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Àííîòàöèÿ

Îáåñïå÷åíèå áåçîïàñíûõ óñëîâèé òðóäà èìååò âàæíîå çíà÷åíèå ïðè îáðàáîòêå è óïðî÷íåíèè

ñâàðíûõ øâîâ ñòåðæíåâûõ êîíñòðóêöèé. Ýòî ñâÿçàíî ñ òåì, ÷òî ñâàðêà îòíîñèòñÿ ê îäíîé èç íàèáîëåå

ïîïóëÿðíûõ òåõíîëîãèé ñîåäèíåíèÿ ìåòàëëè÷åñêèõ êîíñòðóêöèé, à îáðàáîòêà îäíèì èç îáÿçàòåëüíûõ

ýòàïîâ ïîñëå âûïîëíåíèÿ ñâàðî÷íûõ ðàáîò. Â ñâÿçè ñ ýòè ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì âûïîëíèòü

ïðîåêòèðîâàíèå ñïåöèàëüíîãî óñòðîéñòâà äëÿ øèðîêîé íîìåíêëàòóðû ýëåìåíòîâ ðàìíûõ êîíñòðóêöèé. Â

äàííîé ñòàòüå ïðåäñòàâëåíà ñõåìà çâóêîèçîëÿöèè ñèñòåìû øóìîçàùèòû óñòðîéñòâà, ñïîñîáíàÿ îáåñïå÷èòü

âûïîëíåíèå ñàíèòàðíûõ íîðì ïðè îáðàáîòêå ñâàðíûõ øâîâ. Îïðåäåëåíû ñêîðîñòè êîëåáàíèé äëÿ óñëîâèé

àáðàçèâíîé îáðàáîòêè ïðè ðàçëè÷íûõ óñëîâèÿõ çàêðåïëåíèÿ. Ïðåäñòàâëåí ðàñ÷åò ñèñòåìû øóìîçàùèòû

îñíîâàííûé íà âûïîëíåíèè ñàíèòàðíûõ íîðì øóìà. Îáîñíîâàí âûáîð ìàòåðèàëà è òîëùèíû îãðàæäåíèÿ.

Ðåçóëüòàòû ïîêàçûâàþò, ÷òî ñðàâíåíèå òåîðåòè÷åñêè ðàññ÷èòàííîé çâóêîèçîëÿöèè è ýêñïåðèìåíòàëüíî

îïðåäåëåííîé èìåþò äîñòàòî÷íóþ äëÿ èíæåíåðíûõ öåëåé òî÷íîñòü èñïûòàíèé ñèñòåìû øóìîçàùèòû

â ïðîèçâîäñòâåííûõ óñëîâèÿõ è ïîêàçàëè âûïîëíåíèå ñàíèòàðíûõ íîðì øóìà âî âñåì íîðìèðóåìîì

äèàïàçîíå ÷àñòîò.

Êëþ÷åâûå ñëîâà: àáðàçèâíàÿ îáðàáîòêà, óðîâíè çâóêîâîãî äàâëåíèÿ, ñïåêòðû øóìà, ñâàðíîé
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Theoretical substantiation of acoustic e�ciency of noise protection during manual
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Abstract

Ensuring safe working conditions is important when processing and strengthening the welds of rod

structures. This is due to the fact that welding is one of the most popular technologies for joining metal

structures, and processing is one of the mandatory stages after welding. In this regard, it seems appropriate to

design a special device for a wide range of elements of frame structures. This article presents a sound insulation

scheme of the noise protection system of the device, capable of ensuring compliance with sanitary standards

when processing welds. The oscillation rates for the conditions of abrasive treatment under various conditions of

�xation are determined. The calculation of the noise protection system based on the implementation of sanitary

noise standards is presented. The choice of the material and thickness of the fence is justi�ed. The results show

that the comparison of theoretically calculated sound insulation and experimentally determined have su�cient
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accuracy for engineering purposes of testing the noise protection system in production conditions and showed

compliance with sanitary noise standards in the entire normalized frequency range.

Keywords: abrasive treatment, sound pressure levels, noise spectra, welds, frame structures.

Ââåäåíèå

Ïðèìåíåíèå ñâàðíûõ ñòûêîâûõ ñîåäèíåíèé íàõîäÿò øèðîêîå ðàñïðîñòðàíåíèå
â ìàøèíîñòðîåíèè è ñòðîèòåëüñòâå, è ïîâûøåíèå íàäåæíîñòè òàêèõ ñîåäèíåíèé
ÿâëÿåòñÿ îäíîé èç âàæíåéøèõ çàäà÷. Îäíèì èç îáÿçàòåëüíûõ ýòàïîâ ïðîâåäåíèÿ
ñâàðî÷íûõ ðàáîò, ÿâëÿåòñÿ àáðàçèâíàÿ îáðàáîòêà ñâàðíûõ øâîâ. Îáðàáîòêà òàêèì
ìåòîäîì ïîëüçóåòñÿ îñîáîé ïîïóëÿðíîñòüþ è ìîæåò îñóùåñòâèòüñÿ êàê âðó÷íóþ,
òàê è íà ïëîñêîøëèôîâàëüíûõ ñòàíêàõ â îòêðûòîì ïðîñòðàíñòâå è â óñëîâèÿõ
ïðîèçâîäñòâåííûõ ïîìåùåíèé. Îäíàêî ïðîöåññ îáðàáîòêè ïðèâîäèò ê íåáëàãîïðèÿòíûì
óñëîâèÿì òðóäà, ïðåâûøàþùèì äîïóñòèìûå óðîâíè øóìà â ðàáî÷åé çîíå îïåðàòîðà.
Ïî äàííûì ðàáîòû [1] ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äëÿ êîíñòðóêöèé èç øâåëëåðîâ
è óãîëêîâ ñ ðàçëè÷íûìè ãåîìåòðè÷åñêèìè ðàçìåðàìè ïîêàçàë ïðàêòè÷åñêè ïîëíóþ
èäåíòè÷íîñòü â ôîðìèðîâàíèè õàðàêòåðîâ ñïåêòðîâ. Ðàçëè÷èÿ çàêëþ÷àëèñü òîëüêî â
óðîâíÿõ ñïåêòðàëüíûõ ñîñòàâëÿþùèõ. Îòìå÷åíî, ÷òî ñïåêòðàëüíûé ñîñòàâ ñòåðæíåâûõ
êîíñòðóêöèé èìååò âûñîêî÷àñòîòíûé õàðàêòåð.

1. Êîíñòðóêöèÿ ñïåöèàëüíîãî óñòðîéñòâà äëÿ îáðàáîòêè ñâàðíûõ øâîâ

Ïîñêîëüêó òåõíîëîãè÷åñêèé ïðîöåññ îáðàáîòêè ñâàðíûõ øâîâ ñòåðæíåâûõ
êîíñòðóêöèé ÿâëÿåòñÿ íåîáõîäèìîé ïðîöåäóðîé ïðè âûïîëíåíèè ñâàðî÷íûõ ðàáîò,
ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì âûïîëíèòü ïðîåêòèðîâàíèå ñïåöèàëüíîãî óñòðîéñòâà äëÿ
øèðîêîé íîìåíêëàòóðû ýëåìåíòîâ ðàìíûõ êîíñòðóêöèé, òàêèå êàê óãîëêè, øâåëëåðà,
äâóòàâðîâûé ïðîôèëü, ïðè ýòîì äàííàÿ êîíñòðóêöèÿ ñïîñîáíà îáåñïå÷èòü âûïîëíåíèå
ñàíèòàðíûõ íîðì â ðàáî÷åé çîíå îïåðàòîðà è äëÿ ïðîöåññà îáðàáîòêè øàðèêî-ñòåðæíåâûì
óïðî÷íèòåëåì.

Êîíñòðóêöèÿ ñïåöèàëüíîãî óñòðîéñòâà ïðåäñòàâëåíà íà ðèñóíêå 1.

Ðèñ. 1. Ñïåöèàëüíîå óñòðîéñòâî

Ñïåöèàëüíûé ñòåíä ñîñòîèò èç ïëèòû îñíîâàíèÿ (1) è øóìîçàùèòíûõ ýêðàíîâ. Â
âåðõíåé ÷àñòè ïëèòû èìåþòñÿ ïðîòî÷êè äëÿ óñòàíîâêè äóãîîáðàçíûõ ýêðàíîâ ñèñòåìû
øóìîçàùèòû (2) âäîëü îáðàáàòûâàåìîãî èçäåëèÿ âûïîëíåííûõ èç îðãàíè÷åñêîãî ñòåêëà,
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òîëùèíà êîòîðîãî îïðåäåëÿëàñü èç òðåáóåìûõ âåëè÷èí çâóêîèçîëÿöèè. Ìàòåðèàë
ýêðàíû âûáðàí äëÿ íåîáõîäèìîñòè âèçóàëüíîãî êîíòðîëÿ îïåðàòîðîì çà òåõíîëîãè÷åñêèì
ïðîöåññîì îáðàáîòêè ñâàðíûõ øâîâ è ñëóæèò áàðüåðîì îò ïðÿìîãî ïîïàäàíèÿ àáðàçèâíûõ
÷àñòèö, èñêðû è ò.ä. Ñ òîðöåâîé ñòîðîíû ýêðàíîâ ïðåäóñìîòðåíû ïðÿìîóãîëüíûå
îòâåðñòèÿ äëÿ ïîäà÷è ýëåìåíòîâ ñòåðæíåâûõ êîíñòðóêöèé ðàçëè÷íûõ ãåîìåòðè÷åñêèõ
ðàçìåðîâ, âêëþ÷àÿ ïðîäîëüíûå áàëêè ñâàðåííûõ èç äâóõ øâåëëåðîâ èñïîëüçóåìûõ äëÿ
èçãîòîâëåíèÿ ðàì íàçåìíîãî òðàíñïîðòà.

Ñõåìà çâóêîèçîëÿöèè ñèñòåìû øóìîçàùèòû óñòðîéñòâà ïðèâåäåíà íà ðèñóíêå 2.

Ðèñ. 2. Ñõåìà øóìîçàùèòû óñòðîéñòâà ïðè àáðàçèâíîé îáðàáîòêå ñâàðíûõ øâîâ
ñòåðæíåâûõ êîíñòðóêöèé

Óñòàíîâêà ðàáîòàåò ñëåäóþùèì ìåòîäîì. Ïîäà÷à ýëåìåíòîâ ðàìíûõ êîíñòðóêöèé
îñóùåñòâëÿåòñÿ ÷åðåç òîðöåâóþ ÷àñòü çàùèòíîãî ýêðàíà è ôèêñèðóåòñÿ íà ïëèòå
óñòðîéñòâà, òàêèì îáðàçîì, ÷òîá ñâàðíîé øîâ íàõîäèëñÿ ìåæäó çàùèòíûìè ýêðàíàìè,
îáðàçóþùèìè ìåæäó ñîáîé ïàç äëÿ ïîäà÷è àáðàçèâíîãî èíñòðóìåíòà ñ ïîñëåäóþùåé
îáðàáîòêîé. Ïðè ýòîì â ìåñòàõ îáðàáîòêè îñóùåñòâëÿåòñÿ îòâîä ïûëè, ÷òî òàêæå
ïîçâîëèò âûïîëíèòü ñàíèòàðíûå íîðìû â ðàáî÷åé çîíå.

2. Îïðåäåëåíèå ñêîðîñòåé êîëåáàíèé

Äëÿ óñëîâèÿ àáðàçèâíîé îáðàáîòêè ñâàðíûõ øâîâ íà ñòåðæíÿõ ïðÿìîóãîëüíîãî
ïîëîãî ïðîôèëÿ, óñòàíàâëèâàåìûõ íà ñòîëå ñòàíêà óðàâíåíèÿ êîëåáàíèé îïðåäåëÿþòñÿ
ñëåäóþùèì îáðàçîì:
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(1)

ãäå Jz,y � ìîìåíòû èíåðöèè â íàïðàâëåíèè îñåé êîîðäèíàò OX è OY, ì4; k � êîýôôèöèåíò,
îïðåäåëÿþùèé ñîáñòâåííûå ÷àñòîòû êîëåáàíèÿ; l � äëèíà èñòî÷íèêà, ì; F = h(b+a−h); b
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è a � øèðèíà è âûñîòà ïðîôèëÿ, ì, h � òîëùèíà ïðîôèëÿ; Kc � êîýôôèöèåíò çåðíèñòîñòè;
n � ÷àñòîòà âðàùåíèÿ øëèôîâàëüíîãî êðóãà, îá/ìèí; t � ãëóáèíà øëèôîâàíèÿ, ìì; η
è ε � äåôîðìàöèè èçãèáà èçäåëèÿ â íàïðàâëåíèè îñåé OX è OY (ñîîòâåòñòâåííî), ì;
P - ñèëîâîå âîçäåéñòâèå ñî ñòîðîíû òåõíîëîãè÷åñêîãî ïðîöåññà, Í; jïð - ïðèâåäåííàÿ
æåñòêîñòü òåõíîëîãè÷åñêîé ñèñòåìû, Í/ì.

Ïðè óñòàíîâêå ïðîôèëÿ â äåëèòåëüíîé ãîëîâêå ñëåäóåò ðàññìîòðåòü äâà
ñîîòíîøåíèÿ äëÿ óñëîâèé çàêðåïëåíèÿ:

Øàðíèðíî-îïåðòàÿ çàãîòîâêà
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(2)

Äëÿ óñëîâèé óïðóãî-äèññèïàòèâíûõ îïîð
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ãäå τ � âðåìÿ ñèëîâîãî âîçäåéñòâèÿ, ñ; T - ïåðèîä âîçìóùåíèé; i � íîìåð ãàðìîíèêè
êîëåáàíèé; Jz,y, k, l, F, n, t, η è ε, P - òî æå, ÷òî è â ôîðìóëå (1).
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Ðåøåíèÿ óðàâíåíèé ïîëó÷åíû ñ ñëåäóþùåì âèäå:
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l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jy
F
η

)2(
πk

l

)8


−1

· sin
(
2πi

T
t+ ϕ

)
.
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Äëÿ óñëîâèé óïðóãî-äèññèïàòèâíûõ îïîð

ξ =
∑ 10−8PFl3

Jz(πk)4
· 3τ
T

cos3
πkz0
l

+
2,6 · 10−4P

l
·

·
∑∑

sin
πkz0
l

· 1

πi
sin

πiτ

T

[
2,7 · 104Jz

F

(
πk

l

)4

− η0

(
i

T

)2
]
·

·


[
2,7 · 104Jz

F

(
πk

l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jz
F
η

)2(
πk

l

)8


−1

· sin
(
2πi

T
t+ ϕ

)
;

ε =
∑ 10−8PFl3

Jy(πk)4
· 3τ
T

cos3
πkz0
l

+
2,6 · 10−4P

l
·

·
∑∑

sin
πkz0
l

· 1

πi
sin

πiτ

T

[
2,7 · 104Jy

F

(
πk

l

)4

− η0

(
i

T

)2
]
·

·


[
2,7 · 104Jy

F

(
πk

l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jy
F
η

)2(
πk

l

)8


−1

· sin
(
2πi

T
t+ ϕ

)
.

ξ =
∑ 1,2 · 10−10PFl3

Jz(πk)4
· τ
T
cos3

πkz0
l

+
2,6 · 10−4P

l
·

·
∑∑

sin
πkz0
l

· 1

πi
sin

πiτ

T

[
2,7 · 104Jz

F

(
3πk

l

)4

− η0

(
i

T

)2
]
·

·


[
2,7 · 104Jz

F

(
3πk

l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jz
F
η

)2(
3πk

l

)8


−1

sin

(
2πi

T
t+ ϕ

)
;

ε =
∑ 1,2 · 10−10PFl3

Jy(πk)4
· τ
T
cos3

πkz0
l

+
2,6 · 10−4P

l
·

·
∑∑

sin
πkz0
l

· 1

πi
sin

πiτ

T

[
2,7 · 104Jy

F

(
3πk

l

)4

− η0

(
i

T

)2
]
·

·


[
2,7 · 104Jy

F

(
3πk

l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jy
F
η

)2(
3πk

l

)8


−1

sin

(
2πi

T
t+ ϕ

)
.

ãäå Jz,y, k, l, F, n, t, η è ϕ, P - òî æå, ÷òî è â ôîðìóëå (1); τ, T, i - òî æå, ÷òî è â ôîðìóëå (2).

Ñêîðîñòü êîëåáàíèé îïðåäåëÿþò êàê
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Äëÿ óñëîâèé àáðàçèâíîé îáðàáîòêè

vkξ =
0,26 · 10−4nkc

lT

{∑[
2,7 · 104Jz

(
πk

l

)4

+ 1,3 · 10−4jïð

]
−

[
Jz

(
πk

l

)2

+ F

]
(0,1nkc)

2

}
·

·

{[
2,7 · 104Jz

(
πk

l

)4

+ 1,3 · 10−4jïð

]
−

[
Jz

(
πk

l

)2

+ F

]
(0,1nkc)

2

}2

+

+


[
2,7 · 104Jz

(
πk

l

)4

η1 + 1,3 · 10−4jïðη2

]−1
 · sin πkz0

l
· cos (0,1nkct+ ϕ)

vkε =
0,26 · 10−4Pnkc

l
·

{∑[
2,7 · 104Jy

(
πk

l

)4

+ 1,3 · 10−4jïð

]
−

[
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(
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l

)2

+ F

]
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2

}
·

·

{[
2,7 · 104Jy

(
πk

l

)4

+ 1,3 · 10−4jïð

]
−
[
Jy(

πk

l
)2 + F

]
(0,1nkc)

2

}2

+

+


[
2,7 · 104Jy

(
πk

l

)4

η1 + 1,3 · 10−4jïðη2

]−1
 · sin πkz0

l
· cos (0,1nkct+ ϕ)

Øàðíèðíî-îïåðòàÿ çàãîòîâêà

vkξ =
16,3 · 10−4Pi

lT

∑∑
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· 1
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sin
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T
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(
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·

·
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)2(
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−1
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(
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T
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)

vkε =
16,3 · 10−4Pi

lT

∑∑
sin
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l

· 1
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sin

πiτ

T

[
2,7 · 104Jy

F

(
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l

)4

− η0

(
i

T

)2
]
·

·


[
2,7 · 104Jy

F

(
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l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jy
F
η

)2(
πk

l

)8


−1

· sin
(
2πi

T
t+ ϕ

)

Äëÿ óñëîâèé óïðóãî-äèññèïàòèâíûõ îïîð

vkξ =
16,3 · 10−4Pi

lT

∑∑
sin

πkz0
l

· 1

πi
sin

πiτ

T

[
2,7 · 104Jz

F

(
3πk
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(
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)2
]
·

·


[
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(
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+ 7,3 · 108
(
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)2(
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l
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−1

· sin
(
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)
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vkε =
16,3 · 10−4Pi

lT

∑∑
sin

πkz0
l

· 1

πi
sin

πiτ

T

[
2,7 · 104Jy

F

(
3πk

l

)4

− η0

(
i

T

)2
]
·

·


[
2,7 · 104Jy

F

(
3πk

l

)4

− η0

(
i

T

)2
]2

+ 7,3 · 108
(
Jy
F
η

)2(
3πk

l

)8


−1

· sin
(
2πi

T
t+ ϕ

)

ãäå Jz,y, k, l, F, n, t, η è ε, P, jïð - òî æå, ÷òî è â ôîðìóëå (1); τ, , i - òî æå, ÷òî è â ôîðìóëå (2).

3. Ðàñ÷åò êîíñòðóêöèè óñòðîéñòâà

Ðàñ÷åòíàÿ ñõåìà ñèñòåìû øóìîçàùèòû ïðåäñòàâëÿåò ñîáîé ëèíåéíûé èñòî÷íèê
øóìà, ðàñïîëîæåííûé íà ïëîñêîé ïîâåðõíîñòè, ò.å. æåñòêîì îñíîâàíèè è
çâóêîèçîëèðóþùåãî îãðàæäåíèÿ. Ñàìî îãðàæäåíèå ïî ñîîáðàæåíèÿì òåõíîëîãè÷íîñòè
è ýðãîíîìè÷íîñòè ïðåäñòàâëÿåò ñîáîé îáîëî÷êó ïîëóöèëèíäðè÷åñêîé ãåîìåòðè÷åñêîé
êîíôèãóðàöèè. Îáîçíà÷èì: èñòî÷íèê èìååò äëèíó l è ðàçìåð ïîïåðå÷íîãî ñå÷åíèÿ
bu; çâóêîâîå äàâëåíèå ïîä ñèñòåìîé øóìîçàùèòû - P1, à âíå ñèñòåìû - P2; ðàäèóñ
ñèñòåìû øóìîçàùèòû r0. Ðàñ÷åò àêóñòè÷åñêîé ýôôåêòèâíîñòè ñèñòåìû âûïîëíÿþòñÿ
ïðè äîïóùåíèè, ÷òî ñèñòåìà îãðàæäåíèé ÿâëÿþòñÿ àáñîëþòíî æåñòêèìè. Óðàâíåíèÿ
êîëåáàíèé êîðïóñà ñèñòåìû øóìîçàùèòû îïðåäåëÿåòñÿ ñëåäóþùèìè çàâèñèìîñòÿìè:

(
∂2u

∂z2
+

1− µ

r20
· ∂

2u

∂ϕ2
+ k20

)
u+

1 + µ

2r0
· ∂2v

∂ϕ · ∂z
− µ

r0
· ∂w
∂ϕ

= 0 (3)

1 + µ

2r0
· ∂2u

∂θ · ∂z
+

(
1− µ

2
· ∂

2v

∂z2
+

1

r20
· ∂

2v

∂ϕ2
+
ω2

C0

)
v − 1

r20
· ∂w
∂ϕ

= 0 (4)

ω2

C2
n

− 1

r20
− h20

12

(
∂2w

∂z2
+

1

r20
· ∂

2w

∂ϕ2

)
w =

(P1 − P2)z=z0
ρhC2

0

(5)

ãäå u, v è w � îñåâîå, àçèìóòàëüíîå è ðàäèàëüíîå ñìåùåíèÿ êîðïóñà ñèñòåìû øóìîçàùèòû;
µ � êîýôôèöèåíò Ïóàíñîíà; Cn � ñêîðîñòü ðàñïðîñòðàíåíèÿ ïðîäîëüíîé âîëíû â êîðïóñå,
ì/ñ; r0 � ðàäèóñ êîðïóñà, ì; C0 � ñêîðîñòü ðàñïðîñòðàíåíèÿ ïðîäîëüíûõ âîëí â êîðïóñå,
ì/ñ; ρ � ïëîòíîñòü ìàòåðèàëà êîðïóñà; h � òîëùèíà îáîëî÷êè, ì; P1 � çâóêîâîå äàâëåíèå
âíóòðè ñèñòåìû ùóìîçàùèòû, Ïà; P2 � çâóêîâîå äàâëåíèå âíå ñèñòåìû øóìîçàùèòû; k0 �
âîëíîâîå ÷èñëî â êîðïóñå, ì.

Ñèñòåìó øóìîçàùèòû öåëåñîîáðàçíî èçãîòàâëèâàòü èç îðãàíè÷åñêîãî ñòåêëà,
òîãäà ñ ó÷åòîì ôèçèêî-ìåõàíè÷åñêèõ õàðàêòåðèñòèê ìàòåðèàëà ñèñòåìû øóìîçàùèòû
óðàâíåíèÿ ïðèìóò âèä:

(
∂2u

∂z2
+

1

r20
· ∂

2u

∂ϕ2
+ 10−4f 2

0

)
u+

1

2r0
· ∂2v

∂ϕ · ∂z
= 0 (6)

1

2r0
· ∂2u

∂θ · ∂z
+

(
1

2
· ∂

2v

∂z2
+

1

r20
· ∂

2v

∂ϕ2
+ 10−4f 2

0

)
v − 1

r0
· ∂

2w

∂ϕ
= 0 (7)
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10−4f 2
0 − 1

r20
− h2

12

(
∂2w

∂z2
+

1

r20
· ∂

2w

∂ϕ2

)
w =

(P1 − P2)

2,4 · 109h
(8)

ãäå u, v è w, r0, h, P1, P2 � òî æå, ÷òî è â ôîðìóëå (3).

Âûðàæåíèå óðîâíåé çâóêîâîãî äàâëåíèÿ, ñîçäàâàåìûõ èñòî÷íèêîì âíóòðè
ñèñòåìû øóìîçàùèòû ïðèâåäåíî ê âèäó:

ãäå f0 � ñîáñòâåííûå ÷àñòîòû êîëåáàíèé êîðïóñà, Ãö

f0 =
3 · 10−2

(kR0)2(k2 + 1)

√
hR2

0 + Jk4(k4 − 1)

h

ãäå J � ìîìåíò èíåðöèè êîðïóñà ñèñòåìû øóìîçàùèòû, ì4

P1 =
6,5 · 104

r20l
vkS

′

u

∑ fu

(fN
π
· δN)2 + (f 2

Nf
2
u)

2

δN =
1,4α

r20l
· m

2 − 29α2

m2 − 10α2

fN = 103

√(
m

l0

)2

+

(
α

r0

)
ãäå m � êîýôôèöèåíò, îïðåäåëÿþùèé ñîáñòâåííûå ÷àñòîòû êîëåáàíèé; l0 � äëèíà ñèñòåìû
øóìîçàùèòû, ì; α � êîýôôèöèåíò çâóêîïîãëàùåíèÿ; vk - ñêîðîñòü êîëåáàíèé, ì/ñ; J �
ìîìåíò èíåðöèè äåòàëè, ì4; fN � ñîáñòâåííûå ÷àñòîòû êîëåáàíèé âîçäóøíîãî îáúåìà
âíóòðè ñèñòåìû øóìîçàùèòû, Ãö; fu � ñîáñòâåííûå ÷àñòîòû êîëåáàíèé èñòî÷íèêà, Ãö;
S

′
u � ïëîùàäü çâóêîâîãî èçëó÷åíèÿ èñòî÷íèêà, ì

2.

Ðàñ÷åò ñèñòåìû øóìîçàùèòû îñíîâàí íà âûïîëíåíèè ñàíèòàðíûõ íîðì øóìà.
Òîãäà âûðàæåíèå P2 îïðåäåëÿåòñÿ òàêæå, èñõîäÿ èç ïðåäåëüíî-äîïóñòèìûõ îêòàâíûõ
óðîâíåé çâóêîâîãî äàâëåíèÿ (Lci), ò.å.

P2 = 100,05Lci−4,7

Ôàêòè÷åñêèé ðàñ÷åò â ýòîì ñëó÷àå ñâîäèòñÿ ê îïðåäåëåíèþ òîëùèíû êîðïóñà
ñèñòåìû øóìîçàùèòû.

Óðîâíè çâóêîâîãî äàâëåíèÿ ïðè ðó÷íîé îáðàáîòêå êàê ØÑÓ, òàê è àáðàçèâíîé íà
4-5 äÁ âûøå, ÷åì ïðè îáðàáîòêå íà áàçå ôðåçåðíîãî ñòàíêà.
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Ðèñ. 3. Ñïåêòðû øóìà ïðè îáðàáîòêå ØÑÓ: 1 - ïðåäåëüíî-äîïóñòèìûå îêòàâíûå óðîâíè
çâóêîâîãî äàâëåíèÿ, 2 - øóì ïðè îáðàáîòêå áåç ñèñòåìû øóìîçàùèòû, 3 - øóì ïðè

îáðàáîòêå ñ ñèñòåìîé øóìîçàùèòû

Ðèñ. 4. Ñïåêòðû øóìà ïðè àáðàçèâíîé îáðàáîòêå: 1 - ïðåäåëüíî-äîïóñòèìûå îêòàâíûå
óðîâíè çâóêîâîãî äàâëåíèÿ, 2 - øóì ïðè îáðàáîòêå áåç ñèñòåìû øóìîçàùèòû, 3 - øóì

ïðè îáðàáîòêå ñ ñèñòåìîé øóìîçàùèòû

Çàêëþ÷åíèå

Ðåçóëüòàòû ðàñ÷åòîâ ïîêàçàëè, ÷òî äëÿ ìàêñèìàëüíûõ çíà÷åíèé ïðåâûøåíèé
ôàêòè÷åñêèõ óðîâíåé çâóêîâîãî äàâëåíèÿ íàä ñàíèòàðíûìè íîðìàìè, äîñòèãàþùèìè
30 äÁ â øåñòîé îêòàâå äëÿ ØÑÓ, òîëùèíà îðãàíè÷åñêîãî ñòåêëà äîëæíà ñîñòàâëÿòü
5-6 ìì.

Çâóêîèçîëÿöèÿ ýêñïåðèìåíòàëüíàÿ 125 Ãö � 15äÁ; 250 Ãö � 17äÁ; 500 Ãö � 21äÁ;
1000 Ãö � 28äÁ; 2000 Ãö � 32äÁ; 4000 Ãö � 34äÁ; 8000 Ãö � 35äÁ.

Ñðàâíåíèå òåîðåòè÷åñêè ðàññ÷èòàííîé çâóêîèçîëÿöèè è ýêñïåðèìåíòàëüíî
îïðåäåëåííîé (ðèñ. 5) ïîêàçàëè äîñòàòî÷íóþ äëÿ èíæåíåðíûõ öåëåé òî÷íîñòü èñïûòàíèé
ñèñòåìû øóìîçàùèòû, â ïðîèçâîäñòâåííûõ óñëîâèÿõ ïîêàçàëè âûïîëíåíèå ñàíèòàðíûõ
íîðì øóìà âî âñåì íîðìèðóåìîì äèàïàçîíå ÷àñòîò.
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Ðèñ. 5. Ñðàâíåíèå ðàññ÷èòàííîé çâóêîèçîëÿöèè 1 - òåîðåòè÷åñêè ðàññ÷èòàííàÿ
çâóêîèçîëÿöèÿ, 2 - ýêñïåðèìåíòàëüíî îïðåäåëåííàÿ çâóêîèçîëÿöèÿ

Ñëåäóåò îòìåòèòü, ÷òî äëÿ òåõíîëîãè÷åñêîãî ïðîöåññà ØÑÓ óðîâíè øóìà
íà ðàáî÷åì ìåñòå íàõîäÿòñÿ íà ïðåäåëüíî-äîïóñòèìûõ çíà÷åíèÿõ, à ïðè àáðàçèâíîé
îáðàáîòêå íà 6-7 äÁ íèæå ïðåäåëüíî-äîïóñòèìûõ.

Ñïèñîê ëèòåðàòóðû

1. ×óêàðèí À.Í., Áåñêîïûëüíûé À.Í., Èñàåâ À.Ã. Èññëåäîâàíèÿ âèáðîàêóñòè÷åñêèõ
õàðàêòåðèñòèê â ðàáî÷åé çîíå îïåðàòîðà ïðè àáðàçèâíîé îáðàáîòêå ñâàðíûõ øâîâ//
Áåçîïàñíîñòü òðóäà â ïðîìûøëåííîñòè. � 2019. � � 11. � Ñ. 7-12. DOI: 10.24000/0409-
2961-2019-11-7-12.

2. Èâàíîâ Í. È. Îñíîâû âèáðîàêóñòèêè / Í. È. Èâàíîâ, À. Ñ. Íèêèôîðîâ. �
Ñàíêò-Ïåòåðáóðã. - Ïîëèòåõíèêà, 2000. � 482 ñ.

3. Òàìàðêèí Ì.À., Òèùåíêî Ý.Ý., Èñàåâ À.Ã. Îáåñïå÷åíèå àêóñòè÷åñêîé
áåçîïàñíîñòè ïðè îáðàáîòêå ïëîñêèõ äåòàëåé øàðèêî-ñòåðæíåâûì óïðî÷íèòåëåì /
Âåñòíèê Áðÿíñêîãî ãîñóäàðñòâåííîãî òåõíè÷åñêîãî óíèâåðñèòåòà . 2018. � 2 (63). Ñ.
12-19.

4. Beskopylny A., Meskhi B., Chukarin A., Isaev A. Spectral characteristics of noise
during hardening of welds of rod structures // Â ñáîðíèêå: IOP Conference Series: Materials
Science and Engineering. Collection of materials of the International Conference on Modern
Trends in Manufacturing Technologies and Equipment: Mechanical Engineering and Materials
Science (ICMTMTE 2019). Sevastopol State University, National University of Science and
Technology ¾MISIS¿, Polzunov Altai State Technical University, Crimean Federal University,
Inlink Ltd. and International Union of Machine Builders. 2020. Ñ. 044087.

5. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ øóìà è âèáðàöèè ïðè ìåñòíîì óïðî÷íåíèè
äåòàëåé øàðèêî-ñòåðæíåâûì óïðî÷íèòåëåì / Ìîðîçîâ Ñ.À., ×óêàðèí À.Í., Ôèíî÷åíêî
Ò.À. // Ìîíèòîðèíã. Íàóêà è òåõíîëîãèè. 2019. � 1 (39). Ñ. 65-69.

6. ×óêàðèí, À. Í. Îáåñïå÷åíèå êîìôîðòíûõ óñëîâèé òðóäà ïðè âèáðîóäàðíîé
îòäåëî÷íîé îáðàáîòêå ôàñîííûõ äåòàëåé çà ñ÷åò ñíèæåíèÿ âèáðàöèé è øóìà / À. Í.
×óêàðèí, Ë. Ì. Ùåðáà // Ïðîãðåññèâíûå òåõíîëîãèè â ìàøèíî- è ïðèáîðîñòðîåíèè: ñá.
ñò. ïî ìàò-ëàì Âñåðîñ. íàó÷.-òåõí. êîíô. � Íèæíèé Íîâãîðîä; Àðçàìàñ, 2002. � Ñ.
352�355.



NOISE Theory and Practice 77

References

1. Chukarin A.N., Beskopylny A.N., Isaev A.G. Studies of vibroacoustic characteristics
in the operator's work area during abrasive treatment of welds // Work safety in industry. �
2019. � � 11. � pp. 7-12. DOI: 10.24000/0409-2961-2019-11-7-12.

2. Ivanov N.I. Basics of vibroacoustics / Ivanov N.I., Nikiforov A.S. � Saint Petersburg.
- Polytechnic, 2000. � 482 p.

3. Tamarkin M. A., Tishchenko E. E., Isaev A. G. Ensuring acoustic safety when
processing �at parts with a ball-rod hardener / Bulletin of the Bryansk state technical
University. 2018. No. 2 (63). pp. 12-19.

4. Beskopylny A., Meskhi B., Chukarin A., Isaev A. Spectral characteristics of noise
during hardening of welds of rod structures // Â ñáîðíèêå: IOP Conference Series: Materials
Science and Engineering. Collection of materials of the International Conference on Modern
Trends in Manufacturing Technologies and Equipment: Mechanical Engineering and Materials
Science (ICMTMTE 2019). Sevastopol State University, National University of Science and
Technology ¾MISIS¿, Polzunov Altai State Technical University, Crimean Federal University,
Inlink Ltd. and International Union of Machine Builders. 2020. Ñ. 044087.

5. Experimental studies of noise and vibration during local hardening of parts with a
ball-rod hardener / Morozov S.A., Chukarin A.N., Finochenko T.A. // Monitoring. Science
and technology. 2019. No. 1 (39). pp. 65-69.

6. Chukarin, A. N. ensuring comfortable working conditions during vibration-shock
�nishing of shaped parts by reducing vibrations and noise / A. N. Chukarin, L. M. Shcherba //
Progressive technologies in machine and instrument engineering: a collection of articles based
on the materials of the All-Russian Scienti�c and Technical Conference� Nizhny Novgorod;
Arzamas, 2002. � pp. 352-355.


