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Teoperuuecrrn uccrreaoBaHEr AByxMaccoBat nu6posarqrrnafi, cncrelrla c rr3Me-
nqeMoft xecrKocrblo troABecru ea6poaxrrnnHoro o6rexra r.r rterblpexMaccoBat
nn6poeaqrnrnat cncreMa c flapaMerpnqecrr,r Bo36y)r(AaeMbrMlr Ar,ruaMlrqecxrlMrl
racurertM[. floxaraao, {ro, aJrfi AByxMaccoBofi rr6posarqurnofi c[creMhr ra3Me-
HeHIeM nO EU3KOqaCTOTHOMy rapMOHnqeCKOMy 3aKOrIy I(eCTKOCTI{ IIOABeCKtr Bn-
6poarrrnnoro o6rexra, Moxuo aocrr{qb nu6pousoaupyrorqero s$$erra, npo{B-
.rlolqeroc.f, KaK yMerrbrrreHrreM aMnJrr,rTya, TaK r.{ cyrqecrBeHHhrM u3MeHeEr4etv{ cfieK-
TpaJrbHoro cocraBa Kone6aHr.ril. [rrr ue*rpexuacconoft crrcreMbr n3MeHeHI4e no
Ha3KoqacrorEoMy rapMoHr4rrecKoMy 3aKoHy xecxocreft [o.{BecoK Ar{HaMI,[qecK[x
racrare,reft fiepepacnpeAerrer 3Heprr{rc ro,ne6anr,rft tro rracrorHoMy A}rarra3oHy r{
ci{fixaer aMrrJrriryAy ocuoBHofi rapMoHn(11 cuJrbr peaKuu14. Pe:yasrarrr lroryr 6nrr
ilcnoJrb3oBausr rrpt.l npoerTr.rpoBaHHH nr,r6poraulr.rrHbrx cHcreM.

Teori5kai iStirtos dvimasd vibroapsaugos sistema su keidiamu vibroaktyvaus
objekto pakabos standumu ir keturmasd vibroapsaugos sistema su parametriskai
suZadinamais dinaminiais slopintuvais. Parodyta, kad, keidiant vibroaktyvaus ob-
jekto pakabos stangrumq Zemu daZniu pagal harmonini desni, dvimas6je vibroap-
saugos sistemoje gaunamas vibroizoliacinis efektas, pasirei5kiantis tiek virpesiq
amplitud€s sumaZ€jimu, tiek esminiu virpesiq spektrinds sudeties pokydiu. Keturma-
sei sistemai dinaminiq slopintuvq pakabr+ standumq keitimas Zemu daZniu pagal
harmonini ddsni perskirsto virpesiq energij4 daZniq diapazone ir sumaZina reakcijos
pagrindines harmonikos amplitud€. Rezultatai gali bDti panaudoti projektuojant
vibroapsaugos sistemas.

The numerical analysis of a two mass vibration isolation system with elastic
links and of a four mass system with parametrically excited dynamic dampers has
been carried out. It has been shown that the stifiness variation ofone of the springs
according to the sine law gives off some vibration isolation effect obtained as an amp-
litude decrease and a considerable change in the vibration spectrum. In the case of
the four mass system the low frequency sinusoidal stiffness variation redistributes
the vibration energy throughout the frequency range and reduces the amplitude of
the main harmonic component of a reaction force. The results can be employed in
the vibrat ion isolat ion system design.
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1. BBEAEHI4E

B conpeveuuofi rexltuxe HaMelr,rracb reHAeHur.r.fl K cHur(eHulo
xecrKocrr{ loABecr(}r o6opygonauys. B cng.zu c gr}rNr: Bo3HuKna 3a-
Aaqa cHuxeHr{r Hr4 3KoqacrorH brx rz oco6enno pe3oHancH brx x ole 6auut"r
B crcreMax ou6pou:onaquu. Kpoue roro, B Hr43xoqacrorsofi o6,racrn
pacnoJroxeHbl pe3oHallcHble qacToTbt TeJra qeJroBeKa 14 oTAeJ.lbHblx
ero opraHoB, .rro o6yc:raBnuBaer orracuoe pe3oHaHcHoe no:geficrnlre
AaHHoro rrana xole6auufi. ua opraHr.r3M atenoBeKa [1]. CyurecrByrotu]re
Mero,qbr yMeHbIIreHr4.{ aM[nr{Ty.4bl pe3oHaHcHbrx Kone6aHr{fr, vrexa-
HnrrecKr.ix cricreM He BcerAa oxa3brBalorc.a a$SexrunHbtMr4 B Tex cJty-
qarx, KorAa rracrora Bo3MyrqarctUei, cunbl 3apaHee Heu3BecrHa H,llH
Moxer N{eH-rrbc.fl B npoqecce pa6orrt. B rarux cnyqarx Ant rarxeHr4t
xone6anuft qacro norb3yrorct n3MeHeHr4eNI napar\4erpoB, nnoga o6-
paTI{bre cBf,3r4 Mex.qy r43MeHeHI4eM napaMeTpa u cKopocTrMr4 r4nrr ycKo-
peHnrMH aJreMeHToB cncreMbr. O4naxo cur4xeHr,re ypoBH{ pe3oHaHcHbrx
xole6aHl.rfr. N{oxer 6r,111 4ocrurHyro r{ 6e: ycloNueuui, cn.a:aHHrrx
c BEeAeHr{eM o6paruofi cBr3r{. Taxofi. pe3ynbrar Moxvo ronyarfirb
Menrt fiapaMerpbl oAHoMaccoBofi. cucrevu, Ha[puMep, IvIeHtg xecr-
Kocrb [o Hr43xoqacrorHoMy rapMoHlrqecKoMy 3aKoHy [2]. Kpoue roro.
3TO rrpr.rBoAI4T n CyUIeCTBeHHOMy r43MeHeHI4IO rapMoHr4qeCKOrO COCTa-
sa xore6auui, a urlrpoxonolocrrrrft I4JrI,I ronurapMoHr4qecKnfi npouecc
s o6rleM cnyq4s oKa3brBaer Ha opralrr43M qe,'roBexa Melree BpeAHoe
ro:4ei.crnne, qeM rayr (nra6pauu.s) qucroro roHa, npu nx o,qr4Haro-
roft Hurerpa.nrrrofi. MorrlHocrr.r [3]. 3ro o3Harraer, .rro nu6po:art\Lr-rnafl,
cr,rcreMa flepepacnpeAent]orua-s 3Heprnrc rapMon[rrecrux ro.ue6auuii
rro qacrorHoMy Al,rarra3ouy, Ta(x(e e$$erruoHa, KaK u cucreva o6e-
crteqr4Balorlat cHr4)KeHr4e gHeprllr4 erux xo,re6aulrti. Kpoue roro,
npuMeHeHr4e clrcreM TaKoro poAa Anr olr6porarqntr o6opy4onaHua
ycraHaBJrr.rBaeMoro Ha rIoABr4)KHr,rx o6lexrax, cHr.rxaer uH$oprr,rarun-
uocrr, nu6poaKycrl4qecKoro rroJrr, TaK KaK yMeHbrxaer B rapMoHI4-
qecroM crreKTpe cunbl peaKrlLrv Bervltvrc*y cocraBJurouefi na qacrore

BO3MyUIeHr.t.rr rIO CpaBHeHIJIO C ApyrI,lMrI COCTaBJTf,IOqITM],I 3TOrO C[eK-
Tpa.

B nacrogllefi pa6ore rrccneAoBaHa AByxMaccoBa.fl .qriHaMr.rqecKa.s
MOAeJU, [apaMeTpur{ecrofi au6poaalqnruoit cr4creMbr, KoTopa.{ no
cpaBHeHnro c Bbnueyloltxnyrofr oAHoMaccoBofi clrcreuofi, 6o,ree
To rIHo coorBercrByer peanbHr,rM 06r,exTaNr. Ilpurvteporvr raKoro o6rex-
Ta Moxer cnyxr4Tb ylpyro rroABerxeHHbri, vtexauilgrr,t c perynnpyeuoii
xecrxocrbro IIoABecKI{, xoroprrfr. ycraHaBnr4Baerct Ha ocHoBaHI4r4,
npI{coeAI4HeHHoM qepe3 ynpyrne sJreMeHrbr r nn6pousonupyevoii
KoHcrpyKIIr4u. Kpolte roro, lrccJreloBarra AnHaMr{rrecKar Mo.qenb rra-
paMerpr{qecxofi, nu6po:arqurnofi cucreMbr, n xoropoil c uenr,rc rro-
BbrrueHl4t u.r6pon:o:rupylouero s$Serra r{ r{cxaxeHrlr cnei<rpa nn6-
poaKycTnqecxoro noJr.f, BBeAeHr,r ABa AuHaMr4qecxr4x facr4Terr c pery-
nirpyeuoft xecrxocrbro noABecxr4.
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2. AITHAMI4T{ECRI4E N{OiIEIH BHEpO3At{rITHbrX CLICTEM

B reoperuuecKl4x r4cc,reAoBaHlrrx nr.r6porarquruori cucreubr c lI3-
uen-seuofr rro Hlr3xoqacrorHoMy rapMoH rlqecli orvf y 3axoHy xe crxocrl,r
rloABecKu nn6poaxrranuoro o6rexra 3a ocHoBy npr,iH-qra llByxMacco-
Ba,l Ar.iHaMIrqecxar MoAenb, Kali 6o,ree roquo coorBercrBvlou1afl
peanbHbrM cr4creMaM, rAe ylpyro rroABe[reHHbli. N.lexaunsv c perynu-
pyentoi xecrxocrbro rioABecKu ycraHaBnr4Baercq Ha ocr{oBaHrrr{, [pl4-
coeAltHeHHoM qepe3 yflp)irr{e 3-reMeHrbl x nn6pon:onupyeuoii xoH-
cTpyr(ul4u.

,{uuaunuecxa-n r,loAexb ucc:-r€,[]eNroii treyxrvtaccoeofr nr.r6po:a-
luuuroir. cr{creMbr c flapaNle'rpilqecK]rM eo:6yx4enuevt (prc. l) onucur-
BaeTc.f, MaTp[rrHr,rM ypaBHeHHeM

M A + C U  + K ( t ) U : R ( t ) ,

TIE
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fuI:

K  ( t ) :

R  ( / ) :
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C C
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ttz i

k r + k r i  7 f t u c o s  ! ) l  -  k ) - 1 f t r c o s  Q t  l
- k2 -  7k r  cos  Q t k r + y k " c o s  Q  r  I '

0

F cos pt

n11, tnz - Maccbl eu6po:altltrHol' i . cncrelttt:. c1, c2 - xoaSSlrqneuru
Br3xoro rpenvt; kr, kr, li, - xoaQ$ltur.reHTlt t(ecrxocrl,I npyxl4H;
tly u2 - nepeMetueHufl. Macc', -F - altn,rlrry.qHoe 3HaqeHue no:6yx4a-
rorrlefi cLtnbri ̂ ( - xoe$Suuueur rly6lrubt napaMerpllqecKoro Bo3-
6yxgeurx; f) - yrronar qacrora napaNlerpuqecxoro no:6yx4enua;
p - yrnoBafl. qac-rora cl.iJroBoro Bo36yxAeHr4r.

l ;

Pr,rc. I .Ilunauuqecxar Mo.rlerb
.aByxruaccoBoii er6porauluruoir
cxcTeMbI

Puc. 2 nrHavr,rqecxar Moaejrb
uerrrpexMaccoeoii su6porauflar-
not? clrcrevrr

OcnosHoii uenblo lrcronb3oBaHna nr.r6po:atuurHofi cl{creMbl c
lapaMeTpuqecKll Bo36vx4aeMbrMr4 AI4HaMr4YecKuMI,I racllTe rflM.n flB-
Jl'ercr cHrxeHr{e llusoplraruBHocTH ru6poaxycrl4qecxoro rloJrt, To
ecrb ,,pa3MbrsaHue" ro qacrorHoMy Ar4a[a3oHy xone6arenbHoii 3Hep-
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ruI.I nepeAaBaeMofi, Ha ocHoBaHr4e. I.ilg. AocTrrxeHv.fl 3Toft qenl,I xecT-
Kocrn rroABecoK AByx Ar,rHaMr,rqecKr,rx raclrreJreft lrsl{eH.nerc,r no HI{3-
KoqacroruoMy rapMoHr{qecKoMy 3aKoHy [4]. {uuavrnqecKar Mo.qenb
HccJreAyeMofi, uerrrpexuacconoft, cr{creMbr (pwc. 2) onrlcbrBaercr Mar-
pI4.rHbrM ypaBHeHr.reM (1), rge

c r + c z  - c r  - c s  0

cr{rHana MeH.rrlo[Iero xecTKocTb kr. flocroanHble napaMeTpbl lrMeJrr{
cJle.4ylol l l l le 3HaqeHI{.[ :  mt:50 Kr; mz:29 Kf ct:20 xrlc; kt:
--200 000 Hlu; kr:17000 H/u; ks:16000 Hl17'; F:4,524 H. flpu
TaKr{x [apaMerpax co6crnexnrte qacrorbl crrcreMbl coorBercrBenHo
paBEbI ,oo1f2r-:5,09 FrL ao2l2r:11,20 fu.

Oco6ui r.ruTepec npeAcraBnrer cnyqafi,, KorAa rracrora clrJroBoro
roegeftcrnr.rx p 6truzra x nepnofi co6crseHuofi qacrore cr{creMbl, a
rracrora napaMerpr{rtecxoro nos6yxgeHu.fl O gHasr,rreJrbuo Meubrue
Hee, [ocKoJrbKy rrpu raKor\{ coorHorrreHr{r,r qaclor noryqaerct nau6onr-
runft nu6pou3oJrr.ipylouufi etfSexr.
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U:

ttr tltz - Maccbl nubpo:arqutrrofi. cncreMbr; ms, ma - :l.1.accbl Ar,rua-
MnrrecKlrx racurenefi.; c1e c21 cy ca - xoaQSrlrLIlIeHTbI Bt3Koro rpeHuf,;
kr, kr, kr, ko - roeSSaqr,reHrbr xecrKocrr.r npyxr{H; Ts, \a - roeS$ra-
qr{eHTbI rny6nurt lapaMerpr,rqecKoro Bo36yxAeHI.rfli, r,t1, r.t21 th, uE -

rrepeMeuleHr{fl Macc; F - avnnutyAHoe 3Ha{eHr4e Bo36yxAalorueft cII-
.nrr; Q - yuroBa.rr tracrora [apaNterpri{ecKoro Bo36yx(AeHufl; p -
yfnoBat qacToTa cr,rnoBoro Bo36yxAeHr.rr.

3. PE3yJIbTATbI I,ICCJTEAOBAHT4S AByXMACCOBOTI
Br4EPO3ArIII4T HOra Cr4 CTEMbT

IrlccneAonaHlre ABr,rxeH[{ crlcreMbl ocyu{ecrBJreHo qHcJreHHo r{H-
Terpr4py.fl MarplrqHoe ypaBHeHr,re ABr.rxeHr{.u (l). Anaru:rrpyfl rrony-
geHHbIe BpeMeHHbIe 3aKoHbI rolre6anuft, o[peAeneHbl 3aBnclrMocr(
aMtrJInryA I{ cnexTpaJrbuoro cocraBa xole6auufi greNaeHroB cncreMbl
or qacrorbr napaMerpr,rrrecKoro ro:6yxgenul C), nenuunn roe$Sn-
IIUeHToB Br3Koro rpeHr4{ cru rry6wwbr flapaMerplqec(oro ao:6yx4e-
Hufl^(, a raKxe oupe.qeneHo BJrr{tHr,re ga rone6anufl. cvcrel.lib\ Qopulu
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Prc. 3 AHX aByxMaccoBor"{ rra6po:au1nrnofi cucreMLr
6e: napanaerp[qecKoro no:6yxaenr,rs npr roe$$n-
rI[eHTe Bq3Koro rpeH[fl cr=ll0 xr/c

Ha puc. 3 upuee.4eua aurTJrLt-ty4Ho-qacrorrrat xapaKTepl4crriKa
(AqX) uccne.qyeMofi. cncrel.ru 6es napauerpr{qecKoro Bo36yr(.ueHr,r.rl
npu roa$Suru{eHTe B.f,3Koro rpeHr4r cz: I l0 xr7c. Ha puc. 4,5 upuae-
.qeurr AQX rn6posar:1nruofr, cucreMbr npu pa3rlrrlubrx qacrorax
r{3MeHeHr,r.fl xecrKocrlr kr no rapvoHr,rqecroMy 3aKoHy. IIpn erovr r.ny-
6nna rapauerpr.rqecKoro no:6yx4erurs 6auta npnHrra y:1. AHX
[ocTpoeHbl fro MaKcr{MaJrbHbIM 3HaqeHHtM aMlnuTyA Kone6aHufi.

Cpaonrzrenlurrfi ana;ru: AHX ua pwc. 4,5 rro3BoJr.fler cAeJrarb
BbIBoA, rITo uapaMerpr4qecroe aos6yxgeure cHl4xaer MaKcI,IMaJIb-
HbIe aM[JrI{TyAbr pe3oHancHbrx xone6aHr.rfi, oco6eHno aMrInI{TyAy
Maccbl mr. lTpu groM yMenbrrreHr{e MaKcr{MaJrbubrx aM[JrLrryA Kone-
6asuit Maccbl mL He3HaqLrreJrbuoe. Bu6po:arqnrnuft sSrfexr Ha6Jlro-
Eaercfl. B ocHoBHoM B Ar4ara3oHe (aor-Q12 o0r+O/2). Bne eroro
Ar4ana3oHa rrpeAenbHbre 3HaqeHn.fl aMlnr4TyA xore6asuft u ru6poycro-
peuuft npeBblualoT aMrlrrr.rryAbl BbIHy)r(AeHHbrx K oJre 6aHLIfi s cucreN.{e
6e: napalrerpl4qecKoro eor6yxgeuur. TaKEN{ o6pa3oM, aHanzs AVX
rroKa3brBaer, vto uau6onrurufi aH6posarqururrfi s(boexr uoryqaerct
npu qacrore uapaMerpr{qecKoro Bo36yxAeHI4r Ql2n:0,41 -0,35 fl i
(cz: I l0 xr f c, y: 1,0). IIpu srot'. MaKcLIMarbHr,Ie aMnnLITyArr role6a-

u2

Us
;  R ( t ) :

0 '

0 iu4

-
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Prac. 4 AHX flprr pa3Hbrx tracrorax napaMerpflqecKoro
Bo36yxAeHl{ f l  f ipu c?:  I  l0  xr /c:  3)  O/2zc:0,6 fu;
6)  O/2r :0 ,51  ru

Hr,r i i  Maccbt /??2 yMeHbulr4Jrucb Ha 5,2 :t6, a Bl{6poycKopeHrri i  -  Ha
4,2 lB. Bn6posau{urHbii;i. 3$drenr .qns Maccbr m\ 3*a.uyrrelbHo Hr{-
)r(e, TaK KaK N{aKcr{ManbHbre aN{n-:rrrTyAbr KoJe6aHrlii yMeHbIrIr{JrIIcb
Ha 2,5 A6, a cHr4xteHrlfl a\.{[ruryg nn6poycKopeHr.Ifr npaKTr.rqecKr.r Her.

r[o,ryuennrte AQX r4Nleror p.aA NfaKcHMyNtoB, alacrora [oBTopeHtr{
KOTOpT,IX paBHa qacrore [apaMeTpr4qecr(ofo Bo36yxAei]x-q. 3ro oco-
6euuo BbrpaxeHo npfi  60r-rbrlr4x qacrorax napaMerprryecKoro eo:6yx-

Aeiir4t. OAHaxo npr4 sTux qacrorax N,u4HI.INIyMbr AgX ne coBrraAaror

c nepBoii  co6crBeHHoi4 qacrorofr.  cr{creN{br. CosnaAeurae lrx c [epBofi,
co6cTBeHHoii  . iacroroit  cucTe\{bl Ha6r.r loAaeTct nurlb l lpn c I IoHr4xe-

HneM rracrorbr frapaMeTp[rrecKofo Bo36yxleHr4x Ao 0,41-0,35 fq.
Tarnut o6pa3oM, tl:,ll'elr.flt. llacrory flapaMerprqecKoro no:6yx4eHua

MoxHo nolcrpor4Tb B He6o-irbrulrx rpeifeJ'rax nra6po:aul lrrHyro ct{cre-
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Pqc. 5 AYX npa pa3u6rx qacrorax napaMerpr.{qecroro
aor6yx.ueHfir rpn c2:110 xr/c: a) Ql2r:O,41 fu:
6) O/2?t:0,35 rq

N,ry. TaKar rroAcrpoftKa Nloxer 6rtrr Hcnonb3oBaHa, Harrpr.tNlep. B
c-[yqae, Kof,{a qacToTa cuJroBofo Bo3,qefrcTBl,r.g u3MeHteTc{.

Ha pr.rc. 6,7 npeacraBJ'reHbr BpeMeHHbre 3aKorlbl nepeMerueHtrri rr
Bu6poycropeHl4fr Macc m\H mz nprr Har46onee xapaKTepHbrx rracrorax

crriroBoro Bo3MyIrIeHr,r{ u [apaMerpuqecKofo Bo36yxAeHr4.q. MaKcu-
Ma-nbHble 14 MlIHI4MaJtbHbIe 3HaqeH[.f, [rKaJI Ha pLIC. 6,7 COOTOeTCTByIOT
aMnn[Ty,qHbrM 3HaqeHu.flM nepeMerrleF.}1.fr. n Br.r6poycKopeHnft Ant
3,rre\4eHToB Cr,rCTeMbr 6e: naparteTpr4qecr{ofo Bo36yxAeHr.r-f,.

{nx orr;rcueHllr cneKTpaJrbHoro cocraBa r(one6aHr4fi r.r Br46poycKo-
peHr.{ii llacc mr u mz 6brn npoBeAeH crleKTpanbHbrit aHanr{3 B qacror-

HoM .qr{ana3oHe 0 - 1 I fq, npr4 3ToM rroJrara.{, qTo xecTKocrb k3

ufMeHrercr IIo fapr{oH}lqecKoMy 3aKoHy c qacrorofi f2. flpe4eapu-
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TEJIbHbIfr AHAJIII3 IOKA3AJI, qTO CI4JIOBOC BO3IVfJIIIEHLIE C qACTOTOft, 
P

Bll3brBagl B r(oJre6arenbHofi cl{creMe BbrHyxAeHHbre Kone6aEtrjr c
qACTOTAMI,I

Pr : (P+ iO) ,  i : 0 ,  1 ,2 ,  . . .

floerolry ''pn' npoBeAeHr,ru crreKTpaJrb'oro aHaJ]n3a lror{c* rapMo-
uuqecKl4x cocraBJltrorUux npoBoAl'Inct Ha rlacrorax, KparHblx rracrore
napaMerpurrecKoro nos6yxgeuur orHocllTeJrbHo qacrorbl cr{JroBoro
Bo3MyrueHrrx. Ha puc. 8 a norasaHa cueKrporpalrnaa nu6posaxjurHoft
cr{creMbr 6es napalrerprrrrec(oro nos6yx4enu t (c r: l l0 rr/c). Vporerr
CIIEKTPAJIbHOT NTTOTTTOCTI,I IIPT{BCAEH S .48 NO OTHOIUEHI4IO K HYNEBbIM
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Puc. 6 BpeneHHble 3aBrlcuMocrr rone6anuft
gn6poraqurHoii clrcrerli,l npr{ c2: 110 xr/c:

6) pl2zt:4,8 Iu; O/2zc:0,61 fu
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r ar.r6poycxopbnr,rfi AgyxvaccoBofi
a) pl2n:5,4 fu; O/27i:0,61 ru;
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Puc. 8 CnexrporpaMMbr xone6anrEii N nu6poycxopeur.rft
npn cz:110 xr/c: a) 6es napalrerpr.tlrecxoro aos6yx-
AeHrrrpE pl2tt:5,1 Iu; 6) c napaMerpxqecxHM Bo3-
6y:rAenr.renr npu pl2n:5,1 fq; ()/2zr:0,61 fu

U ,  n / c z - u r  r - u 2
l .
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Pnc. 7 Bperr.reHgbre 3aBrrcl,rMoCrr.r xo,re6as uit u su6poycropest'tft AByXMaCCOBOI

Bra6posaulr4rnoi i  crcreur i  np" . r : f  f  O xr /c:  a)  p l2n:5,1-Tn;  O/2d:0,51 f i t ;

Opjzn:5,1 h; Qlzrt:o, r r\
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16 f,rg

MoHrrqecKoMy, a rro 6olee cnoxnotry (uanpr.rMep, Tpeyro,rr,uorty)
3aKoHy, ol]rcrrBaeMolry Soprr,rylofi

- ) O  1 -- - : : '  t + 2 ( 2 k * l ) .  e c n n  i  f  *  ) a . t
) o  1 -

f  t - 4 k ,  e c t n  ;  k -  2 e < t . Z e i  *

k : 0 ,  * 7 ,  + 2 ,  . . .

OAuaro anaJrrr3 Ar{X na puc. 10 ror{a3blBaer, .rro rpn lr3MeHeHr{r{
k, no czruaJry rpeyronbuofi. $opnart cHll)rcaerc{ er.r6po:arqurnrrit e$-
$exr e soue co6crseunoit qacrorbr o)0r.

Ha nu6posaulururrit s$Serr cyulecrBeHHoe BnHrHr{e oKa3blBaer
rny6una napaNterpuqecxoro no:6yx4eur,r.f,, KaK gro Rr{Arro r{3 cpaBHr{-

",rr:  
{

. ;  k+ ;  .

-n- f t r

7a
69
s
40

3e
n
I t

u,to-rn
l .

l . a

5

' 6

Prc. 9 CnerrporpaMMsl ro,re6anuft r'r ur'r6poycropenuil
su6pogaxlrrHoi cncrermr rpll cs:110 xr/c: a) 2l2tt:
:S ,1  fq ;  Apn:O,s |  l v ;6 )  p l2z t :5 ,1  lq ;  A l2n , :
:0 ,41  rq

uo:1.10-5 rr.r/c2. CpanHenrae cnerTpoB Ha plrc. 84, co cf leh-TpaMll Ha

puc. 86 v pwc. 9 uoxagr,rnaer Harutll{e nu6posarqzrHoro g(bQeKTa,

o6yclonnenHoro uepepaclpeAeneHr{eM 3Heprrru xo:re6anuft KaK An.tt

Maccbl mb TaK r{ Ant Maccbr lct r. Kpotute ToIo, 3r{aqI4TeJrbHO yMeHbua-

IOTC{ aMIIITI{TyAbI rapMoHIlqecKIIX COCTaBJI{IOIUtr{X, COOTBeTCTByIOUIIX

qacrore Bo3MyrueHl{s. Haupuuep, npl{ qacrore rlapaMerpuqecKoro

Bo36yxAeuux Ql2n:0,41 fq u r<oe$srquenr&x c2:110 xr/c,  y: l

BeJruqr{Hbl rapMoHuqecKIIX cOcTaBJIf,IolULtX nepeMeUIeHIIit n nu6poycro-

penUfi Ha qaCTOTe CIIJIOBOTO BO3Myr11eHUt An.a MaCCbI m 2 yMeHbIXI{nI4CI'

B cpeAHeM ya 14,3 4E, a gnx Maccbr mr - Ha 13,1 4E. flplr erou oun

cTan*lMeHI,IUeHeKOTOpbIXApyruxrapMoHllqecKlrxcocTaB,' IsrcuHx'
3aMan.rusofi Kax(erc.fl I,IAet Ir3MeHeHI{fl xecrKoctu ks He IIo rap-

t 4 9
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Prc. 10 AVX trpu n3MeHeHur xecrrocrra Ks cr4rHaJroM
rpeyro:rr,Hori $opMbr, cz:110 g/c: a) Ql2v:0,51 Tr;
6) trl2ft:o,4r lu
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I
i _ u l

Pr . r c .  11  A I IX  npn  c : : 1  l 0  K r / c ;  O /27 t : 0 ,41  f l  u  np r r
palHoii rny6uHe napaMerpl'rqecKoro Bo36)'x.neHIlq:

a)  ̂ r :1 ,232;  6 )  t :O '16 '7

Te.nbHofo aHari l3a At{X Ha pric. 5a 14 pnc. I  l .  Xors Irpt l  I l3MeHeHI4I{

Ko3OOntueHTa rny6[IHbt f lapaMerpl ' Iqecxoro Bo36yxAeHut c 1,0 Ao

1,232-(pnc. 5a vt 1la) varcuntaJrbHlle aM[nl4ryAbl xone6-aHl' t f i  Maccbl

m2vl3M.elf l torcq 'nnuL, c l '1 lr l t  Ao 1,0 MM (r lpr4 3ToM Bl{6pon3onlrpy-

rouuit e$Serr yBenl4t l l4Baercs. c 5,2 aB ao 6'0 16)'  f lpr l  yMeHb rreHI4H

roo$$uqnenra r, ly6nHu rapaMerpuqecKoro tso36yxAeHliq c 1,0 ao

0,7 6:,7 2 nu6ponro;rtapyrouuii e$$err clrt3vItcs. 3Haqure'nbHo, c 5'2 aB

lo 2,6 AE, cpt. puc. 115. Kpon'te roro' I l3MeHeulle r,ry6uHbl nap-aMerpl '{-

qecKoro Bo36yxAeHr4fl BJ'rr4-fleT Ha cfleKTpanuurrit cocraB B[6poycKo-

pennir,  o qeM cBuAeTe.trbcTByeT cMexleHlre M[r{t4Mynnos A9X nra6po-

ycKopeHniL.
Ha prac. 12 npranegeHrr AHX crcreMbl c [apaMerptrqecKl4M Bo3-

6vxgeuuevt nou ioe$SuulteHre B-r3Koro rpeHl{t cz:60 xr/c (1 :  I '91'

MarCr.rlta:rtHLIe 3H:IqeI{uq IuKa,q COOTB9TCTBy}OT 3HarIeHlltM aNfIt,'IuTy.{

244

+ _ut

x _ u 2

5 . ! p l ? n .  r q

6
Puc. 12 AgX nu6poraulnrHoii cr4creM6r c napaMerpr4-
{ecKI4M no:6yx4euue*r  npu c2:SQ rr /c;  y :1,0:  a)  O/
l21t:0,41 ru; 6) Q/2t:0,35 ru

[epeMeuIeHui'r u yu6poycxopeuuii Maccbr m2, Kor4a qacrora cr.rnoBoro
Bo3MyuleHr{r p paBHa nepeoft co6creeunoft qacrore coo, (6e: lapaMe-
Tpr4rlecKoro Bo36yx(AeHul). Ana,ru: AgX nora:brBaeT, vro on6po-
:au1nruufi e$exr narl6o,rrrunfi rp!,r qacrore lapaN,ferpr.rqecKoro Bo3-
6yx4euax t)l2n:0,35 f-q (pr.rc. 126). B 3roM cnyqae MaKcrMaJrbHbre
aMrrnlrryAbr rone6aur.rft yMeHbuarorcq ua 8,87 AB n 6,1 1 AE A,r.fl Nracc
tn2 w mr coorBercrBeHHo, a MaKcrrManbHble aMnnr,rry4ur nu6poycro-
pennfi - Ha 8,50 AB u 5,47 gB. tr42 auanv3a AgX c roe$Sr,rqneuraun
Bf3Koro rpeHrt  cz: l l0  r r /c  (puc.  5)  r . r  cr :60 r r /c  (pwc.  12)  cnelyer ,
uro nz6po:arultrnble cBoficrBa nyque AJtfl cr4creM c MeHrrulrnl xoaQ-
Quqr.reHrou B.f,3Koro rpeHr.rr cr. Ognaro xos$Suqraeur Br3Koro rpe-
Hri.rl Maro BJlrr.fler Ha Ben[qr4Hy Marcr,{ManbHblx aMnntrryg xo,re6anul"t
n on6poycrcopeHnfi Ha qacrore o01 npl,r .qefrcrBr.{H [apaMertr)H{ecKoro
Bo36vx.[eHr.rr.
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'H/cr
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4. PE3YJIbTATbI I4CCJIE.IIOBAHIZff CI4CTEMbI C
IIAPAMETPI{IIECKI,I BO3EYXAAEMbIMII3

AI4HAMI4IIECKMMI4 IACIITEJIfl MI4

VIccte4yr. Ar4HaMr,rqecKyro Mo.qeJrb, noKa3aHHyro Ha pr4c. 2, noty-
rreHbr BpeMeHHbte 3aKoHrr rone6aulrft, uo xoropblM orrpeAeJreHo BJrIr.fl-
nrze roeSSraUr4eHToB rry6raHr,r flapaMeTpurrecKoro Bo36y)K,qeHr.r fl ^{ 2, T E
Ha BerrirruHy r4 cneKTpanrHrrft cocraB cr{n, [epeAaBaeMbrx ua nu6po-
3aru[ulaeMoe ocHoBaHr4e. TaKXe onpeAeneHo BlrtflHure srux xos$@ra-
uI,IeHToB Ha Berlrqr4Hy 14 crreKTpanr,srri cocraB xone6anr,rfi 3JreMeHToB
crIcTeMbI. flocro.sunrre napaMeTpbl r4cc!'reAyeMofi cucTeMbl r{MeJrr,r
CneAylouue 3HaqeHI4t: mr:IOO Kr; mz:0,2 Kr' ,  i i ' \ :6 xr; mn:4 v[ '
cr :cz:800 xr /c ;  cz:24 xr fc ;  cn:16 xr lc ;  k t : lsr :799 000 H/v;
h:716 000 H/v; ka:320000 H/rvt; .F:100 H; p:SO fq. KosQSu-
u[eHTbr xecrrocrr4 kr,knyrtpynrx no.qBecoK Bbl6paHbr raKuMr4, qro-
6br co6crseHHbre qacrorbr ArrHaMr{qecKrlx racrarenefi 6lu,t:nt a"l2n:
:55 fu; aal2n:45 fq. Cn,ra peaKrtrr.{u Q onpe4elrrracb ro Sopuyne:

Q U ) :  - k z u z -  c z u z .

Or roe$SuqrreHroB y* \a zavucvt'r ctrra peaKrlr4r.r Q, tro lr3MeHe-
Hne xecrKocteit k3, fra ne 4o.nxno cyulecrBeHHo yBenrrqr{Tb peaKllr.rrc
Q ua uacrore Bo3Myrrlenr,r.n. Auarn3 3aBucrrMocreft Q:f (k"1 u 9:
:f (kD rroKa3aJr, rrro npu yMer{brueHHofi na 15 }i xecrorocru k" u
yBeJrr4{eHlrofi" ua 25 orlo xecrrocru kn cuta peaKrlr{r,r Ha qacrore Bo3My-
urenr,rt Mr,rHr{MaJrbHa. flpegeapureJrbHo sHaqeHr4r xoaQ$uquenroB T3,
T4 [pI4]UrTr'I paBHbrMn 3Tr{M rrpoqeHTHbrM cooTHoIIIeHr{aU. Kpolte
Toro, [pr4 xecrr(ocrrx 0,85k3 u 1,25 ka co6crreuHbre qacrorbr Ar4Ha-
Ml,rqecxux racureneri paBHbr rracrore Bo3MyIrIeHr4r.

Ha puc. 13 npune4eua AHX [epeMeuleHrlit u cutr peaKqlrl{ npl{
xoeSSraqueHrax Ts:Ta:0. Arrtnnury4a c6nbr peaKIII,Iu Ha qacrore

+  _ U t

x _ u 3

Bo3MyrlleHr.rs 5Q fq paBHa 1,63 H. {la cucreurr 6e: nuuaMuqecKux
racureneli (r. e. mr:mE:Q) aM[n[ry.4a cr4nbr peaKq7.v Ha rofi xe
qacrore paBHa 4,4 H.
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Pt.c. 74 Xapaxrepracrr,rrr4 r{erbrpexMaccoBofr rra6po:a_
rqurrroil cucreMbt nplr napaMerpax O/2zc: l fu.
ye:0,15; Tt:0,25: a) aunrurygnoqacrorHal: 6) cnex_
rpanEuoro cocraBa npn pl2zt:50 l\

Ha puc. 14a npunegelra AHX MaKcr4ManbHblx 3Ha.reHllfi nepe,lae-
rqenui lr cr4nbl peaKur,r[ cr4creMbl c [apaMerpr4rrecrr4M no:6yx4enu-
eM AuHaMr,rrrecKr4x rac[Telefi, npu xos$$raqneHTax yB : 0, 1 5, \ E : 0,25.
zr xaparrepncTrrKtr Br,rAHo, {To aMrrnr4TyI.a cunbl peaKr{r.Ir4 Ha qacTo-
Te Bo3MyuleHnq 50 fq uecro;rrro Bo3pacraer r{ Aocrrzraer 2,7g H.
lefi_crwre Bo3Myxra]ouleh cnttt.F' c qacrorofi. p ua napaMerpr4qecKr,r
nor6yx4aerryrc c a{acrorofi. o cucreMy nopo}r(Aaer n nei xo,re6anus
c qacroraMu p-lkQ (k:0, 

-1 ,  2, . . .) .  I Ipn erou roe$Ququeurrr .y,
tt ^1 a YU6paubI TaKI{MH, rITO6bt I43MerreHI4e xecrKocrer; Alrlraunqecxzx
racrzrenefi He yBenr4qr4Bano cfiny peaKqr4r.r npr4 qacrore xone6anrafi

a,

5 . C a

e . e 2

Puc. 13 AHX neperuerqenufi
MaccoBofi ru6posauqurnof
roo$fir.rqneuroB y3:y{:0

n CuIIbr peaKUI4l.I qeTlrlpex-

cJ.rcTeMbI [pr,r 3HaqeHllqx
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pl2n:50 fq. Hecrrnorpf, Ha ro, r{3 3a rrorBJreHr{fi BbrHyxIeHHbIX Ko-
ne6auuil c lracroraMr p+kQ (ft:0, 1,2, ...) peaxqux Bce raKr,r He-
cKoIbKo yBelr4r{LtBaeTct.

I{a pnc. 146 npunegeHa crreKrporpaMMa Ko!.re6aHr.rfi. l.rlacc mr u
mztl cI4IIbI peaKqHI.{ npn y3:0, I 5,y4:0,25, cll2r: I T4, pl2n:50 fu.
Marcnntalrurte 3HarleHr{t rrrKaJr coorBercrBylor MaKcr.rMaJIbHbIM
3HaqeHrrrM BeJrr.{qnH AJrr cr{creMu 6e: napanaerprrqecKoro Bo36yxAe-
wwg.. LIz anarrl3a cnerTporpaMMbr Br.rAHo, rrro rtplt arovr nu6po:a-
rur{THhrft eS$err, cetsaHHsril c [epepaclpeAeneHr4eM xole6arenruofi,
3Heprr4r{ fro qacToTHoMy Ar{a[a3oHy, BbrpaxeH cJra6o, [ocKonbKy
rapMoHfiqecKafl cocTaBmroua{ peaKqn[ Ha {acToTe Bo3MyuleHr4t
tBHo [peo6nap.aer HaA ocranbHbrMu rapMonuqecK[M[ cocraBJrsro-
rUr,rMrr. lloerorry B AanbHefi,turrx uccJreAoBaHr,r-{x Ko3SOr4rlr4eHT T4
6rtr ynennveH Ao 0,35, r{To B cBoro oqepeAb [pr4BeJro K He3Haqt{TeJ'lb-
HOMy yBer'il 'IqeHLrIO N,IaKCI{MaJrbHOrO 3Ha{eHI,rq aMlnr4Tyqbt cLIJlbI pe-

AKUITII.

flplr acc,re4oBaHr{.flx Bu6po3au{r.rrnoft crcreubr 6buo npr,rHrro,
rrro xecrKocru ks u k4 [3Metu{rorcq tto rapMoHrrrlecxoMy 3aKoHy
cI4HSa3Ho. OAuaro, Ha cu|ry H c[eKTpanbHrrI cocras peaKuna BJil4.rer
1r BeJrr,rqnna pa3lrocrr,r Qa: ntexay apryMeHTaMr{ rapMou[qecxoft Synr-
Ilr{r,r, cofJracHo KoTopofr H3MeHrrorcr xecrKocrH kt, kn. Ha ra6nnue
1 npegcranneHbr pe3ynbrarbr pacqera clrnbr peaKuvv Ha qacrore
Bo3MyuleHr4r pl2n:50 fq npn pa3Hbrx Sasax pr3MeHeur{r xecrKocrer"r
v upvt 3Haqenr.rrx noaS$raqueHToB y3:0,15, ya:0,35.

T  a 6  n n u a

3asucutrrocrs MaxcfiMarbnofi aMrrJrrrryAbr c[,rbr peaKqrrfi oT pa3uocrll Qal
H3MeHert[c xecrmocrefi auxaMllqecrllx racure.lefr
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MunuMarr,Hafl. cvra peaKlrlru lroJlyqeHa, Kor.qa pa3Hocrb Sa3
r{3MeHeHu{ x(ecrKocrefi. paBHa 330". Ha pnc. 15 Ant 3Toro cryqa.fl

[peAcraBneF]rr AVX u cneKTporpanrtta role6autlfi. ntacc ll crlnbl pe-

aKrItaN. -U: cpaeneHru c[eKTporpaMM, npe.qcraBJIeHHbIX Ha puc. 146

u 156, cneAyer BbIBoA, r.rro npfi pa3Hocrlr $as n 330" I{ yBeJII{qeHItIr

3HaqeHr.rtr xooo$uquenra T4 Ao 0,35 uparrrqecKl'I He cHllxarorcfl

rapMoHprqecKr.te cocraBJrtrotul{e xone6auuft Macc mr b m2, Ho flBr.o

yMeHbuaerct rapMoHlrgecKat cocTaBntrou{a.f, cl,Inbl peaKuvtr4 r{a qac-

TOTe BO3MyrIIeHIrt.
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0 . 8 . 1
0 .  6 1

0 . 4  I

Pr,rc. I 5 XaparcrepincrlrKfi rrerblpexMaccoBoft ru6pora-

ruarnoft cr4creMbr flpfi pa3Hocrr{ 4a: napaMerprl.rec-

roro eoa6yxAel{n{ AI{HaMI,rrIec(fix racrreleft 330o
Ir  rapaMerpax Ol2r t :1 fu;  yr :0,15i  yn:0,35:  a)  aun-
Jrliry.{Ho - qacrorrat; 6; cnerrpanrnoro cocraBa [pI4

Pl2v:5of u

Ha pnc. l6a upwyeaeHa crleKTporpaMMa rtplr pa3Hocru Sar ur-
MeHeHlI{ xecrrocreft 60". Ha Heir l/.a.q^vnaer npeo6naAarb rapMoHrl-
qecKat cocraBJulourafl. Ha qacrore, He coBnaAaroulefr c 'Iacroroft

BO3MyrrleHr{.fl.

.{alruefturee cHnxeHl{e nHSoplrarraBHocrl{ nu6poarycu4llecroro
rroJur AaHHoii nn6po:aruurnofr. cKcreMbl Bo3MOXHO TOJIbKO nyreM
yBenurreHr,r.f, xoes$I.ruueHToB T3, 

^{a. LIz rpeAcraBneHHoi, Ha pwc. 166

crreKTporpaMMbr BI,IAHO, qro rlpr xoe$$uqnenre 1a:0,5 yBenHtlu-

BaIOTC' rapMOH[qeCK[e COCTaBJI'IOUI4e peaKunu Ha rlacToTax 49 I4

51 fu, rr orkr flBHo IIpeBbIIIraror rapMoHllqecxyro cocraBJltroulyro Ha

300" I 330'
I
I

1 4 1 3,65 3,66 ' l  5R 3,44 2,82 2,41
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2. flpranteuenne cr4creMu nH6po:auir4rbr c napaMerpr,rqecKn Bo3-
6yx4aevulru AltHaMuqecKMMr4 racurentNm, )'claHoBJ'reHHbtMr4 Ha
Bu6poaKTr4Bsol,t o6r,erre u Mex(Ay IByMt ynp)'rlfl\rn 3r-reMeHTaMtr rIoA-
necxu nr.r6poaKTr{BHoro o6r,erra, o6ec[e.u4Baer riepepac[peleneHr4e
sHeprnr4 rro qacrorHoNry Auarra3ouy. flpra 3ToM B rapN4oHr4qecKoM
cIIer(Tpe cHnbI peaKuur4 cHr4xaeTct Be,lnquHa cooTHotueHr4.a cocTaBLfl -
loueii Ha qacrore Bo3Myu{eHlu c ApyrrrN,rlr cocraBff}orlr4Mrr sroro
crie KTpa, TeM caMblM ctrrlr(afl ltHSop Mar]t Bt-rocrl n n6 poaKycrr4qecK oro
IIOJIE.

3. Pa:uocru $ar napanaerpr4qecxoro Bo36)'n(/ leHu.f l  r t{HaMrrqecKux
racurelefi. BJ'rr4.rrer Ha Be"qnqfiHv r faDMoHtruecxuI cocraB crrnbl De-
aKrlt4 r.r.
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Pnc. 16 Cnexrporpauurr an6po:arquruofi crcreMbr,
pl2t:5o f':u; QlZr:l fu: a) rpn pa3nocrr4 gar 60o
n xo:@@rqreurax Y3:0,1.5' Tr:0,35; 6) npr.r roat!@u-
UI4eHTax Yr:0; Ya:0,5

qacrore Bo3MyxIeHIt.fl 50 fq. OAsaro yBenntleHue Ko3$4uq[eHra Tr
yBeJlilqr4BaeT TaI(Xe h crrny peaKIIr4I4 Q, waxcuwalrbHoe 3Har{eHLIe aM[-
nnTyAbr KoTopofi. npr4 3ToM AocTr{raer 3HaqeHlrr 4,41 H.

5. BbIBO/FI

l. IlapaMerprqecxoe Do36yxAeE e ynpyro [oABenieBnoro B[6po-
axrtrBltoro o6lexra DepepacqpeAemer sEepmlo xone6aErii IIo qac-
Toalrorlry alrarra3olty tr aenaeT Bo3MoxEhlM ]mpaEreq{e cneKTparrB-
ELIM cocraBoM 1' aMrur[TyAoi xofie6aHri. Bn6por$onnpyolqni 30-

Oexr Ea6nroAaercr B o6racru pe3ol{alIcHoi qacrorr,r Br6po3aulr,rTxoi
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