
PaceT 

1. Oupenenenwe ua6o.L.mei nOuycKaemo 
Arpy3 Ha CHCTeMy w3 pacueTa Ha upoHOCT 
no MeTOAy AouyCKaeMsEX Haupxenwi, a) 06-
Lee HCO HeH3BeCTEHX HOpManbHX CH, 

BO3HHKAOEx BCTepxHExH 1OAecamax 
OnpeaeneHEO, paBHO THCIY CTepKHe, coCTa- 
BSIOIHx CHCTeMy. IlockoTbxy 3a/1aHHas CH 
CTeMa IseTCH CHMMeTPHHO (CM. pHc. 
4.1), vHCIO Hew3BOCTHT CHIB 3TO� CHCTeMe 
panHo ITH. TR nnoCKoX CHCTeMN CH MO* 
HO cOCTaBHTb TpH He3aBHCHMX ypaBueEMS CTATHKH. CaenoBaTemb 
HO, ABe HeH3BeCTHhie CHII BISIOTCH AOnOIHHTeIbHbIMH, a noTOMy 
33/1aHnas CHCTeMa HBIRCTCH ABAKIN CTaTHYCCKH HCcoupeaenmMOR. 

6) IIpenonaraem, ¥TO OT BHCIHHX Harpy3oK BCe CTepxEH CHCTe- 
Mbl HCThThiBA IOT pacrxCHHe. Ilocxombxy HopManbHe CHIT B 

CTepHSX SBIRIO TcK BEyTpCHHHMK, To s HX onpeneneHHS HCnOI 
3yeM MeTOA cevenxiä. Bszpesas y3nm A, B, C (CM. puc, 4.1), cocCraaIR 
CM YpaBHCHHS CTATHKH xaK cyMMy upoekinR Ba oCh y (pHc. 4.2, 
a)CHI BHCIHx H BHyTpeHHHx, AeñcTByromux Ha Kaxaw 3 

yxa3aHbX y3/TOB. 
Ans yana A (pHc. 4.2, a) EY=0; 

PMC. 4.1 

2Nu sing--P-0 RH npm p-30° Nur-NyP. 

Aas yana B (pac. 4.2, 6) EY-0; 

2N sing +Na-Ny=0 um Nu+ Na-Ny=0. 

Ana yana C (puc. 4.2, ) 

N,sinp + Ny-P=0 um N+Ny-P 

TaxuM o6pa3oM, nonyRTH TPH ypanuenus CTaTHKH, B KOTOpzx 
IRTh HCH3BeCTHMX HopMaTbHX CHI 

B) CoCTaB.1seM nepBoe ypasuenwe coBMeCTHOCTH DepemeuenH 
TOHeK A H B, coeuHHCHENX CTepxHeM IV puc. 4.3). Tax xax 6uo 
upeanonoxCHO, YTO BCe CTepHH CHCTeM pacTrHBaioTCs, To nepe- 
MCneHHe TOYXH B (6) 6ommue nepeMemneuns TOKH A (6) Ha 
yuHeEHe cTepH IV: 

IepememeHHe TOUKH A CBR3aHO C yaHneHeM CTepxus Il 

6-A/sing -2Am, a ö=Alu/sing=2la 
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TaxHM o6pa3oM, nepBoe ypaBHeHHe coBMeCTHOCTH nepeMemeHH 
upHMCT BHA 

2Aly-2/t Al 

A6comOTHLe yUHHeH 
epes HopMaIbHNe CHIN H HayanbHNe pasMep CTepxHeR: 

CTepxHei 3aMeHHM no 3axOy Iyxa 

2udNamlan, Nndar 
EFut EF EFu 

yurTMBaS, vro l a/sinp=2a, la, Fa- Fm4:10 M 
Fy=1 10 M, nocne noaCTaHOBXH H COxpamemus nonyuHM 

Ng-Nu+ Na 

BTopoe AononHHTembHOe ypaBnCEHe cOCTaBHM 3 ycnoBH COBMCCT 
noCTH nepeMemeuw Tovex B C (CM. pHc. 4.3) 

6c+Al 

MH Yepe3 yanMHCHHx CTepXHc 

6) 

PuC. 4.2 Pac. 4.3 



2l-2Al+ Al 

ITocne 3aMcHs a6comoTHAX yAIHHeunä no 3axoBy Tyxa sepes mop- 
MaTbENe CHIS H COKpamenwä noyHM N=Ny+Ny. 

)CocraBIeHHNC ypaBHenHs CTaTHKH H ycnOBHS COBMeCTHOCTH 

nepeMemeRN UO3BOIETH TOnyuaTb cnexyouyo CHCTEMY ENTH 

ypaBuCHnË: 

Nu-Ng-P, 

Ny+ Ny-Ny=0; 
N+Ny-P 

Ny-Na-Ny=0; 
N-N-Ny=0. 

Pemas 3Ty CHCTeMY OTHOCHTebHO HCKOMBLX HOpManbHNX CHT, nony- 
HEM: N=0,75P, N=0,5P, Nm=0,75P, N-0,25P, N,=0,25P 
3Hax MKHyc HopMabBOR CHI B CTepKHe IV yxa3snaer, yTO upwns-
TOe paHee upeanonoxeHHe O pacTEKeHHH 3TOrO CTepxHs oxa3anoch 

HeBepHM. CTepKeHb IV HcubIThIBaCT CXaTHe. IIpaBHIbHOCTb BhVM 
cneHLX HopMaTbHbX CHI CneayeT upoBepHT noACTaHOBKo ux 
3HaeHH B HCXOJHe ypaBHeHHR. 3Has HopManb HNC CHI, BLYHCI- 
eM 3HayeEHS HOpManbHX Banpsxenwë B CTepxHE 

-1875P, an= Fa 410 
05P 1250P, 

N0,75 

101875P, ap -2500P, oy -2500OP.u410* 10 

Kax BHHO H3 BmoHeHHoro paceTa, Hax6onee Hanpsxeu-
HIMH OKa3anCb cTepHx IVH V. 

YcnoBHe npouHoCTH no MeTOAy AonycxaeMbX HanpsxeHn co 
CrORT B TOM, YTO GmAol, rae nouycxaeMOe HanpKeuwe [o]= 

= a,/n,=240/1,5=160 MIla=160 105 ITa. 
Tloacrasns BMeCTO G 3Haveuue d, nonyEM 2500P<160 10 

OTCIOna HanQonbmas MOIyCKaeMas cuna 

Pa 60 64 10 H-64 xH. 
2500 
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IIp Taxo Harpysxe uanpaxeuus B CTepaHx 6yayT HMCTS CIeAy 

OLHe 3Haveu: d=120 10s la=120 MITa, du=80 10° Ila= 

80 MIla, Gu=120 MIla, dy160 MIIa, Gy=160 MIla. 
2. Oupenenewe nan6o.mmel nouyaxaemoil narpy»xn 3 pacueTR Ha 

upovmoCTS no necymeil cuocoóuoeTH CHCTeMa. Tax xar crepaxeHb 
V sBLReTCs Hau6onee uaupsxeHEIM, TO upu CraTHYecxoM yBCnwe 
EHK Harpy3xH HanpsEKeHHe B 3TOM CTePHe panbne, veM B APyrHx, 

AoCTHraeT 3Haveus, paBzoro npeneny TexyuecTH Torna Hop 
MaIbHas cHIa B crepxue V 6yaer Ny=o,Fy. IIpu nan» HeRueM 
BO3pacraHMH Harpy3KH HOpManbHas CHa B CTepxHe V K3MeHSTbCR 

He 6yneT, a B crepaKHSX I OHa 6yneT BO3pacTaTb. 
Hecymas cnoco6HocTb CHCTeM 6yneT HCepnaza opH DORBIeHH 

TexyueCTH B CTepXHSz I. Henobays ypaBHeHHe cTaTHKH AS yana 
CBupemonoxeu TexyueCTH CTepxueã VH I(puc. 4.4), onpenenHM 
npeaem-ayio Harpy3xy Ha cHCTeMy: 

EY-0; o,Fy+20,F,sinp-Pp-0, 

yna Pueaa, (Fy+F).
Han6o.mmyio AOnycxacmy1o uarpyaxy Ps HaRneM, pa3nenun 

upenembuyio warpy3xy Ha xo»pbHIHCHT 32anaca npoHOCT 

PPn 

ywuTBas, ro a,/n,=[o), nonyumM 

Pa-o (Frt+F)= 160 10*(1+4): 10-810* H-80 xH. 

IIp ApyrHX BO3MOKHAX BapHaxTax HCuepuanns Hecyuneñ cuoco6- 
HOCTH CHCTeM 3HawCHHe P OKa3BaCTCH 60buHM YCM 80 xH, 
YTO SBIRCTCR HeAomycTHMIM ns cHCTEML. 

TaxHM oQpa30M, rpy3onoAbeMHOCTb CHCTEMhl np pacHeTe no 

Hecyueß cnocoóHoCTH 601bne ce rpy3onoAeMHOCTH upH pacveTe 
CHCTCMM no MCTOAY nOuycxacMX HaupRKCHHÄ: 

n= 100%= 100%-25% 
PaN 64 

3. Oupeneneuwe TeMnepaTypunx MaupsKeu. CTaeM, TO 
HuLIHe CHII OTCyTCTByOT H B COOTBeTCTBHH C 381aHHCM DOBhII1a 
ercs TeMneparypa ronbxO B CTepcue IV ua seny Ar=80°C 
(pHc. 4.5). IIpu 3TOM MOKHO DpeanonoxxTh, YTO B CrepxHx IH II 

6yayr Bo3HHKaTb pacrxr HBakOLIHe ycHHs, a B CTepKHAX I, IY 
H CKHMaIOLHe. TIpHeB Taxoe upeanonoKeHHe, coCTaBIReM 
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Paped 
Puc. 4.5 Pac. 4.4 

ypaBHeHS CTaTHKH kax ycnoBHR paBHOBcCH y3mOB 4, Bu C (puc. 
4.6). 

Ts yana A EY=0; N-N=0. 
Lns yana B2Y=0; Ny-N+Nu=0. 
Ans yana CEY=0; N,-Ny=0. 
Ans onpeneneuus 3THX YCHIH ueoóxoAHMO COCTaBHTS cme ABa 

ypaBHeHHR COBMeCTHOCTH IepeMeLnexn. IIpu noBIICHHH TeMnepa- 
Typh CTepxEs IV ero LIHHa yBeIH VXBaeTCK; ToyXH AH B (pHc. 4.7) 
nepeMecTTCH cOOTBeTCTBeHHO B TOVKH A H B. Ipu 3TOM AA+ 
+BB-Aln 

AA-2Alu=2 4 EFu Na Nud4 

BB-2Al-2 p EF NduNa 
EFa 

Npa 
Aly-adr'a- EF 

IloaCTaBB 3TH 3HaveHxs B ypannexme coBMeCTHoCTH nepeemenuk 
H upow3BCas coxpameuus, noaymM 

Nut Nu+ Nn-aAszE 10 
ns coCTasneHHS BTOporo ypaBHCHHS coBMOCTHOCTH nepeMeme 

HH 3aneM CBS3b MCRay nepeMemexsGH TOHEK Bu C, coezneE 
HhX CTepKHeM V (CM. pHC. 4.7). 

Tax xax M upemonoxHIH, Yro CrepKeE V caKAMaCTCE, TO 
BB-CC=Aly um 2Alu-2Al-Al 

Bpaxas H3MeHeHK AUTHH CTepxuea no 3axoHy Tyxa vepe3 
upozohHhle CHJIhl, nonyuHM 

Nu-N-N 
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Puc. 4.6 Pac. 4.7 

TaxxM o6pasoM, no.ayywm CHCTeMY H3 ISTH ypanHCHHR 

N-Nu0; 
Ny-Ny+Ng-0; 

N-Ny- 
Nut+ Nu+ Ny-atE 10: 
Nu-N-N. 

PeuxB 3Ty CHCTEMy, nonyuaM 3HaeuHs HopMaIbHNX CH1, BO3HHKa- 
OLLHX B CTepxux upH noBsIneHKH TeMIeparypM crepxHs IV: 

N-Nari,E 10; Na= adtE 10: 

Nu Ny adrE 10 

OTCIOna 3HayeHxS TeMDepaTypHx HanpsxennR B crepxHx 

aAE 10 125 10-7 80-2 1o 10 

84 10 8F 

-6,25 10 IHa=6,25 MIla; 
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zarpE 10 
4Fa 

125 107 80 2 101 10 

4:4 10 

-12,5 10 Ila-12,5 MIa; 

3adyE10 _3-125 10-2-10 10 
Gun 8Fu 8-410 

-18,7-10 la-18,7 MIla 

JadE10_3-125 10-2 10-10 
8 1 10 8Fy 

-75 10 Ila-75 MIla; 

d E 10125 107 2 1010 
8Fy 81-10 

25 105 Ia-25 MIla. 

4. Oupenenenme MoTRXELX anpexexii. B cooTBeTCTBEH C 3ana- 
HHCM upHHHMaCM, YTO CTepKeHb Il H3rOTOBICH xopose Ha Au 
-0,7 MM (puc. 4.8). MoxHO oxuAaTb, ¥TO nocne cQopxH CHCTeM 
B CTepHsEx II1, IV n V noRBETCs pacTsrHBaromwe ycuTHS, a CTepxuH 
IHU 6yAyT HCIThThIBaTh CXaTHC. HCxoAN H3 Taxoro npeAnonOxe 
HH, COCraBHM ypaBHeHH CTaTHKH Kax ycnoBHR paBHOBCcH CHI, 

neãcTByoHx Ha yaM A, B, C (pHc. 4.9): 

Nu-Ny-0; Ny-Ny-Ny=0; Ny-=0. 

Ans coCTannexH ypasaCHH cOBMCCTHOCTH nepeMemeEnÄ BOC 
OIB3yeMCH TEM, TO 3anaHHas HeTOHOCTh H3rOTOBICHH Au upH 
c6opke BÓHpaeTCH 3a cieT yAHECHHS CTepxEs III u nepememeuns 
TOIKH 4 (CM. pHc. 4.8): 

AAz+ AsdA 
Orpesox AA=AAg sinp= AA, HO Tax xax nepesxeneue 

AAg-lt Al, To AA-Al+ Aly), a As4, -Agr 
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p0 

Pac. 4.8 PMc. 4.9 

CnezoBaTemuo, ueppoe ypasueme coBMCCTHOCTH DepeMemennä 
upHHMaeT BMA 

(AltAl)+Alg-Au 
Ilocne 3aMCH YUTMHCHNÄ YCpes HopMambHMe CHI HavanbEMe 
pasMep CTepxuel nonyymM

2EAr 10 
Ny+ Ny+Nu 

Ans coCTaaneus BToporo aonoHHTeIbHoro ypanHCEHS CBKeM 
nepeMemeEHE yanon Bu CcyumRNeHHeM CTepHs V (CM. pHc. 4.8): 

BB-CCAly 

Tax xax BB,=Al/sinp=2Al, CCo=2A, ro 2Alu-2Al Al, mnm, 
MCIIO.3ys 3axOn Iyxa, nocne coxpamenB nonyvHM 

Ng-NNy 

CnenoBaTenbuo, u onpeneneuRE HOpMaIb ELX CHI, BO3HHKa- 

1OILMX BCrepxHSx nocne c6opx, nonyaM cneayouyo CHCTEMY 
ypaBueHw: 
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N-Ny-0, 
N-N-Na=0; 
Ny-N-0, 

2EAr 10 N+Ny+ Nu- 

Ng-N- N 
PemeHe ToR CHCTCM npBoHT K CHeayouLHM 3HaweHHIM

HOpMaIbHI CHI 

N-N 2Eur 10. 4EAur 10 N-Ny 6EAur10 
7a 7a 

OTCIOAa MOHTaXHNe BanpexeHHS BCTpxHx paBE: 

.22 10 a,7 10 10 
7 14 10 

-10" Ila=10 MIla, 

4:2 10 0,7 103-102-107 la-20 MIla, 
71:4 104 

6 2 10 0,7-103 10 -3 10 Ila-30 MIla, 71-4 10 Gur

apr 62 101 0,7-101012-10 Ia=120 Mila, 
7:1-1 10 

2-2 10t-0,7 10-104-10 Ila-40 MIla. 
7-1 10 

4.4. BAPHAHTbI 3AJAHUA 

BapwaTM 3anannä o6o3Havemu AuyMs mCnaM, pasaeneuAR 
TOVKOR. IIepnoe vHCno yxa3knaeT HOMCp pacuerHo cxeMI Ha pac. 
4.10, a BTopoe CxOMIKIe AaHHC K 3To CxeMe B Ta6n. 4.1. 

UTs MaTepHana Bcex crepue npHuSTh MOyIL upoaombHo 
ynpyrocTH E=2:10° MIla, npenen TexyuecrTE G=240 MIla, xoad- 
duHeHT 3anaca upoHOCTH n,=1,5, xo»phuIHeNT nHHekuoro pac- 
ITRpeHHS a=125 10-7. 
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