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PeAaxuuoxHafl Kol lnerruI :

R n r t ,  ' , o o  I 0  f  R n v n n v o o a  A  l (  K n r r p u e u w n  I  H  K v n e n y a n  B .- - /  - - r -  " - '

)[uxau."roe .l]. i l ., Pesxuxoacrcuu A. II ., Ceprcm B. C., Ctuco<ui C

Tonxoqee ,7.  A.

-!-1. ,  , l [aprexcox B. . f l . .

l l l . .  Coxo, to6  I ' {  6 . ,

D ^ , , - , . - - r ' -  D  L ]  D , , ^ - ^
I  C L l g n J l r r  r  p .  f  r .  u 4 L L u l . r 4 v d v a

fa rvryc  H.  M.  H Ap.
t 18 Texnuqecrcoe BoAocHa6xefry{e f3C perynHpyeMblM}t 3xeKropaNml

H. l l1 .  fa t ryc ,6 .  f  .  Kapre: r teB,  11, .U. . f  ceoxcxI . tH.  -  J I . :  3Heproarof " {H3Aar .
j- leHnxrp. or!.-HHe- 1986 - 8-1 c.:  Hn' - (6-xa rHtPorexxuKa v rr lu'po'

3Hep re rHKa :  Bu rn .84 ) .

B  x x s r e  ! ! : r e r c r  o n H c a H H e  c H c r e M  T e x H f f q e c K o r o  B o a o c t { a 6 : ' K e x n c  K p y r r H b I X

rx! .po3neKtpocranrrx f r ,  Hcnotr l3ytou-p{x raKXe rx f lb l  H<:roqHKKoB nHTaHHf l ,  xaK H}

p e r y n H p y e M b t e  x  p e r y n H p y e r \ { b r e  3 ) x e K T o p u r .  f l p r o o e r r c n  M e r o . a H x a  p a c q e r a  H e p e

r ) - n H p y e M b r x  H  p e r y n H p y w r b r x  3 x e K T O p O B ,  O C H O B b T  H X  K O H C T p y H p o E a H l L f l ,  a  T a K x e

p e 3 y n b r d r b l  r l r o a e r b H l r l x  H  H a r y p H b r x  H c c n e A o g a H x i  p e r y x t r p y e M b t x  l x e r < T o  p o B  '

n p K M e H e H l i b r x  H : l  C a x x o - [ I y u l e s c x o *  f 3 C .  Y a e n e x o  B H H M a H H e  B o n p o c a M  o n r H M H -

3ar . lHH H craH, f ,aprH3auHH 3xeKTopoB, a raKx<e ocobexxocrRM MOHTaxa H HaJra.EI<H

f>(  ex Topo B.

K n x r a  p a c c q l t r a H a  H a  K H ) { e H e p } r o - T e x H H q e c x x x  p a 6 o r H u K o B ,  3 a H H M a I o u r H x c f f

n p o e K T H p o B a r { H e l v r ,  c r p o H T e J r b c r B o M  H  3 K c n n y a r a u x e i  r H . u , p o l l l e K T p o c r a r r q r r f r ,

H  c n e u H a r H c r o a  c M e x H r t x  o 6 l a c r e r i  r e x x r c < x .

2305020000- I  l9 6 6 K  3 1 i 6

(9 3t tcpt 'oatoi r t r : r i tar ,  1986

0 s l ( 0 r ) - 8 6
255-86

NPENHCJIOBHE

OqHol i  v t3 HayqHo-TexHl{qecKHX npo6neM, oxBarblBaeMblx H3BecrHnl l \ t

. i loroaopoivr Zij .rerxHrpa.Tcr(HX opraHH3auHH rlo co3il,ai{i ' l io o[rioH i' i3 Kpyn-
, , r  -  n r \ / -  d -  _ _ ^

Hei[ur{x B MHpe CanHo-l iL; ru ieHcKofr  f3C, 6t t la pa3paSorKa H BHe.qpeHHe

cHcTeMbt TexHHr{ecKoro BoIIocHa6xeHH-E yKl{K&r ' IbHbix n{ApoarpefaroB e,1H'

HxqHoi i  MotuHocrbro Io 720 TbIc.  I (Br '

T exsnrc o -3 K oHoi\,{i{qec Koe cpaBHeHHe pa3ilHl{}{ blx B o 3Mo)+(Hblx BapHaH To B

BogocHaSxeHg.rr  (cauoreqrorr i ,  HacocHbtfr  H 3xeKTopHnlt t )  Bbl f lBlL ' Io :QQerc '

THBHocTb rexHHr-1ecKofo BogocHaSxeHr.r . t r  Hcno. l1b3y]outero perynHpyeMble

l) i (eKTopbr.  l lpenlr ) 'uecTBa l roro cnoco6a c- 'crof lT B ToM, so cFo' IxaercR

pacxoA 3neKTpo3HeprHH Ha coScraeHlrre H\r /Kr.bI  f3C, coKpauiaerct{  cro-

Htv{ocrb o6opy.u,oBaHHr,  ynpoulaercr  3Kcf i t ryaratp{q H peMoHT, a raK)Ke y lvteHb'

uarorcf l  3Kcnr ' ryaraul toHnbre pacxogbr.  Karc nogrBepiuul  MHoroj IerHHl"{  onblr

lKcnnyarauxH Caxxo- l l lyuie i rcKofr  f3C, f ra cHcrel{a oKa3at lacb Hal lexHo}-{ .

iro qTH He rpe 6 yrc ureii x a5;rrcAeHu.fi OScn)t' i(HBaIouIH M ne pcoHal Io M .

6,rarog,apn co11py^/KecTBy l \ {HOTHX Opr3m{33t l } l f r  B pal l  KaX ,U.Oroeopa

l8 neHHHrparcKHx opr3HH3ar. IHf t  reHepa. ' Ib l loNly npoeKTHPoBi l lHKV CasHo'

uyrueuf i<oH f3c -  t ' IeHrNAponpoeKry -  y[aJrocb B KoporK] i ] - r  cpoK pa3pa-

Sorart  npoeKT npocroir  H HaAexHofr  cucreprt t  reKuHqecKoro BoAocHa6xeHlt . f l

f3C, xa leHNurpaacKoM MerLq;r f i r {ecKoM 3aBoAe }{MeHH XXII  ca€3ga KnCC

co3AarH opHrHHa.: ibHyto MeTogHKy pact{eTa peryxHpyeNlblx 3xeKTopoB }{  pa3-

pa6oranx HX KoHcrpyKuHro,  Bo BFIHH| nr ' rerol  E.  E.  BeqeHeeBa c yqacrHeM

IleHru.uponpoeF(Ta 6lr . l ' r  co3AaH creHn i l  ITpoBeAeHbI cepl{ I lHble Hcnblr3H} l f f

KpynHo[ Moi ler ' I ] t  ixeKTopa co cMe]rHbi l l tH 3neMeHTaMH r lporoqHo]-{  qacr} I .

Hexoropsre i f le l teHTbr lxeKTopa 6t l rN HcnbtraHbl  B Haryptrb lx vc i loBi ' { f lx .

I - [o pe:ynlraraNt Hcrrbl raHHi i  6 l r la f roqHeHa <!opr ' la nporot tHof i  qacrx,  pa3N{epbl

i t  KoHcTpyKl l l t f l  lxeKTopoB Bo Bcex H.x pexHMLx pa6oTbl .

CrpOgrentcrBo Kpyt t l {efrUH.\  B Hatt tefr  cTpaHe 6parcrcOfr  ,  Ycr l - l 'hNMcKoi{

N Canuo- l l iy . t i leHcKoi{  I -3C no:sonH;ro BHeApHTb nporpeccHBHbte rexHHqecKHe

peueHHr cHcren rexluqecKoro BoAocHaOx(eHHfl  MourF{blx rH.u,poarperaroB.

B pe3ynbrare i\{HoroqHcJ'j ' ieHHblx npoeKTHr'Ix H HCCre.I.oBare'l lbcKl{x pa60r

Su tna  ycoBepueHcrBoBat {a  KO} {cTpyKIna f f  HeperynHpyeMoro  3 )KeKTopa  H  pa3-

pa6oraga HoBa-rr  KoHcrpyrctxf l  perynHpyeMoro l )KeKTopa, Koropbl f r  f l  Bl l tercs

HaH6ollee SKoHo:r,tI.tr{HbtM Hcrot{H}.tKorvr nHTait}{fl TexHHqecKoro noAoctta6xe-

I iH-f i  6yAylul rx r (pynHbrx rHgpo3neKrpocraHl{Hi i .  I lpo6neivr t l  npoeKrHpoBattHt l

I r  3Kc ruyaTaU,HH TeXHHt tecKoro  BoAocHa6xeHHf f  rHAposneKTpocTaHtu l f r ,  B t l e [ -

pe t {H . t I  pe ryJ . IHpyeN{o ro  l xeKTopa  B  KaqecT tse  pa6overo  op t ' a t l a  TBC e  Ha-

crof l  u- lee Bpervl ' r  r {pe3Bblqai}{o aKTyanb} lb l .



B ro xe BpeMff oftbrr npoeKTupoBaHH.fl  H 3r(cnryararlxtt  HeperynHpyeMbrx
3xeF(TopoB Anfl  cHcTeN{br rexHHqecKoro eoAocua6xexHq n CCCP He3Haq}{-
TeIeH,  a  pefv i rHpyeMbr- \  lxeKTopoB -  r roqTl r  oTCyTcTBy'eT H I {e  OTpDK€H
B TexHuqecxoil  ;urrepary'pe. Hau6o.'ree uoeofr H t{:eecruor:{ s :rol i  oSnacru
rexHHKi t  tBr f lerc f l  KHHra NI .  O.  fy6urra .  t0 .  H.  fopr rocraeea u K.  A. , r }o6uu-
, ,^ -^  " r I^  / - \ . , , , ^ , . , -
^ v r  u  r  r | / r l r r r u r l v r t f l \ .  J A v N  r \ J p u D  r r q  r  r L L \ p u J / l ! ^  r y v w  r u n L l i l n / \  v l J 1 d l \ \ . ,  n  J A c \ . D

peqb  HgeT ToJ tbKo  o  HeperynHp-yeN lb rx  l xeKTopax .  c , re . l ye r  o rN{c r } {Tb  laKXe,
r{To o6;racrr  npHNleHeHHr per.v 'nHpyeN{brx lxer i ropoB }{e ofpa} i } { r {HBseTcr{

r} { i lpofneKTpocTaHuHflN{}{ .  oH}{  N10r}T npHrvleHrrbcf l  Ha ryp60ycra}toBKax,

B cHcreMe r tporvrbr i r l r reHxoi  r€rrroreXHHKH H TenI]o0lr rcautot l t rbrx ycTaHoBKax.

- I -1 f l  rngporpaHcnopra  npH pa3pa6orxax  r i ( )poAbr  l {  T .  . 1 .  f l o . r ro r , r y  } {HTepec

K 3XeKTOpaM B noci te! ,Hee BpeN{f  BO3pOC.

Y  aa ropoe  B  npouecce  paoors r  HaKonHI Ic f l  oSuruprmu i  wr rep l ra r  Io  pe ry -

. rD tpyeN lb rM 3xeKTopa \ r .  Ko ropb t l i  xs . rRercR ocHoeor {  r rou  xnur r r .  B  r re f r

] . {3roxeH } laTepHa-l  o pacqeTe. KoHcTpYupoBaHroi .  NloHTsxe i l  lKcn,TyaTatt r t } t

pel ! ' IHpyeNlbrx 3xeKTopoB. i {x  orrTH!I} {3atu. tH H c}{cTeMaTH3auHH. N{Otre; IbHbrX
I {  H I T T V D H h I X  H C C T E [ O R z } { I {  q X .

i iu"u nepBarr HarrHcaHa H. N'1, farurvcona. Bropar rraBa H $ 13 - I  .  yI.  f lc-
BoHcKHM,  $  l 4  - -  6 .  f  .  Kap re , rea r r v .

Anropu npl.rHocflT S.rarotapHocrr Hru+(eHepaN{ H. A. A,rerccaH.[poaor-r.
l l .  B .  Hou reHKo .  E . I l .  Ka raHy .  . i l  A .  Kop ruu lbeBy ,  A .  A .  C . rasnxcKo l r y ,  oKa -
SaBtuHM I ]O]VIO; Ib  B  I IO! . rOTOBKe ! ta rep t ia f ioB / f j - I f  KH] lF ] t .

Or:srsr , r  H noxeraHl . f l  r ro  KHrr re  npocrda HanpaBrnrb no at rpecv.  191065,
, ler i l rx rpa.u, .  \ lapcouo no. le .  ! , .  I  .  Ic 'H l {Hrpat rcKoe or . ]e- leHHe 3Heproarou-
1 1 3 _ l a T a -

Aetroput

T.I IABA NEPBA, ' I

CHCTEMA TEXHHTIECKOfO BOtrOCHAE;(EHH' f3C

I .  I I A 3 H A I { E H } I E  C } { C T E } I b I  T B C

( - . - ^ - ^ - . , ,  - ^ , , ^ , . - " f i \ v p u u "  ( T R C )  r u n n o ' l n e K T o o c T 3 H t l l t } {
L l l L  l C M b l  l t r / \ l . l r t r q t ^ r . r r  L ,  o v A v e r r q v  . . . ' . r v - " - - - - r  -

i lpel .Ha3Haqalorcs f rn oOc;rya(HBaHHff  KaK OcHoBHoro rH]poc!{ ' - loBLrro elSt l '

p , y - l oBaHHf f .  TaK i t  oOecneq lBa loLuero  e ro  pa6orv  Bcno iv lo ra re rb l {o ro  } {  t )oLue-

crai {u} ioHHoro o0o c y 'J .oBaHHff  .

i lo tpeSlrre i lx l { l t  re. \H} lqecKot i  so ' l 'b t  f lB i l f l torcr :  v  ru! 'porypo} lH -  c}{cre-

Mb i  cMa3KH no i l . r r r ynHHKoB c  BKna l .h lu la l lH  (o6pe :nHeHHb lM l l  Hn I {  }13  cHHTer } l -

r recKHx  MarepHa j roe ) .  r rac j i oox - ta ! . I {Tex } t  no r .u lHnHHKoB c  N tacJ l rHo i i  cs ra :x t l l i .

a  T3KXe cHcTeMbt Der,v,THpoBaHHfl .  vnj loTHeHl l t I  BaJIOB r t  la6Npl txTHbtx ) ' r inoT-

nerut i i  pa6ow.x Ko.tec.  y rH.npOreHepaTOpoB -  Mact lOO)Lqa,u. l tTe,ql l  B ts3Hl{3X

t io. f . I l f lTHHKa H no: luHnHHKOB, BO3-IyXOO.L: Ia ju{TeIH B CHCTeMe BeHTH;l t lu} l } { '

BotroBolrr { r {bre reru-rooSlrexHnx}{  o{creMbt BHvrpHnpoBor l ,HHKoBoro ; {ou'Kocr-

HOrO OXIaXAeHHfl  CTaTOpA H poTop3. a TaKXe vcTpoHcTBo o.L ' laxtre l${ f l  T1{pHc-

TopHbrx Bbl  npf lMHrerei t  cNcrevst  ao:6y, t<! ,eH.Hff  .

Y r . rasHtr  x rpaxcQ opM aro poB TexHH qecKoe Bo.q,ocHa6xenue oOecne'nt  sae r

p a6 o ry M ac n o o.r--I a,Lx T r-,il e fr UH P t( y' x ff ttrt o u H o fr cH cre ivl bl o XI a XLe IlH fl '

O6utecrauUHOHHoe O6Opy,r ,oeaurte nOrpeSn.aeT Te. \HH(lecKylo Bo;y i1; t f l

oxta)+(AeHHr KoNlnpeccopoB. KoF{Jl } {uHOHepOB, c iv{a3KH noAlu}{nHHKOB 3pTe-

3HaHCKI{X HaCOCOB H ; lpyrHX t te,re l t

, [Lqq c] , {a:K}t  H o.Ki taxgeHlt f  noAIIHnHHKa rHApOTypoHHbt c Oope3}{He}{ '

Hbt lv{H BKna[bi l .ua\r ] t  ]urH c BKj t&lbruarv lH,  nol(pblTblMH r teTSJl j - lOI l - ] ' l3CT]{3ccoH.

xeo6xoANua HenpepbrBHa.f l  no! ,aqa TexHHqecKoi i  BoAbl ,  TaK KaK . f ,ar6e ee

F(paTKOBpCMeHHOe npe i (paueHHe \ lOXeT Bb l3BaTb  neperpeB I {  noBpex- l cH} {c .

noKpblrHf l  src, . ia;1:r tute6.  K raKHNt nonrnl tnuHKet ' {  Bol13 i lo. l . lcrcf l  l t3 - lByx

HefaBHCHNlb rx  I { c ro t {HHKoB.  Pacxo . i  Bo .0 .b l  3aB l l c } { r  o t  i l } l 3N lc - rpa  rypSt { l "Ho l - r )

Ba. t l l  H He 3aBHCltr  or  reMnepaTvpbl  Botrb l .

J las;1eHHe BOiIb l ,  nocTynarcuf  efr  K nO!, lxHI lHl tKy.  AOn), t i i lO Ht 'cKof lbKO

npeBbtIUaTb npoT'{BoIaBIet{He co cTopoHbl HH)K} lero 6leQa, K} 'Aa tso, : ,a oTBo-

f,.HTcfl . Pacqermri-r pac.\o.r. BoAbr. ox-'rexAaloueil rro!,uHnHHK n{!,por.y-pSuxt t

c  o6pe:uHeHlrbl } , t I {  BKraAbI lUaMH, or ]peAeJrRercf l  Ha 3aBoAe- l l3roroB[t re j le

rHtrpoTyp6l tHxoro oSopy11oaaHnn B pe3) 'Jr ' IbTaTe TenrtoBoro pacqeTl .  npO'

Bo,u.HMoro rpH i ioHcrpyHpoBaHxH nogruHnlruxa.  Opnct t f ipouoql to Ha npel l '

Bap!{TelbHblx cTUIHf lx r tpoeKTHPoBlHt l f l  f3C pact lcr i lb ln pacxo,o.  N{o)t ( l {o

I r p H H H M a r b  p a B H b r N t  ( 1  .  .  . l l )  l 0 - l  l ' r l / c .

Bo:AyxooLlaJIHTcf lH rHAporeHepaTopa pacnoj lararc rct l  t la  Bl teul t tet l

cTopo l re  Kopnyca  cTsTopa ,  i l a r tpoT l {B  oKo} r ,  } r3  t . o ro i )b l . \  I lOc ry l l ac r  t t a rpe ru r i i

r l o3 i IVX .  f [ c f r c raxc  Bo- ] , l vx ( )ox ra ju r  l  c . r l  ( ) c l t oua l to  t t a  t l pH t l t l t . t l l c  ren , loncpe i - i s t l l l



Me,KAy ox;raxAarouleil BoAofi, nporercarorueii no rpy6rcaM, H ropfit{HM Bo3Ay-

xoM, Hx o6rercarourxv. PacxoA BoAbI 3!.ecb 3aBHcur or MotllHocrll ruApo-

reHepaTopa H TeNInepaTypbl  ox,raxgaroruefr  eoAbl ,  T.€.  MoXeT H3MeHfiTbc. t l

ce3oHr{o npH H3MeHer{} i l {  TeNlrreparypbr Bo! .b l  B HcToqi tHKe BoAocua6xeHux

H B TeqeHHe CrtoK npH H3MeHelu{r l  Harpy3KH Ha reHepaTop.
- ' . _^  - ^ ;

l r g p e l p g t s  n  l l c p c u A j l i l - ) K A c H n c  B U J A y , \ u u , \ J l d , 4 r 1 l c J l s l l  n t r . / r \ t r J i d r c J l D t - l D t ,

TaK KaK i \ {Or f r  Bb l38aTb B nepBOM Cnyqae nO"pa*r taHHe H3OJl f lLD4L. ,  a  BO BTO-
poM ornorcBal{He nonepxxocrefr Bo3l,yxooxqa,l ,rrrenei i  c yHocotv{ B, ' Iar}{

B reHeparop. Y.rHrbrgafl  !{3noxeHHoe, uenecoo6pa3Ho c uenbto o6ecrte.{euH.[

6onee npo[on)K]rrej lbHoro cpoKa cnyx6rr H3oil f l l luoHHbtx N{arept{aroB f ipeAy-

cMaTpllBaTb xBTOp-{sTHHeCKOe peryJn4poBaHHe pacxoAa eoAbl, noganaevofr

K B o3tryxooxJraAHTe nfl.M, pjtfi noAAepxaHnx cra6n,r rHofr revneparypbt oy',rax-

!,eHHoro Bo3!.yxa. Pa6oqee gaBneHHe oL'IaxgaloUlei i  BoAbI, nogasaevofr

l< Bo3AyxooKr]aj l l {Te.q.ffN{, }IcXoDfl H3 yCnOanH HX npOqHOCTU He trOn)KHO npe-

Bbrr rarb 0J-05 iv l l ia .
Fleo6xor,ur,rtin pacxotr Botrbr, no,lasaeltor:t K Bo3AyxooxJIaIIHTenttv{

^ - ^ ^ - - - - - r ^ d  r t .  n ^ u n D r u L r u  T p n n n ' n r r \  n r a u p T ,  O n u c g r - t r -
I  r l } { P \ J f  g n g P d l . \ J P d r  \ - / l r P l i l ! r 1 , 4 !  l ! ^  I r q  v ! r l v D q r r r s r  r v r u r v u v

poBoqHo pacxog MoxHo onpeAerxTb no Qopuyne

^  0 , 8 6 P " ( l  - r r . )
e a o :  

- ' - - - n ' -  
( l )

A '

r, le Oso - pacxog BoAbr, notraBaeMofi K Bo3[yxooxnalnTe.l f fM, v3/q; PH -

HoMHHaJrbHaJr Mor.rtHocrb rHgporeHepaTopa, xBri 4r - Kn.[ rngporeHepaTopa

npr{ HoMxH&rtbHofr Harpy3Ke; Ar - H3MeHeHHe reMneparyp o)L'tax.uarolueH

BOAbr Ha BXOAe H BbrXOAe BO3[yXOOXiIa!,HTeJrefr, percOlreH[yeTcfr [pHH]{MaTb

4r :5"C npx reMneparype Ha BxoAe no 10- 'C t {  A l -_ :C npnreMneparype

Ha Bxolr,e cBbrr.ue 25 oC.

Macnoox,raAHTeJIH noAn-arHHKa H noatxHnHxKa rnAporeneparopa pacno-

JIararoTcff B coorBercrB,\[ouIHx MacjlflHbrx BaHHax, B 30Hax xagoonee HHTeH-

cunuoli rIHpKynflrIXH Macra. t{xcno Mac;IooxJ'IaAurenert H pacxoA ox;Iax,u,a-

rcuteir Boitbt 3aBXcflT or orBoAHiv{brx norepb Ha rpenHe B noAruITHHKe H IIo!,-

urHnI{HKe, a raKxe or reNlneparypbl ox"Ia'iq1,a}oueft so!'br' flpu H3Iue}leHH-RX

Harpy3r(I{ rHAporeHeparopa pacxoA Bo!.br Ha oxJraxgeHHe noAnflrH}tKa H noA-

IrHrlHHKa noqrH He Merurercfl, no3ToMy perymdpoBarb PacxoA uenecoo6pa:Ho
TOJIbKO Ce3OHHO, npH 3aMeTHbIX H3rvteHeHH.tIX TeMfiepaTypbl BOgbI B HCTOT{}IHKe

so.q.ocxa6xeHHfi.
Fleo6xoAxvtrr.l pacxoA Bog.br, noAaeaelrofr K Macnooxna,u,l{TenflM rroA-

TLflTHHKa rHApOreHepaTopa, onpeAeilfleTcfl Ha 3aBoAe-H3rOToBHTeJIe Ha OCHO-

BaHHH TeruloBoro pacqera. Opr.reHrupoBoqHo Ha npeABapHTenbHbtx craruulx

npoeKTHpoBaHHfi pacxoA NtoxHo onpeAerl-arb no Qopvy'lre

l o - '  . 8  .6 .45 t / '  n t / '
v M o -  

a t  
' (2 )

rA€ ;1 - rcoaQQnul{eHT, npuHnMaerrruril !"rx 3oHruqHoro reHeparopa paaHblM

5,0, a gln noABecuoro - 3,5; G - pacqerHas HarPy3l<a Ha noEJIf lTHHK, r;

n - qacrora Bpalueul.f i  BaJIa HoMHH:UIbHa.a, uitH-'  ;  Af - H3MeHeHHe Telune-

parypbr oxJra)Kgaroutefr eogbr Ha BXoAe H BbrxoAe MacnooxJlaExTenert, At =

l"t

:5 oC npH reMneparype exoAxurefr  BoAbl Ao 20 oC u Ar :2 oC npN reMne-
parype cBbltue 25 "C-

PaSoqee AaBqeHHe Bo!,br, no.naBaervroN x luacnoo.v'-'iax,IlTen.t{M, no vc.no-

BHflM HX lpot{Hocrn He .]orpxHo npeBbluaru 0,3-0,4 i t{ l la.

PacxoA BoAbr, noAaBaeMofr x MacliooxilaAlirentNl noArultnHllKa n{iipo-

feHepaTopa, MoxHo opHeHTHpoBor{Ho ct{HTaTb paRHbIM 30-35% pacxoga
n^  f t  on  4  a r  r n i i  -  r r  l c  n^n  r l  na  n t JTp  n  c rh " {  nn  r t n  gT l - {u l<  A

o u A D l t  l l u A o D a w r v l v t l  l \  r ' r g v r r v v r v ^ s # r ^ v J r ' ^ ^ r r

BHyrpnnpoBOAHHKoBaf l  X(HAKocrHaJr cHcreMa o)LlaxI IeHHfl  craropa '

a TaKxe B HeKoTopbtx c j ryqa-f lx  t {  poTopa rHApof e}{epaTopa r IpHMeH.f lerct{

r rpexN{yqecrBeHHo iLqs HaHSonee MouHi,rx BeprHK&rIbHblx r } { r ,poreHeparopoB

(uoutHoc1lro 300 lUBr u Sonee) .  i lpHrreunercf l  raKat cHcreMa oLlax. let I t l f l

H ! ' :1A ropH3oHTaJrbHblx KancynbHir lx  rHAporeHeparopoB cpetrr te l : t  r tourHocr l t

(1 - i - -10  N lB i ) .  3 ra  cHcreMa e  n lo6oN{  cnyqae  rB r f l e rcq  t . t r I pKynn l t r toHHot - i .

c Bt' lHocHbiilIH Ten.;Ioo6lteHHurcal\4H, rre t1Hpi(yrli '{py}ouefl Harperan -u{cr}{;l i l}{-

poB aH Ha.fl B oAa o.\naxJ.aercfl x olo.l.xoti re xtu qec K o lt e oro H .
r r -  - -  ^ a -  - - , - . . , , . - ^ -  ,  r i '  n n n v n n  n  \ - - o r v n n ^ r t t p ;  T P Y L J L , I U P -' l } { U J l U  l C l U t U U U M C f L f L f L l \ U t  n  H c r u r e  t n D r n  y q w ^ v A  v r u r s / r \ A s r v q v r r

cxofr  so! ,bt  3aBHcf lT or  orBotr I {Mblx norepb }{  v laKcHManl i io l i  TeN{i leparypbl

Botrbr  B cHCTeMe re, \HHqecKofo soAocua6xeHHfl .  B cHcreN{e uHpKy.qf l l rx t t

TeruroHocHTeirff (AHcrHr.tlHpoBaHHofr Bogli) ycrafiaB.ttxBaercfi aBToMarHqecxni

rpeLxoAoBofr  perynrrop,  noAAepxxBarouui i  nocronHsofr  TeMneparvpy : rofr

Botrbr ,  HarpeBaruuleHc.f l  npH nporeKaH}{H no 0SMOTKM rnqporeHepaTopa. Yxa-

:apilri i perynrrop HafipaBn.ser ueo6xo!.N\1oe Konxr{ecrBo urpKy;l-l{pyroueri

Bol l .br  qepe3 renloo6lreHl tHKH, o5ecnequeag oxrax(J.eHl te renroHocl l re l r .

PaC.XOq Te.\FMqeCKOi. t  eO, l . -bt ,  ngcTynarculex A renrrOOSrteHHHKH, OCT3eTCfl  npl l

lToM HeH3MeHHbrM H peryJrxpyeTcf l  TonbKo npH ce3oHHblx H3MeHeHHflx TeM-

neparypbr Bogbr B ncTor{HHKax TexHxqecKoro soAocxa6xeHHfl .  Eolee 3KoHo-

MHqHbrM flBn-fl ercr no&1e px aHHe nocroflHxoi rev nep arypbl uup K yJlHp yioureH

,qxcrHr-urHposaHHoil eogbl rryTeM peryJrlpoBaHHfi pacxoAa nocrynarcuett

K TeIUIoo6ueHrrxxarr rexHxqecxoti soAbr, !;tf qero npHMeHfiIorcfl r{yBcrBH-

renbHbre peryJUITopbl.

M acnoorr&At{r€,Tt{ rp aHcQ opM aro po B n pe!.Ha3Haqalo rcfi ILn ff o xraj{{Ee H}{-n

11HpKyngpylouero reruroHocHrenx (rpaHcQopMaropHoro vacna) c noi \ lo lubto

xonotrHon TexHxt{ecKofr noAlr. B :rxx Macroox/rla.qrrreJlff.{ Macro nPoreKaer nc

ny"{Ky rpy6, a oLrli l{qf,alouafi BoAa - no Kopnycy, B KoropoM oH Haxo!,HTcr'

t lHcno yCTaHaBr ' rHBaeMbrX MacJlOoXJIa! .HTenei  t {  paCXOA rexHttqecxoi l

Botrbt  3aBHcf iT oT oTBoI l l IMblX noTepb 3HeprHH npH rparrccpOpMl{poBat i } r t t

HanpDKeHHf H MaKcx, .aalrxOf i  TeMnepaTypbl  BOAbt B HcToqHHrce eOqocHa6-

xexuf .  h: tueuenl te pacxoAa BOAII  npH ce3oHHblx H3MeHeHHfX Tel tneparypbl

OKplDKarcUerO Bg3gyxa B MeCTe yCTaHOBTH rpaHcQopMaTopa, a TaKXe H3N{e-

I IeHHe reMneparypl l  eoAbr B Hcror iHHKe rexFuqecKoro aoAoci ta6) 'KeHH.f i  o6nt ' rxo

ocfqecTBJl-aercf l  nyTeM aBToMaTuqecKoro BKnrcqeHH.[  e pa6ory neo6xo,Ul-

N{OrO qHcna M acrooxiTalu.rrenefr

f lpeqentHoe paSovee I IaBtreHHe BoAbr,  noAaBaeMof i  rc vacl loox, ' Ia,ElreJI f l iv t '

c  )n {e roM Hx  npo t {HocrH  He  AonxHo npeBb luaTb  0 :  M l la ,  oAHaKo, [aB . ' l eHHe

Bol l l , l  B Macroo,v la l l t re, ' Ie BcerAa AonxHo 6l tm N{eHbLue Aaf lne}{Ht } lacra '

t r a j , K e n p } { o T K J I } o q e H } i b I X u H p K y n n u H O H H b I X M a c n ' { } { b l x H a c o c a X . 3 r o t r e o 6 .

xol lHlro so x:6exal{He nona,naHHfi  I lo l lb l  B 1\4Acno np}{  KaKHx- ' r t l t6o I IoBpc)+gle-

l l l { r  x  B M acJrooxnulHTeJl tx.



Heo6xoAllr'rul.r pacxotr BoAbr
oxr-raAHTeJrxr"r rpaxcs opM aTopoB,

Qrp : 6.8 Prn ,

Teuneparypa  nogbr ,  cC

flo nparovrrrfi x o:Q$ nuHeur

reMneparypoi4 25 oC no[anaevofr K Macno-
opHeHrnpoBorrHo onpetren.f lercf l  no Qopvyne

( 3 )

r i le Qrp - pacxol Bo!.bt,  ru3/q; P - voruHocrb rpaHc$opMaropa, lvlB.A.
l - l n u  i e t r n o n c t a ^ o  n y n l r n c n r r r o i  o n  n l r  ^ T m r r r o h r r r o i t a o  ^ -  

' ) (  o 1 -
^ ^ r . .  v / v r w . \ A . l v q v r r  9 v * r ,  v l J t r r  - r s t v l t _ { w t t v / t  \ / ^  ) J  v ,  I t l n

3HaqeHu.ff  Qro cnegyer BBoaxTb norrpaboqHbte xoeQQnrrleHTbt :

30  25  20  15
I  .25 I  ,0  0 ,8  7  0 .75

t 0  5
0.6 8  0 .6  3

2. CnOCO6bi TE)f i{ t i ' {ECKOi-O BOfrOCHA6KEii i i f r

K o .uax la louer i  Bo. re .  npnveHxerrof i  B c l {c reMax rex} {HqecKrr r -o  BO, to .
cHa6xeHx-n rrulpolneKrpocraHu{i i .  npetrbr{Bnr{rcfcR /Kd3&HHr,re rr}r/kc r jr- ,
SoeaHNq .

Bog,a ro . r lxHa Sr t r r  HearpeccHsuoH no orHoueHHro K ! iarepr . r i r , ra iv { .  r {3  K() -
TOpbtx  H3roroB j leFIbr  o .L ta .q .HTenn.  rpvSonpoBotrbr .  Qnnrrps i  r r  r rno( r I te  l - lc -
N{et t rb l  cHcTeMbl  .  B HeH He. foJ ' IxHo 6t t rs  6or lu loro KoJrHqecrB; l  i }  ' I . tc t r reHHbrx
qacrHu, ocooeHHo c abpa:xaHbrivrH cBoicrBaMl{. TeMneparypir Botrtrr i tr '  i l () , .r)+ir{ l i
npeBbrr i rar l  30 "C.

B cNcrevar  rexHHqecKoro BoAocxadxernrs  l3C n fA3( ' .  KaK npaBHjr ( )
l tcnol ib3yercf l  peqHarr Bol.a r{3 BepxHero HjI}{ HH)KHero 6u.-$,,e I-JC. O,trraxrr
B TeX Cnyqatx, KOrAa a peWOlt BO!,e HMc-eTCfi MHOrO ltal locoB. rpeovcrcn
co3AaBarb cneuHarbHbre orcroi irurlr  i rxSo ocyulecrBnnrb :a5op r lr)Abr I{3
oSparlotx Qnnrrp<-rn rnlporexHHqecKHX coopfxeHHrl,  apre3lraHcKHX cKBa){<tlH
KJIH cneuHallbHbrx BoAooqHcrHbrx ycrpoucre. I- lpn nanuuNH B BoAe oprar{H3MoB
rNna Apeficetlbr I IpHHHMarorcs Mepbr i l rx 6opu6rr c o6pacranHeM unyrpeHuerl
notsepxHocrx  rpybonpoBoJoB H . lpyrHx 3reNleHToB cHcreNrbt  rexnHr lecKoro
eoaocHa6)KeHHfl.

TexHlrqecxoe sotrocxaSxeHHe rrutp03neKTpocraHuxH Moxer ocvule-
cTBr'rtTbcfi  cnetryrcuHMH OcHOBHbtMn CnOcO6ar'An: caMoTeqltblM. c 3aoopOrnl
BoI lb t  H3 BepxHero 6reQa.  npHMeHr{erc f l  npx Hanope ua f3C l0-60 M:  r racoc-
HbtM, c :a6opor"{ BoAbr H3 HXxHero 6rc$a, npHMeH.rrerc.f i  r lp}{ Haflope HH)Ke
l0-15 M H Bbrtue 200 ur: lxeKTopnbrM. c :a6opor,.r pa6ouefr Bo!,br H3 tsepx-
ttelo 6ueQa H no.q,cacrraae-vox - H3 Hr.or(Hero 6seQa, npHMenrercf l  npu Hanope
50-250 r ' r .

l lpx xanope f3C 60-100 M HHor-Aa npHMeruIiorcf l  caMoreqHbrc cHcreMbl
co cHH)KeHHeM AaBneHH-fl .to ypoBH.rr, AonycKaeMoro oxnap{TenqvN. Jlae,'rerue
cru)(aeTcr c noMoulbro perynrTopoB AaBneHHfi, perylxpyrorrlxx aenrlt-refr
HnH trpoccel lbHbtx ruai6.

B HeKoropbrx cnf{arx uenecoo6pa:xo npHMeHrrr carrore,rHrni cnocoO
soAocuaSxexxfl  c aoAo:aSopaMH H3 pa3rpy3or{Hbrx f iorocrei,  H&xoArrufixcr
noA KpbrurKaMH paAHanbno{ceBbrx r i .uporyp6uu.

I- lpn r"ruHlMaJu,Hbrx Hanopax f3C oxono l0 u lJrr oxna.q,Lrreleri ,  Koropbre
pacnolararoTcfl  Ha ypoBHe H.rrH tsbrure MHHlrMalbHoro ypoBHfl BoAbr B BcpxltcN{
Slct lc. I lpHMeruercf i  cartroreuxo-cHrfourt-uri i  cnoco6 TexxHqecKoro Bo/locua6-

xeHux. f lpN 3ToM cnoco6e EIs 3apffAKH cnQoua ycraHaBJrxBa[orcn Hacocbl

6,TH lxeKTopbt. I ,{cnonl:yer'rufr B cl lcTeMe BaKyyNl He Aon)KeH npeBbllUaTb

J .06 -  0 .07  N l f i a .
Haxogur raKxe f lpnMerreHue cMeluaHHnri cauoreqHo-HacocHuti cnoco5

npH Har iope f3C l0-15 NI  H cBbl lue 50 rur .
-  - - - - - - . - ^ -  ^ ^ , . . L ' , , -  r - n t z -  d n c r n 6

L X g M b l  T e X H H L I C C K O I  U  B O A U U H a U / K V r l n ' l  K . l  l d u \ , f i q r n 4 r l P - Y  r u  r u ^  N a A  '  r r v q r  y ! -

rarHbte,  o6c,ryxuearculHe KDKAaf i  TonbKo OAHH arperaT; rpynnoBbte,  o6c;r ,v-

xI{Ba}ouIHe f  neKTpHqecxufr  6norc HnH Apyrylo rpynf ly  arperaToB; I IeHTpLr i } l -

3oB a HHbi e (O6 uf ecranUlo urole), o6cny;xuB alo uine Bce ar per aTbI f 3C.

I IpH qHcne arperaToB Ha f3C MeHee qeTblpex-ulecTx H cyMMapHol\ l

pagxof ,e Botrb l  Ha HX o.KI I3, lKtreHHe AO 30 mrc.  M' /q,  OCO6eHHO npPI HacOcHoM

cnoco6e rexnuqecKoro BoAocua6xesux,  qef lecoobpa3Ho Hcnoi lb3oear l  o6ue-

cTaHUHoHHyro CXeM! ' .  f lpH ITOM [Hatv{eTp rpy6onpOBo, l ,OB, r1O KOTopblv{

gof laercf f  BoAa, r {3 KoHCTpyKTHB}rbrx coo6paxeHlt i t  He . lonxeH npeBbiruerb

500-600 vn.
,Lrn arperaToB 6onbuofr rntOutHocTH, rpe6ynUHX pacxoAa Bofi.bl Ha OL-IU+(

JeFLLie,  paBHO;O I  -  I  -5  tb tC-  M' /q ,  OeO6egHO npH caMoTeqHONt H 3)KeKTOpHo1' l

cnocoSax rexHHqecKoro noAocHa6xeFrHJI, npe!.noqruTejlbHo Hcnorb3oBarb

noafperaTKble cxeMbl c B3aI{MHblM pe3epBHPoBaHHeM OT trpyrHx arperaToB

l r ieKTpHqec Koro Sror< r .
f lpx  esr6ope cnoco6a H cxeMbl  rexnxqecKoro so locr ta6xeHHf l  npHHH-

MarcTcfi  Bo BHHiuaHHe. B nepByro oqeper,b, o6ecne,leHHe f io-r-tHofr uatrexHocrH

lKct-LtyaTauHI{ ocHoBHoro ru[poc]{ i ' loBoro o6opy'. loeaHNx f3C. y!.o6cTB

oSclyixnnaHHfl H pe\toHToB npH MHru{M&rrbHbr.K lKcnnyaraLlHoHHbIX 3arP3T3.\.

l lptr rexHHKo-3KoHoNrl{qecKoM cpaBHeFo{H Bo3Mo)Kublx I I i ' l f l  KoHKperHblx

yc;ronnl i  BapHaHToB ylotrbrBarorcf i :  croHs{ocrl  oSopy!,oBaHHn cHcreN{bl rexHH-
qecKoro eouocua6xeHyfl  vr ero MoHT&Ka; SKcllJlyara[ttoHHble pacxoJ,.bt '

BKjpoqarcurne e ce6a croHMocrb 3neKTpo3HeprnH, Heo6xogJ'tvofr Aln paSoru

HacocoB, \rry norepflHHofr :nercrpo3HeprHH B crf iae Hcnolb3oBaHHt Botrbl

H3 BepxHero 6leQa npH caMoreqHoM H ixeKTopHoM cnocobe, HarHqrle cBo-

6orurrx rL'1ouanefr .r.Jrfl pa3MeuIeHH.E o6opyAonaHnff H croHMocrb co3!.aHllfl

x.onor tM Te nbHbl x ruouaAeH .

3. CXE}{bI TEXHI{I{ECKOTO BOAOCHA6'T(EHH,f l

Cxerurrt rexHHr{ecKoro soAocHa6xeHus AonxHbI o6ecnewearl 6ecnepe-

6ofrHoe ox,.raxI leHne Bcex norpe6nrenefr rrupoafperara (cv. $ l)  I Ipery-

cMaTpt{BaeTcfl  pe3epBhpoBaHxe aOAo:a6opHbtx cOOppxeuHli c TeM, uto5l i  nptt

3acopeHyH HtM HenpelaHAeHHoM orK;rlot{eHHH oA}Ioro H3 tt}{x, a raKxe;ilo5oro

Hacoca xrnr QN,rtrpa ocTaBluHect n pa6ore 6e: nepepblBa [oAaBa-'IH LocTa-

TOqHOC KONHIICCTBO O,{Na)KNAIOLuCH BOAbI'

flOcrpOeHxe cxeivlbl AoJI.l(Ho npeAycMarpnBaTb BO3Mo)+(HocTb pery'-rlrpo-

BaHHff  pacxoAa soAbr,  noAaBaeMol i  x  xaxrAoN{y o6tercry ox: IaxAeHt{ f l ,  B npo-

qecce HaJIaAKH ' {  IKCnJIySTSIIHH, a TatOKe paBHOMepHOCTb ee [ IOCT/IL1!-HHR

KO BCeM OXJIagHTen.fIM, noAKnrcqeHHbli\t K oAHotvly KOnneKTopy.

Cxer"ra r IeHTparrH3oBalrHoi i  r racocHoi l  ycraHoBKH TexHHttecKoro Bo.u.ocHao-

xcHHfi  (puc.  l )  BKr loqaer e ce6. f l  rpx Hacoca / .  B 3aBHcHi\ tocrH or qHcJIa



1.  C.xeva Hacocxof i  yc raHoBKH

TBC

V Y
I--l^ #€l * l<) <\
Y4" Y!(,x - x - .
l l

@
-Pnc. 

2. C-xeva caMoreqHor\f,

TBC
Puc

Pxc. 3. Cxer.ra 3xeKTooHonc TBC
Pxc. 4. C.xerqa aotrocHa6xenH-x

noAruHnHHKa ryp6xxrr

pa6orarorqHx ruApoarperaroB H BpeMelo{ roAa (reMneparypbl BoAbI) B pa6ory
BKirroqarorcfl oAHH HnH ABa Hacoca. Tperui Hacoc ffifiqerca pe3epBHbrM.
Ka;xgbrfr H3 Qunrrpoa 2 pacc.uraH Ha nonrmrfr pacqerHbri pacxoA H nol-
KnrcqeH rc csoeii MarHcrparu. B xopr'ranbHoM pexfiMe pa6orarcr o6a Qxnrrpa
N o6e Marncrpalrx. llpu ueo6xoAxrlrofiH orKlrrcqeHnt oAHoro xt rpn,rbrpoB
urrH o.rlHor'{ MarHcrpa;rH noAocua6xeHxe B noJrHoM o6r'epre o6ecne.rlsaercr
ol l l i l rM Qxnrrpov x ogxofr Marxcrpa,rrtrc. Tarcan cxeMa no3BoJlffer non]ree
Hc norrb3oBaru obopygoBaHHe x Ao6Nnarbcfl  MXHHMarbHoro rHApaBnl4(rec Koro
conpoTHBncl{Hff B HoPF{a, ' IbHONt IKCnnyaTaIIHOHHOM pex}lMe.

I  I t

CXel, ra noarperaTHCrO CaMoTeqHOrO TeXHIaqeCKOrO SOAOCHaSxeHt{R

furr.. 2) src.ftoqaeT B ceSq [ea eoAO:a6opa H3 crmpanbHolr rcar"repst, rcaxilbtl i

, i .  * . r ropr, rx cua6xen Qri r t rport t .  O:1HH l t3 Botro3a6opon c Srurr ' rpor 'a o6ecne-

qHBacr  eouocHa6xeuue  Bo3A.vxoox .qeJ . l i r e , re i i  r i tApore l {eparopa '  s ropo i

v laci rooxj ta[Nre,refr .  Bor,o:a6opbl  B3aHNIHO pe3epBHpyloTcf l '  TaK Kat(  KnXII 'b lH

l i3 i i l ix  paccl{1/^T3l{  LIa f logaqy so.n.L, l  Ko BCeid oxnaIHTe' lbHblNl  ycTpoHcTBaN{'

C,xervra 3XeKTOpHOTO noarPel-arHOIu Te; t i i i ' i " ieCKOiO aOAoCsa6;{eHHq

(pHc .3 )  BK, r r r cqaer  s  ce6x  [ !a  BoAO:a5Opa '1  Na  Cm{pa l lHo f r  KA l lepb l  rHAPO-

ryp6Nrtbr ,  Kax. tb i i {  H3 KOTOpbix nt{ raer ceof i  perymlpyeirr r , r r i  3xeKTOp 3'

Otrn lxeKTOp OSec newtgaeT B0A06Ha6xeHNe Bo3AyXOoLla! 'HTenefr  ;  srOpOrl  -

ren lOo6 iv re l {HHKOB BHITpHSpOBOAHHKOBOTO OXIaXAeHHf  CTaTOpa,  a  TaKXe

!1ac,'Ioo.\J'Iaa},{reneii no]nflTHHKa H no.|IIUHnHHKa reHep3Topa' tlo'[I jtr{nH}{Ka

rypOu i - r t  i .

} ts  nepeMeuleru{f f  t { r ; Ib l  rcaxr: ,ur i  Jr(eKTop cHa6xrercf l  l leKTponpl{Bo

- loN{ l ,  no3Botr f l io tu}{ . \ i  perynxPoBarb (aucraxuHoHHo t I  aBToN{ar1t i {ecK!{  }

pacxo;l o.KnaxJ.aloulefi Bo[bl.

Boa,a oT KaxAoro lxeKTopa nogaeTcf l  qep€3 cerqarsl i i  $ l in l rp J.  Cxeprofr

npeLycMoTpeHa Bo3rvloxHocTb oTKJI lOqeHHfl  ;UO6O|O H3 IXeKTOpOB Bl tecTe

c QnnlrpoM; npH sTOM noAaqa BOAbI Ko BceN{ nOrpe6ure'1f iN1 OcyulecTBxt{eTcf i

no BTopofr  aereN H, B c; I )^{ae xeo6rotr 'x}{ocr} l  t ronor lHxTenbHo or 3xeKTopoB

coce.f ,Hero arperaTa 3xeKTpHqeCKOrO 6' rOrca'

Ha p6c.  4 noKa3aHa cxeMa nogaqg BO.l ,bI  K no! . rornHHKv '1 ry 'p6uHlt '

B noruugnHHKe BKnaJ.bllIH cMaqHBaIoTcl BOtrOfr. l lpegycyoTpeHO ;1aa Qrr-'rlrpa

roxxou ot{HcTKH; K O:l.HON{y r{3 rtr{x (Qlr;rlrp 2) Bo!.4 nocroflr{Ho no.l '3ercfl

. . ^ ^ - , , , ^ ;  r , . r , onL r  - r rn6 r . r sx r '  2  r i o  RToDor l t v  (6 ru l rp  1 )  -  B  KaqgcrBe
f t J  \ - l l t l p d J l D n u n  N o r r L P U r  J  \  r

parap"a oT c l tcreMbl re. \HHqecKofo so' l 'ocHaSxeHHfi  arP€raTa'
^ 

iaaapeHbrfr  rpy6onpoaog, BKnroqaercf i  aBToMarHqecKlt  npH HeAon) 'cr l { lv{oM

CHHXeHHH pacxoAa BO,Ubl no ocHoBHoMy rpy6onpoBo.ly. Irrx :rofr UerlH

cx)"Kar AarqHK pacxoAa 5 x rnupox;ranaH 3'

Cxeua noAaqH BoJ'bI K Bo3Ayxooxra'u'IlTenflM rulporeneparopa x:o6pa-

XeHa Ha pgc.5.  Bona ngcrynaeT 
"  

*ono, t . "o i  Hanopnl t f r  xon-neKToP J uepe:

is,Ba npoTHBonongxubrx rpy6OnPOBOAa- Ha xax'U,Orvr notrsroUlela rpy6onpoBOle

ycTaHOBIIes3 3aILnl'D*(Ka c 3IIeKTponp*OAOr'a ?' Kax'U'lrfr Bo3gyxoorragHrenu ?

no!.KJrroqeH K HanopHoMy lt cnHBHorrry 5 KOTIeKTOpa\{ napan'lleflbHo c Apy'

rHiuH. or cmagxoro KomeKTopa Bor:la oTBO g:liTcfl, s Fo{xHHIi SSeQ no Anyw{

rpySonpoBoAaM, Ha Kex(! ,oM l r3 Korgpblx ycTaHoBxeH Peryxf iTop pacxona 1 '

Ha  pNc .6  npHno l tTc f l  cxeMa [oAaqH BoAbI  K  Mac , loox la i tHTe ; I f l : q  1 ,2

noAn-f iTr{HKa H noAlr IHnHHKa reHePaTOpa cooTBeTcrBeHHo'  FIa o6ure}{  noAa'

rculeNt rpy6OnpOBOAe ycTaHOBJIeHa 3e[aHXKa C 3nel(TpO[pI{BoAOl'{ J' K xaxi'

AOH fpynne Macjroo.{--IaAHTenefr BoAa nolaeTcf nocj-iefl,oBaTenbHo ilo x'ByM

flspsJli€abr{brM BeTBnrr. cnltsmre rpy6o[POBO!,bI' Ha Ka)Kgor\l u3 KOTOpblx

lt\4eeTc.f AaI'{HK pacxotra 4, o|tegu11gl3Tcfl B OAll}l C;-IHBHOfr KOIUIeKTOp grtt{

clrxBa BoAbI e HIDKHHi 5leQ.

Ha p}rc. l  npeAcTaBneHa cxeMa noAatIH BOAbI K rernoo6vteHHl{Ka}{  cH'

cTeNl bt B HrrpHn poB g1HHK OB Of o )+(l{.u,KocTHoro oxJ'lax'le HH fi aK TH B H bt-\ qa cre ii

r *Jr ,poreHepurop. .  Ha noAarou.eM BoAy rpyfonpoBof ie ycTal loBnel la 3aIaHxKa

c lneKTpOnpI{BoAoM J.  Tennoo6uerurnxl t  2 npNcoeAg}t t loTcf l  K tD{T'a i0ute} ly

rpy6onpoBOAy naptur l ;1enbHo. Ha cIHsHoi l  , '1 I {HH}t  ycTaHOBnel l  / IaTqHK pacXoAa / '

I t



Pxc. 5. C.reva solocHa6xeHH.f l  Bo3Ayxoo.Ltagrre,ref i  rxapo rcHeparopa

Pxc. 6. C.rerura go!,ocxa6xeHxr Macnoox;Ia,qHT€nefi  noguxn- pnc.7. C.rerva BoAocHa$xeiJ1_s
HHKa H noAn.f lTltru<a rx,qporeHeparopa reuoo6ryreHHxKoB cxcreMbr

BHrfp Hnpo B ogJ{}tK OB Or\C X( HA-
KOCTHOTO OXJIaXAeHH.fl reHe-

paropa

cxeua notrar{H Bo,rbr K MacllooL'ra'u'xTenflM TpaHcQopMaropa noKa3aHa
Ha pHc.8. Ha noAalouleM BoAy rpy6onpoBoAe 4 r{N{eerc.f i  nepenHBHoe ycrpog-
cTBo 3, orpaxHql{BaroUee Aaar' IeHHe Bolbl,  nocTynaroulei K MacnOoXnaAHTe-

t 2

Puc. 8. Cxerra BoAocHa6xeHH.a Mecnoo.{na,uI l-

re re f i  rpax@opMaropa

rrtM 2. MacnOOx-raJ.HTeJ'IH npncoe,ffiHeHbt K nHTerort1eMy rpySOnpoBOAy

napa-T, lenbHo. Ci IHB Bo,nbl  npoH3BogHTcR I Io o6uter ' ry rpy6onpoBoAy 1 n Hux-

HNn 5ueQ.

AgroNtar l t3al lHr cHcreMbl TexxHqecKofo BoAocHaSxeHnt qon)KHa Sutr l

npe.xycN{orpeHa &rr f i  KDi(Aoro arperara f3C H f  A3C He3aB}{cHNto or  Hx \ tot-Lt-

HOCTH. A e rOf'{ aIH 3at0{ H n O&le)+( aT c;i e,f yto tli ]{ e o n e p auH H :

a)  gx,To. teHNe pa6o.mx HacocoB TexHxqecKoro BoAocHaOxeHX-q HrH

oTKpbrTr{e 3rrrSHXeK c f . } tcTaHrlHor lHbi l !11{ npHBoAartH Ha CaMOTeqHbIX H lxeK-

TOpHbrx BoAo3a6op&X. npH nycKe arperaroB;

6) ercnrcqeHxe pe3epBH-btx HacocoB HJII {  BoAo3a6opoe npH orI (a3e ocHoB'

Hbrx ycrpofrctn, c of,l loBpeMeHHbIM BKiIIoqeHHeM cHrHaJIH3atp{H ;

a)  orx.r -uoveFue Bcex HacocoB H Bogo3a6opoB npl l  ocraHoBKe arperara,

r) ex,rrcreHHe no[aqH Bo4br K MacrooxJ,'IaA]treItM [oAnflTHHKa H no[-

t r rHnHHKa reHeparopa H nonJrHnHHKa ryp6HHbr nepeA rrycKoM arperara:  KoHT-

ponb nocTynIIeHHr Bof l .br  K 3THr\{  o6lexrav;  oTKnroqeHHe noAaqH BoAbr nocre

ocTaHoBKH a rpe raTa ,

,l) gx,troqexi{e notras{ Bo4br K Bo3ily'xoox,-taJ,HTen.EM fneKTpHqecrcoit

N{ei l r }1961 nepetr  xa60pol ' r  Hafpv3KH; orKf toqeHHe nocJre ocra}{oBKH arp€rara;

e)  BKnioqeHHe no[aqH Bo!.br  x rernooOMeHHXKaM BH]Tpr{npoBof.HHKo-

BOI-O ),|(H,IKOCTHOTO Olrya)t(treHHf aKTIiBHSTX qaCrefr lner(TpHqeCrcori \{srrrHHbl

nepeA r lycKoM arperara;  oTKnroqeHHe nocre ocTaHoBKH arperara;

x)  BKnrcqeHHe noAat{H Bo!.br  r  reuoobMeHHHKaM Bbrnp.aMHTenefr  cHcre-

uu eo:byx.ueHHa sire K TpHqecrcofr M alr rxt{br n epeA B KJr ioqeHn eM B o36frfle HH.tr ;
oTK.,]rc qer{}{ e noAaqH B oqbl no cJIe oTK,l}O qeHHfi B 03 6 r/KIle H}.tr .

B cHcreMe oxna;+c.qeHx-fl riraBHbr.x rpaH4opMaropoB aBToMarx3ar.D.rx

noAlexar npoueccbl noAaqH BoAbr K Macnoo,\naAHTenffNl nocJ]e BKirloqeFfifl
rpaxcsoprvraTopa B ceTb (c npegBapHTejrbHbtM BKJrrcqeHHeM rp{pKynf lE{oHHbtx
ruaclouacocoa) npH reMneparype N{aclra Bbtrue l5 "C. f ioqa.{a BoAbr npeKpa-

uaercf l  f locre orKi l ]oqel{ux rpaHc$opMaropa or cerH HrrH cFM)+(eHHH Ha BKn}o-
qeHlroM rpaHcQopMarope reNlneparypbr Macna mt)+(e l0 "C.
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4. COCTAB CHCTEMbI TEXHT{I{ECKOTO BOAOC}L{EKI l l i t { f l

Bo lonp t reNru l rK l l .  Bb r ro - l f l t u l {e  He i locpeJeTBet l t {o  B  BepxH} t t t  t t nn  n t t xH t t t - t

6seSnr ,  06x3arenbHo pacno t ra ra rcTcn  F t r { xe  } { i tH } i i v l . r I bHb t \  - vpc la t te l t  BoAb I ,

B  MeCTaX t {  Ha  ypoBH- f l x ,  He  nox .BepxeHHbrx  3aK} 'n r )pKe  ruy ro t i  l t r l l t  nbAaNlH .

OttN ocuau_ianr(_ ' , r {  Mrvcop(J) / l lepx}{BaK)ni} {MH peulerKat\ t i ' { .  nDei I f fTcTBVtotu}{ lv lH

no [ re t ra r rHro  n  rpySonpoBo. ] .b t  n raBa [o tuc t  o  t \ r ] ' copa .  CHup t ,u tb  BU! .h i  B  pe i i j c ' r -

KaX peKoNleH l l ye rc f l  noA . fepxHBarb  B  npe l : cxa -x  0 . ,25 -0 ,5  r ' r / c .  f l pe , l ycva rp r r -

Balorcr i  npi icnocoSrr teHHfi  : ] j l r  i /craI{oBKi{  i i . rocK}{x 3arBopcB }1x} l  3ar, l i /u leK

c ue, , . Ibro o6ecneqeru-q peMoHTa Bxoglrbr .x 3a. [ ,BiDKeK, ycraHoB; leHHblx ua rpy6o-

npoBoi iax s f ls .v l€tr t ,er i l { fx .  ) ln y. l ,o6crBe npoBe: leHf i r I  BO, lor ' Ia3Hbl . \  pa6or

npH ycTaHoBKe 3afnyixeK !{  o i iHcrKe peueroFi  peKoNleHJ,yeTct  npe.qycNtaTpH-
-  - -  '  - ^ - - .  

- f ^ - - , , ^  ^ , ^ 1 ^ - ^ t - r -  t t o ^ f i w , t r r r r \ { n  r r \ { c r L  L r a  D L t y n  i t o
t s a . l b  C K O U - l l J i f i l b l .  I  d f \ l 1 C  . n \ C  l l P t l U l l U l U \ J r l L n f l A  I I L \ - / v 1 \ u l t r r ' v r v  r r r v r u r u  r r q  u u r r \ v / { w

i . . t l lBHblx rpyo no, f  y 'poBHH 6secpos.  PacnoloxeHi{e so. lo3a6c)pHbl . {  y 'craHoIJ(-) i {

B Cru.{pa-. rb11611 1i&\ Iepa.x.  T\ ' } {He-t f iX H, lH f lo! -Bo.L.qul ix  rpyoot lpoBoAa.\  TVpOHH

Ao.r- IXHo o6ecnew{earb J,ocrvn :Lr I r  HX ooc. l } -Aa{BaHHfi  nocre ocy ' IxeH}t .q,  T '€ '

1onxHbt ycTaHaBrt t {BaTbcf l  Ha BblcoTe I  ,0-  I  .5 u or  I loJIa -  Bolo:a6op v13

CaNrbrX BepXHt{X t.tj lH HK)I(HHX TOqeK BOAOilOTIBO!.fLIlefO TpaKTa HelOnyCTHfvi

B cBf l3 l {  c  6onluefr  Bepof lTHocrbro B TaKoNt c;ryqae 3acopeHHfl  HX n,r laBarctul tM

,\1,v-COpol'vl .

Ha BceX TpySonpoBolax.  cOeX,HHeHFIbl- \  HenOcpeACTBeHHo C BepXHHM

l{, . IH H}D,KHH;l r  6se0artr } r ,  nepBbrc-  (sxo, tut te)  3rrra} txKH, ycraHoBiIeHHble B no-

NreueH1{. f ix  f3C Hlrxe coorBercrByrouero vpoBHfl  6 leQa, B ue,nt{x co3,r . laHl t t

HaHoonbrxei i  HulexrrocTl . {  He3aBHc}{}ro oT leHcrBy- louero ! ,aBneHHf J.On)KHbl

6rt rr cra.ilbtibt rv{}{ .

Og;r l rpsr  B cgcrelrax rexHnqecKoro BoAocHa6xeHlul  nPHMeH.alorcf l ,

KaK npaBl{ .qo,  cerqarbre.  HaH6o;ree y lo6r ib l  B fKcnryaraLlHH Qnrurpsr,  H3o6pa-

xeHHbre Ha pHc.9.  Taxofr  QH;rsrp Hrvieer cerqarbi l i  Sapa6an 1 c orsepcrHf lMl t

Al{aMerpou 4 wtm 6 ulr, pa3qeireHHbri Ha ceKrtr{H. OgHa H3 ceKuufr fiooqepeAHo

ycTaHaBJrHBaeTcf HaA npoNrbtBHbtM oTBepcruer{  4,  qTo r Io3BoII feT npoMblBaTb

coorBercrByrourlro qacrb cerKH o6pa*orv noroKoM BoAbI 6es lrcrcnloqeHut

u:  pa6ort l  Bcero Quntrpa.  f lonopor 6apa6ana nerKo ocyqecrBnffercf l  PyKo-

.qrxofr  2.  Ei ts noAbeMa Kpbl IxKH Sn;r l rpa npu peMoHrax npegycMorpeH

sHurosofr trexaxx:tq J.

hxcruryrou fNgponpoeKr pa3pa6oraHbr rHI IoBbte qeprexx TaKHX t lunlr -

p o B ,  H M e l o u l H X  ! , H a N l e r p  n a r p y S x o s  1 0 0 ,  1 5 0 . 2 0 0 , 2 5 0 . 3 0 0 , 4 0 0  x  5 0 0  i v r n .

CoorsercrBeHHo rrponycKHarr  cr ioco6Hocrb qxcroro Qttn l rpa cocraa, ' I t Ior

5 0 ,  1 0 0 , 2 0 0 , 4 0 0 , 7 0 0 ,  1 2 0 0  x  2 0 0 0  M r / ' i .
B rcaqecrse t icTor{HHKa I IHTaHHfl  B cHcTeMal(  TeXHitqecKoro BoAocHa6xex} i f f

f ipHMeHfl rcTcf l  B ocHoBHoi\ r  ropH30HTarbr ibte Ueurpo6exHble Hacocbl  npoH38o-

r0.rrerbHocrbro 200-2000 r t l f  v ,  paccqHTaHHble Ha AaBneHHe 0,15-{ ,4 N' f f la.

Xelarenluo ycraHaBrrr{Barb Hacocbr HHx(e M}fi}{IuaJIbHoro ypoB}tfl BoAbl

y eoAoca6opoB. B nporrraHoi \ r  cnf lae npHxolxrc.E npHMeHtrb Aono. l lHHTe]Ib-

Hbte ycTpoicTBa Ann 3anor ' IHeHH.B Bogoi l  nognoAqu{Hx rpybonpoBoAoB nepeA

nycKoM Hacoca. Br"recro Hacocots xa f3C ycraHaBnHBalorcf i  Jxc- tcropbt  npv

Harropax cBbt[ tL '  50 v.  OHH uoryr  6unl  pery i lxPyeMblMH H HeperynHpye-

MbrM r{ .  THn :xc rcTo pa n pxH}{r \ raercr l  Ha oc HoBaHl lx rext{HKo-3KoHoMrqcc Ko ro

o6ocHoBaHHr c f {crorv{  pe)Kxir tou pa6orul  arperaroa (cv.  r ; r .  2) .

l 4

Prc.9.  Or.r - r rsm TBC

Tpy6onpoBo!.Harr  apNlarypa B cHcreMax rexHxqecKoro eoAocHa6xeuxR

npHMeH-qercf i  o6ulenpor"rbrutneHHoro Ha3HaqeHHfi  .  3aAeHxtc.r  Hcnonb3ylorcH
qyryHHble H CTaIIbHble,  naPaJlnenbHbte H Kr lHl{OBble B 3aBHC}{MOCrt t  Or le l - t -
cTByroulero AaBneHH.q,  AHa-\{eTpa ycnoBHoro npoxoAa H Ha3HaqeHH.a.  xoTff

3anopHbre 3arlBK)I(KH He npeAHa3HarreHbr Anfl perynHpoBaHlur pacxo[a, Ho Ha

npaKTHKe BBriAy orcyrcrBHf i  perym{pymruefr  api \ rarypr, r  oonruroro [HaNrerpa
B HeKOTOpbIX CnyqaJrx nplrxowTcf l  HMH perynHpoBaTb. I - lpu rror , , r  uenecoo6-
pa3Hee HcnoJrb3oBarb Kro{HoBbre 3arr .RxxK}r .  3agexxKH oneparHBHoro Ha-

3HaI leHH.f f ,  r {acTByroUI}re B aBTOMafiqecK}tX npot leccax ynpaBneHHff  arperaToNt.
cHa6xuorcq 3neKTponpHBogoM c AByxcroponrrei r  vyrproi r  orpaHHqeHHfi
KpyTnluero MoMeHTa. Taxxe xe npHBoAI) t  peKoMeHtryeTcf f  ycTaHaBnHBaTb

|Jln 3z.nRHxeK Iu{aMerporvt 300 r'f i"r H oorree He3aBHcHMO oT Ha3}taqeH}{fl

c  ue rb ro  oSnerqexNf l  TpyAa  nepcor {a la  np } {  HX oTKpF, rBaHHH H 3aKpbrBaHHH.
3anop t t l re  BeHTH. : r l {  B  c l t c re } t r x  re . \HHr recKoro  BoAoc t ta6 )Keru { r {  npHMeHRrorc f f

@wz
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B TeX Cjlyr{afix, KorAa A}raMeTp Tpy6onpoBoAa He 6onee 80 r,,f i 'r. fr. igpannu-

qecKoe conpoTl tBxeHHe eeurNnefr  3HaquTe.nbHo Ooluue,  qeM y 3aABHXeK'

O6parHt ie K, lanaHbr l lpHi \ reH.Elorcr{  rnna 3a-xr ionKt i ,  o! .HaKo rurn rpyoo-

[poBoAoB A]rai \ lerpoM He Solee 80 ivrv Moryr  ycrar taBnuBarbcf l  H KraI IaHbl

f toAbeMnoro runa.  Klanur runa 3axJ' IorrKH Moxer ycrar{aBru{Barbcf i  KaK Ha

rop l {3oHTa i lbHoM,  TaK H Ha  BeprxKa- - IbHor {  rpy6or rpouur re .  r  t l uAbeNi i - i b i i i

Kra[aH -  ToIbKO Ha ropH3oHTaJIbHOM.

Pacnpei ienHTerbHbre qov6onpoBoAbr.  l lo ,qaqa go[bl  or  ] {crot iHHKoB I I } { ra-

HH-fl TexxHqecKoro soAocHa6xeHxfl K or.ue.rbFlbtlvt norpebltreilf lM rHApoarpe-

raTOB ocyuecTBj l f ieTcH no HecKoi lbKHrH napai l j ]enbHbl lv l  BeTBf iM, o6oco6-

ireHHbrM &r-rfi Kaxtrofr rpyrmll oxnagltre.neft.

K Bo3[]xooxr.'ra!,HTerfi]{ BeprlrKarrbHoro rHAporeHeparopa f 3C Hnw

i l ,BuraTe,, - rb-reHepaTopa f  A3C no[aqa BoIbI  t lpoH3BO[,HTcf l ,  KaK npaBt{no,

no  rpySonpoBoAy ,  Kpy roBo \ ry  Hru  l rHoro rpaHxon  Qopru tu t .  CnHs  Harpero r r

B B03nyxOOxira.fl.Hretrfix Boabt fipoH3Bo[J{TCfi no aHailorHqHor"ry rpySollpotso!.] '

s Fn{xFtllfr 6teQ. 3ru rpy6onpoBotrbr ycraHaBnxBaiorcs nltSo s OeroHxost
, 1 - . , , . - ^ .  a - 6 , / r ^ r ' T r a n . - ^ r - '  r r q r r r r r n r  z 6 n  n r v - n l t T n  c  ! { 2 n V X } J n i  { l T n n f \ H h l
w ) r u { d l \ l L n  l u  J - l L N  r P r r a v w A w r l  . ! ^ 1 r r ' . ' r r u r  '  / s r v v

BeHTHJrflrrHoHHoro Kox(yxa. Ilogeog H orBoA Bolbl or 3THX rpy6onpoBor.oB

c qenblo fv{eHbueHHff rH.qpaBrIHqecKHX conporHBneiu fr qacto ocyluecrBnfl eTcx

B AByX x 6onee roqKax. Or rcpyroBbl.\  I{JIH MHororpasHofr Qopr' ' r l r  rpy6o-

npoBogoB .ueJlarorc.fi orBollbr, cHaSxerutte 3a.[,aHXKaMH vtwl BeHfiJlr]tll

K Ka>K11oMy Bo3.TyxooLtaJ.KTenrc. 3ro nc3BoJlf ler perynHpoBarb paBHollep-

HocTb notraqH K HHN{ BoJ5t. a B cjlyqae 'seodxorl,Hlv{ocTH oTcoe&tHtrl nro6ol"t

Bo3.uyxooxira[HTe;rb or cHcrelrbr BonocHa6xeriun ;]Jl-fl PeMoHra 6e: HapyueH]{n

pa6orrr ocrarbHbtx B o3trfxoox.rraAure.r efi .

.[rrx peryirHpoBaux.rr pacxo!,a oxnaxiaroutell soqri B 3aBHcH^'{ocru or reNl-

rrepaTypbr oxna)K,q,eHHoro Bo3gyxa B BeHTHJIfiTT{OHHOM KO)KyXe 3neKTpHqe-

crcofr MarnHHbt uenecoo6pa3Ho ycraHaB.;rHBarb Ha o6uteru rpy6onpoaoae

nHTaHrur Bo3AyxooxJraAurexefr perynxrop pacxo!,a oxJlax!,arcuefr BOAbt lrilH

pef yrMpyeMble 3xeKropbl .

K N{acrooxJ'Iaru{Telff}t noArIfiTHHKa }t noAtrrHnHHKa reHeparopa Boga

noAaeTcq no o6Ueuy rpytronpoBoAy, Ho Ha OTBO!,a.X K KDKAOft ercnroqeHHofr

napaJrnenbHo rpyflne NracflooxJraAxre,refi HMe]orcff 32II3H)KKH MA perynx-

poBaHrur H orKruoqeHnfi.  Ha oburev rpy6onpoeoAe Moxer ycraHaBilHBarbcfl

H aBTotuarnqecxrui pery.-tnTop pacxo!,a oxro(AalouleH noAll B 3aBHcHMocrH

OT TervlnepaTypbl MaCJIa B I!aCJIOBaHHa-X.
K noAunn1HKy rypdxHu c BoAnHon claa:rcol.t BoAa AonxHa noAaBarbcff

H3 l IByx He3aBHcHMbrx HcroqHHKoB, Ka)K.a,btfr Nr xoropux cna6xaercf i  $ualr-
paMH roxxofr oqHcTKH. OcHosuaq nogaqa Bogbl na f3C c HanopoM Ao 50 v

o6urqHo ocyqecrBnflercfl H3 cnuparuuort i(aMepbt rypbxHlt; pe3epBHblM

HCTOI{HHKOM B 3TOM CNTIAE MOXCT fBJ'I f lTbCfl CHCTEMA TEXHHqECKOTO BOAO-

cHa6xeHH-fl rexeparopa. llpx 6onsulnx Hanopax ocHoBHbIM Hcrot{HHKoM

TMTaFIHfl xBtulercff  cHcreMa re,\HHqecKoro BoAocua6xeuxx, a pe3epBHblM -

npor'{aonoxapxutfr rpy6onpoeoA f3C.

lloAa,{a BoAbr K no!,urxnHHrcy rypbxnrr o6ttwto npeKparqaercfi ronbKo

Ha nepxog ArIHTeJIbHbrx ocTaHoBoK arperara. Pe:epaxtt l i  ucroqHnK eoAocxaS-

xeHH.q BKnioqaeTcfl  aBToN{aIHtlecKH TOnbKO npH IIpeKpauIeHHH noAaqH BoAbl

no ocHoBHoruy rpy6oilpoBoAy.

i 6

K rennoo6MeHHr{KaM craropa reHeparopa oxna)KAaFolqat i  Bona noAaercf l

reM ,(e cnoco6ol,t, r{To }{ K MacJlooxra.u,HTenflM 3JIeI.(TpHqecxoll N{a[IHHbl.

K v acloo L:ralHTenr{rr.r rp ancQ op M aropots qe-le coo6 pa3 Ho llor.e B erb B To pl{ tlH}'lo

tsoAy, F(e oXJIail.HBt-uylo rcarcyro-,ut5o rpyrny O,xrra:Utre;reii reHepaTOpa,

HanpHMep rennoo6veHHHKH craropa r tu6o Macnoox; ta[y-Tei lu reHeparopa-

Bo x:5e;*tagHe npeBbIIIIeHH.'I gaBIeHHtl tso.rlbl H2,ry CTaTHqecKHM ;laBr'IcHXeI{

Macna B MacrrooLtaAHTerr'rflx rpaHccilopMaropa Ha no[Bo/{ti lqcu uuAy Tpy6o-

rrpoBoAe peKoMeHtyercf i  ycrpauBarb nepei lnBHyro rpy6y (croxrc) ,  c6pacut-

Baloqyto H3JIHIueK Boilbl e HNxHHri 6leQ f3C. CnxeFIL,te rpySonpoBo,I,bl

or ncex o6lerrog oxJ,'Ia;.r(fl,eHr{-rI BbIBo!.{Tcfi HHXe NIH}*{MaJIbHoro ypoBH'fl

HlrxHero 6seQa c f {eroM Bo3Mo)KHol i  rnyfxr t l t  npoMep3aHnr Bo!,51- Bnlso. l

rTHX Tpy6onpoBogoB B orBoD,f iut$ i1 TpaKr rn.Uporyp6nurt  He fonycKaercf ,

TaK KaK nynbcHpyroulcc 3Aecb Aal lJ le l - [ ie MOX€T Bbi3BaTb Cai iOnPOl i3BC-l Ib] iOe

r{3N1eHeH}te Pacxo! .a ox;a;A-f .arcuteH eoAu.

5.  nPHMEP PACI{ETA 3KOHOMHTIECKOR 3OOEKT}IBHOCT}{ 3 iKEKTOPA

Pacqet roAoBoro lKoH9MHqecKor\f,  aQQexra BLIrronHtsTcfl  B @orBercrBHH

c " t lHcr -pyxuHef t  no  onpe, teneHHro :xosovxqecxof i  :QQexrxaHocrx  Hcnonb3oB3HH- t {

B crpomenbr-TBe HoBoH rexnxxx, x:o6pererixf i  x pauxoHalHlaropcKHx nPegroxenx-ft"

CLI  509-78.  t lpx  lToM cpaaHHBarorcs  3xeKropHble  cHcreMbI  TexHl {qecKoru  goAocHa6-

;KeHHt C ApyrHMH BO3MOXH.bTMH tsapHaHTaM.H, PaCCMaTpHBaloLtI l tMHct{ &.Ix KoHKPeTHbL\

yclon nf i  trpoe KTHpoBa]{Hfl

l lxxe :.aetcf;  r lp]{}{ep pacqeTa 3KoHoMHqecxoft eQQexTHBHocTH npKHflToR B npoeKTe

H BHeApeHHofi Ha oAxoft x: xpynxeftr j l l lx rHgpo3reKTpocTaHu.Hfi cHcTeMbl TexHHqecKolo

goAocua5xeH1fl c perynxpyeprblMH 3XeKTopaMH. B rcaqecr-ee Bo3MoxHoro BaPKIHTa

npHHHlv{aercn HacocHaJI cHcreMa TexHHr{ecKorD BoAocHa6xexxx, HaMeqaBuJalcx Ha IIep-

Bbrx cr-d,trHr.\ npoeKTHpoBaHH.a. Ha f3C ycrilfioB;IeHo AecflTb rxllpoarperaroB Mol.llHocrblo

no 640 \{Br c pa,qna;Ib}io-oceBblMH rxAporyp6uHavx H rf lgporeHepaTopaMH. HMeIo[l 'xMH

BHyTpKnpoEoAHHKoBy l .ocHcTeMyX(HI IKocTHorooL. IaxAeHK'cTaTopa.

I 'nagruue rpax@opuaropbl f3C xr"reroT U;rPKynflUHoHHyrc cHcTeMy oxJIaxIeHHJI'

IIpHr{eM oLTIDKAaIOU;UI BOAa B MaCIooxJ]agHTslH noAaeTcc nocjle npeABap}fTenbHoro

ox;rax!,exHq reuoo6ueHHxKoB cxcreMbl oxJIaxgeHHlI srar\lpa feHeparopa' no3Tonly

B pacqere 3KoHoMKqecxofi eQSexrHBHocrH pacxoA oxjlaxAaloluefi BoAbI He yqlrrblBaercfl'

Hanop na f3C H3MeH-Eercs B npeAe,'rax 115-22O M, B KaqecrBe cpegxeB3BeueHHoro

ast6xpaercx Hanop 195 rr.  Tevneparypa oxl lax1alouleft pe'urof i  BoALI B TeqeHHe I 'ona

rcone6netcs B npeAenax 5-16 oC. Cxeua oxirax, i teHHJl noafpemTllax.

3xoHorrrx.{ecxxft eQQexr onpe,ile,'rteTcfl nfreM cpaBHeHHt KaJrHTatibHblx 3arpar

H foAoBbJx 3KcrnyaTaqHoHHbtx H3AepxeK g.nr p3ccMarpKBaeMblx BapHaHToB (ra6n. l)  :

3.oq.  = [ (C,  -  C,  )  + E'H (K,  -  Kt)  1.4.o! , ,
( 4 )

rge 3.o" - roaosof, 3KOHOMHqecxxft eQQeKT npKHtrroI-o eapnaHra; c, - roAoEHe

K3AepXKH no npn lu tToMy BapHaHTYi  Cz  -  r rcAoBble  H3AepxI<X no BO3MOxHoMy BapH'

axry; EH - *t tp4ru".Hr oKynaeMocrx, s o6nacfi  3HeprerHKH parex 0,15; K,

Ka[HTaJr*rLIe 3aTpaTbl no [pHHsToMy BapHanry; K, - KaItHTzUlbHble 3aTpaTbl no Bo3'

MoxHoMy BapxaHTy; 1.oo - qHcno afperaToB, BHeApqeMbIX B T€qeHHe ncg'4.

foAosbte H3AepxKH ofipeAelur]orcfl no Qopxyne:

C : H u + 3 o + 3 r ,

rne l/" - aMoprH3auHoHHbIe orqHcJIeHXrli 3o - :apa6ornax

nepcolriula, 3, - rarparu Ha fneKTpo3ileprHrc.
3arpant lta 3neKTPo3HepfHlo ,n1fl t lacoctloff r-xsrerrlbl

3 r :  N ' " T I I 3 ,

( 5 )

urara o6cnyxxnarcurero

( 6 )

1 1



fAe rvgs - MOU{HOCTb 3neKTpoABHr?l 'eJIel{ HacocoB cHcreM},r oxJIaxAerIHJ{ OA}IOfO arpe-
rara i IpH paSore B pexHMe cpeAHefo pacxo.d,a, o6ecneq6BaloureM ox,laxAerrHe arDefare
rlpH cper]HeB3BcrueHl{of i  revneparype o.\naxqanuief i  BoAr,r;  IJ1 -_ 3aMhrKarou$lc :aiparrr
Ha 3neKTpo3HeprHlo  B pa i lonc  CTpoHTenBCrna;  I  -  qHC- lO uacr - .e  pa6oTb i  a iDcraTe i l  fo j t r -y .

i l : t s  ce . ! ro rc t { } tb t . \  i {  l ) r (cKToprn , rx  cHcreM la rparbr  3JrcKr .po fgL .pr ' } rH

3 a  =  l 0 - 3  9 , 8 1 0 e .  5 n 6 n H S 3 g T I I r ,

f | \e  Q s .6  -  pac . \oA BoAbr  H3 Bep. \ l {e fo  6 le$a A, r .s  Uencf t  o . \ i la )KAeHXf l ,  Hrar ._  cueru te_
ts3Berucr{}trr i  Hanoo I-3C: t6"i  -  KfLl 6,n,_.,ra arpefara, p39Hbr* *p",r=i, i . ,ru,, ;  KI- l*1,
fu rcparopa.  r1 'p6ur t r r  n  rpar tceopMaropa.

Avopr l t :au .xo l t t t r lC  orqHCr ' IcHHf l  B  3aRr{cHMocrH or  n rna  o6opyAoBar {Hf l  o r rpeac-
r " r .s roTcn r lo  KsTaror ] '  Hopr \ t  oTr {Hcr - reHHr .  IL l t r .  r iacocoB ( ru rQp 41500)  r (opMa paBHa
19 .3 '  )b  c roHM ocrx  oSopygo ea  r rux .

3apa6orxax  f i xara  nepcoH&- Ia  onpegenxeTc.E KaK 11poh38cAeHHc Lr ] tc ; ra  u l r .JT lo ro
o6e.rr1'xl taarc[Icto ncpcoHajra ,a' tr{ cHersrrsr TBC rr .p"rtaro.r,oBoi. j  cfo faplt ;erbt. i io;_ic-
r reHl roe  Ha qHc i lo  a rpe faToB.

r \ - - - - . _L. ' i lpuasi ir€M _]atpaTbl Ha l ; le KTpolHcprHIo :
A j U i  H a c o c H t . r i r  c u c r e u s r  n o  Q o p u y , . t e  ( 6 )  3 ]  =  l Q  5  1 5 0  .  5 0 0 0  0 . 9 5  =  l l . 9  j  r r , l c .  p r . d .
. r l .n t  3xcKTopHol i  c t tc reMi , t  f io  r lopv_ i ' . le  (7 ) .

( 1 )

3 r  =  i O - s  .  9 . 8  i  -  i 0 0 0  .  0 , 9 2  1 9 5  5 0 0 0

3xor rov  n rec  xx f i  r lQex i  : xcx iopxo*
B foA orpcAenreNr no Qopvl"re (4)  :

3 r o s , :  [ ( ] 0 , 1 5  -  i l , 9 1 )  + 0 , 1 5 ( i 1 4 , 5  - 6 5 , 6 )  J l  =  3 1 , 1 2  m r c .  p y 6 .

ts ,ua,lu{efruIcM. no oKoHI{artHH BBoAa Bcex arperaroB, roaoBofi 3KoHoMt{qecKHq
rprlcxr 6y.eer otrpeleirrrbcx pa3Hocrbro ro,noBbL\ H3.[,epxeK AJrr Bcex gccfiTx pa6ora-
rorrlH-\ arpefsT0B
J . o ; r :  ( C '  -  C ,  t  '  t 0  =  ( 1 0 , 1 5  -  1 1 , 9 3 )  l 0  =  g 2 , 2  r u c .  p y 6 .

0 .95  =  8 .3 .1  n rc .  py6 .

. , ,  
- T D r -

L n L  r L i q b r  r  u \  n J  p d L y I ; t d  T J U U A d  i . t u y \  J t p c l ' l l I O t s

Har l r t rexogaxxe Ear+rnrla

65 ,60

1 8 , 6 0
l  t . 9 l
3 , 5 8

8 , 3 4

5000,00

0 ,95

1000,00

l 9 s , 0 0
0 ,92

nplt i lHrvaroTcff yc,toDtro n npH
B 3aBl tcHMOCTX OT KOl tKoenrh t . \

H a c o c x a q

C H C T E M A

TT]C

3 x e x r o p r r a a
C H C  T E M A

T B C

Kanxralrxue 3arparLr Ha og.HH al-perar (no cve-
ra:rt) K,

B ToM qxcte crolt.vocrL o6opy,n,osaHlu
f orloI bre j Kcn,-t ' 'arauqonHbre H3aepx KH C,

B TOM I{HC,'IC AMOOTHSTIHOHHbIE OTqHCJIE.
ttxx H^

3apa6ornax nlrara nepcoxara 3o
3arparsr Ha lncKTporHeprxro 3,
!l o u-lrr ocrr, lfl cr< Tpo,u.B H raren efi r{aco co B olrHo ro

arperara.V""
tlxcno r{acoB pa6oru arpcfara B TerleHHe roAa ?"
Croxprocrs 3aeKTpo3Hep rHH B cxcrcue .(,

Pac.roA Bolbr H3 Bepxuero 6@a,u;ra pa6orur
3xcKTopoe oaxoro arper?Ta e s.6.

Cpcgrres :Icurcrncrfi l{anop f 3C ff;3-a
Klln 6noxa arperara e6,.,

'  B  npxne[ur t roM pacqcrc  r teKoropbre  napaMerybr
Bbrno l r r rc l rx t  no .qo6r r l r . \  pacqsroB Hx cncAyer  npHxxMarb
ycJ Io  B  u  n  I  r  poeKTHp) 'eM o i .o  o6e-  x r t .

fti

Tcdttu4a /.  l lcxoanrre napaMerpbr AJlx pacrera'

ruc .  py6 .

I 1 4 , 5 0

38 ,50
2 0 . I s
7  , t 3

1 ,04
1  t , 9 8

1 ( n  n n

s000,00

0 ,9s

AHa. j lH3 paSn l tq tn l .x  BapHaHToB cHcreM Te, \ I tHqecKofo  BoAocHa6xc tn tq  Ju t f l  pa3r rbr_ \
I -3C N MHol 'onerHrx  onur  3Kc[nyarauNN f3C c  3xeKTopHbrMH cHcreMaMH noKa3brBaror
5c :1 'cnoax l ' lo  qerecoodpa:xocrs  npHMeHeHr{E ix (eKTopHbr . \  cHcre i ! {  .LTr  I -3C c  HanopoM
100 i r l  i t  Bb i  tue .  l - lp i r  i ranopa- r  50- i00  r r  H ' :o6xoI lH I i ( )  I ' r j . \ l l uKo-3Ko i ro l , t l rqccKoc conocr - rB-
.  lC  l i  l {C  C&!1  OTCtOIb I - \ ,  l {eCOCI lb l  X  I {  l /+ (CKTOpHbt  \  Ba  p i {a  HTOB .

3 tD0crx rxgr {ocrb  3x<eKlop} t r l \  cncrcM TexHHr{ecKofo  tso l (oc t {a6xc-gnx  10  cpaBr {egHrc
a i ipyf l l fvtH cltcTcMaMH Onpe,q,ex.f leTcx sstcoxoi l  Ha.lexl{ocTbt{f,  } t  cHtrxeHHeM 3Kcn,' tyara-
uHol l l lL tx  la rpar ,  cHX;*e l t l {eNr  pacxoAa SHepr r . {H i ia  co6creeH} i t , t c  Hyx( . ! . -b r  f3C.  coKo l -
l l t c t { } { t l t v l  ( - T O H v ( - l ( - l - } !  ( . ) 6 r t n w n n q r q r r o  . \ r n  \ { / \ r J r ' ) . r - a  r r  ' a n . i l < l i ,  

a  I f , K X C  i l J - i O i j l d j l } t .  i l  . \ , 1

:ax xlr aclr o i i .

Uenccoo6paf l toc rb  r tpHMerreHI ( r {  per l 'nHp l 'L ' iubrx  HnH r {eperynHp}  c .Mbrx  3 ) t<cKfopor l
laBHcHT or  pcx( ! { l \ roo  pa6ors t  xonxper l ro i r  I -3C c  lqeroN{  3aKoHoMepuocrH xo , re6ar l r i r
. " "pcBHef r  BcpxHefo  H l tH)K l te ro  6 rc rpos  H Te iv tnepf ,T) 'pb t  Bogbr  B  HHX.  ponx  f3C B lHepro-
eHc ' IL -Me H npc i l f lo j la f3e iuo t 'o  rpaQnxr  ia fpy3Kt {  3 IperaToB.  Cyutecre . 'Hr r l r r r  rpaxropor r
, i t l - l t ieTCt l  T f ,K ; f i9  BO3MO)t (HOCTb Bb l l l0 . l l l te l l l t f i  l aK3 lOB Ha CBOeBpc ' t {CHHOC i . {  t sb icoKoKJ-
I l cCTtsCi l l t ( ^  I {  I |OTO8, leHf lC lXeKTOpOB.

t . . ]A I ]A  B  IOPA,q

THNPABJIIIIIECI(Hfi PACI{ET H KOHCTPYHPOBAHHE
BOAOCTPYRHbIX 3XEKTOPOB

6. nPIIHUHn PAEOTbI H IrA3trAr{EHtrE'  B0.qOCTpyf iHUX 3XEr(rOpOB

f lo [  rxcxropoN{ noApaiyMcBacrcf l  crpy ' f i r r r r l l  3nnapar,  B Koropo\r  dct  ; . racrxx rre.ra.
I l t { t {ecKol 'o npHBoAa cMcr.uHBa!orcf ,  Aga noroK3 (xHJrK}{ . \  N,rx mtooS'palHt, r \ )  c  o6pl ,
loBaJIHcM cMetu;u{Horo noroKa Cpc;r.a c 6ojrr-rrrr$,1 !.aBfle}{}tcM HalblBacrc.a pa6ovcii

Pnc.  10 .  [ IpxxuHnxaab l ta t  c \eMa padorsr  Hcpcry . tHpyuMoro  f )KeKropa TBC r ra  f3C
/ - c o n r o ;  J - x a w e p a c M e l u x B a r r r r x ;  J - a l r O 4 r y r c p ; 1 - a x o g ; r o i y q a c r o K B r i a N r s p ! .
cve [ I r tBa ] rHn;  5  -  perynr {Top . f , sBr re lJ r { r { ;  6  -  Har raro  KaMepbr  c : \ re r i l r3a l r }g r ;  7  -  cpc :

COnna:  ( )  -  I rDr rPMl r : r r !  Ka ! !ep i !
I . l , p ,  I l u r ,  I I r n r *  -  H a n o p b l  p a 6 o v e r o ,  B c a c h t B a e r r o r o  H  B b r x o ! . u o f o  n o r o K o a ;  ( ) p , 0 H c ,

? u o , ,  -  p a c x o A b r ;  u p ,  u e c ,  u a r r x  -  c K o p o c r H ;  l ' c ,  F x . . _ ,  d a ,  D * . . n n  _ _  r u r ( ) u l : u l x  H , l H r M e r .
[ ) b l  c o r u l a  H  K a M e p b l  c M e l u H B a t t H n ;  - r ,  L " * , I * . a * ,  -  ] ' i l a l l e l i l r c  o r  c p c i a  c ( ) r L n r  l l o  1 J ' { J n a
K a . \ l c p b i  c r t c l u l l a a t l H H ,  I U I l t t t S  B x o l l t t o r o  y q a c r K a  K f , ] \ r e p b t  c M c u l l t B a l i l t H .  j u i l t i l 3  K J I t c p l , l

cv  eu l  i l I ta l i l i l { ,  c ( ) ( )TB eTcT i l  c l t } r ( )

0^.-f+
u.

t a



Pxc.  l l .  Cxe l ra  pa6or l t  3xeKTopoB Ha f3C.  a  *  no  [pHHuHny BcacbrBaH]ur  )KKAxocrH;

6 - no npHHrr.Hny no!3qH somr Aflr TBC

m e n n i l  R r n n c q . n p n .  -  E . 2 . L r D ? c M a c  C r n r . f i g l t f r  e r r n n n n ' r  c f l v x t l T  T t n c  T r t r Y )  r r r o 6 l t
v y v A v r r .  v | , v A e

c  noMorubro  pa6oqer l  cpegb i  [poH3Becrn  HarHeraHHe BcacbtBaeMof t  cpe , l , r t .  l l cnx  pa6oua l

H BCaCbrBaeMaJr cpeAbr - Bo^].a, To HMeeM ao.l ,ocrpyltxblf i  3x(eKTop. f lpxHuxn pa6orbl

tsoAocrp)'RHoro 3if ieKTopa, B qacrHocrH 3xeKmpa r€x-FlxqecKonf, BoqocHa6xexxx (TBC)

rHApo3neKTpocraHuHH (pxC. l0) 3aK.nnqaercr B ci le.qnotueM-

floresrDra,rLHafl 3Heprrr Maccbr pa6orero noroKa, nocrynarculenf,.  KaK npaBHno.

H3 BepxHero  6reQa (BE)  na  Bbrxoae H3 co t r . i ra ,  npeo6pa:yerc t  B  KHHerHqecKyIo  3HeprHio

Cxna nogepxHocrHofo rpeHHJr pa6olero noroKa yBneKaer c co6oft qacrHubl Bo3[yxa

HaxoA-trrulrec-f,  B npHeMHofi Ka.vepe, co3AaBa-ri  a Hefi  pa:pexeHxe. EraroAapr{ pa3pe)+(eHHrc

B cpe3e con.r-ra npxeruxofi  K&vepbr x atvlocQepHoMy gaBJreHHIo Ha noBepxlrocrH Botr.bl

HH)KHero  6re$a,  (HE) ,  T .  e .  Ha noBepxHocrx  B&tcb tBaeMofo  I Io roKa,  npoHcro .o .HT Bca

cbrBagxe Bogbt  H l  HHXHefo  6 ieQa.  t lac rxur t  Bcacb lBae.vo fo  I Io roKa n : - :a  ryp6yncHrHoqrH
pa6overrc noroKa nogTopMaxxBarcT ero FpaHHqHbIe c: 'roH, Bcne!.crBHe qefo npoxcxo!. l l ' I

o6preu qacrHu paSouero  H BcacbtBaeMono f ro roKoB (noroKH cMe[ tHBatorcn) .  C iv reLUxBa] {He

paoovero  H Bcacb lBaeMoto  noToKoB,  HaqHHaJIcb  Bo B- \oae B KaMepy cMeLUl fBaHHt ,3aRcp
nraercr B AHOQy3ope 3xeKropa- Kar' ,repa *{etr lxBa}o{r H .u,HQ0}' '3op sryxar .u.r l f l  c}re

luHBaHHt nOTOKOB, BbtpaBHXBaHHf, CKOpOCTH B nonepeqHoM ctqeHHH H noBbll l leHHa

.f,aEneHHt cMeulaHHor\3 noToKa, T. e. c] ' ty)KaT rrx npeo6pa3oBaHHx KHHeTHqecKoft 3HepfHH

cMeujaHHofo noToKa B [oTeHuHiuIbHyro 3HeprHro noi loxeHH.tr noToKa Ha BblxoAe H]

3)KeKTOpa.

BoaocrpyfiHrre 3xeKTopbl B nocJreAHee Bpe&{r Bce ruxpe npxMeH-niorcf l  Ha I-ugpo'

3neKTpocraHqHf,-{ ( f3C) 6rarolapa npocrore KoHcrpyKuHH, HrlexHocrn H ,u,etrteBx3He.
3xexrop npegcraBnser co6ofi  cBapHyro KoHsrpyKu.Hrc. 3Kcnnyaraunr 3xeKTopa (oc-ra.

HoBKa x nycr<) cBoAHTcr K orKphlrxlo H 3alcphrrxro BeHTrurefi  x :agsxxeK l{a coorBer'

crBylouu.\ noaBollrtro{x H orBo&E[txx rpy6onpoBo!,a-x. Pa6ora 3xeKTopa He 3aB]tcH'I

o r  BHeuxHx Qaxropoe (Hanpxvep,  o r  HanxqH; r  3neKrpo3HeprxH xa  f3C)  u  He rpe6yer

nocroxHnoro HaA3opa H yxo!.a. 3xextop a6corrcrxo Ha,qexeH r pa6ore, a ero pa6oro'

cnoco6xocrb 3aBHcHT TonbKo or pacr{erHofo cor{eraHHr HanopoB Ha BXoAe H Bbt.\oJle.

Bouocrpyfi l rbre 3xeKTopH no cBoeMy Ha3HaqeHHIo MoxHo pa3AenHTb Ha Atsa rHIIa:

3xeKTopb l ,  cnyxauxe AJr f l  o rx3q lc r  (pxc .  I  l .  a )  u , rx  noAaqx (pxc-  l  l ,  O eo ! , r t  K  KaKo '

vy-nx6o o6rexry. CoorsersrBeruro nepBue Ha3BaHbl orKaqHBaIo[rHMH KirH ApeHDK
HrrMH. BTOpbre - Hzrr lreTalouo{MH HnH BoAonoAa€MHbIMH. 3XeXrOpU nepBoro THna Ha

rKApo3n€KTpocTaHuH.rrx npl{.veH.rno?c.f l  B cHcTeMe oTKaqKH [poTeqeK BoAbI H3 Kpblr. IrKH

rxaporyp6nHbr ,  H3 ApeHaxHHx narepH H npoqee.3xer rops t  Bropono rHna Ha rxApo '

3ncKTpocTaHuHf,\ npKMeH.sloTct, Hallpl{Mep, B KaqecTBe HCmqHHXa nHTailH.8 CHCTCMbI

Texlryr{ecKot-o BoAocHa6xexng ru.q,poarperaros. B rn. 2 pe.rs HAer o6 3r(eKTopa,\ rxApo.

3neKTpocraHuxfi  sroporro rHna, , \orx MHorre nonoxenHr npKMerIHNrbr AJIx 3xeKTopoB

nePBoro Tfl f ia.

7. PACI{ET HEPETYJIHPYEMbIX BOAOCTPY}iHbIX 3KEKTOPOB

B oSnacru reoperHrrecKoro H 3KcnepHNleHT&IrbHoro HccJ' reAoBaHHfi  Hepe-

fyn l l pVeNrb rx  3 )+ (eKropoB B  cccP  l {  3a  pySexoN l  npo le i raHa  6 ( ) , ' r t u ia -q  pa6o ta .

OAxarco cpegN cwuecrByrourHx MeroAHK pacqera Her npocrofr ,  orpaxarcuefr

BCe npoueccbr npoTeKaioulet{  xHtrKocTH (uai ipwvep, .qBrreH}{e cMetUHBaH}{- f l

i l o roKUB,  KaTJHTaqHH I IOTOKa n  r i pouee) .  Kp t - l r ' r e  ro iu ,  l copc r r , i r { cc rcNe  o6< lcnc l -

BaHHfi  HepeAr(o He no! ,TBepxAalorcf  onbrroM B rxHpoKoN{ AHana3oHe rHno-
pa3MepoB 3xeKTopos .  [ l o : rovy  pe3y . r rbTaTbr  pacqeToB 3xeKTopoB no  pa3Hbr r {

MeTOtrHKaM 3HaqHTeJ.IbHO OTIIHqarcTCfl Apyr Or Apyra.
f l n p n - o r r p r r lr^ywr-{r rur  qv, '^q- f i  MeTOtrHKa paCqeTa HeperYIIHpyeNlbIX SX€KTOpOB [OCTpOeHa

Ha ocHoBe Merog ,HKH E .  f l .  Corco roBa  I l i ] ,  B  Hee  BHeceHb i  ,q ,onorHeHH. f l
H )"TOqHeHH-f i ,  nOf lyqeHHbre Ha ocHoBe 3Kcnepl{} leHTaIbHbrx Hccne[oBarc{r"{

HaTypFIbtX Hepery.r lHp,v"e! lb lx lXeKTOpoB B ulHpot(OM ^lHana30He THnopa3-

MepoB, npoBeleHHbr. \  Ha 6parcrofr  fH; tpof . leFiTpocTaHtD{t{ .

! 'panxeuue rH.up&B;rr{qecKoi i  xapar lTepHcrHKH BoJOcrpyfrHbx HacocoB

no  E .  A .  CorconoBy  [1  3 ]  ,  BbBe t reHHOe Ha  ocHoBe 3aKcHa l tM i l v . ] l bcoB npH-
MeHHTe. lbHO K Heynpyr-HM Cpegav,  c BBe.f ,eH].{e l l  JoI toIH}{Tei tbI{orc o l lbrTi{o l -o
Ko30QHLo{eHra HepaBHoMepHocru ga H.veer Bir t r

p ,  ( Q p L ' p ' Q " .  L " " )  -  e H ( Q p  +  Q a J  U * . c *  =

-  / P * . r -  P p . c . c \  ( P x . c r r  P " c . . . . \ ,
/ p . c . c  

\  r  J  I  
J B c . c . c  

\  
- !  )  /

( 8 )

3Aecl

h : (H"o,* - f fr .)  l (Ho - Au|

- orHocHrenbHbri HanopHbri Ko3ooHrtr{eHT, xapaKTepH3yro[fni onrocHrenb-
HOe COOTHOTUeHHe 3Kc[ryarar$roHHbrx HanOpOB; yCnOBHO geJUrT 3XeKTOpbr
B 3aBHCr{,\4OCrH OT HanOpOB Ha CpeAHeHanopHbre (ft = 0,2i{,25) , BbTCOKO-
HanopHbre (f t  )  0,25) x Hu3KoHarropHbre ( lr  (  0,2) '  q - orHocHrenbxbrf
pacxotrH.brir rcoeQQxuHeHT, xapaKTepH3yror{Hfr Maccy BcacblBaeMoro noroKa,
fipltxoAfiruyrocfl Ha eio{HHr{y Maccbr paSoqero noroKa, H flBJr.8rou-tHlics OA}MM
H3 nOKa3arenefi  :QQercrxnHocrH 3)KeKTOpa, OnpeAejrf iercf i  no oop*ryne

o : Q * l Q o ;  ( l l )

k - orHocHrenbHbrfr reoMerpHt{ecKHfr Ko}O$HuHeHT, xapaKrepH3yroul loi or-
Ho[teHHe ftnouia,qei npoxolHbrx ceqeKHfr BcacbrBaeMoro H pa6o.{ero noroKoB:

t : F * . r * l f r ;  ( 1 2 )

g l  =  0 ,950 ,  g t  =  0 .975 ,  g r  =  0 ,900 ,  g . r  =  0 ,925  -  cKopoc r l r b re  Ko300H-
q l teHTbr  conra,  KaMepbl  cMeurHBal tH.s ,  AH+$y3opa l {  BXoAHOTo yqacTKa B Ka-
Nlepy cMeul l {Bat { } { f l  coorBcrcrneHr{o,  r ronyqeHrt l re  E.  f l .  CorconoBbrM 3Kcr iepH-

l loc;re npeo6pa3oBaHHi noaf{HM

n  = p ; 1 , [ ' , , . ( , , -  
; ) { r -  

( ] r x  - e ' )  t 3 ' ] (e)

(  l 0 )
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I 1  I lCJCt l i lAe \1OrO I IOTOKOB i J  Cpe3C COI I ; l . i  I I  C iv , Ie t r i a t {HOI -O I IOTOKA B  KO} {UC

K&\ repbr  cNre lu l lBa i : t n f l ' ,  J  p . . . . .  1 'u . . . . .  -  ru ro r r l aAr t  npoxoA l ib lX  cegeHuf i  pa6o-
( te fo  H  Bc l i cb tBae i \ l o ro  no roKoB B  cpe3e  co f l r r ]  ( x r r i t ,  q ro  ro  xe  caNtoc ,  B  ] taqaJ IC

Ki in icpbi  c iv ie i i - i i iBJi i ; i . f i ) .  c ; ie; iycr  ! ,o5ai ; i i i ; ,  ' . iTo lTo lv 'pats i ic i i i . ie  i i i . i i i iaBnl i -
r rccKoi i  xapaKTepl{cT}.rKH rxeKTopa Bbi tseJ,ei {o npH cj le i lyroulHX AonyrucHHflx:
pa6ovaa  r {  BcacbrBaer raJ r ; t c {aKOcr } {  r racx l t s lacN lb r ,  r r 'Mnepar } ' pa  pa6ouer i

11  BcSCbrBaeNro ; {  cpe . t  o t r r { } raKoBa.  pacc ro f iH } {c  oT  Bb lxoA} ro r -o  ceqeH} rH  co r r j l a

^ lo tsxol la B KaNlepy cMeu'{Bar{Hf l  paBl{0 } rv i r ru,  Toi IUIKHa crel {Kl t  conr la He

tsbrxo,{e paBHJ HY;r f i1.

( t i )

B ypaarreHl { } {  ( I3)  on l r rnsu: r  x<; rSr f  x ru te t t r  uepaBnot tept {ocr l ' l  ! r ,  xapaK-
fepH3) ,er  cTeneHb c l reu i l tB: lHHr i  p16ouer i . .  t {  BcacbrBar 'NIoro noroKoB.  T.  e .
c T e n e H b  E b l p l l i J r i e H H o c r l t  c K o p o c l I {  t s  l t o n c ' p € t { H o r v t  c e l l e H H H  K a M e p b i  c N t e l u } t B a -

rurx. 3ira.{e}{Hr{ Kor+r0}rulreHTa .rrr B pacqerHoNl pex}{ l te 6.rur:rctI  K c^rttH}tuc,
(1TO nOKa3brBae r  raBHc l { } r oc rb  : c , r :  J ' l h  |  .  I lPe^ l c r3B i reHHaJ I  I I a  p r r c .  11 .  a .

3asHcl t r rocta  iL- I r r  onpe. : lereHl . rH o i r rH. \ ra . rbr {oro or i {oute i l l {H i l - ' i ( r r r Iu . lc } r
ceqenlr- i  KaMepbr c,r{eurHBaHHff l , t  con-ra rto 3al.aHHoNry 3Haqe[i ] t to orlrocr{-
Te. . rbHoro HanopHoro rco:QQrrur reHra,  nocne noAcraHoBKH cKopocrHbtx  rco: r f  -

Qurure i r roe A xo: r fsxuHeura npHBe. fenH.n kr  (pxc.  l3 ,d)  npt {H}{ r l raer  Bu! ,

l r : 0 , 8 8  k ,  f  h ,  ( 1 4 )

rge ,(.  -  reoMerpi lqecxnfr xoeSQnuuerrr npHBeAeirxf l ,  paBHbII i  orHoueHxlo
ofibr rHoro reoM erpnrrecKoro rcors$xrrxeHTa K pacqeTHoNry.

f leneHue KaBHTar. lHH B f)Kei<Topax ctsf l3aHo c noHItxeHHeM AaBTeHHH
xlulKocTH B rraqa-irbHoM )4{acrKe 3oHbr cNretuKBaHH-s npt{ onpeAeleHHofr TeM-
neparype Ao AaBreHyfl  ee HacbruleHHbrx napoB. l ipN rror"r HaqHHaeTcfl  Hr{TeH-
cNsHbri i  npouecc napoobpa:oBaHrrr, T. e. Bbl i ie;rel{H-f l  pacrBopeHHoro B )K}rA-

KocrH Bo3Ayxa, cpbrB crpyi or nosepxrocrH KaMepbt c, l{elul{BaHfit ;  nepexoA
rrepoB xltAKocrlr e o6nacrt 6onee BbrcoKoro gaBneHH-x; KoHAeHcaultf l  c o6-
pa3oBaI{HeNI  MecTHbr . \  3OH noBbrr .ueHHoro AaBnelu{ - f l ,  conpoBoxAarcruaf icR
ulyMoNr, yAapaMl{ B i(opnyc KaNlepbl cN{eLuHtsalIHfi .

KasHrault. f l  HaqnHaercrl  B Mecrax coflpHKocxoBeHHfl pa6oveu t ' t  Bcacbt-
saenaofr crpyl 'r ,  T.€. B Mecre Han6onlurei l lyplyntl l :aqltH i loroKoB. Eute ra-

Aoflro ,q,o Bo3lrHKHoBelo{f l  KaBxra[Hlt e 6onbti lei  qacrl t  ceqeltHr crpytt or[erb-
lrbte ee orrarH nor{Bnfl}orcf l  ts 3ol lax JroKrrrb}rbrx nyirbcartNii  cxopocrt{.  OAttarcl
sr re :anHsl i {  cpb l ts  pa6orr r  lxeKTopa npoHcxoA}{T,  KorAa KaBHTaUHoH}{btNt } {
r rBI Ie l r I { r {Mr t  6y ,qer  o . \aaqeH He ronbKo Haqa ' l r l t t t  t f r  yqacroK 3oHbt  cMeutnBa} I t { t t ,
to I t  Bcn ronu{a crp} '} t  BcacbrBaeMor-r xul lxocrN. Ha uaqltrtnylo H Kot{ett}tyx)
cTaII l t l r  K:TBHTaIII{H B.i lr , |ReT COAepxail}rc BO3ilyxa B ),t(}ulKocT}1, ee reNlncparv[)a

) ' )

Pxc. 12.  Onsn'r rbre laBl{c l t ,v iocrH:
t  -  e r r =  f  U t ) ;  6  -  k r =  J ' ( l t ) ,

u - f t * o = . i  ( k \
/  k  - -  7,9- js .2 ;  _-  -  , i  - .= J , .s  :
- l , E ;  j  k  =  I . J , I  k  - ,  1 , 7

c.5

n 4- t '

5) rJo,-
l k ,
t l

l t 6

t l n

t n <

1,00i

6) t,0o

0,96

0,92

0,u
0,94

0,90
i06

n 1n ?

t , l e . \ l  t sb i l . i i e  re \ l neparYpa .  Tc t r  Bb tue  raB ; t c l { } te ,  f i p I {  KOTOpOt \ r  Hac rynaer
K- iB I {Tau} { f l ) ,  l aa . l c t t l l e  nepeA l xeKTopo l \ r ,  co r rF )T } tBJ reHHe rpvoonpoaoaHoH
rpaccb l  Bcacb lBae \ to ro  no roKa .  c re i l e l t t  r vp6y ; ru3aqHH B  3oHe c l i eu t l {Bar { } r f f ,
CKOpoCTb BCaCb lB3e . \ tOrO nOTOr { :a  HenOcpeACTBeH} rO nepe .A  BXOAOT! {  B  Ka \ iepy
c l teUIHBaHHt ,  T .  e -  pacxo t r  BCaCb l t sae . ' t o ro  nOTOKa H OTHOCHTenbHb i r i  paC. fOA-
mst i  xo:$Srrrr r lexr ,  xoropl t i r  H .EBir .sercf i ,  B rrepByro oqepel ib,  noKa3arele i l r
i iacTvr l leHHf l  KaBltTauHoHHoro pexl{Ma, npH KoTOpOM nornoruaeTcr{  l } {eprHf i
. rpyu  pa6overo  no roKa .

OueHxy KaBl{r3t-o{oHHoro pextr iua paSorur lxeKTopa peKoi l rerr . tyercf l
TaKiKe npoH3Bo.u, l rb no QopMy.:re E.  f l .  CorcoroBa, Koropaf l  nocre noAcra-
l {oBKH cl(opocrHbtr  rcolQr!} ture}rroB }r  onbtr} roro KolQ$}{ t1neHTa np}{BeAe} i l { f l
i ' * ,  ( c u . p H c .  1 2 .  o )  r r p u l n t r t a c r  B l t r . l

? x a  :  0 . 9 7 4  t , < B (  i 5 )

rJe //xs - KaBt{Taut{oHHr,r ir  xorQQxu}reHT pacxoAa (cooreercrByrouHl{ rraqal,ry
xaarr rau l i l r ) ;  k*o KaBHra[HoHHlr f r  Ko3OOHuHeHT f IpHBeAeHH_q,  parns i l r
ort lotuel{Hlo onblrHoro KaBHTaUHoi{Horo i(oloQHlIHexra pacxo!,a K pacqeT-
froltv ' ,  I{ ,  -  l t : t jutroqHltrt  xattop Hacbrule}{Horo napa (naxyyrvr) npH Te&rnc-pa-
n'pe paOoueir cpe:;r.

I i  o p n r o K p a c r{ c r a. i lpn pacqere BoilocrpyirHr,rx lxer(ropoB
( a I loci le; lylott lr ' I t  ;utt  Irpoclorbr 6vAervr lrr lrct{ouarr, npocro rxexroparrN)
J I { C T C } l l , l  r e X } t l { ' t c C K O f  ( )  B O j i O C t t a 6 X C t t H n  3 a . q , i l l t b l M t I  B e n g r { l t } r a N 1  } t  f l i t I I r { r c T c . q :

3 x c n , r y l t r l u l ' l ( ) l l H b l r '  l { : l l l ( ) p t , l  l / ,  n  H o r ,  T .  c .  o n \ r L . T K r r  B e p x H e r o  1  t g t x r { c r o
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6neQon rnApo3neKTpocTaHlurl t .  orMerKa ocH MecropacnoroxeHHr 3xeKTopa
H 3aBHcHMocrb norepb Hanopa or pacxoga B nol lo!,r{uIHX rpy6onpoBoAax
paOovero H BcacbrBaeMofo noroKoB'

XaparrepHcri lKa norpeOltrera cHcTeMrrr rexHHqecKoro eoAocHa6xeHl.rs
rHlpo3neKTpocraHuHH 3aBHcHMocrb pacxoaa 0"o,* or norepb Hanopa
Ha BbrxoAe H3 3xeKropa Affu",* HrrH or rHApaBru{qecKoro conporltBnexu.q
Br_:ei nr,rx-oAHofr Tpy6onpoBogHoi rpaccbr 3xeKTopa.

i iorpeduafl  npoH3BolxTerbHocrb 3xeKTop?, T. e. An.f,  lxeKTopa BToporo
THna pacxoq H3 Bbrxoge Q"orp of lpeAerrfercf l  cneuHarbr{brM TenroBbnvl pac-
qeToM HJIH aHaIH3OM yiKe 3KCnnyaTHpyep{bix CHCTeM 3aBoAorvl-H3roToBHTeneM
ocHoBHoro o6opyloBaHufl (cv. rn. l)  i r  yrounxerc.x Bo BpeMfi paSorrr rutrpo-
3neKTpocTaHuHH.

Pac.{er reoN{erpuqecKHx riap;rMeTpoB Hepery,.rupyeMoro 3)r(eKTopa: D:z^a-
J  - -  -  _ _ _ _  nMsrPa  uU l l J ta  Uc  11  , !Ha . \1€ Ip i i  K? : \1€Pb l  gMeLUHBaHr lX  Ur .  c t r  H  JKCIUIya ia I IHOHHbtX

xapaKTepHCTHK 3xeKTopa npoH38OtrHTC.B B CneArrOI.ueH nOCneqOBaTeJ.rbHOCTI{  :

l .  Onpege;I f l torcf l  rnnpaBnHr{ecKHe norepx B IoI IBoAruJ]{x rpy6onpo-

BoAa-x paSouero,  BcacbrBaeMoro H Bbrxo! .Horo noroKoB H Haf lopoB.

2.  Onpe^qenf lercf l .  orHoci{Ter lxnrf r  Haloprurf r  ro:66urpreur h no $op-
Myne  (  l 0 )  .

3. Onpegenfiercfi onrnr',{a-rrF6rfr reoMerpHqecrcNli Ko300rutrreHT k no

Qopr'ryne ( l-1)
Heo6xou,urlro Hlrerb B Br{,Iy, qro ecnu ypoBHH BoAbr n SueQa-r rH.qpo-

sneKTpocraHrp{H B IIpouecce f Kcn]TyaTauHH MeH.rrrorcS B He3HaqHrerbHbrx
rlpegerax, To MoxHo cnpoeKTHpoBarb HeperyruIpyelrui lxeKTop c onfl{-
MaJIbHbTMH reoMeTpHqecKH!1H pa3MepaMH t{ onnrMallHltH reoNleTpHqecxNx
rcoa$$urrxeur k 6yaer onpetrexfirbcf l  no Qopvyne (14)

flpN :Hauxre.tbHbrx Kone6alrlurx ypoBHei Bepla{ero H HHxHero SreQoa
c[IpoeKTlrpoBaTb sxeKTop c onr{Marrbr{brMH reoMeTPHqecKHMH pa3MepaMH
He yAaerca. B rrov cn}^{ae orHocHTe'tilnri reoMerpHqecrcHfr rcoaQ$xryreHr
sntbupaercfr H3 ycnoBH.s o6ecne.{exun c;raF,unbuocfi pa6onr oxercropa (6e:
KaBHTaLtHH H "onpoKHAbrBaHH-8", T. 0. KorAa 0". :0) Bo BceM AI,Iana3oHe
H3MeHeFMa ypoeuefr Bepxlrero H HlDKHero 6leQon B TpH 3Tana:

a) onpene;reHHe reoMerpHrrecKoro xoaQQxurexra k 1, coorBercrBylouero
Haqary "onpoKH,ArIBaHHff", T. e. Haqarry rHApaBlHt{ecKoro npoqecca, KorAa

Q.r. :  0, q :  g, Qo : Qr"r*. 3ro ycnoBHe Bbrnonlurercff  npn [oAcraHoBKe
B ypaBHeHHe (13)  3Haqeluf f  e :0  u  h :  f t * ** ,  H npH peueHHH ypaBHelu. r r

1 . , 805e "  -  0 ,731
(  1 6 )

6) orrpeuerreHle reoMerpur{ecKoro Ko3QQ}ru{eHra k2, coorBercTByiouero
Har{ary KaBHTar-o{H, T. e. cpbrBy pa6oru 3xer(Topa. 3ro ycronHe BbrfionHflercfl.,
ecJIH npHpaBHflTb OTHOC,}{TenrrIbri paCXOAHbilr rcO:QQt[U.reHT q H3 ypaBHeHHf
(13) pacxogxoMy KaBHrarp{oHHoMy Ko3QQ}i ls{eHry qKB, onp€AerreHHoMy
no Qopr"ryne (15). 3xavewte k2 Haxo,q,Hrcfi nog6opor'r, ttyreM rIoAcraHoBKH
B ypaBHenl.r.s (13), (15) rHaverux ftn;, ,  (nlx yraaaHHbrx HanopHbrx napa-
rtrerpoa).

r) p aco',r orpelrHe B o3Mo)KHo cru n po€K THpoBaHH.rr 3xeK To pa Ha 3a.qaH Frbr e
HanopHbre napaMeTpbr, onpeAea.ser,aofr HepaBeHcTBoM kl > k> k2, rge k -
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- /lmax -
k t

itcxovltn pacuerurtfi reoMerpuIIecrcnfi rcorQSprrrylenr, o6ecnew{saiou1HH
SecrrepeS0fruyio pa60ry 3xeKTOpa B 3a,qaHHorv{ A}{ana3oHe H3MeHenxq yposHer-r
BepxHero H HH;rHero 6 le6oe

f lp t i  uenutr tor i {eHHH r tepaBeHcrBa Anff  tscero AHa[a3oHa H3iueHeHHfi  h np^
3aIaHHblx Hai lopHbix napaMerpa)(  cnpoer(THpoBarb o.u,HH 3)KeKrop HeBO3MOX.
Ho'  f lp l r  Bblnol IHeHHH l lepaBeHcTBa Ncrcorr l r r i  pacverHr,r f r  r .o i rarpruecrcNf i
r n l r h r h  r r  r  r t l  p l r r  r a n ^ o1  r r H v ! \ r f r y j / u i v r u r \ J  J . / r \ s l \ r u p d  i 1 u . j l ) K c t t  u b l T b  B b l o p a H  B  H H T e p B a I i e
3HaqeHl{H kt U k2, oA}{aKo no Bo3fv{o)KHocrH 6.r-IHXe K 3HaqeHHIO l i : .

'1. Orrpe,le,, l . f iercf l  onrnua.nrHrrfr orHocxTeJ'rrr iui  pacxonxirr-r rcooQeN-
ureHr  q  ro  ypaBl reHHlo (  l3 )  .

5. onpegerirrorcf l  pacxogbr padovero H BcacbrBaervioro noroKoB:
/1 - /'r
v s b r x  -  V p - V a c ,  ( l 7  }

o r i ( , v i i a  0 " .  =  C r o , . .  -  Q p ;  Q p :  Q " o r *  l ( l  +  q ) .

6. Onpe;re;Itercf l  orHocHTer'rrul-r KaBr{rau}rosHruj rco:QeHrurexr nc
r h o n r u r v n p  / l S \  V n r ^ o ' r o ^ ,\  ^ ' . /  r  v ' rvur rwrvr  u ru ,v  l \ .  lE  t l ) l  t \ , Jx11 ld l l l4 l l  XA i IXeTCf  BbInOt IHgHHe
HepaBeHcrBa q < q*r. EcnN Q) Q*", Heo6xoruLvo yBer,rnurl  rcoeeexu{exr k.

1  f - \ _ - _ _ _/ .  \rrpcAejurercr cr(opocrb paooqero noroKa no Qoprrryne
u p  =  

e ,  J  2 S  ( H p  -  H " r )  ,  ( l g )

r . fe  i r r  =  0 ,95 -  cKopocrHon rco:eexr{Henr  cof ina (pa6ouero nororca) ,  g :
:  9 .8  |  v lcT -  ycKopeHxe cHnbr  Tr rxecru.

8. Onpeaerr.f lercf l  nnouaqb f lonepeqHoro ceqeHnn l,  H f,Ha]{erp con;ra r/ . :
i r = Q ,  l u r ;

, / c  = V / c / U , i U ) .

9. Onpegen"Eercs .qfiaMerp Karuepbr cMeurHBaHx.fl

D*. .*  :  t l r t /T.

I 0' Cocrae Jltercfl ypaB HeHHe rHrpaBr'rH r{e c xori xapaKTe pHcnr K H lxeK To pa
s Qopr'{e q = f (h ),  aua-ru:Hpyercfr pa6orocnoco6xocrr 3)(eKropa nprr Bcex
rcone6aHu.fl.\ BepxHero H HHXHeTO 6leQoB rHf,po3neKrpocraHr[{H.

I l ' OnpeneJlflerc.rl rcoeQQuuxeHT rrofle3Horo AefrcrBrr.s 3xeKTopa. llreecr-
Ho, qro ro:cpQHunelir  rroJre3uoro lef icrexx (f i l r)  -  6e:pa:v"pnr" BerH-t iHHa, xapaKTepH3ytoula.f l  cTeneHb coBepueHcrBa TexfiHqecKoro ycrpofrcraa
3 OTHOLUeI{H}{ OCyu{ecTBneHHr B HeNl npOUeCCOB nepeAaqH 3HeprH}{ N.nu npeo6-
pa3oBaHH.q ee H3 ogxofi  Qopr, l tr  B Apyryro. Onpegenflercf i  Kf l I  orxouteHxel{
nore:Hofr lHeprHH K cyuMapuoli  :arpaveHnoi.

. [Jtq :xercTopoB l lepBoro rHna, crl fxarr(t l \  Anx orKaqKH BoAbr, Kfl I
onpeAen.aercf i  no H:secrHofr Qopirayne, B Koropoi nonesH1fl 3HeprHf oueHH-
BaeTcB pacxoAoM TOIbKO BCaCbrBaeMOrO noTOKa:

4 r  =  
Q B c ( H B t ' t x - H B c ) = o  o

Q r { t t ,  -  f f " o , r )  L - h

l lpxnegerrHoe Bbtpa. l+<eHHe KnA He f fB.nf lercn
TopoB n rc6oro  l t a3Haqer tH . r r .

O,renxlno,  qro ^f" r . - I f i  fxeKTopoB Bloporo rnna,

( l e )

(10)

D* . . * ,  no  Qopvy ; re  (  l 1 )

( 2 1  )

yl{HB epcanbHbrru ilrl.f l lxeK-

cJIyXaulHX IL'IH l{ arrr eTa HH r{

z5



; tsAr(ocrr4 K 3ar{aHHoMy o6beKTy, HanpHMep, paoorarcu}rx B cHcreMe TBC,
IIOA KflA cneAyer noHHMarb orHo[reHHe 3Hepru]r BoA],r, HcnoJrb3oBaHrrofr
B CHCTerv{e oxrDKAeHHJr norpe6nrenR, K 3r- iepruH, :arpaueuHofr pa6o.uv
noroKoNl, nocrynarou{Hl\,1 H3 BepxHero 6te$a. B lroivr cxyqae B BbrpaxeHlre
t{cf io.nb3oBaruofi  3HeprHH BXoA-t{T 3HeprH.a KaK BcacbrBaeMoro, TaK lr pa6o-
qero r loroKa' Knn calaorewroi H HacocHoli  ycraHoBoK, aHarrorl tqHbrx no
/ \ D n a \ i I l  u o - r t a t l o r r r r r ^  r r r z ^ t - - ^ ^ t , ^ i "v p v v { r t  r r q J r r o l u r r f r r v  J A U I \ 1 . \ J y n \ r n ,  u t l p c A c J l n r u l t x  L U U l l J c l c l B e H H O  n o  Q O p _
vly.naru:

T l ,  :  Q"orx  H"o,*  I  (Qp Hp) ' ,  Qr :  Q"o,* ( f f ro , *  -  H"r )  13,

r.qe 3 fneKTpolHeprH.f i ,  3arpaqeHHsq nFHrareneM Hacoca.
onpeAereHrx Kt l I  3xeKTopoB Broporo THna Uenecooopa3Ho
cneqyTouee Bbr pa)KeHHe :

O"o , *  (Huo r ,  -  H " r )  h
rh  = -  =  ( l  +  s)  _

Q o { A r - H " o r * )  l * h

ilo:ron"ry ii,rx
HCnOr ' Ib30BaTL

/  1 1 \

I Io :Hat{eH}I}o q1 or{€HnB?ercf l  o[TuMal ibHocrb crrpoeKTHpoBaHHoro 3)(eK.
ropa nepBofo lHl la iLI I f l  3a,qaHHbtx HanopHbrx ycnoBHH H CpaBHHBafOTCfl  l (pyr
c . l py ro l t  3xeKTopb l  nepBoro  rHna .  I - l o :Haqern to  ez ,  Kporue  nepeqHcneHHoro
BL' I lUe nt lHMeHHTenbHo K 3xeKTOpaM BTOpCTO rHna, cpaBHHBalorcE l )Ker(Top-
Hble ycraHoBKlt  c ycTaf ioBKaMH caMoreqHttMH l {  HacocHblMl. t .  MaxcNrur[u lbHoe
lrra{eHH9 [2 3Haq]t renbHo Bbrue,  r {eM 4r.  Tar,  npH HarypHbIX Hcf lbrraHHJrx
lxeKropoB Ha bparcrcon f3C ronf{eHlr c.letryrculHe 3HaqeHH.B KllI :rrq
l )KeKTOpOB OnrHMarbHor  reoNreTpKH cpe lHeHanopHoro  ru r ra :  Qr  =  35%,
4z = 6A7o.

-n q H M e p: hc.roArrue AaHH6re: crarHqecKxe Hanopbr Ho = 17g*l 95 u, Hsc:= l3=15i  v;  pac.xoA norpe6xren; .  Qaarx= 0,35=O,40 ut  lc ;  "  3aBHcHMocrH norepb
l {anopoB o r  pac . \ogoB:  A f la ' x  =  120  e l r r * ,  AH" .  =  l 2e l " ,  L l l ,  =  g0p f r  r  2 ,5

.li i: jf lp = l '5 u - norepH Hanopa B rpacce rpy6onpoaoAa pa6ove.o ntro*" or Bepx-
HeFo bbeQa Ao cnxpalx) .

P e u t e H x e .  C u a q a . n a  a u 6 r p a e u  f l p =  1 9 5 . v ,  I ! " r =  l 5 , 5 i v ,  A f f " " , * = 3 5  l r
H coorBercrBeHxo Q"o,*  = 0,40 u3/c.  3areM [peABapHTeJrLHo paccqxTbrBaeM 3xeKmp
&'Ifl oqeHKr :Haqertxfi pac.\oAoB pa6oteno Oo x ncacstaaeMoro psq noroKoB H o11pe-geJIeHH.fl HanopoB c yqeroM norepL a rpy6onpoBolax. l-lpegBapl.rr€nLubrf, pacqer aaer
TaKHe pe3yrrLTaru Qp = 0,18 ur  lc ,  Q",  = 0,22 ut  lc .

_ _ 1 .  
A I I ^ p ^ =  8 0 . 0 , 1 8 2  +  2 J  =  5  u ;  A f f r .  =  1 2 .  0 , 2 2 2  =  0 , 5  r , r ;  A f f " " , "  =  I ! r " r *  _

-  I l u " :  1 2 0  0 , 4 2  =  3 5  v ;  I { p . n 6  =  1 9 5  -  5  =  1 9 0  r u ;  l / r . . r € 6  = 1 5 , 5  _  0 , 5  ==  15 ,0  r ' { .
2 . h  =  3 5 / ( 1 9 0 - 1 5 )  = 0 . 2 .

_ J.  hcxogx H3 ycnoBHr,  r {To B pacqerHoM pexxMe 9H = I  f lpn h = 0,2 n Anrax =
=  3 5 / ( t 6 S  -  1 5 )  =  0 , 2 3 3 ,  u a x o . u . x v  t ,  H 3  y p a B H e H n x " l , T 6 l k ,  =  0 , 1 3 3  _  ( l  . g 0 5  _
-  0,73l)  lk l t  = 0,  o] Iyql  &r = 6,9.  Ia,r ie,  r rpHHxr ' rarr  krcs = 0,95 npx h = g, i ,x  BBHAy
ron3 ,  . r ro  hm_ in :  35 / (190  -  l 2J )  =  0 ,19 ' l  ,HaxoAHM noq6opor  &z  =  4 ,5 .  H ,  

" " *oH.u ,npHI{HMiur kx = 1,075 npx h = 0,2, HaxoAXM onruMarL}rbrn r.eoMsrpHqecxxfi xo:eexqx.
eHr  3 )Ke .Kropa  &onr  =  1 ,075  .0 ,88 /0 ,2  =  4 , ' 1  3 ,  k ,  1kon ,  (  k , ,  cneqosarenLxo ,  k  =  4 ,1 .3 .

4.  HtrrepnonxuxeH l t : rxoAI{M xo:eexuxeur 9, ,  = l ' ,0 np" i ,  = 0,2.
Yparueune 3xeKTopa B 3ToM cnyqae npHHHMacr Br{ ,q

^ ,  I  r ,oz+  0 ,705  I  : , r+a  /  t , t o  t ,074  \
"  L  4 J i '  4 , ? 3 ( 4 , ? 3  -  D . J  " o  u o  \ . r ,  

-  
d t 3 '  

- o )  = o '

o r K y A a  q  =  - S  , 9 6 1 ,  +  V t 5 J 9  L 2 4 J h  =  1 , 1 8 .

l 6

u ' l c ;  Q a c =  0 , 4 0  -  0 , 1 8 4  :  0 , 1 1 6  r , . r r l c .

Ito-= I/  r e o  - e i s  j  
"

rge  k * r :  0 ,95  npH t  = .1  ,73 ,  c . regoBarc l r , r {o .  q  =  l , l g  (  q rce  -
7 . u p  :  0 . 9 S  . - , f .  9 . . 8 t  r . t 9 0  -  L t  =  5 5 , 6 7  r . r / c :
* i - n 1 o 1 . . - . , -u ' . / c  -  u ' r o a / J r , o /  =  l u  -  '  j , r ,  r v r - ;  d .  -  

v l u - '  . 3 , ? l o , 7 g 5  :  0 , 0 6 4  l r .  I - l p n v c r . rd c  =  6 5  r r v  ( / .  =  l 0 - 3  .  3 , 3 1 7  v r )  .
9 . D * . . " ,  =  6 5  J 4 , n  =  l 4 l , l 7 , v u .  f l p x u e M  D r c . c r t  =  1 4 5  u r u r .
10.  YpaateHxe .xapaKTepHCTHKH r)+(eKTopa npH arr6paHrrur . r  ;1 l {a i \ rcrpa. \  corrre

dc= 65 r t " r  H KaMepbl  cMcrnHBantr t  Drc. .u = 145 MM, T.  c.  np6 xoxf i r luuxeHte , t  =
=  ( 1 4 5 / 6 5 )  2  :  1 . 9 , 1  6 ,  H N r c e r  B H . f

q  =  - 9 , 6  + . ' f 1 . a 3  -  1 2 9 3 6

l l . lhg paccMarpHBaeMot 'o cnyqatr  onpeaexnl l  xoe0Qururexrsr  nor. re3Horo rct i -
c r B l ( t : r ,  =  l . 1 8  0 , 1 / ( l  - 0 , 2 )  = 0 , 2 9 4 , e 2 =  ( 1  + 1 . 1 8 ) . 0 , 1 1  ( l  - 0 , 1 )  = 0 . 5 . 1 j .

|  )  I l r - o o  n h ^ r , - n ^ i ' , r  ^ ^ 6 ^ - ^ ^ - - ^ - . . -, r p v . r J o v A , r r ! ^  q n 4 r n r  p A v u r u L l l u L u u l _ l u u t r '  J x ( t j K l \ ) p a ,  I l f i . f i  q e l o  p a c c q ] { -

TbrBaroTc.q  l {  cTporTcr  lKcnryaTaqHoHHbre  \apaKTepHCTHKH 3XeKTOpa npH BCeX Hanopr {brx
coqeraHHEx B lrov c. ly!ae nPoH3BoAHTcfl ynpc.uelrrr, l ! l  pac' icr lKcn;iy.amii j ioHHbir
xapaKTepHcTl ' lK :  nocTof ,HHblMH npXHHM:rJorcx  noTepH B noABoAt ruxx  rpy6onpoBoAa. \
pa6overo  H Bcacb lBaeMot !  nororca ,  xoeQQH(HeHT HepaBHoMepHocrH fp1  roxc '  i rpHHH-
MaeTcfl  nocToRHfibIM H paBHbIM pacqeTHoMy, T. e. ef; : id{ue, a . \apaKTepHCT}.tr.(h lxeKTopa
paccqHTbtBarorcg  f lo  ypaBHeHHro,  [onyqexHoMy I  n .  l0  pacvera .

c ; t e . q , o a a r e . n r * r o , H M c c M  l l p r =  t 7 0  - 5  =  1 6 5  u .  I { n l : 1 0 0 - 5  -  1 9 5 v ,  H a c r =
=  l J  -  0 . 5  :  l l - (  . v .  H " . :  =  1 1 '  0 , 5  =  1 6 , 5  v .  

v '

r .  _  
J I I  B b r x  J d " o , *  J f l " " , r  J H " o , *

. :  =  -  =  
,  , l -  =  =

1 6 5  -  1 5  1 5 0  1 9 0  _  I 2 , 5  1 7 7 . 5

0,J qJs 0,+ yr/c

Pxc. I  3.  3xcnnyara[Hou]{bre xapaKrepHcrHKH Heperynxp_v-eMorr)
pacqera  dc  :  65  MM,Drc .cv  =  145  vv

t ,  /  -  x a p a K r e p H c r r { r < H  n o r p e 6 x - r e t r q  e " " r *  
-  

f  ( I I s o , )  n p n  I I u . -  =  1 6 , 5 = 1 2 , 5  u ;  J  _
l l p  -  1 6 5  r u ,  I t s ,  =  1 2 , 5 * r ;  I  -  I I - p  = -  1 6 5  u ,  l l " ,  =  t 6 , 5  v ;  5 . - -  I l p  =  1 9 5  v ,  l l o c  =

=  1 2 , 5  M ;  6  -  I I  , =  1 9 5  u , l ! r ,  =  1 6 , 5  n r

5 ' Q o : 0 , 4 0 / ( l

6 ' q * "  =  0 ' 9 1 4

+  I , i 8 )  :  0 , 1 8 4

o,ss 
[+ 

,,  -  
. . I  :  1 , 1 8 ,

)

I  ? R

3x(eKTopa i .Lnr{ nPli l r tcpa

? 1

t \  + u  \ \
\ J  .  / \ J J
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.  Adro , *  AH"" , "
h , =  1 h . =-  

l 6 s - r 2 , 5  l s t j

A ffro,* AHurr*

1 9 0  -  1 5  1 7 5

3a laeag 3HaqeHHt  1 / "o , * ,  paccr {HTt tBa}orcg  coorBercrByrouHe Hanop l {b re  H pac . \o l r .
Hr te  xos$QHuHeHTbt ,  pac . \oAbr  pa6ouero ,  BcacbrBaeMoro  H BbtxoAHofo  noToKoB.  KpoMe
Toro ,  paccqxTbtBaercs  xapaxrepHCTHKa norpe6nre : r -a :  - l f1 "o , *  =  210 Q io r * .

Ha octtogalr l{}r froi lyqeHHbrx A:rHHbr.\ crpor{Tcr 3Kcn;I},arar, l f loHHbre ,\apaKTepHcrHKH
sxekTona H ,y-apaKTepvcT,F.15-a norp', '6HTenq. Fla I-p3+t{x l l3l loc,qTcr{ 33gaH}{Lre sgarlcl l l1i
pacxoAa r ra  BbrxoAe H3 3r (eKropa.  AHarH3 3aBXcHI , rocru  (puc .  l3 )  ?esr*  =  f  ( f [  o1 ,1r )
I IoKa3bIBaer ,  qTo, t la f iH l ' l f i  3xeKTop o6ecneqHBaer  6ecnepc6o i rHyro  (6e :  KaBHTaUHT{
H "onpoKHAbrBaHH. f l " )  pa6ory  B  3r IaHr roM pac . \oA l roM H Hanop i roM [Har ra3oHc.

Ha : topr  3aBepuaerc t  pacqer  Hepery , . rnpyeMoro  BoAocrpy f iHoro  l )KeKTopa.  C; re ,qo-
BaTeI tHo.  paCI {eT HeperynHp! 'eMofo  lx . (eKTopa CBo. t r } lTc t  K  pacqeT! '  gBJ-x  nOnepeqHbtX
pa3MepoB 3xeKTopa:  [HaMeTpa con, . ra  H AHaMeTpa KaMepbr  cMetuHBaH]rx .  PaccqNrars
f ipoAonbHble  pa3Mepb l  npoTot lF lo f r  qas lH 3)KeKTopa cJoxHo H r ro3ToMy oHH npH] {HMarcTcr .
l {a  ocHoBaHl { r {  3Kcnep i lveHTaj lb f lb t . \  t raHHbtx .  K  raxxy  npof l ,o l tbHbrM pa3NrepaM c .qcg} -er
oTHecTt ' l :  yAL: IeHHe cpe3a conx3 oT HaqLr ta  Ka!1epbt  c -Mc[ txBaHHr ,  / :L ' IHHy KaMepbr  cMeur ] { -
aa{Hf l , ,  y to i t  KoHyc l to r "TH ! .Hoo] . lopa .  KoHcTpyKTl lBHoe i l c r ro , r rHeHHe Bbrxo ! ,Horo  yqecrKa
i - J l n t 1  0 Y n n u A f t 1  l r t t l t - T v a  D  u l r i o n v

e  t \ 4 . t e p J  1 4 . . 4 e L r v y a e t r v j l v a L r l n 9  t l q l p , y v K d  l - ! l x

t scacb lBaeMoro  [oToKa no oTHoLUeHHro K cpe3y  co f l ia  H HaqaJIy  KaMepb l  cMe[ rHBal {Hr ,
y lon  f lo t rBona BcscbrBaeMot 'o  [oToKa H TaK na_tee .

8. PACI{ET PETYJIHPYEMbIX BOAOCTPYftHSIX 3XEKTOPOB

Ilpn 3HaqHTer'rbnbrx Ko;rebaHH.qx BepxHero H HHxcHero 6reQoe rH.cpo-
lxel(TpOcTaHLIHH npoH3BOnHTeIbHOcTb 3XeKTopa TBC rvreH.qeTcfi  B urHpoKI{\
npe,fej lax, qTo npI{BotrHT K HapylueHHio Hop}r&r]bHofr lKcnxyaTaUHH cHcTeprbr
TexFMqecKoro Bo!,ocHaoxeHltf f .  Kpor're roro. He npeAcraBr.f lercf l  Bo3MoxHbrNl
npoeKTHpoBaTb otrHH Heperyt iHpyeMblfr 3xeKTop i{ rrpHXoglrTcr{ paccqHTbtBarb
l lecKorrbKo lxeKTopoB paBHoli  H]| lH pa3Hoil  npoH3Bo,!,HTenbHocrH, pa6ora.
rcrtlltx np}{ pa3nHqHblx ypoBH-a,X BoItrI n 6rcQa-x. Taxaq cHcTeMa BoAocHaS-
XEFM'I BCCbMA CJ]OXHA B 3KCN,TIYATAIIHH.

O6ecne.{exue norpe6Hrexei cxcreMbr TBC e 6onnruov Axana3oHe r{3Me.
HeHH.fl pacxotroB H npH 3HaqlITenblIbIX Kone5aruxx ypoBHefr Bepxlrero lr Hltx-
Hero 6b4oB lKoHoMHqecKH uenecoo6pa3Ho npox3Bogxrb nyreM perynnpo-
BaHHTI pacxoAa oxJIi lKAarctUefr Botrbt. PerynrtpoBaHHe pacxoAa BoAbt B cHcTeMe
TBC Moxer ocyurecrBn.f lTbcfi  HeperynHpyeMbrMH 3xeKToparqH coBiv{ecrHo
c peryjt . f lTopoM AaBnerMfi Ha BbrxoAe (cv. pHc. 14,a, notro6Ha.f i  cHcreMa 6tr la
rlpHMeHeHa, HaIIpHMep, An.f l  TBC xa Ycrl-hl lotcKofr f3C) rrJ'rn perynHpyeMbn\{
3xeKropoM (cv.  pNc.  l4 ,d) .  l lpeanovrr { renbHee ycraHannHBarb oI tHH pery-
nrlpyer\ lbr i  lxeKTop.

Axalx:xpyr npeHMyuecrBa H HeAocrarKlt yKa3aHHbrx Bbrure cnoco6oB
perynHpoBaHlts pacxoAa B cHcreMe TBC, Herpy[Ho ycraHoBl{Tb, qro npHrv{e-
Herole peryiupyeMbrx 3xeKTopoB o6ecner{HBaer 6onee npocry}o, Ha.qexHy}o
H 3KoHoMHqecKH 6onee qe.;t€coo6pa3Hylo cHcreMy TBC.

D.nn conocraBreHxx pa6orbr Heperym{pyeMbrx H perynHpyeMbrx l)KeK-
TopoB TBC Ha pHc.  l5  npneeAerr l r  3Kcr lqyarauxolurbre xapaKTepHcrHKH
0"",* :  f  ( f l rr ,^) gnn o6ox.x BHAoB SxeKTopoe. Karc BHArro, ! .rr{ obeci leqeHH.f l
r teo6xorulMoro 3Haqel{ l{ t  0"",,  npH 3agafiHoM HBbrx B cHcreMe Heperyn}rpy-
eMOro 3XeKTOpa Tpe6yercf l  co3,uarb Aotro, ' IHHTenbI{Oc rHApaBnHqecKOe COnpO-
ntBreHHe L{uor,. .  B cxcreve xe perynHpyelroro fxeKropa o6ecnerteHHe ueo6-

28

xoEHMoro 3HaqeHHff  0"rr*  npH ToM xe 3agaHHotr . t  FI"o,*  I locrufaeTcf l  n lTeM
I ' {3MeHeH}. t . t r  OTKpbrrHf l  conra .s (puc.  i4,6)  ,  qro npHBotr}r r  K c iv leueHH}o
xapaKTep t {cTHK} t  0 ro , *  :  . , ' ' ( I 1 rn , . ,  )  .  3 ro  o6yc loe r } {Beer  6o , - t c .e  BbrcgKt r r - r
xo :Qr l l ru i teHT i l o re3uo to  ; ,eHcrBH.E  cHcTe) rb r  c  pe r l j r r {pye r rF , i \ u {  l xeKropa^ \ r } {
no  cpaBHeH ' { ro  c  Hepe  ryn } {pye tv rb rNrH.

Tax,  l rx  cHcreMbt TBC Casuo- l l lyrueHcxoir  I '3C r tp[{  BbrxoA}{oi .vr  pacxore
n  -  n  4 1  ^ r l  , ' .  - - . , , o r , , r -  I / - f T  n  . , - -
E R b I X  v r  ' !  L ' r  / !  J . r u r ! ! r t r l r  r \ t r l - 4  ; r ) r ^  Y v t  v ) t r r y y  L . v l L r l \ J  J / t \ g N l U P d  t l P g B b i l u a r u l

3HaqeHH.q l ( i l t r .  Anf f  Hep€r\ ' lHpveNloro l )KeKTopa npu6ru3HrerbHo Ha 15",  "
Kpo i r re  ro ro .  KoHcrpyKur { .q  pe ryn } rpy r - \ ro ro  f xeKropa  TBC : : re r  Bo3N{oxHocrb
aBTON{aTHqeCKH perynHpoBarb pacxoi t  o} i r - rax[arcuci . t  Bo^fbt  c ue_l lb]o nolJep_
xaHHff  I IOCTOflHHOIt  rer tneparypbl  aKTHBrrbrx qacTer ' , t  feHepaTopoB l {  rpsr{c-
QopvaropoB,  r {To  yBe , lo . t r r {Baer  HX cpox  cnvx6ur .

Ocuart tetrure I -3C KoHTpoj lbHo-!{3 i \ repxTe.r lnol- r  ann3p3Tl . ,por ' r  . r - . I .a i io i i r io. i r i
pexH i \ l a  Bo lo roKa  l l  paSo i l r  Typ6Ht t l i  no3Bo . t f f e r  eBTo f {a r r {3 r {po tsa rb  pe r \ , .
rHpoBaHHe pacxola rexHl{qecKoi : t  ao, ] 'bt .  Te.r . r  carv lbrN{ co3J,aeTcf f  Bo3NloxHocrb
BKt i i ow i rb  i xe i (Top  B  c l i cTe , . " i y  aB IuMa lHr tcc r \o ro  vnpaBteHI { f l  TexHo. to t - t { -
qecK l tN{  f l poqeccoM (ACyTn)  r x r ]po lHepre r r {qecKo f r  vc raHo tsK} { .  q ro  }n {ee r
Ba)KHoe 3HaqeHHe .L ' I f l  noBbrLUeHtI_q KaqecrBa H I iu le)KHocTl t  txeprocHa6xe-
l iH r ,  y t reueBneHH.q  cToHI {ocTH nu tpa6ar t t sae r ro i i  lHepr } { t { .  coKp3ue} { } tn
oScrf / r r . rearcuero nepcoHarya I r  r .  n.

h:  ; rureparypbr [4]  H3BecrHo, r { ro per\ , . rupye!rbre lxeKropbr ! - r . l r  i (pt .n-
Hblx rH. f ,po3neKrpocraHu]{ f r  BnepBbte Sst .qt t  npHi\ {eHeHbr Ha I -3C fpen:-Ky. . r r r .

Pxc- 14.  cxevur pcrynHpoBaHHs pac. \oaa BoAbr ts cxr-rervre TBC r3c:  a -  HepeD,.- lxpy-
cMr,rA r) { icKrop TBC c pery;r r rop.r  o^"Ti j f  ua Bbl . \oAc;  6 -  pery: txpycvsrA 3xeKrop

.1  -  no rpc6Hre r " rb ;  3  -  pe rvnnrop , taBncr r tn . ,  J  -  l { ' ca l tok - ;  J  -  u r ; ra
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PHc.  15 .  3xcnnyaraquor t r ra f l  . \apaKTepHcrHKa
p e r y n r { p y e M o r o  ( x p H s a x , l )  u  r r e p e i ' y l t r t p y c M o f o
(xpxsax  2)  3 )KeKropoB TRC u  norpe6xre , rx
( r c p x e a x  3 )  n p H  r c K o r o p o r \ r  3 r { a q c r r r J u  p a c -
t {cT l io fo  pac . \oAa l ta  tsb t . \o i i c  H3 . l xcKTopa

( x p H s a q . / )

[pHqeM Hanopbi  pa6oqero noToKa He i rpeBbiula-rr r {  i00 l l .  . [aHr i l re o6 rxc-
I I , ' ]yaTaUHI{  noj i ,o6t{b l .X i (OHCTpyt i t t r { i r  Bccb}re orpaHHtte}{bI ,  TaK KaK o}{r{  He
Haul i i l {  eure ut{poKoro rrp}{} leHeHHfl .  Bax-ry noqr}r  noJrf {oro orcyrcrBHf l  onbrra
D a c q e r ?  H  [ I n o e K T H l ] o R 3 H H r I  n p r v n H n v e \ r h r y ' ] x - r - r r r n n r t R  H 2  i T l v { ?  r r r r . . n r r l - r . -I  - -  - -  - - r - - - - ^ - - r - - - - ^ - - - -  r - ' J . - ' r J

3b l . r ra  npe , fnpHHr rTa  nonbr rKa  co3AaTb . \ l eToAHKy pacqeTa  pe ryJ rHp) ,eNrb tx
^  n -i / t \cKIOpOB. i ip i i  lTOiv i  BO3Hl iKr- i i , i  npOO. ' ieMbi  B OUei iKe Oi ITi iNi i i . . ; - ib i tOCTh Koi i -

cTpyl( i l ;H conjra,  r .  e.  yr . toB KoHycHocrH Hr, ' Ibr  n r lacx/r ,Ka,  3aBt{cnt \ rocrH
paSoqero pacxo, l ,a or  xoAa t { r , lbr ,  3aBHctrMOcrH BcacbrBarcu{efr  cnocosHocr}{
sxeF(Topa or pa6o( lero pacxoAa conJ'ra I t  ,qpyrHe. l lepeax r{3 nepeqHc,. reHHbrx
t lpo6; te l t  6 l t , ra peueHa cre! ,yroul l t l r  oSparorvr .  F ia ocHoBaHHH lKcnepl{ iv ter{-
Tai lbt{b lx ! ,aHHbl.x HccrenoBaH}{f i  cone, ' r  KoBiroBbrK rHlporyp6nu l r  opr{eHTr{-
poBot{Hblx pacqeroB Ha r t l \ l3  Srtnu cnpoeKT}rpoBaHbi MoAeirH conef l ,  r { } rercu-[Hx
HacatrKH H Hrrbr  c pa3Hbtnr{  wir&\rH KoHycHocTH.

3xcnepNIueHTar ' Ibt{bre Hcci legoBaH}{f l  ivroAer- Iefr  TaK}{x 3xeKTopoB noA-
TBepf,H.r'IH TeOpeTl{qeCK}{e nPegIIOCbIr'IKH, nO38OTTHJI}{ peKOMeHAOBaTb OflTH-
Ma-qbHoe coqeraHHe yrnoB KoHycHocrH conr ' Ia H HacaJI ,Ka (cv.  A.  C.640M7
CCCP, NIKI ' I3F04F 5102) H yror{Hxrb xapaKrepxcrHKy conr ' ra,  r .e.  3aBr{cn-
MOCTb paSoqero pacxo[a oT xoAa Hf j rbr .

nrx peu-reHH.fl BTopofr npo6neMbr 6brlro rrpxH-aro Ao[yu{eHHe, qro pery-

nxpyeul t r i  H HeperynHpyeMbrr i  ixeKTopbr,  pa6oTaro[ IHe B oAHoM H ToM )Ke
HanopHoM pe)r(Hivre H HN{erou{He paBHbre pacxoAbr paooqero noToKa, o6natraroT
oAHl{aKoBofr  acact tsarcuefr  cnoco6Hocrbrc.  Ha ocgoBaHXH 3Toro AonyuleHHfl
pacqeT peryru{pyeMoro 3)+(eKTopa cBoAl. rTcE K pacqeTy 3KBHBaJreHTHoro Hepe-
rynxpyeMoro 3)KeKTopa B ycnoBH.qx ycr : rHoBKB[rerocf i  pexo{Ma. l lpu n:r , . re-
Heru{H orKpbrru.q conna (S) peryrmpyeMoro 3xeKTopa nfreM f iep€nrxx<eHHq
pefynHpyrouefr xrnu coorBeTcTBeHHo MerureTcfl u pabowrfr pacxoA Qp, u-ro
npHBoAHT K H3MeHeHXTO [HaN{erpa 3KBHBaJTeHTHOTO HeperyrMpyeMoro 3XeK-

Topa, est6panxoro n3 ycnoBHrr paBeHcrBa pafowjx pacxoAoB. I - lpn f ror l r
pacqeT f  Kc ruryaTaunoxxox xapaKrepHcTHKH perynHpyeMoro 3xeKTopa B onpe-

AerreHHoM HanopHoM perKHi{e Q"orr: f (H"rr*) npoeonurcfi B cneAyroqei

nocneAoBarejlbHocTH: npx K;Dt(AoM 3agaHHoM orKpbrrHlr conJra ,S onpegelx-
ercf l  pacxoA pa6oqero f loroKa, cKopocTb pa6oqero f loroKa, E{aMerp conna
3KBHBaneHTHOTO HeperyrrHpyeMoro 3xeKTopa H 3aTeM paccqxTbrBaeTcf l  lToT

Hep€rynHpyevarfr  3xeKTop no palree yKa3aHHofr  MeToAKKe.

Yrca:aHHar NreroAXKa pacqera perym{pyeMoro 3xeKropa 6rua pea;rH-

3OBal{a npH npoeKTHpoBaHHH H lKcnepHtreHTairbrrbrx HccneAoBaf iH, f l  x  Kpynrro-

3o

dh
J,o

?<

LJJ
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n 5

q! n 7 n l n <  n R  n ' r
9tJ t-l s ut, t

n O  n n  4 n
t4) u,J I ,U

Ptrc .  16.  3aexcH.vocrr  p '  =  . l - ( ,5 ' r

vacrura6Hoii  rvroaeru (ruracrura6 I :  2,5) x l{arypHbr.\ ncc.tr.roBaHHRX peryni l
pye l {oro sxeKropa TBC na CrxHo- [ l i ,v - rueucxot i  I - f  C,  a  raK;xe -  np] t  npceKT] t
poBaHHl{  fxeKTopa TBC nrs  3encrox f3C.  yaoej terBopxrerbHoe coBnaJeHr{c
pacqerHblx H SKCnepHMeHTairbl{brx IaHHbrx no[TBepru{no npaaoN{epHocrb
npHHfiTr, iX ocHoBHbrx lonyrueuHir rrpH pacqeTe pervrHpyeMoro lxeKTopa
H no3BoIHr ' Io  c t {HTarb,  qro lxeKTop,  cnpoeKT}{poBaHHbU-r  no r rpe.uoxeurro i
MeroaHKe,  6y ler  pa6orara l {a .qexHo.  a  ero sKcuyarauHoHHbre xapai (Tepxc.
TUKH 5y !,y-t cooTB eTCTB OBaTb pacr{eTHbrivl.

I - l o p f l r o r c  p a c q e r a  p e r y , 1  l r p y ' r ' M o r o  r x e K r o p a  T B C
cqxraert 3aAaHHbIl\ I t t  Berlrt{HHa*rH, KaK H utf l  HeperyrHpyer\{oro lxeKTopa
Haf lopbr  Hr ,H"r ,  pacxoa Qarrx ,  a  raKxe xapaKTepHcr l rKy norpe6r{Tenr
0 r " , * : f ( H " r , , ) '

Pac,{er reoMerpHqecKHx napaMerpoB H lKcnlyarau{oH}{brx . \apaKTep}rc.
Tl{K peryrrHpveMoro lxeKTopa npot{3Bo!,}tTcfl  B cneJ,y}oueir nocne^:oBaTejrb.
H N T H .

l '  Paccvurb lBaercq Heperyn l rpyerr r rx  lxeKTop.  Ha ocHoBanrr l r  l rc . \or .Hbrx
AaHHbr.\ (ataNrerp corura d. n <avepbr cveul{BaFor.{ D*..n.) rro Mero,f. f iKe,
npl{Bei ieHHon s $ 7.

2 ' .Bu l6npaerc t  npuBelexxut i  pacxoA pa6overo noroKa Q'o no 3eBr(q{ ] \ {o-
c :H Q,p : , f (s ' )  (pxc.  l6 )  np"  or* ro .HrenbHor , - r  orKpbrnrH .o-n iu  s '=  0  ,6 : { ,1
(u ro6 r r  HMerb  3anac  pa6oue ro  pacxoqa  npH , ! '  :  0 ,6 j 1 ,0 ) .

3'  onpegenrercff AHaMerp r{ac'.a,Ka corura perynHpyeMoro l)KeKropa
no Qopvyne

n ( r3 )

N L

rqe D,, - AHarvterp HacaAI(a coni ' Ia perynHpyeNloro lxeKTopa,' tv: l  Qp - pacqer-
t ts t t t  pacxoA pa6overo noroKa sKBI{BaJIeHTHoro r reperyr rHpyeMoro lxeKTopa
(c ' r r '  r r '  I  pac ' t e ra ) ,  r r ' / c ,  O ;  -  p r c r r c r rb r r i  r r puse l c r r r r , r i r  pacxoA  pa6o , re ro

(- +_

/

J

I

3 l



i loToKa i rpt{  3aIaH}roM

S '  :  S i ^ D , ,  .

orr {ocHTerbHotv{  orKpbrrH} t  s '  (cv .  n .  2  pacvera) ,  . t r3  /c ,

J  -  o rxp t t r l { c .  co i t ; t a  i t rH  xo , I  H t , r l b i  con la .  } r .
C.rerosare, . tbHO, per l ,nxpy'e l r r , r r i  lxeKrop,  r r r rercruHri  lutaNlerp r{acaj lKa

1), , ,  t ip t ' t  la i laHi ioM or l (pblTHl ' t  conj la S 6yler  cooTBeTcTBoBaTb no pa6oqerr l , ,
I r  D L I Y n I L T ^ \ i 1 l  i \ 4 ^ v n n . rr ^  u u r , \ v 4 1 r v . v r J  y o ! r \ v l \ u r v r  r l L p L r  y ) L r L p J  g t \ r U . \ t ]  J / r \ C t \  l U ! - J - y  I  l l r v t C f U l u g i v l , y  ; ( ' 1 a . f l U l p

corrj l& c/.  .  I  ipx lToN{ IHaNreTp KaNlepbt c.\1eru}iBaH}{r{ :uif l  pef yrr lrpye\toro
3xel i ropa Heo6xoAI{ t \ to  npHHl t rb  paB} Ibr } r .1 . } {a} terpy KaMepbr  cN{eruHBa}{ f t r {
Hepery , t l {pvcNroro lxeK ropa (cv .  n .  I  pacuera) .  j la , lee npoBoqr{ rc .a  aHaj iq3
pa6crocnt )co6HoerH peryJrupyeivroro rxeKTopa np i i  Bcex Kone6aHHffx  vpoB-
t iel ' r  BepxHero lr  HH;+(Hefo 6neSoa fH,l .polxeKTpocraHrp.rH r.r rrpH pa3Hbtx or-
KpbtrHflx conla. Pacqer npoBoAltrc.a e cle. lyroueir nocleAoBare,irbt{ocr} i :

- i .3a, rarorc .s  3HaqeHH.f l  orHocr t rerbHoro orKpbrnr .s  con, ra  s '  r r  coorBer-
crBv lo t l - { l ie  HM 3HaqeHuf f  np} rBe. teHHoro D3c\o[a  pa6ouero noroKa 0o ,  Hcnor l -
3ys 3aBHcHNlocrb Q; : . f  ( . t ' ) .  l {  , la lee . l - { r  Kax. foro 3HaqeHr{_t r  orHoc}r rerb-
HOrO OTKpt lT l t f f  Conis :

5 .  Onpe^rer f ierc f i  orKDbrrHe corura S :  S 'D* , .
5. Onpe^re.l ' I . f lercf l  pacxoA pa6ouero noroKa. l l r"reerr 3aBHcHMocrt Hr.nz6 =

= [1o..-T - Aflr  -  lH' r ,1e aff.  -  norepu Hanopa B rpacce or BE,lo:a6opa
Bo; ] ,br  H3 cn l rpa-- r l t  K lxeKropy:  5H,  =  no Ql  rorep i l  Hanopa B Tpacce
pa6ouero noroKa or cnr{pa:-rH i lo 3xeKiopa: f !p.c, craruqecrcnfr Harrop
pa6overo noroKl (pa3HocTb orlreroK ) 'poBrur BepxHero r. . ,sctf  a u ocrr pac-
f lor - IoxeHl{ - f l  3xe l (Topa) ;  Hp.^s  -  x :6 t r roqrc , r i  Hanop (pa: r rocru cTar t rqe-
cKoro Hanopa H rrutpaBirHqecKr{.\  norr-pb B rpyoonpoaole, non3ollrueIvl
pa6owr i i  norox) . - t ipeo6pa:ya Qopiuy; ry  ( l - i ) ,  noryror l r  f lp .n6 -  Hrr . r r :d  =
-- 

O; I  t \Q)t D:] .  I Io:craaHB B rorrvr{eHHoe Bbrpa,Ken}rc Hi. *u t .r .-Bbrrue) .
nonyql{M

t lp .c t  -  a l / r  -  no Qi  -  H"r . r .=6 :  O; l  te)  
t r ; ]  

,

orr(yLa nofiyqaeM Qopr'ryny ArrE onpeteireHrur pa6ouero pacxoAa:

n
v p -

f tp. r ,  -  Al / r  -  Hr,c. r r=6
( 1 5 )

I
+-_...------

{ Q r l ' o ;

7. 3a-aarcrcf l  3HaqeHHJI Hanopa BcacbiBaeMoro r loroKa c 1n{eroM norepb
n rpy6onpoBoAe BcacbrBaeMoro noroKa Hrc.  *o .

8. OnpeqelrrrcTcfl  norepH Bo BcacbrBaroqelr rpy6onpoaoAe

LI{w = H"r .cr  H"r . * f i .

9. Onpenenfiercs pacxoA BcacbrBaeMoro rroroKa

Q r r : r / L H " r l , , * ,

TaK KaK AHur :  / lsc  Q: ,  -  norepH Hanopa B Tpacce BCacbrBaeMoro r roroKa

10.  Onpenerr rerc f i  pacxoA noroKa Ha BbrxoAe H3 lxeKropa

Q t o r ^ :  Q p  t  Q " . '

32
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1 1. Onpegenfiercx Hanop paOouero rroroKa c f{eroM rrorepb

H p . ^ t 6 :  H p . . t  - A H ,  -  n r Q i  .

12.  onpei1e, l f ie rc .a  cKopocrb pa6overo noroKa up no ypaBHeHHro ( lg)
13. Onpegetrf lercx lr ,raMerp cofina r/ .  :xelrear'reHTHoro HeperynHpyeMoro

lxeKropa Mfi 3UTxeIe_{5LblIHfl conr'la H coqeTaHH.fi }{aIIopHbtX !,aHI{btX
no ( roprvryne c l " :  \ /  8p 10,785 , :o  .

14.  Onpenerrqerc .q  reoMerpHqecxnf r  rco: ,QQruueur  k  :  (D*  . ; * ldr )2 ,  r le
q,n&MeTp KaNlepbt cMerLrHBarrxx l)*.cM ofipe,feneH paHee (crvr. B n. I  pacvera).

15. YpanHeHHe xapaKTepHcrHr(H 3xeKTopa (13) npegcraBJr.rrerc.q B BH.q,e:

7 : T O  t J c - a n

16. Onpeae,T.ftercff  pacxoAHbin ror,QdNiraeHr q : e^" le..
17.  onpere. rnercn uanopHrr f r  ro :QQHuNeHr H3 ypae 'eHl in  (19)  :

1 7 : f c - ( q + b ) r l , o .

r 1 g )

l8- onpegerrf iercf i  Hanop Ha BL!;{oAe H3 3xeKropa no $opvyne (10)

f f r " , ,  :  h (Hp .sgd  :  H " r . ^s )  f  H " r . n t ' - .

f ;ra no,ryqettr{R 6olee roqHoro pe3ynbrara pacier tro rryHKTarrl  15-18 nosro-
pff lor, BBer,t  B ypaBHeFMe rHtrpaBru{,{ecrcoi xapaKTep}{cruKH rxerropa (13)
3HaqeHHR rcorQQnr-oteHToB v* :  f  (h  ) .  3arevr  onpeAex.qercR 3HaqeHHe KaBH-
rar.IHoHHoro rcor,QQxrrreHra Nrfl. paccMaTpHBaeMOrO COr{eTaHH.A HaflopHbrx
g,aHHbtx H OTKpbTTH.A COnIa:

19. Peruaercf l  3T3 3aqaqa noA6opor'{:  3agaeTcfl  3HaqeHHe Hanopa Bcacbr-
BaeMoro noroKa c f{eroM norepb ttpx KaBHTar-pot H"..  *".

20. Onpegen.f lercf l  cKopocTb paSouero noroKa np' KaaHTauxH:

u p . * "  : 4 , 2 0 8  J  H r . f r  -  H * . " "

21' onpeaertflerct AHaMerp corura 3KBHBarreHlxelo HeperyirHpyeMoro
r)i(eKropa npH KaBHra4HH: dr.*":  {Qp/678{ip.r(8, rpHqeM 3Har{eH}{e
Qo 6eperca H3 n. 6 pacvera.

22. onpeqerr.sercfi reoMerpHqecrsfr rcoeQenueHr npu KaaHrarr4x:

k * u  :  ( D * . *  l d r . * " ) '  .

23. Peulaerc.{ y?aBHeHHe xapaKrepHcrxKu 3x<eKropa ( l3) :  gxg =
=  . b  +  \ t C  - o 1 r .

24. onpeaen.f iercf l  pacxoArorfr KaaHrauxoHxrrfr xo:e$xr4reHr no 0op-
Myne  (  15 )

25. Onpeaenfiercr KaBHTalo{oxioifr  pacxoA noroKa Ha BbrxoAe H3 3)(eK-
ropa  B r " , * .  KB  :  0  +  q * )  Qp .

26. Onpeaerrercfl xanopxnrfr KaBxra[Horurtrfr rcoeeexrulexr

h  :  l c  -  ( q * ,  +  b ) 2 l  l a .

27.  onpeneJrrerc f l  Hanop noroKa Ha BbrxoAe H3 fxeKTopa npH Hacrynne.
HHH KaBHTaUXH : I{ rnr. KB : h*" (H p. ,.'6 - ffr.. *r) f ff". . *" .

28.  onpeaer f ierca pacxoA BcacbrBaeMoro noroKa np l r  KaBHTauxl { :
0 " . . * " : Q " ^ r * . * " - Q p .
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29. Onpeuertrorcf l  rorepx Hanopa Bo BcacbrBalorleM rpybonpoBoge npn
KaBHTagI4H L,Hrr . r<B :  n*"  Q3r .* " .

30. Onpeaetrnercf l  Hanop BcacbrBaeMoro noroKa npu KaBHTauHH:ffo..  *,  :
:  H"r .c r  -  AH"r . * " .  3HaveHHe Haf lopa BcacbrBaeNroro noroKa,  onpei le j re i { l roe
no n. 30, H 3HaqeHHe, 3araxHoe no ir.  i9, Aorp<ior 6urr paBHbr.

Aanee 3agarcT ApyrHe 3HaqeHHr orrcplrrNii conna peryJrirpyeMoro fxeK-
Topa, npoH3BoA-ET pacqer i to nn. 5-30, crpoxT sKcnrryarauHoHHbre xapaKTe-
pHcrHr(H 3xeKTopa Q"o,*= f (Hr^,*) nps pa3nbrx orKpbrrHrx conra IrJrr
Ka)K,qOTO COqeTaHH.fl 3aAaHHbrX HanopOB.

Tarcruu o6pa:ovr, pacqer peryrrpyeMoro 3xeKTopa cBoAHTcfi K pacqery
HeperynnpyeMoro ixeKropa. f lpoaonblrbre pa3Mepbr perynrpyei\{oro l :Kr 'K-
Topa raK xe, KaK H Ntfr HeperyrrupyeMoro 3xeKTopa, nl i6nparcTcr Ha ociro-
BaxxH 3 K CIIepHMeHTaJ'IbHilX AaHHbIX.

t lpxr 'rep. hcxoAHue 3HaqeHHlI:  Hp : 195 M.ff".  = 15J v, -\ f f"o,* = J5 lr ,g"r,x =
=  0 .4  r r 3  f  c , npxuev .  Qp  =  0 ,13  v3 / c ,  Q" r :  0 ,22  u t  l c .

n  -  - - -  -  - -  - -  -  r  r r -  - - - - -i-e i i j  e H i i  e. i .  racqer i i€pefyt i t ipyeMOl-O iXeKTOpa npi i  i ' ic;{Otr i{bix l i iaqeHtlx\ .U.ait
cneayrcr.uHe pe3ynLTarbr: ,r lcuerp coffra dc = 65 MM, gr{aMgrp KaMepbr cMeunBaH}{.rr
D  :  1 4 ( u v
"  K . C M

2. Bsr6xpaerr.r pacverrufi nplmegeurmfi pac.\oa Q'o = 2,93 w3 lc npH S' = 0,63
(cv. pxc. l6), qro6rr HMerL 3anac no pa6overtly pacxoay or orHocHTerrbHor\c orKpbrrlr-t
co ru ra  S '  :  0 ,63+1 ,00 .

3. ^[xaverp Hac:llrKa

KMCCM

D" = I  ,8tBdc/JeT ( 10 )

CneAoearenbHo,  D*  =  .1 ,818  .  0 ,065 i293  :  0 ,069  u .  l l pxuev  Du :  70uu .  To rAa
perym{pyeMsrfi :xextop, KMeIouHfi axa."aerp Haca.[Ka coflna Ds = 70 MM, npH orKpbirHx
.S : 0 ,63 . 70 = 44 uv n npx pacqerHLlx HcxoAHLIx ,a,aflHblx coorBercrByer no pa6ouevy
H BLIXOAHoMy paCXoAaM HeperynHpyeMoMy 3xeKTopy, HMenuIeMy AHaMerp corura
dc = 65 vrt'r.

4. I-lpoeeqeM npnMepxlrf, pacner Anx oAnof, roqKH .\apaxrEpxcrxKH peryJupyeMor\J
f ,xeKTopa npu Hr.r ,  = 195 u,  Hsc. . r :  15J u H crrHocrre; I*roM orKpbITHH co[ra
S '  =  0 . 3 .

5 . S = 0 , 3 ' 7 0 : 2 l v r ' r .

1 9 s - 2 J - l 5 J
6 . e o = =  0 ,142  n r / c .

7. 3a.qaer' l  Hnc.ts6 = 15,0 u.
8 .  a l lBc = l5J  -  lsp  = 0 ,5  r , r .
9 'Qac  =  0J /12  =  0JM r ' r 3 / c .
10.  Ogrrx  = 0 ,142 + 0J& = 0,346 nr t /c -
IL. Hp.xa6 = 195: 2{_!9_j,r42 = 190,89 r 'r .
1 2 ' v ,  = a @ : 5 5 ' 8 u / c '

13.  dc = J0, l42 l (0 ,785 '55,8)  :  0 ,0569 r " r .
14 . k=  (0 ,145 /0 ,0569 )2  =  6 ,494 .

. / t , u q  0 , 7 0 5  \  z , I 4 B  ( t , l o
, J . Q -  I  

-  
,  ?  - -'  

\  6 ,494 '?  5 ,494  .  5 ,494  /  6 ,494 '  \  6 ,494

0.785 d i  1 . t08 jHo -  H, ,
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1 , 0 ? 4  ,  \
l = u :

6 , 4 9 4 1  /

J J

q = -4,46 + \6?,91 -  ns Ju
o  1 0 4

1 6 '  q  =
0 . 1 4 2

1 7 .  h  =  [ 6 ] . 9 4  -  ( 1 , 4 3 6  +  4 , 4 6 ) ,  i n S , 2 2  :  0 , 1 6 0 8 .
18.  HBbrx = 0 ,1608 (190,89 -  15,0)  +  i5 ,0  -  43,28 u.  pacqer  rpoBeAeH 6er  yrera

xo:Otlni- i l iel l ra !0". i f ; tc 6orree roqHol\-r pacqer3 Heo6,' ;ogt-r lao noBTopiir i ,  pac.. isr,  I Ipr i-q u v a  q  a u 2 r r o r r r r 6
y  g  r r o  v r  n v o q n n n  l r u r t y  t c H f t b l , \  6 b l L l l g  A a H H b l , \  -

, [anee 3aJlaror npyrHe 3HaqeHHfl H,,c.r$6 H f loBTopflror pacqer c n. ? no n. lg gnq
Kaxnono 3HaqeHH-g f f " . .  v ro  f lo lBoJ I f feT  nocTpOHTb 3KcnJIyaTaUXoHHvIo  XaDakrenHcrur .v
3x(eKTopa 0"o,* = f (Hrrr*) ^&qx orHocHTe,,IbHoro orKpbtrt{J{ coflJra S 

t = 0, j .
Pac,{er KaB HTauHH fIpoH3BoAHTc;I raK :
19. 3agaer ' r  f f " . . * ,  = 14,6 rq.
2 0 .  u p . x a :  4 , 1 0 8  u , t 9 0 J t l t 4 . 6 =  5 5 , 8 9  r r / c .
2 1 .  d ; . * .  =  0 . i 4 1 l 0 . 7 8 5  .  5 5 . 8 9  =  0 , 0 5 6 8 9  v
2 2 .  k K B  =  [ 0 . 1 4 5  /  ( 0 . 0 - s 6  .  8 9 )  ] 2  =  6 , 1 9 6 .

. , , )  ̂ , ( t . ' l ; t  0 . 7 0 5  \  : , 1 4 s  /  t . t s  1 . 0 7 4  \: r . q  \ _ . : - -  - - - - - l . | -  - q _ l  _ _ _ h i
\ b , 4 y b .  0 , 4 9 6  .  5  , 4 9 6  /  6 , 4 9 6 ?  \  6 , 4 9 6  6 , 4 9 6 7  /

o = - 4 4 6 + . / A 1  q 4 - r ? i 1 A

1 4 . q x s  =  0 , 9 i 4  O , S S  (  O

= O '

=  1 , 8 9 9 .

1 5 ' 0 " o , * . * "  =  ( l  +  1 , 8 9 9 )  ' 0 , 1 4 1  =  0 , 4 1 2  t a 3  l c

- v .  / r K B  -
6 1 , 9 ' l  -  ( 1 , 8 9 9  + 4 , 4 6 )= o , i z8+ .

t  7 5 . 3
2 7 .  I { B b r x . x e  =  0 , i 1 8 4  ( 1 9 0 , 8 9  -  1 4 , 6 )  r  1 4 , 6  :  3 7 , i 4  r r . r .
1 8 .  C r " . " ,  :  0 , 4 1 1  -  0 , 1 4 2  =  0 , 2 j  u 3  l c .
2 9 .  A h r "  =  l l  .  0 , a ' 1 2  =  0 , 8 8  v .

.  -39. f f " . . . -xs 
= l5 i  -  0,88 :  14,62 u.  3ag3ranoe e n.  19 pacqera 3HaqeHHe Hgc =:  14 ,6  =  14 ,62  r ' r .

B flocneAylouteM 3ag:uor apyffe 3'aqe'H.rr orr(pLrrHx corun H npoBo,[.f,T pa.,{er
B TaKoR xe trocneAoBaTeJlLl{ocTH.

,0fr
0,2 AJ 4J5 0,+ ur/c

Pxc- l  T.3xctnyarauxoHxue xapaKTepHcrHKH peryngpyeMor\r  3xeKTopa npu Dr= 70 prv,
D*. . .* ,  = 145 uu, I I  ,  

= 195 v.u, I l " ,  = 16,5 &l
/ - x a p a x r e p r . r c r x x a n o r p e 6 r r r e n f l ; 2 - S ' = O , l ;  J - . S ' = 0 , 3 ; 4 - S ' : 0 , 6 3 ; J - S , =  l . O

fr

g

ttO

u

?0

9 , 5 5  +  1 4 , 6

1 9 0 , 8 9  -  1 4 . 6
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l la ocxosaHHH nonf{eH}rbrx AaHHbIX crpo.ET 3Kclrryarau,}'roHuue xapaKTe-
pHcTlrKH pefyrMpyeNrofo 3xer(Topa H cooTBeTcTByF0ulyio xapaKTepI.rcTHKy
no rpe6n renx  (puc .  17 ) .

Aua,rt i :  3K cnryarauHoHHbr x .xapaKTeplicr lrK pe r) 'xup)'elroro lxeK Top a
IloKa3braaer Bo3MoxHocrb nucorco:Q'{ercrunuou ero pa6orrr B ruxpoKoNl
itxarra3oHe H3MeHeHH.rr npolr3BoAxTelbHocru npi{ ycnoBHH 6orlrurlx xoneSa-
f{t l t" !  ,vpoBHei eepx-Hgt-o H Hgxrrero 6ledoB, r raKxe Mou-lHc)crl l  !- t{ i lpoarpe-
rara. Pacqer peryrupyeMoro rxeKropa cBor,Hrcf i  K pacqery AByx nofiepeqHbrx
pa3NlepoB: AHa.\reTpa cofira H AHar"reTpa K&\lepbr c] lelxHBaHNn. l lpoaoirbrtbre
pa3Nrepbr  nporowor i  qacnr  3xeKTopa,  KaK H E n HeperyrupyeMoro 3xeK-
ropa, f lBJ. ' I f l roTcfl  HepacqeTHbrl lH H npirHH-\raloTcr Ha ocHoBaHHH 3KcnepHNleH-
T3-rbF{brx !,aHHr,r.K. 3xcnepxl le}rrarbHbrNl nyreivl TaK;{(e ycraHaBnHBaercfl
onTHI lanbHoe coqeTaHHe y fxoB KoHycHocTH Haca* f ,Ka H r { f . r ]b r  co I I i Ia  pery j l } i -

n ^ . - ^ .  . ^ . . - ^ . . . . : .  ^ ^ - . . - . . : - . ^ : . .  - - .
v_vs . \ ru l  u  J r r rs l \ ruPd.  r  c r \u r l l t rnadL{ ru l  f \  l lPUcf \ rnPUbJ i l } l }u  Pg l  y t l r lPVgNlb t , \

l xeKTopoB  npHBo , tn r ca  a  
" s  

9 .

9. PEKOMEITIIAUHH K nPOEKTHPOBAHIi lO 3iKEKTOPOB

llpn npoeKTHpoBaHHH ixeKTopa Heo6xotr]{Mo yquTbrBarb, qro 6o;rruoe
3Har{eH}te HMeer coorBercrBne npoQlnn nporo*iofr qacrx lxeKTopa ecre-
crBeHHorvry npo$n.,no trBr{;,i(yuterocfl noroKa, HHaqe Bo3HuKaror ,lo[olH]{Te;Ib-
Hbte norepH H3-3a .fpoccejTnpoBanrur wnH :anHxpeHloi.  Onrnpranluax KoH-
crp! 'F(ttr{f l  lxeKTopa, oSecnew{Barouar N{aKcHMa,, lbHylo pa6orocnoco6Hocrs
3)+ieKTOpa C MllHHlv{a-rybHbIMH rHAPaSr-OiqeCK}{}{H nOTepnM}{ nPH 3a.[aHHblX
HCXOLHbIX gaHHbl.\ ,  Bo MHororu onPef,e;rf fercf l  HepacqerHbliv{ l{  npotroJlbHbti\{rt
pa3Ntepa.NlH, r(oTopbre .f,oJDr(Hbr Haxo!,HTbcfl B cTporo onpe[eneHHoN{ cooT-
HoUIeHHH c pacqerHbtMx noneper{HbrMH pa3Mepar{u n rcoHQr.rrypaulei BxoA-
Horo fIacTKa B KirMepy cMeuJHBaHLtx. 3xcnepur\{eHTaJrbHbre HccreAoBaHH.q,
npoBeAeHHbIe Ha Bparcrcoi f3C (cv. rn.3), Aa;r lr  pe3ynbrarbr, Koropbre
neulH B ocHoBy per(oMeH.qaqrfr rc npoer(TxpoBaHHro nporoqHofr qacrN lxeK-
Topa. KoxQxrypauHfi rrporowrofr qacrH lxeKTopa onpeAenrer npouecc cN,re-
trJHBaHHt paOouero H BcacblBaeMoro noroKoB. l lpoUecc cN{eurHBaHH.q B ]xeK-
Tope, rnaBHbrM oopa:orrr,  3aBHcHT or rpex 3neN{eHToB: yAaJIeHH.q cpe3a conna
or HaqaJra Kaiuepbr cMetuHBaHHfr, IrJrrttl,r KaMepbr cMeluHBaHH.fl (crota xe
orHocHTcfl  KoHSHrfpauHE Bxo[Horo yqacrKa KaMepbr cMeurHnaxu.a) H yrna
KoHycHocrx AHQQy3opa. 3nr :neueHTbr B3aiLMocBr3aHbt H rrpeAonpetre.r ' t . f fror
pa3N{epbr Apyr / lpyra. Paccuorpxu Ha3HaqerMe H xapa}<Tep so:AefrcreHs
Ha npoH3BOAHTenbHOCTb 3XeKTOpa KDK,qOTO H3 srUX sneMeHTOB.

Kar'r epa cMeurHB:rHH.a. Kav ep a cMeuruBaHH.s npe!,Ha3Haqe Ha, B o-n ep B brx,
i l l r ' I f l  CMeUHBaHTI pa60Vero H BCaCbIBaeMoro noToKoB, T. €.Alx o6ecneqeHHf
3axBara pa6ovefr crpyefr ry)KHoro KolHr{ecTBa BcacbrBaeMoli xrr.u.xocT}r H, Bo-
BTopbrx, [flff BbIpaBHHBaHHrr (pacnpeael]euH;r no ceverorrc) cKopocru cMe-
[reHHoro noroKa nepeA ero nocrynneH]{eM e ! 'H$Qy:op c uenbrc yMeHbueHH.rr
norepb a aNQ$y:ope.

i lorepN B Klniepe cNr€nIHBaHn.rr cnararorcf l  H3 rrorepb, B03HI{Kirrcuor.K
np}{ cNtelxHBaHH}t i lByx noToKoB c pa3HbrMH cKOpOcr.rrMH, H nOTepb Ha rpeHHe
I Io I j IHHe. Oqegl t I lHo,  t {To c yMe}lbtr leHHeM ! . , ' IHHbt KaMepbt c i \ reul t {BaI I } t f f

l 6

e He[ yNleHb[Ia]orcn norepH Ha TpeHne no.q,nHHe, oAHaKo yxyr.nreH]{e BbipaB-
HeHHocrH cKopocrx cMeuaHHoro noroKa f iepeA BXotroM n uNeey3op npi iBo-
i l .HT r-(  yBer ' rHqeHHio rHnpaBnHqecKHX rrorepb n rurcpQy:ope. c apyrox cropoHbr.
yJ,uleHl{e cpe3a con;ra oT Haqana Ktu\ leDbr c i \ lcrr j t {BaI{} { .a KoNlrrc 'HCt{p}  eTc'r
yMelibr.rreH!{eNl A,-l}rujbr KaN{epbr civretllHBaHltq. OrcruAa crelyer, qro Hax()xle_
HHe OIITt t i l ta. r tnuofr  f j l l {Htrr  Kajvtepbt  e. !1€I l lHB3H]UI l - ] f f  JaHitof0 lx ieKTopa cBo-
' - r u T a c I  V  n p l l t p u r r h  t a  q , t r r l i  r r 4 \ ' / 1 - f , a d r  / , , r , r  t , , - : ,J d u  r r r  r r o a \ r / r \ J ! t u t l r  l y l t l r r f r l v r d t D r l \ r t t  w ) l v l t v l D l  I  r r A l p d l l J t l l r c -

CKH-X noTepb B 3xeKTOpe, 3aBHCr{UIHX OT ytrAqCII t I ,g Cpe3a corr i ' la  or  t raqLl3
Ka\ lepbl  c l leL[HBaH] ' f f .  gnHHbr KaML'pbr cNteuiHBerurx H xox$Hrypau] iHl too,v-
3opa. i {zur5onee coBepueHHox c, i l t raerct  KaMepa c i \ lc t r t t { tsaHrr f l ,  r rocTpoeHHaJi
no 3aKoH)",  O6eclc 'u]{BarcueMy Har iMeHb[tHe rroTep]{  | Ip! {  cNteLU}tB3H}i} {  nOTO-
KOB BCTe. lCTBHe IOrO.  qTO npOQI ' l I b  KaNtepb l  c l v te tu i l saH i { t l  cOOIBeTCTB! "eT
.-urH]{ f iM ToKa BcacbrBaeN{oro noroKa. Olxarco npn 6o,rrurHX Franopa.\ ,  Hrre_
ruuJi i ; {  }1ecro Ha l - }utPolneKTpocraHu}rr{x,  3xeKTop c raxor i  rcal repou a}te[r ] {Ba.
FO{f i  . \ la IO qeNI oLl} {qaeTct{  OT l )KeKTopa c oout+tOl ' r  Ut- t tHt tpr ivc-CKor{  rcelrept i r i
a} le[UI{BaHHg, a i rp]L\ leHeH]te ee i Ipt IBOA]{T K AOIIOj i r iHTer,- Ib i rb iM TpyJHOCTfl } I
npl{  pacqere H H3roroB.neHHH. [ lo: ror"ry B cHcreMax TBC peKoNreH.] tc-TCf l
npi lveHfTb Ka.Nlepbl  c l le luHBaHHn LJj . l ;LHHD,pN, ieCXOH sOprr4tr ,  : leK)rrute r ia l t5o. , I r , -
ulylo crefleHb BoccraHoBiler-Mfl Hanopa. Pexopreri.qyeMbre orHotueHxfi !,, ' lr{Hbl
hiL\{epbl cMeI]IHBaHH.fl K ilHarueTpV ee np}tBoAf{Tcff H}{)4(e B coBoKVnHocT}l
c peKoMel lnar lHf iv l {  no . ]pyf  HNl 3rreMeHTai l l  nporoqHoro TpaKTa.

KoHcrpyxrurx B. \oqHoro yqacrKa B Kai l rcpy c l ie luHtsaHH.R B; l r rer  Ha
trpOUeCC BCaCblBaH]{JI fiOTOKa n, f.BIlf l.f lCb 3BeHOrvl B Uenl{ I-H[piIB,-tHqeCK]{X
;onporHB;euN l i  (o r  cpe3a  con j l a , fo  BbrxoAe  H3  l xeKTopa) ,  BnHf le r  Ha  paSoro -
;nocoSHocr l  n KaBHTauHoHHyio crofrxocr l  3xeKTopa. HenpanxrbHarr  KoH-

$ n ryp auN R B Xo,nHoro yqacTK a B KL\r epy cM eurHBaHI{r fvro )KeT cnoc oScreo Barb
o6pa:onaxNrc o6parrorx roKoB BcacbrBaeMoro noroKa, Terv i  caMbrru co3laBarb
rono,'rHxTeJ'IbHbre conporxBfl eHHfl . Hau6onee parfi oHanlnbiM creAyer cqHtarb
s.ro.1Hofr yqacroi( B Fcatvlepy cMeuxBalrH-a KoHycoo6pa:Hofr Qopvlr c 5o:rt-
LUIL\r paAllycr{brN{ cl(pyrxeHHeM. Coorxoruercrx ,ttrngbr BXotrHoro yqasTKa
Ka-\lepbl CMeUIHBaHIUI C ApyrHNfH 3r-leMeHTaIttH 3)KeKTOpa yKa3bIBaIoTCE ru{Xe.

Y.aa,reuxe cpe:a conlra or Haqa.qa KaMep6,r cMe[rHB:lHHs. Yg,alerule cpe3a
conna or Haqaila K&\{epbl cMeuHBaHHt OKa3brBaeT CyLqecTBeHHOe B.;'rHflHHe
Ha npOH3BOAHTeJ' IbHOCTb 3xeKTOpa, HO He N{OX(eT paCcMaTpHBaTbCfl  KaK aBTO-
HONIHaJT npo6nena, raK KaK onrHrv{aJIbHoe y[aJIeHHe 3aBHCHT OT ! ,nHHbr KaMe-
pbl cMeLrlHBarutt H onpeAejl.freTcfl 3aKOHO[\{epHocTfiMH, CBff3aHHbt,v}t c flBJIe-
HHeN{ HCTeqeH}uI  H3 COIUIa 3aTOnIeHHOH Crppl ,  T.e.c f lBneHHeM pacu}rpeHHt
crpyH (Ha paccroaHxlr / ( d.) H coxpaHeHHs. rg.pa ceqeHHfl (Ha paccronHlol
/  < 2 d c ) .

Ylarrexue colr.,-ia or Haqaila KaMepbr cMerul{Balrxx, eopva BXoAa B KaMepy
cMeurHBaHHf,, NrHHa H !.HaMerp KaMepbr cMer.rrHBaHH_rr onpeAen.qloT creneHb
orpaHHqeHH.s pacce. f l rsofr  crpyH paSovero noroKa, nrotuaAb r . r  npoQxnb npo-
xoga BcacbiBaeMoro noroKa, ra6apurut  Har{ar ibHoro yqacTKa cNleuI}{BaH}{ . r r
noToF(oB.

3t ta ' txrenunoe npx5;rH)KeHlre conlre K KaNrepe c i \ leLUl{Banuf l  conpoBo;+i la-
c rc t {  nepexaT i t c i \ l  I I epeNaqHBae l lo ro  BCacb l t saeMofo  t ro roKa  r ra  BXod ,e  B  K3r lepy
cI{eul} { tsal lKf l ,  H,  C, leJ,OBareJrbHo, yEer}{qeHrteM conpor}{BIeIrHf l  ITOrO } 'qacrKi l
I t  no t {B r le t {He i \ l  KaB} lTa t l } l o } l } t l , l x  ss ; t c t iN r - t .3 r ra , i l r r t - ' j r b i {oc  y ln , ' t c t { i l r -  con , , l a
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or tsxoAa B KaMepy cMeur.rBaHHr TaKxe BeAeT K cFMXeHHro npoH3BoAHTenb-
HOCTIr 3XeKTOpa, r.  e.K yMeHbUeHHlO paCXOAa BCacbrBaeNlOrO nOTOKa, TaK KaK
y;[ i-r ]rHreTcfl  pa6oqa.f l  crpyfi ,  KoropaJr conpHKacaercf l  c BxoAHbIM yr{acrKoM
lca.\ lepbr cMeLuI{B3ru{R 6onbruero ̂ fHaivreTpa: B Kallepv cMeurHBaHH.R B}Iocr{Tcfl
Sorttruee KongrlecTBo BcacbtBaeprol i  BoAbt,qeM oHa MoxeT ttponycTuTb, I{qacTb
Boqbl  BbrreKaer  o6parHo B npHeMHyro Kaiv€p/ ,  o6pa3yf i  obparHl te  noroKu
(rono, r r rxreJrbH-brc  r rorepr t ) .  OrHoc corr ra  or  tsxo l ta  ts  KaMdpy eMeluruJaHHf l
MoiKHo cr{HTarb ue;recoo6pa3FrbrM ToflbKo npH npoer(THpoBaHHH 3xeKTopa
,LrI fl n epe K aqHB aHHfl clt ec eit, coAe pxauHx l( pyilHbl e TB epAbte Te/rra .

Bennqlrna y.la--IeHHn cpe3a coflr-Ia or HaqaJ'Ia KL\repbr cMeuiKBaHH-fi onpe-
tre,.Ifierc.fi. no-Blrr,H.\loiv{y, !.Haiuerpoirl H ToiTulH}toi estxogHolt rcpotrrc}i cpe3a
corr,ta, tr I{ar{eTpo\r H oqepTaHHfMH BXoIIHoro yqacTKa B F(aMepy cMeLuHBaHH.R.
.Llnr perylrxpye!{oro rxeKTopa ofiTuMalrbrroe yxa,,Tetue HecKorrbKo 6onlute,
r{To roxe o6r.qcH-rercn lHeprer}{r{ecKnMH ceoilcraavu rypoyteHrxofr crp.vn
pa6ove ro  no roK3 .

trx$S v:op J.xQQ y3s'rp cjr\rrF( Hr ilJtn oK oHqarerbHoro cM elrnBa HH-{ noro-
KoB lr npeoSpa3oBaHHfi cKopocrHoro Hanopa cMer.IraHHoro noroKa B craru-
qecrurl  r{2nnn nn:rnxpHr,{sr Frr.rynnHnrn rTnroKr ft tnnann}{qecr.-He norenH

e rNQQy:ope onpef,err.Elorcfl )rBe,rruqeHHeM ryp6vreHrHoro oStqeHa Mer<.qy
qacrHuatvrH xHiiKocTH, pacuHpeHHeiv{ noroKa, roneSagNeM noToKa eorulH
creHoK,  B l rxpeo6pa:oeaxnev r {  o6paru l rvN noroKaNlH.  f r rupaerMqecKHe
norepH n aNQQy:ope 3aBucflT or ycnoaufi  BreKalo{f l  noroKa, T. e. or cre[eHH
BbrpaBHeHHocrH cF(opocrH noroKa Bo Bxo.u,Horvl cer{eHHH HrrH crenerut ryp6y-
.Tl{3aru}{ noToKs. oT reoMeTpHqecKHX napa.\{eTpoB p€i+O{Ma TeqeH}.uI, xapaKTe-
pH3yeMoro qucjrol{ PeriHonr!,ca, or Qoplt lr  BHyrp€HHero npot!nrn, pauxo-
HairbHocTH KoHcrp-v-Kulr}r, T. e. rpatrHeHTa cKopocTll BLoJIb cTeHoK ,rxQQy:opa
no ero trnHHe H or luepoxoBarocrn creHoK ,qrQQy:opa. fNnpanrurqecKlte
norepH e ruQQFope npetrcraB;rfiIor co6oii cyMMapxbte norepH Ha rpeFo{e
u pacr.uHpeHxe H paccqHTbrBarorcfi no cnpaBoqHuKy H. E. lfuenbquKa "lNgpan-

illrr{ecKHe conporHBneHltff ".

Hercoroplte aBTopbI peKoMeHEyIor rutQQy:op Aenarb cocraBHblM t13
HecKorrbKHX qacrefr pa:Hofr KouycHocru, cnpoer(TupoBaHHbtx Hcxollff H3
ycrroBnfl pzrBeHcTBa H3MeHeHHJT KoIHqecTBa ABlrxeHHA tllwr naAeHH.E cKopocr-
Hbrx  HanopoB no f lacrKaM' .  Tarc ,  HanpHMep, l l .H.KaveHes [6 ]  percoveHAyer
BbrnorHrn AHSSFop H3 Tpex qacrefr c yrnaMx l(oHycHocrH no yqacrKaM
l ,  4 ,  13o coorsercrBenHo.

Ogxar o, K aK noK a3aJIH Hcnbr r-aHH-rI, n pHMeHeHHe cocraB HbI x nxQQ y:o pon

He3HaqHTeJrbHO yMeFDuaeT rHgpa_BnHqecKHe conpoTHBneHx.fl , a H3roTOBfl eHHfl

raKHX ANQQy:opoB no cpaaHeru4ro c mQQy:opaMH, HMerouruMu nocro.sxxltfr
yrorr KoHycHocrH (npu ycnoexx o6ecneqeFuff xopourefr BHfrpeHHeit noaepx-
Hocrn npx 6onrtrff.x pa3MepLX), 3arpyA]MTetrbt{o. HevaroeaxHo, r{To !,rrHHa

cocraBHoro uH$Qy:opa 'oonuue &rMHbr mooy:opa c [ocrorHHbrM yrnoM
KoHycHocrH npx6;ru:urenbHo s 1,5 pa3a. llo:ror'ry peKoMeH,qyercn Ntfl.
rxeKTopos f3C npl{MeH-gTr nHQSyropbr c nocrofiHHblM yrnoM KoHycHocrH
no ecetr AIHHe. l lcc,reAoeaHxr B :rofr o6racTH noKa3aJIH, r{To runxNualruofr
cyrvrvroi norepb o6na.u,aror AxQQysopbr c yrnaMx KorlycHocrN 6-8o, raK KaK
npr froM 3ruopa cxopocrefr B KoHue nxQQyeopa cHMMerput{Ha H orcyrcrByer
O T p t , l B  n O T O K a  O T  C T e H O K .
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Harypurre r l igpaBnHqecKue HcnbrraHH.f l  3xeKTopoB Bcex r l {nopx3r"- lepoB

1 npy pa3Hbr. \  3HaqeHH.f lX / l  ,  npoae!,eHHble ua Eparcxofr  f3C, no:Bonf i rcT

: teKoN{e } l i l oBaTb  np } I  i ] poeKTHpoBaH] {H  Heper \ " - I } {pyeNIb lx  l xeKTopoB c . Ie -

J.yTO Ull{e co oTF{olue }{L{fl :

1 .  Y ron  KoHyc l {oc r t t  no  uce i t  . a r l t i t e  paneH E" '

2 . I ; 1 t t t a  KaMepb l  c t l e ru t {Bar i i { f  / * . . . '  } r  y I l aJ Ie } IHe  cpe3a  conna  o r  Ha-

qa;ra KaNleDbt CN{eLu}tBaH:v.s,  X:  I t f l  BbICOKOHaIopt{b l .X lXeKTopOB i  
"  

. ,  =

= g=7DK .  , r r ra ,  - r  = ( /c  ' .  ut r r  cpei lHeHanopr{blx lxeKTopoB L * . .* r  t  7 D* . .* ,  ,

r  =  0 , 5 d . ;  , L ' r f i  H H 3 K o H a [ o p H b r x  ] x e K T o p o e  l * . c '  t  7 + 8 D * . c - ,  - Y =  0 , i c / . .

3 .  BxoAuo f r  yuac rox  B  KaMepy  c l re t r t l tBaFr rn  r cou tpy :opHocr lep t tuecxor i

, ioprr t r  I l , i tu- to i r  Io.*  = 0.5r* . . .u, ,  co6,1rc,1ar npt{  l ro iv l  cxe[y ioLLt i {e coorHo-

. teHt i . f l :  I I l - L f l  Bb icoKoHa l j cpHb tx  f xeKTopoB x / r I  
" .  

=  1 .0 :  . l r s  cpe . lHeHanopHb lx

l x f K T o p o B  - r ' I  u *  =  0 . 5 ' .  l . [ n  H t { 3 K o H e n o p t i b t x  l x e K T o p o g  . t ' 1 -  
" ,  

=  0 , 2 .

Coaor .vn l i oc rb  l rHX coorHorueu lu i  o6ecneqHsaer  l lHHt {ML ' tbHb te  no rep t t

t s  TpaKTe cN le ru l rBaHHf l  no roKoB,  r ro j tHOe nepe) {e tu t {BaHt {e  no roKoB l t  c r r6 t t -
- l H s l t r r { m  r ' K o D o r t r P H  H 3  R h t X O f I e  H 3  r i r r b r t r v 3 C ) D a .- - - - r  "  - -  I  I  -  f

Paccnorp l {Nl  ! ,aree ApyrHe KoHcrpyKTHBHbte fJ IeNIeHTbt  lxeKTope.  B l t } t -
riicijiiie Ha eio npori3tsotriiTejlbiiocTb.

I lecropacnoJroxerHe H yron no!.Bo/f,a BcacbrBaeMoro noroKa. I lecro-
pacnonoxeHt{e narpy '6ra BcacbrBaeNroro noroKa no orHouteH}{ }o  K cpe3y
aonrr ' Ia lxeKTopa, KaK noKa3aJIH HcttbrTaHHfi,  oKa3brBaeT BiIHflHite H3 npoH3Bo-
.rtrerbHocrb lxeKTopa. [ Iarpy'6ox xeo6xoJlrrto pacnonararb B Henocpeg-
:rseHHor"r 6,rrr:ocrr l  K cpe3y corura. YAarrerue narpfrca B cropoH)',  nporltBo-
tc]oxH\-lo J.BtIXetIHlo noToKa, npl{BoAHT K CH}{Xe[IH}O npOH3BO^li tre. lbHOCT}{
ra cqer yBenriqeHH-fl  n{.f ,paBru{qecKHx conpornB-reruri  ua rpacce Bc3cbtBaHlff .
Yron noABoAa BcacbrBaeMoro noroKa raKxe BJ"IH.ger Ha npoH38oJHTerbHocrb
t)KeKTopa. Tax, rLrrfl fueHbtuenu.ft rHApaB[Hr{ecKHx norepb nor-rlo!. Bcacbt-
Bae^\{oro noroKa aor'Dr(eH ocyuecrBturTbc.rl rl;lpa-rlnexbHo paoouelry noToKy
It,rrr nj latsHo BnltcbrBarbcfl  Bo BXo!,Hoe ceqeHHe KaMepbI cMe[lHBaHlrn. Onraxo

nraeH,bi l i  noABoA BcacbrBaeMoro noroKa He3HaqHTenbHo noBbtulaer [poH3Bo-

axTeirbHocrb no cpaBHeHxio c MeHee BbtroAI{bIM nogFogotv{ noA 90" K ocH
lxeKTopa. 3aro no rexHolrornqecKHM, KoHcrpyKTuBHbIM i l  raSapNTHbrM
coo6paxeHHflFr, nnaBHrrrt noAsog MeHee 3KoHoMHr{en. l , lcxog-s H3 fTHx coo6-
pax<exxi no!,BoA BcacbrBaeMoro noroKa peKoMeH.qyercff npol{3Bol,HTb noA
yrr-roM 90o rc ocH 3xeKTopa raK, 9ro6rt BHyrpeHH.f i .x KpoMKa BcacbtBaeMoro
rpy6onpoBoaa coBnaAara (ruru 6srra 6nu:xa) co cpe:oM corlna (puc. l8).

ilpo$xns corna HeperynlpyeMoro 3xercropa. fipoQub coIL;Ia Hepery-
.-rHpyeMoro sxeKTopa (pxc. 18, a) of lpeAelaer, noA KaKHM yrnoM 6ygfr
noAaBarrcf l  crpyn pa6ouero n BcacbrBaeMoro noroKoB, 6naroAapx qeMy

HenocpeAcrBeHHo BirHfler xa roaQQHuHeHT none3Horo AefrcrsNx 3xeKToPa.
hcrorraxnfl [oKa3anH, HanpHMep, t{To orcfrc"rBxe LtrrtMHApHqecKoro y'{acrKa

no BHrrpelrHeNry AHaMeTpy Ha BbrxoAe H3 cotlfla vuwr yBenHqeHHe uepoxoBa-
TOCTH nOBepXHOCTH COnJra 3HaqHTeJrbHO CHICKaIOT npOH3BOAHTenbHOCTb sXeK-
Topa, TaK KaK rru Qarcropbr Bnxtlor Ha cxarne crpyH B cpe3e corula H Ha
rxtrpaBnHqecKne conporHBneHHfl B TpaKTax BcacbrBatu.E H noABoAa pa6ouero
noroKa. l iorror 'ry co[no HeperynxpyeMoro f)KeKTopa peKoNreHlyerc.f i  Bbr-
rrolrH.flrb rurarenbHo o6pa6oraHH-blM, KoHXqecKt{ cxoA-flulHMcfl, c uHm{HIlpH-
r{ecK}{M yqacrKoM Ha BbrxoAe H3 conna no BHfrpett}reMy AHa^'{erpy mlrtrofr
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Pttc. 18. Pexor"reH.qarrHr tro npoeKTHpoBaHH]o 3xeKTopoB - i loABoA
BcacblBaeMoro noroKa: q - f iapannensxsrf i ;  6 - nnaaurtf i ;  o - noq

yrxoM 90o;  a  -  npoQnnr  cor t - . ra  HeperynHpyeMoro  3xeKropa

oKorro 0,5dc (puc. l8). Kporrle roro, ) 'quTbrBa.f l  peKoMeHrarp{H no yganeFmlo

cpe3a con.na oT HaqaJIa Ke\{epbl cN{eulHBaHHn, CnegyeT oTMeTHTb, qTo oH}l

npaBoMepFrbr npH HcnojrHeHHH BbrxoaHbrx icpoMorc coIUla ruurulvanlHofr

Tojllunnbr. 3ro )wrenb[raer ryp6yneHTHocrb B ciroe cMeIrrBaHH.f, H npeAorBpa-

ulaer Sonee paHHee noffB;lenHe KaBHTato{H. B nepayro or{epeAb, BaxHo, t{ToObI

ocHoBFIbIe AeraJIH 3xeKTopa (conlo, KaMepa cMeuJHBaHHfl,  ruQQy:op)
HL\oIH,' IHCb Ha ogxofr ocN. .F[cxo, qro HecoSnroAeHNe coocHocrH, Har]pHMep,

co[jra H BXoAHoro r{acTKa KaMepbr cMeluHBatMfi [pHBoio{T K 3HaqHTenbHhtM

norepfi lr  fHeprHH paSovefr crpyyl,  Bo3HXKHoBeHHIo o6parHllx noroKoB, a cr ' Ie-

AOBaTenbHO, K CHttt(eHHlO npoH3BOItHTerbHCcTH 3XeKTOpa.

Oco6eHnocfi r(oHcrpyr(unx perynHpyeMom 3xeKTopa. 3 rccnepuil{eHTailb-

HbIe HccneAoBaHHfl KpynHor'{acrura6Hor.t MogeJD{ perynxpyeMoro 3xeKTopa

TBC gns CaxHo-ltlyurexcxofr f3C n Hx eHL.rH3 no3BorruIx ycraHoBHrl Heo6xo'

!,LrMbre cooTHoruem{fl Mex.q,y KoHcTPyKTI{Br{blMit 3neMeHTaNlH peryrurpyeMbIX

3xeKropoa n alrpa6orarb peKoN{eHgal4l.r:.
1. YganeHue cpe3a Haca,qKa con-fia or HatIaJIa KaMepbI cMeuIHBaHns Heo6-

xoAHMo art6uparr B f lHrepBa;re (0J-1,0)r",  r .e. B roM xe HHrepBaJIe,
qro H An.s HeperyJrr{pyeMoro 3xeKTopa. llprnertr 6onluree yAaJIe}Me Haca.u,Ka
or r(aMepbl cMerIIHBaHruI cneAyeT npHMeHfiTb An-8 perymrpyeMbtx 3xeKTopoB
TBC, pa6oraroutxx npH 3HaqnTenbxbrx Kolre6arm.fix yponxefr BepxHero H HH)K-
Hero 6reQos x xeobxolu{Moro pacxoAa Ha BbIXoAe H3 3xeKropa.

2. Hax6onee patrHoHaJrbHbrM npeAcraBn.fiercfi nrr6op coqeraxx-tl yrnoB
r(oHycHocrH Hrrrbr H Haca.trKa coftna B HHTepBaJ]e 50-60". 3ro ooecneurnaer
MaKcHMallbHyro llpon38o!,HTenbHocrb coruIa, xopolxHe KiIBHTaT-D{oHHbre cgofi-
cTBa 3XeKTOpa H yAOBneTBOpHTenbHyrO ruraBHocTb H3MeHeHruI XapaKTepHCTH-
xu pa6overo pacxoqa B 3aBHcHMocrH or orKpblrruI corlna, qro xapaKTepn3yer
nJraBHocrb peryJrxpoBaHhfi npoH3BoE{TeJIbHocrH 3xeKTopa. Her"raroBaxHoe
3HaqeHHe HMeer Hapyxrorfr H BHfrpeHnxfi np@ttrtb HacaAr(a, Hrnbl H BxoAHoro

fracrKa KaMepbr cMeuJXBaHrur. Bce 3TH fneMenrut xeo6xoAHMo BbrnonHfiTb
TurareJrbHo o6pa6oraxl lblMlt,  cQepttvecxofr Qopr'r l l  H TaKHM o6pa:ov, ' tro6lt

nnx pa6oqero, BcacbrBaeN{oro H cMeuHBarcqerocfi  noroKoB o6pa:onulBallcf i
npo$xrupoeaHnltli TpaJ<T cneAoBaHHff .

3. Percor'aeH.u,aqxH, orHocfl [ IHecq K TaKHM 3nerv{enTaM HeperynHpyeMoro
3xeKTopa, KaK KaMepa cMeluxBaltun H uSQy:op, cnpaBeArxBbt H prf l  pery'

nHpyeMoro 3xeKropa.

4 0

a)d)

H:secruo, qTo npol{3BoAHTenbHocrb H KaBHTar{HoHHr're ceofrctea 3)Ker(-
TOpa 3aBHCfiT OT yA&TeHHfl Cpe3a COIi:-I f l  OT HaqaJIa KaMepbl CMelUHBaFMfi.

I Ipn onrr iNraJrbHoM ylLren]{r {  i rorrr  :  (0J+1,0)d.  3xeKTop npu npo${x paB.

r{btx ycnoBl{ . f lx  o6,raAaer ! raKcHMaJ-r lxor i  npou3BoAHTenbHocrbio.  Baplupvx -r .
i l lOXHO NleHtTb [poH3BOtr-r{TeJIbHOCTb H KaBl lTaU}. IC)HHbre CAOfiCrna 3XeKTOpa.

l ianpnr ' rep,  c yBerHr{eHl leNl  .x  ( ro xe caMoe ArMHbr rpaKTa cveutusaxxq)
r r n a \ L { ? R r \ n u T P n L H n a - T r -  ' l ' L t r r r a r n r  n a n c p T  ? ? T r \  v T l \ / t n l I 2 r r l T c g  L u P t r T ? r r t { n  H H L I F"  r  " ' - -  -

ceol ic rea.
I(por're roro, H3BecrHo H To, qTo perynHpyeMoe con, ' Io, cocrorr lee i ' {3

HaCaif ,Ka H Hr i lb l ,  nO3BOi l f ieT npH nepeN{e[ [eH]{H } ' IUIbI  OTHOcHTeJIbHO HaCa: iKa,

H3MeHtTb npoxo!,Hoe ceqeHHe conna H Te\r  car\ IbrM -  pacxo[  pa6ouero noToKa,

BaKyyr !1  B  cpe3e  con la .  pacxou  BcacbrBaeMofo  r roToKa H  pacxoA Bbrxo ! ,Ho fo

noroKa  B  [ xHpoKHX f l pe renax .  3xe r rop  c  pe rynupyeN ib r ! {  co f l noM 3aMeHf le r

HeKOTOpb ie  Hepery I I l {p ) ' e r l b Ie  l xeKTOpbr  c  pa3HbIMH I {aN le rpa }1 i r  cone . t .

i lp l r  xaxrnorrr  r lnxcnpoBaHHoN{ orKpbrrH}{  corLTa S (no;roxeHI{}r  t { r i rbr  orHcc}r-

TerbHo Hacagra,)  pery ' r r rpyevlr f r  3xeKrop Hn,eHTHqeH Hepery.rru l lye!roNrv

l )KeKTopy c coorBercrB! ' rout ' {M , rHaN{erporu conra.  CnerogarenbHo. npt t
A , . - - ^ . , - ^ -  , ^ . , , , :

l ( i L I K A U N T  r + J l l t ( . L n P U b d n n u l l  u r r \ P D r l n l l  L U l L l d  v E L  y ) t r r y y c . r l D l y l  r . ^ \ c r \  r u P  \ J y t c l

oSnagarn MaKcHMtu-r luor i  npon38oAHTenbHocrblo npu onpe.neneaHoM yAaner{H}r

Haca.[,Ka or HaqaJra KaMepbl cMetuHB3Hr.{fi.

OAHaro Ntx per)rHpyeMbtx lxeKTopoB y[aneHxe HacarKa or HaqLra

Kalv lepbl  cMerIJHBaru{f l  esr6xpaercR onruMa-r" Ibt tbrM ToxbKo AJUI pacqerHoro

3HaqeHHR o rKpbr ru . f l  HacL tKa .  l l p "  HHbrx  o r r (pb t rHnx  pe ry ; rnpvenr r f r  l xeKTop

raSoraer c HecKonbKo MeHbLuHi!{  rco: ,QQHueHToM none3Horo l lef rcrax. f l .

i lorror ' ry  H3MeHeHHe y. f tureHxf i  HacaAKa x or  Haq&rla KaMepbI cNrerul{BaHr{a

coorBercrBeHHo , , l .nf l  KaxAoro QHrcHpoBaHHoro orKpbrru.B conra S no:eo-

,tffeT l,oSugartc,'I NlaKcHit{atrbHo Bo3MoXFIbrX [poH3BO[HTeIIbHoCrH x xorQ-

QrrureHra none3Horo Aefrcrex. f ,  (pxc.  19,a) .

Pxc. 19. Con,ro perynHpye.\{ofif, 3xeKTopa (a) x el'o 3Kc[nyarauxolrlrbre xapaKrepxcrxxn
(A npH pa3rxqlrbrx orKpblrH;{x con;ta (Smax,Smin) H ytraJtel".Hrx cpe3a Haca,qKa or

1 - .'ma.r, rmin,' :THJrt"J"ilHTTi *T,,,-"r;':r*jn,.r6a1i 5 - snrin,
J -  c p e a n e e ; 6  -  S m i n , x m i r r
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Pxc. 20. C.xelratrt{ecKa;r KoHcrpyKrrl{ t  sxeKTopa c
1  -  vaxoexx ;  2  -  no .q ,s rc f i xs t i  narpy6ox  Hac2 i rKa corura ;  J  -  xpen- reNne,  Qr rxcrp ] ' louee

C M E L U H A A H H f l :

CoaepuexHo oqeBHf,lto, qTo !'rr.tr no;Tln{eHu.fl pexr{MoB pa6orbr lxer(Topa
c MaKcHMajrbl{bri \ l  rcoaQQHuHeHToM nore3Horo AeicTBHfi B lUHpOi<oM IHaIIa-
30He H3MeHeHX.t{ I IpoH38otr]tTeIIbHocTH H pacuxpeuxq Secxae]rraU1toHHofr
3oHbI paOorbl, KoHcrpvKtptt ixeKTopa f,oJDKHa o6ecneqHBarb oceBoe nepe-
!{eureHHe Hrnbl orHocHTeJIbHo HacaAKa co[ra H 3aBHcHMoe (tmx ue:aBHcH-
Moe) oceBoe nepeN{eueH}re coruIa (xacar:xa c Hrnoi) orHocuTenbHo Haqara
itr{J-I}tHrpHqecKofr KaMepbI cMeur}iBanrur. fIoqo6Hlri ?xeKTop Ha3biBaeTc.fi
per y mlp yeMbl M 3xe I( ToPoM c,qB o ftHbIM pery.rlH poB aHH eM, ocyru ecrBn.fl eMbrM
MexaHHr{ecKHM npnBo.roM Bpynftryro (pxc. 20).

IInfl aBTor\{arH3a[HH npouecca perym,{poB altfl. pacxotra ox,raxAarcuefr
Bolrbl B cncreMe TexHxqecKoro BoAocxaSxeruR Heo6xoAHMo npeqycMarpt{-
Barb 3rreKTpo- HnH rrutponpxBog, npKBo!,. f iurHfr B oceBoe nepeMeuleHHe Hrny
orHocHTe;IbHo Hacz.q.Ka, H 3aBHcHMoe (n'rx He3aBHcHMo€) nepeMeuIeHHe
Haca.qKa BMecre c xrrofr orHocHTeJIbHo HaqaJIa KiIMepbr cMe[rHBaHl{fi Ha
ocHoBe 3aflpofpaMMHpoBaHHoro B3aHMOnO,lOXeHlUr 3THX KOHCTpyKTHBHbTX
3rreMeHToB 3xeKropa tIpH;noStrr pex]Lv&\ ero pa6oTbr. Ha pHc. 19,6 npu-
BeAeHa 3KCnnyaTauHoHHa' xapaKTepHcTHKa 3xeKTOpa npH onpeAenerrHoM
pexHMe (coueraxH, Hp H f{rr) npH .tByx orKpbrruf lx conr'ra Sl.,r*= 1,0
lr si , i r , :0,1. XapaxrepHcrHKa Aaer Harrr.q,Hoe npeAcraBneFue o Bo3Mox-
Hocrrx .tl.BoiHoro per/,'rHpoBa*fifr. 3xeKTopa. MarccxuanbHiur npoH3B9AN-
renbHocrb 3xeKTopa npx KDK.uoM orKpbrrHu HacagKa o6ecne,rxBaercx orrru-
M:uIbHL'lt\I yn&'reruteM HacagKa or Haqara KaMepbr cMeullrBaHun. Llaunyq[i]{e
KaBHTauHoHllble cgolrcrsa HMeeT 3x(eKTOp npH 3Haql{Tej. lbHoM yaajreHHH
iracadKS 0T l{aqaita K&\tepbt cMeluHBaHH.[.

B t t rore  c t le . lver  or l ter r {Tb,  , t to  i tsor iHoe pcr } , j r } rpoBai t r {e  BccbM:r  nepcneK-

\

\-M\
N'Y/t

-.*'.\4-zlzrnr_t
r----t1----1
\ t |  tFsNF

\\/l--isY'{-

t\\Yl

Asoftxrrv pery.tt{poBaHHeM H MexaHHI{eCKHM npHBoAoM
Hacx. i loK B pa3Hbrx rro j ' ro) f ieHnrrx;4 -  Kopnyc;  j  -  Hac2J" loK; 6 -  nrna 7 -  KaMep!
.9 - axSriryrop

TI{B HO . TaK K aK B pe3 !'.-lbTaTe H e3HaqHTer'IbHOrO K OHCTp}'I<TH B HOrO yC;IO )KHeF{Ht

06ecnew{BarcTcfi pe)+.-rr\{bt pa60rbr 3)KeF(Topa c MaKcHMa;rbHbrfv{ xo:QQx

r l l leHToM nore3Horo . le icTBH.s B t r IHpoKoM Iu{ana3oHe H3MeHeHH-8 npOH38O

!.HTerbHocTl{ vr pacutr{pfleTcfi 6ecrcaexrau},{oHHar{ 3oHa pa6oTbr 3xeKTop3

II .O CHCTEMATH3AUHH H CTAHtrAPTH3AUHTI 3KEKTOPOB TBC

Cragaaprx3aqHt no3BoJl ter  non}"{Lrrb 3HaqHTenbHbrfr  3KoHo}rHqecrcNfr

:SQercr, flBJr-r.rrcb o!"HHM H3 QaKTopoB, BlrHflrouptx Ha $oprnaupoBaHt{e ueH
Ha i lpor"{b l l lu leHHble roBapbl .  N{noroo6pa:He sHepreTt{qecK}f i  r rapaMerpoB

f3C oi lpeAen.f iet  5o.- l r r r roe qHc.no coqeraHHri  czrMbr.x pa3nHqHbrx HanopoB

H pacxoAoB, r {To Tpe6yeT H3roroB. i leHHf l  lxeKTopoB TBC caMbrx pa3Hbtx

THnOB, pa3MepOB H KOHCTpyKLi l lH.  6OnrrUOlr  CnpOC Ha lXeKTOpbr BbrrAHraeT
3a.a.aqy, c oAHofr cToPoFIbI, yAoBJIerBopHTb Bce 3afipocbr rH!,po3neKTpocraHuxft,

c  Apyroi l  -  orpaxrqxrb rvrHoroo6pa:xe rxnoB vr  KoHcrpyKul . r i  3xeKTopoB

H co3trarb ycnoBl{ t  laa cepunHoro npoH38oAcrBa l )KeKTopoa. B xacronulee

Bpe:\ l .8 npoeKTHpoBaFIHe x [poH3BoI lcTBo ]xeKTopoB ocyluecTBn.rreTc. f l  pa3-

/ ' tHqHbrMH opraHH3aL0{J{r \ lH,  H eCTeCTBeHFIO, I I IO l la)Ke 3HaJIOrHqHbte no Ha3Haqe-

Hfiro aeTarTH lx(eKToPoB pe3Ko oTiTfiqaloTcfi l lo pa3N{epaM, cBoeiuy t(oHcTpyr(-

THBHoMy HcnonHexxrc H no rexHoJIorKH H3roroBJIeHKf i .  [ ]ce l ro yc-roxHf ler

i \ rarepl ta j rbHo-TexHlrqecKoe cgaOxexue npH H3rorots/ ' IeHHI{  3xeKTopoB. } , ,1o-
poxaer ceSecTol{Nlocrb SxeKTopoB }r  co3Aaer 6onuurrre rpy[ i rocrn s o5cc.
neqelr l rH r Ipoi t3Bo. lu-TBsHl lb lX yqacTKOts rreo6xoA. l , tMbrNl  o6opf i roaaHHeM
t {  Te . \ l {o . ' ro rue l i .  I l c r ro r r , v  sax l t c i i u t i r \ r  pe3epBo; \ r  y . - r v r { r l c l { l l u  np ( rK r } rp ( ) -

t 1
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220
300
6 5 0
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1 2 0
1 0 8
90

1 5 0
92

2 8 0
200
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9 , 0
6 ,0
9 ,0
4 ,0
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l s . 0
l . +  . u

H
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24 ,0
3 3 , 0
3 5 , 0
3  3 ,0
2 3,s
1 7 , 0
.s 0,0

0 , 1 1 7
0 , r 6 7
0,206
O  1 ) 1

0,242

0.445

Xapaxrepncr r .o<a i ;KeKTopo o  TBC

p  a c q e T H b r e r e o  M e T p  r r q  e c  K  l l e

D * . . . ,
M l\4

q R s

q R  s

u  3 . 0
5  4 ,0

I 1 , )  n

170 ,0
1 7 0 . 0

' fBC ,  
cnpo -

nocneAHHe

39,2
s0 ,9
64 ,3
3 l , 0

8 2  ( 8 4 )
4 2 , 8

7 2  ( 7  s )

BaHHt H npoH3Bo^I !_Ba .sB- ' IJ Ierct  yHl lQl{K3lrr { t  THnopa3MepoB H KoHcrpyKlrH}r
lXeKTopcB TBC f  3C. I louveoov roNrv crrv.r .ur  DL,rn^, ,6, , ryr  , ;  . - r r  r - )
oCT 108. 122.0s-8 l "3xercropir ir,rx ;;p;;;;;;;";';;;:T,.;r;;;
f l  Da3iuepL,r  " ,  KOTOpbr.q pacl lpocrpai i - f iercf f  Ha Heperyn]{pyeMbre fxeKTOpbr
nepBOrO THna, npelHa3HaqeHHbre &rtr oTKar{KH BO[,5r H3 KpbitlIKH fHtrpaB,-I]{_qeCKHX rypSHH H- paccqHTaHHbIe Ha He6onburofr  pacxoA BcacbiBaeMoro noroKa
(o rco .no  0 ,005 .v r3 /c ) .  C ran :ap r  co3AaB lqc f i  Ha  ocHoBe o f ib r ra  npoeKT] tpoBa_
r*r f l '  H 3KC[nyarauxH no.qdHbrx rpeHDKHbrx ]xeKTOpOB, KOTOpbr i i ,  K COXa_
IeHHIO, HeBe.[HK.

B ra6n. 2 npHregeHbr ocHoB*bre .\apaKrepHcrHKH 3)+(eKTopoB
CKTHPOBAHHbIX H YCTAHOB,-IEHHbIX HA HCKOTOPbIX f3C g CCCP S
roabr.

Ha rlM3 npoBeAeHa 3Harr'TenbHarr pa6ora no yH'errcaruu 3xeKropoB
TexHHqecKoro BotrocHa6xe nx f3C. Peurernae npo6rreMbr yru4t,ncarurl{ 3xeK-
TOpOB CB{3afro c pellleto{eM BoflpocoB no Bbrfopy HHTepBaJra }{cxotrHbr.x
3HaqeHHli HanopoB, norpdHoro pacxotra oxrDK,qarourefr Bogbr, napaMerpoB

Ta6nuw 3

M, np ' {  oTl {OCFTerIbHoM pac

npH cJleayprq,r{x 3HAqeHrur r

1 0 3 , 9  i 1 6 2 , 3

KOOptrHHarUofi cerrcIr lKcrrnyarauHoHHofr .\apaKTepHcTHKr{ Ka)K,qOro THnopa3.
v{epa 3xeKTopa, qHcra rHnopa3MepoB 3xer(TopoB H TaK Aaree. Hnrepna_,r
Hcxol, lHbix :Ha' lettNti  HalopoB 6sr;r nr,r6paH l{cxor,f  H3 onbrra npoeKTHpoBaE{,
rHApo3.leKrpocranuli l i  Ha .nI l3 H yc;ronit i l  qe;recoo6pa3Hocrg ycraHoBKH
3xeKTopoB Ha locTaroqHo BbIcoKoHanopF{bl.x f3C. HeoSxoglnulrn pac.xo!
oxnaxlarouet-t BoAbr onpenen.flIcfi rio cyTrecrBvmrr{Hr\r H npoft{o3Hpye}.{bl},1
n ' ) L r r r r r r ,  a T ^ , , - , , , . ^ ^  F  d  \ i rAqrr l ruuvr  /  r !n r  rv_ \ f ,u r lpusr \  rd  r lMcf l l l  L .  n .  , / t \ yKa H JUIJU 

' . J r lgKTpoc lL - Ia"

HMeHH C. 11. Kltpoea. l lapar'rerptr rcoop:uHarHoi cerKH lKcruryarau4oHHbrx
'xapaKrepHcrl ' {K fxeKropa alt6upa-i ' IHcb Hcxortf f  H3 yc. l loBHi npocrorbr H y[o6-
cTBa [oilb3oBaHHt cTaHr:Iapror'r- XaparcTepHcrl{Ic{ JXeKTopa paccq1TbrBL:Iycb
Ha 3neKrpoHHo-Bbit{}{c.. j} l re;IbHofi MrurxHe 3Bil l  EC i060. x 6uuo onpetre;reHo
55 coqeiasrrfr rNnopa3MepoB peryJTHpyeMbrx 3xeKropoB npH HcxoA'brx 3Ha-qeHHtx  Ha f i opoB  Hp  -  H " r : 40+300  M, f f " r , *  _  H " r :  5 .60  , v r , 1 / r .  :  5= l0 . r r :
npHqeM rca;x,qltn rHnopa3Mep paccr{HTbrB&'rcfl rIpH qerbrpex orHocHTe]rbHbLX
orKpbrrH- f lx  con; ra  0 .1  :  0J ;  0 ,6 ,  l ,o .  ra- ree Ha ansasxrHo- l&ropoBoM neqa-
T a h r r t o v  r ' ^ - ^ i - , ^ - - ^  / '  A  I T T ' Y \ / \^."vu{wlvr ,y vr.yt,ne rr:s \ / , \ '  Ul. '7 I IO pe3-Vr'- lbTaTaM paCqeTOB f l l l .nt nOCTpOeHbl
3aBucxMocrr Qr"r*: i (Hp -Hu) &,r.r pa3Hbrx (f fro,* _ Hrr) c yrca:axxen
3oH KaBrrauxH npH pa3Hbrx H"r. Auwtit3 3aBHcHMocrH e"rr*:f  (Hp _Hu..)
noKa3ail ,  qTo Ue,' Iecoo6pa3Ho HcnoJIb3oBafb Bcero Tpt{H2;!r,aTb THnopa3N{epoB
peryrlHpveMbrx lxeKTOPOB, Mtf l  Koropbrx Ha rpa$onocrpoHrene x 6lmr
nonf{eFrbr yKa3agnbre Bbrrue 3aBHcHrvrocru. llpennaraeMbre peryrnpyevbre
3XeKTOpbI TpHHaIIUaTH T?{nopa3MepoB Nro){(Ho Hc[orIb3OBerb B CHCTeMe rexH]t-qecKoro aogocxabxeHHJl rHgpoarperaroB tt-'tn B fpyrHx orpacnrx npoN{6nx-
r ' IeHHOCTT, r.ge npHMeHeHHe 3XeKTOpOB Ctsf l3aHo C perynHpoBaHl{eM npoH3BO-ql{TenbHocTH sxeKTOpa.

llo rrupaBi'IHqecK'M xapaKTepHcr'KaM ixeKTopoB, [pHBeAeHHbrM Ha
pxc' 21-36 e 3aBHclL\tocTH or 3aAalrlrbrx i{aJlopoB paoovero ff,, ecacnrBaeMoro
Hu H BblxoAHoro H""r, noroKoB, onpexertercE ocHoeHoH napaMerp 3xeK-
ropos TBC - pacxo.r BbrxogHoro noroKa er"r*, pacxoq paOovero noroKa
Qo u rpatuu,a orpaHHqellH.tr pa6oru 3xeKTopa no ycnoBrurM KaBHTauI{H I 3aBH-

xoAe pa6o, re ro  noroKa Qi  =  t , lO  wt  l c  H orKpb lTHH coru ta
pacxoa ' ; r  pa6overo  noroKa eg,  * t  1c

0 . 3 0  i  o , 3 2

J_S



Pnc. 2 l .  3xcniryarauHoHHLie .\apaKreonc-
THKH r 'TaH.A,apTH 30 BaHHofo perynHpyeM oro
3)KeKTOpa T l rnopa3Mepor , r  D"  X  Dr .ew :

=  4 0  X  1 2 0  ( S '  =  1 , 0 )
H " o r *  -  H " r :  I  - 5  v ;  3  -  t o  v ;  3  -
1 5  u ;  4  - 2 0  v ;  5  - Z S  M ;  6 -  J O w ;  7  -
3 5  r v r ;  8  -  + O  M ;  9  -  a S  u ;  l 0  - 5 0  M :
H r r :  1 3  -  5  v ;  I 1  -  l o . v ;  , 1 5  -  t 5  v ;

1 6 - z o * - r ;  1 7  - 2 5 v ;  i 8 - : o v

tu0 200

Pxc. 22. 3rccniryar.al l loHHtle .y-apaKTepHc.
THKH craHAapTH30BaHHOrO perynHpyeMofo
3xeKTopa rnnopa3Mepov D-  X  D* .c r *  =

= 40  x  l . tO  ( . t '  =  i , 0 )
f f "or . r  -  Hrr ;  /  -  s  n;  3 -  lo rvr ;  J  -
1 5  w ;  4  -  2 0  M ;  J  -  2 5  u ;  6 - 3 0 u ;
7  -  3 5  u ;  H " r :  1 3  - s  w ;  1 4  -  l o  v ;  / 5 -
t 5 r < ;  1 6  - 2 O r v r ;  1 7 - z S u ;  1 8  - J 0 v

250t5050t00 200 250IJU

Puc. 23. 3xcruryarauxoHxbre xapaKTepHc-
TH K H CTaHAepTH sOBeHHOro perynHpyeM oro
3xeKTopa THrropa3Mepor" l  Dr ,  X  Drc . . -  :

=  5 0  x  l l 0  ( S ' =  [ , 0 )
f f ro , ,  -  Hsc :  I  -  s  M;  J  -  l 0  r , r ;  J  -
1 5  v ;  J  - 2 o w ;  5  - z S r , r ;  6  -  3 O r v . ;  7 -
3 5 n r ;  8 - q o  M ; 9 - 4 5 u ; 1 0  - 5 o r v r ;
l l  - s s l a ;  1 2 - o o  v ; l / " . : 1 3 - S l ' ; r ;
l - l  -  l o  u ;  1 5  -  t 5  v ;  1 6 -  2 0  r , r ;  1 7  -

25  r ' r ;  / 8  -  30  v

J A

IQ 2m 250 y

Pxc. 24. 3xcnnyaralrHor{Hbie .\apaKrepHc-
TXXH cTarUlapTH3OBaHHoro perynHpycMoro
3xexTopa rxnopa3Meporvr  D '  X  Dr . . . * .  =

=  5 0  x  1 4 0  ( . 5 ' =  1 . 0 )
l { " r r ,  -  H s c t  I  -  s  M i  2  -  l o  r r ;  J  -
1 5  v ;  4  -  2 O r " r ;  j -  Z S  M ;  6 -  3 O v :  7 -
1 5  r v r ;  8  -  . 1 0  w ;  9  -  4 5  n r ;  I 0  -  s o . t ;
/ /  -  5 s  n r ;  I 2  *  6 0  r v r ;  H " . :  ^ l J  -  j  : . r ;
1 1  -  t o  r v r ;  , l J  -  1 5  r r :  1 6  -  2 o  v ;  1 7  -

2 5  r r ;  / , J  -  J O  r r

t9fi2502Ntfitmg

tg
t7
i6
t5

.0 50 t00 t50 zffi 29 ,t

Pxc.  25.  3xcnnyalauuoHf ibte xapaKrepxc-
ru K H cTaH.rr,apTl{30 BaHHoro perynHpyeM oI.o
r ) i (eKTopa  rHnopa3Mepov  D*  X  Dx .c -  :

=  6 0  x  l l 0  ( S ' =  i . 0 )
H r o , _ .  -  H " r : . 1  -  5  M ;  . l  -  l o  r r ;  3  -

t 5  v ;  J  -  2 o n r ;  i -  r s  v ;  6  -  3 o  w ;  7  -

3 5  v ;  8  -  + o M ;  9 - 4 5 v ;  / 0  -  5 0  w ;
/ /  -  5 s  v ;  1 2  -  o o w ;  f f " . ,  / J -  s  w ;
I - l  -  t o  v ;  / 5 -  1 5  v ;  i 6  - 2 0  w ;  1 7

2 5 v . : 1 8 - 3 0 r r

t50 ?u 293 ,l

F x c .  1 6 .  3 x c n r 1 ' 3 r a [ H o H H b r e  x a p a K r e p H c -

THKH cTaHgapTH 30Ba.YHo rO per) ' ;rH p) e.\r oro
rxeKTopa rHnopa3. \ iepov  1) r ,  , (  l )6 .611 =

:  6 0  x  i - 1 0  ( S ' =  1 . 0 )
H " o , *  -  H r r :  1  -  5  r r ;  I  -  l o  r r ;  i  -

1 5  v ;  4  -  2 0 r r ;  j -  : s  u ;  6  - 3 o w ;  7 -
3 5  r r i  8  -  + o s r ;  9  -  - l . - <  v ;  1 0  -  5 0  v ;
1 /  -  5 s  r r ;  1 2  -  o o  v ;  / . f r . :  / - i  -  5  v ;
1 4 -  t o . v ;  i i -  t s  v ;  1 5  -  ) o  v :  1 7 -

2 5 w ;  / 8 - 3 o v r

tm50

cHi\ locrH or Hanopa BcacbrBaervlofo noToKa. BBHIy 5o;rr ruoro o6ter . ra fp3(}H-
qecKoro MarepHaJla B KHHre npeAcraBreHbr 3asHcHMocr l {  0"o,*  = f  ( l lp  -  Hur)
gJlr  BCeX TH[Opa3MepOB 3XeKTOpOB TOJTbKO npH OTHOCHTe.nbHbIX OTKpblrHf iX

coru la  ̂ S '  :  1 ,0 .

f lpnneneHxbre 3Kcr l tyarauxoHHbre xapaKTepHcrr{Ki{  peryxHpyeM br.x lxeK -

TOpOB nOCTpOeHbr  Ha  OCHOBaHKH paCqeTOB,  r ro l roMy  opneHTt {pOBOqHar r  rOq-

HOCTb OnpeAeneHHff  Bbrxo! .Horo pacxo! .a t l0 i1c.  cnelyer orMeTHTb. r f ro no

npHBeAeHHbrM xapaKTepHcrHKaM I loxHo of lpel ] ,enHTb 3i i rqel iHf i  pacxoi la

pa6oqero  no roKa  0o  ( ra6 ; r .  3 )  .

Bu r6op  rxnopa3Mepa  pe rynHpye lu {o ro  3xeKTopa  c  [oN{ou tb io  n  p } rBe . ]eF iHbrx

sKCrLrryaTatIHoHlrbrx xaPaRTepl{cTHK npoH3BoAHTcf B cnetryrcueH rrocretr ,o-

BareJ.rbHocr iE.  cHaqara npoH3BoAHTcf i  [peABapKTenbHa.[  oueHKa noTepb Haf lopa

BO BCeX Tpy6OnpOBO!,aX U nO 3aIaHH-brM &rlfl nPOeKTlrpOBaHHf 3)+(eKTOpa

3HaqelrHrM HanopoB opHeHTHpoBor{Ho onpeAen-ErcTc.8 Hanopbl  p360qero,

BCaCbrBaeMoro  H  Bbrxo t rHo l .o  no roKoB c  yqeToM noTepb  Hanopa  B  coorBer -

crBeHHbrx TpySonpoBogax.  Cocrasjrx loTcf i  BceBo3MoxHbre coqeTaHrur Par-
Hocre i  HanopoB Hp  -  I t , , c  v r  f l r r , ,  -  Hur .  Bs r6Hpaercn  KaKo i i -n r {6o  r r {no -

pa3N lep  fXeKTOpa H  nO e rO lKCrLnyaTa t$ {o l lF {b t i u  XapaKreLr l t cT } {K l l } l  l t - * I f f  p l l l l { l , tX

o rHocHTef ibHb lx  oTKpbrTH i r  conJ Ia  np ( )Bepr reTc r r  pS6oTocr i ( ) c ( )6 l rocTb  pe r ! ' n r1 -

pyeN{o ro  l )+ ieKTopa  npH BceBo3r " rox i {b rx  co r rc13} { } r f l \  i ) i r 3 r roc r r - } i  l i an ( )poB

B fu la i { l l oN1  H I rTepBa. : Ie  t t \  } {3MeHC} i l l ' r  ] ro  i l c j t : . t c  i c r {  i - t i . iV t0u t } t r r  ( )6 i r3 , r ( )u
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Pxc. 35.  3xcnnyarsul loHxbre xapaKTepHc-
rHK !{ r 'TaHAapTH3oBaHHoro peryiiHpyeMoro
3xeKrop . l  r lmopa3Mepo l r  D"  X  D* .cv  :

=  1 0 0  X  l 0 ( l  ( S ' =  0 . i )
f fu" ,*  -  I r ' " . :  1 - -  5 nr ;  ? -  lo r r ;  3 -

1 5  N { ;  J  -  2 0  M ;  j  -  2 5  M :  6 -  3 0 r v r ;
/ - 3s rur

uIc

I IpoBo,] . f lT BepTl tKLfM, cooTBeTcTBytoruHe K&)KJ,OM]'33.1ar{ I {OMy 3HaqeH}l lo

pa3Hocref t  HaropoB ( t {p -  H"r) ,  Ao nepeceqel lu] t  c  Kp] iBbt fvtH.  coorBercrB] ' -

tottlHll lt 3a.U,aHHbrlv{ pa3HoCT.'IM HailOpoB Er",* - Hrr. fopli:oHTa-']H. npoBe-

AeHHbie qepe3 ToqKH nepeceqeHHf ,  yKa3biBaroT HCKOMbIe 3HaqeHtr t r  pacxo, loB

Ha Bbrxotre H3 3xeKTopa. f lo sepnrKaJrH onpegen.Etorcx opHeHTi lpoBoqHbte

3HaqeHHff  pacxogoB pa6oqero (a cneloeareJlbHo, H BcacbtBae:\ {oro)  ncroKa.

llo;iylexxlre 3Har{eHnff pacxoAoB AoJDKHbI 6ltm paBHbt (x,rlt troclaroqHo

6rua:rcu) 3aAaHHbtM npH [peABapHTenbHcfr  OUeHKe noTepb HanopoB, B npo-

THBHOfv{ Clryqae CneAyeT nOBTopHTb yKa3aH}rbrfr sntl 'ue pacqeT. 3aren npo}i3-

BO&qT OrleHKy TOrO, KaK 06ecneq{BaeTc.f i  3agaHHaJ{ paSorocnoco6HocTb

peryihpyeMoro 3)KeKTopa Bo BceM E{ana3oHe f i3MeHeHHfl  HanopoB npl{  Bcex

OTHOCHT€.IbHbIX OTKpblrH.aX COnJIa, paCCqHTbIBarOT 3/KeKTOp nO TaKONi-y )+(e

npHHurury npH pa3Hbr.\ 3Haqerui'^x Hw Ha KaBrrauHoHHylo cioixocrl l{ B cxy-

qae noJroxr{TenbHoro pe3ynbTaTa Bbr6()p T}f iopa3Mepa lxeF(Topa }1o)K}{o

cr{HTaTb 3aKoHqeHHbrM. B [porKBHOM Clyqae BblSHpafor . ]pyrof i  fHnops3\tep

3XeKTOpa H I IpoAeIIb lBatoT pa6ory B Tofr  ;+(e nocneAoBaTenbHocTl I .

l-lpxvep. l. BO:rrqeu npoH3BOntHble HcXo!.HbIe 3Hai{eHHl .\apaKTcpHcT}tK Per}'nH-
pyeMofo 3xeKropa B 3Kcr l - ryarauHoHHbrf i  (x  nycrcoeoi l )  nepxoa I -3C: orprerKH Bcp.\ i icro

6 rcSa  -  300 i  (238 ,0 )  1 \ . r ,  240 ,0  (707 ,6 )  M,  o rMerKH HH)KHcro  6 r t$a  -  I 16 ,2  ( i  14 .6 )  ,
114,8 (114,0)  M, orMerKa ocx pacnolroxeHxr 3xeKropa B ranepce TBC -  100,0 v,  xeo6-

. \o11r{Mbrf i  pacxog BbrxoAHoro noroKa 3xeKropa 0,65 -O,6 (0,55-0J) t t /c .3asHcxvoers

lorepb Hanopa a rpy6onpoBoAa-\ pa6oveto, Bcact tBaeMot'o H Bbl\o[u{ofu noroxoB or

cooraerc rBenHL lx  pacxoAoB.  a f l "o , . *  : 60Q lo ,x ;  a  t tD -  50Q1p ;  s l t u ,  =  i 003c '

2. Ilocrasx.\r 3aAat{y lrpoBcpHrL pa6orocnoco6xocrl pctY.tHpycMofo f,xcKropil

c  rHnopa3Meporu l ) "  X D*. .n = 100 ur ' r  X 100 MM r lp l t  3a[a] txbtx yc. t loBHr{- \  pa6oru [ -JC

3.OnpcAe:teHxc crarxr{ecKHX HanopoB pa6oveno, tscacbt l }acl \ rofo H abl \o- ! . } to l ' t r

loroKoB H aceBo3Moxxbtx lKcrpeMa-i - lLnbl \  coqcl 'Jr t t t f i  p l : t tcrcrcn i tJ f lopo8.

0,8

/-\u2mt50IN
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B :rccnryaTaqtonruf ,  t repHoA: Hp-\^=^300J _ 100,0:  200,5 rvr ;  Hoz = 140,0 _-  i 0 0 , 0  =  1 4 0 , 0  M i  H a c l  =  l i 6 , :  - ' f O O , O  =  1 6 , 2 * ;  t i " r r :  1 1 4 , g  _  1 0 0 , 0  :  I 4 , g  u ;
H p t  

_  
H s c z :  2 0 0 , 5  -  1 4 , 8  =  1 8 5 , 7  u ;  H p z  -  H a c t  =  t + O , O  -  1 6 , 2 : 1 2 3 , g  r v r .

B  nycxoeoo  n .O.n : l . -  I t r l  
^ ^  

23g ,0  j  fOO,O 
-=  

138 .0  u ;  Hp t4  =  20 i ,6  -  100 ,0  :=  1 0 7 , 6  M i  H , . c 3  =  1 1 4 , 6  - ' i 0 0 , 0  =  1 4 , 6  u ;  f ! r " 4 :  1 1 4 , 0  _  | O O , O  :  1 4 , 0  r , r ;  l / p :  _-  H s c 4  =  I 3 8 , 0  -  1 4 , 0  =  1 2 4 , 0  u ;  H p +  _  f f e c a  =  l O l , O  _ 1 4 , 6 : 9 3 , 0  n r .
4.OqeHxa norepb Haropa eo scei  rpy6onpoeoAax.
&rx paccuarpnBaeMoro c.il)-qaq pa(:-x-oA Ha BLIxoge r{3 3)KeKTopa np6Hi.iMaeM iic.

c K o n 6 K o  f ; 3 1 1 , t r 1 1 1 ^ ,  a . n ' r ' r , , - ' *HM eeM o " ", * : d,; il;i ;; "a ;:" ffiffi :: HfiT #il: T^,il:, ll L1,i, " ;,,?;i
x  nycxoro f i  nepHoA-b r .  B  :agxcx ,voc ru  Q '= . f  ( ,S , )  Ha- ro t r , xv  e '  : 2 ,9  v ]7 ' c  npu  S ,=  0 ,6 .florepx Harlopa Ha BbLxoAe H3 lxeKTopa B 3ToM cnyqae coorBercrBeHHo paBHbr alluo," 1 ==  6 0 ' 0 , 6 6 2  =  2 6 , 0  u ;  A f l " " , r l :  6 b  . 0 , 5 6 '  =  t 8 , g  r . - -

Pac . roA  pa6overo  no roKa  oucHxBaercx  no  eopuyne  ep :  e ,D iV?o :? [ ,  , . , r .
:: lreH'c 

Hp - Hrr Sepercx veHI-rrIHM H3 HMeroulH.xcf, B n. : 
" '".ro"t.io-p"lu"Ta 

H c opH.
eHTHpoBOt{HbIM _yqeToM nOTeDA Haron2 I -Jnq^.<er_r  r re
Hp - H'r: 110,b M, Ar.s "',;;""; ;'.; 

"oo'^"i'o'- 4:: 90;:t;;;il;:::: 
"";:T:5;Hanopa e rpy6onpo:oq. pa6j:gro noroKa onpejlenxrcrcr raK: iura 3Kcn,ryararrHoHHoro

n e p H o l r a  Q p  =  2 , 9 .  0 , 1 2  .  
v ' 1 . 1 0  =  0 , 3  1 7  r " r r  l i ;  e f l ^ =  5 . 0 . 0 . 3  1 7 2  =  5  i r r  , t  n n s  n v n v ^ -

B o r o  n e p H o a a  e r =  2 g  . 0 , 1 :  . J 9 0  : 0 , 2 , 1 5  u ' 1 c , L t t r =  5 0  0 , 2 i 5 7 : 3 , ; ; "  n ; ; ; ;Harlopa pa6overo-noroKa nposoprrxoHzurbuLr 
"r"gp*yupu"*oga, 

a a.retroBarenrlHo n21-
HocrH iianopoB Hp - H"r, no3ToMy norepH Hanopa npH trpyr.ll-\ coqeraHHjr.\ ;;";;;
onpe,qex-floTc fl rTpofl op rlH oHL{LHo oTHonr e HHro p a : Ho cre f, Hafi o p o B .

Pa'<og BcacblBaeMortr [oroKa H norepH Hanopa a rpy6onpoBogax BcachrBaeMoro
noToKa ofipe,U,en.E]oTcq Tax: . l , tut 3KcrUrya.I?UHoHHofo i lepxo,[a Qsc = 0,66 _ 0.] l7 =:  0 , 3 4 3  v r / c ,  A H r .  =  1 0 . 0 J 4 j .  =  I  j  r r . r  H  , u r f l .  r r y c K o B o r o  n e p ' o f i a  e e c  =  0 . 5 6  _
-  0 ,2 '75  =  0 ,185 nr3 /c ,  l l / " .  =  l0  .0 ,2851 =  0 ,8  rv r .  i , l l p rexenxe norepb Hanopa Bo Bca_cblBanu{eM rpy6onpoeoAe nPH ^apyrx.\ Harlopax opHexrxpoBoq}ro Mo)KHo npru{f;Tb npo-t lopuHoHenhlrbrr,{ H3MeHeHXro f iorepb Harropa a royS0npoao[e pa60va- noro*".

5. OnpeaeaeHHe Hanopoa pa6ouelo H BcacbrBaeMoro noroKoB c )4{eroM norepb Hano-poB H pa:xocteft frlf,\ HanopoB.
B axcn- ryar -aqxoru+r f ,  t repHog:  Hpz :  140,0  _  5 ,0  =  135,0  v ,  Hnt  =  l00 j  _-  5 ' ( 1 8 5 , 7 i 1 1 3 , 8 )  =  1 9 3 . 0 . v ,  H s c r  =  l 6 J  -  t 2 :  1 5 , 0  , . H " r . , )  = u i + . S  - -  l , l  X

:  I ;3:d1t, ' ib ' '=;r j :dt": '  
Hpz - Facr = r3s,0 - r5,0 = 1r0,d-;,  Hpr - Hscl=

B nycxoaoo n.Ol : ry  Hr ! -  107,6 -  3 ,8  :  i03,g  u ,  HeJ = l3g _  3 ,8  .  (124,0/93,0)  ==  132 ,9  M ,  Hec3  =  14 ,5  - ^0 ,8  =  l 3 ,g  u ,  Hsc4 :14 ,0  1 -0 ,g  .  ( 124 ,0193 ,0 )  =  l l 9  v ,Hpc  
- .Haca :  103 ,8  -  I 3 ,8  =  90  u ,H6  -  H r rq=  132  g  -  tZg :  120 .0  r , r .
Ecnx paccv*T'lltHbic Hanopbr :xaq'rrenuro orrHqaprc' or 3rrFHHbrx e n. 4 (6o,reeqeM H_a 5,%) , ro pacqer Heo6xoAxvo noBTopHTB, HaqHHarr c n. 4.
6' onpeeeneHHe pacxo!,oB H3 sLIxoAe H3 3xeKTopa no 3KCnrIyar'auHoHHLrM xapaKTe-pHcrHKa 'v  npx  s ' ,  par r rov  1 .0 ;  0 ,6 ;  0 ,3 ;  0 ,1  s  :aencxMocrx  o r  pacqerHr rx  pa :Hocre f ,

l"*"P;t 1y.:..!:: 
flpx :rou 3HaqeHHrr AllBbrx rr,,rrr K&KAorro HarropHofo pex<6Ma

np -  f ,ac  BbtoHparcTc f ,  TaK, r ro6sr  coxpaxr l tocbpaneHcrBo A/ /Bbrx  =  60 .Oio , * .  pe :y -nr -
TaTbI onpeleiretrHrr pacxoAoB !{a Bbr.\o!,e H3 3xeKTopa cBeAeHLr s Ta6n. 4.

. lance peKoMeHAyercf l  qrpoxrr rpaeHx r""" i".o.rn eatrx = /(.S,),  noMor"rcuu{ffHarJlt'tlHo otIeHHTb npKFoAllocrb peryr'IxPyeMoro 3xeKToPa Aaxuoro rHnopa3Mspa I,Ltrpa6orut B 3aJra!{HbL\ yctloBx.f,x H 3Hatturenrgo o6nertraroulrfr gnocncAcrBHH pa6,ry rxc-n-tr yarai.lr{o Hxu,r p a5orxx xos f3C.
7 .  3aexcxb{ocr r  Q"o , ,  = , f  (S)  (p rc .  37)  noxa:uBaer ,  q ro  perynHpyeM' f ,  3x (eKTopc slr6paxluNt rxnopa3Mepolr .voxer 6urrr ycraxoBrleH xa f3C c 32rr2HHbrMH H3MeH.HH-tf ' ' lH HanopoB H pacxoAoB, r '  e. npx Ecex corleraHH.rrx HanopoB 3),KeKTop 6ycer q,aaarb

tlco6'xoaxvLlt l  pacxort Ha BHxole x o6ecneqrsarb Aocraror{}{yio KaB'Tauxo*}Iyrc yc-rott-t lHl loc-lL Kpove roi\o'  c noMolulro :rof i  :asxcHMocrH oueHxBaerc.r xeo6xoll{Moe lra-qeHltc orHoct{Tetb}Iot!  orKpL{TXf, conna S'nptt pa3HLIx Hanopa-x. Tax, npn orM!.TK'.\Bcpx l tc ro  H HIDt (Het 'o  6 rcQa 300 '5  r 'a  n  114,8  u  s rHocnTenb l {oe  orKps l f ie  connr  S ,fxer<ropa AoJ l ) i (Ho 6sr r r '  pasxo 0 , lg -0 ,23 .  npx  orMerxa- r  2 .40 ,0r , , r  , ,  r io , , l  *n  n  : :s .o  * ,

Pxc .  i 7 .  3asNcHrv roc rb  ?a r rx  =  / (S ' )
( H p  -  H u J  =  1 8 0 . 0  w ;  2  -  ( { o  -  H ^ r )  =  t 2 0 , 0  r r ;  - i  -  ( f { p -  H " . )  =  s 0 . 0 . \ r ;
-  r {HT€pBa;Tbt  H3WeHel { r {q  HeoSxo i lHMoro  pacxo i la  r ta  abr r ,o ; Ie  H3 lx (eKTopa B l t sac '

rur y a r-J r.tno Hrrur ft n n y c xo a o ir n e p Ho.:Lbr c o o rB gr c rR e nHo

Ta6,luua I
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r ' t . v  rHf loparMcpov l ' t  I Ipo8 ,J l ) r {K ]  I  c I 'o  I  - r i rKOA )KC nOej lcAoBar ! " rb , t roa tH.
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12. HEKOTOPbIE OCO6EHHOCIH KOHCTPYHPOBAHH', H3|OTOBNEHII,, I ,
MOHTAXU H 3KCTUIYATAUHH 3XEKTOPOB

B HacToffruee Bpeltr 3ar{acrvro [poeKTHpoBaH]ie, H3roroB,leiue, ] ior irax
H 3KcrulyaJauH.fl 3xeKTopoB npoH38oAHTc.fi pa3HbrN{H opraHu3awlrMT. B :rolr
cnyqae f ipoeKT H TeX]iHqeCK]re ycnoBHlr Ha H3roroBreH]{e 3xeKTopoB npoeKTH.
poBtuHKy HeodxonHMo cornacoRars c 3aKa,3ql{Kou. r 3a ttpaFH;tbt-{ocrb KoH-
crpyKirHH, pacr{er ero rHrlpaBm.rqecKHx xapaKTepHcruK, errdop Marep}{arroB,
KaqeCTBO I{3roTOBIei{XJI, IvIOHTaX H peMOHT OTBeqaeT Opfar}r3al[ t f l ,  Bbingj l-
H.rrBlua_E cooTBeTCTB )'lou]tre pa6orlr .

Pexor'reHgal{}{ i ' { ,  r tpHBeAeHHLIe B rToM rnparpaQe, ocHoBaHbr }ra of ir , ITe
pa6orl i  I I l l3. KoNcrpyrcun.f l  nporot{Horo rpaKra l ;+(eKropa. KaK ir38ccrHo,
.u,otDKHa o6ecneq'reart coorBercrBHe npo$Hnn ecrecTBeHHorvty npoQnnro
.t{BHxyuerocfi  r IoToK3. t{Haqe npoHc.xol1}iT lpocce.-I} lpoBaH}te B y3Kt{},  }{ecT&\
tt  oopa:oeaHHe 3aBil .rpeHxi B tuupoKltx. f lo:rorr1' eaxuel"r[ t ] l : \{  rpe6oeagraepr,
nDe/]bfiB,l-qe,\1brM h: KoHcTpyxuHI,i 3xeKTOpa B i_l€Jto),1 , ,o.Bi.fieTCfi al.poia,
coocHocTb corlrra (]u pery."rHpyeivrofo 3xer(Topa - HacaAKa N nrrr lr) ,  K&vepbr
n ^ r A r r r r t n 4 r  - " ' i . ' L  D .  . - ^  -  , - -  -  -v'rvuDcfl4/r n ArlgrY/jruPd. r iDrl luJl-HcHllc Jtul ()IPeuoBaHH_fl KoHIpOIiHpygTcfi
npH H3rOTOBrreHHH.

Ot.qenrxlte y3jTbi ixeKTopa ueHTpy' lorcf i  c rro*{orubro BbrcrwaH Bna.:rgHbr
eo Qlaxqax, rHa,v{erpbl Koropbrx BbinonHrrcTcr iro rperbeMy Kraccy rowocru
lI3roToBtIeHH.f l ,  qTo coolBercTByeT ceAbMotv{y KBtuTHrery CT C3B. Uepoxo-
BarocTb noBepxHocrei x:trervrfl p iqfr.eT Ha ero lKCrLriyaTaI{HoHHbje Kar{ecTBa;
H3HOCOCTOfrKOCTb, npoqHocrb (oco6enHo ycrL-rocrHyrc), Koppo3l{oHH}'ro
crotixoctr,  rHqpaBrltqecKHe conporxBxeHrur H TaK lanee. f lo:rolry Kxacc
qxcrorbr oSpaSorru f lporoqHoro rpaKTa sxeKTopa H. B f lepByro oqepeAb,
cotlrla H KaMePbI cMeUIHBaHHJI peKoMeuAyercfl elr6uparr He Mexee uecroro.
flpn H3roroBlreHHH 3xeKTopoB paccquT:rgHbre rtr{a-!{erpbr coruta lr i(aMepbr
cMeuHBaHHJr Heo6xoD.rMo Bbrnotnurb c Aocraroqriofr crenegbrc ToqHocru _
He HHXe lpeTbero Kjlacca ToqHocTH, (ITO COOTBeTCTByeT CeAbNrotvty I(B&:IHTeTy
no CT C3B.

llpxnrep KoHcrpyr<r{Hr HeperyxHpyeMoro 3xeKropa, ycr;rHoBJreHHoro
xa Ycrr- l , tmoacrcon l '3C, npHBeAeH Ha pxc.38. Tax KaK B 3xeKTope KaBHra-
Itr{OHHble pe)KHMbr HexonycTxMbr, TO KOHCTpyKI&' IpOTOqHOTO Tpai(Ta H oco-
6ergo KoHcTPyKlo{t no[BoAa BcacbrBaeMoro noroKa AotDK]ibr 6un TaKr{MH,
qro6ur orcfrcTBoBs.'IH o6paftIbre yKnoHbr, pe3Kre fiepexoAbr, 3a3opbi, Bbr-
cry[br (r.e. HcTor{H}.tKH :arxxper*ui H Bo3qyuHbtx MerilKoa) x, KpoMe roro,
oHH Aon)KHlt o6ecneq'marb repMerHqHocrb 3xeKTopa (ynnorgerure Bcex MecI
coeAHHeHH' y3noB 3xeKropa). Conlo H BxoAHofr yracrorc B KaMepy cMe-
trrHBaurur fxeKTopa HaxoArrcx B 3oHe BaKyyNra (coynapernrs ABIX nororcon),
no3ToMy c uenbro HcK;rlor{exnff KaBrTaryrouuori Koppo3HH coii.no (un pery-
nHpyeMoro 3xeKTopa Haca.qorc r xrna) H KaMepy cMeurr{BaHxx Heo6xoAHMo
Bbr nonrurrb H3 Hepxaaercutefr craJrH.

nln oneparuauoi 3aMeHbI co[na B npouecce 3Kcrrlryarartrrx 3xeKropa
peKoMeHgyercn coIUIo Bblnonrurrb cbeN{Hblvr, npficoeAHHrlfl ero rc rpy6o-
npoBoAy pa6overo noroKa c noMor,rlbro QnanrleBoro coeAHHeHHn xnN pe:r6rr,
Koroparl ynnorruIercx cypHKoM KnH JreHTofi OYtl. llpx rconcrpyHpoBaHHlt
pery nrpyeM oro 3xeKropa x oxSurypauxrc BHfrlxHHefr non epxHocTH lracarlKll
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Pxc. 38. KoHcrpyxrrxr HeperynxpyeMoro 3xeKropa IBC Ye-ls-h;rxr ' .rcrcoX f3C

/  -  n a r p y S o x  p a S o v e r o  n o r o K a  D v  =  2 0 o  v r v r ,  P v  =  l  , u l l a ;  - ' -  c o r a o ;  J  -  n p x e v x a n

r , . 3 - . ' l e p a ;  J - x a - r r . r e p s r c M e l u e { B a H n x ; 5 - : r a $ $ y : o p ; 6 - n a : p 1 ' 5 o r c B b r . \ o . a H o r o n o r o K a

D y  :  3 0 0  r r w ,  P y  =  0 , 6  M I - l a  7  -  n a r p y S o x  B c a c b r B a e v o r o  n o r o K "  D ] .  =  3 0 0  v r r ;

P y =  o  ' 6  i \ { f l a

H rrrirbr corlila, Hapy-xnofi rroBepxHocrH HacarKa H BXor]HOro yqacrKa B Kaiv{epy
cMe[rHBaHx.fl neo6xo!.xvo BblnorHtrb rai.inM odpa:oirr, qro6ut nnoualr
ceqenuri pa6overo H BcacbrBaeMoro noroKoB (a c.te:,oearerbHo, rr cxopocnr)
r{ 3MeHrJrHCb paBHON{epHO .

Kpecronnxa B perynHpyeMoM 3xeKTope cny.i(Hr ;Ir.r HanpaBneHHJr ABH-
xexH.fl Hrrrbr orHocHTelrbHo Haca,rl,Ka co[na H BbrnofiH.fier ponb cra6x,irN:aropa
noroKa nep€A BbrxoAlrbrM ceqeHleM HacaA-Ka, cnocobcreyfi TeM caMbrM yfiyq-
ueHuro ycnonxri Qopr,orpoBaHHrr xanopuofr crpyH. t{ro6rr He Hapyuarb o6re-
KaeMocrb nporowrofr qacrl{, BTyJrKa KpecroB[Hbr gorna{a 6srrl crporo KoH-
ueHTpHqHa orHocHTetrruo o6oga, a pacnonoxeruHe, qxciro H Tonrr$rna pe6ep
.norDKHbr 6rrrr crPoro pernaMeHTHpoBaFrbr. PexoMeHtyercfl ycraHaBrMBarb
uecrb pe6ep c MHHHMaJTbHo Bo3Moxxofr (xcxo!.a u: ycnonrui npowocnr)
ronuuxofr paBHoMepHo no oi(pf/KHocrH (npHver'r oAHo n: pe6ep y'cranaBJ'rH-
Baror Ha BeprxKanrHofr ocx) .

B rexHonorHr{ecKoM npouecce H3roroBJIeHH.fi 3xeKTopoB 3HaqHTelbHoe
MecTo 3auxMaior cBapHbre pa6orrr (ocobexxo cnoxHar cBapHa;r KoHcrpyK-
uJu.fl - Kopnyc peryrr{pyeMoro 3xeKTopa) , norro*ry K cBapHbrM r.uB&!r npeltr-
.flBrullorct xecrKue rpe6onaHun. Caaprca AoJDKHa npoH38oAxnca rcnalxQn-
uHpoBallHbnvt cBapuprKoM. tlpH nepeceqeHHH rrrRoB Aonyci(aeTcfl TonbKo
aBToMarl. tqecKafl cBapKa. Flegonycnnrue geQexrur cB:rpr(H, oSuapyxeHl{bre
B npouecce H3roToBneHHfl 3xeKTopoB, ycTpaHflroT cr.prcofr H no!,BepraloT
noBTopHot\{y KoHTponro. OcHoeHbre cBapHbre KoHcrpyKT}.rBHbre lreMeHTbr
3xeKTopa (rcopriyc, i(aMepa cMeuIHBaHH.q,, lHO+y3op) Aon)Klrbr noABeprarbcn
iepuoo6pa6orrce nocre cBapKH.

KoHrpont cBaplrbtx urBoB seo6xo.u.HMo trpoH3Boll ]{Tb cornacHo coorBer-



crByroutHM Hoprv{arKB}crM MarepHarraM. Caapulre [uBbI y3noB 3)KeKTopa

iloABepraloTcfi BHeuHeMy ocMoTpy, [pocBeqHBaHH]o peHTfeHoBcKHfv{H l.Im,t

ral,tNla-nrlavrH t4 rHJpaBnHqecKorvly HcftbrTaHI{ro Ha I]poqHocTb npo6ultrut

, laBrrerrueM P, paetot t ' t  1,5Prro.  c BpeMeHeM BbiAepxxl l  -  l0  prnu.

l , l : rorosprrerb B [pxcyrcrBHH 3aKa3qHKa npoH38oAHT TexHHqecKoe ocBu-

gerenbcTBoBaHHe 3xeKTopa: r IpHeN{o{,qaToqHble HcnblraHHt (rcyaa oSnsa-

Te.r IbHo BXo!, f fT fHApaBtHr{ecKHe HcIIbnaHHfl  Ha rurorHOclb coeX,I iHeHHn y3JloB

3XeKTOpa AaBrreHHeM, paBHLrM 1:5PHo*,  C BbrAep)KrcOfr  10 Nr l tu)  H KOt{TpOnb-

rpo c6opry.
YcraHosxa lxeKropoa TBC na f3C o6uwio npoH3Bo!.HTcfl B cnel{HalbHo

oTBegeHHoM noMe[leHHH, !,ocTarot{Ho yAa,'IeHHoM oT NleCTa H&XOXAeHHa

o6cnyixNnarourero f lepcoHaJra (Hanpnvep, B i larepHax Har orcacltearouleft
rpy6olr) l{  trMeHyel{o}{ rairepeer.r TBC, }r . lon)KHa o6ecne.o.rBarb Bo3MorxHocrb

ocNrorpa H peMoHra.  KorrnoHoBKa c6opy loeaHl{ f f  lxeKropa TBC e r& ' Iepee

TBC ,to.q)KHa orBeqerb rpeSoaanxx;rr 6e:onacuocrlt  H npo]{3Bo[creeHHoH
cafi 'drapHH B couTBercrBl{ i i  c |OCT 11.1.003-74 N "l lpaenllaN{}t ycrpoftcrsa

tr 6e:onacHoi lrccrurvarauHl{ cocytroB, paSorarcu-l}tx noa.naBneHHeM", yrBepx'
a A U r R r ^ r r r  l - ^ n r n n r e v u . n 2 n n n \ . ,  l - C C P  a  \ r u p r r r A l  r - n e 6 n p e r - r u r J  l n r n r r n ^ A w k u
A L f  l t U r L v l r l  r  l r v r  v H  r w r u r q J v H v r ' r  v !  v r  r  v

nueulxr.tfr BIl! ,tolTxeH coorBercrBoBarb tpe6oaarutxu npoMbltrtreHxofr
3 C T C T H K H .

tls cHHr,KeHHfl ypoBHfi LII),)4a H BH6paqlol trera-,refr paSorarounx 3xeK-
ropoB !o  ! ,onycrH\ tb lx  npelenoB ( I -OCT 11.1.003-76)  Heo6xo4t tMo ycra-

Haa,-IHBaTb LBe-TpH XecTKI{e onopbl I ]o i ]r , ' IHHe SXeKTopa l t  onopbt ua scel i

rpy6onpoeOi lHor i  ipacce i )KeKTopa H,  KPOMe TOro,  I lpe! .ycMoTpeTb H3onH-
pFouixe $yr:r.apri  Ha Kai+(rbru rxercrop (Hanpnrtep, KepaM3l{ToBafi 3acbtlrKa

I -

5 6

rv raxoBr { }< ;  2  -  r ra rpy6ox  pa6o, re ro  noToK!

Ki|.vrepS

Pxc. 39. KoHcrpyxuxfl perynrpyeMoro
Dv :  25o  MM,  Pv  =  2 ,5  Mf la ;  -7  -  na rPY

c*r . - to" t t  Ai  7 -a, t t$Oysop; 8 -  narpl '

B AepeBnr inofr  oSlunsxe HnH o6Bf l3Ka 3ByKonorroularcruuM MarepHanolr)  .

i l : tn yrrpaBxeHuf l  pa6oror i  t4 o6ecneqer inq HopN{arbHbIX ycnoBt{ f r  rKc-

n. tyarar l r . rH 3)KeKTopbr nof lxrrbr  6r t rs cHabxett r , r  nprr6opaNtH lJI f l  H3!{epeHHfl

I laBnet{Hf l  ( iv laxoivrcrpaMH) ,  r ]peAoxpaFr}{reJ.rbr-rbtMt{  ycrpol icrear" tu ps3Hortr

r ra3I{aqeHHr{ (o6parrnrr t rN Kraf iaHaNrH, Qn,rrrpa,vu,  3aul t rHbIrv{ I l  cerKaNrr )  .

:anopHon apMarypol . i  c  aercN{arHqecKH.v H py ' { t IbtNI  ynpaBneH}teM.

C l t c re ru ra  pe rynHpoBaHHr  H  aBToMaTnr {ecKOr .o  vnpa ts i re i rHn  AOJr ; .hH3  o6ec r re -
qHBaTb pyqHoe H aBTOMaTHLIeCKOe ynpaBneHHe lXeKTOpOfvl  BO BCeX HanOpHblx

pe)*(HMa-x f3C. Perynrrpyert t r i i  3xeKTop (pnc.  j9)  oo{atuaerc.q l , r teKrpo-

trp l {BotroM Anf l  IHCTaHISiOHHOTO H,. IH aBTOTUaTI ' lqeCKOrO ynpaBj leHHfi  l lepe\ te-

uIeHHeM Hri lbr  r tpH H3MeHeHltH nor,a.{H Boi lbt .  Ipt t l ren.arcTct(  f l ]eKTpttqecKlrL ' ,

r l {dpaBnHqecKHe H, ' IH nHeBMarHqecKHe f lp}rBo! .br .  \ la l iorr terput ,  ycraueB;ur-

Bae} lbre Ha uTlTepax c TpexxogoBbrMH KpaH&\rH. , l ,oIXHbl  l tMeTb: Kj lucc

Tor iHocrt{  He HHxe 2J,  urcaly c raKr{}rH i lpeJexa. \ t } ' t  i {3Ntepet ia l i ,  qro6st  nJ}rc ' -

p r {eMoe  paSovee  " f ,aB leH} te  Haxog .H . tocb  Bo  r r ropo i  TperH  L l lK iu rb t .  } t } { c rb  h :p r j . -

Hy lo  qepTy  I I c  . i r . e f i eHHr { l .  cooTBerc ' fBv ro r r r cN l \  Da3DeLUeHHOI l lV  faB . - re r { ! { r r )

B  3 ;+ (eKTOpe.
I r ^ , . - - -
N U t t t P U . l t b t t U - f l J i v r C P t l l c j l D n D r c  l t P r i U U P D l  ,  . " t u . \ d r l l l J , v l D r  \ - r l l l P J l n 1 1 r t U l  U  - V l l l r . l  5 -

, ' IeHI{r  lxeKTopo}{  : lo. . IxHbt 6t ' t r r  pacn()noxeubr t {a Bt{ .uHbt\  Mecra-\  a . ' r r - r ' l - . ( - \

! ,ocry i lHbr.  f lpeao-xoaHHTe.[bt ibre Kj lanaF{bt  estOl tparcT TaK. qro6nt  B ]xeKr()pr '

He  \ {o r , ' i o  oSpa :oaarbc f f  t raB- r teHHe.  npeBbnuarcu lee  pa60qee  Sorce  qe \1  i r ' l

0 .05  \1 I Ia .  3nerc rpooSop .u " loeaHue  l xeKTopJ . ro . ' I xno  o rBcqar r ,  rpe5oe iunqr t
" fl p a a r.r. 'r,u- c rp o I c rn a ].q e K Tp o y cr a H o B o ]<' .

l ' l : r o roeHre ; r  (u , rH  npoeKTHpoBrunK )  : l o . t xc ' t {  ocv luecTB j t f f r -b  r c \ r i r r -
qecxu i r  Ha !3op  3a  \ roHTaxoM n  nycKoM nepBoro  l )+ :eKropa  TBC B  lKcn i \ ' t r . r -

u t r c .  HagexHocTb  pa6or l r  l )KeKTopoB l {ac ro . r rbKo  Be .q i {Ka ,  a  oScr } , k } { t sJ r {n " '

Kx  H lc ro , rbKo  npoc roe ,  q ro  rpe6oBaHHR,  npe : lb f iBn r {e \ rb rL '  K  l xcKTo [ r .n l

np i {  } {X  IKCnJTVITa I IHH.  CBOA. ITCf l  TOI IbKO K  CTp0r t ) i  I IOC: t€ ] lORtTe . ' rb t i r )CT ; t

pa6omr  c  3a f r t r l c , t (K3vH.  Ta rc ,  npH ny r :Ke  t /KeKropoB cna( ta ra  o rKpb tB tKr rc ) l

lxeKropa l 'BC Calrro-hly ' tuurcxon t - f ( '
f i o x  u c t r c b r E u c r \ t o t  ( )  | | o - t o x i t  I ) y  '  1 O O  \ t \ t .  f  V
a ) ( ) x  t l r , t x L , J u t o r o  l r ( ) T ( ) K . r  i ) "  -  

5 O O  r v ,  [ r v  =  O , b

- -  { )  . f r  \ 1 r i : r  :  J  -  l , u c i r l l ( )  N  i

, \ t  I  l : r

i l l . t : 1 .  r ' t



32IIBIIXKH TpvooupoBoAa BcacblBaeMoro noroKa, 3areM BbIXoAHoro noroKa
It rojrbKo f lcrol\ l  pa6oi{ero noroKa; npH ocTaHoBKe 3xeKTOpOB nOCJreAoBa-
Te.f lbHocrb treircrsHir ooparHaa: cHaqara 3aKpbrBarorcrr 3aIBr.rxxN rpy6onpo-
Bo[a pa6oqero l lo roKa,  3are l r  BbrxoAHoro H B KoHUe BcacbrBaeMoro.  Taxax
nocneAoBareJlblrocrb o6ecneqanaer HalexHocrb scei oxercropHofr cHcreMbl
i lpl{ nycKe H ocraHoBKe 3xeKTopoB H 3Kor{oMxro pacxola pa6overo noroKa.
Ecnlt cyurec'rByer Bo3Mo)KHocrb 3acopeHH.s, ro .r lo rycKa 3),KeKTopon e pa6or;,
Hf,+<Ho trpoBepHTb cocroflHHe cone.n, Bcex coeAurteHNli y3noB ])KeKTopa,
a raKxe ceroK, peu.reroK H np. Dlts, oSecneqenuff Ha.qexHofr r.r  6e:onacuoli
paSorlr 3)+(eKTopoe ua f3C co3.g,arorcfl peivroHTHbre cnyx6u, ycraHaBJ-rHBaeTcg
noprrloK nporpir.rarr i{qecK}ix oc\torpoB H p€MoHToB 3)KeKTopoB. Perurour
lxeKTopoB H ero or!.e.t-rbrublx , : .eralei Bo Bpe:'{n paborsr He AonycKaeTcff.
Heo6xoll .rvto irepr{o[HqecKrt npoBepflTb HcrrpaBHocrb l fefrcrs[.rx apMarypbr.
KoHTporbHO-H3NrepHre;rtHon annaparypbr r i  nDetroxpaHr.rrelbHbr_r vcrpoircrn.
I lpn orKroHeHIlf l . \  or HopMa-rbHbix yc.:roaHri lKcn-r-ryaraunu (noalruleHue
!.eRileHH-q, HeHCIIpaBI{OCTb KJ"ra.nai-{oBj -1]{(er(Top g,onxeH 6ltrl ocTaHoBijeH.
3xercrop noi lrexlrr re.xHl{qecKoMy ocBHAere, ' IbcrBoBanurc He pe)+(e oqHofo
p d J < r  t t  l l x  I  b  . l l c  I  .

|.IIABA TPi.-Tb,q

IICCJIENOBAHH' 3XEKTOPOB

I 3. IIA TY PTI bI E HCCJI FJIO B.{ iI H.'I H E PE TYJIH PYEM bD( 3)T(E ICTO POB

Harypxsr e H cc,re.g,oBaHHt HeperylrHpyeM bD( 3xeKTo poB pa3flHrrxbf,{ THno.
pa3l{epoB B vc.noBH.rr \  Eparcxof i  f3C. Harypruie HccneAoBaHHx ua 6parcrcofr
f3C 6tran npoBelelibr e 1971 r. corpyllrnKaMH JIM3 nplr coAefrcrBrur nepco.

t -
Pxc. 40.  Koxcrpyxuxf f  HeperynxpyeMoro 3xeK

narpy6ox  pa6o ' te ro  no ro l<a  Dy  =  2OO \ l ra ,py  =  t ,6  M l - l a ;  2  -  conno ;  J  -  np r r . vxa r
Horo  no roKa  D ,  =  30O vv ,  Pv  =  1  | r t l - t a ;  7  -  na rpy

Hara 6parcrori  f3C. HccnegoBaHHJI npoBoAHnHcb reoperr{qecKH}r H lKcnepH-
NreHTa.,nbHbrM f i freM . Drrn rpex THIIoB 3xeKTopoB: BblcoKoHanopHtrx (/z =
= 0J5)  -  9  runopa3NrepoB,  cper lHeHanopHbrx ( i r  :0 ,25)  -  9  runopa3i \ repoB
lr Hl{3KoHanopFrbl.x ( lr  = 0,1) - 9 Tunopa3Nlepoe, 6nr., 'ni  BbrnonHeHu Heo6-
x-o,1H]rr,re pacqerbi c yqeroM HarropHbrx ycnoeNri 6oarcrcofr f3C rper'r f i  Mero-
l e . \ {H  [ 11 ,  l ] ,  13 ,  l l l .  Konc rpy rcu . r x  l xeKropa ,  cnpoeKrxpoB3HHorc  [ { a

/ n ^ ,  n r , ^  - 1  f l \  - - - "
U v ( l U O d I l r l l l  l l P L J D l l - \ U f l r u L \  H q v a w r v D  \ w r ! r .  Y r r v .  

t v ) ,  r r y w A J w r Y r o r t / r P q i l q  D U J -

rv{oxHocTs 3aMepbr coneir,  KaMep cMeul}{Batutn. rutQQy3opa, KoHcTp}'KL[{h
nO[BOtra BCaCblBaeNIOfO nOTOKa, a TaK)Ke l I3MeHeHHe !,r ' IHHbl Ka,\{epbl C}teUI}{ '
BaHH.r{ H yga-r"reHHfi Cpe3a Conna oT HaqaJIa KaMepbl cMeulHBaHHfl.

Ycranosxa .L:rf i  l rcfrbrraHl.rr lxeKTopoB 6brna cNIoHTHpoBaHa B f loMeu{eH}r}r
Fa i repe! {  TBC Ha l4+. r  arperare (pnc.4 l ) .  3aoop Boabr  pa5ouero noroKa
1i,)qt i--rB,-1ng.[c.q H3 rpy6orrpoBoqa rtoxapHofo pe3epBa TBC (r e or cntipz:tu.),
i r .acbrBaeNroro noroKa - -  H3 Kopnyca cra l l l toHapHoro lxeKTopa.  Oreof .q [urH
rprvSonponoa npxcoef, l lHffrcr rc narpySrcy N{ex-tv o6parHulr KrenaHor{ H 3a-

t - - _ , _ - - - -
. l . i J t l , / h K U h  l l C l l g l l  q J n i l b l P U N 1  ,  U u € A l l i l s r l t ! - b l M  L  L l l L t c i \ t ( J t l  l t P U N r b t r j K l l  { { J t L t b r P d .

r  - ' .  c  lu,Dr.(Hl{ i \ ' {  6 leQov. B rpy6onpoBol lax pa6ouero,  BcacblBaeiv ioro H Bbrxo! , -

r r { r fg J ig lgxoe 6tr . rN ycra}{oBxetDI 3an,RH;<K}t ,  Koropbte cryx}L ' r r r  3aropH-brN{

i {  pcrvnHpyror.uHM I laareLrHe opra}roM. hcni , t rare;rbHa.f l  ycTaHoBKa 3xeKTopa

LraSora , ra  aBToHoI iHo  ronbKo  HeKoropoe  Bpe l r f l ,  Ko r ! ,a  l 4 - l r  a rpe ra r  He  pa6o-

r&r.  Bo BpeN{. f l  Hcr- IbrraHHn npott :eoAHnHcb } t3. \ tepeH}{ f f  (pt tc.41) pacxo; la

paSovero  H  Bbrxo l lHoro  no roKoB,  Hanopa  B  -xepaKTepHbtx  To t tKL \  SxeKTopa

l r  3oH: lHpoBaHHe cxopoc re f t  r ro roKa  B  nonepe{HoN{  ceqeHHH B  KoHue  Ka l tepbr

ci \ teLul tBel{Hf l  H rxQSy:opa. Hanopsr H3iv l€pf l ;1} , t  o6pa:uoe t t  Mt{  \ I  aHoN{erpa\{ t l

x , racca 0,3.  pacxo. t  pacxoAorvlepF{btNt}{  uat i6avu c cHQvaHo}{erpaMn.

I lorpeu-rxocrb H3N{epexni i  Hanopa cocraB,r-sra 0i - { ,6 Nl ,  pacxo: I ,a -  0,001-

0.003 l r3/c.  f lo . \o.qy Ncrntranxi  3&\, {enf l t rucl  (acero 100 :aveH) conra,

i (a, \ {epbr cMer.unBann,a,  rNQ$y3opbt,  KoHcrpyKrI} {H BXoAa B K&vepy cNtetruBa-

t{Hfl, It3MeHtIaCb .L,-IHH3 KaMepbr CMeUrl{BaHHfl, nePeMeu-lajTHcb conjla orHOcH-

TenbHo KaMepbi  cMeurHBaHrur H 3aMepf lJIHCl (eCero 520 :amepoe) pacxotr  pa-

6o,{ero H Bbrxo! ,Horo noroKoB B Axana3oHe 0,M-O, l  I  v  t  
l ,  ^  0,  I  5 - -0,  I  8 nr  3 

/c

ropa TBC,  HcnLr r r , IBacMot -o  Ha 6parcxoA f  )C

K a M e p a ; 4 - x a - v e p a c . w c t l l H a s l t t r n ;  j - l r r r t l r d l y t o p r l r ' p e r , B t t x t t o i t ;  6 - t t a r p y i > o x a h l . y ( ) ! .

6 < > x  u c a c u r s o e M o r o  n o r o K a  D y  =  2 O O  N r : \ 1  ,  / r v  -  I  f v l l l r
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coorBercTBeHHO H AaBneHHe B XapaKTepiibrx Tor{Kax. Hanop paoouero noTOKa
npH 3ToM H3MeHflJIcf i  H cocTallu.rr 100_-108 v, BcacbrBaeMoro rroroKa 4-6;,
BblxoAHoro f loroKa - 15-'+5 vr. HanopHble pex]irvrrr pa6orbr ixeKropa ycTa-
HaBJII{Balr}lcb rlyrefvl ,fpoccenHpoBaHI4JI BbtxoAHoro noroKa c IIoMoulbro 3a-gBru+iKll Ha BbIxoAe ll3 3xeKTopa. HcrntranHl fipoBotrHtrxcb B TpH 3Tarla:
l '  onpegerteHue onr,M&TbHoir reorrerpl,rH rpex r,rroB 3xeKropoB B pacqerHoNl

i:|T::' .2' .11\ln"soBaHHe 
Ireperleul{ofo pe}.c{r.{a 3)Kei(ropoa onrit,"ia.rrruoft

rsurvrtr LPnn' J. vrsci le/{oBaHHe HepacqerHbtx feoMerpHqecKHx H t(oHcrpyt(T}rB-
F{bIX IIapaNlerpoB sxeKTopoB. B KaqecrBe norca:arelei :QQercrneHocT}t
3xer(TopoB Hcnorb3oBajr l lcb KaK o6.a:arel luoe ycrroBHe o6ecneqeHue
3alaHF{brx :uaqerrrf i  HanopoB H pacxojfoB Ha BbrxoAe H3 f)KeKTopa, rco:Q$r.r-
weHToB l lol le3Horo refrcrnH.q, cta6NrrHocrs pa6orbr lxeKTopa (6er rcaeu-
raryrn) .

3 rc nepxlf e r ira,ibHbie iiccir eAoBa iii{' .rturli snell,yio u]{e pe 3ynbrarbi :
1' ily..ru-ryrc cxoAH'{ocrb onbITHbIX H pacqer'rbrx [aHHbr.\ rioKa3tu-ra Mero-

t r t IKa pacqera E.  f l .  Corconoea [13J,  Koropa-x  n  durna npHxf i ra  e  Aa,TuueHLuerr
3a ocHoB-v pacqeToB lxeKTOpOB.

l '  AHa,'-m: lHepreIHr{ecI(HX XapaKTeptlcTHK 3XeKTopoa ( a l lcor< oHaIIOpHo-
ro' cpe'u'I{eHafioPHoro H HH3KoHanopHoro.) onrNvalrsoi i  reot{erpqH tpxc., l3)
rro3BojTlr. ir  yror{HHTb pacqer reoMerpHqecKoro napaMerpa rxexropa t BBe[e-
Hltervl onsrrHoro ro:sQxrg{eHra k, (cv. r;r .  2).

3'  Hcc;re. loBaHH.q nep€MeHHoro pe)+(Hrra 3xeKropoB onrlr j ! i&-IbHolr reo-
Merplil{ noKa3a,l}{ HeKoropoe pacxo)k-r.eHHe onbrrHbrx H pacqert{r,r.\ raHHbrx,
a raKxe no3Bojl l l i lH yroqHilTb ypa8Herure rH.qpaB.iurqecrcoi i  xapaKrcpl{crHKH
lxeKropa [aaolHrcn ornt r ro t f r  rco lQQxrrxeHT gr{ ,  npr r6 ;n :Hre ibHo pasurru
e':uHttue) l t  pacqer KaBHTarIHoHi{oro perK}r}ra (neo!.Hrcn onlrrxr l i  xo:e$u-
uHeHr t*.  (cv. rn. 2) ]  .  Ha puc. 44 npegcraBneHbr onbrrHbre H pacqerHbre
xaparcrepHcTHKH 3xeKToPoe (a rooptrHHarax q, h), .r{BJt-f i iou{}recn cBoti{brMr.r
xapai(TepHcrHK&vrH 3xeKTopoB onrlr\{Ltsnofr reoverp}xd. OrH6arouure KpHBbre
no3Bon.Eror I Io H3BeCfioruy orHocHTe.lbHOMy HanopHoMy rco:<pQNrureHTy
opHeHr-HpoBot{Ho oqe}IHrb onrHruatrbHoe 3Haqe}rHe orHocHTerrbHoro pacxoA}Iofo
rc orQQ N rru eH Ta &rr.E JTl.rx Hano p Hbr x y c,ro a xfi .

4'  3rccnepHMeHTaJ'-Ib*Ibte naanarroratnr HepacqerHbl.{ reoMeTpHr{ecKHx
H i(oHcTpyKTHBHbrX napaveTpoB no3Bo'llr,lr{ ,[,&rb peKorvleHnar{HH no npoeKTH-
poBaHnro lxeKropon (cv _ rn. Z) .

Harypar're HccneaoBaHHr ro'roBHoro HeperynHpyeMoro axexmpa TBc
Ycrr-Hnxucxofi f3C. Haryprnre Hcc.ne,foBaliufl 3)+(eKropa TBC ycrl-[,[nur.,r-
c r<or i  f3c  Surm npoBegeHbr  Ha Bparcxo i  f3c  e  l9 l4  r .  io rpyar**aMN 1M3,
MOCKOBCKOTO HHCTHTTfa fNAponpoeKT HMeHH C. n,. Xyxa, ycrr-hlxvcrcou
f3C npH coAefrcrexN l lepconaira Eparcrori  f3C. fonoaxofr rxercrop TBC
6ul,r cnpoeKrHpoBaH H H3roroB.[eu Ha IRt3. Koxcrpyxrp{.f l  ronoBHoro 3)KeK-
lopu TBC nPeAycrvrarpxBana Bo3MoxHocrb 3aMerrbr coner (d. :  62 prru,
64,3 vrvr ,  68 vr ' l )  H Kar \ {ep cMeurHBax}ur  (D* . ._  :  I  i3  vu,  l l9  2  MM),
a raKxe ycraHoBKN u00y3opa c nepe!{eHHbrI lrH rro iLtHHe yrnaMH KoHyc.
Hocn{  (2 ,  4 ,  l2o)  H Kopnyca c  ruraBHbr . \ {  nor tBol loNr  Bcacbr tsaeMoro noroKa.
YcraHoBrca i ln.r l  HcnbITaHHt lxeKTopos 6ruta cMourHpoBalia B norvreu-reH6H
ra- lepeH TtsC xa l6- 'v r  x  l8+a arperarax.  3a6op ! r  or tso l t  Bogbr ,3aMepbr  pac.
xoi iS l{  t lar lopa (r luiop H3Mcpfirtct ronbKo B Tpex rorlKJx, olpcge1fl}oul}rx

5 i

Pxc. '1 3.  3HeprerxqecKHe \apaKrepHcrHKH Heper) ' . ' tHpyeNrbr. \  lxeKTopoB TBC orrn1.rra-rs
H o f t  r e o u e r p H H  a  - , t s b r c o K o H a n o p u r r f t : x e r c r o p  ( l  =  0 . j 5 ;  l / r " , *  =  - 1 0  r r ;  I  =  l 7 ;
q  =  0 .63 ;  . raBreHHe B  KoHue  K&\ lepb l  cMe[ rxBr r {H .s  0 . ]6  \ { l l a :  aexy ] . ] r  B  cpc je  con . - :a  5  r r .
n1  =  0 ' l ' l )  :  6  -  cpe ! f i e i {a rop ru f i  : xex rop  ( l r  =  0 ,25 i  l / es r . .  =  30  v : , t  =  1 .5 :  q  =
= 0.95:  . f , .aB.reHHe B KoHue Kar ' tepbr cMeul luaHxs 0,09 l l l la ;  eaxl ,yM B cpe3c corura 6 v:
n ,  =  0 . 3 5 ) ;  s  -  H n 3 K o H e n o p H b l f i  3 x e K r o p  ( h  =  0 . 1 ;  [ { " " r r :  l {  v ;  l - :  9 , 2 :  q  =  1 , 4 .
AaBneHHe B Koi{r le K;L\repbr cve[rHBaHHx 0. ] l  ] [ [ Ia.aaxy1, ] r  B c l rc3e , jon,rra j  :q;  n,  =0.2g)

0,25 0,5 n ' r F p 1.25 t5 t,75 2p 2,25 U 275

t, r, 7 - onb,r,,b,e ,?j;lJ;,iff*l"jjJ:J"",:ffi:ffiH:X":",'.n c ,r, = 2,7; r, ==  3 ' 5 = 3 ' 8 ;  k ,  =  i , 9 f  , 1 ;  ) ,  1 '  8  -  p a c v e n r b l e  f K c n r ' r v a . , l u l o r r H h r e  x a p a K T r p r c r * K H
, l r r r t r  r x e K r o p o o  c  k .  =  2 , 3 - 1  , ? ;  t .  =  3 , 5 + j . 8 ; k ,  =  1 , 9 - r 9 , 2 ;  j ,  6  _  o n b r r H a f i , {  p a c q e r H r q

or l t6ax lu i t t c  Kpt rabrc  coorBcrc rBc l { t to ;  roqKJt r { f r  r }b r ' l c j leur r r  o r rb r r t rb re  f  u r r . t c t . ln -x
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Qt9 0,2+
Pxc 45'  cpaeHe'ne 3KcnepHMeHTansHtr . \  \apaKTepHL-T,{K HepcrylHpycMbr- \  3xeKropoB

T BC pa: Hrr.\ THnopa3M epo I B yc.ro Brr.\ y srr'4nxr,{ c*oil 
-t:C

l . 7  - .  -  d c  = , 6 8 , 0 . w - v ;  D , . . 6 -  =  l O 0 , O . w r r ;  J , g  -  r . _ _ / g =  6 g , 0 w v i  D x . c l , r ==  l l 9 , 2 r t . v :  J ,  i 0  - , 1  - d . = 6 4 , l  . r r w ;  D * . c . v =  u J , 0 r r v ;  j , i _  , , ' _ d c = u o , a r . ,
D * . . -  =  l l 9 , 2 w r r ;  

! . t t  
- . - d c =  6 2 . 0 ' r i i  ; _ O * . c i r r = l l J , 0 v r r r :  I ,  j , J - , 5 . 6  -  l l r ==  9 0 , 6  v ;  7 , 8 ,  9 .  ! r , 1  .  ! l  -  t l p  =  6 g . r r ,  I  i ' * l p u * r c p r r c r * K a . o r p e 6 r r r e r r r

HanopHhrr i  pexHM rxeKTopa) OCyu1ecrB,. r f l - r - rHcb raK xe,  KaK I{  B f lpegbr; ty lqe*r
cnrrae (Ncrn,rraHHr{ Ha Eparcrcofr  f3c) .  I Ienr npoBoAHMbr. \  Hcnbrra}{} {h -
o ipaSor i<a KoHcrpyKtIHH 3xeKropa TBC, yAoBjrer"op"oul . i i  no npoH3Bor.H-
TeirbHocTH II KIII l lorpe6HreJteri cHcTeMbr TBC Ycrl-H.;iurvrcKofr f3C. a raKiKe
fKcnepl tMer{TaJrbHoe noXTBep)+qeHHe peKoMeH.[aUrfr  J l lv l3 no pacqery r{  npoeK-
Tr{poBaf lHro HeperynHpye}{br  x sxeK TOpOB TBC.

3rcnepuveHTanbHbre rHtpaBrfi-.{ecK}re }.rccj,reAoBaHlj.f l I\atH cJIeAV}ouI{e
pe3ynbra rb r :

l ,  P a c q e r H l r r i  t x e x r o p  c  d .  : 6 4 3  M l r  H  D * . r _  =  i l . ]  M M  n o  r l c e i l l  n o K a -
3a re-!qr{ ( npoN : s o,nxre;rbHocTb, KfI.[,, cra6Hn bHocrl pa6orr,r ) yroa,.reTBo pfi er
rpe6oaar i l tRM c l t c reMbr  TBC yc rs -HnuvcKo f r  f3C .

l '  i lc ! , raePxAeHa .xopotuaf i  cxotrJ{r \ {ocrb onbrrHbrx H pacqerHbrx 3rraqeHr*r ,
nofToN{7 npe&' IaraeMaf l  Bbl lue Mero!}rKa pacrJera HeperyJrHpyeMbrx lxeK-
TopoB TBC perc oMeHIoBaH a Ntn n poMbrrrgreH rroro t{ cflorr b3o Ba HHr{ .

3. I lonyveH Hr{TepecFrbrf r  Marepua,r  (noarBep)+(Aeiur l r i r  pacueroM),  r roMo_
rarcuHi oqeHHTb Bj IH-cHHe Ha xaDaKTepxcrHF()  lxeKTopa H3MeHeHs n IJ4J-
MerpoB conra  H  KaMepbr  cMeurHBaHNn (pxc .  45 ) .

4.  lTcnarranug no3Bo,rrHr l l t  oKoHqare,rbto pcrul l r r ,  Borrpocbr doplroo6-
pa3oBal lHt  ru l$Qy:opa x KoHcrpyKtryrH noABoAa BcacbrBaeNroro noroKa.
ConocrasJleHHe cocraBl{oro ax$Qy:opa (c nepeMerurbrMr{  no lur}{ r {e yrJraNr}{
rconycnocru) c rut(p(by3opoNt,  HMerctuHM nocronlrxru-r  no nceir  Ar l { } rc } roJr
KottyctrocrN 8o,  r roKa3i , ' ro l rcKoropoe npeHMyuJecTtso cocraBHoro 4urp<pyiopa

6 4

n6
t00

YU

Pxc.  -16 .  3asL{c t {vocrb  }poBHt  tuyMa HepenynHpyeMoto  3xeKTopa TBC Ycru* l :uvcxo i r

f3C or qacrorbr

I  -  3 o H a  y p o B H r  L U ) ' ! { a  t 4 c n b r r y e . r { b r x  l x ( e K T o p o a  T B C  p a 3 H b r x  r x n o p a 3 M e p o B ;  2  -

. i l o n y c r H M b t r i  y p o e e u r  u r l . r r a ;  . r ' -  y p o s e n b  r u y M a  i : x e K T o p a , 3 a . K p b r r o r - o  K e p a \ r 3 r r r o B b l r \ {
K O X ( y X O M

(a pacxoue) ,  ogxaxo oqeHb He3HaqiirenbHoe (n npere.ra.\ Toql{ocr}r }{3}repe.
ruu)  l r ,  KpoN{e roro. . l .&{e He npH Bcex pe)(Hrvrax pa6orur .  f lo : ror r t 'oKoHqa-
Ter, ' ibHo 6uno npxHrro petueHHe - ycraHaBrl{Barb B JXeKTope TBC : lrQSy.
3opbr c nocroflHHbrlr yrnoM KoHycHocrH 80. ConocraBriexHe KoHcrpy\-ru{H
noABo.l,a BcacbrBaeMoro noroKa (n:raeHoro H noA yrnoM 90o x ocH :xexropa)
raKXe noATBepAHno p€ynbTaTbl npeAbiIyuIHX ncnltraurul Ha 6parcl<ori
f3C. llnaeffirrt no.!,Bo.t no cpaBHenx.rc c tro!.BoAoNt nog yr,rornr 90o Jaer
He3HaqHTeJrbHOe B r0{c. 'reHHoM Bbrp&(eHHH (0,003-0,005 n3/c) npeulr,vutecrBo
B pacxoAe N K[n, Ho npoHrpbrBaer B 3anace KaBHTarrl IH. f lo:rortv, yt&rrbrBar
cKa3aHHOe H Tp/AHOc-Tlr B H3TOTOBneHHH CnapHOii KOHCTpyKUlrir  CrOXrrOir
xoHQxrypaulN c coo.TorIeHHeM crporofr coocHocru corura l{  Ka}repbr c}{e-
LUKBsH]{f l  ,  peKOMeHJOBaHO npHMeHer0re KOHCTpIKTptU fXeKTOpa C nOJ.BOtrOM
BCaCbrBaeMofo noroKa noA yrnoM 90o rc  ocH 3xeKTopa.

i isr l l r  npoBeAexbr raKr(e aKycruqecKlre HcnbrraHHfl.  3xexrop nprt pa6ore
lryvHT, npHqeM xaPaKTep H rpoMKocTb t l lyMa 3)KeKTopa 3aBHcfiT oT reoNler-
pHqecKHX pa3|vrepoB lxeKTopa H pe)Kr.{Ma pa6oTbr (r.  e. or i lanopoB i{ pacxo-

aoe) .  Heclrorpx Fra ro, qro JXeKTopbr ycraHaBrHBarcTcfi  Ha f3C e orre;r lxol-r
ra;repee TBC, o6cnyxrmarculeNiy flepcoHarry npxxorulrcx HaxoA]trbcrl B ra-lre-
pee TBC npoAonxHrerbHoe BpeMfl.  I- lo:rovy uenbro lracroflulr{x aKvcntqecK}rx
ncrnrraxHfr 6rrro Bbu(B.neHHe npHw{Ir Bo3HHK}IoBe}{Ht tr lyr\ loB npH pa6ore
lxei(Topa lr MeToAoB cKItxeHH.q ypoBHff rpoNlt(ocrH.

I lns N:uepei{r{. f l  ypoBH.q LuyMa Hcnonb3oBancn npeu}t3rronnt,r}-r utyrto}iep
r l rna f203 c  Ha6opou aKTHBnbrx Qx, r r rpos. , [ r rq  yMotbr .uetur f i  I lo rpeul t tocrc t i ,
: B f l 3 a H l t L l X  C  t l a l i o x t ' H H e N t  t u y M O B ,  H e  C S O H C r S e t t l t b l X  f ; + < C K T O P i / ,  r r X X P O Q O t t
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HeHHrc npHqHH BO3HI.TKHOBeHHff rlryMa (KaK npeArrojrarajiocb paHee - OfpaHH-
qeH}.rru paooTbr 3xeKTopa 3oHoil onpeAeneHHbrx HarroPHblx pe>KHMoB H TaK
Aa,.ree) , & K cHHxeHHlo ypoBHrr uJyMa pa6oralotrlero 3xeKTopa nocpe[crBoM
KaKnx-nH60 Mep.

2.1,1:r"reneHHe ypoen.fi lxyMa Ha pa3t{blx qacrorax B flpouecce pa6orbl

3XeKTOpa iIpH pa3Hbrx HarropHbrx pe)r(HMLX He3HaqHTernuo (orcono 5 g6) . 3a-

Biic[\ iocTb ypoBHff i i - iyivid oT pacxo[a tsbixoAiioro noToKa ])KcKTopa (puc.47)

s rcaroi-ro N{epe noBTop.f ler 3aBncuMocrb pBbrx : f  (Hrrr*) .  Ha arcycruvecrcoft
xapaKTepHcTHKe raK x€, KaK H Ha rHApaB.r ' IHqecxoH IIpH KaBHTaI,IHOHHOM
cpbrBe paSorbr lxeKTopa, HabnroAaercf l  pe3Koe yBe[] iqenHe ypoBHl lxyMa
(na pncyxKe - BeprHKaJrbHarr npnvaa) - 3To flBr-qercfi er.rte cAHofr npx.atHon
Hexerare.lbHocn{ pa6omr rxeKTopa B pe)KHMe, 6ru:ronr K pe)KHM}'KaBI{Ta-
r r l r n u u n r n  ^ n L r D cg r \ r r r r r v f  v  v v u r D s '

3. FIa Eparcroir f3C gaBHo f,Ke Be,r,frcf l  pa6orsi no cnH)KeHtito !?oBtif i
ruy'Ira crau{oHapH-br.\  ixeKropoa TBC. Hercoroplte 3xeKropbI no\{erleHbl
B ^lepeB.rnHbre .t IruHKH c Kepa.M3HToBofr :acltnxofr,  HeKoropble odsa:anui
38!.KOnorrloruarcI'uHll MaTepHaJIOrvl. flpOAegeHHbte aKycTHqecKHe HcllblraHnf
notrrBepAxnH HeKoropyro uenecoo6pa3Hocrb 3THx 3er\HTHbIX vreponpr-r-xrnn
(puc. .16) .  t losrol{y Ha ocHoBaHHH aKycrHqecKHX HccnegoBannfr 6ruro peFio'

MeH-:loBaHo npoBo,lxrl 5ops6y c ruyMoM pa6oraiouurx 3xeKTopoB c no!{orrlbio
3 B yK o H 3 olut u]l o HHbl x o r p &Kf, e xui l.t 3 B yK o rro rx o ur arc u{HX M are p H an o B .

l-1. MO,I,E J-IbHblE tl HATYPHbIE UCCIE {OB AH H.fI
PETY.,'IHPYLMOTO SiTiEI.ilOPA CA.flHOIUYIIIEHCKOR T3C

Hcno,rl:oBarxe perylrr.pyeMbix l)KeKTopoB Ntfl ci,IcreM TexHltqecKoro
eo,qocxa6xenHfl BbtcoKoHanopHbrx f 3C B HacTofiuree B peMfi orpaHrr{HBa-rlocb

oTcyrcTBHeM KaK ofibrTa [poeKTHpoBaHH.fi, TaK H o[brTa HX 3KCnXyaTa[I{H.
B rmercutefrcx no 3roMy Borlpocy ru{TepaType noMetqaeTc.E TonbKo norrynxp-

mrfr MarepHair H orcfrcrBylor peKoMeHAarIHu tro npoeKTnpoBaHHrc x 3Kc-

ffryaraUHH. Tar, HanpnMep, n pa6ore [4] ynoMuHaerct o pa6ore per-vnHpy-

eMbtx 3xeKropoB rexHHqecKoro soAocxa6xelM.t l  Ha f3c fp:Hg-Kynr s CUJA,

orMeqaercf i  3KoHoMHt{HocTb noAo6Hofr 3xeKTopHoi cncrel"r l t  TBC, [pocrora

B 3r(CrLrryaTauHH H npHBOAffTC.fi HCXO!}tbIe TeXHHqeCKHe AaHHbIe 3XeKTOpOB:

H p  =  8 0 - 1 0 0  M ,  H s c : 0 5 + 9  M ,  f f " " , *  : 3 5  r " r ,  Q r " , ,  =  0 , 1 6 0  M 3 / c ,  g  =  0 , 5 .

Blrcxa:ttealrocb onaceHHe, qTo npHMeHeHHe peryJlHpyeMbtx 3xeKTopoB

npHBeAeT K cHrc,KeHHIo Ko30QHru{eHra none3Horo AefrcTBHfl 3xeKropoB

H3-3a BBeAeHH-rr B coruro perynupFouei Hrirbt,  K Bo3FMKHotseHl{ io BH6pa-

tlHogHbrx H KaBHTarrHoHHbrx sBneHHi. Bce rrn cooSpaxeHxx o6ycJIoBfiHBauH

xeo6xogi.tMocrb, noMKMo co3AaHH.[ MeToAHKH pacqera, 3KcnepHfvtexra,qluott

npoBepKH HarexHocru H onruMaJrbHocru pa6ornt peryllHpyeMbtx 3xeKTopoB

B uenoM H orAellbxbrx ero 3neMeHToa. f lpoercrHpoBaxHe yFMKaJIbHoro pery-

nxpyeMoro 3xeKropa TBC lrq Ca.flHo-lilyurencrcofr f3C norpe6oga.'Io nF)-

Be,[eHH.fl cepxx [{ogerrbxbrx H Harypxbix HccreAoeaFo{fr, a raKxe onpetexeHH.q

vacurra6noro r$QercTa npH nepexo,qe or MoAe,rrx K Harype'

3xcnepxxeura ,qbxb le  xccneAooaHHf l  MoAenH perynHpyeMoro  lxeKTopa cHcreMbl

r e x H x q e c K o r o  B o a o c x a 6 x e u x x  a r p e r a r o B  C e n u o { l y r u c ' x c x t t i i  f 3 C .  K p } t r c p H X  l l \ ) -
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Pac'  47.  3anxcxrrocrb ) 'PaBHx lxyMa Hepery.THpyeMor 'o 3xeKTopa TBC ycrs- l , innrrcrcof i
i3C or pac.\og,a Ha Bbr.\oAe H3 3xeKropa

I  - f  =  l 0 O 0 . r t ;  d . =  6 - t , J w i . a ;  D 6 . 6 - =  l l J , 0 v n r ;  H o : 6 9 , 0 . w ;  J  _ J  =  l 0 0 O r u ;
c i ^ r =  6 2 , 0  u r v r , / ) * . . .  =  l l 3 , O  v v ;  i i  O =  9 0 , 6  v ;  j  - f  =  I O O O . u ; d . ' =  6 4 . J  r 4 M ;
D _ * . . * ,  :  l i 3 , O  w v ; - H O  =  9 O , 6  n ; . J  - . l t =  l O O 0  r u ;  c / " :  6 g , 0  r r . v ;  D * . . n i  :  I  l J , 0  w r v r ,
1 ,  

= - ! ! ' u . ;  
: ' ;  

-  i  = '  t O o O  r q ;  d c  :  6 8 , 0  v u < t  D * . . .  =  I  1 9 , 2  y i ' ,  f l o -  9 0 , 6  v ;  6  -
. /  =  l 0 0 o  r u ;  d .  =  6 4 , J  r * < ;  D * . c v  =  1 1 3 , 0  v v , H g =  9 0 , 6 . v ; 7 _ f  j + o o o r u ;  

d . =:  6 4 , 3  w v ;  D * . - , r =  I  1 3 . 0  s r v ;  H p -  9 0 , o  r r ;  S  -  f j  g o o O  r u ;  C c =  i + , :  . * ;  D * . . _ ]  =
=  I 1 3 , 0  w l r ;  H o  =  9 0 , 6  w

uiyr{oMepa oTcToturl Ha paccro.fiHHe oKorlo I I,t or 3)KeKTopa B TeqeHHe Bcex
HcnbITaHHfr. ExeuHeBHo oIIeHHBaIIcfl ypoBeub o6utero Qoua uJyMoB. Ognaxo
B npo(ecce aKycrHt{ecKHx Hc[bITaHHi r ranepee TBC 6lr.,ro MHoro HcroqHHKoB
Har-IoxeHH.fl tuyMoB KaK nepHoq,HqecKoro AeicTBlUI (nrc,rroveHye KoM[pec-
copoB H ApeuaxHblx Hacocoa, cpadarblBaxxe o6parFrbrx KiranaHoB pecHBepa,
paoora c oroofiHbiNl vo,lorKorvr H rcpauSaarofr) , rar H flocro.flHHoro .feH-
crBH.s (pa6ora BeHrl l -nrropoB, Typ6KH, crarr loHapnbrx 3xeKTopon) .  oxa:rr -
BaJ'ro BJI{fIHHe Ha roqHocrb x:vepernci H To, vro rpy6onpoBoAHa;i rpacca
HcfiblryeMoro 3)KeKropa .i l.rlHHofr orco:ro 60 v xe HMeJra xecrKr.rx onop. Bo3-
MOXHO nolToMy no norryqeHHblM pe3ynbrara,v He npocne)KHBaiorc_fl r{eTKo
3aKOHOMepHocrH 3aBHCIL\{OCTH ypOBHt rIyNta oT 3HaqeHH-8 paCXOAa Ha BbtxoAe
H3 3XeKTOpa, HanopoB H reoNrerpHqecK[x pa3MepoB 3xeKTOpa. Hecrrotp.r
Ha 3TO' nonyqeHHbie Pe3ynbTaTbl aKyCTHqeCKr{x HCIIbITaHHfi nOAsonHnH ctrenaTb
HeKOTOpbte BbrBoA,br:

l. l lpn'arutl no.tIB;IeHXl lxyMoB npx pa6ore 3xeKTopa 3iuro)(eHbr B caMoi
npHpoAe pabor l r  3xeKTopa. Coynapenl t .E noroKoB BoAbr,  l {Me}ouf ix  pa3Hbre
cKopocTH, MecTHbIe [y;IrcalryrH AaBneHu', pe3Koe H3MeHeHHe AaBneHHJr no
IlnHHe 3XeKTOpa A npoqee aBr.qlorcfl Hcror{H}o<oM uryMa. ypoeeHl luyMa
paSorarcrqero 3xeKropa TBC B ! .Hana3oHe cJrbru[rMocrH B ocHoBHoM npeBbr-
ulaer AonycTlrMble npc. fenbr (pxc.  a6) .  l lo : rorvry cnegyeT cAexaTb BbrBoA,
vro 6opl6a c ruyrv ior , r  npH pa6ore 3;KeKTopoB Aof ixHa cBoAlrrbcf l  He K ycrpa-
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II o 6 H t. Kax u:eecrHo, B Tex cnyqaq.x, KorAa orcyrcrByer cHcrervta yparHeuxfi ruApo-
ME,\AHHKH, ONHCbIBATTqHX ABKXEHI{E XH,q,KOCTH B C]IOXHbIX CHCTEMA\, NPHMEH.ESTCfi
reopHt  noAo6xx  H nocraHoBKa 3KcnepHMeHToB Ha MoAer r .s . \  [8  ] -  On:uvecKoe MoAennpo-
BATIHC KAK OAI , IH H3 OCHOBHbIX MCTOAOB H3YqEHHq THAPABNH' {ECKHX ,BNCHXf i  g rAgr r
t le . lb  -  BocnpoH3BecTH B yMeHr \n te l i l toM t racu t ra6e H3yqaeMoe rHApaBnHr{ecKoe f iBneHXe
npn o6ecneqeHHH nonHoro  noAo6xq HarypHor"o  H MoAenLHofo  npoqeccoB,  T .  e .  Ha MoAe; - r11
Bocnpox3BoDSTcs, npoueccbl rof i  xe Qn:Nvecxolt npnpog,ur, qro H B Harype. Pe:ynsrarsr.
noryt lef lHbre Ha Mo.ue, ' I l l .  Moryr 6uts :areu [epecqHTaHbr Ha Harypy.

\{oIIe,nNponaHHe fr lqpaRJIHqecKHX .qej ' tenHfi B c,r loxgLr}: cHCTer.,!Lv., r< i<siopbiM
orHoclfrcff  rr ABH)KeHHe XH,qKOCTH B 3XeKTOpaX. nO3Bonr{er peurarb 3a.[aqH:

a)  onpeAeneHHR ocHoBr iux  QxrNvecKHx 3aKoHoMepsocre i r ,  ynpaBnt rourgx  r rpoqec-
coM npoTeKaHHf l  XHAKOCTH B CHCTeMe;

6)  npoeepKH AonyueHnf i  x  rxnore3,  BBegeHrbr . \  B  pacqerL l  npx  perueHHH cHcrcMLr
ypaeHeHnft ,  onncbtBalou{Hx H 3f{aeM rr f i  npouecc ;

a )  pa :pa5orKH MeToaoB pacqera  ocHoBHbr . \  xapaKTepHcrHK npouecca.
I - lpn  uoaenHpoBaHHH rpe6yercx  co6nrcxeuxe 3aKoHoB noAo6nc,  r r ro  no3Bonrer

o6ecneq: i l - r  [paBHnFHoe Bocnpox3BoqcrBo cB; reHKr  H noc . ]eqyrouu- f t  nepexoc  pe3y i rb ra-
ro ts  lKcr repHiv reHTa Ha Harypy .  Teopnx no ; : ,o6ns  Qopvyrxpy 'e r  Bce rpe6oeaux-R,  KoropbrM
,a,oj l ,1(Ha -! ' . foBnerBop.t lTb Moaeflb, H Be.r lxqHl{bt, Koropbre Heo5.ro.:. tpro H3rvlept{Tb B onbtra,\,
n ^ n o n ^ ?  ^ K ^ a K ^ - ' . ' ,r . v y l r A v r \  v v  y q v v  r  ^ n  y u  J J  /  r D  1 d  1  u D  J N L r l s P n m c n  r d  n  r r P s a g J r b r  t r , \  r r P n I v l c n h M U U  l  l l .

f lpx xcc,reg,oBaHHH lsHxeHHN xHgKocrH B cJro)(Hbr.\  cxcreM&x ocHoBHbIM rpe6oea-
HtleM nolo6[c -qa.r lqetcg o6ecneqeHl.{e Me,xa.t lr{qecKoto gotro6g.s H3}Jaer,, toio r ipouecca,
T. e. KHHeMaTHqecKofo H .u,}{HurMHqecKoro noao6xx rrpH rEoMeTpHqeCKOM nOAO6t{H
n o T o K o B .

KxHevarx..recKoe noao6xe npouccca rpedyer co6nu,enx.s cxoAltocrx cxopocrefi
.u.BHxeHHt qacTHu )t(H.nxocTl.t .  f loHxrxe "cxoILHocTL cxopocref," o3Haqaer, t l ro Bo Bcex
c.\oIIcrBeHHbr.\ Tor{K&\ noroKa cKopocrx qasrHu )(H.o.KocrH gonxHbt 6srrs nponopul,{o-
HaJIbHbl f ,pyr lpyfy H oAXHaKOBO HanpaAJ'IeHLI I IO OTHoLUeHHIo K TPaHKUaM nOTOKa.
3ro o6ecneqxsaet reoMerpHqecKoe nogo6ne rpaexropnft ^gBH)KeHHir c.\oAcrBeHHbrx
qacTHU ),to{,q,KOCTH.

X.xxa.vx'{ecxoe noro6ne rpe6yer co6;rrcfeHx.t i  nap:unexLHocrx H nponopuHoH:rnb-
HocTH ]eFsrByotuHx B c.\oAcTBeHHhIx roqKax noToKa cHn npH nocroxHHoM orHouIeHHH
MexAy MaccaMH Aeyx iDo6HX cxo!,crBeHHLIx qagrHu (T.e.npx nocrotHcrBe otxoureHgf,
n to rxocre f i  no  BceMy nonrc  revexxx) .

, lrrx c;toxHblx HanopHbl.\  cHcTe.v, K KoropblM oTHoctTcR 3xeKTopbl ,  cruIaMK, onpe-
tlenxroluHMH B UenOM Becb npouecc TeqeHHrI xH.q,KocrH, fiBirllrorcff CHJIbI Bf;3KOCTH, CruIbI
raxecrH, a TaK)Ke nonq a6conrorHbrx :HaqeHxf, Aaanexnfi [8 | . MonenHpoBaHHe Aeficrsng
sTHx cH,'I rpe6yer o6ecneqexns flocroxHgrBa coorBercrByror.leno KoMruIeKca BeJrHr{HH,
B,\OA'UIH,\ B YPaBHCHH,'I AAHXEHHJI XH.q'KOCTH K HA3bIBACMbLX KPIfTCP}UIMH NOAOSN.fi:
Pe l inonr tca  (Re)  ,  Opyga (Fr  )  ,  a  raKxe 3 f , lepa  (E  u)  .

Kpxrcpxfi  Pel lxonrrfca (Rc) Hrpaer BaxHyro ponb npx MoaexHpoBaHHH cHJr Br3-
KocrH. Ox npeacraBr'I ter co6ofi  Mepy orxotueHHt cKn HHepuHH K cruraM Bfl3Kocrn:

R e  =  Z u / u . ( 28 )

r,u,c  ̂ L - . txttcf ixHf, pa:rvrep xaxolo-nx6o ocHoBHorr3 sneMeHTa cHcreMbt XJ.IH xapaKTep-
HOro ;ru.Hefi i lofo napaMerpa f ioroKa (Hanpxxep, ,nxar{erp HnH pa.q,xyc rpy6sr, rny6nua
noToKa, xanop) ;  u - cKoPocTb TeqeHHt; l ,  -  KHHeMarxqecxxfi  xotQQrnfxeHT afl3KocTH
xHAKocrH. I-loAo6ue cxcreM, H:rxo,u.fltuxxc.f, noA qef,crexeu cHJr Bs3KocrH, onpeA,enffgrct
nocrorHcrBou 6e:pa:uepHoro qxora Re.

I-l px vogenHpoBar HX cHcreM, HaxoAtrul{xc.rr noA. geft craxeu cHr raxecrH.
ponb Hrpaer xpxrepxfi Opyaa:

F r  =  u r  l ( x L ) ,

r&e L - nxnef,xsrf i  pa:uep (Hanpxrvrep, Axa.t ' rsrp wH palJryc rpy6rr) ;  u - cKopocrb
TcttcnH.s; g - ycKopeHxe cHlrbr rf lxecrn. f loAo6xe cHcreM, HnxoAtulxxcr noA Aef,srsxe&{
cltJr rrDKccrH, onpeAenflerca nocroHHcrBoM 6e:pa:r, .repnorrc qxcla Fr .

f lpx xryueHuH qBneltxf i  aepaurx, K;lBXTaqHH no.r lBrtercx norpe6l{ocrb Hcnonb3o-
Ba l {Ha H apyrH. \  KpHTepHeB noao6xr .  l ' l anpxvcp,  npH MoAenxpoaannx KaBHTJuHoT{Hbrx
t lBtlcl tHf, c ueflbrc H3yt{ettxR BnHtHxff }ta npouecc pa3ttocrH AasneHHtl I  pa3nHt{rrbl, \  3t lHa,\
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r ro roKa Heo6xoAnuo co6rn .n .a rb  nocro f f r tc rBo qHcf ia  3 f inepa (Eu)

E u  =  L p l  ( p v ' ) ,

i

I

a

I

( 3 0 )

rge  lp  -  f lepe f iaA AaBneHXf i ,  onpe,u ,exeHHbr t l  B  pa3nHqHbl . \  xapaKTep l lb tx  roqK3. \  I roToKs;

u  -  cKopocTb Teqef rHt ;  p  -  nxoTHocTb XHAKoL"TH.

B npnpoge Her  raKxx  qsreHHf i ,  KorAa Aef ic rByer  nHLUb oAHa H3 nepeqHcre t tHbt . \

Bbr rue  cN; r .  O6srqxo Aef ic reyrcurH. \  cH i r  B  cHcreMax HecKonbKo,  H npK Moge; IHpoBaHHH

rBi tcH i r f l  neo6xoANvo co5; rog ,arb  i loc rorHcrBo HecKoJIbK i { . \  KpHTepHee noAo6K- f l .  OcHoss i

Teop! . tK  nonc .6x-q  $opv , * . " r rpynr  y { :J roBH-q,  seo6x-oEruL ' ! t l  H . r l .oc r?ToqHFIe  nqs  o6ecne, {eHst

noao5ur {  pa3r - IxqHbrx  r ro  cBocMy xapaKTepy u  Aef ic ray}ouo ' IM cHJIaM xsneHx i l .  l l px

3ToM ocnog l {b re  KpHTepHH noAo6uq,  Ha3brBaeMbre  onpeAeJIx Io t r lHM}{ ,  Tox tecrBeHHocrb

luaqexnf t  Koropbrx  o6ecnegx-aaer  noAo6ne H3yqaeMbtx  f lBneHr{ f , ,  Aon)K i tb t  6s t rs  cosrag-

r, ' leHbl H3 3al laH]{},1.\  BeJIHqHH.

B :asHcruvrocrH or  peu lacvro f i  3aAaqx !  c raHaBxHBaror ,  KaKi . te  H3 Kpt , r repHeB f iB i Iq -

nTc .q  onpeAe. r l rHJruHMH,  T .  e .  KaKHe KpHTepHH MOr.vT 6StTL gnOnFie  o f ipege; leHHo noA-

cqrral ibr HcxoA.rr H3 ia.taltHbrx rpaHHqHbrx yc;roBHfi (HanpNIr.rep, B fpaHH.{HoM crBope

f i o r o K a  M o f y r  6 r t r r  H : s e e r n s r  u r y 6 x H b r  H  c K o p o c r ] {  n o r o K a ) ,  a  x a x H e  K p H T e p K H  r B : r r -

ro rcx  . ' rH [ rb  QyuxunruH or rpeAexr rcLuHr  Kp] r rep ] {eB,  T .  e .  co lepxar  } tcH3tsecrHb ie  Be j r } r -
qnHbr .  Koropbre  Moryr  Sur t  nonyveHbl  t rpH peueHHH coorBercrB] ' to tuH. \  Kpt l - repH:u tbHbr - \
r r n c o u o u r r l ' r

,LL ' I f l  YCTAHOBKBIJEIOCX ABH)KEHHf l  XHJIKOCTH CNPABCAJ' IHBO A' ]CAYIOU-IEE KP}fTEPHAIb '

H O e  ] " P a B H e t t x e  B  o 6 r I l e M  S H j l e :

p  ( F r ,  R e ,  E u )  =  g .  ( 3 t 1

I 6onruxHcrBe f-H.l .paanHqecKHx 3agaq qxcne Re x Fr f fB;Ixrorcr{ onpelexrrculHMx.

a qHc'ro Eu - ra-BHcHT or Hl[\ .

B  ueroropsrx  3agaq l \  Tor  HnH xsoF x :  onpe. lcx r ipu l l { . \  KpHTepHcB Mo) {er  He yqH-

TbrBarbc f i ,  q ro  ynpoueer  Mo,u ,exHpoBaHr{e  ( rg j ' rexH.x  aBToMo. r ,e rsxocrx ) .  F lanpnruep,

iLq t r  ropH3 'J l r ranr ,Horo  HanopHoro  BoAoBo! .a ,  KorAa voxHo npeHedpevs  BnH.eHHeM o6 * -v -

xo f i  cx . ts r ,  MoxHo cqHTarb ,  r {To  Kp} r repxex  Opyga roxc  MoxHo npeHe-6peqb,  H ocrarorc f i

aBa KpHrep l i f , ,  o I IHH H3 Koropbrx  (Hanpr lvep .  Re)  6yger  onpeter .s tou lxu .  Toura  xpx-
Tep Ha,.r bHoe ypaa H eHXe lTlpoqaeTctr :

g r j  =  / (Re) . ( 3 1 )

Han6onee qacro BcrpeqarcurxMct B npaKTHKe cnyqaeM flB-:rf lcrcq raxoft,  npH Koro-
poM CHJILI Bfl3KOgTH OKSILTBaIOT He3Hat{XTeibHOe BnX.aHHe Ha BCe H3yqaeMble napaMeTpbl

noroKa- B raxn.x cnyqa;L\ B aBToMoAenrsofi  o6nacu no qlrcry Re npx MogejrHpoBaHxx
gocraroqHo co6moAars  noAo6xe ronbKo no qHcry  Fr ,  r .  e .  o6ecneqHBarb  MoAC. lHpoBaHHe
cHJr r  rqxecrH.  Kax  noKa3brBa lor  3KcnepHMeHTbr ,3To HMeer  Megro  s  SonruxHcrBc c f lox -
H L r x  c H f i e M  n p x  6 o n u l n - \  r { H c r a \  R e  ( o x o n o  l ' 1 0 5 - l ' 1 0 6 ) .  B c s c : x c r e M . . r r o o A H o -
EpeMeHHo€ MoILenHpoBaHXe tHu,paBiHtiecr(H-x f lBneHHf, B 3xeKTopHbrx cxcreuax (ec.rrrr

Hcnor - rb3yerc r l  oAHa H Ta xe  xuAxocr r )  n  no  Fr  x  no  Re HeBo3Mo)Kr to ,  To  xeo6xoaxrqo
ast6rparr raKHe rracurra6st voAenefi  x .vaolta6br cKopocTH reqerixf i ,  npH KoTopblx
3HaqeHK.g  Re o6ecneqHBelor  aBToMo! .e rLHocrb  rs reHxf i .  I Ipx  r ro r ' . r  MoAenHpoBaHHe no
qHcx,y  Fr  rpebyer  coorHot re l {x f i  Hanopoa.  cxopocre f i  H  pacxogoB Ha MolenH H B Harype:

U  t L I  -  |  t lr t v t . t  H  
-  L M ^ I L l { ,

ur,r /ux = 1T- 1t n ;

Q* lQn = Li^ytr*  lQirytr" l

f lpu rr,rogelHpoBanro{ perylrHpyeMoro 3x(eKropa no qHcny Fr .us ycloaxfi Caqxo-
hlyurexcxofi f3C 6srn au6paH uacura6rorfi xoeQr$xuxeHT .u,qr nxHefiHbrx pa3Mepoa

(t = 2,5, ,rro o6ycnoax-'to pracura6r*rfi xoeQQxuxelrr no pac-\oAa* ,Vg = 10. t{ucna
Re coctasnux 6onee I  '  l0 t  .  H 3To nolBonrno c{HTrrr , ,  r {To r tpH voAcnxpbaaHHH 3xeK-
Topa aBToMoqenblrocrb pexxMa o6ecne,{xsanacr.

Uens H 3Tanbr HcclreAoBaxnfi. Ue.rrulo HccneAoBaHXi r\{oAenH perynxpy-

eMoro  3xeKropa  TBC Ca .auo- l t l yuLeHcKo i  f3C  6u r ; l o ,  a  nepByro  oqepeAb,

( J J /

( 34 )

(35  )
Ba)KHyro

{2e)
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Pxc' 48. Cxema NcnLlI-dHtuI Mo!,e.r"IH peryxHpyeMofo 3xeKTopa TBC B ycnoBH.ax Casro-

. / - y p a a x u r e n r s r r i 6 a x ;  r - r " " " t J f j t : : : H ' - t c - r , n o , r ^ * r , 4 - r ' a r r o n r e r p ;  J -
BcachrRer { r r_ r ! ,1q  n !4 t r -Hg i  6  -  pacxo:o i rep ;  7_  xacoc  3B 2OO;  g  _  6accef in ;  9  _  BbrxogHaf l

nwrrf l ;  I0 - perynapyewsrri  3xeKTop anq xcnr,rraHrf l i

onblrHoe noArBepxf,eHHe BnepBble pa3pa6oraxHofr Ha iTlvl3 MeroitHKH pac-
I{era peryrrHpyeMbrx 3xeKTOpOB, a TaK)Ke pa3paSorr(a peKoMerutaryrH no
rtpoeKTHpoBafiHro tcoHcrpyKrrHH peryirrpye|'rbrx 3xeKropoB, rIOn]nreHHe
orl:blrHbIX gaHHbIx Drfl aKutJ{3a 300eKTHBHocrH pa6orbr l)(eKTopa B urrpoKux
.&{arla3oHa-\ H3MeHeHHt HaflopHblx pe)+(HNtoB.,UI.a HcrrbrTaHXr tHa ocHoBaHr.IH
M0TOAHKH pacqera) Suna crrpoeKTupoBaHa H H3roroBileHa Nloge.rrb peryrg-
pyeMoto 3xeKropa TBC Canno-l l lyruencKoH f3C B Macurra6e 1 . ?,5 co rua-
T{HTEJIbFTbIM qHCIOM MOiTHOHKAUH}1. }IOACIITNIE HCCJ'IETOBAHHfl 3XEKTOPOB
pa3Frbrx THnopa3MepoB no38onHJIlt peuHrb cnegyrorut{e 3a,qar{H. r]oATBepxAeHa
onrHManbHocTb pacqe'n{blx [Ha]verpoB Haca.qKa v KaMepbr cMeLuHBaHH.fl,
oKoHqarenbHo orpaSoraHa KoHcrpyKlIHJr corua, T. €. onpegeneHbr onrgMalb-
HbIe yrIIbI KOHyCHOCTH HrIIbr C H HaCa.(KaT,y&ureHHe cpe3a HacaAKa oT Har{ara
K aMepbl CMeUIHBaHHX .r, rTpo B epeHa onrHM aii bHarr ,utMH a K aM ep br cM eurHB aHH.8
L*. or. Hccle.qoBaHruI TaKxe no3BoJrruru npoBepHTb peryrupyeMbrfr J)r(eKTop
onrHMuulbHofr KoHcrpyKllltH Bo BceM Anana3oHe H3MeHeHH.B HarropoB Ha f3C
c TOI{KI{ 3peHrur Ha.qexHocrH 6ecrcasuTartr{oHHofr paoortr, rapaHTHpoBilHHoro
o6ecneqeril{r norpe6meffr f 3C HeooxoAfi}4brM pacxoAoM oxnax(larot-t-lefr
Bogbt, IJIaBHOCTH H3MeHeHHtI 3KCrUIyaTaItr{OHHbrX XapaKTepHcTHK 3XeKTOpa
(r.e. nnaBHocTH pery.rrHpoBanHr) I{ npoqee. llonyruo c ruApas,nuqecK}.rMu
HcfiblraHrutMn Sltru trPoBe[eHbl aKycrHr{ecKue x anspauronHbre HcnbrraHrur.

Hcrurarenrurrfi creHA. pacnonoxenuurl B KoMirneKcHofr na6oparopnN
rl'rlporypOxnrntx 6roxos BHHH| HlvreHH 6. E. BegeHeeBa xcnrrraienbHbrfr
creHg cocroHT H3 Tpex ocHoBHbIX nvfi l i r  (pnc.48): Hanopuofr, BcacbtBaroulefr
rr orsoA-frLuefr. Hanop pa6overo noroKa (Hr) co3AaBajrcfi HacocoM rrna
3B200X2 MorlHocrbro 100 rcBr, uanopor"r go 95 v, MaKcHMarbHbrM pacxoAoM
Ao 0,07 v3/c. D;.n co3AaHH,{ BcacbrBaeMoro noroKa 6uua Hcnorrb3oBaHa
pa3oMKllyraJ( nHtott c fpalHHTenbnbrl{ 6axov. 3Aecr nogaqa BoAbr ocyue-
crBj lr lracb HacocoM Turra 8K-l8a Moulnocrbro 20 rcBr, HanopoM !,o 20 r"r,
MaKCHMaJrbHbrM pacxotroM Ao 0,0g lr3 /c. ypanHrrrenlHr,r ir  6ax no3Boxr{Jr
no&fepxHBarb nocro.rrHHbrMH 3aIIaHHbre Hanopbt Ha Bcacbrsamruefr nHl{HH

7 0

Pnc.  49 .  Tnnr r  Hcnb i raHHbr . \  HacaAKoB

H*.. OreoA.flula-fi ,ll{}trr.fl coex.HHruracb c o5uturvt c6opHutu 6accet:tHou, orK}'.f,a
n n ^ L { , - y ^ r - T r r n  e e 6 n n  . , n  n r - r  

" .  
H 2 n r r n H \ . / r r ' r  u  F l c 2 a l - l F r A l r x r I V I o  n H H H } 1  .  P g r v n u o o B a } I H g

r r r v r r v ! \ v +  p v * L  - J ' - ' - - - - - - -  J  L

HarropoB H pacxogoB Bo Bcex nHHHrrX oCy'tueCTBJUi,, ' lOCb C nOMOtUbiO 3a,FRHXeK.
r  r  - - -  ^ - , - ^y l3MepeHHe H: i I IOP0ts Ha BCe,{  J l l t t l } tx l  J / 'KCl(  lUPd u lyrqcu l t t  j tx r luLD \ -  I rL , tvrut - l rDru

o6pa:Uoeux MaHoMerpoB c npeAe.qa.MH u:ivrepenr'tri Ha HanopHofr ItrHHH

0-l }f f la N ueHori . tereHur 0,005 Nll la Ha BcacbtBarcuefr xxHtet:0-0,1 \ l l la

H ueuoli geneHnfi 0,0005 \lfla, Ha orBo.q,tuteli rulrary 0-0,4 Mlla H ueHofr

,tenet*Ur 0,002 lllla. OcHoeuue H3NrepeHHfl pacxotra ocyulecrBJltrIHcb Ha

paOovei H orBo!.ruefr ..tHHtrfix Jxei(Topa c noMoulblo NlepHblx ycrpoHcrB

c Ha6opou H3iviepHTe.tbtrbr.x uraH6 H pryrHbrx ruQ$epeuux&qbHbtx MaHo!{er '

pOB THna .[T-50, a HeKoIopble nOBepoqHbte H3Iv{epeHr,la oCyuleCTB,-Lfl--IHcb

rypSxrtorMH Aarr{}{KavH pacxoAa (Trry). HcxoAs H3 ycnoBxfr pto!,erxpoBa-

rlts Slinu onpe[eneHbr trHana3oHbr H3MepeHu-a pacxo!,oB: Ha paSoqefr ;D{HHH

0,0O+-0,04 v3 f c ' ,  aa orBo!,f fulefr nxxxu 0,004-0,1 vr3/c.

Ilerogfixa npoBetenx{ Hccneuosarud. tip,l HccJIeAoBaHHH MoaerM

(lVt l :15) perynxpyeMoro 3)KeKropa .f , , I l - f i  cxcrevlt  TBC arperaron Caxuo-

lilyrueHcrcor f3C 6turo Hcnbtrauo 25 voquSrocaqlu 3xeKroPoB, B KoTopblx

!]raN{erpbl Haca'q,oK D" u:veHxrlHcb or 34 go 38 r"rv (puc' 49), yrnu Konyc-

HocTll  i trrbt a or 45.f,o 600, yr;Ibt KoHycHocTl.I  HacaAKa or 60 Ao 90o,oTHo'

cHTe,lbHoe yAaJIeHHe cpe3a @trna oT HaqaJIa KaMepbl cMeuHBaHHx xlD*:
:0 ,4+3,1,  AHaMerp KaMepbt  cMeuIHBaHHt D* . " -  :64+72:80 r tav .  Bce r ru

KoHcrpyKrxBrrbre vogn$uxarrHH Mo,u,errx peryilHpyeMoro 3xeKTopa HcIrbI'

Tt,rBL'i1{Cb npH BCeBO3r!{O)fiHbrX COqeTaHHJIX HaflOpOB, COOTBeTcTBylouHx
Hanopa.v CaxHo-lIIyruescrcoi f3C B crpoHrenrnrrfr H 3Kclulyararo{onrntfr

nepHo.abt, c co6mo/teHHeM uacruta6a MoAem,{poBaHHfi. Tarc, xanop pa6overo

noToKa 3XeKTopa 3a.qaBancfl  B AHana3oHe Hp:29+85 M, HaIIop BcacblBa'
eMoro noroKa Hu : 5,2='l ,4 u. Ka;+c.qax KoHcTpyKTHBHaJI MoAI{+HKarolE

3xeKropa npH onpe!,eJreHHoM coqeraxlfl{ HanopoB pa6ouero H BcacblBaeMoro
noroKoB HcnbrrbrBaJlacb npx pa3nbrx orl<pblrr.fix peryJlHpytouefr Krtrll .S'.

Ycrauoerca HanopHoro pexHrua rcaxloii KoHcrpyKTHBHori MotrxOlo(aqxl{
3)KeKTopa npH onpeler ' leHHoN{ orKpbrrHH S' npou:noAHnacb nfrerl l  Apo€errH-
poBaHH.fr BbrxogHoro noroKa, T. e. c noMoulbrc etrxoAHofr 3agBHxKr, nplt
3TON{ trr l f l  I(a)KAOTO HanopHoro pexH}ra ocraBarHcb nocrofl t{HbrMH Hanopbr
[{,  n f l t ,  a MeH.srcf l  HanoP l[oor^ H coorBercrBeHHo pacxoA rra Bbrxoqe H3
lxeKTopa 0"n, . *  (a  raxxe H pacxoi lb t  Q" ,  H Qp)  .
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I Ipoee,reHNe \{oJ,ejIbHbtx l tcc;re:oearori  3xer(Topa ocyulecTB;rf ir ,rocb
B CneAyrculeM nopfiJrce. co6Npanc.s perynNpyer,rrrr i  lxeKrop onpetre; ieuHori
vogltSnxarr[H, ycTaHaBxHBaJIoch 3aJagr{oe orKpbrl}te aon"a 3',  Hai iopbi
pa6overo Hp , BcacbrBaeMoro noroKon ff".  I la-qee, npH KDKIoM $nxcNoo-
RaHHotu 3Hal{eru{} ' l  Hanopa BirtxotrFioi-o noroKa i!"o,* r-rpoH3Boqrnrrai artapo,
HarlopoB pa6overo ffp, BcacblBaeMoro Hw H BbrxotrHoro do,* rroroKoB,
pacxoAoB pa6ouero Qp ^  BbrxogHoro er r r^  noroKoB,  pac. \oq BcacbrBaeMoro
noroKa onpeAe.;I fr lcf l  pa3Hoctbrc 8"", '  t t  Qp. C novoulbro npoH3BefeHHbr.x
3ar\lepoB paccql.{TbrB3;-rHCb gononHHTe",ibHo ueo6xotrlrvbre LaHHbre (ece sop-My.l-tbi npnBeAeHbt a rn. 2) turfl. flocrpoeHHn rpa$NrcoB pa3nHqHbrx 3aBHcH_
rrocrefr.  Aga-' I}r:  [ocTpoeHHbrx TaK]Lv O6pa:orur onbrrHbix rHApaBxHqecKXX
xapaKTepHcTHK pel-yjlHPyeMoro 3xeKTOpa no3BOII.Hr'r HcnoJrb3oBarb Kx a.rur
cpaBHeHH-fi c nouodrorMx pacqerubrMH xapaKTepHcrTtKaMH x AaBarr Bo3Mox-
HOCTb onpeAenHTb onrHMarlbHocrb Ka)Kroro KoHcrpyKTr{BHOTO 3neMeHTa
peryru{pyeMoro lxeKTopa. OueHxa onrxMaJ-rbHocrH uo[Hexrc arglfr axer ro pa
npoH3BOA-t{JraC b no cne[yrcu]trlvr K pHTeprurM :

l 'Cnoco6Hocrb yAoBnerBopHTb rpe6oearorx norpe6Nrerx cHcTeMbi
TBC f3C K BbrxoAHbrM fiapaMerpaM 3xe]cropa (e""r* n fl"o,*) .

2. 3rcouoprltqHocrb 3xeKropa (cpaaHruarot." i".u.Hxx rco:QqNrgeuros
norre3Horo lefrcraHr) .

3 . Hagex Hocrb pacqera 3)KeKTopa ( conocraBrr firorcff 3K cnepxMeHTaJrbrbre
lr pacqerHbre gaxirre) .

4. 3ona perynHpoBa*Hfl,  (onpeaenxerc.f l  no 3Kcn,rryarartrroxxox xapaKre.
pr{cr}tKe JXeKTopa B KoopglHarax er",. ,  l / r",*)

5. l l rasxocru perynHpoBaHlf l . ,  HcKiiroq&rcruaq pe3KHe H3MeH.HHff e"o*
npn He3HaqHTenblrbtx u:rueHexx,sx s.

6. Arcycrr l  qecKxe xapaKTepHcrl.{KH paSonr 3xeK ropa.
Pe:ylrrarst rHApaB[HqecKHX MoAeJrbHLtx xccreAoeamd. nls rcaxAon

uoanQHrcalo{l{ 3xeKTopa npH pa3nxr{Hbrx norox(exurx HrJrbl S x HanopHbrx
pexHMa.x Ho u Hrg, a nepByro oqepeAb, 6rrnn nocTpoeHbr 3Kcnnyarar_uJoHHbre
xapaKTepltcrHKH Q"r,r:  f  (H"r,*) (pxc. 50) H orHocHTelrbHbre pacxotrrrbre
xapaKrepHcrHKH pa6overo noroKa Q' ,  =  / ' (S ' )  (puc.  5 l ) .  3rccnnyarauNoxnr , re
xapaKTepucrHKr'r 0"o,, :  l ' ( l /"n,*) npe;icratsrnor co6ori nm nrp.uHcneHHbrx
yc.ttOaxtt noqTH f laperUrenbHbre Apyr Epyry npsMbre nr{Hli l t  c H3IoMOr,{ e O6-
racTl{ KaBHrau,HH; oHH xopouo cotteTerorcx c nogobHblMH pacqerHbrMH xapaK-
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uJln

,
J

nz

I
I

0 0,u 0;0 0,75 0 401 0,02 0,0J 0,0+ 0,05 nrfc
Pwc -5 1- I IpxeegeHHLq pac.\ogH3-<r pxc. 52. pei-vnxprraH'e f ibi .{oAHoro pac-
xapaKrepHcruKa cor i ; ra  

)?"  
:  xoAa 3xeKropa D,  =  30  vu ,  o  =  60" .

=  3 0  w w , c  =  6 0 c ,  f  =  6 0 o )  1  
-  6 0 0 .  n y r e i u  H 3 M e H e H H ,  o T K p L r T H ,

l - p a c v e r u a n ; 2 -  r / n = 8 5 , 4 r , r ;  m , t r t  n o n  F 1 -  =  1 2  M  H _ - :  { )  -
Hr, = 7,4 u, 3.- y-; = 46,.4 v; 

" 
*o*"rrof in .  ,r ,oon"n"*""p""i inl-

Hec = 5,6 ivl ;  4 - H-, = l9, l  v; rxxofi  no,rpe6rrenx fgC i3C
f fu .  =  5 .0  v

TepHcrHKeMH. l{plr conocTaB,'TeHHlrt ofibrrHbrx orHocHTelibHbrx pacxotrHbr.\
xapaxrepHcrurc Q, :  / ' (^S') c pacqeiHblMH Bbrslr jrocb HeKoropoe pacxoxte-
HXe (orcono 157o) ,  KpoNie npoqux npHqHH, no-BH!.H){oMy, odycloe;reHHoe
lt HeKoropbrMH orK.-roHeHH-qMH KOHCTPyKFTH AeraleH lxeKTopa or npoeKT-
mt.r (QopN{a, pa3MePbI H LuepoxoBarocrb noBepxHocrx) .  3xcnryarauHoHHbie
xapaKrepxcruKH 0"r,.. : f (H"or) prx pa3irur{Hbrx orKpbrrHri corura .!. cee-
treHl{ble B oA}ry xapaKTepHcTHKy norpe6uren-fl c yxa3aHHbrMu ua Hefr pa3ir}{r{-
t{biMfi 3HaqeHHfiMH orrcprtnui conr.'Ia (puc.52), cBH.,jfHTenbcTBy'ror o Tofvt,
qTo flyreM H3MeHeHrui orKpbtTH-8 colura MOXHO OCyqeCTBnflTb IL.raBHOe pery-
.rTxpoBaHHe B brxoAxoro pacxoA z Q ror* 3xeKTopa.

Pe:ynrraru Hcnhl Tarililti ptt:JTr31ELIx u o4lrQnxargd perf,'H pyeM orc 3xeK -
T o p a .  B , r n f l H H e  x 3 M e H e H H f l  A H a M e r p a  H a c a A K a  D * .  C o n o -
craBreHue pact{erHbt.x H 3KcnepHMeuTiurbxbtx AaHHbrx HcnbrraxHfr pa:.:muxux
voAe;refr coner [oKa3brBaer, qro c fBeJrHqeHHeM lpraMerpa Haca!,Ka (or 3-1 vv
Ao 38 rr la) noBbnuaercr npou3Borp{TenbHocrb 3xeKTopa Q""r* no 3a%
(pn.. 53) ,  Ha6nroAaercf l  He3HaqHrenbHoe H3NreHenlre I( l I  3xeKropa (oroncr
2%) n cHHxeFrHe BcacbrBarouef r  cnoco6uocrx  3)KeKropa (npx S '= 0J;  A,7 =
=25%). Te xe pe3)' .-rbrarbt 6u;rn gocrurHyrbr npl{ pa3nHqHbrx coqeraH}t.qx
yrnoB i(oHycHocTH Hrilbl a H H&caAKa 7. OmrrHbre traHHbre nO BceM rroKa3a-
TeILsr\{ Xopouo coriulcyloTc.fl c pacceTHbIMH. 3ro notaonruro np}r pa6ouelr
[PoeKrHPoBalMH (npn yrowreHHoM IIo rexHHqecKoMy 3a,rlaHHro MaKcHManb-
HoM pacxoAe Ha BbrxoAe H3 3xeKropa 2000 M3/.r -1500 v3/q) c Sonrutofr
gonefr rapaHTHH npxnrrrb ipraMerp Haca.uKa HarypHoro conna MeHb[rHM
75 vv (uro coorBeTcrBoBano AHaruerpy corua Ha MoAenn Dn *r :  30 rurrv).

B n u f l H H e  H 3 . v e H e H H f l  y r n o B  K o H y c H o c r H  ' I r ; r b r  a
H  HaCaAKa  1 .  Ana lo ru .nu re  KoHc rp rKu {H  cone r  KoB tuoBb tx  r xApo -
rypOxx, HMerouIHx onruMaJlbHbie yulbr KonycHocrH Hrnbt a = 60o H HacagKa
7= l00o; Bblnonn-f l Ior HecKotrbKo HHbre QyHrurNN H co3Aaror cocpeAoro-
qeHHylo crpylo 3a cq€T 6onrruoil crenexx cxarH.rr ceo6oAuoii crpyx. Conlo

Pnc. 50.  3xcuyataqHoHHar xapaK-
TeDHCTHKa 3)+(eI (TOn2 C r rnn{Lr .n!

v . . .  r r r i r q r D -

HbIMlt napaMeTpaMH: (Dm = 30 nnv
n p n c =  6 0 0 N 7 : 6 0 0 , f l n =

: 7 1 , 9  v ,  H n c  =  5 . 2  u )  
r

1  -  Q o  =  O , O o 2 g  , v 3 7 c ;  S ,  =  0 , 0 4 :
'  -  Q p  =  o , o l 0 5  r . a r 7 c ; S '  =  o , o ' t :
?  -  / - ) '  -  n n n  r n < . . 3 r ^ .  c t  -  ^  .- ,  - ^ P  v _ ' v v r v J ' ] t  / t ' ^ . . ,  

-  t . , ' f  ;
+  -  U p  =  0 , O 1 5  M - l c ;  J  =  0 . 1 . 7 ;
5  *  Q ' o  =  0 , 0  1 8  r r . t r / c ;  S '  =  o , 2 i ;
6 - -  

? ,  
=  o , 0 2 l i  y ' / c ;  S , =  0 , 4 ;

,  -  Q n  =  0 , 0 2 3 3  v r / c ;  S '  =  0 , 5 7 ;
8  -  Q o  =  0 , 0 2 5  * t  l r ;  S ' =  r

0!2 0,0J w+ q05 0,06 0,07 F/c
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pery.j-nlpyeMof o lxeKTopa ,1oII)+(Ho co3Aaaarb 6onee pacce.flHlryrc crpylo
pa6overo noroKa, ltvercutef o 5onluyro nepx$eprorlryro ruroueilr B cacbrBagy.fi
H AocraroqHo 6o,rlune cKopocru noroKa Ha nepxQeprdxofr noBepxHocrr.r
crpyx. Kporrre Toro,:L-rr ,.focrHxerirur r\4uHuMalrbgbrx rH[paBrn{qecKHx [orepb
x lyuirefi opraxx3aunu uanopxofr crpyu nroula,e.r a.oerrri H cKopocrlr Hanop-
HOTO IOTOKA NlC}q]Y NOBEPKHOCT'IMH HTITbI H HACAAKA AODKHbI H3MEHflIbCfi
paBHoMepuo. HcrntraHxlo noABeprirucb MoAHOHKauHH 3)KeKTopoB c pa3rrgr{-
HbrN{ coseraHrreru yrnoB KoHycHocrH r{ubr H HacaAKa. flo npegaapHTenb}{brM
pacqeraM,o[THMalbHbrMH 3Haqeuru(Mu 6lrml a:5O+60o u ^l:  50+60". 3ro
y6eqsrenruo noArBeptr0{rru 3Kcnep[MeHTiurbubre AaHHbre (prc. 54) . pesym.
Tarbl xcrotrar*'ui tloKa3a;rfi, t{To raKoe coqerzl}IHe yrnoB KofrycHocrg Hrlbl
H Haca.uKa co[na peryrMPyeMoro 3xeKropa He roJrbKo o6ecnewrnaer Hau6oro-
lYrc nponycKHyrc cnoco6xocrt (r. e. Hax6olltuurl pacxoA pa6overo noroKa
Qp), uo u xau6onbu.ryro BcacbrBaroqyrc ctroco6Hocrr (0".) H, KpoMe roro,
H aHnrtrxyro rur aB Hoc Tb p e ryrM p oB aHrur p acxoAa.

B n u E . H H e  H 3 M e H e H H . E  y A a n e H X . f l  c p e 3 a  H a c a A x a  x
o r  H  a  q  a n  a  K a M  e p b l  c M  e I u  H B  a H H . r r .  B e r p r q u H y  o r H o c g T e n b H o r o
yAaJreHHr cpe3a Hacar.f,Ka or Haqara KaMepbr cMeuIHBaH}{fi X lD^ uo cBoeMy
BirHtHHlo Ha npoH3BoAHTenbHocrb 3xeKTopa Mox(Ho noApa3Ae[HTb rcax 6tr
Ha ABa HHrepBaJra 0,.1- I r l -3.

3rccnepuveHnr c perym{pyeMbrM JxeKTopoM noATBepA}.r.rM, qro npH
HaHMeHbureM yAaJreHuu xf Dr, = 0,4 3XeKTOp HMeer uaxSofltruyrc npoH3Bo-
[HTenbHocrb (0r",*), Ha]r6orlruH]-r orHocrrenrxlrfr pacxogHbrfr rco:Q<luqHeHr
q' rcor<$QHto{el. lr  noj le3Horo Ae' ircrsi{r H npoqHe napa.Merpbr. I- lpn ur*.rr"n"
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ygutewnfl conJla or 0,4 gs 1,C nce [epeqHcneHHbre noKa3arerru 3)KeKTopoB
yvteHbualorcff B npeAenax roqr{ocrr{ H3MepeHH.rr, T. e. He3HaqHTeltuo. 3aro
npH H3MeHeH[]t y\ulenufl corlra or 1,0 go 3 (N 6onee) Ha6nroAaercfi }rxe
5o; ree orqyruMoe H3MeHeHHe (cnuxemre)  xapaxrepHcruK fxeKropa (puc.55)  .

B n u  f l . H r 4 e  H 3 M e H  e H 1 4 f l .  A H a M e r p a  K a N { e p b r  c M e t u H B a -
H Il ft. .[,uar"rerp K:L\4epbI cMe[IHBaFM fr Bnnfrer Ha 3Kcnnyarar-p{oHHy}o xapar(Te-
^ u a n r v t r  a v a r / T ^ n o  n  -  f  ( I t  \  ^ - o - r ^ ^ " - " ,  ^ A ^ - ^ . , .
p . r w r r l r \ J  J / r \ w ^ r v y o  v B b I X  

-  
J  \ r r B b I X , ,  v J r v A J t v u + r r v r  v v p o J \ J l y r .  . i g l v t  i y r c n D l - u t r

J,HaMerp KaMepbI cMe[IHBaHHfl , TeM Kpy,ie f Kcnryararp{oHHarr xapaKTepHcTH-
Ka lxeKTopa H paHbue Bo3HHKaror KaBHTarIHoHHbre flBneHrfl.. Hcrnrraru.ie
rraonxQltrcaqlil,r MoAenH perymlpyeMoro 3xeKTopa AHaMeTpoM D*.., :
= 64.72=80 vr 'r  noArBep.qr{JrH :ro (puc. 56) .  l lpu He3HaqurenbHo}{ Ko.;-r05d-
HIl}{ ypoBHefr 6leQoe o6rt.nro npHHK\daercfl Ha}rMeulruufr trHaMerp Kalrepbr
clteulxBaHNx, o6ecneqxBaroutHH .uyurrxfr KIIL. 3aro e ycxoBH-rrx 6o;rluoro
.fuafia3oxa x3MeHeHH.fl HanopoB Ha i3C gnfl peryx]ipyei\roro axercropa TBC
sltbNpaerct KarMepa cMe[IHBaHHff c HecKoJrbKo 6o;rtunv trHaMeTpon, 9To5lr
o6ecnerorrb Aocraroqiotfr 3al lac no KaBHTauNx (nplr Bcex pc)+iHvax) l{  noBbr-
iIeFtr{e nrrlaBHocTH B peryrD{poBaHHH BbrxotrHofo pacxotre.

I , l  c n b l  T a H H  e  H e p e  r  v  r r r  D  y e  M  o r  o  3 x  e K T o  p  a .  B a x r x r , r i l
N{O\teHT B rH.qp aB nHqecKHX Hcnbr TaHHJIX peryrM pye Moro 3xeKTo pa 3aHHML:IO
conocraBneuu e p a6orbr per ytiHpyeMo ro 3x eKropa onrrM afl bHofr ro xcrpyKrtr{H
c paSorofr 3xeKropa c Heperyi iHpyeMbrM co[noM dr:30,4 vrur, B LuHpoKo\l
. l .HaIIa3oHe pexqMoB pa6omr. Yroe,,TerBopxTenbHoe coBnareHHe pe3ytrbraroB
ucrnrraxufr no[TBep!,Hno npaBoMepHocrb npH]urrbrx B MeroAH]<e pacqera
per! ' .TrpyeMoro 3xeKTopa aonyueHuri o roi\{ ,  sro Heperyxxpve}{snj u per} '-
rNpyerarrn 3xeKTopbr, HMercuIHe paBnbre pacxo,c.br paOouero noroxa Qo.
o6;ragaror H oAHHaKoBofr BcacbrBalouteft cnoco6Hocnro (r. e. Nr',reror r{ otrHHa-
KoBbie pacxogbl BcacbrBaeMoro noroKa Qr). B xoAe HccJ'reAoBarnl i  6srnn
r-lejlai{br cneAylo[tHe BbLB o!,bl :

l. fnasxoe B pe3ynbrarax HccneAoBalrnrl uoAeru perynxpyeMoro 3xeK-
TOpa - xopouee coBnageHHe pacqeTHblx H orlbrTlIbrx AaHlrbrx no ocHoBHbl|yl
x apaKTep Hcfi KaM. 3 ro nor e ofi ruro peK oM eH.qoa arb npe!.iroxenH)'io .v ero[xK y
pacqera peryrupyeMoro 3xeKTopa Nrfr Aarmxeftruero npaKTuqecKoro Hc-
nonb30BaHHJI.

2. VlccnegoBaHH.E no3Borturu froqHHTb pacxoaxyro xapaKrepHcrni(y
pa6overo f lo roKa Q; : / ( ,S ' ) ,  Koropa; I  6r rna nonyqeHa Ha ocHoBe ] ror r ,er rbHbrx
xcnrrrauNri H Hcnollb3oBaJracb B nocne.qyrcurcx rHApaBmlqecKx-\ pacqerlx
pery iupyeMoro 3xeKropa (cv .  rn .  2) .

3. MogenrHble HcIrbtraHHJI no3BoJIHrM yrovro{Tb peKor,{eH.qar.I1H no npoeK-
THPOBaHHIO HeKOTOpbtX HepaCqeTHbrX KOHcrpyKTlrBHbrX sneMeHTOB pery.qH-
pyeMoro 3xeKTopa (c, 7, x.) .

4. YcranoeneHa HagexHocrb paOonl peryrntpyeMoro 3xeKTopa B uJHpo-
KOM glana3OHe H3MeHelIH.tI HanOpoB, []-IaBHOcTb peryfiHpOBaHHfl pacXOAa
Ha BbIXOAe H3 3X(eKTOpa-

HccreAoeaxHe rrryMon r en6parrxx B 3xeKTope. ltiyvroerre x ax6pauHoH-
HbIe xapaKTepHcrHKH 3xeKTopa npeAcTaBn.tlror 3Haqu-rentxrrii HHTepec, TaK
xax obttquo norepH JHeprHr.I B 3xeKTopax BerMKtt. Dlw u:r'.repexxii ruyMa
6u,ra  Hcnonb3oBaHa cucreMa:  MHKpoSoH Nl -101,  ycNlnrenu f l lv l4  H qacror -
rot i  asalH3arop. B rcaqecrBe tuyMoMepa Hcnolrb3oBai.rcf l  H3Mepl{Tenb r.xfvra

i
I

Pxc. 53.  3xcnryarauHoHHarr  xapaKTe-
pHCTHKa 3'+(eKTOpa E;Ifl, Pa3IHr{HbrX
:IHaMsr,ooB HacanKa npu Ho = 72 u.

I l a c =  5 , 2 r ' r , o =  6 0 o , r ' -  9 0 o
1  -  Q o  =  0 . 0 i 0  v ' , ' c :  D n  -  J 4  r r w ,
5 '  =  t i  J B ;  2  -  Q ,  =  o . o l : 4  m ' 7 c ;
D u  =  3 6  . v w . , S '  =  0 , 3 5 ;  3  -  Q o  =
=  0 ,0246  . v3  l c ;  D^  =  3 .1  r r ^v ,  . f '  =
=  0 , 5 4 ;  4  -  Q p  =  O , O l { 7  * t / . ;
D *  =  3 8  w r . r ,  , S ' - =  0 , 3 6 ;  j  -  Q O  :
=  o , o z i 6  v t / c ;  D s  =  3 6  w v ,  . f '  :
=  0 , 5 ;  6  -  Q D  =  0 , 0 3 1 0  - t  / . ;
Du  =  38  wrv r ,  S ' ' =  055 ;  7  -  xapax -

TepHcrru<a norpe6rrena

Psc.  54.  3xcn.ryaraqxoHH:ur \apaKrepHc-
rHKa 3xeKropa D* :  38 vv npn pa3nHq_
I I L T Y  f n u F m u u o v  r f f i ^ o

I  \ r t v D  ^ \ v r r r L r r v w t n  [ r  j l b l

H  H 3 c a n K a  n p x  S '  =  0 . 5 .  H p  =  i  J  w ,  f f " .  =
=  5 . 1  v

I  -  a =  4 5 " ;  7  =  7 5 o ;  Q n  =  0 , 0  1 ? 7 , v 3 i c :
l -  a =  o 0 o ;  7 =  9 O o ;  Q i =  0 , 0 J l O v 3 1 c ;
J -  c  =  6 0 0 ;  7 :  7 5 o ;  Q ' o  =  0 , 0 3 3 7  v l / c ;
J -  o  =  4 5 o ;  ' ) r  =  6 o 0  i  Q o =  0 , 0 3 6 5  v 3 1 c ;
- r -  -  o  =  6 0 o ;  7 :  6 0 0 ;  Q ' o  =  0 , 0 3 ? 4  r r a 3 / c ;

6 - xapaxrepHcTHKa notpe6n'rern

q04 0,05 0P6 0,07 urfc
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Pxc. 56. 3xcn,ryarari,xonH:ur xapaK-
repHcrHKa 3xeKTopa (Dn = 38 nv,
c =  6 0 " , t : 6 0 o , H p = 7 2 u ,
L I  <  1  . , \

r r  B C  J  t L  L a r t  I r P n  P o J J u I n D r , \

Kalv{epa-X cMeUIeHHX: X - D*.cM :
:  7 2  v v ;  

"  
-  D * . c *  =  6 4  v r v ;

A - Dx.cr.i : 80 r'rv
1  -  Q o  =  0 , 0 2 8 8  - t  l r ) . S '  :  0 , 4 2 ;
2  -  O ^  =  0 , 0 3 6 5  u ,  / c .  S '  =  o  R ? .
J - r'"p*repHcr*r<a .rotp"o#J,ii

fleparypbr oKprxaroqefr cpe,u,br or 0 qo 40 "c cocraBrr-sjra t I g6, trpH H3Mc-
HeHHH OTHOCXTeJIbHOfr BnaXHOCTH OT 35 I\O 9Wo norpe[rHocTb cocTaBJrflJra
t 1,0 96. Irlyu, co3AaBaeMbrfr Hacocauu Ha 3KcnepnMeirrurbHofr ycraHoBKe,
cnrr(Hn 3ByKOBbrM QOnOr"r C ruuporcofr nonocofr qacror. Oouonufr [ryM
AocrHran 9016. I l lyvmr npu pa6oralouleM 3xeKrope B ocHoBHoM npeBbrura-rru
100 g6 (puc. 57). Hau6onruee yctnerme uyrua Ha6nroAarocb npH 3HaqH-
TeJIbHOM ilOHH)KeHHH Hr"r*, T. 9. B peX(HMaX KaBHTar$H. AXyCTNUeCKHe H3Me-
peHHff conpoBo)Kna;rHch H H3MepeHVfll'l.la et6pargrlr lxeKTopa.

B peaynlrare H3Mepelo.tfr ycraHoBJIeHo, r{To MaKcHMyrv{ uryMoB no r{acrore
HaxoAHTcfl B paioue MaKcHMaJIbHofr qyBcrBHTerrbHocrH qenoBeqecKoro yxa.
Mexqy ur\{aMH H BH6pae{efr He ycraHoBneHo HHKaKofr Koppelrf lr trru. Ocuoe-
uofr tuyM npu paSore 3xeKropa Bo3HHKaer He KaK cneAcrBue nn6parorN
I(OHCTpyKUI{}{, a KaK CJIeECTBHe HCTeqeHHfl CTpyH H3 nepeXaToro orBepcTHfi
HacaJIKa co[qa H npH neDexotre Ha KaRHTattHoHHbre pe){(HMt,t ?KcII]IyaTatJt-u.
K pocry rrryMoB npHBo.[. .8T yMeHbuenHe fHaMerpa Bbrxo[] ioro orBepcrnr
colra H yv{eHbureHHe orKpbrrnfl Hrrrbr .S'. lipoeegeHHbre Ha Mo[e.r-ru Hcc.le-

- - ^  - A - -  ,  -
A\rtt4nir.n rxlvtulr l luArbcP/t\ / . larur HcuuxUllt tvlLtUlb Pa3PaUOTKH CIIeI{HaJIbHbIX

ueponpuxrrui I Io :eyrconofr H3on.f ir [ ,rH 3xeKTopoB. 3xercropu, BHAHMO,
cne[yer noMeularb B Tex noMelueHH.EX, KOTOpbre noce[IaroTc.s 3KcrlrlyaTa-
IS{OHHbIM nepCOHanOM J'I}'tllJb nepHOEIqeCKH, a npH IIOCeIUeHHH O6xearellgO
n peA ycivr orperb cpeAcrBa HH,q,HB l,r! yant uofr 3arrlxTbr or uryM a.

Harypxrte HcIrLITaHluI roiroBHoro perynHpyeMoro 3xeKTopa xa Casxo-
[tyruexcxon f3C. llpegnon^.aJrocb noc.rre!,oBarerrbHoe npoBeAeHHe MoAenb-
Flblx, a 3areNi HarypHbtx Hcc,r leAoBarmfr rxexropa H conocraBneHHe noJryqeH-
Hbr.\ pe3yrbraroB. I_lenrro Hary?rrbrx HccJreAoBaHHfi rorosHoro peryrrupyeMoro
3X eK TOpa .f,B;lrir ac b o K oHqarenbHa;r orpa6orxa K oHcrpyK uHH peryrupyeMoro
3xeKropa cHcreMbI TexlIHqecKoro BogocHa6x(eHnrr (TBC) arperaroB no
BceM nap&\{erp&v, yAoBxerBop{rcurnM rpe6oBaru-Bftr norpebnrenx. l ipx
sTOM CTaBHjraCb 3alaqa noArBepAHTb o[brT]rbrM nyleM ocHoBHbre nono){(eHrur
MeToAHKH pacqera H npoeKTHpoBaHrur wryrKpyeMbrx 3xeKTOpoB, p€3)ijlb-
TaToB MoAei-IbHbIX HcnbITafiHIi, [paBHnbHocTb npHMeHeHH,s r(pHTepHeB r\{oAe-
.rIHpoBaHHt, tlnaBHocTb H3N{eHe:{y.fl. OCHOBHbTX XapaKTepHCTHK perynHpyeMoro
3xeKTopa, cta6xl lHocrb H HaAe)KHocTb ero paSorlr,  oUeHHTb r.uyMoBbre H ex6-
pa ulr o HHbr e xapaKTe pHcrHKH np H pa3J.IuqHbrx pexrM ax p afo Tbi .

B HTore Harypxbr.x xcrnrrarufi cneAoBa;ro 3aBepluHTb BHeApenne Ha
CaxHo-lilyuteHcxofr f3C peryflHpyeMbrx 3xeKropoB lr.rut rMTaHH.rr cxcreMbr
TBC arperaroB, nepeBecrt{ r)KeKTopbr H3 onbrruo-f ipoMbruueHHofr B rrpoMbrru-
neHHyro 3Kcruryarau.no. Haryprrsre Hcfibrranxrr npoBo!,HJrHcb Ha ronoBHeN{
peryrulpyeMoM 3xeKrope TBC nepBoro arperara Ca-axo-lf lyruexcrcofr f3C
no oco6ofr cxeMe, Koropa;I npeqycMarpHBaira noAaLry Bogbt or 3xeKTopa
s x}Dr<!o{i 6leQ , l'z.Hryfr. arperar. Taxa.s He3aBHcKMa.fl cxeMa [o3Bon.EJra onpe-
AeJrHTb 3KcIUIyaraLploHHbte xapaKTepHcrHKH lxeKTopa npx Sonee uorpoKoM
Axana3oHe H3MeHeHHfi HanopoB Ha Bbrxoge H3 Hero (pxc. 58).

PacqerHaq KoHcrpyKr!,r.{ 3x(eKTopa BKrtroqa-rra B ce6a uacaloK AHaMerpoM
Dr:75 r r , t r ,  KaMepy cMelunBal rur  AHaMeTpoM 170 rvrv .  Hcmrranur  npogo-
runHcb trnf rpex nycKoBbrx HanopoB pa60vero noroKa 65 u, 77 u, 100 v
H pa3JrHwlblx 3HaqeHu-f lx Hanopa BcacbtBaeMoro noroKa 10 rvr - l8 r"r.  l lpx
K&KtrOM COqeraHHH Hp H f/u. lrpox38oAHJtocb H3MeHerMe orr(pbtrHx coua,S'

l < l, u l

Pxc. 55. 3xcnlyarauHoHH:tfl xapaK-
TepHcrKKa 3xeKTopa  {Da :  38  uu ,
c  =  6 0 o ;  7  :  6 0 o ,  f { p  =  7 ?  u ,
r t  <  1  . . \I / B C  J  t L  m J  r r P n  Y q r r r n v r g / \

yAaneHHt-\ ConJIa OT KaMepbI c$'{e-

u leHH. t r :  o  -  x :  0 ,4  Dn  :  14  vp r ;
x  -  - r  =  l , J  D u :  6 2  v . v . ;  a - . r =

=  3 , 1  D s  =  1 l  I  u r ' r
I ,  2 ,  3  -  Q n :  0 , 0 2 5 1  v 3  l c ;  , S ' =
= . 0 , 4 4  i  1 , 6 : 7  -  Q p  =  o , o t z 7  u 3  l c
S'  = o,82;  j  -  xapaKrepHcrf iKa

norpe6rrenr

500
9acnona

PHc. 57. 3aelrcxMocrL ypoBHt myMoB or qacrorbr npx pa3nr{qHbrx pcxnMa.x pa6orsr

-  3 x e K r o p a  ( D r r  :  3 0  u u ,  a  =  6 0 0 ,  7  =  6 0 o ,  S ' =  0 , 6 ? ,  H o :  7 2  M ,  H , , c  =  5 , 2  r , r )
I  -  H"or*  :  I  I  v  (na,rano KaBlrra4f l ' r )  ;  2 -  H"-r= 14 v ; '3  -  I f r r r*=-- fS . ;  4 -  eoH

u au6paptN I ' { l l lB- l  c  u:r ' ' repHrenbHblM npx6opor"r  nV6, Koropbrfr  no csoxr, I
MerponorHqecKHN{ napaMeTpaM H Tex}{HqecKHM XapaKTepHSTHKaM COOT-
Berc rByer  B ropoMy Knaccy  |OCT 17187-81  "O6qr te  rex l {HqecKHe rpe6o-
BaHH.rr". !.glrailHqecrcui AHana3oH ueuepeHxrl cocraBn.fiJr 30- 130 g6.

f lorpeu:uocr l  n:rutepexxfr  38yI<oBoro AaBneHH.rr  Ha qacrore 1000 fu
cocraBJIf lna !2,0 46.  l lorperuHocrb noKa3aior i  Hl l lB- l  npu H3MeHeHHH reM-
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fonoBHol 'o  3xeKTopa TBC Ha nepBoM amefaTe Ca.sHo-h lv l r res-
crof i  f3C

IJ
"htr

02
Pxc.  59 .  3xcnnyara [HoHFrbre
xapaKTepHcTI.{KH pervxHpyerl o-
fo  3xcKrop a  Qe- - tx  =  r t  ( f f ss ; ; )  .
t{Meioulero J.}{a-vcTp Hacr, irKa
D H  =  7 3  v n . . ? . . c r r  =  1 7 0  r r r r
i - InH H; rnon i ) \  t t -  =  98  lv r" t " '  ^ '  o

n l I  , ,  =  1 8 . 5  M  - a

1  -  Q o  =  o ' 1 3 9 = o ' 1 4 1  x r r l c ;
. l  *  Q n  =  o , l l 5 { , 1 J 9  w 3  / c :
J  -  O ;  =  o , i o 4 { , 1 2 5  r a r / c ;
q  -  Q o  =  o , o ? 6 = o ' 0 9  t  w r  / c ;-  - O ; : 0 , 0 2 8 u 3 1 c ; 6 - x a '

paKTepHcrHKa norpe6r r renx

n 2  n  7
u t L  l ' l v

n 1
t lL-nI

0,4
n l
U

I

M
f )

Pxc. 58.  Cxerura orrbrrHofo

/  -  errxo, lnax nunun 2 - BcacbrBarourar . : ,r i tr t fr , ;  J - pa6ovaA nt{t t l l ;  I  - 3 x ( e K T O p

H trpocce.r lHpoBaHHe (:a.ntp**oO, noToKa Ha BbrxoXe H3 JrKeKTopa. T. e. H3N{e.
HeHHe Hzlnopa IIa Bblxog€ 4"t,*, t{TQ IIO-?Bo-q-trIo [O:'I]{HTb 3KcLrtyaTari}toHiibie
-KapaKTepHcrltKlr 3xeKTopa Q"o,*: f  (H"or*) np" pa3nHr{Hbr.x . t ' .  PacxoAli
Bbrxolr{oro H Da6oqero [oToKoB 3aMepflnHcb pacxoAoMepaMH rHna "LIHgyK_
ult-5 I".  Tolxttcr l  l t3NlepeFiHfl  pacxo.aoB cocTaBtfr.na !2,5%. Flanopur pado-
qero BcacblBaeMoro I ' {  Bblxo,{,Horo noToKoB H3Ntepnl}{cb obpa3uoBbtMH NiaHo-
Merpa.\{}{.  Toqxocrb r{3Nrepenu.q HanopoB: Hp - :  I  ,5%, HBc - + 3%, H"o,* _
+ )  < o 1

Pe:ynrratrr HarvpHbrx Hcc-'re[oBam.{}i. llo,ryueuHrre traHHbre HarypHbrx
l lccne^:loBaHHli per) ' j IHpveMoro 3)+(eKropa xopouto corracoBbrBa;rHcb c orrbrr-
HbIMH AaHHbII l l l t  votrerH lxel(Topa (r.e. noATBepIH,r ' IH Bce BbtBoAbr, cAenaH-
I{bre nocne HcribrTaHHfi MO!,e,rrH lxer(Topa) u c pacveTHbrN{H AaHHbTMH (pNC. 5g,
60), qTo oKOHqaTerbHO noATBePE'InO BO3MoXHOcrb [paKTHqecKOrO Hcnor1b-
3oBaF[rl f l  npetrnoxeHHofr B rn.2 MeToAHKH pacr{era p€ryrrxpyeMbrx 3xeKTopoB.
i ' lcrnrraroae rorroBHoro 3xeKTopa TBC roronno HeKoropoe pacxoxreHge
Harypttblx Azu{Hbl-x c MoAerIbl{biMH B nponycHofr cnoco6Hocru conJla npH
pa3nHqrrbrx ero orKpbrrH.rx, T. e. B pacxcAHbrx xapaKrepHcrHi<ax Q;:,r(.s ') .
f lpl tvlrxawlt 3Toro j l toxeT 6rtm HeKaqecrBelrHoe (pa:r,repur, Qopr"r 'a H t l lepo-
.\oBarocrH noBepxlrocf i)  l r3roroBnerMe Haca,qKa H Hrrrbr 3)KeKTopa. otrf iarco,
r{fiTblBa.fl, rITO pacxo)KtreHHe cflbirHbrx HarypHbr.\ H MoAenbHbLX AaHHbtx
tro xai]aKrepHcrHKe Qp =/(. t ' )  Haxo.qxrct B npe,felrax ToqHocrl,r  H3MepeHHri,
qcnecooopa3Ho B nocneAyro[tHx pacr{erax WryrT&pyeMbtx 3xeKropoB pac-
xoArryro xapaKrepHcmKy Qp = f (S' )  ncnonr:oBarb Ha ocHoBaHHH N{ogeJrbHbrx
accrreAoBarrtrir. Bnrccne[cTBxrr 3Ta 3aBHCHr!IOCTb }{OXeT i(OppeKrHpoBaTbcE.

Cpanxerme pact{erl{btx H oflblrHbrx HarypHbD( 3KcruryarauHoHHbrx xapaK-
TepHcTHK Qror*: f  (H"or*), nonyleHHbr.x rrpH 6r-r]r3KHX 3HaqeHHnx ep, norca-
3brBaer nonHoe HX coBna.qeHHe, qTo nHUJHl{fr pa3 noArBep)K.qaeT npa8oMep-
HocTb npHHtlrblX B pacqere perynrpyeMbrx 3xeKTopoB Aorlyuler{Hji  H ruero-
uI{KH pacqera perym{pyeMbrx 3)KeKTopoe. Cneayer orMerHTb, rrro H MoMelr
HaqaJra KaBr'rraro.toHlrbrx .qBreHHfr no pacqery onp€genfr.ercfl, AoBojrbiro roql{o,
TaK KaK noqrn coBna,qaer  c  AaHlrb tMH Hcr lb l raHNx.  CnpoeKrHpoBaf i r rb le  H 3a-
TeNl  nPotsepeHHble fKc l lept {MeHTsj rbr ro  B MoAenbi ib tx  H i la rypHbrx ycnoBH.Bx

7 8

npH Hanop&\  Ho  =  17  u  x  / / " .  =  l 7  y  - -  6
1  -  Q o  =  0 , i 1 9 { , l 1 5 . r r r / c . . t ' =  o , g o ' : -  Q a  =  0 , 0 9 ? { . l l 8 r r r 7 c , S ' : 0 . t . r :  - i
Q p  =  d , 0 8 1 = o , 0 9 7  r r 3 / . ,  S ' :  0 . { 8 ;  J  -  0 p :  0 ' 0 - 1 9 { , 0 7 6  r r r i c ,  S ' =  0 , : 9 :  , i  -  / ] ,  -

=  0 . 0  1 t { , 0 2 8  r r ' 1 c , 5 '  =  0 , 0 q 6
r p H  H a n o p & \ l / O  =  5 5  v  r H " .  :  1 2  v  -  e

t  -  Q V  =  0 , 0 8 5 4  v r / c ,  S ' =  0 , 9 6 ;  t  - e v  =  0 , 0 8 3 1  M r / c , , S ' =  0 , 6 ? ;  3  -  0 n  =
=  O , O 7 ' 1 4  M t / c ,  S ' =  0 , 4 g ;  4  -  x a p a x r e p H c r e r K a  n o r p e d n r e ; r a

l n L, " n
0,2 n 4

3)+(eKTOpbr HMercT AOCTaTOqHo BbrCoKHe Koso0HUHeHTbr nO;re3Horo . lei i .
cTBHt  Q t  -  3Wc ,42  =  55%.

[lpn npoBe.qeHHH rH.xpaBruIqecKHX HarypHblx ]{cnbrlaHHi ronoaxoro
sxeKTopa npoBoI0{nxcb raKxe H3NlepeH}.rf i  ruyvoB H tsH6paurH c noMorubro
rofr xe annaparypbl, KoropaJI Hcnonb3oB&rracb B xa6oparopHbrx ycnoBlrf i . \ .

f lpx acex pexxM&\ pa6orbr 3xeKTopa ypoBerib uryNroB Srrn er,rcoxrlr
(He veHee 95 eo), a nplt or.f,erbubrx pe)KHMax - K3.BHTarrlu{ l1rg o51poKr{gbr-
BaHHa, Korla B 3xeKTope nepecraer paborarb BcacbrBaloLua-f l  . tHHt{f i ,  r .rJylrbr
rocrHraJlH I l2 g6 (pnc. 6l).  Uyvr cBepx o6orrryoro ypoBHr fv{oiKer B63H}{K-
HyTb cnr{ariHo npH pe3Kofyl H3MeHeHHH paSOqHX HanopoBr [prr ycTaHoBKe
B 3XeKTOpe HecTalo{oHapHoro pe)KHMa, T. e. Korga 3HaqHTenbHo MeH_rrrorcf l
HZInOpbr Ha BbHoAe H3 3)KeKTOpa Hju,r npH or{eHb pe3K}L\ reHK.et|}lflX pery-
nHpylouleH Hrrlbl. BosHHxHoBeHHe noAo6xbrx lrJyvroB cBHgere1rbcrByer
o HenpaBHnbHoii  3Kcrlnyaralo.tH JXeKTopoB. l lpN fBenHqeHlo{ qHcra pa6ora.
lourHx B oAHofr ranepee 3xeKropoB iroBbrruaercx H o6ulHfr ypoBeub uyNta.

.[I'nx cHloxeHx.rr ypoBrur uyrva Moryr 6trru npoBeAeHbr pa3nxrn{bre rvlepo-
npH.rrTHr; HanpHMep, ycrpoxcTBo 3BlXOl{errpoHHuaeMbrK neperopoAor( !re){<.qy
3xeKTopaMH, ycTaHoBKa Ha lxeKTopax nc 'p$opl tpoBal tnbrx  c lyurxpoB,  Janoj r -
l tc l r l rLrx  MHHepanbl to f r  Baro i {  H. ' rH laepaM:xroaof r  :acurnrco i r .  oyr ; lsp l , r  AoJrxr {b l

i 9
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r roKol l rbcf l  Ha xecrKoM oclroBaHHn. O6qrareirbHbtM f lBnr{ercs o6ecneqeHlte

cScryxunarcurero nepcoHana cpeAcrBaMu HlrJry{Bu[ya,rruofr  3aru]{Tbr (Hayur-

H l {Kn ,  S l rpyu rH)  .

I , l : r u rcpeHNe au6paqNf r  : xe rc ropa  B  ropH3ouranbHoM l {  BeprnKa i rb r {o rv r

HAr r : ' , i r t j t r . t rH f iX  H  COnOCTaBIeHHe ITHX AaHHbIX  C  [aHHbr l v l ] l  H3NtepeHHf i  [ l yNrOB

l l r i ,  f )a3, , ' t } {qHbrx pexHNlax Bbtf iBHJro 6e:onacHlr f r  Anf f  Kot IcTpyKtIL lH lxer(Topa

, i - \ i , re\ i l1 ,  Bl{6pat lH]r  i l l ) t {  oct{oBHbrx lKcr l i ryarar lHoHHblx pe)KI{r ta- \ .  . r  raK)+(e
- f ^ , - , , . .  ^ A ^ . , - . - . ,, r t . , l L l b n g  i \ 1 ( j / r \ A y  J l y l i v l l ' l  A d l - l n _ D r i v l y l  1 1 | u y P \ - J t n r 1 r u 1  .  l o I \ l l t ! r  \ J \ . r P d J r / i l r .  L L l y l v r D l

, ' xe  xroPl r  ooyc i roB, leHbl  He BHopauHf lMH,  a  rHApaBnHKOtr .
Kourlrexcr{bre rvroAerrbF{bre H HarypHbre HccreAoBan}{f l  peryn}tpyeMorc)

)xcKTopa Arr.f l  ycxoeKii  :rccnnyarauyr CaxHo-UyrueHcrci l i t  I-JC nogrBep.u.xJl l l

o6ocHosaHHocTb pu:pa6oraHsof r  iv leTo! .HKH pacqeTa pery , lxpyc l lb tx  lxeK-

TOpoB.  lv lHoro, rer ru{n ( )nbrr  lKcf lnyarau]M sTHx fxeKTopoB r ra  I -3C no. t rBepx-
r r  n . f i ^ - o  u  d n n / r ? n  f  v  D  t I r n , l o  r l A t t l a t {  1 L _ / \ r r n  \  r r r r r u / \ / - T L

J d L l  r l r \  n ( l J I | v A I I \ / w l l )  r )  y q v v r v  r r  l r l / v v r v r - 7  D  
J r r Y r t u . L  

r \ ' r u r  u r v v r u

no  cpaBneHt l to  c  H i l c ( )u {b r i l r } l  cHcreMarn rn .  [ I o .e rBc l ] x [eH i ]  I l o3 \ roxn ( )c rb  I repe-

Bo ; t i . l  l xeKTopoB na  Ca .qHo- l i l ) t uc 'HCKo i {  f3C  i {3  onb t rH( l -npo}n ,uu ; t cHHor i r

u f rpoMbi l .xneHHyto fKcIUIVaTauNro.  B f laf lbHeHLxeNl c t te i ibru . l ts  ( ) i \1.11i l3al l } i l t

pc ry j l i { poBaHt { f  pacx ( )g i . r  B  cHcTeMe TexHHqecKoro  BL) i {oc t ta6xeu t { ) {  t i  i r 1 'p ;11gg

f lpe . f cToHT yTor {Hc l rud  pacxoAxox  xapaKTepHcTHKi l  Q  p  =  I  ( .S '  )  i l p i l  Bcex

l K c n j r y a r a u H o H i r b r \  i i l n o p a x  x a  r r o f r  c r a H u H H .  H v e n  n o ; r t t i , t i i  n l i S ( ) l )  ) K c n -  r .  .

i l Ta tu toHF{b rx  .KapaKTc [ )HcTr {K .  no f i } ' qeHHbrx  pacqeTHbt }1  l r y ' rL 'N I .  }1  } ' r o r i l r . l i l r \  l o

\ J p a K T C p I { c r } t K - \ .  Q p  =  /  ( . t  ) .  M o x H o  6 y n e r  o c t t u c c f  i } t t r t  l a r o N r . r r } r r r . c K ( ) r '

pCrv j lHpoBaHt {C  0 r , , , .  i l \  Te i l l  H3 l \ {eHe} lH t {  nOIO)KeH} { f  I - { - r v i i l { l ) \ ' i o lL l r ' r r  I l f  . i l , r
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Pxc. 6 l .  Cnexrpanhaoe pacupeAeJre-

IIHC MOIr{HOCTH rUyMoB

I - Hp = 98 Mi ^5 = ?5 rvrrvt (aca-

cbrBarou{&fl nL{r.H-fl, orKluoqeHa) ; 2 -

I IO - 96 rvr; .S : 20 uu (vacrrtoroe

orxpbtr l le, BcScbrBaroqaq JrHHt{. ' I  OT'

x-rnoveHa) ; 3 - Hp = IOO rrr; -t :

= '15 
MM (noranoe orrcputrxe) ;

. /  -  yponexr Qoxa npn orKtIXrqeHt{H

DKeKTOpS

u  lH^ . . -
I ItdA

t n l' u n  
Iu ; t 0J

-1' ,"
*.-Yr

+ ?*>
2 2 '

\
\ \ uEux

0,1 0,2 N T
L

fuc. 60. ConoctasireHHe onLrrHbrx H pacqerHbr.\ 3KcrltyaraqHoHHLrx .\apaKTepHcrHK npH
Hcl IhITaI{KH 3)KeKTopa (Ds = 75 vrq,  a = 50o.  7 = 60o,D*. . " ,  = l70 rr .9"r)  npx Hanopa-\

,  -  eo:  0,r3e vi  1,  -  on,k"=Jrt j ' "1"; ,=- 'J: I ; i - r  u3ic -  pac,rer*a,r  KpHBan;
2 - xapaxrepHcrrrxa norpe6rrrera

npH H i rnopax  Ho  =  77  M,Hsc  =  l7  w  -  6
,  -  Q v  = - 0 , 1 2 3  w 3 / c ;  , '  -  Q V  .  d , 1 1 9  u t  l c ;  2  -  Q p : . 0 , 0 9 6  r , r t l c ;  , '  -  Q p  =
=  0 , 0 9 3  - t / . ;  j  -  Q o  =  0 , O 2 6  v ' / c ;  j '  -  Q o :  O , o 2 i  * t / c ;  4  -  x a p a x r e p H c r x K a

norpe6rrrenn:  1,2,  J -  ornl r rnre xpnaure j  I t ,2 ' ,  J ' -  pacverxbre KpnBbre
nPH H:InoPax Ho= 55 M,Hsc = l0 r"a

,  -  Q o  :  0 , 1 0 4  - ' / . ;  , '  -  Q o  =  o , o s 9  u t  l c ;  t . -  . Q v  
=  0 , 0 5 6  r ' r 3 / c ;  , '  -  Q p  =

-  0 ,053 . r r !  l c ;  1 ,2  -  o i ru r r r r re  KpHBbre ;  I ' , 2 '  -  pacqerHbre  KpxBbre
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