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O PA3BUTHHU TEOPHUU 3EMHOIO PE3OHAHCA BEPTOJIETOB

A. H. TTOKAJIOCTHH

3eMHHIM pe30HAaHCOM IPHHATO HA3BIBaTh OBICTPO Hapacraioude koJeba-
WU (packauMBalue) BepTOJeTa Ha 3eMJe, CBA3dHHbIE C 0COOOro poja Heyc-
TOIYHBOCTHIO, CBOMCTBEHHOH BepToJieTaM. BnepBrie ¢ sSBJIEHHEM 3EMHOI'0O
pe3oHaHCa BCTPETHJHCH NPH HUCHBITAHHAX aBTOXKHPOB IOC/AE TOro, Kax B
KOHCTPYKIHMIO BTYJKH HECYLIEr0 BHHTa OblJ BBEJEH TaK Ha3LBaeMLIH Bep-
THKaJbHBI WAPHHpP, NO3BOJISIONHH JIONACTH COBepuaTh KojeOaHHsS B mJO-
CKOCTH BpalleHHs BHHTA. B nmogamisolieM GONBUIMHCTBE ClyvaeB LPH BO3-
HHKHOBEHHH 3E€MHOTO pe3OHaHca KoJieGaHHd NPEKPATHTb HE yAaBajloCh H
OHH HapacTajlH BIJIOTb A0 pa3pylieHHs BepToJseTa. JIMmb B pEAKHX caydasx
K0.1e6aHKs y1aBaa0Ch MPEKPAaTHTh CBOEBPEMEHHBIM BHK/IIOUYEHHEM JBHrare/s
H.IH OTPBIBOM OT 3eMJd. McTopusi BEpTO/IETOCTPOEHHUS 3HAET HEMAJIO ClIyyaeB
pa3pylleHHsT BEPTOJETOB OT 3€MHOrNO pe3OHaHca.

B pesysbTaTe aHanu3a MepBbIX CllyyaeB 3€MHOTO PE30HAHCA CTaJIO O4e-
BH1HO, YTO 3€MHOI PE30HAHC TECHO CBA3aH C KoJeOaHHAMH JOonacTcd Hecy-
1ero BHHTA B MJOCKOCTH Bpamenus. [To3ToMy B KOHCTPYKIHUIO BTYJIKH ObLI
BBEEeH CIenHalbHil JeMadep, YCIOKAUBAIOWME KoJe6aHUs 10NACTH B I1JO-
CKOCTH BpallleHHsl. DHJIO YCTAHOBIEHO, YTO BHIGOPOM NOCTATOYHOH 3aTAKKH
370r0 Aemindepa MOXKHO YCTPAHUThL 3eMHOH PE3OHAHC.

Opanako mosiBMJach Apyras cepbesHasi TPyAHOCTb. BepTukaJdbHbIH LIAp-
HHp Ha BTYJIKE AejaeTcs CIElLHaJbHO IJIS TOro, 4TOOH yMEHbUIHTD HaNpsxe-
HHA M3ruba JIOMACTH B HJOCKOCTH BpPallleHHUS, BhI3BIBAEMBIE KOPHOJHCOBBHIMH
CHJIAMM TIPH IOCTYnaTeJbHOM IIOjIeTe Beprojerd. Bpejesme xe Aemudepa
Ha BEPTUKAJbHOM IIADHUPE BHOBb HATPY2KAET JIONACTh H3THOOM B IJIOCKOCTH
BpallleHUs, H TEM CHJbHee, yeM Gouplue 3aTsxka aemndepa. Takum o6pasoM,
KOHCTPYKTHBHOE MEpPOIPHSTHE, II03BOAAIONIEE YCTPAHUTL 3€MHOH PE30HAHC,
IONOJNHUTENBHO YCAOXKHAJO npobaeMy obecrneyeHuss AMHAMHYECKOH NPOYHO-
CTH JomacTeif HECyllero BHHTA, KOTOpas H IO ced JeHb fBJAETCS ONHOH
H3 OCHOBHBIX NPOGJeM BEPTOJETOCTPOoeHUA. BoT mouyeMy BO3HHKJA HACTO-
ATenbHasi mOTPEOHOCTh B CO3JAHHH TEOPHH 3E€MHOIO pe3oHaHca, KOTOpas
N03BOJIHJA 6B TOYHO PACCUHUTHIBATH NMOTPeOHBIE XAPAKTEPHCTHKH Aemiipepa
BEPTHKAJBLHOTO IIapHHPa H H3BHICKATb IyTH yMEHbUIEHHS 3aTsXKKH Jemmnde-
POB 3a CYET H3MEHEHHA KAKHX-IHGO LAPYTHX KOHCTPYKTHBHHIX TIapaMeTpoB
BepTosneTa. B 4acTHOCTH, OBIJIO OYEHb BaXXHO BHIABHTDH POJbL AMOPTH3ALHOH-
HHIX CTOEK IIaccH B gemMndHPOBAHHMH KoJebaHUH BepTOJeTa, TaK KaK oue-
BHAHO, 4YTO IPH pacKauMBaHHH BepTOJieTa HA 3eMJe aMOPTH3aUHOHHLIE
CTOHKH MIACCH TIOTJOUIAIOT 3HEPrUi0 KoJeOaHHH.

[TepBhie pe3yabTaThl TEOPETHUYECKOrO aHaJM3a 3eMHOrO pe3oHaHca GBUIH
noJdyuyeHbl KaK y HAac B CTPaHe, TaK ¥ 3a TPaHHMIleH, BO BpEMs BTOPOHl MUPOBOH
Boiinbl. B 1942 r. B. 4. XKepeGuosuiM Obiau paspaboTanbl MeTOAb (omy0-
JuKoBaHHblE B 1966 r., [1]), 1O3BOMKBIIKE YCTPAHHTL 3EMHOH PE30OHAHC HA BEP-
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60K0oBOM JeMndHPOBaHHH (HayaJbHas 3aTHAKKA NPHHAMAIACch PABHOH 0,25G).

Pesynbrarhl npuBeienn Ha dur. 15 u 16 gas ff‘ =0,612 u 0,2 coormer-

crBenHo. Ha ¢ur. 17 npexncrasiena aumarpamma ocpelHEHHOTO OTHOLIEHHS

OT aMIJIHTYAb 06xaTHs, B3srtas u3 [1].

n

Cz
z, //
24 4
/
92 ]
7 4 ] 7 W Sfem]
dur. 17

Bausanne 60K0BOro CHOCZ M BBICOTHI BHIpABHHBaHHS BEpPTOJICTA
Hajl 3emaedl nepex MOCanKol Ha 30HY BO36YWACHHS

Biusinpe 6okoBOro choca NPH NOCafKe Ha 30HY BO36GYKIEHHA OLIIO
c —_—
2 =0,2; ¢, = 0,3;

HCCIEN0BAHO HA pexUME 1—0,8075 (P, = 0,25G;

a=
2k, = 0,01).

BLIO 0OHApyXKEHO, YTo NPH HAJAHYAH GOKOBOFO CHOCA BO3MOMKHDI
Kone6aHua Kak ¢ OGHYHOH YacTOTOH no BTODOMY TOHY, TdaK M ¢ MEeHblueH
yacrorod. Ilpu Hanuuum nocrarouHoro KpE€Ha MOTYT BO3HUKHYTb KOoJeGaHHs
10 BTOPOMY TOHY, €C/lH GOKOBOH CHOC HEBEJMK. [IpH yBelMUeHHH GOKOBOIi
CKOPOCTH 30Ha BO3GYXJEHHS CYyXKaeTcs B BHAE KJIHHA. DTO OOBICHIETCH
CJEAYIOUUM.

Ecnu cHOC mpoucxomut B CTOPOHY KpeHa, To mocie KacaHus ¢ seMmueil
B Iacch BO3HMKaeT GOKOBasi CHJIa, MOMEHT OT KOTOPOi HANpPaBJEH NPOTHB
MOMEHTa QT cHabl Beca (dur. 18).

n

4
1 4
s
/M,x 77 T777 7777777
Pur. 18 bur. 19

Ecin cHOC mpOMCXOZHT B CTOPOHY, NPOTHBONOJIOKHYIO KpeHy, To nocie
HayaJbHOrO TOJYKA BepPTOJET NOBOPaYMBAETCA OTHOCHTEJBHO HEHTPa
TAXKECTH, MPOXOJKAA ABUrathcss B Ty xe CcTOPoHY (dur. 19). Ilocae storo
KAPTHHA aHAJOTHYHA NEePBOMY CJlyyaio, NIOKAa3aHHOMY Ha ¢ur. 18.

[Ipu panpeedimeM yBeaHueHdH GOKOBOI CKOPOCTH MOXHO 1OIAacCTh
B CIEAYIOMYIO 30Hy BO3OYXJEHHS C MaJoOi 4acTOTOH KoJeGaHHi, KOTOPYIO
MBI yCJIOBHO Ha30BeM 30HOH BO3OyXJEHHS IO NEPBOMY TOHY.

Ileno B TOM, UTO B OT/MYHE OT OGHIUHO paccMaTpHUBaeMOi CXeMHBl MbI
MMeEM TpH CTEHEeHH CBOOOLE BMECTO ABYX H, COOTBETCTBEHHO, TPH 4aCTOTH
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coGCcTBeHHbIX Kouebauuit. IlpH 3TOM BepTOJET NOBOPAYHBAETCS OTHOCH-
TE€JbHO TOYKH CONPHKOCHOBEHHA KOJjeca C 3eMJefl, B CHJIYy 4ero MOMEHT
HHEPIHH BEPTOJIETa OTHOCHTEJbHO 3TOH TOUKH CYIIECTBEHHO yMeHBLIaeTcs
IO CPaBHEHHIO C MOMEHTOM HHEPUHH BEPTOJETa NO MEePBOMY TOHY KoJeba-
HHH, KOrxa yseJs KoJieGaHUH HaXOAMTCA HHXKE YPOBHS 3eMJIH.

Mer Habuolanu koneGauns ¢ neproiom T=22 cex. Ilpu 60kOBOI
CKOPOCTH, NPEBHIIANIIEA AJA NAHHOTO cJjyvas 3,5 xM/4ac, BO3HHKAOT
HEeJOMyCTHMO GONBIUME AMIUTUTYABI, KOTOPble MOTYT NPHBECTH K OMPOKH/IbI-
BaHHUIO BEPTOJETA.

$ur. 23

Brio mpoBeaeHO TaKkke HCCIELOBAHHE BIHMSHHA BLICOTH BbIPABHHBA-
HHA BEPTOJETa HaJ 3eM/Ied nepeis NOoCaAKOH Ha 30HY BO3GYXIACHHS.
Pesyabrarsl pacueta npuBeneHsl Ha ¢ur. 20, U3 KOTOPOH BHIHO, 4TO rnopor
H I'DAHUIA BO3OYXAEHH BO3PACTAOT UPHUOGJIH3HTENHHO ONMHAKOBO KaK MPH
BKJIIOUEHHOH, TaK H TNPH OTKJIIOYEHHOH CTOHKE MO BHICOTE BLIPABHUBAHHS.
Ha ¢ur. 21—23 npuseneHs noayyeHHbE OCUHIIOrPAMMEI.

JIUTEPATYPA

1. Beaosepos A. H. 3eMHO#i pesouanc BEpTOJETa C OTPHIBOM NHEBMAaTHKOB OT
3eman (cM. cTp. 42 HacrofAllero c6opHnka).

2. epe6buos B. . Jusamuuecxas ycrofiunpocrs HeCcylero BHHTAa BepTOleTa
€ y4ETOM yNpYroctu ero omopsl. B ¢6. pa6or nmo teoperHueckoMy HcclefOBaHHIO fBieHHS
»3eMHO# pesoyanc* seproxera. Mian. BHU LIATH, 1966.

3. Tpoaxo JI. H. 3emnoit pesonanc seproieta Ha npofere (cM. c¢tp. 28 HacTOA-
1mero c6opuuka).



UCCNAEJOBAHUE AWUHAMUKU LIACCH C YYETOM
ﬂEJ]l/lHEVIHOCTl/l EFr0 XAPAKTEPUCTWK MPUMEHWTEJbHO
K 3AJAUYE O 3EMHOM PE3OHAHCE BEPTOJIETA

A. H. BEJIO3EPOB, b. M. JIHTBAKOB

KPATKOE COJEPXAHUE

Mccaenyercsa 3aBHCHMOCTb AeMnupoBaHUA H WeCTKOCTH 1ACCH OT
aMOANTYAb KoxeGaunit. PaccMaTpuBaloTeA CAydal, KOrAa aMOpTH3aTOP
WMeeT CyXoe Tpemue U FHIpaBiHyeckoe CONPOTHBACHHE, B oLHOM CAyuae
NpONOpPHAOHaNbHOE HEePBOH CTENEHH CKOPOCTH, 2 B ApyroM ciydae npo-
nopuuonanhnoe KBaapaTty CKODOCTH.

MIpuMenenne NoAyYEHHHX PE3YIbTATOB [Ad DacueTa 3eMHOro peso-
Hauca MJANOCTPUPYeTca NPUMEpaMH.

BBEJEHHUE

BeptoJser kax koaebaTespHas cuCTEMa HMEET CyIeCTBEHHO HENHHEHHBIE
XapaKTepUCTUKH KaK B 3JeMeHTaX BHHTA, TaK M B omope (waccy). O6BYHO
IPH pacyeTax BepTOJeTa Ha 3eMHOH pe3oHaHC BCE HeJIMHEGHHBIE 3JIEMEHTH
3aMEHAIOTCH ,3KBUBAJEHTHHIMU® JIHHEHHBIMH, TaK K4k Teopus 3EMHOTO
pesoHaHca AJs HEJHHEHHLIX CHCTEM HenocTaToyno paszpabGoTaHa.

He kacasicb B flaHHO# paGoTe BOnpoca O JuHeapusaluH XapaKTEPHCTHK -
BHHTA, HCCJeLYEM BO3MOKHOCTHL 3aMeHBI HeJIHHEHHBIX XapaKTepUCTHK llaccH
SKBHBAJICHTHLIMH JuHeiHbiMH. Takoe HCCAENOBaHHe SBASETCA TeMm Gonee
HEOGXOIHMBIM, UTO NPAMOe B3KCIEePHUMEHTaJpHOE ompejeneHue JHHAMHUE-
CKMX XapaKTePHCTHK IIaccH COTPsKEHO C 6oNpUIUMH  TPYLHOCTHAMH.
B macTosimee BpeMfl TIpH HCCJEAOBaHHM H AOBOJKE INACCH OrpaHHUMBAIOTCH
3KCHEPHUMEHTANBHBIM ONpPEJEJIEHHEM NapaMeTpos H30JHUPOBAHHOTO aMOPTH-
3aTopa.

MeTOAb NOJydYEeHHS IHHAMHYECKHX XapaKTePHCTHK maccu 1o mnapamer-
paM aMOpTH3aTOpa, NPUMEHSBLWHecs MO CHX TOD, pawoTt, Kak 310 Oyner
llokas3aHo B pa6oTe, GOJblIHe OIHGKH. B macrosmeil paboTe BBOISTCH
TaKHe XapaKTepHCTHKH, KOTOpbIe, C OJAHOH CTOPOHH, 0CTATOYHO XODOUIO
OMHCHBAIOT POJIb IMACCH C HEJMHEHHHIM aMOpPTH3aTODOM npu aBToKoJeba-
HHsiX BepPTONETA W, ¢ APYTO# CTOPOHbI, MO3BOJSIOT NPUMEHHUTH BHIBOJH
JUHEMHOH TEOPHH 3eMHOrO pes3oHaHca. DTHMU XapaKTePUCTHKAMH SBJAIOTCA
3KBHMBaJeHTHAd XECTKOCTh M SKBHBAJEHTHOE JeMn(pUpOBaHHe MAaCcCH, KOTO-
pbie BCIEJACTBHE HEJMHEHHOCTH 3aBHCAT OT yacTOTH M aMIIHTYIBl KOJe-
BaHuil.

JKBUBAJEHTHA! KECTKOCTb M aeMndupOBaHHE MIACCH onpeleNsiloTCH
IIpDH rapMOHHYECKOM 3aKOHEe CYyMMAapHOro 06XaTUs [IacCH, CKJIaJNBIBaloOIie-
rocsi u3 06KATHA aMOpPTH3aTOpPa M OOKATHs IHEBMATHKA, KaK JJIs1 peasibHBIX
BEPTOJETOB Ha IrPaHHUNE YCTOHYHBOCTH.
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Hukakux nONONHHTENBHBIX YCIOBHH HA O6xaTHe aMOpTH3aTOpa UIACCH
HE HaK1aAEBaeTCA. B MpUGIMXEHHBIX MeTOJaX, NPHMEHSBIUHXCH KO CHX
TOp, HAKJIAAbIBANOCH yCIOBHE TapMOHHYECKOTO OGKATHA aMOPTH3aTOpa,
YTO HE COOTBETCTBYET HCTHHHOH KapTHHE Pa6OTbl aMOPTH3ATODA.

B pa6ote yunrmBaercas cyxoe (bpuKuUHOHHOE) W rHApaBAHUECKOE
CONPOTHBJEHHE amMOpTU3aTopa. [loapo6HO HCCAeNYIOTCA CayuaH, KOrZa cuJja
TUAPABIMYECKOTO CONPOTHBJIEHUS NPONMOPUMOHANbHA NEPBOH CTENEHH CKO-
POCTH H KBAaIDATYy CKOPOCTH OGXaTHA aMOpTH3aTOpa. COTrJacHO COBPEMEH-
HBEIM NPENCTABNEHHAM, THAPABJMYECKOE CONPOTHBJIEHHE B aMOPTH3ATOPax
OnpenenaeTcs B OCHOBHOM JHHEHHOH (BA3KOM) M KBaApATHUHON (TYp6yneHT-

HOH) COCTABISAIOIMMH, NO3TOMY H3YYEHHHE CJAy4ad Jal0T AOCTATOUHO
NOJIHYI0 KapTHHY SBJEHHA.

Kosdduuuent nemnduposanus wmaccu, a C/IeOBATEIbHO, U YCTOHYH-
BOCTb BepTOJEeTa INPH (QPUKIMOHHO-THAPABJIHYECKOM TPEHHH B CTOMKe
33aBUCHT (B OTJIHYHE OT CJyyass JHHEHHOro AMOPTH3AaTOPAa) OT AMIIHTY JLEL
KosebGanuit. [lostoMy 3pece npuxogurcs FOBOPHUTH He 06 YCTOHYHBOCTH
BEPTO/ICTA NPH ONDPEAEJNEHHBIX 4YHCIaX 0GOPOTOB (CM., Hanpumep, [1], [2]),
4 O NHAaNa3OHEe AaMIVIMTYA JJIST TEeX MKe YHceJ 0GOpPOTOB, IPH KOTOPBIX
KoJleGaHHS BepTOJieTa yCTOHUYHBH HJIH HEYCTOHYHUBHI.

B paGore onpeaeneHs AHAaNA30HB YCTOHNYHBOCTH JIS OAHOLO H3 THIOB
BeproseroB. Cnoco6 rpaduueckoro mnpepcraBieHHs HEKOTOPHIX pe3yJabTa-
TOB, TOJIy4eHHHX B padore, coobmen artopam JI. H. Mpoako.

§ 1. BbIBO4 OCHOBHbBIX YPABHEHU

Ipocrejimas cxema maccu, k KOTOPOH MOTryT GOLIThb CBENEHBl U APYrHe
Gosiee CJIOXHBE CXeMbl, H306paxena Ha our. 1. [lHeBMaTHK 4epes ToK
IPUBOAHT B ABHXeHHE NOpINEHbL amOpTH3aTtopa. [lonHoe 06¥KaTHe WAacCH 2
PaBHO CyMMe OGXKaTusi IHEBMaTHKa Y M aMopTu3aTopa S. IIpH 06xatHu
[IHEBMATHKA BO3HHKAIOT CHJIA PEAKUHH, 3aBHCHILAA OT OGKATHsS 10 3aKOHY,
GJH3KOMY K JHMHEHHOMY, U HCTEPE3HCHBIE CHJIbI, BBI3BAHHBIE IOTJIOI[EHHEM
SHEPIruM NpH nAedopmanuu Pe3UHbl H KOpAa.

[Ipu Maaex nedopMalHsX NHEBMATHK MOXHO 3aMEHUTh JHHEHHOM
NPYKUHOH C- KECTKOCTBIO ¢, (DHT. 2), ompepesseMoll Kak yroix HakJOHa
K KDHBOH CTATHYECKOrO OOXAaTHA NHEBMATHKA, H AeMndepoM, KOTOpPHIH,
KaK I1OKa3aHO, HanpuMmep B [3], MOXeT paccMaTpUBATLCH KaK JIHHEHHBIM
¢ KO3®OPHUUEHTOM AeMIQHPOBAHHUA &, 3aBHCAINUM OT YACTOTH OGNKATHSI.

Cornacno 3kcnepuMeHTaM, A GOJbIIMHCTBA MHEBMATHKOB IpHBEIeH-
HBH KOB(QQHUHMEHT AeMnpUpPOBaHHUA NHEBMATHKA

on, — k;q ~0,1,

a
Tl€ ¢ —4acrtoTa KoneBaHuH.

[Ipu o6xatuu aMOPTH3aTOpPAa BOSHHKAIOT CHJIA CONPOTHBJIECHHS BO34yXxa,
Cujla THAPABJHYECKOTO COMPOTHBJIEHHS U CHJIa CYXOrO TPEHHS B MaHXKeTax
u Bykcax.

CHia conpoTHBJIEHHS BO3AYyXa 3aBHCHT TOJBKO OT BEJHUHMHB O6KaTHS.
HeMngupyomue cuasl THAPABJIHYECKOTO H CYXOrO TPEHHS B3aBHUCAT OT
CKOPOCTH O0GXAaTuss aMOPTH3aTOpa H HANPaBJeHH MPOTHBOMOJNOKHO CKO-
poctd. JleMnupyolHe CHIH MOrYT 3aBHCETb OT BENHYMHbl 06XKATHS,
OJHAKO B HacTosuel paGoTe 3Ta 3aBUCHMOCTb HE YUHTHIBAETCH.

Cuily BO3AYIIHOTO CONPOTHBAEHHS P, soss 3aMeHTEM TPy KHHOH, XKEeCT-
KOCTh KOTOPOH ¢, MPH MaNHX NEPEMEIIeHHAX MOKEM CYHTATh IIOCTOSHHOM.
[emndupymomue cHibl aMOPTH3aTOPA 3aMEHSIEM HeJHUHEHHEIM Aemudepom,
NPHCOELHMHEHHEIM NapaJneJbpHO NPYKHHE.
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3aBHCHMOCTL CHJIB f, B 3TOM aMOPTH34TOPE OT CKOPOCTH 06xaTHA S
nokasagna Ha ¢ur. 3. PaspbiB KpHBOH IpH s=0 omnpexenseTcs CyXUM Tpe-
HHEM.

BoiBeleM ypaBHenmsi o6xatua waccd. Cxema ero AaHa Ha ¢ur. 4.

PaccmotpuM Kose6GaHMf WiaccH OT-
HOCHTEJbLHO IMOJOXKEHHd DPABHOBECHS.

W3 ycnoBUs DAaBHOBECHS aMOPTH3aTOpa
HMeeM:
qj P=c,s+ f (b
0| C
C”
”/7
S
$ur. 1 bur. 2
g
A
fe *
> 0 ‘l’
’ g—j 1
<, U " B
S 7SS S

dbur. 3 dur. 4
W3 ycioBUS PABHOBECHS CHJI, NeHCTBYIOIHUX B TOUKE O, COOTBETCTBYIO-
el MOPHIHIO peanbHOH CTOHKH, NOJNYYHM

P=coy+ kny. 2)

Knnematuueckoe yCJOBHE CBA3BIBAET Yy H §C obmuM ob6xkaTHEeM IIACCHU!
z=y+s. 3

VicKi0uMB U3 ypaBHEHui P M y, NOJy4HM ypaBHEHHE OGXKATHS aMop-
TH3aTOpa:

kn(z—8) o (2 — )= .5 + fa (4)

Ha rpanHue ycTOHYHBOCTH KOJeGaHHA BEPTOJIETA JOMAHBI 6BITH NEPH-
OJHYECKHMH.
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Paccmorpenne ¢usuyeckoil kapTHHB KogeGaHHE BeproJiera mnoKa3bl-
BACT, YTO BeJHYHMHA OOXKAaThf IUACCH 2 A0JIKHA H3MEHATHCA 10 3aKOHY,
6yM3KOMY K rapMopmueckoMy. 3ajzaBasi o0xaTHe mIacCH B BHJE

Z = z,Cos gt,

MOXHO HaHTH M3 ypaBHeHHs (4) s=s(f).

3naa s(f), MoxeM NOJYYHTH CHJY, AEHCTBYWOIlYH Ha INACCH. IJTO
n 6yaer Ta cuja, Koropas HeoO6xoxuMma, uToOH miaccu OOGKHMAJOCH IO
TapMOHHUUECKOMY 3aKOHY.

3axoH 2 (f) MOXeT 6BITh YTOUHEH TOJbKO NPH PEUIEHHM 3a4a4d O 3eM-
HOM pE30HdHCe BEPTOJieTa HAa HEJHHEHHOM LIACCH B L EJOM,

Kak nepe#iTd oT 3TOH CHJIB K 3KBHBAaJEHTHBHIM JIHHEHHBIM XapaKTepu-
CTHKaM lIacCH, 3KBHUBAJEHTHOH XECTKOCTH H SKBHBAJEHTHOMY AEMIQPHPO-
BaHHIO, MOKAXKEM HA NPHMEPE I1IACCH ¢ YUCTO JHHEHHBIM aMODPTH34TOPOM,
AJsd koTtoporo f,=4k,s. DToT cayyail ObM BnepBbHe HCCJIeL0oBaH XopBeeM
[4]. Ecan npeHeOpeub aeMmmdpupoBaHueM B IHEBMATHKe, ypaBHeHue (4) nepe-
MHIIETCS ANA caydass XOpBEs B BHIE:

k,s(c, -+ cn)S=cnz, (4a)
rie
Z=2z,cosqL.

[lepexons nas yao6¢TBa K KOMIJIeKCcHOU dopme
z =z,
HllleM pelieHHe B BHIE
§= 8§, e,
r1e S,— KOMILJIEKCHad BEJHYHHA, paBHas H3 ypaBHeHHs (4a)

Zy
ik, q Ca + Cn

Cn Cn

SO=

Cuna, ¢ nOMOIbIO KOTOPOH CHCTEME COOGINAIOTCA KOJAeGaHHsd, Bbipa-
3UTCHA B BHIE!:

P=c,s-t k,s=(c,s, + ik, 5,) €19 =

Ca(ca+cﬂ)+ (ka Q)2
Cn Cn ikaq

+ b2 2
CatCn \? (hq : CatCa Y Ry q \?
+ iy (B
Cn \ Cn Cn Cu
Vcnonb3yst COOTHOWIEHUS 2, €4 = 2; 2,igei? =z, moayuaeM:

() ;
n n a
/ C, __}L_ Cu 2 + qka 2 Cn 2 + Ca + Cn 2 + ka q ) Zz. (5)
K Cq Cn ( Cn Cn
JLis cHCTeMH, COCTOSUIEH H3 NapaifielbHO BKJIOYEHHBIX NPYXKHHbBI

u gemndepa (bur. 5), cuna Bepaxaercs yepe3 CMelNleHHE U CKOPOCThL CJE-
AYIOIIUM 06pasoM;

ZO elqt

pP—

P=c,z + k2. (6)
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U3 cpapnenus Bupaxennit (5) u (6) BUAHO, uTO KOB(PPHUHEHTHI, CTOH-

mHe Ipu Z ¥ Z B BHpaxeHHH (D), HMEIOT CMBIC] 9KBHBAJIEHTHON XKECTKOCTH
W SKBHUBaJIEHTHOro neMNGHpPOBAHHA IIACCH B LEJOM:

L coleat ) | (kg )
e T (7;
Cy = Cy ca+cn 2+ M.Q;
e ”_7 < Ca c" ) (7)
k
ky = = 5 -
Cy C

HecMoTpsi Ha TO, 4YTO 3TH BHPaXEHHA NOJYHCHD!
Pur. 5 LJIST HeaJH3HPOBAHHON CXEMBl LIacCH, OHH NO3BOJRIOT
yCTAHOBHTBH pPsJl BaXHBIX KaueCTBEHHBIX PE3YJIbTATOB.

Bo-mepsuix, ¢ pocToM Kosdduumenta aemnpupoBanus AMOPTH3ATOPA
neMlI(pHPOBalme maccy cHauaJld yBEJIHlmBaeTCH, IlOCTHFaeT MaKCI/IMyMa,
paBHOTO

k L __%
9 max =5 7. 1 3
2 gentca)’

a 3aTeM yMeHbUIAETCS M NPH k, — 0o BeJHUMHA kb, — 0.

YMenbinenne aeMidHpOBanus WaccH NpH GOJbIIMX k, CBA3alo C TeM,
YTO NMPH yBEJHUYEHHH AeMnbHUpPOBAHHUA aMOPTHU3ATOP KaK 65l 3anupaeTcs.
CaC
Bo-BTOpHIX, JECTKOCTh L1ACCH C POCTOM R, H3MEHAETCH OT £ = ﬁ%_ ,
a 1
cooTBeTcTRYW0OUIEH £, =0, 10 €, = ¢, COOTBETCTBYlOLIEH k, — 00,
®opMyin (7) MO3BOJMIOT TAKKE OUEHHTb BJUAHME UapaMETPoOB 4, Cay
Cn Ha XKECTKOCTL M JeMIPHpPOBaHHe WWACCH.

§ 2. OMPEJEJEHUE 3KBUBAJEHTHbIX XAPAKTEPUCTHK
HEJUHEWXHOI 0o MACCH

PaccMoTpeHHpIl B Ope/iBiylileM pasjeje ciaydaih XopBedl HMeET TOT
cymlecTReHHBI HeL0CTAaTOK, YTO B HEM HCIOJb30BaHO npeacTaBJeHHC 00
aMopTH3aToOpe Kak O JIHHEHHOH CHCTeMe, B TO BpeMsi Kak aMODPTH3ATOD
peanbHOro waccd H3-3a HaJH4yHsI CYyXOoro TpeHus — CHCTEeMA CYLIECTBCHHO
nesuneinas. OAHAKO MPOCTOTA MOJYYEHHBIX PE3Yy/NbTAaTOB BhI3BaJja y MHO-
THX UccJeloBaTesiefl cTpeMJeHUe NPUCNOCOOGHTh HX AJisi pacuera peajbHhX
waccd. C 3TOH 1eJblo BBOLMICH TAKOH YCJIOBHBIHA KOBGHUIHEHT £,, uTOOGHI
IpH rAPMOHHYECKOM O6KAaTHM aMOPTH3aTOPa 3a IHKJ morjomanach Ta e
pa6oTa, 4To H B CJydae peajbHOH CTOHKH.

XapaKTepHCTHKM 11acCH BHIYHCARAHCH 1O (opMyJaM Xopaes.

Jlo HacTOsAIEro BPEMEHH TAKOH METON, IpHUMEHSABILIHHACH 6e3 BCHKOrO
TEOPETUYECKOTO OO6OCHOBaHMA, Obll €JHHCTBEHHHM. HejpocTaTtku 3TOTO
METOJa CBS3aHLl C TEM, YTO HCTHHHBIH 3aKOH HM3MEHEHHs CKOpPOCTH J[aJeK
OT TAPMOHHYECKOTO H K TOMY XK€ H3MEHSeTcs ¢ AMIJIMTY LOMH.

Mono6HLI MeTOn BCJAEACTBHE YKa3aHHLIX NPUYUH NPHBOLAHT K 3HAYH-
TEJIbHHM KOJNUEeCTBEHHHM ommbKkaM H KadyeCTBEHHO HeBEPUOMY BHIBOLY,
YTO MAKCHMYM AeMI(HPOBAHHA HAccH ¢ QPUKIHOHHOH cTOMKOH paBeH Mak-
cHMyMy JAemndHupoBaHAs JHHEHHOoTo wWaccH. Ha camom nmese OH MNpHMEPHO
B 1,5 pasa menbme (cM. Huxe dur. 13).

B macrosmieii pa6oTe XapaKTePHCTHKH AeMnbupoBaHHA H KECTKOCTH
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IACCH ompeiensoTcs 6e3 Kakux-auGo OPEANOJOKEHHH O 3aKOHE O6KaTHS
amoprusatopa. B atom cayuae S(f) IpUXOXUTCS HAXOAHUTDH U3 YpaBHEHHH (4).
4CCH CBOAHMTCSl TAKKE K CHCTEME NMAPAJIIebHO BKJIOYEH HhIX JHHEHRHBIX
IDYXUH u Nemndepa ¢ XapakTepHcTHKamy, 3aBHCAINHMH OT YacCTOTBl H aM-
TANTY /LB, 9KBUBAJNEHTHLE XapaKTepHCTHKH OnpeiendioTC He 1Mo (hopMmye
XopBed, a U3 PaBEHCTBA SHEPIHH, NOIJIOIEHHHX DKBHUBANCHTHHIM M peaJib-
HBIM ILACCH.
3anuimeM ypaBHeHHS 06XaTUsi 3KBHBAJEHTHOrO WACCH, COCTOSILIEro U3
[IPYHAHLL C KECTKOCTBIO ¢, U AeMndepa ¢ ko3 dunuenToym &,

Py=c,z}k,z. ()

PaGoTa, nornomennas skpupanenTHON CHCTEMOH 3a NEepHoX, paBHa
T T T

E, = s'Psdzzc3 s'zdz+ kaj'zdz.

0 i 0

]

-

T

~ zz
Hns nepuopnueckoro z HHTETpa J zdz — 5 =0.

0 0
PaéoTa, [MOTJIOLIEHHAass 3a HEPHOA peabHbLIM ulaccH, paBHa:

T
E—
|

T
Pdz — gpzjdt.
0

[lIpupaBuuBas paGoru, lioroluaemble 9KBHBAJIEHTHOH W peanbHON CH-
CTeMaMy,
Ea >

L]

1OJIyuaeM Bbipaxenue nJs k.
T
ypé dt
k3 pusy U—T‘—— . (9)
. j 2t dt

0

Bupaxenne n1a sxkBuBanentHoi HECTKOCTH €, TaKXKe HaMaeM MeTomoMm
dHepreTHyeckoro Gasasca [5].

Beuay ananornn mexay MEXAHHYEeCKHMH H 3JIeKTPHYECKHMH KoJeba-

HHAMH, HCNOJL3YeM NPHMEHseMOe B 9JEKTPOTEXHHUKE IIOHATHE pEaKTHBHOM
MOIILHOCTH.

HonyctuM, yto umeercs HEKOTOpOE TeJIo, HAXOAMAIIEECH MOJ BO3€ii-
CTBHeM cuibl P(f) u coBepumainmee NEePHONHUECKHE KoJeGaHus.
i

4

[TpupaBnuBas BLIPAXEHHS PEAKTHBHLIX MOIHOCTEH PE€aAJBbHOH W B3KBHU-
BANEHTHOH cHCTeM, IONYYHM KO3(DDUUHEHT SKBHBANEHTHOMH KECTKOCTH:

jpé(t—%)dz
B Té (T dt
JA

. 1 . T
PeaxkTuBHOI MomHOCTBIO Ha30BEM BHIDAaXKEHHE BHIA v Pzt — ——|dt.
0

€y

5
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A1 YACTO TapMOHHYECKOro 2 3TO BhIpaXEcHUE NECPEXOLHT B

T
Pzdt
s

- (10)
j 22 dt
0

Gdopmyasl (9) u (10) O6yaeM cudTaTh ONPENETeHHEM SKBHBAJEHTHOM
HKECTKOCTH M SKBHBAJEHTHOTO JeMI(QUPOBAHMA INACCH.
[ToacraBum B aTH Gopmysbl NPHHATOE HAMH BBHIpaXKeHHE AJA 2.

2= 2z,Cc0sgt,

TOTAA KO3()GHUUHEHT 3KBHBAJEHTHOTO 1eMI(HPOBAHUA

T T
— [ Pzygsingtat —ngpmnqnuqo
k== —p = ¢ , §1))
o . gz,
Sq- 22sin% gt at

0

a4 3KBHBAJIEHTHAs XECTKOCTb

T T
Soncos gt dt %j‘Pcosqtd(qt)

o= =0 . . (12)
Szgcos"’ gtdt b

0

WMuTterpannt B uncautene dopmya (11) u (12) npeacrasasior coboii co-
CTaBJfAIONIME TIEPBOH TapMOHHKH CHJubl. BBenem Gespasmepnnle Koaddu-

UHEHTH R,, C,, KOTOpPHIE HaM OyAyT HEOOXOJHUMBL B JAajbHeHIieM:

T
(cy + cv) é X Psin gt d (gt)
E . kaq (ca + cn) " 0
37 2 - 2 :
c? ] 2z, 13)
1 S Pcos gt d(gqt)
—_ 63 w 0
0y = —2> = .
c, 12,

PaCCMOTPEHHG HeJHHEHHOro IacCH HauyHeM ¢ HamboJee pOCTOro CJay-
Hasi, Korapa B aMoOpTHU3aTope HMEETCA TOJIBKO CYXO€ TpEHHE.

Cayuyail, Koraja B aMOpPTH3aTOpe MMEETCS TOJABKO CyXOe TpeHHe

OcoBeHHOCTH CHCTEMBI ¢ CYXHM TPEHHEM CBI3daHL C TEM, YTO BEJHYHHA
CYXOro TPeHHsl, B OTJIHYHEe OT THAPaBJUYECKOTO, HE CTPEMHUTCH K HYJIO
NpH yMEHbIUEHUH ckopocTH. Ha ¢ur. 6 naHa THOHYHAA 3aBHCHMOCTH CHJIBI
CyXOro TPeHHUs OT CKOPOCTH.

[Ipocteiimmas uaeanusauus, KOTOpasgs MOXeT OBITh CHeJaHa B CJaydae
CYyXOro TPEeHHH — 3TO HpeanoJoxeHHe, npuustoe KyjsonoMm, a uMenHo: Tpe-
HHe MO0 BeJHYHMHe He 3aBHCHT OT ckopoctu (dur. 7). Taxkas ugeanusanus
BBISIBJIAET OCHOBHHE OCOOEHHOCTH IACCH C CYXHM TPEHHEM, U MH €10 orpa-
HUUEMCH.
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OHDEHEJIHM AHHAMH4YECKUe XaAPAKTEPHUCTHKH HIACCH MAJIsl 3TOro ciayyasn
CYXOro TpeHHs B aMOpPTH3aToOpe.
YpaBHeHHss 06xKATHA IMACCH NPHMYT BHA:

(14)

€nZpCOST—S(Cn + €)= Py, pH s>0,}
CnZpCOST—S§(cn+¢)=—P, npu s<0,

P

Lung mpenust
CUNZ TIPENY T

—
-

nopocmrs
4 Cropacmes

TN

dur. 6 dur. 7

K 3TuM ypaBHeRHSM HeoGXOLHMO n0GaBHTH ycJoBHE ,3ae2XaHusl® aMmop-
TH3aTopa. Ecan cuabl, neficTByouue Ha aMOPTHU3aTOpP, MeHblIE BEJHUHHE
CYXOro TpeHHsi, TO OH He OyJeT OGKHMATHLCS, T. €.

=0 1pu ICnZ—S(Cn—{—Ca)]<PTp. (15)

Pewenue cucremur (14) npoussoaum mo ydacTKaM MEeTOJLOM IPHIACORBHI-
Banusd. IlycTh Ha yyacTke, KOTOpBIH MBI YCJIOBHO HA30BeM mNepPBHM, S >0);

T04Flla S OYNeT H3MEHAThCH B COOTBETCTBHH C MEPBHIM yPABHEHHEM CHCTEMBI
(14) (pur. 8):

§; = % osn— Py _ )
¢ Cp+C,
K 'f\
7\
. / g 7
/ >u yyacmon 7
/
Y 53
/

// -t gvacmon

Gur. 8

Maxcumanbnoe sHaueHHE S; MPHHUMACT NPH COS T == I:

Crlzo PTp
S1max = -

Cn+ ¢, Cntc,

CkopocTe § B 9TOT MOMEHT paBHa Hymo. [Ipu KajbHEHIIEM H3MEHeHHH
Z aMOpPTH3aTOp HE Oy/leT 00XKHUMATBCA AO TeX TOp, NOKAd He HapyWHTCS
ycnosHe (15), T. e. 10 MOMEHTA, KOrJa BHPAaXKEHHE |Cy Z COS TF ~— Smax (ean+c,)i
HE CTaHET pABHHIM BelHYHHEe P.,, IpUYEM B 3TOT MOMEHT CHJa TPEHHS
OyAeT HampaBJieHa YXKe B OGpPATHYIO CTODPOHY.
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Taxum o6pasoM, BpeMs <*, B TedEHHe KOTOpPOro CTOHKa OCTaeTcs He-
NOABHAKHOH, ONPeLeSinTCH COOTHOIUEHHEM:
2P,

a2,

cost=1— (16)
Ilpu nanpHefillleM H3MEHEHHH Z CTOHKA Oymer OGXKHMATbCA B COOTBET-
CTBHH CO BTOPBHIM ypaBHeHHEM cHCTeMHl (14), T. e.
Cn 2, COS T Py,

S, = -
2 o+ ¢, Fcn—}-ca

Ha ¢ur. 8 nokasan Bug QyHkuuu s().

I'padux cxopoctu amoprusaropa (dur. 9) npeactaBasger co6Goli CHHy-
COHIY C BHIPE3aHHBIMH YYaCTKAMH, COOTBETCTBYMOIMUMH 30HaM ,3aelaHus”,
rae s’ =0.

Cootnowenune (16) mnokas3biBaeT, 4YTO TNPU YMEHBUIEHHH BEJHYHHLL

P,
— 1o Hyas cost® — 1 u, caedo- ’
Cn 2, S
BaTeabHO, t* — 0, T. €. 30HL ,34de- /
nanusa“ ucyesaor. Haobopor, npu % /
P,,=c¢nz, 30Ha ,3a€JAHHA“ 3dAHHU- -
MaeT BeCb MNEPHOR COSt¥F— — 1, \ z
¢ =,
Ilpu PTp>cnz0 aMOpPTH3ATOP
BooOule He OOXHMaercs H KoJe- ®ur, 9
6aHHusT NPOHCXOASIT TOJBKO Ha OJ-
HOM INIHEBMaTHKe.
Cuna P, neiicTByiolias Ha luaccH, 6ynert:
P=Cn(Z—S).
Tlpu =<{7*, T. e. KOrja cToiiKka HAXONHUTCA B 30He ,3aeNAHHA®
Cn?2 PTP
P = ¢n(2 — S1max) =¢ul| 2,c087 — 0 . 17
" St = 6o\ 20008 - G e T et a (n
Korga croiika o6xumaercs, T. €. npd ™ >t > 7,
CnZ, PTp
P=c¢n(z—8,)=0¢ <z cosr——Lcosr—m>=
( 2) n 0 CH"'I_Ca Cn + Ca
€120COS T P
= ca| —20 -2, (18)
Cn 4 Cy Cn+C,

Cuna npeactaBasieT coGoil HEJNUHEHHYIO (DYHKIHIO; ONpEeIeSHM ee mep-
BYI0O TapMOHHKY:
P, = B;cost+ B, sinr.

CocraBasiowas CHJH, HaXOLIHII_LaﬂCH B (pase ¢ mnepeMeureHneM, 6yner:

B p d ( C?IZO PTan ) d +
= costdz—= — | | fnZyCOST— — costd=
J J neo Cu 1€, Cqi+ ¢,
/ C, C P’l‘
+ —2-M_ z,cosT— ? >cos cdr =
Ca ‘]“ Cn Cn + Ca
2 Cn P,p .,  Chzsint® ctzy | ¥
—nZy+ — P sin of — _ — ). q9)
7 (¢n+¢a) T(at+¢)  CntCy ) =
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CocraBnsomas cuianl By, Haxoasmasca B (aze coO CKOPOCTHIO mepeme-
1menusa, 6yaer:

fad

- 2z P.,c
BZ:%JPSintd'c:— %f(cnzocosr—- T P )Sintdt +
0

tn—¢, Ccn+c, /

0

2 - Ca Cn PTP Cn N — Cn 4PTP i PTp )
+ = ((————Cn_*_ca zocosr———cn_l_ca)smtd =T = (\1— oz ) (20)

v
¥

OKBHBaJEHTHAS JKECTKOCTb M SKBUBAJCHTHHH KO3pQHUUEHT aeMndu-
POBaHHUA CHCTEMHI BLIPa3ATCA COOTBETCTBEHHO Kak:
B, — B,

__ZO’

3

Beensi 6espasMEpHbIE BEJHYMHH C, H £, OyleM HMEeTb:

et Ll 22 :
T ano CnZO

(21)
— C,

. — Cn . C
> ¢, +cCn

ca‘f"cﬂ T "T(Ca:;‘c")

sint® cost*.

_.l__

MakcumyM 3KBHBaNEHTHOro JeMn@HPOBaHHS, KaK 3TO cjaenayeT U3 ¢op-
myan (21), pasen 1/=, T. €. B ©/2 pa3 MeHblle MaKCHUMaJbHOro AeMIMUPO-
BaHHA, KOTOPOE MOXKHO IIOJYUYHTEL NPH JHHEHHOH CTOlKe.

P,
M3 Breipaxenust (21) MOXHO HCKJIOUYHTb l1apaMeTp p ; , TOTIa [oJjay-
n <g
uuTcd QopMmyna, HENOCPEACTBEHHO CBSI3BIBAKOINAS 3IKBHBaJeHTHOE jeMidu-
pPOBaHHE H KECTKOCTD:

J— ca ) c]‘[ . ;-;i—‘_ ;_'____’T:“'
s el [arcsml/uks V =k, (1 ﬂks)}, l

c V? —_— 1 (22)
o =1 ._m[arc sin ﬂka—Vﬂka(l--zka)J,
3Ta 3aBHCHUMOCTb AJis —C—Cf—c— = 0 u3ob6paxena na cdur. 10,

W3 cpaBHeHHS 3aBHCHUMOCTEH K, (€5) AJMSA CYXOrO TPEHHS M JAJS JHHE-
HOTO TPEHHUSI B CTOHKE ClelyeT, 4TO NpH
OJMHAKOBOH 3KBHBAJIEHTHOH KECTKOCTH

= TTUHCTH eIl
4 ZMIGITTUIRTIOT 3KBHBAJICHTHOE JAeMI(HUPOBaHHE MWACCH

] N C CYXHM TpeHHeM MEHbIIEe, YeM ¢ JH-
494 HEHHBIM.

~< ITpubnuxKenHbH MeTOA JHHEApH3a-

47 P . N \ UHH, NpHHUMAOIWIKUH TrapMoHHYecKoe 00-
> ;;gg; 4oyhbl M\ =®artue amoprmsaTopa, maet caeiyomee

[ | l | BhIpAXeHUEe AJs peMndupoBaHUs:

— . / 1 1

Vi 4z 4% 45 44 B—  /

3

./

(&)

Ea

bed
&~

=3/ 7=
V)
dur. 10 4
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CpaBHeHue 3TOro peieHnss ¢ TouHHM (dur. 11) noxaswBaer, 4TO TaKOH
MeTol IJd IacCH, T. €. CUCTEMB C ABYyMSl CTENEHSAMH CBOGOJBI, MPHBOAHT
K 3HAQUUTEJBHHM OWHOKAM,

ARNAN HEEEEEEN
J4 I \\‘,//J%ﬂvaWﬂmﬂWﬂﬂAWﬂA@MZMWWﬂ
’ N LTI 1]
47 /’“n \</>//w@%Mfﬁﬂmﬁwf
\\

224 \~§,

7 NN
91 ‘,' - |

P
g4z 4¢ 45 45 a0 42 ik 44 Z) 7
dur, 11

C.ﬂyqaﬁ, Korjia B aMOPTH3ATOPE HMEETCH CYyXO¢
H THAPABJIHYCCKOC JuHediHOe TpeHHe

[TpocreiimuM  BuAOM  (GPHKIHOHHO-THAPABJIHYECKOTO  aMOPTH3aTOpa
ABJAAETCA aMOPTH3ATOP C CYXHM H JMHEHHHM Tpenuem. [as sroro amopTH-
3aTopa

fa:j,L_P-rp +kas-
JuHaMuyecKkie XapaKTEePUCTHKYU laccH ¢ QPPUKUHOHHO-TUHEHHBIM aMOp-

TH3aTOPOM OIpereIUM, YUHThIBas _U.eMH(I)HpOBaHI/Ie B NHEeBMAaTHke, 4TO AJIs
ATOTO CJjayyasd NOUTH He YCJIOXHACT PCLICHHI.

Ypasuenue o6xaTusd CTOHKH NPHUMET BHAL:
CaS+ gk, + Prysigns’ = cn(z— ) + qha (2" — ). (23)

Kax u Ans wmaccH ¢ 4YHCTO (PUKIHONHOH CTOHKOH, peuidM ypaBHCHHE
(23) MeTonOM NMPHNACOBLIBAHHA.

PaccmotTpuM oTpe3ok BpeMmeHnH, koraa s < 0. Hawano sToro ywactka
0603HaYuM depes t*, KOHeLl — uepes T,.
YpaBHueHue o0XaTHA WIACCH AJSL 3TOr0 y4acTKAa MMEET BHA:
€, S+ gk, 8" — P y=1¢y(2—8) + knq (2 — ).
YuuTHIBAN, YTO Z = Z,COST, HNOJyYaeM:

€y Cq CuCOS T — @k sin < P,
TS =% ; -+
q(ka+ kn) q (ks + kg) q (ka + kn)

BBojasg BMecTo T HOBOE NEpeMeHHoe T,, CBA3aHHOE ¢ T COOTHOIIEHHEM

s+ (24)

e
COS'\:__qkn sint = cost, ‘/ 14+ EC—,?"—

n n
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H o6Go3nauas
k — q (ka + kﬂ)
Ca + Cn

= G2y T3
z = Prp" V1+4n,,, (25)

s(ca+c")
ez, V1+4an: '

’

;:

TPHBOAHM ypaBHeHHe (24) k BHAY:

-, 1 - 1 1
5 +Ts:7<cosz+-z_>. 26)
[loncrasasst B dopmyns (13) Benuumnmb (25), noayuum:
1 2n 1 2x
) (ca+cn)—n—§Psimdt (caJ,—cn)—ﬂ—OScn(z—s)sinrdc
o= — 22, - 2z, =
2n _ 2n
=27_lnca—+i—}—(l —-425)—1— ) gsin":d‘t—4n"JS—COS’c dr,
Cy T . T
0
n (27)
%jpcos tdt 2
-0 15 q_am (s _
Cy = tnz 1 T, (1 4n“)Jscos:d1
0
4_ 2w
Ny Cn (— .
-_ m S Sln'td't.
0

Beelem nas nepsx ko3dduuueHTOB pasnoxenuss s B pas Pypoe

0603HaYeHUS:
2%

-] 1 %=,
S =—jssmrd1,
T
8
1%
s =——5‘scos'cd'c.
T (1]

Torpa gopmynn (27) npumyr BmA:
ky— 21, i;_*f_ +(1—47) 5 — 47a ", ]
" (28)
Cn
Ca *‘}_ Cn

e —1—

(1 —4n2)s" + 47,5 J

Tenepsr HeoGX0oAMMO ONpeneHTh 3aBHCHMOCTDL BENHYMH s' u s" or Ges-
Pa3MepHOH aMILIUTY bl KoJeGanuii wacen z. Ipencrapum 3Ty 3aBHCHMOCTDL

B T4pAMETPHUECKOM BHAE, AIA STOrO BeJHWMHH S, 5" M Z BHpasum uepes
™ H ot
-
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W3 ycaoBusi, 4yTo cxopocTh 06KaTud aMOpPTH3aTOpa B MOMEHT Hadaja
3aeflaHds T, U B MOMEHT TpOraHMs t* paBHa HyJIO —

5 (5) =5 (%) =0,

NOJy4YuM ypaBHEHHE, CBsI3mBawolee t* M 1,:

—  —*

& . 1 s\, h— . kcost,  sint, _ g
( T3 77 Cos® +——~—1+k251n1>e +1+k2 1F &2 .

ATo ypaBHeHHEe JerKO pelaeTcsi, €cJH BBECTH BpeMs ,3aellaHufd* aMmop-
TH3aTopa 8 =1, —<*. Torma nia BHIYHCIEHHA <, H T* NMOJyYHM aHAJHTHYE-
CKHe (hOPMYJIHL:

sin @
< —arctg k + arctg ——— ,
e—?—COSB (29)
¥
Ty ==1F + S.
Hs yCnoBHA, 4TO CHUJBl B aMOpPTH34ATOpE B MOMEHT OCTAHOBKH H B MO-
MEHT TpoOranusa aMoprTH3aropa paBHbl, COOTBE€TCTBEHHO, PTp—_—_"PTp) a

s(1*)=—5(z,), T. €.
€28 (%) — Prp = a2, €087, — S ()] + ka g [— 298I 7],
€, $(v*) — Py = a2, o8 7% — 5 (1*)] 4 ka g [— 2o sin*],
s (%) =— s (%),

2
*
cos t* 4 cosr,

nojyuaeMm
(30)

z2=—

lloacraBnsasg B Bmpaxenus ajs s! u s!! 3spayenne 1, MOJYyUYeHHOE M3
pelmleHus ypaBHeHus (6), uMeewm:

a1 k sin 2 t,, — sin 2 <* cos2x,, —cos2t*

RS Ry [a_ 2 + ok ’ a1)

S 1 1 a_sinQ*zm-7——sin2ji’°_*_k(cosQ'cm~—cos2~c*)
w1k 2 2 |

Dopuynst (28) — (31) MO3BONAOT HAWUTH 3"_,_5"

KaK (YHKIUH aMILIATYAB Koje6GaHHH 1naccH 2.

Pe3yaLTaTHl BHUHCACHHH K, U C», NMPOBeJEeHHHIE 63 Yyuera aemMndupo-
BaHMS B NMHEBMaTHKE IJs PasIMuBHX 3HaueHmir k£ (cayuay k=0 cooTBer-
CTBYET YHCTO (MDPHKLMOHHOH CTOlKe), npuBeaerH Ha ¢ur. 12—14. Ha ¢ur. 14
H306paxena TaKKe 3aBHCHUMOCTb B, (C5) MAacCH ¢ YHCTO JIMHEHHHIM aMOpTH-
3aTOpoM (MyHKTHpHas KpuBasi). KpuBhe 1Lis IaccH ¢ JHEEHHO (QPHUKUHOR-
HEIM aMOPTH3aTOPOM CBOHMH KOHIIAMH JieXaT Ha 3TO# KpHBOH. DTO 3HAUHMT,
4TO NpH GEeCKOHEYHO OOJILIINX 3HAYEHUAX z (QPHUKIHOHHOE TPEHHE B aMOp-
TH3aTOPe HE OKa3biBaeT HHKAKOrO BJHAHHS Ha paboTy wmaccH. L

OTMmeTHM, YTO NIPH OTCYTCTBHH AeMI(QHPOBaHUS B NHEBMATHKE ks =s',
T. €. 3dBHCHMOCTH, mpHBeJeHHbie HA ¢ur. 12 m 13, MOXHO HCHOJbH30BATDH
AT BbIYMCJEHHS ks H C» C YUETOM JeMncdupoBaHHs B nHeBMatuke. s
3TOro HYXHO BOCNIOJb30BaThCs dopmynamu (28).

IMpoananusupyeM BJIHsIHME XapaKTEepPHCTHK AemidupoBanus B aMOpTH-
3aTOpe Ha JHHAMHYECKHE XaPaKTEPHCTHKH 1IACCH B LEJOM.

,a CIej10BaTeJbHO, R U €y,
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KoahGHIMEHT NHHEHHOTo AeMI(HPOBAHKA K, BXOJAUT B OKOHYATEIbHbIE
dopmynsl nuwib B BHAE 6€3pasMEpHOrO mnapamerpa
p— 9%

Cy

[Ipy yBeJHYEHHH 3TOTO mapamerpa oT HyJsd A0 ~ 0,5 sKBUBanenTHOE
AemndupOoBaHKe WaccH Ha GOJIblIEH 4ACTH AHANA3OHa aMIUIMTYL yBEJIHUYH-
paeTcd ¥ JHIIb Ha MaJjblX aMIJUTylax He3HAauUUTEeJbHO yMeHblUlaercs, T. e.
10 CBOHM JAeMnHPYIOUMM CBOHCTBAM IlacCH CTAHOBHTCS Jy4lle. 3aMeTHM,
yto ks HE mpeBbimaeT 3HaueHHs 0,5 — MaKCcHMManbHOrO 3HAUYEHHSH, MOJYYEH-
HOro AJs 4YHCTO JIUHEHHOTO aMOpTHU3aTopa.

[Ipu snaueHusix k, 6OJbLIAX €AHHHIE, YBEJHUICHHE k£ NPUBOJHT K yMEHDb-
LIEHHIO PKBUBAJEHTHOTO AEMI(QHUPOBAHUA WIACCH BO BCeM JHAla3OHe aAMILIH-
Tyi. Tak KaK k 3aBHCHT OT YacTOTH ¢, KOTOPAs AJs PA3JHUHEIX 30H 3€M-
HOro pe3oHaHca pasjiuHa, MOXET OKa3aTbCi 1eaecoobpasHblM 1A KaxKoH-
1160 M3 30H BHIOPaTb 3Hauenue k paxe GoJsbile €LHHHIBL C TeM, 4yT06H
AJ8 ppyroi, GoJiee omacHOH 30HBI OHO OKa3dJ0Ch ONTHUMAJBbHBIM,

Bropoii nmapaMeTp, Olpele/NTOUHH aemndHupoBanue B CTOHKe, P, BXO-
AUT B 6e3pa3MEpHYK aMIUIHTYyLY 2. [Tpu yBenuuennu P, yBeauuMBaeTCH
AManasoH aMILIHTYH, TPH KOTOPHX CTOHKA BooOIe He paboTaeT. YMeHblie-
Hpe P,, TPHBOAMT K TOMY, 4TO o6nacTs 60JBIINX 3HAYEHHH AemudupoBa-
HHUSA pPeanu3yeTcss PH MEHhIIHX AMILIATYAAX obxaTHa IaccH 2.

CpaBHeHHE HIaCCH C JIHHEHHBIM THAPABJIHYECKAM peMnPupoBaHHEM
B amMopTH3aTOpE, KOorAa K, noio6paH us3 TpeOOBaHMA ONTHMYMa AeMilpUpO-
BaHMS, C IIACCH, B AMOPTH3aTOpe KOTOPOro UMEETCHA TOJAbKO CyXoe TPEHHE
(LAt M3BECTHBIX HAM IIACCH B pEajH3yeMOM JHANa3sOHe aMILIMTYJL Cyxoe
TpEHHE HBJSETCH onpejesioluM), MOKAa3hBAaeT BHIFOXHOCTH mepsoro. Mak-
CHUMyM AeMI@HPOBaHUs BO BTOPOM ciaydac B n/2 MeHblle, YEM B INEPBOM
(cm. qur. 10). UTo KacaeTca BJIHSHHMA XKECTKOCTHHX MNAPAMETPOB, MOKHO
CKa3aTh CJEAYIOIee: YMeHbIleHHe ¢, BCerja yBeJNHYHBAeT SKBUBAIEHTHOE
aemndHpoBaHHe, TAK KaK
k . kSCIZI
? (caten)q”

Biiusuue ¢, Ha € OOBIUHO HE3HAYHTEJLHO.

JKeeTKOCTh TTHEBMATHKA BJHAET He TOJNBKO Ha ks, HO M Ha z. Kpome
TOTrO, Cp CHJABHO BJHSET HA KECTKOCTb UIACCH, a CJAeNOBATeNbHO, HA cob-
CTBEHHBIE 4aCTOTH BepTojeTa. [[0aTOMY OT BEAHUYHMHE Cq 3ABUCHT HE TOJIBKO
pacnosiaraemoe aeMndupoBaHUe MACCH, HO 4 neMndupoBaHHe, HEoOXOLHMOE
ISl yCTPAHEHHA HEYCTOMUHBOCTH.

Cayu4ah, KOrjla B aMOPTH3AaTOPE WMeeTCsl CyXoe W THApaBAHuecKOe
TpeHue, NPONOPUHOHANLHOE KBAAPATY CKOPOCTH OOMKaThs
aMopTH3aTopa

WccaesoBaHve WACCH B 9TOM ciayuyae OyaeM UPOBOAMTD, IpejnoJarasd,
4yTO JAeMI(HPOBAHUE B NHEBMATHKE OTCYTCTBYET.
dyHKUASA LeMIPHPOBAHUA

fo = (P, +os?)signs.
Ypasuenue 06GXKATHS aMOPTH3aTOPa BHIPASUTCH CJACAYIOUIHM o6pasom:
a2 — 8) = ¢, § | (Prp +08%) signs. (32)
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Paspemnm ypaBHenHe (32) OTHOCHTENBHO CKOPOCTH S:

l‘ |fa‘_PT

:9= P Sigl‘lé an lfal>p'rpy
(33)
s=0 npu | fo| < Pyp.

B 3Tux ypaBHeHHMAX 3HAK CKOPOCTH OCTAETCH BEJIUYMHOIN HeonpenenesH-
Hoi. OLHAKO OH MOXET OHLITb CBH3aH CO 3HAKOM (pyHKUMH f,; AJA 3TOrO
BOCOJb3yeMcs ypaBHeHHeM (32):

Ja=(Pxp + os?)signs.

Beanuuna, crosimas B ckobkax, BCErJa noJoxuTe/bHa, CleloBaTelbHO,
3HaK f, GyldeT onpeneNsTLCH 3HAKOM S, H B ypaBHeHuax (33) MOxHO 3ame-
HUTb signs na sign f,. Torpa ypaBnenus [MEPENHIIYTCA B BHJIE:

V|fa|_Prp
== "signf. npu £, > Py, a
s=0 npH lfal<PTp'
Beenem GespasmepHbie BeJHUUHHL:
- CnZ . —_(Ca+cn)s. . . o QQVPTPG 35
TR, TR, T e W
YpaBueuue (34) npumer BHAI:
s =V 73 =1 F—;
E V |z—s]| sign F npu lf ._s*l>1, } (36)
s =0 npu |z—s|\<1,

rae WTpHX O3Hayaer NPOU3BOAHYIO IIO 7.

B Takom BuIe ypaBHenMe pemanoch ¢ MOMOIBIO 3JIEKTPOHHTErpaTopa
¥ NPUOJIHKEHHBIM aHaJHTHYECKHM METOLOM.

Ilns mocTpoeHHst nPHGAHKEHHOTO pellleHHs GBLIO WCIOJb3OBAHO TO
OGCTOSATENbCTBO, YTO IPH GOJBIIKX AMIJIUTYAAX KOJNEGAHHE I1acCH (z —>20)

. s
Konebanud CTOHKH GYyAyT OTHOCHTENBHO MaJbl (—z—~> 0} BCIEACTBHE TOrO,

4TO THIDPABIMYECKOE CONPOTHBJIEHHE BO3PACTAET NPOMNOPLHOHAILHO KBAaj-
paty ckopoctu. IlostoMy mast GONBWHX Z B BHpPAXKEHHH |2 — s| MOXxHO
OCTaBHTb TOJbKO Z, H, CJE10BaTefbHO,

z—s=F=F,sinr. (37)

Bynem cunraTh, 4TO 3TO BHIpaXeHHe COXPAHUTCS U NPH Madux z. Takoe
NPELNOJONKEHHE O3HAYAET, YTO MHl 3alaeMcs ONpeJeneHHBM BHIOM pyHK-
uuH 2z (%), OTIHYHHIM OT TapMOHHUYECKOTrO.

CoxpaHsisi M s 3TOro Ciayyas onpeneneHus

T T
{ pzat | Pzt
b m— =i
2 gt [ 22 dt
J- J-

H BBOAS omnpeleliende aMmMIUIMTYAb OONIETO OG6GXATHA HIACCH H3 COOTHO-
HIeHHus
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noJiyyaeMm NpUOJIHXEHHBIE dHATHTHUYECKHE 3daBHCHMOCTH ks (2,), s (2,). B Oes-
pasMepHOH (OpME BTH 3aBHCHMOCTH BLIPAXAKTCH opmynamu:

= Fo Sn

k9= 1 2= 4
2 )
F()—l——n—afs dt
2r
ey
- c =
Ca:l—cJ:c 01 5o , (38)
a n 2 -
F()—I— s'*dt
y
_2___F2 2 __4_-_27:—12
zo=Fp u+ﬂF§ s%dt |,
0

rie
2%

,._/ n 9 1 1 ___1_ 1
Js”d-c—llFo (F—O—l/l-———ﬁ Fg arccosffo) ,

0

_ — 7 0,55645  0,19544
snz%VFofl arccosTlc—(%— ’ F ’FQ )
0 0

Ha ¢ur. 15 npuBefeHO CpPaBHEHHE R, (2), MOJNYUEHHOE MO 3THM dbopMmy-
AaM, ¢ pesyJibTaTaMu 3jekTpoMmoienuposanud. CpaBHEeHHE TIOKA3LIBALT,
YTO NOJYYeHHas anmpOKCHMalusa SBJSETCS yLOBJIETBOPUTENLHOH U DOpPMY-
namu (38) MOXKHO M0Jb30BAThCA NPH PACyeTaxX 3EMHOrO pE3OHaHCA.

; I S Sy QU S . o
y I j>"\/l % R e
”,4 7 " = J I 6N ~ '.\
“r= 3< N N B
ﬂj . Pl R - \ \J‘
? & N — T A N g TN
q2HE N [ > ~J7 o>
% P Y \'\--r'b' ] ~d ™~ -
IR S S Q. - h ~ -
q7 46" 1 \\\ . . — \"<;; —~ T \\
/A j i T R C—— 24 —— — "~
e o T s
g 72 44 46 46 10 12 14 16 18 20 22 24 26 26 J0 J2 4 ly 724
APUOAUNENREE PCYERT 2y
o JNEKIPOrMOdEnLpoban e
Pur. 15

3aBHCHMOCTD R, (C,), BbUMCJeHHas 1o ¢opMmynaam (38) Aus pasJH4YHBIX
3HAYeHHH u, npuBeneHa Ha dur. 16.

OcranoBuMcsl noapobnee Ha rpadukax ¢ur. 15. Ilpu 3Hauewuax napa-
MeTpa #, MEHBIIMX €AMHHUILE, KPUBbIE MMEIOT NBA MAaKCHMyMa, nepBbld H3
KOTOPHX COOTBETCTBYET YHCTO (PPHKUHOHHOH cTO#iKe, BTOPOH — YHCTO THA-
paBanueckoit. [lpu u>1 o6a maKcuMyMa CJHBAOTCH B OAMH. Tak xe, kaK
s Cydast THHEHHO-QPHUKIHOHHOM CTOHKH, MakCHMyM KoadguluenTa SKBH-
BaJIEHTHOrO AeMnHpoBaHHsi kK, He mpeswminaer 0,5.

O6patumca x rpaduxam ¢ur. 17, rae nocTpoesa 3aBUCHMOCTD pemndu-
pOBAHHSL B IIACCH OT X, KOTOPas MPH NOCTOSHHOM 3HAYEHHH Cy z|P.p, dakTu-
YecKH SBASIETCH 3aBUCHMOCThLIO OT XapaKTEePHCTHKH TMADABIHYECKOTO AEMI-
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¢bHuposanus o croiku. IlapamerpoM B 3TOM cayuae SBJSIeTCH OTHOLICHHE
¢;2/P.,— npuBeaenHas aMIIHTy1a KosneOaHui waccu. [l Benaduunn 1=0,28
Lz
P,
BAHHSA IUACCH BHITOJHEE HECKOJBKO yBENHUYHUTh KO3((PHLIUEHT THIpPaBJIHYe-
CKOro CONPOTHBJIEHHS, T. €. YMEHBIIHTbL AHAMETPBl NPOXOAHBIX CEYCHHII.

9TO 03HAYaeT, YTO B JHamaszoHe 2 <

<20 ans yBenwueHUd AEMIDHUPO-

, AuURELHIL T7PERUE
™~
45 P ey TYT¥ TR e
&=428] ‘/A’/ \_ﬁz\u‘%\\
420 L 7
44 A
A KR d—rT 1 [ T Tl N\ #=45
77 Zal | el >\\‘\/‘
, (B =l SN
£ 1T Epanguonnee| NI\ N
42 s v MPERUE ANENY
/1" N

AVAe >N 1]
g4 /, /\ _.";L ‘\\\ -.\\ [Lf =5
5 7 \ ~ ‘~‘~ o -
[ Y7 . AN 7p 4
27 //' N : 70
5 l/ \\ \\) \\ \\\N ~ 20 5
h - RpZ4
42 \ \ ~ \\ 9 ‘74\ .\\/ D -
N ~ ] VR R o M
~ Pt =S
\\ \"'\7/“*______.—-
q7 —— m— e S
[ —
1
g 7 2 J # u s
Pur. 17

YunTbiBasg, 4TO M AJAS APYCHX BEepPTOJETOB COOCHOH, OAHOBHHTOBOH H npo-
AOJBbHOH CXeM BEJHYHHA 6e3Pa3MepHOro mapamerpa i MajJo OTJHYACTCH OT
OPHBEICHHOrO 3HAYEHHA, MOXKHO CLeJaTh BHBOL, YTO YBE/IHYEHHE THApPAB-
JIMYECKOr0 CONPOTHBJICHHS IIOBHILAET CyMMapHOe AeMI(GHPOBAHHE INACCH.

3HayuTeLHOE YMEHBUIEHHE TPOXOAHOrO CEYEHHS MOKET NPUBECTH
K YMEHbIIEHHIO KoapdHuHenta aeMudupoBanug maccd. ONHAKO CTOJb 3Ha-
YUTEJbHOE H3MEHEHHE IJIOLIAAH MPOXOAHBIX OTBEPCTHH HEpeadbHO, TaK Kak
NpH mocajKe Takasi CTOHKA He Oy[eT MOrjaomarb Tpebyemymo padory.
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Pemenne ypaBHeHH# BBIHYXAEHHBIX Koaebamuil maccu
C NOMOLILI0 AEKTPOUHTErpaTopa

B =xopxe BLIIOJHEHHH PabOTH K IOMOIMH 3JEKTPOMOAEIHDPYIOIIUX
YCTPOHCTB NPHIIJIOCH NPHGETHYTh JHIIL B OLAHOM Clydae, HE AONYyCKaBIIEM
TOYHOTO AaHAJHUTHYECKOTO pEIIeHHsd, a HMeHHo: B ciayyae QPUKUHOHHO-
KBaZpaTHuHoro aMmoprusaropa. IIpu pacyerax ¢ HCHOJIb3OBAHHEM PEAJBHBIX

3aBUCHMOCTEH f,(S), MOJyUYeHHHX H3 3KCIEPHMEHTA JJisi KOHKDETHHIX CTOEK,
IpUMEHEeHHe cYeTHODPEeanllnX MAllWH OpeicTaBagercd HeobxoxuMuM. Hpu-
MeHeHHAsi HaMH METOJHKA 3JIEKTDOMOJEJUPOBAHHA MOXET OBITh HCHOJB3O-
BaHa U AJA 3TOro obuiero cjayyvas.

Ha snekTpoHHTErpaTOpe MOAENHPOBANOCH YPAaBHEHHE KOJeGaHHH Wacch
OpPH HYJEBOM JeMndHpOBaHHH B NHEBMATHKE:

i

=2 V[z—5[—Tsgnz -5 npu |z—5[>1,
s=0 npu |z —s|<1.

BJok-cxeMa ypaBHEHHss M JOTNOJHHUTEJbHHX INENeH, ¢ MOMOUIBIO KOTO-

pHX OblJIa mOJyuyeHa cHia P, AeHcTByolias Ha 1acCH, NPEACTaBJAEHAa Ha
¢dur. 18.

Jne s 5t st Vsl =
-l

R = =
k Asint Fsirc 7 ol 21
Src | V74 } Trors (Rsine-2)dc G g, u T

(Aeost-z)de

7
7 2 7 =2, =,
£ 5 o, 2,— ’ ¢ e r
Reost -7004 2" Low T2
z c, s

$ur. 18

Jins MOBLILIEHHS TOUHOCTH ONpEeNe U HCKOMbIX BEJIHYHH HA DJEKTPO-
HHTErpaTope B ypaBHEHHe OHJ BBeAeH MacmTaGHBIA KOMOHUHENHT 7 cje-

LYIOULHM 06pa3oM:
i_. ,,2, ‘/‘_z_g_\ _1_ i _ 3
- = P = sign(z — s). (39)

[Tpu mo6GoM 3HAYCHHH Z BEJMYHHY 7 MOXHO mojpobparb Tak, yTOOHB
AMIUIUTYLE HCKOMBIX BeJHuMH Gbitn mopsaka 50-—100 em (3TH aMmiuTy bl
onpejesioTC HAa HHTErpaTope ¢ HaUMEHLIIMMH MOTDPEUIHOCTSMH).

ClesyeT OTMETHTb elllg OfHYy OCOGEHHOCThH CXeMbi, CBf3aHHYI ¢ pabo-
To#l 6/0Ka HeAHHEHHOCTH, BOCUPOM3BOASNIETC ONEPALHIO H3BJCUCHHA KBal-
pataoro kopHs. IIpu oTpunaTeNbHBIX BeJHYHHAX, HOLAHHBLIX HA 3TOT 610K,
OH BMECTO HyJEBOrO HAampsiKeHus, Kak aro TtpebyeT ycaosue s’ =0 upnu
|z—Ss| — 1<0, naBan Ha BhIXOZE OTpHUATEJIbHOE Hanpskenue. [lad yHHd-
ToxeHHA »Toro 3sddekTa B CXeMy OBJIO MOCTABJIEHO JAONIOJHHTEJNbHOE
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pene A (cM. ¢ur. 18), KOTOpOE B COOTBETCTBUH CO 3HAKOM BHIPAaKEHHS
|z —s|—1 Boimensnio nu60 HyJNeBOe HANPSAKEHHE (T. €. NEeb COELHHANACH
¢ 3emueit), 1u60 RanpsikeHue, pasnoe V' lz—s|—1.

Byksoit B na cxeme o603HaueHa 1LENb, C MOMOUIBI0 KOTOPOH 1O (op-
MyJe

Pot st k|2 5|

onpeaenadyach cuia, JAeHCTBylIad Ha CTOHKY.
Pemenue NPpOU3BOANUIOCHE B MNPEANOJOXKEHHUH, YTO acCH coBeplaer
KOoJNeGaHHs MO 3aKOHY Z=2Z,sin<. J[lad 3alaHHs TrapMOHHUECKOTO 3aKOHa

HM3MEHEHHS Z CJAYXKHJ KoJebaTenpHult KoHTYp C cO CTaGHJIM3HPYIONIHM
YCTPOHCTBOM, NO3BOJSMIOULHM B TEURHHME NJHTEJBHOrO BPEMEHH NOJJAEPKH-

BaTh NOCTOAHHYIO aMIIMTyAy KoaebaHHH 2.
FapMOHHYECKH H3MEHSIOLIHECT BEJHUYHHBl 2Z,SinT H 2Z,CO0ST CJAYXKHIH

H JJA ONpEJeJIeHHS COCTABJALIUX nepBoii rapMOHHKH cHJ. C 3TOH Iebio
Ha 6JIOKaxX NPOM3BELEHUS MOJIyUH-

Juch BeJuuHHH Psint u Pcosr.
HHTerpansl 9THX BEJHUYHH, OCpej-
|
—>  HeHHbie 0 BpeMeHH, Tj Psintdr,
Z 0
\/ \/ 1 :
TS Pcos tdt npencrasasior coboit
0
ﬂ COCTABJAKIINE NEPBOI TaPMOHHKH,

HaxoAdaUiuecsa COOTBETCTBEHHO B

T  (dase c nepemMemiendeM H B (ase co
7 CKOPOCTBIO TepeMellleHusd IaccH.
OcpenseHue OPOM3BOAMJIOCH CJe-

AyounuM o6pasoM. Ha unrerpupyio-

Wu# 6JOK noaaBaiuch NPOH3BELe-
\ (\ r\ Husag Psint uaa Pcost M OOCTOSH-
U U U\ ]
‘S-I

Hoe HanpsxeHde x. BeaHuHHa X,
IPH KOTOPOH CcpejHee 3HAUEHHE HH-
Terpajsa O0CTaBaJioCh MOCTOSHHBIM,
oTipeensija COCTABASIYIO NEePBOH
rapMOHUKH CHJB. 3TO YCTPOHCTBO,
ABasgoneecs pakTHUYECKH TapMOHHK-
YECKUM aHAJU3aTOPOM, NO3BOJSET C GOJbIIOH TOYHOCTBIO ONPEAeNsiTh CO-
CTaBJAIOIIME TapMOHUK JI060H NepHoAHYecKOH ¢GYHKHMH BpemeHH. Taxoi
aHanu3aTop ynaoGeH TOraa, korja NEpPHOL H (Pasa aHaJH3HPYEMOH QyHKUHUH
CBSI3aHBI C 4acTOTOH M ha3ol TapMOHHK, MO KOTOPHIM NIPOH3BOLHTCH pas-
JOXeHHe.

Ha ¢wur. 15 npuBesens 3naueHus k,, NOJyueHHHIE Ha 3JEKTPOHHTEr pa-
Tope. CpaBHeHHE 3THX pe3yJbTAaTOB € pe3y.JhTaTaMH, MOJNYUYEHHHMH IpH-
ONIMKEHHBIM aHAJIHTHYECKUM METOJOM, MOKAa3blBAET XOPOILIYI0 CXOAHMOCTB
Ha BceM JiManasoHe NMPHBEACHHBIX 3HAYEHHH 2, a B 06JacTH 60JbIIHX aMITIH-
TYA Wid & >1, rie aHaJHTHYECKHH METOJ CTAHOBHTCA TOYHLIM, NO3BOJSET
OLEHHTHL TOYHOCTHL 3JEKTPOMOAEIHPOBAHHSI,

Harasgnoe npeacrasiende o paGoTe aMOPTH3aUHMOHHON CTOMKH OpH

Pur. 19

c
Pa3JMYHBIX AMIVIMTYJaX M PAa3JHYHBIX 3HAYCHHUAX NAPaAMETPOB X H c_—}i_c
n a
JarT OCHUAJIOrpaMMbl, NMPHBEJEHHBIE Ha ¢ur. 19.
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chnepnmeﬂ'ranbﬂoe ONpPERACACHHEC NHHAMHYCCKHX XapaKTCPHCTHK
HI1acCH

DKCIepPUMEHTAJbHOE ONpenejeHde SKBHBAJEHTHOH KECTKOCTH INACCH
U 3KBHBaAJEHTHOro KosdduuHeHTa aeMI{HPOBAHHA IIPOH3BOLHIOCH [ad
OCHOBHOTO UOJIYIIACCH OJMHOrO H3 BEPTOJETOB [OINYTHO C ONPEAENECHHEM
NoCaioYHBIX XapaKTePHCTHK maccu. C 3TOd 1esbo ¢ NOMOIIBIO DKCHEHTPHKA
6BlJI0 NPOH3BEASHO TIapMOHHYECKOe Oo6xKaTHe IIAcCH, YCTAHOBJEHHOro Ha
kompe (¢pur. 20). TeH3sOMeTpHUECKHUMH BecaMH, Ha KOTOpPHIE ONHPAJCHA IHEB-
MaTHK, H3Mepsaach CHJ4 peakuuu waccu. Bo Bpems skcnepHMeHTa omnpeje-
JAJ0Ch Takxe oOxarue amoprusaropa. Ob6pasen samucH Aan Ha odur. 21
C nomompi rapMoOHHUYECKOrO dHAJH3aTOPa HAXOAUJHCH COCTABJAWINHE Mep-
BOH TapMOHHKH cuiabl P B ¢ase ¢ nepememendeM P u dase
CO CKOPOCThHIO Hepemelesus Py .

OKBHMBAJIEHTHbIE XapPAKTEPHCTHKHM 1UACCH ONPEACJIAIIUCD
no dopmynam:

9KBUBAJEHTHAsA XECTKOCTb

P
Co== —; (40)
Zg
9KBHBAJEHTHOE AeMnduposanue
Py
g2,
z
-z
AVAVEAY
Qur. 20 Pur. 21
7 ‘ O [MAITILYECHTR HAZTYINT UALLL
coombemembyen  S,,= 50 mMm
a4 X (MATIUNECHTST HECPYING LAECL
? coombemembyent Spp= 130 mrr
oL AT
’ /1o N
/ >
92 N
g7 I ) X f;‘\~<’ffﬂﬂt’//7l/‘/é’[/fﬂﬂ
[ b \\
\\‘
Vi 727 4% 4f 46 10 17  1¢ 16 . ¢,z
g o
p
dbur. 22
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Ha ¢wur. 22 n 23 npencrapiiensl 3aBUCHMOCTH 6Ge3pa3MepHHX KoaddH-

ksq(c,+¢ -~ c
—Sig—u- M KECTKOCTH cg_—_—f— oT Ges-

Cn n
. -~ 2
pasMepHOH aMIIHUTYAB NOJHOTO OGXAaTHA WIACCH z=p—-
T

BesnuuHel ¢, 1 P, onpesensiuch U3 AHarpaMMBI c?ramqecxoro obxa-
THs wmaccu (dur. 24) nag cooTBeTcTBYyOmEH CTATHUECKOH HArpy3KH Ha
accH. 3HaueHWe ¢, GBJIO B3ATO M3 KaTajora MAJs JAaHHOTO IHEBMAaTHKa.

Ha ¢wur. 22 u 23 sanecensl TakXe TeoOpeTHUECKHE 3HAYCHHS B, H C; B TIpeil-
nonoxeuyd, uro ¢,=—0, geMndHpoBaHHe B IHEBMATHKE OTCYTCTBYyeT,
4 B aMOPTH3aTOpE UMeeTCs TOJAbKO CyXoe TPEHHE.

Heo6x01uM0 OTMETHTb, 4TO SKCOEPHMEHT HOCHUJ IpelBapHTEJbHBIH
XapakKTep, OJHAKO pPe3yJbTaThl €ro MNO3BOJISIOT yXe CAelRdaTh HEKOTOpHEe
BBIBOZbI.

HHEHTOB JEMI(QHPOBaHHA B, =

= O LIMAITIUYELHIST NAPPYINT WAL
KJN coombemcmbyenm f?,/tfﬂ Arar
X CMAMUAECHTT HAEPYIRE LAY
N coombemcmbyem S, = 130 rmar
NHEY
A N
25 N
&\ >
k- \ﬂ-,x
- \-
N
leqpemuvecnan - ] B
g 42 44 g6 48 9 17 tg 6, 2
Z, ,
Pur. 23
Z[og#]
AP
//
2000 L/ A
7
V.Y
d /
//
__"____—1/,
e __—._——\-—1——-
J 74 790 750 S, rraf
Pur. 24

CpaBHEHHE 3KCICPHMEHTANbHLX XAPAKTEPHCTHK ¢ TEOPETUYECKHMH 1OKa-
3LIBAET, YTO TUAPABJIHYECKOE CONPOTUBJEHHE B aAMOPTH3aTOPE B HCCJENLO-
BAHHOM JManasoHe aMnjuryn (Lo z,==50 wus) HECywecTBeHHO H AHHAMHYE-
CKHE XJapAKTEPHCTHKH WIACCH TaKHE Xe€, KaK €ecJu Obl aMOPTH3aTOp HMEN
TOJBKO OAHO (OPHKIMOHHOE TpPEHHe.
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§ 5. UICNOJb30BAHUE JAWHAMMYECKUX XAPAKTEPUCTHK WIACCH
MMPU PACYETE 3EMHOIO PE3OHAHCA BEPTOJIETA

PaccmatpuBaeTcs BOIPOC O MPHMEHEHHH MOJYyYEHHHX pPaHEe 3aBHCHMO-
cTeil SKBHBANEHTHOro neMidUpOBAHUS WACCH U DKBHBAJIEHTHOH KECTKOCTH
maccH OT AMILIHTYAH KojeGaHMH K pacueTy BEpPTOJIETA HA 3eMHOH pPe30HAHC
¥ NpHBOJAMTCA NPHMEDP Takoro pacdyera. [Ipu Hamkcasnu 3TOro pasiena
6bl1M HcmoJb3oBaHel pa6ors JI. H. I'poako.

[IpunnMasi, 4To JAeMIQupOBaHHE CBOGOAHHX KOJeGaHUH JomacTH B Bep-
THKAaNBbHOM UIAPHHpPE JIHHEHHO M ompenelsercsi KO3QPHUHEHTOM n,, Oupe-
nenuM AeMn@HpoOBaHMe B CTOHKE, HEoOXOoAHMMOE JJid YCTPaHEHHS 3OHBI
HeycToiuyuBOCTH. JLJad 3TOrO BOCNOJIb3YEMCH H3BECTHOH NPHOGIHKEHHOH
dbopmyaoi (cm. [1])

e(1—v,)

2v, )

dta dopmyna onpeleiseT norpebroe AeMnbupoBaHue Las yCTPaHEHHS
HEYCTOHYMBOCTH B IlleHTpe 30HB. JlAsi NMOJHOro YCTPaHEHHA 30HBI 3TOTO

(4 ’—ln zx;)ru)Tp =

$ur. 25

AeMIHPOBAHHA MOXET OKa3aThCA HELOCTATOYHO (MAKCHMYM norpe6HOTO
AeMngHpoBaHHA MOXET HE COBIaAaTh C LIEHTPOM), OAHAKO JJd Opub.aH-
JKEHHEIX PACYETOB OOGBHIYHO [10Jb3YOTCH 3TOH (DOPMYJOIi. M3 Hee cnenyer,

yTO
e(l —v)

Mumnorp = =
(tmdnors = "5 5

3nas 71, MOXHO nepeiiTH K SKBHBAJEHTHHM XapaKTEePHUCTHKAM IIacCH.

PaccmoTpuM KoJeGaHHsi BepToJieTa Ha IHAacCH. CxeMaTHuyeCcKn Npeacra-
BHM BepTOJET KAK Maccy, KOJNeGnolylocs Ha yOPYyrux onopax (¢pur. 20).
Beprojer MOXET COBeplwaTh KaK MOCTyNaTelbHbE [BHXKEHHS MO OCH 2,
TaK H NOBOPOT BOKPYT NPOJLOJbHOH OCH.

YpasHeHue xonebaHu#k BEPTOJIETA Ha OMOpax HpH OTCYTCTBHAH pemndn-
POBAHUA MOXHO 3aMHCATh CJEAYIOLLHM o6pasom:

%M%+Clz+0hcl=0, \
(42)
_12—16+hzecl+uec?+c1zh=o. l
Beegem caeiyioonipe 0603HaueHHS:
_ oz, 92mC, . . 2C, o 201G
St R A (+3)
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Torpa ypaBHeHHda (42) nepemuulyTcss B BHAE:
z+ piz + pi6=0,

i 9 2 ) (44)
b+ (p2+ p3)b 4 p2z=0.

Hafigem pelnenne cucremn (44) B BHIe
z2=Ae*; b=Bels.
XapaKTepHCTHUECKOE yPaBHEHHE CHCTEMBL GyaeT:
¢t — (01 + pi+ pY) @ + pi p3=0.

Otcrona yacToTH KojeOGaHHH BEPTOJETA ONPENEJNATCS [0 CJAENyIouei
dopmyne:

p2+p? - p2 2 2 2
P VRS R I R E X I

Haidinem Tenepp COOTHOMEHHE MeXAy aMIJHTYAaMH KoaeGaHHii BepTo-
JIET& 1O OCH Z M BOKPYr npoaonabHod ocH. M3 nepBoro ypaBHeHHs cHCTe-
MH (44) oHO 3anuuieTcss B BHAE

2
piB .
== 46a
Ve *P% ( )
a Hu3 BTOpOIO ypaBHEHI/IH — B BHAE
2 2__ 2 B
A:(p2+p3 q*) . (466)

73

[TonctaBup B aTH BhipaxeHHs 3HaueHue g u3 (45),
JerKko y6eAuTECSl, YTO OHH TOXKIECTBEHHH. B aaabneii-
dur. 26 mem Mo 6yaeM noab3oBaThes GopMmyioit (46a) kak Goaee
npocrtoii. Ona nokassBaeT, uTo KoJaeGaHus BepToJeTa

Ha 1macCH MOXHO NpEACTaBHTh KaK KOJeGAHHS OTHOCHTEJbHO HEKOTOPOTO

y3aa, KOTOprﬁ HaxOAHTCA HA PAaCCTOAHHHU E?— OT UECHTpPa THXKECTH

B
Beproaera (dur. 26):
- 14
R=— "1 47
7 —pi “n

3HaK ,MHHYC* 31eCh B3AT IOTOMY, UTO y3€J KONEGAHH HAXOLHUTCH HHMNE
LEHTPA TAXKECTH BEPTOJETA.

Beenem renepr nemndupoBanne B wacch. XapaKTepHCTHUECKOE ypas-
HEHHE CTAHOBUTCA MOJIHHIM ypaBHEeHHEM 4-ro mopsaka. [loayuum npuG.u-
HEHHOE pelleHHe B HPEANOJNOXKEHHH, 4TO 4YacTtoTa H Gopma KkosaebaHHii
OCTAalOTCA TAKUMM XKe, KdK NPU OTCYTCTBHH AeMn(QHPOBAHHSL.

YpaBHeHHe KOJEGAHHH OTHOCHTENbHO Y3J1a 3aLHIIETCS B BHJE:

-é—(1+ MR?) G+ (R — h)*6C, + L20C, 4 (R— k)2 0k, + L?0k, — 0.  (48)

[Tepennwem ypaBuenue (48) B BHIe

042,06+ ¢20=0, (49)
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rue

(R—h)’ 2k + L2k,

2= [T MR (50)
KOos(OUIHEHT NpHBeleHHOTO AeMndupoBaHus KosebaHuil BeproseTa.
Beens o6osnauenus
2n,= 2;}‘ ; anz—zkf—m—; 2n3=—2%2—L—2; 1_2—:% (51)
H HMCNOJb3yd COOTHOWEHHs (43), moJyuyuM:
9, — (R~ 1)222n2 +2ny (52)

Py =
14— R?
i
[asi popMbl KoneGaHUH BEepTOJieTa, COOTBETCTBYIONIEH BHICIIEH YacCTO-
T€ ¢, 110JIydaeM HECKOJbKO 3aHHXKEHHOe 3Ha4YeHHe 2n,; LEeUCTBUTEJbHO, H3
¢usuvecKHX coobpaxennil cjelyer, 4TO NPH HAJHYUKM AeMIPUPOBAHUA y3EJ

KoJe6aHuil pacnonoxeH GJHMKE K LEHTPY THKECTH, 4eM 6e3 aeMudHpOBa-

HUS, T. €. B JEeHCTBHTeJbHOCTH R MeHbHlE, YeM BBLIYHCJAAEMOE 10 (Gop-
Myae (47).
PaspeminM ypaBHeHHe (92) OTHOCUTENbHO 2n,:

2
2n3=2nm(1+§§—722>—2n2(i@_~ 1y . (53)
1
[loxctaBuM B HEro BEIpaMeHHE AN (Mm)uorp:
e(1 —vy) ' Py -
(2 ny)norp= _mo_ q* <1 - —b%— R? ) —2n, (R — 1) (54)

Bennunny xosadduurenta ¢ BuiuncauM no dopmyae

Rk
_k sPH? Kl >
=y

Ir ———~ , (55)
1 + — R2
rae H— paccrosinHe oOT ueHTpa BTymm A0 LEHTPa TAXKECTH.
Muoxurens (1 ) / 1+ — R2 MOXKHO UPHOIHMEHHO IPUHATH

pPABHEIM €JMHHIE (3TO Caelyer nenan. TOJBKO JIIT BTOpOro TOHA KoJjeba-
HHH, COOTBETCTBYIOIUIETO BHICUIEH HacCTOTE g).

Takum obGpasoM, ecqd HM3BECTHA BeJHYHHA H,, TO MOKHO OIPEIEJIHTH
BEJHYMHY JaeMndupoBanus 2n; nOTPeGHOrO AJS YCTPAHEHHS HEYCTOMYH-
BOCTH.

Ecan Beprosier uMeeT B BePTHKAJAbHEIX LIapHUpPax MPUKIIHOHHBIE AEMII-
¢eprl, TO 9KBHUBAJEHTHHH JUHEHHHI Ko3hduIuedT aeMundUpOBAHUA CRBO-
6o/HHX KojaebaHHi JionacTH OYyAeT 3aBHCETL OT MAaXOBOTO ABHKENHA
H MOXeT OBITb BHIpaxkeH GopMmyJioi

M‘rp (1 - VO)

n - -————
" n2a,a.l,q

: (56)

rae M, —MOMeHT 3aTSXKH (QPHKIHOHHOTO neMndepa JONACTH,
@, — Yyroj KOHYCHOCTH,
@,—aMILIUTYyla NepBOH TrapMOHUKH MaXOBOTO JBHXEHHS.
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CJIEILOBHTEJIBHO, npy pa3JMYHKX 3HAYCHHUAX YIrJjga KOHYCHOCTH H aMILIH-
TyAH MAaxoBOIO [BHXEHHA BejaddHHa mnoTpebHOro aemnduposanus 213
6yaer pa3qHUYHOMN.

CeaxeM Tenepb ko3dduUHEHT 27, ¢ ks . [lo dopmyne (51) umeem

o 2
2y 2B

rae k,—pa3smepHbli kKo3QdpHUHERT AeMO(PUPOBAHUA [OJYLIACCH IPH BEPTH-
KaJBHEX KOJeOaHHAX.
CJenoBareJibHO,
" kz (Ca + C") q (2 n3)norp I(Ca + cﬂ)
(k3 )norp — =

2 T 2 N2
c? 2L%c2

(37)

[Torpe6Hoe neMnbupoBaHue NO NOAYyUYEHHBIM (Qopmyliam OyleM omnpe-
HEeNATh CIeAYIIHM 06pa3oM:

1) 3agaeMcsi BeJHMUYMHOH 3SKBHUBAJEHTHOH XECTKOCTH [IACCM B BEPTH-
KaJbHOM HamnpapJeHHH C, = C, M, CIeJ0BaTe/JbHO, BEAHYHHOH p?;

2) HAXOJHM BEJHUHHB ¢ H R, COOTBETCTBPIOINHE NAHHOH XECTKOCTH,;

3) mo dopmyaam (54) u (57) onpenenseM 3HAYEHHE (R )gorp; OHO OYHET
3aBHCETh TAKXKE H OT MAXOBOTO JBHKEHHUA Jomacteéd, T. €. oT kKoapdHuun-
€HTOB a,, 4.

[Monyqenrble BeNHUHHB (Rs )yorp CTPOMM KaK (DYHKIHIO OT ¢, [Cn; mapa-
METPOM CeMeHcTBa 3TUX (PYHKLUH OyAeT NpPOH3BENEHHE a,a;.

Takune rpaduku npuBejens Ha Gur. 27 u 28. [IpuHuManuch caeayoliHe
napaMeTpsl BEPTOJETA:

ks, HT M (=) Y cs
s= g = 0079 — = 0,125, —%—2,83, 7_1,45 =

Ha ¢wur. 27 u 28 npuseneno 3HaueHHE (Bs )orp AJISI BTOPOH 30HBI He-
YCTOHYHBOGTH, T. €. IJIA BHICIIHX 3HaueHH{l ¢. Kak yXe roBopuioch BHIIE,
3TH rpadHKH NPEeACTaBASIOT cOOOH 3aBHCHMOCTDb BEJHYHHBI LeMOGHPOBaHHA
B cTOHKe (IIpH BEPTHKAJAbHBIX KOJE6GaHHSAX), HNOTPEOHOH Aas YCTPAHEHHUS
HEYCTOHYHUBOCTH B LEHTPE 30HH, OT B3KBHBAJIEHTHOH MKECTKOCTH IHACCH.
OjHako WAcCH NpH KaXKAOM 3HAYEHHH C; 00/laflaeT BIIOJHE ONPEAC/JEHHBIM
3HayeHHeM kKos(d¢HuHMeHTa AeMIbUPOBAHHSA, KOTOPHH BHUHCAALTCA 11O ¢op-

MyJiam, npHBeAeHHbBIM B § 3, H KOTODPHIH MB 6yjnem HA3LIBATL (Ea)pam— KO3 (-
dHIHMEeHTOM PACmoOJaraeMoro AeMn@HPOBAHMSA WaccH. 3HAUEHHS €ro, BHIYHC-

JNeHHble npH &= 0,28 ¥ COOTBETCTBYIOUUX 3HAUEHHIX , TAKXe NpH-

a
€yt Cn
Bejenn Ha ¢ur. 27 m 28. Kaxao# tTouke 3THX KPHUBBIX COOTBETCTBYET Ompe-
NeNeHHAS AaMILIMTYJA BePTHKAJBHBIX KojaeGaHuil mwaccu (CM. NpEeABAYIIHE
naparpadsi).

Ecau xpuBble nOTpeGHOrO H pacnojaraeMoro AeMnpupoBaHHH mepece-
kaotcs (dur. 29), To NPH aMIUIHTyJAax, COOTBETCTBYIOIKX ydactky ACB
KPHBOI pacmojlaraeMoro AeMIGHUpPOBaHMs, AeMudupoBanue B miaccu Oyner
Gonbiile, 4yeM norpedHoe, H, clepoBarelbHo, kojebanua BepToJiera OYAyT
3aTyxath. [lpn amniuTynax, cOOTBETCTBYOIHX ydactkam OA u BO, nemn-
¢upoBanue B WaccH OyierT MeHbile noTpe6HOro, M koJjebanusa OyAyT Hapa-
craomumi. [Ipocaenum, Kak TPOUCXOAAT KOaeOaHUA BEPTOJETA IIPH Pa3JjaHy-
HHX HaYaJdbHHX AMOJHTYAaX. ECAM HauanbHBIE YCAOBHA TAKOBBI, YTO AMILIH-
TyZa KOoAe6aHHH mWacCH COOTBETCTBYeT TOuke Ha yudacTke OA, To, Kak yxe
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TOBOPHJIOCH, KOJ€OaHUs OYAyT HapACTAIIUMH JXO TeX Nop, MOKd AMILJIH-
TyJla HX He JOCTHTHET BEJHYHHBI, COOTBETCTBYIOIIEH TOYke A; ¢ 3TOoro
MOMEHTA KoJebaHuss OyAYT YCTaHOBHBIIHMHCS. Ecim Hawanbhble yca0BHs
COOTBeTCTBYWT Touke yuacTka ACB kpuBO#, TO xonebaHua 6yayT 3aTyXaTh,
IIOKa aMIIMTYAAa He JOCTUTHET BEJHYMHBI, COOTBETCTBYIOL[EH TOuKe A KpH-
Boii. Takum o6pasomM, Touka A omnpenejser aMIJIHTYLy YCTOHYHBOrO mpe-
JdenbHoro nukiaa. llpn HauaabHBIX yCIOBHAX, COOTBETCTBYIOMHUX YyuacTky BO,
aMILTUTY A KoJeOaHHH BeproJieTa 6yAeT HeOrpaHMYEHHO BO3pacTaTh. 10u-
Ka B ompenensieT aMIAUTyAy HEYCTOHUHBOTO TIPEAEJNBHOrO IHKJA.

Ha ¢asopoit naockoctu (2, 2) otpeskun OA, AB, BO u3o6passatcs CooT-
BETCTBEHHO 00JacTaMH Q,, Q,, O, a NpeleibHble LHKJIB — FPAHALAMH 3THX
o6nacTel: yCTOHYHBHIH — IpaHUNEH 06aacTH Q H Q,, HEYCTOHUHBHIA — rpa-
Hanei Q. U Q,. IlpakTHueckHii MHTepec NpPeACTaBAAT JHUIb yyacTku OA
n ACB. Yuactok BO, Kak npaBHJO, COOTBETCTBYET OGOJbIIMM, KOHCTPYK-
THBHO HE OCYINECTBHMHM aMINIHTYaM.

<

$ur. 29

[IpuBenennnit MeTOn pacyeTa 3eMHOTO pE30OHAaHCAa BepToJeTa MOXeT
OBITH YTOYHEH M JONOJHEH, €CJU BOCIOJb3OBAaTHCA AN ONpEleleHHs IMo-
TpeGHOro aeMn¢HpOBaHHSA He NPUGIMKEHHOR (OpPMYIOi, a TOUHBIMU 3aBH-
cumoctaMi. Kpome TOro, xejnateabHO YyueCTh M TOT (AKT, 4TO NPH H3Me-
HEHHH @, {(yT/1a KOHYCHOCTH H, CJELOBATEJbHO, TACH HECYLIErO BUHTA) 6yneT
H3MEHATHCHA KECTKOCTh daMOPTH3ALLHOHHON CTOWKH H, CJEA0BATEJbHO, OTHO-

Cy

ureHue e (B maHHOH paGoTe BBIYUMCJEHHS NPOMU3BOJMIMCH LJS 3Haye-
a n
- C
HEH _c_—l_ic— =0,036 u 0,2, COOTBETCTBYIOUIUX Da3/JHYHLIM 3HAYEHUAM pas-
a n

TPY3KH IIaCCH 3a CYET TArM BUHTA). Takum o6pasom, KpHBHE EQ(Z., Yuorp
H Ry (Cs)pacn ABAAIOTCS QYHKIHEH MapaMeTpa a,.

BbIBOA bl

l. Onpenenende XapakTePUCTHK IIACCH NyTEM 3aMeHBl aMopTH3aTopa
»OKBUBAJEHTHHM“ JIHHEHHEIM 3JeMEHTOM MOXET HPUBECTH K 3HAYATEJLHbIM
omubKam.

2. YBenuuenue ctenend AeMmMudHpPOBaHUS aMOPTH3aTOpPa HE BCErga yBe-
JHYHBAeT JemunpHpoBanue MmaccH. CylecTBYeT HEKOTOPOE ONTHMalbHOE
3HaueHHe AeMIGHPOBAHHA aMOPTH3ATOPA, NPH NPEBHILIEHHH KOTOPOr0 YMEHb-
maercs obuwee nemndpupoBaHue waccu. MakcuMainbHoe A1eMIDHPOBAHUE NIACCH
3aBHCHT OT OTHOUIEHHUH XKECTKOCTH aMOPTH3aTOpPa K XKECTKOCTH MHEBMATHKA
H BEIUYHMHA €ro TeM GoJblue, YyeM MeHblIe 3TO oTHOoluenue. Ecanm oTHolle-
HHE XECTKOCTH aMOPTH3aTOpa CJAMINKOM MaJo (CAHIIKOM ,MATrKHI® nHeBMa-
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THK), TO HHKAKHM YyBeJHueHHeM JeMnHpOBAHHA aMOPTH3aTOPa HEJb3A
VCTPaHUTL 3E€MHOH pe3OHAaHC.
2
P,
COCTaBJSAIIOLIEH THAPABIHUECKOTO CONPOTHBJIECHHS MOXHO npeHeSpeus. Jlisd
OOBIYHOTO IIACCH JHHEHHAs COCTaBASOIMAS THAPABIHUYECKOIO CONPOTHBJIEHUSA
TOXE MaJja, ¥ IPH pacyeTax 3eMHOrO pPE30HaHCa MOXKHO YYHTBHIBATH TOJIBKO
AemndHpoBaHHe OT CyXOro TPEHHS B aMOPTH3AIlHOHHEIX CTOHKAX. )
4. YMeHbIICHHE CYXOro TPEHHS H IepPEXOJ K aMOPTH3aTOpaM C JIHHCH-
HBIM 3aKOHOM COLPOTHBJIEHHsS O3BOJIAIOT 3HAYHTEJbHO YBEJIHYUTH AeMI(H-
pPOBAHHE LIACCH.

3. llpp manelx aMmoauTyaax koJeGaHHH (ao xlO) KBaJpaTHYHOH
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BbIBOP XAPAKTEPUCTHK LLIACCU BEPTOJIETA
U3 YCJOBUN 3EMHOIO PE3OHAHCA

0. A. MATKOB

KPATKOE COILEPXAHHE

W3nowxen Metrox ompejneleHHs NapaMeTPOB WIaCCH OJHOBHHTOBOLO
BE€pTOJEeTa H3 YyCJIOBHA obecneueHns 3amaca no 3€MHOMY PE30OHAHCY. Ycra-
HaBJIHBAKWTCH ONTHMAJbHbIE 3HaYeHHUA KECTKOCTH H nemn(puposa HAA. lIae'rcn
aHaau3 npeaJaraeMod MeTONHMKH B clayuae kojebGaHuii Ha npolere, Ha
CTOAHKE H NPH KOXeGaHMAX C OTPHBOM NHEBMaTHKOB.

BBEJEHUE

Wccnenosanuo xoneGaHMii BepTosiera THNAa 3eMHOM pe3oHaHC ObIO MO-
CBfillleH0 MHOTo pa6GoT. B HHX BHIABJEHa CYI[HOCTb 3TOro SIBJeHHs, AaH
aHaJu3 cnoco6oB yCTPAHEHHS HEYCTOHUHBOCTH H TPEIJOKEHB MEeTOABI pac-
YeTa KPHTHYECKHX uyHcesq O060POTOB ANSi PA3JHMUHHX PEXHUMOB paboTel Bep-
TOJIeTAa: NPH pacKpyTKe HeCcyumero BHHTa, IpH padoTe Ha CTOAHKe, IpH
JBHXEHHH BepToJieTa 1o 3eMmie. Kak nmokasaidm 3TH HCCAELOBAHHUSA, CYLIECT-
BEHHOE BJHAHHE HAa KPHTHUECKHE YyHcaa 060DOTOB OKa3bBAlOT 4AaCTOTH OG-
CTBEHHHIX KojebaHu#i M nemMndHpoBanue Beproseta H jonactH. [lostomy
TMPH NPOEKTHPOBAHHMH BepTOJIeTa BO3HHKAaeT BONPoC O BHOOpe HmapaMeTpoB
IIaCCH M BHHTA, 06eCcnedyuBalollUX OTCYTCTBHE 38MHOTO PE30HAHCAa B AHANa-
30HE 3KCmIyaTalHMOHHBIX umHcen o6oporoB. ORHAKO KOHCTPYKTOP HacTo
6niBaeT orpaHHuyeH B cBoGoje BhGOpa mapaMeTpoB BHHTA (PacmojoxeHHe
BEPTHKAJNDbHOTO IaPHHEPd, MOMEHT jeMrndepa) no KOHCTPYKTHBHBIM H IIPOY-
HOCTHHIM coobpaxenusaM. Iloatomy 3zech paccmMaTpUBaeTCs TOJbKO BOUPOC
0 BHIOOpe napaMeTpoB LLIACCH.

3anaya o BHGOpE NApaMeTPOB pellaercs Ha IIPHMepe OJBOBHHTOBOTIO
BepToJleTa C NHPAMU/JAJAbHBIM OCHOBHBIM uiaccd. M3BecTHO, 4To ANA TaKHX
BEDTOJIETOB HauOOJBIIHH NpaKTHYECKHH HHTepec IPH 3eMHOM pe3OHaHce
npencTaBjasaOT nonegpeduHesle xoneﬁam«m, KOTODble NOCTATOYHO XOpOIHO OlH-
CHIBAOTCA B INJOCKOH 3a1aye C YYETOM [IBYX cTemeHed CBO6O/b OCHOBaHHA.
ITosTomMy B panHod paboTe HPH PAaCCMOTPEHHH MJOCKOH 3ajayd O HoOIeped-
HBIX KOJeGaHHAX BEPTOJETa IpeaiaraeTcs MeTo  Bubopa 1apaMeTpos MmaccH
U3 YCJIOBHA OTCYTCTBUA 3€MHOI0 pe3oHanca. AHaquTH4IeCKoe pellleHHe JaeTcs
B JiHHeHHOH mocTaHoBKe 3afayd. Ha umHTerparope MOJLENHPYETCA peleHHe
HeJMHEHHO 3aJdaYd O KOJeOaHUSAX BepToJeTa C ,NOLUPHTrABaAHHEM® (OTpPHI-
BOM IIHEBMAaTHKOB OT 3€MJH).

B paGote He paccMaTpuBaeTcss BONPOC INPHIrOLHOCTH MLIaccd ¢ BuIb6paH-
HEIMH TIapaMeTpaMu AJjist BHINOJHeHus PYHKIUH NOCAJ0YHOTO YCTPOMCTBA.

106



310 o06bAcHAETCd TeM, 4YTO OO6ecnedeHHe TO0CaJOYHHX XapaKTePHUCTHK
ABJIAETCA CAMOCTOSATENbHBIM NMPAKTHYECKH BAXHBIM BOIPOCOM H pellaeTcs He-
3aBHCHMO OT XapaKTEPHCTHK 3€MHOro pesoHaHca. [last HIMOCTPAalluu 3TOro
MOXHO TOKa3aTb, 4TO BHGOP HEOGXOAUMOTO H3 YCJOBHA 3€MHOrO pEe30HaHCa
COOTHOUICHHUSA KecTKOCTeH NHEBMaTHKa H aMopTusatopa HE HAKJaAbBIBAET
HHKaKHX OTPAaHHYEHHH Ha BHOOP BeJMUHHB OOGKaTUA aMopTH3ALHOHHOM
crofikd. B KauecTBe APYroro npuMepa MOXHO IPHBECTH KOHCTPYKTHBHOE
pelleHHe aMOPTU3ALBOHHOM CTOWKH ¢ HEOGXOLUMOHI BEJTHYHHOH nemndupo-
BaHMS M KJanaHOM OrpaHHyeHHs Ieperpysox™.

O JEMII®UPOBAHUUA KOJIEBAHUA BEPTOJIETA

PaccMaTpuBaeTcsi 3azaya O 3eMHOM pe30HaHCe BepTosera, (osensx
KOTOPOTO MMEEeT ABe CTENeHH CBOOOME!: BEPTHKAIbHbIE CMEIEHHUS H MOBOPOT
BOKDYT NPOAONbHOM OcH. TaK Kaxk BEPTHKAJbHbE KOJNEGaHNA NpH CHMMET-
PHYHOM INIACCH He CBS3aHbl C YIJOBBIMH KOneGaHHAMH H KOJICOaHHAMH
JAoNacTel B MJOCKOCTH Bpall€HHsA, TO B JHHEHHOH NIOCTAHOBKE 3alayM pac-
CMaTpUBAETCA TOJLKO MOBOPOT BOKPYT npononpHoit ocu. [lpu aTom mpea-
noJaraercss, 4TO OCb BTYJKH HeCyIlero BUHTa, LleHTP TSAXKECTH BEPTOJETA H
OCHOBHOE INACCH PACMOJOXEHH B OLHOH IJIOCKOCTH.

G
]y
v; TLZ

4

Y 2 ERY 2
Al nE

Ha ¢ur. 1 mpeacrasiena cxema BeproneTa. [locaepoBarenbHo BKJIO-
YEeHHHE TPYXMHHE C XKECTKOCTAMH €, U €, COOTBETCTBYIOT YIPYTrOCTH amop-
TH3allMOHHON CTOHKH, NPUBEIEHHON K BePTHKaJbHOMY HANPaBJEHHIO, H THEB-
maTuka. [lapanjneipHO CTOMKEe BKJIOYWEH JeMidep ¢ KO3(QHHUIHEHTOM Tpo-
OPIHOHANBHOCTH MEXAY CHJIOH H CKOPOCTBIO €ro HepeMellenus k,.

Heo6xX0auMO OTMETHUTDb, YTO B AeHCTBHTENbHOCTH, KPOME BEPTHUKANBHOH
HECTKOCTH, THEBMATHK 00JajaeT ellle H XKECTKOCTbIO B MONEPEYHOM Hampas-
JeHud ¢, OIHAaKO B HEKOTOPBIX CAy4adX OHA MOXET HE OKashlBaTb BO3-
NedCTBHH Ha BEPTOJET M MO3TOMY 3/1ecCh HEe YYHTHIBAeTCs (HaupHMep, NpH
paboTe Ha JbLY, CKOJb3KOM FPyHTe HJH B Cjydae pasbera u npofera npu
camoneTHO# mocanke [2]).

Taxkum o6pasoM, ypaBHEHHE ABHXEHHA BEPTOJIETd HMEET BHA.

14:0 9T Qkaluaa'2 “F"{" Qcaxs at P = 0, (1)
rae ¢, ¢, ¢ — yroJ KpeHa BepTOJIE€TA W €ro nepsasg U BTOpasfd MPOH3BOLHEIE;
I, ,— MOMEHT HHEepIHH BEPTOJeTa BOKPYT NPOJAOJLHOH OCH;

a— TOJIOBHHA KOJICH;
Coxps Boxs — KECTKOCTh M KO3QOHUMEHT NEMIGHPOBAHUSA NAPAJJIEIbHO
COeNHHEHHLX IPYXKHUHB U AeMIdepa, SKBABANEHTHBIX HMCXOA-
HOH cHCTEMe TaK, 4TO NpH NPHJOXKEHHH OAHOH H TOH Xe
TepeMeHHO} HATPY3KH K 9KBHBAJEHTHOH CUCTEME H K HCXOAHOH
nepeMelieHHd HX NOJyyawTCcsd OAHHAKOBBIMH.

* CM. aBrOopckoe cBujeTenncrso N 141391 or 1959 r. ,Cmoco6 ycTpaHeHHA 3eMHOrO
pe3oHaHCa BEPTOJETOR®.
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Buipaxenust nns ¢,, U k., uepes HCXOIHBIE napaMeTpsl aMOpPTH3ALHH
BEPTOJIETA MOKHO MOJIYYHTD, €CJIH HCXOMHOH CHCTEME 331aTh FapMOHHYECKHE
CMelleHHd BHJIaA

y=Uyycos pt
H yCHJHE pPEeaKlHH Ha 3TO CMeEIIeHHe IIpeACTaBUTL B BUAE ABYyX COCTaBJaAO-

IWuX, OAHA M3 KOTOPHIX HM3MeHseTcs B (ase CO CMEHIeHHeM, a Apyras co-
craBaseTr ¢asy 90°. Torna u3 mepsoit cocTaBastiomel onpejenserca

_ CaCalen ) e, prkh
tup =20 E) TR @
(€a + o)+ pihs
a H3 BTOPOH COCTABJANINEH CyMMapHOH DPEaKLUHH ONpElesercs
— )
e (Ca +Cn)2 '+'p2 ki .

9T0 U3BECTHBIE QOPMYJNBl IS MHHEHHBIX XapaKTepPHCTHK aMoOpPTH3aTOPa
H AeMI(epa npu TAPMOHHUYECKHX KONEBaHUSMX.

U3 pelleHnd 3anayd O 3eMHOM pe30OHAaHCe ¢ OLloH CTENneHb1o CBOGOI[I)I

ONOpH BHHTA, HaHHoro B pabore [3]|, cieayer, uto nuas yCTpaHeHHs Heyc-
TOHUHBOCTH HEOOXOAHMO BEHINOJHEHHE YCJIOBHUS

PRI Ua )}

N, >
7 8y, )

rue n, ¥ n, — OTHOCHTEJBHEIE K03 bHIHEHTH AeMIbHPOBAHUS JONACTH
H BEpTOJIeTa COOTBETCTBEHHO (JOrapHdMHUECKHEe ZeKpe-
MEHTHl 3aTyXaHus KoJeGaHHii);

Vo = ‘/1—“—;‘&’—‘“ — OTHOCHTeJIbHas YacTOTa MasTHUKOBOMH GOpPMb KO/Ie6aHMUIT
B JIOMACTH B TI0JIe HEHTPOOEKHBIX CHII;
Z Sem b® "
- — — GespasMepHBI napameTp;
2 IB.LL[ x0

lo.wy Ss.w, Is..u— BBIHOC BEPTHKANBLHOTO IIapHupa, CTaTHYECKHH MOMEHT H
MOMEHT HHEPUHH JONAaCTH OTHOCHTEJILHO OCH BE€PTUKAIb-
HOTO WApHHPa;

b— pacCTosiHME OT L. T. BEPTOJETa A0 BTYJIKH HECYIIero
BUHTA;

Z— YHCJO JIonacTei.

[Tpubnuxennas dopmyna (4) cnpaBesnusa puas HEHTpa 30Hbl HEYCTORH-
YHBOCTH, KOTJa

.

_Ps

1“‘\‘0

[() Rt

Onnako B OGOJBUIHHCTBE CJyYaeB, KOUAA BEJHYHHBI 1, H N, OLHOTO
nopsjaka, omHbka, maBaemas 3ToH GopMyJoH, HeBeIHKA.

Kak ymxe ykashBajoch, OpeLnoJaraeM, 4YTO BEJHYHHA AeMI(UpOBaHHA
JIONACTH BLIGPAHA M3 KOHCTPYKTHBHBIX H MPOYHOCTHEIX CooGpaxkeHnuil. [lo-
3TOMY yCJOBHE YCTOHYHUBOIO IBHUKEHHA MOXHO INPEACTABUTL B BHAE

I L (4a)
8vy 1,

T. €. 1Jd YCTOHYHBOrO ABHKEHHA HEOOXOIHMO OOECIEYHTHL ONpEAEeNeHHYIO
BEJIMYHHY OTHOCHTEJBHOTO KO3(@HUMEeHTd AeMI(PHPOBAHHA BEPTOJIETA.
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[Mepenumem ypasuenune (1) B caeaylomem Buae:
¢ +2pun, 9+ po =0, (1a)

rle p,—4yacToTa COGCTBEHHBIX KoJMeOaHMH BEpTOJIETa;

; (5)

g 250"
Py= ———*I
x0

n, — JOrapu@MUUECKUH JeKpeMeHT 3aTyXaHHs KojaebaHui;

n’B k@KB a2 — kaKBa2pB (6)

EB—_—.—»_—_

Ds ]xOpB [xopg

B suipaxenue (6) nojcraBiasgeM BMECTO p? ero 3Had€HHe H3 BhIpaXeEHHS
{5). [lonyuaem 3aBHCHMOCTH

n, = RowoPs (7
2CSKB
Hcnonbsys Bepaxenuss (2) u (3) LA Cop U Ry W NMOACTABJAA B HHX
P, BMeCTO p, I0oJyuyaeM
. Cq ka B
ny = £ 252 " ®)
2{cy(ca+ en) + ka Py

W3 ycnosus _
d(na) =0
d (Ra Ps)

HAXOJHM, YTO MAKCHMAaJbHOTO 3Ha4YEeHHUA ;1_3 AOCTHUraeT NpH YCJOBHH
2 2
ka P =C, (Ca + cn)' (9)

IoacraBasst yciaosue (9) B BoipaxenHne (8), HaxoAMM MakCHMajbHOe
3HAYEHHE My
- 0,25

[725]max e (10)
rie P
C[I

[MonyuenHoe BEHIpaXKEHHE O3HAuaeT, UTO MPH BHIOPAHHOH BENHUHHE OT-
HOCHTEJLHON XeCTKOCTH R feKpeMeHT Koae6aHui, KOTOPHH MOXHO MOJYUHTD
COOTBETCTBYIOIIHM TOX60pOM IeMndHPOBAHHA aMOPTH3AUHMOHHON CTOHKH,
HMeeT MaKCHMYM, BeJHUHHA KOTOPOrO 3aBHCHT TOJbKO OT OTHOCHTEJNBHOH
KECTKOCTH, NMPUUYEM BeJHYHHA 3TOr0 MaKCHMMaJlbHOTO 3HaYCHHA TeM GOoJbllie,
yeM MEHbIIe OTHOCHTENbHasd XECTKOCTb aMOPTH3AUMOHHOH CTOHKH. ITHM H
06 bSICHSIETCS H3BECTHHIH PaKT, uTo 6oJee ,MATKaA“ CTOMKA, T. €. C GOMBIINM
X010M, ofecneunBaeT Goabiiee AeMnpupoBaHue (cM., HanpuMep, (4] nan [5]).
duspyeckdil CMBICJ 3STOrO CBOHCTBa 3aKJI09aeTcs B TOM, YTO MPH MaJBIX
3HaYeHHIX AEMI(QHUPOBAHHUS CTOIKH yBeJIHueHHe AeMI(QHPOBAHUA NPUBOAUT
K yBeJHMueHHI0 paboTh, morioitaemoi nemndepoM. Onnako mo mepe pocra
neMnQHPOBAHHA 3KBHBAJEHTHAS KECTKOCTh aMODPTH3AUMOHHON CTOHKH yBe-
JUUMBAETCH M BCce GOJBIIas 9acTb 0BIEro Xo/a OCylleCTBJSETC S yKE 33 cuer
[IHEBMATHKA, YTO BEJAET B HTOTE€ K yMEHbUIEHHIO HOTJOLIEHHOH nemnpepom
pa6orsl. Takum ob6pa3oM, UMeeTCs ONTUMYM HIPH HEKOTOPOM IPOMEXYTOY-
HOM 3HAYEeHHH AeMIn(pHpPOBAHHSA.

3¢ deKTUBHOCTL NpHMeHeHUd ABYXKAMEPHHIX CTOEK TakKXe 4YacTHYHO
O6bACHAETCA YKAa3aHHBIM CBOMCTBOM, TaK KaK HpU paboTe €€ [OMOJHHTEJNb-
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HO@ KaMepHl, T. €. NpH MajbX Harpy3Kkax Ha CTOHKy, OHA 06JajlaeT OyeHb
MajioH KeCTKOCThIO, YTO MO3BOJIAET NOJAY4aTh GOJbIIME BENHUHHB AEMIDH-
poBaHus.

3HayeHHe 9KBHBAJCHTHOH XECTKOCTH, COOTBETCTBYIOMEE [, |max, HAXO UM
U3 BhIpaxeHus (2) mocJjie NOACTAHOBKH B Hero ycaoBHs (9):

2k
CSKB:Cnmy (11)
o > —x @ YacTOTy COOCTBEHHHIX KOJeGaHUH—
17¢) i r A /?,*’ [ocje MOACTAHOBKH C,, B BLIpaxe-
\ z HHe (D):
] —
N A o ;*_B’é__‘/ﬂ (12)
B - )
v — Pu 1424
44 alras 10 )
X > o 20,4
w4 rie p;=—————u4acrtora COGCTBEH-
=y < x0
1794 /,/,_’ \\-45 HBIX KoJieOaHui BepToOJieTa HA ITHEeBMaA-
/) : THKAaX.
IloacranoBkoit Bupaxenus (12) B
g ycaosue (9) mosyyaercs BHpaxeHHe
4 47 g2 43 44 45 ao ‘& L Koadounuenta aemnpupoBaHus
n aMOPTH3aUHOHHON CTOHKH K, NpH KO-
Pur. 2 s TOPOM JICKDPEMEHT N, HMeeT MaAKCUMyM:
— k 2
ko= VS YT TR+ 28 (13)
n

[lonyuentbie BhIpaxeHHst BaXKHEHIIMX XapAKTEPUCTHK MIACCH yepes Co-

c
OTHOLIEHHE k= c—a IIO3BOJIAIOT OJJHO3HAYHO ONIPpeACJIMTh HCXOJHHE 3HaUCHHA
n

XapaKTEPUCTHK 1IACCH €3, Cu, @. DTH 3aBHCHMOCTH IPELCTaBJIEHH HA (ur. 2.

BblIBOP [MAPAMETPOB HIACCHU

OrcyTCTBHE 30H HEYCTOHUMBOCTH B AHanasoHe paGouMx yucen 060poToB
00ecneynBaeTCsa NPaBHAbHBIM BEHGODOM Y44ACTOT COGCTBEHHEX KOJeGaHHH BEp-
TOJIETa U BEJHYHHBI N€MIGQUPOBAHHA AMOPTHU3AUHOHHHIX CTOEK. JleMudbupo-
BaHHE BEPTOJIETA 3]€CHh Ha3bIBAETCH DPACNOJAraeMbHM LeMOGHPOBAHHEM B
OT/IHYHE OT NOTPEGHOrO, HEOOGXOAUMOrO IJs yCTPaHeHHs 30HbI HEYCTOHUH-
BOCTH, H onpexpenserca nmo ¢opmyne (10).

Besnunna norpe6Horo aeMndHpoBanHs onpeneasieTcs M3 COOTHOWIEHHS
(4a), rae ¢ yueroM Beipaxenus (12) u

5

n,

+* —%
B PupPs

n,=

)

noJjyyaercs

1 _— n — & I 3
e(l—=v) pn ph—apr. (14)
8v n,

Bxoasimue B 31y QOpPMyNny BEJIHUHHBI v, M 7, 3aBHCAT TOJBKO OT JIONA-
CTH Hecyllero BuHTa. [lapameTp cBfi3nm & 3aBHCHT OT COOTHOIIEHHS SKBHBA-
JICHTHON MACCEl HECYyIlero BHHTA U BepTosera. TakuM o6pasoM, BHAHO, 4TO
noTpeGHOe AeMnpHpOBaHHE NPAMONPONOPUHOHAILHO HACTOTE COGCTBEHHBIX
KoseGaHuil BepTOJeTa MU, APYTHMU CJOBAMH, H3MEHAETCH B 3aBHCHMOCTH
OT BEJHYHMHH £ (OTHOCHTEJDbHOH KECTKOCTH aMOpTH3allHK).

Ha ¢ur. 3, npepcraBisiomest 3aBHCHMOCTH PacmoiaragMoro xeMunbupo-
BaHUS OT OTHOCHTENBHOH MKECTKOCTH K, IOCTPOHM KPHBYW HOTPeGHOrO
JeMI(HPOBAHHA corjlacHO Bbipaxenuio (14). Ha atoM rpaduke BUAHO, UTO
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HMeeTCsl HEKOTOPOE 3HayeHHEe OTHOCHTEJbHOH KECTKOCTH aMOpPTH3alHH, NMPH
KOTOPOM pacroJaraeMoe AeMiudnposanue pasuo morpeSuomy. [Ipu neyaad-
HoM BHi6ope k (ecsau oHO GyjaeT Gojiblile YKAa3aHHOIO) PacrojaraeMoro AeMi-
¢uposanus 6yAeT HELOCTATOUHO AJS YCTPAHEHHs 30HL HEYCTOHYMBOCTH.
B cnyuae, KOTZa OTHOCHTE/bHAS BEJIHUYHMHA XECTKOCTH CTOHKH CYAET MEHb-
e yKa3aHHOH BHILIE, MOXHO OGeCNeyHThb 3anac mo geMn@upoBaHuio. Taxkum
06pasoM, BHOHpas ONpEAeNCHHOE 3HAYEHHE K, MOKHO O6ecneudTh HEOO0XO-
JMMBH 3anac geMn@HpoBaHHU.

[pu BLIGPAHHOM 3HAYEHHH OTHOCHTEJBHOH KECTKOCTH KeCcTKOCTh ITHEB-
MAaTHKa CJeAyeT BHOHpaThb TaKOif, YTOOB YacTOTa COGCTBEHHHIX Koneb6aHui
Beprosiera Ha NHeBMaTHkaxX (OpH He-
7 paborawoIqux CcTOMHKax) Gpina Gojplie
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BepxHed rpaHHus pa6ouyux umces OGOPOTOB HJIH, MO KpadHed MEpPE, COBNA-
1a1a ¢ Hell. DTo ycJoBHe O6ecfeuyduT PaclojioXeHHe 30HB HeyCTOHYHBOCTH
1npH Kone6aHUAX BEPTOJIETA ¢ HEPaGOTAOUIUMH CTOAKAMHU (IpH 6OJBIIONH THATE
BHHTA) BHIIE paboyux uuces o060pPOTOB.

Ha ¢ur. 4 nokazaHa 3aBHCHMOCTb TIPaHHIl YCTOHYHBOCTH OT ko3 du-
HeHTa AeMnUPOBaHUSI CTOWKH. ['paHHIlbl YCTOHUUBOCTH 31eCh ONPENEICHE
10 rpaduKaM, npuBeLeHHBM B padorte [1]. DTH rpa@HKA MOXKHO TAKKE HCIO/b-
30BaTb AJ TOCTPOEHHA NOTPEGHOro AEMI(HPOBAHHSA BMECTO MPHOIHMKEH-
Ho#l 3aBHCHMOcTH (4a). Ha sToM rpadukre npuBeleHb TaKxe KPHUBBHIE LeMm-
(hHPOBAHHS JIONACTH BEPTOJETd H 4acTOTH COOGCTBEHHBIX KOJeOGaHH. Kak
BHJHO H3 rpaduka, UMeeTcs paa 3HaueHH# KoadbhuuueHTa AeMuI(pHAPOBAHUA
CTOMKH k,, NN KOTOPHIX BHIMOJHsETcs ycaoBHe (4a), ¥ 3oHa HEYCTOHYUBO-
CTH OTCYTCTBYeT AJsi Mi0GbX 3HaueHmit ». HamGonbuiuit 3amac 100 AeMIOH-
pOBaHHMIO ofecreunBaeTcd HpH &, opt=(0,8:—0,85)kf, B CHJY TOTO, YTO MakK-
CHMyM BElIHUHHBI i, i, HAXOZHTCS TPU MEHbWIMX HA 15—20% 3HAUEHHAX K,
4eM MaKCHUMyM BeauuuHH 7,. Ha ¢ur. 2 TyHKTHPOM nOkasaHa 4acToTa cob-

CTBEHHBIX KOJIe6aHH BEPTOJIeTa, COOTBETCTBYIOIASA MAKCUMYMY 1, s CneBa
M CpaBa OT YKA3aHHBIX 3HAYEHHH R, aemuodupoBaHUd BEpTOJETa HEJOCTATOH-
HO, NIO3TOMY HMEIOTCHA 30HBl HEYCTOHUYHBOCTH.

30Ha HEYCTOMYHBOCTH, COOTBETCTBYIOMAS MajlbIM 3HAUEHHAM K,, pacrno-
jaraeTcsi B paiioHe paGoumx uucen o60porToB. IIpu GONbmIMX &, KOTAA
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