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Çàïðîïîíîâàíî ãðàäóþâàëüíî-ïåðåâ³ðî÷íèé ñòåíä äëÿ íàï³ðíèõ òðóáîê, ÿêèé àäàïòîâàíî 
äëÿ ðîáîòè ðàçîì ç åòàëîííîþ ïåðåâ³ðî÷íîþ óñòàíîâêîþ ÓÏËÃ-2500, ùî çàñòîñîâóºòüñÿ äëÿ 
ïåðåâ³ðêè ìåõàí³÷íèõ ë³÷èëüíèê³â ãàçó. Ðîçðîáëåíî ãåíåðàòîð ³ìïóëüñ³â, ÷àñòîòà ÿêèõ 
çàëåæèòü â³ä âèòðàòè ãàçó ï³ä ÷àñ ãðàäóþâàííÿ. Ðîçãëÿíóòî ïðèíöèï ðîáîòè ñòåíäó, ÿêèé 
âðàõîâóº îñîáëèâîñò³ ìåõàí³÷íèõ ë³÷èëüíèê³â ãàçó. 

 
n“2=……Sì ÷=“%ì C!, ",ìS!þ"=……S ",2!=2, ã=ƒS", ƒ=ìS“2ü “2=…ä=!2…,. ƒ"3›3"=ëü…,. 

C!,“2!%_" ",*%!,“2%"3þ2ü“  2=*S Cе!",……S ",ìS!þ"=ëü…S Cе!е2"%!þ"=÷S,  * …=CS!…S 2!3K*, 
(mŠ), …=C!,*ë=ä 2!3K*= oS2%, 2= 3“е!еä…þ"=ëü…S …=CS!…S 2!3K*,. mŠ ä%öSëü…% 
",*%!,“2%"3"=2, " 2!3K%C!%"%ä=. =K% *=…=ë=. ƒ "еë,*,ì C%Cе!е÷…,ì Cе!е!Sƒ%ì äе “*ë=ä…%, 
=K% …еì%›ë,"% "“2=…%",2, S…øS 2,C, ",ìS!þ"=ëü…,. Cе!е2"%!þ"=÷S" (bo). 

m= "SäìS…3 "Sä 2=*,. Cе!",……,. bo  *, …=C!,*ë=ä, ƒ"3›3"=ëü…S C!,“2!%_ [1], …=CS!…S 
2!3K*, …е ì=þ2ü ä%“2=2…ü%_ …%!ì=2,"…%_ 2= 2е.…S÷…%_ K=ƒ, äë  ã!=ä3þ"=……  2= Cе!е"S!*,. 
g=ƒ",÷=L ã!=ä3þ"=……  mŠ C!%"%ä 2ü …= “CеöS=ëSƒ%"=…%ì3 …е“2=…ä=!2…%ì3 “2е…äS, =K% 
KеƒC%“е!еä…ü% …= %K’G*2S, äе mŠ Cë=…3G2ü“  "“2=…%"ëþ"=2,“ü. b ä=…SL !%K%2S C!%C%…3G2ü“  
!%ƒ!%K,2, 2=*,L ã!=ä3þ"=ëü…%-Cе!е"S!%÷…,L “2е…ä äë  …=CS!…,. 2!3K%*,  *,L K, ìSã 
=ä=C23"=2,“  äë  !%K%2, !=ƒ%ì ƒ “2=…ä=!2…%þ е2=ë%……%þ Cе!е"S!%÷…%þ 3“2=…%"*%þ äë  
Cе!е"S!*, ìе.=…S÷…,. ëS÷,ëü…,*S" ã=ƒ3. 

mŠ C!,ƒ…=÷е…S äë  “2"%!е……  Cе!еC=ä3 2,“*3, C!%C%!öSL…%ã% “е!еä…SL ø",ä*%“2S C%2%*3 
" C%Cе!е÷…%ì3 Cе!е!SƒS *=…=ë3. mŠ ",*%!,“2%"3þ2ü“  3 “*ë=äS ",2!=2%ìS!S" ƒìS……%ã% Cе!е-
C=ä3 2,“*3,  *S ì%›32ü ",*%!,“2%"3"=2,“  " “,“2еì=. *%…2!%ëþ S *е!3"=……  
2е.…%ë%ãS÷…,ì, C!%öе“=ì,, = 2=*%› 3 "3ƒë=. %KëS*3 ",2!=2, 2= %K'Gì3 ã=ƒS" [2]. g 2%÷…,ì 
",ã%2%"ëе…… ì mŠ ä%“ ã=G2ü“  ",“%*= C%"2%!þ"=…S“2ü ",ìS!þ"=……  ",2!=2, C%2%*3 (ƒ 
C%.,K*%þ Kë,ƒü*% 0,5#1 %) [3]. mŠ G C!%“2,ì, ƒ= *%…“2!3*öSGþ, ì=þ2ü …е"еë,*3 
“%KS"=!2S“2ü, = 2=*%› ì%›32ü ƒ=“2%“%"3"=2,“ü äë  Cе!е!SƒS" *=…=ë3 K3äü- *%_ -%!ì,. 

“* C!=",ë%, äë  …=CS!…%_ 2!3K*3 CS“ë  __ ",ã%2%"ëе……  …е%K.Sä…% ",*%…=2, S…ä,"Sä3=ëü…е 
ã!=ä3þ"=……  ƒ= ä%C%ì%ã%þ =2е“2%"=…%_ е2=ë%……%_ 3“2=…%"*,. 0е ä=“2ü ƒì%ã3 CSä",?,2, 
2%÷…S“2ü ",ìS!þ"=……  ",2!=2,, = 2=*%› "!=.3"=2, “,“2еì=2,÷…3 S…“2!3ìе…2=ëü…3 C%.,K*3, 
",*ë,*=…3 %“%Kë,"S“2þ ",ã%2%"ëе……  C!%-Sëþ mŠ. m= !,“. 1 …="еäе…% C!,*ë=ä *%…“2!3*öS_ 
…=CS!…%_ 2!3K*,. 
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mŠ “2"%!þþ2ü Cе!еC=ä 2,“*3 " 
ƒ=ëе›…%“2S "Sä ä,…=ìS÷…%ã% 2,“*3 
C%2%*3 2= =K“%ëþ2…%ã% 2,“*3 " 
*=…=ëS, 2%K2% Cе!е2"%!þþ2ü 
*S…е2,÷…3 е…е!ãSþ C%2%*3 " 
ä,…=ìS÷…3, ø",ä*S“2ü C%2%*3  
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p,“. 1. o!,*ë=ä *%…“2!3*öS_ …=CS!…%_ 2!3K*, 
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äе k  ã!=ä3þ"=ëü…,L *%е-SöSG…2; ρ  ã3“2,…= ã=ƒ3 " !%K%÷,. 3ì%"=.. 
b,ƒ…=÷,"ø, ƒ= -%!ì3ë%þ (1) ì,22G"3 ø",ä*S“2ü C%2%*3, %K÷,“ëþG2ü“  ì,22G"= 

",2!=2= ã=ƒ3 Q " *=…=ëS 
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Q vS kS
Δ
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ρ ,  (2) 

äе S # Cë%?= C%Cе!е÷…%ã% Cе!е!Sƒ3 ",ìS!þ"=ëü…%ã% *=…=ë3. 
o!%2 ã%ì е*“Cë3=2=öS_ mo 3 “*ë=äS Pbq …е%K.Sä…% C!%"%ä,2, __ Cë=…%"3 Cе!е"S!*3, = 

",ã%2%"ëяþ÷, …%"S mo, …е%K.Sä…% ƒ=KеƒCе÷,2, 2%÷…е S…ä,"Sä3=ëü…е ã!=ä3þ"=……  %“2=……S.. 
m= “ü%ã%ä…S " r*!=_…S …=LKSëüøе ",*%!,“2%"3þ2ü“  е2=ë%……S Cе!е"S!%÷…S 3“2=…%"*, 

(eor) äë  Cе!е"S!*, ìе.=…S÷…,. ëS÷,ëü…,*S" ã=ƒ3, ƒ%*!еì= !%2=öSL…,. 2= *=ìе!…,.. o!, 
Cе!е"S!öS eor %2!,ì3G "Sä ìе.=…S÷…%ã% ëS÷,ëü…,*=, ?% Cе!е"S! G2ü“  Cе"…3 *Sëü*S“2ü 
еëе*2!,÷…,. SìC3ëü“S" 2= C%!S"…þG _. *Sëü*S“2ü ƒ *Sëü*S“2þ SìC3ëü“S" е2=ë%…= %K’Gì3. 
oS“ë  öü%ã% !%ƒ!=.%"3G2ü“  C%.,K*= ",ìS!þ"=……  %K'Gì3 ã=ƒ3 ìе.=…S÷…%ã% ëS÷,ëü…,*= 2= 
!%K,2ü“  ",“…%"%* C!% "SäC%"Sä…S“2ü !еƒ3ëü2=2S" Cе!е"S!*, ìе2!%ë%ãS÷…,ì 
.=!=*2е!,“2,*=ì ä=…%ã% ëS÷,ëü…,*= ã=ƒ3. 

dë  3“CSø…%ã% !%ƒ"' ƒ=……  ƒ=ä=÷S ã!=ä3þ"=……  2= Cе!е"S!*, mŠ …= K=ƒS …= "…%_ 
=2е“2%"=…%_ eor K3" “2"%!е…,L “CеöS=ëü…,L ã!=ä3þ"=ëü…%-Cе!е"S!%÷…,L “2е…ä (coq). 
coq C!=öþG " C=!S ƒ Cе!е"S!%÷…%þ 3“2=…%"*%þ, …=C!,*ë=ä rokc-2500 (",!%K…,* ì. 
P"=…%-t!=…*S"“ü*). r“2=…%"*= rokc-2500 C!,ƒ…=÷е…= äë  ",C!%K3"=…ü, Cе!е"S!*,, 
ã!=ä3þ"=……  S ìе2!%ë%ãS÷…%_ =2е“2=öS_ ëS÷,ëü…,*S" ã=ƒ3 !%2%!…%ã% S 23!KS……%ã% 2,CS" " 
C!%öе“=. _. ",C3“*3 ƒ ",!%K…,ö2"= 2= е*“Cë3=2=öS_. 

coq ì=G ",ãë ä -3…*öS%…=ëü…% ƒ="е!øе…%ã% ìS*!%C!%öе“%!…%ã% Kë%*3,  *,L %2!,ì3G 
…е%K.Sä…S äë  !%ƒ!=.3…*3 ",2!=2, ã=ƒ3 ä=…S ƒS “2=…ä=!2…,. “2!3ì%",. ä=2÷,*S" 2,“*3, 
2еìCе!=23!, 2= Cе!еC=ä3 2,“*3 …= mŠ. coq !%ƒ!=.%"3G ",2!=23 2= %K’Gì ã=ƒ3 " !%K%÷,. 
2= …%!ì=ëü…,. 3ì%"=. ƒãSä…% ì=2еì=2,÷…%_ ì%äеëS ",ìS!þ"=……  ",2!=2, ã=ƒ3 [4]. 

coq ",ä=G SìC3ëü“, ƒ ÷=“2%2%þ "SäC%"Sä…% ä% %K’Gì…%_ ",2!=2, ã=ƒ3, SìS23þ÷, !%K%23 
ìе.=…S÷…%ã% ëS÷,ëü…,*=. 

o!,Lì=þ÷, SìC3ëü“, "Sä coq, eor ",ƒ…=÷=G %K'Gì, ?% …=!=.3"=ë= coq 2= %öS…þG __ 
C%.,K*3. b,*%!,“2%"3þ÷, coq " C=!S ƒ eor, ì%›…= …е 2Sëü*, ",*%…=2, Cе!е"S!*3 
",ìS!þ"=ëü…%ã% Cе!е2"%!þ"=÷= …= K=ƒS mŠ, =ëе L C!%"е“2, ã!=ä3þ"=……  …=CS!…%_ 2!3K*, 
K3äü- *%_ *%…“2!3*öS_. m= !,“. 2 C%*=ƒ=…% “.еì3 CSä’Gä…=……  coq äë  ã!=ä3þ"=……  mŠ. 
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coq C!=öþG 2=*. m= ".Sä coq …=ä.%ä 2ü ä=…S ƒ е2=ë%……,. ä=2÷,*S" 2еìCе!=23!, T 2= 
2,“*3 P. coq 2=*%› %2!,ì3G “,ã…=ë Cе!еC=ä3 2,“*3 ΔP ƒ mo, ?% ã!=ä3þG2ü“ . 

 
 

p,“. 2. q.еì= CSä’Gä…=……  coq ä% 3“2=…%"*, rokc-2500: 
1 # ã!=ä3þ"=ëü…%-Cе!е"S!%÷…,L “2е…ä; 2 # …=CS!…= 2!3K*=, ?% ã!=ä3þG2ü“ ; 3, 4 # ä=2÷,*, 
2,“*3, 2еìCе!=23!,; 5, 6 # !%K%÷S е2=ë%…, %K’Gì3; 7, 8 # ƒ=“3"*,; 9 # !еã3ë 2%! ",2!=2,;  

10 # "е…2,ë 2%!; 11 # C3ëü2 *е!3"=…… ; 12 # *%ìC’þ2е! 

m= C%÷=2*3 ã!=ä3þ"=……  mo " C=ì’ 2ü coq …е%K.Sä…% ""е“2, ä=……S C!% ã3“2,…3 ã=ƒ3 
ρ, …=  *%ì3 K3äе C!%.%ä,2,“ü ã!=ä3þ"=……  (ƒ=ƒ",÷=L öе C%"S2! ), Cë%?3 C%Cе!е÷…%ã% 
Cе!е!Sƒ3 S 2!3K, Cе!е"S!%÷…%ã% “2е…ä3, *Sëü*S“2ü SìC3ëü“S" …= 1 ì3 ã=ƒ3 Np 
&"S!23=ëü…%ã%[ ìе.=…S÷…% ëS÷,ëü…,*=  *,L coq SìS23"=2,ìе. 
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q2е…ä äë  ã!=ä3þ"=……  =K% Cе!е"S!*, mo C!=öþG " !е=ëü…%ì3 ÷=“S. coq 3 “"%Gì3 
“*ë=äS ì=G C!%ã!=ì…,L ãе…е!=2%! ÷=“2%2,, "  *%ì3 G ì%›ë,"S“2ü C%“2SL…%_ ƒìS…, ÷=“2%2, " 
C!%öе“S ã!=ä3þ"=…… . cе…е!=2%! -%!ì3G ÷=“2%23 SìC3ëü“S" " äS=C=ƒ%…S 1…100 cö ƒ 
"Sä…%“…%þ C%.,K*%þ 0,01 %. cе…е!=2%! !е=ëSƒ%"=…% …= 32-!%ƒ! ä…%ì3 2=Lìе!S-ëS÷,ëü…,*3 
“,ã…=ëü…%ã% ìS*!%C!%öе“%!= ARM7 ƒ C%Cе!еä…Sì C%äSëü…,*%ì ÷=“2%2,. o%äSëü…,* 
ƒìе…ø3G ".Sä…3 ÷=“2%23 60 lcö ä% 12 lcö. Š=Lìе!-ëS÷,ëü…,* 2=*%› ìS“2,2ü !еãS“2! 
Cе!еC%"…е…… . j%ë, ƒ…=÷е……  " ëS÷,ëü…,*3 “2=G KSëüø,ì ƒ= ƒ…=÷е……  " !еãS“2!S 
Cе!еC%"…е……  "SäK3"=G2ü“  Cе!е!,"=…… , CSä ÷=“  *%ã% " ëS÷,ëü…,* ƒ=C,“3G2ü“  …3ëü%",L 
C%÷=2*%",L *%ä S ãе…е!3G2ü“  ",.Sä…,L SìC3ëü“. gìS…þþ÷, ƒ…=÷е……  !еãS“2!3 
Cе!еC%"…е…… , ä%“ ã=G2ü“  ã…3÷*= ƒìS…= ÷=“2%2, ãе…е!=2%!= " ƒ=ëе›…%“2S "Sä ",2!=2, ã=ƒ3. 

PìC3ëü“, ƒ ãе…е!=2%!= …=ä.%ä 2ü …= SìC3ëü“…,L ".Sä Cе!е"S!%÷…%_ 3“2=…%"*, rokc-2500, 
SìS23þ÷, !%K%23 ëS÷,ëü…%ã% ìе.=…Sƒì3 ìе.=…S÷…%ã% ëS÷,ëü…,*= ã=ƒ3. oS“ë  “2=!23 ƒ= 
-%!ì3ë%þ (2) coq C%“2SL…% !%ƒ!=.%"3G ì,22G"3 ",2!=23 ã=ƒ3 2= ÷=“2%23 Fout, ƒ=  *%þ 
ãе…е!=2%! -%!ì3G SìC3ëü“, 

 3600out pF QN= , (3) 

äе Np # *Sëü*S“2ü SìC3ëü“S" …= 1 ì3 ã=ƒ3 &"S!23=ëü…%ã%[ ìе.=…S÷…% ëS÷,ëü…,*=,  *,L 
coq SìS23G. 

b *%›…%ì3 ö,*ëS !%K%2, coq ",ƒ…=÷=G …%"3 ÷=“2%23 2= C%ä=G "SäC%"Sä…S *%ì=…ä, …= 
ãе…е!=2%! äë  *%!е*öS_ ",.Sä…%_ ÷=“2%2, Fout. pеƒ3ëü2=2%ì ã!=ä3þ"=……  …=CS!…%_ 2!3K*, 
K3ä32ü !%ƒ!=.%"=…S “е!еä…S ƒ…=÷е……  “3ì=!…%ã% %K’Gì3 ã=ƒ3 ƒ= ä%C%ì%ã%þ coq (QmŠ) 2= 
ƒ= ä%C%ì%ã%þ eor (Qе2). p%ƒäSë,"ø, “е!еä…S ƒ…=÷е……  “3ì=!…%ã% %K’Gì3 Qе2 …= QmŠ, 
%2!,ì=Gì% ø3*=…,L *%е-SöSG…2 k ã!=ä3þ"=……  …=CS!…%_ 2!3K*,,  *,L ƒ=ƒ",÷=L Kë,ƒü*,L 
ä% %ä,…,öS: 

 е2

mŠ

Q
k

Q
= . (4) 

b,“…%"*, 

g=C!%C%…%"=…% ã!=ä3þ"=ëü…%-Cе!е"S!%÷…,L “2е…ä äë  …=CS!…,. 2!3K%*,  *,L =ä=C2%"=…% 
äë  !%K%2, !=ƒ%ì ƒ е2=ë%……%þ Cе!е"S!%÷…%þ 3“2=…%"*%þ rokc-2500 äë  Cе!е"S!*, 
ìе.=…S÷…,. ëS÷,ëü…,*S" ã=ƒ3. b,*%!,“2%"3þ÷, coq, ì%›…= ",*%…=2, ÷е!ã%"3 Cе!е"S!*3 
",ìS!þ"=ëü…%ã% Cе!е2"%!þ"=÷= …= K=ƒS mŠ, = 2=*%› C!%"е“2, ã!=ä3þ"=……  mŠ K3äü- *%_ 
*%…“2!3*öS_ 2,ì, › =C=!=2…,ì, ƒ=“%K=ì,, ?% L C!, Cе!е"S!öS ìе.=…S÷…,. ëS÷,ëü…,*S" ã=ƒ3. 
q-%!ì3ëü%"=…% ",ì%ã, äë  ã!=ä3þ"=……  2= Cе!е"S!*, ",ìS!þ"=ëü…%ã% Cе!е2"%!þ"=÷= # 
mŠ. p%ƒ!%Këе…% C!,…ö,C !%K%2, coq,  *,L "!=.%"3G %“%Kë,"%“2S ìе.=…S÷…,. ëS÷,ëü…,*S" 
ã=ƒ3, ?% ä=G ƒì%ã3 " !е=ëü…%ì3 ÷=“S ƒìS…þ"=2, ÷=“2%23 ",.Sä…,. SìC3ëü“S" " ƒ=ëе›…%“2S "Sä 
%K’Gì…%_ ",2!=2, ã=ƒ3. 
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