Tema :Pu3udeckue ocHoebl 06pabomku Memarssoe
daeJsieHueM.

Jlekyuu: Ne 1(n. 1,2), N°2 (n.3,4), Ne3 (n.5,6,7)
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.CTPOEHHWE METAJINOB

Bce MeTanibl M cnnaebl  UMEIOT
KpUcTannuuyeckoe ctpoeHue. MNocneaHee, Kak ¢
BbINO OTMEYEHO paHee, xapakTepusyeTcs B -
L el OM 3aKOHOMEPHBIM W MEPUOANHHBIM
pacno oX e HHU e M aToMoB B f

4
IpoCTpPaHCTBE®E, MNP  KOTOPOM

Kaxkabin aTom HaxoguTcs B
HJeHTHWUIHOM OKPYKEHUN
coceaxunux L PeHTTeHOT p a MM B KpUCTanmno B  MNOKa3bl-
BawmwT,4YT O aTOMbl B HUX PaCTI O Jl O K € H bl M0 NPAMbIM JIMHUAM U
MO MAOCKOCTSAM, WM MNO3BOMSAI0O T HE TONMbKO BLIABUT b B3aUMH O e
pacnosioxeHme aTo M 0 B BMNPOCTp a HC T B €, HO M ONpefle1 U T b
PacCCTOAHNA MeXay HUMMU.

BcneactBme 3 axk oHoMe pHOT O pPacrnofioXeHnss aTOMOB MO
nMoOc K oCTsSM U MO NPAMbIM NIMHUAM CTPOEHUE KpucTasnsia MOXHO
npeacTtaBUTb B BUOE TPEXMEP H O i CeTKU U3 NPAMbIX JIMHUA, B TOYKax
nepecedyen u 1 (y371 a X ) KOTOPbIX pasMelleHbl a T o M Bl (TOYHee,
y30bl ABNATCH LeHTpamu, OTHOCHU T e/ b HDO KOTOPbIX
NpOHUCXOJ s T TENnoBble KonebaHns aTtoMoOB, MOSIOXEHNA Xe
y3I0B COOTBETCTBYIOT MOMOXEHMAM! aTOMOB NpyY MUHUMYME NOTeHUMarb-
H 0 B 9Heprumn). Taky ceTky (puc. 1.2) MOXHO cHMTaTb COCTOAI e i
U 3 MHOrorpaHHuMKoB (Mapannenenunegos, NpuMsM U T. MN.) OAUHAKOBOW
BENMMYUHBLI C CONpUKacarwWmMMmcsa rpaHsaMmun. J1lobom MHOrorpaHHuUK 3TOW
CeTKW, Hanpumep napannenenunen A b B I' /l E?K 3
(ecnm ce T K a coCcTOMUT, W 3 Napannenenuneanos), NyTemMm rnepeHoca
B



nwowb6oM W3 Tpex Hanpasmaewnuuw (@ b, ¢) HwHAa
onpenersieHHoe pacc T O 1 H U € MOXET OblTb MOSIHOCTbIO COBMELLEH C
nodbiM ApyrMM Napannenem u o e A 0 M AaHHOW CEeTKMW.

HaumMeHbmuaid MHOMOFPa HHHU K, MNYyTEM  HENPEPbIBHbIX
NepeHOCoB KOTOPOro B OCHOBHLIX KpucTannorpauyecknx HanpabBrieHUsX
MOXXHO MOCTPOUTbL BCKO MpPOCTpPaHCTBEHHYII CeTEKY,
Ha3bIBalOT 31IEMEHTAPHON A4YENKOW KPUCTAsIMYECKON PELLETKM.

COBOKYINDHOCTHSD conpukacarm il u X ¢ 4 rpaHaMm
9NIEMEHTApPHbIX SYeeK, PacrofioXEHHBI X B TPEXMEPHOM MNPOCTPaHCTBE,
HasbiBaeTca [IPOC TP AHC T B EHHO U PEWETKOW.

Jl1 v HB OTpeskoB (a, 6, c), onpegensowme MUHUMANbHYIO BeENU-
9 U HY CMELLEHUS] SNIEMEHTApPHON AYENKN, HEOBXOANMMOro Ans MOSIHOro
COBMELLEHNA aTOMOB [AaHHOW S4YEeMKM C aToMaMu COCedHEN SAYENKW,
HasblBalOT NapaM e T p a M U PELIETKM U nepmogamMmmn nNoBTOPSIEMOCTN.

B 3 auwmHO e pacnonoxeHne aTOMOB B S4elKe NOSHOCTbIO onpeae-
J i e T pacnoriokeHne aro M o B B [JaHHOW MPOCTPAHCTBEHHOM
peLueTke.

Pasnunyatot npocTble NPOCTPaHCTBEHHbIE peLLeTKN
KpHCTA adJdJ0 B, B KOTOPbIX artoMbl pasMewarwTca TONb K 0 B
y3rax peLeTkn (TONbKO B BepLiMHaX OCHOBHOW 3rieMEeHTapHOMN SYenkun), u
CNOXHble NPOCTpPp a HC T B € H H bl € PELIETKN, Y KOTOPbIX BHYT D H
OC H O B H Bl X 3JIEMEHTAPHbIX A4YEEK B OOHMX U TEX Xe MecTax Takxe
pasmeLleHbl aTOMbI.

JIn s OnucaHus CTPOEHUS Kpuctannos nnm xe
MPOCT paHCTBEHHOMW pelreTEKH KPUCTANIOB OBbIYHO
BbIGUpalT CUCTEMY KOoOpAMHAT, OCAMM K O T O p O i ChyxaT Tpu
npsiMble, MNpoOBedEeHHble W3 OOHOM TOYkKM (y3na pemrie T K H),
CoOBIAajartIllue C  OCHOBHbIMM  Yy3rIOBbIMM  TMPSAM bl M U
KoMct a 11 a M u (Hanpumep, npsimble, coBnagaroLime no HarnpasieHno

C BeKTopamu a, 5, ¢ ua puc. 1.2), npnyem Kpuctannorpagouyeckyo cu-
C TeMy OCEN BbIOMpPAIOT B COOTBETCTBMIA C CUMMETPUEN KpucTanna. B
cucteme Kpuctannorpauyecknx ocem o p M a 3fNEeMEHTaApPHON SAYENKU
NPOCTPaHCTBEHHOWN PELUETKM MOXET ObITb OnucaHa C NMoOM o Il b 10 TPexX

KOOpAVWHATHLIX y r 1o B @, B. ¥ wmexay kpuctannorpaduyeckumm
OCAMHU N TP e X MapaMeTpoB peLLeTKn a, b, C.

TumnoBH e dopmbl OCHOBHbIX 3rIeMeHTapHbIX A4yeek
NMPOCTPAHCTBEH H bl X KPUCTaNIM4eCKNX peLleTo Kk MeTansioB npuBeaeHbl
Ha puc. 1.3.



REE RS e ——

Jl1 1 SneMeHTap H o U S4EMKM KyOMYEeCKMX permre T 0 K —
00beEMHO-LIeHTpMpoBaHHOM (puc. 1.3, a) u rpaHeueHTPUpoBaHHOWN (puC.

13, ) XapaKTepPHO pPaBeHCTBO YyrnoB % =F =y =

90° n paBeHCTBO nNapam e T p o B pewetkm a = b = ¢ as
rekcaroHanbHOW nMfOTHOYNAKOB a H H 0 U peweTkn (puc. 1.3, B)
XapakKTepHEB 3HayeHus yrmoB @ = f =90°n V¥V = 120° u

paBEHCTBO TOJbKO ABYX NapamMeTpoB pemre T K u a =b#*C .
[IpuBegeHHBb e TPU TUNA PELLETOK CBONCTBEHHbI DOSBLLUMHCTBY
MeTadJdqJq 0 B. -
O6 b eMH O0-UEHTPUPOBAHHYID KyOWYECKYlOD peLLUEeTKy WMEKT, Ha-

npumep, MeTannbl & u B- xe s e 3 o0, NUTMA, BaHagui,
BofibdppaM, MOJ U 6 J e H, XPOM, TaHTan, rpaHeLeHTPMPOBAHHYIO

KyOu4eckylo pelueTKy MMelT MeTannbl anoMuHuin, ¥ - xene 3 o,
30J0TO,MeAb HAKENb, NNAT U H a, CBUHEL, cepebpo; pelleTky C
rekcaroHanbHbIMW MMOTHOYMAKOB a H H Bl M U SYelkaMu, C  Tpems
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aTomMamu BHyTpu npmambl (puc. 1.3, B) u M e 10 T MeTannbl MarHum,
LUWHK, 6epunnuin, kagMun, kobanbT, T U T a H.
Jl 1 1 onpegeneHna nrocKOCTeEW, KOTOPble MOXHO MpPOBeCTU B arne-

MeHTSapHBH X A4enkax NPOCTPAHCTB € H H Bl X peLLueToK
(cnepoBaten b HO, M B CaMUX NPOC T paHCT B € HHBH X
pelleTkax), a Takxke ans onpeneneHns
KpUucTtTaJadaorpadpuuecKH KX HanpaBneHumn B

Kpuctannorpapum npuHaTa cuctema nHaekcaumn.

[To atoMm cucrteme gnsa  Kybudeckonm peweTkn  UHAEeKcauus
MIOCKOC T e H OCYLWEeCTBNaeTca TpeMa undpamu, 3akoyYeHHbIMU B
Kpyrnble ¢ K 0 6 Kk u. I3TM umcpbl npeactaenstoT cobon Tpu B3anMHO

I pOCTS B X UenblX Yacna, NPonop Il ¥ 0 H a 1 b H bI X ObBpaTHOM



BENMYNHE OTPE3KOB, OTCEKAEMbIX MIIOCKOCTbO Ha KOOPAMHATHBLIX OCSX,
npM4eMm 3a e T U H U LY WUSMEPEHNA OTPE3KOB MNPU H UM a 10 T
napameTp, pewetkn. Ha puc. 1.4 paHbur 0BO3HAYEHUS... HEKOTOPbIX.
NSIOCKOCTEN KYyOUYECKON > 1 e M e H T a P H 0 H AYENKN.

BrexcarosnauabspHoO i, 9NEeMEHTapHON SYENKE NHOEKCAUMIO
NocKocTen nNpou3BodsaT, Mo, obpaTHbiIM  BenMYMHaM  OTPE3KOB,
OTCEeKaeMblX pacc M a TpHUBaewmMOoOU, MNOCKOCT®HIWO Ha
YyeTblpex KpucTannorpaguyecknx ocax (puc. 1.5),.Tpy U3 KOTOpbIX &1, @z U
@z 1 e a T B MNMOCKOCTU OCHOBaHMUS LLUECTUIPAHHOM MNpu3Mbl (B TakK
Ha3blBaemMon Mnockoctn Gasuca), a 4yeTBepTas a coBMagaeT C OCbko
npuambl. Ha puc. 1.5 ykasaHbl Takke 0003Ha4YeHUs1 HEKOTOPbIX MIOCKOCTEN
B rekcaroHanbHon sidyenke. 3Ha Kk MWHYC Hag UMPOM NOKa 3 bLIB a € T,
YTO TMSIOCKOCTb OT c e K a e T OTpe3 o K Ha oTpuuaTesibHOM
HanpaeBneHMm oc u. 3aMeTuMm, 4YTo o0OO3HayYeH u e  OTAENbHbIX
MIIOCKOCTEN B 3fIeMEHTapHbIX S4Yenkax Kpuctannorpad u 94 e ¢ K 0 U
PELLUETKN COXPaHST OAMHAKOBLIM A1 BCEX MMOCKOCTEN,, NPOBEAEHHbIX B
NPOCTPaHCTBEHHOW pewleTke, napaJagJgedJabHB X AaHHON
paccMaTpMBaeMOW mJ 0 C K O C T HU.

B nNpocTpaHCTBEHHOM peLle T K e pacCMaTpuBalOT TaKXKe KpucTtanmo-
rpaduuec KU e HanpaeneHUs.

B kayecTBe npaAMON, onpefensiiowen HanpaBrieHne Kakoro-rnmbo
cemMencTea napannenbHbIX NPsMbIX, OBObIMHO BbIOMPAKOT NPSAMYIO,
NPoOXoasLyo Yyepes Havano kKoopAuHaTt. Boonb aTtonm npsimon pacnono-
K € H PSf aToOMOB, OTCTOSAIW B X OAWH O T APYroro Ha ornpegerneHHoMm
pacc T o1 HHUU. [lonoxeHne 9To # nNpssMON B MNPOCTPAHCTBE
onpegensdeTca koopauvHatamn noboro atoma, Ha Her PacrnorioXEHHOrO.
[MoaTOMy B KadecTBe WHOEKCOB HanpasreHus ©OepyT TpuM B3auMHO
NPOCTbIX L€ J1 bI X 4 U C JI a, NPONOPUMOHarnbHbIX KoopaMHata m ndoro
atToMa, Nnex amre r o Ha paccMaTtpMpaemMon MpsAMON, MNpuyemM 3 a
eONHULY U3MEPEH U si- T PHUHHUMaeTC s NapamMeTp peLlleTkuy,
(MHOeKkCbl HanpaBneHUn 3akn U a 10 T B KBagpaTHble ckobku). Ha puc.
1.6 AaHo cxemaTtuyeckoe H300OpaxeHUHe OCHOBHbIX
HanpaBneHMn B KyOMYECKOWM ONeMeHTapHOM s ye HKe WU UX
obo3HayeHue.

B3aumuaoe pacnofnokXeHMe aroM 0 B Ha pas3s U 49 H B X
Kpuctannorpad mn ¥ e c KM X NJ O C K O C T 51 X Pas3fMYHO, a Takxke
pasnMyHa u BenuyMHa MeXaTOMHbIX PaCCTOSHUA T O p a 3 HB M
KpUucTaaadorpadpuuecKHAM HaonpaBaednusaw.
Tak kak cBoucTBa BeulecTBa (pusnyeckMe, X UM H 94 e C K U e U
MeXaHUYeEeCKHeEe) 3aBUCAT OT B3aMMo J e U C T B U 4
aTtToMoB, TO BcneaActBMe p a 3 M UM YUSAd B.paccTOSAHHUAHIZX



mMexagy artomMmavm n MUX B3aMMHOM  pacnoJyioKX € H U U CBOMCTBA

Kpucrtannos HEeOoNHaKOBbI no pasHbIM KpucTtanno-
rpaduue cKHUM HanopaBJ eHHSIM. Paznuugue
CBOWCTB no 'PasHbIM HanmpaBJ/ e H U 1 M Ha3bIBAETC 51
AQHN3OTp O TTI U € U, KOTODpDA ad XapakKTepHa ansa

KpucrtraadaJadauueCcKOTrIo  CTDpPOEeEeHU! 4d.

B cuny TOro, 4to npoue c ¢ KpucTaJadJadU3aluu MNpu
3aTtBepaeBaHUM K U O K o T o (pacnfaBneHHOro) MeTana a  uaeT
OOAHOBPEMEHHO B O4YeHb OONbLIOM KOMMYECTBE 1 € HT P O B
Kpuctannmsauum, TEXHHUYEeCKHUH MeTann npencrasnder
co06O0#W He eOuHbln Kpuctann, a kKoHrnmomep at 3 EPEHM
(KPUCTAJIJIUTO B), doopma, pasmepbl n
HalopaBJeHHEe KpUcTaJadaorpaodpudueécKH KX
ocewn KOTOpPbIX '3aBUCAT oT YCNOB U H Kpuctannmsauum
nmocaepgyitone i obpaboTkn. Takoe CTpOeHMEe Ha3biBaeTcs

NMOJUEKDpPpHUCTAaAaJJJdUUYE€CKHUHM. B Kaxpgom
3epHe HabnwgaetTca YynopaAj 0 4 e H H 0 €  PacrnofioXeHne aToMOB,
COOTBETCTBYKLLEE MPOCTPAHCTBEHHOW, pelleTke, AaHH o r o MeTanna,
OJHAaEKO Hanpaene H 1 e onpeaeneHHbIX
KpHCTaaaoTrpadbuwdyecEKH X [MNOCKOCTEN B pPasfiNIHbIX
3epHax MOx e T ©OblTb pa3auuHo. Metannbl wn cnnasbl
npexgcTaBJasTOT cobo 1, Kak npaswuIo,
mHNoJUuUKDpPpHUCTa adJ Jg bl

B KkaxgoMm 3epHe nonukpuctannndeckoro wmetanna HabnwogaeTca
aHn3oTponus. Onunaxo BCneacreme pasHoobp a 3 H 0 #,
OecnopsiioyHON OPUEHTUPOBKU KpucTannorpaduyeckmx nnockocTen B
pasfnuUYHbIX 3epHax MNofMKpPUCTanial MOXET UM e T b  OAWHAKOBblE
CBoU cCcTBa no pa3HbIM HaOoOpaBJdEeHHUAaM n He
OOHa py>X u B a T b aHM3oTponun (Korga pasm e p bl 3€p e H
3HAYU T € 1 b H O MEHbLUE pPasMEPOB MO J UK PHUC TaJJaJga WU
KOfIM4 e ¢ T B 0 WX BECbMa BESIMKO). OTO OOCTOATENLCTBO BO MHOIMX
Clnydasix no3BOJ g e T.; paccMmaTpmBaTb MONUKPUCTANNu 9 € ¢ K 0 €
TeNno Kak mo 1 0 6 H 0 € W30TPOMHOMY, HECMOTP 1 Ha aHM30TPONUIO
CBOHWUCTB OTAENbHbIX Cc OCTaBJ AU X €ro, 3€p eH
(kBA3MM 3 O T p O 1 H O e Tero).

B otnine OoT nonukpucTaJaJaa, Tena, ANngd B c e T O
obbemMa KOTOPbIX XapakTEPHO MmO C T O ST HC T B O HanpasneHus
ornpenesiéHHbIX KpUCTaJadaorpaduuecEKH X
NI oOCKOCTEeHu B NPOCTPAHCTB e (BHE 3aBMCUMOCTW OT BH e II-
H e i )OpPMbl 3TOro Tena), HasblBalOT MOHOKPUCTaNamum.



B HacTosee BpeMda eCcTb CNocobbl UICKYC ¢ T B € H H O MOfyyaTb
MOHOK p U C TaJdJbl He KO T O DB X METannoB HACTOMNbKO
BoNbLINX pa3MepPOoB, YTO M3 HUX MOXHO M3roTOBNATL 0Bpasubl AN
MEX a HHUYECKHX UCAbIT a H U H.3ITO B 3HAYNTESNIbHON CTEMNEHMN
OOmeryae T U3ydeHMenpoueccanina c T U 4 € C K O |
nedopmMalnuu.

3epHa (KkpucTaaJauThH) HENb3d CMewumBaTb ¢
KpPUCTAaJTJaMU, HAD YK HBLB € TNOBEPXHOCTU KOTOPbIX He
NPOM3BOSIbHLI, @ OO pMJ e HBI B B U A e [IOCKAX rpaHeN,
nepecekarLLnxcsa Nog onpeaeneHHbIMA: YrJa a M U .

HenpaBuabHOCTDb BHEWHeN PopMbl 3epeH MeTanna, a
Takke pasy1 U 4 U e B HanpasBfieHNAX onpeneneHHbIX
KpucTanmnorpauyeckux nfioc K o ¢ T € U B CMEXHbIX 3epHax NpuBoasaT
K TOMY, YTO MNOrpaHNYHbIN CIOMN Ha CTbiKe MeXay 3epHaMn umeeT
HapyLWeHUs NPpaBUiIb H 0 C T U B3aMMH O I O: PacnosioXe H U s
aT oOMOB MOBBIMHO H a C BIIIL € H NPUMECAMMU N HEME-
TaJdJdHU4YIe€eCKHUMUBKJIOY €HHUSAMHU BCeagcTteBme 10ro, 4to
B MEPBYIO ovepeab KpUcTaniu 3 y 10 T ¢ s YacTuubl MeTanna,
cogepXxalme HaMmeHbLlee KoM Y e ¢ T B O NPUMECEN.

XOMJOOHASA NMIACTUYHECKAA OED®POPMALIUA
MOHOKPHCTAUJIJIA

[TnmacTuueckas gedopMauus MOHOKpUCTaNNa  MOXET
npoucxogutTe B OCHOBHOM  ABYMSI  MYTAMM:  CKOSIbXKEHMEM U
OBOVHUKOBAHUEM.

CKOoOnMbXeHHe npeacraender co6 o i napannensHoe;
CMelleHMe TOHK U X CII0EB MOHOKpUCTanna OTHOCH T € J1 b H 0 APYr -
npyra. JIBuxewHue OXBaTblBaeT paAg N1 O0CKOCTEeH
NN TOHYaNLWKX CroeB (MOMOChI CKOMb2K € H U s ), B MPOMEXYTKax Mexay
KOTOPbIM» 35IEMEHTbI NSIacTUYecKon 1 e & o p M a 11 U U OTCYTCTBYHOT.

QKcHnepUMEeHTA aJdbHDO YyCTaHOBSIEHO,  4YTO  MOSOChHI
CKOMbXEHUs1 OTc T o1 T OgHa OT OpYyron B cpe g HeM Ha
pacCToOSAHUK, OKONO 1 MKM,. B TO BPEMSA KaKk pac ¢ T O 1 H U 1 Mexay
coceHAMM aTOMHbIMW MSIOC K O C T s1 M U BblpaxarTca uuppamm
nopsiaka 1+ 107 yikm.

XapakTep pedpopMaumm MOHOKpUCTansa MyTeM CKOJIbXEHUS
BUOEH
(pnc.1.7) u a obpasue n3 MOHOKpUCTannma ChnJa Ba Megu Wu



antoMnHUS, noaBEPrHyTOM pPacCTAXKEHUIO [56].

Puc. 1.7

CKOJAbXeHH e B MOHOKpUCTannax nponcxogut no
onpeaeneHHbIM Kpuctannorpauyeckmum nNJja o ¢ K o ¢ T 1 M, KOTOpble
HasblBa 10 T C o [TMTOCKOCTSIMU CKOJIbXXEHWA.
O 6 bl 4 H O MNMOCKOCTAMU CKOJbK € H U 1, ABMAKTCA, MMNOCKOCTU ¢
HauoboJabued MNAOTHOCTbIO pas3Melie H M s a T oOMO B, a
HanpaBSIEHUSIMN CKONbXE H U 51 SABMSAOTCA Te HanpasBfieHUsi, MO KOTOPbIM
MEXaTOMHble PacCTOSH ¥ 1 UMET MUWHMMAnNbHYIO BENMY U H Y .
Hanpumep, B MeTannax ¢ rpaHeImeHTDPUDPOBAaHHOH
KyBuyeckom KpucTtannnyeckomn peure T K O U NSIOCKOCTAMM
CKONbXeHUs: 0bbIMHO AB T s 10 T ¢ s MMIOCKOCT U OKTasgpa, tuna (111), a
HanpaBfiEHUAMN ¢ K O J1 b K € H U s HanpasneHua tuna [101].

B MeTannax C rekcaroHanbHOW KPUCTarsIN4EeCKON peLLeTKomn
NSIOCKOCTbIO CKONbXeHNA 06bl4HO BbiBaeT nnockocTb 6asnca tmna (0001),
a HanpaBfeH U 1 M U CKONbXEHUS — HanpaBfieHUsd, ¢ 0 B I a 1 a I0-
N1 e C AnaroHanblo LWEeCTUYrofnbHUKa (OCHOBaHUS 3TOM A4YenKu) Tuna
[100].

B MmetTanmne C 00b e M H 0-UEeHTPUPOBAHHON Kybuyeckom
PEeLUeTKON CKOMb K € H U € MOXET OCYLLECTBNATHL ¢ s MO. MNNIOCKOCTSAM
Heckonbkmux Tunos (112), (123) u (110), Tak K&K T T O TH O C T b
pacnosioKeHna atoMOB B HUX .pa3 T U Y a e T C 1 HEe3HAYUTENbHO.
MpenmyLLeCcTBEHHbLIM HanpaBfeH u e M CKONbXEeHUs ABnsieTcH
HanpaB.s e H U e [111].

Ha BO3MOXHOCTb CMeLleHUsI aTOMOB MO KakMM-nNnbo KpucTtannu-
9 e CcKHUM MNIOCKOCTAM 3HAYUTENbHOE BIU s H U €  OKa3blBaeT
Temnepartypa. [loBblleHne Temnepatypbl, a cnegoBates b H 0, W
aMmnnuTyabl TENSI0 B bl X KonebaHun aToMoB B psge crnyyvyaeB NpUBOAUT K
TOMY, 4YTO MNPOIl € C C CKOSIbXXEHUS MOXeT, MPOUCXOaUTb MO APYrnMm
NAOCKOCTAM, OTANYHBIM OT TeX, MO KOTOPbIM MPOUCXOOUT CKOMbXEHUe npu
KOMH a T H 0 U TemnepaType. Hanpumep, B MeTannax cC
rekcaroHanbHo i NSO T H O YMNakOBaHHOW peLleTKoOM MNpu KOMHAaTHOW
TemnepaType CcCyluie ¢ T By € T OAHA TMNMOCKOCTb CKOMbXEHNa —
nnockoctb 6asnca (0001), a nNpu NOBLILLEHHOW TeM T e p a Ty p e



JOMOJMHUTEJ b HO NOSABNAETCH BO3MOXH O C T b CKOJbXEHUS
no nnockoctam tTnna (1011) mn (1012).

JIBOHHHUKOBA AHUIE npeacrtaBnseTr  cobow cMmelleHne
aTOMOB, PacnoJ 0 e HHB X B MMOCKOCTAX, MapannenbHbIX

(%)

HeKOTOpOVI NMAOCKOCTU, Ha3blBa e M 0 U MIOCKOCTbI ABOVMHUKO B a H U

Ha paccToAHuA,., npornopm u O HaJ b HB € pacCCTOAHUIO ITUX
NMa1oOoCKOCTE®eH#H OT MNOCKOCTU ABOMHUK 0 B a H U s (Ha puc. 1.8
LUTPUXOBbIMU NMMH U I M HU moKaa3aH, ,EI,BOI7IHI/IK, no-
JY4YUBIIUUCHA By X
pesyabTaTe gedop M a i umu), \ ‘rlpl/lt-leM
peobOpa Kpuctannmu e ¢ K o i
peLleTkn, rnepBoHavaribHO HaKIOHEHHble, K -' ;
NJTOCKOCTH ABOW-
HHUKOBaAHUSHA nog yrmom @< 90° ™"
NMoBODAaYMBaAIOT C 5 Ha yrof, paBHbi 180° - 2a

Ilrock

AbAriunivasaun

Peme Tk a YacTu Kpuctanna, nonyyuslien aedopmaumio

OBOVMHUKOB a H U € M, sBnaeTcs 3epKkanbHbIM
U300paxeHUEM peLleTku
HengedoOpPpMUDPOBAaHHOHMH YyacTu Kpuctanna
OTHOCHUTEJDbHO NJOCKOCTH JBOWNHUKOBAHUS.
(0BOMH U K 0 M), U B3aMMHOE pacrno. ok e H U e artOMOB B [BOW-
HHUEKEe aHanorn4yHo pacno J 0K € H U I0 U X B
HenedoOpPMUPO B a H H O M MeTanne. [IBOWHNK 0 B a H U e
CpaBHUTENBbHO peax o nponcxoanT npu cTaTuuy e ¢ K O M

Harpy >k e H U M M3HAY U T e J1 b H 0 Yaule npn geopmmpoBa s u u
yoapom. [IBOWHMKOBaHME MOXET B O 3 HHU K a T b He TONMbKO B
pesynbTate BO3Jg e i c TBHUSA HAa pdepopmMmu py e Mo e Teno
BHEIIHWX CUM, HO U B pesynbTa T e OTXWUra rnocrne nmnacTu4eckomn
nedopMalluu. Takoe aBneHme HabnogaeTca, BY4acTH 0 C T U, B
Meau, naTyHu n HEKOT O D Bl X Apyrmx MeTannax C
rPAQHELEH T p U P O B @ H H 0 U Kybuyeckon pelwleTkon. [1BoMHMKOBaHME
MOXET COmy TcCc TBOBATDbH fAedopmaumm ckomnbxeHuem. [lpu
oedop M a L U U CKOMbXK € H U € M [ABOMHMKOBAHWE CKa4ykoobpasHo
YMEHbLUAET ycunmne, Heob x o 1 U M 0 e AN AePopMUpoBaHUS.
[ITnockocTu [OBOANHMKOBAHUA OOblY H O coBnagarwT C
NSIOCKOCTAMU CKONMbXeHud. [Ona meTannoB ¢  rpaHeueHTPpUpoBaHHOM



KyOM4ecKkom peleTkom mJJ o0 Cc K O C T b0 ABO W H MUK O B a HU s
00Obl4HO sBNst e T ¢ 1 nnockoctb (111), ana metannoB ¢ OObLEMHO-
LeHTPMPOBaHHOM Kybuyeckon: peweTk o it — nnockocTb (112) n ansa
Me TaJaJgoB C [eKcaroHarlbHOM MAIOTHOY M a K O B a HH 0 U
pewleTkon — nnockocTb (1012).

Y MeTannoB npoue c c mJac T THYeECKOIBR gedpopmaum B
OCHOBHOM
oOcyluecTBJseTC s NyTemM CKOJNIbXXEHUS.

MHoOro4YncrneHHble nccnegoBaHns nokasann, UT0 ¢ 4 B H I a 01 € €
(kacar e 1 b H O €)  HanpsikeHue, Heobxodumoe Ond  Hadyarsna
rnnacmuydeckol Oe@g o p M a 4 H H  CKOMbXEHUS 0ns  0aHHO r o
MeraJaJaa npu OaHHOU meMmnepar y p e u cKkopocmu
Oeqpop M a u u H ecmb genuy u H a rMocmosiHHasi H e
3aBHCSAIAa s 0T OPUEHMUPOBKU [1/10CKOCMEU  CKOJMIbXEHUS
omHocumesibHO Odelcmeyrowux Ha meso cun. T a k, Hanpumep, ecnuv
pacTsAaTrusBarcthb YVCHUJUEM P oOpa3erIl n3
MOHOKpUCTanmna ¢ nnowagbio rnonepeyHoro; ceuy e 1 U F, y KOTOPOro
HOpManb K  TMJIOCKOCTM CKO J1 b XK € H U 5 HaKNoH e H a K
Hanp a BJT e HHWIIO [OEACTByOWeENn cunbl nog yrmom dun, a
HAm paBJeHUe CKONMbXeHUs nog yrnom ramma (puc. 1.9), 10

BENMMUYMHY COBUralllero Hanpsxe HU 1 T MOXHO HaWTMm no
F
T= — "+ COs@ *cO5A
bopmyae F ¢ .

Ha puc. 110 npu B e 1 e H a 3aBUCUMOCTb P/F=f (COs@ *c0sA)
[118], nonydeH H a s1 pac4yeToM no copmyne (1.1), B npeanonoxeHunu,

ytoT =const; T 0 ¥ K a M U MOKa3aHbl pe3yrnbTaTtbl O MBI T O B.
I'padux (puc. 1.10) Takke nokasbiBaeT, YTO BenuvyMHa npeaena

o
TeKy4eCTn MOHOKpUcCTasrsa (Hopmaanoro , HanpsaxeHud F,
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COOTBETCTRBYIWIeT 0 Hadyany nracrniyeckon gedopmarumm)
ans KaXxgoro mMeTanna CYLLIECTBEHHO 3aBucuT oT
OpPHUEHTHUDPOBEKHU [MMNOCKOCTEN CKOMbXK € H U 1 OTHOCUTENbHO
HanpaBneHns OeNCTB U s CUM, UMEA MUHUMYM npu yrnax @ =4 = 45°,
[ITon o6 HB e ONbITbl MOKa3anu, 4 T o NO Mepe yBermyeHns
nnactMu e ¢ Kk o i gedopmMaumMM BenvdY U H a  CABUralwur e r o
HanpsbkeHns T, Heobx o1 UM O T O ANa panbHed#mie r o
oedopmMupoBaHuUuUsd,obpasua, yBeNnuine a e T ¢ .
MHOrouuncdJeHHB € WCCNegoOBaHMA MNoKada J U Takxke,
Y TO MNPOIlecC C CKONIbXEHUA Hemnb3s paccMaT p U B a T b KaK
OOHOBpPEMEHHOE CMeLleHne BceXx aToMo B  OOHOM Mf0C K 0 C T |

OTHOCUTENIbHO aTOMOB COCeOHEMN.
[lo coBpemMeHHBM BO33PEHUAM,  MPOLIECC  CKOMNbXEHUS

OCYLUECTBJ 51 € T C 5 nyTem, nocrnegoBaTenbHOro CMeLLleHUs
OTAENMbHbIX T p y n 1 aToMoB. BO3MOXHOCTb OTHOCUTENbLHOT O
CMelleHuss, B npouecce pAedopMm a Il ¥ U NULLb YacTM aTOMOB,

pacrnono Kk € H H bl X B nmMapauJadaedJqb HEB X
Kpctanmi or padu 9e ¢ K U X NIIOCKOCTSAX,
obycmoBaIHUBaeTCs HanuMiMem B MeTanne HapylweHUn
nNpaBHuJbHOTDO KpI/ICTaJIJII/IquKOI‘O CTpOGHI/IFI.

HapyweHna mpaBuUABHOCTHU KMCTaAddTHUIe€CKOTO
CTPOEHNA nMNpuBOAAT K  TOMY, YTO B  OTAENbHbIX Yy4acTkax
KpMCtasa 1 U4 4 € ¢ K 0 U peLleTKn aToMbl B
Heaedb opMUpPDOBAaHHOM MeTan.a e CM el e H bl n3



NMOSIOXXEHUN  YCTOMYMBOIO DPaBHOBECHH C  MMWHUMYMOM
nOTeHIL u a 1 b H O U 3Heprn. Hanuume TakMx cwmemnre H U U
nPUBOAMT K TOMY, YTO [ONA NepeMeLlleHns OoTAenbHbIX  rpynn
aTOMOB, YXe CMEWeHHbIX U3 NOJ 02X e H U 51 pPaBHOBECUA B
HOBbIE MONNO2K € H U 4 pbaBHOB®E€CHUI, MOry t
notrTpeb6boBaThbCcCsg MEHDBIUIHU e COBATAWME HaMNPAKeHUs,
YyeM. Npu OTCYTCTBUU TaKUX CMELLEHUN.

B HacTtoswee BpemMsa 3HauuTenbHOE pacnpocTpaHeHue nony4yuna
Teopus, 00bsi c H AN a o npouecc CKONbXEeHUs
nepeMerie H u e M: B TMNMOCK O C T U  CKOMbXEHUA  OTAENbHbIX

2]

HeCcoOBEepPLUEHCTB NPOCTPAHCTBEH H O U PEeLlleTKN, TaKkHa 3 bl B 4 € M bl X
J U C J O K a I u H

3amMeTuM, OQHAKO, YTO TEOpPUs AUCIOKALUN He SABNSAETC s
eouHCc T B e HH O H, obObACHAKLLIEN MeXaHn3Mm CKOMNbXXEHUA.
Hanpuwme p, A N PpeHkens n T. A.KOH T 0 p 0 B a cuuTaloT, 4to
CKOMbXX € HM € MOX € T, I POHUCXOAHUTH WU NPU OTCYTCTBUM
MECTHbIX HAPYLUEHUA NPaBUSTbH O C T U KPUC T a AT H 94 € C K O T O
CTPOEHMA Ny T e M [MOCTEMNEHHOr0 nepexoga r p y o I arToOMOB
KPUCTannM4yeckon pPeLLUeTKM B HOBbLIE MOMOXEHUs paBHOB e ¢ u s [37].
Takx asa BO3MOXHOCTb obecneymBaeTCss T € M, YTO KaXOblh aTOM
CMellalLlencs Lenovykn npu yc J1 0 B U 1 HEOAWHAKOBOro Mo Lue-
1 0O4Ke CMEWEH U s1,Bbl3Ba HH O T 0 OENCTBUEM BHELUHUX CUM, U
npu nNOAB MK H O C T U aTOMOB, H a Onuanexawmx napannenbHbIX
NIIOCKOCTAX, NPY AOCTAaTOYHOW BEMNYMHE CMELLEHUS, MOXET 3aHSATb HOBOE
MOMoOXK e H U € PaBHOBECUS.

JJieMeHTBhI TEOPUH TUCTOKAIMHA,

[IpeagnmnomoxeHnunue O HaJdHUYUHU [OUCNOKALUUNA, KaK
CBOe 0 O p a3 HB X HapYyWEeHUA 3aKOHOMEPHOCTU  PaACMONOXEHUS
aTOMOB B peLleTke MOHOK P U ¢ T a J J a, Oblf10 BbIABUHYTO B CBSI3U C
HEOBXOOMMOCTbI0 OOBSACHUTL 3HAYUTENbHYK pPasHULY: pPacyYETHbIX U
akTHUYeCKHX BEJHUUYHH KAaCaT e J1 b HB X HaNPsHKeHUN,
HEOO X O 1T M MBIl X ANA  Hadana, nnactudeckux gedopmauyun.
PacyeTHble 3HadYeHMa 3TUX KacaTesibHbIX Hanpske H u #  NpeBbllanu
dakTnyeckme Ha T p u, 9 e T B p e nopsaka. CTonb CyWEeCTBEH H Y 10
pasHnLYy MOXHO ObIfo O6BACHUTDL NN TEM, YTO AENCTBU T € J1 b H bl |
npouecc CKOJMb>XeHnsd ocymecTBJddeTCd H ¢
OAHOBPEMEHHbIM; cMelne HU e M BCEX aToOMOB oaHOW
KpucTtannorpagpuyeckon, MnrIOCKOCTU OTHOCUTENIbHO aTOMOB, CMEXHOW,
napannenbHoun MSIOCKOCTMH, a nMoc/aegoBaTeJJdJbHBM

[}

cmelleHnem, rpynn atomMmoB, pacrnoJyioXKeHHbIX B jJaH H 0 1 MJTOCKOCTU.



Bo3MOXHOCTb nocrnegoBaTefibHOrO  CMeWeHUs  OTAENbHbIX  rpynn
aTOMOB B[OJSIb [MSIOCKOCTU CKOJSILXEHUA MPU  YMEHbLUEHHbIX Hanpske-
H U s1 X BO3HUKAET, ecnn AedeKTbl KpUCTaNIMYeCcKon peLLETKN ABNASATCSA
HEe TOo4YyeYHbiMM (BakaHCUM, nNUWIHWE aToMbl), a JMHEWHbIMU, T .€.
BBl 3 b1 BdKOIOUMHU HapyLIJeHI/IH MpaBHUJBHOTLO
pacnosiokeHnsa  aToMOB  Ha  3HaduTenbHble, (MaKpOCKOMM4Yeckue)
paccTosAHMA B OAHOM HanpaBleH u ¥ W Ha Manble (HEeCKONbKO
MEXaTOMHbIX PACCTOSAHWM) . B HanpaefneH u s X, NepneHOUKYISPHbIX K
nepsomy.

[IpexmoaoxeHHUEeE 0 CyLLeCcTBOBaHNA NWHENHBI X ,
npedbe K T O B, KpUCTan. 1 u 4 e ¢ K 0 | pelireTEkKH,
peaJgbHBX MOHOKPMC T a J1 1 0 B MO3BOMUMO, HE TOSbKO
OOBACHUTb, T P U U M HBl PA3 J1 U U U 1 PACYETHbIX U. AKTUYECKN X
B eJl UY U H KacaTenbHbIX *HanpsikeHW, BbI3bIiBaOLLMX NIIACTUYECKYIO
aedopma 1l u 10, HO TakkKe BbIACHUTb MHOMM e BOMPOCHI, CBSA3aHHbIE C
MeXaHn3MoM edOPMUPOBAHUS U ABNEHUSAMWU, COMYTCTBYIOII U M H
nnactTu 4 e ¢ K o U gedopmaumn.

[Tos BJeHUH e IANEMEHTOB TEOPUN AMCNOKAUMN OTHOCUTCS K 20-m
rogam 3atoro crtonetmsa (pabotel A. W. Ppenkens, k. Tewnnopa, E.
OpoBaHa n gp.). OgHako akcnepuM e H T a 1 b H 0 € MNOATBEPXKOAEHUNE
CYLLLECTBOBaHUS OUCIIOK a 11 ¥ ¥ MNOoflydyeHo, nuwb B 50-x rogax 6nar o -
Jl a p s PasBUTUKD SKCNEPUMEHTalbHbIX CPeAcTB UCCneaoBaHUW CTpoe-
HHU A KpuCTanmnos. CyuiectBoBaHue Jauncnokauum Oblno
NOJTBEDPXKAEHO K a K MNPAMbIMXA METO4AMU UCCegoBaHNN (C
NOMOLLb 10 MOHHOTO NpoexKTODpa, PEHTFEHOBCKOM
Tonmnorpadbuu, 3J€KTDPOHH O-MUKPOCKONNYEC K O T O
HCcCCJaemXoBaHUISIT), T a K n KOCBEHHbIMU MeTogamm
HccaemoBaHdus (METog AMOK TPaBfeHUs, MyapoBbiX douryp u
Ap.

YIIPOUHEHWUE TPU X0JI0HOV JE®OPMAIIAN

[ITmacTuuyeckKas Aedopmauums NIPUBOIHUT K
3HAYUTE T b H O M ¥ N3MEHE H | 10 MEXaHNYEeCKUX,
busumuecKHUX U XHUMHUUYUeECKHSX CBOACTB MeTanna. B
nedopmMMpyeMoM MeTanfle ¢ yBeJdJHUYeHUEeM CTenmeHH
gedopmaumn  yBENUUMBAOTCSA  BCE  MNokKasaTenu  COnpOTMBNEHUS
aAedopMmMpoBaHuMio: nNpedenbl ymn p y © o ¢ T U, NPOMNOPUNOHANbHOCTN,
TEKY4EeCTU U MPOYHOCTWU. YBENMUMBaAETCA Takke TBepOOCTb MeTanna.
OpHoBpeMeHHO ¢ 3 T U M HabnwgaeTcss yMeHbLlEHWE MoKasaTeneu
NNacTUYHOCTK: (OTHOCU T e 1 b H O €  YOANMMHEHWE, OTHOCUTENbHOEe



CY)XeHWe, yaapHasi BA3KOCTb), YBEJ M U M B a € T C 1 9ONeKTpUYeckoe
COMPOT M BJl € HH €, YMEHbLIAIOTCA COMPOTUBJ € H U € KOPPO3UMU;

TennonpoBO4HOCTb, N3MEHSAIOTCS MarHUTHbIE CBOMC T B a
bDeppoMar HHUTHEH X MeTannoB 5 T. .
COBOKYIODHOCT®bD SABNEeHUN, C Bs3aHHEX C

H3MeHeEeHHUeEeM MEXaHNYECKUX U (PUIMKO-XUMUYECKNX CBOWUCTB
MeTansoB B Mpouecce nnactuyeckon pgedopmaumn, HasbiBaeTcs
YNpOYHEHNEM (Haknenom). Ao HacTo4LLero BpeMEHMN
busuueckKas npupoda  YNPOYHEHUS MOMIHOC T b IO  He
BbIICHEHA.

M3mMeHe HU e MEXAaHNYECKMX Cc B O U ¢ T B METannoB u, B

YaCTHOCT U, YVBEJ U Y € HHUEC nx NMPOYHOCTHbIX
XapaKTepHuUCTHUEK, KakK YyKasaHO paHee, B 3HAYUTESIbHOM
CTeNeHu o0bsAcHseTCS BO3pacTaroLmm no mMepe ae-
bopMuDOBaAaHU A CONPOTUBIIEHNEM CMELLEHNIO JUCITOKALINNA.
OnHUMU, n3 OCHO B H HI X y4acCTKOB MOBbILLEHHOro
COMPOTMBIIEHUS  CMELLEHUI0  OUCIIOKauunu  SBRAAK T C o y4acTKu
nepeceyeHus MSIOCKOCTEN CKONbXEHUS, Ha KOTOPbIX

B3auUMOJJeHUCTBUE CUNOBbIX T oJ e u OIJUCJOKa-
L uH, MnepemMewianlMxcd No nepecekawwu M ¢ 1 MIOCKOCTAM,

npUBOAUT K nx “sacrTpeBaHUNnIO u K
mnmocdJgJejgyouemMy CKOIIJ € HHUI OKOJ10 HUX  Ancrio-
Kailui OVMHAaKOBOro 3Haka. HarnagHbim

NoOaATBEpDPDXKIAIeEeHUEM CKai3aHHOT O 4dBndeTrTcd TO-, 4TO
MOHOKpUCTanfbl ¢ T e K caT OHaJ dbHOMU KpUCTANINYEC K O ©
peweTkon  (ogHa  MNOCKOCTb  CKOMBXEHW si)  YNPOYHAKTCA  3Ha-
YU TEeJbHO MEHEe WHTEHCMBHO, YEeM MOHOKpUCTanmbl ¢
Ky OUuUYeccKOIH KpUCTANINYECKON peLleTKon, MMEeKLLMe HECKOSbKO
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Ckombxkx e HU 1. B TO ke BpewMs MOXHO nonaratb, 4TO
I DPaHUI b 3epeH B MOMMK PUC T aJaJ e ABMNAIOTCH;

3Ha4YUTEIIbHbIMU, npenATCTBUAMA Ond BbiXoada ancriokaymn 51



CIHoCOOCTBJYIOT CKOMMEHN, OK O J O HUX [JUCroKaLun
OOHOrO 3Haka, a cnegoBaTeflbHO, U 6 01 € €  WUHTEHCUBHOMY
ynpodHeHuto. [locrnegHee noaTBep)XgaeTca Tem, 4YTo AN MEeTanmoB ¢
rexcaroHadJbHOIMH PEWETKON KPUBble HAMPsKeH u e —
aedopmauma Ans NONUKPUCTaNIM4 € ¢ K O T 0 mMeTanna U
MOHOKDHCTa aJ AJga,pe3ko pa 3aguuaiTc s (puc. 1.24).

%)

B TO ke Bpems ana metan o B CKyOu 4 e ¢ K 0 ¥ peLeTKon Takou
pasHuubl He HabnwgaeTc si, O4YeBMOAHO, BCMEACTBME TOro, 4YTO W
MOHOKpUCTann nveet 3HAQYU T e 1 b H O € KOMu 94e cCcTBO
BO3MOXHbIX MITOCKOCTEN CKOMBXEHUA, a cCneg oB aTeabHO, W
NPenATCTBUM ANA NPOXOXAEHUS OUCIOKaLNN.

OgHako MOXHO noflaratb, YTO YNp O Y H e HHU e HABNAETCA
CNeacTBMEM He TOMbKO YBENIMYEH U s COMPOTUBMEHUS CMELLEHUIO
aucrnokaumm no mMepe anedopMuUpoOBaHUA. Bnmawtr Ha
M3MEHEHNE MEXaH U Y e C K U X CBOWNCTB MNPU  YNPOYHEHUN W
bnokoobpasoBa H u e, n UCKPUBIT € H U € NMMocKOCTE® eH
CKOJABbXeHHUd, NNNOoO dBJ € HHU € ((OGJ'IOMKOB» KpI/ICTaJ'IJ'IOB B
navykax CKoOMbXeHust (pes3kurm noBOPOT OTAefbHbIX syeek, 6rokoB
MO 3a#EKH).

MO3aHuEKHu)

Kpome Toro, psgom uccrnefoBaHWW MOKa3aHO, 4 T 0 Ha U3MEHeHue
NPOYHOCTHBLIX CBOMCTB B npouecce Aeop M u p 0 B a H U s1 CMNNAaBOB,
UMeKIL U X  MeTacTtabunbHble, CTPYKT Yy Pl H € K O T O D Bl X
COCTaBUJ IO HU X, OKA3blBaeT BNIUSAHNE U3MEHEHME CTPYKTYPHOrO
COCTOSAHUA 3TUX has.

I[To npeactaBneHmam C. T. Kumk uu a [35], B npouecce
nnactMy e c k o 4 gedopmMaumm c T a1 ud MO MIOCKOCT AM

CKOJ1bXXeHUn4d BblAEJTAKOTCA
CYOMHUKDPOCKOINIHNUYE CKHEe gyacTuIib (kapbugpbl),
Gnokvpyro i u e COABHUT n cmoco6CTBYIIIHA e

YNPOYHEHNIO MeTanna.

C. T. Komo6eeBcku#t wn M A 3axapoBa [79]
peHTreHorpacunyeckum MeToaoM  OOHapyXunu, 4YTo B  npouecce
aedopmaunn TBepaoro pactBopaMe a1 1 BaJd oM U H H U MPOUCXOOANT
pacnag 9Toro pactBopa C BblOeNeHWMEM [OUCMNEPCHbIX YacTU il Mo
MIOC K 0 ¢ T 51 M CKOJIbXXEHUSI.



C. C. Hocbipena n M. B. bypakoa [159] Habntoganu npeBpalleH u e
nepeoxnaxaeHHoro aycTteHuTa B MapTEHCUT MO MFIOCKOCTAM CKOJIbXe-
HUS BAOpPoOUEC c e NNactThiec xk o i gedbopma u u u.

Boigesnenue CYOMUKPOCKONMMYEC K U X YacCTuL, MO MSIOCKOCTAM
CKONMbXEHUs,  04YeBMOHO, SHABNSAETCS  CneacTBMEM  3HAYUTENbHOro
yBEeNMYE H U s
TeMIepaTyQpBHB MNO 3TUM MMNOCKOCTSI M M B ManbiXx obbemax,
npuneralIr 1 X K HUM.

[ToBBIIE HU € TeMnep a Ty p bl ABJ A€ TC 4
AOMNONHUTENbHbIM WUCTOYMHMKOM 3 H e pr MU, He 00 X O U MO H
O s1 npoTekaHna audpdPy 3 U O HHBI X MNpPOIMe cc oB W, B
YacTHOCTW, ONA Koar y 1 s L U U W BblNageHns KapbuaoB Ha
MJOCEKOTCT ST X CKOJbXEHUS.

M3amMmeHeHUsISMH B CTPOEHMM wMeTanna N  B3aMMHOM
pacnosioKeHMn atoMOB D eIl € T K U ODOBACHAKT U Apyrne U3MeHeHUs
CBOMCTB METAINIOBB D e 3 y I b T a T € MiacTndeckon gegopmauun.

HJIACTUYECKAA JEOOPMALIUSA ITPU PA3JIMYHBIX
TEMIIEPATYPHO-CKOPOCTHbLIX YCJIOBUSAX.

TexHOMAOT MY eECKHe NPOLECCH 0O0pabOTKM MeTanmnos
OaBNEeHNEM Bbl 11 O J1 H 51 10 T B LUMPOKOM AManasoHe Temnepatyp u
ckopocTen gecopmauunn: B XONIOAHOM, NOATY T O D 5T 4 € M U FOpsvYem
COCTOSIHMM; HA TUXOXOAHOM, BbLICTPOXOLHOM U BbICOKOCKOPOCTHOM
obopyaoBaHmn. Temm e pa Ty p a, CKOPOCTb U CTEMNEHb
nedopMaliluu OKasblBalT O4eHb DONbLLOE BNUAHNE HA
conpoTuBrieHne gedopMauMMmM mJjoia ¢ T U Y HO C T b
obpabaTtbiBaeMbl X M T a J1 /1 0 B.PacyeTbl TEXHONOrMYECKNX YCUNUN
BBIIIOJHSIOT NOTEOPETH U € C K U M WU AMIMUPUYECKNM
dopmMyram, B KOTOpblE BENIMYMHA CONPO T U B J1 € H U a1 Aedopmaumm
0s BX O/ U T KaKk COMHOXUTESb. OTO O3HAYaeT, YTO TOYHOCTb pacyeToB
YyCU JT U 51 3aBUCUT HE TOSbKO OT aleKBaTHOCT 1 TeOopeTU4ecKon moaenu,
NOJSIOKEHHOW B OCHOBY BbiBOAA 0OPMYIibl, UK CTATUCTUYECKOM
OOCTOBEPHOCT U AMMNUPUYECKON (POPMYnbl, H 0 B3HAYN T € T b H O |
Mepe U OT TOYHOCT U onpe 1 € 1 € H U 4 Ts.

B pesynbTaTe nnactuyeckon pedopmaumm  CTPyKTypa W MeXaHu-
4 e Cc KU e CBONCTBA MeTANNoOB KOPEHHbIM 00pa3oM M3MEHSTCA. JTU
M3M e He HHU I CUIbHO 3aBUCAT OT TemnepaTypbl W CKOPOCTU
npeop ™M a 1l U U. Moatomy M3ydeHUe
njJgacTHIECKOIH aedopmauum npu pasiNyHbIX



TEMII e pa Ty D H O-CKOPOCTHbI X YCNoOBUSAX nveet oonbluoe
3Ha4YeHMe NS Te0O D U U U NPaKTUKN 0O6paboTkn MeTannoB AaBfiEHUEM.

OcobeHHOCTH OWNHaMnN4yeckoro BO3BparTa 51
pPpeKpHCTaAaJJHU3aluHU. Ecau
TexXHOJOT HYecCKHUe npoyeccel OMI ocywecTBnsaTcsa npu
BbICOK B X Temnepartypax, TO B AedopMupyemMom MeTansie npoLecchl
YAPOMH € H U I W pasynpovHEHUA npoTekawT ogHoBpemMeHHo. C
N3MEHEHMEM TemrnepaTypbl MexXaHU3M YNPOYHEHUA MPaKTUYECKN He
n3mMeHsieTcs. PasynpoyHsiowme npoue ¢ ¢ b, KOTOpPble MNpoucxoaaT
OOHOBPEMEHHO ¢ m e d o p M a Il U e U, pasBuUBald T ¢ 1 U NPOTEKAIOT
MHaye, Ye M MNpu HarpeBe nocne gedopmauun. ITO 0BYCNOBEHO
OCODeHHOCTAMM npouecca BO3B p a T a W pekpuctannusauun. B
oTInnymne oT C T aTmTHCTHUYEe CKOTI O eo3epama U
peKpHhcrTadJH34a0HH, KOTOTDTHEHEe paCCMOTpeHbI
B nogpasgen 2.6, nNpoi e ¢ ¢ bI BO3Bpata W pekpuctannmsaumu,
npoucxogsiwime BO BpemMsa Oded o pM a Il U B, MNPUHATO HasblBaTb
aguHdamagecrkuama [10, 68]. OHn obnaxg amo T pagom
ocobeHHocTeN. Bo-nepBblX, NpPUM  BbICOKMX TemnepaTtypax pesko
yBeENMUYMBa e T c s KONMMYECTBO TOYEYHbIX OedEKTO B, YTO MPMBOAMUT K
obneryeHnto nepem o J1 3 a H ¥ 51 gUCNokauun. bnarogapss aTomy
3HAYN T € 1 b H O Bo3pacTtaeT NOABMKHOCTb Ancrokaumn,
JUHaAaMHUUYeCKHH BO3BpaT MNpoTekaer c¢ BB C OKOH
CKOPOCTbIO M NPUBOAUT K Bonee CyLeCcTBEHHbIM U3MEHEHNAM CTPYKTYpblI,
4YyemMm BO3BpaT npu nocrneneopmMaumMoOHHOM Har p e B e (CTaTUYECKUN).
Bo-BTOp bl X, C yBeNMY e H U e M CTeneHn gedopman u u u 3 -3a
CHJDbHOT O WCKAKEHUS pPELUETKM CHUXAETCA OJHEeprust akTu-
Baunuuu Q, uYwToO o6y CJITO0OBJHUBA AeT 3HauYUTenbHoe
YMEHbLUEHNE TeMnepaTypbl peKpUcTa 1 1 U 3 a L U u. B CBA3N C 9T M
npun gedopmauum Harpetoro MET a J1 J1 a [MPOLEecC pekpucTannusaumm
NnaeT 3HaYUTESNTIbHO MHTEHCUMBHEE U ¢ 6 O J1 b II € i CKOPOCTbHIO, YEM NP
obblyHOM nocnegedopmaunoHHOM HarpeBe. CKOpOCTb pekpucTannmaauum
YyBeTHUYHBaAeEeTCSs WU NOTOMY, YTO Nog OENCTBUEM HaMNpsXKEHUN
obneryaetca mMurpaumsa rpaHuy, 3epeH. B-TpeTtbux, )
pekpucta 1 U 3 a Il U 1 MOXET HayaTbCs TOMbKO , B 57N
no OOCTUXE H U U KpUTU4YECKON CTerneHun AT M
Aecopmauum . 3TO 1 p U B O 4 U T K TOMY, YTO ,
pekpucTannmMsauus HenpepbiBHO AedopMUpyemMoro
METa T JanNpOuCcC X 01 U T NEPUOLNYHECKMN.
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nnbo ogHoasHbIN cniaeB 1 Npocneanum 3a NPOUCXO 1 si Il U M U
N3MEHEeHUsIMMN B H e M. B Hayane gedopmaumm 3epHa Haxo 1 si T ¢ 51 B
paBH O B € ¢ H O M COCTOAHUU. B npouecce gedopmaumn yrnpoyHe-

H U e uaeT u3BeCcTHbIM 0Opa3oM: pe3ko BO3pacTaloT KOHLEeHTpauus To-
YyeYyHB X A€ e K T O B WNMNIOTHOCTb ANCITOKALNIN, CETKU
ANCoKauum enaT KpuctannuTtbl Ha cy63epHa, CTpyKTypa M e T a J1 J a
CTaHOBHMUTC I HEPABH O B € C H O i1, CONPOTUBIIEHN €

gedb o pMa i uu yYBENMIMBAETCAOT Jso0 1 0 HeEKo T o por 0O
3HaueHUs Fsnokpuson A B (puc. 2.29). HakonneHne nckaxeHnm
B3€epHaxXMNp ¥ B O 1 U T K3HAYNTESIbHOMY YMEHbLLUEHUIO QHEP T | U
aktTuBauum Q, u nocne OJOCTUXEHUA KpUTUYECKON cTeneHn aedop-
Manuu (BTOMKE B) Ha Yy HaeTC s nNpouecc

pekpucT a 1 1 U 3 a L U u, 1o M e p e yBENUYEHNA JONN
pekpuctanmsaumm X , mo K puB o U bcuHT e H-
CHBHOCT b YIPOYHEHNSA CHMXKAETCHA U B HEKOTOPLIM MOMEHT (B
TOYKe B) BT U 1 H U e pasynpovyHEHUS HAaYMHaeT npeobnagaTtsb, a
conpoTuBnenne gedopmauum naga e T (nokpuson BC). Kor 1 a
3HayeHne X , noc Tu T H e T 1, pekpucrannmsauns CHUMET BCe
npeaLwecTeyoLee ynpovyHeHne, CTPYKTypa BHOBb CTaHET paBHOBECHON, a
conpoTuBneHne gedopmMauunm CHU3NTCA A0 NepBOHavarbHOro 3HayeHus
Os0 (B TOYke C). JanbHenn a s1 gedpopmaumsa 4O KpUTUYECKOW CTeNeHn
BHOBb BbI30BET YNpodH e H U e (KpmBad CD). 3 a T e m ondaTb
Ha4yHeTCAa pekpucTannmsaums (Toyka d),
K OTOD a s NpuBeSeT K BOCCTAHOBJIEHMIO paBHOBECHOM
CTPYKTYDBH (TOMNKAC) U COTI PO THUBJ e HHU 1 AehopMaynm
Os (Touka £). Ou e B U 1 H 0, YTO NO TAKOWN cxeMe gecopma il u s
MOXET NPOoJOomMKaTbCA HEOrPaHW 1 e H H 0, aCTPYK T y D a M CBOUCTBA
OyayTnep u o 1 1 4 e ¢ K U U3MEHATbCA. OnMcaHHasas Mo 1 e 11 b
OANHaAMMYeCKOWN pekpuctannmsauumn rpybo otpaxaeT peanbHbl MPOLEC ¢
aedopmMaumMn MNOSIMKPUC T a 1 1 U 94 € ¢ K o T o Tena. Pasynpou-

H e HHU e He MOXET uaTu ogHOBPEeMEHHO BO BCEX 3epHax Mo ABYM
npuynHaMm: u 3 -3a kornebaHun, obycnoBfie H H bl X PA3ANY U I M H
XUMWNYECKOro COCTaBa, a TaKkke 13-3a HepaBHOMepHOU aedopmMauunm
3epeH. [1oaTomy ToukM b, B KOTOpbIX HAYMHAETCA pa3ynpoyHEHNE B
KaXXOOM OTAe 1 b H 0 M 3epHe, CMELLLaloTCA No KOOpAMHATHOM OCU £, a
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KpuBble 0s — £ ONA KaXXO0ro 3epHa cMeLlarTca Apyr OTHOCUTENBHO
apyra. PasynpoyHeHue B KakoM-nnbo 0gHOM 3epHe naeT OAHOBPEMEHHO C
WHTEHCUBHbLIM YNPOYHEHMEM B Apyrnx. B pesynbtaTte nsmeHsietcs oopma
KpmBon Js — € : oHa npuobpeTaeT BMA, NOKa3aHHbIA NUHMENn AM .
[TocnanenHsasa onucblBaeT Takyto gedpo p M a I ¥ 10, MpU



KOTOPOW YNPOYHEHNE HEMPEPBLIBHO N NOYTU MOSIHOCTBIO CHUMAaeTCS
pekpuctana u 3 auu e i.BctTpy kK Ty pe MeTanna,
AedOpPMMUPOBAHHOrO, B YKa3aHHbIX YCNOBUSX, HAb 1o 1 a 10 T ¢ g B
OCHOBHOM PEKPH C T a i 1 U 3 O B @ H H bl € 3epHa PaBHOBECHbIX
pasme p o B. Hoyactb 3epeH, e b o p M a II U 1 KOTOPbIX MEHbIII €
KpUTMYECKOW ANsi AaHHOro MeTarnna, octaeTcs

HEepPeKPUCTanin3o B a H H 0 .

Jlepopmanmwus, 6 npoyecce Komopol OuHamMu4yecKkas
pekpucmarnnusa g # 5~ CHUMaem  Yrpo4YyHeHue U  rpusooum K
obpaszoeaHuto pasHoBeCcHoU Orsi O0aHHOU memrepamypbl CMPYKMypbl,
Hasbleaemcsi eopsidel Oeghopmauyued. T o p s1 g a 5 Ageopmauus
BO 3 MOXHa TONbKO MNpU TemMnepaTypHO-CKOPOCT H bI X  YCINOBUSIX,
o6GecmedYuBarlwIlud X MONHOE 3aBeplleHne peKkpucTanu-
3aIHUHu. Ecnun TEMII e pa Ty DBh B6n3kn K nopory
pekpuctannmMsaummn, rop s 49 a si gedopman u si  OCyLeCTBMMAa TOSbKO
npu oYeHb ManblXx ckopocTax pgedopm a u u u. C yBenMyeHn e m
Temnepatypol go 7 > 0,7T,, ckopocTb Auddysmn cornacHo dopmyne
(2.16) pe3ko NnoBbILLAETCH, aNO3TOMY D e K DU C T aJdJ U 3 allus
MoeT C odYyeHDbB BB COKOIH CKOPOCTbIO W YycneBae T 3a-
BepmaThCs Jaxe [MNPpU OTHOCUTENIbHO BbICOKMX CKOPOCTSX
negopmaumn. Ec 1 u COoOTHOIIEe HU € MEeXOYCKOD O C T A MHU
YNPOYHEHNA U pas3yrnpoOYHE H U 1 MEHSIETCA TaK, 4YTO MocregHee He
3aBepliaetca nosHoctblo (Toyka | C H a puc. 2.29 He ycnesaeT
ONYCTH T b C s1 [0 YPOBHSA s ), TO B npoLecce gedpopmaunm ynpoyHeHune
HaKam 1 ¥ BaeTcs W CONPOTUBNEHMe pAedbopmMaumuu Os
Hemnpepsrs BH O yBenuinsaetcsa (cm. kpueyto AN H a puc. 2.29).

Slepopmamnmns, nou komopol OUH aMHYeCKaAaS:d
pekKpH c TaJdJdTH3a0QHsA HE ITpPpHBOAHT K  MOTHOMY
pasyrnpoyYyHeHuUo U 8 pesyrbmame Komopol obpasyemcsi cmpykmypa c
b6onbwum KOMUu 49 e ¢ T BOM YMPOYHEHHbIX
HepeKpu c T a 11 H 3 O B 4 HH Bl X 3€PEH, Ha3bleaemcsi HerionHou
2opsivell  Oepopmauuel. Henmo 1 H as ropadaa aedopmauns
npoucxoaut  nNpu  OTHOCUTENbHO  HU3KUX  TemnepaTtypax, kKoraa
DPeKpHCTaJAJAH3alusag MIET C Marnou CKOPOC T b 10, WUIN
BBl C O K M X CKOPOCTSIX, KOrga Ans 3aBEepLeHnss p e K p U C T a J-
J U 3 alluu He XxBataeT BpeMeHu. [locne ropaden gedopmaunu, naxe
¢ T OJ HB M pPasynpodHEHMEM, MeTans MMeeT MOBbILEHHY MNPOTMB
PaBH O B € C H O U KOHLEHTPaUMIO TOYEYHbIX AedEeKTOB U ANUCNOKALINI
M HEKOT O P O e BPEMA HaxoOUTCA B Harpe T 0 M  COCTOSHUW.
bnarogapsa aTomy npouMcxoguT NOBTOPHAast pekpuctTannunaaums.



[loemopHasi pekpucmarnnu3ayuss — 3TO pPasHOBUMAHOC T b CcTaTuye-
C K 0O U peKkpuctannmsauu u, oTnumyarowasaca ot nocrnegs e u 1em, YTo
HO B bl € 3€pHa He obpasyloTcs, a KpucTannmsauus NpUBOANUT K POCTY 3e-
p € H TOSMIbKO B pe3ynbTate murpaumm bonblue y r© J1 0 B bl X PaHUL.
Hapsagy ¢ noBTOpHOW pekpucTannmsaumen nponcxogar NoSIMroHn3aumnsa m
OTA bl X. OTW MpoOUEecCbl NPUBOAAT K YMEHbLUEHUIO KOSMyecTBa
aedbe K T 0 B KPUCTANMNUYECKO i pPEeLUETKU N UBMEHEHUSAM MEXaHUYECKNX
M dum3mdec Kk u X CBOWUCTB MeTaJ s 0 B, OeOPMUPOBAHHBLIX MpU
NoBbIWEHHbIX TEMNep a T y p a x (CM. nogpasa. 2.6).

Takum ob6pasom, Bblbupasi COOTBETCTBYKLUME TemnepaTypbl, CKOpPO-
C THU WU cTeneHn gedopmMaumn, MOXHO B LUMPOKMX T p e a1 e J a X

ynpaBnAaTb MeXaHUuYeCKHUMH n dusnde c Kk U M |
CBOMCTBaMM METANOB B Npouecce u x gedopmaunm u nocre Hee.
CBepxXImIacTH4HOCTh

O6mmu e ceedeHuss. [1o B ol e H U e MNNACTUMHOCTM METannoB
nyTeMm yBeNIMYEHNS CpeaHEro HanpsXke H U 1 — 3agada 4ocTa T 0 4 H O
cnoxHas. [loatomy B nocrnegHMe rogbl BCe 4awe nNpUMEHSIETCS
negopmauma B YCIIOBUAX  CBEPXMIAaCTMY H O C T | [13, 50].
CBepxnagacTHYHOCTbIO Ha3blearom criocobHocme
Memarnnoe H ¢ mJ a B O B PABHOMEPHO yOnuHSImMbCs 6e3 paspyuweHus
Ha COMHU U MbICSHU MPOUEHMOS.

Pa6orwe nocmnenxunux ner [50, 123] nosBoauawu
0006WMTb OrPOMHLIA  PaKTUYECKMW MaTepuan WU YCTaHOBWUTb, YTO
CBEPXNNACTUYHOCT b — 3TO HE YHUKaNbHOE SIBMIEHME, KaK cuMTanu nepeble
ero mnccrnegoBaTenun, a coctositHme matepuana. B pabote [ 123] npuBeaeH
nepeyeHb MeETasIOB M CMNaBoB, KOT O p bl € MNPU OnpeaeneHHbIX
YCIOBM sT X MOXH O MEPEBECTU B COCT O si H U € CBEPXMNIIACTUYHOCTMW.
OH BKJtOYaeT 66 pasfnyHbIX CnflaB 0 B HA OCHOBE aniOMUHUS, LMHKA,
MarHus, meaum, Xxpoma, TuTaHa, HuUKens, kenesa. MHorme M3 HUX MMeroT
LLMPOKOE NPOMBbILSIEHHOE NpuUMeHeHune. [ledopmMaumns 3TUX CNJ1 a B 0 B

B yCnoBuAax CBEPXMJIACTU4H O C T H OTKpbIBaeT HOBbIE
TEXHONMMOT U4 e CKHUe BOABMOXHO C TH WUX 00OpabdOTKMH
gaBlieHnemM n MO3B OJ e T nony4yaTtb NpPakTn4eCckKn

HeorpaHW4Ye H H BI € CTeneHun gedopmMauum Npu Hanps>KeHUsxX, KoTopble
Ha MNOpAaOK MeHble O06bluHbIX. MexaHu3m gedopmauun B YCHOBUSAX
CBEPXMMNACTUYHOCTN MHTEHCUBHO Wu3yydaeTc . OgHako cendac yxe
TBEPOO  YCTAHOBIIEHO, YTO  CyllecTByeT [ABa  MNPUHUMNMArbH o
OTNMN Y H BI X APYr OT Apyra Tuna cBepxmn g a c TUu Y HO c T u [50,
123]. e p B bl II XapakTepeH ANA MONMUMOPHbLIX MET a 1 J1 O B WU
CNNaBoB, UCMbITbIBAOWMX MPU OnpedesieHHbIX TemnepaTtypax ¢asoBble

npeBpaLLleHms. Hanpu m e p, yncToe Xeneso NCNbITbIBAET



®-Y- npeBpameHnue npn Temnepatype 910° C, a npu
Temnepatype 850... ..910° C — Haxogutca B  COCTOSAAHUU
cBepxnnacTMYHOCTU. lnactnye ¢ Kk o e TEYEHME B STUX YCIOBUAX MOXKHO
npeacTtaBUTb Kak pesynbTaT HanpaBfiEHHONo CMeLWeHUa OTAeNbHbIX
aTOMOB 11 0 J [OENCTBMEM Hanpsi:k e H U i, BO3HUKaKOWMX B obpasue
npu ero gedgopmauun. Takon Bua Aedopmaumm 0OObIMHO Ha3sblBalOT
AHQOOGY 3 HO0HHOH MNON3y4ecmbio. D T 0 T MPOLLEeCC NpoTeKkaeT C
Ma J1 0 d CKOPOCTbIO, YTO 3HAYUTENbHO OrpaHMYM B a e T BO3MOXHbIE
cKkopocTM pedopMaumMm 3 a T O T O BKH B YCIOBUAX C B e D X-

nnmacTtudadHocTHuUu. OpgHako, ecnnm o00paboTky AaBneHuem
OCYLLECTBNATL C M a J1 O i CKOPOCTbIO (Hanpumep, { =105... 10% 1/c), TO
ONs Kenesa  MOXHO — nonyuntb  gedopmaumto go 500%, a
conpotmBn e nme aedopwmanuu (Npegen Tekydectm 9s) H e
6y n e T npesblwaTtb 2 MMa [50]. Ana cpaBHEHUS OTMETUM, YTO MNpU
pPacTsKEHUN B OObIYHbIX ycrnoBusix M 6nuakon  Temnepatype
OTHOCUTENbHOE YyANMHEeHWe cocTaBnseT Ans xenesa Bcero 45..50%, a
npegen tekyyectn s = 30...50 Mlla [152]. Kak Buaum, gedopmauma B
YCJ O B U sI X CBEPXMMNACTUYHOCTU CYNMAT 3Ha Y U T € 1 b H bl €
Bbirogbl. K coxaneHuio, MeTannoB, U C OBl T HI B a ol u x aso-
B Bl € [peBpaWeHnd, COBCEM HEMHOro (eneso, TUT a H, OJIOBO,
KoBGanbT, ypa H , LMPKOHUI N HEKOTOPbLIE ApYyrue).
3HauYuUTeab H o OONbLNA NPAKTUYECKNA NHTEPEC

npeacTaBnsieT BTOp o U Tun cBepxnnactuyHocTu. OH xapakTepeH ans
MeTansioB n cnyiaB o B, KOTOpPble MMEKT crneundunyeckyro
MUKPOCTPYKTYPY (YNbTpamMenk o e 3€p H 0 CO CPegHMM AnaMeTpoMm
1...5 M K M), CTabunbHyto B npouecce gedop M a L U U NP U
NMOCTOSIHHO ¥ TemnepaType. [1oaToMy BTOPOW TN CBEPXNIACTUYHOCTM
HOCWUT Ha3BaHWe CTPYKTYPHOM CBEPXMNITACTUYHOCTMW.

CTpyKTYPpDHAA CBepXxXnJagacTHUYIHOCTH
U Me e T MECTO B YCNOBUAX rops 4 e i gedopmaunm npu temnepartype
cBbiwe 0,4 n ckopoctax aed o p m a u u u 104.. 10 1/c [50, 123].
B TakuMx ycnosusix CBOMCTBA CMfaBOB 3HAYUTENbHO OTNMYaAlOTCA OT
CBOMCTB OObIYHBbIX METannoB W CANaBoB M NpubnmxkawTca no
PEOonorMyecknM XxapakTepucTMkam K BSA3KMM BeLlecTBaM M MonuMepam.
Peonoruuecku e XapakTepu ¢ T U K U METaAmNMOB U CMjaBoB

AOCTaTOM H O XOPOLLO OMUCLIBAKOT ypaBHEHUE Js =

g 5f§? cenEm L )
| . 2 , Tde N — nokasaTenb YNPOYHEHUSs:; T —
S @YNI&% “I  nokasaTternb CKOPOCTHOW 4YYBCTBUTENBHOCTU
Sy L /4%—% HanpsHkeHns TeveHns. MNpu 0BbIYHbIX
N ! y cJaoBUsax gedopmaumm r = 0,2..0,5, 7 =
2/ 1/ L N, 0,01...0,20 1 obpasoBaH u e LIENKM onpeaenseTcs

Puc. 2.40. Cxema nmHeBMOTepMHYe-

ckoii ¢opmoBku [106]: : - wmarpuma, : -
HarpeBare/IbHble JJIEMEHTbI. § - KpbIlIKa, ¢ —
lletbopMupyeMzm 3aroroBka. 5 — NHEBMOEHCTEeMA H3-
OBITOYHOTO JaBJICHHS, 6 — yCTpDﬁCTBD NOAIePKKH



NMPEUMYLLECT B € H H O  BIIUSSHUEM  YNpPOYHEeHuMss. B yca1 o B u s X
cBepxXnaa c THYHOCTH T = = 0,3...0,8. MoaTtomy
NTOKaJadu3anusa gedpopmauu u B LWIEWKE U yBENMMY € H U €
CKOPOCTM § MPH B O L U T K PE3K O M y MOBBILEHNIO COMPOTUBMNEHNS
aedopmaunu. 310  o03Havaer, 4yTO B wenke  gedopmaums
HEM e J Jl € HHO npekpallaeTcs, n ouyar aedopmauunm
MocaemgoBaTeJdqJbHDO I/IpaBHOMepHOOXBaTbIBaeT BeCb
obbemM pactarmBaem o r o obpasua (cm. nogpasg. 2.5.5). Mo aTtou
npuynHe npw aedopmaunm B YyCN O B U 5 X
cBepxXmnJaacTHUHUYHOCTHU nonydaem yanuHeHne 500... 1000% wu
bonee.

Me x a Hu 3 M AedopMauun Npu CTPYKTYPHON CBEPXMacTUYHOCTU
ykKe 1 0oc TaTo4H O rMyboKko n3ydeH. YCTaHOBNEHO, YTO B npoLecce
geopMai u 1 B YCNOBUAX CTPY K T Y D H 0 i CBEPXMMaCTUYHOCTH
NposiBNATCA aMdbody 3 M0 HHaA S NOoOJd3yduecCTHh,
OVCIOKaIl U1 O H H O € CKonbXeHue, 3€pPHOrpaHNY H 0 e
npockanb3biBaHWe, Murpaumns rpaHul, 3epeH n 1. 4. C KaxxabiM rogom Bce
bonee pacwupsieTcd HOMEHKNaTypa ChnnaBoB, KOTOpble MOT y T
gedopmMmmpoBatbCa B yCnoBuAX — cBepxnnactumyHoctn.  Cnepgosa-
TeJaJbHO, K& CeMdac MOXHO CTaBUTDH Bonpoc 06

MCNnosmnb30BaHNUN HABJMEH U 1 CBepXnnacthyHo e T u  AJid NMpomn3BoacTBa
pPa3nn4yHbIX n3genvn.



