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Ïðåäñòàâëåíû ðåçóëüòàòû ñðàâíåíèÿ ðåæèìîâ, ïàðàìåòðîâ è ñðåäñòâ ïðè ðàäèîãðàôè-

÷åñêîì êîíòðîëå ñâàðíûõ ñîåäèíåíèé îòâåòñòâåííîãî íàçíà÷åíèÿ ñ èñïîëüçîâàíèåì ðîñ-

ñèéñêîãî (ÃÎÑÒ) è ìåæäóíàðîäíîãî (ISO) ñòàíäàðòîâ. Ñðàâíåíèå ïðîâîäèëè ïî òàêèì

ïàðàìåòðàì, êàê ÷óâñòâèòåëüíîñòü è ïðîèçâîäèòåëüíîñòü êîíòðîëÿ, äîïóñòèìàÿ ýíåðãèÿ

èçëó÷åíèÿ (âëèÿåò íà ôîðìèðîâàíèå êîíòðàñòà ðàäèàöèîííîãî èçîáðàæåíèÿ) è ìèíèìàëü-

íîå ôîêóñíîå ðàññòîÿíèå (îïðåäåëÿåò ÷åòêîñòü ïîëó÷àåìîãî îïòè÷åñêîãî èçîáðàæåíèÿ).

Óñòàíîâèëè, ÷òî â ñèñòåìå ISO òðåáîâàíèÿ ïî ÷óâñòâèòåëüíîñòè âûøå. Ïðè ýòîì îíà îöå-

íèâàåòñÿ ñ èñïîëüçîâàíèåì ïðîâîëî÷íîãî èíäèêàòîðà, ðàçìåðû ýëåìåíòîâ êîòîðîãî ìåíü-

øå, ÷åì ðàçìåðû êàíàâîê êàíàâî÷íîãî ýòàëîíà ÷óâñòâèòåëüíîñòè, ðåãëàìåíòèðîâàííîãî

ÃÎÑÒ. Ïî âûáîðó ýíåðãèè èçëó÷åíèÿ â ñèñòåìå ÃÎÑÒ òðåáîâàíèÿ ñòðîæå, ÷åì ïî ISO. Ýòî

îáåñïå÷èâàåò ïîâûøåííóþ êîíòðàñòíîñòü ôîðìèðóåìîãî ðàäèàöèîííîãî èçîáðàæåíèÿ.

Ïðåîáðàçîâàíèå ðàäèàöèîííîãî èçîáðàæåíèÿ â îïòè÷åñêîå ïî ñèñòåìå ISO îñóùåñòâëÿåòñÿ

ñ èñïîëüçîâàíèåì ïëåíî÷íûõ ñèñòåì âûñîêîãî êëàññà îïòè÷åñêîé ïëîòíîñòè. Êàê ñëåäñò-

âèå, èçîáðàæåíèå ïðåîáðàçîâûâàåòñÿ â îáëàñòè áîëüøèõ ãðàäèåíòîâ. Ïî ÃÎÑÒ òðåáîâàíèå

ïî ïëåíî÷íûì ñèñòåìàì îòñóòñòâóåò, ïîñêîëüêó íà ðûíêå ïðåäñòàâëåíà îòå÷åñòâåííàÿ

ïëåíêà ëèøü îäíîãî êëàññà. Ïî ìèíèìàëüíî äîïóñòèìîìó ôîêóñíîìó ðàññòîÿíèþ òðåáîâà-

íèÿ ïî ðîññèéñêîìó ñòàíäàðòó âûøå, ÷òî äàåò âîçìîæíîñòü ïîëó÷àòü ëó÷øóþ, ÷åì ïî ISO,

÷åòêîñòü ðàäèîãðàôè÷åñêèõ ñíèìêîâ. Ïðîèçâîäèòåëüíîñòü êîíòðîëÿ ïî ÃÎÑÒ òàêæå ïðå-

âûøàåò àíàëîãè÷íûé ïîêàçàòåëü ïî ISO. Â èòîãå ìîæíî çàêëþ÷èòü, ÷òî íåñìîòðÿ íà ðÿä

îòëè÷èé, îáå ñèñòåìû ñòàíäàðòîâ ãàðàíòèðîâàííî ïîçâîëÿþò îáíàðóæèâàòü íåäîïóñòèìûå

äåôåêòû, îäíàêî êîíòðîëèðîâàòü ñâàðíûå ñîåäèíåíèÿ ñëåäóåò ñ èñïîëüçîâàíèåì âñåãî êîì-

ïëåêñà ïðèíÿòûõ íîðìàòèâîâ.

Êëþ÷åâûå ñëîâà: ðàäèîãðàôè÷åñêèé êîíòðîëü; ÷óâñòâèòåëüíîñòü; èíäèêàòîðû êà÷åñòâà

èçîáðàæåíèÿ; ýòàëîíû ÷óâñòâèòåëüíîñòè; ðàäèàöèîííûé è îïòè÷åñêèé êîíòðàñò; ãåîìåò-

ðè÷åñêàÿ íåðåçêîñòü.
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The results of comparative analysis of assessing modes, parameters and means of radiographic control of

welded joints of critical duty using the Russian (GOST) and international (ISO) standards are presented.

Comparison was carried out by the sensitivity of control, permissible radiation energy (affecting the for-

mation of the contrast of the radiation image), and minimum focal length (determining the sharpness of

the resulting optical image). Requirements of the ISO system for the sensitivity of control are higher, than

that of the State standard specification system. The sensitivity assessment in the ISO system is carried

out using the wire indicator, the dimensions of which are smaller than the dimensions of the grooves of the

groove sensitivity standard, regulated by GOST. However, the choice of the radiation energy in the system

requirements GOST is stricter than that in the ISO system. This provides enhanced contrast of the gener-

ated radiation image. The conversion of the radiation image into an optical one using the ISO system is

carried out using film systems of a high optical density. According to the ISO requirements transformation

of the radiation image to the optical one is to be carried out using film systems of the certain class. And, as

a result, transformation of the radiation image to the optical occurs in the field of high gradients. GOST

imposes no requirement to film systems, since there is the only one class of domestic film on the market.
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The requirements to the minimum allowable focal length (GOST) are higher compared to the ISO system,

which makes it possible to obtain better sharpness of radiographic images. Performance monitoring ac-

cording to GOST also exceeds that of ISO. As a result, we can conclude that the quality welded joints

should be monitored using the complete set of the accepted standards.

Keywords: radiographic control; sensitivity; image quality indicators; sensitivity standards; radiation

and optical contrast; geometrical haziness.

Ââåäåíèå

Áåçîïàñíîñòü ýêñïëóàòàöèè àâèàöèîííîé

òåõíèêè îïðåäåëÿåòñÿ îòñóòñòâèåì äåôåêòîâ â åå

óçëàõ è äåòàëÿõ [1, 2]. Ïîñêîëüêó íåâîçìîæíî

ñîçäàòü àáñîëþòíî áåçäåôåêòíóþ ïðîäóêöèþ,

îñîáî îòâåòñòâåííûå èçäåëèÿ ïîäâåðãàþò ïîëíî-

ìó êîíòðîëþ. Ïðè ýòîì, êàê ïðàâèëî, èñïîëüçóþò

íåðàçðóøàþùèå ìåòîäû, ñðåäè êîòîðûõ øèðîêî

ðàñïðîñòðàíåí ðåíòãåíîãðàôè÷åñêèé êîíòðîëü

[3, 4].

Âûÿâëÿåìîñòü äåôåêòîâ ðåíòãåíîãðàôè÷å-

ñêèì ìåòîäîì â áîëüøîé ñòåïåíè çàâèñèò îò ðå-

æèìîâ, ïàðàìåòðîâ è ïðèìåíÿåìûõ ñðåäñòâ êîí-

òðîëÿ. Âìåñòå ñ òåì ñóùåñòâóþùàÿ ñèñòåìà ñòàí-

äàðòîâ ïî ðàäèàöèîííûì ìåòîäàì íåðàçðóøà-

þùåãî êîíòðîëÿ (ÍÊ) â íàñòîÿùåå âðåìÿ òðåáóåò

äàëüíåéøåãî ñîâåðøåíñòâîâàíèÿ, â òîì ÷èñëå è

ïîòîìó, ÷òî ñóùåñòâåííî ïîâûñèëèñü òðåáîâàíèÿ

ê êà÷åñòâó âûïóñêàåìîé ïðîäóêöèè [5].

Ñåé÷àñ â Ðîññèè äåéñòâóåò ñèñòåìà ãîñóäàð-

ñòâåííûõ ñòàíäàðòîâ ïî ðàäèàöèîííîìó êîíòðî-

ëþ ñâàðíûõ ñîåäèíåíèé [7 – 9]. Ïðåäóñìîòðåíî

ââåäåíèå â äåéñòâèå ìåæäóíàðîäíîãî ñòàíäàðòà

ISO 17636-1–2017 [6].

Öåëü ðàáîòû — ñðàâíåíèå ðåãëàìåíòîâ ðà-

äèîãðàôè÷åñêîãî êîíòðîëÿ îòâåòñòâåííûõ èçäå-

ëèé (àâèàöèîííîé òåõíèêè, âêëþ÷àÿ óçëû è àãðå-

ãàòû àâèàöèîííûõ äâèãàòåëåé, è äð.) ïî ñèñòå-

ìàì ÃÎÑÒ è ISO.

Ñðàâíåíèå ðåæèìîâ, ïàðàìåòðîâ

è ñðåäñòâ êîíòðîëÿ

Êà÷åñòâî ðàäèîãðàôè÷åñêîãî êîíòðîëÿ çà-

âèñèò îò åãî ÷óâñòâèòåëüíîñòè — ìèíèìàëüíîãî

äåôåêòà, âèäèìîãî íà ñíèìêå. Ïî âåëè÷èíå äî-

ïóñòèìîãî äåôåêòà â ñèñòåìå ÃÎÑÒ ðåãëàìåíòè-

ðîâàíû òðè êëàññà ÷óâñòâèòåëüíîñòè. Êîíòðîëü

ïî 1-ìó êëàññó òðåáóåò íàèáîëüøåé ÷óâñòâèòåëü-

íîñòè è ðàñïðîñòðàíÿåòñÿ íà îáúåêòû îòâåò-

ñòâåííîãî íàçíà÷åíèÿ. Â ñèñòåìå ISO êà÷åñòâî

ðåãëàìåíòèðîâàíî äâóìÿ êëàññàìè: A è B (ïî

êëàññó B êîíòðîëèðóþò îñîáî îòâåòñòâåííûå èç-

äåëèÿ, âñå îñòàëüíûå — ïî êëàññó A). Äëÿ îöåíêè

÷óâñòâèòåëüíîñòè â ñèñòåìå ÃÎÑÒ èñïîëüçóþò

ýòàëîíû ÷óâñòâèòåëüíîñòè (Ý×), â ISO — èíäèêà-

òîðû êà÷åñòâà èçîáðàæåíèÿ (ÈÊÈ).

Äàëåå ñðàâíèòåëüíûé àíàëèç ðåæèìîâ, ïàðà-

ìåòðîâ è ñðåäñòâ êîíòðîëÿ îáúåêòîâ îòâåòñòâåí-

íîãî íàçíà÷åíèÿ ïðèâåäåí ïî 1-ìó êëàññó (ÃÎÑÒ)

è êëàññó B (ISO) ÷óâñòâèòåëüíîñòè.

Ñõåìà êîíòðîëÿ. Îñíîâíîé äîêóìåíò ïðè

ýêñïîíèðîâàíèè èçäåëèé — òåõíîëîãè÷åñêàÿ

êàðòà êîíòðîëÿ (ÒÊÊ). Åå ðàçðàáîòêó íà÷èíàþò ñ

âûáîðà ñõåìû êîíòðîëÿ — îòíîñèòåëüíîãî ðàñïî-

ëîæåíèÿ èñòî÷íèêà èçëó÷åíèÿ (ÈÈ), îáúåêòà

êîíòðîëÿ (ÎÊ), ðàäèîãðàôè÷åñêîé ïëåíêè è Ý×

(ÈÊÈ) [10].

Íà ðèñ. 1 ïðèâåäåíà ñõåìà êîíòðîëÿ ÎÊ èç

æåëåçà «÷åðåç îäíó ñòåíêó» (ÈÊÈ (Ý×) ðàñïîëî-

æåí ñî ñòîðîíû èñòî÷íèêà èçëó÷åíèÿ).

Äàííûå ïî ÷óâñòâèòåëüíîñòè êîíòðîëÿ ñîåäè-

íåíèé ïî ÃÎÑÒ è ISO ïðèâåäåíû â òàáë. 1.

Àíîäíîå íàïðÿæåíèå. Íà ðèñ. 2 ïðèâåäåíà

çàâèñèìîñòü àíîäíîãî íàïðÿæåíèÿ îò òîëùèíû

ÎÊ âäîëü îñè ïó÷êà èçëó÷åíèÿ. Âèäíî, ÷òî àíîä-

íîå íàïðÿæåíèå ïî ÃÎÑÒ çíà÷èòåëüíî íèæå.

Ýòî çíà÷èò, ÷òî ðàäèàöèîííîå èçîáðàæåíèå, ôîð-

ìèðóåìîå çà ÎÊ ïðè ýêñïîíèðîâàíèè, áóäåò

èìåòü áîëåå âûñîêèé ðàäèàöèîííûé êîíòðàñò Kð,

íàõîäÿùèéñÿ â ïðîïîðöèîíàëüíîé çàâèñèìîñòè

îò ëèíåéíîãî êîýôôèöèåíòà îñëàáëåíèÿ ì [11].

Â òàáë. 2 ïðèâåäåíû çíà÷åíèÿ ìFe â çàâèñèìîñòè

îò àíîäíîãî íàïðÿæåíèÿ äëÿ æåëåçíîãî ÎÊ òîë-

ùèíîé 3 – 20 ìì.

Âèäíî, ÷òî òðåáîâàíèÿ ïî ISO ïðèâîäÿò ê ïî-

òåðå ðàäèàöèîííîãî êîíòðàñòà.

Ôîêóñíîå ðàññòîÿíèå F (ðàññòîÿíèå îò èñòî÷-

íèêà äî ïðåîáðàçîâàòåëÿ — êàññåòû ñ ðàäèîãðà-

ôè÷åñêîé ïëåíêîé) (ñì. ðèñ. 1) îïðåäåëÿåò ãåî-
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Ðèñ. 1. Ñõåìà êîíòðîëÿ: 1 — ÈÈ; 2 — ðåíòãåíîâñêîå èç-

ëó÷åíèå; 3 — ÈÊÈ (Ý×); 4 — ÎÊ; 5 — êàññåòà ñ ðàäèîãðà-

ôè÷åñêîé ïëåíêîé (Ô — ôîêóñíîå ïÿòíî ÈÈ; F, f, a — ðàñ-

ñòîÿíèÿ ÈÈ – ïëåíêà, ÈÈ – ÎÊ è ÎÊ – ïëåíêà)



ìåòðè÷åñêóþ íåðåçêîñòü uã ðàäèàöèîííîãî èçî-

áðàæåíèÿ è ïðîèçâîäèòåëüíîñòü êîíòðîëÿ.

Äëÿ ïîëó÷àåìîãî èçîáðàæåíèÿ
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Ïî ÃÎÑÒ ãåîìåòðè÷åñêàÿ íåðåçêîñòü íå

äîëæíà ïðåâûøàòü ïîëîâèíû ÷óâñòâèòåëüíîñòè

êîíòðîëÿ k. Ó÷èòûâàÿ, ÷òî ìèíèìàëüíîå ôîêóñ-

íîå ðàññòîÿíèå Fmin = fmin + a, ïðè uã = k/2

f
k

a
min

.�

2Ô

Ïî ISO fmin îïðåäåëÿåòñÿ ñîîòíîøåíèåì

fmin/Ô = 15a2/3 è íîìîãðàììîé (ðèñ. 3).

Â òàáë. 3 ïðèâåäåíû çíà÷åíèÿ fmin, ðàññ÷èòàí-

íûå äëÿ òîëùèí ÎÊ 5 – 20 ìì ïðè ýêñïîíèðîâà-

íèè ÈÈ ñ ôîêóñíûì ïÿòíîì Ô = 5,5 ìì.

Âèäíî, ÷òî ïî ÃÎÑÒ ìèíèìàëüíûå ôîêóñíûå

ðàññòîÿíèÿ âûøå, ÷åì ïî ISO, ñëåäîâàòåëüíî, ðà-

äèàöèîííîå èçîáðàæåíèå, ôîðìèðóåìîå ïðè ýêñ-

ïîíèðîâàíèè èçäåëèé ïî ÃÎÑÒ, áóäåò èìåòü

ìåíüøóþ ãåîìåòðè÷åñêóþ íåðåçêîñòü.

Ïðîèçâîäèòåëüíîñòü ýêñïîíèðîâàíèÿ. Ïîëå

êîíòðîëÿ — ïëîùàäü, êîòîðàÿ ïðè ýêñïîíèðîâà-

íèè ïîëó÷àåò îäèíàêîâóþ äîçó èçëó÷åíèÿ. Îíà

ñîîòâåòñòâóåò ïëîùàäè êðóãà äèàìåòðîì D =

= 2F/3 (ðèñ. 4).

ÎÊ äîëæåí ïîëíîñòüþ ðàñïîëàãàòüñÿ â ïîëå

êîíòðîëÿ. Åñëè ÎÊ ïðåâûøàåò ðàçìåðû ïîëÿ, òî

åãî ðàçáèâàþò íà ó÷àñòêè è ïðîâîäÿò èõ ïîñëåäî-

âàòåëüíîå ýêñïîíèðîâàíèå. ×åì áîëüøå ôîêóñ-

íîå ðàññòîÿíèå, òåì áîëüøå ðàçìåð ïîëÿ è ìåíü-

øå êîëè÷åñòâî ó÷àñòêîâ. Ïðè ýòîì

ïðîèçâîäèòåëüíîñòü êîíòðîëÿ âîçðàñòàåò, íå-

ñìîòðÿ íà òî, ÷òî ïðè áîëüøîì ôîêóñíîì ðàññòîÿ-

íèè ïðîäîëæèòåëüíîñòü ýêñïîíèðîâàíèÿ óâåëè-

÷èâàåòñÿ. Âðåìåííûå çàòðàòû íà êîíòðîëü ñêëà-

äûâàþòñÿ èç ñîáñòâåííî ïðîäîëæèòåëüíîñòè ýêñ-

ïîíèðîâàíèÿ týêñï, äëèòåëüíîñòè ïîäãîòîâêè ÎÊ ê

ýêñïîíèðîâàíèþ tïîäã è óñòàíîâêè åãî â ïîëîæå-

íèå ïðîñâå÷èâàíèÿ, à òàêæå óñòàíîâêè îãðàíè÷è-
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Òàáëèöà 1. Àáñîëþòíàÿ ÷óâñòâèòåëüíîñòü, ïî ÃÎÑÒ è

ISO

Ðàäèàöèîííàÿ òîëùèíà

â ìåñòå óñòàíîâêè

Ý× (ÈÊÈ), ìì

Àáñîëþòíàÿ ÷óâñòâèòåëüíîñòü, ìì

ÃÎÑÒ ISO

Äî 1,5 0,1 0,05

1,5 – 2,5 0,1 0,063

2,5 – 4,0 0,1 0,08

4,0 – 6,0 0,1 0,10

6,0 – 8,0 0,2 0,125

8,0 – 12 0,2 0,16

12 – 20 0,3 0,20

20 – 30 0,4 0,25
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Ðèñ. 2. Çàâèñèìîñòü àíîäíîãî íàïðÿæåíèÿ îò òîëùèíû

ÎÊ âäîëü îñè ïó÷êà èçëó÷åíèÿ: 1 — ISO; 2 — ÃÎÑÒ
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Â

min (äëÿ èçäåëèé

êëàññà ), ìì

Ðàññòîÿíèå

ÎÊ – ïëåíêà, ìì

Ðèñ. 3. Íîìîãðàììà äëÿ îïðåäåëåíèÿ f
min

äëÿ èçäåëèé

êëàññà Â (ISO)

Òàáëèöà 2. Çíà÷åíèÿ ëèíåéíîãî êîýôôèöèåíòà îñëàá-

ëåíèÿ ì
Fe

â çàâèñèìîñòè îò àíîäíîãî íàïðÿæåíèÿ

Òîëùè-

íà ÎÊ

èç æå-

ëåçà,

ìì

ÃÎÑÒ ISO

Ìèíèìàëüíîå

çíà÷åíèå

àíîäíîãî íà-

ïðÿæåíèÿ, êÂ

ì
Fe

, ñì–1

Ìèíèìàëüíîå

çíà÷åíèå

àíîäíîãî íà-

ïðÿæåíèÿ, êÂ

ì
Fe

, ñì–1

3 80 9,42 110 6,00

6 120 4,67 150 2,92

9 140 3,25 180 2,20

12 150 2,92 200 1,95

20 200 1,95 280 1,25



òåëüíûõ ìåòîê, çíàêîâ, Ý× (ÈÊÈ), êàññåòû ñ ðà-

äèîãðàôè÷åñêîé ïëåíêîé. Ïðè ðàñ÷åòå òðóäîåì-

êîñòè ïðèíÿòî ñ÷èòàòü, ÷òî tïîäã = (3 – 6)týêñï.

Ñðàâíåíèå ïðîèçâîäèòåëüíîñòè êîíòðîëÿ ïî

ÃÎÑÒ è ISO ïîêàçûâàåò, ÷òî â ïåðâîì ñëó÷àå îíà

âûøå.

Ïëåíî÷íûå ñèñòåìû. Ïëåíî÷íàÿ ñèñòåìà

(ÏÑ) ïî ISO ïðåäñòàâëåíà øåñòüþ êëàññàìè

(Ñ1 – Ñ6): îò âûñîêîé êîíòðàñòíîñòè (Ñ1) äî ïî-

âûøåííîé ÷óâñòâèòåëüíîñòè ê èçëó÷åíèþ (Ñ6).

Ñâîéñòâà ÏÑ îïðåäåëÿþòñÿ çàâèñèìîñòüþ îï-

òè÷åñêîé ïëîòíîñòè îò ëîãàðèôìà äîçû èçëó÷å-

íèÿ — õàðàêòåðèñòè÷åñêîé êðèâîé. Ïðè ýòîì ïî-

êàçàòåëü êîíòðàñòíîñòè ÏÑ (ãðàäèåíò g) — òàí-

ãåíñ óãëà íàêëîíà á õàðàêòåðèñòè÷åñêîé êðèâîé

ê îñè àáñöèññ ïðè çàäàííîé îïòè÷åñêîé ïëîòíî-

ñòè (ðèñ. 5). ×åì âûøå îïòè÷åñêàÿ ïëîòíîñòü, òåì

âûøå g.

Êîíòðàñò îïòè÷åñêîãî èçîáðàæåíèÿ Kî ñâÿçàí

ñ ãðàäèåíòîì ÏÑ g ñîîòíîøåíèåì [12]

Kî = Kðg,

ãäå Kð — êîíòðàñò ðàäèàöèîííîãî èçîáðàæåíèÿ.

Îòñþäà ñëåäóåò, ÷òî èçîáðàæåíèÿ íà ðåíò-

ãåíîãðàììàõ ñ ïîâûøåííîé îïòè÷åñêîé ïëîò-

íîñòüþ îáëàäàþò ëó÷øèì îïòè÷åñêèì êîí-

òðàñòîì, ïîñêîëüêó ãðàäèåíò ÏÑ g ðàñòåò ñ óâå-

ëè÷åíèåì îïòè÷åñêîé ïëîòíîñòè.

Ïî òðåáîâàíèÿì ISO îïòè÷åñêàÿ ïëîòíîñòü

ðàäèîãðàôè÷åñêèõ ñíèìêîâ äîëæíà ñîñòàâëÿòü

íå ìåíåå 2,3 Á. Ïîìèìî ýòîãî, ñòàíäàðò ðåãëà-

ìåíòèðóåò ïðè êîíòðîëå èñïîëüçîâàòü âûñîêî-

êîíòðàñòíûå ÏÑ êëàññîâ Ñ3 è Ñ4 (òàáë. 4) [13].

Ãðàäèåíò ÏÑ ñîñòàâëÿåò: g2,3(C3) = 5,22 è g2,3(C4) =

= 5,22.

ÃÎÑÒ íå ðåãëàìåíòèðóåò êëàññ ÏÑ. Ïðè êîí-

òðîëå âî âñåì äèàïàçîíå àíîäíûõ íàïðÿæåíèé

ïðèìåíÿþò ðàäèîãðàôè÷åñêóþ ïëåíêó ÐÒ5Ä, ñî-

îòâåòñòâóþùóþ êëàññó Ñ4 [14]. Ìèíèìàëüíàÿ äî-

ïóñòèìàÿ îïòè÷åñêàÿ ïëîòíîñòü ðåíòãåíîãðàìì

ñîñòàâëÿåò 1,5 Á, ãðàäèåíò ÏÑ g1,5(C4) = 3,63.

Òàêèì îáðàçîì, ïðè êîíòðîëå ïî ISO äëÿ

êëàññà Ñ3 êîíòðàñò îïòè÷åñêîãî èçîáðàæåíèÿ

âîçðàñòàåò â 1,46, à äëÿ Ñ4 — â 1,41 ðàçà.

40 «Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2019. Òîì 85. ¹ 6

F

D F= 2 /3

Ðèñ. 4. Ïîëå êîíòðîëÿ Ëîãàðèôì îòíîñèòåëüíîé äîçû èçëó÷åíèÿ

Î
ï

ò
è

÷
å
ñ
ê
à
ÿ

ï
ë

î
ò
í

î
ñ
ò
ü
,
Á

4

3

2

1

1,5

2,3

á3 á2 á1

Ðèñ. 5. Õàðàêòåðèñòè÷åñêàÿ êðèâàÿ ðàäèîãðàôè÷åñêîé

ïëåíêè

Òàáëèöà 3. Ìèíèìàëüíîå ðàññòîÿíèå ÈÈ — ÎÊ, ìì, ïî

ÃÎÑÒ è ISO

Òîëùèíà ÎÊ

èç æåëåçà, ìì
ÃÎÑÒ ISO

5 550 225

9 495 350

12 660 425

20 733 600

Òàáëèöà 4. ÏÑ, èñïîëüçóåìûå ïðè ðàäèîãðàôè÷åñêîì

êîíòðîëå ïî ISO

Íàïðÿæåíèå íà ðåíòãå-

íîâñêîé òðóáêå, êÂ

Òîëùèíà ÎÊ

èç æåëåçà, ìì
Êëàññ ÏÑ

Äî 100 Äî 1,0 Ñ3

100 – 150 1,0 – 6,5 Ñ3

150 – 250 6,5 – 18 Ñ4

Òàáëèöà 5. Ðàçìåðû ïðåäåëüíî äîïóñòèìûõ äåôåêòîâ

äëÿ ñâàðíûõ ñîåäèíåíèé

Òîëùèíà

ñâàðèâàå-

ìûõ ýëå-

ìåíòîâ, ìì

Äèàìåòð ïîðû

(âêëþ÷åíèÿ), ìì

Ñóììàðíàÿ äëèíà äå-

ôåêòîâ íà ëþáûå 100 ìì

ñâàðíîãî ñîåäèíåíèÿ, ìì

ÃÎÑÒ ISO ÃÎÑÒ ISO

Äî 3,0 0,2 �0,6 2,0 �3,0

3,0 – 5,0 0,3 0,6 – 1,0 3,0 �3,0

5,0 – 8,0 0,4 1,0 – 1,6 4,0 �3,0

8,0 – 11 0,5 1,6 – 2,2 5,0 �3,0

11 – 14 0,6 2,2 – 2,8 6,0 �3,0

14 – 20 0,8 2,8 – 4,0 8,0 �3,0

20 – 26 1,0 4,0 – 5,2 10,0 �3,0



Äîïóñòèìîñòü äåôåêòîâ. Â òàáë. 5 ïðèâåäå-

íû ðàçìåðû ïðåäåëüíî äîïóñòèìûõ äåôåêòîâ äëÿ

ñâàðíûõ ñîåäèíåíèé ïî ÃÎÑÒ è ISO [15].

Çàêëþ÷åíèå

Ïðîâåäåííûå èññëåäîâàíèÿ ïî ñðàâíåíèþ

ñèñòåì ñòàíäàðòîâ ÃÎÑÒ è ISO ïðè ðàäèîãðà-

ôè÷åñêîì ÍÊ ñâàðíûõ ñîåäèíåíèé îòâåòñòâåí-

íûõ èçäåëèé ïîêàçàëè, ÷òî íåñìîòðÿ íà ðÿä îòëè-

÷èé â âûáîðå ðåæèìîâ, ïàðàìåòðîâ è ñðåäñòâ

êîíòðîëÿ îáå ñèñòåìû áëèçêè è ãàðàíòèðóþò

îáíàðóæåíèå íåäîïóñòèìûõ äåôåêòîâ. Íåîáõî-

äèìî, îäíàêî, îòìåòèòü, ÷òî îñóùåñòâëÿòü ÍÊ

ñëåäóåò ñ ó÷åòîì âñåãî êîìïëåêñà ïðèíÿòûõ íîð-

ìàòèâíûõ äîêóìåíòîâ.

ËÈÒÅÐÀÒÓÐÀ

1. Êàáëîâ Å. Í. Èííîâàöèîííûå ðàçðàáîòêè ÔÃÓÏ «ÂÈÀÌ»

ÃÍÖ ÐÔ ïî ðåàëèçàöèè «Ñòðàòåãè÷åñêèõ íàïðàâëåíèé ðàç-

âèòèÿ ìàòåðèàëîâ è òåõíîëîãèé èõ ïåðåðàáîòêè íà ïåðèîä äî

2030 ãîäà» / Àâèàöèîííûå ìàòåðèàëû è òåõíîëîãèè. 2015.

¹ 1. Ñ. 3 – 33.

2. Êàáëîâ Å. Í. Êëþ÷åâàÿ ïðîáëåìà — ìàòåðèàëû. / Òåíäåí-

öèè è îðèåíòèðû èííîâàöèîííîãî ðàçâèòèÿ Ðîññèè. — Ì.:

ÂÈÀÌ, 2015. Ñ. 458 – 464.

3. Êàáëîâ Å. Í. Ìàòåðèàëû íîâîãî ïîêîëåíèÿ — îñíîâà èííî-

âàöèé, òåõíîëîãè÷åñêîãî ëèäåðñòâà è íàöèîíàëüíîé áåçîïàñ-

íîñòè Ðîññèè / Èíòåëëåêò è òåõíîëîãèè. 2016. ¹ 2(14).

Ñ. 16 – 21.

4. Îñïåííèêîâà Î. Ã., Ëóêèí Â. È., Àôàíàñüåâ-Õîäû-

êèí À. Í. è äð. Ïåðñïåêòèâíûå ðàçðàáîòêè â îáëàñòè âûñî-

êîòåìïåðàòóðíîé ïàéêè æàðîïðî÷íûõ ñïëàâîâ / Àâèàöèîí-

íûå ìàòåðèàëû è òåõíîëîãèè. 2017. ¹ S. Ñ. 144 – 158.

5. Îñïåííèêîâà Î. Ã. Èòîãè ðåàëèçàöèè ñòðàòåãè÷åñêèõ

íàïðàâëåíèé ïî ñîçäàíèþ íîâîãî ïîêîëåíèÿ æàðîïðî÷íûõ

ëèòåéíûõ è äåôîðìèðóåìûõ ñïëàâîâ è ñòàëåé çà 2012 –

2016 ãã. / Àâèàöèîííûå ìàòåðèàëû è òåõíîëîãèè. 2017. ¹ S.

Ñ. 17 – 23.

6. ISO 17636-1–2013. Íåðàçðóøàþùèé êîíòðîëü ñâàðíûõ ñî-

åäèíåíèé. Ðàäèîãðàôè÷åñêèé êîíòðîëü. ×. 1. Ìåòîäèêè

ðåíòãåíî- è ãàììàãðàôè÷åñêîãî êîíòðîëÿ ñ ïðèìåíåíèåì

ïëåíêè. — Ì.: Ñòàíäàðòèíôîðì, 2018. — 34 ñ.

7. ÃÎÑÒ 7512–82. Êîíòðîëü íåðàçðóøàþùèé. Ñîåäèíåíèÿ

ñâàðíûå. Ðàäèîãðàôè÷åñêèé ìåòîä Ãîñóäàðñòâåííûå è ìåæ-

äóíàðîäíûå ñòàíäàðòû â îáëàñòè íåðàçðóøàþùåãî êîíòðî-

ëÿ. — Ì.: Íàó÷íî-òåõíè÷åñêèé öåíòð ïî áåçîïàñíîñòè â ïðî-

ìûøëåííîñòè Ãîñãîðòåõíàäçîðà Ðîññèè, 2004.

8. ÃÎÑÒ 20426–82. Êîíòðîëü íåðàçðóøàþùèé. Ìåòîäû äåôåê-

òîñêîïèè ðàäèàöèîííûå. Îáëàñòü ïðèìåíåíèÿ. — Ì.: Íàó÷-

íî-òåõíè÷åñêèé öåíòð ïî áåçîïàñíîñòè â ïðîìûøëåííîñòè

Ãîñãîðòåõíàäçîðà Ðîññèè, 2004.

9. ÃÎÑÒ 23055–78. Êîíòðîëü íåðàçðóøàþùèé. Ñâàðêà ìåòàë-

ëîâ ïëàâëåíèåì. Êëàññèôèêàöèÿ ñâàðíûõ ñîåäèíåíèé ïî ðå-

çóëüòàòàì ðàäèîãðàôè÷åñêîãî êîíòðîëÿ. — Ì.: Íàó÷íî-òåõ-

íè÷åñêèé öåíòð ïî áåçîïàñíîñòè â ïðîìûøëåííîñòè Ãîñãîð-

òåõíàäçîðà Ðîññèè, 2004.

10. Ñòåïàíîâ À. Â., Êîñàðèíà Å. È., Åâòþõîâà Î. Ñ. è äð.

Àëãîðèòì ðàçðàáîòêè òåõíîëîãè÷åñêèõ êàðò ðàäèîãðàôè÷å-

ñêîãî êîíòðîëÿ â ñîîòâåòñòâèè ñ åâðîïåéñêèìè íîðìàìè EN /

Êîíòðîëü. Äèàãíîñòèêà. 2013. ¹ 2. Ñ. 27 – 32.

11. Äåìèäîâ À. À., Ñòåïàíîâ À. Â., Òóðáèí Å. Ì. è äð. Î ðå-

æèìàõ ðåíòãåíîâñêîãî êîíòðîëÿ, îáåñïå÷èâàþùèõ ôîðìèðî-

âàíèå ðàäèàöèîííûõ èçîáðàæåíèé ñ çàäàííûì êîíòðàñòîì /

Àâèàöèîííûå ìàòåðèàëû è òåõíîëîãèè. 2016. ¹ 4. Ñ. 80 – 85.

12. Äîáðîìûñëîâ Â. À. Ðàäèàöèîííûå ìåòîäû íåðàçðóøà-

þùåãî êîíòðîëÿ. — Ì.: Ìàøèíîñòðîåíèå, 1999. — 104 ñ.

13. Ñòåïàíîâ À. Â., Êîñàðèíà Å. È., Ñàââèíà Í. À. Ñðàâíå-

íèå òðåáîâàíèé ðåíòãåíîâñêîãî êîíòðîëÿ è êà÷åñòâà ðåíòãå-

íîãðàôè÷åñêèõ ñíèìêîâ â åâðîïåéñêèõ íîðìàõ è ðîññèéñêèõ

ñòàíäàðòàõ / Âåñòíèê ÌÝÈ. 2011. ¹ 4. Ñ. 85 – 89.

14. Êîñàðèíà Å. È., Ñòåïàíîâ À. Â., Ñàââèíà Í. À. Ðàäèî-

ãðàôè÷åñêèå òåõíè÷åñêèå ïëåíêè ÐÒ-Ê è ÐÒ-7Ò. Ðåçóëüòàòû

èõ èñïûòàíèÿ / Àâèàöèîííûå ìàòåðèàëû è òåõíîëîãèè. 2012.

¹ 1. Ñ. 37 – 42.

15. ISO 10675–2008. Íåðàçðóøàþùèé êîíòðîëü ñâàðíûõ øâîâ —

óðîâíè ïðèåìêè äëÿ ðàäèîãðàôè÷åñêîãî êîíòðîëÿ. ×. 1.

Ñòàëü, íèêåëü òèòàí è èõ ñïëàâû. — Ì.: Ñòàíäàðòèíôîðì,

2016. — 16 ñ.

REFERENCES

1. Kablov E. N. Innovative development of VIAM Federal State

Unitary Enterprise of GNTs Russian Federation on implemen-

tation “The strategic directions of development of materials

and technologies of their processing for the period till 2030” /

Aviats. Mater. Tekhnol. 2015. N 1. P. 3 – 33 [in Russian].

2. Kablov E. N. Key problem — materials / Tendencies and refer-

ence points of innovative development of Russia is pollard. —

Moscow: VIAM, 2015. P. 458 – 464 [in Russian].

3. Kablov E. N. Material of new generation — basis of innova-

tions, technological leadership and national security of Russia /

Intell. Tekhnol. 2016. N 2(14). P. 16 – 21 [in Russian].

4. Ospennikova O. G., Lukin V. I., Afanasyev-Hodykin A. N.,

et al. Perspective development in the field of the high-tempera-

ture soldering of hot strength alloys / Aviats. Mater. Tekhnol.

2017. N S. P. 144 – 158 [in Russian].

5. Ospennikova O. G. Results of implementation of the strategic

directions on creation of new generation of heat resisting cast

and deformable alloys and staly for 2012 – 2016 / Aviats. Mater.

Tekhnol. 2017. N S. P. 17 – 23 [in Russian].

6. State Standard GOST ISO 17636-1–2017. Nondestructive con-

trol of welded connections. Radiographic control. — Moscow:

Standartinform, 2018. — 34 p. [in Russian].

7. State Standard GOST 7512–82. Control nondestructive. Con-

nections welded. Radiographic method the State and interna-

tional standards in the field of non-destructive testing. — Mos-

cow: Nauchno-tekhnicheskii tsentr po besopasnosti v promysh-

lennosti Gosgortekhnadzora Rossii, 2004 [in Russian].

8. State Standard GOST 20426–82. Control nondestructive.

Defectoscopic methods radiation. Scope. — Moscow: Nauchno-

tekhnicheskii tsentr po besopasnosti v promyshlennosti Gos-

gortekhnadzora Rossii, 2004 [in Russian].

9. State Standard GOST 23055–78. Control nondestructive. Weld-

ing of metals by melting. Classification of welded connections

by results of radiographic control. — Moscow: Nauchno-tekhni-

cheskii tsentr po besopasnosti v promyshlennosti Gosgortekh-

nadzora Rossii, 2004 [in Russian].

10. Stepanov A. V., Kosarina E. I., Evtyukhova O. S., et al.

Algorithm of development of technological cards of radio-

graphic control according to the European norms of EN /

Kontrol. Diagnostika. N 2. 2013. P. 27 – 32 [in Russian].

11. Demidov A. A., Stepanov A. V., Turbin E. M., et al. About

the modes of the x-ray control providing forming of radiation

images with set contrast / Aviats. Mater. Tekhnol. 2016. N 4.

P. 80 – 85 [in Russian].

12. Dobromyslov V. A. Radiation methods of non-destructive test-

ing. — Moscow: Meshinostroenie, 1999. — 104 p. [in Russian].

13. Stepanov A. V., Kosarina E. I., Savvina N. A. Comparison

of requirements of X-ray control and quality of radiographic

pictures in the European norms and the Russian standards /

Vestnik MÉI. 2011. N 4. P. 85 – 89 [in Russian].

14. Kosarina E. I., Stepanov A. V., Savvina N. A. Radiographic

technical films of RT-K and RT-7G. Results of their testing /

Aviats. Mater. Tekhnol. 2012. N 1. P. 37 – 42 [in Russian].

15. ISO 10675–2008. Non-destructive testing of welded seams —

acceptance levels for radiographic control. P. 1. Steel, nickel ti-

tanium and their alloys. — Moscow: Standartinform, 2016. —

16 p. [in Russian].

«Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2019. Òîì 85. ¹ 6 41


