U3
9THX MAaTEpUANOB - Tella HEOJHOPOJHBIE, TO €CTh IIOCTPOCHBI W3 JBYX WM Oolee
COCTAaBJIAOIINX, HANPUMEP U3 BOJIOKHA U CMOJIBI.

JlaBaiiTe Temephr paccCMOTPHM pHUC. 32, HA KOTOPOM H300pakeHAa KapTHHA HaNpPsHKCHHH,
NapauIeJIbHBIX TPELIMHE U HANPaBJICHHBIX FOPU30HTAIBHO. Cpa3zy U HE MoAyMaellb O TOM, YTO



TAKHUC HAIIPAKCHHA, U JOBOJIBHO 3HAYUTECIBHOU BCJIMYHHBI, CYHICCTBYIOT, OJHAKO 60ﬂee
BHUMATEJILHBIM aHaIM3 IMOKA3bIBAET, YTO €0 00CTOUT MMeHHO Tak. Kak BuaHo u3 puc. 30, Bce
TPAeKTOPUHU HANpPSHKEHUH JTOJDKHBI 00XOIUTH Kpail TPEHIMHBI, TOBOJIBHO PE3KO M3TMOAsACh IMpH
9ToM. TpacKTOpHH HAIPSHKEHUH MOKHO 0Opa3HO MPEACTaBUThH ceOe B BUE HATIHYTHIX CTPYH,
KOTOpPbIE CTPEMSTCS BBIIPAMHUTHCA. Ecin HaTsHyTas cTpyHa OrMOaeT *KECTKMH KOJIBIIIEK, OHA
OyIeT IaBUTh Ha KOJBIINIEK B HANpPaBJICHHHM HATSHKCHHS, a PEaKIMs KOJBIIIKA, eCTeCTBEHHO,
OyzeT HampaBiieHa B IPOTHUBOMOJIOKHYIO CTOPOHY. VIHBIMH c10BaMH, B 0071aCTH, IPUMBIKAIOLICH
K TpEHIMHE CO CTOPOHBI €¢ KOHYHKA, JO/UKHO CYNIeCTBOBATH PACTSDKCHHE B HAIPABIICHUH,
NapajuleJIbHOM IOBEPXHOCTH TpelluHbl. Briuncinenns Kyka naroT pacnpeneneHue U BEINYUHY
COOTBETCTBYIONIUX HampsukeHui (puc. 32).

Puc. 32. KonnenTpanusi Hanpsi;keHUH BOJIM3M KOHYHKA
UIMNTHYECKOH TPelnHbI. PacTarnBaomue HanpsikeHust
HanpaBJeHbl NAPAJJIeTbHO TPEIINHE, TO eCTh MO
NMPSMBIM YIJIOM K HANIPABJIEHUIO MPHJI0KeHHOH HATPY3KH.
Jlns1 3T0rO0 CAydyass MAaKCHMAJIbHAS KOHIEHTPALMSs
cocTaBJisieT 0K0.10 40 -T.e. IATYIO YACTh KOHIEHTPALMH,
MOKA3aHHOH Ha MpeAbIAyIleM PUCYHKe.

Ecin HanpspkeHus, NEpHEHIUKYJSpHbIE TpPEIIMHE, AOCTUIAlOT MaKCMMyMa Ha CaMOM ce
KOHYHKE, TO HANpPsHKCHUE, MapajuleibHOe TpeuuHe (TOPH30HTAIBHOE B IUIOCKOCTH YepTexka),
PaBHO HYIIO B 3TOM Touke. OHO yBENIMYMBAETCS C YJAJIEHUEM OT KOHYMKA MO TOPU30HTAIU
(puc. 32) m pocTHraeT MakCMMyMa Ha pAacCTOSHUHM OJHOTO-IBYX AaTOMHBIX pa3MEpoB OT
TpemuHbl. Ho 3TOT MakcuMyM pa3maszaH, U JOBOJBHO BBICOKHE HANPSDKEHUS COXPAHSIIOTCSA HA
3HAUUTENBHOM pPacCTOSIHUM OT TpeimuHbl. He3aBucumo ot ¢opmbl TpemMHbI U cnocoda ee
NOIPY’KEHUs] OTHOLIEHHE MAKCMMAJIbHONW BeJIHMYHUHbl HANPSIKeHHUs, MapaliejJbHOro
TpPellHHe, K MAKCHMAJIbHOH BeJMYHHE HANPSKEHHUs], HANPABJCHHOI0 NMEPIEeHANKYJ/ISIPHO
ee TMOBEPXHOCTH, €CTh BEJIMYMHA TOCTOSIHHAsi M paBHasi npuoausuteabHo 1/5. Takoe
NOJIOKEHHE HMEEeT, MOo-BUAMMOMY, (yHIaMEHTaIbHOE 3HAYeHHe IS BCEX TpPELIHH,
CYILECTBYIOIIMX B PACTIHYTOM MaTepHale.

3/1eCh-TO M CTAHOBSATCS BaXXHBIMH BHYTPEHHHE MOBEPXHOCTH B OMOJOTHYECKUX MaTepuajiax.
BaxxHo TO, 4TO 3TH MOBEPXHOCTH pazjena OObIYHO clabee OKpyKarolero ux marepuana U He
notomy, uto IIpuposa He goraganach CKIEUTh 3/IeCh TKaHU MOIMPOYHEe, a TOTOMY, YTOo, Oyaydn
BEPHO YCTPOCHHBIMH, c1a0ble MOBEPXHOCTH JISNA0T MaTepHall BI3KUM, YIPOUHSIOT €T0.

ITocMoTpuM, YTO TOIy4aeTcsi, KOrja TpelIMHAa NpuOIMKaeTcss K MOJOOHONH IOBEPXHOCTH,
PacIoyIoKEHHOM MEPIEHANKYISIPHO K HalpaBJIEHUIO €€ IBIM)KEHHUs. BHauase K MOBEpPXHOCTH
pasacia HOHOﬁHGT 30Ha paCTsAXKCHUA, KOTOpasd ABHUKCTCA BIICPCAU TPCIIMWHBI, U OHA IMONBITACTCA
pa3opBaTh TEJIO MO TON IMOBEPXHOCTH Ha KaKOM-TO ydyacTke. Ec/iM mpo4YHOCTh MOBEpXHOCTH
pa3nena 6oabiie 1/5 0T 001Iell MPOYHOCTH CUENJIeHHsI MAaTepHaJia, TO 3Ta MOBEPXHOCTh He
pa3pymIMTCs, TPelMHA JUIIb IepeceyeT ee U MOBeleHHe MaTepuaJa He usMenuTces. Ecan,
0IHAKO, MMPOYHOCTHh TPAHMIbI pa3iesia MeHbIe NMpuUMepHO 1/5 0T BeJIMYMHBI ClENJIeHHUs
MaTepuasia, To OHa OyleT pa3pylleHa, Npexkie 4YeM IJIaBHas TpellMHA JOCTHTHET ee, W
o0pa3syercsi JOBYHIIKA, KOTOpasi MOMaeT M OCTAHOBUT TPELINHY *.



* Jlo-BHIUMOMY, MOKHO CYHTaTh, YTO B pe3yibTaTe TpelMHa OyAeT MpUTyIuleHa. Pagmyc KOHYMKA TPEIIUHEI,
KOTOPBII OBIJT OYEHH MANIbIM, CTAHET OYCHH OOJBIINM, MPAKTHYECKH OCCKOHEYHO OONBIIMM. MBI TOIYYUM TaKUM
00pa3oM HOBYIO TPEIIMHY IO MPSAMBIM YITIOM K TIEpBOHAYAIBHOM, HO TEHICHIMA K PAaCIPOCTPAHECHUIO TPEIIUHEI,
napaieN-HON MPUIIOKEHHOMY HATPSKEHUIO, OOBITHO OTCYTCTBYET.

CxemMaTH4ecKH BcE A3TO MOKa3aHO Ha puc. 33, a MHKPOCHUMOK JCWCTBUTEIHHOW KapTUHBI
TPEIIMH B apMUPOBAHHOM MaTepuaje - Ha puc. 34. KoHeuHo, eciiu CIIeTICHHE Ha MTOBEPXHOCTH
pazzena CIMIKoM crnaboe, TO MaTepual B 1eJIoM OyAeT Ca0biM, HEPOYHBIM, €CITU CLCTIIICHUS
He Oyner BooOme, TO NPHAETCS H300peTaTh KaKoe-HUOYIb BEPEBOYHOE WM IUICTECHOE
MPHUCIIOCOOJICHHE, YTOOBI XOTh 32 CUET TPEHUS YAepkKaTh Kycku BMecTe. KOHEUHBIH pe3ynbrar
CHJIBHO 3aBUCHUT OT IPABHJIBHOTO BBIOOpa CHJI CIEIUICHHS Ha MOBEPXHOCTSIX pasjiena, W, KOJb
CKOPO 3TO CIeTIaHO, MOXKET OBITh IMOTy4eHa OyiecTsas KOMOWHAIMS IPOYHOCTH H BSI3KOCTH.

o < >
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Puc. 33. Mexanu3m Topmozkenusi Tpemunsl o Kyky-I'opaony. a - Tpemmna npudamkaercs K cJ1adoii
MOBEPXHOCTH; § - MOBEPXHOCTH NepeA TPelnHoi pa3pymaercs; ¢ -T-o0pa3Hblii TopMo3 [uIs TpemuHbl. Ha
MpaKTHKe TPEeLIHHA 00bIYHO OTKJIOHSeTCS, KaK MOKA3aHo Ha puc. 34.

Urak, ycnoBue 3pQGEKTUBHOIO TOPMOXKEHHS TPEIIUH COCTOUT B MATUKPATHOM OCIIA0JICHUH
Marepuana. [ToHavanmy Takas omepainus He KaxeTcss MHorooOemiaromeid. Eme He B3sBIINUCH 3a
JIeNI0, MBI JIOJDKHBI yXe Koe-4eM MocTynuTbes. OnpHako ecnu HaOdoAaTh 3a IMPOIEccoM
TOPMOXKEHHS TPELIMH, METOJA CO3IaHUS CIa0bIX IOBEPXHOCTEH pa3jena BBIMIAIUT BIIOJHE
3 PEKTUBHBIM: HUCTHHHOE pa3pyllalolliee HalpspKeHHE Y KOHYMKA TPEIIUHBI JOJDKHO OBITH
PaBHBIM TEOPETUYECKOW MPOYHOCTH MaTepHaja, TO €CTh JOJDKHO JIeXKATh, KaK MPaBHIIO, MEXIY
E/10 u E/5 (E - monynp OHTra, cM. r1aBy 2). YMeHbIas 3Ty BEIHMYUHY B 5 pa3, MbI Bce elle
coxpausiem mpouynoctb E/SO - E/25, ngocturayryro, KcTaTd TOBOpsS, Ha MPAaKTHKE B
CTEKJIOIJIACTUKAX W HaMHOTO TMPEBBIIIAIONIYI0 TY, YTO MOXHO TOJYYHUTh JUIS METaJIOB,
coxpaHsisi Oe3omacHbIi ypoBeHb Bs3kocTH (rmaBa 8). K ToMy ke NMpOYHOCTH, 3HAYUTEIBHO
npessimatomas E/100,MoxeT 1 He COCTaBUTh 0COOOT0 MHTEpeca ISl IPAKTHKH.

Puc. 34. Bausinue BHyTPEHHHX MOBEPXHOCTEH HA TOPMOsKeHHe TPEIHH.
Cnega - MmaTepual, coepKaHii MHOKeCTBO BHYTPEHHHUX MOBEPXHOCTEH;
cnpaea - OIHOPOIHBIN MaTepHaJl.

XpynKocTh OOJNBIIMHCTBA NPUPOIHBIX MHUHEPANOB CBsi3aHA C WX OOJNbIIEH WIM MEHbIICH
OIHOpOAHOCTBI0. HO, OKa3bIBaeTCs, HEKOTOPBIE MUHEPAIIBI UMEIOT CIIOMCTOE CTPOEHUE, IPUIEM
CBSI3b MEXIy CIOSAMHU MPHOIM3UTENBHO HYXHOH mpodHocTu. Camble pacnpoCTpaHEHHBIE
MHHEpaJIbl TAKOTO poJia - aCOECT U CIII0J1a, UMEHHO [T03TOMY OHU UMEIOT CTOJIb YAUBUTEIbHbIE U



noJie3Hble cBOMCTBAa. OYeHb MOKA3aTENbHBI B 3TOM CMBICIE 3HAMEHUTHIE OIBITHI CO CIIOAON
npodeccopa Oposana. Cimroa npeacTaBisieT co0ol MUHEpPaa C HOHHBIMH CBSI3SIMH, B KOTOPOM
ycnoBus OajlaHCa 3JEKTPUYECKHUX 3apsJ0oB B MOJIEKylle TpeOYyIOT CyIIECTBOBAaHHS CIIOEB
METAJIMYECKUX aTOMOB, BBIHY)KJIEHHBIX JACTUTH 3apsii OJHOTO 3JEKTPOHA C HECKOJIbKUMHU
cocelsiMA. DTH CIIOM B KpUCTaJUIe SIBISIOTCS clIa0bIMH TMOBEpXHOCTAMHU. OIWMH M3 4YacTo
UCIIOJIb3YEMbIX THIIOB CJIFOJbI HAa3bIBACTCS MYCKOBUTOM (MUSCOVite- MOCKOBCKHIA, 3TOT COPT
CIOBI BIiepBbie ObLT HaiineH B Poccum). TIpOYHOCTH MEXKCIOEBOM CBS3M B ITOW CIIONE
COCTABIISET B CPEIHEM MPUMEPHO 1/6 OT MPOYHOCTH B OCTAIHLHOM 00beMe KpHUCTAILIA.

Jawceurr
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Puc. 35. DxcniepumenTs OpoBaHa €O CIIOIOI.
a - oGpa3sell ¢ HEHATPYKEHHBIMH KPOMKaMH, NPOYHOCTH ero 320kl /Mmm?

0 - Harpy3Ka Ha KPOMKAX paBHA CpeHeMY HaNPsI:KeHHI0 B 00pa3ie, MpouHocTh ero 17, 5kT/Mm?

OpoBaH M3MepsUT MPOYHOCTh MYCKOBHTA MPH pPacTsHKEHHUH. J[JIsi TepBOTO OMBITAa OH BBIpE3ai U3
TUTACTUHKH CITIOJIBI 00pa3er] 00brdHOM (pOpMBI, HAITOMUHAIOIINI OYePTAaHUSAMHI KOHTYP MECOYHBIX
yacoB (puc. 35,0). O6pasernr ObUT MIIOCKMM M JOCTATOYHO TOHKHMM, a IUIOCKOCTH CHAWHOCTH -
napajjielbHBIMU ITUPOKOW rpaHu obOpasna. Takoit oOpaszer kak Obl COCTOSIT U3 HEKOTOPOTO
yuciaa JIMCTOB, C€Ja00 CKJIECHHBIX MEXIy cobOoi. Kpomkm ero wumenu rpyoOble CIesl
MexaHnueckoil pesku. Korma oOpasen Harpyajucs B HCHBITATEIILHON MaliuHe, 3TH KPOMKH
HarpyXajuch B TOW e CTEIIEHH, YTO U CepPeUHA, TaK YTO TPEUIMHBI HAUMHAIIUCH HA KPOMKaX H
pacipoCTpaHsINCh B TIIyOMHY 00pasma OObIYHBIM MyTeM. [IpOo4HOCTh, MONMY4YeHHAs Ha ITUX
obpasmax, 6si1a 0K0J10 17 Kr/MM?, TO €CTh IPUMEPHO PaBHSIIACH IIPOYHOCTH OOBIYHOTO CTEKIIA.

3arem OpoBaH UCHBITAN Ty K€ CIIOAY, HO Ha oOpa3nax Ipyroit ¢opmsl. M3 citoas! BbIpe3anuch
NpSMOYTOJBHBIE TUIACTUHKM, KOTOPbIE OBUIM HECKOJIBKO IIMPE, YeM 3aXBaThl IS KPETUICHHS
oOpasuoB B mamuHe. [Ipeamnonaranock, uto oOpaszen OydeT HarpyXeH Tak, Kak MOKa3aHO Ha
puc. 35,a, TO €CTh KPOMKH €r0 OCTaHyTCSl HeHarpyXeHHbIMH. HapyxHble TIOCKOCTH 00pasiia,
JeKallye Ha MyTH Mepeadyn Harpy3Ku MEXy 3aXBaTaMH, TOJDKHBI ObITh, KOHEYHO, TIOJTHOCTHIO
Harpy>KeHHbIMH, a Ha HUX - IIapaluHbl U JPyrue KOHIEHTPAToOpsl HanpspkeHuid. Ho TpenmHsl,
NOSIBUBIIMECS Ha 3TUX KOHLIEHTPATOpax, €IBa HayaB pPACTH, YIHUPAIOTCS HAa CBOEM IIyTU B
OTHOCHTEJBHO CJIa0bIe TNIOCKOCTH CIIAIfHOCTH.

[TpounocTs 3THX 00pa3loOB OKaszamach paBHOW mpuOIM3uTEapbHO 320K['/MM?, TO ecTh OblTa
nout B 20 pa3 Bblllle, YeM MPOYHOCTH OOPA3LOB, B KOTOPHIX TpEIIMHAM HE HY)XHO OBLIO
nepecekarb ciiadble TMIOCKOCTH. JT0 cocTaBiseT 1,5% ot momyns IOnra - mudpa BecprMma
BHymHMTeNbHast. Ho BOT apyroif copt ciroabl - Maprapur - uMeeT BABOE OOJbIIE 3JIEKTPOHOB
CBSI3U 4epe3 IJIOCKOCTh CHAHOCTH, a MOTOMY XPYIOK M 001aJaeT HUYTOKHON IIPOYHOCTBIO.



[TooOHBIE PKCIIEPUMEHTHI MOKA3bIBAIOT, YTO JUI MaT€pPHaJOB TaKOTO THIA TPYJHO OTACIHUTH
pEeabHYI0 MPOYHOCTh OT XPYNKOCTH, MOATOMY BBEACHHME CIa0bIX BHYTPEHHHUX MOBEPXHOCTEH
MOYKHO PacCMaTpHBaTh KaK yBeJIMUEHUE OOIIEH MPOYHOCTH Tena.

Cmoma u acOecT He HCIOJNB30BAINCH JIIOJbMH KaMEHHOTO BeKa ISl H3TOTOBIICHHSA
MHCTPYMEHTOB U OPYXKUS - IJIOCKOCTU CHAHOCTH TSHYTCSl B HUX 4epe3 BEeCh KyCOK MUHEpaa,
OT OJHOW TrpaHu K Jpyroil. Jpyroil wu3BecTHBI C ApPEeBHUX BpeMEH MuHepan, Hedpur,
IpelCcTaBiIsieT co00l MEHIaHMHY MajblX IUIOTHO YHaKOBAaHHBIX HUIOJbYATHIX KPUCTAIJIOB CO
ca0bIM CIICTJICHMEM Ha TpaHUIAX; €ro MOXKHO CYHMTAaTh HEOPTaHMYECKUM HKBHUBAJICHTOM
BEpECKOBOW TpyOKH min 0amMOykoBoro kopHs. HedpuT mosTomy o4deHb BSI30K U MOT ObI OBITH
NOYTH UJCAJbHBIM MaTEepHUajoM JJIsi HHCTPYMEHTOB U OpYXHs, oOpabaTbiBaiics OH moserye jia
BCTpEUaiics B MPUPOE MOYAIIIE.

[Tockonpky HeppPUT HENb3d PACKOJIOTh TaK JK€ JIETKO, KaK KpeMeHb WIM O0CHIWaH, eMy
NpHUaBadl HYXHYIO (OpMYy IMyTeM OYEHb IUTEIHbHOW - HEACNU M MECSIBl - NUIH(OBKHU C
MeCKOM Ha Kycke nepeBa. [losTomy odeHb MpOYHBIA HEPPUT OCTaBajiCs MaTepuUajoM s
JOpOTUX TOJENOK. M3-3a JOPOTOBHU3HBI, BEIUKOJICTIUS U PEIKOCTH MaTepualia caMoro mo cebe
3TU NpPEAMETHl COXPAHWIUCh B KAUECTBE CHMBOJIOB IPECTHXkA, KOrJa Ha CIEHY BBICTYIWIN
METaJlIbl.

Hedpur Bcrpeuaercs peako, MOTOMY UYTO OH MOXET KpPUCTANIM30BaThCSA JIMIIb TMpU
OIIPEJICTICHHBIX TEOJIOTMYECKUX YCIOBHSX (TeMreparype W AaBJICHUH). DTH OJIarONpHTHBIC
YCJIOBHSI MHOTJAa BCTPEUYAIHMCh B CKJIaJIKaX 3eMHOM KOphl. Takue obmactu ecthb Ha JlaibHeM
Bocroke, B HoBoli 3enanguu, B LlenTpansHoit AMepuke. HoBo3enanackoe miemMs Maopu Jeajio
He(PUTOBBIE TOMOPHI MOYTH HAa MAMSITH KUBYIIETO MokoyieHus. ['enpux ["apep * pacckasbiBaer,
4yTO B LEeHTpainbHOM HoBOW I'BMHEe TONOpHI A0 CUX IOp AENAOTCA U3 KAMHS, IIOXO0XKEro Ha
He(puT; nuMQOBKAa U TOJUPOBKA MX TPeOyeT HECKONbKHUX MecsieB. JlroOonmbeiTHas mpobiiema
BO3HHUKJIA B CBSI3U C TEM, YTO HEIABHO B AHIVIMM OBbUIO HAiIEHO HECKOJIBKO HE(PHUTOBBIX
toropoB. Ecnmm 310 He myrtka tuma IluntmayHoBckoi **, To mmbo rme-to B EBpome Obun
paHbllle MECTOPOXKACHUST HepuTa, MO0 TOMOPHI JOJKHBI ObUTM MpPOJENaTh HEeBOOOpa3UMBbII
nytb ¢ JanpHero Bocroka. OmgHako, kak 3ameTuia ['epogoT mo moBOAYy HAXOIKH CKHUGPCKHX
nozenok B /lenoce, onu Morun “paccesrbes’ .

* H. Harrer, | come from the Stone Age, Hart-Davis, 1964.

* Tlnntnayn - mecteuko B rpaderse Cacceke. Uepern, Haiinenusiii Tam B 1913rony, Bitots 1o 1953rona cumnrancs
NPHHAUICKABIIAM JOUCTOPHUECKOMY YeNOBeKy. - IIpum. nepes.

[Tpumeps! 3P hEeKTHBHOTO TOPMOXKEHHUS TPEIIMH B MUHEpaiax ciydaiiHbl. Korma e mMeemnsb
neno ¢ OMOJIOTMYECKUMH MaTepHajaMM, MOpakaellbcs OrpoMHON 3a00Te, KOTOPYIO HpUpoaa
IpOsIBIISIa O PAa3HOrO pojJa MOBEPXHOCTSAX pazaena. KoHCTpykius 3y00B - MpPEeKpacHOE TOMY
noaTBepxkIeHHe. 3yObl COCTOST W3 TBEPAOTO BS3KOIO MOBEPXHOCTHOTO CJOsS, HAa3bIBAEMOIO
3MaJjiblo, U CEPALIEBUHBI U3 IeHTUHA. W 3Maib, U IEHTHH COJEpKAT HEOPraHUYECKNE KPUCTAILIIBI
YIUTMHEHHOW (OpMBI, pacrlpeieiieHHble B OpraHUYeckoi Matpuie. ['JaBHOE OTIHuYue MEXTy
HUMH COCTOMT B MPOLEHTHOM COJIEP>KaHUU OPraHUYECKOTr0 U HEOPraHUYECKOTO KOMIIOHEHTOB.

TBepablii KOMIOHEHT SMalldi W JCHTUHA - BBITSHYTBIE KpPUCTAJUTBI BEHIECTBA, KOTOPOE
HOMHUHAIIBHO mpenacTaBiseT coboit ruapokcumanatut CalPO4)(OH),. ®aktuuecku xe
XUMHYECKHI COCTAaB ATHX KPHUCTAJIOB U3MEHSCTCS B HNIMPOKHX Tpeieax, OTpaxasl YCIOBHS, B
KOTOPBIX OHU (opMupoBaIuCh. OOBIMHO 37€Ch NPHUCYTCTBYIOT yrjeamaTuT, (ropoamaTwur,
(GTOpHCTHIN KaJbIMH, KapOOHAT KaJblus U T.1. Kpuctarmisl 3Tu HeOobIIMe, UX pa3Mep B SMaln
okomo 3000- 500A B mmuuy m 500-1200A B TonmuHy. B 3Manu OHHM OYeHB IIJIOTHO
yIIAKOBaHBI, WX cojaepkaHue 3aech cocraBmsier 99% Bcero oObema Marepuana. Mexmy



OTACIIBHBIMHU KpI/ICTaJIJII/IKaMI/I HaXOIUTCA TOHKHﬁ CHOI>'I OYCHbL CJIOXKHOI'O opraHqucxoro
COCTMHECHUS, COCTOSIIETO TJAaBHBIM 00pa3oM W3 MpOTEeWHA. PaHbIle CYWTamd, 4YTO 3TO
COCMHEHUE MOJ00HO KEepaTUHY, OJHOMY W3 THUIIOB MPOTEHHA, COJEpKaIIeMyCs B BOJIOCAX,
OJIHAKO CeYac MojararoT, 9TO B 3yOHOH dMaIM COJEPKUTCS CBOM CIEIUaIbHbIN COPT MPOTEHHA.
MC)KI[y HpO‘-II/IM, OH 3aMCTHO WU3MCHJICT CBOﬁ COCTaB HpI/I Hepexozne BJI1aJciiblla U3
MJIaICHYECKOTO BO3pacTa K 3peIoMy.

JIGHTHH OTJIMYaeTcss OT OSMald MPEXJAE BCEro TeM, YTO HEOPraHW4ecKas COCTABISIOIIAS
3aHuMaet Junib okosio 70% ero oovema. Kpome Toro, KpucTamibl anatuTa HAMHOTO MEHbIIE U
nmeroT 200-300A B mmuny u 40-70A B mmpuny. Cpenoil, B KOTOPYIO O3TH KPHCTAILJIBI
3aJIeNIbIBAIOTCS, SIBJIIETCS] OpraHMYeCcKasi MaTPULA, COCTOSIAs B OCHOBHOM U3 KOJIJIareHa.

CuernneHre MeXIy THIPOKCHUIATIATHTOM W CJIOSMH MPOTEHHA MMEET YPE3BBIYAITHO CIIOKHYIO
XUMUYECKYIO0 TPUPOy. YaCTHIHO OHO 00eCIeuynBaeTCs THIPOKCUIBLHBIMHU CBS3SIMH, & YACTUIHO
- noHHBIMH (cM. ipuitokerue |). HecoMHEHHO, CyIIECTBYET OUeHb TOHKAs HACTPOWKA BETHUHHBI
ATOTO CIEIUICHUS, a CIIeJIOBAaTEIbHO, U XapaKTepa pacipocTpaHeHus TpemuHbl. OaHako ciabdas
OpraHWYecKas MPOCIOiKa JeTKO MOABEPKEHA THUCHUIO, KOTOPOE PE3KO YCKOPSETCs, KOT/Ia oJar
pa30KEeHUsl, TPOWAs CJIOM 3Majiu, AOXOAUT N0 JAeHTMHA. Ho, BEpOsSITHO, 3TO pa3yMHBIN
KOMITPOMHCC: €CJIH ObI OTCYTCTBOBAI JIETKOYS3BUMBIA OPraHUYECKHH CIIOH, 3yObl He THIIIN OBI C
TaKOW JIETKOCTHIO, HO TOTrJa OHM ObUTM OBl XPYNKUMH U, HaBEpHOE, JIOMAJUCh ObI eme B
MOJIOZIOM BO3pacTe *.

* S5 He MOr HalTH KaKUX-THOO SKCIICPUMCHTAJIBHO MOJYYCHHBIX BCIUYMH JJIS IPOYHOCTH HA Pa3phbIB, MOIYJIS
YIPYrOCTH M YAapHOU BA3KOCTU Marepuaia 3y0oB. [IpounocTs Ha cxxatue JeHtrHa coctasiser 20 k['/mMm?, smanu -
70 kI'/mm?. Bouduna u Jlu uccieoBain HEJaBHO MEXaHUYECKUE CBOMCTBA KOCTEH KMBOTHBIX U CIIOHOBOU KOCTH.
Hnst cnonoBoit koctu npu 16°C onu momyumnu E=1750kI"/MM?, npoaoibHYI0 MPOYHOCTh HA paspbiB 22 KI'/MM?,
npouHocTs momnepek ouBHs 10,5kI'/mm2 “Csexas” KOpOBbS KOCTh MUMEET MPOYHOCTh OK0JO 15k['/MM?, Momynb
yrpyroctd - 2700k /MM VY iapHast BA3KOCTh HEHAAPE3aHHOTO 00pasiia 3Toi KocTu cocraiser okoso 10 spr/cm?,
TO €CTh OHA COM3MEpPUMa C 3TOM XapaKTEPUCTUKON /I CTEKIOIIACTUKOB, CBEXEH IPEBECUHBI U CTANU. Y I€JbHBIN
BeC KOCTH (B TOM YHCJE CIOHOBOM KOCTH) COCTaBjsteT npuOiusureiapHo 1,85r/cm®. CrienoBarenbHO, yaeabHAS
MPOYHOCTh THX MAaTEPHAJIOB IMPUMEPHO BIIBOE NPEBHIMIACT TE )K€ IMOKA3aTeNH IS MATKOW CTalld, HO KECTKOCTh
KOCTEM He CTOJIb BerKa. (ITUMHU JaHHBIMH 51 00s3aH J[x.B. Makiuny.)

OdeHp 4YacTO B KMBBIX OpraHM3Max Ul YIpaBICHMsI BEJIMYMHOW CLEIUJIEHMS Ha TpaHHUIax
UCIIOIB3YETCS BOJOPOIHAS CBsA3b B TuApokcuiabHOi rpymme (-OH). Takoit crioco6, 6e3ycioBHO,
yno0eH B cilydasix HMOCTOSHHOW BIQXXHOCTH OKpYy»Katomed cpenbl. IlosToMy, Korma udenoBek
UCIOJB3YET TPUPOIHBIE OPraHMYECKHE MaTepuajgbl B CYXHUX YCJIOBHAX, BO3HHMKAIOT
oTpeieIeHHbIe TPYJIHOCTH. BhICylMBaHue rUIPOKCUIIOB, TO €CTh YAAJICHHUE BOJHON OOOJIOYKH,
OKpYXKAIOIIeH KaXAyI THIPOKCWIBHYIO TPYIIy, BEAET K YCaJKe MAaTepHalIOB, TaKHUX, Kak
JIPEBECUHBI. DTO MOYKET IPUBECTH U K PE3KOMY OXPYMUMBAHUIO, TaK KaK MPOYHOCTh TPAHMIL
CTAaHOBHUTCS CIHUIIKOM Oonbmioi. To ke caMoe MOXKET CIYYUTHhCS U CO CIOHOBOW. KOCTBIO,
CTPOCHHE KOTOPOW OYEHb HAMIOMHUHAET CTPYKTYpy 3y0OoB. B aduuckom Ilapdenone Obuia
3HaMEHUTas cTaTys OoruHM A(QUHBI U3 30JI0Ta U CIOHOBOM KOCTH. B Te BpemeHa moj Kpsliei
[Tapdenona ObLTO, TOKHO OBITH, OYEHB KAPKO M, YTOOBI MPEIOXPAHUTh CIOHOBYIO KOCTH OT
OXPYIUUBAHUS U PACTPECKUBAHU, CTaTys ObUIa OKpYy)KeHa HEerayOoKHM OacceifHOM C BOJIOHM,
KOTOpass HE TOJbKO Opocajla CHM3y OTpPaXEHHbIH cBeT Ha AQHHY, HO W THOJJep)KUBaia
JIOCTaTOYHYIO BIaXXHOCTh BO3/ayXa. bacceiiH Bcerna ObUT HAIlOJHEH BOJOW U COXPAHSUI CTAaTYIO B
TeueHue moutu BocbMH crojeTuii. Ha momy IlapdeHona m ceituac MOXHO BHAETh OCTATKH
KOJIBLIEBOM KaeMKH OacceifHa, TiyOrHa KOTOpPOro Obljla BCEro OKOJIO MSATH CAHTUMETPOB.



I'naea 5

JAPEBECHHA U LHEJIJIIOJIO3A,
unu
O AEPEBAHHBIX KOPABJISAX U KEJIE3HBIX JTIOAAX

Bo Bpems BoitHBI, KOTZ1a MBI paboTany HaJ MPOYHBIMU IJIACTUKaMH, mpodeccop Yapas3 ['ypHu
B35UI 3a NPABWIO [EKJIAMHPOBaTh MHE 4YyThb JIM HE KaXAbIM [€Hb CTHUILOK, CMBICI KOTOPOIO
CBOJIWICA K TOMY, YTO CJHeNaTh IJIACTUK - HE (POKyc, a BOT co3laTh MaTepuall, MOAO0OHBIH
JIEpEBY, MO CUIY JIMIIb BCEBBIIIHEMY. MEHS 3TO HECKOJIBKO YIHETAJIO0, IIOTOMY YTO JPEBECHHA
JEHUCTBUTEIIBHO JIYYILE MOAXOAUIA I CaMOJIETOB, YeM T€ IINIACTUKHU, KOTOPBIE MBI B TO BpeMs
yMenu genatb. Jlaxke M 1O cedl Je€Hb HMMEIOTCS KOHCTPYKIWH (Hampumep, THIPOIUIAHBI,
OIIPEICTICHHOTO THIIA CyJa), A KOTOPBIX JAPEBECMHA OCTAeTCs HamOoJiee IMOIXOASAIINM
MaTEpUAJIOM.

JpeBecrHa u apyrue GopMbl LEJUTIOIO3HI ¢ YCIEXOM NMpUMEHSIoTCs B TexHuke. Ho atoro maro,
[EJUTI0N03a B TPUPOJIE BOOOIE HMMEET Ype3BbIUAWHO IMpOKOoe mpuMeHeHue. llemmtonos3a
ABJISIETCS KOHCTPYKLMOHHBIM JJIEMEHTOM BCeX pacTeHui. MIMEHHO MPOYHOCTh U KECTKOCThb
[EJUTIONO3BI JIePKAT 3€ICHYI0 JINCTBY PACTeHHs ‘JIMIIOM K COJIHIY ,0€3 Yero HEBO3MOXKEH
nporecc (GOTOCHHTE3a - OTIPABHOW XWMHUUYECKOW TOYKM Il Bcex (opm xku3Hu. Ha momio
[EJUTIONO03bl TMPUXOJUTCS B CPEJIHEM OKOJO TPETH Beca BCEW PACTUTEIHHOCTH Ha 3emie -
MPaKTUYECKH 3Ta 1udpa BHE MPEEIOB TOUHOTO y4yeTa. B memnmionose 3amepra OoJbluas 4acTh
UMEIOIIEeToCs Ha 3emiie yrieponaa. B Tenax >KMBOTHBIX IEJUTIOJIO3a BCTPEUACTCS] PEAKO, XOTS U
o0uTaeT B OKeaHe HEOOJBLIONW KiIacC >KUBOTHBIX - OOOJIOYHHMKH, B OCHOBHOM COCTOSIIIHE U3



HCJUTIOJIO3bI, BHCIIHC OHW HAIIOMHWHAKOT MPOAOJITroBaTBIX MCAY3 H, MNO-BUAUMOMY, HC HMCIOT
OTIPENIeTICHHON YCTOWYNBOU (OpPMBI. A BOT B HACEKOMBIX COACPIKUTCS MOJIMMEPHOE BEIIECTBO
XUTHUH, KOTOPOE OYEHb MTOXO0XKE Ha IIEJUTI0JI03Y.

OOparuBUINCH Temepb K MaTepualaM, KOTOpPbIE HCIONb3yeT YEeNOBEK, MBI YBHUIUM, 4YTO
IEJUTIONIO3€ 3/1€Ch MPHHAUICKUT BeayIas poiib. ['00Boe morpediaeHue ApeBecuHbl B MUupe (He
cuutas TorumBa) - rae-ro Mexxay 800 m 1000muH. TOHH (OpeBecMHa - MOCTaTOYHO BaXKHBIH
Marepual B TEXHHKE, 4YTOOBI IMOMAacTh B OQHUIMAIbHBIC CTATHUCTHYCCKUE COOPHUKH).
HeoGpaborannas apeBecuHa, uaymas Ha 3a00pbl, a Takke 0aMOyK Al CTPOEHHH, cojoMa H
KaMblll JJIi KpBIII U T.J. HUCIOJB3YIOTCS CEJIBCKMM HACEJIEHHUEM IPUMEPHO B TaKOM XK€
KOJINYECTBE, HO KaKUX-JIMOO CTAaTUCTMYECKUX JAaHHBIX 10 TaKUM HEUHIYCTPUAIbHBIM’
MarepHuaigaM, KOHEYHO ke, HeT. MupoBoe NMPOU3BOACTBO YyryHa U CTalld COCTAaBJIAET OKOJIO
400MuH. TOHH, HUGPHI I JTF000T0 METajlIa MO0 CPABHEHUIO C ITON MPEeHEOPEKUMO Malbl *.

* JIOBOJNIBHO TPYAHO MOyYUTH CPABHEHHUE IO CTOMMOCTH. OTHOCUTEIbHAS CTOMMOCTD IPEBECHHBI M CTAJIN B PA3HBIX
CTpaHax BeChMa pa3INdHa, KpOME TOTO, H CTOMMOCTh CaMOW JPEBECHHBI U3MEHSICTCS B 3aBUCHMOCTH OT 00paboTKH
- Tak, ChIpas JpPEBECHMHA HAMHOIO JCUICBIC CTalHM, a BBICOKOCOPTHAas (haHepa HECPABHEHHO JOPOXKE ee.
CrnenoBareiabHO, COOTHOILIEHUE 3aBUCUT U OT TOTO, HA KaKOW CTaJuu NMPOU3BOJACTBA JenaeTcs cpaBHeHHe. OUeHb
rpy00 MOXKHO CKa3aTh, YTO IICHBI HA JICJIOBYIO APEBECUHY M MAIOYTJICPOIUCTYIO CTajlb IPUMEPHO OJAMHAKOBHI.

OTHeceHHbIE K €IMHMIIE Beca BEIMYMHBI MPOYHOCTU MAJOYIJIEPOJUCTON CTaIM U JAPEBECHHBI
BIIOJTHE CPABHUMBI, TAaK YTO BO3MOXKHO, UTO 00IIIas HAarpy3ka, KOTOPYIO HECET B MUpPE JPEBECUHA,
Jla’ke TPEBBIIIACT HArpys3Ky, MPUXOJANIyrocs Ha cranb. OJHAKO HECOMHEHHO, YTO Harpyski,
KOTOpBIE TOBEPSIOT CTANIU, KaK PaBUIIO, 00Jiee BIICUATISIONIH.

[MockonbKy IJIOTHOCTH IPEBECHHBI COCTABIISIET B CpeaHeM mpumepHo 1/14muioTHoCTH cTanu, TO
o0mmuii 00bEM UCTIOIBb3yEeMON B MUPE IPEBECHHBI MOXKET OBITH OoJbIIe 00beMa craiu pa3 B 30.

OTHoIIEHNE KOIMYECTBA MOTPEOJIIEMOI APEBECHHBI K KOJIWYECTBY CTAIH OT CTPaHBI K CTpaHe
CHIJIEHO M3MEHSETCS, OJJHAKO €T0 HeJb3sl CYMTATh MIOKa3aTeJIeM CTEIICH! WHIyCTPHATH3AIHN WITH
TEXHHYECKOTo mporpecca. B Aurmuu u [omnanmuu B ToJ Ha Aylly HAcENEHUS MPUXOIAUTCS
okosio S00kr cramu u umb 320kr Apeecudsl. B CIHIA motpebienne ctaim NpuMepHO Ha TOM
K€ YpOBHE, OTpeOIIeHNe APEBECHHBI 3HAUUTEIHHO BhIIIe - 0koj0 1100kr. B Kanane eme Boiiie
- 1500xr. B MeHee pa3BUTBIX CTpaHaX MOTPEOIEHNUE U TOTO B IPYTrOTO MEHBIIIE.

Pocrt pacrenus

[lemtrono3a sIBISIETCS MPUMEPOM CTaHAAPTU30BAHHOTO MPOM3BOJICTBA B Tpupoae. OyHkuu u
o0l BUA MOJEKYN IIEJUTION036l BO BCEX, JaKe BEChbMa CHJIBHO OTJIMYAIOIIMXCS OJHO OT
JIPYroro pacTeHUsIX, OJAMHAKOBHI. [IpaBma, MOJIEKYJIbl MOTYT OBITh HECKOJIBKO PAa3HOM IJTUHBI,
MOTYT MO-Pa3HOMY KOMOMHUPOBATKLCS, HO BCE 3TO JIETAIH - XUMUYECKasi CyTh UX BCETJa O/HA.

Bce moctaToyHO pa3BHTHIE PACTEHHS COJEPXKAT IMYCTOTENbIC BHITSHYTHIE BEPETEHOOOpA3HBIC
KHGTKH-quﬁKH, CTCHKH KOTOPBIX COCTOAT B OCHOBHOM M3 ICJIJIIOJIO3BI. (BOT OTKYJa U Ha3BaHUC
“memmonosa”. cell - sueiika, kierka, a cypdurc 0Se- obmmmid a1 BCEX caxapoB, HAmpuMep
bpykTo3a - QpyKTOBBINA caxap W T. A.) DTH MYCTOTENIbIC BEPETEHA OKA3bIBAIOTCS BOJIOKHAMH,
KOTOpBIC MPHHUMAIOT Ha ce0s1 MEXaHMUECKUE Harpy3KH, 00ecrieunBasi IpOYHOCTb.



CH,OH

a-D-r110K03a g-D-rawoko3a

Puc. 36. Moaexy.ia rI0Ko3bl.

Buavane B nmucThAX pacTeHHi U3 atMocdepHoro yriekucioro raza CO, u BoJbI IO AEHCTBHEM
COJTHEYHOT'O CcBeTa o0Opa3yeTcst mpocToil caxap-rioko3a (puc. 36). [Togo0HO APYrHM MPOCTHIM
caxapam, TJIIOKO3a XOpOIIO PacTBOpsETCS B BOAE (KCTAaTH, MO3TOMY OHA JIETKO yCBaMBaeTCS
OpraHu3MoMm) Oyarofapst ee IATH THAPOKCHIBHBIM TPYIIIaM, KOTOPBIE MPUTATHBAIOT MOJICKYIIbI
BOJIBI, @ TAKXKE TOMY, YTO MOJIEKYJIbI TJIFOKO3bI (PU3HUECKU JOCTATOUYHO Majbl U MOTYT CBOOOHO
Omyxmatb B oObeMe BOJBI, KOHEYHO, NPU YCIOBMUH, YTO HMX TaM HE CIHMIIKOM MHOTO.
KoH1eHTprpOBaHHBIN PaCTBOP IIIIOKO3bI HATIOMUHAET MATOKY.

CH,0oH

Puc. 37. STueiiku meJLUTI0JI03HOM HENOYKH; O0bIYHO LEenovKa COACPKUT HECKOJIBKO COTCH TAKHMX AY€CK

PactBopeHHass B COK€ pacTeHHMs TIJIOKO3a MPOXOJUT N0 €ro BHYTPEHHHM KaHajlaM |
MOJHUMAETCS K PacTyllel KiIeTKe. B CTeHKe 3TON KIETKH MOJIEKYJIBI TJIF0OKO3bl CBOUMH KOHLIAMH
coeMHSIOTC Mexay coboit (puc. 37). COOTBETCTBYIOIIAs XUMHUYECKas PEeaKins M3BECTHA Kak
peakius KOHJAEHCAIUu:

-OH+HO- - -0O-+H,0

B pesynbrate obpasyercst kuciaopoaHas cBsi3b (-O-) U MosieKysia BOJbI, KOTOpasik YXOIUT B COK.
BceMm 3THM mpolieccoM B pacTeHUH YIIPaBIISIET BELIECTBO, KOTOPOE HA3BIBAETCA ayKCHH; HO Kak
3TO MPOMCXOJIUT, B HacTosulee Bpems He scHO. KucinopoaHas cBsA3b MEXAy KOJIbLAMU CaxapoB
BCE-TAKU OCTAETCS YSA3BUMBIM 3BEHOM B LIEJUIIOJIO3HOM MOJIEKYIJE, KOTOpasi MOXKET OCTUraTh B
JUIMHY HECKOJBKMX COTEH IJIIOKO3HBIX sueeK. MIMeHHO 3Ta CcBA3b paspylaercs ¢ MOMOUIBIO
GepMEHTOB B KellyJKaxX >KBauyHBIX JKUBOTHBIX, Ollarojaps 4YeMy OHH MOTYT YCBauBaTh
LEJUTION03Y; OHA K€ pa3pyllaeTcsi, KOrja JEepeBO aTaKyloT pazIu4yHOro poja rpudku. Ta ke
CBSI3b PBETCS MO/ BO3ACHCTBHEM NPOCTHIX XMMHUKAIMEB, TaK pa3pyllaeT €€ OTOeNMBAIOLINA
MOPOUIOK, UCIIOJIB3YEMBIN B IPAUYE€UHBIX, YTO OKA3bIBAECTCS IPUUYNHON ITOCTENIEHHOTO CTapEHUs U
U3HOCa pyOariek mocie MHOTUX CTHPOK *.

* VBbI, MO3HAHUS aBTOpPa B XMMHUM M OMOXMMHH LEJUIOJIO3bI OCTAaBIJISIOT JKeJaTh Jiydinero. Bpsin sm crout
UCIIPABJIATh W JIONOJHATH ATOT naparpad), HO Mbl COWIHM LEJIECOO0pa3HbIM 3aMEHHTh pUCYHKH 36 n 37 Ha Mx
9KBUBAJICHTHI 0€3 rpyObIx omuook. - V.V.



I[J'II/IHHBIC IICJIJIFOJIO3HBIC IICIMOYKU OTKJIAABIBAKOTCS B CTCHKAX KIIETOK 60)166 UJINn MCHEC
napajuieIbHO KJIETKaM WM BOJIOKHAM, TO €CTh, MOKHO CKa3aTh, B HAIIPABJICHUH MPUIOKCHHOU
Harpy3ku. [Iporecc pocta 1emI0iI036l B IIEIOM BecbMa mpumedareneH. OObIYHOE NEepeBO B
BO3pAcTe HECKOJIbKUX JIET MMEET CTBOJ C HECKOJBKHMH OTXOISAIIMMH OT HETO HEOOJbIINMHU
BeToukamu. Kakaast M3 3THX BETOUEK IO CYIIECTBY NPEACTaBIsIET cOO0H KOHCONBHYIO OaJKy,
u3rubaeMyro coocTBeHHBIM BecoM (rmaBa 1). DTO 3HAYUT, YTO BEPXHHE CIIOM BETOK HATPY)KEHBI
paCT}I)KeHI/IeM, a HUWKHHUC - CKATHUCM. CyK CTAaHOBUTCS BCC TOJIIC U OJIMHHEEC, a CTAJI0 6I>ITB, 158
TsDKEJIee, TO3TOMY HANPSDKEHUsI B BEPXHUX U HIDKHUX BOJIOKHAX, B TOM MECTE T CYK BBIXOIUT
13 CTBOJIA, yBGJ’II/I‘-II/IBaIOTCSI. KaK 1 CTBOJI, BETKaA paCTeT: C KaXXIbIM I'OJOM Ha €€ HOBerHOCTI/I
MoJ KOpPOH CJIOM 3a CIIOEM OTKJIAaJbIBa€TCS HOBBIM Marepuai. Ecmu Obl odepemHoil cioi
OTKJIAAbIBAJICA KaXI0€ JICTO B CBO60,Z[HOM OT MCXAaHNYCCKUX HaHpH)KeHI/Iﬁ COCTOAHHNU, TO BECTKA,
nian Oanka, TpoBHcasia Obl Bce OOJbIIe W OOJIbIIe, M BCE JEPEBbS TOJDKHBI ObUIM OBl
yrnonoouthkes miakyueil use. OHaKO ¢ OOJBIIMHCTBOM JIEPEBHEB TAaKOTo He ciydaercs. Cyubs
pacTyT IPUMEPHO TOJ OJTHIM U TE€M K€ YTJIOM K CTBOJIY B TCUCHHE BCEH JKU3HU JIEpPEeBa, TaK U4TO
MOJIOJIOE JIEPEBIIE MOKHO CUYUTATh T€OMETPUYECKHM TOJOOHBIM B3pOCIOMY JepeBy. Tak
MOJIy4aeTCsl MOTOMY, YTO y OOJIBIIMHCTBA IMOPOJ HOBAs IICJUIIOJI03a OTKJIAJBIBACTCS YKE BO
BIIOJTHE OTPEACTICHHOM HANPSHKEHHOM M JI6(OPMHUPOBAHHOM COCTOSIHUH.

PaboTast ¢ TUAPOXMHOHOM M JAPYTHMMH JOBOJBHO NMPOCTHIMH PACTBOPUMBIMU BEIECTBAMH, S
BBIPAIIMBAI JUTMHHBIC UTJIOBUIHBIC KPUCTALIBI, YCbI (M1aBa 3), KOTOPBIC YTOJIIATUCH MTyTeM KaK
Obl HATATUBAaHMS HA MOBEPXHOCTh HOBBIX CIIOEB MaTepuaia, 4TO T€OMETPHUYECKH IOXO0Xe Ha
pactymue ciou B aepeBe. McxomHbie yCbl, TOHKHE BOJIOKOHIIA, YaCTO OBUTH B BBICIICH CTETICHU
U30THYTBIMH, ¥ MOXHO OBUIO 3aMETHUTh, YTO PACTYIIME CJIOM OKa3bIBAIM HAa HUX CHIIBHOE
BBINIPSMIISIONIECE BO3JICHCTBHE, OTYETO BOJIHUCTHIC 3apOIBIIIN, BBIPACTas 0 MUJLTHMETPOBOM
TOJIIIMHBI, BCETJAa CTAHOBWINCH OYEHb HpsAMBIMU. OTCIOZa SICHO, YTO PACTYyILIUE CIOM 3TUX
KPUCTAUIOB  ()OPMHUPOBAIUCH TOJl 3HAYUTEIBHBIM MEXaHWYECKHM HANPSDKEHUEM U OTH
HaNpsDKCHUsT BBIIPSAMISUIA BOJIOKHA. [logo0HBIC SIBIEHUS BCTPEUYAIOTCS JOBOJBHO YacTO B
NPOCTBIX HEOMOJOTHMYECKMX CHCTEMax, B OJTHUX CIIydasX HH O KaKhX JOIOJHHUTEIbHBIX
YIPaBJIAIONIMX BEIIECTBAX UM OMOJOTMYECKUX MEXaHU3MaX U Pe4YH ObITh HE MOKET. MBI MOTIIH
OBI TTOATOMY TPETIOIOKHTD, YTO MPSIMOH, 0€3 IPOBUCAHUS POCT BETKU UJIET IO MEXaHUICCKHM
HanpsDKEHHEM Toke 0e3 ydacTHsl Kakoro-nubo Ouonormyeckoro mexanumsma. Ho He Bce
pacTteHuss BenyT ceOs MOAOOHBIM 00pa3oM, M C TOMOIILI0O TPUBUBKA MOXXHO 3aCTaBUTh
HOPMAaJIbHO pacTyIllee JePeBO CTaTh MOXOXKUM Ha IUIaKy4yio HBY. ECTh mpeamosoxeHus, 4To
ayKCHH, YNPABISIONIMNA CHHTE30M IISJUTFOJIO3BI, TIOJ] JEHCTBHEM TSDKECTH KOHIIEHTPHUPYETCS B
HIDKHUX CJOSX BETKM W, CII€J0BATEeIbHO, BHU3Y LIEJUTIONO3bI OTKJaJbIBaeTcsi Oosblie. Mue
Ka)XeTcsl, OHAKO, YTO ATO JTAJIEKO HE MOJHBIA OTBET.

Lennrono3Hple LENOYKM BCErJa MPEACTaBIAIOT CO000Ml MpOCThie HUTEBUAHBIE MOJICKYIIBI,
KOTOpBIE HE MEPEIUICTAIOTCS ¢ COCSAHUMHU HUTSIMH ITyTeM 00pa30BaHMs KUCIOPOTHBIX CBSI3CH Ha
OOKOBBIX CTOPOHAX CaxapHBIX KOJell, KaKk 3TO JeNaloT Apyrue Ooiee cialble MOIMCAXaPHIIBI,
HarpuMep kpaxmail. PactutenbHas kieTka umeeT popmy TpyOKH, CTEHKH KOTOPOW 00pa30BaHBI
JUIMHHBIMH,  YJIOXEHHBIMA MPUOTU3UTENBHO TMapajUIeIbHO HUTEBUIHBIMU  MOJIEKYJIaMU
IEJUTF0JIO3bl. B MPUpPOAHON TEIITI0I03¢ UMEIOTCSl 00JIaCTH, TJ€ MOJICKYIBI-IIETIOYKH YIIOKEHBI
UACabHO B TapalielbHbIE NPSIU-KPUCTAIUTBI, OHU YIEPKUBAIOTCS B TAKOM IMOPSIKE C
MIOMOIIIBI0 THUIPOKCHIIBHBIX CBs3€ TIO0 OOKOBBIM CTOpOHaM MoJeKysl. Takue 0oOpa3zoBaHHS
MOYKHO CYHMTATh BIIOJIHE JOOPOTHBIMU KPUCTAJUIAMHU C TOW YAWBUTEIBHOW OCOOCHHOCTHIO, UTO
OHH KOpOYE 00pa3yroluX MX MOJEKYIIpHBIX Iernodek (puc. 38). Kakaplii Takoi KPHCTaJLIUT
3aKaHYMBAETCS IMYYKOM pACIyIICHHBIX IIETOYeK, HANOMUHAIOMKM 10 (opMe MOMAa30K IS
OpuTHs, B KOTOPOM BOJIOKOHIIA YK€ HE OUCHb MapauleidbHbI. MOJIEKYIbl MOTYT B JajbHEUIIEM
BHOBb COOpAaThCs B MapajUieNbHBIA MYy4OK W O0pa3oBaTh HOBBIM KPUCTAJUIMT, TaK YTO OJIHA
MOJIEKYJIa MHOT/IA TSHETCS Yepe3 HECKOIBKO KPUCTALTUTOB.



—-:"':'- . Puc. 38. Kpucrasummdecku-amopgHasi CTpyKTypa

= EJITIH0JI03bI

Wrak, kpucrammmdeckue o0imactu 0Opa3yroTCsi ¢ MOMOIIBI0 THAPOKCUIBHBIX TPYII, KOTOPBIC
130aBUJIMCh OT MJIOTHO MPHJIETAIONIMX K HUM MOJIEKYJ BOJBI; TaKas *KecTKas KpUCTaJuInyecKas
CUCTEMA OKa3bIBACTCA HGI[OCTyr[HOfI J1s1 BOJBI. Mzl 3Haem 06 9TOM 1I0. PCHTICHOBCKHUM
M3MEpPEHUSIM: KOr/ia LIeJUTiofI03a Ha0yXaeT B BOJIE, PACCTOSIHUS MEXly MOJIEKYJIaMU B KpHCTaslie
He m3MeHnstorcs. C I[perfI CTOPOHBI, HOCIIJII0JI03a OYCHb MHTCHCUBHO NPUTATUBACT XUIAKOCTbh U
aTMoCc(epHYIO BJary, ¥ 3TO ¢ HHKEHEPHOU TOYKH 3PEHUS €€ CaMbIii OOJIBIIION MOPOK.

JloJis KpUCTAIIIMYECKOTO MaTepuaia B HaTypalbHOM, EJITI0I03€ MOXKET OBITh OUYeHb Pa3INyHa,
HO B cpeiHeM oHa coctasisieT 30-40%.Hekpucrammnueckas, To ecTh aMopgHasi, [eJUIioI03a He
MMEEeT HUKAKOW 3aIUTHI CBOUX THJIPOKCHIIBHBIX TPy OT Biard, [I0cKoIbKy OONBIINHCTBO 3THX
TPYMNII CO CBOMMHU COCEISIMU JKECTKO HE CBS3aHO, OHU IOAXBATHIBAIOT JTIOOYIO JOCTYIHYIO MM
MOJIEKYJTy BOJBI, OOpa3ysi BOKpPYr ceOs BOJHYHO OOOJOYKY. ITO, €CTECTBEHHO, CHIIKACT
B3aMMHOE TPUTSHKEHUE THAPOKCUIIOB. CHIIbI, COXPaHSIONIME I[EIOCTHOCTh KIETOUYHOW CTEHKH B
OOKOBOM HalpaBJICHNH, aJal0T, U KiIeTKa pa30OyxaeT. Llemmono3a mosrHOCTBIO HE IEPEXONT B
pacTBop oT4acTH Oyarogapsi OOJBIIOMY pa3Mepy CBOUX MOJIEKYJ, a TJIaBHBIM 00pa3oM MOTOMY,
9YTO CHUCTEMa B IEJIOM MEXaHMYECKH CBS3aHa MPUCYTCTBUEM KPHUCTAIIMYECKUX o0O0JIacTei,
HEMPOHUIAEMBIX Ui BOABI M COCTABJIAIONIMX 3HAUYUTENBHYIO dYacTh oO0med wmaccel. Tak
Ha3pIBaeMas ‘pereHepupoBaHHAs IEJUTI0N03a”, MeiodaH, MOJydaeTcsl MyTeM pPacTBOPEHUS
HATYpaJIbHOM LIEJUTION03bI XUMHUECKUMH METOJaMHM, Pa3pyLIAONIUMH KpPUCTAJUIUTHL. 3aTeM
HIOJTYYCHHBIH pacTBOp OCaXkaaeTcsi, 00pasyeTcs Mpo3payHas IIeHKa, COCTOSIIAs B OCHOBHOM M3
HepenyTaHHbIX OTJEIbHBIX MOJIEKYJI I HAMHOTO MEHbIIEeH M0iH KpucTammuToB. Hamokas, Takas
IUIGHKa CTAHOBHUTCA OYEHb PBIXJIOW W TepsSeT BCIO CBOIO IMPOYHOCTH; LEIO(GAH MOXKET
WICTIOJIB30BAThCS B KAuecTBE OOEPTOYHO-YIMAKOBOYHOIO Marepuana (ITO €ro OCHOBHOE
Ha3HA4YCHWE) JHIIb II0TOMY, YTO Ha HEro C JBYX CTOPOH HaHEceHa O4YeHb TOHKas
HeTIpOHHUIIaeMasi Ul BOABI JIakoBas TUIeHKa. OHAaKO MOCie MPOAODKUTEIBHOTO 3aMadylBaHUsS
MaTepHaibl TaKOTO TUIA CTAHOBATCSA O€3HalIEKHO ciIaObIMM, B TO BpeMsl Kak HaTypaibHas
IeJUTI0N03a COXPAHSET JOBOJIBHO OOJIBIIYIO YacTh CBOCH MPOYHOCTH.

Hcnonp3yemMble HAMH HaTypajibHBIE COPTA IEJUTIOJIO3HI - 3TO JpeBeCHHa, 0aMOyK, TPOCTHHK, JICH,
KOHOIUISA, XJIOMOK, paMIl, cu3all, 3cmapTo M T.0. OgHako, KaKk M CIEAyeT TOTO OXHAATh, MX
MEXaHWYECKHE CBOWMCTBA, M OCOOCHHO pa3dyxaHWE B BOJIC, 3aBUCUMOCTh IPOYHOCTH OT
TEMIEPATYPhI U COACPIKAHUS BIATH OTIWYAIOTCS JIMIIE B AeTansx. OOIas ke KapTUHa JTsl BCEX
LIEJUTIOJI03 OJMHAKOBA.

CBoiicTBa IpeBeCUHBI

Kak paznmmunsl popma u pa3Mepsl JepeBbEB, TaK MO-Pa3HOMY BBINIAIUT U ApeBecuHa. OJIHAKO
9TH 0oJiee WM MEHEe BHEIIHWE MPU3HAKU HE CTOJh BaXKHBI, OCHOBHOE, YTO OTJIMYACT Pa3HbIC
TUTIB TPEBECUHBI, 3TO MX IUIOTHOCTh. Tak, MIOTHOCTH BbiaepkaHHOU mpoOku ot 0,08 mo 0,16
r/em?, emu - okono 0,5r/cm?, ny6a - mpumepno 0,8r/cm?, rBasikoBoro aepesa - 1,1-1,3r/cme.



XUMHYUECKOE K€ CTPOCHHE BEIECTBA JIF000H APEBECHHBI IPUMEPHO OJMHAKOBO (C HEOOIBIITUMHU
BUIOM3MEHCHHUSMH), KaK MPUOIU3UTEIHLHO OJMHAKOBA U €r0 IUIOTHOCTh, OKosio 1,45r/cm® (uto
OYCHb OJIM3KO K TUIOTHOCTH caxapa).

JlpeBecrHa COCTOMT M3 OOJBIIOrO YHUCHa TPYOUaThIX SYEeK - BOJOKOH, MJIOTHO MPUIIETAIOIIUX
OJHO K JIpyromy. UToOBl UX pa3ienuTb, OOBIYHO MPUXOIUTCS MPUOEraTh K JOBOJIBHO KPYTHIM
MepaM, Kak 3TO, HallpuMep, AeNaeTcs B MPOU3BOACTBE Oymaru. Y pa3iM4HBIX MOPOJ] I€PEBHEB
CYIIECTBYIOT HEOOJBIINE PAa3TUUUs B T€OMETPUYECKOM DPACHOJIOKEHHH BOJIOKOH. Hampumep,
HEKOTOpble Mopozbl (B 4acTHOCTH, 1y0) COIEpKAT KAKOE-TO YHUCIO BOJIOKOH, OCTYHIMX II0
pamuycy OT LEHTpa CTBOJIA M MEPECEKAIONINX MPOIOIbHBIE BOJIOKHA IO MpsAMbBIM yrioM. Ho ¢
UH)KEHEPHOW TOYKM 3pEHHsI JII0O0YI0 TPEBECHHY MOXKHO CUUTATh IMyYKOM MapajljIebHBIX TPYOOK.
[TockonpKy MaTepwan 3THX TpYOOK IO CYIIECTBY Ui BCEX IOPOJ OJMHAKOB, IUIOTHOCTh
OTJENBHBIX MTOPOJI 3aBUCUT OT TOJIIIMHBI CTEHOK TpyO. B pe3ynbprare oka3piBaeTcs, 4YTO B IEPBOM
NpUOIMKEHNN OOJBIIMHCTBO MEXAaHMYECKUX XapaKTEPHCTUK APEBECHHBI MPONOPIUOHAIBHO €e
IUIOTHOCTHU: JIPEBECHHA, B JIBa pa3a Oosee IIoTHast, OyJIeT U BABOE IpouHee. ITO He aOCOIIOTHO
TOYHO, HO IPUOIU3UTEIFHO BEPHO.

BemecTBo ApeBECMHBI COCTOMUT MPOLIEHTOB HA HMIECTBAECAT U3 LEJUTI0JI03bl. KpoMe 1emnronossl,
OHO COJEP>KHUT PA3TUYHbIE IPYTrUe COSAMHEHUs TUIIA CaXapoB U JIMTHUH, BEILIECTBO, MTOX0XKee HA
CMOJIy, KOTOpOE€ HPOIUTHIBAET B3pPOCIOE AEPEBO KAaKUMH-TO COKPOBEHHBIMM IyTsMu. He
MPONHUTAHHAS JTUTHUHOM JPEBECHHA MMEET BEChbMa OJHOHANPABJICHHYIO CTPYKTYpPY U MO3TOMY
o0jasaeT CBOWCTBOM JIBOMHOTO JIy4emnperloMJIeHHs, TO €CTh OHAa IOBOPAYMBAET IJIOCKOCTh
MOJISIpU3aIuU TOJIIPU30BaHHOTO cBeTa. Kpome Toro, oHa sipKO OKpAIIMBAETCS ONPEACICHHBIMU
KpPaCHUTEISIMH.

Hu Tem, Hu ApyruM CBOMCTBOM HOpMalibHasl IPEBECHHA, CO/IepIKallias JUTHUH, He obnanaet. Ho
HEINOCPEACTBEHHO IIEpe]] MEXaHWYECKUM DAa3pyLICHHEM, KOIZJa €lle HUKaKHe MEXAHWYECKHE
METO/bI He OOHAPYKHMBAIOT NMPHU3HAKOB OJIM3KOTO pa3pylleHHs, IpeBeCHHA MOIy4aeT CBOHCTBO
JBOMHOIO JIYYEHPEIOMIICHHS U JIETKO OKpAalIMBAacTCs XapaKTepHbIMH Kpacurensimu. Ilo-
BUAMMOMY, TMPUYMHA 3TOTO KPOETCS B KAKOM-TO HEOOpPAaTHMMOM pa3pbiBE XUMHYECKUX CBSA3EH
MEXIY LEUIIOJIO30M M JIMTHUHOM, BBI3BAHHOM MEXaHUYECKMM HampspbkeHneM. OnHako
UCIIOJIb30BaTh 3TO SIBJICHHE KaK CHTHAJ CKOPOro HEM30€KHOIOo pa3pylIeHUS KOHCTPYKIHH
HEJb3sl, IOTOMY 4TO HAOJI0aTh €r0 MOXKHO JIMIIb [0/l ONTUYECKMM MUKPOCKOIIOM Ha TOHKHX
CEYCHUAX, BBIPE3aHHBIX U3 HArpy:KeHHOW 4yacTu. HO OHO MOXKeET O0Ka3aTbCs BECbMa IOJIE3HBIM
IIPY pacclieloBaHUM IPUYMH aBapuil. Kpome TOro, 3T0 HarisiiHO MOKAa3bIBAET, CKOJIb XHUTPO
yCTpOUJa IMPUPOAA BEILIECTBO IPEBECUHBI.

B 510 CBA3M MHTEPECHO €Ile YIIOMSIHYTh, YTO HEKOTOPBIE TPOIIUYECKUE MTOPObI, TAKUE, KAaK TUK
U TPUHXAPT, COAEp:KaT HEOOJbIINE KOJIMYECTBA TOKCHYECKMX BELIECTB M KpeMmHe3ema. OHu
3aIIMINAIOT JPEBECUHY OT HACEKOMBIX U THMEHMS, HO B TO K€ BPEMs SBISIOTCS NPUYMHOU
BBICOKOM CTOMMOCTH OOpPaOOTKH JTYUIIUX TPOMUYECKUX MOPOA: KPEMHE3EM O4EHb OBICTPO TYIHT
MHCTPYMEHT, a IIENKU TPUHXAPTA STOBUTHI.

MexaHnuyeckue CBOMCTBA JPEBECHHBI B OCHOBHOM HE OTJIMYAKOTCS OT CBOMCTB, KOTOPBIE MOXKHO
OKU/IaTh OT IIy4Ka TPYOOK WJIM BOJIOKOH. B OOKOBOM HampaBiIeHMM BOJIOKHA pPa3AeisIIOTCS
Y CMMHAIOTCSl JOBOJIBHO JIETKO, IIO9TOMY IPOYHOCTH Ha pa3pblB M C)KAaTHE IONEPEK BOJIOKOH
o4yeHb HeBenwka, Menbiie 1kI[/mMm? bBonee nerkue moponbl, Hampumep MTPOOKY, MOXKHO
Jaxke cMuHaTh nanbuamu. C pyroil CTOpPOHBI, Kak pa3 IOTOMY, YTO TpyOdaTble BOJIOKHA
JIETKO CMHUHAIOTCSI, B IPEBECHHY MOXKHO 3arOHSTh MBO3IY M LIYPYIIbI, HE pacuiervisis ee (eciH,
KOHEYHO, POJIEIIBIBATE ITO, COOIIOIast ONPEICNICHHYIO aKKYPaTHOCTh). Mex 1y Ipo4uM, TBO3.IH,
JIOCTAaTOYHO OCTOPO’KHO BOWTBHIE B JIEPEBO, U BBEPHYTHIE B HETO HIYPYIBl CKOJIBKO-HUOYIb



3aMETHO HE OCJIa0JISIOT APEBECUHY KakK IIeJI0e; HHBIMH CIIOBaMH, JIEPEBO yYIUBUTEIHHO CTOHKO K
KOHIICHTPAIIUX HaIPSKEHUH.

[TpounocTs Ha pas3pbiB eau cocraBiaser okoigo 12k['/mm?. OHa COOTBETCTBYET YIPYyroi
negopMaluy WM MEKaTOMHOMY pasfesieHuto nopsiaka 1%, To ecTh HaXOIUTCS TAE-TO MEXIY
1/10 u 1/20 teopeTruecKoi MPOYHOCTH. DTO HAMHOTO JIydille, YeM TOT K€ IMOoKa3aTeab IS
OOJNBIIMHCTBA JIPYTHX TEXHUYECKHX MAaTEpUaloB, OCOOCHHO JEHIeBBIX. XOJ0Bas CTajb C
npounocteio 40kl /mm? yipyro ymmmnasiercs Ha 0,15%.Eciu copasMepsTh Bce XapaKTEPUCTHKH
C YACIBbHBIM BCCOM, TO 110 ITPOYHOCTHU HA PA3PbIB APCBCCUHA SKBUBAJICHTHA CTAJIU C IPOYHOCTHIO
200kI'/mm?, xoTOpast B 4-5pa3 mpodyHee OOBIYHO HCIOJIB3yeMbIX cTaneil. Ho kak Mbl yBHIUM
Janpllie, Ha TPAKTHKE HE TaK-TO JETKo 3()(PEKTUBHO WCIONB30BATh BBICOKYIO MPOYHOCTH
JPEBECHUHBI HAa Pa3pbIB.

JlpeBecrHa oka3bIBaeTCs CIa0OW MPH CXKATUU BIOJIb BOJIOKHA. B 3TOM OTHOIIIEHUU €€ CBOWCTBA
MIPOTUBOIOJIOKHBI CBOMCTBAM YYT'yHa, KOTOPBIN MPOUYEH MIPH CIKATUH, HO CI1a0 MPH PACTSHKCHHH.
3nech OmATH MOJENb IydKa CKIEEHHBIX MEXIy CO0Oil BOJOKOH OKa3blBaeTcs OuYeHb
PEATMCTUYHOM.

[Tox cxuMaromieid Harpy3KOil TOHKasl CTEHKa OJHOM W3 TPYOOK TepseT yCTOWYMBOCTH, Ha HEH
o0pa3zyercst CKJIaJika, a BCe OCTalIbHbIC TPYOKH JTOJDKHBI ciieioBath 3a Hei (puc. 39).[IpounocTs
Ha C)KaThe e O0bIYHO JIexkuT B mpeaenax 3,0- 3,5k[/mm?. Ecnu cpaBHHMBaTH 3TH UGB CO
CTaJIbIO 10 YACIbHOW MPOYHOCTH (IO OTHONICHHWIO K IJIOTHOCTH), TO OHH BBITJISIAT BCE CIIIE
BIIOJIHE CHOCHO, HO, KOHEYHO, JaJieKO He TaK, KaK YyJeibHas MPOYHOCTh Ha pa3pbIB.

i i {
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Puc. 39. Pazpyuienne aApeBecHHBI MPH CHKATHH.
Ha 4ucToii nj10ockoli MOBEepPXHOCTH, NapalieabHONH HAIPABJICHHIO
BOJIOKOH, MECTO Pa3pylleHHs1 BUTHO HEBOOPYKEeHHBIM IJ1a30M. 3/1ech
0eryT «CKJIAJKHU» MO/ YIJjoM 45° kK HanpaBJeHHI0 BOJIOKOH.
1 T T

KOFI[a APCBCCHHA HAUYMHACT pa3pylIaTbCAa OT CXKATHA, MOKHO BHUACTH JICTKYIO JIMHHUIO CKJIAJIOK
Ha BOJIOKHAX, Oerymryro noj yriom 45° k HanmpaBlIeHUIO BOJIOKOH, HO PaCCMOTPETH €€ IETUKOM
JIOBOJIGHO TPYTHO: JUTSl 3TOTO HYXXHO UMETh YHCTYIO TIOBEPXHOCTh U 3HATh, UTO W TJE MCKaTh. B
TEUYEHUE HEKOTOPOTO0 BpPEMEHHM TOCNIEe Havajga paspyiieHus (CKiIaakooOpa30BaHUs) HHYETO
0COOEHHO CEHCAIIMOHHOTO WJIH KaTacTpO(UIECKOTO HE CIIydaeTcs, MaTepUal JIUIIb TIOCTETIEHHO
npocenaer. [lOoCKONbKY IpeBeCHHA dYalle BCETrO0 HarpykaeTcss HM3ruOoM, TO B pe3yibTare
MEIJICHHOTO pa3pyllIeHUs Ha C)KaTOW CTOpOHE OallKyW Harpy3ka IepelaeTcsl Ha PaCTSHYTYIO
ctopoHy. [losToMy HOMHHANbHOE HAIpPsDKEHHE B W30THYTOM Oajke mepes OKOHYATEIbHBIM
pa3pylIeHHEM MOXKET OBITh BJIBOE OOJIbIIIE TPOYHOCTH HA C)KaTHE. ITO OOCTOSTENHCTBO JIETACT
ACPCBAHHBIC KOHCTPYKIIUNU OYCHb HAACKHBIMU.

JpeBecuHa B HEKOTOPOM CMBICIIE BEIllb JOBOJBHO 3JIOBPEAHAS: MPEXKIEC YEM MOSBUTCS pealibHast
OMACHOCTh pa3pylLIeHUus, JepeBSHHAS KOHCTPYKIHUS MOXKET HEeMaJlo TMOTpenarb BaM HEpPBbI
NYyralIuMi 3ByKaMu. [lmaHepbl He HUMEIOT ABUTaTels (OHM 4YacTO 3alyCKArTCs KaHATOM
NPUMEPHO KHJIOMETPOBOW JIJIMHBI, KOTOPBIII HamMaThiBacTCsi Ha OapabaH JieOeaKH), MOITOMY B
noJieTe - abCONIOTHAS TUILIMHA, HAapyIIaeMas JIMIIh CBUCTOM BeTpa. U BOT mpu OBICTPOM pe3KOM
3aIycKe JIepeBSHHBIN TUIaHep OyJeT Myrath Bac CKpUIlaMU, TSXKEIbIMU B3J0XaMH, HHOTAA JaKe



TPOXOTOM. DTO, €CTECTBEHHO, BCTPEBOKHUT BaC, HO CKOPO BBI MMOHMETE, YTO BCE ITO IPUTBOPCTBO
U HHMKaKOil OMacHOCTH pa3pyuieHHs KOHCTPYKIHMM HeT. Takoe TMpencTaBiIeHHE MOKET
MOBTOPATHCS HECKOJBKO pa3 Ha JHIO. Sl MOYTH YBEpEH, YTO 3TH IIyMbl HE COMPOBOXKIAIOT
mpolecca pazpyuieHus mpu cxkaruu. Yacto s 3amaBajics BOIPOCOM, OTKyZa OHHM UCXOJIST, HO,
JOJKEH CO3HATHCS, HUKAKUX WJCH Ha TOT CYeT Y MEHS He MOSIBIIIOCh. MOXKHO CKa3aTh OIHO -
€CJIN BbI CIBIIIUTE IEPEBIHHYIO KOHCTPYKIIUIO, BPSI JIU BB €€ CJIOMaeTe.

Wtak, mo yneapHON NPOYHOCTH JPEBECHHA BIIOJHE KOHKYPEHTOCIOCOOHBIM Martepuai. Ho
OJTHOM JIMIIb MPOYHOCTHU MPAKTUKE HEJOCTACT, € HYXHa eIlle M COOTBETCTBYIOIIAs KECTKOCTb:
BElleCTBa BPOJE HEHIOHAa TMPOYHOCTH MMEIOT MPENOCTaTOYHO, HO JJIsi HHXKEHEPHBIX
COOPYKEHHH KECTKOCTh MX CIUIIKOM Mana. Monyns FOHTa ais enu cocTaBlisieT MPUMEPHO
1000-150(I"/MMm?, KECTKOCTh APYrHX- MMOpPOJ 0Oojce WIM MEHEe IMPOMOPIHUOHAIbHA HX
IUIOTHOCTU. Y TUBUTENBHO, HO YyIENbHBIA MOAyiah HOHra 1isi JpeBeCHHBI MOYTH B TOYHOCTHU
paBeH yJeIbHOMY MOJYJIIO CTAIH U aTIOMUHUS U HAMHOTO OOJIBIIIE, YEM Y CHHTETHUYECKHUX CMOJ.
Takast >keCTKOCTh BMECTE C MaJOH INIOTHOCTBIO JIeNIaeT JEPEBO OUEHb MOAXOIAIIMM MaTepHaIoM
JUIst 6aNIOK U KOJIOHH. MeGenb, 1Moibl, KHMKHBIE MOJIKH, (DIArmTOK|, MauThl TapyCHUKOB Jy4Ile
BCETO Jienath aepeBsiHHbIMU. B Amepuke B XIX Beke oueHb ObICTPO U ACHIEBO OBLJIO MOCTPOSHO
MHOTO JKEJIE3HBIX JOpOT, OTYACTH OTO CIYYWIOCh Ojaromapsi BBICOKOH A()PEeKTUBHOCTH.
KENEe3HOJOPOKHBIX MOCTOB Ha JIEPEBSHHBIX JCTakagax. BMecTe ¢ 3TUMH JOCTOMHCTBaMH
JpEeBECHHA, OJJHAKO, 00JIaJJaeT HEJJOCTAaTKOM - OHA MOJ3eT. DTO 03HAYAET, UYTO MPHU JAOCTATOYHO
JUINTENIbHOW Harpyske Marepuan mnocTeneHHo aedopmupyercsa. CrencTBue IMON3Y4ecTH -
BOTHYTBIE JICPEBSHHBIC KPBIIIM CTAapbIX IOMOB U capaeB. M3-3a mon3yyecTu ApeBEeCHUHBI HENb3s
OCTaBIISITh HAJONTO HATSHYTHIMH JIEPEBSHHBIA JyK WIH CTPYHBI CKpUNKU. [lo-BHIMMOMY,
IPUYMHA TOJ3YYECTH COCTOUT B TOM, YTO IIJIOXO 3aKPEIJIEHHbIE THJIPOKCHIIbHBIE TPYIIIbI
aMop(HBIX 007acTeil MEJUTION03bl, TONB3YAICh H3MEHEHUSMH TEMIIEpaTypbl M BIIAXKHOCTH,
YBIWJIMBAIOT OT CBOMX 00si3aHHOCTeH. ManoBeposTHO, 4TOOBI CKOJIBKO-HUOYAb 3aMETHO TOJI371a
KPUCTAITMYECKAs [IEJUTI0I03a.

Pa30yxanue

HecomuenHo, npupoja mpu KeTaHud MOoria Obl XUMHUYECKUA COCTUHUTH MOJICKYIIBI IEJUTION03BI
BIIOJIb “00KOB”. Ho Torma onu Obuth OBl YBS3aHBI MEXAY COOOH OYECHBb HAICKHO, M MaTepHal
uMen Obl IPUMEPHO OJMHAKOBYIO MPOYHOCTh BO BCEX HarpaBieHHsX. Kak MBI yxke BHUIETH B
npeaplaymed TJaBe, Hajaudyue CinadbIX  TUIOCKOCTEH, TMapajuIeNbHBIX  MPOYHEHIIeMy
HaIpaBJIEHUIO, SIBJIAETCS, MO-BUAUMOMY, YCIOBUEM IMPOYHOCTU U BS3KOCTH IJIsi MaTEpHAJIOB
Takoro tuma. Ecim Obl Takue MOBEPXHOCTH OTCYTCTBOBAJIM, JIPEBECHHA MOXOIMIa Obl Ha TIIBIOY
caxapa - Obuta OBl OJTHOPOJHOM, HO HEMPOUYHOU M XpynKoi. Eciu cynuTh 1o ynenbHOMY Becy
JIPEBECUHBI, TO HET HUYETO TUIOXOT0 B €€ MEXaHMYECKUX CBOMCTBaX. OOBIYHO BEC JIEPEBSHHBIX
KOHCTPYKLUI CPaBHUM I10 KpaliHEW Mepe ¢ BECOM COOpYKeHul u3 merayuia. [1noxo B qpeBecune
JIpyroe - OHa IMOJBEp)KEHa BO3AECHCTBUIO Biard. Boaa MoxeT momajgaTh B JIPEBECHUHY IO
TOKJIEM, B pEKe, B MOPE U T. JI., HO XYK€ BCET0 TO, YTO Ha JPEBECUHY JCUCTBYET aTMoc(epHas
BJIara.

IIpu kaxx10M JaHHOW TEMIIEpAaType BO3AYX MOXKET COIEPKaTh ONPEAEICHHOE KOJIMYECTBO BIIary.
JIro60#1 M30BITOK Baru BbIMAJaeT B BUJE A0XKIA, TyMaHa, AbIMKHA MIM pochl. Bo3ayx B 3ToM
ClIy4ae Ha3blBAa€TCs IEPECHIIEHHBIM, U, CIEIOBATEIbHO, OTHOCUTENIbHAS BIAXXHOCTh B CBIPOM
nenb paBHa npuMepHo 100%.B cyxyro moroay wid B MOMEIIEHUH OTHOCHUTENIbHAS BIAKHOCTH
MEHbIIIE, HO OHa pelKo nagaeT MHOruM Hibke 30%,1axe B MeCTax ¢ CyXUM >KapKUM KIIMMaTOM.

JlpeBecrHa Bcerga CTpeMHTCS OBITh B PAaBHOBECMHM C OTHOCHTEIBHOM  BIIQXKHOCTBIO
OKpyXaromiero Bo3ayxa. [locie amurenbHON BBIAEP)KKH BO BIAKHOM BO3yXe JPEBECHHA MOXKET
conepxarb 22-23%Bojbl. B oueHb CyxoM BO3yXe COJepKaHHE BJIard B JIEPEBE MOXKET yNacThb



no 5%. OpHako cBs3aHHBIE C J3THM KoJeOaHWs Beca MaTepuaja HMEIOT BTOPOCTEIIEHHOE
3HAYCHHUE 10 CPABHCHMIO C BIMSHUEM BJIQKHOCTH HAa CBOMCTBA JIPEBECHHBI, B YACTHOCTH Ha €€
ycanky win pazOyxanue. Kaxaplii mporeHT W3MEHEHHS BIAKHOCTH JAeT OKOJIO IOJIOBUHBI
MPOIIEHTAa yCaIKN WM pa3OyxaHus. OObIYHBIC KOJCOAHUS BIIAXKHOCTH BO3JyXa MOTYT BBI3BaTh
KosebaHus monepeyHsix pazmepoB oT 5 1o 10%, o ecth 10 1 cM Ha nocky mupuHoi 10cm. U
€CJIM TJIOTHUKH-TFOOMTENH, pacojiaras BEIOOPOM, MPEIIOUTYT HUCIOJIb30BaTh MIUPOKHE JTOCKH,
TO mnpodeccuoHansl OyayT MyApee. OHU BO3BMYT Y3KHE JOCKH, 4YTOOBI YMEHBIIHUTH
MepeMENICHHUS B KaXJI0M OTIeIbHOM cThike. Koneuno, 5-10%ycanku niau paz0yxaHus HE Tak
YK 4acTo ciydarorcs, Ho U 1-2% Moryt BbI3BaTh MHOTO HempusATHOCTed. Kpacku u naku
CHW)KAIOT KOJIcOAHWs BJIKHOCTH B JEpeBe, HO HE HCKIIOYAIOT WX, TaK KaK HET KpPacoK,
COBEPIIICHHO HE MPOHHIIAEMBIX ISl TAPOB BOJBI.

I[an(e B IMOMCIHICHUHN OTHOCUTCIIbHAA BJIAXXKHOCTH HerepBIBHO NU3MCHSCTCH, OC06€HHO MC)KI[y
JTHEBHBIM M HOYHBIM BpeMeHeM. [Tonbl u mebenpb “ciaemsT” 3a BIaXHOCTHIO BO3/yXa, a OTCIOIA -
CKpUIIBI M Tpeck Mo HouaMm. Eciu kakum-To 00pa3oMm yaepkKaTh APEBECHHY OT YCaaKd TpH
YMEHBIIICHUN BJIQKHOCTH, OHA OYJET pacIICIUIATLCA. BEIb OHA IMOYTH HE MMEET MPOYHOCTH Ha
paBpBIB HonepeK BOJIOKOH. ECHI/I FGOMeTpI/I‘IeCKI/I OI‘paHI/I‘II/ITB BO3MOKHOCTH ,Z[peBeCI/IHBI
pa30yxaTh, TO TPHU YBEIWYCHHHM BIIAXXHOCTH MOXKET BO3HHKHYTH BEChbMa 3HAYUTEIILHOC
JaBJICHHUC. EFI/IHTSIHG HCIIOJIB30BAJIN O3TO MJABJICHUC [JId OTKaAJIbIBAHUA OFpOMHBIX I‘J'IBI6 B
KaMEHOJIOMHSIX, TaK Obla mosrydeHa uria Kieomarpsr *.

* Urna Kneomatpel - o0elMCK M3 KpacHOro rpaHura, Bo3aBurHyThlii B 1500romy no H.3. Ilponexar okoio
HI0JIyBeKa Ha MOPCKOM JHE, OHa ObuIa ycTaHOBJIeHa a JIOHIOHe, TAe HaXOAUTCs B HacTosIee BpeMsl. - [Ipum. nepes.

[IpensaputensHo (opma Oyaymiero Kycka pa3medanach KaHaBKOW Ha IMOBEPXHOCTH, 3Ta XKe
KaHaBKa CIIy)KHJIa KOHIIEHTPAaTOpOM HamlpspKEeHUM. 3aTeM BIOJIb KaHABKU JOJOMIMCH TIyOOKHe
OTBEPCTHS, B KOTOPBIE 3arOHSUINCh CyXUE€ JAEpEeBSHHbIE Koiabs. MX 3anmBamu BonoH, H,
MPOMUTABIINCH BJIArOM, IEPEBO PacKalbIBalIO KaMeHb BJIOJIb TPeOyeMoil JINHUY.

VYcanka MOPCKMX KaHATHBIX CHACTEHN M MapyCHOW TKAHW - B IPUHIUIIE TO ke caMmoe. OTAenbHbIe
BOJIOKHA C USMCHCHUCM BJIA’)KHOCTH U3MCHAIOT HC AJIMHY CBOIO, 4 TOJIIHWHY, @ OCTaJIbHOC ACJIAaCT
TeJIMKOWHAsT TeOMeTpUs KaHaTa W TEKCTWIbHOW TMpsKU. BEPEBKM U OJEKIa, HaMoKas,
CTaHOBSTCS Kopoue. JIpHSHBIE mapyca ObUTM OCOOEHHO MOPUCTBIMHU, M, YTOOBI YMEHBLIUTH
MOPUCTOCTh, MX 3aMaYNBaIIH.

WTtak, MBI BUIUM, YTO CaMbIM Ba)XKHBIM CJICICTBHEM BO3JICUCTBHUS BJIIAKHOCTH Ha JPEBECHHY
aBisieTcs ee pazoyxanue. C MpakTUYeCKOM TOUKU 3pEHUS BIMSHHUE BIaKHOCTH Ha MEXaHUYECKUE
CBOICTBA, MOXallyld, MEHee CyIEeCTBEeHHO. /Jlo. mpenena HAMOYEHHOE JEPEBO COXPaHAET
MPUMEPHO TPETHIO YACTh MPOUYHOCTHU U KECTKOCTH COBEPILEHHO CyXOro jiepeBa. buonornueckue
MaTepuayibl Bcerja paboTal0T B HACHIIICHHOM COCTOSIHMM - TaKUM OOpa3oM, IIEHOI TOTepH
MIPOYHOCTH CHUMAETCSl MpoljemMa YCYIIKKM W pa30yxaHus. B TexHuKe meIoo3a HUKOTAa He
HCHOHBByeTC}I B UJICAJIBHO CYXI/IX yCJ'IOBI/IHX, HOE)TOMy BCJIIMYHNHBI HpO‘-IHOCTI/I 1 KXECTKOCTU €€
COBCEM HE TaK IIOXH, KaK HHOTJA 9TO MOXKET IT0Ka3aThCs,

CrIpylo JIpeBECHHY THYTh HEMHOTO JIeT4e, YeM CYXYyI0, HO OOJbIle BCEro oljerdaer rudky
ACpCBa HArpeB. TaK, npeKAC UCM I'HYThb APCBCCHUHY IJII TCHHHUCHBIX PAKCTOK HJIM NUIFOIMMOYHBIX
IITaHTOYTOB, €€ TPOMAapUBArOT. YacTo CYMTAIOT, YTO Map JeNaeT C JPEBECHHOW YTO-TO
ocobeHHOe. DTO HEBEPHO,. MPOCTO MPOINAPUBAHUE - BCErO JIMIIL YAOOHBIM IMyTh Harpena
JPEBECHHBI 0€3 €€ BBICYIIMBAaHUS, ¥ MEXaHH3M ACHCTBHUS 3]IeCh B TOYHOCTH TOT K€, KaKOH
UCTIOJIB3YIOT MTApUKMaxephl s 3aBUBKHU BoJIOC. MIHOTIa [peBecuHy nepeja ruOkoil 060paunBaroT
BJIQKHBIMHU TOPSIYUMH TPSANKAMHU. DTa ONEepaIysi TOMOTaeT TEPMHUUECKOW M3OJISIUH JAPEBECHHBI,
COXpAaHSIET €€ TEIUIO MPEJOXPAHSIET OT CIUIIKOM OBICTPOro OXJaxkaeHUs. J[peBecuHa MoxkeT 0e3
ocoboro nyst ceOs Bpeda BBIAEPKATh “BIaXHBIM Harpe npumepHo a0 140CT, oxnako cyxou
HarpeB, KOHEYHO, BBI3OBET PACTPECKUBAHUE BCIEACTBUE YCYIIKU.



Briaep:xka apeBecUHbI

MOXHO yCIBIIATh TOBOJIHHO MHOTO B37I0pa, O TaK HAa3bIBAEMOMW BBIIEPIKKE ApeBecHHbI. OO 3TOM
JTO0ST TONKOBATh CTAphble MAacTepa M POMAaHTHYHBIC, HO HECBeayIue itoouTenn. JlpeBecuHa, Kak
MBI YK€ 3HaeM, COCTOUT W3 3aKpPBITBIX TPYOOK, KOTOpbIE B JXHBOM PACTEHUH YaCTHYHO
3aIoTHEHBI BOJIOW WM, TOYHEE, COKOM. B cBekecpyOJICHHOM JIepeBe COJIepiKaHnue BOJBI MOKET
OBITh PA3IMYHBIM, OHO MOXET Ja)Xe MPEBBIMIATh MO BECY KOJIWYECTBO CYXOTO BEIIECTBA.
[Tpumepno 25%5T0it BoaBI aOCOPOUPOBAHO, MMPUTSHYTO THIPOKCUIBHBIMH TPYNIIAMHU K CTCHKaM
BOJIOKOH, OCTajbHasl XKHUJIKOCTh COACPKHUTCS BHYTPU KIETOK. BO BpeMsi BBIIEPKKHU OObIIas
YacTh BOJBI yAajsiercs. Bbimepikka B OCHOBHOM MpPEICTaBISCT COOOWM Omepaiuio CYIIKH H
Hudero Oonee. [Ipocto copepxkaHwe Biard B JepeBe MPUBOIAUTCS K YCIOBHUSM, TPUMEPHO
PaBHOBECHBIM C YCIIOBHSIMH OKpYIKarollel cpellbl, B KOTOPBIX €My HPEACTOUT padoTaTh. €CIU
3TOr0 HE CAeNaTh, TO MU3JENHE BCerga OyaeT MoA yrpo3od KopoOieHust OT ycymku. Jlis
UCIIOJIb30BAaHUs MO/ OTKPBITHIM HeOoM mpuemiema BiakHocTb 20%, 1y HeoTarimBaeMbIX
noMerieHu - okoxo 15%,a 11t momenieHnii ¢ mapoBbIM OTOIUIEHHEM - TpuMepHo 8-10%.

Knetkun pnepeBa mpencTaBisiloT CcOOOH  3aKkpbITble BepeTeHOOOpasHble TPYOKH, MOITOMY
3aKJIFOUEHHOM BHYTPHU HHMX BOJIE HE TAaK-TO JIETKO BBIMTU Hapyxky. EAMHCTBEHHAs] BO3MOXKHOCTb -
MEeJJICHHOE MPOHUKHOBEHHE BOJBI 4epe3 CTeHKH TpyOok. Takoil mpouecc He MpeAcTaBisieT
TPYIHOCTEH, €CIM UMETh JIeJ0 C €AMHUYHOM KieTkoi. Ho Beap OpeBHO COACPKUT MHOTHE
TBICSYM TaKUX KJIETOK, U BOJAA M3 BHYTPEHHHMX KIJIETOK JOJDKHA MPOCOYHTHCS UYepe3 CTEHKH
OOJBIIMHCTBA JPYTUX KJIETOK, JEXKalMX Ha ee MyTH Hapyxy. i1 storo HeoOXoammo
NOJICP’KUBATh PAa3HUIY BIAXKHOCTEH MEXAy BHYTPEHHUM 00BEMOM JIPEBECHHBI U OKPY’KaIOIIeH
cpenoii. Yem Oombliie 3Ta pa3HUIla, TeM ObIcTpee OyneT yaanarbes Biaara. C Ipyroil CTOpOHHBI,
IPY CIHUIIKOM PE3KOM Iepernajie BIaKHOCTH Hapy>KHBIE CJIOU B XOJ€ CYIIKH OKaXyTCsl 3aMETHO
cylle BHYTPEHHHMX, OyayT Oonbllle CKHMATbCs U, CIEJOBATEIbHO, pPACHICIUIATEC U
pactpeckuBarbes. [103TOMy, YTOOBI HE MOBPEIUTH APEBECHHY, €€ HENb3sl CYIIMTh CIUIIKOM
obicTpo. TpaauuuoHHBIA COCOO BBIAEPKKU - HA OTKPBITOM BO3JAyXe WM MoJ HaBecoM. llpu
CYIIKE TaKuM IyTeM Juigd J0ocok TommuHoi 20-50MMm TpeOyercss okoio roxa, a uis KPYIMHBIX
TyOOBBIX 3arOTOBOK AJI CYIOB - OKOJIO ceMu JieT. C MPUMHUTHUBHBIMU METOJAaMU M 3HAHUSAMHU
HUYEro Jpyroro W He mNpuayMmaemib, B ObUIble BpeMeHa Jiydlne cyIoBeppH U XOpoIIHe
KApeTHUKHU JEepXKaIU 3aJIeKU IEHHOW JPEBECHHbI, YK€ BbIICP)KAHHON WM HaXOAsIIEHCs B
MPOIIECCE BBIACPKKHU - 3TO OBLIO OJHON U3 MIPUYMH BHICOKON CTOMMOCTH WX M3JICTHH.

B mocnennue ronpl ObUI0 MPEANPUHATO MHOTO TEXHOJIOTHUYECKUX HCCIIECIOBAHUI MO BBIACPIKKE
JecCOMaTepHaloB, B pe3yibTaTe pa3paboTaH psjl CIOCOOOB YCKOPEHHOM 0€30MacHOMN CYIIKU IS
JPEBECHHBI BCEX COPTOB U pa3MepoB. TmiaTenbHBIH KOHTPOJIb CKOPOCTH CYIIKH B OOJBIINX
CYNIMJIBHBIX TIeUaX IMO3BOJISIET CBECTH BpeMsI IIpoliecca K THSAM W HeaessM. J[pyroit myTs, Takxke
COKpAIAIOUINIA BpeMs CYILIKH,- COBPEMEHHasl TeHJICHIUS MPUMEHATh MUIoMaTepral MEHBIINX
CCUCHHI, MCIIONB3Ysl Halle)KHbIe Kiien. [IpeBecrHa, KOTopast oA00armuM 00pa3oM CyIIiiiach B
neyax (mMe4M STH JOBOJBHO JOPOTH M TPEOYIOT KBaTH(PUIUPOBAHHOTO OOCITY)KHBaHHS),
HUCKOJIBKO HE XYyXe “HaTypallbHO  BBIJIEp)KaHHOU. boiiee Toro, B mporiecce CyImIKu sl Hee
MEHEee BEpOSITHO MOIXBATUTh TPUOKOBYIO HH(EKIIHIO.

Conep:kaHue BIard B IepeBe MOKHO OTPENIEINTH ITyTEM B3BEIIMBaHMS HEOOIBIIOro o0pasna 1o
U TOCIe TEYHOM CymKH. B NpPOMBIIUIEHHOCTH TPOLEHT BIAXHOCTH OMNpeAesseTcs
HOPTATHUBHBIMU MTPUOOPAMH, KOTOPBIE U3MEPSIOT SJIEKTPHUECKOE COMPOTHUBICHUE MEXKTY ABYMS
BOUTHIMU B OpeBHO uriamu. Takas mpolienypa JaeT OTBET HAMHOTO ObICTpee.

Ecnu conepxanue Boawl B apeBecuHe MeHbIe 25%, To BCsl OHa CBs3aHA C TUAPOKCHUIHLHBIMU
rpynnamMu B CTeHKax KieTok. Korma BiakHOCTH JocTuraer npuMmepHo 25%, ruapokcuibl
OKa3bIBAIOTCS HACHIIICHHBIMU M CTEHKH KJIETOK HE MOTYT OOJbIlle MPUHUMATHh BOAY, B TaKOM



CJIy4ae TOBOPSIT, YTO JIOCTHUTHYTA TOYKA HACBIIICHUS BOJOKOH. J[0 3TOI TOYKH MOJOCTH KJIETOK
OCTalOTCS ITYCTHIMH, BBIIIC HEe MPAKTUYCCKH BCsA J00aBOYHAsS BiIara HJET Ha 3allOJTHCHHE
TpyO4YaThIX KIETOK. Bce M3MEHEHUs pa3MepoB M MEXaHHYECKUX CBOWCTB, OOYCIOBICHHBIC
KOJICOAHUSMHU BIIQXKHOCTH, TPOSBISIOTCS TOJBKO HFDKE TOYKH HACBIIICHHS BOJIOKOH, TO €CTh
mexny O u 25% Bnaxknoctu. [1o AOCTMKEHMM TOUYKHM HACHIINICHUS HUKAKOTO JajbHEHIIero
pa3OyxaHusi HE MPOUCXOIWT, M J00aBOYHAS BOJA IPOCTO YBEIWYHBACT, IPHUYEM BEChMa
3aMETHO, BEC JPEBECHUHBI.

VY aenpHbBIN Bec BeliecTBa gAepeBa okono 1,451/Cv?, oHaKo CBEXeCpyOJIeHHOE AEPEBO B BOJIE HE
TOHET (32 WMCKIIYEHHEM OYEHb TSDKENBIX IOPOJ), MOTOMY 4YTO [aKe B HEBBIICPKAHHON
IpeBECHHE 0YeHbh MHOTO BO31yxa. Ho eciu ocTaBUTH JepeBO B BOJE, TO, MIPOMHUTABIINUCH BOJIOMH,
OHO B KOHIIE KOHIIOB 3aTOHET, XOTs I 3TOTO U MOTpeldyercs, KaKk U B Clydae €CTECTBEHHOMN
CYIIKH, JOBOJHbHO MHOTO BpeMeHH. B cBoe Bpemsa skunax “Kon-Tuku” Oecrnokomno, Kak
MOBEAYT ce0s B IUIaBaHUU TPOOKOBBIE OpEBHA IUIOTA, XOTS CKOPOCTh MX MPONMUTKH HE ObLIa
OUYCHb BBICOKOW. AMEPUKAHCKUE KIUIEPHI CEPEIUHBI MPOILIOr0 BeKa C TPEeMs BIUBIIMMUCS B
He0O MauTaMmH, CJAEJaHHBIE W3 JIETKOro, “MSTKOTO’ JepeBa, MPOMHUTHIBAIIUCH BOJOH, HE
OPOCITYXKHUB M JaecaTd jeT. OZHAaKo 3a ToAbl CIY>KObl OHH, BHE BCSKHX COMHEHH, CITOJIHA
okynanu cebs. TBepaast qpeBecruHa, KOTOpast OOBIYHO IIA HA MIOCTPOMKY aHTIUHCKUX KOopadie,
ObL1a TOpas3no 0oJiee BOJOCTOMKON: MOKHO MPUBECTH HECKOIBKO MPUMEPOB, KOTIa IEPEBSIHHBIC
CyJla CIIY>KUJTU OO0JIbILIE CTOJETHS.

Pa3znoxkenue fpeBecHHBI

['HueHne npeBecCHHBI BBI3BIBACTCS T'PHOKOM, KOTOPBIN IapasUTHPYET 3a CUET LEJUTIONO03bI:
rpuOKU BOOOIIE HE MMEIOT XJOopodwiia U HE MOTYT IMPOU3BOAMUTH s ceds caxap MyTeMm
¢doTtocunTe3a. Criopsl pa3IMYHBIX TPUOKOB MPAKTHYECKH BCET/a MMEIOTCS Ha JIepeBe, MOJ00HO
TOMY, Kak MHOTHE OOJIE3HETBOPHBIE MHKpPOOBI JKMBYT B OpraHM3Me YEJIOBEKa, OCTaBasCh
HACCHUBHBIMHU JI0 TOW MOPBI, IIOKA HE HACTYIIAT MOIXOAAIINE yCinoBus. bone3Hns nepeBa, THUEHNE
HE MOXKET pa3BUBAaThCS TMPH BIaKXHOCTH MeHbiie 18%, XoTs CHOpbl  COXPaHSIOT
KHM3HECTIOCOOHOCTH B JIOBOJIBHO CYXOH ApeBecHHE, JOXKUIAACH JOKIIUBOTrO AHA. OHAKO U TIpU
BiaxkHocTH Bbime 18% rpubok eme He pacter, eciau oOecriedyeHa xopomas BeHTHisus. C
JIPYTO CTOPOHBI, €CIIM BIAXHOCTh OyaeT okoio 15%,To Hy)XHO COBCEM HEMHOTO 3aTXJIOCTH B
KakOM-HUOYZb HEBEHTWJIMPYEMOM YTy, 4YTOObI Hayasoch TrHUeHHe. KoHTpoiampoBarthb
BIQ&XHOCTh JIPEBECHHBI yJAeTCs HE BCErZa, HO BCETAa MOXHO OOECIIEYHTh XOPOUIYIO
BEHTHJISILIUIO, U 3TO OyJeT rapaHTUPOBATh COXPAHHOCTb KOHCTPYKLIUH.

Celiuac CylIecTByeT MHOTO XMMHUKATOB, YOMBAIOIIMX aKTUBHBIC CIIOPHI M TPHOOK B JPEBECHHE,
HO UX HE BCEr/ia yJ0OHO MPUMEHSTh B CTAPBIX U CIOKHBIX CTPOCHUSX: 10 MTOPAKCHHBIX YacTel
He nobepemibes 6e3 Moporocrosmieii paz0opku KOHCTpyKuuu. OHAKO MOYTH BCErAa MOXKHO
1103a00TUTHCS 00 F((HEKTUBHON BEHTUIISIINU.

B kpyroo0Gopote BeliecTB B MPUPOIe HEKOTOPBIE MPOLECCH PA3IOKEHHUS OUEHb CYIIECTBEHHBI;
He OyJb UX, 3eMJIsd He TOJIBKO ObuUIa OBbI 3aBaJIeHa CTBOJIAMH paHee KUBILUX HA HEW pacTeHHi, HO
¥ BCE 3eMHBIE 3aI1achl YIepo/ia OKa3alnuch Obl CBA3aHHBIMU B IIEIJUIIONIO3€ - )KU3HB HE MOTJIa OBl
npoaoskarbesa. C 3TUM CBA3aHO TIVIABHOE BO3PaK€HHE NMPOTUB MCIIOJIB30BAaHUS OMOJIOTMYECKUX
MaTEpUajoB YEJIOBEKOM: ‘IIJIaHbl MPHUPOJABI OTHOCUTEIBHO OTKMBAIOIIMX OPraHWU3MOB MOTYT
BCTYIUTH B KOH(QIMKT C HAIMMHA HaMEPEHUSIMH.

JdepeBsiHHBIE Cyaa

JlepeBSHHBIN TapyCHUK OOecreyms B CBOE BpeMsl DKCIAHCHUIO 3amaia U MmoToMmy Oojee, dyeM
KaKoW-m10o Apyrol NMpOMYKT TEXHUKH, OMpPENENIHSl CErOAHSIIHUE YCIOBUS B HalleM MHpE.



JlepeBsHHbIE TAPYCHUKH OTKPBIBAJIM HOBBIE 3€MJIM, OHU Jienain KapTy 3emin. OHU NepeBO3UIN
MacCaKUPOB U BOICKA, SMUTPAHTOB M KAaTOPKHUKOB, MYTEIIECTBEHHUKOB M paboB. Ha Hux
IPY3UJIH 30JI0TO U Yrojlb, CTAHKM U KHUTH, Yall ¥ IIEPCTh, XJIONOK U JIEHIEBYIO )KecTh. OHU BE3/IH
3TO HE TOJBKO 3a TPHUIEBATH 3€Me€Jb, HO U BJOJb MOOEPEXkbs, MO pekaMm. MHOrMe COTHH JeT
BOCHHBIN KOpabiib ObLT CaMbIM BECKMM apryMEHTOB KOpPOJIEH, KOTOpPBIE YacTO IYCKaJId €ro B
XOJI.

JlepeBsHHbBIE KOpaOJK - OTHIONb HE Jiefia JaBHO MUHYBIIUX JIHEH, Ha MaMATH HAIero MOKOJICHUS
CYILIECTBOBAJIM TEPBOKJIACCHBIE MACCAXKUPCKUE MapyCHbIE CyZa, IUIaBaBIIME B ABCTpaJIUIO *.
JKuBbI anMupalibl, KOTOpble HAUMHAIN CIIY>KOY Ha IEPEBSIHHBIX MAPyCHUKAX.

* TlocnenuuMm OONBIIMM JAEPEBSHHBIM MACCAKUPCKUM MApyCHUKOM ObuUI, TO-BHAMMOMY, “ToppeHc”, KOTOpBIH
xoamn B Anenauny Bmiots 1o 1903roxa. Meramnueckue mapyCHUKHM Pa3iM4YHbIX THUIOB C KalOTaMHU IIEPBOTO,
BTOPOT'O, @ MHOTJAa M TPEThEero KIacCoB XOAWIM B ABCTPAIMIO U B HallleM Beke. Bompekn pacnpocTpaHeHHOMY
celfuac MHEHWIO OHM OBUIM NPEKPACHBIMH CyDaMH C OTIMYHBIMU alapTaMEHTAMH M MHOTUMH COBPEMEHHBIMH
yaoOCTBaMH Kak U MAacCaXHMPOB, TaK U JUIA SKHIaXa. [ py30Bble MAPYCHUKH OBICTPO COLULIM C apeHbl, YCTYNUB
MECTO MMapoxoJaM, a ITACCAKUPCKUE MapyCHbIE Cyla JOJro enle KOHKYPUPOBAJIM C HUMH, Ipeularas naccaxupam
Oonprmii koM@popT. Camblii OOJNBIION NEPEBSAHHBIA IPY30BOH MapyCHUK - IIeCTHMadyToBas IixyHa “BaiiomuHr”
BopomsmenieareM 6000t - 6bu1 TocTpoeH B Ameprike B 1910romy.

XO0Tsl MpUMEpPHO B CepelrHe MPOLUIOro Beka Kak Kopmyca, Tak M OCHAcTKa CyIoB ObUId
3HAUUTENIBHO YCOBEPIIEHCTBOBAHbl, B TEUYEHUE MPEALIECTBYIOIUX TPEX-UYETBIPEX CTOJIETUH
OCHOBHbIE IPUHIIUIIBI KOHCTPYHPOBAHUS OCTaBAIUCh HeM3MEHHBIMU. OHU ONPENesUIUCh ABYMS
¢baxTopamu: pa3OyxaHHEeM APEBECHHBI U BHICOKOH CTOMMOCTBIO METAILIOB.

Hecymast koHCTpyKIUsi OONBIIOT0 KOpabmsi Ieianach U3 €CTECTBEHHO M30THYTOW JPEBECHHBI,
JUTS TAaKUX AJIEMEHTOB KaK INAHTOYTHI, BRIOUPAIMCH CTBOJIBI IEPEBbEB, HA KOPHIO TPUHSBIINAX
noaxosnyo Gopmy. Bomorenponuiiaemast 00IIMBKa U ATy0a HAKJIAILIBAIUCH MOBEPX YaCTOU
pEIIETKH  WIMAaHTOyTOB M TPOJOJBHBIX  OaloOK MPUMEPHO  KBAagPaTHOTO  CEYCHUS,
MEPECEKAOIINXCS CO MIMAHTOyTaMH IO/ MPSMBIM YTIIOM. DTa pelieTka He uMella JHaroHalIbHbIX
CBSI3YIOIIUX AJIEMEHTOB, CIIOCOOHBIX BOCHPHHUMATh CABHT. KPOMKH MPUMBIKAOIIMX OIHA K
JIPYToi TJIaHOK OOIIMBKY HE CBSI3BIBAIMCH MEXKAY COOON MEXaHHYECKH, 3a30p MEXKIy HUMH
umen ¢opmy V-o0pa3HOH KaHAaBKU. B 3Ty KaHaBKY C MOMOIIBIO CIEMAILHOTO KOHOMATOYHOTO
3yOmsia ¥ JIEPeBIHHOTO MOJIOTKA 3arOHsJIach IMaKiisg, KOTOPYIO JeNladi U3 OTCIYXHBIIUX CBOE
KaHATOB OOMTATENH TIOPEM U PAOOTHBIX JIOMOB.

[ToBepx makiau MeXIy TUIAHKAMU OCTaBaJICS OTKPBITHIA 3a30p IMHMpUHON mpuMepHo 1cm. Ha
nany0ax ero 3aJMBajH MOTOM C MOMOIIBIO CHEIMAIBHOTO Uepraka ropstueit cmonoii. [locie Toro
KaK CMoOJjia 3acThlBajla, €€ M3JIMIIKH JIETKO COCKPEOaIuCh - B XOJOAHOM COCTOSSHUM CMOJia
CTaHOBHUTCS JOCTaTOYHO XpYHKoil. B wurore mamyba pacuepumBanach H3SIIHBIMU YEPHBIMH
auHUSAMH. J{7s qHUIIA 1 O0KOB Cy/IHA MCIIOIb30BAJIach ClieluaibHas 3aMa3Ka. CMBICT BCEX ATHX
orepanuil 3aKiIrovasics B TOM, 4TOObI 3aCTaBUTh MAKIII0 KOMIEHCHUPOBATh YCYIIKY U pa30yXxaHue
JIepeBSHHON OOIIMBKH, a TAK)Xe - B HEKOTOPOU CTENEHH - JeopMaLnio Kopiryca 0e3 3aMeTHOTO
HapyLEeHUs: FEPMETUYHOCTH.

Best koHCTpyKIHsi Obuta - B M3BECTHOM MEpE 3TO JENajJoCh YMBIIUICHHO - JOBOJIBHO THOKOM,
BpoO/Jie OOJBIION KOP3UHKHU. BeposTHO, He 0€3 OCHOBaHUI CYMTANIOCH, YTO, KPOME KOMIICHCAIIUN
YCYIIKU U pa30yXxaHUsl IpeBECHHBI, Takasi THOKOCTh KOpITyca BHOCHJIA CBOW BKJIAJ B CKOPOCTHBIE
KauecTBa U JOOPOTHOCTh KopalOus. Ilo-Bumumomy, cyna BUKHHTOB U TIOJUHE3UHCKHE KaHO)
ObUIM elle MEHee JKeCTKMMH. YK€ B BUKTOPUAHCKME BpEMEHa, Korja Kopabnu
KOMOMHHPOBAHHOW KOHCTPYKIIMM CTajdl HAMHOTO J>KecTde, OBLJIO CIENHUaIbHO IOCTPOEHO
HECKOJIbKO TOHOYHBIX KIUIEPOB C KOPIYCAMH, )KECTKOCTh KOTOPBIX MOXHO OBUIO U3MEHATH IO
xenannto. O0 0THOM U3 TaKUX CYJOB, KOTJIa OHO BBIPBIBAJIOCH BIEPE, B IKUIAXKaX CONIEPHUKOB
myTtunu: “ OHu mam pazeuHmuau OOAMuvl, U Mbl UX YoHce HUK020d He Y8Uoum’.



B raBansx nepeBsHHBIE cyna ObUIM, Kak MPaBUJIO, BOJOHENPOHHUIIAEMBIMM, HO BCE OHH, 0€3
UCKIIIOYEHUH, HAaYMHAJIHM Te€4b, KOTAa BEIXOIMIN B Mope. HOoTIa Teub ObIBana He3HAYMTENbHOH,
a Mopoii rpo3miia ONacHOCThI0. HecMOTpst Ha BEKOBOM OIBIT, KOpaOEeIbHBIX /1€ MacTepa HUKAK
HE MOIJIM, KaKeTcd, MHOHATh, YTO Takoe caBur. Jlrobas KOHCTpyKuus THNA OOOJOYKH,
NOJBEPrHyTast M3ru0y M KpyueHHIO, IPETEpIIeBAaeT 3HAUUTENIbHbIE CABUTH B OOIIMBKE, a Belb
TOMY Kak pa3 W IOJABEpraercs Kopabimb B Mope, ocobeHHO mapycHHMK. Ho TpammnmonHas
KopabenbHast KOHCTPYKIHS ObL1a o 100Ha pame BOpOT 0e3 TuaroHajJbHbIX OpyCheB.

[lockonbKy B KOHCTPYKIMHM Cy/JAHAa HHUKAaKUX CIEUUAIBHBIX 3JIEMEHTOB, 3()()EeKTUBHO
BOCIIPMHUMAIOUIMX CJBUI, HE OBbUIO, OH BOCIPUHHUMAJICS BCE TOW XKe MakKieH, KoTopas
MOTIEPEMEHHO TO CXKUMaJlach, TO BO3BpaIllajach B IMPEXKHEE COCTOSHUE, MOJO00HO TyOke. Bpems
OT BpeMeHH (TIpaBja, Ha YAUBICHHE PEIKO) IUIBIBYLIMH KOpaOJb BBHIILICBBIBAJ IIMAKICBKY U3
KaKoro-HuOyab MoJBOAHOrO mBa. Ciydanock, 4TO CyIQHO IMOcie 3TOro ToHyno. OgHako yaiie
OHO Ha4yMHAJIO T€4Yb U TEKJIO, TEKJIO... B 3THX ciyyasx omacHOCTh Obla HE CTOJIBKO B TOM, UTO
KOpalbJib HEMEUIEHHO 3aTOHET, CKOJIBKO B TOM, YTO HEMpPEPHIBHAS OTKAaYKa BOJbI H3MOTAET CHJIIBI
KOMaHJbl, TOBEIs MAaTpOCOB O TAKOIO COCTOSHUSA, IIPA KOTOPOM MOXET CIyYUTBHCS BCE YTO
YTOJIHO.

Korpma curyanums rpo3mna katactpooif, MOKHO OBLIO MHOIBITAThCS “moArnosicats”’ Kopadib,
00BsI3aB €ro C MOMOIIBI0 TPOCOB, MPOMYIIEHHBIX MO KOPIYCOM, MOJO0HO TOMY Kak 00 3TOM
ckazano B HoBom 3aBere. C Tex mop 3Ta yjaoBKa MOBTOPSIIACE MHOTO pa3, 1 OYEHb MOKET ObITh,
YTO MMEHHO ceidac rie-HuOyab B OKeaHE €€ MPOAENBIBAIOT C KAKUM-HHOYIb CYACHBIIIKOM.
CMBICJI O3TOW ONEpaluy 3aKI0YaeTcsi TOJIBKO B OJHOM - CHa0AWUTh KOPIYC CyAHA
BOCIPUHUMAIOLUMU CABUT 3jeMeHTaMu. Ho moka oHa He OyzeT BBIIOJHATHCS CO 3HAHUEM Jiela
U TOYHOCTBIO, KOTOpBIC, TOXKalIyi, HEBEPOSTHBI B IMOJOOHBIX OOCTOSATENbCTBAX (HAmpumep,
ClIeAlyeT HAIPaBUTh TPOC MO yriioM mpumepHo 45° K ocu cyaHa), OHa, HaJo AyMaTh, OyaeT He
Ooee ycnemHoii, ueM Ha kopabue “Cs. [TaBen”.

Yto kacaercss OpUTaHCKOTO BOEHHOTO (hjI0Ta, TO OCHOBHBIE HEMPUATHOCTU C T€YaMU KOHYMINUCH
rae-to okosio 1830roma, korma PoGepr Cenmubrce (1764-1840) npemioxun aenaTh B
JEPEBSIHHBIX KOpIlycax Kopabiiel »eye3Hble TuaroHalbHble KperuieHus, CemnmuHrc, KOTOpHIi
4acTO MPUTOBAPUBAI, UTO “ yacmuuHnas nPoYHOCMb Npusooum K obujeli HenpoyHocmu”, OBLI,
BEpPOATHO, OJHUM U3 TMEPBBIX KopaljecTpouTesneil, MOHABIIMX KApTUHY HAIMPSKEHHOTO
COCTOSIHUSL KOpaOenbHOro Kopiryca. B ToproBom ¢iote nepeBsHHbIE KOpIryca ObTH B OCHOBHOM
3aMEHEHbl KOMOMHHPOBaHHBIMH M METANIMYECKUMH KOHCTPYKIUSMHU JIMIIb BO BTOPOM
[OJIOBUHE Tpouuioro Beka. OnHAKO MPOJODKAIM CTPOUTHCS M JIEpeBSHHBIE cyda 0e3
COOTBETCTBYIOILIETO YKpEIJICHUS] KOpIyca MpPOTHB HampsbkeHuid casura. Crapes, Takue cyna
TeKIH Bce Oousbmie. OHM TEKIM, a MX SKCIUTyaTHMPOBAJM, MOKa 3TO OBUIO 3KOHOMHUYECKH
BBITO/IHBIM B YCJIOBHSIX MOYTH HCKIIOYUTENBHO PYYHON OTKAuku. MexAy MpouyuM, BILUIOTH IO
1914roga HOpBEXCKME CYIOBIAACTBIBI IMOKYMAIM AaHIVIMACKHE TMAapyCcHble cyda |
9KCIITyaTUPOBATIHN UX C BETPSHBIMH IOMIIAMHU.

HecMoTpsi Ha HEIOCTAaTKH, JIEPEBSHHBIC BOCHHBIC MAPYCHUKW HAXOAWINCh Ha BOOPYXCHHU
(GJI0TOB Ha MPOTSHKEHUU TPEX-4eThIpeX BEKOB, M aIMHPAITEHCTBA PacCcTaBAINCh C HUMHU C
CO’KaJICHHEM, TaK KakK 3TH Kopabin ObLUIH MO-CBOEMY OY€Hb d(PPEKTHUBHBI U SKOHOMUYHBI. OHH
UMENTd XOPOUIMKA paanyc JAEHCTBHsI, ObUTM BBIHOCIWBBI, HE3aBHCHMOCTH OT MOpPCKHX 0a3
MO3BOJISIa UM OECCIIeTHO HMcYe3aTh B OKEAHCKUX IPOCTOpaxX - BCE ATH JOCTOMHCTBA (DIOTHI
06peJm BHOBB JIMIIb HCAABHO, C IPUXOAOM aTOMHBIX IMOABOAHLIX JIOJOK.

AKTUBHBIE AEUCTBUS (JIOTA CIy4aIUCh HE 4acTo, yrpo30il OblI caM (akT ero CyuiecCTBOBaHMS.
Opnnako no cepeaunbl XVIII Bexa cumTamoch HEMPAaKTUYHBIM KPYTJBIH TOA JepxkaTh (GIoT B
MOpe, TaKk Kak 3UMOH Kopabmu OblcTpee mopTuiuch. [IpaBna, yCHMIMSAMH NpEeaHHBIX CBOEMY



neny oQUIEpPOB ITH TPYAHOCTH MPEO0JIeBanuch. KakaoMmy, KTO 3HAKOM C XapaKTepoM
noOepeXbsi, MAPYCHBIMUA CyJaMH W MOJICKYJIOW TEJUTFOJIO3bI, JTUBIIASCS KPYTJIBbIA Toa OJioKaaa
Bpecra u Tynona 1omkHa MOKa3aTbes MOYTH HEBEPOATHOW. “ Omu cmoswue oanu uzbumole
wmopmamu Kopabau, Komopuvlx Benuxas apmus nuxoeda ne eudena, cmosiu mexncoy Herw u
MUPOBLIM 20cn00cmeom” *.

* A.T. Mahan. Influence of sea power upon French Revolution Bmgpire, 1892.

Kanatel 1 paHroyTtsl 0anTHICKOTO MPOUCXOXKIEHUS TOCTABISIIN MOPSIKaM OJIOKUPYIOIINX CY/I0B
MHOTO XJIonoT. M X0oTs (paHIly30B OHM BUACITU OYCHb PEIKO, UM MPUXOIWIOCH CPAKATHCS
JE€HHO W HOLIHO, MX BparamMu ObUIM KaHAaThl, Mapyca, peu, KOTOpbIe BBITATHBAINCH, THUJIH,
pBanuch. Aamupan Henbcon nucan: “ Ko mue obpawanucs ¢ pazuvix kopabaetl ¢ icaiobamu Ha
OonbUYI0 Yacmes napycos u OCHACMKU, HO NPOCbObL O 3AMeHe BbINOJHUMb ObLIO HEBO3MONCHO,
mak Kaxk 6 sandace Obll JUWb MAKOU dce Henpucoouslll K cayxicoe xaam. Hado Ovino uckamo
opyeue nymu 60pvoovr ¢ smum 310m”. W Bce xe “ 0sadyamev 06a mecaya ¢prom Henvcona ne
3axooun 6 nopm, - U, K020ad 6 KOHYe KOHYOB BO3HUKIA HEeOOXO0OUMOCMb Npecied08ams
Henpusamensa demvlpe MmulCAYU MUNb, KOpabIu OKA3AIUCL 80 8CEX OMHOWEHUSX 20MOBbIMU K
9MOMY HEONHCUOAHHOMY U CIOIb OAIEeKOMY NOX00Y .

Korma mapycHoe cyHO UAET Mpu KPEMKOM MOIMYTHOM BETpe Oy/Ib 3TO Ja)Ke IITOPM, HATPY3KHU B
OCHACTKE HE CIMILKOM BeslukH. OfHaKo, Korja Kopaldiab OpocaeT u3 CTOPOHBI B CTOPOHY Ha €ro
MyTH MPOTHUB BETPa, 00IIasi Harpy3Ka B TPOCaX Ha KOTOPBIX JAEPKATCS MAUThl, MOXKET JOCTUTATh
HECKOJIbKUX ThICSIY TOHH. Bmnoth o cepenunbl XIX Beka BCs 3Ta Harpyska, SKBHUBAJICHTHas
BECY MHOTHX J>KEJIE3HOJOPOXXKHBIX COCTABOB, MPUXOAMJIACH HA JIONIO IEHBKOBBIX KAaHATOB,
KOTOpBIE BCerja IOJBEPKEHbl pa30yXaHWIO W YCYUIKE, BBITSDKKE W THHEHHIO, IMO3TOMY
TpeOOBAIOCH OOJBIIIOE UCKYCCTBO AJISI TOTO, YTOOBI HE JIMIITUTHCS HECKOJIBKUX - @ TOTO U TIIS/IH,
BCEX - MayT U rpeHroytoB. [IOHATHO, YTO MOpPSKH BCErjaa CTPEMWINCh M30erath JIUTEIbHBIX
IIOXOJIOB HaBCTpeuy BeTpy B OypHyto moroxay. Ilpoiitu, nHanpumep, meic ['opH Bcerma ObLio
ropasjio OfacHee, 4YeM CJe0BaTh 3HAKOMOM JIOPOTOl K BOCTOYHOMY MOOEPEXbi0 AMEPUKH WU
naxe B Uuauro. M3BecTen ciydai, korma skumax (To ObUT 3Kkumax kanutaHa bias Ha xopaOie
“baynTtn”), B30YHTOBABIIMCH, OTKA3aJCs MOBTOPSTH MOMBITKY OOOTHYTH 3JIOMOJIYYHBIH MBIC:
MocJie TIePBOM MOMBITKH KOpaliib €1Ba HE pa3Heclo B HIENKU. B xoHIe KOHIOB biail momkeH
OB MOBEPHYTH Ha3aj, Aepka Kypc B MPSAMO MPOTHUBOIMOIOKHOM HampaBieHUH, B Tuxuii okeaH,
BOKpYT 3emun. biaii ObU1 TPeBOCXOTHBIM MOPSKOM, U €CIIM YK OH HE MpEeycCIel 31eCh, TO BPSI
T KTO-HUOY/Ib APYTOi CMOT ObI TOOUTHCS ycrexa.

Ha anrnuiickux BOEHHBIX KOPAOISIX METANIMYECKUE TPOCHI JIJIsl OCHACTKH HAa4yalld UCIIOJIb30BaTh
¢ 1838roma. B Toprosom (iiore crampHble KaHATHI BHEAPSIIMCH OYE€Hb MEUIEHHO (3TOT MPOIECe
nponoskaics 10 60X romoB Mpouuioro Beka), MOTOMY YTO Kak pa3 B 3TO Bpems ObLia
YCOBEPIICHCTBOBAaHA TEXHOJOTHUSI CKPYTKU NEHHKOBBIX KaHATOB. MEXaHUYECKasi CKpPyTKa Jesaa
KaHaThl OoJjiee IUIOTHBIMH, OTYEr0 OHM 3HAYUTEIHHO MEHBIIE BBITATUBANUCH. [losiBieHHe
Jy4dIied OCHACTKU CIYYalHO IMOYTH COBHAIO C OTKpbITHEM 30j0Ta B Kamudopuuu, Okomo
IIOJIOBUHBI AMHUIPAHTOB M BCE TsDKENbIe TPy3bl ObUIM JIOCTaBJIECHBI Tyaa MopeM. B Te rojsi
OBICTPOXO/IHBIC MAPYCHHKH MOLIH mpoiftd myTs oT Hbro-Mopka 1o Can-DpaHIICKO 33 CTO
nueit. B 1849-1850roxax 760 mapycHbIX cymoB oOorHysno Mbic ['opH, mpoBe3st 27 Thicsd
naccaxxupoB. TpynHO ompenenuTth, Kakas 4acTh 3THX CYIOB Obula 00OpyJOBaHa CTalbHBIMU
KaHaTaMH, a Kakas - MEeHbKOBBIMH, SICHO TOJIbKO, YTO MOKOpPEHHE aMEpUKaHCKOro 3amajga BO
MHOTOM 0053aHO yJY4YIICHHBIM TPOCaM *.

* Me>1<z{y MNpoYrM, MIAXTHBIC CTAJIbHbIC KaHAaTbhl IMOSABUJIUCH B FepMaHI/m B 18301"0[[}/, BO MHOI'OM OIpCACINB
0e30MacHOCTh ¥ 9KOHOMHYHOCTD FJ'Iy6OKI/IX maxrT.

Eme onHMM He MEHee Ba)KHBIM ILIArOM BIIEpE] SBHJIACH SKOpHas 1emb. [IeHbKOBBIN KaOelbHbIH
TPOC UMEII ONPEENICHHbIE JOCTOMHCTBA, OAHAKO Ul €r0 XpaHeHUs TpeboBaock 0c000e MECTO
Ha CyJHE; BecbMa BICUATJIAIOT TPOMAJHbIE BEHTHWJIMpYyeMble OyXThl Ha Kopabie “Buxrtopus’.



Henb, xoTopas mosBuiack Ha cyfgax B 181lromy, Morima XpaHUTHCS B HEOONBIINUX CHIPHIX
MTOMEIICHUSX; MOJKHO CKa3aTh, 4TO IIEMb OCBOOOIMIAa MECTO ISl MAIIIUH U YTOJIBHBIX OYHKEPOB.

Bo Bpemena manbix ckopoctedt, korma Hoserii Cer eme He mmen cymoBepdei, cepbe3HYIO
po0JeMy COCTaBIsIIO 0OpacTaHue THUINA CYAHA PACTHTEIBHOCTBIO U Pa3pyLICHUE IPEBECUHBI
KUBOTHBIMU-BpeauTensMu. OgHako OHAa Obula B OCHOBHOM pelIeHa MEIHON OOJMIIOBKOM
kopmyca (mpumepro 1770rox). OTo ObUIO caMbIM KpYyITHBIM ycoBepiieHcTBoBaHueM XV Beka,
YBEJIMYMBUIUM CKOPOCTh M pPaJAMyC JEWUCTBUS CYJOB, M HACTOJBKO YCIEIIHBIM, 4YTO
CYZOBJIa/IeNbLIbI BITIOCIEICTBUN OBUIM BECbMa PE3KO HACTPOCHBI MPOTHB UCIOIb30BAHUS JKEJle3a
JUIsl KOpaOelbHBIX KOPIYCOB - JK€JI€30 Helb3s MOKpPbIBaTh MEIbI0 HEMOCPEICTBEHHO H3-3a
JIEKTPOXUMHUYECKOIO0 B3aMMOJEHCTBHS MEXAY ABYyMs MeTaulaMd B CojieHOM Boxe. MHornma
JKeJIe3Hble KopIyca OOIIMBAIIMCH JIEPEBOM, a YK€ MOTOM MOKpPBIBAIUCH MeAblo. Yale apyrux
TaK CTPOMJIM KOpITyca BOCHHBIX KOpaOyiel, HO KOHCTPYKLHMS IOJy4anach TsDKEIoH. MHOro
Jy4muX OBICTPOXOJIHBIX TAPYCHUKOB HWMeENI0 KOoMOWHHpoBaHHBIM kopmyc. “Karrm Capk”
(1869ron) Obiia oOImIMTAa TUKOM, OOIIMBKA OOJTaMH KpPEMWIACh K JKEIIE3HOMY KapKacy C
COOTBETCTBYIOIIMMHU TMOJKPEIUVICHUAMU TNPOTHB cABura. JlHumie kopaOist ObLIO MOKPBITO
CIUIABOM THINA JIATyHH, MYHTL-META/UIOM. HeKoTopble CcHenuanucTbl CUYUTAIOT TaKyHO
KOHCTPYKIHUIO HanboJjiee COBEPILIEHHOM ISl CYAOB CPeIHUX pa3MepoB. BrosHe BO3MOXKHO, YTO
3TO TakK, HO OHA, K COXKAJIEHUIO, €Il U OYEHb JIOPOra.

Puc. 40. Knunep " Besimkasi ABcrpayus”

[TonemeBnenre YyryHHBIX M CTIBHBIX IUIUT B 70X rogax MpoIIoro Beka cAenano MOCTPOHKY
KOMOWHHUPOBAHHBIX KOPIYCOB HEAKOHOMHYHOU, U K KOHILY CTOJIETHUS OOJbIIAasi YaCTh MOPCKOTO
rpy30000poTa yK€ NpHUXOAWTIach Ha OoJbllIMe TapycHble CyJa TMOYTH CTaHAapTHOM
KOHCTPYKIIMU CO CTAJIbHBIMHU KOpIyCaMu, CTaJlbHBIMU HaJIYGaMI/I, CTaJIbHBIMU PpaHTOyTaMHU,
CTaJIbHOM ocHacTKoil. Takue cyna ObUIM TMOJHOCTHIO T€PMETHUHBIMH, UX MOT OOCIY>KHUBATh
HEOONBIION dKkumax. HeckoNmbko MeHbIass CKOPOCTh U3-3a Oosiee rpyboro AHHINA
KOMIIEHCHPOBAIach BO3MOXKHOCTBIO HJATH IMOJA MapycaMud B IUIOXyko moroay. CronerusimMu
MOPSAKHU TPUBBIKAIN JICJICATH ACPCBAHHBIC Cyla, 6epeqb HX, HUKOrJa HC HNCPLCrpyxas CBCPX
Mepbl. Kanutanbl ke CTaJbHBIX NapyCHUKOB CUUTAIM CBOM KOpaOiM HEYS3BUMBIMU IPOCTO
IIOTOMY, YTO OHH OBbLTH CTaJbHBIMU. HeMano cTanbHBIX KOopabiei 3aTOHY/I0 B pe3yabTaTe TaKuxX
HaCTPOEHUM.

[Tapoxonp! He cocTaBisLTM OonbIIMHCTBA Ha (uiote mpuMepHo 10 1890roaa. Bo Bcsikom ciyuae,
OHHM, KaK NpPaBWJIO, HCIIOJB30BAINCH Ha Oosiee KOPOTKMX Mapuipyrax. Konewno, ObLIO
MIOCTPOCHO MPEJOCTATOYHO M JIEPEBSHHBIX MApOXO0J0B, HO TEHIEHIMS K MEPeXoJy Ha CTallb
BBISIBUIIACh 3/1€Ch PaHbIIE, YeM B CIydae MapyCHBIX CyJOB. Tak MOJIy4YMIOCh OTYACTH MOTOMY,
YTO CTAJbHOW KOPIIYC JIy4llle NEPEeBSHHOTO COMPOTUBISUICS BUOpPAIIUSAM MAapOBBIX MALIMH TOTO
BPEMEHH, a TaKXKe IMOTOMY, YTO MPU HENPEpPHIBHOM ABIKCHUHU M 00jiee KOPOTKHX MapIIpyTax



oOpactanue JHUINA OBUIO HE CTOJNb CHIbHBIM. Beap Hanbojee HMHTEHCHBHO oOpacTaer
HOMABIINH B IITHIIb TAPYCHUK.

Knaccudeckast nepeBsiHHasE KOHCTPYKIIHSI BCE €II€ MCIIOJIb3YEeTCsS M CETOIMHS U PhIOOIOBHBIX
CYJIOB, MUHHBIX TPAIBIIUKOB U sXT BogousmernieHuem a0 400-500r. OGsruHO OHA oOecrieurBaeT
MUHHMYM Beca JIJIsi TOHOYHBIX SIXT;, KpOME TOTe, 3TO camasi IpOoCTasi U JelIeBasi KOHCTPYKIIHS
SIXTBI.

B mpocreitmux cBoux (opmax Takas KOHCTPYKLHS M ceddac CTpagaeT BCe TEM K€ CTapbIM
HEyTOM - HEIOMYCTHMBIE T€UU B IUIOXYIO MOTOAy. DTOT HEJOCTATOK YCYryOJIsieTCsl HaMHOI'O
OO0JIBIIIIM BECOM COBPEMEHHOW OCHACTKHU U, CIIEJ0BATEIbHO, OONBIIMMU HATPy3KaMH Ha KOPITyC.
KoHneuHo, Bce 9TO MOKHO IIPEOAOJIETh MAaCTEPCTBOM U YCIOKHEHHEM KOHCTPYKIIMM, HO TOIZa
CTOMMOCTb JIEPEBSHHOTO KOpITyca OyJeT OoJblile, YeM CTaIbHOTO WM CAETaHHOTO U3 IIACTHKA.

T'naea 6

KJIEW 1 ®AHEPA,
uiu
CJIOJA B INIAHEPAX

U ecnu 6ce nemum K wepmsm, 60uBatl 2pOMAoHbI 26030b.

Tor ¢akT, 4TO MPOYHOCTH KOHCTPYKIIMOHHBIX MAaTEpPHAIOB coOCTaBisieT 00bdHO 1-5% ot
HpO‘-IHOCTI/I XUMHUYCCKUX CBH3eﬁ, 10 HCIOABHECTO BpeMeHI/I HC HMCII OCO6OFO HpaKTI/I‘-IGCKOFO
3HAYCHUS. COCAMHCHHS JeTallel M 3JICMEHTOB B KOHCTPYKIIUSAX ObUIM HACTOJBKO IJIOXUMH, YTO
JAXXE TakKas HpO‘IHOCTB MaTepI/IaJIOB cABa JIK MHCIIOJIB30BaJIaCh IIOJIHOCTLIO. HpaBI/I.HBHO
CICIIaHHBIC Y3JIbI M CIuleTeHHs kaHatoB nal0T oT 40 mo 80% mpoyHOCTH MCXOIHOTO KaHaTa.
CoenuHeHHs APEBECUHBI TBO3SAMHE, IIypylnaMu, ITH(TaMu, MUIaMH erie MeHee 3()()EeKTUBHBI.
Boiee mpodHbIC COETUHEHUS JAIOT TaKHE OIEpaliK, KaK CBA3BIBAHUE PEMHSIMH, IIHTHE,
3aKJIMHUBAHUEC, UMU I10JIH30BAJINCH CIIIC HepBO6BITHBI€ JIFOAUX U - 10 HECOAABHHUX HOp - MOpHKI/I;



ele u ceifuac Tak fenaiot canu. B 20 roasl Kopmyca rujpocaMosieTOB CLIMBAIHU, UCIIONb3YS B
Ka4eCTBE HUTKH MEJIHYIO IIPOBOJIOKY,

[ypynsl, KOTOpbIE C YAOBOJBCTBUEM MPUMEHSIOT TUIOTHUKU-TIOOUTENIH, SIBJISIOTCS CaMbIM
IUIOXHUM CIIOCOOOM coelMHeHHs. Mexay MepBoi M BTOPOW MHUPOBBIMH BOMHaMu B I'epMaHuM
PEIMETOM CEPhE3HBIX HCCIIENOBaHUI ObUI TBO3b, HEMIlaMH ObulM pa3paOoTaHbl HOBBIE U
OUYeHb pazyMHbIe (OPMBI MEXaHUYECKUX COCAUHEHHM. Pe3ynbTaTel 3TUX pabOT MCIMONIB3YIOTCS
WHOIZIa W CErofHs B CTPOUTEIBCTBE JEPEBSHHBIX JOMOB, HO B I€JIOM MEXaHUYECKHE
COCMHEHUS APEBECHHBI CeWYac OTOABMHYTHI Ha 3aJHUM IUIAH ONepalueld CKICUBAaHUS.
CoBpeMeHHBIC KJIEH TO3BOJISIOT HMCIOJB30BaTh JIPEBECUHY ¢ OoJbliel 3¢ GEeKTUBHOCTHIO, HO
BMECTE C TeM BO3HUKIIM, KOHEUHO, U HOBBIE TPYIHOCTH, U HOBBIE TIPOOJIEMBI.

Kaen

CrapaHusiMM MHOTHUX YYEHBIX MY)KE€H M HAyYHBIX KOMHTETOB Ha MPOOJIEeMYy CKICUBaHUS
HaOPOIIIEH MOJIOT TAMHCTBEHHOCTH. B IEHCTBUTEIILHOCTH K€ 3JIEMEHTapHAsI TEOPHUS CKICHBAHUS
JIOCTaTOYHO MPOCTA, TPYAHA MpaKTHKa Kielku. Kak Mbl BUjenu B riaBe 2, mo0as MOBEPXHOCTh
o0JaaeT PHEPTUEH - ATO CJIEYET U3 camoro ¢akTa CyIeCTBOBaHMI TTOBEPXHOCTH, TBEPAOU HIIH
*KuJakou. Eciu Mbl BO3bMEM TBEpI0€ TEJIO U KUIAKOCTh MO OTIEIBHOCTH - KaXJ10€ BEIECTBO B
KOHTaKT€ C BO3JYXOM, - TO WX TOBEPXHOCTH OyAyT WMETh CBOM 3HAYCHHs TMOBEPXHOCTHOU
sHepruu. Ho ecnm XuAKOCTH MOMajaeT Ha TBEPJAOE TEIO M CMAuuBaeT €ro, TO DSHEPrus
MOBEPXHOCTU paziesia MEXIY HUM M KUJIKOCTBIO OYJET MEHBIIE CYMMBbI MCXOIHBIX JYHEPTUH
ITHX TOBEPXHOCTEH B KOHTAKTE B BO3JAYXOM.CMauWBaHWE, TaKhUM OOpa3oM, CBSI3aHO C
MOHWKEHUEM SHEPIHMM M OyJeT MMETh MECTO BCerja NPH KOHTAKTE J>KHIKOCTH C TBEPIBbIM
TEJIOM *.

* I/IHOFI[a Ipu OYCHb MaJIOHM CTCIICHU CMaYnBaHHS TOBOPAT 00 OTCYTCTBHUU CMavMWBaHUs.

KnaxocTs Ha TOBEPXHOCTH TBEPIOTO TEJIa MOXKET TEM WJIM UHBIM IIyTEM 3aTBEPACTh, HAIPUMED
OHAa MOXET 3aMep3HyTb. DHEPrusl I'PaHULBl pa3[esa MpPU 3TOM CYIIECTBEHHO HE HU3MEHUTCH.
CnenoBarenbHO, 4YTOOBI yOpaTh 3aTBEpICBIIYI0 JKUAKOCTh C TBEPAOH IOBEPXHOCTH
MEXaHUYECKUM ITyTeM, IPUJIETCS BOCIOIb30BATHCS YHEPruel aedopMannu, TO eCTh IPUIOKHUTD
MeXaHW4YecKylo cuiy. Takum oOpaszoM, aaresus (MpUKICHBaHHWE, NMPWIUIAHKWE) B IPHHIIMIIC
OYCHb IOXOKa HAa KOre3uio (BHYTpeHHee clLeIUieHHe). [IpHHIUNHANbHOW pa3HHUIBI MEXKIy
IPOYHOCTBIO CKJIEHKH M IPOYHOCTBIO TBEpAOro Teia HeT. OOBIMHO 3HEPrus MOBEPXHOCTH
paszzena MeXay KJeeM U TBEPJbIM TEJIOM HECKOJIbKO MEHBIIE SHEPTHH CBOOOAHOMN MOBEPXHOCTH
IIPOYHOro TeJa, HO 3Ta pa3HUIlAa He CIMIIKOM Benuka. K ToMmy ke oHa M He MMeeT 0coOoro
IIPaKTUYECKOr0 3HAYCHU; PealIbHasi IPOYHOCTh BCE PABHO 3HAYUTEIILHO MEHBIIIE, YEM, Ka3aJI0Ch
Obl, 10JKHA ObITh. [IprunHBI CIIA0OCTH aAre3un CeroJHs Mbl IOHUMAEM, MOXKAIYH, XyXe, 4YeM
NPUYUHBI MaJoOl (aKkTHYECKOW MPOYHOCTU. HecOMHEHHO JNHIIb OJHO - OHU MMEIOT CXOJHBIN
XapakTep.

Takum oOpa3oM, ro0ble ABa TBEPABIX Tella MOXKHO HPUKIEUTh OJHO K JIPYrOMYy, €CIH Mbl
HalleM XHUJIKOCThb, KOTOopas OyJdeT cMauMBaTh MX OOOMX M 3aTeM 3aTBepAeBaTh. PYyAHOCTH
3/1ECh HOCSIT YUCTO MPAKTUYECKUN XapakTep. [epeBo oueHb XOpOIIo KIEUTC 3aMep3leid BOAOM
- Takasl CKJeHKa YCIEIIHO MPONAET OOJIbIIYI0 YacTh OOBIYHBIX UCHBITAaHUN. CTONSPHBIN, WK
ME3APOBbIN, K€ MOXXHO pPacCMaTpUBaTh Kak MOJU(HUKAIMIO MMEHHO TaKOro Kies - Jief,
TEMIIepaTypa IUIaBJICHUsI KOTOPOTO MOAHATA JI0 0oJiee MpUeMIIeMoro ypoBHs. Me3apoBblil KieH -
TO K€ CaMoe, 4TO U I0JIaBaeMO€e K CTOJIy JKeJle, JIUILb BOABI K JKEIaTUHY J00aBJIE€HO MOMEHBbIIE,
a caM OKeJaTUH MOXeT OBITh TONy4eH M3 KOCTEH, KOXHM, KOIBIT, pPBIOBI U T.1.
KoHneHTprpoBaHHBIN pacTBOp kelaTuHa pasmsrdaercs npu Harpese 10 70-80T. Hamazanublit
Ha JPEBECHHY, OH IPOYHO IPUXBATBHIBAECTCA K HEH INPH OXJIAKICHUM, U COECIUHEHHE BCKOPE
rotoBo. K coxanenuro, 3T0T mporecc Jerko o0paTuM MpHu HarpeBaHuU WiIM HaMoKaHuH. Kpome



TOTO, JKEJATUH - MpeKpacHas mnuma s rpudkoB u Oakrepuid. IlosToMy Me3npoBBI Kiei
IPUTONEH U1 HMCIOJB30BAaHUS TOJBKO B 3aKpBITBIX NoMmemeHusx. Hecmorps Ha 31O, ero
IPUMEHSUIN B MEPBBIX camoieTax. MecTa CKJIeHKH MOKpBIBAIN 3aLIUTHBIM CJIOEM JIaKa, HO 3TO
HE BCerza JOCTHUTalo Lend. TOT ke KIed B CIMHHUHIOBBIX YAWIANIAX 3aIlHAINACTCS OT
BO3/ICUCTBUS BHELIHEH Cpe/bl yTeM MPOIUTKHU Beero ynunuiia B popmanune. Takas oOpaboTka
HE MOIJIa MPUMEHATHCS K caMoJIieTaM TOJIbKO M3-3a pa3MepoB MX KOHCTpykuuu. Kak Obl moxu
HU OBbUIM JKEJTaTUHOBBIE KJIEH, MX KOHKYPEHTbI - T'yMMHapaOWKH M KIeicTepbl, KOTOphIE
BapWJINCh U3 HEKOTOPBIX COPTOB MYKH, - ycTynanu uM. Ho kak HM CTpaHHO, HAMHOI'O JIy4IIUN
KJe OblT M3BECTEH JaBHBIM-IABHO, BEKaMU OCTaBasich B TeHH. Elle apeBHUE erumnTsiHe
HCIIOJB30BAIM B KAa4ECTBE KJIed Ka3€HH, a CPEIHEBEKOBBIC XYIOKHHUKHM IPUMEHSUIN €r0 Kak
pacTBOopuTENb AN Kpacok. 3aTteM ¢ Hayana XIX Beka MM Havanu KJiIeuTb B l'epMaHuu u
[IBelimapuu. He sicHO, moueMy Ka3euH paHbllle HE UCIOJIb30BajiICs B TexHUKe. Ho mpumepHo ¢
1930rozaa oH cTay MpU3HAHHBIM KJIEEM Ul CAMOJIETOB H XT, CAeNaB PEealbHOCTBIO JICPEBSIHHBIC
CaMOJIETBI U COBPEMEHHYIO OCHACTKY SXT.

Kazenn - 310 copepikamiasicsi B MOJIOKE CHIBOPOTKA, M, CJEAOBATEIIbHO, OH TMOJ00CH CHIPY.
ChIBOpOTKa pacTBOpMMA B IIEJIOYHOM BOJIE, HO HE pacTBOopuMa B Kuciorax. [losromy oHa
BBIICIISICTCSI U3 MOJIOKA JIFOOOW ClIa00il KUCIIOTOM, MJIsi IETCKOTO MUTAaHUS Ka3eWH IMOJIYYaroT C
MOMOIIBIO COKAa PEBEHs, JJII TEXHHUYECKUX HYXKJI - BO3JCHCTBHEM CIabOW COJISTHOM KUCIIOTHI.
BoiieneHHyI0 CBIBOPOTKY MOXKHO CHOBa pPAacTBOPUTH B BOJE, COAEpKalled HEMHOTro
KayCTHUeCKON coibl. Ka3emH MeIJIeHHO pearupyer ¢ H3BECThIO, 00pa3ys HepacTBOPHUMBIN
Ka3enHaT KaJabIusl.

KazenHoBbIl KJI€i mpogaeTcss B BUAE CYXOro Oeoro MOpOIIKa, COCTOSIIETO M3 BBICYIICHHON
CBIBOPOTKH, KayCTHYECKOH cOIbl (WJIM Jpyrod INENOYM) W W3BECTU. ECIM 3TOT MOPOIIOK
3aMECHUTh Ha XOJIOJHOW BOJIE, OH MPEXKE BCEro pacTBOpsETCs, 00pa3ys Oenyro, MOXO0XKYK Ha
CMETaHy MacTy a 3aTeM MEJUICHHO 3aTBEpAEBaeT. JTOT KJEH OuYeHb MPOCT B NPUMEHEHUH,;
€IMHCTBEHHOE, O YeM CJIeAYyeT MOMHHTH, - 3TO O TOM 4YTO KpBIMIKa OaHKH C KJeeM TpH
JUTUTETTLHOM XPAaHEHUHU JOJDKHA OBITh IUIOTHO 33aKphITA, TaK KaK B MPOTHBHOM CiTydae B OaHKY
OyzeT momajaTh Bilara M IMPEXKJICBPEMEHHO MOWJIET peakius oOpa30BaHMs Ka3eMHATa KaJIbIIHs.
Ka3zenHoBbIi KIleli CXBaTBHIBAETCS 32 OJUH-/IBA JTHS, IPHYEM IIBBI MOTYYAIOTCs OoJiee WM MEHEee
BJIArOCTOMKUMU. OJTHAKO, XOTA Ka3eMHAT KAJIbIUS U HE PACTBOPUM B BOJE, MPU HAMOKAHUU OH
HEMHOro  pasmsirdaercsi. Ka3zenHOBble K€M  OYEHb  I[IMPOKO  HCIOJb30BAIUCH B
CaMOJICTOCTPOCHHH BO BpPEMsS BOWHBI, U BOT OAHAXKIBI KTO-TO OOHApY>KWJI, YTO pa3pbIBHAS
MPOYHOCTH 00pa3IOB BIAKHOTO Ka3eMHA COCTABISET BCErO JIHINL MATYH YacTh MPOYHOCTH
cyxoro kazenHa. He 6e3 ocHOBaHUI MOSBHIMCH OMMACEHHS, YTO MMPOYHOCTh MOKPBIX CaMOJIETOB C
Ka3eMHOBBIMHU CKJICHKaMU MOXET OBITh B MSTh pa3 MEHbBIIE MPOYHOCTH CYXUX CaMOJIETOB.
B cMsATeHMn MBI HaOpanu COTHIO MPHUMEPHO OJMHAKOBBIX JEPEBSHHBIX CTA0MIM3aTOPOB Ha
Ka3enHOBOM KJjiee. [1oJloBMHY M3 HUX ONMYCTHJIM Ha 6 Helenb Ha JHO MPYJa, BTOPYIO MOJOBHHY
nepKanu cyxoil. Tem BpeMeHeM MOJATOTOBWIIM YCTAHOBKY, KOTOpAasi Harpyskaja cTa0uIn3aToOph
MPUMEPHO TaKUMHU K€ CHJIAMH, KaKWe JIEHCTBOBAJIM HA HUX B TOJIETE; KOTJa BCE OBLJIO TOTOBO,
MBI UCTIBITANIM BCIO MapTHio. K HamieMmy yauBICHHIO, BCE CTAOMIM3ATOPBI JJOMATUCh MPUMEPHO
MIpU OJTHOM W TOHM K€ Harpy3Ke IMOJ aKKOMITAHEMEHT MHOTOYHCIIEHHBIX B3J0XOB OOJIErdeHHs.
[IpyunHa Takoro cYacTIMBOTO HUCXOJla IMOy4YHUTENbHA. Jlenmo B TOM, 4YTO pacnpeneieHue
HaIpsHKEHUH B CKJIEHKE JalleKo HE OJHOPOJHO. B THmMYHOM ciiydae, moka3aHHOM Ha puc. 41,
NpPaKTUYECKH BCSI Harpy3ka BOCIPUHHMMAETCS KOHIIEBBIMM YYacCTKaMU CKJIEHKHM U OYEeHb
HeOOJIbIlIasl €€ YacTh MepeaaeTcsl yepe3 IeHTpaIbHbIe 00JacTH IBa. DTO OJIMH W3 BapHUAHTOB
y>K€ 3HaKOMOW HaM KOHLIEHTpAllMU HAMPSXKEHUM, KOTOpasi TAK MHOTO 3HAYUT B TEXHUKE U HAYKE
0 Marepuanax. Mexay MNpo4uM, B pe3yJbTaTe€ MPOYHOCTh KJIEEBOTO COEAUHEHUS 3aBUCHUT
[JIaBHBIM 00pa3oM OT ero MIMpWHBI, a HEe OT Imiomanan. Kcratwm ckaszath, TO Ke camoe
CIIpaBeJIMBO W JUJII MEXAHMYECKHX COCIMHEHUW: OCHOBHYIO HAarpy3Ky HECYT MEpBbIA U



TOCJICAHUI OONTHI (MM 3aKJIENKH). DTO OJJHO U3 OOCTOSTEIbCTB, KOTOPBIC OTPABISIFOT JKU3Hb
KOHCTPYKTOpA.
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Puc 41. KneeBoe coennHeHHe BHAXJIECTKY; BHH3Y MOKA3aHO pacnpe-/ejeHne HANPSLKEHNH BI0JIb
COCMHEHHS.
MakcumalibHOe Hanpsi’KeHHe - B TOUkax A u B.

Wrak, ka3zenH B TBEepJOH Xpymkoi (opme mepefacT Harpy3Ky B JIy4IIeM T'YKOBCKOM CTHIIE.
Korna nanpsbxkeHust Ha KOHIAX CKJICWKHU JTOCTUTAIOT MPOYHOCTU CYXOTO Ka3erHa, B COCAMHEHUH
MOSIBJISIFOTCS] TPEIIMHBI CO CBOMMH COOCTBEHHBIMU MECTHBIMU KOHLIEHTPALUSIMH HaNpsKEeHUl, B
KOHIIE KOHIIOB TpEIIMHA MPOCKAKUBAET Yepe3 CEPEAMHY KJIEEBOr0 COCAMHEHUs MPUMEPHO Tak,
KaK 3T0 ObLIO OBbI B CTEKJIE.

BrakHblil Ka3eMH O4YEHb MOXO0X HA MSTKUHN ChIP, M €r0 MOBEJACHUE HE UMEET HUYEro OOIIero ¢
IYKOBCKMM. B pe3ynbpTare B MecTax KOHILIEHTpAllMM HaIpsDKEHWH, y KOHLIOB CKJIENKH OH
MHTCHCUBHO TEYET, NIePEeAaBasi 4acTh Harpy3KH Ha LEHTPaJIbHYIO 4acTh KiieeBOro mBa. Iloatomy
oJ00HBIC Ka3eWHY KJIeM CHUMAIOT HEKOTOpBIE MPOOJIEMBl, B YACTHOCTH MPOYHOCTh CKJICHKU B
CyXOM H BJIQXHOM COCTOSHHAX IIOYTH OJHA M Ta JK€. OJTO, KOHEYHO, IPEBOCXOIHAs
XapaKTepUCTHKAa M OJHA U3 NPUYMH MOMYJIAPHOCTH KazenmHa. Ecnu Obl Mup ObUI CTEPUIIBHBIM,
Ka3enH ObUI Obl MPAKTUYECKU HACANbHBIM KileeM. K cokaleHuto, Ka3euH MpeJcTaBiseT co0oii,
KaK MbI Y>K€ TOBOPUJIM, CMECh ChIPAa U U3BECTH U C TEYEHUEM BPEMEHU IOPTUTCS TaK XK€, KaKk U
celp. Ero mocneanue yachl HalmoOMHHAIOT 3aKIIOUMTENBHBIA 3Tal >KU3HM KamamOepa: Ka3euH
IIPEBpalIaeTCa B )KMIKOCTh C JYPHBIM 3allaXxOM M BBINOJI3a€T U3 COCAMHEHUH, OCTaBIIAA IIOCIIE
ceOs TuiIb rpsa3Hble naTHa. HTepecHo, uyTo 100aBKa (YHTUIMIOB B KJICH HE yIydIIaeT ero.

Bce 3T0 3acTaBWiiO TPEANPHHSITH 3HAYUTENbHbIC yCWiIMs (HA HUX VYIUIA TOMABI), 4YTOOBI
pa3paboTaTh CHHTETUYECKHE CMOJIONOJIO0HBIC KJIEH, OCHOBAaHHBIC HA MOJIMMEPHBIX BEIIECTBAX.
[Moxxanyii, JyqdmuM ¥ HauOoJee MOJITOBEYHBIM PEIICHUEM OBbLIO HCIOJIB30BAHUE B TE TOJBI
dbenon-popmaabaeruIHON CMOJBI, WM Oakenuta. B HMCXOMHOM COCTOSSHUM — OakemuT
MPECTaBIsIeT cOO0M MO0 KUAKOCTh, HATOMUHAOIIYIO MO0 BUAY MATOKY, JTMOO CyXOi MOPOIIOK.
[Tox neficTBHEeM TeIjia M JIaBJICHUS MOPOIIOK CTAHOBHUTCS JKHUIKOCTBIO, KOTOpas CO BpEMEHEM
3aTBEpCBACT, €CIHM JICHCTBME TeIia W JaBleHUs mpojaospkaercs. llomyuuBiieecs TBepaoe
HEPaCTBOPHUMOE BEIIECTBO MPAKTHYECKU HE MOABEPKEHO rHUeHHI0. DeHon-popmanbaeru crai
OCHOBOM LIEJIOM CEpUHU AEHUCTBUTEIBHO BEIUKOJEIHBIX KieeB. [IpaBaa, ncnonbp30BaTh UX MOKHO
JUIIL TOT/IA, KOTJIa JIOMyCcTHMa TeryioBasi o0padoTka mpu temreparype okosno 150°C. BaxHo



TaKXe, YTOObI MpPU CKJIEHKe He ObUIO 3aMETHOro 3a3opa B coequHeHuu. l[loaTomy omeparus
CKJICHIKM Ha IPaKTUKE JOJDKHA BBINOIHATHCS Ha THAPABINYECKUX Mpeccax ¢ MofgorpeBoM. Takas
CKJIeHKa OKa3ajach OYEeHb YZ0OHOH TOJBKO B MPOHU3BOJCTBE (haHEPHI, I/Ie OHA UMeTa OIPOMHBIH
yCIIeX.

®deno-hopmManbAeTUIHBIE KJIEH TO3BOJIIM IOIy4aTh XOPOIIYI0 BOJIOCTOWMKYIO (hanepy. Ho
nmpo0JieMa KJIeeBbIX COSAMHEHUN B CaMOJIETaX U Ha CyJaX OCTaBalach HEPEIICHHOH, TOTOMY YTO
Ha MPAKTHUKE OKA3bIBACTCS TPYIAHBIM aKKypaTHO HAarpeBaTh CTHIKM B OOJBIIMX KOHCTPYKIIHSX.
Boobmie roeops, denon-popmanpaerugabie CMOIBI MOTYT TBEpIETh M 0e3 HarpeBa, HO IS
3TOr0 B HHUX CcleayeT A00aBUTh OOJNbIIME KOJIMYECTBA XHUMHUYECKMX KaTalau3aTopoB,
CIOCOOCTBYIONIUX TBEpJACHUI0. TaKMMHU KaTaau3aTopaMu CIyKaT CUIbHBIC KHUCIOTHI, KOTOPBIC
pa3pylaioT APEeBECUHY A ellle U OKa3bIBAIOTCS TOKCUYHBIMU.

[lepBbie cHHTETHUYECKHE KJIEH IJIsi COOPKM JCPEBSHHBIX KOHCTPYKIIMH OBUIM OCHOBaHBI Ha
KapOaMHIIHOM cMoOJie, KOTOpass MOXET TBEpJAETh CO 3HAYUTENHHO Ooyiee ClIa0bIMU
KaTaqu3aTopaMu. DTH MEPBbIE K€U OBLIN JOBOJIBLHO XOPOIIMMH, HO, HAJIO CKa3aTh, TAWJIA B ce0e
HEKOTOpPbIE OMACHOCTU JUIsi KOHCTpyKUMi. [[si mpeaBapuTenbHO XOPOIIO MPUTHAHHOTO IBA
TOHKasl KJieeBas MpOCiIolKa OblIa JOCTaTOYHO HanexHoi. Ho korma coeawHeHue OBLIO
MOJTOTOBJICHO IUIOXO0, TAK YTO CJION Kiiess ObUT TOJICTBIM, YCaJKa M BHYTPEHHUE HAIPSHKCHUS,
COTIPOBOXIAIONINE €r0 TBEPACHHE, pa3pylmiaid CKICHKy. [IoCKOIBKY MpPOBEPHUTH KadeCcTBO
MOATOHKHM IIBAa TOCIAEe COOPKM U CKJICNKH HEBO3MOXHO, KJICEBBIE COCIUHEHHS ObLIH
MOTEHITUATBLHOW MPUYUHOMN KaTacTpod.

Jpyroe HeymoOCTBO COCTOSIIO B TOM, UYTO BpeMsI TBEpJCHUS Kiies Moclie 0OaBKU KaTaiu3aTopa,
a CIefoBaTeNIbHO, W BpEeMs, B TEYCHHE KOTOPOrO0 C TaKMM KIJIEeM MOXXHO OBUIO paboTaTh,
OTPAaHMYMBAJIOCh HECKOJIBKMMU MUHYTaMHU. boiiee TOro, O TBEpACIOIIEM Kiiee HeNb3sl OBLIO
CKa3aTh, CKOJIbKO MHHYT Ha3aj B HEro ObLI M00aBIIEH OTBEPAWTENIh. DTH OOCTOATEIHCTBA B
COYETAaHUM C U3BECTHBIMHU YEJIIOBEUECKHUMHU HEIOCTATKAMHM YacTO MPUBOAWIM KO BCAKOTO pojaa
ommOkam. IIpaBma, BmociaeACTBHU OBUTM pa3pabOTaHbl OTBEPAMTENH, KOTOPBIMH MOXKHO
OBLIIO CMa3bIBaTh OJHY JI€TaNlb, B TO BpeMs KakK Jpyras CMa3bIBajgach CaMUM KJIEEM - TBEPJCHUE
Y CXBaThIBAHWE HAYMHAJIOCH JIUIIIH TTOCJIC TOTO, KaK TTOBEPXHOCTH MPHKUMAIKMCH OJTHA K IPYTOM.
JlanpHEHWIIUM I11aroM B CTOPOHY TIOBBIIICHHUS HAICKHOCTH (YYUTHIBAIUCH BCE TE XKE
YeJI0BEUYCCKUE HEAOCTaTKK) Oblila OKpacKa Kiiesi i OTBEPAUTEIS B Pa3HbIC XapaKTEPHBIE I[BETA.

[Tomoxenue nen ¢ KiieeM K KOHITY BOWHBI ObLIO, TakKUM oOpasoM, cieayromuM. [IpekpacHas u
Ype3BbIYAfHO BOJOCTOWKAsg (paHepa cTajla YHUBEpCAIbHBIM MaTepuajoM. B kauecTBe
cOOpPOUHBIX KJIEEB KOHKYPHUPOBAIM Ka3eHH U KapOaMuaHas cMoia. KazenH OblUT UCKITFOUUTENBHO
IPOCT B MCIIOJI30BAaHUM U 00J71a/1a1 MPEKPACHON MPOYHOCTHIO KaK B CYXOM, TaK U BO BIAKHOM
COCTOSIHUSAX, HO B TO %€ BpeMs IIPU MEPBOH K€ BO3MOXKHOCTU OH KaTaCTPO(PUUECKU pas3Jiarajics.
KapOamuanblii kel He TOJBEpXKEH pa3iokKEeHHIO, HO IOHAyYaly NpH KJelke OoH TpeboBai
OINpPECIEHHON CHOPOBKH, Ja K TOMY K€ CIy4aJIOCh, YTO OH HU € TOTO HU ¢ cero pacceinancs. C
TEX MOp KapOaMuAHbIE KiIeW ObUIM 3HAYUTEIHHO YCOBEPILICHCTBOBAHBI, a JIBa TEMEPEIIHUX
CHUHTETUYECKUX KJIes, pe30pLuH-(popManbIeruHas U SIOKCHIHAs CMOJbI, OyAydd, INpaBja
JIOBOJIBHO JTOPOTUMH, 00JaJal0T MPAaKTUYECKH BCEMH HEOOXOIUMBIMH JTOCTOMHCTBaMH. HykHO
JIMIUB UMETh B BUAY, YTO IIOKCUHASI CMOJIA YaCTO BBI3BIBAECT BOCIIAJICHUE

Torma HeoOXomuMO cAenaTh BBHIOOP W3 JIECSATKOB COBPEMEHHBIX KIIEEB, TO TJIABHBIMU
apryMeHTaMHl 3a U MPOTUB OOBIYHO CIyXaT JIErKOCTh NPUMEHEHHUs, JOJITOBEYHOCTh H
cTouMocTh. [IpaBuibHO cpaboTaHHOE COeMHEHHE NP UCIIONIb30BaHUH JIFOOOTO XOPOIIETo Kies
ObIBacT IpoOYHEEe OKpyXkarolled apeBecuHbl. Kak mpaBuio, paspylleHHE MPOUCXOAUT HE IO
CaMOMY ILIBY, U CJIOW KJIEsl OKa3bIBAETCSI IOKPBITHIM TOHKUM CJIOEM JIPEBECUHBI.



I'Bo3au ¥ mypynsl He yBEIWYMBAIOT NPOYHOCTH XOPOLIETO KJIEEBOrO IIBA, HO B IIpoLEecce
TBEpJICHUS BCAKUU KJIeH TpeOyeT, YTOOBI CKICMBAEMBbIC MOBEPXHOCTH OBUIM TUIOTHO MPHIKATHI
OJIHA K JPYTOM, a 3TO MPOILE BCETrO JOCTUTAETCs C MOMOIIBIO TBO3jei u mypynoB. Hy, a koib
YK TBO3/Ib 3a0UT, HET 0COOOTO CMBICJIAa BBITACKMBATH €T0 IOCJIC CXBaThIBaHUS KieeM. boiee
TOTO, €CIM CKIeHKa 10 KaKkuM-ITMOO TpPUYMHAM OKa3aiach HEYAauyHOW, MEXaHW4YeCcKoe
KperieHne OyaeT MoJIe3HOM cTpaxoBKoil. B Te BpeMeHa, xorma ObUT elie TONBKO Ka3eWH, B
Tponmcax (0] HCKOTOpBIX caMoJiertax FOBOpI/IJII/I, YTO OHHU C06paHBI Ha IBO3J54X 663 HJIATIOK. B
OOJILIITMHCTBE CIy4aeB 3TO ObUIO, KOHEYHO, KJIEBETOM, HO S CaM HECKOJIBKO pa3 ObLT CBHIETEIIEM
TOI'O, 4YTO 3TO HEC TAK y)I( JAJICKO OT UCTUHBI. .HI/I‘-IHO A, KOrga peqb NACT O KJICAX, HC ITOCTCCHAJICA
OBl HAaJIETh U PEMEHB, U TIOJITSHKKH.

Cioucrast npeBecuHa u ¢ganepa

Hcnonb30BaHMe ApEeBECHHBI BCEra OBLJIO CBA3aHO € 3a00TaMM O TOM, YTOOBI TOJTYYUTH
MaTepuan HYXHBIX Pa3MepOB U OBITh YBEPEHHBIM, YTO MOJYUYEHHBIM MaTepHal HE COJEPIKUT
CKPBITBIX Je(heKToB. JlaBHO ITPOIILIM T€ BpEMEHa, Korja MOKHO OBLIO KYITUTh OTPOMHBIE OpeBHA
cocHbl Kaypu u3 HoBoli 3emaHawyi WM JKEATOH COCHBI u3-moj] KBeOeka, KoTopbie ObLTH
MPaKTUYECKH COBEPIICHHBIMU. B Haie BpeMsi B TEXHHKE Yallle BCETO HUCIIOIb3YETCS CIIOUCTAst
npeBecuHa. bpeBHa, Kak MPaBWIIO, pa3pe3aloTcs HA CPAaBHUTEIHHO HEOOMbIINE KYCKU, KOTOPBIC
3aT€M CKJICMBAIOTCS B TMAKETHI; JEIACTCS 3TO OOBIYHO HA THAPABINYECKHUX PECCaxX C MOMOIIBIO
CUHTETHYECKOTO Kiies. TakuM crmocoOOM MOKHO MOJYYHTh JIHCTHI TIOOBIX pazMepoB. [lpu aTom
Ha JIeJie UCTIOJh3YyeTCs BeCh 00beM Kak OOJIBIINX, TaK U MaJbIX JIEPEBLEB; JIO00I CEephe3HBIN
nedeKT HETPYTHO BBISIBUTH U MPOBECTH OTOPaKOBKY. JIETKO MOTYT OBITh M3TOTOBJICHBI KIIGEHBIC
3JIEMEHTHl HM30THYTOW (OpMBI Ha JOpOTrax AHIIMM HEPEIKO CO3Mal0T IMOMEXH JIBHIKEHUIO
TPY30BUKH, TEPEBO3SIINEC OTPOMHBIC JCPEBSHHBIC apKH JI Pa3HOTO POJia apXHUTEKTYPHBIX
coopykeHnil. HexBaTka BRICOKOKAY€CTBEHHOM JPEBECUHBI JIJIsi aBHa- M CYyJOCTPOCHHS MOTJIa ObI
CTaTh Cepbe3HON MPOOIEMOI BO BpeMsi BOWHBI, €Clii Obl OOBIYHAS JPEBECHHA HE JTOBOAUIACH 10
HY)KHBIX KOHIUITUN TTyTeM CO3/IaHUsI CIIOUCTBIX MaTEPHAIIOB.

OTH CIIOUCThIE MaTepuajibl OBLIM IPOCTO-HAIIPOCTO OOBIYHOM NIPEBECUHOMW, pa3pe3aHHOW Ha
KYCKM M 3aT€éM CHOBa ckjieeHHOW. Ho cyimiectBoBal, OJHAKO, MEYaJbHbBINA OIBIT MATEPHUANIOB,
M3BECTHBIX KaK “yIIydIIeHHas ApeBeCHHA’, CBOWCTBA W Cyab0a KOTOpPOW ObUIH, Ka3ajaocCh,
npeaonpeaesieHbl 3TUM TpOMKUM Ha3BaHueMm. Kak “ymyumanace” apeBecuna? ChHauana ee
MPOMUTHIBAIIM HEKOTOPHIM KOJMYECTBOM CMOJIbI, a 3aTEM MPECCOBAIN 10 3HAYUTEIHbHO OOJbIIeH
mI0THOCTU. (CuWTanoch, YTO NpPU 3TOM MEXAaHUYECKHE CBOMCTBA Marepuana JIOJKHBI
yaydmuThes. 1 OHM 1eWCTBUTENBHO YIIYyYIIAIUCh, HO, KaK MPaBUIIO, JIUIIb TPOHNOPIHOHATIBHO
YBEJIUYECHUIO TUIOTHOCTU. B TO ke Bpemsi y mpecCOBaHHOM IpEeBECUHBI 3HAUUTEIIBHO CHUKAIACh
TPELIMHOCTONKOCTh. UTO ele Xyxe, 3TOT MaTepuan pa3dyxal B BOJIe IO CBOMX HadallbHBIX
pa3MmepoB, U pazdyxaHue 3TO ObUIO TIOYTH BCErja HempenckasyeMbIM U HeoOpaTuMbIM. U Bee-
TakKl Kakoe-TO BpeMs IMPEecCOBaHHAs JPEBECHHA MKCIONb30BaaCh [UIsl W3TOTOBJICHUS
MPOTIEIIJIEPOB HEKOTOPBIX TUIIOB CAMOJIETOB.

CoBcem mHOE naeno - (daHepa, KOTOPYIO, TMOXKaIyi, CIEAYyeT CUMTATh HOBBIM M YPE3BBIYAMHO
yIa4HbIM MatepuaigoM. OHa NoJydaeTcs MyTeM CKICHBAHUS TPeX WM OoJiee JIMCTOB IIIMOHA, TO
€CTh TOHKHX CJIOCB JPEBECHHBI C IIEPEKPECTHBIM HampaBieHHEeM BOJOKOH. lllmon mubo
Hape3aeTcsi TOHKUMHU CJIOSIMU U3 OpeBHA Ha MalllMHE, OYeHb HAllOMUHAIOIIEH O0JbIIoi pyOaHOK,
ar00 TOoydaeTcsi ¢ MoMoUIbio JymeHus. Kpyrioe OpeBHO cHadana MpoOrpeBaeTcsl B TCUCHHE
CYTOK B TapoBOIl TpaHIlee, a 3aTeM YCTaHABIMBACTCA HAa CIIELUAIBHOM JYHIHMJIBHOM CTaHKE.
BbpeBHO Bpamaercst B cTaHKe, a JUIMHHBIN HOX BPE3aeTCsl B HEr0 M HAUYMHACT IO KPYr'y CHUMATh
TOHKHE CJIOM JPEBECHHBI C TAaKOW CKOPOCTBIO, YTO HA 3TO 3PENIUIIE MPSIMO-TAaKU 3aT00yenIbCs.
Jlaiee MIOH peXeTcs, CYIMTCSH, M3 HEro yAasioTcs JedeKkTHble MecTa, M HaKOHeT,
CIPECCOBAaHHBIN M CKIJICCHHBIN Ha OOJBIINX Mpeccax, OH MpeBpalaeTcs B paHepy.



[lonayany ¢anepa ckieuBaliacCh pPACTUTEIBHBIMH MM JKMBOTHBIMH KJIESIMH, IOTOMY OHa
COBEpILIEHHO JIMIIEHA OblIa BIArOCTOMKOCTH M YyTh JIM HE CTajla OYTH YTO OpaHHBIM CJIOBOM.
Buenpenne (eHONBHBIX KIEEB BCE H3MEHWIO M, MEXAY MPOYUM, 3aHATHEHIIUM 00pa3zom
OPOWJUIIOCTPUPOBANIO, KAK  MOXET TpaHC(HOPMHUPOBATbCS  OTHOIIEHHWE K  MaTepualy.
CoBpemenHas (anepa Ha (EHOJBHBIX KIESX COBEPIIEHHO HE MOJMAETCs BOJE - OHAa HE
pacciiauBaercs, Korga Hamokaer. [103ToMy OHa NIMPOKO MCIIONB3YETCsl B CyJOCTPOCHHH.

Kak u cremoBano oxwuaars, pasmep (aHepsl MpH KoIeOAHUSIX BIAKHOCTH M3MEHSETCS BIBOE
MEHBIIIE, YeM Y OOBIYHOM IPEeBECHUHBI. DTO 3HAYHUT, YTO MaKCHUMAaJIbHBIC U3MEHEHUS Pa3MepoB B
JIBYX HAIpaBJICHUAX COCTaBAT okoio 5%. Ha mpakTuke 3Ta BenW4yMHA 3HAYUTENbHO HIKe. Ho
€CIIM TIOBEPXHOCTHBIE CJIOW BBICYIIMBAIOTCS, HAIIPUMEP Ha TOPsiYe€M COJIHIIE, OHM OKa3bIBAIOTCS
HOJl HANpsDKCHWEM, pPAcTATHBAIONIMM HX MOIEpeK BOJIOKOH. B pesynprate danepa MoxeT
HOKPBITBCSL TYCTOW CETKOM ManbIX TpemuHOK. CaMu 1o cebe OHM HEe CIHUIIKOM CTpPAaIIHbI, HO
HE3aKpallICHHbIE CKJIAJKH CTAHOBATCS JIOBYIIKAMH JJISl BIAarW W OakTepHWid, 4TO TauT B cede
U3BECTHBIC HEMPUATHOCTU. ['opsuee mpeccoBaHue yOMBAeT MOYTH Bce OakTepuu W rpudKu, HO
HIOCJIC PACTPECKUBAHUS IOTAIAI0IIAs HA APEBECHHY WHPEKIHI B COYETAHUU C BOJIOH MPHUBOANUT
K OBICTPOMY €€ THHUEHHUIO.

A3ponianbl

Hukorna He cieayeT OTHOCHUTBCS C NPE3pEHHEM K KaKMM Obl TO HU OBLJIO KOHCTPYKTHBHBIM
dopmaM, B TOM 4ucClI€ M K OWIIaHy, IOCTPOCHHOMY Ha CTpyHax M CTepXkHsX. [J1aBHBIN
noKaszareib, KOTOPBI oOmpeaenser BBIOOP MaTEpUaNoB M KOHCTPYKTHUBHBIX (OPM,- 3TO
OTHOLICHHE HAarpy3KM Ha KOHCTPYKUHMIO K ee pasmepaM. Korma Harpy3sku CpaBHHUTEIBHO
HEBEJIMKU 10 OTHOUICHUIO K pa3Mepam, OOBIYHO JyYllle COCPEIOTOYUTH CKUMAIOIIME CHIIBI B
HECKOJIBKHX KOMITaKTHBIX CTEPXKHEBBIX dJIeMeHTax (CTOIKax) M pacHpeleluTh PacTsDKCHUE B
oOmuBKe W cTpyHax. VIMEHHO Tak IOCTPOEHBI OCHACTKa MapyCHBIX KopaOiel, majaTkH,
BETPsiHbIE MEIbHUILEL. C HEKOTOPBIMM OTOBOPKAMH 3TO CHPABEAJIUBO U JUIsI BO3LYIIHBIX IIAPOB.
JIroOble npyrue perieHus: B MOJOOHBIX CIydasX MPUBOAWIMA OBl K TSHKEIBIM, IOPOTUM M MEHee
y1OOHBIM KOHCTPYKIIHSM.

[lo MOHATHBIM NpPUYMHAM BCE TEPBBIE CaMOJIETHI UMENU OYEHb Mallyl0 Harpy3Ky Ha KpbUIO.
Pasmepsl Bo MHOrMX ciydasx OBUIM HE HAMHOTO MEHBIIE, 4YeM Yy COOTBETCTBYIOIINX
COBPEMEHHBIX CaMOJIETOB, HY a BEC TaKoro camoJiieta coctasiisul Mmenee 10%Beca coBpemMeHHOU
MalIuHbl C KECTKOW OOIMBKOW. B Takmx yCIOBHSX KOHCTPYKIIMS W3 TKAHHM, HATSIHYTOW Ha
Kapkac M3 JpeBecMHbl M OamOyka, Obma u JjoruuHod, M 3¢pdexrtuBHON. Ilpm MmomHOCTH
TOTJAIIHUX JBUTaTe]el a’porjiaH IpYyrod KOHCTPYKIUH IPOCTO HE TMOTHSUICS OBl C 3EMIIH.
@dopma OuruiaHa MO3BOJISIA MOCTPOUTH OTIMYHYIO pElIeTyaTylo (epMy M KECCOHBI - OYEHb
KHM3HECTIOCOOHBIE U JIETKHE KOHCTPYKIMH. MacCHBHBIC 3JIEMEHTHI ObUTM HYKHBI TOJBKO IS
TOT0, YTOOBI BOCHPHUHUMATH CXaTWe, M, MOCKOJbKY TJIaBHAas OMACHOCTh B TAaKHX YCIOBHUSX
KpbUIaCh B TIOTEPE YCTOWYMBOCTH, 3TH DJIEMEHTHI JOJDKHBI OBIIM OBITH BO3MOXKHO Oouee
IPOCTBIMH: JIy4Ille BCETO 3TUM IENSAM CIYXHJIU 0aMOyK W enb. [ pacTSHYTBIX 3JEMEHTOB
UCTIONB30BATACh pOsuIbHAs mpoBosioka. OngHako coeauHeHHEe O0aMOYKOBBIX —3JIEMEHTOB,
paboTaronmx Ha pacTsHKeHHe, BCeria ObUIo cepbe3HON Mpo0IeMOii.

Takoil crmoco0 KOHCTpYMpOBAHHS JaBajl OTIMYHBIC MPOYHBIC CAMOJIETHI JIMIIL TOTAA, KOT/a
KOHCTPYKTOpP TBEPAO 3HaJ, KaKOW 3JeMEHT OyaeT HarpyXarbcs pacTsSHKCHHEM, a Kakou -
cxatueM. Benp ecnu croiika mpu HEOOXOIUMOCTH U MOTJIa IMIPUHATH Ha ce0s pacTsDKEHHE, TO YK
NIPOBOJIOKA HUKOTJAa HE COMPOTUBISETCS CXKATHI0. B HEKOTOPHIX OHWIUIaHaX MOCIOXHON He
BCErJa MOXKHO OBLIO MPOCIEAUTH IYTH, IO KOTOPBIM Iepenaercss Harpy3ka. Hemapom B xony
ObuTa OaHaIbHAS IIYTKA: JIYUIIHA CIIOCOO MPOBEPUTH MPABUIBHOCTh OCHACTKH KpblIa OWIIIaHa -



IIOCAIUTh B CEpEAUHYy KaHApEUKy; €ClIM €M YIACTCs BBUIETETh HAPYXKY - B KOHCTPYKIUU KaKOW-
TO HEMOPSAIOK.

[TewanpHO M3BecTeH ciydyau ¢ ouruianoM “Kadeapansubriii codop”. Ero cozmatens C.®. Koynu
OUTaJ TPUCTPACTHE K CIOXKHOW IyTaHUIE pacyalioK, HO €My HE€ XBaTajlo TEXHHYECKOU
rpaMOTHOCTH. MOii fielT, OZIH U3 MHOHEPOB aBHAIIMH, PACCKA3bIBaJl MHE, YTO OJHAXKIIBI OH JIOJTO
cnopun ¢ Koynu mo moBomy Toro, OyAeT ju B MOJETE KaKOH-TO 3JIEMEHT HCIBITHIBATD
pacTsbkeHne Win ckatre. Koyau HacTauBai, 4To aJieMeHT OyleT pacTsSHYT, ¥ TIOCTaBHII CTPYHY.
[IpaBoTa Moero nena obepuynach it Koynu Tparndyecku - oH MOru0 uepe3 HeCKOJIBKO MHHYT
nocie B3neta. EcTh Kakas-To WpoHHMS CynbObl B TOM, 4To cuTyamus ¢ “KademparbHbiM
cobopoM” OblIa MPSMO MPOTHUBOIOIOKHA HEMPUATHOCTSAM C KJIQJAKOW KaMEHHBIX COOOpOB: OHH
PYUIMIIUCH W3-332 TOTO, YTO B T€X MECTax, I, MO MPEANOJIOKEHHIO CTPOUTENCH, JOIDKHO OBLIO
OBITH CXKaTHe, OKAa3bIBAJIOCh PACTSKECHUE.

[ToTpeboBanoch HEMaloO BPEMEHHM M JKU3HEW, Mpexae 4eM ObUM B JOCTATOYHOW CTEIEeHH
W3y4YEHbl W IIOHATHI YCJIOBHMSI HArpyK€HHs, B KOTOPBIX OKa3bIBa€TCi CaMOJIET B IIOJIETE.
AHrIIMYaHe BO MHOTOM 00s3aHbI ATHM JOCTHKCHHEM TPYIINE OJapEeHHBIX JIIOJIeH, cCOOpaBIINXCS
B ®apHOOPO B MEPBYIO0 MUPOBYIO BOWHY (3HameHuTas Yammaidcekas kydka *).

* B sty rpynmy Bxoaunu Yepsemn, Tuzapa, Jxonc, Taiinop u I'puH, B TO BpeMs 3TH OYSHb MOJIOJBIC JFOAM KN
Hernoganeky otT PapHOOpo Bce B OJHOM JIOMHKE, KOTOphId HaszwBaics “Yamraiid”. Hamo mymarh, He dacTto
CJIy4aeTcs, YTO MOJ OJHOM KpbIIIel HEKa3UCTOro JOMHUKA COOMpaeTCs Takasi KoJIeKuus yMoB. - Ilpum. aemopa x
PYCCK. U30AHUI0.

IIpuHOMNBL pacdyeTa M HUCNBITAHUN CaMOJIETOB HAa IPOYHOCTb OCTAIOTCS M Cerdac, B JIOXY
CBEPX3BYKOBBIX UCTpEOUTENCH, BO MHOTOM TEMH K€, UTO M B TOJIbI JIEPEBIHHBIX OUIIJIAHOB, XOTS

B IMIPAKTUKC DTUX onepaunﬁ MMOABHUJIOCH MHOI'O HOBOTO,

Kornma camoner crnpoeKkTHpoBaH M IOCTPOEH, MOJHOPAa3MEpHBI 00paser] ero JOJKEH ObITh
IIPOBEPEH HA IPOYHOCTh M JKECTKOCTh. VICIBITaHMSA Ha ’KECTKOCTh CPABHUTEIBHO IPOCTHI, HO
IIPOYHOCTHBIE HCHBITAHUS HMHOIJA TPeOyrOT TI'POMO3JIKHUX U CIIOXKHBIX IpHcrnocobneHuil. B
1914rony camoner OOBIYHO TEpPEBOpPAUYMBANIM BBEPX HOTAaMHU M 3aTeM Ha IUIOCKOCTH KpbLIa
YKJIaJbIBAIM MEIIKM C MECKOM WJIM CBUHIIOBOH Ipo0Oblo, pacmpenenss HUX Tak, 4ToObl OHH
IPEJCTaBIsUIN a3POJAMHAMUYECKYIO Harpy3Ky Ha CaMOJIET B CaMbIX OMACHBIX YCIOBUSX IOJIETA,
HalpuMep B Cllydae BbIXOJa U3 MHKe. J[OBOJBHO CKOPO HArpy3KH Ha CaMOJIET CTAIM CIMIIKOM
OOJIBIIMMHU U BOCHPOM3BECTH WX ITHM METOJIOM Y€ HE YAaBaIOCh (XOTS MEUIKH C APOOBIO
VHOT/Ia BCE CIe HCIIONB3YIOTCS Ul KOe-KaKMX NMPOCTBIX HCIBITaHWI). B Hamm JHU OOBIYHO
npuberaloT K MOMOIIM THAPABINYECKOTO IOMKpara, KOTOPBIM IepenaeT Harpy3Ky Ha KpbUIO
Yyepe3 U3OLIPEHHYI0 CUCTEMY phlYaroB, HAalIOMUHAIONIYI0 POAOCIOBHOE JpeBo. Kaxknas BeTBb
ATOr0 JpeBa 3aKaHYMBAETCSI KPEIJIEHUEM Ha IOBEPXHOCTH Kpbula. biarogaps Tomy, 4To TO4ek
KpPEIUICHUsI MHOTO, pPAacHpelesieHHbI XapakTep a’pOAMHAMUYECKOH Harpy3ku MOKHO
UMHTHUPOBATH O4eHb Xopomio (puc. 42).



Puc. 42. Cxema ucnbITaHusI KpblLIa camosera. Harpyska mpukiaaabiBaeTcsi K KPbLIy B COTHSIX TOUYeK,
pacnpenejeHHbIX 0 00eHM MOBEPXHOCTAM. 1 - cTaibHasi paMa; 2 - THAPABJINYECKHIl TOMKpaT: 3 - KpbLIo; 4
- IMUTANMS KpenjieHus K (ro3esisiKy.

Jlyumme oOpasubl JAepeBSHHBIX OWIUIaHOB, Takue, Kak “ABpo-504" u cepus “Mortc”
(“Motbiaek”), ObLTH IMOYTH BEYHBIMHU. Pa3pyIimTh UX MOXHO OBLIO, pa3Be UTO BPE3aB CO BCETO
Maxy B 3eMI10. UyBCTBO KOHCTPYKTHBHOM HAJIEKHOCTH B TOJETE HA TAKUX CaMOJIETax, KOTOpPhIE
JIepKaJMCh Ha CTOWKAaX M pacyaikax, ObLJI0 OYCHb NPUATHBIM, HACTPOCHUE MOTJIH UCIIOPTHUTH
JMIIB ABUTATEIH. MOHOIUIAHBI ¢ KOHCOJIBHBIMU KPBUIbSMHU Ka3aJIHCh HAMHOTO OTIacHEH.

OnHako ¢ pocToM Harpy3ok oOmas TEHACHUUS MPOSKTUPOBAHUS TBEPIO IOBEPHYJIACh B
CTOPOHY MOHOKOKOBOW KOHCTPYKIIMHM, TO €CTh MOHOIUIAHA C YXECTKOW oOmmuBKoi. Harpysku B
HEl 1O BO3MOXXHOCTM BOCIPHHUMAIUCh oOmMBKOW. ToHkas MeMOpaHa OTIMYHO
CONPOTHUBIIAECTCA PACTSHKEHHUIO; TPYAHOCTH CBSI3aHBl 37E€Ch C TEM, KakK 3acTaBUTh €€
BOCIIPHHUMATh cXaTue Oe3 BhITyuyuBaHMi. Ha mpakThke 3TOT BOMPOC pEIIMI KOMIPOMHCC!
TOHKasi OOIIMBKA pazlielujia Harpy3Ky C JIOH)KEpOHaMU M CTpUHrepamu. Bes 3Ta JOBOIBHO
CJIO’KHAS! KOHCTPYKIHMS 00pa3oBaia KeCTKYI0 Ha M3TH0, a Cle0BaTeNIbHO, YCTOWYUBYIO MPOTUB
BBIMTYYHBaHUS 000JIOUKY.

OTIUYHBIM TPUMEPOM MEPBBIX Takux camolsieToB ObU1 DC-3 mo3ke m3BecTHBIN Kak “[lakoTa”.
3arem nocnenoBanu “Crnutdaiiep” U MHOTHE APYTHe 3HAMEHHUTBIE CaMOJICThl BTOPOW MHUPOBOM
BOIHBL. Bce OHM ObUIM METAIUTMYECKUMH, AIIOMHHHEBBIC JIMCTHI OOIIMBKU KIEHAIUCh K
CTpPUHTEpaM YroJIKOBOro mpoduis. Takas KOHCTPYKIHS OKa3anaach IO BECOBOUM d(hPeKTUBHOCTH
NPaKTUYECKH SKBUBAJICHTHOHN JepeBsiHHO-TKaHeBOH. [IpenmymiectBamu ee Oblin Oosee riankas
Hapy)XHasi MOBEPXHOCTh M CHJIOBas pamMa, IMOYTH IOJHOCTHIO HUCKJIIOYaBIAs YyXOJ 3a HeH.
KoHcTpykuus Takoro THIa octaetTcs U ceiidac OCHOBHOM MPH MPOESKTUPOBAHUH CaMOJIETOB.

B 1939roay mmupoko pacnpoCcTpaHUIOCh MHEHUE, YTO JEPEBSIHHBIM CaMOJIeTaM IMPHILET KOHEIl.
Moxet ObITh, TAK OHO W CIYYHJIOCH Obl, HC BOSHHKHH BO BPEMs BOWHBI HEXBATKa aJTFOMHHUSA, a
TaKke O0O0OpYyIOBaHUS M KBaJHM(PHUUMPOBAHHBIX KaapoB. Kpome Toro, meOenbHble (UPMBI
COKpATHJIM TIPOHM3BOJCTBO, Jia W BpeMs pa3paOdOTKH ICPEBSIHHOTO camoJieTa Bceraa ObLIo
HaMHOT'O KOpOYe, YeM METaJUINYECKOTO.

OaMH MHOTOOTBITHBIM SKCHEPT 3apadoTal CBOETO POAA CIIaBy, KAaTETOPHYECKH 3asBUB, UYTO
MMOCTPOUTH COBpCMGHHBIﬁ CaMOJICT H3 JACPCBa TCEXHHUYCCKU HCBO3MOKHO. E,Z[Ba ycnein
MIPOCOXHYTh YE€pHUJIA HAa €ro Oymarax, Kak mosiBuics “MocCKuTO”. DTOT JAEpeBSIHHBIM CaMOJIET
ObUT OZHON M3 CcaMBIX yJauHBIX MAIllMH, OH ObLT MOCTpoeH B 77813x3emiuisipe. BT MoOXkeT,
HEMIIBI He JIIOOWIN ero OOoJIbIe, YeM JIF0OOH IPYroi aHTTTUHCKHUN caMmoJeT *.

* COBETCKOMY YHMTATENI0 MaMsTeH, KOHeYyHO, 3HaMeHUThIi Oumuan I10-2 xoncrpykuum H.H. ITonwmkaprosa. -
Ilpum. nepes.



Kpome “Mockuto” u yueOHO-TPEHMPOBOYHBIX MAIWH, OTPOMHYIO CEpHUIO JEepEBSHHBIX
anmnapaTroB COCTAaBHJIM IUIAHEPHL. BONBIIMHCTBO IUTAHEPOB MMENIO 3HAYUTEIBHBIC Pa3MeEpBI,
pa3mMax uX Kpbula J0XOoIwi1 A0 35MeTpoB. 3a4acTyro OHHM IMpeaHa3HAYAIHUCh TS MepeOpOCKH
TAHKOB M JAPYTOro TSDKEJIOT0 CHapsbKeHUs. BHaudase npeamnosaraay CTpPOUTh IUIAHEPHI B pacyeTe
JMIIB HA OJUH mosieT. OIHAKO 3TO 0Ka3aJ0Ch HENPAKTUYHBIM. HEOOXOIUMBI ObUIM MAIIUHBI JIS
TPEHUPOBOK, HYXHO OBbLIO Iepeda3upoBaTh IUIAHEPHI C a’poJpoMa Ha a’poJpoM B CBS3H C
U3MEHEHUSMHU CTPATETHUECKOM W TAKTHUYECKOW CHTyallMid M - 4TO OoJiee Ba)XKHO - pyKa He
NOJHMMAJIach CTPOUTH adpOIUIaH TOJIBKO AJs ofHOro mnosera. [IpakTndyecku 3Tu niaaHeps! ObLIN
OUYEHb IIOXOKMMH Ha CaMOJIET, Pa3BE UTO HE UMENH JIBUTATEIS.

B nenom nepeBsHHBIN caMoJIeT ObUT Ype3BBIYAHO YIaYHBIM U, 5 JYMAl0, ChIrpajl HEMAIYIO POJIb
B BOitHEe. OJTHAKO OH 33J1aJl B CBOE BPEMsI HEMAJIO PAa3HOr0 POJa TEXHUYECKHUX 3a]ad, KOTOPHIE C
TOJIOBOM 3aBaNMIIM pabOTON HEOOIBIIYIO TPYNIY XUMHUKOB-OPIraHUKOB ABHAIMOHHOTO IIEHTPA B
®apHObOpo. 3HAYUTETLHBIM B 3TON paboTe OKa3ajcs BKJIAJ MOJIOJAOT0 KEMOPHUIKCKOTO OMoJiora
Mapka [Ipaiiepa, cenaabHO 0TO3BAaHHOTO U3 MPOXKEKTOPHOM KoMaHabl. Bo MHOTOM Onaronaps
[Ipaitepy COKpaTHJIOCHh YHCIIO aBapuii, U OOJBIIMHCTBO TUIAHEPOB AojeTano a0 PpaHiuu B
yJIOBJIETBOPUTEIHLHOM COCTOSHHU. Hemano conmar u aBUATOpPOB 0O0s3aHBI JKU3HBIO 3TOMY
HEYTOMUMOMY OHOJIOTY, KOTOPBI ¢ a3poJipoMa, Myajics K MUKPOCKOILY, OT MHUKpPOCKOIa - Ha
CaMOJIETHBIN 3aBOJ, OTTYJA OISATh K MUKPOCKOITY M TaK Ha MIPOTSKEHUHU HECKOJIBKUX JIET.

B3BemmBas ceifuac Bce 00CTOATEIBCTBA 3TOM MCTOPUH, TPYAHO YTBEPHKIATh, YTO MOXKHO OBLIO
OBl 3a0J1arOBPEMEHHO TMPEIBUJICTh BCE BO3HUKINHME TOrja mpoosieMbl. K crapeiM 0oOTSHYTHIM
TKaHbIO OWILIaHaM He OBbUIO HMKAKUX MPETeH3HMH: UX coOMpaI U3 HEeOOJNBUIMX KYCKOB JIEpeBa,
coJlep’kaiu B JIOOPOTHBIX CyXHX aHrapax, OHH caMH IO cebe XOpOIIO BeHTHJIMpoBaauch. C
caMmoJieTaMH BOEHHOTO BpEeMEHH Bce ObLI0 He Tak. [Ipexae Bcero HOBbIE MAIIMHBI WMENH
MOHOKOKOBYIO KOHCTPYKIMIO CO CPaBHUTENIBHO TSDKEIBIMU JIOH)KEPOHAMH U CTPUHTEPaMHU,
KECTKO TPHKICCHHBIMU K TOJICTHIM ()aHepPHBIM CTEHKaM H oOmuBKe. (MBI elie 1moroBopum
M03)KE O HEKOTOPBIX TOCIEACTBHAX, K KOTOPHIM IPHBEIO TAaKOe H3MEHEHHE KOHCTPYKIIUH).
Camoner Obul pa3zeneH Ha OOJIBIIOE YHUCIO IUIOXO BEHTHJIUPYEMBIX M TPYAHOIOCTYITHBIX
oTcekoB. B orcekax caMoiieToB, OKa3aBLIMXCS MOJ AHTJIMHCKAM MM TPOIMUYECKUM HOXKAEM,
BO3yX OBICTPO CTAHOBWJICS 3aTXJIBIM, HAa JTHE UX YaCTO MOSBJUIUCH TYXHU. B Takux yCIOBHSIX
HECKOJIbKUX MECSLIEB BIIOJHE XBaTajlo HE TOJbKO Ha pa3lIoKeHHWE KJies, HO U Ha THHEHHE
NpeBecuHbl. Henerko HamaauTh BEHTHISIHMIO, €CIIM KOHCTPYKTOP O Hell 3a0blI, M OYEeHb 4acTo
camoe JIydiee, YTo MOKHO ObLIO CZeNiaTh, 3TO OCTABJIATH BCE KOHTPOJIbHBIE JTIOKU OTKPBITHIMU
BO BpEMs CTOSIHKU Ha 3EMIIE.

OnHako BO MHOTHX a’poIUIaHax CBOOOAHAs BOJa COOMpajach 4acTO B CaMbIX HEIOCTYIHBIX
MECTax. Hy)KHO GBIJIO HO32160TI/ITI>C$I, CJICO0BATCIBHO, O ,Z[peHa)I(HI:IX OTBepCTI/IHX, acjiaTb HUX
CJIEZIOBAJIO HE TJIE MOMaJio, a B CaMOl HMYKHEHN TOUKe Kaxkaoro orceka. [loHadany u3 3Toro noutu
HUYEro He MoIXydmiock. [IpocBepieHHbIe B (haHepe OTBEPCTUS U3HYTPH OKpYXkajla HeOOoJbIas
KOpPOHA M3 IIEMOK, KOTOPYIO HeNb3s OBUIO HE TOJBKO YAQJINTh, HO M yBHAETh. [llenku OpicTpO
3a0MBAIMCh BCAKUM ITyXOM M TpPsI3bl0, OJOKMPOBAIM OTBEPCTUE, M CHOBA MOSBISIACH JIyXKa.
[Tpunuiocs MpoXXUraTh OTBEPCTHUS PACKAICHHBIM MPYTOM - Ka3aJloCh ObI, OYEBUIHOE PEIICHUE,
CTOMJIO JIUIIL 00 3TOM MOAYyMaTh 3apaHee. Takas mporeaypa MPUMEHSIIACh Kak K caMoJIeTaM,
TaK M K TOPIIETHBIM KaTepam.

[IposxkeHHBIE TpEeHaXXHbIE OTBEPCTHS, OE3yCIOBHO, TTIOMOTAJIM, HO BO3HUKJIA HOBas mpobiema -
rps3b, KOTOpasi 3a0packiBajiach BMECTE C BOJIOM HE TOJBKO B JAPEHAXHBIC, HO U BO BCE APYTUe
OTBEPCTHS KOJECAMU CaMoJieTa MpHU B3JeTe U mocaake. Boaa crekana, ocTaBiiss CIOW BIAKHOU
Ipsi3d, YacTO COJEpXKalled ceMmMeHa pa3iaudHbIXx pacTeHud. CemeHa momajaid MpPU STOM
MIPUMEPHO B TE )K€ YCIIOBHsI, B KOTOPBIX MPOPACTAIOT CEMEHA OT'ypIIOB WIJIHM cajiaTa, 3aBEPHYTHIC
BO BIIQXKHYIO TPSAMOUKY. Takoit oropoxa B camosere Obl, KOHEYHO, HU K YeMy.



B nenoM 3TH HENMPUATHOCTH OBUTM OCOOCHHO OMACHBIMH B IUiaHepax. CaMoJeThl, €CTeCTBEHHO,
JeTaroT 00Jiee 4acTo, a CKBO3HSKH B TOJIETEC WIYT HA TOJb3y KOHCTPYKIIMH M BO BPEa TPUOKY.
Ho mranepoB nenanu Bce Ooubiiie W OoJbIle, B aHTapax Il HUX HE ObLIO MECTa, TaK 4TO UX
JepKalid Mo JIOKJIeM Ha 3aaBopkax a’poapoMoB. bonee 5000 miaHepoB oxkumanyd Havaia
BOCHHBIX JIEHCTBUHI. “OKCHEPTHI’ HE MOINIM YCIEAUTbh 3a COCTOSHHUEM BCEX AITHX MAIIMH,
mo3ToMy 10 HWHCTpyknuu Mapka I[lpaiiepa oHM MOJDKHBI OBLIM JOKJIANBIBATH €My, Y4ysB
UCXOJISIIee OT MJIaHepa 3JI0BOHUE.

[IpuuuH 3710BOHUS B IEPEBSIHHOM KOHCTPYKIIUU MOXET OBITH TPU: OTCYTCTBHUE JPEHAXKA, MBIIIN
U THUeHHe. Bce 3amaxu OAMHAKOBO HENPHUATHBI W TPYOHO Pa3IUYUMbl MEXKAY COOOH.
JpeHaxkHble 3amaxyd  MUCXOLAT OT HEAPCHUPYEMOM CTOYHOM BOJBI, IOBPEXKIAIOLICH
KOHCTPYKIUIO. Mblli, 3a0uparoTcs B caMoJIeT 3a JoObIuei - MoJ JOCKaMHU I0Jia OHU HaXOJAT
KPOLIKU OT COHABHYEH paboumx-cOopumkoB. K ToMy BpeMeHH, KOTAa TPBI3YHBI ChENAIOT BCE
KPOILIKH, OHU 3a0BIBAIOT MYTh HAPYXKY U, TOJIOAHbIE, HAUWHAIOT MOKHUPATh U30JISIHIO TPOBOOB.
C mprmamu Ilpaiiep 6oposicst ¢ momotibio kKomiek. [Ipo6inema raueHus Oblia 601ee CI0XKHONW U
TpynHOH. B TormamHux 0O0CTOSATETHCTBAX HEKOTOPBHIC THUIBI PA3jIOKCHUS B TOW WM WHOU
CTETeHHU ObUTH MOYTH Hen30eKHBIMH B OOJIBIIMHCTBE IUIAHEPOB. B BoeHHOE BpeMs HE J10 TOTOHH
32 COBEpPIIEHCTBOM, HYXJa 3acTaBiisjla OTOpPaKOBBIBaThH JIMIIb IUTAHEPHI, KOTOpbIE ObLIN
MOPAKEHBI B OMACHOW CTEMNEHH, MbITAThCS MPUOCTAHOBUTH THUEHUE TEX IUIAHEPOB, B KOTOPBIX
OHO TOJIbKO HauumHanock. CrnenaTth 3TO ObUIO HEMPOCTO, TaK Kak CYIIECTBYET OKOJIO COpOKa
pa3IUYHBIX THUIIOB THUEHUS, CTENEHb MOBPEXKAAEMOCTH OT HMX HEOAMHAKOBA M HE BCeraa
MIPONOPLUMOHAIBHA BHEIIIHUM IPOSIBICHUSIM.

[TpoGiema THUCHUS BCE BPEMsI HE JlaBajia HaM TIOKOs, HO OBUIM W JPyTHe HEe MEHEe Cephe3HbIe
npobiembl. Kak st yxe ckaszan, oOmas cxemMa KOHCTPYKIIMH OSTHX adpOIUIaHOB CHJIBHO
OTJIMYAJIaCh OT CTaphiX OWIUIAHOB. [JIaBHBIC JIOHXKEPOHBI W JPYTHE OCHOBHBIC DIICMEHTBI
KOHCTPYKLIMU TIPEJICTABIISUIM COOOW yBECHCThIE OpYyChsi CIOUCTON JIPEBECHHBI, HMEBIINE
HECKOJIBKO JIIOMMOB B TIOTIEPEYHHMKE; C TPEX CTOPOH K HUM OOBIYHO TMPHUMBIKAIH (haHepHbBIE
CTEHKH, BOCIIPUHHMMABIIINE CIABUT, U oOmmBKa. Ho pazOyxaHue u ycajka €JlIOBBIX JIOHKEPOHOB
BJIBOE IMPEBBIINAIOT pa30yxaHue W yCcaaKy (aHepsl, K KOTOPOW OHH TPHKIeEHBI. EcTecTBeHHO, B
PE3YIbTATC STOU Pa3HULIbI BO3HUKAIOT 3HAYUTCIBHBIC HAMNPSAXKCHUA B KIICCBBIX COCIAMHCHUAX
JIBYX pa3HOPOIHBIX MaTepuanos (puc. 43).

Puc. 43. Tunu4aHoe 1J151 BpeMeHH BTOPOl MUPOBOit
BOITHBI JIepeBSIHHOE KPBLIO CAMOJIETA.

TemMHasi YacTh KOHCTPYKIMH - U3 CJIOHCTOI eJIH,
cBeTJasi - (aHepa.

a - monepevyHoe CeYyeHue,

5 0 - eJIOBasi MOJIKA JIOHKePOHa 1e()OPMHPOBAJIACH
0oabiue, 4yeM (paHepHBbIe 0OIIMBKA U CTEHKH,

6 - pa3pyuieHue MoJIKHU JOHKePOHA.

Bonbue kycku qpeBecHHBI TPEOYIOT JOBOJIBHO JIOJITOT0 BPEeMEHH 4TOOBI IPHUITH B paBHOBECHE
C BIIAKHOCTBIO OKpykatomied cpenbl. [lockonbky moroga B AHIVIMM OYE€Hb IMEPEMEHYMBA B
I[epeB}IHHBIX ACTalIsIX CaMOJICTOB HE ycneBanH BO3HI/IKHYTI> 6OJ'II>H_II/I€ HaHpH)KeHI/IH 1, IIOKa
caMoJIeThI OB B AHIJIAHM, OCOOBIX OCHOBAHWM A 3a00T He Obu10. HO cTOoMiIo MM moracrts 3a
TPAaHULLy, CUTyalusl pe3KO MEHsIack. Bo MHOTHMX cTpaHax AOJTrHE CyXue IEpUOIbl CMEHSIOTCA
HE MEHEE JUTUTECIBHBIMH JTOXKISIMH, B TEYCHHE KaXKJOTO M3 ITUX OTPE3KOB BPEMEHHU JIPEBECHHA
ycneBaeT KaK ITIOJIHOCTBHO BI:IC}’H_II/ITBCH, TaK U 100 npez[ena HpOHI/ITaTBCH BOHOﬁ; yca;[Ka nu



pazOyxaHue OTpOMHBI. BOT TyT-TO W HAYMHAIOTCA Cepbe3Hble 3a00Thl. Bonb Ckieiku
HOSIBIISIFOTCST OoJbIMe HanpspkeHHs. [Ipu mioxoM cocTosHUU Kiiesl pa3pyllaeTcsi COeANHEHUE;
€CJIM OHO BBIICPKHBACT, pa3pylIaeTcs NpeBecHHa BOMW3H CKJICHKU. CIacTé 3T CaMOJIEThI OT
TaKON HamacTh MOKHO ObLIO, JIUIIb OTIIPABUB UX Ha3al B AHIIIHUIO.

HenpusTHOCTH CO CKIEHKOW BOSHUKAJIN HE TOJIBKO OT CAaMHUX KJIEEB, HO U IO APYTUM MPUUHNHAM.
Hauxynmmm ciydaem ObUTO Tak Ha3blBaeMoe “3akanodHoe” paspymieHue. Bl mpenacrasisere
cebe, KOHEYHO, YTO CIOCOOOB HCHBITAHWM KIEEBBIX COCIMHEHHUH, KOTOpbhIE (haKkTHUeCKH
SIBIITFOTCSI HEOTHEMJIEMOW YacThIO CamoJjieTa, He CYIIecTByeT. McmpITaTh MX MOYKHO TOJBKO
IIEHOIO TIOJIOMKH BCETO CaMoJIeTa, a 3TO 3HAYMJI0 Obl HAHOCHUTH ymiepO camum cede. [TorTomy
OCTaeTCsl TOJaraThCs B 3HAYMTEIHHOW CTENCHW Ha BHEIIHMWA BUJ CKJICHKH Ja Ha KOHTPOJIb B
mpoliiecce Mpou3BoJicTBa. I BOT BCKOpe TMOCHE TOTro, Kak OBbLIO pa3BEPHYTO KPYMHOCEPUMHOE
MPOU3BOJICTBO JEPEBSHHBIX a’pPOIUIAHOB, BBISICHWIOCH, YTO HEKOTOpas 4acTh aBUAIMOHHON
danepsl BOOOIIE HE CKJIeWBajgach. MecTa CKJIEHKH, BBIMOJIHEHHOW CO BCEeW HEOOXOIUMOMN
AKKypaTHOCTBIO, BBHITJISICTH BIIOJIHE HOPMaldbHO, HO HE UMENHM HUKAKOW MpoyHOCTH. B
HEKOTOPBIX CIy4dasXx WX JIETKO MOXHO OBUIO pa3opBaTh pyKamMH. XYK€ BCEro TO, 4YTO
HEBO3MOXKHO OBLIO CKa3aTh, KaKOH JIUCT (haHEePHI IUIOX, a KaKOH - XOpOoIl.

A 71eno oka3anoch BOT B 4eM. J[peBecrHa COCTOUT U3 TPyOOUEK € JOBOJIBHO TOHKUMH CTEHKAMH.
Korna ona paspesaercsi, TpyOKH Ha cpe3ax OYeHb pelKo ObIBAIOT MapasliedbHbl UX TIOBEPXHOCTH.
[ToBepxHOCTH 0Opa3yercsi OONBLINM YUCIOM TPYOOK, BBIXOAALIMX HApPYXKy IO MaJIbIM YIJIOM,
TO €CTh OHa MPEACTABIISICT coO0W HAOOp HAKJIOHHBIX OTBEPCTHM. B TO ke Bpems omepanus
pa3pe3kd B MHUKPOCKOIMYECKOM MacuiTabe - OeiiCTBHE JOBOJBHO TpyOoOe, MOITOMY KPOMKH
cpe3a y TpyOOK TOBPEXKIECHBI M MEXAaHHMYECKH JOBOJBHO cCiabbl. YToOBI ckielika Obuta
HaJIe)KHOHM, KJIeld NOJDKEeH NMPOHUKHYTh B OTH TPYOKM Ha HEKOTOPYIO INIyOMHY, CXBaTbIBaHHE
MPOUCXOIUT TOTJA MEKIY UX HETIOBPEKICHHBIMU YaCTSAMHU.

Ecnu 4TOo-TO Memmaer K€ TNPOCOYUTHCS B TPYOKH, CKIIEHKAa MPOU3OHAET MeXIy UX
MOBPEKJICHHBIMM KPOMKaMHU, KOTOpbIE MpHU MAaJICHIlIe Harpy3ke JIerko paspymarTcsi. B
npolecce M3rOTOBJICHUS “3aKalieHHON  (aHephl KPOMKHM TPYOOK 3arHyThl BHYTPh TOPSYMMU
wmramu npecca. OHUM IperpaxaaroT MyTh K€ BHYTPh TPYOOK, M KJIEEBOE COEAMHEHUE HE
uMeeT podHocTH (puc. 44).

J.S_,?
%

Puc. 44. BakanenHas» (@) W Xopomo 3auynuiennasi (6) ¢anepa. B mepBomM ciydae BbIXOASIIHE HA
NMOBEPXHOCTh KPOMKH KJETOK B Ipollecce ropsiyero NMpeccOBaHWs 3arHYJINCh BHYTPb W KJIell He MOKeT
NMONACTh B TPYOOUYKH JpeBecHHbI. Bo BTOpoM ciiyuae kieif monajgaer B Tpy0OYKH HA 3HAYUTEJILHYIO ITy0HHY,
olecreynBasi HAIeKHYI0 CKJIEHKY

Takast panepa OblIa CMEPTEIbHO ONACHOM, B HEH KPbUIACh MPUYMHA MHOTHX aBapuUi U JKEPTB.
EnuHCTBEHHBIN MyTh M30€XKaTh 3THX OMACHOCTEH 3aKi04Yajcs B CHATUU MOBPEKIEHHOTO CIIOS
(aHepsl MyTeM 3aUUCTKH MOBEPXHOCTH MIKYPKOW. 3a4MCTKa J0JDKHA OblIa OBITH OCHOBATEIIbHOM,
JIETKO€ LlapanaHue HU4Yero He AaBano. OnpenenuTh, Kakue JIMCThI B AajdbHEHIIEM He MOANAAyTCs
CKJIeWKe, 3apaHee HE YAaBajoCh, MO3TOMY HaJA0 OBUIO 3auyuInaTh BCIO (aHepy, KOTopas
UCIIOJIb30Baack B camosieTocTpoeHuH. OKazanoch, YTO 3TO HE TaK-TO MPOCTO OPraHU30BaTh.



[Tomaratbcst Ha PyYHYIO 3a4UCTKY OKa3ajJoCh HEBO3MOXXHBIM, W ObUIa pa3paboTaHa cucTema
MEXaHU3UPOBAHHON 00pabOTKH, TOCIIe KOTOPOH Ha aHepe CTABUIICS CTICIIUATBHBIN IIITAMII.

JlpeBecrHa - HE TOT MaTepuall, KOTOPbI MOXET BCE CTEpIeTh, ¥ TPOMAJHBIM YHUCIOM
HETPUSATHOCTEH JEPEBSIHHBIE a3pOIUIaHbl 00s3aHbl HEOPEKHOCTH, KOTOpask MOTJIa BCTPETUTHCS
Ha JIIO0OM JTale WX CO3JaHUs W JKCIUTyaTaluu. HexoTopble KOHCTPYKTOPBI CUHMTAIH, YTO
nepeBo “00s3aH0” BecTH ceOst mogoOHO MeTamny. M ecinu OHM cOBepIIaIM OIIMOKH IO 3TOH
IPUYKHE, TO, IO UX MHEHHIO, BAHOBHBIM OBLJIO JIEPEBO, a HE OHU caMH. BOCHHbIC aBHATEXHUKH,
0CO0EHHO HOBHUYKH, OBUIM BOCHHUTAHBI B MOYTEHUH K METAJLTY, U JJs paboThl C IPEeBECHHON MM
3a4acTyl0 HE XBaTajo TepleHHs. BhIBalio M Takoe: OJUH TEXHWK, B TPAKIAHCKON KHU3HU -
BJIaZICJICI] rapaka, KaXJ10€ YTPO BBICTPAMBaI CBOM CaMOJICThI Ha ac(aabTHUPOBAHHOM TUIOMIAIIKE
¥ OCHOBATEJIFHO TTOJIMBAI UX M3 IIIIaHTa.

Ha 3aBojmax HemocTaBajo ONBITHBIX KOHTPOJIEPOB, OHU paboTtanu ¢ meperpy3kou. M ecmm
HEKOTOpBIC OMIMOKKA OOBSCHSUINCh HEMOHMMAHHEM KaKUX-TO TOHKOCTEH, TO, OOKCh, YTO
OCTAJIbHBIC - TOJIBKO MPECTYITHOM TIIYIIOCTHIO M OE€30TBETCTBEHHOCTHIO. Beerna HaimyTcs moiu,
JUTSE KOTOPBIX HHYEro HE 3HAa4yaT a0COJIOTHO OYEBHIHBIC TEXHUYECKHE HOPMBI U TIOCIIECICTBUS
oTrcTyrieHnid ot Hux. CkiienBaHue - pabora, TpeOyrolas He CTOJIBKO CICIHAIBHBIX HaBBIKOB,
CKOJIBKO OTBETCTBEHHOCTH. Mareiiiias HeOpeKHOCTh MOKET UMETh OMACHBIE TIOCTIEICTBHS.

C otuM, s Aaymaro, CBA3aHbl MCTHHHBIE TPYJHOCTH HM3TOTOBJICHUS JEPEBSHHBIX A3POIUIAHOB.
HyxHbl OHU OBUTH B OOJNBIIMX KOJIWYECTBAX, W JCTAIA MX B CICUIKE HEKBATU(UIIUPOBAHHBIC
paboune. J[peBecuHa ke - mMaTepuan Jid MacTepa, OHa HE OTBETUT J0OPOM Ha OTCTYIUICHHS,
HEN30eKHBIE B UPE3BBIYAHOM TTOJI0KEHUH.

[To BceM 3TUM mpuUYMHAM JEpPEBSIHHBIE CaMOJIETHI TeNepb B HEMUJIOCTH. OJHAKO JIMIIb OYEHb
CMEJIbIIl OpaKys CKa)XeT, YTO UM HUKOI/Ia He BepHYyThcs. Henb3s mpenckasarh, B Kakoil o0nactu

TEXHUKHU JPEBECHHA MOSABUTCS B cieayromuil pa3. Ceifuac ecTh O4€Hb XOpPOILNE aBTOMOOMIIH C
JepeBSIHHON pamoii. ['oBopsT, X HE 00O0IIe] CBOCH MIJIOCTEIO KOMMEPUECKUH yCIIeX.

I'naea 7

KOMIO3ULIMOHHBIE MATEPUAJIbI, unu KAK IEJATHD KUPIIUYU C
COJIOMOM

U npuwinu naosupamenu coinos M3pauneswix u 6o3onuau K ¢papaony, 206ops. “ /lna ueeo mel max nocmynaeuib ¢



pabamu meoumu? Conomul He 0arom pabam meoum; a KUpnuyu, 2060psim Ham, oeaatime. M eom pabos meoux
bviom; epex Hapody meoemy”. Ho on crazan: * I[Ipazousl gvl, npazoust; nosmomy u cogopume “ I[lotioem,
npunecem xcepmey I'ocnoody”. Iotioume sce, pabomaiime. Conomvl He 0adym 6am, a HOJONCEHHOE YUCTO
Kupnuueti dasaume’.

Bubnusa. Ucxon. 'nasa 5

Co BpemeH (papaoHa, y KOTOPOTo OBLITH TPYIAHOCTH C JOOABICHHEM COJIOMBI B KUPITHYH, YETIOBEK
BCETJ]a WCIIONB30BAJl T€ WJIM HHBIE apMHUpPOBaHHBIE Marepuaibl. TeM He MeHee ocoboe
MOJIO’KEHUE KaK MPOYHBIC MaTepUasbl OHH 3aHSUIN JIUIIb COBCEM HEJJaBHO.

MoHO cKa3aTh MTOYTH HaBEPHSKA, YTO J00aBICHHUE PyOICHON COJOMBI B €TUIIETCKHE KUPIUYH
IpecieioBajlo Ty K€ Lelb, K KOTOPOW CTpEeMWIMCh MHKHM W Maiis, JA00aBisBIINE B CBOIO
KEpPaMUKY PacTUTEIbHbIC BOJIOKHA: IPEAYIPEAUTh PACTPECKUBAHHUE TJIMHBI IPU OBICTPON CyIIKE
Ha coiHile. Eruntsne He 00XUraay CBOU KUPIUYH, J]a 3TO U HE UMEJIO 0COO0r0 CMBICIA, IOTOMY
yro Bpsix au B ErunTe cromno omacatbes Noxas. [TMHA BO BIQKHOM COCTOSIHUM OOpasyer
OTJIMYHYIO MOJATJIMBYI0 Maccy, HO €€ ycajJka IpH CYyIIKEe O4YeHb CYIIECTBEHHa M IpodiieMa
CYIIKH TJIMHBI HallOMUHAeT NpoOJjeMy BBIICPKKH JIpeBECHMHBI. EciaM He CyIIUTh MEIUIEHHO,
rNIMHa OyJeT pacTpecKkuBaTbes. Erumerckoe cosiHlle CymIUT OjecTdine, HO Y O4YeHb OBbICTpO,
MIO3TOMY TIOJIE3HO JJOOABUTh HEMHOTO COJIOMBI YTOOBI YMEHBUIUTh pacTpecKuBaHue. Bo3MokHO,
YTO YIPOUHAIOIIEEe BIUSHUE BOJIOKOH Ha IJIMHY IOCHE€ CYIIKA OBUIO JUIIb MOOOYHBIM
apdexkrom. OmHAKO Naxe MOBOJBHO Mayble JA00aBKH BOJOKHA OKA3bIBAIOT CYIIECTBEHHOE
BJIMSTHUE HA MPOYHOCTb M BSI3KOCTh CPABHUTENIbHO XPYNKUX HENPOYHBIX MaTepuanoB. MOxKHO
IPUBECTH MHOTO TaKuX MpuMepoB. Bor oaun u3 Hux. Ilpexae y aHMIMHACKUX CTpOUTENeH ObLI
oObIuaii 100aBIATh B IITYKATYPKy CTEH HEMHOT'O BoJioca. Sl MOMHIO JaXke, Kak B JAETCTBE OJIMH
IITYKaTyp TOBOPWJI MHE, YTO JUIS 3TOM LETH OBIYMi BOJIOC TOPA3I0 Jy4Ile KOPOBBETO, MOTOMY
YTO OBIK, KOHEUHO K€, HAMHOTO CHJIbHEE KOPOBBHI. $I HHUKOI/a HE SKCIEPUMEHTHPOBAI HU C
OBIYBHM, HU C KOPOBBUM BOJIOCOM, TaK YTO COOCTBEHHOW TOYKH 3pEHHs HA CEl CUeT HE MMEIO.
Ho s noGaBnsinm ceipyro OymakHyr0 Maccy B anebactp. BenmukonenmHbie pe3ynabTaThl 3TOU
olepainuy nokasaHsl Ha puc. 45.
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Puc. 45. BiusiHue 100aBKY BOJIOKOH HA Puc. 46. BinsiHue 106aBKY BOJIOKOH HA YAapHYIO
YAApHYI0 BA3KOCTb ajiebacTpa (MCnbITaHHE BSI3KOCTH (ochaTHOr0 HeMeHTa (MCIbITAHUE

NAJAI0IHM HIAPHKOM) NAJAI0IHM HIAPHKOM)

OdeBuHA OYEHb pe3Kas TEHJCHIUS K YBEIUYCHHUIO YAApHOW BS3KOCTH, JaKE COBCEM
HeOosbIe M00aBKU BOJIOKHA JAIOT BechMa OIIyTUMoe yaydmeHue. K coxkanenuto, modaBka
BOJIOKOH B MOKpBIA anebacTp BeleT K ero ObICTpOMY 3arycTeHHio, MHOrjga cMech ¢ 2-3%
BOJIOKOH YK€ HEBO3MOXKHO Iepememath. [IpaBiaa, ¢ 3TUM 3JI0M MOXHO Kak-TO OOpOThCH,
BbIOMpas JIpyrue THUIBI [IEMEHTOB M YIUIOTHSS TOTy4eHHYI0 cMech mon mpeccom. Ha puc. 46



NIOKa3aHO BJIHMSHUE acOECTOBBIX BOJOKOH Ha YIapHYIO BSI3KOCTh (hochaTHOTO memeHra (3TOT
IIEMEHT OYCHb II0X0X Ha TOT, KOTOPBIM ITOJIb3YIOTCS 3yOHBIC BPaUH).

KapTtuna HanomuHaeT npeaplayllyo ¢ TOW JIMIb PAa3HUIIEH, YTO COJIEPKAHUE BOJIOKOH B 3TOM
cllydae MOKET OBITh OOJBIINM, CIEI0BATEIbHO, BO3PACTYT U MPOYHOCTH, M BA3KOCTh. Bo Bpems
BTOPOIl MHpPOBOM BOWHBI CaMble TSDKEIble MOTEPU HA MOpE MPUXOIWINCH Ha IEHTpajbHbIE
pailoHbl ATIAHTUKHM T7I€ HEBO3MOXKHO OBLIO OOecredyuTh NPUKPBITHE ¢ Bo3ayxa llokoitHbII
Jxedpu [Taiik mpenokuil T0BOJTBHO YKCIICHTPUYHBIA BBIXOJT M3 TIOJIOKEHHS. OTOYKCUPOBATh B
LenTpanbHyio ATIAHTHKY KakoW-HUOyIb aiicOepr 4ToObl MCIIONB30BaTh €ro B KauecTBE 0a3bl
JUIsL caMoJIeTOB. DJTO ObUla TO-CBOeMy OJiecTsIiasi uaesi, HO HCCIEJOBaHUs IOKa3alu 4YTO
MEXaHUYECKHUE CBOMCTBA €CTECTBEHHOIO JIbJ]a CIMIIKOM HENOIXOMAALIM I €€ peah3alliH.
OObIYHBIN JIel OYeHb HE MPOYEH NPU PACTSHKEHUH, TPEUIMHBI B HEM PAcHpOCTPAHSIOTCS JIETKO
(BOT moOYeMy JIeJOKOJIBI MOTYT 3apadbaThIBaTh ceOe Ha XJie0), U - YTO XyXKe BCEro - MPOYHOCTh
JbJIa OYEHBb HE MOocTOsTHHA. [1l0aTOMY pa360MOUTE UK TOPIIEIUPOBATH alicOepT HE COCTABUIIO OBI
HUKaKoro Tpyna. Ho gaxke ecnu Obl OH M HE MOABEPICs HANaIEHUIO, YTOOBI CIYKHUTh aBUaba3on
OH JIOJDKEH OBITh HACTOJIbKO OOJBIINM, YTOOBI HA €ro JJMHE YMEIIAJTUCh 10 KpaliHel mMepe JiBe
aTJIAHTUYECKHE BOJIHBI (BO BpeMs INTOpPMAa WX ObIBaeT NMPUMEpPHO 5-6 Ha Mmi0) A pacuers
MOKAa3bIBAJIA, YTO B 3TOM CJIydae OH CJoMaJIics Obl, Kak 0ajka IMpu U3ruoe.

[Taiix mpemiaran oO0OWTH dTa 3aTpyIAHEHUs, T00ABUB B JieJ] HEMHOTO JPEBECHOW IMyJbIbl. EMy
yaJoch JI0Ka3arh, 9TO OKOJO 2% OOBIYHON CBIPOW OyMa)KHOW Macchl, T00ABIEHHOW K BOJE
nepea 3aMOpaXMBaHHMEM, PE3KO YJIydIaloT CBOWCTBA JbJa W BAOOABOK JENalOT MX OoJiee
cTabunpHbIMH. KpHBasi MPOYHOCTH U BSA3KOCTH JIbJa B 3aBUCUMOCTH OT JI0OABOK IIEJITIOJI03HOTO
BOJIOKHA OYEHB IMOX0’Ka Ha KpUBbBIC, MOKa3aHHbIE HA puc. 45u 46. PacueTsl moaATBEpKaaIH, YTO
B 9TOM cCiIy4ae JjeJ OblI Obl JOCTaTOYHO NMPOYHBIM U BECh IMPOEKT OKAa3aJcsi Obl pealbHbIM.
[Ipeanonaranocs 100aBUTH APEBECHYIO MAacCy B BOAY M JaTh € BO3MOKHOCTh €CTECTBEHHBIM
oOpa3oM 3amep3HyTh B 3anuBe Herodaynanenna. Ho ¢ 3Toit uaeeit mpuumiocs paccrarbesi, Tak
KaK BO3POCIIMK PaJUyC NEUCTBHS CaMOJETOB M 0OIIas BOeHHas OoOCTaHOBKAa Ha ATJIaHTHKE
caenanu ee HeHyHoM. [Toxkanyii, B HEKOTOPOM CMBICTIE 00 3TOM CTOUT MOXKAJIETh.

BooOmie roBopsi, Xpynkue maTepuaibl CTaHOBATCS 0o0Jiee BA3KMMH U TPOYHBIMH TPU OYEHB
MaJIbIX ;[06a131<ax BOJIOKHA HOTOMy, yTO CaMoO HpI/ICyTCTBI/IG BOJIOKOH TOpMO3I/IT U OTKIIOHACT
TPEIIMHBI CO CBOEro MyTH. BeposTHO, BCe ATO pa3bIrphIBAETCS HAa BHYTPEHHUX TOBEPXHOCTSIX
pasnena. Ceifyac TpyAHO TOYHO CKa3aTh, KaK 3TO MPOUCXOAUT, HO, MO-BUJUMOMY, JalbHEHIINE
MCCJICIOBaHMS TIPOJIBLIOT CBET Ha MEXaHW3M mporecca. B Toir popme, o KoTOpoit MBI ceitdac
TOBOPWJIH, - IOBOJIBHO MAJIbIi MPOLEHT OecropsJ0YHO OPHEHTUPOBAHHBIX BOJIOKOH B XPYIKOM
MaTpHIie, - KOMOMHUPOBAaHHBIE MaTEPHAIBI HE MOJB3YIOTCS ceiiuac 0COOBIM CIIPOCOM (BO3MOKHO
HOTOMy, YTO CCEroaHsa HI/IKOMy HEC Hy)I(HBI KI/IpHI/I‘-II/I COHHC‘IHOﬁ CYI_HKI/I NN MOGI/I.HBHBIG
aiicoepru). Ho s1 coBceM He yaUBIIIOCH, €CIIH MOA00HAS UCs, HO B IPYTOM BHUJIE BOMIET B MOAY
cHoBa. B Hacrosimee ke BpeMs OBITYeT MOJa Ha HECKOJBKO HMHOHM CIIOCOO0 WCHOIB30BaHUS
BOJIOKOH.

Te, kro pabotaeT B 00JaCTH BOJIOKHHCTBIX MAaTEpPHAIOB, IOJIYYalOT BCSIKOTO poja
I[OGpO)KeJIaTeJIBHBIG Hpe,Z[.HO)KeHI/IH 0O CXeMax Hu HpI/IHI_[I/IHaX, KOTOpBIe cjeaoBalio 6]:1
ornpoboBath. [1odTH BCe 3TH COBETYMKH HE YUMTHIBAIOT TOTO, YTO, €CJIU BBl XOTHUTE IMOJYYHUTH
HOBBII MaTepuall, CIIOCOOHBI KOHKYpHUpPOBaThb C JOBOJBHO XOPOIIUMH CYIIECTBYIOUIMMHU
MaTepuasamMu, He0OXOIUMO B 3aJIaHHBIA 00BEM BBECTH OOJIBIIIOE YUCIIO BOJIOKOH. A BOT 3/1€Ch-
TO U HAYUHAIOTCS PEAIbHBIE TPYAHOCTH.

[IpocTbie cucTeMbl, O KOTOPBIX MBI Ce€Huac TOBOPHWJIH, COAEp)KaT HpuUMepHO 2% KOPOTKUX
BOJIOKOH, J100aBJICHHBIX B MaTpuily. Takas MaTpulia Ha HEKOTOPOIl cTaauu HaxoIuTcs B Oosee
WIA MEHEe JKUAKOM COCTOSIHUH, M, YTOOBI BBECTH B HEE BOJIOKHA, IOCTATOYHO pa3MellaTb CMECh



noxkoi. [Tpu OGOJBIIOM COAEpIKaHWUM BOJIOKHA TaKas OIepalvs OKa3hIBACTCsS HA MPAKTHUKE
HEeyI00HOM, TPOIeCC CTAHOBUTCS HeynpasisieMbiM. CYCIEH3MH JTMHHBIX TOHKHX BOJIOKOH B
KUJKOCTH OYEHb HAITIOMHHAIOT PAcTBOPHI, COCpIKAIINE UTHHHBIE TOHKHME MOJIeKyabl. O0a Trma
BEIICCTB MMECIOT TECHJICHIIMIO K 3aryCTEHHUIO, C KOTOPOW TPYAHO YINPABUTHCS, TIOKA HE M3YYHIIb
BCe ee ocoOeHHOocTH. B mpousBoacTBe Oymaru (M3 KOTOpOW clellaHa W dTa KHHUra) OyMaskHas
Macca, TO €CTh CYCIICH3Hs APEBECHBIX BOJIOKOH B BOJIE, pa3damiseTcs 10 KoHneHTpamuu ~0,5%
U IMEHHO B TAKOM BHUJIC TiepepadaThIBacTCsl, TaK KaK BCE ONEPALIMU TPU 3TOM 00JIeTrYaroTCs.

ITanne-mamre

Ecnu conmepkanue BOJIOKHA NpeBblmaeT mnpumepHo 2%, 100aBIsATH BOJIOKHA K MaTpHIle
CTaHOBHUTCS HEBO3MOXKHBIM, TPUXOAMTCS H00ABISATH MATPHUIly K BOJIOKHaMm. [Ipu 3Tom Bce,
€CTEeCTBEHHO, U3MeHsiercs. [lourn Beerna BOJIOKHA MJIOTHO YIAKOBBIBAIOTCS, HAIpUMeEp B popme
Oymaru WM TKaHH, a 3aTE€M IMPOIUTHIBAIOTCS B CMOJIC MM KAaKOM-THOO JPYroM CBS3YIOIIEM
marepuaie. Oka3bIBaeTcs, YTO 3TO TOXKE OYEHb cTapas Hjaes, NMPHHAIeKAIas BCE TEM XK€
eruntsiHaM. OOOJIOYKM E€THUNETCKUX MyMHUH, UMEBIINE BECbMa CIOXHBIE (POPMBI, JETaTUCh U3
nanbe-Maiie. ITOT MaTepual MOoJIy4aeTcsl HaKIeWKOH KyCKOB OyMmMard Ha MOJEIb C MOMOIIBIO
KIericrepa WM Tymmuapabuka. Korma kel BbICBIXaeT, 000JI0YKa CHUMAaeTcs ¢ (Gopmbl U
kpacurcsi. B Erunte B 3THX ciydasx 3adacTyio B jeio 1M nanupyckl. Korga apxeosoru
OTIAPUBAIOT X IO CJIOSM, KaK MPaBUIIO, OHU YK€ HEIIPUTOHBI JUTsl YTEHUs, HO, TEM HE MEHee,
UMEHHO 3TOT NPOLIECC TOMOT OOHAPYKUTh HEOOJBIIOE, 110 Ba)KHOE HAINPABICHHE B TPEUECKON
auteparype. Bumumo, TOIBKO Tak MOKHO HaJESIThCs BOCCTAHOBUTH paboTsl Carndo.

Korga Beimen u3 ynorpebieHusl nanupyc, UC4e3slo U nambe-Maiie. Bospoawiock oHO, modtu
6e3 Bcakux u3MmeHenuil, yxxe B XVIII Beke. OcobeHHO IMPOKO Nambe-mame u3 Oymaru
UCMONB30BaOCh Torna Bo PpaHuuM JUisl M3roToBieHUs MeOenu. Jlo caMoro mocCieaHero
BpPEMEHHU B AHIVIMU €r0 IPUMEHSITH JJIs peKJIaMHBIX MaKeTOB, a B BOWHY U3 Mallbe-Mallie Jeain
TOMJIMBHbIE Oaku M Jpyrue 4acTH camosIeToB, MeToj MoJydyeHHs W3JeNui U3 Ialbe-Malle
BIUTOTH J10 mpuMepHO 1945rona HUUEM He OTINYajICsS OT IPEBHEETHIIETCKOT0, Pa3Be YTO BMECTO
nanupyca McIoJib30Baiacs Oymara.

[Tockonbky MOM00HBIE CBEJCHUS MOTYT OKa3aThCsl MOJIE3HBIMHU, CTOMT KOPOTKO PacCcKasarh, Kak
JenaeTcsl marnbe-Mame. [Ipexae Bcero W3 TUIMHBI, IUIACTUIMHA WU ajedacTpa JODKHA OBITh
caenaHa HeoOXomumasi Moneldb. MoJenb MOKPBIBACTCS TalbKOM, JBHSIHBIM MAacIOM HIIN
CHUJIMKOHOBBIM JIAKOM, YTOOBI Talbe-Malle K Hell He MpHIHIUI0. MOXHO HCIIOIh30BaTh MOYTH
mo0yto Oymary, HO Jydimie Bcero Msrkyr. Camplii XOpOmIMH KJIeH s Hamux Iened -
BOJITHUCTAsE CMECh ME3IPOBOTO KJIESl M TaK HA3bIBAEMOM KaHIIEISAPCKOM macThl (KpaxMaabHOM).
ITo rycrore sTta cMech AOMKHA HANOMUHATHh TropoxoBbld cymn. Korga Bce rotoBo, HapBHTE
KYCOYKOB OymMaru pasMepoM MPUMEpPHO B JIAJOHb M 3aMOYHUTE WX B K€€, IOKa OHU HE CTaHYT
COBCEM MATKMMH. 3aTeM OOJIETUTE STUMH JIMCTOUYKAMH MOJEIh, TIPOI0JIKAS 3aHITHE JI0 TEX T0P,
MOKa HE MOJYyYHUTE HYXHYIO TOJmMHY. Korma Bce 3TO MOJTHOCTHIO BBICOXHET, BUJ y BallEro
U3JIeNHsl MOXKET OKa3aTbCs HE OYCHb IMPE3CHTA0CNbHBIM, HO HE OTOpuYaiiTech - CTUIITSHE,
HaBEPHOE, UCIIBITHIBAIINA TO K€ YYBCTBO. /€710 MOKHO MOMPABUTH, €CJIM 3aUUCTUTh BCE MIKYPKOM
U noKpacuTh. He mocKkynuTech Ha HECKOJIBKO CI0EB MACIIIHOW KPACKH, TaK KaK UMEHHO OT 3TOT0
3aBUCHUT 3allldTa MaTephaja OT HemoroAbl. BIIaroCTOMKOCTh TakKoro W3MAeIusi, KOHEYHO,
HEBa)XXKHAsl, HO OHA HE TaK IUIOXa, KaK MOXHO ObUIO OBl MPEANONOXKUTh, a MEXaHHUYECKas
MPOYHOCTh Ha YJIMBIICHUE BbICOKA. He mbITaliTeCh MCIONIB30BaTh CUHTETHYECKUM KJIEH, MHA4Ye
Balle u3jaenue Oyaer XpynKuM, BO3MOKHO H3-3a XOPOIIIeH aAre3uH.

Ecnu 6bl y mambe-maiie CONpOTHUBICHHE BOJE M IpuOKamM He ObUIO OBl XyXKe, 4eM Jaxe y
HaTypaJbHON JIPEBECHHBI, 3TOT MaTepuasl MPUMEHsUICS Obl ropa3go IMpe, TaKk Kak JIETKHE U
IpoYHble 000JI0YeUHbIe KOHCTPYKLIMU CO CJIOXKHBIMH KPUBBIMH TIOBEPXHOCTSIMH BCEr/ia



HEOOXOUMBI JUISl U3TOTOBIICHUS! aBTOOYCOB, JIOAOK, MAHIIUPEH, BaHH, MEOEIH, Taphl, TOTUTUBHBIX
6axoB U T.1. OHAKO CTOJETUSIMH HCIIOJIb30BAHUE Malbe-Malle ObLIIO0 OrPaHUYeHO OTCYTCTBUEM
BOJIOCTOMKHMX KJIEEB, W UYEJIOBEK BBIHYXJCH OBUI JeNaTh TSDKEIbIe JIETKO YSI3BUMBIE U
TPYJAOEMKHE 000JI0YKH U3 METaa.

Ipecc-nopomku

B 1906roay noxrop beiikenenn oOHapyXuil, 9TO MeXay GEeHOIOM U (HOPMaTbAETHIOM MOXKET
MPOTEKaTh XMMHUYECKas peakius ¢ oOpa3oBaHHMEM CMOJIbI. BHagane jkuakas Wi HEMHOTO
TATy4Yas, CMOJIa MOXET CTaTh TMOCJe HarpeBa TBEpPJOi, JJAOBOJBLHO TYrOIUIABKOW H
HepacTBOpUMOU. beiikeneHn ObUT 4eTOBEKOM BeChMa MPEANPUUMYHMBBIM, K TOMY BPEMEHU OH
yCHeN yXe CKOJOTHTh HEKOTOPOE COCTOSIHHE Ha M300pETCHUH W BHEAPEHHH (OoTOOymMaru TUIia
“Benokc”, HO, MO-BUAUMOMY, _ Jake OH HE OYCHH-TO PACCUHUTHIBAN Ha Ooyiee WM MEHEe
IIMPOKOE TPUMEHEHHE CBOCW CMoJibl. BHauajge oHa moOsBWIAch B MPOJAKE B KA4YECTBE
3aMEHHTENS HATYpaIbHBIX CMOJ B JlaKaxX W Tia3ypsx. MHE TOBOPUIIH, YTO OrpOMHAsl KOMITAHUS
“bakenut” HauMHAJIa CBOIO KU3HB O] BhIBeCKOH “JlakoBas kommnanus Jlammaps’, BEITYCTHB Ha
PBIHOK TpH copTa rinaszypei: “dammapa”, “ Jammapnaep”, “ Jlammapaect”.

Cama no cebe 3aTBepieBIIast OaKeIUTOBasE CMOJA - TBEPAOE XPYNKOE BEHIECTBO C HEOOJBILION
MPOYHOCTHIO, OYCHb HANIOMHHAIOIIEE HATypalibHYIO cMOJy. Ee umcmonp3oBaim Kak JA00aBKY K
JaKaM, OCOOCHHO B DJJICKTPOTEXHHKE HJs u3oisiiuu. [loToM OOHApY»KWIOCh, 4YTO OHA
MPEBOCXOJHO KIIEUT JpPEBeCHMHY B (aHepHOM TPOW3BOACTBe. Ho B umcTOoM BHIE UIs
KOHCTPYKIIMOHHBIX I[eJIe OHA HE HAaXOJuJa MPUMEHEHHS. [[0BOPOTHBIM MYHKTOM IOCITYKHIN
HaOmoneHust beiikenenaa - oH 0OHAPYXKUJI, 9TO €CIM K CMOJIE JI0 €€ 3aTBEepAcBaHUs 100aBUTh
BOJIOKOH, TO 3TO PE3KO MEHSET €€ MPOYHOCTb.

C »sTOro M Hayvajgoch HCIOJIB30BAHME TaK HAa3bIBAEMbIX (OPMOBOYHBIX MNOPOIIKOB. OHHU
MPEJICTaBISIIOT COO0M CMECHM YacTUYHO 3aTBEPHACBIIEH CMOJBI U KOPOTKHX IEJUTFOJIO3HBIX
BOJIOKOH NPUMEHSIEMBIX OOBIYHO B BUJIE APEBECHOW MYKH. Takol CyxXo#l MOPOIIOK HACHIIAIOT B
HArpeTyl0 CTalbHYIO Tmpecc-(hopMy. 31ecCh TMOPOIIOK pa3Msrdaercs, W TOJ JaBJICHUEM
MOJIYYMBIIASICS Macca 3aTeKaeT BO BCE YrOJKU (POpMBI, TIOCTIE YEro MPOUCXOAUT HeoOpaTUMoe
TBepacHUE. llepBoil cepuiHON AETanblo0, CACTAHHOW IO 3TOM TEXHOJIOTMH, CUMTAETCS PydKa
phlyara MepeKIfoueHus CKopocTei aBToMoomts “poric-poiic” (1916 rox).

DTOT MaTtepual, MOJyYUBIINKA Ha3BaHWE OakennTa, ObICTPO MPHOOPEN MOMYISPHOCTh, TaK Kak
ObUI JIETKUM M JICUIEBBIM U JIeJIal HETPYJOEMKUM U3TOTOBJICHUE JeTalel Ta)ke OYeHb CIOXKHBIX
¢dopm. bakenuT cran HaCTOIBKO MOMYJISIPHBIM, YTO OJHO BPEMS CEPhE3HO OOCYXKIAICS MPOEKT
HABOJHEHUS TIIOXOPOHHOTO pbIHKA OakenuToBbIMH rpobamu. [lpumenenuwe Oakenurta
CIEPKUBAIOCH TEM, YTO OOBIYHBINA TEXHUYECKUN OaKeIUT ObUT CIA0BIM M XPYIKUM, ITOCKOJIBKY B
HEM HCIOJIb30BAUCH OU€Hb KOPOTKHE BOJIOKHA, JINIIH HE3HAYUTEIBHO YIPOUHsBIIHME cMoy. OH
OBUT XOpOIIl JIMIIB TEM, YTO CMECh JIETKO (hOpMOBAIach, W MO3TOMY CTOMMOCTH IPOM3BOJICTBA
ObL1a HEOOIBIION.

[Ipecc-mopomiku cpasy ke NpUBENTH K COKPAIICHUIO TPOU3BOACTBA OMPMUHTEMOBCKOM OPOH3HI.
CrhenyomuM pe3yabTaToM Obllla BOJHA BO3MYIICHHH (MOXaiyi, OECIUIOAHBIX) CO CTOPOHBI
notpedureneii, KOTOppIM HE HPABWIMCH BHEIIHUN BHJI M XPYNKOCTh HOBOTO MaTepHala.
YacteHbKko, OTBeAs B CTOpPOHY, MHe ImenTtanu. “['oBOpsT, crofa 3acyHYNIH OIUIKHA, UYTOOBI
caenarh nemenne?” HyxHo ObUTO OOBSICHATH, YTO 0€3 OMUIIOK OBLIO OBl XyX€ W YTO B JIFOOOM
Clly4ae 4Yero emie JKIaTh MPU TaKOW HU3KOW IieHe. Beab HeOombInme OaKeTuTOBBIC H3ICITHUS
BpOJie KOpITyca BBIKJIIOYATENsl CTOMJIM TpH MmuuiMHra cotHa! HykHo ckaszartb, 4TO BCKOpe
M0I0OHBIE U3JENUS CTATN 3HAYUTENbHO Jiydine. OMHON U3 MPUYHMH 3TOTO SBUIACH KOHKYPEHITUS
CO CTOPOHBI HAMHOTO 0oJiee BI3KMX TEPMOILIACTOB, TAKUX, KaK IMOJIUITUIICH U HEHMIIOH.



[Ipouiecc monydeHHUss W3AENHUA M3 TMPECC-MIOPOIIKOB OUYEHBb MPOCT. J[0CTaTO4YHO 3achilmaTh B
ropsuyo mpecc-hopMy 3apaHee B3BCIICHHYIO TOPIMIO MOPOIIKA W HaXaTh KHOIKY Ipecca.
Kakoii ObI croskHOM HU ObLTa (hopMa, MOPOIIOK 3aMOTHHUT €€, PAacTeKasCh MOJI0OHO KUIKOCTH.
D10 oueHb yMOOHBIM W 3(PGEKTHUBHBIN MPOIECC, OCOOCHHO MJisi MPOU3BOJICTBA HEOONBIINX
U3JIeNHA  DJICKTPOTEXHUYECKOTO Ha3HAdeHWs. Hampumep, mnpu MpeccoBaHUU KOpIyca
HACTCHHOT'O BBIKJIFOYATENS TUIACTUYHAS Macca JIOJDKHA PACTEKaThCs BOKPYT MHOTOYHCIICHHBIX
JaTyHHBIX Jaeraneil. Ho, kak BBl yXe 3HaeTe, [UIsl 3TOTO HYKHO HCIIONB30BATh JOBOJHHO
KOPOTKHE BOJIOKHA, KOTOPBIC JAIOT CPaBHUTEIILHO HEMPOYHBIM M XPYNKUH Martepuan. Bems B
CMOJIe TpEIIMHA, BCTPETHB HA CBOEM IMYTH KOPOTKOE BOJIOKHO, MOXKET JIETKO OOOWTH €ero u
MPOJIOJDKUTH CBOH MYTh JAJIBIIIC.

Caoucrble MaTepHaJbl ¢ HEC/UIIOJI03HBIMA BOJIOKHAMH

Ecim or wmarepmana TpeOyercss MakCHUMajbHas IPOYHOCTh, Ui ApPMHUPOBAHMS CIEIyeT
UCTIOJIb30BaTh JUIMHHBIE aKKYpaTHO YJOXKCHHbIE BOJIOKHA. Jlaneko He Bcerja, 0JHaKO, MOYKHO
3aCTaBUTh TAaKOM Marepuan 3amoidHuTh ¢opMmy. I[losToMy B CIIOMCTBIX IIIACTHKAX,
pa3paboranHbix B 20-€ T0o/1b1, OyMara win TKaHb IPOMHUTHIBAIUCH PACTBOPOM (PEHOIBHOM CMOJIBI
(oObruHO crmpToBEIM). [lociie CYIIKM NpPOMUTAHHBIC CIIOW YKIAAbIBAIH MEXIY TIIATEIbHO
BBIBEPCHHBIMH TapaJUICIbHBIMU HArpeTbIMM IUTUTAMU THAPABIMYECKOTO Ipecca, TIe CMOoJa
3aTBep/cBaia Mo aaBienuem okono 150k /cmz

Taxoit marepuan OblT JOBOJIBHO JOPOTHM, HO XOPOILIKM IO Ka4ecTBY, a HEKOTOPBIE €ro copra
o0nasany JOBOJIHHO BBICOKOH MPOYHOCTHIO M BA3KOCTHIO. DEHOIBHBIE CMOJBI UMEIOT YEePHBIN
WIN TPA3HO-KOPUYHEBBIN. I[BET, NO3TOMY JIUCTHI CIOMUCTBIX IUIACTHMKOB HE HCIIOJIb30BAIU JIS
NEKOpAaTUBHBIX Iieleil. Brauame Oonblias dYacTh IIJJACTHKOB, HAIMOJHEHHBIX OyMarou
(reTHHAKCBI), MCIOJB30BAIACH B KAYECTBE AIICKTPOM3OJISAIMOHHBIX MATEPUANIOB; IJIACTUKU Ha
OCHOBE TKaHU (TEKCTOJUTHI), OYAy4Yd OUCHb BS3KHMH, IIJIM HA HW3TOTOBJICHHUE IIECTEPEHOK,
MNOJUINITHUKOB, KYyJIaykoB. B mociieBoeHHbIE TOABI TMOSBUIUCH MEJIaMHHOBBIE OECIIBETHbBIE
CMOJIBI, @ C HAMHU M BO3MOKHOCTbH JI€JIaTh IMOBEPXHOCTh JHMCTOB IBETHOW WM Yy30pYaTOM.
Marepuai B TOJIIIE JIUCTA OCTABAJICS MIPU 3TOM MPEKHUM, HA OCHOBE KOPHUYHEBOM MPOMUTAHHON
(deHonbHOM cMoJol Oymaru, 4yTo M NMpovHee, U Jemenne. Takoii KOMOMHUPOBAHHBIA MaTepHal
OKa3aJcsi OYeHb MOAXOMSALIUM JUIsl MOKPBITUN CTOJOB M MaHeNed W Chirpajl OONbIIyI0 pOJib B
“KyXOHHOW PEBOJIIOLINN .

JlexopaTuBHBIE JMCTHI [JIACTHKA, KOTOPBIX ceyac MHOTO B IPOJaKe, CPAaBHUTEIBHO HETIPOYHBI
U XPYNKH, HO, TOCKOJIbKY OHHU TIOYTH BCErla NPHUKJICHBAIOTCS K JOCTATOYHO IKECTKUM
ocHOBaHMsIM (HampuMmep, K JECPEeBIHHON TaOdypeTke), 3TO He uMeeT 0co0oro 3HaueHus. B Hamm
JTHU TPYIHO ce0e MPeACTaBUTh YTO IO MOSBICHUS dTHUX MAaTEPHUAJIOB IMPOCTO HE CYIIECTBOBAJIO
NEHCTBUTENBHO YIOBIETBOPUTENBHBIX MOKPBITHUHA AJi1 CTOJOB. HeBeposTHOE 4MCIIO KEHCKUX
YeJI0BEKO-4aCOB TPATHJIOCh HA TO, YTOOBI CKPECTH JEPEBSIHHYIO MOBEPXHOCTh, BEIb IO CBOCH
MOPUCTON MPHUPOJIE OHA HEOTPA3UMO IPUTATHBAET K ce0e TPs3b.

XOTs LEI0I03a B TaKUX IUIACTHKAaX M COXPAHSAET B OCHOBHOM CBOE IIPUCTPACTHE K BOJAE,
HaMBpEAHEUIIMKA OCTaTOK BOABI B HEH MOXET ObITh yMEHBIIEH IyTeM CYIIKH BOJIOKOH C
nocienyomei (opMoBKOH M OTBEPXKJICHUEM MaTepHaia B BO3MOXKHO 00JIee CyXOM COCTOSTHHM.
Ecimu 310 caenaHo, KaXXgoe BOJOKHO 3a)KaTO W OIPAHMYEHO B IEPEMELICHUAX MaTPULIEH U
IpyruMu  BoJOKHaMu. [loaTomy pa3OyxaHue pe3KO YMEHbBINAETCsS, XOTSA 4Yepe3 CMONIy M
NPOHUKAIOT mapsl BoAbl. Ilockonbky Oymara (MM TKaHb) JOJDKHA OBITH MOKpBITA CMOJIOH Ha
ONHOM U3 TMEpPBBIX CTaAUM TEXHOJIOTMYECKOIrO IIpouecca, a CyHIKa IPOU3BOIUTCS
HEINOCPEACTBEHHO IIEPE] IIPECCOBAHUEM, TO BMECTE C IIEJIIKOJI030M COXHET M cMoja. A Belb
JIETKOCTh, C KOTOPOM (peHOJbHAs CMOJIa 3aloJHSET ropsuyro (opMmy Iepes 3aTBepAeBaHUEM,
OYCHb CUJIbHO 3aBHCHUT OT KOJIMYECTBA UMEIOIIEHCS BOJIBI; IO3TOMY CyxXasi cMoua TpedyeT Ooee



BBICOKHX JIaBJIICHUI JUIS PAaBHOMEPHOTO paclpeielicHusl ee B 00beMe MaTepuaia M MOJydCHUS
HYXXHBIX BHYTPEHHUX CBs3€il. DTO NPUBOTUT K TOMY, YTO MOJy4YaTh TaKHEe MaTepHajbl C
NPWINYHOW BOJOCTOMKOCTBIO, UCTIONB3Ys HeOobIKe AaBieHus (3aMeTHo Menbiie 150k[/cm?),
00BIYHO HEBO3MOXKHO. OOIIas Harpy3ka, KOTOPYI HYXHO MPHJIOKUTh K CTAaHAApPTHOHW TMaHEIH
pasmepom 240X120cm, Oygmer, crnegoBarenbHO, okojo 5S000T; mo3TOMYy H3TOTOBIEHUE
TEKCTOJIUTA ¥ TETUHAKCA TPEOYET TO0pOroro o00pya0BaHus.

Ha BmarocToMKOCTh TEKCTOJWTAa M TETHHAKCA BIMSIOT Tak)Ke€ HEKOTOPhIE XUMHUYECKHE
OCOOCHHOCTH Tpollecca MPOMUTKH. MOXHO 3HAYMTENTHHO CHHU3UTH 3aXBaT BJIArM 3a CUYET
MPaBUILHOTO BBIOOpPA CMOJIBI. Tak 4acTO W JENAl0T B TPOU3ZBOJACTBE AJIEKTPOTEXHHUECKHX
maTepuanoB. K coxanenuro, xopormiasi BIaroCTOWKOCTh 03HA4YaeT OJOKHpPOBaHUE THIPOKCHIIOB B
IIEJUTIOJIO3€E, a ATO JIeaeT €€ XPYNKOH U MOTOMY MaJIONIPUTOTHOMN 11 KOHCTPYKIIMOHHBIX IIEJICH.
Cpazy nocye BOWHBI 51 BUJIET CAMOJIET, MOCTPOCHHBIM HEMIIAMHU M3 MaTepHasia TUIa TeTUHAKCA.
UtoObl oOecrmeyuTh BSI3KOCTh, OHHU, HACKOJIBKO OCMEIWJINCh, CHU3WIA CONPOTHBICHUE
Martepuana Biare. Oka3anoch, UTO OHU MEPECTaPAIUCh. K TOMY BPEMEHH, KOT'/1a sl €ro BUJEN, OH
MIPOCTOSIT TI0JT OTKPBITHIM HEOOM TPH MECSIIa U Pa3BATMBAJICS HA KYCKH.

Bo Bpemst BoWHBI B AHIVIMM MHOTO Pa0OTaIM HaJ JIMCTOBBIMH IUIACTUKAMH, apMHUPOBAHHBIMHU
EJUTIOJIO3HBIMU BOJIOKHAMH, JJISl 3aMEHbI MU aJIOMHHHUS B OOIIMBKE camoineTa. Ham ynanocs,
COXpaHSAsA JOCTATOYHYIO BS3KOCTh, CHHM3HMTh BBI3BAHHOE KOJICOAHMSIMU BJIAXXHOCTH IOJHOE
U3MEHEeHHE pa3MepoB B rutockocTu ucta 10 0,8%.3aTem B mopsike 3KCIeprUMEHTa Mbl OOIIMIN
9acTh NMOBEPXHOCTH JBCHAALATH HAXOJUMBIIMXCS B CTPOIO camoyieToB. Hukakmx aBapuii He
MI0CJIEI0BAJIO, HO U TMOJIOKUTEIBHBIX PE3YyJIbTaTOB Mbl HE MONYy4WIH. [[eno B TOM, 4TO JIHUCTHI
ObUTH, KOHEYHO, MPUKJICTIaHbl K aTIOMUHHEBOMY KapKacy, KOTOpBI HE MOT HHM pa30yxaTb, HU
ychIXaTh BMecTe ¢ HUMU. W B pe3ynbTaTe Ha caMoJIeTax, JICTABIINX B MyCTBhIHE, TNIACTHKH TaK
HATATHBAINCH, YTO JIMHUS 3aKJICNOYHOTO INBAa OKA3bIBANACh YCESIHHOW TPEHIMHAMH; B TO K€
BpeMs BO BJIQ)KHOM KJIMMaTe, 0COOEHHO MOCIE TasHHSI CHETa, JIUCTHI YTPOXKAIOIIE BHITYUYHBAINCH
¥ KOpoOMIHCh. B KOHIIE KOHIIOB MPHIIUIOCH OT ATOM 3aTeH oTKa3arhes. [IpakTiHuecku Konebanus
pa3MepoB apMUPOBAHHBIX LIEJUTION030M MaTepuanoB Bcerga OyayT cocTaBisiTh okoio 1%. Orto
HE COrjlacyercss HM C METaUIOM, HM C ApPEBECHHOW, HU ¢ (aHepold - M MOTOMY JelaeT
HEBO3MOXXHBIM ITPUMEHEHHE TAaKUX MaTepHalIOB B IIMPOKHUX MaclITadax.

Hcnonp30BaHre TMPOYHBIX CIOUCTHIX IUIACTUKOB CErOJHS MPAKTUYECKH OTpaHUYHUBAETCS
MJIOCKUMU JIMCTAMHU, KOTOPbIE MOXHO MPECCOBATh MEXAY TLIATEIbHO BHIBEPEHHBIMH IUIMTAMM.
Jns wmsrotoBieHUs (QUTYPHBIX H3AENUNA HEOOXOAMMO HMMETh NPOGUIMPOBAHHYIO CTANbHYIO
npecc-(popMy, COCTOSIIIYI0 M3 JIBYX IOJOBMHOK. B 11000M cilydae 3TO JOBOJIBHO J0pOToe
NPAKTUUYECKH HEU3MEHsAEeMOe MpHCIOocoO0IeHre, HO Jake HEe OHO JenaeT mpoduiIbHOe
IIPECCOBAHUE Ha PEIKOCTh TPYAHBIM. TpyIHOCTH 37€Ch CBSi3aHAa C TEM, YTO TAKOW Marepual
MIOYTH HE TEYeT B Mpoliecce npeccoBanus. [loaToMy 10JKeH 0OYeHb TOYHO BBIAEPKUBATHCS 3a30D
MEXIy IBYMs IOJIOBUHKamMH mpecc-¢popmbl. Ecim 3TOoro He olecmeuyuTh, TO BCS Harpyska
OpUIETCS Ha T€ YYacTKH, TJE€ 3a30p MEHbIIe HOPMBI a OCTalbHOW Marepuanl He Oynaer
IIPECCOBATHCS] COBCEM.

TpynHOCTH U JOPOrOBU3HA ATOH OINEpaliy BIOJIHE I0CTaTOYHBI, YTOOBI OTIYTHYTh HHXKEHEPOB,
0COOEHHO ceiuac, KOrja B MX PacHOpsDKEHUM €CTh Apyrue, 0osiee MpOCThle MyTH MOTYyYCHHS
npeccoBaHHbIX u3nenuii. Onnako B koHne 30-X - Hauane 40X ronoB Apyrux myTei He ObUIO,
IIO9TOMY, HECMOTpPs Ha TSDKEIYH0 M JOPOTYyI0 OCHACTKY, HECKOJIBKO CEpbE3HBIX OOJIbIINX
JeTajgeld Mouulo B MPOU3BOACTBO IO OMUCAHHOM TeXHOJIOTMH. [IoMHHUTCS, Tak OBUIO CIENIaHO
CTAaHJApTHOE Kpeciao NWIoTa M CaMoJIeTa-UCTpeOUTeNs, KOTOPOE HCIOJIb30BAIOCh B
“Crnutdaiiepe” M HEKOTOPBIX JPYrMX MalIMHAX. OTa JOBOJBHO OoJbIIasi M CIOXKHAS
KOHCTPYKLIUsL coOMpanack Ha 00JdTaXx M3 HECKOJbKHUX MPO(MUIBHBIX JAeTallel, IMOJy4eHHbIX
npeccoBanueM. B paboTe oHa BblAEp)KHMBaJa HArpy3Kd NOpsAKa TOHHBI M HUKOTJIA He



nocTaBisiia 6ecriokoiictBa. C Apyroil CTOpOHbBI, SKOHOMUS BeCa U CTOMMOCTH IO CPaBHEHUIO C
KJIETIAHbIM METAJUIMYECKUM KpPECJIOM He ObliIa 0YEHb yXK BEJUKA.

CTeKJI0ImIacTUKH

CoBpeMeHHbIE apMHUPOBAaHHBIE IJIACTMACChl BEIyT CBOE HAyajlo OT MaTepuajoB Ha OCHOBE
HEOPraHMYECKUX BOJIOKOH, HAIICAIINX NPUMEHEHHWE B KOHIIE BOWHBI. BmepBbie mogoOHBIC
MaTepuaibl UCIOIb30BaIM ISl U3TOTOBIICHUSI aHTEHHBIX O0TeKaTeseil, KOTOpbIe MPeICTaBISIOT
co0Oi KyIoJIo0Opa3Hyl0 KOHCTPYKIMIO, TJIe€ pa3MeIIaeTcsi aHTeHHa Jjokaropa. OOrekarenb
JOJKeH OBbITh MpPO3pauyHbIM ISl PagUOBOJH, IMOITOMY MaTepuan s Hero Tpedyercs
HEBJICKTPONPOBOAHBIN. B KauecTBe OCHOBBI TAKOT'O pOAa MaTepuaia HauOOJIBIIUM YCIIEXOM U IO
CETOAHSIIHUN JeHb MOJIb3YETCS] CTEKJIOBOJIOKHO.

CocTtaB €ero HEMHOT0 U3MEHMJICS, HO B OCTAJIbHOM BOJIOKHA TMOXO0XKH Ha T€, KOTOPBIE BHITSATUBAJI
I'puddurc nmoutn nonseka Hazan. [Iporecc MX BBHITATMBAHUS MEXaHM3MPOBAH, CEHYaC CTEKIIO
IUTAaBUTCSl B HAarpeBaeMOM 3JIEKTPOTOKOM IJIATUHOBOM KOHTEWHEpe, B JIHE KOTOPOro MMeeTcs
o0pryHO 200 wim 400 maneHbKUX OTBepcTHidl. Uepe3 Kaxaoe M3 ITHX OTBEPCTUH TAHETCS
BOJIOKHO, KOTOPO€ OXJIAKIAETCS U 3aTBEPAEBAET 10 MYTH K PACHOJIOKEHHOMY 0] KOHTEHHEPOM
Bpalamomemycs 6apabany, Ha KOTOPBIH OHO HaMaThIBaeTcs. OOBIYHBIN TMaMeTp BOJIOKOH - OT 5
10 10mMkM. MX npouHOCTh Ha pa3pbiB Cpa3y IOCIE BBITSATUBAHUS COCTABISET, MO-BUIUMOMY,
300-350«I'/MM"2, HO TpU MOCIEOYIOMIMX OIEpalMsiX OHA CHIKAeTcs. [IOCKONBKY CBEXHE
BOJIOKHA HUMEIOT TEHJCHIMIO CKJIEUBAaThCS MEXIy COOOH, a 3a 3THM CIEAYyeT B3aUMHOE
pa3ylpo4yHeHUe, BOJIOKHA Ha MYTH OT KOHTEifHepa K OapabaHy MOJBEPraioTCs CHEelHaIbHOM
0o0paboTke, B pe3yibTaTe KOTOPOM Ha HUX INOSABISAETCA 3allMTHAs IUIEHKAa. OJTa IUIEHKa
IpeOXpaHsieT OT TOBPESKACHUN MNpH MOCISAYIOIIMX OIepanusx, Hanmpumep TkaHu. llepen
orepanyel NpoIuTKU CMOJION 3Ta MJIEHKA yIAJIIETCs - €€ PaCTBOPAIOT WK CHKUTAIOT.

[Tocne TOoro kak BOJIOKHA BBITSHYTHI M HAMOTaHbl Ha OapabaH, DATbHEUIINH XOH COOBITHIA
3aBHCHT OT Ha3HAYCHHUs OyayIiero usuenus. Mbl y)Ke TOBOPHIIH, 4TO B (OPMY HYKHO YIIOKUTH
KaK MOYXHO OOJIbIIIe BOJIOKOH MTPOCTO MOTOMY, YTO OHHU pa3 Bo cTo (M0 KpaifHel Mepe) mpoyHee
cMoJiel. [103TOMYy TIpH MPOYMX PABHBIX YCIOBHUSAX MPOYHOCTH IMOJTYYCHHOTO MaTepuaia Oynuer
MPOIOPIIMOHANIEHA COJIEPKAaHUIO BOJIOKOH. B cTekiiomare, coiepikaiieM OTIeIbHbIE BOIOKHA, HX
KOHIICHTPAIIMs OYCHb W OYCHHb Majla, MOITOMY CTEKJIIOBOJIOKHO B TaKOM BHJIC HCIIOJB3yeTCS
peaKo, TONBKO B CIEUUATBHBIX ciy4asx. Jlydmias yrmakoBKa BOJOKOH TIONy4YaeTcsl B
napauIeIbHBIX MydYKax, HapuMep B HUTIX WM Npspke. HUTH OOBIYHO CoJep)KaT HECKOJIBKO
COTEH OTAEIBLHBIX BOJIOKOH.

[TockonbKy BOJIOKHA HEMPEpPhIBHBIC, HET HYXKJIbI HCIOIH30BaTh OONBIIYIO KPYTKY HUTH, YTOOBI
IepxaTh UX BMecTe. MHOrma mocie MpONUTKA CMOJIOM Takas MpsbkKa HCMOJb3YeTCs IS
W3TOTOBJICHHSI TTyTeM HAMOTKH - Pa3HOTO pOJa pe3epByapoB, TpyO, cocymoB naBieHus. s
MHOTHX BBICOKOKAYECTBEHHBIX M3EIUN U3 CTEKJIOHUTHU JIEJIAIOT CIEIUAIbHYI0 TKaHb, KOTOpast
BBITJISIUT KaK JIOPOTOi OeTblid CaTHH.

CTeKI0mIacTUKU U3 TKaHU Xopouun cBOCH IMPOYHOCTBIO, HO U3JACINA U3 HUX JOBOJIbHO JOPOTH.
W nemo 3mech HE CTOJIBKO B BBICOKOHW CTOMMOCTH CaMOTO MaTepHalia, CKOJBKO B TOM, YTO
CTCKJIOTKaHb HE OYEeHb YAOOHAa Ui aBTOMAaTH3aIllMH IPOIEcca MONYyYSHHsS MPOMUIHHBIX
H3I[CJII/II>'I. HOBTOMY HaI/IGOHBI_HaH 4YaCTb MPOU3BOAUMOIO CTCKJIIOBOJIOKHA IMPUMCHACTCIA B BUIC
Mata u3 pyosieHou crekionpsiku. [Ipsoka pyOuTCs HAa KYCKU JJIMHOKO S - 8CM M UIET TJIaBHBIM
o0pa3oM Ha TMOJyYEeHHE IUIOCKMX MaTOB IYTEeM HAaHECEHHUs AITOW BOJIOKHHUCTOW MacChl Ha
MIPOBOJIOYHYIO CETKY, MIOKPBITYIO CIIa0bIM OBICTPOCOXHYIIMM KiieeM. [Ipmkumaercs MaT K ceTke
C MTOMOIIIbIO BO3YIIHOM cTpyH. Korna kiieil BhICHIXaeT, MaT CHUMAETCS C CETKH, U C HUM MOYKHO
oOpamiarbest, Kak ¢ JucToM Oymard. /it M3roToBieHUs GUTYPHBIX M3CTHIA MaT pa3pe3aeTcs Ha



MOIXOJISAIINE KyCKH, KOTOPBIMH OOKJIEMBAIOT COOTBETCTBYIOIIYIO MOJIENh, IIOKA HE MOJIy4aeTCs
JeTallb HY>KHBIX Pa3MepOB U KOHPUTypalluu.

[Ipy wm3roroBiaeHUH OOJBIIMX MAPTHH MPOYUIBHBIX HM3ACTUN HCIONB3YIOT Ty K€ TEXHUKY
00yBaHMs BO3IYLIHBIMH CTPYSMH, IIOCKOJIBKY 3TOT INPOLIECC MOXKHO aBTOMaru3upoBarh. OH
NPUMEHSIETCA NPU M3TOTOBJICHUM TaKUX M3AENUH, KaK ILJIEMbl KOpIyca MUINYLIUX MAalluHOK
U T.1. BMECTO MeTamm4ecKoi CeTKHU 3/1eCh UCIOIb3YETCs ceTYaTas MOJIElb, Ha KOTOPYIO TEM K€
crocoboM HaHOCHUTCS cTekjiomar. [lodydeHHBI CTeKJIoMaT aBTOMAaTHYECKU IepeMeliaercs B
HarpeTyio CTaJIbHYI0 IMpecc-GpopMy, 3/1eCh K HeMy A00aBIseTCsl OCHOBHAs CBSA3YIOIIAas CMOJa,
KOTOpasi TBEPJCET MO JaBJICHUEM.

[ToMrUMO BBICOKOW MPOYHOCTH, CTEKIOBOJIOKHO HMMEET €IIe OJHO JTOCTOMHCTBO - OHO HE
pazOyxaeT B BOJAE, MOITOMY oOlepanuio (OPMOBKH HET HYXAbl MPOBOIUTEH IOJ OOJBIINM
JaBJieHWEeM. 3HAYMT, MOXXHO HKCIIOJB30BaTh HEJAOPOTHE, JIETKO H3MEHsSEeMble Tpecc-popMbl U
OTKa3aThCsl OT MOUTHBIX TMAPABINYECKUX MTPECCOB.

[Tpu popmOBKe CTEKIIOMIACTUKOB B KaueCTBE CBS3YIOLIETO MOXHO HCIOJIb30BaTh (PEHOJIbHBIC
CMOJIbI, HO OOBIYHO JIydYllle MPUMEHSTh CMOJIBI (Hampumep, NOIHI(PHUPHBIE), pa3paboTaHHbBIC
CIELMAJIbHO I ATOW Leau. MHOrue u3 Mpou3BOAMMBIX CMOJI TBEPACIOT HE TOJBKO MPU OYEHb
MaJIbIX JIaBJICHUAX, HO U P KOMHATHON TeMIIepaType - mociie J00aBIeHNs KaTalunu3aTopa.

DTO MPUBENO K TEXHOJOTHH, KOTOPYIO MOKHO ObUTO OBl HAa3BaTh “METONOM Belpa U INETKH .
OueHb TOMYJSPHBIA Ccpeau JiroouTeneld u HeOOMbIUX (UPM, TaKOW CIOCOO MOYTH HUYEM HE
OTIIMYAETCS OT ETUIETCKOro crocoba moiydeHus mnambe-mamie. CIou XOJO0JHOTBEpACIOIeH
CMOJIBI U CTEKJIOMaTa (MM CTEKIOTKAHU) MOMEPEMEHHO HAKJIaIbIBAIOT HA MPOCTYIO TMIICOBYIO
MOJIeJIb U OCTaBISIOT B TaKOM BHUJE Ha BpeMs, HeoOXoammoe s oTBepkiaeHus. Ecim Bes
npoueaypa mpojeraHa JI0OpOCOBECTHO M aKKypaTHO, IIOJYYHUTCS BIIOJHE HOpMallbHas
KoHCTpyKuus. [IpaBaa, 3aTpaTsl Tpyaa OyayT BEIHKOBATHI, €CIU MOTpeOyeTcs clenaTh NECATKU
Takux uzgenuid. Ho nis m3rotoBieHust o4eHb OONBIIUX KOHCTPYKIMM, HalpUMep JIOJO0K, - 3TO
MPAKTUYECKH STUHCTBEHHBIN MYTh.

OpnnHa U3 TpyQHOCTEH 3TOW TEXHOJOTMH 3aKJIIOYAeTCs B TOM, YTO OHA HE IO3BOJIAET IOJIYYUTh
JIBYX COBEpLICHHO OJIMHAKOBBIX H3JCJIHMH, TaK Kak HaJJIEXKallUd KOHTPOJIb IPAKTUYECKH
HeBO3MOKEH. Hy a IOCKOIBKY NPOYHOCTb TAaKOW IEPEMEHYMBOM KOHCTPYKLUU IIPEICKa3aThb
JIOBOJIBHO TPYAHO, 3TOT METOJ, HE COBCEM I'OJIEH I N3TOTOBIEHUS CAMOJIETHBIX KOHCTPYKLIHN.

UTo0Bl MOMYyYUTh H3AEITUE XOPOIIEro KadecTBa, CMOJa JIOJDKHA TBEPACTh B CYXOW, TEIIOH,
KOHTpOJIMpyeMOl aTtMmocdepe, a 3TO HE BCEra BO3MOXKHO B YCIOBHUAX IOITYKYCTapHBIX
MacTepckux. VIMEHHO OTCI0JIa BO3HHKAIOT JKAIOOBl Ha JIOJAKH U3 CTEKIIOIUIACTUKOB - HX
3a4acTyi0 JenaloT B XOJOJHBIX CBHIPBIX capasx. Ha xopomux 3aBojax 3Ty oOmepanuio
NPOJICIBIBAIOT B 000rpeBacMoM (M JOpPOTOM TO3TOMY) MOMEIICHUH, 8 KYCTapu U JFOOUTENH C
HanOobImUM 3(P(HEKTOM MOTYT MPUIIOKHUTH CBOM CHJIBI K JTOBOJKE KOPITYCOB, M3TOTOBJICHHBIX
npodeccruoHazaMy Ha MOAXOSAIIEM 000pYA0BaHHUH.

Jist 607X KOHCTPYKIIMHA BPOJIE CY/IOBBIX KOPITYCOB CTAHOBHUTCS BaXKHOM CTOMMOCTB MOJIEIH,
TaK KaK KOJMYECTBO MPOM3BOAMMBIX H3JEIHIl OOBIYHO HEBENMKO. B Takux ciydasx jydine
UCIIOJIb30BaTh HEJOpPOTME MOJEIM, a CMOJE AaTb BO3MOYKHOCTb MENJIEHHO TBEPAETHh INpU
KOMHaTHOW Temmepatype. Kpome Toro, mpu 3TOoM JOMycTHMa JUIMTEIbHAs pydHas JOBOJAKA
3arBepreBiiel o0omouku. Ho ecnmu MBI mMeeM J1e/l0 ¢ TaKUMHU HM3ICTUSAMH, KaK [UIEMbl WIH
YeMOJaHbl, SKOHOMHYECKas KapTHHAa MeHsieTcd. B momoOHON cuTyauuu OOBIYHO MPUMEHSIOT
COCTOALIYI0 M3 JIBYX IOJOBHHOK CTaJbHYIO Harperyio mpecc-gpopmy. CTEKIOBOIOKHUCTYIO
3aroTOBKY OITyCKAalOT B Mpecc-(popMy M Iepea caMbiM 3axJIONbIBAaHHEM J00aBISIIOT B Hee



OIPEAEIIEHHOE KOJUYECTBO XKUAKOM CMOJBI ropsdyero TtBepAaeHus. CKOpocTh 3aTBEpIEBaHUS
noaoupaercss Tak, YTOObI CMOJA, MIPEXJE YeM 3aTBEpICTh, ycIlela PaBHOMEPHO MPOIUTATh
CTEKJIOMAcCy. 3aTeM OCTaeTcs JHIIb U3BJIeYb M3 (OPMBI TOTOBOE M3/EIHME - IMOYTH HUKAKOU
PY4YHOH TOBOJKH He TpedyeTcs, Tak Kak Impecc-popma TIIATeNIbHO OTHOIMpOBaHa. Bech mpouecc
NOJIy4EeHUs] BOJIOKHMCTOW 3aroTOBKH, YCTaHOBKHM €€ B Ipecc-(hopMy, HPOMHUTKH CMOJIOH
TBEPJCHHSI MOKET BBIIIOJIHATHCS B OJJHON OOJIBIION MAalIMHE B TEUCHHE HECKOJIbKUX CEKYH/[, B TO
BpeMs KaK py4Has yKJIaJKa CTEKJIOBOJIOKHA TpeOyeT 4acoB U AaXKe THEH.

B mepBbIX apMUpPOBaHHBIX MaTepHajaX KOJUYECTBO BOJIOKOH ObUIO HEOOJBUIMM U BOJOKHO
BBOJIMJIOCH C IICJIBI0 HEUTpanu3anuu rpyosix nedexToB cimaboi xpymnkoi marpuibl. O Takux
MaTepHuajax MpaBUIBHO NOBOPUTH Kak 00 apMupoBaHHBIX. OJHAKO CO BpEMEHEM Ha3HAYCHHE
MaTpHUILIbl U3MEHUIIOCH - OHA CTaJla CIY>KUTh TOJIBKO JJI CKJICHBAHUS MPOYHBIX BOJIOKOH MEXKIY
CO6OI>1; TCIICPb MBI CTPEMHUMCA UCIIOJIB30BATh MAaTpUILly JIMIIb B KOJINMYCCTBAX, H€O6XOI[I/IMI>IX JJISL
HAJIC)KHOTO CBSI3bIBAHUS BOJIOKOH. Takue cucTeMbl IpaBUiibHEE ObLIO Obl Ha3bIBATh CBA3aHHBIMU
BOJIOKHUCTBIMU MaTCpHaJIaMU.

Ceppe3HOE H3Y4YEHHME CBOWCTB JTHX CHUCTEM - MPEAMET TPYAHbII W B BBICIIEH CTENEHU
MaTeMaTU3UPOBaHHBIN. B mocienHee BpeMs OH NOJydns MPU3HAHUE U aXe CHENAICs MOAHBIM
B akKaJeMHueckux Kkpyrax. He BpaBasce B Jeranu, MOXKHO CKas3aTb, YTO CBOWCTBA MAacChl
CKJIEEHHBIX MEXJly COOOH BOJIOKOH 0ojiee WM MEHee CIENYIOT MPEeACKa3aHUusAM, MOJIy4YEeHHbBIM C
MOMOIIBIO AJIEMEHTAPHOTO pacyeTa. OOBIYHO TPYAHO MOIYYUTh MaTepuall, COAEep Kaluii 6oee

50% BosokoH 1O 00BeMy. IIpOYHOCTH TOTOBOTO CTEKJIIOBOJIOKHA MOXXHO CUHUTATh PaBHOMN
npumepro 200k /mm?, a ero moxyns FOnra - 7000k /mm?. TIpyTok cTekiomiacTika (Hampumep,
CIMHHUHIOBOE YIWJIUINE), B KOTOPOM BCE BOJIOKHA YJIOXKEHBI MapajjiebHO OCH, OyIeT MMETh
npounocte 100k['/mm?, a mMomyns FOura 3500k[/MM? MOCKOJBKY CMOJa MOYTH HE BHOCHT
CBOCH J0JIM HU B IPOYHOCTh, HU B MOAYJIb, XOTS, KOHEYHO, YBEIMYMBACT Bec. PaccunTaHHbIN 11O
NpOCTOMY TpaBHJIy CMecel, yAenbHbId Bec MaTepuaya coctaBuT 1,850/cm®, eciu B HeM He
Oyzer mop (a Tak M JOJDKHO OBITH); YAEIBHBINA BEC CTEKIIA - OKOJI0 2,5,a cMmoubl - 1,21/ cm?. Mbl
MOXKeM MO3TOMY COCTaBUTH I (S13%0114% ) CPaBHUTEIBHYIO TaOHILy.

V nenpHbIi [penen V nenbHas Mopynb | Y nenbHbli
Marepuan BEC, NPOYHOCTH, |~ oth IOmnra, MOJLyJIb
r/ky6.cM. | k['/kB.MM. P K[/xB.MM. IOnra
CrexsomracTuk (apamiensHbie 1.85 100 54 3500 2000
BOJIOKHA)
CrekomnacTuk (CTEKIOTKAHB) 1.85 50 27 1750 1000
Msrkas ctanb 7.8 40 5 21000 2700
BrIcoKonpoYHas cTaib 7.8 200 26 21000 2700

W3 Tabnuipl SICHO, YTO CPaBHUBATH CTaJb M CTEKJIOIJIACTUK HE OYEHb MPOCTO. I'pybo roBops,
CTEKJIOIJIACTUKU IpOYHEee CTalHd, OCOOEHHO IO OTHOLIEHHIO K YyaelabHOMY Becy. Ho mo
YKECTKOCTH OHU XYK€ CTaJIeH, 1aXe €ClI NPUHIATh BO BHUMAHUE HAMHOT'O MEHBUIYIO IIJIOTHOCT.
B 3TOM OTHOLIEHNN OHM YCTYNAIOT U JEPEBY,

Kak u B cnyuae ¢ apeBecuHOM, CpaBHEHUE B U3BECTHOM CTETIEHH 3aBUCHUT OT TOTO, B CKOJIBKUX
HAIpaBJIEHUSAX [JOJKEH ObIThb NpPOYHBIM Marepuan. KoHeuHo, HauBbIcmive IUGPHI JaeT
MaTepuai, B KOTOPOM BCE€ BOJIOKHA U, CIEJOBATEIbHO, TPOYHOCTH, HAIMPABJIEHBI BJIOJIb OAHOU
OCH; HO TEXHHUYECKHE MPHIOKEHHUS MaTepuaioB Takoro TUNA CUJIbHO orpaHuyeHsl. Korma



OJIMHAKOBOE YHCJIO BOJIOKOH IIE€PECeKaeTcs MO MPSIMbIM YIJIOM, MBI HMEEM Marepual,
HAIIOMUHAIOIMINNA (aHePy: MOJOBHHA MTPOYHOCTH OJTHOHAIIPABICHHOTO MaTepuaia moj yriaamu 0°
1 90° 1 HECKOJIbKO MEHbIIasi MPOYHOCTH Mo yriaoM 45°. Takoil MaTepral MOXeT OBbITh TOJTY4YeH
NIPY ApMUPOBAHHUH CTCKJIIOTKAHBIO.

W3 Teopuu ciemyer, 4To €CIM Mbl XOTUM MMETh JICHCTBUTEIIEHO OJIMHAKOBBIC CBOMCTBA BO BCEX
HAIPABIEHUSAX BOJOKHHCTOTO JIMCTOBOTO MaTepuana, TO 3TOr0 MOXKHO JOCTUYh HECKOJIbKUMH
croco0aMM YKJIAJIKHA BOJIOKOH. Bce 3TH CmocoObl apMHpOBaHUsS JAIOT TPETh MPOYHOCTH WU
YKECTKOCTH OJHOHAMPABICHHBIX CUCTEM. DKCIEPUMEHT OYEHb XOPOIIO MOATBEPIKIAECT TEOPHUIO.
OpnHako Ha MPaKTUKE OOBIYHO HCIIOJIB3YETCS CTEKIOIUIACTHK C MaTaMH M3 PYOJCHOW IPSKH.
TakuMm apMUpOBaHHEM OYCHb PEAKO YAAeTCs JOCTHYL cojepkaHus BoyiokoH 50% @osokHa
YKJIaJBIBAIOTCSI HEKOMITAKTHO), TIO3TOMY MBI JOJIKHBI, TIOYKAIyl, PACCYMTHIBATH HA MPOYHOCTH,
MEHBIIYI0O YeM TpeTh MPOYHOCTH OJIHOHAMPABICHHOTO MaTepuana. Takoro poja
CTCKJIOIJIACTHKU OOBIYHO VCIONB3yIOTCS NI CPAaBHUTEIIBHO HEJAOPOTUX MOJCIIOK, IIe OObIei
MPOYHOCTH, BO3MOXKHO, U He TpeOyercs. Ho maxke u OHM, Kak MpPaBUIIO, TPEBOCXOIAT MATKYIO
CTalb MO yAeHbHOW (OTHECEHHON K BeCy) MPOYHOCTH. BOT MO KECTKOCTH apMHpPOBAHHBIC
TUTACTUKH - U B YaCTHOCTHU, CTEKJIOTUIACTUKH - HE MOTYT KOHKYPUPOBATh HU C METAJUIAMH, HU C
JPEBECHHON. B 3TOM 0J/IHa U3 TJIABHBIX TPYJAHOCTSH MPUMEHEHHS CTEKIIOILIACTHKOB B OOJIBIITUX
KOHCTPYKIIUSAX - CyJaX, KOpIycax aBToMamuH u T.a. [1o To# ke mpuYrHe MX BBIYCPKHUBAIOT B
HACTOSIIEe BpeMsl M3 CIIMCKA MaTepUasOB, MPUTOIHBIX JIJIS CHJIOBBIX KOHCTPYKIIMH CaMoOJIeTa.
[IpaBmga, MOXHO OBUIO OBl MOBBICUTH >KECTKOCTh ABTOMOOWJIBHOTO KYy30Ba, TMOJIKPENHB €ro
U3HYTPHU CTAIBHBIMHU TPyOaMH, HO CTOUT JIM TOTJIa CBSI3bIBATHCS C TTACTUKAMHM ?

Meramibl - MOYTH, HM3O0TPOIHBI, TO €CTh HMX CBONCTBa NPHUMEPHO OJMHAKOBBI BO BCEX
HalpaBJIeHUAX. DTa 0COOCHHOCTh OYCHb Ba)KHA JUIS TaKHMX JeTaynei, Kak KOJCHYAThli Baj, rie
METaJlJIbl TIOATOMY He3aMeHUMbI. Ho TaM, rie 370 CBOICTBO HE CTOJIb CYIIECTBEHHO (000I0UKH,
NIaHEeNHN), JIydlle NPUMEHSTh BOJIOKHHUCTBIC IUTACTUKU. [lONydHTh HM30TpPOINHBIC CBOICTBA B
BOJIOKHUCTOM MAaTepuaje MpPaKTUYECKH HEBO3MOXKHO, MOTOMY 4YTO OYEHb TPYAHO ILJIOTHO
YJI0KUTh BOJIOKHA B TPEX HampaBiIeHUSAX cpasdy. Jlaxe cTor ceHa - cioucTtas KOHCTPYKLHMS.
Teopus mokasbIBaeT, YTO MPOUYHOCTh TPEXMEPHOIN OECOPSA0YHON YIAaKOBKH BOJIOKOH Oblia Obl
paBHa 1/6 oT mpOYHOCTH Marepuayna C OJHOHANPABICHHBIMU BOJOKHAMHU - BPSJ JIK CTOHT
CTPEMUTHCS MTOIYYUTh TAKOM MaTepHall.

HecMmotpss Ha Bce CBOM HEIOCTATKH, MaTepUaNbl, MOJOOHBIE CTEKIOIIACTHKY, MOCTEIICHHO
3aBOEBBIBAIOT BCE HOBBIE U HOBBIE MO3ULIMU. C TeUeHHEM BPEMEHH TI0 Mepe TOro, KaK MbI JIydIlie
WX y3HaeM, Mbl U UCTOJb3yeM UX Bce mupe. CTOMMOCTb ChIPhs Il IIACTMACC MaJIO OTJIMYAETCs
OT CTOMMOCTH CTanu U amoMuHuA. OJHAKO €ClM Bbl CPAaBHUTE CTOMMOCTb OOPaOOTKH 3THX
MaTepualioB, TO YBHJWUTE, YTO 3aTpaTbl Ha MPOU3BOJICTBO CIIOXKHBIX H3JAEIUNA U3 IIACTMACC
HACTOJIbKO MEHBILIE COOTBETCTBYIOLUX 3aTpaT IMPHU HCIONb30BAHUHM MeETaljia, YTO TOTOBOE
U3JIee M3 TUIACTMACChl MOXKET OBITh HaMHOTO jemieBie. Ho droObl peamu3oBaTh ITY
BO3MOXXHOCTh, OOBIYHO HY>KHO 3aHOBO CIIPOEKTHPOBATh BCE U3JENHUE, a TOJOOHbIE MEPOTIPUATHUS
YaCTO HATHIKAIOTCS HA COMPOTHUBIICHUE.

Crpouth M3 cTanu Kopiyc OONBIIOro CyaHa - BIIOJHE PE30HHO, MO KpaliHel Mepe eciii Her
CHEIIKM W HE HYXHO CIHUIIKOM 3a00TuThcsi o Bece. Ho cramb craHoBuTcs Oe3HAIEKHO
Hed(PPEKTUBHOM NJIs1 CYHAOBBIX KOPITYCOB MEHBIIUX Pa3MEpOB. TOJNIIMHA JIUCTA MOIy4YaeTcs
CTOJIb MaJIOM, YTO, €CJIM JlaXKe YJAcTCsl PEIIUTh MPOoOJIEMbl BBITYYMBAHUS, BMSATUH U T.1., 32
HECKOJIbKO MECSIIEB OH HACKBO3b INpOp)kKaBeeT. B 3Toil obmacTu CTEKIOMIACTUKH, KasKeTcs,
YTBEPAWINCH OYEHb IPOYHO, 3JE€Ch OHM BIIOJHE MOTYT KOHKYpPHUPOBAaThb IO CTOMMOCTH C
MeTaJUIaMH.



3a mocieaHue NeCATHICTHS ObUIO CI€TaHO MHOTO YCOBEPIICHCTBOBAHUH B aBTOMOOMIIE. JIMUHO
s HE OTHOUIY K UX YHUCIy LITAMIIOBaHHBIM CTaJbHOM Ky30B. OueHb Yk OH TSKEN, a BeIb BEC
YBEJIMYMBACT PacXoi OCH3MHA U yXYIIIAET XapaKTePUCTUKU MaIIMHBL. Takoil Kopmyc Tpedyer
TaKXe TIIATEJIIbHON 3BYKOBOM 3amuThl. Ho, 4TO Xy’ke BCEro, OH HAUMHAET PHKABETh Cpa3y ke,
KaK TOJIbKO Bbl HAaYWHACTC C€3JUTb Ha MalIWHC, W, MO-BUIHUMOMY, KOPpO3HA KOpIIyCa, a HC
MEXaHUYECKUH H3HOC MPUBOAUT PAHO WM TO3IHO OOJBIIMHCTBO aBTOMOOWJIEH Ha CKIIaIbl
METaJI0NIOoMa.

BeposiTHO, Be MpUYMHBI TOPMO3SIT MPUMEHEHUE CTEKJIOIUIACTUKOB JJIi KYy30BOB aBTOMAIIIMH.
Bo-nepBbiX, nX MaccoBoe MPOU3BOJCTBO BCE €1e 00XOIUTCS AOPOro, a, BO-BTOPBIX, 10 MHEHUIO
TeX, KTO TOPTyeT aBTOMOOUIISIMHU, MOTPEOUTENI0 HPABUTCS JIOCK MOJTHMPOBAHHOW MOBEPXHOCTH,
TPYIHO JOCTHKUMBIW IPU UCIIOIb30BAHUH CTEKJIOIUIACTUKOB. B TO ke BpeMsl B MEIKOCEPUITHOM
MPOU3BOJICTBE MOYTH BCE aBTOMOOWIM MMEIOT CTEKIIOIUIACTUKOBBIM Ky30B. B camom nerne, -
TOJIBKO TaKO€ PelleHUE TI03BOJISIET B MOIOOHBIX CIy4yasX BECTH JI€JI0 SKOHOMHYHO, OTKa3aBIINUCh
KaK OT JOPOTrOCTOSIIIUX IITAMIIOB, TaK U OT CTapOMOJHOrO Ky30Ba. Ky30B M3 CTEKJIOIIaCTUKA
MO3BOJIIET MPUMEPHO BABOE YMEHBUIUTH BEC aBTOMOOWJIEH, a 3TO 3HAYUT, YTO MPUEMHUCTOCTH
MAalIuHbI PE3KO BO3PACTAET.

HecmoTps Ha HEOCTATKK CTEKIIOIUIACTHKA, MUPOBOE MPOU3BOJACTBO U3ACIHUI U3 HETO JOCTUTIIO
MOYTH MWUIMOHA TOHH B TOJ M TPOJOJDKAET OBICTPO pacTH (aJFOMUHHUS U €ro CIUIaBOB
npou3BOaUTCs TipuMepHo 4,5MitH. ToHH). HO B KOHIIE KOHIIOB OHO, HABEPHO, 3aTOPMO3HTCS U3-
32 OTHOCUTEJIBHO MaJION K€CTKOCTH MaTepuaa.

APpMHUPOBAHHBII 0€TOH

XoTa MeXAy JIOAbMH, pabOTaloIMMU C  JKEJIe300€TOHOM, U  CHEIHAJUCTaMU 10
CTEKJIOIMJIACTUKAaM HUKOTIJa, O-BUIUMOMY, HE OBLIO CKOJIb-HUOYAb CEPbE3HBIX CBA3EH, B ITHX
JBYX 00JIaCTAX MHOTO OOIIEro, ¥ MO3TOMY YMECTHO 3aKOHYHMTH HACTOSIIYIO TJIaBy HEOOJBIINM
pazzenoM, MOCBAIEHHBIM apMUpOBaHHOMY O0eToHy. [To100HBIE MaTepuabl BEAYT CBOE HA4yallo C
rIIyOOKOW IPEBHOCTH, a PA3IMYMsI MEKIAY HUMH 3aKJII0Yal0TCs IJIaBHBIM 00pa3oM B MaciuTadax:
B O€TOHE, HAapHUMeEp, apMaTypa HaMHOTro rpyoee, ueM B tuiactukax. Eme B /IpeBHeM Bapuiione
UCIIOJIb30BATM TPOCTHUK JIJIsl aPMUPOBAHUS IMMOCTPOEK M3 BBICYIICHHOM TpS3U; a Pa3lUYHbIC
Bapualliy “IJIETEHKH W TJIMHBI W3JaBHA MPUMEHSIINCH BO BceM Mupe. JlepeBeHbka B Dccekce,
re S NIy 3Ty TJaBy, HOCTPOGHA TJIaBHBIM O0pa3oM M3 TpsA3M M IUTYKATYpKH MOBEPX
CIUIETEHHBIX IPYTHEB.

BeposTHO, nepBbIMH CTalli MIPUMEHSITH JKEJI€30 B KaUeCTBE apMaTyphl IpeKu. Mbl y:ke TOBOPHIIU
B I7IaBe 1, YTO B HOPMAIBHOU KJIaJIKE BCE JOJKHO OBITH B COCTOSIHIH CXKATHS, TOCKOJIbKY KIIaJKa
HE MOKET MPOTUBOCTOSTH CKOJIbKO-HUOY/Ib 3HAUUTEIHHBIM PACTATUBAIOLIUM HAMPSIKEHUSIM. ITO
yCIIOBHE TPHUBENO K HCIOJb30BAHUIO apOK M KYIOJOB, IMO3BOJISIONIMX CO3/1aBaTh OOJbIINE
NEPEKPBITHs, B KOTOPbIX HE BO3HHUKAIOT HAIPSHKEHUS pacTsKeHHs. I'peku 00 3TOM OTIMYHO
3HAJM, HO OHM, Ka)KeTCs, HE MPU3HABAIIM apoK - 10 KpaifHel Mepe B (POpMaIbHOM apXUTEKType.
OueHb BO3MOXHO YTO OHU MCXOJWJIM MPHU ITOM W3 ICTETUUYECKHX cooOpakeHHil. ['pexn mameko
HE BCEr/Ja MOJYUHSIM CBOM IOCTYIKH CTPOTO PACCUUTAHHOH HEOOXOJUMOCTH, OCOOEHHO B
APXUTEKType HUAYyIIeH OT JACPEeBSIHHBIX KOHCTpYyKIud. [lapdeHoH u Bce Apyrue HOpUYECKHE
Xpambl - TOYHbIE MpPaMOPHBIE KOMHUH JACPEBSIHHBIX CTPOCHUM BIUIOTH 10 UMUTALMA B MpPaMope
mMTUPTOB, CKPEIUIMIOMUX MEXAY 000U nepeBsHHbIe Oanku. Ho Tak kak TBOpEHHUS TPEKOB
OylecTsIM, a HalIM COOCTBEHHBIEC 3[aHUSl 3a4acTylO0 Y)KAacHbI, HE HaM ITOCMEHBATHCS Hall
AQHTUYHBIMH apXUTEKTOPAMH I10 3TOMY MOBOJY.

JlepeBsiHHAs apXUTEKTYpa, IO CYLIECTBY, OCHOBaHA HAa OaIOYHBIX KOHCTPYKIHUSX, IIOTOMY YTO €€
CTPOMTENBHBIM MaTepHal - pa3HOro poaa AJuHHbIE Opychs. K Tomy ke apeBecuHa oOmagaer



XOpolIed MpPOYHOCTHIO Ha pa3pbiB. ['pedeckas apxurekTypa Obula, TakuM 00pa3zoMm,
apXUTEKTypoil OaJlok M KOJOHH. To ’ke camoe NpPEeKpacHO WILIIOCTPUPYET aMepUKaHCKas
“xomoHuanbHas” apxuTekTypa. CTpoutenu 37ech B HM30BITKE MMEIH IEPEBO, U TMOTOMY OHHU
OXOTHO M YCIELIHO OOpAaTUIIMCh K KIAacCHYEeCKOMY CTHIIO. ['0THKa U IpeBecHa HECOBMECTUMBI,
IIOCKOJIBKY TOTUYECKUI CTHJIb OCHOBAaH HAa HAIPSDKEHUSX CXKATHs, KOTOpbIE MOJA CHIIY JIMILIb
KaMEHHBIM apKaM.

XoTst Mpamop, MOXalyi, Jydllle IPYTuX KaMHEW C TOYKH 3PEHUs MPOYHOCTH Ha Pa3phiB, €ro
IMPOYHOCTH BCC-TAKH CIIMIIKOM MaJla U HCIIOCTOAHHA, ITO3TOMY JCJIaTh U3 HCTO 63.J'IKI/I Kakou 651
TO HU OBUIO JAJUHBI HEBO3MOXHO. B paHHMX JOpUYECKMX KaMEHHBIX XpaMmax 3TO
KOMIICHCUPOBAJIOCH TE€M, YTO MPOJIETHl 0aoK ObUTM KOPOTKMMHM, a KallUTEeNU CBEPXY KOJOHH -
mmpokumu. Jlaxxe B Ilapdenone (ctpouTenscTBO Hawaaoch B 447rToay 10 H.3.) CBOOOIHBIM
nposieT OONBIIMHCTBA OAJIOK HE MpeBBIMIAeT 2,5M, XOTA M BBIMSAAT OHU JnuHHee. OnHako,
korna B 437romy 1m0 H.3. MHECHKI MNPUCTYNMHJI K CTPOMTEIBCTBY BXOJa B AKpOIOJb
(I[Tpormien), emy mMoTpeOOBANIOCH MEPEKPHIBATh HAMHOTO OOoJbIIME TIpoJeTsl. X mmmHa ot 4 1o
6 M ompenensiyiachk Kak apXUTEKTYPHBIMU MPOMOPLUSIMH, TaK U HEOOXOIMMOCTHIO [IEpEMOHHAIA.
UroObl CHpaBUTHhCS C PACTATHUBAIOIIMMHU HANPSHKCHUAMH, MHECHKI pElIMil 3aMypoBaTh B
MpaMope B CIelHaJIbHBIX KaHAaBKaX KeJIe3HbIE CTEP)KHU [UIMHON OKoso 2 M. Tak mosBuiCS
apMHUPOBAHHBIA MpamMop, KOTOPBIA JOKEH OBLI MO 3aMBICITy CO3JaTeNleil BeCTH celsi Mogo0HO
JPEBECHHE.

OnHako MHecHKI He cAenall CYyIIECTBEHHOIO I1ara BIEpe/l: TPeYecKre KOJOHUCTH B AKparace
(Cunmnus) eme B 470Tr0oay 10 H.3. MCIOJIB30BAIM KEIE3HBIC apMUPYIOUIHE OPYChs TMHOIO
4,5m u ceuenuem 12X30cm. [IpaBaa, ocraercst TaitHOHM, Kak OBLIM MOJIYYCHBI TaKHE TTOKOBKH.
Ho 310 3acTaBisieT npeArnonokuTh, 4TO TPEKH HE UCIIBITATN OBl TEXHOJIOTUYECKUX TPYTHOCTEH B
U3TOTOBJICHUM IMAapOBOW MAIIMHBI M JPYroro TsDKEJIOro Oo0OpynoBaHUS, €clid Obl 10 HUX
JTOTYMAJIHUCh *.

* Ho xoHE4YHO, y HUX OBl ObI TPYIHOCTHU C TOILUTUBOM.

Kaxk MBI y’ke TOBOPHIJIM, TOTUYECKHE LIEPKBU PYILATCS, €CJIA B HUX IMOSBIIAIOTCS PaCTATUBAOIINE
HANPSDKEHUS, a MOSBISIOTCS OHH JOBOJBHO YacTo. BBIXOH - OBITH MOXKET, YACTUYHBIA - OBLI
HaiineH B KoHTpdopcax. [IpuMepHO TOT ke crocod MPUMEHSJICS M B TTO3HEH KIIACCUYECKON U
poMaHCKoOW apxuTekrype. Tak, naBjieHue, OEHCTBYIOIIEe CO CTOpoHBI Kymona cB. Codpuu B
Koncrautunonose (532ro/), ypaBHOBEIIUBACTCS CUIIAMH, CO3aHHBIMH JBYMS TTOJYKYIIOJIaMH,
Ha KOTOPBIX OH IMIOKOUTCS; MPABJA, apKU Y Er0 OCHOBAHUS CBSA3aHBI )KEIE3HBIMU CTEPKHAMH.

Kynona co6opos cB. Iletpa u cB. [laBna * mokosTcs Ha IMIMHApUYECKUX OapabaHax. 31ech He
OBUIO BO3MOXXHOCTH ypPaBHOBECHTHh CHWJIBI, HAmNpaBJICHHBIC HApPYXy, BCIIOMOTaTEIbHBIMA
KyloJlaMd WM KOHTpdopcamu: 3TO COBEPIICHHO HApPyIIUIO OBl 3aMbICell TMPOEKTa C
M30JUPOBAaHHBIMH KymoJiamMu. B o0omx ciydasx mpoOnema Oblia perieHa, Kak H3BECTHO,
nepegavyeli HAarpy3Kd Ha 3aMKHYTYIO DPACTSHYTYIO IIeTb, 3aJeJIaHHYI0 B KKy BOKPYT
OCHOBAHHS KYTIOJIOB.

* KpynHe#muii nporectaHTCKUl cobop - cobop cB. [TaBna - 6611 mocTpoeH B Jlongone B XVIlI Beke B mpoTtruBoBec
KpYIMHEHUIIIEMY KaToJIMIecKoMy cobopy - cobopy cB. [letpa. - Ilpum. nepes.

Bonee obmmii moaxoa mpemtoxkui ¢panitys Cyddmo (1713 - 1781)apITaBIuniics yBEIUIHTD
IPOYHOCTh KJIAJKU Ha PACTSHKEHUE MyTEM 3aMypOBBIBAHUS B HEE JKEJIE3HBIX cTepxHer. OqHaKo
BJIOJIb IIIBOB IPOHHMKAJa BJIara, >Kejle30 OKUCISUIOCh M paclIMpeHHe MPOIyKTOB KOPPO3UHU
Kkpoumiio knanky. I[loxe bproHens mbITancs Aenarb NPUMEPHO TO K€ CaMoOe, BCTaBIIss
o0OpyuHoe skenne30 (TOHKHE TOJOCKH Kejie3a, MAyIIHe Ha oOpydH Ui 00YeK) B COCTUHECHHUS
KAPIUYHOM KIaKu. Pe3ynbraT OblI B TOUHOCTH IMOXO0K Ha MPEIbIITYLITHHA.



3areM, BEpOSITHO, Cpa3y TpPOE IMOYTH OJHOBPEMEHHO OOHAPYKWIH, YTO KOPPO3HS KEIC3HOU
apMaTypsl B TMOpPTJIAHAIIEMEHTE HE CTOJb 3HAYUTEIbHA, YTOOBI BBHI3BATh MMOBPEXKICHHS.
Opannysckuii cagoBHuk XKozed Monbe (1823 - 19068 1849rony caenan IBETOUYHBIC TOPIIKH,
a ToyHee - OOJIBIIHME KKK ISl alleIbCHHOBBIX JIEPEBHEB, 3AJI0KUB CETKY M3 TOHKUX JKEJIC3HBIX
CTepXKHEH B IIEeMEHT. ODTH KaJKH OKa3aJMCh yJAa4HBIMH W TPHUBIEKIN K ceOc BHHMAHHE.
AnrnuuanuH B. BUIKMHCOH B TOMCKaX TPUMEHEHHs CTapbIM IIAXTHBIM KaHATaM CIelia
apMUpPOBaHHBIE CTPOMTENIbHBIC Oaiku (MOJOOHO TpeKaM), pacClONOXKHB KaHAThl Ha WX
pactssnyToil cropoHe. Hakonen, ¢panmysckuii umxenep K. JIsim60 mokazanm B 1855romy
rpebHOE CyAHO, cIelaHHOe u3 OeTOHa, APMUPOBAHHOTO JKENE3HBIMH CTEPXKHIMH, - IIO-
BUAMMOMY, OHO OBLJIO TICPBHIM B JUIMHHOW BEPEHUIIC HE OUYCHb YIAYHBIX OETOHHBIX CYJOB.
JIssmO0 3amarteHToBan (Ka3aJoch Obl, IO3JHOBATO) HCIIOJB30BaHUE KOMOWHHPOBAHHOTO
XKene300eTOHHOTO MaTepHralia B CTPOUTEIhCTBE.

XKenesnas apmaTypa mo3BosisieT OCTOHY JOBOJBHO YCIICIIHO HECTH PACTATHUBAIOIINE HArpPYy3KH.
Ho nedopmanus pactsikeHus, Ipyu KOTOpoil O€TOH pa3pylaercs, OYeHb Maja; Mo3TOMY OETOH
pacTpecKuBaeTCs 3300 JI0 TOro, Kak apMarypa 3HauuTelabHO nedopmupyercsa. Eciu k takoi
KOMOWHUPOBAHHOHN CHUCTEME MPUIIOKUThH CKOJIb-HUOY/b CEPhE3HYIO PacTATUBAIOIIYIO HAarpy3Ky,
OeToH OyneT MpOHHM3aH CETKO TpeumwH. Eciam 3T TpemuHBI Majibl - 4epe3 HHUX NMPOHUKHET
BHYTPb BOJIa, €CJIM OHU BEJIMKU - OETOH packpommutces. Jlydmmuit crocod nzbexaTh Kak 0JHOTO,
TaK W JIPyroro - MOCTaBUTh OCTOH HaBCET/la B YCJOBHUS CXKaTHs, a apMaTypy pa3 M HaBcerja
pacTaHyTb. Pa3nuyHple BHIBI TAaKOrO Marepuana, M3BECTHOTO KaK IPEIBApPUTEIBHO
HaIpsOKEHHBIN JKeNe300€TOH, Hadalau MosBIsIThCS npuMmepHo ¢ 1890roma; HO, XOTsA ero
pUMEeHEeHHEe ObUIO BIIOJIHE YCIEITHBIM, PACIPOCTPAHEHUE OH MOJIYYHII HE cpasy.

Cepbe3HO M B HIMPOKHMX MacHITa0ax NpeABApUTEIHHO HANpsHKEHHBIH KeJIe300€TOH cTall
IPUMEHATBCS CPAaBHUTENBHO HelaBHO. Ero wucnonb3oBaHue [aeT BO3MOXHOCTb CTPOHUTH
HaMHOTO Oosiee A PEeKTUBHBIC U HArPYKEHHBIE KOHCTPYKIIMH, YEM U3 OOBIYHOTO JKeIe300eToHa.
EcrecTBeHHO, BO3HMKAeT BONPOC, HE JIydllle JM JelaTh BCIO KOHCTPYKLHIO M3 CTalu?
OxkasbiBaercs, HeT. 11 He TOJIBKO M3-3a CYLIECTBEHHOW 3KOHOMHUM CcTaiu. beroHHas MaTpuua
NPEJOXPaHseT CTalbHbIE CTEP)KHU OT IOTEpPU YCTOHYMBOCTM M Kopposuu. braronmaps
HocJaeHeMY KOHCTPYKIUS TIOUTH He TpeOyeT yXoaa.



Yacrs [Il. METAJIJIBI

I'naea 8. IlnacTHYHOCTL METAJVIOB, W1l HHTUMHAS KH3Hb INCJIOKAIHI.
UeM 1UI0XH BSI3KO-YIPYTHE MaTePUAITBI

TopMoXxeHne TPEUIH AUCIOKAMUIMHI U KOPPO3US MO HAIPSHKCHUEM
[ImacTHaHOCTE KPHUCTAIIIIOB

KpaeBrsie 1 BUHTOBBIE JHCIOKAINT

HaOmronenne nucioxamuii

Tlon3ydecTs U )KapoONMPOUYHOCTH

Inaea 9. Keneszo u crans, unu I'epect cpean 4epTOBHIX METbHUII.
Keneso

Uyryn

ITynnunrosoe xene3o

CraneBapeHue

Beccemeporckas cranb

MapreHoBckas cTaib

Inasa 10. MaTtepuaJibl Oyaywiero, wiu Kak omudéaThcs B 10raaKax
Yero MOXXHO 0XKHAATh OT MaTepUaioB Oyyniero?

brmxaitmee Oymymiee

TI'naea 8

HJIACTUYHOCTDb METAJIJIOB,
unu .
NHTUMHASA ’KU3Hb INCJTOKAIINU

JKenesnvis pyookonu docmasnaiom 4enogexy npegocxooHeuuiee u
3n08pedHetiutee opyoue. oo cum opyouem npopesviéaem Mol 3eM0,
cadicaem KycmapHuk, oopabameisaem nio0ogumole caovl u, 00pe3as Oukue
JI03bl C BUHOSPAOUH, NPUHYHCOAEM UX KAKHCObll 200 toHemsb. Cum opyouem
sbicmpausaem mvl 00Mbl, pazdusaem KamHu u ynompeonaem dcene3o Ha 6ce
no0obuwl Hadobnocmu. Ho mem sice camuvim dicenezom npouszsooum opanu,
bumea u epabesrcu u ynompeobiasiem oHoe He MOJbKO 8 OU3U, HO U Meljem
OKPbLIEHHOE 8 Oalb, MO U3 OOUHUY, O U3 MOWHBIX PYK, O 8 8Ude
onepennvix cmpen. Camoe nopounetiuiee, N0 MHEHUIO MOEMY, YXUpeHue yma
yenogeueckoeo. 6o, umobvl cmepms ckopee nOCmu2ia 4eiogekd, cOenduu ee
Kpbliamoio, u dkcene3y npudaiu nepvsi. Toeo paou oa 6ydem euHa NPUnUCana
uenogexy, a He npupode. Hexomopuvimu onvimamu 00kazaHo, 4mo sicene3o
Modicem Ovimb 6e36pedno. B muprnom coroze, oapoeannom Ilopceroro
PUMCKOMY HapoOdy, no useHanuu Llapeti, Haxocy st UMEHHO CKA3AHHbIM.
umo0vl Jicene30 ynompeoname He Ha uHoe Ymo, KaKk Ha 3emaedenue.

[Tmuawmit Craprmmii.
"EcrectBeHHas ucropus'"
Iepesox B. Cesepruna, C.-IlerepOypr, 1819.

Bpime ™Mbl TOBOpWJIM O TOM, Kak MOXHO TOBBICUTh BSA3KOCTh YIPYTUX MAaTepUasoB,
NOMUMHSIONMXCA 3akoHy ['yka BImIoTh 10 MoOMeHTa paspyuieHus. OnucaHHbli B riaBe 4
MEXaHU3M SIBJIAETCS NPAKTUYECKU €AMHCTBEHHBIM JUIsl TOJYYEHHUS [OJIE3HOM BSI3KOCTU
HEMETAJUIMYECKUX MaTEpHANIOB, M, KAK MBI YK€ TOBOPWJIM, XXHUBas IMPUPOJA, MO-BUIUMOMY,
LEIMKOM YIOBAET Ha HETO, M0 KpailHel Mepe B CBOMX JIOCTATOYHO KECTKUX Marepuanax, TakKux,
KAaK JIpEBECMHAa M KOCTh. [[pyroe aeno BSI3KOCTb METAIOB - OHA HE MMEET, HACKOJIIBKO MHE
W3BECTHO, aHAJIOTUMN B >KMBBIX OpraHu3Max. MexaHu3M CONPOTUBIIEHUS METALIOB XPYIKOMY
pa3pyLIeHNI0 00bIYHO HA3bIBAIOT IJIACTHYHOCTHIO.



[ImacTudHOCTh Ompenensercs TeM, HACKOIbKO ¢opMa KpUBOW HampshKeHHe-aehopMarus
OTKJIOHSieTCsl OT 3akoHa ['yka. B rmaBe 3 MBI yke MmoapoOHO TOBOPWIIM O KOHIIEHTpAIUU
HaNpsDKCHUH, 3TOM MPOKJIATHU JUIsI MH)KEHEPOB, C KOTOPBIM JOJDKHA OOpOThCs BA3KOCTh. Kak
IPaBUJIO, B OIICHKAX KOHIIEHTPAIMU UCXOJAT M3 TOTO, YTO MaTepual cieayer 3akoHy ['yka. Mer
TOBOPUM O KOHIIGHTPAIlMM HANpsOKEHUH, HO BCE BBIUMCICHHUS JAalOT HaM, IO CYIIECTBY,
KOHILIeHTpanuio nedopmaruii. Cie0BaTeabHO, €CIM MBI HAIlUIM B PE3yJIbTaTe pacyeToB, YTO B
HETOCPECTBEHHON OJIM30CTH OT KOHYMKA TPEIUHbI Aedopmaliust matepuana pa3 B 20060mb1e,
4eM cpenHss nedopMarys B KOHCTPYKIHMH, TO MBI TI0JIaraeM Jlajiee, YTO MECTHOE HaIlpsDKeHHE
takke B 200pa3 Bbime cpenHero. Mbl TOBOPHM, 4YTO B 3TOM ciydae KoddduuueHrt
KOHILleHTpanuy HanpspkeHnit paseH 200. OHaKo 3TH paccyXIeHNs BEPHBI JIMIIb B TOM CIydae,
€CITU JIJIsl MaTepualia BOIM31 KOHYMKA TPEIMHBI coOoaercs 3akoH ['yka.

MeTannoBebl MOIb3YIOTCS KIACCHUECKUM CITOCOOOM TOPMOKEHHUS TPEIINHBI, KOTOPBI OCHOBAaH
Ha CBOWCTBE MaTepHalia MIIACTUYECKH JAePOPMUPOBATHCA. DTUM CBOMCTBOM Kak pa3 M 00JaqaroT
MeTaiibl. Hebonbime oTKIOHEHHS OT 3akoHa ['yka, CBsi3aHHBIE, HAaNlpUMep, ¢ GOPMO KpUBOH
CHJI MEKATOMHOTO B3ammojeiicTBusi (riaBa 1), 3mech Oecmosie3Hbl, TaK Kak JIOKAJIbHbBIC
nedopMaluu y KOHYMKA TPEIIUHBI OOBIYHO B COTHHU Pa3 MPEBOCXOMAST CPEIHION Ne(opMaIinio.
CyIiecTByeT HECKOIBKO Pa3HOBHUIHOCTEH OTKIOHEHUH OT 3akoHa ['yka. MoxeT OBITh, TIOJIE3HO
MO3TOMY pAacCMOTPETh BHauajge Marepuais, B KOTOPOM MPAKTUYECKH OTCYTCTBYET
CONPOTHUBIIEHUE PACIIPOCTPAHEHUIO TPELIUH.

Yem 1m10Xu BSI3KO-yNIPyrue MaTepHuaJibl

Ecnu ocTaBUTh TYyCTyH0 KUIKOCTh TMOJ TOCTOSIHHOM Harpy3koi, TO 4Yepe3 J0CTaTOYHO
JUIMTCIIBHBIA ~ TPOMEXYTOK  BPEMEHM  OHAa  MOXKET  IIPAaKTHUYECKHM  HEOTPAaHUYCHHO
nedhopmupoBarbcsi. MHBIME croBamu, oHa Oymer Teub. [logoOHO OONOTHOM TOMHM, TaKas
KUAKOCTH IMOTCYUET, €CJIIN BbI 6yz[eTe Ha HCC JAaBUTH OOJII'O, HO OHA YCICIIHO COMPOTHUBIIACTCA
BHE3AIHBIM KPAaTKOBPEMEHHO JEHCTBYIOIUM Harpy3kam. Hauboisiee rycroie )KHIKOCTH TPYIHO
OTIMYHUTH OT TBepAbIX Ten. K Takoro pojaa BemiecTBaM OTHOCSATCS Bap W TYAPOH, KoH(era
UpHCKa U pa3NyHbIe IJIACTUKH.

Mzr YK€ TOBOPpUJIN, YTO UPUCKY OOBOJIBHO JICTKO PAaCKOJIOTh, 4 BOT MCAJICHHBIM HNPUCTYIIOM €C
MO>XHO HE€ OJI0JIETh W OOJbINei cuioil. To ke camMoe OTHOCHTCS M K Bapy M, YTO YK COBCEM
II0XO0, K TutacTukaMm. JlaiiTe rutacTukam BpeMsi, 1 OHH OyIyT ACHCTBHTEIHHO OYEHBb BS3KHUMHU:
OHM TIOTEKYT BOKPYI TOJIOBKM TPEUIMHBI, U KOHIEHTpalus HampspkeHuid cHuzutces Ho kak
KOHCTPYKIIMOHHBIC MaTCpHaAJIbl OHU OG’LG,Z[I/IH}IIOT B ce6e XyAIinue Ka4eCTBa KaK IJIACTUYHBIX, TaK
U XpYNKUX MarepuayiioB. Eciu uX MeaneHHO Harpy3uThb, TO 4Yepe3 HEKOTOpPOe BpeMs OHU
HA4YUMHAKT T€Yb BO BCEM O6’beMe, MOCTCIICHHO YXOJ OT BBIIIOJHCHHUA CBOUX IMPAMBIX 3a1a4. HOI[
BHE3AIHON Harpy3Koil OHU HecrocOOHBI BOBpeMs AePOPMHUPOBATHCS U MX MOBEACHHE MOXOAUT
Ha TOBEJCHHUE TBEPJOT0 CTEKJIA. A KOJIb CKOpO TmoOexalia TpellrHa, OHa BCKOPE JOCTUTaeT
TaKOM CKOpPOCTH, 32 KOTOPOW MEXaHM3M IJIACTHUECKOrO TEUEHUsS YK€ HE CMOXKET yCIleBaTh, - U
MaTepHua pacKajbIBACTCS.

Takue maTepuanbl, Kak JPEBECHHA U apMHUPOBAHHBIC TIACTUKH, MPHU OOJBIINX HAMPSIKEHHUIX
TO’KE HEMHOTO TOJI3YT, TO €CTh BEAyT ce0s Ha MaHep BSI3KO-YINPYTrUX MaTepHaJIOB, U 3TO,
KOHEYHO, UX HeloCTaToK. KpoMe Toro, oHM He BIOJHE ‘T'yKOBCKHE . MX KpUBas HalpsHKEHUE -
nedopmarus BBITVSIIAT TaK, Kak MoOKa3aHo Ha puc. 47. OgHako OTKJIOHEHHs OT 3akoHa ['yka
CJIMIIKOM MaJibl, YTOOBI KaK-TO MOHU3UTh XPYIMKOCTh ITHUX BEIIECTB, MOATOMY OHH JOJIKHBI
MOJTHOCTBIO TIOJIaraThCsl Ha CJIadble BHYTPEHHHE MOBEPXHOCTH, TOPMO3SIIIUE TPEUTUHEI.
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Puc. 47. KpuBasi HanpsikeHuUe -
nedopmanusi TUINYHOTO
HeMeTANINYeCKOro
KOHCTPYKIIMOHHOT0 MaTepuaja
(Hampumep, ApeBeCUHBI HIH
CTEKJI0OBOJIOKHA). OTK/I0HEHU e
ot 3akoHa I'yka onpenessiercs,
KaK NnpasBuJio, He ¢gpopmoii
KPHMBO MeKaTOMHBIX CHJI, a
HeOoabIIUMHU dPdexkTamu
MOJ3Y4eCTH.

HanpaNCERLE

LTEDOIITLLT

TOpMO)KeHl/Ie TPECIIUH JUCIOKAIUAMHA U KOPPO3UA 1101 HANIPHAKCHUEM

JIMCIIOKaIlMOHHBI MEXaHU3M O0ECIIEUYMBACT BEChMa YIAUYHYI0 KOMOHWHAIMIO YIPYTOCTH TpPH
MalbIX AedopManusax ¢ WHTCHCUBHBIM TEUCHHEM - TpU OobmuX. THUIMUYHAsS KpHUBas
HanpsDKeHUe - JedopMarus sl TUIACTUYHOTO MeTalsla CXEMaTHYeCKH ToKa3aHa Ha puc. 48.
VYopyras nedopmarus B TakKMX MeTaulaXx COCTaBiseT HamHOro MeHbme 1%. Jlanee wux
MOBE/ICHWE HANOMHMHAET IUTACTUJIMH, OHM TEKYT NpPHU IOYTH TMOCTOSHHOM HAMpPSHKCHUU 0
yuuaenuii 50% u Gonee (Ha camoM jese JoKalbHbIE jaedopMalii ObIBAIOT 3HAYUTEIHHO
Oonbmumu). Ha 3TOM ydyacTKe MJIacTUYECKOr0 TEUYCHHUs Marepuail He pasynpounsiercs. C
yBelM4YeHueM nedopMalii HampsOKEHHE HE BO3PacTaeT; HO, C APYrod CTOPOHBI, METalll
cepbe3Ho u He moBpexnaercsa. CpenHsas pabouas aedopmarius, CO3HATEIBHO JOMycKaemas B
TEXHUYECKUX KOHCTPYKIUSIX, peako mpesbimiaeT npuMepHo 0,1%,a MOCKOIBbKY METaT MOXKET
Teub JOoKambHO 10 100% u Oomnee, TO MOMYCTUMBI KOHIIGHTpalMU AedopMaluii B KOHUUKE
TpemuHbl YTo-HHOYAHh okoJio 1000.
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Lemaorayus

Ha puc. 49 BugHO, uT0 MO 00€ CTOPOHBI OT KOHYMKA TPEUIMHBI €CTh Malible 00JacTh OYeHb
OOJBIIOrO CIOBUTA - KOHLEHTpAIMs HampspkeHuil capura. HampspkeHus 371ech JOCTaTOYHBI,



4TOOBI 3apa0d0TaTN UCTOYHHUKH JUCIOKAIUH, U, IEHCTBUTEIBHO, HOBBIE AUCIOKAIIUN POXKIAIOTCS
371eCch B M300MIMH. B IBYX IiaBHBIX TUIOCKOCTSX, TOPYAIIMX M3 TPEIIMHBI, CJIOBHO YIITH, ox 45°
K € TIOBEpXHOCTH, BOZHUKAET CIIBUT, U caMasi ONacHasi KOHIICHTPAIUsl HAMIPSHKCHUI CHIMAETCS.
['pybo TOBOpS, 3TO PaBHOCWJIBHO OKPYIJICHHIO TOJOBKM TpemuHbl. ClieoBaTeIbHO, XOTS
rpuddurcoB Oamanc sHeprun (rnaBa 4) ocraeTcs B TOJNB3Y PACIPOCTPAHEHUS TPELIHMHBI,
MEXaHHU3M, JBWKYIIUNA €€, OKa3bIBAETCSl OCCCHIIBHBIM M3-32 OTCYTCTBHS HY)KHOW KOHIICHTPAIUU
HaIPSKECHUN.
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Puc. 49. KoHueHTpaIus KacaTeIbHbIX (CABHTOBBIX) HANMPSIKEHUI Y KOHYMKA TPEIIHHbI.

Takum 00pa3oM, TpelIMHE HE YAaeTcs MoJApacTaTh MO YHUCTO MEXaHHYECKUM NpUYHMHAM, H
Marepuan Oyner B Oe30macHOCTH, MoOXKanyh, mpakTudecku B 99% cimywaeB. Pabotas ¢
MaTepuajaMH, Mbl JOJDKHBI BCErJa IOMHHTH, YTO HE CYIIECTBYET YETKMX M SCHBIX JIMHHUH
pazzmena Mexay XuMHueH, (u3nKoi W Teopuer YNPyrocTd. DKCIEpThl B CBOMX 3aMKax W3
CJIIOHOBOM KOCTH JIOOAT MPOBOAMTH ATO pasfelieHHe, HO BEeIb MEKAaTOMHBIE- TO CBA3H O HUX
HU4Yero He BefaloT. CBA3b MOXKET OBITh pa3pylieHa XHWMHYECKHM, (U3UYECKUM HIIH
MEXaHUYECKUM ITyTeM, a TaKkKe 1000l KoMOMHaIMel 3TUX coco00B. YIIPYro HaTsHYTast CBSI3b
Oosree ysI3BUMa 1O OTHOIICHUIO K (PU3MYECKUM M XMMUYECKUM Bo3aeicTBusAM. [1o 3Toil mpuunne
00JIaCTH C BBICOKMM HANpsHKEHHEM OCOOCHHO CJ1ab0 CONPOTHBISAIOTCS PACTBOPUTENSIM H
KOPPO3HUOHHBIM CPEAaM.

MBI yxe MoYepKUBaIH, YTO B BSI3KUX MaTepHajax OallaHC SHEPTUU OOBIYHO OCTACTCS B MOJb3Y
pacrpocTpaHeHus TpeIuHbl. TpelirHa CTOMT Ha MECTE JIMIIb MMOTOMY, YTO H3-3a CHIDKCHHUS
KOHILICHTpALN HAIPSKEHUM OTCYTCTBYET U MEXAHM3M PACIIPOCTPAHEHUs. B TO ke Bpems, XOTs
POXICHHE MHOTOYMCIICHHBIX JAUCIOKAIUN CHIIBHO TTOHH3HMIIO HATIPSHKEHHS Y TOJIOBKH TPEIIHHBI,
OHO HE cOPOCHIIO UX MOJHOCTBIO.

bonee TOro, CHJIBbHO HCKOBCPKAaH MU JKU3HEHHBIN OyTb HaxoJAMUXCd 34EChb aTOMOB, U
COXPaHUJIUCH JeGopManui MUKPOOOBEeMOB. [103TOMY CBSI3M MEXIy aTroMaMu B 3TOM 00JacTH
60.]'[66 yeM FI[G-J'II/I6O YYBCTBUTCIIbHBI K BO3ﬂ€ﬁCTBHIO arp€CCUBHBIX PaCTBOPOB U XHMUKAJIUCB,
KOTOPBIM CIIYYUTCSI COPUKOCHYTHCS C MaTepralioM. BoT modyeMy MeTasuibl, BSA3KHE Ha BO3IyXe
U B JPYTUX CYXHUX razax, MOTYT PacTpPECKaThCs MO HArpy3KOH, eclii UX 3aMOYUTh B MOPCKOM



Bose. To ke camoe cimyyaeTcs W Ha XMMHYECKHX 3aBoaax. llpmuem 0e3 Harpy3ku MeTajlIibl
MOTYT CIYKUTh T'OJJAMU B TOM € CaMOll KOPPO3MOHHOW Cpele, a BpeMsl AEHCTBHUS POKOBOM
Harpy3Km MOXKCET GBITB U OYCHb 6OJII>H_II/IM, U O4YEHb MallbIM. B »TOM oTHOIIEHUH HCKOTOPELIC
JaTYHU MOTYT OKa3aThCs JOBYIIKAMH JIJIsl HECBEIYILIUX JIIOOUTENEH.

ILnacTuyHOCTH KPHUCTAJJI0B

[ImacTHYHOCTh METAIOB HMMEET J[BA YPE3BBIYAWHO IIOJIE3HBIX CIEACTBHA. Bo-TiepBBIX, OHa
3aTpyAHAET PAcCHpOCTPaHEHUE TPELIUH, a BO-BTOPBIX, JAeiaeT MeTaimn KoBkuM. [lociemnee
O3HAYaeT, YTO KYCKy MeTaJUla MOKHO NPHIATh HYKHYIO (popMy IyTeM ropsuuX W XOJOIHBIX
orepauuii KOBKH, NpeccoBaHus, THOKU. BooOrie roBops, a1 00pabOTKH METAIIOB JaBlieHHEM
(KOBKH, TMPOKATKH) CIHOCOOHOCTh K TEYEHHIO JOJDKHA OBITH OOJIBIINE, YeM JJIS TOTO, YTOOBI
o0ecreynTh CONPOTHUBIICHHE MaTepuana pa3BuTHiO TpemuH. Ho o6paboTke moasepraercs, Kak
HpaBUJIO, HATPETHII METal, @ B TAKOM COCTOSIHUM NMPAKTUYECKU BCE KPUCTAIIBI HAMHOTO Ooiiee
IUTACTHYHBI.

[InacTUYHOCTD - UCKIHOUUTENbHAS IPUBUIIETUS KPUCTAJIOB, TOCKOJIBKY UCTUHHBIE TUCIOKALMH
MOTYT CYIIECTBOBATh TOJBKO B BHUAE HAPYIICHUUA HACATBHON KPHUCTAUNIMYECKOM PEIIETKHU.
BonbmuHCTBO TBEpABIX TeN O00JIAAAI0T KPUCTAUIMYECKOH CTPYKTYpOH, M JIUCIOKAIHH
NPUCYTCTBYIOT IIOYTH BO Bcex Kpuctamuiax. C Apyroil CTOPOHBI, B MOJABISIONIEM OOJIBIIMHCTBE
KPHUCTAJJIOB NP KOMHATHBIX TeMIepaTypax AUCIOKALUU JH00 HeTOCTaTOYHO MOJBHKHBI, JTUOO
XapaxkTep UX MOABUKHOCTH HE TOT.

Iloutm Bce KpucCTauibl COAEPXKAT  JUCIOKALUHU, IOPOXKACHHBIE CaMOM  IIPUPOAOU
Kkpuctau3anuu. Ho 3Tu aucnokamuu pacrpeieseHsl o BceMy o0beMy MaTepuana 0ojee Win
MEHEE PaBHOMEPHO, a KOHIICHTPALIMs HAIIPSHKECHUN Y KOHYMKA TPEILHHBI - ABJICHUE OYE€Hb PE3KO
BBIPQKCHHOE M JIOKAJIM30BAHHOE, W MX, 3THX BPOXKIEHHBIX JHCIOKALMM, PACIIONOXKCHHBIX B
HETOCPECTBEHHON OJIM30CTH K TPEIIUHE, ISl TAKOTO CIABUTA, KOTOPBIN OBl CriIaJni CUTYaIHIo,
OOBIYHO HE XBAaTAET Ja)Xe €CIM ATH JUCIOKALMU O4YeHb MOJBMXKHBI. ClenoBaTeabHO, HYXHO,
YTOOBI Macca HOBBIX JUCIIOKAIlMM BO3HMKJIA MPSIMO HA MECTE MPOUCHIECTBUS, UX JOJDKHA
IIOPOJUTH CaMa KOHLEHTpalus HanpsbkeHuU. bosee TOro, pasMHOKEHUE NOJDKHO UATH OYEHB
OBICTpO, MHAYE MaTepuall OYAET yA3BUMBIM B CIydae yIapHbIX Harpy3oK.

B peanbHOM MaTepualie TpeMHbI COBCEM HE MOXO0KH Ha MJIOCKHE KApTUHKHU Ha JucTe Oymard,
9TO CIUIIOCHYTbIE OOBEMHBIC KIMHOBHUJHBIC IOPHI, MBITAIOIIMECS BTUCHYTbCS B TPEXMEPHBIH
marepuai. [losromy st TOro, 4TtoObl JOJDKHBIM OOpPa30oM YMEHBIIUTH KOHIICHTPALUIO
HanpsHKeHNUH, HeOOXOAUM C/IBUT B MATH IIOCKOCTSIX.

Ywuciio KpucTamuioB, KOTOPBIE YAOBIECTBOPSIOT BCEM IMEPEUYHCICHHBIM YCJIOBHSM Cpa3y, OueHb
MaJio. Kakas-HHOyIb [IOKWHA METAJUTMUECKUX KPHUCTAJUIOB W3 ThHICSY CYIIECTBYIOIIMX
KpUCTa/THYecKuX BernecTB. CerogHs HU OJAMH HEMETAUTMYCCKUIM KpUCTaI (I1003PUTEIILHOE
UCKJTFOUCHHE COCTABIISIET XJIOPUCTOE CEPeOPO) Mbl HE MOKEM CUUTATh UCTUHHO TIACTHYHBIM.

XoTs 3a mocleaHue TPUIIATh JIET MpOoJeiaHa OTpoOMHasi paboTa MO M3YYEHUIO TUCIOKAIUNA U
CYIIIECTBYET MOUCTHHE HEOOBATHOE KOTUIECTBO KaK TEOPETUUECKUX, TAK U IKCIIEPUMEHTAITBLHBIX
CBEJICHUI, HAM BCE €III¢ TTOJIHOCTHIO HE TIOHATHO, YTO OMPEESIeT MOABMKHOCTh IUCIOKAIIUN B
panuuHBIX BemiecTBax. Ho Bce ke, HaBepHOe, OyAeT MoJe3HO paccKa3aTh O HEKOTOPBIX Ooliee
MOHSATHBIX CTOPOHAX 3TOTO SBJICHHS.

[Ipexxne Bcero, JErkocTb, € KOTOPOM MeEXaTOMHAas CBsSI3b MOXET ObITh pa3pylleHa u
BOCCTaHOBJICHA, JJISI pa3HbIX BELIECTB BEChbMa pa3iiMyHa. A Belb Mbl 3HAE€M, UTO KaXKIbIi pa3,
KOrJia AMCIIOKAIUs MpbIraeT Ha OJUH IIar, JIOJDKHBI pPBAaThCS CTapble CBSI3U U YCTaHABIMBATHCS



HOBBIE. B 93TOM oOTHOmIEHMM Hamboysiee THOKHUMH JOJDKHBI OBITh TaKHe CBSI3U, KOTOPBIC
o0ecrieunBarOT OJAMHAKOBOE MPUTSKEHHE BO BCEX HAIPaBICHUAX. 3/1€Ch Ha MEPBOE MECTO
HYXXHO TOCTaBUTh METAJUTMYECKYIO CBs3b, a 3a HEHl - moHHyro. Hauxynmeit Oyner, HaBepHoe,
KOBAJICHTHAs CBsI3b, KOTOpas 4acTO OBbIBACT B BBICIICH CTENEHU HarpaBieHHOW. OHa HMMeeT
XapakTep Tuna “Bce uiau Hudero . K coxalieHnto, KOBaJIEeHTHasI CBSI3b B TO XK€ BPEMs ABIIIETCA U
HanOoJiee TIPOYHOM, M HambOOJee >KeCTKOW, W HauboJiee >KeIaTeIbHOW W3 BCEX XHWMHUYECKHX
cBased. Ho mnpu HOpMalbHOW TeMIlepaType JUCIOKAalUUW B KOBAJIEHTHBIX KpHUCTAJLIaX
MaJIONOABUKHBI.

OdeHb BaXXHYIO POJIb UI'PAET TAK)KE KPUCTAJUIMYECKasi CTPYKTYypa BEUIECTBA, TO €CTh T€OMETPUs
B3aUMHOT'0 PACIIOJIOKEHHS aTOMOB WJIM MOJIEKYJ B Kpuctaiuie. Ecnu anemenTapHas siueiika (To
€CTh Takas MUHUMAaJbHas sYelKa, NPOCTHIM TOBTOPEHHEM KOTOPOM MOXKHO “coOparp’
KPHCTAJUI) BEJIMKA, TO NPBDKOK IUCIOKaluu OyAeT, Kak MpaBwio, 3arpyaHeH. [Jlaxke ecnu
JJIEeMEHTapHas S4eliKka M Majla, HO YIAKOBKAa aTOMOB TI'€OMETPHYECKH YCJIOXKHEHA, YHCIIO
HaNpaBJICHUH JIETKOTO CKOJBXKEHUs Oyaer udepecuyp orpaHndeHo. OOBIYHO KpHCTAIBI C
KyOM4eCKMM  pPAacIOJIO)KEHHEM aTOMOB  J1eOpMHUPYIOTCA  Jlerde, 4YeM KpHUCTallbl ¢
IreKCarOHaJIbHOM YIIAKOBKOM aTOMOB. Jlajee, BaXKHYIO POJIb UIPAIOT pasMep SYCHKH, a TaKKe
IIPUMECH.

['pomagHOE OOJBIIMHCTBO KPUCTAUIMUECKUX BEIIECTB HE 00JaJaeT JOCTaTOYHO BBICOKOU
MJIACTUYHOCTBIO MPU HOPMAJBHBIX TEMIIEpaTypax, a T€ KPUCTAIMYECKHE BEIEeCTBA, KOTOPbHIE
IUTACTHYHBI, OKA3bIBAIOTCS CIMIIKOM YK TUIACTHYHBIMU. KpHCTaIsl YMCTHIX META/UIOB (3Kesesa,
cepedpa, 30J10Ta U T.I1.) CIUIIKOM MSITKH, HACTOJIBKO MSATKHU, YTO MPAKTUYCCKH UX MPOCTO HEJIb3S
MCTIONBb30BaTh. [103TOMY 3a/maua MeTaJUIOBEICHUS - UCKYCCTBA U HAYKU-3aKJIFOYAETCS TJIaBHBIM
00pa3oM B TOM, YTOOBI MPUIATh TAKUM KPHUCTAJIaM TBEPAOCTh U MPOYHOCTH, HE CACNAB UX MPHU
3TOM CJIMIIKOM XPYNKUMH. JTO CIEAYEeT JAenaTh, OTPAaHUYMBAas JBH)KEHUE AUCIOKAIIMM, HO B TO
K€ BpeMs HE HAJl0 TOPMO3UTH €r0 CIUIIKOM YK CUIIBHO.

WNrxenepsl MHO0AT TOJKOBAaTh 00 “Y/UIMHEHWH , JaXe MCIOJB3YIOT €ro B KayeCTBE MEPbI
IUIACTUYHOCTU. OTO OYeHb TIpyOBI TPAKTUYECKUH TIPUEM ONpEIeNCHHs BEIHMYMHBI
IIacTH4eckoi aedopmanny MeTajula Tepe] MOJHBIM ero paspylieHHeM. BemuumHa 3Ta He
UMeeT HHYEro oOIIero ¢ ynpyroi negopmanueil mpu paspbiBe MaTepuaia, KOTopas 0ObIYHO He
npessimaer 1%. /s u3mepenns yuiMHeHHs Ha o0paser] HaHOCSTCS B METKU Ha PACCTOSHUH,
MOJIOKHM, SCM; Mocie pa3pyleHus o0pasia JBe MOJOBUHKU €r0 CKIIAJBIBAIOTCS U PACCTOSIHHUE
MEX1y METKaMH M3MepsieTcsi BHOBb. Eciii, Hanmpumep, HOBOE PacCTOSIHUE OKaxeTcs 7,5c¢cM, To
roBopsAT, 4ro ymimHeHue paBHO 50% wuT.n. Kak u pesynprarbl OONBLIIMHCTBA JPYTUX
HOMYJISAPHBIX WH)KEHEPHBIX NCIBITAHUH, YIUITMHEHHE OYeHb TPYAHO OoJiee MM MEHEE CTPOWHBIM
00pa3oM cBs3aTh CO CBOMCTBAMH IUIACTUYECKOTO TEUYEHUS MaTepuana. TOYHO Tak ke TPYTHO
TaKUe Pe3yJbTaThl UCTIONB30BaTh. OJJHAKO MHOTHE HH)KCHEPHI IPHICPKUBAIOTCS CTOMKON MOYTH
PENUTHO3HONW BEpbl B CHIy TAaKWX MHCIBITAaHWM, M €CIM BBl CKa)XETE MM, YTO JPEBECHHA M
CTEKJIOIUIACTHKH, O0JIafas BSA3KOCTHIO, MJAIOT HYJIEBOE YIUIMHCHHWE, TO B OTBET MOXKETe
yCIBIIIATh, YTO UMEHHO MO3TOMY OHU HUX U HE NpUMEHSIOT. Kak n GOJBIIMHCTBO BEpOBaHU,
OCHOBaHHBIX Ha SMOIMSX, 3Ta Bepa 3MWKJICTCA Ha CTpaxe, BIIOJHE IOHITHOM CTpaxe Iepen
XPYIKHM pa3pyLICHHEM.

Jns  OoNbIIMHCTBA METAJUIMUECKUX CIUIABOB yJUIMHEHHEe Tmopsaka 5-10% oka3biBaeTcs
JOCTaTOYHBIM JJISI TOTO, YTOOBI OOECIIEUNTH YIOBICTBOPUTEIBHYIO BS3KOCTh. Yamie Bcero Ha
NPaKTUKE HCIOJIB3YIOT MAaJOYIJIEpONUCTBIE CTalu, uMmeromue ymmmHenue a0 50-60%, Ho
JIOBOJIBHO HU3KYIO TPOYHOCTh. YacTHYHO 3TO OOBACHAETCS NEPECTPAaXxOBKOW H3-3a OOS3HU
TPEUINH, HO, KPOME TOTO, €CTh €Ille U JBE APYrue MPUYMHBL. MHOTHE KOHCTPYKIMH JENaloT U3
METaJUIMYECKHUX JINCTOB, IPYTKOB, TPYO, 1 0OBIYHO OBIBAET OYCHH YJOOHO U JEHICBO MPUIATh UM
HYXHYIO (hOopMy IyTeM I'MOKHM B XOJOJHOM COCTOSHUH. [loAroHss oHy 4acTh KOHCTPYKLUHU K



JPYroii, MOKHO TaKXe HCIIOJIb30BaTh U JIPYTHE JIOBOJBHO rpyObie MeToabl. Bo Bpems BOWHBEI
MHE TOBOPHJI KaK-TO OJIMH COOPIIHMK CaMOJIETOB, YTO MOATOHKY KpbulheB “CrutdaiiepoB” K
¢rozemspkaM MOXKHO BBITIOJTHHUTH TOJIBKO MPHU TMOMOIIM KyBajabl. CBOMMHU TJIa3aMu s TaKOTO
HUKOI'JIa HE BHJEJ, IO3TOMY HE MOTY py4yaThCs 3a JOCTOBEPHOCTb, HO MOAOOHOrO poja BeIlld
CIILy4aroTCsl, XOTs, IOKaIyl, U HE B aBUALIMOHHOM IPOMBILUIEHHOCTH U HE B MUPHOE BpEMH.

Bropas nmpuumnHa cBA3aHa C TEM, 4TO IEPEPACIPEACICHUE HANPSLKECHUM B KOHCTPYKIUU MOXKET
CTJaJUTh ONAacHble HampspkeHus. Jleno B TOM, 4TO MHOI/A ObIBA€T OYEHb TPYIHBIM CKOJBKO-
HUOY/Ib TOYHO ONPEACTUTh Harpy3ku BO BCEX DJEMEHTaX CIOXHONH KOHCTPYKLHH, a KOE-KOMY
9TO MOXKET I0Ka3aThCsl MPOCTO CIMIIKOM OOpPEMEHMTEIbHBIM 3aHATHEM. Ecnm ke marepuan
TEYET U UMeeT OOJBIION MIACTUYECKHH Y4acTOK, TO NEepPerpyKEeHHbIH 3JIEMEHT MOXET MPOCTO
OonblIe 1ehOpMUPOBATHCA, YTO HE TAK YXK M ONACHO Ui HEro. MHOTue MH)XEHEPHI CBITO BEPAT
B TaKH€ " CaMOIIPOEKTUPYIOIIHEC KOHCTPYKLIUU.

Tenepr HaM MOHSATHBI NPEUMYIIECTBA IUIACTUYHBIX METAUIOB B pEaJbHOM MHpPE C €ro
HECOBEPIICHCTBAMU U COOOpaKEHUSIMU KoMMepLnHU. JIeTko oObsCHAETCS TeTeph U Iupoyaiiiiee
pacrpocTpaHeHHe MSTKHUX cTajied, amomMuHus, Meau. Ho BMecTte ¢ TeM € IJIAaCTUYHOCTBIO
CBsI3aHbI M JIBa HeZocTaTKa. [[TacTHYHOCTH 1ake caMbIX MATKUX METAJIOB HEe OECKOHEYHa, U TaK
KaK CIIOCOO0B M3MEpPUTh, KaKasl OIS TUIACTUYHOCTH YK€ McUepIiaHa MPH U3TOTOBJICHUHN JIETAlIH,
OOBIYHO HET, OCTAeTCs JIMIIb JOTaJbIBaThCs, CKOJBKO K€ IMIACTUYHOCTH COXPAHWJIOCHh HA TO,
4TOOBI 0OEcreunBaTh BS3KOCTh B XOJA€ JKCIuTyaranuu. Korma moMaroTcs W3AENus MacCOBOTO
MPOU3BOJICTBA, UMEHHO B 3TOM HE3HAHHM KpPOETCs KOpeHb 371a. OTKUT - omnepaius JOCTaTOYHO
NPUXOTINBas, K TOMY K€ OHA CBsI3aHA C JOMOJIHUTEIBHBIMU PACXOJIaMH, a Mallble JeTalbKh
UMEIOT TPOIIOBYIO IIE€HY, MOATOMY TPYAHO BOCHPOTHUBUTHCS CTPEMIICHHUIO JehOpMHUPOBATH
METaJIT B TAKUX CIy4asiX BXOJIOJHYIO.

I[pyroﬁ HEAOCTATOK 3aK/JIH4ac€TCsa B TOM, YTO MaKCUMaJlbHas IIJIAaCTHYHOCTH HEU30EKHO
coueTaeTcs C Maloi IMPOYHOCTBIO, IOCKOJIbKY MCTAJJIOBCAbI HOJIZKHBI CACIIATH Tak, YTOOBI
AUCIIOKAIMM Ha4daJlk JABUTAaTbCA IPU MaJIbIX HANPSAXKCHUAX. A B wmrore KOHCTPYKOHUH YacCTO
MOJIYYar0TCd HAMHOTI'O TAXKEJICC, YCM CIICA0BAJIO OBI.

KpaeBble U BUHTOBbIC JUCJIOKAIINHN

Teopust AUCIOKAIM Ype3BbIUAHHO CIOKHA U B KOHIIE-TO KOHIIOB HAaMOONBININNA WHTEPEC OHA
MPEJICTaBIISIET, MO-BUAUMOMY, JUISl Y3KUX ClenuanucToB. OJHAKO HaM CleAyeT YIOMSHYTb O
JIBYX OCHOBHBIX THITaX AMCIIOKAIUI - KpaeBoW U BUHTOBOM. KpaeBas nucimokarus Oblia BBEACHA
B obuxon JIx. Tritmopom B 1934rony. OHa mpome u jerde s nmoHuManws. Kak Mbl yxke
roBOpWJIM O Hei B miaBe 3 (puc. 28), oHa co37aHa, MO CYIIECTBY, JHMIIHUM CJIOEM aTOMOB,
BJIBUHYTHIM B KPHUCTAQJIJI CIIOBHO JIUCT Oymaru, HamoJIOBUHY BJIOKEHHBIM MEXAYy CTpaHULIaMU
kHurd. KpaeBble AHMCIOKAIMM MOTYT BO3HHUKHYTH B IIpollecce 0Opa3oBaHUs KpHUCTaJlIa.
[IpumMepoM BX MOTYT CITY>KHTh TaK Ha3bIBa€MbIC “MaJIOYTJIOBBIC TPAHUIIBI . KOT/Ia JIBA PACTYIIHX
KpUCTAJIJIa BCTPEUAIOTCS MOJ HEOONBIIUM YITIOM M COCTUHSIOTCS BMECTE, 00pa3ysl CIUIONIHOE
TENO, JUHUS HUX COEIWHEHHUS OKa3bIBaeTCS LIETIOYKOM KpaeBbIX JHUCIOKAllUi, KOTOpHIE
BITOCJICJICTBUHM MOT'YT, KOHEUHO, ITepeOpaThCsi Ha HOBBIE MECTA.

Cy1iecTBOBaHHE BUHTOBBIX AMCIOKaui mpeackaszain B 1948rony ®pank. OHU MOHAI00MINCH
eMy HEC CTOJIBKO IJIA O6I:SICH€HI/ISI MEXAHHNUYCCKUX CBOﬁCTB KpI/ICTaJIJIOB, CKOJIBKO IJId OGBHCHGHHH
ux pocra. Ilepexon aroMOB WM MOJIGKYJ W3 pacTBOpa WM M3 Tapa W 0OoJjiee WM MEHEe
HENPEPHIBHOE OCAXKICHHE MX HAa PACTYIIEM TBEPAOM KPHUCTAIIE COMPOBOXKIACTCS U3MEHEHHUEM
sHepruu cuctembl. [loliner WM He MOWIET TaKoW MPOLECcC - 3aBUCUT OT TaK HAa3bIBAEMOTrO
HQPGCBIH_IGHI/I}I, FPY6O FOBOpH, OT TOro HaCKOJBKO OXOTHO MOJ'IGKYJIBI IIOKHU AT paCTBOp Nnin
nap. Mo)XHO, HampUMep OXJIAIUTh PACTBOP caxapa WJIU COJIM 3HAYUTEIIbHO HIDKE TEMIIEPaTyphl,



IIPU KOTOPOM JTOJKHBI PACTH KPUCTAJLIBI, @ KPUCTAJUIBI HE MOSBATCS, II0OKA HE OKaXKEeTCs JJI1 HUX
MOJXOISIIEH TOBEPXHOCTH.

Jns rmaakod IUIOCKOM TOBEPXHOCTH MOYKHO BBIYUCIUTH CTENEHb MEPECHIIICHUS, KOTOPOH
MOYKHO JOCTHYb 0e€3 BblmajeHus marepuana. OHa OKa3bIBaeTcs JOBOJILHO Oonblnoil. dpanka
3aHHUMAJIo, YTO Ha MPAKTUKE MHOTHE KPUCTAJUIBI pacTyT ceOe Ha 3I0pOBbE MPHU MEPECHIIICHUSIX,
KOTOPBIC HAMHOI'O MCHBUIC TCOPCTUYCCKU PACCHUTAHHBIX IJId IMPUCOCAWMHCHUA AaTOMOB K
IUIOCKOM MoBepXHOCTH. M B camoM Jiesie, eciii Obl HaM BCerJa MPHUILIOCh OCAXKAATh KPUCTAILIIbI
TOJILKO Ha TUIOCKYIO TOBEPXHOCTh, MHOTHE KPHCTAILIBI BPA JIM BooO11e OblTH OBl osy4yensl. Ho
MOJKHO I10Ka3aTh, YTO €CJIM MOBEPXHOCTh MMEET HEPEryIspHOCTh, HEPOBHOCTh, TaKylo, Kak,
HarpuMep, CTyIEeHbKa BBICOTOIO XOTsI OBl B OJJHY MOJIEKYILY, - OCOXJCHHE OyAeT HAMHOTO JIeTYe.

CryneHbpka JdaeT JOBOJIBHO YIOTHOE TMPHUCTAHUINE ONMYXKJAOIMKUM MOJEKyJIaM, KOTOpBIe
CTPEMATCS OCECTh UMEHHO 3/IeCh. TaK M KaMCHINMK KJIQJeT KUPIHYU Ha ycTyme Kiaakud. U
TOYHO TaK €, KaK W B CJIy4ae KHUPINUYHOW KIAJKW, HOOABUB OIWH JJIEMEHTHUK, MBI HE
YHHUYTOXXKHAM CTYICHBKY, a JIMIIb MEPEMECTUM €€ BJIOJb BEPXYIIKA CTEHBI. JTOT MEXaHU3M B
neiictBum Habmonanmu banH u Dmmer B 1946rony. HamoMHUM, 9TO MMEHHO TaK MOIY4YarOTCs
CTYICHBKH, KOTOPBIE OCIA0JIAIOT ITOBEPXHOCTh YCOB U IPYIHX KpucTauioB (riasa 3).

®paHk paccykaan IPUMEPHO Tak. [[oIycTHM, YTO CTYIIEHBKH POCTA CYILECTBYIOT. UTO K€ Toraa
IOJIy4aeTcs, Korjla ABMIKYIIAsCs CTyNEHbKa HOXOOUT 10 KpOMKHM Kpuctamia? Ilo-Buaumomy,
OHa JIOJDKHA MCYE3HYTh, KAK MUCUE3ACT YCTYIl HA KUPIIUYHOU CTEHE, KOI/la KAMEHIIUK JOCTUIAET
KOHIIa cTeHbl. Ecim Tak, TO Kak Moryia Obl BO3POJUTHCA CTYNEHbKA, 4YTOObI Hayal pacTu
CIEIYIOIINN CITON?

OtBer ®panka O6bu1 Onectanie mpocT. KpucTtamibl HUKOrAa HE CTPOATCS, Kak J0Ma, U3 CIOEB
kupnuya. CTyneHbka pocTa HUKOTJa He Mcye3aeT Ha KPOMKE, MOTOMY YTO KPUCTAJI CTPOUTCS
0J00OHO BUHTOBOMW JIECTHHIIE. 3HAUUT, KPUCTAII MPOCTO “HaKpyduMBaeTcs’ caMm Ha cels, Bce
BpeMsI HUCIIOJIB3YSl OJTHY M Ty JK€ CTymHeHbKY. [lom00HO TIHIOpOBOM THUIIOTE3E O KpPaeBBIX
JIUCIOKAIUAX, UJES O BUHTOBBIX JAHMCIOKALMSAX TMOKOpsAJa CBOEH JIOTUKOW, M WHTYUTUBHO
Ka3aJ0Ch, YTO OHA JOJKHA ObITh BepHOH. Tak oHO M momydminock. Beckope @optu u npyrue
IKCIIEPUMEHTATOPBI OTBEPIUIIN CYIIECTBOBAHNE BUHTOBBIX Auciokanui (puc. 50).

Puc. 50. Cxema BHUHTOBOI AUCIOKAIMH.

B cxeme BUHTOBOW JECTHHIIBI CaMOW TPYIHOOOBSICHHUMOW ObLIa CHTyallds B IICHTpE. 311eCh,
KOHEYHO, CYIIECTBYET KaKOW-TO MPOOell, HECTHIKOBKA, 00pa3yIolIie HEKOTOPYIO JTUHUIO TI0 OCH
BHUHTA. DTO U €CTh cama auciiokanus. Kak u B cirydae KpaeBoi AUCIOKAIIUU, MEKATOMHBIC CBSI3U
34E€Ch CUJIBHO ,Zle(l)OpMI/IpOBaHBI, XOTsI HUYECTO HOI[O6HOFO OTBepCTI/IIO, B O6I:I‘-IHOM CMBICJIE 3TOT'O



cJioBa, HeT. HO BOT yChI JOBOJIBHO YacTO OBIBAIOT MOJIBIMH, TPYOUaThIMU. Bo3MokHast mpuynHa
3TOTO B TOM, YTO TAaKHW€ YChl POCIM C BUHTOBOW JHMCIIOKAIMEH, CTYIEHbKa KOTOpOW ObLIa
BBICOTOM HE B OJHY, a B HECKOJbKO MoJieKyn. Ecnmu Tak, To Torma nedopManuu B siape
JTUCIIOKAIMA MOTYT OBITh OueHb OonbmmMu. ClieoBaTENbHO, KPUCTAUT MOXKET IMPEINOYecTh
SHEepruu nedopManuy MOBEPXHOCTHYIO SHEPTHUIO, TO €CTh PACTU C OTBEPCTHEM MTOCEPEINHE.

Kak cmyuaercss ¢ OONBIIMHCTBOM YJAYHBIX THIIOTE3, C THIOTE30H O BUHTOBOW MHUCIOKAIMH
NePeCTapaliuCh. C HEIO CBSA3BIBAICSA IOYTH KAXKABIM acleKT pocTa IMOYTH KaXIOoro BHUAA
KpHUCTAJIJIOB. CGI‘O,Z[H}I, MOo-BUAUMOMY, SACHO, YTO MHOT'MC KPHUCTAJIJIbL OGXO,Z[HTC}I B CBOCM POCTC
0e3 mexanusma ®panka, HO (akT ocTaeTcsi PaKTOM - OYEHb MHOTHE KPHUCTAJLIBI UCIIOIB3YIOT
9TOT MCXaHU3M, BUHTOBAA AUCIOKALUA - BIIOJHC PCAaJIbHOC U OUCHB BAXKHOC SAABJICHUC.

CoBceM He 00s3aTENbHO, YTOOBI JUCIIOKAIMs ObUTA IEIMKOM KPAaeBOTO WM BHHTOBOTO THIIA.
JluciiokalmoHHasi JIMHUST MOJXKET HAvaThCs KakK KpaeBas, a 3aKOHYUTHCS - KaK BHUHTOBAs, H
HA000pOT. A MEXIy Ha4aJoM M KOHIIOM OHa MOXET OBITh OTYACTH BHUHTOBOW, a OTYACTH -
KpacBoii. B Takux ciydasx TOBOPST, YTO JHCJIOKAIMs HMMEET BHHTOBYIO W KpPaeBYIO
KOMIIOHEHTHI. Ho mpaBwmiia IBMKEHUS JBYX TUIIOB JAUCIOKAIMI HEOJUHAKOBBI, U B 3TOM OJ(HA U3
MPUYMH CJIOKHOCTCH TOBEJCHUS PEANbHBIX JIWCIOKAIUH, MPEICTaBISIFONIMX COOOW OOBIYHO
WCKPUBJICHHBIE MIPOCTPAHCTBECHHBIC JIMHUU.

CeronmHsi Teopusi OUCIOKALMK - THIATEIBHO pa3paboTaHHAas M MOoLIpsieMas Hayka, KoTopasd,
HCCOMHCHHO, IIpOJInjia CBCT Ha NOBCACHUC TBCPABLIX TCII, OC06€HHO METAJIJIOB. Tenepb MBI B
3HAYMTEILHON MEpe MOHMMAEM pealbHOE MOBeAcHUE MeTauioB. C Ipyrod CTOPOHBI, HENb3s
CKa3aTh, qTo 3HaAHUA 0 JUCIIOKaAIIUAX IMPUBCIIN K KaKuM-TO padruKaJIbHBIM
YCOBEPIICHCTBOBAHUSAM MEXaHWYECKUX CBOMCTB MaTepuaioB. YUTo KacaeTcsi METaljioB, TO
MOYKHO, TOXallyd, CKa3aTh, YTO OOJbINAs YacTh BO3MOXHBIX M BaXKHBIX YIyUIICHUN ObuIa
ceNlaHa ellle TPATUIUOHHBIMU SMIUPUYECKUMH METOJAMHU, a POJib TUCIOKAIIMOHHOW TEOopuu
CBEJIaCh K OOBSICHEHHIO TOTO, TOYEMY M KaK 3TH YIYUIICHUS TOTYIHUIIUCh.

Hao0aonenue qucjiokanum

Kakoii mpaBnomno00H0i# 1 JIOTUYHOM HH ObUTa ObI HAYYHAS TUIIOTE3a, AJIs OOJNBIIMHCTBA JIFOACH
OHa OCTaeTCs BCE-TaKHM TOJIOM aOCTpakIMeW, TMOoKa Heab3s OyIeT dYTo-TO IOTpOoraTh
COOCTBEHHBIMH pYKaMH WU  YBUIETh COOCTBEHHBIMH Tla3aMu. KOCBEHHBIX WK
MaTeMaTUYECKHUX J0Ka3aTeIbCTB IS HUX HEIOCTaTOuHO. [I[puMepoM MOXKET CIYy)KUTh TEIIOBas
Teopust. M3 aneMeHTapHON (U3MKK KaKABIH 3HAET, YTO TEMIepaTypa BEIIECTBA OMpPEeNseTCs
HEIPEPHIBHBIM U OCCTIOPSIOYHBIM JBHUKEHUEM €ro MOJIEKYJl. Ho MOCKOJbKYy B TOM K€ Kypce
(GU3HUKM TOBOPUTCS €IIIE, YTO MOJIEKYJIBI CIMIIKOM Mallbl, 4TOOBI UX BUAETH, a TAKXKE MOTOMY,
YTO OINYIICHHUS TEIUIa M XOJIoJga HUKOUM OOpa3oM HE CBSI3BIBAIOTCS C TPEJCTaBICHHUEM O
JMBUXKYIIUXCS YaCcTHUIIAX, - MBICIHh O TEIJIOTE, KaK O MOJIKYJSIPHOM JIBH)KEHUHU, OOBIYHO HE
OIIIYIIAETCS HAMHU KaK PEATbHOCTb.

boranuk bpoyn B 1827T0y, Habm01ast B MUKPOCKOTI MBUTHILY HEKOTOPHIX IIBETOB, OOHAPYKHII,
YTO OHA HAXOJIUTCS B HEMPEPHIBHOM HPHUIUIICHIBAHUU. BpOyHOBCKOE ABMIKEHHE MeIbyUaiIimx
TBEP/IBIX BUTMHOK, B3BEHICHHBIX B BOJIE, JIETKO MOKHO yBUAETh. KanHuTe, Hanmpumep, 0OBIYHOM
KATACKOW TYIIM WJIM aKBapeld Ha MPEIMETHOE CTEKIJIBIIIKO MHKPOCKONA W, HAKPHIB KaIlUTIO
JIPYTUM CTEKJIOM, B3IJISIHUTE HAa HEe MpPU JOBOJHHO OOJIBIIOM YBEJIWYEHHUU OOBIYHOTO
ONTUYECKOTO MHUKpPOCKONa. BBl yBHIWTE, YTO YacTHUIBl TOMENbYEe HOCATCS B COBEPIICHHO
cymacOpoHoit mxure. CKobKo Obl BBl HU CMOTPEJIH Ha 3TOT TaHell, OH OyAeT MpoxoKaThes. A
3a TaHIEM Kpoercss BOT 4To. CaMM YacTHIBI TYIIM WIH KPacKH HUMEIOT YTO-HUOYIb OKOJIO
MHUKpPOHAa B IIONIEPEYHUKE, TO €CTh OHM B HECKOJBKO ThICAY pa3 OOJbIIE OKPYKAIOIUX HX
MOJIEKYJT JKUJKOCTH. MOJIEKYIBI HOCSTCS B3a/-BIIEPE]] COBEPIICHHO OECIOPSAIOYHBIM 00pa3oM.



Hamm yacTuubsl BOBIEKAKOTCS B 3TY TOMYEH0. 1€ 4acTULbI, YTO NOKPYIIHEE, HUKAK HE PEarupyroT
HAa TOJNYKM, a BOT JUIA YacTUI] TMOMENbYe MOJIEKYJSIpHbIE TOJYKH  OKa3bIBAIOTCS
YYBCTBUTCIIbHBIMU, OHU MPBITAIOT OT HUX B PA3HBIC CTOPOHLBI TAK, YTO BCC 3TO BUAHO B OGBI‘IHI:II\/'I
ONTUYECKUN MUKPOCKOII.

[Tocne Toro Kak BBl YBUJENINM CBOMMH Ijla3aMu OpOYHOBCKOE JIBUYKEHHE, Ballle PEICTaBICHHUE O
IOpUpOJIe TEIUIOTHI OyIeT YK€ COBCEM HHBIM. Temeph Bbl MOXETE CKazaTh, YTO HE IPOCTO
3ay4dId Kakue-TO OObEKTHBHBIE HAay4YHbIE MCTHHBI, a YK€ Ha Thl C KMHETHUYECKON Teopuei
teruia. Pa3Huiia mpumMepHo Takas ke, Kak YUTaTh O 3aX0/Ie COJIHIA U cCaMOMY HaOJII01aTh 3aKarT.

To xe camoe M ¢ AMCIOKaNMsAMH. AOCTpakTHas TEOpUS CTAHOBHIIACH OYEHB OCS3aEMbIM
seieHreM. Ho kak ke yBuaeTh auciokanuu? I[Ipexkie BCero ¢ MOMOIIBI0 XHMHUYECKOTO
TpaBiieHUs. MBI y)Ke TOBOPHIIH, 4TO Je(HOpMHpPOBAHHBIC MEKATOMHBIC CBSI3U 0OJee YS3BUMBI
JUTSL XUMUUYECKUX M QU3MYECKUX BO3ICHCTBUI, ueM HenehopmupoBaHHbie. ClieJOBaTeIbHO, €CIIH
IPOTPABUTH KPUCTAILT (OOBIYHO B KUCIIOTHOM PAacTBOPE), TO MECTa, TIe TUCIOKAIIUH BBIXOST Ha
IIOBEPXHOCTh, IPOTPABSTCS OOJiee HHTCHCHBHO, YeM OKpY)KaloIuii MaTepuai. B pesynprare Ha
TIOBEPXHOCTH KPUCTAJLIa TOSBUTCS CEPHsI TaK HA3bIBAEMBIX SIMOK TPaBJICHHS, KOTOPbIE OOBIYHO
JIETKO MTPOCMATPUBAIOTCSl B ONTUYECKHH MUKPOCKOIL. Takas TEeXHUKA HaOJIOICHHS TUCIOKAIUA
OYEHBb pacIpOCTPaHEHA, W CIICIHATHUCTHI, HAOIOAAsl MOJNyYCHHBIC ITyTEM TpPABJICHHS OCHHHKH,
MOTYT CJeNaTh JOBOJBHO JajeKo HIyIiue BbIBOABI. OJHUM W3 YXUIIPCHUI 31€Ch SIBISIETCS
packajibplBaHMEe KpHcTauta HaaBoe. JIroOasi QucioKaiysi, CyIIECTBOBaBIIAs B KPHCTAUIE 0
Hayajia SKCIIepHMEHTA U MPOXOJIMBIIAs Yepe3 IIOCKOCTh packoia, Oyaer, KOHEYHO, OTHON H TOM
e Ha oOeux mosoBuHKax. OHA W3 TMOJIOBUHOK BBHIOMPAETCS KaK KOHTPOJIbHAS M TPABHTCS
HEMEJUICHHO, YTOOBI BBISBUTH HCXOIHYIO IMCIOKAI[MOHHYIO KapTHHY, a Apyras IOJIOBUHKA
nedopmupyetcs (OO C HEO CTaBUTCS KAaKOW-TO JAPYrod SKCIEPHMEHT), a YK 3aT€M TPaBUTCA.
CpaBHHBas KapTHHY SMOK TpaBJICHHs Ha JBYX IOBEPXHOCTSX, MOYKHO BHIETh, KaKHe H3
JIMCIIOKAIMK 00pa30BaIMCh B X0O/I€ IKCIIEPUMEHTA, a KAKHE - TICPSIBUHYIIUCH.

TpaBneHue - TOJIC3HBIM TMPHUEM, HO €ro HEIb3s CYUTATh CIOCOOOM MPSMOTO HAOIIOIEHUS
muciokanuii. Clieqylomui mar B 3TOM HalpaBJIeHUH Obul cienaH XupiieM B KoBeHIuIICcKoi
naboparopun (KemOpumk). OH HCIONB30Bal CBOMCTBO OYCHb TOHKOW METAUTMYECKON (DOJIBIH
OBITh TMPAKTUYECKH MPO3PAYHONH B DIEKTPOHHOM MHUKPOCKOIE, a BOT JtOObIE HApyIICHUS
KPUCTAJUTMYECKOW  peImIeTKH  JalT  TeMHble  oOpa3oBanHus. [losTomy  muciokanuu
MPEJICTABIISIFOTCS 37I6Ch TEMHBIMH JTUHUSMU Ha 0eioM oHe.

Bce 310 x0pomio, HO ObUTO OBl MHTEpECHEE B3TJISHYTh HA ABIKYIIYIOCS JUCIOKAIMIO, a IS
3TOr0 Ha Hee HYXKHO BO3JEWCTBOBaThH, CO3/1aB Kakoe-TO HampshkeHue. Henerko mpuiiokuThb
MEXaHUYECKOe HAIpPsDKEHUE HEMOCPeACTBEHHO K (ojbre, KOTOpas HACTOJIBKO TOHKA, YTO
CTAHOBUTCS MPO3PAYHOU IIJIs SJIEKTPOHHOrO mydka. [loaromy Xupil UCHOJIB30BAJ JJIsi HarpeBa
¢donbru, pacuMpeHuss M, CTaio ObITh, Harpy)XeHUsi oOpasla SHEPrUi0 CaMoro 3JIEKTPOHHOTO
nyuyka. Bce cpaborano oueHb Xopouio, ¥ XHUPII CMOT CHATh KUHO(DHUIBM O AMCIOKAIUSIX B
OBIOKEHUH. @OUIbM  TOJXYYMJICS OYCHb BHEUATIIAIOMUM. JlucloKanmuu sBIsUIM  coOOM
TauHCTBEHHYIO KQpPTUHY CYETSILINUXCS MBIIIEH.

OneiTel Xupina, OJHAKO, HE TPECIEeNOBATH IIeNb YBHUJETh WHIUBUIYyaJbHBIC aTOMBI HIIU
TPEXMEPHYIO IIAaXMaTHYIO JOCKY KpHUCTaUIMUeCKo pemieTku. [uciokamuu y Xwupma Obutn
BCETO JIUIIIb YEPHBIMU JIMHUAMHE JleopMannu Ha Oesnom uim cepom ¢one. Ho, kak MHe kaxkeTcs,
Yero Mbl JEUCTBUTEIBHO XOTHUM, TaK 3TO YBUIETh CJIOM aTOMOB, OOpBIBAIOIIMIUCS TNie-TO B
KpUCTANTU4ecKoi pemerke. OQHAKO, MPEeXIe YeM YBHUICTh JUCIOKAIMIO B KPHCTAIIIMYECKOM
pelieTke, HY)XHO Obl YBHUIETh ... caMy pemeTky. B meramnax v B OOJBUIMHCTBE OOBIYHBIX
KPHUCTAJJIOB IapaMeTp peIieTku Oau30k K 2 A. A B Te BpeMeHa, 0 KOTOPBIX s ceifuac ToBOpIO
(cepenunra 50x romoB), camoe Jydilee paspelicHHe 3JIECKTPOHHOIO MHKPOCKOMA OBLIO OKOJIO



10A. Crano ObiTh, He OBUIO HHUKAKOH HAAEXKAbl YBHJIETh AaTOMHBIE CIIOM OOBIYHBIMHU
cpeacTBamMu. DTy TPYAHOCTh mepBbIM Tpeogosien Jkum Mentep, paboraBmuii B XUHKCTOH
Xomne 6mu3 KemOpumka. OH NpUrOTOBHI TOHKHME KPHUCTAIMKH BEIIECTBA, HAa3bIBAEMOTO
¢ranonmaHMHOM IIAaTHHBL. MoOJeKya 3TOro OpraHn4ecKoro COeIUHEHUS - TUIOCKas, IPUMEPHO
KBajpaTHasi, okojo 12 A B momepeuyHuke. B cepennHe kBajapara - JbpIpKa, a B 3TOW JABIPKE B
ciydae (TalolMaHMHA IUIATHHBI - aTOM IUIATHHBL. B KpHCTamie 3TH TIIOCKHE MOJIEKYIBI
YIaKOBBIBAIOTCSA TaK, YTO TACCTOSHUE MEXAY CIOSIMH MOJIEKYJ OKa3biBaeTcs 12 A, m 1eHtpe
Ka)XJIOTO PsAAa MOJEKYN MPOXOIUT JIMHUS TSKEIBIX aTOMOB IUIATHHBI, CTOSIIUX OCOOHSKOM OT
JIETKUX aTOMOB TAHWYECKOM MOJIEKYJbl. TakuM 00pa3oM MOIydYaloTCs JUHHM TUIATHHOBBIX
aTOMOB B PETYJIIPHOM KPHCTAIZIMYECKOM PACIIOIOKEHUH, PACCTOSHIE MEXIY KOTOpeiMH 12 A
BMeCTO O0OBIYHBIX 2 A. OpraHn4ecKyro 4acTh MOJIEKYJIBI MOKHO CUMTATh MPO3PaYHON HAOMBKOMA,
KOTOpasi Jep>KUT Ha HY>)KHOM PacCTOSHUH IUIOTHBIC, C HESICHBIMUA OYEPTAHUSIMU aTOMBI TUTaTHHBI.

HacTpauBas MUKpOCKOII Ha MaKCHUMaJIbHOE pa3pellieHne, MOKHO ObUIO YBUIETh PEIIETKY 3TOTO
kpuctaimna. [loxanyii, oHa Oblla MOXOXKa Ha HAPHCOBAaHHBIC YTOJBKOM CJIETKA JIOXMAaThIe
MoJIOCHl Ha OoJiee CBETIIOM CepoBaTOM (POHE - YTO-TO BPOJE CTPOK HA TEIEBU3MOHHOM IKpaHE.
Bpocanace B ria3a HeBeposiTHas peEryiaspHOCTb Kpuctamia. [Ipu OoipiioM, yBeIHMYECHHH
OeCUUCIICHHbIE PBIXJIOBATHIE MOJOCKH TSAHYJIHUCH HUIealbHO Hpsmo. KoHla uM, Kas3aloch, HET.
Yucno cinoeB ObLTIO OrpOMHBIM. MHJUIMOHBI MUJJTMOHOB MOJIEKYJ, KaXJas TOYHO HA CBOEM
MecTe.

[ToTpeboBanoch BHUMATEILHO NIEPECMOTPETh TPOMaIHOE YU CIIO hoTorpaduid, Mpexae yeM Oblia
HaliieHa kpaeBas nuciokanus. OHa BBITISAENa TOYHO TaK K€, KaK €€ PHUCOBAIH BOT YKe
JBa/ILIATh JIET: OJHA TEMHAs pacIuIblBYaTas IO0JOCKa O00OpBallach, a COCEJIHUE COMKHYJIHCH,
YTOOBI JIMKBUANPOBATH 3a30p (puc. 51). Menrep ycnen nmocnars 3ty portorpaduto k. Tritmopy
KaK pa3 BOBPEMS - K €T0 CEMHJICCSITHIICTHIO.

Puc. 51. llepsasi npamas ¢ororpadus KpaeBoii
Aucjaoxkanuu, noaydennoi Ixx.B. Mentepom. Boabmoit
pa3Mep MoJIeKyJIbI (pTaTONMAHNHA IUVIATHHBI TO3BOJINJI
YBH/IETh B 3JIEKTPOHHOM MUKPOCKOIIE PACCTOSIHHE
MeKIy aTOMAMU.

HyxHo cka3aTh, Ha Hac, paboTaBIIUX B XMHKCTOHE B TO BpeMsl, 3TH KapTUHKH, BBIXOJIUBIIINE
MOKPBIMHU U3 (HOTOKOMHATBI, OKa3bIBAJIM MAarMYECKOE BO3/ICHCTBHUE.

OnbITEI MeHTepa N0 BHU3YyaJIU3allUM ATOMHBIX CJIOCB U JUCJIOKalUi B HHUX C IIOMOIIBIO
OJICKTPOHHOI'O MUKPOCKOIIa OBLIN OYECHB Y6GI[I/ITCJ'IBHI)IMI/I, 9TO CACIaJI0O UX 3HAMCHUTBHIMU.

OpHako CymecTByeT M APYroi Moaxoa K ToW ke 3amade. B riiaBe 3 Mbl TOBOPHIIM O CIETaHHON
MapuieM o4eHb YyBCTBUTEJIBHON Pa3pbIBHOW MAIIMHE JIJII YCOB M JAPYTMX TOHKUX BOJIOKOH OJTa
MallliHa MOKET OOHapy)KMBaTh YAJMHEHHUS Momnsaka 4-5A, 4To mpuMepHO PaBHO pa3peuIeHUIO
COBPEMEHHOTO 3JICKTPOHHOTO MHUKpockona. CHBUT, BbI3BAaHHBIM MHUYHOM JHUCIOKAIMEW, IAaeT



nepemeneHust okoio 1 A u, cienoBarenbHO, HE MOXET ObITh 3aMepeH Ha 3Toi MmamuHe. Ho
UCTOYHHMK [JHCIOKAIlMi TOPOKAAeT WX B TAKOM KOJHMYECTBE, KOTOPOTO XBAaTaeT, YTOOBI
npousBectn nepemerienne B 100-500A, a 310 yXe Jerko MoxeT ObITh 3a()UKCHPOBAHO
MamuHou Mapia.

Korna mbl mpoBoaMM OOBIYHOE HCIBITAHME HAa pacTsDKEHHE oOpas3la OCSA3aeMbIX pa3MEpoB U3
Ar000r0 TUIACTUYHOrO Marepuana (Hampumep, MSATKOro MeTajuia), TO MOJydaeM Juarpammy
HampsbkeHue - aedopmaiusi B BUAE IUIABHOM KPUBOW, M300pakKeHHOW Ha pHC. 52, KoTOpas
XO0pomo 3HaKkOMa HWHIKCHCpaM W MCTAJIJIOBCAAM. Ecimu MBI BO3BMEM TCIICPb ‘Ipe?)BBI‘IaI\/'IHO
TOHKH, HO IJIACTHYHBIA oOpaser] (Hampumep, OOJBIIOW yC) W HCIBITAEM €ro Ha MalluHe
Mapiiia, TO TOTyYUM HEUTO COBEPILIEHHO JIPYTOE.

Puc. 52. O0bIuHasi KpUBas HANIPsIzKeHUe -TedopManus
MPH UCNIBITAHUM MAKPOCKOMNYECKOT0 NJIACTUYHOI0
oOpa3ua.

EanpRICENUE

Leqaorayus

TunuuHbI pe3ynbTaT UCTIBITAHUS MOKa3aH Ha puc. 53. 3/1ech MBI BUJUM YIPYroe yJIIMHEHHE,
MpepbIBACMOC BHC3AITHBIMU BKIHOYCHUAMU HCTOYHHUKOB ,Z[I/ICJIOKaL[I/II‘/JI. HUcrounukn pa60Ta10T
COBEpIIEHHO 0eCHOpsI0YHO, U BbI3BIBAEMbIE UMHU CIBUTH MPOTEKAIOT MPAKTHUYECKU MTHOBEHHO.
HmenHO mO3TOMY JMarpaMma HarpspkeHue-IeopMalus UMeeT cepuio cTyneHek. /leno B Tom,
YTO Ha KaXJOM YpPOBHE HAINpPSHKEHUM CYHIECTBYIOT HCTOYHUKH, TOTOBBIE MOPOAUTH COTHU
I[I/ICJ'IOKaLII/II‘/JI. Ho »tu ucrounuku IMyCKar0TCA B XO[ 6€CHOp}II[O‘IHBIMI/I TCIIJIOBBIMU TOJIYKaMH,
M0I0OHBIMU T€M, KOTOPBIMU BO30Y>KIAIOTCS YaCTHUIIBI B CIydae OpOYHOBCKOTO IBHXKEHUS. To ke
CaMO€C MNpPOUCXOOUT U B GOHBH_IOM 06pa3ue, HO B CTOJIb MHOTHX MECTax U CTOJIb 4aCTO, 4YTO
cymmapHbii  3QdeKkT BbIpakaeTcs IUIaBHOW KpuBoil. IloBegeHme wMamoro obpasma c ero
6GCHOp$I,Z[O‘-IHBIMI/I W BHC3AIIHbIMU JBWKCHUAMU CIIC pas Y6G)K,Z[3.GT HaCc B PCaIbHOCTU
YCIIOKALIWIA.

Puc. 53. Kpupasi HanIpsizKeHUeE -
AedopManus 1Js1 0O4eHb MAJIOT0
MaKPOCKOMUYECKOro oopasua (yca)
MaTepuaja, HCIBITAHHOT0 HA MAallIUHe é_
Mapma. [lnacTuyeckoe yaJiMHeHHe $
NMPOMCXOIUT CTYNEHYATO, KaxIas
CTYNEeHb COOTBETCTBYeT padore
MCTOYHMKA TUCIOKAIMH.

Legapranur



[Hos3y4yecTsb U KAPONPOYHOCTH

CrnenctBusi U3 BCEro CKa3aHHOTO JUIsl MOBEACHUS METAJUIOB B pabOyYuX YCIOBHSX JOBOJIBHO
oueBHHBI. Korga merann Harpy)kaeTcst HAMHOTO HUXKe IpeJieNia yIpyrocTH, TO €cTh padoTaer
re-T0 B TiOyOMHE TYKOBCKOTO YydYacTKa KpHUBOHM HampspkeHue-aeopmaius, yIIHHEHHE
MaTepHala He MOABEPKEHO BIUSHHUIO BpeMeHHU. [Ipy HeoOX0aMMOCTH MBI MOTTIH OBbI OCTaBIAThH
MaTepual TOJ Harpy3Koil B TEUYEHHE BEKOB, HE BBI3bIBas KakKuX-1HO0O0 nedopManuil Wiu
noBpexaeHuit Matepuana. OnHako BOJIM3H Mpejaena YIpyrocTd MaTepuail CTaHOBUTCS 3aMETHO
MO/IBEP)KEHHBIM BJIMSHUIO KaK BPEMEHH, TaK W TemmepaTypbl. Mbl BUAEIH, YTO JaXe IpU
KOMHATHOW TEMIIEpaType TEIUIOBBIE TOJYKH AKTUBUPYIOT MCTOYHHMKU JIUCIOKALWN, TaK 4YTO
IlacTuueckas jaedopmMaiusi CO BpPEMEHEM HAKaIlUIMBAeTCs. MarTepuaj YUIMHSEeTCd, a B
HEKOTOPBIX CIy4dasX MOXKET pa3pylIUThCs. IHBIMU CIIOBaMH, Mbl HE MOKEM Ha3BaTh MPOYHOCTH
TaKOIro MaTepuaa, oKa HE YKa)Ke€M TaKKe U CKOPOCTh Harpy>KE€HUsl WIM HE YTOUHUM, KaK JI0JITO
Oyner JnelcTBOBaTh Ha Marepual Harpyska. CremoBaTenbHO, Takue KOHCTPYKIMH, Kak
IOJIBECHBIE MOCTBI, HArpy)KEHHbIE HEMPEPbIBHO B TEUEHHE MHOTUX JIET, IOJDKHBI OBITh
paccuuTaHbl Ha MEHBIINE HANpPSDKEHHsS, YeM TE€ KOHCTPYKLMHU, KOTOPbIE HArpyKarTCs
HEHAJOJT0 M OT ciydas K ciydaro. Vcnoibp3yemble Ha MpPaKTUKE METaUIbl OOHApYKHUBAIOT
HEKOTOPYIO TOJ3Y4eCTh JaXke MpPHU JTOBOJBHO MaJIbIX HAMpPSKEHUSIX, U Ha 3TO clieAyeT oOpaiarh
BHUMaHME, KOT/1a B)KHO 00€CIIEUNTh TOYHOCTh Pa3MEPOB.

HetpynHo npeacraBuTh cebe, 4TO HANpPSHKEHUs, IPH KOTOPBIX C MOJI3YYECThIO HAJ0 CUMTATHCS,
CHITBHO 3aBHCST OT TeMIepaTypbl. B To e Bpems Temrieparypa 4acTo ONpeAesseT BH]l MAIIUHBI
B 11e71oM. Oco0eHHO OHa Ba)KHA JIJIsl TETUIOBBIX MAIIMH, HAPUMEP TAKHUX, KaK ra30BbIe TYPOUHBI.
B menom, yem ropsidee HarpeTble YacTH MAIlllMH, TeM OOJbIIero mojie3HOro 3¢ @deKTa MOXKHO
OKU/IaTh OT BCEW KOHCTPYKIIMH, OCOOCHHO B OTHOIIEHUH 3KOHOMUHU roprodero. Tak Kak jKeJe30
MJIABUTCS TIPU TeMmIeparype, Heckoyibko mpebimatomeid 1500° C,a ects u O6ojee TyromiaBkue
METaJulbl, TO MOXHO OBUIO OBl MOAYMaTh, YTO HE CYLIECTBYET OCOOBIX TPYIAHOCTEH B
SKCIUTyaTalldd MaluH npu Temmeparype, ckaxkem, 1200° C. Bexp 5T0 HamMHOTO HUXKE
TeMIeparypsl mwiasiaeHus. Ho gemo o6cTouT nanexko He Tak.

Bepno, uro xenezo He mnaButcs Hike 1500° C.Ho Benp pacmiiaBieHHBIH METal TEYET MOJ
JNEHCTBHEM COOCTBEHHOTO BecCa, TO €CTh MNPH HHUYTOXKHBIX HANPSHKCHUSIX. A CTOUT HaM
MPWIOKUTh MEXaHUYECKOE HAIMPsHKEHHE, JaKe COBCEM Majoe, KaK TeueHHEe H.HEeu30exKHOe
paspylieHUe TOSBISIOTCS 3a70Jr0 10 IUIaBieHHUS. [IpOYHOCTh PE3KO CHIIKACTCS JaXKe IpH
CPaBHUTEIILHO OBICTPBIX HATPYXKCHHUSX (HAPUMEp, MPU UCIIBITAHUAX Ha OOBIYHBIX YCTAHOBKAX).
Bornee Toro, korma 3jgeMEHTHI MAIUH IOJABEPTAOTCS JUIUTEIHBHOMY HArpyKCHHIO B OIHOM
HampapjieHuu (Hanpumep, TYpOWHHBIC JIOMATKA MOJ JCUCTBHEM LEHTPOOCKHBIX CHII), MBI
JIOJKHBI TIPUCTATBHO CIICTUTH 32 TOJI3YYeCThIO.

IIpn KpaTKOBpEMEHHBIX HArpyKeHHUSAX IPOYHOCTb METALNIOB WM3MEHSAETCS C TEMIEPATypOu
NpUOJIM3UTENBHO TaK, KakK TOKa3aHo Ha puc. 54. M0oXHO cKa3aTh, YTO MaTepHall yMHPAET
MEJJICHHO, TOCTeNeHHO. B kauecTBe oueHb rpyboro pabouero mpaBuia, BEPHOTO s
OOJIBPIIMHCTBA METAUIOB, MOXHO TPHUHATH, YTO MaTephal HE MOXET HCIIOJNb30BaThCs MPH
TEMIIEpaTypax BBIIIEC IIOJIOBUHBI €r0 TEMIIEpaTypbl IUIABICHUs, BBIPAXKCHHOW B TIpajycax
KenbBuna (rpaaycel KeasBuna = rpaaycel Lleabcus+273;cM. IpUIOKEHHUE).
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Puc. 54. 3aBucumMocTb “ KpaTKOBPEMEHHOI~ MPOYHOCTH MeTAJLJIa OT TeMIepaTypbl HCTILITAHHS.

KoHeuHO, MOKHO MOJHATH pabodue TeMIepaTyphl CILIaBOB. J[JI 3TOr0 HY)KHO TE€M WJIM HHBIM
CrocoO0OM 3aTOPMO3UTH JIBHKEHUE TUCIOKAIUMK. TpyaHOCTh 37eCh 3aKIIOYAaeTCs B TOM, YTO
OOJILITMHCTBO J00aBOK, KOTOPHIE MOXKHO OBUIO OBl HWCIOJIB30BAaTh C JTOW IIEIBI0, CaMHU
CTpPEeMATCS CTaTh TOJBIKHBIMH TIPH BBICOKHX TeMIleparypax. Bce 3To aeno 4pe3BbIYaitHO
TPyIHOE, W, HABEPHOE, META/UIOBEIbl HEIUIOXO MOopadoTaid, 4YTOOBI JOCTUTHYTH pPabOUYMX
temneparyp okoio 950-1000° CHa odeHb cHenManbHBIX CIUIaBaX s TypOWMHHBIX JIOMATOK.
PaGoune TemmepaTypbl OOBIYHBIX CTAJICH HAMHOTO HIKE.

Bo wMHOrux KCpaMUUCCKUX MaTcpuajiax [AUCIOKAlMU MTPAKTUYCCKHU HCINOABUIXHBI IIPU
temriepatypax a0 1500° C, Ho 3T MaTepuasibl, Kak MPaBUJIO, YPE3BBIYANHO XPYNKH TPHU
CPaBHUTEIBHO HU3KHUX TeMIlepaTypax. 11o3ToMy kepamudeckue Marepuaibl O4eHb XOPOILIU IS
HETIOZBIDKHBIX KOHCTPYKIIMI, HalpUMEp B KauyeCTBE OTHEYIOPOB ISl TI€UYEH, T/Ieé OHU MOTYT
paboTarh 1moja Harpy3Koil mpu TemIeparypax, Mopa3uTeIbHO OJU3KUX K TOYKaM IuiaBieHus. Ho
OHHU OOBIYHO HE TOISTCS ISl H3TOTOBJICHHUS TIOJIBMDKHBIX JIETANICH MaIlIHH.



TI'naea 9

KEJIE30 U CTAJIb,
unu
I'E®ECT CPEJAb YEPTOBbBIX MEJIbBHHUI

A nownro um rokomomus, on 6ydem Beruxum Muccuonepom.

JIx. Credencon

JlpeBecrHa U KaMeHb Bceraa ObLIM Hanbosee paclpoCTpaHEHHBIMH MaTepualaMi KOHCTPYKIUH,
METaJUIbl K€ - OTHOCHTEIBHO HOBOE NpHUOOpeTeHHe TEeXHHWKH. [l03ToOMy Bce MBI OCO3HAaeM
HOBATOPCKYIO POJIb METAJUIOB, XOTsI, KaK MBI BUJENM, OOIIMH TOHHAX UCHOJIb3YEMbIX METAJIJIOB
BCE €IIIe yCTYyMaeT cTapbiM MaTepuaiaM. Ho meTamibl, 0cOOEHHO jKele30, KaK HeJb3s JIydllle
HOJOLUIA JUIsI TOTO poJa MAallliH, KOTOpble ObUIM TMPOKISTHEM M CJIABOW MPOMBIIUICHHOM
peBomonnu. MIMeHHO Omaromapsi pa3paOOTKe IEHIEBBIX METOIOB TOJYYEeHHS M 00pabOTKH
xKene3za B OONBIIMX KOJMYECTBAX IMOSBUIIACH BO3MOXKHOCTh MexaHu3anuu Tpyna. Cranb, Kak
W3BECTHO, CTajia JICIICBBIM MaTepHaIOM TOJIEKO BO BTopoi monoBrHe XIX Beka, KOT/ia riiaBHbIC
COOBITHUS POMBIIIUIEHHON PEBOJIIOLINHU OBLTH YK€ T03a/IH.

OpHako, Oyydn MaTepruaioM HEOOXOIUMBIM, JKEJIe30 HCIOB30BAIOCH B OOJIBITMHCTBE MEPBHIX
MaIllMH, Ja)K€ B MapoBBIX MalllMHaX, BCE K€ BeChbMa OTPaHHYEHHO. B mepBoM (ynTOHOBCKOM
napoxoje, riaBasiieM o ['ya3ony, gaxe koten (HeBeposTHO!) ObLI IepEeBAHHBIM; HAPEB BOBI
MPOU3BOJIWICS B OTACIHHOM YCTPOWMCTBE W3 KeNe3HbIX TpyO. [IpaBma, amMepuKaHIbI CUUTAIIH,
YTO 3TO YK 4epecdyp, HO M Ha aMEPHKAHCKHX PEUYHBIX MapoXojax IEPeBO HCIIOJIH30BAIOCH
TOTJ]a B TaKOW CTENEHH, KOTOpasi COBPEMEHHOMY HMHXKEHEPY Ka)XETCsl MOYTH HEBEPOATHOH. A
Be/lb TaKWE Mapoxoibl oOecreyuBaau OONBIIYI0 YacTh BHYTPUAMEPUKAHCKOTO TPy30000poTa
BILJIOTH 710 60X roI0B MPONILIOTO CTOJETHS.

Boo0Omie roBopsi, UCHIONB30BaHHWE METAIOB TpeOyeT pemieHus AByX mpobieM. Bo-mepBbix,
MeTaJlJI JOJKEH OBITh IMOJIyYE€H W3 PYyIbl, 3TUM 3aHUMAeTCs MEeTaulyprus. Bo-BTOpbIX, HYKHO
MEPEeBECTH METAJUT B HauOoJee MOJIe3HOE COCTOSIHUE C TOYKH 3PEHUs TBEPIOCTH, MPOYHOCTU U
BA3KOCTH; TOJCKAa3aTh 3/1eCh HEOOXOJMMble IyTH MpH3BaHO MeTauioBereHue. Kak Mbl yxe
BUJICJIA, YUCTBIE METAJUTBl OOBIYHO OYECHb MSATKH, I[MO3TOMY METAIJIOBEIbl 3aHUMAIOTCS B
OCHOBHOM TOPMO>KE€HUEM JAMCIIOKAIMii, HO JIMIb B TaKOW Mepe, YTOObl YIPOUYHUTH METalll, He
BBI3BaB €ro OXpymuuBaHus. [IoCKoIbKY METaITbl U3 Py/Abl YACTO MOJYYAIOTCS B HEUUCTOM BHJIE,
UX OKCTpakius (M3BJICUCHHE) W MOCIEAyIoIas o0paboTKa JOMKHBI pPaccMaTpPHBATHCS
COBMECTHO.

XVUMUYECKUE U TEXHOJOTHMYECKHEe OCOOEHHOCTH O0OpabOTKM MOTYT BapbUPOBATHCS OYCHB
IIMPOKO, HO B KAXKIOM CITydae Ielb OCTAeTCS OJHOW M TOW Ke. YNpPaBICHHE TOJIBHXHOCTBHIO
JUCIIOKAIIMKA TyTeM H3MEHEHHUS CTPYKTYPbl W Pa3MEpOB KPHUCTALIOB (IUCIOKAIIMA MOTYT
nepecekaTh TPaHUIBl MEKAY OTACIHHBIMU 3€pHAMH, HO JUIS 3TOTO OHHU JIOJKHBI MPEOJ0JIECTh
OTNPENEIICHHOE CONPOTHBICHHE) WM C T[OMOIIBIO J00aBOK JIETHPYIOUIMX 3JICMEHTOB.
JlerupoBaHHe CIUIAaBOB MOXKET JAaTh TAKOW PE3y/IbTaT, KOTOPBIA 3aTOPMO3HT AMCIOKAIINHU KaK pa3
B HYXHOW crerneHd. OYeHb Mayble YaCTHIBI, JaK€ CIUHUYHBIE aTOMBI MPUMECH, MOTYT
3aCTOMOPUTH TPOJBUKCHUE IUCIOKAIIMOHHOW JIMHUM, €CIM 3Ta JIMHUS HATOJKHETCS Ha HUX.
MOXHO BBIYHCIUTH HANpsHKEHUE, HEOOXOAWMMOE Ui TOro, 4YTOOBl CHayala BBITHYTh
JMCIIOKAIMIO B JIyTy MEXAYy TOYKAMH 3aKpeIUICHHUs, a 3aTeM M OTOpBaTh €€ OT HUX. JTO
HANPSDKEHUE 3aBHCHT OT PACCTOSIHHSI MEXIY STUMU TOYKAMH, KOTOPOE CTAHOBUTCS, TaKUM
00pa3oM, TOJIE3HBIM M MOIIHBIM CPEICTBOM YIIpaBIICHHs CBOMCTBaMHM cIutaBa. [loutn mnrobas
no0aBka K MeTauly OyJeT BIMSITh Ha €r0 MEXaHWYECKHE CBOMCTBA B JIYUIIYIO WM XYIIIYIO



CTOPOHY, @ MHOT/Ia ¥ B TY U B IPYT'YI0 CTOPOHY Cpa3y: HEKOTOPBIC JOOABKH TOJIC3HbBI, KOT/Ia OHH
paccesiHbl 1O BCeMy 00BeMy, W BPEIHBI, KOraa, COOHMpasch Ha TPaHHUIAX 3EPEH, CEPhe3HO
ociabstroT MeTaiut (M. TaBy 3).

Ecnu Mbl BO3bMEM YHCIIO BCEX IUIACTUYHBIX METAJJIOB U YMHOXKHM €ro Ha YMCIO BO3MOXKHBIX
MEXaHU3MOB YIPOYHEHHUS, TO OKaKETCS, YTO KOJIMYECTBO B3aMMOCBSI3EM W KOMOWHAIUN B
METAJIJIOBEICHUU OyAeT BecbMa OOJBIIMM, OTYErO CaM MPEAMET MOKaXeTcs YKe OUYeHb
CIOKHBIM. OHAKO U1 HECTICIHAINCTA, HHTEPECYIOIIEroCs JIUIb MPUHIIMIAMU U KOHEYHBIMU
pe3yabpTaTaMu, BCE CIEACTBUS MPOUCXOASAIIMX B METaulaX IMPOLIECCOB MOXKHO MPEJICTaBUTH B
JIOCTAaTOYHO MPOCTOM BHJIE.

[Tocmotpure Ha Tabm. 2 (1. 10). B Hee BHECCHBI MHOTHE TEXHHUYCCKHE METAUIbl, M XOTS
IUIOTHOCTh UX BecbMa paznuyna - oT 10,5r/cm® y monubnena no 1,7r/cm® y Maruusi, - MOIyJIb
FOnra, nenmeHHBI HAa TJIOTHOCTh, YIAEIbHBIA MOAyJib FOHra, oxaspIBaeTcs [JIsi HUX BCEX
BENTMYMHOM MOoCTOsTHHOM. CylIecTBYIOT, IPpaBAa, HEKOTOPBIE IMIUPOKO MPUMEHSIEMbIE METAJLIbI U
cruiaBel (HampuMep, MeIb W JAaTyHH), I8 KOTOPBIX YIACHbHBIA MOMAYNb YIPYTOCTH HEMHOTO
Hke. Ho mimacTWyHBIX MeTauioB ¢ 0oyiee BBICOKOW YAENBHOM JKECTKOCThIO HeT. Takum
00pa3oM, MOYTH BCE UCIOJIB3YEMbIE METAJUIBI JAIOT Ty JKECTKOCTh, 32 KOTOPYIO 3aIlJIau€HO HMX
COOCTBEHHBIM BECOM, - HH 0O0JIbIIIE, HU MEHbIIIC.

Kak yxe roBopmioch, BCE 3TH METaUIbLl B YHCTOM COCTOSHHHM OYCHb MSATKHE, W 3ajada
METAJIJIOBEIOB COCTOMT B TOM, YTOOBI MOJHATH WX MPOYHOCTH W TBEPAOCTH, HE MIOIyCKas
Ype3MEpHOT0 OXpyMmuuBaHWsA. Eciau cymuTeh 1o jgedopmamuu, YCIeXH METaIOBEICHUS
OTIIMYAIOTCSI yIUBUTENBHBIM MOCTOSHCTBOM. OOBIYHO MakcHMaibHas yrmpyras aedopmarius,
KOTOPYIO MOXHO TIOJIYYUTh Ha MeTajule 0e3 TpHIaHUsS €My HEIAONMYCTHMOW XPYIKOCTH,
kosiebsercst okosto 1%. OgHako B GOJBIIMHCTBE CIy4acB HHKEHEPBI CYMUTAIOT METAJUIbI B TAKOM
COCTOSTHUM MAJIOIIACTHYHBIMA W TOTOMY MAJIONPUTOTHBIMA M, KaK IPaBUJIO, BBIHYKICHBI
OTPAHUYUTHCS MaKCHUMalbHOUW yrmpyrou nedopmanmerr mexnay 0,25 m 0,5%, torma , kak
OCTaTOYHOE Y/UTMHEHHE MOXKET JoXoauTh 10 50-60%.

CrnenoBarebHO, BECbMa NPUOMKEHHO BCE METAIBI MOXHO CUYHTATh YWICHAMH OJHOTO
CeMeﬁCTBa C OYCHb CXOXHUMHU y,[[e.HBHBIMI/I KECTKOCTSAMU, yI[e.HBHBIMI/I HpO‘-IHOCTSIMH nu
ymnuHeHussMu. Koneuno, 3To o4eHs rpyooe 00001IeHne, U y’K COBCEM HE TaK CTOUT BOMPOC ISt
METAJJIOBEI0B, KOTOPBIE YIOPHO MPOLOJDKAIOT HMPEANPUHUMATH IONBITKA IOAYYUTH JIyYIIHE
KOMOWHAIIMKM yACIbHOW MPOYHOCTH W BSI3KOCTH (C YAEIBHON JKECTKOCTHIO HHYEro HE
HOI[eHaeHIB), XOTsd BO3MOXHOCTHU HUX 3€Ch JOBOJBHO OI‘paHI/I‘IeHHBI. MeTaJIJIOBC,Z[BI JOOCTUT'TIN
YCIIEXOB B ITONBITKAX COXPAHUTh MPOYHOCTH C MOBBIIICHHEM TeMITepaTypbl. Bo MHOTHX ciTydasx
9TO Ba’KHEE, YEM IIOBBILICHHUE IPOYHOCTH IIPU KOMHATHOM TeEMIIEpaType.

Her HyXnbl OnUCBHIBaTH 31€Ch CIIELUAIBHBIE METAJUIYPIHYECKUE POLECCHl U Pa3JIMYHbIC BUIBI
00pabOTKM BCEX METAJIOB M CIUIaBOB. Ha 3Ty Temy HamMcaHo MHOXECTBO KHHUT. OJHAKO
OTPOMHAasl COLMAJIbHAs M TEXHHYECKAas 3HAYMMOCTB KeJie3a U CTajIu 3aCTaBIIACT PaccKa3aTbh O
HUX HeMHoro moapoOHee. [lpuctymas Kk aenmy, s CIMIIKOM XOpOLIO OTAAal0 cede OT4YeT B
pasMepax M TPYAHOCTSAX 3TOro mpeamera. Bo3MOXKHO mepen HadauoM s TOJDKEH NPUHECTH
Kakyro-To xepTtBy l'edecty, Ky3Hemy M opyxeilHuky Onumna, €IMHCTBEHHOMY TEXHOJIOTY,
IPUHATOMY B KpPYT IJIaBHBIX OOTOB.

Keiaeso

[TpoyHocTh 3kene3a M CTaJIM OINpEAENseTcs Ype3BblUaiHO CHIIBHBIM BIMSIHHEM YTJIEpo]a,
COJIepXKaIIerocsi B KpUCTaJUIe Kelie3a, Ha JBWKEHUE nuciokauuii. KoHeuHo, TucioKaluoHHbIE
SBJICHUSI OKa3aJUCh MOHSATHBIMU JIMIIb COBCEM HeNaBHO. Jla 4To TaMm [UCIOKalMM, Jaxe



CPaBHUTEIBHO MPOCTast XMMHUsS IpoIiecca MOIydeHus jkee3a U3 pyasl Obula 0CO3HaHA K KOHILY
nepuoAa MPOMBIIUIEHHON peBomtonuu. OAHAako MpakTUYecKas MeTalTyprusi xeneza Oblia
pa3paboraHa u 0Oe3 3TOro, W ceidvyac OHA BO MHOTOM OCTa€TCsl TPATULMOHHBIM IPOLECCOM.
[TonobHO TOMYy Kak TEKCTUJIBHOE JIeJI0 C €ro MpsAIeHHEM U TKAaueCTBOM YXOAHWT B
JOMCTOPUYECKUE BPEMEHA, a BKIAJ COBPEMEHHBIX (aOpUK CBOIAUTCS K MEXaHHU3AIUH H
palrOHAIN3alUH TPOCThIX PYYHBIX ONEPALMi, TaK U MPOU3BOJICTBO CTAIIM OCHOBAHO celyac Ha
YCIIOKHEHHBIX CXeMax, KOTOpbIe caMM 10 ce0e CYIIECTBYIOT ¢ He3alaMsITHBIX BpeMeH. IMeHHO
M03TOMY IIPOLECCHl YEPHOM METaUTypriH JIydllle BCEr0 MOHUMAIOTCS HAa HICTOPUYECKOM (OHE.

Benuuaiimast TpyIHOCTh IPEBHUX METAUTyproB (MCKIIIOYasi, KOHEYHO, HX HaydHOE HEBEXKECTBO)
OblTa cBsi3aHA C TOJIYYCHHEM JOCTATOYHO BBICOKOH TemmepaTypsl B mieud. COBpeMEHHOE
METaJUTypTHUecKoe OOOpYIOBaHHWE JaeT B PYKH METAIypra BBICOKYI0 U PETYIHPYEMYIO
TEeMIIepaTypy. OTO COKpallaeT BpeMs MOJYyYEHUsS METAJIOB M CIUIABOB, TaK KaK MO3BOJISIET
00BEIMHATH B OJIMH MPOIIECC HECKOJBKO ornepanuii. EctecTBeHHO, ceifyac U MacmTadbl IpyTue.
COBpeMeHHaH II1€4b MOXKECT OaThb TI:IC}I‘-Iy TOHH CTaJIM B ICHB, TOTr4a KaK CpGI[HeBeKOBBIﬁ MaCTep
OBLT OBI JOBOJICH, TTOJIYYHB KHJIOTPAMMOB IIATHAECAT METaJljIa.

He B nmpumep Oponse, koropas MmoxeT miaaButbest pu 900-1000° Curo kak pa3 oOecrieunBaroT
OOBIKHOBEHHBIE JPOBa, YHMCTOE >keie30 muaButcs npu 1535° C,a sta Temmeparypa BeKamu
Jexalna 3a IpeieaMi TeXHHYECKHX BO3MOXHOCTEH. OIHAKO yXKe JOBOJBHO Mayible T00aBKH
yriepoja 3HAYUTEIbHO MOHMKAIOT TEMIIEpaTypy IUIABJICHUS JKelie3a, a YIJIepoJ BCErja IO
PYKOH - BeIb [UIsS HarpeBa py/Abl UCIIOJIB30BATIM B Ka4eCTBE TOIUIMBA IPEBECHBIA yromb. Camas
HU3Kas TeMIleparypa IUIaBJICHUs, TOCTHKIMasl Ha 3TOM IyTH, - okojio 1150° C ona nmomydaercs,
koraa 4-4,5%yrnepona npoaudyHanpoBaio (TO €CTh MPOCOYMIOCH) B MeTaill *. JlocTHKeHHE
TAaKOM TeMIepaTypbl MPEACTABISIIO ONpEICNCHHbIE TPYAHOCTH JJIsi JPEBHHMX, HO BCE XK€ ee
MOKHO OBLIO ITOJYYHTh HA IPEBECHOM YTIIE, MTOJAYBast B HETO BO3IyX MEXaMH.

* KomnmuecTBO yriiepoma B JKelle3e M CTANH KaXeTCs yIWBUTEIHHO MaibiM. Hy)XHO NMOMHHUTB, OIHAKO, YTO 3TH
KOJIMYECTBA BBIPAYKAIOTCA OOBIYHO B BECOBBIX MPOIICHTAX, a aTOM YTJepoja HaMHOTO JIeT4e aToMa jKenesa, Ipyoo
TOBOpA, B IATH pa3. IloaToMy B aTOMHBIX MPOIEHTaX IOJI YIiepona 3HAYUTEIbHO OOJBIIE W MOXKET TOCTUTATh
20%.

JXKenesHble pyabl COCTOSIT B OCHOBHOM W3 OKHCJIOB )K€Je3a; Yalle BCEro BCTPEYaeTCsi KPacHBIN
xene3Hsk FeO.. Mexy mpoynM, OKHCIIBI XkKejle3a HCIONB3YIOTCS B Kpackax (oxpa, )Kelne3HbIH
CYPUK, MYMHSI).

[lepBoe, uro HEOOXOAMMO CcHENaTh C PYAOH, - yoanuTh Kuciaopoa. Eciam HarpeBath pyay c
IIOMOILBIO APEBECHOTO YIUI MIIM KOKCA, 3TO I0JIy4aeTCs IOYTH aBTOMaTUYECKU:

3Fe0; + 11C - 2FeC + 9CO.

Kucnopoa BMecTe ¢ 4acThiO yriiepoja yXOAUT MPodYb B BHJE OKHCH yriepona (yrapHoro rasa),
OCTaBJIsIs KapOHW JKeie3a, Ha3bIBaeMblii OOBIYHO IIeMEHTHTOM (B HeM cojepxurcs 6,7%
yriepoja). Ha mpakTuke BMeCTe ¢ TIEpBO UAET U Apyras peakius:

FeO,; +3C - 2Fe + 3CO.

TakuM 00pazoM TMONydaeTcss TakXKe M HEKOTOPOe KOJMYECTBO YHCTOTO JKelie3a, B KOHIIe
mpoiiecca Mbl UMEEM CMECh JKelie3a M KapOuma »kenes3a, Colepkallyro B IieinoM okoio 4%
yriepoza. XKene3o u kapOou MOTYT B3aUMHO PacTBOPSTHCS, U UMEHHO 3TOT PacTBOP, UMEIOLIHIA
HU3KYI0 TEeMIIepaTypy IUIaBJICHUs, OBLI KIIFOUOM TOTO TIpOIecca, KOTOPBIA HCIIOIb30BAIN
I[peBHI/Ie JJI HOJ'Iy‘IGHI/ISI JKeEiie3a. OH JKEC UJICT U B COBpeMeHHOﬁ JOMHE.



JXKenesnble pybl CoepkKaT HE TOJIBKO OKHUCIIBI XKele3a, HO M pa3IMyHbIe MUHEPAIbHBIC IPUMECH
- TJaBHBIM 00pa3oM, OKHCIBI APYyrux MeTauioB. Camu 1o cebc OHM HMMEIOT BBICOKHE
TEMIIepaTyphI IJIABJICHUS, U €CIIU Obl py/ia HarpeBajiaCh B KOHTAKTE TOJIBKO JIUIIIb C YTIIEPOIHBIM
TOIUTMBOM, TO BPSJ JIM YIAJIOCh PACIUIABUTH €€ MOJHOCThIO. 31€Ch Ha MOMOIIb PUXOIUT (IToC,
KOTOpBIi no0aBisor o0biyHO B BHae m3Bectu (CaO) wimu m3BectHsika (CaCOs). B manHOoM
cllydae M3BECTh BBIMOJHSACT Te K¢ (DYHKIMHU, YTO U B CTCKJIOBAPCHUH, TO €CTh OHA CHUXKACT
TEMIIepaTypy IUIABJICHHUSI HEXKEJIC3HBIX OKHCJIOB, 00pa3ys BMECT€ C HHMH JICTKOILIABKYIO
cTekJoMaccy. DTa Macca Has3bIBaeTCs IIIakoM. Ha BHI OHA TpsS3HO-KOPUYHEBOTO HJIH CEPOTO
1BeTa. [1o HBIHEITHUM BpeMEHaM OHA MHOT/IA repepadaThiBacTCs B IIUIAKOBATY, HCIIOIb3YEMYIO
JUTSL TETUTOM30JISIIUH.

Takum oOpa3om, Ha JIHE TIeUW TIOJTY4aeTcCsl CMeCh JkKese3a, KapOuaa jkene3a W nuiaka. B cambix
NEPBBIX Teyax 3Ta CMECh MPOIUIABIUIACH HEMIOJHOCTHIO, €€ M3BJICKAIU B BHJIE TECTOOOPA3HOTO
KyCKa, CIUTKA, COJICpIKAIIero APEBECHBIM yroilb W Jpyrue BKIIOUYCHHS. BKiIIOUeHUS 3TH
COCTaBJISITM CaMOCTOSITETIbHYIO MpoOieMy, a, KpOME TOro, M3 KapOuJa jkene3a HEroxe ObLIo
JieNaTh OPYXKHE U HHCTPYMEHT - KapOua O4eHb XpynokK. [IpuurHa XpymnkocTy kapOua xenesa B
TOM, YTO B OTJIMYUE OT KPHCTAIOB IOYTH YHUCTOTO XKeJe3a, MOCTPOCHHBIX Ha METaJTHYECKOM
CBSI3M, KOTOpas OJaronpusTCTBYeT MABMIKEHHIO IWCIOKAIMH, OH YacTUYHO IIOCTPOCH Ha
KOBQJICHTHBIX CBS35X, KOTOpPBIE HE 00ECIIEUYMBAIOT 3aMETHOM MOJIBUKHOCTH TUCIIOKAIMHA BIUIOTh
no temneparypsl okojo 250° C. [losTomy B TakoM BHIE METaUl KyeTCs JIMIIb B TOPSYEM
COCTOSIHUH, TIPH KOMHATHOM TeMIIepaType OH XpYIIOK.

Takoe xemne30 U Momajgano B pyku MepBbIx Ky3HenoB. Harpesas sto xene3o 1o 800-900° Cpuu
KOB&JIM €r0 ¢ rpoMajHbIM TpyAoM. BHavane Tpya ObLT py4HBIM, 3aT€M Hayalld HUCIOJIb30BATh
cuy Boabl (“ky3Heunslie npynsr’!). KoBka umena nBa cieactsus. Bo-nepBbix, 0Ha MEXaHUYECKU
BbIJIaB/IMBaja OOJNBIIMHCTBO BKJIIOUEHHHM M 4acTh IIJJaKa U CHMXKAJIa COJAEp’KaHHE yriiepoa B
xenese. Bropoe cienctBue 3akiouanoch B ciaeayromeM. JKene3o, Harperoe 10 YMEPEHHBIX
TEeMIIepaTyp Ha BO3[yXe, 00pa3yeT OKUCHYIO IJIeHKY, 00biuHO FeO.Harperoe u pacrumronieHHoe
yJlapaMu MOJIOTa 5KeJIe30 Ky3Hel[ crudaj BABOE M CHOBA HaYMHAJ 10 HeMy OuTh. [lnenka okucia
Homnajana MexX,Jy CJIOSIMH TOpSiYero CIMTKA, KOHTAKT MEXAY CIMTKOM M IUIEHKOW HOJ yiapamu
MOJIOTa CTAHOBMJICS TPAKTHUYECKU MCAbHBIM, B PE3yJIbTaTe Yero HAaUMHAIACh PEaKIIHs

FeC+FeO- € 4Fe +CO.

Korma TpeboBanock kene30 BBICIIETO KauecTBa, MOOYEPEIHOE PACTUIIONINBAHNE U CKIIAIbIBAHHE
BJIBO€ ITOBTOPSAJIOCH MHOTOKpPATHO, OO ThICSIuM pa3. BoT mouemy Ha Medax 3aMeTeH U3SLIHBIN
BOJIHUCTBIM PHCYHOK -3TO TOHKHE CJIOM MeTajjla M Clefsl yaapoB MosioTa. Ecnm Bcs paborta
BBITNOJIHSIACH HAJUIEKAIIUM 00pa3oM, TO yAAJSIICS MOYTH BeCh yriiepo. Takoe KoBaHOE XKele30
(CFO HAa3bIBAKOT CBAPOYHLIM HIIN KOBO‘-IHBIM) C HCGOHBLHI/IMI/I NpuMeCsIMU KpCMHUA, B LCIOM
MOJIE3HBIMH, COJIEPHKANI0 TaK)Ke MPOXKUIIKU IJIaKa, TOXKE 0 HEKOTOPOHMl CTENmeHHW IOJe3HbIE.
Jleno B TOM, 4YTO OYHMIICHHOE Xelie30 ObLJIO, BOOOIIE TOBOPS, CIUIIKOM MSTKUM, H
CTEKJIOBUJIHbIE BOJIOKHA IIUIAKa HECKOJBbKO OrpaHMYMBalIM €ro Tekydectb. Kpome Toro,
CBapOYHOE KeJ1e30 OOBIYHO MPEKPACHO COMPOTUBIUIOCH KOPPO3un. YacTUIHO 3TO OOBSICHSETCS
YUCTOTOM CaMoOro »eje3a, HO CYLIECTBYET U Jpyroe oObscHeHue. MHOrme mnojararr, 4TO
Ha4aJibHasA IUICHKA PXAaBUYUMHBI YJACPKHUBAJIACh Ha MOBCPXHOCTU C MOMOIMIBIO MIJIAKOBBIX
BKJIIOUeHUI. OHa HE OTJIeTanga CoO BpEMEHEM U CITYKHJIA 3alMTON OT MOCIEAYIONIEH KOPPO3UH.

CBapouHoOe 3keje30 MPSMO C HAaKOBaJbHU ObUIO CIMIIKOM MSTKHM, YTOOBI J€laTh U3 HEro
OpY)KH€ U MHCTPYMEHT, TIO3TOMY €ro HY)KHO OBLJIO CIIeNaTh MOTBEPKEe, YBEIUYUB COJACPIKAHUE
yriaepoja; sl 3TOr0 JOCTaTOYHO ObUIO HACBHITUTH YIJIEPOJIOM MOBEPXHOCTh. [louTH 3TOT ke
MpollecC HAXOUT MMPOKOE MPUMEHEHHUE U A0 cux nop. OH Ha3bpIBaeTcs “1liemMeHTauen” . Meuun
(wm apyroe opyxmue) MOrpYXKajluCh B CPEIy, COJCPIKAIIYI0 B OCHOBHOM YIJIEPOJ, @ TaKxkKe



HEKOTOPBIE CEKPETHBIC IMPHUIIPABbl COMHUTENBHOW 3 ¢deKTUBHOCTH. Bce 3TO HarpeBaioch B
TEUEHUE TAaKOTO0 BPEMEHH, KOTOpPOE HE0oOXOoauMmo, 4ToOBI yriepoa MpoHWUK Ha riayouny 0,5-
1,0mmMm.

[loBepXHOCTHOE HAYIJIEPOKUBAHUE PE3KO IMOBBIMIAET TBEPAOCTh, HO €€ JYYIIMA pe3ynbTar
JlaeT MOCIeAYIoIas 3aKanka ObICTPBIM OXJaKICHHUEM B JKUAKOCTH. MeXaHM3M 3aKaJKd OYCHb
cioxxeH. Kopotko neno obcrout Tak. ['opsiuast cranb COCTOMT U3 ayCTEHUTA, TO €CTh M3 pacTBOpPa
yriepoja B Takod MoAM(UKaLUKU Kejle3a, KOTopas HecTaOMiIbHA ITPY KOMHATHOW TeMIlepaType.
[Iponiecc pacmaga aycTeHHTa C  BBLICICHMEM YIIIEpPOAa OIpeNeNsieTcss OCOOSCHHOCTSIMH
oxnaxnaeHus. Ilpm CpaBHUTENBPHO MEMJICHHOM OXJIaXAEHUM monydaercs nepaut. Ilox
MHUKPOCKOIIOM CTPYKTYpa TaKOW CTaJIM BBITJIIUT IIEPEIUBYATOM, OTCIO/Ia U HA3BAHUE - “TIEPIIUT
3HAYUT >KeMUyKHbIH. [lepenuBbl naroT yepenyromuecss MOJOCKH MM CJIOM YUCTOTO JKelesa
(bepput) n kapOuna xene3a (uemeHTHT). CTallb C TAKOW PETYISAPHON CTPYKTYpOH MOJTydaeTcs
BS3KOW M JIOBOJIBHO TPOYHOM, HO HE OCOOEHHO TBepaoil. Eciam aycTemHT oxiaxkaaTh O4YeHb
OBICTPO, TO B OCHOBHOM IIOJIYYUTCS MAapTEHCUT -APYroll BapUaHT KeJIe30yTIepOIUCTOrO
KpHUCTalyla, B KOTOPOM IIOJIO)KEHHE aTOMOB yIJepoJa Cpeaud aTOMOB JKejle3a TaKOBO, YTO
MCKJIIOYaeT BO3MOXKHOCTb JIBMKEHUS AMCIOKALWM, U KPUCTAJLI MOJIY4aeTcs KpalHE TBEPIBIM.
OOBIYHO JYCTEHUT MpeBpalaeTCss B MApTCHCHT C OYEHb BBICOKOW CKOPOCTBIO (4TO-HUOYIb
oKkoio Skm/4ac), IuIs TONydeHHs OOJBIIOTO KOJMYECTBA MApPTEHCHTA OXJIAXKIATh H3JEINe
HY)KHO C HanOoJIbIIeld BO3MOYKHON CKOPOCTHIO.

3akaiKy MO>XKHO HMPOU3BOJUTH B BOJE, OOBIYHO TaK U JAENAETCs; HO UCTOPUYECKH, BEPOSTHO,
BCEr/a OT/aBaJioCh MPEAMOYTCHHE Pa3HbIM OHOJIOTMUYECKUM KUAKOCTSM, Hampumep Mmoue *.
Oka3pIBaeTcs, ACMCTBUTEIBHO TaKas NpPAaKTUKAa MMeEET JBa nmpeumyinectsa. [lepBoe cocrout B
Oonee ObICTpOM OXJIaXJACHUU MeTaiuia. Korga ropsamii Meramn momnaiaet B BOAY, BOKPYT HEro
oOpa3yercs 000J704YKa U3 Mapa, KOTOpas HE MO3BOJISIET XUAKOM BOJE KacaThCsl MeTallia, 4YTo
3aTpyAHseT nepenavy teria. Eciu npu 3akanke nmpuMEHsIeTCsl Moua, Ha TOBEPXHOCTU MeTaslia
OpU HCIApEHUH BOJbI 00pa3yeTcss CJIONW KPUCTAIMKOB. OTO YiydyllaeT Terulonepenavy,
MOCKOJIBKY IapoBasi Mpociioiika ymeHblaeTcs. bonee Toro, copepskamuecs 3€Ch COSIUHEHUS
a30Ta - MOYEBMHA U aMMHAK - PA3JIararoTcs U a30T MPOHUKAET B JKEJIE€30, TO €CTh MPOUCXOJUT
A30THUPOBAHUE MMOBEPXHOCTH, IMPU 3TOM 00PaA3YIOTCS TBEPABIEC UTIIOBUIHBIC KPUCTAIUIBI HUTPHUIA
xene3a FeN, a ornenbHble aTOMBI a30Ta BHEAPSAIOTCS B KPUCTAUIMYECKYIO PEHIETKY Kelesa,
CTAHOBSICb TAaK HA3bIBAEMBIMH MPUMECSMU BHEAPEHUS, KOTOPbIE 3aKPEIUIAIOT IUCIOKAIUH.
IIpaBna, cTeneHs a30TUPOBAHMS B MPOIECCE TAaKOW 3aKAJIKM OYEHb HEBEJNIMKAa. B coBpeMeHHOi
MpaKkTUKE a30TUPOBAHUE MPOBOAST IMYTEM BBIACPKKU HM3JCIHS B TEUCHHE ABYX-TPEX JHEU B
MoueBHHE Ui aMMuake. CTOJb MPOJOJIKUTENbHAS BBIACPKKA JIENaeT 3Ty 00paboTKy H0BOJIBHO
JIOPOTOii, TO3TOMY €€ MPUMEHSIOT TOJILKO B CITyJasiX KpaitHell HEOOXOAUMOCTH **.

* B kuure “Cxembl pasnuunbix wuckycctB” Teodumyca IlpecOpaiitepa (XI Bek) mpuBOAMTCS Cliemyromast
pEKOMEHAIHUS:

“Ilo Opyeomy cnocoby 3akanka dxcene3a 6e0emcs mem dce nymem, KOmMopbiM PelCYmcst CMeKld U Pa3MAeuaomcst
KamHu. Bozbmu mpexiemneeo uepHO20 KO314 U O0epiicu e20 83anepmu HA Npueszu mpoe cymok 6e3 xopma. Ha
uemeepmvitl OeHb HAKOPMU €20 nanopomuuxom. Ilocie mozo Kkax on 06a OHs Noecm NANOPOMHUK, NOMECMU €20 HA
ouepeonyio Houb 8 OOUKY ¢ peutemuamuim onom. I100 6ouxy nocmassb cocyo 0 coopa e2o moyu. Habpas 3a dsoe -
mpoe cymox 00CMAamoyHoe KOIUYECmB0 HCUOKOCMU, BbINYCIU KO31d HA 6010, d 6 IMOU JHCUOKOCIMU KaAlU C8OU
uncmpymenm...”

** KoHewHo, jkee30 TOJDKHO OBITh HArpEThIM, YTOOBI B HETO MPOHHUKAI a30T.

HHTEpecHO 3aMeTUTh, YTO BECHh METAJUIYPIrHYECKUM MPOLECC COCTOUT U3 psia CTaauM, Kaxnaas
W3 KOTOPBIX 3aXOJUT AaJIbIlie, YeM HYKHO, M Ha KaKION MOCIEAYIOIMEeH CTaauu TMOJyYCHHbBIS
PE3YIbTAThl KOPPCKTUPYIOTCA. TaK, CHaydajla MmoJIiydaroT 4YyT'YyH, KOTOpBIﬁ COACPIKUT CIUIIKOM
MHOTO yTJepoja, a TOTOMY CIHMIIKOM TBepa. [loToM ymansioT MmoYTH BeCch YIIEpon H
O6Hap}I)KI/IBaIOT, 4dTO KCJIC30 CTAJI0 CJIUIOKOM MIATKHM, W TIO3TOMY CHOBAa B HCro CJICAYCT
n00aBUTh yriaepod. Ecim MBI XOTHM TIOJYYHUTh TBEPABIH WHCTPYMEHT WM OPYXHE, TO
MOoJIydYCHHasA CTalJlb JOJIZKHA GBITB 3aKaJICHa 6BICprIM OXJIAXKACHUEM B KXKHUJIKOCTH. 3akaneHHbIE



cTany (M [EMEHTOBAHHOE XKEJIE30) YacTO CIUIIKOM XPYIKH, U TpeOyeTcs eIie OjHa, Ha 3TOT pa3
MOCJIeTHSsI, 00pabOTKa - OTITYCK.

B mpouecce oTmycka 3akaJieHHBIM MeTayl HarpeBaeTcsi no temrepatyp 220-450° Cu mocne
ATOrO OXJIAXKJIaeTcs Ha Bo3ayxe. OTIMYCK JENaeT CTajlb HECKOJIBKO MArYe, B MPOIECCe OTITYCKa
YacTh MapTEHCHUTA TEPEXOAUT B 0OoJjiee MATKYI0 M IUIACTHYHYIO CTPYKTypy. C TOBBIIICHUEM
Temreparypbl 3(G(GEeKTUBHOCTh OTIyCKa YBEJIWYHMBAeTCsS. MEXIy MpOYuM, CYLIECTBYET
TPATUIIMOHHBIN crOcO0 OmpeeNeHus] TEMIIepaTyphl OTIYCKa MO IBETY OKHUCHOW IUICHKH Ha
MOBEPXHOCTH MeTayia - 1Mo IBeraM mnoOexanoctr. C poCTOM TeMIeparyphbl IBET OKHCHOMN
TUIGHKH M3MEHSETCS OT JKEJITOTO 0 KOPUYHEBOTO, 3aTEM CTaHOBHUTCS (PHOJIETOBBIM U, HAKOHEII,
CHUHHUM. HCHO, YTO TPOCTBIC YTJICPOAUCTBIC CTAJIM HECJIbL34d HCIOJB30BATH IMPH MMOBLINICHHBIX
TEMIIepaTypax, Tak Kak UX CBOMCTBA MPU 3TOM PE3KO YXYIIIAIOTCS.

Yyryn

MBI yxe TOBOPHIIM O TOM, 4TO BPsIZ JIM B IEPBBIX JOMHAX JKEJIE€30 BCErAA MPOILIABISUIOCH, €r0
W3BJICKAIM M3 [I€YM B BUJE Tps3HOBaToro koma. OmHako K cepenune V Beka 1o H. 3. (BpemeHa
[leprkia) rpeKku y)Ke Hay9MIIUCh TUIABHTH JKEJe30 H J1a)Ke BBUIMBAIH €0 U3 MEYH B U3JIOKHUIIBIL.
B anTnunoii ['peruu 9yryH yxe ObLT M3BECTEH, HO M3-3a CBOEH XPYIKOCTH HCIOJIb30BAJICS OH
OTPaHMYEHHO M 3HAYMTEIBHOW POJIM B 3KOHOMHUKE HE Mrpail. B nmeno muio mpeuMmyliecTBEHHO
CBapOYHOE XKEJIE30.

C nmanennem PuMckoil uMmmepuu ymaina ¥ TeMmrepaTrypa B Iedax M, MO-BUAMMOMY, B 3amaaHou
EBpone uyryn ne nenanu Bmuots 10 Xl Beka. OnnHako mocie n300peTeHus: mopoxa rnoyioskeHue
n3MeHwIoch. [IpaBna, BHa4ane CTBOJBI MYyIIEK KOBAJIU W3 CBApOYHOIO JKE€Je3a M CTATHUBAIM
XKene3HbIMU 00pyyaMu mojo0Ho Ooukam. Ho pociio ymenwue, pocnu u o6bemsl neueit. Ilymku
Hayald OTIMBaTh. llepBble MUTHIE CTBOJBI PBAJIMCH MOYTH TaK € 4YacTO, KaK M CTBOJIBI U3
KOBaHbIX IUT. Ho nuThe 00Xxoaumock HaMHOTO Jemienie *. TpaauioHHble copTa YyryHa He
TOJIKO OY€Hb XPYIKH, HO COJEprKaT €Ile Majble IPOCIOWKH, IMPOXKWIKH, yriiepoaa B ¢Gopme
rpaduTa, KOTOpbIe IEHCTBYIOT KaK BHYTPEHHHUE TPEIIMHBL. B pe3ynbraTe yyryH ObUT HEMPOUEH U
HEHAJeKEH NpHU pacTsokeHUH. IMEeHHO mo3ToMy OH OBl MaJOHNOIXOASILIMM MaTepUalloM IJis
NyIIeYHBIX CTBOJOB, BEIb CTBOJ paboTaeT Kak cocya nAaBieHus. OJHAKO NPUMEPHO [0
1860roma uyryH mpomoJDKal OCTaBaThCS C€IMHCTBEHHBIM HEJOPOTHM MaTepHalloM, TaK Kak
IICHbl Ha JIaTyHb W OpOH3y OBUIM, KaK NpPaBUJIO, CIUIIKOM BBICOKUMHU. UyryHHBIE CTBOJIBI
OPUXOJUIOCE JI€laTh OYEeHb TOJCTBIMM, IO3TOMY IYIIKM OBUIM 4YpE3BBIYANHO TSXKEIBI.
Hanpumep, nymika, crpensiBmas 32-pyHToBbIME sijpaMu (OCHOBHOE BOOPY)KEHHE aHTIIMHCKOTO
Kopabus “Bukropus”, cpaxasmerocst npu Tpadansrape), Becuna okoio 4-5t. Takum o6pasom,
BEC IyIIEK COCTaBisLI 0kosio 15%o0T1 BomonsmenieHust 60eBOro kopadist **.

* JIuTble YyTyHHBIE TYINTKA TaK HUKOTJA W HE CTalu HaAESKHBIMHU. B cpaxennn npu Tpadansrape dpaniry3ckuit

Kopabab “I'po3HBIN” KamUTYIUPOBAN MOCJIE TOTO, KaK HA HEM B30PBAIHCH JBE MyImIkd. HemHOrum Jydiie Obud U
nymky BpeMeH KpbIMcKoi BOMHBI.

** Co BpemeHeM “Bukropus” okaszanach HE B COCTOSHHUHW BBIICPKMBATH BEC COOCTBEHHBIX MYIIEK, WX MPUILIOCH
3aMEHUTH JCPEBSIHHBIMH KOTHSIMH.

bbuto Bpems, Koraa OTIAMBKM TOJy4ajdd HENOCPEACTBEHHO M3 JOMHBIL. Celuac 3TO He
npakTukyercs. OT4acTd MOTOMY, YTO JJOMEHHbIE [I€4YM CTald HAMHOTO OOJbIIe, U Pa3jiuBaTh U3
HUX YyTyH B Mayble (DOPMOUYKM OBUIO HEpALMOHAJIBHO, a OTYACTH IOTOMY, YTO TaKOH 4YyryH
0OBIYHO TBEpPJ, XpPYHOK U HempodeH. Ceifuac MOYTH BeCh YyT'yH NEPBOHAYAIbHO OTIMBAETCS B
qymkH. YacTh 3TUX YylIeK rnepepadaThiBaeTCs B CTANlb, YaCTh MEPEIIABIISCTCS, IPH TOM COCTAaB
yyryHa peryJupyloT, 4YToObl TOJYYHTh HYKHBIC CBOWCTBAa. B HacTosmiee Bpems IeHOM
HEOOJIPIINX YXUIIPEHUH MOXKHO TOJIYUYUTHh JOCTATOYHO BSI3KUN YYT'YH C JOBOJIBHO XOPOIIEH



IPOYHOCTBI0O Ha pa3peiB. Hy a MOCKONBKY JeTanu ClI0XHOH (opMbl, Hampumep, OJIOKH
[MJIMHIPOB aBTOMOOWIIBHBIX JBHTATelNei) OOBIYHO JCIICBIIC MOTydYarh IIyTeM OTJIMBKU YyTyHa,
YeM IITaMIOBKOW CTaJH, TO A0 CHX IOpP BEAYTCs pabOTHI 10 YIYUIICHUIO CBOMCTB UyTyHa.

B AHmmu xene3o BHaudaje MoIydald M3 PyAbl C NOMOILIBI0 ApeBecHoro yris. Ho B mepsoit
nosoBuHe XVl Beka B3aMeH JPEBECHOTO YIUIsl, PECYpChl KOTOPOTO TOCTETIEHHO CKYICIH,
HAY4YMJIUCh MCIIONB30BaTh KOKC. B AHIIMM mepexoq Ha KOKC OBbUI NMPaKTHUECKH 3aBEpIICH
npumepHo k 1780rony, B KOHTHHEHTAILHOW EBpoIe 3TO MpOU30IIII0 TTO3KE.

K xonmy XVIIlI Beka aHrnmnuane MOTIIM CPaBHUTEIBHO JIETKO JI€laTh OOJBIINE OTIUBKH, JJIUHOIO
1o 20M, U TpaHCHIOPTHPOBATh MX MO Boje. [10 COBpeMEHHBIM MepKaM y 3THX OTJIMBOK OblLia
JIOBOJIBHO HHU3Kasg MPOYHOCTh HA paCTSHKEHHE, TO3TOMY HMX MOXHO OBUIO TPUMEHSATH B
KOHCTPYKIIUSX, padoTalomuMX riIaBHBIM 00pa3oM Ha cxkarue. Hampumep, B Moctax. 31ech u3
yyryHa MOXKHO OBLJIO JIeJlaTh apKH, MoJ00HBIE KaMeHHBIM. KaMeHHbIE apKu BBIKIAABIBAIA U3
KIIMHYATHIX KaMHEH, K&K TaKOM KaMeHb HY)KHO OBbLITO BBIPE3aTh U3 KAMHSI-3arOTOBKH, Ha YTO
3aTpavymBajIOCh MHOTO PYYHOTO Tpyzda. [lepBrie 4yryHHBIE MOCTBI JeNalid U3 TaKoh ke (hOpMBbI
JUTBHIX MOJBIX SJIEMEHTOB, KOTOPBIE MOJATOHSUTHCH OJIMH K IPYTOMY, KaK ¥ B KAMEHHOU KIIAJIKe.

3HameHuThIN JKenesnviti mocm, iepedporeHHbIin yepe3 peky Ceepn y Konbdpyka B 1779rony,
ObUI KaK pa3 MPUMEPHO TAKOTo TUMA. JDTO ObLIO mepBoe OOJbINOE XKelle3Hoe coopyxeHue. Ero
npoJieT Heckosibko 6obire 30, 00mas nmuHa 60, a Beicota 15M. Ha Hero ynuto 378,5t uyryHa,
crpounu ero Tpu Mecsa. Cromn moct 6000¢yHTOB cTepianHroB u gaxke no neHam 1799rona
OBUT HAMHOTO JICIIEBJIE TAKOTO YK€ MOCTa U3 JIF0OOT0 JPYroro MaTepuaia.

JXene3HbI MOCT HOJMYYMJICS yJauyHbIM, HO BMECT€ C HHMM BO3HUKIU U HOBBIE MPOOJIEMBI.
ApouHBI MOCT, Kak M Jo0as apka, JaBUT Ha ONOPY C CHJIOH, HampaBiIeHHOW Hapyxy. B
TFOTHYECKUX cOo0Opax 3Ta Cujla KOMIIEHCHpPOBAJach KOHTPPOpPCaMH, B MOCTax - KIAJKOM H
3eMJISTHOM Hachllblo. HaM Kak-TO He MPUXOJMUT B TOJIOBY, YTO YYT'YH MOXHO Ha3BaTh JIETKHM
MaTepHaJIOM; a MEXIY TEM B CpPaBHEHHM C KaMHEM, KOTOPbIM HCIIOJIB30BaiCA ISl MOCTOB J0
HEro, Tak OHO M OKa3aloch (c y4eroM mpo4HocTH). B pesymbrare apka JKenesHoro mocra
oOHapyKuia - I0-BUAUMOMY, BIEPBbIE B UCTOPUHU TEXHHUKH - HEAOCTATOK, IMPOTUBOMOIOKHBIN
OOBIYHBIM OCOOCHHOCTSM KaMEHHBIX apOK M KYIOJOB. OHA OKa3ajach CIUIIKOM JIETKOW, YTOOBI
IPOTUBOCTOATh JABJICHHUIO 3€MIISIHBIX HAChINIEH, KOTOpBIE, CTPEMSCH CIOI3TH B PEKY, JaBWIN Ha
YyryHHy!0 apky. IlosToMy o0ObIlYHBIE HACHIIM  MPUILIOCH  3aMEHUTh  YYT'YHHBIMH
BCIIOMoOraTeNnbHbIMU apkamu. HaBepHoe, 37ech MH)KEHEphl BIEPBbIE MMOYYBCTBOBAIM, K UYEMY
NPUBOJUT MOMNBITKA 3JIUTH HOBOE BUHO B CTapble OYTHUIH.

HynauHrosoe xese3o

[Tocne Toro kak B JOMEHHBIX MEYaX C MEXaHUYECKHUM IOAYBOM Ha4dalld TPUMEHSTh KOKC, YyT'yH
CTaJl CpaBHUTENbHO JAemeBbIM. [lonydanu ero Teneps BHoiHE nocTatouHo. Ho mcnonb3oBaHue
YyryHa B TAKOM BHUJI€ OTPaHUYMBAIOCH €r0 XPYMKOCTHIO U HU3KOM MPOYHOCTHIO Ha pa3phIB. Jlis
OOJILIITMHCTBA U3JIETUH TPeOOBAIOCH OOJiee MPOYHOE U BA3KOE CBAPOYHOE KEJIe30, a MOCKOJIbKY
KOBKa TpeboBaja OOJBIIMX 3aTpaT TPYyJa, TAKOE XKEJIe30 OCTABAJIOCh JOPOTHM M JIEPHUIMTHBIM
MaTepUaAJIOM Ja)K€ IOCJEe TOSBICHUS MOJOTOB, MPUBOAUMBIX B AeiicTBUE Bomol. M Bce xe
OCHOBHBIM MaTepuajoM MPOMBIIUIEHHON pEBOMIONUU OBLJIO JKele30, TaK Ha3bIBaeMoe
MyJUTHHTOBOE kene30. CTanb ¢ ee pa3jIMdHbIMH COpPTaMU TOSIBIJIACH B HYXHBIX KOJIMYECTBAX
ropaszfo Mo3xe, U €e COUaIbHO-?PKOHOMUYECKOE BO3EHCTBIE ObLIIO MEHEE BAXKHBIM.

[To-BuauMomy, myIMHrOBaHWE (IO KpalHEH Mepe B €ro mNpakTHYecKux (opmax) ObLIO
u3obpereno ['enpu Koprom (1740-1800)koTopsiii 3amaTeHTOBaN 3TOT mpouece B 1784roxy.
Kopt ckoHcTpynpoBan paboTarolryo Ha KaMEHHOM YIJie MJIaMeHHYI0 Tedb. B Menkyio BaHHY



MyJJIMHITOBOM TM€YM 3aBaJMBAJIM YYT'YH, KOTOPBIM, PaCIUIABIASICh, OKHCIBUICS KHCIOPOAOM
ra30BOM Cpejibl Teuu 10 00pa3oBaHus IBOWHOTO cuiMkaTa. [locmeaHuii cTekal moj Clioi Iiaka,
OCTAaBIIIETOCS OT MPEIbIAYIIeH IUIaBKH, ¥ OKAJIWHBI, CIENHAIbHO 3a0pOIIeHHON B meub. s
YBEJIMYEHUSI TIOBEPXHOCTH CONPHUKOCHOBEHHUS MeTaula €O LUIaKOM Mpuberanu K
nepeMenuBaniio  (My/UIMHTOBAHWIO) BaHHBI JUIMHHOW IKEJIC3HOW KIIIOMIKOW, 1O Qopme
HECKOJIbKO HAallTOMUHAOIIEH MOTBITY.

[Ipu mepeMemMBaHUM OKHChH >Ke€jle3a, coJepikallascs B IIIaKe U OKallMHEe, pearupoBaja ¢
YIIJIEPOJIOM YyTr'yHa M 00- Pa30BbIBAJICS yrapHBIN ra3, KOTOPBIA BBIXOIUI HA TIOBEPXHOCTh B BUJIE
nmy3bIpeil. Bbixon raza compoBokmaics “KulieHHeM” MeTailia, MpU 3TOM M3 TMEYd yAaisiiach
Oompmast yacth nwuiakoB. C  ymajmeHWeM yriepoia TeMmIepaTypa IUIaBICHHs —JKele3a
yBEJIMYHMBAIACh, a MOCKOJIbKY TeMIepaTypa mneun ocraBasiach okosio 1400° Cpkene3o HaunHAIIO
“ycnokauBatecsi” M 3arBepleBasio. M3 MOmydyeHHOTO TakuM o0Opa3oM jkene3a “HaKaThIBAIH'
KpHUIBl BecoM 0Kosio SOKr kaxaas. 3aTeM KpHIbI OJHY 3a APYroil u3Biekanu u3 neuu. M xors
Ny/UJIMHTOBaHUE OBbLIIO OYEHb TSXKENIOW paboToi, OHO MO3BOJSUIO OAHOMY YEJIOBEKY BBIIIJIABHTH
OKOJIO TOHHBI eJie3a B JIeHb, TO €CTh MIPOU3BOJUTEIBHOCTh TPYya MPU 3TOM Ipolecce Oblia B
10-20pas3 BbIIe, YeM MpH MPOU3BOACTBE CBAPOUHOTO XKele3a. B To jxe BpeMs HOBBII mporecc
TpeOOoBa 1 OMbITa, U HaBBIKOB. Tak 4TO MOCJIE HANOJEOHOBCKUX BOWH aHINIMICKHE METAJLTYpru
JIOJITO el1e 3apadaThIBAIM HA 3TOM B €BPONEHUCKUX CTpaHaX.

Bceren 3a myanmHroBaHHEM HarpeToe *ee3o MpoITycKall yepe3 BaJIKH. 3a HECKOJIBKO MPOX0/I0B
37Iech TOJIyJaluCh IUIMTHI WIM NPYTKU. B mpomecce mpokaTky ropsidasi MOBEPXHOCTH Kejle3a
okucisnack. Korga jkene3o OCThIBajlo, OKalKWHA OTCIaMBajach, U €€ OTIPABISIM OOpaTHO B
neyb. TakuM 00pa3oM, XMMHYECKH BECh MPOIECC ObUI 3KBHBAJICHTECH IPOLECCY MOTYYCHHS
CBapOYHOrO Kejie3a B CTapble BpeMeHa, HO OH ObUT 3HAUUTENBbHO Oosiee MPOU3BOAUTEIbHBIM. B
Hale BpeMs Iy UIMHTOBaHUE MPAKTUYECKH HE MPUMEHSAETCS, TaK KaK JaXKe MEXaHW3UpPOBaHHAs
Ny/UJIMHTOBasl Me4b MOXET JaTh 10 COTHM TOHH MeETajula B JIeHb, a IMPOU3BOAMTEIBHOCTD
OecceMepoBCKOr0 KOHBEpTEpa, B KOTOPOM BO3/yX IPOJYBACTCS Yepe3 PacIUIaBICHHOE KeJe30,
MoxeT goxoauTh 10 800 T cranu B aeHb. [la u cipoc Ha *Kene3o ceiiuac HEBENHK, TOTOMY UYTO
CTaJIb U JICIICBIIC, U TIPOYHEE €TO.

Pemienne MHOTMX TEXHUYECKMX MPOOJIEM 3aBHCUT OT TOTO, KaKyl MPOYHOCTh M BS3KOCTH
MaTepuaiga MOXHO TMOJY4YUTh IPU 33JaHHBIX 3aTpaTax. BCio MPOMBINIIEHHYIO PEBOJIIOLMIO B
I[EJIOM CIIeAyeT paccCMaTpuBaTh M OIICHUBATh HA (JOHE MOCTENICHHO MaJIaBIINX IIEH Ha JKeJIe30 U
MaJIOyTJIEPOAUCTYIO CTallb. DTOT MPOLECC OYEHb SIPKO MILTIOCTPUPYETCS UCTOPUEH KENe3HbIX
JIOpOT.

Kenesnple NOpOrM HAuMHAIMCHh C JAEPEBSHHBIX IIAXTHBIX pEIbCOBBIX IYTEH, KOTOpBIE
YKJIaJIBIBAIMCh JUIsSl TOrO, 4YTOOBI O0JIErYUTh NIEpEeMEIICHHE BArOHETOK Ha KOHHOH Tsre. K koHIy
XVIII Beka Takue AepeBSHHBIC PENBCHI CTATHM 3aMEHATh YYT'YHHBIMH, OoJiee TOJTOBEYHBIMU U C
MEHBIIUM TPEHUEM KadeHus AJis Kosiec. UyryHHbIE pesibChbl MO3BOJIMIN OJHOW JIOMIAAN TAHYTh
10 TOPU3OHTAIBHOMY NYTU 4-5 Ipy>KEHBbIX BaroHeTok. /[jsi mepeBo3ku MOpOJbl 3TO CUUTAIOCH
BIIOJIHE Y/IOBJIETBOPUTENBHBIM, M, MOXET OBbITh, BCKOpE JalbHEHIIMX YIY4LIEHUH U He
notpedoBanock Obl, eciy Obl B MEPHOJ HAIOJIEOHOBCKUX BOWH PE3KO HE MOTHSUIMCH LIEHBI Ha
KopM ans  jomaneil. Ilpumnuiock 3agymarbes 00 MCIONB30BaHMM JAJISl NPUBOJA BarOHETOK
N00BIBaEMOr0 B TeX JKe Mmaxrax ymid. Ha maxrtax K TOMy BpEMEHH YK€ WHTCHCHBHO
UCIOJIb30BATIMCh MApOBbIE MAILIMHBI ISl OTKAYKM W JAJIS NMPUBOJA JIEOENOK, HO AT CIHUIIKOM
TPOMO3JIKHE M TsDKeNble (0 OTHOIICHHIO K MX MOIIHOCTH) CTallMOHAPHBIE MAIIMHBI HU3KOT'O
nasienus (0,2at) Ui TpaHCIIOPTHBIX IIeJIei COBCEM HE TOJIHIIHCH.

H3o0perareneM JIOKOMOTHBA MOBBINICHHOTO aaBieHus Obul Puwapn Tpeeutuk (1771-1833),
reHuit, ymepmmii B 6eqHocTd. CTeeHCOHBI B OTJIMUME OT HEro 00a >KWJIM M CKOHYAINCh B



novyere W OorarctBe. [lepBblil JIOKOMOTHUB C TOBBINICHHBIM naBieHueM (3,5ar) TpeBuTHK
noctpous B 1804rozy, Bropoii - B 1805roay (puc. 55). O6e MammHbl ObLIH yIauHBIMHU, HO 00€
oKazayuch 3abpouieHHbIMUA. KopeHb 311a ObLT OMH - PEITbCHI.
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Puc. 55. Jlokomorus TpeBuruka (1805rox).

JlokoMOTHBBEI OBUTM AOPOTHM KaK B IMOCTPOMKE, TaK M B IKCIUTyatanmud. CTOMMOCTH TOJIOBOM
SKCIUTyaTallMi [apoBO3a, BKIIOYAs aMOPTHU3alMI0 M T.1A., oneHuBanack moutu B 400 ¢pyHTOB
cTepinHroB. HecMoTps Ha 00iblIyl0 pa3HHIY ILIEH Ha CEHO M yrojb, 3TO, KOHEYHO, HAMHOIO
IPEBBINIAIO CTOUMOCTh COJEP)KAaHUS OJHOM JIOLIAJM, XOTS CTOMMOCTb OJHOW “JOIIaAWuHON
CHJIBI’ TIAPOBOM MAIlIMHBI ObLJIa MEHBINE IICHBI HA >KUBYIO JOmanab. JIOKOMOTHB MOT OBITh
HSKOHOMHYHBIM JIMIIb TOT/A, KOTJa OH JHOO TSHYJ CBOHM Ipy3 ObicTpee, TUOO TAHYN OONBIINNA
rpy3. Ho yBenmuuTh cKOpoCTh Memlanu paboTaBIIME HAa TEX K€ JMHUAX JIOUIATd, MOITOMY
MaIlIlHA JOJHKHA ObLIa MOTAIIUTh OOJIBIIIE BATOHETOK.

Kak wu3BECTHO, MOJIYYNUTHh JAOCTATOYHOE CIEIUIEHUE MEXAY TIJIAJKUMU METAIMYECKUMHU
KOJIECAMH U PeNbcaMM, HEOOXOAUMOE Ul TOTO, YTOOBI TAHYTH JIIOOOH 3aJaHHBIN Ipy3, HE TakK
yK TpyaHo. JlJis 3TOro Ha BEAyIIME KOJeca JOJDKEH MPUXOAUTHCS TaKOM BEC, KOTOPHIA HE
NO3BOJHUT UM OykcoBaTh. HO MMEHHO TYT W 3aKitoyanach TPyAHOCTb. [IpOYHOCTH TOTIAIIHUX
YYT'YHHBIX PEIbCOB ObLTa HEOOJNBIION - OHM HAJEKHO BBACPKUBAIN JIMIIL BeC ObIBILIEH TOTJa B
X0y TPEXTOHHOM BaroHeTku. I1apoBo3, KOTOpBIN caM BECHJI TPU TOHHBI, ECTECTBEHHO, HE MOT
HNOTSIHYTh TPUJLIATh BarOHETOK TaKOro e Beca. A 0ojee TsHKENblid MapoBO3 HE BbIAECPKUBAIU
penbehl, TaK 4YTO JIOKOMOTHBBI TpeBUTHKA MNPUIUIOCH MEpeAenaTs i CTAalMOHAPHOTO
HCITOJIb30BaHMUS.

[Tocne 3TOrO B MCTOpPUM Pa3BUTHS KEJIE3HBIX JOPOr HAUMHAETCS IEPUOJI MOUCKOB TaKOIro
CIIETIJICHUs KOJIeC C IMOJOTHOM, KOTOpOe He paspymano Obl penbechbl. CI0XKHOCTH B TOM, UTO
NepBble MAIMHBI HE HMMEIH peccop - He ObLJIO AOCTATOYHO NPOYHOM MPYKUHHOM CTaiu.
CrnenoBarenbHO KaXAbli TOJYOK J1aBaj MEPErpy3Ky Ha penbehl. [[apoBO3bl CTPOMIIN C BOCEMBIO
BEIYIIMMHU KOJIECaMH, TaK YTO Harpyska pacrpejensiach mexay Humu (puc. 56). Oqaum u3
HanOoJiee MOMYJISIPHBIX PEIICHUH TOM K€ 3aJaud ObUIM JIMTHIE PENIbChl C 3yOLlaMH, KOTOpHIE
CIETUISJTMCH € 3yObsIMU KOJIEC, KaK 3TO JETaeTCs Ha COBPEMEHHBIX TOPHBIX Joporax (puc. 57).
OTH COOPYXKEHUS UMENTH MHOTO HEJJOCTATKOB M HUKOT'Ia HE padoTanu HOpMaJIbHO.



Puc. 56. JIokoMOTHB, B KOTOPOM HAarpy3Ka pacmnpeaesiiach Me:KIy BOCEMBIO CBSI3AHHBIMH MEKAY c000ii
KoJecaMH. AMOPTH3alus 00ecnevYnBaIach TOJbKO THOKHMH CIIMIAMH.

Puc. 57. TlapoBo3 biaenkuncona.

Jxopmx CredeHcorn o0omien OTCYTCTBHE TPYKUHHOM CTald, CHAOJUB CBOM MAIIUHBI
“mapoBBIMH TIPY)KMHAMH . OH TIOJABECHJI OCH Ha TMOPIIHAX, IUIABAIOMIMX B IMJIMHIpAX,
3aMOTHEHHBIX OCTPHIM IApOM - TakKas IMOJBEcKa ObUIa OYEHb MOX0Ka Ha MOJABECKY, HEAABHO
MPUMEHECHHYIO B aBTOMOOWISAX. OJHAKO KaK TOJIBKO MOSBUIMCH NMPYKUHHBIC cTamu, CTedeHCOH
OTKa3aJICsl OT TAKUX MOJIBECOK U3-3a TPYAHOCTEH C YIUIOTHEHUEM MOPIIHS *.

B 1821roay /Ix. bupkenmoy 3amaTeHTOBajl METO/ MOJYYCHHS PEIbCOB JBYTaBPOBOTO CEUCHHS
IyTeM MPOKATKU MYAJTUHTOBOTO *kese3a. OMHUM U3 MEPBBIX 3TH penbehl mpuMeHu CredeHcoH,
KOTOPBI 3aHUMAJICSl TOT/IA CTPOUTEIHCTBOM >KEJIE3HOA0POKHOU THMHUM CTOKTOH-/{apiMHITOH.
B mapoBosze Credpencona “Pakera” (1829rom) makieBy:0 HAOWBKY 3aMCHHJIM ITOPIITHEBHIC
KOJIbIIA.

CTOMMOCTh TOHHBI JKEJIE3HBIX PeIbCOB BHpKEHIOy ObUIa IPHUMEPHO BJIBOE BBIIIE CTOMMOCTH
qyryHHbIX. OnHaKo 3(QeKkTrBHAs CTOMMOCTh Ha MWJIIO IYTH OKa3blBajach MpPUMeEp- HO TaKOM
e, TIOTOMY 4TO JKEJIC3HbIC PENIbCHI OBUTH MPOYHEE, YTO MO3BOJBUIO JIejaTh X 00Jee JICTKUMH.
JnuHa kaxaoro penbca Obuta 4,5M. (HamoMHuM, YTO yMHA KOBaHBIX MPYTKOB, CIACIAHHBIX B
Axparace B 470roay a0 H.3., ObliIa TaKOM *Ke.)



Hekoropoe Bpemsi cmycts B AMepuke Ty ke mpoOineMmy pemanud yxke uHade. [IpaBna,
aMepUKaHIIbl, MO-BUJIMMOMY, BEpPHYJIUCh K CHCTEME, HCIIOJIb30BaBIIEHCS Ha MIOTIAHIACKUX
IIAXTHBIX JUHUSX 4YTO-HHOynb B 1785romy. Tak, Ha MacCHBHBIA JEPEBSHHBIN pENbC OHU
YKJIabIBAIM CBEPXY TOHKYIO MOJIOCKY CBapo4yHOro jkenesa. [lyTu mosydaiauch JOBOJIBHO
XOpPOUIIMMH, HO M3-32 TOrO, YTO MOJIOCHI JKeJie3a KPENMUJIUCh K JIEPEBY I'BO3JIIMU M KOCTBUISMH,
TakMe KperieHus, ociiabeBasi, BpeMsi OT BPEMEHHU BBIXOIWIN M3 CTpos. B 3TOM ciiydae koHell
MOJIOCHI TIOJT TSKECTHIO BarOHOB HEPEAKO 3aBUBAJICS BBEPX, MPOOHMBAs MPU STOM IOJ UIYIIETO
HaJl HUM BaroHa (MOpoii ¢ pOKOBBIMH MOCIIEACTBUSIMHU JIJISI CUASAIINX TaM MAcCaKUPOB).

[Tozxe Takoro tuma MyTd ObUIM PEKOHCTpYHUpoBaHbl. KOMOMHHpOBaHHBIE PENbCHI 3aMEHHIIN
OOBIYHBIME KeJle3HbIMU. Ho B AMepuKke elle OYeHb JIOJIT0 OHHM ObUIH 0oJiee JIETKHUMH, YeM B
EBpore, u onupanuch Ha O4Y€Hb YacTO YJIO0KEHHBIE INAIbI. DTO OTpa)kallo COOTHOILIEHHE 1IEH Ha
JIPEBECUHY U JKeJIe30 B AMEpUKE.

[Ipumepno x 1860roay nosiBuiack femenas cTaib, HO, YTOOBI BBITECHUTD ITY/UIMHTOBOE XKeEJNe30,
noTpedoBaigoch moutu Tpuanartk jer. B 1883romy mpumepno 70% momeHHOTO dyryHa,
MPOU3BEICHHOTO B BenukoOpuTaHuu, mepeaenbBalioch HA MYIIMHTOBOE KEJIe30, BPSA U Ha
craip nuio 6osnee 10%. K 90 romaMm crasip M Kejne30, €CJIM MOKHO Tak CKa3aTb, IIOMEHSIINCH
Mmectamu. JKene30 Tak J0Iro He CXOAMIIO CO CLEHBI, Ha/l0 IyMaTh, IOTOMY, 4TO, Oyay4u ciabee,
a MHOTJIa TOPOXE CTallM, OHO HEe 0€3 OCHOBAHUH CUUTAIIOCH O0JIee HAIC)KHBIM.

[lepBbIil CeHCAIMOHHBINA yclieX HOBOM OecceMepOBCKOHM CTajiM CBsI3aH C IPOPHIBOM OJIOKAJIbI
CEBEPSH BO BPEMsI TPaXKIaHCKOM BOWHBI B AMepuke. CTalbHbIe TapOXO0/Ibl F0KaH (a Cpeau HUX U
3HaMeHuTHIN “Banmm”) Obutn mocTpoeHsl B Havane 60x romos. MMes ckopocth okono 20-22
y3JI0B, OHM C TOYTU MPEHEOPEKUTEIbHON JIETKOCThIO OTPBIBAIUCH OT (DJIOTa CEBEPSH, CAMBbIE
OBICTPOXOJHBIEC CyAa KOTOPBIX pa3BUBAIM CKOpocTh He Oonee 15y3moB. HekoTopsle u3 3THX
CTAJIbHBIX MAPOXO/I0B 3aKOHUYMIIM CBOIO CIIy’KOY CpaBHUTEIbHO HelaBHO. Ho XOTs mpuMeHeHue
CTaJl JaBaJI0 OYEHb OOJBIIYI0 SKOHOMHIO B Bece CYJIOB, HEpEIKO ObIBalM M KaTacTpo(sl,
MOATOMY HE€ CIIy4alHO bpuTaHCKOe aIMUPaITEHCTBO HE HCIOJb30BAJIO CTalb B CYIOBBIX
Koprmycax npumepHo 10 1880rona.

[lepBbIM TPUMEPOM HCIIOJIB30BAHMS CTAIM B JACHCTBUTEIHHO OOJBIIMX M OTBETCTBEHHBIX
KOHCTPYKIHUAX CJIEAYeT CUUTATh, MO-BUANMOMY, KEJIE3HOJOPOKHBIM MOCT depe3 pexky Popt B
Hlotnanauu, MOCTPOSHHBIN U3 MapTEHOBCKOM ctanu B 1889rony.

CraneBapeHue

[IpousBocTBO cTanM, 0OCOOEHHO COBPEMEHHOH, - eNI0 BechMa CIIOKHOE. MBI pacckakeM O HeM
JIMIIb BEChbMa KPATKO. YTJIEPOAMCTHIMU CTAISIMA MBI Ha3bIBacM CIUIABBI JKejie3a C YIIIEPOIOM,
conepxkamue 1o 2% yriepona. Kpome yrimepona, B CTald MOXKET ObITh HEMHOTO IIIAKOBBIX
BKJIIOYECHHH, a TaKKe€ KOHTPOJUpPYEMbIe M00AaBKH IPYTHX DJIEMEHTOB (HampuMep, KPEMHHS H
Maprasia). TpagullMOHHOE CBapOYHOE JKeJe30, KaK Bbl YK€ 3HAETE, MOYTH HE COACPIKaIo
yriepo/ia, HO UMEJIO 3HAYUTEIIbHBIC IIJTAKOBBIC BKIIIOYCHHS, B HEOOIBIIIOM KOJIMYECTBE BXOTUITH
B HEro W Jpyrue 31neMeHThl. Kak MbI yxke ToBOpuiHM, camasl Ooiblas TPYJHOCTh IMEPBBIX
JKeJIe30/IeNIaTelIe COCTosIa B TOM, 4YTO, YIS YIJEpoJ] W3 YyryHa, OHH IOBBIIIAIN TOYKY
miaBiaeHus: ero npumepHo ¢ 1150 o 1500° C,to ecth 3ampenensl BOBMOXKHOCTEH MX TICUCH.
[ToaToMy Henb3s OBUIO YAAIUTH IIJIAK, a YTOOBI MOTYYUTh HYXHYIO IPOYHOCTH M TBEPAOCTD,
CJICJIOBAJIO BEPHYTH B JKEJIE€30 YaCTh YIIIEpoJia; 3TO MOXKHO OBLIO CeNaTh, HACHIIAs yIIepOJIOM
TOPSYYI0, HO YK€ TBEPAYIO MMOBEPXHOCTD XKelie3a Ky3HEUHBIMH METOIaMHU.

OpHako co BpeMEHeM TeMmIiepaTypy Iedeil yaanoch HECKOJBKO TMOIHSITh, W MPUMEPHO B
1740rony benmxamMua XaHT Haydwics IJIaBUTh CBapOYHOE JKelie30 ¢ HEeOONbIIONW T00aBKOMH



yriepojia B yCTAaHOBJICHHBIX B Me€4axX INIMHSAHBIX THIIIX. EMy ynaBanock npomnaBiats 10 40kr
metauia. [lpu sToM muak, Oyaydn Gosee JerkuM, BCIUIBIBAJI HA IOBEPXHOCTb U €r0 yJaJIsJIH.
OcraBanoce kene3o0 ¢ HEeOOJBbIIMM KOJIMYECTBOM YIJIEPOAa U C MPEKHUMH BKIIOUYCHHUSIMH.
Copneprxanue yriepojaa MO>XKHO ObUIO IOJIOTHATh, TaK YTOOBI MOJYYHUTh JKEIAEMYIO0 IIPOUYHOCTD U
TBEPJOCTh, a CBOOOIHYIO OT IIJIAKA CTAJIb BHUIUThH B U3JIOKHUILY.

TI/IFGHBHaﬂ CTaJlb 651.]121 I[OpOFOﬁ, oTHyacTu HOTOMy, YTO HUCXOIHBIM CBIpBeM IJIs1 HEC CJ'Iy)KI/IJ'IO
JIOBOJIBHO JIOPOTOE CBapOYHOE keje30. KpoMe Toro, kauecTBo ee OBUIO HE BCETa OJJUHAKOBBIM,
MOTOMY YTO HUKAKHE MPUMECH, KpOMe IIUIaKa, He YIAISTUCh U He KOHTpoJIupoBainuch. Ho naxe
¥ B TaKOM BHJI€ TUTEIbHAs CTajlh OOBIYHO ObLIA U JEIICBIIC, U JyUllle OOJBITUHCTBA “cTaneit”, u3
KOTOpBIX Ky3HeLIBI KOBaJI1 M€4YU, U3 HEC ACJIaIn BBICOKOKa‘-IGCTBeHHBII‘;I I/IHCprMeHT.

Ecnyu MHCTPYMEHT U OpyXKHE U3 NPEKHUX CTAIEH MMEIU JbSBOJIBCKU TBEPAYIO ITIOBEPXHOCTh U
MATKYIO CEpAICBHUHY, TO W3 THUTEIBHOW CTaad MOJIY4YaIWCh ‘HACKBO3b IPOYHBIC H3ICIHS.
OnHako B HEKOTOPBIX CIIydasX M 3Ta CTallb IMOJABEprajach HayriepoKMBaHHUIO (LEMEHTAIUH), C
TEM 4TOOBI YMEHBIINTh H3HOC PEKYIIETo Jie3BHs. Tak aenmaercs mHOTAA U 10 cux mop. [IpaBna,
HUKTO ceifyac He MoJydaeT OObIYHYIO YIJIEPOJUCTYIO CTajlb B TUIJISAX, pa3Be UTO JENAIOT 3TO B
IKCMEPUMEHTAIBHBIX LEISIX WIN MPH BBIIUIABKE JOPOTHX JICTHPOBAHHBIX CTaJe B HEOOJBIINX
KOJIM4YEeCTBax.

beccemepoBckas cTajb

Bmiots 10 cepenuubl XIX Beka THrenbHas IIaBKa Oblila €IMHCTBEHHBIM CIIOCOOOM TOTYYEHUS
CTaNu, JUIsl OOJBIINX KOHCTPYKIUN MCIIOIH30BANIMCH JIUIIh YYT'YH U CBApOYHOE Kene30. Hauano
IIXPOKOTO MPOMBIIIJICHHOTO IIPOM3BOJICTBA CTAIM CBsA3aHO ¢ MMeHamu ['enpu beccemepa (1813-
1898) u Pobepra Mromera (1811-1891).beccemep ObLT MI0A0BHTHIM H300peTaTeneM. UyTbe
OM3HECMEHa MO3BOJIMJIO MY YCIEIIHO 3allyCTUTh B JIEJI0 HECKOJIbKO N300peTeHMil, B TOM YHCIIe
croco0 M3TrOTOBJIEHUS “30J0TOW’ Kpacku U YIUIOTHEHUS rpaduTta JUis U3TOTOBICHHS
kapanpaameil. [lomydyeHueM cTamu OH 3auMHTEpECOBANICA TIOCIE HCTOPUU C HEMPOYHBIMU
CTBOJIAaMU YYTYHHBIX MYIIEK BO BpeMsi KpbIMCKOI BOWHBI.

[TocTaBuB HECKOIBKO OMBITOB, beccemep npuIen K COBEPIICHHO HOBOU HjIee - yAANIATh H30BITOK
yriiepojia ¥ IpyruxX BKIIOYCHHM, MPOAYyBas BO3AyX 4epe3 paciuiaBieHHbIH uyryH. B 1855rony
OH 3amaTeHTOBAJ 3TOT crocod. BHauane kauecTBo nomyyaemoit beccemepom cranu ObLIO OYEHb
MJIOXWM, TaK KaK OHa cojeprkajia M30BITOK OKHCIOB U cepbl. Ho B 1856roxy Mromer nmomydnn
[ATeHThl HA OYEHb CXOJHBIN C OE€CCEeMEPOBCKUM MPOIECC, OTIIMYHE KOTOPOTO COCTOSIO B TOM,
YTO COJEpKAaHUE BKIIIOUEHUH, HE BBDKUTAEMBIX MOJHOCTHIO MOTOKOM BO3/yXa, PEryInpoBaioch
N00aBKOM TaK HA3bIBAEMOTO 3€PKAIBbHOTO YyryHa, cojepxkamiero mapranen. MiMeHHO no0OaBka
MapraHiia B KOHIIE TPOyBKU o0ecreunsia ycnex 6ecceMepoBCKOro mpoiiecca.

Bechb nporiecc BeneTcs B yCTpOMCTBE, HA3bIBAEMOM KOHBEPTEPOM, KOTOPBIM MPEICTaBIIACT COOOM
TUTEb TPYHIEBUIHONW (POPMBI, YCTaHOBJIEHHBIH Ha Hamdax TakK, YTO €ro MOXHO HAaKJIOHSTh.
KonBepTep He nMeeT HapyXHBIX HCTOYHUKOB Teruia. Bo3ayx mpoayBaeTcst yepe3 OTBEpPCTHS B
€ro JIHE.

YroObl 3alyCTUTh KOHBEPTEP, €r0 HAKJIOHSIIOT W Yepe3 TOPJIOBHHY 3alUBAIOT B HETO
pacrutaBieHHblit uyryH (ot 5 mo 30T xenesa, cogepkamero okono 4,3%yraepoaa u HeOOIbIIAE
n00aBKM KpPeMHHUS M Mapranma npu Temreparype okoso 1200° C).HamonHeHHBIH KOHBEpTEp
ocTaercs JIeKaTh Ha OOKY, MPU ATOM €ro COJEPKHMMOE pacrojaraercs Tak, 4YTo He OJOKHpYeT
JIOHHBIX OTBEPCTHH, B KOTOphIC IIOJ JaBJICHHUEM IIOJAeTCsl BO3IYX. 3aTeM KOHBEPTEP
IIOBOPAaYMBAETCS B CBOE pabouee BEPTUKAIBHOE IOJOXKEHHE - B ITOM TIIOJOKEHUH BO3IYX
JIOJDKEH “TIpoOyIbKUBATE 4Yepe3 pacIuIaBICHHOE jKelle30. BHavase OH OKHUCIISET CoaepKamuecs



B paciulaBe MapraHen W KpemHuil. OOpasyromuiicsi IJJaK BCIUIBIBAET Ha MOBEpXHOCTh. [lo
TPaJULMKA MpPOIEcC KOHTPOJIMPYETCS HAONIOJEHHUEM 3a LBETOM M XapaKTepoM IUIAMEHH,
BBIPBIBAIOIIECTOCS U3 TOPJIOBMHBI KOHBepTepa. Ha 3TOi cTaguu OHO KOPOTKOE M KpPacHOBATO-
KOPHYHEBOE.

Yepe3 HECKOIBKO MHHYT MapraHel] U KPeMHHH TMOJIHOCTBIO OKHCJIEHBI, TOXOIUT OYepeahb 0
yrnepoz[a. HBCT IJIaMC€HHU U3MCHICTCA A0 CJICTKa KCJIITOBATOI'O, A3BIKHU €TI0 CTAHOBATCA OJIMHHEC
u OecrokoiftHee. HakoHell, Bech yriepoj yaaieH, IamMs CraaacT, U MpoyBKa BhIKItoUaeTcs. B
nepUo ] MPOAYBKH CKUTAHUE YTIIIepoJia, MapraHiia U KpeMHUs, KOTOPBIE BCE BMECTE COCTABIISIOT
1o 6% 1utaBKH, JaeT O4eHb MHOTO Temia. Ero ¢ m30BITKOM XBaTaeT IS TOro, YTOOBI OIHUMATh
TeMHepaTypy B KOHBGpTepe n HOI[,Z[Gp)KI/IBaTB €€ BBIIIC TOYKH IIJIaBJICHHUA, BOBpElCTElIOH.IGfI B
MIPOIIECCE BBHITOPAHUS YTIIEPOia, MPUXOAUTCS JaKe J0O0aBIATH YKEJIE3HBIN JIOM, YTOOBI HEMHOTO
OXJIQIUTh PAcIliaB, HHAUE TIOBPEXKIAETCS OTHEYMOpHAs (PyTepoBKa KOHBEPTEPA.

K koHIly mpoayBKu MOdy4aercs MOYTH 4ucToe kene30. OObyHO B HEero Tpedyercs n100aBUTH
HEMHOTO yIJIepojia ¥ MapraHia, HHoOrAa - KpeMHHs. /i 3TOro MCIob3yeTcst TBEPbIA YIIepo.
B TOM WJIM MHOM BUJI€ U 3epKAIbHBIN YYT'yH, KOTOPBII MMEET BBICOKOE COJIepKaHNe Ha3BaHHBIX
2JIEMEHTOB. MapraHell Hy)KeH B CTaJld caM o ce0e Kak JICTUPYIOIINI 3JIEMEHT, a KpOME TOTO, OH
PETyIHpYET collepKaHue CEPhI KOTOpasi He yaaseTcsi 0eCCEMEPOBCKHUM MPOILIECCOM.

Cepa nmoctaBisieT MHOTO 3a00T craneBapam. OHa He okucisgercs 10 SO, Kak MOXXHO ObUTIO OBl
0KHUaTh a o0pa3zyer cynbdus xene3a FES,koTopelil uMeeT Ty 0cOOEHHOCTh, UTO PACTBOPSIETCS
B JKHJIKOM JKelle3e W He pacTBopsieTcs - B TBepaoM. [loaTomy cynbdup skene3a BbIienseTcs Ha
TpaHMIAX 3EPeH MPU OXJIKACHUH CTadH U ocnadiser crtanb (cMm. rmaBy 3). JlobaBka mapranna
npeBpamaer FeSB MnS, koTopelii HepaCTBOPUM B JKMIKOW CTaIM W MOATOMY TMEPEXOJHT B
nIaKk. Maprasen CHUXaeT Tak’Ke pacCTBOPUMOCTh KHCIOPOAA B CTAJIM, YTO OISATH-TAKU MOJIE3HO,
HIOCKOJIBKY KHCIIOPOJ CTPEMHUTCS OCECTh Ha TPaHMIAX 3EPeH.

Ha xondepenuun craneBapoB B 1856romy beccemep ommcan cBoi mpouecc B goknazae “O
IIPOM3BOJICTBE KOBKOT'O jkKeje3a M CTauu 0e3 TormBa”. DHTY3Ha3M ayJUTOPUHA U aBTOPUTET
beccemepa ObutM TakoBbI, YTO HEMEJICHHO OBUIO COOpAaHO IO TMOMAMKMCKE B CUET MAaTEHTHOTO
BO3HArpaxjaeHus 27 Thicsd ()YHTOB CTEPJIMHTOB, TIOCIIE YETO YUaCTHUKHU COOpaHUS Pa3beXalncCh
0 IOMaM U MPHUHSUTUCH 32 YCTPONUCTBO CBOUX KOHBEPTEPOB.

Ho ciydnsnocs Tak, YTO HUKTO U3 HUX HE CMOT HOJIYYHUTh CKOJIBKO-HUOY/b YA0BIETBOPUTEIBHON
cTany. OecceMepoBCKUi mpolecc OblT OYeHb YYBCTBUTEIBHBIM K COPTY Yyr'yHa M, KpOMe TOTO,
TpeOoBaJ HEKOTOpBIX HaBbIKOB. He yaumBuTenbHO, uTo pemyrauus beccemepa 3HAUUTENBHO
noctpazaana. Toraa oH MOCTPOMJI MOJTHOPA3MEPHYIO AEHCTBYIOLIYIO MOZENIb CBOETO KOHBEpPTEpA
y ce0s B naboparopun Ha Cent-IlaHKpac U cTan 1eMOHCTPUPOBATh MPOLIECC CTAIIEBAPEHUS TEM,
KTO KYIWI y HEro JuieH3ur. Ho mpu 3TOM OH HE CTOJBKO CTpeMMIICS “OOMEHSATHCS OIBITOM’,
CKOJIbKO CTapalics II0Ka3aTb HEKOMIIETEHTHOCTb ciymarened u  3purenei. [lostomy
aHTIOeccCeMEpOBCKUE HACTPOEHUS POCIHU, M HOBBIM CIIOCOO MOIYYEHUsS CTald HUKTO HE XOTell
BHepATh. B konue konnos B 1850rony beccemep mocTpomsn coOCTBEHHBIN CTajleTUTEHHBIN
3aBon B llleddunae, ero cramp mosnp3oBajgack O00JbIUM crpocoM. OCOOGHHO TOKymalid ee
¢paHIly3ckoe U TPYCCKOE TMpaBUTEIbCTBA JJs NPOM3BOJACTBA NyIIeK. SIBHBIA ycmex
OecceMepOBCKOM CTaIM 3aCTaBUJI METAJUIYPrOB BCETO MUpPA MOKYIATh Y HETO JIMLIEH3UH.

Yacts noxonoB beccemepa momura Ha CTPOUTENBCTBO Mapoxozaa “becceMep”, KOTOPBIN TOKEH
Obl1 KypcupoBath uepe3 Jlamanmi. Ero GomibIION pOCKOIIHBIA CaloOH MEpPBOro Kiacca ObLT
MOJIBEIICH, MOJJ00HO KOHBEpTEPY, Ha nandax. [Ipenmnonaranock, 4To oH OyAeT Bceraa COXpaHsITh
OIHO U TO € TMOJIO)KEHHWE OTHOCHTEIHHO YpPOBHS MOps. BopoThcs ¢ MoOpckol 00ie3HBIO
Maccakupam JIOJDKEH OBLI IMTOMOTaTh CBEXHH BO3AYX, B M300WIMH ITOJABABIIUKCS B CaJOH C



MIOMOIIBIO MPUXOTIMBON CHCTEMBI TPYO, 3a/eNaHHbIX B mojl. OHAKO Ha MPAKTHUKE OKa3aJioCh,
YTO JaXke IPU BECbMa CIIOKOMHOM MOPE CAJIOH PAaCcKauMBaJICsl COBEPUICHHO yrposkarome. Ensa
Cy[IHO BBIIIJIO B CBOW IEPBBIM peiic, KaK pa3fajich HMCTOIIHbIE KpUKHM naccaxxupos. CanoH
“beccemepa” coxpaHWICS W 10 HAIIUX JHEH, HO B KA4eCTBE... OPAHKEPEH B KAKOM-TO Caiy
Henogaieky ot Jlyspa.

B Hacrosimiee Bpemsi cranb, MOJY4YEHHAs! MPSMBIM OECCEMEPOBCKHM IyTEM, COCTABIISIET JIUIIb
okosio 10% o6miero mpou3BoACTBa CTAJIA, HO HEMIPEPHIBHO PA3BUBAIOTCS MOJACPHU3UPOBAHHBIC U
Oojee CIOXKHBIE BapuUaHThl OecceMepoBCKOro mporecca. B mpomecce Kammo, Hampumep,
KOHBEpTEP MPOyBACTCS HE BO3IYXOM, a KUCIOPOAOM; TOOABOYHOE TEIUIO, MOTYYaroIIeecs MpH
9TOM, HCHOJB3YCTCA KakK I IIJIaBKU (bJ'IIOCﬂ, HU3TOHAKOUICTO M3 CTaJIM CCPpy, TaKk U I
neperuiaBku Jioma. OMHaKo OOJIBIION M3HOC OTHEYIIOPOB M CTOMMOCTH KHCIIOPOJa MOTYT CBECTH
Ha HET MPEUMYIIeCTBa ATOTO MPOoIlecca.

MapreHoBcKas CTAJIb

MoHO cka3aTh, UTO OecceMepOBCKUI Mpolecc Noryousn cam ceds. Jleno B ToMm, 4To OH clenai
CTajlb OOBIYHBIM M JeHIeBbIM MaTepHaaoM. CToJb ke OOBIYHBIM U CTOJIb K€ JEIIEBbIM CTal U
cTaJIbHOM JIoM. Hanmmuue oma okas3ajio Ba)KHOE BIMSHUE HAa BCIO SKOHOMUKY CTaJIeBapeHUs. DTO
U MIOHATHO, BENIb B HACTOAILEE BPEMS OKOJIO IOJIOBHHBI BBIIUIABIIIEMOM CTaJIM BO3BPAILAETCS Ha
METaUIyprHU4eCKUMi 3aBOJ B BHJAE JIOMa. becceMepoBCKkMiI IIpoliecc, OJHAKO, B CBOEH
TpaAUIIMOHHOW (OpME B OCHOBHOM TIiepepabaThiBaeT B CTallb JOMEHHBIM 4yryH. B Hem
UCTIOJIB3YIOTCS JTUIIIb HEOOIBIINE KOJIMYECTBA JIOMA JJIS TIOTJIONICHHUS N30BITKA TerIa.

B wmapTteHOBckOM mporecce OONBIIYI0 YacTh HIMXTHI COCTaBJISICT CTAJBHOH JIOM, €ro
IpeuMyIIecTBa B TOM, YTO OH JICHIEB M W3 HETO YK€ YAaJeHbl M3IHUIIKU YIIepoaa u APYTrux
npumeceil. Kpome TOro, OH COAEPXHUT TMOJE3HYIO B JAaHHOM Ciy4dae p)KaBUMHY. A
OecceMepOBCKHI KOHBEPTEp HE MOT TiepepadaTbiBaTh MHOTO JIOMa, TaK KakK 3TO MOoTpeOoBajio Obl
OoutbIIIe TEIUIa, YeM TOTy4aeTcs IPH MPOJTyBKe.

B 1856rony 6pates ®peaepuk Cumenc (1826-1904) Yapan3 Bunbsm Cumenc (1823-1883),
nono0Ho beccemepy HazeneHHbIE H300pETATENILCKUM TAIAHTOM M JTyXOM TPEANPUUMYUBOCTH,
pa3paboTany pereHepaTUBHYIO Ie4b. B 3TOH meun BXOA M BBIXOJ IHONEPEMEHHO MEHSIIOTCS
pOJISIMH, OHU MMEIOT ()OPMY M3BMIIMCTOTO JAOMPHHTA W HACAJKU M3 OTHEYIOPHOTO KHPIIHYA.
JIbIM U3 TIe4M MPOXOAUT MO OHOM M3 HACAJOK, OT/aBas KUPIUYY 3HAUYUTEIbHYIO YaCTh CBOETO
tera. bnarogaps Tomy 4TO ra3 mojaeTcs B IMe4b MOOYEPETHO TO Yepe3 OJHY, TO Yepe3 APYTyIo
HAcaJIKy, OH BCET/a MPOXOJUT MEXy HarpeThIMH KHPIHYaMH, 3a0upas ¢ co00I0 B IeYb 4acTh
Tera oTpaboTaHHBIX ra30B. OOBIYHO ITH MMEYM TOMATCS I'a30M, U UX KOHCTPYKIIHS MO3BOJISIET
HOAHATH pabouyl0 TEMIIEpaTypy 10 TOTO Ipeiesa, KOTOPhI MOXET BhIIep)KaTh orHeymop. Ha
NpaKkTUKE OHAa OKa3biBaeTcsi HecKoyibko Bbime 1500° C,4to mocTtaToyHO IS TUIABKH YHCTOTO
xKeresa.

Bravane wucnonb3oBanue neun CHMMEHCOB B CTaJIEBAPEHMM DPACCMATPUBAIOCH JIMIIL Kak
yIOOHBIA ¥ SKOHOMUYHBIN CITOCO0 MIIaBKU TUTeNbHOM ctanu. Ho mo3xe CuMMEHCH TPUMEHUIIH
pEereHepaTuBHBIA NPUHLIUI K TPAJULUOHHOMY METONY IIY/UIMHTOBaHWS W IOIYy4ald CTajb,
pacriaBisiss 4yryH c skenesHo pymod. B 1864rony Ilbep MapreH mpemsiokun BBOAHWTH B
COCTaB IIUXTHI OOJIBIIOE KOJIUYECTBO JIOMA.

MapreHoBcKass 1e4b 3arpy’kaercs NPUMEPHO PaBHBIMU KOJMYECTBAMM CTAJIBHOIO JIOMa H
YyryHa, HEKOTOPHIM KOJIMYECTBOM >Kejae3Hou pyasl (Hampumep, FeO,) m ¢uroca (00buHO
u3BecTHsKa). [Ipu HarpeBaHuM BCE pacIUIaBIISICTCs, U JKelle3Hast py/a YAaIseT CoAepiKaIlniics B
gyryHe yriepoa. Do mepeBonT B IUIAK HE TOJBKO HEXKEIE3HBIC OKUCIBI PYIbl, HO TAKKE H



colepkamiyrocss B cranu cepy. llosTomy moOaBka MapraHila MOXKET OKa3aThCs HEHYKHOM.
OaHUM U3 MPEeuMYIIECTB MaPTEHOBCKOTO Croco0a SBIISETCS BO3MOXHOCTh TOYHEE CIEAMTH 3a
COCTaBOM CTalld. B Hacrosiiiee Bpemsi B MApTEHOBCKUX IeYax MOTy4daroT okoio 85% psimoBbix
YIJIEPOIUCTHIX CTaJIEH.

Jlns emie 6ojiee TOYHOTO YIPaBJICHUS COCTaBOM M YMCTOTOM CTalM MPUMEHSIOT 3JIEKTPUUECKUE
neuyd. B Takux rmeyax BBIMIIABISIETCS CPABHUTEIHHO HEOONBIIOE KOIMHMUYECTBO OYCHBH BaXKHBIX
BBICOKOKAUECTBEHHBIX CTaJICH.



Tnaea 10

MATEPHAJBI BYYIIEIO,
uiu
KAK OLLIMBATBLCS B JIOTAJIKAX

Mbvl ne 0onichbl npurnumams eewju, oaoice Ha nepeblzi 8321150 camvle npocmsle,
Kax Hewmo Hucnocianmoe ceviuie. Mol 00NCHbL yuumbvpcs, NOHUMANb npupody, u
He MOJIbKO 015 moceo, umoowl cozepyamos U mepnemos mo, 4em oHa 0asum Ha Hac.
Fﬂynocmb U3 HE6UHHO20 NOpoKa omoenbHbIX quueudyyMoe cmarosumcst
CoyuatbHbiM 310M.

Jxon bepnan
New Scientist. 5.1.1967

Hayka o maTtepmanax - mM3y4eHHEe MaTepHana Kak IIeJ0ro, a He OTACNBHBIX ero (pu3nveckux,
XUMHYECKHX U TEXHMYECKHX CBOICTB - JIOBOJBHO MoJiofia. OHa MPOYHO CTaja Ha HOTH JIMIIb
coBceM HeaBHO. Ho, HECMOTpS Ha MOJIOZIOCTh, HOBAsi HAyKa JOCTHIJIA M3BECTHBIX YCIIEXOB, H, 5
Iymaro, OyJeT CrpaBesIUBBIM CKa3aTh, YTO CETOAHS MbI 3HAUNTEIBHO Jy4Ille, YeM BCETO JIUIIb
HECKOJIBKO JIET Ha3aJl, MOHMMAeM MEXaHMYECKOe MOBEJCHHE TBEPIBIX Tel. BBITh MOXET, 3TO
NPOM30ILIO TOTOMY, 4YTO MBI pacloyiaTald YK€ OOJIBIIMM  KOJMYECTBOM  CBHIPBIX
HeoOpaboTaHHbIX HaOroneHui. Hemarno ObU10 HAKOIIIEHO (PU3HUECKUX U XUMHUECKUX 3HAHUH U
MH)KCHEPHOTO OIBITA, MpaBnaa, B pa3po3HeHHOM Buzae. CoOpaTh Bce 3TO BOEAMHO, 3aCTABUThH
OJTHO OOBSCHUTH U MOATBEPAUTH APYroe - JIJsl 3TOT0 MOTPeOOBANIOCH HE TaK YK MHOTI'O HOBBIX
9KCTIIEPUMEHTOB U CBEKHX WAEH, CTOMJIO JHIIb JOCTATOYHOMY YHCIY JIOJIEH CEphe3HO 3aHIATHCS
npobaemoii. Kak 310 yacTo ObIBaeT, riaaBHas TPYIHOCTh COCTOSIA B TOM, YTOOBI OCO3HATH CaMO
CyIIIECTBOBaHUE TTPOOIIEMBI.

EcrecTBeHHO, NEpBBIM [1€710M HYKHO OBLIO MOHSATH HAOIIOAAEMBbIE SIBJICHHUS - I0YEMY TBEpJIble
TeJ1a BOOOIIE M IIUPOKO MCIIONIb3yeMble MaTepHaibl B YACTHOCTH UMEIOT T€ MJIM MHBIC CBOMCTBA.
Mo3KHO cKa3aTh, YTO C TUM BOIIPOCOM CE€HYac B OCHOBHOM IIOKOHYEHO, XOTs AOBOJIBHO MHOI'O
Oenblx TATEH Bce eme ocraerca. [Ipobmema, Kkoropas Temeph BO3HHUKIA — IEpen
MaTEepUaIOBEaMH, 3aKJII0YAETCs B TOM, KaK HCIIOJIB30BATh 3TH 3HaHUA. BO3MOKHOCTH 371€Ch HE
OecripenenbHbl. Pe3ynbTaThl MpenblIynux UCCIeI0BaHUN Kak pa3 M yOexkKIaloT Hac B TOM, UTO
3HAYUTEIIbHAS YaCTh HAIIMX JKEIAHWW MPOCTO HEBBINOAHUMA. Te »Ke MCCleOBaHMs IOKa3alH,
YTO HEKOTOpHIC MYTH yIy4IIEHUH OBLIM YK€ HE TOJBKO HAIyNaHbl, HO M MOYTH HCYEPIIAHBI
YUCTO HSMIMPHUYECKMMH METONAMHU €Ie OO0 TOro, KaKk OHM PACKPBUIUCh IEpE]l YYEHBIMH.
Hekotopble Hamm MO3HAHUS TOJHBI JIMIIL HA TO, YTOOBI MOJCKa3aTh MHXKEHEpaM, Yero OHH
JIOJKHBI M30€eraTh - HalpuMep, KaKoro poJia KOHLEHTPALs HapsyKeHUH oracHa.

OnHako TMBITIMBBIE HMCCIIENOBATEIN CTPEMSTCS HAWTH B MAaTEpUAJOBEACHUH KaKue-HUOYIb
paAMKaNbHBIE MYTH - CYNIECTBEHHO M3MEHUThH CTapble WU M300pPECTH HOBBIC U, OBITH MOXKET,
aydiue Marepuansl. [looxkeHue nen B CeroAHsAIIHENH HayKe TaKOBO, YTO CHAEJIaTh BBHIOOP cpeau
MHO>KECTBa BO3MOKHBIX HaNpaBleHUH padOT oueHb Helerko. Kak Mbl yBUIUM, TakoW BHIOOD
PaHO WJIH TTO3/THO MOKET BBI3BATh JAJICKO MAYIIHE MOCIEACTBHUS 32 CTCHAMH JIA0OpaTOPHH.

[Ipexxne yeM HavyaTh pa3roBOp O HOBBIX MaTepuanax, Mbl JOJDKHBI CIpOcUTh cebs: “Uro B
JIEHCTBUTEIILHOCTH MBI pa3yMeeM I10]] CJIOBAMH JIydIliie MaTtepuansl? Jlydmume - B uem?”

OTtBeT 37ech Najieko HE OYEBUJCH, a CaM BOIMPOC BIOJIHE MOXKET OBbITh HEHTPaJbHBIM B
COBPEMEHHOM Hayke O MaTepuanax. TexXHWYecKhe MpoOIeMbl, O KOTOPBIX MBI TIOBEIEM
pasroBop, camu M0 cebe OuYeHb TPYAHbI, HO BOMNPOC O IEJICHANPABICHHBIX H3MEHEHUSX
MaTepHaJiOB HEJIb3 CUUTATh YMCTO TEXHUYECKUM. Eclii MBI MHTEpecyeMcs, a s Jymaio, Mbl



JIOJDKHBI MHTEPECOBAThCS, BO3MOXXHOCTSAMH TOJYYEHHUSI HOBBIX WM HW3MEHEHHUS CTapbIX
MaTepHayioB, MbI JOJKHBI YYHUTHIBATh COIMAJIBHBIE M OSKOHOMHUYECKHE AaCHEeKThl HX
MPOU3BOJICTBA. B KOHIIE KOHIIOB TEXHUKA MpHU3BaHA BCErO JIUIIL OOCTYKHUBATh COIMANBHBIE U
SKOHOMHUYECKHE MOTpeOHOCTH. O NOMUHUPYIONICH pOJIM MaTepuajgoB B OOIIECTBE TOBOPST
HA3BaHMS UCTOPUYECKUX ATOX - “KaMEHHBIN Bek”, “ OpOH30BbBIN BEK’ U T.1I.

Upe3BbIYailHO CIIOKHBIE TEPEIUIETEHHUS] TEXHUYECKOTO, COLMAIBHOTO U 3KOHOMHYECKOTO
acreKToB elle Oosiee 3aTpyIHSIOT BCIO pobiieMy B nenoM. [IpaBna, npenqnpuHuMarensb TBEpAO
3HAET, YTO €MY HYXKHO: €My HY)KHBI JCIIeBble MaTepuaibl. MaTepuanoBebl 3HAUUTEIbHYIO
YacTh YCWJIMHA BBIHYXKICHBl HANpaBlATh Ha TO, YTOOBl CHU3UTh CTOMMOCTH MPOM3BOACTBA
MarepuanoB. KoHeuHO, €CTh HEONpPaBAaHHO JOPOTHE MaTepUalbl, UX MOXXHO U JOJDKHO JIeNaTh
nozemuessie. OIHAKO 3TO MOE JIMYHOE MHEHHUE, s1 HE IYMAro, 4TO TO K€ CaMO€ CIPaBEIJIUBO IS
TaKUX XOJIOBBIX KOHCTPYKIMOHHBIX MaTepuajioB, Kak, Hampumep, craib. CTanb ceiuac oueHb
JIellIeBa, M OCTaBIIMECS NJIs HEe pe3epBbl SKOHOMHH, KOTOpPbIE MOTYT OBbITh pealu30BaHbl B
OynyieM, He ONPaBIbIBAIOT 3aTPAUYMBAEMBIX CETOJHS TPOMATHBIX HAYYHBIX YCHIIHMA, OCOOECHHO
IIPU HBIHEIIHEM JIe(pUIINTe HayYHO-TEXHUUECKUX KaJpPOB.

Ecnmm paxe Oomblioe CHUKEHHE CTOMMOCTH KOHCTPYKIIMOHHBIX MAaTE€pUajoB OBUIO OBl
TEXHUYECKU JOCTHKUMBIM B HEJAIEKOM OYIyIeM, TO KTO ObI 0T 3Toro Beiurpan? [Ipexme Bcero
B OOJIBIIIMHCTBE M3ENINH CTOMMOCTh MaTepHaia COCTABIISECT MAIYIO IO CTOMMOCTH TOTOBOTO
uznenusi. [loaToMy, maxke ecnm Obl MaTepuan CTayl OECIUTATHBIM, BBIMTPBHIII MOTPEOUTENS TIO
CpPaBHEHHWIO C JAPYIHMH HW3MEHEHHSMH, KOTOpPBIE MOTJIHM OBl BCIEH 3a. 3TUM IIOCIEA0BaTh,
OKa3zascs Obl HEBEIUK.

Jlanee, cama JemieBM3HAa Marepuaia B JCHCTBUTEIBHOCTH MOXET HMETh OTPHIATEIbHOE
BIMSHUE M Ha MPOEKT, U HAa XapaKTEpUCTUKU roroBoro usaenus. Korma marepuan uepecuyp
JIeIIeB, Y KOHCTPYKTOpA HET CTUMYJIAa €r0 S3KOHOMHTH, & TO MOKET IOBJICYh 32 COO0I HE TOIBKO
YTSDKEIICHUE KOHCTPYKIHE (KOTOpBIE, HATPUMEP, U3-3a 3TOr0 OYAYT BIYCTYIO TPATUTh TOprOYEe,
HOBPEXIaTh JIOPOTH M T.II.), HO U CHIDKCHHE MPO(PECCHOHATHLHOTO YPOBHS HMHXKEHEpoB. Yacto
HpH‘-IHHOﬁ IJI0XO0T'0, TAKECJIOI0, HCYKIIIOKCTO MPOCKTA CIYKHUT CTPECMIICHUC CHU3UTL CTOUMOCTD
00paboTKH, HO, AyMaeTcs, MOPOH ITO CBA3AHO CIIE U C KEITAaHHUEM KOHCTPYKTOpa yoepeub ceOst
OT JIMOIHUX paBMBIHIJ’IeHHﬁ. OKOHOMHUCTEI YTBCPIKAAOT, UYTO CYHWCCTBYCT OINTUMAJILHOC
COOTHOIIIEHUE MEXIY CTOMMOCTBIO 3€MJIM U Tpyla, KOTOPOE CTHMYJIUPYET pa3BUTHE, W MHE
MPpEACTABIIACTCA, UTO TC XKC COOGpﬁ)KGHI/I}I MNPUMCHUMBI K ICHAM Ha MaTCpraJIbl.

Ectb u eme onHa BaxkHas CTOpOHa Bompoca O ILeHax. CTOMMOCTh pa3iIuYHbBIX IIPOLIECCOB
00paboTKH, MarepHaja 4acTO BO MHOIO pa3 BbIIIE€ CTOMMOCTH HCXOJHOTO MaTepuaia, HO
KOHEYHO JK€, CTOMMOCTh OOpabOTKH 3aBUCHUT HE OT IIHBI, @ OT XapaKTEPHCTUK Marepuaa.
Hanpuwmep, nemenne OyaeT KynuTh IJIACTHK MO 8 IIMJUTMHIOB 32 KUJIOTPAMM U 3aTeM 3aTPAaTUTh
ele 2 MWUIMHra Ha POPMOBKY €ro Ui MOJTY4YEeHUsI KOHEYHOTO MPOAYKTa, YeM IOKYIaTh CTallb
1o 1 muUIMHrY 3a KUJIOTpaMM M TPATUTh MOTOM 25 HIWJIIMHIOB Ha MITAMIIOBKY, MEXaHUYECKYIO
00paboTKy M JOBOJKY H3lenusi. B 3ToM KOpeHb KOMMEPUECKOro ycmexa IJIacTUKOB, KOTOpbIe
Bcerza ObUTH OTHOCUTENBHO JOPOTUM HCXOIHBIM MaTE€PHATIOM.

HoBeie Mmarepuwanbl JOKHBI OOECHEYNUTh SKOHOMHIO MMEHHO Ha Ipoleccax o0paldoTKH,
IIPOU3BOJICTBA M JIOBOJIKHA TOTOBBIX M3JICITHH.

C BHeIpeHHEM IUIacTMAcC HaMeTWJach YeTKas TEHICHIMS K YMEHBIIEHUIO CJIOXHOCTU U
CTOMMOCTH W3TOTOBJICHUSI W3JENHH. BONBIIMHCTBO JIErk0 (POpMYyEeMBIX IJIaCTMACC JOBOJIBHO
HENPOYHbI U HEKECTKH, HO MPUHIUIBI UX 00paOOTKH, OUEBUIHO, MOTYT OBITh PacnpoCTpaHEHbI
Ha OoJiee MPOYHBIC U KECTKUE BelecTBa. MHOTHUE JemIeBhIe MPoiecchl (POPMOBKH B HACTOSIIIEE



BpeMs TpeOYIOT 3HAUUTENbHBIX 3aTpaT HA CTAaHKU I LITAMIIbl, HO OIMATH-TAKH 51 HE YBEpEH, YTO
TaKO€ IOJI0KEHUE J€J1 COXPAHUTCS HABCErAa.

MO>XHO J1aTh JUIITHL HEKOTOPHIE OY€Hb OOIHUE HAMETKH TOTO OOJIBIIOr0 BIMSHUS, KOTOPOE MOTYT
OKa3aTh NMPUHIIMITHATHHBIC H3MEHEHHSI MATEPUAIOB Ha OOIIECTBEHHYIO JKU3Hb. CleICTBUS 3/1€Ch
CTOJIb CJIOKHBI, YTO OBLIM OBl CIIMIIKOM OIACHBIMU TONBITKH BBICTYIIUTH B POJIM MPOPOKA,
MPEJICKA3BIBAIOIIETO B JIETAISIX BO3MOXKHBIA XOJ COObITUN. HO s yOekIeH, 4TO MBI JOJIKHBI
OBITH JOCTAaTOYHO MYJIPBI, YTOOBI HE OTBEPraTh C JIETKOCTHIO BO3MOYKHOCTh HOBOW TEXHUYECKOU
PEBOJIFOLIUH.

Most pabota oTYacTH CBsi3aHa C TE€M, 4TOOBI BBISICHUTH, YEro )K€ Ha CaMOM Jeie XOTAT (Wiu
JIyMalOT, YTO XOTAT) JIFOAW OT HOBBIX MarepuajoB. MeHs YTHEeTaroT 37IeCh YK OYeHb Mallble
3arpockl B OTHOIIEHUH JOJTOBEYHOCTH MaTepuasioB. CyHMTaeTcs, 4To, €CIM MAalluHbl OyIyT
CIly)XUTh OECKOHEYHO J0JIr0, 3TO MOXET MPHUBECTH K TEXHHYECKOM M 3KOHOMHYECKOH
3akocTeHenocTd. Ho st He aymaro, 4To, eciiy Tak Ha3bIBaeMasi MOTPeOUTENbCKas JOITOBEYHOCTD
U3/IeNnii OyJeT MpoIoJbKeHa, Bce OyayT ponTarhk (MCKIoYas KOMMEPCAaHTOB). B KoHIle KOHIIOB
20%-+0e yBenmuueHue cpoka CIyXkObl m3fenus Oonee wim MeHee 3kBUBaJeHTHO 20%+Homy
HOBBIIICHUIO IPOU3BOIUTEIEHOCTH.

He comHeBaioch, CKOJBKO TPHIOKEHUH WMEIOT MaTepHalibl, CTOIBKO CYIIECTBYEeT U
ompeneneHuit “mydmero” wmarepuana. B TO ke Bpems, €CIM CHPOCHTh HECKOJIbKHX
KOHCTPYKTOPOB OJTHOTO M TOTO K€ U3JIeTIHs, KAKOE MMEHHO Ka4eCTBO UCIIOIB3YEMOT0 MaTepHaa
HE TIO3BOJISICT UM MPOCKTHPOBATH M JICATh JIyUIINE U3JIENNs, OTBETHI OYAYyT CAaMBIMH Pa3HBIMH,
4acTo MPOTUBOpEeUUBLIME. OJIMH U TOT K€ KOHCTPYKTOP Yepe3 HEACTI0 MOXKET J1aTh YK€ COBCEM
Jpyroii OTBET. Buanumo, 3T AMaIoru He MOJAHUMYTCS 10 YPOBHS COKPATOBBIX.

Bce 3TO0 Ha mepBBIid B3NN KaKeTCS YAMBUTEIBHBIM, HO, s IyMmar0, HaWJIeT OObICHEHUE
IPUMEPHO B ClieayromeM. Borpekn OObIYHBIM MPEICTaBICHUSIM HE MaTephall BRIOUpACTCs IS
u3JleNnusi, a CKopee HaoO0OpOT - Wu3JeNHe NPOEKTUPYeTCs B pacueTe Ha Marepual.
CnenoBarenpbHO, JI000€ CYIIECTBEHHOE HW3MEHEHHE MaTepuaja MOXET TIOBIeYh TIOJTHOE
NepeoCMbICIMBaHUE H3Aenus. B 3TOM U Kpoercs BO3MOXXHOE OOBSICHEHHE TOTO, B UeM
3aKIIIOYAI0TCA TPYAHOCTH KOHCTPYKTOpPA, MOJararomerocd TOJbKO Ha WHTYUIHIO. OCHOBLIBAACH
Ha COOCTBEHHOM OIIbITE IPOEKTUPOBAHUS, S IyMal0, YTO OOBIYHO MPUXOAUTCS BHIOUPATH KaKOii-
TO yAOOHBIA MaTepuayn, a 3aTeM KOHCTPYHUPOBATh U3MENHE C YYEeTOM €ro KadyecTB |
BO3MOKHOCTEH, KOTOpbIe OH mpepoctaBisier. CBOMCTBa mMaTepuaia B 3HAYUTEIbHOW CTEIEHHU
BUIOATCA KaK HEYTO HCACIMMO CBA3aHHOC, U MBICIN 06 U3MCHCHHNU OTACJIBHBIX 3TUX CBOMCTB
JTa)kKe HE BO3HUKAET.

Tak wnu vHave, HO KOHCTPYKTOP MOYTH HE HAMpaBiseT MaTepuaioBeaa B ero padore. bonbiie
TOTO, Jake TOJCKAa3KM KOHCTPYKTOpa MaTepuajoBell OOBIYHO WTHOpHpYyeT. S mymaro, 4To
MPUYMHA 3/IeCh B TOM, YTO MHXKEHEPY TPYIHO OIICHHUTH, CKOJb CIOXHA pa3paboTKa COBEPIICHHO
HOBOTO MaTepuaina. Beap oHa TpeOyeT mo kpaiiHel Mepe MATHICTHETO TPYyJa M CTOUT OOJBIINX
cpencts. K Tomy BpeMeHH, Kak MaTEpUAIOBE]] YTO-TO CJIETIAET, BIIOJIHE BO3MOXKHO, YTO HH)KEHEP
y)ke MHoroe mnepeaymaer. CreoBarenbHO, OOBIYHO MaTepHalIOBEl JOKEH MOIXOIUTh K
pa3pa60TKe HOBOI'O MaTc€puaja, rnojarasacCob JUIIb Ha COGCTBGHHBIG IIO3HAHHUA U OIIBbIT.

OpnHako KapTHHA B IIEJIOM HE TaK yx OecrpocBeTHa. [Ipexae Bcero 00iacTb MPUMEHEHHSI HOBBIX
MaTepUaJIOB OTPAHMYEHA HMX BBICOKOW MEPBOHAYAIBHOM IIEHOM W BBICOKOM CTOMMOCTBHIO
uccnenoBanuii. [103BomuTh ceGe pPOCKOLIb HMCIOJIB30BaTh TaKHE MaTepuanbl OOBIYHO MOTYT
JUIIb T€, KTO JeNIaeT U3/eNus AJi1 BOCHHBIX LIeJiel 1 aBualuu *.



* ®dupma, B KOTOPOH 51 OHO BpeMs CITY)KIJI, pa3padorasia YIUIOTHEHHUE JUIsl BOJSTHOTO HAcOCa aBTOMOOWIISI, KOTOPOE
rapantupoBaio mpober 160 000km. Ilena ero Obuta JIMIIL HECKOJBKO BBIINIC OOBIYHON, HO HH OJHA W3
aBTOMOOWJIBHBIX (DHPM 3THM HE 3aHHTEPECOBATACH.

CroumocTh pa3pabOTKH K30THUECKUX MAaTEepPHAIOB MOXKET ObITh OY€HBb BBICOKOW, HO MOPOM
TaKue MaTepuaibl MOTYT cOepedb He TOJbKO OOJIbIIME CpEeICTBA, HO U XKW3HU. U morom-
BCIOMHUM HcTOopuio. Ctanp ObUTa MojlydyeHa Kak JOpPOrod MarepHuai Jjs Meuel; amtoMUHHMA
MIOTIIEJT B XOJT JIJIsl KaBaJIEPUICKUX KaCOK, Koraa KujiorpaMm ero cromin 150G yHTOB CTEpIMHTOB,;
MOJIUATHIICH OBLT pa3paboTaH Kak JOPOroi MaTepual ISl HCIIOIh30BAHUS B IOKATOPaX.

HOTGHI_II/Ia.HBHOC BO3I[€I‘/JICTBI/IC HOBBIX, HCOGBI‘IHBIX AJid CCroAHSAIIHCTO BPCMCHU MATCPUAIOB
WLTIOCTPUPYETCA HEKOTOPbIMH nudpamMu, NpHUBEACHHBIMH Hmke (Tadn. 1). Dtu  1mudps
IIOKa3bIBAIOT HM3MEHEHHE Beca caMoJieTa M II0JIEe3HOU Harpyskyu € BHCAPCHUCM HOBBIX
MaTepHalioB, TOSBICHUE KOTOPHIX MOXXHO TpeABHAeTh. OHU OTHOCATCS K JI03BYKOBBIM
caMoOJieTaM TPaHCATIIAHTHUYCCKUX JINHUMH. CHGI[OB&TG.HBHO, IMOJIC3HAA HArpyskKa €CaMoJi€Ta MOXKCT
YBEIMYUTHCS BTPOE, pABHO KaK BTPOE MOXKET, BEPOSITHO, YMEHBIIUTHCS U [IeHa OMIIeTa.

Tabauya 1. Jlons B ob1ieM Bece camoiiera, %

I'oprouee | [IBurarenu | Ilnanep | [losne3nas Harpyska

“bounr-707" a7 9 33 11

[IpoexTupyemslii camoser 40 4 23 33

SIcHO, 9TO MOIOOHOE MPHIIOKEHIE HOBBIX MaTEPHAIOB CTOUT BHUMAHHS, TOITOMY OHO SIBIISICTCSI
CCTOAHA ICIIBKO MHOTUX MAaTCPUATOBECAUCCKUX I/ICCJIGI[OBaHPlﬁ. Kakum xe MyTEeM MOKHO JOCTUYb
HY)XKHBIX pe3yibTaToB? Kakoro copra Marepuanbl HEOOXOIUMBI?

[IpakTrueckn MBI HE B CHJIaX CKOJbKO-HHOYIb 3aMETHO TOBJIMSTH HAa CBOMCTBA MPHUPOIHOU
npeBecuHbl. Ho, MoOXeT ObITh, MBI CHOCOOHBI W3MEHHTH CBOWCTBAa METajluia, HaMpUMEp
TIOMUHMS, WM 3aMEHUTH €T0 APYTMM METauioM, nojydme? Ha mepBbIit B3Tsq KaKeTcs, 4T
CTOUT JIUIITh YBEJIMYUTH MPOYHOCTH HAIIETO METAlIa - U BCE MPOOJIEMBI PEIICHEI. Bellb B KOHIIC
KOHIIOB CaMOJIETHI MPOEKTHPYIOTCSA TaK, YTOOBI 3arachl MPOYHOCTH OBLIN OBl TIO BO3MOXXHOCTH
MEHBIIIE, JIUIIL Obl 00eCeuuTh HalekKHOCTh. CleqoBaTeNnbHO, €CIM Obl MaTepuaibl ObLIN
MpoYHee, YaCTH caMoJIeTa MOXKHO ObLJIO OBl JiemaTh 00J1ee TOHKUMH, a TIOTOMY U 00JIee JISTKUMH.
J10 M3BECTHOM CTENEHU 3TO BEPHO, HO TOJIBKO A0 U3BECTHOM CTEIICHH.

Crenyer MOMHHUTB, YTO, XOTS Mbl U MOXEM 3HAUUTEIIBHO W3MEHSTh MPOYHOCTh U BA3KOCTH
TBEPABIX TEJ, MX JKECTKOCTb HE MOJAAeTcs Hamemy KoHTpoiro. Moayne IOHra 3aBucur
UCKIIFOUUTENIBHO OT XWMHYECKOW IPUPOABI TBEPAOrO Tela, U KaK C JaHHBIM BEIIECTBOM HHU
BO3KCb, MOJYJIb YIIPYTOCTH €TI0 HE MU3MEHUTh. ECIIM HaM HYKEH JPYyrod MOJYJIb, Mbl JOJIKHBI
B3Th Apyroe BemiecTBo. Cliej0BaTeIbHO, €CIM Mbl YBETHYMBAEM MPOYHOCTh KAKOTO-TH00 Tena,
HalpuMep MeTajlla, TO JENIaéM 3TO IMyTEeM YBEJIHUYCHHs NpeleNbHOW ynpyroi aedopmaru.
[ToaTomy, 4TOOBI HCMONB30BaTH 0OOJEe BBICOKYIO IMPOYHOCTb, MBI JOJDKHBI paboTaTh Mpu
Oonpmux Aedopmarusax. ITO 03HAYAET, YTO MEPEMEIIEHUs B KOHCTPYKIIMH BO3pacTyT, U, €CIU
MBI PE3KO MOBBICUM HANpPSDKEHUS C IIeJIbI0 SKOHOMHH BECa, MBI MOJYYHMM HAMHOTO OOJjbIlNe
nepeMenieHus. IlociencTBus Takoro poja yCOBEpIIEHCTBOBAHUIN BUAHBI HAa PUC. O; CHO, YTO
Takue GOpMbI Kpbljia HEOTYCTHUMBI.

MHorue s3jeMeHTbl KOHCTPYKLIMHM caMoJjieTa HaxXOJsITCs B COCTOSHUU cxaTus. bonee Toro,
C)KaThle AJIEMEHTHl OOBIYHO HMMEIOT BUJ CTEP’KHEH M IIaCTMHOK, TOHKHMX B CPaBHEHHUU C UX
JUIMHOI0. A Kak y)e TOBOPWIOCh B TjaBe 1, 3J€MEHTHl TaKoro poja TEpsIoT HECYIIYIO
CIOCOOHOCTh HE TIOTOMY, YTO OHHM pa3leTaloTCs Ha KYCKH, a BCIEACTBHE YIPYroro



BBIITYYHUBAHUA, CBA3aHHOI'0O HC C HCAOCTATKOM ITPOYHOCTH, a C MMOHMKEHHOM KE€CTKOCTBIO. JTO
SIBJICHUE HA3bIBAETCS UJIEPOBOM MOTEPEN yCTOMUMBOCTH.

Kpome TOro, HEKOTOpbIE 3JIEMEHThl CaMOJIETHOM KOHCTPYKLUMH BBIXOJAT M3 CTPOS HE IOJ
Harpy3Kou, NOCTOSIHHO JIEWCTBYIOLIEH B OJHOM HAIlpaBJICHUH, & BCIEACTBUE TaK HA3bIBAEMOI'O
dbaarTepa. ITO O3HAYaeT, YTO B OMPEACIICHHBIX YCIOBUAX OOIIMBKA BedeT ce0s B IOTOKE
BO3/yXa MOJOOHO MOJIONIyIIeMycsi Ha BeTpy ¢mary. bopoTecs ¢ Quarrepom ciemyer myreM
YBEJIMYEHUS KECTKOCTH, a HE IPOYHOCTH.

[Tomyuaercss Tak, 4TO, KOrja Mbl HayMHAeM YBEJIMYMBATh NPOYHOCTh Marepuana, TO €CTh
BBITACKMBATh HOC, XBOCT OKAa3bIBA€TCsA YBS3IIUM - CIMIIKOM Mail wmoayinb HOnra.
CnepnoBarenbHO, YBETUYUTh MOAYNb YIPYTOCTH CTOJb K€ BaXKHO, KaK U YBEJIMYUTH POYHOCTD.

[anee, korma Mbl MMEEeM J€JI0 € KOHCTPYKUMSMH MWHHUMAJIBHOIO BECAa - Hampumep, C
CaMoJIETOM, - HaC WHTEPECYIOT HE CTOJIbKO aOCONIOTHBIE CBOWMCTBA MAaTEPHAJOB, CKOJBKO WX
YACIIBHBIC CBOfICTBa; MBI JOJIZKHBI 3HATh, CKOJIBKO MPOYHOCTH U KCCTKOCTHU MNPUXOAUTCIA Ha
€IMHUILy Beca. YJICNbHBIC BEIUYMHBI TIOJIYYAIOTCS JACJCHHEM aOCONIOTHBIX BEIMYMH Ha
yIEIbHBIA BEC WU IUIOTHOCTH MaTtepraa. C 3TOM TOUYKHM 3pEHUS NOJE3HO B3IVISIHYTh HA MOAYJIN
HOHTra 00BIYHBIX TEXHUYECKHUX MATEPHAIIOB, KOTOPHIE IPUBEACHBI B Ta0. 2.

Tabnuya 2
VY nenpHBIN E Ely
Marepuan BEC y3, T /CMz' mo? YCIIOBHBIE
rlem EIIMHULIBI
Monu0nen 10,5 3,0 2,9
Keneso 7,8 2,1 2,83
Turan 4,5 1,2 2,7
AJTIOMUHUN 2,7 0,75 2,8
KBap1r 1 o0b14HOE CTEKITO 2,5 0,70 2,8
Maruunii 1,7 0,45 2,7
JpeBecuna 0,5 0,135 2,7
(enb, mapanIenbHO BOJIOKHY)

W3 TabauIpl BUIHO, 9TO YICIBHBIA MOIYJIb YIPpyrocT E/Y Bcex 3THX MaTeprualioB IPaKTHIECKH
OJIMHAKOB. BeposiTHO, B 3TOM HET KaKOro-imdo riyookoro Gpuiocopckoro CMbICia, COBMACHUE
31ech - neno cirydas. Ho tak mwinm nHade, a cam no cebe (akT COBIAJACHUS yACIbHBIX MOAYJCH
CTaBUT MHXXCHEPOB M MaTEpHAIOBEOB B BeCbMa 3aTpyJHHUTEIbHOE MoOJIOKeHHE. Benp kak Obl
MBI HH CTapajliCh YIy4YIIUTh HPOYHOCTh TPHHATBIX MATEpUAOB, MBI OKa3bIBAEMCS
NPUBS3aHHBIMU K OJTHOMY U TOMY K€ YAEIbHOMY MOAYNI0. DTO 03HAYAET, YTO, €CIU MBI XOTHM
JOCTHYb TIOCTABJICHHBIX II€JIeH, MBI JOJDKHBI OTKa3aThCsl OT BCEX XOJOBBIX MaTepHalioB, B
00palIeHny ¢ KOTOPHIMU HAKOIUIEH OOJIBIION OIBIT.

Uro xe ocraercs nenatb? YTO 3TO 3a BELIECTBA, KOTOPbIE MMEIOT 0ojee BBICOKHE MOIYIH?
OkasbIBaeTcsi, TAKUX BEIIECTB HE TaK Y)K MHOTO, HO BCE K€ OHHM ecTh. Jlyumme 3 HHX
MpHUBEICHHI B Ta0II. 3.



Tabauya 3

VY nennHBIN E, Ely
2 4 Tewmn. nmasin.,
BermecTBo Bec Y, k[ '/em” (1O YCII. €IUHUILIBI °C
rlem®
Hutpun anromunus 3,3 3,5 10,6 2450
OKHCH aTIOMHUHUS 4,0 3,9 9,8 2020
bop 2,3 4,2 18,0 2300
Oxwuch Oepuius 3,0 3,5 11,6 2530
bepmmuit 1,8 3,1 17,2 1350
VYrnepon, ycu 2,3 7,7 33,5 3500
OKHCh Mar"us 3,6 2,9 8,0 2800
Kpemuwnii 2,4 1,6 6,7 1400
KapOun xpemuust 3,2 5,6 17,5 2600
Hutpun xpemuus 3,2 3,9 12,2 1900
Hutpua tutana. 5,4 3,5 6,5 2950

Ota Tabiuia B HEKOTOPOM CMBICIE OOHAJEKHMBAET, OHA IOKA3bIBaeT, YTO €CTh B INPHUPOJE
TBEpIbIE TeNa, Y KOTOPBIX yIeNbHBIH Moaynb FOHra Oomnbine, 4eM Yy TpaJuIIMOHHBIX
TEXHUYECKUX MaTepuajoB, rpy0oo roBops, B aecATh pa3. llo-BUaMMOMY, 3TH MaTepUallbl
OTKPBIBAIOT 3aXBaTHIBAIOLINE MEPCIEKTUBLI. B TO ke BpeMs MX CIUCOK oOeckypaxuBaeT. Bee
9TH MAaTepHallbl B HOPMaJbHBIX YCJIOBUSAX BECbMA HENPOYHBI M XPYIKH, MOJIy4aTb UX MOXKHO
OOBIYHO TOJBKO IIPU OYEHb BBHICOKUX TEMIIEpaTypax, HEKOTOPbIE U3 HUX TOKCUYHBHI.

ENMHCTBEeHHBIM METaNIOM B 3TOM CHHCKe sBisieTcst Oepuiuii. ToT camblii Oepuiunii, KOTOPBIiA
B ONAcHOW cTemeHu TOKcHYeH. [Ipeamonoxum Ha Bpems, 4TO HaM yjaaercss MoOOpoTh €ro
TOKCHYHOCTh, HO CMOKEM JIM MBI cleflaTh OepH/uIMid MpOoYHbIM U Bs3kuM? [lo-Buaumomy, B
HEKOTOPBIX ClIydasx OepUIUIUN MOKET ObITh JOBOJIBHO MIPOYHBIM, IIPEEN MPOYHOCTH €r0 MOKET
nocrurate 80-160k[/mMm?. Ho caenarh ero QocTaroyHO BSI3KMM OYEHb M OYEHb TPYIHO.
[TprunHa 3TOrO IJIaBHBIM 00pa3oM B TOM, YTO NMPU HOPMAaJbHBIX TeMIlepaTypax IUCIIOKAlluu B
KpHcTaie OepusuIns TOABMKHBI TOJIBKO B YETHIPEX MJIOCKOCTAX, B TO YK€ BpPeMs, KaK Mbl BUJICIH
B IJaBe 8, KpUCTall JIOJDKEH HUMETh MSTh IUIOCKOCTEM CKOJIBbKEHHUS, YTOOBI CONPOTHUBISATHCS
TpeuHaM, OerymmM B J1000i ero miockoctd. HecMoTpst Ha ymoOpHBIE MOMBITKH YYEHBIX
3aCTaBUTh OepwiUIMiA BecTH ce0s, Kak TmojobaeT “HacrosmieMy’ MeTauly, 3aMEeTHBIX
JOCTIDKEHU B 3TOM oOmactu Her. Ilo-BuauMomy, MpensTCTBHS Ha 3TOM IYTH CBS3aHBI C
OCOOEHHOCTSIMUA KPUCTALIUYECKON CTPYKTYPHI 3TOro MeTtayia. OcraeTcsi MoJoUTH K mpodiieMe
o-uHOMY. MOXeT ObITh, MOKHO YMEHBIIUTH XPYIKOCTb OepuyUiusi, J00aBUB B HETO HEMHOTO
BOJIOKOH, KaK B CiIy4ae JibJa W JpeBecHOW mynbmbl (rmaBa 8). Ecaum Takoil skcrepuMeHT
oKaszaJyicsi Obl YCIIEHIHBIM, MOXKHO ObUIO OBI, 51 TyMaro, MpUAyMaTh KaKylo-HHOYIb 3aIIUTy OT
TOKCHUYeckoi onacHOCTH. Ho Tora BBITIIBLIO OBl OuepeHOe MPEnsTCTBUE: OSPUILTUI AOPOT, U C
3TUM, KaXKEeTCs, HUUEro He mojenacub (0T4acTH U3-3a MPeIoCTOPOKHOCTEH, HEOOXOJUMBIX TIPU
pabore ¢ HuMm). OcTaeTcs TOJBKO yIOBaTh HA TO, YTO MOCIEAYIOIIUNA X0 COOBITHI YTO-TO M3
CKa3aHHOI'O OIPOBEPTHET.

Ecnu HaMm He ynaercs npupy4uTh O€pHIUIMH, 4TO ObI MBI MOTJIM HMPEINIPUHATH eule? SIcHO, 4To
MOYKHO OBI B3SIThCS 32 OJUH U3 KEpaMHUYECKHX MaTepHallOB, MPUBEAECHHBIX B Tabim. 3. M3 Bcex
HUX TOJIbKO B OKHCH MarHus AMCIOKAallMM NOJBM)KHBI IpU KOMHATHOW Temnepatype. U
NeHCTBUTENIBHO, B JIA0OPATOPHBIX OIBITaX MOXKHO TIOJIYYUTh OYEHb MPaBIONOI00HYIO
UMHTALUIO [UIACTUYHOTO TMOBEIECHUS Ha JOCTaTOYHO YMCTBIX KpHCTalslaXx OKucH MarHus. Ha
NpaKkTUKe, OJHAKO, JTa IUIACTUYHOCTh HE 3aCIy’)KUBAeT JOBEpUSA. TaKUEe KPUCTAJIIBI
pacchlmaroTess MOJ yAApHBIMU Harpy3kamu. IlpuumHa Bce Ta ke - HEIOCTaTOYHOE YHUCIIO
IIJIOCKOCTEMN CKOJIbKCHHUS.



JIx. @opTH yaanoch NpUaaTh MIACTUIHOCTh KYCKY XJIOPUCTOTO HaTpus (moBapeHHas coub). s
3TOr0 OH J00aBWJI B IMOBAPEHHYIO COJb 3050TO (mporecc aud@dy3ur IMel B TIIATEIHHO
KOHTPOJIUPYCMBIX YCJ'IOBI/IHX), ATOMBI 30JI0Ta PACHOJJOXWIMNCH Ha PpCHIAOIINX IMO3UIHUAX B
KpHUcTaiuie U 00eCTeumsin JIBIKCHHUE JUCIOKAIlNi B HYXXHBIX HamnpaBieHUsX. He mckimodeHo,
qyTO uaesa cDOpTI/I IOMOIKCT IMPCBPATUTH OKUCh MAarHus B MOJIE3HBIN MaTcpuall.

Uro Obl MBI HH TPEANPHUHUMATH JUIS YIOPABJICHUS TOJBUKHOCTHIO JUCIOKAIMA B TeX
KpHUCTAJlJIaX, IJIe OHU MIPH HOPMAJIBHBIX YCIIOBUSAX HE OYEHB IMOJABMKHBI, BCETJIa OCTACTCS 00IIas
TPYAHOCTb - BONPOC YUCTOTHI KpHcTaiwia. OOBIYHO TaKue KPUCTAIUIBI JOJDKHBI OBITH OUYCHb
TIIATEILHO OYMINEHBI OT -IIPUMECeH, 4TOOBI 00SCIICUNTh MBUKCHHE TUCIOKanuid. Eciim kakue-
1100 TPUMECH M JOMYCTHMBI, TO UX COJEp)KaHUE JOJKHO OBITH CTPOrO OrpaHWyeHo. BromHe
BO3MOJXKHO, YTO TaKas YMCTOTa HE TOJBKO JIOPOro 00OMaeTCs B Mporecce MPOU3BOJICTBA, HO H BO
BpeMsl CIyxObl Marepuaia ee OyAeT OuYeHb TPYAHO NOJAEpKMBaTh. MHOTHE KPUCTAJUIBI
BIIUTHIBAIOT B CeOs 4YyKepOAHBbIE aTOMbI (OCOOCHHO aTOMBI ra30B) HAMHOTO OXOTHEE, YeM
IPUHAITO JyMaTh. DTOT IPOLECC MOXKET IOHEMHOTY UATH YK€ IPU KOMHATHOM TemrepaType, HO
OH OCOOCHHO YCKOPSIETCS ¢ HarpeBoM matepuana. [10CKOIbKy MHOTHE OTBETCTBCHHBIC JICTAIIN
OKCIUTyaTUPYIOTCS IIPU MOBBILICHHBIX TEMIIEPATYpaXx, €CTh OIIACHOCTh OXPYIIYUBAHUA MaTepHUaia
B pabore, [locTratouyHO COBCEM HEOOJBIIOTO KOJWYECTBA BKIIOYCHUH, 4YTOOBI 3aiepKaTh
JUCIIOKAIINN, KOTOPBIE M 0€3 TOTO IBUTAIOTCS HE TaK-TO JIETKO.

JIM4HO s HE CUUTAl0, YTO MOMBITKH 3aCTaBUTh YK30TUUYECKUE MaTepuaibl BeCTU ceOsi MOA00HO
MeTaJIaM 04Y€Hb y>K MHOT'OOOEIIIAFOIIIH.

HomyctumM, Bce 3T0 BepHO. UTo e HaMm Toraa nenarb? [lo-moemy, 9ToOBl OTBETUTH Ha JTOT
BOIIPOC, HaA0 3a0bITh HAIly TPUBEPKEHHOCTh (maske OOJbIIe, 4YeM MpPUBEPKEHHOCTh) K
MeTallJlaM U OOpaTUThCA K MaTepuanaMm BpOJe IPEBECHHBI MM apMHUPOBAHHBIX IUIACTUKOB. B
3TOM Clly4a€ MNPUIETCS OCTaBUTH IOMNBITKA IOBBICUTh IUIACTUYHOCTH 3a CYET YBEJIMYEHHS
MOJIBI>KHOCTH JTUCIOKAIMIA U 00OpaTUTHCS K BOJIOKHUCTBIM MaTepHaliaM, B KOTOPhIX BHYTPEHHUE
MIOBEPXHOCTH MOTYT TOPMO3UTh pa3BUTHE TpellnH. KOHEUHO, eciu MBI pelnM CB3aTh BOJIOKHA
MEXy COOOH ¢ MOMONIBIO TUTACTUYHOTO METAJlIa, TO TMOJYyYUM KaKOH-TO BBIUTPHINI M OT €ro
IUIACTUYHOCTH, HO OTIBIT MOKA3bIBAET, UTO 3TOT BKJIAJ MOXKET ObITh U HE3HAYUTEIIbHBIM.

Kakue BemecTBa ciemyer HaM BBIOMpATh 11 BOJOKOH? C TOYKH 3peHUS IAUCIOKAIIMOHHON
IIOABUXHOCTHU MBI OOJIKHBI Tp€6OBaTb BCE€TO0 WUJIN HHUYCTO. EC.HI/I AUCJIOKAIIU HO-HaCTO}IH_IeMy
MOJABUKHBI, MBI MOXXEM TMOJIYYUTh OOBIUHBIN IUIACTUYHBIM MaTepuana, ¥ HaM HET CMBICIA
CBA3BIBATHCA C BOJIOKHAMMU. HO cClin y)K MBI HpI/IHHJII/ICB 34 BOJIOKHA, TO HAM Hy)I(HO HNCKIHOYUTDH
Kakoe Obl TO HU OBLIO ABMKEHUE MucIoKauid. [10b3bI OT TaKOTO ABMIKEHUS HE OyAET HUKAKOM,
a Bpesia MOXKET OBITh MHOTO - OHO pa3ylNpoOYHHUT BOJIOKHA. [loaToMy Oepuiuinii 1 OKUCh MarHus
3/1€Ch HE MTOJONAYT.

BOJII:H_II/IHCTBO OCTAJIBHBIX BCIICCTB, HpI/IBeI[GHHBIX B Ta6.]1 3 HUMCHOT HaHpaBHeHHBIG
KOBAJICHTHBIE CBSI3U, TMPU HOPMAJIBHBIX TeMIEparypax AUCIOKAIMd B HUX OCTAalOTCA
HCIIOABHUXHBIMU. KaK pa3 3TO-TO HAM U Hy)KHO. HO IIOYTHU BO BCEX ,Z[pyI‘I/IX OTHOIICHUAX OTHU
BEIIECTBA MPEJICTABIISIOT COOOM, MATKO BBIPAKASICh, KPETIKUH OpeIIeK sl MaTepruanioBenoB. Mx
HOHy‘IeHI/Ie CBsA3aHO, BOO6H_I€ I‘OBOpH, CO BHAYUTCJIIBHBIMHU pr,Z[HOCT}IMI/I U BO3MOKHO JIHUIIIb HpI/I
BBICOKHX Temreparypax. Jlaxke ecinu oHU camu 1Mo cebe U HETOKCUYHBI, TO COJEpPXKaT OJHY, JIBE
nJjm 60)166 I[OGaBOK, KOTOpBIe MOFyT caciaTb UX TOKCHUYHBIMHU. HaKOHeLI, HCKOTOpBIG nu3
COCIMHCHUH, KOTOPhIE HEOOXOIUMBI MPU TMOJYYCHUH 3TUX BEIIECTB, TIOYTH HaBEpHsAKa OymyT
pa3pyu1aTb CTCHKU TCXHOJIOTHUYCCKUX annapaTOB.

B rnaBe 3 moguepkuBanoCh, UYTO 3ajJada TEOPUM TPOYHOCTH HE CTOJBKO B TOM, YTOOBI
O00BSACHUTH, IOYEMY MaTEpHUaJIbl MPOYHBI, CKOJIBKO B BBISICHEHMM NMPUYHMH UX pa3pyileHus. Bee



TeJa MPOYHKI “OT MPHUPOABI’, €CIIU OHH HE OCIa0IeHbI AeeKTaMu; HO JIeJ0 B TOM, YTO AC(EKTHI
MOYTH BCErJa MPUCYIIU TBEpIbIM TenaM. HamoMHuM, 4To B ciyyae XpyHKUX Tel, B KOTOPBIX
JMCIIOKAIIMN HETIOJBIKHBI, OCTIA0ISIOIUME AeheKTaMu SBISIOTCS HEOOBIINE T€OMETPUUYECKHIE
HCKa)XEHHS, HA KOTOPBIX BOZHUKAET KOHIIEHTpAIUs HanmpsbkeHud. B Tex cimywasix, Korjga BHyTpU
KpHUCTalyia Bce 0OCTOMT Oojee WM MeHee OJarornojlyyHo, OMAacHOCTh MOTYT TNPEACTaBIATH
MOBEPXHOCTHBIE  Je(peKThl. bBOJBIIMHCTBO  KOBAJIEHTHBIX KEPAaMHUECKUX  MaTepHaloB,
NPUBEICHHBIX B Ta0J. 3, CYIIECTBYET B BUE MTOPOIIKA MIIM HETPaBUIIbHON (hOpMBbI KycKoB. Jleno
Tenepb 3a TeM, YTOOBI MOJTYYUTh 3TH BEleCTBA B pOopMe HUTEH, OTHOPOIAHBIX BHYTPH U TIaJKUX
CHapyXH.

Kak pa3 Hag 3TuM M paboTaroT MOCIEIHEe BpeMsi MHOTHE J1a0opaTOpUM B pa3HBIX CTpaHaXx,
TEeTepb MBI 3HAEM JOBOJHHO MHOTO ITyT€H, KOTOpBHIE BEAYT K IMOJYYEHHUIO MPOYHBIX KECTKUX
BOJIOKOH, HO HU OJIMH U3 HUX HE JITOK W HE OYeHb JemieB. /l0CTaTOuHO YMOMSHYTb, YTO JUIs
MOJTYYCHHUSI TaKUX BOJIOKOH TpeOyeTcs temreparypa B npenenax ot 1400 no 3500° C.Ceituac
BOJIOKHAa OOBIYHO 00pabaThIBAIOTCS MPH BHICOKOM TeMIepaType B TCUCHHE YacOB U JaXKe THEH.
Craenate medp, KoTopas paboTana Obl IpU 3THX TEMIIEPAaTypax B KOPPO3HOHHBIX YCIOBHUSX H
NO3BOJIsUIa OBl MOJACP)KUBATH MPUEMIIEMYIO XHMHYECKYI0 YHCTOTY B PEAKIMOHHON Kamepe,-
OYCHB Cephe3Hasi TEXHUYECKas 3aa4a.

Takue “cBepXBOJIOKHA” OOBIYHO ACNATCS Ha JBa OOJIBIIMUX Kjacca - HENpPEpBhIBHBIC BOJIOKHA U
ycbl. HerpepbIBHbBIE BOJIOKHA UMEIOT, KOHEYHO, OOJIBIIYIO JUIMHY; YaCTO UX MOYKHO HaMaThIBaTh
Ha 0OOMHY, KaK HEHJIOH WM CTCKJIOBOJOKHO. OHM MOTYT MMETh JIIOOYIO TOJIIMHY, HO Yalle
BCEro oHa JeXUT B mpeaenax oT 5 mo 100mkm. OOGpamarbcs ¢ HUMH MOXHO, Kak CO
CTEKJIOBOJIOKHOM, HO 00Jiee TOJICThIC BOJIOKHA JKECTYe Ha M3ru0, U paboTaTrh ¢ HUMH, MTOHATHO,
TpyaHee. TonmuHa ycoB 00bIYHO 1 MKM, a UIMHA MOPAIKAa MHJUIMMETPA, XOTS HEKOTOPHIE YCHI
BBIPACTAIOT JUTMHOIO 0 HECKOJIBKHX CAHTUMETPOB.

Monaynu ynpyroctu OOJbIIMHCTBA 3TUX BOJIOKOH JIKAT Tae-To B obsactu mexay 3,510 u 7,0
(M0 xI'/MM?, @ TOCKOJIBKY MX TUIOTHOCTH KOJIEOIETCS PUMEPHO OT 2 10 4, TO yAeIbHbIE MOAYIIH
BIIOJTHE OMNPABIBIBAIOT OKUAAHUS B JECATh pPa3 TPEBBINIAs COOTBETCTBYIOIIME KOHCTAHTHI
OOBIYHBIX TEXHUYECKUX MaTepuaiioB. IIpoyHOCTH BCEX HENMPEPHIBHBIX BOJOKOH JOBOJIEHO
BBICOKA, HO B HACTOSIIEE BPEMs €€ HENlb3sl Ha3BaTh MCKIIOYHTEIBHO BBHICOKOH. OOBIMHO OHA
aexutr Mmexay 175 m 350k[/mMm? - 3TH BenM4MHBI ONU3KM K TPOYHOCTH OOBIYHBIX
CTEKJIOBOJIOKOH W OTPaKalOT YPE3BbIYAMHBIC TPYAHOCTH H3TOTOBJICHHUS UTMHHBIX BOJIOKOH,
CBOOOJHBIX OT MHKpPOAE(EKTOB. YChl YaCTO HAMHOTO NMPOYHEE, UX CPEIHSS MPOYHOCTH MOXKET
nocturath 700-1000kI'/MM?, TO ecThb OHM MOTyT OBITH pa3a B TPH MPOYHEE OOJBIIMHCTBA
HETPEPHIBHBIX BOJIOKOH.

CpaBHUBATH MIPEUMYIIECTBA H HEIOCTATKH OOOUX THUIIOB BOJIOKOH JOBOJBHO TpynaHO. K TOMY ke
9TH CpaBHEHHSI MOTYT OBICTPO ycTapeTb. B HEKOTOPHIX ciydasx TpeOyeTcsi OUeHb TIIATEIBHO
YIOKUTh apMHUPYIOIIME BOJIOKHA B OJHOM HAIlPaBJICHHWH, WHOTAA ITOr0 JOOUBAIOTCS MyTEM
HAaMOTKHU HETPEPBIBHBIX BOJIOKOH M MPOIMUTKH MX CBSA3YIOUICH CMOJIOH, TO €CTh JIETAI0T CBOETO
pona KOKOH. YacTo Tak JeNaroT COCYIbl JaBJICHUS U TPYOBl. ITO, Ka3aloCh Obl, MPEUMYIIECTBO
HEIPEPHIBHBIX BOJIOKOH, HO BOT HEIAaBHO OBLI pa3paboTaH CMoOco0, MO KOTOPOMY KOPOTKHE
BOJIOKHA (HAmpuMep, YCbl) COPTHPYIOTCS, pa30paKOBBIBAIOTCS, a 3aTEM BO BJIAYKHOM COCTOSTHHH
nepepadaThIBalOTCS B HEMPEPBHIBHYIO TPSDKY, BPOJE XJIOMYAaTOOYMa)KHOW, C KOTOPOW MOTOM
MOKHO OOpamaThCsi TaK ke, KaKk C HENPEephIBHBIMH BOJIOKHaMU. B psie ciydaeB HU3 yCOB
MOJTyYal0T CYCIICH3MIO B KaKOW-HUOYIb JKUAKOCTH, KOTOPYIO MOXHO JIETKO (OpMOBaTh, Kak
OyMa)KHYIO Maccy.

Bbi6op BOJIOKOH 3aBUCHUT B HEKOTOPOM CTENEHH OT THIIA MaTpPHIbl, KOTOPYIO pEHIeHO
UCIOJNIE30BaTh. [ITaCTHKU U CMOJIBI UMEIOT MaJIbIi yIeIbHBIA BEC U C HUMU JIETKO padoTaTh, HX



HEeTpyaHO (hopMOBaTh, OHM BOOOIIE 00Ia1al0T MHOTMMH IIpeumymiecTBaMu. C qpyroii CTOpOHBI,
UX MPOYHOCTh ¥ MOYJb YIIPYTOCTH MaJIbl, IOTOMY OHU HE OY€Hb XOPOIIIO MEPEaioT Harpy3Ky
OT OJIHOTO BOJIOKHA K JIPYTOMY, TO €CTh MX HENb3s OXKalyl, CYUTAaTh XOPOIIUMHU CBA3YIOLUIMMHU
marepuasiamu. [lo 3Toif mpuumHe B TeX cCiydasx, KOTrJa B KadecTBE MAaTPHIIbI
UCTIOJIB3YEeTCs CMOJIa, IPUMEHSIOTCS [UIMHHBIE HEMPEphIBHBIE BOJIOKHA. CMOJIa MO3BOJISIET OYECHb
3G EKTUBHO HCHOIB30BaTh CBOICTBA HEMPEPHIBHBIX BOJOKOH M HE TOJUTCS B KauecTBE
MAaTpHIIBI 7151 KOPOTKUX BOJIOKOH - HAIPUMEP, YCOB.

Mertamuinyeckue MaTpUIbl 3aBEAOMO JIydllle CMOJ BeayT celsi, HaunHas npumepHo co 150° C.
OHHM ¥ Harpy3Ky OT BOJIOKHA K BOJIOKHY IE€PEArOT JIy4Ille CMOJIBI U TOTOMY OoJiee TOAXOSIIN
JUISL CBSA3BIBAHMSI YCOB: TIO3BOJISIFOT JIyYIlI€ MCIIOIB30BATh MPOYHOCTh M JKECTKOCTh ycoB. OIHAKO
apMHpOBaTh METANIMYECKYI0 MATpHIy TpyJHEE, IOCKOJIbKY TeMmIeparypa M JaBJICHHUE
¢dopmoBaHus 37ech BbICOKUA. CerogHs MOXKHO IMPEANOJOXKHTh, YTO B OyIyIIEM BOJOKHUCTHIC
Marepuaibl Ha OCHOBE CMOJI HAHIyT CBOE MECTO B KpPYIHBIX 3JIEMEHTaX KOHCTPYKIHH,
paboTaroumx Mpu HU3KUX TEMIIepaTypax, a METalbl, apMHUPOBAHHBIE YCaMH, KOTOPhIE MOTYT
o0siaiaTh Oosiee BBICOKOIH MPOYHOCTBIO M )KapPOCTOWKOCTHIO, HO KOTOPHIM TPYAHEE MpPUAaBaTh
HYXHYIO GopMmy, OyayT, MO-BUIMMOMY, UCIOIB30BaThCs B 0ojiee MENKUX JeTasax. Bmpouewm,
9TO Takas 00JacTh, B KOTOPOHM COOBITHS Pa3BHBAIOTCSA JIOBOJIBHO OYpHO M Mpemyraaarh 4To-
HUOYIb OYCHb TPYAHO.

Kakue >xe “cBepxBojOKHA" B HAacTOsIIee BpeMs H3BECTHBI M Kak OHU jenaroTca? Ceifuac
pa3pabaThIBalOTCS HETIPEPBIBHBIC BOJIOKHA O00pa, KapOuaa KpeMHUS M yriieposia. Y Chl e BpeMsi
OT BpPEMEHHU BBIPALIMBAIOT W3 CaMbIX DPAa3HBIX BEIIECTB, HE BCErAa MPAKTHYECKH TOTHBIX.
Haubonpimne ycunmusi 3arpadeHbl Ha yCbl KapOHWAa KpeMHUS, HUTpUIA KPEMHUS U OKHUCHU
amomunus (candupa). MapopmMaimm o mporeccax noxydeHus BOJIOKOH MOYTH HET.

Henpepbwubte 60JI10KHA.

bop. Bop ocaxpmaercs Ha TOHKYK HarpeTyl HHTh - IOJIOXKKY, KOTOpas HEMPEepBIBHO
NPOTATHBACTCS Yepe3 peaklUoHHYIo Kkamepy. Kamepa comepXuT ogHO H3 ra3o00pa3HBIX
coeauHeHui Oopa, Hampumep Tpuxiopua Oopa BCl, wmm ruapung 6Gopa B.H, xotopoe,
KOCHYBIIIMCH TOPsIYei HUTH, pa3jaraercs ¢ 00pa3oBaHHUEM YHUCTOTo Oopa.

Kapouo xkpemnus. B o0mmx dyeprax mporecc MmojydyeHHsl BOJOKHA KapOuaa KpeMHus 1moxo0eH
nporeccy IMOJydeHHsT BOJIOKHa Oopa. B aToM ciydae, KOHEYHO, MCHOIB3YIOTCSA IMOIXOIAIINE
ra3o00pa3Hble COeIUHEHHSI, COJepKALIIE KPEMHHI U YTIIEPOI.

Yenepoo. 3t1o oueHb MHTEPECHOE BOJIOKHO. OHO MOJIy4aeTCsl U3 HEMPEPHIBHOIO OPraHUYECKOTO
BOJIOKHA - BUCKO3BI IIJIM CUHTCTUYCCKOTO IMOJIMMEpPA MO0 TCXHOJIOTUH, aHaJOTUYHOU MOJIYYCHHIO
YrOJIbHBIX HUTEH JUIs JaMmn HakajluBaHUsA. Eciau mpaBUIbHO TNOCTaBUTH MPOIECC, YTIIIEPOJ
PEKPUCTAIUIN3YETCS B HEMPEPBIBHOE TPAdUTOBOE BOJIOKHO.

Yecui.

W3BecTeH 1enblid psijl MPOIECCOB MOMyYSHHsT YCOB. MeXaHU3MBbl MPOTEKAHUS ATHX IMPOIECCOB
BechbMa CJIO0XHBI OOBIYHO JIyUIINE YCHI TMOJTYYalOTCsA W3 ra3oBod ()a3bl, TO €CTh XMMHYECKas
peaxIysi B BBICOKOTEMIIEPATYPHOH TEeUr HIET MEXIy ra3000pa3HbIMU peakTuBamMu. Ecim a3ot
WIA KUCJIOPOJ HETPYIHO TMOAaTh B 30HY PEaKIMM B BUAC Ta30B, TO TAaKUE DJIEMEHTHI, Kak
KpPEMHHM, yIriepoj, allOMHHHA W T.OA., caMH 10 cede He TpaHchnoptupyrTcs. I[lostomy
NPUXOJMTCS MPHOEraTh K TaK HAa3bIBACMBIM TPAHCIOPTHBIM BellecTBaM. MIMH MOTYT CIIyXHTb
takue coeaunenus, kak SiO,, SiCl, CH., AlLO; u T.1. OOBIYHO CTPEMATCS MOJIYYUTH BECOMBIC
KoJInyecTBa 0e37epeKTHBIX MPOYHBIX YCOB BO3MOXKHO Oosiee OBICTPBIM U JiemieBbIM myTem. K



COXKAJICHUIO, KOTJIa PEaKlUsl YCKOPSETCs, KaueCTBO MOJIy4aeMbIX YCOB, KaK MPaBUIIO, CTPAIAET,
YTO CHWJIBHO YCJIOXKHSET BCIO MpoOsieMy. Upe3BhUallHO CJIOKHBIE PEAKIMH, KOTOPHIE MOTYT
MPOTEKATh MPHU BBIPAIIUBAHUH YCOB, IPUXOJUTCS AaHAIU3UPOBATH C TOMOILBIO BEIYMCIUTEIbHBIX
MamH. K HacTosimieMy BpeMEHH KOJHUYECTBO YCOB BBICOKOIO KayecTBa H3MEPSAETCS
KWJIOTPAMMaMH, IIeHa UX JOBOJIBHO BBICOKA, MOJTOMY BEAYTCS YCHIIGHHBIE PaOOThl Kak Hal
YBEJIIMYEHUEM BBIXOJa YCOB, TaK M HaJl YMEHBIIEHUEM UX CTOMMOCTH.

BrionHe BO3MOXKHO, UTO HEKOTOPBIE M3 ATUX padOT OKaXYyTCs YCIEUTHBIMH, U B CKOPOM BPEMEHHU
KOJIMYECTBO MOJIy9aeMbIX YCOB OyIeT HM3MepsSThcs TOHHaMH. WX CTOMMOCTh BHaudaje Oyner
JIOBOJILHO BBICOKOM, HO €CJIM XOTh KaK-TO MO’KHO IOJaraThCsd Ha UCTOPUYECKHUE Mapajuiesivd, TO
[[eHa MPUAET K BIOJHE yA00OBapUMBIM BEIMYMHAM B TEUYCHHE NPUMEPHO JECATKA JIeT.
COMHHTENBHO, KOHEYHO, YTOOBI OHA KOT/1a-HUOYIb CTajla CPAaBHUMOM C IIEHOW OOBIYHOM CTaJId U
TEXHUYECKOHN JAPEBECUHBI.

Bo BcskoMm cjirydac, cefiyuac MBI HMEEM JOCTAaTOYHOEC KOJIINMYCCTBO TaKHX BOJOKOH I
MIPOBE/ICHUS TIOUCKOBBIX PabOT B cTeHax jabopartopuid. PaboThl 3T HE CTOJb MPOCTHI, Kak
MOXKET IIOKa3aThCH. I[axce pacmosiaragd CaMbIMU HNPOYHBIMU MU KCCTKUMHU YyCaMH, Bbl MOKCTC
UCIIOPTUTh MMM HJEANbHYI0 MaTpully V3roroBieHue apMHUpOBaHHBIX MaTepHalloB Tpedyer
0ob1I0M CHOPOBKH. Teopust ynpouHEeHHsI BOJIOKHAMU OCHOBBIBAETCSI HA IOBOJIBHO IPOMO3IKOM
MaTeMaTU4YeCKOM ammapaTre OHa He JaeT cKydarb OBM U 3amnoiHseTr crneunuaibHbIe
nepuoandeckne uinanus. Ho, maxke ecnmu OHa W TIOHATA, IO CO3JIaHUSI HAJIEKHBIX MPOIECCOB
MOJTyYeHUs TOJIOOHBIX MaTEpUasIoB elle aIeKo.

Brpouewm, ceiiuac y)xe MHOTHE TPYIHOCTH TPEOAOJCHBI, U B psAle JTaOOpaTOpHil peryiaspHO
JeNaloT HeOOoJbIINe MapTUH apMHUPOBAHHBIX BOJOKHAMHM MAaTEpUajioB, CBOMCTBa KOTOPBIX
OKa3bIBAIOTCS JIOBOJIBHO ONM3KMMH K TEOPETHUYECKH IMpeAcKa3aHHbIM. [IpUBOIUTH 31€Ch
KOHKpPETHBIE BEJIMYMHBI, MOXallyil, Oecrnoie3Ho, MOCKOJIbKY KaKIblii MaTepuad HYXHO
XapaKTepU30BaTh MM HAaOOpOoM CBOMCTB. Ho s He TOOOIOCH YTBEpKIaTh, YTO HEKOTOPBIC U3
HOBBIX MaTEpHUajiOB BIBOE JIy4llle T€X, YTO OBbLIM M3BECTHHI 10 cnX mop. Brepseie B ncropuu
YEJOBEK CTajl yOpPaBisATbh CBOMMHM KOHCTPYKIMOHHBIMH MaTepuajaMH, LEICYCTPEMIIEHHO U
palMOHAIBHO CO3/1aBaTh MaTEPUAIIbI, YOBIETBOPSIOIINE ONPEACICHHBIM HYXKIaM.

[Ipexxae Bcero Takue maTepuanbl OyayT HCIONb30BaHbI B TEX O0JACTAX, TJ€ K KOHCTPYKIUSAM
NPEIbABISIOTCS TOBBIIICHHbIE TPeOOBaHUSA. BBITh MOXET, OHM BBI30BYT HEOOBIKHOBEHHBIE
npeoOpa3oBaHus B aBHUallMH, MO3BOJIUB PE3KO CHU3UTH CTOMMOCTH BO3IYILIHBIX MepeBo3ok. Ha
3TO MOKHO BO3Pa3UTh, YTO MOJOOHBIE PACCYKICHHUS HAIIOMHHAIOT IOMBITKY MEPETUTh CTapoe
BHUHO B HOBbIE OyThUIKH. BO3MOXHO, Tak OHO U €CTh, TOJIBKO BCET/A JIU 3TO MI0X0? Bripoyem, He
CJIelyeT HUCKIII0YaTh TOTO, YTO C IOSIBJIEHHMEM HOBBIX MATE€pPHAJIOB HOSIBATCS NPUHLMIINAAIBHO
HOBBIE YCTpOMCTBAa. Takylo MEpCIEKTUBY HE CIENyeT UCKIYaTh, HO MpPEACKa3aTh 3/1eCh UTO-
HUOYIb OIpeleNieHHOe HEeBO3MOXKHO. [IpuBenem HeOombLIIOW NpuMep, KOTOPBIA Kacaercs
OoNBIIMHCTBA M3 Hac. 3yOHbIe MIOMOBI OecrokosT MHOTHX. Kepamuka ((pocdarHblii 1ieMeHT),
KOTOPYIO MCHOJB3YIOT 3yOHBIE BpayM, Bcerja Oblia CIUIIKOM XPYIKOH; MeTauibl (Hampumep,
30JI0T0) OOBIYHO CHHMIIKOM MsrKd. Celdac W3y4aroTcsi BO3MOXKHOCTH apMHpPOBAaHHUS 30J10Ta
ycamu. Takoit marepuan OyAeT coueTaTb BBHICOKYIO MPOYHOCTb U TBEPIOCThH C BA3KOCTBIO, UTO
OUYeHb BaXXHO JJisl TWIOMO. B 3TOM cilydae OTHOCHTENBHO BBICOKAs CTOMMOCTH 30JI0Ta U YCOB
CEpbE3HOr0 3HAUEHUS HE UMEET.

MaccoBoe mpHMEHEHHE HOBBIX MaTepHUaaoB, HECOMHEHHO, 3aBHCHT OT CHM)KEHHUS CTOMMOCTHU
IIPOU3BOJICTBA BOJIOKOH 10 JEHCTBUTENBHO MPUEMIIEMOrO ypoBHS. TpyAHO cKa3aTh, CKOJIBKO
elle >KJaTh, HO Y)K€ ceiluac BO3MOKE€H MHTEPECHBI KOMIIPOMHCC - MCIOJIb30BaHUE acOECTOB.
AcbecT, MOXXHO CKa3aTh, NPEACTABIIET COOOH NPHUPOAHBIE YChI, KOTOpHIE TOHHUMAIOTCS B
Kapbepax; OH JOBOJIbHO JielieB. MexaHHnueckue CBOMCTBa BOJIOKOH acOecTa yCTYMaloT JIyYIIUM



ycaM, OH OHHM 3HAYUTEIbHO NPEBOCXOIAT W METaIbl, U CTEKJIOBOJOKHO, OCOOCHHO €CIH
NpUHATH BO BHUMaHHE MX Bec. B mpomutoMm acOecT 4acTo HMCHONB30BAICS U apMHPOBAHUS
IUTAaCTHKOB, HO 3Ta ujaes Oblla JUCKpeAUTHpoBaHa 0Oe300pa3zHoil TexHoijoruen. Ceiuac ectb
BO3MOXKHOCTh NPUMEHHTH Ul acOECTOBBIX BOJIOKOH METOJBI, CO3/aHHBIC IS TEepepadOTKH
yCOB. OTO TO3BOJHUT PE3KO YIYUHIMTh CBOWCTBA TaKUX apMUPOBAHHBIX MaTEpUAJIOB.
Kommo3unnonHble MaTepHaibl TUIIA CMOJIA - acOECT TOJDKHBI HAWTH MIMPOKOE PUMEHECHHE.

ApMHUpOBaHHBIC MaTE€PHaNbl JOBOJIBHO XOPOIIH B MIPOMBIIUICHHBIX YCIOBHUSX, 3/16Ch OHU MOTYT
UTpaTh BaXHYIO POJIb, XOTS MIPOU3BOACTBO UX JIOBOJBHO TPYAOEMKO. MHE Ka)eTcsl, Mbl OYECHb
Hy)XJaeMcsi, KpoMe TOr0, B YIYYIICHHBIX MaTepHajax Uil CaMOro IIHPOKOTO IMOTpeOHTens,
MarepHuaiax, KOTOpble He TpeOYIOT CIIOKHOro o0opymoBaHus Uit 0O0paboTku. SIcHO, uTO
00pa3IoM IpH CO3AaHUH TAKMX MAaTEpUANIOB JJOJDKHA OBITH JpeBecnHa. MexaHn4ecKue CBOWCTBa
JiepeBa TPEBOCXOJHBI, XOTA HHUKTO HE BO3paxan Obl, eciu Obl OHM OBUIM ele JIydlle.
Henoctatkn ApeBeCHMHBI OMPENENSAIOTCS e¢ OMOJIOTHYecCKUM MpOoUcXoxaeHneM. OHa yChIXaerT,
pa3dyxaer, THUET, Hy)KJJaeTcsl B OKpacke, TpedyeT yxona. D(h(HeKTHBHOCTh JPEBECHHBI B JIETKUX
KOHCTPYKIIMSX, IPOCTOTA ee 00pabOTKH (a MIMEHHO B 9TOM KaXKIbIi M3 HAC M 3aHHTEPECOBAH B
HEPBYIO OYEPE/Ib) OMPEICISIOTCS MaJIOH IJIOTHOCTBHIO 3TOTO MaTepuara.

Ha HpIHemHeM ypoBHE 3HAHUH MOXKHO ObUIO OBl B3STh APMHUPOBAHHBIA, HO MPAKTUYECKH
MHEPTHBII MaTepuai U 3aloJHUTh €ro MOpPaMU HY)KHBIX Pa3MepoB U (OPMbI, YTOOBI NOIYUHUTh
BEIIIECTBO C yAeNbHBIM BecoM mpumepHo 0,5, koTopoe MOKHO JIerko pe3aTh U 00padaThIBaTh.
Ecnn B kauecTBe CBA3YIOLIErO HCHOJIB30BaTh OAMH W3 TEPMOIUIACTOB, TO TaKOW MaTepuall
MOHO ObIIO ObI HE TOJBKO MHIHUTH, CTPOraTh, CBEPIUTH, HO TAaKXKe THYTh M ()OPMOBATH IPH
MOAXOMAAIICH TeMriepaType. Takoil MaTepran moTpedoBan Obl TOHKUX HAYYHBIX pa3pabOToOK, HO,
Oyayuu JemeBbIM, OH UMeJ Obl U OUY€Hb MHOTO JIOCTOMHCTB. M OHM onpeaessuiuchk Obl He TOJIBKO
ynoOcTBamMu I JroOWUTeNed W KycTaped, Takol wmarepuain Obul Obl HE3aMEHHM IS
HKCIEPUMEHTAIBHBIX Pa3paboTok. VIMEHHO CKOpOCTh pa3padOTKH, OT OMBITHBIX O0pas3IoB 10
CEepUIHOTO TMPOM3BOJCTBA, ObUIA CAMBIM CHJIBHBIM apryMEHTOM B TOJIb3Yy JEPEBSHHBIX
caMoJIeTOB BO BpeMms BOHHBI. HemsOexxHble 3aiepkku B pa3zpaboTkax, Oosiee deM uTo-1nbo
Jpyroe, CTaHOBATCS. TIOPOKOM M NPUYHMHOW CPBIBOB MPHU PEATM3ALMU CIO0XKHBIX TEXHUYECKUX
IPOEKTOB.

EcTp eme onuH moaxoa K pemieHHI0 MpoOJeMbl HOBBIX MAaTEPHAIIOB, O KOTOPOM MBI €IIe¢ HE
ropopunu. [lo-BuauMomy, emy yaensiercss Oonbiine BHUMaHUS B SnoHmu. Mel  yxe
MOAYEPKUBAIM, YTO TIOJb3a APEBECHHBI M IEJUTIOJIO03BI BOOOIE OMpeAenseTcs €€ HHU3KOU
MJIOTHOCTHIO B COUETAHUU C OTIMYHBIM MoayieMm HOHra. Y enbHbIl MOIYyNb TPEBECUHBI BIOJIb
BOJIOKHA MPAKTUYECKHU TOT XK€, YTO U Y TEXHUUECKHUX METAILJIOB.

[{enmrono3Has MoJsieKyna, Kak Mbl BUJIEIH B TJIaBE D, COCTOUT M3 CaXapHBIX KOJell, TO e€CTh U3
CJIO’KHBIX LIETIEN, IOCTPOEHHBIX B 3HAUUTEIBHON CTEIIEHU U3 aTOMOB yriiepoa. [loaTtomy M0KHO
0’KHMJIaTh, YTO CBSI3b MEXKY YIJIEPOAHBIMM aTOMaMH >KECTKas: 3TO BEIb Ta K€ CBS3b, UTO U B
anMase.

BOJBIIMHCTBO CHHTETHYECKUX TMOJMMEPOB TaKKe TOCTPOCHO M3 IIETEe aTOMOB YTIJIepoja.
[Momuatunen, Hampumep, cocrout mnpocto u3 (CH,).. [Ipyrue CHHTETHYECKHE IOJIUMEPHI
XHMHUYECKH HECKOJIbKO CJIOKHEe, HO WX YIPYyrue CBOWCTBA HE OYEHb OTJIWYAIOTCS OT
nonudTUiIeHa. Jlamee, Momynp ympyroctu anmasa usMeHsiercs mnpumepHo ot 810 no
12010 xI'/MM2 B 3aBHCHMOCTH OT TOTO HAIpPaBJCHHS, B KOTOPOM OH M3MEpSCTCs. AlMa3 MMeEeT
MJIOTHOCTh OKOJIO 3,5, TO €CTh aTOMBI yIJIepoja YIakoBaHbI B HEM Oojee IUIOTHO, YeM B
MOJIMATHUIICHE, IMEIOIIEeM TUIOTHOCTH 0KoJio 0,92.Eciu MBI BBeZIeM BCe HEOOXOAMMEBIE TMTOMIPABKH,
TO HalJIeM, 4TO MOIYJIb MOJUATHIICHA B HAMPABICHUH IIEMIOYEK JOJDKEH ObITh puMepHo 2,910
k['/mm?. [pyrue mosmmepsl JOHKHBI UMETh )KECTKOCTh TOTO %KeE MOPsIKa.



OpHako HSKCHEPUMEHTAIBHO ONPEACIEHHBI MOAYJIb YHNPYrOCTH IOJMATUIIEHA PpaBeH
npubmmsutensio 200k/MM?, TO ecTh MPUMEPHO B CTO pa3 MEHbIIE TeopeTHueckoro. Iloyrn
TAaKOC KC IMOJIOKCHUEC C APYIMMU CHUHTCTUUYCCKHMHU IMMOJIUMCPAMHU. YI[I/IBI/ITCJIBHO, YTO aBTOPLI
y4eOHUKOB (OMHCHIBAIOIINE XUMUYECKOE CTPOCHHE TMOJMMEPHBIX IIETOYEK B YMHUIHUTEIBHBIX
MOJPOOHOCTSX) HE TOJILKO HE OOBSICHSIOT TAKOTO PACXOXKICHHS, HO JJaXKE HE 3aMEYaloT €ro.

3necy HampammBaeTcs OOBSCHEHHUE, CTaBIIee BO3MOXKHBIM mocie pabor @panka u Kemnepa
(BpucTonbckuii yHUBEpCHTET). YK€ JaBHO M3BECTHO, YTO MOJICKYJIBI-I[CTIOUKHA OOJBIIMHCTBA
IPUPOJHBIX U MCKYCCTBEHHBIX MOJMMEPOB B HEKOTOPOW CTENEHH KPUCTAJUIMYHBI, HANoJo00ue
HaATypajdbHON MesuTioa03bl (rmaBa 5). Omnako paborel ®Ppanka u Kemrepa mokasamd, 4To
MPUPOJA KPUCTAIUIOB B MMPUPOJIHOM U CUHTETETUUECKOM MOJIMMeEpe paznuyHa. B menmono3e kak
caMHM MOJIEKYJIbl, TaK U IPOAOJbHBIE OCH KPUCTAJJIOB JIEKAT BIOJb BOJOKHA, U MO3TOMY Ha
MPAaKTUKE peann3yeTcss OoMbInasi JOIs TEOPETHYECKOro MOAyNs. B Marepuanmax ke Twura
noamdTiiiena Kemnep o6uapykwn, uro memouku (CH,), ymokensl coBcem wuHaue. Ecnm
B3ITIAHYTH Ha OTY CTPYKTYpY IVIa3aMM UHXKEHEpa, Cpa3y CTaHET SACHBIM, YTO JIHUIIb OYE€Hb Majas
JIOJISl JKECTKOCTH YTJIEPOAHON IIETIOYKU pealn3yercss B MAaKpPOCKOMMYECKOM MOJyJe IJIacTHKA!
31€Ch pa60Ta10T (baKTI/I‘IeCKI/I HC TCPBUYHBIC KOBAJICHTHLIC CBA3HU, a4 JIMIIb BTOPUYHBIC CHJIbLI
Ban-nep-Baanbca, KoTopble JEHCTBYIOT MEXKY CKJIaJAKaMH IEMTOYKH.

3aMepeHHbIE B OIBITE BEIHYMHBI MOIYJIS YIPYTOCTH OYEHB XOPOIIO COTJIACYIOTCS C W3BECTHOM
JKECTKOCTBIO BaH/IEPBAAIbCOBBIX CBS3€H M C JKECTKOCTBIO MOJIEKYISPHBIX KPHUCTAUIOB THIIA
¢ramonnanuna (riasa 1).

Okas3bIBaeTCsl, 4TO YIIIEPOAHBIC LIEMOYKH, XapaKTEPHBIE JJIsl CHHTETUYECKUX MOJMMEPOB (TakuX,
KaK TOJIU3THIICH), OYeHb TMOKHE, ¥ ¢ TEPMOJMHAMUYECKON TOYKH 3PEHUS CYLIECTBYET BechMa
CHJIbHAS TEHJCHLHUS K CKIAJbIBAHUIO UX PETYJSPHBIM CIIOCOOOM BO BpeMsl KPHCTAJLTU3AIUH.
Lleny NpHUPOIHBIX TOJUMEPOB (HAampuUMep, MOJNUCAXapHUIbl M, B YaCTHOCTH, caxap) TaKk He
CKJIaJIBIBAIOTCS, 1 IOTOMY OHM HaMHOTO ecTye. IMeHHO 3TOMYy B 3HAYUTEIHHON Mepe 00s3aHa
HecTaperouas MOMyJIIpHOCTh LEJUII0I03bI B Ka4eCTBE CTPOUTENBHOIO MaTepuana, W, MEXAy
IIPOYMM, 3TO XK€ 1a€T OCHOBAHUS >KypHajaM MOJ IMCATh O “XPYCTSAIIEM” XJIOIKE.

HpeI[OTBpaTI/ITB CKJIaAbIBAHUEC CUHTCTUYCCKUX yrnepoz[HHx LICIIOYCK Ha peI[KOCTb pr,Z[HO, HO
KaK pa3 COBCEM HEIABHO KOJUICTH aBTOpa IMONYYHJIM KPUCTAJUIBI MOJHATHIICHA B YCJIOBHSX,
KOIZla CKJIAJbIBAHUE CBOJUTCSA K MUHUMYMY. MOayib ynpyrocTd 3THX KPUCTAJLIOB MPEBBIIIAI
3500kI/Mm?. EMy Bce emmie odeHb MAICKO IO TEOPETUYECKON BEIMYHMHBI, HO 3TO BCE-TaKH
npuMepHO B 15pa3 Bhlllle, UeM BCE TOCTUTHYTOE Ha MOJIUATUIIEHE NTPEXKIE.

Kak Oyner »To HampaBieHHME pa3BHBAThCS M OyAET JIU OHO Pa3BHBATHCS BOOOIIE - TPYIHO
CKa3aTh. SICHO JIMIIB, YTO MOJMATWIEH C LENOYKAMH, BBITSHYTHIMH TPH KPHCTAJUIM3AINH B
OJTHOM HamlpaBJIeHUH, OyAeT COBEPLUICHHO MWHBIM MAaTepHajJOM TII0 CpPAaBHEHHIO C TeM
MOJIMATUIIEHOM, KOTOPBIH MBI XOpOIIO 3HaeM. BeposATHO, CyliecTByeT TakKe MpUHIUIHUAIbHAS
BO3MOJKHOCTb JIeJIaTh HEapMIIPOBAaHHbIE IUTACTHKH ¢ MoAysieM FOHra cranm M ogHOW BOCEMOH ee
IUIOTHOCTU. MOKHO MPEATONIOKUTH TAKXKE, YTO IPOYHOCTh U BSI3KOCTh TAKOTO MaTepualia TaKkxke
OyIIyT BBICOKH.

Yero MOKHO 0:KMAATH OT MATEPUAJIOB Oyayliero?

HeBo3MoxHO nmpopouecTBOBaTh MOAPOOHO O TOM, Kak OYAyT BBIIJISIIETh HOBbIE MaTepuaisl. Ho
Mbl MOKEM OTOBOPHUTH BIIOJHE OMPEJEICHHBIE BEPXHHUE INpPEIETbl MEXAHUYECKUX CBOMCTB
MACCHUBHBIX KOHCTPYKIIMOHHBIX MatepuanoB (rmasa 1). SICHO, 4TO KIIHOYEeBOE CBOHCTBO €CTh
Moayib FOHra, MOCKOJNIBKY OH OMpENENsieT HE TOJbKO >KECTKOCTh, HO M, B KOHEYHOM CYETE,
npo4yHocTs. Hanbomnpliei xecTkocThio 0071a1aeT yriiepoiHas CBsi3b, MPUYEM OHa MaKCHUMaJbHa



Kak B a0COJIIOTHOM, TaK ¥ B YACIbHOM BBIpaXXCHHUU (OTHOCHTEIBHO IUIOTHOCTH). IlpaBia,
HEKOTOPBIC KOBAJICHTHBIC CBSI3M IO KECTKOCTH MAaJl0 OTJIUYAIOTCS OT YIJICPOJHBIX CBS3CH B
anMase. Ho B oOmemM-to makcumym E nomkeH ObiTh okosno 1210 x['/Mm> a makcuManbHas
BEJIMYMHA yIeTbHOTO Mo IyJist KOHra - Ha OpsI0K BBIIIE, YeM JIJIS CTAJIH.

CrenoBaTenbHO, BOBMOYKHOCTH YITYUIICHHUS YIEIbHBIX CBOMCTB 00JbIIe, yeM abcomoTHhIX. Ho,
BEPOSITHO, K 3TOMY U CIIETyeT CTPEMUTHCS.

MoxHo ObUTO OBbI, HaBEPHOE, KaK-TO MPHUOJM3UTHCA K TEOPETHUYECKOW MPOYHOCTHU, TO €CTh
npumepHo K E/10 ecu ObI Takas 1enb uMesa peanbHblid cMbIici. Ho Bce A€o B TOM 4TO eciu Obl
9Ta TPOMaJHasi MPOYHOCTh W ObUIA TOy4YeHA B OOJBIIMHCTBE CIy4aeB COOTBETCTBYIOINAS €M
ynpyras aedopmarusi, kotopas gocrurana 6s1 10%, okazanace 661 HeomycTuMoi. bosee Toro,
TaKoOM MaTepran HeM30eKHO ObUT ObI XPYIKUM, JaXKe, TOKAIYH, CIIUIIKOM XPYITKUM.

Bonee mpuemnemoii cieayer cuumtarh aedopmaimio okono 1-2% (rakoit MaTepuan uMenn Obl
HEKOTOPBIH 3arac JUisi TOPMOKEHHS TPEIIUH - CM. TiaBy 4). OTo nano Obl yAETbHYIO IPOYHOCTS,
Ha OJMH-ABA IOPAJKA MPEBOCXOIAIIYIO YAEIbHYIO MPOYHOCTh CTalU. TakuM oOpa3oM, Mbl
BIIPaBE OXHJATh MAaKCUMAJIbHYIO BEIMYHHY YAEIbHOU JKECTKOCTH mopsiaka 12-14xectkocTei
JPEBECHHBI, CTAJM M JPYTUX METAUIOB, a s YAEIbHOHM NPOYHOCTH OPUEHTHPOBATHCS B
npeznene Ha 10-100yaenbHBIX TPOYHOCTEN CTAH.

BeposiTHO, Kak-TO NPHUOIM3UTHCS K ITUM CBOWMCTBAM BHAYaje MOXKHO OYAET C IMOMOIIBIO
Marepualia, apMUPOBAHHOTO MapajjieIbHBIMUA BOJOKHaMH. ECIH k€ MPOYHOCTb U KECTKOCTh
HYXHBI 00Jiee YeM B OJJHOM HAlpaBJICHUH, TOT/IA MPUACTCS PACIPEICIUTh BOJOKHA TI0 pa3HbIM
HAMpaBJICHUSAM W YIOBJIETBOPHUTHCSA 00Jice HU3KMMH CBOicTBamMu. Ho paHO wWiM MO3aHO, o
JYMaro, MbI TOJTy4HM H30TPOIHBIC MAaTEPUAIIbl, CBOMCTBA KOTOPBIX BO BCEX TPEX HAIMPABICHHUSIX
OyIyT OIMHAKOBO XOPOIIIH.

OTo, Kaxercs, W OymeT NpenenoM, KOTOPOrO0 MbI CMOXKEM JOOUThCS C TAaCCHBHBIMHU
maTtepuanamu. [IpoaBukeHre Mo 3TOMy MyTH - BOT 3aHSATHE, KOTOPOE 3aHMMAET B HAILU JTHU
eIyl apMuio MarepuanoBenoB. Ho kapTuHa HM3MEHUTCS, €ClId Mbl 3aliMeMCsl aKTUBHBIMU
MarepuaiiaMi (TO €CThb TaKUMH, KOTOpbIe KaKHM-TO 00pa30M TOAMUTHIBAIOTCS IHEPTUCH)
Heckonbko sieT Ha3za K 3Toi uaee He3aBUCHUMO MpHUILTH ipodeccop bepHan u s1. B camom nene,
cHaO)kasi MaTepuan dHEPruei, MOXKHO TPHUAATh €My OECKOHEYHYIO A(DPEKTUBHYIO KECTKOCTh
(kak 3TO OBIBaCT y I>KMBOTHBIX). A CIENaTh 3TO MOXHO, MO-BUIMMOMY, C TIOMOIIbIO
MbE303JIEKTPUYECTBA.

BaxHbIM CJIeICTBHEM peai3aliiy 3TOHM Hien ObLIIO O CTOJIBKO MOBBIIICHHE MPOYHOCTH, CKOJIBKO
UCIIONIb30BaHNE OCECKOHEYHOW J>KECTKOCTH. MOXHO ObUI0 OBl JenaTh OYeHb KOHCTPYKIIUH,
paboTarome Ha C)KaTue,-TejerpadHpie CTOJObBI MOTJIM Obl OBITH TOHKMMH, KaK TPOBOJIOKA,
KPBUTbsI CaMOJIETOB CTalW OBl TOXKE€ OUYEHb TOHKUMH, IMOYTH J00as TEXHWYECKas Omeparus
BBITIOJTHSUTACh OBl Jierde W JenieBiie. HackoJIbkO MHE HM3BECTHO, B 3TOM HAINPABICHHH HHKTO
ceituac He paboraeT. Ho ecnu Obl Make W HA4YallMCh TaKHe UCCIEIOBAHUS, MOTPEOOBAIOCH OBI
BeChbMa MHOTO BPEMEHH, MPESK/IE YeM YIAIOCh MOJYyYUTh YTO-HHOYIb pealbHOEe; HO 3TOT IyTh
OTBEprarh, MO-BUIUMOMY, HE CIIEAYET.

Jpyras odeHb IpHBIEKAaTeIbHAs HJEd CBA3aHA C CAMOIOJACTPAMBAIONIMMUC KOHCTPYKLIMSIMH.
[To cytu cBoeit oHa Takxke Ouonmorndeckas. OCHOBHOW MPUHITUI 3/1€Ch 3aKIIOYACTCS B TOM, YTO
KOHCTPYKIMSI caMa YTOJIIaeTcd B MecTax OOJbIIEro HampspKeHHs, W ONATh-TaKh cama
YMEHBINIAETCS B CJIa00 HArpyKEHHBIX dYacTax. [lodTm Bce HEOMOJIOTHYECKHE KOHCTPYKIIMH
CIIPOCKTUPOBAHBI HEONITHMAIBHBIM CITOCOOOM, OHU HEI(P(HEKTUBHBI U TOMOPHBI. MOXXHO OBLIO
Obl HayaTh C TOrO, UTO TOMNPOOOBaTH ONTHUMU3HPOBATH  KaKylO-HUOYIh  Tpyodo



CIIPOEKTUPOBAHHYIO O0OJIOUKY WMIIM pamy, Harpyxas ee, HanmpuMmep, B raJbBaHHUYECKON BaHHE.
Ho, xak u mpenpinymias uaes, CErOAHS 3TO BCETO JIMIIb MeuTa. Sl XOTen JHIIb CKa3aTh, Kak
BEJIUKM  TOTEHIMAJbHBIE BO3MOXKHOCTH  COKpAILEHHUS BPEMEHU MPOCKTUPOBAHUS U
W3TrOTOBJICHH.

bankaiimee Oyayiee

B 80x romax mpomuioro Beka Hes HCIOIb30BaHMS SJEKTPUYECTBA B IIMPOKUX MaciiTadax
BHUCCJIa €II€ B BOB,Z[YXG 148 anBneKana BHUMAHUEC JINIIb y‘IGHBIX nu HGKOTOpOFO quciia
MpEeANPUHUMATEIICH; UCTOPHS OMPIKU OKHUBIICTCS CEPUEH IMAHWK Ta30BbIX KOMITAHHWM, KOTOPBIE
BO3HHUKAJIA IIOCJIC KaXXI0I'0 OGBHBHCHI/IH O HOBOM yCOBepH_IeHCTBOBaHI/II/I AVWHAMOMAIIIMHbBI UJIN
aNeKTpuYeckor jammnoyku. Ho oka3anoch, 4TO akKIMM Ta30BbIX KOMIIAHUW OCTaBAJIUCh B
0€30MaCHOCTH B TEYEHHE KH3HM MOYTH IIEJIOr0 TIOKOJICHHS: TPYIHOCTH pa3pabOTKU H
BHEJIPEHUSI COBEPIICHHO HOBOW 00JIACTU TEXHUKH OBUIM OYEHb BEIIMKH, HECMOTPS HAa TO YTO
Hay4HbIe PUHIMIIBI ObUTH yXKe JOBOJIBHO XOPOIIO MOHATHI, Ja M KCIIEPHUMEHTAIbHAS IPOBEPKa
MPOXOAMIIa JOBOJBHO yaadHo. KoHeuHO, MaloBEpOSITHO, YTO pa3paboTKa U BOCIPHUATHE HOBBIX
H€O6BI‘-IHBIX MaTepI/IaJIOB 6YI[GT HUATU CTOJIb X€ MCIJICHHO, KaK II BHC,Z[peHI/IC BHGKTpOTCXHHKH,
HO BCE-TaKW, BUJMMO, 3TO OYIET TAHYTHCS JOJTO, U HA MYTH BCTPETATCS KakK B3JIETHI, TaK U
najgeHuss. HecoMHEHHO, 4YTO CTaBUTh BONPOC O PAAUKAIBHOW 3aMEHE TpPaJAULMOHHBIX
MaTepHaaoB (CTajab, JPEBECHHA) €Ile OYEHb U OYE€Hb PaHO.

OpnHako MHE Ka)KeTcsl, YTO HOBbIE apMHPOBaHHbIE MaT€pHAIIbl, O KOTOPBIX MbI TOBOPHJIU B ATOU
TJ1aBC, HOBCIACHBI YK€ 0 TAKOI'O YpPOBH:, KOrga UMX TCXHHUYCCKHUC JOCTOUMHCTBA OMNPABALIBAIOT
MOMBITKY UCIIOJIB30BAHUS 3 TUX MaTepUAIOB Ha MpPaKTUKe. Takue MONbITKY MPEeATPUHUMAIOTCS, U
BIIOJIHC BO3MOKHO, YTO B CIICHUAJIBHBIX KOHCTPYKIUAX (KOMHp@CCOprIe JIOIIATKU T'a30BbIX
TypOUH W Jpyrue aBUAIMOHHBIC [ETaJHM) COBPEMEHHBIC ApPMHPOBAHHBIC MaTepHalibl OyIyT
paboTaTh yKe KO BpEeMEHHU BbIXOAa 3TON KHUTH *. CerogHs 3TH MaTepuaibl JOPOTH, HA HUX K
TOMY € CKENTUYECKH CMOTPST MHKEHEPbI-NPakTUKU. OIHAKO, €CJIM OHU BbIIEPKAT UCIIBITAHUS
U TIOK2XXYT CBOM IIPEUMYIIECTBA Ha MPAKTHKE, HA UX CTOPOHE OY/ET TO, B UeM OHU HYXKJIAIOTCH,-
WHTEpEC W oj00peHue KOHCTPYKTOpoB. Ilocime ATOro moHAaeT MOCTENEHHBIM Ipolece
YACHICBIICHHA, PACHINPUTCA 06HaCTb NPpUMCHCHUA, XOTA OHU 6y,Z[YT OCTaBaTbCse AOCTAaTOYHO
CHEIHAIbHBIMU B T€UEHHUE TUTEIILHOTO BPEMEHHU.

* Ceituac, B 1971roay, caMoJICThl C TAKUMHM JCTAISIMA yIKe JICTatoT. - Ilpum, nepes.

[[lupokoe mMpUMEHEHHE JaeT peajbHbIC BHITOJABI, HO, BEPOSTHO, TJIABHBIM PE3YJILTaTOM Oyner
MEepPEeBOPOT B 00J1aCTH MH)KEHEPHOTO MBIIUICHUs. Mes o maTepualie, KOTOPBIM ¢ caMoro HaJaya
paspabarbIBaeTCsl C OmMpeAeIeHHBIM HA3HAYCHUEM U CTPOUTCS, UCXOS U3 TIEPBHIX MPUHITUIIOB, &
HE TTyTeM MOJAU(UKAINKN TPaTUIIMOHHBIX BEIIECTB,- 3Ta Ues HOBA U BCEOOIIET0 MPU3HAHUS €IIIe
He 3aciyxmia. Ho crout eii JOOUTHCS BCeOOIIero MpU3HaHUsS, M TPYJHO CKa3aTh, YTO 32 3TUM
MMOCJICAYCT. BCILB BIIUIOTH [0 HACTOAIIETO BPEMCHHU TCXHHUYCCKUE HIACH OCHOBBIBAJIMCH
(COBH&TGHBHO 150)07%0 HOI[COSHaTeJII:HO) Ha XapaKTCPUCTHUKAX WU HCOAOCTATKAX HCGOHBLHOFO CIIMCKa
BCIUICCTB, HO CTOUT B006pa}KeHI/II-O HHXXCHCPOB IMPOCTUTHCA C MBICIBIO O TOM, 4YTO BCC OTHU
OorpaHHuYeHUsi 00s3aTeNbHBI, & B3AMEH JTOT0 IMOHATH, CKOJIb CO3UIAIONIMM MOXET OBITH COIO3
KOHCTPYKTOpa U MaTepHaIoBeIa, - TPAHUIIBI TEXHUKH HEOOBIYaitHO pa3IBUHYTCS.

Heobxomumbie mccae0BaHus U OMBITHBIE Pa3pabOTKH MOTYT CTOMT OYEHBb JIOPOTO, HO 3TO IO
cuiIaM OIO/DKETY pa3BUTOTO TrocynapcTBa. Belb HEKOTOpbIE Opyrue OOJacTH TEXHHUKHU ceifdac
00xoasTCs TOpa3ao nopoxke. Ecim 3T pacxo/ sl MpUBEAYT K CO3/IaHUIO HOBOM OTPACIId TEXHUKH,
B KOTOPOW MBI TaK HY»KJIa€MCsl, - UTPa CTOUT CBEY.



MHPUJIOKEHUE |

O PA3J/IMYHBIX TUITAX TBEPJIOI'O TEJIA,
unu
KOE-YTO O TATOKE

ATOMBI M MOJIEKYJIBI

['py00 TOBOpsI, CYIIECTBYET COTHSI PA3IMYHBIX COPTOB aTOMOB, HE CUHMTas U30TOMOB (TO €CTh
aTOMOB C OJIMHAKOBBIMU XHUMHYCCKHMH CBONCTBaMH, HO HECKOJBKO PAa3JIUYHBIMU SIPAMH).
Oxkono pgecaTka aroMoB - BemM 3¢deMepHble, HX TMOJy4YalOT YYEeHbIC-SACPIIUKU IyTeM
npeBpaleHuii Apyrux aToMoB. OCcTaabHbIE, BEPOATHO, BCETla CYIIECTBOBAIM B IPUPO/Ie B Oosee
WIM MEHEe HEM3MEHHOM Buae. M3 HuUX OKOJIO JBaJUAaTU-TPUALATH  JOCTATOYHO
pacnpocTpaHeHbl, YTOOBI HHTEPECOBATh HAC B paMKax 3TON KHUTH. Kaaplit BU aTOMOB 30BETCS
37eMeHTOM. Bce aroMbl OJHOrO 3JIEMEHTa B OCHOBHOM WJAECHTHYHBI, HO aTOMBI DPa3HbIX
AJIEMEHTOB CWJIBHO Pa3JIMYalOTCs 110 CBOMM CBOWCTBaM. JTO OCHOBHAs IIPUYMHA TOrO, MOYEMY
MaTepus MPeICTaBIsIeTCsl HAM B TAKOM 0€CKOHEYHOM Pa3HOOOpa3uu.

ATOMBI 3JIEMEHTa MOTYT CYIIECTBOBATh B YHCTOM OJHOPOIHOM “IJIEMEHTApHOM COCTOSHHH,
Hanpumep xene3o (Fe),yrnepon (C) u T.1. OHU MOTYT TakXKe CYIECTBOBATh B BHJE CMECH HIIH
pacTBopa, CBOWMCTBAa KOTOPBIX MPEIACTABISAIOT COOOM, Kak MpaBUIO, KOMOHWHAITUIO CBOMCTB
KOMIIOHEHTOB. HakoHeI1, 371eMeHTBI MOTYT 00pa30BaTh OMPEICIIEHHOE XUMUIECKOE COSTMHEHNE,
KOTOpPO€ OKa3bIBAC€TCA YK€ COBEPIICHHO HOBBIM BEIIECTBOM CO CBOMMH COOCTBEHHBIMHU
xapakTtepHbiMu cBoicTBamu. Hampumep, xmop (Cl) B HOpManbHOM COCTOSIHUM TNPEICTaBIISACT
co0oii 3ereHblii sa0BUTHIA Ta3, Hatpuil (Na) - msrkuii Omectsmmii Metamut. PaBHoe umciio
aTOMOB J3THX JBYX d3JeMeHTOB oOpasyror xiuopucteiii Hartpuii (NaCl), Oenbrit Ge3BpenHbIit
MOPOIIOK, OOBIYHYIO TIOBAPEHHYIO COJIb.

JIBa-Tpu AecsTKa paclpOCTPAHCHHBIX AJIEMEHTOB MOTYT KOMOMHUPOBATHCS 1 KOMOMHHUPYIOTCS C
o0Opa3oBaHHEM TPOMAJHOTO KOJMYECTBA BEIIECTB, TBEPABIX, KHUAKUX U Ta3000pa3HbIX,- 3TUM U
3aHUMaeTcsl XuMusa. KomOWHaIumsi BCEro JUIb YEThIPEX AJIEMEHTOB - YIiepoja, BOAOpOJa,
KHCIIOPOJIa M a30Ta - MOXET JaTh He0003pUMOE MHOKECTBO MOUTH BCEX BEIIECTB, KOTOPHIE MBI
HaxoJUM B >KMBOW maTepuui. OHU K€ COCTaBISIOT OCHOBY OOJIBIIIOTO YHCJIA CHHTETUYECKHX
MaTepHaoB (Hampumep, MIACTMACC), a TaKXKe OCH3WHA, Macell, MCIUKAMEHTOB, KPacoK H T. .
CoenuHeHUsT ATOTO THIIA HA3BIBAIOTCS OpraHuyeckuMu. K HeopraHuyecKuM COeAMHEHUSIM
OTHOCSITCSI MUHEPAJTbl, KEpAaMUKa U T.II.

OCHOBHBIMH CTPOHMTENIFHBIMHU €MHULIAMH TBEPIBIX TEJ CIy)KaT aToM U Mojekyna. Hampuwmep,
kpuctaiut xjaopucroro Harpusi (NaCl) mocrpoen u3 aromoB HaTpus u xyopa. Mosekyna 6eH3ona
C:H. comepxHT mIecTh aTOMOB yriiepofa M LIECTh aToMOB Bojaopoxaa. Kpome Toro, mMHoOrme
3JIEMEHTHI CYIIECTBYIOT B popme Moiiekys, Hanpumep |, (1ox). Monekysasl MOTyT ObITh OYEHb
Pa3HBIX Pa3MepoOB - OT BEChbMa MAJIbIX, COJIEPIKAIIUX Mapy aTOMOB, JI0 CIOXKHEHIIUX CTPYKTYP,
COCTOSIIIIUX U3 COTEH, & HHOT/Ia M THICSY aTOMOB.

Camplie O0bIIME OPTraHUYECKHE MOJEKYIBI MOTYT JOCTHTaTh HECKOJIBKHUX COTEH aHTCTPEM B
nuHy. Heopranuueckue MoJIeKyIibl 0OBIYHO (XOTS M HE BCEria) MEHbIIE, UX TUIHYHBII pa3mep
- 9TO-HUOYIb OKOJIO JecsiTKa aHrcTpeM. CyIecTBYIOT, OJIHAKO, JUTMHHBIE HEOPTAHUYECKUE LIETH
Mostekyln (Hampumep, achecta), KOTOPBIE MO JJTUHE HE YCTYMAIOT OPraHHYSCKIM.



XuMHnuyecKune CBf3U

ATOMBI U MOJIEKYJIbI, 00pa3yIonIie BEIIeCTBA, YACPKHUBAIOTCS BMECTE XUMUUYECKHUMHU CBSI3SIMH.
CylIecTBYIOT HECKOJIBKO TUIIOB CBSI3€U, CUIIBHO OTIMYAIOIINXCS 10 CBOUM CBOMCTBAM.

KoBasienTHasi cBfI3b. DTa CBS3b BO3HUKAET, KOTJAa 3JEKTPOH, JBUTASICHh MO AJUIUNTHYECKON
opOuTe, OXBaThIBaeT cpady naBa aToma. CBs3b Takas BO3HUKAET TPYyIHEE NPYrux, HO, pa3
BO3HHKHYB, OHa 4acTO OBIBa€T OYCHBb NMPOYHOM M KECTKOW. Takoro THma CBSI3M CYIIECTBYIOT
MEXIy aTOMaMH OpraHMYeCKHMX MOJIEKYJ, aTOMaMH Yriepojaa B Trpadure U aimase U B psje

JIPYTHUX CIIy4aeB.

HNonnas cBsi3b. MHIuBHyadbHBIE aTOMBI 3JIEMEHTOB B IIEJIOM 3JIEKTPUUECKH HEHUTPaJbHBI,
MOCKOJIBKY 3apsbl 00pa3yroluX MX 4YacTHI] cOamaHcupoBaHbl. Ho korma Hatpuii pearupyer c
XJIOPOM, METaJJI OTHAaeT BHEUIHWM »JJIEKTPOH Trazy - HaTpUl OKa3bIBAETCS 3apsyKEHHBIM
MOJIOKUTENBHO, a XJIOp OTpUllaTesbHO. B pe3ynbrare nBa aroma B3aUMHO NPUTATHBAIOTCS.
HonHast cBsI3b B TBEPABIX TEIaX OCOOCHHO XapaKTepHa ISl COEAMHEHUMN, COJEPKAIIUX METaILJIb.
JIOBOJIBHO 4acTO BCTPEYAIOTCS COEJUWHEHHUs, B KOTOPBIX CBSI3M MMEIOT M HWOHHBIM, U
KOBaJICHTHBIN XapakTep. B To Bpems Kak KOBaJeHTHas CBA3b CTPOTO HampaBlieHHAs, MOHHAas
CBSI3b JICHCTBYET OOJiee paBHOMEPHO B MPOCTPAHCTBE, OKPYKAIOIIEM 3aPsKCHHBIN aToM.

MeTta/uinyeckasi cB3b. JTa CBA3b, KaK MIPABUIIO, JEPKUT BMECTE aTOMBI METAJUIOB, KOTJa OHH
He 00pa3yloT OmpeleNeHHBIX XMMHUYECKUX COeOUHEeHHH. B 3ToM ciydae HekoTopas dYacTh
BHEIIHUX 3JICKTPOHOB HE YACP)KMBACTCS HENPEPHIBHO Ha OpPOMTAaX BOKPYT (UKCHPOBAHHBIX
aTOMOB, a CBOOOJTHO CTPAHCTBYET 10 MaTepHaiy, Oylyuu KOJJIEKTUBHONH COOCTBEHHOCTBIO BCEX
aTOMOB JIaHHOTO Kycka MeTrauia. OHM 00pa3yloT TaK Ha3bIBAEMBIM d3JIEKTPOHHBIM Tra3.
Mertamindeckas CBs3b JIOBOJBHO JIETKO BO3HUKAET, pa3pylIaeTcs U BOCCTaHABIMBaeTcs. Tak Kak
JIEKTPOHBI CBOOOIHO JBIDKYTCS B METalIax, MOCIEAHNE SBISIOTCS XOPOUIMMH NTPOBOJHUKAMHU
3IIEKTPUUYECTBA.

Bonoponnbie cBszu. Moinekyna Boabsl H,O B 1eoM  3J€KTpUUYECKM HEUTpanbHA, HO
pacrpeieieHle JJIEKTPUYECKOro 3apsiia B €e 00beMe HEOJHOPOJHO. MeCTHbhIE HapyIICHHS
OamaHca 3apsoB MOTYT OOecreyrBaTh OOJBIIME CUJIBI MPUTSHKCHHs. MHOTHE COSAMHECHHS,
0COOEHHO OpraHWYeCKHe, UMEIOT BIOJb MOJIEKYJ MHOTOYHCIeHHBbIe rpymnmbl -OH, xaxmgas u3
KOTOPBIX CIIOCOOHA MpHUTATUBaTh npyrue Tpymmsl -OH, Momekynsl Bogel ¥ T. A. Tak
OCYIIECTBIISICTCS CBSI3b MEXK]IY MOJIEKYJIaMU PACTEHUN U KUBOTHBIX.

Cuabl Ban-nep-Baanabsca. Onun HamHOTO citabee pYruX CHIJI M BOHHKAIOT BCIICICTBUE MAaJIbIX
MECTHBIX KOJICOAHUH 3apsia, KOTOpbIe MMEIOT TEHACHIMI0O BO3HUKATH MO BCEH MOBEPXHOCTH
MOJIEKYJIBI M HE CBS3aHBI C KAKUMHU-TO OINPEACICHHBIMA XUMHUYECCKUMU Tpynmnamu. CIierieHue,
OCHOBaHHO€ Ha BaHJIEPBAaJbCOBBIX CHJIAX, BCTPEYAETCS B MPUPOJEC HE OUYEHb YacTO, HO OHO
JIOBOJIBHO OOBIYHO IS TUIACTMACC M JPYTMX HMCKYCCTBEHHBIX OPTaHMYECKUX MOJIeKysl. CHIIbI
Ban-nep-Baanbca oOecrnieunBaroT BO3MOXKHOCTH CIaOEHBKOHM “Ckieku” moyTH J1000# mapsl
BEIIIECTB TMPU YCJIOBUHU, YTO TIOBEPXHOCTH JOCTATOYHO YUCTHIE W HAXOMATCS B XOPOIIEM
KOHTAaKTE.

Tensora n njiaBjeHue

TemriepaTtypa MOXeET MOJHUMATHCS BBEPX CKOJBKO YTOJHO, HO OHA HE MOXKET MaJaTh HIUXKE
abCOJIIOTHOTO HYJS, TIOJIOKEHHE KOTOpPOTO BIEPBbIE BBHIYMCIMI KenbBUH U KOTOPBIHA
cootBercTByeT -273° llenbcus. Ilpu abCOMOTHOM HyJE€ BCE aTOMBI M MOJICKYJBI JIF0OOOTO
BCIICCTBA HAXOAATCA B IIOKOC U BCC BCIICCTBA HAXOAATCA B TBEPAOM COCTOSAHUUA *,



* 3a uckmodeHueM renus. - Ilpum. peo.

Kak Tonpko Temmeparypa HauWHAaeT PacTH, BCE aTOMBI Y MOJICKYJbl HAYMHAIOT BHUOPHPOBATH.
UYeM BbIllIe TeMIiepaTypa, TEM HMHTEHCHUBHEE HMX JBIKEHHUS - TEIUIOTa OMPENENIeTcs MPOCTO
OecTopsIIOYHBIMU  KOJICOAHUSIME aTOMOB M MOJIEKYT B Tene. Boma, Hampumep, ocraercs
TBEPABIM TEJIOM, JIbJO0M, BILIOTH 0 TeMmeparypbl 0° C, XOTs ero BHyTpeHHHE CBsI3U Bce OOJIbIe
U OOJIBIIIEe aTaKYyIOTCS TEPMHUYECKUMH BO30YKIEHUSMHU C POCTOM TemriepaTypsl. Hakoner, mpu
0°C O6oprba 3akaHYMBAETCS HE B TOJB3y CHUJ CIHEIJICHHUS U MOJIEKYJBI IMOJTY4aloT CBOOOAY
MEepPEeMEHbl MECT, KOTOpasi XapakTepHa MJisl >KUIKOCTH - Jied IUIaBUTCs, oOpasys Bonay. Ecmu
TeMIepaTypa MpoI0JKAET PACTH, MTEPEMEILIEHUS MOJIEKYJI CTAHOBATCSL Bce 00jiee SHEPTUYHBIMU;
tak npopomkaercs mo 100° C, korma Boja 3akumaeT, oOpa3ys Ta3, WIH map, B KOTOPOM
MOJIEKYJIbI, OCBOOOXJEHHbIE OT KaKoro Obl TO HHM OBbUIO B3aWMHOTO CIEIJICHUS, HOCATCS
COBEpILEHHO MPOU3BOJILHO, CIOBHO poii muein. Kornma Temmeparypa MOHMKAETCs, T€ e caMble
COOBITHSI TPOUCXOIAT B OOPATHOM TMOPSAKE, Map KOHJIEGHCUPYETCS M paHO WM MO3JHO
3aMep3aeT. DTH U3MEHEHUS COCTOSHHUS OOBIYHO PAcCMATPUBAIOTCS KaK (hU3UYECKHE COOBITHS,
MOCKOJIbKY €IMHCTBEHHOM CBSI3bI0, KOTOpas IMPU ITOM pa3pylIaeTcsi U BOCCTaHABIIMBAETCH,
SBIISICTCS. BOAOPOJHAsL CBSA3b MEXKIY MOJIEKYJIaMH BOJbI, KOTOpble caMHU MO ce0e OCTaroTcs
HEU3MEHHBIMH.

XOTst TeMITepaTyphl IJIaBJICHHS U KATICHHS Pa3IMIHBIX BEIICCTB M3MEHSIOTCS B OYCHB ITHPOKOM
Auana3oHe, OCHOBHBLIC IMPUHIMUIIBI BO MHOI'OM OCTAarOTCd HCU3MCHHBIMU MJIA BCCX BCHICCTB.
Hexoropsie Bemmecta (nox, xmopucteiii ammonnii NH.Cl u np.) mepexomsat cpasy u3 TBEpAOro
COCTOAHHUA B ra3006pa3Hoe, MHUHYA KUJIKOC. MHorue Cci0OXHEBIE TBCPABIC COCAWHCHUA
XMMHYECKH Pa3iaratoTcst PU HATPEBE €IIle 10 TOTO, KOTa HACTYIIAT YCAOBUS ISl X TUIABJICHUS
HJIN UCTIApCHUS.

Kpucranamzanus

Kax MBI y)ke TOBOPHIIH, BCE MOJIEKYJIBI C OOJIBINICH WM MEHBIIICH CHIION MPUTATUBAIOTCS OJHA K
IPYTOH, U, €CIIU TEIUIOBBIC TOTYKH HE TIOMEIIAIOT UM B TOM CTPEMIICHUHU, OHU OOBETUHSIOTCS B
HEKOTOPOE TeJ0, KOTOPOE Mbl BOCHPUHUMAaeM Kak TBepoe. [10cKoIbKy MOJIEKYIIbI IPUTATUBAIOT
OJIHA JIPYTYI0, OHU, €CTECTBEHHO, MBITAIOTCSA COMU3UTHCA KaK MOXHO TECHEE, a 9TOTO MOXKHO
JIOCTHYb, HE HaBAJIMBASCh CIIOCOOOM “Kyda Maja’, a MyTeM HEKOTOPOW MPaBUJIBHOW YITAKOBKH.
Kyda HaBanmeHHOro Kupruya 3aHUMAeT OONBIINA 00beM, YeM T K€ KHPIIUYH, CIOKEHHBIC B
mTabenb. Ho, MoCKoabKy MOJIEKyJbI UMEIOT OOJiee WJIM MEHEE CBOOOJHBIM BBIOOpP MecTa st
ceOst, OHU CTPEMSTCS MIPH 3aTBEPICBAHUN PACTIOJIOKUTHCS YIOPSI0UEHUE, TT0JOOHO KUPIHYaM B
cteHe. Takas BO3MOKHOCTb CYLIECTBYET, €CIIN KHUAKOCTh OCTAE€TCS COBEPUICHHO TeKy4el BILJIOTh
JI0 MOMEHTA “3aMep3aHusi’, KaK 3TO UMEET MECTO B CIy4ae BOJbI U METAJIOB. B 3TuX yciaoBHsIX
MOJIEKYJIa B IOMCKAX MOIXOAIICH MO3UIIUU OYAET JOJT0 HIHBIPSITH BOKPYT, IIOKA HE OKAXKETCS B
MECTe, KOTOpOE OTBEYAET YCIOBUIO IUIOTHOW YITAKOBKU. B HEM OHa  ocenaer.

Taxolt X0 cOOBITHI MPUBOAUT K OOPA30BAHUIO KPUCTAJUIOB, KOTOPBIC MPEICTABISIOT COOOW B
BBICIIICH CTETIEHH YIOPSAJ0YEHHYIO CHCTEMY aTOMOB MM MOJeKyJI. [lopa3uTenbHa peryasipHOCTb
pacrosioskeHus OOJIBIIOTO YUCIa aTOMOB B XOPOILIEM KpUCTAJLIE.

Bce TBepapie Tena UMEIOT TEHISHIINIO OBITh KPUCTANIMYECKUMU, HO HE BCE JOCTUTAIOT TaKOTO
coctosiHus. Tak, MeTauibl M MHOTHME TMPOCThIE HEOPraHWYECKHE BEIIECTBA HMEIOT
KPUCTAIIIMYECKYIO CTPYKTYpY. HekoTopble BemecTBa MOTYT OBITh KPUCTALTUIECKIMHE B TOU HIIH
WHON cTerneHu. XOpOIIHe KPHUCTAJIBI YacTO OBIBAIOT JOBOJIBHO OOJBIIUMH, O HECKOJIbKHX
CaHTUMETPOB B monepeuHuke. OHM UMEIOT XapaKTEpHbIC, YACTO MPOCThIE T€OMETPUUYECKHUE

(hOpMBL.



CrekJia

Ecnu KuakocTe mepel 3aTBepACBaHUEM OYCHBb BsidKas (TO €CTh rycras) WM )K€ OHA OYCHb
OBICTPO OXJIAKIAETCS, MOJIGKYJIBI HE HMEIOT BO3MOXKHOCTH CTaTh B IIOJIOKEHHS IUIOTHOU
YIIaKOBKM, M MaTepuain 3aTBepAeBaeT B (opMme OecrnopsJOoYHOrO HArpoOMOXAEHUS MOJEKYI.
Taxoli maTepuan Ha3bIBaeTCsI aMOP(HBIM WM CTEKI000pa3HbIM. BhICOKast BSI3KOCTh KHUIKOCTH
npyu OpUOIMKEHWH ee K TOYKE 3aMep3aHusl CBs3aHa, KaK MPaBWIIO, C TEM, YTO MOJIEKYJIbI
O0BEIMHAIOTCSI B MAJIONOABIKHBIE LENM MM CeTKH. VIMEHHO Takoil mpouecc HAET IpH
3aTBEpACBaHIH HEKOTOPBIX OKUCIIOB, HAIIPUMEp IBYOKHcH KpeMHus: SiO,, mHaYe ToBOpS -TIeCKa,
KOTOPBIM IIJIABUTCS, NMPEBPAIIASCh B BA3KYIO JKHIKOCTh, a IPHU IMOCIECAYIOIIEM OXJIAXICHUU
JIeTKO 00pa3yeT cTekio. Touka IIaBlIieHHs YUCTOW JBYOKUCH KpeMHHs odeHb Bbicoka (1600T)
HIO3TOMY 1151 OOJBIIMHCTBA CTEKOJI HUCIOJB3YIOT CMECh 11€CKa, U3BECTH U COJIbI, KOTOpask MOXKET
IUTAaBUTHCS B OOBIUHBIX ME€YaX.

Kynnennsiit B Marazune caxap oObIYHO KpucTauimyeckuil. OHAKO, €ciM caxap paciuiaBUTh U
3aTeM JOBOJIBHO OBICTPO OXJIQAWTBh, IOJIYUUTCs CTeKI000pa3Has koHdeTa. [laroka oueHb Bs3Kas,
I'yCTast ’KUJIKOCTb, IIPU 3aTBEPJCBAHUN OHA MOXKET NEPEiTH B CTEKIIO00pa3HOE COCTOSHUE.

Hoanmepsl

Mertaiel, a TakKe BEIIEeCTBa, MOJA00HBIE caXxapy U COJM, UMEIOT KpUCTanieckoe crpoenue. K
YHCIy KPHUCTAUTMYECKUX TEN OTHOCHTCS TakKe OOJbIIas 4acTh TOPHBIX IMOPOJ, WMEBIIUX
MPEI0OCTaTOYHO BpeMEeHH Ha oxyaxaeHue. CTekno, oOcuanan u upucka - amopdusl. HekoTopsie
MaTepHualbl SBISIOT cOOOW CMeCh ATHX IBYX CTPYKTyp. Hampumep, kepamudeckas mocyzaa
COCTOUT U3 HG6OJ'H>H_II/IX KpUCTAJUIMKOB MCTAJNIMYCCKUX OKHUCIOB W CHUIMKATOB, KOTOPLIC B
npoiiecce 00Kura CKJICHBAIOTCS BOSAMHO TOHKUMHU MPOCIOMKaMU aMOP(HOTO CTEKI000pa3HOTO
MaTepuana. [ ma3ypb Ha Takoi mocy/ie oMy4JaroT HATUTABIIEHUEM CIIOS JIETKOTJIABKOTO CTEKJIA.

BemecTtBa xuBOW MNpUpOAbl, TKAHU PACTEHUW M IKUBOTHBIX, & TakKKe€ BCE ILJIACTMACChI
CylIecTBYIOT B (hopMme monumepoB. [lomumepsl - yaOOHBIH CTPOMTENBHBIN MaTepuan Kak Jyis
JKUBOM MPUPOABI, TaK U JJIsl XUMHKOB-TEXHOJOTOB. OCHOBHOM MPUHIMI COCTOUT 3IECh B TOM,
YTO Majble €IUHUYHBIE MOJEKYJBl MPHUCTPAMBAIOTCA OJHA K APYroi, Tak 4TO 0OpasyroTcs
JUTMHHBIC LIETIOYKHU UJIU PAa3BUTHIE CETKH.

JacToMepbl

Croma OTHOCSTCS BEIIECTBAa, MOAOOHBIE HATYpaJlbHOW WM CHHTETHYECKOW pe3umHe. OHu 10
HGKOTOpOfI CTCIICHU HAIIOMUHAIOT MOJUMCPBI, TAK KaK UX MOJICKYJIbL 06p213y}OT JJIMHHBIC ILICITN.
Ho »Tm nenu He OYeHb IUIOTHO TMPHUJIETAIOT OJHA K Jpyroil ¢ OokoB. [losTomy menu mMoryt
CKJIaAbIBAThCA U CBHUBATHCAH. OFpOMHBIe MCXAaHUYCCKUC YIJIMHCHUSA PC3UHBI ONPCACIAIOTCA
pacnyThIBaHUEM 3THX LIETIOYEK.



NMPHUNOKEHME Il

[MpocTbie popmynbl Teopuu Ganok,
WAK KaK CamoMy CJAenaTb pacHeT
Ha NPOYHOCTb

Ocnopnan dQopmyna, ONHCBIBAIOLIAA TMOJOMXKeHHe leh B
A1060M NOTlepeyHOM CeYeHHH HAarpymeHHOH OaNKH, BRIT/IAAUT
cieryiouiuM obpasom:

M c
1

3necs M — uszubarouiuii MOMERT, KOTOPHIA NefCTBYeT B AaH-
HOM ceyeHHH. OH paBeH CHJe, YMHOXEHHOH HA paccrosnue,
TO eCTh Bhipaxaerca B kI -MM. POpMyaH Ans HaxOXACHHUA
M npuseledbl HHXKe,

I — momenT unepyuu cevernn 6anky; sbipaxaercsa B MM4,
[MonsiTHe MOMeHTa HHEpPUHH NOAPOOHO OOBACHAETCA BO BCEX
3JeMeHTAPHHX y4YeOHHMKaX. 3Aechb HAM HYXEH MOMEHT HHep-
IHH OTHOCHTENLHO HeATPANbHOH OCH, KOTOpas B GOJBLIHHCT-
Be 3anay u3ru6a NpPOXOAHT 4Yepe3 UEHTDP TAKECTH CEeUYeHHA.
Beanuuny [/ MOXHO BBIUMCAWTb MO OAHOH H3 NPHBEACHHBIX
HHXe (QopMya.

i P

Pac I,

Hna npaMoyroaenuka (puc. [},
bh?

T ————p
—

12 °



Ecan ceyeHHe MOCTPOEHO M3 HECKOJNBKHX NMPAMOYTrOJbHH-
KOB (Hanpumep, Tpyba npsMOYroabHOro CeyeHHs, ABYTaBpO-
Bas WJH Apyras npoduabHas 6ajnka), ero MOMEHT HHepLHUH
mMoxeT ObIThb HalJeH BBIYHTAHHEM MOMEHTOB HHEPUHH He3a-
MONHEHHBIX YacTel ceueHHus.

Puc IL

Hna kpyra (puc. II).

/ wrt
4

OnaTtb-Takw MOMeHT HHepuHH TPpyObl DaBeH PAa3HOCTH MO-
MEHTOB HHEpPUHH KPYroB, COOTBETCTBYIOLIHX BHELIHEMY H
BHYTPEHHEeMY paauycaM TpyOsl;
0 — HanpsXeHHe B MatepHane B K['/Mm?;
Yy — paccTosiHHe paccMaTpHBaeMOH TOYKH OT HefiTpajib-
HOH OCH;
E — moaynp IOHra, umeeT pa3MepHOCTb HaNpsiKeHHS;
R — pannyc KpHBu3HBI Ganaku, u3rdbamoowencs Mmox Ha-
TPY3KOH.
Uamnte Bcero HaM HYKHO BbIYHC/IHThL HaNpsKeHHs B Oalke

My

g = ——

/

Hauboabluee HanpsikeHne B ceyeHuu GyAeT Tam, rAe Bequ-
YHHA Yy MaKCHMaJbHa,
Jaa npsiMoyroasHol 6anaku

bh3
12 ° Yvagc =

-

[ =

&2

Mage = bfla



Bor noueMmy 6anka ABOHHOH TOJLIHHB B 4HeThipe pasa
npoyHee H T. I.
Banku, HarpyxeHHble COCPEefOTONCHHOH (NMPHAOKEHHOH B
TOYKe) Harpyskofl.
- a. Koncoanb paunowo / ¢ narpy3koit W na csoboanom
koHue (puc, I1I),

Pre IIIL

Msrubaomuii MOMeHT Ha J1I060M pPaccTOSHHH X OT CBO-
6oHOrO KOHIla MOXKHO HaHTH MO GopMyJie

M=Wgx.
B Touke B uaru6amomHil MOMEHT HMMeeT MaKCHMaJbHoe
3HauyeHHe
Ml-!agc = Wi,

ITporu6 B ao6oit TOuKe ¥ onpenenserca cieaywoumen dop-
MYJIOH:
W

3 __ 22 3
o (x® — 3%x + 203),

— L
y 6
B Ttouke A

1 Wi

— ¢ ——

yHﬂEC = 3 E! *

1 WP
Yros noBopoTa ceueHHa B .0uke A paBeH - gy  PalHaH.

6. Ceo6oan0 onepras Ganka pauHow ! ¢ Ha-
rpysxoii W B cepenune npoJsera (puc. IV).
Harubaromufi MOMeHT B JIIoOOH TOYKe

M=%Wx,



Wi

Mualtc = T'
[Iporu6 B 1060 TOUKe
1 W
—_ — — _(3]%y — 3 .
Y= & (31%x — 4x3)

[Tporu6 B cepenune nponeta

Yuone = 1 wis
Maxe 48 EI °

Puc 1V,

¥ron moBOpoTa KOHUEBOTO ceueHus paseH '/1g (WI2/ET)
papuan. TlosTomy 6ajika yABOEHHOH MJIHHBI nporubaercs B
8 pas GoJbiie,



