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PekomMeHJOBaHH K H3JAaHHK CEKUHeH AMHAMHUKH COOPYKEHHN
Yuenoro cosera [IHUHCK uMm. Kyuepenxo.

PekomMeHZaUHH 1O NPOEKTHPOBAHHUIO racuTesed koaebanuii ansa
3aIIUTH 3laHUA U COOPYIKEHHH, MOJABEPIKEHHBIX TOPH3OHTAJBHBLIM
AMHAMHYECKHM BO3HEHCTBHAM OT TeXHOJOru4YecKoro ofopynoBa-
uua U Berpa. M., Crpoiimsnar, 1978 67 ¢ [opmena Tpynmosoro
Kpacuoro 3HameHH llentp. Hayu.-Hccied. HH-T CTPOHT. KOHCT-
pykuHii M. B. A. Kyuepenko (ILJHHUUCK um. Kyuepenxo)].

PekoMmeHgaluHK coaepiKaT NpakKTHYECKHE YVKa3aHHf MO NPOEK-
THPOBAHHUIO NJHHAMHYECKUWX M YAAPHHIX racuteneit xoaebauui, ycra-
HAaBJHUBAEMbIX HAa OT/EJbHbLIX KOHCTPYKUHMSAX, 3JaHHUSAX H COOpYIKe-
HUAX AJA 3allHTH HX OT AHHAMHUECKHX BO3JeHCTBHH, BO3OyxKnae-
MBIX TIpH paboTe TEXHOJOTHMYECKOro OOOPYNOBAaHHA H JeHCTBHH
BEeTpA.

[IpeanasnaueHbl Aas paGOTHHKOB NMPOEKTHBIX H CTPOHTENbHO-
MOHTAXHBLIX OpraHH3anui,

Tabén 5, puc. 36.
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NPEAHCIHOBHE

[acurenn konebGaHHA ABAAIOTCH 3)PEeKTHBHHIM CPEACTBOM YMeHblle-

HHA KOJNeOAHHA CTPOHTEJNbHHIX KOHCTPYKUHA, 3/1aHHA H COOPYXeHHA NpH
NeACTBHH HA HHX AHHAMHYECKHX HArpy30K OT MAUIHH HJH BeTPOBOfl Ha-
TPY3KH,
- PexkoMenzauMH N0 NPOCKTHPOBAHHIO racuteneft koJeOGaHHH, npen-
Ha3HaueHHble JJs NMPOEKTHBIX H CTPOHTENbHO-MOHTAXKHBIX OPraHH3auHii,
LOJIXKHH croco6CcTBOBaTh 00Jee HIHPOKOMY HPHMEHEHHIO racHTesel KoJie-
Ganuii B cTpoHTeabCTBe. OHU coaepikar pacyeTHHie AAHHHE H IpUMEpH
KOHCTPYKUHHA racuresieft kosebaHHU.

PekoMmennanuu paspaboTaHbl OTMEJCHHEM JAHHAMHKH COOpYKeHHMN
LIleHTpa/NbHOr0 HAYYHO-HCCAEeAOBATEJIbCKOrO HMHCTHTYTA CTPOHTENbLHHX
KoHCTpyKuu#ft uM. B. A. KyuepeHko (z-p TexH. Hayk, npod. B. I'. Kope-
HeB, KaHaunate TexdH. Hayk B. Y. Cucoes, M. §I. Boaoukuii). Ilpu co-
CTABJIEHHH pPEKOMEHIAUHH HCIOAb30BAHH MAaTePHANK, NPeACTaBJCHHHE
KasaHCKHM MHXXEHepHO-CTPOHTEJbHBIM HHCTHTYTOM (A-p TeXH. Hayk,
npod. H. A. IluxkyneB), wuHcTHTYTOM [IHenpnpoeKTcTaJbKOHCTPYKIHA
(kaHn. TexH. Hayk M. j. BoJoukHH H HHX. 8 M. ®yxc), Mockos-
CKHM HHIKEHepHO-CTPOUTENbHLIM HHCTHTYTOM HM. B. B. KyiiGuiepa H
HHCTHTYTOM ¥ pajnpoMcrpoiinndnpoext (uvxk. A. H. Spaenesckuil).
O6uiee penakTHPOBaHHE peKOMEHJAallM#i BEHIMOJHEHO J-pOM TeXH. Hayk
A. U. LlefiTaMHbIM # JA-pOM TexH. HayK, mpod. b. I'. KopeHnephim.
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1. OBILHE TNOJIO)KEHHHA

1.1. Tacureau koJeOaHHH aABAAOTCA OAHHM M3 HanboJee 3PPeKTHUB-
HbiX MeTOA0B 60pbObl C BHOpauHsMH COOPYXKEHHH, MOJNy4YHBIIHX B IHO-
cJleaHHe rojb LIHPOKOe NMpHMeHeHHe B NIPAKTHKe CTpOHTenbcTBa. Hacro-
aiae PexomenaanidiH 00600waloT HAaKONJIEHHHWH ONBIT IPHMEHEHHS IFacH-
TeJefl U OCHOBLIBAIOTCA HA TEOPETHYECKHX H 3KCNEPHMEHTAaJNbHbIX HCCJe-
gosaHHusiX, BolnoJAHeHHbBIX B [IHWUHMCKe, [JHenpnpoeKTCTalbKOHCTPYKLHH
H APYTHX IEePeYHCJIeHHbIX B NpeAHCJOBHH OpraHH3alHsX.

1.2. B PekoMeHOaLHSIX paccMATPHUBAIOTCH TOJbKO YAapHble H JHHA-
MHUeCKHe racutesn konaebaumnii. IIpHMeHeHHe ynpaBjisieMblX racutedei
KoJie6aHHH, 3JeKTPOAHHAMHUECKHX TacHTENeH U JAPYrHX YCTPOHCTB, CBH-
3AHHLIX € HCMOJb30BAHHEM HCTOYHHKOB SHEPIHH, 3JeCh He 00CyXKaeTcd.

1.3. B nanunx PexoMenpanusax paccmaTpHUBaercs nNpUMeHeHHe racH-
Tesiel KosebaHui ayfa BUOPO3alliMTH BHICOKHX H THOKHX 37aHHH H HHXe-
HepHbBIX COOPYXeHH! (AbIMOBBHIX TpyO, TeJleBH3HOHHBIX OauleH W 1p.)
IPH TOPH3OHTAJLHBIX KoJeOauusx. OtAedbHble NOJNOXKeHHA PexomeHaa-
LU MOryr ObiTb HCHOJIb30BaHbLI NpPH pacuyeTe U MPOEKTHPOBAHHH HEKO-
TOPBIX APYTHX COOPYXEHHH HJH HX KOHCTPYKTHBHBIX 3/IEMEHTOB.

O6nactb nNpHMeHeHHs PexkoMeHaauH# oOXBaTblBaeT rJaBHhLIM o6pa-
30M CJe/iyIoUIHe BaXKHeHnilide THIIH COOpPYXeHHA:

3NaHHA ¢ METANJIHYECKHM KApKacoMm;

CTaJibHbie AbIMOBLIE TPYOHI;

pellieTyaTble H CNJIOUIHble MeTaJJIHYeCKHe OauiHu,

XKese300eToHHBle OallleHHble COODPYXKEHHHA ¢ THOKOM METaJJAHUYeCKOH
BepXHeH 4dacTbio (HaANpHMeD, Kene300eTOHHLle TeJeBH3HOHHbIe OGalliHH C
MEeTaJIJTUUEeCKON BepXHEH YacThlo).

1.4, OnuiT npUMEeHEHHN racuTeJeil kKoJeOaHHA 1TO0Ka3aJ, UTO OHH Hau-
Oonee 3(h(PeKTHBHLI NpPH TraluleHHH KoJeGaHHH, KOTOpHe HOCAT De3OHaHC-
HHf XapakTep H BO3HHKAIOT B KOHCTPYKUUAX, 006Ja1a10HX MAJBIM AEMII-
(ODUPOBAHUEM.

[IpymeHenHe racuTeied KoJieGaHHNi C LEAbI0O CHHXKEHHS YPOBHS KO-
JeOGaHHA KeJe300eTOHHBIX COOpPYXKEeHHN SABJAETCA, KaK NpaBHAO, 3HA-
YHTeNbHO MeHee 3(P(PEKTHBHHIM, HO B TeX CJyuasX, Korga OHO Oyaer
NPH3HAHO LeJeco00pa3HbiM, Aas pacyeTa TaKXe MOXKHO MOJb30BaThCH
popMysnaMH, rpa@HKaMH H Tabaupamu HacTtoslMX Pexomenaauuii. -
(DEKTHBHOCTb MPHMEHEeHHS racurelieil Kojie6aHHH 0OCOO6EHHO BeJHKa B CO-
OpPYXKEHHAX, BEPXHAA YACTb KOTOPBHIX HMEET CPABHUTENLHO 60JbliyI0 THO-
KOCTb.

1.5. Haubonee yacro racurenn npuMeHsIOTCH AR 3alLHTH OT KoOJe-
6aHuH, BH3BAHHKWX JAEHCTBHeM MAIHH H Betrpa. B Pexkomenpauuax oc-
HOBHOE¢ BHHMAaHHe YREJEHO yyeTy BJHAHHSA NEPHOAHYECKHX BO3JAeHCTBHH,
60Jiee KpaTKO PaCcCMAaTPHBAeTCA BJHSHHE HENEPHOAHYECKHX CHJ M aBTO-
KoJe6aHHA.

1.6. Bonpoc 006 HCMOJL30BaHHUM TacuTeseH KOoJeGaHHH peilllaeTcA Tak
XKe, KaK U Bce OCTaJbHble BONPOCH INPOCKTHPOBAHHA BHOpPO3alIHTHBLIX
YCTPOHUCTB, ¢ YU4eTOM TEeXHHKO-3KOHOMHUYeckHX coobpaxKeuwuit. Ilpu 3atom
NOMKHO ObiThb 00palleHO BHHMAHHE HA CTAOUJIBHOCTHL MapaMeTPOB racH-
TeJid B pouecce 3KCHJyaTalHH U Ha CBeJeHHe K MUHHUMYMY 3aTpaT Ha
HaOalogeHHe U YyXO4 34 racuTesAMH KoJNeOGaHHM.

1.7. IIpuMeHeHHe TeX HAM HHHIX racuTtesen koJebaHUA H Ha3HaueHHe
HX NapaMeTpoB IAOJXKHO ObiTb OO0OCHOBAHO pPacueTOM, NPOBEAEHHbIM HA
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OCHOBAHHH HAaCTOAWIHX PexkoMeHaauw# ¢ YYeTOM AEHCTBYIOLIHX PYKO-
BOJACTB IO YYeTy AHHAMHYECKHX BO3JeHCTBMH.

1.8. B paszx. 2 paccmarpHBaloTCsd JHHEHHBIE AHHAMHUECKHE racHTe]H
konebaHui, B pas3d. 3 — yaapHble racuTegJH KoJgcOanuy. B OGOJbINHH-
CTBe cCJsydaeB HeoOXoauMbiii 3dhdexT BHOporauieHHss MoxeT OblTh J0-
CTHTHYT NpPHUMEHEeHHeM racurtesiei OJHOro M3 Ha3BaHHBIX THNOB. Bompoc
B TOM, KAKHM H3 THIIOB TacHTEJEH CJeAyeT BOCNOJb30BATHCA B KOHKDET-
IIOM CJyyac, pCLUacTCsA Ha OCHOBE TEXHHKO-3KOHOMHUYECKHX CcooOpaXKeHHH.

2. IUHAMHWYECKHWE TACUTEJIN KOJIEBAHHH

BeoaHasi yacTthb

2.1. JlunammnyeckuMm racureneM KoJebaHHA Ha3biBaeTCd YCTPOHCTBO,
COCTOfIIllee H3 CPABHHUTEJNBLHO XKECTKOro -3JIeMEeHTa, Ha3hiBaeMoOro jpanee
MACCOH, NPHCOCAHHEHHOTO C MNOMOIIbLI0 VIPYTOH cBA3H (MM CBA3HU, COe-
AHHEHHOH MNapajielbHO ¢ AeMNMHUPYIOUIUM 3NEMEHTOM) K 3allHIlaeMON
KOHCTpYKUMHU. llapaMeTphl racurtens — Macca, KBasuynpyruu xoadpopuni-
CHT ¥ KO3PpPHUHeHT geMnHPOBAHHUS — ONPEALNSIOTCS B pPe3yJbTaTte
pacueTa MJU Ha3HAYalOTCHd IO KOHCTPYKTHUBHBIM coobpakeHusaMm. Ecan
napuUHaJbHas 4acToTa racutenss OJM3Ka K 4YacTOTe BHIHYXKJAEHHHIX KoJe-
OaHUH KOHCTPYKLHH, TO Macca racHurejs coBepluaetr kKoJjebaHHs, aMIlJIH-
TyAa KOTOPHIX, KAaK NPaBUJIO, 3HAUNTEJNHHO NpeBbIlIaeT aMIJHTYAY KO-
neO0aHui KOHCTPYKUMW. Bo3HHKalomue npu 3TOM YOPYrHe H JTHCCHIATHB-
Hble CHJBI B 3JIEMEHTAX racHTeJf, BO3ACHCTBYA HA 3alllHIAEMYIO KOH-
CTPYKIHIO, YMEHbUIAOT ee KoJebaHus.

2.2. JIluHaMHuuyeCcKHe racuTteJiH KoJeOaHHi B 3aBHCHUMOCTH OT KOHCT-
PYKTHBHOH CXE€MBI JEJNATCA HA TPU TPYNNBL: FacHTeNH ¢ rHOKUM 3JEeMEH-
TOM (NPYXHHHBIE), MAadTHUKOBBle H KOMOHHHPOBAHHbLIE TACHUTEJIH.

[IpuHuunuasbHass cXeMa racuTesisi, COCTOSIEro U3 «MacChl», KBa3H-
YOpYyroro sJieMeHTa ¥ aeMndpHpyrouero yCTPpOHCTBA BO BCEX YKa3aHHBIX
Tpex cJaydyasx OIuHakoBa. «Macca» npeacCTaB/sieT, Kak NpPaBHJO, NPH3-
MATHYECKHH HJH UHUAHHADPHUYECKHH CTAJbHOM HJH YYTYHHBH rpy3. B or-
AEJbHBIX CJAYYasgX BO3MOXHO NpPHMEHeHHe KeJe300eTOHHLIX TI'pPY30B.

IIpyXKHUHHBIA racHTeNdb COAEPXKHUT YIPYCHH 3JeMEeHT B BHJAE CTaJb-
HONl TMPYXHHBI, CHCTEMBl CTAJbHBIX NPYKHH HJH CHEelHAJbHBIX pPEe3HH.

2.3. Ins rauieHHsT TOPH3OHTAJLHBIX KOJeOaHWH ABIMOBHIX TPYO WU
OallleHHHIX COOPYXKEHHH PEKOMEeHAYEeTCH HCMOJb30BaTh YCHEUTHO NpHMe-
HAeMble HA NPaKTHKe TaCUTENH MASITHHUKOBOTO THNA, TMPHHIHUNHAJbHAS
cXeMa Taxoro racurens uszobpaxena Ha puc. 1. MasTHUKOBBE TacHTeqH
cjaenyer NPUMEHATL B OCHOBHOM IIpU rall¢HHH HHU3KOUYACTOTHBIX KoJeba-
HH# ¢ yactotoil 1—3 T,

Hasa BuOporawieHus 3JaHHH 4acTo OKa3biBaeTcs uenecocbpa3HbIM HC-
MOJb30BaHHe CXeMbl racutenss koJsebanui, pazpaboTaHHOTO B YPaJbCKOM
[TpoMcTpOMHHUTIPOEKTe (pHUC. 2); TakHe TACHTENH NO3BOJSIOT OJHOBDE-
MEHHO T'acUTb KakK TOPH3OHTAJbHBIE, TaK H BepTHKaJbHbEIE KoJgebanus.

2.4. Ecnu racuTesip HAXOJAMTCA B 3aKPHITOM H OTANJHBAEeMOM TO-
MELIeHHH, TO B KauecTse JAeMNMUPYIOIHX 3JE€MEHTOB MOTYT OBITH HC-
MOJIb30BAHBI BA3KHe ageMmdepsl, OonucaHHble B «PYKOBOACTBE MO NPOECK-
THPOBAHHIO BHOPON3OIANNHE MAIUHH 1T 0OOPYIOBAHHAS.

Hns racHTenell, HaXOASIIUXCA B YCJOBHAX, KOTOPblE HCKJIOYAKOT
BO3MOXHOCTb 4YacThIX OCMOTPOB, a TaK»Xe pa3MEIUeHHbIX Ha OTKPbITHIX
nJaomanKax Wiy B HeOTaNJMBAaeMbiX MOMEILUCHHAX, PEKOMEHAYeTCS TipH-
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Puc. 1. Cxema MaAaT- Puc. 2, CxeMa racureas KoOH- Puc. 3. MassTHHKOBBI#
HHKOBOTI'O raCHTeAA CTPYKLHH YpaanpoMHHH- racutenb ¢ TMOBbIIIEH-
npoekTa HbiIM  AeMIPHPOBaH-

eM B BepxHeR YacTH
KaHaTa

Puc. 4. MasiTHHKOBBLIA racuHrejn ¢ Puc. 5. Cxema racHrens c¢ nemnde-
MOBbLIIEHHBIM aemMndupoBaBReM B POM BSI3KOTO TPEHHH
BepxHe W HUMKHeR 4YacTAX KaHAaTa

MeHeHHe AeMN(pHPYIOUIHX YCTDOHCTB, OCHOBAHHHX HAa HCHNOJb30BAHUH
CYXOro TpeHHs (AJa NPYXKHHHBX racHresefl) HJAH BHYTPEHHEr0 TpPEHHS
AN MAsSiTHHKOBRIX racureiefi KoneOGaHuA.

HeopmHOKpaTHO NpHMEHsABLIASACAK JJs BUOporailieHHsi MeTaJIHYECKHX
OauieH KOHCTPYKLUHA'! MafTHHKOBOTO racHTeNnsi KoJyieOGaHHH, HCNOJIb3YIO-
ero BHYTpPEHHee TpeHHe B 3/IeMeHTe, noKasaHa Ha pHC. 3. Tpenue
codpnaetTcss 3a cuer AebOPMHpPOBAHHA BepxHe vyactu Tpoca (pHC. 3).
OAs nosbllUeHHA YPOBHA AeMN(HPOBAHUSA PEKOMEHAYETCA KOHCTPYKUHA,
B KOTOPOH HCHOJbL3yeTCs H3rHd HUXKHel yacTH Tpoca (pHc. 4).

2.5. B Tex cayyafx, Korjla [0 KOHETPYKTHBHBLIM COOOpaXKEHHAM
BMECTO OJHHOUYHOro NPHMEHSEeTCs TI'pynna OJHHAKOBBIX racHTesied, HeoO-
X0AHMO OoO6pamaTh BHHMAaHHe Ha TO, uTOOH Bce TacHTeJH, BXOAALLHE B
OAHY rpymnny, iMeJNH OJHHAKOBYIO YacCTOTYV.

2.6. [Io xapakTepy 3aBHCHMOCTH peaKIHH TACHTeJS OT aMIJHTYA
KoseBaHui caenyeT pa3/iMuarh JHHEHHLe H HEJHHeAHbe HNHHAMHYeCKHe
racutesH. B Hacroamux PexkomeHaauuax paccMaTpHBAIOTCA B OCHOBHOM
JHHeHHBe TacUTeNH, KOTOpPbie NMPHMEHSIOTCA 3HAUMTEJbHO yallle.

[IpuHUMNHaNbHAR cXeMa JHHeHHOro racHreas u3ofpa)KeHa Ha DHC, .

1 Koncrpykuusa npeanoxena b. I'. Kopenwesoim u A. H. baexep-
MaHOM.
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JIHCCATIaTABHLIe CBOACTBA racHTeNs, KakK YXKe OTMeYanoch, MOryT
6biTs OOYCAOBJIEHH He TONbKO HAaJHYHEM Aemngepa BA3IKOro TPeHHA, KakK
I0KA3aHO HAa pPHC. 5, HO H OOJbLIIHM BHYTPEHHHM HEYHNDYIHM COHPOTHB-
JleHHeM NPYXHHB HJIH HWHOH CBA3H.

2.7. Tacuresd MOryT HCINOJB30OBAaTbCA AJs pasJHUHLIX leJaenl, Ha-
npuMep HOJs yMeHplLIeHHs aMIIHTYJ KOJeOaHHH HJIH YCKOpDEeHHHA Iepe-
KPHITHH B CBA3H C HeOOXOAZHMOCTbIO YJOBJIETBOPeHHS TpebOOBaHUAM cCa-
HHTapHBIX HOPM, [JI1 YMEHBbLUEHHS aAMIJIHTYJ BHYTPCHHHX YCHJHA B KOH-
CTPYKUHAX HcXOoAd U3 TpeOOBAHHA MPOYHOCTH M MOBLIIIEHHS HAAEXKHOCTH.

2.8. B 3aBHCHMOCTH OT LeJH NpHMEHEHHS racuTeJefl H OT XapakTe-
pPa BHEIIHEro BO3JEHCTBHS YCTAHABJHBACTCS KpPHTepHH KauecTBa BHO-
poraieHHs, MQ creneHd YMEHbUIEHHS KOTOPOTQ MOXKHO CYAUTb 00 30-
GeKTHBHOCTH racHresied. DPPeKTUBHOCTL rallleHMs KoJjgeOaHHR cheayer
ONnpeaefATh ANS TACHTEJIEH C ONTHMAJbHBIMH NapaMeTpaMH.

Maccy racuresnefi OOHYHO He ONTHMH3HPYIOT — YBeJHYEHHE MAacChl
BCeraa INPHUBOJHT K YBeJHYeHHIO 3((PeKTUBHOCTH BHOporaueHHs. XoTs
BHIOOp MACCH racHrened (Kak M pellieHHe BOINPOCA O LeNecOOOpa3HOCTH
HCNOJIb30BAHHSA TeX HJH HHBIX racuTeJiell) IPOH3BOJAHTCA Ha OCHOBe TeX-
HHKO-3KOHOMHUYECKOro aHaJiH3a, onbiT BUOpOrailleHHs CTPOHTEJBHHX KOH-
CTPYKIHHA MOKa3aJ, 4TO NMPUMEHATh TacHTeNH nejecoobfpasHo JHIIbL B TeX
chiyuafdx, Korga HeoOXoaumbiii 3(dexT AocTHraercs Inpu odOuen OTHO-
CHTeJBHOH Macce racHreseil v, He npesbiawoeii 59%.

29. B nn. 2.16—2.37 paccmaTpHBawTCA HaHboJee 4acTO BCTpPeyalo-
HiHecs CJAYy4YaH, KOrga MOJEJblo 3allHIAaeMOr0 COOPYIXEHHA MOXeT cJy-
XKUTb CHCTEMa Cc OAHOH cTemeHbio cBOOOAH. Takoli MOAENbI0 MOXKHO
MOJIb30BATbCsl, €CJAH NPH H3IMEHEHHH COOCTBEHHHIX YACTOT COOPYXXEHHS
B 1,5—2 pa3a pe3oHaHCHHe sBJAeHHS BO3MOXHHB JUUIb [IJAA OJHOH
COOCTBEHHOH 4YacTOTH COOpPYXKEHHs, a IPH BETPOBOM PE30OHAHCE — KOrjaa
JHWb ONHA KPHTHUYECKAas CKOPOCTh BeTpa MeHblie 250 Mm/c. Urob6m BOC-
mosb3oBaThcA PekoMenpauusamu nn. 2.16—2.37, cJaeayer npeasapH-
TEJBbHO ONpelesiHTh COOCTBEHHYIO 4acTOTy p, JAJAS1 KOTOPOH BO3MOXHbI
De30HAHCHble SIBJIEHHSI, COOTBETCTBYIOLLYIO ed ¢dopMy KoJsieGaHui w(x) H
BLIUHCJUTL NPHBEREHHYI0 Maccy M u 0006LIeHHYI0 XKECTKOCTbL R:

h n
M= m (x)w (x) dx+ D Miw? (x); k=Mp, (1)
0 { =1

rpe m(x) — MOroHHasi Macca coopyxeHus; ¢opma KoJjebaHHH w(X)
HOPMHPOBaHA TaK, YTO OpJAHHAaTA B TOYKe TMNOABeca TaCHTeJl paBHa
I; M;— cocpenoToueHHas B TOUKe x; Mmacca, i — obuasa BHCOTa COOPY-
XKeHus; n-— obliee KOJHYECTBO COCPEeNOTOYEHHBIX MACC.

2,10. B tex cayuyasx, korfla 3Qp(peKTHBHOCTH BHOpPOralleHHs OLEHH-
BaeTCH IO pe3yabTataM, HOJYYEHHHM AJA 3allHLIaeMOH CHCTEMBl ¢ Ol-
HO# cTeneHpio cBoboan, HeoOXOOAHMO YUYHTHBATh ciaepyiomiee. Ecan ko-
3¢ PUUHEeHT BHYTPEHHEr0 HEYIpyroro CONPOTHBJEHHSI Yy COODYXKEHHSH,
HanpHMEp MeTaJJH4YeCcKOR OaluHH, MaJ, TO IepeMelleHHs H YCHJAHA, CO-
OTBETCTBYIOLIIHE pe3OHHpYoUleH dopme KoJgeOGaHHH, HACTOJBKO YBeJH-
YHUBAIOTCS, UTO BJHSAHHEM OCTAJbHEIX (OpPM KOJeGaHHH MOXHO fpe-
Hebpeub. OuneHkH 3¢PpPekTHBHOCTH  BHOpOraillleHHs, TNpHBeIEHHbIE B
nn, 2.16—2.37, OKAa3HBAaIOTCA B 3THX CJAYYasiX JOCTATOYHO TOUHBIMH.
Ecnu 3HayeHHe vy, BEJHKO HJH HMeeT MeCTO HEPe30OHAHCHBLIH cayuai, TO
pd oueHke 3P(PeKTHBHOCTH cJjieayeT ydecTb BJHAHHe APYTrHX ¢GOpM KO-
Je6aHuH, OCOOEHHO €CJH KpHTepHeM KauecTBa BHOpOralieHHs CJYXKHT
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H3rubaoniuid MOMEeHT WJAH Apyroe BHYTpeHHee ycuaune. B nanbonaee ua-
CTO BCTPEUAKMIUXCHA CJAYYasiX, KOrja pPE3OHaAHCHble ABJCHHSI BO3MOXKHBI
0Jist nepBOH COOCTBEHHOH YAaCTOThHl COOPYIKEHHHA, cleJyeT CHauaJia BHI-
YHCIHTL YCHJAHA HAH TIepeMelleHUd, IoJarad, uYTo BHEWHAS Harpyaka
IeHCTBYET KakK CTaTHYecKas, a 3ateM J00aBHTh YCHJIHA HJH NepeMelle-
HUSA, COOTBETCTBYIOLIME YUeTYy BKJaja Pe3oHMpyolleii GopMbl KoJebasum,
¢ KO3 PUUUEHTOM 7:

= (Zo— 1/R) Qo; (2)
h S

Q= ¢ (1) w (x) dx+ X Prw (x),

0 i=1

rae Qo — obGobuleHHass cHJya, ¢(X) — HHTEHCHBHOCTb BHelllHEH Ha-
rpy3ky; P;-— aMIJIUTyga COCPeAOTOUYEHHOH B TOUKE X; BHEUIHEH CHJIBI,
R — 00OOLIEHHAsE JKECTKOCTb, Zo, — aMIJIUTYAA KoJeOaHUH TrJaBHOHM

Maccbl OT eAHWHHYHOH OOOOWEHHOH CHJBLI, olpeaeasieMad IO QopmyJam
nm. 2.16—2.37.

2.11. B cayyagx Korga BO3MOXKHOCTb HCHOJNbL30BAHUA pPe3YyJbTATOB,
MONYYEHHBIX AJI1 MOJEJH C OJHOH CTeneHblo CBOOOJLI, BHI3LIBAET COMHE-
HUe, cJaeayeT 1noaobpaTh  ONTHMAaJbHEIe MapaMeTpbl  TracHTeNeH
no dopmyJnaam, npuBeieHHblM B nm. 2.16—2.37, a 3ateMm onpenejuTtb 3¢-
(peXTHBHOCTL BUOpOralieHHust Mo nporpamMme, ONHCAHHOH B npuJa. 1.

Ecnu coopyxeHHe oOsazaer rYCThIM CIEKTpOM COOCTBEHHEIX Ya-
CTOT U pe30OHaHCHbLle sABJeHHA HabmaoparTcs AJA ABYX U 6ojee coOCT-
BEHHBIX 4acTOT, OCOOCGHHO MpPH YCTAHOBKE racurtesedl B pasauyHbIX YpOB-
HAX, cjeayer noaOHpaTh mapaMeTpbl racHTresiel, NOJAb3YACh MPOrpam-
MOH, NOMeIleHHOH B Inpua. 1. Herkoropble pekKoOMeHAAIHMH JJid TaKHUX
cJyuyaeB gaHH B I. 2.38.

2.12. Knaccupukaung pacueTHHX cJaydyaeB U Ha3HAUEHHe KpHUTEpUA
KayecTBa BUOpOrauleHus 3a4BHCSIT OT XapaKTepa BHeUIHErO BO3AeHCTBHUAL.
Heob6xoaumMo0 pasanvyaTte CAeAYIOLIHE BO3AeHCTBHA.

FapMoHuuecKoe BosnedcTBHe ¢ Majdo (A0 =£5%) u3MeHdOUIEHCH
yacToTOM, VMCTOYHHKOM Takoro BO3AEHCTBHA MOXKeT ObITb, HanpHMeD,
CHHXPOHHBIH 3JeKTpoasuraresan. [Hnsi 60pb6bl ¢ BO3HHKAIOUIUMH IPH
3TOM BHOpauusMH MOryT OBIThb HCIOJIb30BaHBI racuteJu 6e3 AOINOJIHH-
TEJbHBIX AeMNQUPYIOLIHX 3/JeMeHTOB. JIHCCHINIATHBHBIE CBOHCTBa TaKHUX
racure/iel OObBIYHO He YUYHTHIBAIOTCA. PekomeHpauuu no noabopy mnapa-
MEeTpOB racHurenei 6e3 gemndupoBaHus Aaunbel B nm. 2.16—2.19.

[apMoHMUECKOe BO3AEHCTBUe ¢ HecTaOHJAbHOM vactotoil. McTouynu-
KOM TaKOro BO3AECHCTBHS MOrYT OBITb, HAaIDHMEP, aCHHXDOHHRBIE 3JIEKTPO-
ABHraTe/qH M JpYyrue JABHCATENH ¢ H3IMEHSIOUIMMcA YHCJIOM 000pOTOB.

[IpumenenHe racureneit 6e3 pemndupoBaHust B mOJ00HBIX cayyasix He
gaet adpdekra.

[Ipucoennnsass TakMe racHresH, MOXHO HECKOJbKO H3MEHHTb COBCT-
BEHHBle YacCTOThl, OObIYHO BMECTO pPE30HAHCHOH COOCTBEHHOH YACTOTHI p
BO3HHKAKT ABe OAH3KUe (OTiHuamouipeca MeHee, yeM Ha 15—20%) co6b-
CTBCHHbBIE€ YaCTOTbl CHCTEMLI C racHTeJeM pPop, Po2, NPHUEM Po;<p < Pos-
Takoli pasABHXKKH OKa3blBAeTCss HeNOCTATOUYHO, UTOOHI COGCTBEHHBIE Ya-
CTOThI OKa3aJuCbh BHE IpeAeJOB AMaa3oHa H3MEeHeHHS 4YaCTOTHI BO3neH-
CTBHS, IIO3TOMY DPE30HAHC BO3HUKAET, HO JHIIbL Ha APYrHX vacrorax. B
MOAOOHBIX CAYYafAX CJAeAYET HCNOJb30BaTh TACHTeJH C MOBBILIEHHBIMHA
AUCCHNATHBHBIMH CBOHCTBAMHU J100 HPUMEHSATH CUCTEMY BHOPO3ALIHUTHL B
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Buge OGOJBLIOrO 4YHcJa NO-Pa3HOMY HACTPOEHHBIX racHTesed. B HacToOA-
HleM BbIIYCKe JaHbl B OCHOBHOM pPeKOMeHJaUuuH No noabopy racHTeseH
C d1eMi(pUupOBaHHEM.

[lepyoanueckue HMNyJibCHblE BO3AEHCTBUS ¥ HArpysKkM ImNpH Mmpo-
XOX/JIEHHH uepe3 Pe30OHAHC N0 CBOeMy Xxapakrepy OJIH3KH K T'apPMOHH-
4YeCKOMY BO3JEHCTBHIO ¢ HecTaOuAbHOM uacToTOoH. B 3THX caydasx
HeOOXOAHMO NPHMEHATh FacUTe/JH ¢ AeMIHPOBaHHEM.

BoaaciictBMe Berpa MoXKer BO30yAHTb aBTOKOJEOAHHA THMA «BETPO-
BOH pe30HAHC» HJH «raJiolHpoBaHHe», a TaKiKe BHI3BATh CTAalHOHApPHLIE
cjaydyanHble KoJaeOaHHA OT NyJbCalHii BeTpoOBOro Hamopa. Bo BceXx 3THX
clyuasix AOCJKHB HCHOJL3OBATHLCA TACHTEAH C MOBLINIEHHBIMH JHCCHIIA-
THBHBIMH CBONCTBAMH, TaK KaK IYJbCalLHd BeTpa MNPEACTABJAIOT COOOH
BO3AeHCTBHE C LIHPOKHM CIEKTPOM YacTOT, a B pexKHMe aBTOKoJeOaHHH
IHaNa30H pe30HaHCHO-OMACHBIX YacTOT He OrpaHuyeH, MO KpaklHeH Mepe,
CHH3Y (ecJH NMPH HEKOTOPOH KPHTHYECKOH CKOPOCTH BeTpa, COOTBETCTBY-
oliles p, BO30yXpanTCca apToKodefaHuA, TO TNPU MeHbIIEH KPUTHUECKOH
CKOPOCTH BeTpa, COOTBETCTBYIOUIEH po;, TOXKe OyayT BO30OYyKaaTbCd aB-
TOKOJIeGaHHud).

2.13. Heo6xonuM0o YyYyHUTBIBATb, YTO TracureJd ¢ JAeMInpUHpPOBaHHEM,
ONITUHMH3HPOBAHHbIE H3 YCJOBHS CHHXXEHHS YpOBHAI BUOpauuil NpH Ka-
KOM-anbo poagelicteuy, 6yAyT 3O DeKTHBHO racuTh KoaeOaHua U NpU ApY-
rux BosaedcTBHsX. OjHakKo, ecJH OnpejeseHHbIH THI BO3JE€HCTBUA IIpe-
objanaer (BHOCHT HauOOJbLUIMH BKJAajx B HeXeJaTeJbHBIH OJS KOHCT-
PYKUHH 3(PdeKT), caeayer BHOHpPaATh COOTBETCTBYIOUIHE 3TOMY BO3IEH-
CTBHIO ONTHMAaJbHEIe NapaMeTpbl, IPH KOTOPLIX racuresb Hanbojee 3d-
ek THBeHN.

2.14. Ecau rabaputel coopyxeHUst MO3BOJAIOT YCTAHOBHTL 00JblIOE
yuceao (He MeHee 6—10) racuresied B OJHOM YpPOBHE, TO BMECTO OJHOTIO
HJIH HECKOJbKHX OJHHAKOBO HACTPOEHHBIX racHTeJieH ¢ TOBBLIILIEHHBIM
AeMA(pHPOBAHHEM MOXHO HCNOJAB30BaTh OOJBIUYIO TPYNNY INO-pasHOMY
HacTPOEHHbIX TacHTesed co caabbiMH JHCCHITATHBHBIMH cBOMicTBaMul.

[Ipn npoekTHpOBaHHH TakOH BHODO3ALIHUTHOH CHCTEMBI DEKOMEHAY-
eTcsl ofecrneyuThr pacCTPONKY NapuHadbHBX YacTOT racureseil He 6oJee
yeM Ha 3% ¢ paBHOMepHHLIM 3aIOJHEHUEM BCEro AHAaNnasoHa H3MeHEeHHUS
YaCTOT BO3AEHCTBHA. AMILIUTYAbLl NepeMellleHHH MAacC TAaKHX racureJel
3HAUUTEJNbHO IPEBLIIIAIOT aMIJUTYAbL KoJieGaHHi OObLIYHBIX TacHTesel
c geMmMndupoBaHHeM; 3TO cJeayeT YUHTHIBATH NpH onpejneneHun rabapu-
TOB NOMELIEHHH, NMpeJAHasHaueHHBIX AJS pasMellleHHs racuresen, H pac-
YeTe CBA3H racHreJd Ha MNpovYHOCTh. [IpH NpOEeKTHPOBAHMH TaKOM CH-
CTeMbl BHOpO3awuThl 00d3aTe/IbHO CJeAyeT VYYHTHBATb BO3MOXKHOCTD
HeNpeJHAMEPEHHBIX PacCTPOeK racHureJies.

Pacuer rpynmoBbiXx racHrtesNel peKOMEHAYETCS BHIIOJHATH MO IPO-
rpaMMme, NMPHUBEJEHHOH B nNpHJ. 1.

2.15. Ilpy NpoOeKTHPOBAHMM racuTeNeH cJaeayeT VYUYHTHIBATb, UTO
B IpOllecCe 3KCNJAyaTalUU COODYXKeHHA BO3MOXHO H3MEHEeHHe MACCH H
APYTHX XapAaKTEPHCTHK, BJHAKLIHNX Ha CcOOCTBEHHBIE YaCTOTHI COOPYXKe-
HHSI, B YACTHOCTH, NMPH HeCcTaOHJBbHOH YacTOTe rapMOHHYECKOTrO BO3Aef-
CTBHSl racuTe/ib 0e3 AeMIPUDOBAHHA MOXKET OKa3aThCA He3bh(HeKTHBHHIM,
€CJIH Macca KOHCTPYKUHU OyaeT CYUIeCTBEHHO H3MEHSThCS.

! Takasa cucrema BHOposawuTH, no npeanoxenuio H. A. ITuxkynesa,

BlIepBble Obla HCNOJb30BaHa AJA 60phObl ¢ KoaebaHUAMH 3paHus Ka-
3aHCKOrQ YHUBEDCUTETA.



Mon6op onTHMAJBbHLIX racHreJeft KoaeGaHHi
H oueHKa HX 3(PDeKTHBHOCTH

2.16. Ilpyu rapMOHHYECKOM BO3JAEHCTBHH C Ma.10 H3MEHSIOLeHCcs ya-
ctoTo (cM. n. 2.12) peKoMeHAyeTCs NPHUMEHATb racHTeNH 0e3 CliellHab-
HEIX aeMnHPYIOIHX 3JeMeHTOB, JIHCCHIATHBHEE CBOHCTBa TAKHX TacCH-
TeJiell Npu oueHke 3ddekTuBHOCTH BHOporamenusa B nm 2.17—2.20 nHe
YYHTHBAIOTCA, TaK Xe KaK W JAHCCHNAaTHBHEIE CBONMCTBA 3alHILaeMOH
CHCTEMHI.

KpHrepHem KadecTBa BHOporalleHHss R OJs cjayuaeB, pPacCMOTPEH-
HX B mn. 2.17—2.20, saBiasercs MakCHMaJbHas B 3aJaHHOM JRHAaNa30He
H3MEHEHHs 4aCTOTH BO3JeACTBHA (OT ®Wg A0 ®Wx) AMIIHTYJa NepeMellle-
HHA HJAH YCKOpDeHHA raaBHOR (nmpuBefeHHON) Maccw M. IlapamerpH ra-
CHTeJIss v H [ moabHpamoTCca Tak, uyTOOH YMEHbIIHTb KPHTEpPHH KauyeCTBa
BHOpOrauleHuss A0 ZONYCTHMOro 3HaueHus R=akRer.

v=M/M; f=pc/p; P*=k/M; p;= kM,

roe Mp — Macca racutens; kr — XeCTKOCTb NPYXHHH (CBA3H) racu-
T€Js1; vV — OTHOCHTeJbHAs Mmacca racureds; [-— HacTpofika racurens,
p — cOOGCTBeHHAsts 4acTOTa 3aulMIIaeMOH CHCTEMb;, pp — DapHHaJbHas
4yacToTa racurens; R — 3HaueHHe KpHTepHs KayecTsa BHOporallesHus,
COOTBETCTBYIOIlee eAHHHYHOA 060061meHHOA cHite (Qo==1!); Rer — 3HaUe-
HHe KpPHTepHs KauecTBa BHOporauleHMs TPH CTATHUECKH MAefCTBYIOILEH
eAHHHUHOR OOOOILEHHOA CHJe B cJiyuae, Korga R COOTBeTCTBYeT aMIIJH-
TYAe nepeMellleHHR raaBHOA maccH (Rer=1/R); ecaiu R cooTBeTCTBYET

YCKOpPEHHIO IMIaBHOH MacChl — yCJOBHO NPHHATO Rer==p2/k.
Ilpy onTHUMaNbHOH HaCTpOMHKe

P four HONYCTHMLIe 3HaueHHd R no-
| ! 2 Y CTUralOTCA Ha KOHIlaX HHTepBaJa
/7 \ 2\2 H3MeHeHUs 4YacTOThH BO3JeHCTBHS,
/ \ KaK NOKa3aHo Ha pHc. 6.
/
~
- \‘--. —an
-~ — e
<
e
||||| I“l <3 W

Puc. 6. AMONHUTYAHO-yacTOTHBIE Xa-
Wy 4 paKTepHCTHKH cHcTeMbr G6es racure-
nst (1) U c racurenem (2)

A

2.17. [Ipu rapMOHHYECKOM BO3[EHCTBHH C Ma/IOH3MEHSIOIEACT Ya-
CTOTOil M NOCTOSHHON aMnautyiofi BHemHeR cuan Qo=1 B cayuae,
KOraga KpHTEepHeM KauecTBa SMBJASETCS MaKCHMa/jbHasd B JAHanma3oHe OT
Wg 10 Ox AMINJNTYZA NepeMelleHHA TJIaBHOH MAacCH, nmapameTphl rach-

Teqs noabupalTcs no Gopmynam:

(A2 —2A%) {t4a (1—2A2)] [1—a (1—A))]
adl A (24a (A2 —A%)]

(3)
2+ a (ki—kﬁ)

— 2
onr H "“K A’ﬁ+kﬁ+a(ki—lﬂ)
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rage A — OTHOCHTE/NbHAA 4YacToTa BHHYXAEHHHX KoJselanufi (A=w/p);

Ar, Ax — 3HaueHHs A HA TPAHHIIAX AHANAa30HA YaCTOT BHEIIHEro
BO3AEACTBHSA NMPH W =g H 0= 0.

2.18. Ilpu BO3neficTBHH, paccMaTpHBaeMoM B 0. 2.17, H KPHTEPHH

Ka4yeCTBa — MaKCHMaJIbHOH aMNJHTYAE YCKOpPeHHS IVIaBHOA MacCChl Ia-

pAMETPH TacCHTEJIS PEeKOMEHAYEeTCA onpenelaTh nNo ¢opmyaam:
(A2 —A7) [A2 +a (1—=25)] [Ag—a (1 —A7)]
a A2 A2 [A2 - A2 4+ a (A2 —A2)) ’

A2 +Aq + a (Ag—A2)
222 A2 4-a (A2 —A2)

Y —

(4)

__A2 A.2

fOIIT

GopMmyan (4) NMPHroJHK TakKXKe B CJAyyae, KOrja aMIJIHTYAAa CHJAN
MPONOPLUHOHAJILHA KBAaAPATY uacToTH BO30yXneHHA Qo=1-A2, a KpHTe-
DHH KayecTBa — MaKCHMaJbHasd aMIVIHTyAa KoJeOaHHH [aBHOA MacCH.

2.19. Ilpu rapmMoHHYecKOM BO3JeHCTBHH ¢ MaJOH3MeHsOmWefcs ua-
CTOTOH H AMIJIMTYIAOH CHJbI, NPONOPLHOHAJBHON KBaApaTy 4acCTOTH BO3-
6yxaeHus Qo,=1:A% B cayuae, KOrga KpHTEpDHEM KauecTBa& ABJAETCSH
MAaKCHUMaJibHAA AMIIJIMTYAA YCKOpeHHs TrJaBHOR MAacChl, ONTHMAJbHLIE
napaMeTpHl racHre/ieh peKoMeHaiyeTcs NPHHHUMAThL MO PopMyJdiam:;

(Mg —Aq) [ —a (1—=24))] (A +a (1 —A7)] )
a’2 22 (M4 e (A2 —A2))

5
A2 AZ (A A% g (A2 —A%)) )

on? = l2 KQ (K2 —|—l2)+a (AP—-.—A.?)

2.20. OnpejesieHHe aMIJIHTY] NepeMelleHHAI H YCKOpDeHHA NpH npo-
H3BOJBHLIX 3HAUEHHAX A U, B UYACTHOCTH, NPH A=Ay HJIH AM=Ag BHI-
MOJIHAETCH MO (QOopMyJiam:

P p p
Z, = D Zp= 3 ¥V =
0= Ak o=y v Y =",
A2 pt (f3 — A%)
Lo = Ap? (6)

rae A= (1—A%) (J2—A%)—v A2 f3;, Z,, Zo — aMnAHTyABH NepeMellie-

HHH H YCKOpPEeHHH rsapHoft MaccH; Zr, Y — aMINIATYAW nepeMelleHHRA
MacCHl racutesia H gepopmanHi cBA3H racuTes.

2.21. Ilpu rapmouHueckoM BO3AEACTBHH ¢ HecTabHALHOA vacTOTOM
(cM. 0. 2.12) pekoMeHAyeTCsi MPHMEHATb TacHTeNH ¢ HeMNPHPYIOUWHMH
3NeMeHTaMd. AMIOJHTYAHO-UacTOTHAA XapaKTepHcTHKa Zo(w) B 3TOM
cjyyae HMeeT TAKOH BHJ, KAKOHN TNOKA3aH Ha pHc. 7.

[Ipp onTHmMaJsHHX napaMeTpax racHTeNsT MHHHMH3HDYETCHA HaH-
6onbliass H3 OpAHHAT Zo(®), OOLUHO NPH 3TOM 004 MAKCHMYMa aMIIIH-
TYAHO-UaCTOTHOIl XapAKTEPHCTHKH CTAUOBATCA OJHIAKOBLIMH.

HaJjiee NpHBeaeHbl pe3yJbTaThl AJA racureefl ABYX THIIOB: C JeMIl-
(epomM BSA3KOro TPEHHA (THN NEepBHIH) H CO CBA3bIO, obGnajaloued no-
BHlIUeHHBIM HEYIPYIHM CONpPOTHBJEHHeM (THIN BTOpPOH), NpHYEM [AaHb
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dbopMyJibl Aa4 onpeaeaeHHss He TOJIb-
KO OITHMAJIbHEIX NapamerpoB. FacHu-
TeJiel, HO ¥ COOTBETCTBYIOUINX 3Ha-
JeHUH KpHUTEpHUs KauyecTBa U MaKCH-
MaJbHBIX AMIVIATY] YAJVHEHUH CBA-
30 (OJA MAasiTHHKOBBLIX racHTeJled —
AMIIJIUTYL MepeMelleHHH MacCel Ma-
m ATHHKA OTHOCHTE/JbHO TOUKH HOJBe-
ca) racutrega. JHas racuteaeli ¢

Wy w  AeMIQUDYIOUIHMU 3JeMEeHTAMH Ofl-
THMH3HPYIOTCSI HACTPOHKA racHTeJ el

¥ H GespasaMepHble Ko3DbHUIHeHTH [

Puc. 7. AMOAHTYZAHO-4YaCTOTHAsl Xa- HAJIH “Yr, XapakTEPU3YIOLLNE “H,HE!CHHH-
PakKTepHCTHKaA B [JAHamna3gHe H3MeHe- TUBHbLIe CBOHUCTBA racHTeJeH. YUTeHOo

HHf 4aCTOTHI BO3JEHCTBHS BHYTPeHHEe Heynpyroe comnpoTHBJIe-

HHe 3alllHILaeMON CHCTeMBbl, Xapakrepuayemoe KO3 PHLUHEHTOM NOTEPb Yo.
3necb U paJnee:

B = P/ | Yo Yo

—— ; s — ; Uy = ™ ~
PR s T A

1""""'!’%/4 Yr

L ]

2 ] 2 2 I 2

rae fr — xo3dPUIHEHT BA3KOrO TpeHUsA aeMmndepa B racurene nepsoro
THNA, Uo, Vo, Ur, Ur — KOHCTAHTH! E. C. Copoxuna aas 3a-
HIMIAeMOH CHCTEeMBl M JJS TacHUTeJs1 BTODOrO THIIA COOTBET-
CTBEHHO; Yo, Yr — KO3(Q(UIHUESHTH BHYTPEHHEr0 HEYNPYroro co-
[IPOTHBJIEHHSI 3aliuIiaeMOd CHCTEMB ¥ CBSI3H TacuTeNs COOT-
BETCTBEHHO, fonr, Ponr, Yomr — ONTHMAJbHBIE 3HauyeHHs Hapa-
MeTpoB [, B, yr; 0, Y — OekpeMeHT KoJeGaHUH H KO3(DODHIHEHT
HEYNpYyroro CONPOTHBJIEHHS CHCTeMbl ¢ racurediem (y=—468/n).

2.22. [lpn rapMoHHUeCKOM BO3AEHCTBUH C HecTabGHJAbHON 4YacTOTOM
M TOCTOSTHHON aMIJMTYAO0H CHAmW Qo=1, ecay KpUTepHeM KauecTBa SiB-
JACTCA MakcHmasdbHasg aMmINIHTyAa TepeMellleHHH TIJaBHOH MaccH INpH
[POH3BOJIBHOM H3MEHEHHH YacTOThl BO3JeHCTBHS, ONTHMAaJbHble Napa-
METpPbl TacuTenel onpeneasorca no gopmynaam (7) u (8).

Jlns racurtenefl mepOro tuma ONTHMAJbHBIE TNapaMeTpbl ONpeme.si-
IOTCS 10 opmyae,
2 __ 3 ..
ONT 2 (1 -4 v)3 !

2 D) ______1 o ) Bonr ]
o =V 1% [~ T e

I BeneactBue Toro, uto OOJMBIIMHCTBO NPHBEACHHBIX 3[eCh Pe3VJib-
TaTOB ObLIH TOJyYeHbl € HCIOJb30BAHHEM YKAa3aHHBIX KOHCTAaHT U, O,

3TOT CNoOCoO ONHCAHMS 3aTYXaHHSA COXpAHeH B HacToAUlHX PekomeHnpa-
LLHSIX.
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IpH 3TOM:

Fiiaini—

R=1/(k V zlu +Y§+Ynﬂ(1+v));

] 2 (14 v) 2 v -
Ymax = 7z I V'3 (2+1,25v) °

s racurenlefi BTOPOTO THNA ONTHMAJbHBIE NapaMeTphbl ONpenesif-
101cs o hopMyaam:

2
Yonr = Y« +]]1‘—'Yf :
- ]/{—Yﬁ , 342> .
fonr (1+“*“)]/1-—Yf Y=Y oy (8)
IIPH 3TOM:
R = = : *

2.23. IIpH ToM Xe KpHTEepHHM KayecTBa, KAaKOH paccMaTpHBAJCH B
0. 2.22, echd avNJUTylla CHJALI NPOMNOPUHOHAJBHA KBAaJpaTy 4YacTOThbi

Bo30yxaeHus Qo=1-A% onTHMaabHBle nMapaMmeTpsl racHresJeyl PeKOMEH-
AyeTcsi Ha3HauaTh IO POpPMYyJaMm:

AJIA racHTeJed nepBoro THNa“

o 3 v o 1+Yi+ls5voﬁﬂn'r

R R TR Vv

|
R — —

i

N T 2+v) A+yh) 1)
k (13- v)2 — |
]

2 (fgm ~— 0,5 vo Bonr)

| 2 - v |
¥ max = R “ ]/ 3 (1 4+ ) (1 41,25+)
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OJs racurenel BTOPOro THHa:

1
R = = ——

- (14 v) 'V*_:'Yo- ;
R l/ o [V (2+ V) Yo I*YD'WJ

2 24+5v+5+
Ymex = by 3 (245v+3+2)

2.24. Tlpu rapMOHHuYecKOM BO31eACTBHH ¢ HECTAOHALHOR YAaCTOTOMN
H NMOCTOAHHON aMnJauUTYAOR CHAN Qo=1, ecqH KpHTEpPHEM KauecTBa SIB-
JAETCA MAKCHMAaJbHAfl AMNJHTYAA YCKODEHHS TIJIaBHOH MAacCh HpH Mpo-
H3BOJIbHOM H3MEHEHHH 4YacTOTH BO3JeHCTBHA, ONTHMAJBLHEE mNapaMeTpPH
racHTeJiel peKoMeHAyeTcs omnpejensiTh Mo (hopMyJam:

A TaCHTeJieH MepBOro THIIA:

3V ! p2 2
Pom = T3y 2 F 0 ¢ fom =T R=F Vs (TH)
] 2 4 v 1 +v
Ymax = 77y ]/3(14:1,25'4) ;

AJSl racureJen BTOPOro THMa:

(11)

2 3v(243v)
YOHT_Y# 1+V_l—- """ (2_‘_\,)! '

] 2+ 2 (14v)

Vmax = T~ T 3 (2+3v) °

i
S N s
fon'r (l—l—"#) ‘l/l'—-}'i k Vv(l-l—"!) l ( )
]

2.25. Tlpr kpHTEepHHM KadyecTBa, paccMaTPHBAeMOM B 1. 2.24, ecau

amn.rm'ry,rla CHJABEl NMPOMOPUHOHRAJbHA KBAaJApaTy YacTOTH Boaﬁyx{nennﬂl

=].A2, OnTHMAaJbHble NapaMeTphl racHredell onpeaenasiotres no Gop-
MynaM
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IJI racuTeJiel NMepBOro THNA:

v (38—
ﬂnnT"" 2 (1 —2v— +?) 1 f?m'r = |
P 2 .
=" Ve (19)
1 2(1-—2” 2
Ymax = % V 3(2+v) (1—2,375v)°
OJIS TaCHTeJefl BTOPOro THNA:
Your = Yo ————— e B4 U)o
e 1+1/1—v3 T (1—2v—2) (2+4y) I
L A - L (14)
fons = ]/l—-—-y EVy(2+v) [

l 2 ] — 2 v — 2
Y max = B v l/(l—{—v) (3F )

2.26. B cayuae, ecan yactora Bo30yxaawuiefi CHAN NPH HOMHHAJb-
HOM 4HcJje 0060pOoTOB ABHrateas 060Jblile p H BO BpeMsd NMyCKa H OCTaHO-
BOK BO3HHKaeT peXHM MNpPOXOXJAECHHA uYepe3 pe30HAHC, NapaMeTphl racu-
TeJled peKoMeHayeTcd noabupaTh Kak AJA TapPMOHHUYECKOTO0 BO3AEHCT-
BHA ¢ HecTaOUJBHOH 4acTOTOH. B JeHCTBHTEJNLHOCTH ONTHMAJIbHBIE IAa-
paMeTpH A/ OOOHMX YKAa3aHHEIX CJAYyyaeB HECKOJBKO OTJHYAIOTCA APYT

OT ApYra, Ho pa3HHUa B 3Q¢eKTHBHOCTH (Hanpumep, ecJH KPHTEpHEeM
KauecTBa ABJsieTcsl HaHOOJbWIAA aMIMHUTYAa [VIaBHOH Macchl B Mnpouec-

ce MPOXOXKJEHHS uepe3 Pe30HAHC) HEeBeNHKa.

2.27. Tlpu paboTe napoBO3AYILIHLIX, TKAPABJIHYECKHX NPOCTOro aedl-
CTBHSI H MEXAaHHUYECKHX PPHKLUHOHHLIX MOJIOTOB, 4 TAKXe KONPOB H ApPY-
THX MEeXaHH3MOB Ha COOpYXKeHHe MOryT AeHCTBOBATb IMEPHOAHYECKHE
(¢ mepuoaom T) HUMIOYJbCH OAHOrO HANpaBJEeHHS H OJAHWHAKOBLIE IO Be-
auuyuHe, HanpuMmep s=1. Ecay nepwoa T H COOTBETCTBEHHO 4acTOTAa
0w =2n/T HecTaOHJBHBL, a KpHTEpPHEM KauecTBA fABAAeTCA HaH6oJablIasfd
(n1pn pa3anuyHHX T) aMmJHTYyAa NepeMelueHHA TnaBHOA MaccH, TO AAA
racUTeJiel mepBOro THIA OINTHMAJbHhie MapaMeTphH peKOMeHAYeTcs Orl-
peneasite N0 dGopMmyJam:

3v (4 +5v 4 2+2) \
o=V S0 T T l
1 +0,43v—0,19 Vv,
f%:m‘_" T (1 4+ v)?2 FV‘Y a (15)
X [v+ (0,37 ¥V¥o+Y0) 3V v+ 47v0)]
(T+)? )

3HayeHHe KpHTepHs KauecTBa R cieayer onpeneasstb no taba. |,

AJIA MPOMEXYTOUHbIX 3HAYEHHH Vv, Yo NOINYCKAETCA HCIOJbL3OBATL HHTEp-
NOJISLHIO.
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Tabauma 1

Beanunyhl Hanb0ABLIHX AMILIMTY], NepeMeileHHi TAAaBHOH MacChl
MPK Pa3JHYHbIX 3HAYEHHUAX V H Yo

e

.ﬂ,.ﬂﬂ s = 1| f Ana s=1:A

: v | |
| | Bonr | fone | Re | Bonr | fi | R&
0 0,188 0,962 9,62 | 0,19 0,974 9,57
0,025 { 0,05 0, 188 0,957 7,13 0,19 0,98 7,1
0,1 0,188 0,95 5,74 | 0,19 0,99 5,71
0 0,259 | 0,927 {6,999 | 0,264 | 0,95 | 6,92
0,05 { | 0,05 0,259 0,92 5,66 | 0,264 0,958 5,6
0,1l 0,259 0,911 4 81 0,264 0,97 4,76
(0 0,309 0,803 | 5,84 0,318 0,927 [ 5,74
0,075 ¢ | 0,056 | 0,309 0,880 | 4,92 0,318 0,937 4 85
.| 0,1 0,309 | 0,876 | 4,3 0,318 | 0,951 4,23
0 0,348 0,862 5,15 0,36 0,905 5,04
0,1 { 0,05 | 0,348 | 0.853 |4.45 | 0.36 0.917 | 4.36
0,1 0,348 0,843 | 3,95 0,36 0,932 3,88

i

2.28. Ilpu pabote mexaHuamoB ¢ 3y0uaTbiMH MNepegadyaMy, MAaLIHH
yI1apHOro AENCTBHA C KPHUBOWUIMMHO-IMATYHHBIM IPHBOJAOM H Ap. Ha CO-
OpYKeHHe JAEUCTBYIOT NEepHOAUuYeCKHe (¢ nepHomoM 1, 4YacTOTOH =
=2n/T, Ge3pa3MepHOH 4acTOTOH A=/p) HMNOYJbCbi OAHOrO Hampaa/e-
HHS, BEJHYHHA KOTOPHIX MPONOPIHOHAJIbBHA uacToTe, Hanpumep s=1 A.
Ecau kKpurepHem kauectBa BuUOporalleHusi sBJgeTcs HauboJbllass amil-
JUTYAa NepeMellleHHH TJAaBHONH MAaccH NpH HecTaOHJABHOH 4acToTe ®, TO
JAJifi TacHTeJie MepBOro THIA ONTHUMAJbHBIE NapamMeTpbl peKOMeHAyeTcCs
ONpeAeATE M0 GOpMyaaMm:

_ / 3 B \
bore = V T @)

o _ 14 YoPBorr—(0,2+0,9 Vforr) 1—2F ¥) X |
fom-'_' | l"‘“""“’\’ﬁ (16)
2’<(1‘|~1r5"") ((_)_i“*‘i"vf,“l‘"\’o-ﬁonr) ,

1-{—?-——'\% |

Beanunna R onpenensercsa no taba. 1.

2.29. Ecau racdtead HUCOONAb3YIOTCS A48 6opbbH ¢ KOaeGaHHAMH
COOPVIKEHHH, NOJABEepXEHHBIX AeHCTBHIO OJAHHOYHBIX HMIYJAbCOB, OITH-
MaJibHble NMapaMeTpbl racHTeJeli MOXHO noabupaTh U3 YCJOBHA CKOPEH-
IHIEr0 3aTyXaHHA [epexoaHoro npouecca. B cHcremMe ¢ ONTHMAJbHBIMH
racHTeJiMH 00eHM CcOOCTBEHHBIM YAaCTOTaM — Pg; H Pog — OYAYT COOT-
BETCTBOBATL O/JHHAKOBble 3HAYEeHHUS AeKpeMeHTa KoJsebaHu#h O H K03d-
dbHUHEHTA HEYNPYroro CONPOTHBJIEHHA y=1_,/m.
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Jlng racureJied nepBoro THNA:

Y )
Porr = ]j—‘-'.l/hlﬁ-v + (I,O;Y?{—;)s ;
2 fBonr (1 =) +0,25 [flons (14 ) +¥ol*
Pors (1 -+ )" —
— o Bonr [Bons (1 +V) + Yol +1} (17)
— Yo (1:-‘-') ;
V*—;“ [Yo+ (14 v) Ponr]- |

(BeJIMUHHBI § IJIA HEeKOTOPbIX 3HAUYEHHH Yo M v NpHBeAeHH B Tabna. 2).
Jlns racuTeJieil BTOPOro THIA:

o — Yo - 2 ]/r-v | f2 - 1 _
OIl'T 1 ’ OnT 1 ’
! 9 Yo | T

Yo +2 V v/(VI+v+1)
1 —
l — <5 Yo V v/(V14v41)

Agpp—

|
i (18)
|

2.30. B Tex cayuasix, Korja JAHHaMHUUYECKHE TaCHTEJH MPHMEHSIOTCS
agass 60pbOBl ¢ BETPOBBIM pPE30HAHCOM, PEKOMEHAVETCS HA3HAYATh OIfl-
THMAaJbHble MapaMeTpbl TacHTENsA KakK AJf apMOHHYECKOr0 BO3AE€HCTBUS
¢ HecTabuabHON YacTOTOH H AMIVIMTYAOH CHJB, IPONOPUHOHAJBHOH
KBajapaTty 4acTtoThl BO30yxKupeHus (cm. nm. 2.23 u 2.25). Haa onpepene-
HUS UCTHHHBIX 3HaYeHHH R U Ypax clleayer 3afgaTh aMILIUTY Ay o6006IeH-

HOH cUAbl B coorBeTcTBHH ¢ raasod CHull 11-6-74 «Harpysku # BO3-
JEHUCTBHS».

2.31. T'acurenH, npeaHa3HaueHHble AJs OOpbOBI C BETPOBBIM pPe30-
HaHCOM, OJAHOBPEMEHHO MOTYT 3(P(EKTHBHO TacHTb KoJsieOaHHS, BHI3BAH-
Hble IYJbCAlLHAMH BETPOBOro Hanopa. 3MOEeKTHBHOCTh HX B 3TOM CJyyae
MOXHO OLEHHUTL N0 ¢dopMmyJiaM, NpHBeAeHHbIM B 1I. 2.37.

[lockoabKy B HacTtosiliee BpeMs HET TOYHBLIX AAHHHEIX 06 ONTHMAJb-
HbiX Tapamerpax racurejeii U 3(hPeKTHBHOCTH raiueHus KoJieOaHHH, BHI-
3BAHHLIX NyJbCAUHUSIMH BeTpa AN PA3JHUHBEIX (HKCHPOBAHHBLIX 3Haue-
HHH p, PEKOMEHAYEeTCS MaKCHUMAaJbHO MOBLIIIATL AHCCHIIATHBHbIE CBOMCT-
Ba CHCTEMBl C racuresjeMm; AJs CHCTEMBl ¢ YBeJUUYUBHIHUMCS JEeKPEMEHTOM
kKojeGaHui, coranacHo ryae CHull I1-6-74, mMoXHO npuHHMaTL 60nee
HH3KHe 3HA4YeHHSA KOo3(pdHUUEeHTa AHUHAMHUYHOCTH.

[Iocko/bKY oONTHMAaJbHble NapaMeTphl TracHTeJel B paccMaTpHBae-
MOM 3J€Chb CJIydae NOJYYAKOTCA TAKUMH XKe, KaK H B cJjyuyae, paccMOT-
pPeHHOM B 1. 2.29, ontuMmaJjbHbie apaMeTpbl racutesjeil W 3Ha4YeHHA fe-
KpeMeHTOB KoJieOaHHN AJiT CHCTEMbl C TacHTeJsIMH pPEKOMEHAYeTCsl Oll-
peaensats no dopmyaam (17) u (18).

2.32. llaa 60ppbbl ¢ rajonupoBaHveM COOPYKEHHH, UMEKWINHX a3po-
AMHAMHYECKH HEYCTOHYHBYIO (OpMY cedeHHs (NpSAMOYroJbHHK, poMO H
T. I1.}, OUTHMaJbHblE NnapameTpbl NOoAOHPAIOTCA M3 YCJOBHA MAKCHMAJb-

HOrQ YBEJHYEHHS KDHTHYECKOH CKOPOCTH IIOTOKA, NPH KOTOPOH BO3HH-
KalOT aBTOKOJebaHHus.
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8l

3HaueHHe aorapupMuuecKkux AeKPEeMEeHTOB KOAeOAHHH CUCTEMb! C racurelieM

?011'[‘
?ﬂ
0 0,305
0,025 | 0,328
0,05 | 0,352
0,075 | 0,374
0,1

0,394 |

R

8

0,952

0,948

0,945

0,941

0,937

0,497

0,57

0,648

0,72

0,79

|

Yonr fgnT 6

v =0,05
0,416 | 0,907 | 0,685
0,438 | 0,902 | 0.761
0,458 | 0,898 0,834
0,48 0,892 0,908
0,5 (0, 888 0,984

Yonr fgn'r 0 ’ Yonr ffm'r

v == (0,075 ‘ v=0,1
N ' . ‘

0,491 | 0,865 | 0,83 0,648 | 0,827
0,512 | 0,8 | 0,905 | 0,567 | 0,82 |
0,532 | 0,854 | 0,985 | 0,585 | 0,814 |

0,551 | 0,848 1,06 | 0,603 | 0,808

0,971 { 0,844 1,125 | 0,621 | 0,803

Tabnuua 2

0,95

1,018

1,09

1,16

1,23



Jdns racurenefi nepBoro THNa ONTHMAJbHLie napaMeTph ornpefes-
IOTCA N0 GopMyaaMm:

: ]
o = V' 2 (VTHFV = DIA+D) VI+ V5 o =775+ (19)
B pesyibTaTe YCTaHOBKH racHTesii C TakHMH NapaMeTPaMH KPHTH-
4ecKasi CKOPOCTb BeTpa yBeJHuHBaeTcs B 1 + V v/Yo pas.

[Tapamerpnl, BhiuHcaeHHble no ¢opmyaam (19), sABAAIOTCA ONTH-
MaJIbHBIMH H NPH CKOPOCTAX IMOTOKA BbiUle KPHTHYECKOH, TAK KaK HM
COOTBETCTBYIOT HaHMeHbUIHe AMIJIHTYARl aBTOKOJIeOAHHH.

[Mlop6op U onpepeneHHe 3PPeKTHUBHOCTH
ONTHMAJIbHBIX racureJied kKoJeOaHHI

npH orpaHHYeHHOM JAeMndHpOBaAHHUN

2.33. B 1ex cayuyasix, KOrja He YI4eTCA DeaJH30BaTb HA MNPAKTHKe
ONTHMaJbHOe JAeMn¢HpoBaHHE B FACHTENSAX H MO KOHCTPYKTHBHLIM CO-
ob6paxxeHUsIM NPUXONHTCH Ha3HauaTb AeMN(PUPOBAHHE MeHblle ONTHMAJb-
HOro (0COOEHHO 3TO OTHOCHTCH K racHTeJiM BTOpPOro THIA), pEeKOMeEeH-
JAYETCA OIpeAessiTb ONTHMAJbHVIO HACTPOMKY racHresed npu (GHKCHpPO-
BAHHOM (mpejesibHO JONMYCTHMOM) 3HAYEHHH YVr.

2.34. Ilpr rapMOHHYEeCKOM BO34EHCTBHH ¢ HecTaOHJIBHOH YaCTOTOH,
€CJH KpHTEepHEeM KauecTBa SfABJAETCA MAKCHMaJbHasA aMIJIHTYyla Iepe-
MEILLCHHH TIJaBHOH MacCchl, ONTHMAJIbHYI0 HACTPOHKY U 3(P(EeKTHBHOCTH
pubporalieHusa JAaA (UKCHPOBAHHBIX 3HAUEHHH Yr CJeAyeT ONpelnensiThb
no rpadukam pHc. 8—10.

OnTtuMmaJbHasi HACTpPOHKA onpeAensieTcsi H3 YCJOBHS paBeHCTBa Mak-

CHMAJIbHBIX aAMINHTY[ TepeMelleHHH TJaBHOH MAacCH, COOTBETCTBYIOLIHX
HAdCTOTAM Pg1 H Pos.

Ha puc. 8—15 noka3aHo, Kak B 3aBHCHMOCTH OT HAacTPOHKH racure-
Jlei H3MEeHSIOTCS 3HAaUYeHHS MAKCHUMAJbHBIX aAMILIHTYA KOJIeOaHHH Zmax
rJIABHON Macchl, COOTBeTCTBYIOLHe NepBoH (kKpuBne /) H BTOpO# (KpH-
Bole 2) cOOCTBEHHBIM YacTOTaM CHCTEMH ¢ racurejeM. OnTHMaJjbHble
3HaueHHUs1 f2 COOTBETCTBYIOT TOUYKe IepeceueHHs KPHBbBIX I H 2. [IyHKTHD-
HHe JIHHHH Ha rpaHKax COOTBETCTBYIOT CHJIE, aMILJIHTYAa KOTOpOH HpoO-
NOPIHOHAJBHA KBaApaTy 4acToThl Qo=1-A?% (3TUMH rpadHKaMH MOXKHO
NMoJIb30BaThCA AJ noabopa racuteseH NMPH BETPOBOM Pe3OHaHce), CNJOLU-
Hble JIJHHHH COOTBETCTBYIOT CHJIe C NOCTOAHHOH aMIJHTYAOH (Qo==1.

[paduky DOCTPOeHB! AJI1 HECKOJbKHX 3HA4YeHHH v H Ko3ddHuueHTa
HeYNpyroro CONPOTHBJIEHHS TacHTeNs Yr, AJS NPOMEXYTOUYHLIX 3HAUYeHHH

Yo, ¥, Yr NPHOJHXXEHHBE pPe3yJbTaTh MOXHO MOJYYHTb NO HHTEPMNO-
JIIHH,

2.35. Ecan KpHTepHeM KauecTBa BHOpOraiueHHsi SABJAAETCA BeJHYHU-
Ha, o6paTHas HaHMeHbLIeMY JEKPeMEHTY KoJebaHHH CHCTeMBl ¢ racH-
tesem (anajoruudo nm. 2.29 u 2.31), To onTHMasbHAas HAacTPOMKA racH-
TeNlsT He 3aBHCHT OT BeJIHYHHH Yr. B CHCTEME C ONTHMAaNbHO HACTPOEH-
HbIM racHreJieM TaK Xe, KaK H B cJydae, pacCMOTPEHHOM B 1. 2.29
oberM vacTOTaM pPg; H Po2 — COOTBETCTBYIOT ONHHAKOBHIe 3HAYEHUS Je-
KpemMeHTa Konebauui O H KO3(p(UUHEHTZ HEYNPYroro CONPOTHBJEHHA ¥.
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) | - Vr?o—4+]/(7g+4) ('\’E:I““
fomy= 7573 V= B — . (20)

BiausHHe OTK/NOHEHHIi napaMeTPOB racHTeNs
OT OINTHMANbHLIX 3HAYEHM

Ha 3(peKTUBHOCTb BUGpPOramieHHs

2.36. llpu coszanuy racuteseli H HX IKCHAYaTAUHM MOTYT BO3HHK-
HYTb HebOJ/blIME OTKJIOHEHHS MX MapaMeTPOB OT NPOEKTHHIX H, B YacT-
HOCTH, OT ONTHMAJbHLIX 3HaueHHH. Oco6GeHHO CHJABLHO CKa3biBAlOTCH Ha

3* 3ak. 664 23



spdekTHBHOCTH BHOpOrailleHHss H3MEHEHHMS HAcTPOHKH; OTKJIOHEHHA B
AdeMndUpPOBAHHN CPaBHHUTENbHO MaJIO BJAHAKT HAa 3QP(PeKTHBHOCTL raule-

HEst KoJgeGanui.
Ecau JedcTBHTeNbHAss HACTPONKA [ HECKOJBKO OTJHUAeTCss OT OIl-

THMAJbHOrO 3HAYeHMs fonr, TO HM3MeHEHHHII KpHTepHii KauecTBa R,
JNsi rapMOHMYECKOrO BO3JEHCTBHUA € HeCcTaOHJIBHOA 4acTOTOM peKOMEH-
AyeTcs BHIYHCAATH MO dopmyJe

P
Ry, = 14+ A 5 — 1 , (21)
fonr |
rape K — 3HauY€HHe KPHTEPHA KaueCTBAa NDH ONTHMAJBLHOA HACTPOAKe;
A = ]/,v ( 21+ ol AJisL ciiy4asi, pacCMOTPEHHOro B II. 2.22;
A=0,51 ]/ l;—: -~ [1JI CJy4aeB, paCcCMOTpPEHHHIX B nim. 2.23
H 2.24;

1
—— - " —— 4 -25-
A=1+ V BT IS cy4asi, pacCMOTPEHHOTO B I. 2

Ilng cjaydaeB, pacCMOTPEeHHHX B N. 2.34, BJIHUSIHHE OTKJAOHEHHH [ OT

ONITHMAJbLHOIr0 3HaueHHS MOKHO OIEHHTh IO rpadukam, IpeiCcTaBJieH-
HbiM Ha PHC. 8—15. [as npomnssosbhHoro (HEONTHMAJLHOI'O) 3HAUEHHA

f3 cnenyer B3fTh HaAHO60ALIIYIO (MO KpHUBOH / HAM 2) OpAHHATY Zmax-Ro.

OnpenesieHne aMIUIMTYA B IeKPEeMEHTOB KoJeOaHuM
npu (GUKCUPOBAHHBIX (HEONTUMAJBbHBIX)

napamerpax racurels

2.37. Ecan racurean nopgo6paHul AJs OAHOro npeobJajnaroliero BO3-
ACHCTBHS, TO HJIA IIPOYHX BO3JeHCTBHH oHH OVAYT HEONTHMAJBHBIMH.
Haa oueHkH 3QdPEKTHBHOCTH BHOpOTralleHNs B NMOAOOHHX c/Ay4Yasx cJe-

JAYeT TOJIb30BATbCA NPHBEACHHBIMH HHXe (OpMyJaaMH, IO KOTOPHIM TaK-
ke OoJiee TOYHO, yeM B I. 2.36, MOXXHO oOHeHHTbL 30 (PEKTHBHOCTL pac-

CTPOEHHBIX racHreJied BToporo THma. IlpnbsHKeHHBIe pe3yabTaTH IJA
racuTteJied NepBOro THNA MOXHO NMOJYYHUTb, IPHHAB Yr—=B.

ITonoJHUTENbHEEe 0003HAYEHUS:

1 |
a=1-+v 4+ — (4our+ vo0y); b=_f;_ (Uovr —Uour);

72
p=1V [a*—b>—4 (a—1—v)]2 - 4b? (a—2) ;
— rety —— 2b (2—a)
= arcle A — b2 —4 (a—1—v) °
Fl-_z?l'fz [ur (V_P COs ‘_""—'a)‘_vr (VESil’l —__l_b)];
51 = ; f7 [Ur (V?CUS —T—-——a)—l—u,. (V—Psm—_i'b)];
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]
r2='—2—" f2 [—-u, (V_E COS -%——l—a) —]—Ur (}/—p sin %—b)];
] - _
So = — [2 [——v,. (Vp COS —(E-—}- a) — Up (Vp sin —?i--—-b)]
2 2 2
HacroraM pgy ¥ pog COOTBETCTBYIOT ABA 3HaueHHA Yy=0/:
1 P - .9\ |
2—f—2-+u.. — V p cos *2—)—|—v, b+VPSlﬂ'E‘
Y= PN ?
Uy (b~]— V"Esi'n —(-g—)—-u,. (a—- V p COS -923-)

MaxcuMaJbHble aMIOJHTYALE IJaBHOM  MacCh (COOTBETCTBYIOILHE
4acToOTaM Pot, Po2) OTpE/eNAIOTCA N0 cAeAYIOHM dopmyiam:

DJIsl TapMOHHYECKOr0 BO3AeHCTBHSA ¢ HecTaOHABHOH 4acTOTOH H MO-
CTORHHOM aMIJIHTYIAOK CHIH Qo==1:

7 y_/ (ntPu)+ (o)
e st [(n—r)*+s3]
(23)
7 _ (r2+ /2 ”r)'+ (P or)?
4 max [(f2“f1)3+$2] s '

AN rapMOHHYECKOro BO3AEHCTBHSA ¢ HECTAOHJABHONA YACTOTOH H aMil-
JHTYAOA CHJIH, NPONOPUHOHAJNBHON KBAAPATY YACTOTHI:

, e I/W+f’u_gl’+(f?9r)“
' mex 1 ${ [(n—r)?+&] °

] . _ (24)
7 b—r ("a'l'fﬂur)"l'(fﬁvr)?.
2, max T [(re—n1)? + 5] &
AMIOJHTYAH YAJHHEHHH CBSA3H racHTessl COOTBETCTBEHHO PAaBHH:
anga Q.=1:
Yl.maxk=r1/ )/ sil(n—r)?+5], (25)
YQ. max k= rl/ V-[(ri__rl)a_l_s]z] S_g-;
s Qo=1-A%:
Yl. max 1/ -"/ ro—ra)* | 32] '
(26)

Yo, max k=73 |}/ lra—11)? + ] 5%
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Pacuer cOOpyXeHUHM C TFacuTeNsiMH B CJy4ae,
KOrjla MOJeJbl0 COOPYXEHHUSI He MOXXeT CJYXKHThb
CHCTeMa ¢ OJdHOH CTeneHb CcBOOOIDI

2.38. B cayuasx, He OTBEYaWIUHX YCJOBHAM n. 2.9, moachap 3ailiu-
HiaeMoro rubKoro CoopyKeHHs Jo/xkHa ObiTh §oJece CI0XKHOH, YyeM CH-
CTEMa ¢ OJMHOH cTeneHbio ¢BOOOALI, NpH 3TOM PEKOMEHAYETCHA I0Jb30-
BaThCs NPOrpamMMoH, npusesieHHoil B npua. 1. IlporpamMmMma cocrtapJseHa Ha
f3blKe <«AJroJa» M OTJaxeHa Aasa TpaHcasaropa TA-1M, ucnonbayeMoro
B MalupHax tHna M-220, M-222, bBA3CM-4 u nap.

Jnas pacuera mo nporpaMme pacuyeTHasi cxemMa COODPYIKEHHS A0J1KHa
ObITb 3ajJ4aHa, KaK I0Ka3saHOo Ha pHuc. 28, B BHJAE MHOTOCTYNEHYaTOro
CTEPKHA ¢ AONOJHHUTENbHBIMH CBA3AMH, O00JajalOUIHMH YIPYTHMH H
JUCCHMATHBHBIMH CBOHCTBAMH. B pa3HblX YpPOBHAX K 3alllHIlaeMOH CH-
cTeMe MOryT ObiTb NPHCOEAHHEHB! IO OAHOMY HJIM HECKOJbKO TacuTeJeH
(mepBoro uaM BTOporo THna). boJiee nmoapoOHblEe CBeJEHHS O CHCTEME
C TaCUTeAsAMH COJAEePKAaTCd B HHCTPYKUHHU K NporpaMmme, INOMELIeHHOH B
npuia. 1. $lcuo, uro BHIOpaHHAS pacyeTHasi CXeMa MOXET OTPA3HTh OCO-
6eHHocTH paboTh OGOMBUIMHCTBA COODYIKEHHH ¢ racHTeJAMH INpH TODH-
30HTAJIbHBIX AHHAMUUYECKHX BO3AEHCTBHAX M BIOJHE OTBeUaeT MHeadIM
HACTOSLIHX PCKOMEHAAlUHH, XOTS HeTpYJAHO NPHUBECTH NPHUMEPH rauleHus
KoJehaHuil (B OCHOBHOM BEPTHKAJBHBIX UJH KOMOHHHPOBAHHHIX) KOHTH-
HYaJbHbIX CHCTEM THIIA CJAOXKHLIX paM, CKJajaoK, O000JIQUEeK, KOrza YKa-
3aHHAsg MOJAEeNb He MOKET OTpPa3HTh ocoOeHHOCTH paboThl 3alHIIaeMOH
CACTCMHI.

Ilpu pacuere no nporpamme MmMOryT ObITe 3aJ2HBl ABa THINA BO3JCH-
cTBKi{. [leppoe — rapmMOHHUYECKOe BO3AEHCTBHE ¢ HECTAOMILHOH 4acTOTOH
U aMOJUTYAOH, NPAKTHYECKH IIPOHU3BOJBHCO 3aBHCALLeH OT 4acToThl. BTo-
poe BO34€lCTBHE, paccMoTpeHHoe B nn. 2.16—2.20, — cTauHOHapHBIA
CJAYYaHHBIA mpouecc (NyJabCcalUH Berpa) Npu PHKCHPOBAHHOM pacnpeje-
JIeHHY HHTEHCHBHOCTH HArpy3KH [0 BLICOTE COOPYXKEHHS.

[IporpamMma no3poJsieT AJd 3aJAaHHLIX MapaMeTpPOB TacHUTeNell BHI-
YUCJHTh MAaKCHMAJbHBIE B 3aJaHHOM jJHanasoHe 4YacTOT BO3JCHCTBHUSA
AMILJIATY bl NEPEMellleHHH ¥ YCHJHH B CTepXKHe (a5 BO3AeHCTBHHA mep-
BOT'O THIA) HJH ONpene]HTh HOPMH (KOpPeHb KBajapaTHHIH H3 JHCep-
CHH) IepeMellleHHH H YCHJHH B CTEpPKHE — JJi BO3IAEHCTBHS BTOPOTO
THIIA.

Y1066 00JErYuTh ONTHMHU3ALHIO, NPEAYCMOTPEHA BO3MOXKHOCTh O/JI-
HOBpeMeHHO 33J4aTh HECKOJILKO BapHaHTOB HCXOAHBIX JAHHBIX MO TracH-
TeJAM, OJS KaX[oro BapHaHta OyayT noJiyudeHbl pe3yJbTaThl, OLEHHUB
KOTOPHIE KOHCTPYKTOP MOXKET HAa3HauyaTb NapaMeTpbl racurtedied, 0O
3a/aThL HOBbIe HCXOJHBIE JaHHEIE NJiIS TTOBTOPHOTO CUeTa.

[lenecooOpa3Ho mpeaBapHTENbHO BbIYHCJIHTh TNPHOJUXKEHHO ONTH-
MaJbHble MapaMeTphl racurejed Kak AJasd CHCTEéMbl ¢ OJHOH CTeNeHbIo
cBOOGOIHI.

3. VJIAPHBIE TACHUTEJIU KOJIEBAHUMW

Boibop THna racurenss KoJeOaHHH
U HCXOAHBbIe RaHHbIe OJAA pacuera

3.1. YanapHue racureJH KoneDaHHR NpOCTCHIUEed KOHCTPYKIUHH NOM-
pasfenqoTcs MO0 TUNY HAa MAasTHUHKOBBIE, NPYKHHHEE H MJaBalolue, no
YHCHAY COYAApPEeHNH — Ha racuteJd OJHOCTOPOHHEro AeHCTBHMA (OpHOyARap-
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Hble) H ABYCTOpOHHEro acHcreus (nByXyaapHole). B oxHoymapHoMm raci-
TeJe 3a Ka)XKAHH NepHoa KogeOaHHH CHCTEMBH NPOHCXOJAHT OJHH yjap ra-
CHTEJII O CHCTEMY, B JABYXYyJAapHOM racurtene — JABa yaapa. Mexay wmac-
cOff MASITHHKOBOT'O U NPYXKHHHOIO OAHOYZAPHOTO racured, ¢ OAHOH CTO-
POHH, H CHCTEMOH, C JAPYroi, MoxeT ObiTb «OTPHLATEJbHLIHY, HYJICBOH H
MOJIOJKHTEJBHBIH 3230p. B nnapaioleM racuresie BO3MOXEH TOJbKO IOJO-
XKHATeJbHBIH 3a30p. B 3aBHCHMOCTH OT HampaBJjeHHS KoOJieOaHUH racure-
JA MOryT ObITb BE€PTHKaJIbHbBIE H MOPH3OHTAJIBHEIE.

3.2. THnm racHTedsiss BulOHpaeTcs B 3aBHCHUMOCTH OT UYACTOTH TaCHMbLIX
KoJieGauuin, OpPHEHTHPOBOUHO MOXKIIO CUHTATh, YTO MAATHHKOBHIE yAap-
Hbhle racuTeJH IIPHMEHSIOTCS A rallieHud KogebaHuH ¢ yacroron or 0,4
g0 2 I'u, npyxuuusle — or 2 po 10 ' H naasawuwiHe — Bhitie 10 I'd.

3.3. OnHoyaapHble racUTeJIH NPHMEHAITCA VA raljeHua KoJaebaHui,
AMIVIMTYA KOTOPBIX ¢ TEUeHHEM BPEMEHH MOXXCET HU3MEHATLCH B LIHPO-
KMX npenenax. IByXyaapHHe racutre/ld NPHMEHAIOTCA AJd TauleHHSA KO-
NeGaHHH ¢ NOCTOTHHON aMNJHTYAOM.

3.4. BriOOp 3a30pa MeXAYy MaccoOil racHTE/Jsl H CHCTEeMOH B OJHO-
YAapHHX racHTeJfAX NPOH3BOAUTCA B 3aBHCHUMOCTH OT BE€JHYHHBI TOH MH-
HUMAaJbHONX AMIVIHTYJAbl KOJeOaHUH CHCTEeMBbl, NPH KOTOPOH HAUYHHAETCS
raimteHnde, C TOUKH 3peHHA 3 ¢PeKTUBHOCTHU railleHHs B OJHOYAADHLIX ra-
cUTeJNsIX HanboJsiee BHIOJAHLIM SBJsSIETCS HYJeBOH 3a30p. «Orpuuaredb-
HbIf» 3a30p MPHMEHAETCA 4YacToO B CJAyyae rali¢HHd NOCTOAHHO AEHCTBYIO-
IHX KOoJeOAHHA CHCTEMHl C ONpeAeJeHHOH aMIauTynod. l1lo/oXHTeNbHbIN
3430)p IIPHMEHAETCA B CJAYyYae HeoOXOAHMOCTH TalUCHHA KoJebanuil npH
NMPOXOXKIAECHHH Yepe3 Pe30HAHC U YCTPAHEHHd rauleHus B pabouem pe-

mHMel
3.5. McxXoAHBIMH JAaHHBLIMA JJs1 pacueTa TracuTegqsd KoseOaHUH AB-

NATCA:

a) JaHHBe N0 CHcTeMe (cXeMa, pacnpefesieHMe MacC H HX BeJHYH-
HBl, 4aCTOTH U (OpPMLI COOCTBEHHBIX KoJebaHHHA, aMIJAHTYAL BbBIHYKIEH-
HBIX KoJeOaHHH, KOTOpble HeoOXOAHMO MOTracHTb, KO3(QOHIHEHT NOrJo-
IIeHUA sHepruu KoneOaHMi! ¥ pHHAMHUECKHe HArpy3KH, BO30yKIalolUlHe
KosieOaHUA NAHHOH CHCTEMH);

6) pacueTHas cxema racuress (ero THI, HanpasJeHHe AeliCTBUA H
rNaBHbIE KOHCTPYKTHBHbIE OCOOEHHOCTH);

B) TpebyeMass 3¢ (eKTHBHOCTb, T. €. OTHOLIEHHEe aMIJIHTYAH KoJseba-
HHH cHcTeMbl 6e3 racHTeJs K TOH XKe BeJHYHHe C FacHTeJIeM;

r) MartepHaJibl, H3 KOTOpPHLIX IPenloJaraercs H3rOTOBHTh I'aCHTEb,
B YAaCTHOCTH CBOHCTBA COYAApAWIUXCA TeJ — OOHHOH 4YacTH racurens,
CMOHTHDOBAHHOH HA CUCTEMe, H YJAapHHKA MacChl racHTeJs.

3.6. Bpemsa coynapenusa yaapHOro racurenst KoneGaHHH H COOpY:Ke-
HHA MaJO0 MO CPABHEHHUIO C MEPHOAOM KoJeBaHHI COOPYKEHHS H MO3TO-
MY He YYHTHIBAE€TCA, a4 BeCb NPOUECC COYIapeHUA oOLeHHBaeTcsd Koadpdu-
LLHEHTOM BOCCTAHOBJIEHHSI CKOPOCTH TIpH yjape, KOTOPHIH MOXeT HMeTh

! KoadpduuueHT norsomenns sHepruH koaebanun P {(Y=_2mn/A,
n(c—!) — Ko3ppHUHEHT CcONPOTUBJEHHdA, paBHHIA ¢/2M, rae c — Kosddu-
HHEHT, YYHTBIBAIOUIHH HEyHOpyrue CONpPOTHBJACKHA B AH(pdEpeHUHAIbHOM
ypaBHeHHH KoJebaHui, M — Macca cHCTeMBl; A — 4acToTa COOGCTBEHHBLIX
KoJMeOGaHHH CUCTEMBl C yUeTOM 3aTYXaHHs) paBeH YABOEHHOMY JiorapHd-
MHYECKOMY JAeKpeMeHTy koJsebanuit 206(6=mnn/A) uan xo3dpuHUHEHTY
IICYNPYroro CONPOTHBJICHHA Yy (KO3PdHUHCHTY BHYTPEHHCTO TPEeHHA), KO-
TOpHIfl jAaercss B MHCTPYKUHMM mo pacueTy HeCYIIHX KOHCTPYKHHH Iipo-
MBIIIJIEHHBIX 3JaHHH H COODYyXKEeHHH Ha AHHAMHUYECKHEe Harpy3Ku; y==

=n/A), YMHOXXeHHOMY Ha 2.




3Havenue or 0 go . Beanuuny KoabhduuueHTa BOCCTAHOBJIEHHS CKODO-
CTH NpH yAape, 3aBHCALIEr0 OT CBOHCTB COYIApPSIOLIMXCS TeJd, NMPH OT-
CYTCTBHH 0OoOJiee TOYHHX MAHHHX DKOMEHAYeTCcS NPHHHMATh No Taba. 3.

Tabauma 3

- a sy - - o - i, T

| Marepunaan yaapsiioliero reaa

MaTepnaa NOBEPXHOCTH |

KOHCTPYKilHH, BOCIIDHHHAMA- TBEpPAble MeTasJbl Mellb, aJIOCMHHUM, Aepero,
omed yaap (crany, YyyryHbol, TBepARie NJacTMacChl
CIIJIaBbl H T. II.) H T, I,
— o JI _ — —
Cranab 0,6 0,4
HepeBo 0,55 0,4
KameHnb 0,4 0,3
BetoH 0,35 | 0,25

3.7. 1IpoekTHpOBaHHe YAAapHOTrO racHTeJf KoJaebaHUN NPOH3BOJHTCH
B cJAeayIoleM NOpAAKe:

a) o6ocHOBLHIBaeTci BHIOOpP THIA racurelis C IJIABHBIMH KOHCTPYK-
THBHHMH OCOOEHHOCTSMH;

6) pmbHpaercs MaTepHan, U3 KOTOporo O6yaeTr H3roToBJeHa Oofinas
4acTh, B onpeaeasiercd KO3(QOHUUEHT BOCCTAHOBJEHHS CKOPOCTH UpH

yaape;

B) NOAGHpaeTcst BeJHYHHA MACCH racuteas B 3dBHCHMOCTH OT Tpe-
6yeMoRt 3¢deKTHBHOCTN;

I') COCTABJAIOTCH YEPTEXH TACHTCNAS KoJieOaHHA.

YCN0BHS HACTPOHKH YJAAPHBIX racurejer KoaebGaHwui

3.8. HacTpolika MagTHHKOBOTO WJH NPYKHHHOrO YAAPHOrO racures
OJHOCTOPOHHEro MAeNCTBHSA, PAaCNOJOXKeHHOO0 Ha CHCTEME C OAHOR CTe-
NMeHbi0 ¢BOGOIAN, NPOH3BOAUTCH U3 YCJIOBHH:

0oT=2x;, 2p =0, (27)

1€ @ — 4acTOoTa BO3MYLUAIOIEH CHJbl, T — NEepHOa COYAAPEHHH;, p; —
4acToTra INepBOro TOHAa COOCTBEHHLIX KOJCOAHHH CHCTEMBI C racuTesneM
KaK CHCTeMBI ¢ ABYMSH CTENEeHsIMH CBO6OHI.

3.9. OnpeaeciieHHe AJIMHH MAasTHHKAa MAasiTHHKOBOIO TacHTe/si KoJe-
6aHuii peKOMEHIYEeTCSH NPOH3BOAHTb N3 YCJAOBHS

x _ T oy (28)

L ]
Pl

P1 Pr

rAe pr— KpYroBag 4acTora COOCTBEHHHIX KOJeOaHHH CBOOOAHOTO MAST-
HHKA; T — NPOAOMIKHTENLHOCTh Yjapa.

3.10. Ina Toro uroOH OCb NpHBCCA MAATHHKA TacHTENS He HCHBITHI-
BaJla ynapoB, TOYKAa KOHTAKTA MasfiTHHKA M CHCTEMBl AOJMHA COBNANATH

C Tak HAa3HBAaeMhIM LCHTpOM Yiaapa. Has oObIYHO NpHMEHSEMbIX MasiT-
HHKOB, NJIOCKOCTb MAartepHaJbHOH CHMMETPHU KOTOPHIX NEePHEHAHKYJAp-
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Ha K OCH IpHBeca, PeakuHH B TOYKe NPHBeca PABHH HYJAK NpH co06J1i0-
JEHHH CJEAVIOUIUX YCJIOBHA:

a) yzap HOJKeH NPOHCXOLHTb B IJIOCKOCTH MaTepHaJIbHOA CHMMeT-
pHH MAAITHHKA;

6) TOuka KOHTAKTa AOJKHA COBMNAjaThb C TAK Ha3biBaeMOfl OChblO Ka-

YAHHA, COOTBETCTBYIOIIEHA OCH NpHBeca MAATHHKA, T. €. HOJXKHO BHIIOJ-
HATLCHA YCJIOBHE

[ =— (29)

rge [ — paccTosiHHe OT OCH NpHBeca A0 TOUKHM KOHTakKTa (AJHHA 3KBH-
BaJIeHTHOro MaTeMaTHUYeCKOro MasiTHHKa); [, — pacCcTOsiHHe OT OCH NpH-

Beca N0 UEeHTpa MacChl MasiTHHKA; p-— paAHyC HHEPUHH MAATHHKaA
OTHOCHTEJILHO OCH TNpHBeca.

3.11. Hacrpofixa nnasawpinero yaapHoro racHTels ABYCTOPOHHEro

IeACTBHSA, PAacCNoJIOXXEHHOr0 Ha CHCTeMe ¢ OAHOA CTefleHbl0 CBOOOAH,
NPOH3BOAUTCA H3 YCJOBHA

wl =x, (30)
rae ®-— 4acToTa Bo3Mvinawulefi cunsl; T — fepHoa coyAapeHHi.

MaaTHHKOBBLIH racuTellb KOJeOaAHUH
Ha CHCTeMe C OJNHOHM cTeneHblo CBOOOIbI

3.12. PacueTHnle cxeMR MAaSITHHKOBOI'O racHTenst Ha CHCTeMe C O]«
HOH cTeneHpi cBOOOAH IpencTaBieHH Ha pHC. 16, rae NPHHATH cJenyio-

a/ 4/

Puc. 16. PacaeTile CXeMbl MAATHHKOBOrO TracHTeNN
a — 6e3 3aTyXxaHHfi;, 6 — C 3aTYXaHHeM B CHCTeMe

niHe 0603HaveHHsi: M u My — macchl cHcTeMbl H racutens; & — koaddHu-

LIHeHT XEeCTKOCTH;, ¢ — KO3({HIHeHT, YUHTHIBAIOWHA HEYHPYTrHe CONpo-
THBJICHHA B cHUCTEME; [ — HMJIHHA MASATHHKA TFacHTeNs,;

F (t)=Psin (of -+ ),

roe P, @ H { — aMNJIUTY/4a, 4acToTa H HAYAJBLHAS (ra3a BHeuiHel BO3MY-
lHlaloWel CHJIH.
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B nn 3.13—3.18 npuusaro:

C k g mi )
2 — ’ 2 = ’ 2——'- ’ M ':'-M M; — s
n Mc P Mc Pr 7 C _I_ r» 41 Mc
P X l ¢ M,
— , A=- " = > == 2 31
rer M. p*® Xer P Xer " My (4
1
d (n, r})=—- b ( +'£) R
(I14+up) (1—r) J

rie x U ¢ — nepeMelleHdHe CHCTeMBI ¥ YroJ IOBOPOTA MasgTHHKA TacH-
TeJ.

B ciayuae mnpeHeOpeXUMO MaJblX HEYNPYrHX COMNPOTHBJIEHHH B CH-
CTeMe, NpeABapUTeNbHBIE nmoalop napaMeTpoB MasTHHKOBOTO racHTeNs
peKoMeHAYeTCHS NpPOH3BOAUTL 6e3 yueTa MHEPUHOHHON CHJALI racuress 1o
dopmysaam (32), a 3arem npu HeoOXOANMOCTH AJf CKOHCTPYHPOBAHHOTO
racHteJis INIPOHU3BOLUThH OIpedeJIeHHe MapaMeTpoB racurenas no 6oJee
TOUYHBIM (GopmyJsam (33). B cayuae, ecaH Heynpyrue CONPOTHBJICHHA B
CHCTeMe JIOCTAaTOYHO BENHMKH M MMH npeHeOpeub Hean3st, noabop napa-
METPOB MAaSITHHKOBOTO TaCHTe]sl peKOMeHAYeTcs NPOH3BOAHUTL IO ¢op-
MyJaam (39).

3.13. Insa cxemnl, H306paxkeHHoN Ha puc. 16, 4, eciH He YUYHTHIBATHL
HHEPHHOHHYIO CHJY TacHuTeNil, B cJayyae pe3OHAHCA BEJHYHHH ¢ H § or-

peaeasiioTca no gopMynam:

l {[ S T o A t] sin pf 2 COS t}
0 — - — —— — :
o \[ 44 (n, r) P PE— g COPEYS
342 { 3 (92)
2 n + lJ' - p n - .
|3__—3 {2 " sm——-—-—2 [4(!(“’ r) n—lpt]smpt}.

3.14. Hapany ¢ ¢opmynamu (32) ans BbiGOpa mapaMeTpos W H r
MOKHO MOJb30BATHCA IrpaPUKaMH 3aBHCHMOCTH @ H B OT W ¥ 7, MpHBe-

NeHHbIMH Ha pHC. 17.
3.15. IIna cxembl, u3obpaxeHHoii Ha pHc. 16, g, IpU yueTe HHep-

LLHOHHOW CHJILI racuTeigi B pe30HAHCHOM PEC2KHME!

B n (1 +2p) (1—r) (2 —u?)
a'ﬂ{ 2s* [(1+2p) s2—1~—p] (1+47r)

—

2 (s2—u?) (m—pyl) . 4 u?
— — 3 ot }sm pe t — 3 Cos po f -
2 p (s°—2u?) . Pt
T 3s2 [(1+2 W) s2—1—nj St 9 }(33)
- o w44 —(0+2p) s?] sin pet
3s2 [(1+2wn) s2—1—pj 2
__.{ _ om(42p) (=0 __2(n—P2_"l} sin py ¢
2 [(1+2p) —1+4p] (14+r) 3 52 2
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104

Puc 17, TpaduKH 3aBHCHMOCTH Q@ MU B oOT U H r IIDH pacdere
oo TacHTens mo cxeme, H3o0paxKeHHON HA pHc. 16,4, eCAH HE YYHTHI-
bt BaTb CiiJly HHEPUHHUH racHTeJsd




rae

2 — 2,125—3,125 l/ 2 125 — 3,125 — )2 1 |
u =2 —— — +p' .

2= [(l+u)(p’+pr) ¥

TV (w3 p—p)P + 41+ ) ol [ 2

3.16. Hapsany c¢ ¢dopmynamu (33) mns subopa napameTpoB W M r
MOXHO TOJIb30BAThCS rpadMKaMH 3aBHCHMOCTH @ H f§ OT W H 7, NpHBe-
NEeHHBIMH Ha DHC. 18.

3.17. las cxemul, H306pakeHHON Ha pHUC. 16, 6, ecqH He YUHTHBATH
HHEPUIIHOHHYIO CHJIY TacHTe/IA, B cJyuae pe30HaHCA;

@ = V}?‘+ {2 [2(1+2u)—-—(1+r) (14+p—p 9)—‘

— 38(”25,17tr:) e"(2“""7“”] sinA?-p(l47r) Acosz,t};

B=Scvvors {p.(l_l_,.) [4-(1+u) (3/:4/jv+):—2w=] 9
Si“%ﬂig;)?:v“ os 5 | (35)

—2 [2 (14+2p)—(1+r) (1+p—p Q) —

— a2 y2a—At) -
n(l41) (1 —%%) (3/a—¥®) +-4¥® 2e Jx

(/a4 ¥*)* + 12 ey —1
p(1+r) y (7Y (2 YA 1))

sin At —= (Cla+ ¥R +92] (7Y —1) COSM}’

rjge P
n
A}=p—nt, y= TR T I
Cr=4[2(1+2p)—(147) (1 +p—pR)12+ [p (147) AJ%;
o Y - _92_"_"_'_;*:_1__.
A= (344 v?2)% + {2 Y —1 ' (36)
1
Q = —_—
ClatvP+y
1 2 (1—v2) (*/4—y*) + 9y
X | Cloby) + =g =D

32



£t

Puc. 18. I'padaxu sapucumMocT @ BB or | u r npm pacyeTe racaTeas mo
txeMe, H300paXeHHOA Ha puc. 16,4, ecau cCujia HHEPIHR TacHTeNR YYHThIBAeTCH

- —
/ f;,f":{ _/ /
/2 %) 7 LS

K7 7 LS
77 7 LY

__l"
.'F
s




Ve
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Puc. 19. 'padhuku 3aBHCHMO-
¢cTH G H oT W B ¥ nh
cayeass r=0,9 npH pacgere
racyrens no cxeme, uszobpa-
JXeHHoR Ha puc. 18,6, ecau
Heé YUYHTHIBATE CHJAY HHEpPL UM
racurtens




3.18. Hapsiny ¢ ¢opmynamu (35) pna smbopa nmapameTrpoB U H 7
MOKHO NOJb30BaTbCcd rpadpUkaMH 3aBUCHMOCTH ¢« U B OT 1 H Y, NpHUBe-
AEHHBIMH Ha pHc. 19, ana cayuas r=0,5.

[MpyXHUHHBIA racutedb KoJeOaHMKH Ha CHCTeMe
C OLHOMU CTEeNEeHbIO CBOOOLI

3.19. PacuyeTHble CXCMbBI MPYXKHHHOI'O racuTesisi Ha CHCTEMe ¢ OJHOM
cTenedpo CBOOOALI MpcAcTaBaeHb Ha puc. 20, rae NPUHATH CJEAVIONIHE
obo3nauenus: M u My — macchl cHCTeMB! H racurens; B, By, k. — Ko3h-

(PUUHUEHTHl JKECTKOCTH; € H €; — KO3(Q(PHUUEHTHLI, YUUTHIBAIOIHE HEYIpy-
rue CONMpPOTHBJEHHS COOTBETCTBEHHO B CHCTEME H B racuTee;

F({)=Psin(w t+y), rae P, © ¥ Y — aMILIMTy/a, 4acToTa H Hayajb-
Hafl «¢a3a BOIMYLIAKOUEH CHIBI.

B nn. 3.20—3.26 npuHATO:

C k—'——k 9 k €1 |
2n = M * P2=-—- M r; ?r= Mr ; 2”1’"‘“ Mr ’
p2__ Ry -+ Rr P-2'— Rr .
r Mr. s r Mr s
37
P o X B = y M (57)
ch—-— Mp2 y - xCT y - xCT ’ l“'_' M ’
(14 1)
d (p, r)= - ’
(1+p) (1—r) )

rie X H y — nepeMereHnss MacC CHCTEMEl H racHTes .
3.20. [Insa cxembl, H300paxeHHON Ha pHC. 20, a, B cjyuae pe30HaHca:

] T _
a = » [d(p., s -—-n—[—pt] sin p £;
(38)
g — T sin 2L
7

4/
B
7 & B
Flt/
X ¢
() () (Y
77

Puc. 20. PacuycTHbie CXeMbl TPYXHH-
IHOTO TACHUTeNs

a — 6e3 3aTyxalus (racuTenn CBA3aH
ynpyroff cBsabi0 TOJbLKO C OCHOBa-
HueM): 6 — ¢ 3aTyXxaHueM B CHCTeMe
B racutesyie (racuTteJb CcBA3aH YHOpPYy-
Ol CBH3bKY TOJNLKO € OCHOBAHHEM);
g — 6e3 3aryxanusa (racurtenp CBf3aH
YOPYIHMH CBA3SIMH € CHCTeMoH H ocC-
HOBAHHEM)

35



i) Puc. 21. Tpadbuxy sapucumMoctTH @ H

200 f or W ®W r NpH pacdyere racHTens
no cxeMe, usobpaxenHot Ha puc. 20,4

730

P A= ——/
7 ——>
I L7 7
T —————
" /Aa!’-ur A 3
V), e iy A—
7 7 7

_--—Ilﬂ' “,_--—“-—-—_I-_

A

, # diir
K
w gy - S g ———

/
P

3.21. Hapsny ¢ dopmynamu (38) ans BbIGOpPA L U r MOMHO MOJIb-
30BaTbCA IPA(QHKAMH 3aBHCHMOCTH O H B OT U H r, NPHBEAECHHBIMH HA

puc. 21.
3.22, Jlnis cXeMHl, H306pamenHoi na puc. 20, 6, B CJlyyae pe3sOHAHCA:

I S p At  XCTRAOT L
y Vv +4 ptl—(1+r7) Q@ env—y |5045

A S 1 - MO (39)
v Vy2+4 W+ 1—(1+4r)Q 32“"’1*_}‘1 2

36



n My
2 .. pn2__ 42 — —
P l
Xep = g } (40)
1 .
Q._-—.: —— " W l
LT B L S

3.23. Hapsany ¢ dopmynamu (39) nnsa seibopa nmapamMeTpoB racHTels
KoneGaHuii B cayyae n==0,02 n r=0,5 M0XHO nmosb30BaThCA rpadHKa-
MH 3aBHCHMOCTH O H P OT ¥ ¥ <yr, IPDUBEACHHLIMH Ha pUC. 22; HA 3THX
rpadHkax y H3MeHdercsd B npexpenax ot 0,01 no 0,1, a yr— ot 0 no 0,1.
Has ppyrux 3HadeHU W H r NPH BHIYHCJAEHHAX, MPOHIBOAUMBIX HAa DBM,
3TH Fpad¥KH MOTYT CJYXHTb KOHTPOJILHEIM CYETOM TNPH BHIBEpPKe TMpO-
TPaMMHI.

3.24. Hast cxembl, H3006paxkKenHon Ha pHe. 20, 8, B cjayuae pe3oHaHca:
[ T (l+p) (Q—r) 2 (R—ppt) vt
op (s2—1+40v2)2 s (14+7) 3p (s2—1) st
4 (52— 1)
3 (s’——l-—T—Uﬁ) 3 €OS pat T

. [(40’-—-3_}1 s?) (s2—1)-}-404) v3 . pytf ‘

] sin py {—

Ip (P —1Fo8) (S—1) st 0 g

3 O B L Y
T Bp(r—14o) s g

3 [:n: (14+p) (1=r) (*—1) & 2 (n—py?) vs] '

_l__ -

————

2pn (s —140v2)3 82 (1 -+r) Ju st

co

rae

—

0= = (0 < Ry )L+ ke/)) 5

. ——— _—
§2 = lg‘!i—-l—'—%“ ]/(l-—-u“)’—l—*i- U";

N y———— ey

T 42
ut =2 125 — ]/ 3,515625 — —9——35— o (42)

P 2-—[9 +P2
) P+ +ap2 |12

37



8¢

3
100
20
/s
N
|
i £ ‘ l
| { 17 ¥
e
7 | i
| -
! .7‘ 9/3} ) 7 i;l/i
H% ’ J 4% //

N

Puc. 22. I'paduku 3aBucuMocTH Q@ H f oT Vv H Yo ANf caydas

Wb =002 u r==0.5 npu pacuere racureas no cxeme, H30GpaxKeHHO@
Ha puc. 20,0




3.25. [1n1s BLGOpAa MapaMeTpoB racurens KojeGaHHMA B cjaydasx MW,
paBHeix 0,02; 0,03; 0,04; 0,05; 0,1; 0,25 u 0,5, rpaduku 32BHCHMOCTH
o ¥ B or v npu r=>0,5 NpUBE€Hbl HA DHC. 23.

120

10 l 100\, |

0 ar 42 G5 0% o ar 82 43 44
Y IU

PHC: 23. I‘pa_cbmm 3aBHCHMOCTH @ H § ot v agaa W, pasnerx 0,02: 0,03: 0,04
333 20013 0,20 u 0,6 u r==0,5 opH pacuere racuTefs 0o cXxeMe, Haaﬁpa}xeﬂhoﬁjua'

3.26. B ToMm cJayuae, KOrja HeT CBA3H TACHTENS] C HEMOABHXKHHM OC-
HOBaHHeM, T. €. Korja Ry =0,

:12 P et VQ-S—IGM
50 4 —
T

, (43)

rpaHKH 3aBUCHMOCTH o H f§ OT W M r npHBeeHbl Ha pHC. 24.
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Prc. 24. Tpaduku 3asucumocTH @ H B or K H r npm
pacuere racHTe/]sl Nno CxeMe, H3o6paxeHHo# Ha pue. 20,8,
B CAydJae KOorjga HeT CBfI3H raCHTEJH € HeNOABHXXHBKIM OCHO-

SAHAECM
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[lnapawomui racHresib XoaeOaHHM HaA CHCTeMe
C ONHOH cCTeneHbl0 CBOOOMBI

3.27. PacuerHhle cxeMbl nJaBamllero racutens Kosaebanufi Ha CH-
CTeMe C OJHOH CTeneHb0 CBOOOALI NpeiacTaBJieHH Ha pHc. 25, rae npu-
HATH cJenywimpe obosunauenusi: M u My — Macchl cHCTeMB H racHTend,
k — k03 PHUHEHT XeCTKOCTH; ¢ — K03GPHUHEHT, YYHTHBAOIWIHA HeEyII-
pyrHe CONPOTHBJIEHH B CHcTeMe; A — BeJuuMHa 3a3opa; F(i)=

=P sin (wf4+y), rae P, ® 1 Y — aMIJINTYAa, 4YacTOoTa H HayaJbHaA
dasa BoaMymalwile CHJH.

Puc. 25. PacuerHbele ¢xeMbl NaaBalomero racuTens
a — 6e3 3aTyXaHusa, 6 -— ¢ 3aTyXaHHeM B CHCTeMe

B nn. 3.28-—3.33 npunaTO:

c R M 1 4 r
2= = p=t g d (g, ) =T
M M M (1+p) (1—7r)
(44)
P X Y A
Xep = — — 5 = =~ — ' b= ,
M p? XeT Xer Xer

roe X H yf — nepemMmenieHud Macc CHCTeMH H racCutedis.

3.28. s cxeMul, H306paxKeHHON Ha pHc. 20, @ B cJyyae pe3oRAHCA:

1 I )4
a=?[2d (p,;-j—-é—”-l—pt] sin p
© o (O ptm);
= (=% |
a == : [ T —*-3—J-t+pt:| sin pf )
2 | 24 (u, r) 2
8 2 o (npt2m).
== P =7
J
3.29. BennunHa OTHOCHTENBHOTO 3a30pa N0/MKHA OHTHL paBHA
e
b == T (46)
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3.30. Hapany ¢ dopmynamu (45) u (46) aasg Boibopa p U r MOXKHO
noJib30BaTbCA rpadHKaMH 3aBHCUMOCTH & OT YW U 7 U b OT u, NpHBejeH-
HBIMH Ha pHC.. 26.

0

100

W/

07, L
4 a d—"

////M-’—/’
M/’/._
&/ 7

y

"'J"l

Puc. 26. 'padHkn 3aBHCHMOCTH @ OT U H r u b oT W npH pacuere racu-
TeNs 110 cXeMme, U300paXKeHHOR Ha puc. 25,a

3.31. Izaa cxemul, H300paxKeHHOH Ha pHc. 25, 6, B ciayyae pesoHaHca:

1

T Y Vy+a o
p(I4r) YWY
X{l 1+p.-—-(1—|-r)N e“?-——l sinAt ; (0 A< m);
1 §-r " i
= T e 3. —_—
P 2y Vyi+4 [14p—(1+4r) N] ( . )J

42
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oy
v

vav avavAvAV/aV4%
AN AT
VAW AW/ V4V 4%
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W AL ZZLL L 7>
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K AALE LLLP

"ﬂ4IqﬁEun£==F‘4;a!2!'Ei!z'!Z-5’
qur¢¢QMMﬂMK

B0 i 2 A A

r‘ P " " S A - S—

Puc. 27. I'paduku 3

- & ABHCHMOCTH @ H & oT M H

r==0,0 NpH pac 4yere racutejs Ho cxeMme, Haﬂﬁpa}k“éﬁuﬂﬁmyqaa
Ha puc. 25,6



a

=WY’+

—y (A {—2 ) :
x[lﬂl“‘l}:é}(‘%—;:)ﬁieuv—-l ]Sinlt (n << Al 2 m), (47)

1 \

B —— | +r __(lt_“ﬁ_q)
T 2y V¥4 [14p—(14r) N} 2 /)

rac
n
k2 — S nz; —_— . ;

P Y Y

(48)
1 W
N=——
2 etV — |
3.32. BeanunHa OTHOCHTEJbHOrO 3a30pa AfOJXHa OHBITb paBHa
| +r) =

A ¢ £ ) (49)

4y VY —4 (1 +p—(1+r) N

3.33. Hapaay ¢ dopmynamu (47) u (49) ansa suibopa g U r MOXKHO
NONL30BATLCA rpadHUKaMB 3aBUCHAMOCTH @ U b OT @, Y ¥ r, NIPUBEeAEHHHI
MH Ha pHc. 27,



SY

NPOrPAMMA NMOBEPOYHOIO PACYETA COOPY)KEHHS
C IMHAMHYECKMMH FACHTEJAMH KOJIEBAHHA
(0J1S1 9BM M-222 H M-220)

BEGIN INTEGER N,NI,N2,L K;P0042(N,NI,N2);P1041 (N,N1,N2);
BEGIN ARRAY B[1:8XN+12],V[0:NI],E[1:N2],Y[1:16,1:2)XN],
Yi[1:8,1:2%XN1,Y2{1:4,1:2XN];REAL C,C1,C2,C4;

PROCEDURE D K(/,A,B,C,D,R,);VALUE J/ A,B,C,D;

REAL AB,C,.D,R,/; INTEGER J;

BEGIN SWITCH N:=AIl,A2,A3,A4,A5,A6,A7,A8 GO TO NI[/];
A2:C:=-—C:D:=—D:Al:R:=A-C:I:=B+D; GO0 TO A9;
A3:R:=1:=0:A0:R:=AXC—BXD+R;I:=AXD+BXC+I;, GO TO A9;
A6:R ==R;Il:=-—I; CO TOAS; A8:C:=SQRT (AXA+4+BXB);R:=

SQRT ((C+A)/2):1:=SQRT ((C—A)/2);IF B< 0 THEN I:=—1 GO TO A9:

A4:R:=1:=0;A7:R:= (AXCHBXD)}/(CXCH+DXD)+R;I: =
(BXXC—AXD)/(CXC+H+DXD)+1I;A9:END;

PROCEDURE F 1(AU,V,E,F);VALUE A,U,V,E:

ARRAY F; REAL A,UV.E;

BEGIN ARRAY C|[I1:10];REAL B,B1,B2;INTEGER [,J,K;
B2:===A/2:D K(8B2XB24+U,UXV,4,0,B,B1);

FOR J:=1,2 DO BEGIN D K(/, B2,0,B,B1,C[/],C[/+2]);
D K(4C[T,Cl/+21,LV.C [/],C[/+2]) END:

D K(4,B,B1,1,V,B,Bl);

FOR J:=1 STEP 1 UNTIL 7 DO F[l1,J]:=F[2,/]]:=0;
FI1,8):=U; F[2,8]:=V;

FOR I'=12D0 BEGIN

D K(8,C[/],C[241],0,0,U,V);
B2:=2XARCTAN(EXP(—UXE));

C[9]:=TG(B2); C[10]:=SIN(B2);

FOR J:=0,1 DO BEGIN CJ[54-2XJ/]:=COS(VXE)/CI9+/];
C[642XJ]:=SIN(VXE)/C[10—~J]END; K:=1;

[IPUJIO)KEHHE 1



OF

I1podosxernue npun. 1

D K(3,C[/],G[2+1]),C[/],C[2+1],C[9],C[10]);

D K(3,C{9],C{10],2XB,2XB1,C[9],C[10]);

FOR J:=1 STEP 1 UNTIL 7 D0 BEGIN

D K(4,C[9],C[10],U,V,C[9],C[10]);

K:=—K;D K(4,C[6+K],C[7+K],C[9],C[10],

Cl[I],C[3]); D K(ILF[1,J],F[2J1,C[11,C[3],

F{1,/1,F[2,/1) END END END;

PROCEDURE F 2(B,V,Y,Y1,Y2,NN1,R5);

VALUE N,NI1,R5; INTEGER N,NI; ARRAY B,V,Y,Y1,Y2; REAL R5:
BEGIN INTEGER LJK,/M;REAL R,R1,R2,R4; ARRAY F/|I1:2,1:8]:
PROCEDURE F 4(F, Y,K,L,R,R1}; VALUE K,L,R,R1; ARRAY F,Y INTEGER K,L;
REAL R,R1; BEGIN ARRAY Z[1:8]; INTEGER J,/.M;

FOR I:=1 STEP 1 UNTIL 8 D0 Z[/]:=Y[/4+L K—1];
Z[2):=—=Z[2]; Z[6]:=—Z2[6]; D K(3,Z[1],Z[5],

R,RI,Z[1],Z[5]); M:=0;

FOR I:=4,1 STEP 1| UNTIL 3 DO BEGIN

M:=M<5; Y[I+LK]:=Y[/+L+4K]:=0;

FOR J:=2 STEP 1 UNTIL 4,1 DO BEGIN

M:=M~—1; D K(,—F[IM],—F[2M],Z]J],Z][J+4],
Y[I4+L,K],Y[L+7/44K]) END END;

FOR J:=L+43,L4+7 DO Y[/,K]:=—Y[/,K];

D K@3,R,R1,Y[L+4,K],Y{L+8K],Y[L+4K],Y[L48K]) END;
PROCEDURE F 5(Y,F,N,L,/,/,K1); VALUE N,L,/LJ, K1;

ARRAY Y, F; INTEGER N,L./.J K1; BEGIN INTEGER M;

FOR M:=1 STEPI1 UNTIL 8 DO F[IM]:=Y[M+L,J]:

FOR M:=1,2 D0 BEGIN IF K!1=2 THEN BEGIN F[15—M]:=F[1,5—-M]—F[2,64
+M] X (—11IM; F[1,9—M]: =

=F[19—M}+4-B[2] XF[2,64+M]|X(—1}tM END,

D K(5.F[2M],F[2M+4] F[1,M], F[1,M+4],F[1.5—M],F[1,9—M]) END:;
IF J<<2XN THEN BEGIN FOR M:=34,7,8 DO F[I M]:=F[1,M] X
B[[I+3]/B[I—I—11]; FOR M:=1 STEP 1 UNTIL 8 DO Y[M+LJ+1]:=
F[1,M] END ELSE FOR M:==1,2 D0 BEGIN D K(3,B[/+104+M],



LY

IIpodoasxcernue npua. I

0F[1,24+M],F[1,64M],F[K1,2+M],F[K1,64+M]); D K(5,
B[I+11—-M],0,F[1,3—M],F[1,7—M],F[K!,24M],F[K1,64+M]) END END;
FOR J:=1 STEP 1 UNTIL 8 DO Y[J,1]:=Y[8+/,1]:=Y1[/,1]:=0;
R:=0WURT (1—B[8] XB[8])/B[11];R1:=B[8]/B[11];Y[10,1]:=
B[S]; IF B[7]<<0 THEN Y[L,1]:=1;Y[11,1]:=B[6] XR;
Y[15,1]:=B[6] XRI; Y[4,1]:=—B[7]XR;Y[8,11:=—B[7] XRI;
FOR K:=1 STEP 1 UNTIL N D0 BEGIN J:=2XK; I:=4X/J;
R2:=B[1] XB[4] XB[2+4/]/B[/+3]; D K(4,—R2,0,1,B[2], R,R1);
F1(B[3]1XB[/+1]/B[/43],R2,B[2],B[I+4],F);
FOR L:=0,8 DO FF 4(F,Y,J,L,R,R1):
R4:=F[1,8]:=F[2,8].:=0;
FOR L:=1 STEP 4 UNTIL N! DO IF ABS(V[L]+K)<<0.1 THEN BEGIN
R4:=V[L+1]/(R2XB[/43]); FOR M:=1,2 D0
FIM8]:=V[L+1+M]/((1+B[2]XB[2])XB[/+3]) END;
YI[I,/J—1]:=Y1[1,J—1]—R4; F 4(F,Y1,/J,0,R,RI);
FOR L:=J—1J DO YI[1,L]:=Y1[1,L14R4;F[2,7]:=F[1,8];
FOR L:=1,2 DO D K(3,—B[Y4+L+5}1X(—1)4L/B[/+3],0
SQRT (1—B{[/+5]42),.B[/+5],F[2,L],F[2,L+4]);F[2,1]:=
F[2,11—B[1}] XB[/+48]/B[/43];
IF V[0]<<0 THEN BEGIN
FOR L:=1 STEP 4 UNTIL Nt DO YF ABS(V[L]—K)<0.1 THEN BEGIN
ITPQ‘ V[L+4+2] <0 THEN BEGIN R:=SQRT(1—V[L+2]142) XV[L+1]
1;21:R— V[L4+2]XV[L+1]42EN D ELSE BEGIN R:=V][L+1]

Rl:=
SQRT(B[1}) XV[L+2] END; R4:=-—V[L43]XB[1]/B[/+3];F[2,1]:=
F[2,1]4+R4; D K(7,B[1]XR4,0R—B[1],R1,F[2,1],F[2,5] END END;
FOR L:=1,2 DO D K(4F[2,L],F[2L+4],1,B[2],F[2L],F[2,L+4]);
F 5(Y1,FN,0,/J,2);:F 5(Y,F,N,0,/,7,1);
IF K=N THEN BEGIN R2:=F[1,3];:R4:=F[1,71;D K (4,
F[1,4},F[1,8],R2,R4,R,R1) END; F 5(Y,F,N,8,/,J,1) END K;
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FOR L:=1,2 DO D K(5,=R,~R1,F[L,3],F[L,71,F[L,4],F[L,8]);

D K(4—F[24]—F[28],F[14],F[1,8]F[22],F[26]);

D K(5,F[1,3),F[1,7],F[2.2],F[2,6].F[2,3],F[2,7]):;

D K(4—F[2,3],—F[2,7],R2,R4,F[2,1]1,F[2,5]);

FOR K:=1 STEP 1 UNTIL 2XN DO FOR L:=1 STEP 1| UNTIL 4 D0 BEGIN
FOR I:=1,2 D0 D K(5,F[2,/],F[2,/44],Y[L+8X (I—1),K],
YIL48X/I—4K],Y1{LK],Y1[L+4,K]);:R:=SQRT (Y1[L,K]42
+YI1[L+4,K]42)XABS(R5);IF L>2 THEN R:=R¥X

B[ENTIER (K/2+40.6) X8+3]; IF R5<<0 THEN Y2[L,K]:=

Y2[L,K]4+RXR ELSE IF R>Y2[L,K] THEN Y2[LK]:=

END LK: END F2:

P0042(B,E);P1041 (B,E);A1:P0042(V):P1041(V):

Cl:=V[0];V[0]:==—1:;A2: FOR L:=1 STEP 1 UNTIL 2XN D0 FOR

K:=1 STEP 1 UNTIL 4 DO Y2[K,L]:=0; FOR L:=5 STEP 3 UNTIL N2 D0 BEGIN
C4:=1.00001 X (E[L+11=—E[L])/E[L+2]; FOR C2:=E[L] STEP C4

UNTIL E[L+1] D0 BEGIN B[1]:=C2XC2; IF E[11<0 THEN BEGIN
C:=E[3] XE[3]+E[4] XE[4];C:=2XC4XE[3] X (B[1]14C)/ B[1] X
(B[17142X (C—2XE[4] XE[4]))+CXC) END ELSE C:=B[11XE[4]+
C2XE[3]+E[2}; C:=CXE[1];

F 2(B,V,Y,YI,Y2N,N1,C) END END C2,L:

FOR L:=1 STEP 1 UNTIL NX2 D0 BEGIN IF E[1]<0 THEN FOR K:=1
STEP 1 UNTIL 4 DO Y2[K,L]:=SQRT(Y2[K,L]):P1041(
Y2[1,L1,Y2[2,L],Y2]3,L],Y2{4,L]) END:

V[0]:=Cl; IF V[0]<15 THEN BEGIN Cl:=2: G0 TO A2 END;

GO0 TO Al END END;



ITpodosrxcenue npua. I

UuHcTpykuusi K nporpamme

1. TlporpamMa npexHasHaueHa IJd OUEHKH 3(DDEKTHBHOCTH JAHHEH-
HBIX JAHHAMHYECKHX TacHUTeJeH, YCTaAaHOBJCHHBIX HA MHOrO3TaXXHbIX 314-
HUAX, OalIHAX HJAM wMauTaxX, NPH TOPH3OHTAJBHHLIX JUHAMHYECKHX BO3-
JefCTBHAX OT TeXHOJOTHUECKOro o0OpYHLOBaHHS H myJbCaliMii BeTpa.

2. PacueTHOfl MOJAENbIO COODYXEHHA fABJAAeTcd MHOTOCTYNEHYATHINA
CTEepXKeHb ¢ MPHCOEAHHEHHKIMH IO IpaHHIlaM YYaCTKOB TacHTENIIMH KoJe-
GaHHH W THOJATIHBLIMH  CBA3SIMYH, TPEIATCTBYIOUIHMH I[OBODPOTEM
(pHc. 28, a) HJAH POPH30HTANBHHEIM llepeMellleHHsIM (pHC. 28, 6) ceyeHHi.

; 5 m! =~
.4& EI.! ?3
m, BEPE £,
- ?3 lfj2 % ?2
: Lﬂ, 5
2 H; E 9!
=¥ g

Puc. 28. PacueTHme CXeéMKH COOpYXeHufi

MuorocryneHuaThifi cTep:KeHb MOXET HMEeThb pA3JIHYHHE YCJOBHA
ONUpAHHA NO KOHIAM, KaK NOKa3aHo B TalbJ. 4. KosdduuueHT BHYTpeH-
HEero HeyIpyroro CONpPOTHBJEHUS CTEDXKHSA Yo NOJNXKeH OblThb OJHHAKOBHIM
Ins Bcex yuacTtkoB; KoHcTaHTH E. C. CopokHHa vy, XapaKTepH3YIolHe
JUCCHIATHBHElIE CBOMCTBA MPHCOEJMHEHHHX B KOHLUE YyuacTKa | cBfi3ed,
MOryT OHITL Pa3aHuHBIMH. YHcJso racutenefl, NPHCOeIHHEHHHX B KOHIlE
JI060ro yuacrka, MoxKet ObiThb npou3BoJabHHM. IloronHas Macca crepx-
Hsl, JKECTKOCTh IpH H3rube M IpPOAOJAbHASA CHJAA JOJNKHH ObITL NMOCTOSH-
HEIMH B MIpejesiax y4acTka.

3. Kaxnaulii yuacrok j (j==1, 2, .. . n) paccunTeBaeMoft cCHCTEMH
XapaKTepPH3YIOT CJAEeAYIOUIHEe TapaMeTpHl:

N; — npopoabHag cuna;

m; — NMOTOHHAA MAacca y4acTKa CTeDXKHA;

El; — ¥ecTKoCTh NpH H3rHOE;

l; — NJIMHA y4yacTKa CTEpXKHSA,

v; — KoHncrauta E. C. CopokHHa, XapakTepHaywollas AHCCHIATHB-

Hble CBONCTBA NPHCOEAHHEHHBIX K KOHLY y4acTka | cBsseft
(Ipy KOMIJIEKCHOM INpeAcTaBJACHHH }KECTKOCTI: CBA3H YMHOXKa-

ercsl Ha KO3QHUHeHT u;j--ivj, TAe U] ¢ fpv? 7 =1);

Rj — KO3 (HIHEHT >KECTKOCTH CBS3HW, MPENSTCTBYIOUER TrOPH3OH-
TaJbHBIM CMEHIEHUAM CeueHHUs;

kj — KO3h(HIHEHT JKECTKOCTH CBA3H, NpensTCTBYome MOBOPOTY
ceyeHHss (M3rHbaOMHUfi MOMEHT NpPH eAHHHYHOM YrIJe IOBO-
poTra);

m; — COCpeA0TOUYeHHAA B KOHIEe yyacTKa j Macca.
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[Ipodoancenue npua. 1

4. Kaxanmit npHcoejHHseMbIH B KOHIIE ydacTKa | racHTel]lb Xapak-
TEPU3YIOT CJACAYIOIIHE MapaMeTphl:
Tr

m} -—— MacCcCa raCHTeJId;

m}— napluajbHas 4acTOTa TACHTCSN;

v; unn B; — KO3dPUUMEHTH, XAPAKTCPU3YIOUNHE JHCCHNIATHBHbBIE CBON-
CcTBAa racurteds (Aas racHreJel ¢ BHYTPeHHHM HEYIDYIHM
conporuBieHHemM U; — Koncranra E. C. CopokmnHa, nas ra-
cuTesNel ¢ BA3KHM TpeHHeM [; — KO3(POHUHEHT BSI3KOCTH
neMndepa B racutese).

5. BosaeiicTBHe Ha cHCTeMY HOJIXKHO COOTBETCTBOBAaThL Npepcranle-
HHIO B BHIE MPOU3BEAEeHHA ABYX (OYHKIHUM, OxHA U3 KOTOPHIX Fx 3aBHCHT
JIHIIL OT KOOPAHHAT CUCTEMBI, BTOpPasA Fy — JHUIIb OT BpPEMEHH.

6. Oynkumio Harpysox F. B npejenax ydacTKa cTepXKHs j Xapak-

TEPH3YIOT CJeNYIONIHEe NapaMeTpHh:
Tadbauuwa 4

— -

i o — uki

KoshdunueHTnl K KOHIEBbIM NapaMeTpaM

Bepxuu#t ysea — N — — _— —_
Yy Y My On
|
I !
/ 1 0 1 0
| ! ] 0 0
_ ! N _
|
| 0 0 ] l
- ——— S YrE—— r d— rar——
| 0 1 0 l
!




I1podonrscenue npua. [

HavaabHble napaMeTphl

Huxnuig ysen — 0 o, M, o
_ ' l
| 0 ]
/
! 0 o l
1 —koq 1
KO
r/‘
d 1 0 —Ro
|
K, -
M\f/f’ l -—-ku —kn
1, L |
‘?&;‘ ff:”:
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IIpodoracenue npun. I

q; — MHTEHCHBHOCTH PAaBHOMEpHO pacnpeleseHHON BAOJL YYaCTKa Ha-
IPY3KH;
P; — BeJIHYHHA CHJIHI, COCPENOTOYEHHOR B KOHIEe YYacTKa,

M; — BeanyHHa MOMEHTAa, IPUJOXKEHHOTO B KOHIEe YyuyacTKa.
7. ®yHkuus F; 3ajaercd cHeKTpaJbHbBIM IIDEJICTABJICHHEM, T. €.
NOJIXKHB OBITH 3aXaHH rpaHHUBl 4YaCTOTHBIX HHTEPBAJIOB, B Ipegesax Ko-
TOPBIX HAaXOAMATCA OPAHHATH CNeKTpa BO3AeHCTBHA, ¥ ¢yHKuua F

(puc. 29), npeacrasasomas coO0H HMH HOPMHPOBAHHYIO CHEKTPAJLHYIO
MJOTHOCTb CTAHOHAPHOrO cJAyuYafiHOro npouecca (AAs NyJabcauHil BeT-
pa), HJIH aMmIJIHTYAHO-4aCTOTHHH KO3pdHUMEeHT K Harpyske (ansd
rapMOHHYECKOTO BO3AeACTBHA ¢ HeCTaOHJBLHOH 4YacCTOTOH OT TeXHOJIOTH-
yeckoro o6opynoBaHus).

o

Puc. 29. OYyHKIIHA Fo)

{J
Wy, Wi Oy Ghy

8. KaXabfi 4acTOTHBHI HHTEpPBaA { XapaKTEPHU3yeTCss MapaMeTpaMHu:
®¢x — HAYaJI0 HHTEPBAJA;

Wik — KOHEl HHTEepBaNa, NPHUEM Wik > On;
N; o— UHCIIO OpAMHAT (UJH YHCJAO PABHEIX OTPE3KOB JEJNeHUS HHTEp-

Baja) ¢yHKuur F , IpH AHCKPETHOM MpEJACTAaBJEHHH BO BpeMS

CyeTa HA MalllHHE; CJeAyeT OTMETHTb, YTO ODAHHATA Wtk BO
BpeMs cyeTa He paccMaTpHBAaeTCH.
9. Oyuruus F, MOXeT HMeTb BHI:

Fo=nw+ Y0+ a o — 119 rapmouudeckoro Bo3nefiCTBHS ¢ HecTa-
OUJBLHONR 4acTOTOM;

Fo_ol¥—pa) 0+ (y+tpa) b
@ @8 4 2a w? - b

npoluecca, |

rie b?=4y? 4 a? a=9y?—al.

~— JJis1 CTAIMOHAPHOr0 CAYYANHOro

3aecs WU, Yy, 0 — NPOH3BOJBLHLIE IOCTOSHHBIE, HANPUMED AJS TapMo-
HHYECKOI0 BO3NeHCTBUA ¢ HeCcTaOUJIBHOH 4YacTOTOH H TIOCTOSIHHOH aMil-
JHTYAOH CHN HArpy3kKH cjeayer nNpuHath uw=1; y=0; a=0, ecan amn-
JHTYAR CHJ NPONOPUHOHAJNbLHB KBAAPATY 4ACTOTHl — U=0; y=0; a=1.
Hns nyabcanuii Berpa o6biuno mosaralot u==0; y=0,42 c-!; a=
=(0,367 c—1.

10. B pesynbraTe pacuera Oasi KaXJOro CeYeHHH S, pPacloJOMKeHHO-
ro B HauaJe JHOO B KOHIle KAaKOro-HUOYAL YUacTKa CTEPXKHS, BLIYHCJA-
IOTCA:

a) NPH CTAINMOHAPHOM CJAYYaHHOM BO3JECHCTBHH — HOPMHB (KOPEHb
KB3AAPATHHIA W3 JWCTepCcHW) BHYTPEHHUX YCHIHA W Tiepemewmienun M,,
Qs, Vs, s

6) NpH rapMOHHUECKOM BO3JEHCTBHH C HECTAOHJBHOH YaCTOTON —
MAKCHMAaJbHble AJs BCeX 3aAaHHBIX 4ACTOTHRIX HHTEPBAJIOB aMIVIHTY/-
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[Ipodoaxcernue npua. I

Hble 3HAYEHHS KaXAON H3 BeqUUHH Ms, Qs Y @s. Cuenyer oTMeTHTD,

yTO 3HaYeHHs max M max Q, max Y, max s MOI'yT COOTBETCTBOBATH
® o 0 N

pasHuiM dactoraMm. 3aecb My, (s, Ys, s — aMIAUTYAHBIE 3HAYEHHS H3IH-
Oamwluero MOMEHTA, MONEPedYHOH cHuJbl, nmporufa U yrJa IoBopoTa COOT-
BETCTBEHHO.

1. ITockosbKy BCe HHTEpPBAJbl 4acTOT pa3OHUTHl HA YYACTKH AJHHOH
Aw®wn, 3HaueHHe Y, HanpuMep, onpenesasieTcsl B Tpollecce cyeTa Ha Ma-
WHHe 10 dopmyJam:.

Y —
a) Ys= X Y; (0) Vs (@) Fyy (0n) A@p;
W
r

6) Ys=max |Y (0,) Fo, () ,

©n

—

rae Ys, Ys— nepegaTouHasi U1 KOMIJIEKCHO CONPAXEHHAA C Hed QYHKIHH,

1)) — (1) ® — @
]l i H ]l K l #
mﬂ:mlﬂl m]H—l_ N y * ) mlH_-l_- N (NL{_.)_I)I
I ® 1 ®
0 —_ () ~— W
2K 2H 2 K 24
m?H’ m2H+ N ’ y GJ2H+ A X
2® 20

X(N2£t'l_1)’ (!)31_1,...

YMeHbllleHHe YHCJAA TOYEK JeJIeHUs WHTEpPBAJOB HYACTOT (0n NPUBOJUT
K COKpallleHHK BPEMEeHH cueTa, HO OJHOBPEMEHHO H K IIOTepe TOUYHOCTH
BbiyMCJeHHH, PopMa 3ajaHUS 4aCTOTHOroO JAHANAa30Ha [0 HHTepBajJam C
pPAa3HBIMH OTpPe3KAMHU JeJeHHd IIO3BOJAET COKPATHUTh YHUCJIO TOUEK W, H
OJHOBPEMEHHO He IPONYCTHTL BaXKHBIX [AJJd TOYHOCTH cuyeTa OpPAHHAT

byrruuit F, (0a), Y(0n).
12. Yrobnl onenuth 3¢PeKTHBHOCTH racHTesied, BCe YKa3aHHLIE BbI-

le Pe3yJabTATHI MOJYUYalOTCA IO f[porpamMme M AJs cuctembl 6e3 racu-
TeJeH,

Hcxoorste daumbie

13. Mcxonuble naHHble AJS pacuyetra 3alUCHIBAIOTCS W HabHBalOTCA
Ha nepgokaprax B BHAe MAcCHBOB (TabaHL) B cCJAeAVIOLIeM NOpsAKe:

I. Tabn, A (uucaa N, N, N,);
2. Tabn. B (xapakTepuCTHKA CTEpPXHS U HPHCOeAHMHEHHLIX CBsI3eH);
3. Taba. E (cnexTpasbHast XapaKTepHCTHKA BO3AEHCTBUSA);

4. Taba. V (xapakTepHCTHKa Harpys3kH M racuresei) -— sTux tabaunu
MOXKeT OBbITh HECKOJIbKO.

3necb: N — oblllee KOJHYECTBO YUYaCTKOB CTEPIKHS,
Ny — obiuiee KOJHUECTBO 4YHce/, XaAPAKTEPU3YIOIIHUX HATPY3KY
v racuteqau (B taba. V Bcero N,+1 uucen);
N, — konuuecTBO unices B taba. E

14. K npuBefeHHBIM Bbllle 0003HAUeHHAM chaeayer H00aBUTH cCJe-
avwllee:
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Tabanua A

EErara

Tabauna B

ITpodonrxcenue npua. I

7] s ] ol el |u]is]is
o I Uo " Ny | m | El L_ﬁ | v | Ry l 2 m,
81-|-4‘ 8;—|—5\ 8j+6 8}+7T81+8F ll : 18__N+9 l S8N+10 | S8N+11 8N+12J
— _ ( _ — L —
kf mj [ [ Yy } PN l My QN
Tabaupna E
2|3|4"5‘6\7"_8‘9'10_“_}1"|N2——2N2—1\N2
i |
o | Ny | on | @ax | N u - u om | Ome | N |
] . |
Tabauua V
B | | 1 L N—1 | Ny
] | |~
— P | M | ;| wan | HJTH my;
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Hcxodnoie dannble (8 6e3pasmeprol popmue)

Tabauua A

N | N | N, ]

ITpodoascenue npua. I

Tabanua B
- — -
1l 2l 3] 4l sl 6] 7] 8] olwjufulnslu | |6l
2 4 — —_ "]
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Tabauua E
1) 2] 3] a4 s 6| 7] 81 9] 10 | V2N, —1] W,
T 1 | P ‘ Y \ a Wig | Ok | Nig | @an | 102k | Ny ! ll Opp | Opg | Npg
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[1podorocenue npua. I

B tabn. B HauanbHble mapaMmeTph @o, Mo, Qo H KO3hD(HUHEHTH K

KOHIleBLIM NapameTrpaM Yn. @n, My, (U~ HA3HAYAOTCH B COOTBETCTBUHU

¢ Taba. 4; kodcranta E. C. CopokHHA U, XapaKTepHU3YeT AHCCHNATUBHBIE
CBOHCTBA CBsI3el, MOAENUPYIOLIHX OCHOBAHHE.

B Ta6a. E nepBoe yuca0 Ha3HauaeTcs PaBHBIM:

] — ecsin BO3peficTBHE TAPDMOHHYECKOe ¢ HecTAOHJIBLHOH 4acTOTOH;
| — ec/iM BO3JeHCTBHE — CTAIIMOHAPHBIH CcAY4alHBIA Tpoiecc.

B taba. V nepBoe YHCJA0O HAa3HAYAETCH PABHBLIM!

] — ecnin HeO6XOAUMO TOJNYYHUTb PE3YJbTATH TAKXKE U IJISI CHCTEMBI
6e3 racuresey;

2 —ecqn HeoOXOAUMO TNOJYUHTL Pe3yJbTaThl TOJNBKO IJA CHCTEMBI
C TacHTEJISIMH.

B kaxXaoi mocseaywolled rpynne U3 deThipex LUHQPp nepBoe UYHCO
HMeeT abCOoMIOTHYIO BeJUUHHY, pPaBHYI0O HOMEpY y4acTKa CTepIKHS, B
KOHILIE KOTOPOro pPAacroJIOXKEHBl racuTe]b HJIH BHENIHWE CHJbBI, H CAeAVIO-

LIlHe 3HAKH: 3HAK <«~», €CJAH TPH TOCJAeAYIOIIHX YHCAA XapaKTepH3VIOT
FACHTE/b: 3HAaK <«—», €CJAH TPH INOCJAEIYIOUIHX YHCAZ XapaKTepH3VIOT
Harpv3ky.

3HaueHHA Tpex MNOCJACAYIOIHX YHCEJ B rpynmne sICHe H3 obo3Haye-
HU¥, IPpUBENEHHBIX BHIIIE,

[5. HacTo BO3HHKAET HEOOXOOUMOCTb NMPOBepHTh 3PheKTHBHOCTh ra-
CHTEJIEH IPH PA3JUUHBIX TapaMmerpax. B 3THX cayuyasx caeayet 3a71aBaTh
ONHOBpeMeHHO Heckoabko Ttabaunm V. B meppoit taba. V ueaecoobpasHo
Ha3HayaTb NepBOe YHCJAO paBHBEIM |, B nmocheayionHx — paBHBIM 2 (a4
cokpauleHus cyera). Koauuecrso uyucea N,+1 Bo Bcex taba. V 0aKHO
ObITh OAHHAKOBBIM.

16. Ilpu 3anoanennu taba. B, V, E moxer 6b1Tb npuHATa Jiobag  yBS-
33aHHAd CHCTeMa Da3VMepHOCTEH, HaNpUMep, CHABLl — T, LJHHB — M, BDe-
MeHU — ¢. TlpeaycmoTpeHa BO3MOXKHOCTBE 3371aBATh BCE BEJHYHHLI B 6e3-
pasMepHOH (opMe, KAK YKA3aHO B COOTBeTCTBYIOMIHX Tabauunax. Ecau
noJoXUTb Elo=1, lo==1, mo=1, No=1, uncsna B TabMHLAX HCXOIHBIX
NaHHbLIX B pa3MepHoit U Oe3pasmepHoit c¢dopme OYAYT COBNajaTh.

17. Cnepyer OTMeTHTb, UTO MAacCCy CTEpPXKHHA m; H Napamerpsl ra-

“ r
CHTeNIEH U ;, (; Heb3sl Ha3HAYATb PABHBIMH HYJIIO.

PesyavTarst paciera

8. B pesysabTaTe cueTa BBLIYHCJASAIOTCH 3HadeHHA Ys, @s, Ms, (s nis
CeYeHHH S, PACTOJIOXKEHHMX B Hadajle M B KOHIE KaXaoro yyacrka
CTEPKHA.

Pe3ysabTaThl pacnofoKedsl B Tabua. Y B CJeAyOMIEM TNOpsAKe:
Yn, Po, Mn, Qm Yy, P, ML— Qh Y Yzm PN, Mzm Q2N. Hymepauuﬂ
CeyeHHH CHH3Y BBEPX.

19. CBS3M M TacHTEJH CUYHTAIOTCS PACNOJOXXEHHBIMH MeXKY KOHIOM

npepbiayuiero (CHH3y) M HauasJoM cJaeaymollero (CBepxy)  yyacTKOB
CTEpXKHS.

20. B mpouecce cyeta HA TMeyaTh BLIAAIOTCA  IOCJAEAOBATEJBLHO.
i. Ta6a. A: 2. Ta6a. B; 3. Ta6a. E; 4. Ta6a. V; 5 Taban. Y (ans

cucreMbl ¢ racutensmu): 6. Taba. ¥ (nas cuctembl 6e3 racurtesied; e€CiH

3TO NpeaycMmoTpeno 3ajlaHuem); 7. Tabn. V, 8. Tabn. Y (aas racHreed
C H3MeHEHHBIMH IapaMeTpamu).

Ecau ncxoaunle ganuule 6 3agant! p 6eapasmepioni popme, Bme-
cro  3nauennii Yy, s, Mo, Qs TONYUaKOTCA COOTBETCTBEHHO Y, @slo,

My2[EL,, QuE/EI.
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ITpodoanwcenue npua. 1
Pabora 3a nyabrom

21. PabGora 3a nyjabroM NPOH3BOAUTCS B COOTBETCTBHM C HHCTDPYK-
HHell K TpaHcasTopy. Pekomenayercs ¢GHUKCHpOBATH NpPOUEAYPH B Ta-
MATH MalIHHLI.

Korrpoasusd npusep

B kauecTBe npuMepa HHUXe IMpHBeJEHbl pe3yJabTaThl pacuetra AJs
CUCTeMbl, H300paxeHHoOH Ha puc. 30. Harpyska, wnzobpaxeuuas
Ha pHc. 30, a, ABNAETCA rapMOHHYECKOH ¢ HecTaOUJbHOH YacTOTOH, Ha

puc, 30,0 usobpaxeHa Ha-
rpy3Ka, JeHCTBYIOULAA Kak
CTAUHOHAPHBIH CJAY4YaNHbIN
npouecc. JlonoaHuTenbHO

obo3Havennl: R;j=3E/y;/
o i Elp — XeCcTKOCTD
pureas npu uarube, Ip —
AJqHUHa pHread. lVcxoadnwe
JlaHHble  TpHUBeJeHbi B
Taba. 5; napameTpn Ha-
FPY30K CJaeAYIlNHe: 149
BapHaHTta a) — P|=P3=
=5 T, M1=M3=2 T™,
WL=1, yv=0, ao=0; pasx
BapuaHta 0) —g,=g,—=
=01 T/M, gs=0,14 T/M, Puc. 30. PacuyetHast cxeMa COOPYXeHHS ¢
nw=0, v=0,42 ¢! q= FacCHTeAAMH
=2,25 ¢ 1,

Pe3yabTaThl cuera BHIAAIOTCA Ha NMeyaTh B HOPMAJH30BAHHOM BHAE
(MaHTHCCa yHeJa, ONYUIEHHAs JecsITKa, MOPALOK YHCJHa).

J)

Tadauma 5

s O l% | E S I
ob| = | * " = v. | & < Z 3 ol ©
EE - '~ "":h “ / - . '-E '_‘__:}:; r_'."__:b ! byt
= 5| = 3 3 ~T | el B L S

11 40| 0,025| 1800 6 | 0,02 | — | 500 2 10,02 0,1 2.3

220]0,02|1000| 40,02 —1]380! 1 | — | — | —

l
3| 10| 0,02 [ 1000 4 0,02 — | 300 i 0,05 0,1 2,3
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Pe3yabTaThl pacueTa COOpPYXeHus

w— A

PesyasTarst pacuera

+.30000000,+-01 +-.16000000,0+ 02
+.00000000,¢—00 +.40000000,4+ 02 +.20000000, 4+ 02
" +.20000000,,—01 +.24999999,,—01 +.20000000;,—01
2 +.10000000,0-+01 +.18000000; 004 +.10000000,0+-04
= | 9 +.10000000;0+01 +.60000000,0-+01 +.40000000,+01
x| 3 +.00000000:,—00 +.20000000,,—01 +.20000000;,—01
" « <. 10000000,y+01 4 .00000000,,+00 -+ 000000004400
2 = +-.10000000;04-01 + 500000000403 +.30000000,,403
= +.00000000,,—00 +.20000000,0+01 +.10000000;0-+ 01
o —
S — - _—
L) | :
~ +.10000000;04-01 +.50000000;04-01 +.00000000;,—00
—. 10000000001 +.20000000;0-+01 +.50000000,04-01
| +-.00000000,,—00 —.30000000,,+ 01 +.20000000,04-01
| " ?
= +.00000000;,—00 +.00000000;6—00
= +.57693056,0+01 +.12138963,01-01
3 +.57693056,0-01 +.12138963 001
= +.11537395,0+02 +.12595898,,+4 01
s +-,11537395,0402 +-.12595898 0401
- +.16291992,4+ 02 +.8840306 1,94 00
o
5 ; — N
0 +.00000000,,—00 +.00000000,0—00
& +.128196854-102 +-.26830437 1o+01
= +.1281968519-}-02 +.25330437m+01
w + 254299620+ 02 +.27235387,04-01
~ +.25429962,4-+02 +.2723538719+01
8 +.35614931,94-02 +.18845896,,+01
Pezyavrare: pacuera
+.3000000040+-01 +.20000000;,+02
+.00000000,—00 -+.00000000,0—00 +.50000000, 403
W n +.20000000,0—01 +.40000000;0402 +.20000000,5+4-01
2 | % +.100000000+01 +.24999999,,—01 +.20000000;0+02
= 5 +.10000000,0+01 +.18000000;0+04 +.20000000,,—01
é‘i = +.00000000,—00 +.60000000;5+ 01 +.10000000; o+ 04
o = +.10000000,0+01 +.20000000,0—01 +.40000000;0+01
E -+.10000000;0401 -+ .00000000,,—00 ~+.20000000;—01
SO
- P - —
{bj |
< +.10000000,,+01 +.00000000,6— 00 +-.99999999,,—0}
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—. 1000000010+ 01
+.99999999,,—01

-+ . 0000000000
—.20000000,,+ 01

+.00000000,—00
-+.00000000,,~—00




coopyncenun (K puc. 30,a)

. i Rl

+.10000000;4402
+4-.20000000;,—01

+.13000000,04-02

=+ .00000000,,~—00
+-.00000000,,—00

I1podoasxenue npua. 1

TaGa. A

-4+.00000000,,—00
+.15000000/0+01

-+ .30000000,,+01
4+ .50000000,,+01

+.10000000,0+04  +.10000000,0-+01 | -.23000000:,4-01 -
+.40000000,6+01 __ +.1000000010+01 | 4.10000000;0-+02 e
+.20000000,0—01 +.22500000;040! S
+.00000000,0+00 { +.1000000010+01 -+ .25000000,0402 &=
+.30000000,0+031 +.10000000;,4+01 4 20000000501
4-.10000000,04+01 | +.00000000,0—00  +.25000000,0+01
-
+.10000000;04-01  4.20000000,0—01  —.99999999,,—01 :
+.23000000,04+01  +4.30000000,0+01  -+.49999999,0+01 3
—.999999991(;-—01 + 230000'00111"‘01 [E

M

Q

-+ .9697 589,403

+.2893477 91003

+.318298170403
+.29421640,,403

+ .83588442,,+02

-+.26591292,04+03

4, 171772400403
+4-.17043853,5403
+.12649343,,+4+03
+.1227848 0+ 03
4 . 77666774,,-4+-02
+.73164808,,+02

+.2163614 1404
+6594421714+03

+4.682199370+4+03
+4-.65815621,,403
+.158826761,-+03
+.5665638384+03

coopyacerus (k puc. 30,6)

+ . 100000000+ 02

+-.38596078,,+ 03
+.38274754,+03
+.274835141,403
+.26844927 0+ 03
4+ .16058743,,+03
+4-.16013729,,403

[Tpodoaxcenue npua. I

—

Taba. A

+.00000000;¢--~00

+.30000000,,+03
<. 10000000,,+401
+.10000000;,402
< .20000000,,—01
<+ .10000000,,4-04
<+ .40000000,,4 01

—.30000000,,-+01
+4-.11400000,,—00
+.00000000g~—00

4-.20000000,,—01

< .00000000,g—00
+.30000000,0+03
4. 100000004001
<+ .00000000,o—00
+.00000000,,~00

+.10000000:04-01 |

4-.00000000,,—00

+. 100000000401
+.23000000,+01

+.10000000;0+01

~. 100000004401
<-.000006000:—00
<+ .42000000,,—00
+-.2250000010+01
<+.99999999,,—01

— -

+-.30000000,,4+01

+.20000000,,402
-+.30000000,4+4 01
+-. 100000000+ 02
-+ .10000000,,402

Taba. E

—.99999999, ,~—01
+.20000000y—01
~+.3000000010+ 0!

ki er———

+.2300000040+ 01
—.99999999,—01
+.49999999,,—01

Tabn. V



I1podoandcenue Taba. I

A e

¢

+.00000000,,—00
+.156161089,—00
+.15161089;,—00
+.30377541,,—00
+.30377541,,—00
+-.43023394,,—00

™ il ——

+.00000000;0—00
+.31959324,p—01
+.319503240—01
+.33369381,,—01
+.33369381,4—01
+.23663220,—01

+

——

e

Q

| 3

C =

g =

& )
=

E o

O w

e -

&)

o | et

-

» v

& O

wld =

) .

g ¢

o 3]

B | 4

a% 0
L
O

" W

—+.00000000,o—00
+18375199,,—00
+18375199,—00
+.36542714,,—00
+.36542714,,—00
+.51322264 0+ 00

-+ .00000000,,—00
+.38538702,0—01
+.38538702,,—01
+-.39387205,,—01
+-.39387205;,—01
+.27456066,,—01

I[MPHUJIO)KEHHE 2

NPUMEPDbI PACYETOB IUHAMHYECKHX TACUTEJENR
KOJIEBAHHH IOJIA CJIIYYAEB, KOTJA MOAEJBIO
COOPY)XEHHS MO)XET CHIY)KUTb CUCTEMA C OHONA
CTENEHDBLIO CBOBO1bl

ITpumep 1

[logo6pate onTHMaJbHbLIe NapaMeTPhi JAHMHAMHMUYECKOTO TacHTe]s H
OLCHHTh 3(PPEKTHBHOCTb rallleHHsa KoJeOaHWH 3naHHsi, pacuyeTHas cXemMa
KOTOporo H3obpaxeHa Ha pHuc. 31. McTounuxkoM BO3OYXKOEHUS SABJSAET-
Cs1 BEHTHJATOD ¢ HOMHHAJBHHM 4YHCJIOM 060poTOB n=400 06/MHH (W=
=418 ¢~1!), ycTaHOBJIEHHRH Ha NEpPEeKPLITHM HA OTMeTKe 9 M.

/7?3 =£8ﬂ?f

ﬂ?z =/,4!??;

m;:/ZCE’H/HE

aj J
1M
SF Y. =16
M I
;J 1 92=f
yf"ﬂ‘;‘
i)
b bz
oM
A 4 on A
Puc. 31. Cxema coopyxeHus H neppas ¢pop-

Ma CBOOONHLBIX KOoJeOaHHUH

Ma KoJieDaHHH HOpPMHpOBaHa NO OPAHHATE
coOCTBOHHHIX
BTOpas

KoJebanuH
yactora — 88 ¢—1;

3AaHHA

B COOTBETCTBYH C

Amnanryna B030yxKialo-

el CHJBI, BO3HHKAWOIIEeH B
pe3yJbTaTe BpAalleHUSA 3KC-
[IEeHTPUKA, MPONOPIHOHAJBHA

KBaJpaTy 4actoThl ®. Juccu-
MaTUBHbIEe CBOHWCTBA COOpYXKe-
HUSl XapakKTepU3YIOTCA KO3d-
puuuenrom yo=0,05.

Iy mpoCTOTH NMpH omnpe-
nejeHud ¢GopM  KoJsebaHuu
Macca COOPYXEHHS CUMTaJach
COCPEHOTOYEHHOH B YPOBHAX
pureled U TakKUM oOpa3oMm
¢opma KoJsieGaHHUH XapaKTepH-
3yeTcs opaunaramu Y, Yo, V.
B cootBercTBHHU ¢ 1. 2.9, dop-

Yo=1. IlepBassi vacToTa
oKaszamtace  papmoii 39 c—1;
m. 2.9, MOXHO

(Tak kak 39 ¢c~1.2<C88 c—1) B AAaHHOM cJyyae NOJbL30BAThECA dopMmyna-

60



ITpodonrsxcenue npun. I

M

e

4-.25379967 14402
+.760922686-01
+.83905149;0+ 01
+.77249453,,+ 01
+.234140834401
+.70975468 5401

-+.30905250,5402
+.94166314,,+01
-+.98592872,04 01
+.94386419,,4+01
--.23956856,;+ 01
+.823517325-+ 0!

Q

+.44425659,,+01

+.453098864-+01
+.3251937310+01
+.32790803,0+01
-+-,20300452;0+01
-+.2053972140+01

+.546 1639619+ 01
<4-.55204199,44-01
+.39190224,,+4-01
+-.390794 84 ,4-01
+-.23072801,4+ 01
+-.22706409,,401

Mu . 2.16—2.37. Tlockoapky 4HcaAG 0O0OPOTOB BEHTHAATOpPA MOXKET W3-
MeHATbCS B Npouecce paboTbhl H, KPOMe TOro, NPpH NYCKAX U OCTAHOBKAX
BO3HHKAET PEXHM IPOXOXKIeHHs uepe3d pe3oHaHc (cM. n. 2.26), OINTH-
MaJibHble IIapaMeTphl racuress cjaenyer noabHpaTh KaK JpJA TapMOHH-
YeCKOro BO3JAeHCTBUA ¢ HecTaOHUJIBHON vacToTOon nmo dopmyaam m. 2.23.

N3 KOHCTPYKTHBHHIX coo0paxeHHi BHIOpAH TAacCHTEJNb C BA3KHM
aemndepom H Maccoll my=0,036 Tc/M%2, KOTOPHH YCTaHABJHBAETCH HA
IIEPEKPLITHH HA OTMETKe 9 M.

B cootrBercTBHH ¢ 1. 2.9, npuBeaeHHAas Macca H 0600LIeHHAA XKeCT-
KOCTh COOPYXKEHHA pPaBHLI

M=mY2+mYst+myV35=1.0,4241,4.1240,8.1,62 =
= 3,608 Tc?/m;
k= p?M=392.3,608 = 5490 /M.
OTHOCHTENBHAS MAaCca TACUTENS COCTaBJder
y=m/M=0,036/3,608=0,01=1%.
OnTHMaJbHble TIapaMeTpbl racurena onpeaenseMm no dopmynaam (9):

o 3y 3-0,01] _
Pore = (1 oy (@)~ (140,0) 210,01y M7

ﬁOl’lT ~ 0: 12!

Fowe = (1L ¥4 + 1,5 Yo Bomr) [ [ (1) )/ 193] =

= (140,054 1,5.0,05-0,12)/[(1 +0,01) V1 — 0,05%] = 1.

OTHOCHTeNbHAA aMILIUTYda NepeMelleHUH COOPYXKEHHSI ¢ racHuTelleM
paBHa

l

P 0y (24 V) (1+v%)
— 4Lmax — — —

2 (fﬁmﬁ—'oﬁ Yo ﬁOI’IT)
=1/[5490 ]/(1 10,012 — 219,00 (140,05 ]:
= 0,00164 m/T.

9 (1—0,5-0,05-0,12)

6l



OTHOCHTe/IbHAS aMIVIHTYAZ YIJHHeHHA CBSA3H racHrelsi COOTBeTCT-

BEHHO paBHA
- (2 + v) -l// ]

— &k 3(l—|—v)(l—|—125v)_'
1 2+4+0,0 1 )
= 5490 0,01 3 (1+0,01) (I +1,25.0,01) =

= (,0208 M/T.

J1o yCTaHOBKH racHTeas OTHOCHTeJbHAas aAMIJINTYJAA TNepeMellieHnH
COOpYXeHHSA COCTaBJANa

CaenoBaredbHO, B pe3y/JbTaTe NMPHCOEAHHEHHUS racHTeJNs aMnaHTyaa
KoJiebaHui cOOpYXeHHs yMeHblIHJach 6oJiee 4yeM BABOeE.

[Ipumep 2

[Iopo6paTh ONTHMAJLHBE MapaMeTpbl racurelsieil xogsebaHHH W On-
peaeiuts 3dpdexktTuBHOCTL BHOpOraieHHs MeTalJHyecKol OallHH-TPYOHI.
[lonepeunoe cedeHHe TpyOHl H MecTa YCTAHOBKH MAsITHHKOBHIX JHHAMH-
YeCKHX racHresei (noMeueHbl KPeCTHKAaMH) MOKa3aHbw Ha pHC. 32

N

!
- Puc. 32. CeyernHe GaluHu-
e TPYGhl
3
. | — ra3zoorpoafllHe CTBO-
S J bl

Oco0eHHOCTSIMH 3TOro IpHMepa #ABJAAIOTCA HeOOXOLHMOCTb y4yeTa
ABYX 3KCINJAYAaTAUHOHHHIX peXHMOB — ¢ TpeMsl (BapuHaHT 1) u ¢ aBywms
(BapHaHT 2) ra3soOTBOASINHMH CTBOJIAMH H, KpOME TOT'0, HEBO3MOXKHOCTD
yBeJIHYeHud yr Oosee uem a0 0,1. KaxaoMmy Bapuanrty COQTBETCTBVYET
CBOSA IpPHBeJeHHAs Macca H CBOA NepBasi yactora cBOOOJAHKIX KoJebHaHHH
(p=1,241 ¢~! nas sapuaura I, p=1,354 c~! nna Bapuanra 2). dop-
Mbl KOJIeOaHHA OT/HYAIOTCA HE3HAUHTERJLHO.

[Ipu o6rekaHuu TpyOH BeTPOBHIM MOTOKOM BO3HHKAaeT BETPOBON pe-
30HAHC, KOTOPHH, KaK MOKA3aJ pacueT COOPYXKEHHUHA C YUETOM YCTaJOCTH,
co3naeT HaubOJAblIYIO ONACHOCTb JJIA COOPYXKEHHS.

[lo Bapuanty | nepBas M BTOpPAas KpHTHYECKHEe CKOPOCTH BETpa COOT-
BeTCTBeHHO paBHH (cm. raaBy CHull [1-6-74, n. 6.21):

5D.p 5-18,5.1,241

ke T o g 2.3, 14 3 M
5-18,5.5,638
Ug kp = ‘;3114 = 83 M™/c.

[lo BapHaHTy 2 KpHTHYECKHe CKOPOCTH BETpPAa PaBHbl COOTBETCTBEH-
HO Uxp==20 M/c H Usxp =89 m/c.
[TockosabKy B 0060HX BapHaHTAX Ugkp OOJiblie 25 M/C, B A4HHOM

62



cnyyae B COOTBETCTBHH ¢ N. 2.9 MOXHO mnOJb30BaTbhCcsl (HOPMYaaMmH
nn. 2.23 u 2.30.

BBuay TOro 4uro NpH pasyHYHKIX 3KCNJYaTAUHOHHBIX pexkHmax 6au-
HH-TpyObl paboral0oT OAHHM H Te XKe racHtTe/d, HX 06Ias OTHOCHTeJb-
Has MpHBEAEHHAR Macca v H HACTPOHKA [ OKAa3WBAIOTCA pPa3IHUHbLIMH

ans BapuaHtoB | u 2. Jlaa ynpoulenuss npumepa (B OTJHYHE OT peaJib-
HOro cJaydasi — pacyera OallHH-

1py6n  Hopuiasckoro I'MK) 6y- 2 4

neM moaaraTh v=2% paaa Ba- gy "i’ ﬂ
puaHra | 1 v=2,38% an1a BapHu- ',
anta 2. Kos¢duuHeHT BHYTpEH-
Hero Heynpyroro ConpoOTHBJICHHS
3allHIlaeMORl KOHCTPYKUIHH Yo
npuMeM pasHHM 0,01.

OnrtuManbHOe 3aTyxaHue B
racutesié Yonr, BHUHCJIEHHOE MO
dbopmyne (10), 6osabure, ueM Mpe-
JeJIbHO AONyCTHMOe 3HaueHHe Yr
(a1 BapHaHTa | Yonr=0,175;
AJi1  BapHaHTa 2 Yonr==0,192),
IO3TOMY B JaJIbHEHIIMX pacuerax
OrpaHHYHBaeMcss  MAKCHMAJbLHO
BO3IMOXHBIM 3HayeHHeM yr=0,1
H ONTHMAaJIbHYI0 HaCTpPOHKY ra-
CHUTeJNA onpenensieM B COOTBETCT-
BUH C pPeKOMeHJauusMH 0. 2.34.

HTto6H BHOpaTh ONTHMAJIb-
HOe 3HayeHHe f%, cTpoUM (HCnOAL-  PHc. 33. Bandlnhe H3MEHEHHS HacCTPOHKH
3ysi puC. 9) rpadHKH 3aBHCHMOC-  Ha BEAHUHHY Z oy
TH ZmaxR OT [? ona BapuaHTa |
(Ha pHc. 33 OHM NOKa3aHbl CHJIOWIHBIMH JHHHAMH). 3aTeM C IOMOIIBIO
puc. 8 u 9 onpenensieM OpPAMHATH TIPadHKOB 3aBHCHMOCTH Zmaxk OT f?
AJis BapHaHTa 2 ¥ CTPOHM rpacdukH, MOKa3aHHHE NYHKTUPOM Ha pHC. 33,
yBeJHYHBas NpPH 3TOM 3HaueHHs f2 B 1,3542/1,2412 pa3, aas Toro, 4To0H
HacTpOHKa [==p;/p olpeaesssachb OTHOCHTEJbHO ONHOH M TOH XKe YacCTo-
Thl p, COOTBETCTBYWIIEH BapHAHTY C TpeMfA ra3soOTBOASAILLIHNMH CTBOJAMH.

OnTHManbHBIM MOXHO CUHMTaTh 3HaueHHe [2=1,075, npH XOTOpOM
A5t MOOKIX 4acTOT 3HaUeHHe Zmaxk He npeBbiniaer 16,2,

B mpouecce skcniyaTauMH racHtejefl KsajpaT HacTPOMKH, KOTOPH
MDONMOPUHOHAJEH JKECTKOCTH CBSI3H TACHTEJS, MOXEeT H3MEHHTbCH M0
5%, HO u mpH sToM 3HauYeHHe Zmaxk He mpesnimaer 20.

Takum obpasom, nogo6paHHHe racHTeJH YMEHbUIAIT AaMIVIKTYAH
Kose6aHuHi (BHYTpPeHHHX YCHJHA) GamHH-TpyOH IPH BETPOBOM pe30HAH-
ceé MPpHMEPHO B MTb pPas.

ITPYJIOKEHHUE 3
KOHCTPYKTHUBHDBIE ®#OPMbl YAAPHbDIX TACHUTEJIEA
KOJIEBAHHUHHA

ITpumep 1. Masrnuxosoul ydapustili eacuresv xosebarnull crassHol
thyreposannol Ouimosod Tpybot soicoroli 80 M

FacHTesIb paccuuTaH mo cxeMme pHe. 16, 6. Macca abiMOBOH TPYy6H
paBHa 330 T. IlepBas KpyroBas uyacTtora COOGCTBEHHBIX KOJIe6AHHH M\ ==
=2,42 c~1. Tlocse npHBeNeHHS COOPYKEHHA K PacueTHON cHcTeMme MOJY-
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YeHo M=64,7 1. dna ykasanHon ABIMOBOI TpyGH n=0,05, cjepoBa-
T&JILHO, KOIDMHUHEHT Heynpyroro conporusaenns y==0,02. [Ipu yv==0,02
OTHOCHTEJIbHAA aMIVIUTyAa KoJgebaHufi cucteMbl 0e3 racutesis paBHA
25. lna toro yro6bl CHH3WTL aMIJHTYAY BHIHYXKAEHHHIX KoJeGaHu CH-
creMbl B 3,5 pasa, Heo6xoaumo uMeTb a==7. [Ipu r=05 u vy=0,02 no
puc. 19 Beanunne a=7 coorserctByer uw==40,05. [Ipn stom P==>51. dau-
Ha MaaTHUKOB racureas paBHa 646 w.
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S Pelpa xecrrocty
+‘E‘£&%ﬁa
~BozHyreie
UU UK puyer-
KUE 0N i
Puc. 34. MadATHHKOBLI ypap- Puc. 35. BorHyrble LH-
HBIHl racuredb KoJeOaHHH abl- MTHHAPHUYeCKHe  oOOJOYKH
MOBOH TpPYGHI 60FiHOH YacTH, TMOBLIIA-
e 3¢pPeKTHBHOCTL ra-

CHTEJNH

COOTBETCTBUH C NpPHBeAEHHHIM pacueToM OblJ10 MPHHATO BOCEMb
MAaSITHUKOB, TOABEUICHHBIX IO I[epHMeTPYy B BepXHeH dYacTH TPYOH Ha
nucToBbIX wwapHupax. [Ipu konebanusax TpyO6el B KakoM-JHOO TOPHU3OH-
TaJbHOM HanpasjeHHH Oyayr paboTaTb He BCe BOCeMb MASTHHKOB, a
JUIR YacTe HX. Ecuad, Hanpumep, kKojaebanug TpyObl MPOHCXOAAT B Ha-
IpaBJeHNH, TPOXOAAINEM uUepe3d Kakue-Jub6o JBa AUHAMETPAJbHO NPOTH-
BONOJIOXKHBIX MAsITHHKZ, TO U3 BOCBMH MAasiTHHKOB 3TH ABa MasTHHKA pa-

oraior ¢ 3dpdexktuBHocThio 100%, uerhipe — 70% H aABa COBEpIIEHHO
He pabOTAINT, TAK KAK MEpPBhle JBA COREPIIAIT YAADH TNepneHAHKVIAD-
HO KacareJbHOH k OoHHOMY npucnocobJieHHIO, YeThipe caAeAYIoude —
noj yrjom 45° W nocjaeiaHHe nBa BooOllle He COBEpIIAIOT YAAPOB, MO-
CKOJVIbKY MABHIKYTCH IO KacaTeNbHBIM K HeMmy. YUHMTHIBAs 3TO, NPHHATO,



YTO KAaXAblH MasiTHUK HMeer Maccy 650 xr. [loaBecka MasiTHHKOB OCV-
I ecTBJCHA Ha KpOHIITeHHaX, Y Aapbl MAATHHKOB BOCNIPHHMUMAIOTCH CTalb-
HBIM KOJIbLIOM, XECTKO NPUKPENJVIEeHHBIM K KOXYXY TpyOnl. CTtanapHoe
KOJIbO CHAOXKeHO [aepeBSAHHBIMH IpOK/JIaAKaMH H CTaJbHBIM KOXKYXOM.
O61uuil BHA racurtedas npeiacrasiaed Ha puc. 34. Jas toro uytobOH JHCTO-
Bbie IIADHHPHLI He HCNEITHIBAJM YAAPOB, MECTO YAapa MasiTHHKa (mnod-
COK) NOAHATO BHIIE EHTPA MACCHl MAATHUKA HaA 6,3 cMm.

Has nosbllieHHsT 3PPEeKTHBHOCTH MAasITHHKOBOL'O racutenas KoJebOa-
HUH ABIMOBOH TPYyOBl peKOMEHAVeTCsl Ha CTaJbHOM KOJblLie OOHHOIO NpH-
ciocO0JIeHUs1 YCTAHABJHBATL BOTHYTHIE CTaJjlbHbie IHJIHHAPHYECKHE 060-
NOYKH C¢ pebpaMu XKeCTKOCTH, cHabxKeHHHle npokyaaakamu (puc. 35). B
YRAPHOM TacCUTeNe, COCTOALIeM W3 BOCHBMH MASiTHUKOB, yerhipe MAaATHH-
Ka, paboraiomue ¢ s3ddektuBHocTh0 70%, 6yayT npH HoBOM OOHHOM

ycTpoiicTBe pabotath ¢ adderktuBHOCTBIO 90—95%, a nBa Hepaboraro-
IUX MasgTHHKA — 25—309%.

[Hpumep 2, Maarrurossiil yoapusli eacuress Korebanutl CTARbHOU
paduobauwinu gvicoroii 100 M

[acuTtenans paccuuTbiBAeTCs MO cxeMe pHce. 16, 6, mMacca paauobauinm
paBHa 50 1. IlepBas xpyroBass uacrora coOCTBEHHBIX KoJeGaHHR A=
=95,05 ¢—!. [locse mpuBeleHHsI COOPYKEHHS K PACUETHOH cXeMme IoJyue-
HO M=732 1. Hna panHoi paguobawnu n==0,1, cyriegoBarejpHO, y =
=(,02. Ilpn v==0,02 oTHOCHTeJpHAS AMIJIATYAA KOJeOAHHH CHCTEMHI
G6e3 racutens pasHa 25. Jlag Toro urTo6Bl CHHSHTH AMILIUTYAY BHIHVIK-
AeHHBIX KOJleGaHHUH CHCTEMBI, HallpHMEP, B MATb pas, HeOOXOAUMO HUMETh
a==5. Ilpu r=0,0 u y=0,02 no puc. 19 BesuunHe oA.=95 COOTBETCTBYET
w==0,09. IIpu stom Pp=28. Jlauna MaATHHKOB racure’as paBHa 1,42 M.

B cooTBeTCTBHH ¢ mpHBeAEeHHHM pacueToM AJs OailHE NPHHATH Ye-
Thipe MAaATHUKA, UOjABellIHRAEMBIE BHYTPH pellleTUaTOd KOHCTPYKUHMU
BepXHeH YacTH paauoballHH HA JHUCTOBBIX wwapHHpax. ag Toro 4ToOH
npH KonebaHHAX OaliHH B JAi060M TOpH3OHTAJbHOM HampaBJeHUU obec-
neyusasaoch W ==0,09, macca mastHuKa npuaaTa 250 Kr. [1osicKH mMaATHH-
KOB BHIIIOJIHEHBl H3 3KecTKOH pe3uHHl. [logBecka MAsATHHKOB OCYIIECTBJE-
Ha Ha JIHaroHaJbHbLIX CBA3AX. YHApbl MAasSITHHKOB BOCIPHHHMAIOTCH
IUArOHaJbHEIMH PAMHBIMH CBA3SMH.

IHpumep 3. Hpyscunnoui yoapueid eacuress kosebanuil GyHOamenTa
Komnpeccopa

Tpebyercsa ymenblluTh KosebaHHS BHOPOH30JAHPOBAHHOTO (yYHAaMeH-
Ta obuiefi maccoli 20 T, HCOLITHIBAIOLWLEr0 H3-3a OYEHb MaJoro Koshgu-
UHMEHTA HEVIPYIrOTO CONDOTHUBJEHUA B BHUOpOU3oaATOpaX OoJiblIHe pe3o-
HaHCHble KoJieOaHHS TpH NYCKE H OCTAHOBKe MawHHb, (CuHTaeM, 4TO
IPOXOXAECHHEe 4Yepe3 pPe30HAHC NPOHCXOAUT HACTOJbBKO MEAJEHHO, 4TO
AMIJIUTYAbl MOXHO BBIUYACJAHTE IO (POPMYJaM, BHIBEACHHBIM AJfA ycTa-
HOBHUBINHXCA BBIHYXKJIeHHBIX KoJieGauuifi. 3ajgauya COCTOHT B TOM, UTOOH
Ha BCeM JHala3oHe YacTOT aMIIHTYAa KoJseOaHUil MaWIHHBL ¢ dyHAa-
MEHTOM He TpeBbilliajJa HEKOTOPOH KOHeYHOH BeJIHYHHBL s cTanbHBIX
NPYXUHHBLIX BHOpousoasropos y=0,01, 109TOMYy OTHOCHTEJbHAS aAMIIJIH-
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TyAa KoJeOaRui cHcTeMbl 6e3 racHtTensa pasda 50. UToOH CHH3HTL aMMJIH-

TYAY pe30HaHCHBIX KoJie6aHMii cHCTeMH B 3 pa3a, HeoOXOAHMO HMETh
a==10.Ilpunr=0,0 no puc. 24 pesnunne ou=16 cootrBercTByeT M=0,02.

[Ipu stom f=120. B sTtoM cayuae macca racurens papHa 400 Kr.

AN
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L/ R0CKOCTS, NPOXOORULAR YEPES

. S—— E—— e ey Sg—

j" YERT] TANKECTU (CTanolKY

2z
PUHOAMERT
=== Bulpou3orrrop

Puc. 36. ¥YcrtaHuBKa racuteasn Ha
BHODPOH3OJHPOBAHHOM (Q)YHAaMeHTe

B COOTBETCTBUM ¢ UPUBEAEHHBIM pacyeToM MNPHHATO, UTO NO JABYM
60KOBHM CTOPpOHAM (YHAaMeHTa CHMMETPHYHO pacnoJaraioTcs jABe Mac-
Chl, KaXX/Jad Ha CBOHX HANpaBJfIOLIHX H CcO CBOKMH IpYXHHamMH. Bec

kaXxnoi Maccu 200 xkr. Ha puc. 36 npeacraBiieH 3CKH3 YCTAaHOBKH racH-
TeJs Ha dyunamenre. bofinas yacTh Ha O60KOBOA NAOCKOCTH (pyHIaAMEHTA

BRHIMOJIHAETCH H3 CTAJbHOrO 3JeMeHTa, NPHKpenJeHHOro X (yHIaMEHTY.

J{11 BO3MOMHOCTH PEryJHPOBKH 4aCTOTH COOCTBEHHBIX KoJsieGaHHR TACH-
TeJ Maochl B BePXHeli 4acTH cHaOKeHb! 3arpy30YHBIMH yriayOsieHHAMH.
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