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BBEJEHUE

MarepuanoBe/icHue — MNpUKIAHAS HAyKa, H3y4alomas CBA3U
MEXIY COCTABOM, CTPOEHMEM, CBOHCTBAMH MAaTE€pHalOB U KOMIIO3M-
TOB B Pa3JIMYHBIX TEMIIEPATYPHBIX, BIAKHOCTHBIX YCIOBHAX.

B mamHOM Kypce «MatepuanoBefeHUe» IS THAPOIOTOB pac-
CMaTpUBAKOTCA IIECTh MATEPUaloOB: BOAA, JIE[, METANIbl M CILIABHI,
0eToH, IpeBecHHa M IOYBOIPYHTHI, C KOTOPHIMH OHH CTOJKHYTCS B
cBOEH nMpodhecCHOHANBHOM AeATeIbHOCTH.

3agagn Kypca 3aKiI0YaroTcs B Pa3sBUTUM Y CTYIEHTOB HABBIKOB,
HO3BOJIAIONIMX OCYIIECTBIATH PAlMOHAIBHBIA BEIOOP MaTEpHaIlOB IJL%
KOHKPETHOTO npuMeHeHus. Hanpumep, oT MaTepuanoB, IpHMEHse-
MBIX TpH THOPOTEXHHYECKOM CTPOUTENBCTBE, 3aBHUCST TEXHOIOTHS
CTPOMTENLCTBA KOHCTPYKIMM, IIPOYHOCTHOE KAa4eCTBO M CTOHMMOCTH
coopyxenuii. [103TOMy Hy>KHO 3HaTh CBOMCTBAa MaTepHaloB, YMETh UX
OIIPENEIATh, a TAKXKe TOTOBUTh MaTepHalbl K IPaBUIIBHBIM HCIIOIB30-
BaHHUIO U paboTe C HUMH. _ :

Marepunaisl 6eTOHBI, METAIUIB M CILUIABBI, IPEBECHHA PACCMOTpE-
HBI IPUMEHHUTENBHO K 3a7adaM ruapoinorud. Iloce msydenns Meran-
JIOB M CIUIABOB CTYAEHTHI OyIyT 3HaTh 0COOCHHOCTH CTPOCHMS U 3aBH-
CHMOCTh TaKHX CBOHCTB KaK 3JEKTPO-, TEIUIONPOBOIHOCTD, IIACTHY-
HOCTB, IPOYHOCTb OT CTPOEHUS, CIIOCOOB! ONPEHEIEHNU U YIIydIIeHUS
MPOYHOCTHBIX XapaKTEPUCTHK METAIOB M CIUIaBOB, MapKHPOBKY M
METOZBI 3aIllHTHl METAIOB M CIUIABOB OT koppo3uu. Pasznen o 6eroHax
3HaKOMHT CTYZEHTOB CO CBOMCTBaMM OETOHOB, CBA3BIO MEXTY HX Kade-
CTBOM M 3aIlOJIHUTEIIMH, HCIIONB3YEMbIMH AJII M3rOTOBIEHMS OeTOoH-
HBIX CMecei, H CO CHENHAIBHBIM THAPOTeXHUYecKuM OetoHoM. Pas-
Iie, B KOTOPOM paccMaTpUBAaeTCs NPEBECHHA, NIPECIeNyeT Lelb HaTh
cTyleHTaM MHOpMaIMIo 06 0COOEHHOCTAX CTPOEHMS PasHBIX IOPOX
JIPEBECUHE!, 0 e QU3NIECKUX U MEXaHWYECKUX CBOMCTBaxX, 00 M3emu-
AX M3 JpeBECHHBI M CIIOC00ax ee KOHCEepBalluH. JTH 3HaHUI HeoOxomu-
MBI IPM CTPOUTEIHCTBE M DKCIUTyaTallul THAPOTEXHHIECKUX ¥ I'HIpPO-
METPHUYECKHX COOPY>KEHHUH, MOCTOBBIX IIEPEX0AO0B, TPyOOIPOBOIOB U
JIPYTHX BOZOXO3SHCTBEHHBIX OOBEKTOB.



TlouBorpyHTHI paccMaTpHBalOTCA He KaK (PAaKTOPHI, BIMSIOUIME Ha
IIMHAMUKY BOAHEIX IIPOLIECCOB B MOBEPXHOCTHOM Clioe 3eMITH, a Kak Ma-
Tepuan. PaccMarpuBaroTcs cocTapiIonme NOYBOTPYHTOB, MX CBOKCTRA,
B3aMMOJICHCTBHE U BIHMAHHE Pa3iMIHBIX NPUPOTHBIX YCIOBUIA Ha HUX.

B pesyneraTe m3ydeHus MaTepHaloB BOAZ M JIeJ CTYIEHTHI II0-
Jy4aT BO3MOXHOCTE HCIIOJIB30BATh 3HAHHUA O CBOMCTBAX JbJa M BOJBI
B I'MPOTEXHUKE ¥ PRIOGHOM XO3SHCTBE.

MarepuanoBeneHUe TOIpa3yMEBAET TAKKE UCCIIeIOBAHIE CBOMCTB
MAaTepHaJoB Ha 3KCIEPUMCHTAIBHBIX YCTaHOBKaxX. J{ng momydeHns uH-
(opManuy 0 CBOHCTBAaX MAaTEpHAIOB IPUMEHEH METO]] MOJEIUPOBAHHS
MeXaHMYECKMX BO3JICHCTBHUI B iporpammuoM Haxere MatLab.

ARBTOp BBIpaXaeT HCKPEHHIO IPU3HATEILHOCTH IONEHTY Ka-
denps! ruapodusuku ¥ rupponporsozos PITMY C. JI. Buauukosy
33 JJOMOIIG B HOATOTOBKE JAHHOTO HOCOOMS.

Hcropunss marepuanoseqeHns

Hayxa o MaTepunanax umeeT INIyGOKYIO HCTOPHIO pa3BUTHA. YcC-
JIOBHO MOJXHO BBIIEIMTH TPH OCHOBHBIX 3Tala, HE PaBHBIX MO CBOCH
IPOJOJKUTENBHOCTH.

IlepBrril 3Tan oxBaThiBaeT Haubolee MUTENBHBINA mepuox. Uc-
XOIHBIM MOMEHTOB JUI1 CTaHOBIICHHS HayKH O MaTepHalax SBUIOCH
HOITy4YeHHEe KEPaMHUKH IIyTeM CO3HATEIBHOTO H3MEHEHHS CTPYKTYpHI
TIIMHEBI IPH e HarpeBaHWH U obGxwure. C TeueHHeM BpPEMEHHU YeiIoBe-
YEeCTBO MO3HATIO CAMOPOJHBIE, a 3aTeM M PYXHBIE METANIBI, KPEMOCTh
¥ HECTKOCTh KOTOPHIX U3BECTHHI yXKe ¢ 8-TO THIC. KO H. 3. XOIO0IHO-
KOBaHas caMOpOJHAas MeAb OBLIAa BBITCCHEHA MEHBIO, BEIILIABICHHOMN
U3 PYH, KOTOPHIE BCTPEYAIMCh B IPUPOJE Jame U B OONBIINX KOIIMIe-
crBax. B pmampmeiimeM kK Memu cranu H0OaBIATH IPYTHE METallIbl.
YenoseuecTBO BCTYHIHIO M3 OPOH30BOIO BEKA B IKEIE3HEIH, IOCKOMb-
KY 2KEJIe3HbIE PyIbl OKa3IUCh AOCTyNHee MeIHbX. B 1-M TrIcauene-
THH JO H. 5. HAYYWINCh COSIUHATH XKene3o ¢ yraeponoM. [lepseie u
Haubonee IPaBAONONOOHBIE CYXKICHUA O CYIIHOCTH KadecTBa Mare-
PHANOB H O CIArailolyX YacTHIAX BEIECTBA BCTPEYAIOTCS y JPEBHE-
rpedeckux ¢unocodor Jdemoxputa (oxomo 460 umu 470 rr. 10 H. 3.) U
Snukypa (341-270 1. o H. 3.). VX ydeHus o6 aToMu3Me BOIHHUKIH
TIOZ, BIMAHWEM HaOIIOJESHNUH 33 COCTOSHHCM M CBOMCTBaMHM HPHPOA-
HBEIX KaMHeEH, KepaMukH, OpoH3s! ¥ ctanu. [IpuMepHo K TOMY e Bpe-
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MEHM OTHOCHTCA M GHIIOCOQUS IPEBHETPEIECKOro y4eHoro Apucro-
TeNs, KOTOPHIA ompemenuyn 18 KauecTB y MAaTepHANOB: IIaBKOCTh—
HEIIABKOCTb, BA3KOCTb—XPYIKOCTh, TOPIOYECTh—HETOPIOYECTh U T. II.
K nepsoMy mepHojly OTHOCHTCS M CPETHEBEKOBBE C XapaKTEPHOH ML
mero amxumueit. K atoMy mepuomy oTtHocuTcs M yduenwe Jlexapra
(1596-1650 1T.) 0 TOM, 4TO IPUPOJA MpeCcTaBIsIeT co00H HENPEPHIB-
HYK COBOKYITHOCTH MaT€pHalbHBIX YacTHIl, 9TO JBIKEHHE MaTepH-
aJIbHOTO MHpPa BEYHO W CBOJNUTCS K MEPEMEIEHUI0 MeMbYalIliuX Jac-
THI-aToMoB. [lepeMenieHre aTOMOB HIIHM, KaK WX TOTZA Ha3bIBaJIH,
KOPIYCKYJI, COCTAaBIAUIO OCHOBY KOPIYCKYJSPHON TEOPHUH CTPOCHHUS
BEIECTBA, YTO OBbLJIO 3HAYUTEHHEIM JOCTHKEHHEM B 00JIaCTH I03HA-
HHUS COCTABOB, BHYTPCHHHX B3aUMOJICHCTBHI M CBOMCTB BellecTB. B
MEePBHIX KHUTAX 10 MaTepuanoBeleHHI0 bupuarydyo (1480-1539 rr.)
u Arpuxoisl (1494-1555 rr.) cyMMUpOBAIHUCH SMIIMPUYECKUE CBEIE-
HMA O CYHIHOCTH ONEpaIyid, BEIIOIHAEMBIX B TUTEHHOM M Ky3HEYHOM
TIPOM3BOJICTBAX, O IUIABJIIEHUH Py M XapakTepe MeTalIyprudeckoro
MpOU3BOACTBA. BoNMbIOHN BKIa B pasBUTHE HAyKH O MaTepHanax ObLl
BHECEH TeHUANBHBIMU pPycCKUMH ydeHsIMH M. B. JIoMoHOCOBEIM H
. U. MengneneeeiM. JIomonocos (1711-1765 TT.) 3aI0KHJI OCHOBBI
nepemoBoi pycckoi gunocoduu u Hayku, 0COOEHHO B 00IACTH XUMHH,
¢busuku, reonoruy. OH SBHICS OCHOBOIIOJIOXKHHUKOM Kypca GU3mIecKkoi
XUMHH © XHMHYECKOH aTOMHCTHKH, OOOCHOBBIBAIOLICH aTOMHO-
MOJIEKyJIIpHOE CcTpoeHHe BemiecrBa. Mengenees (1834-1907 rr.) ot-
KPBUT BAXXHEHITYIO 3aKOHOMEPHOCTS IIPUPOAB] — MEPHOAMIECKUH 3aKOH
M CO37[aN TalNHIly, B COOTBETCTBUH C KOTOPOH CBOMCTBA 3IIEMEHTOB
HAaXOJATCA B IEPHOTUICCKON 3aBICHMOCTH OT BEIMYUHBI MX aTOMHOH
Maccel. J{jig mepBoro 3Tana CTAaHOBICHHS W Pa3BUTHA MaTepHAIOBEIC-
HHSA, KOTOPBIH Hagajcs ¢ IiyOOKOH APEBHOCTH M NPOJOIDKAICH JO Ha-
yana Bropoil monoBuHE XIX B., XapakTepHO CPaBHHUTEIBHO OIpaHM-
YEeHHOE KOIMYECTBO Pa3HOBHIHOCTEH MaTEpPHaJIOB ¥ ONBITHEIX JaHHBIX
MO WX Ka9eCTBEHHLIM XapakrepucTnkaM. OgHako OBUIM yCTaHOBIEHBI
HEKOTOpbIe 00IINe 3aBUCHMOCTH CBOMCTB BEIIECTB, 0COOEHHO MEXaHH-
YECKHX, OT MX cOocTaBa. MeHee M3Y4EHHOH OCTaBaliaCh 3aBHCHMOCTH
CBOWCTB OT CTPYKTYPBI, XOTA emie B 1665 r. aHrmmicku#l yyensii Po-
OepT 'yK BBIABHII Y METAJIIOB THIHYHYIO KPHCTATIIMIECKYI0 CTPYKTY-
PY, T. €. 32 200 et 10 oTKpeITHA aHTTMHCKIM y4eHeM ['enpu Copbu
MUKPOCTPYKTYPEI CTANH IO MUKPOCKOIIOM.



Bropoit stanm pasBUTHS MAaTEPHANOBENCHUS YCIOBHO- HAyajicsi CO
BTOpO# mosoBuHE! XIX B. ¥ 3aKOHUIIICS B XIepBoii nmoioBuye XX B. OH
OTNIMYAJICS CPABHUTENBHO OBICTPBIM POCTOM NPOU3BOICTBA HOBLIX Mare-
puanos. KpoMme NpuMEHABIIMXCSA HA IIEPBOM 3Tale KaMHS HEMOJIOTOTO
MM rpy00 OKOJIOTOTrO, MeJH, OPOH3E, JKeje3a U CTalli, KEPAMUKH, CTEK-
J1a, OTHENBHBIX BOKYIINX, HAIIPAMEp THIICA, M3BECTH, IIOSBIIICH HOBBIC
NEMEHTBI, ¥ Ha4aJCs MacCOBBI BBITYCK IOPTIAHANEMEHTa, OTKPHITOrO
E. YemespM B Hagane XIX B. BEICTpO pa3BUBANOCEH MPOM3BOJCTRO IIE-
MCHTHBIX OCTOHOB PAasIMYHOIO Ha3HAYEeHMS; cHOPMHPOBANACH CICIH-
albHasg Hayka 0 OeToHax — GeroHoBeneHue. B korne XIX B. dopmupyer-
Cs TEXHOJOTHS W3rOTOBNCHMS Jkene300eroHa. DTOT BBHICOKOIPOUHBIH
marepuall Opl1 NpeioxeH GpaHIry3ckuMu yaeHsiMu JlJam60 u Kosanne,
camoBHMKOM Monse (1850—-1870 rT.). YpoBeHb O3HAHMS HOTHAICA TaK,
YTO B LIEMCHTHOH, [TOJMMEPHOH, CTEKONBHOH M HEKOTOPHIX IPYTHX OT-
PaciIX pasphIB BO BPEMEHH MEKAY OKOHUAHWEM HaydHOH paspaboTKy u
BHEJIPEHHEM €€ B IIPOM3BOICTBO CTAHOBHIICA BECbMa MalIbIM, T.C. HayKa
IpPEBPAIANIACE B HENOCPEICTBEHHYIO IIPOH3BOUTENLHYIO CHITY.

Tperuit 3Tan 0XBaThIBacT HEPHOJ, CO BTOPOH HOJNOBHHEI XX B. JI0
HACTOSIIECTO BPEMEHH. DTOT 3Tall MATEPUATOBENCHUS XapPaKTePU3yeTCs
HE TOJBKO Pa3BHTHEM IIPAKTHUKH, HO M TEOPHH, CHCTEMAaTH3aIMeH Teope-
THYECKUX 3HAHHH O MaTepHalax B MX CJIOXKHOHM COBOKYIIHOCTH M B3aH-
MOCBS3H. BblM yCTaHOBNEGHB! 00MUE 3aKOHOMEPHOCTH O CBOHCTBAX HIC-
KYCCTBEHHBIX ¥ IPUPOMHEIX MaTePHAIIOB ONTHMANBHON CTPYKTYpEI, 00-
IHe Hay4HBIC NPUHIMIBI B TEXHOIOTHAX MOTYYESHUS Pa3IHIHbIX MaTe-
pHaIoB, 00ImMe METOAB! ONITUMHU3AIMHI X CTPYKTYphI, 0000meHHe KpH-
TepHeB (Ka4ECTBEHHbIE M KOIHYECTBCHHbIE) IIPOrPECCHBHBIX TEXHOIOTHIT
u np. IlepBrie 0600mMEHHS 0 MaTepHallaXx B OTEYCCTBEHHOM Hayke BbIpa-
3wck B paborax JI. C. Bemsaxmma (1876-1953 rr.). HoBBIM HMITYII5COM
Pa3BHUTH MaTepUaTIOBEIUECKOM HAyKH Ha TPETHEM JTalle CTalla (hH3HKO-
XUMHYECKas MEXaHWKa — MOrpaHMYHas HayKa MeXIy GM3HJecKod Xu-
MHEH U MexaHukoH, paszpaborannas IL.A. PebunmepoM Ipu ygyacTiu
Gonbmioi rpymmel y9eHslX. B 310# o6macTr co3/1aHbl OCHOBEI yIIpaBIie-
HHSL TEXHOJIOTHYECKMMH IPOLECCAMH ITOYUICHHS Pa3NUIHbIX MaTepua-
JIOB C 3a4aHHBIMHM CBOKMCTBaMH, BBICOKOH HAIEXHOCTHIO U JOJTOBEUHO-
cTpio. C Hagana BTOpOH ooyl XX B. BOHHKIA U HOIy4YHia mocye-
JyIollee pasBUTHE TEOPUs MCKYCCTBEHHBIX MaTepuanoB I.A. PriObeBa,
HaJ| KOTOpOH paboTal0T U B HACTOSIIEE BPEeMSL.
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OCHOBHbIE MOHATHS

IInotHOCTE Tenma, ymeNbHBIA 00BEM, yAENbHBIH Bec, TEIIOEM-
KOCTh, TEIUIONPOBOIHOCTh — 3TO CBOWCTBA, KOTOphle NPHUCYIIH BCEM
MarepuanaM, PacCMaTpHBaeMBIM B JaHHOM mocobuu. IlpuBemeM mx
OTIpe/ieNIeHU.

III0THOCTH OJHOPOIHOTO TeNa (KI/M’) (U3MUECcKas XapaKTepH-
cTuKa Tenma (BEIIECTBa), YUCICHHO paBHas Macce eOMHHLBI o0neMa
Tena (OTHOMICHHWE MAacChl Tela K ero obbemy). IlnoTHoCTh BemecTBa
pacTeT ¢ yBENHYEHHEM JABICHUA M, KaK IIPaBHIIO, YOBIBAET C POCTOM
TeMmeparypsl. IIpu mepexoe BemiecTBa U3 KUOKOTO COCTOSHHSA B ra-
3000pa3Hoe ¥ U3 TBEPAOTO B XKUIKOE IUIOTHOCTh BELIECTBA CKAYK000-
pa3HO YMeHbIIAeTCs (MCKIIIOUSHHE NIPEe/ICTaBILIOT BOJA U YyTYH, IUIOT-
HOCTh KOTOPBIX IIPH IUIABICHHH YBEIMIABACTCA).

ViensHsi 06beM (M/kr) GH3MUECKas BEITMYMHA, PABHAS OTHO-
HICHHI0 00BeMa, 3aHMMAaeMOr0 BENIECTBOM, K €r0 Macce; BeIudHHa
obparHas IJIOTHOCTH.

Vrnensubiit Bec (H/M’) (usnueckas BeNMUMHA, PaBHAS OTHOIIE-
HMIO Beca Tella K ero 00peMy.

TenmoeMKoCTh OTHOLIEHHE KONHYECTBA TEIUIOTHI, COOOIIaeMOro
Tey TIpH GeCKOHEYHO MaluoM U3MEHEHHUH €TO COCTOAHHS B KaKOM-THG0
mporiecce, K COOTBETCTBYIONIEMY M3MEHEHHIO TEMIEpaTyphl 9TOro Te-
na. OTHOIIEHHME TEIIOEMKOCTH K MAacCe TeNa Ha3bIBaeTCA YIETbHOR
(ILx/xr °K). TemoeMKOCTh 3aBHCHT OT XMMHYECKOTO COCTaBa M CO-
CTOSIHHMS TENa, a TAKXKE OT MpoLecca COOOIIECHUS TETy TEIUIOTHL.

TemIonpoBoABOCTh OMH U3 BHIOB TEILIOOOMEHA, IPH KOTOPOM
TePeHOC SHEPrHH B JOpMe TEIUIOTH B HEPABHOMEPHO HATPETOH Cpele
HUMeeT aTOMHO-MOJICKYJIpHBIH XapakxTep. B razax mepesHoc sHepruu
IIPH TEIIOIPOBOTHOCTH OCYLIECTBIIAETCS XA0THYECKH JBIKY IHMHCS
MOJIEKyIaMH, B METAIUIAX B OCHOBHOM DJIEKTPOHAMH IPOBOIMMOCTH,
B JIM3JICKTPUKAX 3a CYET CBA3aHHBIX KOJNeOaHUH dacTyi, 0Opasyromux
KPHUCTAUTMIECKYIO PELICTKY.



BOAJA

YenoBedecTBO ¢ APEBHUX BPEMEH MOIB3YETCS PA3HBIME METOIAMMI
M3MEpeHHs CTOKa, er0 IPOTHO3HPOBAHMS U CIIOCO0aMH YIPABICHHS MM.

Hampumep, nepBbic IONBITKH pPEryaMpoBaTh CTOK OBUIM Ipen-
npuBsTH B [IpesHeM Erunte. B 1855 r. B 30 kM x rory ot Kaupa 06-
Hapy>KeHbI Ha BPEMEHHOM BOJOTOKE (BaJl) OCTAaTKH ILTOTHHEI 6YyTO-
BOM Kinanxd, AnuHoH 100 M 1o rpeburo, BrlcoTol 11 M, KOTOpYIO He-
KOTOpBIE MCCIIEIOBATENM CUMTAIOT ApeBHEHIIEH B MUpe — OHa Oblia
noctpoena okono 5000 ner Hasax. IlnoTury npopsaio B MepBEIi ke
roj cyuiecTBoBaHHA (He OBUIO BomochuBa). I'peueckue ucropuku Ie-
ponot u duomop Cummmiickuii coobuiarot, 9To B Erunre B nepuon
Cpennero Ilapcrsa (2160-1788 rr. o H. 3.), korna Hun pasnusancs,
BOJIBI €TO 3a[eP>KHBAIH B MCKYCCTBEHHBIX 03€pax JUI PEeTyIHPOBAHUA
CTOKa B IensX opomeHusd. OXHHUM U3 TaKMX 03€p SBIIOCH MCKYCCT-
BeHHOE MepuzoBo 03epo, HasbiBaeMoe cefigac bupker-KapyH.

[IpumMepHO B Ty e 3moxy (oxono 2300 neT [0 H. 3.) MOCHe CHIlb-
Heimero B uctopru Kuras naBogHenys kuraiickuii ummeparop So mo-
pyunn crpoutemo 0 «ykpotuts» pexn XyaHXs, Xyaixd U SHI3bL,
3aTOIULIBIIIE OTPOMHBIC IIPOCTPAHCTBA BO BPEMSI YacTEIX KaTacTpohu-
YEeCKHX ITaBOJIKOB, H OCYIHTH 3a00i04eHHbIe UMH 3eMiH. FO, u3y4uB
PEXUM peK H pelbed 3aTONIIEMBIX TEPPUTOPHH, CO3RaN LETYI0 CHCTe-
MY THAPOTEXHUIECKHMX COOPYXKEHHH — IamO, IUIOTHH, OCYIIMTEIbHEIX
KaHAaJIOB, IIOMOTAlOIIMX peKkaM HaXOAUTh HyTh K MOpI0. Meponpusrus,
ocymectienHsle 1O, yBeHuanuce ycnexom. Iloce cmeptu mMueparo-
pa ruaponor-rugporexsuk O o Bone Hapoga OBLT BO3BEACH Ha MMIIE-
PaTopcKMil TPOH M MONy9IHN THTYN «Bemukoro» u « YKpOTHTENS PeKy.
Ilozouee KO cran GoxkecTBEHHBIM IOKPOBUTEIEM BCEX THAPOJIOTOB U
TUAPOTEXHUKOB. B Hawane IpoIuIoro CToaeTws BO BCEX NPHPEYHBIX
xpamax Kuras Bce elle BO3HOCHIIM MOJIHTBB! B YECTh BEIIMKOTO HMIIC-
paTopa-THIPOTEXHUKA. DTO eAMHCTBEHHBIH B MCTOPHH Ciy4al 000xe-
CTBJICHHUS THAPOJIOTA. A

IToMuMoO TOTO 4TO C BOAA Jajia MHOTHE 0JIara 4yelIoBeYeCKOM JKH3-
HH, HO ¥ CBOCH XH3HBIO YEJIOBEK 0043aH BOJE.




B Hacrosmiee BpeMs M3BECTHO, YTO JXU3HB HA 3eMJIC 3apOAUNIACh
HMEHHO B BOJHOU cpese. DTO MPOU3ONUIO0 OKOJIO 4 MIIUIMApIOB JIET
ToMy Hazal. bonee 400 MIITHOHOB JIeT Ha3a. )KU3HE BHINLIA U3 MOPSL.
Oxoy10 65 MWIIMOHOB JIET HA33J NOABHIKCH MEPBBHIE MIIEKOMUTAIO-
mue. Ho Boma m celyac mpomoimxaeT COCTaBIATH 3HAYMTEILHYIO
9acTh B XKUBBIX OpPraHM3Max, NPU4YEM KaK B MOPCKHX >KHBOTHBIX, TaK
¥ B MIEKONHUTAIOMHUX, OOUTAOMMX Ha cyme (BKIIoYas YelOBEKa).
Harpumep, y IeCATHIHEBHOTO Y€IOBEYECKOT0 YMOPHOHA CONEpKAHNIE
BOIB! Jocturaer 95 %, y HOBOPOXKAECHHOrO — npubnuzurtensuo 72 %,
a 'y B3pOCIIOro yesorexa — B cpenreM 60 %.

B 1953 r. amepuxanckuii ¢pusux C. Mumiep CHHTE3UpOBal PAX
aMHHOKHCIIOT, TIPOIYCKast SIEKTPUYECKUA pa3psal 4epe3 cMech Ia3oB
(Monexynsapuoro Bojopoza H,, merana CH,, ammuaka NH; u mapos
BOIBI), MPEINOJIOKHUTENEHO COCTaBIIBIIMX MEPBUYHYIO aTMochepy
3emimu. Takum 06pa3oM OH SKCIEPUMEHTANBHO AOKa3al BO3MOXKHOCTh
BO3HMKHOBCHHUSA CJIOXKHBIX OPraHHYECKHX COCAMHEHHH B YCIOBHIX,
OIU3KUX K YCIOBHSM, TOCIOACTBOBABIIMM Ha 3eMIle B IEPHOJ IIOAB-
JICHUA HAa HEW KU3HU.

ITonas B KaKoM-TO BOZOEM, 3TH COSIMHEHUS OBUIN 3aIIUIICHE! OT
JKECTKOM COJHEUHOM pamuanyu crmoeM Bonsl. [lanee cremosail Ipo-
1IECC HOCTENEHHOTO YCIOXKHEHNS YIIEPOAUCTEIX COSTMHEHHUH.

Eme ocTanock MHOr0 HESCHOrO B THIIOTE3aX BO3HHKHOBCHHA
SKU3HU, HO B IPUHIMIIC BOIPOC O NEPBHYHOM a0HOTeHHOM 00pa30Ba-
HHMY BOJHOIO PacTBOpa OPraHMYECKHX BEIIECTB HA eme Oe3KU3HEH-

HO¥M 3eMIie MOXXHO CUHTATEH PEILECHHBIM.

CrpoeHne 4enoBeKa TaKOBO, YTO €r0 IUIOTHOCTh OKa3hIBACTCH
OIH3KOM K IUIOTHOCTH BOALI. Y MHOTHX JIOACH OHAa UyTh MEHBIIE,
0COOEHHO KOTHa JKETyIOK IMyCTOH, a BOAA colieHast. B Takux cimydasx
4eNI0BEK CMOCO0eH CBOOOHO HAXOMUTHCA HA ITOBEPXHOCTH BOMBI, HE
6oscy yrouyTh. Ha 3emie ecTh Takoe Mope, B KOTOpoM BooOmie He-
BO3MOJKHO YTOHYTh. DTO COJNIEHOE 03epO, Ha3kIBaeMoe MepTBEIM MO-
pem. OHO HACTONBKO COJIEHOE, 9YTO B HEM OTCYTCTRYET BCAKAsA KH3HB
(3a HCKIIOYEHHEM HEKOTOpHIX BHOOB Oakxrepuit). Eci Boma 60ib-
IIMHCTBA MOpeH u okeaHOB comepxur 2—-3 % comu, T0 B MepTBOM
mope ee comepkurcs 6onee 27 %. M3-3a 601b110r0 coAepkaHus COIH
IUIOTHOCTH BOZEI 3/IECH OKAa3bIBaeTCs OONBIIC IUIOTHOCTH YeIOBede-
CKOTO TeJla, II03TOMY YelI0BeK B MepTBOM MOpE MOKET CIOKOHHO Jie-
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JKaTh Ha €ro NOBEPXHOCTH M YHTATh KHUTY. ECI e B ATy BOXY BOIi-
JET Jomajs, To, Kak numer Mapk TBeH, oHa OKa3pIBae€TCA B CTOJIb
HEYCTOHYMBOM COCTOSHHUM, YTO «HE MOXET HM IUIABATh, HU CTOATh B
MepTBOM MOpE, — OHA TOTYAC XKE JIOKHUTCS Ha OOK».

INomumo MepTBOro MOps OTPOMHOM COJIEHOCTBIO 001a(af0T BOIEI
sanuea Kapa-Boras-I'on u o3epa OneToH B Bonrorpaackoit o6macty.

MO>XHO 3KCIIEpHMMEHTAJIBHO B JOMAIIHHUX YCJIOBHSX OINPEICIUTD
CPEIHIOI0 IUIOTHOCTh CBOETO Tena. [ 3Toro CHadaima HaJlo0 U3MEPHUTh
CBOIO MaccCy. 3aTeM onpeAenuTs 00bem Tena. [Ipu onpeaeneHnu CBOero
06beMa OTPY3UTECH MOJTHOCTBIO B BaHHY C BOXOH. OMHOBPEMEHHO C
3THM Ball Jpyr ¢ IOMOIIBIO KyCOUYKa JIUIIKOM JICHTH (CKOTYa) TOMKEH
OTMETHThH YPOBEHB IOIHABIICHCS BOJAB! B BaHHE. 3aTeM, BBIA/II U3 BaH-
HBI, BO3BMHUTE JUTPOBYIO OaHKY M 100aBbTE B BaHHY CTOJIBKO BOIBI,
4TOOB! €¢ MOBEPXHOCTh NONHANACH O OTMEYCHHOIO JICHTON YPOBHS.
IloacuuTaB ckonbKO GaHOK BOJB! HPUIUIOCH BEUTHTH B BaHHY, BEI Haii-
JieTe cBOi 00beM, a 3Hast 00BEM U MacCy, — IVIOTHOCTb.

Ompenenus CBOIO INIOTHOCTh, MOXKHO CPaBHHUTH €€ C INIOTHOCTHIO
BOJIbl. bynere v Bel TOHYTH B MOpckoi Bozme? IlmoTHOCTE MOpCcKoOH
BOZBI COCTaBNAET 06bI9HO 1010-1050 kr/m’. [I10THOCTS BOZIBI B 3aITH-
Be Kapa-Boras-T'ox pasra 1180 xr/n’.

B 3aKmroueHHe IIOBECTBOBAHMA O BOJE KaK MCTOYHHKE XH3HU XO-
YeTCA NMpUBECTH CoBa JleoHapno aa Bumum (1452-1519 1T.), ckazam-
HBIE B 30Xy, KOTTA YEIOBEYECTBO CTOMIO Y HCTOKOB M3YYECHHS BOJBL,
HO TOYHO M €MKO BOOpaBIIHME BCE TO, B 9YEM HA ONBITE YOCTHIIHCEH IO-
crnemyromue nokoneHwst. «Bone Oplna naHa BommeOHAs BNACTH CTAaTh
COKOM >KH3HHU Ha 3eMIie».

Konnwecrso Boas! Ha 3emne

Muposoii oxear BMemaeT 1338 mimH. kM’ BozE!, obIIee e Komu-
YEeCTBO BOJbI HA 3EMIIE T10 TIOCIIEAHIM JaHEbM 1386 MiH. kv’

VI3 o6mero KOMMYECTBA BOTBI HA 3eMie TOIBKO 35 MIIH. KM
(2,5 %), npuxoaUTCs Ha FOJIO. TIPECHEIX, Bce ocTanmbhoe (97,5 %) — co-
JeHble BoAbl MHpPOBOro OKeaHa, MUHEPAIN30BaHHEIC II03EMHBIE ¥ BO-
J(BL CONICHBIX 03€p.

IpecHoli Ha3BIBAIOT BOMY, OJMH IUTP KOTOPOH COAEPKHUT He 6o-
nee 1 r pacTBOpEHHEBIX BemlecTB (coueit), T. €. BOAY C COJICHOCTHIO HE
oonee 0,1 %. ConeHocts OKeaHm4eckoil Bojwl paBHa 3,5 % (B 1 11 co-
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nepxurca 351 coneit). bes mpensapurensHoi 00paboOTKH, yMEHB-
MIAIONIEH MX JKECTKOCTH, BCE OCOJNIOHEHHBIE BOABI HE INPUTOTHBI HE
TOJIBKO U1 [UThS, HO aXKe MOKA AN TEXHUYECKHUX HYXII.

KomuuecTBo mpecHoii Boas! 35 MiH. KM’ — 510 Gonee 8 MITH. M’ Ha
Kaxmoro xurens 3emmd. Ho mojasisromas 4acTh IpecHOH BOABI Ha
3emie HAXOAUTCA B TAKOM COCTOSIHHM, KOTOpOE AENacT ee TPYAHOHOC-
TynHO#M A denoseka. [loutu 70 % DpecHBIX BOX 3aKITIOUEHO B JIETHHU-
KOBBIX TOKPOBaxX AHTapKTHmbl, Apktuky, 'peHNaHiuM ¥ B FOPHBIX
neauukax, 30 % — B BOXOHOCHBIX CIIOSX 3€MIH, a B pyCclax BCEX PEK
comeprkarcst oxHoBpeMenHo b 0,006 % npecHsIX BOA, MM HEMHO-
ruM Gonee 1/1 000 000 wacTi oOupx 3amacoB BoAs! (Tab. 1).

Tabauya 1
Pacnpesenenne APecHoii BOIbI HA 3¢eMHOM IIape
Bogssiii 0GbexT KonnyecTtro BoIEI,
TEIC. KM

Jlenuuky, MOA3EMHEIE JIbIbI, CHEXHEIH IOKpOB (B me- 24364.0
pecteTe Ha BOIY) >

TTom3emHEIE BOABI 10 530,0
Bnara B nmouse 16,5
IIpecHsle o3epa 91,0
Bbonora 11,5
Boga B pycnax pex 2,1
Bona B atMocepe 12,9
Brosioradeckue Boab! (B AKHBBIX OpraHH3Max) 1,1

JIr000NBITHO, YTO JpEBHNE I'PEKY, HE HMEBIUHNE MPEICTABICHHA O
KPYroBOpOTE BOIBI, OTBOAMIN B CBOMX MH(}ax OYEeHb BaXKHYIO POJIb
Okxeany, npapoautemo Bcex 6oros. XKena Oxeana Ternc poguna eMy
TPH THICAYM OUEpel — OKEaHN I, MOPCKHX HUM( M TPH THICSYH CHIHO-
Beit — peuHsx GoxkecrB. TakuM o6pa3om, o Mudonoruu OkeaH cTan
POIOHAYANBEHUKOM BCEX MOpEH, PEK M JIPyrHX BOZOEMOB Ha 3eMIIE.

CTpoeHne m CBOHCTBa BOgbI

Bonma — mpomyKT COeIMHEHMA JBYX XUMHYECKMX 3IEMEHTOB: BO-
nopona ¥ xucnopona. O6a 3T 371€MEHTa UMEIOT HECKOIILKO H30TOIIOB.

B XVIII Bexe JaByaswe, Ilpuctnu, l'embpu daBu ycranoBuny,
YTO BOJIA COCTOMT M3 ABYX 00BEMOB BOJIOPOZAA M OJHOro 00BbeMa KH-
copona. Ho B 1932 r. amepukarnm I'. FOpu u D. OcbopH 0OHapyxu-
JIH, YTO Jake B CaMOY YMCTOH BOJE, KOTOPYIO MOXKHO IOIY4UTh TOMb-
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KO B 1200paTOpHBIX YCIIOBUSX,
COIEPXKUTICA HE3HAUYUTEIBHOCS
KOIIMYECTBO KAaKOTO-TO Beuie-
CTBa, BBHIPAXKAIOWIETOCHA, TIO-
BHIUMOMY, TOH K& XHUMHUYe-
ckoit ¢popmynoit H,O, HO 06-
NAJAoOIEero  MONEKYJIAPHBIM
Becom 20 BMecTO Beca 18,
ApUCYIIEro OOBIYHOM BOJE.
IOpu Ha3Ranm 3TO BEIUECTBO
TsDKeIION Bomo#. bomsuii Bec
TSOKENOH BOMABI  OOBLACHAETCS
TEM, 9TO €€ MOIEKYIB! COCTONAT
U3 aTOMOB BOJIOpOJia C YIBO-
€HHBIM AaTOMHBEIM BECOM MO
CpPaBHEHHUIO C aTOMaMH OOBIY-

Puc. 1. 'eomerpuieckas cxeMa (a),
II0cKast MoJesb (6) H NpOCTpaHCTBEH-

Has ctpykrypa (8) H,O

HOT'O BOIOPOZA.

J{BOWHOIT Bec STHX aTOMOB B CBOIO odYepeqh OO0YCIOBIMBACTCS
TEM, YTO HX fJpa COAECPXKaT, KPOME .MPOTOHA, COCTABILIIONIETO SAPO
OOGBIYHOrO BOJIOPOAE, elie OJUH HEUTPpoH. TKeNblii H30TON BOAOPO/Ia
noiyaun Hassanue neiirepus (D wma H), a 06BMHBIA BOXOPOX CTAIH
Ha3BIBaTh NIpoTHEM. TsDkeras BOma, OKHCH JeiTepus, BeIpaxaeTcs (op-
Mymoit D,0.

Bckope OBUI OTKPHIT TPETHH, CBEPXTSDKENBI H30TOH BOAOPOAA C
OIHHM NIPOTOHOM M IBYMsI HEHTPOHAMHM B SApe, KOTOPBIH GbLI1 Ha3BaH
tpuTHeM (0603magaerca T wm H*).' B coepHeHmM ¢ KUCIOPOIOM TPH-
THif 06pasyer cepxTsorenyio Boxy To0 ¢ MoneKymsIpHsIM BecoM 22.

Kpome Toro, Op11m HalfAEHB! TPH H30TONA KHCIOPOAA C ATOMHBI-
MH BecaMu 16 (0OBKHOBEHHBIH Kucnopon), 17 u 18. Bece BHOBD OT-
KPBITHIC M30TONBI BOAOPOAA M KHCIOpOAa B oOmiell CIOXHOCTH cO-
CTaBILIIOT JHIIb HUYTOKHYIO YacTh BOJLI, OTOMY B IIPUPOIHBIX BO-
Aax coaepxurca B cpeaHeM okono 0,016 % Tsmxenod Bompl, T. €. Ha
OJMH aToM Aelrepus npuxogurcs 6600 aromor npotus. Takum o6pa-
30M, IIOYTHU BCS BOZA B HPHPOAE SBISIETCS TEM, 9EM €€ JaBHO CUHTAIIH,

! KpoMe Toro, oGHapykeH KpaiiHe HeyCTONUMBEIN YETBEPTEIH H30TOI Bozopona H*,
obNanamyil OXHUM IPOTOHOM U TpeMs HeHiTpoHaMy,
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a WMMEHHO — COCOWHEHHEM CaMBIX OOBIYHBIX H30TOIOB BOJOpOJA
(mpotust) U KKcnopoaa, T.e. H,O (puc. 1).

Tspkenas Boga BHENIHE MOX0Xa HA OOBIYHYIO BOXY, HO IIO MHO-
ruM QU3IMYECKUM CBOMCTBAM OHA OTIMYAEeTCs OT Hee. TOYKa KHIICHUS
Tsxenoit soael 101,4 °C, Touka 3amepsanus +3,8 °C. Tskenas Boga
Ha 11 % Toxenee oOpranoi. Camyro GONBIIYIO INTOTHOCTE TAXKENaAA
sona umeet npu 11 °C. Ee ynenensni Bec npu 25 °C pasen 1,1. Ona
xyxe (ga 5-15 %) pacTBopseT pasnMuHbIe cONU. B Tsmxenod Boxe
CKOPOCTh NPOTEKAHMS HEKOTOPHIX XMMHYECKUX PEaKi(Vii HHasd, yeM B
o0BI4BO# Bofie. HanpuMep, pasznokeHue ee JIEKTPUIECKMM TOKOM Ha
BOZIOPOA M KHCIIOPOA NPOHCXOAMT B IATH pa3 MejneHHee. Tsoxenas
BOJA OKasbIBAe€T TOPMO3sIiee NeiCTBHE HA KWHETHKY IIPOLIECCOB B
JKMBOTHEIX M DaCTHTEIBHBIX OPraHM3MaX, INPUMEHAETCS B aTOMHBIX
peakTopax KaK 3aMeUITENb HEHTPOHOB IIPH AOSPHOM pacnafe.

Boxa — 3T0 cMech [eBATH BUIOB MOJEKYJI, I03TOMY B 3aBHCHMO-
CTH OT MX KONHYECTBEHHOTO COOTHOIICHHS CBOHCTBa €€ MEHSIOTCS,
0COOEHHO TLIOTHOCTS (TallL. 2).

Tabnuya 2
3HAYEHHSA MJIOTHOCTH BOJbI, MONYYEHHOH U3 PA3HbIX HCTOYHHKOB

Bona IInotHocTk Npu TEMnepatype 4°C
Cuerobast 0,9999977

Joxnepas 0,9999990

Peynas ' 1,0

OxeaHckas 1,0000015

113 sxuBoro opranusmMa 1,0000012

W3 pacTHTENBHBIX OPraHH3MOB 1,0000017
KpucrannuzanuonHas Bojja MUHEPATIOB 1,0000024

ITnoTHOCTH BOABI fABNAETCS (QyHKUMEH MHOTHMX IIEpeMEHHBIX. B
obmewm ciydae p = f¢, s, ¢, M), rie ¢, s, ¢, M — COOTBETCTBEHHO TEM-
neparypa, MyTHOCTh, MUHEPAIM3aIys U MOJEKyIIpHas Macca XUMH-
9EeCKOro COEAMHEHHS, PACTBOPEHHOTO B BOJIE.

Ipy mnasineHWM IbAa Talasg BOJa MMEET IUIOTHOCTE 999,868
kr/M’. TIOBEIMIEHNE TeMIiepaTypsl 10 4 °C CONpOBOXIAETCS yBeue-
HHEM IUIOTHOCTH JUCTHILTMPOBAHHOM BOZBI BILIOTH JO MAaKCHMMyMa —
1000 xr/™’. JanbHe#IIee MOBHIEHHE TEMITEPATYPhl BOIB! BHI3BIBACT
HEJIMHEHHOE YMEHBIICHUE IUIOTHOCTH. Y BEIMYCHHE TEMIIEPATYpPHl A0
25: °C pe13pIBacT yMeHbIeHHe MIO0THOCTH Ha 0,29 %. Takoe n3mene-
HHe IUIOTHOCTH BOAB! 00yCIIOBIEHO TpaHchopManuel ee CTpyKTyphL.
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Bo3spacTapue KOBLEHTpallMM B3BEHICHHBIX YAaCTUI[ B BOJAE MpH-
BOJUT K YBEIIMYECHHUIO MAacChl BEllecTBa (IIPOYHE YCIOBHS PaBHBI) U
INIOTHOCTH Bofpl. IIpu ManoM comep:XaHud B BOZKE B3BCINCHHBIX Jac-
THI] INIOTHOCTh OKa3BIBAaeTCS (YHKIMEH JIUING TeMIePaTypsl U MUHe-
panmsanuy, KOTopas OIpeleiIeT 3NeKTPOIPOBOAHOCTE BB Ilomy-
4YeHa 3aBHCHMOCTH IIOTHOCTHU IIPH IIOCTOSIHHOM TeMIlepaTrype M BO3-
pacTaHMU MONEKYIIIPHOTO BECAa BEILECTB, PACTBOPEHHLIX B BOJIE,
IUIOTHOCTB BOJKI BO3PACcTaeT.

IL10THOCTE BOIBI MOXKET H3MEHSITHCS IO BIHSHHEM JABIICHMUS,
Pone aroro daxropa oTHOCHTENBHO BENMKA I MOpEil U OkeaHOB. B
Hanbonee riyGokux 30HaX MHpPOBOro OKeaHa pasHocTh INIOTHOCTEH
BOJIbI B IOBEPXHOCTHOM H HPHIOHHOM CNOSX HE NPEBBIIAeT 48 K/,
910 OOBACHIETCS MaloH CKHMAaeMOCTHIO BOmsL B 03. Baiikam mmot-
HOCTH BOABI B IPHIOHHKIX cIoAx Ha 7,3 % Oomnrlle cpenHei MIOTHO-
CTH TpecHOU BOnml. st GONBIIMHCTBA PEK, 03¢p M BOXOXPAHFIIMII]
CYUTAETCS, 9TO INIOTHOCTH BOJIBL HE 3aBUCHUT OT JIABJICHHUS.

IIpu uccnenoBaHNM MaTepHana BOAA CHEIYET pacCCMAaTPHBATE Ta-
KHE CBOMCTBA KaK PaCIIMpPEHHE U CXXUMAaeMOCTh. PaciiupeHne BOMb
UpH TOBHILICHMY TEMIEPATyPHl Xapakrepusyercs KodddurmeHToM
00BEMHOI0 pacHIMPEHHs], KOTOPHIH paBEeH OTHOLICHUIO OTHOCHTEIh-
HOTO M3MEHEHHMs 00BeMa XMIKOCTH K M3MEHEHHIO TeMIleparypsl. B
CBJI3H C IUIOTHOCTHOHM aHoMamHed Boapl K03 dUIMEHT ee 00BEeMHOr0
pacIIupeHns MMeeT OTpUIlaTeIbHble 3HAUEHU NpH TeMuepaType ot 0
70 4 °C H nonoxuTeNbHBIE HpH TeMIlepaType Beime 4 °C, npudeM ¢
HOBBIMIEHHEM TEMIIEPATYPBI KOIQ(PUIMEHT YBEIHIMBACTC.

CxumaeMocTh (00beMHAsI YIPYrocTh) >KUAKOCTH XapaKTepH3y-
ercsi Ko2(OUIHMEHTOM CXHMAEMOCTH, KOTODPBIH pPaBEH OTHOILCHHUIO
OTHOCHTEIBHOI'0 U3MEHEHNI 00BeMa XHUAKOCTH K M3MEHCHHUIO I[aBie-
HUA. DTOT K0P UIMEHT yMEHbIIaeTC s MPH TTOBBUIICHHA TEMIIEPATY-
PEL, COIEHOCTH U IIEPBOHAYAIBHOIO HABICHUS, O KOTOPEIM HAXOMH-
Jack BOJa JO CXKATHA.

BaskHBIM CBOWCTBOM XKMAKOCTH (BOABI) KaKk MaTepHala sSBIICTCS
BA3KOCTh. BA3KOCTH — CBOHCTBO XKUAKOCTH, 00YCIOBIMBAIOIIEE TTOAB-
JIEHUE KaCATENbHBIX HalpsSOKeHHH MEXIy CIIOSMH JBHKYUICHCS XKHI-
KOCTH IIPH UX OTHOCHTEJIHHOM IIepeMemeHN. BA3KOCTs XapakTepH-
3yeT BHYTPEHHEE CBOMCTBO XMIKOCTH OKAa3bIBaTh COIPOTHBICHHE
CABUTAIOIIMM WM PacTATHBAIOIUM ycunusM. KomagecTBeHHOM Me-
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POt BS3KOCTH SIBIAIOTCS BEIHUYMHBI JUHAMHUYECKOH L (H-c/™M*) u xu-
HeMmatugeckoit L (croke (Cr), 1 Cr = 107 M*/c) Baskocreit. Onut cBs-
3aHBI COOTHOHICHHEM
v=ulp, (1)

TZE 0~ IUIOTHOCTH KHUIKOCTH.

Hunamudeckuit x03gduireHT BI3KOCTH BOAB! B CHIIBHOM CTele-
HH 3aBHCHT 0T TEMIIEPATYPHl, HO IIOYTH HE 3aBHCHUT OT HapieHus. [Ipu
pacdeTe JUHAMUYECKOTO KO((QHUIMEHTa BA3KOCTH NPUMEHSIOT SMITH-
puueckyio opmyny [lyazerns:

1= 0,000183/(1 + 0,0337¢ + 0,0002217), @)

e ¢ — TeMIepaTypa BOJIBL.

Junamudeckuil ko3¢ PunueHT BA3KOCTH CONEHOM BOIBI HE3HAUM-
TENBHO OTIMYaeTcs oT Kodd¢uimenTa BI3KOCTH IpecHoH Bomsl. Ha-
npumep, 1pu ¢ = 20 °C 1 S = 25 °/oo oH pasen 1,052 -107 Tla-c, a ma
npecHoit Boxsl — 1,003 107 a-c, T. e. Gompme npumepro Ba 5 Y%.

C pocToM TeMrepaTypel XHMAKOCTH 3HAYEHHUA 1L ¥ VU YMEHBIIAIOTCA
(s ra30B BO3pACTAIOT), & C YBEIWICHHEM JIaBIICHUI — HECKOBKO YBe-
JMMYIUBAIOTCS. 3HAYEHH |l JJi1 BOMABL, PTYTH, KEpOCHHA U OCH3HHA MPH-
BeJIeHBI B Ta0M. 3.

Tabruya 3
3HayenMs JHHAMMYECKOH BA3KOCTH VISl HEKOTOPBIX JXKHAKOCTeH (p-103, H~C/M2)
TeMni}éaTypa, anrnn:;l)}l):saﬂﬂax Prys Kepocuu Bersun
0 1,7525 1,687 2,15 0,735
10 1,2992 — 1,73 0,643
20 1,0015 1,556 1,49 0,529
30 0,7970 — — —
40 0,6513 1,457 1,08 0,411
50 0,5440 — - -
60 0,4630 1,372 0,832 0,328
70 0,4005 - — -
80 0,3510 1,301 0,664 0,269
90 0,3113 — — -
100 0,2790 - 1,241 0,545 0,225
200 0,1338 1,039 0,262 0,111

OTMeTI/IM, YTO XHIKOCTH, HEC o6na,ua10maﬂ BA3KOCTBIO, IIOBECPX-
HOCTHBIM HAaTAKCHHCM M HEC HM3MCHAIOIIAA obbeMa IpyA U3MCHCHHU
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TeMIIEpaTypsl M JABICHWS, Ha3plBaeTCa uacainsHoi. K mueannHoi
JKHIKOCTH OJIM30K 1O CBOMCTBAM XHUIKUM ey,

B xadecTBe mpuUMeEpa pPaccMOTPHUM 3aBHCHUMOCTh KHHEMAaTHYE-
CKOH BSI3KOCTH M yIEIIbHOH IOTEpH /1, S3HEpTHH ([IOTepH HANopa) Ipu
HepeMELIEHNH EIMHUIBI MAcChl BA3KOM JXMIKOCTH. BenoMHuM ypas-
HeHMe bepHyImM I OTOKOB BA3KOH >KHUAKOCTH C HEPABHOMEPHBIM
II0JIEM CKOPOCTEH MO HOPMAaNbHEIM H MEICHHO H3MEHSIIOMIMMCS
BIIOJIb IIOTOKA CCUCHMAM:

v vz
g+ o g B2 2 g (3)
Y 2g Y 2g

rac z; U z, — pacCTosAHME OT IINIOCKOCTU CpAaBHCHHUA OO LICHTPOB TA-

JKECTH HOPManbHBIX ceuenuii / u I, p| ¥ p, — NaBIeHUA B STHX cede-
HHUSIX Ha YPOBHE LIEHTPOB TSDKECTH; Vigp H Vaep — CPEIHHE CKOPOCTH B
ceuenusax [ u Il; o; U o — 6e3pazMepHble KOIQPHIUEHTH KUHETHIC-
ckol sHepruu (ko3ppuumenter Kopuonuca); g — yckopeHue cBoOOSI-
HOTO IaJICHUS; Y — YACIBHBIH 00beM XHUAKOCTH.

W3 ypaBHeHMs BepHYIIH BHIBOLUTCA 3aBUCHMOCTH KHHEMATHYE-
CKOH BSI3KOCTH U IIOTEPM HATiopa B TPyOax MpH JIAMHUHAPHOM PeKUME
HOTOKA.

Kpome Tpy6 maMuHapHBIH pPEXHM MOXET CYIIECTBOBATh DK
IPOTEKAHUM KHIKOCTH B INENIIX MAJOTO CEYCHHUS, B KANMILIApax, B
CMa304HOM CII0€ THAPOAHHAMHYIESCKUX TIOIIHITHAKOB,

[Ipu mamMuHAapHOM peXHUME IOTOK Ha BXOJE B TPYOY KpYTIIOro ce-
qeHus auamerpoM d (puc. 2) QopMupyeTcs Tak, UTO TaM CO3MacTCA

H= const

1: =0nst V 5 v

— % - -==F _d_%ﬂ_gm Q= const_

I foan __Pagnosepnoe deuoicenne |

Puc. 2. Cxema GOpMHPORAHHSA HOTOKA B TPyOe NPH NaMUHAPHOM pPekuMe
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paBHOMEpHOE IOJIE CKOPOCTEH 10 BCceMy HOpMAalbHOMY CEYEHHUIO NIOTO-
Ka (32 UCKII0YeHUeM OGECKOHEYHO TOHKOTO CIOS Y CTEHOK TpyObI, rie
HMeeT MeCTO IPHIMIAaHUE XUIKOTO €0, T. €. ero ckopocts v = 0). B
MOCTEAYIONINX CCUCHHUIX LEHTPAIBHBIH YYaCTOK C PaBHOMEPHBIM IIO-
JeM CKOpOCTed (SOpo NMOTOKA) YMEHBINACTCS M BBITATMBACTCA H3-3a
TOPMO3SIIEr0 AEHCTBHS CIOS, NPWIMIILEro K CTeHKaM TpyOsl. Ilpu
3TOM BO3pacTaeT TOJIIMHA CIIoA O, Ha KOTOPHIM pacrpocTpaHieTcs
TOpMOXeHHe, 00YCIOBIICHHOE CTEHKaMU TPYOBI. DTOT CION HA3LIBAIOT
norpaHugHbIM. Ha paccTosauy /y,y OT BXoJa B TpyOy 3HaueHHe & J0X0-
IMT 10 8 = d/2, T. €. ANPO CeYSHUs MONHOCTHIO TUKBHIMPYETCS; C 3TOTO
MOMEHTa HauHHACTCs pAaBHOMEPHOE ABIDKECHME XKUIKOCTH B TpyOe.
IIpy TaMHHAPHOM PEKMME JITHHA HAYANBHOTO YYacTKa

laaa = 0,029 Re d,

rae Re — upcno Pefinonbaca.

Ilone CKOPOCTEH v B MOGOM CEYCHHH 32 HAYANBHBIM y‘IaCTKOM
yMeeT napabonuaeckyo GopMy ¢ MaKCUMaIbHON CKOPOCTBIO IO OCH
TpyOEI

Vmax = 2Vep.

Ha panuyce r ’I‘pyﬁbl SHAYCHUC CKOpOCTH OIINCBIBACTCA BBIpaXE-
HUEM!

=B, o ®

rae Ap — nepenaj qaBleHus Ha Y9acTKe TOpH30HTaIbHOM pr61>1 A~
HOH /; U — MuHAMIYecKasd BA3KOCTD KHIAKOCTH.

C yyeroMm (4) mnsg paBHOMEPHOIO IBIIKCHUS IOTOKA B Tpyde
KPYTJIOTO CEYEHHS NPH JIAaMMHAPHOM pexume KOodDUIMeHT KUHETH-
gecKo sHeprun o = 2. B 3TOM e clfydae noTepH Hanopa Ha TUApasB-
JIYECKOe TPEHHE A, = hj Ha ygacTke TpyOsl AuamMeTpoM d M JUIMHOI /,
BXozAIue B ypaBHerue bepHymm, onpenensior no Gopmyiie

B = 32021 V.
d’g

3

U — KHHEMaTH4YCCKas BHBKOC;I'B KHAKOCTH; g — yCKOPECHHC CBOGO,Z[HOI‘O
nagcHus.

Poceudicnui FOCYHAPLTREL
I‘HADON&"}‘{‘OP i
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Bamensas ve, Ha Q/(n*d’/4), mOMyUNM ABHYIO 3aBHCHMOCTB /; OT
IuaMeTpa TpyOb! d IpH TaMHHAPHOM PEXUME:

_12801Q

h —.
rd'g

()

[4

s Toro 4To0Bl TpadudueckH peanu3oBaTh 3TY 3aBHCHMOCTh B
nakete MatLab, He00X0MIMO 3HATH CIEAYIOMIEE.

1. OCHOBHBIM BUIIOM JAHHBIX, KOTOPBIE HCIOJB3YIOTCA B ITaKeTe
MatLab (coxp. ot auri. Matrix Laboratory — [ocnoBHO «MatpudHas
nabopaTopusy), ABIAIOTCA MaTpuubl. JJaxe oOLIEHpUHATHIE CKAIAp-
HbI€ IEPEMEHHbIE PACCMAaTPUBAIOTCA KAK MATPHIKBI pa3MepHOCTH 1x1.

2. Yucnossle faHHEIE, C KOTOPEIMHU onepupyeT MatLab, B naMaTu
KOMIIBIOTEpa NPEACTaBICHE B (opmare double. Do o3Haudaer, 4TO
KaXJ10€ BEIIECTBEHHOE YHCI0 3aHUMaeT § GaliT B onepaTHBHOM mamsi-
TH ¥ IPMHHUMAET TI0 MOJYIIO 3HadeHns W3 muanasosa [107°%, 1073,
KonugecTBo 3Havamux AeCATUYHBIX MU(p mpu sTom nocruraer 16—
17. W3menuts ¢GopMaT HaHHBIX MOXHO B mHoanyskre CBOMCTBa
(Preference) nynkra ®aiin (File) okHa ynpasiieHus.

3. HeobxomuMo 06paTuTh BHUMAaHME HA TO, 9TO Clexyer: 1) mpu
3aJaHHH MacCHBa 3HAYCHUAMHU 3aKIIOYaTh UX B KBaJpaTHbIE CKOOKH;
2) 31eMEHTHl B CTPOKE MAaCCHBa pa3ielATh NPoOeNaMy HiIH 3aIIIThIMM;
3) npu yKa3aHHH CIIMCKa HHAEKCOB HCIIOIB30BATH KPYIJIbIE CKOOKH M
pa3lelIuTenbHbIEe 3anAThle (YKa3aHUe MHACKCAa CHMBOJIOM JIBOCTOYUS
COOTBETCTBYET 3a/IaHUI0 BCEX 3HAYCHMIA IO COOTBETCTBYIOLIEMY WH-
JIEKCY). :

4. TTpu pabote ¢ MacCHBaM¥ MOXKHO TIONB30BATHCS CIMCKaMU itk
u iyj:k. B iepBOM BapHaHTe NOAPa3yMEBAETCA, YTO «OT I J10 k ¢ marom
1» ¥ BO BTOPOM — TO K€ C IIIarOM j.

5. IlpuxoaMTcs pa3nuyaTh IOJIEMEHTHBIE ONEPaliy C MacCHBa-
MY U ON€palyH Haj MaTpUIaMH IO IPaBHiaM JMHEHHOH anreGpr
(I MaccHBOB Iepe]T 3HAKOM ONePALK CTaBAT TOUYKY).

6. g Toro aTo0k nocTpouTh rpadux yHKIIM y = flx), Heob-
X0auMo c(hopMHpPOBATh JBA BEKTOpAa OXMHAKOBOH Pa3sMEPHOCTH — BEK-
TOp 3HAYEHHUIl apTyMEHTOB (X) M BEKTOP COOTBETCTBYIOIIMX 3HAYCHHH
dyaxnuu (y), 1 06paTUTECH K IIpouenype plot.

IMpumep: nmocrpoenue rpaduka GyHKIMH y = sin (x) * e~
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>>x=0:0.1:6.28

% wm3menenue aprymenta x ot 0 1o 6,28 ¢ marom 0,1

>> y = sin(x). *exp(—x)

>>plot (x, y, “:g’)

JlOnONHUTENbHBIN TapaMeTp B npouexype plof — CUMBOJL, acco-
IIMNPOBAHHEIN ¢ OMHUM U3 8 MPEoyCMOTPEHHBIX IIBETOB: ) — JKEITHIH
(ot yellow), g — 3eneHsLi (OT green); m — MaTMHOBEIH (OT magenta), b —
cvmmii (ot blue); ¢ — mmanoBH (0T cyan); w — Gerbiii (0T white); r — kpac-
HEIH (0T red); k — wepHbii (ot black). ,

Bup rpaduka MOXHO M3MEHHTh, 33aB CTIWIb JUHHM B dopMy
Mapkepa, KOTOPbIM MeTSTcs Tabnwasbie To9ky. CTIIb JTMHWN TPeTy-
CMaTpUBaeT BEIOOP OMHOW M3 YETHIPEX BO3MOXKHOCTEHM — CILNOIIHAS
nmuHAA (0 YMONYaHHIO, YIPABIIONHN CHMBOJ — THpE); IyHKTHPHAs
nuHYA (YOPaBISIOMME CHMBOJ — NBOETOYME); NMITPUX-IYHKTHAPHAS
nuHUA (YNPaBIAIOMIME CUMBOIBI — THPE M TOYKA), IITPUXOBAS JTUHUSA
(YNpaBIIIOIIKE CUMBOJBI — ABA THPE). Y NPaBIAIOIINE CHMBOJIEI, OII-
pEIeNAIONHe CTHAD JIWHWH, 33Jal0TCA B CTPOKE TPETHEro mapaMerpa
BMecTe ¢ I1BeToM. [JopaIok ciuegoBaHUA CHMBOIIOB — JHOOOM.

JlononHurensHble yKpaeHus rpaduka 3aKII04aoTCsS B BO3MOXKHO-
CTH CHaOIMTH €ro 3aroyioBkoM (mpouenypa title), moamucaTh OCH
(npouenypsl xlabel, ylabel), HanecTH KOOPIMHATHYIO CETKy (Iporie-
Iypa grid on) 1 pa3MecTUTS JiereHny (Ipouexnypa legend).

Ans coBMenienus AByX rpaduKkoB B OXHOM okue MatLab npen-
Jaraet mpouenypy plotyy, KoTopas NpOU3BOAMT ABOMHYIO OLIU(POB-
Ky oceit. Jlna mepsoit ¢pyHKUMM nUpPYHOTCA OCh X BHH3Y, OCb Y
CNEBa, a U1 BTOPOH (QYHKIMM OCh X Pa3sMEuaeICs BBEpXY, OChb y
copaga. IIBeT omu¢ppOBKY MPH 3TOM COBIAAAET C BETOM KPHUBBIX.

MoxxeT oka3aThcs, 9TO B OLHOM Ipa)UIecKoM OKHE HeoOXOomu-
MO oToOpa3zuTh Gonbiiee wucno rpaduxos. Torma Moxuo mpuber-
HyTh K (yHKIMHU subplot, KOTOpas MO3BONAET Pa3feauTh 06MacTh pH-
COBaHUA Ha HECKOJBKO IPAMOYTONBHEIX 00nacTell paBHOTO pasMepa,
PacIoNoKEHHBIX TOOOHO 3NEMEHTAM MaTPHIIBL:

>> subplot (row, col, cur);

IlepBBle nBa apryMeHTa 3aJal0T KOIMYECTBO PANOB (Fow) M KO-
noHOK (col). Tperuit napametp (cur) 06BABISET NOPARKOBELIA HOMED
nofobnactd, B KOTOpOM ouepenHas ¢yskumsa plot OymeT CTPOHTEH
CBO}I rpaduk.
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JNEH

Jlen npencrapiseT coOOH NPOYHBIH BECbMA PacpOCTPaHEHHBIH B
NpUpoIe MaTepHail.

Ilpenxu COBPEMEHHBIX 3CKHMOCOB, HACEIABIIME apKTHYECKOE
noGepexxse CeBepHOH AMEPUKH, €llle BO BTOPOH IIOJIOBHHE IIEPBOTO
THICAYETICTHS HaIlIeH 9Bl HAY4YWINCH CTPOUTE XIDKMHBI H30 Ibaa. s
TOCTPOMKY XVDKHHBI M3TOTAaBIMBAIIOCH OKOJIO 60 CHEXHBIX KMPIHYCH
pasmepom 0,6x0,6x0,2 M’; TIPM KJIA/IKe KHPIIUY CKPETLIAIHNCH BOOM.
IIpy TOPEHHHU KHUPOBBIX CBETHIIHHMKOB TEMIEPATYPA B XMIKHHE [OJ-
JeprxkuBanacek oxono 2 °C. ' *

B AxyTHu 10 CHX IIOp MHOTZAA CO3JAIOT MOJOOMA «IEHAHBIX XH-
XuH». JIJI1 5TOr0 IepeBsHHBIC )XUIble CTPOSHNU MEApo OOIUBAXOT Ha
Mopo3e Bojxoi. Obpasyromaics Iocle 3aMep3adus BOABI JTOBONLHO
ToJIcTass KOpKa JibJa CHOCOOCTBYeT NydlIeMy COXPaHEHMIO Tella B
MOMEICHUSX.

Camplii GoapIoi Nei1HoM mBopen 6611 noctpoed B 1740 roxy no
TIpYKa3y PycCKoW mMmmeparpunpl AHHBI VI0aHOBHBI, KOTOpas paiH
3a0aBBl peundia OTIPa3gHOBATh JKEHUTHOY IIyTa Ha OXHOM M3 Ipu-
nBopHBIX mprokuBanok. g otoi nemu B Ilerepbypre Ba Hese Opin
BBICTPOEH JISISHON IOM C ILTOIIAIBI0 OCHOBaHUA Okono 30 M ¥ BHI-
coroit 0 6 M. CTeHBI W MO A0Ma OBUIM BBUIOKEHBI JICASHBIMY ILITH-
TaMH U CKpeIUIeHb! BOXOM. JIoM HOIydHiIcs JOOPOTHEIM M KPAaCHBBIM,
COOTBETCTBYIONIMM ILIEPEMOHMH, I KOTOpOH ObLI NHpenHa3HaueH.
BecHoit oH pacTasi. '

Kak CTpOMTENBHEIN MaTepHal JieJl HCIONb30BaCA ele PYKOBO-
IUTEISIMA KPECThSIHCKUX BoccTanuit BomoTHukoBbIM U IlyradessiM B
BOEHHBIX IensaX. JIid 5Toro oHM OOJIMBadN HAa MOpO3€ BOAOH cTora
cena. Uepe3 HeKoTOpOE BpeMs BOJa 3aMep3alla M IpeBpamana Kax-
JIBI CTOT B CONMIHYIO perpamy.

Hemaiyio polk B UCTOPHH HAIIEH CTPAHBI CHITPaH JesHbe Ie-
penpassl. Enie Bo BpeMs BOMHEI €O IIBeJaMH 10 JbXy (DHHCKOTO M
BOTHHYECKOr0 3alTHBOB IIEPENpaBLINCh PycCKHe BoMcka. B rpax-
JAHCKYIO BOMHY Ne/sHas Nepenpasa AeHCTBOBaNa Ha A30BCKOM MOpPE
(Mexmy Kepunio u Tamanckum momyoctposom). Bo Bpems Bemukoit
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OreyecTBeHHOM BOHHEI 10 JbIy JIaJ0KCKOTO 03€pa K OCOKICHHOMY
Jlennnrpaxy NpoXoAniIa aBTOMOOMIBHAA IOPOra IPOTHKEHHOCTHIO B
27 kM, u3BecTHas B McTOpuH Kak «Jlopora >xuzuum». UroGsl JefsHoi
[IOKPOB 0] BIMAHUEM NPOXOMMBILETO If0 HEMY MOTOKA ABTOMAIIHH
He TpUIIe B PEe30HAHCHBIE KONeOaHUg U He paspyHmIuics, IpuHrMa-
IVCh CTIENUaNbHbIE MEPHL. I'py3 apTOMAaIHH nonbupancs Takum obpa-
30M, 9TOOBI yacToTa CBOOOMHBIX KoJcGaHuil IeIHOro IOKPOBa OTIIH-
9anach OT 4acCTOTHI, C KOTOpOH BO3/AEHCTBOBAaIM Ha JEHIHOW IIOKPOB
IIPOXOAUBIINE aBTOMANTHHE].

Msuoroo6pa3so npuMeHeHHe JbIa B X03gHcTBe. Hanpumep, 3u-
MoOH Ha ceBepe CHOUpPH ¢ MOMOIIBIO JIH/Ia YKPETUIAIOT IOJIOTHO 3UM-
HHX aBTOTPaHCIIOPTHBIX Marucrpaneil («3UMHHUKOBY»). B 3THX yciioBH-
AX IPUXOUTCA CUUTATHCA CO CKONMBKCHHEM 110 BTy,

Crpourenn 3anoipbs HHOTI@ HCIIONB3YIOT B- Ka4eCTBE CTPOH-
TETILHOI0 MaTtepuaia nefobeToH. Tak Ha3kIBAIOT JIEA C BKIIOYEHHOH B
Hero ranbkofi. Jleno6eToH HaCTONBKO TpoUeH, YTO NpH paboTe ¢ HyM
HEPENIKO JIOMAIOTCA JlaKe CTalbHbIe 3yObs 9KCKaBaTopoB. Jpyrum Ba-
pHuaHTOM 1en00eTOHa ABIIETCA JIeh ¢ JOOaBICHUEM K HEMY IPEBECHON
Oynensl («remoIuiacTy»). Marepuan 3TOT BBIOEPXKHBAET JABIEHHME JIO
50 kr/cM* 1 MOYXeT GBITh HCIIOb30BAH B KAYECTBE 3AMCHHTENS LIEMEHTA
TIpU TIOCTPOMKE NNIOTHH Ha peKax 3anosspbs.

ApMHpOBaHKE JIba BOJOKHUCTBIM MAaTEPHATIOM IIOBBIIIACT IIPE-
JleJl ero TeKy4eCTH W YBEeIWdHMBaeT NPOYHOCTh. [Ipy HMCIIONb30BaHHH
XJIOIIKOBBIX M APEBECHBIX BOJIOKOH IIPOYHOCTH YBENMYHBAETCA B 2—3
pa3a, CTEKJIOBOJIOKHO JaeT YBENHYeHHE IpoYHoCTH o § pa3. JpeBec-
HBIE ONIIKH M pa3MeIbYeHHEIH Topd, CMOUCHHEIE BOROYW M HAHECECH-
HBIE HA NTOBEPXHOCTh JIbJia, XOPOIIO NPEAOXPaHIIOT OT TATHMS CKJIaj-
CKHME€ NOMEIIECHMA M30 IbJla M JeIdHble mpuyansl. IIpoMopakuBanue
BOJIOHACKHIIEHHBIX IUIBIBYHHBIX TPYHTOB YKPEIUIIET CTEHKH KOTJIOBa-
HOB Ha CTpOHKax M u30aBngeT OT HEOOXOIMMOCTH TPOUZBOAUTH OT-
Ka4Ky BOJBI, YTO IPHBOJUT K YACIICBICHHUIO CTPOUTEIHCTBA.

CBosicrBa sibga

Bo mbny, cymecTByiomeM npu HOPMAIFHOM JaBICHUM, KaXKIas
Mmonekyna H,O okpyxena werbippMa apyrumu. COOTBETCTByIOIIas
KPHUCTAIUIMYECKas pelleTka — TeKCarOHaIbHas — HE SBJIACTCA [UIOTHO-
YIIaKOBAHHOM, TI03TOMY IITOTHOCTS JTb1a (917 Kr/mM’) HUXKE ILIOTHOCTH
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Bozpl (1000 kr/a’). OHKCHPOBAHHBIE MONOKEHHSA B CTPYKTYpE JbIa
3aHMMAIOT TOJNBKO aTOMBl KUCIOpona. /IBa atoma Boxopoma MOTyT
3aHUMATh Pa3iMIHbIE TOJIOKEHHM Ha YeThIpeX CBs3saX Monexyssl H,O
C IPYTHMH COCeRsMH. BBHIy rekcaroHaJbHOCTH PELIETKH KpUCTall-
JIMKY, PacTyillde B CBOOOIHOM COCTOSHMM (HAIpUMeEp, CHEXHHKH),
HMEIOT MIECTHTPaHHYIO (hOopMYy.

TouHoe wMcNO KpHcTamIndeckux (a3 — moauMopdHBIX GopM
NbAa — 00 CUX nop HemssecTHO. OHM 00pa3yroTcs NP BHICOKHX JaB-
JICHHAX U HU3KHX Temmepatypax (puc. 3). Oxsu HccnexoBaTeny CHu-
TAlOT TOYHO YCTAHOBJICHHBIM Hanwuue 12 Takux a3, B TO BpeMs Kak
JIpyrTHe HAaCUUTHIBAIOT HX A0 14. OTO OTHOCHTCA K YIOPAHOUYEHHOMY
PACIIOIOKEHHIO HOHOB KHCIIOPOa B KPHCTAIIIMIECKOHN penIeTke Jbaa.
YTo KacaeTcs NMPOTOHOB (HOHOB BOXOPOJA), TO B MX PACIOJIOXECHHH
CYIIECTBYeT CUIbHBINA Oecriopsmok. Takum 00pasoM, KpHUCTaLIHYec-
KM JIeJ] ABJIAETCS XOPOIIO YIOPAIXOYEHHON CpenoH Ho KHUCIOPOLY H
OIHOBPEMEHHO Pa3yNopsAI0UCHHOMN 110 BOJOPOLY.

Ipy 3amep3aHMK 4MCTas BoJa pacmmpsercs nourd Ha 10 %,
MPOUCXOAUT yBEINYCHUE BHEIIHETO IABJIECHHA, KOTOpOE MOHIDKAET
TEMIIEPATYpy ee 3aMep3aHHs; TeMIeparypa IUIaBIeHUS JbJa, Hao6o-
pOT, TIOBBILIAETCS C AaBJICHUEM. B 1ab0paTopHEIX yCIOBUAX IIPH JaB-
nenun 6omnee 40 THIC. arMochEep MOXKHO NONYIHTH JIEH, KOTOphIH Oy-
ner muaButhes npu temmeparype 175 °C. TemnmoemkocTs U TeIUIoTa
IUIaBJICHHUS JIbJa YMEHBIUAIOTCS C TEMIEPaTypoH, TEIIONPOBOJIHOCTE
’Ke [MOYTH HE 3aBHCHUT OT TeMiuepaTtypsl. Korna Tonmuna mbaa Ha mno-
BEPXHOCTH BOJOEMa JOCTHUTAET 15 cM, OH CTaHOBMTCSA HaJEKHBIM Te-
IUIOM30IIATOPOM MEXIY BOJOH H BO3LYXOM.

WBornma Boxa 3aMep3acT NpH MOJIOXUTENLHOH TeMueparype. Ta-
KOe sIBJICHHE HabIItofaeTcs B TpyOOnpoBOAaX M MOYBCHHBIX KaIIMIA-
pax. B TpyGompoBonax Boxa MOXET 3aMEP3HYTh IIPH TEMIEparype
+20 °C. Ob6macHIETCA 3TO NPUCYTCTBHEM B Boje MeTaHa. Ilockomeky
MOJIEKYJIbl METaHa 3aHHMAioT NPUMEPHO B 2 pa3a Gompmuil o0meM,
YeM MOIIEKYJIBI BOJBI, OHH «PACTAJKHBAIOT» MOJCKYJIbl BOIBI, YBEIH-
YMBAIOT PACCTOAHHE MEXKIY HHMH, 9TO TPHUBOIUT K TOHIDKEHHIO
BHYTPEHHET'O JIABJIICHUS U MIOBBILICHHUIO TEMIIEPATyPhl 3aMEP3aHMAL.
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Warepecio  pac-
CMOTPETL Iponece 006-
pa3soBaHUs KPUCTAILIOB
JpJa Ha CTCKIE, COBO-
KYTIHOCTH  KOTOPBIX HO-
CAT HA3BAHUC JICAAHBIX
Y30pOB M IIPCACTABIA-
{100 10T cofoif penkoe Mo
200 Ted kpacote 3pemmnie. Cpe-
X1 I MHOTMX BHUIOB MO-
BT T " POSHBIX y30pOB e

Hassenne, ITla APYTHX  BCTPCHAIOTCA

Puc. 3. ®a3opast AMarpaMMa KpHCTALTHIECKOTO REHAPUTH  (APCBOBUA-

b, Pumckumu nudpamu o6osHaversr obnactn  Hple 0o0pasoBaHms) M

CyIIEeCTBOBaHu CTabUNbHEIX (a3, Jlex JV — meta- TPYXUTHI (BOJIOKHH-

crabuiapHas (asa, pacoNararolasCcs Ha Jua-
rpamMMe BHYTpH obnactu V

100

=g

-100

Temneparypa, c
™
(=
<
Temmepatypa, K

cteie hOPMEL).

XapakTep  KpH-
CTANM3aIMK BOIBI HA CTCKJIC BO MHOTOM 3aBHMCHT OT YCJIOBMH OXJa-
xuenus. [Ipu oxnaxmenyu ot 0 no —6 °C u Hebonplioi McxomHoM
YIPYTOCTH BOASHOTO Tapa Ha OBEPXHOCTY OKOHHOIO CTEKJa OTiara-
€TCs OMHOPOIHEBIN CHOA HEMPO3padHOro PHIXIOrO Jibjha. i Hayanmb-
HOro o0pa3oBaHMs TOHKOTO CNOSA TaKOro JbJa B Ka4ecTBE 3aTPaBOK
KPUCTAINH3AMH U3BECTHYIO POIb MOTYT MIPaTh AePEeKThl CTPYKTYPHI
HOBEPXHOCTH, Hapamuuel. OIHAKO B XOJE JadbHEHINETO PasBUTHA
IIpoIecca STH BIMAHMSA IOJHOCTHIO IIEPEKPHIBAIOTCA 0011l XKapTUHOH
OCaX[IEHMSA JbJa IO BCEH OXNakHaronieiicss MOBEPXHOCTH.

Ecnu oxnaxeHue MOBEPXHOCTH OKOHHOTO CTEKJIa HAYHHACTCS
TIPK TIONOXKHUTENBHON TeMIepaType M Gonee BHICOKOH OTHOCHTENBHOM
BIQXHOCTH M B NIPOLIECCE OXTAKICH IPOXOANTCSA TOUKA POCHL, TO Ha
OXJTAXJAIOMEHCS TIOBEPXHOCTH CHadana OTIAraercs IUIEHKa BOILI,
KOTOpas yXe MPU OTPUIATeNBHBIX TEMIEpaTypax 3aKpHCTALIN30BLI-
BaeTCA B BUAE JCHAPUTOB. Yanie NEHAPUTHAS KPUCTAUIM3AIMA HAYH-
HAeTCs C HWDKHEH YacTH OKOHHOTO CTEKJa, T/Ie BCIEACTBUE ACHCTBUA
CHIIB TSDKECTH HaKarusaeTcs: Gonpliiee KOJIMJYECTBO BOABL. Pa3zMeprn
JEHOPUTHEIX KPUCTANIOB 3aBUCAT OT MMEIOIIErocs Il UX 00pa3oBa-
Hug MaTepuana (BoAbl). B HIDKHEH 4acT¥ OKHa, Il TUIEHKa BOZBI
TONIIE, ACHIPUTHI OOBIYHO MMEIOT GONBIIHE pasMepH, JI0 Mepe nepe-
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X074 K BepXHel YacTW OKHA pa3Mephl JEHIPWUTOB yMEHbIIaloTci. B
crydae paBHOMEPHOM YBIQXXHEHHOCTH CTEKIA Pa3MeEphl ACHAPHTOB
OpUMEPHO OJMHaKoBEHI. JlanbHelillee oXNaxkAEHHE CIIOCOO6CTBYET OT-
JIOKEHHI0 MEXAY ACHAPUTAMH, a 3aTCM U Ha ACHAPHUTAX TOHKHX CIO-
€B IYUIHCTOrO JIbAA. BBICTPhIE M 3HAYUTEIBHBIE 1T BEIUYHHE NIEPEOX-
HaXIeHWs NaloT MEJNIKOMacHlTabHyo ICHAPUTHYIO KPUCTATIIM3ALHUIO.
[pu HemocTaTke BIArd Ha CTeKe HapyNIaeTCs CIUIOIIHOM XapakTep
KPUCTAIUTM3AIMH: JCHIPUTHL PAacTyT OCTPOBKaMM, HX (HOPMBI MeHee
PE3KO BHIPAKEHBI, 4 Pa3sMEPHl YMEHBIUCHEI B CPABHEHHM C HOPMAlib-
HBIMH YCIOBHIMH.

TpuxuThl 006pa3yloTCs y OCTPBIX KpaeB IapaltvH Ha IOBEPXHOCTH
OXJIAX/TAKOIIEr0CA TBEP/IOTO Tena. [lpu 3ToM BHaUase KpUcTanisl 06-

pasyIoT y3KHE Mapajlie/bHble NOMOCKHM HHEA, BHIPOXKAAIOIIHECS IPH -

JalbHEHIIEM OXJIAKICHUH B IOCTATOYHO IUIOTHBIC JEIAHbIC BOJOKHA,
HCXOIIMIUC OT OCHOBHOI'C crebnsg. B GonbmmuHCTBE ClIy4acB KakK OcC-
HOBHOC BOJIOKHO, TaK K npnnerammne K HCEMY TOHKHEC ITIOJIOCKH MHEA
CJICTKa U30I'HYTHI.

dusuueckue XapaKTCPUCTUKHU JIBAA, UMEIOMHE TIOCTOAHHBIC UIIH
MAaJIOU3MCHAIOMMECA 3HaYCHUA, IIPCACTABIICHBI B Tabmn. 4.

Tabauya 4
du3nuecKkne cBoOHCTBA ABAA

CaoiicTea 13 3HageHus
TInoTHOCTS 917 kr/v’
Kospdrment o6beMHOr0 pacinpesus (CxarTus) 0,158-10°> C!
TeMnepaTypa IuaBieHHs Ipy aTMocepHOM JaBISHAH 0,01 °C
Y Ie/IbHAS TeIUTOTA TUIABICHUS TIPH HOPMATIBHLIX yeoBuax | 33,3-10% ik/kr
VaenpHas TemioTa cy6nmumanuu npu 0 °C 283,3-10* Iix/xr
KosdpunuenT TenIonpoBosHOCTH 2,24 Br/(M-°C)
KoaddummeHT TeMnepaTyponpoBOAHOCTH NPH HOpMaib- 41107 v¥/a
HBIX YCIIOBHIX >

[IOTHOCTE JK/IA 38BUCHT OT €r0 CTPYKTYpHI, TeMIEpaTypsl H OT
ero nopucroctd. C IOHIKECHUEM TEMIIEPATyPHI INIOTHOCTh JIbJA YBeE-
nrauBaercs, a 06seM ymensinaercs. OT TeMIeparyphbl 3aBUCHT TAIOKE
K02 HUIEHT BA3KOCTH, KOTOPHIA ABIACTCHA XapaKTEPHCTUKOH €ro
TEKY4ECTH.

TemitepaTypa IUIABICHHS IbJa ONPEACIACTCS AABICHUCM, NPU
KOTOPOM OH HaXOIMTCSL; C HOBBIIICHUEM JABJICHUS] OHA [IOHMKACTCA.
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AKycTuyeckue cBovicTBa bAa u CHera

Kax ObII0 BBIIIE OTMEYEHO, C MOHIKEHHEM TEMIIEPATYPH! [LJI0T-
HOCTB JIbJa BO3pacTaer, a 00peM ymeHbmaerca. C 3TUM CBOWCTBOM
Nba CBA3BIBAIOT HEKOTOpHIE SBJICHISA, HANPHMED, BEUCpHHE KaMHe-
Hajsl B Topax, KOTOpbIe IPOHCXONAT U3-3a IepeMemeHni KaMHeH pu
3aMep3aHMd BOXBl. Tak KaKk KaMHEnaJel NPHHOCST JIOAAM HEMAlo
Bpesa, paszpaboTaHEl MpPUOOPEI, NpPEXYNPENKTAOIHE O BOZMOKHOM
o6py1eH!H TOPOX — OHK PUKCHPYIOT 3BYKH, BO3HHUKAOINE B TOPHOIA
TOPOJE TPH PACTPECKUBAHMH, IPEIUIECTBYOMEM KAMHENATY.

PacTpeckuBaHMe NIEIHOTO IOKPOBA HA KPYIHBIX BHYTpHMATe-

PHKOBBIX BOJOCMAX H B CCBCPHBIX MOPAX CONPOBOXKIACTCA 3ByKaMM,

HamOMUHAIOIMMU pyXKelHble BRICTpenbl. YeM Tolmme nex, TeM mupe
¥ riy6xe TPEIMHBl M CHIbHEE 3BYKH pACTpecKHBaHHSA. FIHTEHCHB-
HOCTh PacCTPECKHBAHHA JbJa 3aBHCHT OT INIyOMHBI U CKOPOCTH BBIXO-
JaXHBaHUA, OT CTENCHH HEOJHOPOJHOCTH CTPYKTYPHI JIbAA U NOKPHI-
BAIOILETO €T0 CHEXKHOTrO HokpoBa. OcobenHo OnaronpuATHO M 00-
Pa30BaHMs TPEIWH OTCYTCTBHE CHEKHOTO IIOKpOBa Ha Jbxy. Yame
BCETO PACTPECKMBaHME HabMIOAaeTCA NpH MepBbIX OONBIIMX MOPO3ax
B HaYaJle 3MMB! ¥ [IPH PE3KHX NOTEIUICHUAX B €€ CEpEIUHE.

Hccrnenoparenn JaBHO yxke 0OpaTHiIM BHUMAaHKE Ha H3MEHCHHE C
NOHMDKEHMEM TEMIIEPATYpEl BO3[yXa CKpHIA CHera npu xonsbe: mpu
HU3KHMX TeMIepaTypax CKpHH Bceraa Gonee 3BOHOK. Hexoropeie me-
TEOPOJIOTH NEPBOH YETBEPTH HAIIETO BeKd NpEUlaraid JaXe OLECHH-
BaTh TEMIIEPATYPY 10 BOCIPUHAMAEMbIM HA CIIYX W3MEHEHHSM B Xa-
paxTepe CKpuna CHera.

AxycTrdeckue U3MEPEHHS [I0KA3aIIY, 9TO B CIEKTPE CKpHIA CHE-
ra UMEIOTCA JBa MOJOTHMX U HE PE3KO BBIPAXXEHHBIX MaKCHMyMa — B
Juanasode 250-400I'm u 1-1,6 xI'n. B GoneIMHCTBE Clydyaes. Hu3-
KOYAaCTOTHEI MAaKCHMyM Ha HECKONBKO NEIMOeN IpeBBIIAET BHICO-
xogacToTHRIA. TIpn TemmepaTrype Bo3myxa Beime —6 °C BEICOKOYAC-
TOTHBIA MaKCUMYM CITIaXHBACTCA M HEPEIKO NOJIHOCTHIO JTUKBUIAMPY-
erca. C monmxenueM temmeparypel oT —8° mo —20 °C cuna 3syka
CKpHIIa CHera yBenmmauBaeTcs Ha 1 ab.

Ipu nomke nemsanpIx cocynex muamerpoM 0,015-0,040 M Gouia
OTMEYEHH! B3 MAKCUMYMa aKyCTHIECKOH SHEPTUHU — B IManasone 125—
200 I' u 1,25-2 xI'11. MakcuMyMBbI 3TH JOCTaTOYHO PE3KO BHIPAKEHEI
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M YETKO OTAENEHBI MPYyT OT Apyra. Takas ke KapThHA paclpereieHvs
aKyCTHYECKOH 3HEPIUM IO CIIEKTPY HAOMIONAaeTCa ¥ IPM B3NaMBIBAHUM
pedHoro Jinja TomuwHoH 0,5 M ¢ momouIsko sgenokoina. Takum o6pasom,
BBICOKOYACTOTHBIE MAKCHMYMBI aKyCTHYECKOH SHEPIHH ANf CKDHIIA
CHera, JIOMKH COCYJICK M PEUHOTO JIbAA MPUXOIITCS HA OAUH U TOT K€
JMaNa3’oH YacTOT, HU3KOJACTOTHBIE K€ CMEIEHK! 10 CIIEKTPY. DTO yKa-
3bIBACT HA Pa3iUYie B JKECTKOCTH CTPYKTYPHI CHela M JIbJa.

- H3BecTHO, YTO MATKHE MATEpHANbl MPH yAape WIH H3IOME JFOT
[ITyXOH 3BYK, B KOTOPOM BBICOKHE 9aCTOTHI OCIIA0IEHBI HIIH COBCEM HE
npencTaBlieHbl. [ToHmkeHne TeMnepaTypsl OKpYXKaromell cpenpl Be-
J€T K yBETMYEHHIO TBEPIOCTH MATEPHMANIOB, K YCUIEHHIO B3auMOJIeH-
CTBHA MEXIY YacTHIAMH BeniecTa. IloatoMy TIpM y/Iape WM H3JIOMeE
TEN, HAXONAIMXCA B YCAOBHAX IOHIDKEHHOHW TeMIEPAaTyphl, CIIEKTP
BOSHHKAIOMIUX aKyCTHYECKUX KoNeOaHui pacmpocTpaHsercs B 00-
JIACTh BBHICOKHX 4acTOT.

Braroxaps HaMuYMIO MHOECTBA BO3JYIIHBIX NPOMEXYTKOB Me-
XKIY KPUCTAIAMH JIbHA, CHEXHBIM ITOKPOB MMEET HEBBICOKYIO ITIOT-
HOCTH, M €0 C IIOJHBIM OCHOBAHHEM MOXKHO OTHECTH K KaTerOpHH
MATKHX MaTepuanoB. [Ipn MoHWKEHUH TeMIepaTypsl KPUCTAIIBI CTa-
HOBATCA 0OJiee YIPYTHMH, a CHEXHBIHA IMOKPOB B LenoM Gonee xpyn-
KuM. OTO M ofecmeduBaeT paclIMpeHUe AaKyCTHYECKOTO CIEKTpa
CKpHIa cHera B 00JIaCTh BBICOKHX YacTOT. Ilockomeky ckpun cHera
ABJSETCS PE3YIHTATOM MAacCOBOrO CIIOMa KPHUCTALIOB JIhJa, MOXKHO
[IOJIAraTh, YTO IEpEepacHpeelicHHe IHEPruM CKpUNA YKashiBaeT Ha
U3MEHEHUS B XapakTepe B3aUMOAEHCIBMA DNEMEHTOB CTPYKTYpHI
CHEXHOTO IIOKPOBa.

nexrpuyeckme CBOVICTBA /1bla M CHera

Bemukuii pycckuit yaensiii M. B. JIoMOHOCOB IIEpBEIM OLICHII OCO-
Obie SNEKTPUYECKIe CBOHCTRA JIbJia. B pe3ynbTaTe OMBITOB IO 3JIEKTPH-
3aIUH JIbJa OH YCTAHOBUII, 9TO M3 HETO «BEICKAKUBAET OI'OHb C TPECKOM,
Oyne oH (Nex) He UMeeT B ce0¢ ROIYIIHBIX IMy3bIPBKOB U IO OOKaM He
MoKp. VM MOxHO 3ax¢edb He)Th». CIOCOGHOCTS Jbja MPU HAaTHPAHUA
HaoJIEKTPU30BEIBaTECH HekoTophle yueHble XVIII Beka merrammch Hc-
TIOJIL30BATE (HE COBCEM yNA4HO) JJI M3TOTOBJICHI ANEKTPOCTATHIECKHX
Mainus Tperrs. UsBectarii pycckuii ¢usux B. B. Iletpos nepsblit cra-
BHJI OIIBITH] IO M3YYEHHUIO IEKTPONPOBOHOCTH JIb/A.
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IIpu npoxyBaHuy Hafo JNBAOM BO3TyXa, OYUILICHHOIO OT HBUIM U
ZIpYTUX B3BEIIEHHBIX NpHUMeECEH, JeA He ANeKTpu3yercs. Ecnu xe Ha-
IpaBUTh Ha ILUIOCKYIO IIOBEPXHOCTDH JIbAA KaleNbHO-NIAPOBOH IOTOK,
TO B pe3yJbTaTe CTOJKHOBEHHS KallelIeK BOABI CO JIBIOM IPOHUCXOIUT
o6MeH 3apANOM M BO3HUKAET HOJOXKHUTENbHAS NEKTPH3AUUA JTbAa U
OTpHUaTenbHas — BoAsl. ONHaKO €CiM Jel MOKPHIBAETCS IIICHKOH BO-
IIbl, DNIEKTPHU3ALHS NPSKPalaeTC.

ITpy npogyBaHUE HAAO IHIOM BO3AYXa, COAEPIKAILETO KalIeIbKU
TyMaHa HAaTHIPHOTO CIMPTa, KaXIBIH JUTp BO3XyXa mpuobperaet
3apsin oxono 2-107 ! xynona. B 0c060 MmIOTHBIX AMMHaYHBIX TyMaHax
ITOT 3apsAf MOXKET YBENUUHTHCA BABOE. JIeA B 9THX YCIOBHAX MOMyYa-~
€T TaKOM ke 10 BeTHUYHHE 3apal, HO IPOTUBOIIOIOKHEIH 10 3HAKY.

Ilpu nnaeneHuM IbJa 3apsf HaXOAAMIErocs HaJ HUM BO3AyXa
BO3pacTaeT 32 CUET BHIACICHHS DIIEKTPUIECKHMX 3apSIOB M3 IIy3bIPb-
KOB BO3/[yXa, 3aXBaYEHHOT'0 JILAOM paHee (IpH 3aMep3aHum).

Mexannyeckne cBoicrea 164a

Mexanuueckue CBOMCTBA JIEAAHOTO IOKPOBA H3Y4aloT B HATYp-
HeIX ¥ nabopatopubix ycnopusx. C HOMOMmIBIO T'MAPAaBIMYECKOIO
Ipecca HCHBITHIBAIOT 00pasLbl JIba Ha CKaTue, H3rHO ¥ PacTKeHHe.
Bo Bpemsa umcnbiTaHuit k 06pasiy NPUKIAABIBAIOT PABHOMEPHO BO3-
PacTaloniue CTATHYECKUE HArpyskd. I10 JOCTIDKEHHIO HEKOTOPOTO
KPHTHIECKOro 3HaYEHMA IIPOMCXOAUT paspymeHue obpazua. Mo mo-
Ty4CHHBIM 3aBHCHMOCTSM JehOpMaLM OT HaNpsDKEHUSI MOJKHO CYIUTh
0 IPOYHOCTHBIX XapakrepucTukax nsna. [Ipouecc mccnenoBanusa Me-
XaHHYECKHX CBOMCTB b2 ONUCaH, HanpuMmep, B paborte [2].

Wsyuenre MeXaHWYECKHX CBOMCTB IIbfla HEOOXOAHMMO Kak Jyis
HA3HAYEHHA HPOYHOCTHBIX XapaKTEPUCTHK I'HMIPOTEXHUYECKHUX CO-
OpYXCHHUH, TaK M Ui 34Tl OT Pa3pyIlaloniero AEHCTBHSA Ha HHX
Ne/I1HOr0 MOKPOBa.

B xauecTBe mpuMepa paccMOTpPUM ONPENENCHUE BEPTHKAILHOM
cuist (F) OT TIpHMEp3IIEro K COOPYKECHHIO JISATHOTO IOKPOBAa IIPU
U3MEeHEHHN ypoBHA Bozk! (puc. 4). Pacuetnas dopmyna umeer Bum:

F=02M,t 40 1®, (6)
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a) | 6)

PPTE77.

Puc. 4. Cxema K onpeienenmio HaTPy3KH OT MPUMEP3LIETO K COOPYXKEHHMIO JISITHOTO
TIOKPOBA IIPH M3MEHEHHH YPOBHS BOIBL:
a — mpH NOoHIKeHu! VB; 6 — npu nossleHun YB;
VBJI — ypoBeHb BOJBI P4 JIEAOCTABE

rac /- JJINHA YYaCTKa COOPYXECHUA Ha YPOBHC HCﬁCTBHX Jbaa, M; Vg —
CKOpPOCTH NOBBIMICHUA HJIN INOHMXCHUA YPOBHA BOJBI, M/ q; fy— BpemM,
B TEYEHHE KOTOPOTO IPOHCXOMUT JedopMalus NEASHOro NOKPOBa
OpU NOHIKECHUY MY HOBBIICHHH YPOBHA BOIBI, H; hmax — MAakKCH-
MallbHas BBICOTA JIeAAHOro mokpoea; ® — OGe3pasmepHas (QyHKIHA
BpeMeHH, onpeenseMas o gpopmyne

. 2
O=1+ ng—[td +50(1 —e %Y. Q)
1 |

Kaxk cinexyer u3 popMynsl (6), 3HaUeHUE BEPTUKATBHOM CHIIBI 3a-
BHCHT OT BpEMEHH.

Jis peanmsanuu 3TOH 3aBHCHMMOCTH B maketre MatLab ciegyer
3HATh YIPaBIIONIME CTPYKTYPHI H METOABI UX PEAIU3alLMH.

Jlns mamucapus nporpaMM Ha sizeike MatLab ciyxar m-Gaiinel.
IToAroTOBIICHHBIM M 3aNMCAHHBIA HA JUCK m-Qailll CTAHOBUTICA da-
CTBIO CHCTEMBI, M €r0 MOXXHO BBI3BIBATh KaK M3 KOMAHIHOW CTPOKH,
TaKk M W3 Apyroro m-(Qaiina. Ecte nBa Ttuma m-¢painos: ¢aiisl-
CLICHApHH U (QafiTbl-QyHKIHIH. _

dajin-cuenapmuii, IMCHYeMBIi Script-GaiiioM, sSBIAETCS HPOCTO
3alKCHI0 CepUM KOMaHX 0e3 BXOIHBIX ¥ BBIXOAHBIX mapamerpoB. OH
HMEET CIACMYIOIIYIO CTPYKTYPY:

%OCcHOBHOM KOMMEHTApHH

% lonomENTENEHBIN KOMMEHTAPHI

Teno daiina ¢ moOLIMU BHIPaXKCHUAMHA

Baxxsp! cnepyronue cBoHCTBa (QaiioB-clueHapHeB;

~ OHM HE UMEIOT BXOJHBIX U BBIXOIHBIX apTYMEHTOB;
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— paboTaloT ¢ JaHHEIMH U3 padoyeii obnacTy;

— B [IPOLIECCE BHIMOIHEHNA HE KOMIITHPYIOTCS,

— OpeACTaBIAOT coboil 3aduxcHpoBaHHYIO B Brie (aiina mocie-
JOBATEIBHOCTD ONEPalyii, IOJIHOCTLI0 AHATOTHYHYIO TOM, YTO MCIIONE-
3yeIcs B CECCHH.

OCHOBHBIM KOMMEHTapUeM SABJIIETCA IepBas CTPOKa TEKCTOBBIX
KOMMEHTApHEB, a JOIOIHUTEIBHBIM — NoCHexyromue cTpoki. OCHOB-
HOH KOMMEHTAapHii BBIBOZUTCS NpPH BBIIOJHEHUM KOMaHK [ookfor u
help nms_xartamora. [IonHEIH KOMMEHTapUii BHIBOLWTCS YIPH BBINOJ-
HEHUM KOMaHp! help nms_daiina.

M-bain-QyHKIHI SBIACTCS TUIMYIHEIM OOBEKTOM f3BIKA IIPO-
rpaMMHMpOBaHusa cucreMbl MatLab. CTpyKkTypa 3TOro CTpyKTypUpO-
BAaHHOTO MOXYJA C OZHHM BBIXOZHBIM IapaMeTPOM BBHIIVIAIUT Clie-
JTyIomuM obpaszom:

function var = f name(Cuycox_napaMeTpoB)

%OcHOBHO# KOMMeHTapHit

% JlononHuTEIbHBIM KOMMEHTapHH

Teno daitna ¢ mF0OEIMU BHIP2OKEHUAMHA

var = BHIP)KCHUE

M-daitn-pysrupnsa umMeer clieayromue cBOHCTBA:

— OH HauyMHaercs ¢ OOBABICHUA function, MoCle KOTOPOrO yKa-
3BIBACTCS UM IEPEMEHHOI var — BHIXOZHOTO TapaMeTpa, WMs caMoi
(YHKIHH U CHHCOK €€ BXOAHBIX NapaMeTpOB;

— (hyHKIMS BO3BpaIacT CBOE 3HAYCHHE M MOXKET MCHOIB30BATHCA
B Buze name (CHUCOK_napamMeTpoB) B MaTeMaTHIECKHX BHIPAKCHUSIX;

— BCE IIEPEMEHHBIE, MMEIoIMecs B Tene daiina-OyHKupm, SBIIOTCS
JIOKaIBHBIMY, T. €. JEHCTBYIOT TOJBKO B ITpefenax Tena QyHKIuY,;

— Galin-QyHKIMA ABNAETCA CAMOCTOATENHHBIM IPOTPAMMHBIM
MOIyneM, KOTOpHH ofmjaerca ¢ JpyrMME MOXYIAMH Hepe3 CBOH
BXOJHBIC ¥ BHIXOJHBIE IAPAMETPHI;

— IOpaBWIa BRIBOJZA KOMMEHTapHEB Te e, 4r0 y (aiimos-
CLIEHAPHUEB;

~ Gallin-QyHKIHA CIY)XUT CPEACTBOM pACLUIMPEHHS CHUCTEMbI
MatLab; ,

— 1pu oOHapyxesuu Gaina-QyHKIUN OH KOMIMIMPYETCS U 3a-
TEM HCTIONHAETCA, 4 CO3JAaHHble MAIIMHHBIE KOIBl XpaHATca B pabo-
4yel obnactu cucreMul MatLab.
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Tlocnenusst KOHCTPYKIUS var = BBIPAXKECHHE BBOAMUTCS, €CIIH TPE-
Oyercs, yrobbl QYHKIMSA BO3Bpallala pe3yiasTar BeraucicHui. Ecmu
BHIXOJHBIX NapaMeTpoB OoJblie, TO OHH YKa3BIBAIOTCSA B KBAJPAaTHBIX
cKoOKax IoClie CIoBa function.

JIrobas cepre3nas mporpaMMa UMeEeT HEMHHEHHYIO CTPYKTYpy. s
CO3/IaHMA TAKMX HPOrPaMM HEOOXOMMMEI CHELMANbHEIC YIPABILIIOMEE
CTPYKTYPBL.

1. /lnanoroBelit BROJ ¥ BEIBOJL:

input (‘'Kommenrrapuit', 's") unu var = input ('Beeaute var');

disp (Kommentapuit') unu disp (var).

B mepBeIx cnydasx QYHKUIHH mpuf ¥ disp HCIONB3YIOTCH IUIA
BBOJA/BBIBOJIA MIPOM3BOILHOTO CTPOKOBOT'O BBHIPAXKEHHS, & BO BTOPHIX
— JUIA BBOJA/BEIBOJIA 3HAYCHHS Var.

2. YcnoBHEI oneparop:

if Yenosue

Uncrpyxims_1

elself'Ycnosue

Uncrpyxuuy_2

else

WNucrpyxipm. 3

end

IToka YcroBue BO3Bpamaer Joruueckoe 3Hagenue 1 (T. e. «uc-
THHA»), BREITONMHAIOTCS WHCTPYKITHY, COCTaBIAIOMME TEIO0 CTPYKTYPSI
if ... end. IHCTpYKIMY B CIIMCKE PA3feNAIOTCS OEPATOPOM , (3amATast)
unu ; (Touka ¢ 3angroil). B YcnoBun I0DXHEI OBITH MCIIONB30BaHBI
CIICAYIONIHE OTICPaTOphl OTHOWEHHUA: ==, <, >, <=, >= pym ~=. Bce
3TH OTIEPATOPHI MPEACTAB/LIIOT cO0O0M mapsl CHMBOJIOB 6¢3 MpobenoB
MEXKAY HAMH.

3. IMuxner TumA for ... end 0OBIYHO MCHONB3YIOTCA U1 OPraHU3a-
UM BEYUCICHHI C 3aJaHHBIM YHCIOM IIOBTOPAIOIIMXCA ILMKIIOB.
KOHCTpYKIMS TAaKOTO MUKNA MMEET CICIYIONMH B

for var = Bripaxenue, Muctpykums, ..., UaCTpyRums end

BeipakeHue Jalie BCETo 3alUCHIBaeTCA B BUAE s:d:e, IIE § — Ha-
YaJlbHOE 3HAYCHUC TEPEMEHHOH NHUKNIa var, d — NpHUpalicHue 3TOH
[EPEMEHHON U ¢ — KOHEYHOE 3HAYEHNE YIPABIAIOMEH IIEPEMEHHOMH,
IIPH JOCTIDKEHHUH KOTOPOTO LKKII 3aBepmiaeTcsa. Bo3MokHa U 3aIlUCh B
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BUJE S:e (B aTOM ciydae d = 1). B npumepe mmmoctpupyercs popmu-
POBaHME IBYMEPHOH MaTpHILIBL:

for i=1:3

Jor j=13

A(, j) = ij;

end

end

Cnenyer OTMETHTH, 9TO (GOPMHUPOBAHKWE MATPHI C HOMOINBIO
oreparopa : (ABoeTo4Me) OOBIYHO 3aHUMAaeT HAMHOTO MEHbIIE Bpeme-
HH, 9eM C IIOMOIUBIO IHKJIA.

4. Iuxs tuna while BEIIOMHSETCA J0 TEX MOP, MOKA BHIIOIHAETCS
Ycnosue:

while YcmoBue

Hucrpykuum

end

PaccmoTpuM yHKIMIO, KOTOpast HEOOXOAUMA JUIsS H300paKEHUs
3aBHCUMOCTeH: QYHKIMA festvarin BHIBOAUT HA SKPaH JIMHHY, COEXH-
HAIOMIME JIOCIEeNOBATENbHOCTh TOYEK C KOOpPAWHATaMH X ¥ y. Touku
3aJa¥0TCA BEKTOPaMH M3 IBYX dreMeHToB. DyHKUUS festvarin QOmmyc-
KaeT B Ka4eCTBE BXOJHOTO apryMeHTa JM000e KOMMYECTBO TAKMX BEK-
TOPOB.

Jfunction testvarin (varargin)

for i = l:length(varargin)

x(0) = varargin{i} (1);

y(@) = varargin{i} (2);

end

xmin = min(0, min(x));
ymin = min(0, min(y));

axis([xmin fix(max(x))+3 ymin fix(max(y))+31)
plot (x,y)

Crucox varargin XpaHuT BXOJHBIC IepEeMCHHBIE B MAaCCHBE S4e-
eKx. Tak HanpuMep, KOOPAMHATH! X H ¥ TOYKH C MHIEKCOM { — 3TO CO-
OTBETCTBEHHO NEPBBIA M BTOPOW 3JEMEHTH i-H sSYEHKH MacCHUBa va-
rargin.
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METAJI/1

YenoBek Haval MCHONB30BATh METAIBI M CIUIABHI €HIE 3a He-
CKOIIBKO ThICSYeNeTHii 1o Hamew dpsl. Ho Tonmpko B XVIII Bexe nos-
BHJIHCH OTACHBbHBIE HaydHBIC paboThl, MO3BOJIIONIHE TOBOPHUTEH O
Hayale OCMBICICHHOI'0 H3YYCHHS TOT'0, YTO HAKOIHJIIO YEI0BEHCCTBO
32 BCE BpeMs HCIIONb30BaHUSA MeTawioB. TakuM o0pa3oM, B Mate-
PHATOBEICHIH BBRIACIIIOCH HOBOE HAYYHOC HANIPABIICHHE — METal-
JOBECHME.

MeraioBeaeRre — NOCTOAHHO Pa3BUBAIOIIASCS HAyKa, HEmpe-
PHIBHO 060ranmarmascs 3a cueT paspaboTKH HOBBIX CTajed M CIula-
BOB, B CBOIO OuYCpe]b CTUMYNHPYIOIIHX NPOrpecc BO BCeX obIacTsax
HAYKWM U TEXHUKH. TOIBKO 3a IOCICAHUE HECATHICTHI CO3IJaHBI HO-
BbI¢ TOJYNPOBOJHHUKH, CBEPXIPOBOIAILME MaTepHalbl, aMOpGhHEbIE
CILIaBBI, KOMITIO3HIIOHHBIC MaTepHaibl, CIUIABB! BRICOKOH JKaponpod-
HOCTH Y PafHalFiOHHOM CTOHKOCTH, 63 KOTOPBIX HEBO3MOMKHO pa3BH-
THE aBHALIMM M KOCMOHABTHKH, 3JIEKTPOHMKH, PaJIMOTCXHUKH U APY-
THX OTPAaciieil NPOMBIIUTEHHOCTH U 9KOHOMHKH, B TOM YHCIE THAPO-
METeopoJIoruy. 3 3Toro ciaenyer, YTo THApOIoraM Hajo YYUTHIBAThH
CBOICTBA METAIIOB U CILIABOB, KOTIA BO3BOAAT MIOTHHEI Pa3IMIHOTO
Ha3HAYeHUA M YCTAHABIMBAIOT Malble BOZONPOITYCKHEIE COOPYIKEHHS
(BOROCIUBEI), CTPOST MOCTOBBIE IIEPEXO/bI, 3a0MBAIOT CBAW I THI-
POMETPHUECKIX H3MEPEHHM, NPOKIAIBIBAIOT TPYyOONIpOBOAE! 0 AHY
PeKH U OpH Ipouux Bugax pabot. Hamo npencraisiTe, 9YTO TBEPNOCTD
xelne3a (B yCIOBHBIX equHMIaX paBHa 50~80) mpH BBeJeHHH B HETO
yIJIepoa ¢ MOMYyYCHHEM JKEIe30yTIIEPOJUCTOTO CILIaBa, HMEHYEMOro
qyryHoM, nopbimaercs A0 230410, npu crnase xenesa ¢ yrieponoM
M XpOMOM B BHJIE€ MHCTPYMEHTANBHOM CTAald TBEPAOCTh COCTABIACT
450-700.

[Ipn SKCIUIyaTaiMyd METAUIMYCCKUX COOPYKEHHH MNPOUCXOOHUT
B3aMMOJICHCTBHE HX CO CPEROI, KOTOPOE MOKET IPHBECTH K yXyIIe-
HHUIO CBOMCTB MeTanna, 3TOT IPOHecc HasplBaeTca Kopposueh. Heko-
TOpbie MPUMEPHI MOCIEACTBHI KOPPO3UMH METAUIMYECKHX COOpYHKe-
HUi: CKBO3HAA nepdopaims (CBULIM) METAIMIECKHX CTCHOK; I10pYa
Ka4ecTBa BOIBI NONAJAIONICH B HEe PrKaBUMHb], HAPACTaHHUEC Ha MeTall-
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JHYECKUX CTEHKaX TOJCTHIX CJIOEB TBEPIBIX NPOLYKTOB KOPPO3HUH, YTO,
OPHBOIUT K CyxXeHHI0O pabodero cedeHws TpyOOHMpPOBOHA; HEMPHUIOI-
HOCTb IUI1 MCHOJB30BAaHHSI THAPOMETpHYecKHx Hpubopos. ITostomy
HEOO0XO0AUMO 3HATH NPUYUHB!, MEXaHU3M KOPPO3¥H, CTIOCOOH! OLIEHKH H
METOXBI 3aLUTHI OT Hee.

CBo#HcTBa METa/lZIOB M CI/1aBOB

B npupozne Merannsl BCTpeYarOTCA KaK B YHCTOM BHJIE, TaK U B
pydax, OKCHAAX M COILIX. B 4ylCcTOM BuIE BCTPEYAIOTCH XMMHYESCKH
ycroitunseie snementsl (Pt, Au, Ag, Hg, Cu). Macca 106BITOT0O Han-
GoneInero caMopoaKa Memu coctasiser 420 T, cepe6pa - 13,5 1, 30-
mora— 112 kr.

MeTtannmudeckue MaTepuansl OOBIYHO HeJsTCAd Ha JBe Oonbiue
IPYIOBL: KEeJIEe30 U CINIABEI xKemle3a (CTalb U 4yryH) Ha3BIBAIOT dEp-
HBIMH METaIIAMH, 2 OCTAIBHBIE METALIB! Y UX CILIABBI — I[BETHHIMH.

Kpome Toro, 1BeTHbie METaLIB MOXKHO €Iie TIONEIUTh HA Clie-
Iy1omue OCHOBHEIE ITOATPYIIIEL

— nerkue metamisl Mg, Be, Al, Ti ¢ mIoTHOCTBIO 10 5 T/cM’;

— TspKenbie Metasl Pb, Mo, Ag, Au, Pt, W, Ta, Ir, Os ¢ miotHo-
CTB10, IpeBHIIaronieit 10 r/em’ ;

— JIerKoIlTaBkue Meramnsl Sn, Pb, Zn ¢ remueparypoit minasnenus
cooTBeTcTBeHHO 232, 327,410 °C;

— Tyromiapkue Merawiel W, Mo, Ta, Nb ¢ Temneparypoit mnas-
JIEHMS CYIIECTBEHHO BEIINE, 9eM Y xkenesa (> 1536 °C);

— Gmaropomunie MeTalEl Au, Ag, Pt ¢ BEICOKOH YCTORYHMBOCTEIO

' IIPOTHB KOPPO3NH;

— YpaHOBBIC METAIUIBI, MM aKTHHOUAB! (aKTUHUAE!), UCIOIb3Ye-
MBI€ B ATOMHOH TEXHUKE;

— penkosemenbHble MeTamrel (P3M) — nmaHTaHOMIBI, IPUMEHSE-
MBIE st MOIMGHIMPOBAHYIA CTATIV;

— IIENOYHBIE W IIeNIoYHo3eMenbHble Metanns Na, K, Li, Ca B
cBOOOIHOM COCTOSHHH NMPHUMEHSIOTCS B KadECTBE XUIAKOMETaIIHYe-
CKHUX TEIUIOHOCHTENEH B ATOMHBIX PEaKTOpax; HATPHH TAKKe HUCIOJNb-
3yeTcs B KaYeCTBE KaTallu3aTropa B NPOM3BOACTBE HCKYCCTBEHHOIO
Kay4qyKa, & JIMTHH — 7% JISTHPOBAaHUs JIErKUX ¥ IPOYHEIX aTFOMHHME-
BEIX CITIABOB, IIPUMEHAEMBIX B CAMOJICTOCTPOCHHHY.
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CaoticTra MeTaiumoB pasHooOpasnel. Hanpumep, pryTs 3amep3aet
npu Temueparype —38,8 °C, Bonsdpam BeLIEpKHEBAET pabodyro TEM-
nepatypy no 2000 °C (T, = 3410 °C), muruii, HaTpuid, Kamui ierde
BOJBI, a HpUAUHN B ocMMH B 42 pa3a TsKelee JUTUA. DICKTPOIIPOBO-
HOCTh cepebpa B 130 pas Brine, ueM y Mapradua. Bmecre ¢ Tem me-
TaJIB! UMEIOT XapaKTepHble o0nme cBoicTBa. K HUM OTHOCATCS:

— BBICOKAS [IIACTHIHOCTE;

— BBICOKHE TEIJIO- ¥ DIEKTPONPOBOIHOCTE;

— HOJOKUTEHbHBIH TEMIIEpaTypHBIH Kod(QUIMeHT dneKTpude-
CKOTO COTIPOTHBIICHHS, O3HAYAIOMIMI POCT CONPOTHBIEHUS C IOBBI-
HICHHEM TEMIICPATyPhI, H CBEPXIPOBOIMMOCTS MHOTHX METAILIOR;

— XOpouias OTpaXkaTeNIbHast CIOCOOHOCTE (METaIIB HEempo3pad-
HBI ¥ IMCIOT XapaKTEPHEIN METAIUINICCKUIA OlIecK);

—~ TEPMOICKTPOHHAA 3MUCCHS, T. €. CHOCOOHOCTH K MCITyCKaHHIO
JIIEKTPOHOB MpH HATPEBE;

— KPHCTAJINMMYECKOE CTPOCHHE B TBEPIOM COCTOSHHUH.

CraBel — 3TO CIOKHBEIC METAIUTHI, NPEACTAaBIIONUE COYCTAHNE
KaKoro-Jubo mpoctoro Meramia (OCHOBHI CILIABA) C JPYTUMH METal-
TaMu ¥ HeMeranaMu., Kpome OCHOBHOrO KOMITOHEHTa, Npeobianaro-
MIET0 B CIUIABE, Pa3iUYaiOT eule JETHPYIOUINe KOMIIOHEHTHI, BBOIM-
MBI B COCTaB CIUTaBa [ HONydeHHA Tpebyembix cpoiicts. Hampn-
Mep, I YIIYYUIEHU] MEXaHWIeCKHX CBOMCTB M KOPPO3HMOHHOM CTOM-
KOCTH JIaTyHH (CIJIaB MEIM C LIHKOM) B Hee JOOAaBIAIOT altOMUHMH,
KPEMHUH, JKENe30, MapraHell, 0JI0BO, CBUHEL H APYTUe JErHpYIOIHe
KoMItoHEHTHI. CIUIaBBl IPEBOCXOMAST NPOCTHIE METALIB HO NPOYHO-
cTH, TBepaoCTH, obpadarbiBaeMocTd U T. A CaMoOe IIHPOKOE IpUME-
HEHHWE B TEXHHMKE MMEIOT CILIABHI JKeJe3a C YIIIepooM — cTal (yrie-
pona menee 2 %) u uyryHs! (yriaepona 6onee 2 %). Jna ymyqmenus
XHMHUYECKUX ¥ MEXaHWYECKUX CBOMCTB CTAJld B KauecTBE JICTHUPYIO-
IUX KOMIOHEHTOB NMPUMEHAIOTCA (Tali. 5): XpoM, HHKENb, BOIbd-
pam, BaHaAWH, MONKUOAEH, KOOABT, TUTAH, HUOOUH, aIOMUHNN, ME/Ib,
KpeMHHIi 1 MapraHell.
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Tabnuya 5
Bansanue ierupyromux KOMIOHEHTOB HA CBOMCTBA CTAJM

JlerHpyromui CpoiicTBa cTamu
KOMIOHEHT yIIyqImaer yXyaaeT
X TeepaocTs, NpoYHOCTH, KOPPO- | MIACTHYHOCTH
pom 3YI0HHY10 CTOHKOCTh
TIpoynocTs, NJACTHYHOCT, | YMeHpIaeTcs Ko3(pGHIH-
TIOBEIIGET YAApHYIO BA3KOCTh, | €HT JNMHEHHOTO paciuMpe-
Hukens YBEITHYIHBAET OpoKanuBae- | HUA, NpH GONBIIOM CcoOmep-
MOCTb, YCTOHYMBOCTE MPOTHB | JKAHMK CTAlb CTAHOBHTCH
KOppO3uH HEMarHUTHOH
Bonsdpam Tsepmocts VBeJIHYHBAET CTOHMOCTE
VBenmnuuBaeT IUIOTHOCTh, H3- | YBeTHUIHMBaeT CTOMMOCTH
Banaguit MENbYAET 3EPHO, TNOBBIIAET
TBEPIOCTh H NPOYHOCTE
Monu6ex Vmpyrocts, TIPOYHOCTE, KOPPO- -
3HOHHYIO CTOHKOCTb
TloBBINIaeT HPOYHOCTH, IUIOT- -
HOCTh, H3MEJbYaeT 3€pHO, II0-
Turan M
BBHIIIACT KOPPO3HOHHYIO CTOH-
KOCTh

BHyTpenHee CTpoeHne MerTassioB 1 CIaBos
Kpucrammyeckoe CTpOEHHE METAI/IOB

Bce TBepnble Tena mensrcs Ha aMOpOHBIE M KPUCTAIUINYECKHE.
B aMopdHEIX Tenax aToMBI PacmojIOKEHBl XaOTHYHO, T. €. B 0ecIo-
panke, 6e3 BCAKOHM CHCTEMB! (HampuMmep, CTeKJIo, Kiei, BOCK, KaHM-
doms m gp.). Bce Merammel M ChnaBhl HMEIOT KPHCTAIIMYECKOE
CTPOEHHE, T. €. AaTOMEI PacIIONOXXEHbI B CTPOr0 OIPEACIIEHHOM IIOPSI-
Ke, C OIpeJie]IeHHOM reOMeTpHIecKoi 3akoHOMepHOCThI0. K kpucral-
AMYECKHM TellaM OTHOCATCA TakkKe IOBapeHHas COJNb, KBapll, caxap-
HBIH IIECOK H JIp.

Ecmy aToMBI MeTaiia MEICICHHO COCAUHUTE MPIMEIMEA THHUSMHY,
TO TONYYHTCS TPABUIBHAA TEOMETPUMECKas CHCTEMa, Ha3bIBacMast
IIPOCTPAHCTBEHHOH KpUcTaudeckol pemerkoi. 3 kpucraimnyeckoit
PEIeTKH MOXHO BHIIENHUTE DJIeMEHTApHYI0 KPHCTAIUTHYECKYIO TUEHKY,
IPE/ICTaBIBIONLYI0 HAMMEHBINMH KOMIUIEKC aTOMOB, [TIOBTOPEHHEM KO-
TOPOro B TPEX M3MEPEHHIX MOXKHO IOCTPOUTE BCIO PEIETKY.

Haubonee pacnpocTpaHeHbl TpH THIA DJIEMEHTaPHBIX KPHCTal-
JMYeCKHX sA4Yeexk MeTanioB (pHC. 5): KyOudeckas 00BEMHOLEHTPHPO-
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BaHHAas — XpoM, BoIbdppam, MonubaeH, xene3o (zo 910 °u or 1400 xo
1539 °C), turau (mpu Temumeparypax cBeime 882 °C), xybuueckas
rpaseleHTpUpOBaHHas (alMOMHUHMI, Meab, HUKENb, CBHMHEIN, 30J0TO,
cepebpo, xene3o npu 910-1400 °C) u rexcaronanpHas (IMHK, Mar-
uwit, Geprsutmit, Tutad xo 882 °C).

AToMBI MeTaioB 00pa3yloT KpHCTAJUIMYECKUE pEIeTKH Oiaro-
Haps Haymauio ocoboil MeTaruueckol cBa3u. B y3nax xpucraiude-
CKHMX PENIETOK METAIUIOB PAaCIONOXKCHb! MOJOXKHUTENBHO 3aPsKEHHBIC
MOHBI, YICPKMBaeMble Ha OIPCIENCHHOM PacCTOSHHUM JIpYyr OT Apyra
CBOGONHBIMU 3JCKTPOHAMH. Takoe BHYTpEHHEEC CTPOCHHE 00YCIOB-
JHMBAET XapaKTEPHBIC MPU3HAKH METa/LIOB, TAKHE KaK 3IEKTPO- U Tel-
JIONPOBOJHOCTD, IIACTHYHOCTh. CBOMCTBA METAa/NIOB 3aBHCAT HE
TOJIBKO OT THIIAa KPUCTAJUIMYECKOH PeIEeTKH, HO U OT PacCTOSHMA Me-
KLY

Puc. 5. TunbI 31eMeHTapHBIX KPUCTAIUTHYECKHX AIEeK:
a — xybuueckas 00ReMHOLEHTPUPOBaHHAS HMeeT 9 aToMOB (BOCEMb B BEPIIHHAX H
OomuH B UeHTpe Kyba); 6 — xyOHyeckas rpaHelleHTPHpOBaHHAsA MMeEET YETHIpHa-
JIATh aTOMOB (BOCEMb IO BepillHaM Kyba u o OXHOMY aToMy B IEHTpe KaXAoH
IpaHM); 6 — TeKcaroHaibHas IUIOTHOYNAKOBaHHAsd HMMEET CEMHAJUATh aTOMOB
(IBeHAIUATH 110 BEpUIMHAM LIECTUrpaHHOU IPHU3MBI, ABA B HEHTPES OCHOBAHHH H
TPH B CPEJJHEM CEUECHMM)

aTOMaMHM.

I'eomeTpryeckas NpaBHIBHOCTh PACIONOXEHHS aTOMOB B KpH-
CTAUTMYECKHX PEINETKaX NPHAAeT METaIaM OCOOEHHOCTH, KOTOPHIX
HET Y aMOp(QHBIX Tel.

ITeproii 0COOCHHOCTBIO METAIOB  ABIACTCA aHM30TPONHMSA
CBOMCTB KPHCTAIOB, T.€. PasnU4Me CBOMCTB KPUCTAIOB B Pa3sHBIX
HAaIpaBICHHAX. AHH30TPOIHA OOBACHICTCA HEOAMHAKOBOM IUIOTHO-
CTBIO aTOMOB B Pa3sHBIX IIOCKOCTSAX KPHUCTAIUTMYECKOH pEIICTKM, TaK
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KaK pPacCTOSHHA MeXJ(y aTOMaMHM B PEIEeTKaX B Pa3HBIX HalpapieHH-
AX HEONMHAKOBHL. B OTVIMYHE OT KPHCTANIMYECKHUX Tell aMOpdHbIC
Tella H30TPOIHEL, T.€. UX CBOMCTBA HE 3aBUCAT OT HANPABJICHAU.

V MeTannnuecKux Tel aHW3O0TPONKS CBOHCTB HE BHIpaXKEHa Tak
PE3KO, KaK Y OTHEIbHBIX KPHCTAIIOB. MeTalis! ABNSIOTCS TIOJHKDPH-
CTAJUINYECKHMH TeNNaMH, T. €. OHH COCTOST HE U3 OIHOIO, a u3 bec-
YHCIIEHHOTO MHOXKECTBA KPHCTAJLIOB, II0-Pa3HOMY OPHEHTHPOBAHHEIX.
[Ipon3BONBLHOCTE OPHEHTHPOBKM KAXKIOT0 KPHCTAIA HPHBOMUT K
TOMY, YTO B JIIOOOM HalpaBlIeHWH DPacCIIONaracTcs UPHONH3UTENHHO
OMMHAKOBOC KOJIHYECTBO PA3IMYHO OPUEHTUPOBAHHLIX KPHUCTALIOB. B
pe3yipTaTe IOMydYaercsi, YTO CBOMCTBA NONHMKPHCTAIUIHICCKHX TEl
6ynoyT B cpemHeM OJMHAKOBHl BO BCEX HAINIPABICHUAX. OTO SBJICHHE
Ha3BIBAETCA KBA3UU30TPOIHME (JIOXKHOM H30TPOIHEH).

Bropo#i 0COGEHHOCTBIO METAIOB KaK Tel KPHUCTAJUIHYECKOro
CTPOEHMA SIBIIAETCS HAIMYHE Y HUX INIOCKOCTEH CKOJIbKeHMA (Criai{Ho-
cth). ITo 3THM IUTOCKOCTAM MPOUCKOAUT COBUT MW OTPHLIB (paspyiie-
HHE) 9aCTHI KPUCTAIIOB MO NeHCTBHEM BHEIHWX ycummit. Y amopd-
HBIX TeN CMEMICHKE YaCTHI IPONCXOUT HE TI0 ONPEHENEHHBIM ILIOCKO-
craM, a Gecriopsanouno. M3nom amopdHOro Tena Beerna MMeeT Herpa-
BUIIBHYIO, HCKPHBIIEHHYIO (OpMY.

Tperseil 0COOEHHOCTBIO METAIIOB KaK TNl KPHCTALINYECKOTO
CTPOCHHS ABIIETCA TO, YTO IPOIECC HEPEX0Jia UX M3 TBEPIOrO CO-
CTOAHMA B J)KUAKOE M HA0O0POT MPOUCXOIUT IPH OUPEHEICHHONR TeM-~
neparype, Ha3plBaeMOM TeMIepatypoil IuiaBicHUS (3aTBEpACBAHMA).
AmopdHbIE Tefla MEPEXONAT B JKUAKOE COCTOSHHE IOCTEIICHHO M HE

HMEIOT OIpEIeTICHHOH TeMITepaTyphl ILTABICHUS,

Tpoujecc KpucTamm3aLmm MeTamios

B >xHMaxoM MeTajule NPH BBICOKHX TeMIlepaTypax arOMbI Haxo-
JaTcad B OECHOpAAOYHOM ABIKCHUU. [IpaBUNBHOE KPHUCTAIMYECKOE
CTpOCHUE MeTainbl MpuobperaroT B Ipouecce 3aTBEpHEBaHMA, T. €.
TIpY IIEPEXONE U3 JKHUAKOIO COCTOSHHUS B TBEPJIOE.

IIpouecc obpazoBaHMs KPHUCTAUIOB IPH NMEPEXONE BEILECTBA U3
JKHIKOTO COCTOSHWSA B TBEPAOE HA3BIBACTCS [IEPBHYHOM KPHCTAJLTH3A-
uel. Ecnu ke kpucrauindeckoe CTPOCHHE BENIECTBA M3MEHIETCH B
TBEPJOM COCTOSIHHM (3K€IIE30, THTaH, KOOAIBT, ONOBO W Ap.), TO TAKOK
MpoLECcC Ha3bIBAETCA BTOPHYHON Kpucrammsanueid. CynHocTe BTO-
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PHYHOH KPHUCTAJU3AlKU COCTOMT B TOM YTO B TBEPLOM METAIUIE IIPH
OIPENEIICHHBIX TEMIIEpaTypax MPOUCXONUT NeperpynnupoBka aTOMOB
(mepexpucramzanus), 06pa3yloTcs HOBbIC IEHTPBl KPHMCTALIH3AINMH,
B MpoLiecCe POCTa KOTOPHIX BO3HHKAET HOBas KPUCTAIUTMIECKas peneT-
Ka. DTO NPUBOAUT K N3MEHEHHIO CBOMCTB METAILIOB.

IMpounecc MEPBMYHOH KpPUCTAWIM3AIMH OKa3bpIBacT OoIbIIoe
BIIMAHHE HA CBOICTBA MeTailla, Ha €r0 CIPYKTypy. Brmepseie aToT
npouecc uccnenosan pycckuil yuensiii J{.K. Uepros.

JUtst M3ydenus mpoiecca KpUCTAILIM3ald CTPOAT KpUBEIE OXJIa-
XKICHUS, KOTOPHIE MOKA3LIBAIOT M3MEHEHHE TEMIIEPATYPhI C TEUCHHEM
BPEMEHM [0 Mepe OXJIaXKICHUS pacIuiaBIeHHOro Meramia (puc. 6).
Yro6bl DOCTPOUTE HX, HEOOXOMMMO MMETh NPUOOp [T H3MEPEHHS
TEMIIEPaTyphl U cueTak Bpemenu. Ha puc. 6 m300paxxeHs! KpHBBIG
OXJIAX/ICHHUS YUCTHIX META/UTOB: / KpHBasA — TEOPETHIECKasd KpuBas; 2
u 3 xpuBble — (aKTHIECKUE KPUBBIE, HMEIONIUE CTENEHb IEPEOXIIaXK-
nenus n (pa3HOCTh MEXIY TEOPETHYECKOH H (HaKTHIEeCKOH TemIepa-
TypoH Kpucraumsanun); I, — KpUTHIECKas TeMIIepaTypa, Ui TEM-
meparypa Kpuctauuzanuy; 1, — GaxTHdecKas TeMIepaTypa KpUCTal-
TTH3aIH.

Iponiecc 0Opa3oBaBysl KPHUCTALIOB IPOMCXONUT CIENYIOLIMM
obpasoM: NpH OXJAXICHWH >KUIKOI'0 MeETalia IO TeMneparypsl T,
aTOMB! €TI0 B OTACNBHBIX MECTaX HAUMHAIOT TPYIIIMPOBATECA TaK XK€,
Kak B KPHMCTAJUIMYECKHX PEIleTKax TBepHoro BemiecTsa. Obpasyrorcs
OTJeNbHbIC LEHTPHl KPUCTAIN3ALKE, BOKPYI KOTODHIX HAUYMHAIOT
pacTH KpucTaibl, BHavalle KpHCTAIEI pacTyT CBOOOIHO, TaK Kak CO

Y !
3
=
£ Sl 4
3 3
g &
§ g
L o - =
g &
& e
0 Bpeatst e Bpess —

Puc. 6. Kpusble oxuraxxaeHus
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BCEX CTOPOH MX OKpYKaeT *KMIOKUK MeTann. B naneHeiueM Kpucrai-
TBl HAYHHAIOT IIPUCOEAUHATECS APYT K OPYTY M PacTH TOIBKO B Ha-
MPaBJICHUN, T/AE €Ile UMECTCS XKUIKUH MeTann. 3TO IPUBOUT K TOMY
9YTO KPUCTAINB], HECMOTpPS Ha WX NPaBWIbHOE BHYTPEHHEE CTPOEHHE,
NOy9aloT HENpaBUIBLHYIO BHemHIOK GopMmy. Kpucramnel Hempa-
BWIBHO# (hOPMBI Ha3BIBAIOTCS 3€PHAMM HIIM KPUCTAIIMTAMH.

Ot BenuuuHB! 00pa30BaBIINXCA 3€PEH, UX (POPMEI U pacmonoxe-
HUS 32BUCAT CBOMCTBA MeTanmoB. MeTauel U CIUTaBEl C MEIKO3EepPHHU-
CTBIM CTPOCHUEM B OTIMYME OT METAIOB ¥ CIIIIABOB C KPYIMHO3EPHHU-
CTHIM CTPOCHHEM MMEIOT 0oliee BHICOKYIO MPOYHOCTH M IYUIIYIO CO-
HIPOTHBILIEMOCTD YAAPHEIM Harpy3KaM.

ITpn KpPYHIHO3EPHHCTOM CTPOCHHH CBS3b MEXOY OTAETKHHBIMH
3epHaMH OyneT MEHbIE, 4eM INpH Melko3epHucTOM. Eme craGee
CBSI3b MEXAY 3€pHAMM, €CIIH B MeTalUle NPHCYTCTBYIOT Da3IHIHBIE
HEpacTBOPUMSBIE NMPHMECH. DT NPUMECH PacIONIararoTcs IO TpaHHU-
L[aM 3€PEH B BUJIE MIEHOK M HApYIIAIOT CBA3b MEXIY 3€pHAMH.

CornacHo Teopuu HeMEUKOro yyeHoro TaMMaHa BakHEHIIMM (ax-
TOPOM, ONPENEISIONINM BEIIHMHEY 3¢PHA, SBILIETCS CTENeHb mepeoxsia-
MIIEHNS, KOTOpas TECHO CBA3aHa CO CKOPOCTBIO OXJIAXICHHS: YeM 0OMb-
1Ie CKOPOCTh OXJNKACHUS, TeM OOMBIIIE U IEPEOXIANKIEHIIE.

Mennennoe OXaxieHHe U Majble CTENEHH NepeoXIIaxKICHII
HIPUBOIAT K 00Pa30BaHMI0 HEOONBIIOT0 YHCa EHTPOB KPHCTAIUIH3A-
UK ¥ 60IBIIol CKOPOCTH POCTa KPUCTAILIOB, YTO CIOCOOCTBYET poc-
Ty 3epHa. Hao6opot, Gonpmie ckopocTy oxnaxaeHus (6onpuiue cre-
MEHH [TEPEOXNIKIACHUSA) MPUBOAST K 00pa30BaHUIO OOJNBIIOrO YHCIa
LEHTPOB KPUCTAJUIM3aIKK IIPY MaJbIX CKOPOCTIX POCTa KPUCTAITIOR.
ITosToMy mpu OBICTPOM OXJIXKAEHUM METAIUIhl M CIUIABHI IOIYYalOT
MEIIKO3EPHICTYIO CTPYKTYPY. POIb CTENeHN HepeoXIaXkIeHU MOXKET
CTaThb BTOPOCTENCHHOH, €CIM Ha BENWYHHY 3€pHA OYIYT OKa3hIBaTh
CUIBLHOE BIMAHME TEMIIEPATypa HarpeBa >KMAKOTO METala U BpeMs
BEIIEPXKKH NpH Hel, TeMIeparypa MeTallla Ipd 3aluBKe, CIocoOb!
3aJIUBKM MeETallja, CKOpOCTh M HampaBIICHHE OTBOJA Tellla, 3arpss-
HEHHOCTDH METajlia HOCTOPOHHNUMM IPHMECIMH U JP.

Ocobenno 6onplioe BIMSHUE HAa BENMUYMHY 3€pHA OKA3BIBAIOT
MOCTOPOHHKE IMPHMECH B METANNIaX, MIPAIONUE POIb JONOTHUTEIb-
HBEIX HEHTPOB KPHUCTAITN3ALHY.
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B coBpeMeHHOH TeXHMKE IIMPOKO IMPHUMEHAETCA MPOLEcC MCKYC-
CTBEHHOI'0 M3MEHCHHS pasMepoB M (OpMBI 3epeH IyTeM BBEICHUS B
paciuIaBIeHHbIH METAIll HEPACTBOPHMBIX BEIECTB — MOAH(HKATOPOB.
OHM CO3/IAI0T AOMONHUTENBHBIC [EHTPHI KPHUCTAILIN3AIMH, Oaronaps
YeMy METaUI WIM CIUIAB IOJydaeT MENKO3EPHHCTOE CTpoeHue. Tak,
HaupuMep, Ui CTaIX B Ka4eCTBE MOAM(HKATOpa IPUMEHIIOT HOPOIIOK
OKHCH aIFOMUHH.

BHyTpEHHEE CTpoeHue CriiaBoB

BoIbMMHCTBO CILUIABOB IOMYYAIOT CIUIABICHHEM KOMIIOHEHTOB B
MKUIKOM COCTOSHMM. KOMIOHEHTH!, U3 KOTOPBIX COCTOAT CILIABEI, B
TBEPAOM COCTOSHHH MOTYT IIO-pa3sHOMY B3aHMOJEHCTBOBATh APYI C
IpyroM, 00pa3ysl MEXaHHYECKHE CMECH, TBEpIble PacTBOPHI M XHMH-
YECKHC COCIIHEHUS.

MexaHnyeckas cMech IByX KOMIIOHEHTOB 00pasyercs Toraa, Ko-
rIa OHM B TBEPJOM COCTOSHHM HE PACTBOPSIOTCS IPYT B ApyIe U He
BCTYNAIOT B XUMHUYecKoe B3auMmojercTere. CIUIaBrl — MEXaHHYECKHE
cMecu (HampuMep, CBHHEUI—CYpbMa, OJIO0BO—IMHK) HEOIHOPOIHB! IO
CBOEH CTPYKType W NPEICTaBIIIOT CMECh KPHUCTAIUIOB JAaHHEIX KOM-
DOHEHTOB. IIpH 3TOM KpHCTaJUIBl KaXIOro KOMIIOHEHTa B CILIABE
TOJHOCTHIO COXPAHAIOT CBOM MHAMBHUAYalbHEIE CBOHCTBA. BoT moue-
My CBOWCTBa TaKMX CIUIABOB (HampHMep, dIEKTPOCONpPOTUBIICHHUE,
TBEPAOCTh M Jp.) ONpPEACISIOTCA Kak CpefHee apH(PMEeTHYecKoe OT
BEIIHYHHBI CBOFICTB 0O0HMX KOMIIOHEHTOB.

CrutaBbl — TBepHbIE PAaCTBOPH! XapaKTepU3ylTcs 00pasoBaHHEM
o01ieit NpoCTPaHCTBEHHOH KPHCTAUINYECKOH PEMETKH aTOMaMH OC-

HOBHOI'0O ME€TaJllIa-PaCTBOPHUTEILL X aTOMaMHU PACTBOPHUMOTI'O 3JICMEHTA. -

CTpykTypa TakuxX CIUIaBOB COCTOMT M3 OXHODOIHBIX KPHCTaLIHJe-
CKHX 3epeH I0a00HO uncToMy MeTamty. CymIecTBYIOT TBEpIbIC pac-
TBOPBI 3aMeNICHUA (MEIHOHUKEIIEBhIE, JKEIe30XPOMUCThIE U JIp. CIUIa-
BBl) M TBEpJBIC PAcTBOPHI BHEAPCHHMS, HallpUMEp PacTBOp JKeles3a U
yraepoza (puc. 7).

CroaBbl — TBEpABIC PACTBOPHI SBIAIOTCS CAMBIMH PacIpOCTpa-
HCHHBIMU. VIX CBOMCTBa OTIMYAIOTCS OT CBOHMCTB COCTABIIONINX KOM-
HOHEeHTOB. Tak, HampuMmep, TBEPAOCTh H 3JICKTPOCOIPOTHBICHHE Y
TBEPABIX PACTBOPOB 3HAYMTEIBHO BBHINIC, YEM Y UYHCTBIX KOMIIOHCH-
ToB. Brmaromaps BHICOKOH ILIACTHYHOCTH OHH XOPOHIO HOINAKOTCA
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KOBKE W JPYTMM BH-
JaMm obpaboTikm naB-
. neaneM.  QOO6pabaThl-
BAa€MOCTb PE3aHUEM Y
- TBEpABIX  PacTBOPOB
HM3Kasl.

XUMHYECKHE CO-
eUHECHHA, TO0a00H0

a)

Puc. 7. Cxema 06pa3oBaHHA TBEPABIX PACTBOPOB -

(4epHBIMH TOYKAMM [IOKA3aHBI aTOMHI pacTBopumMo- - IBEPIBIM  pacTBOpaw,
ro KOMIOHEHTa, GeNBIMH — OCHOBHOTO): . SAIBJLIIOTCS OJHOPOIHBI~
@ — pacTBOp 3aMelleHNs; 6 — PaCTBOP BHEAPEHHS MH CIUIaBaMy. BakHOI

0COOEHHOCTHIO HMX SIB-
JIIETCS TO, YTO IIPH 3aTBEPAEBAaHMN 00pa3yeTcsl COBEPILEHHO HOBas KpH-
CTalpdeckas pellieTka, OTINYHas OT PEUIETOK COCTABILIIONIMX CILTaB
KOMIIOHEHTOB. I103TOMYy CBOMCTBA XMMHUYECKOTO COCIMHEHHMS CaMOCTOs-
TENBHBL K HE 3aBHCAT OT CBOMCTB KOMIIOHEHTOB. XHMHYECKHE ‘COECIHUHE-
Hus 06pa3yroTCa NPy CTPOro ONpPEJENCHHOM KOIMYECTBEHHOM COOTHO-
NICHUHM CIUIaBIEMEIX KOMIIOHeHTOB. CoCTaB CIUlaBa XMMHYECKOTO CO-
/IMHEHHS BBIPAXKAETCA XMMIYeCKo# GopMynoit, DTH Cruiass! 061aqaor
OOBIYHO BHICOKMM DJIEKTPOCONIPOTHBICHHEM, OOIBINON TBEPIOCTEIO, Ma-
JIOM INTACTHMYHOCTHIO. TaK, XHMHUYIECKOE COEIMHEHHE XKENE3a C YITepo-
nom ~ riemertyt (Fe;C) tBepyke yuctoro xene3a B 10 pas.

Kpucrasumzaymns crjiasoB

CraBsl MMeroT GoNee CIOXHYIO CTPYKTYpY, 9eM IIPOCTHIE Me-
TAIIEL. B CBA3H ¢ 3THM MPONECCH KPHCTAIM3AIMH CILABOB MPOTE-
KAIOT 3HAYUTEILHO CIIOXKHEE.

~ CrmaBsl B OTIMYHE OT UHMCTHIX META/UIOB NPH 3aTBEPAEBaHHUH
M [ITaBICHHH UMEIOT HE ONHY, 4 IBE KPUTHYECKHE TOUKU — TEMIIE-
PaTYpHI, OPH KOTOPBIX B METaaX WIM CILIaBaX IPOUCXO/AT KaKHe-
60 npespamenus (puc. 8). '

Jlnsa o6nerdenus U3ydeHus CIUTaBOB UX OOBEIMHSIOT B CHCTEMBI.

K crcTeMaM OTHOCATCS BCE TE CIUIABEI, KOTOBIE COCTOAT M3 OIHMX
¥ TeX K¢ KOMIIOHEHTOB ¥ OTJIMYAIOIIMECS JPYT OT APYTa JIMIIb KOIe-
CTBEHHBIM COOTHOLICHMEM 3THX KOMIIOHEHTOB, T.€. KOHIEHTpaIei.
Tak, HampuMep, K CHCTEME CIUIABOB CBHHEI-CYpbMa OTHOCATCS BCE
CIUIABbI, COCTOSIIME M3 CBUHIA M CYPbMBI H OTIMYAIONIMECS JPYT OT
JIPYTa JIHIIb KOMMYECTBEHHEIM COCTABOM 3THX KOMIIOHEHTOB.
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KomnnuectBo criaBoB oHOHU e
CHCTEMB], HO Pa3HOIl KOHIEHTpa-

KA HACTOIBKO BCJIMKO, YTO H3Y- kA
YaTh 110 KPUBBIM OXJIAXKICHUS WU
HArpeBaHUsA Bce IIPEBpalieHus, L2

IPOHCXONAINE B KaXAOM U3 HUX,
IIPAKTHYECKH HEBO3MOXKHO, Na |
HepaloHanbHo. Jnd  u3ydeHus
COCTOSIHUS CIUIaBOB  BBIOpaHHOH

CHUCTEMBI B 3aBHCUMOCTH OT TCM- Q Crex
IIEpaTypPhl 1 KOHICHTPAUHA CTPOAT Puc. 8. KpuBas oxnaxaeHus cluiaBa
AunarpaMMy COCTOSHHA. (oT TeMnepaTypsl Hadana KpHCTaIH3a-

unH (TH,p) KO TEMIEPATYPHI KOHIIA KPH-
crammzana (Tk,,)

lTpuHynIBEI MAPKHPOBKH CTasleH B Poccun

B Poccun mpunaATa GyKBEeHHO-IM(PPOBas CHCTEMa MapKHPOBKH
JErMpoBaHHbIX cTaneid. Kaxmas Mapka CTalll CONCPXKHT ONpPEIEiCH-
Hoe coueraHue Oyxe U 1udp. Jlerupyromme s3neMeHTs 0003HaYaAIOTCS
OykBamu pycckoro angasura: X — xpom, H — nukens, B — onbdpam,
M — momu6aen, ® — Banamuii, T — trran, YO — amroMuHmii, JI — menp,
I' — mapranen, C — xkpemanii, K — kobanst, 1] — nupkonwii, P — 6op,
b — mHnoOwmii. bykpa A B cepexuHe MapKH CTajaH IOKa3bBACT COMNEP-
JaHHIe 83072, a B KOHIE MapKH, YTO CTalb BHICOKOKAYCCTBCHHAS.

JJI1 KOHCTPYKIIMOHHBIX MapOK CTaIU IepBhie ABE IU(pHI MTOKA3LI-
BAlOT COJACPXKAaHWE YITepOoRa B COTHIX JOMIX mpoueHra. Ecmm
COJIEpKAHUE JIETHPYIOMIETO 3neMeHTa Oombiie 1 %, To mocie OyKBEHI
YKa3BIBACTCS €r0 CpelHee 3HaUeHHE B IIENbIX NponeHTax. Eciu comep-
JKaH¥e JIETHPYIOMIEro dIeMenTa okoio 1 % wmm MeHpmIe, To IOocie Co-
OTBETCTBYIONIEH GyKBBI (P He CTABUTCH. ’

B kadecTBE OCHOBHBIX JISTHPYIOIIMX IIEMEHTOB B KOHCTPYKIMOH~
HBIX CTAJIIX IPUMEHIIOT XpoM 10 2 %, Hukenb 1-4 %, mapraner 10 2 %,
kpemuuit 0,6-1,2 %. Jlerupyronwe anementst Mo, W, V, Ti oOrrano
BBOJIAT B CTatb B coderanu ¢ Cr, Ni ¢ IeNbIo JONOTHUTENBHOTO YiIyd-
[ICHUS TEX WIN HHBIX (QU3MKO-MEXaHHYCCKHX CBOMCTB. B KOHCTpYKIH-
OHHBIX CTAJIAX 3TH 3JIEMEHTE! OOBIYHO CONEPXKATCA B CIEIYIONHX KOJIH-
yectBax, %: Mo 0,2-0,4; W 0,5-1,2; V 0,1-0,3; Ti 0,1-0,2.
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‘Hanpumep, crans 18XI'T comepxur, %: 0,17-0,23 C, 1,0-1,3 Cr,
0,8-1,1 Mn, oxono 0,1 Ti; crams 38XH3M®A - 0,33-0,40C, 1,2-1,5
Cr, 3, 0—3 5 Ni, 0,35-0,45 Mo, 0,1-0,18 V; crans 30XI'CA - 0,32-
0,39 C, 1,0-1,4 Cr, 0,8-1,1 Mn, 1,1-1,4 Si.

B wuHCTpyMeHTanpHBIX CTAIX B Hadale 0003Ha4eHHS MapKu
cTanM CTaBUTCA Udpa, MOKa3bIBAIOMAd CONEpkKaHue yriepona B Je-
CATBIX HONsAX mpoueHTa. HavansHyio mudpy ONMycKaloT, ECIH COHep-
*aHue yriaepona oxono 1 % wunu 6onee.

Jnsa HexkoTOphIX Ipynn CTajlcd IPHHHMAIOT AONOJHHTEIbHEIE
0003Ha4eHNA. MapKy aBTOMATHEIX CTajJedl HauMHaloTCA C OyKBHI A,
OMIIMITHUKOBEIX — ¢ 6ykBHI 111, Op1cTpOpexymmx — ¢ 6ykBel P, anex-
TPOTEXHUYECKHX — C OYKBHI O, MArHUTOTBEPABIX — C OyKBEI E. '

Mapku cTanu s CTPOUTENBLHEIX KOHCTPYKUMH 0003Ha4aroT
C235, C245, C255, C345, C590K u 1. 1., rae 6yksa C o3HayaeT, 410
CTalb CTpOUTENbHas, I(pPHl — Ipeaesn TeKydecTH NpokaTa, a yksa K
— BapUaHT XMMHYECKOTO cocTaBa. Ecnu B KOHIle 0003HAYEHUsSI CTOUT
OykBa /I, 5TO 3HAa4WT, YTO CTaNb JONONHHUTENBHO Jeruposana 0,15—
0,30 % Cu, vanpumep C345]1.

B xonue o603HaueHUs MapoK 0co00 BHICOKOKAYECTBEHHBIX CTa-
JIeif MOTYT CTOATH OYKBEI, IOKa3bIBAIONIME CIIOCOGH! €€ JOIIONHUTEb-
Horo neperniaBa. byksrl B/l 03Ha4aloT, 4To € LENbH0 YIyJIICHUA Ka-
YecTBa CTajh OBUIA IIOABEPrHYTA BaKyyMHO-IYIOBOMY IIEpeIUIaBy,
6yksa TYT — anexrpouutakoBomy, 11J] — nnasMenso-gyrosomy, BU —
BaKyyMHO-MHAYKIMOHHOM BHIILIaBKE.

AnarpamMmpl COCTOSHNS

JlmarpaMma COCTOSIHUA IOKa3bIBaeT H3MEHEHHE COCTOSAHHA CIUIa-
BOB B 3aBUCHMOCTH OT WX KOHIIEHTPALMK ¥ TEMIIEPATYPHI.

Ilo muarpaMMe COCTOSHUS MOXHO CYIWTh O CTPYKTYPHBIX IIpe-
BpAIICHUAX, TPOUCXOMAIMX B TOO0M CIUIaBE JAaHHOH CHCTEMBI IIpH
HarpeBaHHY M MENJEHHOM OXJaxneHuu. ViMes auarpammy cocros-
HHA, MOXXHO 3apaHee ONPENEIIITh TEXHOIOIMIECKHE M MEXaHUIECKHUE
CBOWCTBA BCEX CIUIABOB JaHHOU cucTeMbl. OHa IO3BOJIET TaKKE YC-
TAHOBUTH TEMIEPATYPHl Hayalla U KOHLA KPHCTAJUIM3ALUM CILIaBOB.
Kpome Toro, muarpaMMa COCTOSHHS IIO3BOJISI€T BHIOpaTh M3 JaHHOI
CHCTEMBI CIIIaBHl OIpPENEICHHOI0 cOCTaBa, Hawboiee YIOBIETBO-
psomuye TpeOOBaHUAM MPAKTHKH.
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CyliecTBYIOT pasiIUYHBIE THIBI UAarPaMM COCTOSHMS: ABOHHBIX
CIIIABOB, TPOIHBIX CILIABOB U T.JI.

* Hambonee mpocThie AUArpaMMEBl COCTOSHHSA HONYYAIOTCS JUIA
JBYXKOMIIOHCHTHBIX CIUIaBOB. Bua Takol QuarpaMMbl 3aBUCHT OT
TOTO KaK pearupyroT 006a KOMIIOHEHTA CIUIaBa APYI C APYTOM B SKHII-
KOM H TBEPIOM COCTOSHHMAX. JlMarpaMMbl COCTOSAHHUSA ABOMHBIX CIUIA-
BOB MOTYT GBITH TPEJCTABIEHEl B BHAE TPAQMKOB HA IUIOCKOCTH B
OpSMOYTOibHBIX KoopauHarax. IIpm 3TOM Ha TOPH3OHTANBHOH OCH
OTKNaJBIBAIOT COCTAaB (KOHLEHTPAIMIO) CIUIABOB JIAHHOH CHCTEMBI
(o6BIYHO B BECOBBIX NPOLEHTAX OZHOIO M3 KOMIIOHCHTOR), a Ha BEp-
THKAJIBHON — TeMIIEpaTyPHL.

JIMHPM auarpaMMel OTAENISIOT 0OIACTh OJHOTO COCTOSIHHS CILIA-

Ba (HapMMEp, XXUIAKOT0) 0T 00JIAaCcTH APYTOro COCTOSHUS (HalpuMmep,

TBEPJOT0) M XapaKTePU3yIOT TEMIICPaTypsl, IIPU KOTOPHIX B CIUIaBaX
IPOUCXOAAT KaKue-Iu00 MpeBPaICHUS.

~ CymiecTByeT MHOTO METOXOB HOCTPOEHHS JMArPaMM COCTOSHHSA.

Haubosee mpocTEIM U3 HHUX ABIACTCA METOX, NP KOTOPOM HCIIONb-

3yI0TCS PE3yJILTAaThl TEPMHICCKOro aHanu3a. CyIHOCTE ero COCTOUT B

A 6 §‘ §$i
.% A
=
£
8
Gy 7] 77 v ¥ VI

Bpess e

Puc. 9. Kpusbie oxXnaskenus 114 CIUTaBa cHcTeMbl Pb—Sb (CBHHen—cypsMa):
) YUCTOrO CBHHIA — /;
CIutaBa, cocrommero w3 5% cypomsi 1 95% ceunna, — II;
craBa, cocrosmero 13 10% cypsmel 1 90% ceunna, — 177,
ciuasa, cocrosuero u3 20% cypeMst u 80% csunna, — [V
crnaga, cocrosuiero 13 80% cypoms u 20% csunmna, — V;
‘ qyCTOM CypeMBL — VI
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TOM, 9TO Ha OCHOBAHUH OIBITHBIX NaHHBIX CTPOST KPHBEIE OXJIaXJIe-
HHS IUIS CIUIABOB OJHOM CHCTEMBI, HO Pa3HO! KOHIEHTpanuu (puc. 9).
ITo ocraHOBKaM ¥ mepern0aM Ha 3TUX KPHUBHIX, BHI3BAHHBIM TEILIO-
BBIM 3((eKTOM NpEBpaneHuH, OMPENEIAIOT KPUTHIECKHUE TOUKH M T10
HUM CTPOST OUArpaMMy COCTOSHMsS B KOODAMHATax TeMIepaTypa —
koumeHTpanus (puc. 10).
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Puc. 10. [uarpamma COCTOSIHHS CHCTEMBI CBHHEL—CYPbMa

JInnus muarpavmel ACB Ha3pBaeTcs NUHMEH MUKBUAYyca. Ha Hel
PACIIONOXKEHBl KPUTHYECKVC TOYKK Haudana KPUCTANIM3ALUM BCEX
crnasoB cucteMs! Pb—Sb. Briie nuHuy THKBHIyca BCE CILIABEI Ha-
XOZIATCS B XHIKOM COCTOSHMH.

Jlunna DCE HaspiBaetrcs nuHHEH conunyca. Ha HeH nexar Kpu-
THYECKHE TOYKH KOHLA KPHCTAUIM3allMM CIUIABOB CHCTeMbl Pb—Sb.
Tak Kak y BCeX CIUTABOB JJaHHON CHCTEMBI KPHTHYECKHE TOYKM KOHIA
3aTBEpACBaHUI ONMHAKOBBIE, TO JIHHUA CONMIyca IPENCTABIAET CO-
6oii npsiMyr0, MapaieNbHy0 TOPH30HTANBHOA ocu auarpammel. Hu-
e JIMHUM COJIMIYCA CIUIAaBbl HAXOIATCSA B TBEPIOM COCTOSHUH.

45




B mpomexyTke, 3aKTFOUCHHOM MEXKIY TUHHUEH JIMKBUIYCA W UHK-
eil commyca, CIUTaBbl OyIyT YaCTHYHO UIKHIMH, 2 YACTHYHO TBEPIBIMH.

Crunas, cocrosmumit u3 13 % Sb u 87 % Pb B oTimaue ot apyrux 3a-
TBEPAEBACT HE B MHTEPBAe TEMIEPATYp, a IIPU NOCTOSHHON K IIPUTOM
CaMOH HU3KOH [UI1 NaHHOM CHUCTEMBI CIIaBOB Temiieparype — 246°C
(touxa C Ha muarpamme puc. 10). IIpu 3TOM OHOBPEMEHHO KPHCTAJLTH-
3yroTcA 002 KOMIIOHEHTa ¢ 00pa30BaHHeM TOHKOH MEeXaHHIecKoH cMecH
kpuctaiwioB Sb u Pb. Takas ctpykTypa HasplBaeTCs 3BTEKTHKOM, a CILIAR,
cocrogmuii u3 13 % Sb u 87 % Pb, HassiBacTCs 3BTEKTHIECKHM.

Bruta paccMoTpeHa AparpaMMa COCTOSHUS JIBOMHEBIX CIDIABOB, KOM-
IIOHEHTE! KOTOPBIX B MMIKOM COCTOSHHE HEOTPAHMYCHHO B3AUMHO pac-
TBOPSIIOTCS, a B TBEPJIOM COCTOSIHHH 00pa3yIOT MEXaHHIECKHE CMECH.

Jpyro#i BuI HMeeT fUarpaMma COCTOSIHHS CILTABOB, KOMIIOHEHTEI
KOTOPBIX ITOJIHOCTBIO PACTBOPUMEI B *KHIKOM U TBEPIOM COCTOSHUH
IMpuMepoM Taxux CIUIaBOB, 0OPa3yrOMIMX TBEPIBIE PACTBODEI, SIBJIS-
I0TCA CcIIaBBl cucteMbl Mens—Hukens Cu—Ni (puc. 11). annas mua-
rpaMMa OTJIMYAeTCs OT JUarpaMMBl COCTOSHHSA CIUIaBOB CHCTEMEI Pb—
Sb npexme Bcero TeM, 4TO y CIIABOB MEIM C HHUKEJeM He Habmofa-
€TCs KPHCTAUIN3AHHY IIPH IIOCTOSIHHOM TeMItepaType (JIMHUS CONMIY-
ca UMeeT KPUBOIHHEHHBIN XapakTep) U 00pa30BaHUs DBTCKTHKH,

Kpome paccmor- 1500
PEHHBIX JIHATPaMM JIBYX B
THIIOB, WMEIOTCS eIIie 1450

PAaHUYCHHOM KOJINYCCT-
BE PaCTBOPSATHECS APYT B
Apyre B TBEPIOM CO-
crosauu. Takwe jHa-
rpaMMBl UMeEIOT Oolce 1000,
CJIOXKHBIM BUI ¥ OpEn-

CTaBJIAIOT Pa3IAIHBIC

COMETAHHS YXC pac- Puc. 11. /lnarpamma COCTOAHHSA CIIABOB CHCTEMBI

Meab—HHKEhb
CMOTPCHHBIX JHArpaMM.

H00F
arpaMMbl  COCTOSTHUS HOKUU Crada6
CIIABOB, KOMIOHEHTHl &

KOTOPBIX MOI'yT Oobpazo-  § 1300

BBIBATh XUMHdeckne - §

COCZMHEHMA MM B OT- & 00|
3

Kpucmainio
MEEPA0 PACMEopd

10 30 30 70 90
Codeprcane mixens, %
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Koppo3sns merasnos
Turtst # BULALI KOPPO3HMH

Kopposue#i HaspIBaercs paspylIeHUE METaJUIOB BCIEACTBHE XH-
MHYECKOTO MITH 3JIEKTPOXUMHYECKOTO B3aMMOJICHCTBHS HX ¢ BHEDIHEHN
cpenoi. . :

CymiecTByeT MHOTO BHJIOB KOPPO3MH: ra3oBasd, aTMochepHas, mos-
BOZHAS, TIOZ3eMHast | T.J. OIHAKO BCe MHOTOOGpasue BUIOB KOPPO3HH,
OTJIMYAIOUIMXCS OPYY OT JpyTa OCOOCHHOCTAMH. IPOTEKaHUA KOPPO3HOH-
HbIX IIPOLECCOB K MPHYMHAMM BO3HMKHOBEHHA KOPPO3MH, MOXHO OTHE-
CTH K JIByM OCHOBHBIM THIIAM — XHUMHYECKOM M 3JIEKTPOXMMHYECKOH
KOPPO3HH. '

XumHuueckas KOPPO3WS BO3HHKAET B PE3yNbTaTe XMMHYECKOrO
B3aUMOJIEHCTBHS METAIUIOR CO CPEJIOi, HE ABIMIOIICHCS IPOBOJHIKOM
DIEKTPUYECKOT0 TOKA. XMMMYECKas KOPPO3MA INPOTEKAET B CyXMX
razax [pd BBICOKHX TEMIIEpaTypax WM B HE3NEKTPOIHTAX, T.€. B
XKHAKOCTAX, HE NPOBOMANIMX BIEKTpHdeckuil ToK (HedTh, OcH3mH,
KEPOCHH, Macla U T.I.).

Ipu xuMugeckoH KOPpO3HM METalllbl BCTYNAIOT B XMMUYECKOE
B3aMMO/ICHCTBHE C AKTHBHBIMH BENIECTBAMH BHEIIHEH CpEbl, daile
BCETO C KUCIOpoAoM. B pesynpTrare Takoro B3auMOAEHCTBHA Ha IiO-
BEPXHOCTH MeTamia obpasyercs IUIEHKa W3 IPOJYKTOB KOPPO3HH
(0OBIYHO OKHCIIOB), ¥ METAII HAYMHAET PaspymIaThCs.

CKOpOCTh XMMIYIECKOH KOPPO3HH 3aBUCHUT OT CTENCHH B3aHMMOJEH-
CTBHA METAIUIA C KHCIIOPOJIOM, a TAICKE OT CBOICTB 00pa3yIOIEeH st OKHC-
HOM IUIEHKU (€€ IUIOTHOCTH H TIPOYHOCTH CBS3H C TOBEPXHOCTBIO
MeETaila).

DJeKTpOXUMHYECKash KOPPO3Hs BO3HHKAET IPH BO3IEHCTBHH HA
METAJII 3JIEKTPOJUTOR, T. €. XXUAKOCTEH, IPOBO/ISAIIMX DIEKTPUICCKUH
TOK (pacTBOpPH! CONEH, KUCIOT, MeRoueH). DIEKTPOXHMMHYECKAA KOp-
pO3us ABIAETCS Hauboee pacpoCTPAHEHHBIM BUAOM KOPPO3HH.

IIpu 5nexTpOXUMHYECKOH KOPPO3HMH METalll, B3aUMOIEHCTBYs €
3NIEKTPOIIUTOM, TIOCHUIAECT B PACTBOP MOJIOKHUTEIBHO 3apsKEHHEIE HO-
"l (KaTHOHBI), & caM 00OraIiaeTcs 3JIeKTpPoHaMH. Pa3sHOCThE HOTEH-
UMANIOB, IOJYYAIOIIAsICA Ha HOBEPXHOCTU CONMPUKOCHOBEHHUS MeTaia
C DIIEKTPONIATOM M XapakTepU3yIollas CIOCOOHOCTh MeTallla K pac-
TBOPEHMIO, HA3BIBAETCSI AJICKTPOIHBIM IIOTEHIHATIOM.
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ONeKTpoHbIN NOTEHIMAI METallIa, NOTPYXEHHOr0 B HOPMailb-
HbI pPaCTBOpP COOCTBEHHOM CONM, IPHHATO M3MEPSTH [0 OTHOLIECHHIO
K BOZOPOJIHOMY 3MEKTPOJY, MOTEHIHA] KOTOPOTO YCIOBHO HPHpaB-
HHBAeTCs K HyJII0. B 3TOM Ciyyae 3HadeHHE 3JIEKTPOHEIX. MOTEHITHA~
0B (Ey, BT) METAIUIOB M OPSNOK MX PACIIONOXEHHS B SICKTPOXHMH-
YEeCKOM PsITy HaNpsDKEeHUH Oy IyT CliemyromiMu:
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Meranisl, pacnoiokKeHHbIe [0 BOZOPOAA, UMEIOT IIOIOXKHTEIb-
HbIM noTeHnuan. Onu 0061afaoT ciiaboi pacTBOPUMOCTHIO. MeTanisl,
pacIoNoxKEeHHbIE ITOCE BOJIOPONA, PACTBOPSIOTCA TEM CHIIBHEE, €M
OTPHUATEIBHEE UX MOTCHIHAIL

Ecnm 1Ba B3aMMHO KOHTAKTHPYIOIIMX METallla C Pa3HbIMH I10-
TEHI[HAaaMH IIOTPY3UTh B KaKOM-TMO0 3JIEKTPOIIHT, TO OHU 00pa3yroT
ranbBanMyeckui sneMeHT. Ilpn oOpa3oBaHMM ranbBaHUYECKOH Tmaphl
paspywmarkcsi 6yAeT TOT MeTajll, ¥ KOTOPOro MMOTEHIHA OTHOCHTEb-
Ho MeHpmnit. Hampumep, B ranbBaHUYeCKOH Iape KeENe30 — IHHK
paspymaTbes 6yAeT UHHK.

HeoaHopoOHOCTE CTPYKTYPHI CILIABOB M IPHCYTCTBHE B HUX II0-
CTOpOHHMX NpuMeceH, CrocoOCTBYS NOSABICHUIO Ha IOBEPXHOCTH
rajgbBaHUIECKUX I1ap, YCKOPAIOT npoliecc Kopposuu. IIpocTeie MeTa-
7Bl KOPPORUPYIOT B MEHBIUEH CTENeHH, YeM HMX CIUIaBbl. YeM ummie
METaJlIbl, TEM BBIIIEC HX KOPPO3HAHAS CTOHKOCTE.

ITo xapakTepy pa3pyLISHHI METaIOB U CILUIABOB Pa3jIMYaioT He-
CKOJIbKO OCHOBHBIX BHOB KOPPO3MY: PaBHOMEpHAs, HEpPaBHOMEpHAs,
MECTHAs, MEXKPHCTA/UIUTHAA, KOPPO3Us IO HANpPKCHUEM, KOPpPO-
3HOHHO€ pAacCTPECKHBaHME, KOPPO3MOHHASI YCTAJIOCTh, KOHTAKTHAS
KOpPPO3Ksl, MICNEBas KOPpo3us, OHOKOPPO3HAL.
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Camas mpocTast ¥ HaJIe)KHas OIEHKA KOPPO3HHU — OLCHKA I10 [oTe-
PAM Macchl METallIa, Pa3pylIeHHOro KOpposuei. IToT croco6 o6bI9HO
IPUMEHAIOT TPH. CIUIOIIHOMH KOPPO3HH, IPOTEKafoIIeH ¢ Oonee Uilu Me-
HEE OJIMHAKOBOM CKOPOCTHIO 10 BCEH IIOBEPXHOCTH METallIa.

Tlotreps Maccwl ompenessercs IO M3MEHEHHIO Macchl o0pasua,
OTHECCHHOMY K CIOVHHUIIC IOBEPXHOCTH B EIHHHMITY BPEMEHH, U OOBIY-
HO m3Mepsiercs B I/(M>Tox). IIpu OmpeneNeHnH MOTepH MacCH Heob-
XOZMMO TINATENBLHO CIEANTE 33 HOIHBIM YIAJCHUEM MPOAYKTOB KOP-
pO3HH.

Ecimu npouecc XOppO3uH HIET B OCHOBHOM C BHIAETICHHEM BOIO-
pola Wi¥ HOIJIOHEHUEM KHCIOpOJa, IPHMEHSIIOT OOBEMHBIA METOX
oueHKH Koppo3uu. CKOPOCTh KOPPO3HH IIPU 5TOM ONPEIENIeTCsS KO-
JIMYECTBOM BBLICIMBLIErOCs BOAOPO/a [cm*/(cM?-cyT)] MM KoTHaecT-
BOM ITOTJIOMIEHHOr0 KUCIOPOa [CM3/(CM2-CYT)]. .

OO0BeMubI METOJ, OLICHKHA KOPPO3WH HA OIMH-IBA -TOPSAKA TOU-
Hee MacCOBOTO.

Korza xoppo3us BOCUT HEpaBHOMEPHEIH MM MECTHEIN XapaKTep,
HOKa3aTeNlb OTEPH MACChl MOJDKEH OBITH MOMOAHEH TiIyOMHOM mpo-
HHKHOBCHMS KOPPO3HH. '

O MEXKPUCTAIIMTHON KOPPO3UH YIOOHO CYIMUTH 110 M3MEHEHHUIO
npenena MpOYHOCTH U OCOOEHHO YAIMHEHMA. ‘

CylecIByIOT IPYTHE CIIOCOOBI OLEHKH KOPPO3MM: MO H3MEHe-
HHIO OTPaXKaTeTBHOM CIIOCOOHOCTH IOBEPXHOCTH METajlld, [0 H3Me-
HEHMIO BIIEKTPUMECKOro CONpPOTHBICHHUS; 110 OIPEACIECHUIO KOIHJe-
CTBa METANa, NMEpelIeIuero B pacTBOp B NPOLECCE KOPPO3HUH; IO
BPEMEHH [0 [OSABJIEHUA IIEPBOTO KOPPO3MOHHOIO O9ara MM ompese-
JICHHOH IIOIIAaIH KOPPO3HH.

JI7s 3alUTEl METAIDIOB OT KOPPO3HH IPUMEHSIOT MIEKTPOXAMIIC-
CKYIO 3aIMTY, 3aIUTHEIC HOKPEITHS, 00paboTKy KOPPO3HOHHOM CPEIbI H
CIENMATEHEIE AHTHKOPPO3MOHHBIC CIUIABE M METAIUIBI, YCTOHUYHBEIC B
JAHHOM Cperie.

DexTpoXUMHYEcKas 3alldTa METajula OT KOPPO3HMH OCYIIECTB-
JseTCS HAIOMKEHHUEM SIIEKTPHYECKOTO TOKAa OT BHEIIHETO HCTOYHHKA
MM COEIHHEHHEM C METaLIOM (IPOTEKTOPOM), HMEIOIUM OOIBIIHi
OTPHUIATENBHEIN (KaTOMHAS 3aIIUTa) MM OONBIIMH ITOIOXKHUTEIbHBIH
(amosHas 3aIIMTa) TIOTCHIMAN, YeM 3aIUIAEMEIA METaJll.
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DNEKTPOXUMHUYECKYIO 3aIMTy IIMPOKO NPUMEHSIOT JJIS 3AIHThI
JKejesa, CTaly, MEJH, CBHHIA, ATIOMUHHA IpHU Ux pabore B IpyHTE,
BOJHBIX PacTBOpax (3alldTa OT KOPPO3UH IOI3EMHBIX TPYOOIpPOBO-
J0B, Kabeeii, cBai, IITI030BBIX BOPOT, MOPCKHX TPYOOIPOBOIOB).

3alUuTHBIE TOKPHITHA H30NHUPYIOT METANI OT KOPPO3HOHHOM cpe-
(b1 M KJIACCHQUIMPYIOTCA CEAYIONIM 00pasoMm: -
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O6paboTKa KOPPO3UOHHON CpEIbl 3aKII0UaeTCS B YIANCHHH U3
COCTaBa Cpe/ibl CTUMYIIITOPOB KOPPO3UM (HaIpUMED, PACTBOPCHHBIH B
BOJE KHCIIOPOZ) MIIM BBEICHHM B CpeIy BEHIECTB-MHIHOHTOPOB (OT
nat. inhibeo — chepxMBalo, TOPMOXKY), 3aMENIAIOIIMX HIH IHOJHO-
CTHIO HOJABISIONHX KOPPO3UIO.

ABTHKOPPO3HOHHEIE CIUIABBI MOIYYaloT MMyTeM JIETHPOBAHHS ux
JIEMEHTaMH, NIOBBILIAIOIMMH KOPPO3UOHHYK CTOHKOCTh. Hampumep,
BBIIUIABIISIOTCS BHICOKOJIETUPOBAHHBIE CTAIIM C OCOOBIMU XMMHYECKH-
MM CBOJCTBAaMH, CTOMKHE IPOTHB XOPpO3MHM B BOZE, atMocepe, Cy-
XMX raszax IOpHU BBEICOKUX TeMIeparypax, pacTBOpax MHOIUX KHCIOT H
menouel. B mocienHne roapl pe3ko BO3POCIO MPOM3BOACTBO THTAHA
H €ro CIUIaBOB, KOTOphIE O0ONaIaroT KOPPO3MOHHOM CTOHKOCTHIO K
GOMbIIEMY UHCILy CPEJl, YeM HEPIKABEIOIHME CTANH.
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Cnoco6b1 onpeeseHns CBOHCTB METa/lJIoB

MeTannsl ¥ CIUTaBhl TOABEPIralOTCS CTATUCTHYSCKHM HCIBITAHH-
SIM Ha PAcTSHKEHUE, P MTOMOIIM KOTOPBIX MOKHO CYAUTH O MPOYHO-
CTH, YIIPYTOCTH H INIACTHYHOCTH.

IIpoYHOCTE — 3TO CITOCOGHOCTL MaTepHana COMPOTHBIATLCS AeH-
CTBHUIO BHEIIHMX CHJI Ge3 paspylIesus. Y Ipyrocrs — 3T0 Cioco6HOCTh
MaTepualia BOCCTaHAaBIMBATH CBOIO IEPBOHAYANLHYI0 QOpMy M pas-
MepHl HOCTE MPeKpaleHus ACHCTBHA BHEIIHMX CHJI, BHI3BaBIIMX JiE-
dopmaruro. [I1aCTHIHOCTS — 3TO CIIOCOOHOCTH MaTEpHana M3MEHATh
CBOIO (JOPMY W pa3MepHl [T AeHCTBHEM BHEIUHMX CHJI, HE pa3pylua-
SCh, U COXpaHsTh NONydeHHble Ae@opMaliM Mocle IpeKpalieHus
JEHCTBHS BHEHIHHX CHIL

CTaTHCTHYECKUM HCHBITaHMAM Ha PacTsOKEHHE IOABEPraloTCs
006pa3ibl CTaHIapTHOM (HOPMBI M pa3MepoB Ha CHELHANIbHBIX Pa3pbIB-
HBIX MalMBax. PacTsaruBaromye yCHIMs pa3pbIBHOM MAIUMHBI BBEI3BI-
BAIOT YAIMHEHHE 00pa3iia BIIOTH J0 €r0 paspyIeHHU.

He npousBois CTATHCTHYECKWX HCIBITAHMH HAa DPacTKEHHE, O
MPOYHOCTHBIX CBOMCTBAaX MOXHO CYIHUTh IO BEIMYHHE TBEPIAOCTH Me-
TauioB. TBEPAOCTH — 3TO CIOCOOHOCTH MaTepuala OKa3bplBaTh COIMpO-
TMBIEHNE TPOHMKHOBEHHIO B HEro IPYyroro, Goiiee TBEPAOTO Tela.
TBepHOCTE TECHO CBfi3aHa ¢ 0OpaGaThIBAeMOCTBIO M M3HOCOCTOHKO-
cThI0 MeTaoB. Hambonpiiee pacnpocTpaHeHUEe NONYYMIIH CIEAYIO-
TIMe METOIB! OTIPEIEIeHIs TBEPAOCTH METAIIIOB; '

1) BIaBIMBAaHHEM CTANBHOrO IAPHKA (METON BpuHemTn);

2) mo riybuHE BAABIMBAHUA alMa3HOTO KOHYCa HIH CTallbHOTO
IIapyKa Majoro auamerpa (Meron Poksenna); -

3) BHaBIMBaHMEM aMa3HOH mupamunbl (Meton Bukkepca).

KpoMe wucnbITaHui, HanpaBlIeHHBIX HA BBIBICHUE MEXaHUUe-
CKHX CBOMCTB, TPOBOJATCS HCCICNOBAHMS SJIEKTPO- U TEILIONPOBOI-
HOCTH 00pa31i0B METAUIOB H CILIABOB.

IIpuBeneH JTUCTHHT nporpaMMbl B MatLab, KoTOpas TEMOHCTpPH-
PYeT H3MEHEHHE PACHPOCTPAHEHHS TEMIIEPATypPhl METATHYECKOTO
Tella B 3aBUCHMOCTH OT K03((HIMEHTa TEIIONpPOBOAHOCTH. Pe3yns-
TAaT BHIIOJHEHUS NPOrpaMMbl — U3MEHEHUE TEMIIepaTyphl Ha rpaduxe
B AuHamuke (puc. 12). :

.
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Puc. 12. U3meHeHne TeMNepaTyphbl METAIUIHYECKOrO TeNa

g ='squareg'; % EnuHuna unomann
b ='squarebl’; % Hynepoe 3HauecHHE HA rpanmie
¢ = input('Koiffisient teploprovodnosti '),

a=0;
/=4
d=1,

IMocrpoenue rpaduka:
[p,e,f]=initmesh(g);,

HagansHele yCnoBHS:
u0=zeros(size(p,2),1);
ix=find(sqri(p(1,:)."2+p(2,:). "2)<0 4);
u0(ix)y=ones(size(ix));

Yucno konebanuii rpaduka:
nframes=20;
tlist=linspace(0,0.1,nframes);
Perenne ypaBHEHHS TEIUIONPOBOAHOCTH:
ul=parabolic(u0,tlist,b,p,et,c,af,d),
BrBopn rpaduxa:
x=linspace(-1,1,31);y=x;
[unused,tn,a2,a3)=tri2grid(p,t, uO X
Anumanus:

newplot;

Mv = moviein(nframes);
umax=max(max(ul));
umin=min(min(ul)),

for j=1:nframes,...




u=tri2grid(p,tul(:,j),m,a2,a3);i=find(isnan(u));u(i)=zeros(size(i));...

surf(x,y,u);caxis([umin umax]);colormap(cool),...
axis((-1 1-110 1]);...
My(:j) = getframe;...

u=tridgrid(p tul (:,)),m,a2,a3);i=find(isnan(w)); u(z)—zeros(szze(z))

surf(x,y.u);caxis([umin umax]);colormap(cool),...
axis((-11-1101]);....

MV(:)j) = getframe;...

end .

Jlemxenue rpaduka:

movie(Mv,10)
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bETOH

beToH sBaseTCA INaBHBIM CTPOUTENBHBIM MaTePHAIIOM, KOTOPBIH
IIPUMEHSIOT BO BCEX OONACTAX CTPOMTENLCTBA, BKIIOYAS CTPOMTEIIb-
CTBO FHJIPOTEXHUIECKUX COOPYKECHUI.

beToH Ha OCHOBE HEOPraHWYECKUX BSDKYIIMX BEIIECTB IPEACTaB-
nsieT c000l KOMIO3UIIMOHHBIH MaTepHall, IIOJyYaeMblii B pe3ybTaTe
TBEPIEHHS PALMOHAIBHO NONOOPaHHOH OETOHHOH CMECH M3 BSXKYyIle-
T'0 BENIECTBA, BOJIbI, 3aTI0JHATENIEH ¥ CHIEIUATbHEIX T06aBOK.

CoctaB 6eTOHHON cMecH HOkeH obecneunTth OETOHY K onpene-
JICHHOMY CpPOKY 3aJJaHHBIE CBO¥CTBAa (IPOYHOCTH, MOPO30CTOHKOCTE,
BOJIOHEIPOHHUIIAEMOCTH). B Mapkax 6GeroHa cBOMHCTBa MpPUHATO 000-
3HayaTh COOTBETCTBEHHO OykBamu M, F, W.

o eudy sadicyuyezo gewgecmea evioensirom Hemomwl:

— LIeMeHTHEIe (Haubolee pacpoCTpaHeHHEBIE);

— CHJIMKaTHEIE (M3BECTKOBO-KPEMHE3EMUCTRIE);

— THIICOBBIE, CMEIIaHHbIEe (IIEMEHTHO-M3BECTKOBEIE, H3BECTKOBO-
IIUIAKOBBIC M T. 11.);

— CHeUHaIbHLIE, IPUMEHACMBIC IPY HANHIMH OCOOBIX TpehoBa-
HUH (3KapOCTOUKOCTH, XMMHIECKON CTOHKOCTH H [IIp. ).

B kauecTBe 3amonHHTEIeH B O€TOHAX NPHUMEHSIOT MECTHBIEC Ka-
MEHHBIE MaTepHaibl: IIECOK, rpaBHd, miebeHb, a Taxke M06OYHBIC
IPONYKTH NPOMBIILIEHHOCTH (HampuMep, pobieHHbIe U IPaHyIHPO-
BaHHBIE METAILTYPrUIECKUE LUIaKH).

B mpaBunbHO 1ono0paHHOM OETOHHOH CMECH pacxoll IeMeHTa
cocrasmier 8-15 %, a sanonHureneit §0-85 % (o macce).

Knaccugukayua bemona 6 3agucumocmu om e2o NAOMHOCMU

npedcmasnena 6 mabn. 6.
Tabnuya 6
Knaccnduxanus 6eToHa B 3aBHCHMOCTH OT IVIOTHOCTH
Hnotaoets, kv | 3anonuuTeny | Tlpumenenue
Oco060 Tmxensle

Oco060 TAKeNble 3amol-
HUTCNM  (MarHeTwT, ©Oa-
PHT, YYTYHHBIH cKpall M
ap.)

IIpumensioT A crenu-
abHBIX 3alUNTHBIX KOH-
CTPYKIMiA

Bonee 2500
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THpodorxcenue mabn. 6

TInotHocTs, KI/M

3anoaHUTENH

l

TTpumeHnenue

Tsoxensie

Tlecox, rpaBuit Wi 1ie-

Tlpumenstor Bo - BCex

Tess, BOJLI

2200-2500 OcHb M3 TKEIBIX TOp-
HECYIIMX KOHCTPYKLUAX
HBIX ITOPOX,
Q6neryeHnbe
IIpumensoTr npeumye-
1800-2200 Tlecox, rpasuit CTBEHHO B HECYIINX KOH-
CTPYKLHAX
Jlerkue
Jlerxue GeTOHB! :
Topucreie upupoxusie ¥ | McnonesytoT mis obbeM-
HCKYCCTBEHHBIE 3aI07- | HOTO H MHOTOITaXHOrO
HHUTEJH CTPOHTENBCTBA
Sluenctsie GeToHsI (Ta300€TOH H IIeHOOETOH)
W3 cmecm Bspxymero M | Mcnode3yroT B KayecTBe
TOHKORHCIIEPCHOT'O KOHCTPYKTHBHO- -
500-1800 KPEMHE3EMUCTOr0 KOM- | TEIJIOH30JIALMOHHOTO
TIOHEeHTa, mopooGpa3osa- | MaTepHana

KpynHonopucTsle (Gecnecuansie) GeToHb!

TInoTHEIH HIH MOpHCTEIH
KPYHHBIH  3aIOJHHTEIB
6e3 MeJIKOro 3anojxHHTE-
s

Vicnone3yroT Kak CTEHO-
BOM MaTepuall B 30aHHAX
BBICOTOH O ' YeTHIpEX
sTaxeH

Oco60 nerkue

Memnee 500

SluencTeie W Ha NOpHC-
TBIX 3aTIOJIHHTENAX

I/Icnom,ayemme B Ka4yecT-
BE TCIUTOU3OIAIHH

Marepnane! gns n3rorosseHns 6eToHa

Bsokyume selyecrsa

Jlnst n3roTOBCHHA GETOHA NPUMEHSIOTCS THAPABINYECKHE BSDKY-
IHe BemecTBa (BUIbl LIEMEHTA), KOTOPEIe CHOCOGHB! B TECTOOOPAa3HOM
COCTOSHUM TBEpHETh M UINTEIHHOE BpEeMs COXPaHATh IPOYHOCTL Ha
BO3IYXE M B BOJE, YBEIMIMBAS C TCICHHEM BPEMEHH IPOIHOCTE OTBED-
IEBIIEro TecTa (KaMHs).

B OCHOBHOM [T U3TOTOBJCHHMS OGETOHHOW CMECH NPHUMEHAETCS
NOPTAAHAIEMEHT ¥ €r0 Pa3HOBHAHOCTH, & TAlOKe IUIAKOIOPTIaHANeE-
MEHT.
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- IlopTianaeMeHT — MPOAYKT TOHKOTO M3MENBYCHMS KIMHKEpa, 10~
Jly4aeMOro B pe3yiIbTaTe paBHOMEPHOTO O0XWTra MO CIEKAHWS MpHpOJI-
HOTO CBIpbA (Mepreisi — 0Cag04Has TOpHas IOpoJa, EPEXOnHas OT u3-
BECTHAKOB H JONOMHTOB K TNIMHHCTBIM HOpPOJAAM), MHMIICA M aKTHBHBIX
106aBOK. Pa3sHOBHIHOCTH NOPTIAHIUEMEHTA: OBICTPOTBEPACIONINIA, IU1a-
cruduIEpyIomIH, THApopoGHEH, CynbdaTocToRKmi, Genblil u UBeT-
Hble, U1 OETOHHBIX MOKPHITY aBTOMOGIBHBIX JOPOT U Jp. BakHei-
IIMe CBOHCTBA NOPTIAHANEMEHTA — HapacTaHUe MPOYHOCTH MIPU TBEpIe-
HUH, BOLOCTOMKOCTh B HEArPECCHBHOM Cpelie, MOPO30CTOHKOCTb.

HInakonopToaHALeMEHT — HEMEHT, IOJyJaeMbIiH COBMECTHBIM
NIOMOJIOM MOPTIIAHIEMEHTHOTO KIMHKEpa, IOMEHHOrO TPaHy/IHpO-
BaHHOTO IUIaKa M HeOoNbIIoN no6aBku rumnca. OT HOpTIaHINEMEHTa
OT/IMYAETCS 3aMEUICHHBIM HapacTaHHEM HPOYHOCTH B HAYANBHEIMA
TIePHOJ( TBEPACHHUA 1 HECKOJIbKO GONbIIEH BOXOCTOMKOCTBIO. YCKOpe-
HME TBEpPACHUS NUIAKONOPTIAHINEMEHTa JOCTATAETCS TEILIOBIAXHON
00paboTKo¥i (ponapruBaHueM). '

[loprnanmieMeHT IPUMEHSIOT IMIaBHEIM 00pa3oM 1 GEeTOHHBIX
U KEJIe300€TOHHBIX KOHCTPYKHHMH B Ha3eMHBIX, MOJ3EMHBIX M MOJ-
BOJHBIX COOPYKEHUSAX, B TOM YHCHE ¥ TAKUX, KOTOPHIC TOABCPIKCHBI
HONEPEMEHHOMY 3aMOPAXUBAHHIO H OTTAHBAHUIO.

HlnaxonopTaanueMenT NPUMEHAIOT A1 H3TOTOBICHHA Kele-
300€TOHHBIX M3IEJIMH U KOHCTPYKIMWH, TBEPACIOIIMX B IIPOIAPOTHBIX
KaMepax, B KOHCTPYKLHAX TOPSYMX HEXOB, I'MAPOTEXHHUYECKHUX CO-
OPYIKEHHSIX, IOJIBEPTAIOMNXKCA CYIb(aTHO arpeccuu.

Mesikui 3arosHnTes b

B kadecTBe MEJIKOro 3aIIONHHUTENs IPUMEHSIOT HECOK, COCTOs-
nmii U3 3eper pasmepom 0,16—5 MM W HMEIOITHIA . [IIOTHOCTH OO0Jiee
1,8 r/ev’. _

KauecTBo necka, MpUMEHSIEMOTO JUIsl M3TOTOBJIEHHS GETOHa, OIl-
pefenseTcss MHHEPaTbHBIM COCTaBOM (KBapll, IIOJEBOM WINAT, Kalb-
IUT, CIIOJA U Ap.), 3¢PHOBEIM COCTaBOM (KPYIHBIH, CpeIHUH U Mel-
KU IECOK) U COAEPKaHUEM BPEIHEBIX IPUMECEH. '

3aII0THUTENb JODKCH COCTOATH U3 3ePeH PasHOro pasmepa (pas-
HEIX (hpaKitmii). 3epHa MCHBIIETO PasMepa JOIDKHBI PacilonararkCs B
IyCTOTaX MEXAY KPYNHBIMM 3CPHAMH 3aMOIHUTENS, TeM CaMbiM
yMeHbmas 06beM IyCTOT ¥ NOBBIIAS IPOYHOCTH OCTOHA.
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Menkne yacTuub! (OBUIB, W, TTIMHA) YBEIHYUBAIOT BOXOIOTPED-
HOCTh OETOHHBIX cMecel U pacxox neMeHTa B Oerone. Ilostomy co-
IepKaHUE B TECKe 3epeH, pasMepoM Mensbie 0,16 MM, TO/DKHO OBITH
He Gonee 10 % o Macce, IpH 3TOM KOJIMYECTBO NEBEUICBUIHBIX, HIIH-
CTBIX W TIUHHCTHIX YACTHI HE JODKHO IpeBBIaTth 3 %. I'nuna HalOy-
XaeT MPH YBIAKHCHNUH U YBEJIWYHMBACTCS B 00bEME NPH 3aMEp3aHuUH,
CHIDKAsi MOPO30CTOHKOCTB.

IpoyrocTs G€TOHA 3aBUCHT OT CONEPXKAHUA B MIPUPOTHOM ITECKE
OpraHMYecKuX mpuMecedl (HampuMmep, NPOLYKTOB Pa3IOKEHHA OCTAT-
KOB DAaCTeHHii), B YacTHOCTH OPTraHMYECKHX TIyMYCOBBIX KHCIOT.
Bonbioe KOMMYECTBO OPTaHHYECKHX NPHMeECed MOXET NPHBECTH K
pa3pyLICHHIO EMEHTa, OCHOBHOTO KOMITOHEHTa GeToHa.

KpyriHei¥i 3aM0/IHUTES b

B kxauecTBe KpYMHOIO 3alONHUTEN L1 6eTOHa NMPUMEHSIOT Ipa-
BUii, mebeHs ¢ pasMepoM 3epeH 5—70 MM. IIpu 6eToHHpPOBaHMH Mac-
CHBHEIX KOHCTPYKIIMif IpEMeHseTcs meGeHb KpymHOCTBIo 10 150 MM.

I'paBmit mpecraBnger coboif 3epHa okaTaHHON (OPMBI C THAIKOH
TIOBEPXHOCTEIO, COREPIKAIUI NECOK, BPEIHbIe IPHMECH — ITIMHY, HbUIb,
CITEFOJLY, OPTaHMIECKHE BEIECTBA. Rew Mila

3epHa mebHA, INOIyYCHHBIE
JIpoOlleHHeEM IUIOTHBEIX M BOJOCTOM- 6.0
KAX OC3ICYHBIX TOPHBIX IOPOJ
(IVIOTHBIX H3BECTHSKOB, NIECYAHMKOB N
H Jp.), HMEIOT YIJIOBaryro GopMy, 44 ! k\ !
npubmkeHnyo k KyOy. Bonee me- \ \L =
poxoBaras, 4eM y rpaBusd, mosepx- 0 Y <
HOCTb 3€PEH CIOCOBCTBYET MyqmieMy 4 IRy
UX CLCIUICHHIO C LIEMEHTHBIM KaM- <&
HEM, NO3TOMY Uit OETOHA BBICOKOM 1.0 =
npoyroctr (M500 ¥ BEIIIE) OOBIYHO
IIPEMEHSIOT ME6eHb, a He IPaBuil. 020 028 036 044 B

Mopo3socToiikocTs MEOHS U Tpa-

BH IIO3BOJIET IIOJIYYHUTh Ka4uCCTBCH-
B 3aBUCHUMOCTH OT 3aNIOJTHUTEIIA!

HBIH OETOH 110 3TOMY CBOHCTBX: I — ipoynsIit u3BECTHAK; J] — TpaHuT-
3anoIHNTENh — BaXKHBIH - KOM- HbIi meGens; [ — rpasHit;

IIOHEHT, OT KOTOPOro 3aBHUCAT OPOY- IV — neo6paboTaHHEIH rpaBuit

Puc. 13. Kpuesle Npo9HOCTH GETOHOB
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HOCTHEIE CBOHCTBa OeTOHA. DTO NMOATBEPXIACTCS SMIIMPUUECKU IO-
Jy4eHHBIMH KpHBBIMH npounocTH (puc. 13). Ha pucynke no ropusos-
TaJIbHOH OCH — COJIEp KaHKe BOAE! B IIEMEHTHOM PacTBOpE, 110 BEPTH-
KallbHOH — JIPOYHOCTh OCTOHA HA COKATHE.

Bona

Bona, npuMenseMas A1 3aTBOPEHHS OETOHHOM CMECH M ITOJIHB-
ki OeToHa, He MOIDKHA COJIEpXKaTh NpHMeEceH, IpPensATCTBYIOUIUX
CXBaTBIBAHHIO M TBEPICHMIO BOXKYIIET0 BeuiecTBa. s 3aTBOpeHMA
OeTOHHOM CMeCH INPHUMEHAIOT BOJONPOBOAHYIO IHTHEBYIO BOAY, a
TaloKe TIPUPOJNHYIO BOAY (peK, €CTECTBEHHBIX BozoeMos). Bona
JOJDKHA MMETh BOJOPOIHBIN IoKa3zaresis pH He MeHee 4, comepxarh
He 6oee 5600 Mr/i1 MuUBEpaTBHBIX COJIEH, B TOM YHCIIE CYIb)aTOB He
6onee 2700 mr/n. He momyckaercst npuMeHSTh OONOTHBIC H CTOYHBIE
OBITOBBIC M IIPOMBILLICHHBIC BOJIBI 0€3 MX OYMCTKH.

Lobasky 419 6ETOHOB

Kpome ocrosnvlx komnonenmos 6 cocmaé bemonnoii cmecu mMozym
8800UMBCS OONOTHUMENLHBIE BEUECEA CREYUATBHOZ0 HAZHAYEHUSL.

B 3aBucuMoCTH OT HasHaueHHs (OCHOBHOTO sddexra neiicTBus)
I06aBKH A1 OCTOHOB IOAPa3NEeIIAIOT HA BUIHL

1. Perymupyromme cBoiicTBa OETOHHBIX CMECEH: TUIRCTU(HIH-
pyromue; cTa0WIM3MPYIOIIHE; BOJOYACPKUBAIOUIHE; YIYYIIArOUINe
NEPEKaYNBAEMOCTh; PETYIUPYIONIME COXPaHIEMOCTh OETOHHBIX CMe-
Cell; 3aMeUIAIOIHNE CXBAaThIBAHME; YCKOPSIOUINE CXBAaTHIBAHUE, IOPH-
3yromue (g Jlerkux OETOHOB): BO3IYXOBOBIEKAIOUIME, NeHooOpa-
3yIOHIHKE, ra3000pa3yIonire.

2. Perynupyromue TBepieHHE GeTOHa 3aMEATAIONINE TBEPACHHE,
YCKOPSIIONINE TBEPICHHE.

3. IoBrimaroniue NpoYHOCTh U (Hnn) KOPPO3HOHHYIO CTOMKOCTb,
MOpPO30CTOHKOCTh 0€TOHA M KeIe300eTOHa, CHIDKAIONINE MIPOHMIae-
MocTh OCETOHA: BOJOPEOYLHPYIONINE; KOILMATHpYIONME; ra3o00pa-
3YIOIIHE; BO3XyXOBOBIECKAIONIHNE; ITOBLIIIAIOIINE 3AIUTHEIC CBOMCTBA
0cToHA 110 OTHOIICHHUIO K CTANEHON apMarype (nHmGHTopLI KOppO3UH
CTaJH).

4. Ilpunaromue GeToHy crienuaIbHBIE CBOMCTBA: POTHBOMOPO3-
Hele (oOecnieunBaronmye TBEPACHUE NPH OTPULIATENBHBIX TEMIIEPATY-
pax); ruapodobusupyonme.
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CBoricrBa 6eTOHHOH cMecH
TexHuyeckue CBoHcTBa BETOHHOH CMECH

[Tpu M3roTOBNICHMM XKeNe300eTOHHBIX M3IEHNH 1 OETOHHPOBAHII
MOHOJHTHBIX KOHCTPYKIIHI CaAMBIM BaXXHBIM CBOHCTBOM GETOHHOHN cMme-
CH SABJIAETCSA YIOOOYKIAIBBAEMOCTE, T. €. CIIOCOOHOCTE 3aI0NHATE Qop-
My TIpH JAHHOM CIIOCO0€ YIUIOTHEH!S, COXPaH:sA CBOIO ONHOPOIHOCTS.

Jlist oleHKH yAOOOYKIaIEIBaEMOCTH HCIIONL3YIOT OBa II0Ka3aTe-
IS TIOMBYXKHOCTE M JKECTKOCTH OETOHHOH CMECH.

[TomBMXKHOCTE OTpaXKaeT CIOCOOHOCTE OETOHHOH CMecH, KOTO-
poit Ora mpeqBapUTENHHO NPHAAHA YCJIOBHAA GopMa (IpaBHILHOTO
YCEYEHHOT0 KOHYCa), AehOpMHPOBATHCS IOZ BIIMSHHUEM COOCTBEHHOM
TSOKECTH, PacIUIBIBasCh, MM OCelacT, pHodpeTas MHYH GopMy WIH
CoXpauss ee Ipu ApYrux pasMmepax. IlomsrmxHOCTs OeTOHHOM cMecH
HU3MEPAIOT C TIOMOIIBIO CTaHJAPTHOIO METAIIMYECKOr0 KOHyca
(puc. 14 g), KOTOpBIH 3aIONHIAIOT UCIILITYEMOH CMECHIO C IIOCIOHHBIM
yrtoraenueM. TIpH OCTOPOKHOM MOTHEME METANINIECKOH (opmsl Ge-
TOHHBIA KOHYC OCa)KMBACTCS N0 COOCTBEHHOMN TSDKECTHIO.

JKecTkoCTs GETOHHOM CMECH XapakTepH3YIOT MPONOIDKUTENLHO-
CTBI0 (CeK) BMOPHMpPOBaHMS Ha CTAHTAPTHOM BHOporuomaske (4acrora

Puc. 14. Onpenenenne yEo60yKIabIBaeMOCTH GETOHHO cMecH:

a) mpubop (KOHYC) UL ONpeJETCHUA IIOABHKHOCTH GETOHHOH cMecH
(Bce pasMephl B MM):
1 — xKecTKas cMeCh; 2 — IIOJBHKHAA CMECh; 3 — ocajika KOHYCa,
6) IpuGOp AN ONPENETEHHS XECTKOCTH OSTOHHON cMecH:
4 — cxema HCIBITAHMA 59



3000 xonebanmii B MUHYTY, aMIUIUTyfa Konebanuii 0,5 MM), HeoOxoau-
MOTO I BLIPABHHMBAHMA M YIUIOTHEHHA IPEIBAPHTENBHO OT(HOPMOBaH-
HOTO KOHyca 6ETOHHOH cMecH B IpHOOpe I ONpPeNeICHIS KECTKOCTI
(puc. 14 6). Humaapryeckoe KOJbIo mpubopa, BHYTPEHHMI AHaMETp
koToporo 240 MM, yCTaHABIMBAIOT M JKECTKO 3aKPEIULTIOT Ha Jiabopa-
TOpHOI BHOpOILTOMIaKE. B KOMBIO BCTaBIIOT M HKECTKO 3aKPEILISIOT
CTAaHIAPTHBRIA KOHYC BBICOTOM 200 MM, KOTOPHIHA 3aIIONHSIOT OETOHHOM
CMECBIO B YCTAHOBIICHHOM IIO CTaHAAPTy IOpSIKE H IOCIE 3TOr0 CHH-
MaroT. Jluck npubopa ¢ MOMOMIBIO WUITATHBA OIYCKAIOT Ha TOBEPXHOCTE
OTGOpPMOBaHHOTO KOHyca OGETOHHOH cMecH. 3aTeM OIHOBPEMEHHO
BKIIIOYAOT BHOPOINIOMAKY U CEKYHIOMEP M HaOJIONAlOT 34 BHIPABHH-
BaHHMEM U YIUIOTHEHHEM OeTOHHOM cMecH B muwmHape. CexyHmomep oc-
TAHABJMBAIOT, KAK TOJIBKO HAa4HETCSA BEIJENCHUE TIEMEHTHOTO TECTa W3
IBYX OTBEPCTHMI mucKa. IIponomKuTenbHOCTE BUOPOYILTOTHEHUS SBJIS-
©ICs XapaKTEPHCTHKOMN MeCcTKoCcTH GeToHHOM cMecH. B riensix Gonwreit
TOYHOCTH H3MEPEHHA KECTKOCTU M3 OITHOI IMpOoOLI OETOHHOM CMECH BbI-
YUCILIIOT CPeHee IBYX ONpeNeNCHIHA.

B Ttabn. 7 mpencraBinensl xraccudukanys ¥ Mapku OeTOHHOU
CMECH TI0 Y000y K/1aIbIBAEMOCTH.

Tabnruya 7
Kaaccudukanus 6eTOHHBIX cMeceit
Mapka mo Hopma yooboyrnadeieaemocmu
yEOGOYKIambI- K Ilodsuxcrocmy, cm
ecmKocmy, ¢
BaEMOCTH Ocaoxa xonyca | Pacnnas xonyca
Ceepxoicecmkue cmecu )
CX3 Boee 100 - -
CX2 51-100 - -
CXl1 50 u menee - -
JKecmrue cmecu
X4 31-60 - -
X3 21-30 - -
x2 11-20 - -
XK1 5-10 — -
oosuoicHble cmecu
It 4 v Menee 14 -
12 - 5-9 -
3 - 10-15 -
114 - 16-20 26-30
5 — 2] u bonee 31 u bonee
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JegopmaTuBHbie cBOUCTBa 6ETOHA

[ox Harpy3koii GeTOH BENET ceGs MHAYe, YeM CTamb M JIPYTHE
ynpyrue Marepuainbl. KoHrnomeparHas crpykrypa OeToBa ompenens-
T ero INOBEJCHUE IPH BO3PACTAIONIEH HAarpy3Ke 0CEBOT0 CHKATHA.

O6nacTe yCclnoBHO ynpyrod paboTel 6€TOHAa — OT Hadana Harpy-
JKEHMS 0 HaUPSDKEHHMS COKATHSL, IPH KOTOPOM IIO0 IOBEPXHOCTH CLIENI-
JIeHHs IIEMEHTHOTO KaMHs C 3aIllONHUTENeM 00pa3yroTcs MHKPOTpe-
IIUHEL ’

ONBITH TOATBEPIIIA, YTO YpU HEGONBIMX HANPSDKEHHUSX M
KpaTKOBPEMEHHOM HATpY)XEHHH JUis GETOHA XapaKTepHa YIpyras Je-
dbopmanms, noxobHas feQOpMalMi OPYKUHEL.

Moyns yopyrocrd 0eroHa BO3pacTaeT NPH yBeNWYEHHMM IpOd-
HOCTM M 3aBHCHT OT NOPHUCTOCTH: YBEIMYCHHE MOPHCTOCTH O€TOHa
COTPOBOXKJIAETCS CHIDKEHHEM Moxnyns yupyroctu. Ilpu oxuHaxoBo
MapKe 10 MPOYHOCTH MOAYNL YNPYroCTH JIErKoro O6eToHa Ha IOpHC-
TOM 3amoNHuTENe MeHbiie B 1,7-2.5 paza Tsxenoro. Eme Hmxe Mo-
Iynb ynpyroctd sgeucroro OeronHa. TaxuMm ob6pasoM, ymnpyrumu
CBOMcTBAMH OETOHA MOXXHO YIPABILITH, PETYIHPYS €0 CTPYKTYpY.
Monyns yupyroctu GeToHa IPH CXKaTHHU M PACTSDKEHHUH NPUHUMAOT
PaBHBIMH MeXIy coboi: E, = E, = Es.

ITon3yyecTpI0 HA3BIBAIOT ABIEHHE yBeNH4YeHUs medopmanmii Oe-
TOHA BO BpEMEHH IIpU NEHCTBUH IOCTOSHHOM CTATHYECKOH Harpy3KH.

IMon3ydecTs 3aBUCHT OT BHJA LIEMEHTA M 3alOJIHUTENEH, COCTaBa
OeToHa, ero BO3PAcTa, YCIIOBUH TBEPACHHIT H BIAXHOCTH. MeHbIast MoJ-
3y4YecTh HAOMIOIAETCA MPH IIPUMECHEHHH BHICOKOMApOYHEIX [[EMEHTOB M
IUTOTHOTO 3aIOJHUTENS — 1IeOHA U3 U3BEP)KEHHBIX T'OpHBIX nopox. Ilo-
PHCTBI 3aIIONHUTENb YCHUIMBAET HOM3YYeCTh, II03TOMY JIeTKHe GETOHBI
HMEIOT OOJBIIYIO ITONI3YYECTh 110 CPABHEHUIO C TKEITBIMEL

IIpexxneBpeMeHHOE BHICHIXaHUE OETOHA yXyIIIaeT CTPYKTYPYy M
yBeIMYMBaeT e€ro mnonsydectb. OgHako HachlIleHWE BOXOM 3aTBEp-
JeBIIEero 6ETOHA MOXKET BBI3BATh POCT IOJI3YYECTH.

Ycagka n HabyxaHne 6eToHa

IIpu TBepAEHHM Ha BO3IMyXE NPOUCXONHUT ycanka GeToHa, T. €.
OeToH CXXUMaeTCst ¥ JIMHEHHBIe pa3sMepsl OETOHHBIX 3JIEMEHTOB CO-
KpaularoTcs. YcaIka craracrcs U3 BIaKHOCTHOM, KapOOHU3aMOHHOM
¥ KOHTPAKIHOHHOM COCTaBIIAIOIIMX.
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BcenencrBue ycagku OeToHa B 2kelle300€TOHHBIX U OETOHHBIX KOH-
CTPYKUMSX BOZHMKAIOT YCA[OUYHbIE HANPSHKEHYS, TIO3TOMY COOPYIKEHHS
60JIBIIOH NPOTHKEHHOCTH Pa3pe3aroT yCamOYHBIMHU IIBaMM BO M30exa-
HUe TIOABJICHES TpenmH. Beme nipu yeanke 6etona 0,3 MM/M B coopyke-
Hum uoanoit 30 M o6mmas ycanka cocrapiser okono 10 mm. MaccuBHEBIH
0ETOH BBICHIXAeT CHAPYKH, & BHYTPH OH €Ille OO OCTAETCS BIAYKHBIM.
HepasHOMepHas ycafka BbI3BIBACT PacTAHBAIONIME HANPSOKCHHAA B Ha-
PY>KHBIX CIOSIX KOHCTPYKIHH U IOSBICHHE BHYTPSHHUX TPEIINH Ha KOH-
TAaKTe C 3aI0JHHTENIEM ¥ B CAMOM LIEMEHTHOM KaMHe.

JUis cHIDKEHMA yCafOdYHBIX HAaIpPHKCHHE H COXpaHEHHS MOHO-
JUTHOCTH KOHCTPYKIHH CTPEMATCS YMEHBIIUTEL ycanky Oerona. Han-
6oIBIIIYIO yCaaKy HMeeT IeMeHTHBIH KaMenb. BeeeHue 3amonnurens
yMEeHBIIaeT KONMYECTBO BSKYIIETO B eAMHMIE o0beMa MaTepHala,
Ipu 3ToM 0o0pasyercs cBO€OoOpa3HBIN KapKac U3 3€PEH 3aIlONHUTENS,
MpensITCTBYIOMMi ycanke. I1oaToMy ycaaka EMEHTHOrO pacTBOpa U
OeToHa MeHBIIE, YEM LIEMEHTHOT'O KaMHS.

BeroH Hapy»XHBIX YacTeil THAPOTEXHUYECKHX COOPYKEHHH, Iie-
MEHTHO-OETOHHBIX AOPOr NEPUOMUSCKY YBIKHACTCS W BBICHIXAET.
Konebanus BnakHoCTH 0€TOHA BBI3BIBAIOT MOIIEPEMEHHBIE HedopMa-
LUK YCaaKkH ¥ HaOyXaHus, KOTOPhIE MOTYT BBI3BaTh MOSBICHHUE MUK-
POTpenIvH ¥ pa3pyuiesue 6eToHa.

llpo4HocTe 6eToHa

Knacc 6eTona mo npegexy npodHocTH npu cxatuu (B Mlla) on-
PEACILIIOT ¢ MOMOIBIO 00pa3loB pasMepoM 15x15x15 cm, m3rorTos-
JEeHHBIX U3 OETOHHON CMECH M HCIBITaHHBIX 4yepe3 28 CyTok TBepie-
HHA NPH XpaHEHHM B HOPMANbHBIX YCIOBHAX, T. €. IPH TeMIeparype
2042 °C, OTHOCHTENBHOH BIIAXKHOCTH BO3ayXxa He Huke 90 %. Mme-
Y0TCS HEKOTOPBIE MCKIIOYEHHU, HAIPUMEP THAPOTEXHMUYECKHH OeToH
PEYHBIX COOPYXEHHH OLICHHMBAIOT 10 MPOYHOCTH Tarke B 60-, 90- u
180-eBHOM BoO3pacTe 00pasnoB HOpManbHOro TBepAeHus. [Ipu apy-

rux pasMepax obpasnos-Kybos ¢ pebpom 7, 10, 20 u 30 cm pesynbra- .

THl HCIBITAHHHA yMHOXAIOT Ha MacmTabuble KOd(PQHIMEHTH, COOT-
BercTBeHHO paBHele 0,85; 0,91; 1,05; 1,10. [Ing oueHKM MpPOYHOCTH
BMECTO 00pasioB-KyOOB HEpPEIKO MCIONB3YIOT IPU3MEI pa3MepoM
10x10x40 cM wim Opyrux pasMepoB, MCIBITHIBAEMBIX Ha U3IHO, a
TaroKe 06pasuBI-IMIMHAPE! graMerpoM 7, 10, 15, 20, 30 cM u Beico-
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TOH, paBHOH AMAaMETPy WIM IBYM AUAMeTpaM. BeTOH Ha3bIBAIOT BEI-
COKOIPOYHEIM, eciti €ro Mapka Beime 600 (MIIa).

IIpounocTe 6eTOHA Ha pPacTsKEHHE cocTasugeT oT 6 mo 10 %, a
npu usrube ot 10 no 16 % ot npexena npodnocTy npy cxkaruu. Ilo
Npejery NPOYHOCTH Ha 0CEBOE PACTKEHHE OETOHBI JenaTca Ha Map-
ku ot 10 mo 40, a npu uzrude or 1,5 mo 5,5 MIla. Yopounuts 6eToH
HAa PAaCTAKCHHE MOXKHO apMHMPOBAHHEM, IOCKONBKY METallIMdecKas
apMmarypa cnocoGHa IOYTH TOJNHOCTBIO NPHHATH Ha cebs pacTaru-
BAIONIME HANPSIKEHHSA, pasrpykad OT HUX GeToH. ApMarypa MOXET
pacronaratbCs KaK HalpaBlIeHHO, TaK ¥ B Xa0THYECKOM BHIE.

IIpounocTs GeToHa HE OCTaeTCs BENMUYHHONH IOCTOSHHOH. Ilpu
OarONpUATHEIX YCIOBHAX — BBICOKOH BIaXHOCTH BO3yXa, IOIOXKH-
TEIBHOM TeMIlepaType M T. II. — OTMEYaeTCs IPUPOCT IIPOYHOCTH, OIl-
penenseMslii no dpopMmye

let
M, =Mzslgi2§, ®)

r7ie T — BO3pacT OETOHA B CyTKax, HO He MeHee Tpex cyTok. Hampu-
Mep, K BO3pacTy OJHOTO rofa TSDKENBIH GETOH B 9THX YCJIOBHAX CaMo-
ynpounsercs Ha 70—90 % ot Mys.

Mopo3socrovikocTs 6€TOHa

Mopo30CTOHKOCT, GETOHA ONPENENIOT IMYTEM IONEPEMEHHOIO
3aMOpaKMBAHHUA B XOJOAWIBHOM KaMepe NpU TeMueparype oT —15 go
—20 °C u oTTamBanusi B Boje Npu Temmeparype 15-20 °C GeToHHBIX
00pasnoB ky6os ¢ pasmepamu pedpa 10, 15 mwmm 20 cMm (B 3aBHCHMO-
¢TH OT HauGonkmiell KpymHocTH 3amonuuTest). OOpa3is! HCITLITHBA-
0T TIociie 28 CyT BBIAEPKMBAHMA B KaMepe HOPMallbHOT'O TBEPIACHHS
HITA 9epe3 7 CyT Hocie TeIutoBoi obpaborku. Mopo3ocToHKoCTE O6-
TOHA 3aBHCHUT OT KAyeCTBAa NPUMEHCHHBIX MaTEpPHUAJIOB M KaIUILIAP-
HOM mopucTocTH 6eToHa. O6beM KaMUIAPHBIX NOP OKa3bIBacT pe-
IAIONIEE BIMAHKE HA BOIOIPOHHMIIAEMOCTS U MOPO30CTORKOCTH GeTo-
Ha. Mopo30CcTOHKOCTE 6€TOHAa 3HAYMTENHHO BO3PACTAET, KOrja Ka-
MHUIAPHAsS HOPUCTOCTh MeHee 7 %. '

ITo sTomy cBoiicTBy Gerons! Mapkupylotcs: F50, 75, 100, 150,
200, 300, 400, 500. Mapka 1m0 MOpPO30CTOHKOCTH 0003HAYAET YUCIO
LMKJIOB HOYIEPEMEHHOr0 3aMOPaXKUBAHKS M OTTANBAaHUA, IPU KOTOPOM
oTeps B Macce npoObI KPYITHOTO 3aNONHUTENA He IpeBpimacT 5 %o.

63



BofoHerpornLaemMocTs 6eToHa

C ymeHblIEHHEM 00B€Ma KaIMJLULIPHBIX MAKpPOIOP CHHBKAECTCS BO-
JOHENPOHUIIAEMOCTh M OJHOBPEMEHHO IOBLIMIACTCS MOPO30CTOMKOCTH
Oerona. /{9 yMeHbIIEHNA BOXOHENPOHHIIAEMOCTH B GSTOH IPU €ro U3-
TOTOBJICHHM BBOIUIT YIUIOTHAIONMIME (IFOMHMHAT HATPHSA) H TUapodoOu-
syromue no6asky. Hedrenpomyktsl (OeH3MH, KEPOCHH H JpP.) MMEIOT
MeHBbIIIee, 9EM Y BOIBI, MOBEPXHOCTHOE HATSDKEHNE, IO3TOMY OHM JIerde
IPOHMKAIOT yepe3 0ObIuHbNT GeTon. s cHmkenns dunsTpanuy HedTe-
NPOIYKTOB B OETOHHYIO CMECh MOXKHO BBOJIHUTE CHEHHAITBHEIE TOOABKH
(xntoproe xene30 u 1p.). [IporuiaemMocTs GeToHa IO OTHOLIEHMIO K BOJIE
1 He(TENPOAYKTaM Pe3KO YMEHBINAETCS, eCIIH BMECTO OOBIYHOTO IOPT-
TaHIUEMEHTa IPIMEHAIOT PACIIHMPSIONIUHCS.

ITpoBepka HONHOM BOXOHENPOHHIIAEMOCTH (mm HHOFJa BOJO-
IPOHMIAEMOCTH) NPOU3BOAUTCA B IA0OPATOPUH TIyTEM BO3NCHCTBHS
Harropa BoJs! Ha oOpasell HUIMHAPHYIECKOH (HOpMBI TOMUHHON 15 cM
IpU pa3iinuHBIX THIPOCTATHYECKHX NaBJIECHHIX, BhIpakaeMbIX B Ila
(ot 2:10° no 12:10%). IlpuuATH clemyrOmmMe Mapkm: W2, W4, W6,
W8, W10 u W12,

Terogusnyeckue cBovicTBa 6eToHa

TennmonpoBogHOCTs — Haubosice BaXHAT TEIUIOPH3MIECKas Xa-
pakTepucTHka 6eTOHa, B 0COOEHHOCTH HNPUMEHIEMOr0 B Orpakiaro-
OMX KOHCTPYKIHUAX 30aHHi.

TernonpoBOIHOCTE THKENOr0 OETOHa B BO3LYIIHO-CYXOM CO-
crosauu 1,2 Br/(m.°C), T. €. oHa B 2-4 pa3a Oonbiie, 4eM y JErKux
6eTOBOB (Ha IIOPHUCTHIX 3aNOMHUTENIX H TUCUCTHIX). BrIcokas Temo-
NPOBOAHOCTE SBISETCS HEAOCTATKOM Tspkenoro Gerona. Ianenu wa-
PYXHBIX CTE€H H3 TsDKENIoro 0eTOHA H3rOTaBIHMBAIOT C BHYTPECHHUM
CJTOEM YTeILTHTEN .

TennoeMKoCTh TsKEIoro OeToHa M3MEHIETCS B Y3KHMX Mpeseiiax
0,75-0,92 B1/(M-C°).

JIvHeHHBIH K03hGUIMEHT TeMIIepaTypHOrO pacuipenns 6eTona
coctapmier okoio 0,00001 °C. CnemoBaTenbHO, HpH YBEIHYEHUU
Temneparypsl Ha 50 °C pacmmpenyie focTUraeT npuMepHo 0,5 MM/M.
Bo u3bexaHue pacTpecKUBAHUS COOPYKEHHUH OOJBLION MPOTHKEHHO-
cTH 6ETOH Pa3pe3aroT TeMIICPaTypHO-YCaIOTHBIMI IBAMH.
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Kpynseii 3amonHuTeNs B pacTBOP, COCTABILAIOIME OETOH, HMe-
10T pasnU4HBIH K03 UIMEHT TeMIIepaTypPHOTro paciupeHus H OyayT
1o-pasHoMy 1eOopMHpPOBATHCA IPU M3MEHEHHH TEMIIEPATYPEL. -

Bonemue xonebanusa temmepaTypsl (6onee 80 °C) cmoryT BbI-
3BaTh BHYTPEHHEE PacTpEeCKUBaHHE O0ETOHA BCIIENCTBHE PA3IMYHOIO
TEILUIOBOIO PACIHIMPEHUs KPYIHOTO 3allOJHUTENI U pacTBopa. Xapak-
TEPHBIE TPEIHHB] PACIPOCTPAHAIOTCS TIO HOBEPXHOCTH 3aIIOJHHUTENA,
HEKOTOpble M3 HUX 00pa3syloTcs B pacTBOpE, a HHOTOA M B CIabBIX
3epHAaX 3amloJHUTeNss. BHYTpeHHee pacTPeCKUBAaHUE MOXHO NPENOT-
BPaTHTh, €CIM 103a00THTLCS O IOAOOpE COCTABIAIOMMX OETOHa ¢
Omu3kuME K03 hUIMEeHTaMH TEMIIEPaTyPHOIO PacIMpeHHS.

aporexHnyecknsii 6eToH

T'unporexHuueckuit 6eTOH OTHOCUTCS K TaK Ha3bIBAEMBIM CIIEIIH-
aIBHBIM 0€TOHaM, KOTOPHIE HCHONB3YIOT B ONPENCICHHBIX KOHCTPYK-
MAX WM MOHOIMTHBIX coopyxeHHiIX. K cnemuansHeiM OeToHaM
TakXKe OTHOCATCS: JTOPOXKHEIA IIEMCHTHBIH O€TOH, JXKapocToikue 6eTo-
HBI, KHCIIOYIIOPHEIH GeTOH, THIPON30IIIHOHHEI 6€TOH, 0000 TsKe-
nple GETOHEI, APXUTEKTYPHbIE 0eTOHEI, CepHEie OETOHbI, anemponso-
TAIMOHHBIE OCTOHEL U Ip.

T'unporexHudecknii 6eTOH — 0€TOH, HPUMEHAEMBIH U1 CTPOU-
TENLCTBA COOPY>KEHMI MM HX OTACIBHBIX YacTeH, IOCTOSHHO Haxo-
IAIEXCA B BOJE WIH NEPHOJMYECKH KOHTAKTHPYIONMIMX C BOIHOH
Cpeno¥i; 3TO PasHOBHIHOCTb TKENOro OeroHa. I'MApOTEXHWYECKUH
0ETOH XapaKTepU3yeTcs. CTOHKOCTHIO NPOTHB arpeCCHBHOIO BO3neH-
CTBHS BOJBI, BOIOHEIPOHUIIAEMOCTEIO, MOPO30CTOMKOCTHIO, IPOYHO-
CTBIO Ha CXXAaTHE M PACTSKCHHE, OFPAHMYCHHBIM BBIICICHHEM TeIlia
IIpH TBepACHUH. TpeboBanus, NpeabIBIieMbIe K THAPOTEXHHIECKOMY
O€TOHY 3aBMCAT OT PACTIONOXKEHHUA U YCIOBHHM paboThl THAPOTEXHUYE-
CKHX COOPY)KCHHMH U UX KOHCTPYKTHBHBIX 3I€MEHTOB. {111 npuroros-
JIEHHs THUAPOTEXHUYECKOrO OeToHa NPUMEHSIOT MOPTIAHIEMEHT i
€ro Pa3HOBMIHOCTH: 3AIOJHUTEISIMU CIYyXKAaT [I€COK, IeOeHb, IpaBHil
WM Tajibka KpynHocThio [0 150 MM u Gonee. KagecTBo 3TOTrO BHIA
6E€TOHA NOBBILAIOT BBEAECHUEM B HETO Pa3IM4BbIX 100aBOK (BO3/1yXO0-
BOBIIEKAIONTHX, ITaCTUQUIPYIOMIX, YIUIOTHAIOHUX | Ip.).
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BeIenaioT Hapy)XHy0 30HY MAacCHBHOT'O OETOHHOTO COOpYKe-
HUs, IOABEPralollyiocs HENOCPEICTBEHHOMY BIHSHUIO Cpelbl, U
BHYTPEHHIOIO 30HY.

Bberon Hapy>KHOH 30HEI, B 3aBHCHMOCTH OT PACIIOJIOXEHUA B CO-
OPY’KEHMM IO OTHOLIEHHIO K YPOBHIO BOJBI, JENAT Ha 6ETOH IOABOJI-
HBIM (HaxOJUIIIMICSA OCTOSHHO B BOJIE), IIEPEMEHHOTO YPOBHS BOILI H
HaJBOAHBIN, HAXOIALMICS BHIIE YPOBHS BoIpl. beToH, pacmonioxeH-
HBIH B 00JIaCTH NEPEMEHHOTO YPOBHS BOZBI, MHOT'OKPATHO 3aMeP3aeT U
OTTaMBAECT, HAXOMSCH BCE BPEMs BO BJIZYKHOM COCTOSHHH. DTO XKe OTHO-
curcs K OeTOoHy BOZOCIMBHOHI I'paHU ITOTHH, MOPCKHX COODPYKEeHHIA
(Tpr4anoB, MAPCOB, MOJIOB H T. [.), TPAIHUPEH, CHYXAIMMX IS OXJIaX-
JeHus 000pOTHOM BOIB! HA TEIUIOBBIX 3JIEKTPOCTAHIHAX, TPEAIPUATH-
AX METaJUTyPIrHdecKOH M XMMUYECKOH MPOMEBIIIIEHHOCTH. DTOT O6€TOH
JOIDKEH 06/1a1aTh BBICOKOH INIOTHOCTBI) M MOPO30CTOMKOCTEIO.

Beron BHyTpeHHEH 30HB MACCHBHBIX KOHCTPYKIIHI 3alluileH
HApY>XHBIM OETOHOM OT HENOCPEICTBEHHOTO BO3LEHCTBHA CpEIbl.
I'naBHOe TpeboBaHue K 3TOMY GETOHY — MUHUMAaNbHAs BEIUYNHA TETl-
JIOBBIAENIEHAS IIPH TBEPIEHUH, TaK KaK HEPaBHOMEPHBIH pPa3orpes
MAacCHBa MOXET BEI3BaTh 00pa30BaHUE TeMIEpaTyPHBIX TpeuruH. Ma-
JI0€ TEIUIOBBIACIEHNE UMEET IUIAKOIOPTIAHIUEMEHT, TI03TOMY €ro u
IPUMEHSAIOT Ui BHYTPHMAacCHUBHOIO GeToHa Hapsxy ¢ IOpTIaHLe-
MeHTOM. TpefoBanua K QM3INKO-MEXAaHUICCKUM CBOHCTBAM OeToHA
BHYTpEHHEH 30HBI HE CTONb BBICOKH: MapKu 1o mpouHoctw M100,
M150, mo BomonenponunaemMocta W2, W4,

Mapky 6eToHa IO BOJOHENPOHHIAEMOCTH HA3HAYAIOT B 3aBH-
CHMOCTH OT HamOpHOrO TPajueHTa, PaBHOTO OTHOLICHHIO MaKCH-
MAaJIbHOTO HAIopa K TOJIIWHE KOHCTPYKIMHU MM K TONImMUHE OeToHa
Hapy>XHOH 30HBI KOHCTPYKIIHK:

Hanopueiit rpaguesT Io 5 5-10 10-12 12 u Gonee

Mapka 6eToHa Imo BOIO- w4 W6 w8 w12
HENPOHUIAEMOCTH

Mapky GeToHa 10 MOPO30CTOMKOCTH HA3HAYAKOT B 3aBMCHMOCTH
OT KIIHMATHYECKUX YCIIOBHI ¥ YUCIIA PACUETHHIX LIUKIOB IONEpEMEH-
HOTO 3aMOpaKMBAaHMA M OTTaMBAaHMA B TCUEHHE I0Ja. YCTaHOBJICHBI
clefyromye MapKH THAPOTEXHHYECKOro 6eToHa IO MOpPO30CTOMKO-
ctu: F100, F150, F200, F300, F400, F500.
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Ipu viccnemOoBaHMM TaKHX CBOWCTB GETOHA KaK MOPO30CTOMKOCTE H
TEIUIONPOBOAHOCT HUCHOMB3YETCS MOJENh, BIEPBBIE NpeioskeHHas 1.
HrroroHoM. JlaHHas MOZENb NPOCTA U CITYXKUT UL NOTydeHHst OBICTPBIX
HpeIBapUTENLHBIX PE3yIbTaToOB. B Hel TemmepaTypa XOMOAWIBHHKA
(oxpyxaroreil cpenpl) NpUHAMAacTCA HOCTOSHHON, a CKOpPOCTh Iepena-
9 TETIa OT HArpeToro Tena K XOIORWIBHIKY, HPOIOPIMOHATIEHON pas-
HOCTHU TEMIIEPATYP MEXIY HAMH.

310 yIBEpXKIACHNE B MAaTeMaTHIECKOH (HOpMyIMPOBKE 3aIIUCHIBACT-
cs B Buze muddepennmansHeIX ypasHenuii (JIY) B ciemyromeM Buze:

dar

= =TI, ©)
rae T — TeMueparypa HarpeToro tena; I, — TeMOEpaTypa OKpYKaro-
mei# cpensl; ¥ — «k03(QGUIUEHT OCTBIBAHMMY; ! — BpeMs. 3HaueHUe
«x03QPUnHEeHTa OCTEIBAHMS) 3aBHCHT OT MEXaHHM3Ma Hepelavd,
IUTOIIATA HaTPETOTO TElA M TeINIOBBIX CBOMCTB CaMOr'0 Tea.

VpaBHeHHe TeronpoBofHocTH HEBIOTOHa OTHOCHTCS K OOBIKHO-
BeHHOMY mHdepeHmanbHoMy ypasaeruio (OJ1Y) nepsoro nopsaxa. B
CBSI3M C TeM, YTO OOJBIIOE KONMYECTBO HMPOIECCOB ONMCHIBACTCA NaH-
HBEIM KJTaCCOM YPaBHEHHH, BXHO HAYIHUTHCS HAXOIWUTH HX PEIICHHA.

Onuu u3 crioco6oB uucnennoro pemenus OY — anropurm Ji-
Jepa: BMECTO MCXOXHOrO IudepeHIHANbHOI0 YPAaBHEHHA HMUIETCS
pemenne KkoHewyHo-pasHocTHoro OJ[Y. Ilepexom Kk KOHEYHO-
Pa3sHOCTHOMY YPABHEHMIO OCYLICCTBIIETCA CIIEXYIOmMM 00pazoM.
BMecTo TOMHOTO 3HaYSHUS POM3BOIHON paccMaTpUBAacT €€ pa3HOCT-
HBIH aHAIOT

d_TzT(t+At)—T(t) (10)
dt At ’
rae At JocTaroyHo Manlas BEIWYHHA. 10ra B KOHEYHBIX Pa3sHOCTIX
ypaBHeHUE IPUHUMAET CIEAYIOIMH BU:

T(t+AD)=T(t) _

At (T -T;). (I

Otkynma norydaeM GopMyiay UL HaXOXICHHSA 3HaueHHs (yHK-
n I(f) B Touke ¢ + At:
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CT(t+ A =T(O)+ A(~r(T(1) - T.)). (12)

W3 nosy4eHHOro BHIPaXXEHHS BHIHO, KaK MOCTPOMTh AITOPHTM
as pererns OY. '

1. 3ajats Hava BHBIC ycnomm (o, To).

2. Beraucimurs 3HaueHne GyHkuun 7(7) B Touke t = fh + At Ty =
To++ At(—}"(To - Ts))

3. IloBTOpHTEL NPONERYPY, ONHCAHHYIO B H. 2, ¥ HAlTH 3HAYCHYE
byuxmm 7(7) B Touke &, = + At u T. 1.

IIpucrynas x paspaboTke MpOrpaMMmbpl BHE 3aBHCHMOCTH OT HC-
HOJB30BAHHOIO fA3bIKAa INPOrpaMMUpPOBaHUA, HEOOXOmMAMO paszduTh
BCIO 3aJayy Ha IOCNIEAOBATEIBHOCTh HE3aBHCHMBIX 3aJaHH, COOT-
BETCTBYIOLMX anropuTMmy Oilnepa. [IporpamMMa JomKHA COCTOSTH M3
CIIEOYIONIHX OII0KOB.

1. 3ananne HavadbHBIX yCIOBUIA.

2. 3aganue dyuxuuu Az, 7(¥)).

3. 3agaHue oTpe3Ka, Ha KOTOPOM HINETCS PEIICHHE, U I1ara HH-
TerpupoBanus (Af).

4. Bpruucienne KOOpAMHAT TOYEK, B KOTOPBIX MIICTCA penieHue
maddepeHHanbHOTO YpaBHEHHS.

5. Penienne ypaBHEeHMS METOIOM Jilnepa.

6. BriBoj pe3yibTaToB.

PaccMOTpuM pelieHHe YpaBHEHMA TeIUIoNpoBogHOCTH HbroToHA
¢ HaganbHBIM yenosueM T(0) = 25 °C B nakere MatLab, 11 xoToporo
noTpebyercs co3naHue AByX m-(aiiios.

Ilepriit co3maBaemsbrii m-gaiin Oyzer comepkars (GYHKIHIO,
CTOSIILYIO B [IPaBOW YacTW YPaBHEHUS, BTOPOM — peanu3anuio BuIUc-
JIMTENBHON CXeMbI MeToma Diliepa:

Junction F=f{¢t, T) :
% f(t, T) — dyHKuwms, crosmas B 1paBoil yactu auddepenmans-
HOTO

% YpaBHEHUS
F=-r(T-Ts),
Junction [X, Y|=Euler(10, 10, t1, N)
% (yHKITHS, BO3BPALAIONIast YHCICHHbIC pemeHmI
% muddepeHHanbHOr0 ypaBHEHHS NIEPBOTO MOPSIKA
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% MeroaoM Jiinepa
dt = (1 — t0)/N; % BBITHCIIEHNE NIara HHTETPHPOBAHHUS
-. % HaYaNbHBIE YCIOBHUA

#(1) =10;

I(1) = 70;

% BEIYMCIIMTENBHAA CXeMa MeToaa Jiinepa

fori=1:N

H(i+1)= (0 + dr*i;

T(i+1) = T() + de*f1(), T(D));

end,

% BO3BpallleHUE PE3yNBTATOB BEIYHMCICHUM

CX=t

Y=T,

TlepBElii (aiil cOXpaHAEM TIOX UMEHEM f.m, BTOPOit — IO HMe-
HeM Euler.m. ®ynxuus Euler Bo3spamaer 1Ba BekTopa: X, ¥ — BeKTO-
pbI, comepikailiue 3HA4YCHHs KOODIHHAT Y3/IOB CETKH, Ha KOTOPOi
uercs pewesne OJY, u 3navenud pemenus OY B maHHBIX y3nmax
COOTBETCTBEHHO.

IHocne cozpanus ¢aitos fm U Euler.m 1yt nonydeHus pemieHus
O1Y u ero BU3yalM3aI[UH CIEIYET B KOMAHJHOM OKHE ITaKeTa BBECTH
CIERYIOIUE KOMaHIBL:

>>T0 =25;

10=0

t1=10;

N=100;

[X, Y]=Euler(T0, 10, t1, N);

plotX, Y)

HckoMoe gucieHHOe penieHue mubdepeHHaIbHOr0 YPaBHECHHS
OyJeT IpenCTaBleHo B rpadHyeckoM OKHE Ha PUCYHKE.

MareMaTHyeCcKH BBIBOIUTCS, YTO MOTPEIIHOCTh HHTETPUPOBAHUS
O/1Y mepBoro mopsjka mo Merogy JDinepa Ha OJHOM mIare Ipouop-
mronansHa (Af)>. Ilocme N IIATOB HOTPENIHOCTH COCTABHT N-(AD™
ToBopsaT, 9T0 MeTOx Oiiepa SBISETCA METOLOM HEPBOTO MOPSIKA
TOYHOCTH.

B o0meM cimygae OTKIOHEHHE YUCIEHHOTO PELIEHHs OT TOYHOTO
00yCIIOBIEHO ABYMS IPUYHHAMM. Bo-TEpBBIX, KOMIIBIOTEPHl HE OIle-
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PHPYIOT C BEIIECTBEHHBIMH YHCIaMH OECKOHEYHOH TOYHOCTH. ITO
HPHUBOAAT K TOMY, YTO apu(PMETUUECKHE ONEPaIiH, BEITOIHIEMBIE C
JAEHCTBUTENBHBIMM YHCIaMH, OyZyT BBIHONHATHCS C HEKOTOPOH MO-
TPENIHOSTBIO, Ha3bIBAEMOH ITOTPEIHOCTRIO OKpyrienus. IlorpemHo-
CTH OKPYTIECHHH 10 Mepe pocTa 0ObeMa BHIMUCICHUA UMEIOT CBOMCT-
BO HaKaIlIMBaTHCA.

BTopo#i npu4HHON OTKIOHEHHA YNCICHHOTO PEIICHUS OT TOYHO-
TO ABAAETCA BBHIYHCINTENBHBIA AJITOPUTM, IIPUMEHSICMEIH B KOHKpET-
HOH 3anaye. He cymecTByer IpaBHI 1A BEIOOpa «HAMIYUIIETO» ME-
Tona pemennst OAY. YV kaxmoro Meroza HMEIOTCs CBOM AOCTOMHCTRBA
Y HEIOCTATKHU. :

Ha ppakTuke TOYHOCTH HUHCICHHOTO pEIICHHS OIpeIeIIoT,
yMeHblIadA mar uHTerpuposanus OJlY mo Tex mop, Moka 4HCIEHHOE
pelieHde He IEpEeCTaHeT 3aBHCETh OT llara Ipd 3aJaHHOM YpPOBHE
TOYHOCTH. BpIGupas BemuuumHy miara, Ba)XHO NOMHHTB, 4TO BHIGOD
CIHIIKOM MAaJIOrO IIaTa HPUBOIMT K YBEIHMUECHHIO OOhEMa BHIYHCIE-
HUH ¥, COOTBETCTBEHHO, MOTPEHIHOCTH OKPYTIICHHIA.
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APEBECHHA

Poccus Oorara necams, 0COOCHHO B CEBEpHBIX PETHOHAX, HEKOTO-
peix o6nactax Cubupu 1 Jlanssero Bocroka, o3TOMY ApEBECHHA OTHO-
CHTCS K BECHMa PACIpPOCTPAHEHHOMY CTPOMTENBHOMY MaTepuary. B
THJIPOTEXHUKE OCHOBHOM MOPOZIOH IepeBa ABIETCS COCHa, KOTOPas Kic-
TOMB3YeTCs B INIOTHHOCTPOEHHH. YacTo NPIXOMUICS BO3BOIMT: BpE-
MEHHbIE IUTOTHHBI M3 TOAPYYHOTO MaTepHala, K KOTOpOMY B YHCIIE fiep-
BBIX OTHOCHTCS XBOPOCT (XBOPOCTSHBIE IUIOTHHEI) U CBEXECPYOIEHHbIE
IIEpEBBSI C BETBAMY ¥ JIMCTBOM (CTiaHesble mwioThHbl). Kpome Toro, mpe-
BECHHY HCIONB3YIOT I >KWIHIHOTO CTPOUTENBCTBA, MOCTOBBIX IEpe-
XOJIOB, JIOTKOB, THAPOMETPHYECKUX cBall ¥ T. m. Vi3-3a MHPOKOro pac-
IPOCTPAHEHUA PEBECUHBI HEOOXOIMMO 3HATH, YTO MPOUCKOIHT C Jpe-
BECHHOI B BOIHOM Cpefie U NpHU cynike (CIUIaB OPEBECHHbI PEIHBIMH ITy-
TAMH), U3 KaKuX IOpOJ AepeBsHHAas KOHCTpykKims Oyner Gonee 0Jro-
BEYHOH, Kakye IIPOM3BOAMUMBIE M3IENUS U3 AepeBa MOIXOIAT AJi OIpe-
IIeNeHHBIX Ilefei, N3 KaKkoi 4acTH epesa [IeNaTh 3aTOTOBKY IS THIPO-
JIOrMYECKUX HyKI ¥ KaKas Iopojia epeBa JIydIiie IMOIXOMAT 11 KOCTpa.

Obuasn XAPaKTEPHUCTHKA BHAOEB APEBECHHbI

JipesecuHa yMEpEHHOM KIMMATHYECKOW 30HBI COCTOHT B OCHOB-
HOM K3 XBOWHBIX ¥ IUCTBEHHBIX JepeBbeB. J[peBecHa XBOMHBIX He-
PEBBEB XapaKTEPU3yeTCs OTHOCHUTENBHO NMPOCTBIM CTPOCHHEM B CpaB-
HEHHM CO CTPOCHHEM JIMCTBEHHBIX IEPEBBEB. OTO paBHOMEPHOE
CTPOCHHE C EIMUHBIMU U OYEHb MEIKIUMHU KaHaJlaMH, COCTaBISIONIMMH
Gomee 90 % 06mero 06beMa; B TO 3KE BPEMs OTCYTCTBYIOT COCYHbI H
JIpeBeCHEIe BOOKHA. JIydy Cep/ileBHHEl B OCHOBHOM He3aMeTHBL. I'o-
JIOBBIC CJIOM B NOIEPEYHOM CEYCHUM CTBOJIA YETKO 0OO3HAYCHB! U He-
onHopoHbl. OCOOEHHOCTH HEKOTOPBIX XBOMHBIX IEPEBbEB — HAMYINE
cMo (COCHA, INCTBEHHUIIA, €IIb). ‘

 JlpeBecuHa THCTBEHHBIX JEPEBHEB MMEET OYCHD CIIOYKHOE aHATO-
Mirdeckoe crpoenne. OHa COCTOMT U3 GOJBIIOrO KOMHMYECTBA XapaK-
TEPHBIX 37IEMEHTOB, 06Pa3yIOMUX CTPYKTYpY ApeBecHHEl. OCHOBHEIE
3JIEMEHTH! — BOJIOKHA JPEBECHHBI. JIyYM CepALEBUHBI XapaKTEpU3y-
10Tcs GompinM pasHooOpasueM ¢opM. XapakTepHas 4epTa HEKOTOPBIX
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BHJIOB JINCTBEHHEIX JICPEBLEB (HAapUMep, MyDa, Bs3a, sceHs, Oeno aka-
IUM) — XOPOIIO BHIMMBIE Koibla. OCTabHBIE BUIBI JUCTBCHHBIX JIE-
peBbeB OonbIIeH YacTBIO HE HMEIOT SAIpa JPEBECUHE! (Hanpumep, Oepesa,
Oyk, onbxa, ocuHa, Ipab, KiIeH, ABOp), y HEKOTOPBHIX BHIOB, HMEFOMUX
AP0 IPEBECHHB! (HAIpUMEp, TONONb, paduHa, Bepba, opex, AOIOHS,
rpylia), FoJ0BbIE KOJIBIIA IJI0X0 BHIUMbIE WM Hepa3InduMBbIe.

ITpumensemass B nepeBooOpadaTHIBAIOMICH MPOMBIILIEHHOCTH,
I'IaBHBIM 00pa3oM B MeOeNbHOH, IpeBeCHHa CYyOTPONMIECKOM KITNMa-
THYECKOH 30HHI (HalpHMep, opeX, KpacHoe IepeBo, Malaucasap, 30e-
HOBOE JIEPEBO) MMEET TAKOE XK€ CTPOCHHME, KaK Y JIMCTBEHHEIX JEPEBb-
eB. JUI1 3K30THUECKOH IpeBECHHB] XapaKTepHa HHTCHCHBHAS OKpacKa
caMoro sapa, IO3TOMY 3Ta JPEBECHHA HMEET ICTETHUYECKHE TOCTOMH-
CTBA IIPH XOPOIIMX MEXAaHWYECKHX M IKCIUIyaTallMOHHBIX CBOMCTBax.
IIpuMepoM Tako#l apeBecHHEI MOXET OBITH I'BasK, MOMyYaeMBId U3
rBasgKOBOro JiepeBa, pacrymiero B LlenrpansHoii AMepuke. OTO Bed-
HO3EJICHOE HU3KOE IEePEBO C MEPHUCTHIMH JHUCThAMU. VIMEHHO 3TO me-
PEBO HCIONB30BAIOCH B CYJOCTPOCHHH JUIS M3TOTOBJICHHS MOJIIIMI-
HHUKOB KOpaOeIbHBIX BaJIOB.

CTpoeHne n XHMMHUYECKMH COCTaB 4peBecHHbl

B mporiecce pocta mepeBa Mo MEPUMETPY CTBOJIA €XETOJHO BO3HH-
KaloT CJIOM KJIETOK, 00pa3yromyX roJOBEIE CIIOW, IPHYEM CIIOH, Hapac-
TNl paHsie (BeceHHUH), Oonee MArkuit u Gonee CBETLIi, YeM Mo-
CIEIYIOME CJIOH, HApacTaloMIKE JeTOM ¥ OCEHBbI0, — Oosiee TBEpAbe H
Temuble. C TeUCHHEM BpPEeMEHH BHYTPEHHHE CIIOHM YTONIIAIOTCA M TBEp-
IIer0T, 00pa3sys sxpo — Hanbonee HEHHyI0 JacTh JepeBa. HapyxHrle ro-
JIOBBIE CIOM OCTAKOTCS OOMNbINEH YacThI0 MSTKHMH, 00pasys 3a00J0Hb
(puc. 15). TIpouece pocra CTBONA MPOMCXOIMT ITIABHEIM 00pa3oM B Ha-
XOUIIIEMCS HEIIOCPEICTBCHHO 32 KOPOH TOHKOM CJI0€, HAa3hIBAEMOM Me3~
roii. Kopa ofpasyer HapyxHBIH 3alIMTHBIA Cloi aepesa. OcrambHas
YACTh CTBOJIA MCTIOHSAET INIABHEIE MEXAHUHUECKHE (YYHKITHH: YIEpKHBAET
IEPEBO B BEPTUKAIBHOM IOJI0KEHNH; IPOTHBOIEHCTBYET €CTECTBCHHBIM
Harpyskam (BeTep, CHET). ‘

I'naBHBIHA 3716MEHT CTPYKTYpPHI APEBECHHEl — KieTka. J{nuHa Kie-
TOK cocTaBisieT OOBI4HO 2—4 MM, a pasMep B momepeunuke 20—40
MKM. CTEHKH KIIETOK SBJIAIOTCS KOMIIO3HTOM CO CJIOKHOM CTPYKTYPOH.
MukpoBonOKkBa KOMIIO3MTA, XapaKTEPH3YIOIIMECs BBICOKOH IPOYHO-
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CTBI0, IOCTPOEHbI U3 KPUCTAITHYCCKOHN LEIIIFOIO36] M COCTABILIIOT ~45
% ot wmaccel creHox Kierku. [lemmonosza fBIMETCS IIOIUMEPOM
(CsH¢Os), co CTeneHbI0 NOMHMEPU3ALIN ~10* MnKpOBOJIOKHa LIEJLTIO-
JIO3BI COCTAaBIMIOT OCHOBY JWMIHHHA M TeMHIEILTIONO03bL JINTHHH — He-
KPUCTAUIMIECKHMI TONMMeD, B TO BpeMs KaK TeMHULIEIIIION03a — HOJIMMED
TAKOTQ K& COCTaBa, YTO M LEILTION03a, HO ¢ MEHBUIEH CTENEHDbIO MOMHM-
MepH3aliy 1 YaCTUYHO KPHCTAIUINIECKOH CTPYKTYpOH. JINTHIH U reMH-
LEJUTI0N03a COCTAaRIBIIOT ~20 % Macchl CTEHOK KiIeToK, eme 10 % Maccel
COCTaBJIIET BOJA, 5 % — MOOOYHEBIE KOMIOHEHTEI, T. €. CMOJIBI, TyOHIIb-
HBIE BEIIECTBA, JXHUPBI, 2 TAICKE MHHEpPANbHEIE COMM, OCTANbHOE — IIEl-
arono3a. [1060uHBIC KOMIIOHEHTHI IIPHJIAIOT JAPEBECHHE IBET W 3amaX, a
HHOT/IA TAKXKe CTOMKOCTD K BpeTUTEIAM.

B cocraB oTAeIBHBIX OPraHMYECKUX BELIECTB APEBECHHBI BXOAAT YT~
JEPOJI, KHCIOPOL, BOIOPOL U a30T. JI0IA 3THX 3IEMEHTOB B CYXOH ApeBe-
CHHE cocTaBirier, %: yrnepoma — 50, kucnoponma — 43, somopona — 6,1
u azora—0,12.

MuKpOCTPYKTYpa JIpeBECUHBI CKIANBIBACTCA M3 GONBIIOTO KOJM-
YEeCTBA UIMHHBIX, IVIOTHBEIX TPYOUaThIX KIETOK, HANOMHEHHBIX BOIOM
WM pacTUTENBHBIM cOKoM. [lemmono3a, CoOenuussch ¢ reMUUENIIo-
7030H, 06pa3yeT KapKacHOE BELIECTBO KJIETOYHBIX CTEHOK, KOTOpBIE
HACHIIICHB] JIATHHHOM,

BaxgplM KOMIIOHEHTOM [pEBECHHBI SBISIOTCS MHHEpalbHbIC
BEIIECTBA, TAKWE KAK COMM Kanus, HATPHUf, KATBLMA H YrOJBHON,
tbochopHoi 1 kpeMHHEBOH KHCIOT. ComepixaHue 3THX KOMIIOHEHTOB
B IPCBECHHE IICPEMEHHO U CO- Hope  Teepoan Zatuaosn
crapiser B cpenneM 0,2-1,7 %. dpeseciina A
B 6onpmeM MM MEHBIIEM KO- Megea , ’A
JTUYECTBE HAXOAATCA B JpEBe- ;
CHHE mOCOYHBIC BeEHIECTBA —
CMOJIBl, BOCK, JKHPHI, KpacuTe-
nu, nyOMIbHBIC BEUIECTBAa, aji-
KaJOWAB! U Op. :

Ouenn CYIIECTBEHHBIM
KOMIIOHEGHTOM JIPEBECHHBI S(B-
JgeTcs BOAA. Pasnuuaior CBd-
3aHHYI0O M CBOOOZHYIO BOXY.
Oxono 25-30 % Bnaru coxep-

Puc. 15. Cedenne crona Repesa

73




>KHTCS B IpEBECHHE B CBA3aHHOM BHJIe, ¥ OHAa OYCHb TPYAHO IOJNACT-
ca ynanenuto. OcranbHas Biara, 3alONHAIONIAS MEXKIETOYHOE IIpo-
CTPAHCTBO, JIETKO BHIIapPHUBACTCS BO BpeMs CYIIKH.

JepeBo, HACBILIEHHOE BOJOH, JIETKO OTIAET €€ BO3AYyXY, Iepecy-
HICHHOE IepeBo Hao00pOT, IOrIOUIACT BIAry M3 Bo3qyxa. BeICsixanue
H YBIaXXHCHHE 0COOEHHO MHTEHCHBHO IPOUCXO/IUT B OCHOBHBIX Cede-
HUSAX IpeBecHHBI. PacTynice fepeBo OUeHb OBICTPO BIUTHIBACT BOLY,
npudeM KOIMYCCTBO €€ 3aBHCUT HE TOJIBKO OT BHAA JEpEBa, HO U OT
BpeMeHH roja. Hamprumep, onTUMaibHOE COAEPKAHUE BOJBI B PACTY-
ieit cocue unu enu cocrasiuger 80 %, B 6epese — 70 % . Ilpu Tpanc-
HOPTHPOBKE IO Boze (CIJIAB) BIAXKHOCTh JEPEBa IOBBIIACTCA CIIE
Gonbie. Takyro IpeBECHHY Ha3BIBAIOT MOKPOH.

Ipx JUTUTETEHOM XPaHEHHH Ha CKIIAAC HACBIIICHHE NPEBECHHBI
BOJIOH CTaOMIH3MpYETCA, JNOCTHATras ONpPENCICHHOrO COIePKaHus B
YCIOBUAX OKPYKAIOWEro BO3IyXa. B 3aBHMCMMOCTM OT KIMMaTa U
BPEMEHH T0J{a BIaXXHOCTh APEBECHHBI, HAXOIAIEHCS Ha BO3IYXE, CO-
crapigeT 15-20 %. BricymieHHas gpeBecHHa HOCHUT Ha3BaHUE BO3-
JTYIITHO-CYXOH.

DU3NYECKNE H MEXaAHNYECKNE CBOHCTBA APEBECHHbI

OnuuM 13 BRKHEHIIIMX CBOUCTB JPCBECHHBI ABILICTCS €€ yCaaKa.
JIvHeiinpie pasMepsl JPEBECUHB! YMCHBIIAIOTCH B IIpoIecce CYIIKH, a
MPOTUBOMONOKHEIA NPoIecC — TaK Ha3blBAEMOE DPACTPECKUBAHUE —
UJIET NIPY HOTTIONICHUM BJIATH M3 BO3AYXa. DTH ABJICHHA IIPOHCXOIAT
[IpY M3MCHEHUH COJICPKaHUA CBA3aHHOW BOBI (HacwlIaronieit), a co-
Jepxkanre CBOOOIHOM (KanMUISpHON) BOIBI HE BIMAET Ha U3MECHEHHUE
obnema apesecuHsl. Benumupna oObeMHON yCagk¥ HpUONU3UTENLHO
paBHa 00beMy CBiA3aHHOH (HachIIalomie) BOAbI, OTAAHHOH JpeBecH-
HOH npHu cymke, JluHelMHas ycajika pasIUYHBIX 1I0POJ, JPEBECHHBI
npuBeeHa B Tabu. 8. ‘

HeomunaxoBa BenMUMHA YCAIKHM IpH CYIIKE B HAIIPAaBICHUIX OCH,
Jydei 1 10 OKPY>KHOCTH. DTU BEJIMYMHbI HAUMCHBIIUE B HAIPaBICHUU
ocu apesecunsl (0,12-0,36 %), Brime B HanpasieHAu dyded (3-8 %) u
caMbl€ BBICOKHME 110 OKPYXHOCTH (6—13 %). Pa3sHas nuHeHiHas ycanka B
HAIIpaBJICHHH JIy4eil B [0 OKPY>KHOCTH BBI3BIBAaeT KOPOOIICHHE TOCOK M
n3MeHenue GopMbl nonepedHoro cedeHus. bonee OpicTpas U Gombias
ycajKa o OKPY>KHOCTH, Y€M BIOJIb JIydeH, IPH CYIIKE ABILIETCA T1aB-
HOU NPHYUHOH PacTPECKHBAHUA JPEBECHHBL.
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Dusnyeckue cBOMCTBA PATIHUHBIX NOPOA APEBECHHbE

Tabruya 8

TInoTHOCTE, JIuneiinag ycagka aqpesecudsl, %, B Ha-
Bug npesecunsl ot TIpaBlCHHH
ocu myuei OKPYXXHOCTH

Jluma 0,45 0,20 7,79 11,50
TTuxra 0,45 0,12 2,91 6,72
Em, 0,45 0,14 2,41 6,18
Onpxa 0,54 0,36 2,91 5,07
CocHa 0,50 0,12 3,04 5,72
Bepesa 0,65 0,27 - -
Byx 0,65 0,16 — —
Jy6 0,70 0,16 — —
Opex 0,66 0,21 3,82 10,50
T'pymia 0,725 0,22 3,94 21,70
Slcenn 0,74 0,19 3,35 6,50
Kien 0,70 0,21 ~ -
Axauus ) 0,77 — — —
D6eHOBOE AEPERO 1,16 - - -

ITnoTHOCTH ApeBecHHEl (COGCTBEHHAs Macca) 3aBHCAT OT CTere-
HH €€ BJ2XHOCTH M NOPUCTOCTH. B CBA3M ¢ 3THM Pa3NHYarOT ILIOT-
HOCTB CBEKECPYOIEHHOMH, BO3AYIHO-CYX0H U ITOJHOCTHIO CyXOH npe-
BECHHBl. B 3aBHCHMOCTH OT HIOTHOCTH IPEBECHHBI B BO3IYLIHO-
CYXOM COCTOSHHUH Pa3jMJaroT MIECTh KJacCcOB IPEBECHHEL, Tabi. 9.

Knaccudmxanus ApeBecuub! N0 NIXOTHOCTH

Ta6ruya 9

TLIOTHOCTS, T/cM®

Topozst

Ouens TAXKETas
Taxenas

YMeperHO Tsxe-
nas
Jlerkas
VMepeHHo Jierkas

Quens Jierkas

> 0,80
0,71-0,80

0,61-0,70

0,51-0,60
0,41-0,50

< 0,40

T'pab, Tuc, rask, 36eH, 3BKaIHNIT
Benas akanma (axanums), 6yk, xy06,
SICEHB, OpeX, IPymia, CITNBa
Bepesa, xien, sBop (Genslit Kien),
FUCTBEHHHUA, BA3
Kawran, kpacHoe KepeBo
CocHa 0OBIKHOBEHHA, €l1b, MUXTa,
JMUa, ONbXa, OCHHA, KeAp, THK
Tomnois, 6enas cocua

MexaHngecKkue CBOMCTBA IPEBECHHEI 3aBHCAT OT HAIIPABJICHUA ICH-
CTBHA CHJIBI 1I0 OTHOMIEHHIO K BOJIOKHaM. Pa3nugaroT mpo4HOCTh Jpese-
CHHEI BJIONb U TIOMEpEK BOJIOKOH. Hanboree CyIecTBEeHHBIMY ABIAIOTCA
TIPOYHOCTDb IIPH CXKATHM, U3rH0e U pacTspKeHMH. PasHuIa B POMHOCTH

75



OTJENBHBIX TOPOJ IPEBECHHBI ABIACTCA CICACTBHEM HMX Ppa3iM4HON
wioTHOCTH. HecMoTps Ha TO 9TO MPOYHOCTH IPH PACTHKEHUM IPEBECH-
HBI 3HAYMTEIRHA | OHM3Ka K IPOYHOCTH HEKOTOPBIX IBETHBIX METAIIOB,
HanpuMep HEKOTOPBIX OPOH3 M JIaTyHEH, B MPaKTHKe U30EraroT mpuMe-
HATH JACPEBSHHEIE 3JIEMEHTHI, paboTalOIe Ha PACTLKCHHUE, YUUTHIBAS
Malyi0 M[POYHOCTH JPEBECHHE!, BBHI3BAHHYIO HAlPSDKCHHAMH Cpe3a U
COKaTHsd B MecTe 3akperuieHus. [IpOYHOCTh APeBECHHBI IIPH CXKATHUM
BJIOJH BOJIOKOH B 3 paza MEHBIE, YeM IIPH PACTSDKCHHH.

Onuofl M3 BaXKHEIX XapaKTEPUCTHUK, -ONPENCIAIOMUX HPUTOJ-
HOCTH JIPEBECHHBI /IS MCIIOTE30BAHMA B IPOMBIILICHHOCTH, ABISETCSA
ee TBEPIOCTh. TBEPHOCTh APEBECHHEI PACTET [0 MEpe pocTa €€ MIIoT-
HocTu. Ha ocHOBe ompenencHHsA TBEPHOCTH I0 Merony bpunemns
IPEBECHHA pa3lie/ieHa Ha AT KiaccoB TBepaocTH (tabim. 10).

Tabruya 10
Knaccnduxauus XpeBecHHbLI 110 TBEPAOCTH
Kirace
TBeprOCTH Tlopona nepesa Teepaocts | o,%, MIla

OueHpb MATKas Bepba, 6ank3a, Tonons, ocu- Ho3,5 80-100
Ha, TINXT4, eJb, feNas cocHa

Msrkas Bepesa, onbxa, ssop (Genbrit 3,649 90-140
KJI€H), Inna, TUCTBEHHNLA,
0GLIKHOBEHHAsK COCHa, Kpac-
HOE XepeBo, IIaTaH -

Cpegneli TBeproct | Bsis, opex, depHas cocHa 5,0-5,9 90--140

Teepras Hy6, sicens, a6moHs, rpyma, 6,0-6,5 100-140
BHILHSA, THK

OueHb TBEpaas Hy®6, rpa6, 6yk, Tic, Genas 6,6-14,6 120-160
akanus (akanus), NaJucasip

TBepaas, xak KOCTb D6GOHHTOBOE AEPEBO, TBAAKO- Bomee 15,0
BOE JIEPEBO, KOKOC

* TIpOYHOCTh NPH PACTSXKECHHUH BJIONb BOJIOKOH.

A3gesmnsa U3 gpeBecmrbl

Topropas gpeBecUHa JeUTCI Ha:

— KpyIIylo OpeBecHHy (OKOPEHHYI0) HeoOpaboTaHHYIO, HampH-
Mep KPYIVISKH JICCOIMIKM, CTPONTENIbHbIE, MAaXTHBIE CTONOH, OalaH-
cOBas JIpeBECHHA,; ‘

— KpYTiyIo 06paboTaHHYIO NPEBECHHY, HAIIpHMMEDP NUIIOMaTEPUA-
b1 (mocKu, OpesHa, OpycH), HApKeT U KICTIKHU, IIalbl 1 JIp.;

— IPOBSHYIO IPEBECUHY . :
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U3 mpesecunrl NpOM3BOIAT ClIEAYOLIME TPYIIIB MATEPHAIIOB.

Danepvl — TOHKME IpeBEeCHBIC NNHUTH (Tonumboi 0,4-3,0 Mm),
HOIYYEHHBIE NIPY BHENCHTPEHHOM MM OKPYXKHOM CpE3aHHH pasiiid-
HBIX TIOpOJ KPYIJIOW IpeBecHHB], Onaroxaps demy OOBIYHO IONyda-
I0TCS Marepuanb! ¢ 5QQEKTHEIMU TIOCIOMHBIME Y30paMHu, LBETOM |
6necxom.

Kneenvie ¢hanepvl — IIMTH, CKIICEHHBIC U3 HEYETHOTO KOIMYECT-
Ba (aHEepHBIX JHUCTOB, HPUYEM BOJIOKHA B IPHIICTAIOMINX CIIOSX HAXO-
ITCA YIOA HpAMBIM yriioM. Duspyeckue U MexaHHYECKHe CBOMCTBA
KJIeeHOH (aHeph! 3aBUCAT OT HOpPOJB! JpPEBECHHB!, KadecTBa (aHep-
HBEIX CJIOEB, TONIMHBI M cocTaBa (haHepHl, BuAa Kied H CHocoba
ckienBanud. 110 CTaHAApTY pasnHUarOT CYXOCTOWKUE, IONyBOAOCTOM-
K¥e ¥ Bozjocroiikue. TonmuHa KpaeBoii kieeHOH (aHeprl cocTaBiseT
4,5,6,8,9,10,12, 15, 18 u 20 mm, mna 1120-2440 MM, a mmpuna
650-2440 mm.

Hpesecnogonoxnucmule naumpl — IUIATE], U3TOTOBICHHEIC M3 1pe-
BECHBIX BOJIOKOH C Jl00aBleHHeM WiH 0e3 Mo0aBiCHUA XUMUIECKHX
BenlecTB. OHM Hemarcs Ha MATKue (TIOPHCTBHIE) IUIOTHOCTBIO MEHEE
400 xr/M®, onyTRepaBIe MWIOTHOCTHIO 400-800 Kr/M’, TBEpIBIC IIOT-
HocThIO Gomee 800 Kr/M® M OYeHb TBEpHBIE IUIOTHOCTBIO 6OlIee
900 kr/™M’. MSIrK¥e TUIMTH AMEIOT TomumRAy 9,5-25 MM, ocranbHBIE —
TonuuHy 2,4-6,4 MM. [lo IpUMEHEHHIO IPEBECHOBOMOKHUCTHIE NITIHTHI
JeniTca Ha IUMTHl 00Iero HasHaYeHWs M CHCLMAIbHOIO HasHAYEeHHs
(BomocTolikue, rpubocToliKie, HACEKOMOCTOMKHE M Heroproyue). Ilpu-
MEHAIOTCA TaK XK€ KakK JEKOPATUBHBIE UM 3BYKO3AIIUTHEIE MaTSPHAIEL.

Kocmpoevie naumul — cTpyKedHO-KOCTPOBHIE, HONYYCHHBIEC HPH
CKIIEMBAaHMU CHHTETHIECKMM KJI€EM IIOJ| HaBJICHHEM IBHAHBIX M KO-
HOIUIIHBIX KOCTPOB, 3 TAICKE JPEBECHOH CTPYXXKH WK ONMJIOK. ToJ-
IIMHA KT cocTaBigeT 8~50 MM, a mnoTHOCTH 300—-740 xr/m°. B 3a-
BHCHMOCTH OT CIoco6a M3TOTOBJICHHS M OKOHYATENBHOH 06paGoTkm
Pa3IM4aloTCA NPECCOBAHHBIE, MUTAMIIOBAHHEBIE, ONHO-, IBYX- M IIATH-
CIIOHHEIE, IONHEIE U ITyCTOTENbIE, C HATypalbHOM, 00IaropoXXeHHOM 1
¢baHepHOH NOBEPXHOCTEIO.

IInumer cmpyosiceuno-yemenmusvie — 310 CTPOMTEIBHBIC ILIATEL,
HOJIy9aeMble U3 HENPOMOKAeMOH NpONMTAHHOM (HampuMep, XJIOpH-
ZIOM Kanblusd) IPEBECHOH CTPYXKKH M 1eMeHTa, pasmepamu 2000x500
MM H PasIuYHON TONIIHHEL.
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pesecnocmpyoiceunvie naumul — TUIMTHL U3 MENKOH JIpeBecHOMH
cTpyxku TonmHoi 0,05-0,6 MM, mupuHOH 1-6 MM M mmuHOH 200—
500 MM, I0XY4EHHOH U3 OKPYTIION JAPEBECUHBI MMM €10BBIX, TMXTOBBIX,
COCHOBBIX, TONOIMHBIX, OCHHOBBIX U JHIIOBBIX Iienok. [IpesecHocTpy-
JKCUHBIC IUTHTH XapaKTePH3YIOTCA JIErKOCTBI0, MATKOCTHIO, 3JIaCTHYHO-
CTBIO, BO3AYXOIPOHHIIACMOCTBIO, UMCIOT XOpOIHE TEILUIOU30IIIUHOH-~
HBIe CBOMCTBA. B 3aBHCHMOCTH OT HasHA4YEHU:A IUTUTHI JETATCA Ha yIa-
KOBOYHbIE U CTPOUTENbHEIE. [[pHMEHsIoTCA B KagecTBe 060€eB.

Hpyeue mamepuansl, HatpuMep TUrHodo1 (CIOHCTHI MaTepHal
B BHJE IUIAT, U3rOTOBJCHHBIA M3 BOJOCTOHKOH (aHepbl, CKICEHHOU
CHHTETHYECKHM KJIEEM TIOJ JIABIEHHEM), IMTHOCTOH (JIpeBecuHa, Y-
pOYHCHHAs NIPECCOBAHUEM IOX AapiecHHeM 10 40 Mna npu Temmepa-
type 70~160 °C), menxu (pasMenbucHHas IPEBECHHA WIH OTXOMBI
JIECONMILHOro MPOH3BOJICTBA) U MArKas IpeBecHHa, IPUMEHsIEMBIC B
IIPOU3BOJICTBE IIACTMACC U B3PBIBYATHIX MAaTEPUATIOB.

AHosiroBeyHocTs M KOHCEPBALNA PEBECHHbI

JlpesecuHa, He3aBUCUMO OT MOPOIHI, UMCCT B OCHOBHOM BEICO-
KyI0 JONrOBEYHOCTh (MHTEpBal BpeMEHHM, B TEYEHHE KOTOPOIO OHA
COXpaHseT CBOM (U3NYECKHe N MEXaHHYECKUE CBOMCTBA), €CII HaX0-
IUTCS B CYXOM, IPOBETPUBAaCMOM IIOMEIIEHUH C HE3HAYUTEIbHBIM
HepenagoM TeMIepaTyphl ¥ BIAXHOCTH Bo3xyxa. Ha monroseusocts
JPEBECHHBI OKa3bIBAlOT OONBIIOE BIUSAHME YCIOBUA, B KOTOPHIX OHA
Haxoautcs (Tabm. 11), a Taroke cleayronye BHEMHUE HaKTOpHI:

— Ouomnoruveckue (MapasUTHUPYIOIUMEe TIpUOKH, HACEKOMEBIE M
MHKPOOPTaHHU3MBI);

— ¢usuueckue (mepenagsl TEMIEPaTyphl, BIAXHOCTH BO3LYyXa,
yaapsl); ,

— xumuyeckue (KOHIEHTPHPOBAHHBIC PACTBOPBI KHCIOT HIIN
CIIMPTOB).

BBICOKYIO TONTOBCYHOCTH HMEET IPEBECHHA, H3TOTOBICHHAS U3 S/I-
pa IepeBa co CXKATHIM CTPOCHUEM U OONBINOH IUIOTHOCTBIO, APEBECHHA
XBOMHBIX M JIMCTBEHHBIX JICPEBLCB, COCPXKALIMX [yOWIbHBIE BEIIECTBa,
CMOTIB], SQUpPHEIE Macia, H IPEeBeCHHA, IIOIyYeHHas U3 TOPHBIX U CEBep-
HBIX MECTHOCTEH, IPEMMYIIIECTBEHHO U3 3UMHEH PyOK.
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Tabnuya 11
JonroBe4HoCTH APEBECHHbBI, IO

Tlopona nepesa Ha cBoGomrom B HensmenHo B nensmenno
BO3IyXe CYXHX YCIIOBHAX | BJIQXHBIX YCJIO-
BHAX
CocHa 80 1000 500
Emp 50 900 70
TTnxTa 45 900 60
JlucTBeHHHIA 90 1800 600
Ay6 120 1800 ' 700
Bss 100 1500 1000
Scens 20 . 500 10
byk 10 - 800 10
Knen 10 1000 10
Bepesa 5 500 - 10
Onbxa 5 400 800
Ocuna 3 500 10
Bepba 5 600 20

Ilo ecTeCTBEHHOM IONTOBEYHOCTH JAPEBECHHA HEIMUTCS Ha TPH
OCHOBHEIE IPYIIIIBL,

1. OgyeHdr xONTOBEYHAS IPEBECHHA: NUCTBEHHUIA, BA3, le6 THC,
KHMApHC, KeIp, Oemnas akamys, KamTaH, opex, 30eH, 3BKaJHIIT.

2. CpenBenonroBeyHas JApeBecHHA: IHXTa, COCHA, €lb, OyK,
SICEHb.

3. HemonroBeunas apeBecuHa: 6epesa, ABOp, NMIIA, 0JIbXA, OCHHA,
TOHONG, Bepba.

JIONroBeYHOCTh npeBecm{m MOYHO NIOBBICHTD ITyTEM CYyLIKH, Ha-
CHIIECHUS TIPOTHBOTHWJIOCTHBIMH BEIECTBAMH, HACHIIICHHS CYXOH
IPEBECHHEI MPOMUTHIBAIOIMMH PacTBOPAMH M HAHECEHUS MOKPBHITHS
(3amMTHLIX NIeHOK). KOHCepBaHTHI IpeBECHHEI MOYKHO PA3fENUTh Ha:

— XMMHYECKHE BEIeCTBa, 3AIIMINAOIIE JPEBECHHY OT OHONOrude-
CKHMX BpemuTenedl (CTOMApHBIA AMCTIWUIMPOBAHHBIM KCHIAMHT, Iapyc-
HBIH KCHJIAMIT, HHTOKC S, aHTOKC, umupekc B u W, conrexe R-12 u ap.);

— XUMHYECKHE OTHe3alUTHBIE W BOJOCTOHKHE BEMIECTBA (rmpo-
nax W-1 u W-10, urrocon DX u np.).

XuMuYecKre BENIECTBA, 3AIIMINAIOINHE W KOHCEPBUPYIOIIHE
JIPeBECHHY, TOKCHYHEI, a TakXkKe JIETKOTopro4yu. 3T0 TpebyeT ocoboi
OCTOPOXKHOCTH IIPY MX HCTIONB30BAHUHM U XPAHCHHUM.
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nMoOYBOrPYHTbHI

Ocoboe MecTO B psamy MaTepuaoB, MHTEPECYIOIIMX THAPOJIOTOB,
3aHMMAIOT MOYBOrpYHTH. KOIMdecTBeHHBIH W Ka4eCTBEHHBIN COCTaB
MOYBOI'PYHTOB BIMAET HA paclIpeelieHUe BIary, KOTOPOe yUMTHLIBACT-
Csl B MENHMOPaNUH, IPH NPOSKTUPOBAHHU U CTPOUTENHCTBE THAPOTEX-
HUYECKHX M JPYTHX COOPYXEHHI, Ha paclpeneieHHe CTOKa IMo 3eM-
HOIl DOBEPXHOCTH. ‘

Crnenyer pasnu4aTh NOHATHA NOYBA ¥ rPYHTHL IlouBoii Ha3bIBa-
€TCs CaMblil TOBEPXHOCTHBIH CITOM 3€MJTH, BOSHHUKIIHH B PE3yJIbTATe
M3MEHEHMS TOPHBIX IIOPOJ MOJ BO3AEHCTBHEM JKHBBIX 1 MEPTBBIX Op-
raHU3MOB (PACTHTENHHBIX, )XMBOTHEIX M MUKPOOPraHM3MOB), CONHEY-
HOro TeIa ¥ arMocepHsIx ocagkoB. [Iopomsl, pacmonoKeHHbIe HH-
XK€ 30HBI JKHU3HECACATEIBHOCTH OOJBIIMHCTBA MMKPOOPTaHH3MOB M
pacTeHH# U He NOABEpracMble BHIBETPHBAHHIO, HA3bIBAIOTCS TPYHTA-
MH. MexIy HOYBOI U IPYHTOM HET YCTKOHM I'paHuIBL.

Beigexaior cnemyromue reHeTHYecKUe IOPH30HTHI B CTPOCHHMH
NOYBEHHOTO MPOdIIIS:

Ay — camas BEpXHSIA 9aCTh HOYBEHHOTO NPOGMI, TIPEICTABIIIO-
mas cob0if onaz pacTeHUH Ha Pa3IWIHBIX CTa(YSAX PA3I0KEHMUS;

A — TyMyCOBBIii, MOITHOCTE KOTOPOrO COCTABIISET OT HECKONBKUX
cagTHMETPOB 10 1,5 M u Gomnee;

A; — MUHEpaIbHBI TI'yMyCOBO-aKKyMYIATHBHBIN, COJEpPKANINN
HauOOoNbIIee KOIMISCTBO OPraHHICCKOTO BEIECTRA;

Ay — 3MIOBHANBHBIN, GOPMUPYIONIMHACS MO BIHAHMEM KHCIIOTHO-
IO WM IIETOYHOr0 pa3pymieHns] MUHEPaIbHOH JacTH;

B - paCl'IOJ'IO)KCHHHﬁ II0A 3JIXOBHANBHBIM I'OPU30HTOM, UMECT WII-

JIOBHANBHBIA XapaKrep. JTOT XOpOWIO OTCTPYKTYPEHHBIH TOPHU30HT
XapaKTEepU3yeTcs HaKOIUICHUEM ITIMHBI, OKCUIOB JKelle3a, alfOMUHMS
¥ IPYTHX KOJJIOMIHBIX BEIIECTB 33 CYET BHIMBIBAHMS HMX W3 BEIIIEIIC-
JKaIIX TOPU30HTOBR; ‘

G — TieeBBI, XapakTepeH UL MO0YBHI C ITIOCTOSHHBIM YBIaXHE-
HHEM;

C — MatepuHcKas (mouBoobpasyromas) ropaas noposa, u3 KoTo-
poit chopMupoBanack JaHHAs MOYBA, HE 3aTPOHYTAS CIEIUPUISCKHU-
MH IIpOLeccaMy N0YBOOOPa30BaAHNS,
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D — moactuiaronias TOpHas IOpOAa, 3ajleTalomias HIDKe MaTe-
puHCKOH (04BOOOpA3yIOMie) M OTIMYAOMAscCs OT Hee CBOMMH
CBOHCTBaMHU. :

Kaxumu Gb1 pa3muyHpIME HE OBUIM TOpPHBIE ITOPOABI, KOHEYHbIE
OPOAYKTE! UX Pa3pyNICHUA NPEACTaBIAIOT COO0M pa3nuyHbie ITIMHbL 1
NECKH ¢ OOIBIIMM WM MEHBITUM COIEPIKaHHEM H3BECTHAKA.

[ToYBOTPYHTH MMEIOT YETHIPEXKOMIIOHEHTHBIH COCTaB: TBEpAad,
XUZIKast, ra3000pa3Has KOMIOHEHTH! U JKHBBIE OPTaHU3MBL.

TBepaass KOMIIOHEHTa

TBepmas KOMIIOHEHTa NOYBOIPYHTA CIATaerTCs PasIMIHBIMU MH-
HepajiaMH{, OPTaHWYECKHM BEIECTBOM, OpPraHOMHHEPAIBbHBIMHM CO-
eIMHCHUSAMH U BOZOH B TBEPHOM COCTOSHHH.

[Ipy u3yYeHUN MUHEPAIIOB HanboIIbIIee BHMMaHUE YIeIIeTCs HX
busnaecKuM, (HHU3MKO-XUMHUUECKUM ¥ MEXAHHMYECKUM CBOMCTBAaM, KO-
TOpHIEe 3aBHUCAT OT KPUCTAUIMYECKON CTPYKTYphl MHUHepanoB. Mcxoas
U3 CTPOCHMA M NpeobalaonIero TUNA — HOHHBIH, KOBaJCHTHBIH, BO-
JOPOIHBIHA, OCTATOYHBIN (MONEKYISIPHBIM) MEXaTOMHEIX CBA3€H cpe-
¥ MMHEpabHBIX 00pa3oBaHMi, BXOAIIIMX B COCTaB TBEPHOH KOMIIO-
HEHTHI TPYHTa, MOXKHO BBIIEIUTH IATH TPYIII COCIMHECHHUM:

1) MuHepans! Knacca NEPBUYHBIX CHIMKATOB;

2) mpocTele coyd (Tanouapl, cyabdarsl, kKapOOHATEL);

3) TIMHUCTEIE MUHEPATILI;

4) opranudeckoe BEMIeCTBO H OPraHOMHHEPAJIbHbBIE KOMIUIEKCH;

S) men.

OCHOBHBIM CTPYKTYPHBIM 3JIEMEHTOM OOIBIIMHCTBA CHIIHMKATOB
ABJIIETCS KPEMHEKHUCIOPOIHEIHN TeTpasap (Si0,)*, B nenTpe xOTOPOTO
saxozuresa non Si'’, a B Bepnmnax — nonsr O°”. OfHuM K3 Hauboee
PacIpoCTpaHEHHBX MHHEPANoB CpeId "CIIHKAaTOB SBIACTCA KBapIl
(Si0y). Crpyxrypa SiO, OTHOCHTICS K YHCIY PHIXJIBIX (@)XYPHEIX)
cTpykTyp. OmHaKo KpeMHEKHCIOPOIHBIH KapKac KBapua Onarozaps
TMPOYHBIM HMOHHO-KOBAJICHTHBIM CBS35SM HMMEET CPaBHHUTEIHLHO BHICO-
KYI0 MEXaHHYECKYIO IPOYHOCTH, HEOONBIIYIO CXXMMaeMOCTh, HECO-
BEPIICHHYIO CIAHHOCTH, HH3KYIO PaCTBOPHMOCTH, Cl1a00 BBIBETPHBA-
ercsa. OMBEHM U3 IPOSBICHUH BIUIHUI 0OCOOEHHOCTEH CTPOSHMS CHITH-
KaTOB Ha UX CBOHCTBA CIY>KHUT CIIAHOCTS, T. €. CIIOCOOHOCTH MHHEpaA-
JIOB pacKajabIBaThCA WIM pacHIEIULIThCA B CTPOTO ONPEICIeHHBIX Ha-
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npapneHusIx. HeoqHOPOTHOCTE CHUI CBA3K MEXIY aroMaMu B Pas3idd-
HBIX HaIpaBIEHMSAX, BBIPAXKAIOWAACA B CIAHHOCTH, OOYCIOBIHMBACT
aHHU30TPOIIMIO MHOIMX (PU3NYECKUX M XMMHYECKHX CBOMCTB CHIIAKA-
TOB (HanpuMep, NPOYHOCTh, YIIPYTrOCTh, 3JIEKTPUYECKHE CBOHCTRA).

K rpynme npocteix comedl otHocarcd ramounsl (ramur NaCl,
cuneBuH KCl), cymedarsr (runc CaSO42H,0, amrugpur CaSOy),
kap6onatel (kamenur CaCO;, momomur Ca, Mg(COs),;, cuumepur
FeCOs), mupoko pacnpocTpaHEHHEIE CPEAH OCATOYHBIX U HECKOIBKO
MEHBIIIE Cpeay MeTaMophUIecKUX U MarMaTH4aeckux nopos. Vix o6b-
enuHsAeT cnabas yCTOHIMBOCTH B BOAE, OOYCHOBJIEHHAS OCOOCHHO-
CTSAMM CTPOEHHS M IpeobiagaHueM HOHHOTO TUIA CBS3H B CTPYKTYpe.
ITosToMy HPHCYTCTBHE HMPOCTHIX CONEH B IPYHTaX CHIILHO BIIMAET HA
HX MEXaHHYECKUE CBOMCTBa (0COGEHHO MpPHU BBHILENAYNBAHUM COJICH),
BOZOIPOHMIIAEMOCTh, CONEBOW COCTaB MOPOBOTO PacTBOpa ¥ T..I.; C
Pa3BHUTHEM IIPOCTHIX COJIEH CBA3aHBI MPOIECCH KapCTOOOpa30BaHUst B
3€MHO# KOpE.

I'IMHKCTEIE MEHEpaIbl — 3TO OTHOCHTCIEHO CTaOMIILHBIE MUHE-
panpHple 00pa3oBaHHA IPYINBl BOXHBIX CHIMKATOB CJIOMCTOrO H
CIIOUCTO-JIEHTOYHOT'O CTPOEHHS, 00pa3yronyecs MpeuMyIeCTBEHHO B
IpOIecCe XMMHYECKOTO BBIBETPUBAHMS TOPHBIX TOPOA M OTJIHYAIO-
Ipecs OT APYFMX MMHEpPanoB KIacca CUIMKATOB BBICOKOM THUCHEpC-
HOCTBIO M THIPO(GUIEHOCTBIO, CIIOCOOHOCTRIO K COPOIMK ¥ MOHHOMY
06Meny. BBICOKAS TMCIIEPCHOCTD TIIMHUCTHIX MUHEDPATIOB SABIAETCS MX
€CTECTBEHHBIM (M3HYECKHUM COCTOSHMEM. B NPHPOMHBIX YCIOBHAX
ITIMHUACTEIE MUHEpalsl HMEIT pasMep dactul He 6onee 1-10 MxMm u
MO3TOMY BCTpedaroTcsi B Hambonee TOHKOW (TIHHMCTOMH) dpakimu
0CaJ0YHBIX IOPOA, K KOTOPOH OOBIYHO OTHOCAT YAaCTHUIBI PazMepoM
<1-2 mrM. I'mMHMCTBIE MMHEpaNbl ABIAIOTCH Hanboiee aKTHBHOM
COCTaBHOM 9acCThIO AUCIIEPCHBIX TOPHBIX IOPOJI, B 3HAUMTEILHOM CTe-
negn o0ycioBIUBajOIUEl HMX CBoMcTBa. IlodTOMy Hake HEGOIBIIOE
COZEPKaHNE TIMHUCTBIX MHUHEPAIOB B TOPHOI MOPOJEe CYIIECTBEHHO
BIIUSIET Ha MHOTHE Ba)KHEHIIME ee CBOMCTBA, Takue KaK IHAPOBUIL-
HOCTB, IIPOYHOCTH, BOAOIPOHUIAEMOCTD, TNIACTHIHOCTE, HaOyXanue u
T. 1. XMMHYECKHH COCTaB IVIHH XapaKTepH3yeTCs COJEpKaHHEeM OK-
CHIOB (B MPOIEHTaX MO Macce). [TaBHBIMU M 00SA3aTENbHBIMH OKCH-
JJaMH, COCTAaBJIIIOIIMMH pa3lHYHble TIJIMHBI, SBISIOTCA KPEMHE3EM
Si0; (ot 40 no 70%) u rmuso3em AL O; (ot 15 o 35%). [locTosAHuEI-
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My kommoneHTamu ruH aBisores K0 u Na,O (mecte 1-15%), xu-
Mmugecku ceszaHnas Boga H,O (oxono 5-15%). Peskoe Bo3pacranue
KpemHe3eMa OOBIYHO OOYCIOBIMBAETCA MPUCYTCTBHEM IIECUaHOM
npuMecH B rimmHax. C yBenwdeHneM conepxxands ALO; noselarorcs
ITaCTHIHOCTH ¥ OFHEYIIOPHOCTH IJIHH, & C MTOBBINICHUEM COICpKaHHsA
KpeMHe3eMa IDIACTUYHOCTD IVIMH CHIDKAEeTCs, YBEIMYMBAECTCS MOpMC-
TocTh. ORHO# H3 BaXHEHNIMX 0COOEHHOCTEH IIMHHCTBHIX MHHEPAJIOB
SBIIETCA IIMPOKOE PasBHTHE y HuX u3omopdusma. B pesymerare
H30MOphM3Ma HIET 3aMENICHIE B CTPYKTYpe OQHUX KaTHOHOB JIpyTH-
M. IIpH 3TOM THII KPUCTAIMIECKOH CTPYKTYPHI MHHEpania OCTaeTcs
HPEKHUM, 2 U3MEHSETCS TONBKO €r0 XMMHIYECKHH COCTaB U (QHU3MKO-
MexaHuueckue cpoiicrBa. OcCOOEHHO JIerKO 3aMEmIaroTCsd KAaTHOHBI
Na*, K*, Ca*, Mg?, NH,", u anmons SO,”, CI", PO,”, NO;"". Cre-
IIyeT OTMETHUTD, UTO TEHOEHINEH K HOHHOMY 0OMeHy 001afaloT npax-
THYECKH BCE MHHEPANBl, €CIIM OHM IEPEBENCHBl B TOHKOIHCIIEPCHOE
COCTOSIHHE, TaK KaKk Ha OONOMaHHBIX KpasX KpPHCTAJUIMKOB 3apsipl
HEKOTOPBIX 3JIEMCHTOB CTAHOBATCH HE3aMEHICHHBIMH. Bo3HuKaOT M
HEYPAaBHOBCIICHHBIE CBOGOIHBIE 3apA/bI, HanpuMep TpH 3amere A 1%
#a Si*+ wm Mg?* Ha A1**, uro Take crmocobCTBYeT HOHHOMY 0OMe-
Hy. 3aMeHa KaTHOHA Ha JAPYrod NPHUBOIWT K M3MEHEHHIO CBOMCTB
TJIHH ~ TIACTHYHOCTH, BOJONPOHUIIAEMOCTH, TYCTOILIABKOCTH H JP.

B cocraBe OYBOrPYHTOB JOBONBHO 9acTO BCTPEYAETCS OpraHuU-
YeCKOe BEIECTBO, IpeiacTaBiLftomee coboif ocTaTodHble IIPOXYKTHI
paspyIleHus CYINECTBOBABIIMX HEKOIOa OPraHM3MOB. B 0cafouHBIX
IOPOJIaX OHO MOXET HaXOHUTHCSA B GopMe KOHIECHTPUPOBAHHBIX CKO-
wieHu# (Top(AHMKY, IUIACTHI YTeH, CIaHIeB) MM B PACCEIHHOM BHU-
e, Oxoyo 90% opranudeckoro BemiecTsa, HaXOAAMIErocs B 0Camod-
HOIt 06oouke 3emiy, CBA3aHO ¢ IIMHKMCTHIMH mopofamu. i opra-
HHYECKOT0 BELIeCTBa U 0COOEHHO ULt Hanbonee pasnoxusLieiics (re-
TM(UIMPOBaHHOM) €r0 9acTH — r'yMyca — XapakKTEePHBI BRICOKHE THUII-
pOGUIBHOCTD, BIarOeMKOCTh, INIACTUIHOCTH, HU3KasA BOXOIIPOHHLIAE-
MOCTB, CHJIIBHAA CKMMAeMOCTh U T. II. IIpucyTcTBHE B Opoax Aaxe
HE3HAYHTENFHOIO KONMYECTBA TEeNH(UIMPOBAHHOIO OPraHUYEcKOro
BEIIECTBA MOXXET KOPEHHBIM 00pa3oM M3MEHHTHh MX cBoicTea. Ha-
npuMep, HeOOoIbIIas IpUMECh IyMyca B TOHKOTUCIEPCHBIX INecKax
DpHIaeT UM IUIBIBYHHBIE CBOMCTBA; N0OaBIEeHHE HECKONBKUX IIPOIIEH-
TOB TyMyca B IIECOK CHIDKAET €ro BOIONPOHUIAEMOCTE B COTHH pas.
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BaxHol ocobenHOCTEIO OONBPIIMHCTBA KOMIIOHEHTOB OPTaHUYECKOTO
BEIECTBA ABJIETCS UX BBICOKAS (PHU3MKO-XUMMYECKas aKTHBHOCTH MO
OTHOIICHHIO K MHHEPAILHOM cocTaBisiomeli rpynros. O6nanas 8 oc-
HOBHOM KVCJIOTHBIMH CBOMCTBAMH, OPTaHAYIECKOE BEIIECTBO SABIAETCS
9pe3BbIYaHH0 aKTUBHBIM areHTOM BHIBETPUBAHMS, Pa3jiaras CHIMKAThI
U IpyTHE MUHEPaIHl.

[Ipy oTpunare/lpHBIX TEMIEpaTypax NOpOBas BIara TPYHTOB
KPHCTaJUIH3YeTCs U NMEPEXOAUT B JIEX — OFHA M3 COCTABHBIX dacTei
TBEPAOH KOMIIOHEHTH MEp3IBIX IpyHTOB. Kpucrammsamus apna c
NIEPEXO0/I0M MOJEKYH BOABI K Oonee puixiiol (o cpaBHEHMIO C BOJO#)
reKCaroHaabHON YIIAKOBKE CONPOBOXIAETCS NOHMKEHHEM IUIOTHOCTH
obpasyrometics §aspl. I1o3TOMy IUIOTHOCTE Jibjia B cpeqHeM Ha 9 %
HWOKE TIOTHOCTH BOAH! ¥ cocrasser 0,91 r/em® (mpu 0 °C). B ormu-
9ye OT BCeX MOPOL006Pa3yIomuX MHHEPAIIOB JIEZ OTHOCUTCS K YHCITY
MOJIEKYAPHBIX ~ KPHCTAJIOB, . XapaKTEPU3YIOMMXCS 3HAYUTEIHHO
MCHPIIEH MEXMONEKYIAPHON CBA3BIO, YEM BHYTPHMONCKYNSPHOH.
ITosToMy A KpUCTAIUIOB JIBJAA XapPaKTEPHBI APKO BBIpa’KCHHEIE ILIA-
cruyeckue nedopmanuu. Jlex obnamaeT BBHICOKOH AMANEKTPHYECKOMH
MPOHUIAEMOCTEI0, KoTopas Ha 20-30 % Bbime, yeM y. Bogpl. braro-
Japsi HAJINIUIO HAa ITOBEPXHOCTH KPHUCTAIUIOB JIbAA IIEPEXOAHOTO CIIOS
nen—Boza (mpu Temmeparypax ot 0 °C 1o HECKONBKUX NEeCATKOB Ipa-
AyCOB) J€I, MPOSBILET 3HATHTENBHYI0 HOBEPXHOCTHYIO 3NEKTPOIPO-
BOJUMOCTS. Ponb b2 B MEp3JIBIX ITPYHTAX HCKIIOUHTENHLHO BEIHKA.
Hammuue npma B TaKUX TPYHTaX ONPENEieT MX CTPOCHUE M MHOTHE
cnenuduUeckye CBOMCTBA. SIBIAACH IEMEHTOM MUHEpPAIBHEIX CO-
CTaBJIIOIMX MEP3NbIX IPYHTOB M IpHIaBas CTPYKType TPyHTa I0-
BBIIIEHHYIO NPOYHOCTH, JIEA B TO K& BPEMsS OTHOCUTICS K Haubonee
TEPMOAMHAMIYECKY HEYCTONUMBON YacTH TBEPAOH KOMIIOHEHTEHI, ObI-
CTpO pearvpyrolled Ha M3MEHEHMs BHEIIHUX ycnoBui., IloatoMmy
Mep3JIble TPYHTHI JOJDKHBI PaCCMAaTPHBAThCA Kak HanOoiee JUHAMMIY-
HbI€ CHCTEMB], COCTOSIHAE U CBOMCTBAa KOTOPBHIX BO MHOTOM onpene-
JLIEOTCSL 00pa30BaHMUAMH JIBJA.

TBepnas KOMIIOHEHTa BCeX IIOUBOIPYHTOB, 332 HEOOJBIINM HC-
KITIOYEHHEM, COCTOMT M3 OTAENBHBIX KPHUCTAIIOB, OOJIIOMKOB KpH-
CTAJUIOB UIIH 0OJIOMKOB NOPOJI, NOJyYHBIINX HAa3BaHHE CTPYKTYPHBIX
3J1eMeHTOB. QpaKLKK [OYB ¥ TPYHTOB KJIACCH(UIMPYIOT ITO AHAMET-
PY CTPYKTYPHBIX 3JIEMEHTOB (JacTHI), MM: IpaBuH 20-2; mecok 2-—
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0,25; neme 0,25-0,1; ruaa < 0,01 (xommoumaHas ¢pakuus ITHH
0,001). K rmmHaM OTHOCST IOYBBI M IPYHTEI, COAEPKAMIME TIHHUCTBIX
gacTur 6onee 30%, x cyrmunkaMm 10-30%, k cynecsm 3-10%, x mec-
kaM 10 3%. [To reHeTHYeCKUM THIIaM IOYBEI MOXKHO KIIACCHQHITMPO-
BATh Ha TYHZPOBHIE, IOA30JMCTHIC M JEPHOBO-HOI30IUCTEIE, GOIOT-
Hple, JIECOCTENHbIE, YEPHO3EMBI, KAIITAaHOBHIE H Oyphble CEpO3EMEL,
KPACHO3EMbl U 3aCOICHHBIC ITOYBHI, & IO NETPOrpapUIECKUM THIIAM —
Ha XpsAIIeBaThIe, IECYaHbIe, CYIEeCYaHble, CYTIMHMCTEIC H TIIHHUCTEIE.

MugKass KOMMOHEHTa

AtMochepHsie 0cagky, KOHACHCAT BOAAHBIX IIapOB, MOBEPXHO-
CTHBIE M TPYHTOBBIE BOJBI, COIPHKAcasCh C TBEpAOM (a3oi movBor-
pyHTa, 00pa3yIOT MOYBEHHAIH SIEKTPOIMT — XHIKYIO KOMHOHEHTY.
Boma MoxeT GBITh CBA3aHa C KaNWUIAPHO-TIOPHUCTHIM CKENETOM II0Y-
BBl M TPYHTA C IIOMOIIBIO XMMHYIECKOH, (DU3MKO-XUMMIECKOH umu ¢u-
3MKO-MeXaHHdecKo#i cBa3u. Ilo xapakTepy 3TOH CBA34 BOAY B IOY-
BOIPYHTaX MOXHO IOJpPa3/elHTh HAa JBE KAaTEIOPHMH: CBA3AHHYIO H
cBoGoanyio (Tabn. 12).

Tabauya 12
Knaccndurauus UKo KOMIOHEHTbI B IPYHTaX
Kareropus
Buna Boasl PasHoBHIHOCTE BOXBI
BOZBI
BOZa OCTPOBHOM
- ancopbupo- agcopOIMH
NPOYHOCBA3aHHAN AICOPOHP ACOp —
BaHHag BOJIa MTOJHMCIONHOM
agcopbunm
KalHIUIAPHO-
CaazanHas APH
pasobieHHasn
KallrUIspHas MOJBEUICHHAS
crnabocBa3aHHas
COOCTBEHHO-
KaIUULIpHAs
OCMOTHYECKAS
MMMOOHITH30BaHHAA
Csobonuas MPOCAaYHBAOLIALCT
TpaBHUTAlMOHHASA ‘
TPYHTOBBIX TIOTOKOB

XuUMHUUECKasa CBA3b XapaKTEPU3YeTCA NPUCYTCTBHEM KOMIIOHEH-
TOB B CTPOrO OLPEIEICHHOM MONEKYIIPHOM COOTHOIMEHUH. PU3HKO-
XHMHYECKas CBA3b BOSHMKAET B BH/E afCOPOLHOHHOM CBA3M (amcopb-
(s — MOTJIONIEHHE TBEPAOH (a30ii ra30B H NapoB M3 OKPYIKAIOUIETO
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BO31yxa). PH3KKO-MEXaHUYECKas CBA3b — 3TO yICpPIKaHUE BIArH 1MOY-
BOIf B HEOIIPEIEIICHHBIX COOTHOMIECHIX. K 3TOMY BHAY CBA3M OTHO-
CATCA CTPYKTYPHBIE CBA3H — KallWULIPHAs M CBA3b CMa4YMBaHMS, IPH-
NUIAHKUE BOAB! IMIPH HEIOCPEACTBEHHOM CONPHKOCHOBEHHM C ITOBEpX-
HOCTBIO KalIMJUISPHO-IIOPUCTOTO TeNa.

Bona, noctynuBmas B I0YBY, 3a/I€p>KUBACTCS B HEil B CHIIY BJia-
TOEMKOCTH, a B JaJIbHEHIIEM pacXoAyeTcs 3a c4eT UcHapeHus (husu-
YeCKOro — caMoy IOYBOHM W TPaHCIUPANMOHHOTO — B MPOLIECCE JKU3-
HEZeATeNIbHOCTH pacTeHuil. Bomy moTpebnsaioT M HCmapsioT Takke
IpyTHEe TIPEACTaBUTENM JXKUBOI'O MHUpPA, HACEJUSIIOIIME IOYBOIPYHTEHL
Vcnapesue BOABI U3 MOYBBI 3aBUCHT OT KJIMMATa, IIOTOEL, OT CBOHCTB
MOYBHI (KaMUIUIAPHOH TPOBOJMMOCTH H ajCcOPOIIMOHHOM CIOCOOHO-
cTH), ce cMaduBacMocTH. CYIIECTBEHHOC BIMAHHE OKA3BIBAIOT XApaK-
Tep €¢ IOBEPXHOCTHU, IIBET, BO3AYXONPOHMUIAEMOCTh, TEILIONPOBOI-
HOCTH, TEIUIOEMKOCTh, HAJIMYUE PACTBOPHMBIX COJNEH H Jaxe penbed
MECTHOCTH.

KomuectBo 1 xapakTep paclpoCTpaHeHUS BOABI HEOOXOAMMO
YUHTBIBaTh IIPH HCIOIB30BAHMM ITOJ3EMHEIX MCETAIIMYECKHX KOHCT-
PYKLH#, TaK KaK BIaXKHOCTh OKa3bIBaeT OONBINOE BIUAHHE HAa KOPPO-
3MOHHYIO aKTHBHOCTh IOYBH M TPYHTa. B BO3IyXOmpoHHIIaEMBIX
II0YBaxX M IPYHTaX CKOPOCTb KOPPO3MHU CTAHM, 0COOCHHO HayanbHasd,
MakcuManbHa npu cozepxanuu Biaard 30-50 % ux BIaroeMKocTH.
3TO NPOHCXOAUT BCIEACTBHE OBICTPOH AudQy3rHu KHCIOpoaa B HeHa-
CHIILICHHBIX 'BOZOM IOPHCTHIX MOYBaX H IPYHTaX. DKCIEPHUMEHTANLHO
YCTaHOBJICHO, YTO NPH YBEIMYCHUM BIaKHOCTH mecka ot 0 mo 20 %
ckopocTs muddy3un kuciopona ymenbmaercs B 10° pas. B mousax,
coziepamux OonpOIee KOIUIECTBO BOJBI, CKOPOCTh Hudpdy3um Ku-
clIopofa CHWXaeTcs. B ITIMHHCTO-NECYaHbIX TPYHTaX HAMBBICHIAS
CKOpOCTh KOPPO3HUH CTalIM HabiomaeTcs NpH BuaxkHoctu 25-35 %, a
npu Bnaxuoctd 10 1 50 % Kxoppo3us cpaBHHTENHHO HeBenMka. J{is
Pa3IMYHBIX THUIOB I'TIMH KPUTHYECKAas BIAXKHOCTH cocTamjser 12-35
%, a i neckoB — 14-21 %. IIpu 3ToM CKOPOCTH KOPPO3KH IO KpH-
THYeCKOH BIaXXHOCTH M3MeHAeTcs 1 e B 10 pas, a g mecka — B
3 paza.
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lTa3zoBas KOMMOHEHTa

la30Bas KOMIOHEHTa, COAEpXKAaIasici B IOpax M TpPEIINHAX
TPYHTOB, BO MHOI'OM OmpefenseT ux croiictBa. OcobenHO Gobinoe
3HAYEHHE OHA HMMEET IUIA TPYHTOB, 3aJleTAlOINX B 30HE a’3palliH.
TT04BEHHO-TPYHTOBEIA BO3LYX OTIHMYAETCS OT ATMOCHEPHOTO KavecT-
BEHHBIM U KOJINYECTBEHHEIM COIEPXaHUEM Tra3oB (Tabir. 13)

Tabnuya 13
TIpumepHoe copepscanne ra3os B Bo3xyxe, % mo oibemy
Bozayx CO, 0, N,
AtMocdepHbIit 0,03 21 78
TlouBeHHO-TPYHTOBELI 0,1-15 1020 78-80

CKOpOCTh TIPOHHKHOBEHHUS BO3J(yXa MJIM rasa B IIOYBEHHYIO TOJ-
Iy Ha3bIBAETCS BO3LYXOIIPOHUIIAEMOCTBIO.

I'magueiMu pakropaMu razoobMeHa Mexpy IOYBOit M armocde-
poit seiserca muddy3usa ra3os, U3MEHEHHE TEMIEPATyphl IOYBLHl B
TEYCHUE CYTOK, U3MEHEHUE 0apOMETPUYECKOro JABJICHHUS, BBITECHE-
H¥ie BO3/yXa M3 TOYBEI IIPH BBHINAJCHHU OCAJKOB, a TAaKKE BETEP.
JIHeM TI04YBa HArpeBaeTcs, BO3XyX B HEH PACIIHpSETCS M 4acTh €ro
BBITECHAETCA B arMoc(epy, HOUBIO K€ IIPH OXJIAKACHUH BO3IAYX B
[I0YBE CXKMMAETCS, ¥ YacTh BO3IYXa 3aXBATHIBAETCA U3 aTMocheps
IIOYBOH.

JnuBast KOMIOHEeHTa

OpraHH3MBI, KUBYIIHEC B ITOYBaX H rOpHBIX opoaax, CoCTaBJIA-
OT XHBYIO KOMIIOHEHTY TPYHTOB, KOTOPas COCTOMT M3 MaKpO-  MHK-
POOpraHU3MOB. BiusHIe MakpoOpraHu3MOB Ha TOPHBEIE KOMIIOHECHTEI
HECPABHMMO MEHBIIE, YeM MHKPOOPTaHM3MOB. B cocraB Mukpoopra-
HHU3MOB BXONAT OakTepuu, rpubObl, BOZOPOCIH, APOXIKH, BHPYCHI,
HpOCTCﬁHIHC JKUBOTHBIC, COCTOANMEC U3 MCIIKHX (bHSPIOJIOI‘I/I"IeCKPI yC-
TOMYUBHIX aMed, KTYTHKOHOCIEB, HH(Y30pUH, Ha3bIBAEMbIE «IIPOTO-
30iiHO# (aynoit». MukpoopranusMel, oOHTaomKe B ITOYBOTPYHTAX,
MOTYT BEI3BaTh paspyLIeHHE MHHEPAJIOB, HO OHM CHOCOOHBI U K MH-
Hepanoobpazopannioo. Mexanugeckas HPOYHOCTH IPYHTOB MOXKET
YMEHBIIATECA 32 CYET BBIIENEHHS MHKPOOPTraHH3MaMH NOBEPXHOCT-
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HO-aKTHBHBIX BEINECTB. MUKPOOPraHM3MBI MOTYT M3MEHATh IOpHC-
TOCTh TPYHTOB, IOBBIIAs €€ NPH paspylleHun MuHepanos o 15 %.
Cnoco6HOCTP MHKPOOPTaHM3MOB 3aIIOJHATH [TOPHI IOPOI CBOCH Kile-
TOYHOM MAaccodl ¥ IPONYKTaMH >KHU3HEINCATEILHOCTH (B pe3yJbTaTe
IIOBBIIAETCS CBA3AHHOCTH HOPOJ U YMEHbINAETCA WX BOINOMPOHHUIAE-
MOCTB) HAXOIUT Y€ IIPAaKTHIECKOE IPUMEHEHHE IIPH SKCIUIYaTallHu
HE(TAHBIX CKBAKHH.

OCHOBHbIE CBOSCTBa [IOYBOrPYHTOB

K ocHOBHBIM (H3M"ECKMM CBOMCTBAM HOYBOTPYHTOB OTHOCSITCS
IUIOTHOCTB, TOPUCTOCTH (MITH CKBAXKHOCTE ).

ITnoTHOCTRIO MOYBBI MM TIPYyHTa HA3BIBAIOT MACCy EHUHHIBI
00bEMa COBEPILCHHO CYXOH IOYBHI WIHM I'PYHTa B €CTECTBEHHOM CO-
CTOSHHM 0€3 HapyWIeHUS CTPYKTYphl. IINOTHOCTH IOYBHI WUIM TPYHTA
ompeesaeTca B eIUHUIE 00beMa CO BCEMHU TOpaMHu. Y MUHEPaTbHBIX
mous oHa cocraBuger 0,9-1,8 r/cm’, a y TopdaHbIX (GOTOTHEHIX)
0,15-0,4 t/cv’. TIopHCTOCTEIO (MM CKBAXKHOCTBIO) TIOUBOIPYHTA Ha-
3BIBAIOT CyMMapHBIA 06BEM BCEX TOP M MPOMEXKYTKOB MEXKY YaCTH-
namu TRepnoit dazel. [IopuCTOCTH BRIpaXKAaeTCsi B MPOLEHTaX OT 00-
mero o6pemMa Mo9YBOrpyHTa. IIopHCTOCTE MUHEPATBHBIX [TOYB 0OBIYHO
28-85%, Top@sro-6010THEIX 80-90 %. ITopEI 1 IPOMEXKYTKHM B IIOUBE
U TpyHTE OBIBAIOT Ype3BBIYAIIHO MHOr0OOpa3HEI Kak 1o opme, Tak u
M0 pa3MepaM — OT TOHYAHIIWX KanmwDISpoB M0 KPyUHBIX, HE 00Mna-
JAIOIIKX CBOMCTBAMH KamwuLIpoB. [103TOMY pasidyaioT KaImdwuisp-
HYI0 M HEKaOHWULIpHYIO Dopucroctsh. KammuiapHas mopuctocts (B
BUJIE TOHYAMIMX IOp) OOYCIOBIMBAETCA INIMHUCTHIMY YaCTULAMH,
HEKAIMIULIpHAs — CTPYKTypHBIM ctpoeHreM. COOTHOMICHHE MEXIY
KaIMJUIPHOH ¥ HEKAMMILIAPHOM IHOPHCTOCTBIO BIHMAET HA CTENECHb
adpalMy IMOYBHI M IPYHTA. I'eoMeTpHs MOPOBOr0 NMPOCTPAHCTBA II0Y-
BOIPYHTOB upes3BbUaiiHO ciokHa. OHA 3aBHCHT OT YIUIOTHEHUS,
CTPYKTYPHBIX M3MEHEHHI M pa3pymieHHs KanwULIPOB BO BPEMsS YB-
JaXHEHH.

ITpu ruaPOreoIOruIecKuX UCCIESHOBAHMSAX OOBIYHO HPHUXOIUTCS
H3y4aTh BOJOIPOHHUIIAEMOCTh TPYHTOB, IO KOTOPOH IIOHUMAIOT CITO-
COGHOCTS HOCTEIHIX TPOIYCKATh BOXY. MEpOil BONOIIPOHKMIIAEMOCTH
IPYHTa CITYKUT KO3(OHIMEHT (MIBTPAMU, KOTOPHIH paBeH CKOPO-
cTH (UIBTpanu TpHM TIpajHMeHTe HAopa, pPaBHOM eIuHHIE. B
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Tabn. 14 npeacraBieHa XapaKTEPHCTHKA BOIONIPOHUIAEMOCTH pPas-

JMYHBIX TPYHTOB M UX K03 QUIMEHTH QUIbTPaIUY.
‘ Tabauya 14
Koaddpunuenr punsrpanun (K) pasaHuHbLIX TPYHTOB H XapaKTePUCTHKA
HX BORONPOHUIAEMOCTH

XapakTepHCTHKA TPYHTOB

T'pyuTh A K, m/cyt
10 BOAONPOHHLIAEMOCTH

rJ'IPIHbI, MOHOANTHEIC CKaJIbHBIC

5.10° TIPaKTHYECKH BOJOHEIPOHH-
TPYHTHI . HaeMbie
CyTIIHHKH, TSOKEIbIE CYNECH, 3 BeChMa ClIa00BOOTIPOHKIAE-
mo5-10
HETPEIIHHOBATHIE IECYaHUKH MEIe
Cymiecn, cnaboTpeIIHHOBATEIE cnaGoOBOXONPOHAHAEMEBIE

TJIHHMCTEIE CHAHIEY, HecyadnkH, | 10 0,5
HM3BECTHSKH U T. 1.
ITecKH TOHKO- ¥ MENKO3ePHHU- BOJOTIPOHHIAEMBIE
CTBIe, TPELIHHOBATHIE CKAIBHBIE | JIO 5
TPYHTHL
Tlecku cpenHesepHHCTHIE, CKallb- XOPOIIO BOXONPOHHUUAEMEIE -
Hble TPYHTHI NOBEINIEHHOH Tpe- 1o 50
[IHHOBATOCTH
TajleUHHKH, TPABENIUCTEIE TIECKH, CHIILHOBOIOTIPOHUIIAEMEIE
CHILHOTPELIHHOBATHIE CKanbHEe | > 50 '

TPYHTBI

B HEKOTOpHIX CiTydasx, HanpuMep, Ipu reoGu3MuecKux Hccie-
JOBaHMsIX - CKBaXWH, HEOOXOIHWMO OIICHMBAThL TEIUIONPOBOAHOCTE
rpyHTOB. TeImIonpoBOAHOCTE OONBIIMHCTBA TOPOA00OPa3yIOIIIX MH-
Hepaios konebnerca ot 0,40 no 7,00 Br/m-°C, cocraBinss B 60mbIMH-
ctBe ciydaes 0,80-4,00 Br/M-°C. TemnonpoBoJHOCTs PE3KO BO3pac-
TAET IO MEPE YBEIMYEHHS BIKHOCTH TPYHTOB, IIOCKONBKY TEILIO-
nposorocTs Bo3xyxa (0,021 B1/m:°C), BeITeCHsIEMOT0 BOJO U3 IIOp
mopos!, npubmu3uTeasHo B 30 pa3 MeHbIE TEIONPOBOIHOCTHA BOIBI
(0,63 B1/M-°C). TemionpoBOIHOCTh CYIECTBEHHO 3aBUCHT OT ILIOT-
HOCTH M, CIIEJOBATEIbLHO, MTOPHUCTOCTH IPYHTOB: YEM HIDKE IIIOTHOCTD
TPYHTOB, TEM MEHEE IUIOTHO NPHIIEraloT YacTHIBI APYT K APYTY U TEM
MEHBIIIE TeIUIONPOBOAHOCTE TPYHTA.

Kpome TerionpoBoaHOCTH K TenI0dH3UIECKHMM CBORCTBAM MOY-
BOTPYHTOB OTHOCATCSA TEMIIEPATyPOIIPOBOIHOCTS M MOPO30CTOHKOCTS
TpyHTOB. TeMIepaTyponpoBOJHOCTh I'PYHTOB, IOJOOHO MX TEILIO-
HPOBOIHOCTH, 3aBACHUT OT COOTHOIIEHUS TBEPIOM, KUAKON U ra3006-
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pasHOH COCTaBIAIOMIHUX, TEKCTYPHBIX M -CTPYKTYPHBIX O0COOCHHOCTEH
TPYHTOB, COCTOSHHS BIaru ¥ temmeparypsl. 11071 MOPO30CTOMKOCTHIO
IOHHMAIOT CIIOCOOHOCTH TPYHTOB COIPOTHBIIATECS BO3HEHCTBMIO OT-
pHIaTENBHEIX TEMIIEPATYD. ‘

IIpy TPOEKTHPOBAHMH THIPOTEXHUUECKHX COOPYXKCHHH ClemyeT
YUYHTHIBATH KOPPO3HOHHEIE U (PH3UKO-MEXaHNYECKHE CBOHCTRBA TPYHTOB.

ITpuuuHel WOA3EMHOH KOPPO3MM METUIOB: 1) BoO3JelHcTBHE
TPYHTOBOH BIlard Ha METa/UIMICCKUE KOHCTPYKIIUH; 2) SBIECHUS 3JIeK~
TPOJM3a, TIPOMCXONANUE B TPYHTaX NpPH HAINHIHH BOKPYT METAIIIO-
KOHCTPYKIMH JJIEKTPONIHTa; 3) INEeWCTBHE MUKPOOPTaHH3MOB, Haxo-
piamuxcs B rpyHre. CKOpPOCTh KOPPO3MH OINpPENEIeTCs KOPPO3MOH-
HOH aKTMBHOCTBIO I'PYHTa, KOTOPYIO IIPHHATO OLICHUBATH TEM CPOKOM,
KOIZla Ha HOBOM MeTaJlIleé BO3HMKAET IIEPBBIM CKBO3ZHON MUTTHHT (Ka-
BepHa). Hampumep, cpok mosiBIIeHHs KaBEPHbI B CTAJIEHOM TPYyOOIpO-
Bozie auamerpoM 300 MM ¢ TommuHOM cTeHKM §-9 MM NpH HU3KOH
KOPPO3MOHHOH aKTHBHOCTHM IIPEBLIMIACT 25 JIET, NP IOBBINICHHOMN
KOpPO3HMOHHOM aKTHMBHOCTH OH cocraBiger 5—10 mer, a mpu BeckMa
BBICOKOH — Bcero s 1-3 roxa.

Koppo3uoHHas aKTUBHOCTE TPYHTOB OIpelelsierci MHOTHMH
¢axropamu. OHa CyLIECTBEHHO 3aBHCHT OT XMMHMYECKOTO COCTaBa
TPYHTOB H, B YaCTHOCTH, OT HAIHYHSI U COCTaBa BOJOPACTBOPHMBIX
COeIMHEHUH, KOTOPhIE YIaCTBYIOT B 00pa30BaHMH IIOPOBOTO 3IIEKTPO-
nuTa, GOPMUPOBAHUU €r0 SIEKTPHYESCKOr0 CONPOTHUBIICHHA. Mexay
BIEKTPUYECKHM COIPOTHBICHHEM IPYHTOB M MX KOPPO3HOHHOM aK-
THBHOCTBIO CYILECTBYET IIpAMas 3aBUCHMOCTB: YeM MEHBIIE COIpO-
THBICHHE, TeM GOIbIIE BO3MOXHOCTE KOPPO3HH.

OrpoMHO€E BIMAHHE Ha KOPPO3HOHHYIO aKTUBHOCTh TPYHTOB OKa-
3bIBa€T MX -BIAXHOCTh. B cyxux rpyHTax kopposus He Habimonaercs
BBUIY OTCYTCTBMA 3IEKTpoauTa. KOppo3MOHHBIE NpOIECCH HauMHa-
10T HOSBIIATHCS YK€ NpY HeGONBIION BIIQXXHOCTH, KOTNA B TPYHTAX
CYLIECTBYeT TOJIBKO INPOYHOCBA3aHHAS BoJa. MakcuMalbHas CKO-
pocTE KOppo3HH Habmronaercs npu Braxuoctu 20-25 %. Ilpu sroit
BII&)KHOCTH TIOPHI IPYHTA €Ilie HE IOJIHOCTHIO 3alOJHEHE! BOJOM, KO-
TOpas UPeIITCTBOBaNA Obl IPOHHKHOBEHMIO K IOBEPXHOCTH METAlUIa
BO3/yXa, HEOOXOANMOI'0 s IPOTEKAHM IpOoIecca MEKTPOXUMHYE-
cKoM Kopposuu. Ilpy HONHOM HACHILEHWH IIOpP BOJON MIIM BIAXHO-
cTH, ONM3KOH K ITONHOHM BIAroeMKOCTH, 00pa3yercs CINIOITHOM CloM
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BOJBI, 3aTPYAHAIOMMH IPOHMKHOBEHHE BO3MyXa K METaluly, U CKO-
POCTH KOppO3UH Najaer.

OU3NKO-MEXaHNIECKHUE CBOMCTBA IPYHTOB XapaKTEpHU3yIOTCs 1O0-
Ka3aTeJsIMH, KOTOPbIe HEOOXOMUMBI TS pacyeToB IPOYHOCTH (YCTOH-
YHBOCTH) M JeOpMIPYyEMOCTH IPYHTOB, CIIaralONINX OCHOBAaHUA CO-
OpY>XEHHMI WM caMO coopyXkeHue. Bennunna nokasateneil (usuxo-
MEXaHMYECKUX CBOMCTB PYHTOB 3aBHUCHUT OT CBOMCTB CaMoro rpyHra
(ero coctaga, CTPYKTYPHI M TEKCTYphl) M OT XapakTepa BHEIIHEH Ha-
IPY3KH (€€ BEIMYMHBI, CKOPOCTH NPHIOKEHHS, €€ 3HaKa, NPOLOJDKHU-
TENBHOCTH JeHCTBUA T. 11.). [Ipuinoxenue BHEMHEN Harpy3Ku K IPyH-
Ty 00YCIIOBJIMBAET pa3BUTHE B HEM Je(opMaluil B pe3yibTaTe cMe-
IIEHUs CTPYKTYPHBIX 3JEMEHTOB M HM3MEHEHMS PacCTOAHUSI MEXITY
HHMH. .

Ins onpeneneHus (GpU3NKO-MeEXaHHIECKHUX CBOHCTB IIHHAPHYC-
CKOro 00pasia rpyHTa YCTaHABIHMBAIOT CBA3b MEXIY HaNPsHKCHUSAMH,
nebopmaramMe # BpemeHeM. CTpOST 3aBHCHMOCTH «medopMalusa—
BpeMa» U «xedopMalus—HanpsHKEHHe», 10 KOTOPEIM MOXKHO IIpocie-
JATh XapakTep AedopMalliil ompefeNeHHOro Tuna rpyHra. Hampu-
Mep, HpPH OZHOM M TOM K€ NaBICHHHM Haubonbliee pa3pylleHHE
CTPYKTYPHBIX 3NEMEHTOB Oyler B KpYNHO3EPHMCTBIX IpyHTaX. Ilpu
9TOM PacKaJIbIBaHHE YaCTHL COIPOBOXAAETCS BBIAEICHHEM 3BYKOBOMH
sHeprud. Ho B riiMHaX npy AEHCTBUM CKMMAIOLIErO JABICHUS Ipak-
THYECKH HE NPOUCKXOUT H3MEHEHUS IPatyIOMETPHIECKOTO COCTABA.

DOU3NKO-MEXaHNYECKUE CBOMCTBa IPYHTOB YCJIOBHO IOJpa3le-
amoT Ha AedOopMauMOHHBIE, POYHOCTHEIE M peonorumueckue. [lon-
POGHO HCCIIEIOBAHUA ITHX CBOHCTB H3TI0KEHH! B pabore [7].
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