T a v i  III
liTonis meqanikuri Tvisebebi
3.1. drekadi da plastikuri deformacia
gare Zalebis zemoqmedebiT liToni icvlis formas da zomebs, anu de​formirdeba. mcire datvirTva iwvevs mxolod drekad deformacias. am SemTxve​vaSi mniSvnelovani struqturuli cvlilebebi ar mimdinareobs. ZiriTadad xdeba atomebis gadaadgileba mcire, atomTSorisze naklebi manZiliT, rac iw​vevs kristaluri gisosis damaxinjebas. es cvlilebebi kristalSi SenarCu​nebulia manam, sanam moqmedebs gare Zalebi. Zalis moxsnis Semdeg atomebi ub​rundebian Tavis pirvandel wonasworul mdgomareobas, gisosis damaxinjeba ixsneba da liTonSi aRdgeba sawyisi forma da zomebi. liTonis unars, wina​aRmdegoba gauwios drekad deformacias, sixiste ewodeba.

moqmedi Zala liTonSi aRZravs Zabvebs. magaliTad, nimuSis gaWimvis Sem​TxvevaSi aRZruli Zabva (=
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 mgpa, sadac P aris moqmedi Zala, F – ganivi kve​Tis farTobi Zalis moqmedebis ubanSi.

Tu liTonSi aRZruli Zabva gadaaWarbebs drekadobis zRvars, iwyeba ga​cilebiT ufro rTuli procesi – plastikuri deformacia. plastikuri de​formaciis dros kristalis erTi nawili mTlianad gadaadgildeba (daiZvreba) meoris mimarT. Zalis moqmedebis Sewyvetis Semdeg liToni aRar ubrundeba Tavis pirvandel mdgomareobas, anu rCeba deformirebul mdgomareobaSi.

plastikuri deformacia liTonur kristalSi ori gziT SeiZleba gan​xorcieldes: srialiT da oreulebis warmoqmniT (nax. 3.1).
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srialiT, anu ZvriT plastikuri deformaciis SemTxvevaSi kristalis er​Ti nawili iZvris meoris mimarT atomTa Soris daSorebis jeradi manZilebiT (nax. 3.1, b), oreulebis warmoqmnis SemTxvevaSi ki kristalis erTi nawili icv​lis sivrceSi mdebareobas meoris mimarT da Rebulobs iseT orientacias, ro​gorc sarkis anarekli (g). oreulebis warmoqmniT ganpirobebuli daformacia ar aRemateba 5-10%.
deformacia srialiT yvelaze advilad mimdinareobs im kristalogra​fiul sibrtyeebze, romlebzec meti atomia ganTavsebuli. marTalia, sibrtye​ebze atomebs Soris kavSiri mtkicea, magram TviT sibrtyeebia erTmaneTTan sustad dakavSirebuli.

gamoTvlebiT dadgenilia, rom liTonis Teoriuli simtkice, anu unari, winaaRmdegoba gauwios gare ZalebiT ganpirobebul plastikur defor​macias an mis damangrevel zemoq​medebas, daaxloebiT 100-jer aRemateba liTonis rea​lur simtkices. aseTi gan​sxvavebis axsna SesaZlebelia dislokaciis Teo​riaze dayrdnobiT. 
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rogorc ukve cnobilia, realur kristalebSi didi raodenobiT arse​bobs defeqtebi, maT Soris dislokacia. dislokacia advilad modis moZrao​baSi drekadobis zRvarze ufro dabali Zabvebis pirobebSic ki. raRac P Za​lis zemoqmedebiT dislokaciis gadasaadgileblad saWiroa mxolod mezobe​li atomebis mdebareobis Secvla AA sibrtyis zonaSi (nax. 3.2), da ara yvela atomis erTdrouli gadaadgileba (mowyveta) a mdebareobidan b da g-Si. atom​Ta Soris kavSirebis aseTi erTdrouli gawyveta Zalian did Zalas moiTxovs,  radgan Zvris sibrtyeSi atomebis sakmaod didi raodenobaa Tavmoyrili.
erTi kristalografiuli sibrtyidan meoreSi dislokaciis Tanmimdevru-

li gadaadgilebis Sedegad igi saboloo jamSi kristalis zedapirze gamodis
da xorcieldeba Zvra mocemul SemTxvevaSi erTi atomTSorisi manZiliT. aqe​dan gamomdinare, kristalis erTi nawilis Zvra meoris mimarT ganixileba ara rogorc dacurebis sibrtyeSi ganlagebuli yvela atomis erTdrouli mowyve​ta erTmaneTisagan, aramed rogorc kidura dislokaciis sriali kristalis erTi bolodan meoreSi.
3.2. liTonis rRveva
sakonstruqcio masalas moeTxoveba ara marto deformaciisadmi, aramed rRvevisadmi (ngrevisadmi) gazrdili winaaRmdegobac. winaaRmdegobas defor​maciisadmi, Cveulebriv, aerTianeben zogad cnebaSi `simtkice~, xolo winaaRm​degobas rRvevisadmi – cnebaSi `saimedooba~. Tu nakeTobis mTlianobis rRveva xorcieldeba ara erTi, aramed mravalgzis datvirTvis aqtis Semdeg, saqme gvaqvs masalis xangamZleobasTan. bunebrivia, maRalxarisxovani sakonstruq​cio masala erTdroulad unda xasiaTdebodes rogorc simtkiciT, ise saime​doobiT da xangamZleobiT. 
liTonze moqmedi gare Zalebi garkveuli sididis Semdeg mis rRvevas iw​vevs. rRvevis procesSi arCeven or etaps: bzaris Casaxvasa da mis gavrcelebas srul rRvevamde. rogorc zemoT iyo aRniSnuli, plastikuri deformacia dis​lokaciuri meqanizmiT xorcieldeba. moZraobis gzaze dislokaciebs xvdeba sxvadasxva saxis dabrkoleba (ucxo atomi, sxvadasxva saxis CanarTi, blokebi​sa da marcvlis sazRvrebi), romelTa gadalaxva SeuZlebeli aRmoCndeba. ami​tom dabrkolebebTan xdeba dislokaciebis upiratesi Tavmoyra-dagroveba. swo​red am adgilebSi Caisaxeba pirveli bzarebi. bzaris Canasaxi ukve TviTon ga​daiqceva dabrkolebad dislokaciis moZraobis gzaze, rac iwvevs narCeni Zab​vebis dagrovebas da Casaxuli bzaris gavrcelebas – procesi mTavrdeba li​Tonis sruli rRveviT.
liTonis rRveva SeiZleba iyos myife da blanti. myife rRvevisaTvis da​maxasiaTebelia maxvili, datotvili bzari (nax. 3.3, a), romelic didi siCqa​riT vrceldeba praqtikulad plastikuri deformaciis mimdinareobis gareSe.   
blanti texis SemTxvevaSi bzari blagvia (nax. 3.3, b). igi vrceldeba da​bali siCqariT, magram mniSvnelovani plastikuri deformaciis gziT. 

rRvevis xasiaTidan gamomdinare, myife texi kristaluri  agebulebiT xa​​-

siaTdeba, radgan am dros ar maxinjdeba marcvlis  forma  da  zomebi,  xolo
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blanti – boWkovani agebulebiT.

      praqtikulad liTonis rRve​va iSviaTad warimarTeba mxolod myife an blanti meqanizmiT. uf​ro xSirad nakeTobis rRveva Se​reuli xasiaTisaa.

3.3. liTonis meqanikuri Tvisebebis maxasiaTeblebi
3.3.1. simtkicisa da plasti-kurobis maxasiaTeblebi. liTonis meqanikuri Tvisebebis Seswavla xorcieldeba specialurad damzadebuli nimuSis gaWimvaze gamocdiT. gamoc​dis win ganisazRvreba nimuSis saangariSo sigrZe  
[image: image2.wmf]0

l

 da sawyisi ganivkveTis farTi 
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gamocdis dros nimuSis datvirTva TandaTanobiT xdeba. gamocdis Sede​gebi gamoisaxeba mrudiT, romlis xasiaTi plastikuri liTonisaTvis warmod​genilia 3.4 naxazze. gaWimvaze gamocdisas ganisazRvreba Semdegi ZiriTadi ma​xasiaTeblebi: 
1. proporciulobis zRvari (pr. es aris maqsimaluri Zabva diagra​mis drekadi deformaciis OA ubanze, sa​dac Zabva fardobiTi wagrZelebis pirdapirproporciulad icvleba:
       (pr=Ppr/F0, mgpa;

2. denadobis zRvari (den. ga​Wimvis diagramaze mas Seesabameba ho​rizontaluri ubani BC. igi aris ma​qsimaluri Zabva, romlis drosac ni​muSi deformacias ganicdis dat​vir​Tvis gauzrdelad:
(den=Pden/ F0, mgpa;
liTonTa umravlesobisaTvis gaWimvis mrudze denadobis  zRvari  mkafiod
ar aris gamoxatuli. aseT SemTxvevaSi mimarTaven denadobis pirobiTi zRvris
gamoTvlas. es aris Zabva, romlis drosac  warmoqmnili  wagrZeleba  nimuSis
sawyisi sigrZis 0,2%-s Seadgens. igi aRiniSneba simboloTi (0,2.
3. simtkicis zRvari gaWimvisas (maqs. igi warmoadgens maqsimalur Zabvas, romelsac liToni uZlebs rRvevamde:
(maqs=Pmaqs/ F0, mgpa;

4. fardobiTi wagrZeleba (. igi aris nimuSis sigrZis namatis Sefardeba sawyis sigrZesTan da gamoisaxeba procentobiT:

(=(
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 aris nimuSis sawyisi sigrZe, 
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- nimuSis sigrZis namati.

5. fardobiTi Seviwroeba ψ, romelic warmoadgens ganivkveTis farTobis maqsimaluri Semcirebis fardobas sawyisi ganivkveTis farTobTan:

ψ=
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sadac F0  aris nimuSis sawyisi ganivkveTis farTi, xolo Fk  - saboloo farTi nimuSis maqsimalurad Seviwroebis ubanSi.
(pr, (den da (maqs  simtkicis maxasiaTeblebia, xolo  ( da ψ – plas​tiku​ro​bis maCveneblebi. amdenad, plastikuroba aris liTonis unari, gare Zalebis zemoqmedebiT Seicvalos forma mTlianobis daurRvevlad.
3.3.2. dartymiTi siblante. liTonis meqanikuri Tvisebebis erT-erTi umni​Svnelovanesi maxasiaTebelia dartymiTi siblante 
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n (n- naseri). igi ganisa​zRv​reba specialurad momzadebuli nimuSis gamocdiT dinamikuri, dartymiTi dat​virTvis pirobebSi. dartymiTi siblante ganisazRvreba nimuSis gadatexva​ze daxarjuli muSaobis (A) SefardebiT nimuSis ganivkveTis farTTan (F):
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n =A/F, mgj/m2
sapasuxismgeblo detalebis dartymiTi siblante maRali unda iyos. ma​galiTad, saaviacio Zravis lilvisaTvis 
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n=1-1,1 mgj/m2; iaraRis lulisaTvis sakmarisia 
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n=0,6-0,7 mgj/m2; saartilerio masalebisaTvis, romlebsac maRali drekadobis maxasiaTeblebi moeTxoveba, 
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n=0,4 mgj/m2; detalebisaTvis, romle​bic muSaoben dinamikuri datvirTvis pirobebSi, dauSvebelia dartymiTi sib​lan​tis dabali mniSvneloba (
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n(0,15 mgj/m2).
3.3.3. sisale. simtkicis maxasiaTeblebis Sesafaseblad sargebloben agre​-

Tve sisalis gansazRvris meTodiT, romelic ar moiTxovs nakeTobis mTliano​-

bis darRvevas. sisales aRniSnaven H  simboloTi.
sisale aris liTonis unari, winaaRmdegoba gauwios drekad an plasti​kur deformacias masSi gareSe, ufro sali sxeulis SeWris SemTxvevaSi. sisa​lis gansazRvris araerTi meTodi arsebobs, romelTagan yvelaze gavrcelebu​lia:

1. brinelis meTodi (nax. 3.5, a). am xerxiT sisalis gansazRvris dros ga​mosacdel nimuSSi winaswar SerCeuli P ZaliT iwnexeba D diametris foladis nawrTobi burTula. burTulas diametri (D=10; 5; 2,5 mm) SeirCeva gamosacdeli masalis sisqis an diametris mixedviT. sisale aRiniSneba simboloebiT HB (B gamocdis meTodis aRmniSvneli simboloa) da gamoiTvleba datvirTvis Sefar​debiT nimuSze miRebuli sferuli anabeWdis zedapiris farTTan:
HB=
[image: image19.wmf]F

P

=
[image: image20.wmf](

)

2

2

2

d

D

D

D

P

-

-

p

 x10 mgpa,
sadac P aris datvirTvis sidide, kg;

F – anabeWdis zedapiris farTobi, mm2;

D - burTulas diametri, mm;

d - anabeWdis diametri, mm.

sisalis mniSvnelobis aReba SesaZlebelia uSualod saTanado cxrile​bidan. Tu magaliTad, gazomvis Sedegad miRebulia ricxvi 350, sisalis mniSv​neloba Semdegnairad Caiwereba: HB 350.
2. rokvelis meTodi (nax. 3.5, b). rokvelis xerxiT sisalis gamocdis dros indentorad gamoiyeneba almasis konusi an foladis nawrTobi burTu​la. almasis konusis wverosTan mdebare kuTxe Seadgens 1200, xolo burTulas diametri – 1,588 mm. sisalis mniSvnelobad miRebulia Cawnexvis siRrmis (h0) Se​brunebuli sidide. anaTvali uSualod xelsawyos skalidan aiReba. xelsawyos aqvs sami skala – C, A da B. almasis konusiT gamocdisas, rodesac datvirTva Seadgens 150 kg (rokvelis meTodiT sisalis gamocdisas datvirTva yvela Sem-TxvevaSi standartulia), anaTvali C skalidan aiReba da aRiniSneba simbolo​ebiT HRC (magaliTad,  50 HRC ). analogiurad, rodesac datvirTvis sidide Sead​gens 60 kg, sisale aRiniSneba HRA-Ti. 
burTuliT gamocdisas datvirTvis sididea 100 kg, sisale Caiwereba sim​bo​loebiT HRB. 
3. vikersis meTodi (nax. 3.5, g). am xerxiT sisalis gansazRvrisas gamosac-
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del nimuSSi iwnexeba almasis piramida da izomeba anabeWdis diagonalis si​grZe d. sisale HV gamoiTvleba formuliT:
HV=1,854 
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P

,

sadac P aris datvirTvis sidide, kg;

d - anabeWdis diagonalis sigrZe, mm.
datvirTvis sidide umetes SemTxvevaSi SeirCeva eqsperimentulad. sisa​lis mniSvnelobis aReba SesaZlebelia saTanado cxrilebidanac.

HB da HRB sisalis gansazRvris meTodebi gamoiyeneba rbili masalebi​saTvis, HRC – sali liTonebisaTvis, xolo HRA da HV – ZiriTadad Txeli furclebisa da fenebisaTvis.
arsebobs Sesabamisi cxrilebi, romlis saSualebiTac SesaZlebelia er​Ti meTodiT gazomili sisalis mniSvnelobis gadayvanaYmeoreSi, maT Soris brinelis erTeulebSi.

sisale brinelis erTeulebSi daaxloebiT samjer aRemateba igive masa​lis simtkicis zRvars gaWimvaze. ase magaliTad, Tu sisalis mniSvnelobaa HB 300, am masalis simtkice daaxloebiT  1000 mgpa-s (100kgZ/mm2) Seadgens. aseTi gamo-Tvla saorientacio, miaxloebiTia da miuRebelia myife masalebisaTvis.
3.4. civWedva da rekristalizacia
3.4.1. struqturuli cvlilebebi civad deformaciis dros. rogorc ze​moT iyo aRniSnuli, plastikuri deformacia xorcieldeba gare Zalebis mo​qmedebis pirobebSi. rogorc gamomdinareobs 3.4. naxazze warmodgenili mrudis xasiaTidan, ukve deformirebuli liTonis Semdgomi deformaciisaTvis saWi​roa moqmedi Zalis sul ufro da ufro metad gadideba (mrudis CD ubani aR​mavali xasiaTisaa). rac ufro metia deformaciis xarisxi, miT ufro Znelia misi Semdgomi deformacia. sxvagvarad rom vTqvaT, civad plastikuri defor​maciis dros liToni mtkicdeba da am movlenas civWedva ewodeba. 
plastikuri deformacis Sedegad liTonis kristalis zedapirze defor​maciis reliefuri kvali – wvrili zolebi da xazebi warmoiqmneba (nax. 3.6.). moqmedi Zalis gazrdasTan erTad maTi raodenobac izrdeba da kristalis ze​dapiri mqrqal fers Rebulobs. deformaciis kvali SeimCneva zedapiruli fe​nis moxsnis Semdegac. mikroxexis reaqtiviT damuSavebis Sedegad mJRavndeba xazebisa da zolebis mTeli sistema, romelic civad deformirebuli liTonis zedapiris reliefis analogiuria.
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civWedvis efeqti ganpirobebulia deformaciis procesSi kristaluri agebulebis defeqtebis (dislokacia, vakansia, kvanZebsSorisi atomi) raodeno​bis zrdiT. erTdroulad marcvalSi mimdinareobs blokebis msxvreva da kris​taluri gisosis damaxinjeba. yovelive es mniSvnelovnad aZnelebs dislokaci​ebis gadaadgilebas, anu izrdeba liTonis simtkice, plastikuroba ki klebu​lobs (nax. 3.7). aRsaniSnavia, rom liTonis formis cvlileba wneviT damuSavebis dros mimdinareobs yoveli marcvlis plastikuri deformaciis xarjze.
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     Tavdapirvelad nebismierad ori​en​tirebuli marcvlebi Semobrunebas iw​yebs da maqsimaluri simtkicis RerZe​biT liTonis dinebis mimarTulebiT ganlagdebian. SemdgomSi aqamde daax​lo​ebiT tolRerZa marcvlebi wagrZe​le​bas iwyebs deformaciis mimarTule​biT da struqtura boWkovan agebule​bas Rebulobs (nax. 3.8). marcvlebis ka​nonzomier orientacias garedan miye​nebuli deformirebadi Zalis mimarT deformaciis teqsturas uwodeben.
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3.4.2. gaxurebis gavlena civnaWedi liTonis struqturasa da Tvisebebze. plastikur deformacias liToni struqturulad arawonasworul mdgomareo​baSi gadahyavs. liTonSi TavisTavad unda mimdinareobdes procesebi, romle​bic mas SedarebiT mdgrad mdgomareobaSi daabrunebs. temperaturis gazrda aCqarebs procesis mimdinareobas. 
SedarebiT dabal temperaturaze (0,2-0,3 Tdn, sadac Tdn aris liTonis dno​bis absoluturi temperatura) gardaqmnebi mimdinareobs mxolod marcvlebisa da kristaluri gisosis SigniT. mcirdeba dislokaciis simkvrive, Siga daZabu​loba da vakansiebis ricxvi, irwymeba mozaikis blokebi da aRdgeba kristalu​ri gisosis forma (nax. 3.9). am movlenas gamobruneba ewodeba. gamobrunebis Se​degad liTonis sisale da simtkice 20-30%-iT mcirdeba, xolo plastikuroba – matulobs.
temperaturis Semdgomi aweviT izrdeba atomebis Zvradobis  unari,  rac ga​napirobebs cvlilebebis mimdinareobas  mikrostruqturaSi.  damaxinjebuli,
[image: image33.png]N

>

Bab. 33. Bgopg (=) o demabge (2)
Bhadgbols g



arawonasworuli marcvlis sazRvrebSi Caisaxeba da izrdeba axali, wonaswo​ruli marcvlebi Zvelis mospobis xarjze. axali, poliedruli wvrilmarcv​lovani struqturis warmoqmnas deformirebuli liTonis boWkovani, teqstu​rirebuli struqturis nacvlad pirveladi rekristalizacia (I stadia) ewodeba.
liTonis rekristalizaciisa da dnobis  temperaturebs  Soris  martivi damokidebuleba arsebobs:

Trekr(
[image: image22.wmf]a

Tdn,

sadac Trekr aris rekristalizaciis absoluturi temperatura;

Tdn – liTonis dnobis absoluturi temperatura.
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koeficientia, romlis sidide liTonis sisufTavezea damokidebuli. sufTa liTonebisaTvis 
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=0,1-0,2; Cveulebrivi teqnikuri sisufTavis liTone​bisaTvis 
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=0,3-0,4. SenadnobebSi rekristalizacia ufro maRal temperaturaze mimdinareobs da zogierT SemTxvevaSi igi 0,8 Tdn aRwevs.

pirveladi rekristalizaciis Sedegad civWedvis movlena mTlianad ixs​neba. Sesabamisad icvleba liTonis Tvisebebic: sisale da simtkice mcirdeba, xolo plastikuroba da siblante matulobs im mniSvnelobamde, romelic li​Tons civWedvamde hqonda.

temperaturis Semdgomi gazrda ganapirobebs rekristalizaciis II sta​di​is dawyebas, romelsac Semkreb rekristalizacias uwodeben. misi arsi imaSi mdgomareobs, rom mimdinareobs rekristalizebuli marcvlebis gamsxvileba SedarebiT wvrili marcvlebis STanTqmis xarjze (nax. 3.9). 
marcvlis zomas rekristalizaciis dros gansazRvravs rogorc rekris​talizaciis temperatura, ise liTonis winaswari deformaciis xarisxi. buneb​rivia, temperaturis zrdasTan erTad marcvlis sidide ganuxrelad izrdeba (nax. 3.10). rac Seexeba winaswari deformaciis xarisxs, aq mdgomareoba gansa​kuTrebulia. Tu winaswari deformaciis xarisxi mcirea (3-5%) an aRemateba 10%, marcvlis zrdis saSiSroeba rekristalizaciis optimalur temperaturaze ar arsebobs – procesis damTavrebis Semdeg yalibdeba sakmaod wvrilmarcvlova-
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ni struqtura (nax. 3.11), rac TvisebaTa karg kompleqss uzrunvelyofs (maRali sisalisa da simtkicis maCveneblebis Sexamebas damakmayofilebel plastiku​robasa da dartymiT siblantesTan). 
Tu winaswari deformaciis xarisxi 5-10%-is zRvrebSi meryeobs, rekris​talizaciis II stadiaSi mosalodnelia marcvlis zomis intensiuri zrda, rac principulad arasasurveli movlenaa. mTel rig SemTxvevebSi, rodesac deta​lis, magaliTad, turbinis diskos, airturbinisa an kompresoris TaTis ganiv​kveTSi Wedvis an tvifrvis procesSi detalis deformaciis xarisxi sxvada​sxvaa, rekristalizaciis temperaturamde gaxurebam SeiZleba gamoiwvios sxva​dasxva marcvlovnebis mqone struqturis Camoyalibeba nakeTobis moculobaSi (nax. 3.12). aseTi detalebi gamousadegaria, radgan eqspluataciaSi swrafad kargaven simtkices da naadrevad gamodian mwyobridan. maSasadame, mocemul SemTxvevaSi rekristalizacia uaryofiT zemoqmedebas axdens  detalis  saeqs- pluatacio Tvisebebze.


rekristalizaciis movlenas gaaCnia  didi  praqtikuli  mniSvnelobac.
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upirveles yovlisa, igi war​moadgens saSualebas civnaWe​di liTonis plastikurobis aRsadgenad. magaliTad, Tu masala gamoWimulia defor​maciis zRvrul mniSvnelo​bam​de, magram sasurveli ga​nivi kveTi jer kidev ar aris miR​weuli da saWiroebs Semdgom deformacias, pla​stikurobis aRsadgenad auci​lobelia sa​​rek​ristaliza​cio mowvis Ca​tare​ba. LLLL

3.13 naxazze warmodgenilia aluminis makrostruqtura sxvadasxva  xaris​xiT deformaciisa da 5500C-ze sarekristalizacio mowvis Semdeg,  rac zemoT​aRwerili procesis eqsperimentul TvalsaCinoebas warmoadgens. 
deformaciis xarisxs, romelic rekristalizaciis temperaturis zemoT gaxurebisas marcvlebis intensiu​ri siCqariT zrdas ganapirobebs, deformaci​is kritikuli xarisxi ewodeba.
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