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HccnenoBano JTMHAMUYECKOE B3aUMO/ICHCTBHE HEKOAKCHAJIbHBIX
HWIMHAPUYECKUX MOBEPXHOCTEH dYepe3 3aroHEHHBIN JKUIKOCTBIO 3a30p MEXIY
HUMH. Lleab 3TOro mcciegoBaHusl COCTOUT B TOM, YTOOBI OIICHUTh BO3MOKHOCTH
WCTIOJBb30BAHUS JKUAKOCTHOTO 3JIEMEHTa, OTrPAaHMYCHHOTO HWJIMHIAPUYECKUMU
MTOBEPXHOCTSIMH, B WHEPLUUOHHBIX KaHanax YIPYTOKUIKOCTHBIX
BUOPOM3OJIUPYIONINX CUCTEM, OOECIEeYMBAIOIINX MOBBILEHHYIO 3((EeKTUBHOCTH
BUOPOM3OJAIMM B OO0JIACTM HU3KUX YacTOT IO CPaBHEHHUIO C KJIACCHYECKUMHU
YIPYTOMHEPIIMOHHBIMU cxeMaMu. B paGote mpuBeseHbl pacueTHble GOPMYIIBI IS
OTIpeNIeNIeHUs] JTUHAMUYECKUX XapaKTEPUCTHK TAKOTO >XKUIKOCTHOTO 3JIEMEHTa,
UCCIIEIOBAaHbBl MX 3aBHCHMOCTH OT BEJIWYHMHBI M HAIPABICHHUS OTHOCHUTEIHHOTO
CMELICHUA OCe  LMIMHIPUYECKHX TPaHUI], TPOBEICHO CpPaBHEHUE C
XapaKTEepPUCTHKAMU JKUJKOCTHOTO »JJIEMEHTa C KOAKCHAJbHBIMH T'paHUIAMHU.
[Ipoananu3upoBaHO BIMSHUE HEKOAKCHATIBHOCTH OTPAaHMUYMBAIOIINX >KUIKOCTHBIN
AJIEMEHT IMJIMHAPUYECKUX MOBEpXHOCTEH Ha 3(h(PEeKTUBHOCTD YIPYrOKUAKOCTHON
BUOPOU30IMPYIOIIEN CUCTEMBI.

1. BBEJIEHUE

J1J1st TOBBITIIEHNST BUOPOM3OJISAIINYA HCTOYHUKA HU3KOYACTOTHBIX TUHAMUYECKUX CHJI MOTYT
ObITh WCHOJB30BaHbI BHOpoM3ONMUpyOmUE cucteMbl [1,2], B KOTOpPBHIX, IOMHMO
TPaZULIMOHHOTO YIPYroro (XapakTepu3yemMoro xecTkocTblo (') KaHajla CBS3M MCTOYHUKA
BUOpaIii ¢ OIMOPHOM KOHCTPYKIMEH, OpraHU3YeTCs IOTOJHUTEIbHBIN, MapauieIbHbII
MepBOMY, MHEPIIMOHHBIA KaHaJ, Kak Moka3aHo Ha puc. la. Ha stom pucyHke o0o3Ha4yeHO:
& — amrutuTyza KoebaTeIbHOrO CMENIEHHsT HCTOYHMKA BUOpALMK, () — KPYroBas 4acToTa

KonebaHuii, m, — KO3OUIMEHT ¢ pasMEpHOCTbIO Macchl (Mmacca cBssu); F, F, —
JUHAMAYECKHE CWJIBI, TIEPENAIONINecss COOTBETCTBEHHO IO YIPYroMy M HWHEPIMOHHOMY
KaHajmaM, F — mepeMeHHas CHia, JEHCTBYIOIIAs Ha ONOPHYI0 KOHCTPYKIHMIO, paBHAs
F,=F, +F,.

HccnenoBanus TIOKa3aliy, YTO Takash CUCTeMa BHOPOW3ONIALNU JIEHCTBUTENBHO 00Jamaet

MOBBIICHHON Y(PPEKTUBHOCTHIO B 00JACTH HU3KUX YaCTOT MO CPABHEHUIO C TPATUITMOHHOMN
aMOpTHU3allUe, €CTM OCHOBHOM YacThl0 €€ MHEPIMOHHOIO KaHaja SIBISETCS KUIKOCTHBIN
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arieMeHT. B 3ToM cityuae BUOPOM30JIUPYIOLIYIO CUCTEMY OyZeM Ha3bIBaTh YIIPYTOKUIKOCTHON
(YKBUC). VYcTpoiCTBO TakoW CHCTeMBl Oa3upyeTcs Ha MPUHIUIHAAIBHON CXEMe,
npeaiokeHHo B padote [3]. JKuakocTHBIN 351eMEeHT 00ecreunBaeT HHEPIIMOHHBIN XapaKTep
B3aUMOJICHCTBUSI BUOPOAKTUBHOTO HCTOYHHMKA C €r0 OMOPHON KOHCTPYKIIMEH B IIHPOKOM
nuana3oHe HHU3KuX 4vactoT [4]. Ilpum >ToM nuHaMuueckas CBSI3b OCYHIECTBIISIETCS 4epe3
3aI0JIHEHHBIE KUJKOCTHIO 3a30Pbl MEX]Y OTEIBHBIMU YaCTAMHU KUAKOCTHOTO dJIEMEHTA.
Bun gacrotHoit xapakrepuctuku > dexruBHocTr BuOpom3oysnun Y KBUC mokazan Ha
puc. 16. [IpeacraBnenHas kpuBasi UMEET MaKCUMyM B 00JIaCTH HHM3KHX 4acTOT. [lomoxxeHune
Ha YaCTOTHOM MIKaje 3TOro MakCcUMyMma IMpu (PUKCHpOBaHHOU xkecTkocTh C 3aBUCUT OT
CTCIICHU nepcaaun AUHAMHUYCCKUX CHJI IO HHCPIUOHHOMY KaHaly, KOTOpas YHUCICHHO

OIIPEAEIIAETCS BENMYMHON MAaCcChl JUHAMUYECKOMU CBSA3H M, .
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Tacrora, [

Puc. 1. [lpuanunuansHas cxema (a) ¥ IpuMep YaCTOTHOM XapaKTepUCTUKH dPHEKTUBHOCTH
BHOpOU301A1MH (0) yIPyroXuAKOCTHOW BUOPOU3OIUPYIONIEH CHCTEMBI

PaccMoTpuM BO3MOXHOCTH KOHCTPYKTHBHOTO HCIIOJHEHMSI >KMJIKOCTHOTO JJIEMEHTa
YXBUC B Buze 3amI0JIHEHHOTO KHIAKOCTBIO 3a30pa, OTPAHUYCHHOTO JBYMs, B OOIIIEM CTydae
HEKOAKCUaIbHBIMU, LUJIMHAPUYECKUMH MOBepXHOCTAMHU. (Cxema Takoro n»JIeMEHTa
MpeJCcTaBlieHa Ha pUC. 2. BHeEWHssS UWIMHAPUYECKas MOBEPXHOCTh paauyca R KECTKO

CBsI3aHAa C ONOPHOM KOHCTPYKIMEH, a BHYTPCHHSS, paanyca 7,, CBSi3aHa C HCTOYHHKOM
BUOpAIMM U COBEPIIAET OCUMIUIMPYIOIIKE KOJeOaHHUs MO 3aKOHY U =V, cos(¢, — o). 31ech
U, — aMIUTUTyZla CKOPOCTH OCIHHMJUIAIMH KOJICOJIOIIEHCS MOBEPXHOCTH, a (), — YIIOBas

KOOp/IMHATa B CBA3aHHOM ¢ HEM LMIMHIPUYECKON KOOpIMHATHOM cucreme (7,¢,,z). Ochb

BHEIIHEH HENOABW)KHOW UWJIMHAPUYECKONM TpaHMIBI CMEIIEHAa OTHOCUTEIIBHO OCH
BHYTPEHHEH Ha BEJIMYMHY O , IPUYEM Yroj MEKIY HampaBjCHHUEM KojeOaHWU BHYTPCHHEH
MOBEPXHOCTH U HAIPABICHUEM YKAa3aHHOTO CMEILIEHHUS OCEed paBeH /. 3a30p MexAy

IAJTUHIPUYECKUMH TpaHUIIAMU 3aIlOJIHEH KUAKOCTBhIO. [l ymoOcTBa pemieHus 3amadu
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BBEJIEM TaKX€ U BTOPYIO CUCTEMY KOOpPJIMHAT, OCh KOTOPOM COBHAJAET C OChI0O CUMMETPUH

BHEIIIHEH rpaHulsl — (7,,0,,2 ).

R A
Y
1
(12 Puc. 2. Cxema XHIKOCTHOIO JIEMEHTA C
o LHMIMHAPUYECKUMH I'PaHULIAMU
O, 8 M4
1
h

SanoJIHeHHBIA
KHKOCTBIO 3a30p

2. PACHETHBIE COOTHOIIEHWA AJIA OITPEAEJIEHNA JTUHAMWYECKUX
XAPAKTEPUCTHUK XXNAKOCTHOI'O SJIEMEHTA

Ecnim nuHamudeckoe B3aMMOJCHCTBHE MEXKIY HEMOABMKHOM UM KoseOmromencs
TpaHUIlaMHd HOCHUT WHEPIMOHHBIA XapakTep, TO 3TO B3aUMOJCHCTBHE MOXKHO OMHCAaTh

IIOTOHHOM MAacCcOM IOUHAMMYECKOM CBSI3U m,. OTy MacCy OIpPENeIUuM KaK OTHOLIECHUE

MOTOHHOM cwibl F', JCUCTBYIOIIEH CO CTOPOHBI 3aMOJHSIOMEH 3a30p JKHAKOCTA Ha
HEMOABMKHYIO TpaHUIly, K aMIUTUTYJAE YCKOPEHHUS KOJICOMIOMICHCS IUINHIPUICCKOM
MMOBEPXHOCTHU B INTOCKOCTH €€ OCIHIIISIINH, T. €.

m,=F/jov, , (1)

UroObl oOmpeaenuTh YKa3aHHYIO CHIIy, HYXHO HaWTH 3BYKOBOE JaBJIIEHHE p B

3aIO0JIHCHHOM KHUJIKOCTBIO 3a30p€. TOFL[a HcKomas cuina F OnpeACINTCA COOTHOIICHUEM
F= JPCOS(¢2 —a)ds, , (2)
S>

r7e ¢, — YIiaoBas KOOpAWHATA B IVIMHAPHYECKON CHCTEMe KOOPIUHAT, OCh Z KOTOPOi
COBIIAJIAET C OCbI0 CUMMETPHUH ITOBEPXHOCTH S, (CM. puc. 2).

3BYKOBOE JIaBJICHUE CBSI3aHO C MOTEHIMATIOM KUIKOCTH B 3a30pe @ , KOTOPHIii, B CBOIO
odepesib, MOXKET OBITh OTIPE/ICNICH U3 PellieHUs ypaBHEHUS | ebMrosibia

AD—*D =0, (3)

rac k — BOJIHOBOC 4HCIJIO, C COOTBGTCTBYIOH_[I/IMI/I FpaHI/I‘-IHLIMI/I yCHOBI/ISIMI/I

0D

. =Vcos(p -a), (4)
or, g

1
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rne 7 W 7, paauaigbHble KOOPAWHATHI B CHCTEMaX KOOPIMHAT, CBSI3AHHBIX C BHYTPEHHEH U
BHEIIHEH TpaHUIIAMH COOTBETCTBEHHO. TakuM 00pa3oM, OKa3bIBaeTCs, YTO T'paHUYHBIC
ycioBus (4) u (5) 3amucaHbl B pa3IMUHbIX KOOPJWHATHBIX CUCTEMaX. byneM uckaTh penieHne

IIOCTaBJIECHHON 3aa4/ B BUJIE

D=0, +D,, (6)

rac

@, = AT (kr)+ ZJn (kr) (A" cosng, + B\ sinng,), (7)
n=1

@, = AN, (kr,)+ YN, (kr, (A cosne, + B\ sinng,) . (8)

n=l
3necy J,(kry), N, (kr,) — pynxuun beccens u Helimana mopsaka n OT apryMeHTOB A7,

kr,. OueBuaHo, uto pyHkuuu @, n P, TaKKe, KaK U I'PAaHUYHBIC YCIOBHUS, 3aIIUCAHBI B
pa3HbIX CUCTEMAaX KOOpIMHAT.

st Toro 4ToOBl YIOBIETBOPUTH TPAHUYHOMY YCIOBHUIO (4), HY’)KHO BBIPa3uTh (YHKITHIO
@, B cucteme koopamHaT (7;,,). DTO MOXKHO CHENaTh, MPUMEHHB TEOPEMBI CIOKEHHS
mmHApudeckux  QyHkuuit  [5] k  TpeyrombHuky O,M,0,. AHalOrM4HO, YTOOBI
YIOBIETBOPUTH  ycloBHIO (5), BepasuM QyHkmmo @, B KoopammaTax (r,,@,),
BOCIIOJIb30BaBUINCh TEOpEMaMu CIOKeHus musi TpeyroabHuka O,0,M,. IlpupaBHuBas
KO3 ULMEHTHl TIPU SiNn@ W COSn(@ B NMPaBOW U JIEBOM YaCTSIX MOJYYEHHBIX PAaBEHCTB,
OpUXOAMM K OECKOHEYHOM cHCTeMe ypaBHEHUH [UIsi HAXOXACHHUS HEU3BECTHBIX

1.(2) 1.(2)
n > Bn >

kod¢pdunreHToB A KOTOPYIO MOKHO PELIUTh YHCIEHHO, OrpPaHUYMBILIKCH

HEKOTOPBIM YHCJIOM HCU3BECTHBIX N.B PE3YIbTATE BBIPAXKCHUEC IJIA 3BYKOBOI'O IaBJICHUA B

3a30pe MPUMET BUJ

P=D*D,,

rac

N
py = jop| 4" Jo(kr)+ Y J, (kr)(4," cosng, + B\ sinng)) |,

n=1

N
p, = jap| AN, (k) + 3 N, (kAP cosng, + BP sinng, )|.

n
n=1

[logcraBuM NaHHOE BBIPAXKEHUE B COOTHOIIECHUE (2), MPEACTaBUB C MOMOUIBIO TEOPEM

CJIOKEeHUS! (PYHKIHMIO p, B KOOpIMHATAX 7,,(,, U BBHIUUCIUM HMHTerpai. B pesymbrate s
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HAXOXJEHHUS TIOTOHHOM Macchl cBsizu (1) paccMarpuBaeMoro >KMJIKOCTHOTO JJIEMEHTa
MOJTYYUM CIIEAYIOIIee COOTHOIICHNE

c

- ’Z’)’f LADT, (kR)- J, (kS)cosa + N, (kR)(A® cosa +B> sina)
N ©)
Y TR (<) AV (.., (k) = T, (k&))eoso B (/. (k&) + ], (k&) )sinr [}
n=l
Ecnu y paccMaTpuBaeMoro >KHIKOCTHOTO 3JIEMEHTA BHEIIHSS MOBEPXHOCTh CBS3aHA C
MCTOYHHUKOM BHOpAaIMy U KoJeOseTcs, a BHYTPEHHss, HA00OPOT, KECTKO CBA3aHA C ONMOPHOU
KOHCTPYKLMEH U MOXET CUMTAThCS HEMOJBM)KHOM, TO Ul BBIYMCICHHS MacChl CBSI3U TaKKe
MOKHO HCIOJIb30BaTh Gopmyny (9), HO co 3HaKOM “MHHYC’, T.K. HalpaBIICHUE BHEUTHEH
HOPMaJTH K KOJICOIIOIIEHCs TIOBEPXHOCTH B JAHHOM CJIy4ae MEHSETCSI Ha IPOTUBOIOIO0KHOE.
Ecnu sKUIKOCTHBIN 3JIEMEHT COCTOMT U3 JIBYX MIIM 00Jiee HecOOOUIaomuXxcs Mex 1y co0oi
3a30pOB, TO €r0 Macca CBSI3M PaBHA CyMME MAacC CBS3HM Ka)JIOTO U3 3a30pOB, KOTOPHIE TaKXkKe
MOTYT OBITH paccuuTansl 1o Gopmyie (9).
B ciydae KOaKCHANbHBIX IJIMHAPHYECKUX MoBepxHOcTe (0 =0) u mpu kAR <<l

dbopMyna 1715 Macchl CBSI3U MOKET OBITh MPE/CTABIICHA B BUJIE

R -, k2| r 3(R h
; —— 2 {In—+=>

8=0,kR<<1 =Ttpry 2R2 4 p +4 r2 Rz
0 0

2
o

mC

3. UCCJIEAOBAHHUE ITOJIYHEHHBIX PE3VYJIbTATOB

[TockonbKy Ha TIPaKTUKE MPU U3TOTOBJICHUH KHUIKOCTHOTO 3JIEMEHTA MJIM B MIPOIIECCE €ro
IKCIUTyaTalll MOXET BO3HUKHYTh HEKOAKCHAIbHOCTh OTPAHWYMBAIOIINX €T0 MOBEPXHOCTEH,
Jajiee OCHOBHOE€ BHHUMAaHHE OYJET yIEJICHO BIUSHHUIO HAa BEJIMYMHY MAcChl CBSI3HM 3TOTO
dakTopa.

Ha pwc.3a npuBeneHa 3aBUCMMOCTh OTHOIIEHWS MAacChl JHUHAMUYECKOW CBSI3H,

o0ecrneynBaeMoi >KUJIKOCTHBIM 3JEMEHTOM (7, ), CXeMa KOTOpOro IoKa3zaHa Ha puc. 2, K
Macce CBSI3U KHUJIKOCTHOTO 3JIEMEHTa ¢ KOAKCHAIBHBIMU T'PaHULIAMH TEX XKe PaguycoB (m, )
OT OTHOCHTEJIHOTO CMEIICHHS OCH aKTHBHOTO IMJIMHApPA O /R . Pacuer BbimosnHeH s
OTHOILIEHHS PaJUyCOB BHYTPEHHEH M BHeIIHel rpanun 7, /R = 0,8 1 4acTOTHOrO mapamerpa
kr, = 0,2 st 1ByX pa3Iu4YHBIX HampaBiieHUH koneOanuil. M3 mpeacTaBieHHBIX Ha PUCYHKE

JAHHBIX CJEIyeT, YTO Macca CBS3M BO3PACTAET C POCTOM OTHOCHUTEIBHOI'O CMELICHHS OCEH.
[Ippu »TOoM oOHa crmabo 3aBHCHUT OT HaMpaBJICHUs KOJICOAHWI BHYTPEHHEW TpaHMUIIBL.

MaxkcuManbHOE 3HAu€HUE OTHOUICHHS 5/R , TpeIcTaBlieHHOe Ha TpaduKe, paBHO

(5/13)max =1-7,/R=0,2, 9T0 COOTBETCTBYET CIyd4al0 KAacaHWs BHEIIHCH M BHYTPEHHEH

HWIMHAPUYECKUX TpaHull. OJHAKO NOpH MPAKTUYECKOM HCIOJIb30BAHUU KUAKOCTHOTO
sanementa B Y)KBUC crnemyeT OrpaHuudTHCS MEHBIIMM 3HAYEHHEM pPaccMaTpPUBAEMOTrO
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OTHOIICHUA, YTOOBl HCKJIIOYUTh BO3MOKHOCTH coyz[apeHI/Iﬁ 3JIEMEHTOB CHCTEeMEI. Ecan
MHHUMAJIBHO JOOIIYCTUMOC PACCTOAHHUEC MCXKAY TI'paHHUIaMUd B COOTBETCTBHHU C OTHM

tpeGoBanmeM cocraiaser O, =0,05R, TO MaKCHMalbHO BO3MOXKHOE 3HAUYCHUE

OTHOCHUTEIHLHOTO CMEILEHUS oceit B aHHOM ciyJae Ooynet paBHO

(6/R),., =1-7,/R—68,/R=0,15. Tlpu 5TOM MaKcUMaJbHOE 3HAYEHHE MACCHl CBA3U TPH
3aJaHHOM COOTHOILEHUU PaJUyCOB COCTaBUT NMPUMEPHO 1,2 m . PacdeTsl Mokas3sIBalOT, 4TO

AQHAJIOTMYHBIE PE3YIbTAThl OJYYAIOTCS U MPHU APYTUX COOTHOIIECHUSAX PaJUyCOB IPAHMUII.

mc*'fmcn Pl d e
1,7 1,26

1,6
1,5
1,4
1,3
1,2

1,25
1,24

1,23

Vo 1,22 . i
1,1 o | : :
I ot B B e e R R
SN S S SO S O A I T B N N S B
0 0.004 0008 01 016 02 0 20 40 &0 B0 100 120 140 160 180
§/R &, rpag

Puc. 3. 3aBUCUMOCTH OTHOLICHUS M, /M
@) OT OTHOCHMTEJILHOTO CMEIEHHsT OCH O / R JUIs pa3IM4YHbIX HaIlpaBJIeHU# Koebanuii (o)
npu 7, /R=08; kr,=02:1—a=0;2—o=m/2;
6) ot yrna O mipu cMemenuy ock 8 /R =0,8-(6/R),, u ki, = 0,2 1s pasmuaubIX 7 /R :
l1—rn/R=0,7;2—1r,/R=08;3—1/R=09

Ha puc. 30 mpuBeneHbl 3aBHCHMOCTH MAacChl JUHAMHUYECKON CBSI3M OT yria MEXIy
HaIpaBJieHUEM KoJeOaHWN aKTUBHOTO LMJIMHApPA U HANpaBIECHUEM CMEIICHUS €ro OCH IMpHU
pa3IMYHBIX 3HAYEHMSIX OTHOIICHUS PagUyCOB UWIMHAPUYECKUX TPAHUI] KUIAKOCTHOTO

DIIEMEHTA 7, / R . 3neck Macca AMHaAMHYECKOM CBSI3M, KaK U Jajiee, Ha puc. 4a, HOpMHpOBaHa €e

SHAYCHUEM JI1 KHUJAKOCTHOI'O 3JIEMEHTA C KOAKCHAJIbHBIMH I'PaHUIIAMHU TOI'O XE paauyca.

PacueT BBINOIHEH AJI OJJHOTO 3HAYEHUs YaCTOTHOro mapamerpa k7, =0,2 mpu MOCTOSHHOU

BemuMHe cMentenns oceir 8/R = 0,8(6/R)__ . Tlo MaTepuanaM pHCyHKA BHIHO, 4TO Macca

max *
CBSA3H JIOCTHUTAET MAKCUMAJILHOTO 3HAYEHHS TIPU O = 7/2, T. €. TIpH KOJIeGaHUsAX BHYTPEHHEH
TpaHUNbl 3a30pa B HaNpPaBJICHUHU, IEPHNECHAUKYISIPHOM HANPAaBICHUIO CMEIIECHUS OCH.

3aBHCHMOCTB OT YIJIa (¢ BBIP@KEHA TEM CHIIbHEE, 4eM OIIiKe OTHOIICHHE 7, /R K 1, HO maxe

JUI IOCTaTOYHO Y3KHX 3a30pOB IIPU BHIOPAHHOM 3HAYEHHMH YacCTOTHOro napamerpa k7, =0,2
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BJIMAHUC  HaIlpaBJICHUSA KoJicOaHMi Ha BCJIIMYMHY MAaCChbl CBA3M MOXHO CYHHTATh
HCE3HAYHUTCIbHBIM.

Ha puc. 4a npencraBieHa MOBEPXHOCTh, OTPaXKAIOIIasi 3aBUCHMOCTb OTHOLICHHUS m, /M.,
OT 4YacTOTHOTO THapameTrpa kr, W HampaBleHHUsA KojJeOaHUH BHYTpEHHEH TI'paHUIIbI

KHUIKOCTHOI'O DJIEMCHTA.

a) 0)
mly, m!

20 ,
15 / rl
10 ,3"{{ 1
5 =TT 2
o >

5

10 il

15

20

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 kl”o

Puc. 4. 3aBHCHMOCTb OTHOIICHUS M, /M4 OT YaCTOTHOTO Iapamerpa A7, u yria o (a) u

Macc cBssu m.,, m" ot kr, (6) npu pasanuHbIX 3HaUeHUAX O (7, /R =0,7)
l1—6/R=0;2—0=0,6/R=025;3—oa=nm/2,06/R=0,25

BI/I,I[HO, YTO B 00JIACTH HU3KHUX YacCTOoT, IPHU MAJIBIX 3HAYCHUAX YaCTOTHOI'O IMapaMeETpa kl"o .

Macca CBSI3M NPAKTHUECKU HE 3aBUCUT OT HalpaBlIeHHs KojeOaHUN OCHUUTHPYIOLIEH
TPaHHULIbI, OJJHAKO C POCTOM YaCTOTHI 3Ta 3aBUCUMOCTh HaUMHAET MPOSBIATHCS cuibHee. [lpu
TOM C M3MeHeHueM yriaa ¢« oT 0 7o 7 /2 MeHseTcs XapakTep 3aBUCMMOCTHU OTHOLICHHS

m,/m,, OT 4acToThl: Ipu ¢ =( BENWYHHA M, /M, C POCTOM YACTOTHI YMCHBIIAETCS, a TIPH

o =m /2, HAaoOOpOT, yBeIMUMBAETCs. Takoe NOBEJCHHE pPAacCMAaTPHUBAEMOro IapamMeTpa
MOsICHSIETC MaTepuanaMmu puc. 40, Ha KOTOPOM IMPEACTaBICHbl YAaCTOTHBIE 3aBHCHUMOCTH

-~ 2 ) N
IMMOTOHHBIX, HOPMUPOBAHHBIX BEIWYUHOU 7P7, , SHAUYCHUN MacC m (He 3aBHCUT OT OC) n

m"  (sBngercs yHKIMEH yrma o) TpU pa3NTMYHBIX 3HAUEHMSAX OTOro yriaa. Bee

C
MIpEJICTaBICHHbBIC HA PUCYHKE KPUBbIE BelyT ceOsl IPUMEPHO OJJUHAKOBO: Ha HU3KUX YAaCTOTax
Macca CBSI3U OCTAeTCsl MPAKTUUYECKH MOCTOSHHOW, 3aT€M C POCTOM YacTOThl OHa BO3PACTaeT

BIUIOTH 10 HEKOTOpOW KpuThieckod dwactotsl (k7,),.. Ilpu kry = (kr,), wWHepuHOHHAS

peaxius KUJAKOCTHOTO AJIEMEHTa Ha Koyie0aHUs MOBEPXHOCTH MEHSETCS Ha YIPYTrylo U Macca
CBSI3M CTAaHOBUTCS OTPHUIIATEIHHOM.

Ha Hu3kumx wyactorax Mmacca CBS3M JKMJIKOCTHOTO 3JIEMEHTa C HEKOAKCHAIbHBIMU
rpaHULIaMU TPAKTUYECKH HE 3aBUCUT OT HampaBieHUs KoyieGaHWil M Bcerja MNpeBbIIIAeT

M. E. Bapaesa, I'. B. Yaoanos
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Maccy  CBSI3M  DJJEMEHTa,  OTPAaHMYEHHOTO  KOAKCUAJIbHBIMH  LUJIUHAPUYECKUMHU
noBepXHOCTAMH. C pOCTOM 3HAYCHUH napamerpa kr, npu & =0 Macca CBA3U KHUIAKOCTHOTO

3JIEMEHTAa C HEKOAKCHAlbHBIMH I'DaHMLAMHM DPAcTET MEIJIEHHEE MacChl m,, M, Ha4MHas C
HEKOTOPOIl 4acTOTBI, CTAaHOBHUTCS MEHbIIe ee. B pesynprare OTHOLICHHE m, /m,,
YMEHBIIIACTCS U TIPU OIM3KUX K KPUTHYECKOMY 3Ha4CHHAX kr, ctpemurcs k 0. Ilpu o =7/2

MaccCa CBA3H KUAKOCTHOI'O 3JICMCHTA C HCKOAKCHUAJIbHBIMU T'paHULIAMU PACTCT GBICTpee, 4CM

m,, TO3TOMY OTHOLICHWE m,/m,, C POCTOM YaCTOThl YBEIMYMBACTCS BIUIOTH [0

c?

KPUTUYECKOU 4acToThl (A7), .
Taxkum 00pa3oM, CyLIECTBEHHOE pa3IMdMe MEXIy 3HAUeHHSIMU MacChl CBSI3U m, U M,

MOTYT OBITH TOJIy4EHBI TOJBKO MpPH JOBOJBHO BBICOKHX, OJM3KHX K KPUTHYECKOMY,
3HAYEHUAX YacTOTHOro mapamerpa. OJHAaKO B 3TOM YacTOTHOM JWana3oHe MpPHMEHEHHE
YXBHUC Henenecoobpa3zHO M3-3a PE3KOro CHMKEHHUS UX dP¢eKkTUBHOCTH. B obmactu xe
HU3KHX YacCTOT, I/Ie YIPYTOKUAKOCTHBIE CHCTEMBI 00JIaJat0T MOBBIIIEHHON 3()(heKTHBHOCTHIO
[0 CPaBHEHUIO C KIIACCHUECKUMH, HEKOAKCHAJIBHOCTh OTPAHUYHMBAIOIIUX >KUIKOCTHBIN
AIIEMEHT IMJINHAPUYECKUX MOBEPXHOCTEH Majio BIMAET Ha BEIMYMHY OOECeuyMBaeMoil UM
Macchl CBS3H.

Bce mnpuBesneHHBIE BBINIE pPE3YyNbTaThl PACUYE€TOB OTHOCATCA K CIIydyar OCHMIIISIIMHA
BHYTPEHHEH TIpaHUIBl 3a30pa. AHAJIOTUYHBIE pE3yibTaThl IOJNYYAlOTCd W JUIA  CIydas

KoseOaHui ero BHEIIHEH TPaHUIIbI.

4. BJIUSTHUE HEKOAKCHAJIBHOCTH T'PAHUL] HA DPOEKTUBHOCTDL VKBUC B
LIEJIOM.

DddextuBHOCTh mpocTeiet omHokackamHoi YIXKBUC, mnpuHnumnuanpHas cxema
KOTOPOH MOKa3aHa Ha pHc. 1a, MOKET ObITh BBIYUCIEHA 11O (opMmyIe

2
U=20lg Y,
1—puv

rae v = f/f, — Oe3pasmepHas yactora, f =®/27m ,

C — XeCTKOCTb yIpyroro kanaiaa, M — macca BUOPOAKTHBHOIO 000py10BaHUS,

m,_, — Macca CBsI34, o0ecrieunBaeMasi JKUAKOCTHBIM 3JIEMEHTOM,
w=m,/(M +m,) — Ko3pDUIHEHT CBSI3U 0 UHEPLIMOHHOMY KaHAITy.

Ha Hu3kux gacrorax Maccy CBsI3M MOKHO CUMTAaTh IIOCTOSHHOW U PABHOM €€ 3HAYCHMIO IIPU

kry,=0.
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Xapakrepuctuka 3()(PEKTUBHOCTH BUOPOM3OJAIMH B OOJACTH HHU3KHX YacTOT HMEET
MHUHHMYM Ha 4YacTOTe aMOpTH3alM¥d M MakCMMyMm Ha dacrore f,  =1/27w./C/m, wn

Vi =110

Kaxk ObL10 TIOKa3aHO B MpeIbIAYIIeH YacTH, MAKCUMaJIbHO BO3MOXKHOE YBEITHYCHNE MAacChl
CBSI3M JKHJIKOCTHOTO 3JIE€MEHTa IIyT€M CMEIICHHS OCH OJHOW W3 €ro TI'paHMIl COCTaBISIET
npumMepHo 20% . Ecnu ko3¢ duuuenTt cBsi3u [ KHUJIKOCTHOTO JIEMEHTa ¢ KOAKCHAIbHBIMU
rpaunamu Obu1 paBeH 0,2, TO Takoe W3MEHEHHE MAcChl CBSI3M BBI3OBET €r0 YBEIWYECHHUE 10
0,23 . DT0 B CBOIO OUepeb MPUBEIET K YMEHBUICHUIO MakcuMyMa 3 (HeKTUBHOCTH IPUMEPHO

Ha 2 1b ¥ CHMKEHUIO €ro 4acToThl Ha 9%, Kak Mmoka3aHo Ha puc. S.

Puc. 5. I3MeHeHne 4acTOTHOM XapakTe-
pUCTUKH 3P (HEKTUBHOCTH BUOPOHU3OJISIIIIN
VXBUC non BIustHUEM CMELIEHUS OCEN
OTPaHUYMBAIOIINX JKUJKOCTHBIN JIEMEHT
UMWIMHAPUYECKUX MTOBEPXHOCTEN
1—6=0,m,=m,, u=02;

2—6=90

m,=12-m,

max

0 1 2 3 1 5

Takum 00pa3oM, HECOBMAJCHHE OCEH IMIMHAPUYECKHX TOBEPXHOCTEH >KUIKOCTHOTO
JJIEeMEHTa  pacCMaTpUBaeMOro  THIA,  HMCKIIOYAIOIMIEE  BO3MOXKHOCTH  COYIApECHHM
B3aUMOJICHCTBYIOIIMX Ye€pPe3 JKUIKOCTh IIOBEPXHOCTEH, HE OKa3bIBa€T CYIIECTBEHHOTO
BiusHus Ha 3(pdextuBHOCTh BUOpom3zomsmuu Y XBUC BcnenctBue manoro M3MEHEHHS
Macchl CBsi3U. [lo 3TOM € NpUYMHE UCIOJIB30BaTh CMEIIEHUE OCH i1 HAaCTPOMKH
YIPYTOXKUIKOCTHON CHCTEMBI C IENIbI0 aIaNTAIlMKM €€ YaCTOTHON XapaKTEPUCTUKH K CIICKTPY
HMCTOYHHMKA HerelecooOpasHo. Jlaxke mpu MakCHMajgbHO BO3MOXKHOM CMEIICHHH OCH

(kpuBas 2), Ha dactoTe V =V, =2,23, COOTBETCTBYIOIIEH IOJIOXKEHUIO MaKCHUMyMa

3 (PEKTUBHOCTH CHCTEMBI C KOAKCHAJIbHBIMU TpaHunamMu (kpuBas 1), 3(QexkTuBHOCTH
OCTa€eTCsl IOCTATOYHO BBICOKOM, a Hanbolice BEPOSTHBIE Mable cMmemienust ocu O /R <0,05

BOOOIIIE HE BBI3OBYT 3aMETHBIX M3MEHEHUN YaCTOTHOM XapakTEepUCTUKH 3PGEKTHUBHOCTH
CUCTEMBI.

M. E. Bapaesa, I'. B. Yaoanos
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3AKJIIOYEHHUE

B pesynbrare BBINOJHEHHBIX pPAcYETOB YCTAaHOBJIEHO, YTO Mallble CMEIEHUs oceil
HWIMHAPUYECKUX TPaHULl KHUAKOCTHOTO 3JIEMEHTa, KOTOpble MOTYT BO3HUKHYTHh INpPHU €ro
M3TOTOBJICHUH WJIM B MPOLIECCE IKCIUTyaTallii BUOPOU30IHUPYIOLIEH CUCTEMBI, HE OKa3bIBAIOT
3aMETHOTO BIIMSIHUS Ha YaCTOTHYIO XapaKTEPUCTUKY 3PPEKTUBHOCTH BHOPOU3OISAIUU. DTO
CBSI3aHO C T€M, YTO ITyTE€M CMEIIEHUS OCH OJHOW M3 OrPaHUYUBAIONINX KUAKOCTHBIN 3JIEMEHT
MWIMHIPUYECKUX TOBEPXHOCTEH HEBO3MOXHO JOOUTHCS CYIIECTBEHHOTO HM3MEHEHHS
obecrieunBaeMoii UM Macchl CBs3M. [lo 9TOH ’ke MpHYMHE ATOT MYyTh HEIEIECO00pa3HO
UCIIONIb30BaTh Ui yIpaBICHHUS  YACTOTHOM  XapaKTepUCTUKONH  3(PGEeKTHUBHOCTH
BUOPOU3OISAIMH YIPYTOKUIKOCTHOU CUCTEMBI.
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