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n P E A H C J T O B H E

Pac'Ierrr r[[poMexaHl,IqecKl{x nepexoAHbrx [poqeccoB, Bo3Hl{Karoqnx B
HopMilIIbHbIX sKcnJIyaTaIIHOHHbIx pe)(HMax H aBapl{fiHblx yfiOBr{.fiX, ,rBJrffroT-
cfl. Bax(Hofi cocraBHofi qacrbrc npoel(THpoBaHHr t\ gKcrrnyararlr{H rHtrpo-
sneKrpocraHlll{fr (f3C 14 |AOC). flpu sroM paccMarpuBaercfi MareMaru-
qecKafl MoEenb rHApoMexaHl{qecKofr cucreuu a Qbpvre anre6paHrrecKr{x Bbr-
paxeHufi, gHQQepeHIII{iIrIbHbIx ypaBHeHI{fi, o6rxHoseHHbrx H qacrHbD(
rrpoH3BorHblx, a TaKxe pa3nr{qHbrx 3aBHcHMocTefi, npeAcrilBn.fircIrllD( Kpae-
Bbre ycnoBr{fl, HeKoropbre r,r3 KoropbD( Moryr 3aAaBarbcfr. tra'Re n Qopue rpa-
Sru<on, Ha[pI{Mep xapal(TepficrnKrl rr4gpoarperaroB. OcHosHnrM Tpe6oBa-
HI{eM frn.ilflercfl. EocraroqHafi ageKBarHocrb MoAerru peiurbHbrM cBofrcrBaM
crrcTeMbr H ycnoBlrflM ee oyn*woHupoBaHHff.

Hanbonee [oJrHo u ycnerrrHo pacqerbr nepexo[HbD( nporleccoB B f3C
v |ASC c yrleroM yKa3aHHbIx rpedoBaHfrr ocyulecrBrr.flrorcfi\ c noMorubro
yHHBepqubHbix 3BM ro cneur{a.nbHo pa3pa6oraHHbrM nporpaMMaM. On-
HaKO pa3pa6oTKa, oTnaAKa H HCIIOJIb3OBaHHe 'TaKHX rrporpaMM AOCTynHbr
JI I{ rU b Cne U nanu 3lfp o B a IIH br M o p ra Hu3ar\wfl .M.

flpn npoeKrrlpoBaHnl4 rr oKcrnyaralrwr rngpogneKTpocranrlr,ui upolon-
)KaIoT HcnoJlb3oBarb paHee paepaooraHHble lIHcJIeHHbre rpaQnuecxre w[ftr
aHalftrrwqecKlle pacqerHble cllocoobl, JIH6o oTJll{tlarculyrecfl. rpoMo34(ocTbro
I{,TpyroeMKocTbro, Jrr,r6o rpeoyroutl,re 3HaqHreJrbHoro yllpouleHnfl 3aaaqn 3a
cqeT orKa3a oT yqeTa pfrI.a BJII{fiIoIUux QarcropoB. Ho B HacToflrrlee BpeMt
BO3MOXHO BbInOJIHeHHe pacqeroB H aH'aJrkr3a rr{ApoMexaHHqecKl,rx flepexoA-
HbIX IIpOUeCCOB C I{CTIOJIb3OBaHHeM rlporpaMMHpyeMbrx MHKpoKaIrbKynfiTo-
poB pa3nHrrHbrx rHnoB, HarrplrMep "3nercrpoHHKa E3-34,,, "3nerctpottr.l-
Ka MK-54", "3[eKTpoHHKa MK-5 6" *r 6onee no3AHero BbrnycK4 AaroIrleno
donmme'Bo3MoxHocru, "SrercrpoHr4Ka MIG6l"r "gnerrpoHr{Ka MK-52"
(nocnegHufi vroxer coxpaH flTb HadpaHHyro [porpaMMy rrocJre orKnroqeHnfl) ,
nonrMsrxHx oonluroe pacrpocrpaHeHHe u AocrynHbrx ruupoKoMy Kpyry
cneUlliuficroB. Hecuorpfi Ha ro qro Mnl(poKanbr(ynflropbr rro cpaBHeH1ro
c yHI{BepqubHbIMI{ 3BM HMeIoT orpaHl{lle}tHbre Bo3MoxHocrn B 6rtcrpo-
Aeficreuu H o6beMe [aMffTH H tITo H3-3a orcyrcrBufi neqararoruero ycrpoftcr-
Ba - npHHr€pa npu paOore c HHMH npnxoll{Tcff npoH3BoAHTb 3arr1cH, px
uCrlonb3oBaHne 3H?!II,IT0JIbHO IOBbICI{T aQQexnaBHoCTb paCqeTOB nepexotr-
Hbrx npoqeccoB KaK rro yqery nau6onlruero qucJra snrr.flronr4( Qarcropoa u
IIoJrHorbI perrreHl{f, 3aAaqI,I, TaK I,r rro npou3Bo[rdrenbHocru rpyla. HeMarosax-
Hoe 3HaqeHI{e I,IMeeT I{ To, rITo HaBbIK pa6OTbI C nporpaMMr,rpyeMbrMu MI{KpO-
KiulbKynflTopaMH rlo3Borlfier IIerKo IlepefrTu Ha pa6ory c nepconarrbrrhrMlr
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H ApyrHMI{ yHHBepciLIIbHbIMI4 3BM, raK KaK crpyKrypa arropnrMoB perxe-
HLrfr. 3AEAq CoxpaHfl,ercfr., a [epeBoA nporpaMMbr c KoAoBoro .fi3brKa Mr,rKpo-
KaflbKyJr.firopa Ha ucnoJll:yevrfi rus 3BM ApyrHX KnaccoB arrropHTMnqec-
rcufr sgux (nanpnlaep, Eeiicurc) ne cloxeu.

Ilenr 4auuofr KHlIru - oKa3arb npaKTuqecKyro noMorrrb B HcrroJrb3oBaHr,rg
rIporpaMMHpyeMbIX MHKpoKiLrrbr(ynfiTopoB Arfl pacqeToB rrepexoEHbrx npo-
UeccoB s I3C H fA3C. Oua cocrol,Ir I,I3 BocbMr,r rrraB r,r coAepxlrr o6rop
BH,qOB nepexo.qHblx [poqeccoB, 3HaqeHHe HX pacqeToB,Anf IrpoeKTLrpoBaHHfl
H 3Kc[IJryarauxJ{, a raKxe KparKHe cBeAeHHfi o pa6ore c [porpaMMHpyeMbr-
MH MI{KpOKaJrbKyJrflTOpaM}I KaK rrpu Hurwrwt roroBbrx, TaK lr Hpr{ cocraBJre-
Hr4kr H orJraAKe HoBbrx rporpaMM. flpneegeHrr MareMaTHqecKaff Sopry-
IIHpOBI(a paccMaTpHBaeMbrx 3aAalr, rIX 3anHcb npH rrr.rcnelrHoM perrreHHH H
anropl{TMbl su.McneHuli. .fiarorcx [porpaMMbr pacqeroB rugpaBnuqecKo-
ro y[apa B HarropHbrx BoAoBoAax, repexoAHbrx rpoueccoB rH[poarperaroB
f3C u |AOC c yqeroyl peanbHbrx xapar(Tepr{crnK rr4pi'paBrrnrrecKr{x MarrruH,
rconedanufi ypoanefr BoEbI B HalopHbrx BoAoBoAax c ypaBHgTenbHbrMlr
Pe3epByapaMl{. Bce nepeuucJreHHble 3a,qaq[ o6tegmreHbr reM, qTo rD( peureHrre
npol{3BOAI,TCfl. nOUarOBbrM pacqeTorvr c HeKoropbrM HHTepBanoM BpeMeHH;
npHqeM, yqHTbIBafi peilrlbHbre Bo3MoxHocrrr MHKpoKilrbKyn.fiTopoB, aBTo-
MarIr3aUI{Io BbrtlrrcJreHtd ocytuecrBnfiIor B ocHoBHoM B flpeAenax [rara cqera.
Bce nporpaMMbl conpoBoxAalorcfl tfl,rcnoBbrMr,r (recroerrura) [p]rMepaM]r,
Koropble Aon)KHbI obllerln,tTb Hx tIpI,IMeHeHHe, a TaKXe HcrloJrb3yrorc.fl g.irr.fi
aHartrca Brrrflrl.nfl. orlenbHblx Qaxropon. CneA/er HMerb B Br{Ay, rrro xorr
rIpHBeAeHHbIe [porpaMMbl H Aaror perxeHHe rrocraBrreHHbrx 3aAarr, Ho oHH
He sceodbeMrlrouPl I{ B [poqecce padorbr Moryr Bu[or{3MeHffTbcfl, pacruu-
PflTbc.fl H COBepTXeHCTBOBaTbCfl CaMHM tloJrb3oBaretreM B cooTBeTcrBLIH C
oco6euuocrfl.Mn 3a4aqu I,I ilpI{MeHHTeJrbHo K r{cnoJrb3yeMoMy rriny M}il(po-
KaJrbKyrrflTopa.

B rcnure AaH [ocraroqHo runpoxufi oxBar 3aAarr, Ba)rs{brx [Ifl rrpoeKTr{-
poBaHHff H sKcrnyararlnvr I3C u fA3Co vro rlo3BoJrfler cnequalr{craM c
MHHHMIIIbI{bIMLI 3aTparaMu TpyAa r4 BpeMeHH nonyqaTb Hy)KHbre perueHr{f c
HCrIoJIb3oBaHHeM coBpeMeHuofr nrrwrcJIHTeJIbHori rexuuxl,r. 3ro 6yger crro-
co6crBoBarb pocry aQQercTHBHocrI{ pa6oru H, IITo oco6euuo Ba)r(Ho, rloBbr-
rrreHuro HafrHoro ypoBHff [poeKTHpoBaHHrr H gr(clnyararlrur. Knura Moxer
6lrrr raK)r(g. nole3r{a }r KaK upaKTuqecKoo Ilocobl,te IUUI cryl{eHToB ru!,po-
TexHLFrecKIlD( C[eqHaJr bHOCTefr nyeor.

fIp" noAroroBKe Hacro.Errero n3aanufl r,rcnonb3oBaH o[brT [pr{Mer{e-
Hufl, uurcpo3BM g:irfl paclreroB rHApoMexaHuqecKHX [poueccoB s MI,ICI4
nna. B.B. Kylr6rr[reBa, a ral(xe WTeHbr paspa6orKn, BbrnonHeHubre Cpegue-
a3HarcKI,IM o rAeJreHHeM LIHcrHTyra " fir gpo rtp oerct" .

Aarop Bbrpaxaer 6raro[apHocrb peueH3eHry KaHA. rexH. HayK M.I. Tr-
rynoBy 3a BHnMatennuufi lpocMorp pyKonr,rc[ ]r roJre3Hbre peKoMeHAarIHH.

Bce noxeJraHu,fi rro KHHre npocl6a HarpaBnflrb rio agpecy: 113114, Moc-
rea, M-114, Iilnro:oBa.fl Ha6., 10, SHeproaroMu3Aar.

I n a s a l

BHIU NEPEXO.uTIbIX TIPOIIECCOB
B THJPOSNEKTPOCTAHIIV'T)r' H 3A.UAqiU HX PACIIETOB

1.1. 3auaqn pacqeroB nepexogrrbD( npoqeccoB

flpu npoeKrnpoBamnn u or(crnyarauuu foC n rAgC neo6xoAuMo yre-
J r f i T b  o c o 6 o e  B H H M a r r H e  r  H A p o M  e x a H H r r e c K  H  M  r r e p e x o A H b r M
rIp oqe cca M, TaK KaK OHHOnpeAerlf lroT: noBbrrrre]rHbreAI{HaMFrecK[e
Harpy3KH, BO3HI,IKaTUIHe B BOAOBOEaX, IpOTOTTHOM TpaKTe rl{trpaBnuqec-
KrD( Maruwr tr nponnnxmrqHec.ff u $oprrae m[paBnHqecKoro y[apa; uau6onl.
rurui paeuax rconeoauuit ypoBHfl B ypaBHr{reJrbHbrx pe3epByapax; rpeAenb-
Hlte o6parHble oceBble ycunnfl., Bbr3brBarory{e o[acHocrb noAaeMa Bpauiuo-
IrIID(cfl tlacrefr BeprnKanbHblx ruApoarperaroB c oceBbrMrr ryp$uuaruu;
MaKcHMarllnrrfi BaI(yyM B orcacblsarcIrleri tpy6e, conpoBoxAaro nvncs o[ac-
Ilocrblo pa3pblBa crurollrH@Tu reqeHHfl H Bo3Hr{KHoBeHr[fi o6panroro rqfpaB-
nHlrecKoro yAapa. IIpn npoqeccax, cneAyror4D( sa c6poconrHarpyexHc rr{rpo-
arperaroB, p a6oraro lr[D( B reH ep aropHoM pexrrMe, na6lrcAaett" y" rrnrteg]re
qacrorbr BparrleHnrr, HopMr,rpyeMoe,KaK rroKa3areJrb "rapaurrfi peryflr{_
ponarud', a rtpn orKJrroqeHur,r oT cerr{ rfir,poarperara fAgC, paOorarcuero
B HaCOCHOM.nexclTMg. co?I l2eTeg ne"Kr lF nnrr r r ! .Arr r ra r roDnof f id  h E^-r ,^Rr- . ,-  -  - r - - - - - - ' -  vv - rvr r r r4\vr r4v AsDJtv 'LrL D DE;Pr\ \ r5DI? l

nogor0gax, Koropoe Moxer 6rtm olacHbrM r,r3-3a Bo3Moxuoro pa3pbrBa
c[InoluHocrH TeqeHuA pr Bo3HHKHOBeHHfi rrp.EMoro rl,rApaBnHgecKoro yAapa
npH cMbrKaHHU KaBepHbr.

OrvteqeuHble flBJIeI{u fl, B ocHoBHoM onperenflrorcfi reoMerpuefi HauopHoro
TpaKra, xapal(TeplIcTHKaMH rHgpoarperaToB r{ pe)sMaMr{ HX peryflnpoBa.
uus. B cBflzrr c orr{M Ha Bcex c1aanfix npoeKrr,rpoBaHu.fl rgc ; rAOi rpe-
6yercn BbITIoJIHtITb 3Haql{rennxrrfi odtena pacqeroB nepexogHbrx flpoqeccoB,
gln nnr6opa cxeMbl coopy)KeHufr tI pa3MepoB BepxoBbD( n HH3oBbrx Harrop-
HbrX BoAoBoAoB, npoBepKl{ ueo6xo[tlMocrl,t coopyxeHuff. ypanffi{rerrbHbD(
pe3epByapoB r,r..Ha3HaqeHHfi HX KOHCTpyKTT{Brrbrx sopvr H napaMerpoB, npo_
BepKH r4paHTI'Ifi perynHpoBamufr.l,t odocuoBaqr4fr.rpe6yertx sHa.retrnfi r'raxo-
BbD( Macc nrApoarperaToB r{ peureHr.rfl trpyrHx BonpocoB.

flpm oKcrrnyara.\H^ craHqHH pacqerbr nepexorHbrx [poqeccoB Bbmor-
H'flIoTc"a NIfr' ynfIuIeHI'Ifl pexHMoB peryJll{poBa$rlfl, HanpHMep C qenbro
rloBblrrreHl{.fl HaEexHOCTH H IICKTIIOq9HI4ff OIIaCHOCTH nOA]eMp up.alllarot]4/{xen
tlacrefi rnrpoarperaroB c oceBbIMH ryp6nHarran, o[peAeJreHur 6rrcrpoleficr-
BI{fl I{3MeHeHI4ff MoIuHocrI{ rl{Apoarperara r nrr6opa onrrrManbgbrx pexHMoB
perynrlpoBaHufl'. ?IHorga Bo3HHKaer Bo3MoxHocrb noBbrcgTb HoMHHiuIbHyIoAerop



MorqHocrb rHApoarperarot (rrpouanecru ltx "nepeMapKr{poBKy") u scefi
craHuHH 3a cqer Hc[oJlb3oBaHr,rf pe3epBoB rr,r[pocHnoBofo rr 3JreKTpHqec-
Koro o6opygoBaHvrfl, qro raKxe rpe6yer rularenbHofi nponepKr,r nporeKaHr{r
repexoAHbrx rpoueccoB.

Hnae rsuluft cx o u rrr trp o e K TI{po BaHI4,r I{ 3I( cfiJry aralqoztr MHorHX ru4po 9n eK-
rpocrauqlrfi rloKa3brBaer, qro rny6orcoe r{ccJre[oBaHne rrepexo[Hbrx npo-
IIeCCOB AaeT BO3MOXHOCTb OTITHMH3T{pOBaTb HanopHyro cHcTeMy H rrony-
qI,I Tb 3H aqu ren tH lrfi TexHr{K o-3 KoHo Mr,rqe cx Hfi o S$erc r.

1.2. OneparuBnbre npoqeccbr npu HopManhrrbrx ycnoBnflx
9KCIuryaTarlHH

Dln rr,rApoarperaroB, pa6orarculux B reHeparopHoM pexuMe, xapaKrep-
HbIMLI fiBJrrrrcTCff rIpOUeCCbr [yCKa H OCTaHOBKH, KOTOpbre OCyUeCTBJIfiTOTC.fl,
KaK [paBr4rlo, [oafperaTHo, u lpoueccbr tI3MeHeHH.fl Harpy3KI,I, Koropbre
Moryr ocyurecrBnflrbcfl KaK orAerIbI-IbrMH rr,rApoarperaraMr{ (yaenuuenue
Harpy3KH rrocJle rlycKa HIIH yMeHbrueHrre Harpy3KH glr.fl ocranonrn), TaK
H rpyfirloit wnu Aa>Ke BceMI4 arperaraMu craru:,/ra [pr4 aBToMarHrrecKoM yn-
paBneHHH or ,ueHTpaJlbHoro perynflropa. B noc.negHeM 

",cJr)rqae 
H3MeHeHr{e

Harpy3KH ncefr rpytrrlbr ocyuecrBnfl.ercfr. ToJrbKo B [petrenax raK Ha3brBae-
Moro perynnpoBoqHoro Ar,rarla3oHa r[,qpoMarrr]'rH, rcoropnrfi p;;,fl. paquanb-
Ho-oceBbrx ryp6un cocraBrlner or 100 uo 50-60 %, a Wn roBoporHo-noracr-
Hrrx ryp6r{H or 100 uo 25-35 % vroulnocru.

Eln arperaroB |ASC c o6paluMbrMn rr.rApoMarur{HaMu (Hacocoryp6u-
nar"ru) gobannxrcrcn eue [poueccbr IIycKa B ]racocHnrfi pexcnvr pa6orrr u
ocraHoBKI,I vI3 HacocHoro pexr{Ma (perynnpoBaHne [oAaqn H3MeHeHI{eM
orKpbrrr,rf HanpaBnflrorqero anrrapara, KaK npaBHJro, He npoH3BoMTcfl,
a oTKpbITiIe ero ycTaHaBJii4Baerc.fi B cooTBeTcTBTTn C HaIrOpoM H3 yCITOBHfl
MaKcnMyrvra KIIA).

B nepuogbl, Korga rngpoarperarbr ue paboraror B ryp6nuHoM r,Inn Haco-
cHoM pexHMe, r#lcTo [peAycMaTpHBaeTcfl ID( HCtroJIb3OBaHI,Ie B peXC,IMe
cIIHxpoHHoro KoMneHcaropa EIfi Bbrpadorrcu peaKTHBHoft naoquocru. flpu
sroM c uerlbrc cHI{xeHH.fl uorpe6nennfl. aKTrrnHofi , MoulHocrr{ ocyuecrBrrfler-
cfl orxuM Bogbr H3 rloJlocrn paOovero KoJreca cxtruvl Bo3tryxoM. flocrconn-
Ky rIpH pa6ore B pexHMe cI,rHXpoHHoro KoM[eHcaropa r]rApoarperar BKJrro-
IIeH B cerb, Hueercfl, Bo3MoxHocrb flepeitrr ns groro pexl{Ma orleHb 6ucr-
po (ea 10-15 c) n reueparoprmrri pexI,IM c uonuofi Harpy3r(oitwtuB Hacoc-
unlfr s 3aBucnMocrr,r or HarrpaBneHHrr Bparqe:anfl. alperara.

floxagarenu HeKoropbrx ofieparl,rBHbrx ltpoueccoB npHBeAeHbr Hr,rxe.
flycr nrnpoarperam n rypGlunruft pe)KrrM paGoru (pnc. 1.1,a). floc-

ne 3aBepuleHltfl [peABapHTeJIbHbrx onepaqufi (orrcptnne 3arBopa, BKrrroqe-
Hr,re oxJraxAeHufl r,r Ap.) HarrpaBn.fircrqprfr an[apar orr(pbrBaercfl Ao rrycKo-
BOIO OTKpbrrr,rfl anycx, Koropoe 6olrure orKpbrTH.fl xoJlocroro xoAa ox.x.
Ilacrora BpaIueHHfl Bo3pacraer or 0 go crrlrxpoHHofr c cerrrc, orKpbrrne Ha-
rlpaBnflIouero a[[apara yMeHbuaercfl Ao ox,x, H rrpu SToM rrpol{3Bo[flTcfl
cHH X p O H tr 3 arIH.rr 14 BKJrroqeHue reHepaTopa B ceTb.

Bxnrc-
l,aenue
16 cemr

ilrot
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Puc. 1.1. Ilpoueccrr nycxa (a), ytentnenua
(A u yMerrbueHr{ff (e) HarpysKr rrgpo-
afperaTa

oc'oexrrM noKa3areJreM rrpoqecca fiBnfl.eTcfr. BpeM.fi rrycKa Tny"*.
Y noaoporHo-JrolacrHbrx ryp6un KpoMe oTr(pbrrufi HanpaBrrflrcrrrero au-

rlapara onycx oKa3blBaer sosAeficrBHe Ha trpoqecc n yron ycraHoBKl,r Jrolac-
reli pa6oqero Koneca grycK. 3trecr Bo3MoxHo HaxoxAeHue onrr.rManbHbrx
coorHolrleunfi. IIpu orol,r ocHoBHbIMH KpI{TepHflMH .fiBrlflIorcff BpeMff nyc-
ra Znr"* ll o6ecneqeurle AocraroqHo rvranofr ocesofi ruApo4{Hanfi,recrofi
Harpy3I(H ua pa6ouee Korleco trIrfr WplreHr,rfl ycloeuri pa6orrr rroAnffTHg-
xa. c srofi uenbrc uycrcoaoft yron guycx npHHHMaror paBHbrM +1s6, +iO;,
...' T.e. 3Halll{Tenruo 6onurue, qeM coorBercrByer rotr6uHaropHbrM n4xH-
MaM npI'I Millrblx oTKpblTrr.flx HanpaBn.fiIoulero aflnapara (paaaopor J^-rlac-
TrI Ha nycl(oBofi yrol o6rr,IHo ocyurecrBJlflerc.fl B KorilIe npoqecca brruro"*r,
rulpoarperara).

Hgmenerme HarpysKu nilpoqperaroB. fhgpoarperarbr fgc u rAgc
He roJIbKo obecnettrIBalor noKpbITHe rpaSrnca Harpy3KH gHeprocgcreMbr,
Ho H BbrrroJrnflror Qynxquro BbrcoKoMaHeBpeHHofi vroquoar". B. csagu c
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grI{M BaxHbrM r{x 3Kcrr[yararlxoHHbrM [oKa3areJleM flBJrflercfl 6 u c r p o-

tr e ir c r B u e rro H3MeHeHHro MoruHocru. floeroMy IlepexorHble npo-

ueccbr r{3MeHeH}Ifi Harpy3K}r rHtrpoarpefaToB paccMaTpl{BaloTc.fi rIpI{ npe-

AeJrbHbrx ycTaHoBneHHbrx cKopocTflx cMeuleHllfl perynfipyloqI,Ix opraHoB
rufpoMarxfir{. EcrectneHHo, qTo B grrdx ycrror.vrflx IIoflBJIflrcrca Han6ont-
rrrne [HHaMHqecKI,Ie sosAefr crBvtfl, npoflBnflrcIquecff n Sopue rurpaBnuqec-
KOIO ytrapa.

Ha pnc. l,\,6,e AaHbI noKa3arenu rlepexoEHblx ilpoqeccoB npn yBerl'Iqe-
HHH H yMeHbrrreHnu Harpy3Krl ru,qpoarperara. Kpunrre a (r) [peAcraBrlfircr
perynupyrcuee sogAeftcrBrre B BIIAe I{3MeHeHI,Ifl orKpblTl{fi HaIIpaBn.EIoure-
ro annapara or HarrarrbHoro 3HaqeHnfl, os AO KOHeqHOTO 4xon. B peSynbTare
sroro sogAeficrBuff rr3MeHr{erc.fi Mouslocrr ff(r) la yBenllrmealoulufrcn pac-
xoA Bbr3brBaer rr,rApaBnnqecrcufi ytrap NI (t) B HanopHblx BoEoBoAax H
npororrHoM Tpar(Te rHApoMaIUvIHb\ rcoroptlfr npHBo[HT K BpeMeHHoMy
nageHl{ro Hanopa ryp6uuu. 3gecr BaxHo orMeruTb, rrro rI,rApaBnH.IecKIdi
ygap BcerAa geficrnyer Ha MorrlHocrb B HaIIpaBJreHI{I{, nporHBoIIoJIoxHoM
gosgeficrBr{ro orKpbrmr, qro npHBoAHT K orcraBaHuro LI3MeHeHHff MoIrI-

HocTr4 r.e. K cHI,DKeHI{Io 6ucrpo4eficrsu.fl perynnpoBaunfr.. Sro sIlAHo no oT'
KnoHeHr,rro KpHBbrx l/(r) or nyHKTHpHbrx nnuvfir, coorBercrByrcilIlD( H3Me-

HeHI,rrc MorrlHocrlr trpl,t nocrorHcrBe Hanopa, T.e. 6es sog[eficrsug ru[paB-

rnqecKoro yAapa.
Xaparrepsofi oco6eHHocrbro ilpoUeccoB LI3MeHeHHfl Harpy3KH flBJIffercff

TO, qTO OHH rrpOTeKarOT rrpu npaKTHqecKr.r nocrossgofi qacToTe BpalqeHl{.fi
rHApoarperara.

Ocrauosra rr{Apoarperara (puc. I.2). flocne noAaqu HMnyJIbca Ha ocra-
HoBKy HanpaBnflrougfr anrapar 3aKpblBaercn, ti(t) - 0. Ilpofign orrcpblrue
xonocroro xo[a dx"x, rrpu KoropoM MoMeHr pa6ouero KoJreca M(t) Aocrrr-
raeT HyneBoro 3HaqeHr{fl, reHeparop orrclrcqaerbn or cerlr (orrnrouenue
qacTo ocyulecrBJlflIor rtpv a = ox.x, KorAa M.> 0) . Ilocne SToro qacrora

BpaulgHtrfi Haqrftraer cHruKarbc fl (M < 0 - ropMo3Hofi pexclrr,r pa6orrt rl4rpo-

naaruuHu), pr lfocne yMeHbrrreHr.r.fi npHMepHo na 50 % swrrorralorcfl TopMo3a

H rrrApoarperar 6ucrpo ocraHaBJluBaercff. HsMeHeuHe ruApaBnnqecKoro
ylapa NI (t) npoucxoAtlr raK )Ke, KaK rlptl yMeublrreHilH Harpy3KI4.

B cnyqae rroBoporHo-roflacrHbrx ryp6un cyulecrBeHHoe wwrfrHve Ha
lpouecc oKa3brBaer H H3MeHeHHe yrrla ycraHoBI(H Jronacrefi pa6ouero KoJre-
ca g. Ha prac. 1.2 wrpuxoeofi rluwuefi rroKa3aHbr rona6usaropHble 3HaqeHu.fi
yrna fr<or"r6, coorBercTByroulHe orKpblrl4rc a(t). oAuaxo [ocKoJIbKy or-
HOCUTeJTbHaJ{ CKOpOCTb H3MeHeHH-fl I OobrtIHO e 2-4 pa3a HLDKe CKOpOCT}I
rrD\rart^rrrrct ft 

"-n 
rr^errrtLqoT n2nrnrnannR2l{Ire rcnnr6rilrnrnnrrofr a2P,DTetll\tf)c-

r l g t v l v r r v r u r r ^  1 9  r v  e v r r u ^

Tvr u Qar<rnvecKoe H3MeHeHr{e yrna ycrarIoBKI,I nonacreft llger no rpunoft
gG) (cuourrtaflrrLrwrfl.Ha pnc. 1.2). B vovreHr BpeMeHI,I tnnrcnrauaercfl ycr-

poficrno pa3Bopora ilorlacrefi, sa nycroeofr yron frrycx
Eoltuoe npaKTur{ecKoe 3HaqeHlre nMeer H3MeHeHI{e oceBoro rfi[poflU-

HaMrrlecKoro ycwrr4fr pa6ouero Korleca Pr. C yMeHbIIreHI{eM orKpblTl{fl Ha-
npaBn.firoruero amrapara r,r qacrorbr BpaueHl4fi rl4rpoarperara P" cHuxaerox

8

?eHepamoPd

Pue I.2" flpoqecc ocr:uroBKr{ n{Epoarperara

u B o6nacrr,I ropMo3Hblx pe)c{MoB npuoOperaer orpr{qare[bHoe 3Haqe-
HI{e (o6paruoe HarIpaBneHI{e, unepx), r.o. geficrnyer nporrrB cr{Jrbr, npg.
rlo)KeHlrofi r pracce Bpalqamu-U{xcff qacrefi rugpoarperara (pa6ouee Korreco,
porcp reHeParopa) .IIocrcoJIbKy' yBeJII.{qeHHe }Tna ycritrroBKu nonaerefi g
rIpI{Botrr.IT K BospacrarlHlo obparurx rntrpogmaMrqecKro( ycrorl{fi, To noc;re
MoMeHTa BPeMeril{ t, c paenoporoM nonacrefi Ha nycKonofi yron oHH pe3Ko
yBenrllMBalorc.fi. B cJlflae, ecJrI,I o6paruue ycunufr pa6ouero xoneca P"
npeBbrcflT Bec Bpalqarou${xc.fl rIaCTefr rugpoarperaTa, To [por{3ofiger rOr
IIoAbeM, .Iro o6lrqHo npI,IBoAHT K noJIoMKau ra ueo6xoArrMocrz auapldHofi
ocraHoBKr{ rltApoarperara" B cssgu c srlrM rpeGyercx orfpam rarofi pexaor
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Prc 1.3. flpoUecc rycxa o6pa-
TI|MOfO rutrpoarperaTa B Ha-
cocnrrfi pexr{M padorrr

I
I
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ocTaHoBKn H' B qacTHocrl{' MoMeHT BpeMeHI,I tn, npm KoTopoM }IcKllroqaer-
cfl o rracHo crb rroAbe Ma B parqarouuxcd .racreft ru[poar pef ara.

. Ilycr o6parnvroro rurpoarperara IASC n uacocnrrfi pexrrM pa6oru
(puc. 1.3). os cocronr H3 gByx 3raroB: Tnycxl - pacKpyrKa Bparqiuo-
lrlHxc.ff tlacrefr rl'IApoarperaTa, T.e. yBenurreHl{e ux qacrorbr BparrleH}rfi or
Hynenofi [o HopManrHoli, ocyurecrBrreqne cr{HxpoHu3arluu c cerbro H BKJrro-
r{eH[e ABIIIaTeJIfl'reHepaTopa B ceTb; Tnycx2 - oTKpbrTHe peryJrupyroule-
ro opraHa (nanpasrrflIolqero anuapara) r,r yBeJrr.ilreHue [oAarr]r fuu&ogr)
or HyneBofr Ao craqrouapHofi, coorBercrnyrculefr geficrnyroueN4y Hanopy.

flepnufi 3Tarr HaquHaerc.fi c orltfl,rMa BoAbr H3 rroJrocru paGouero KoJreca
cxarbrM Bo3AyXOM ll C qenbrc cHHXeHr{fi MOrrIHOCTr4, UeO6xbAuvrofi trna
pacKpyrKH BpalqarcIUl4xc.fl uactefr, xoropufi ocyulecrBrrfl.ercfl. pa3[urrHbrMr,r
cnoco6auH: c tIoMoIIIbIo ABuraTenfl-reHeparopa oT cerr{ nplr noJrHoM (n p 

"-tvto f i  nycx) r{ I r r . r roHH>xeHHoMHaupaxen"r (p ea K tb pnrr f r  nycK);
c floMotqblo AononHHTeJIbHOrO acr{HxpoHHoro ABHraTerI fl. Ha FJ?|Iry arperara;
TaK Ha3bBaeMbIM q a c r o r H br M [ycKoM c uoga.Iefi Ha treurareJrb-re-
1 0

0

n
l l s

Heparop ToKa c noepacraroulefr .racrorofr - or Hylenofi Ao HopMantHofr
(ncrovHllKoM roKa nepeMeuHofi qacrorbr cnyxur nn6o lpyrofi rugpoarpe-
raT C [oCTeIIeHHbIM yBeJIIiFIeHHeM r{aCTOlbI BpaIqeHH.E, nU60 crafffeCrcufi
upeoopasosarert qacrorbr rHplrcropnnrfr) l/^rftr ApyrHMH cnoco6apu.
OcuonnuM noKa3areJleM nepeofi $aru nycKa flBITfl.ercfl, BpeMfi AocrruKeHr{fi
HopMilJlbHoff .Iacrorbr BparqeHvfr. rr BKJIToIIeHHJT arperara B cerb ?nnycxl . MH-
Hr,rMilIIbHoe 3HaqeHr4e Zry"*1 HMe€r npxr"rofr rycK (40-80 c), Apyrne nyc-
KH B 6asucHlnlocrn or MoIrIHocrI,I nycKoBoro ycrpofrcrsa rpe6yror:HaruTerrb-
uo Gonnruero BpeMenn (uo 400-600 c). '

Bropofi 3Ta[ HarmHaercfl c BblnycKa Bo34yxa H3 rroJrocnr pa6ouero KoJre-
ca u orKpbrrr,Ifl Harrp:IBJl.rlourero afirrapara. IIpu gToM pacxoA rrocrynaer B
HarropHbrfi sogosou (nanpaBneHHe rIpHHHMaercr orpuuareJrbHbrnr), cropocrr
B HeM Bo3pacraer, qro Bbr3brBaer rnApaBn[qecrcuri y[ap AH, MaKcHMyr![
Koroporo o6nrqno [onagaer Ha HaqzlrrbHrrft nepnofi orrcpurufi. Baxruu no.
Ka3areJrevr $aalr yBenr{qeHufl pacxoAa flBJlrercfl 3HaqeHne rr{ApilBrnr{ecKoro
yilapa, 3aBuc.flrrlee or cKopocru orKpbrru.fi HarlpaBJl.flIorqero armapara. Bpe-
M.f BTOpOfr $aSlr flycKa Tny cx2 npHHlrMaerc.ff Ao AocTr{xeHun rpeoyeMoro
orKpbrTnfl HarrpaBnfirouero a[[apara. O6iliee BpeMff [ycKa lru.* onpeAe-
Jl.flercfl cyvrvrofr:

T n y c r =  f n y . * l * T n y c x 2 ,  ' t

Cnegyer o6parurr BHlrMaHHe Ha ro, r{To rtoclle BbrnycKa Bo3gyxa Mo-
MeHT Ha BaJry M u MoulHocrb [epBoHar{:lirbHo pe3Ko Bo3pacrarcT, a Aarree
oHI4 IIIIaBHO yBenHqHBanTCfl C OTKpbrTL4eM A.

I .3. Anapnfumre ilepexo$rble rlpoqeccbr

K a B a p14t r r  HbIM orHocf lTcf l f ipoqeccbr ,cBf f3aHHbrecBHe3anHbrM
oTKJIrcqeHlIeM rr,EpoalperaToB oT ceTH, BbI3brBaeMbrM, KaK npaBHIIo, Ko-
pOTKI{MI4 3aMblKaHl4flrvfrl Ha JIHHH.fiX Wll4 Ha llIHI{aX CTaHIII{H.

C6poc uarpysrr'r npu pa6ore ruApoarperara B reueparoprroM pexuMe
(p".. 7.4,a). flocne orKrrcr{eHufl reHeparopa or cerr,r qacrora Bpaqegnn
rlrgpoarperara n(t) ducrpo Bo3pacraer. Ecru 6rr orrcpurue HanpaBnrrcrqe-
ro affIapara ocraBa]rocb He]I3MeHHbrM, To rypdnHa Bbrr[ra 6tr Ha p a 3 r o H-
u u fr p e xH M (rurpzxonaflrrHHHfl) nqacroraBpauenufltrocrHrnapa3-
rosxofr 

fnasr. 
Ho rIoBbrIUeHI4e rlacTorbr BpaueHu.fl Boc[pr4HnMaer aBToMa-

rrqecrcuft perynflrop ryp6unw, u HanpaBn.flrcuufi arlapar 3ar(pbrBaerc.E,
qro rlpr{BoAur K yMeHb[IeHHIo pacxoga. llpu eroM Bo3HHKaer rr{ApaBnr{.
.IecrcHft ygap Ail, 3aBr{c.flLunfi or cKopocrn 3aKpbrru.ff HanpaBn.Erourero arr.
napara H BpeMeHH xo[a 7r. Perynupybulee soegeficrBr{e Aorrx(Ho npuBo-
Ar,{Tb I( yMeHbrxeHuro MoMeHTa pabouero KoJreca, Ho, KaK H B cJl}ryae cHffTHrI
Harpy3Kr{ (puc. 1.1, e), noa4eficrBue ru[paBnnqecKoro yAapa 3aMeglrfler
yMeHbrxeHue MoMeHTa M(t), qro cnoco6crByer AonoJIHlITerIbHoMy noBbr-
rrreHHro rracrorbr Bparr-{eHHx. oAHaxo q Aarrbuefiururra 3aKpbrrHervr ryp6umr
MoMeHT yMeHbrxaercfl Ao Hynfl H Menfier HarrpaBJreune (rugpoarperaT Top-
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a)

Puc. 1.4. flpoqeccu c6poca Harpyaxn (a)
r{ norepu uprnoga (6")

MO3HTCfl). IIpU sTOM qaCTOTa Bpaqenns ilpoxoAHT r\{aKcHMy M flyraxc H HA-
qHHaer cHuxarbcfl. flocle npudnraxeHun K HopManbHoMy 3HarreHr,rrc qac-
Torbr BpaueHu.fl rlrApoarperar BbrBotrr,rrcr, Ha xonocrofi xo4.

OcHonnrttwt noKa3areJl.fiMH ttpoqeccoB c6poca Harpy3KH fiBJr.flrorcrr
3HaqeHH-fl rHtrpaBnl{qecKoro y4apa AIIMaxc H qacToTbl npauleHnn Zuarc.
O6lrtmo o6a 3TH rlapaMerpa HopMr,rpyrcTcr rexHur{ecKr,rMr{ ycJroBrrflMn Ha
rHtrpocllnoBoe o6opygoaaur,Ie s KatrecrBe raK Ha3FrBaeMbD( rapanmfi pery-
IrHpoBaHHfl..

B cnyqae noBoporHo-rroracrHbrx (nn) rypbnH nepexogHnrfi rpoqecc
cyulecrBeHHo 3aBHcrrr H or cKopocrl,r pa3Bopora nonacrefi pa6ouero KoJreca.
3avreg;leHue noBopora ronacrefr npu yvroHbrueHlru yrna Hx ycraHoBKrr g
6naronpr,rflTHo, TaK KaK cHlrxaercfl 3HaqeHHe zlMaKc, Ho B To xe BpeMfl
yBenHql,IBaerc.fi ollacHocrb rrogbeMa Bpau1arcu1r4xcfr .racrefi rl{Apoarp erara,
rlocKonblcy c yBenI{qeH}IeM g Bo3pacraer o6paruoe rngpo&rHaMnqecKoe
ycwrr4e pa6ouero Korleca. Fleo6xoAr.rnao saftru ux ourr{MaJrbHbre coorr{olre-
Hr,r.fi; rrTo oco6o BaxHo IInfl oceBrrx ryp6nn.

Ilorepx rrpnBoAa o6parnrvroro arperara, pa6oraroqeno B HacocgoM pg"
)KHMe (p"c. 7.4,6). Ilocne orKlroqeHr.r.fi or ceru ABr,rraTen.fl-reueparopa
pa3BuBaevrrrfr I,IM MoMeHr cpa3y yMeHbruaer,c.fl llo Hyrrfl. u qacTora Bparue-
wun n (t) pe3r(o cHrrxaerc.E (uacocHoe HarrpaBneuue Bpaulenua, KaK r,r pac-
XoA, 34ecb rrpulruMaercff co 3HaKoM naunyc).
L 2

6)

PaccnaorpuM cHaqaJra xoA flpouecca, ecJrl{ orr(pbrTrre coxpaHfferc.fl HeH3-
MeHHbrM (norcaeaH ruTpHXoBbrMu nnHnnrwr). rlepea MoMeHT npetvreHu ?nn
nocJre oTKJrroqeHr{ff EBHraTenfl-reHepaTopa qacToTa BparrleHr{fi cldvDKaeTcfl
Ao Hyn.E, HanpaBrreHne Bparqenur MeHflercfl ua rypbnHHoe H Bo3pacraer Eo
Aocrr.r)KeHnf pa3roHnori qacrorbr npazr, flocxonnKy co cHr,IxeHHeM qacrorbr
BpaueHufi pa3BrrBaerurrfi pa6ovnvr KoJIecoM Hanop pe3Ko yMeHbrrraercfl,
ro coorBercrBeHHo yMeHnluaercfl H pacxog 8G), H B MoMeHT BpeMeHH
Tg nocne OTIc[rcqeHIIfl pacxo[ paBeH ]rynrc H HanpaBIIeH]Ie TeqeHaf MeHfl-
ercr Ha rypftrnuoe. Eorlruoe npaKTl{qecKoe 3HaqeHHe HMeer r,r3MeHeur.re
y4apHoro AaBneHHfl N{ (t). flocne orrcrrcqeHvrn n cHH)KeHr{fl pacxoAa EaB-
rIeHHe B cnr4panrHofr KaMepe pe3Ko yMeHbuaercfl, Bo3rilrKaer orpuuareJlb.
uufi rugpaBnr,rqecxufr y\ap, rcoroprrfi [ocr]rraer MaKcHMyMa K MoMeHTy
BpeMeHlr Tg. Vu..r^eHeHHe qacrorbl BpaIrIeHI,Ifl rnApoarperaTa cB.ff3aHo c H3Me-
HeHHeM MoMeHra Ha Bany M(t), Koropbrft nocne orrcrrrcqenr{fl raKx(e 6ncr-
po cHrrxaercfl,, AocrHra.fi MHI{rIMyMa trpu Tg. nanee c yBenurreH]reM qacrorbr
BpaureHr,rff B ryp6nunoM H:rrIpaBJreHr.rH M(t) orrrb Bo3pacraer H.rro Mepe
npu6nnxenafl. K craur{oHapnoft pa3roHHofi qacrore npatr BHoBb cfirxcaercs
Ao Hynfl (6es yuera cwr corpornBlenua).

Ecnu [ocne orrcrircqeuun or cerr,r cucrevrofr aBToMarnqecKoro perynu-
poBaHr,rfl ocyuleCrBnfreTcfl,3aKpblrlle HallpaBn.flIoxlero arnapaTa a(t), To xo[
npoqecca HecKonbKo MeH.fiercx (Ha puc. 1.416 torca3aH clJIoNrHbIMr{ I:lztnnfl-
Mr{). flocxonlKy BpeMfl xoga cepBoMoropa o6u.mo AocraBrlser 20-30 c u
6onee, ro nosgeficrBlre a(t) na HarrarrbHoM srarle Ao MoMeHraBpeMeHrI Tnua-

no. flocne orKJrroqenlrfl or cerr,r MoMeHTHa Barry M(t) pe3Ko cHuxaercfr,,a3a-
TeM rrpH lr3MeHeHHH HarrpaBJreHl,I.fl BpaIqeHHx Ha rypbnHHoe Bo3pacraer I{ Aa-
nee, npH BbrxoAe B pa3roHnufi pexuM, cHn)tfrlercfl Ao LryIrfl.Ilacrora Bpar,rleHl{,fl
n(t) npuBoAr{r K HopManrnofr ns. Pacxog ycraHaBJl[Baerc.fl paBHbrM pacxo4y
xoJrocroro xoAa Q*.*. fugpoarperar Bbrxogrrr Ha pe)KI{M xoJlocroro xoga H ro-
ToB K cr,rHXpoHH3arrHH r4 BKirroqeHI,IIo B cerb B reHeparopHoM pe)Knue. Ecrn
rpe6yercfl rroBTopHo BKnroqHTb ruApoarperar B HacocHrtii pexuu, To rnApo-
arperar orKnrcqaerca (crvr.' cxeMy Ha puc. I.2) unocJle 3Toro ocyruecrB ilflercfr.
ero rycK (cr.a. cxevry Ha pI,Ic. 1.3) .

Brxog m4poarperara B, pasron H BbrBoA H3 pasroHa. Taxofi npouecc
MOXeT BO3III,IKHyTb B CJIrIae OTKa3a CHCTeMbT aBTOMaTI{[IeCKOrO peryIIHpO-
sduun ryp6nuu. BnrxoA B pa3roH 6rrt paccMorpeH Ha pnc. 1.4,a,6 (rutpu-
xoBbre nuHuu).

Baxuuu nBnfl.ercn cuoco6 BbrBoAa arperara H3 pa3roHa. Ens, grofr qs
nil flpetrycMarpr{Baercfi ycrarroBKa 3oJrorHHKa aBapufiuoro 3aKpbrrufl, KoTo-
nrril nrtArrrflrqpr rtrtrrrtnrr- ?2ranr.rrrrq apnprtrrnrnn2 llqrrtr2DTrsrnrrraFr-t qrrrrq-

vvv /+rs r ,^v  rv r4{v r  v  s r^ lg -

para Ha[prrMyro c KoTrroM MacnoHafioptrofi ycraHoBKH n npTuBorroJrox-
Hyro rloJrocrb cepBoMoropa co c6opnuv darcorra. flpu sroM Mo)r(Ho ycra-
HoBHTb o[peEeneHHoe BpeMr 3al(pbrTnff, Koropoe 6epercx 6olnuruu, qeM
BpeMfi xoga cepBoMoropa rIpH HopManbHbrx ycnoBufix pa6oru. Hrvrnynlc
Ha 3oJrorHI{K aBapufrnoro 3aKpbrru.fl [aercr or pene o6oporou.

npyrnvr cnoco6opr BbrBoAa rl{Apoarperara H3 pa3roHa cnyxnT ncrroJrb-
3oBaHr{e 3arBopoB. 3ro Mo)Ker 6urr npe4r5ry6rurnru? 3arBop, a rrpu ero or.



cyrcrBr,rH orrcrpogeficreyrculnfr anapufiuo-pevroHruufi 3arBop B BoAo-
npHeMHHr(e. B 3roM cnrrae ilpouecc BbrBo[a rHApoarperara H3 pa3roHa
corlpoBoxAaercfl onopoxHeHHeM HarropHbrx BoEoBo[oB, qro IIpr4Bo[HT
r( yMeHbrueHr{ro AericTByrouero Harropa,qo Hynfi .

I l a B a z  I

PAEOTA C NPOIPAMMHPYEMbIMH MHKPOKAJIbI(YJI.flTOPAMH
NPH PACIIETAX NEPEXO.UHbIX IIPOUECCOB

2.1. BnnoJrHeHHe pacqeroB rro roroBbrM nporpaMMaM

Ilpex4e qeM rrpncryrrr{rb K pa6ore c Mr,rKpoKarrbKynnropoM, cnegyer
o3HaKoMurbcfr c coorBercrnyrctrIHM pyKoBoAcrBoM HrrH vr]f'crpyxuHeft no
3Kcnnyarar\r4r4. Ffuxe lrpHBoAflTcfl ToJIbKo KpaTKr4e cBegeHr,rfl, Heo6xo4[rMbre
Anff pellle}lnfr. 3aAaq paccMaTpl4BaeMoro Buaa, [pr4r{eM ocHoBHoe BHI,IMaHI,Ie
ytrelrflcrc fl. rro prrg K y B brrrorr He HH.fl B brrrn cneunit.

Bu6op nporpaMMbl, oraevarcqeti rocraBJreuuofr 3a[aqe, [petrcraBJr.fler
saxHrrfi Ha.rartHHfr aran. Peruarcrqee 3HaqeHue rrpH gToM uMercT B H A 3 a-
a a q n, HalpHMep olpe[eJreHHe rr4ApaBrrHqecKofo yqapa B HanopHoM Bo-
AOBOAe }rnu ycnonufr nporeKaHHrr fiepexoAHoro [pouecca npn copoce Ha-
rpy3KH, n pna r{o[orrHr.{TeJrbHbrx o II p e A e Jr f iro rqux s ar To po B:
reoMerpH.fi uanopHofi cucreviu H pacqerHa.fl ee cxeMa c onpe[eJrrrrorqr,rMr{
[apaMerpaMH, BKJrrcrIafi XapaKTepHcrHK]r rr,rApoMarrrHH, ecIIH oHH fiotrJle)Kar
yqery; BHA Bo3Mylrlaroluero aos4efrcrnun wru pexr{Ma peryrrgpoBaHfifr;
n r \ n T t D  r r a l n T r \  ( r l r - r r t v  - r : n v n n u r  

r v  f t o r r r t twvvieu i ivwiv,:rrr iDi.n i iwAu,t j ,r-rbi l i .  i iai i f ibix i i  p9i ' i , ic i 'pi4pyeivf,bix i iapaMeTpOB Ha

IUare crlera. Bce gro ycraHaBnuBaerc.rr [pr4HflTbrM arrropr{TMoM pacrrera, rro
KOTOpO My COCTaBI flercfl rrpof paM Ma.

C IreJIbIo yupolr(eHl,Ifl nnr6opa coorBercreyroqefr nporpavrurr pacqera
B ra6n. 2.1 [oKa3aHbI ocHoBHbre xapaKTepkrcruKr4 naKera [pHKJraEHbrx
lporpaMM, [puBeAeHHbIX B gaHHoli KHLrre. flpnu-artre ycnoBg.s pacqeroB
"x@trcvit" H "ynpyrvrtt" orJluqarcTc.fl TeM, r{To npu pacqerax rl4[paBrrruec-
Koro yAapa [epBble Hr] /eurblBalor y[Ipyrl4e 4eQopnaaUul{ )KHAKo7ru H BoEo-
Bo[a, a BTopbIe yqnrblBalor I4x. Yqer Brrr4.fl.Hnfl ynpyrocrl,r BaxeH ilpv pac-
qerax HanopHoro BoAoBoAa Oo;rrruofr AnHHbr u 6lrcrplrx H3MeHeHH.flx pac-
xoAa.

Ilporpavnra fy-x (3) rro3BoJr.fler orpeAeJrlrrb ,qaBneHrre KaK Arrr rpex
ceqeHuli HallopHoro rpaKTa, TaK v lf;rfl. nrc6oro qucra [poMex(yroqHbrx
ce,reHHft.

flpu pacr{ere HarropHbrfr eoAoeoA MoxHo [peAcraBnTb B BHAe oAHoro,
AByx H Tpex oAHopolHbIX yqacrKoB c rrocroflHHbrM [r4aMerpou D z cro-
pocrbro pacrpocrpaHeHHfl yupyrofr BoRHbr c. TorAa. [prMeHflrr [porpaM-
vty fY-Y(1), fy-y Q) nnn fy-y(3), rvroxHo onpeAerrnrb AaBrreHr,rn B KoH-
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344aua u
pacqeTa

ycnoBurl Bugnosr"ryu4arcuero
gosleficranr{ flporparvrrra HasHaqetfie

Ingpannnrecrrd
ytrap B Ha[opHbD(
BoAOBOEax:

xecrxuft flpouycxHzr,fl cro-
coGuocm h(t)

yrrpyrrfi To xe

f ugtrl orta exanlfr ecK rre
IIepexoEHBre IIpo-
rleccbr rrflpoarpe-
rATOB:

a) upupa6ore
B gHeprocucTeMe

n = const:
xecrxnfi Orxpurue HanpaB-

rr.Eroulero armapa-
ra as (t) HJrr{ ro xe
u yrcn ycTaHoBKH
nonac.ellg(t)
ao G)

oo G) r{nu ro xe
r r  g( t ) .
ao (t)

CranUnonurffi
pacxoA Qcr(t)

To xe

ynpyrrrfi

6) npu orKJrpqeHr{r{
oT SHeprocllcTeMbl:

xecrxrd

ynpyrufi

Kore6anns ypoBHt
B )?aBHHTSfibHbD(
pe3epByapax:

rluJrr.I}rApr4rec-
KrD( r{ KaMep-
HbD(

Au(PQePeH-
qI,IAJILHLIX H

C BO,EOCJII,IBOM

Anaang n{fpaBnruecxoro
y Eapa B Hepa3BeTBJreHHbD(
BOAOBOAa)(

Onpegeneufie n€pexogrbrx
[poqeccoB npr{ yBeirlllle-
HHH H yMeI{!'rrreHHH Harpy3-
KI.I C Onpe.AeJIeHI{eM H3Me
HeHI{ff MoMeHTa R ocesofi
Harpy3Ku qp6mu

-t

Oup egenenre [epexopgrLur
npoqeccoB upu c6poce
Harp y3Kr{ B reHepaTopHoM
pexr{Me }r rroTepe up[BoEa
B HaCOCHOM pe'(HMe

Onp egeneuHe H3M erreuruI
nonoxeunfi yporlrfrr sua-
q eHl.rfi AaBJIeHT{t, Atlrfrenl.
HocTH npouecc4 xapaKTe-
pa 3aryxiuu.s xoneSanrft

f v-x (3)

fy -y(1)  ,  (2) ,
(3)

HATP.X
HATP.XM

HAf P-y (1),
(2)

CEPOC-X

cEPOC-v (1),
(2)

yP-1, yP-l
u 6aox Henpe-
pbrBHonc cr{eTa
yP-z, W-2
u 6nox Henpe-
pbIBHOro crleTa

YP-Z u 6lox
cra6unusaqxn

UEBOM, KOHIIEBOM }I OEHOM IPOME)IryTOVHdU, KOMIEBOM I,I ABYX TIPOMCXCY-
TOTIHbIX CeqeHI.IfX HilrIOpHOrO BOIOBOAa.

Eonee AerarrbHyro xapaKTepucrnKy raxrofi nporpaMMbr MoxHo rony-
qurb H3 ee nogpobuoro oilucalr.vlfl,, a raKxe u3 rrucroBbrx npHMOpOS, KOTO_
pble Moryr 6bnb HcrIorIb3oBaHbI Lr B KaqecrBe recroBbrx 3agaq (cvr. rn. 3-g)
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flpunegennttli narcer [porpaMM He flBJrfiercfl yH]rBepcarrbHbrM H Hq peuraer
BCe UpOonevu pacqeroB rHApoMexaHr4qecKr,rx [epexolHbrx [poqeccos.
IIo Mepe pa6oru oHH Moryr KoppeKrrrpoBarbc.fl 14 coBeprrreHcrBoBarbc.fl
noJIb3oBareJIeM HelocpeAcrBeHHo c yqeroM peanbHbrx xapaKTepHcrlrK KaK
cavofr 3irAarru, TaK rl Turra MuKpor(iubKyn.flTopa. Haupu*rp, ';greKTporfi-

xa MK'61" H "SlexrpoHnKa MK52" HMeror HeKoropble ,qonoJlHrrreJlbHbre
BO3MO)ffiOCTU: eCJrH B 6Onee paHHr,rx rnrrax Mr,rKpoKarlbKynflTopoB wfl,
orlpe[erleuux a6coJllorHoro 3Haqellufl HeKoroporo rrucJra rpe6oaalocb ocy-
IrIecrBHTb rlocrleAoBareJlbHo ABe olep awn Fx2 il F\f , to npr,r rrpHMeHeHr,rH
"3nercr1nHr,rKn MK-61" ,Errr ororo rpe6yerc.fl Bcero oAHa on*p.urn" Klxl:,
onpeAeneHHe 3Har<a qHcJIa ocyulecrBJr.flerc.fl raK)Ke ognofr ouepauHeli K3n,
a fipH [pHMeHeHrut 

.6olee paH]rHX rI,IrIoB MuKpoKarrbKynflropon rpe6yrorcff
rlerbrpe orepaur,rH: r, Fx2, F/-,,. c yuero* rio.o Moryr dgrn coKparrleHbr
[porpaMMbl' B ToM qHcJ]e npnneg'eHHble HH]I(e. Kpoue Toro, B cooTBeTcTBHH
c KoHKperHbIMH peuaeMbrMl4 3aaauaMr Moxer norpe6oBaTbcr pacrrrgpeHlre
H CaMOfO rraKeTa npofpaMM.

Bgog IlporpaMMbl B MHKpoKuurbKy-Jrflrop npo]r3BoArrrcff B pe)rcrMe F IIpf,
npH 3TOM Ha I'II{AHI(arOpe cnpaBa BbrcBeqHBaercn 3HaqeHHe crreAyrcrqero
oqepe[Horo atrpeca (uauannunrtl 00). flo vrepe BBoAa nforpavrubr, ocyrlecr-
BJI-EeMOrO HDKaTHeM COOTBerCTByrou[x KnaBril[, cneBa BITICBeqI,TBaIOTCfl
TpI{ Ko[a Ilpe[bltrytlHx orepa\uit H KoMilI{A. 3ro [o3BoJrffer rro xoAy na6o-
pa npoBepflTb rlpaBl{rlbHocrb BBo[a flporpaMvrtr. C orofi qeJrr,m Hy)r(Ho HMerb
rrepeA Hra3aMr,r raoruqy c o60sHaqeHr{fiMH KOAOB (Ueper KoporKoe Bpe-
M.fl ocHoBHbIe KoAbI 3arIoIvII{HaIoTcf I,I He 6yler ueo6xo4trMocTg 3arnflEbr-
Barb n ra6ruqu). B ra6n. 2.2 npwneAeHbr orrepauur,r B nporpaMMHoM H3o-
bpaxcenrul u coorBercrByroul,ie r{M KoAbr (n r,rHcrpyKrlrlflx o-6ur*o Aarorcr
onepauHH B HarIHcaHuH, coortsercrByrouleM u:o6paxeHllrM Ha KJraBgarype
n2 FII{Orn MI,L r.rn k.r Trr.r.r/rr o-^ ^o\\ w r u r \ J J r r L  r v  I r s J  .

Cregyer l,rMerr, B BI{Ay, rrro MuKpoKa.nbKynfiTopbr "onexrpoH,Ka" pa3-
JIHIIHbIX TI{IIOB I',IMeIOT HeKOTOpbre oTflI4rIH.n TaK)Ke H A O6OeHaqeIIHflX Kna-
B r{ru" Ocaosurre o fiosuaqeHu.fi upuBeAe}r H s r a6n. 2.3.

tlro6rr coKparnTb .{Hcno cI{MBoJIoB rIpH HanH caHur4 rrporpaMlvrbr H Bbr-
lJelrurb odosHaqeHl'Ie KoMaHA H onepauvril, agpeca oflepauurl ne BbrlrHcbrBa-
Iorc-fl- Brrlecro sroro rIpHHflTo npeAcraBJrrrrb rrporpaMMbl e Qopnae Marpr,r-
ubr, HMerouefi l0 cron6rloB c rroMepaMr or 0 go g, u nrc60e .mcno crpor(
c HoMepartrv or 0 HJrH [p)/roro rrHcrra. Hovrepa crpor( u cron6rtoB HatrIIu_
caHbr coorBercrBeHHo cJreBa r,r BBepxy y paMKH TeKCTa [porpaMvru. A,q_
pec onepaqr,rH cocrolrr H3 AByx unQp: HoMepa crpoKH lr HoMepa crolG
qa [cvr., HanpHMep, reKcr rrporpaMMu fy-X (3) Ha c. 3l ] .

.$rx HarurrAHocrr{ u o6ler,qerfrrl qreHl{.fl Ir rrpoBepKF nporpaMMbr rro He- i
KoropblM aApecaM rlolllrHcaHnr 6yrcaeHHble o6oeHaqeHnfi napaMerpoB, no-
nyrraeMbre rro AaHHoMy aApecy onepaulri,l (o"r. c. 3l) .

B c+y:ae HerlpaBr,ubHor.o BBoAa rcaroil-ns6o rcovaugu c rroMorrlbr! KJra-
BHIIIH [I[f'nporpaMMa cMelqaerc.r I{a o[HH aApec o6parHo, rrocJre qero Mox-
I nuecru ueobxoAHMble H3MeHeHH.fl B rrporpaMMy. HaxarueM KJraBr4rrrg
ItlI nporpaMMa cMeulaex,cfl Ha oAHH atrpec BrrepelF
r6

T a 6 n uua2.2. Kogu ocnoBHblx onepaqnfi H KoMaHA
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BeoAHrl [porpal\{My Hyx\Ho BHI{MaTe]Ibr{o, Hg roponrrcb, B TeMrIe 4-5 c
Ha 0DJ4H ruar nporpaMMbl. I{arrpuvep, RtsoA rllrorparviMbr, nrcnioqarotul.tfr
80 agpecon, rp6yer 6-7 MHH.

fI p o B e p K a rI  p o I 'p a NI M br Ba)r\HagnfiycneuHororpoBe4er{Hrr
erttlHcrelruli. Haudonee npocro rlpopl3BecrH rrpoBepr(y rroraKTHbrM rrpo-
cMorpoM anegeuHor? npofprlMMbr rro Hr{AHKaToFy. Illtx 3T'O;o B pe)ruMe
F ABT H''KHMaI.T r(ira'I{Ixy B/0 (eosepar *ta urynenofi agpec) n iepexo-
Arrr B pe)KHM F rtPf. rlauntrurcarope nosBrrrcrr H:o6paxesne'00.

Haxunaan nocJre[oBarerrbHo rc:raruur1, fr], rrpoxoll.flr, lro ogHor\ry rua_
ry.Bcrc [porpaMlvry' IlpoBep-fltf [o I{oEar\t coorRercreue ua$paHHbrx onepa-
l\ni4 u KoMaHA. Ecnu BosHHKaer seobxo,qi,rNrocrb r-rpoeepKn rrporpaMMbr
c KaKOro-To rlpoMe)KyrorlHol-o aApeca, To ero Moxtlo Bbr3Bal.b IrocnefioBa-
TeJIbHbIM HaiKarHeM KJraBfiui F, ABT, Ff,I, npol{exryTorrrmrft agpec, F, lfpf.
Ha wnwKarope c[paBa fiarrlr4r'cfl rpe6yenrnrfi u4pra, a crreBa - Korrbr o[e_
Pa{ufi no rpeM ripe[brAyu_tHM alipecaM.

Haudonee uagexHoli uponepxoii fipolpaMr\rbi cny)K?rr perrreHr.re recro-
Boro nprMepa. xorrr 6nr ua o[n(JM-llByx r.ilarax gqera. .[ai ororo MoxHO
HCnOJIb3OBaTb rlpuBeueHHble tuccJrorJbre trpr4Mepbr. o[uarco 3TO rpeSyer
tro[onHHTerIbHbIX 3arpar tspeMeHH. Qacro ilocJre ITponeprid rro l4HgpKaropy
cpa3y [pHcrynalor K pelllerlHlo ceoeii 3a/faqH H oIIeHKy [paB]rrrbHocr1 pafr]-
Tbr [por.I3BoAr{T rro rolyqeHHbrM pe3ylbTaTaM.

cnegyer HMerb B BHEy, qro ilpH Her(oppeKTHocrr,r ofiepaur{rr Ha r{HrIHKa_
Tope noflBJltlerc.fi cHrHaJI Effof (uanlrcaHue auul*iclsoro cJroBa error *
ouut6rca). K rarcuM onepauu.sM orHo cflTcn geJreni{e Ha Hyrrb, rr3BJrerrsgge
I(opHfl I'I3 orpHllarellbHoro qHcna, Bo3BeEeHHe B cr,efieHb y Wir(jl' x = 0 u
HeKoropbre ApyrHe.

Ec'rru' r l{Tore cqqra rroflBJlfle:rcri HerrpaBunnHufr pe3ynbrar, To oTbrc-
KaTb oruudxy Moxrlo BbITIoJIHeFIIaeM cqera rroraKTr{o. Anu ir"ro Fra;Kld}irarcT
xlanaury B/0, a aarelr fIlI, llpnrleM .c Kax,qbrM Haxarnel,r :rofr KJiaB'rrlr
ocyulecrBJlfierc-fl o[Ha olepauH.fl crrera IIo ilporpar\4Nre c BbrcBeqr,rBaHneM
pe3ynbTaTa r{a UHAHK aTope.

B n  o ; t  o 6 u t u x  u c ) i .  o l l l { b r x  / l a H F r r , r x  A n f l p e r x a e l r o f r K o } { -
rcpernoli 3aAaqu npor,r3BoAvrrctt B pe)ia{Me F ABT. tr$,l$poaur. ,nuor*fl BBo-
aflTcfr' B COOTBercrByrouIe perucrpbr raMfll'H COruacHo r{HcrpyKutrvr rro Hc-
norlb3oBaI{I4rc rporparvtMbl (Harrpianaeir. ra6n. 3.26;}. ffoc;re ito.o rorre3Ho
[poH3BecTH IIpOBepKy r]paBHJrbFrocTpr BBeEeH]rbrx rrcxoArrbrx EaHr{brx Ha
HHAHKATOPC IIYTEM BbI3OBA ILX H3 PCI'HCTPOI} NAM.'ITH C PCTUCTP X,

Bn  o  g  H  a  q  a  r i  b  H  b IX  ) ' c r t on  N l i .  Ec r ru r rFou3BoguTc r rBb rq1cJ re -
HHe nepexoAHoro r]poqecca Ro BpeMeHH rro]-uaroBbrM cqeroM (peureur.rx aa-
Aaw{ Korun), ro cHagaila Heobxo4auo BBecrH HaqarrbHbre ycloBr{.fl, orrpe-
ACNfiEMbIE CTAUHOHAPHbII\,1 PE}I(IIMOM, R COOTBETCTBYIOU{HC PCIUCTPbI IIA.
M.flTH.

llocneAoBarerlbrocrr, IrpoBerenxfl nrrrficrexnfi. B npegeapr4Tenbrro 3aro-
rosneHHltfr 6nagrc 3aHoctITcfl HcxoAnbre AaHr{bre Ha r.uare cqera (ua_upu-
Mgp, 3HarreHue nponycKHcrri cnoco6Hocru, MoMeHTa ru:u KIIA rypbnril),
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laJree B HeM perHcrpHpyrorc.q pe3ynbrarbr srrqscreHm? (nanpunrep,
ra6n. 3.2n). llocle BBoAa obutlrx HCxoAHbD( ,[aHHbrx H HaqanbHbrx y.;i-
Bpdt BBol{.fiTc.fl ,qarr'bre nepBoro ilrara fi Haxarr,reM xnaadu, Blo i"or-Bpar Ha uynenofr atrpec) H clil (cron-nycrc) ocyqecrBrr.riercr -3ir.rycK
cqera tro [porpaMMe. flo :aeepruegn]r cqera Ha HHAHKarope nofiBHTcf, oKoH-qareJrbHbili peaynrrar. Bce rpe6yevrlre rapaMerpbr per-HcrpHpyrcrc.s s ra6-
nr{qe na 6nasxe. 3areru BBoArrrcfl AaHHbre cneAyrouero [rara, H npoqecc
crlera floRTopfiercx. Ecnll B pe3ynbrare crleTa cpa3y nolfraercfl HcKoMoe
perrreH'e, KaK, Hanp'r\{ep, no ilporpaMMe yp-l c 6rorcoM HerrpepbrBHoro
cseTa, TO no0Jle perl{cTpaIIHH IIOJIyqeHHOrO pe3yrlbTaTa rIepeXOA.f,T r( pege-
Hr.rrc npH IipyfHX IIaHHbrx.

Boavoxuo, qTo B pe3ynbrare rcarcofi-ludo
T.e, rrpouecc Bbruucj]ennri ue ocraHoBnrcq. B
FIHrr cqera Hyxxo Ha)KaTb KJraBHruy Cin.

ouubrcu cger 3auHKJrHTc.n,
3roM cnrrae lJIfl rrpeKPaue-

BltuonueHHe pacqeroB ltepexoAHbrx npoqeccoB rro ruaraM o6nagaer aua-qllTerlbt{ofr r'u6rocrbro 14 rrarnr{I{Hocrbro, TaK KaK ro3Borl.Eer B npouecce BbI_,{i{creunfr !t3MeH.rrrb llpeMeHHoli ruar crrera, }nIHTbIBarb H3MeHeHHe orMer-
rcn blerla rr r,lJ., a raKxe Br{Aerb n3l4er{cHrre orrpeAeJlflrorqax [poqecc [apa-
MerpoB Bo BpeMfl crlera. Esrra xaxoli-nnbo H3 rroKa3arenefr nepexotrHoro
npouecca y)Ke Ha Haqalbl{oM l{.rIH IIpOMeirqrTorrrioM 3Tarre cqeTa BbrxoAHT 3a
IlpeAenbl sKa..reHuia, fiplIHrITbIX Kai( rpeAeJrbHbre, To cqer *o)ato He troBo-
rIHTI' Ao Kol{qa, a uepeliTH K pacqeTy c II3MeHeHHrrnnr e rpe6yer"roM HanpaB-
n e HHI,I yon OB H.fl N,II{,

2,2. CocraBJrelrne rrpo rpaMM

rlpexue qeM rlitncrytlplTb K cocraBneHr{ro rporpaMMbr AJr.fl perueH'fl 3a-
AAIi OfiPEEE.IEHHOI'O TI4[IA, UCOoXOAITMO HMCTb M A T E M A T H TI E C K Y IOM O A e Jr b, noJ-lHocrbro Sopr'ranrcyrcruyrc [pe[craBrreHge 3aAarIH, qro
cBoAprrcfi K MareMa.fl4'{ecrcofr 3altr{cu Bcex OyHrryloHaJrbHbrx censeft fi
ollpe,qeneuntl uocraBrIeHHbIX qeleli. Ilprr orovr AonxHa 6nrrn ycraHoBJreHa
crpyKTypa pacucrHofi cxeMbr, :asurcr.rpoBaHbr BBoAHMbre yllpouleHHfi,
AotIyueHHtI H orpaHH.leHlrlr. Fla ocHoBe NlareMarnqecrofi MoAeJrH nu6u-
P A C T C ' I  M  E  T  O  I {  P  E I I J E H 1 4 ' {  I 4 C T P O I 4 T C ' I  A i l T O P I { T M  B b I q  H C N E .
u u ira rcoroprtt'i u ilpeAcraBr.fier coOori ocHoBy AJr.fl cocraBrrel1fr.rporpaM-
rrrr. 3ro o6uni rop.rrAc)K noAxo.ua K cocraBrreHuro [porpaM * i, nro6rx
3BM. oAuatco ocodesuocrH Kaxroro rr,rra 3BM o*urur"uror orrpeAeJreH-
HOe BJrH.nFiue Ha 3Ty npoueAypy, TaK KaK Ha sTane nrrbopa pacqerHofi cxe-
MbI, METOA}TKH PCIXCHHfl H TIOCTPOCHHN AJITOPI{TMA HEOdXOAHMO YTIHTbIBATbee rroKa3arenH H BO3MOXHOCTT,T. oco60 3TO Kacaerc.fl [porpaMM, rIpeAHa3-
Har{eHHbrx wfl. Mr{r(poKaJlbKyIrfiTopoB, HMeroilryrx orpaHHqeHHyrc eMKOCTb
naNI'flTH H He6onruroe 6trcrpoAericrsHe BbrnorrHeHux onepaqufr. Kourcper-
HbIMH npHMepaMH peuru3aul{H yKa3aHHbrx [pr,rHuHnoB cocraBneHHfl npor-
paMM Mfl 3AlJaq AaHHOTO BHAa rlpr,rMeHHreJrbHo K MHKpOK€IrrbKyJrflTopaM
fiBJr.flrorc.fl fiporpaMMbr, [pr4BeAeHrrbre B ra6r. 2.1. Huxe paccMaTpgBarorc.fl
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HeKOTOpbIe TexHHIIeCKHe acneKTbr cocTaBIIeHH.fl rrporpaMM Nrfi, MlrKpo-
KarrbKynfropoB, HeobxoAHMbre anfr [oHHMaHHrr crpyKTyp npr4BeAeHHbrx
lporpaMM r.r cloco6os rx uogn$urc arlnrr.

B ornn.me or 6onnurux 3BM, Anff Koropbrx [porpaMMbr cocraBJrflrorc.fi
Ha oAHoM H3 anropllTMl{qecKr.rx .fl3btKOB, B MHKpoKaJrbKynrrTopax uc[orrb-
3 y e r c f f  K  o  A  o  n  n r  f i  f l  3 b r K  r r p o . p .  M M H p o  B  a H V s . .  O n  B K n r c -
tl9er qHcra-o II e p a I{ A br, Koropbre rracrByror B Tex I4rrI{ Hrrbrx BbrrrHc-
neHrflx,Lr o rr e p a r opbl - coBoKyrlHocrbcHMBoJIoB, o6ecne.rusa'rounx
BbIrIorIHeHHe oAHoia tts 3JIeMeHTapHbD( onepaqufr rto [porpaMMaM, 3itroxeH-
HbIM B rlocrofiHHoe 3aroMllHarouee ycrpoficrao (II3y) Mr{KpoKzrnbKyrrff-
ropa.

Kaxgor'ay oneparopy (n ogy) B nporpaMMe coorBercrByer csori aApec
(uorvrep). o6uee qucrro aApecoB o6uqrro 98 (or 00 go 97) nnu 105 (or
00 uo 104) wx "SnexrpoHnKr.r MK-52" H "3rexrpoHr4Ku MK-61'; wo orpe-
AenfrcT IIpeAenLHo Bo3MoxHnii IsJtsr. AaHI{oro Mr{r(poKanbKynffTopa o6revr
flporpaMMbr"

nln xpaHeHrl.tr neo6xornMbrx HcxogHbrx H rrpoMexyrorrHbrx AaHHbrx,
a TaKXe Anfl BBoAa rlporpaMMbr MuKpoKirrrbKynfiToplr cna6xeHbr ofleparnB-
HbrM 3arIoMHHaIouIHM ycrpoficreovr (O3y), go3Bonrrorqr{M ocyulecrBJr.flrb
rcar o6rruHble BbItMcJIeHI,Lfl c rloMoulbrotKIIaBHIIq raK lI pacqerbr B aBToMa-
TI{rIecKoM pexa.rMe rro BBeAeHuofr nporpaMMe.

B npoqecce Bbrrmcneunfr uclonb3yrorcrr rpr{ BHAa p e rrr c rpoB rra-
M fl. T Vr,, B KOTOpbTX MOryT xpaHHTbcfl rrHcJroBbre AaHHbre.

1. OnepaulloHHbre perucrpbr X N Y cnyxar Erff BbrrroJrHeHufl AByxMecr-
Hbrx o[epauyit, T.e. raKrx, B Koropbrx yqacrByror ABa qr,rcra-onepaHAa (na-
r I p H M e p A + B , 4 x B , A / B ) .  X p a H n t ! e e c . . E  B  p e t H c r p e  X  q r c -
J I o  B c e r I a  H 3 o 6 p a x a e r c f l  H a  H H A r 4 K a r o p r e "

2. Perncrprr P Moryr Hcilonb3oBarbcr Mn 3arrncr4 lrcxoguofr uusop-
Marrwl, npoMexyroqHbrx H KoHeqHbrx pe3ynbraroB BbrqrcJreHnri. Tarcux pe-
rucrpoB o6nrmo 14 (unu15 n "SrexrpoHnKe MK-61") c HoMepanul 0, 1,
..., 9, A, B, C,D, (E), rpr4qeM onepaunr{ fIP coorsercrByer BBo[ rucJra r.r3
perucrpa X n perucrp rIaM.rrI4 (n perucrpe X.racno ocraercx), ouepagtr
I4IIP coorBercrByer BbrBoA wrcna r43 perr{crpa P B pen{crp X. IIpn 3roM
coAep)KaHne perncrpa P coxpaHrerc.fi .

3. Perucrpw z, T, o6t'eAuHeHHbre c perucrparvrn X u Y, o6pa3yror creK.
CroAa )Ke orHocrrrcr u perrcrp Xl coxpaHeHun p$yilbrara rrpegilrecrByro-
IrIefr onepauHu. Haluque creronori rlaMflTr,r 3Haqr4TerrbHo paculrp.rer Bbrquc-
JI HTeJIbHbIe Bo 3Mox(Ho crn MHK po KarrbKyJrfi Topa, oAHaKo ueo 6xo AlrMo 3Harb,
KaK nepeABHraercfr. nHQopruaqlrx B creKe npu BbrnorlHeHrrlr pa3fiurrHbrx
onepaqraft. C erofr uenbrc e ra6[. 2,4 s HarnflAHofr Soprure rroKa3arro [epeMe-
uIeHI4e uu$opvraqnH B crel(e npI,I BbrrronHeH[rl ocHoBHbrx olrepaqtffi, tlpu
3ToM KaxAA.fl rlepBa.fl crpoKa lpe4craBJrfler HcxogHoe rroJro)KeHue uH$op-
MarrrrH B perHcrpax creKa (A, B, ..., uHoprr), a Bropaf - rronox(eHr4e B pe-
3ynbrare BbInoJIHeHlI.E AaHHofr onepaqru (crpenxu [aror HitrrpaBrreHr4e [Br4-
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T a 6 n uu a2.4. [Iepenreulenne nnQopMauxx B creKe

Peructp creKa
flpllr"rep Onepaunx

XI

Ha6op Ha KnaBnarype
S = 2,08

Bson'rncna E
J,
E ,\"\oirl-"

BrruncneHue
FsinA = S,
FA2 = S.
I]AB = S

o'HoMeff*7t^'/: B C D
l . + +
B C D

Brrqucneuue
A + B = S .  A x B = S

'IfPYxvecru 
7uo/ *,/: "/'r,/i

E
Iv
E ixlx;\.\IlepeuerueHue qr{cJla B cre-

KE HA O.IIUH IUAT

O6r"reu coEep)KHMbrM
perHcTpoB

+
+- C D

{ +
C D

E
+
E

ff#Txo":nepeMerqeHl{e 
eQ

ixlxlrlxl
xeHn.fi; ecrru crpenKa BbrxoAHT 3a npeAenbr radnralrr, To gro o3Harraer,
qro rrucJro HcKnroqaercr r,r3 crera).

flpu cocraBJreHr,rrl lporpaMMbr co cJroxHbrM Hcnonb3oBaHHervr crexoeofi
rraMflTH peKoMeH4yercff cocraBJlflrr ra6nuqy, aHanoruqHyro ra6n. 2.4, uo
c noKa3aHHeM $arcruuecKux 3Harreuuri rI BbrnorlHfleMbrx orepauufi. 3ro uo-
Moraer Hcnonb3oBarb c MaKcnMitrrbHbrM aQQexrorra creKoByFO rraMflTb rI
[pe[oxpaHr{er or Bo3MoxHbrx oum6or. B ra.IecrBe rlpl{Mepa B ra6n, -2.5
rrpu BeAeH S parr.,reur rlpo tpa Mrumr f Y-X (3), orpanuqenurlfi alpec aMH I 3 -32,

B npereJrax r(oroporo tro Qoprvrynarvr (3.9) BbrtlncrlflIor HHepquorurrrfi Hanop
rpaKra N{rp

Aapecaryl perncrpoB naMflTrr. B npouecce Bbrqncnenufr rlo ilporpaMMe
oOnrmo neo6xognpro BbrrlolrH.fiTb onepaqull BBo[a wrcr la H3 perr,rcrpa X
s rcarofr-npr6o perucrp rIaMflTI,I P unu, uao6opor, BbrBoAa rrucra H3 perucrpa
naM. f ln {PnpemcrpX.

Huercrcs 4ee Soprraur atrpecaqHH perucrpoB. fI p s M a .fl aApecalffr
3aru{cbrBaercfl R Qopnae IIP (nuecrn IIHclo B perucrp naMffrl{ P) nln HIIP

2 L

Busos qucra H3 npeAbrAy- FBx
uero per'ncTpa
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perplcrpa naMflTrL HoMep Koroporo yKa3all B perHcrpe P, B perHcrp X).
flocrconrrcy . BBoAHTb atrpeca B pervcrpbr rraMrrrr4 MoxHo roJrbKo B BHEe
rIH+p, TO HMeeTCfl CJreAyroqee coorBeTcrBr{e:

P e m c r p r i  . .  . 0 1  . . . . .  g  A  B  C  D  E
UnStrnBoft  aspec 01 .  .  .  .  .  g 10 11 IZ 13 t4

Kocneuuas aApecaql{fi HcnoJlb3yerc.fl B cJryr{a.flx, Korga HcxoAHbro trau-
Hbie Iilu KaKHe-rIH6O naparrrerpbr H3Mel{.firorcrr B 3aBHCI{rvrOCTr{ oT pe3}Trbra-
TOB BbIq}ICJICHHI?.

Ilepexognt. o6lrlHo BbII{t'IcrIeHH.r BbrrroJrHfirorcfi MuKpoKilnbr(yn.fiTopoM
B [OcneAoBarerrbHocrH, coorBercrByrouerl llopfl[Ky a[pecos nporpaMMbr.
oguarco [pI'I Heo6xoAHMocrI,I MoxHo HapylrHrb rar(yrc [ocneAoBarerrbHocrb
rlyreM flcnoJrb3oBar*r$ [epexoAoB Ha Apyrofi agpec. 3ro rro3BoJr.rrer cocraB-
II.ETb pa 3 B e T B Jr f l  ro ruu e c f l  n p o r pa M M br HocyuecTBn.ETb
MHoroKparHoe npoxoxAeHue oTAeJrbnbrx r{acrefr [porpaMryor. Takue [epe-
XOAbI MOIYT 6ITTN 6 E E Y C N O B H bI M H WII4 Y C NO B H bI M II, KOTO.
pr , Ie  raKxe noupa3Aej r . f l Io rc f l  Ha r I  p  f l  M br  e  wr [  K o  cBeHHbIe
(ra6r. 2.6).

_3annct rIpflMbIX nepexoAoB 3aHrrMaer ABa a[peca rporpaMMbr, Hanpr4Mep
FII36 wwr Fx < 0 28.3anucr KocBeHHbrx fiepexotroB 3aruMaer oArrrt a[pec,
HarrpuMep KEII1 unrn lft-01.

B upnnarrx nepexoAax B KoMaHAe cotrep)KnTcfl. aA'pec N, ua xoroprul gon-
xeH rlepetiryt c'Ier. B rcocBeHHbIX flepexogax B KoMarrge yKa3brBaerc.fi ToJrb-
Ko perucrp P, ts KOTopoM coAepxtTcr agpec 4aruuefrlleli onepaugH cqera.

YcrosHltli nepexoA ocyuecrBJlfierc.rr rorrbr{o B ToM crrrrae, ecrrg yKa3aH-
IIOe ycnoBHe He BblnorllueTcfl: rranpHMep, nycTb Fx ( 0 28 - ycJloBHbrfi rrpr-
rnrori flepexoA. Ou 4ericrnyer cneAyrorqnM o6parovr: ecnr4 B perucrpe X

T a 6 n n ua 2.6. BnAur repexoAoB

llcpexog
Koruaugrr B nporpaMMe

llpxnoft nepexoA KocaeHHHft uepexo4

6erycnonHufi
Vcnosnrrfi

En^/
Fx >r- 0N
Fx (o,Ar
Fx =0-A/
Fi;r 0N

KETIP
ICx >0P
Kx <0P
Kx =0P
xx;t  0P
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tlucno ir < 0, ro al{pec 28 6yger rporyueH H cqer nofiger ro rporpaMMe
trilnbure.

Ecru xe B perucrpe X .qHcJIo x 2 0, To AaJibHeiaumir crrer flepefrAer na
a[pec 28 u laJree. Flanpnrurep, Kx = 0A - ycnonurrfr KocBeHHbrii nepexog.
OH [efrcrByer crreAyrcuuvr o6pa3oM: ecnu B perricrpe X wrcno x = 0, ro
cr{er HAer B nocneAoBarerrbHocrH nporpaMMu. Ecnn xe B perucrpe X ,ilac-
no d # 0, ro cqer nepeBoAuTcfl Ha al\pec, Koropbui yrca:au n perr,rcrpe A.

Ecru aApec coAep)Kr,rrc.rr B o[HoM r{3 per[crpoB c HoMeparvru 7r 8,9,
A(10),  B(1 1),  C (12),  D(13),  E (14),  ro rpLI BbrnorrHeHl,ru oi lepaur{r4 Koc-
BeHHoro rlepexoAa coAepxaHue 3Tr,rx perracrpoB IIe H3Melrflercfl. Ecnu xe
agpec coAepxsrcfl B perncrpe c HoMepaMlr 0, 1,2 tt3, To rrocne BbrrroJrHeHlrfl
rcaxp,ofi onepaur4u KocBeHHoro flepexo[a coqepxaueecfl B HHX qncJro --

agpec yMeHbuaercfl Ha I, a ecnu B perncrpe c HoMepaMH 4, 5 u 6, ro yee-
JlntrxBaercfl. Ha 1. TarrEpr o6pa:ow npoucxo[HT M o A u 6 uK a\Lr f l aA-
p e c o B, Koropafl llpuMeH.flerc.fl trIr UnKnuqecKux stnucreHufr.

[IognporpaMMa, Ecrru e rrpoqecce peureHufl 3a[aqu I-IyxHo MrroroKpar-
Ho IIpori3BoAr4Tb oAHorr{IIHbre BbrqucleHyLf., To ,trJlfi coKpaflIeHl,Lfl nporpaMMbr
HcnoJtb3yrcr orAenbHyro ro4nporpaMMy, HaquHarcuyrocfr, I aapeca //. O6pa-
uIeHHe r( rloAnporpaMMe 3arrucbrBaerc.fl B $oprtae IIIW u 3aHwMaer ABa aA-
peca. flpu arorra rroAnporpaMMa AonxHa 3aKaHrrr4BaTbcfl. onepaTopoM Bo3-
Bpara B/0, r{To o6ecneqnBaer trocJle BbrtlnclleHufr no [o[nporpaMMe Bo3-
Bpar B ocHoBHyro [porpaMMy Ha onepauuro, aApec Koropofi cocror,rr noclre
i/. BoavoxHo r4 KocBeHHoe o6parueHue K roAnporpaMMe KoMarrgofi KnlIP,
3aHlrMaroulefr oAHH a[pec.

Ornanxa nporpaMMu. flocne roro KaK rlporpaMMa HarrHcaHa, orBercrBeH-
HbrM srarloM rBrfl.ercfl, ee rpoBepKa H orJIaAKa. B pexuvre F IIPI npou3Bo-
aurcn BBoA nporpaMMbr. 3arev ilpoBep-rrercfl npaBnnbHocrb BBo[a. nIfl
3roro HaAo rrepeirwr B pexuM F' ABT, Haxarb rcnaauuy B/0 (nosepar Ha
Hyleeofr agpec) v cHoBa BepHyrbcn B pe)rsM F [IPI. llponepr& BbrlroJr-
Hfl.eTCf. IIOUaTOBbTM IIpOCMOTpOM BBeAeHHbTX KOMar{A C nOMOrrIbrO r{IIaBH------)
IUU Itlf no 6r rcoAa{_Ia nnarKarope. llpu o6HapyxeHr4u HerrpaBurruofr

KoMaHEbr KJraBurrrefr III| Bo3Bpauraror rporpaMMy Ha otrrlH rxar (Ha npe-
Abr4yurm agpec) H BBoE.rrr KJraBarrrarvrn rpe6yeMyro KoMaHAy. Ecnn orca-
3blBaeTcf, tITo BBeAeHa IIHIJIHfl.fr. Onepaul,Iff, TO Ha ee MeCTO BBOAI{TC.fi KO-

n;,an!.a KHOII (ner onepauwvr), 14 rorAa npI,I BbItr4cJIeHHrx 3ror a[pec 6yger
npoIIycKaTbcfl.

OrcoHtIareJIbHbrM 3TarIoM orrlar{Ku 14 rlpoBepKr.r nporpaMMbr fiBn.flercfl
BbIr{HcneHHe KoHrporlbHoro flpr,rMepa. lnn 3Toro Hyx(Ho BBecrH HcxogHbre
AaHHbIe LI HaqaJlbHbre ycnoBnfl. u BbrloJrHr,rrb BbrqucJreHr,Irr, KaK rrpH padore
c roroBofr nporpauuofi (c*. $ 2.1) .

I n a s a 3

PACqETbI TI4XPABJIPFIECKOTO VAAPA EE3 YTIETA
yrIPyrID( .U EOOPMAUIdTI

3.1. OcuoBubre pacqerubre coornorrremmfr. .

Paccnaorpuvr qr,rJruHgpn.recrsfr Hauopuufi BoAoBoA (puc. 3.I,a) ruro-
rrlaAbro celqleu}i.fi. F (unaverp D), wuuoir l, y Koroporo 3 ceqeHru 1_I pav
noJro)KeH 3JreN{eHr, perynHpyrcuuni pacxoA BoAbr (sarsop, ryp6nHa). flo-
noxeHHe ceqeuufr onpeAenflercff KoopAuHarofi x, orcrrHTbrBaeuofi 11o oc14
.x' coBnararcueli c ocbro BoAoBoAa B Ha[paBJreHH[r or cerreHun I-1, Hanpaa-
neHHff pacxotra Q u crcopocru v = Ql F npnHuMarorc.ff rololc{TeJrbHbrMrr
rrpH ABH)K9HI/.U Or 6reQa Hnr,r ypaBHr,rreJrbHoro peaepByapa K ceqeHHrc tr_I
[nfl BepxoBbrx BoAoBoAoB H OT Ceqeuun 1-l rc 6lesy Arrfl Hrr3oBbrx.

f  Hgp aB nHrrecrc  u f i  yA ap  (ygapuoeAaBneHHe)  NI  t rpe t rc rasJr f le r
co6ofi AuHaMHrIecKoe noBbIIrreHI{e }InH noHuxeHl,re AaBJIeHLTff B HanopHbrx
BoEoBoAax, BbI3bIBaeMoe Aefrcrsueu ru{epqproHlrbrx cnrr, Bo3HHKarcruHx
rpu HeycraHoBHBtrruxcfl pexHMax, KorAa dQldt + 0. Jhs onpeAeneHHfl
NI ucnonb3yercr ypaBHeHHe KolurrecrBa ABu)KeHHr \

d(mv)2,
: 7 X , (3.  t )dt

HOrO naAeHr{fi.
Ecnu He lnaal6lBarb ynpyrue geQoprraal{u}r xltgKocrr{ r{ BoAoBoAa, Bbr-

3bIBaeMbIe H3MeHeHI{eM AaBrIeHH.fl, T.€. CqHTarb, qTo ITIIOTHOCTb xH[KocTu
p H rrrrou4Eb ceqeuun F ue 3aBHCfr OT raBJreHH,E (Xrgxocn H BOtrOBOI
xecrrcue), ro Ha ocHoBaHHr{ (3.1) u (3.2) nonyqaeM

-pFl Iu = FpsMr
dt

(aHarc MI{Hyc [oKa3blBaer, qro noBbrrueHne yAapHoro [aBJIeHHfl Bbr3brBaer-
cfl yMeHbrrreHneM cr(opocr{ dvldt <0). Orcroga

rroTepb

2X = Fpg AH,

r4e NI - rlrApaBnu.recrcufi ytrap,

(3.2)

M; g = 9,8 wf e2 - ycKoperue cso6og-

(3 .3)
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I
f1

2)

6)
Vcn,,

Cmantuote
HAHspbt

'de,monuorc H.anepbt

Ft= f s Fz=2fz Q=24 A)

Fa=fa

Ptlc. 3.1. Cxepru HaropHblx BoAo'
BOEOB

pl

t5 20 Jo +0 80 80 na t50 ?00 J00 Hp,M

@opvrynrr (3.3) v (3.3a) Mo)KHo l{crroJrb3oBarb Anfi pacqera rutrpaB-
JlHqecKoro y4apa B TeJlecKonnqecKdM BoEoBoAe nepeMeHHoro ceqeHr.r.ff
(puc. 3.1,6), cocrofltqero I,I3 y'/ yuacrxoB. yq[TbrBafi He3aBucr.rMocrb ]Eapa
Ha KaxAoM yqacTKe, rroJry-qaeM

npn dvldt : (dQldt) lF, rorAa

A , H = -  
I  d Q

gF dt
(3.3a)

(3.4)

r , r H  e  p q n o  H H o  c  r 1 4  &  l v P , s

Q.aa)

{  \  \ o o
#  F t l d t

wtu,o6o3Haqaf f  K  o  3  S  0  uu t , re  H r
Br{[e

1 g  t r
K w n M = i  

*  F i

no[]rqaeM 3aBucnMocrr (3.4) B yHuBepcarrsoft Qopr.ae

LHu = -KusM 
#

26

Fs=f s Fa=Zfz 4=4ft

B nparrnKe pacqera rnApaBJrlrqecKoro.y4apa qacro Hcnonb3yrcr 6espas-
MepHbre rapaMerpbr no y!^apy Nt = NilHA H no pacxoly q = e/eA, fE€
!_u n Qa - 6aeucHrte eHa,Ieuld, B KaqecrBe Koropirx o6rrurlo npruruMarcr
H6 - Ho -. Haqarrbnufi Hauop Herro n Qa MarcuuanrHrni pacvernrfr
Qp r,rJrH HarraJrnunrrt Qs pacxoA. B pesynrrare nepexoAa x 6eapasMepHbrM
rlapaMerpaM nonyquu (3.a) B Br{Ae

Ah = -r* #,
rAe

T Qa lrr l;
r w =  

g H 6  L  
4

t;
rge E;i onpetrerrflerc.fi ,qJUr

f i

(3.6)

(3.6a)

Bcero HarropHoro rpaKra. KoeQerquenr Tn,

c'  Ha3blBaerc-f l  t I  o c rof iHuoft  I , IHepIIH n (ununocrof lHHof iuper"rerul)
H a n o p H bI x B o A o B O A O B H rrpeAcraBJrffeT co6ofi KoMrrneKcxrrfi
rIoKa3aTeJIb Hl{epq}roHHocrl{ uauopuofi cl{creMbr. B gasncuMocrl,r or 3Haqe-
uua TrHarropHar cr4creMa crmTaercfl :

Mnflor{Heprlnorurofi npu T*( 1,5 c;
cpetrHeuHeprffoHHoft npu 1,5 < T*13 c; \
BbrcoKor{Heprluorfiofr npu T*23 c.
Itrepr nuure I{HepIIHoHHocrb, rervr 6onruee 3HaqeHHe HMeer rler ro{HaMH-qecKID( sosreficrslil? npH [poeKT]IpoBaHLTr4 n sKcrrnyararryrri rrqpoarpera-

roB H HanopHbrx BoAoBoAos f 3C n IA9C.
csxsn MexAy rooQQruueHroM r,rHepurloHuocru K* no e.a{ v ro-

crorrurofi uHeprrywr HanopHoro rpaKra T* no (3.6a) 
-onpeqen"ercfl. 

B oG
rrleM BLrIe COOTHOTTjeHHeM

Kr, = Tw# (3.66)

onpegeneHr,re rnApaBJrr{qecKoro yEap a NI B Hairoptbix BoEoBo,qax eBo-
wrrcn K perueHHm gHQ$epeHruanbHoro ypaBHeHH.E (3.5). rlpn, 3roM neo6
xoAr{Mo 3ararb HaqarbHbre ycnoBy,n H BUA Bo3Myrqarcqero aosgeficrrur.
B KaqecrBe Haq:urbHoro ycnoBr{E [pnHuMaror pacxotr ycraHoBr{Bureroc.a
HaqiulbHoro pexcnMa H AaBneHHe B COOTBercrByrorr[D( ceqeHHffX BOAOBO,qa,
onpeAeJrfleMblx [onoxeHl{eM rlbe3oMerpruecrofi nfiHyril c freroM ru4pa4nn-
qecKrD( noTepb.

Bosr"ryruarcurxM noegefrcrBueNr flr,lrfrercfl. Hsvrenetnre orKpbrr y1fl., a roq-
Hee npofiycrHofi cnoco6nocrl{ 3arBopoB HrII{ rngpoMarxrcr. flpr,r oroM pacxotr
SaBncur H or orl(pblTrlr, w or HaIIepa, B Koropbtit r'xoryr llcrcoproe maqe-
HUe rutrpaBJrHqecKoro yaapa. IIn sarsopoB pacxop\ oupeaennror fla ooe
MWe

Q= pF"ur"1Efit/ffiM,(3.s)
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rAe p - Koa$QHuHeHr pacxoAa; F."r" orKpbrrr4e 3arBopoB (ruroula,ql
orBepcrur B cBery). nn" rHApoMamHH

l , r \ _
Q =  { > Q ' v l D i \ t r o + r e ,

\ l = l  
' l

,A Uli - npHBeAeHstrfr (egnHHunufr) pacxoA /'-ro arperara, a cyMMa 6eper-
cfl. Wfl. m rv4poarperaroB, [pucoeAuHeHHbrx x gauHofr rrHHLrur HanopHbrx Bo-
AoBo[oB; Dr - HoMHHaIIlHufi AHaMerp rr{ApoMarrruHrr (nce mrv[lpoMarrrl,Irr
o[HHaK oBrre) . O6a BbrpaxeHnfl Mo)KHo npe[craBr,rrb o6o 6uteHHofi Qopnrynofi

(3.7)

rae Ql (t) - nporycKHafl crrocobuocu, r{3yeHflror\afl.cfl.Bo BpeMeuu, wr2's lc;
Ho = H"ru, - Harrop ycraHoBuB[reroc.fl peltcl,tMa; H"ru, - crarr,rqecrcuri
Harop; AHrp - HHeprluouuufi Hanop Bcero rpororrHoro rpaKra. flponycx-
Hafl crlocobuocrr, H3MeHflrorrlaflcfl Bo BpeMeHlr, o[peAenfl.ercfl. no $opvryJraM:

Arrfl 3aTBOpOB

QtG) : FFzar"G)tE;

Mfl rvtrpoMa[rHH

Kuu . rp :  E  K rn ,
L

rge Z - o6utaa AnHHa HanopHoro
rerrbHoro pe:epnyapa) [o Bbrxo[a
HHreJIbHbui peeepn yap') .

(3.7a)

(3.76)

(3.8)

rpaKra or BepxHero 6reQa (unu ypaBHr{-
B Hlr)r(Hr4li.6reQ (nnw s Hnsosofi ypaB-

3,rori al 
) 
n

3nat&eLrun Qli MoxHo trpHHlrMarb H rro yHr{Bepcannuofi xapar(repHcrHKe
rll[poMaurllH. .[.nn npe[Bapr,rrenbHbrx pacrreroB qacro rrpr,rHuMarcr nusefiuoe
LI3MeHeHlre Ql(t) Bo BpeMeHH.

O6urnfi r{HepuuoHnrrfr sanop rporoqHoro rpar(ra N{rp n fopvryle (3.7)
o r p e A e n f l e r c f l  r r o  o  6 u  e  M y  K  o  o  0  Q  n r I H  e H  r  y  r , r H e  p u r 4 o H  H  o  c -
T H ff"".tp AJrff Bcero HarlopHoro rpaKTa, BKrrro\afr. w upororrHbrfi rparcr
rtrgpoMarrT wrbr. IIpu e rou

3 2. Ko eQ Qntllrern HHepqHorIHocrH npororrnono rp aKra rrfl po MarrrHHBr

Ko a QQ rurHeH r HHe pulroH Ho crl{ rpo ror{Ho r o rpaK ra ruApo M.urrur,rHrr .fiC" 
". "*rlpuMeHrlercfl. AJrfl. pacrlera fracrKa or BXo[Horo ceqeHun rypdwnxofi KaMe-

pbl (cnupanrHofi) Ao BbrxoAFIOro cerreHnfl orcacbrBarcutefr rpy6u H Bbr-
ql{cnflerca no (3.4a). 3nauenne ff""."M Mo)Ker 6rrrn 3agaHo 3aBoAoM-nocraB-
IIIIIKOM rllgpoMartrulr, BbrtIIlcJIeHo IIo qeprexaM HrrH orrpegerleHo no o6o5-
28

uleuHofr 3aBucr,rMocrtr B BHAe cyMMbr:

K"r ." ,  = Kn r . .n *  K"r .nor,  *  f f " r .o", (3.8a)

rge Krr,cfi, Ky11,not H Kuu.or - coorBercrBeHHo 3HaqeHl,rff rcoe$SnueHToB
HHepuptoHllocrn Anfl cnl,Ipallnofr KaMepbr, nonacruofi cncreMbr (crarop -
nonacru pa6ouero rconeca) n orcacbrBaroutefr rpy6nr, onpeAenfieMbre no
reoMerpHrrecKr,rM napaMerpaM nr[poMarrtr{Hbr, npHBeAeHHbrM Ha Hx yrrH-
BqpcanbHbrx xapaKTepr,rcTHKax.

Mg Q.aa) BHAHo, rrro BbrpaxeHue xoeQQurg{eHra HHeprffoHHocru
KuuM BKIIoqaeT ABa IIOKa3aT9JI.E: OAIIH xapaKTepH3yeT paCqeTHylo rfdwJfiy,
Rpyrofi - ilnoula4b ceqeHl,I.fl. O6o6ureHHo AnI,IHy Mo)I(Ho BbIpa3HTb KaK

l i  = )t i  D1, (3.86)

r4e ).; - 6espasr"repHrrfi ros$Srur4eHr Mr,rHbr; Dr - HoMtrHanrurrfr Ana-
Merp rn[poMaunrHrr. Pacqerrlafl rnoulagb onpeAenfiercr reoMerp_HrrecKr{1w{
rIapaMeTpaMV H pacxo[oM.

C n  np  an  bHa f l .  K  a  Mepa.  Brcaqecrsepacqernof tAJruuurpr {HHMa-
erc.fl lrofioBr{Ha ee Qarcrruecxoft AJrHHbr: Arrfl MerarrJrurrecKux ("nonurrx")
cuupanbHbrx KaMep trcn = 3,6, grx 6eroHubrx B 3aBHcHMocrI( or yrna oxBa-
T3 goxg = 180 + 270" tr"r, = 7,6 + 2, .Ilnouta4t cerreHnfl orrpeAenffercff no
cpeguefi cKopocrr.r r/cu, T.e. F"n = 0p (go*"/360) lv"n, rae Qp - pacvernrrft
pacxoA (rrrarc cur'rarnurrfi) . Tor4a

Kn"."n
t trcn /cu

D r . (3.8n)
s  Qp 9ox t l360

CpegHxx cKopocrb y cr 3aBHcHT or Haflopa H BH,qa cnupanu, Moxer npHHH-
Marbcfl no rpa$rucy (puc. 3.7, e).

J I  o  n  a  c  r  H a  f r .  c  H c r e  M a  ( o r c r a r o p a A o  B b r x o g a n a  l n 6 o u e r o
rconeca). KostprpnllueHr ArIHHbr c freroM 3al(pyrKu rroroKa Arrff pap{arrb-
Ho-oceBbrx (PO) H Ar.raroHarrbHbrx rHApoMauHH Moxer rrpr{H}rMarbc.ff trnon =
= 0,9 u ann.oceBbrx trrror, = 1,3.Pacqeruaa flnoruaAb ceqeHr,rt (cpegHxx)
c )rqeroM rcooQ$nrHeHTa crecHeHlrfl Jlonacrf.M^H, pilBHoro 0,85, cocraBnfier

F ' o n = 1 , 3 5  ( t r *  * Z  ) r l ,
\ + l

rge Es - orHocI'ITeJIbHafl Bblcora Ha[paBJl.flIolqer.o a[napaTa i DJtn PO u gsa-

foHaJrbHbrx rHApoMaumn dp2 =D - orHocHrentunrfr AnaMerp BbrxoEa H3
pa6ouero Kotreca2_ r.e._Bxo[a B orcacbrBaroqyrc rpy6y; wfl. oen$brx ryl}
6uu drt2 = t - d?; A* -, orHocr.rrenrnrrfr AHaMerp Kopnyca paGouero xo-
Jreca. Torna

1 trnoo
,(3.8r)
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O r c a c bI  B a Io u{af i  rpy6a (ncacrnaroupx).EcnuHcrrorrb3yrorcn
orHocl{TerlbHbre pa3Mepbr, ro AJrr H3orHyrofi rpy6rl trorc = hor" * Lor",
rgefror" H Zor" - Bblcora H prltkr:aa roprr3onranrsofi (uarcnonnofi) qacrr,r
rpy6u no ocu, grt.ff npfiMoocsofi rpy6u tror" = L o.rc.O6rrquo tror. = 4,5 + 5,
Ho B cnlrqae ilo[3eMHbrx r{ ilonyrrog3eMHbrx g4aHrni Moxer 6rrrr u donrrue
(no 8-9) . Pac.rerHaff rrlrorqa,qb orrpe4en fl,ercfl, no $opvryne

I  nDSP? \
Fo". = 0,5 |  

"- ' :  - '  
+ ^F I

\  . 4  
' " 1 '

rqe .F'5 - ruoulaAb
iIy-qaeM

2

BbrxogHoro ceqeHr{ff orcacbrsaroqefi rpy6rr. Torga uo-

Krn .or "
\ot.  Dt

1:.8r)s nrtn?
4  

a  F s

B 11.8u) BMecro tror.Dt Molrfio roAcraBr{rn u Sarrr,rqecKyro ArrraHy no
ocfi orcacblBaroUefi rpy6rr. Cnegyer raK)Ke laMerb B BI,IAy, rITo B cnyqae
nog3eMrlbrx sgaHufr f3C HHorga orcacbrBarou{a.ff rpy6a HenocpegcrBeHHo
[epexognT B HH3oBofi nauopHufr no4oBoA, Koroprrri npu oilpeAeneuwt K^n.rn
HyxHo rMTbrBaTb oT[errbHo.

3.3. fuiropurM nrrucne4rni H nporpaMMa pacrrera
rrflpaBrrrsecKono ypppa'f Y-X (3)

Peruesne AlrQQepeHr{HuurbHoro ypaBHeH}r.fi (3.5) vr orpegeneuue AHrn
rto 3aAaHHoMy 3HaqeHuro K"r.rp ocyuecrBnrercfl rrncreHHbrM MeroEoM.
Ha urare i n r.rHrepBaJre BpeMeHu A/ urraeena

Azrpi  = -Kuu.rp 
Qi:Qi-r

flogcrasn.flr 3HaqeHue Qt no (3.7), ronlnraeM

AtAHrr i  = -Kur.rpQ1;W-MI *Kns.rp Qi- t

Orcroga, peurafl KBaAparHoe ypaBHeHr{e, HaxoAHM HHepuuoHnrrfi uanop
TpaKTa na ruare i:

AH,1pi = A +

rtre

(3.e)

Kr".rp Qlt

)
30

/= #* (n,-,  *
2at

(3.ea)

3 l

3uan r{Hepq}roHuufi xauop Bcero nporotluoro rpaKTa NIm, Mox}o uafrrn
rrrApaBnr{.recrrfli yAap B Aur}IHoM cetrenul{ M sotrosona (riaxra) us coor-
HOIUCHIIff

Kug  M
AHm = -Y AHrp. (3.96)

r\  I , [H.TP

Taxuvr o6pasou, Ha KalKEoM rrrare I onpegenarcr NIryi tro (3.9) n

Qf no (3.7), a raK)r(e ytrap B npoMex(yrorrHbrx cerreuu.flx BotroBotr? AI{1y
Nf2i, ..,, AH1,1i rro (3.96) (ygaprrre AaBneHHr HMeIor no ABa I{HEeKca,
yKa3brBaroqlrx ceqeHue H rrrar, pacxoA HMeer oAHH HHAeKc-ruar). Hrlxe
rrpHBeAeHa nporpaMMa fy-x (3) [,]Ifl pacrlera rl{ApaBrlHqecKoro }Eapa B
HarIopHoM BoAOBoAe, cocroffrrleM H3 Tpex yqacrKoB c tMcrIoM ce.reuurl
N= 4  (pnc .  3 .1 ,6 )

O6uue ucxo[Hbre AaHHbre rlpeAcraBneHbl s ra6n. 3.1a.
Peaynrrarbr pacqeroB no nporpaMMe fV-X (3) perucrpupylqrcff B ra6-

nrqnofi Qoprrle (ra6n. 3.16). 3gecr LI ArIrIee 4rr.f, yrlpoulenut Qopnarr ra6nu-

ubr BBoAI{Mbre B perucrp [aMflTH AaHHbre o6osHa.IeHbr: HaA veprofr - napa-
MeTp' noA rlepTofi - perucTp naMfiTI{.

T a 6 n fi u a3.Iu O6une HcxoAHbIe AaHHbIe

Ilapannerp H , M at,  c Kuu.rp Kuu2lKwr3p Kun3lKuu.rp

Pemctp P3 PA PB

Ilporparvtvra IY-X(3)

0 t 2

I4IID Fx2 UNA

VTTIA WTs :
l- I WI4 Fx2

NIrp

Ff urm
+

AHt
VIuC x II2

FQ

PCP5

x
A
x
+

0

I
2

n r u : 2
t Fx2 HrID
IIIIA Fxz x

Ff
HTI5
NI2

nn4

Hn3
Fx2

t
H
+

n0

HTIO uil3

HTIB

Frf H J I D x
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Ilporparrarraa FY-X (3) cocrour H3 rpex bnorcos. Agpeca 00-33 3aHgMaror
6lorc l, ocynlecrBnnrcu\uilt onpe4elenue Mrp, rrro coorBeTcTByer AII:
(puc. 3,1,6)no $opvryne (3.9). .[anee onepaltns.vltr 34 u 35 ualigeHHlre
3HaqeHH'fl ffirp BHoctrc.tr B perllcrprr Y u 7. crercoeofr irau.rrn !I-rr roro,
qroGrt rocnetryrcIrlHMrl orepauuffvu 37 u 4l uafi.ru 3HaqeHr,rfl AII2 u AIL.
Agpeca 34-42 cocraBJr.flror 6norc 2. 3arcnroqr,rreJrbHafl qacrb, 6nox 3 (agpe-
ca 43-49), ciryxr,rr Errn orpeqeneHr,r.n no (3.7) pur*og Q;. aap.r'sO -
ocTaHoBKa cqeTa.

Heo6xogurrao ycraHoBl,Irb rIpaBHJro 3HaKoB rro aApecy 32, qro coorBer-
crBye.r 3HaKaM B perxeHr{rl (3.9) Mn aHrr. flpu orov cneAyer HMerb B
BH[y' qTo peuIeHHe CBOAHTC.fl I( Haxo)KAenllrc TOqKr [epecerleHUn rpaQu-
ra Sy'rcqun Qi = Qmfis +rc (uapa6onrr) c rpaQuxorvr Qynrc unu ei =

- / \  A t= Qi- t - 
-"" 

AH (npnr'ron). IIpt IroJIoxHreJrr,HoM HanpaBneHHH pacxoga

Qt - t.) 0 (reueHne I( rHApoMaIrIHHe HJrr 3arBopy) BcerAa depercn 3HaK Mr.r-
Hyc (noroxorrenrurrri H orpr{uarenrnufr vuapur) . nln orpriur.rrbHoro Ha-
npaBneHHfl pacxoAa (reueuue or rr,rApoMarrfl,rHbr wrr:arnopa) 6eperca lHaK
MWHYC WIU TMIOC. 3HAX IJIIOC COOTBETCTBYCT YCNOBHflM Qi_T } QIt \EOu A.II"' ( 0.

Bnegeuue 3HaKa rIJIIoc ro aApecy 32 vrcxer norpedosarrcn B,[pouecce
paclrera rHApaBrlHqecKoro yAapa rrpH rrorepe npr,rBoAa rr{Apoarperara fA3c,
padoraeruefo B HacocHoM pe)Kr{Me, vnrEJTfr pacqera orpl,ruaTenbHoro yaapa
B HanopHoM HH3oBoM BoAoBoAe rrpu 3aKpbrrnr{ ryp6r,rn.

cnefyer HMerb B BlrAy, 
_rrro [pH noJrHoM 3aKpbrr'n rypduu el =0 u nog-

KopeHHoe Bblpaxel{He B (3.9) paBHo Hynro. Oguarco n cuity norpelrHocrr4 oK-
pyrneHHfl BbIpaxeHI,Ie Mo)Ker oKa3arbcfi orpHIIareJIbHbrM rIlIcJIoM, XOTfl tI
oqeHb Manoro a6corrcruoro 3HaqeHH.fl. Torga B cJreAyrouefi ouepauuH F/
(aapec al) Ml'IKpol(uubKynflrop ocraHoBlrrefr. vr Ha r,rHAnr(arope rroflBrrrcfl
cP,rHarr EIfOf. tlro6n 3Toro Hebexarr, peKoMeH,qyercrr rrraecro e1 = 0 upu-
HI'IMarb KaKosro He6orrruoe,Ho KoHerrHoe 3HaqeHHe, Hanpr{Mep e; = 0r0bl.
3ro He rloBJlJ{fler Ha pe3ynbrar, Ho HcKnrorlrrr c6ofi 

" "urnonr 
eHilH rlpor-

paMMbr.
Bnegerr,r IIoHfl TI,re AHHaMHrrecKoro

o TcqI{TbIBaeMOro o T ypo BH.rr HH)KHero

HM = Hrrur l' AH t hm - v2 l2g.

Halopa trn.fi AaHHoro ceqeHufl M, HM,
6reoa ZHE, [pErreM

(3.10)

fluuavwtecKoe AaBneFrHe pM B HanopHoM BoAoBoAe npu sToM onpeAenfl ercfl.
no Qopvryne

p M l p S =  H M T z H E - z M , (3.10a)

rge f/"r"r - craruqecxufr Harrop, coorBercrnyrcqufr ycnoBr,rrM e = o; hha -
rIflpaBJrIrIecKHe riorepu Ha )^IacrKe BofoBo4a M =I/ (npu ruttpr*rrrr4pac-
xoAa ot M rc -A/ - 3HaK rurloc, B rlporr{BorloJro)KHoM cnyqae - 3HaK *1wa) ;
3 2

v - cpeAH.fifi cKopocTb, vlc; 27[ - oTMeTKa qeHTpa AaHHOnO Ce.reHru l}f
BOAOBOA?, M.

flocrconrKy 3atraqefr pacueroB mApilBnrtrecKoro yAapa ffirrfrercfl.onpeAg.
JIeHHe gaanenufr B HarlopHblx BoAoBoAalL Bo3Hr,rKaroqux npn rrepexo4rbrx
fipoqeC0ax' To BaxHO yCTaHoBI'ITb, KaK CiIeAyeT HC[OJIb3Onarr nafitrelrHbre
3HaqeHl{.fl yAapHoro AaBneHun p tuf I pS .

ocnonHuu 3Aecb flBnfl.ercfi. npaBurlbHrrfi yver rHrpaBnrqecr(r4( norepb
I'I CKOpOCTHOTO Ha[opa, Koropbre B pacrrer rHApaBJrHqecKoro y\apa He Brsrrc-
lreubr. Aocraroqno HaAexHbre pe3ynbrarbr Err.fi BoAoBoAoB rgc r.r rAgc
Aaer cneAylouufi cnoco6: so Bcex cJly-Ilaffx B Hanopnbrx BoAoBo[ax 3Haqe-
Hnfl. ruApaBnl{qecKoro yAapa B MeTpax qTrcrraAbrBaroTcfl B coorBeTcrByro-
rqeM 3HaKy ytrapa HanpaBneHIrH or nbe3oMerpK.recKofi nHm{H Oreeqarcuefi
KOHeqHOMy pacxoAy.

Pesynrrarbr pacrrero_B (ra6n. 3.r, 6) MoxHo Ao[onHr{Tb 3HaqeHr.rfiM' AH-Har\{HqecKoro Hanopt Hr, Hz, Hs, onpeAe[.fieMbrMH no (3.10). Ho Bbrrruc_
Jlffrorc.fl oHH orAeJIbHO, TIOCJIe 3aBepureHHf pacqeTa THApaBJII{qecKoro yAa-
pa NI

lnn ncnoJrr,3oBaHr.r.fl nporpaMMbr. pacqera ry-x (3) [pHBeAeH q[crosofi
rIpHMep.

Ilpurvrep. 3.1. onpegenurb rr.rApaBJrlrqecKr{fi ygap B Ha[opHoM BoAoBo-
ge (puc. 3.1,6) npu cnegyrournx AaHHbrx (ra6n. i.Z^). 

*,

Pacxog Qo = 80 rra3/c; craruqecKufi uauop H"r^, = 150'rrt; o6ntne rng-
paBnnqecKue norepu 4v.; Qrc = Qo/\q =8}l..f ind- 6,6 vrr,t lc. pexaru
3aKpbrTr{fi 3arBopa nuuefiHlrfr. O6qee BpeM.ff sarprnui 4 = 15 c.

P e ru e H r{ e . 1. onpegereHue nocrosnHofi HHepqr{ra T*.fro (3.6a) c yse-
roM (3.66) n (3.8) nonyqaeM

T = -Qo r. 80lw = 
H, 

(ur"  tp = 
id 

9,3 = 5,1 c.

T a 6 n utta 3.2u Ilaparuerprr rpy6onponoga

\,r.._ ^_^_- .{uavrerpYqacroK 
DM, r"t

fhsrr{aEl ce JIgnma
qellll& M- l, u

KoeQQnrnenr, M

Ktmu
M

*DrXrnM 
Kwm/K:m..ry

L
2
3

500
s00
s00

14
16
20

4 )

415
5

3r6
3,15
2,55

9,3
s,7
2,55

1
0,61
0,275

A,[
fI  p nM e rr a [ i  i l  e. 

^P.K*ru 6qrercx orrocneE'ero yqacrKaN-r 4ogaluroroN-l
M (s ra6nirue cyMM4poBauue cuusy).
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T a 6 n uaa 3.26. O6ruxe HcxoAHbte lartHbte

flaparvrerp Ho, * a t ,  c Kmr.rp Ku:r.zlK:r.rp..tpKunLlKrm,rp

Peruclp P3 P5 PA PB PC

3naqeHue 146 3 , 7  5 9,3 0,61 0,275

T a 6 n uu a 3.2n. Pesynnrarbr pacqeroB

IIIar
cqe-
ra i

Bpe-
tvlfi.

t r c

Q t ( t ) ,
* 2 , 5 l c

PD

N{1=AH,1p,

M

PO

Q , * ' l "
P4

0
1
2
3
4

0 6,6
3,75 4,95
7,5 3,3
1I,25 L,65
1 5 0

0
33,8
5 0
56,4
58,2

0
20,6
30,5
34,4
35,5

0 8 0
9,3 66,4
13,8 46,2
15,5 23,5
1 6 0

146 147,9 t49,1.
183,8 ' t70,6 159,3
200 180,5 L63,8
206,4 184,4 L65,5
208,2 185,5 166

0r,

0 1 2 J 4 5 6 7 8 9 t r c

r)
3.2. Pegyrrrarbr pacrreTa rr.rEpaBnrrrecKoro ylapa no nDorpaMrvre IY-X (3)Puc.
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Cornacuo rIpHBetreHHofi nuure rcraccu$rrcaunrr HarropHafl cucreMa Bbr@Ko-
uHeprlrroHHafr.. .

2. onpegeJreHue rrepexoAHoro npouecca fipH 3aKpbrruu rypQrru rro upor-
paMMe fy-X (3) (nocrconrxy Qt-r ) 0, ro a[pecy 32 lepercr 3HaK rnc{rryc).
flpurmnaaena A/ = 3,'/5 c (uerrrpe ruara), HcxoAHbre AaHHbre npuBeg'eHlr s
ra6n. 3.26.

B ra6l. 3.2 s Hanop ̂ [/ uaqamHoro pexo,rMa / = 0 onpeAeneH c ]^reroM rI{A-
paBnI{qecKI,D( noTepb, KoTopbre paclpeAeneHbr no yt{acTKaM flponopuHoHanb-
no lfDa..fluuavrnuecKue Hanopbr Hr, Hz v He B ceqeHnm( 1, 2 u3 etrq{cre-
Hbr  no  (3 .10) .

fpaQzrcn H3MeHeHH.fl AI,{HaMIrilIecKoro Harlopa Bo BpeMeHH Arrff pacrrer-
Hbrx ceqer^Hilr I-1,2-2, 3-3 u pacxoga h(t) - cM. ptrc.3.2,a

3.4. tlprmeAelrue HarropHbrx BotroBpEoB

Tuuu HailopHbrx BoAoBoIoB AocraroqHo pasuoo6pa3Hbr. [Io Qopr*ae
oceBofi JrHHwn oHr{pa3AeJlfroTc.fl Ha o A H o H H To q Hbre, ocyulecTBlrff-
rcuue noABoA Bo[br K or[errbHoMy rr4poarperary rtrrH K rpyn[e Mtrpoar-
peraroB c Koporr(HMH orBerBJreHH-flMH, H p a 3 B e r B Jr e H H br e (cu.
puc. 3.lre). Kpovre roro, Moryr H3MeH.Erbcfi pa3Mepbr (nHorga u $oprtaa)
HX rlonepeqHoro ceqeHHfi. o[nouuroqHrrft.BoAoBoA Mo)Ker 6trrt nocToffrlHo-
ro ceqeHufl (gnavrerpa) B ardu cnflae BoAoBoA Ha3brBaror npocrbrM
(pnc. 3,lra), vlrrvr c [epeMeHHbrM AHaMeTpor\4 Hagtrsaer'mrfr TetrecKortr{-
qecKHM (prac. 3.t,6). B HnsxoHnrropHbrx BoAoBoAax pa3Mep u Qopvra no-
nepetlHoro ceqeHlrfi Moryr HerlpbrBHoro rr3MeH flTbcfl. rro ,4rIHHe (yuacrxu ao-
[onpHeMH]rKoB I,r BotroBbrnycKoB, sJIeMeHTbr fipororrHoro rpaKra ryp6xx -
orcacbrBaroulaff rpy6a I{ Ap.)

Ec.nu uctronb3yercfl orlficawttntit Bbr[Ie MeroA pacqera n{[paBnruecKoro
ytrapa xecrKoro, To Bce orMeqeHHbie Sarcropu Qoprvtr cerreHu.fi Mo2rclo
yqecrb rryreM trpHBeAeHHfl Bo[oBotra K pacqerHoMy. O6qur"r [pr{HqrrrroM
npr{BeAeHufr cnry>wrr coxpaHeHue sna.reHwi rrocrotrrHofr uHepuwt Tn ytrrn,
qro paBHocurrbHo, rosQQruuenra HHepryuu Knr.rp pri,fl. Bcero rpaKTa H purfl,
oTAenbHblx yqacrKoB BoAoBoga. flpu 3roM ruroryf H3MeHfiTbcx (nprcoAHTb-
cfl) 3IIaqeHHrr u. ceqeHltri Fnp, u anrftr Lnp.C yuerorrr H3noxeHHoro o6qnr"r
ycnoB lre M nplrB eAeHlrfi flBfi freTc fr. 3aB r4cr.rMoc Tb .

L n p I;

7 t ,
s.

L
( 3 . i l )

F t p

B roropofi orHorueHrre lilFi cyMMHpyercfl ro BceMy rpaKry wvr-
Hoir L. HcnonrsoBiurue ll3noxeuHbrx rrprlurg{noB nprrBeAeHr{E trauo B rrpuMe
pe 3.2.

Ilpurvrep 3.2. flpurecru Bo[oBoA, paccMorperurmfr B rrpuMepe 3.1, K npo-
cToMy c cOxpaHeHHeM errr Anuuu .L.

P e ru e H H e. flonnsyxcl ra6n. 3.1a, no (3.1 1) Haxognr"r
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Fnp Ll4+ = 1s00/ /+ * to,o * ig- \  = t6,3wrz." r  L  t s i  
\  

i , 4  t 6  2 0  I

Ecnu BbrrroJrHHTb pacqer rr.rApaBnlrqecKoro y4apa Arrff npocroro BoAoBoAa
F = 16,3 vrz, L = 1500 M, ro oKpyrnflr nonyw{N4 Te xe sHauernnx A.F11 H
Q, uro u B ra6n. 3.1e.

PassersneHllble BoAoBoAbr raKxe Moryr [p]rBo4rlTbcfi K oAHoHHTorrHbrM,
ecJII{ paboraroulHe rHApoarperarbr perynupyrorcfl cHHxpoHHo wrv or[eJrbHbre
ru(poarperarbl rloJlHocrbro 3aKpbrrbr r{ coorBercrByro[$e orB.ogbr qpe[craB-
Jr.flror co6ofr TyrrzKr.r. Haupnrvrep, triln cxeMbr Ha puc. 3.7,e, ecrru Bce qerbr-
pe rl'IApoarperara perynnpylorcrr cHHxpoHHo (upouycrcHan cnoco6uocrt
Ka)KAoro Q), To rlpl4BeAeHnrrti ogHoHlrroqHblfr nogonoft nnaeer nu4, 11o-
Ka3aHHbrfr ua pr'rc. 3.1,e, r,r ror[a Qloal.-= 4Ql (ununa fracrKoB 1,2, 3
coxpaHrrorca), Ecnu pa6oraror ABa rn[poarperaTa, a [Ba rroJrHocrbro 3ar(pbr-
TbI, To tlpuBeAerutrfr oAHoHrlToqHntfr BoAoBoI{ HMeer BI,r[, noKasaHHrrfi Ha
pvtc. 3.1,d, ri rorAa Qtoau =2Q1. Ho sgecr Bo3Mo)KHbr ABa cily'uafi: ecJrr.r
paoorarculue rHApoarperarbr pacno[oxeHbr Ha pa3r{brx BerB.flx, To Fz =
= Zfz, a ecrvr ua oguori, ro F2 = f z , oueangno, qro rHApaBnr,rqecrcnft ylap
B o6oux cryrla.flx ,6yger pa3nurlHbrM. flprn pacuere rro ycrroBgro xecrKoro
yAapa yAapHoe AaBneHr4e rro Anr.rHe rynr,rKa coxpaHfler ro xe 3HaqeHHe,
rrro u B crBope orBoAa ocHoBHoro BoAoBo4a. floetoMy ryrrnK MoxHo or-
AeJIbHO He yrIHTbIBaTb.

3.5. onpeleneHrre AaBneurrfl sa pa6owM KoJrecoM rlrApoMarrmrrbr
rrpH nepexolHbrx np() qeccax

B nonyuoA3eMHblx H roA3eMHbrx 3AaHrasx f3C n |ASC orcacbrBaroqafl
rpy6a Moxer HMerb AoBotrbHo oolnuryro NrHHy, KpoMe rofo, trHor[a ilpll-
MeHrrcT H HI43oBbIe HanopHbre BoAoBoAbr. B grux crtfra.flx Bo3Hr{Kaer orlac-
Hocrb pa3pblBa crrtorrlHocru noroKa rtog pa6ouurvr rcondcorrf npu Oucrporvr
3aKpbrrHH rypouHbr Bo BpeMfi paoorm n ryp6unHoM pexHMe H npu 6mcr-
poM yBeJIIflIeHHH pacxoAa npu pabore B HacocHoy pexuMe. Onacuocrb ra,
Koro pa3pblBa cB.t3aHa c reM, r{To npn cMbrKaHur,r o6paaonasueffcs [oJrocrg
pa3p brB a (rc an epHu) ao :nnr ae r rrpfi Moft y4ap, conpoBoxA arcrslrfrrc n doluuuvr
rloBbrrueHlreM AaBrreHvrfr., a B npouecce cMbrKaHHfl Bo3MoxeH yAap floroKa
o Bpauarcilreec.fi pa6o.ree KoJreco, TaK Ha3brsaerulbrri o 6 p a r u nr li y tr a p,
oco6euuo onacHntli An.fl oceBnrx ryp6uH, TaK KaK oH Moxer Bbr3brBarl rioA-
6pacBIBaHHe Bpauarcu$xcfl ,racrefr [rrApoarperaTa r,r Aaxe npHBoAuTb K fro-
JIoMKe lonacrefi pa6ouero roneca [4] .

Bonpoc o AorlycrlrMoM rIoHI,rxeHHr,r AaBJreHHfl 3a pa6o,*rv KoJrecoM
(nauallnoe ceqeHue orcacbrBarouefr rpy6rr) rptr [epexofHbx rpoqeccax
AocrarorlHo cJlo)Keun oco6eHHo [nff rnApoarperaroB c oceBbrMu ryp6unayfi,
v Anff ero peueHl'Ifl rpe6yrcrcff clequalbHbre r{ccneAoBannr. Oco6eHnbcrr
ocesBrx rypGnu cocrouT B roM, rrTo Hx Bparqarcqeeca pa6oqee,'koneco co3-
Aaer Hacocurrti eQQercr, cuoco6crnyrou4,rfi rroBbrrueHurc pacxoAa H noHr,r)r(e-
36

HI,IIO AaBneHH.fi B TIpeAKOJIeCHOM [pOCTpaHCree (rrAeXAy peueTKaMH rrafipaB-
Jrflrorqero annapara u padouero xoleca). 3ror sQoexr, npoflBnffrcrqnfics
B ToM, qro c pocroM [pr.rBeAeHHofr qacrorbr Bparqge.nn yB.enHttr{Baercfr. H
npuaegeuurrfi pacxotr (npu [ocrofiHcrBe orKpbrruff Ha[paBJurroqero arr-
n a p i r a u y f n a y c T a H o B I ( u n o n a c r e f i p a 6 o v e r o . r c o l e c a ) a Q \ / a n \ >
qro H rIpHBoAr,IT K OTMeqeHHOMy TIOHHXeHHTO AaBJIeHIrfl. B npeAKOJIeCHor9t

[pocrpaHcrBe, oco6o cyulecrBeHHoMy trpu Milrrbrx orKpbrrtrfrx HanpaBn.EKF
urero a[[apaTa. B peayrlrare, ecrH Aaxe sa pa6oquM KoJrecoM HMeerc.fi'rro-
Bbnueruoe a6comoTrloe AaBneHLIe, pa3pbrB crrrolxHocrn ttoroKa MoxeT Bo3-
HHKHyrb B rIpeAKoJIecHoM npocrpaHcrBe, rlo HHepulrr{ BoAa orofiger oT pa-
6oqero KoJIeca u pa3pbrB pacnpocrpaHuTcfl Ha HaqilrlbHyro odlacrb oTcacbr-
naroulefr rpy6rr. B eroM cJIfIae npu o6parHoM ABlarKeHHT{ rroroKa Hens6ex-
Ho npousofiger o6parHnrft ygap Borbr o Bparqarcueecn padouee KoJreco.
Bo usbexaHue groro HaAo o6ecnequrb ,qocraroqHo BbrcoKoe AaBrIeHHe Bo
Bxo[HoM cerreHr{H orcacbrBaroruefr rpy6u B TeqeHHe Bcero nepexoAHoro trpo-
uecca. OpuenrupoBorrHo Artfi oceBrrx ryp6mr MoxHo rrpuHflTb cJretryrcurue
orpaHuqeHllfi: ' 

'.
B Alrana3oHe orrcpnrrlrft HarlpaBnxrculero afinapara r{rru 3Haqenr,rfi npr.r-

BeAeHHoro pacxoAa or 100 lo 25 % a6conrcrHoe AaBneHr,re Bo B{ellge!4 ce-
qe5g4=eJgggl1eepp jefi .rpy6+gonrr<rroGr_ibitG-rrq9-60=70Krla-ralrlcoor-
BercrBeHHo porcl @S) > 6+ 7 M; IpH Mexlutru( sHaqeuri.flx orKpbrrtrfl, wrr
n p u n e g e H A o i o p a c i i i [ a - E 6 c o n r o r r r o e - 6 I r l g x o K c y .
rI e c tB oB"EmgM y A g H arr g_r-r a n 9 p e-x-o[-iio ro R [,9 rle c ca.

urefr rpy6br He3aBr{cHMo or orKpbrTrrn,
?b npuregeHHoro paccMoTpeHvA cneAyeT, rrro A;rrr orIeHKH 6esouacHocrn

pa6oru rr.rgpoMitul{Hbr Heo6xoAnrvro 3Harb, KaK H3MeHtercfl AaBneHHe Bo
BxoEHoM ceseHHH orcacbrBaroutefr rpy6u B TeqeHlle Bcero nepexogHoro ttpo-
uecca. CpegHee AaBJreHHe p orcl kg) oupegeJr.flercfl 3aBucr.rMocrbro

!

- Hs - knue Q''+ aH, ! hn,

rE€ parvr - arnrocsepHoe I(aRneHLIe, fla; npra6nuxeHHo parul@il = 10,3 -
- V/900, M. BoA. cr., V - a6conrcrHa.fl orMerKa HHXHero 6re$a, M; r% -
Bblcora orcacbrBauiar, vt; AIIH - rnupaBnnuecrcHfi ytrqp B Hr,r3oBor\{ ceqeHur{
HarlopHoro rpaKra (nxoguoe ceqeuue orcacbrBarourefi rpy6rr, rur); hH
runpaBrruqecKue norepn B HH3oBoM HarropHoM BogoBoge (eHax rrrrrcc - Wn
ryp6uuuoro pexuMa, 3HaK Mr,rHyc - Nrfl. HacocHoro) . IIpn orrpetrenemxlrr rwg-
paBlrr.Iecxor6 yAapa NIH peKoMeH[yercfl. ytlurbrBarn rcooQSnrluenrbr
HHepuHoHHocrlr nonacrnoft cHcreMbr K"".non no (3.8r), orcacbrBaroulefi

Porc Parw= - -
Pg Pg

(3.12)
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rpydbr K"".or" uo 1:.8u) H HI43oBoro HaropHoro BoEoBoAa, ecnn oH I,IMe-
eTcfl.

[urQ$ygnoHnufi rcosQQru1r.reHr orcacbrBarcIqefi rpy6u kare B (3.12)
oflpeAenfi ror BbrpaxeHHe M

(3.12a)

rtre ez 14 ?s - xoeQSurlr{eHrbr Kopuonuca Fui.fi. BxoAlroro ?r BblxoE{oro ce
qeunfi orcacbrBamuefi rpy6u, opHeHTHpoBoIIHoro oz=Ir2 u a5 = lr4) Fn.
u Fts - orHocHTeJrbHbre IInouIaAH BXoAHOTO H BbTXOAHOTO. CeqeUrul OrCa-
c.rrnarourefr rpy6rr (npu AuaMerpe pa6overo KoJIeca I r*) i ?orc - Kf[[
orcacbrBaroqefi rpy6rt opneHTupoBotlHo, c 3arlacoM, ?orc = 0,85; D1

IgaMerp pa6ouero KoJreca, M.

lnn peutennfr. 3aaatrz- MoxHo Hcrlonb3oBarb rtporpaMMy fy-X(3), rcoro-

pafl AotlorrHfercfl 6noxorur orrpe[eneHvrfl, praBnem]4fi. Bo BXotrHoM ceIIeHI,II{ or-

cacbrBaroqeft rpy6tr. Bnopsrc.fl crleAyloulle Ao[orIHHTerIbHbre I{cxolHble AaH-
HbIC:

p^r*l @ S) - Hs n perucrp P6;

kan| n PerncrP P7'

.[onoluurenrurtfr 6norc 3a[I,IcblBaeTc.fl c agpeca 51, ]^MTbIBafl ero llc-

rrorrb3oBaHue c nporpavrvrofr f y-X (3) . I,Icrouoe 3HaqeHI{e noryqaercfl

Ha HHAlrKaTOpe.

Enor< onpeAeneHnfl AaBJIeHHfl ra pa6onuM KonecoM K llpdrpaMMe fy-X(3)

0 1 2 3 4 s 6 7 8 9

tAr72 ,.

flpurraeneHue 6loxa oflpeAeneHr,rf AaBIIeHI{fl ra pa6ouuM KoJIecoM c npol-
parravrori fy-X (3) gaHo B qncroBoM rIpHMepe 3.3.

Ilplrvrep 3,3. IIpolI3BecrH pactler rI,IApaBnLIqecKoro yqapa EIIfi ruApoar-
perara rroirynoA3eMHoro 3qa:nufl. I3C c ocesofr IIJI ryp6uttpfr [uarvlerpoM
b, = 6 vr, uwre.roulefr Hanop Ho = 36 v, pacxoA Qo = 345 vr3/c, nucora or'

caeblBaHvrfl H', - -12 rra. BpeMfl 3aKpbnun T, = 8 c. flponycrcHar cnoco6-
Hocrb r{3MeHflercs nnrieftHo Bo BpeMeHlr. leovrerpuqecKue pa3Mepbl trporoq-

Hofr .racru ryp6unrr - cM. puc. 3,3, feorurerpuqecKue lrapaMerprr ryp6uurr:

6s= 0 ,32)  t rx=0,45 ;  h  -  1 ;  cnupanr  6erormaf i i  %xs  =225" ;

v cn = 6 v'lc (no puc. 3.I, e) .

P e ru e H r{ e. Onpe4eneHne rcooQQnlneuroB L{HepuHoHHocrH. Bepxo-
sofi so4onos [no (3.aa) ] :

3 8

5

6

lfi vn4 FxZ' vtrT x 14116 ?

g  ( 7 , 8 . 2  -  1 , 8 ) . 0 , 5  ( 1 2  +  1 5 )

+ 0,0043 =0,0144.

.  I  7 , 9 =
g  2 . 7 , 8 . 1 2

1 8 , 4
KuH.g =

= 0,0101

Tparr ryp6nHrr. Crmparrnafl KaMepiI, trcn = 2 fno (3.8a) ] :

Knn.cn =
34s -  22s 1360

6 = 0,0348 .

Ilonacrsafi cl{creMo, trnon = 1,3 [uo (3.8r) ] :

Kuu.non = =  0 , 0 3 1 5 .

1

I

L13I

g

2

I

2 . 6

1 , 3 5

Orcacusaroulaff rpy6a
x 8,5 x 0,25 * 75 = 702,1

I
l o ,\

Ino
M :

(3.89) ] npn AJrrcre rpy6rr L or" = 1 3,8 + 2n x

Knn.o"c = r02,L =  0 ,154 .
n.1 , .62  l4  +  t3 ,2 .8 ,1

't

CyvrvrapHtrfi xoeQQurprenr HHepur{oHHocrn Harlopnoro rpaKra uo (3.4a):

&".rp :  
0,0t44 +.0,0348 + 0,0315 + 0,154 = 0,235, B roM qucne ArIn

nepxonofi qacru K""." = 0,0la4 + 0,0348 = 0,049; ArIfl Hu3onofi Krn"." =
= 0,0315 + 0,1 54 = 0,186. OrsoureuunKnr." lKrt . rp =0,049/0,235 =O,21 u
K*r.^/K^*.rp = 0,18610,235 = 0,79 (uocleguee orrioureHne 6epercx co
3HaKoM Mr,rHyc, TaK KaK npu 3aKpbITHH ryp6rurt B HI{3oBoM Bo[oBoEe ygap
orpufarennxufr).

Pnc. 3.3. flporouuaa qacrbocesofi rypdruru (x uprurepy 3.3)
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llnQQyaopuufr rcoaQrfruI4eHr orcacblBarouefi rpy6rr [no (3.12a) ]
rIpH 4orc = 0,85 i e2 = 1,2; yquTbrBar donruryro ATIHHy rpy6u, ITpHHHMaeM
a 5  =  l 1 2 :

ksne = 1119,6.64 (r,210,782 - L,2f2,82 )0,85 = 0,000061.

T a 6 n u u a 3.3a. O6uIHe HcxoArrble AarrHble

HaqalrHoe Qrc onpe[enrercfi rlo (3:7) fipu Q = Qo u AH = 0: 010 =

= Qo/tffi = 345 n6e = 58 rurz's lc.
flpn nnHefrHona pexuMe perynupoBa\rtrfl. ryp6nHrl h(t) onpeAen.flercfl

no Qopvyne

Qt( t )  -  QrcQ - t l r ' ) .

flocxontKy pacqer BeAeTcfl llepe3 HHTepBiIII npeueru A/ = | c, ro IIo

(3.13) Bbrri l{cirffets Ql Wfl t = 1,2,...,8 c H 3anI,IcbIBaeM pe3ynbrarbl pac-
rrera s ra6n. 3.36. !.rlr onpegeneHr{.fl por"l bg) Nrfr t. = 0 ycraHaBrIHBaeM

HAIIZUIbHbIE 3HAqCHHfl H BbITIOJIHflEM CIICT.
flocne Haxarufl Ha KJIaBHruy C/II nonflaeM Ha Hu[llKarope Porcl bg) =

= L4,7 r.a. Pesynbrarbr pacqera ro rporpaMMe fy-X(3) c [orIoJIHHreJIbHbIM
6noxov rq;rfl, onpe4eneHuf AaBneHut 3a pa6ouuu KoIIecoM (nocrconrry

Qi_t ) 0, 1ro a[pecy 32 B3nr 3HaK rvuaHyc) IIpHBeIeHlt e ra6n.3.36nI,J;a

pwc.3.2,6.

T a 6 n u u a 3.36, Peaynrrarbr pircqeroB rngpaBrnqecKoro yAapa

Iilar
cqo
r a i

t ,  c
A.I/", rra

n
Q, *3 l"

P4

Porcl (Pg) ' u

lfup.rxarop

(3.13)

0
1
2
3
4
5
6
7
8
9

0 r58
I 50,75
2 43,5
3 36,25
4 2 9
5 2L ,75
6 r4,5
7 7,25
8 0
9 0

0
4,85
8.24
L0,1 3
11" ,13
11,5  3
lr,7
11..7 6
L1,77
0

0 0
1,0& -3,83
L,7 3 -6,5 1
2, r3  -8
2,34 -8,?9
2,42 -9,r2
2,46 -9,25
2,47 -9,29

2,4'l -9,3
0 0

345 14,7
324,4 1L,75
289,3 10,39
246,2 ,t10,3)
199,1 10,82
150 1l,5'2
100,2 12,L4
50,1 L2,55
0 12,7
0 2 2

0  X ' i
L _ 1

) ' '

IIapq-
Merp Ho, * at,  c KlrH.r? Kw.nlKw.tp Krm.ulKwr.rp 10-Hs katO

P3 P5 PA PB PC P6 P'I

3naqe
HI{C

3 6 I 0,235 0,21 -0,79 22 0,000061
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Kx - rcoe$Qr+

TA

7
8
9

10

T a 6 n u q a 3.3s. Pesynnraru pacqera npx BBeAenxlr ter"rn$EpoBanrrt

Itlar
cqo
ra i

t ,  c
aar, u Q,  *3 l c Porcl (Pg), u

P2 P4 lls4rrcarop

7,25
3,6
0
0

KorAa AaBneHI{e B
pn xl @g), )KtlgKocrb
IIpu ororvr H3MeHeHile
uauuefi xr4Kocrm Aw

7
8
9

L0

LL,16
6,27
5r5
0

2,47
r ,32
1 , 1 6
0

-9,29 50,1. L2,55
-4,96 23,41 17,01
-4,34 0 17,65
0 0 2 2

I

B ra6n. 3.36 AHrp - cyMrvrapuufi HHeprllroHnrrfi uanop Arrr Bcero rpaK-
ra; AIIr - rlrgpaBnu,recxufi yAap B BepxoBofr qacrn (nepxonoM BotroBoAe
r,r crrupa"nruofi rcavrepe) ; AIfn - rr,r4paBnuqecrcrui yaap B HH3oBofi qacTu ro-
nacrHofi cncreMe rr orcacbrsarcuefi rpy6e) ', porcl (pS) - Ilbe3oMerpnqec-
KOe AaBJreHr,re Bo BxoAHoM ceqeHHH orcacblsarcuefi Tpy6nl' MuHnrrarbHoe
3HarreHne porcl (ps) = 10,3 vr (ueGrnouoe 0,3 rnr) nonyueHo B KoIilIe 3-ir c,
Ho oro 3HaqeHr,re 6o[rure, qeM Aonycrl{Moe (go 6-7 r"r). .l[alee [aBneHHe
pacrer H r( KoHrIy 3aKpbrrun porcl (pg) AocrHraer L2,7 vr. Ho 3ro Ha 2 M
HI'I)KE HAIIAJIbHOTO, qTO HE)I(EJIATEJIbHO. STOT HCAOCTATOK MO)KHO YCTPAHI{Tb,
BBeAf 3aMeArreHHe 3aKpbrrr.rfi rpy6nsnr (uernrn$nponanne) xt xouqy xotra.
Ysenr,ruBaeM obruee BpeMfi 3aKpbrTlrfl ,qo 9 c. Peeyrtrarbr pacqera npu BBe.
AeHr.rH gevrnQnpoBaHHff - cM. ra6n. 3.3s. Enarogapfl BBeAeHHoMy levmQra-
poBaHuro [ocJre 7-it c AaBneHI{eu I47 xfla Aaxe Bbr[re, qeM Harlanruoe (cu.
puc. 3.2,6 rurpuxnyHKTl{pHafl nr,rHur) .

I n a s a 4

PACIIETbI TUIIPABJIHIIECKOTO YAAPA C YTIETOM
ynPyrID( nEooPMAuId

4.1 . OcnoBnbre pacqef,Hble cooruolueHrrs

A p -
p

Aw

)Kr{AKOCTH [peBbrrIaeT AaBJIeHHe HaCbrrrIeHHOrO napa
rlpe[craB ilfl.er co6ofi yrpyroqeQ opr"mpyeMyrc cpegy.
[aBJreHHf Ha Ap corpoBoxgaercfl o6reurrcfi [eQop
H H3MeHeHHeM ee rtnorHocrn Ap: I

Ap
,K* 

'

3gecn p u w - HaqarrbHbre 3HaqeHl{.ff nJloruocr}I u o6reua;
rIHeHr HnH MOAyrrb o6beMHofi yrpyrocrH xHAKocru. ,uJlff
opueHrupoBoqHo Ks = 2,I,lO3 MIIa.



Crcopocm pacnpocrpaHeHufl Bo3MyrrIeHI{fl
()sgxocru) cocraBJr.fler

cs' : tM. (4.1)

= 1000 rcr/v3, no (4.1)flpuuuvran Arrfl Bogbr Kx = 2,I.103 MIIa H px
nonfraeM csB = 1450 u/c.

Oguaxo, ecnu B xugKocrr,r r,rMeerca cso6o[Hrrfi nosgyx (raa) B BH[e
ny3brpbKoB, Aaxe rtpu oqeHl ue6onruroM ero coAepxaHHI,I, Mogynb yrlpy-
iocru cMecu K*., rr coorBercrBeHHo cKopocrb 3ByKa pe3Ko. cHlrxarorcfl.
Tax, grrff ycrrosnfi usorepMnllecKoro npoqecca geQopMaqnu ra3a

K*." = K>K
(4.2)

0 o  ? o K x
1 _ - J -

0 , 1 + p  ( 0 , I + p 7 2

Hlrr,r 3ByKa B ynpyrou cpeEe

rge 0e - oTHorrreHHe o6leua Bo3[yxa,
HoMy, K [onHoMy odbeMy cv'ec;ri; p

flocronrKy Hpu oqeHb MaJrbrx 3HaqeHnflx
HfleTc.fi, TO MOX(HO CqI,ITaTb, IITO

C trABIIEHI,ICM
- ug6lnoqHoe

06 nrtornocrr

paBHbrM arnro@ep-
AaBIreHr{e B cpeAe.

npaKTI{qecKH coxpa-

c g B . x . g  
_

c g s . x
@.2a)

Hanpnnaep, Ann BoAbr trplr p = 0,3 MIIa H 0o = 0,005 (0,5 %) no (4.1)
H @.2a) i lonfraeM K*.rlKn - 1166 H cgs.x.s 1r"".* = 1/8,1. Coorsercr-
BeHHo npn 0s = 0,001 (0,1 Vo) nonytnv lll4,2 n 113,8. B peayntrare cKo-
pocrb pacrpocrpaHeHu.fi 3ByKa B cMecr{ yraAer c 1450 Ao 180 u 37O v,lc.
I,IHrepecHo orMernTb, qro trpu colep)rclHu]r cBo6olHoro Bo3[yxa B Or5 Vo
o6tervra cMecn cKopocrb 3Byr(a B cpeAe BoAa-Bo3Ayx oKa3blBaercfl MeHF'tue,
qeM cKopocrb 3ByKa B Bo3Ayxe.

Karc BHEHo H3 (4.2), MoAyJrb o6rcnurofi ynpyrocru cpeAbr )rs,rgKocrb-
Bo3gyx (raa) 3aBHcHr or AaBneHHx s orori cpe[e.

Ecnu xrqKocrb Haxo4lrrc.fi B AnlrHHoM BoAoBoAe, creHKr{ Koroporo Mo-
ryr 4eQopMl[poBarbcfl., To I,r3MeHeHHe AaBJreHtrfl.6yger Bbr3brBarb H3MeHeHHe
Ar{aMerpa H rlnouraAn rolepeqHoro cerreHr,rfl a.F'. flpn groM AJrfl ynpyroro
BOtrOBOAa MOXHO 3ilIrUCaTb COOTIIOIIeHI{e

AFIF = AplK""u,

rtre F - finoulpEl cerreHr{E tsoEotsogai Kc"., - rcoeSSHrFaeHT i'npyrorc r{3-
MeHeHHfl nnoruaAu ceqeHur. B pe3ynbrare neQoprvrupoBaHr{.ff r,BMeHffercfl
TaKXe o6tev, 3aHHMaeMrrfi x4lrcocrbK), H cKopocrb pacrpocTpaHeHlrfi Bo3-
MyIqeHHfl C BEOnb rpy6rr, 3afloJl]reHuofi xcrgKocrbro, 6yger MeHbrrre, rreM

cKopocrb pacnpocrpaHeHur Bo3MyrqeHl{fl B caMofr xnlKocrr{ cgs.x, T.e.

42
c= cgB.x/\f;Tl<ffi (4.3)

43

Fapx 2 a )

Psc" 4.1. CeqeHHr BoEoBoEoB

KoeQQruneHr yrlpyroro H3MeHeHH.E ceqeHu.ff Kr.u 3aBHcHT or KoHcrpyK-

r\wr, Marepr{ala u Qopurr nonepeqHoro ceqeHnff BoAoBoAa. nls. ToHKo-

creHHofi rpy6rr c KpyroBbrM nonepeqHbrM ceqeHl{eM npu ycJIoBHI{, rITo

o6ono,Irca pa6oraer roJrbKo Ha pacrffxeHue,

K""u = Erp6l D,

r4e -Ero - MoAynb ynpyrocrlr Marepl{ana rpy6u, purfl, cranu Ero =
= 200.f03 Mna; 6 - roJruruHa, Mi D - BHyrperurufi AHaMerp, r'r.'[nx cnbx-
Horo cocraBHoro BoAoBoAa (pnc. 4.1) B npe4noJroxeHnr{ pa6orn B yrpy-
rofi gone trG.u Mox(Ho llpeAcraBnn cyuvrofi:

t r G " u =  A o + B + A t + A z + C + N , (4.s)

B K oropofi raxrnlfi .u eH frurbrBaer pa6ory (ur ueH euue HarrpnrKenHoro coc ro-

auux)orreJrbHblx eJreMeHroB: criurbHafl o6onourca, 1s = j+g ; 6eron-
2R

Hafl o6genrca, -B =
E 6 l n R 6 l  R

apMarypa (cooraercrBeHHo

6)

2 (r  - ,p? ' )

nepnufr n rropofi cnoir), 41 _

; Konb4eBafl

Ery Faprta I
2 R  1 . 1 0 0

'" 
(4.4)

Erp F apmz
; cnofi

2 R 2 . t 0 0i  Az =

ueMeHTauI,IHcIIopogoil,C=+##;oT[op[opoAbI, '='ff i .

3Aecr4 RO, Rr, Rz, Ru - paAHycbrl Fapr"rLnFap'Ml - ruoulaAbceqeHlrfl
crepxuefr rconnrlesofi apMarypbr Ha I rra Anrurbr BoAoBoAa (puc. 4.1,a).
nln deroHa opueHrr,IpoBotlHo: 1,t6 = 0,15; E6 = 26.103 MfIa g1fl MapKr{
6eroua W0 u E6 = 33.103 MfIa grn B30..I[rr uopogbr napaMerpbr 3aBr{cffr
or crerreHH ee KpenocrH. Hercoropue 3HaqeHH.fl [11] AaHbr B ra6n. 4.1.



T a 6 n nua 4"1. IlapauerPbl cKanbHblx nopoA

Crenesr Kperlocrl,I
Koe$QruneHr Kpe- Motynr ynpyro{vrn
nocru/,.p (cpenuhfi) .E' 10?MIIa

Koe$Quuueut flyac-
coHa pnop

Oqeur KperrKue
Kperucue

),
.U,osorbno KperIKHe
Cpegnne
.['osomuo MffrKIte

1 5
1 0
8
6
4
2

L2
1

5
3,5
2,5
t ,25

0,1-0,2
0,r4-0,2
0,164,27
0,18 -0,3
0,27 4,32
0,27

,[nr :oHtr UeMeHTaUI,IH [apaMeTpbl MoXHo [pHHI4MaTb, KaK AIIfl Aa]IHOro

rpyHTa, Ho c yABoeHHbrM Kos$SuunenroM Kpenocrn (grs oqeHb KperIKHx

rpyH TOB rlapaMerpbl coxpaHnrorca)

Oopr"rylla (4.5) yHr{BepcaJrbHa H rpnro[Ha ArIr Bo[oBoAoB pa3Jll{qHoro

Br4Ea..[1x vucro cTanbHoro Bo[oBoAa K""u = Ao; Mn cftulexele3o6eTdH'

Horo ns (4.5) ucrcnrcuarorcfl rrrreHbr C u N, grtfl crilrle6eronuoro - coorBer-

CTBeHHO A1 U A2,
flpur'reHeHue Qopvryn (a3) n (4.5) noKa3allo Ha qHcrIoBoM rpnMepe.

Ilpnrvrep 4.1. OnpeAeJrltrb cKopocrb ynpyrofi BoJIHbI ArIfi HarlopHoro BoAo-

BoE,f (qrl. pnc. 4.1,d). flopoga - recqaHr,rK, AoBoJrbHo rcpenrcufr, f = 6,

Bo[oBoA Hs 6eroHa B20.
P e ur e H I{ e. n.rlx 6eroHa B20 tIpHHI{Maernr E6 = 26'IO3 MIIa u p6 =

= 0,15. nlts ropoA no ra6n. 4.I Eilop = 3,1.103 MfIa H l,tnop =0,25:Arlf l 30-

HbrUeMeHrar l r r  f  =  6+2= 8 ,Eo =5. l0 t  Mf Iau t r1u  =Or2 ' ,  E IsCranruof r
o6onoqxn Erp= 200'103 MIIa.

IIo (4.s)

2 6 . r 0 3  l n  ( 3 5 0 / 3 0 0 ) 2 0 0 . 1 0 3 . t 0 0

= 103 (0,4 +2,04 + 0,31 + 1,07 + 7,4)  = 5,22.103.

tJts.sotrnrKs = 2,l.IO3 MIIa. Brtwacn.seM rlo (4.3)

2.320.r00

s . 1 0 3  l n ( 6 5 0 / 3 s 0 )

2 ( r  -  0 , 2 2 )

1 4 s  0
c = = 1230 v'lc"

t--- 
"---

t /  t  *  (2,1 .10"/5 22.10" )

.flslense. rutrpaBIIUqeCKOro YAaPa, r.e. ugN{eHeHI{e BO BpeMeHIi pacxola

Q u xanopa H B cerreHun( no AnHHe Ha[opHoro BoAoBoAa onncblBaercr cH'

creprofi Ag+QepeHqna"rrbrrbrx ypanHeuru? B qacrHblx nporr3Bol{Hbrx, }IMero-

44

gF AH
= -

, 2 d t '

3gecb Q(x, t) uH(x, t) - ncKoMue $yHxIIHH; x - Kooptr*r i^ no AIII{He

BoAoBo[a (u"r. puc. 3,I,a); F , rnoqaAbcer{eHnf Bo[oBoAai C cKopocrb

pacrpocrpaHeHufl ynpyrofi BoJIHbI BAonb Bo[oBoga.

cncrepra (4.6) He yqr{rbrBaer H3MeHeHHe fI{LpaBJII{qeCKHX noTepb n

cKopocTHoro HaIIopa' Ho AocTaToIIHo IIpocTa I{ I,IMeeT ToIIIloe pelueHl{e.

CyUecrnylor pa3nITIHbIe Qoprvru petuetmfl tncreuu (4'6) ' Ho B nPaKTHKe

r,rHxeHepHblx pacqeToB xau6onuuee paC[poCTpaHeHHe nOnfIHn TaK Ha3bI'

saerurrrfi MeroA xapaKTepgcrgK. flo orouy MeToly B IIoJIe KoopAlIHaT x' t

orrpeAenfiIor *p"tt. (iaparcrepucruxu), BAoIIb Koropblx cncreMa (4'6)

B qacfirbrx npor{3BogHbrx 
-npeo6pu3yercf 

B c}IcreMy o6ntrHoseHHblx AHQ-

Q epeuuuanbHblx YPan neuufr .

.ulln cncrevrnr (4.6) ypanHeruafl xapaKrepHcrl{K.HMeIor BHA 
.

uefr suA

ao dn
-  =  g F
d t d x '

x = c t + K t i  
1

x =  _ c t + K z i  )

3AeCb Kr Ia K2 - tIpoH3BOIIbHbIe IIoCToflHHbIe.

rlktfl,MLl'.

HM,, -  HM*r, t+o = 
# 

(Qu,t  -  Qm*r, f+o)

14

a Q

0x

(4,6)

(4.7)

(4.8)

Ecnu Ha [aHHoM fIacTKe cKopocrb pacflpocrpaHeHns YnPFo[I BonHbI c

He 3aBr4cllr or l,I3MeHflIoruuxcrl napaMerpoB' To cornacHo (4.7) xapaKTepHc'

THKH B lrore x, t npegcraBrrflror co6ofr ABe cI,IcreMbI llp.fiMblx c HaKJroHoM
+c H -c K ocu t, flepnax - 3To np.flMafi xapaKTepucrl{Ka' OnpeAenflrculafl

[BI,IXeHr.re BSJIHbI Bo3Myulen!1fi., a BTopaff - o6parHaf, oflpeAenflrcIllafl ABIi'

xeHr,re orpaxeHHoft eonHnl.
Peruenue cncreMbr gu0$epeHur,IarlbHblx ypanHennfr (4.6) ArIff flacrKa

114 Me.xp;y ceqeHn.firvrtr M u M+I (p"c. 4.2,a) c npHMeHeHHeM Meroga xapaK-

TepHcrHK npeg,craBrfl.ercfl. cneAylou${Mn AByMn alrebpaHqecKHMrl ypaBHe'

H r u * t , t - H M , t + 0 = - (Qu*r,t  -- Qu,t*o), |  (4.9)

B rcoropux 0 BpeMfl npo6era ynpyrofi BorIHbI Mextry cerleHl{flMu M u
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Pac. 4.2. K pacuery rr4qpaBJlwecKofo y[apa Mero[oM xapaKTepl{crl{K

M+l Ailvrnofi.ly; cM - cKopocrb pacrpocTpaHeHrr.fi BOJIHbI Ha 3ToM yqacrKe;

0 = lva f cva. (4.10)

B (a.8) H (49) Ka)KAafl rlepeMeHHan dxrccupyercf AByM.fl HHAeKcaMu.

fleprufr onpeAenfler HoMep ceIIeHHfl BoAoBoAa, a BTopofi - npeun. Haupu-

Mep Hy,, - Hanop B ceqeHr,rn M n ruoveHT BpeMeHV t; Qm* t, t+ 0 - pacxoA

B cerreHuu M+l B MoMeHT epervrenn /*0.

YpanueHnx (4.8) v (4.9), qacro Ha3brBaeMbre uenHbrMl{ ypaBHeHI{.flMI,I,

no3BorrflroT oIIpe[eJIHTb IIpOUeCC THU,paBJII{qeCKOrO yAapa B BOAOBOAaX pa3-

III{!IHbIX BIItrOB.

Paccvrorpnv rpoqegypy pacqera rlqtpaBJrnqecKoro yAapa MeroEoM xa-

paKTepr,rcruK Ha npl,IMepe reJlecKorlur{ecKoro BoAoBo[a (crra. pnc. 3J,A

c AByMfl nepexoAaMlr QV = 4). finn yrtpoulenl,If nepBoHarlitrbHo rIpHMeM

TaKoe pacfloJloxeHl,Ie nepexoAoB, npu KoTopoM BpeMn npooera BoJIHbI [IIfl
Bcex yqacrKoB oA[HaKoBo, T.e. co6nrcAeuo ycJloBue

l r l c r =  l z / c z =  l 3 f c a =  0 .

Cerrca xo[a cqera rro xapaKTepHcrHKaM B KooplHHarax x, t noKa3aHa
Ha pnc, 4,2,6. Bpevrenuofr rurepnar crrera 0. BneAeu raKxe noKa3areJlb tII{c-

rra HHTepBarroB t = i0, qro ygo6Ho, Kor,qa I,rHTepButrI cqera coxpaHflercfl rlo-
CTOffHHbIM.

Ysnrl cerKl,r xapaKTepncrnK o6osHaqeHrt lpryff IIltAeKcaMI,I, npuqeM
neprrrfi noKa3brBaer ceqeHue BoAoBoEZ, z rropoft - ilopt[rcosnlfr HoMep
HHrepBana npevreHu i

HaqamHafl xapaKrepl{cruKa rlpoxoAur qepe3 ysnu 1.0; 2.1; 3.2 u 4.3,
v Ha sefi gHaqeHnfl HcKoMbrx nepeMeHHuxH n Q onpegeJlflIorcfl HaqarlbHbrMll
ycnoBHflMI{.

Hcrconatre nepeMeHHbie H n Q orpe[eJlfiIorcfi B Apyrnx y3Jlax cerK]I, rIpH-
qeM nocJreAoBarerrbHocrb H HarrpaBneHlle Bbnr{cneHnfi rIoKa3aHbI crpgnKa-
46

Mr{. IlocKorrbKy HeI,r3BecrrIbD( ABa, H u Q, To gltfi Hx BbFrnc"ttenran rpe6yer-
cff Anfl Kaxgoro ysrla HMerb ABa ypaBHeHl{ff r{rru coorHoueHr{ff. flpn orou
BCe ysnbr MoxHo pa3AeIIHTb Ha ABe rpyrmbr: KpaeBbre - y3rlbr Ha BepTHKa-
nn< (cevenr.rrx) M = I n M= 4w npoMe)KyrotlHble - !ly[ = 2 m M = 3.

Hcrcoprrre nepeMeHHbre B KpaeBbrx y3nax BbrlucJr.fircTcfl c noMorrlbro
oAHoro H3 rlenHbrx ypaBHewtlt H coorHolrreHu.fi, o[petrerrffrourero KpaeBoe
ycnoBHe An.fi AaHHoro cerreHux. HaupnMep, trnfl, ysna 4.5, coorrercrByrouero
BepxoBoMy ceqeHHro BoAoBoIa, H3BecTHo, qTo 3Aecb Hanop nocToffHeH, T.e.:
H+.s = H"t*, Kportae Toro, Mo)KHo 3anucarb ueIIHoe ypaBHeHHe az yzna3.4,
HMerouee BHtr no (4.8)

Ht.c -  H+.s = "= (Qs.q -  Qq.) .
g F s

Peruax o6a ypanHeHufl coBMecrHo, nonyqaeM HcKoMoe Q+.s,
.ftx yua 1.6 sanucbrBaeM ueuHoe ypaBHeHHe Ir3 y3na 2.5 uo (4.9),

H z - s  -  H r . 6  =  -  
*  

( Q z . s  -  Q r . o ) ,

B KoropoM ABa Her{3BecrHbrx. 3ap:asafl. elqe KpaeBoe ycJIgBHe, Koropoe
o6rr.rHo [peAcraBJrflercfl n Sopvre (3.7), rIoJIyrIaeM , '

er.o = et$0)1/e,
npuqeM 3agaBaeMafi Qyirrcuux I{3MeHeHI,If npo[ycrcuofi. cuoco6nocrl{ T}T-
6mrrr Ql(t) onpegenfler Bo3Myurarculee eosgeftcrsue. Pelua.E o6a ypaeueHu.fl,
HaxoAHM Hr,o u Qt.e .

Hcxoruue nepeMeHHbre B flpoMexryroqHblx y3nax | < M <.4/ HaxoAffTcr
perxeHueM rlenHbrx ypanuenufr co cMexH'brMH rIpHMbrKaIourHMH y3navrz.,
Hanpuvrep [nx yzna 2.7 HMeeM raKyrc cucreMy ypanuenrfr ua yuoe 1.6
vr 3.6:

H r . o  -  H z . t  =  
t l  

( Q r . o  -  Q z . ) ;
g F r

H t . o ,  H r . l  =  -  
;  

( Q t . o  -  Q z . ) ;

Koropyrc HaxoAHM peuJafl Hz.t u Qz.t.
Cnegyer o6paurarb BHHMaHI,Te Ha npaBrinbHocrb HHAeKca rtpu c u F:

Arrfl uprvrofr xapaKTepHcrI{KH oH coBnatraer c ee HaqaJrbHbrM ceqeHueM
(nepnoe yparHeune), gnx obparHofi xapaKrepucrr,rKu - c KoHeqHbrM ce-
rreHr,reM (aropoe ypaeuenue) .



4.2. Qoprtrynbr Arrfl onpeAenenun H n Q

PaccvrorpeHHble B g 4.1 coorHorrreHH.fi no3BoJrflror 3arrHcarb Soprrayntr
Nrn onpeAeneHufl HcKoMbrx [epeMeHHntx H w, Q ua Kax[oM r,rHTepBarre
(ruare) cqera.

l. B x o A H o e c e q e H r{ e 1-I y rngtriorraarrruHbr (nnn aarnopa)
(puc. 4.3,a). Boar'ayrlarcuee noageticrBne 3a[aHo H3MeHeHr,reM rrponycK-
xofi cnoco6socru Bo BpeMeruu Q1(t) unu Q1(l). ItagpaBnr{qecKr.re norepn
YIIHTbIBAIOTCfl TOJIbKO B HAIIAIbHbIX YCNOBHflX.

CHcrerua ypaBHeHHfr urvreer nug

H z . r - r  -  H r . i  =  -  2  f g r . i - r  -  Q r . t ) ;
g F r

Qr. t  = Qt( i \m

H coqep>Krrr trBa HeH3BecrHarx H1.t u Qt ;. Bnegevr o6osuaqeHr.re

k  =c l  @F) .

floAcrasrsa Qt.t ypaBHeHprfr B cHcreMe u3 Broporo n ilepBoe
,6j =X, nonyraeM KBagparHoe ypaBHeHHe

X 2  + k r Q t  ( t ) X  -  ( H z . i _ r  r  k r Q z . i _ r )  : 0 ,

(4 .11)

o6osHaqas

perrreHHeM Ko Toporo fBIrfleTcfl

y = _  k r e { i )  
+  / ( y e { i )  \ z  : : - , :1 = -  2  
= J  

\  '  I  
- H z t - r t k r Q z 1 - r '

Torga HcKoMbre [epeMeHHbre

Q t . r  =  h Q ) X  u  H r . i  = P . (4.12)

flpanuro 3HaKoB Drr x B (4.12) e rpaQrvecrcofi uHrepnperaulru cnelyrc-
ulee (pnc. 4.3,a). Perueuue (4.12) 

" 
Koop,qru{arax Q, H gaer roqKy repece-

qelrvrfl, npxruofr, ugyulefr c HaKnoHorur k1 , u napa6orrbr, Bbrxotrful efi ui H =
= 0. B obnacru I > 0 (ryp6r,rHHrrfr pexuvr) ncerga ucroJrb3yercfi oAHo pe-
rueHr,re co 3HaKoM rrrrrcc. B o6nacrn Q 10 (Hacocuufi pexlrrvr) no:voxHo
HcrIonL3oBaHHe peueHl,Ifl lI co 3HaKoM Irrlrcc, H co 3HaKoM MI{Hyc. Hanpn-
Mep rpn rycKe B HacocHoM pe)KHMe (yaenuuenue nogavu) rrpuHr4Maercfl
3HaK rrrrrcc (nonoxurenrHrrfi yAap), trpH cHr,Dr(eHr{u nogaqr,r (uaupunrep,
norepf npLBoAa HnH ocrauorrca) - 3IraK Mi{riyc rdJin irnrcc. 3Harcy MHHyc
orBegaror ycnoBu.fi Qi- r > ZU\m u H; 1H s .

2 .  K  o  u r r  e  B  o  e  Geqe HH e  f f - .A /y  6 reQa (puc .  4 ,3 ,6 ) .  3 [ecnKpae-
Boe ycnoBHe o[pegenflerc.E rlocroflHcrBoM Hanopa HU.t = Hcrar unu Hy.i =
= H"r^r. Cuexsoe uerrHoe ypaBHeHHe 3arrucbrBaercfl or npe4rrAyruero Mo-
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N-.1

\\
'N-l

Psq 4.3" K pacveruuv @opr"ryraM n{trpaBJrr+recxoro yqqpa

MeHTa rpevreHu l-l

H1y- r. i- r - Hi,r.i = kN-r (Qu- r. i- r - Qu) .

Ilogcrann ns Hw.i = Hcrar, rloJifraeM r,rcKoMufi pacxog

QNt=  QN- r . r ' -  r  t  Q I " ru ,  -  Hy - r . f  - r ) l ky - r .  (4 .13 )
I

3 .  I I p  o  M  e  x  y  r  o r r H o  e  c e q e  H  n e  M - M  ( p u c . 4 . 3 , e ) .  H c r c o u l r e
rIepeMeIIHue Hp\.i u Qm.t HaxoAtTcfl peIIIeHHeM cr{cTeMbr r{3 ryx uerrHbrx
ypaBHeHr.rit ans. cMexHbrx y3noB no rlpe4brgyrueuy MoMeHTy npevreHu f-l:

Hy-r . r ' -  r  -  Hva. i  = kM -r  (Qu- l . i  -  ,  -  Qnni ;  )
I

HM*r . i - r  -  Hru. t=  -kM(Qu*r . i - r  -  Qm) J
Peruax 3Ty cucreMy orHoc[TenbHo ucKoMbrx nepeMeHrrbrx, noJr)^raeM

H M * r . i - l  - H p 1 - 1 . i - 1  +  k M Q M + r . i - t  +  k M - r Q r u  - . r . f  - r

(4.r4)
49

Qm.t=
kM + kM-t



Hru. t=  HM-r . i  - r  +kru- r (Qu. i -  Qpr- r . i - r )
,IIIId

Hu.t= HM+r. i  - r  *  ku(Qm*r . i - r  -  Qrr t ) .

(4.1s)

4.3. [IporpaMMbr fy-y pacqera nr4paBJrurrecKoro ygapa
.c 'nreToM yrrPyr0cTrr

1 .  P a c q e r  r H A p a B J r H q e c K o r o  y A a p a  B  r I r { n H H I p ] r -
q C C K O M  H A T I O P H O M  B O A O B O A E  C  I I O C T O ' I H H b I M I {  I I O

A n r r H e  3 H a r r e H H f l . v ^ r r  a u a M e r p a  D  L r  c K o p o c r H  p a c -
r r  p  o  c  r  p  a  H  e  H H f i .  y r I p y r o  f r  B o J r H b r  c n p v t r B y x p a c q e r H b r x c e -
TIOHHTIX N = 2, Beog HcxoAHbIx AaHHbrx ocyulecrBlrfl.ercfr. B coorBercrBr.rri
c ra6n. 4,2a. Pac.rertr 3Toro Hau6onee ttpocroro cn]l'qlan Bbrlo]rHflrcTcr IIo
rlporpaMnre fY-V (1) .

T a 6 n uu a 4.2u O6qne HcxoAHbre AaHHbre

flapavrerp Hctar, *t k r =  c t l @ F i

Perucrp

Ilporparvrua FY-V(1)

0 1 2 3

PA

I]1
Qz
+

0

I

2
3

VINA PIIID

HNA }ITI3
-+ Hrn
<- Fx"
rr3 cln

Fxz vrrrz
Qr

I4nD x

:  l - l  t
+

P.vl 'unu t

WnZ HnO HIIA : HII1

B nporpar"rr"re IY-V(1) aApeca 00-18 3aHr,rMarcr BbrqHcJreHHe Ha r.uare
cl{era pacxola Qr no (4.12) H agpeca 20-21 - HanopaHr no (4.12),^apr-
ca 23-29 3aHlrMalor BbItIHcJIeHI,Ie pacxoga Q, uo (4.13). Peaynbrarbr Bbr-
uuanetinfir ro [raraM cqera perncrpnpyrorcfl s ra6n. 4.26.

T a 6 n u\ a4.26" Peayllrarur srrqficreHrii

ItIar
cqe

r a i

Bpevrr
t=0 i, c

Q IQ) ,  *2 ,5 l c Hl ,  *

PO
9!:J''

P1

H2, *t

PD n

0 Qrc Ht.o Qr.o Hctar Qz.o

5 0

2 .  P a c q e r  r u A p a B n u q e c K o r o  y t r a p a  B  H a n o p H o M
B o . A o B o f  e  c  o . A H H M  r l e p e x o A o M ,  r . e . c o A H u M n p o u e x y r O u -
HbrM cerreHgeM upu .l/ = 3 (pnc. 4.3,e), Moxer ocyulecrBJrflTbcx no [porpaM-
Me fy-y(2): 9ucro BBoAr.rMbx HcxoAHbrx AaHHbrx npu 3roM Bo3pacraer
B CoorBercrBwr c ra6n. 4.3a.

T a 6 n uu a 4.3u OOuIHe HcxoAHbIe AaHHbIe

flapar"retp .f;Isra1, M kr  =  c r l  GFt ) kz  =  cz l@Fz)

Pemcrp

llporpaurvru IV-Y(2)

0 1 2

1

2

3

4

I{INA I,ITID

HNA I/TIS

+  H t n
<- Fx'

NM HIIA

HIIA

: VII3

2 : l - l  t
+

+ F\/- HrrH t

r4n4 'HIIO Uils

+

KTI14

Fx2

HND

UTTB
Qz

vnz

x

x

X

Qg
+

+ HnA I4[IB
H2

I4tI0 + tn

c/17

llporparnrrvra fy-y(2) BKJrroqaer rpn 6lorca. flepnufi, aApeca 00-21,
ocyrqecrBJrfer BbrIIHcJIeHve Qt H Ht uo (4.12) na Ixare cqera (nonroparcr
HaqaJIo nporpaMMu IY-Y(l)). Bropofi, a[peca 23-44, BbrnoJrufler Bbrruc.-
neyue Q2 no (4.14) H Hz rlo (4.15). Tpeuur'r, a4peca 46-53, tulxercx
6norc Bbrtrncrregnx Qs rlo (4.13). Pesynlrarbr BbrrrucneHufr ro rporpaMMe
fy-y (2) perncrpupyrorcn B ra6r. 4.36.

3 .  P a c q e r  r H A p a B J r H r r e c K o r o  y A a p a  B  H a n o p H o M
B O I O B O A e  C  A B y M f l  r r p O M e ) K y T O r r H b r M ] r  c e q e H I d f l
M H, r.e. c fByMfl nepexoAaMH npH N = 4 (puc. 3.lrd), MoxeT npoH3BoAlrTb-

5 1

cqs
ra i

T a 6 n uua 4.36. Peeyrurarrr su.rncreHxfi

IIIar
cqs
ra i

Bpeux
t=i?, c H L ,  *

PO
4t:

P3

Q+, us lc

P5



cfl. c noMolrlbrc rporpaMMbl rv'y (3) . I'IcxoAHbIe

BercrBnrrc ta6r. 4'.4a.

T a 6 n uua 4.4a- O6urne Hcxo,4lble AaHHbIe

[aHHbre BBOAfiTCff B COOT-

flapavenp ffsraa, M k r  =  c r l  G F  r ) k2 = c2l GFz) ks = csl @F)

Penrcrp PB

Ilporparuua IY-Y(3)

0 L 2

P6 PCPA

0

1

HNA I4IID

vlllA

+
+- II0 nn4

kltn HnA x +

lanl x HIIO
VtlC x + VllI3
Qt
: fI5 Vn3

VITI4 HTIC :

: l - l  I
+

rv uil14, I

HIIO HTIs

II,.TIA I4TIB +
H2
+ tlz 14116
HIIB x *

Fxz vnz +

HIID x fll

I{[IB x +

Qz
: II3 I4II1

VN2 WI7
HTIB I,IITC +
H3
+ n4 1116

cltr

vn3
H1

Fx22

3

4
)

6

7

HIIB X
Qs

I4n5 +

r4fi2

w

flporparravra fy-y (3) cocrour v3 qerblpex 6norcoe. B repBoM 6norce

(agpbca-00-21) ntuuclnrcrcn Q1 n Ht uo (4.12) ua ulare crlera; Bo Bro-

poM H rperbeM (a4peca 24-45 H 46-67) BbrqrrcJrnrg'rcfi,Q2, Hz v Q3, Hs no
'(4.1q 

; (4.15), v B qerBeproM 6norce (agpeca 70-76) Bbtft{cnnercr pac'

xo1, Q4 no (4.13). Ao agpeca 46 AaHHafl nporpaMMa rloBrop.fier llporpaM-

My fiY (2) . Pe:ylbrarbl BbIrIxcIIeHLrfi no rporpaMMe fy-y (3) perucrpn-

pyrorcf B ra6n. 4.46"

Ta6 n uua4.46. Peaynmaru srrqncreHnfi

AHarorn.rHo MoxHo cocraBr,rrb rlporpaMMy \nfi pacqera ruApaBnuqec-

Koro ygapa B HarropHoM BoAoBoAe c II.flTbIo, Iuecrblo ceqeHH.flMI,I u 6onee.

Ognaxo 3To rpe6yer yBenHqeHl,rfi Hcrlonb3yeMblx perficrpoB rIaMffTI{, qro

BbrxoAr,rr 3a rrpeAerrbr Bo3Mo)KHocTefr MHKpoKa"nbKyIIflTopoB. Kporue To-

5 2

Qt(t),
*2 ,5  l " ?o81"Q t , u 3 l c

ro, npu sToM Bo3pacTaeT TpyAoeMKocTb pacqeToB. B censn c oTHM npH pac'

rrere rlenecoobpa3Ho orpaHgquTbcfl pas6nuxofi HanopHoro BoAoBo[a Ha

Tplr rIacTKa H qeTbrpe pacr{eTHbrx cerleHl,I.fi, I{TO IIO3BOJIfleT HaAe)KHO peUIaTb

lpaKTuqecKHe 3aAaqr{, Bo3Hr,rKarcr4{e IIpI,I npoeKTLIpoBaHHH [I sKCIIJIyATAII]I'JI,- K  
p a c q e r y  n o  r p o r p a M M a M  f y - y .  f l p o r p a r t a M b l l l o c r p o e '

Hbr- - TaKHM o6pa3oM, rITo rcaxgtrfr cqer [aer 3HarleHafi I,IcKoMbIx flapaMerpoB

H u Q so BceX pacqeTHblx ceqeHuflx AJIff [Byx MoMeHroB BpeMeIM t+0 u

t+20 co cABl{rona Ha 0 (cvr. ra6n. 4.5e).

4.4. IlpnneAeHue HanoprrbD( BoAoBotroB

.n.;r1n ncuonb3oBaHufl rrporpavrvr fV-Y Heo6xoAI{Mo rIpHBecrH p e a rI b-

H  b r  f r  H  a  n  o  p  u  r r  f i  B o A o B o A  ( p . s B  e r B J I e H n r r f i )  K  o A H o -

HHTOTTHOMy, cocroflIueMy lI3 OAHOTO, AByX HnH Tpex yqacrKoB c nocroffH-

HbrMr,r 3HarreHr4.flMt4 c t F. flpra erorur rpe6yercfl, rITo6bI 0 Ha,scex BbItreJIeH-

Hbrx yqacrKax 6luu paBHbI (cna. puc. 4.2,6),

flpunegeHue pa3BeTBJreHHOrO BOAOBOAa K OAHOHI{TOIIHOMy npOH3BO-

trtrrcfl. TeM )Ke cnocc,6oM, qro pr npn xecrKoM rlilpaBJrl{qecKoM ytrape

(prnc. 3.1,e), rrpHqeM cKopocrr; ynpyroH BoIIHbI c pJlfr. rapalnerbHblx JrI{-

"rfr 
ro*pu*.tc". Hanpurraep, ecJIH Ha yrlacrKax c ceqeHuxnnq/1 cKoPocrb

paBHa C1, To u sa O6teAI{HeHHoM fIacTKe F1 Cropocrt 6y4er c1 .

flpnmun ilpuBeAeHHfl OAHOHT,TTOqHOTO BOAOBOAa COCTOHT B CJIeryrcUIeM:

o6uran Nrwra BoAoBoAa coxpaHflercfl; o6qee BpeMt npo6era ynpyrofi BoII-

uur @ no BoAoBoAy (u $asa yAapa) coxpaHfiercfi; 3HatIeHI{fl rocroflHHbD(

r{Hepuun T* unu ,+ orAerrbHbrx yqacrKoB H Bcero BoAoBoEa B ueJroM
F

coxpaHflrorcf. Ecnu tlcxogHrlfr BoAoBoA HMeer N ceqesni (uepexoUoe)

H, (//- l) yuacrxoB AJIHIIoi, Iru c nocroflHHblMH 3HaqeHlLEMI4 cy, ro o6Uee

BpeMfi npo6era ynpyrofr BoJrHbI cocraBJlfler

ry-r IM
o -

M=l cM

Pacqersoe BpeM.fl nPo6eta 0,
Hbrx rIacTKoB r:

o =  9

(4.r 6)

c, 3aBHCl4T OT rIpffiIUMaeMOrO qllcJla pacqer-

@.16a)

T B J I E H H O T O

3HaqeHuflx r. flpu

.I[.nx nprnneAeHlrblx BbIIue [porpaMu r= Lr2 u3"

Ilpegcraunvr Qopuynbl rIprIBeAeHI{-fi AIIfl H e p a 3 B e

r p y 6 o n p o B o A a c y'y' ceqermflMl{ rIpH pa3nuqHblx

r = 1 pacqerHafl,qIIHHa I' pavua nonHofr Ntwte L'.

l ' : L .
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Pac.rerHlre cKopocrn ynpyrofr BoJIHbI

F' o npegeJlfl lorcff coorllotueHn.flMll

,c 14 nnoruaAlt ceqeHldfl BoAoBoAa

,
L _

Ecnu r > 1, ro o6ulyro AnHHy I uago pa3AenHTb Ha pacqerHble fIacrKI'I

ilnuuoit ll, U,... raK, qro6u BpeMfl npo6era ynpyrofi nonsoft KaxEoro )nlacr'

Ka panuuocr g ro (a.16a) n coxpaHnrlocb cyMMapHoe orHolrleune llF

oTAenbHbrx yqaCTKoB H Bcero Bo[oBoAa B IIenoM. ,[;ls grOro MOXHO nPeU'

floxr,rrb peKyppeHTHbre Qoprnrynrr, flo3BoJlfiIourue rIocJIeAoBareJIbHo uaitru

l,r, li 
" 

t.u.- !,ia nepBoro pacqerHoro fracrKa (ceueune II-il) Qoprurylu

HMeror nu4 (pnc.4.4)

I  I t  12,  Ik- r  \
A l k =  c k l 0

\  " t  
c 2  c k - r  I

t ,  _
t l  -

,
c L =

(4.r7)

(4.18)

l r  + 1 2  + . . .  +  I t - t  +  A I : ' ;

i
11 12

+ - +
c 1  c 2

lk -r Alr
- ; . " * - + -

ck -  t  c k

,, ', L

Fi=
I  1 12 lk -t  Alt t

- + - +  " . . + -  +  - - - : - -
F1  F2  Fk - t  FP

flepnar Qoprrayna n (4.18) oilpe[enner Al1- - qacrb k-ro ylacrKa Bo[o-

BoEa, Bxogflulero B I-fr pacqerHbrfr yvacrox. Ona ocHoBaHa Ha rlepe6ope ) Iacr-

KoB c 1-ro Ao k-ro, rroKa BbrpaxeHr.re B cKo6Kax ocraercfi 6o;$ue Hyllfl,

qro tro3BoJrfler HafrTH k, rcorga oHo craHoBl,lTcfl orpl'I[arellbHblM. Ecln yxe c

I-ro yvacrra /1 Bbrpa)KeHr{e B cKo6re crauoBnTcfi orpHIIareJrbHbIM, ro k = I

u Al i= ,1g.  5ro sHauur,  vro / i  -  L l r ,  r .e.  l r  1 l r .

3nax k u Alp, MoxHo uepeirru K HaxoxAeHl{rc BToporo pacr{erHoro flacr-
xa lL (ceueHrae III-lil, pnc. 4.4). PacqerHue Qopnrynbl IIpfi 3roM HMeIor

crpyKrypy, aHatrorEqHyro (4.18), Ho AirlrHa k-ro wacrKa, c Koropofo HaqI{-

"u.i.r-nepe6op, 
rpllHrMaercrr paBHofi1,4, - Al*.[Ip" r =2 ErI]IHa2'ro yracr-

5 4

Puc. 4"4. flprnegeune Hanopuoro BoEoBoEa

Ka Mo)I(er 6ntm onpeAerleHa pa3Hocrbrl:

l i  =t - l 'r,

a npn r = 3 ATIHHa 3-ro pacuerHoro flacrKa

t l -  r - t i  - t i .

45. PexoMerrBIlHI{ no HcnoJrb3oBalrnlo nporpaMM fy-y

flpexge Bcero HeooxoAHMo nHoparr qficJlo pacqerHblx fIacTKoB, T.e.

r, qro lr olpeAenrer BHA lrcnonb3yevroft flporpaMMrl. flpn eroM Aonxo{bl

frqTbrBaTbcf ABa tlarropa: HeoAHopoAHoCTb HanopHoro BoAoBoAa H ero

AnI,!Ha.
H e o A H O p O I H O C r b  H a n o p H o r o  B o A O B O A a  X a p a K T e -

pr,r3yeTcfl H3MeHfeMocrbro no AnI{He cKopocru ynpyrofr BonHbI c H IrrIoUa'qH

aruar"o F. B KatrecrBe KpI{TepHfl HeoAHopo[Hocrl{ ./""og* MoxHo lrcnoJlb'

3OB ATb COOTHO IIICHI,IE

^  F N - r
.lneogn = 

T

C 1 (4.1e)
c N -  t

rge F1 u FX-t - Ilnoulagn ceueuufr; C1 tI C7g-1 - CKopocTH pacnpocTpa-

HeHr{fl ynpyrofi BoJrHbr Ha nepBoM H rIocJIeEHeM flacrKax HanopHoro Botro'

BOAa.
HeogHopogHocrb HanopHoro BoAoBoAa B crflae IIpHBeAeHHfl ro (4.17)

14 (4.18) cpaBHUTeJrbHO Cna6o cKa3brBaeTcff Ha 3HaqeHl{fi rH[paBJIHqeCKO-

ro yAapa" Iiorto*y peKoMeHAyrcTcff cneAylors{e oueHKI{ Als gntGopa qHc-
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JIa pacqerHbrx rracTKoB r:

f  , " o n n  1 2  P Y n  r  =  1 ;

2 1f  'eont 14 putn r  = 2;

ft"ont) 4 g4n r =3.

. I [n una B otr  oB o Aa L cornacHo (4.16) nnnnercf focHoBrrbrMrra-
paMerpoM, onpeAerrflrorur.rM o6ulee BpeM.fl npodera ynpyrofr BoJrHbr @ (cxo-
pocrb paclpocrpaHeHufl ynpyrofr BoJrHbr B o6rr.Inrx ycrroBu.flx r43MeHr-
ercfl He cr4,,rbHo). B ro xe BpeMfl npu pacqere MeroAoM xapaKTepucrr,rK
(p"c. 4.2,6) Br.r[Ho, qro rxar ro BpeMeHr{ orpeAeJreHuff 3Haq"r i H, vr
Qr B KpaeBoM ceqeHlII,I BoAoBoAa y rHApoMaI[I,tHbI paBeH 20. CneAoBaTeJIb-
HO, eCJILI BpeM.fl H3MeHeHrIfl OTKpbrTr{f rHApOMarIndHbr I4JrH 3aTBopa paBHo

4s, To rrr4cro pacrrerHbrx 3HaqeHr.rfr (luaros) s-r cocraBl,rr

s l :  T s l  Q 0 ) . (4.20)

(4.2r)

(a.1ea)

Dltt trorlfleHl,Lfi [ocraroqHo uoruofi KapT]rHbr pacqera xerrareJrbHo rrMerb
s t 7 8 + 10. Orcrcga c yllerou (4.1 6a) nolyraeM qgcro pacqerHblx flacrKoB

r )- (16 + 20) @lTr. @.20a)
Hanpuuep, trpH @ =0r5 cvtT, = 10 c MoxHo rrpr{HuMaTb/ = 1, Ho ecJru

yBenr{lrHTb Arr}rHy BoAoBoAa e 3 para, To rrpu @ = 1,5 c a rex xe ycrroBr,r.rx
HaEO npI,IHI,IMaTnr = 3.

flocne BBoAa B Ml{KpoKitrlbKyJlfirop rporpaMMbr -pacqera H. r{cxolsrbrx
[aHHbrx ueo6xoAuMo noJlHocrbro rloAroroBnrr ra6nuuy glrfl 3anl{cn pe3ynb-
raroB BbrqncrreHufr, ranonnnn rpaQnriu t. Elrs, gToro B ogltH H3 perncrpoB
naMflTfl, uanpnvep P0, BBOAHM 3HatIeHHe 0 n, nocJleAoBareJrbHo Ha)Kr{Ma.fi
ICDABHIXH HTIO + OAUH, IBA H T.[. PB, [oIyqaeM Ha I,IHAI{KaTope sHaIIeHHe /.

Kporrae roro, cJregyer 3apaHee 3arroJrHurr rpa$y h(t) - H3MeHeHHe rrpo-
nycrcuofr cnoco6uocrn Bo BpeMeHI{. Ecru sra 3aBncuMocrb 3agaHa rpa$u-
qecKu B BHge SyHrcqHH npenaeHu d ro, oTKrraAbrBafl Ha ocn t sHa,qeHvfl,
O, 20, 40 u r.A., BrrHcbrBaror n ra6nnqy coorBercrByroune 3HaqeHun Qt(O),
QlQ?) lI r.A. Ecnir npuHuMaerc.fl rrr,rHefrsoe H3MeHeHlre hQ) or HaqarrbHo-
ro f;;,Q) Ao KoHeqHoro QUc 3a BpeMfi 4s, ro Ha rrrare cqera f nonyraevr

o , s i  2 0
Q v =  Q r c  +

i= '1 T s

3Aecb rIpHHffT pacrlerHbln unrepaur Nffi ceqeHnff 1-1 20. CnegorareJrbHo,
cyMMa Syger ortpegen.firbcfi qepe3 oAHH ruar rro 0, r.e. Un i = Or Z, 4, ..,
3naqenss Q1; nerrco norril{16, ecJrH 3apaHee Bbrrrr{cJrr,rrn (Qltc - Qrc)20lTs
II co cBor.rM 3HaKoM BBeCTT{ B naMfiTb perucrpa, Ha[pHMep,. pl; sareM A4nee
Ha6parl Ha HHEHKarope axaveHue Q1g; rrocJre sroro, [ocneAoBareJlbHo Ha-
x(HMiu KrraBr,rruH HfIl+, Ha HHAr,rKarope Mr{KpoKilrrbr(yJrfiTopa ron]FrarcT
IilcKoMoe Qn, Qlq .,.
5 5

Pacqer HaqHHaIoT c 3arIotrHeHH-E nepaofi crpoqKH f = 0 HaqarlbHbrx 3Haqe-
ntfi H1.o, Qt.O, HZ.o H T.E.t KoTopble BBofl.flTC.ff B cooTBeTcTByronffe perr{cT-
pbl naMffTH. HaqarrHlle Ha[opbr o[peleJr.firoTcfl c yqeroM rnApaBnruecKgx
norepb or 6neQa Ao KaxAoro ceqeHlr.fi.

.ftx coxpauenur sanucefi H yMeHb[reHn.fl rpyAoeMKocrr{ pacqera Mox-
Ho He 3anHcblBarl s ra6n4Uy 3HaIIeHHfi pacxoAoB B ceqeHnnx, ecJrH olrl{ He
npeAcraBJr.firor crreuuilrrbHoro urrrepeca. O[xarco B cn]qae rcaxoro-nrdo
c6on HJII{ oltm6rn npugercfl. pacqer HaqHHaTb c caMoro Haqiura. Ectra xe
rIpoH3BOI{HTCff perl4cTpauufi pacxoloB, To pacqer MoxHo noBTopHTb c Jrro-
6oro rpe[brgyulero urara.

Enn KoHKperusa\wn H3Iro)KeHHbrx pacqerHbrx MeroAoB H oIISHKH Bo3-
Aefrcrsun or[e]IbHbrx QaxropoB npHBog.flTcfi npuMepbr pacrreroB rggpaBn11-
qecKoro ytrapa c uc[onb3oBaHueM rporpaMM fy-y.

llpnuep. 4.2, Hanopurrfi BoAoBoA cralluofi, TerrecKonrqecrcld, (cM.
rrpHMep 3.1). Ilapalaerpbr BoAoBoAa ro fracrKaM npHBegeHu s ra6n 4.5a,
rAe

@= 2 l fc = t f i l l ;  E.* =g\g.
F

Craru,recxn? sanopflcrar = 150 M, MaKcuvralruufi pacxoA eo = 80 rvr3/c,
n{ApaBnHrIecKHe rtorepn Bcero rpy6oupoBo[a hno, = 4 u. HaqanrHafl rrpo-
rlycKHan cuocobuocrn Q1g = 801\/146'= 6,6 ,#,s lc.

Onpegennrb ruApaBtnqecrcufi ygap npu nonHoM 3aKpbrrru ryp6nn Qk =
- 0; BpeM.ff 3aKpblrl,Lfl 4 = 15 c; rporrycKHaficnoco6nocrrn3MeH.flercfl
nuuefino rro BpeMeHH.

P e rr e H H e. Oqeura ycnonufi rpHBeAeHHfl: rro (4.19) .fireoAu =

= 20 915 = 1,87. CornacHo (.I9a) Mox(Ho npnHfirb r = l; no (4.20a)
1 4  7 0 0

r  =  ( l  6 + 2 0 ) 1 , 8 7 5 1 1 5  = 2 + 2 , 5 .  M o x H o  r r p u H n r b  r  = 2  w w t 3 , '
.[alee pacqer BeAerc.fi Nrtr r - 2 (oguo npoMex(yrorrHoe ceueHue). Pac-

qerHr'rfi HHrepBan BpeMeHH 0 = @l r = 1,87512 = 0,937 c.
IlpnnegbHubre rroKa3arerrr pr;rfl. rrepBoro fracrKa no (a.18)

A l z =  8 1 5 ( 0 , 9 7 3 - 5 0 0 1 9 1 5 )  = 3 1 9  r ' 4 .

o6ulas wnnanepBoro yqacrKa li : 500 + 319,0 = 819 M; cr(opocrn pacrpo-

Ta6 n uq a4.5a llaparvrerprr ryyGonponogi

TonuuHa
F, M2 creuror q Mlc

6, ur"r

J TI'ILL

TOK 4 rvr I , M lfc, c IfF, v--r

1
2
3

915
8 ls
700

4,2 14 30
4,5 16 22
5 2 0 1 6

500 0,545 35,7
500 0,615 3t,2
500 0,715 25
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8 1 9crpaHeHufl ynpyrofr sonHrr Ha [epBoM yqacrKacr =

= 873 ulc; rnoua,qb cevenux Fl 8 1 9
5 0 0 / 1 4  +  3 1 9 1 1 , 6

5 0 0 / 9 1 5  +  3 1 9 / 8 1 s

= 14,72 na2. flo

(4.1 l) k, - - -8J'3- = 6.045.\  '  '  9 . 8 r . 1 4 , 7 2  
- t - ' -

.ftr nroporo yrracrKal', - 1500 - 819 = 681 u.

,
c 2 =

6 8 1
( s 0 0  -  3 1 9 ) / 8 1 s  +  s 0 0 i 7 0 0

6 8 1

= 727 ulc;

78,75 u2 .
,

F z =
(s00 - 319) 116 + 500/20

IIo (4. Il) k2 = - ."'- = 3,95. HcxogHne AaHHbre BBognrcfl B coor-
9 , 8 1 . 1 8 , 7 5

BercrBHI{ c ra61.4.56.
3auonnservl rabnuqy pe3ynbraroB (a.5a) corJracHo Qopvre ra6n. 4.36:

c r o n d q u  i  = 0 ;  l ; 2 ;  3 ;  . . . ;  t  = i 0  = 0 ; 0 , 9 3 7 ;  I , 8 7 4 ; . . . ;  I r 3 M e H e H n n  n p o -
nycruofi cnoco6Hocrn QIQ). flocxonbKy pexrM perynupoBaHnfl ryp6u-
Hbr JlrrHefinufr, ncnonmyeM Qopruryny (4.2L), B garuroM cn) rae KoHeqHoe
zuauenne Q17, 

- 0 (nonHoe 3aKpbrrl{e) n uavreHeHue uponycrcnofi cnoco6-
Hocrr{ 3a BpeM.fl rrrara cqera cocraBJlfler 4rc20lTs = -6,6.1 ,8751t5 =

= -0,825 *2,5lc, BsotrHr"r B naMrrb perficrpa Pl sHaqeHue 4,825, ua6upaeu

Qrc = 6,6 *2,5 f c H KJraBuruefr t nepenoAr{M gro 3HaqeHHe B perl,tcrp Y, sa-
TeM rlocneAoBarerlbno HDKHMaeM KrlaBnuu HfIl, * u c UHAl{rcaropa cruTbr-
B a e M r {  3 a H o c u r u s  r a 6 n n u y i = 0 ;  Q l = 6 , 6 ' ,  i  = 2 ;  Q l =  5 , 7 8 ;  i  = 4 ;  Q l =
= 4,95lr r.A. ao Ql = Qtk"= O. naneeQt =Qtk = O.

3anonnzeM crpoKy f = 0, t = 0 - HaqirnbHbre ycnoBlrfl: Ht.o = l46i
Hz,o = 148,5i  Ht.o = 150; pacxogbr Bo Bcex cerreHlr . f ix  Qt.orQz.of iQs.o =
= 80.

B pexa*re F IIPI B MlrKpoKanbKynflrop BBotrlrrrcfl. rrporpaMMa fY-Y(2)
co 3HaKoM rrJrxlc no agpecy 15, raK KaK Q> O (voxer 6nrl BBeAeHa 3apa-
Hee) H Ailnee B pe)KI{Me F ABT s coorBercrByrorrrue perucrpbr BBoEfircff
pacrrerHbre EaHHbre H HaqalbHbre ycrloBl{fl. flocre [poBepKH BBeAeHHbrx 3Ha-
qennfi [pr{crynaror K rlocne[oBareJlbHbrM pacrreraM c ruaroM, Haw{Ha.fl ci =2,

t = 1,874 c BBeAeHHer"r e PD hQ,874) =5,78 H HaxarlreM KrraBr{u B/0

Ta6 n u q a4.56. Odutue rcxoAHbreAaHHbre

Ilapar"rerp Hs k r k2

Pernctp
3naqeune

P4
1 5 0

PA
6,045

PB
3,95

5 8
59

Ta 6 n rl u a4"5s. Peoynmarrr errqrcnenrfi

t  =10 H2,w

n
0
1
I

3
4
5
6
7
8
9
10
l l
12
1 3
l4
15
1 6
l 7
r8
19
20
2 l
22
23
24
25
26
27
28

0 6
0,937
1,874 5,79
2,81
3,75 4,95
4,68
5,62 4,12
6,56
7,5 3,3
8,43
9,37 2,47
10,31
L1,24 1,65
12,lg
13,12 0,929
L4,O6
1 5 0
15,93
L6,87 0

. 1 7 , 8 r
18,74 0
19,68
20,61 0
21,55
22,49 0
23,42
24,36 0
26,3
26,24

146 80

L72,9 76

200,3 70,6

207,L 59,3

2r0,r 47,9

209,9 35,9

209,5 23,9

209,2 12

210,1. 0

r38. 0

94,9 0

185,1  0

97,9 0

148,5 g0
148,5 g0

168,6 7 5,3

I77,L 65,2

174 53,9

173,5 41,9

173,7 2g,g

L73,3 L7,g

173,4 6,1

L74,1 -6

116,5 -3,6

140 7,5

187,7 0,4

144,I -7 ,6

1L4,7 2,9

150

150

150

ls0

150

80

80

70,6

59,9

47,' l

35 ,9

23,8

1 2

0,14

-12,1

4g

l0

-9,1

412

-11,7

u Clil- IIo orourlaHrrl{ cgera rrpol{3BoAnrcfr, crMTbrBaHHe c cocrBercrByroulrD(
pemcrpoB 3HarIeHI{It H n Q, rcoropble 3anncbrBaror s ra6n. 4.5s co cABuroM
\ 0 ("rocofi cnofi"). 3areM. s pD BBoAHrc.ff cner)rouree 3HaqeHue
Q1(3,75) =,4,95 H KJr4Br{ruarvrn B/0 u clil 3anycKaercff crrer wrfr. creayroqe_
ro uara. flpoqeaypa pacqera noBropflercfl ro oKoHqaHr{tr pacqera npoqec-
ca rugpilBrrr{qecKoro ytrapa.

B ra6l. 4.5s gHaseilufr, Ha[oPa f/3 He 3anr{cbrBarorcff, TaK KaK.oHu ocra-

l::.1-1.:TybrMr{. 3anonsnm ee crrenoBruro 6rq ecnu 6rr s npouecce
peryJrripoBaHfifi EsMeHtrrrcff Harrop B STOM CeqeHIilI, rrTo Bo3MO)!(HO, KOrEa
cerreHlre pacnofioxeHo y corrpffxeHur BoEoBora c ypaBHHTenbHbrM pe3ep
ByapoM vr H3 [peABapl{TeJrbHoro PacqeTa ronebauufi ypo.nueft E3BecrHo,
KaK rr3MeHfieTcff 3AeCb Harrop Bo BpeMeHu.

Ilonlruemlbre B pe3yrrbrare p4crrera no nporpaMMe ry-y(2) errropbr rrrtr-
paBnrrqecKoro ytrapa B 3aBI'ICUMOCIU OT neprroEa BpeMerrE rroKa3arlbr Ha



\r 
\<---Ar(t) r1
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!* t,c

Puc. 4.5, 3nrcpa rntrpaBJllflecKoro y\ap\ fioflyueHHaf, pacrreroM rro [porpar"rrrre fV-Y (2)

puc" 4.5 rqirs. ce,.renun I-I (y ryp6uHn) n II-II (nporraexyrorrHoro), cM.
puc. 4.4. CpaaHeHue c pe3ynbraraMr,r pacqeroB 6es ) rera yrpyrocrr4 rro
rporpaMvre fY-X(3) (u"r. npnrurep 3.1 lr pkrc.3.2) nora3brBaer, qro BJrHfl-
HHe ynpyrocrl,I npl,IBeno K cylqecrBeHHoMy H3MeHeHHro Qopruru orrropbr yAa-
pa. C yqeroM yrlpyrocrr,r MaKcI{MyM AaBJreHVfr,B c€rreHr{H I-I H, = 2lO,l vr
coorBercrByer t = .7,5 c, a 6e3 frera yfipyrocru 3nropa yAapa MeHee ror-
Hafl. H MaKcr{MiurbHoe 3Haqenue H, = 208,2 M coorBercrByer t = 15 c, T.e.
KoHqy 3aKpbrrH.fl. Kporrae roro, Bax(HbrM Sarcropovr flBrrflrorcfl. roneoalrux
AaBneHr.rfr [ocJre Aocrr,rxeHHfl rrorrHoro 3aKpbrrH.fl ryp6nunr, a HMeHHo c
6onrruuu tIoHH)KeHI,IeM JtraBneHl4.fl rrporr,rB nepnonauarrbHoro (nporuno-
yAap).- 3ro Herlb3.fi o6uapyxlrrb, He yqr.rrbrBafl ynpyrue 4eQoprvrarluu. Tarcoe
[oHlI)KeHHe [aBrIeHI,Ifl HMeer oco6oe 3I{aqeHHe Anfl Bepxosori qacrl.{ BoAoBofa
rrpr{ Harruqnr,r MarioHarropHoro yqacrKa c ue6onnuuM yKnoHoM.

4.6. PacnpeAe[eHne AHHaMHqecKoro Hanopa
rro rlrHrre HanopHoro BoAoBoAa

lnx pacuera HanopHbx BoAoBogoB Ha lporrHocrb tr pgrfl. rrpoBepKu Ha
onacHocrb pa3pblBa crutolxHocrll rloroKa 6onrruoe 3HaqeHr{e }rMeer orrpege-
JIeHHe BHyrpeHHero AaBneHnfr, Koropoe couracHo (3.10a) 3aBHcHT or Ar4Ha-
M}rqecKoFo Hanopa H74, orrpeAeJr.fleMoro ro (3.10). B pesynbrare pacqeroB
rutrpaBn[qecKoro ytrapa no nporpaMMaM fy-X n IY-Y ronyqarcT 3HarreHr{fl
gHHaMI,IqeCKOTO HarIOpa p.Jllfl. pa3[HIrHbrX CeUeWAir H74 B 3aBHCHMOCTH OT

BpeMeHH / (crvr. ra6n. 3.2s u 4.5n), c ttoNlolublo Koropbrx MoxHo rrocrpor,rrb
3nropy MaKcI{MarIbHbrx sHaqeHufr AHHaMrFrecKoro Hanopa rro g.ltuHe rpy6o-
rlpoBoAa. Tarcue srllopbr rlo pe3ynbraraM BbrrrHcreHufi upegcraBrreHbr Ha
pHc. 4,6. Orus norca3brBaror, rrro ,qi-rfl paccMorpeHHbrx [pHMepoB pacxox-

AeHrrff Me)K[y pacqeroM, nor]qeHHbrM c rreroM ynpyrHx [eooprvraunfr
[uporpavrraa tV-V (2) ] H 6es rx yqera [uporparrarvra fy-X (3) ] , ue"eru*ru
(vreHee 2-3 M), Ho B [pyrnx ycrroBuflx Moryr 6rrrr cyqecrBeHHbrMu.

60

nol9-U(2)
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Puc^ 4.6. Srnopu AlrnaMlrlecKoro Harlopa ilo p:rwre Bo[oBoA4 non] teHHBIe pac'qeroM

Ourwae lon]nreHHbrx pe3ynbraroB cocronT B ToM, tITo efir,r yflpyrocrb He

rIHTbIBaeTCf, TO MaKCHMiIJIbHbTe 3HaIIeHH.fl yAapa BO BCeX CerIeHHflX BOAO-

BoAa Bo3HHKaror oAHoBpeMeHHo. flpu yuere yrpyrocrll MaKcHMyMbr ]ypLapa
ts pa3JrruHbrx ceqeHr.Ifx Bo3rrr,rKaror B pa3nl{qHbre MoMeHTbr .BpeMeHR, T.e.

B 3TtrX yCJrOBr,rflX Kpr,rBa.fl HM *u*" npe[craBnffer co6ofi oru6aroulyro no

rrHKaM AaBJreHHrr wril EId'HaMHqecKoro Hanopa.

I n a s a 5

TIPEXOIIIbIE NFOUECCbI T3C H IASC
C YIIETOM XAPAKTEPHCTHK THJIPOMAIIHII

5.1. IIocraHoBKa 3aratu n nu6op pacrIETHbIx 3aBncnMoctefi

IugportaexaHntrecKHe nepexogHbre rpoqeccbr (crvr. m. 1-4) Mo)r(Ho npe[-
cT:lBrrfiTr, a soprrae TpaeKTopnfr MrHoseHHbD( pexHMoB, [oKa3aHIIbIx Ha yHrr-
BepcarrbHofi xaparrepr,rcrr{Ke rypdunuoro rn[poarperara Ha pnc. 5.1. Ilono-
)KeHHe raxgoft roqKlr rpaeKTopuu, coorBercrnyroulefi AaHHoMy MoMeHTy
BpeMeHr{, o[pelenrreTcff AByMfl KoopAI{HaTaMI{: oTKpbrTI{eM HalpaBnffro-
rr1ero arrnapara a (w" IIJI ryp6nn raKxe yrnoM ycraHoBKH Jroracrefi g) u
npr{Be[errHofi qacrorofi npaulenr{fl nl. VlzueHeHufi a(t) w g(t),3a[:rBaeMbre
B 3aBr,rcHMOCTH OT BpeMeHH, rIpeACTaBJrflIoT peXHM perynl{poBiltrrfl, rHrpo-
MarurrHbr. Koopgutrara n\ 3aBHcr4 r or AlrHaMr{qecKoro H:lrropa H = Ho + NI
c freroM rn[paBr[qecKoro y\apa H or rlacrorbr BparqeHr{fi n, O6a 3T}r noKa-

3aTeJIfl OnpeAenfircTcfl B pe3yllbraTe pacqeToB rrepexolFbrx npoqeccoB, I{
3aAarb Hx 3apaHee HeBo3Mo)KHo.

Huerorcs Ipa ciloco6a yuera nos4efrcrBufl ni u oco6enuocrefi xapaKTe-
pHcrlIKH 4anHofi rI{ApoMaIuHHbr Ha rporeKaHue rlepexoglroro fipoqecca.

6 l
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Pnc.- 5.1. -Tpaexropru 
MrHoBerrfiblx pe)o{MoB r[trpoarperara c pa,qr{arlbrro-ocenofi

ryp6mrofi. Pexur"lrr:

- I - rypOrrrurre; II - pa3roHHLre,. Iil - ropMo3Hbre. flpoqeccsr:,1 _ c6poc Harpy3r(r{,.
2 - yr"re'blrleHl{e Haqpy3KH,'3 - ocranoBKa arpernu 4 - yBennqer"r riu"pyex4.5 -
BbD(oE B pa3roH npua = const;6 - nrruog H3 pa3roHa (a - c paeronuoft uacroru,.6-
c npoMexyrovnofi qacrorbr Bpauenr,rr); 7 - nycxarperara

P a  g  t r  en  n  u  u  l i  pacr re r  yaapaf l ( t )  I rH3MeHeHr , r . f lqacrorbrBpa-
IIIeHrrfi n(t). Cua'Iara ilptrrruManor HeKoropbre 3HaqeHufi ni u no ..go"o-
My pexHMy perynHpoBaHHtl rHApoMarlr{Hbr o[peAeJrfiror c [oMorrlbro [por-
paMM pacqera ry-x rnnn fY-v [fiHaMHrrecrczfi ,ranop; ,qaJree no HeMy onpe_
Aen.flIor H3MeHeHHe qacrorbl BparueHHfl; 3areM c yqeroM pe3ynbraroB rrep-
BOrO pacqera crpoflT IruHWro MrHoBeHHbrx pexrMoB H BbrrroJrH.firor rroBTop.
HUli pacver.

fI o ru a r o s rr fr p a c q e r r'ApaBnruecKoro y\apa' H3MeHeHr,r.fiqacTorbl BpaureHr{.fl c olpeAeneHr{eM Ha KDKAOM rrrare Hr n z1 M€To[oM
no cJr eAo B areJrbH brx npu6nuxeHufi (H repaqufr ) .

cuoco6 pa3[enbHoro pacqera ''poue, Ho oH Aaer xoporrrue pe3ynbrarbr
ToIIbKo B cryqaflx, KorAa EpHBe[eHHarr qacTo ra n!1 He BJrHfle r vnv cna6o
BrIH'rer Ha [polycKHylo cnoco6Ho crn Qi (Harcaou nnuufi nocro.flHHoro or-
Kpbrrrrn a = const; dQl/dn\ = 0). Toquo tio ycno"Lre BbtqepxraBaercrr roJrb-
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Ko y aKrHBHbrx KoBruoBblx rypduH H AocraroqHo 6nnsxo y PO ryp6nH,
LlMerounx roo$Qnweur 6lrcrpoxoAHocrfr fls = 250 + 300 o6/rwrH, Cuocoo
no[IaroBoro pacqera He HMeer KaKHx-JIH6o orpaulueuufi, rBJr.ffercfl yHIBep-
c aJr bubr M r{ uenecoo 6 pa:Huv Arrr [paK THqecK oro HcrroJr b3oBaHr{fl .

Pac.IerHrre coorHo[IeHl{fi wfl. onpeAerreHr.rfi ruApaBrlgtrecKoro yAapa
6wnu [pI,IBeAeHbr B rJI. 3 n 4,3Aecr paccMorpuM 3aBHcHMocrH, no3Bo]rfiro-
rrl I4e o[peEeJr.tr Tb H3M eHeHHe rracT o Tbr B parrle HI{f .

VpaeneHue ABHxeHHfl Bpaqarcuryrxcfi Macc rugpoarperaTa HMeer BHtr

das
J  

*  
=  M r * - M " * ,

r4e ./ MoMeHr HHeprlr4r,r Bparqarcquxcr vacrefi, rcr.# ; e - yrnoBat
qacrora BpaIrIeHHfl MaITIHHII, c-l. B nparrlflecKlD( pacuera:r BMecrorI o6rrq-
Ho l,rctroJrb3yror 3HarIeHHe MaxoBoro MoMeHTa GD2 '.

(5 .1 )

J = GD2 14.

Yrlona.n qacrora Bp2rrleHrafl <^r Bbrpa)Kaerc.fi qepe3

4 o6lvmn:

c^t = 2nnf 60.

flogcranuB (5.la) u (5.16) n (5.1), nony"raer',r

GD2 dn
= Mru - Mr*,

38,2 dt

(s.l a)
qacTory BparqeHHt

(5.16)

(s .1a )

(s.3)
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Mr*, M"* MoMeHTbr
arperaTa.

VpanueHue BparrreHr{ff
TeJrbHbrx [epeMeHHbrx:

np =
zHov t

rAe p - orHocuTeJrbHa.fl qacrora
HVe EJIfl, AaHHOTO rr,rApoarperara
orHocuTenruufr MoMelrr

rngpaBnr{qecxofr H 3neKTpnqecrcofr MarrrHH rnApo-

HHorAa npeAcraBrrflror B berpasnaepHbrx, orHocu-

(s.2)

BparqelrHfi; tr:Hov- - HoMHH:tIIbHOe 3Haqe-
(o6rrwo cuHxpouHa.fl qacrora npaurerun) ;

M

Msovt
(s.2a)

rAe M uou- HoMuHzltrbHoe 3HaqeHr{e MoMeHTa, coorBercrByrorqee HoMr{-
HalrHofi MorrlHocru ffrror, rcBr, u qacrore BparqeHr{fl nsou. B orgocr{TeJlb-
Hbrx repeMeHHbrx ypaBHeHr{e (5.1n) npeodpasyercfl r( BHEy

n d B
to 

T- 
ffitrrl - ffieM,



rAe Ta - nocToffHHafl BpeMeHH r{Jrr{ rrocTotrrHas HHeprIHrd
qacrefi ru4poarperara, BbrpaxaeMax Sopvrynofi

Bparqarcuuxcff

(s.4)

$.aa)

T a =

npr4qeM
H.rta, i/,

GD2 nro*
vnfi Ta =

GDz n21ro*
(s.3a)

38,2 M HovI
,

365 000 ffrro*

Bropulfl Qopvryna gr,fl. Ta rronfreHa rr3 coorHolreHnfl vexgy M,
rBt, n n, o6lu^uu:

.l

M = 9550N/n. (s.36)

B ocHosHorv To onpeAeJlflerc.fl MaxoBbrM MoMeHToM poropa reHeparopa
(rraaxoaofr MoMeHT padovero Koneca rnApoMaruuHbr cocraBJrfler 6-10 %
MaxoBoro MoMeHra poropa) . lnn rr,rApoarperaroB I3C o6rr*to To = 7 +
9 c, gJtt o6paruvrblx ru[poarperaroB IASC To = 9 + 11 c (rvreunuee sHd-
qeHl{e - Nrfr. reHeparopoB c HeuocpegcrBeHHbrM BoAflHbrM oxJrax(AeHuena o6-
vrororc) , Wfl. Ka[cynbHbrx rrgpoarperaroB 6es MyJrbrr,rrnur(aropoB To =
=  1 , 6  =  2 , 5  c .

.ftx onpe[eneHufi rlpHpalrleHwl qacrorbr BparqeHvrfl. Ha rlare cqera c wr-
repBanoM ro BpeMeuu At, rcrorrbsyr (5.1r) u (5.3), AHQQepeHrIHaJrbHoe
ypaBHeHHe (5.1) 3arlucbrBaercfl B KoHeqHbrx rpnpaueHltfix. flocrconnry
pacqer BbrrloJrH.Eercfl Wn KoHKperHbrx rrrApoarperaroB rro gauHofi yrru-
BepcanbHofi xaparcTepl{crnKe ruIApoMarr[IHbr, To rrpe4[orrrrrrerrbnofi .asnser-
cx  Qopvra  (5 .1n) .

Y,ultrrsar, rITo npm t ) 0 gnaqelglnfl. MoMeHToB Mru v M"* I,I3MeHr{Iorcfi
Bo BpeMeHH HenpepbrBHo (pnc. 5.2) , rplrpaueHrre qacrorbr BparqeHr,r.fi Ha
i'-u ruare cqeTa Mo)ICHo Bbrpa3l{Tb cooTIIouIeHueM

1 9 .  I
A n i  =  

E  
A t ( M r * i  * M r v ( t - t )  - M r * i  - M s N t  ( t - r ) ) ,

rAe Mrub M"*i,  Mru(t- l) ,  Mr*(t- l)  MOMOHTbI, coOTBeTCTByroIrIHe
Haslaily H KoruIy pacqerHoro r,rHTepBalra npeuerm, H.u (npupaueHr,re onpe-

Eerrfr.ercfr. no cpeAHHM 3HaqeHHflM MoMeHToB Ha AaHHoM ruare). Ha xaparc-
TepI,tcrI,IKax MoMeHTbr ruApoMarrrHHbr ,racrd rIpHBe[eHbr B TexH]IrrecKI{x
eglrHrrrlax - Krc.M, rrpu 3roM H3Menfiercr roa$SuulreHr lg,llGD , n $op-
Mylla (5.4) npeoOpaayercn n (5.aa) :

187
A n i  =  

E  
A t ( l V I r * i  * M r u ( t - t )  - M " * t  - M e u ( ; - r ) ) .

tlacrora BpaureHr.rfr. Ha ganurrfr MoMeHT BpeMeHH fti Hxxofttrcfl cyMMI,r-
poBalIHeM

t t i  =n i - t  +  A t t i ,

r\e ni_ I - qacTOTa BpalqeHl{.fl K KOHUy npe[blnyqero IIIara cqeTa:
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hrc. 5.2. HgrreHeune MoMeHroB rrEpe

arperaTa Bo BpeMeHH

IlpruegeuHiul qacrora BpalqeHrlfl Ha

KOHeII tralIHOrO ruara cqera BbItII{CJLffer-

cfl no $opnryne

i - t  L L+t L

l d t  t a t  I
|<-+--'t

(s.6) 0

rge D1 - HOMI'IHanrHrrfr AHaMeTp pa'

6oqero Koxeca; Hi. - AItrIaMruecKI{Il
Harrop, rfi,rrbrB arcurnfi rugp aBJr ]rqecK vfi y xap B npo ToqHo M TPaKre.

IIp" pacqerax nIApoMexaHHqecKHx repexoll,Hblx l,IpoqeccoB' B f3C u

IASC MOXHO BbrAeJrHrb Tpr{ naU6Onee Ba)KHbIX H THIIHTIHbIX CJI} I4fl.

1. flpouecclr c nocr6.armofi ,racrorofi BpaIqeHLIfl (nparmuecrcn) n =

Jrff oT ceTI{ B HaCOCHOM pexolMe, KoTopble MoryT IIpofiCxoEI{Tb B pe3yJlbTa'

re'roporKr4( 3aMbmaunl." K unr"r offi ocrrcfi lI HoP Man$ruft 3Kcrmyaf agEoH-

Hnifr upouecc [ycKa rrilpoarperara r rypounHoM pe)KHMe AO CHHXpOHH3aqI{U

(crra. puc. 1.3).

5 .2. Itro crpoeHHe nprrBqtreHHOfi prO prermroft xapaxrelrHcTHKH

FUII,OMaIrrIIHbr

(s.s)
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Ifi c noMourbro cJreAyrorqux Sopuyn:

gyx ryp6uHHoro pe)KHMa Mrui = M'likrcnXDlry ;

NrnHacocHoro pelrc{Ma Mrui = 
,*i D?Hi,
/cKn.[

(s.8)

t4e ?r.o_:- jI4PaBJrHrIecKI{H KIIA orlrHManbHoro pe)Kr,rMa Mo[enil (rvraxcu-
uanruufi), %; DM - wraMerp MoAenH (rcarc rpaBr{rro, yKa3brBaercfl Ha yHr,r-
BepcanbHbrx xapaKrepHcrr,rKax), rur; e - rcos$Qnlueur, orpax(arculufr orHo-
IUeHHe rI'tApaBnHqecKID( tlorepb Ha TpeHHe B npoTorrHoM TpaKTe r[ApoMarm-
Hbr K o6uuv [orepflM (gn" ryp6nHHoro pexc,rva € = 0,1s, urf HacocHoro
e  = 0 , 5 ) .

YrnanepcanbHble MoAerIbHbIe xapaKTepucrr{K.Lr rn[poMarurnH o6rr.rro upr,r-
BOAflTC.fl B KOOpAT{Harax Ql v n'1, .or nprHrEu Mi wa HHx rroKa.ur"urora" pig-
Ko, B bonrurrutcrBe cn$aeB [Ifl o6parnvrbx Hacocoryp6uH, Ec.nu 3HaqeHr{fi
fufi ne yKa3aHbr, To r{x MoxHo nrr'ercnnrn uo eopnoyna* H.*:

pyn ryp5nuHoro
pexHMa

uI.8 HaCOCHOTO
pexr4Ma

M ' t = 9 5 5 0  * r \ ;
n t l

(s.e)

ftre n - KrIr MO[enH An.s raHHoro pexrMa, [pr,rH.flTbre rro yH\4BepcalbHbrM
xapaKTepprcrllKaM (n cxo6rcax AaHbI Qopvrynri AJrrr Bbrqr,rcJreHrtfl MoMeHTa
B TexHuqecrcort cucreMe, rcrc.rr,r).

B npoqecce crlera Bo3MoXHbI ABa CnOcooa Hcrrorrb3o Bur:l'fr.ooprnryl (5.g) :
ArIfi ollpeEeneHHfl IIo yHl'IBepcalnHofi xapaKTepucr]rKe Atr.fl r(axtroro MrHo-

BeHHoro pexr{Ma rro orr(pbrrnro o sHaqerufi eU ,\^ n;
AJIfl lpe[Bap]IrenbHoro rocrpoeHH.fi [pHBeAenHofr MoMeHTrrofi xapaxre-

pr4crwKvrMl(o, n'l),
flepnrrfr crocob rpedyer MeHbrrMX 3arpar Ha rroAroroBKy ncxoAHbrx

[aHHbrx, Ho oH ygo6eu roJrbKo gr,n ryp1nHHbrx r{ HacocHbrx pe)KHMOB 11pH
ll3BecrHblx KIIL .[.itx roprrao3Hblx pe)IsMoB rroHfiT]re KIIg na irprraHffercrr.
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a AJrfi ycrronufi dl = 0, xorga rrrApoMaumHa rIoJIHocrbIo 3aKpbITa, o = O,

6opnnynr (5.9) repfiIor cMbIcI, raK KaK B sroM cn)Iae Mi+ 0. C'neAosa-

TeIrbHo, AIIff OnpeAelleltr{fl Bcero IlepexoAHoro ilpoqecca, KorEa mEpoMaIIIH-

ua pa6oraer B rrmpoKoM Auana3oHe pe)KfiMotr, 6onee uelecoo6pa3Ho npu-

MeHffTb nropofi cuoco6, T.e. 3apaHee crpouTb MoMeHTHyIo xapaKTePucrl{Ky

tvt,@ n!). lln sroro Hcrronb3yrorcfl yHHBepcarbHble H pa3roHHble xapaK'

repncrlrKu ryp6un.
Brr,rncneHne Iufi EIrfl KalKAoro orl(pbrruff a (gttt IIJI rypdrlu n yrna g)

rplr pa3JIHqHbIx n\ ocyr\ecrBJlfercr no QopMynaM (5.9) c noMoIIIbIo MI{Kpo-

KtrJrbKynrropa. .I[x ororo uabupaercff oqeHb Irpocrafl [porpaMM:l' IIpI{tIeM

trIrfl KaxAofi ro,rxl,I ]rcxoAHbre napaMerpbl BBoAETc.fl B cJleAylolune perHcr'

pIJ: n\ n Pl, 8\ n H, u r7 n P3. Hixor"roe 3HaqeHlle Mi cwlltrtaercfi' c WHWF

Karopa.

flporparvrma pacuera Ml no (5.9) gw,rypbnnHblx pexHMoB

vrn uIIl
M,I
x C/tI

Ilporparrnvra pacqera M\ no

0 1 2 3

(5.9) trflffEacoclrbu(

4  5  
' 6

pexHMoB

7

Peeynrrarbr pacqeToB IIpeAcraBIIfIorcs e ra6Ilt.IHofi Sopue (ra6n. 5.1).

B nocneAneft crporce ra6n. 5"1 trautl 3HaqeHI,Iff p:BroHHofi.qacroTbl Bpa-

T a6nuUa5.l.. FesyrnraTDr pacqeroB npHBeAeHHoro MoMeHTa Irc yflrrBepcaJlb-
Hofi xaparrelrxcrl{r(e (qncnoBofi np[Mep)

9acrora
BParrtreHutr
n l

Pe-
rficTp

Ilapartrerp Peruclp
On<prrme 4p6rctrr 4 MM

40 36 32 28 24,

P1

P1

80
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I
u I pasr

d r , * 2 , 5 l "
t7, %
M!, H.u

Q'r,*2'5 l ,
n %
td1,H.u

M l =  o

m,
P3
Hupaxarop

P2
P3
Hu4axarop

I4H4rxarop

0,43 0,41 0,37
0,78 0,8 0,78
4!,7 40,8 35,9

0,48 0,45 0,41
0,855 0,87 0,89
62,8 59,9 55,9

106 105 105

0,335 0,3
0,76 0,74
3L,7. 28,_7

0,37 0,335
0,893 0,885
50,6 45,4

104 104
P1
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.Puc, 5.3. KoeQQnlueHr MoMeHTa
paooqero KoJreca rrpH HyneBoM oF
KpLITrur HallpaBnffK)xlero allrlapaTa

IUeHlrfi NtA COOTBeTCTByTOUtr{X
oTKpr,rTrtri Typ6lrr{br. Movreuru
npu nl ) n\pu", HaxQrfrc.n
3Kcrpa.ilorrr4,refi nrrilkrir Ml (a),
Eu a = 0 llcnonb3yerc.fl coor-
HOIIIEHHC

fol1o=g = KM (n't) ', (5.10)

B KoropoM Ko3ooruS.re:flr Ky
npr,rHr{MaeTcff no pe3ynbTaTaM
SKcnepr{MeHTanbHbrx AaHHbrx H
3aBI'rCr,rT OT THna U oUCrpoxog-
HOCTH rr{4poMerrrl{r{br.

lo 9rrPa?

Ha pr,rc. 5.3,a rloKa3aHbr opHeHTupoBoqHble 3Har{eHHf- Ku B 3aBHCITMOCTH
or H3MeHeHH.fi xoosQHuueHra 6ucrpoxogHocTr,r An.fl PO rr.rgporyp6nu /,
rr,r4portaiulff{ POHT rypdnruroro HarpaBneHlrtfl BparrleHr{n 2 u An" uacocHo-
ro HaIIpaBneHH.fl BpaueHhrfl, 3, rcoropufr grn rypol,tHHbrx pe)rcHMoB rrpHHr{-
MaeTc.fl [o pacrreTHoMy, a Nrfr. HacocHbrx pexqMoB - rro cpeAHeMy Hanopy.

Ha puc. 5.3,6 Aanrr 3Haqenr{fi Knr Ntn
AByx rurroB oceBbn( ryp6rft{ IIJI 510
@) 

" 
nil 642 (5) B 3aBr{cuMocrn or

yrna ycTaHoBKlr nofiacTefi paooqero
KOJIeCa.

Bosrv{oxcu pinrrrrrHbre $opnol
rrpe[cTaBJreHH.fl MoMeHTHbX XapaKTg
pucrr,rK. rtracro Hcnonb3yeTcff pa3AeJrb-
HOe npeAcTaBrreHHe MoMerrTrrbrx r{ pac-
xoAHbrx xapar(repr{cTtrK c ooqefi ocbro
npr{BeAeHuofi rracrorbr BparqeHr{fl (c*.
pvc. 6.5 u 7.2). Tarca-s Qopvra Aocra-
ror{Ho yAo6Ha, Ho rpe6yer gy6nupoBa-

PHc. 5.4. Ynnrepcanbrr:rfi MoMeursas pacxoA-
Ha.E xapaKTepucrrrKa patrHanbHGocenofi rr,rg-
poryp6urmr

5 0 5
d)

n'r.50od/uu.n

'  /  a=J7.5Yt4
32,5 |

400 600 Q!,n/s

rl:f ( Q;)4 r % '

I
80

I
70

I
60

Q!,n'tc -700 -600 -500 -400

pnc. 5. 5. rlerrrpexxBaApaHTHaff yHHBepcanblrat xapaKTeplrcruKa ooparuuofi rEtrpo Ma-

rultnbr POHT: Pexuvrr:

-I - o6parnble Hacocb4 II - HacocHble; 1/.I - ropr"ro3Hble; IV - ryp6mrHrre; V -

TopMo3HbIe (npotmotoxa)

paKrepgcrgK (puc.5.4 tr 5.5) nau6onee uenecoo6pa3Ho trrfi pacqeroB llepe-

xoAHbIx rlpoueccoB. 
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I n  a  s a 6

NEPEXONHbIE NPOIIECCbI TIPH PADOTE TI4FOATPETATA \
B SHEPTOCHCTEME

6.1. flopaqoK pactreron

IrasHa.fl oc<r6eusocrb IlepexoAHbrx rpoueccoB rrpu padore rygpoarpera-
Ta . B 9HeprocHcreMe Bcne4crBhe yBennqeHlr,fl unT yMeHbrrIeHHfi Har.py3Kil
cocToHT B TOM, qTO qacToTa BpaueHHfi rHApoarperaTa coxpaHfieTcff npaKTr{-qecKH HelrsMeHHofr. 3gecr [oApa3yMeBaerca pa60ra rulpogrexrpnuecrofi
craHuHI{ Ha AocraroqHo MourHylo 3HeprocucreMy. B erorra crr1nrae pacrrerbr
lepexoAHblx [poueccoB MOXHO [pOI,r3BOUHTb H rro yHr,rBepcilJrbHbrM xapaK-
TEPHCTHKAM rHIPOMAIII{H, EOBEAEHHbIM AO PA3TOHHbIX PE)K}IMOS 6ES Nb'g.
B apH TeJr bHoro il ocrpo eHr,r.rr Mo Me Hrnofi *upu" iep ucrr4Ktr.

ocHosHoe orJIHrIue or paccMoJperlHbrx paHee pacrreroB T'trpaBnfiqecKo-
ro yAapa (nporpar'rrvmr fV-X u fY-Y) cocrour B roM, qro B [aHHoM cJr]ryae
3aAaeTc-E pe)rsM perynupoBaHr4fr., T.e. H3MeHeHr4e oTr(pbnJ,rfl HarrpaBn.firorqe-

ro aunapara a(t), (gn" lln ryp6rur
n Wna ycrar{oBr(H Jronacreir g(t)),
a He rrcMeneHrre [po[ycrcHofi cno
cobHocua Bo BpeMeHu Ql (r). tlpu-
reger*Ibrfi pacxoA I,Q1 \nn Bcex
rI{ApoM2IrI[H, [OAKJtrOqeHHbIX K
AaHr{oMy BoAoBoAy, HID(OAHTCff E
fipouecce cqeTa Ha Kax,qoM Irrare
MeTOEOM rrocJreAoBaTeJrbHbD( rIpI{-
dnuxeulni.

CrpyxrypHax cxeMa arrroplrrMa
pacqeToB rrepexoAHbrx npoqeccoB
rpu pa6ore arperara rrog r{arpy3-
xofi (nporpanrvru HAIp) upueege-
Ha Ha puc. 6.7. flocne Harrara pa6o-
Tbr, BBOAa nporpaMMbr, ocyulecTB_
Jr.fieTcff r 1 naog B perr{crpbr rraMn-
Tr4 odrqux HcxoAHbD( AturHbD(: Ha_
nopa H"r^r, r{rrrepBana cqera

PHc. 6.1. Crpyxrypn:H cxeMa anroprrr-
Ma_pacqeToB nepexoAHbrx npo4eccoB npr,r
paborc n4gpoarpefara B gueprocucreMe

4oflHbre

,,'; ,1f::,'d:tr!,n

ootttu0.0enufl
HrQrM,nt l

dHaqefla,

ai.ril

Eot,tuutenae M

Paeacmpaqun Q,H,n

S>TrF

Af, truavrerpa rlr[poMarrlu]Ibl D1, \lrCJla rH[pOMa[I]IH m' rIaCToTbI Bpa-

rrleHlrfl r:1s, flipaMeTpoB HanopHoro BoAoBo[a. 3arepr s 2 yCtaHaBItrI'

BaroTc.f tr BBoEl[TCff B COOTBeTCTByIOIIIHe perHCTpbI Haqzulbl{ble ycnoBfifi'

Wfl t  = 0: uanopOn f/ ,  paCXoAa pe, uaCroTbl Bparqennfl  / t ,  MOMeHtaMs.

,flalee s 3 asoAfiTcfl. AaHHbre !,IIfi KaXAOTO Uara cqeTa: oTKpbITI',Ie A, O)wrxde'

Moe 3HaqeHI{e nlo*, IIpHBeAeHHrrfr pacxo1 Q\, c xapaKrepHcTlIKI'I' 3areM s

4 npouznoglrTcff BbrrilrcJreHne EmrltmrtlecKoro Hanopa H c yT roM rI'r[paBIIH-

qecKoro yAapa, pacxo[a Q u upI{BeAeH}Iofi qacrorbl BpauleHufr n\, B 5 co-

rrocTaBJrffrorc.tr o)KnAaeMbre H IIonlqeHHbIe *,r,uewta n\, floragarefieM co-

IIOCTABJI EHI{fl .fi BJIf E TCfl

ln\ - n'to*l : 6, (6'1)

lpHqeM Kpr{TepueM rrpr{eMrreMocTH BbrnoIIHeHHOrO CqeTa flB.ilfleTcn ycnoBHe

6 (6sou ,  (6 '2)

r[e Dgon - 3HaqeHHe Aorrycrnuofr roqHocrll, HarpHMep l-2 o6/rrmH (6dnr'

rrraff TorrHocrb Bo3MoxHa, Ho 3Aecb oHa HeorlpaBAaHua). Ecnu ycnoBl'Ie

He yAoBneTBopeHo, To. IIpHHHMaeTCfl HOBOe 3HaqeHHe flIox, H pactleT Bo3'

Bpaulaercn s 3. Ecnu )Ke rorrHocrb AocraroqHa, ro Ajrs HafiAerffofi roqcn

MrHoBeHHoro pexnlvra (n\,a) c xapaKTepncrllKu cHnMaercfl sHarIeHHe KIIII

n Hrrr1 fofi u 
""brutrcr 

B coorBercrBylou-u{fi perucrp raMffrr{. flocne sroro B 7

rrpog3BoAr{Tcfl BbrrmcJreHr{e MoMeHra M c nonpaBKofi Ha H3MeHerue KIIJI no

t3.A). 3areru n 8 perucrpl{pylorcs s ra$nrule Bce pacqerHble H, Q u AP. Eottl

BpeM.fl MeHbIIIe ycTaHoBIIeHIIOTO BpeMeHU npouecca, To BBOI.'TCfl' HOBbIe

3HaqeHu.fl o, ,lsyt 0t v Bbrrl'cJreH[fi rrepeBopTcff B 3.

Heo6xolHMo r.rMerb B BHAy, rrro ecJrH ne rpeoyercfl orlpeAenflTb H3MeHe'

HHe MoM etra M, ro onepaUuu 6 u 7 crpyrcrypuofi cxeMbl B nporpaMn'fy

He Brc[rcqalorcff H BbIlIHcIIfeTcfi TonbKo yAapHoe EaBneru{e NI nnu H u

pacxog B.

5.2. tlporpaM ll4a HAf P-X pacueroB rnApaBnuvecKoro YAapa
6ee 5nPra YrlPyr'crrr

llporparvrva FIAIP-X s Kar{ecrBe 6asrl ucnonb3yer nporpaMMy fy'X,

Ho Bo3MyrrlarcUee sogAeficTBfie safaeTcfl pe)KHMoM perynupoBag6fr rggpo-

Marrrr{Hbr o (t), a rporycKHil.f cnoco6socrb orlpeAeJlfiercr IIo ee yl{}rBepcanb'

uofi xapaKTepycruKe c WeroM ?r3MeHeHHfl [pHBeAeHHofi ,Iacrorbl Bpalqe}Il4ff

ni1. rrpu groM rrpnHflTo, rrro Bce rH,qpoMaIIrHHbI, noAKJrIoqeHHbIe K AaHHoMy

B OAOBOAy, perynupylo rc.E IIr,f o rKpbITI'Lfi M CI{HXpOHHO.

O6urue tncxo$6te AaHHbre BBoAffTcfi B coorBercrBull c ra6n. 6.1a, B Ko-

ropofi Krn".rp Bbrqr,rcJrflercr rro Q.aa) AJIff Bcero HarlopHoro rpaKTa, BKJIIo'
rran rpaKr rr{ApoMarumtn, D1 - ee AI,IaMerp; kXnA - no (5.8) ; m - tn4c'

no rHtrpoMarlrl,IH Ha AaHHOM BOAOBOAe.
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T a6 n n q a6.la O6que lrcr(olsrbre Aaflrrbre

Ilapauenp flcra:r M At, c Krn".rp Dtt M ng rrcun
Penrcrpu P3 P9P8P6PAP5 P7

IlporparrlMa HAIP-X

0 1 2

0
I
2

Hn6 F x2
HTIS :
t Fx2

HnA Fx2
. H
I4tI3 +

HIID X
2 :
HIID F x2

vnrg

0

nD Fx2
T4TTA HTIs
l-l Hn4

F\a

HII8
vrn4
v1r73

0r
x
+
X

VNA

FT
Aflrp

FI I  x vtw

x
x
+

x klns 'Fx2

t unn

cln

n4

: HfID I{II8
H

HII0 + x

II0

->
+-

vn6

->
+

kltr3

c/n

Qlt,,
: x

krn6

7

x
M
x

HcxogHue AarrHbre Ha rrrare cqera r,r pe3yJrbrarbr
s.ra6n. 6.16.

pac qe Ta pemr cTprilp),rorcfl

T a 6 n u q a 6.16. Perynrrarrr nrrrrxclesnft

n "
cqg.

m , i

Bpe-
t}'g,

t ,  c

HcxoEuue I AHHbIC
Ar/'n,

e , *31" rl M,H.U
rl1,u

M M
t

4Ioxo,

dt,
tu,J lc PO P4 VInw-

KaTOp
lilrm-
KaTOpPD

flporpavrrvra HAf?-x( cocrorr Lr3 AByx ,racreri. B nepnoft alpeca 00-53
ollpe[enflK)r o6uruft n4Apa.Bnr{rrecKr,rri yAap AJrfl Bcero HaropHoro rpaKTa
AHro, pacxoA Q u npune)reHHyrc qacrorv soaruennn re,o

___Bj"p* 
qacrb nocn* orr""o"*" .o.ru ;;;;;l;" . BBoAa gHaqe'rfi

KIII n B perncrp X. (npn sroM nt aurorraaruqecKu cMerrlaercfl B perucrp
Y crexonofi narvrxrg) H BKrIK)tIaer orrep awl c aApeca uu 54-73, ocyulecr-
Bn'fiIoulHe BblqucneHHe MoMema M. CoorsercrBeHHo s radnuqr priynutr,
TOB pacqeroB BbIEeJIeHbI nocJIeAHHe [Ba cronoua n u M, Ecnu MoMeHT Onpe-
72

AenflTb ue rpeOyerc.fi, To HrDrlrff.fl qacrb nporpaMMbr B MlIKpoI(aJIbKyJrflTop

He BBO,qHTCfl.
B raoruqy pe3ynbraroB nnocurcn H1 - trwl.aMwtecxuir Hafiop B KaKoM-

nu6o ceqeHur{, HanpuMep, 1-I Ha[opHoro BoroBoAa, 3HaqeH[fl Koroporo

B brrr4cJr.flro rc.fl no $op uyne

Ht = AHro 
Kunl' 

* H"r,^ Kan.rp
(6.2a)

rge K",rl - uHeprlr,roHuufi xoo$QUUHeHT Anff cerleHwn 1-1, onpeAeJlexsrfi
ro Q.aa) Ao ceqeHufr B BepxHeM HrrH HI,I)KHevr 6rc$e wfir tro coflp.ExeHtlfl
c ypaBHureJrbHbrM pe3epByapoM. H1 o6vruHo BbrqucJl.flIorcfl uo (6.2a) nocne
3aBepr.ueHr,Iff pacqeroB H onpefeneHnfl Mrp, IITo ocyuecrBnffercfi oqeHb
6rrcrpo c rroMorqbro cneAyloulgfr Hebonuuofr nporpaMMbl. 

Knul
B perncrpbr naMffrwY2 r,r P3 sapauee BBoArrcfi coorBercrBeHHo 

-----

vr Hcra* IlporpavrMa BbIqHcJIeHiltr fl, lagpeca 00-04) : Kus.rP

BBoA 6Hrp00.I4rI2 0r.x02.Hnr og.{b4.c/n.

llpoqecc cqera cnegyrorqufi: Ha6npaercs 3HaIIeHHe Afl"pr, HalcnMzercfi.
KnaBurrra Cltl, H Ha I{HAHKarope nonflarcT Ht.

I,IcnonrgoBaHue rrporpaMMbr pacqera HA|P-X - cM. .Mcrosofi npnMep.
Ilpurvrep 6.1. Ingpoarperar fOC c ryp6nuoitPO662 AnaMerpola Dr _

= 5,5 vr, qacrorofi BpaqeHufl n = L25 o6lrwrH, HaIIopoM Ho = 100 M, MoIII-
Hocrbro N = 236 MBr, pacxoAoM npI,I ronHofr uoqsocru Q = Zffi M3 lc.
IloAso[nurnfr craHunoHurtfr eoAoBoA A]IaMerpou D = 7,5 M, ErII{Hoir L =
= 640 rta. Onpege[r{Tb rH[paBnI,I.IecKHfr yAap H I{3MeHeHHe MoMeHTa Bo Bpe-
MeHH rrpr{ cHflTHr{ Harpyaxu. BpeMfl IIoJIHOTo xo[a Ha 3aKpbrrue ?"r = 9 c.
I4sMeHeru{ e o rKpbrT rM npwrl.rM ae rcfi nn Hefr nnrM no B pe Me}fl{,

P e ru e H n e.l; Onpegeneuue xoeQ$HqueHroB HHepuHIr. CrauuxoHHrfr
I  6 4 0

BoroBoA uo (3.4a) : F = 44,3 ruf i KuH.s = = | ,4',7 4.
9 , 8  4 4 , 3

flporouHrrfi rparr ryp6rurut vcn = ) v,lc, yroJl oxBara goxs = 345".
|  3 , 6 . 9

I Io (3.8n) t r r r ,  =3,6; fGrr . .n = 
n^,  3Ls 

5,5 = 0,073.

260 
360

Jlonacruafl cucreMa:6s = 0,2, D, = 1,1. f lo (3.8r) trnor, =0,9, rorAa
1" 0.9

K"r.nor, = - --1;- = 01025.
9 , 8  L , 3 5  ( 0 , 2  +  1 , 1  '  1 4 )  . 5  , 5

Orcacrrsarcurafi rpy6a: ho,c = 2,5, Lorc = 4,5. [Io (3.8tr) tror, =2,5 +
+ 4,5 = 7. BuxotrHoe ceIIeHHe ABa nponera6,5x6,5i Fs =85 Nf i Kun.orc=

2  7 - 5 , 5

9 , 8 1 , 1 2 ' 5 , 5 2 1 4  +  8 s
= 0,069.
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Pnc 6.2. llocrpoenue rpaercropufi MTHoBeHHbD( pexuMoB trpu yr'teururenrnl '(/)

yBerrrcIeHrfl (/I) narpysru

Koe$Qruueur HHepuuonHocru HaropHoro rpaKra Knr.rp = I,474 +
+ 0,073 + 0,025 + 0,069 = I,64.

2., IloroxeHue HaqarbHoro pexLIMa. flonnar yHr{BepqlrrbHa.fi xapaKTepuc-
Tr,rKa ryp6ruru [o paaroHHofr qacrorbr BparrleHufi noKa3aHa na pnc. 6.2.
Haqanrnoe 3HaqeHI,Ie orKpbrrrrn Q'rc = Ql @tB :26Ol1S,S!ffi1 :
: 0,86 *2'5 lr, flpunegeHHaa rracrora BparrleHuff n\ = rD1/1/.F= 125 x
x 5,5fulT00'= 68,8. Prron*tofi ro.Ire drl0,86 r'r n\ = 68,8 coorBercTByer
orKpbrrlrea= 18,15 r"rrr,r (guaverp Mo[enuD*=250 MM). .

3. Pexs{M peryrrHpoBanwfl.. Karc yxaaaHo B ycJroBr.ru [p]rMepa, r{3MeHeH}re
orKpbrTHn ryp1wrt runefrHo Iro BpeMeHH. Bpertrr nonHoro xoAa 7n, = 9 c.
[IpnHuuaeM pacqerHufr HHrepBan npevrguu Af = 1,5 c. Pexuu 3aKpbrr]r.fi
rypdnHrr ro HHrepBalIaM BpeMeHH cnegyroulufi:

4,5 6
9,075 6,05

7,5 9
3,025 0

KoHe.rHoe orKpbrTne, xoJrocrofr. xog, onpeAenfleM no xapaKTepucrl,IKe
rrpotrrieHHeM KpHBo'ri n = 0 (pasroHHbie pe>ialnili) f\a ni, = 58,8 (io'+rca 0).
IIb nnrepnonffIlxll or a = 2,5 MM Ao a = 0 (ocs Q\ = 0) Ho(oAI{M ax.x =
= 2rl rr. Bpera sircpurru.fl or a = 18,15 vrla Ao ax.x = 2rl MM cocraBJl.fler

oo - ax.x 18.25 -2.1,
- 9  =  8 c .

1 8 , 2 5
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T = T s =
a g

Ecnu pexr{M perynupoBaHl,r.ff Bo BpeMeH}r npegcraBJreH rpaQurcoM, ro
rpe6yeulre 3HaqeHr4fl orKpbrrufl onpetretrfirorcfi no HeMy.

4. O6urue ucxoAHrre AarlHbre flpetrcraBJreHbr s ra6n. 6,2a.Ionpanomni
rco$$uryreHr.no (5.8)

k r c n , u = t *  
t  

^ o : l t t  o , z s  ( r - , 8
0 , 8 8 5  \  v  5 , 5

2 3 6  0 0 0
Haqanruoe 3HaqeHue MoMeHra no (5.36) M=955O---  , - -  = 18.106 H.r"r .

125

T a 6 n u u a 6 " 2 a

Ilapatretp I/q, M Al, c Kun.rp Dr,* krrll

3Ha.IeHue 100 125 1,045

5. Peey.mrarbr pacrrera no rporpaMMe HAIP-X Earrbr s ra6n. 6.2F-,
\

T a 6 n ng a 6"26, Peaynmafrr sbrsficnenfif,

llar cqe-
ra i

Bpervra
t ,  c

HoroE$ue AaHHbre

a, MM

,
trIox'
o6/r"run

PA

5,5r,64

58,8
64,1
60,8
57,7
54,9
5 2,5
52,3

0 0
I  1 ,5
2 3
3 4,5
4 6
5 7,5
6  8 ,3

18,15 6g,g
15,125 63
l2,l 61
9,075 58
6,05 56
3,025 53
1,4 51.,5

' 0 1 8 6

0,76
0,645
0,507
0,345
0,165
0,075

106M, H.rtl

; Q

1,1
_+ 0,2

0,3
1 , 1
0r5
0,8

0
14,9
28
41,7

'  56,8
71,4
77,8

260 0,88
246,4 0,882
220,8 0,865
182,6 t0,81.5
130,6 '0,725
65,3 ,0,52
29,8 i0

1 8
19,6
19,2
16,5
11,6
416
0

100
113,4
12s,2
137,5
i 1 5 1 , 1
l&,2'165,4



K  n p o u e f  y p e  c q e r ' a  n o  n p o r p a M M e  H A I p - X .
1. vcxoguan pilwrv.mafl ro'rKa i = 0 (pnc. 6,2'1 otpeAenflercff HaqarbHbrMn
ycJloBHffprn. Pex<uMHbre roqKu i = 1,2, ..,, rroJroxeHue Koropbrx olpeAgrlfler-
cfl. 3aAaHHbrMH 3HaqeHr,rflwu a(t) lr BbFrr,lcleHHbrMn 3HaqeHtrffuu n\, peKo-
MeHAyerc.tl B rlpoqecce crlera orKnagbrBarb Ha yHr,rBepcalrnofi xapaKTepr4c-
THKe, T.e. [poBoAl,ITb rpaeKTopHro MrHoBeHHbrx pexr,rMoB (puc. 5,2).

2. oxc.rgaevrue 3HaqeHr{fl npnnegeHuofi qacrorbr BparueHr,rfl n\o* npu-
HilMarorc.fi rrpor{3BonbHo; Mo)r(Ho 6pau 3HaqeHHe no [peAbrgyrqefi ToqKe
flr.ox = nl(i-t), Ho ero rrpr,rRo[lrr rc neo6xo[HMocrn pacqera nropoio, a
HHorAa I,I Tperbero uara. Jlyuure "npegnugerb" xo4,TpaeKTopr{r{ MrHoBeHHbrx
pe)KHMoB. Hanpllrvrep, no pr,rc.5.1 lrssecrHo, rrro.npr{ yMeHbrueHl{}r MouIHocrH
ruApodrperara 3HaqeHHr n\ cHnx?rcTcfl. B coornercrBur{ c :lrvM EI.ff TorrKr,r
I npwut'ro fl'lo* = 63 o6ltvln*, vt 3To oKa3a"rrocb Aocraroquo 6ngsrco K [ony-
qeHHoMy pacrreroM n\ = 64,1 o6/rrrtH, 6 = 1,1 o6/rrmn, qro HcKrrrcrglo neo6-
xotrHMocrb [oBTopHbIX BbIsHcJIeHI,rfi. fianee" rrpoBogfi TpaeKTopr{rc 11o roq-
KaM 0-1, npI,IHHMaeM Anfl TotIKH 2 n\o* = 6l o6lMuH, rrro raKxe oKa3a-
JIOCb yAaqHbrM, V T.E

3, flocre BbrqlrcJreHun n\, ecnr BbmoJrHeHo ycnoBne (6.1), BBoAHrcfl
3HaqeHHe rl B perHcrp X (unguxarop) H Haxaruey KrraBurrrn C/[I nponaao-
frTcr, BbrrucrreHwe M (eropan qacrb nporpanai,rlr) .

4. flocne[H.fi.fl rorrKa crlera 6 ne>rorc Ha rrurfrrr ? = 0 (M =0). IIpoUoJrxr.rB

c n e g y e r o r M e r f i T b ,  r r r o  c i  g u o  f r  v 3  o  c o  6  e s H  o  c r e  f r  r l p o -
r p a M M  p a c r r e r o B  " ) K e c r K o r o "  r H l p o y A a p a  f l B n _ I -
b  r  c s  B o  3 M o x H o c r b  r , r 3 r v r e H . f i T b  A n r 4 T e J r b H o c T b  p a c -
q e r r { o r o  H H T e p B a J r a  p p e M e H H  B  r r p o u e c c e  c q e r a .

5. 3naqeHun H1 - MHarwrrrecr(oro Hanopa B ceqeHHr,r BoAoBoAa y ryp6u-
HbI - BHocflTcfl s ra6n. 6,26 nocne 3aBep[IeHn.fl pacqeroB r,r onpe4eJrer{urr
AIIro. Bu,ucneunfl BbrrronHeHbr no (6.2) u coorBercrByrcueft nporpaMMe
IIp]r cJre[YroutrEx 3HaqeHH.flx: \

Kou.1 l ' ,47 4
= 0,899 H H", = 100 vr.

f fHH"rp L .64

fTnrrva^ ( ' )  ITno t r^-^- t r t?  E^?r 'a-^  I  1rrlJrrlrvy ecLc /r?L^ J reJi\r.o.rrIr rr'P.nrvrsPo (r. I \IrPtrAtrJf n LD L ylAp)dtJ,ilI4qgCKI,UI

yAap H H3MeHeHHe MoMeura (Harpysxu) Bo BpeMeHr{ rrpu Ha6ope Harpy3K}r
or xoJlocroro xoAa M = 0 go nonnofi. Bpenan [oJrHoro xoga Ha orr<pbrrr,re
ryp6unrr T, = 9 c. Pexalpr orKpbrrnfi nrurefisrrfi ro npeueHu.

P e ur e u u e, 1. 3Ha.IeHEa IlocTofiHHbrx rrapuru coxpaHrrorc.fl, KaK'B
lpuMepe 6.1. Koat|(tuqneHr HHepuuoHuocru rpaKra Krnr.rp = I ,64.
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2. flonoxesue HaqarlbHoro pexslMa, xoJlocroro xoAa rpu nl =
= 68,8 o6/vruH, ax.x = 2,1 ruv (crur. npnrt'rep 6.1) .

HaqanrHnrfi pacxoA. flo xapaKrepncruKe NrL ! = ?,L uu H nl =
= 68,8 o6/rraurr ,  (h =0,105 ruf  lc ,  Qo =0,105.5,52\m= 31,5 r '43/c.

3. Pexc,rrta perynnpoBaHufl. Pac.rerHrrfr nHrepru At = 1,5 c. Pexsna orKpbt-
run ryp6HHbI rlo HHTepBanaM BpeMeHu:

t r c " . . . , ,  0
4 M M . . . .  2 , 1

1,5 3 4,5 6 7,5 8
5 ,1  8 ,1  t  1  1 ,1  !4 ,L  l7  ,L  18 ,5

4. O6rqr4e HcxoAHbre [aHHbre npeAcraBJleHbr s radn. 6.3a. KoeQQHr${eHr
H3MeHeIrHs KIII krcn.U = 1,045 (uur. npururep 6.1) .

T a 6 n nua 6"3a" O6urne[cxoAHbreAaHHbIe

flapar"rerp Ho, * At, c Klls.rp Dr, * tlg krn.u

Perucrp
3uaqeHue

P3
100

P5
1,5

PA
L,64

P6
5,5

P7
t2s

P9
1,045

P8
1

5. Pesynrrarbr pacrlera no nporpaMMe HAIP-X AaHbI s raftI,Y.36.

I,IgueneHue Nfro u M npu c6poce H Ha6ope Harpy3KI'I, rIoJIlnIeHHbIe B

pe3yrrbrare pacrleroi, no ra6n. 6.25 tr 6,36, npeAcraBJIeHbI Ha pnc. 6.3. 3Aecr

11pH sarpuiurE ryp6nun r{Hepr$,roHHoe rIoBbItueIIHe AaBneHH-ff Hapacraer

[JraBHO BO BpeMeHI,I, a B TeqeHHe Bcelo xoAa Ha oTKpbITI{e nOHH}I(eHHe AaBne'
Hurfr. COXpaH.feT noqTl{ rrocTo.flHHoe 3HaqeHHe u IIOCJIe AOCTH)K9H}Iff KOHeTI-

HOIO OTKpbrTr,rfl nJraBHo Bo3BpauaeTcfl K ycJroBl'tfM cTauHoHapHoro pexlrMa.

Eonruroe rprrKTuqecKoe 3HaqeHHe I{Meer H3MeHeH'I{e MoMeHta M 1B'o Bpe-

MeHlr, TaK KaK xapaKTepl{3yer 6ucrpogeficrsue rnApoarperara no I,I3MeHeHnIo

Harpy3KH. IlonyueHlrbre pe3ynbrarbr rIoKa3bIBaIoT, tITo HHepqnoHHocrb Ha-

flopHoro rpaKra cHHXaer 6nrcrpogefrcrsne H yxyAluaer ycnoBHfl peryJlnpo-

tuh,H'

Ll11p,x 16

60

40

20

0

Puc, 6.3. Ilepexognrte npoueccbl npfi
yMeHErueHI{I{ (/ ) 14 yBenITIeHI'rfi (2)
Harpy3KH

-20

-40
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BaHr4fr, Harpy3KH. flpu 3aKpbITHI{ rypollHbr BMecro cHr{xeHr{.E MoMeHT (uorU-
Hocrb) Bo3pacraer l,t B Teqe]Me t = 3r8 c npeBbrruaer nepBouaqarrblroe 3uaqe-
HHe, a npH orKpbITHH (RocruxeHl{I{ KoHeqHoro orKpbrrun) ruorvreHT (Morq-
Hocrb) cocraBJrfier Bcero 8,95i 18 = 0,49'1, wrw 47,2 %rpefyeMoft, H rorrbKo
eue qepe3 7,5 c MoMeHr (rr,rorqnocrb) focncraer I 6,9l18 = 0,939, wru93,9 Vo
rpe6yeMofi.

6. 3. IlporpaMMa HAIP-XM

B $ 5.2 6rmo yKa3aHo, IIro ecrln rpu rrepexoAHbD( npoqeccax rstrpoMarnr-
Ha paboraer B pa3rlruHbrx pe)KI{Max (ropvro:noM rrrrn rrporr{BoroKa), To
3HarIeHI{fi npHBe[eHHoro MoMeHTa paooqero Koneca Hy)KHo onpeAeflsTb
He rlo (5.9), a HerlocpelcrBermo c MoMeHrHofi xapaKrepncrrrKr{ Typ6HHbr.
flpu groM pacqerbr nbpexogubx rlpoqeccoB B ycnoBHD( nocrotncrBa rrac-
rorbr BparrleHr,rfi Moryr npoH3BoAlrrbcfl no ilporpaMMe HA[?-XM, Koropaff
Ao aApeca 53 noeropffer nporpaMMy HA[P-X, a Ailrree orJrr{saercn TeM, rrro
MoMeHr M Y perucrpe Pl HaxoAtlrcs HenocpeAcrBeHHo ro MoMeHry Mtrollo-
AHMoMy B PerHcrp PC, n reM, qro rlpetrycMarpHBaeTc.ff BbrrMcJreHHe rrirtrpaBnH-
rrecKoro oceBoro ycurrufr., AeficTByroqero Ha paooqee KoJIeco P, nonyraTg-
MOrO Ha HHAHKarOpe, qro OCO6eHHO BaXHO EJIff OCeBTX rypoqH.,Uns gToro
Hcnonb3yror oopMyrry

P = PtDlH, (6.3)

rge Pi - flpuBetreHHafl oceBa.fi rl4gpoAlil{aMr{qecKafl Harpy3Ka pa$oqero Kg|.
Jleca, rIPHHHMaerc.fl IIo MoAeJIbHofi yHHBepcanbHofi xapaKTepr{CTHKe H BBo.
trl,rrcff Ha rrare cqera B perHcrp PB; D1 - AHaMerp rypouHbr, M; f/ - uanop
c rreToM rr{rpaBlruecKoro yAapa, M.

Ilporparvrrvra HAIP-XM. Aapeca 00-53 coxpaHnrorcfi ro rporpaMMe
HAfP.X

C/III HIIC Wn9 x
H M

HIIO + x tll
P

Fx2 x cF

Ecnu Her HeodxoAl{Mocrn onpeAenffTb oceBoe ycr4rrue P, naupnMep np}r
pa6o19_Po ryp6uu, ro onepalluu no aApecau 66-75 ucKrrosarorcn, a ouepa-
rop C/tI craBurcn rro a[pecy 66.

WI6 I FX2

WIB UN3 HIIO



6'4. oconell'ocru pacqemB nepexoErrbD( nl*,qeccoB Arrr ,nrgpoarperarloB ,
c noBoporHo-JronacrubrMu ryp6ruralm
B nepuoA nepexoAHoro npoqecca Arrfl ruApoarperaros c IIJI ryp6nHam,r

Hapyuaercfl orITI'IMuuIbHaff xou6unaropHafi saeucfiilro cTb Me)r(Ay orKpbrrgeM
HalrpaBnflIorlIero amlapara a v yrrroM ycraHoBKr.r Jronacrefi paoonari rcone,
ca g. flosronay np' pacqerax [pr'(oa]rrcr HcnoJrb3o"uru ,rui., 

";;;;A-HbIx yHI{BepcanbHbIX xapaKTepHcrHK, KaxAiur ur rcoropbrx rrocrpoeHa [J,rff
,qaHHoro g H pa3rrvrrHbrxa B KooprurHarax dl u nt.

Pexuna perynupoBa*vfl, nJI ryp6uH rugu.rru 
rsyrura syHrquxMr.r Bpe-

ueuu a(r) H gQ), noKa3aHHbrMH Ha-plrc. 6.4,o.3lecr *r'a."ur 3HaqeHHff
9tt 92, '..' cooTBercrBylou-u'Ie HMeIOIUI,TMCfi rlpolerlnepHbrM xapar(Tepncrrr-
KaM. Eln onpeAeneHHfi HCKoMbrx [apaMerpoB B 4auurri MoMeHT Bpe-
vtenn ti, Ha''pHMep 0u, nmt n Ap., uc[onb3yrorcff aaa nponeJrnepHbre xa-
PAKTEPIiICTVTKVI,, MCXAY KOTOPbIMII NCXHT 3HAqE}ME gi, B AAHHOM CNYqAE
Mexgy gz H gs func. 6.4,6). O60sHaqHM cMexHbre xapar(rep' cruK' go
n gb, rpuqeM BcerEa ga 196. Tercyuluit yrot pi n|'cclr Me)KAy ga H gb:

Pa (  g i  <gb.

o6osuaquM HcKoMnrfi uaparraerp si (ero naoxer.6rrrl n ei, n uIrH trpy-roll) , nns ero HaxoxAeHH.fl r4crronb3yercff JrHHe finanHHTepnon frL\rrfl.:

s i  = s a i *  G a i -  s o ' . 1  
9 i  - Q o t  

,
9 b - Q a

at

!ou

(6.3a)

hac. 6"4. Onpegeneuue ro-
qeK MrHoBeHHbrx pexu-
MOts [OBOpOTHO-Jro[acT-
urx ryp6uu

Q* 
q!

d)
80

rge So; u ,Sai -.- rapaMeTpbl, xafi[euHue no xapaKrepncTgKaM 9a H 9b no

Koopfr{HaraM ai fi r{y (Puc. 6,4,6).
Or1raqile npoqe[ypbl cqera gnn IIJI ryp6Hx or paccMorpeHHoro Pacqe'

ra PO rypduH (crvr. npuvepn 6.1 u 6.2) cocrol{r B roM' qro onpeAeneHue

rrapaMeTpoB Ha KaXAoM ulare OCyUIeCTBIIfl.eTCfi' He nO Ognofr, a nO AB1n,t

cMexHbrM xapaKTepHcTr{KaM 9a V 9b C 11s14Qrr{hlo HHTepnOnfiIIUOHHOfi oOp'
Myrrbr (6.3a).

flponennepHble xapaKTepI{crHKH oOuquo nprrBoAfrcr

pexr,rMoB (orrcprrrufr), H ecJIH rpeOyevrafi roqKa nexcnr

TO rIpHXoEklTcs. npoAneBarb xapaKTepucrl{Ky "Ha rna3"-

uclollb3oB aTb I4 I{M eIO UII{eCf p a3r oHHbIe x apaKTep]IcTHK I{.

O C e B br e Ha rp y3I(H. [ IpupacueraxrepexognblxnpoqeccoBrl{E-

poarperaron c fIII, oco6eHuo oceBbrMl{ rypduuar"rn o6trnro rpe6yercfl orl-

peAenffTb yr oceBbre n4rpo[HHaMuqecKl{e Harpy3ru P pa6ouero KoJIeca,

BocnpgHl{MaeMbre noAIrflTHHKoM, Koropble B o6uleM c.nyqae BbIrMcJIflIor'

cn no Qopnayne (6.3).
Pexcuvrr, Kor[a oceBa.fl Harpy3Ka MeH.fler 3HaK H HanpaBneHa B croPoHy,

Mocrbro anapufiHofi ocragoBKr{ rl4,qpoarperara. B ropusoHTitrlbHblx rutrfro'

arperarax Ha Bocnpr4fr,Tne o6parnofr rI{ApoAI{HaMHqecKofr uarpysKl{ EoJIx-
ga 6rrrt paccql,ITaHa KoHTPn.flTa.

HyxHb nu6pau raKge pe)ruMbr peryrIHpoBaHLLE ryp6uu a (r) u g(t),
,rro6nr nplr Bcex [epexoAHbrx [poueccax odecnequBaracb 6esanapniHan

pa6ora rll4poarperara.
nln peueHg.fi. srofr 3aAaqH Uenecoo6pa3Ho HenocpeAcrBeHHo HcnoJrb-

3oBaTb rraKeTbr yHuBepczilbublx XapaKTepllcrllK: pacxoAHbIfit Q'1(o, n'r, V),
, l . l

MoMeHTH oH tvt 1(a, 
n 

I, 
g) LI oceBblx ycwtuir P'r(a, n'r, 9), KaK rloKa3aHo Ha

Plo

Pnc. ti.5. OupegeneHHe napaMe'rpon 4aHuofi
Aeralofi qactore BpaureHlrs Anfi trarlHoro yrJla

Arrfl y3KoH 3OHbI
3a ee npeAeIIaMI{,
IIpn orou HIDKHo

0 0 a'r" AL

pelcruuofi To'{Kl{ no orKpbrrulo rl npnBe
ycrarroBKH nonactefigo

8 1

niPi Hta

n'r t



T a 6 r r q a 6 . 4 . Pesynrrarrr pacqeroB A Jrn r H'poarperaTa c noBoporrroaonacrnoft

Itlar
I

Bpe
M.E

t r c

HcxoAurre [aurrbre Ha lrrare Pesynrmur

z, NINI 9i,
rpaA

9a,
rpar

9b,
rP4tr

,
u Iox

du,,
*2'5 b

drn,
*2,51"

Qlu2,s1s't

PD l4trry-
KaTOp

puc' 6'5' 3ro repr 6onee BaxHo, ttro HauooJrbrr'e o6paruue oceBbre Harpy3-KH Bo3rII{KaIor B 3oHe ropMo3HbIX pe)KHMoB, nprr tunir* r4 HyneBbD( 3'aqe'r.r-.D( orKpbrrvtfl- a, KorAa onpeAen.flru M l u.p.i KrIn 
"anur". 

- - --

[nn paereroB [epexo[Hbrx npoqeccoB [pr,r sar(pbrrr{r{ r{ oTKpbr*,H Typ.6rur g ycnoBl{fix padorrt rl{ApoarperaTa B gHeproc'creMe npu nocrofiHcrBeqacrorbl BpaueHH'fi n = tto = const vroxef [crloJlb3oBarbcff rrporpaMMaHArP-xM, pe3ynbrarbr pacqeroB no rcoropofi perr{crpr{pyrorcff s .ffr6n.6.4,
K  n p o r l e A y p e  c q e r a  n o  n p o r p a M M e  H A r p - x M

An ' f i  I rn  r  yp  6u t t .  1 .o6u 'e" r *o i * reAaHHbre3ar r r {cbrBarorc .EB
ra6l. 6.1a.

2. HcxoEuan pex'MHaff ToqKa l = 0 o,'peAenfiercfl HaqaJrbHbrMH ycno-Bun*u. flocnegyroque pex'MHbre roqK' t = t'.p','..:;il#l^n r,3aAa'-HbrM pexrrMoM peryn'poBaHr* a (t) u gG) . nln KaxEoro 3HaseHr,rff, pi lcra-HaBJTI{Barcrcfl' 9a !-,9n no nponerlepHblM xapar(repl{cnlKaM. Bce rpebyeMbrenapaMerp* or, Ml n pi nu,ucnmr.r 
"; 

';;;pronnrl'oH'brM 

eoprraynar'r(6'3) H (6'3a). 3gecn itn 
"urn 

c\eHufr He aBroMarr.r3r,rpoBaHbr H3.3a orpa-Hr{qeHHOCTH HMerculrD(qfi perHcTpoB.
o4rarco, r(aK 8rrr*16 rnr ra6n. 6,4, ua KaxEoM rrrare flprD(otrHT..f, Bbrrro[_H'firb rrHreprornqun ho rcpafrneri Mepe 3 pa3a Anfi Hilxox'eH 

" 
o:r,.= il.n Pii. .Urn cuux e*un rpyAoeMr(ocr' pacrreroB peKoMerrryercn ,fr#3riff;I'IHTepnonfi\un c rroMoubrc MHKpOrcdrrxyrrropa IIo cneAyrcqr,rM rpoueAy-paM cqera.

flepnax HHTepnon frwfr. Ha uafe AJrfi HaxoxAeHr.rfl Q,1i npoI',I3Bo[HTc.ff nonporreAype HHTEF-I, nxnrovarcuefi 17 orrrpurt"fi (grecr n trurce B yron-uleHHbrx paMKax rroKa3aH BBoA uueponux 4anHrx).'
HHTEP.l

EEt r JEE IE  rEE
l-'; fll fr-l fTl I-l l-t t-l -qr , ' "  |  |  " b  |  |  

' r '  
|  |  o "  I  I  

-  
|  |  "  |  |  %  |  |  . J

flocnegylo'u,ne HHTep[on flr\wt Ha AaHHoM rrrare Mo)KHo nporr3Bo^r,rrb nocoKpalqeuHofi rpolleEype nHTnp'2, nxrrouaroutefi roJrbKo Bo.rru onepaqnfr.
corcpaqeHHe EocrHrHyro reM, rrro 3HaqeHrre apo6n a (6.3a) He 3aBr,rc'r or
82

ryp6mof,

Peqynrramt wana2

napaMerpoB ^S, I,I Ha nepnofr HHTepnonffi:lrr oHa yxe BBeAeHa B perucf,p

,r.^r,a"t" iB 1t"tt* 3ror perllcrp Hcnonrcyercfr' wrfr' BBoAaPil.

HIITEP-2
S;

@ E t i l E t I E E E

150
:E
3
E

>.
2 t+o
-f

t30

,
t,c t0 6 I 4 2 0

9rrpai3 55 7 9;5 tlr0 12,6

A . H P I 0 8,5 t7 2,6 3,+ 43

pnc. 6.6. lftrtpuonnfnoHHaff xapaKTeprcrtlKa noBoporsGnouacrrrofi rypomt

83



M e  r o t r  n o  c  r p  o  e H H f l  H H T e p . , o J r f l r I H o H H o f i  x a p a K -
r e p r'r c rH *l r y p 6 u x u. Pacqerrrrepexo[Hbrxrpoqeccou rragpo-
arperhron c IIJI rypduuarvrn c llHrepnorrqnefi Ha r(axtroM rrrare au.ru 

""-r'flIorcfl BecbMa TpyAoeMKofr onepauHefr. Pesyllrarbr pactreroB B oroM cny-qae Moryr npeAcraBJlflrbc.fl a Qoprrae ra6l. 6.4. Tarcofi cnoco$ o6uuuo npl-
MeHflercfl, ecnu xapaKrephcrhrKa ryp6nnrr npe[BapuTeJrbHo BBOAr,rrCfl B
fiaM.firb 3BM. [nx r"rurcpoKaJrbKyn.frropoB 3To HeocyulecrBr{Mo. lln Frpo_UIeHI'Ifl pacqeroB MOXHO llctroIrb3oBaTb MeTOA, rrpeArroxenHrrfi fMo cAo
fxgponpoeKra (lrux. JI.M. IttrnSpun) r{ 3dKrrro,rarcuuficfl B npetrBapgrenb-
HoM nocrpoeHHl{ }IHTepnolxUuormofi xapaKTepl,rcrr{Kr.r, orBeqarculeli aagau-
HoMy pe)Kr.rMy peryxupoBaHnn o(t) u g(t) (cvr. pzc. 6,4,o) .

I4Hrepnon fifhroHHar xapal(repllcrr{Ka crportrc.fl cnegyroqr,rM o6pasonr.
NIA KAXAOIO MOMCHTA BPEMEHI,I /; B KOOPAI,IHATAX 

"i 
U Ql IPOBOAI{T.

cfi no roqKaM Kpr4B,Afl, COOfSercrBf:(.,Lr\afl.a; H gi, Ha rcoropofi surccupyror-
cfl' TOqKH C OrrpeAeJreHHbrMH Al1 unu t7, BUA Uurepnonflur,rouuofi xupu*re-
pucrrrKLr rroKa3aH ua puc, 6,6.

3Has znrepn6n.fiu'oH*yrc xapaKTepucrvrKy, pacrrerbr nepexoAHrrrx [po-
1e999t fIJ] ryplutt Mo)KHo BbrlloJrHflrb no rporpaMManr HAfp-X vn1r
HArP-xM KaK Diln ryp6nH oAr.rHorrHoro pe.ynrapo*a\ufl. (npulrepu 6.1
v 6.2), B groNl cnyqae oceBoe rxrpo[HHaMnqecKoe ycarrrve p onpegerrer-
cfl orAenbHo IIo tr3Bec-THbrM rrapaMerpaM pe)Kr4Ma ot, gi n n\i c rroMorubro
Qoprityn (6.3) a (6.3a) n c yueror"r narnaeHHoro HHepqlroHHoro Harropa
rpar(ra MIrp.

6.5. IlporpaMMbr HArp-y pacrreroB r'ApaBn'qecKono yAapa
c yqeroM ynpyrocrH

Pacqeru rr'rpaBn'qecKoro yAapa c rreroM )Trpyrr,x re$opnaarturi ao4u
r'r Bo[oBoAa rrpotr3Bo,q.flTcfi rro [porpaMMaM ry_y no 3aAaBaerory Bo3My-
IIIArcIIICMY EOT4CfiCTBHIO B BHIE hQ). OTNUqUC TIPHBOEHMbIX HI,IX(E [POr.
paMM HArP-y cocrouT B roM, rrro Bo3Myuarcqee eoa4efrcrnue 3a[aerc.E
B Qopr'ae H3MelIeI{Hfi orl(pblrnn riypoMarrnrHbr a(t) (ryp6nHir vurur Haco-
coryp6uHrr), d qponycKHiul cnoco6nocn Hixo[rrrcff rro {p4negeHHoMypacxogy 8l w^ gaHnofr pexuvHofi roqKl{ xaparcrep HcrvrKkt, orpeAenre-
uofr gayMfl Koop \HHarav,v o u n\. crpyrcry pHafl, cxeMa pacqera AaHa Ha
pnc. 6.1. oco6enHocrb pacqeroB c rreroM yrpyrux gesop'raqufi cocror,rr
B ToM, qro rxar cqera Bo BpeMeHr{ [on)KeH coorBercrBoBarb 0 no (4.10),
a BpeM.rr npooera ynpyrofr BoJrHbr 3aB]/,crrr or MrrHbr pacrrerHofo yrracrKa
BOAOBOAa.

H v u r o  r h r t b n  n  - -  -  r  E  A  F h  r r  / r  \rErlNv rtrJtl' 'wAt'Lurr 'rpur paMMbr nAr r-J (r/, KorAa Becb HanopHblfi eo4o-
BoA rlpeAcraBrrflercfl oAHHM rrpHBeAeHHbrM )^racrKoM (r = | 1i9 @.20a))H HAfP-y (2), KorAa uanopulrri BoAoBoA .rp.orru" nnercfl, trByMfl )^racr-
Yyt . .(, 

= 2). o6e nporpaMMbr daar,rpyrorcn^ Ha rrporpaMMax rv-y(t) il
fy-y(2) c BBeAeHHeM HeKoropblx HsNaeueH,"i, cB.fl3aHHbrx c 3a[aHHeM
fi nrraecro Ql, onpeAenffeMoro npnue4emrofi qacrorofr BpauleH'.fl n\, u
84

voprenra M (ecnu rpe6yercfl). B arofi qacrn nporpaMMu HAIP-Y auanorrl-

Hbr nporpaMMe HAIP-X u op[eHrr,rpoBaHbr Ha Hcnolb3oBaH]Ie yHlrBepcanb'

Hbrx xapaKTqpucrr{K c H3oJrHr{I{ffMI{ Kn.[ H onpe[eneHrreM MoMeHTa no aDoP'

MynaM (5,9).
Ofiuflre Hcxo[Hble AaHHbIe Nrfl, pacqera IIo rporpaMMe HAIP-y(1) nno-

D,.frTcfl. B coorBercrBlll,t c ra6n. 6-5a.

T a 6 n uu a 6.54 O6quencxoAHbleAaHHbIe

Ilapauerp Hcrar, * ng kffi

Pemcrp n. PA P9P8wP6

IIpo rparvrrrra HAIP-V ( I )

o  L '  2  3

QI
x
+

7

+0
1

vtr6 e*
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+
FV r4nru

HIID X
t Fxz

t I4rID

c/n

X

TID I4UA X
vlIJA Idnl x

-.+ ^
+ Fx" n0n1

QI
+

vtlJz

I4TIO HIIA
I

nl
HnO FV :

tI3 Hn6 l,,.ln x

I4TID I4TI8
9 3vrtr6

0

HTI9

c/r

x
M
x

c y
k r = -  D 1  , r " r

g F t

HTIS
vlz
Qt
X

HTIl

f KnE-rl]
++

14IIO

Irlcxogutre [aHHbre Ha urare cqera I,I nonfleHHble pe3yrlbrarbl perHcrpll-

pyrorcn e ra6n. 6.56.
O6rUue I4cxoAHbIe AaHHbrc Wfl, pacrlera IIo rporpaMMe HAfP'y (2) nuo-

EfrTcfl. B coorBercrBl,In c ra6n. 6.6a.
I,Icxotruue AaHHbre Ha luare crreTa I{ rlonrleHHble pe3yIIbTaTbI perl{cTpl{-

pyxlrefi B ra6n" 6.66. /
- 

flpnrvrep 6.3. fina rugpoarperara AI n A2 noWJIIoqeHbI K pa3BerBneH-

HoMy HarropHoMy. BoAoBoAy Arnnofr 1600 M, [apaMerpbl Koroporo rloKa-

r."ui tu ptc. 6.7,a. Kaxgufr rn4poarperar I'IMeer ryp6nry rerla PO3l0'

[r,raMeTp ee pa6ouero KoJIeca Dt = 4r2 u, qacToTa BpaIIIeHHt tto =250 o6/r'rnu,

*orqrro.ru jtS MBr. Crarnuecrcufi sanoP Hcr^r =265 M, pacxog I39 u3 lc,
rr{ApaBllr,rqecKHe norepl{ upu pa6ore AByx rHApoarperaroil 5 vr.
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T a 6 a u u a 6.56. Peoyntrarnr nrrwcneHnfi

T a6 a urr a 6.6a. O6utueHcxoAHbreAanflbre
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A l'-a\ - / r r

- oupegeJlllTb rHApaBnITIecI(Hfi y1ap B BoAoBotre H rGMeHeHr{e MoMeHTa(Harpysxn) npn cHHxpoHHoM 3aKpbrrr,rr AByx rypOun or noJrHofr rvrout-HocrH tro xoJlocroro xoAa. Pexa'rvr 3aKpbITHu B orHocr{TenbHbrx [apaMeTpax
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T a 6 n u ua 6"66. Perynrramr nrrqucrrexxft

Illar cqe-
t a I

Bpervrx
t ,  c

Hcxogurre AaHHbre Ha l$are
I

n l 6,
o6l:lawr

a, MM

,
ItIoX,
o6/r'ruu

lfuIuxa-
rop

Q t ,  * 3 1 "

Puc" 6.7. flapal,rerpbr Harropubrx Bo[oBoAoB

I t0 t2 trc

6)
H pexuM peryaqpoBaunr (x.npnr,repy 6.3)

P1

A1

A ?

q6

0,4

q2

0

6 = afoMaKc - cM. pHc. 6.7,6, YHanepcarb:nafl. xapaKTepr{cr1Ka ryp6ruru c
gKcrpa[o nn\uert (ttrrpnx-nyHKTr{pHit fl tuunn) noKa3aHa Ha puc. 6.g r-a

P e Ix e H H e'.1. OnpegeneHlle HcxoArrbrx ycnoarui. Hiqarrggri 11pHBe-

remrnrfi pacxol drc = 
+= 

=o,4g M3 lc.
4,2" \ /260

87

Hl,  u Q t ,  * 3 1 " Q z ,  * ' l , Qg, *31, Tl' Vo M , H , U

PO P1 P3 P5 l,Ilr.prxa-
rop

Yfuglx:arop

5 +
I

t600 r\-

O.nuua.u 630 4t0 320 240
,Q,uanerp,n( Zs 7.5 5.2 .5,0
llnouedo.u' 44.2 44.2 21,2 t9,6
[Hopocr\Mlc flt7 fi60 1220 t280
00n0ru-
ueilHec
EXENA

Ifi I I r
ilI 767 i l 83J

llaoge0o,x 4+,2 4 4 , 2  I - 4 z / ,  I 39.s



n'r,06/nun

I
20

84
62
BO
77
74
7/',

+ 4

\

/ P j H2

? \

a
I t /t /2 /' t t f z

H. I ( " l
T--
I

v

111rt4

400
380
J60
J40

HH,

4t
38
J6
J4
J60
J40
J20
J00
280
260
240
220
200
180
/60
/40

l6H'rt4,10

htc" 6.8' flocrpoeHue rpaeKTopaft N4rnoaeHHbrx pexr{MoB r.r napaMerpbr rrepexoggor.o
Ilpo[ecca (x npnr"repy 6.3)

Haqalnuafl npHBeAeHHaff qacrora BpauleHu.fl n! = 250' 4'2 = 65 o6/nnrn., 
1166T

HaqalrHoe orKpbrTr,re ro MoAenH as = 32 v.u,
crcopocru ynpyrofi BorrHbr no rracrKaM, BbrucJreHubre no (4.3), trpn-

BeAeHbr Ha puc. 6.7,a, flonuoe BpeM.fi npo6era BoJrHbr no (4.16) npu n=5

n- 1 l rn
o -

m = l  c m

2, Pas6usrca BoAoBo[a Ha ] racrKn. flocrconnKy pacqermrfi urar Af =
= 20, ro B EaHHOM Crrrrae cJreAyer rpuH.firb r = 2 (gaa lroacrKa) . Tortra
no (4.1 6a) 0 = 1,37 12 = 0,686 c u qncno uraroB cqera Ha rroJrHbrfi xotr cocrir,
nur I2l(0,685.2) > 8.

Pas6usxa Ha yqacrKra uo (4.18). HaxoAHM 3Harreuue k - HoMepa ;v.rracrKa,
go Koroporo pacnpocrpaH.flercfl [epBrrfi pacuernlrfi ynracroK, onpe,qen.fleMoro
nepe6opoM rro ycnoBr.rrc

\
I I p u k - -  I  = I  s = 0 , 6 8 5 - 0 , 1 8 7 5 = 0 , 4 9 7 5 ;  n p x k - l = 2  s = 0 , 6 g 5 -

-  0 , 1 8 7 5  -  0 , 2 6 2 =  A , 2 3 5 5 ;  r p u  k  -  1 = 3  s  = 0 , 6 8 5 - 0 , 1 8 7 5  _ 0 , 2 6 2 _
- 0,353 - -0, l l75 .

B cooreercrBl lu c rpe6ouaHueM rrpHHHMaeuk - |  = 2rk =3,s =0,2355,
TorAa r uepsrrfr pacrrerHbifr yracrox BXoEHT qacrb rracrKa 3: ali =1160 x
x 0,2355 = 273 u.

O6rnrro _s pacqerax ner ueo6xoAl{Mocrn BbrnncbrBarb 3Harleur{fl s npg
pa3nr,rrrHbuk 1. 3Aecr 3To cEerraHo AJIff donrurefr HarJrffAHoCTH.

Torga /i = 24o + 320 + 273 = 833 rra. [Io pipHocrr{ HaxoEHM nropofi

YqacroK l'z = 1600 - 833 = 767 ru; c'r = 8 3 3
0 , 1 8  7 5 + 0  , 2 6 2 + 0 , 2 3 5

= 1216 u lc ;

n l
f L =

8 3 3 = 42,06i c'z 7 6 7 = 1119 l . r . lc ;  F i  =
6 , L + 7 , 5  3 + 6 , 1 8 4 r 0 - 2 7 3  5 3 0

+ _
1 1 6 0  1 1 1 0

= 44,2 wf .

3. O6une ucxoAHbre AaHHbre.
BaHI,Iu xapaKTepucrlrKtr: D* = 016

- L-02?- o.7ss
0,92

( 4 . 1 1 )  k , =  
r ? 1 6  -  = 2 . 9 5 ;\  ' . -  - . /  " r  g , g  1 . 4 2 , 0 6

O6rque ucxo[Hbre AarrHbre
aHarrorrqHofr Sopvre ta6l. 6.6a.

floupanrca Ha KIII no (5.8) Ha ocHo-
M;  ?v0  =  0 ,92 ;  e  =0 ,75 ;  k rn ,U =  |  -

= 7,02. Koe$$uqr{eHrbr rlem{brx ypauueurui no.

=  2 ,58 .

ra6r. 6.7a ro Qoprvre,



T a 6 n llua 6.7u O6qxe Hcxoprbre AaHHbre

flapanaetp //cral M k r k2 Dl, * krn,[

Penrctp P4

3Haqenre 265

PA PB P6

2,95 2,58 4,2

P7
250

P9
1,02

P8
2

4. Pacrrer uepexogHoro rrpoqecca.3naqerux orKpbrru.fl Mo,qeJrr,r tro ruaraM
crlera Ha ocHoBaHHr{ 3a,qaHr{oro pe)rqMa sarcpmrnx a(/) [pr,rBeAeHbr Ha
pwc, 6.7,6;

t . . . .  0
a " , .  ,  1
a . . . . . " . . . 3 2

T a  6  r  u u a 6 " 7 6 .

1,37 2,74 4,LL 5,49 6,95 9,22 g,5g 10,96 12,33
0,93 0,82 0,66 0,51 0,37 0,26 0,15 0,06 0
29,8 26,2 2I,l L6,3 11,9 9,3 4,9 r,g2 0

Pesymraru pacqera npoqecca c6poca Harpy3Kil

I
Bperr,rx
t ,  c

hcxotrnue [aIIHbre Ha rrrare----r--, 
r7;"j5t"4 MM | :li#;, i _

l l
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3,43
4 , L L  2 8

418
5,48  2 I ,7
6 , L 7
6,95 15,7'1,54

8 , 2 2  1 1
8,9
9 ,59  6 ,4
10,28
10,96 2,5
1 1 , 6 5
r2,3 2,5
13,02
r3,7 2,5
14,39
15"07 2,5
15,76
16,44 2,5
17,3
17,81 2,5
18,5

65

6 3

6 2

s9
s6

5 5

5 1

5 2

5 5

5 4

65

63,9

61,4

56,4
5 7

5 3,5

5 1 , 9

52,8

53,6

-52,7

63,5

82,6

63,8

56,7

66,2

0,9

0,6

215
1

1,5

0,9

0,8

L,4

r ,3

0,49

0,475

0,445

0,375
0,38

0,31

0,235

0,75

0,105

0,04

0,04

0,04

0,04

0,04

0,04

260

270,3

292,3

339,7

385,8

408,6

396,r

384,L
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223,5
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270,7

243,5
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[Ipn pacueTax 3TH 3Haq eilI4fl, MOXCHO OTAeIIbHO He BbIIIHCbIBaTb' a cpa3y

3aHe;rl{ s raEniluy pe3ynbraroB 6.76'

Peaynrrarbl pactleroB no rporpaMMe HAfP-y (2) npureAeHbl B ra6II' 6'76'

TOqKH MTHOBeHHbIX pe)KHMOB - Ha pHC. 6.7,A, a H3MeHeHHe [apaMeTpOB nO

BpeMeH[ - Ha pvc. 6.7 ,6.
K n p o u e A yp e cq 9ta.  1.  HaqanrHoe 3HaIIeHHe MOMeHTatr ILE

t =0 orpelteilfrercr. no (5.7) u (5.9):

M\ = 93700 # 
0,865 '1,O2 = 623,7 i tut = 623'7 4'23'zffi =

= 12J06 o H'pr.

JI;rr npoaepKr,r pe3ynbTaTbl pacqeTa [one3Ho co[ocTaBuTb C HCXOTHbIMH
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'AaHHbrMH no gopvryne (5.36) M - 9550 j lsi00
z5o 

= 12,03,106 H.rra. Con-
[a[eH]Ie nonyl{Hno cb oqeHb xopolllee,

2. Ilopxgox 3aIIoJIHeHH.E ra6nuurr [o BpeMeHH aHiurornrreH [pr,rBegeH-
HoMy B rrpr.rMepe 4.2 (crvr. ra6n. 4.5e).

3. Ha ruare i = 6 npulrrnocb BbrnoJrHHTb noBTopHbui pacuer, TaK rax D
oKa3iL[OCr oOntrulrrur. filn 3Toro 6nfiu cHoBa BBeAeHbr 3HaqeHl4fl Hr, Q,
H T.A., nonfleHHbre Ha urare i = 5 , H HoBoe auaveHr,re pi.

4. Ha urare i = 16 AocnrrHyro orKpbrrr.re a = 2r5 vrly., [p]rMepHo coor-
BercrByruIuee xoJlocroMy xoAY. trp" A*lselirullx pacrrerax coxpaHffrorcfi
orKpbrrue a = 2r5 H rrpnBeAennrrri pacxoA Ql = 0,04 rra3/c. pacverbr Ha ruarax
9-L3 BbIIIoJIHeHil lrrrfl. oIIeHKH xapar(repa 3aryxaHus rcole6aHnfr. flocrconr-
Ky npH 3rHX yciloBHflx ri npaxrlrlecKu He Btrr{rer Ha H3MeHeHHe Qi,, ro Kop-
per(THpoBKa no n1 u 6 He flpor,r3Bop'wracb,

f lolyuemble,ocHoBubre p03/Jrbr?Tbr slrqucrel{f i f i  noKa3aHbr na rpa$n-
I(e pHc. 6.8,6. 3Aecr BHAHO, r{TO MaKCHMyM AABneHUfr. B BOAOBOtre noflB-
rrEercfl rlepe3 5 c nocle Haqil[a 3al(pbrrnff u [epxtTcfl. npnMepHo B TerIeHHe
6 c s ceqeHHH I-I ua ypoBHe 380-400 M, a HMeHHo MaKcHMyM AaBneHH.fi
408,6 v (orHocHrerlbHoe AaBJreHHe hI*u*" = 408,61260 = L,5'7, r1a[paBnpr-
qecrcrui y[ap a]11 =0,57 wru57 %),2 B ceqeHr,ru II- i l  -  Ha ypoBHe 320 w,
MaKcHMyt ' t  336,5 M (hZ*^*"  =  336,51260 -  1 ,29,  Nt2 =O,2g,  wnt  29 %).
flocne [ocrn)KeHufl KoHeqHoro oTKpbrTr.r.fi AaBJreHr.re B BoAoBoAe pe3r(o
cHl,Ixaercfi (nporunoyAap): B ceqeHuu I-I noqrr{ na 100 M npornB HaqaJrb-
Horo, a B ceqeHuu II-II Ha-S 0 v.

flpe4crannfier HHTepec oIIeHKa rlocro.fiHHofr nuepunn HarropHoro BoAo-

B o A a n o ( 3 . 6 a ) . D l l g B c e I o B o A o B o A a n o l y t a e v ? n , = f f i f f i +

+ *: + + ) = a,05 c. BoAoeoA BbrcoKouHepuuoHHufr. .ftrn nporure-42 ,4  44 ,2  I  
' ' , -  -

2 7 8 7 6 7xyTorlHoro ceqeHHf Tw) = ='^:-J_ = 1,89 c. Ecln [poI,I3BecrHf v L  9 , 9 r . 2 6 0  4 4 , 2  
- ' - '

OIIeHI(y rl/.lj.,paBnuqecKoro y\apa [o oTHoIIIeHHIo T*lTwt, KaK 3To t{acTo

Aenaerc-fi, ro rHApaBJIHqecKuft ygap Ahz =0,57.7,8914,05 = 0,266, rrro 3Har{u-
TeJIbHo MeHbIIre, IIeM fiorlfrensnrfr 6olee roqHbrM pacqeroM.

CyruecreeHHoe 3Har{eHr.re HMeer u3MeHeHLre MoMeHra M, TaK KaK oHo
xapaKTepr:yer 6trcrpogefrcrsue ruIApoarperara rro r.r3MeHeHurc Harpy3rct4.
B gauHorur cnrrae rrpu 3aKpbrTwr ryp6mru B TeqeHHe 6rl c MoMeHT Harpy3-
KH HC TOIIbKO IIe CHn)Kaercfl,, Ho Aa)Ke rIpeBbIIXaer HarlitnbHoe 3HaqeHLIe, Ao-
crurafl ua 4-ir c 1,19 uaqantuoro. H ruirrh nocJre 3Toro MoMelrr bmcrpo
yMeHbluaercfl.. flosrrureHne MoMeHTa - cneAcrBrre BbrcoKoli nuepUuoHHocrH
HarropHofo BoAoBoAa, npunogxulefr K cHHXeHHro 6UCrpogeficrsufl rH[po-
arperaTa Iro r.r3MeHeHr,rrc Harpy3r(H.

I n a ' n a 7

nEPEXo,UHblE nPoIIECCbI IIPH BHE3AIIHbX
OTKIIOqEHWIX T H,IIPOATPETATO B OT 3H EPTOCHCIEM bI

7.1 . Oco6enHocrlr pacqeroB npoqeccoB
npH oTrflIOlIeHHflX rlqPoarperamB

C6pocu Harpy3KH (c'r. u. 1) noannKaror B pe3ynbrare KoporKux 3aMbI-
rcannfi npn BHe3arrHoM orK;rrol{eH6a rxtrpoarperaroB or 3HeprocucreMbl H

flBrrflrorcfl. aaapnriuuuu fipoUeccaMn. nln f3C paccMarpnB:uorcfi cnflan
c6pocon Harpy3KH flpu pa6ore rn,qpoarperaTa B reHeparopHoM pe)KHMe,

a \nfr, |ASC - c6pocu Harpy3KH npu pa6ore B reHeparopnoM pe)c{Me H

orKJrroqeHne rugpoarperara nprn pa6ore B HacocHoM pe)<uMe (rar Haalt-

BaeMulff norepff npr,rno4a)
fnannan oco6enuoCrr npoqeccoB C6pocon Harpy3I(H cocToHT B TOM,

rrro oHI{ nporeKaror npr{ H3MeH.flroruefrcs qacrore BpaIrIeHHS, Koropa.fl Ha
rcaxAoM ruare crrera trorrxHa onpeAen.firbcfl tlo (5.a) u (5.5).Ilpruer"r nao-
MeHT conporloheHHs. 3ner(Tpl,Flecxofr MaIIIHHbI M"* o6rrqno npI{HHMaer-

c.fi paBHbrM Hynro (QarmuecKn HMeercff MoMeHT conporuBJleHH.fi 3a cqer
BeHTr4rrflrluoHHbrx rlorepb, oco6eruro ltpH [oBbIureHHId llacror&I Bp2rIIeHHrr,
Ho oH HeBerrHK, H oTo Aaer HeKoropnrfr 3anac npn orrpeAeJIeHHH MaKcHMiuIb-
Horo rIoBbrIUeHux uacrorlt) .

OcHosHofi aagauefi pacr{eroB IlpoueccoB c6poca Harpy3Kn flBrrfrercfl.
orrpeAerreHne orKJroHeHHr qacrorbr BpauteHm (nper',lexHofi HepaBHoMep-
Hocrlr xoga) fi H3MeHeHr{ff \aBrrervn B fiporotlHoM TpaKTe, BKJIrcqarcureM
HanopHbre BoAoBoAu (runpannnqecxnfr YAap;, r.0. onpe,qenellue TaK Ha-
3brBaeMbrx rapanrrfr peryrrupoBaHu.n, Koropbre HopMHpylorcfl. Kportae ro-
ro, rracTo rpe6yercr ycraHoBnrr Hau6onee 6laronpuxrHble pelKHMbI pery-
nHpoBaHlrfl - H3MeHeHHfl. BO BpeMeHH OTKpbrTlrfi HanpaBnflrculero annapaTa
o(t), a Mfl IIJI ryp6nH H H3MeHeHr{.n yrrra ycraHoBKH nonacrefr paOouero
Korreca gQ).

Pacqertr flepexoAHbrx [poueccoB npn cbpocax Harpy3KH BblnorluffIorcfi
Ha 6a:e yHuBepczlnbnbrx MoAenbHbrx xapaKTepl{crnK (tuoryr BBoAr{Tbcfl
KoppeKrr{poBKtr no HMerculr{Mcfl HaTypHbrM gaHnurrr). flocrconlrcy 9Tr4
lpoueccbr BcerAa co[poBoxl{arcTc.fi [onaAaHHeM rHApoMalultrIbl B TopMo3-
Hbre, a r{HorAa H B HaCOCHbre pe)sMbr, pel(oM9HAyeTcfl HcnoJIBOBaTb ABe
rpyrnbr xapaKrepvcrwr: pacxoAHble Qi@, n\) H MoMeHrHwe Mi(a, n:)
(nocnegur4e MoxHo nocrponrb no yHHBepcanbHbIM xapaKTepHcrnKaM B co-
orBercrBr.rn c $ 5.2).

CrpyxrypHafl cxeMa arlropuTMa pacqeroB fiepexotrHblx trpoll,eccoB rIpH
c6pocax Harpy3KH 14 orKnroqeHHfix rl,IApoarperaroB or ceru (nporpavr"tr
CEPOC) rroKa3aHa Ha pnc, T.L flocne Harlana cqera, BBoAa nporpaMMbl
ocyuecrBnfl.ercfl. BBoA o6rqux Hcxognbrx AaHHbrx ,l: crarrqecKoro Hitlopa
H"r^r, E{aMerpa ryp6un' HJIH Hacocorypbnn D1, {HCJIa arperaToB m, Ko-
oQQruneirra uaxoBbrx Macc rn[poarperaTa K An, AHHaMHTIecKHx napaMeTpoB
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Puc. 7.1, Crpyxrypniur cxeMa anropm-
Ma pacqeToB rrepexoAHbD( npoueccoB
Ilpr.r BHe3anHbrx oTKIIOT{eHI.I'D( rHApOar-
peraTa oT 3HeprocHcTeMbr

HarropHoro rpaKra (parHue [nfl xe-
CTKOTO H y[pyroro rr4EpaBJrruec_
Koro yAapa).

3arenr B2 ycraHaBJruBarorcfl u
3aHOCffTCfl B COOTBeTCTByrorqHe pe-
rl{cTpbr naM.frTu HaqiurbHbre ycnoBHfi
npu t = 0: uanopbr H, pacxog Q, qa-
crora BpauIeHHfl 4 MOMeHT jlI*. n;a-
rree B 3 nocnegoBaTeJrbHo perHcTpH-
pyrcTcfl H,BBOAffTCfi HCXO[Hbre Ailr-
Hbre AJIffi KaX[Oro luara cqeTa: oT_
Kpbrme d (grn IIJI ryp6wr u g),
oxH[aeMoe 3HaqeHUe [pHBe[errHofi
rracrorbr n'Io*, OL Ml. Ctrrgyroulu*
STAIIOM g 4 NP'Tfl.ETCfl BbFII{CJICHIIE

HA IIIATE 3HAIIEHIilI AH WU H, PACXO.
Ea Q, MoMeHTa IW, uacrorbr BpaTr{e-
HHfl, n u $axmuecKofi rrpr,rBegeHHofi
qacrorbr n\. B -f rpou3Bogtrrcfi.
cpaBHeHHe HCXOAHOTO 3HaqeHlrfl

n'ro* c QaxrzvecKnM, Ecnn pacxoxtreHne MeHbure lofiycrnMoro, To Mox-
Ho nepexoAl'Irb K cneAyrcureMy Ilrary. flpegycrraorpeHa olepaur{fl 6, noaro-
nfiIorua'ff BBoAHrb P1 H onpeAeJlf,rb oceBoe ycwmef uro roi..t rpe6oaartca
aIrfl oceBblx ryp6uu. 3areu BbltloJlHffercfl. 7 - perwcrpawfi rronrreHHbrx
sHaqeHnri Ha rxare (:aHeceHue n ralnngy p.ryniruro"), 

'il 
ecrrl rrpoqecc

He saxoHqeH e 8 , < Tnp, To BBoE flTcfl. EaHHbre Nrr. cneayrortlero ruara
cqera' I{ ilpoueAypa iloBropflercfl c 3. Ecnu xe B 5 pacxoxueHue oKa3arrocb
Bblrrre AoIIycrHMoro, To- npuxoaHTcfl H3MeHHTb gHarreHl,re nio*, coornercr-
BeHHo H3MeHI{rb 

_al u M, cHoBa BBecrH napaMerpbr rrpetrbr,qyqero urara(H,^Q M* u gp.) E roBrop'rb cqer i. Korqa n g't > i"|,&rr oKoHqeH.
ocHos-HHe pacller'ble 3aBI,IcLIMocrH Lrcnorlb3yrorc.fi Te xe, qro rr B npor-paMMe HAIP. .[o6aarrercx ronbKo .ooooIIIeHHe (5.4), orrp.g.rrrrcruee

npHpauleHr{e qacrorbr Bpauleuns an; ua urare, Koropoe ncnoxb3yerca B
Qoprvre

Ani = K6nAt (Mf + ML ) ,

rge.K6n - rcooQQHrIHeHr MaxoBbrx Macc rHApoarperara.

(7 .1)

. Dln rypbnunoro pexcnMa

1 9 . 1
KAn= 

# 
kxn'u;

Arrfl HacocHoro pexcHMa

1  9 , 1
t t .' t&, - 

GD, kKnn 
,

Q.r^)

(7.16)

r\e GD2 - MaxoBofi rvropreHr BpaqarcIquxcfl qacrefi rngpoarperara (porop
u pa6ouee rconeco); kxn,U, - norpaBKa Ha KII.II no (5.8); At - HHrepBan
BpeMeHH; Mf ^ Mf_t - MoMeHrbr pa6ouero KoJIeca 6es yrera no[paBKH
Ha KIIA (c uenrrc 3KoHoMHr,r perHcrpoB naMrrrH krcn.u BK[roqeHa n /(42).

.[4x ropvo3Hbrx peltctnMoB norlpaBKy ua KII.[ BBoErIrb He cnetryer.
flocrconnxy B ni nxogur orpeAenfieunrfi ueussecrHrrft [apaMerp n,

ro rrpu pacqerax ro rporpaMMav CFPOC rpe6yercn 6onee BbrcoKaff rorr-
Hocrb, tr Ao[ycruMoe ,orKJroHeHHe 6oon n (6.1) H. AonxHo [peBbrruarb
| % n\, r.e. 0,6- 1,2 o6f v^wl

IIo nporpaMMav CEPOC pacuerbr Moryr ocyuecrBJrffrbcfl, KaK B ycno-
BH.ffX )r(ecrKoro ruApaBnHqecKoro Yqapa,6es yrera yrpyrocr4 (npE uarofi
[nr{He Ha[opHbrx BogoBo[oB, a TaKXe ArIff HH3KoHarIopHbrx f3C c oceBbr-
Mr4 H AI{aroHaJIbHbIMH ryp6uHarrau), TaK H c y-rleroM yflpyrocru (ynpynrfi
rr,rApaBJrruecrcufr yAap) .

7 .2.IlporpaMMa CEPOGX 6ea yvera ynpyrocrn

Pacqeru npoqeccoe c6poca Harpy3KI{ rpu onpeAeneHur{ xecrKoro rHA-
paBnrfrecKoro yAapa ocyulecrBJrflrorcfi rlo rporpaMMe CFPOC-X,'Koropaff
rrocrpoeHa Ha 6ase rporpaMMnr HA|P-X.

O6trllte ucxoAtrbre AaHHbre BBoEflTcfl B coorBercrBur c ra6n.7.La.
B nporparvrve CEPOC-X repBoHaqaJrbHo no agpecaM 00-38, rroBropffro-

rrlr4M rporpaMvy HA[?-X, nuvucrlfferc.fi oOurufi HHepquoHHrrfr uanop Bce-
ro rpaKra AFlrn no (3.9). Ilpanuno 3HaKoB no aApecy 38 6eperc.fl conrac-
Ho noflcHenrrflM K nporparvrrrae IY-X (crp. 32). llocnegyrculuMu onepa-
uHffMu 40-49 ocytr.1ecrBrrflercfl. BbrrIHcreHHe MoMeHra Mf n onepaqr.rffMn
55-61 - orpetreJreHr,re An u n 3anepuaercfl ocHoBnafl qacrb nporpaMMbr
BbrtrHcJreHHeM pacxoga Q (anpec 71) h npHBeAeHHofi qacrorbr BparrleHr.rfl

fi (agpec 74), tronorrHurerrbHa.n qacrb nporpaMMbr (a4peca 7643) nadn-
paerc.fl, ToJrbKo Kor[a nponsBoAurcfl. BbrlIHcJreHI{e oceBoro ycw:n P. 3ra
qacrb nporpaMMbr HaruHaercff c BBoAa B perlrcrp X gHa.renttn Pi, nonfreH-
HOrO nO XapaKTepI{CTI{Ke n{ApOMarIII,IHbI.

Peaynnraru snr,Mcnenufi no rporpaMMe CEPOC-X gns ndgpoMarrruH
oAr{HorrHoro peryrrpoBaHl{rl, PO u IIp perr,rcrpupyrorcs s ra6r.7 ,16,
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T a 6 n u u a 7.lu O6urxe Hcxo,q,Hbre [a]rHbre

fiapar'lery Hc"ran M N , c Dt, tn m K6nno
(7.1.a)
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Ecnn BbtnoJlHfltorcff pacqeTbl A.rlff rnApoarperaroB c ryp6nuaMn Apofr'

Horo perynnpoBaHr.rff IIII, ro fyxcto HMerb flaKer npofletlnepHblx xapaKTF

pHcrHK, Kar( 6brrro yKa3aHo Bbiue, rrNrfl HaxoxAeHufl 3HaqeHrul napaverpoB

"a 
ruur. dt Ui n Ap. npou3BoAurb HHrepnonfqnH no (6.3a) Me)Iqy xaPaK'

TepHCTHK avril ga H gb HnU npeABapI{TeIIbHO CTpoHTb B COOTBeTCTBHH C 3a,qaH'

HbrM pexHMoM peryrHpoBarru.fl HllrepnontuuollHylo xapaKTepHcrHKy (cM.

puc. 6,6) u tto Hefi srInoJIH.flTb pacqeT, KaK AIIff ryp6un oAI{HotIHorO Pery-
n'poBaHl{'fi' 

,*,', unnoTrr,?n*erh nnoIIerIvDbI 
- 

HHTEP-IIIenecoo6pa3Ho I{cnoIIb30Barb npoUeAypbl I{HTePnOnfiIIHI{

u HTITEP-2, npuneAeHHble B noflcHeHun( B nPorpaMMe HAIP'XM. Perynl'

Tarbr BbrrlucneHuft Nn IIII ru,qpoMnrIII{H, ecJIH oHI{ BbInoJIH.fiIoTcff c HrITep-

nonatgeft Ha KaXAoM rlare, perHcrpl{pytorcff B ra6n. 7,1s.

K  r p o u e A y p e  c q e r a  I I o  r p o r p a M M e  c E P O C - X .

1. flocne Ha$opa lporpaMMbr ilpou3BoAuTcfl BBoA o6runx HcxofHblx AaHHbD(

B coorBercrBgg c ra6n. 7.1a, onpeAeJl.fiIoTcff HaqanbHble ycnoBHfl Nrn t =

= O, t = 0, tr oHH BBoAflrcfl. B perHcrpbl H ra6lnuy pe3ynbraros 7.l6wtu

7 J;. ilpn 3roM FSrn ryp6nnHoro pe>wrwa M * Bblpaxaercff Qopuylofi

M'F= Mlkrcnl,, Q'2)

oAHoBpeMeHHo [nff npoBepKH MOXHO OnpeAerrfirs M H IIO (5.36).

2. B ra6nHqy pe3ynbTaroB peKOMeHEyeTCfl 3apaHee BIII{CaTb IUarU Cqe'

Ta r, BpeMfr.t +DAt u 3HaqeHlr.fl at ragi B coorBercrBHH c 3aAaHHbIMPexH-

MOM peryrlHpoBaHH.fi.
3. Kaxgafl nocrreAyloulafl TorIKa i = 1,2r,,. nonflaeTcfi pa0qeToM noCJle

BBotra I4cxoAHbIx AaHHbIx Ha tuare B coorBercrBntr c trPuH-fiTstv- n\oxr &

HMeHHo 0U w M'y. }ru 3HaqeHr{f orlpeAerlffIor no pacxoAHofi n uovreuTuofi

yHHBepcanbHbtM xapaKrepHcTHKaM, TIpIFIeM OnpeAeIIffIOIlIHMH KOOpAHHa-

raMH .ffBrrfirorcff orKpbIrHE oi, a trnfr. IIJI rypduH u W. Mfr n'IApoMaIrIuH

C OU,HHOTIHbTM peryJIlIpoBaHHeM HnH nO HHTep[OnffUHoHHbIM xapaKTepHCTH-

KaM peKoMeHAyeTc.fl He[ocpeAcTBeHHO Ha XapaKTepHCTHKI'I HaHOCHTb pe)KHM-

Hbre roqKn H crponTb rpaeKTopuu MrHoBeHHbIx pe)IgMoB, IITO o6nerqaer

npaBrnbHnfi str6op ui ox . lnn IIJI ryp6l{H ABofiHoro peryJIHPoBaHIfi rpe'

6yevrue 3HaqeHHrI Qt s Ml Ha llare non)ryaloTcfl HHTepnonnlnefr MeXAy

AByMfl rpyrnaMH llporennepHblx xapaKrepl{cruK ga H ga. flpn sroM peKo-

MeH[yercfi HcrroJrb3oBarb rpoue[yprr HHTEP-I n ]trITEP-2. TarcuM x(e o6pa-

3oM HaxoErrcfl. Pii wa BTopoM 3Tane, [p]I KoropoM BbltmcJlflercfi oceBoe

ycwffie P,
4. IlponrnonlHo Ha3HaqaerCfl, tttlox, Ho xeJlarenbHo npegycMorperb xog

TpaeKTopgr{ MrHoBeHHbrx pexHMoB. Kpnrepuer"r ,qocraroqHofi ToqHocrlt

.fiBJrflercfl pa3l{ocrb: -

6 :  l n ! o * - n \ l  (  6 r o r ,

npuqeM rrpH pacqerax c6pocoa Harpy3KH 6son 6epercx oKono | % n\,

crre[oBarenbHo, 6gou = 0,6 + 1,2 o6/rvrnn B 3aBHcHMocrH or 6rtcrpoxoEHocTl{

rul1,poMnrur{Hbr. Ecnn 6 ( 6Aon, ro perucrpl{pytorcfl nonyqenHble 3HaqeHl{.fl
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T a 6 n ilL\a7.Ln. Peaynrraul BblqlrcreHnfi aanr[Apoarpe,r.ara c floBoporgoJrorracr

Itlar
I

Bpervrx
t,  c

HcxoAHrre Ealrubre Ha ruare

a, MM I
rpan

9a,
rpaE

9b,
rpaE

,
I t Iox,
o6/rvrr.rr

Q\O,
*2 '51"

dtt,
* 2 , 5 1 "

I'I nepexoAflT K cneAyrouleMy rxary cqeia. Ecnn Te 6 ) 6oon, ro Hy)rcHo H3-
MeHHrb 

_\i. o*, BBecrr{ HoBbre ,t.u.rr" Ul n Mi ^-ror.fu""'i"rru ,"uurn",
Mrr, M: Q u n npeAbrAyurero u'ara B coorBercrByroufix perrrcrpax na-
M.'IT}I.

.^1, npt rorrHoM 3aKpbrrr{H HanpaBnfirorqero arnapara o = 0, el = 0. B
(3'9) A = O, rorAa rloAl(opeHHatr pa3Hocrb AonxHa 6rrrn paBHa nynro. Og-
HaKo H?3a norperrrHocrefi oKpyrneHn.E oHa Moxer oKa:larbc.E orp1rrlarenb-
HbIM qncnoM, oqeHb MzlJloro abconroruoro 3Haqent4fr., rrro rtplrBo&rr K ocra_
HOBKe cqera H ro.fiBJIeHHro cvrcHana ouu1rcra EI|OI. tlroorisToro He npolrc-
xoAHno' peKoMeHAyerc-fi BMecro Ql= 0 IIpIIHI{Marb KaKoe-To ne6onlruoe
3HaqeHHe, Hanpr'rMep dl = 0,0001, vr-o *rc no]"nufler Ha p€ynbrar, Ho r,rcKnro-.IHr c6ori B BbrrrorrHeHr.u nporpaMMbr.

6. cne4yer HMerb B Brdry, qro rporpaMMa cBpoc-x trorycKaer rrr?rpoKoe
BAPbHPOBAHHE I{HTCPBA'IA At H APYTHX IIAPAMETPOB, HAIIPI,IMCP H",U,, S
npoqecce cqeTa.

HcnorlsoBaHue rlporpaMvtr CEPOC-X nora3aHo Ha KoHKperHoM rgcrro-
BOM rrpHMepe.

Ilpnuep 7.1, O6paruvrrfr ru[poarperar IAOC MoulHocrbro ZO4 MBr
npH Hanope 100 M, llacrore BparrleH]rr fto = 150 o6iugH r.rMeer eepxoaofi
llutunonur'fr rpy6onponog Ar{aMerpou D = 7,5 M, rurHHofi L^= 670 M.
Maxosofi MoMeHr Bpauarcur'Xcfl qaqrert GD2 : 30.i0 ,.rr. r"opo",arJw*a
TI{na POHT 6trcrpoxoAHocrbro oKoJro ns = 25O, yHr[Bepciubnbre xapaKre_
pHcrnKH Koropblx, pacxoEHbre H MoMeHTHbre, rroKa3aHbr ga pfic. l.i. na-
paMerpbr rrporoqHoro rpaKra rr,rApoMauuuu: D1 = 613 M,Eo I q,f 4, D2 == 0,8, oTcacbrBarcurar rpy6a H3orHylaf, orpr.ruareJrbHafl Bbrcora fior'= irl,
orpHuarenbHafl, Nrr4Ha auQQy:opa Lor = 5. onpegenurb rHApaBn[.recrc[fi
yAap H [oBbIIleHHe rracTol'br Bpaqeuuf rrpg cfipoce Harpy3r(r,r. Bperraa 3aKpbr_
rmn T, = 30 c' pexHM peryrvpoBaHuf nuuefirnrfi. Cramqecxuli nunop 102 u.

P e ru e n u e.L, onpeAeneHr.re HarrarrbHbrx fiapaMerpoB: pacxoA, [p]rHH-

MaeM I(fIA 92 %, rorga e = 244 000
9 , 8  .  1 0 0 . 0 , 9  2

= 226 u3 lc, ilpr.rBeAeHHtrfi pac-

xoA ol = 2261 (6,3'.rml = 0,s7, M3 lc. flo pacxoguofi xapaKrepHcrr{Ke
HaIItuIbHOe orKpblrr{e oo = 28 rvrla (nrogelruoe). Ilpureg.ruui rracrora Bpa-
IrteHHfl n!1 = 150.6,3/\m0' = 94,5 o6/lwnH. fugpaenuqecKr{e norep' n rpy6o-
npoeoge 2 rvr.
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xofi rypOnnofi

Pesynrrarrt 1-ro srana pacqe3a Peeynrrarrt 2-ro grana
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2. onpegeneHr{e 
. rcoeeeruryreura H'epuuomrocrrr HanopHoro

Bogoeog [no[IaAbro ceuennr ̂ F'" = 44 v? , TorAa Kus.rp = +- r  
Y r 8= 1,55. nru cnupalruofr KaMepbr (go*, = 350, Dcu = 9,5 rra/c) no

K  =  I  3 1 6 , 9 , 5  ,  ^n rn.cr = - 
tmnao 6,3 = 0,1. .fa JrorracrHof cucreubr rro

Krn".non = 
#

rpybrr no (3.8t)

o6rq'e HcxoAHbre AaHHbre 3a[HcbrBaror B ra6n. 7,2a.

T a 6l  uUa7.2u O6utne HcxoAHbre AaHHbre

flaparr,rerp Hsran M At ,  c Dl, t"t KA, fftot.tp

1 , 3 5  ( 0 , 1  4  +  0 , B t  1 4 )  . 6 , j
= 0,036. .[nx orcacrnaroueft

BbIXo[Hoe cerreHue Fs =2(6x7) = g4 rr?, trorc = 2,5 +

n u H = H"r^, + AHrp, [o3TOMy IPaBILIIbHO Ha3HaqnTb Beflfir,il{Hy ni, ox
cpa3y ytraeTcfr. peAKo H Ha 6onnruntrcrBe rraroB rrpuxotrHTcfr. BbrnoJrHnrb
IIo ABe Hrepaql'IH (uuorga rpe6yrorcn u rpu) trlx odecneqeHr{fi rpe6yervrofi
TOIIHOCTI{.

2, Hau6onee rpy[Ho ycraHoB]Irb [oJro)KeHHe pe)Kr,rMfrofr roqxn no nl n
o6nacru, rAe nHwIH orKpblTnfr, a = const r,rgyr c MirrrbrM HaKJroHoM K ocg
Oi (aro cne4u0uvecKafl oco6ennocrr rnApoMarrrr{H POHT). B AanHoM
cnyqae sra o6nacrb Jle)c{r .nptn\> 110 + 120. 3qecr peuarcuyrc ponb Hrpa-
er nplrBerenslrfr pacxo1, Q1,

3. Ha [Iarax 15-17 Hanpaennrorqufr artrrapar 3aKpbrr noJrHocrbK), Ho c
uenblo us6exarr c6o.a crrera npuHflro Q\ =0,0001.

4. Jluuavu.IecrcHfi uanop ff1 B ceqeHHr{ y rH[poMarrHHbr BbrqHcJreH no
(6.T no coorBercrByrouefr nporpaMMe npu K^ltlKnn.rp = 1,5511,78 =
= 0,871 H Hrru, = 102 rvr. flolyueHHoe pacrreroM (ra6n. T,26) rd3MeHeHHe

T a 6 n uaa7.26. Pesylrraru BbrqHcJreuufi no nporpaMMe CEPOC-X

Iilar i Bpertar
t ,  c

Hcxo4Hrre traHHbre Ha rffrre ,
nl

Hrquxaropa, MM

,
zIox,
o6/nmr

Mi,,u.r,\

PC

TpaKra.

6 7 0  =
4 4
(3.8n)

(3.8r)

0 , 9

*  5 =7,5,  rorga Kt- -  - . -  =  2 7,5 '6 ,3 =o oo 1a, , . . . .^ - ,RfH.rp = 
gS- 131:fiWfr 

= 0,09. Cyrvrrvrapnrrfi rcoeQ-

6^tueHr r,rHeprl'oHHocrlr rpaKra Kr".ro -t 1,55 + 0,r + 0,036 + 0,09 = 1,7g.3. Onpe4eJIeHHe KrcnA-.{uavrerp rvbgenlr Du = 357 .,^1avr,1,1u*.rr-rurui

KIII  91%. IIo (5.g) Kxn.u = I + t ,  
9,,nt 0-75 f 

/@-TJl  u , / )  " \ /  
A 

= 1,03.
4. KoeQQHrIHeHr MilxoBbrx Macc uo (7.1a)

v  ,  1 9 , 1 . 1 , 0 3  7 9 , 6 7, \ 'N t  =  
30  ooo ;oo  

=  
l ,  , r ,  , *  .

Perrcrp
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1 6

1 8
20
22

24
26

2 8
30
32
34

0
1

2

3

4

5

6

7

8

9
10
l 1

L2
1 3

r ,786,3102

PA
22,4

20,5

L8,7
16,8

28
26,r

24,2

14,9

1 3

LT,2
9,3
715

94,5
100
109
rt7
12l
124
125
125
126
t25
125
125,5
r25
124,5
t24
120
122
r20
1 1 5
tt2
107
105
101
95
90
88
84

0,57
0,54
0,53
0,5
0,485
0,425
0,41
o;35
0,32
0,25
0,2
0 , 1 8
0, lz
0 ,14
0 , 1
0 ,L2
0,1
0 ,1
0,07
0,08
0,065
0,04
0,045
0,03
0,0001
0,0001
0,0001

s00
455
420
300
265
180
140
45
25
0
-40
-90
-140
-r20
-120
-100
-r20
-130
-130
-t20
-r20
-r20
- 1 1 0
-110
-130
-r20
- 1 1 0

94,5
1 1 1 , 3
109,8
123,9
121,6
r28,2
125,5
r29
L24,9
t26 ,3
128,8
124,5
120,8
124,7
r20,5
124,5
120,7
1  19 ,1
109
110,9
106,2
99,4

100,4
96,4
89
88,1
83,3

Oupe4eneHne HaqanbHoro MoMeHTa.
= 9550.204000/150 = 12,99.106 H.rr,r u
= 12,61,.106 H.vr. HenocpeqcrBenno rro
= 28; n\ =94,5; Mt = SbO U.u; Mf =
Hne yAoBrreTBOpHTeJrbHoe.

Ocuonulre pe3ynbrarbr snrqncleHr,rfr
ra6r. 7.26.

flonyreuunre B rpoqecce
Hbrx pexr,rMoB rIOKa3aHbr Ha
(p"c. 7 ,2).

flo MoruHocrn (5.3,6) Mo =
ro (7.2) M{ = 12,99.106 f l,O3 =
MoMeHTHofr xapaxrepucrr{K a oo =
500.6,33 . 1 oo = 

-12,s.i06. 
conuise-

ro nporpaMMe CEPOC-X cM.

cqeTa pexl{MHble ToqKI,I H nHHUfr, MTHOBeH_
yHr,rBepcanruofr pacxognofi xapaKrepncrr{Ke

{  n p o r l e A y p e  c q e r a  r o  r p o r p a M M e  c E p o c - x .1. flpu copoce Harpyzrc, n\ 3aBrrchr or EByx H3MeH.firorqr,rxcfl napaMerpoB
100

T 4
15
1 6
t 7

516
3r7

1,9
0
0
0
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flpogoaxe une ra6n 7 .26.

Itlar i Bpevx
t r c 6, o6/vr.rH

AH*, vr
to6u\
H.rrr Q , * ' 1 " n

P7

H l ,  u
no (6.2)PO P1 P4

0
2

4

6

8

1 0
1 2

L 4

1 6

0
I

2

3

4

5
6

7

8

1  1 , 3
0,8
6,9
0 ,6
4,2
0 5
4,2
1 , 1
r ,3
3,8
I
4,2
0,2
3,5
115
1 , 3
0,9
6
1 , 1
0 ,8
5 , 6
0,6
0,6
I
0,1
0 , 7

0

6,3

1 1 , 9

2 l , B

30,9
29,1

12,5

LL,37

7,55

4,33

0,8 3
0

-2,94

-3 ,61

-2,79
-3,29
-3 ,35

-3,,25
-3,23

_ J

-2,96
-3,67
-3,06
-2,8

226 150

2r8,9 191,3

ios,s ioe ,r
181 221,7

tqa,q zza,s
113,6  229,6

r00

106,9

1 1  1 , 3

1 1 9

126
724,7

225,7 124,2

217 ,7 116,3

209,7 109,4
200,7 109,1
792 LOz,g

18 3,3 I07
t7.4,9 106,4

766,6 t07,6
158,9 106,4
150,1  110,5
141,2 1.04,7
L33,6 L02

9  1 8
1 0  2 0
1 1  2 2

t 2  2 4
1 3  2 6

L 4
1 5
1 6
I 7

2 8
3 0
32
3 4

1 )

5 , 6
10,9
3,4
0

8 1 , 6

6 1

50,3
41,6
40,3

3  3 , 1
26,9

16,7
12,4
0,04
0,04
0,04

28,5

18,4

9,5
7 ,8
1 , 1

6,4
5 ,6

BO BpeMeHH IJdHAMVII49CKOIO nanOpa H1 B CeqeHHu y fl{trpoMarugHbr, qag-
TOTbr BparrreHr{fi r, MoMeHTa Ha puny M*, pacxoaa Q, or*purrHfr HanpaBnfi-
rcurero &ilrilp€rrs c7 (no rvrogenu), xapaKrepr43yrourue uporeKaHHe nepexoA_
HOrO rpouecca, c6poca Harpy3KH, froKa3aHbr Ha pHc. 7,3. 3aecn oco6err-
Ho Harn'fiAHo B4qHo, I{To, HecMorpfl Ha AIHTeJIbHoe BpeMfi perynupoBaHHfl
Ts = 30 c, uau6olee HHteHcI4BHbIe EHHaMWrecKrre npoqeccbr npogcxo4rrr B
TeqeHHe nepnoii rperH 3roro BpeMeHH. Hyneaoe 3HaqeHr{e proprenra M*H MaKCrrMyM rracrorbr BpauIeHHfl pruar 

" 
= 22g,61150 = 1,53 AOCmrarorcfi

npH | = 10 c. B ro xe BpeMn :nalmouaercfr. rrr{K prHaMr,rqecKoro Hanopa
H r  =  1 2 6 v u M * a K c  =  o 2 6 - _ 1 0 2 ) 1 1 0 2 =  0 , 2 3 s .  I I p u  t > r 0 c n a c o c o -
rypouHa [epexoAHT B TOpMOSHOfi pe*"*, rrpHrreM 3HaqeHHe MOMeHTa Aep-
xHTC-fl noqrr' ''ocroflHHntrv tr4*= (-3 + -3,5) .106 H.vr, qro orpeAeJr.fler paBHo_
Mepl{oe cHHXeHHe rracToTbr BparrteHr.rfi rHlpoarperaTa.
r02

401200 F t6

wt150F t2

20lt00t I

Puc.7.3. flpouecc c6poca Harpy3KH

Bce gTH oco6er11roc11r xapaKTepHbr pllfl. o6parunmlx rHApoarperaroB c

HacocorypdnHanm. B cnrrae ryp6uHutrx_rHApoarpefaroB o6lrrno BPeM.fi

perynuposaruun Tr 3HarIHTeJIbHo MeHbIxe fs = 8 + 16C, H oHo..B ocHoBHOM

onpeAeJlfleT AI,IHaMHqecKI{e noKa3aTeJIH rrepexogHoro npoUecca cbpoca na-

rpy3KH.

7.3, IlporpaMMbr CEPOC-y c yIIeroM yrpyrccrn

Pac.leru nepexo[Hbtx rpoueccoB c6pocon Harpy3KH rlpn flere ynpyro-

ro ruApaBrHrrecKoro yAapa ocyulecrBrrffrorcff no nporpauptau_cEPoc-y(l )
u CSfOC-V12), *oiopitt 6aaupyrorcx Ha nporpaMMax HAfP-y(l) lt

HAfp-y(2). Kax r.r B rrporpaMr.{ax HAfP-y, oAHa H3 oco6eHHocreli pac'Ie'

roB rrepexoAHblx llpoqeccoB c rleroM yllpyroro II'IApaBnHIIeCKOTO y\Apa

cocroHT B ToM, r{To pacr{erHbrfr r,rHrepnan BpeMeHH He Moxer nrtbraparrcx

u At,.npHqeM B [aHHoM cnrrae at = 20, c ueJlbrc 3KOHOMHH frqeeK rlaMfl'

rH BBognrcfl eEFHrrfi rcosQ$uryIeur K6n'20.

O6urue HcxoAHbIe AaHHbIe Wrfl pacqera IIo rporpaMMe CEPOC-y(|)

BBoAflTcfl B coorBercrBl'Iu c ra6n. 7.3a,

Peaynrrarbl BblqHcleuufr perncrpnpylorcfi s ra6n. 7.36,
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T a 6 n u u a7.3u O6rque HcxoAHbre AarrHbre

Ilapar,rerp Hg7va, M D l  , " t I(6r.20
c

t - -^ - -
gF

Perucrp n PAP9P8P6

IlporparvrMa CEPOC-y (l )
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T a 6 n uu a7 "36" Pesynrrarbr Bbrqucnenufi

Q\, *2 's  1" m'1,n'v,

21, ur3 fc

pacqerHbrx fiapaMerpoB Tpeoyercx 15 perucTpoB fiaM.flT],r; HaIIpHMep, HoBbIe

MlrKpoK iurbK yrr.fl roptrr " SrerrpoHl{K a M K- 6 1 " H "M K-5 2" HMeIor 1 5 perncrpon

ilaMflT]flj B ToM rrr{cne AorronHHTerlbHblfi PE, a B 6olee crapblx MHKPoKanbKy-

nrropax ronbKo 14.llpn Harrrqr4u 74 perucrpoB naMfiTI{ o4{H H3 o6ry{x rra-

paMeTpoB, a UMeHHo m, BBoALnc.E HenocpeAcTBeHxo IIpI{ Ha6ope B IIporPaM-

Mbr. IIpH eroM o6xgae ucxo4Hbre AaHHble cocraBJlflIor B coorBeTcrBHH c

ra6r. 7,4a.

T a 6 n fi\a7.4a- O6que HcxoAlrble AaIrHbIe

flaparump Hg72y, M .4 ,  M K6n20
C 1

f t r -  -'  gFt

C2
k . ;  -' gFz

Pemcrp P4 PBP9P6 PA

llporpauMa CEPOC-Y (2)

0 L 2 3

0
1

)

3

6

7

I

4

)

HTI6 FI
: l-l

+
FV nnu

HTIO

I4TIA HTIB
H2
+ n 2

lilc vn6
Mr

+ FBx

x @
F} WIz

er
HTID x

HIIB x

Qz
: II3

HIT2
D?

F f x

+ WT9
I

n l
: C i I I

x HII0
ani
x I4W

I4nA t{

UIl3 x
Hr^
Fx" n0

VIIIA x

HnA x
eg

kIIl3 +
Mi Mi_,
x HII8
ni
+ W

IITID

t

t

14TI5

+

I',II4

t

TI8

Q1
x

+

il1

+

v[tL

HTIB

IID

WIA

+
e

WN

2
+

r4fl4

+

tm0

TI5

+
<-

wn6

I4TIO Ff

Hcxo4uue AaHHbre Ha rlare cqera I{ lronfleHHble pe3ynbrarbl perucrPll-

pyrorcn B ra6n. 7.46.
llporpauvra CEPOC-y (2) Ao aApeca 60 noBropneq nporpaMMy

HAfP-y(2), 3a uc*nrcqeHl{eM aApeca 04, rge BBoA}Ircfl 3HaqeHHe m (wc.

no rrdlpoarperaroB) tIHSpofi or I go 9. 3Aecr orpeAerlflIorcff 3H?II€HH.E g1{.

HaMr{qecKro( HanopoB B pacuefiIblx Ce*en:l;frx H1 yr Hz I{ pacxogos Qt;h
u Qt co cEBHroM no BpeMeHr{ Ha 0. .llaree npoI,I3BoAHTcn BbrtII{cJIeHrre Mo-
MeHra Mf (anVeca 60-67), npnparueHl{fi qacrorbl BparreHl{f, An (no arpe-
cy 77) u uprmiaeuHofi lracrorbl tti (no agpecy 83).
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T a 6 n nu a7 "46. Perylrranr BrtvucneHlili

IIIar cqe
r a i

Bpevrr
t ,  c

.[arurue Ha luaxe

a, MM

,
nlox'
o6/r'run

Qt

PD
tt-
PC

6, o6/rrnrH ff1,v

PO

Q r , v - 3 l c H2,  u Qz ,u3 l c Qs,u3 lc n M*, H'v^

P1 n P3 P5 n P8

K  n p o u e A y p e  c q e r a  r r o  r p o r p a M M a M  c E p o c - y ( r )
i l  (2), 1. f lepeg BbIIIoJIHeHHeM pacqeroB ueo6xo&rMo rpHBecrg Hanop-
urtft BoAoBoA K oAHoHHToIIHoMy, ecJIH oH pa3BersreuHrrri, u urruoJrHrrrb
pa:Onrrcy Ha fracrr(H, ecrrrr =2 no (4.1g) (Crvr. $ 4.4).

2. Ha\anbHble 3HaIIeHHfl Nrfl i = 0 u t = 0 onpegerrflrorcfl no HarriubHoMy
p e X I { M y  Q r  =  Q z  =  Q s =  Q o w H r =  H " r ^ r - h n o r t H H 2 =  H " r u r - h n o r Z ,
rge ftns1l H hnorz - r]?iilpaBJrHr{ecKHe lorepH Ha ncefr gruHe Bo[oBoAa H
Ha BepxoBoM yqacrKe Ao ceqeHH.fl 2-2, Haqallntlli uoueuT Mt Bbrrrncrrfler-
cn ro (7 .2) n (5.36), a raKxe cneAyer rrpoBepHrb pacqer ,ro (s.g) s coor-
BeTCTBI{}I c napaMeTpaMI'I HaqaIlbHoro pexHMa a u nlg rro yHgBepcannuofi
xapaKTepr{cTHKe.

3. PexoveuAyerc-fl B coorBercrB'I{ c npru{ffTbrM pe).'MoM peryrprpoBa-
Hr4fl' 3apaHee onpeAenHTb OrKpbrTHe Ha[paBJrfrcrrlero a[[apaTa Ann rraroB
crrera c_lrHrepBanoM no BpeMeHr.r 20, rge g onpegeJr.flercfl no (4.16a) .

4. BTToOP fl,Iox 14 KOHTPONb TOIIHOCTH BbITIoJIHfiIoTc.f B cooTBeTc TBHII
c n. 4 K rpoueAype cqgra no rporpaMMe CEPOC-X. Ornuqne cocror{r .r[rrrb
B T o M r u r o Q = Q r t a H = H r ,

5. Kaxqrtli cqer no [porpaMMe gaet :uaveHrrflHcKoMbrx [apaMerpoB Arrfl
Bcex pacqerHblx ceqeHl{li co cABHroM rro BpeMeHH Ha 0. CooreercrBeHHo
3alroJrH.fiercn radnuUa pe3ynbraroB (crvl. ra6n ,7.26) .

HcnornsbBaHl'Ie nporpaMM CEPOC-y noKa3aHo Ha qucnoBoM rrpgMepe.
IlpHrvrep 7,2. Dlrs oOparunaoro r'Apoarperara |AOC ('puvrep l.t1 p,,-

ctII'ITarb flpoqecc [orepn npHBoAa npH cneAyroruux HaqarlbHbrx ycnoBr{ffx:
Hrr^, = 102 M, rrogaqa Qo = 180 v3 1", hno, = 2 rv. pexuvr 3aKpbrrg.fl Ha-
npaBn.flrorqero anlapara luueliHnrfi, T, = 30 c.

P e ur e u n e.1. OupeAeneHne HarrarbHbrx napaMerpoB (uaupanneHge
pacxotra H BpauleHHfi, o6parHoe ryp^6l{q{y, crrrdraeM gTpnuareJrnnrrrra).
flpuuegeuxrrfi pacxou Qt = -180/6 ,2, ,1tn4 =' -0,445 *t l;.flpnne4euuaaqacrora BpaureHrLfl_ nr = -150.6,31104 = -92,7 o6ir"rnu. flo ynuaepcarngori
xapaKrepncrru<e_(puc. 7.2) onpegen.aaM o6 = Z0 MM, rrro coorBercrByer
Mal(cHMyt"ty KfI.[

2. o6une HcxoAHbre [aHHbre: cKopocrb pacrpocrpaHeHHfl.ynpwofr sonHrr
no (4.3) n (4.5) srn xerresoderoruoro rpydonpo"ogu , = ioid vr/c (cpeg-
Hee 3Haqerrne). IIp" rroM rro (4.16) @ _670/f050 = 0,64 c H rro 14.ioa1

r > (16 + 20)0,64130 = 0,4. IlpuHlruaeM r = 1, rorga pacqerHufi nxrep-
Barr cocraBJlfler 2.0164 = L,28 c,

!4r odparuMbD( Hacocoryp6nH, y Koropbrx Ha xapaKrepucrr{Ke HMeror-
cfl, yqacTK4 rAe HaKnoH nuHrfr oTKpbrTHfr, a Mlal/r, qacTo npeArlorll{TaroT
6parn ueurruufi HlnepBiul no BpeMeHI{. B Aauuou cJry-qae, ecJrH rrpnHffTb
r = 2, utttepBaJl cqera cocraBnT 0164 c, Ho npu gToM BAnoe WenwrTcfl,
TpyAoeMKocTb pacrreToB.

HcxoAnrre AaHHbre: Wn HacocHoro pexl{Ma

K6n.20 =
1 9 , 1 . 1  , 2  8 23,7 4

3 0  0 0 0  0 0 0 . 1 , 0 3 3 0  0 0 0  0 0 0  '

rrln ropMo3Horo pe)IuMa K6n.20 = +}**!- = -ry
30 000 000 30 000 000 ;  Nrn'

ryp6uunoro pe)KHMu Kar.20 = 1?'1 '1 '2-8 '1 '03 = .  25'18 
.  I Io (a.11)

3 0  0 0 0  0 0 0  3 0  0 0 0  0 0 0
kr  =c t l@Fr)  =  1050/  (9 ,8 .44 ,2)  =2 ,42 .

3. HaqanrHble I{ pacqerHbre Ea}tHbre. Haqarruufi uopreHT Ha Bany: no xa-
paKrepucruKe. ArIfl HasarlbHoro pexnMa M'l = 510 H.r"r; KIII ro (5.9)
n = 93700 Q'11 @tlul) = 93 7OO-O,M|\ (92,7.510) = 0,88 %.IlotpaBKa Ha

ruaMerpuo (5 .8)  nprne =0,5  kxnn= 1+ 
#*1 

O, t  (1-  s

= 1,03. Torsa Mt = IvfiDlH = 510.6,33.104 = L3p6.106 H.r',a.

Ha,IanbHafl MoulHocrb Ha Barry no (5.36) No =

= tfi=ujt,o:']to = 2a22oorBr.
9 5 5 0 . 1 , 0 3

.[anee ucxoAHbre ,qarrHbre H p€ynbrarbr rrplIBetreHbr
7.s6.

Mo*n

9 5 5 0 , t X U . U

n ra6l .  7.5,  7,5a,

Ta 6n nu a 7"5. HsMegeru{eorr(pbrrrfi ryp6nrtr Bo BpeMeHH

t
a

t
a

0
20
14,08
10,6
26,88
2r l

1 ,28
19,15
15,36
918

28,16
t12

2,56
18,3
r6,64
8rg

29,44
0,4

3,84
17,44
17,92
8 , 1
?0,72
0

5 , 1 2
16,6
19,2
712

32f
0 l

6,4
15,7
20,48
6,3

7,68
14,9
2r ,76
5,5

8,96
T 4
23,04
416

10,24
13,2
24,32
3,8

1 1 , 5 2
12,3
25,6
219

12,8
1 1 , 5

Ta 6 n uq a 7"5a. O6ulne rcxoAHbre AaHHbre

llapar"rerp flcrai: M 
-D1, 

M K gr'20 kL

Perucrp
3xaqerue

n
t02

P6 P8
6 ,3  I

P9
23,74 unn24,45 rurr 25,8

PA

2,42

30 000 000



, T a 6 n u q a7 .56. Pelymrarrr BbrqrcreHnfi no rporpaMMe cEpoc-y (l )

Hcxogurre AarrHBIe Ha tuare
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llpogonxenue r a 6n r u u 7.56

ItIar Bpervrx
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HcxoAgue AaHHbre Ha ruare

6, o6/narna
,

nlox

2 7
28
29
30
3 l
32
3 3
34
35
36
37
38
39
40
4 1
42
43
44

45
46
47
48
49
5 0
5 1
5 2
5 3

77,29
17,92
19,56
L9,2
L9,84
20,49
27,12
21,76
22,4
23,04
23,69
24,32
24,96
25,6
26,24
26,99
27,52
29,L6

2g,g
29,44
30,09
30,72
31,46
32
32,6
33,29
33,92

8,1

7,2

6 ,3

5,5

4,6

3,9

2 ,9

2 , 1

l 1 2

0,23

0,2L

0 , 1 9

0,16

0,1 35

0 , 7 2

0,1

0,095

o,05
0,055

0,025

0

0

0

400

340

26s

220

160

r20

80

40

_s0
_30

-30

-30

-50

_30

27,5

37

45,4

5 1

57,3

62,9

64,2

67,5

5 8
63,5

64,9

63,7

71,5

61,7

1,3

0,9

0,2

0,5

12
0,5

0,8

0,3

1,5

0,3

0,5

1

0,4

1

2 7

36

45

50

o,4

0

0

0

5 6

62

64

68

70
63

64

64

70

62

K  r p o u e t r y p e  c q e r a  n o  n p o r p a M M e  c E p o c - y ( r ) .l' omt" ug oco6eHnbcreli cocro'T,B ToM, qro B ,,pouecce csera B rrporpaM-Me r{3MeHfrncfr' 3HaK no atrpecy 2l: Eo I = 9 coxpan flrrcfi. sHaK Mrrnyc, a 3a-reM 3HaK *Tj-:.r^TT 
lrpoyKa i 

= !0 nogcvnrarra rpr{ 3HaKe Mr{rryc,H np' groM Coanauc-rpoBarb n\ o* v n1 He [percTaBJr.EeT'fi BOsMOXHbTM(oucorcoe sHarreHr{e ni nonyraercs.3a cqer pe3Koro cHrDKeHr{E Hr).
- ̂ 2' B npoqecce cqera l{3MeHrrnocb 3HarreHue xoee$rd[Iefrra s pA: i = 1 *13 - HacocHbrfr pexcrv (nepnoe ,n ro."".j , 

-i 
= 14 + 24 pexrrM nporr{Bo_rola $-po.) ni >-2G - ryp6ruurlrfipexnu (rperue).

3' B pxge cxrlaeB rpe6onanocb BbrrroJrHlrrb HecKoJrbKo rileparu{fi, uro6rrnonlnsr16 AocraroqHyro roqHocrb (E0nycrnMoe pacxo>44enue 6 <'60;;t:Ha luara:< 4 v r0 norpedoBaJr'cb rp' r{rqparutr{, na 6,16, rg, 44 - no ABe.110

Ht ,  u Q t , v 3 l 6 Q z , w 3 l c t06u1u.r,r n
flprueuarurx

PO P1 P3 P4 n

10 7 ,1

TT2

r12,2

1 1 8 , 1

Lt4,3

108,4

r13,4

108

122,4

114,4

1  1 5 , 3

88,7

1 1 5 , 3

94,5

88,2

79,9

69

57,3

49,6

42,3

35,1

24,r

10,6

0

0

0

96,6

92,4

84,1

7 5 , 7

62,4

s ) )

46,9

37,6

32,6

15,7

5 ,5

-5,5

5 ,5

-5,5

r0,7

9,5

7,4

6,5

4,6

313

2,3

1 , 1

-0,9

-0,86

-0,86

- 1 , 1

-0,86

45,1

62,1

76,3

88

97,3

103,9

108,5

1 1 , 3

1 1 1 , 4

1 1 0

108,5

106,9

10s 2

4, B npoqecce cqera roqKH MrHoBeHHbrx pe)KnMots HaHocr{xucb Ha }4ru-
BepcurbHyro pacxo[Hyro xapaKrepncrnKy (crvr. puc. 7.2) .

5. B Hacocnbrx pexr{Mo( trprr 8l < 0, npu HerrpaBr.[JrbHoM 3agauuu npu-
BeEeHHoro pacxoAa IroAKopeHHoe Bbrpor(eHrre trrrfl, X no (4.12) Moxer oKa-
sarbcfl, oTpl{qareJlb}tbrM. B p€}rJrbrare cqer ocrarroBl{Tcfl c n'gurcargrefi
EIfOf .Ha atrpec e 20, 3ro yxaablBaer Ha ro, rrro HIDKHo BBecrr{ fpyroe 3Ha-
uetme Q1 I{ HaqaTb cqeT cHoBa.

Ilorqrqsploe pacrleroM (ra6n. 7.56) r{3MeHeHHe Bo BpeMeHH AHHaM}rrr@-
Koro Hanopa Ht B ceqeHHH y HacocoryporurH, qacToTbr BparrteHvrs.n, MoMeH-
Ta Ha Banry I,r*, pacxotra Qr I{ orKpbrr"rrfr. HafipaBrr.Erorllero afl[apara a (rroge,
lu), xapaKTepu3yloque [poreKauue nepexognoro npoqecca rrorepu npnBG,
Aa [p]r pa6ore B HacocHoM pe)KrrMe, noKa3anbr Ha pnc. 7.4, Oeo6eHrrocrr,
IlepexoAHoro Ilpoqecca [orepr{ npHBo[a - pe3Koe H3MeHeHrre flapaMerpoB -

1 1 1



t6 20 24 2g-t,c

-80

-120

-t60

-200

Pnc. 7.4. ilpoqe.c rorepr nprrBoAa

noATBep)KAarcT pe3ynbrarbl pacqera. flocne orKJtroqeHr{.fi or ceril nrfpoarpe-
rara pe3Ko reEaer Hanop co 104 go 47,4 u (rrqpaanuqecKr{rl }trap Nt =

, 
= (47,1 - 102) ll02 = -0,55 npra t = 6c).KoroMy x(e Bp€MeHrr pe3Ko cHlr-
xEaercff MoMeHT M*. HatrloJlee xapaKTqpHbrMr{ BpeMeHHrirwr rroKa3areJrflMr.r
ffBJIfiIoTCTI BpeMs I4lMeHeHHl HanpaBIIeHLLff pacxoAa Tg u HarrpaBneHnfl
Bpiqeuus. B Rarnro,il{ crryqae Te = 7 c, t Tn = 15 c. floixomKy ocynlecr-

HUeM y[pyrocrH.

f n a s a 8

PACIIETbI KOJIEEAHHff B HATIOPHbX CHCTEMAX T3C
H TA3C C YPABHHTEIIbHbIMH PE3EPBYAPAMH

8.1. cogep)KaHue 3arawr u nrr6op pacrrerflbrx 3aBHcuMocrefi

Pacqeru rconeSaumi B HanopHbrx cucreMax rrpoBogffTcf AJrff oripetre-
rIeHHtr H3MeHeHrui ypoanff B pe3epByapax H [aBJreHfir. B Mecre r.D( co11pg)r(gF
Hlltf c Bo[oBoAOM, B qaCTHOCTVT Xnfl. Haxo)KleHH.fl coorBeTcrByloulrD( sKCTpe-
MarIbHbIX suaqeuHli. tlpu HaIIHqHTI KaMep npordtBogHTcfr oilpe[erregue rpe6ye-
r12

Moro rur o6terra. B HeroropbD( cn)^Iag:( npetrcf,aBJlaror unTepec u BpeMeH-
Hbre rroKa3areJrlr rone6amrfi - BpeMfl [o rocrIDKeHrM MaKcurr,ryMa HtIu MH-
HuMyMa ypoBHs (garneuur), Sucrpora 3aryxirlruff rconeOamri H gp. fIpH
rpoeKrr{poBaHuu f3C u fA9C B pe3ynbrare pacqernoro itttilrru3a rpe6yercr
orrTHMI{3}IpOBaTb KOHCTpyKTI{BHyI0 CXeMy H lrapaMeTpbr ypilBrffTelrbHoro
pe3epByapa, uto6u o6ecnequTb MHHHMaJrbHbre o6teurr pa6or H KanHT:nroBJIo-
xeHl{fi no scefi cl4creMe npn yEoBnerBopenuu rpe6osaHrtri eKcturyarargr{
ru[poarperaroB I{ rl{Aposner(Tpocranlptfi. Tax rar o6rervor pa6or H crou.
MOCTI{ )4)aBHlrrelbFibrx pe3epByapoB H HurrroprrbD( BoEoBoAoB oTrr@IrTeJrb-
Ho 6onruue, pe[Ierrne 3agaq onruMla3ar$M frBTrfr,eTcfr, BDKTIbTM Qarroporrl
ynyqrueunfl r exr-rHKG eK onoMuqec KrD( noK a3aren efi 13 C u f AOC.

OnpegeneHl{e role6aurui B Harropubrx BoAoBoAil( c }?ilBt{r{TeJrbHbrMlr
p$epByapaMu cBotrsarc.s K .perueHlrro cncrevrrr o6ur<noBeHubD( gfiQQepeu-
quatrbHblx ypanueHni rtpu 3a,qaHHbD( HaqiulbHbD( ycnoBI{D( Ir Bo3MJ[rIarc.
IrIeM BOSE e!-TCTBI&I, KOTOpbIM, KaK IIpaBId[O, fl3Jl.fi eTCff I,I3M eIreHI{e CTaITIIIOH-
Horo pilcxoAa Bo BpeMeuu Q"r(r). IIpn 3roM Bce reoMeTprrqecKr{e pa:}Me
pbr ,qorrxcrbl 6rrrr 3a"qaHbr 3apanee. Ecnu rpe6yercx Bbrnom{HTb anan tg
r.IItzr.rit4n o[Horo I{ru{ HecKorrbKrD( QaxropoB, cBfisauHbD( c KoncrpyKrrylefi,
Harrpr{Mep pa3Mqpa csreHH.ff pe3epByapa, roaoQquurra go6anowroro co
IrporHBJIeHI{fi B colrpflxetr]M pe3epByapa c BoEoBoAoM, ro brrnornr.firorct
pacqeTbr AJIfi HecKoJrbKID( BapHaHToB lr Ha ocHoBtrHr{H [orryrreHHbD( A:lHHbrx
crpoff rcff coorBercrByro rge rpaQ nrcu.

llpuHl[arm:IrlbHa.fl cxeMa HanopHoro BoAoBoAa c )pasHrrreJrbrrbrM pe3ep
ByapoM noKa3ana Ha puc. 8,lra. PaccuarpllBarorcff orKpbrrbre peepB)rra-
pbr, B KoropbD( AaBneHEe Hatr lpoou'enr Botrbr pilBHo aruo@epHorvrJr, n
oHo He 3aBr{cHT oT [ofiox(eHr{fl ypoBHrr z; B 3ar(pbrTbD( p$epByap:x - rrHe
grraafirqbcKlD( - traBrreHHe Ha[ ypoBHeM )Ic{gKocrl{ gaeucur'oT ero no4oxo
Hrrfl, T.e. oT z , Bce sHcoTrrbre flapaMeTpbr, ]T)oBeHb z, M, H llbe3oMefpl{qec-
Kirfl Bbrcota P, M, xapaKTepl*tyrolrBfl EaBJIeHr,re, orcrurlrBiuorcff oT )t)oBlrt
6reQa (ra puc. 8,1 B BepxoBrrx pesepByapax - or Bqpxnero 6leQa BE,
B HH3oBbrx - or HnlrHero HE).

.[gQ0'epeHlrrraJlbHbre ]?aBHeHI{fl, orrltcbrBarcupre EBrDKeHue B cr{creMe
6te$ - ypilBnr{re.rnrnrfi pe3epByap (orxprnrrfi) nr*aeror Br{E

aea
= - r-_'o 

(z + ho.r h"n + hr);
L A

"! 
(Qo- Q", - Q,p,on),

t p

dt

dz- =
dt

rge ho - rr{gpaBJrr{qecKne rrorepfl B AepHBauHo}rHoM
no AJIIaITe I{ M@THbre, o[petreilfleMbre no Soprtryne

htr= KaQs lQi l ,

(8.1)

Ha[opHoM BoAoBoAe

(8.2)

rt3
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hlc. 8.1. Hanopnble BoA,oBoAbI c ypaBHrrrenhHbrMu pe3epByapalar.r (cxemrr u o6ogna-
uenur):

a - \ulrr.frtnprvecrrufi pe3epByap; 6 - BepxH.rrs KaMepa c BoEocnuBoM; 6 _KaMep_
urrfr; e - Ar{O$epenuuaarnsrft

rpuqeM KE- rcosQQ4ueHr norepb,

rge fp - I(oeQ$rrT{eHr MecrHblx norepb Ha conprxteufir\ orHeceHHbrfi K
ceqeHilIo trepllBar$u F si Qs - pacxof Aqpr6arut4 ut lc.

Craurr,ronnrrfi pacxoA Q"r(t) o6rrqno sarar .H npeAcraBrrs.er co6ofi
Bo3MJruIarcIltree ros4eficrnue. Dnfr ynpoqenus paccMilrpHBaror Bo3r\,fy-
rrreHHe B Br,r[e MrHoBeHHOro cKaqKa, H Tortra Q"r(t) onpetren.ffercfl coor-
HorueHlrervt Qcr = Qo Wn t ( 0 n Qcr = Q*o* trrrfr t ) 0, rge Qo uQ*o, -
coorBercrBeHHo HarranbHbrfi u ron equuli p acxogbr.

.[ononHrremHufi pacxoA Qp,on n (s.1) rrurbrBaercff rorrbKo B AHOOe-
PeHIInanrHbD( I{JrI,I KaMeprbrx pe3epByapo( c BoAocJruBoM B BepxHefi xa*ro
pe (puc. 8.1,6) B rrepuotr, KorAa rpoucxoEur reqeHr,re B KaMepy rurr{ E3
Hee qepe3 BoAocnHB c pacxoloM Qs H qepe3 orBepcTHff c pacxoAoM Qors.
Kpovre roro, Qgon Moxer rrpercraBJrfiTb codofi pacxoA, nocrynarcnuli;
treplrBargrrc r{Jr}r sa6upaevrlfi ug Hee qepe3 rua)(ry pe3epByapa. Pacxotr Qsoo
rroJroxrreJreH, ecrru TeqeHHe HanpaBneHo B croffK pe3epByapa. cornacso
sToMy

Q s o n  = Q t * Q o r a .

Pacxo4 BogocrrlrBa orrpetrenflror no Qoprvryne

Qn = ff i on br1E hl' '  ,

rF.e m - rosQQultweur pacf,oga (o6lnHo oKorro 0,45) i ou - rcoeQQnua-
eHT no[ToIIneHI{fi; bB - AJIHHa BOAO0III,IB?, Mi hB - BbrcoTa nepeJrr{Barorqg
rocfl cJIofl BoEbr Ha BoEocJIlIBe, M.

Pacxog oruepcrrui

Q o r "  - t F o r s  P f f i ,

(8.6)

' (8.7)

(8.8)

rge co - Kojo+r,rrlHeHr IIIe:u, nao,s/c; Rs - rr4qpaBnrqecrcnri pa${yc [epH-
BAIMH, M; Efg _ CYMMA TOSQQUrryCHTOB MECTHbIX IIOTEPb B EEPI{BAI$[,
BKnrcrraff rroTepH B BoAorIpHeMHI'rK e.

crcopocruofi Hanop ft"* orHeceH r( cKopocrlr B AepHBar{HH

rge ^F'o", - cyMMapHafl Irrloqar{h oTBepcnfr, u2 ; tt - rcooQQnu.reHT pacxo-
tra, o6uwro paBeH 0,7-p,85 i z xav- )apoBeHb BoEbr B KaMepe. Hemxo
AI{MO fIHTbIBaTb npa3l{rlo 3HaKoB. Pacxogrt Qs H Qor" nonoxrrTeJrbl{br 11pR
TeqeHH[ B KaMepy.

Meron peluenut. flocronrKy trrIE cucreMbr (8.1) He lrMeercff o6qero

HbrM ycnoBl{fiM. B coorgercTBurr c oTHM I{MeeM cnetr}ryou$e coorrrorueffrtl:
AJrfi )?oBHff Bo[br B pe3epByape

M i  = A t ( Q n ( f - r ;  -  Q " r i  + Q s o n ( r - r ) ) l F p

H

Z i  =  z i - t  *  A t  t ;

K n =  ( 4 -  +  
1 - >

Fr 
\ ci^o 2g

//O t\
to.J, ,

hcx = K"* Q'ni

Kcx = Ll Qs F"").

frqparmaqecKue norepu Ha conppr(eHur{ Me)K[y BoAoBoAoM u
HHTeJrbHbrM p$epByapoM ftn onpegeJrflror no $opnryne

h p = lpK." (Q,, - Q"r) 1e,.,, - e".rl,
1,14

(8.4)

(8.aa)

ypaB-

(8.s)

E
I  K N M

(8s)



H

Q o r = Q a U - g + A Q o , .

B (8.10) reperagbr Ha rrrare
(8.2) u (8.3):

BbrtmcJrflrorcfl no Qoprrrynavr corJracHo

h a G - r )  = K a Q a G - l )  l Q a G - r )  l ;

hcx ( i  - t  I  = Kcr Q?a g -r l  ;

norepu B conpf,)r(eHr^rr pe3epByapa c AeprrBawefi - ro (9.5) :
hpt  =fp Kcx (Qai  -  Q*)  lQn -  Qarr l . (8 .13)

fllesolvrerpruecrrui ypoBeHb (gannenne) B, Mecre cofipflxeHr,rff pe3ep-
Byapa c trepHBauuefi (puc.8.1,a)

Pi  = z i  thp i .  (g .14)

8.2. tlporpaMMa YP-l grrs qrrrilrApnqecKnx
rr KaMepHbrx pe3epByapoB

Paccuorpurra ypilBunrelruufi pe3epByap quruHtrprqecrcmi (puc. g.l,a)
HJru KaMepurrfi (pdc. 8.1, e ), He lrMercuprfi HH BoAocJrr{Ba, nu ornep crun
u try Koroporo ner ueo6xoAuMocrr{ )rvnrbrnaft egrn n (g.9) .

nstn cocraBJreHufl aJrropuTMa pacrreToB Ha rilare cqeTa A/ npexge Bcero
HyxHo ycraHoBI'ITb BBoAHMbIe flapaMeTpbr. Y.rnrrmaff orpaHl{rreHHbre Bo3-
MO)KHOCTi,I MI4KpOKaJIbI(yn.flTOpa, CTpeM.flTCfl HX TTUCJIO CBeCTH K MI,THHMUUTb-
HoMy. Bce nao4r4Mbre AaHHbre pa3AeJruM Ha [Be rpyil[br: l) o6uue trns
Bcero pacrleTa ulrvr trnfl HecKorrbKI,Ix uraroB cqeTa, T.e. KE (8.3), fp,
sFF,l LA, M2 f c2, Fp, v2, 1("* uo (8.40) u at; 2) pacueouni AJr.n KalKEo-
ro i lrara cqera, T.E. Qcri, M" lc, z i_t, M, H hp (i_t ) r M.

Yrpyrmeuuafi crpyKrypHal cxeMa nporparurml YP-l noKa3aHa uapuc.8.2.
B / ocyqecrBIl.Eercfl BBoA o6rqroc HcxoEHbD( EaHHbD( (ncnornsytotar pr."rr.
prt P0-P5) ; s 2 - BBoA HaqarrbHblx ycnoBuit u AzrrrnbD( Ha rrrare cuera (pe.
rucrpbl PA-PD)' qplFIeM BpyqHylo BBoAHrcfi ronbKo Qcr B perucrp PC, a
ocraJrbHble 3aHoc-fiTcfl aBToMarl{tlecKrr. B 3 ocyqecrB Jrfi.erca Bbrq}tcJreHl{e
napaMerpoB Ha tuare. llpu erovr rpe6yevrue 3HaqeHnfl, p.nn pacqeToB cnegyro.
urero urara 3aHocflTcfl B coorBercrByrox+re perlrcrpbr naMflTl,r. flocne or(oH-
rIaHI'Lfl cqera n 4 ocy[1ecrBrlfieTcfl perucrpauus rltcKoMbx gHaqeHufi, H eclrrr
B 5 npervrn cqera He oKoHrIeHo, T.e. t I Tno, To BBogrrrcf HoBbIe [agrrbre
1 1 6

hrq 8.2. CtpyxrypHau cxeMa nporpttMM

YP-l pacueTa urDInHtrpIrIecKIDC Ir KaMep-

HBrX pe3epByapoB

s 2. EcItur xe EanbHefiurero pacrlera

ilpoqecca He rpe6yerc.fl' To cqer 3a'

KaHtIHSaercfl.
Terccr nPorPaMMbI YP'l rPrBe

EeH HI,DKe, uprueM c IIenbIo o6ner-
qeHuff ee npHMeHeHI{ff I{ [poBepKH

HaA HeKoTopbIMH OnepaTopaMl{ noA'

IIUCaHbI sHaq eHHfl cooTB eTc TByIOIqux

rrapaMerpoB.
Brruacneslir^ r.aqr4nzlloTcff c orrpe'

AeneHI{n Mr uozi no (S.9) (agPeca

OO-041. 3areu onperensrcrcn APA1

n Qo; no (8.10) (asPeca LO-32)'
(3n&r cHarlura BBoAHrcff Qy, G- r)
(aupec 10),sarena nocne[oBareJlb'
HbrM ocyueerBrleHl{eM onepargafi

Fx2 tr Ff Hal(ogl{rcf MotrYnb

lQsG_Dl (agpeca L2 u 13.) ,[anee BbItIHcIInIorcff rorepH hs?-r) (anpec

16) n hcx(r-r) 1;"p* 20)1 3naveHl{e hp g-r) BBoEIlrcn H3 perucrpa PD

(*p* i;i:n.i.nr onpegerle*r6 yr cymmpoBaHl{fi Bcex qerblpex rme'oB B

iioO*o ig.f O) rpor{3Boprcn yMHoxeHI{e * {o/Io (aUpec27) u sa At

i*n.r zgi u.*."u 3HaKa (agpec 30). tloryuegHoe HoBoe 3Haqe'rre Qsi BBo'

Ilporpauua YP-l

0 1
L

WtA + nA

l4|l4 HIIB Fxz

x HII5 x

Fx2 F\f x

cln

Alr.fi pacxo[a B AepHBar[,rH

aQa i  =  -A ,  r :o  
Qt  +h1 , ( i - l )  +  hc t< ( i - r )  +  hp l t - r .1 )

Lil

(8 .11 )

(8.12)

KIIIB

ITTIB
h"*
x

AQtr
t-l

VITT4

WIC

t Fx2
hp

+ HTID
Qs

WIB +

x !III1

I4II5 X

F l f x

+ VIIIA

NB HTIC
hp
x IID

wl3 t

HTTO

+ V1172
Qs-Qc't

t
P

HTTA +

Az

hF,
x

uexodrmrc dasnop

Kg,Es,gfi,Fn,Kcx,at

t=0: zo,4ao,hpo

PacqemttnE
flgpaHampbl

na iuaee i ' :  Qcr i ,
(z i - t ,4a.$-D,h

'AQ4i ,Q5i ,hpt ,P i
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Ewtcfl. B perzcrp PB (agpec 33). 3areM Bbrtlucfiflstcfl. tlepena4 Ha MecrfioM

conporr{BrreHr{r{ B conpfxeH}Ill pe3epByapa c AepHBallileit, hpt no (8.13)

(agpeca 3+43). 3axnrc.rnreJrbrrbrM oranoM ,rBrl.ffercfl onpetreJreHlle AaBJIe-
Hfin B Mecre conp.nxeHu.fi pe3epByapa c AepuBa:4lrefi Pt no (8.14) uo aApe-

cavr45 n46 f iocraHoBKa- aapec47.

Cne4yer O6parr,rrr BHi.IMzu{He Ha TO, rITO B IIpOUeCce crleTa 3HaqeHILfl napa-

MeTpoB B pergcrprD(, orBeqaroulne [pegblgyulelvry luary cqeTa f-l, nocrleAo'

BATCJIbHO 3AMEH.EIOTC-fl HA HOBbIE 3HAIIEHHfl, OIPEIEIIEHHbIE HA IAHHOM IUATE

i (coornercrByrcu#e a[peca 09, 33 u 44). Tarrnr"r o6pasovr, npn llepexo[e
Ha cqeT cneAyrouero ruara Hy)(HO lI3MeHI,ITb TOJIbKO 3HarIeHI'Ie Bo3MyIIIarc-

ulero sosgeficrsu.fl Q"r, ecnr{ rrpoucxotrHT rBMeHeHHe craHll]roHHoro pac'

xoga. Bce ocralbHbre napaMeTpbr yxe [o[roroBJIeHbI Airfl BbItIonHeHI'tfl BbI'

qucneHgfi Ha c;regyroureM tuare. Ecnu xe craHunoHnltfr pacxo[ He MeHflercfl'

To rrocJre Haxargfl KJraBr.rrr B/0 u C/fI aBroMarl{qecKllt ocyulecrBJlflercff

cqeT ctleAylouero uIara.
f I  o  p  f lAo  K p  a  cq  ero  B.  BpexnveFI IP |  npo l t r |Bogvr rc f l  ua6op

nporpaMMbr Ha KaJrbKyrr.flTope, B pe)KHMe F ABT BBoA.flTcfl o6ulle ncxoAHble,

a 3aTeM HaqaIIbHbIe 3HaqeHu.fl, cooTBeTcTByIotWe t = 0, zo B perllcTp PA,

Qoo 
" 

perHcrp PB, fta6 B perHcrp PD n QcrI:.perr4crp PC K KoHUy IIepBo-

ro 1IIar4 rrocne qero HDKr{Marcrcfi xnarurun B/0 (noanpar Ha rryneBofi a[-

pec) u ClfI. OcyrUecrBJrflercfl cirer nepBoro rrara" flocne ocrilrloBKH ctII{rbI-

BarcTcfl H 3aHocflTcfl B ra6nuqy auaueuua P; - c IITIAI'IKIT0pL, Z1 c perucT'

pa PA u Qp,i c pelHcrpa PB (hpi, HilxoAflIlleecrl B perllcrpe PD, uoxHo He

sHocr.trb s' ra6rHuy; B crfyuae Kal(oft-nn6o oruu6rcu ulu'ueobxoAlrMocrH

rrpoBecrg rroBropHbfi pacuer [nfi rIpoH3BoJIbHoro lllara, HaIIp]rMep c Apy-

rlrr"r Ar, rpe6yevroe 3uaqeHuehr(i:l) AJIfi BBOIa B perfiCrp PD MO)KHO On-

pe[enl{rb no coorBercrByroqen irasHo6 ru hp (t- I ) 
= Pj-r 

: 
z;- r ) .

flpunreHeHue flporpaMMbr YP-l gns pacqera Kone6aHlfll B ypaBIr]ITeJIbHoM

p e3 epB yap e p ac cMo rp eH o B cneAylo rs{x tIHcI oBbIX npl,Ilvl epax.- 
[puuep 

-8.1. 
Cier"ra uanopHofi [epHBaUI{H npuBe[eHa Ha puc. 8.1,a.

Ypanrurenlnrrfr pe3epByap qn,ru4HAplflIecrcufi c Ao6aBoqHbIM collporlmfle-

r".*. f lapavrerpit .*triw: Lo = 3200 M, Da, = 5 M, Fa = Zo_ruf , Fp =

= 60 rur2, fs = 1,5, ros00lqueHr lxepoxoBarocrl{ n = 0,012. Onpegenuu

nepexo4nrrfi qpouecc npu 3aKpbrrr4u ryp6rct lI yMeHbrlreutrlI pacxoAa or

Qi = 1 10 v3 /c-uo Q*on = 10 ruf lc 3a BpeMfl T, = 12 c (ptacxo[ Il:lMeHflercg

nrcrefiHo Bo BpeMeHu). Mecruoe conporHBJIeHI'Ie fp = 9.

P e rrr e H I,I e,l. OnpegeneHue o6u4nx pacqerHblx rapaMerpon: C =

t  \ /
= ln , /6 - t ' : : : : ' '  = 86,5; no (8.3) Ks ={ l?t=O, + t,sls,e\fzo, =

n  0 , 0 1 2  A  
\  g 6 , 5 ,  l l

=0,0b105; uo (g.4a) K"x = l l (z.g,g.z0r)  -  0,000127;
P F -

L \

O6urue ucxolrrbre [aHHbIe BBoAsrc.fl B coorBeTcrBHI{ c ra6n. 8.1a.

1 1 8

2. HaqulbHble 3gaqeHlltff: zo =.-huO - hcx1 = -(0,00105 + 0,000127)x

x 1102 = -14,24 Mi Po =z o = -14,24 M BoE. cr'-i, 
Pesyrmrarbl pacqeroB IIplIBetreHbI B ra6n. 8.16. flonyueHrurfi pacueror"r

nepexogrrufi npoqecc [oKa3aH Ha puc. 8.3. Marcnprannnntfi ilor]eM n)oBrrt
3f,4 M Eocrrrraercfl rrepes t = 56 c nocJle Haqaila 3aKpbrrl{s. Hau6ot}e.tt*rtt'

lepelrag AaBneHI,Lff Ha \tm{-parMe (conpomnnenuu) BosHI'IKaeT B KoHqe 3a-

Kpbrrl{fi H cocraBJr.fl er Ahsua = 8,9 - (-1,1) = 10 r"r'

flpurvrep 8.2. tlapar"rerpu uauopHofr cncreMbl re xe, qro H B nPHMepe 8.1.
urrfr no cxeMe puc.8.I,e; Erzo'v.ery urar(-

:pxueii KaMepbI zsl = +10 u, uIrrPHHa
'opu3oHTiulbHoro ceqeHl,Iff Fp = 6,50 x

;rnrfi npoqecc rPlI 3al(pbftrfrr rypdwsr
)eMfl 3aKpbrrlrfl Ts = 10 c (uar*reHeHue

Ta 6 n nqa 8.1a.  OOrIHe HcxoAHbIeAaHHbIe

flapar"rerp KA r, Fp Kcx Af

Perucrp P0
3naqenrae 0,00105

P1
9

v.
0,0613

P4
0,000127

P3
60

P5
4

T a 6 n u u a 8.16. Perynrrarbl pacqeroB

0
1
2
3
4
5
6
7
8
9

1 0
1 1
L 2
1 3
T 4
15
16
T 7

0
4
8

t 2
1 6
2 0
24
28
32
3 6
40
44
4 8
5 2
5 6
60
64
68

1 1 0
7 6,7
43,3
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
10
1 0
1 0
1 0
1 0

-14,24
-12
-7,6
- 1 , 1
4 ,9
10,9
L6,2
20,9
25,1
28,7
31,7
34
35,8
36,9
37,4
3 7 , 3
36,6
35,3

-14,2
-  10 ,8
-2 ,9
8,9
23,7
1 8
2 L , 9
25,4
28,4
3 1
3 3 , 1
34,8'J6,1

37
37,4
37,2
36,2
34,4

1 1 0
109,5
L07,6
103,3
96,6
89,1
8 1 ,  L
72,7
63,9
54,9
45,',|
36,4
27
17,7
8,4

-0,8
-9r7

-18 ,3

I I p  uM ev  aH  I {e .  t l pu i  =0 ,  f  =0npe ruc rpe  PDssegeu0 .

1 1 9



z; Puc. 8.3. flotrrepr ypoBrrfi B rruJrrfitrpr,F
rIecKoM pesePByape

-10
-14,24

-20

pacxoAa JIHHeiIHoe Bo BpeMeHH), KoeQ+r{IIueHT coilpofl4Brr eyrr4e. B coilpn-
x.eunu fp = 3.

P e ur e H H e. Pac,IerHlle napaMe'rpbr H Haqarrbubre ycJroBufl, Te )Ke, rITo
I{ B npuvrqpe 8.1, o6que ucxoAnbre AaHHbre tsBoAflTcfl B coorBercrBntr c
rf,6n. 8.2a.

Haqalrurle ycnoBvrfl. re xe, qro B [BI{Mepe 8.1. Pesymrarbr pacqeroB Aa-
Hbr B ra6r. 8.26.

K  r  p  o  u  e A  y  p  e  c  q  e r a .  l . H a r p e r b e M r r r a r e i  = 3 ) ? o B e H b B p e -
3epByape noAufiJrc.fl Bbrrre [Ha KaMepH z = 13,5 > 10. Ilro6u rnfirn MoMeHr
nocryrureHr.rf Bo[br B KaMepy, Bo3BparuaeMcff Ha npeAbrgyrqPlft utar i =2,
ycraHaBJrHBaeM A,t = 2 c s perncrpe P5 u noBTopfleM cqer rpeTbero urara.
florrytlrlta 2 = 5,5 < 10. VcranasnrrBaeM At = 1,2 c trJrfi crre[]ryorrlero uara
i = 4, flonymv z = 9,15 < 10. Cnegyroqufi ruar At = 0,3 c, t = ll,5 c,
z = l0 (rrao>rcro [orrycr]rrb orKJror{eHue t 0,1 rra).

2, C i  =6 ycragaBrrnBaeM Fp=336*? a N =2,5 c.. [aleenepexoAr.rM
u a A t  = 4 c , '

Ilorryqsrursui purcqeroM nepexognufi fipoqecc rroKa3aH Ha Br{c. 9.4.
Bo[a HaqLIHaer 3alroJlrrfirb Bepxuroro KaMepy qepes 11,5 c nocJre Haqana 3a-
Kpbrr}/^s, ryp6nr. Marccunaurrunrfi IIoAbeM z.Marcc = 19 M EocrHraercfl. qepe3
80 c. O6tervr 3anom{eHnff KaMepbr 3a Bbrqeropr o6reMa crofiKa cocraBrr.Eer
W*u* = (336-28).9 = 2775 r"r3. .[aBneHI{e P ttger Bbrrle ilr4mr4n z , Ho Hr{rAe
He rlpeBbllrlaer zvaxc. 3ro yxasblBaer, rITo EonoilHllTeJrbHoe co[pqTllBne-
uue fn = 3 suortrre [onycruMo rI ero Mo)KHo [a>Ke HeN{Horo }aeJttlrtllTb, qro
rrpuBe[er K yMerrbrrreHuro obleua xavreplr.

T a 6 n uua 8.2u Obutxe HcxoAxbre AaHHbre

Ilaparvrerp Ktr KcI<

Pemcrp P0

3naqeur.rx 0,00105

Fprp

P5
4

P1
3

P2
0,0613

P3 P4
28 u 336 0,0001.27

120

T a 6 n u q a 8.26. Peoynrramt pacqeroB

Iilar f Bper',ra
t ,  c

Z t M

PA

Qg, t't3 lc
Ilpxrvrevarou

PB

0 0
t 4
2 8
3 1,2

1 0
71,2
1 1,5
l 4
1 8
22
26
30
34
38
42
45
s0
5 4
s8
62
66
70
74
78
82
86

1 1 0
7 6,',1
43,3
1 0

26,6
16,6
14,2
1 0
1 0
10
1 0
10
1 0
10
10
1 0
1 0
1 0
1 0
l 0
1 0
10
1 0
10
1 0
1 0

5,5
9,2
1 0
10,7
1t;t
12,6
13,5
1,4,3
15
15,7
16,3
16,8'17 ,3

17,7
18, L
18,4
18,6
18,8
18,9
r9
L 9
18,9

7r7
1 1 , 9
12,2
L3,4
14,l
L4,7
L5,2
15,7
16,2
16,7
L 7 , l
17,5
17,8
1 8 , 1
18,3
18,5
18,7
18,8
18,9
19
L9
18,9

1 1 0
108,8
105,4
98,5

L02,7
1 0 1
99
95,2
89
8 3
71,2
71,6
66,L
60,7
55,4
50,2
45,1
40
35
30,1
25,2
20,4
15,7
10,9
6,2
1 , 6

-74,24 -14,24
-9,5 -9,1
-0 ,1  -1 ,35

13,5 16,5

Fn =28

z )t0 noBrop
nuf, pacver Ha
i = 2
At  =2
A t  = 1 , 2
At  =0 ,3
At =2,5,  FD=336
A t  = 4

3
4
5
6
7
8
9
1 0
1 1
t 2
1 3
t 4
15.
1 6
L 7
t 8
1 9
20
2 l
22
2 3
24

r2r

e,ni/c =

20 30 40 50 80 70 E0 t,c

Pnc, 8.4. flo4rev ypoBHff B KaMepHoM ypaBuureJrbHoM pe3epByape
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hrc. 8.5. flepexognrrft npoqecc B Hr{soBoM ur{nrrrtrprqecKoM ypaBHrfreJrbrroM pe3ep-
Byape npu 3aKpbrrr{u ryp 6wr

Ilpnrvrep 8.3. cxeua H napaMerpbr HrrloBoro Hanopuoro BotroBora c )?:lB-

P  eur  eH u  e  1 . -  o6uuepacqen{b renapaMerpbr :  R=EI  =2u ;  e=

=  |  p r / o  -  L  7 , r / o  - R A 4 .  K - = / n f i n l  t r , A A 2 - I \ + 1 <
n 0,013 

_6,4;. Kn = (S00/ (96,4 .2) + l ,5119,6)/50 =

= 0,000052i trGx = U (19,6.5G) = 0,00002; SFnlLa = 9,g.50/g00 =
=  O  ( ( ' 1  Q - ' - ^ " "- v'Jr r. rl'n AaHHbie BBoAflTc.fl B coorBeTcrB-Hli c radn. 8.3a.

T a 6 n u qa 8.3a O6uue ucxoAHbreAanubre

flapauerp KA t- 
gFt

) p
TJE

Fo, uz Kcx At

Perucrp
3naqenue

PO Pl
0,000052 25

n.
0 , 5 5 1

P3
320

P4
0,00002

P5
3

2, Ha\urblftre ycnoBufl. C yrerorra npilBllna aaxouon es
(rerenne B AepuBawr{ B cropoHy 6reQa or pe3epnyapa), zs
- 0,00002)2252 : L,62 M, Po =1,62 vr.
122

= -225 M3 /c
= (0,000052 -

Haqallrmre ycnoBHff onpetreJrerrbr c yleroM npaBI{JIa 3HaKoB trIIff Pacxo-
4a 11pu reqeHuu or pe3epByapa rc 6leQy - pacxotr orpnllarenen. Peaynrra-

rbr pacqeroB AaHbI B ra6n. 8.36.

T a 6 n u u a 8.36. Pesyltrarbl pacqeroB

Qg, u3 lc

0 0 -225
1 3  -180
2 6  -135
3 9 - 9 0
4 L2 -45
5 1 5 0
6 2 0 0

1,62
L12
o14
-0,9
-2,4
-4r2
-6,8

-8,5
-9,5
-10
-10,1
-9r7
-9

t ,62
0,2
- 3 1 3
-8,1
-15,7
_17,9
-12,5

-10,7
-10,1
-10
-9,8
-8,5
-6,5

-225
-224,3
-220,6
-210,5
-192,2
- 165,4
-106,5

-65,6
-33,9
416
23,3
49,3
70,2

A r = 5 c
7 2 5 0
8 3 0 0
9 3 s 0

1 0 4 0 0
1 1 4 5 0
1 2 5 0 0

llepexognuft npoUecc rpu c6poce Harpy3KII noKa3au Ha puc. 8.5,6.

Hau6onruee [oHrDKenr.re ypoBHfl B pe3epByape Ha l0,l M ornoclnellbHo or'

MerKu Hrurgero 6rc$a BclHuKaer npn t = 35 + 40 c, a Hafifuflblrl€€ TToHIDKF

Hr{e [be3oMeTprqecKoro ypoBIIfi P = -L7,9 M - K KoHIry 3aI(pbITI'Ifi nPH

t = 15 c. Baxaro npoBepr{Tb, HeT JII{ OnaCHOCTH pa3pbrBa cInOIIIHOCTH IKITO-

Ka nog guaQparluofi. B rca'IecrBe KpI{TepI{fi IIpHMeHttroT I/".*.n BaK)6rMa'

o npetrent eMoro p a3HOCTbIO :

Hs^*.n= zA - P*"",

rre z E- orMerKa Hrtla truaQparMbl orrlocureJlbHo HHxHero 6ra0a (pn c. 8.5).

B gaftovl cIIfIae H""*.g = 15 + (-17,9) : 2,9 uBog.cr.' qro cturaercff Ao-
rrycruMbrM. OnacurtM fiBIrfleTcff BaK)ryrr //sax.A > 8 + 8,5 rvr. B sroM clry'
qae Hatro rrg6o ytvrelrbrrulm fp, Tfirfu nonlfitlrrb orMerKy 3arnyfnelruff Aeprr'
BaIMs, T.e. yBeJrrrruTb lzF,l. Oco6o cJleryeT rrpoBepuTb coxp:trreutre clmour'

Hocrlr rerreHufl B orcacblBalouleu rpy6e (m"r. $ 3.5).

8.3. BnoK HetrPePbrBnoro cqetra

llporpalaMa )?-l npuciloco6Jlena EIIfi BbnI{cIIeHI{ff Ha ogFOM nrere no

BpeMelrr4 rrro nosBoJlffer rrocrpourb Becb Ilpoqecc Kotle6al.d n oBHefi BoEbI

B pe3epByape. Ornaro npn npoeKrltpoBaHnll qacro rpe6yercfi orlPetreiluD

TorrbKo sKcrpeMUIbHbIe 3naqeuuf yPoBHefi I{ AaBnelrufi rl uHorAA BpeMeH-

Hbrx rroKasarerrefi. B cBff3u c eruM xeJlarenbuo Aonotrnnrb ryorpaMMy fuo
r23



Ilporparvrrvra YP-l c 6noxou H.cq.

0 1 2 q / .

HIIA + gn

Agpeca 00-44 rporpaMMu yp-l
V n 4 x t 4 f l 1  x n D l

+ N9 VITIB VINC

HIIS Fx*O
F x20
unn 59
Fx (0

vtl9 Un'

OO I4IID

5 9

EII

KoM, ooecnequBaloufllM ocyuecrBJleHl,Ie HenpepbrBHoro cqeTa, qro no3Bom{T
eue 60[brrre cHr{3'rb 3arparbr rpy[a r{ BpeMeHn. Ilpoqera nogo, noAWr.Orryc-
KaHlrfi lponuefi BoAbr n pdsepnyape, *u* rrng"o H H3 rrpHBeAeHrrbrx qpr.rMe_
ryB' tglolo pa3[erl[r]" Ha [Ba srana: 1) npoqecc rpu uepeMeHHoM 3naqeHr{r.r
Q", v 2) ryoYl,_::Tg gcr coxp:rH nercn HeriBMeHHbrM, r.e. Qcr = Q*or.flepnrrfi sran' cprlBul{rerlbHo KparKoBpepreHnrrri, }r 3Aecb rr}ry111e coxpa.HI{Tb [o[raroBuri cuer, TaK KaK BBeA_eHHe B rporpaMW ecr = var norpe6o-Brrrro 6u EonorrHt4TeJrbHbD( firreeK. Ha 

"rrtprpur"ruu 
curi^ (H.cv.) Mox'o[epexoAr{Tb ToIrbKO Ha BTOpOM 3Tane.

Yrcasanr,re Ha Brfl cr{era rrpeAcTaBHM.B Qoprrae Fx = 0. tlpu x = 0 _ noua_rosrrfr cqer, npu x - 1 _ HenpepbreHrrfi .n.i. 3naqerux 
" 

g".A.lvt B perr{crpP8' AsroMar*IecK:rfl ocraHoBKa He[pepbrBHoro crrera AonxHa npo'3BoArrrb-
cfl, IIpr4 AOCTT4XeHHT{ sKcTpeMarrbHoro ypoBHs B pe3epByape, rrro onpetreJrfler_
cfl ycrroBueu Qo = ecr.

flocxonnrcy rotlHo BbllepxaTb gTo ycloBr{e HeBo3MoxHo H3-3a KoHeq-Hocrl'l llrara A/, to [pI{MeM, qTo cqer rrpou3Borr4Tcfl,, rloKa yAoBneTBopeHo
coorlloure'He 8E - Q", f 0 -_ Ars yBeJrr{lre'rfl pacxoAa AepHB ar\wr4c y,re-TOM NPABIIIIA 3HAKOB I,I QA _ Q", 10 _ rurg YMCH'IIIEHI,Ifi PACXOAA [CP}IBA-IIWH C yqeToM npaBr4rra 3HulKOB.

B 6nore H'c'I. B per'crpe ''aM.fiTu P9 npor,r3BoAr{Tcff HaKorrneHr{e eyMMbrAt, xapaxreprc yrcu{efi apevra [poqgcca
flocroaucy B nporpaMnay vp-l nocJre a[peca 44-tD BBeAeH 6rox H.cv.,ro np'rrurocb npetrycMorperb AorronH'Tenbrryrc onepaquro ,ro alpecysg-vltlD (nrreon hoi), Heo6xoru'ryro Arrn no'uu.o"o-;;;.^.
Hcnoar3oBaH'e 

^6noxa 
H.c,r. [oKa3aHo Ha cneryrou[D( rrucnoBbrx ,,pR_Mep&x.

Ilpnuep 8,4. Paccqlrrarr roAbeM ypoBHH Nrfr ycrornfi qpr{Mepa g.l
c HenoJrb3oBaHrreM 6noxa H.cq.

P e ur e H lI e. HcxoAuue AaHHbIe, o6ug,re H pacqeTHbre, coxpnrrfirorcff.flepnue TpH ItrI ^pBa'ra BpeMeHH Eo / = 12 c srruoJr'.ffeM noruaroBbrM cqe-ToM c at = 4 c. IlonJ^Ialorcfi Te xe noKa3arenr{, qro rrpr,rBegeHrr n ra6r. g.16
(nepnrre qerbrpe crygxu). 3areru BB.AHM x = 1 B perr{crp naMrfl{ pg u,HaxHMiu KrraBHrrru Bl0 u clt7, HaqHHaeM cqer. npr*.p*ro *p; g r"rrur no-ryqaeM pe3yxbrar, rlpr{Be4erurnlli s ra6n. g.4.
124

q
T a 6 rt fi u a8.4. Peeynbrarbr anr.rrcnenufi

flaparvrerp D A t ,  c Z , M Qg, u3 lc P , M

Pemcrp

3saqenue

P9
44

PA
37,44

PB
8,37

Hn4rxarop

37,44

Cne4oaarenbno, o6qee BpeM.fl ro[beMa cocraBrrfier 12 + 44 = 56 c.
3na.IeHilfl gKcrpeMyrvroB ToqHo coBnaJIId c nouaroBbrM cqeroM.

Ilpurvrep 8.5. .I[ns ycnoBHfl rpHMepa 8,1 unr6paTb onrHrvrarrbHoe 3r{a'reHHe
M@Trroro conporlrBJreHl{.ff fp ns ycnoBl{.fi P*u* c = z Nraxc.

P e ru e H H e.^ C Her(oropbrM 3anacoM npHMeM, rITo pacxoA )4vrenbluaer-
cs c 110 go 10 vr3 lc zanepnufi luar cqera At = 4 c. Hcnonb3yeM nporp.aMMy
yP-l c 6rorconn H.ca., uprueM Ha Herlpeprrnurrfi cqer nepexo[r{M co BTqporo
ruara. IlonyueuHbre pe3yJlbrarbr Euurbr s ra6n. 8.5.

T a 6 n r.r q a 8.5. Pesynrrarbr BbFrncJreHnft gnn At =4 c

Z , M P , M Qg, w3 lc

PA Hugrxarop

t, cfp

P9P1 PB

0
4

4 8
4

48
4

48
4

4 8
4

48

9
9

15
15
25
25
30
30
3s
35

-14,24
-7 ,6
37,2
-7,6
34,5
-7 ,6
30,8
- 7  1 6
29,2
-7,6
27,7

-L4,24
3,5
37,2
10,9
34,5
23,2
10,8
29,3
29, t
35,4
27,6

1 1 0
108,4
8 ,3
108,4
6,7
108,4
4,9
108,4
4 ,3
108,4
3,8

Kar Blr4{o rrr ra6n. 8.5, nocraBJrenHoMy ycnoBr{ro orBerraer snaqeurle
fp = 30, upu KoropoM zwar<c =29,2 u uPrr* 

"=29,3 
vr (na nepBoM ruare),

Cnegyer_ o6parurr BHI{MaHI{e, I{To Ha [epBoM rllare 3HarIeH]Ie fp ne BJIIr.Eer
Ha z n Qa, a cKa3brBaercrr roJIbKo Ha H3MeHeHHr4 rlbe3oMerpl{qecKoro ypoB-
vx P Sror p€yJrbrar roro, tITo Bce LBMeHeHT{e pacxoga npvrnfrTo 3a ornr
Iuar. Ecrm IBMeHeHTIe pacxo[a pas6urb Ha 4Ba urul bonuuree rucJro ruarbn,
ro K KoHrry 3aKpbrrun rypdntlrrr or fn 6)aer 3aBucerb'He TorrbKo P, Ho ll
, u Qn O6rqee BpeM.ff AocrIDKeHI,Iff MaKcl{MarrbHoro ypoBufl ogurraKoBo Anff
Bcex fp H cocraBJrfier B AaIrHoM cnflae 52 c,3ro uo[rBepxgaer, qro rrepuotr
rconedanlfr yponnefi soAtl B cucreMe flpaKrlr,tec,Knue 3aBr.rcrrr ot fr.

flpuuep 8.6. Plcnomayx 6ror HenpepbrBHoro cqera, npoBepnrb B;rrrw-
Hlre AJtrITeJTbHOCTH rrrara cqeTa Ha pe3yJrbTaTbr.

Pe ur  eHne.  C s ro f i  ueJrbro  Ar r f l yc r ronuf inpuvrepa8, lc i  =4nocre
t  = 1 2 c  ( r a 6 n .  8 . 1 6 )  B B e A e M  A t =  l c s p e r n c r p P S , z  = - l , l a p e r u c r p P A .
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Q", l_10 n perncrp PcI^ hptz = 8,9 - (-l,l) = l0 r perncrp pD u HaqrmaeM
cqer. flpnrraepno qepe3 20 uw nonlnsy pegylrbrar, nprrBetrernmrfi s ra6l. g.6,

Ta6n nqa8.6.  Pesynrrarbr  BbFrncJrenuf tnpn:  Af  =1c

flapanrerp EAr, c z, M eg, u3 lc P , M

Pemcrp
3naqe*ru.r

P9
46

PA
37,39

PB
8,41

lluplxarop
37,39

CparHunax c peynbraraMu npr,rMepa g.l, nuguM, rrro B EilnHbrx ycrroBlrn(
trJMTeJrbHocrb rltara cqera At oKa3brBaer cna6oe BJrl{.fiIrue Ha pe3yJrbrar,
HanpuMqpnoz -  ua6cpr.

Enor HenpepblBHoro cqera MoxeT r{cnoJrb3oBarbcff }r r{pu pacqerax KaMep-
HbIx ypaBHI{reJIbHbIX pe3epByapoB. flpu erovr nepexog Ha Henpeprrsgblfi cqer
flpol4tBotrnrcn rorAa, KorAa cranlllorurttfi pacxoA EocrrfaeT KoHeqgoro
3HaqeHHff I{ IIoCJIe Toro, KaK ]poBeHb npeBbICUT OTMOTI(y fga BepxUefi ra-
Mepbr IUIH cTaHeT HrDKe Bepxa urcrsefi KaMepbr.

8 . 4. .UHQ 0 ep_erttum:r"r e yp aB'r{reJrErrbre pe 3 ep Byap BL
Ilporpaul.qzYP-z

.[uQ Qep erus{aJlbnblfi yp.anHurernHrrfi p eg epByap (cr"r. puc. 8. l, a) cocronr
fi3 BeprlrKanruofi rpy6u .iroxra Fp, Anauerp rcoropofi b6rr.rgo paBeH Arra-Merpy Aepl{uargr wrr onusor rc Hefi IIO ffrorqa,qu ceqeHrF n HapyxGofi ra-
Mepbl F*"". B Huxcrefi qacru cro.EKa HMercTc.fl orBepcrl{ff For", coeAl,rlrfiro-
ulue ero c rauepor7. tlpn yBennrleHrrrr HarpWKn n orr(pbrrlru r1p6rur crag-
quouurtfi pacxoA 0..* 6ttcrpo Bo3pacraer, X)oBerrb B cTorKe z cHrDr€eTcff
}I 3a crler co3traBluemcs pa3Hocrr{ lponueri B KaMepe z xdrrr }I cro.fiKe z BoEa
H3 r(aMepbr nocrynaer B cro.sK 

lBoAoBotru. IIpu 3ar(pbrrr{r{ r1ry6rur r yr"rr*.
rueHl,ru Qn ypoBeHb B CTOfKe 6rrcrpo no"ur-rrrcff, BoEa flocrynaer B Ka_
l f , a h t ,  r t a h 6 ^  n mft4YPy ecpc3 offiqpcri'iti, a 3areM B BepxHIoIo KpoMr(y crofiI(a zB Ka:K rlepe3
BoAocnI{B (cvr. prc. 8.1,6).' Cr"rucJr raKofi xbncrpyKruru cocronr B ToM,tITo 3a cqer Oltcrporo IroHIDKeI{Hfr, wrr rroBbrlrreHr{E }T)oBHr Bogbr B crofiKe
cooTBercrBeHHo H3MeHflercfi AaBneHI{e B AepI{BaI+rH B M@Te [p]rcoeAlIlre-
HLrfl WaBHI{reJIbHoro pe3epByapa, qTo noBbrrrraer geficrayrorr[fli Ha Maccy
BoAbI B gepHBalglH nepenaA IaBneHI{fi, coornerctsenHo yBenr{qtreaercn aG-
coJrrcTHOe 3HaqeHHe ycKopeHllfl, cHlDKaercff BpeMfi npuonrcreHl,tf K KOHerr-
HoMy pacxory H yMeHbrrraerc.fl rpe6yevffirfi o6rcu pBepByapa. Tarurvr o6.
pa30M, essexr cro.rrKa gufrsepeHrs{anbHoro pe3epByapa aHaJroruqeH eQ-
Qexry godaeounoro conporr{BreHu.q B rlunnutrprfiecKru( pesepnyapia;< fn(crrl. puc. 8.1, a), xorn no lD( rIqpaBJrHrrecKHM noKa3areJlflM HMerorc.fi He-
KoTopble orJll'rql{.fl. B csssfi c sTHM n auQQepeHrgaamHbD( ypaBHr;rreJrbHbD(
pe3epByap&x He craBtrr ,qo6anoquoro conporr{BneH}rff Hrrr{ oHo oepercn He-
6olruruu.
r26

,'*tr
B rrpaBr{Jrbno cilpoeKmpoBarruoM ArrQQepeHIII{anbHoM }paBHnreJIbHoM

p€epByape npn pacqeTHoM yBeirl{qe}Jr&r pacxoAa crarllsflr }?oBer{b B crofi-

Ke z He cgnxaercff HH)Ke orBepcrrrit, a rtpu ywreIrbIIreHHI{ pacxotra cmurylr
ypoBeHb z floEHrrMaercfi Bbrrue KpoMK]r cTosKa, TaK qTo 6omunn? oGtert

Borbr llocTynaeT B KulMepy qepe3 BoAocm{B. o6reu KaMePbI nHonpaercn
TaKHM, .Iro6tr MaKcLrMaJrbHoe ee HanorureHue He IIpeBbIIrIaJIo oTMerKy Hatl-
6oltruero ypoBnfl Bo4br B cro.EKe c )^IsroM Torluffrlbl rrepeJlrrBaloulerocfi

cJrofi ft" (cvr. puc. 8.1,6).
Hs npuneEeHHoro oilHcanvfl. BI{AHo, tlro rutrpaBJrl{qecKafr. cxeua [I{00e.

peHrlr{aJrbHoro pe3epByapa 3HaqHreJrbHo cJloxHee, qeM l[fiI,fiupHrrecKoro,
Ir coorBercrBeHHo ycnoxcH.flercF rlporpaMMa pacqeroB xole6anrai. 3ro yc-
JroxHeHr{e cBff3aHo c AByMff Qarcroparwt: yBeJrIfIeHueM qucla }IcxoAIIbD(

EaHHbD( \r noffBrreHl,reM pa3rrr4rHbrx cocro.fiHl{fi u uanpasnemill rBrDKeHIrfi
cr{creMbr. Kpovre roro, go6aanxercx Heo6xornMocrb yqera pacxotra or-
nepcnrl Qo* u Botrocrtna Qs no Qoprrrynar'r (8.7) u (8.8) c trocrarowto
6onruruna rMcJroM onpeAenffrcIrllD( [apaMerpos. Pacxogu Qsr 

" 
u Q" cwt-

TaroTcfl rroJro)KI{Te[bHbIMI{ [pI,I TeqeHHH B KaMepy.
flpurrrevr cnetryro utr{9 np ru ryIIbr IIocTpo eHLrfl arrr opr4Trvra PacrreToB K oJrs

Oanufi yponnefi Bogbr H nporpaMMbr pacrlera nns uuQQepeHlsraJrbHoro ypilB-
HrareJrbHoro pe3epByapa. 'r

l. llporparvrMa pacqera pa3treJlflerc.ff Ha ABe BerBH: 6ee nepernma qepe3

KpoMKy BOEOCII{Ba H npI,I HiUIHttI{U nqpell{Ba nO KpHTepWJo Z > Z B.
2. Pacxo[ orsepcrHfi ua ocHoBaHuI{ (8.8) ofipeAenflercfl Ha rlrare cqera

uo Qoprrryne

Qor" i  = s ign ( ,  -  t*^*) i -  r  pFo*tEi f f i , (8.1s)

rre zKaM - oTMeTKa BoAbr B KaMepe (nce orvreTKH oTcqr{TbrBaroTcfl oT }?oB-
nn BE), Ecnu B MrrKpoKarlbKylr.flTope Her orreparopa 3HaKa vivrcra, To 3HaK
HaxotrI{Tcff H3 OfiIOIIIeHHff

o 2 n n ( q  ,  \  -
r rS r r \&  -  a l ( an9 ' , ,

(z - z yay)
/ a  1 4 \
\(J ' L \',il

lz - zyayl l

B ra.recrg e napaMe rp a, x ap aKTepH3 yro uler o orBepcrnrr, B BoAr{Tcfi

Kor, = IrForst@, (8.17)

frurbrBaroutrui xogQQrug{eHr pacxotra p, Koropufi o6rruHo paBeu 0,7--0,85,
H cyMMapHyrc unouatrr ornepcrufi.

3. B nepfiog, Kor4a [poucxogr{r nqpem{B Bo,qbr, qep€ BotrocJn{B rpoxo-
trr{r pacxo(, Qt = Qa - Qor" - Q*i rorAa orMerKa ypoBHff z onpetrernercff
oruerrofi rpeoun Bo[ocnrrBa z B fi. ronlllrrrofi nepemrBarolllerocf clrot
(cu. pllc. 8.I,6 vr e). B coorsercrBnr4 c (8.7) 3HaqeHHe h" nrt*rcnfiercff rro
Qoprr,ryle

(8.18)
127
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Irdxo7nbre dattttorc:
Ka,  !  Fg/24,  Fp,

Kcx , At , lt Fors y'Tj , F ru,

nepe.rtu0an

PacvemttotE napanampot
_ HA laaee CVEnI i Z 1_7 ,
0gg- r), Q cr i, h p G-fl , ziax g- t)

0npadctretaa
z-nepetu0a

EilqactrefluE:
0 xan i ,

Az ran i ,  zxan i

A Z x a n i ,
Zxan i ,  AZ1 ,z7

Strvucranae: AQni, Qni, hpi, pi

Peeaempa 4an : zi, q*i|m;

Ptlc 8.6. Chpyrrypuan cxeMa rrporpaMM
YP-2 pacuera gn@sepelrquanbudro jipary
HI{TerrEHoro pe3epByapa

rtpuqeM r(oeoouuueHr Botro cnw&a

.Ko = ffionbB\E. (8.1e)

Crpyrrlpuaff cxeMa rrporpaMMbr
W2 pacrrera r(ofle6aurxi )?oBHeft
BoEbr a gr4QQepeHrs{anbHoM ypaB_
HrrTeJrbrroM p € epB y ap e, ocHoBilrrHafl
Ha oru4cilHHbrx Bbrrue nprsl[antx I,I3a_
BHCr{MOCTffX, rroKa3aHa Ha pr,rc. 9.6,a
TeKCT [porpaMMbr IIpr{BeEeH Hrrxe.

O6uze rcxoAHbre EaHHbre BBG,
AfiTCfi. B COOTBercrBtrH c ra6[. 9.7a,
a r{cxoErlbre AaHHbre Ha Irrare ctreTa
u nolyqeHrsre pesynbTaTbr perHcT.
plrpyrorcfi B Ta6n. 8,76.

Ta6 n u q a 8.7a. O6uueilcxolErbreA:rHHbre

flapaverp KA Z 9 2  M Fp, -2 Kcx a t ,  c 0wmK'1Korn Fxa*

Perucrp PO P1 P2 P3 P4 P5 P6 P8 P9

T a 6'n r.l q a 8.26. pe:ylrrarnr srrqficJreHufi

I* I l:""
Z , M P , M Qg,us lc Zr.AM,M Qoo,*t l , Ilpurvre-

rIilHU.fiPC PA HHAurca-
rop

PB n HHplxa-
rop

r28

K np o  rp  a  M M e  yP-  2 .  1 .  Kar  Br r t rEron3ra6JL8,7au8.76 ,Rm
BBOAa IICXOEHbTX EarrHbrx O6IIIHX V HA luare Cqera, a TaKXe trTIt XprlHe$ng,
pe3yJrbTaToB cqeTa, BBoAI{MbD( Ha cte[]4orrleM IIEre, HcrroJrb3oBalrbl 3ce
14 perncrpoB naMflTI{. B cssgn c grI{M oKa3arrocb HedxotrHMbrM BBecrr
3HaqeHHe rcosQQ4ueHra cofipoT]rBrreHrrfi corrpffxeHnfr. peF,epF,yapa c BoEo-
Bo[oM fp HenocpeAcrBeHno B rrporpaMtry (agpec 90), a raK Karc Bbrgenena
Bcero otrHa .flqefrKa, to fn MoryT IIpHHHMarb TorrbKo rlenorMclleHHble 3HarrF
Hrrfl or | tro 9, qro y[oBnerBop.fisr rpedoBaHl{ffM trpoeKnrpoBaurrfl (a rwrr-
poKiurbr(yrrfiTopa( "SrexrpoHlrKa MK-61" H "3[eKTpoHr{Ka MK-52" E1rn
BBoAa fp Moxno uctroJrb3oBarb PE, rorga B afpec 91 nylrcro Brrucarb Hm).

llporpauMa YP-2

0 r 2

HIIA VIW
Qors

x x

Fx=0 40

-+
<- HIIs
QslKs
: Fx2

HTIC

t Fx2
hcrc

Fx2 x

Qs
ff fTD L
. r l l l t  r

z-zt<aM

t
cltr
wrri t
KHOTI
F? r.rrs

x WIg

3  F I l x

u r u x
QAlQal

F v '  x

+ HTID

Fx2 Ff :

l-l nnB +
Az

x HII3
A, *.*
: I".IIII

. h B
1  Fx !

AzKa'-
nn9 : HW

hil

HNO x WTIA

+ V l m x

+ rr--2I r.tr

P
HIIA + Cln

FBx

vffic

HTIA\ TIA

TI7 BN 59
z
+ IIA WIB
z xav.
+ fn HnB

+ Wn4 ltrIB
Aei-

llns x l-l
t - t v t n lrV ^ Yllr+

F1| lrrs
Qs

WII6
z
+

z Kant
+

WN

rID
|. lL'

,
, rp
x

lr'-t /-
rll l\-

TID

2, Bcn uporpaMMa nogpetgerltercfl Ha rle$rpe 6noxa. B nepnorr 6torce
Bblru{cJlffIorcff Qor" fi Q" (4gpeca 00-17), Ecnn upegcraBrrfr.st Hrrrepec
II3MeHeHr{e Qor,,, ro rro agpecy 12 crasurcfl oneparop Clil. Torga crrer ocra-
HaBJrI,IBaerch,, a rrocJle peil{crpaUnr, Qor*. HDKarueM rcrraBlrrrnr-Clil rrycKaer-
cfi EaJrbrue. Ecnn )Ke gToro He rpe6yerc.E, To B agpec 12 gsoArrrcf, orrepaTop
KHOII u crler 6yaer nporoJDren 6eg ocrarroBKrL

3. .[anee [porpaMn4a prcBerBJlfiercfl. Ecnn qpoqecc r{Aer 6es nepenuaa
qepes Bo[ocJIrrB z L", T(l B perHcrp P6 BBeAer{ 0 u cqer HanpaBtrfleTcff B
6norc 2 (agpeca 22-36), rAg BbITII{cJIffIorcfi 3HarreHu.fi ypoBHr Borbr B cror-
Ke z (agpec 28) u ypoBH.fl Bogbr B KaMep a z xayr (agpec aq . 3areM cqer

r29



BercrByer HaqalbHoMy nepnogy bucrporo cHl{xeHr{.ff z, 0or".*"r.. =
= 49 M3 lc.

3Aecr Becb pacqer rIpoBeAeH npu at = 4 c. oruraKo EJrfl coKpaueHr,rrr Bpe-
MeHI{ Mox(Ho rrocne [epBbrx qeTbrpex_uecrr,r rrraroB, r(orfa yxe ecr =
=  n t . \ ? 1 e t  r t a n o r - r r r r  r r o  K n * " - ' ;  - - - ^ -  a L  -  a Avvrre!, rrvywnrxL rra \rwrrDLLryryr t lalrplcMgp AI = IU c, rITo He npuBetreT
K cepbe3Hofi norpe[rHocrr,r.

Ilpuuep. 8.8. nln ycnonnfi npuvepa g.7 paccq'rarb rrolbeM ypoBHff

TR" :gpo..- I*py3KH 
H yrlreHbrxeHr,rlr craHUr{oHHoro pacxoga e* c 110 go

l0 vt"/c sa 12 c. OruerKa KpoMr(r,r croflKaz" = l0 u.

Ta 6 n r qa 8.8a. O6u1ne Hcxo,r[rbre AaHHbre

IIapa-
Melp KE, FO, *t2 rcx at ,  c 0

.KB Kora Frap,

0 0
t 4
2 8
3 1 2
4 1 6
s 2 0
6 2 4
7 2 8
8 3 2
9 3 6

10 40
11 44
12 48
1 3  5 2
t4  56
15 60
16 64
r 7  6 8
18 72
1 9  7 6
20 80
2 1  8 4
22 88
23 92
24 96
25 100
26 104
27 108
28 t r2
2 9  1 1 6

5 0
8 0

1 1 0
1 1 0
110
1 1 0
1 1 0
r 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1r0
1 1 0
1 1 0
1 1 0
1 r 0
1 1 0
1 1 0
1 1 0
1 1 0

50
51,5
53,9
56,9
60
63
65,9
68,7
7I,4
74
76,4
78,8
8 1
83,2
85,3
87,4
89,3
91,2
93
94,8
96,5
98,1
99,7
1 0 1 , I
L02,6
1.03,9
105,3
106,5
107,7
108,8

-2,9 -2,9
-8 ,9  -9 ,1

-  1 3  - 1 3 , 8
- 14,8 -  15,5
-15,6 -16,2
-15,9 -16,5
-16  -16 ,5
-16 ,1  -16 ,5
- 16,1 -16,4
-16,1 -16,4
- 16,1 -16,4
-t6,2 -16,4
-16,3 -16,5
-16,4 -16,6
-16,5 -16,7
-16,7 -16,8
-16,8 -16,9
-17 -r7,1
-l'l,l -I7,2
-17,3 -t7,3
-t7,4 -L7,4
-17,5 -17,6
-17,6 -t7,7
-17,8 -17,8
-17,9 -r7,9
-17,9 -18
-18  -18
-18,1  -19 ,1
-L8 , t  -1g , I
-18 ,1  - l .g , l

-2,8ggg 0
-2,9 -{,1
-3,'l -39
-4,8 47,2
-5,9 49
-6,9 -49,3
-8 -46,5
-9 44
-9,9 -41,3
-10,7 -39,5
- I1,5 -35,9
-12,3 -33,2
-13 -30,7
-13,5 -29,3
-14,2 -26,1
-14,7 -24
- 15,2 -21,9
-15,6 r  -19,9
-16  -19 ,1
-16,4 -16,3
-16,7 -14,5
-17 -r2,9
-17 ,2  -11 ,3
-17,5 -g,g
-17,7 -9,4
-17 ,8  -7
-18 -5,7
-18 -4,4
-18 -3,3
-18,2 -2,2

-J

-t0

-t5

-20Perncrp P0
3HarreHue 0,0010S

P 2 P 3
0,0613 20

P8 P9
15,5  190

P1
1 0

P4
0,000127

P5 P6
4

1 3 0

rc. 8.7. flepexogurrf npoqecc B tr{OO€peHUuurbHoM
rlprr yBerrlfreHrlr p acxoAa

ypaBHrrTerrbHoM pe3epByape

1 3 1

Ta 6 n r qa 8.86. Peeyrnrarbr Bbrqrcreunft (,x = 0, P6)

Qcnus lc Qon, tt3lc



T a 6l u u a 8.9. Peayrnraru Bbrrnrcrennfi (x = 0, P6)

Irlar
I

Bper"rx
t r Q

Z , M

PA

MP, Qor",*tl,

I4n4rrca-
rop

flpuveua-
Hvtfl.

0 0
t 4
2 8
3 1 2
4 1 6
4 1.5,5
s 1 9

6 22,5
7 2 6
g 29,5
9 3 2

10 40
1 1  4 8
L2 56
1 3  6 4
1,4 72
15 80
16 88
17 96
lB 104
19 tr2

-14,24 -L4,24
-7,5 -7,3
- 2 , 6  - 1 , 6

6,4 8,4
L  l ,  1  L2 ,9
10,5 12,4
10,6 12,2

10,5 12
10,5 11,7
I0,4 11,5
10,4 rL,4
10,3  11 ,1
r0,2 10,8
1.0,1 10,5
10,1  L0 ,3
10 LO,z
10 10 ,1
10 10 ,1
10,1  10 ,1
L0,2 r0,2
L0,5 10,5

A f  = 1 , 5  c
A,/ = 3,5 c
x  =  3L ,28
P6

A r = 8  c

P e u e H H e. O6qHe I{cxoAHbre AaHHbre npuBeAerrbr B Ta6Jr. 8.8a. Ha-
rrrurbrrbre ycnoBnln: zo = -(0,00105 + 0,00127).1102 : -14,24 vr. flapavrer-
pbl BofocnnBa: bn = nD = 15,7 u, m = 0r4L- TeqeHHe cHrtry, on = I (non-
rorIJIeHHn Her). IIo (8.19) IG = 0,45.15,7\,8 =31,28,

Peoymrarbr pacqeroB ro nporpaMMe yP-l npruegeHbr B ra6l. 8:9.
fTnnrnrpwrrr-rfi nenue,rrlf,,t rrnrtrronn rrrtrt'r-arro rfnnttua Trnroaori rh n'  Q .arrrvr{wv rrvAlvlvrs J yvDfla rlva\(lJ(Lfl. n4 },.rlv. (J.(J.

MarcurralbHbrfi )?oBeHb B croffKe z = LOr6 M u Hav6otrbulrui cnofi Ha BoAG
crruBe hs = z - zs = 0,6 M coorBercrByror Haqiury nepeJrl{Ba t = 19 c. HaIt-
Bbrcruufi )poBeHb B KaMqpe z xao,- = 10,5 M Eocruraercff K MoMeHTy, Korga
Qn = Qrr. B [itHHoM crr] rae o6revr KaMepbI c6anancupoBan u uau6oruundr
IIoEbeM ]?oBHfl B KaMqpe I{ cTofiKe rrpaKTruecKlr oEHnaKoBbr.

K  n p o u e I y p e  c r l e r a  r p H M e p o B  8 . 7  u 8 . 8 .  l . H a r e p B o M
[rare z - zxau = 0, I rrocKoJrbKy AaJrbrue crreAyer IBBneqeHHe Koplrfl ]rt
grofi.pa3uocr4 To B auJry TorrHocru oKpyrneHxn oHa Moxer oKa3arbc.fi or-
purlarerrbuofi, rrro npuBeAer K ocraHoBKe cqera (na ungurcarope Effof).
Hro6rr gToro u36e)Karb, HaqarlbHbre 3naqemrlr. z H zxa,,- BBogffTc.ff c He6orlb-
rulrM pacxoxgeHr{eM (n Aar{HoM rpuMepe Ha 0,0001 r"r), He BJIH.fiIouIHM
Ha pe3yrlbTaTbl.

2. IIorca 4porlecc utrer 6ea nepenlrBa, B P6 ssereu 0 (necb crler npl{Me-
pa8.7 H Ao t = 15,5 c cM. B npuMepe 8.8). Korga I{Aer IIepeJIITB z }2",
B perr{crp I5 ssoAurcn K, = 31,28,

3. IIpu 3arq)bmrm ryp6rur (ra6n. 8.9) cuer ureJl c HHrepBarlot'r Af = 4 c,
Ho Ha qerBeproM rrrare nprt = 16 c z = ll,1> zB= 10.9ro6ll npll6rll4]lrrb-
c.E K oToMy, 3HarreHuro (rowoe paBeHcrBo He rpe6yercn), aosnpaulaeMct
H a r p e r r { r i r u a r H n o B r o p f i e M c q e r  A t  =  3 , 5  c .  I I p  u  B  o 3 { p  a r e  H e
g a 6 b r B a r b ,  r r r o  K p o M e  3 H a q e n n f r  r t a p a M e r p o B ,  B K r I K >
I I E H H b I X  B  T A 6 f l H I I Y ,  H Y X ( H O  B B O E , H T b  H  3 H A q E H I { E

hp = P - z (vroxer raKxe 3aHocnrbcff B ra6rnly no PD).
4. Baxguru Qarcropovr ffBJr-ffeTcfl ycroirqr{Bocrb pelueunfl", xapaKTep[-

3yroulaflcfl nJraBHocTbro r{3MeHeHr{fl nonrlaeMbrx pacqeToM napaMeTpoB. Tarco-
Bbr [itHrrbre ra6nruI 8.86 u 8.9. O4raxo ecJII{ pacqer noHIDKeHrrfi ypoBnfl
(ra6n. 8.86) qpoEotlxurb, ro ron)^II{M pe3yJlbrarbl, rIpI{BeAeHHbIe B
ra6n. 8.10. OHn ssHo noKa3brBaror, tlro perueHrre Heycrofiwoo (pacxogr-

ulr,rgc.fl rcone6anus rto uaraM sHaqeuufi z, Qors H Ap.). 3ro HeAocraroK npl{-
MeHeITHOTO tlr{crleHHoro MeTo[a pe[reHl{fl, IlpoflBrlnrcufldcs npn cra6vrusa-
uIrH lrpoqecca. flocronbKy l{crroJrb3oBarb 6onee coBeplueHubre Merogbr,
HanpuMep Mero[ PyHre-Kyrra, pui,.r, MnKpoKanbKynffropa 3arpysflTeJrb-
HO Ir 9TO He OllpaBtrbrBAer9fl. O6eCUeqeHHeM rpe6yevrofi roqnocrH orlpe[erc
HHfl sKcrpeMarrbHbrx oHaueunfr, To npar(Tl+recKue peKoMerrgallru,r cBogxTc.g
K cnegyK,r{evy. flpu onpeAeneH}Iu noHuxeHH.fl ypoBHfl pacqer 3aKaHquBarb
,qo Aocru)r(eHufl rorrKu sKcrpeMyMa, xorga po = (0,95 + O,97)Q"r, rcax
9ro cAeJraHo B ra6n. 8.86, qro npaKTHqecKH odecne.u.rBaer HaxoxAeuue
HcKoMbrx gltaqeuuti z u zKaM.

T a 6 n u q a 8.10. Pesynbrarbl nlI.tncneHnfr

Iilar Bpenar
t r Q

Z , M

PA

Qs, u3 lc

PB

30
3 1
32
34

120
L24
128
r32

1 1 0
1 1 0
1 1 0
1 1 0

-1.8,4
-t6,9
-20,5
-  1 5 , 5

-18 ,4
1.6,9

-20,5
- 1 5 , 5

1 1 0
L 10,5
t12
r12,l

-r8,2
-18 ,3
-r7,9
-  18,5

1 , 3
-7,6
18,5
-24,9

1 1 0
76,7
43,3
1 0
1 0
1 0
1 0

1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
L 0
10
10

110 -14,2399 0
108,4 -14,24 -0,L5
105,5 -13,4 40,L
100,5 -r2,2 50,9
94,4 -10,7 66,9
95,3  -  10 ,9  66 ,9
90,3 -9,2 71,9

85,6 -7,7 69
8L,2 -6,2 66,1
77,1 -4,9 63,3
73,1 -3,5 60,5
64,5 4,7 57,7
56,7 1,7 51.,5
49,6 3,9 45,2
43 5,5 39,1,
36,9 7 33
31,1  8 ,2  26 ,9
25,6 9,1 2O,g
20,2 g,g 14,7
15 10,3 7,9
9,7 10,5 -5,1

- (

-10

-15

hrc. 8.8. flepexogHufi npoqecc n gu$@penutanbgoM
[pr{ y MeHbrrreHr{t4 p acxoAa
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Ecnu xe rpedyercn npogolDKr{rb pacrrer rrpoqecca tranee, ro H}DKHo
BBeCTH AOnOJIHI[rerlbr{bre y[pouIeHH.E trrrfr. cHrDKeHr{ff rrop{AKa cr{cTeMbr.
3ro proxcro cAeJrarb, HcKJrroqI{B }r3 }^rera eMKocrb crofiKa, Koropafi, KaK
IlpaBlfio, Hetsefll{Ka no cpaBueHl{ro c eMKocrbro KaMeprr. IIpu gToM rmou14qb
I(aM€pbI rrpHHl{Maercff paBHofi cyrvrue Fp * F*ul,{ (P8), pacxoA KaMqpbr oKa-
3brBaerc.fi paBHbrM QE - Q"r, ? )poBeHb B croffKe z onpetreils.erc.fl

cr.rr orMerKy Borocm{Ba z 
". 

Oco6eHHocrb guQQepeHrs{anbnoro }?aBHnrerrb-
Horo pe3epByapa c@TolIT B ToM, tITo 6lroK HenpepbrBHoro crlera BmrcbrBaer-

c.fl B nporpaMMy YP-Z npuyMeHblxe Hwn u yBenrueHwu Q", no-pa3HoMy.

I I p u  y M e H b r r l e H I , I u  c r a H u H o H H o r o  p a c x o E a  6 n o r  I
He[pepbrBnoro cqera, npuneg,enrmrfi HI{xe, 3aHHMaer roJIbKo 5 agpecoB.

Enor I nenpepblBuono cIreTa K nporpauue YP-2

0 1 2 3 4 s 6 7 8 9

e l Fx20 98 En 00 c/n

3[ecr KpHTepHeM Arrff oKoHqaHl{fl crlera cJI}DI(Hr K}MeHeHI{e euaxa ftn (npn
Qa - Q"r 10,hp ( 0 cpa6arblBaer nepexo[ Ha agpec 98 C/n).

Ilpurvrep 8.9. Paccqurarb roAbeM ypoBHfl Eri,fr. ycnonrul npuMepa 8.8.
P e ru € H H e. Bcencxo[HbreAaHHbreHHar{arrbHrrfigraflcrreragoz ]zr,

/ = 15,5 c coxp:u{ffrorcfl no ta6n. 8.9. 3areM BBoAHTcfi B nporpaMMy YP-z
6lol< 1 nenpepbrBHoro crrera, ycraHaBnuBaercfr. At = 8 c s P5 u xnasuurefi
C/II uycrcaercn cqer. tleper 5 nnaH ilonyqaeM pe3ynbrar (ra6n. 8.1l).

Ta6n r.rqa8.L1. Peeynbrarblsrrqucnenufi  
\

Qcr, u3 lc z, M Qg, u3 lc z r<zw, M

PC

10,2 5 , 1 7 10,5

(8,20)

34ecr 3HaK rrrnoc bepercx Mfl nepuo[a ilo[beMa ypoBnfr, a Nffinyc - Arrff
neprroAa onycKaunx. IIpu 3roM B.rrporpaMMy VP-2 anolvrrcfl,cnetryrcuufi 6nox
ctadwftrsarw\ 3ilrrr{M arc u$ir agpeca 09 - I 8.

Enor cra6unusaqnu K rrporpanarvre VP-2

z
+
I{JII{

KHOTI

z = z K a M  +  ( e o - o *  \ .
\ Ko"" I

TJI

H c u o r r b 3 o B a H H e  t r p o r p a M M b r  y P - 2  
F n f l  K a M e p -

H  O  r  O  p  e  3  e p  B  y  a p  a  c  B  o I o c J r r { B o M .  B r a v r e p u o M y p a B H r { -
TeJrbHoM p$epByape c Bo[ocJIrrBoM Bepxuflfl rracrb pa6oraer rcar guSQepen-
rIr{aJIbHbIfi pesepnyap (cu. puc. 8.1, s), n Anfi ee pacrreTa Mo)r(er 6116 uc-
noJrb3oBaHa nporpaJurMa yP2. B Harraltutfi nepuoA rro[beMa ]?oBHfi pe3ep-
Byap paOoraer KaK rFnrilrAprrqecrclfr ulou1a4rrc .F'o. flpu erou rapaMerp
oraepcnn? Kor" no (8,22) npr{Hr{Mruor Ko""'= Q^ (P8). Korga llpoeeHt
z trocrllraer orMerKil \Ha I{ orBepcruit z e1s' Brcflroqaercff guQQepeHrII{aJIb-
rllas. qacrb, coorBercrBeHHo ycraHaBrllrBarorcff Qarcruuecrue gHaqeHl{ff

{or" il Z rcaw = Z orl H pacqeT npotroDl(aeTCt C fIeTOM paCXOfa OrnepCT}Ifi
Qor". fignee, ecr,H ypoBeHb rrpeBblcl{T oTMerrcy rpe6ur BogocJruBa zB,
T"e. z = 

?t t h", nporpaMMl [qpeKnroqaeTc.fi na pa6ory c [epeJrHBoM x =
= Ks (P6). Pacqer BeAercfl Ao trocrruKeHrrfl MaKcr{MyMa zrar"r H Qg o Qcr.

8.5, EnoK HenpepbrBnoro crrera K rrporpamue YP-2

nrn sm6opa Koucrpyr(rr{Bgbrx napaMerpoB pe3epByapq orMerK}r BotrG
cJvB,a zB, rtllouatru KaMepbr F*u*, rrrorrBEr.r orBepcrufi n Ap. rpe6yercff
onpetreneHl{e oKcrpeManbnbD( gHaqeHufi z rr z KaM. tlpu groM uer seo6xogl{.
Mocrlr perl{cTpl{poBarb Becb rrepexogHufi [pouecc, a Mo)roo HcrroJrb3oBarb
6nor nenpepimHoro cqera K rrporpaMMe yP-z. Ilepexog Ha HenpepmsHufi
cqer ocyulecrnlrfiercfi rr@Jre roro, KaK cTarilInoHmrfi pacxoA Q." gocur.
HeT KOHeqHOTO 3HaqeHl{fl H npl{ IIOtrbeMe ]T)OBH.fl B CTOffKe 3HarreHr{e Z npeBbr-
r34

3Ha,Ieril{s HcKoMbrx napaMerpoB coBna,qalor c AaHHbTMH ra6n. 8;9.
f I p  u  y B  e J r r { r r  e H u H  c r a H r I H o H H o r o  p a c x o A a  r p e 6 y e r -

cfl ) Iecrb cneAyloul{e ABe oco6eHuoctH. 1. Itrroorr HcKrrorrHn nosgeficrBHe
ueycrolitulBocrrr perrreHnff (c*. rt 4), crrer tronxeu 6urr 3aBqpruen npx
QF, = (0,95 + A,97)Q"r.2. B gasucuMocrn or coorHorrreHr,rfi [apaMerpoB Harr-
Sonruee noHI,DKeHI{e }?oBHff B croflKe z Mo)KeT Bo3HHKarb H Eo roro, KaK
6yger [ocrr{rHyro rpHME)Hoe pageHcrBs Qa n Qcr,.[nr ocyflrecrBne]rrr
sTID( ycnonrui H1|ltcHbI AorlonHnTeJrbrrbre xqefircn nporpaurrtrofi naMfiTI{,
a B nporpaMMe YP-2 oHu noqru troJlHocrblo HcnoJrb3oBaHbr. DAtnas,3a,qaqa
Mo)Ker 6rrm peureHa, ecnn rc nporpaMMbr yP-2 HcKJrrcqrm 6lo1 3 (agpeca
38-58) trnff onpeAerleHl{t cJIofi nepenl{Ba ft", xoroprui ur.s rpoqecca [onr{-
)Keyl{r }?oBufl He H)D(eH, a ocBo6otrusiltrrees s,refiK}r r{cnorlb3oBarb AJrff
BBeAeHI{fl 6loxa 1l nenpepbrBHoro cqera. Ho nocrcoJrbKy o6uax nporpaM-
Ma cI,InbHo MeHrreTc.fl, To HHx(e oHa IrpHBeAeHa noJrHocrbro.

.Ilauuas [porpaMMa.flBJlfierc.fl yHl{BepcilrrbHofi, rarc KaK [o3BoJr.fler BbmoJr-
Hnrb nouraroBufi [n agpecax: 12 (C/fI) i 28,29,77 (C/[) ] ,tn" Herrpepbrsnnfi
cqer [n atrpecax: l2(KHotI); 28,91; 71 (KHorI) ] . Henpeprnuufi cuer
ruet' cJleAyroultM rropfl[KoM. flocne nepnofi ocraHoBKr.r rpoBep nercfr 3naqe-
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wte Qn eB). Ecnu Qa o Qcr, ro rpeAenbHbre 3uaqennfi,z frzrca.- coorBer-
crByror MoMeHry cJadunusafirru. Ecnu xe Qa 1 Q"r, ro, c perncrpa P7 pe-
rI{cTpI,Ipyercfr.3HaqeHLIe ypoBnn z (nosvroxutrfi r"ruur.rvryna), Bo3BpatqaroT-
cfr. B pe)KHM nporpaMMr4poBaHr,rfi F IIP| Ha agpec 27, nnogfrrcfr. oreparopbr
Fx ( 0 u 29, Bo3Bpaqa'nrcx B pexcnM F ABT, HaxnMaror rnanruuy C/fI
I{ npogonx(arcT cqer Ao nropofr ocrauoBKu, rcotga Qo x Qu.

Ilpnruep 8,10. Oupegenurb eKcrpeManbubre 3uaqeHr{fi rrepeMeHr{brx grrs
ycnonufi npuruepa 8.7.

IlporpanavraYP-Z c dnoxou 11 nenpepbrBnoro cqera
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