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HoBOCHÓapcKHtt 3xeKipoiexHnqecM0 BHCiaxyx

HOBHE AOCTffiSEHHH B nOBHfflEHHH KOHCTPyKTHBHOM 
IIPOHHOCTH CTAJIH

Pe3Bxe. OnBCUBasTca coBpeueHHue HanpaBJteHia e o&xacxa nosme- 
■ u  MezaBBueeKEX cboBcib ■ conpozaBJieKu paczpecuBamw cian nyiga 
oOpasoBaHaa ycxottqBBuz 4B040xannoHHMx nocipoeHa# Bqeacxo-noaaroHaxb- 
Horo tana, onrauasŁBoro »Kąeaeaaa xacnepcaux ynpouBjaaąaz $as a 0034a- 
he* yzbTpaaejKOsepHHCTocTa ocoCohho bo apeiu TepuoMezaaaaeoKoit oOpa- 
óoiKa. IIpoaSBOxaTca zasze aaaaas cboBotb MapieHCBTHitx cxaseS noxaep- 
raewcc yapottaemas BMxexeaaea a Baaaaae aa3KO>eHnepa*ypaott xepaoaexa- 
aaaeeaolt o6pa6onca apa acnojib30Baaaa s$$e ki a CBepzniaoTaqaooxa.

ConpoTBBzeaae nxacxaqeoaoMy zeaeaa» (<3f), baskoctb paspyaeaaa (K,c, J ) 
macłiiecuui 4e$opitai9U  40 paspyaema (tí, <f), buhocbbbocti. npa pHKjfaqeoKax 
aarpyaeHHaz (<5_1) a xpyrae xapaKiepaoxaicB, onpexe*a»i ypoBSHb KOBCTpyaiaa- 
HOfi npoqHocTB ciajtH, aaxexHocTb a 4oaroBeiHocxb oxBexcxaeBHitx KOHCTpyicnjiił a 
4exaxefl uaaaB. MaoroBBcaeBHue accJiexosaBaa aeiajaoBexoB b iieza.ii£0$H3HKOB 
nosaaaia, qxo aoBe^eate ciążą 004 aarpy3Eofi (HcaiaaHBe aaa siccnjiyaiauBa xe- 
xajtefi B4B KOBcxpyKpatt) saBacxx o* ee cipyKiypaoro cociobhka, paccuaipaBae- 
Horo aa uaxpo, mbkpo b cySMxxpoypoBBax. CospenesaHe npe4CiaBxeHa& o peaib- 
hocth a AetfeKiHooia cxpyxxypH neiaxaoB bo3bo4bkx cwaxaxb qxo y4aqaoe H3- 
aeaeEHe xasax boxhuz xapaxxepacxaK Kas npexex xeicyqeciB dT, nxacxaqBocxb (cJ, 
<11)) a BjssKOcTb paspyaeBaa (K,c, ej ) 40cxaraexca ynpaBjieHHea xeTajiaua xhcjto- 
KaqaoHBOtt cyOoxpyicxypH cxaza, ynpoqHHeaofl pa3xaqHbD(H H3BeciHHHK(naKJien, ae- 
rapoaaaae, xepiiooÓpaCíoxKa) a bobumb (TUO, oxapeHae napieacaxa, TPHH-3(lxj>eici) 
nexo4aMa.

Üpe4ea xeKyqecxa(a ypoaeHb aa3Kocxa pa3pyaeHBa) sasacax ox npapo4H ícpa- 
oxaajaqecKOlt oipyaxypu aaipaqu (caaa nafiepaoa-HaÓCappo - ón), o; aaepraa 
B3aaao4eAcxBaa 4acxoKaipta npa ax pasuBOzeBBH a nepecxpoeHHa (6^), ox xe$op- 
Hanaa Malpasa paciBopeHHboiH axouaua (<5p) 01 xopMOxeHaa 4HoaoKauH¡s xacnepcHu- 
mb $a3aax (6^) a ox Capbepaoro 4ettcXBaa rpaaHQ sepes (ó3):

S T = f(6„» ć>At óp, ó$. <53).

CyaeciByiMnaa cxpyKXypa xeopaa npoqaocxa, ooaoBUBaxniaacB Ha raasHou npHBQHne 
xopuoxeBBa xxbhhux 4BC40BanH0BHUx xpanoaanaB a pasperaeHHa Kopoxxax nepeue- 
aeHaB pexaxoanaoEBoro xana, noxa ae Haxoxax npaHsanaajibHO hobhx nyx'-a apeo-
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xoxeaax npoïHBopsBaa aexxy noaaaaTexHMH npoqnocTH h xapaaTepgtoTagaiiH naac- 
t x r h o c t x (b h s k q c t h paspyaeHan), cyaaoTByœaero acerxa a oOooTpao^erooa npa 
paajjHBHiix ynpoqaaBHHi oQpaGoiaax CTaxa.

Haaöoxee nepcnaKTHBamta aexaHasuaiui XHCXoaaaaoHaoro ynpoaHeHna ct&xe cjtq- 
Ayes caaTaTbf Moxexb opraaaaaaHa yoxe&naBux xacxoaaitHOHHHx aocipoasafi aneac- 
ro-noxaroaaxbHoro Tana (d^, a.x), •nraxaxbaoe BHxexeaae xaenepoaax ynpoqaw - 
są ax $aa (6^) a cosxaaae yxbTpaaexaosepHHCTocTa (óg). 3th peaoMeaxaqaa jaats- 
KO peaaaaysTca Ha apaaiHxe apa lepMOMexaaaaecKoa aöpaöoTae, apa aoaoxbsosa- 
HRH aapTeacaTHOCTapenaax siaxeft, apa npoxBxeaxH oifrpeaTa eaepxaaaoTaaaoeTa a 
AP.

lipa BiicoKOTeanepaTypHOä TepMOHexaHHaecaott o6pa6oTxe sa cnei aa was taux o- 
TanoB xaaaaaaecEoa a ciaTaiecKOfi peapacTaxxxsaaaa s ayoTeaaTe cosxamox 
yeioSaaBue xacxoKanxoHHue aocipoeaaa aoaaroHaabaoro Tana, aoTopue aacxexy- 
DTOH npoxyKTaaa ero pacaaxa npa HapreacaTHOii, ÖettHHTHOa maa xaxe nepaaTaoa 
apespaaeaanx. npexsapaTexBaaa nxacTaaecaax xeijopaaitax yeroftamoro ayoxeaaTa 
aaaeaaeT aaHeTaxy ero pacaaxa, m o  axiaBasapyeT suxsaeaae xaeaepoBHX ynpon- 
aanaax ipa3, xonoHHBTeaBHO CTaCaaasapyBaax cyOcipyKTypy.

raasHUH xacaoxaaaoHBua aexaaasaoa, oßeeneaaBaMini noBaaeHHy» nxaoTrqaooTL 
a BasxooTB paspyneaaa ciaaH apa BucoaoseMaepasypaoit TepHOHexaaaaeoaott o6pa- 
ÔoTxe (axa eë pasaoaaxaocTax BTHH30, BSMJĘO, BTMJÍ0O) asaaeTca 6^ a.a - cos- 
xaaae ycxottaasoit pasBeTsxeBHOä cyÖCTpyxTypa.

Opa HcnoxBsoBaBHH MapreacaTHo-cxapeaaax CTaxeB oy^eoTBeaao HsaeaeH rxa»~ 
h k B aexa -S3M yapoaaeaaa. BaecTo TeTparoaaxbHbrx acxaaeaatt aapreHcara yrxepo- 
xoa (aexaaasa <5 ), aro HBxaeTcx oo b o b b h m npa oOuaaoB saaaxae yrxepoxacïHX a 
xerapoaaHHHx cTaxe#, cos :aeTca 6e3yraepoxHCTufi, BHCOKOHaaexeaHfl, nxacTaaauS 
aapTeacH^, Koiopuö ynpoaHaexca b npopecoe cxapeHaa BHxexeHHHsta ¿acnepCHax 
aHTepaeiaaxaxoB. B stoh cxyaae raasaua ynpoaHanaaM HezaansaoM asaaeTca oos- 
xaHHe xHcaepcHHX ynpoaaajoaax $as - 5^.

yapoaHeaae TPHG-CTaxeg ocHOBUBaeTcx Ha coaeTaaas Ąsyx caMOCToxxexbaiix a 
aocxexoBaTexbao npoTeaasaHx coÖuthhx - oto aasaoTeanepaTypHax TepaoaexaHH- 
aecaax oßpaÖOTaa h npoaBxeaHe eÿÿeaia CBepxaxacTaaaocTa, BHsaaHHOfi (taaoaaa 
npeBpaqeHHea b apoaecce nxacTHnecaog xe^opwanaa. BacoaoxerapoBaaaHe (20-30% 
xerapyraxax oxeaeaTos) , aeiaciafiaxBaae, aycieHSTHHe TPM-ciaxH, b cTpyaiyp- 
aoa cocioaaaa ycToflaaBoro aycieaaia, noxBepra»Tca aa3E0TeanepaxypH08 Tepao- 
aexaaaaecxoä o6pa6oiae (lenxoft apoaarae) npa leaaepaiype 350-500°0 co oie- 
nsHLD xs^opaanHH xo 80%. 3tot lexHoxoraaecaaa oTan oÖecneaHBaeT yaponaesae 
aycieBHTa no MexaHH3aaa 6^ a 6^. BaecTe c bthm, sa ever aeaoToporo o6e- 
XBeaaa yrxepoxoa a xerapysHaaa oxeaeaiaaa, ycToitaaBocxb xeipopaapoBaaBoro ay- 
CTeaara yaeafcrnaeica a Toiaa {Teanepaíypa aaaaxa oópasobana« aaprsBOHTa
xe$opaaqaa) aepexoxai b oßxacTb noxoxaxexbHux leanepaiyp. Hpa nocosexysuoä 
axaciaaecaofi xo^opaaqaa bo Bpeaa acaHTaaaa axa npa OKcnxyaTaaaa a o«ft>eae 
yapoaaeHHOfl aycieaaiBOtt aaipaqu BoaaHaasT aaapoyaaciaa aapTeHcaia, apHBOxa- 
ąae a aaoKaxbaofi, o6neä bh c o k o ö nxacxH^HOCTa o6pa3na, oxeaeara aoECTpyaqaa 
axa xeiaxa, ñ o  b cb o d oaepexb, npexoTBpasiaeT oaacHocib BHe3anaoro xpynaoro 
pa3pyneaaa. Do buneHie axacTaaaocTa suecTe c pocTon npoaHooxa TPiffl-ciaxea oo-
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BOBuBaeica Ha opirHBaJ(ł>aoit penesaa sagana as odaacta aexasHKH paspyaeHaa.
B ciajuuc co cTpyKtypoa ctadubaoro aycieania oonpoCHBjieHHe nAacsaaecKoay ?e- 
'leHHB BOSHHKaeT b CBaaa c pasBETaeu ero ¿eiJiopiianHOHBoro ynpo^Heaaji (HaKig- 
na). Ilpn 3aaiH‘rejiŁHHx bh0hhhx aarpy3Kax (neperpy3Kax) pasBHBastca aoBaaaso- 
saHHoe aaacsaaecKoe seaeaae (oSpaaoBaaae aefiKH) , hto ¡¡pasowa? a asuiłhaflaea 
KOHaeaTpaaaa stajjpjraeaaB BOsaaKaoBeHira ssaspoTpeigaH« ax pociy a paspysesa®, 
OfiuaHHfi HaBasSn ycToJNBBoro (ctadHJibHoro) ayoteaasa ae aoaei aciuuoiiHTb pas- 
bhthb BTOfi odtraBo» cxeMH b boho «0KaxH30BaHH0& nxacTaaecK08 ,ąe<|>opManas. Upa 
^e^opuaaaa ynpoHHeHHKX TPHIt-cTaaeg b scae B03HHKasmea sibSks odpasyesca uap~ 
TeacHT, KOTopuS ee cyaseciBeHHo ynpoaHaei, HCKasaaei AaabHeflay» naacTaaecKyB 
Ęetyo-puauja!) b stom yaacixe a nepe^aei ee Apyroay, hto b atore oOecneaaBaez 
pasHOMe^ay» ^e^opaatpK! no acefi axhh6 odpasąa.

Hpa KOHCTpyapoBaHZH cociaBos a paspafiouce Texaoxoraa ycpoaaeHHH TPHn-oia- 
aefi ae 6itao co3Aaao KaKHX xh6o hobhx moacsoM ynpoaHeaaa, SeacTaassaŁHO, npa 
ieaaoBott npoKatKe (HTMO) saaaasezbao aospacTaer aanpaseaae seaeHaa ayciesB- 
*a sa caei pesaoro yBeaaaeaaa «tac*a Aacjtoaanafi, ax ciafiasKaaipiH AHCoepcHaaa 
ynpoHHaBUHMH opasania, yBeaazeaae asaciaaaocTa Aocłaraexca b odpasę o t ynpo<!- 
Heaaa, ubcto MexaaaaecF.aii uy?eu nepepacapc^ejieKaa Baeaaict a baytpehhsx aa- 
np*ut6B«a b oObeue odpa3pa aaa Miesza, npa ero SKcnayaTaijHa.

HaEóoaee aepcneKTBBauwa coacKaac bosmoshhoc nyieB xoia da aactazaoro npe- 
oAoaeBaa npoTHBOpeaaa aestAy npoaaocTb» a naacTaaaocTbD cnaasoB, aoryt 6arb 
aosae paspaSosua KomseKCHHX peffieaaB (no npHMepy TPHII-ciajieg), coaeTaonax 
tte?a£U!0$H3HHecxBe (cspyaiypaae) aootesshhjs c uexaHHnecEaua. Jludae bobub pe- 
Beaaa dy^y* Kaadejsee yoneHauMH b cayaae cosAanaa hoboB doaee nporpeccHBaofl 
Teopaa Esactaieciio!! Ae$op»taaHHe ynponaeaaa a paspymeHna aeiaioB,

NOWE OSIĄGNIĘCIA W ZAKRESIE ZWIĘKSZENIA WYTRZYMAŁOŚCI 
KONSTRUKCYJNEJ STALI

S t r e s z c z e n i e
Omówiono współczesne kierunki zwiększenia własności wytrzymałościowych 

i odporności na pękanie stali, przez tworzenie stabilnych konfiguracji 
dyslokacyjnych typu komórkowo-poligonalnego, optymalne wydzielanie faz dys
persyjnych oraz wytworzenie ultradrobnoziamistej struktury, szczególnie 
podczas obróbki cieplno-mechanicznej.

Przeanalizowano także własności stali martenzytycznych utwardzanych wy
dzieleniowo oraz oddziaływanie niskotemperaturowej obróbki cieplno-mecha
nicznej w połączeniu z wykorzystaniem efektu nadplastyczności.
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THE NEW DEVELOPEMENTS IN THE DOMAIN OP INCREASING 
THE CONSTRUCTIONAL STEEL STRENGTH

S u m m a r y
The new directions of growth of strength properties and fracture toug

hness of steels hy stable dislocation configurations formation of cellu
lar-polygonal type, dispersional phase precipitation and super-fine-grai
ned structure formation, particularly during thermo-mechanical treatment, 
have been discussed. Also dispersion hardened martensitic steel proper
ties and low temperature thermo-mechanical treatment with overplasticity 
effect utilization have been discussed.


