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OT H3MTE.llhCTBA 

3Ta KHHra rrpo.noJDKaeT cepmo «Relata Refero» (.nocJIOBHbIH 

rrepeBO.U - paCCKll3bl8lllO paccKa3aHHoe). 3TO H3pel!eHHe MO)l(HO 

IIOHHMaTb H TpaKTOBaTb rro-pa3HOMy. 

KoMy-To MO)l(eT rroKaJaTbCH, 'ITO, crrpHTaBIIIHCb 3a rpmp 

«Relata Refero», H3,UaTeJibCTBO XO'leT OTMe)l(eBaTbCH OT rry6JIHKY

eMbIX B 3TOH cepHH TeKCTOB. KTo-To, Hao6opoT, ycMOTpHT B 3TOM 

HaMepeHHe OIIIapaIIIHTb rry6JIHKY rrpo6JieMHbIMH TeKCTaMH H co

pBaTb CKaH.uaJibHbie aIIJIO.UHCMeHTbI. HaH.uYTCH, B03MO)l(HO, H TaKHe, 

KOTOpble Boo6me HCTOJIKYIOT 3TY cepHIO KaK H3,UeBKY Ha,U BCeM, 'ITO 

OTKJIOHHeTCH OT Tpa,UHLl,HOHHOro pycna. 

HaM )Ke, o.nHaKo, xOTenoch 6b1 BepMTb, 'ITO qHTaTeJib rroH:

MeT HaCTOHIIJYIO rrpM'IHHy, rro6y.UHBIIIYIO H3,UaTeJibCTBO B3HTbCH 3a 

BbIIIYCK 3TOH cepMH. A IIO,UCKa3KOH qHTaTeJIIO 6y,neT IIOMemeH

HOe Ha o6JIO)l(Ke BbICKa3b!BaHHe ApHCTOTeAA, ,UJIH KOTOporo, KaK 

rJiaCHT rrpe.naHHe, IIOHCK HCTHHbl OKa3aJICH BbIIIIe JIH'IHOH .np~6bI 

C IlJiaTOHOM. 

Mbl Ha,UeeMCH, 'ITO rry6JIHKYeMbie B 3TOH cepHH TeKCTbl BHeCYT, 

HeCMOTPH Ha CBoe rrpOTHBOCTOHHHe ycTaHOBHBIIIHMCH KaHOHaM, 

CBOH BKJia,U B II03HaHHe 11CTHHbl. 
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Ilpe,llHCJIOBHe. 

B HacTOllID.e:fi pa6ore C,llenaHa nonl>ITKa pacuJHpHTl> npel\CTaBneHHe 

qHrnreneli o npoqHoCTHhIX xapwcrepHCTHKa.X lKH,l\KOCTeli. ITpe.o.cTaBJJeHHbie 

CBCACHHf! He rrpeTCHJI.YIOT Ha llOJIHOTy H OKOHqftTCJibHOCTb. B yqe6HOH 

JlHTepaType Bonpocy onpe,neneHHf! MexrurnqeCKHX CBOliCTB lKH,llKOCTCH y,neJilleTCll 

oqeffh MallO BID!M8HHf!. 

Pa6oTa COCTOHT HJ qerbipex fJiaB. 

B nepeoll: o6JopHOH rnase ilaJOTCll KpaTKHe CBCACHHJI 0 CTpOeHHH lKliAKOCTeli H nepeqeHh 

l!X OCHOBHblX CBOll:CTB no Jll!TepaTypHhlM HCTO'IRHKaM. l1poH3BO/IHTC!l cpaBHCHHe 

HeKOTOpbIX ljiH3HqeCKHX CBOHCTB lKllAKHX II TBepm»x Ten. 

Bo BTopoif rnaBe rrpHBO/.UlTCJI OCHOBHh!e 3llKOHbl H COOTHOillCHHJJ;, xapaKTCpH3yI0Il(He 

MCXaHHqecKHe CBOHCTBa Ten. Xopowo H3BCCTHb!C : 31lKOH fyKa H R30TepMHqecKl!il 

K031jiqmUHeHT ClKHMaeMOCTH. PaccMaTpHJllleTCll CBlllh MexaHHqecKHX caoiicTB Merannoa c 

'l'H 
rennoBhIMH napaMeTpaMH. ITpl!Bo,!IJITCl! rrpH6JIHlKeHH&Ie cnoco6hl oneHOK nno, ocTH 

MCTaJIJIOB rrpi! TCMIIeparype KHileHHJI, KpHTHqecKOii TeMrreparypbi' II KPHTHqecKoii 

nnoTHOCTH, K03clJclJHulileHTOB o6l>eMHoro pacwHpemlll lKH,llKHX MeTannoa. Bo acex cnyqaxx 

rrpe.nnonaraercl!, qro paccMaTpHB!llOTCJI ljiHJHqecKHe CBOHCTBa qffCTb!X MeTaJIJIOB. 

Tperhll rnaea COCTaBJIJieT HCKJIKJqeHHC. Hexoroph!e IIOJIOlKCHHJI TCIIJIOBOro cnoco6a 

orrpe.ueneHHJI MCXaHl!qecKHX xapaxTepHCTHK MeTaJIJIOB Tpe6yroT 3KCIIepHMCHTaJlhHOrO 

IIO;:(TBeplK,lleHHll. ITpom.e acero no 6hlrro c,nenaTh aa rrpHMepe xopowo .uocrynHoil, 

6e3ape,1:1Roil ll<H,llKOCTH, cymecr11yrom.eii B HOpMaJihHbiX ycnOBHllX H HMerom.e:li 

cpaBHHTCJThHO HCOOJTbll!Oil: TCMIIeparypHb!ii AHaIT830H lKJl,llKOro COCTOJIHHJI. 3THM 

rpe60B!UlHl!M YAOBlleTBOplleT BO,D.a. ,[{ononHHTCllhHblM AOBO,llOM K pacCMOTpCHHIO CBOiiCTB 

BO,llbl (HOpMaJibHOro H30TOIIHOro cocraea) llBHJTCJI TOT clJaKT, ~o MHorne ee tPHJHqecKHC 
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CBOHCTBa HCCJie,[\OBaJIHCb B nepayro O'!epe,llb, no cpaBHeHHIO c ApyrHMH semecTBaMH H, 

CJie,[\OBaTeJibHO, ,[IMHO H3BecTHbl. 

PacCM<JTpeHLJ ,!lHarpaMMa COCTOllHHll BO.ZU,I npH MaJibIX .nrumeHHllx, onHCaHbl CBOHCTBa 

lKH.l{Koro (:OcTOllHHll c nOMOI.IlblO ypaBHeHHll BaH-,llep-Baarrbca, nepe'll!crreHbl caoilcTBa 

KpHTH'!eCKOf'O COCTOllHHll BemecTBa H npoH3Be,!leHbl 011eHKH MexaHH'!eCKHX CBOil.CTB BO.l{bl 

no TenrroB1>IM napaMerpaM 

C81JUCT8 
B qerni!proii: rnMe rernroeolt crroco6 ol.(eHKH Mej'a#. H'!ecKH~H.l\KOcTeil: npHMeHi!H K 

11err0My Pll.ltY MeTaJIJIOB, 3aHHMlllOinHX pB3Hble KJieTKH nepHO,l\H1JecKoil: Ta6n1111bl 

,n. l1. MeH;~erreeaa H o6JIB,l\lllOIIlHC KaKHM- JIH6o 3KCTpeMaJibHb!M <jlH3H'!eCKHM CBOil:CTBOM. 

011eHKH MeXaHH'!eCKHX CBOHCTB npOH3Be,[\eHbl .l{Jlll CJie,[\YJOIIlHX MeTaJIJIOB: JIHTHll, 

a;1roM11HIDI, 6e·pHJIJIHll, lKene3a, BOJibcl>pBMa, PTYTH H cl>PaHD.Hll. Bo acex cnyqaIDC, r,l\e :no 6b!JIO 

B03MOlKHO, npoH3BOll;H!IHCb cpmmeHHll pBC'!!!THbJX H ra6JJH'!Hb!X 3Ha'leHHii 

paccMarpHeaeM&Ix napBMerpoe Meranrroe. 

ITpRHllTSll ffYMepaum1 pHC}'HKOB, ra6n111.( 11 cpopMyJI cxao3H!lll 1I)lll ommil rJIMbl. 

HanpHMep, 3aTIHCb "cpopMyna 2.7" 03HB'!BeT, '!TO ei! HYlKHO HCKaTb 80 BTOpolt rmme, a el:! 

HOMep CeMb. B HB'!B!le nepaoii rJJMbl npHBe,!J;i!H cnHCOK o6o3Ha<ieHirii:, npHHllTb!X B 1amre. 
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Bse~enRe 

3aKOH fyKa 6bll1 ccj,lopMyllli:poBaH HM B 1660 r. 3TO 3aKOH nHHeii.aoii. 3aBHCHMOCTH 

Me)!()l,Y HanpJllKeHHeM H ,11el}>opM11Wieli. .l{mr OJIHOOCHOro Cll(8Tl!JI HJIH pacTJl}J(eHHR OH 

3aTIHCLmaeTCJI B 8H)J.e ypasHeHilll 

B crryqae rH,1!pOCTaT11'lecJ<oro cJICarrur (1mu pacrllJICeHHll) 

AC$opMall,HH, 

- Mocym, o6'b1!MHOH ynpyrocTH, paBHbdi Ha!IplllKCHH!O npu OTHOCHTeJibHOii. 

.c - t.V - " pasHoii. e.IIHHlU\e v11 - -v- l. . Me)!()l,Y MocyneM IOura H Mo.nyneM 

06oe11.moll ynpyrocTH H3Becrua CBJl3L: 

K034>4>H{(Hel!T CTyaCCOl!a. 

)J,Jlll TBep,ULIX Tell K" .c o,s 
C)l{IJIMaeMOCTb (Ko3l\>1jm~e1n ClKl!MaeMocrn), o6'bi!MHaJI ynpyrocri. - 3TO 

o6paTHMoe H3MeHeHHe o6'hi!Ma ae111ecraa no)] ,1!eli.cTB.MeM BCecropoHHero .ll.aBJieuHJI 

X-
H:mecruo, 'ITO cKopOCTL npol\OllbHb!X BOJIH iJ,; onpel\Clll!CTCJI MocyneM IOHra 

MaTep:aarra, a CKOpOCTb norrepe'IHl>IX BOJJH ~ - MO.lJ.YJICM C,Ill!Hra 
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TaKHM o6p8.30M, OCHOBHblMH napaMeTpaMH, onpe.nemuomHMH MeXaHH'iecI<He 

(npO'iHOCTHJ;Ie) xaprucrepHCTJilKH il>H3H'leCKHX ten, llBJllllOTCll u-; £} £) 

,)::" J K v J Kn If CBll3aHHb1e c Hl!MH J,,) ~ )J. B HacTOl!Ineli. pa6ore 

IlOK8.3b1BaeT1:ll, '!TO MeXaHH'lecKHe xapaxTepHCTHKH Ten MOlKHO nonyqaTb H '!epe3 TeilJIOBble 

napaMeTpb1: y,!\eJJbHytO TCllJJOeMKOCTb np!! ITOCTOllHHOM .flllljJICHHH cf' , K03<M1HI{HCHT 

061,eMHOfO pacnmpeHIDI J3 H llJIOTHOCTb Tena B 3aBl!CHMOCTH OT lj>a30B0f0 COCTOllHHll. 

Ecm1 o6bl'IHO, nepe'!l!CJJeHHble ablllle napaMeTph1, np1mHcblBMHCh TOilhKO THepAh1M renaM, 

TO BBO,!(HMblC tennosble napaMCTpbl, Il03BOJIJllOT OCHOBHble MexaHH'leCKHe xapaKTepHCTHKH 

f 
1 

)C , K 11 ) nonyqaTu Mll 4'H3H'ICCKHX Ten, HaxoAl!ll(HXCll B mo6oM H3 Tp.:!X 

4'8.30Bb!X CO<~TOllHHllX. 3TO CYJIIeCTBCHHO pacnmp!!eT B03MOlKHOCTH Bbl'IHCJ!CHHJI Ii 
.J 

no 6onee .11ocrynHb!M .llJill H3MepeHH!! napaMCTpaM H .11erraer 3TOT 

110,LIXO,!( YffHBepCMbHbIM. 

B pa6ote H. H. t!oBHKOBa (l) npuae11enb1 npHMepbl 3JJeMCHTapHh!X olleHOK 

npO'IHOCTll TBepJlhlX Tell H npuMepw TeopeTH'lecl<HX OUCHOK, cpasHeHHe 3THX .!\aHHbIX. 

Yr<a3aHO, qro fIOJll!HH Bbl'll!CJIHJJ reopent'leCKYffi npO'IHOCTh MHOrHX MaTep!!MOB npH 

TeMneparype WiaBJieHIDI, HCDOilbJYll Bb!plPKCHHC 

) 

c 
OD;CHl1Ball nosepXHOCTHJIO 3HeprHIDYno BeJIH'IHHe noaepXHOCTHOro HaTlllKCHHJI pacnnaBa. 

MHHHMMhllall npO'IHOC'.tb MeTaJJJIOB no 3THM paC'!etaM TaKOBa 

<r_. -= .i no t?nq ::: 2 52 -;fa Ml" 
CJ::.,.~ = .1. ~ 'o Mfl°' -== 2S'f ~ 

BllCMYf 

OJJOBO 

IJ,HHK CJ: .. :: saoo Mfl~ :: 5,1 :f; 
KaK BH.llHC> H3 npHBe.o;el!HhIX npHMepoa, 3TO BblcoKHe 1Ha'leHHll npo'IHOCTH, Bb1me peanbHO 

,LIOCTJilrHytblX .!\Ill! HOpMaJJbHhlX ycJIOBid\. 0.D.Ha.KO, .!l.BBHO H3BCCTeH H TOT cl>llK'f, '!TO npH 

KpaTKOBpeMeHHOM Mexam1'leCKOM B03tt;eHCTBHH Ha 4'H3H'ICCKOC TeJIO, ero 
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no,1y<taeMb1e npH TeopHTH4eCKHX oueHKaax, cne.o,yeT OTHecTH, np11 npo'IHX 611aronpHRT-

HbJX tj>aKTopax, K KpaTKOBpeMeHHblM MexaHH'leCKJfM ttarpYJK8M {2). CymecTByeT MHOro 

3.ijeMeHTapttblX cnoco6oe oueJIOK npo4Hocrn [!]. B uacT011melf pa6oTe paccMaTpHsaeTcR 

aJlbTepHarn.BHblfl TCUl!OBOtt. XOTJ! OH npHMeHJ1eTCl! TQl!f,Ko K .!lBYM BHJl,RM .!\CQJOpMaUHH 

( ClKaTllll H pacTl!lKeHHll),no orpaHH'ieHHe KOMIICHCHpyeTcJ! ero y1111aepCa1!bHOCTh!O ,T.K. 

MR Hero OTcyTCTByeT orpaHH'leHHe Ha <jia30BOe COCTOllHHe Tena. 

IlpHHllTLJe o003Ha'leHHH cjlHlH'fecKHX napaMeTpOB· 

E MO.IzyJJb lOHI"a; 

f p MO.IzyJib l011ra npn .11e4JopMauHH pacT1D1CeHm1; 

Ee MO.!lYJJb IOHra npH AecpopMau1111 c>KaTl!ll. 

G - Mo,rzyn1> c.zumra. 

~ - nnoTHOCTb MeTanna npH reMnepaType 6ni!3Kolf K HOJib rpBJ!Ycoa no KeJihBHHy. 

fs - DJlOTHOCTb MCTaJJJJa npH TeMnepaType Ill!SBJJCHl!ll B TBep.O,OM COCTOl!HliH; 

ii - IlJIOTHOCTb MCTaJJJJa np11 TeMrrepaType nnaBJJCl!HJ! B lKHJl,KOM COCTOllHl!H; 

{J - Ill!O'l'HOCTb MeTaJJJlB B )KH,!IKOM COCTOl!HHH npH TeMnepaType KHIICHHl!; 
Ji<~n 

fl - WIOTHOCTh MeTBnna B Ta3006pa3HOM COCTOl!HHI! npH Te M!Iepazype KHneHJrn; 

() - IlllOTHOCTb MeTaJIJJB npi! KpHTH'!eCROH TeMnepaType H naaneHHH. J1<p 
(5' - Hanpl!X<eHHe; 

G; - IIpO'l.HOCTb Ha .11e<jiopMailHIO paCTJ!JKeHl!.ll; 

6; - npO'lHOCTh npn .t1ef!iopMal.llffl Cll<BTl.lff; 

CJ: - K03f!iljnmHeHT noBepXHOCTlloro HBTl!lKeHHJ! ll<ll,!!KOfO COCTOJ!HHJ!; s 
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G
11 

- ofr&eMHaa .llecpopMaumr MeTliJUla npH acecTOpOHHeM Cl!CaTHH mrn pacrnJKeHHll; 

f's -Jll!HeiiHaa .l(e!jiopMauHll MeTanna npll Cll<anm HJlll paCTJIJKeHHll B TB!!p,Il,OM 

COCTOJIHHH npH TeMneparype nnaaneHHll. 

p - JIRIIeliHaa .llecpopMauHJI MeTaJ!Jla npn Cl!CaTHH HJIH paCTS!lKCHHH B lKH.!(KOM 
(,I! 

COCTOJIHHH; 

rl' K11 .. 
f\.V • MO,Il,Ylli> 061>eMHOR ynpyrOCTH; • MOAYllb 061.eMHOii ynpyroCTH npll AC$OpManHH 

K -Mo,n,yn& 061.eMHoii ynpyrocTl! npH ,llecpopManKH pacTl!JKeHHJI. 
vp 

J{ n - K0'.3<lJqmnneHT IlyaccoHa; 

/(
5 

- clKHMaeMoCT& Mtrranna a TBepii;oM cocTollmm; 

Xe -C)l(l!"MaeMocT& MeTanrra a JKH.llKOM cocToJ1Hn11; 

c, -y.n;,eJibHrut TennoeMKOCTb npH IlOCTOl!HHOM .n;aaJieHHH; 

j -K03cp$mi;HCHT 06"!.eMHOro pac1m1peHHJI; 

~ - KoJ<lJqmnHeHT JIHHeiiHoro pacnmpeHHJI; 

~ - CKOpOCTL npO.llOJlbHblX BOJIH; ~ - CKopOCTb nonepeqHbIX BOJIH. 

~ - KHHeTHqecKaJI :meprn11; Wn -noTeHI.(HaJII>HaJI :mepr11J1. 

d -mmeliHoe pacCTOJIHl!e B MeTanJle npHXO.llllIUeecJI Ha O.llHH aTOM. 
~,,,,. 

lfT _ nor:mosHH~ r<o~'/'1'"''1c.1eHm. g.u m~e.p5ow c.oemo.f!.H.U.J.; 

IL'E?<e _ _ 
11 

_ a..i..t ?4CCJ.,/tOW eocmv.9< HMJl. 
{\, -11- If 

E 



fJiaBa1. 
CmpyKJ'fl!j(Ul- ll cpu3u1.ecxu e c8oJcmBci 

:ncu/p-cux vU-emaJT.Jro8 

CocmoJf,HUe 04/f. f eutemK[,{, 

.Mema.11.M~ rvrw. me.,um;iamy/le n.M-18.11eJ.?U~ ~ 
_r ,) ,, 

?1WffKO.M tocmoJ-HU.{,(, - )) 0./1.IA.'lf(JHU.U- no/2.J(:JOK. 

0 - amo.M •:::· - .Ba.teaHCrA.!l 

A, Az - JO.nOJ1J{e11ue BaKaHcuu ; 

61 B2 - oS:p,0.Jo6aHue .fJaKtv-feuu.; 

/j).f [j)2. fj)'3 - fiJW0€CC men.A..o8ozo CmOJJKH08eHU9. 
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CTpyio:ypa H 4jiH3H'leCKlie cuoikroa lKHAKHX MeTllJIJJOB 

B (3) >Kll,!IKOCTb onpe,11em1eTCl! cne.ztY!O!I1HM o6p83oM: " )f{H,n;KOCTb!O H!l3IdBaJOT 

arpei:aTHoe COCTOl!HHe aemecTBa, npoMe)[(fTO'lHOe Me>K.zzy TBep,!lbIM H ra:ioo6p!13Hb!M. 

)i{H)lKoCTb xapaKTepH3yeTCl! CJie,!1yiOII1HMH CBOilCTBaMH: 1. coxpaHlleT o6'bi!M; 2. o6na,n;aeT 

TeK)"leCTblO (npHHHMaeT qiopMy cocy,11a); 3. o6proyeT noaepxaocTb; 4. o6na,n;aer 

npO'lHOCTbJO Ha p8.3pb1u". B aacrol!mee apeMJI C'IHTaeTcJI, 'ITO llCHllKOCTb HMeer 

co6cTBeHHyiO ij>opMy. Ecm1 OHa HaxO,llHTCJI B CB060/.l,HOM ,!IBH>KeHHH IlO.ll ,11ei!CTBHeM 

rpaainau:HOHHb!X CHIT, TO npHHHMaeT ii>OPMY mapa. 

Cymt:cTBeHHhlH BKnM B Jll!3BHTHe HayKH o >K!UIKOCTJIX BHecnH CT10apT, .H. H. 

<l>peHKem., ,l],e6aii, ~epHHK, I1pHHC, B. H. ,l],aHHnoa, H.B. Pa,n;qeHKO, A. <I>. CKphlmeacKHit, 

A. P. Perenb H 11pyrne. 

CTJOapT Buen nOHllTHe "cu6oTaKCHc" - npOCTPaHCTBO BOKpyr MoneKynbl )[{H)IKOCTH, r/.l,e 

6ITH>1<aitmne MoneKYITbI pacnonara!OTCll B onpeAeni!HHOM nopl!l\Ke. 

B 1927 ro.zzy ,l],e6aii BBen npe.D,CTaBJieHne 0 pll,!IHMbHOH iPYHKllHH Me>KEITOMHblX 

pacCTOJIHHH vi (J) , onpeAeJil!IOIUeii B3aHMHoe pacnOJIOl!CeHHe aTOMOB. 

0/.1,HOBpeMeHHO ~epHHK H I1pHHC BBeJIH lj>yHKUHIO pacnpe.D,eneHHll aTOMHOH nnoTHOCTH 

F { R ) n noKroann B03MOl!CHOCtb el! onpe,n;eneHHll no '.lKcnepHMeHTanbHoit Kpnuoit 

HHTeHCHBHOCTH. 

B. I1. ,lJ,aHnnou n H. B. PM'!eHKO ycTaHOBHJIH, '!TO npH nnallneHRH Merannoa n HX 

CIIJiaBOB pa3MemeHHe aTOMOB OTHOCHTeJibHO ,n;pyr /J.pyra He rrpoH3BOJlbHO, OHO coxpawreT 

qepTb! TOH B3aHMHOH KOM6HHaUHH, KOTOpal! HMeeTCll B COOTBeTCTByiOIUHX TBi!p,l:lb!X Tenax. 

B. H. ,lJ,aHHnos H A. ¢1. CKphlIIIeecKHil o6ocHOBanH B03MOllCHOCTb Hccne,n;oBaHHll 

CTpoeHHJI MOJleKyJI no peHTreHorpaMMaM l!CHllKOCTeH, IlOK83anH, '!TO paCCTOl!HHe Mel!C.lzy 

aTOMaMH B MOJleKynax onpe,11eJllleTCll c TaKOH l!Ce TO'lHOCTb!O, KaK H npn HCCJIC.llOBaHHH 

pacceHB!llHHll peHTreHOBCKHX nyqel1: rroa~m H KpHCTaJIJTaMI!. 
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~- H. <llpeHKeiu, .uan ypaBHem1e, no3BOJilliOW:ee aaiirn W1HTerr1>11ocT1> npe61>rsaH11ll 

MOJ!eKym.i BO BpeMeHHOM IIOJ!OllCeHHH paBHOBeCHll - apeMJI oc!!.urroli 'llCH3HI! 

_f_.. 
C['"::::.'f;·e ~r (i..t) 

r.ue 'l; -nepl!O.ll Kone6rurnli MOl!eKyrrhl; f -:rneprID!, onpe.uerrlleMaJI pa6oro:lt, 

KOTOPYJO He06XO.ZlllMO 3aTpaTl!Tb Ha TO, 'IT06bl o6ecne'!HTh MOJJexyne B03MOJlCHOCTh 

nepelirn: 113 o.11Horo norrolKeHHll B coce)l!l.ee; 

-12 
BO.Zll>I CZ: :- i 'f" 10 C.. ) 

/{ - nocrol!HHaJJ Eon1>uMaHa. Hanp11Mep, .ll!lll 
-9 'l= 1,t· 10 c 

ARa,neMHK A. <1>. Hoqupe YKaJaJI Ha oTcyrcTBHe npHHUHllHaJibHoli pa3!!11L(bl B 

3JieKTpH'Iecirnx CBOliCTBax TBlip.ZlbIX H lKHAKllX ten, H3 'lero MO)!(HO 3aKmo'IHTb, 'ITO 

onpe.ue.1DI!OllJYlO po.lib }J,Jill :meKTpH'leCKHX cso1kTB 11rpaer 6JilllKHllH nopl!AOK, T.e. 

XllMllqeCKail npHpO.Zla aTOMOB, reoMeTpllll HX pacnoJJOlKeHHll II a6comoTHOe paCCTOJIHHe 

MelKJIY HHMlll, 'ITO O.UHOBpeMeHHO onpe.11ellJleT xapa1nep CBJl311 B aemecTBe. 

CTpH HarpeBaHHH MeTallJIH'!ecKHX lKH.ZlKocreli np0Hcxo;i11r He TOJJbKo H3MeHeHHe 

CTpYKTYPhl 6JilllKHero nopll,ZlKa, HO II . . . "HapacTaeT KOHIJ;eHTjlal.(llll JIOKaJJbHhlX nyCTOT". 

'.)-ro oTp!l)!i\aeTcJI Ha ::lJJeKTpoHHoi!: nposo.u11Mocrn MeTanna. (CM. A. P. Perenb 

"Hccne.noaa.HHll 3JieKTpOHHQJ;l npoBO.!lllMOCTH MeTaJJJ!OB, cnnanos H HHTepMeTaJIIIll'IeCKllX 

coeJIJ'IHeHldl B )!(HL(KOM COCTOllHllll" B ( 4} 

Crpyxzypa npOCThlx >Klf.llKOCTei!: KOl!ll'IeCTBeHHo MO)KeT 61>rr1> oUHcana pa,nH11111>Holi 

QJYHKu11eli i:·acnpe,ueneHHll 

JJJIOTHOCTH .J ( R). 

W( R] 

Jp(R) W(R/-

HJIH QiyHKUHeli pacnpe.ueneHHll aTOMHOH 

(1.. fl) 

KOTOpaJJ no1ta31>IBaeT Bepo»THOCTh Haxo)K}J,eHllll aToMOB Ha paccTOJIHHH R OT nepaoro. Ha 

pHc.1:(, 1.2.· 13' 1..'f H 1.5 rrpHBe)l.eH BH)l if>yHKUHH W { R) ,!J.J"Ill TjlCx cocTOHHHH 

semecTsa. 
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B n11ean1>HOM KpHcTanJie TBep11oro TeJia pacnoJio>KeHHe aToMoB ynopll,!IO"letto. AT0M1>1 C 
Kfl_\ pellleTKfl Hax0.1\l!TCll Ha paCCTOllHHH {1 :: 2. Z ~ (.\ 12' j ~ 1f.3'; Gl v h ~ k \ e 21 

hi k IA. .f. 1.1em;1e 'IHCJia. BepOl!THOCTb HaXoJK,rieHHll aTOMOB Ha acex 

,ripyrnx paccTOl!HHJIX pasHa Hymo. Ecn11 npe,ricTaBllTb ce6e, 'ITO TaKoll: KpHCTMJI Bp~aeTc11 

BOKpyr 0,11HOfO H3 aTOMOB, TO 1.1eHTpb! .!lPYrHX aTOMOB. 6y;zyr pacnonaraTbCI! Ha c4Jepax 

)'Ka3aHHl>IX pa.r11~ycoB H !ill O,LlllH H3 HHX He OKaJKeTCH Me)!()zy 3THMH c<l>epaMH. Pa,!lHMbHall 

cjiyHKQHll W(R) 0Ka3bJBaeTCll ,11!1CKpeTHOH (cM. p!lc.1.lf) 

w'(R) H <l>YHKIJ;Hll pacnpe.11eneHHll aTOMHOil 

IlJ!OTHOCT!I J;J ( R I CBl!3aHbl COOTHOIIleHHeM: 

(1.. 3} 

Ecmi pacnpe11eneHHe aTOMOB He ynopll!IO"!eHo, TO J { /<.. J ~ f =fl 
3To cpe.Il,Hllll llllOTHOCTb aelll,eCTBa ( ~ r ) . lKHAKOCTb. EcnH HMeeTCll nopl!llOK, TO 

HHTCrpail OT 4>YHKIJ;HH aTOMHOfO pacnpe11eneHHl! 

R-.. 
J 't'JIP/,JJ{R] d R 
R, 

(L tr) 

iJ.a<!T KOOp;:inHaQHOHHOe "l!ICJIO. 

TaK, nepBhlH MaKCHMYM Ha rpacjJHKe (cM. pHc. 1. 5) cjiyHKIJ;HH aTOMHOro 

pacnpe,rieJieHJ!ll lKH):(KOro 30JIOTa COOTBeTCTBYeT Pa.!lllYCY nepaoil KOOp,iU!HaQHOHHOil cqiepbl 

KpliCTanna, a IlJIOIIJ;a)lb no.o. HHM HMee'f 'IHClleHH)'IO BellH"!HHy, paBH)'IO 11 (qro )la!!T 

cpe,nHee KOOp,11HHaIJ;HOHHOe 'IHCJIO). 

<l>yHKnHH \.v' { R) IA ,f ( ~ ) MOryT 6b!Th BbNHcneHLI TeoperB'IecKH 

H onpe)J.eJleHbl 3KCnepHMeHTMhHO (CM. pHC. 1. 5) 
Oni,rr nOKa'lhlaaer, qTO npH nnaaneHHH THilH'IHblX MeTMJIOB Hx :meKrponpoBO)J.HOCTh 

H nnoTHOCTh YMeRhIIJaroro1. 
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IIpocrreAHM 3a H3MeHeHaeM 3THX .usyx napaMeTpOB OT TeMnepa-ryphl AJ!ll Tpex 

COCTOl!HHH. 

y lKHAKHX MeTaJIJIOB, KaK H y TBi!p.!lhlX, 60JibIDall npOBOAHMOCTb. Ilpeo6Jia,r{a!IHe 

MeTammqecKoro THna CBl!3ett Il!lasJieHHeM He HapymaeTCl! (~ 8 ~, Ge 
1 

Ga, SC ) 
Hao6opoT: npH rrmmJieHHH 3JICKTpOIIpOBO,!\HOCTb pe3KO B03pacTaeT H COOTBeTCTBeHHO 

yseJIH'IHBaeTCll IIIIOTHOCTb). Ha pHC. 1~ B Ka'!eC;Be npHMepa npHBe):\eH. rpalf>11x: 

ll3MeHeHHll yAeJihHoro conpOTHBJieHHll pzyTll OT 

TeMnepa-ryph!. )l(HAK!lll pzyTD npa TeMnepaType KHIIeHHll l!MeeT YACllhHoe conpoT11BJieH11e 
-g . 

::::; 1 lfS · 10 0.M ·.AA Eepq nccneAOB!l.JI yAeJii.Hoe conpoTl!BJieHHe pTYTll 

npH Bh!COKHX TeMnepa-rypax. ,[\llll PTYTH OH rrpocneAHI! ll3MeHeHHe conpOTHBl!eHHll AO 

KpHTH'!ecKoii TeMrrepaTyphl (1733 ° K). (4) Eepq noKB3an, 'ITO AaJKe npa oqeHi. 

3HB'IHTeJihHOM ClKanm napos PTYTH OHH He npoBoAHT 3rreKTpH'IeCKHfi TOK H llBl!lllOTCll 

.mi:meKTpllKaMH. B Ta6JIHI1e 1JAl!ll Tpex MCTamroB npHBe.neHbl ,naHHble 0 IIJIOTHOCTH npH 

TeMnepa-rype 61!H3KOH K OOK 
{ (.) ) ; npn Te:1.mepazype l!Jla.BJieHHll B TBepAOM J• 

COCTOl!HHH A ; npH TeMnepa-rype IIllaBneHHll B l!CHAKOM COCTOllHHH fe 
npH TeMnepa-rype KHIICHHll B lKH):IKOM COCTOllHHH /) 

J11.un 

B napoo6pa3HOM COCTOl!HHll fl 
H npH TCMnepa-rype Kl!IlCHHH 

)J,Jill CpaBHCHHll np.l!BCACHa TaKl!Ce !IJIOTHOCTL MeTanJia B KpHTll'IecKOll! COCTOHHHH 0 ' 
JK.p 

ll.wmHocmb ,wem(l}l.706 6 mpex cocmoRHWIX Ta6J1u1Ja 1.1 

I N2 Tiapa.MeTp ATOMH. .Po il JJ ..e!.. A K.t. ~'"~ ,f,. .!!1 ~f' ..e!.. 
MeTanJI HOMCP M' M, t Mi" 

r ""'' ""'J 
1 HaTPHH 11 1010 952 928 738 0,158 198,2 
2 Cepe6po 47 10600 9860 9275 79000 0,864 -
3 PTVTL 80 14430 14193 13690 11750 3,878 4600 

Jfa np1rne,neHHO!t ra6nHUhl BHAHO, 'ITO HaH6onee cyiuecTBCHHO IIJIOTHOCTb MeTal!Jia 

ll3MeHllCTCH npH nepexo.ne B rrapoo6pa.3HOe COCTOl!HHe. 
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IlnOTHOCTb MeTa'JJJa B Kp!!Tl!qecKOM COCTOllHl!I! cpaBHl!Ma c IInOTHOCThlO B TBep,llOM 

AP 
COCTOJ!Hl!I! .fi . ):(nll HaTpl!J! OHa COCTaBJilleT 19,6%, a Ml! PTYTH - 31,9%. 

A. P. Peren& npmrren K JaKnioqeHl!IO, '!TO nrranneHl!e Bl!CMyra, repMaHllJ!, rarrrrlill 11 

OlIOBa conpoBOlK.llaeTCJI 1!3MCHeHl!eM xapaicrepa CBJ!3H II nepeXO,[IOM OT pbIXlIOH CTp)'Kl)'pbl 

K 6onee IIJIOTHOH, xapaicrepHoii )l.Jlll MeTanJJH'leCKOfO COCTOllHHll. 

0. 51. CaMoiinon IIOKa3aJI, '!TO 1!3Me11e1111e xoopJ:111HaIUIOHHOro 1111cJJa np11 rrnanneH1111 

TeCHO CBJ!311HO c TpllHCJIJl11110HHb!M ,[IBl!)KeHHeM aTOMOB. EcJJH B TBep,llOM TeJJe aTOMbl 

pacnOJJOlKeHhl He IllIOTHO, TpaHClill11110HHOe ,llBl!lI<em1e, B03Hl!KaJOJUee np!! rrnasJJeHHH, 

rrpHBO,lll!T K TOMy, '!TO aTOMbl, CO!lle,nrrme co CBOl!X MeCT, IlOIIa,llaJOT B COCe,llHl!e rryCTOTbl, B 

pe3yJJ&TaTe qero KOOp,llHHauHOHHOe q11cJJO yneJJH'll!BaeTCll. Ilp!! IlJ!aBJJeHl!I! TeJJ c llJIOTHOii 

ynaKOBKOH 11a6mo):laeTCJ! o6paTHOe J!Bne1111e: TpaHCJIJl!.ll!OHHOe ,llBl!lKeHl!e npHBO,lll!T K 

o6pa30BaHHIO JJOKaJibHblX pa3pl!lKeHHii !!Jiii JlblPOK. A TOM.bl B lKH,IU(OCTJ!X MOryT 6b1Th 

OKpylKeH.bl H HeCKOJ!bKHMI! ,llblpKa~m. Kp!!Bal! >Ke pacrrpe,lleJieHHll ;'lal!T HaM TOlibKO 'll!CJIO 

aTOMOB B KOOp,ll!!H!lllHOHHOii c<!>epe, HCKJIIO'lal! J(b!pK!!. 

TaKHM o6pa30M, KOOPAHH!lllHOHHoe 'll'lcno B lKH)J.KOCTJ!X, onpe,nenl!eMoro no 

KpHBblM aTOMHOro pacnpe,neJJeHHJ!, He MOlKeT 6b!Tb paBHblM KOOp,lll!H!lllHOHHOM)' ~cJJy 

cooTseTCTBYJOJUero TBep,noro Tena (A. cl>. CKpbl!lleBcKHii). B ra6nm1ef,2 npHseAeHbl 

,llaHHble 0 KOOpAHHaul'IOHHbIX 'lHCJiaX ){Jiii TB!!pAbIX MeTaJilIOB II MeTaJIJIH'ieCKHX lKH){KOCreii.[~J 

C nos&1meHHeM TeMneparyphl TpaHClIJ!UHOHHoe ABH>KeHHe aroMoB ycm111naercll, 11x 

B3al'IMHOe pacnoJJolKeHHe CTaHOBl!TCll BCI: 6onee xaOTl!'lHb!M. 3ro HaxOl{HT OTpa>KCHHe Ha 

Kpl!Bb!X aTOMHOfO pacnpeneneHHJ!, MaKCHM)'Mbl KOTOpbIX nocreneHHO pa3M.b!BaJOTCJI. 
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KoopOuHai4uoHHb1e 'IUCJla mBi!pOozx MemaJl!loB 

u MemaJUIU'leCKUX :J/CUOKocmeii Ta6Au11a 1.2 

Jlf2 napaMeTp ATOMH. Tun KpHCT8.llJI )l{lf)lKOCTb 

MeTSJJJI HOMep CTP}'KT)'Pbl R Ao t: R fl 0 ~ 
l A.m<1"1HHHH 13 fl(K 2,86 12 2,94 10,8 
2 30JIOTO 79 .. " .. "-" .. 2,83 12 2,86 11,0 
3 CB1rnen 82 11 II tt 3,40 12 3,46 10,5 
4 JlHTHli 3 OUK 3,0 3,5 8 6 3,24 9,8 
5 Hamnli 11 1111 ll 3,72 4,5 8 6 3,86 9,3 
6 l(HHK 30 rrrY 2,6 2,9 6 6 2,94 10,8 
7 Ka.nMHli 48 11 II II 3,16 6 6 3,06 8,3 

3,34 
8 HH.llHH 49 TeTparOH 3,17 4 8 3,32 10,7 

3,37 
9 PT)'Tb 80 PoM6o::i.llp 3,02 6 6 3,13 8,3 

3,43 
10 BHCMYT 83 11 II II 3,09 3 3 3,25 7,2 

3,46 

CornacHo M.3. <t>muepy a lKH.llKOCTI! rrp11 Hll3KHX teMnepaTYpax cne)lyer pa3nnqaTL 

Tpll THIIa CTpyKTYP: 

1. Heynopll.llO'IeHlfYIO MrnoaeHHYID CT))yKTypy, cymecTByiouzyro B reqeHHe speMeHH. 

f, < cc;; 0 HaJIHqffl! 3TOll CTpyKTYpbl MOlK!IO cy)ll!Tb ITO cfmyKTyauHJ!M qHcJia 

6n11lKailllll!X coce.lleli, .llOCTHrarom11x 20% H 6onee. 

2. Kea:mKpHCTa.JIJIHqecK)'lO cTpynypy a npe.llenax He6onr,mnx rpyrrrr MoneK}'!1, 

cymecTay10uzyro B reqeH11e Taxoro speMeHH ' 'ITO 

He.llOllfOl!UIBYinWI CTpyKTypa. c Hell CBJl3aHb! 6brcTp&Ie MCXaHH'!CCICllC npOl.lCCCbl, npH 

KOTOphlX npoSIBJIJl!OTCll CBOliCTBa ynpyroctH li rrpoqHQCTH lKli,nKOCTH. 

I1pH rrpliiIOlKeHHH CHJibl ' H3MeHll!OllieHCJ! 3a apeMll. MeH&ll!e CZ: 

aKTHBHpOBaHHble cKaqKH MOJleK}'JI H3 OAHllX paBHOBeCHLlX llOJ!OlKeHHH B .upyme He 

ycrreBa.IOT rrpOl!BHTLCJ! H PeaKl1HJ! lKH.llKOCTeli Ha BHClIJH!OIO Cl!J1Y CTllHOBl!TCJI aHaJIOfll'!HOH 

peaxUHH Tl!iiP.llOfO Tena. 
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3. Cpe,!llllOJO C'fPYKTYPY 6irnJKHero oKpylKeHHll, cymecTBYJOllcylO ,!IJIHTilm.Hoe 

BpeMl! ,[(an&HHii nopl!,!IOK B pacnOJJOlKeHHH 'lacTHI( ylKe HapymeH 

MacCOBblM TpaHCJ!lll(HOHHblM ,1\BlllKeHl!eM MOJ!eKyll, OCTal!TCll lll!Wb 6JJHJKHlll! 

ynopl!.!IO'leHHOCTb. HMeHHO el! Mb! H orrpe,11em1eM peHTreHorprui>H'lecKH. B nani.HeiimeM 

non IlOHl!Tl!eM C'fPYKTYPhl lKll,llKOCTH 6yneM lIO.!lpa3YMeBaTb cpe,nlllOIO CTpYKTYPY· c 

Heil CBll3al!hl lIJIOTHOCTb, Bll3KOCTb, ClKHMaeMOCTb, .!IH4>4>Y3Hll H npyrne CBOil:CTBa 

lKH)l;KOCTH. 

Ilepe'IHCIIHM pe3yll&TaTbl llCCJJeAOBaHHil: H3MeHeHHll <Pmw1eCKHX CBOHCTB 

lKH.Il.KOCTell: noA BJJHllHHeM acecropoRHero naaneHHll. Ha116onee H3BCCTHhl B 3TOii o6JiaCTH 

pe3yJI&TaTbl pa6oT EpHAllCMeRa. 

l. ClKHMaCMOCTb MeTaJIJIOB B lKH,!IKOM COCTOllHllll J ,5 2 pll3a 60JI1>rue, 'ICM B 

TBl!pAOM.; 

2. ClKHMaeMOCTb lKll)l;KHX MeTaJIJIOB o6bl'IHO HMeeT xopomo BblpalKeHHhlii MHHHMYM; 

3.C pOCTOM AaBJieHHll CMemaeTCll He TOJibKO TeMneparypa DJiaBJJeHIDI, HO ll Bellll'll!Ha 

cKa'!Ka conpoTHBJJeHIDI, 1<0Topa11, KaK npaaHno, YMeH&lllaeTcl!. 

P-=120001(.r ~ 120 id" 
IlpH c..,.t MM 2. He npeBOCXO,!IHT 10 7 15%. 

4. ,[(aaneHHe npHBO.!IHT aemectao c attmorponHol! crpyKTypoii ( f J. AS,' Bi J '"re 
K MCTaJJJIH'leCKOMY COCTOlIHHIO, 6onee ycroii•IHBOMY npH 3THX ycJJOBHl!X. 

B CoaeTCKOM Col03e 3KcnepHMeHTaJJbHhle <PaKThl caoiicTa lKH.n;KoCTeii anepab!e 

o6o6manHCb .H . .11. cl>peHKeneM. [ 5] 

l. IlpH lillaBJJCHHH TBl!p,[lb!X Tell OTHOCl!TeJ!hHOe yBeJJH'ICHHe 06'beMa He rrpeBbllJ!aer 10%. 

ITpH llCnapeHllll yaellH'lellHe 06'beMa npOllCXO,!J;llT B ,[(eCllTKH pa3. 

2. CKphlTaJI rennoTa IlJiaBJJeHlll! 3Ha'IHTCJ!bHO MCHbllle renJIOTbl HCnapeHl!ll T.e. CHJlhl 

B3aHMOACHCTBllll MelK.!J;y 'laCTHIJ,aMll HCilb!Tb!BaIOT cpaaHHTellbHO He60JiblllOe 

ocrra6neRHe. 
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3. TennoeMKOCTh Ten no'ITK ae MeHlleTCl! npH nnaBJieHHH. B lKH)J,KoCTH qaCTOTa CKa'llCOB 

nepeMeHh! MeCT 3Ha"!HTerrhHO Bh!Ille, "!eM B TBep)J,OM Terre. nonolKeHHll plllmOBCCHll 

KOJie6JIKllllHXCll "lacTHl\ lKHIJ.KOCTH He OCTalOTCll CTpO!'O $HKCHpOBaHH.blM B 

npoc'IpaHcTBe. OHR cnoco6Hhr coaepwaTh ,!l;pel!4> BMecre c oKpyx<aio~MH HX 

COCe)l;l!MH. 

4. npH )J,OCTaTO"IHO MaJIOM apeMeHH B031J.eilcTBHll lKHIJ.KOCTh IlpOl!llID!eT ynpyrHe CBO.itCTBa, 

o6Hapyll:HBall .t1aJKe no.r10611:e xpynxocTH. Tax, npH y.r1ape neTllmeli nynH o CTPYIO ao)J,bl 

nocrre.!1illll!) KaK $HKCHpyeT KllHOC:i.tiMKa, pa3JleTaeTCll B BH)J,e OCKOJllCOB KYCO'lKOB J!h,!111, 

no ae Kanenh. 

S. Mrnoae1rnoe pacnonolKenHe qacrnu B IKHJlKOCTH aanoMnnaeT pacnorroi1eeHHe aTOMOB B 

Il0):\06HOM TBepAOM Terre. OcHOBHal! CTpyKTYpa lKH):\KOCl'H <j>opMHpyeTCll KBK "6nHlKHHll 

nopMOK". 

B Ta6JIH1\e 1.3 npHBeAeHbl .!1aHHh!e o6 ycpe,!1Hl!HHOM paccTOl!HHH MelKUY aTOMaMH 

MetannoB B 'Ipi!X COCTOllHHJIX. 

N2 

1 
2 

Paccmo11H1JJ1 Me:J1Coy amoMaMU J11emaJ1ll06 
6 mpex cocmaRHURX Ti 6 1 3 a JIUflO 

f" IlapaMeTp aTOMll 0°K ~.(TB) 'fnA (XG) T.···- {UAP} 
Metarrn HOMep I? ?. A.1!1 2'. w..s. ?<_,(/ ~ z; ~-fD 

"" 
.JEL ·to~ • 10 J4 · 10.., s. ·to'~ M~ MJ ""> ,..> 

:lKerre30 26 7940 2,27 7400 2,32 7040 2,36 0,04 132,3 
PTYTb 80 14490 2,84 14193 2,86 13620 2,90 3,88 44,l 
IlpHBeJ~eM npHMep BhJliHCJieHHll Il110THOCTH napa l!Ce1le3a npH TeMnepazype KHileHHll 

T;.,11 :: 3023 ° K 

fio ABHHblM [ 6 J IlOCTJ'OH11H rpatjJHI( 3BBHCHMOCTH AaB11eHIDI napa lKeJie3a OT 

TeMneparypb! tnp= /(T) ' 3KCTJ'all011HpoBanH rpa$HK )J,O teMnepaTypbl 

tnp = J, g . p = 18 03'{ no. ) p 
T.K. P= n.kT TO n = --;::;:;- n. = ~32· 10'-

3 ~' 
/'(,. I 1< 

m = ~. f.J=nm, -= 
I I Jn 

= -4- · '1532· to'-::: O,i O'f · 1'~ • 
/V/t M 

KHileHHll. 

Macca o.rtnoro aToMa lKene3a 

n,wriocr/, TIAPll 11<eM3A 11p11'fn11.: 
J: =- o,o'f ~'; 
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}fa. Ta611HrrbI 1.3 BH,!UW, 'ITO }'MeHo!IleHHe UJIOTHOCTH MeT/l.1111.a npH lIOBbIUieHHH 

COCTaBJll!eT ll/IJI. lKeJie3a 6,8%, /:(JISI pryTH 2%; 

}'MeHb!IJemJe UJIOTHOCTH npH nepeXO/:(e B JKHIJ:KOe COCTOl!HHe COCTaBJil!eT /:(JIS! lKeJie3a 

11,3%, P,JIS! pTyTH - 6%, a nepexo/J. a ra:ioo6pa:iaoe cocrol!HHe rrpH TeMrrepa'l)'pe KHneHHl! 

npHBO.zIHT K rro'!TH 100% yMeH&!Ilemuo UJIOTHOCTH. TaKHM o6pa:ioM, cyw;eCTBeHHOe 

nne 
H3MeHeHHe IlJIOTHOCT!I MeTaJUIOB npmiCXO/J.l!T TOJibKO lip!! 'XO,L{e ero B ra:ioo6pa3HOe 

COCTOllHHe. T.K. mo6oli ra3 3a1rnMaeT mo6oli npe.l:(OC'IaBJJeHHblil: eMy o6neM, TO B HCM 

MelK.LlY aTOMaMH rrpeBaJillPYJOT Cllllbl OTTa'lK!!BaH!ll!. IT03TOMY npO'IHOCTb ra:ia Ha 

paCTl!)!(em1.e OTpHU,aTerrhHa. A B KpHTH'ieCKOli TO'!Ke - pasna nym<i. T.K. KpHTH'ieCK'lle 

TeMnepaTYpbl ,L{JlS! MHOrHX MeTaJJJIOB HeH3BeCTHbl, TO npn6JJHl!d!HHO MOlKHO C'!HTaTb, 'ITO 

npO'IHOCTb MeTaJIJia Ha paCTl!lKeHHe rrpH TeMnepa~ KHIIeH!lll paBHa nymo. 

1'fayqenHe rrpoTIHOCTHhIX caolicTB MeTaJJJJOB 11MeeT oco6hlli npaKT!l'lecKllli CMi.rcn. IIpa 

3TOM HMeIOTCl! B BH.UY cpaaHHTeJlhHO Bb!COK!le ,!ll!HaMll'!eCKHe (y.uapnb!e) narpy3KH. 

ITpo6neMa "cnapl!,!la H 6pomi:" aKTYani.tta ne TOllhKO na 3eMne, no 11 B KocMoce. 

Heo6xo.unMo ,D.aTb oTBeT na cosceM ne npa3,!1.Hblil: sonpoc : "BcTpe'la c KaK!IM KOCMH'lecK'l!M 

TeJJOM no Macce l! c KaKoli CKOpOCTb!O neTl!UJ;HM /J.Jlll KOCMH'!eCKOro Kopa6JISI 6y.ueT 

6e3onacni.!M?" Unaqe rosopl!, HMenno Kopnyc KOCMHTiecKoro Kopa6n11 B KocM11'lecKoli 

cpe,Lle ,L{OJI:IKeH BbllleplK!!BaTb Bb!COKHe y.uapHble Harpy3KH. 

KpaTKHe BbIBO,!l&I K rnaue 1. 

1. )KH,!l.KHe MCTaJJJlbl HMeIOT Pll.Zl CBOliCTB c6JJHlKaIOUJ;HX l!X c TBep,!lhlMH MeTa.JIJiaMH. 

Cp 
1 

J. 1 f, ~ H p11.u csolicts OTJIH'laIOIUHX oT n11x (Bb1COKYJO TeKYTieCTh, (;. = 0 

MMYJO nosepxnoctHyIO 3Hepnno H T.)I:.}. VI CXOACT!IO c11olkTB '!! nx OTmi:'ille o6ycnoaneno 

CTPyKTYpO:il lKH,!1.KHX MeTan.TIOB. 

2. :>KH,D.KHe MeTaJJJlbl HMeIOT npO'lllOCTb HR CliCRTHe H npO'lHOCTb Ha paCTl!lKeHHe. )J;anHble 

no npO'lHOCT!I lKH.l:(KHX MeTaJl./lOB Ha paCTSJlKeHHe B CIIpaBO'lHOH JJHTepazype 

OTCYTCTBYIOT. 
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3. CpaBHHM&Ie eeJJH'IHHI>I npo'IBOCTHl>lx ceoliCTl3 ~ TBt!p){ldX TeJJ H llCH.!tKOCTeli 

IIOll)"ia.KITCK TOJ!l>KO npH ynapHbIX Harpy3Kax. l1 CTeKllO H CTpYK BO)l.bl neT11mett nyneli 

pa36Jo!Ba!OTCK Ha O)l.Jo!HaJ<OBb!C OCKOJIKJol. 

4. 0CHOBHWI cTpyraypa lKH,llKHX MeT3.J"JJIOB $OpM11pyeTCK KaK "6JlHlKHllH nopll,llOK" (.SI. 11. 

<l>peHKenb). 

5. Koop.1tll11~01111oe tincno .1tllll lKH.!tKll.X MeTaJil!OB 11.MeeT MeHbIUee JHatieaae, tieM JJ.JJK 

Tiiep.11b!X. <l>nyKTyaI!llK ero nocT11.raeT 20% H 6oJiee. 

6. ITpotiao1:T11ble ceoll.cTsa lKH.!tKOCTeli suepBble onpenenxrtHCb flomIHll. 

7. )l(ll.1tKlle MeTaJlllbI RMeIOT MaKCllMaJlhHYIO IIJIOTllOCTb npn TeMneparype 3aMep3aHHll H 

MaJ!YIO npH TeMnepaType KHIIeHHll. 

Jlureparypa K rJJaBe nepBoii. 

1. Hos11Ko11 H.H. CTpyKTypa n ctpyKTypHo-tiyCTBHTeJJbHIJe caoif9Tna peallbH&IX 

Kpl!CTMJIOB. "Bmr1a ruICona" KneB l 983r, 264c. 

2. Perem. H.P., CnyuKep A.H., ToMamescIC1il!. 3.E. l<HHetH'lecKall npnpona TBepM>JX Ten. 

YcnexH <jlH3R'leCKllX HayK, 1972r, <jle11pani., TOM 106 Bblrr.2. 

3. KY3hM11•1en B.E. 3axoHbl H <jlopMYnb! ci>H3RKH CnpaBo'lHHK, Hayxona JzyMKB, Knee 

1989r,862c 

4. CTp)'KT)·pa H csolicTBa lKH.ll!GIX MeTaJJJloB. Tpy.zu,1 ceMHRapa no caolicTBaM lKHm<HX 

MeTaJlJlOB. l1HCTHTYT MeTW1Jlyprn11 HM. A.A. BaliKosa. AKa)J.eMHll HayK CCCP M.; 

- l 959r, l 45c 

5. BaYM B.A. MeTaJ1J1HtiecIG1e lKH.!tKOCTH. "HayKa" M., 1979r, l 19c 

6. Csoikrna :ineMeHTOB CnpaaotiHHK B AByx KHHrax IToA o6meli pei:1. npo<jl . .!tOKT. texn. 

HRyK M.E. APH11a lb)I. Btopoe, nep. H 11on. M., "MeTallllyprilll" ryn )l(ypHaJI 

"~Bel'HlJe MeTaJ!lll>l", ! 997r 

7. CKpblllleBCKHli A.<l>. "PeHTreHorpa$Hll lKHJIKOCTeli" H:i.1:t-BO KHeBcKoro yHHsepcHTeTa 

Kaee 1966r, 123c 
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OcuoBHble l3K0Bhl H COOTHOIDeHHSI, xapaKTepHlYIOlll.Be MeX3Hl'l'leCKlle CBOHCTBa 

Te.JI, 

B 3TOll rmme npKBOARTCll OCHOBHhle 3aKOHbl If COOTHO!IICHHll HCUOJ!b3yeMI>Ie B 

cne.uy101UKX rnruiax. 

OcHOBH1>1e o603Ha'!eHHll <jJH311'!ec1rnx napaMeTpoB npnae.n;ea1>1 B o6meM cn11c1<e 

nepe.n; nep11oli rnaaoll.. 

2.1. 3aKOJI J'yKa. 

3aI<OH fy1<a YCTaHaBJll!BaeT npllMO nponopU110HaJI1'HYIO 38J3l!CllMOCTb MeJKll)' 

Hallpl!lKeHl!CM II .n;e<jJopMauKell.. 

( .2. i) 

Tai< OH 3anKC1>1BaeTCll .!\Jlll OAHOOCHOro Cl!CaTJill HJll! paCTlDKe!lllll. Ko3<jJ<jJKul!eHTOM 

nponopu1rn11ll.ll1>Hocrn npH 3TOM cn)'l!mT Mo.uyn1> IOara. (E). 

B cnyqae rHApocTaTl!'i:ec1<oro (acecropoHHero) c;Kan1J1 Te.Ila anH pacTlllKeHini, OH 

3an11c1>Iaaerc11 B Bl!Ae 

(.2. 2) 

me . f{ V · MOAYJib ofrJ,e111aoli ynpyrocrn. MeJKllY MOAyneM lOnra H MoJJ.yneM o6'heMHOl1. 

ynpy'rocrn H3BeCTHa CBll3b. 

K:::: v 
E ( .2. 3) 

f.!\e K 11 - 1<03¢qrnuneHT Ilyaccoaa. 

t. e 
T 

(2. '1) 

OH yCTaHaBJJHBaeT CB!Db Me)!(,[(y npO.!\OllbHOH II nonepe'!HOll. ;:1ecj>op111auHeli Tena npH 

OJIHOOCHOYi H!UJ!Y3I<e. J1,Jul TBepl(b!X Ten 

Kn <:: 0 s 



-23-

Crrpa11e,11nl!BOCTb Hanl!caBHhlx ypa1meHl!il .110Ka3aHa 6onee tJeM 340 nerneil 

rrpaKTl!KOil HX rrpHMeHeHIUI. B HaCTOJHUeli pa6oTe pe% 6yAeT secTl!Cb o .11Byx BH.11ax 

.11ecpopMa11Hil - C)!(aTHJ! H pacTJ!)!(eHHJI. T.K. )!(l!.11KOCTb o6na,11aeT csoilcTBaMH TeKyqecr11, 

5t5 cne4o&OAO~KW 
TO Mb! He MOll<eM ll0,11Beprnyn, ee ,ll;ecpopMaQl!I! O,!UIOOCHOfO C)!(aTHJI l!Jll! paCTJl)!(eHHliJHa 

pHc.2.1. 110Ka3aHbl ,1:1ecpopMaQl!l! C)!(aTHJ! H paCTJl)!(~Hl!C .11JIJI Tpex COCTOl!HHil: BCIJ:lecTBa. B 

crryqae )!(H,11KOCTH, lIOKa3aHO ee paCTl!)!(CHHe I! C)!(aTHe MaJJblMH HaIIpl!lKCHHl!MH 

B03Hl!KaJOII\HMI! B Heil: llpl! lIOMell\eHHI! ee KaITJJI! B KaITl!JJJJl!PHYIO Tpy60tJey, K0f,11a 

MaTepml.11 Tpy6otJKI! e10 CMa'111BaeTCJ1 l!JII! HeT. B rrepBOM cnytJae lKH,llKOCTb Hax0,111!TCJI 

110,!( acecTOpOHHl!M pacTJI)!(eH!!eM, a BO BTOpOM cnyqae - llO,ll; BCecTOpOHl!llM Cll<aTl!CM. 

0TJJH'!l!e l!(l!,!(KOCTH H ra:ia OT TBep,11oro Tena COCTOHT Jl TOM, '!TO rrepllble He MOryT 6bITb B 

"cBo60.!(HOM" COCTOJIHl!I! lIO,!(BeprHyrbI O,!(HOOCHOMY C)!(aTl!IO l!JII! pacTJl)!(CHH!O. Mbl 

MOll<eM HX Cll<aTb l!JJH paCTJIH}'Tb noMeCTl!B B COOTBeTCTBYIQII\IDI rrpO'!Hbril KOpnyc T.e. B 

"aecso6o,!UIOM" COCTOJIHl!I!. A pa.3 TaK, TO )!(H,!(KOCTb H ra.3 He MOfYT 6b!Tb 

oxapaKrep1!30BaHbI Koscpcp11n11eHTOM ITyccoHa . ,I:Vll! liHX OH paB~H 

fil'n = 0 HYJIIO. ( ) B TaKOM cnyqae, ,!(JJJI STl!X COCTOJ!HHil Bell\eCTBa, ypasHeHl!e (2.3) 

nepexo,ll;HT 

E = Cons{ 
Kv 

2.2. C:iK11MaeMOCTb. 

(2.5.) 

Cl!mMaeMOCTb (o6'beMHaJI ynpyrocTb, H30TepMHtJecKoli Kostl>qmIIl!eHT 

C)!(l!MaeMOCT!!) onpe,ll;eJIJleTCJI ypaBHeHl!CM 

,X ~ - _i.(~) 
. V 6 p T 

(2.6.) 
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Mo.~yJib o6MMHOii ynpyrocT!I H C)KHMaeMOCTH 

CBl!3aHb!COOTHOIUeHHeM 

x == 
_J_ 

Kv 
(2.7.) 

Y'IHThlBaR ypas11e1me (2.5.), ypaBHeHJie (2.7.) MOlKHO 3anHcaTb e Bl1.lle 

E·X = Const (2.8.) 

Jl,lll! MaJ!bIX .ue¢opMau11ii (npH He6ollblllHX HanpsnKeHHllX) )l,.lil! )({Hll,KHX H Ta3006pa3Hb!X 

f ... ;X.,.,= C ... c.; fr·Xr =Cr 

2.3. CeaJb MexaHH'lec1mx ceoiiCTB TeJI 

c TellJ'JOBblMH napaMeTpaMH. 

MoJJ.ym. 06'beMHOH ynpyrocrn. Tell MOll<HO Bbl'IHCJIHTb no TeilllOBblM napaMeTpaM 

Cp l'f j3. fiycTb y Hae HMeeTCll ~ - o6t.eM MeTaJIJia np11 Ha'laJibHOii TeMneparype 'T., 
HarpeeM ero .llO TeMnepaTYPhl ~ • KoJIH'leCTBa TenJia, KOTopoe OH nO.'JY'iHT, MO)KHO 

Bbll:JHCJ!l!Tl• no ypailHeHHIO 

A Q = m ·cf (J;-'T;)::: v., :t. c,.. rr: -~) 

TaJ< KaK, YileJibHal! TennoeMKOCTh MeTanrra <:;, 3as11c11T OT 

CJ!Oll<Hb!M o6pa30M, TO HHTepaan ( Ti - I; ) ,!lOJIJKeH 6bITb 

HHTepaa.11a11m ( Tn11 -7 a "K ) H ( 7;M,, - Tn A ). 

TeMneparypbl ll,OBOJibHO 

Ma.JI no cpaBHeHHIO c 

l1Ha'le roaopl!, s 

Bh!6paHHOM HHTepeane BeJIH'l!lHa y.ueJibHOJ.i TeilJIOeMKOCTH MeTaJIJia 
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)lOHl!<Ha 6b!Tb IlOCTOl!HHOli. B 3TOM )!(e RHTepsarie TeMrreparyp BeJIH'!HHa K03<j)(pmu:ieHTa 

ofrbeMHoro pacmapeHHl! j3 TaK l!(e ,11,0Jlll<Ha 6bITb np1!6nR)!(eHHO noCTOl!HHOH. 

CTp!i ycnoBllH TaKoro aarpeBa MeTa.llJI ll3MeHl!T CBOH o6'beM Ha BeJIH'!llHY 

AV::: -\'1-Yo ::: Vo J3. (T; - 'fo) 
Ha TaKYIQ JKe BenR'!RHY o6'beM MeTllJIJla Mor 6w R3MeHRTbCl! npR scecropoaHeM 

pacTl!lKeHH!I 

( 2.9) 

3)leCb Heo6XOZ!RMO C)leJiaTb IIPRMe'!aHRe 0 !IpaKTl!'!eCKR aepaBHO!ICHHOCTR JlBYX 

paccMarpasaeMbJX B03)lel!cTBRli. C ro'!Kl! 3peHRl! Teop1111 ypasHeHHe L1 Q =Li A ae 

Bbl3b!Baer COMHCHlll!. 3ro 3aKOH coxpaaeHl!l! :meprnll. TaK ,!J.OJIJKHO 6h!Tb R TaK R 6wno 

6hr, ec,;111 6bi 6brm1 co6mo)leHhI B KaJK,O.OM pearibHOM CJI)"!ae cne,o.yIQl!lllC ycnos1rn. 

3anach ypasHeHlll! 6 Q:::: A. A 03Ha'!aeT, '!TO nepe,o.a'!a TeilJIOBoli 3Heprna 

aTOM!L\!! MeTariJia 11,11,eT 0,11,l!HaKOBb!M o6pa30M BCCM, He 3aBllCl!MO OT roro, npaBl!JlbHO 

pacnonoJKeHhl aTOMhI B pewerKe Merarina !!Jiii Her. Ho ecn11 np11 nepena'!e Tennosoli 

3Heprl!l! Mera.TIJiy 3TO pOJil! He Rrpaer, TO npR npllJIOJKeHl!ll MCXaHl!'!CCKOH Harpy3Kll 

npo11ecc paCTl!JKeHRl! MOJKer 6bITb npepsaa ewe ;uo roro MOMeHrn, KaK Merariny 6y)ler 

rrepe1'filla BCl! IIOpl.\lll! MeXaHR'!eCJ<OH :meprllll 3KBl!BaJieHTHal!. Te!IJIOBOH. CT03TOMY CCJill 

)lJIJl Hyll()l TeXHll'!eCKOro l!CIIOJih30BaHlll! Meranna CJieA)'eT !Ipll)I:epJKHBaThCl! 

c6ariaHCHposaaHoro rro;uxona K rrpoqaocm (Me)!(.ny 6'. 11 Om"lx 
Inf/) 

), ro ;t\Jll! uene:l\ 

reoperu'!eCKllX l!CCJIC)lOBaHRH npO'IHOCTHblX B03MOJKHOCTel! MeTa.TIJIOB, cne.nyer 

rrpHHRMaTb BO BHl!Maime G ~ 
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B03Bpam:rurcb K o6cylKAaeMOM)' ypasHeHif!O, rrp!!XO.ll;!IM K 3aKJIIO'!CHl!!O, '!TO OHO .D;OmJ<HO 

l!MeTh Bll.ll; 

B cnyqae paseHCTBa, nonyqaeM MaKC!!MaJibHoe 3Ha'!eH11e MCxaH!l'!eCKl!X csollcTB 

MeTanna. 

OObeMHOil ynpyrOCTll 3aBHC!IT OT ITTIOTHOCTI! BeIUeCTBa. yfa 3TOro ypaBHeH!l!i Bll,lUIO, 'ITO 

Kv- 00 

Kv-o 
np.-i ..r-oa 

11p11 ;:;- 0 

Kamil ll\e Bll.ll; HMeeT ypaBHeH!le ATIJI K v np11 .1<ecpopMau1111 acecTOpoHHero 

paCTJl)f(CH!ll!? 

l13I1eCTHO, '!TO MC)!(.t(y ClK!IMaCMOCThlO H MOJJ:YTICM ofrbeMHOH ynpyrocTI!: 

cymecTByer o6parno nponopuuoHa.1bHal! 3aBl!CHMOCTh (cM. ypasHeHHe 2.7). Vfaeecrno, 

TaKll\e, 'I'ro Ma.Jlble o6'beMHb!e /l_ecpopMaI<Hll rrpll 60JlblllHX BHeIIJHllX AaBTieHl!l!X 

Ha6n10t18!0'fCl! np11 H1!3Kl!X TeMnepaTypax. T.e. rrp!! Hll3KllX TeMnepaTypax Cll<l!MaeMOCTb 

Ten o6M'IHO Mana. MaKCl!MMl>Hoe lKe 3Ha'!eHHe cl!mMaeMOCTI! cpH3HK!I YKa3l>IBaJOT B 

OOJIBCTH Kp!!Tll'!eCKHX TeMnepazyp (CM. rnaey 3 HaCTOl!IUCH pa6oThl) T.e. ClKl!MaeMOCTb 

3BBHCHT OT TeMnepaTyphl c TaKHMI! npe.D;eTil>Hh!MH 3Ha'!eH!ll!MH 

T~ 0°K 
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C .11.pyroi! cTOpOHbl, npeneJihHble 3Ha'leHHl! MOJIYJIJ! ofu.eMnoi! ynpyrocTH K v ll 

3aBHCHMOCTH OT npe.11.enbHblX 3Ha'leHHil OJIOTHOCTH BblrJIJ!,lll!T TIUC: 

} 

D . (J K -- 0 
J- - JKf' J l'f 

3THM npe.11eJiblfLI.M 3H2'1CHH.llM J1)1Jl J{ vr Y.1tOllJ!eT!l0pl!eT ypaBl!CHHe 

. c. 
}f, -(/J-fJ)·_!_. 

? - u" Jt<.f .fi 
( .2. ff) 

3Ta ¢iopMyna Cilplll!CAJIHBa TQJlbKO Wll! TBep,llh!X H ll(l!,!1.KHX Ten. T8K KaK C)ICHM3CMOCTh 

o6pan10 nponopnl!OHaJII>Ha MO.ll)'JllO ynpyroCTH, TO 

X= J3 
f { IJ-P )· 0 

Vo J1<p 

(2. 12) 

3aJIHUIHM ypaBHCHl!e (2.3) ,!IJIJI TBep.noro rena OT,!leJll>HO ,!IJIJI .necpop.Manl!H pactlPICeHHJ! 

H .necpopManHH Cll(aTH!l 

c. 
II' -: p . ..:::L 
fl.,vc -Jo J3 

CCOT.8E!TCT6E!HllO 

Pii3.11.e11HM rrpaBhle li: nesble '!aCTH ypaaReHHii"":;pyr Ha .npyra, rrpH pasHhlX Ko3cpqmnReH1:ax 

TiyacCOHa, !JOJ!y'!HM: 

( 2. 13) 

ITpH na:iaaHHhIX ycnoa1111x, MO.IJ.Y!IH IOttra TBep.lloro HllH ll<HMoro sew:ecTBa ne Oll.HHa1<oai.1 
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3To ypaBHeHHe CTaHOB!!TCS! l!CHee, ecim BC!lOMHHTh BCeM H3BeCTHb!H ii>a:KT' 'ITO CHJibl 

OTTaJJKHBaJiHS! MelK;zy aToMaMH c pacCTOl!HHeM B03paCTB.!OT 6blCTpee, qeM y6hlllaJOT CHJ!bl 

npHTl!llceHHS!. CJie)J,OBaTel!bHO, MOIJ,yllb 06'bCMHOH ynpyrocrn Ha Cll<aTHC, 6om,llle MOAYllll 

ofrbeMHOH yrrpyrOCTH Ha paCTS!llCeHHe npH paBHb!X 06'beMHb!X Aeii>OPM<mIDIX. 3TO )l(e 

CaMOe 31!KJIIO'Ie!!He BepHo H B OTHOilICHJ!H MO.llYJIJ! IO!lra npH O,IJ)!OOCHblX 11e4>opMaQHl!X. 

t{ml MHomx MeTaJIJJOB JTo OTHOlllCHHe 6mt3KO K 1,5. B TB.6nm~e 2.1. npirneAeHbI 

):laHHb!e )l,Jlll OTHOUieHHJI (2.13) nony'leHHbJe AJ!l! MeTaJJllOB rrepBOH rpymm Ta6Jil!J.lhl 

)J:,:11.MeHAi!rreeaa. 

Ta6nH11a 2.1. 

N'2 

~ 
ATOMH. fi JJ fi.p fc (rB) Ee (~e)\ HOMep 

~ 
_EL _fil_ Er ff I 

JI 
M~ f.13 

1 JlHTHH 3 545 513,4 120 1,282 1,305 
2 HaTpui\ 11 991 928 207 1,2· 61( 1,287 
3 KanHii 19 889 828 194 1,279 1,306 
4 Py6H,!\HH 37 1556 1472 347 1,287 1,308 
s Ue3Hii 55 2057 1837 430 1,2.,61( 1,306 
6 4>oaH1111li 87 (2520) (2230) (542) 1,274 1,321 

;L(aHHhle () !CpHTH'!eC!COH lll!OTHOCTH MeTaJJJIOJi B3l1Thl 113 cnpaBO'IHHKa I!OA pe,n. 

C.fpHrop1esa E! E.3.Mei!JIHXOBa [ 1 J . Ll;nJ! <!Jpann:mr OHi! nO!IJ'ICHbI JKCTpanom1:qneli 

3THX ,!(aJ!EblX. }fa Ta6JIHll;bl Blll(HO, qTQ ,!(Jill me.JJO'IHb!X MeTaJJJlOB nepsoii rpynllbl B 

TBep,!lOM COCTOllHHH :no OTHOilleH!!e B cpe,!(HeM paBHO 1,275, a AJ!ll ll<:RAKOro COCTOl!Hllll 

1,305. ilm.qe rOBOpll, OTJil!ql!e ,!(Jill TB!\p,!loro H lKHAKoro COCTO!IHHH HeBeJIHKO. 

T 

Ha BCeM 1rntepaarie TeMrrepatyp TBep,!(oro COCTOl!HH!! ptyrn KE 3aKJ1!0qeH B 

HHTepaane: 
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Cpe.uHee 3HaqeHHe .!IJ!ll TBep.uoro cocrol!Hlill K t:r = 1,4 71/. OrKJJoHeHae or cpe,n:Hero 

3Ha'l:CHIUI COCTaBJ!l!eT 0,34%, T.e. 3TOT rrapaMerp li3MeHl!eTCl! He3Ha'll!TeJil>HO BO BCeM 

,!IHalia30He TBep.noro COCTOllHHll MeTaJJJia. 

,n:m1 liCH,!IlCOH pryTl! llMeeM: f,50G 

K ,,, ::: 1 53l/ 
Cpe.!IHee 3HaqeHlle f 1 . OrKJJOHeirne OT cpe.!IHero 3Ha'1eH!!l! COCTI!BJJl!eT 

1,9%. 

Tip11Be.11eHHble 3HaqeHHll /(Ii - reopeTH"qeclG!e . .D:nll peallbHh!X MeTaJJJJOB OHO 

6onhtIJe. B cnpaBO'!HHKe no.n pe,n. rrpocp. ,nOKT. TeXH. HayK M.E.,ll;pH11a [ 2] il.llll Me.n:H 

IIpHBe,neHhl cne.nyiomHe .!IaHHl>!e. BpeMe1rnoe conpoTHeJJCHHe JIHTOli Me.!IH rrpH cJKaTHH 

6; C?<.C =::: 15 '/0 /'1 nCI.. 

r::::-'P"'n 506Mn a rrpO'iHOCTh Me,n:H Ha paCTl!l!CeHHe rrp!! HH3KHX TeJl!IIeparypax (- 60°C) v 6 = a.. 

(
KT)Gi -:::; ~c _ ~c..<e ·/5'10·10

6 ==. 3 
£ p<r<fl I: f CJ;pm 50G · 10 6 

2.4. CBll3L MeJ:aHH'!eCKHX CBOHCTB MeTaJIJJOB 

c K03c)11)>HQHeHTOM DOBepXHOCTJJOro BBTJIJKeHHJI pacnnaea. 

I1ycrb Mbl HMeeM )lBe pasHbie H poBHh!e creKJJllllHh1e rrnacTl!HKH. KanHeM Ha o,nHy H3 

HHX 1-2 KaITJll! BO,nbI II npl!lI<MeM l!X .npyr K ,npyry (S = 23,65 CM 
1 

). Bo)la CMa'iHBaeT 

creKl!O. Pll3be)l,HHHTh IlJJaCT.lffibl He scer)la nerKO. Eel!!! CJJOH BO)lbl TOJlCTb!H, 'FO rrerno, 

ecn11 TOHKRli - rpy,n:HO. ITo BceMy nepHMerpy rpaHHU.hI CMaql!BaHHJI BO.!IOH CTeKJJa 

o6pa3yercsi BOrH)"rblH MeHl!'.CK. To, 'ITO <j:>H3HKll - TeopeTl!KI! Hll3B8JJI! 

"He.!IOCTaTKOM" .naimeHHll, 03Ha<;aeT 01wo: so.na Me)l(,!ly CTeKJJllHHb!MH lIJIBCTl!HaMH 

OKa3bmaeTCJI B paCTllHYTOM COCTOJIH!ll!. )K)l.[IKOCT!,, li8XO.ll:lltnal!Cll B paCTllHYTOM 



-30-

COCTOl!Hlll! l!MeeT IlOHl!)f(CHHyi<J IlJlOTHOCTh. IT03TOl\!y BHeIUHee ,l(a!lJieHJ!e c6Jil!)l{aeT 

IlJiaCTl!Hhl. lleM Cl!JlhHee C!iJ1hl IlOBepXHOCTHOro HaTl!)l{CHl!ll pacTl!n!Ba!OT llCl!,l\KOCTh, TeM 

rmaCTl!Hbl c OOJ!hllleil Cl!J!OH ClKl!MaKITCll BHC!llHllM )1aBJieID!eM. 

<l>opMyna Jiannaca Il03BOJllleT BDI'!HCJll!Th ITOHl!l!CCHHC ,naBJICHHll B lKl!,l\KOCTI! 113-

3a ee paCTJlll<CHl!ll 6-;' 

P- G7 - ~· -y- ri ' 
P·d=2<J:· s / 

f,ne p - ,nasrrem1e, d - paccTOl!HllC MClK,ny IlJiaCTl!HaMl!. 

3T!l Q.iopMyJia, ,llalla.l! npaBHJ!hHYIO 3aBHCHMOCTb d=f(p), He ,llal!T B03MOlKHOCTI! 

onpeP,eJillTJ, npe);leJihHhle CJJyqim. A l!MCHHO, T.K. 061>f'IHO HMeIOT .!(eno c KOHI<pewoil 

lKH)1KOCTh!O, TO <PopMyna )101Il!<Ha .nasaTh II BepHb!e pe3yJihTaThl B npe,nel!hHhlX CJI)"lal!X. 

L(ellcTBl!TeJJbHO, lKl!)1KOCTh He MOlKeT C03)1aTh 6ecKOHe'l'.HO 6oJ!hIUOe H36hJTO'l'.HOe 

,naBJieHHe, a H30hITO'l'.HOe ):(aBJieHlle rrpaKTl!'l'.eCKll paBHO HYJJIO, He npH 6ecKOHe'iHO 

60l!h!llOM 3Ha'l'.CHll!I d, a BilOJJHe KOHC'l'.HOM. l1Ha'l'.e rosopl!, <l.iYHKUllll d=f(p) ,!IOJ!ll<Ha B 

COOTBeTCTBYIOlllHX CJIY'fal!X .n;asaTh KOHC'l'.Hble 3Ha'l'.eHl!l!. 

c ueJibIO Bhll!BJICH!lll BH,lla 3TOH <PYHKUllH QbIJia IlOCTaBJieHa MaJial! cepm1 

3KCilepl!MeHTOB no pa3pbIBY CTCKJ!l!HHhlX rrrraCTHH co CJIOCM BO,l\hl TOl!llJ:llHOil d Mellmy 

Hl!Ml!. OICa::anocr,, 'l'.To B o6~eM crry'iae <PYHKUlll! llMeeT Bii,!\ 

d = !lSS: + dint'11 (2.14) 

P -r Po 
3Ta iPYHKL!HJl .n:aer cJie.n:y10 m11e npe.11eJ1bH1>1e 3Ha'ieH11l! 

p ----. oO ') ~ d m;., 

p - 0 J d = 26S + dm.t'11 
I Po 

r.z1e a,.,..-1? -Ml!HllMMl>HO B03MOll<HOe paCCTOl!Hlle MelK,ny IlJIBCTHHaMll, OITpe,lleJil!eMOe 

npl! 

Ilpli 

pa:iMepa\1111! Q.iopMOH MOJieKyn n,aHHOll. lKll,l\KOCTll (!!Jiii ,lll!B.MeTp ICaill!JIJ!llpa). 

Po - HeKOTOpoe MllHHMaJihHOe ,llaBJieHHe, xapaKTepHoe ,ll,llll ,[\aHHOH Jl{l!,l(KOCTH. 
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0411 -3TO KanWil!JlpH<UI IlOCTOllHHM, BBe,!leHH8JI 

JI.,ll,. Jlaal\ay A.l1.Axae3epoM H E.M. Jimjnnm:i:eM B pa6oTe ['3 J. 

c. --rl .2(5; 
7 

(2, 16) m-J!Jo·g 
r.!le :J -ycKopeaae cso6o)'.(Horo na,!ICHHll. I-fa ypasHeHHi!: (2.15) H (2.16) Hai!:.!leM 

3HaqeH11e Po 

1fW; ~ 2 ==2fisjJ·ff 

Po = -v :2 <5; f · 1 (.2. 1'/) 

,ll,rrll BO.!lhl norryqaeM 3HaqeHHe fo : 

T.e. MllHHMaJIJ>Hbii!: CJIOi!: BO.lib! MelKl1)' nJiaCTHHaMI!, KOr,!la HanpJ1J1CeH11e pa3be,!l!IHCHJllll 

CTpeMl!TCll K Ml!HHMaJibHOMY 3HaqeHl!IO 

TaKHM o6pa:mM, nonyqeHl!M q,opMyna JI03Bom1eT BJ>NHCJil!Tb .!IBe ealKHel!nrne 

xapaKTepHCTl!KH lKH.!IKOCTJll. 

• MaKcHMaJJbHYJO rrpoqaocn. Ha MOJieKyID!pHOM ypoeae Al!ll Ae<!iopManRH 

pacTJl)!(emrn; 

• Bb!cory (TOnmHHY) cJIOll lKH.!IKOcrn, l!Meiomei!: MHHl!MaJI&HY!O npoqHocn Ha 

.ne4JopManmo pacTl!lKeHKll. 

TipoqHOCTh BO;!bl Ha pa3pbIB nonyqeHa B L3 ] 
~ Hal1 'I n 
Up =: f21 8'3'f · 10 c:t 

'.ho 3HaqeHl!e .naeT HaM B03MOJKHOCTh BbJqJlCJll!Tb Ml!HHMaJJbHOe B03MOllCHOC pacCTOl!HHe 

Meac,ny nnacnrnaMll (11na ,11.liaMCTP Kanl!mrnpa) nm1 sonb1. 
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.2 6°; 01 1 lfll 

2 ,831· 10 1 .2) 93'f d H2o 

i>'l<!? 

~ iizO 

"111? - :: 

dHzfl 

- q. _ g 

f0=5;08·f0VA 

M!!Hl!MfillhHhlH Kannrrm1p 11m1 B0)1bl l!MeeT ):\HaMeTP, B KOTOpoM pa:iMemaJOTCll 18 -;. 19 

MOJ!eKyrr B0)1bl. 

TaK!!M o6pa:ioM, no serrH'IHHe nosepxHocrnoro ttaTllX<eHHll MeTann11qecKoli 

lKHZ\KOCTH IJOllBJIJleTcll B03MOlKHOCTh oueHHTb ee MexaH!!'ICCKHe csolicTsa. 

2.5. IlpH6JJHiKi!HHble cnoco6bl OU.eHOK HeKOTOpbIX 

tl>HlH'leCK'l!X napa11teTp01$ MeTaJIJIOB 

JJ.mr rrpaKTI!'!eCKOI'O !Ip!!MCHCHHJ! om!CaHHh!X cnoco6oB oueHOK MeXaHH'!eCKHX 

CBOHCTB MeTaJIJIOB Tpe6yioTCl! ¢H3l!'ICCKl!e napaMeTPhl, OTCyTCTBYJO!Ill!C B AOCTYilHOR 

cnpaso'!HoJ:! rrl!Tepatype. C uenb!O yctpaHeHHll B03HHKa!OmHx npo6enos npoH3BOA!!Jiach 

pa:ipa6oTKa npH6nl!XceHHhlX cnoco6oa oueHoK Heo6xOZ\l!MhlX napaMeTpOB. Hl!lKe 

paccMaTPHB<UOTCll HeKOTOpb!e !!3 HHX. 

2.5.1. Cnoco6 onpe11,eJ1eHHH IlJJOTHOCTH MeTa.JlJJOB npl! TeMnepa-rype KHDCHHH. 

OcHOBHb!M cnpasO'IH!!KOM, npl!BOZ\llll.ll!M TennocjJH3H'ICCKl!e CBOHCTBa MeTBnJIOB 

npl! ai.1c0Kl!X TeMneparypax, llBrr11eTc11 cnpaao'IHHK B.E.3HHosi.eaa [ 4 J . B 3TOM 

cnpaBO'IHHKe npHBe)leHbl llJIOTHOCTH MeTaJIJIOB Ilpl! TeMilepatype KHIJeHHll AJ!ll py6H):(lfll 

II ue3l!ll. 0,n,HaKO l!Me!OTCll ,!\aHHbJe 0 IlJIOTHOCTllX npl! TeMnepatypax K!flleHl!ll ,!\!Ill HeoHa, 

aproHa, KpHnToHa, KCeHoHa 11 pMOHa. Hcnonh3Yll 3Tl! ,n,aHHhle If AaHH1>1e o 
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TIJIOTHOCTl!X IIpH TeMrrepaType KHlleHHll HeKOTOpbIX MeTamIOB ( OHH l!OJiy'!eHhl MeTO,!IOM 

3KCTpal!OJlllUHH) nposepHM CJieJzyIO!llee l!OJIOl!CeID!e. 

"IlpH TCMneparype 6mnKOll KaK yrO.UHO K TeMnepazype KHlICHHll npOCTOfO 

semecTBa, ero aTOMhl paBHOMepHO 3al!OJ!Hl!IOT 3aHHMaeMhlil 06beM, 'ITO lI03BOJil!eT 

orrpe.uenHTb HX .UHaMeTP H rrnoTHOCTb l!CH.D:KOCTH". T .K. cl"- = J. tz ll ,TO 

i'l :: ~r~ (2.18) 
II v~ 

vllMn 

I1p11Mep I. Onpe.D:eJil!Tb pa,LIHyc aToMa KPlllITOHa no qiopMyJie (2.18), ecn11 ero nnoTHOCTb 

rrp11 TeMnepaType KHneHHll f) ;::: 2 'f 1 '.3 '"; [ 2 J 
Jt<-u.n ""'-

rt - o,o8:H - i 93·10 wi t 1 -10 

(,.,"' - B·!llf13·G,02.'l·10 23 
- } 

f('t --ft' 
Za = 1., 9'!-10 '4-1 [.2] 

COCTaBJllleT OKOJIO 2%. 

IlpHMep 2. Onpe.11enHTh pa,nn:yc aTOMa KceHoHa, ecim a l!CH.D:KOM cocTOllHHl! rrnoTHOCTb 

KCeHoHa vi:. = 3 051 ~ 3aMeTHM, '!TO HHTepBan llCH,!IKOfO COCTOl!Hl!ll KCeHO!la 

.6 T <'..: 7-;.,_.,-T.n :: 3} cJ·K. ; 'lq = 2,01 .10 1~ 
Ta6JI!P!Hoe 3HaqeHHe 'ltAXe ::::: J

1
f8 · f 0-fO M [ .2 J 0TKJIOHeH11e OT 

Dpu111:ep 3. ,llrr11 py6H.11n11 H ueJHll rrocTPoHnH 3as11c11MoCTb mroTHoCT11 or re111:rrepaTyp&L 

PacqeTHoe 3HaqeHJ~e pMHycoa MeTa.rmoe: 

l = "1 ,c (} ·10 == ~,so. 10 .µ. 
flt t 8 r " v - 3 --r -10 

"' 8 · 113S· 6,022.ro 23 
· 

'7 (~ - ;3k 0! 132 9 I ~ fO 
l~ '" = !2)G6·1o .I{ 
a - r 1'1'f0 · G,022.10 2

-.> 
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Ta6Jiwmoe 3Ha<JeHHe pa,1u1ycoB [ t J 
KC -10 ta = /(15 3 · 10 ""' , 

0TKJJOHeHIU! OT Ta6m!'lHbJX 3Ha'!eHHH pa,11J.1yCOB COCTaBHJ!l!: 2,4 % ,!\JUI py6J.l;!lllll !! 2,9% 

;!llll! UC3l!ll. 

TaKHM JKe cnoco6oM 6hmo npOl'l3Be;!leHo cpasHeHKe pac<ieTHblX 11 Ta6JJ!l'lHbIX 3Ha'leH11Pi 

pa,11HyCoB Mll all!OM!IHJ.lll, cepe6pa H 30JJ0Ta. CoOTBeTCTBY!OIURe OTKJIOHCH!!ll COCTaBl!JlH 

!%, 4, 7 % H 6,3%. 

TaKllM o6pa30M, 6bmo c;:i:enaHo 3aKJIJO'leHJ.te, 'lTO <jlopMyna (2.18) no3so1rneT 

pemaTb H o6paTHYJO 3a,!laqy. IlpH )TOM norpe!llHOCTb !IOJJyqaeMl\!X 3Ha'1e.HH!t IlJIOTHOCTeil 

MOryT OTJlH'!aThCll OT ,l{elkTBHTeJlbHl\IX ...., 10%. 

2.5.2. Cnoco6bl npn6JJnlKeHHblX 011euoK KpHTll'ltCKHX 

IlJIOTHOCTeit H TeMneparyp ,[\JIB MeTaJIJJOB. 

3a acKll!O'!eHHeM MeTaJJ.JJOB nepBoit rpynnbl Ta6JJ!!Ubl )J..:11.Mea,l{eneesa 

Kp!!TH'leCKRe napaMeTpbI MHOrHX MeTa..-mos l!ell3BeCTHbl. 

1'faBecTH0, '!TO KPHTll'lecKoe COCTOl!l!He BClll,ecTBa xapaKrep113yeTCll napaMeYpaMH 

~f ) rr;,, ) \(p J flp 
KpHTH'leC1<11:il ofo,eM 3as11c11T OT co6cTBe1rnoro o6beMa MoneKyn llJIH aTOMOB. 

rne - 061\eM 3aHHMaeMl\lH 0,l{HHM aTOMOM. }J,nfl He6oJlblllOf0 'IHCJ!a MCTll.JllJOB 

H3BeCTHbl kp.HT.H'leCKl!e !IJ!OTHOCTll fJ . 3mll! BX, 
Jit(' 

Ha:il,IJ,eM nocTOS!HHb!il 

K031}><jlHUHeHT K_p AAA ypaBHeHllll 

-'lf = ~. -v.;' ~ ~ v,:-p 

~ -:: 8 'l ... 
2 

) ~ K.P · 8 · Z4'!>· ~ 
j';f 
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g/ .µ;"P)H,QOWU ~uc.w.t ~~ "fU '"k~n Tai/IWd't 2. 2. I 
I 

Jfc ~t liTO/llH fa_, 'la. Ji/l.ffN.l -l. 'f.,. .,e .. .4f!.."-: 

1'1/n -{0 A ~ ~ ..P""'" "1 f!JIJJ HO Hep •fO t(IZ ·10 .u 
4.' .. ~..2L... 

+1 .Awm1-1u 3 61 J'lf f,51 315 330 .312,5" 4_ 
l~ Hotmow.l 1'f 2.2., 99 1,92. '1.'/ 1</0 10 'I Zl_ ·--'-'-
;J Ka.11wi I f9 3~0,i 2,3G G l_l 660 638 3,Y 

--~---

l y Py cu'l11tii J!f IS;r! 2.,S3 10J6 _f.1_~S ._J!IS 1/IS 
15 

. -- ·-·--·- --~-----
~e3~--- SS 132,JO &._¥_!_ 13 Y1 1'/fS 1'10') r, .3 ~ -- ---

f~to) 16 'Po<:lt(l;fU(( 8 'I 2.Z3.102 21 80 - - -
I ,.i\l1 

~ 
/JUM . .Jf lq. ~ .. pr«t. l,,N y¥An ~· I • 

..._3 •fO .,/-)....,,, 

; "'" Ho-itt •10 Pl • 10"" ~ ..J!L ...8- z /l ..,s i.H ~ 

!,_ 1 ./1.Af()l(IU(llU 13 A.'1'8f 1/f:J f!J15 18'0 1831- f 
'2 Cepe 'ipo tl to'/, 868 t~rz t '169 82.00 t-83'1 S' I 
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O'l'c!011a norryqaeM iIBa ypaaaeamr )lJil! pell!eHHl! npl!MOH 11 o6paTHoii 38,lla•rn. 

K= -:? 

J"1 
(2.19) 

(2.20) 

-3 
95; M·10 -------::----- = ,2 83 

26t0. 8. ~,686·1il~ 6;022· 10 2
:; '.) 

KM"::: 2;83 
'(,P 

B Ta6n11ue 2.4. npirne)lemJ Kp!!Tli'JeCKHe TIJIOTHOCT!! )lJ!l! HeKOTOpb!X MeTaJIJIOB H 

BbI'IHCJlel!:HI.Je 3Ha'leHl!.Sl ~ 

2,11 

flp!!Mep. Onpe)leJIHTb npe)J.J.lolKeHHhlM cnoco6oM tp !! fir .!\IDI lflpaan,mr. 

Tei.rnepaTypa Kl!nemrn QipaHUHl! 677 ° C HJIH 950 'K. J13 m6n11ui.1 2.4 BHiIHO, '!TO 

)1Jll! UC3l!l! f(T ::: ~ :: 2.1 11 3TO 6nm1<aiirnl!li aaanor )lJll! QipaHUHl! 

T,;,,~ Fz 
T:r = ~so-~n -=.2r>Go °K 
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2.5.3. Cnoco6 onpe.11eJieau11 cpe.11aero 1aa'!eHHll l'OJcl>cl>u1.1ueaToB o6LeMaoro 

pacmupeHHll lKH,!(l'HX MeTllJIJIOB. 

TinoTHOCT.h J!BJIJ!eTCJ! O):IHHM H3 Bll.ll<Hell:wHx cpH3H'leCKHX napaMetpos MeTarrnoa. 

0.!IHaKO ee orrpei:1eneHHC rrpH Bh!COJ<HX H H1!3J<HX TeMrrepaTypax BCTpe'!aeTCS! c PJ!):IOM 

TpYAHOCTell:. HMeHHO HMH MOll<HO 05'.bS!CHHT.b rrpoqepKH B 3Ha'leHHJIX IIJIOTHOCTell .1lllll 

lKHAKHX MCTaJIJJOB B crrpaBO'IHHKe [ 4 J. OAHaKo, CCJJH H3BCCTHbl IIJJOTHOCTH MCTaJIJia np!! 

AByx TeMrrepaTypax, TO MOlKHO ,!J;JIJI :noro HHTepsana OIIpeACJJHTh cpeAHee 3H8'1CH!le 

K03<l!c!nrn:HeHT3 o6'beMHOro paCII!HpeH!!S!. -v:-v. 
i- r; ) no orrpe.u;eneHH!O J3~_j_· v. 

mo f.3- fi-J?, 
J~ - J: ('"f:-T,,) 

fi (1;-T.) 

M.I\. Vo:: fl 

B crrpaBO'IHHKe 3Haosr,esa B.E. r 4 J B HeKOTOpb!X CJIY'!aS!X np11BeAeHbl 

ITJIOTHOCTll MCTaJIJIOB B lKllAKOM COCTOS!HHI! Ml! ae5onr,woro l!HTepaana TeMnepaTyp. 3TO 

aaeT B03MOlKHOCTb MS! 3THX llHTepsarroB Bhl'IHCJIS!Tb fl . 
TipuMep l. Bi.I'IHCJIHM 3HR'leal!e K03cpqm1.111eHTa o5beMaoro pacwRpeaHS! pzyrn MS! 

TeMneparyp 

T! 7 'T'2 "K 23'1, 3...;. 300 3 00 -:- 1(00 

,/1 +.A 2L M' 13G90-':-1352~ 13S2J 7 132KO 

J.3 ·1D"' __L 181, 1 181,S 'k I 
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13S2'!1 - 13 280 _ . -r, _j_ 
-18'-"S· 10 'K 

13~80· ( l./00-300) 

np11Mep 2. Onpe,neJIHMfe II .1 ,UJil! <\JpaHUHl!. ,lLnll 3TOf0 MCTaJU!a HCT 

3KCnepHMCHTMbHblX 3Ha'!eHHH ITJJOTHOCTeii. ll)Ill lKH,lU(OfO COCTOl!Hlll!. 

B Ka'!<:CTBe amillora shl6.i1paeM ne3Hli. CTp11 nepexo)l.e noro MeTanna 113 TBep.noro 

COCTOl!Hlll! B ~(11,llKOe, ero IIJIOTHOCTb YMeH&maeTcst Ha 2,66%. 

CTp116l!lnrcea110, Ha TaKyio JI<e BeJIH'!HHY H3MeHHTCJI H IIJIOTHOCTb ¢paau,m1 npH nepexo)l.e 

B ll<ll,UKOe COCTOl!Hl!e. 

B Ta6.m1ue 2.2 npirne.neHa nnornocT& cppaHUHll npH TeMneparype rc1me11m1 

(.) rz. :::- 1880 m, 
JK~.i µ 

Tl(.tV(/ = JS'O • K Tn~ ::j00° K ~ 

2,31S-1SSO 
_, 

t.;05· 10 g~ 
;: -.:.1'820 (fJ5"0-300) ::: 

(, 
B cnpaBO'!Hm:e [4 J ,llllJI cPPaH!l,1111 B TBep,noM COCTOSIHHll npHBe)lCHO 3Ha'leHH~ ;: 3 06'1o 4 

s 

,[(Jiii cpasReHlll! Bbl'lllCJlllM j P/IJI ne3HJI. r:A ::: 301) 5 • f( 

'r. ::0 9~3·f{' P=1836 E · 
Jt•111 ) Je M 3 ' 

m 
r.J = 1'f60 ~ 

JKUn .,L{ 
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Cs 183 G - 1 l/ GO 
-1LJGO(Jo/3-30·11'~) 

- c. 
Ka!C H CJJe)lOBaJIO OMH/WTb, BeJJH'!HHa v!1 5 

KpaTKHe BLIBOALI K rnaae 2. 

1. Ilorry'!eHa CBSl3b MC>Key MexaHH'l:CCKHMH H TellJTOBblMH rrapaMeTpaMH Terr 

(cM.<!JopMyJibl 2.10 H 2.11). c. 
Krl=J;·) ) 

0HH 1103BOJ!l!IOT c e.n;HHOH TO'IKH 3peaHll 110.!(XOIJ;HTb K orrpe.n;erreHHIO 

MeXfillH'!CCKHX CBOHCTB TBep)lb!X, ll<H.!(KHX H ra3oo6pa3Hh!X Tell. 

2. IloKa3aI!O, 'l:TO MOJJ:YllH lOara MCTBJIJIOB IlpH paBHblX BeITH'l:HHax 11e<!JopMauHH 

pacTlll!<CHHll HJ!H Cll{aTHll HC OllHHaKOBhl. 

Ee -
Er 

TeopeTH'!ecKH, WIH MeTaJlllOB 3TO OTHOllleHHe 3aI<JHO'!eHO B HHTepaane: 

XoTll HMCIOTCSI :)KCrrep~eHTaJll>Hble ,ZiaHHhIC, '!TO ,l1Jlll peanbHb!X MCTaJlJJOB OHO 

6onw1e. HarrpHMep, ,nnl! Me11H 

3. IlOJ1J"ICHa tjJopMyna (2.14), ,11aJO!Ual! B03MOlKHOCTb B rrpe11erre Bbl'!HCJ!S!Tb ,nae 

Bal!meliume MeXB.HH'!CCKHe xapaKTepRCTHKlt )!(Hll;KOCTR 

J ==- .Q,6,; + J.. . 
ll p -t p 0 !h.111 

a) MaKCHMaJll>H)IJO rrpo'!HOCTb )i(H.!(KOCTH Ha pa3pbII! Ha MOJlelt)'lllipHOM ypoBHe; 

6) Bb!COTY CJ!Oll )!(ll,!l.KOC.T'I, HMelO!lleli MHHHMaJlhH)'IO rrpO'l:JIOCTb Ha pacTSl)!(CHHC. 

4. CooTHOWCHHJI rrony'leRHWe I! 3Toli rnaae, HCI10Jlb3)1JOTCH B rpeTbeli H '!eTBepToli 

ma.Bax ,!l.BHHOli pa6oTbl. 
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CnHCOK JIHTeparyp1>1 KO 2 rnaBe. 

1. <l>mH'1ecKHe seJil'!'ll'!HhI CnpaBO'!Hl'!K. ITo;i; pe;i;. H.C.rpmup1>esa, E.3.Mell:nl'!Xosa. 

3aeproaTOMll3AaT M.; l 991r, 1232c 

2. Csoll:cTBa 3JieMeHTOB. CnpaaO'!HllK a ;i;ayx KHl'!rax. ITo;i; pea. npmp., ;:i;oKT. rexa. aayi< 

M.E.,Upl'!l.\a, 1'!3)l. sropoe, rYI1 ")KypHan "U:seTHhle MeTaJJJihl" "Merannyprm1" M.; 

1997r. 

3. Jl.,D;.Jlaa;i;ay, A.JA.AxHe3ep, E.M.Jll!BIIIl!l.\ Kypc 061.1.\e"li !jll!Jl'!KI!. MeXaHl!Ka 11 

MorreKyrrllpHal! qi1131!Ka "Hayi<a", rn.pe;:i;. lj;ll!3.-MaT. Jil'!T-phl, M., 1965r, 384c 

4. B.E.31!HOBbeB Tennol!>K3!!.'!ecKHe cso"licTBa Merannoe npK BbICOKl!.X reMneparypax 

Cnpaso'!HJ.!K. "MeTannypnu" M.; 1989r, 382c 
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Mexauu11ec11:ue ceoiicTea BOJlbl 

BBeneBHe~~~~~~~~~~~~~~~~·~~~~~~~~e"'-'-'rn~o=......._-'-~1 
j 

3.1.)J;Ha.rpaMMacocTol!HHl!BODhl.~~~~~~~~~~~~~~~~~~~~q~z 

3.2. 6nHCaHHe CBOil:CTB )!(HllKOrO COCTOl!HHll c IlOMOlltb!O ypaBHeaHl! BaH-nep-

Baanbca If 1f 

3.3. KpaTKHlt nepeqelib HJBeCTHhlX cj>H3H'lecKHX napaMeTpon BO/lbI 50 

3.4. 01.1eHKH MeXaHHqecKHX csoll:cre BODbl no tenJIOBbIM napaMeTpllM SS 

3.<f.1 IlpoqHOCTl!ble CBOil:CTBa Jlb)l;a 5S. 

~. 'f. 2. . IlpoqHoCTl!ble CBOHCTBa BO.lib! 51 

3.5. KpaTKHe BbIBO.llbI K rnaae 3 G1 

JiaTepazypa K rnase 3 G lf 

. IlpHJIO)!(CBHe K rnaee 3 6 5 

ITpmroi«erme l. Meroa. orrpe11.enenne KpaeBoro yrna CMa'inBaHHJI eoa.oll CTexna 6 5 

ilpHJIOJKeHHe 2. 3xcnepHMeHTa.llbHOe onpe.11eneHHe MHHHl\fllJlbHOro YCH!IHJI pll3pb1Ba ( P,, ) 

.IIJ!H BO.llbl 6 ':/-
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fnaea 3 

MexaHH'lec..:He cnolicTna BOAbl. 

B :noll rnaee CAeJiaHa IIOIIbITKa pacwHpHTb npeACTaBJJeHHH 'IHTaTeneli: 0 

npO'IHOCTHb!X CBOMCTBax lKHJIKOCTeii. Tipe.11cTaBJ!CUHble cee;:i;eHHJI He npeteHJlYIOT aa 

nonHozy. B )"le6Holl. JIHTepazype eonpocy npo'IHOCTHblX xapaim:pHCTHK JKHMOCTeii H 

cnoco6aM HX onpe.11eneHHll yAeJ!JleTCll O'leHb MaJJO BHHMaHHJI. ECJIH BCeM, co WKOJibHoli: 

CKaMbH H3BCCTH0, '!TO BeweCTBO MO:lKet HaxOAHTbCll B rpex COCTOllHl!llX, TO CJIC,[(yll JIOfl!Ke 

3TOH HHcl>OpMaUHH, CileAyet pacCMOtpeTb npO'IHOCTHble xapaKTepHCTl!KH 3THX tpeX 

COCTOJIHHH. 06bl'IHO lKe 3TOT npouecc Ha'IHHaeTCll H 3aKaH'IHBaeTCl! paCCMOtpeHHCM JTKX 

CBOll.cTB Al1ll TBep.11oro COCTOlIHHll. Xou see TpH COCTOl!HHll, npH onpeAeJieHHbIX YCJIOBHlIX, 

KMH 06JI!l.lla!OT. 

CymecTByet OI'pOMHOe KOJll!'ICCTBO lKHJIKOCTeii. B lKHJIKOM COCTOlIHHH MOryT 6bltb 

CJ!OlKHble XHMH'leCKHe BewecTBa opraHH'!eCICOfO H HeopraHH'leCICOfO npoH<;XOlKJICHHJI. B 

:lK!l)U(OM COCTOJIHHH MOfyt 6b1Tb ace npOCTb!e 3JICMCHTbI Ta6JIKUbl )J;.H.MeH,lleJieeea. B 

11a1moii rnaee OCHOBHOe BHllMaHKe yAeJilletCJI ljJH3H'ICCKHM ceoltctBaM BOAbl. 06w11e lKe 

CBOHCTBa lKH)lKOCTeli Ha npHMepax lKH)lKHX MeTaJJJ!OB 6b1Jlll OIIHCaHbl B nepeoli rnaae 

HaCTOJlweli pa60Tbl. 

Y'leHbre no)lC'IHTaJUI, '!TO 3eMHal! noeepxHoCTb co.11ep)[(HT 

eoAhl. 3to Ca.Moe pacnpocrpaHeHHoe u H3BeCTHoe aemecreo Ha 3eMne. )J;nll )[(l!teneii MHornx 

paliOHOB 3eMJIH BOD.a B )lOCtaTKe - 3'J'O CHMBOJI cqacTJIHBOii lKH3HH. HanH'!He npecHOli BOJlbl • 

3TO ycnoBHe cyrn_ecreoeaH1u1 qenoseKa H MHornx )l{l!BOTHbIX. Be3 BOAbI He Moryr 6mb 

ocywecTBJieHw MHorl!e rexHoJiorH'lecK11e npouecci;r B npoMh1w,1eHHocn1. Ee3 JHaHHJI 

cl>HJH'JeCKHX H XHMH'leCKHX CBOHCTB BOJibl, HeBOJMOlKHO rrpllKTll'!eCKOe ee llpHMeHCHHC. 

Oo3toMy ee ceoll.cTBa H3Y'laJIHCh s nepsy10 O'iepeAh. 3ro o6ecne'IHBanoch ee AOcTynHOCTblO 

II IIOJie3HhlMH 6HOJIOfH'lecKHMH CBOHCTBaMH. 
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M1:torue (jJH311'1eCKHe napaMeTpbl Jlb)la, BO)lbl H napa onpe)leJJeHbl II )lBBHO H3BeCTHbl, 

HeKOTOpble MaJJOH3BeCTHbl, a HeKOTOpb!e HeH3BeCTHbl JlO CllX nop. 

HanpHMep, )l88HO 113BeCTHb! IIJIOTHOCTH BOJlbl II JlbJlB, TeMnepaTypbl IIJlaBJJeHIU! II 

KHileHHll, CBOHCTBB H8CbllUeHHbIX napOB, y)leJlbHble TenJJOeMl{OCTll BOAbl II JlbAB II AP· Mano 

113BCCTHbl MO)lyllb I011ra JlLAB, npo'IHOCTL lKH;:IKOli BO/lb! Ha .ne<jlopMaumo pacrnlKeHl!l! " 

COBCeM HeHJBeCTeH, HB!IpHMep, TBKOli rrapBMeTp, KBK MOAYJlb lOHra lKH)IKOli BOil.bl HB 

.11e<jlopMau1110 pacTlllKen1111. 

PaccMOTpeHHIO 3THX BOnpocoB II IIOCBl!IUellbl crreJlY!OIUl'le CTpBHHULI .neHHOH mash!. 

IlpH 3TOM pac'leT HOBblMll cnoco6aMH H3BeCTHb!X napBMe'I'pOB - C'!HtaeM npoBepKolt l!X, a 

pacqt:T 11e113aeCT11b!X napBMCTpOB - )IOCTOHHCTBOM. TipoBepeHHble H orpa6otaHHble cnoco6bl 

ou;eHKH MeXBHH'lecKHX CBOltCTB BO~, MOJ!CHO 3aTeM c onpe.rreneHHblM np116JJHlKe1111eM 

HCilOJib30BBTb .llJ!H OilHCBHHll CBOHCTB 'IHCTb!X JfCH.llKHX MeTBJIJIOB. 

B 0.llHOii H3 CBOHX CTBTell npo<jleccop ,U.A.<l>pa11K-KBMe11euKHll nepe'IHCJlHJI ceMb 

JJHKOB Bcene1111oli. B aeli acTpe'IBIOTCll ra3, lKH.l\KOCTh, TBep11oe Teno, nnaJMa, HeliTpoanoe 

aem;ectBo, 3UHIIJta3MB H none H3JI}"leHRJI. 

311.ecb 6y.neT H;:ITH pe'lh 0 <f!H3H'!eCKHX CBOi!CTBBX ren, MOfYIUHX 6hrrh B COCTOl!Hlill 

fa3a, lKHJl.KOCTll Hll.H TBepll.OM. 

HarJUl.llHhlM cnoco6oM OIIHCBHHll COCTOl!HHll aem:ecTBB H B03MOlKHb!X B HeM 

<jl830Bb!X nepeXO/l,OB llBJllllOTCll ll.HRI'pBMMbl COCTOlll!Hll. 

3.1. ~HarpaMMa COCTOHHllB BOJlhl. 

Ha pl!C. 3.1. npHae11.ena xopowo H38eCTllBI! 11.narpaMMa COCTOl!HHl! BOil.hi rrpH MBllhIX 

,11aeneu1111x (P - T .nuarpaMMa). OCD - JIHHHll cy6JIHMBUllH; DS - JIHHHll nnae.'!eHHll; DD
1 

K -

JIHHHll KflneHHll ( HCnapeHHJ!), OHa 06p1>1Baercll' B KpHTll'ICCKOit TO'IKC K. 05naCTh HHlKC 3TOH 

JIHHllH OIIHCblllaeT fB3006pa31!YJO <l>a3Y (BO,llll!IOH nap), a BhIUie - lKH.D.KOe COCTOllHHe. Bb!llle 

TO'IKH K lKHAKBl! II raJoo6pa3HBll <l>a3b1 COBUB,llBIOT. 



P no. 

200D 

noo 
T8iipdoe cocmoJ1-1ue '· . ' 

1600 
p r-: ·~ 
~1~~~~21-1--~~___:~f-+-"~--4 -~ 

1~00 

--_;:-_-_ - . . 
- - - - #1 • 
- - - , f];joBoe 1200 

coemo~uue 

1000 

,/(tAHU!A. j/UHU..f( 
iw,a8.neH'-''- ___ :.-_:._: _ Kt-trzet-H.<.f(. .. _... ·. 

goo 

600 

t.roo . . 

200 

. 'T "If, 

2'10 250 .2CO 270 .230 290 

fHe/J 3. {. ;l.J,wnpcr.M.Ma 
:;a f.JJ) eH Uc~ X 
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JIHRHI! DS - 3TO mmm1 paaHoaecttoro cocTOJIHHll Taep.noi! H JKH)l.Kofi cjHl3. 3rn 

i!HHHll npH61rnlKaeTcll 1< OCH .nasne1mil. ToqKa D -TpoiiHall TO'!Ka. B 3Tofi TO'!Ke Raxo.a.11TcJ1 B 

paBHOBeCHH TPH cj>a3bl - TBep)l.all, lKH)l.Kall ff ra3oo6pa3Rall. ,l{nll BOAL! l!ii COOTBeTCTByKlT 

'T' = 0 0 O'l5 ° C . 
l:D ") ' 

lIHHHll OCD nOKa3&maCT pasHosecttoe cocrollHHe rsep.nol! H ra3oo6p113Hoil lj>aJ. 

Heycrol!qHBLie MeracTa6Hi!hHh!e cocTollHHll HaxO.!lllTCl! s6mm1 JIHHHll pasHosecu11 ipaJ. Ha 

pHc. 3. l. noKa3aH H3o6apHbdi nepexo.n F., F2 F3 F'f . Ha JIHHHH F
1 

F,.
1 

TO'!Ka F - TIO 

nepeoXJiall(JleHHhlii nap, F3 • neperpe;llll lKH.ll.KocTL; Fa. • nepeoxm1)!(Jl;i!HHall ll\ll.llKOCTh. 

IleperpeTOro TBi!p.noro TeJia He 6h!B8eT. flpH H30TepMH'!ecKOM IlOBbIIIIeHHH )l.8BJICHHl! no 

JIHHHH N
1
N2 ra:i MOl!<eT 6i.rri. nepese)l.l!H B lKH)l.KOCTb (N

2 
), ecnH 3Ta JutHHl! Jiell\HT ffi!ll\e 

JIHHHH Tl':: = T. EcnH JIHHHll N
1

N
2 

npoii)l.i!T BhIIIIe JIHHHH TK = T , TO r113 a lKH)l.KOCTh 

nepeBe)l.eH 6h!Tb He MOllCeT. To'IKa "K" pHCyHKy He npHHMJielKHT T.K. el! K00p)l.HH8Tb1 

Bh!XO)l.llT 3a paMKH pHCYffKa 

3.2. 0nHC8HHe caolkTB lKH.11;KOro COCTOllHHR c ROMOIIl,blO ypaBHeHUll BaH-11ep-BaaJJLCa. 

YpaeHeHHe Baa-.nep-Baam.ca .!1JJll o.nttoro MOJ!ll 11MeeT BH.11 

OHO npaBHilhHO onHCbIBaeT CBOiiCTBa peaJibRb[)( Ta30B, HO II c onpe.ne11eHHblM 

IIpH6i!HlKeHHeM, CBOiiCT!la lKH]J;KOCreii. BepHO OHO OUHCbIBaer H cj>aJOBblH nepexon 113 

n13006pa:rnoro COCTOS!Rlll! B lKH.ll.KOe. YpaaHeHHe (3.1) MOJKeT 6L!Tb :iammmo B B!l)l.e 

V 3 
- ( t + r<.PT )- V 2 + ~ ·-I/ - ~ g == 0 ( 3. 2) 

0Tttoc11Teil&Ho ofri.i!Ma 3TO ypaaHem1e TpeT&eH CTenettH. CneAot1areH&HO, OHO HMeeT 

TpH KOptt11. Ha pttc. 3.2. np1rne.netta KaqecTBetttto P-V .JlllarpSMMa.flJl11 tteKoToporo aeruecTBa. 
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PMc. 3.2. ~.ub{ 6aJ-1-a-ep-81w.111bca.. 8lrl.~03 ~o.mep..1-1itl 

TI -G p6:tactn6 ompw:Ja.meA•J.1{,(:r ga l.Ae11ut.. 8 C - Heocg14ecm8Jt.i.t1Me 

c.ocm0Jl1u.1St j AB i< C 0 - OC!l"iecm~11.Re.uHe cocmo.1l111.u .. 

e ~(O = OJ6·f0.M OH I 

0 ,., 
"-"· 

H •· --------- • H 
e. -to 

= iS'I· fO IA( 
Hlf 
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I1oKroan xo.11. Tpex HJOTepM TK, T2 11 T1 . I1p11 6om,llloM 1<01111qecTBe H30repM MOlKHO 

nocTpOllTh KpMB)'lO LKD, KOToprui Ha:JhrnaeTcll 611no11arrh10. Kp11TH'!eCKWI 11JOTepMa T •p ii 

611Ho.11.arr.r, .11.e!lllT BCIO o6naCTb nonOlKHTenhHbIX KOOp.JJ.HHaT PV Ha '!eTbipe 06nacT11. Bi.1llle 

H30TepMbl T i<p pacnonolKeHa o6naCTb ra:ioo6pa3HOfO COCTOS!HH!i BCUleCTBa. 06nacTb, 

npHMb!KaIOmaii K OCH .11.as11eHa11, npeACTallJll!CT lKH.JJ.KOO COCTOJ!HHe. Cnpasa OHa orpaID!'leHa 

qacThlO KpHBOH 6HHO.JJ.anH LK 11 'IBCThlO KpHTH'!ecKoli 1130TepMi.r Tllp . ITop; 6HHO.JJ.aIIbIO 

HaxO.JJ.l!TCll CMeCb lKl!AKOCTH H napa. 3TO 06J1BCTb MeTaCTa6l!JlbHb!X· COCTOJIHHH. £Ip!! 3TOM 

qacTi. 3TMX cocro11HHll ocymecTBHMa (cM. p11c. 3.2. Ml! l!30TepMb1 T1 yqacTKI! AB 11 CD), a 

qacn. HeocYllleCTBl!Ma (p11c. 3.2. 113orepMa T1 yqaCTOK BC). Ha 3TOM pHCYHKe noKBJaHa 

113orepMa T 1 BhIXO.ll.lllllWI B o6naCTb OTJJHUBTe!lbHblX .11.asneHl!H. 

06nacTi., pacnonolKeHHBI! npasee yqacTKa 6l1HoJJ;an11 K£1D , a csepxy 

orpaHH'IeHHBll H30repMoli T.,, cooTBeTCTByeT napy. Heo6xo.JJ.llMO pB3n11tiaTh cocroiume napa 

H ra3a. ITp11 H30TepMH'!eCKOM cJKarna napa npoHcXop;HT ero KOH,ll;eHcanHll. IlpH JTOM ero 

reMnepazypa HHlKe T •p . HanpRMep, .ll.Jlll Menuuros Tai< tiame scero 11 6bIBaer. ITpH 

H30TepMH'leCKOM ClKBTHH r33a (Kor.11.a ero reMnepazypa Bblll!e T1<p) OH B lKH.11.KOe COCTOJ!Hl!e 

He nepexo.nHT. Ero HYlKHO CHa'!ana OX!IB,llHTb .no 60J1ee HH3KOH TeMnepaTyphI T( T;,,.. 

To'IKa K JIBIDieTcll o6meH. TO'IKOH .ll.Jlll 6111!0.11.anH 11 HJorepMhl T"f. 0Ha Ha3h1Baercl! 

KpHTH'ICCKOH. B 3TOH TO'llte aemecTBO 06na.11.aeT II CBOHCTBaMI! lKll.11.KOCTI! H CBOHCTBaMH 

napa. Ono He l!BJil!eTCl! HH lKH.!lKOCThlO, HH napoM. 3ro t<pHTl!'ICCKOC COCTOllHHe Bell.leCTBB, 

xapaKTepH3yeMOe MBKpOCKOUH'ICCKHMH napaMerpaMH ~f) ~,. ' ;;p IA. 17,.f 

3aMeTllM, '!TO H30TepMa T,,r HMeeT caMyJO Bb!COKyro TeMneparypy. Bee .11.pyrne - MeH&lll)'lO. 

. JP 
Ha yqaCTJCe BFC H30TepMbl T1 np0113BOl(HBI! rv > 0 T.e. ysen11'!eH11e 

o6beMa COOTBeTCTByeT ysenH'leHlllO .11.asneHllll. TaKoe COCTOllHl!e pearrhHO He ocyU1eCTBl!MO. 

3TO HeycTOH'IHBhie COCTOl!Hlll!. EcJlll CHCTeMa cny'!ai!HO OKBlKCTCJI B TO'!Ke F, TO OHa 

HeMe)lneHHO yli.11.i!T B cocTOJIHtte A l!JlH D. 3rn coCTOJ1HllJ160JTee ycTOH'IHBbI. Y'lacTKH AB H 
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CD noii 1!30TepMbl COOTBeTCTBYIOT uecTa611J1bHblM, HO ocymecTBl!MblM COCTOllHl!llM. To'IKI! 

nHHHH AB cooTBeTCTBylOT neperpeToii >KH.!IKOCTH, a n11H1111 CD - rrepeoxna>K,!leHHOMY napy. 

To'IKH nHHHH MB cooTBeTCTBYIOT pacT11Hyroii >KH.!IKOCTH T.K. ::na 'lacTb H30TepMbI 3RXOJtHT B 

o6nacTb OTp111.1aTenbHblX .11asneHHii. Cne,!IOBaTenbHO, MOlKHO C03,!laTb ycnoBl!ll, npi! KOTOpb!X 

>KH,!IKOCTb MOlKeT HRXO,!IHTbCll B pacTllHyTOM COCTOll_HHH. Haa'le roaop11, OHR o6na.&aeT 

npo'IHOCTblO Ha p83pb1B II: MOlKCT xapaKrepe:30BaTbCll TRKll:MH nap2¥eTpaM1! KaK npo'IHOCTL 

Ha p8.CTlll!Kem1e 11 Monyn1> I0Hra. 

np11Be,lli!M 3,llecL caMblii 11pOCTOH ODbIT, IlpH KOTOpOM lKHIIKOCTb nepeXO.D;HT B 

... 
pacrllHyTOe COCTOSIHll:e. 

Bo3LMeM Kanl!nllllpHyio rpy60'IKY H3 CTeKna c BHyTpeHHHM .!IHaMCTpOM 1+2 MM. 

noMeCTHM B Hei! )lBC-TpH Kllllm! 80,llbl. TaK IGllC BOJta XOpOlllO CMR'lll:BaeT CTeKnO, TO OHa 

o6p83yer B rpy6o'!Ke BOfffyTblH MCHHCK c JtByx cropoH. OrcJOp;a, Ha o6e 110BCpXHOCTI! BO.!lhl 

p;eiicmyer pacTllrHBaIOIUee aanp11JKeaHe 

BOl);bl HRXO.ltHTCll B paCTllffYTOM COCTOSIHl!H. 

6; 
T • Cne,llosaren1>Ho, 3TOT cTon6HK 

B 3aKnlO'ICHHe nepe'IHCJIHM CBOHCTBa sewecrsa, HaXO.llll!UCroCll B KPHTH'lecKOM 

COCTOllHHH. 

H3BCCTHO, '!TO B KpHTl!'ICCKOM COCTOllHHH semecTBO o6na.&aeT cnep;yiomHMH 

CBOiiCTBaMH. 

npH KpHTl!'leCKOii TCMneparype cpC.!Uillll CKOpOCTb MOneKYn lKl!,!IKOCTH np116nHlKaeTCll K 

CpCJtHCH CKOpOCTli MOJJCKYJJ B f83C. IJo BCCH BH,!IHMOCTH, c6nH>KR!OTCll H CKOpO"CTH 3BYKa 

B 3THX cpe.nax. 

KOJ<flit>Hl.ll!el!Tbl 11ml><!>y31111 .n;nll lKHIIKOCTH 11 napa c6nH>KRJOTCll. 

06.llllP,AeT 

I1p11 KpHTH'ICCKOH reMnepal)'pe nap-Y-HaH60nblllCH IlJIOTHOCTblO, a lKH.D;KOCl:b 

HaHMCHbllleil:. 

TennoTa HcnapeHHll pasua Hyn10. 

KoJ<!>1rn1.1Heur noBepxuocrHoro HaTll>KeHHll paseH Hyn10. 
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• flpll Kp!!Tl!\!eCKOH ITJlOTHOCTll CllJlbl rrpl!Tllll<eHllll II OTT3.J1Kl!BaHllll 

cpaBHllBalOTCll. 

• CTp11 Kp!!Tl!qecI<OH ITJlOTHOCTH eew,eCTBO He HMeeT rrpoqHOCTll HB pa:ipblB T.e. cs;;:::- 0 ' 

a CJieltOBaTeJibHO II MOJtYJlb fOnra p8.BeH Hy mo. E == O 

• B6JIH3H KpHTH'lecKoro COCTO.flHHll Cll<HMaeMOCTb BCll\CCTll3. 6eCKOHe'IHa, T. K. ( lf) == 0 
t)V T 

mo 1-(li)-v ~ P r 
-0.0 

• B Kp11T11qeCKOM COCTOllH.11.11 MOJtYJ!b ynpyroCT.11 Ha BcecTopoHHee paCTRlKeH11e paseH 

Hymo, T.e. J£..,F = 0 T.K. Kvp = f- 11 /!Arn Kvp = tirrz kr· == 0 
T rr- 'T'"P r- l'"f 

B CBeTe npHee)J;i!HHblX CBO:ltCTB eemecTBa HaxO)J;Jl[Uerocll B KpHTll"l'eCKOM 

COCTOllHllH MOlKHO c 6oJibWllM ,!l.OBepl!eM OTHeCTHCb K 4JopMyJlaM (2.10) II (2.11). 

Kvp;:=(!-12,)· j- ( 1.11) 

Monyn& o61>CMHOH yrrpyrocm rrporrop1.111011aJ1eH rrJIOTHOCT.11 semecTBa 11 np11 J. -?>- 0 

Kc-+ 0 . Jl:nll ne<j>opMBl.lllB cl!<aTBll Tai< ll LIOJl)[(HO 6&rr&, a !l.illl ne<t>opMfil.!llB pacTHJKeHBll -

HeT. Be11;1> np11 MllJJblX nnoTHocTllX eemecTBo o6&Prno naxon11TCll e ra.JOBOM cocTollHllll. A 

ra:i, KaK H3BeCTHO, 3aHHMaeT ncer11;a eec& npeAOCTaBileHHb!H eMy o6beM. CneaosaTe!lhHO, OH 

He MOlKeT xapaKTepll30B3.TbCll rrpoqHOCTblO Ha pa:ip&JB. 11 rpaHlll.leii J:(Jlll 3TOf0 ceoil:cTBa 

eemecTBa llBJISleTCll KpllTll'leCKOe COCTOlIHlle. 

01tHa.KO, raJoo6paJHOe COCTOllHl!e HMeeT rrpO'IHOCTb Ha ClK3.TBe. 1ho6r,1 3TO 

o6ttapy>Kl!Th, ero, TaK )!{e Ka.K II lKBLIKOCTb, Heo6xoJ:(HMO 33.KJllO'lllTb B rrpo'IHYJO o6oJioqKy, 

KOTOpaH 6&! coxpaHJ!Jla ero o6beM. flp11 TaKHX ycnOBl!llX MOlKHO Bb!'IHCJ!l!Tb MOAYJ!b fOHra 

B03Jtyxa ,[\!Ill HOpMaJibHOfO COCTO'IHHll. 
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nycTb llMCCTCll O,!\llH MOJlb B03,nyxa llp!! To = ,2 'f 3 • K . lhBeCTHO, '!TO 

\T 3 
np11 ,naBJJett1111 f?, = 10132S net OH 31lHl!MaeT ofu.eM V 0 :: 0 0 2 2. lf ""' . 

Dpe.llcTaBHM, qTO :>TO xo1111qecTBo 803.nyxa naxo.llllTCJ! 110.ll nopumeM B u11n11H.11pe c 

ceqe1111eM S = 01 022.1/ M-
2 

, TO BbICOTil croJI6a so3.nyxa ho = 1. ..i-1 • Hali.lli!M, 

\T - 3 
np!! KaKOM. ,!\aBJICHllH o6"bi!M 803.nyxa no.n nopwHeM CTaHeT paBHblM v 1 - q 0 2. 0 ..u.. . 

. j 

o = R To = 2)2G3· 10-:::. 1. 13·10s-fl .. 
O,\!=O'f.o' I. 1T 2. J "' 
f;x V1 /\ ' X V~ ~J0· 10-

Moll<HO <:'ll!TaTb, qrn Pi< == De ; -~ = S · h x -::: 0,. 0 2 0 

hv::;: .!lL 020!}__ = () 893 ' 
~ 0022lf ) .M) 

I 

Ilp11MeHllll K C)[(aTOMY n13y 3al<OH fyxa 

(2.5) 

3To )l(e 3HaqeHHe M0,11)'Jlll lOttra ):tJlll B03.nyxa MOlKHO nonyqHTL 113 ypa8HCHHll 

~ . 
£ = 3 f{ vc -:::. D J: }:, ; 

/? = "010 -~ (J ;::: i 29 Jdl. l.-p ., /<IZ··fC ' Jo 1 .M
3 

1010 6fl 
£ =3·12.o· _ =.1.0&S-10 ~ 

' .1 3 HS· {O 3 ~ 
) 6 

Es== 1-106. 10 {/q 

ML! nony'IHJlll .!\BYMll pa3HLIMll cnoco6aMll COBll<U(RIOIUHe 3Ha'leHllll MOi:tYJIJI 

lOttra ao:i.nyxa np11 L1e<j>opMau1111 clKaTHll. q;;,,mo,µ~, ~ i.u:J'J':f,ea ~: 
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3.3. Kpanrnii nepe"leHb HJBeCTHbIX tj>HJH"lecicttx napaMeTpoB BOJlbl. 

npHBO)ll!Mbie )l8HHbie O napaMeTpaX BO,!lbl (B Tpex <j>aJOBbIX COCTOl!HllllX) B3llTbI H3 

!llffepaT)'pbl, Cill!COK KOTOpoli npl!Be)leH B KOH!le rnaBLI. 
-10 

3.3.1.,lJ;11aMeTpMoneKyJ1bIB01lbI cL = 2/16' 10 .,o< 

3.3.2. CTpOeHl!e MOJleKyllbl BO)lbl npl!Be)leHo Ha pHC. 3.3. 

3.3.3. Macca O,!IHOro MOJlll 

3.3.4. 3tta'!eHllJI IlOCTOllHHbIX B ypaBHeHHll <llpem<enll 

q;- -speMll oceMOH lKH3Hll; q;;. nepHOl( KOJle6aHllH MOJlCKYJlbl B lKHl(KOCTH; w -
:rneprnll tteo6xo,!lllM8ll Wlll nepexo.l{a MOneKyJII>I H3 OJlttoro ycroli'!llBOro uonOlKCHllll B 

npyroe; k- ilOCTOllHH8ll DoJlb!lM8H8. - !J -20 

,,-- -12 CC-=1.,'l-·10e; W:::.2.)9'f·10 ffJ, .. e '-'l
0

::: 1,L/· 10 C 
l -20 

J, fJ'f· 10 == 0;183S :78 
i, 602. 10- 19 w ::: 

3.3.5. iloeepXHOCTHOe H8TlllKCHHC BO,!{bl Ha rpattll!lC C B03JlYXOM. [I, Crp.95) 

,if. t G; ~ t Gs J1[; t G; 
nJ,, oc Ji_ 

ri/11 oc J:L n/n oc _lL 
..J,( .<,( .µ 

I 0 0,0756 4 20 0,0727 7 60 0,0662 
2 IO 0,0742. 5 25 0,0720 8 80 0,0626 
3 15 0,0735 6 40 0,0695 9 100 0,0588 

3.3.6. IlnoTHOCTb BO,!lbl B 38BllCHMOCTll OT COCTOJIHl!ll [!, CTp.Sl], (9, crp.124). 

Jrf'; CocTOllHHe T' .P .£!L. 
l'l)n oc ""'3 

1 Teep)loe (ne.ll) 917 
2 )K11.nI<oe (BO.lla) 0 999,841 
3 " 4 999,973 
4 " 10 999,700 
5 " 20 998.203 
6 " 25 997,044 
7 " 30 995,646 
8 " 40 992,21 
9 " so 988,04 
10 " 60 983,21 
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.N~ CocTOllHHe r JJ ..l4-
ti/;, ·c ""3 
11 " 70 977,78 
12 " 80 971,80 
13 -"- 90 965,31 
14 " 100 958,35 
15 KpHTH'iecKoe 344,15 320 

3.3.7. Tpol%Hasi 'tO'iKa so.111>1 

t == 0 OO'flf8 ·c; 
Tf. I 

3.3.9. 3Ha'!eHHll nocTOHRHhlX K031j>q>H~HeHTOB s ypaBHCHH!f Brur-11ep-Baanr.ca 

:;_Cf fJ . -8 RT11-e a == T R T:p. ' ::: B ~ , 
-6 3 tJ _, 3 

0 __s ,1_3_1 'f_·_b_'1_1,_.3_ ::: 3 0 lf lf- f o ~ · fJ =- 30/l'f. f o 3-
17 - ' ) 1-fO/lb ) HMb 

8·22,1·10 

I1pHMC'IllHHe. 

I. YpasHeuae Baa-.llep-Baanr.ca 11pH6nHJKemw; 

2. fJOCTO•llHHLie "a" II "e" He llBJll!IOTCll CTporl!MH; 

3. TeopeTl!'iCCKOe OTHOIJJeHHe 
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4. BMeCTO BbITeKaromero U3 ypaBHeHUll Bau-.uep-Baan&ca COOTHOlI!eHUll 11,;p = 3 .f; ' 
•mme acero Bblno11ul!eTCll paaeucTao -v;f = 2 B . HanpuMep, lll!ll BO.Ubl uMeeM: 

R l;e_ = 8; '31'(. ~l/1, 3 
-G ::: 10 3!} r, SJ> 21 C1 

~p · '\{P j!J, 1· 10 · !i~S-10 _, 
1{e SS;5·10 -182 m.e ~f ==1,g2t -e 30/!Y- f0- 6 I . 

v;f ~ 2 8 
3. 3 .10. CKOpOCTb 3ByKa B TBep.uoit itia:ie BO.lib! (BO ,1b.UY): 

- acTepl!<He zlr = 32KO ~; 
- CilllOIIIHOH Jle,11 npu 0 Cl c 7./,, -= 3 3 & 0 -;; 

" " 'lJ.-= 1'JJO ~ 
3.3.J 1. CKopocTb JsyKa s JKu.nKoii ao.11e ( t = +20°C) 

Acr -=1'182/t ·~g 

3.3.12. Ha pHc. 3.4. npe11;cTaBJieHbl TeMneparypub1e JaaucuMocTu y,11eJibHoii ttnnoeMKOcT11 

[8; CTp.153] u Ko3$'1i1u-1ueuTa o6'beMHOro pacmupeum1 [l, 139] AJUI BOAbI. 

3.3.13. Ha puc. 3.5. npeAcTaerreubl TeMneparypub!e 3aa11c11MOCTH yAellbHOii TenrroeMKOCTI! 

[9, CTp.211] u Ko3$!J:iu1.1ueHTa o6i.eMuoro pacnrnpeum1 (1, CTp.140] Jib,lla 

3.3.14. CJK11MaeMocT1> 111>Aa u BO.lib!. 

- -12 _j_ 
J1e.11 ( tnc) x-1 -91, 't. 10 na 

'1/ = u52 · 10-12 
J_ BoAa ,,.._,S -, n« 

-12 ..J._ 
BoAa, +2o•c; ;t'8 :::'f8~E·10 nq 

Bo11;a, .i-2o't;'X 6 -= 3CO · 10-12 
;

4 

3.3.15. M0Ayrr1> lOura JI&Aa 

~ 'n E -= 10· 10 et ,, 
- 9n t.11 =3·10 q 

ct =-'f•o 

c -t. =- 2~c ) 

(9, CTp.89] 

[9, CTp.96] 

[8, CTp.71) ( 1 --;- 2S <>-m,....) 

(8, CTp.71] ( 900 '7-1000_,..,i) 

(J, CTp.89] 

(5, CTp.283] 
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cf 
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~200 50\. 

~195 40.0\ 

Lrno 300 · 

l/180 100. 
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'-/ 1 tS ,.,.,.. I I I I I ! 1 

10 2 0 39 '10 so 60 10 

P11C.3. If :J/e.Mnepamyfflt?Jl 3a ~cu.,uocm6 
vLO.e.MKOCfYW [ 8/ CTf 153] IA /(03'ftp-«qf.(eHmq 

pa.CCMr..<pe~ [11 Cmp 13!J] ~ -lotff(. 
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80 
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llpnMe'la11ne. CTpo•mocTb JibJJ:a Ha pacTl!lKeHHe HeH3BeCTHa. B cnpaBO'IHHKe A.C. Eeoxoawra 

~ ( 
(l, CTp. 92) np11BeJ1eHO npH61tHlKeHHOe 3Ha'leHHe: CJ; f =' 1- 10 fl R 

3.3.16. IlpO'IHOCTbBOllblHapa3pblB(5,cTp.151) . 1-

G: -=-2KOu.,.,..,. =2,S'f·10 na. B.p 

:J.4. OueHICH MeX&HH'lecKHX CBOHCTB BOALI no TenJIOBLIM napaMe-rpa111. 

HcnoJJi>lYll 'IHCJJOBble 3Ha'leHHe napaMeTJXlB BO.lib! H JII>JJ;a, npHBC,lleHHble s npeJU>UIYUlCM 

PallleJIC rnaabl, BblilOJIHHM oueHKH HX MeXaHH'ICCKHX CBOHCTB no ljlopMyJiaM rJillBbl sropoit B 

llaHHOl! pa6ore paccMa1JIHBWOTCll TOJibKO ,!(Ba Blflla 'Ae$OpMauHll - ClKaTHll H pacurlKCHHe • .llnll 

onpe,11eneHH.ll cpellHHX 3Ha'ICHHll napaMC'IJIOB A } i.<... ~ 
PHC. 3.4; p111c. 3.5 H PHC. 3.6. 

llpO"IHOCTHble ceoilCTBa JllrJl8 

3.4. l. Bi.l'IHCJIHM MOJIYJ!b o6'bCMHOli ynpyrocTH ni.ita llltll 

2000 ' gn fr ==911·~·10=131·10 a.. 
Ve 11(0 1 

3.4.2. Bwmcll.lleM Ta6Jiwrnoe 3Ha'!eene MOJIYJill o61>CMeol! ynpyrocTH Jib.Zia JI.llJI. reMIIepazypbl 

4,2 °K 

3.4.3. Bb!'IHCJIHM MOllyJii. IOHra JILAa Ha J.1e$opMa1J,HIO clKaTHll no H3BCCTHoi $opMyne 

A er== £ E =-1/,, -. f.J = 3 9go) · 917 == 1'1, 5·10 na. r ' 2. ( 2. 9 
·v;, f JI II J,,, 

E.A.C == 1~5" 10 
9 na 

3.4.4. Ha pnc. 3.5. npeaeiteHa TeMneparypHBll 3BBHCHMOCT& Ko31\l$HU.l!.eHTa o6'beMHOro 

pacU!HpeHHll JibJIB. CTpHMeH1111 cnoco6 rrpH6,1HlKeHHOro Bbl'IHCJieHHll HHTerpanoe, onpe.11eJ1HM 

IlJIOUl8JlL 110.11 KpHsoii .J3 -::: <{' ( J) AJill HHTep11aJia T, -::: 0 ° K " '!;_ -= T:r .11 
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- G 1 
CpCJIHte 3Ha'ieHHe K03cpcpHIU!eHTa o6t.eMHoro pacumpeHHll JJbJla ._/j = '-/ 0 · 1 0 p ft. 

3.4.5. Hwecraoe 3Ha'ieHHe J. no3BOJllleT Bhl'!HCJIHTb WIOTHOCTh m>iia npH TeMneparype 

o· K. YiftA r = 213 • K J/ = 9f1:; ; 'lT -= i +y· fl T; 
ni ;: - Ir Yo - ;A 

rnK ~:::IJ· mo !.....£-::=j_+B·t. =i+'I0·273·f0 6 -:::.j0f092.' ··yJJ {) ../11- J J 
,/T . l<J2_ 

J!"" 911·1.,010:1-= 921· .,«3 

3.4.6. Bh!'lHCJIHM cpeJlHee 3H3'iCHHe l!JJOTHOCTH JJbJla 

fJ 2:. 91'1 i" 921 = 922 i 
0. J_, .M. T 

3.4.7. OnpeJ:1en11eM 'iHCnoaoe 3Ha'ieHHe Ko3cpcpm.1aeHra J{E 

322 ---= f_53 
g22- 320 I 

3.4.8. Bbl'l.HCJJHM MOJ:IYllb IOHra Ha D.ecpopMauHIO pacTlllKeHHll 

Ee 1~5· 10 
9 

EP= 7=-
E 

3.4.9. HcnOJJb3Yll 3Ha'lCHHe J.3 ' Bbl'iHCJIHM MaKCHMaJJbHYJO OTHOCHTCJlbH)'lO OObCMUYJO ,, 
rennosy10 ,ll,ecpopMaumo JJbD.a (3Ta necjiopMaunll B03HHKaer npH uarpesamrn JJhJ:la oT 0 ° K 
JlO TCMl!eparypbl l!Jl3BJlCHHll) ~ i - rn -G 

0 , = R ·ti J::: '10·27-3·10 :::; ~0·109 
v J,; 
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3 .4.10. MaKCHMaJILHllll OTHOCHTeJILHllll JIHHCHHM TeHJIOBllll .necj>opMRl.IHll 

Cv T 

3 

3 .4.11. BLI'!HCJIHM npo'IHOCTL JIL)la Ha .necj>opMRl.IHIO CJKaTHll. no 3aKOHY fyKa .lU!ll 0.1\HOOCHOH 

fipO'IHOCTHble CBOitCTBI BOIUd. 

3.4.13. BI>NHCJIHM cpe.zuno10 IIJJOTHOCTb BO.lU>I TllKHM JKe crroco6oM, KaK Bbl'IHCJIHJIH 

e II.3.4.4. (CM. pHC. 3.6.). 

(.) -= 9 8 'I /dl 
J;.e wi

3 

-JJ 

3.4.14. Mon;yJIL o6T>eMHOH ynpyrocTH BO.l\LI npH TeMnepaType + 20 C HaH.lleM no cj>oPMYJJe: 

K=!J_!L. 
fie J J> ) K = 9 9 B 2. · '1 18 2 _ :::: 19 gs · 1 o 9fi 

v. J :1.10-10 ' / a. 

3.4.15. ClKHMaCMOCTL BO.l\LI npH TeMnepaType +20 C 

v' - _j__ 
~" - K. 

V( 

pacnrnpeHl!ll BO.!ILI. 

1 

3.4.17. HCJIOJIL3Yll 3Ha'!eHHe~ , onpe11.em<M MaKCl!MaJILHYIO o6neMHYIO OTHOCHTeJIT>HYJO 
~{ 

Tenrroayio .l\eqmpMRl.IHIO BOil.LI 

J: "c - rri -G 
0. -:: A · ll J = 1./20· 10 · fOO = 01 0'12 

v i.1;, 
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H20 
<f'11 JU: lf e CKU e n apa11errpb.1 

B o .,c\ bl 
1. 
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3.4.18. MaKCHManbHlUI OTHOCHTeJlbH!lll l!HHellH!lll Tenl!OB!lll nec!JOPMIUIHl! onpenenHTCl! IIO 

t?Ol/2 
3 

°' 01 'I 

3.4.19. PaHe 6i.ma npHseneHa yro'!HeHH!lll c!JopMyna Jlannaca (2.14), .!laIOllllll! CBll31> MelKJlY 

IlpO'IHOCTblO lKH)J.KOCTH Ha pa:!phlB H K03c!J4JHUHeHTOM IIOBepXHOCTHoro HaTl!JKeHHll 

d :=_:;,_CJ;_+ d>o'l<.11 
P+ f,, 

lfa ypaBHeHHl! (2.14) l!CHO, '!TO d ~2 T.e. 

(2.11) 

pa:!pi.rnaeM&IMH nosepXHOCTl!MH 

rnepnoro Terra, .!lOJIJKeH HaXO.!\HTCl! Cl!Oii lKH.!\KOCTH TOllmHHOii He MeHee '!eM H3 nsyx MOl!eK}'JI 

fu'IH aTOMOB. B 3TOM Cll)"lae ciiOPMYJia naCT npo'IHOCTb lKll)lKOCTH Ha MOJICKYJll!PHOM HJIH 

aTOMHOM yposHe. Hae lKe HHTepecyeT npo'IHOCTb KaK MaKpocKOilH'lecKHii napaMeTp. OnHaKO, 

,I(JIJ! BO.!\bl OHa H3BeCTHa. CnenosaTeJibHO, MOlKHO peWHTb o6paTHyKl 3anaqy - HlIBTH TOJilllHHY 

CJ!Ol! lKH.!\KOCTH (BO.II.bl), Koma OHa npOl!l!Jll!eT npo'IHOCTb Ha MaKpOCKOilH'!ecKOM ypOBHe. 

d = 26; 
p 

Po~ 3~ 5 na; ~ H'f := 501·1r/
0

c.M 

~I & C/· fO r- / 

d -10 
-==S0/1··10 .u. 

-117 
llHaMeTp MOl!eK}'JI soni.1 J

1 
'1 G · f 0 ..u . Cnoii BOAbl npo11a111110mHii MaKpoCKOIIH'!ecKHe 

CBOllCTBa COCTOHT H3 "' 19 MOJICKyJI. MHHHMaJibHOe ycHJIHe pa:!phlBB CJ!Ol! BO.Ubl 

Ha6monaeTCl!, Korna 'IHCJIO MOJ!eKyJI B Cl!Oe # ~ oO 

,ll.l!ll BO.!\bl (cM.npH!IOlKCHHe 2 K rn.3) 

3.4.20. Bi.I'IHCJIHM MOP.Yllb lOHra BOP.LI Ha ne<!>opMal\HIO paCTlllKCHHll 

E. := 0-;, = .2, g'f. 10 ,,_ = :2. 03 · fO !1 n 
P ~e J a_ 

0 ~ Ottl 
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98l/ 
----::::i/182 
9H-320 

3.4.22. Bhl'!llCJlllM MOJ1YJJb !OHI'a BOJ1bl Ha ne<PopMal.lHIO ClKaTllll. 

fc = 1/182; 
F' 

3.4.23. Pa11ee6bmanp11sene11a<PopMyna .X· f =Lopsf= 3 (2.8) cnpaseMHBall Mil nnos 

II lKHJ1KOCTeii. OnHaKo, IlOCTOllHHall MJI pa3Hh!X fa30B II pa3Hb!X lKllJ1KOCreii MOlKeT OTJlll'!aTbCJ! 

OT TeopeTll:'!eCKOii. IlposepllM 3TO paseHCT80 ~BO~. 

-12 9 X
0

• £ =£0;3·10 ·3;01·10 = ~151 

3.4.24. Bbi'!llCJJllM, KaKOMY J1aBJJeHlllO COOTBeTCTByeT MaKCllMaJJbHall OTHOCHTeJlbHall 06-neMHall 

q 

t:.p=: 83;5·10 na.) ~p= P2. -B ) 
f

2 
=83,S"·10

1na ,· 
3TO nasrre1111e npeBh!lllaeT J13BJ1eHl!.e 3KCnepHMeHTaJJbHhlX J1aHHblX ClKHMaeMOCTH 

BOJ1bl, rrpe;:(OCTaBneHHble B H3BeCTHOM crrpaBO'IHHKe [ s, ef11f. '11]; p:::: 1000 Cl. J'Y/oM. 
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Kpancue BLIBOJILI K rnaBe 3 

I'a:Joo6pa1noe cocmoRllUe 

TiapaMeTpbl r113006pll3HOrO COCTOllHHll pacqHTaHhl Ha npHMepe 803.ll)'Xa. 

1. Tennoaoil: cnoco6 pacqeTa MO.!{}'Jill lOHra 003,eyxa p;aeT xopomee coan!l,!leHHe c 

pe3ynLTaTOM pac'!eTa ero c ncnoJii.3o8aHHeM ypaeHeHHll MeH.t(eJieeaa-KJianeil:poHa (CM. 

CTp. 49). ' f = i, 06S· 10 flo. s.e 

2. Mo,11ynL 061,eMHOH ynpyrocTH 803,eyxa 

S' 

K =3,5S·10 ncr 
Vt 

3. CJKHMaeMocTL eo3,eyxa 

)/{uiJKoe COCMORHUe 

5. Bw'!HcneH MO.!{}'JJL o6beMHOii ynpyrocTH BO)lLI TennoBbIM cnoco6oM .t(Jlll 6oJii.urnx 

.t(aBJieHHH (P=8240 aTOM.) 

K vc 

6. CJKHMaeMOCTLBO.t(binpH l-=20'CnlJ.aBJJeHHH P = 8,3S· 10
8 

flt:.t 

'l/ -= 5 ~ '3 · 101~ ..1-(I 
/'-2.C1 " 

ITpHMe'!attHe. CJKHMaeMOCTb BOIJ.bI npn t : 2 0 ° ( no 1J.aHHLIM[ g, e.. 7·1] cocTaan11eT: 

P, :::: 1 .:;- 25" ~ ,..,...., 

f
2 

=9007-1000crm""' 
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7. TeopeTH"ICCKH nOK831lHO, "!TO M0.1\YJJH IOHra Ha ClKarne H paCTlllKeHHe OTJJH"laJOTCll. 3TO 

OTJIH"!He Alli! lKll.1\KOro COCTOl!HIU! COCTaBJilleT fe = J{N-:: 1)~8 
!,, & 

AJJI! BO.lib! npHHHMaeT 3Ha'!eHHe 

v · [~ =- 0, 1S1 
/V20 

~ 9. BbI'IHCJJeH napaMeTpbl BO.llbI, llBJ1ll10!IlHec11 AJJll Hee seJJH'IHHllMH nocTOllHHhIMH. ,l\Jlll 

TeMneparypHoro HHTepsana (1'/J -?-3!1:3)
0
/{ 

p = 98'1 • Cpe.llHJIJI DJIOTHOCTb B0.1\bI 
J41c 

• Cpe.11Hee 3Ha'leHHe K03«1'41HJlHeHTa o6'LeM:Horo pacrmqieHHll B0.1\bI 

A. ;:: l/!20' 10' ~ 
• MaKCHMaJJbHBI! o6'LeMHall OTHOCHTeJJLHBI! TeilJJOBall Ae«i>OPMail.Hll 

• IloJiy'leHO paC'ICTHbIM ITyreM H 3KcnepHMeHTaJJLHO nomseplK,!leHO, 'ITO 

MHHHMBJILHoe ycHJJeHllC p83pb1Ba .1\Jlll BO)lbl paBHO f: = 7/:HJs£· i1 
f,, :: 'YI, S flt:1 

• 3KcnepHMCHTaJJLHO onpe.neneHa seJJH'lllHa Kpaesoro yrna CM8'1HBaHHll BO):\OH 

CTeKJJa e == 2. 3" ( c.M. npii llV><t e >HH i I' 'W(. 3 ). 

T11epiJoe cocmoRHUe 

10. 8i.1'1HCJJeH M0.1lYJlb o6'beMHOii ynpyrocTH Jlb.D;a .llJlll TCMneparyp&i 260 "fC 

' K ':; 13, 1 · 10 n ~ Ta6JJH'IHOe 3Ha'!eHHe JJ,JUI TeMnepazypbi 
Vt 9 

K11c = 1 o, 9 · 1 o n ci. 

' 11. Bbi'lllCJJeH MOJ'.IYJlh I011ra Jlb.D;B Ha )'.le«!>opMaUl!IO paCTlllKeHHll [ f' II-;:_ 91 ~ 2·10 n a 

12. B&r"IHCJieHa npo'IHOCTb JJbAa 11a AecpopMauHIO pacrnJKeHHl! 

6. = :J) 113 . 1 o 
1 n a. r r. 
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13. B1>1palKe1fHe ):'.' • ~ = (,,11 s i T ,llllll n1>.na npHHHMaeT JHaqeHHe I, 107 

14. B1>1•mcJieH1>1 napaMeTj)1>1 n1>11a, llBJillIOl!1Hecll JIJJll l!ero aenH'IHHaMH noCTOllHHl>IMH. 

t.'=0,0103 v 
• Mo.nyJIH IOHra Jil>.!(a Ha clKaTHe H paCTllllCCHHe OTllH'laIOTCll. 3To orn1111He JIJJll 

TBep.noro COCTOllHHll }{ T = i, SI( 
E 

JIHTeparypa K r na11e 3. 

1. EHoxoa1111 A.C. CnpaBO'IHllK no lj>HJHKe flpoceemeaHe M.; l 978r., 415c 

2. I1HnHneHKo A.T., Ilo'IHHOK BJI., Cepe.na 11.n., lllea'leHKo <l>.,n. Cnpaeo11HHK no 

:meMeHTapHoii XHMHH. HayKoaa JIYMKa, KHeB, l 985r, 560c. 

3. TenecHHH P.B. MoneK)'nRpHaa lj>HJHKa "Br.1cillall ll!Kona", M.; l 973r, 360c. 

4. Pa.n11eaKo H.B. MoneKyJlllpHal! lj>H3HKa "HayKa", rnaaH. pe.n. lj>HJ.-MaT. JIHT-p1>1 M.; 

1965r, 479c 

5. JlaH.nay JI.)J;., AxHeJep A.11., JlHqmIHu E.M. Kypc o6rueii lj>HJHKH. MexaHHKa H 

MOJie•:yJillpH8ll ¢>H3HKa HayKa, M.; 1965r, 384c 

6. KHKOHH H.K., KHKOHH A.K. MoneKyJillpRal! 4JH311Ka. roe. H3.!(. cpH3.-MaT. JIHT-p1>1 

M.;1963r, 498c 

7. Kypc cpH3HKH. no,11 pe.D,. npocp. B.H. J1030BC!toro B .D,Byx T0111ax "Jlaa1>" CaHKT-

fleTep6ypr, 2000r 

8. Ta6nHU1>I <l>H3H'!eCKRX eenHqHH Cnpaeoqam<, non pe11. aKa.n. 11.K. KHKOHHa ATOMH3,naT 

M.; 1976r, 1006c 

9. <l>H3H'leCKHe eeJIH'IHHbl. Cnpaeo11HHK, no11 pe11. H.C. fpHrop1>esa, E.3. MeiiJIHxoea. 

3HeproaTOMH3JiaT, 199Ir, 1232c 
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IlpHJJO'lKCHHH K rnaue 3. 

Optt11olKeHHe I. MeTOil onpet1e11eHHJI Kpaesoro yrna cMa'IHBaHHJI BOllOli CTekJia. 

KaK onpe,ueJJHTb: "CMa'IHBaeT llH lKH.UKOCTb ,uaHHblli TBl!p,Ub!H Ma"repHaJJ HllH HeT?" 

CaMblli npocTOli cnoco6 c11e,n;yioi.qHli. Karr11J1 lKH.UKOCTH rroMeITTaeTCJI Ha poBHYJO, 

ropHJOHTaJJbHO pacrro110JKeHHYJO n110CKOCTb HJ )laHHoro MaTepHana. Ec11u Kan11J1 

pacTeKBe'!Cll no nosepxHOCTH, TO lKHAKOC'Tb '.)TOT MaTepHaJJ CMa'l.llBaeT, eCJJH He paCTeKaeTCll, 

ro HeT. Ho no Ka'lecTBeHHhlli cnoco6. Ero, npas,n;a, MOlKHO yTO'IHHTb ec11u Bbl'IHCllJITh H 

CpaBHHBaTh IIJIOII.lll,!UI CMa'IHBaHHll. 06bl'UIO )!(e CTeneHb CMa'IHBaCMOCTH lKH,ll;KOCTblO 

nosepXHOCTH TBl!p.aoro TeJia xapaicrepH3YIQT He IlllOII.la)lblO conpHKOCHOBCHHll HJIH 

pacTeKaHHJI Kamm, a Kpaesb!M YTllOM e 
Kpaesoli yro11 e - 3TO yron, o6p830BaHHi.lli. KaCaTellbHOli K noaepXHOCTH 

)!(ff.!IKOCTH (npose.al:HHOli HJ TO'iKH conpHKOCHOBeHHll lKH.!IKOCTH c TBep)lblM TellOM) c 

nosepXHOCThlO TBep.aoro Tena. (CM. pHC. 3.6.) Ha pHC. 3.6. IIOKaJaHa B p83pe:re KanJIJI 

lKH.!IKOCTH o6'be!MOM ~ , KOTopall pacreKJJac& no nosepxHoCTH TBl!p.aoro Te11a. Ha 

pHCyHKe rrpHHJITbl cne,n;yiom11e o603HB'ICHHll: 

AC= 

BC= 

ALI= 

ti Al C 
CTOpoHaMH. 

- pa,uHyc pacTeKmeikll KannH; 

- BblCOTa KanJIH; 

- pa,uHyc waposoro cerMeHTa KanJIH. 

rro.1106eH A AC,l{, KaK ;peyrollbHHKH c B3aHMHO neprreHilHKyllllpH&IMH 

L l!JC = L li2Jl 

?/( = trne z (1) 

3anuweM O'ieBHllH&le paseHCTBa. 

~s () {2_) 

lh 3Tllx ypasHem1li Haii.ae111 h I< 

z ::::: 'l.s< 'Z" - ht< ::: 'l" 
11it e 1 11n fl -+in g 

7t;e . ( 1- cq ()) = hi< 
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,[{JJJI ynpomeHHll 3TOrO BhlpalKeHHll socnonb3YCMCll H3BeCTHblMH 

TPHroHoMeTpuqecKHMH paseHCTBaMH 

(3) 

L(nll BblqHCneHHll h /{ socnom.3yeMCll TeM cplllCTOM, '!TO o6'beM KaI!JIH 

!I 
H3secreH. 06'beM l!Ce rnaposoro cerMe11Ta pase11 o6'b!!M ICllnnH. 

3aMeTHM, <rro napaMCTP ?K. AOCTyIICH 11enocpe.11CTBe11110My H3Mepe111110. PeIUHM 

COBMCCTHO ypasHeHHll (3) H (4) 

h K : Z K ' i9 : ; v;_ ~ f '); ? K • 1? % ( 3 'l~ + z:. fl!) 
GVK 

~· z; 
GV" 

u zrz~ 
-C C-3x=X 

3 (5) 

3To Ky6HqecKoe ypas11e1111e. Ero MO)KHO peumTL no cpopMyJiaM KapnaHo, HO 

MOlKl!O H rpacpH'!eCKHM nyreM. B OAHOM H3 3KcnepHMeHTOB 61>1JJH nonyqeHbl TaKHe 3HaqeHHll 
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X = 0,209; t9' t = O;J.O!J ~ ~ == 11, 8° f):::: 23" 

Kpaesoli yroJJ npH CMa'IHl!aHHll BO.UOH CTeKJJa paneH ~ 23 • 

Ilp11JJOlK•rnHe 2. 3KCDepHMeHTBJJbHOe onpeneJJeHne MHHHMBJlbH0.-0 ycHJJHH 

pBlpblBB llJIH BOllbl. 

Pam:e, B rnaee 2 6bma noJJyqeHa <jiopMyJJa (2, 17) 

Otta .uaeT MHBHMMbHOe Hanp11lKeHHe p3.3ph1na ilJJll cnoll lKHilKOCTK { ~ CK"" 
IlpR OTpb!Be CMa'!HBaeMOit nosepxHOCTH TBep.11oro Tena OT rrosepxHOCTH lKH.llKOCTH. 

Pac'!eTHOe ~:Ha'lem1e 3TOro HanplllKeHRll Jl.Jlll BOilhI 11 cTeKl!a coCTaBJJlleT 

u;em; onJ>ITa COCTOHJia B TIO.llTBep)l(.lleHlm 'IHCJJOBOTO JHa'!eHHJl rrapaMe-rpa. 

llnH IlOCT<ll!OBKH 3KCnep11MeHTa 6bll!ll llCil0llh30BaHbI: 

CTeKJJllHHaJI npllMoyronbHaJI IlJJBCTllHa c p3.3MepaM11: 

t; = r, J t:M.; t:i = t re..u; -t:~ == t;.3GM; 
s ::: 3 ~ 2 8 !M.2 

Mel!KaJI KIOBeTB c 'lliCTOli BOAOH (rny611Ha KIOBeTbl IOMM, cnoli BOAbl BbICOTOli )10 

6 +7 MM) 

IlO.U"beMHblll CTOJil!K. ,U11anaJOH 113MeHeHHll BhlCOTbl 10 - 15 MM. 

k -2 H 
npymHHRblH .UHHaMOMeTp =: 'I· f 0 ;;M 

IIITaTH8. 

CxeMa onhITa np!!BeAe11a Ha p11c 3.7. 

floAeerunsaeM CTeKJJ!lHHYKJ nnacnmy. 3aMe'!aeM noKaJam1e ilHHBMOMeTpa 

c IlOMOIUhlO IlO.ll"heMHOro CTOJJHKB npHBOAHM B conp11KOCH08eH11e noBepXHOCTh 

CTeKJJllHHOll 
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nnaCTHHJ.I c noeepxHoCTblO eo111>1 B KJOBeTe. 3aTeM CTOJIHK Me11neHHO onycxaeM. B 

MOMCHT OTpb!Ba OT noeepXHOCTH BOllbl, 3aMe"!aeM noxa:iaHHe llHHaMOMCTpa ( t ). 
CTpHBe11eHttb1e H3MepeHHll llaJill cneAy1011rne pe3yJibTaTbI: 

Bee nnacT!fHbl Pcn ::: °' 250 H 
Cttna oTpbIBa F,, == ~ 3 'l 5 H 

Taxxax !;: ::: ~" + F': F' = ~r- fc11 

P==0,3'l5-0,2SO = 01125H 

s =35128c.i.<2 

Pa'"" 

Pac'!eTHoe 3Ha'leHHe 

F' s:::: 
3S t/ J:L 

J .,..z 

CTp11Me'!SU111e. CHllbl noeepXHOCTHOro HaTll)[(CHl!ll MaJil>J. 

i,.,, 'f 

T.K. t :: L.. ti ::::: :l. If, 3 ~ :::: ~ 2'f3 ,.t.t ) 

i = 1 
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mf.'110 
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.. : . . . , ... T . - . 
0 T,IJl K.;n- -

Ka.iecmCeHff6fe jaBu~u.Ntocmt.( ~!JMI f0tf1q .14.e;.;;ot 
om >tJe.M~WJ'j-pd'f 'J~ 58fx £«90G gefOf..Ual!Ju« 



n p 0 'I If 0 c TI> MeTaJIJIU'leCl<HX lKH/l,KOCTeli. 

Ilpe.r1llcJiom1e _____________________ e"-'-'m-'-F"''--~'l1 

4.1. 0)lHOll:MeHHble i!iH31l'ICCKHe napaMeTpbl MCTllJIJIOB Jl.Jlll -rpex COCTOllHHH '1- lf 

4.2. MexaHH'ICCKlle CBORCTBa Il!!Tllll 9 

4.3.MexaHYr'leCKlle CBOHCTBa aJl!OMHHlU! 8 'f 

4.4 . .6ep1m.rrnli - ITpO'IHeitIIJHit H3 nenrnx MeTannos 1 

4.5. )J{eJie3o - MeTaJIJI ne6a 9 8 

4.6.Bonhiii:P'™ - ca.MbIH TyrorrnasKl!H MeTann 10 3 

4.7.PTYTb -- caMb!H nerKorrnasKHH MeTann 10 

4.8. <l>plll!I.IHit - CaMbIB THllll'!HblH Merann 115 

4.9. KpaTKHe BhIBo)lbI 11 

TIHTeparypa 12 2 

ITpl!IloJKeHHe I. l1ccne;:iosrurne upoH3se;:ieHHll ;>C· £ = Consi )lilll TBep)lb!X H 

llCH,!l.KHX MeTaJIJIOB ----------------------1'-'2"".3 

nPl1JlO.>KeHl1e 2, O~)eHl<A Kpi-1TV1'1eci<oro ,tl.AlllleMUf' 

A 11.!l cppaHU,i-11l 

rJ\ AS II 5. 3aKJllO'leHPe. 

JCpaTKHC BhlBO,ll,b.I. 

128 

130 
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MexaHH'JecKHe csoncTBa MeTaJJJJH'leCKHX lKHJlKOcTeil. 

llpeoucJloaue 

B no:H rnase tem1osol! cnoco6 01.1eHKll ,\\leXaHl!'!eCKllX cso:HctB MeTa.llJIOB 

np11MeH11etcll ,1l.JllI MetanJioB, pacnoJiaraJOllll!XCll a Ca.Mh!X pa3Hb!X Mecrnx nepl!Oilllf'lecKo:H 

rn6.11H1.1h1 L(.!1.Mett)leJieesa. ecJI11 /1l1ll tsep11oro coctolIHHll Metannos 3TH 01.1eHKH l!BlllIIOTCll 

nposepO'!Hb!Mll, TO /1llll lKH)1KOf'O COCTOllHHll OHH '!allle acero pac'leTHbJe. KpoMe 3TOro 

IlOKaJbIBaercll B03MOlKHOCTb npRMeHeHlllI 3Toro cnoco6a K MeTa.lllla.M, 11.llll KOTOpb!X 

Henocpe11CTBeHHOe onpe,!!;elleHl!e TaKl!X xapaKTepHCTl!K MOlKeT 6bITb CBll3aHO He TOllbKO c 

6ol1bllll!Mll 'll!CTO TeXHl!'ieCK!IMll npo6.11eMaMll, HO II c p!!CKOM )1lllI lKH3Hll l!CCJie11osatenell. 

Hanpl!Mep, pT)'Tb, KailMH!i H CBHHeU s1.11lll110tcH ll/10Bl!Tb!MH Met8llllaMH. l1x 

co11ep>1caHne a 01<pylKa10meJ:I cpe,!!;e cTporo KOJ1Tpon11pyetc.sr. Py6mr11ll o6na.n:aet 6onLtuo:H 

XHMll'lec1mll aKTHBHOCTh!O. B11cMyT rop11T a HOPMM&Hol:t aTMoc<!>epe npK teMnepatype 

1000°(( Tccc .. = 156'f'C). 0Co6b!MH CBOHCTBa\!H o6Jla)laJOT PailHOaKTHBHble MeTaJJJibJ, 

JI.mi pa6oTbl c aKTllHHeM, HanpHMep, KOJIH'leCTBO MeraJIJia He ,!l;OJI)l{}!O npeab!lllaTh s -:-10 
M!<!KpOrpaMM. 3TO Tpe60BaH11e CBll3aHO c TeM, 'lto6bl yMeHblllHTb ero pa,W!OaKTHBHOe 

B03,lleii.c11111e. l1 CaMoe rnaaHoe, pa,W!oaKTHBHble MeTaJIJibl n11polj>opHbl H 

Ca.MOpa:iorpeBa!OTCll. :li!Ha'le roBOpll, OHi! o6Jll!,!l;a!OT TaKllMll ¢11111qecKHMl! CBOHCTBaMll, 

Kotopb1e 3arpy11Hll10T onpe,!!;eneHHe 11x napaMeTpos. 

OcHOBHOe BHllM8Hlle B rnaae y,D.el!l!eTClI onpe11erreH!llO MexaHl!'leCKHX CBOil:CTB 

'lllCThIX Metanrroa np1111elj>opMaI.1HlIX pacTlllKeH11ll 11 clKanrn. 

¢>H31!Ka He paBHO!{eHHO fl0)1XO,!l.l!T K onMcaH!UO MexaHH'leCICHX CBOHCTB TpeX 

COCTOlIH!!l! semecTBa. 3to IlO,!l;T8epllC,!!;aeTClI TeM, '!TO He Ha6epeTCll MHOfO MeTaJIJIOB, y 

KOTOpb!X H38eCTHa, Hanp11Mep, IlJIOTHOCTh BO BCex COCTOl!Hl!lIX -.,,;; ' .fs. le '.!;,,·,, '4 .l;p 
He l'OBOplI ylKe 0 IlOJIHOM Ha6ope MexaHH'!eCKl!X xapaKTep!!CTl!K. 

lpH COCTOlIHHlI semecTsa l!Me!OT p83Hble MexaHHqec1<11e xapaKTep!!CTHKH. 

H3BeCTHO, 'ITO )1Jlll TBep)1bIX Tell Bb!IlOJ!Hll!OTClI HepaaeHCTBa: 

f > 0. c ) c;. > 0 

0HH BblnOJIHlIIOTClI c TaKl!Ml! ,llOilOITHHTeJibHblMll YCJIOBl!SIMH r ~ rr:r. , MaJible 11asJJeHHll 

0Kpy)1caIOmeil: cpe,!!;b!. ,L:Visi ll<l!.IIKHX Terr Bb!IlOJIHlIIOTclI HepaseHCTBa: 

EP>O~ f,"?-0 G=O 
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.UononHHTeJihHhie ycnosmr: s&1coK11e TeMnepaTyphl 

COCTOl!Hlle ueseCOMOCTH. B rpasl!TailllOHHOM none Heo6X0.!111Mhl npO'IHhie o6onO'IKll. JJ:nl! 

ra3oo6pa3HI.IX Ten BbITIOnHll!OTCll ycnoBHJI: 

f < 0 . p J 
G =O 

JJ:ononH11TeJ1hHhie ycnos11J1: BhICOKl!e TeMneparyphl 1";"'" ~ T' = T~I' 
3aMKHYThle npo'!Hhie o6ono'!KH. 

KaK 113secTHO, npo'IHOCTb MeTannos np11 TeMneparype rmasneHH.11 snepsi.1e 

Bhl'll!Cn.11naci, nonllHll. HM 6bma nonyqeHa MHHliMaJlbHa.11 B03M0ll<Ha.ll npO'IHOCTb MeTanJIOB 

6-. [ ;z.] JJ:nll YCllJll!l! pa3pb1Ba nonyqeHbl TaKl!e 3Ha'!eHH.ll: BHCMYT Q = 3, 2 Mn It 
.... ~ - I' 

cypi.Ma C5p::: 3, 2 Mn" II IIHHKa C5f = 0, 6 M na. 
Pa3pa60TKoli Tennosoro cnoco6a oueHKli MeXaHH'leCKHx csolicTB MeTannH'!ecKHx 

>Kll,!IKOCTeli c.11enaHa IlOilblTKa pacurnpHTh l!MelOIUHeCJI cse.11eHHll B 3TOit o6JiaCTH, .11aTb 

aJibTepHaTHl!Hhlit cnoco6 onpe.11eneHHl! 3TliX CBOHCTB. 0,!IHOBpeMeHHO cne,n:yeT YKa3aTb Ii Ha 

Tpy,n:HOCTll, BCTpe'laIOIUHeCl! Ha 3TOM nyrn. B ,!IOCTyilHOl! cnpaBO'IHOH mlTeparype 

OTCYTCTBYIOT BO MHOrl!X CJ!Y'!al!X TaK!le Ba>KHb!e .!IJ!ll MeTannos napaMCTpbl, KaK nnoTHOCTb 

MeTamra npH TeMneparype K11neHl!ll, TermoeMKOCTb npH TeMnepaType K11neH11ll, 

K03ti><JmuHeHThl 061.eMHOro pacmHpeHHll OT TeMnepaTypbl nnasneHHll )10 TeMnepaTyphl 

KHneHHl!, K]ll!TH'leCKHe napaMeTph! MeTannoB H 11pyr11e. I1 CaMOe rJiaBHOe, npHBO)l,l!Mb!e 

napa.'deTpbl '{ame scero COOTBeTCTBYIOT TeXHH'leCKH 'IHCTb!M MeTannaM, HO He 'IHCTb!M. 

AHaJIH3 60Jlhl!IOfO KOJill'leCTBa 3KCnepHMeHTaJ1bHblX AaHHb!X HMe!OIUHXCll B 

HayqHoli H cnpaBO'IHOH nHTeparype npHBO,!IHT K Bh!BO,!ly, '!TO MexaHH'!eCKal! npO'IHOCTb 

MeTaJlJJOB 3aBHCHT OT 

• THna MeTanna; 

• ti>a3osoro COCTOl!Hllll; 

teMneparypi.1 H 11asneHHll cpe11i.1; 

• COCTOllHHll nosepXHOCTH o6pa3l\a (eCJJll MeTaJJJJ HaxOAHTCll B TBep.n;oM COCTOllHllH); 

• KOJJH'!ecrna )l,etl>eKTOB B e,!IHHHile 061.eMa; 

• 'Ill CTOTbl; 

• XHMli'leC:Koro COCTaBa cpe,!lbI; 

• reoMeTpH'!ecKoro pa3Mepa o6pa3ua; 

speMeHM HaxO>K)l,eHJrn no.11 Harpy3Koli 

• Bli,!la pal~liOaKTHBHOCTH H nep1w.n;a . 

K HaCTO.llIUeMy speMe1rn o6w,e:H <j>opMynb1 .n;n.11 npoquocrn OT nepe'!HCJleHHblX napaMe1pos 

HeT. 
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B '!CTBepTOH rnaee MCXa!IH'!eCKl!e CBOllCT!lli MeTaJIJIOB Oill!CblBalOTCJI no.D;po6Ho. 

3TO ,D:eJiaeTCl! c l.\Cllb!O: 

1. ,[(eMOHCT?arurn B03MOlKHOCTeH TCilJIOBOro cnoco6a 01.\CHOK; 

2. Ba11ey Toro, '!TO MHOrHe MeXaHll'!CCKl!e CBOllCTBa :;JTllX MCTl!JlJIOB B TBep.D;OM COCTOJIHllll 

)"KC If3BCCTHbl H HMCIOT 3KCnepHMCHTaJ!bHOe nomaeplK,D:eH11e, eCTb B03MOlKHOCTb 

cpaat!llBaTb pe3yrrbTaTbi. TiollBJIJllOTCJI OCHOBaHHll npH ll)C CXO'ACTBe .D:Jlll npHMeHeHHll 

3TOro MCTO,D:a K 'APYfllM MeTaJIJI!lM, y KOTOph!X 3TI! ceollcTBa MeHee H3Y'!CHbl HJIH He 

H3BCCTHhl B IlOJIHOI! Mepe. 

B npHJIOlKCHHll BblHeceHbl re paC'leTbl II Ol.ICHKH, KOTOpb!e B 'Aa!IHOll pa60Te Hrpa!OT 

BCilOMoraTCJlbHYIO pOJib. 



-74-

4. I. Oi!HOHMeHH1>1e WH3HqecK11e napaMeTOhl 

MCTanJIOB l!J1ll 1pex COCTOJIH!!H 

B 1a6nHue 4. L npHBeneHbI co6paHHbie no pa3Hl>IM Hcroqffi!KaM 3Ha'!emrn 

IlJIOTHOCTH MCTaJIJIOB B TBepJ!OM, lKH.!\KOM, ra:ioo6pa3HOM R KpHTRqecKOM COCT05!HRl!X [l.J J J 

[5], fb J 
1 

[ 8 J , .l(a!iH!>Ie nol! Ta6JIMUhl Il03BO.llJ!lOT rrpoc1!eJ!HTb 3a J13Mc?~lfUIH'M 

IlJIOTHOCTH MeTanJia B !UHpOKOM RHTepsane 1eMnepaTyp. HanpRMep, AJIJI JIHTHJI 3101 

HHTCpBan RMCCT rpaHl'll~hl OT so·K 3200 °K H<U160nblllYJO 

lJlIOT!IOCTb MCTa.llJ!hl RMC!OT npH HH3JCHX TeMneparypax (B o6naCT!I H 

HaRMeHl>WYIO B KpHTH'!eCJCOM COCTOJIHRH npll Kpl!TH'!CCKOH TeMneparype. 

B Ta6JIHUC 4.2. npHBe.ueHhl 3Ha'!eHllll 1ennoeMKOCTR pryTH B 3aB!!ClfMOCTH or 

TCMneparypb! Ml! Tpex COCTOJ!Hl!H. Ha pHC.4.1. 3TH )!(C )J.aHHhle npeJ!CTaBJ!eHbl rpaqmqecKl!. 

B Ta61111ue 4.3. np!!BC.UCHbl 3HaqeHHll Cil<HMaeMOCTl! MeTaJIJIOB J!Jll! TBep.11oro II 

ll<HiU\OfO COCT05!HHit B ra6n11ue 4.4 npHBC.UCHbl 3HaqeHl!ll CKOpOCTll 3ByI<a (npo.uonbHb!e 

SOJ!Hbl) llJlli TBepJ!blX H )!(l!J!KllX MCTa.llJIOB. OTMeTHM, q'fQ CaMYJO BbICOJCYIO CKOpOCTb 3ByKa 

Ha6JIIQJ!a!QT B TBCPAOM 6epllJlJIHH np11 TeMneparype t::: -2 5 0 • c' JJ:nll npOJ!OlibHh!X BOJIH 

'/li,::: 126£:0 ':t ,aJ!Jlj!nonepe'!HbIX 'li.1. = 8 '300 "; CKopocTb 3Byl<a s 

MeTaJIJiax rrp.11 rrepexo)J.e OT HH3KOTeMrreparypROI! <P .a3bl !( BblCOKOTeMrrepaTypHb!M 

YMCllbWae1c.s1. Ha pHc 4.2. np11ee.ueHLI Ka'!eCTBeHl!bre 3ae11c11Mocr11 MO.UYJ!li lOHra 

MeTanJIOB OT TCMneparypb! l!J1ll nsyx BHJtOB .11etl>opMau!!l!. 

npo'IHOCTb - 3To conpoT11sneH11e MeTaJ1na pa3pymeH1110. 3ro o6mee onpe.ueneH11e 

npoqHOCTI!. ras, aarrp!!Mep, MO)!(HO ClKRTb t. = 0, 1. ' 3TllM Mb! 113MCHHM ero 061,eM, 

1.e. nepBOHR'laJibHOe coc1ol!HHe. Conpo1ueneH11e H3MeHeHHIO ofo.eMa B J!aHHOM cnyqae 11 

xapaKTepu3yerc;i npo<1HOCTL!O. vb p11c 4.2. BHJ!HO, qro npu J!etl>opMau1111 Cl!caTHl! 

npo'IHOCTb!Q MOX<HO oxapaKrep1130BaTb TpH COCTOllHHll MCTaJIJ!a, a npH necpopMaUHll 

pacnrn<eHHR - 10J1bKO .uaa (TBep.noe H lKHnKoe). 

K COl!(aJICHHIQ, HCT B03MOlKHOCTH npHBeCTH npHMep Ta6JIH'iHblX 3Ha'!CHHH 

MCXRHH'!CCKHX xapaICTepHCTllK MeTaJIJ!a J!Jll! Tpex COCTORHHH. A BOT pacqeTHb!e 3Ha<JeHl!ll 

npHBecTH MO)!(HO. B Kaqecrse paccMarpHBaeMoro MeTaJIJ!a s1>16epeM pTyTb, a B Kaqecrse 

paccMarpusaeMoro napaMeTpa - MOJ!YJ!b lOHra Meranna npu .n;etjiopMaURH cJKaTHll. KpoMe 

:noro npocne.Ql!M 3a H3MeHeHHeM npo113se.n;eH1111 f · X = Con,S f Mll rpex 
c 

COCTOliHl!H ptyTll. 
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1. Tsepnoe cocTol!Hl!e MeTllllna. 

Cnoco6 1. ,[(ml Bbl'll!C;JeHllJl MOllYJlll !Ottra BOCTIOJ!b3yeMClJ l!3BeCTHOll <j>opMyJJoli. 

~==f; ': V,,2J : [ ~ v = 1G20-;: 

2 6 3 9 

J :::: 1'f310 ~ EC= (1,G2)· 10·1'1;31-10 =3'1,S 10 na 

Cnoco6 2. ,[(m1 Bbl'IHCneHHJl Mo.nynl! !OHra Tsep.noro MeTanna np11MeH11M Tennosoil cnoco6 

f{ = o.1J3c. =1'f310· f28 _,==1B16J·1/n~ 
lie i./ !JS · 10 

1 1 -g -12..J.._ 
;t =: - ::: ---- · 10 :::: 53,S· 10 rt~ 

K~c 18, GJ 

fc ==3(1-2K11)·Kvc =3{1-°''f)·f8,G9·1o'=J~6·109 0a. 
£·.X.:::z c 

2. :>KHllKOe COCTOllHHe. 

B n. 4.7.1$ Bb!'IHcneHa npo'IHOCTb ll<llllKOll pTyTl! _ 
9 

G;"'"::::3,22·101nQ. EP = 1,:;.1o'n"' t.c =i,OB·tofl" 
-12 .f - 'Ill -12 g 

X
300 

= !J!f. fO {f; / )'.j0~ I::, = 9~Y· 10 ·2108·10 = 0;203 

3. fa3oo6pa3HOe COCTOJlHHe. 

Bbl'IHCJJHM MO.nynb lOHra napos PTYTl! npH TeMnepazype ee Kl!TieHHll. 11.3 pa6oTbl (6, 

CTp.199) onpeneJJl!eM 1laBJJeH11e napoB PTYTll npH aTMOCcpepHOM .nasneHHH cPo= u;o,.,"1.pT.eT) 

ffali,neM o6beM OAHOro MOJ!l! PTYTH. 

I I /?. T,,I.(,, - g,31 · G30 -s.10 -2. ' ov. mRT. m=M v.=-- - rfO,I{ 
lo '=Ji" /("" m.J< :,. . ' 1 Po 1,0f3·{0s ' 

S·h =V.=s.19.1(/ n~cn. h,=1.,,,, .,.o S=5,19·10-
2

.M
2 

I I I ' · -z -.z /. 
V=o,~~ = 'f1&6'/.10.,...'; S·h=V= ~'&¥.10 n= ~899""' 

f:';:;1-0,9=0i 
(; 1 I 
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' t,12.·10 na. 

RT. dV RT 
ClKl!MaeMOCTh napoB 1rryrn. V = p 1 rJ. p = - --pi ; 

x=-i(olV)-:: .i. , ,.X = ....L. to-.>~ 8,91- 10-' .L 
V d P r P r t,12 fl1J1 

E ·X ::: 1;12·1o~- s,~1· 10' = 9, 98 == C,. c r 

4.2. MexaH11'1ec1rne CBOHCTBa Jil!Tl!il. 

Jl!!rnli - CaMhili nerKHli MeTaJIJI cepe6pHCTo-6enoro u;BeTa. IlpH TeMneparype 640 
9 
C 

CRMOBOCIIJlaMeHileTCil Ha B03pyxe. MeTBJIJl TOKClf".lCli. OH lfMeeT caMyID BhJCOKy!O. 

y ,l:leJJbHyID TeIIJIOeMI<OCTh - 3282 ~'"; /( . Terr.riocpH3l!'ieCKl!e CBOlicTBa noro MeTaJIJJa 

l!Me!OT 3KcnepHMeHTaJihHhle ,!laHHhie ,!10 TeMnepazyphl KHileHHil (5). Ilocne)l,HHli cjlaKT 

BalKeH, T.K. y MeTaJIJJOB c Bh!COKOli TeMneparypoli KllneHHll 3Tll )l,!U!Hh!e qame scero 

OTC)'TCTBY!OT. 

H1BecmH&1e MexaHu1tecKue cBoiicmsa numwi. 

I. Ha p11c. 4.3. npHBe)l,eHhI TeMnepazypHhie 3aBHCllMOCTH yiJ,eJihHOli TennoeMKOCTH H 

Ko3cpcp1rnneHTa o6beMHoro pacnrnpeHmr. 

2. ClKHMaeMOCTh Jll!Tl!l! B TBep)l,OM COCTOl!HHH 

)( r :: 91 . f 012 i, 
3. Mo)J,yJih HOpMaJibHOtt ynpyrocTH f -::: 13, 3 . 10 !l n Q * 
4. flHTHli q11crnroil 39/3 -:-- 9g, t f.. npH TeMnepazype - Z-70 •c HMeer npoqHOCTh 

CT; -= (H.:,. so) 11 fla 
5. 3Kcnep11MeHTaJihHal! npO'IHOCTh 'IHCToro JlHTHl! npH HH3Kl!X TeMnepa-rypax (3). 

C?; ~ 
6. KpHTH'!eCK!lll IIJIOTHOCTh JIHTHll 120 -EL 

~' 

* c...t. n. it. 2. 3 
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Pac11em11&1e MexaHu11ecKue napaMemp1>1 

TeepJJ.oe COCTOllH!fe. 

4.2.1. B&I'!HCJIHM MO.ll)'.% o6'&eMHOfi yrrpyrocrn JIHTHH rrp11 TeMnepazype 300 <JI<. 

II':: fJ~==S3tZ· 3 SES_ = 12, K·10
9

fiq 
f1.ve J J3 ·1 

150·10 6 1 

Kve::: 1~;8·10 9 
flq 

4.2.2. ClKHMaeMOCTb JIHTHH rrpH T=300 ° K 
1 1 _,_ -12..L x ~ - -= -·10 - 11,9.10 n" 

K.-e- tt,8 
-12 _j_ 

0rKJIOHe!flfe OT Ta6Jill'!HOro 3Ha'!eHHI! ;x: T ::: J 1 · 1 0 fl 'I COCTaBJJl!eT/4%. 

4.2.3. BwmcJIHM Kwtjicjlm.i:11e11r Tiyacco11a np11 T=300 • K no ra6n11'!HbIM 3Ha'!eHHllM .Xr "' 
K 1 1 ' 

vc. Kile-= - -::: -=i:z = 10,99.10 fla 
XT J1· {I) 

f = Kvc' 3 ( 1-.Z Kn ) 
9 

Ta61111'!11oe 3Ha'!emi:e f ::; 5, 10 nq C'!HTaeM OU!HOO'!Hb!M. 

Tio Ta6m1ue ):l.H. Me11neneeBa ilJ!ll MeTaJJJIOB nepBOH rpynm;1 MO.!lYJII• J0Hra B03pacraeT OT 

ljlpaHuHll K nmmo. B cnpaso'!HHKe (8) noJJ. pe.!laKu11e:ii npotjieccopa M.E.Api 'Hua :i.n11 

HaTpH.S! npl! KOMHaTHoil: TeMIIepaType f = 5"i,, · 10 g fl" . CnenoBaTeJI1,HO, y JIHTllH 

' £ > S· 10 fl" Pac'ler MO.tzy.JLl! 10Hra JJl!Tllll no .LlaHHb!M ,!l.JLll MeTaJIJIOB nepaoil: rpyrrTibI .r1aer 

£; = 13,3-1o'nQ · 1-2K,, ::: 13''· 10
' = o Yo3 

t,,· ; 3·10
1
'9· 10' ) 

2/lln"'0,591 ·, Kn= 0,298 

4.2.4. Hcnonb3Yll nony'leHHble 3Ha'leHHll [ (-1 ): .nna n11THS1 B TBepAoM cocTOl!HHll 

Bbl'IHCJlllM HX npOH3BCl\CHHe 
.J -I k.. 

Ec.·X
300

=Cr=13,3·10· 't%<J·10 :::- fi035' 

KE
,.. 

4.2.5. Bhl'IHCJIHM 3Ha'IeH11e lW34lljlm.i:HeHTa 

KT= - .]! = S';?.S, 8 = 
E J; .... ~r SJ~g-uo l:l.5 

iKHD.KOe COCTOHHHe. 

4.2.6. BbI'lHCJillM Moeyni, o6bei.rnoll ynpyrocr11 JillTHH np11 T=SOO • K 
K = _!j__ - Lt 332, Cf - !J Vt;; J! -513,6· fgC·f0-6 - 1~·10 flq 



-82-

4.2.7. Bbl'IHCJU!M cpeAHee 3Ha'!eHHe nnoTHOCTH H K03cp<jJ11u11eHTa o5beMlloro pacw11peH!lll 

MeTarma B ll<H/l,KOM COCTOllHHH 

fJ -=A +.fl., ... 
J~ 2 

-G 1 
A =223·10 ·-;-;; 

\/";. {1. 

4.2.8. Bhl'IHCJIHM 3Ha'!eHlle K03cpilJHUHeHTa ClKHMaeMOCTll liHTilll B lKH/l,KOM 

COCTOllHHH. ( T .... soo. K) 

1 - ' -12 1 
-=-·10=83,.6·10 71 

11, 'H 11 

4.2.9. 6npe/l,eJIJ1eM 3Ha'!eHHe Ko::iilJcpHUHeHTa 

~SS;2-120 

4.2. l 0. MaKCHMaJibHall TemJOBall OTHOCHTeJibHall o5beMHall .D-eilJopMauHll lKH/l,KOrO MeTanna _, 
Cv-µ == ~. (T: .... -tJ::: 2.23·10 · 1158 = ~ .258 

4.2.11. MaKCHMaJihHaJ! TellJIOBaJ! OTROCHTeJ!bHall J!HHei!RaJ! .D-ecjlopMauIUI 

t.""-= Cv"' ::: o,258 -;::: 0;oa€1 
e 3 3 

4.2.12. BbI'IHCJIHM npO'IHOCTb Ha pa3phlB ll<Hll.KOro JIHTllll (CM. npaJimKeHlfe I K rnase 4). 

fpaHH'!Hall TOJIIl.IHHa CJ!Oll lKll)l,KOCTH )l,Jill nepexo)l,a K MaKpOCKOIIll'leCKHM 

napaMeTpaM e: 102 Q. : 102 d ~'f''{' 
.3 I I 

d9,,,, = y J' ~ ~ 
MHHHMaJibHall npO'IHOCTb np11 OTpbIBe CMa•maaeMoli noaepXHOCTH TBep11.oro TeJia 

OT noaepXHOCTH llUl/l,l(OfO liHTllll 

~ =1/2o;;;· 'i = 12·°''f·513,6 .'J,101 = (3,5 flct 
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B Ta6mn:ie 4.5. np1rne)leHa npo'IHOCTh Ha pa:iph!B llm,!lKllX MeTanJIOB 

paccMaTp11aaeMh!X s pa6oTe. 

Ta6n11ua 4.5. 

N2 

~ 
ATOM 

f. d;,,,, G; fi p" (l.it 
HOMep f 

'rl/n -10 .H. El. !I-

· 10 oM ,µ ..-t' n~ ·10 n 

I nHTHH 3 102 2,821 0400 513,4 63,5 2,78 
2 6epHnni<ll 4 !02 1,650 1,145 1690 194 8 ~1.6 
3 AmoMHHHll 13 100 2,665 0,914 2368 206,0 6,85 
4 lKenelo 26 102 2,362 1,780 7040 495 8 14,78 
5 Bon•<bPaM 74 102 2,637 2,30 16650 &66,7 17,1 
6 PTVTh 80 100 2,909 0,472 13529 354,0 3,24 
7 cI>paHUHfi 87 (100) 5,5 O,o38 2350 41,8 0,13 

4.2.13. Mo;zym, 'IOHra JillTIDl Ha pa:iph!B '+ 

f 711:::: J5;"" = 2/18· 10 -= 
P (, O; {) 8.61 

4.2.14. BwmcJil!M npo113ae,!leHHe £ f · :X -= C.,,, p 

£"'' 2 '.j ..::..e- = 3 /~ · 10 ' = 01021 
K~c 111 '6·10 

4.2.15. Bh!'ll!CJlllM MO.llYJih 'IOHra Jll!Tl!SI Ha ClKame 

-:;. '1 
['"=32,'3·10 · 1,:3S8 = '13,8·10 ni:i 

c 

4.3. MexaHH'lec1me ceoifCTea ftJIIOMHHHH 

MIOMllHHi! no pacnpOC'I'paHeHHOCT;t B npl!pO,!le 3BHHMaeT nepsoe MeCTO cpe,!11! 

MeTaJIJ!OB. OH neroK, IjllBCTl!'leH, l!MeeT Bh!COKY!O 3JleK'I'p0IlpoBOIU!OCTI>, CTOeK K KOpp031!11. 

06na,!laeT np!!SITHb!M cepe6pHCThlM uaeTOM. Bee 3Tll CBOHCTBa Il03BOJIHJlll 3TOMY MCTaJIJIY 

3aHS1Th aTopoe MeCTO no 3Ha'leHHIO nocrre JKerre3a. 

lhsecTHble <J?!!311'!ecKHe caollcTBa aJI!OMl!Hllll np11se.r1eHh! a Ta6n11ue 4.7. lif Ha p11c. 

4.4. II p!!C, 4.5. 
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Pac11eTable 3Ha'leau11 napaMeTpos 

TBep.uoe COCTOl!HHe. 

4.3.1. llcnOJib3Y.I! rpaqnnm pHC. 4.4. H pHC. 4.5. Bb!<IHCJIHM cpe11Hee 3Ha'leHHe Jr / lf IA fl 
l!JIJI TBep.noro COCTOJIHH.11 MeTaJrna - :J),,., . -6 j 

- /<l'l , f'J Of'fQ 73T ::f.5·10 f;; (.) :::: ~ G '12 -; ) (.,.f' = 0 T ~ ' J..; I\, 

Jr l.Aol 

4.3.2. 81>1'1HcnHM MaKCHMaJibHYJO OTHOCHTelihH)'JO o6beMHyIO Tennoeyio 11ecpopMaU,H!O illill 

TBep11oro COCTOl!HHll MeTaJIJia - (; 

Av= e. T::. 8 . /J. T = 'tS· 10 . 933, 5 = 0, 0'/-00 v v Ji 
4.3.3. MaKCHMaJJbHal! OTHOCHTeJibHM JIHHellHM TenJIOBM .necpopMall.Hll 

c.'==J)_= 010'1 ==°-'023 
e .3 3 

IL'i 
4.3.4. Bb!'IHCJIHM nocTollHHh!ll K03$$auaeHT r I..£ 

KT )! -::: 2 € 'f 2 :::: 1, 318 
E=jl-~ 2.HJ-63'1 

4.3.5. Mo.nynh o6beMHoil ynpyroCTa K vc 

Cp K = f) - = 2 6 ''f . 
ve <.F j3 

f',11~ 'T' = 300 °/C 

903/" · 10';: 3s-. z.1/ n 6' g ) Cl. 

4.3 .6. llioTepMH'!eCKHll xo3tiJqmUHeHT ClK!IMaeMocTH .l:\nll T;300 • IC 

1 1 -tJ -12 1 
Y = -- - · 10 -:= !l.'11 '3 · 10 _,_Rn 
/\..J•o Ii' - 35'1 g 'I "' 

nvc 

4.3. 7. Bwrn:cnHM npOH3BeAeHae £ · X -== CT g 

a) Pac'leTbl M0,1J,yn11 l0Hra !1nll CBepX'IHCTOro aJIIQMHHHl! .l:(a.JIH pe3yJI1:>TaT E ::::6~5· 10 no... 
' -11. E·X.-= Cr= CO,S·10·21,9·10 :::: 1,688 

6) no .IJ.aHHbIM cnpaaO'IHHKa (5) nony'laeM 3Ha'leHae: 

L - '1-t· 10' = 0) JS9 
Kvc - '/'(to' 

9 

B) I1o .naHHb!M nepBOHCTO'l!IHKa (9) 
f - 'l'l/1· 10 =0882 
~ - 88,1· 10' ) nvc 
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4.3.8. Bbl'l'HCJJHM npO'iHOCTJ> aJ!lOMHHHJI Ha .ae¢iopMal:(H!O Cl!WTHJI. TioJJy'ieHHOe B n. 4.3.3. 

Ce ::= 0, 0 2 3 crrpase;vmao )lJJJI .anarra:ioHa 0 + 9 33 • K Hae HHrepecyer 

3Ha'iCHHe C 300 •I( ,no 933, 5~fl03TOMy: 

J: - 0 023· gJ'),S-:JOO .::: 0 023 ·0 6118: 0 0156 
c,e - i !J3J1S ' i '/ 

Q ::: G3r10
5

• 0, 015G :: JE~· 10 G flo. 
,00 / 

{-;' = 983·10
6 no. 

UJoo· 

B ra6JJHUe 4.1.npuae,neHo 3I<crrep11MeHTaJJhHOe 3Ha'!eHue 

' Q = 'i12. f 0 !lo.. 
, ... ~C+1 

4.3.9. Bb!'!HCJJKM npo'!HOCTh aJJIOMHHlll! Ha ,ne4JopMaUKIO pacrsrJl{eHKl! 

. ' 
~ - f'c::: /{r =1. '318 r:::: = 'J83·1o = 7trG·to'na. 
r-:- - £. f ; Up ~ 318 
Vp f 

Q = '1~6·10' fia 
p 

flo )laHHblM (8) OTOlKHCeHHal! aJJIOMl!Hl!CBa.11 IlpOBOJJOICa )lllaMCTpOM 5MM npH t = + 20 •c 
HMeer npol(HOCTb HA Ptl3Pb18 160 M na. 

f. 3.10. Po.c'<eTHoe 3HA'leHHe MOP,'J.llli J{hirA RllKJM"Hl1~ /J,llfl T=300'K 

f = Kvc { 1- 2 Kn)- 3 fC 11 = q 11 .;- O; 31 

K =O 21 · n 'I ! 
f =35',8'1-10

9
· 0158·3 = G2/1·10

9
17a 

E :::: G 2.) '{. 10' n a 

HMeer O'!eHJ> 'lHCThlH Mera.rrn. 



. L.r ~ 

·1·j 

·! 

I 
I 

~ 88-

····· l-·.-~· 
·.... ' 't;:t.. 

.. :L~l- ... : · C'\I 

·-]~~:~/\~-:-: : __ .... 11-
, 'I 

:/ 
1: 

l .I._ 

I 
I 

·1 

. 
C> 



- 9-

____________ _:~::At ________ g;t;,. ftJ_f-!11g__!f_!_J 

p U JU. 'le C l'C IA e nana.Mempllt avll{).UUHu.Jl 

1. f!iiarffiu irtMe 3 Ha zeHtl.Jl. 

'ta:::: 1, lf3· 10· 10~ .f>e1Mern1((), ru,K a = 'I) OS· tr/~ 
.J = :<- r 3 o :z, E = 6' 3 · 1 o "9 n a ( 9 9, ~ 9 8 ) 

rJ = 26!J't m~ Kn-= 01 s1 
uS•o ..<( -12 1 

r> =i.sso A :X ::: 1s2 · 10 -n 
Js .(.(' ~oo ' " 

)/ =23C8 :, ~ = L/12 MflrL 

;:.,·= 1sg1 :;:, 6p = 120 Mna. 
p•::; 6 3r; ~ G; -= lf:J Mna (9!1,9 q) 

J1<.p .u H 
g 3 s; -::: °' 914 -;;i r,,11 ::: 3 I 5 () /( 

7;",, :::.f ff!J3 'K Titp = 6 9 'IO ° K 

2.. ~t'l-emlitTf.e JHa.U~ • 

g;;~ C()f:,r>UJ~ 

;: =2C'f2 ~ 1::: 't5"· 10G ofc K; = 1) 318 

t, =01 0'10 f. :=:Q,023 ff =35.,g'.10
9 fla v . t ~ 

X
00

::28·10
12 -fi; G;= 983Mn~ ~:::: 'f~5Mntt 

KE~:: 1./12 t 

Krc::::. 20, ;; 1o'na. 
9 Ep= 1.,1'1·10 no. 

~·)(""0,0'11 
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)1(11.nKoe COCTOl{Hl!e. 

4.3.11. Bhlq11cn11M Mo.nym. o6oeMHoli ynpyrocrn aJJ!OMHHHll np11 TeMnepa"I)'pe 1000 ° K 

}f ....:. O· Cp =:. 2350 · !!!.!.:!. · 10 6 ==~0,118·10 9 na 
'IC c) J3 1:35 

4.3.12. Ko3q,q,11o;11eHT C)l(l!M8eMOCTI! lKll,!\KOfO aJl!OM!!Hl!ll np!! TCMIIepazype 1000 • 1<. 

..Y :=: _j_ = _j_ · 10 9 = 'tB 8· 10'2 
-111 

/v'1000 )( 2.0 yg / q 
VC I 

4.3.13. l1cnol!h3Yll .Ila!!HLle p11c. 4.4. H pl!C. 4.5. BLJql!Cl!l!M cpe.n1111e 311aqeHHll .Illlll JKHD,I<OrO 

COCTOJ!Hl!ll {.) ' c (.( /3 J._. I' ..;:,,.. 

- ~"' . (.) - 236g+18 81 = 212 'I J</2. c;, ::: f11C, 'f KIJ· •K , J,,,. :l.. w« 
5 

_, G 

- = (69 +1~)·10 :::: f0:3·10- ~ 
~ 

4.3.14. MaKCl!MaJlhHal! o6bi!MHaJI OTHOCHTel!hHal! TCIIl!OBall .ne$OPMllllHll lKl!):\KOfO 

aJJIOMl!Hllll: 

;: w_~-.(rr - r,,)::: f03·1o-~(:t.'iJ3-933/5")::: O; 1915 vv - l({«tt 114 ,,.. 

4.3.15. MaI<Cl!MaJlhHal! llHHCHHal! OTHOCHTel!hHall TCilJIOBall .n.e<t>opMaUHll lKll):\KOfO 

aJl!OMl!Hllll: 

4.3.16. l1cnollh3Yll npl!JIOJKeHHe 1 K rnase 4, Bblql!Cl!llM npoqHOCTh lKH.D.Koro aJllOMHHHl! Ha 

.neq,opMl!l\HIO pacT11JKeH11J1. ):\llll fK~ pemeTKH [ = 1 OOa. ):\nll )J<ll,!\Koro 

COCTOJIHllJI J ::: a' , r.ne 

9ff ~ ,_. ----1 .3~ -J 7 - (0 d -v fa =26,'382·10 = i,66·10 ,,t.I 

11" - j. ~ 1l.3&B · c,022·102
' 

P=- 26; = :z..o,!111( ·101~= 61g5.101nu. 
100 ob.,,, ;, 6&,S 
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4.3.17. Bhl'Il!CJil!M MOil)'Jib lOara pacnmwa aJIKlMHHl!ll npH TeMneparype I 000 ° K aa 

,!\ecpopMal.\l!IO paCTlll!CeHl!ll. 

r.::"-f·t""· uf- p e' 

I/' :i<C 

fl- E 

J.121 

~121 - c 31 

4.3.19. Bhl'll!Cl1HM MOJ1Yl1b lOara pacnmwa aJIKlMHHHli aa J1ecjJopMal.\H10 cl!caTHll npH 

TeMneparype 1000 ° K 

Ee - K"'-:: f lf2'1- · 
Ep - E ) ' 

'K( gn E, == 1,59· 10 a 

4.3.20. Bbl'IHCJ1HM npoH3se11eaHe 

&-:: 1111·10',-:: O,OS'f 
Kvc 201 £°· fO 

E ·,X:: C,,.c 
Ee = 
Kvc 

AJ1ll )l(l!JIKOfO MeTaJIJJa. 

"1>9·10' =- o,on: 
20,s -10' 

4.4. EepHl1JJHll - npoqaelllllHH H3 nerKHX MerarrnoB 

liep11rrrrHii. - nerKHil MeTa.im cBerno-ceporo l.\BeTa. KaK H aJIIOMHHHii., B amoccjJepai,rx 

YCJIOBHl!X MeTaJIJJ llOKpb!BaeTCll 3all\HTHOM OKCHJIHOM IlJieHKOH. 1J:Hcn.1:!l MeTaJIJJ 

HCilOJ!b3yeTCll B Ka'!eCTBe 3aMC):{J!l!TeJill H 0Tpa)l(aTeJ1l! TCilJ10Bb!X ttel!TpOHOB B l!JlepHb!X 

peaKTopax. Jleryqne COCAHHeHHll onacHbl. ,ll;ecjJl!l.\HTHOCTb H Bb!COKall CTOl!MOCTb 6epl!JJJ1l!ll 

c11epl1Cl!Ba!QT ero llll!pOKOe npl!MCHCHl!e. 

B ra6Jil!l.\e 4.8. H ua p11.c. 4.6. 11. p11c. 4.7. np11se11eab1 1!3BCCTHbie 1pH3l!'!eCKHe 

napaMeTpbI 6ep11nn11l!. 



Jttf Wfi-oe cocmoJC,µue 

75 :::. 16 22, 5 :; • 7i:::: t 'f,3 -10' !-;c 
J,.t '4~ 

t~ = ~ OBb'f Ce=°' opgg 

X =1~Gg-10 12 .1- 60 =11·10~fia. 
1to11 ) ' nO( r 9 

fp = 3,8, 10' na Ee= 5;3·10 ntl 
:>C Ef -= o, o 'I 8 X · tc = q o 6 q. 

ff !'Xt-:::: 1., 3'~ 
g 

K =18,J·1ofl4 
Vt 

~ = 1$,2, · 10
1 na 
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Pac'ieTHhle JHa'ieHHH 11apaMeTpoe 

Tel!pnoe cocTmrnRe 

4.4. l. BbP:IHCJIHM cpenttee 3Ha'lem1e ~J "j5 u f.f Jr Jr-
)J.Jill Tsepnoro 

COCTOl!Hlil! MeTa.lJJia. 

- !i.J,,,e 
Cl' == 2 'flf 0 JCl2 .• K 

4.4.2. Mo.llynb o6beMHo1l ynpyrocrn Kvc Me-ranna )J.JJJI reMneparypbr 300 ° K. 

4.4.3. BbI'lHCJIHM MaKCHMaJibHYIO 06beMHYIO OTHOCHTCJlbHYJO rennosyro neijlopMaIJ;HIO )).Jill 

rsep,ZJ;oro COCTOHHHH ,. - r _, u t, = /3.c, ::'f3,~·10·1S60=0/0H1 
v Jr-

4.4.4. J:iaxcn:MaJibHaJ! JlliHCi!:Hal! OTHOCHTCJibHal! rem1osasr aeijJopMalJ;HJl 

4.4.S. C>KHMaeMOCTb 6epHJIJIHll npH TeMnepaT)lpe 300°K 

1.. 1 -12 J 
'Y - -- - ::: 9; 15• 10 ..2-{lA 

/'Joo- fCve - fO!J,;5·10 9 
K 

4.4.6. Bt.l'll!CJIHM npo'IHOCTh 6epunJIHll aa .D:eijiopMa!1l!JO cJKaTHJI. Tax KaK t; T = '7i 0 22. 'f 
ecTt. OTHOCl!TellbHal! rennosaJI )J.e<j:>opMamrn Ha 11arepsa..1 TeMnepazyp 0 .;- 1 !i tO • K , TO 

)J.Jlll c; r OT 300°K nony'iHM: 

{' := 15G(}-JOO . 0 22'16-:= 0 0181 
e ff"{'O / I 

Q C" - .! !J = L ' . !. :::: 311·10. 0, 0181-== S, G 3·10 n a 3•• ra•I' e 

I1o ;:1aHHh!M Ta6!1Hl.\bl 4.7. ):(Jill MOHOKpl!CTaJIJIOB 6ep1rnmrn 

4.4.7. Bhl'mcn11M Ko3<j:l<p11u11eHT }( 
1 

f. 
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Kf/r = _;; -= 1 soo ::. 1.) 3 "1 
;;. - fip t aor;- rs s 

4.4.8. Bi.1qnc11nM npo'IHOCTb 6epnJJJJIUI Ha .nel!JopMau.n10 pacrnlKeHHll npH 

TeMnepaT)'Jle 300 ° K. 

Ee: :: 6; :::. 1., '3'11 ) 
fp 6, 

BpeMeHHOe conpoTHllrreHHe pa3pi.1sy no .ll.aHHbIM [8] coCTaBJilleT 

G:" == ( O; 316-7-0,St3)·10 
9 nq 

f 9f<C~ 

'.JKHAKOCCOCTOHHHC 

4.4.9. Bbl'IHCJIHM cpe):IHee 3Ha'leHHe ../}. AJlll )!(lf'AI<OrD COCTOl!HH11 MeTal!JJa. 

p., - A -~"" - •<t 1G!JO -1S.5"S- - '/, 0 'L 
J.; ~ .. (f;,.

11
-T;,J - 15S5(2'123-1S60) - 'f, j·f "IC. 

4.4.10. Bbl'IHCJJRM cpe.nHee 3Ha'leHRe nnoraocm 6epl!l1JJHll Allll scero HHTepsaJra 

TeMnepazyp ll<H]l.KOfO COCTOl!Hl!ll. 

75 ': /; +./'KAH "=. 

v'11c fl 
}[/''KC 4.4.1 J. B.1>11lliCJJHM Ko)¢'iPnuHeHT ,,,. ,llllJ! )!(ll,!{KOfO COCTOl!HHll 

IL''IC( ~ 
fl,! 15 - !:> 

c./~ t/ Kf 

- t G 2 2, .> - '( S 8 
1 G221 S-

4.4.12. Onpe;nerrlleM MaKCHM8JlbH)'IO o6'bi!MHyio OTHOCHTeJJbHYJO ref!JIOBYJO 

,lleljiopMaIIHlO llllfl. lKHW!OfO COCTOHHHJI MeT8Jllla 

4.4.13. MaKCHM8JlbHaJ! lIHHeliHllli OTHOCHTellbHaJ! TeillIOBall 11.el{>opMaill!ll lKH.LIKOro 

Meram1a 

~ou'f-= 0)02sg 
3 

~ "'-= o,ozgg 
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4.4.14. Orrpe.nem1eM MO.!\yJIL o6beMHOH yrrpyrocw 6ep11JIJI11JI rrp11 TeMrrepaType 

1600°K. g 

K ::: () Cp := 168S·!.!.!:.J__ · 10
6

-== 18,9·10 !la 
vc J J3 ¥1,1 

4.4.15. 8h!'i!ICJIIiM K03<Pqmu:11eHT ClKJ!MaeMOCTJI lKJl)lKOfO 6ep!IJIJI!lll 

-9 -12 ,{ 
10 == 12JZ· 10 17; x - 1 _ _!_ 

1Gto - -;;.- - 't8, gg 
fl Ve 

4.4.16. J.1crrOJih3Yll rrplllIOlKeH11e 1 K rmrae 4, Bhl'I!ICJillM npo'iHOCTh lKJl)lKOfO 

6ep11JIJIJ!ll HB )leqiopMau:mo pacTJilKeHJIJI. fflY pellll!TKY rrp116nmKeHHO Olil!llleM 

;i:aHHhlMI! )llill ruK pellleTJCH. T. e. np!!Hl!MaeM .e = lOOa, r)le a -= d ~'f'f 
:3v , 3 -3 -It) d - .;'I - :?,012-10 ;-. ,2, on-10 oM 

~,,,- ~ ·~ - 1G22.,~".G,022·fOt.3 ) 

p = icY = ~ · 1., 1v6" . 10
10 

== 10; 92.10
1 n a. 

f 0 0 rJ. if'f 2. 0 ,, 't 

Ci._,= 10'2·10
1 

flr:t 
f 

4.4.18. Orrpe.nen11M MO)lYJih lOHra pacnnasa 5ep!!JIJil!Jl np11reMrrepaTYpe1600°K Ha 

)le<PopMaU:HJO pacTJ1J1(eH11S1 

4.4.19. Bhl'Il!CJil!M MO.llyn& lOHra pacnnasa 6ep11.11nHS1 rrp11 T=l600°K Ha 

.ne<jlopMau:mo cllcarnll. ' ! 

f"'r=f"r. K~c=J:t1·10·1,39J=0£8·1o rra. 
C.- p f: I 
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4.4.20. Bhl'IHCJJHM rrpOH3BeJJ:eHHe f ·;t = cf!.! 
.,.. -12 ., 

.X·Ec =t:Z,,8·10 · ~~8·10 == °'OG':f-
-12 ' )'.'.'.' Ef"''::: 1!l,C8·10. 3/19·10 ;:::' 0 Of/8 

4.5. JI\e.11e30 - MeTaJJJJ He6a. 

ilo pacrrpOC'IpaHeHHOCTI! Ha 3eMJJe lKeJJe30 3aHHMaeT BTOpoe MeCTO cpe,1ll! 

MeTilllllOB (rrocne aJllOMHHH.11), a no rrpHMeH.!leMOCTI! - nepaoe. CHaqana JIIO,!Ui 

Il03HllKOMH!ll!Cb c MeTeopHTHblM :>ICeJJe30M. MeXaHH'ieCKl!e CBOHCTBa Taep,noro 

l!CeJie3a onpe.neJJeHhl JlaBHO. ql!CToe llceJJe3o - 6JieCT.!1InHH caeTJJo-cepbIH MeTll.i!JJ, 

rrpO.!!Bl!.!leT YHHKaJJbHb!e MarHHTHbie CBOHCTBa. ::>Kerre30 HrpaeT oco6yro ponb B 

3BOl!IOUllll 3Be3,!I. .H.1lpa aroMOB lKeJJe3a - :no Ha116onee ycTOH'IHBIDI HJJ:epHal! 

Cl!CTeMa. 

B Ta6rruue 4.9. I! Ha puc. 4.8. npuse)leHh! H3BeCTHhJe q,muqecKHe 

napaMeTphI lKene3a. 

Pac'liiTHble 3Haqeuu11 napaMnpoB 

TB!!p)!Oe COCTO.!IHl!e 

4.5.1. Bh!'IHCJJHM cpe.z:mee 3HaqeuHe) - _, 
~ = 'iS.3· 10 ..L Ji J '/(. 

li fr )llll! TBep)loro COCTO.!IHl!l!. 

;; == 7cro ~J 

4.5.2. Bhl'IHCJJHM M0.1lYJih o6beM~oi! ynpyrocTH MeTaJJJia npu TeMnepazype 300°K. 

K = p!L.::: 7&'10· 'i'l!f _,;:: 10~C· 10'flt:t. 
vc. J ._,,13 33. 10 

4.5 .3. l.fao ,e p11qecKHH K03Q.lqmuueHT ClKHMaeMocm lKeJie3a rrpu T=300 ° K 

1 
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Ta6n11'IHOe 3Ha'lea11e X...% 5'; B · 10 -/;; rrp11 reMnepa'l)'Jle 4,2 ° K. 

4.5.4. Bhl'lllCns!eM MaI<Cl!M3nhHYIO 061.eMHYIO OTEOCHTe)lbHYIO Terrnoay!Q 

.ne4JopMaUHIQ .nm1 Taep.noro COCTOllHHl!. 

T - ,..,., -G 82 G. = I3 · /j I == Y~ 3 .10 · 1811 :: °' o 
v J.,:. 

4.5.5. MaKCHManhHaJ! nHHeilaal! oTHOCl!TenhHall Tennoaal! .ue$opMfil\lll! 

r 
f:T = f_ = ~ = 0/}2.t3 

c.,, 3 3 

4.5.6. Br.l'lHCJJHeM Ko34Jl}>11u11eHT 
KT 

E 

=- 1 cyo == 1,355 
'f C 'fO - 2000 

4.5.7. 8hl'lllCJ1lleM rrpo'lHOCTh lKCJJe3a Ha .uecpopMa[(l!IQ paCTJ!lKeHl!J! 

(. = 0 Ol1J· fC
11

-
300 = 0 0223 

t I 1811 ') 
9 9 0: = f. fe = /111. 10 • o, 0 2 2 8 -;:: Lt; 81 . 10 n 0. 

f 

4.5.8. 8hN11cnlleM npe.nenhHY!O rrpo'IHOCTh lKene3a Ha .ue¢opMauwo clKaTHll. 

G;::: t3S5. C5f I I 

9 9 e: -= 'I, 81·10 · i, 355 ::: 6; S2·10 fl(). 

)!(1111Koe COCTOl!Hlle 

4.5.JO. BhI'IHCnlleM K03cp<jlm . .i;HeHT 

7'{ ]£ 
f{.E = - p 

~ - hf 
:: 

).jJ!l! lKll11KOro COCTOl!Hflll 

1 L/51{ 
). 

6 'f08 - 200() 



-102-

4.5. l I. Bb!q11cn11M MO.!\YJJh 06beM11on ynpyrocr11 lKll.!\Koro Me'TaJJna npH 

reMneparype 1900°K. 

'MC ep s25" , 56 'n K =fJ.--=-1020-·10= ;E·10 ti 
l/t J j3 102 

4.5.12. CJKHMaeMOCTh JKene3a npa reMneparype 1900 °K. 

1 -12 A 

1C/G-10 -'-· ) na. 

4.5.13. Onpe):(eJJl!M MaKCHMaJJhH)'IO 06beMHYIO OTHOCHTeJJhHYJO TCilJIOBYJO 

):(e<j>opMlllUllO )l.llll lKH):(KOro MeTaJJJJa _, 
-" w - f3 ·(~ -T.)::: 113g .. 10·1t1S-= o i.11 
(,V - J-.u /l!Utl n11 I '/ 

4.5.14. Mrucc11Mll.1lbHWI JJMReHHWI ornoc11reJJbHWI renJJOBaJI·Ae$opMIUlHll 

4.5.15. Hcnollh3yll np11JJoJKe1111e 1 K rnaae 4, B~CJJllM npoq11ocr1> Jl(l!):(Koro l!cene3a 

11a Ae$opMfil1HIO pacrl!lKe1111l!. ,l.J;AA Ol{K pewerx11 { = 102 t? . ~ JK!i,a;xoro 

COCTOllHl!ll (X ::: d 9'f'f , f):(e 

ol - ~/ ~ T 

""" - YJ; . ,..v.., 

4.5.16. Bb!q11cn11M Moeyni, J011ra pacnmma JKene3a Ha AecjlopMfilll!IO paCTlllKCHl!ll. 

(5;"' i ' £"'(-=- __!_ = 1Y; s,.10 = :l)or;.10 n'4 
f fe"' °' 0 '/O'f 
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4.6. BoJJi.lj>paM - caMLIH ryronJJaBKHA Men.1.11. 

Bonb<l>paM - Tl!lKenbli! cserno-cepblil Merann. OH MaJIOpacnpocrpaHeH, 

l!MeeT caMyio Bh!COK)'IO TeMneparypy mraaneHllll cpeA!! 'iHCTblX MeTa.JL'IOB. 

OcHOBHoe np!!MeHeHHe HaxO)JJ!T npH Jf3ll)TOBJJeHH!! JiernpoBBHHblX 

HHCTJ)YMeHTanhHbIX craneit Ero cnJJasbl xapaKTepH3YJOTCll noBbIWeHHoil 

>I<aponpo'!HOCTb!O, qro HaXO.llHT npHMeHCHJfe B aBHail,HOHHOH TeXHl!Ke. t:fHCTbrll 

MeTann np!!MCHl!IOT Anll 113rOTOBJJeHHll HHTeli HaKaJJl!BaHll!I B pa3Jl!P!Hb!X 

aaKYYMHbIX npu6opax. 

npHHl!Tble Ta6nuqHb!e 3HaqeHHll <!>H3H'!CCKHX napaMCTj)OB BOnbcppaMa 

npHBe}:leHhl B ra6mui;e 4.10. H Ba puc. 4.9. 

Pac'li!TJJJ.Ie 3Ha'leHHB napaMeTpOB 

TBeMoe COCTOJ!Hlle 

4.6.1. Bb!'IHCJJRM cpeAHHe 3HatfeHHJ! ~ 

/!; -;:::: 19 5g.10' _j_ Jr .1 ~K 

tA J: 
J.=t8G~O~s 

4.6.2. BbI'lHCID!eM MOAym, o6'h!!MHOH ynpyrocTl! Ml! MeTanna npu T=300 °K. 

Kvc.::::f J:::: 1fl280· 1J;3z ·10'= 1<J6;1·1o'na. 

-12 1 
S.1· 10 --/ !lq 
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I__ _____ :_ ___ __ --------~~~s:q~¥___ <ffilcaM« a. 4.10 

cpUJU zecKue n.ar-a.,uemp(J(_ IJoJ/GPfa.u.a,, 
1. ~&,uruurte ~Ha'leHU.!L 

1a. = i, 3 6 8 · 10'~ Peu.<erm~ci d.-W 0 LI;}{ 
J! ::: 19320 ~ a.= 0 16· 16

10
.u 

J!a == 1<J2&0 -;t £,.; 398,&. 10
9 na.-

;:_ == 1'/SOO ~ Kv=3121 9· 10
9 

ffa. 1'1'1{, 

). = 166so ~ £ == '116,5· 10' nci n~x 
P

11

' == 1'1 go'! :!; K,,-= o,, :z !f 8 1:· == S~tg ~ /( == 3; 2, 1r/2-/;;, 

"frr = 3 6 11 6 ~K r::< - 1 ,.,5 1og n Jal\ T Vp, 1-1~H.rp ') T • q 

1'1(~ == S 9 5 3 " K G;.. ::: ~ Y 1 · 1 o 9 
fl a_ 

~p == 1lf't3 3. /{, G; ~ 2i 31 
!. ffaeie~ jfW,~ • 

g/(&tijOf! cocrrw.JfHue Mema11.11.a.-

f = 18690 ,5 J?:::: 191 F8·tri
6-4; K:=1,392 

f T 9 
t = ~ 012 C. = q 02 4 K = 19~ 1·10 na. 
v -12. e 9 vc 9 

X =: .5;1·10 j_n Qf= 9,5t·f0 QC::: 13;3·10 no. 
Joo a 

(;<_.~ 1)2.-tG 
JvCu~KOf. c,ocmoJtrw...t 

- - r.tl - ·G_L J;- 15'H8 ..«' )} = 51,3S·10 "K 
'JIC. 

G'v = 0,1-11 ~ =D; 039 

'\/ ::; 8, 'J~, 10 12 ..i. 0:. -;;; 1'l · 1'0 :f na /Jw n~ f 
9 Ee ::: G/t G · 1 o net ,:X · £ e ;: 9 o 5 8 
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4.6.4. Bbl'iHCn!ICM MaKCHMa.JlbHYJO 06beMHYJO OTHOC!lTeJibHYIO renJIOBYJO 

.!!etjJopMal{HIO MeTa.JIJia B TBep.!!OM COCTOl!HHll. 

4.6.5. MaKCHMa.JlbHM JlllHCHHM OTHOCHTeJ!bHM TeilJIOBM )l.e<jlopMaUHll 

~T 0,0'/2 
~ r - -"-·11

-::: '/ = O, 021( 
lie - 3 .3 

4.6.6. MaKcHMa.JII>HM npO'lHOCTb Boni,<!JpaMa Ha pacTl!)!(eHHe 

)i(H.!!KOC COCTOl!HHe Meranna 

4.6.9. Bhl'!HCJIHM cpei:1HHe 3Ha'!eHHll A J.,;; 
1.1 == 1G G50 -11( 90'1 :::: 51 '3S· 10G ..J_ 

.;.;. 1'190'1·(5JS3-3CU) ' ·~ 
- A +.t>.... 16CSO + 1'f 90'! 

;:. == 2 :, 

4.6.10. MoiJ.YJlb o6beMHOlt ynpyrocrn BOllb<jlpaMa npH reMnepaType ,._ 3750°K. 

/{')It'= 16610· ~'fll,B .10':::112,1·1/rto. 
Vt 3G, 2.S 
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4.6.11. C)K!!MaeMOcTb MeTa.lIJ!a rrp!! TeMrreparype 3750°K 

K')lt 

4.6.12. B1>1'!llcJIHM 3Ha'!eHl!e Ko3cp<\J11uHeHTa f 

151'18,S 
== t50 

1sna)~-s2cs 

4.6.13. (;rrpe,ueJll!eM MaKCl!MaJibHYJO o6beMHYJO OTHOCll.TeJibH)'IO TellJIOBYIO 

.uecpopMai:puo lKH.ZJ;Koro BOJihcppaMa 

f:'lt•-j!-·(rr - TI= 5'1 'H·10~ (s-953-:uu):::. a f1'1 
C.. v - / "~" n~ I 1 , 

.. c 

4.6.14. MaKCHMaJihHall J!HHeKHall OTHOCHTel!bHall TellJIOBaJI .uecpopMa!1H!I 

~ .. , - £v ,.., = O; 116, = °' 0 3 9 
le - 3 .3 

4.6.15. JiicnoJib3Y!! npHJIO)l(eHHe l K rnaBe 4, Bhl'il!CJIHM rrpO'iHOCTh ll<H,UKOro 

BOJihcjJpaMa Ha AecjJopMaUHIO pacT!llKeHHll. ,[VrJI OUK pew!\nrn f = !02q. ,l(nll 

JKH,l{KOTO COCTO!IHHll Cl. ::: d ,,.,, , r,o:e 

J . = ~/ ~ t = 1r.--18-3,-8S-·-10-_,::--r1--i-, -:: ~ 68S· 101~ 
9ff' V f . J(IJ; V is n tJ. 6', 022·10

2
' 

/ 

P= ~Os :::Q = 'f,G·
1010 

16/1!JG·10'ffla 
102 J,'f'f P 102· 2, G SS 

6,w::: 16; 'f9G· 10
1 no. 

4.6.16. Bi,Jql!CJ!HM MOAYJib !Oara lKl!)J;KOro MeTaJIJia np!! TeMnepaType 3750°K Ha 

L1e$opMaumo pacrnllCeHH!! r;:;:-' "' q. 

c"r __ v_I'"-- 1G/f%·fO ,, 'n 
/_.. - - --- ::: ~31· 10 Cl 

p ~- lf3'03!J 
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4.6.17. Mozynb lOHra lKlll!KOro BOJib<jlpa.Ma Ha ne<jlopMaumo Cl!<aT!lll 

?fl f 'Xt ?CC ' ' E = . K = '1,301·10 ·JIS01=6/16· 10 (/, 
c p f 

4. 7. PTYTh - caMMii: J1erK011J1aeKHii MeTaJIJI. 

TeMnepaT)'pa nnaBJieHllll MeTaJIJia 234,26 °K S HOpMaJibHhIX ycnoBHllX -

no cepe6p11cTW1 lKllJlKOCTb. Ca.MW! Tllll<enlll!. 0Ha He pearnpyeT c K11cnoT11M11, 

ycro1N11ea K B03)1eiicTBlllO BO.lib! II B03,izyxa. PryTb llBJIJICTCll OCHOBOii MHOrHX 

3JieKTpOTCXHJl'ICCKllX 113,ZleJil!it, a TIUClKe TepMOMeTpOB 11 6apoMeTpOB. CTaphl MeTaJIJia 

TOKCll'!Hbl. 

TipHHl!Th!e 3Ha'!eH11.11 <jl1131!'!ecK11x napa.MeTpoB p'fYTW npHBeneHbI B Ta6imue 

4.11., Ha p11c. 4.10 H p11c. 4.11. 

Pac'li!THMe 3ua11e1111H napaMeTpoe 

Tsepnoe cocToJ1H11e MeTaJina 

4.7.2. Monyni. o6beMHOH ynpyrocTH MeTaJIJia npH TeMneparype S0°K 

J{ ::: fJ!e..=11.ilfoo· 100 .1oc-==32·1o 9 nq 
Ve J J3 'f S° 

4.7.3. l1.30TepMH'ICCKl!H K03<jl<jlHUHCHT Cll<HMaeMOCTI! MCTaJilla npH TeMnepaT)'pe 

S0°K 

XS'o = i 1 = 
- -12 ,/ 

312·10 .J-) n~ 
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200,59 H 9f/a1Au')a 'f.11 
------- -- . -- . ------------80 g------ --------------------------

cpUJU'tBCKUe narw.Mernp(lf., fmJmU. 
1. <f/ia{;,ur,HUB $Ha.'l8HU.J, _ 

rr,, :: 1, 5'1·10·10., D .r -fV " c-.._ r ....... ro.«OQ99p. a=3,oo·to,,,,,; d. = '10,S 

£r;::J'f
1
9·10 9 na 8:3'/(, 

Kr= 33,s· 10' no. 83 • K 
v 

v = 2' gs. 1fi1~ n·.i /'\--,, ) ct 

K11 = 01 311 

fl -:=. 18 2 · f 0- G • ~ 
0: == 0 l/12 Ji s J .µ 

33 • K 

325'K 

:J«:utx=oe cocmo~Hue 

If;~= 1.)603 (.) = f3:l13 ::;23 A::: 189· ?r)'-j;;-J.Xe J~ ,--,, 

tv = °' 0 '/ 'I B Ce :=. °' 0 2 If g 

x -= 9'."f-· 10· 12 n~1 G-:f= 3,22·1ott.na. 
300 

£;. = 2)os-10
1 na. 

9 
ffve;:: 103 . 10 na. 
E,, = 1, s · 1 o 9 no.. 
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4.7.4. Bwrn:cJIHM nocTOl!HHoril Ko::icjJcjJH[(HeHT 

IJ'T }! 
fLf 75-P vr ,./i<p 

11f325 :::-----
1'132S-5000 

4. 7.5. Bb!'iHCJ!HM MaJCCHMaIIbHY!O o6'hi!MHYIO OTHOCHTeJihHY!O .ne4JopMa[(HlO ,Wll! 

TBep,lloro COCTOl!HHll MCTaJ.1!18 

r: r - ,.,.,I • 

0v =fi·IJ J 

4.7.6. MaJCCHMailbHal! JlliHCHHllll OTHOCHTCJ!bHal! TennOBllll .l\ecpOpMa[(Hl! 

/!'7'_ E: - o,022.5"=000fl5" 
C,e - 3- 3 l 

:>KHnKoe COCTOllHHe 

4.7.9. 8!J'IHCJIHM MaKCHM8JlbHY!O 06be1'1Hf!O OTHOCHTCJ!bHYIO TCilJ!OBYIO 

,11ecjJopMa!lH!O ,WHI )l{H,!IKOro MeTanna 

4. 7. I 0. M8KCHM8JlbH8ll llHHeHHal! OTHOCllTeni.Hal! TennOBal! .necjJopMa[(Hll 

l, "'<-= ~ '" ~ o, 03!1 '18 ::: °' 0 2 '19 
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4. 7.11. Mo.n:yJJb o6beMHoil. ynpyrocrn Menuma np11 TeMneparype 300 ° K. 

"r Cp 138, 9 'ifl K -. () - == 1352~ · ., = 10,21·10 a 
vc J j3 183· 10 

4. 7.12. Cll(RMaeMocrb MeranJJa npR TeMnepaType 300 ° K 

1.. 1 -!i -12. J_ 
X = - = --10 == :r1/1·10 n 

Jo11 f(" fO,l1 a 
vc 

4.7.13. I1cnoJJb3Yil npRJ10lKeH11e 1 K rmme 4, Bbl'!llCJJllM npO'!HOCTb lIOl):(KOil PTYTH Ha 

.n:e<t>OPMlllllllO paCTl!lKeHllil. PTYTb B TBep.n:oM COCTOi!Hllll nMeeT poM603.D:pll'leCK)'IO 

CTPyKTYPY· Tip116J111lKeHHO onmneM ell IlK pemeTKoli c / = 100 a. ,Un11 ll<llJJ.Koro 

COCTOl!HHi! a:: d'>f'f' , r)l.e 

d ::: =1( /! ::: 200159· fO ::: fl. 'J 32.fO.µ, 
, 7 U' _,.., -10 

9ff Yj;- ~ 1JJ.fJ,5'·6,0!2·fO'' I 

p- 2G; -= ~ · °-' r.nz -= 3 :1.£-10 'f nq 
- fOOJ~'f''f 293,J.·101~ I 

CJ: = 31 :i. ~. 1 a" n a. 
p 

4. 7 .14. BbI'!HCJUieM MO)zyJ!b l011ra lKllJl.KOli pryrn Ha .n:e<t>opMlllllllO pacTillKeHllil 

E•" == CJ; :: J,:<~· 101 -- 1
1
:1.n · 10

9 fla 
f' l"" 0102't9 

K~ 
t 

13~f3 =-----· 

4.7.16. Mo.eyJJb lOHra lKlll\KOli pryr11 Ha clKar11e 

g 9 r .. ( = f 7'<. K"(-:::. 1,J.~J-10. 11 Go,:::: 2,os-10 na. 
c r E 

4.7.17. Bh1'!11cn11M npo113ae11e1111e )'.:" • f = C..,c 
)!·Ee"'<-= 01 203 ·, X'· ff'"'~::: 01 f 2 G 
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4.8. ll>paHl.(HH - caMLIH THilH'IHLIH MeTaJIJI. 

yfa Kypca XHMHH H3BeCTHO, '!TO meJIO'IHb!e MeTIIJIJ):bI rrepsoii rpynrr&r 

Ta6JIH!lhl lJ.. M. MeHL(eneesa HBJIHIOTCH THITH'IHbIMH npeD:CTaBHTe.~HMH MeTIU!JIOB. A 

TaK KaK MeTaJIJIH'leCKHe CBOiiCTBa 3JleMeHTOB yseJIH'IHBa!OTCll no BepTHKaJIH OT 

nllrKoro 3JieMeHra ( f, i ) K rHlKllnoMy ( Fi ), TO ¢1paHJ.{HH H ecTh CaML!H THnH'IHhlll 

MeTIU!JI. Ero XHMH'lecKHe CBOlkT!ia CXOlKH co CBOHCTBa'ldH py6HL(HJ! II ne3HSI. 
22.) C 

lf>paHUHll - pa,n;11oaKTHBHhIH MeTaJIJI. CaMbll! ,1.10J1rolKHeymMll H30TOn Bf- r z: 
HMCCT nepHO,l.I noJ1ypacna,1.1a 21 MHH. 48 ceK. OH pacnll,ll.aeTcsi no cxeMe: 

223 r 223 0 + o A 
i. n ri --- 18 J\a.. -1 J- + 

223 o 11,1,,., 219R +"He . 
2. 88 /\a.. --+- BG n 2 I 

3. 

4. 

5. 

6. 

7. 

219R 
BG n 

'le 21S D + "H 
~ 8'f Jo 2. e , 

2;~ p~ 
211 B. 
83 (, 

~; p.g + i rle ~ 
JC,1 MnH -

- aHTHHel!Tp1rno 

J.Os![1 T f 
2.01po 

Jifaoron CBHH!la 82 V cTa6imeH. -16 
MeTIIJ!n ,l.IJ!l! l!CCJIC)J;OB!IHHii norryqa!QT B O'leHb MaJib!X KOJ!H'!eCTBaX m ~~1 D J( z 

Ih-3a Marroro nepHOAa nonypacna)J;a YlKe "' qepe3 3 qaca Macca MeTaJina .ll;OC'lHraer 

ycnoBHOi!: rpaHH!J;bI, r.ll;e Ha'IH';'aIOT npeo6rra)J;aTb MHKpOCKOTIH"!eCI<He CBOHCTBa. 

OTCIO)J;a Bb!TeI<aer ycrrOBHe: Hccne)J;oBaHHe MeXaHH"!eCKHX CBOHCTB MeTaJIJJa 

Heo6xo.ll;HMO npOH3BOAHTh 3a BpeMJI MeHbIUee rrepHOL(a nonypacrra,n;a i utn L T1h, 
3roro neo6xoAHMO )J;o6HBaT&ell H no L(pyroii rrpHqHHe. KaK BH,!IHO 

H3 npHBe.ll;llH!IOH cxeMbl pacna)J;a, o6pa3e!l MeTaJJJJa 6bJCTpO HaCbJI!{aeTCl! aTOMaMH 

pMHll. A paL(HH - :no YlKe coeepmeHHO ,1.1pyroii MeTanJI. Bee pa,uuoaKTHBHbie 

MeranJJbl caMopa:;orpeaaKJrcJI. Dpu MaJibJX nepuo,1.1ax nonypacna.na, 3TO 11anem1e B 

CBOKJ O'lepe.ll;b 3arpy,1.1HJieT HCCnet1oilaH11e MX ljJH31l'·!eCKHX CBOHCTB. 
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B Ta6nm1e 4.12 npHBe,lleHbI H3BecTHhle H pac'leTHhJe 3Ha'!eHHl! napaMeTpoB cjlpaHUHl!. 

KaK Bli.llHO K3 Ta6nKuh1, H3BCCTHhIX napaMeTpoB BC.l\OCTaTO'IHO, Ml! BhI'IKCJJeHHl! 

MeX!IHli'ICCKHX xapaKTepHCTHK MCTaJlJJB. Tio:noMy, liCil0Jlb3Yl! OOlll.llC CBolkTBa MeTannoB 

nepBOR rpynnbJ U16Jllil{bl ,[(.H.MeH,lleJieeBa, Bbl'll!CJU!M Cffaqana p$!.ll Heo6XO,llHMb!X HaM 

napaMeTpoa. 

4.8.1. ,[(nl! MeTaJIJIOB nepBOH rpy!Inbl IlOCTpOHM rpaqmKli 3BBliCliMOCTeli J= f (T) IA ~ ='f(T); 
J... 

B o6iueM cnyqae Hcnonb30Ba.n:H 3aBHCHMocTb : !J :::: fl · X 
~i u 

B pe:iynbTaTC nonyqHJIH.;::::: 2 GOO Ml" (,l\Jll! TeMnepaTypbi "- o· K ) H er= 3 g ~ 

.n:rui TeMnepaTYPhl 6Jlll3KOR le TCMnepaTYPe nnaBJJCHlil!. 

4.8.2. ,[(nl! meJIO'IHblX MeTanJJOB nepBOit rpynllbl Bb!I10lIHl!eTCll 3MiliipH'!eCKOe paaeHCTBO 

,,-.T _ 31,52 
L-. 0TCIO,ll;a P.JIH 4JpaHI{HH no.nyqHM: , ..... ,.. ~ ) 

4.8.3. TipH6llltlKCHHOe 3Ha'!eHHe !InOTHOCTH cjlpaHQHl! npH TCMnepaType KliileHHl! npnseAeHO 

8 'T' () 8°)l. 2. 2. 

4.8.4. 8bl'IHCJIHM KpHTHqecxyro !IlIOTHOCTb cjlpaHI{HJI 

4.8.5. C.uenaeM Ol{eHicy KPliTli'!CCKOit TCMnepaTYPbl .ll:llll 3TOI'O MCTam1a 

,[\Jill Qe3Kll 
T11oe ::: 20'f3 ::::: 2., 1'1 
1:"" fJ'f 3 

OTCJo)la nonyqHM: Tice_ ::: J 1f ' T. = 1, 17· 9 5 0 = 2 0 GO 'K 
95"0 ~ J "f 
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22:3,02 ~ 

&tf 'l Tod.niAL)a Lf.12 
cpu,Ju zecKue napa.,uemp{/( cppaHgu!l-

1. yffu)([;,U'lkf;f8 jHO'leHuJt 

223 r.r --- 223R + OP.+ v n ri 88 a J'"' 

&Q = 1,1s !vf3B 
-10 r~ :: :;,go. 10 iM 

~ ::: 24lf0 ~ 
Tr.A: 29~ 9<J 0

/{ 

fi<u11 = 950 ° K 

-1 

112. =21MHH lf8c 
-10 o ~ K, a = 6, n · 1 o iM 

• Cp~fir 1'11 ~ 
rlr = 102· 10"' ~ 

_, .L 
g, ::: 306· 10 'I< Jr UJ.a. 
Cp =13G,53 ~ 

2. f!iiorz..Ho5upye.M.&1e ;1Ha. 'let-1u..'L • 

'.lfieepqoe c.oemoJtrt(.(e 

)! :::: flbOO ~ )j r::J06·10\t K; = 1) 3flf 

o =2s20J!&... J:' Ji- r.«' Ce = 0, 02.0G 
9 fv =0;0G1g Er=t1 n·10 n(,i, 

,X,. == 919·10
12 -H; Ee= 1,S'/·109 na. 

JtCu<j1<-oe wcmo.9f.Hue 

fJ ::: J,315 .l!!l; A=- '(OS· 10-; f K.:( =- 1; lf Je IM J;-; K ,. 

./:u.11 = 1B8 O : , Os = °' 0 3 8 ~ fe == °' 0 ggq. 

Ep = 1iS2 '10 1- {fo 

r:, :. 1'38, 1 (~f(. 
J:e -:::~1 :J.'t ~' Gp.= 1,33 · 1oc na. 

Ee =21 11.,.10 1 na 
Kpumu zecKoe cocmo.>t.Hlle 

'f. = 2060°K O::: 603 PL p = ,8'f·10'. f\Q l(p Jllf -<A ' • ~p 7 
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PacqeTHble 3Ha'IeHUll napaMeTpOB ,!!Jlll TBepnoro COCTOl!HIUI MeTa.rma 

4.8.6. CpenHee 3HatieHue Ko:iipcp1n1neHTa o6beMHOro pacumpeHHll 

)! -;)!, · 0,, 6'13 =306·10~ c>; {13 ::=20G·fo'.fc 
T "'et)l 

4.8.7. MaKCHMaJJbHIUI o6beMHIUI OTHOCHTeJ!bHIUI TeilJIOBal! JJ;ecpopMaulUI 

t. T = P. . ei r ;:::2ob· 10'· 300 == a,; 0G18 
v J; 

4.8.8. MaKCHMaJJbHIUI JIHHCHHIUI OTHOCHTeJ!bHIUI renJJOBall )lec}lopMauHll 

T 

c T - _f_ - o~ oG18 = o o20G 
0e - 3 - 3 ,, 

4.8.9. Cpe)lHee 3H3'1CHHe IlJIOTHOCTH MCTaJJJJa )lJ!ll TBepJJ;oro COCTOl!HHll. 

75 = 2600+2'flf0 

J, 2 
2..520 M:1 

4.8.10. Bhl'iKCJIHM Ko:icpcpuuneHT 

T J! fl. 520 
KE = 75 - f) - 2520- G03 

J; J/f.p 

4.8.11. Bbi'lliCJIHM MO.!IYJI.b ofr.i.eMHOii ynpyroCTH )'.IJJJI TBepnoro COCTOJIHHJI s6JIH31l 

reMneparyp.bI ruraeJieHHJI 

C 13G .S- ' 9 fi J{ = o-L =2'rlf0· 1 
-10 = 1,oss-10 ct 

vc J J3 30G 

4.8.12. ClKHMaeMOCTb MeTanna 

00 -12 -12 1 
:X = k ::: :,~as · 10 = 919· 10 n~ 

Ve 

4.8.13. Bbl'IHCJIHM MO)lyJ!b 10Hra MeTaJJJ!a Ha JJ;ecpopMal(HIO paCTl!lKeHHJI Il0Jlb3Yl!Cb TeM, 'ITO 

Cs c, -12 J 
)\Jlll l(e3HJI Bbl'Il!CJ!eHQ npOH3Be)\eHHe ;x . f = 6 3' · 10 . 1. 'f · 10 ;:: 1, 0 '16 

T f' :,;> I 

(CM. np!!l!OlKeHl!e 1 K rn.4) 

E ::: 1, OfG 

P O,H9 
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4.8.14. DpoqHOCTb ijJpaHl\Hll B Tsep,nOM COCTOl!Hl'!H 

iKHAKOeCOCTOBHHe 

4.8.16. Bhl'IHCJIHM .fl ,!!,.Ill! MeTanna B lKH)\!COM COCTOS!HHH 

- J1. -J;lt., 237S-1ggo u -•j_ 
P. - :::. ::: 1os.10 

./,.~ - fJ . (rr -'T.'.' 1azo.(JS0-'300) '"-J,,. .. H ff<<!.'I n11/ 

4.8.17. Onpe,11en1IM cpe.!IHee 3HaqeHHe nnornocrH MeTanna 

/J :: .;: + ;:..,., 
J,,, :l 

4.8.18. Ma1<cuMa11b11a 06oeM11aJ1 om11ocume11b11afl mermoeaJl oe<f>opMGtfWI J.temG!llla e 

:J/CUOKO.M COCmOflllUU 

4.8.19. Ma1<cuMClJlbllaJl 11u11ei111aJl om11ocumeJ1blli1Jl menJ10eaJt oe<f>opMatfwi 

4.8.20. Bbl'IHCJIHM K03cpcp1Il\HCHT 

t(~ = J!. 
E ~ - i?.p 
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4.8.21. HcnoJib3Yll np11JiolKeH11e 1 K rnase 4 BbT'IHCJil!M npoqHoCTb lKHJJ;Koro <j>paHIJ;1111 Ha 

;ieijiopMan1110 pacT11lKeH11l!. )J,n11 O~K pemeTKI! { ::: 10 2 q )J,J!ll lKl!)l;KOro COCTOl!Hl!ll ' 

Cl :: d 9f'f ' 1-ffl-

ol, .. ~ ~fa Al, = 223,02·10"3 
:: 

212.!f. G,02.2:ti
3 

p = f2f5'., :._. o, OJB • iD10-:=.. 
10:· uf 9rri 102 · ~ ~S'f 

' 1
1
33'(.10 n Cf 

r;:;:- t<( 'n v, -= 1; 3~'f. 10 t? 

4.8.22. Mo;iyJib IOHra ijipaHIJ;Hll Ha JJ;eijiopMar{HIO pacT11lKemrn 

' ' "133'f.10 -= 15.:u·10 nct 
~ OBH ' 

4.8.23. Mo;iyJib I011ra 11a JJ;eljlopMan1110 clKaTl!l! . ' 

E =I{-<. [-c-= f 3~b · 1S",2.t-1o' == 2112· 10 nct. 
c E f I 

4.9. Kpanrne BblBOAbl. 

4.9.1. B rmme 6bIJII! paCCMOTpeHbl MeXaHl!qecKl!e CBOikTBa TBePAb!X l! lKl!;\Kl!X MCTaJIJIOB -

Jll!Tl!ll, aJIIOMl!Hl!ll, 6epl!JIJIHll, lKeJie3a, BOJib<j>paMa, pTyTI! I! <!JpaHUl!ll. 

4.9.2. )J.Jlll Ha3BaHHblX MCTaJIJIOB onpeJJ;eJlllJil!Cb 

• MOAYJib 06'.beMHOH ynpyrocrn K vc 

1!30TepM!!qecKl!H K03<j><l>HUl!CHT ClKl!MaeMOCTI! x,.. ) 
cpe;111He 3HaqeHl!ll .J IA p 

!{ T IA 
E 

Ma.KCl!MaJil>Hbie ofu.eMHblH I! Jll!HeHHblH OTHOCl!TeJibHble TenJIOBble ;ie<t>opMaIJ;l!I! t;, L4 t e, 

npoqHQCTb MeTaJIJia B TBepll.OM I! lKl!,!(KOM COCTOl!HllllX; 

MO;\yJ!b IOHra MeTaJIJia B lKl!,!(KOM COCTOl!Hl!I!; 

'IHCJieHHble 3Ha'!eHHll np01!3Be)l;eH!!ll x. f :. c .. , )IJIJI lKl!,!(KOro COCTOl!HHJI. 



-120-

4.9.3. B Ka'!ecrne rrpHMepa .!!!Ill p1ym 6bIJIH rrpoc'IHTaHhl MexaHH'!CCKl!C napaMerpbI 

.!!!Ill rpex COCTOllHHit 

no pe3yJibTaTaM rrpHMeHeHl!ll TeilJIOBOro crroco6a OUCHOK MeXaHH'lecKHX 

CBOHCTB TeXHl!'leCKI! 'll!CTb!X MeTMJIOB IlOJIY'ICHbl cne,eyJOIUllC pe3yJibTllTb!. 

• B nepsym oqepe.!l.L cpaBHHBaeM pac'leTHLie u ra6JIH'IHLie 3HB'leHHH 

H30TepMH'ICCKHX K03cl>tPHI~HeHTOB CIKHMBCMOCTeii llJlH MCT3J1J10B B TBep.!l.OM 

COCTOHHHH • 

.N"t IlapaMeTp ATOMHblli Pac'leTHoe 3H. Ta6JIH'IHOe 3H. 

MeraJIJI HOMep 

X· ~ 12 1 1012 _j_ 10 - ,X-nci. rta. 

1 J1HTHH 3 'f8 . 91 
2 :SepHJIJIHli 4 9,15 7,8 9,3 
3 AJ!IOMHHHH 13 27,9 1s.2 
4 )Kene30 26 9,38 (300 K) 5,8 (4,2 K) 
5 Bonbmna.'11 74 5,1 - 3 2. 
6 PTYTb 80 31,2 (50 K) 29,85 (83 K) 

3To cprumeHHe y6e)J(,!\aer, '!TO paccMaTp!!Ba'eMblH TCilJIOBOi! MeTO.!l orrpe.!lCJJeHHll 

MCXaHH'!eCKHX napaMeTpOB TBep.!lbIX MeTaJIJIOB .!laeT cpaBHHMble pe3yJibTaTbl c 

3KCrrepHMCHTMbHbIMH 3Ha'!CHHllMH. }fa 3TOro BblTeKaeT, '!TO MeTO.!l 31jlljlexTl!.BeH H 

HCT Hl!KaKHX orpaHH'ICHHH Ha rrpHMCHeHl!e ere K lKH.!lKOMY H ra3006pa:<HOMY 

COCTOllHHIO. 

• Hccne.!lOBMOCb npoH3Be.!leHHe X • f .!lJ!ll JKl!)lKHX 

MCTMJIOB. 

• BLI'lllCJieH MO.!lYJib lOHra MeTWIJIOB Ha .!le<jiopMaUHIO 'paCTJlllCCHl!ll B JKH.!lKOM 

COCTOllHHll. 

1,!1·10 

• TeopeTH'lCCKll MO.!lYilll lOHra MCTMJIOB Ha CJKaT!le II pa3pb!B OTJIH'llUOTCll 

He3Ha'l!ITeJibHO. 
-r 
KE 
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l{
T 

0TKJI0Hem1e I .wrn mo6oro MeTa.JJJJa OT cpe.!(Hero 3HaqeHJll! co·~rasmreT 

12,4%, a ,[(Jill If'>'( -BCero~l0%. 3TO Il03BOJ!lleT llCIJOJ!b30BaTh 3TOT K031jJ1jJ11I.(lleHT 
E I 

,lU!ll pacqeTa KpHrnqecKoil lJJIOTHOCTll MCTa.JJJIOB. 

• JI106oe q11cTOe BC!IlCCTBO rrp11 HOpMllJ!bHOM BHelllHeM ,!(aBJICHHH; npH Harpesamm 

OT o· K ,ll;O Tn11 HJJH OT Tnn ,l(O 71<'101 HMeeT OTHOCllTCJ!bHYIO Tl~TIJIOBYJO 
,!(eljJopMaQHIO l!BJ!l!JOeyJOCll !IOCTOllHHOii ,!(.Ull 3'l'Oro semecTBa. 

• .zi:asJieHiut, Heo6XO,ll;HMOe ,!(Jill ocymecTBJICHllll TeIJJIOBhlX ,!(eifiopMa1111il mtXO,!(l!TCll 

B npe,!(eJiax ylKe ,!(OCTllrHYThlX B llCCJie,!(OBaTeJ!bCKllX Jia6opaTOplll!X. 

Harrp11Mep, ,!\Jill lKeJie3a no ,!\aBJ1eH11a: 

P. r -- gao /(,('" 
I .I MMZ ) 

D tc( ~r 
12 ==f220-,;;:;: 
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JIHTeparypa K 4 rnaee 

1. XHMHJ!: 3HI.{HKJ!OileAHJ! XlfMHqecKl!X 3JieMeHTOB. no,ll.pe;:i.npoij>. 

A.M.CMoneroscKoro M.; ,[(poqia, 2000r, 432 c. 

2 .. H.H.HoBHKOB. CrpyKrypa H crpyKrypHO - qyacTBHTelibHDie csoii.cTBa peanbHI>Zx 

KpHCTannos. «Bmua lllKOJia>> KHeB, 1983 r, 264 c. 

3. A.B. Bo6i.ures. MexaHHtfeCKHe H rexHonornqecKHe ceoficTsa Merannos. 
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3HeproaTOMH3AaT. M.; 1991r,1232 c. 

5. 311Hosi.es B.E. Temroljl1131!'recKHe csoficrsa Merannos rrpH BDICOKllX 

reMneparypax. CnpasotfHHK. M.; MeramryprHH, 1989 r, 383 c. 

6. Ta6JTHUbI ljll!311'leCKHX seJil!tfHH. CnpaeO'lHHK, no11..pe;:i. aKa;:i. H.K. KHKOHHa. 

ATOMH3,!laT M.; 1976 r, 1006 c. 

7. EHoxoBH'l A.C. CnpasotiHHK no <jll131!Ke. ITpocselil,eH11e M.; 1978 r, 415 c. 

8. CaolicTBa :ineMeHTOB. CrrpaBO'fHllK B ABYX KH11rax, rro;:i o6w,ei! peuaKUl!eli rrpo<ji. 

,llOKT. T.H. M.E. ,l(pH11a. Vfan:att11e BTOpoe «MeTamryprmrn rYn «JKyPHaJI L(BeTH&re 

MeTaJillbI» M.; 1997 r. 

9. <I>pHUeBl!'l 11.H., BopOHOB <I>.<I>., BaKyTa C.A. YnpyrHe nocTOllHHbie I! MOJl:Yilll 

ynpyrocTH MeTaJIJIOB I! HeMeramros. CnpaBotfHHK nou.peA. aKa)l;. AH. YCCP 

I1.H.<I>pam.1eBl!'la «HayKoaa Jl:YMKID> KHeB, 1982 r, 286 c. 
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r.1aBa 4. MexaHH'leCl<He CBOHCTBa lKHl!KHX MeTamJOB 

I1pwzo:J1ce11ue 1. 

HcCJie,Ll;OB3HHe npOH3eeneHHH x . f ;:. con st !!Jiff 

TBep,Ll;LIX H lKHl!KHX MeT3JlJIOB 

B rnaee 2 HacTolllll;el! pa6oTLI npirne,u;eHa :113eecrnaJ1 qiopMyna (2.3) 

Ee :=)C·f =3{1-2KnJ =Canst 
Kvl 

0Ha BbIBOAHnach .!L11JI (( CB060l!HOrD» rnepl!OfO Tena. «CB06011a» rnep.!(oro Tena 

B IJ.8HHOM CJIY'iae 3aKJIIO'faeTCJI B TOM, '!TO Te!IO He l!OMell.{a!IOCh np11 11:e4JopMaulm 

cJKanrn H!IH pacrnJKeH1rn B cneL\HaJII>H)'IO npo<myio o6onO'lKy. Ha :no YKa3I>IBaeT 

np11cyrcTe11e K03il>il>11L\HCHT3 Ilyaccolla s rrpaeol! qacrn il>opMyJII>I. Ecn11 JKe HMeTI> B 

Blll!Y BCCCTOpOHllee ClKaTHe !!Jiii paCTl!lKCHHe B CllC!\Ha!ll>HO!! o60JIO'!Ke, TO na 

iPopMyna rrp1106peTaeT o6m:ee BLip3lKe1l11e 

X· [c;:: dinsi
7

-== CT 

KOTopoe crrpaBC.!L1111BO .!(JUI JI!06oro COCTOlllll!JI 

r33006p33Horo. B Ta6i!l!l\e 4.13 npHBe.!(eHLI 3Ha'lellml 

TBep.noro, )1{1!,!(KOfO ll.'111 

CT .!L1Jll TBep,u;i.rx 

MCTaJIJIOB rrpH HopMaJII>HbIX ycnoBHllX (3a 11cKmoqe1urnM PTYTH T 200 K) . .flllHHbre 

B3l!Thl H3 llHTepa'I)'PLI, CDHCOK KOTOpoil: np1rnei:1eH B KOllUe rJJaBbl 4. 

(1) 

IlpH6Jll!lKCHHOe plilleHCTBO(l) II03BOllllCT B HeKOTOphIX CJJY'l3l!X pelllHTh sonpoc 

0 lIOPllAKC MOl!Yllll I0Hra ll;llJI MCTalllla, y KOTOporo Oil Hel!3BCCTCH HJJH ero BellH'lHHa 

crropaa. IlpHBe,D:eM npHMep. )J.llll nHTHll B Ka'lCCTBe Ta6nl!'lllOrO 31la'leHHll MO)lymr 

lOllra YK33aHo 31la'leHl!e 5 · 109 
Ila. 0Ho onm6o<rno no .!IBYM npH'lHHaM. 

l. Moeyni. ofaeMaol! ynpyrocrn Ha Cll<arne llllJI n11Tllll np11 T=300 K paeeH: 

K"'-::.:P· C'p = ssc,z.~.10' = 11)i1s-.1o'nci "' (),.., .J3 1; g 

Ilp116nu~eHHoe 3Ha'!eH11e IOHra no TennoBoMy cnoco6y paaHo: bi g 

E.'' 211,vs.10'. 1,H!J = 1'1, H· 10 'fl C/; nPIAH~ro £ ;: 1,,J.10fl~ 
2. :Vbaecmo, 'lTO Mo,ziyi!H lOHra MCTIU!JJOB nepaoli rpynnh! rn6nlll.{hI ,ll.H.MeHaeneeaa 

pacryT OT iPpaHIJ;Hll K nHTHJO. Y HaTpl!ll E=S,3 10 Ila. Cne.nosaTeJILHO, y JJHTl!l! 
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LJffo1A.3B-egeHue XT'· [P-::: f 7 r;.u. rnlepfftltt ~/Vt~. Tr;ir:firul!>~ l/.13 

~ ~ 
flTOMH. x. . 1612 _J_ [··1o'na I l1 

VI /rr i'afn no. 
TA JI HOMep 

1 J/ wrnuil i 3 91 1313 1, ~1 

2 6e pto1.n4u I{ 3,'S 300 .2,s> 
3 HcnnptAri 11 1co10 S°"JJ o, 8 ~ & 
tr .!Ua..'l 1-<UtA 1i, :z 9,8 ~'f,1 1, 31 L( 

S' .A .,HO.MM 11 uU. 13 15,2 GJ 01 .958 
G '>1ee.1100 :u r,g 210 1, 21 ~ 

1 Hu ice.11b n s, 11 :Z10 1, 13 lf 

B f y ~JWA J'I- l/O S, 0 2,1 o, go 
9 vUo.nuO",geH. l.f 2. 3,,5" 315" 1, 2 lf'1 
10 Cepe$po 'i7 !J,t 100,, o, '2& 
11 '1..-!eiuu !5 &33 1/f 1, OH 

12 B o)I & "P pa oM. 1-4 ~,t .39 g 1, n~ 

CT :: 1..;111' o, g ~8 6:. Cr~ 2,55" 

CJ/f ou. 'J e ljtf(U.( .?C"; £ :: C..c ~ ~ .c4...-ia11no-C 71iJr(,(15Cf '1.1lf 

.Af'o 

~ 
f!TOMH x . 1012..i. ff · 1of11,,, r:.,.,f 

"'/ti 
~ nq 

)1 HOMtP 

1 Jlr.ott"'ii. .3 8 s, G o,Jt o,on 
~ 6"ep"' .11.n uii lf 111 G g .3,8 o, 0 tr8 
3 ll11w.uM.1-<1AU. 13 v 8, g 1, 11 o, 0 51.f 

'1 ')11: vie 3 c> 26 1'f, G 2, O'f o, 0 3' 
5 8 O/I~ 'r'fJQ.M q'1 8,9 2. '!, 31 o, 038 

b Pmym' 80 . J'f, 0 1, 3 01 12G 

'f "fl p (JO{f1 C/i,( g q. 

0,02':/ ~ C'lttp ~ o,12G 

o,o y1 ~ e'I(, c ~ o, j.02 
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r 4; [Her 
r:c > c u 9 

IlpHHl!TOe 3Ha'leHHe E = 13,3 · 10 Ila 

Bi,rq!fCJIBM ;t' · f = C otc /l,Jll! )!(Hti:Koro Meramia. Xoti: BbIHHC,ieHHH rrOKIDKeM Ha 

rrpHMepe pT)'Tll. Bi,16op 3TOro MeTa,·ma He cnyqaeH. PT)'Th rrpH HOpMaJJbHbJX ycnoBHl!X 

HIDWA!!TCJI B lKl!J.IKOM COCTOl!Hllll ll, cne;uoBaTeJJbHO, Ha Hel! nerqe acero TeXH!!'leCK!! 

rrpoaepll.TJ, npeti:naraeM)'IO MeTOAHKY. 

Plll!ee, B rnase 2 6b!Jla npHae;i.eHa qiopMy na (2.14 ), ;i.a10mair CBll3b MeJKcy 

npO'lHOCTb!O ){Cl!)lKOro MeTaJJlla Ha pa3pb!B ll K03<jlc!>HUlleHTOM l!OBepXHOCTHOro 

HaTl!lKeHJll! ( YTO'!HeHHal! c!>opMyna nam1aca): 

(fU'f) 

Poff' =1/:!-·0,~'12·13>2'J·;J,801 1 
=3531 J fict 

f. 11
' = 35'1 fia 

D 

HJ ypa»nenm1 (2.14) Beno, 'ITO d ?- 2 T.e. pa3pb!BaCMblMH 

l!OBepXHOCTJ!Mll TBepJIOro Tena, /J;OJJl!(eH HaXO/J;l!TCJI crrol! )Kll/J;KOCTll TOllUlllHOl! He 

MeHee '!eM l!3 JIByx MOlleKyrr lllll! aToMOB. B 3TOM CJJYtJ:ae <!>opMyna )laeT apo'!HOCT& 

ll(l!AKOCTH no MOJJeKynirpttoM 11n11 aroMHOM ypoBHe. Hae lKe HHTepecyer cefiqac 

npO'!HOCTb Ha MaKpOCKOilll'ICCKOM ypOBHe. ,!.\Jill BO/J;bl ll3BecTHa 3KCaepl!MeHTaJJbHal! 

rrpO'l:HOCTb Ha pa3pblB. ~ lfa () =- ;;, I 8 C( .10 ~ (/"I 11 Po = 31) s n ~ 
IlO,!\CTaBl!B 3Tl! ,!laHHble B lj;iopMyny (2.14) nony'll!M, 'l:TO 

d 
-10 = 5'0, g.10 .4.1 

-fO 
,!.\HaMClp MOJleKyllbl BO)lbl 2, 76 l 0 M. OTCJOp;a rroJiyqaeM, 'lTO CJIOl! BO)lbl 

npOl!Bill!IOll\llH MaKpOCKODl!'leCKl!e CBOilcrsa cocrn11r !!3 19 MOJJeKyil. 

TeopeTH'lecK11e 11ccneJIOBaHl!ll aarnpa, rrpoae)leHHble B o6nacTH oape,!\eJJeHHll rplll!lll\bl 

aepexo)la Ml!KpOCKOllll'l:CCKllX napaMeTpOB B MaKpOCKOlll!'leCKl!e Jlilll MeTaJJJlOB c 

Ky611'!eCK!!Mll pemeTKaMll Il0Ka3b!BaIOT, 'lTO pe3KOii rpaHl!Ubl HeT. HO MO)l{HO C'lHTaTh, 

'l:TO MaKpOCKOllll'l:CCKl!e csoiicrna, ap11cym11e o6pa3QaM MeTaJJJJOB, Ha'lHHa!OT 

npesam1posaTb HaA MHKpocKoa11q:ecKHMH np11 J.lill!He pe6pa Ky6a f ~ 1 OOa. 

To ecrz, pe6po Ky6a paBHlleTCl! cTa nepHOilaM Kp11CTaJJrr11qecKoii pemeTKH. '.ho 

OTHOCHTCll K MCTarrJ!aM c rrpocrol! KY6H'!eCKOi! H rplll!eUeHYp!!pOBaHHOH pemeTKaMll. 

,!.\JJll O~K pemeTKll .f =102 a. 06pa3UhI MeTaJJJIOB c MeHbllll!Mll pa3MepaM11 pe6ep 

Ha:maHbl MllHllMaJlbHhlMll MOHOKpl!CTaJJJlaMll (MMK). y HllX Ml!KpOCKOilll'leCKHe 
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csoll:cTBa npeBMHPYJOT Ha,Il MaI<pOCKOilH'!eCKllMll II np11 3TOM, '!eM Meai,me pe6po, 

TeM s 6oni,meli cTeneH11. 

B Ta6.rmue 4.14 np1meAem.i He1<0Topwe 1<on11'!ecTBeHH1>Ie AaHHble AJII 

Ky6H'!eCKl!X peI1IeTOK. 

qHCJia RTOMOB a tcyOH'lecKHX peweTi.ax Ta6JJHl.IR 4.14 

Ng 
~H TIK O~K [QK 

flaoaMeTD /.:: 100~ e==102a. .e:: -((}()a_ 

1 tV:i T 10' 1,0303 2,153935 4,0603 

2 nv 10' 0,9703 2,091509 3,9403 

3 ns (OG 0,0600 0,062426 01200 

}/q T - o6mee 'IHCJIO aTOMOE. B 06pa11.1e; 

n $ - 'IHCJIO 8TOMOB Hll n OBCpXROCTH. 

Ylv -'IHCJJO aTOMOB B 06-1>eMe; 

-to 0 
PTyTI> 11MeeT poM603Apt.'!eCKYJO cTpyKTYPY c a~3,005·1() M U,/.=71 

IlpH6mi:>KeHHO omnueM e~ ITK pemeT1<oli. ,l:(nll Hee Bbl'!HCJillM o61>eM 11 Macey 

06pa:i11a .l(filOJ.llero MaKpOCKOfCH'!eCKl!e 

MMK). 

~T: 1.,0303·1'? 'aT ; 

PB3Mep 3TOro o6pa:iua l 1 TBCPAOM COCTOHHl!l! 
-10 -fO f 2= 100.31 00.·r-10 =300,s.10 ~ 

,llrrll lKllJ(KOro COCTOllhlUI Bbl'll!CJll!M nepeXOAHbl~ l!JII! npeAeJib!fb!H PBilHYC 

Kanmir. 

IlpH Harpesa; IHH o6pa:;ua OT 0 AO 234 K ero o6'beM YBeJill'IHTCll 
-zr ( _, ) -H· :3 V, -:::V-1-V·~· 0 1'==2S,G·fo. · 1+96·10·2.:J'f =2~11-·10 ..u 

" " -g _,,., 
'4 ':: ~18rf. i' ?~:::: 1,&lf·10 ... :: 18'f · 10 .µ 

IlpH 
-2 'l > 1,84 . 1 0 M MaKpOCKOill!'ICCKHe CBOHCTBa PTYTI! (npO'IHOCTb, rennora 

nnasnelfllll, TeMne paTypa nmmneHHl! 11 AP) npesan11pyroT Ha.n; Mll1<poc1<onH'lec1<11MH. 

HcxoM l!3 3Toro,. ipo'!HOCTb JKllAKOil prym Ha pa:ip&1s onpeAenl!TCll no <J.>opMyne: 

P= £6's 
100. d ~'l°'P 
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-10 
- /1 ~OJ· 10 ,.<{ • - ~, J 

Bhl'IHCJJHM Mo.zzym, IOHra lKHJ:11coll pryrH Ha pa3pLIB. 

Bo MHornx cnyqaJ1x nnOTHOCTb >Kll.!\KHX MeTaJJJJOB irnmreTcl! 

JIHHellHOH cl>YHKUllell TeMnepatyp:bl. 

no:iToMy (. -::::: .fl. - /IUU! 
v .I f'dAf 

Onpe.11en11M .11asJJeHHe, KOTOpOMY COOTBeTCTByeT MaKCl!MaJJbHaJI TenJJOBall 

.11ecpopMaUl!ll ,!\Jll! )1(11,!IKOro COCTOl!HHll. 

'V-= 9G
1
9·10·12.J_ {,: (}10f!'l8 '

1 /'" flq ~ 

t.p = O,Oi'r8 . 1012-= q,qg. 1lf7q; 
!JG1J fi = 'f,rt2·1o'f1et ; 

r., . 
;r:=t>pl 

f,-:: 'f,Of3 · '/0 ~(/q ; 

f2 = ~620&11'1'/.,i.i 
3To AaBJieBHe He MO:>KeT 6LITb OTHeceHO K KaTeropllll BbICOKOro. 

B K!rnre K.CseHCOHa (*) coo6maeTCll 0 TOM, '!TO ip11311KH ,!laBHO pa60TalOT y>Ke c 
'10 . 

.D;aBJieHHeM 4,05 · 10 Tia. 

* K.CseHCOH <l>H3HKa BbrcoKHX 11aBneH11ii; ITepeso.11 c aHrn. Tio.11.pe.n.. 

JI.4>.Beperuarntta. H3/l-BO 11ttocrp. Jinr. M.; 1963 r, 368 c 
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npHJJOl!CeHHe 2. 

011.eH1ca KpHTH'leCKOro llaBJieHHll l!Jlll !bpaHUHll. 

KpHrn'leCKOe 11aaneHHe OTHOCHTCll K 'lliCJIY napaMeTPOB xapaKTepH3.)'lOlll,HX 

KpiffH'iecKoe cocTOllHHe aemecma. 

):(lll! npose)l,em1J1 oueHrra B Ka-qecTBe aHllllora Mll $paHII,Hll BhI6paH ue:n'l.it 

PaHee, .!lllll ii>PBHll.Hll (cM. rn6nm1y 4.12) 6h!JIH onpeAeJieHhl 3Ha'leHHll KpHrnqecKofi 
'1"' I~ 

TeMneparyphl ( I l(f = 2060 °K) H KpHrn'ieCKol! rrnornocrn ( P = 6 0 3 ~ ). HcnoJJh3Yll 

3TH .naHHhle 011.eHHM KpHTH'ieCKOe l!aBJJeHHe )l.J1ll <PpaHU!lll. 
:hp M 

,l'.\Jlll l.(e3Hll H3BeCTeH [ 4 J IlOJIHhll! Ha6op napaMeTPOB xapaKTepH3YIOIIIHX 

KpHTH'!eCKOe COCTOJIHHe noro MeTaJJJla. 

T -= "0¥3 °K . 
"P "'- ' 

l13BeCTHhl H nocTOllHHhle ypaaHeHHl! BaH-.nep - Baanhca 

H·M". a:: 10,:;sG--i: .1 
,, Molll> 

TeopeTH'ieCKH ~p = 3 B 
HMeeT Apyrne 3Ha'ieH11e. 

' HO npaKTH'!eCKH .nm1 ue3HJI K03<Pqmu.HeHT npH ((8)) 

,l'.\Jlll 4JPBHIU!ll OHO npn6JIHl!CeHHO TaKoe )!(e. 

BbNHCJlHM 3Ha'l.em1e KpHTH'l.ecKoro o6beMa )l.Jlll <PpaHI.(Hll. 

I 1 1 .M.3 v.: = - ~ ----= 0 001658 Kt 
~p fip Go 3 ' 

1 
06beM, npHXO,!lllllll!HCll Ha O,!lllH MOm.,MeHbWe noJiy'!eHHOfO B j_:: - ::: 't, 'IZ l/ 

- I -G .Ji q22302 
_ Fz Vrcp ::: 16'5'.8·10 :=369 1G c.«~. 
'lp= i,LfB'I ~'IZ'f ' HoAb '.3 

v. Ft:::: t rtOS o rz, () 3 GJ/IG _ :1.1 G !J .!:!!..-
Kf I -r D J -('} 1; 105 - I "'"" b 
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8 a. a 
I-faeecTHo, '!TO J:p = 2 g. R. ~ H ~p = f{. 'f { 2 

J13 3THX ypaeHeH!IH Hail:,l:leM CBll3b Mel!<,zzy P,,p Iii Txp .e f( 
'T;e·ftl··R·l. o _ _j_. '1'"e·27·R.· ::-·Tic 

(}. ::::: 8 I I llf - 2 q. ~ 2. 8 8 · C . p 

~p -= 8~ g • 'l:f T.e. Mel!<,zzy KpHTll'ICCKHM ,l:laBJICH!leM II KpHTH'!ecl<OH 

Kp11m'!ec1<oe AaBJieH11e 4>paHI.(llll 
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rv1aBa. 5. 3aMIO'leHHe 

PaccMaTpHBaeM&lli TennoBoll cnoco6 no3BOJUleT onpe,11,ellllTh OCHOBHJ.1e 

MexaHH'ICCKHe CBOHCTBa TBep,11,b!X H lKH,11,KHX MemrmoB. 0,11,HaK!>, KaK BCl!KHll HOBl>itt MCT0,11,, 

OH eylK,11,aeTcsr: e no.11TBeplK,ll,eHHI!. CTp!! oTCyrcTBHH 3KcnepHMeHTanbHb!X ,11,aHHb!X o 

MeXaHH'leCKl!X CBOl!CTBBX lKll.llKHX M_eTMJIOB (3a HCKJI!O'leHHeM ,11,aHllb!X CTOIIl!Hl!) BCI! 

TSllKCCTb ,11,0K838TeJJhCTBa nepeHOCHTCI! Ha o6naCTb TBep11oro COCTOS!Hl!I!. B nol! o6naCTl! 

HaKonneH 6oraTblH 3KCOCpHMeHTaJibHbIH MatepHan, KOTOpblli Il03BOJIHJI nposeCTI! 

Heo6XO,ll,l!Mble cpasHeHID!. 

B H8CTOl11Uee BpeMll B T86JIHlle ):\.H.MeH,11,eneesa (2003 r) HH,!leHTm\>HllHpOBaHO 111 

3lleMeHTOB. Ifa 3roro KOJIH11ectsa 3JJeMeHTOB K MeTaJIJJaM OTHOCl!T ( 111 - 22)= 89. He 

pa,nRoaKmBHblMH H3oronaM11 06na,11,aiot 3JieMeHTIJ srrnotb 110 s11cMyra Cc = 83). 3TO 

3Ha'IHT, '!TO 'll!CllO MCTaJJllOB, l!Me!OIU!!X He pa1111oaKTl!BHble !!30TOilbl COKpaJ:IlaeTCll 110 (83 

-20)=63. 

TaKl!M o6pa:ioM, paccMOTpeHHb!e MCXaHl!'lecKHe CBOi!:CTBa ceMI! MeTaJIJJOB, COCTaBJJlllOT 

oKono I 0% scex HaH6onee 11cnoJib3yeMblx MeTaJIJios. 

B:&16paHH1>1e MeTaJilli>I 

3aHHMIUOT pa:moe IIOJIOlKeHl!e B rrepHO/lll'leCKOii ta6JJl!lJ;e ):\.11.MeH)l.CJleeBa. 06na,11,a10T 

pe3KO OTJJl!'laJOIIJ;llMl!Cll /lpyr OT Apyra <j>H3l!'ICCKllMH CBOHCTBaMl!. 

HMCIOT pa3Hble o6DeMi>I HaKOilJICHHOH llH<j>opMal\l!H 0 MCXaHH'ICCKHX CBOitCTBax B 

TBepJJ.OM l! lKHllKOM COCTOl!HHl!X. 

BKll!O'la!OT 0,11,l!H p 1 
- MeTanll ( A e ), ,11,Ba s f - MeTanna ( l i J Fe ) H 'leTblpe s 2 

-

MeTIIJ!Jla, O/lllH MeTaJIJI pa,nl!oaKTHBHblit. ( F ~) 
B KpatKHX B1>1B0,11,ax K rnase 4 npHse)l.eHa ta6mui;a (cM. n.4.9.3) cpasH!l11MSI X (Kvt) 

,ll)lJ! pac'leTHblX 11 ta6JI!!'!Hblx 3Ha'leHHH. B ,11,ononHeHHe K Reif npHBe,11,eM Ta6n1111y 5 .1., s 

KOTopoll cpasHHBaIOTCll Ta61IH'!Hb!C H paC'ICTHblC 3Ha'leHHll MexaHH'ICCKll:( CBOMCTB 

TBCp,11,b!X H lKH,11,KHX MCTaJIJIOB. 

Pac'!eTHb!e 3Ha'ICHIDI npo'IHOCTH TBep,11,b!X MCTaJIJIOB B HOpMaJibHblX ycnosm1x )l.Jll! 

ceMH MeTaJillOB 3aKJIIO'ICHbl B HHTepsane 

~JI{· 10~fla.~ ~ L 
fl 

951·10 ncr 
I 

,[\Jiii lKH,11,KHX MeTBJlllOB 3Ha'!CHHll npO'!HOCTeii CCM!I MeTaJillOB 3aKll!O'lCHbl B 

HHTepBane ' 110·10 fla. 

HanoMHHM, '!TO ::iKcnep11MeHTaJ1&H8ll npo'!HOCTb so,11,1>1 Ha propbIB 

r;:::--lf.,,o Gn 
vi' = !<8, 'f. 10 a. 
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3aHHlKeHbl. 3roMy Bb!BO,!ly CBH).1eTellbCTBYIOT 

I. 3Ha'leH11e Mo.n;yJ!ll IOara lKl!).1l(Oro Meranna Ha pa3pbIB onpe).1eJlllll11 no <PopM)'Jie 

f. 
.... o.; 

p "" 1:- r,!le 3Ha'leHHll f., npe,!ICTaBJlllllll co6ol! MaKCllMaJJbHYJO JillHeHHYJO rerrJIOBYIO 

.n:elj>opMSUHIO. Ho pa3pbIB Mor npoHcXO.!IHTb H rrpH MeHbllleM 3Ha'leHHH .!le<PopMau;HH. B 

pa6ore OH He onpe).1eneH. 

2. PacCMOTpHM ).1aHHble, npe).1CTaBJieHHbie B Ta6JJHI(e 5.2. no 3TOH Ta6JJHI~e MOlKHO 

onpe.n;eJJHTb, KaK)'IO 'l8CTb 3KCnepHMCHTaJJbHall npO'iHOCTb COCtaBJllleT OT pac•rerHoll. 

-=:;;:-r::-T, 11
1
'f·10B C.. Vron 

c:;:-r---T 195B'Htl 1 
L V pot't I 

Cne.n:yer OlKHAaTb, 'ITO 3HatJenm1 6::"( 
p 

Jlllll >Kl!L\KOro MeTanna 3aBb!Illel!bl. 0HH MOryT COCTaBJIJITb, HeKOTOpyio 'laCTb OT paC'leTHOro 

3Ha"!eHHll. EcJIH CJIC)lOBaTb OTl!OIIIeHHIO )lJlJI TBep.n;oro COCTOJ!HHJ!, G; :,n ;:. o, 0' G"",,:t 'I-
T.a. JlJIJ! ii>paauHll <3i "'= 010 (, D/1

:;: g 8 ~ n A , a )lJlJI BOJibii>paMa 

' ' , Q.""-:ooG0,,~:0,0G·1'10·10 =101 2·10n111 m.~. 
j I /. r=;--"><f · 7g,,,na ~ v, = f0,2 Mn~ 

B IlOCJIC.!U!eH KOJIOHKC Ta6JIHI(bl 5 .2. npHBeACHbl 3Ha'lCHHJI OTHO!llCHllll G.: 1
• : [..,Tr 

T•Cllf 10111\ 

)lJlJI nJ!TH MCTaJIJIOB B TBep.n;oM COCTOJIHHH. Cpe,!IHee 3Ha'lCHHe 3TOro OTHOIIIeHHll paBHO 
·3 

2,46 • I 0 T.e. )lJlJI 3THX MCTaJIJIOB )10CTHrHYTaJI npo"IHOCTb COCTaBJIJICT Tb!Cll'IHble AOJIH 

3Ha'lel!Hll MO,!lyJIJI lOHra. MaiccHManbHall lKe TCnJIOBall JIHHel!aall .t1e<PopMalI(Hll ( no 

- 2 
KOTOpol! Bbl'iHCJIJIJIH 3Ha'leHHe Mo.n;ynei:t IOara lKH,!IKHX MeTaJjJIOB) HMeeT 3Ha'lel!He fz: 2,'J·(D 

T.e. oaa Ha nopl!JloK 6oJJbIIIe. Cne,!loBaTeJibHO, Mo.n;yJIH IOara lKH.!IKHX 

MeTaJIJioB 3aHHlKeHbI. ITonyqeHHbie l!Ce JHa'leHHll - MHHHMaJibHble. MaKCl!MaJibHbie 

3Ha'leHJiJ! nOJiy'iHM, eCJIH IlpO'lHOCTb pa3,!1eJJHM Ha OTHOWeHl!e ~ .. i. : fTo~n· 
COOTBeTCTB)'!Omee ,TBep,!IOMY Telly. BbI'lHCJIHB H3 3TllX .!IBYX 3Ha'leHHH cpe,!IHee 

reoMeTpH'leCKoe, nonyqHM HOBOC pactJeTHOe 3Ha'leHHe MO,!lyllll lOHra lKH).1l(HX Mf:TaJJJIOB Ha 

pa3pb!B, KOTOpoe ,!IOJilKHO 6brrb 6m1lKe K ,D.eHCTBHTCJlbHb!M. Pe3yJJbTaTbI Bbl'lHCJICHHH 

npHBe,D.eHbl B ra6JIHUe 5 .3. 

nonY"!eHHble 3Ha'lCHHJI fp~ He npoTHBOpe'laT AaHHblM no 3Ha'leHHJIM fs 
KOTOpbie MOlKHO nOJiy'iHTb 3KCTpanoJillI(Hell 3KCnepHMCHTaJibHbIX 3Ha'leHHi't £ ,!IJ!ll 

TBep,D.bix MeTaJIJIOB ,D.b reMnepaTypb! nnaBJieHHll. HanpHMep, Jlllll BOJib<l>paMa noJI)"laeM 

£1 =-%3·10,fla ,a ~-:: 1'3,S"·1o 9 flq ;.!IJIJ1lKene3a~=30,1.1o'na 
a, f = 1«t1 ~.1o'n" · ,a.A, cwo1-111Ho fs=12,,·1o'nq," E'e = 1r,s.1o'n" t I 

TeopeTHtJecKHe 11ccne,D.0BaHHll asTOpOM Ky6H'leCKHX crpyKTyp H3 aTOMOB MeTaJJJIOB 

( B ,D.aHHOi't pa6ore He npHBO,D.l!TCll) noKa3aJIH, 'lTO npH onpe.ueneHHOM KOJIH'leCTBe aTOMOB 

MaKpoCKOITH'iecKHe ii>H3H'lCCKHe CBOHCTBa CTpYKTYP Ha'lHHaIOT 6bICTpO MeHJITbC». TipH 
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~1'W1tWU1.l v&M~ m.f.ef ff tM "( ?<C"!l(,WX ,,«.( mCMI/~ 5fr,J°.wf1" 5.1. 

vt 

~ 
l'lTDM. T&i!PAblVr Mema.111> ;Ku91<u~ i.MemRNI 

'f//n X ~12 •1 £p 9 6f 'f X· -12 [, Gf :/ 
HOMeP . 10 na · 10 na . 10 nit 10 11;' ~1o'n,, ·10 fl" J1 

"' 
j}11tmc.~ 3 H,g 13, 3 2 .lf,2 g3,3 01 ~H 2,f/ g 

2 Di!puJ111r.i« Lf Ji1S 311, 0 'f 2 2, 0 12/I 31 10 11, 0 
.3 f) .<IC .w.< If uM 13 . :l 8, 0 GJ, 0 1'!,S 18,8 1,11 6, ~'f 

't '){('eM!JO 2& J, 3g 211, 0 '181, 0 1'+,G 2, () q. 1'1,f 

5 Ba .;.r. 'PP",£/ H s,1 3 981g 951,0 9,:) 'f, 31 1'/,0 

6 P1t1~,.., r. go 31, 2 Jt,, 2 'g,'f 9~,0 1, 30 3,2 

+ 'J'pa "Ii 1o1.A H 919,0 1,_H- ~.lf - o, 015 o,1'3 

'Toi $11urz11trle 1o1 p oe'Zf.mlfflff ii-ta'U'~ t>peilH,OCm« 
..u.m<.11t110-G ~ m64.f,o'W ~e~.j[~. r,;;. fAu11 ~ 5. 2 . 

.Nt 'S 
llTD/111, 'T' er S"· '>If. Par'(. ~H. f r«ift o;:,~ 103 

n/11 cJ-10 8 n~ (].10 8 n" 9 

II lfl) M4(' 
. 10 n oi £.T.,6~ 

1 .lllAm~i 3 0,5 //.1'12 (13, .3) 3,'U 

2 fi.epi-t Aflc.ci< lf S,51.f 112, 2 :311 1/1-3 

3 .t1 .uo,,iw iuW 13 o, g '1 t1YS b.3 1, 33 

Y. ~Ce11e?;o 2. c :<,,1 it g,1 ~11 1,:H 

c Soll6'1'fll M 1 If 1c,1 95,? 'f,J!J ~) 0 3 

Cp"'Jl<fM.t 'tW.Mempv. ite1tt.t e ~~ IO~ ~r/11.{"j({ S'.3. ?l~/Ol?C .u.ont.t11111:1C 

~ 

~ 
/1 TOMH. /7viV1. :JH. mory 3H. cp. ieoH. 3H. 

n/n Ho Mer fp·10'f1t11. £,.,.10 9 n., £p ·1()g ()q 
/I 

1 Jhomu.< 3 0,32 :r, If 1,5' 

2 fepu.11JJr.iit' 'f 3,30 61, B 15,3 

3 J1 JllCJMM"""'" 13 1,11 51, 'f '1, 5 

v ')t(e11e30 u: 2,01 101,1 1 'I,' 
~ f3'-01tf'1'P"'"" 'f lf v, J, 1 l..f!..,2 13, 5' 
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MeHLWeM KOJ!H'!eCTBe aTOMOB Ha'!lfHaJOT npeBal!l!pOBaTb «MHKpOCKOilH'!eCKHe'>) CBOHCTBa, 

T.e. CBOltCTBa npHCymHe TOJ!LKO Manb!M KOJ!H'!eCTBaM BemecTBa. 3TO, Hanpl!Mep, Manble 

TeMneparypb1 Ill!aBJieHHll, Ma11L1e rennoTL! n.n:aeneHHll, cymecTBeHHhie H3MeHeHHll 

npo'!Hocm H T.,!l. HanpHMep, Kyco'!eK aJJIOMHHlHI c pe6poM Ky~a -t, =100 a nnaeHTCll 

npH TeMnepaT)'Pe 921 ~K BMecro 933,S•K. Tip11 pe6pe .f. =Sa TeMneparypa ero nnasneHHll 

COCTaBJllleT 768 'K ( 495 C}, npH e = 3a OH IlJlaBHTCll yiKe npH TeMneparype 659 • K ( 386 

'c).3KcnepHMCHTaJlbHOe noneeplK;J.eHHe 3TOMY ,!la!OT CBC,!lCHllJI, IlOJIY'ICHHbie l:aHa;J.CKHMH 

tl>H3HKaMH H npHae.neaa1>1e B KHHre BeaeQKoro C.H * Kyco'!eK 

HH.UHJI pa3MepoM ,..., 30 A0 pacnmmHJJcll npH TeMneparype qyTL Bb!We 40°C. Ha3BaHHL!e 

CBOltCTBa, no Bcelt BH,!lHMOCTI!, npHcyll(fl K ,!lJIJI _l!Cll,!lKOro COCTOllHHJI MeTaJIJ!a. YTo'!HeHHal! 

qiopMyna Jlannaca ii;ana B03M0l!OIOCTL, c Y'!CTOM CKl!3aHHOf0 BLII!le, Bbl'lllCJ!JITb 

MBKCHMWlbHYJO M8Kp0CK0Illl'ICCK)'l0 npmtHOCTb l!Cll;J;KllX MeTaJIJJOB np!! )1eqiopMaQHll 

pacTJllKCHHll. Tipo6Hoil: lKH,!{KOCTLIO, Ha npHMepe KOTOpoa npoeepllllKCb reopeTH'!CCKKe 

oueHKH, 6b!Jla BO,!la. YKa3aHHaJI B Jlllreparype 3KCDepllMCHTanLHal! npO'!HOCTh BO;J.bl Ha 

pa3pb!B 

Il03BOJJHJla cpa3y l!Ce onpe,!leJJHTb rpaHll'IHOe '!llCJlO MOJleKyJJ ,!lJlll BO.zu,I 

3KcnepHMeHTaJILHO no,!lTBepll<,lleHa nocTOJIHHal! P0 .!lJlll BO.!lbl ( P., '= 37,5 Tia) 

KanHl!JlllpHb!e IlOCTOJIHHble ,!lJlll lK11,!lKHX MeTal!JlOB IlpllBCD.eHLI B Ta6JlHQe 5.4. 

KanHJ1J1KpHb1e nocTOKHHble llCHAKHX MeTaJIJIOB Ta6nuna 5.4. 

N2 

~ Po CJ; cl(«r• 
J:L -3 

n" · 10 ""' l! M 
l JI11rnll: 63,5 0,4· 12,6 
2 DCPHJIJ!l!H 194,8 l,145 11,7 
3 AJI!OMHHHH 206,0 0,914 8,9 
4 )l(en·e30 495,8 1,8 7,3 
s Boni,d>naM 866,7 2,3 5,3 
6 PTYTL 354,0 0,472 2,7 
7 ll>PaHUHii 41;8 0,038 1,8 

* BeHeUKl!H CJ1. 3ara.uK1111 TaH.Hb! MHpa MeTannoB MHCHC MocKBa, 1999 r, 375 c. 
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0KaJaJIOCh, 'lTO OTHOIIIeHae M0,11yneli o6'beMHOH yrrpyrocm .llJU! .necpOpM!l!UlH C>KaTHll ll 

paCTll>KeHHl! l!BillleTCI! seilH'lHHOH OOCTOl!HHOH B rrpe.uenax cpaJ~soro COCTOllHHI!. 

K;-= ~ ~~ ~ K/ (s. 1.) 
K~p .fl -fit tf 

( r. t) 

HanpMMep, .nnii: PTY™ oTKJioHeHHe K f .lllll! TBep.uoro mm. JKH.llKOro cocTollHHl! He 

npeBbllllaeT 2% OT HHTePBl!.llbHOro 3Ha'!eHHll. 

Mo.nynH lOHra MeTaJ!JlOB rrpH O.llHOOCHOM C>KaTHI! HilH pacTl!lKeHHH He OAHHaKOBbl. 

Hx OTHOIUCHHe B npe.zxenax cpa:ioBoro COCTOHHHll 0,IXHH!UCOBO (np!! npO'IHX paBHblX 

ycnosHl!X). 

B Ta6mw:e 5.5. npHBe,!leHhl 3Ha'leHHI! K f .!IJ1ll TBep.llbIX H >KH.llKHX MeTannoe. J,fa 

Ta6JIHru;r BH.llHO, 'lTO 3HR'leHHl! K ti .llJU! prym Bbl.llCilllIOTCll e cpasHeHHH c K f" .lll1ll 

.llpyrHX MeTaJIJIOB. Anll MeTarIJIOB, noMelll,eHHblX B Ta6Jmuy: 

-;; r ::: 1 3.S2 · 
fl,£ ) I 

K,; ::: i; r3t 

MaxCHMaJlhHOe OTKJJOHCHHe OT cpe.Z1Hero 3HR'ICHHll .llllll TBep.llOfO COCTOl!HllJ! 

cocTaBJIJ!eT 20%, a .llJlll >K11,!J;Koro - I 2%. 

PaccMarpHBal! ypaimeHHJ! (5.l.) H (5.2.) MOll<HO npHihH K 3aKJUO'!eHHJO, 'lTO OHM 

.llaIOT B03MOJKHOCTh OllpC.lleJll!Tb KpHTll'leceyro nnoTHOCTb MeTaJ!JlOB. B Ta6n11ue 5.6. 

npHBe.llCHhI 3Ha'!effiUI IlJIOTHOCTeH MCTa.I!JIOB B KPllTH'!CCKOM COCTOl!HHll, onpe,lleneHHble no 

3TliM ypasHeHl!l!M. Ma1<c11Ma.JI1>Hhle orKJJ0HeH1111 pac'!etHhlX 3Ha'l:eH11il KPllTl!'l:ec1rnx 

IlJIOTHOCTelil OT Ta6JIH'l:Hb!X MeHee 20%. A Hanpl!Mep, ,!IJIJI TaKOfO TYfOlIIlaJlKOtO MeTanna 

kaK MOJlH6D,eH nonyqeHO 3Ha'ieHHe () ::: 2 5 41.f ~ 
J•tr iM ttll 

Ta6nH'iHOe 3Ha'!eHHe KPllTH'!ecKOH IlllOTHocTH 3Toro Meranna [ 4 J 2., 6 2 0 :;:;'i , 
OTKJIOHeHHe COCTaBJIJICT Meaeel%. 

B pa6ore HCCJie.nosanoci. np<11!3Be,lleHHe )( • [ = fcin sf J:IJIR TBepll,bIX H 

lKHD.KHX MCTaJii!OB. Alui paCCMOTpeHHblX MeTaJIJIOB nonyqeHbl HHTepBanbI: 

01 HZ ~ Cr !f:. ~,SS 

O,<J21 6C.,.,p6:0,12G 

0
1
1J3':t f:: C?<c.e ~ 0,202. 



3H0t~eHUl f\E ~A.Jt mten1;1x u ')t~IA~K«.X .Mem(),11/IOg % d~,u~ct S. 5' 

~ ~ 
ATOMH. K; K~ 

rt/YI /1 HOMeP E 

1 Jl tA muU. 3 1, Y. g 9 1, 3S& 

.2 6e f<AJJJTrAc'i. l( 1)3'11 113~3 

3 Hampuu 11 1, !U8 t 319 
'I fl.llW.MUftUU 13 1) 3H 11 lf ;? 1 

~ Jt,CeJ1e3 o 26 1,355 1, l/ 5~ 

6 Bol16'PPAM 'fl/ ~ 3:12 1, 500 

1 Pmyrnb 80 1, 536 11 GOJ 

8 CfJpa Hf,Jttu Z'/- 1, 31'1 ~ l/00 

"jf r ::: 101 813 = i 352 . 
E 8 ' ; 

/{»<:::. 11,%0:: 1. '132 
E 8 .1 

f!oT =_t • 0,260 • l>r.-=. f. • ~302 
K.f T } l<f ">« 

l{pwrn'leCKAA OJlOTl-IOCTb MeTAllJIOP, fCIOJ!Vt/..!tl s. 6 
~ ~lAToMH. fi 1':2. 

;:,,. E .Ji!_ 
Jl."< fir m 

n/n M' 
t<p _Kl. l<f .l!"L _,__... 

UOMep M3 ""' M'.I M' 

j .!lt<rnuu 3 535,g 1'39 o/5S 131 13R 
!/, oe pUJIJIUU I( Hoo If 6 8 1622 'f 90 'f 19 
3 HcxmpucA. 11 980 ~55 8 3 5' 252 253 
I( fl JlW.Ml.OtUi.c 13 ~ G'f2 G 81 .2, 12. 'l 6lf2 (; 6 l/ 
5 Kq.nu~ 19 8'15 2 2 '+ 1 l.f lf 22s· 226. 
6 :>1Ce11e:;o 2G 'fG <ro 1986 G '108 1935 1960 
'f LJ,u.1HC 30 '/09S 1Blf5" G680 201'l 1930 
g JJ. 0/1lldJ9 e H 'f 2 95'/S 259'1 82S1- 21.f'Jll 2S't4 
9 Cepe6po q 't 10 Z'fO 26'/0 8Jgf 25J3 2632 
10 B O.J/6'f'PO.M 7 lf 18690 4859 15118 'it 6~) L{ 8 12 

11 Pm1Jm6 80 1 '1325 3125' 1321.3 3 'J'JO 3g5g 
12 cppa.Ht;L(U 8 ':f 2520 G55 2121 6 If~~ 6 <r g 
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Kpanme BLIBOllLI. 

I. Tem10Boii cnoco6 onpe)leJieHHll ocHoB!lhlX MexaHH'lec1rnx napaMeTpoB TBep.zu,1x H 

lKHllKHX MeTaJIJIOB ( K v , G; , G; 
7 

ff , f c ) )laeT cpaBHHMble 3Ha'leHHll c 

3Kcnep11MeHTBJILHhlMH (Ta6n11'!HbIM11). Ilo3TOMY nocmiiHhl BH!!Mal!Hll H MeTO.llhl 

npH6JimKeHHoro onpe)leneHmr: 

OTHOCHTeJ!bHb!X 061>eMHhlX H JIHHei!:HhlX TenJIOBb!X ,n;ecj>opMauHi!:; 

cpenHero 3Ha'leHHll K03cj>cjlHU:HeHTOB o6J.eMHOro pacumpeHHll TBep,!J;hlX II ll<H,!J;Kl!X 

KpHTH'leCKHX nJIOTHOCTeH H TeMneparyp. 

2. PaccMorpeHHbtii cnoco6 ou:emrn Mexa.'lH'lecxHx napaMeTpOB MeTaJIJIOB 6a:mpyercll Ha 

pll)l;e HOBhlX cj>opMyJI nony-qeHHhlX B pa6ore. C 

Kve ==JJ·j-• Moizyrr1> 061>eMHoii ynpyrocTH Ha Cll<ar11e 

• Moeyn1> 061.eMHoii ynpyrocr11 Ha pacTl!l!<eHHe Kvc ~!f-.flr} J 
• I10CTOllHHbIH K03cjlcj>Hl(HeHT 

• 

KE paBHbil! OTHOWeHHJO 

}{ :::: K~c = _J> 
E K~f JJ -.fl, ff 

Y TO'!HeHHal! cj>opM}' JI a JiallJlaca 

d = ~s; + d~>i J Po = 1/!2G;fi · i 
P-+ Po 

d ~6; I = c 
mo.1 fa + Cl. ""i11 K0.'7 

• I1JIOTHOCTb MeTaJIJIOB npH TeMnepa~ KHnCHHll 

3. Bal!<Hal! pOJ!b OTBe,!J;eHa MaKCHMaJll>HhlM OTHOCHTeJlhHblM TenJIOBbIM ,!J;e<!>opMaU:HllM 

.nnll TBep.!J;oro COCTOl!HHJ!, npH HJBecTHOM 3Ha'!CHHH MO.l\YIDI lOHra, OHH llaJOT 

BOJMOlKHOCTb onpe)leID!Th MaKCHMaJibHYJO pacqerHylO npO'iHOCTb MeTaJIJia. ,Il,m1 lKH;J,KOfO 

COCTO.l!HHJ!, npH HJBeCTHOM 3Ha'leHHH npO'lHOCTH Ha p113pb!B, BbI'lHCJ!l!Tb MHHHMaJibHOe 

3Ha'lCHHe MO.!J;ylll! lOHra. 
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L{IDI MHOrHX MeTanJIOB B lKHJlKOM COCTOl!Hllll IllIOTHOCTb l!BJil!eTCll Jl!!HdiHOP.i <jlyHKL(Heli 

TeMneparypbl. I1o3TOMY 

mo 

~ .. · (1.:.-Tn,.) 

[w:= fi-.t~ 
~ .,t..... ) 

4. CymecrnyeT onpeneneaaoe KOJil!'.JeCTBO semecTsa, KOTOpoe pa:i.nenl!eT 

5. 

MaKpocKOlllfll:eCK!le !I M!!KpOCKOil!l'IeCK!le CBOliCTBa. L{nl! TBep.noro KpHCTaJJJI!l'!eCKDfO 

Tena 3TO KOJI!l'!eCTBO Ha3BBHO MllHHMaJ!hHblM MOHOKpHCTaJ!lIOM (MMK). i~Jill MHOf!IX 

MeTaJIJIOB ero reoMeTpH'leCK!le pa:iMepLJ MOll<!IO rrpe,l{CTaBJll!Tb B Bll,!le Ky6a c pe6poM 

I OOa, rne a- rrepHOJl KpHcTaJIJIH'lecKoli perueTKI! 

Ha OCHOBe IlOJlY'!CHHLJX B pa6ore OTHOWCHHl! -

K ,.. ::: .fl {{. ')<C == -~' 
E Jf_-.tp) E J!,,-;:f 

rro.11BJlileTc.11 BOJMOlKHOCn. BbI'!HcneHHll KpHTl!'!ecKoil rrnornocTH MeTa.JUOB. MeTOJl 

rrpocT !I ,l{aeT MeHee 20% norpewHOCTH. OH 3<jlijlexrneeH TeM, '!TO 3aMeHxeT 

BhICOKOTeMneparypHhie HJMepeHHll rrpH Tf<f' H3MepeH!!JIMH nnoTHOCTeli npH YMepeHHhIX 

TeMnepazypax. 

6. IloilY'!eHHble 3Ha'!eHHl! MeXBHH'leCI<HX napaMeTpOB lKl!JlKllX MeTaJIJIOB HOCl!T CTB'l)'C 

TeopeTH'!eCK!IX !IJI!I pac'liT •Hb!X, JlO !IX 3KcrrepHMeHTaJThHOrO IIO)lTBepl!CD;eHHH. 
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e 0 ,!\E P)[(AHHE 

2. Ilapa.MeTpbl -rpex K}'6~eCICHX KpHCTarulH'leCICHX pemeTOIC 

MeT8.JIJIOB _____________________________ !f 

2.1. CBonCTBa MHHHMaJlbHblX MOHOKpHcraJIJlOB (MMK) MeT8JlJJOB c 

npocroA xy6e11ecxoA (I1K) pemencoA ________________ f _ 
2.2. Caoitcrea MMK MeTaMOB cOQKpemeTKoi ____________ }_ 

2.3. CaoiiCTBa MMK Mer8J1JlOB c 11..\K pewencol ____________ .i'f_ 

2.4. Cp&BHeuee napaMerpoB MMK MeraMOB c JCY6H'lecKHMH pemtmeaMH 

npH ,ll,IDIHe pe6ep ___ f_=jQQ!?:-:._ ___________ , ___ _j~-

3. <l>H3~ecJCBe CBOHCTBa peWlhHhIX MMK MeT8JlJIOB. _______ 1. t 

3.1. Onpe.n:en:eHHe p83Mepoa H MaCC MMK _______________ _j_'f. _ 

3. 2. Onpe.n;en:eHee TeMDeparyp IIJiaBJieHm MMK Mer&JIJIOB __ -· ___ J ~ _ 

4. 3aK.11I011eHHe ________________________ ·- _ .}j _ 
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1. Bsei>enue 

MHome tf>H3H'u'lCKHe cnolic:raa M8!CpOCXOntt'leCKHX o6p83UOB MeTaJJJIOB 

.'lOCICaHM:&Ho HCC.TJe.'lOB8Hhl. Pe:JYJJ:&TaTIJ HCCJJe.itoBaHB» npHBe.!teHbl BO MHOTHX 

cnpaBO'IHl{)(a,"{ H B cne~f8JlbHOH mrreparype. 0,AHmco. 4>H3lNecxHe CBODCTBa 

CHCTeM COCI'OJUQHX H3 coreH HJIH TblCll'I aTOMOB M3JlOH3BecTHhl, HJIH BO&ce He 

H3BeCTH1d. HacTOJIID.3SJ pa6oTa DOCBSJmeHa cl>H3H'lecKl'IM CBOitCTBa.'d. HMeHHO T8JCHX 

CHCl'eM. 

Ilpo11HOCTHhle CBOiiC'Illa MOHOKpHCTaJIJIOB MeTWJ.'lOB,. 'lacfO Ha3hIBaeMble 

<<yC8.\lll))/ H3BecTHbl ~o·. 0 ,zq>yntx CBOHC'J"Ba."{ H3BecrHO MaJJO. 0,AHmco. 

npaJCrn:KH, pa6oraJo~te c MWlhL'\1 KOJIJl'lecTBOM nem.ecrna cra.TJKHllaJIHCl> c HX 

Heo6b1'1Hh1Mlf CBOiicrBa.\fH. B 'lacrHOCI'lf coo6w,anH o TOM, 'ITO xpymcae Tena B 

MlllCpOKOJIH'lecTBaX (CTeKJIO, <f>apcl>op, 8.lJM83 •.• ) B MHKpOKOJllf'lecrB8.'l Ha'IHHWOT 

npOS!BJIJITb U..'lacTlf'JCCKHe CBOHCTBa 11Ha11e ro:aopa, H3MeIDllO'I' CBOH «l>H3Ji'lecKHe 

cnoliCTBa. BO'I'. HanpHMep, 'ITO mimer no noMy nono.ey B cnoeit JCHHre** 

crapwHD HIDICeHep YxpaHHcxoro BHCTmyra csepXTBep~ MeT8JJJIOB 

H C. CJi.,zq>HCTbll1: «HMeHHO nnacnAHOCTbJO H ofu.slCHSercB, Ha MOH B3rJlll)J,, TOT 

l}l111cr, 'ITO Jll06b1e <<Xpymme» nemecr:aa HeBOOMOJJCHO ;q>o6IfTb .ll.O 

6ecJCOHC'IHOCTJf, T.K. nplf onpeOelleHHOAt pa311tepe 'lacTIAeK Be~ H4'llfHaeT 

* KHTI'CJlb q, BBCJJ;eHHe B 4>H3HKY TBep.a;oro TeJia. lb.a;. BTOpOC nep. llepeBO.a; c &HrJI. 

A.A.fycena. roe.~. cJ>m.-MaT. ilHTepBTYJ>bl. M.; 1963r, 6% c. 

** Cll.lU>HCTblii H.C. TaiiH:&I MmcporexHHlCH. H.3.a;a:aae 2. Kapmmi. Y)l(J'()po.a;. 1971 r, 

154c. 
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BecTH ce6Ji DJJllCJ'}lllHO, BO BceM MHXpOCKODH'lecKOM 061.eMe, a He TOJlblCO no 

nosepXHOCTH, K8K npe,D,IIOJlaraeJ' TI.A.Pe6HH,l.\ep». 

c~o~e'r'&A 
<1>1t3H'lecKHiPliemecna B MHXpOKOJIH'lecrBaX OTJIH'laroTCJI OT TeX ;1ee CBOik':m, 

CosceM HeAASHO BhlWJia JCHHra HIDJCeuepa-Merwmypra C.H.Beu~oro •. B 

KOTOpoli COOOIQa( .. "IOTCll HHrepecHhle lllaKTbl. l<aH~KHe 4IH3HJCH c DOMOUJ,bJO 

Tax, ecJJH p83Mep 'laCTHU He npeBLIWaeT 30 8HI'C'l'peM, TO OHH DJIBBJJTCll npH 

-reMneparype- qyr& BWwe 40° C, & -ro BpeMll Jm1l OOl.NHO :no npE>IR.'*E>AHT npH 

156° C. C<ro.'lL- 3ffll'IH'reJlhffldil cir.a'l(>a: npe-ACFaauer ~ )"lelt.!MX HeOOMHeHHWH 

Hmepec. Ho npoHCXOllW'HHe 3Toro 31}>$eJ<Ta,. ,lla)Ke )J,JlJI BJWmmeli mw>1 

scero uecKOJI&KO T&lCJI'I lrl"OMOB». 

• BeHeUKHA C.H. 3ara,zuG1 H -raAlf&J MHpa MeTaJIJIOB. •MHCHC• M.; 1999 r, 

375c. 
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06hscHeHHJO 3TOI'O l}>mcra,. a T810Ke npH'IHH H3MeHeHHSI CBOiiCTB 

se~ s MHKJ>OKODH'lecTBax nocu~a :rra pa6oTa. B ee OCHose nCllCHT 

npocroe npe,zi;nonolKeHHe. cl>H3Ht1ecKHe csoiicrna o6p~B Meranna 

H3MeWleTlOTCH llpH nepexo,11;e OT M8KpOKOJlHllecI'B IC MHKp0I<OJIHt{eeTBY no 

TepMHH «MHKpOKOJIH'lecTBO sew:ecnia» paclT.llI:dB<ra:l', BBO~ll BUOJllfe 

' blH 
o6ocHOBaHH. • TepMHH «MHHHMa111>Hbli1 MOHOKpHCTalln»- MMK. '.nHM repMHHoM 

H33hl8aeJ'Cjl KOJIHllecTBO BeUJ,eCI'lla B HHTepBalle Mace (HJnt I'OOMeI'pH'lecJCHX 

,..11e11111e 
pa3Mepos), r,u,e nosepXHOCTHhle aTOMhl KPHCTaJlJIOB, yrpa'l! 11acn. CBOHX 

K)'6H'llecKHX pemtm»e MeraJJJlOB C TO'IKH 3peHH.11 yrpalleHHhlX H OCT8BDJHXCS1 

aTOMHl>JX CJUI3ei, a 3areM <wmaH nepexoA K OD~eHHJO l}>H3H'leacHX CBOiiCTB 

3THX :ace crpyicryp lUUl KOmq>eTHblX Mera.n.noa. B xa'lecrse :mtX MeTaJIJJOB 

Bhl6p8Hhl amoMHHJdi, BaHa,I\Hil, MOJJH6.z.eH, HH,ll;Hii H DOJIOHHit. 

Bse.ir,eM CJie.u.ytO~e OOooHa"leHllJl: 

#o.T- o6w:ee 'IHCJIO aTOMOB )J.IUl MMK c ,IUlHHbIM pa3MepoM pe6pa;. 

nS - 'IHCJIO lrl'OMOB pBCDOJIOll<eHHhlX Ha llOBepXHOCl'H, pe6pax H BeplUHH8X 

MMK; 
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Ylv- 'IHC.JIO aroMos pacrrOJIO)f(eHHhrx &ofu.eMe MMK;, 

A{o~s o6w;ee l(HCJ10 BCex B03MOllUU>lX CBll3elt~ nOA(:'IKl'hlB8eTQI no c\l<>PMYJie 
A/ A/ k AAHHOrO 

!Vee. a = !Var· c , r,ae kc. -xoop,nHHan;HOHHoe 'IHCJJO .u.nrnma 

pemencu; 

}'1 - 'lHC..'Io He.n.ocraiom.mc (o6opBaHHhlX) cBSl3eii; . o.c 

n - 'IHCJIO HaJJH'IHblX (OC"raBIDUXCll) CB113eft. 
f(.C 

t - ~'lliHa pe6pa IC)~ t ~ n · £1 r~ {:{ - nepHO,D.KpHCTS.'IJIJf'lecKOii 

(1.) 

2.1. CaotJcmaa ,\1u11uMa..~bH&iX >.COHOKf1UCITUlJIJJ06 (Atf!JK) 

(2) 

B Tafi.'IHue 1. np1m~ napaMeTJ>bl npocroii K)'6lf11ecxoii pemerxu npH 

yse.'IH'leHHH ~'IHHbl pe6ep Ha IJ,eJJOe 'lliC.'10 DepHOJJ,OB T.e. t :::= n. c:t 

):{ml pacCMarpHBaeMOii pemeTKH p8.C11eT arOMOB H CBll39 BeJJCll no 

TionHoe 'lHC.110 aroMoB B pemence: .3 

#aT ==(n+1) 
1-IHc..'IO itrOMOB B o6J.eMe pewenm: 

nv = (n-1)
3 ( t;) 
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l£Hc.r10 HaJHl'IHblX CBll3eit nH.C=: 2lf+lf8 (n-1) t 3 0 ( n.-1/"+6 ( n-1>3 (1) 

ATOM pacnOJJo:ll<eHHhrlt Ha eepDIHHe ICy6a HMeer TPH cu:n1, Ha pe6pe-

'leTblpe CBJ13H, Ha rpaHH - IDITh CBll3eH, B of:YheMe - WecTb CBS3eH. IlpHB~eM 

npHMep pac11era Ha.'llf'IHbJX CBS3el'i ,ll.JUl xy6a c pmMepoM pe6pa { = 6 Q.. 

M 1 = ( 6 + 1) 3 = 3 lf 3 4 r. 

nv =(6-1)'.>= 12SaT. 

l/l = ' I - nv = 3 ~ 3 - 12 S = 218 a r f i-5 !Var · 

• ~'lJI aroMOB, pacnOJJoEeHHblX B o6beMe MMK 

(n-1/. kc =- n~ = 125- 6 == '150 cs. 

• ;!l,.'lJI al'OMOB pacnOJIOllCeHHblX Ha sepnmHe K)'()a 
I 

8·3::: ne = 2 l/ ~s. 

• ;!l,.'lJI al'OMOB pacnOJJO.»ceHHblX Ha pe6pa."!: ICy6a 

n,'::: 12(n-1)·L/::: 12·5· 1/ =2'f0cs. 
f 

• ,ll.JUl al'OMOB pacnOJJO)J(eHHblX Ha rparuix K)'()a 

. n I= 6 (n-1)(n-1).s = 7SOcs 2 . 

IlO.!IHoe 'IHCJIO HaJllfllHhIX CU3eH: 
I I I I n = n + n f" nf' + tz1 = 11-6 lf cs. 

tl.C V 8 

l£HCJIO BOOMO.xalblX CBJOeft • 

ks.e =3~3 ·6 == 20S8 cs. 

l.IHcno HeJlOCJ'aJOlllHX ce.113eA: 

n. =Jit. -n =205&-1'1C'f-::.29'/cs1· n0.c=29'fcs. 
o.c cs.a H.c 
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%pa.Memprr~ n K peulemfCU ~d.J/c.t/,ja.1. 

I~ Mr ns nv Ncs.e nH.C. no.c. 
n .. nH.C .. 
~. -M •.• 

1a. 8 8 0 lf 8 2 l/ 2'-{ 1 0,50 

1a. fl. q. 26 1 162 102 60 0;%3 q, 63 
.3o. 6 lf 56 8 38~ 2gg 96 °' 8 ~~5 o, 10 
'la 1~5 98 21 'l-50 GOO 150 0/t8 l/ (), 80 
Sa. ;uG 152 6 lf 1296 1080 21G 01 '1-0lf O; g33 
Gq 3 V3 218 12 5 205'8 1'1Glf 2 9 lf 0, G 2:S 0, 85'1 
Cf-a. 51i 296 21G 30'f2 2G88 38~ 0,5'l8 0,915 
8a t 2., 9 386 3 'f 3 lf 37-'f 3888 'f 86 q,529 qasg 
9a. 1000 lf 8 8 512 GOOO 5l(OO 600 0;'f88 01900 

Ylapa .,.uem.pVt 0 L1i K pe uwm,,1\.u.., %/c)l(f.q Ul$ 0.. ~ 

~ MT ns nv Mu viH.C. Ylo.e ns nH.C. 
;v.;; Mu 

1a.. 9 8 1 12 16 56· o, 889 0,222 
2a. 35" 26 9 280 128 152 0, 1~) o, L/5'1 
3a- 91 56 35 't2B 432 296 O,G 15 0,593 
~a 189 . 98 91 1S12 102'1 L( 8 8 0, 51'8 0,61~ 
5 0.. 3 q1 152 189 2128 2000 128 0 1·!'(6 0, 133 
Ga 559 218 3tf1 lflf'f2 3 Cf5G f01G 01 390 01 '!13 

£1i:apa.,u emprrr., r 4 /{ peU{emrcu §i;; rM u. u, a 3 

~ JVar ns nv Afs.B nH.C. no.c. n.t YLu. 
M:·r Ms.a. 

1 a. 1 L/ 1 '1 0 168 'f 2 96 1 0, L/2, 9 
2a.. 63 50 13 t lfl( 380 3Glf O,EOG 0,511 
3a. 1'f2 110 62 206</ 1 lf Glf 600 O,G3J 0, 'IOJ 
'fa. 365' 18 'f 1'!1 l/380 3 '15'6 92 lf 01S31 0,189 
5o.. 666 302 36'1 'f 992 GGOO 1392 01 '15:3 . 0,826 
G a 1099 'f 3 l/ G 65' 13188 11232 19SG 0,395 01852 
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.l(nsf npocro1l K}'61f'lecxo1l pemerxH MOJICHO pacrurrari. pa3Mep pe6pa xy6a,. 

npH xoropoM 11HCJ10 STOMOB B o6heMe p8BHO 11HCJiy 8:f()MOB Ha nOBepxHOCTH. 

Hcnoni.:iyJI ypaBHeHHSJ (3), (4) H (5) DOJJY'IHM: 

ns _ Mr - nv _ ~, - 1. == 1. · -- - n l nv nv y 

Oi +1) ' = 2 . n + 1 :: 1f.i7-== 1/2 G 
rn-1)3 ) n-1 

n :::: g+g 

CpasaeHHe 'IHC.r1a irroMOB npoecxo.~HT Me>K,Ay BOCbMblM H ,u;e8'fl'blM: nepHO)J.OM. 

(CM. Ta6.i:t.1 ). 

AHaJJH31ipy.11 ,21,llHHble Ta6.mn.U>J.1 MOXCHO npuifra K CJle,zJ,ylOlUlfM 

311KJ110'1eHHJIM.. Tipu pocre 11Hc.11a nepH0110B III< pemeTICH: 

- 'IHC.'10 tn'OMOB Ha noBepXHOCTH MMK n s H B o6heMe n v • pacrer. 0,JJ,Haxo~ 

'IUC.'10 m'OMOB B OOl.eMe pacrer WCTpee, '!e.'1 Ha DOBepXHOCI'H. flpH t :::; !J ct 

'IHCJIO al'OMOB B OOl.eMe ylKe npeBl>llllaer 'IHCJIO aTOMOB Ha nosepx110cm •• 

ns i 

- OTHOme1me -;r- )'6b1Baer. Ilpe,ne.11 3TOro OTHOIDeHIUI npH n. - oO 
IV<iT 

paaeH ffYJUO. ,,Va _ n t: (n+1):_ (n-1)
3 

_ 0 
lim A~s :: lim ~ v~ n~ (n+1)3 -

11.~ oP /VeiT rt -'J> 00 'IT 

• OTHOWeHHe nu.C pacrer. flpe.zteJI :m>ro OTHOIDeHIDI npH Jll. ~ o" paBeH 

Mu 
eJIHHHt:1e. ) I )2. '3 

~.;rn n,u.:::: -&m:ll/-tlfB(n-1 +301n.-1 + G (n-1) 
n.-c::P Mu. n-o0 G(n+1)' 

:: A J.. 

- OTHOWeHHe y6J:dB&Err. flpe~ 3TOJ'O OTHOWeJIIDI Dpll J'Z. _. o0 

paueH eJll-fHHn;e. Hua'le rosopJI, TOM)' tmcny He.®CTaJOin;HX CBJI3ea, KOTOpoe 
f PllHl1 

in.seer aroM pacno.1olICeHHJ>ltt ua nosepXHOCTH..y--xy6a. 
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l.IHC.110 HapyweHHblX ( o6opBaHllblX) CBSBeit: 

n0 .c ==-2~+ 1fl-:l,·(n-1)+ G(n-1f' = 6n
2
+ 12 n + 6 

d 3(. ~I Z 
tfRc.rto lrl'OMOB Ha noBepXHOCTH: YlS :::: /Vrn - nV ={ n + 1) - (l- f) : b n -+ 2 

,,&m. not ::: &:rn 6 n}-r ~:ln + 6 = i 
rz.~,&10 fl-s n-:P"' Gn+2 

2.2. Csoilem6ClMMK.\remwuw6 c Ol.(Kpeu.temKOil. 

pe6ep Ha 1.1,e.'loe 'IHC.'10 nepHO~OB. °A'la 3TOA peweTJCH pactleT lrfOMOB It cB1l3eit 

Be.'lCR no c}>opM)'.mw: 

TioJIHoe 'IHC.'10 aTOMOB B pewen<e s 
. ;Va,. = (n+1) + n} (BJ 

lhfC.'10 lD'OMOB B oeh.eMe pellleTKH 

nv=-n}+(n.-1)3 ~u 
'IHC.'10 noaepxHOC'nildX l:?TOMOB 

l/J = Al - n :::: b(l2.+ :z ifo) r "'s /Var v 

l.IHCJJo BOO.'l\tO))(Jlb]X CBSJ3eit 

Nca.G _. N.:'r. ' 8 (11) 

'iHC.'10 HaJlH'IHhlX CBJl3eit ,l1,JlSl noBepxHOC'I111:oIX lrl'OMOB. 

n = 1-8+12 ( n-1).2 + 2 l.f ( n-1) 
2 

(12) 
H.C.S 

.JUie CBSl3H, Ha rpaHH - 4 CBSl3H, B o6beMe pewerKH - 8 CBR3eii. 

B 1<a11ecrse np11Mepa pllC'leTa BOOMeM xy6 c ,ll,Jl1moii pe6pa 
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flOJIHoe 'DfC.110 ln'OMOB B pemerrre 

Har =(6'f1)~ 6 3=3V'3t~1G= 559rJ.r 

Lflic.no ln'OMOB B 001.eMe peruerm 
~ 3 n ==(n-1)-+n =:t1G+125-:::.3'f1ar 

v 

LfHCJIO aroMOB Ha nosepXKOCTH 

n = Gn 2 +2 = 21t-t-£::: :uB ... r 
s 

lIHcno H8JlK'lHhlX cBSl3Cit s pemerKe 

• A.'LIUI'OMOB B 061.eMe 8. 3'11 :: 2 12 8 ~-

• Allll noeepXHOCTRhlX ln'OMOB (12) 

n :=j,lf(n-1;2+2-lf(n-1) +8= 7i8 
/U.S 

06~ "IHCJ10 H8JUllU lhlX CBH3eit 

nl(.(, =;2't£S -t.11-i.g:::: 3lf56 c-1. 

tfHC..'10 BOOMO>KHl>IX ( 9'13elt 

A{t-4 -=: Af.~ · kc == 5SY · 8 ::::. If lf'f 2 ct.. 

tfHC..'10 o6opBaHHW;. CU3eii 

no.c::: Jv:,,,- nff.e = Lf '112- 3 l/S6 = 1016 '-'· 
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2.3. C60iicmea MMK Mema1LW6 c I'I.(K pewem1eof1. 

pe6ep Ha uenoe 11IICJ10 nepHO~OB. Ilo~C'ltrr 1DfC.11a lm>MOB H CBSJ3eA BcmCB no 

liHc.110 aroMoB B pewence 3 2. ( 
1 

) 

!'ir = (n+1) +3·n· n+1; (13) 

liHCJIO noeepXHOCTHblX !tfOMOB: 

n. = 8+12(n-1)+ G(n-1)2+ 6 r/· 
s 

(1lf) 

lJuc.110 al'OMOB pacnOJIO)J(eHHbJX B ofu.eMe 

n ::::: Al - Yi. ==- ~ rz,3 
- G n/- + 3 n -1.. v /VQr · s 

(15) 

ATOM; pacnono>1<eHHhrlt Ha BepmBHe xy6a HMeer TpH CBSI3H, Ha pe6pe - rum. 

BOCeMb C!U13ei1; BHYfPeHHHe aTOMhl - .llBeH~IDD CBll3eA. Ilp~eM npmtep 

pa<:11era 'IHC.11a lm>MOB H HaJlH'IHbIX CBSJ3cli ~'ISi xy6a c pe6poM .e. ::=- b c::t. 

06mee 'IHC.110 lrroMOB 

Alar= (n + 1/+ 3 n 2(n+1) ~ (6+1) \ 3 ·36 ·7- = 109!lar. 

liHCJIO nosepXHOCTHLJX !tfOMOB 

rt =8-4-12·5+ 6.2S+~1G-= 'l3tfiH s 
tfl1c.110 aro~soB B 061.eMe: 

rlv :: 'ln'-tnt+3n-1 =86l/-j1C +18-1 = GCSqr 

tfltC.110 HaJlli'IHb!X CBB3cli. ,llnJJ a:roMOB, pacnono:aceHHbJX B ofu.e.\fe: 
I nil&== 6€5· 12 == ct .9 so c1. 

,!tJUI afOMOB, pacn0.110)1CeHH&IX Ha llOBepXHOCTH. 
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Ha sepmHHe icy6a: 

Ha pe6pa.x: 1 £ . 5'· 5 = 3 00 t-8. 

Y3.1JosweirroMJ.1: 2S· 6 · g = 1200 d. 

QeHTPHpYJOUIHe lrl'OMl>I: 3 6 · 6 · 8 = 11 J. & r..B . 

Bcero HMH'IHWXCBl!3Cft: n1-1~ = t 930+ 3252 ;:::: 112 32 ct. 

t!Hc.r10 B03MOXCHLIX CBll3eli: 

A/ = d ·k = f0J9·12::: f3 f8&~ /Vee. B /V4, c . 

:nu pe3yJILTaTLl H 38llHC8HLl B Ta6JIHu;e i 

2.4. C[Xlenenue nap,wempoe MMKMema.'l/106 c rcy6u<recKu.Mu 

peuremxa.Mu npu dnwte pe6ep t = I 00 a.. 

B Ta6.'IJ{qe 4 npHB~eHM nap&1erpw MMK MeTaJIJIOB c 1<}'6u'lecKHMH 

pewencm.m npH pmtHe pe6ep t = f 00 q . llpH :m>M, ~'(Jl pac'leTOB HX 

11cn0Jth3osa.TIHC1> <\>opM.yJii:.I, npHse,u;eHHI:.Ie s npe~ pa3,u;e..'la"- B Ka'lecn1e 

npHMepa pacqeroe npHBe.iteHbl BI:.l'IHC.'lCHl-DI: napaMeTpOB fl(K pemeTKH c t';. ( 00 ~ 

06~ee IIHCJIO lrl'OMOB: 
1 JVar = (101) + 30000(101) = Lj 060 :>01 «r 

tfHC..'10 31'0MOB 8 o6i:.eMe: 

' G ~ vi-::: L/n-Grz,2 -t3n-t-=- lf·f0-6·10 +J00-1= 
1/ 

;::. 3 9'!0 2 53 tlT • 

tfecno 3l'OMOB Ha nosepXHOCTH: 

Yts-::; 8+1~· 99 -f' 6 • g901 + 60000 =-120 002 QT 
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CpaBHeHue rnxpaM9mpo8 K,t;di..iuc1<u :x peuiemol( 
nptA ~,l.A,{Hf? pelep i<yda f == 100a.. gfla dliut?a ~ 

~ /if: me OU, K- i ru,K 
n/11, n 

·1 }/QT • 10 6 
- 1) 0303 1210303 'I, 0603 

2 nv • 106 0, 9103 1; 9703 3l 9'i03 
3 
·~- -· ns . 106 o, 0600 0, 06 00 q 1200 

lf VL-1-i.c. . 10 6 0, 12 0 6 81 0000 ~f812 1!00 

5 Ncs.s . 10 6 6,f818 8,2~2lf 1(8} 1236 
6 'l.1 == nw.c: Mu 01 sgo1 °' 970G o, ggof R-----~ 
1 ~f)=ns:~r. 0, 0582 °' 0 295" 0, 0295 

cfu.3u. reci<ue c8<W.cm Ba. tAA.emaJJ.no8 f!i/u.cftiu1.5a 5 
~ 

~ 
ri-rn a. Zo. kc Tn)l 

n /n pewerK11 . 10'0 
.t(. . 10·f0wi. OJ{, JI 

·-
JlNOM 1'11-111 ~ r Ur {{, --1 : 11,osu -/, 'f 3 ''IZ 9 '-){) I -

2 BAHA,0.11~ 0 Li, K, 3,028 1, 3lf 8 2190 
3 Mo11yi<fgefl 0 LI, I{, .3, 1'{ 7 1, 39 8 2893 
~ f1 H AV! H r u, K:"' _'(, 77~ 1, G6 12 - lf 29,_§_ 
5 n o.110H11r1 nK 3,352 1, G lf G 527 --

• mem(laWHf.l/161(0 rACKCO<eem<trJl 'L17:!'.HeqeHmpupo8aiott1Jt C 

1 
nc_ruw9ci.w-< a== 0 ~595 H.M u C= o, '1550 H.J./. 

]Hepw.Jf. Haip9!a. u. pQcnncrt.11eHu.9/. ,,uema111108 9!hxJ.~uqa. 6 
~ r::s;:: m1 91 HAr. 91n11 901A/ 9lfl/I ~IHRr+<ftllA 

rt I ri · 10·2Gm 
-f9 -f5 •19 k. 

.II · 1. 0 'JJ'>'e. · 10 !i),.e ·10 'J),;e . 10· f9,a,)f(' 

1 JIJlrOM"1HUH 41 'fBO 0, 313'f 0,11H 0, 5'111 0,0 '156 
--

8AHAAJ.1M 2 8, ~59 11 1090 0, 2922 1, ~o 12 0, 1751 
~-·--- >--· 

_} __ fvlo.111A!oe1-1 15.932 1,56'n 0, 608 G 2, 11~3 0, 2720 
--· 

if f'1H,!J,vt11 19,06'{ 0, 1G 'f5 0, 05<('3 0, 2188 0, 0182 
s no.llOHUU 3~,103 0)2211( 0, 2011 OJ lf2 85" 0,011Lf 

...... • C&«,c,m& 3JIU.U!'Hmo8. CnpaBozHUJ( g 2 KH.; Yl!Jj oc~. ru!· 
ltfLOcf. '3-~m. mrucl-/.HQ!JI'( .,.U.t'. /J)p1Ald&t,. ,,,Wema.1111Ypw~" f''Jfl 

,,XCypHa.11 V,BemHfdi ,JA£mf)..AJ/~( ,, /vf.; 1 !}gt i 
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.n.'Ul ln'OMOB, pacnOJlOllteHHLIX B 061.eMe: 

.n.'lll 8I'OMOB Ha noeepXHOCTH: 

ns = 2- '{ +5"9'f 0 + l/70 '1'18 + 'f 80 000 ;::: 95"6 o/12 el. 

nH.e = 'l't ~8S§S8 + J56 o/12 = '!B,~'f· 10 'c1. 

1. 'luCJIO ID'OMOB B pementa.X COCTaBJISleT f f 'I MHJlJlHOHa; 

2. liHCJIO noBepXHOCTHbIX lm>MOB COCTaBJllleT OT 3% l1IJ 6%~ 

3. 'lbiC.'10 H8.'llNHldX CBK3ett OTJllf'laerCS OT BOOMOllCHldX Ha (1 -;- 3 )%. 

4. Pac'ler noxa:n.maer, 'ITO npH ~eihneM ynenH'leHHH 'lacJJa nepHO)lOB III< 

pemeTKH ~o n= 1000 OTHOmeHHe i-= ~~~~ :;:: f1 J J J 0 2 

J. <l>um'll!cKUe cooilcmea peOJlbHblX W4K .,,ema..r1,.1106. 

J. J. OnpeOe.lleHue pa3M£[XJ6 " Mace MMK. 

H3 npe,n;bl~ pa3,n.e..'IOB Bhll"exael', 'ITO H8Jt6onhJllHe an:.'IOHeHHJl 

4>m1RecKHX ceottCTB MMK OT CBOiiCTB MmCpacKODH'lecKHX Te..11 Ha6.1110~ 
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TOr,n;a, rror,n;a 'UICJIO ero aroMOB OIC&3hl88.el'Cll pasuLIM 11Hcny ln'OMOB 

orpaHJi'IHBalOlllHX 3.11eMeirrapHy10 .1111eAKy. HaH6oJJee 6.i.icrphlMH TeMDaMH H,Aer 

BblpaBHHBaHHe Cl!OHCTB MMK lU> nepMO,lU)B n = 8 + 9 llJlll fil( pelllencM H 

'I+- S lllJJl .01..\K H 11$ pewerox. ,l\luJ :ma nepno~B Ha6mo,naerca ypaau~~~~e 

'IHCJla DOBepXHOCTHblX al'OMOB H l:rrOMOB pacnOJIOJKeHHl>lX B o6heMe. 

/) nff.c 
Y)l(e npH L = 10 (} "! omomeeHe YJ = J / He or~H'l8.CTC.9 or 

l, 1 /VrJ8.fS 

J\UUcpocxoJJH11ecJcHx 6onee,. 'le.'1 Ha 3% T.e. o6pa:nlbl Mera.'JJJOB Ct:>.AeJ>lKaDUie 

OOJJee C'J'a nepHO,lU)B npu6.'l1DIWOTCB no CBOHM CBOi1CTBaM K MaKpoCkODJi'lecxHM 

o6p33Jla.'1. 

Pa:JMepbl MMK onpe,n;enem.J HX nepeo)UIMe,v,n;Haxo, npu MaJJOM 11HC11e 

nepuo,n;oB cne.eyer }"IHTblBlrl'h, 'lTQ x MHHOMY MMK noJJHOCThlO OOllOCJITCll Te 

aTOMhl, 'lTO pacnoJJo)J(eHbJ ua nosepXHOCTH. flo3TOM)' pa:JMepoM MMK MeTaJJJla 

npK f = 1 q Hyll(HO C'llIT!Jl1. e 1= fl1:t H T.JL Onpe~M ,!l,lDl npm1epa pa:n.rep 

MMK JL'lR DO.'lOHHS. 

.H T.,Zl. 

Maccr.1 MMK noJI}111aeM no 4><>PMYJie 

mMMK =Mr. m, (16) 
m -.,UQC'C'q -f e!Tt,.l.l&l. 

HanpHMep. MaCCa MHHHMaltbHOro MOHOiq>HCf8..II!la n~JIOHHX npH f = f Ot. paBua: 
-2(; ~2G 

rt! =8·3lf,'l03·10 Pl =21'lG2·10 !Ul 
MMI< 
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Alm e: 5 ~ .llJlll noro )((e MeTaJlJla HaxO.IIHM: 
-2.G - 2& 

mMMt< =~1G ·3lf;'f03·10 ::::: 'f.'f95';8'i·10 K/Z 

IlOJIOHHti HMeet' Ill< pemerKy (CM. Ta6.nm;y 5). a l[HCJIO ln'OMOB Allll t = s (( 

B Ta6.nHrle 7 npHBe,MHb! pe:JyJJJ>TaTbl p8C'leroB pa3MepoB .Mace MMK 

e-1 'tP-J • _;_ 9A U J'= 100,, 
nOJIOHWl .l\Jlll pemeroK c nepHO~H - ~ , r. - ~ , l. - "' ~ i.. "' 

COOTBercraeHHo, a Tilfin~'< 8, 9, 10, 11 npmse,D,eHhl aeai:t0rn1111We 

pe3ymmrrw .l\Jlll MeTaJIJIOB c OQK H rQK pemerKH. 

KHTepB&lle: 

Maitcintam.Hhle 3Hll'leHIDI Mace MMK Allll MHHott BhlOOpKH MeraJJJIOB: 

~o ~o 
18,2· 10 /Pl ~ mm~ :::::: '111; '11~. 10 /(//. 

MHHHMaJ:thHhle paaMepw MMK: 
-fo t L 

/'I 06 · fO ,µ ~ 
"') 1>1-<'rt 

-1() 

~55" 10 .... 

TOTO, 1JJ'06hi pacIJJJa.BHTI> ] xr MeJ'aJJJJa npH TeMnepmype JlJJaBJleHWI, ero H}'JICHO 



f?o.3.Mep u ..uacca M fVI K '}.J.~ n0.110H(,,l.JI. (nK) ~OAU~Q. 1 
~-····· 1·0v 3a. 9a 100a. 
OA 

m -26 Afar== 8 6 Lf 1000 1,0303·10' 
. 10 Kil 217-, 62 :l 2 ~1, 0 3'1t03)0 35; !7Jl!· 10-20 

e · 1010
""'- 6/f 13, lf 30)1'1- 338; S"S 

!Ja.3JA.ep u ..<-<.ac~a. MMK ~ a.u-0~ ( ru,K ). J/laJAuf'.!a 8 

~ nAP/l P 
1a 3a Sa.. ;iOOci 

m_ Mir ;::: 1l/ 17-2 666 'I, £160:3 · fO' 
· 10

26 m 6~, 12 1'10, 56 !Z983,b8 18,190·10·20 -

e . 10-'0"'1. 8, 10 16)~ 2'1, 3 Lf 09, OS-

~3.M.ep u .uacca.. MMK 9k~ u.rt1uJt. (fLi,K)• Ji/~rML<l10. g 

~ T 1a 3a. 5a '.fOOa.. 

ITT -2G . }/,,, -:: 1 Lf 1'12 666 'l,OGo:J • fo' 
. 10 J<l2, 2G6,91f 32 'f9,52 12698)62 7-'l) ~18. 10·20 

e. 10-'01)1. 9,5S 19,1 /2.8,(,'f '182, 11 
§la3.,uefl u ..uaecQ MMK c;v1.~ 8aH.agu9. {04K) gf/arJ/iuyo.10 

~ 1ci 3a Sa. 100a.. 
n 

m -2G MT= 9 91 3 '11 2,0303·10 6 

• 10 J<ll 'f6,13 't69, 'f"f fl g 8 'f;5"2 1f.,11Y· 10-2
(f 

e. 10-'0.». 6, OG 12,11 18,.11 305'; 83 

f?a3.M.eµ, u o;Lleicca. MMtf. gJ..91. ..«011u<fgeHa(Ou,K) flaOJiu.ya. 11 

~ 1a 3a 5a -'/00o_ 
p 

m -2G !Var= 9 91 3lf1 2,0303·10' 
• 10 Kil 1'13, 39 1'N9;81 5'132,81 32,3¥7·10·20 

e -10 
. 10 "" 6, !}. 9 . 12)59 18)88 .31'7J 85" 
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RpHBO,IUITCJL 0,~HBI«>. ee MOJKHO 0~, ecJIH H3BecrHa 388HCHMOCTf. 

y.ne.'lbHO.A TCnJJo!MKOCTH npH fiOCI'Ol!HHOM JlaB.'leHHH Cf 00' TeMllCpm)lpbl. 
AMI 

Taxne pac11en.t"Y'j,accMaTpHBam.n.JX MeraJI.'IOB 6hL'lH BblllOJJHeHbl H peiyn:i.Tan.J 

npHBeMffld B TaWutQe 6.B KOHe'lfHOM C'l&re} 6blJJO DOJJY'leHO 3Ha'leHHe 

3Hepnm j 
1 

. 3TO Ta 311epnm, 'ITO 11eo6xo,ll;HMa, 'U06b1 pa:iopBar:b ace C:BSl3H J.UJ.11 

OJlHOI'O aroMa. liHcno TaKHX CU3e.A onpeJ:UmJierc.tl KOOpJJ,HHanHOHHblM 'IHCJIOM. 

BooMo>KHo onpe.ll,elle1me KO.'llAecTBa 3Hepnn1, xcrropoe Heo6xo,21,11Mo J.UJ.11 

p83pb1Ba Ol1HOil CBJl3H. <f1 es. 

PaccMaTpHBasr ye,D,HHl!HH)'IO 3JJeMeHTapH)'IO s11emcy mo6oro Mera.rum .. M03CHO 

3aMel'Krb,, 'ITO Hapll,zy c coxpaHeHHl>IMH CBll3llMH. OH8 HMeeT MHOro 

p83opB8HHbIX. Hanp1wep, B Ta6JntQe 3 llJJSI ~ pewencH npa f:: (4 

OTHOWeHHe HaJIH'IHblX CU3e.A n fl e KO BCCM BO'JMO)J(]lbJM ~-IS paBHO °' 'f 2~. 
HHa11e roBOp.si, pa30pB8Ho (mm orcyrCTB}'JOT) 6onee nOJJOBHHhl Heo6:t0,2glMb]X 

cocrO.sJiueit H3 14 al"OMOB, He H)?KHO CTOJJbJCO 3HeprHH, CKOJJbKO HYPO J.UJ.11 

HMeJOui.eii 168 acex B03MOlKHhlX CBll3e.it. Il03TOMY, OTHOWeHHe (1) 
(/.11.c 

}11 -::: t.. A/c6. 8 
MO>KHO HCDOJJb30BaTb llJJSI Bbl'IHCJJeHH.sJ dCTBHTeJlbHOI'O 3Ha'ICHU Teilll~ 

Heo6xo.AHMoro ,n.'lll HarpeBa 1t pacnn&BJieHJUI ~oro MMK. IlpH6opw, 

H3MeplllOW:He TeMIIeparypy, peampyIOT Ha 3TO MCHbWee KOJDl'lecTBO TelJJUl H 

perncrpHpYJOT Mew.wee 3Ha11eaHe TeMIIeparypw DJiaan:eHHll. 
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IlpHBe){eM npeMep onpel{e.11eHHS1 TeMDepmypw IJJJaBJJeHHJI MMK BaHIWUI )Ul.11 

CJIY<lllll e::. bf). . 3TOT MHHHMaJil>HhIK MOHOKpHCI'8JIJI CO,lJ;epxarr 341 afOM H 

HMeer 2000 CBII3elf. ECJJU 6l:d 3TOT MOHOKpllCTaJJ.ll 61:dJJ B cocnme 6onee 

Kpynuoro o6pa:m,a y Hero 6wo 6l:d 2728 CBS3eH. 

BMeCTO 2728. £" - n11. c - .!!!.!!.!!- = o. ,, 33 
f'J-$ - J/ - )_'/fl 8 I z: /Vcu 

Iloneau 3Hepnm eeo6xo)UtMasI ~11'1 earpeiwuui H pacIJJJas.mmim MMK cir =3'!1 

paaHa: ,/ -1!1 -1.J 
l'J =-CV ;r,,. -:.j YOf2·f0·3~1:::: L/'7!/;81·10 JO~e 
ytn I' llT ) 

Hmecrao, 'lTO ecn11 o6p33eU, npH nOJIY'leHliH noii 3eepnm oKuerca 

pacWI88JleKH1>1M, OH .u;oJDKeH HMen. TeMneparypy nJia.BJJeHHH T.e. '?;,. = f( 19 0 ~ K 

Ee.mi lKe MeHbllleii 3Hepnteii IL'laBlfTl>CB 3TOT lKe o6pa:.seu., ro CH011a ,lJ;OJDICHO 



133J. t1 c 

ypaseemm: 

Q,,.·z1 =Hr· k · r/A; 

YpaBHeHHe (19) 3HatUrreJihHO ynpoUUleT BhAHCJieHIDI. 

B Tafilume 12 npHB~eHhl pe3YJJhTan.J T8KHX p8C11eroB ~ scex MeT8JJJJOB H BCeX 

eCCJJe,zzyeMwx MMK. 

H:iBecrHLJe 3Ha'leHHJI K03cl>cl>elUfeHTa f 1 ~ ecCJJe.zzyeMWX MMK MeraJJJIOB 

no:isOJlJUOT Bbl'IHCIDITb .ll.JJH HHX 3Ha'leHID1 rennor HarpeBa H nn8BJJeHHll. B 

Bhl6opKH - MOJJH6.AeH. Tennora Harpesa H pacIIJJaBJJeHIDI MMK -Mtn'aJJJJa Q
~ 

onpe.11:erut11ac& no ypaaHemno 
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MMK MeraJIJJa, uo HMe10iuero nee ueo6xO,ll,HMble MeliaD'OMHhle CBJl3H. 

Pe:JYJlhTID'hl pacqeroB npirae,11,eHhl B ni6mu.~e 13. 

4. 3aK.lllO'leHIJe. 

o6beMe .llBllllercR H8JJH1fHe o6opBaHHhlX cWllcli. HMeHHO OHH HlMeHSIOT 

MeT8JJJJ8, TeM MeHbme BJJIDIHHe Ha ero CBOAC'J'Ba 1')83b1B8JOT DOBC'PXffOCJ'HJ:de 

aTOMLI. 3To ROK83blBaeT npe,11;e.n CYI'HOmeHHJl 

,1. IZ.s - 0 um--
n - "° ~r 

HMeer Mecro nocreneHHoe H3MeHeHHe CBOJiCTB. 

COC'I'OJIHHH, npH KOTOpoM onpe.neruuoIUYJO pOJlb B cl>opMHpo:B8HHH ero 

npHBbl'IHblX MaKpocKOnH'lecKHX CBOHCTB. Hau6onblllHe H3MeHeHHJI ~:mi: CBO:liCTB 

nOK83hlBaer 3JleMeHTapH8JI aqeiiKa. P83pyweaHe ee Be,11;er K DOJHIOA DO'l'epH 

npHBbNHbJX MaKpoCKOJilf'lecKHX CBOiicrB. 



f/!le.Mnepamypa n.Ra#AeHu~ MMK .MUfla111108 g;:{J 12 
!IO< VIU"$a 

MeTAAA t 1 a.. 3a.. 9a-+ Po 1 OOa, 
Sa. 

Po ~1 015' 0, '1-5 0, 9 01 99 
Tn~ OK /(,b3,5 39S 41'1 S21, q. 

v t?.1 01 222 o,593 0/f'33 019'!1 
T' o}f,. 'i8G 1299 1&05 2126 

.Mo /J., 01222 0,593 0,133 o,_g11 
T' •K G~2 1115 :<.120 2809 

Ae ;z 1 0/f29 0;109 ~ 82.6 0, 990 
'T', OK 399 b5"9 .16g 921 

In 'l 1 01 '12 g 0, 109. 01826 0, gg 

T' •;c. 18 'f, 3 30s :35S L/25";3 

c.rir;n/fOmCl Ha2pe8a u nJtag11eHt1~ JlvUK Blfl-tflAHfi. 'filaofluqa f3 

e 1a 3a Sa 100a, 

NCl.T 9 31 31./1 2,0303· 10 6 

Q · 10-f~?!e 19159 19 8,0 Lf 'l l/2, 11 ~ 'f1g. 10·13 

;;_., 0;222 qs93 0) 1-33 a .. 911 
Q~. {0-f1Jl'llC 1/,3'19 11 '1, l/tf S'ftt,O L/, 29. 10- 13 

-
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Pe'.nco:H BepXHeii rpa.Hmn.i MMK Her. Peam.Ho >ICe HYJICHO yqHTJatBarL 

cBoiicrsa MMI< MeraJJJioB JJ..O t := 10 0 q . B CJJY'IUX }'BeJIH11elool TO'IHOCTH 

H3MepeHU MaKpOCKODH'leCKHX CBOHCTB Ha o6pa3WIX MHICpoCKOIUl'lecKHX 

p83MepoB t Heo6XOJJ..HMO }'BeJIH<fHBan •• 

CBOHCTB B3SIT B p83Mepax CODOCTaBHMbJX C MMI<. 

Ha oCHoBe cnoACTB MMK BO'JMO)l(HO pa:ipa6oTlm> MeI"OJl.Hl<Y H3MepeHHll 

TeMJJepinyp:w DJJa.BJJeHHSI ryr<>DJJaBKHX MeraJJJIOB. Moryr 6wn. DOJJe3HLIMH 

H3BeCTID>Ie CBOiCTBa MMK H npu HCCJie.AOBa.HHH cBO:HCTB uonwx 7!Ju1m11ecJCHX 

3JieMelITOB, KOr,1.Ul C<fer ln'OMOB BCJJ..eTCR Ha Jl.CCllTKH H COTHH. 

no pe3ymmrra.M :no:H pa6onJ, HMeer cneJJ..YlOIIUfe napa.Merp:w: 
-23 -Z3 

31 ~8· 10 Kil ~ m ..c.. 6; JG· 10 m 
-ft? ..C._ e L.. ~II, 10-f°,, 

1~1-fO.tA "-1 -

3 o ~ s, K L. Tn: 6 3 3 ~ J "K 

-10 
Oun ue DJ>O'I'H80pe11ar ony6nHKOBaHHLIM JJ..aHHLIM: p83Mep Meuee 30· fO "'i H 

' 0 ¥ 
Ter.meparypa llJUlBJICHIDI qyr1> awm:e 40 C. " 



lfaJJ.aTeJibCTBO YPCC ~ 
cnel.J,MaJIH3MpYeTCH Ha BhIITYCKe yqe6Hott H HayqHott Jrnn:pazyphI, B TOM 
'IHCJ!e MOHorpa<jmtt, JKypHaJIOB, TPYAOB yqeHbIX Pocc1rttcKott AKMeMHH 
HaYK, HayqHO-HCCJie)l;OBaU:JlbCKHX HHCTHTYTOB H yqe6HblX 3llBe)l;eH!itt. 

YeucaeMbie quTaTeJIH! YeruKaeMble aeTOpbl! Ck~~~"~ m""'"""" =-=• anpy,..~-' Poco""~~ ~ 
¢oH)l;OM ¢yH)l;aMeHTaJibHb!X HCCJ!e)l;OBaHHii: H Pocc1rttcKHM ryMaHHTapHb!M HayqHbIM 
<PoH)l;oM, Mb! npe)I.llaraeM aBTopaM CBOH ycJiyrH Ha BhlfO)l;HbIX 3KOHOMH'leCKHX ycJIOBll!X. 
IlpH 3TOM Mb! 6epeM Ha ce6H BCIO pa6o'fY no ITO)l;roTOBKe H3)l;aHH5! - OT Ha6opa, 
pe)l;aKTHpOBaHH5! H BepcTKH )l;O THpa;.irnpoaamrn H pacnpOClpaHeHH5!. 

Cpe)l;H BhIIIIe)l;IIIHX H rOTOBSI!I(HXCH K H3)l;aHHIO KHHr MhI npe)I.llaraeM BaM CJie)l;YIOIIIHe: 

CepID! «Relata Refero» 

Ba6anun A. <P. Bee)l;eHHe e o6llQ'IO Teopmo MH]I03,ll,amlJI. KH.1, 2. 
XaJ1e:J06 IO. B. II.n1111eT1>1 H 3BOJIIOD;HJI 3ee311;. 

Apmexa C. H. K)llfI1IKll oc110B TeOpHH amocllTeJihHOCTlf. 

KaJ1UHUH JI. A. Kap)l;HHam.lllde 0IHH61m 3lhmrrel1Ha. 

JlH'IUAUH B. JI. Ke11HTOea11 TeOpHll rpaeHT~. 

JlH1tUAUH B. JI. Heonpe)l;e.ne11110CTb, rpaeHTau;mi, KocMoc. 

Kel{apuc A. A. AJire6plUl'leCKHe OCHOBM cl>H311KH. 

Bpycun JI.J(., BpycuH C.J( . .HJI.mo31111 3ihmrrel1Ha H peam.110CTL H&10ro11a. 

IIIy11bMaH M. X Teop1111 mapoBoii pacBIH)llllOIJJ,eiic11 Bce.ne1111oii. 

lUyllbMaH M. X Bapllllll,Hll 11a TeMM KBBHTOBoil TeOpHH. 

Bypazo C. r. 3cl>HPO)l;HHBMHKB BceJieHllOH. 

BlluHo6 B. '1>. PaC'fYIJJ,llJI 3eMJIJI: H3 IlJillHeT e 3Be3)l;bt. 

<lJeaocUH c. r. CoBpeMeHHMe npo6JieMM cl>n3HKH. B noncKBX HOBhIX np~oB. 

<lJeaocUH c. r. 0CHOBM CHffKPeTHKH. <t>HJ1ococ1>1111 llOCHTeJieii. 

36epe6 r. Jl. c:t>n3HKB 6e3 MeXllHllKH Hi.roroHa n 6e3 TeopHH 3JIHmTellHa. 

3aKa:JltUK06 A. H. 3ar8,ll.KB 3c1>npHoro BeTpa: cl>yit.!IKMeHTll.JlbHble eonpocbl cl>n3HKH. 

Al{10Ko6c1Cuii B. A. c:J:>H3H'l.eCKHe OCHOBM 3JieKTpOMarHeTH3Ma n MeKTJIOMarHHTllbIX llBJleHHil. 

Bapb1Kun B. H. JleKIJ;HH no 3JieKT)IO)l.HllaMHKe n TeopHH amocHTeJlbHOCTH 6e3 orpllHH'leH1111 
CKOpOCTH. 

Onapun E. r. IJ>n3H'l.eCKHe oc110Bbl 6eCTOllJIHBHoii :meprennrn. 

CmMbMOX06U'I E. M. IIpoCT)laHCTBellllaJI (ronoJIOI'H'leCKBll) CTJIYIITYJIB MaTepHH. 

I'aJ1a6KUH B. B. ,ZJ,oporoil ,ll,eKBpTll, HJIH cl>n3HKB ma3BMH caCTeMOTeXHHKB. 

Tepilel{KUii H. A. 0 n0Jlb3e n epe.n:e H3JIY'leHHll )l;Jlll lKH3HH. 

'fu:Jteo6 E. B. Bee.n:eHHe e cl>HJiococl>mo MBTeMBTH'leCKHX npoCTJlBHCTB. 

HuK011ae6 0. C. c:t>H3HKB n aCT)lOHOMllll: 1fypc npaIO'll'lecKHX pa60T )l;Jlll cpe.n:ueA WKOJibl, 

<lJeiiHMaH P., JieiimoH P., C31tac M. Cl>eiiHMBHoecKHe JieKIJ,HH no cl>H3HKe. B 9 roMax. 

3Bll;a'IH H ynplllKHeHllll c OTBeTaMH H pemeHHllMH K cl>eAHMaHOBCKHM JieKD;HJIM. B 2 TOMaX. 

Baiin6epz C. Me'ITbl 06 oKOll'IBTeJlbHOH TeOpHH. 

Ilo BCeM BOllpOCBM BM MO:lKeTe o6paTHTbCll K HBM: 

mu./t}HIKc (095) 135-42-16, 135-42-46 
HJIH 3.AeKmpoHHOii no.,,,,oii URSS@URSS.ru 
IloJIHblii KBTaJior H3,llllHHii npe11;CTaBJieH 

e HHmep11em-Maetl3uHe: http://URSS.ru 

H3JJ.aTeJibCTBO YPCC 
Hay'fHaJl u y1.fe6Ha11 

Aumepamypa 



Jb~aTe.JibCTBO YPCC 

Ilpe.ll,CTaBJUICT BaM CBOH JIY'IWHe KHHm: 

Epauan I'pun 

3JIEfAHTHAH BCEJIEHHMI 
Cynepcrpyuw, CKpLITLle palMepHOCTII 
H HOHCKH OKOll'laTeJlbHOH TeOpHH 

K1mra EpaifaHa fp11Ha «3neraHTHaH BceneHHaH• - yrureKa

TeJihHeifrnee rryrernecTmt:e no cospeMeHHOH <fJ11311Ke, KOTopaH 

KaK HllKOrna paHee 6JIH3Ka K IIOHllMaHHJO Toro, KaK ycTpo

eHa BceneHHaH. KBaHTOBhifi Mllp H TeopHH OTHOCHTeJihHOCTll 

3fiHIIITefiua, rnIIOTe3a KaJlyt(bI-KJieifHa ll )l,OIIOJIHllTeJihHhle 

ll3MepeHllJI, TeopllH cynepCTPYH ll 6paHbl, EoJibIIIOH B3Pb!B II 

MYJihTH-BCeJieHHble - BOT )l,ilJ!eKO He IIOJIHblH rrepe'leHh o6cy

)l(,ll,aeMblX BOIIPOCOB. 

HcrrOJib3YH HCHble aHaJIOrnH, aBTOp rrepeson11T CJIOlKHbie H,ll,eH cospeMeHHOfi <fJH3HKH 

ll MaTeMaTHKH Ha 06pa3b1, IIOHHTHble BCeM ll Ka)((JJ,OMy. EpafiaH fpHH CPb!BaeT 3asecy 

TallHCTBa c rnopHH CTPYH, 'lT06h1 rrpencTaBHTb MHPY 11-Mepttyro BceneHHYJO, B KO

Topoif TKaHh rrpocTpaifCTBa peeTCH ll BOCCTaHaBmtBaeTCH, a BCH MaTepHH rropo)((JJ,eHa 

BH6pau;HHMH MllKPOCKOIIH'leCKllX CTPYH· 

KHHra BbI30BeT HecoMHeHHhlH HHTepec KaK y ,, 'reuttanHcToe ecTecrnettHo-Hayqtthlx 

IJ;llCUHIIJIHH, TaK ll y IIIHpOKOfO Kpyra 'lHTaTeJieit. 

PoiJ:JK:ep IlenpoJJ 

HOBhJM YM KOPOJISI 
0 KOMllbIOTepax, MblWJieHHH H JaKOHax ti>HJHKH 

MoHorpa<fJm1 n3eecTHoro <!>H3HKa 11 MareMaTHKa Poll)Kepa 

IleHpoy3a ITOCBllll(eHa H3yqeHHIO rrpo6JieMbl llCKyCCTBeHHOfO 

llHTeJIJieKTa Ha OCHOBe BCeCTOpOHHero 3HaJill3a IJ;OCTIDKeHllH 

coepeMeHHblX HaYK. Bo3MOJKHO Jiii MO)l,eJinpoeaHHe pa3YM3? 

qT06bI HaHTll OTBeT Ha 3TOT BOTIPOC, Ilettpoy3 o6C}'JK.ll;aeT IIIll

po'laHIIIHfi Kpyr HBJieH11fi: anropl!TMH3au;mo MaTeMaT11'leCKOfO 

MhillIJieHHH, Marn11Hhl Tb10p11ttra, Teop11IO CJIOJKHOCTH, TeopeMy 

fe11;em1, TeJierropTal(HIO MarepHH, napa)l,OKCbl KB3HTOBOH <fJH3H

KH, 3HTPOITlllO, po)((JJ,eHHe eceJieHHOH, qepHble ll;blpb!, crpoeHlle M03ra II MHOTOe 11;pyroe. 

KH11ra BbI30BeT HecoMHeHHhIH HHTepec KaK y crreu;11an11cTOB, TaK H y umpoKoro Kpyra 

'lHTarenen. 

M3AaTenbCTBO 
YPCC 

(095) 135-42-46, 
(095) 135-42-16, 
URSS@URSS.ru 
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HaCTOSILL\O• KHMra coCTOMT Ml ABYX 'fOCTei4. B nepaoi4 'fOCTlll 

1113l10.>1CeH Tennoaoi4 cnoco6 01.4eHKlll MexaHM'feCKMX caoi4CTa 

lKlllAKlllX MeTannoa. OH np111MeH111M AJ1• Ten, HOXOA"LL\lllXCSI 

B mo6oM M3 Tpex COCTOSIHMM. nony'feH p•A HOBblX pe3ynb• 

TOTOB. noAp06HO paCCMOTpeHbl MeXOHM'feCKMe CBOHCTBO 

MeTannoa: nMTM•, 6ep111nnM•, ant0MMHM•, .>1Cene3a, aonbcl>

paMa, PTYT"" 111 cl>paH1.4111•. 

BTopa• 'fOCTb noCHLL\eHa MccneAOBaHMIO cl>MlM'feCKMX 

CBOHCTB CMCTeM, COCTOSILL\MX 1113 COTeH Ill TblCSl'f QTOMOB Me

Tannoa. 8b1•aneHo, 'fTO AJ1• TaKMX CMCTeM (Ha3aaHHltlX MM· 

HMManbHblMM MOHOKpMCTannaM111 - MMK MeTannoa) CHM· 

)l(OeTC• cyMMapHa• TennoTa Harpeaa AO TeMneparypw 

nnaaneHM• M TennoTa nnaaneHM•, 3HO'fMTenbHO yMeHb· 

waeTc• TeMneparypa nnaaneHMSI. 

2627 ID 22488 
MHTepHeT-Mara3MH 

OZON.rU 
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Jho6ble JaMe~aHMH M npeAJ10>KeH1tH no MJAaH1t10, a r e JaMe~eHHble one~aTKM np1tcbl-
11aihe no aApecy URSS@URSS.ru. no11Hblii cn11coK JaMe~eHHblX one~aroK MO>KHO 6yAeT 
YBMAeTb Ha web-crpaHM4e )TOM KHMrM B HaweM MHTepHeT-MaraJMHe http://URSS.ru 


