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Àííîòàöèÿ. Ñòàòüÿ ïîñâÿùåíà âîïðîñàì ñòðóêòóðíîé òåîðèè ïðî÷íîñòè, â ÷àñòíîñòè ðàñ÷åòó
âëèÿíèÿ ëåãèðóþùèõ ýëåìåíòîâ â àóñòåíèòíûõ ñòàëÿõ è ñïëàâàõ íà óðîâåíü òâåðäîðàñòâîðíîãî óï-
ðî÷íåíèÿ, êîòîðîå ÿâëÿåòñÿ îäíèì èç îñíîâíûõ ìåõàíèçìîâ óïðî÷íåíèÿ íàðÿäó ñ äèñëîêàöèîííûì
óïðî÷íåíèåì, çåðíîãðàíè÷íûì, ñóáçåðåííûì è äèñïåðñèîííûì. Ïðîãíîçèðîâàíèå óðîâíÿ óïðî÷-
íåíèÿ â çàâèñèìîñòè îò îñíîâíûõ óïðî÷íÿþùèõ ôàêòîðîâ íà îñíîâå ðàñ÷åòíûõ ìîäåëåé ïîçâîëÿåò
ñâÿçàòü ñòðóêòóðó ìàòåðèàëà ñ ïðåäåëîì òåêó÷åñòè è âÿçêîñòè ðàçðóøåíèÿ êàê îñíîâíûìè ïîêàçà-
òåëÿìè êîíñòðóêöèîííîé ïðî÷íîñòè èçäåëèÿ, à òàêæå ìàêñèìàëüíî ðåàëèçîâûâàòü îñíîâíûå ìåõà-
íèçìû óïðî÷íåíèÿ äëÿ ðàçðàáîòêè íîâûõ ýôôåêòèâíûõ òåõíîëîãèé ñîçäàíèÿ ìàòåðèàëîâ ñ çàäàí-
íûìè ñâîéñòâàìè.
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Abstract

The article deals with the development of the structural theory of strength and design on its basis of
various technological schemes for surface hardening of steels and alloys. The basic principles of dislocation
theory are also presented here, according to which the resistance of real metals to plastic deformation being
expressed by the strength characteristics (yield strength σ t and tensile strength σ v), is higher, the lower
the dislocation mobility is, i.e. the more barriers are in its path. On the other hand, the ductility and toughness
of metals are being reduced herewith, leading to the brittle fracture as the result of the possible initiation
and progressive development of a crack. Hardening of real metallic materials is being considered as the result
of the dislocations interaction with a certain combination of several types of obstacles, or as a combined
effect of several structural mechanisms, namely hardening by interstitial or substitutional atoms (solid solution
hardening), hardening by grain and subgrain boundaries, hardening by dislocations, and hardening by dispersed
particles. Contribution of these mechanisms to the overall hardening may vary greatly depending on the
class, brand of metallic material, as well as on the technology employed. The approximation of linear additivity
of various mechanisms is generally accepted and confirmed by the concurrence of calculated and experimental
results for certain classes of steels.

This article adduces a calculation of the of the alloying elements impact in austenitic steels and alloys
on the level of solid solution hardening, which is the predominant mechanism of structural strengthening
in this class of austenitic steels while nitriding. It is worth noting that nitriding is one of the most widespread
chemical-thermal treatment processes in mechanical engineering. The structural strengthening while formation
solid solutions forming occurs due to the deceleration and blocking of dislocations by atoms of the dissolved
element owing to the Cottrell atmospheres formation, which increase the stress required for dislocation glide,
i.e., cause hardening. Hardening level prediction based on computational models allows associating the
material structure with the yield strength and fracture toughness as the main indicators of the structural
strength of a product, as well as maximally implementing the main of hardening mechanisms order to develop
new effective technologies for creating materials with desired properties.

Keywords: dislocations, hardening, solid solution, nitrogen activity coefficient, alloying, yield strength
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Ââåäåíèå

Äëÿ ïîâûøåíèÿ ýêñïëóàòàöèîííîé ïðî÷íî-
ñòè èçäåëèé èç ñòàëåé è ñïëàâîâ èñïîëüçóþòñÿ
óïðî÷íÿþùèå òåõíîëîãèè, êîòîðûå îáåñïå÷èâàþò
ôîðìèðîâàíèå îïòèìàëüíûõ ñòðóêòóð äëÿ òðåáó-
åìîãî óðîâíÿ íàäåæíîñòè è äîëãîâå÷íîñòè êîí-
ñòðóêöèè.

Â ñîîòâåòñòâèè ñ òðàäèöèîííûìè ïðåäñòàâ-
ëåíèÿìè, óïðî÷íåíèå ñïëàâîâ âûçâàíî òîðìîæå-
íèåì äèñëîêàöèé íà ñòðóêòóðíûõ ïðåïÿòñòâèÿõ,
ê êîòîðûì îòíîñÿòñÿ ïîñòîðîííèå àòîìû, äèñ-
ïåðñíûå ÷àñòèöû, ãðàíèöû çåðåí è ò.ï. [1—3]. Â
ñâÿçè ñ ýòèì äëÿ óïðî÷íåíèÿ ìåòàëëîâ è ñïëàâîâ
ïðèìåíÿþòñÿ øèðîêî èçâåñòíûå ñïîñîáû âîçäåé-
ñòâèÿ íà ñòðóêòóðó: îáúåìíîå èëè ïîâåðõíîñòíîå

ëåãèðîâàíèå (íàïðèìåð, ìåòîäàìè õèìèêî-òåð-
ìè÷åñêîé îáðàáîòêè), óâåëè÷åíèå ïëîòíîñòè
äèñëîêàöèé ïóòåì íàêëåïà, èçìåëü÷åíèå çåðíà è
ñîçäàíèå ÿ÷åèñòîé ñóáñòðóêòóðû, âûäåëåíèå óï-
ðî÷íÿþùèõ ôàç (äèñïåðñèîííîå òâåðäåíèå) â
ðåçóëüòàòå ôàçîâûõ ïðåâðàùåíèé.

Òàêèì îáðàçîì, äëÿ ïîâûøåíèÿ ïðî÷íîñòíûõ
ñâîéñòâ ñïëàâîâ íåîáõîäèìà ðàçðàáîòêà óïðî÷-
íÿþùèõ òåõíîëîãèé, îáåñïå÷èâàþùèõ ôîðìèðî-
âàíèå òàêîãî ñòðóêòóðíîãî ñîñòîÿíèÿ ìàòåðèàëà,
ïðè êîòîðîì ìàêñèìàëüíî ðåàëèçóþòñÿ îñíîâíûå
ïðèíöèïû äèñëîêàöèîííîé òåîðèè óïðî÷íåíèÿ.

Îäíèì èç ñïîñîáîâ ïîâûøåíèÿ ïðî÷íîñòè
ìåòàëëîâ ñîãëàñíî äèñëîêàöèîííîé òåîðèè ÿâëÿ-
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åòñÿ òâåðäîðàñòâîðíîå óïðî÷íåíèå, ïðîèñõîäÿùåå
ïðè ëåãèðîâàíèè. Åãî ìåõàíèçì îáóñëîâëåí âçà-
èìîäåéñòâèåì äèñëîêàöèé ñ àòîìàìè ëåãèðóþ-
ùèõ ýëåìåíòîâ, êîòîðûå ñîçäàþò èñêàæåíèÿ â ðå-
øåòêå ìåòàëëà. Äèñëîêàöèè òàêæå ìîãóò îêàçàòü-
ñÿ çàáëîêèðîâàííûìè àòîìàìè ðàñòâîðåííîãî
ýëåìåíòà âñëåäñòâèå îáðàçîâàíèÿ àòìîñôåð [4, 5].

Êðîìå òîãî, ñîïðîòèâëåíèå ïëàñòè÷åñêîìó
òå÷åíèþ ìîæåò âîçðàñòàòü èç-çà óâåëè÷åíèÿ ñèëû
òðåíèÿ ïîïåðå÷íîãî ñêîëüæåíèÿ äèñëîêàöèè ïðè
îáõîäå ðàñòâîðåííûõ àòîìîâ, à òàêæå óìåíüøå-
íèÿ ýíåðãèè äåôåêòîâ óïàêîâêè ïðè ëåãèðîâà-
íèè. Ê ýëåìåíòàì, ñíèæàþùèì ýíåðãèþ äåôåê-
òîâ óïàêîâêè â α -Få, îòíîñÿòñÿ êðåìíèé, ôîñ-
ôîð, ìîëèáäåí, âàíàäèé, êîáàëüò, ò.å. â áîëüøèí-
ñòâå ñâîåì ýëåìåíòû, ñòàáèëèçèðóþùèå ôåððèò.
Â γ -Få (àóñòåíèòå) ïî÷òè âñå ëåãèðóþùèå ýëå-

ìåíòû óìåíüøàþò ýíåðãèþ äåôåêòîâ óïàêîâêè,
êðîìå íèêåëÿ è ìåäè.

Èçâåñòíî, ÷òî àòîìû âíåäðåíèÿ (íàïðèìåð,
óãëåðîä è àçîò) íà äâà ïîðÿäêà ýôôåêòèâíåå óï-
ðî÷íÿþò òâåðäûé ðàñòâîð, ÷åì àòîìû çàìåùåíèÿ,
òàê êàê îáëàäàþò áîëüøåé âåëè÷èíîé ïàðàìåò-
ðà ðàçìåðíîãî íåñîîòâåòñòâèÿ ñ áîëüøèíñòâîì
ìåòàëëîâ. Ïðåèìóùåñòâî àçîòà äëÿ óïðî÷íåíèÿ
àóñòåíèòíûõ ñòàëåé çàêëþ÷àåòñÿ â äîñòàòî÷íî
âûñîêîé ðàñòâîðèìîñòè åãî â γ -æåëåçå; ïî ñðàâ-

íåíèþ ñ óãëåðîäîì àçîò îêàçûâàåò ìåíåå îòðè-
öàòåëüíîå âëèÿíèå íà ìåæêðèñòàëëèòíóþ êîððî-
çèþ. Àçîò ÿâëÿåòñÿ γ -ñòàáèëèçàòîðîì: îí óâåëè-

÷èâàåò óñòîé÷èâîñòü àóñòåíèòà â õðîìîíèêåëåâûõ
ñòàëÿõ, ÷òî ñíèæàåò èõ ñêëîííîñòü ê îáðàçîâà-

íèþ δ -ôåððèòà [6—9].

Àçîò, êàê ýëåìåíò, ýôôåêòèâíî óïðî÷íÿþùèé
òâåðäûé ðàñòâîð, àêòèâíî èñïîëüçóåòñÿ äëÿ ôîð-
ìèðîâàíèÿ àçîòîñîäåðæàùèõ ñòàëåé ìåòàëëóðãè-
÷åñêèìè ñïîñîáàìè ëåãèðîâàíèÿ [10—12]. Îãðà-
íè÷åííûå âîçìîæíîñòè äëÿ ââåäåíèÿ àçîòà ÷åðåç
æèäêóþ ôàçó âñëåäñòâèå åãî ìàëîé ðàñòâîðèìî-
ñòè ìîãóò áûòü ðàñøèðåíû ïðèìåíåíèåì ïîâåð-
õíîñòíîãî ëåãèðîâàíèÿ ãîòîâîãî èçäåëèÿ ìåòîäà-
ìè àçîòèðîâàíèÿ. Äëÿ ïðåäîòâðàùåíèÿ îáðàçî-
âàíèÿ íèòðèäíûõ âûäåëåíèé â êîððîçèîííî-
ñòîéêèõ õðîìîíèêåëåâûõ ñòàëÿõ ïðèìåíÿþòñÿ
ðàçëè÷íûå òåõíîëîãè÷åñêèå âàðèàíòû àçîòèðîâà-
íèÿ íà òâåðäûé ðàñòâîð [13—17].

Ïðè íàëè÷èè â ñïëàâå ëåãèðóþùèõ ýëåìåí-
òîâ èç ãðóïïû ïåðåõîäíûõ ìåòàëëîâ (Ñr, Ìî, W,
V, Òi) ðàñòâîðèìîñòü àçîòà â òâåðäîì æåëåçå çíà-
÷èòåëüíî ïîâûøàåòñÿ, ïîýòîìó ýôôåêò òâåðäî-
ðàñòâîðíîãî óïðî÷íåíèÿ óâåëè÷èâàåòñÿ äëÿ âû-
ñîêîëåãèðîâàííûõ ñòàëåé.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ
êîëè÷åñòâåííàÿ îöåíêà âëèÿíèÿ ëåãèðóþùèõ
ýëåìåíòîâ â àóñòåíèòíûõ ñòàëÿõ è ñïëàâàõ íà
óðîâåíü òâåðäîðàñòâîðíîãî óïðî÷íåíèÿ àçîòîì.

Ìåòîäèêà èññëåäîâàíèÿ

Äëÿ êîëè÷åñòâåííîé îöåíêè òâåðäîðàñòâîð-
íîãî óïðî÷íåíèÿ èñïîëüçîâàíû ñîîòíîøåíèÿ
ìåæäó ïðèðîñòîì ïðåäåëà òåêó÷åñòè óïðî÷íåííî-
ãî ñïëàâà è åãî èíäèâèäóàëüíûìè ïàðàìåòðàìè.
Ñîãëàñíî òåîðèè Ìîòòà è Íàáàððî [1], âîçíèêà-
þùåå â ðåøåòêå íàïðÿæåíèå îò ðàñòâîðåííûõ
àòîìîâ çàâèñèò îò ðàçëè÷èé â ðàçìåðàõ àòîìîâ
ðàñòâîðèòåëÿ è ðàñòâîðåííîãî ýëåìåíòà è ïðî-
ïîðöèîíàëüíî êîíöåíòðàöèè ðàñòâîðåííîãî ýëå-
ìåíòà ÑL.

Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òî óïðî÷íåíèå
ìíîãèõ òâåðäûõ ðàñòâîðîâ çàìåùåíèÿ â α -æåëå-
çå, â òîì ÷èñëå ïðè îáðàçîâàíèè ëåãèðîâàííîãî
àóñòåíèòà, óäîâëåòâîðèòåëüíî îïèñûâàåòñÿ â
ïðèáëèæåíèè ëèíåéíîé çàâèñèìîñòè íàïðÿæå-

íèÿ òå÷åíèÿ ò.ðΔτ  îò êîíöåíòðàöèè ëåãèðóþùå-

ãî ýëåìåíòà. Òàêèì îáðàçîì, äëÿ ðàçáàâëåííûõ
òâåðäûõ ðàñòâîðîâ, êîòîðûìè ÿâëÿþòñÿ áîëü-
øèíñòâî êîíñòðóêöèîííûõ ñòàëåé, äëÿ îöåíêè

âîçíèêàþùåãî íàïðÿæåíèÿ â ðåøåòêå ò.ðΔτ  ìîæ-

íî ïîëüçîâàòüñÿ âûðàæåíèåì

2
ò.ð ,r LG CΔτ δ=                        (1)

ãäå rδ  – ïàðàìåòð ðàçìåðíîãî íåñîîòâåòñòâèÿ,

âûðàæåííûé ÷åðåç àòîìíûå ðàäèóñû ìàòðè÷íî-
ãî ìåòàëëà rì è ðàñòâîðåííîãî ýëåìåíòà rð:

ð ì

ì

.r

r r

r
δ

-
=                        (2)

Ïðèðîñò ïðåäåëà òåêó÷åñòè ëåãèðîâàííîãî
æåëåçà ïðè òâåðäîðàñòâîðíîì óïðî÷íåíèè àçîòîì
ïðîïîðöèîíàëåí ðàñòâîðèìîñòè àçîòà â ñïëàâå

L
NC  è ìîæåò áûòü âûðàæåí ôîðìóëîé:

ò.ð ,N L
N Nk CΔσ =                       (3)

ãäå kN — êîýôôèöèåíò òâåðäîðàñòâîðíîãî óïðî÷-
íåíèÿ àçîòîì.

Äëÿ îïðåäåëåíèÿ ðàñòâîðèìîñòè àçîòà â äâîé-
íûõ ñïëàâàõ Fe-ËÝ (ëåãèðóþùèé ýëåìåíò) â çà-
âèñèìîñòè îò êîíöåíòðàöèè ëåãèðóþùèõ ýëåìåí-
òîâ ìîæíî âîñïîëüçîâàòüñÿ êîýôôèöèåíòîì àê-
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òèâíîñòè àçîòà N
Lγ , êîòîðûé ïîêàçûâàåò, âî

ñêîëüêî ðàç êîíöåíòðàöèÿ àçîòà â ëåãèðîâàííîì

ñïëàâå L
NC  áîëüøå, ÷åì êîíöåíòðàöèÿ àçîòà â ÷è-

ñòîì æåëåçå 0
NC .

Ìåòîäèêà ðàñ÷åòà ó÷èòûâàåò, ÷òî íåêîòîðûå
ëåãèðóþùèå ýëåìåíòû (V, Òi, Ñr) ïðè âçàèìîäåé-
ñòâèè ñ àçîòîì îáðàçóþò íèòðèäû, âñëåäñòâèå
÷åãî èõ êîíöåíòðàöèÿ â òâåðäîì ðàñòâîðå ñóùå-
ñòâåííî óìåíüøàåòñÿ. Ïîïðàâêà íà ïåðåðàñïðå-
äåëåíèå àçîòà ìåæäó ðàñòâîðîì è íèòðèäíûìè
ôàçàìè äàåò âûðàæåíèå [17]

ò.ð (1 ),N L
N N L Lk C k CΔσ ξ= - -            (4)

ãäå ( )1LC ξ-  — êîíöåíòðàöèÿ ëåãèðóþùåãî ýëå-

ìåíòà, ñâÿçàííîãî â íèòðèäû; ξ  – êîýôôèöèåíò

ïåðåðàñïðåäåëåíèÿ íèòðèäîîáðàçóþùåãî ýëåìåí-
òà.

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ kN â ôîðìó-
ëå (4) èñïîëüçîâàëè âûðàæåíèå

2,N rk АmGd=                       (5)

ãäå À ≈ 0,04 – êîýôôèöèåíò ïåðåâîäà èç àòîìíîé
êîíöåíòðàöèè àçîòà â âåñîâóþ; m = 3,1 – îðèåí-
òàöèîííûé ìíîæèòåëü Òåéëîðà äëÿ ãðàíåöåíòðè-
ðîâàííîé êóáè÷åñêîé ðåøåòêè; G – ìîäóëü ñäâè-
ãà ìåòàëëà.

Ïðåäåë òåêó÷åñòè ñïëàâîâ, óïðî÷íåííûõ ðà-
ñòâîðåííûì àçîòîì, îöåíèâàåòñÿ êàê

ò 0 ò.ð,Nσ σ Δσ= +                     (6)

ãäå 0σ  – ïðåäåë òåêó÷åñòè ñïëàâà, íå ñîäåðæà-

ùåãî àçîò.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Êàê ñëåäóåò èç ðàñ÷åòîâ, íàèáîëåå ñèëüíî àçîò
óïðî÷íÿåò òâåðäûé ðàñòâîð â äâîéíûõ ñïëàâàõ
Få-V, Få-Òi è Få-Cr.

Àçîò ýôôåêòèâíî óïðî÷íÿåò íåðæàâåþùèå
õðîìîíèêåëåâûå ñòàëè: ïðè ïîâûøåíèè åãî êîí-
öåíòðàöèè îò 0,25%N äî 0,5%N ïðîèñõîäèò äâó-
êðàòíîå óâåëè÷åíèå èõ ïðåäåëà òåêó÷åñòè. Îäíàêî
÷òîáû äîñòè÷ü òàêîé êîíöåíòðàöèè àçîòà â àóñ-
òåíèòå, íåîáõîäèìî íàëè÷èå â òâåðäîì ðàñòâîðå
ýëåìåíòîâ, ðàñòâîðèìîñòü êîòîðûõ ïîâûøàåò ðà-
ñòâîðèìîñòü àçîòà.

Õðîì è íèêåëü îêàçûâàþò ñóùåñòâåííîå âëè-
ÿíèå íà ðàñòâîðèìîñòü àçîòà â â àóñòåíèòíûõ

ñòàëÿõ. Èçìåíåíèå ðàñòâîðèìîñòè àçîòà â çàâèñè-
ìîñòè îò êîíöåíòðàöèè ëåãèðóþùèõ ýëåìåíòîâ â
äâîéíûõ è òðîéíûõ ñïëàâàõ õàðàêòåðèçóåòñÿ êî-

ýôôèöèåíòàìè àêòèâíîñòè àçîòà N
Lγ  [18—20].

Ðåçóëüòàòû ðàñ÷åòà ïîêàçûâàþò, ÷òî ïàðàìåòð

Crlg Nγ  ëèíåéíî çàâèñèò îò ñîäåðæàíèÿ õðîìà â

ñïëàâàõ íà Ni- è Fe-Ni-îñíîâå. Ïîëó÷åííûå óðàâ-
íåíèÿ ðåãðåññèè îïèñûâàþò ðàñ÷åòíûå çàâèñè-
ìîñòè ñ âûñîêîé äîñòîâåðíîñòüþ àïïðîêñèìàöèè
(ðèñ. 1).

Íàïðèìåð, ïðè òåìïåðàòóðå 800 °C ñ óâåëè-
÷åíèåì ñîäåðæàíèÿ õðîìà â íèêåëåâîé ìàòðèöå
îò 25 äî 40% ðàñòâîðèìîñòü àçîòà óâåëè÷èâàåò-
ñÿ îò 0,15 äî 0,65% ïî ìàññå.

Â ñïëàâàõ ñèñòåìû Fe-Ni-Cr-N çàâèñèìîñòü
êîýôôèöèåíòà àêòèâíîñòè îò ñîäåðæàíèÿ íèêåëÿ
áëèçêà ê ïàðàáîëè÷åñêîé (â äèàïàçîíå êîíöåí-
òðàöèé 20—40%Ni) (ðèñ. 2). Òàê, ïðè òåìïåðàòóðå

1000 °Ñ ïîâûøåíèå êîíöåíòðàöèè íèêåëÿ ñ
20%Ni äî 30%Ni ñíèæàåò ðàñòâîðèìîñòü àçîòà â
ñïëàâå, ñîäåðæàùåì 35%Ñr, ñ 0,57%N äî 0,32%N
(ïî ìàññå).

Îïðåäåëåíû êîýôôèöèåíòû òâåðäîðàñòâîðíî-
ãî óïðî÷íåíèÿ àçîòîì äëÿ ðàñ÷åòà ïðåäåëà òåêó-
÷åñòè ïî âûðàæåíèþ (3): kN = 1650 äëÿ ñïëàâîâ
íà íèêåëåâîé îñíîâå è kN = 1820 äëÿ ñïëàâîâ íà
æåëåçîíèêåëåâîé îñíîâå. Ðåçóëüòàòû ðàñ÷åòà
òâåðäîðàñòâîðíîãî óïðî÷íåíèÿ àçîòîì äëÿ àóñ-
òåíèòíîé ñòàëè òèïà 18%Cr/10%Ni ïðèâåäåíû íà
ðèñ. 3. Îöåíî÷íûå ïàðàìåòðû óïðî÷íåíèÿ óäîâ-
ëåòâîðèòåëüíî êîððåëèðóþò ñî çíà÷åíèÿìè ïðå-
äåëîâ òåêó÷åñòè àçîòîñîäåðæàùèõ è àçîòèðîâàí-
íûõ àóñòåíèòíûõ ñòàëåé ïîäîáíîãî êëàññè÷åñêî-
ãî ñîñòàâà ïðè íåáîëüøèõ êîíöåíòðàöèÿõ àçîòà
(äî 0,2—0,25%N). Çàâèñèìîñòü ïðåäåëà òåêó÷åñòè
îò ñîäåðæàíèÿ àçîòà ïðè áîëåå âûñîêèõ åãî êîí-
öåíòðàöèÿõ áîëüøå îòâå÷àåò ñîîòíîøåíèþ

1/2
Ò N~ÑΔσ  (ïîêàçàíî ïóíêòèðîì íà ðèñ. 3).

Âûâîäû

1. Ïðåäëîæåííàÿ ìåòîäèêà êîëè÷åñòâåííîé
îöåíêè âëèÿíèÿ ëåãèðóþùèõ ýëåìåíòîâ íà ïðè-
ðîñò ïðåäåëà òåêó÷åñòè àóñòåíèòíûõ ñòàëåé è
ñïëàâîâ, ëåãèðîâàííûõ àçîòîì, ïîçâîëÿåò ïðî-
ãíîçèðîâàòü óðîâåíü òâåðäîðàñòâîðíîãî óïðî÷íå-
íèÿ è ðåãóëèðîâàòü ñîäåðæàíèå ýëåìåíòîâ â ñïëà-
âå (íàïðèìåð, õðîìà è íèêåëÿ) äëÿ ïîëó÷åíèÿ çà-
äàííîãî óðîâíÿ ïðî÷íîñòè.

2. Ñîãëàñíî ðàñ÷åòó, â àóñòåíèòíûõ ñïëàâàõ íà
íèêåëåâîé è æåëåçîíèêåëåâîé îñíîâå ïîâûøåíèå
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Ðèñ. 1. Ðàñ÷åòíûå çàâèñèìîñòè êîýôôèöèåíòîâ àêòèâíîñòè àçîòà â àóñòåíèòå îò êîíöåíòðàöèè õðîìà: 1 – ñïëàâ

Fe-25%Ni-Cr, t = 1000 °C; 2 – ñïëàâ Ni-Cr, t = 800 °C; 3 – cïëàâ Ni-Cr, t = 1150 °C

Ðèñ. 2. Çàâèñèìîñòü êîýôôèöèåíòà àêòèâíîñòè àçîòà îò êîíöåíòðàöèè íèêåëÿ â ñòàëÿõ Fe-Ni-35%Cr ïðè t = 1000 °Ñ
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ñîäåðæàíèÿ õðîìà óâåëè÷èâàåò óðîâåíü òâåðäî-
ðàñòâîðíîãî óïðî÷íåíèÿ àçîòîì âñëåäñòâèå ïî-
âûøåíèÿ åãî ðàñòâîðèìîñòè. Ïîâûøåíèå êîí-
öåíòðàöèè íèêåëÿ, âûçûâàÿ óìåíüøåíèå ðàñòâî-
ðèìîñòè àçîòà â æåëåçå, íàîáîðîò, ñíèæàåò óðî-
âåíü óïðî÷íåíèÿ àçîòîì òâåðäîãî ðàñòâîðà.
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