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PE®EPAT

KBamidikauiitna pobOoTa «Anropurmizaiis OpoOLECY 3aXHUCTy CKIaJHHUX
00’€KTiB Bi MeXaHI4YHUX 30ypeHb»: 97 C., 15 puc., 10 mxepen, 5 nonatkis.

AMOPTHU3ATOPH, BIBPOI3OJIAATOPU, CUCTEMU BIBPO3AXUCTY,
CTATHUYHI HABAHTAXEHHS, CTPYKTYPHO ITAPAMETPUYHA
OIITUMI3AILILA, YMOBU PAIIIOHAJIBHOI'O MOHTAXY.

OO0’ €eKT TOCHIIKEHHS - CUCTEMU BIOPO3aXHUCTy 00’ €KTY.

Merta poOoTH - JOCTIKEHHS Ta po3po0Ka aaropuTMy NoOya0BH ONTUMAIbHOT
CUCTEMH BIOpO3axHUCTy 00’€KTYy BiJ] MEXaHIYHUX 30Yy/KEHb, SKUH BCTAaHOBJIECHUUN Ha
PYXOMOMY HOCIi.

MeToa TOCTIKEHHS — aHAIITUYHIHN.

VY kBamidikamiiinii poOOTi HaBeAeHa KiIacudikallis MEXaHIYHHUX BIUIMBIB Ha
anmaparypy, IO BCTAHOBIIOETHCS Ha PYXOMOMY HOCII, 3a3Hau€Hi BHUMOTH JO
aMOpTU3aTOpPIB, HaJaHI iX XapaKTEPUCTHUKA Ta YMOBU paI[lOHAIHHOTO MOHTAXY
aMOpTU3aTOpiB, a TakoX Oyno po3paxoBaHO CTAaTUYHI HABAaHTAXXEHHS Ha
aMOPTH3aTOPH 1 YACTOTH BIIACHUX KOJIMBAaHb CUCTEMHU BiOpO3aXHUCTY.

Tax B poOOTI MPOBEACHO CTPYKTYPHO IMapaMETPUUHY OINTHMI3AIiI0 CUCTEMHU
3aXHUCTy OO0 ’€KTYy Bil MEXaHIYHUX 30Yy/KCHb, SKHH BCTAHOBJICHUM HAa PYXOMOMY
HOCIl. 3 1i€l0 METOI BH3HAYEHO CXEMHU BiOpPO3axHWCHOI cucTeMH (TJIOMUHU
YCTAaHOBKM aMOPTH3aTOPIB, IUIOMIMHA CUMETPIi, ONTHUMAaJIbHI KOOPAMHAT KPITUICHHS
aMOpTU3aTOPIB 70 O00'€KTy 3aXWCTy NPH BUOPAHOMY EKCHEPTOM, SKIIO IIe
MPEACTABIAETECA MOXKIMBHM, a00 3a YMOBYaHHSM KUIBKOCTI aMOPTH3aTOPIB,
HOMIHAJIHHUX HABAaHTA)KCHb) HA OCHOBI 3aJaHUX BXIJHUX MaHUX 1 BUKOPUCTAHHS
chopmoBanux 0a3 gaHux. IlpoBeneHO OWHAMIYHUN  PO3PaxXyHOK CHCTEM
BiOpOI30JI11il, METOIO SKOTO € BH3HAYCHHS YacCTOT BJIACHMX KOJIMBaHb CHCTECMH,
nmapamMeTpu BHUMYIICHUX KOJWBaHb 00 €KTy 3aXHCTy 3a BiJOMHUMHU TapaMeTpaMu

KOJIMBaHb PYXOMOTO HOCIS Ta BU3Ha4Y€Ha €(DEKTUBHICTh BIOPO3aXUCTY.



SUMMARY

Master’s Qualification Thesis «Algorithmization of the Protection Process of
Complex Object from Mechanical Disturbances»: 97 pages, 15 figures, 10 references,
5 supplements.

SHOCK ABSORBERS, VIBRATION ISOLATORS, VIBRATION
PROTECTION SYSTEMS, STATIC LOADS, STRUCTURAL PARAMETRIC
OPTIMIZATION, CONDITIONS OF RATIONAL ASSEMBLING.

The object of study is systems of vibration protection of the object.

The aim of the work is to research and develop an algorithm for building an
optimal system of vibration protection of an object against mechanical excitation,
which is mounted on a moving carrier.

The research method is analytical.

The master's work describes the classification of mechanical influences on the
equipment mounted on the movable carrier, specifies the requirements for shock
absorbers, their characteristics and conditions of rational installation of shock
absorbers, as well as the static load on the shock absorbers and the vibrational
frequency of the vibration protection system were calculated.

Thus, the structural optimization of the protection system of the object against
mechanical excitation, which is mounted on a movable carrier, is carried out in the
work. For this purpose, the schemes of the vibration protection system (plane of
shock absorber installation, plane of symmetry, optimal coordinates of fastening of
shock absorbers to the object of protection selected by the expert, if it is possible, or
by default the number of shock absorbers, nominal loads) are defined on the basis of
the specified input data and using determined databases. Dynamic calculation of
isolation systems vibration is carried out, the purpose of which is to determine the
frequencies of the system's oscillations, the parameters of the forced oscillations of
the object of protection by the known parameters of the oscillations of the movable

carrier and to determine the effectiveness of the vibration protection.
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BCTYII

Po3BUTOK TEXHIKH, SIKMIl Ma€ MEPCIEKTUBHUN XapakTep, MPU3BIB JO CYTTEBOT
3MIHM TAaKTHYHHMX 1 €KCIUTyaTalliiHUX XapaKTePUCTUK JIITATbHUX, aBTOMOOLIBHUX,
CyIHMX Ta PaKeTHUX amnapaTiB. 30UIBIIMIKUCS IMOTY>KHOCT1 JBUTYHIB, 30UIbIINIIACH
MIBUAKICTh TIOJBOTY 1 MaHEBpPYBaHHS, YCKIAQTHWIHCS (aKTOpu MEXaHIUHUX,
KJIIMAaTHYHUX Ta IHIIWX BUAIB BIUIMBY. Bce 1€ 3HAYHO pO3MIUPHUIIO 1 YCKIIAJHUIIO
YMOBU €KCIUTyaTalllii pajloeJeKTpoHHO1 amapatypu. Pazom 3 TumM 10 Hei
npea’ IBISIOTHCS BCE OUIBII TMIJBUINICHHI BUMOTH B BIIHOIIICHH] HAIIMHOCTI poOOTH 1
CTIAKOCTI JIO dKOPCTKUX YMOB €KCIUTyaTallii.

[Ipy mnpoekTyBaHHI amapaTypd, OCHOBHOIO 3aJlay€l0 € OE3BIIIMOBHICTb
¢yHKiOHYBaHHS ocTaHHBOI. [IOTPIOHO CTBOPUTH HANOUIBII CHIPUATIUBI YMOBH JIJIS
poOOTH JeTalieid, a TaK0X PO3POOUTH CIIOCOOU 3aXUCTY X BiJl BIUTUBY HABKOJIMIIIHHOTO
CepeloBHUIIIA.

[3osms111is1 € HANOLIBII TOMUPEHUM 3acCO00M 3aXHCTY amapaTypu Biji BiOparliid,
ylapiB Ta CTaTHYHMX HaBaHTaXeHb. [Ipore BoHa Mae psg ocoOJIuMBoCTeH, Oe3
BpaxyBaHHS SIKUX HE MOXHA JOCTUTHYTH MOTPIOHOTO eeKTy.

VY pe3ynbTaTi BCTAHOBIICHHS amaparypy Ha MPYKHI aMOPTH3ATOPU OTPUMAEMO
CUCTEMY, 1[0 YTBOpPEHA aMOPTU3YIOUMM OO0’ €KTOM Ta MOTO MPYKHUMH OIOPaMH.
[lo3utuBHMIT  edexT amopTuzaiii 3a0e3medyeThCsi  MPaBUIBHUM  BHOOPOM
XapaKTePUCTUKH III€T CHCTEMH, 110 JI03BOJISIE HAUKPAITUM YMHOM BHKOPUCTOBYBATH ii
BJIACTHUBOCTI.

VY nanuit yac BiioMO 0arato KOHCTPYKTUBHUX PO3B’S3KIB aMOPTHU3ATOPIB, AKi
MpU3HAYEHH1 JUTsi pOOOTH B cCaMHX Pi3HOMAaHITHUX yMoBax. He BCi BOHM piBHO3HAYHI
MO0 CBOIM TEXHIYHUM XapaKTEPUCTUKAM 1 eKCIUTyaTallIiHUMHA MOKIUBOCTIMU. Jlesiki 3
HUX 100pe cebe 3apeKOMEH]IyBaJM, BUITYCKAIOTHCS CEPIMHO Ha MPOTA31 Oararbox
POKIB 1 BUKOPUCTOBYIOTBHCSI B PI3HUX rally3sX TEXHIKU. 3aCTOCYBaHHS 1HIIUX B CHILY

KOHCTPYKTHBHHUX OCOOJIMBOCTEH 3HAYHO 0OMexeHO [4].



1 OCOBJIMBOCTI EKCIIJIYATAIII CACTEM AMOPTH3AILIL

1.1 Knacudikanisi MexaHiuyHMX BIUIMBIB HA Pa/lioeJIEeKTPOHHY anaparypy

VYci BuUAM pagioeNeKTPOHHOI amapaTypd, SK BIIOMO MiIJAIOThCS BIUIUBY
30BHIIIHIX MEXaHIYHUX HaBaHTaxeHb (BiOpalii, yaapu, NPUCKOPEHHS, aKyCTHYHI
IIyMH), Ki TEePEeTaroThCs MO KOXKHOI JeTalli, IO BXOASTh B CKJIAaJ KOHCTPYKIIII.
MexaHiuHUN BIUIUB Ma€ MICIIE B TPAIIOIOYIN padloeeKTPOHHIN amaparypi, SKIIO
BOHA BCTAHOBJIEHA HA pyXoMoMy 00’€KTi, a00 TUIbKM NpHU TPAHCIOPTYBaHHI il B
HETIPaI[IOIOuOMY  CTaHi, SK Yy BHIAJIKy CTal[iOHApHOI Ta JeSKUX BHIIB
pazioeIeKTpoHHOT amaparypu. KinbKiCTh TepenaHoi eHeprii BH3Haudae pIiBEHb 1
XapakTep 3MIHM KOHCTpyKIii. [lomycTumi piBHI MeXaHIYHOi 3MIHM KOHCTPYKIIi
BU3HAYAETHCS 11 MIIIHICTIO 1 CTIHKICTIO 0 MEXaHiuyHOro BILIUBY [1-3].

Peakitiero KOHCTpYKITi Ha MEXaHIYHHM BIUIMB Ha3uWBae TpaHcdopmariiero Ta
NEPETBOPEHHSI €Heprii MexaHidyHoro 30ykeHHs. J0 HUX BIIHOCSTHCS MEXaHI4HI
Hanpyrd B €JIEMEHTAaX KOHCTPYKIi, MepeMillleHHs eJEeMEHTIB KOHCTPYKIIi Ta ix
criBynapu, aedopmariii KpiMmUIbHUX, HECYYHX Ta IHIIUX EJIEMEHTIB KOHCTPYKIIIH
[1,4,6]. IIpu He3HAaYHHX MEXaHIYHHUX BIUIMBAX B €JIEMEHTaX KOHCTPYKIIH BUHHKAIOTh
npykHi jgedopmariii, MmO HE TMO3HAYAIOThCA Ha TIPAIE3IaTHOCTI amapaTypHu.
301UTbIIICHHST HAaBAaHTKCHHS MPU3BOJUTH JO0 TOSIBU OCTAaTOYHOI nedopmarii 1 mpu
MEBHUX YMOBax pYHHYBaHHIO KOHCTPYKIli. PyliHyBaHHS MOXe HacTtaTtd 1 MpHU
HABAaHTAXEHHAX, 0araro MEHINUX TPAHWYHUX 3HAYEHb CTATUYHOI MIITHOCTI
MaTepiajiB, KO KOHCTPYKITisA Oy/ie CXMIHHOIO IO 3HAKO3MIHHMX HaBaHTaXXeHB[D,0].

BinmoBnenHs amapatypu OyBalOTh BIJHOBIIOBAHUMH IIICIA 3HATTA a0o
MoCJIa0JIeHHsT  MEXaHIYHOTO0  BIUIMBY  (3MIHGHHS TapaMeTpiB  KOMIIOHEHTIB,
BUHUKHEHHS €JIEKTPUYHUX ITyMiB) Ta HE BITHOBIIOBAaHUMHU (OOpHUBH Ta 3aMUKAHHS
CIEKTPUYHUX 3’ €AHAHb, BIANIAPYBAHHS IMPOBIMHUKIB MEUATHUX TUIAT, MOPYIICHHS

€JIEMEHTIB KPIIMJIEHHS 1 pyHHYBaHHS HECYYUX KOHCTPYKIIIN).
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Ha panioenexTpoHHy amnapaTypy IO BCTAHOBIIIOETCS Ha pyXOMOMY 00’ €KTe, B
mpoueci ii eKcrulyartalii BIUIMBaIOTh BiOpallii, yJlapHi HaBaHTaXCHHS Ta JIHINHI
NpUCKOpeHHs. ['apMOHIYHI BiOpalii XapaKTepU3yHThCS YAaCTOTOI, aMILIITY/OIO,
NPUCKOPEHHSIM. YJapHI HaBaHTAXCHHS XapaKTEePHU3YIOThCS YHCIOM OJUHOYHUX
ynapiB abo iX cepi€ro, TPUBATICTIO YAAPHOTO IMIYJIBCY Ta HOro OpMOI0, MUTTEBOIO
HIBUAKICTIO TPU yJapi, MEpeMIlIeHHsM CHiByJapHuX Tid. JIiHIAHI TpUCKOpEeHHs
XapaKTePHU3yIOThCS MPUCKOPEHHSM, TPUBATICTIO, 3HAKOM BIUTUBY MPUCKOPEHHS.

Bunukaroui npu BiOpamisix, yjaapax Ta MPUCKOPEHHSAX HaBAHTAXKEHHS
OI[IHIOIOTh BIAMOBIAHUMU KoedilieHTamMu. JIjis 3MEHIIEeHHsI BIUIMBY BiOpallid Ta
yJlapiB anapaTypy BCTaHOBIIIOIOTh Ha aMOpPTHU3aTOpPU ab0 3aCTOCOBYIOTH JeMIl(yroui
Marepiaju.

BrnuB niHIMHMX TPUCKOPEHb €KBIBAJICHTHO 30UIBIIEHHIO Macu amaparypu i
pU 3HAYHIM TPUBAJIOCTI BIUIMBY MOTPeOye 30UTBIIEHHS MIITHOCTI KOHCTPYKIII.

SIk  mokazye JOCBI eKCIUlyaTalii TpPaHCHOPTYHOUOi paiioeNeKTPOHHOT
amapaTypy, HaWOuUIbIle PYWHYHOUYHH BIUIMB Ha KOHCTPYKIIIO MarTh BIOparlii.
KoHcTpykiisi anapary, 110 BUTpUMY€ BIUIMB BIOpal[iiHUX HABAHTAXXEHb B IIEBHOMY
JaCTOTHOMY JIiarna3oHi, BATPUMYE yJIapHiI HAaBaHTKCHHS Ta JIIHIMHI TPUCKOPEHHS 3

BCJIMKUM 3HAYE€HHSIMH BiAMOBIIHKUX mapameTpis [1-6].

1.1.1 Buau BiTpO3axucTy pajioe/IeKTPOHHOI anapaTypu

Bci Bunm pamioenekTpoHHOT amapaTypy 3a3HAIOTh 30BHIMIHIX 200 BHYTPINIHIX
MeXaHIYHHUX Aid. MexaHiuHi Ji1 mepenarThcsl KOKHOMY €IEMEHTY 1 BUKIMKAOTh iX
BiOparrii. Buknukani BiOpaiiii MOXyTh MaTH pe3oHaHCHUH Xxapakrtep. [Ipu pezonanci
BUHUKAIOTh OCOOJMBO BeJHMKI jaedopMarrii, SKi CYHIPOBOIKYIOTHCS BEIUKHUMU
MEXaHIYHIUMH HAPyTaM# 1 MOXKYTh MPU3BECTH HABITH /10 pyHHYBaHHS €JIEMEHTY.

ToMmy 3MCEHIIICHHS IHTEHCHMBHOCTI KOJMBaHb OO’€KTy MOXXHA JOCSTTH
HAaCTYITHUMH CIOCOOaMH.

JlunaMmiuHe raciHHs KOJuBaHb. J(MHaMIuHUN BIOpOracHUK (pOpMYe IOJATKOBI

JMHAMIYH1 BIUTMBHU, 10 NPUKIAAAIOTHCS 10 00’€KTY B TOUKAX MPUETHAHHS TACHUKA.
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JluHamiyHe raciHHS 3J1MCHIOETbCA MPU TaKOMy BHOOpP1 MapaMeTpiB racHUKa, MpHU
AKOMY Il JOJATKOBI BIUIMBH YAacTKOBO BPIBHOBAXYIOTh JMHAMIYHI BIUIMBH, SKi
30YKYIOTBCS IKEPETIOM.

Bibpoizonsiis. Jlist BiOpoi30ssiiii 3BOAUTECS O MOCIA0JICHHS 3B SI3KIB MiXk
JOKEpeJIoM Ta 00 €KTOM; TpH 1bOMY 3MEHINYIOThCS JWHAMIYH1 BIUIMBH, IO
nepenatoTbesi  00°exTy. [locnmabneHHss 3B’43KIB  3a3BMYail  CYNPOBOIKYETHCS
BUHUKHEHHSIM JEIKUX HEOKAHUX SIBUIILL: 30UTBIICHHSM CTATUYHUI 3MIIIEHb 00’ €KTY,
30UTBIICHHSIM aMIUTITY]] BIAHOCHUX KOJMBaHb MPU HU3bKOYACTOTHHUX BIUIMBIB 1 MPHU
ylnapax, 30UIbIIEHHSAM ra0apuTiB cuUcTeMU. ToMy 3acCTOCYBaHHS BIOpOIZOJALIL K
METOAYy BIOpPO3axUCTy, B OUIBIIOCTI BUIMAJAKIB TIOB’s3aHE 13 3HAXOKCHHSIM
KOMITPOMICHOT'O PIIlICHHS, 33/T0BOJIbHSIE BCIO CYKYITHICTh BUMOT.

3miHa KOHCTPYKIi 00’e€kTy. MoXHa Ha3BaTh JiBa CIIOCOOM 3MEHIICHHS
KoiuBaHb. [lepmmuii croci0 mossrae B JIKBiAaIii pe30HAHCHUX SBUII. KO 00’€KT
BOJIOJII€ JIHIMHUMH BJIACTHUBOCTSAMH, TO 3a7a4a-3BOJUTHCS 10 BIIIIOBIIHOT 3MIHHA HOTO
BJACHUX dYacToT. J[ms HemiHIAHUX 00’€KTIB TOBUHHI BHUKOHYBATHUCS YMOBHU
BIJICYTHOCTI pe30HAHCHUX sBUII. Jpyruil cmocid mossrae B 30LIbIIEHI AUCHUTIAIIT
eHeprii B 00’ exTi. Le# crocid BiOpo3axucTy, Ha3UBAETHCS AeMII(DIpYBaHHSIM.

Jemrdepu, nTMHAMIYHI TACHUKHU Ta BIOPOI30JISTOPU YTBOPIOIOTH B CYKYITHOCTI
BiOpo3axucHi mnpucTpoi. IlacMBHMMU Ha3WMBaIOTh MPHUCTPOI, SIKI CKJIAJTAIOTHCS 3
IHEPIIMHUX, TPYKHUX 1 JUCUIATUBHUX €JIEMCHTIB, HAINPHUKIIAJ, aMOPTHU3aTOPH.
AKTHBHI TIPUCTPOT MOXYTh KpIM NEPEpaxOoBaHUX MICTITh €JIEMEHTH HEMEXaHIYHOi
OPUPOAM, IO BOJOMIIOTH HE3AICKHUMHU JKepenoM eHeprii. EdexkTuBHICTH
BIOpO3aXMCHUX CHCTEM OI[IHIOIOTh BIJHOIICHHSAM BEIUYMHH OyIb  SIKOTO
XapaKTepHOTO TapaMeTpy KOJWBaHb 00’ €KTy 3 BIOPO3aXUCHHM TPUCTPOEM, IO
BETMYMHU TOTO JK TapaMeTpy TpU BiAcyTHOCTI BiOpo3zaxucty. lle BimHOIIEHHS
HA3WBAETHC KOEDIIEHTOM e()EeKTHBHOCTI BIOPAIIHHOTO 3aXUCTY.

Mu OyneMo po3risiiaTé MACUBHHUMA CIOCIO BIOPO3axXMCTy amapaTypd, a came

BUKOPHUCTaHHS aMopTH3aTopiB [5].
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1.2 MexaHiyHUH BIJIMB HA HOCiSIX Ta BUMOI'HM /10 AMOPTH3aTOPiB

[TpoekTyBaHHS paIliOHATBPHOTO aMOPTHU3YIOUOTO 3aXHCTY IOJsSITaE B oOWpaHi
HEOOXITHOI KUIBKOCTI aMOpPTU3AaTOPIB 3 HEOOXIJHUMHU XapaKTepUCTUKaAMU 1 B
po3TallyBaHH1 BITHOCHO 130J1F0I0Y0T0 00’ €KTa.

YMoBH ekciulyaTtaiii BHUpPOOIB Ha HOCII0O BHU3HAYAIOTh BUMOTH, SKi
npea’ IBISIOTHCS 10 aMOPTU3aTOPiB. 3HAHHS TUHAMIYHUX 1 KJIIMATUYHUX YMOB, B SIKMX
OyIyTh €KCILTyaTyBaTHCSI aMOPTH3ATOPH, € KPUTEPIEM I OOTPYHTOBAHOTO BUOOPY iX
TUIY 1 CXEMU PO3MIILICHHS Ha BUPOOI.

3acTocyBaHHsI aMOpTU3aTOPIB He Oyne epexkTUBHUM Oe3 BpaxyBaHHS CHEKTPY
4acTOT 1 aMIUTITY/ KOJMBaHb, BEIMYUHU 1 TPUBAJIOCTI yJIapHUX IMIYJbCIB, 3HaYEHb
JMHIAHUX TIepeBaHTaXEHb, TPAHCIOPTYBAIBHUX BIUIMBIB, TEMIIEPATYPH, BOJIOTOCTI,
TUCKY 1 TOMY MoAiOHMX (hakTopiB, 10 MalTh Miclie Ha Hocio. [lpu npomy He
JOCTaTHbO 3HATH MAaKCHMallbHI 3HAY€HHS BKa3aHUX BIUIMBIB; IS 3a0e3neueHHs
rapaHTiiHO1 HAIHHOCTI BUPOOIB HEOOX1THO I1€ 3HATH MOBEAIHKY BKa3aHUX BIUIUBIB 3
gacoM, TOOTO XapakTep poOoTH. SIKIO0 KIIMAaTHYHMX BIUIMBIB Ha amaparypy i
aMOPTH3aTOPH 1HO/I1 BAAETHCSI YHUKHYTH, IIOMIIIAF0YH 1X B TePMETHU30BaH1 BIJALUIH, TO
JMHAMIYHOTO BIUIMBY 3a3BHYail yHUKHYTH HE BAAEThCs. BiOparrii Ta yaapu BUHUKAIOTh
Ha BCiX 00’ €KTaX-HOCIAX, 110 pyXaroThcs. OcOONMMBO IHTEHCUBHUMU BOHH OYBalOTh B
CydacHHMX JITAIbHUX amaparax, B SIKUX JIBUTYHH 1 aepOJWHAMIYHI CUJIM BU3UBAIOTh
3HAYHI 3HAKO3MIHHI1 HABAaHTA)XCHHSI B IMIMPOKOMY JIianma3oHi YacToOT 1 aMILTITY/I.

VYcTaHOBKY amapaTypyd Ha aMOPTH3aTOPH MOXKHA MPAKTUKYBATH TUTBKH MICISA
JETATBHOTO aHANI3y MEXaHIYHUX BIUIMBIB Ha HOCIi a00 HOPM MEXaHIYHUX BIUIMBIB
nabopaTOpHUX BUNIPOOYBAHb 1 y BUMAJKY 1X A1MICHOT HEOOX1THOCTI.

3axuct o0naHAHHS Bil MEXaHIYHUX HABAaHTAXCHBb MPHU NIEPEBE3CHI HA Oararo
CKJIQJIHIIIIE HDK 3aXHCT CTAIliOHApHOTO OOJIaJIHAHHS, TaK SK 4acTOTa Jii 30BHINTHIX
HABAaHTAXXEHb, 110 BUHUKAIOTh MOKE 3MIHIOBATHCS B ITUPOKUX MekKaX. AMOPTHU3ATOPH
B IIbOMY BUIAJKY MOBUHHI 3a0e3neuyBaTi €(DEKTUBHHUM 3aXUCT B OLIBII HIUPOKOMY

YaCTOTHOMY Ji1ana3oHi o0ypeHHs. KpiM Toro, aMopTu3atopu NOBUHHI 3a0€31euyBaTH
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3aXUCT OOJaJHAHHS, U0 NEPEBO3UTHCS BiJ] BUIAJAKOBUX MOIITOBXIB Ta YAapiB BEIUKOT
aMILTITYAH.

Po3rnsiHeMo BUMOTH 70 aMOPTU3ATOPIB, 110 BUKOPUCTOBYIOTHCS AJIS 3aXUCTY
Bl MEXaHIYHUX TIEPEBAHTAXKECHb OO0JaJHAHHSA, IO BO3UTHCA aABTOMOOLIBLHUM,
3aJII3HUYHUM, BOJHUM, TIOBITPSTHIM TPAHCIIOPTOM Ta PaKETaMHU.

[Ipy aBTOMOOLIPHUX TIEPEBE3CHHSAX HABAHTAXKCHHS MAIOTh HEPETYJIAPHUM
XapakTep 1 HEMEePEPBHUI CIIEKTP YacTOT, X04a B JSAKHX BUMAJKaX 1[I HABAaHTAKCHHSI
MOXYTh MaTH perysipHUil xapaktep. Hampukman, mpu pyci mo aBTocTpaai 3
OCTOHHUMU TUIMTAMHU CIIOCTEPIra€ThCsl MEPIOUUYHICTh OOYPEHHS, SIKE BHU3HAYAETHCS
MIBUAKICTIO PYXY TPAHCIOPTY Ta JIIHIMHUMHU pO3MipaMU €JIEMEHTIB JOPOKHBOIO
HOKPHUTTSI, IO TIOBTOPIOETHCSI.

PerynspHicTe 00ypeHHS Mae MicIle 1 Ha CTHKaxX PeroK Mpu pyci 3al1i3HUYHOTO
tpancnopTy. Lli oOypeHHs BiAOyBalOThCS TOJIOBHUM YHHOM B OOKOBOMY Ta
BEPTUKAJILHOMY HAmpsiMi, MpPOTe HEPiAKI OOYpeHHs B MPOKOJIBHOMY HAINPIMKY
BHACJIIJIOK HEPIBHOMIPHOCT1 TATH HA MiAHOMax Ta yXujax, a TaKoXX MPHU 3YEIJICHHI
BaroHiB. [Ipu pyci cocTaBy aMIIIITYu KOJMBaHb NMPUOIN3HO OJHAKOBI B YCIX TPHOX
HanpsIMKax.

[Ipu mepeBe3eHi anmapatypyd Ha aBTOMOOUIBHOMY 1 3aJi3HUYHOMY TPAHCIIOPTIi
CJIiJT BpaXxOBYBaTH, 1110 1 TPAHCTIOPT CaM IO c001 BJKe Ma€ BIOPOI30JIAIINHY JIAHKY -
pecopu, 10 MOHIKAIOTH Mepeady 30BHIIIHBOTO CHUJIOBOTO BIUIMBY BiJl JOPOTHU Ha
MIAPECOPHUI eKimaxk; 1 SIKI[0 BJIacHI YacTOTH KOJHMBAHb EKIMaxy Ha pecopax
JI0OCTaTHbO HU3bKI B TIOPIBHSIHI 3 YAaCTOTaMH, 1110 30y/KYIOTh BIUIMB BiJ JOPOTH, TO
HEMAa€ CEHCY IMpH MEepeBe3CHl pa/iOeIeKTPOHHOIO OO0JaJHaHHSI 3aCTOCOBYBAaTH
JI0JTATKOB1 aMOPTHU3YIOYH 3aCOOH.

Crig TakoX 3BEpHYTH yBary Ha KJIIIMaTHYHI YMOBH MPU TPAHCIIOPTYBaHHI, SKi
MOXXYTbh 3MIHIOBATHCS B MIUPOKUX MEXKAX B TPOMIYHUX O apKTUIHUX. B 3B’s3Ky 3
MM aMOPTU3aTOPH TIOBMHHI BOJIOJITH JIOCTaTHBOKO CTIHKICTIO JIO BIUIUBY

TEeMIEepaTypH, TUCKY, BOJOTOCTI, arPECUBHUX CEPEOBUII, BUIPOMIHIOBAHb 1 T.II.
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OCHOBHI BUMOTH, WUIO0 MpPEa SIBISIOTECA [0 aMOPTH3aTOPIB KOpPaOeabHOTro
oOnagHaHHs, BUIUIMBAIOTh 3 €KCIUTyaTallliHUX YMOB, Kl MAlOTh MiICLIE€ Ha CyAHaX, |
MOAUISIIOTHCS] HA HACTYITHI:

a)  3a0e3medeHHs  TPHUBAJIOi  eKCIUIyaTamii  [pu  TeMIepaTrypax
HABKOJIMIITHLOTO cepeaoBuiia Bia -5 g0 +(70-80) C, a Takox B yMOBax MOXJIMBOI'O
00JIMBaHHSI MACTHIIOM, TU3EJILHUM MAJTUBOM, MPICHOIO 1 MOPCHKOIO BOJIOIO;

0)  3a0e3nedeHHs MIABUMIIEHOI MIHOCTI aMOPTU3aTOpa MO BCIM HaNpsiMKaMm
HaBaHTaXXEHb, 1110 JifOTh;

B)  MOXIHMBICTh YCTAaHOBKM OOJIaJJHAHHS HA aMOPTH3aTOpax B OyIb-SKUX
HEOOX1THUX IMOJIOKEHHSX 1 3an00iraHHs o0JaHaHHS BiJl 3pUMBY 3 aMOPTU3aTOPIB MPH
PI3KUX KpEHax CyJlHa;

r) AocTaTHE neMndipyBaHHs JJIs IIBUAKOTO TAaCiHHS BIACHUX KOJMBAaHb.

[Tpu BUOOpPI amMOpPTU3aTOPIB BUPOOISETHCS OPIEHTOBHA OIlIHKA €(PEeKTUBHOCTI
aMOPTHU3YIOUUX KPIIUIeHb 1 AedopMallii OCTaHHIX, 3a Pe3yJIbTaTaMU K0T KOPUTYETHCS
aMOPTHU3YIOUM KPIUIeHHS 1 GyHIAMEHT Mija BHpiO, 10 aMopTu3yeTbes. Kpim Toro,
IIPOBOJASTHCS MEPEBIPOYHI PO3PAXYHKU HA 3MILIEHHS aMOPTU30BaHOTO 00’ €KTY MpHU
XUTaHHI1, TUPEpPEeHTI, a TPU JOJATKOBUX BUMOTaX TAaKOX MPH i YCUIIb, 1[0 3/[BUTAIOTH
Ta TEPEeKUJAl0Th 3 BpaxyBaHHSIM THYYKHUX BCTaBOK. HeoOXimHi s BKa3zaHUX
PO3paxyHKIB CTaTHYHI KOPCTKOCTI aMOPTH3AaTOPIB 1 MIABOJOK, K1 MPUETHYIOTHCS,
OOUYHCITIOIOTBCST TI0  eKCIepUMEHTabHUX rpadikax abo TeopernuHo. B  pasi
HEOOXITHOCTI cXeMa aMOPTH3YIOUOTO KPIIUICHHS JOJaTKOBO KOPUTYIOThCS [1].

AMOpTH3aTOPH JITAKOBOTO YCTATKyBaHHS MMOBUHHI:

a) MaTH BHCOKY MIIHICTD, 1110 3a0e3meuye 30epiranas oOaagHaHHs MpH il
NepeHaBaHTaXeHb Ha TPOTA31 BChOTO TEPMIiHY eKCIUTyaTallii;

0) BOJIOZITH HEBEITMKOIO MACOI0 1 Ta0apUTHUMU PO3MipaMH, 3a0e3MeuyBaTH
3pYYHICTh MOHTAXYy Ta KPIMJICHHS 00JIaTHAHHS;

B) BOJIOZITH 3HAYHUM JAeMIIpyBaHHAM TSI IBUIKOTO 3aTyXaHHS BJIACHUX
KOJIUBaHb aMOPTHU3YIOUOTO OO’€KTYy, IO BHHUKAIOTh MPHU TMOIITOBXAaX, a TaKOX

KOJIMBaHb B 30H1 PE30HAHCY NPU NEPIOUUYHOMY 30 yIKEHI.
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HeoOXigHICTh BUTpPUMYBATH IOCTIHHY BJIACHY YacTOTYy MpU Pi3HUX Macax
aMOpPTU3YIOUOTrO 00JIalHAaHHSA 3acTaBisie MaTh Hallp aMOpTU3ATOPIB Pi3HOI
KOPCTKOCTI. 3aMICTh HaOOpy amMOpTU3aTOpiB, LI0 NEPEKPUBAIOTH [1ala30H
HaBaHTaXX€Hb, AMOPTU3ATOPH CJI11 KOHCTPYIOBATH PIBHO YACTOTHUMH, TOOTO TAKUMH,
MKOPCTKICTh SIKUX aBTOMATHYHO MIHSETHCS i PI3HUMHM HAaBAaHTAKECHHSIMU TaK, IO
BJIACHA YaCTOTa KOJMBAaHb CUCTEMH 30€PIraeThCsi HE3MIHOIO.

Y 3B’M3Ky 3 THM 1I0 AaMOpPTU3aTOpU TMPALIOIOTh B PI3HOMAHITHHUX
METEOPOJIOTTYHUX YMOBaX, BOHHM TIOBHHHI BOJIOJITH JOCTaTHBOI CTIUKICTIO J10
BIUIMBY TEMIIEpaTypu, THCKY, BOJOrocTi 1 T.N. BiAMOBIAHO 10 TEXHIYHUX BHUMOT,
aMOpPTU3aTOPH  JIITAKOBOT'O YCTaTKyBaHHS IIOBHUHHI 3a0€3MEUUTH HOPMaJIbHY
BIOPOI30JIAIIII0 B YMOBaX Iepenany Temmneparyp Bifg - 60 go + 60 C, 3MiHH BUCOTH BiJl
0 10 20000 ™ 1 T.11.

Ha amapatypy, sfika 3HaXOJUThCS Ha CHapsJax i pakeTaxX B PEaIbHUX YMOBax
MOJIBOTY JiIOTH BiOpallii 3 BUIAJKOBOIO aMILIITY/A00, 110 MAalOTh IIUPOKUHA CIIEKTP
gacToT. Kpim Toro, ix CynpoBOKyIOTh 3HAUHI1 YAapHIi Ta JIHIIHI TepeHaBaHTaXXEHHS.
Jlxepenamu NMHAMIYHUX HaBaHTaXEHb HA pakeTax €: po00Ta MapUIOBUX JIBUTYHIB 1
IPUCKOPIOBAYiB, panToBe iX BHUMKHEHHS, AaepoauHaMI4HI cuid (aTMocdepHa
TypOYJICHTHICTb), 110 BUHUKAIOTH NPH MPOXOHKEHHI IIUIBHUX IMapiB atMocdepH, a
TaKOXX BIJIOKPEMJICHHS BIJIUTIB PaKeTH, K€ CYIPOBOJIKYETHCS CTPUOKOIMOAIOHOIO
3MIHOIO YaCTOTH, B TOM Yac SIK IIPU BUTOPSIHHI MaJMBa 4acTOTa 3MIHIOETHCS TIJIABHO.
Bkaszani HaBaHTa)XCHHS B OCHOBHOMY JIFOTh Ha TOYATKOBUX JUISHKAX IOJBOTY 1
PO3MOBCIOJIKYIOTHCSL TI0 KOPITYCY PaKeTH B BUTIIAJI MONEPEYHUX XBHIIb OOIIUBKH 3
JI0OCTaTHBO BEJIMKOIO aMILIITYI01O.

[ToeqHAHHS 3HAYHOTO JIIHIMHOTO TIEPEBaHTAXKCHHS 3 IHTEHCUBHOIO BiOpaIri€io B
CWITy TIeBHOI crienidiKi HAKIaJa€e 0COOIMBI BUMOTH Ha poOOTy amopTu3aTtopis. Tak,
aMOpPTU3aTOpPH TOBHHHI 30epiraT CBOi XapaKTepUCTUKH IMiJ dYac MAii JIHIHHUX
MepeBaHTAXEHb TAKHUMH XK, SIK TIPH iX BIIICYTHOCTI, BUTPUMYBATH 0€3 MOJIOMKH ITEBHUI

MPOruH (cTaTuuHy AedopMalliio), 10 BUKIUKAETHCS JIHIMHUM NEPEBAHTAKECHHSIM.
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TakuM 4YMHOM, [0 AaMOPTU3aTOPIB PAKETHOTO YCTATKYBAaHHsS IOBHHHI
Npea'aBIsITHCS OLIbII >KOPCTKI BUMOTH, IO 3aJ€KaTh B OCHOBHOMY B TUNY 1
MPU3HAYECHHS PAKETH.

[30s0109a MiZBICKA PAKETHOT anapaTypy NOBUHHA OyTH MEXaHIYHO MILIHOIO Ta
CTIMKOIO MpH i1 K MEXaHIYHHUX, TaK 1 KIIMaTUYHUX (PAKTOPIB 1 MOBUHHA JOMYCKATH

3HAYHY NPYXHY Aedopmariiro 6e3 3HaYHUX 3MIH CBOIX XapakTepucTuk [3].
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2 PAIIIOHAJIBHUM MOHTAK AMOPTH3ATOPIB
TA CTATUYHUM PO3PAXYHOK CUCTEM AMOPTU3AIIII

2.1 BuOip Ta panioHaIbHUA MOHTAK AMOPTH3ATOPIB

[TpoekTyBaHHS CUCTEMH aMOPTH3aTOPIB 3aCHOBAHO Ha 3araJbHUX MPUHITAIIAX
Teopii KOJIMBaHb i TeOpii yaapy, 10 nepeadayaroTh 3HAHHS 30CEPEKEHIX MTapaMeTpiB
- KOe(IIIEHTIB )KOPCTKOCTI Ta feMiipyBaHHs amopTu3aropis. [Ipu 1boMy BETUKOTO
nomypeHHs: HaOyna JiHIiHA 1HTepOpeTalis 3ajadl Ipo Malli KOJIUBAHHS MPYKHOTO
miBUIIEHOTO Ti1a. Taka iHTeprpeTallist 3aja4i OTpuMalia Bce3arajibHe MOMUPEHHS He
3-3a2 CTPYHKOCTI Ta 3aBEPIICHOCTI MATEMAaTUYHOTO arapary, 0 BUKOPHUCTOBYETHCS, a
3a MPUYMHOIO JIOCTATHBO TOYHOTO ITIITBEPKEHHS Ha TTPAKTHILI.

Bubip Tuny amopTuzaTopiB Ta IX pallilOHaJIbHE PO3MIIICHHS 3a3BUYai
BUKOHYETHCSI Ha OCHOBI CTaTMYHOTO 1 JMHAMIYHOTO PO3PaxXyHKY, BKIIIOYAIOYH
BU3HAUEHHS CTaTUYHHX HABaHTaXEHb HA KOXKHHUM 13 aMOPTHU3aTOPIB 1 PE30HAHCHUX
4aCTOT CUCTEMH, a TAaKOXK e(PEKTUBHICTh aMOPTU3YIOUOT MIJBICKH.

Bupi6, sikuii BCTaHOBJIEHO HA aMOPTU3ATOpaX, K KOJMBAJIbHA CHUCTEMA Ma€
IIICTh CTEIEHIB CBOOOAM, a OTXKe, 1 IICTh PE30HAHCHUX YacTOT KOJMBaHb. [Ipu
nepioAMIHOMY 30Y/UKEHI OyJb SKOTO HaIpsIMy MOKE BUHUKHYTH PE30HAHC 3 OyIb
KO 13 BKa3aHUX 4acToT. KoXkeH 13 pe30HaHCIB MOKe BUKIIMKATH MMOPYIICHHS poOOTH
BUpOOY, TOMY aMOPTHU3YIOUY MiJIBICKY MOTPIOHO KOHCTPYIOBATH TaK, 00 BUKITIOUYUTH
MO>KJIUBICTH MOSIBH PE30HAHCIB.

BrnacHi wactoTu cucteM aMmopTH3allii 3a3BUYail 3HAXOASITHCS PO3PAXYHKOBUM
nuiixoMm. JlJis BU3HAYEHHS 4YacTOT BJIACHUX KOJHMBAaHb CHCTEMH aMOPTH3aIil
HEOOXITHO 3HaTH ii mapaMeTpu: KOEQIIIEHTH 3>KOPCTKOCTI Ta aemrmdipyBaHHSI
aMOpTH3aTOPiB, KOOPJWHATH pO3TAIIyBaHHS OCTaHHIX BIJHOCHO IIGHTPY Bard
130JTI0I0YOT0  BUPOOYy, a TakoXX Macy BHpPOOy 1 MOro MOMEHTH 1HEpIii BITHOCHO

IOJIOBHUX OCHTPAJIbHUX OCCH.
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[Ipy>xHi e1leMEHTH aMOPTU3ATOPiB MPUUHATO XapaKTepU3yBaTH KPUBOIO «CHJIA -
nedopmariisi», TOOTO 3aJ€KHICTIO 3aCTOCOBAaHOI cui P Bin aedopmaii x. [Ipyxxuuii
€JIEMEHT Ha3MBAIOTh JIIHIMHUM, SKIIO CHJIa PY>KHOCTI MponopuiiHa aepopmarii. [Tpu
bOMY KOE(DILIEHT MPOMOPIIHHOCTI ¢, IO HA3WBAETHCS CTATUYHOIO MKOPCTKICTIO
€JIEMEHTY, SIKH BU3HAYAETHCS SIK TAHITCHC KyTa HaXWIy MpsMOi «cuia - gegopMarniis»
710 ocl abcIyC, MOCTIMHUHN 1 HE 3aJIeXKUTh BiJ AedopMallii.

JIist HeNMHIAHUX MPYKHUX €JIE€MEHTIB KOPCTKICTh HE € BEJIMUMHOIO OCTIIHOIO,
a 3MIHIOETbCS 3 3MIHHOIO Aedopmariii. CTaTuyHA KOPCTKICTh B OyIb-sKiil TOUI (
KPHUBO1 «cuiia - AedopmMallis» BUBHAYAETHCS B LILOMY BUIIAJIKY SIK TAHT€HC KyTa HAXUITy

JOTUYHOI 10 KPUBOI B IaH1i To4Iili a0 SK MOX1AHA B AaH1A TOYIIL:
c=tga =—. (2.1)
3 MpakTUYHOI CTOPOHU KOOPJIMHATH TOYKHU (] HA KPUBIH «cuia -nedopmariis»
P(x), 300paxenoi Ha pucyHky 2.1, 3a3BHYail BiJIIOBIIAIOTh BEIUYMHI CTATUYHOTO

HaBaHTAXEHHs (Maci BUPOOy), IO poO3TallloBaHE HA aMOPTH3aTOpi, 1 BEIWYHUHI

nedopmMaiiii (MPOruHy) aMopTHU3aTOPA MPHU IIBOMY.
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Pucynok 2.1 — Kpuna «cuna-medopmarrisi»
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Sxuro Tenep BUpiO nma aMOPTU3aTOPax MPUMYCUTH KOJUBATUCA, TO HABITh NPU
MaJluX aMIUIITyAaX, Kl HE BUXOJSATh 3a TpaHULl MPOMOPIIAHOCTI, B Marepiaii
amopTtu3aropa OyayTh BiAOyBaTHUCA  HE3BOPOTHI  Mpolecd, 1o OyayTh
CYNPOBOJI)KYBAaTUCS BTPATOIO TEIJIOBOI €HEPrii 3a paXyHOK BHYTpilIHbOro TepTs. L1
BTPATU XapaKTEPHU3YIOThCS METIICIO TICTEPE3NCy, KA YTBOPIOETHCS B OKOJI TOUYKH (,
TPAEKTOPIIO AKOT OYAyTh ONUCYBATH BC1 TOUKU BUPOOY, 110 KOJIUBAETHCS.

Haxwt Benukoi oci et XapakTepu3ye TUHAMIuHY )KOPCTKICTh aMOpTHU3aTOpa
B TOYIl (, a IIOLA MEeTIl - KUIbKICTh €Heprii, MOTJIMHEHO1 Ta BTPAYeHOI B BUIJISIL
TeTIa MaTepialioM aMOPTHU3aTOpa 3a OJIMH IUKJI KoymBaHHS. [Ipu 1iboMy B 3a51€:KHOCTI
BiJl BIIACHOI CTPYKTYpPH Marepially MpYy>KHOTO eJleMEHTa aMOpTH3aTopa, aMILTITyAu
IIUKJTY 1 MIBUJIKOCTI HABAHTAKEHHS aMOPTU3aTOpa HAaXWJ OUIBIIOI OCI TICTepe3UCHOI
NeTJII MOXE 3MIHIOBATHUCS, OTXKE, IWHAMIYHA >KOPCTKICTh aMOPTH3aTOpa MOXE
BIJIPI3HATUCS BIJ CTaTUYHOI C; # Cor. 3 UHUCICHHHX JOCHIIKEHB, JUIS OJHHUX
aMOpPTH3aTOpPIB 1 MarepiaiiB (MeTajeBi, Pe3UHO-METAIIYHI, PE3UHOBI 1 CHHTETUYHI
aMOPTH3aTOPH Ta MaTepialiv) BKa3aHa BIIMIHHICTh B )KOPCTKOCTSAX Majie, 1 MPaKTUYHO
iX MOXXHa BB@XAaTH OJHAKOBUMHM; [UJIS IHIIMX aMOPTH3aTOpIB (HAmpuKIad, 3
BUPaX€HUM MTHEBMOE(PEKTOM) BKa3aHa BIIMIHHICTH JKOPCTKOCTSIX MOKE OYTH BEJIbMU
3HaYHUM. TakuM YMHOM, UUKIIYHE (AMHAMIYHE) HaBaHTAXKEHHS aMoOpTU3aTOpa
CYTTEBO BIIPI3HAETHCS Bl OAHOCTOPOHHBOTO (CTATUYHOTO) TOJIOBHUM YHHOM CBOEIO
HE OJHOMAHITHICTIO, TaK SK MPH MAaTEMAaTHYHOMY OITHUC1 SBHINA JIOBOJIUTHCS MaTH
CIpaBy HE 3 KPHBOIO, a 3 3aMKHYTOIO IETJICI0, a TaKOX BIIMIHHICTIO B peakirii
MaTrepiaiy IpYy>KHOTO €JIEMEHTY Ha 30BHIIIHE 30y/KeHHA. B 3arasibHOMY BUTIAAKY
peakKIliss aMopTrU3aTopa Ha CHUJIOBE 30YHKCHHS 3aJIeKUTh HE TUIBKH Bif Aedopmariii,
aye 1 BiJ MBUAKOCTI HABAaHTAXXEHHS, & TAKOXX BHYTPIIIHBOTO CIIPOTHUBY B Marepiaii
(memmdipyBaHHA).

Tomy poMoBMMOCS Hajami TPU TPOBEIAEHI CTATHYHOTO PO3PAXYHKY 1
JOCII/HDKCHHS] CHCTEM aMOpTHU3allil B PIBHIHHSAX B YCIX BHUMAAKaxX MiJ ¢ PO3YMITH
CTaTUYHY KOPCTKICTh aMOPTU3ATOPIB.

Takox ciijg 3a3HAYATH TOPSAOK PO3PAXyHKY aMOPTH3YIOUOTO KPITUICHHS.

Po3paxyHOK aMOPTHU3YyHOUOTO KpITUICHHS TMOYHMHAIOTh 3 BHU3HAYEHHS CTAaTHYHUX
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HABaHTaXEHb, 1110 IPUIAIAI0Th Ha KOKEH aMOpTU3aTop BiJ Macu BUpoOy. [Ipu upbomy
BUXOJATh 3 YMOB pALlIOHAJIBHOIO MOHTaXy CHUCTEMHM aMopTu3allii, TOOTO
ONTUMAJIBHOTO PO3TAaIlyBaHHS aMOPTU3aTOPIB Ha BUPOO1. [lani 3a3Bu4ail nepexoasTh
10 BUOOpY THUIy aMOPTHU3aTOpIB MO KaTajo3l BUXOJAYM 3 3HAMIEHHX CTATHYHUX
HABaHTaXEHb, & TAKOXK I'PAHUYHUX 3HAYEHb APAMETPIB, 10 JOMYCKAIOTHCS 0O0OpaHUM
TUIIOM aMOPTHU3aTOPIB IPH 00OB’I3KOBOMY BpaxyBaHHI1 YMOB €KCILTyaTallli.

[Ipu po3paxyHKy cHCTEM aMOpTH3alii 3a3BUyYail peajbHAa KOHCTPYKIIIS
aMOPTHU3YIOUOTO BHUPOOY 3aMIHIOEThCS EKBIBAJICHTHOK aOCOJIIOTHO JKOPCTKOKO
MOHOJIITHOIO MAacolo (BaroBUM €KBIBAJIGHTOM), IIO0 Ma€ OJHAKOBY 3 pEaJbHUM
BUPOOOM Macy 1 MOMEHTH 1HEpIIii BIIHOCHO TOJIOBHUX LIEHTPaJbHUX oceil. MoMeHTH
iHepiii BUpoOy Ta BaroBOro €KBIBAJIEHTA 3HAXOIATbCA ab0 po3paxyHKamH, ado
€KCIIEPUMEHTAIBHO.

Buxigui mani qjis po3paxyHKy amMOpTH3aToOpiB 0a3yroThCs Ha OaraTOPIYHOMY

JOCBI/II pO3pO0OKH Ta 3aCTOCYBAaHHS aMOPTH3aTOPIiB B Pi3HUX BHUpoOax [3].

2.1.1 YMoBH panioHaJbHOT0 MOHTAKY BUPOOY HA aMOPTH3aTOpax

VY 3ajexHOCTI Bil Macu aMOPTU3YIOUOTO BHUpPOOY 1 HaBaHTAXKEHHS, IO
pUnazgae Ha KOXKEH aMOPTHU3aTOP, MIOUPAIOTHCS aMOPTU3aTOPH BIJIITOBITHOTO THITY 3
TaKUM PO3PaxyHKOM, 100 HOMiHAJIbHA BaHTAXKOIIIHOMHICTh P BCIX aMOPTH3aTOPiB
Oysa OIM3bKOI0 IO Macu Mpruoopy.

AMOPTH3aTOpH OJHAKOBOI'O HOMIHAIBHOTO HABAHTAXKCHHS, ajie¢ PI3HUX THITIB
MOXXYTh MaTH Pi3HI PE30HAHCHI YacTOTH 1 AeMI(ipyBaHHS, TOMY 1 BUPOOJISIOTHCS B
3aJIeKHOCTI B/l MPU3HAYCHHS 1 YMOB €KCILTyaTaIlii.

3acTocyBaHHS aMOPTH3aTOPIB 3 BIAXWJICHHSAM Bil iX HOMIHAJIBHOTO
HABAaHTAXXEHHS HE PEKOMEHJIOBAHO, TaK SK TOPYIICHHS PalliOHATHLHOTO MOHTAXKY
MOX€ TIOHM3UTH 130I0I0UMiA  e(deKT MiABICKH. SIKIO0 BKa3aHI HaBaHTAKCHHS
BIIPI3HSIIOTHCA BIJ] HOMIH&JIBHUX aMOPTHU3AaTOPIB, SIKI YCTAHOBIIOIOTHCS B PI3HUX

TOYKaX KpiIUIeHHs (J1anax), TO e MOXKe MPUBECTU 0 MOSIBU KPYTHIBHUX KOJIMBAHb 1
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J0JIaTKOBUX PE30HAHCIB B cUCTEMI. Bce 1ie mpuBOIUTh 10 CKOPOUYEHHS rapaHTIiHOrO
CTPOKY CIIy’OH aMOpPTU3aTOPIB.

[Ipu paiioHanbHOMY MOHTa1, BUpi0 MOBUHEH BCTAHOBIIFOBATHCS HA BCIX CBOIX
aMopTH3aTopax Tak, MO0 ILEHTp Bard HOro CHiBMaJaB 3 IIEHTPOM IKOPCTKOCTI
aMOpPTHU3ATOPIB.

LleHTpOoM &KOpPCTKOCTI CUCTEMHU aMOPTHU3alLlil HA3UBAETHCS TOUKA, B K1l YMOBHO
30Cepe/KeHa 3arajbHa JKOPCTKICTh BCIX amopTtusaropiB. KoopauHaTu UHEeHTpY
KOPCTKOCTI B MPSIMOKYTHIM cUCTEMI KOOpAMHAT (MOYATOK CHUCTEMHU KOOPAMHAT

3a3BUYail CyMilllalOTh 3 HEHTPOM TSKIHHA BUPOOY) 3HAXOASTHCS MO hopmyam:

X = Zcxixi . _ chiyi . _ ZcZiZi
c = B —

(2.2)

) [od ) c — )
X Cy, Yy, Yz

1€ Xi, Vi, Zi — KOOpPJMHATH PO3TAlllyBaHHS aMOPTU3aTOpiB Ha 00’€KTi (KOOpAWHATH
IIEHTPIB JKOPCTKOCTI OKPEMHX aMOPTHU3ATOPIB);

Cx, Cy., Cz. — 30CepeIeH1 CTATHUYHI >KOPCTKOCTI aMOpPTU3ATOPIB B HAMPIMKY
BIJIMOBIIHUX OCEH KOOPIMHAT;

YCxXis LCyYis LCzZi, — CYMA CTaTUMHHX MOMEHTIB JKOPCTKOCTEH
aMOPTHU3aTOPIB.

Skmo ¢y, =c,, = Kc,,, m0 BipHO I OJTHOTO i TOTO X THITy aMOPTH3aTOPIB, TO
yMOBa CHIBIAJAHHS LEHTPY TSOKIHHS 130JI0I0Y0T0 BUPOOY 3 IEHTPOM KOPCTKOCTI

aMOPTH3aTOPIB JAEThCS CUCTEMOIO PIBHSIHB

(% Cz;Xi = 0;

> Cz,Yi = 0;

2 Cz;Zi = 0;

XC %y =0; (23)
2 ¢ Yz = 0;
\ X Cz,zix; = 0.

YMoOBa BiICYTHOCTI MEPEKOCiB a00 PIBHOCTI MPOTHHIB y BCIX aMOPTU3AaTOPIB
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BUPAXKAETHCA HACTYITHUM YHHOM:

X6:c,, =6"Xc,, =G, (2.4)

ne G — maca BupoOy.
S0 BpaxyBaTH, 1110 5’CZL_ = P; (Pi - BaroBe HaBaHTa)KCHHS, sIKa MPUIIAIa€ Ha

[~-TUI aMOpTHU3aTop), 3amicTh yMOB (2.3) Ta (2.4) MOKHA 3amucaTi

(LP=G;
ZPl--xi :0;
XPi-y =0
<Zpi'Zi = VU (25)
LPixiyi =0
XPiyi-z =0
kZPi-Zi-xi =0

Konu BukoOHYyIOTBCS BCi ciM ymoB (2.5), MOHTaxx BHpOOy Ha aMOpTH3aTOpax
HA3WBAETHCS PAlllOHAIBHUM. SIKIIO YKCIIO HEBiIOMHUX B piBHAHHAX (2.5) abo uwmcio
aMOPTH3aTOPIB BIJMOBITHO HE MEPEBUIIYE TPHOX, TO CHCTEMa aMOPTHU3AIlii € CTATUYHO
BU3HAYHOIO, B IPOTUJICKHOMY BHITAJIKy - CTATUYHO HE BU3HAYHOIO.

[Ipy po3paxyHKy CTaTUYHO HE BU3HAYHOI CHCTEMHM Ha Hel MOBUHHI OyTH
HaKJIaJIeHI JO0JaTKOBI YMOBHM. JSIKIIO cHUcTeMa aMopTu3ailli CKIAZa€eTbCs 3 7
aMOPTH3aTOPiB, TO HEOOXITHO 3aaaTh 4N - 7 JOJATKOBHX BEJIMYUH i3 piBHIHB (2.3).
[Tpu bOMy MOKHA OTPUMATH Pi3HI BapiaHTH aMOPTU30BAHOTO KpirieHHs. J[o1aTKOBI
YMOBH BUOMPAIOTHCS 13 HACTYITHUX MIPKyBaHb.

Km0 TOYKM KPIMUIGHHS AaMOPTU3aTOPiB  PO3TAIMIOBYIOTHCS CHMETPUYHO
BITHOCHO TUIONIWHU, IO TPOXOIUTH dYepe3 IEHTP Bard BHPOOY, TO CHUMETPUYHI
aMOpTHU3aTOPU OOMPAIOTHCSA OJHOTO ¥ TOro > TUly 1 posmipy. Ilpu upomy
HABAaHTAXEHHS HA OJTHAKOBI aMOPTU3AaTOPH, IPUPOTHO, OYAYTh PiBHUMH.

Haii0inpin nommpeHi cXeMu Mpy>KHOTO MOHTaXy yCTaTKyBaHHSI MOKa3aHl Ha

pUCyHKy 2.2. B 3ameXHOCTi Bil BUMOT J0 aMOPTHU3aTOpPiB, KOHKPETHHX YMOB
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eKCIUTyaTalii Ta JOMYyCTUMHUX 3a30pIB MK aMOPTHU3YIOUMM BHPOOOM 1 CYMDKHUMU

KOHCTPYKI[ISIMHU, & TAKOX 32 OCHOBY OOMpParoTh Ty a0O0 1HILY CXEMY IiJIBICKH.

SRR

RN
.

N
Yy

N

-
NS

AN

Pucynok 2.2 — CxeMu MOHTaXy yCTaTKyBaHHS

[Ipu moeaHaHHI IEHTPY Baru 3 IEHTPOM KOPCTKOCTI cxeMu (puc. 2.2 (a, 0, B))
JI03BOJIIIOTH 3MEHIIUTH KOJIUBAHHS MO TOPU3OHTAIBHUX OCSAX 32 PaXyHOK PO3B'S3KU
KOJIMBaHb BIAMOBIIHO 3 ocsiMu cuMeTpii. L1 cxemu 3a6e3medyroTh 3aXUCT Bij CHII, IO
JIIOTh B YCIX HaNpsMKax, 1 X JOIIILHO BUKOPHCTOBYBAaTH B YMOBAaX IPOCTOPOBOTO
HABAaHTAXXEHHS HA PEAKTHBHUX JITaKaX, KEPOBAHUX CHapsAaX Ta paKeTax, a TaKOxXK
HOCISIX HA TYCEHMYHOMY 1 KOJTiCHOMY Xoai. B 1ux Bumangkax, o0epTanbHi KOJIUBaHHS
MiHIMaJIBHI.

B ymoBax BrumiBy BiOpairiil i HEBEIMKUX yIApPHUX MTEPEBAHTAXKEHB 0€3 CYyTTEBUX
HAXHJIIB OCHOBH 3aCTOCOBYETHCS CXeMa, 1110 300pakeHa Ha pucyHky 2.2 (r). Lls cxema
3aCTOCOBYETHCS TOJIOBHUM YMHOM B 3BWYAWHIN JIITAKOBIW amaparypi, a TaKOX MpHU
MPY>KHOMY MOHTaX1 PI3HOMAHITHOTO CTaIllOHAPHOTO YCTaTKyBaHHSA (MEXaHI3MIiB,
MeTaNopi3ajJbHUX CTAHKIB, MAIIUH 1 T.I1.).

3HaYHO OLIBIIOIO CTIMKICTIO, HDK III CXEeMa, BOJOJIIOTh CXEMH Ha

pucyHky 2 (k, ;). Ilepmia 3 HUX 3aCTOCOBYETHCS JJII BUPOOIB, B KX BiTHOIICHHS
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BHUCOTH JI0 IIMPUHU OUIbIIE JBOX. BCTaHOBIEHHS aMOPTU3aTOPIB B BEPXHIM IUIOMIMHI
J1a€ TOAATKOBI TOYKU OMOPH. BUIbIll €EKOHOMIYHOIO € Apyra JBOX'SIpyCHa cXema, Mpu
SAKIA TJIOIIMHA KOPCTKOCTI MPOXOAUTH MIDK aMOpTu3yrouuM BupoOoMm. Llg cxema
noTpedye MEHIIMX 3a30pIB MK aMOPTHU3YIOUMM BHUPOOOM Ta OTOUYYIOUMMH HOTrO
KOHCTPYKIIISIMU, HIXK CXeMa Ha PUCYHKY 2.2 (T), 3aBASKH OUTBIIN CTIMKOCTI CUCTEMU
aMopTH3allii.

Po3ramryBanHsi aMOpTH3aTOpiB IMiJ KyTOM JI0 oOceil cumerpii BUpPOOY
(pucyHok 2.2 (€)), KoM HampsM JIii peakiiii aMopTU3aToOpiB MEPETUHAIOTHCS B LEHTP1
Baru, 3ano0irae BiJi BAHUKHEHHsI 00€pTalbHUX KOJIMBaHb BUPOOY, aje JOCITTH I[LOTO
gacto OyBae CKPyTHO, TaKk K MpPH HEBEJIWKOMY TOPYIIEHHI CHUMETpii po3B’si3Ka
KOJIMBaHb MOPYIIYETHCS 1 B CUCTEM1 BUHUKAIOTh BC1 IIICTh MOB’I3aHUX BUJIIB BUTBHHUX
KonuBaHb. Llg cxema 3a yacTy 3aCTOCOBY€EThCSA B CYJHOBIN Ta TEIUIOBO3HIN MpakKTHUIIli
NPy YCTAHOBI[I HA aMOPTH3aTOPHU MAPOBUX MAIIWH 1 IBUTYHIB nu3ens. [lo cxemi Ha
puCyHKY 2.2 (€) 3a3BHUYail aMOPTU3YIOTHCS MACHBHO 130J1F0I0Y1 BUPOOH, IO MAIOTh
3HaYHy BUCOTY Ta €KCIUIyaTylo4l SIK B CTAI[lOHApHUX YMOBaX, TakK 1 HA PyXJIUBUX
HOCISX.

JI71s1 cxeM Ha pUCYHKY 2.2 MOYKHa BUKOPUCTOBYBATH CTaHIAAPTHI aMOPTHU3ALIIMHI
OCHOBH, SKI OTPUMYIOTh BCE€ OLUIbIIIe MOIIMPEHHS B 3B’sA3KY 3 YHi(iKaIi€o Macu, a
TaKOXX TaO0apUTHUX 1 NPUETHYBAIBHUX PpO3MIpIB OJIOKIB amapatypud Ta 3aMiHY
amaparypu. 3 JeAKUMH BUJAMU KOHCTPYKIH MIAOIOYHMX paM  MOXKHA
MMO3HAMOMHTHUCS B pOOOTI.

3acTocyBaHHS aMOPTHU3aTOPIB mependadae CBOOOAY ASSIKOTO IEPEMIICHHS
130J1F0}040TO BUPOOY BIIHOCHO OCHOBH. TOMY BCi MiIBOJKH 70 BUPOOY (CHIIOBI Ta
MOHT@)XH1 JpOTH, NUIAHTH, TATa KEepyBaHHS, TPyOONMpPOBOIHM, BAJIOMPOBOIX 1 T.II.)
MOBUHHI MOHTYBAaTHCS TakK, MO0 HE MEPENIKOKaTh CBOOOAI MOTO TMEpeMilIeHHS.
HenoctaTHbO rHYYKI MiJBOAM BHOCSITH B 130JII0I0UY CUCTEMY JOJATKOBY KOPCTKICTh,
MePEePO3NOAUSIIOTh HABAHTAXEHHS HA aMOPTHU3aTOPH, 3MIHIOIOTh BIIACHI YaCTOTH
CUCTEMH, MOXKYTh caMmi BIOpyBaTH 1, TAKUM YMHOM, MOTIpIIYIOTH 130s1it0. [linBoaku
MOBHHHI MaTH MOXJIMBICTh MIHIMAQJIBHOI >KOPCTKOCTI Ta PYXJIMBI KOMIIEHCYIOUU

OUISTHKY  (IIapHIpH), L0 NEPelIKOKAalTh mepenadil BiOpaiii. PamionanbHuM
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pO3TallyBaHHIM THYYKHMX MIJBOJOK MOXHa 3MEHIIWTU iX WIKIAIMBUN BrUMB. s
LIBOT0 CJIJ MparHyTd, o0 BIOpAaLIMHUN pyX pO3MOAUIABCA MO BCi JOBXKHUHI
MIJBOJIKY; SIKIO BIOpY€E TUIbKU KiHEIb M1JBOJKH, TO CKOPOUYETHCA ii CTPOK CIYKOU
3-3a KOHIIEHTpaIlii Hanpyru. JloBKrHa He 3aKpIIJIEHOT YaCTUHU THYUYKOT MIJIBOJIKH MK
BUPOOOM Ta OCHOBOIO MOBHMHHA OyTH Takolo, 00 3a0e3neuyBanacs MOXKIUBICTD ii
BUIBHOTO PYXY IpH BiOpailii. 3B’ s3aH1 APOTHU B JHKT'YT 3ano0irae ix BiOparii.

Bubip amoprtuzaTtopiB 1Mo KaTajiory B BIAMNOBIIHOCTI 3 MPOBEICHUM
PO3paxXyHKOM MOBUHEH PO3MIISIAATUCS K NEPIINNA KPOK, IKU HE TOBUHEH MIAMIHATH
co00I0 OCTaTOYHY EKCIEepUMEHTAJbHY IMEpPEBIPKY Ta OOpOOKY aMOpTHU3YHOYOIO

KpIIJICHHS B CKiIaji BUpoOy [3].

2.2 CTaTHYHUH PO3PAXYHOK CHCTEM aMOPTH3ALil

MeToro CTaTUYHOTO PO3PAaXyHKY aMOPTU3YIOYOi MIABICKM € BH3HAYCHHS
CTaTUYHHUX HAaBaHTaXXEHb BiJl MacH BUPOOY, IO MPHUIAJA€ HA KOXKEH aMOPTH3aTop, 1
NOJIBIIMKA BHUOIp aMOPTH3aTOPIB MO KaTajory B BIAMOBIAHOCTI 3 HaWJICHUMU
HaBaHTaxXeHHSAMU. CTaTUYHUN PO3PAXyHOK J03BOJISIE€ PO3TAIIYBATH aMOPTU3aTOPH Ha
BHUPOO1 Tak, 1100 BUKOHYBAJINCS YMOBH PAIliOHATHFHOTO MOHTAXY.

3'eqHaHHS aMOPTU3ATOPIB MapaliebHO POOUTH CUCTEMY OUIBII JKOPCTKOIO, a
3'€qHAHHS 1X TMOCTIAOBHO - M'AKIIO. Lleli BUCHOBOK MOke OyTH MOIIMPEHHI Ha
JIOBUTbHE YMCJIO aMOPTHU3ATOPIB, 3'€THAHUX MK COOO0I0 OYIb-SIKUM YHHOM.

VY 3amexHOCTI BiJ NpPU3HAYCHHS, YMOB EKCIUTyaTallli Ta KOHCTPYKTHBHHX
MOXXJIMBOCTEH aMOpPTU3aTOPiB BUOMPAETHCA CXeMa MOHTaXY YyCTaTKyBaHHS
(muB. puc. 2.2). [IpssMOKyTHY cucTeMy KoopawHatr X, V, Z BUOHWparTh Tak, moo ii
MOYaTOK CITIBMAAANIO 3 IIEHTPOM Baru BUpPoOy B CTaHi piBHOBAru, a OCi - 3 TOJIOBHUMH
[EHTPATILHUMHE OCsIMU iHepIii BupoOy. Hampsim oci Z mpu 11bOMY IOBHHEH CITIBIIa1aTH
3 JHIE [Ali CTAaTUYHOTO HABAaHTAXKEHHS Bl Macu. BuUKOpucTOByrOUM yMOBHU
parioHaTbHOTO MOHTaXy (2.5), ckimamaroTh NOTPIOHE YHCIO pIBHSIHB, 3 SKHX

3HaXOJSAThCSI BarOBl HABAaHTAKEHHS HAa aMOPTU3aTOPH, a TAKOXK HEBIIOM1 KOOPAUHATH
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iX po3TamryBaHHs. B 3amexHoCTI BiJ Unciaa aMOPTU3aTOPIB Ta CXEMHU iX pO3TallyBaHHS
MOJK€ 3MIHIOBATHCS 1 YHCIO PIBHSAHB B cucteMi (2.5), mo 3meHmye abo 30UIbIIye

CKJIQJIHICTh PO3B’sI3aHHS MMOCTABJICHOI 3aayl.
2.2.1 Po3ramryBaHHSl aMOPTU3aTOPiB B OJIHiii TOPU30HTAJNbHIN MJIOMINHI

Po3paxyHOK CTOCYETBhCSI MPYKHOTO MOHTaXy YCTaTKyBaHHsS IO CXe€Max Ha
pucyHky 2.2 (a, T), Koiu opauHaTa amoptuszatopiB Z = 0 (ana Bumagky Ha
PUCYHKY 2.2 (T')) MOYaTOK KOOPAMHAT MOKHA 3MICTUTH B IUIOLIMHY pPO3TalllyBaHHS
amopTu3aTopis. [Ipu 11boMy 3 ceMu piBHAHB (2.5) 3aHMIIAIOTHCSA TUIBKH YOTHPH:

{Z P =G XP-x =0 2.6)

2Py =0XP % y; =0,

Cuctema 3 TppOX aMmopTH3aTopiB. B 3aranmpHOMY BUmNaaky (pucyHok 2.3 (a))
3HaXOIAThCS HaBaHTaKeHHS P1, P, P3 Ta Oyab-sika 3 KOOpJIWHAT; iHIII KOOPJAMHATH

MOBUHHI OyTH 3aIaHUMU.

¥ " _F

| TR &1 | 1<
O(Xllﬁ | x ;3)0 © ! égxl’ﬁ;} LR <M & 1)
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;)2 r —M—t;{ o 3 T 4 X ol 3 HT 4 X
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Pucynok 2.3 — Cxemu po3TanryBaHHS aMOPTH3aTOPIB Ha 00’ €KT1

Skio, HanpuKiIajd, 3aaHl KOOPJUHATH aMOPTU3AaTOPIB X1, X2, Y1, Y2, V3, TO 3

piBHSHB (2.6) MOKHA BU3SHAYUTH KOOPJIUHATY X3
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xX1%2°Y3(Y1—Y2)

X2 = 2.7
3 X2Y1"(V3=Y2)—%1Y2(V3—Y1) @7)
Ta HABAHTAKCHHSA

X2'Y3—X3'Y2 .

P, = -G 2.8

1 (x2—=x1) (¥3—¥1)—(x3—%x1) (¥V2—¥1) (28)
X3'Y1—X1'Y3

2 (x2—=x1) (¥3=¥1)—(x3=%x1) (V2—¥1) (29)
x . _x .

P, 1'Y2—X2'Y1 (2.10)

N (x2=x1) (Y3—¥1)—(x3—x1) (¥2—Y1) .

Bumnanok oHakoBO HaBaHTaXEHUX aMOpTU3aTOpiB. Buxoasuu 3 ymoBu P; =
G . . :
P, =P; = 3 Ta 3ajaioun OyIb sIKI TpU KOOpPAMHATH aMOPTHU3ATOPIB, 3pYUHIIIE 3

KOHCTPYKTHBHUX MIpKyBaHb, 13 piBHAHb (2.6) 3HAXOIATh IHINI TPH KOOPJAMHATH.
SIK110, HANIPHUKITA, 33/1aTH KOOPIWHATH X1, Y1, 2, TO 3 YMOBH PaIliOHATFHOT'O MOHTAXY

1HIII KOOPAMHATH 3HAXOATHCS TI0 POopMyJIaMm:

X1 (V1 — Y2) —x1 - (2y; +y2)
X3 2y, + V1 X2 2y, + V1 Y3 (y1 +y2) ( )

Cucrema i3 4oTupbhox amopTu3atopiB (puc. 2.2 (a, 6, r)). B 3arampHOMy
BUIAJKY TOBHWHHI 3a7jaHi BC1 KOOPJAMHATH TOYOK KPIMJEHHS aMOPTH3aTOPIB JI0
BUpoOy. 3 piBHAHDb (2.6) B3HaXOAATBCSA BCi CTATHCTUYHI HaBaHTAKCHHS Ha

aMOpPTHU3aTOPH 3a PopMyramMu:
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( D,
Py =—"G;
)
D
P2=—2'G:
< D (2.12)
pDs
3 D 4
D,
kp4:H.G.

A€ BUBHAYHHUKHN CUCTCMH 3HAXOAATHCA 3 BI/Ipa?)iBl

D=D;+Dy;+ D3+ Ds#0; (2.13)
D1 = YaYaXa(Xa — X2) + Y2Xaya(X2 — X3) + XoYays(Xs — Xa); (2.14)
D2 = -y1yaXa(X4 — X1) — YaX1y3(X3 — Xa) — Xay1ys(X1 — X3); (2.15)
D3 = y1yaXa(Xa — X1) + YaX1y2(X2 — X4) = Xay1y2(X1 — X2); (2.16)
D4 = — y1yaXa(Xs — X1) — YaXay2(X1 — X2) — X1y2ys(X2 — Xa). (2.17)

[Ipu cumeTpuyHOMY pO3TalllyBaHHI aMOPTU3aTOPIB BITHOCHO OIHIET 3 OCEH,

HaIpUKIIaz oci X,
X1=X%2=C; X3=X4=-d; Y1=—2=a;ys=-ya=h.
HaBaHnTa)kxeHHs Ha aMOPTH3aTOPU BU3HAYAIOTHCS 32 POPMYTIaMHU:

d G
P,=P, = o P;=P, =

C G
2

2.18
c+d ( )

VY Bumagky piBHO HABAaHTAXKCHUX aMOPTH3aTOPIB, ONMUPAIOYNCh HA YMOBY

G . : L
P1=Py=P3=P4= 5 | 3a/1ar0uu OyZpb SIK1 IT’ATh KOOPJIMHAT aMOPTHU3ATOPIB, 13 PIBHIHb

Xx;=0; Xyi=0; Yx;y,=0, (2.19)
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MO>KHA 3HAWTH 1HILI TPU KOOPJUHATH.

Jlist cuctemu, siKa CKIAJAEThCsl 3 IIECTH aMOPTU3aTOPIB (YMCIO HEBITOMHX
MIEPEBHIIYE YHUCIIO PIBHAHB) 13 piBHAHD (2.6) MOXHA BU3HAYMTH TUIBKH YOTHPH
HaBaHTa)XEHHS, SKIIO BBAXKATH BIIOMUMHU 1HIII JIBA HABAHTAXEHHS 1 KOOPJAMHATH BCIX
HIICTHOX aMOPTU3ATOPIB.

HaiiGinbiie mnpakTuyHe 3HAYEHHS Ma€ BUIMAJ0K PIBHO HABAHTAXKEHUX

G
amoptusatopiB P1 =P, =P3=P;= Ps=Pg= .

[Ipu ubomy Tpu Oy1b SIK1 KOOPJIMHATH aMOPTU3ATOPIB MOKHA 3HANUTH 13 PIBHSIHB

(2.19), sixmno iHIIi 1eB’ATH KOOPAMHAT BBa)KATH BijoMumu [6].
2.2.2 Po3TanryBaHHsl aMOPTU3aTOPiB B IBOX FOPU30HTAJIBHUX MJIOMIUHAX

[leii BUMAIOK CTOCYETHCS PO3PAXyHKY MPYKHOTO MOHTaXy yCTaTKyBaHHS IO
cxemax Ha pucyHky 2.2 (B, I, €, k). Tak Sk aMOpPTH3aTOpPH PO3TAlIOBaHI B JBOX
TUIONIMHAX 1 MH MAaeEMO CIPaBy B 3 IMPOCTOPOBUM MOHTAXEM, TO ISl 3HAXOKEHHS
HEBIJOMUX HAaBaHTa)K€Hb HA aMOPTH3ATOPH Ta 1X KOOPIMHAT CIIiJi KOPUCTYBATHCS
ciMmoMma piBHsHHSIMH (2.5).

SIKIo cucTeMa CKIaJaeThCsl 3 BOCBMH aMOPTH3aTOPiB (110 YOTHPU B KOXKHIM

TIUTOIIKHI), TO 1X KOOPJIMHATH HACTYIIHI:

Z1 = Zyp = Z3 = Zy = Q,
S (2.20)
Ze = Zg = Z7 = Zg = —b.
I3 piBHsHB (2.5) MOXXHa BH3HAYNTH CiM HAaBaHTaXCHbB, SKIIO 3aJaTH BOCEMY, i
KOOpJIMHATH BCiX amopTtu3aropiB. I[IpakThyHe 3HAYEHHS Ma€ CUMETPHUYHE
(muB.puc. 2.2 (B, X, 1)) 1 HecumeTpuuHe (puCyHOK 2.2 (€)) po3TamryBaHHS

aMOPTHU3aTOPIB.
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VY nepmomy Bunanky kpiMm ymoBu (2.20) TyT mie TOTPUMYETBCS yMOBa PiBHO
HaBaHTaXXEHHS aMOPTU3aTopiB, TOOTO P/ = P2 =, ..., = P§ = g ' T yMoOBa cuMeTpii

(muB.puc 2.3(B))

X1 =X2=d; X3 =xX4 =—d; X4 =—d; Xs = Xe = di; X7 = Xg = — dy;

Yi=Y2=-C,¥3=Y4=C, Xs=Yg =—C, Y7 =Yg = C1.

Y  gapyromy Bumaaky kpim ymoB (2.20) MawTh Miclle  yMOBH:
X1 =X3=X5 =X7=—C; X2 = Xa = Xg¢ = Xg = K (quB.puc. 2.3(0)) i mo piBasHb (2.5)

MOXXHa J104aTH HaCTYHHi JABa.

Gk Gc
P1+P3+P5+P7=C-|—_k’ P2+P4+P6+P8=C-|-—k (221)

SIKIIO cucTeMa CKIAJaeThes 3 YOTHPHOX aMOPTH3aTOpiB, JBa BHHU3Y 1 JBa
BBepXYy (pucyHok 2.2 (1) Ta pucyHok 2.3 (B)) Ta BUKOHYIOTBCSI PIBHOCTI Z1 = Z3 = a;
Zp =124 =-b, T0 3 piBHAHB (2.5) MOXXHa BU3HAYNTH YOTUPH HaBaHTaxkeHHS P1, P2, P3, Py

1 TpY KOOPJIMHATH aMOPTHU3ATOPIB, SKIIO BBAYKATH, 10 BC1 1HII KOOPAMHATH B1IOMI.

IMpu X1 = X3 =C; X2 =Xa =K; y1 =Yy2 =d; Y3 = Y4 = — I 3HaYCHHS HaBaHTaXCHb
HACTYITHI:
( Gkr
P1 = ’
(c+k)d+T)
p Ger
2 = ;
c+k)d+r
( G)k(d ) (2.22)
P; = ;
37 (c+k)(d+T)
p Ged
YT e+ kA +T)
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Skio cucrteMa CKIIaaeTbesl 3 IMIECTH aMOpPTU3aTOPIB, YOTUPU BHH3Y 1 JIBa
3Bepxy (pucyHok 2.2 (€)), To, BpaxoBywouu 21 = 2 =dTa 23 =24 =25 =2 =—Db, 3
piBHsHB (2.5) MOXHa 3HAWTH MIICTh HaBaHTaxeHb Pi, P2, Ps, P4, Ps, P i onHy 3
KOOPJIMHAT, BPaXOBYIOUH, 1110 BC1 1HIII KOOPJIUHATH BIIOMI.

IIpu ycraHoBHi BHpPOOYy Ha YOTHUPHOX aMOPTH3aTOpPaX, pPO3TAILIOBAHUX
CUMETPUYHO B BEPTUKAJBHIN IJIOMIMHI, IO HE MPOXOAUTH UYepe3 LIEHTP Baru BUPOOyY
(pucyHok 2.4(a)), yTBOPIOEThCS KOHCOJbHA cXeMa miaBicku. Skmo 3 = zp = b;
I3=24= — Db, a Py1 = Py2 = Py3 = Py4 = 0, TO HaBaHTAXXEHHS Ha aMOPTU3ATOPHU

OyIyTh:

G
P =P =P =P, =—;

Zy 4 )
. (2.23)
= PX3 = Px4 = ‘E .

Takox ciil po3pi3HATH CXeMyY MOTAPHOTO PO3TallyBaHHS aMOPTHU3ATOPIB i
KyTOM B BepTHKalbHIA IuiommHi (pucyHok 2.4(6)) Ta cxeMy MpPOCTOPOBOTO
pO3TalTyBaHHs aMOPTH3aTOPIB IMiJ] KyTOM JIO0 TOPH30HTAJIBHOI Ta BEPTHKAIBHOI

IIomMrHaM (pUucyHok 2.4 (B)).

N

ARISNIN

SN

23RN

-~
“N

a)

Pucynok 2.4 — CxemMu MOHTa)Xy aMOPTH3aTOPIB i KyTOM BePTUKAIBHIH
IJIOIIMHI Ta IPOCTOPOBE PO3TALTYBAHHS M1 KyTOM /10 TOPU30HTAIBHUX Ta

BCPTHUKAJIBbHUX IIJIOIWH
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Cxema 300pakeHa Ha pUCyHKY 2.4(B) B MOPIBHSAHHI 3 CXEMOI0, siKa 300pakeHa
Ha pucyHKy 2.4(0), € OUTbII CTiKOIO 10 OOEpTAIbHUX KOJIMBaHb, 3IMCHIOIOYH B
OCHOBHOMY JIMLIE OCTYMAaIbH1 KOJTHUBAHHS.

[Tpu MoHTaxi MO cxemi, 300paxkeHol Ha pUCyHKY 2.4(0),0ci amopTH3aTOpiB
MONAapHO TMEPETHUHAIOThCS il KyTOM o. Ko OOKOBI HaBaHTaXEHHS Ha

P

amoprusaropu P, = P, Vs =

, = P, = 0, T0 0CbOBI Ta ONEPEYH] HABAHTAXKEHHSI Ha

AMOPTHU3AaTOPH BU3HAYAIOTHCA 3 BI/IpaSiBI

a
Py, = By, = By, = By, = 0,25G cos = ; 220

a
P, = B,=h8,=hb,=025G sinE.

[Tpu MOHTaXI1 32 CXEMOI0, sika 300paxkeHa Ha pucyHKy 2.4(B) oci aMOpTU3aTOPIB
MEePETUHAIOTHLCS B LIGHTP1 Baru BUPOOY i KyTamu o 1 f. Skio 60KoBI HaBaHTaXKCHHS
Ha amoprusatropu P, = P, =P, =P, =0 , Tomi o0cChOBI Ta mONEpeyHi

HAaBaHTA)XCHHS Ha HUX MOJKHA 3HAWTH 3 BI/IpaSiBI

a
B, =P, =P, =P, =0,25G cos—=cos—;

1 2 3 4 3 ’82 (225)
P, = B,=hB,=h, =025 sinicosz.
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3 MATEMATUYHA MOAEJb CUCTEMH 3AXUCTY PYXOMOI'O
OB’€EKTA BIJ MEXAHIYHUX 3bYPEHD

3.1 IlmHaMiyHuii PO3PaAXyHOK CHCTEM aMOPTHU3alil

3.1.1 YacToTH BJIaCHUX KOJIUBAHDb HeleMII(yBOBAHUX MiIPECOPHUX CHCTEM

TBepne TiIO, BCTAHOBJIICHE HA MPYXHUX aMOPTHU3aTOpax, IO ONMUPAIOTHCA Ha
HEPYXOMY OCHOBY, SBJISIE COOOI0 KOJHMBAJIbHY CHCTEMY, SIKa Ma€ IIICTh CTCICHIB
CBOOOJM 1 WIICTh YAacCTOT BJIACHUX KOJIMBaHb, SIKI JJIA 3amo0iraHHs PE30HAHCY 3
4acTOTaMu 30y/KYIOUMX CHJI TIOBUHHI OYTH 3a3/aJIeTi/Ib BA3BHAUYCHH] PO3PaXyHKOBUM
NUITXoM. Maili KOJWBaHHS PO3TJISHYTOI CHCTEMH XapaKTePU3YHOThCS IIiCThbMa
y3araJiIbHeHUMH KOOpJMHATaMU: TPhOMa MOCTYNAIBHUMHU 3MIIICHHSIMH IIEHTPY Baru
Tija Jj, d2, 03 B HANIPSAMKY BIAMOBIAHUX ocelt X, Y, Z HepyXoMoi MPSIMOKYTHOT CUCTEMHU
KOOpJMHAT 3 MOYaTKOM B IIEHTPI Baru Tijia 1 TphoMa 00EpTaHHAMHU - KyTaMU [IOBOPOTY
TiIa @1, @2, @2 BUIHOCHO TUX camMux ocedd. [lpu mpoMmy mpykH1 BJIACTHBOCTI
aMOPTH3aTOPIB XapaKTEPU3IYIOThCS 30CEPEKEHUMH TapaMeTpaMu - KoedimieHTaMu
’KOPCTKOCTI Cx, Cy, C; B HAPSIMKY BianoBiaHux oceit X, Y, Z.

SKIIo 3HEXTyBaTH Macoi0 130JIATOPIB, JIEeMII(pyBaHHAM 1 TiIPOCKOMIYHHUMHU
edekTamMu, M0 BUHUKAIOTh TMPU KOJIWMBAHHSIX B pe3yJbTaTi IOBOPOTIB OCEH
o0epTaroynx 4acTHH 00’ €KTY, IO IIUIKOM JOIMYCTUMO JIJIsi HEPE30HAHCHHUX 00JIacTe
IpU BIIHOCHO MalUX MEXaHIYHUX YacTOTaX 1 KYTOBUX IIBHIKOCTSIX OOEpTaHHS
JeTaield MexaHI3My, SKI HaWOUIBII YacTO 3yCTPIYalOThCsl HA MPAKTHUI, TO
nudepeHIliabHl PIBHSIHHS BJIACHUX KOJWBAaHb TaKOi CHCTEMH MOXKHA CKJIACTH 3a
JIOTIOMOT'OK0  y3araJibHeHUX piBHSAHBL Jlarpamka [2], ski juisi KOXKHOT KOOPJIHHATH

3alIMCYIOTh HACTYIITHUM YHHOM:

d o &/ O

: 3.1
dt o, &, o (1)
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e Xi = 01,0203, @1,02, @3, T 1 U — BIANOBIAHO KIHETUYHA 1 MOTEHIIaJbHA €HEprii
CUCTEMHU.

[loTeHianbHy €HEprito CUCTEMH SK (DYHKIII0 KOOPAMHAT 3MIIICHHS LEHTPY
KOPCTKOCTI aMOpPTU3aTOPIB MOKHA MPEACTABUTH Yy BUTJIAAI JOJAATHHO BH3HAYEHOI

KBaIpaTU4YHOI (popmu

U ==2(Z cx62 +%¢,02 + X c,6%), (3.2)

ne 684,0,,8; — CKiIaNoBl 3MIIEHHA LIEHTPY >KOPCTKOCTI aMOpPTH3aTopa, SKMH Mae
KOOPJUHATH X, ), Z.

KoeiiieHTH )O0pCTKOCTI Cy, Cy, C; MOXKYTh OYyTH SIK OJHAKOBUMH, TaK 1 pI3HUMHU
JUISL  OKpeMHuX amopTu3atopiB. Jlimst Toro mio0 CKOPUCTATUCS y3aralbHCHUMHU
piBusiaasiMu  Jlarpamka (3.1), eHepriro CHCTeMH MOTPIOHO BHpPA3UTH Yepe3 ii
y3arajibHeHl KoopauHaTtu. CKOpUCTAaBIIUCH KIHEMATUYHUM BIIHOUIEHHSM MIXK

3MIIICHHSAM JOBUIBHOI TOYKH 1 IIGHTPY Bard o00’€KTa, HAMUIIEMO BHUpPa3 JJIA

nepeMilieHds 64,8,,6; LEHTPY KOPCTKOCTI iI-rO aMOpTU3aTopa 3 MOYaTKOBHMH

KOOpJIMHATAMHU X, V, Z:

61 =61 — @3y + @,z —1no oci X;
8, =08, — 912 + @p3x — 10 OCi ¥; (3.3)
6_3= 03 — @3x + @1y — 1o oci Z.

[MTincrapuBmm (3.3) B piBHAHHA (3.2), OTpUMaeMO BHpa3 JUIsS IMOTCHINATBHOI

€Heprii CuCTeMHu y BUTIIAI QYHKIIIT Bif] y3aralbHEHUX KOOPIUHAT:

1
U=_(Zcx(61 = @3y + 922)% + X6, (8, — 912 + 9330)% + L ¢, (83 — pox +

1
+(P1Y)2) =3 (1167 + @226% + @330% + 44907 + as505 + agep3) +
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+a15619; + A1601 Q3 + A240,01 + Ap60,03 + A3463¢1 + a3583¢0, +
TA5P1P2 + TA56P2P3 + Ay P1P3, (3.4)

i€ T1ICYMOBYBaHHSI BUKOHY€ETHCA 1O BCIM aMOPTU3aTOPAM:

(A11 = X Cx;
Uzp = X Cy;
U33 = X Cy
A15 = X CxZ;
A6 = — X CxY;
A4 = — X CyZ;
Uz = X CyX;
{ A34 =2 C5Y; (3.5)
U35 = _ZCZX;
Uy5 = —ZCny;
Uy = — X CyZX;
Ase = — X CxYX;
Qyq = Z(Czyz + CyZZ);
U555 = Z(CxZZ + szz);
Lage = D(cy? + cyxz).

Kinetnuna cucrema enepris cucremu 1 = 17 + To, e

Ty = 0,5m(8% + 6% + 62) —xineTnuHa eHepris NOCTYMANIbHOTO pyXy cuctemu; Ty =

2]

g

— KIHETUYHA €HEepTisi 00epTaIbHOTO PyXy CHUCTEMHU BITHOCHO MHUTTEBOI OCI, IO

N |

MPOXOJIUTH Yepe3 IIEHTP Baru aMOpTU3YIOUoro 00’ €kTa; / — MOMEHT iHepIlii 00’ eKTa
BIJIHOCHO MHUTTEBOI OCi; @ — MUTTEBA KyTOBAa MIBUJIKICTh 00’ €KTa BIIHOCHO ITi€1 OCI; m
- Maca 00’€eKTa.

Sk1110 MUTTEBA OCh 00EpTaHHS YTBOPIOE 3 ocsiMu X, Y, Z BIAMIOBIIHO KYTH Y1, Y2,

Y3, TO TIPOEKIIii KyTOBOT IBUIKOCTI @ HA IIi OCi 3 BEIMKUM CTYIICHEM TOYHOCTI PiBHI

(@1 = ®COSY1, P2 = MCOSY2, (p3 = WCOSY3,
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a BUpa3 UII MOMEHTY 1HepIi] 00’ €KTa BIAHOCHO MUTTEBOI O0C1 OYTH MaTH BUIJIA
y y

| = Ixcos?y1 + 1yc0s?p, + 1,6082)5 — 214,C0S 1 COS 2 — 21,,C05 5 COSy3—

—214,C0S 73 COS 1,
ne Iy, Iy, 1, Iy, I, Iy, — MOMEHTH iHepuUii Ta UEHTPOODKHI MOMEHTH IHEpIii

aMOPTHU3YIOUOro 00’ €KTa BIIHOCHO oceit X, V, Z.

BpaxyBaBiiu Bka3aH1 CHiBBIIHOIIEHHS, OTPUMAEMO

1 2 2 2
Tp = E(quol + 1,03 + 1,¢3) — Ly®9192 — L0103 — Ly, 02903

Bupaz nns kiHeTMyHO1 eHeprii cucTeMu B (YHKIT BiJ y3arajlbHEHHUX

HIBI/I,ZIKOCTeﬁ OTpUMa€E BUTTIAA

1
T =T+ To = 05m(8f + 65 + 83) + (Lo + 1,93 + 1,93) —
Ly 01902 = Lz 01903 — Lz0203 = 0,5B11(67 + 65 + 65) +

+%(.344§0% + Bss®3 + Bec®3) + +PasP102 + PasP1®3 + Pas P23, (3.6)

ze
B1r=m; Bas= Ix; Bss = ly; Bes = lz; Pas = - Ixy; Pse = - lyz; Pas = - Ixz. (3.7)
Sxmo mnpomudepenmiroBat piBHsAHHESA (3.6) 1 (3.4) 3rimHO BUpazy (3.1),

OTPUMAEMO TIICTh B3a€EMOTIOB’ I3aHUX MU(EpPeHIIaTbHUX PIBHSIHD BIACHUX KOJWBAHb

aMOPTHU3YIOUOr0 00’ €KTa B 3arajiIbHOMY BUIIAJIKY:

B1101 + a118; + aysp, + ay603 = 0;
B1105 + @530, + @ps0q + azeps = 0;



B1103 + (3383 + A3401 + 359, = 0;
BaaP1 + BasPz + PaeP3+ 2402+ 3403+ Aps 1+ Aus @+ sz = 0;
Bas®1 + Bss P2 + Pse Pzt 1501+ a3503+a4591 +as5¢02 56903 = 0;
BacP1 + BseP2 + Pes P31+ 1601+ U260, +A4691+ 5602+ As693 = 0.

P03B’s130K cuCTEMU IIYKAEMO Y BUTJIAI

o = Ai cos(wt + v);
o1 = A cos(wt + v);

ne Ai, A,

KOJIMBAaHb.

% = Az cos(wt + v);
@ = As cos(wt + y);

0 = As cos(wt + y);
@3 = As COS(wt + v);

[TizctaBumo 11i po3B’si3ku B piBHsHHS (3.8):

(o1 - P110?)81 + ass@2 + az6p3 = 0;

(022 - P110?)82 + a24¢1 + a26¢3 = 0;

(033 - P110?)83 + a34¢1 + a5z = 0;

02402 + 03403 + (0lag - Paaw?)P1 + (05 - Pas®?)P2 + (0la6 - Pasw?) s = O;

011501 + 013503 + (045 - Pasw?) @1 + (055 - Pss0?)P2 + (056 - Pssw?) s = 0;

011601 + 012601 + (0la6 - Pasw?)P1 + (0is6 - Pss?)P2 + (0g6 - Pesw?)ps = 0.
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(3.8)

..., As - TIOCTII{H1 KOe(ILIEHTH; @ - KPYroBa 4acToTa; y -lodaTtkoBa ¢aza

(3.9)

aHa CHUCTEMa IIPUITYCKA€ PO3B’SI3KH, BIAMIHHI BiJ HYJIS, KOJH 11 BUZHAYHHUK
9 M

JIOPIBHIOE HYJTIO:

11 — ,311(02

0
0 Upg U3y
d1s 0 d3s
16 26 0

0 ayo

Hyq — .344(1)2
Uys5 — .345(1)2
Uy — ,3460)2

0 0 0
- .3110)2 0 A24
0 a33 - 1833(1)2 a34

Uy5 — 545002
Us5 — /3550)2
A5 — 5560)2

15 16
0 Are
0(35 0

Uy — 3460)2
U5 — ﬁ’ssw2
Heg — ﬁsswz
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PO3KpHBIIM BU3HAYHUK, OTPUMAEMO PIiBHSAHHS IIOCTOTO CTENEHS BITHOCHO (2
Ao +Bw'®+ Caf + Do® + Eot + Fo? + H=0, (3.10)
ne A, B, ..., H - noctiitH1 koeilieHTH.
3 piBHsHHA (3.10) MOXHA 3HAWTH IIICTH BJACHUX YacTOT @1, ..., KOJIHMBAHb
cuctemMu. Bci KOpeHi 1IbOro piBHSIHHS PO3TAIOBYIOThCS B 00J1aCT1

Xmin < X <Xmax,

7€ Xmin — HAWMEHIIIE, & Xmax — HAMOLUIBIIE 3 YMCesl Ha pUCyHKY 3.1.

Afiz)

Pucynok 3.1 — OGnacTth KOpeHiB

3.1.2 MoHnTtaxk 00’°exkTa 0e3 mepeKociB HAa aMOpTHU3aTOpax, IO MaKTh

OJIHAKOBI KOPCTKOCTI C;
Jlyist Toro, mo0 B CTaHi CMOKOI0 00’€KT Ha aMOPTU3aTOpax HE MaB MEPEKOCIB,
MOTPiOHO 1100 MPOCITAaHHS BCIX aMOPTU3aTOPIB TiJ HUM Oyno omHakoBuM. L ymoBa

BHKOHYETbLCA TOI[i, KOJIN

o34 = ags =0,
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TOOTO KOJIM LEHTP Baru 00’€KTY 1 HEHTP KOPCTKOCTI aMOPTU3ATOPIB JIEkKATh HA OJHIN
BEPTHUKAJIIL.
SIKu10 10AaTKOBO B yC1X aMOPTU3aTOPiB Koe(dilieHTH C; BUOPATH OJHAKOBUMH,

TpeTe piBHIHHSA B cucteMi (3.8) Oyze He3aie)KHUM Bij HIIUX 1 OTPUMAE BUTIIS

B1105 + a338; = 0.

TOI[i MOJXHAd BUBHAYUTH OJHY 13 BJaCHUX qacCTOT, 10 BiI[HOBiI[aC MMOCTYIIAJIbHUM

(BEepTUKAJILHUM) KOJTMBAaHHSIM B3JJ0BX OCl Z,

a33

7 (3.11)

(U1=

[HI11 1°STh BJACHUX YacTOT 3HaAXOOAThCA 3 II’SITU B3a€MOIIOB’ I3aHUX piBHfIHL,

10 3aJIMIIMJINCA.

3.1.3 BcraHoBiieHHsI 00’ekTy 0e3 mepeKkociB Ha amopTu3aTopax 3

O0JHAKOBHUMHM KOPCTKOCTSIMH, 110 PO3TAIIOBAHI B OHIil MJIOIIMHI

SIKI0 BUKOHYIOTBCSI YMOBH 034=035=0 1, KpIM TOrO, y BCIX aMOpPTHU3aTOPIB
KOEQILIEHTH Cx = Cy, TOMI Q1 = 026 = 0. Y BUMAIKY K, KOJIM aMOPTU3aTOPH JIeXKaTh Ha
oJHOMY piBHi (Z = const), oe = ase = 0.

OCKUIBKH ¢ = ¢y 1 Z = const, To 1 011 = o2. BpaxoByrouu Bce 1e, 13 m’4TH

piBHSHB cucTeMu (3.8), 10 3aTUIIHAIKCS, OTPUMAEMO:

B1101 + a1161 + a5, = 0;
,3118% + 0-’2252"‘" 0524<P1"= 0; (3.12)
L1401 + BasPr + PasP3 + A240; + Aga Py + Aysp, = 0;

PasP1 + PssP2 + Bse Pz + A15012 + AusPq + As5¢02 = 0;
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BasP1 + Bse®P2 + BecP3 + Aeep3 = 0.

[HTerpyBaHHs 1€ CUCTEMU PIBHSAHB MPU3BOJIUTH A0 PIBHSHHS 4aCTOT

aiq — Br1w? 0 0 Q15 0
0 Ayy — Pr10? a4 0 0
0 Qg4 Qaq — Praw? s — Pasw?  —Prew’ —0. (3.13)
a5 0 g5 — Pasw? Aas — Pasw® Bsew?
0 0 —Baw® —Bssw? 56 — Psew?

PO3KpI/IBH_II/I BHU3HAYHUK, OTpUMAEMO ITICIIS aﬂre6pa.1.‘lHI/IX BHUKJIaAOK piBHHHHH

I’ SITOT CTeTEeHi BITHOCHO (2

Ao +Bwd+ Co® + Do* + En? + F =0, (3.14)

e

A = =B, [B1a(BssBes — Bae) + Bas(BasBss — BasBes) + Bas(BasBse — BasBss)];
B = B11[(2a11B66 + @66B11) (BaabBss — Bis) — Bis(2a11Pss + assPi) —
~BEs(2a11Baa + @4aBr1) + B11Bs6 (Baass + A4abBss) + 2Pu6Bs6 (2011 Pas +
+a45P11) — 2a45P11P4sPesl;

C = a11[BisQassPrs + a11Pss) + BSs (2t4aPi1 + t11Baa) — 2PasBse(2aasPiq +
+aq1Bas) — QageBis + @11Bs6) BaabBss — Bis)] + Brilats(BaaBss — Bis) +
+a34(BssBos — B3s) + Br1Bee(ads — asttss) — (2a11f66 + Ae6B11) (Baass +
+44P55 — 245P45)];

D = a;1{(ZagePr1 + ®11Be6) (Baattss + PssAas — 2Passs) + ar1laee(BaaBss —
—Bis) + Bas (2045 Bse — assPas)] — Bie(@110as — @34)} — afs[azz (BaaBse —
—Bis) + B11(Ag6Bas + @saBes)] — @5alBos(@ssPr1 + @11Bss) + @esBr1Pss] +
+B11(2a11B66 + Ag6B11) (Aaatss — ais);

E = a11[(2ay1@us@e6Bas + BosAs5a5s) — (281166 + Bos¥11) (@aadtss — aZs)] +
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+als[(a4afr1 + Ao2Pas)dge + (Ag204s — a34)Bes] + el (@ssPi1 + A11Bss) a2, —
— (P55 + ,3550»’44)0»’%1];

F = 0»’66{[((1’440555 - a25)a%1 - (311“55 - “%5)] - “22“44“%5}-

3 piBusHHs (3.14) MOXHA 3HAWTH I’ SITh BJIACHUX YacTOT 2, M3,..., We; IIOCTA

BJIACHA YaCTOTA (¥1 3HAXOAMUTHCS 3 Bupasy (3.11).

3.1.4 MoHTaxk Ha amMOpTHU3aTOpPax, KOJHM BiJIIIEHTPOBIi MOMEHTH iHepuii

BHPOOY TOPiBHIOIOTH HYJIIO

SIKI110 BUKOHYIOTBCSI YMOBH 0l3a = 035 = 0, ot1e = ot2e = 0, 0lae = atse = 0 Ta 11 = aloz,
[ Mae micrie piBHICTD Os = Pas = Pas = Pss = 0, sika o3Hauae, mo oci X, Y, Z € roJTOBHUMU
[CHTPAJLHUMHU OCSIMH 1HEpPIlii yCTAaHOBKH, TO crcTeMa piBHsHB (3.12) po3kinanaeTses

Ha TPU HE3aJIeXkKH1 TPYIH 1 Ma€ HACTYITHUMN BUTJISI:

nepma rpyna  PeePsz + ez = 0;
npyrarpyna  B1183 + @161 + ags@, = 0;

Bss @2 + a1561 + ass@, = 0; (3.15)
Tpetarpyna  P110, + a8, + dapy = 0;

Baa®P1 + @246, + a4a01 = 0.

[lepme piBasHES cuctemMu (3.15) Bignoimae o00epTaTbHUM KOJHMBAHHSIM

HaBKOJIO OCl1 Z 3 4aCTOTOIO BJACHUX KOJIMBAHb

Uge

= (3.16)

(,()2=

e 1 Tpere piBHAHHA cucTteMH (3.15) onmucyroTs CKiIamaHl KOJIUBAHHSA 00’ €KT
pyr peTe p Yy Yy

B wiomuHi ZX (pucyHok 3.2).
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1

1
R

Pucynok 3.2 — O6’exT B mmomuH1 ZX

[HTerpyBaHHs iX MPU3BOAUTH O PIBHSIHHS

B11Bssw* — (Brrass + Pssay)w?® + agass — ads = 0, (3.17)

3 SIKOTO MOKHA BH3HAYHMTH BJIACHI YACTOTH @3 1 @4 WX CKIIAJHUX KOJINBAHb.
YerBepre 1 m’site piBHsHHS cuctemMu (3.15) omucyroTh CKjIaaHiI KOJHMBAaHHS

00’exty B miomuHi ZY (puc. 3.3).

i HH—I*_"‘\ A

=y
—

]

Pucynok 3.3 — O6’ext B mmommuHi ZY

<

-

[Tpu ix iHTErpyBaHHI OTPUMAEMO PIBHSIHHS 9aCTOT

B11B1a@® — (B11@ag + Pasd22)w* + appagy — ad, = 0, (3.18)

3 AKOI'O 3HaXO4AThCA 4aCTOTH (05 1 e CKIIaAHUX KOJIHWBAaHb.
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YacToTa 1 MOCTYNMOBUX BEPTUKAIBHUX KOJMBAHb B3/10BX 0C1 Z 00UUCITIOETHCS

no ¢popmyi (3.11).

3.1.5 Bunaaok HasiBHOCTI IUIOIIMH CUMETPIl NPU BCTAHOBJIEeHi 00’€KkTa HA

i3ossgTOPI

SIKI0 MOETHATH BCi IIICTH BIIACHUX YaCTOT 130JUTFOIOYOTO 00’ €KTa HE BUXOIUTh
0 KOHCTPYKTUBHUM MIPKYBaHHSM, TOJ1 OTPIOHO MpUHAKMHI PO3B’A3aTH 111 YACTOTH
3 TUM, MO0 HampaBieHe 30Y/HKCHHS HE BHUKIMKAIO TIOSBU IIECTH MOMKIMBUX
PE30HAHCIB, Ta MaB OWU MiICIle TUITBKM OJWH PE30HAHC, IO BIAMOBIAAE TOJOBHOMY
HaIlpaBJIEHHIO, TI0 SIKOMY fi€ 30ymkeHHsA. Po3B’s3ka 4acTOT BiIOYyBaeThCs B THUX
BUIIAJIKaX, KOJIM OoJHa abo jaekinbka koopauHatHux miomuH XOY, YOZ, ZOX 6ynu
TUTONITUHAMY CUMETPil CUCTEMH aMOPTHU3aIIii.

Sxuo amopTu3zaTopu pO3TalIOBaHI JOBUIBHUM YHHOM TakK, IO TUIOIIMHU
cuMeTpii BIACYTHI, TO BCl KOJHBaHHS IIOB’S3aHI MK CcO0OI 1 BJacHI 4YacTOTH
BU3HAYaIOThCS piBHAHHAMH (3.8). A sKIIo cucreMa Ma€ xoya O OJHY IUIOIIUHY
CUMeTPIi, TO1 OB’ A3aH1 PopMH KOMBaHb PO3MAAAIOThCS HA Bl HETOB  sI3aH1 TPYIIH:
CUMETPUYHI 1 HECUMETPUYHI. B BiIMOBIAHOCTI 3 IIMM BJIACHI YaCTOTH TAaKO1 CHCTEMU
OynyTh BH3HAYATHCSA 3 JBOX HE3ICKHUX TPYN pIBHAHB, 1 OOYMCIEHHS iX
CIIPOITY€ETHCS.

PiBHsHHS YacTOT mpocTi, Ko oci X, Y, Z € TOJIOBHUMH 1 ICHTPAJIbHAMU OCSIMU
iHepii 13omrorouoro o6’ekra. CucreMa, Mo 300pakeHa Ha PHUCYHKY 3.4 Mae OIHY
wionuHy cumetpii XOZ, 1 sikmio oci X, Y, Z — TOJOBHI 1 IIEHTpaJIbHI OC1 1HEpIIii, TO
CUMETPUYHUMH (POopMaMu KOJUBaHb OyIyTh 01, 03, (2, TOOTO JIBa TMOCTYIOBHUX

nepemimenHs mo ocsiM X Ta Z 1 oHe 00epTaHHsS HABKOJIO oci Y.
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Pucynok 3.4 — Cuctema 3 oHi€l0 mionmHow cumeTpii XOZ

Hecumerpuunumu popMaMu KOJIMBaHb OYIyTh TPH, 110 3ATUIIUIUCS — J2, @1 Ta
@3, TOOTO OJIHE MOCTYIIOBE MEepPEMIIIeHHs Mo oci Y 1 ABa o0epTaHHS HaBKOJO ocei X 1
Z. Takum umbom, piBHsHHA (3.8) 3 ypaxyBaHHAIM o = fis = s = s = 0
pO3MaZeThCsl Ha JIBI HE3aJIekKHI TPYNU PIBHSHB, 3 SKUX MOXKHA 3HAWTU BCl LIICTh
BJIACHUX YacCTOT.

I[J'I}I CUMCTPHUYHUX KOJIMBAHb

B1101 + a1161 + a5, = 0;
B1105 + a3383 + azsp; = 0; (3.19)

Pss@y + a1561 + 3503 + assp, = 0.

I[J'IH HCCHUMCTPUYHHX KOJINBAHb

B1102 + a228; + @z401 + Az63 = 0;
PaaP1 + Q2405 + Aua @y + A3 = 0; (3.20)
BecP3 + 2602 + Ayep1 + ae3 = 0.

Po3B’si3ytoun piBHsHHS (3.19), oTpMaeMo cuctemy aireOpaivHUX PiBHSIHb

(17 — B11w?)81 + ay59, = 0;
(33 — B11w?)63 + azs0, = 0;
(ass — Bssw?)@, + a1561 + a3583 = 0.
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PO3B’A3yBaHHS AKOi IPHUBOAUTH JI0 PIBHAHHS TPETHOTO CTENEHS BiJHOCHO ()
Ac® +Bat+ Ca?#+ D=0, (3.21)

Jc

A= 3553121i
B = —(assBiy + 33P11Bs5 + X111 Ps5);
C = az3f11as5 + Q11811 As5 + A33Ps5511 — P11ATs — A5sPi1;

_ 2 2
D = az3ais + a;1a35 — a11A33Ass.

PiBusiaHg (3.21) HMUIAXOM CHeIiaIbHOT MiICTAHOBKH

, B C 1<B)2 __]_<B>3 BC D
OEYT3 PT3479\) ) 9727\4) Teaz 24

MO>Ha IPUBECTH 10 BULY
y3 + 3py + 2g=0.

KopeHi 115010 piBHSHHS BU3HAYAIOTHCS (hOpMyTIaMu

Yy, = —2r cos (g); Y, = 27 COS (g—g); Y3 = 27 COS (§+£),

3

neg = r=x+/lpl.

r3’
Tax 3HAXOmATBCS TPH BIACHI YacTOTH 130JI0F0YOT  YCTAHOBKH, IO
BIIMOBIZIaIOTh i1 KOJHMBAHHSAM B IUIOMIMHI cuMeTpii. Tpu 1HIII BIacHI 4YacTOTH

3HAXOIAThCS 3 PiBHAHB (3.20), po3B’sI3yBaHHS SKUX MIPUBOJIUTH JIO CUCTEMHU
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(dtyy — P11 w?) 6y + dagp1 + az63 = 0;
(agq — ,3440)2)<P1 + @246, + a3 = 0;
(66 — Bss @) P3 + 260, + Ay = 0.

P03B’I3yI04H 1110 CUCTEMY PiBHSHb, OTPUMAEMO KYOiUHE PiBHAHHS BITHOCHO

Ko® +Lo* +Mw? +N =0, (3.22)

e

K= B11P44Pss;
L = —(agsP11Pas + @4411Bs6 + X22Pa4P66);
M = @44Qe6Pr11 + A22Ue6Bas + A22044B66 — X26Pas — A54Pos — XaeBi1;

_ 2 2 2
N = aya46 + Aoy + Xa Qo — 204X 6026 — Ao Ags .

Po3’s3aBmin  piBusHHA (3.22) TakuM crmocobom, sk 1 piBasHHS (3.21),
3HalIeMO TpHW 1HINI BJACHI YacTOTH 130JIFOOYOTO 00’€KTa, IO BIJIOBIJIAE
HECUMETPUYHUM KOJTMBAHHSIM.

Sxio migpecopHa yCTaHOBKA Ma€ JIBl IUIONTMHU cuMeTpii, Hanmpukiang XOZ ta
YOZ, To nBi hopMu KOJIMBaHb, a CaM€ KOJIMBAHHS B3JIOBXK OCi Z 1 00epTaHHS HaBKOJIO
i€l OCi, He 3ajekaTh Bil IHIMHUX (OpPM KOJIMBaHB. B IIbOMYy BUMAIKy Mae MicClie
CUMETPHUYHI He3aJekHI (OpPMH KOJMBaHb 03 1 3. CUMETpHUHO 3aliexHI QopMu
KOJIMBaHb XapaKTEPU3YIOTHCS JBOMA TPYMaMH BEIHUUH 01, 2 Ta J2, Q1.

Cucrema audepeHmiarbHuX piBHAHB (3.8) po3manerscsi HA YOTUPH CaMOCTIHHI
Ipynu piBHSAHB, 3 SKUX 3HAXOJATh BIIACHI YAaCTOTH ycTaHOBKHU. lle BimmoBimae
PO3TIITHYTOMY BHIMAJKy MOHTaXy Ha aMOpPTHU3aTopax, KOJW BiIIIEHTPOBI MOMEHTH

iHep11ii 00’ €KTa PiBHI HYJIIO.
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3.1.6 daanueBe KpinJieHHs1 00’ €KTa HA i30/15ITOPaxX

OO0’€eKT KpiIATH 3 OJHOTO TOPILS YE€pe3 aMOPTU3ATOPHU A0 OMOPHOI CTIMKU Ha
dnanii. Skmo npu nboMy cucteMa Mae aBi miomuHu cumetpii ZX u XY, aoci X, Y, Ze
TOJIOBHUMH IIEHTPAIIBHUMHE OCsiMH iHepiii (puc. 3.5), To 1Bi (OpMU KOJIHMBAHb J1 H @1,
110 BIATIOBIAAIOTH 3MIIIEHHIO B3J0BXK OC1 X 1 TOBOPOTY HABKOJIO II€T OC1, HE 3aJIeKATh
BIJI IHIIMX ()OPM KOJIMBAHb 1 € CHMETPUUHUMH He3anekHUMU popmamu. CUMETpUYH1

NoB’s13aH1 (POPMU KOJNMBAHb XapaKTEPU3YIOThCS ABOMA IPYNaMH BEJIMYUH J3, @2 Ta 02,

@3-

Pucynok 3.5 — Cxema (iraHmieBoro KpirieHHs 00’ €KTy Ha aMOpPTH3aTOpax

Cucrema mudepeHmiaabaux piBHsSHb (3.8) B bOMY BHIAAKY PO3MATAETHCS Ha

YOTHUPH CaMOCTIilHI IPyIH piBHAHB. SIKIII0, KpiM Toro, (auB. puc. 3.5)
0115 = 016 = Olg4 = Olg6 = O34 = Ola5 = Olag = Ols6 = Pas = Pas =Ps6 = 0,

TOo cuctema audepeHianbHUX piBHAHD (3.8) po3mageTbcs HAa HACTYIHI HE3aJICKHI

TpyNu PiBHSIHB, 3 SKUX BU3HAYAIOTHCS MIICTh BIACHUX YaCTOT 00’ €KTa!

Inepmia rpyma ﬁllgl + a1151 = 0,
apyra rpyna 4@z + agep1 = 0;

Tpers rpyna By163 + (3383 + a359, = 0; (3.23)
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BssPz + a3503 + assp; = 0;
geTBepTa rpyna B110, + App8y + Apeps = 0;

BecP3 + A2662 + a3 = 0.

e Tiepiie piBHSAHHS BIANOBIA€ KOTUBAHHAM B3JI0BX OC1 X, Ipyre — HaBKOJIO III€T OCl,
a Tpere 1 4YeTBEpPTe PIBHIHHS B3a€EMOIMOB’SI3aHI 1 BIANOBIIAIOTh CKJIAJHUM
CUMETPUYHUM KOJMBaHHAM B IuiomuHi XZ. [I’ste 1 mocte pIBHAHHS TeX
B3a€MOIIOB’SI3aH1 1 BIAMNOBINAIOTh CKJIAQAHUM CUMETPUYHUM KOJMBAaHHAM B
wionuHi XY.

3 nepmoro piBHHHHH S3HAXOJUTHCA YaCTOTA BIIACHUX IOCTYHAJIBHHUX KOJIMBAHb

B30BX 0Cl1 X

_ | [N
wl—ﬁ— — (3.24)

Jpyre nae BiIacHy 4acToTy 00epTaJbHUX KOJMBAaHb HABKOJIO Oci X

o, = |24 Z (e2y? + ¢y2) (3.25)
.844 Ix

[HTErpYyBaHHS TPETHOTO 1 YETBEPTOTO PIBHIHB MPUBEAC 10 PIBHIHHS 4acTOT

B11Bssw* — (Br1ass + Psssz) w? + azzass — ads =0, (3.26)

3 AKOI'0O 3HaXOo4iATh 4aCTOTH w3 Ta w4 CKIIAJHUX KOJIMBAaHb B HJ'IOHH/IHi XZ.

[HTerpyrouun m’gte 1 MoCcTe PIBHIHHS, OTPUMAEMO

B11Bsew* — (B11ass + Bos@22) W* + Apptes — adg = 0, (3.27)
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13 SIKOTO 3HAXOIATh YaCTOTH (5 Ta e CKIAIHUX KOMUBAHb B rutomual XY.

3.1.7 CumeTpu4Ha cxemMa KpilJieHHS 00’ €KTa

[lpu cumeTpuuHid cxeMi KpilieHHs 00’€kTa Ha amoprtusatopu (puc. 3.6)
cucreMa Mae Tpu TiomuHu cumeTpii ZX, XY 1 YZ, a oci X, Y, Z noBuHHI OyTH
TOJIOBHUMHU LIEHTPAIBLHUMU OCAMHU 1Hepiii. Bci hopmu KonuBaHb o), 02, 93, @1, P2, @3,
110 BIAMOBIAAIOTH 3MIIIIEHHSIM B370BXk ocelt X, Y, Z 1 mOBOpOTaM HABKOJIO IIUX OCEH, B

bOMY BUIIAAKY HC 3aJICKATH OAWH BiI[ OAHOI'O 1€ CUMCTPHUYHUMMU.

Az 2
7 7 o’ L
N R
1
Y . 1T
7 R 7 ] X
1 1t
NN W™
7l Yl e // S } #

Pucynok 3.6 — CuMmeTpruuHa cxeMa KpirieHHS 00’ €KTa
SAxio, KpiM TOTO,
015 = 016 = Ol24 = Ol26 = 0134 = 035 = 045 = Oise = 45 = Pas =Pss = 0,

TO cucTemMa nudepeHmiatbHuX piBHAHDb (3.8) po3mageTbcs Ha IIICTh HE3aAJICKHHX

PIBHSIHB

B116; + a1161 = 0;
B1107 + @328, = 0;
ﬁ116:3 + 0(3353 = O, (328)

PaaP1 + A4aq = 0;
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BssP2 + ass@, = 0;
Bes®P3 + agep3 = 0.

3 Inepuioro piBHHHHH MO’KHA 3HAUTHU JaCTOTY BJIACHUX INOCTYIIAJIbHUX KOJIUBAHb

B3JI0BX ocCl1 X

_ E_/ x
wl_j;_ = (3.29)

13 APYTroro —49aCToTy BJIACHUX IMOCTYIAJbHUX KOJIMBAHBb B3JIOBXK ociY

_ (%22 _ Cy
W, = j; = / = (3.30)

ai3 TPCTHOT'O - HACTOTY BJIACHUX ITOCTYHAJIBHUX KOJIMBAHb B30BXK oci Z

_ | [NE
w3—j;— — (3.31)

I3 4CTBCPTOIO, II’SITOTO 1 IIOCTOTO piBH?IHI) MOXHa BU3HAYUTH 4aCTOTH BJIACHHUX

o0epTaJIbHUX KOJIMBaHb HaBKOJIO oceit X, Y, Z BiamosigHo [3]:

2 + 2
w, = |2 Z (czy? + ¢y ), (3.32)
.844 Ix
a CyZ% + c,x?
we = |25 = Z( A E27) (3.33)
,855 Iy
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we = |66 _ z (exy? + nyz)_ (3.34)
:866 IZ

3.1.8 BcraHoBJIeHHSI 00’€KTAa HA MOXWJIMX OMOPaX

CyMilleHHs LEHTpY TSKIHHA 1 UEHTPY JKOPCTKOCTI CHUCTEMH, sKa
aMOPTHU3YETHCSA, 110 TPUBOIUTH JI0 PO3B’SA3KM KOJMBAHL OOCPTaHHS Ta 3CYBY, IO
KOHCTPYKTHBHUM MIipKYBaHHSIM HE 3aBXJIH MOXKJIMBE. ICHye crioci0, sKuil 103BOJISE,
3aJIMIIAI0YM  TOYKW KPITUIGHHS aMOpPTHU3aTOpIB HHUXKYE PIBHSA IICHTpA TSDKIHHS,
noeqHaTH oOuaABa 1MeHTpa B onaHIM Tourmi. CyTh cmoco0y monsrae B HaxXuii
aMOPTHU3aTOPIB IMiJI IESTKUM KYTOM JI0 TOPHU30HTAIBHOI IUIOIIMHKM 3 TaKOK YMOBOIO,
mo0 piBHOMIOYI iX ONOPHUX pEaKIiidl NPOXOJWIM 4Yepe3 UEHTP TSHKIHHS
(muB. puc. 3.7).

Ileti wmeTom dYacTo 3acCTOCOBYIOTH B aBTOMOOUIEOyayBaHHI, aBiammii i
CyIHOOyayBaHHI NPY BCTAHOBJICHI ABUTYHIB.

[lepeBaroro MOXWJIOro0 KpIIUIGHHS AaMOpPTU3aTOPIB € TakoX Te, IO

3a0e31euy€eThCsl HaIMHICTh KPIIMUICHHS] CUCTEMH TIPpH i1 poOOTi Ha 3CYB.

*Z

Pucynok 3.7 — O0’€KT Ha MOXUITUX OMOPaxX
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[Ipy neBHOMY Haxwii amMOpTU3aTOPIB TOPU3OHTAJIbHA CUJa 1HEpIli, L0
MpUKIaJeHa 10 LUEHTPY TSOKIHHS, BUKIMKAE JIUIIE TOPU3OHTAIBHUM 3CYB YCTaHOBKH,
AKUU HE CYNPOBOKYEThCSA 11 MOBOpOTOM. llpum 1bOMy mocsAraeTbcsi po3aLICHHS
KOJMBaHb 3CYBY 1 IIOBOPOTY, & OTKE, 3 SIBISETHCS MOXIUBICTH POOUTH PO3PAXyHOK
BJIACHHMX YaCTOT HE3aJIEXKHO OJIUH B OAHOTO.

[Ipy Haxuyi aMOpPTH3aTOPIB iX JKOPCTKOCTI BHU3HAYAIOTHCSA 3 HACTYIHUX
BUpa3iB:

B HampsIMKy oci Y

Cy = C1 Sin?p + C; COS? g, (3.35)

B HAMpsIMKY oci Z

C; = C1 COS%@ + C; Sin ¢, (3.36)

1ie C1 1 C2 — KOPCTKOCTI aMOPTH3aTOPIB B HAIIPSIMKY JIBOX iXHIX TOJIOBHUX OCEH.
BiamoBigHi BIacHI 4acTOTH MOCTYMAIBHUX KOJMBaHb B HAMPSIMKY BKa3aHUX

ocen

_ 3.37
wy = =2, (3.37)
w, = |22 (3.38)

m

Jie n — 3arajibHa KUIBKICTh aMOPTH3ATOPIB; M — Maca 00’ €KTa, 10 aMOPTHU3YETHCS.
Brnacny dactoty 00epTaibHUX KOJIMBAaHb HABKOJO OCl X MOKHA BU3HAYUTHU 3

Bupa3y (3.32), a BilacHy 4acToTy 00epTalbHUX KOJIMBaHb HABKOJIO OCi Z — 3 BHpa3y

(2.34). BiacHi uacToTM 3B’S3aHMX KOJHMBaHb B IUIOMIMHI ZX 3HAXOmATh 3

piBasiHHSA (3.17).
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[Ilo6 po3B’s3aTH BIAcCHI YacTOTH B IUIOMMHI ZX, NOTPIOHO HAXWIUTU
aMOPTHU3aTOPH 1 1[I TUIOMIMHI (HAIpHUKIaJ, MO KBaJpaTy, MPSIMOKYTHUKY, €JIINCY
1T.1.). B BKazanux Bunajkax aMopTU3aTOpPU HaAXWUJIEHI B JBOX 1 OLTbINE IJIOIIUHAX.

BceranoBneHHss 00’€KTIB HAa MOXWJIMX amMOPTU3aTOpax HE TUIBKH 3MEHIIY€
MOTNEePEYHUN 3CYB, aje TaKoX 30UIbIIY€e HAIMHICTh KPIIUIEHHS 1 CTIMKICTh 00’ €KTIB.
[Ipy noxunomy po3TallyBaHHI aMOPTH3aTOpPiB, KpPIM TOro, 3MEHLIYIOThCS iX
KOPCTKICTh YacTOTa BJIACHUX KOJIMBaHb CUCTEMHU B BEPTHUKAIBLHOMY HAIpPSIMKY, IO

niABUILY€E e(DEeKTUBHICTH BIOPO130IISILIi.

3.2 BumymeHi KoJMBaHHA 00’€KTY Ha i30is1TOpax 0e3 neMndyBaHHs

Cunu o0ypeHHs, IO AIIOTh HA MiJPECOPHY YCTAHOBKY Ta MpPHUBEACHI N0 i

LHCHTPY TH}I(iHH}I, MOXHa IIPCACTABUTH Y3araJJbHCHUMHU IIapaMCTpaM: TI'OJIOBHUM

— —

BekTopoM cuin W 1 romoBHum MomentomM M . Ilpoexiii TrojJoBHOro BeKTOpa i1
rOJIOBHOTO MOMEHTY Ha oci koopauHaT X, Y, Z HaiTh TPU CKIAJOBUX T'OJIOBHOTO
—_— — —> . —_— — — .

Bekropa Wi, W,, W5 1 Tpu ckinagoBux TOJOBHOTO MoMeHTy Mq, M,, M3, sk1 €
3aIaHUMHU (DYHKITISIMH Yacy.

SIKII0 B PIBHSHHSAX BJIaCHUX KoJauBaHb (3.8) 3aMiHUTH iX MpaBi YaCTHHH, PiBHI
HYJIIO, IO BIAMOBIZAIOTH y3araJlbHEHWM CHJIaM 1 MOMEHTaM, TO OTPUMA€EMO
nudepeHIlianbHl  PIBHSHHS BHMYIIEHUX KOJHMBAaHb MIAPECOPHOI YCTAaHOBKH B

3araJbHOMY BUNIAJKY:

B1101 + 1101 + @150, + Q1603 = W;(t)i
B1102 + Q3285 + Qpu@y + Aze3 = —VV;(t)F
B1103 + @3383 + Q3401 + U350, = —VV;(QF (3.39)

LaaP1 + BasPz + PasP3ta240; + 03403 + Ags 1 + Aus@, + A3z = My(t);
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Bas®1 + Bss@a + LPse@3t+ai56; + a3503 + Ayspq + 5502 + as603 = M, (t);

PaeP1 t Bse P2 + BosP3+A160, + A6, + Aaer + ds692 + a3 = ﬁg)(t)-

Haii6inpi 9acTo 3ycTpi4aeThCsl BUMAA0K, KOJIM y3arajibHEH1 CUIIU OOYpEeHHS €

rapMOHIYHUMU (YHKLISIMHU Yacy

=l

= Whn; cos(p;t + ¥;);

_ (3.40)
M; = Mp,; cos(p;t + ;).

VY 1pomMy BUMAJKY YACTKOBUHN PO3B’ 30K MOTPIOHO IIYKATH TOTO K BUTIISLY 1 C

TUMHU K TPUTOHOMCTPUIHUMHU MHOXHHUKAMU, TOOTO

8; = O cos(p;t + ;); (3.41)

Qi = Pmi cos(p;t + ;).

[TizcraBuBimm mi Bupasu B piBHsHHS (3.39), OyaemMo Matu Ui BH3HAYCHHS
HEB1IOMHUX KOC(PIIIEHTIB Omi Ta @mi CACTEMY 3 IIIECTH aiareOpaidHuX PiBHSIHB.

Sxro cunu 0OypeHHS € NOBUTBHUMHU MEPIOJUYHUMHU (DYHKIIISIMU Yacy, TO iX
MO>XHa PO3KJIACTH B TPUTOHOMETPpUYHUU psin Dyp’e, KOKHUHN 13 YIEHIB SKOTO Ma€
Buririn (3.40). Braciinok smiHIHHOCTI qudepeHiansHux piBHAHB (3.39) po3B’sA30K B
[[bOMY BHUIIAJIKy BUXOJUTH CYMYBAaHHSM YaCTKOBHX PO3B’S3KiB, IO BIAMOBIIAIOTH
OKpeMUM ujieHaM psry Dyp’e.

Y 3aralbHOMY BHWIAJIKy CWid OOYpeHHS BHPaXalOTh JOBUIBHUMH
HerepioguyHuMy  QyHKIISMU dacy. Lle mae wmicme mpu HecTaaux KOJIWUBaJIbHHX
mporiecax, HAMpPUKIIA]l IPH HETIEPIOAMYHHUX MOMITOBXAaX Ta yaapax i T.I.

Ha mpakTtuiii HaWOUIBII KOPUCHI JBa MLUISAXHM PO3B’sA3yBaHHA 3ajadi:

BUKOPHCTAHHS CITOCOOIB OMEPaIiifHOT0 YMCACHHS 1 IepeXiJl 10 TOJOBHUX KOOPAUHAT
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CUCTEMH. 3aCTOCYBAHHSIM CIOCOOIB ONEPAIIIHOTO YUCIEHHS BUKOHYETHCS MEPEXIi]
Bl QyHKIIT yacy t 1o ¢yHKUIM onepaTopa p 1 HACTyNHA 3aMiHa JAU(EPEeHLIATBHUX
PIBHAHB iX anredpaiyHuMH 300paxkeHHsAMH. Po3B’s3yroun 11 anredpaiuHi piBHSHHSA,
3HAXOJMMO BHpa3u Uil Yy3arajibHEHUX KoopauHar. KopucTyroduce TeopeMolo
po3KkiagaHHs XeBicaiina, moBepTaeMocs BiJ 300pakeHb /10 OPUTIHAIIB Ta 3HAXOIUMO
IIyKaHl BUpa3u ISl y3arajJbHEHUX KOOPAMHAT Y BUIIISAL PYHKIIN Hacy.

3 3aranbHOi Teopii KOJMBAaHb CUCTEMHU 3 OaraTbma CTENEHSMU CBOOOAM,
y3arajpHeHi KOOpAWHATH MOKHA OOMpaTH TAaKUM YWHOM, IO B BHpa3i s
NOTEHILIAJIbHOT Ta KIHETUYHOI €Heprii cucTteMu OyAyTh BIICYTHIMHU WICHH 3
B3a€EMHUMU JTOOYTKaMU y3aralbHEHHX KOOpAWHAT. To/i 3aMicTh CUCTEMH 3B’sI3aHUX
OJIMH 3 OAHWM IU(EepeHIiaTbHUX PIBHAHDb KOJWUBaHb OYJIEeMO MaTH Take X YHCIIO
HE3aJIe)KHUX OJMH BiJl OJJHOTO MU(EPeHIiaTbHIX PIBHIHB, B KOXKHE 3 SIKUX BXOIHUTH
TUIbKA OJIHA Yy3arajbHeHa KoopauHaTa. Taki, creniagbHO BUOpaHi, y3arajJbHEH1
KOOP/JMHATU HAa3MBAaIOThCSI TOJOBHUMHU KOOpJIMHATAMM CUCTEMH, BOHHU IIOB’SI3aHI 3
Oy/Zlb SKUMHU 1HIIMMH y3araJbHEHUMH KOOPAMHATAMH JIIHIMHUMH CIIiBB1IHOIICHHSIMHU.

JUsis BU3HAUEHHS TOJIOBHUX KOOPAMHAT a00 BUKOHYIOTH JIiHINHE NIEpPETBOPEHHS
y3araJpHEHUX KOOpPAMHAT TaKUM YMHOM, 100 y BHpaszax s MOTEHI[aJIbHOI 1
KIHCTUYHOI €Heprid 3HHWKIM WICHH 3 B3a€EMHHMH JOOyTKaMH KOOpAWHAT, abo,
KOPUCTYIOUUCH Oy/Ab SIKUM NONEPETHHO BUOPAHUMU y3araJlbHEHUMHU KOOpJUHATaMH,
3HAXOJATH BJIACHI YaCTOTHA CUCTEMH 1 BIAIIOBIIHI IM r'OJIOBHI KOJIMBAHHS.

OOGYUCIUTH WIICTh TOJOBHUX KOOPAWHAT Sj CHCTEMH 1 BiATOBITHI y3arajJbHEH1

e W, (¢) (i=1,2,..., 6), Gyaemo Matn 3amicts Bupasis (3.39) wWICTH He3aIEKHHX

nudepeHIliaTbHIX PIBHAHD BUIY

Bis; + ays; = Wi(t), (3.42)

7e fi Ta aj — MOCTIiHI KOe(IIli€HTH.
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Toni ass KOXKHOT 13 TOJOBHUX KOOPJMHAT Sj MOXKHA HAIKCATH PO3B’ 30K JJIs
BUMYIIIEHUX KOJUBAaHb CUCTEMU 3 OJIHIEIO CTEMEHIO CBOOO/IU, 10 BUBUBAIOTHCS CUIIOIO

0o0ypeHHs1, TOBUIbHO MIHSIIOUKCH B Yaci,
t
SOL' . Wi .
S; = Sg cos(w;t) + Usm(a)tt) + - W; (t)sing;(t — t)dr, (3.43)
i i
0

7€ So 1 Soi - 3HAUEHHS FOJIOBHOT KOOPAMHATH Si Ta ii moxigHoi npu t = 0.

OtpumaBiiy micist o0urcneHns interpanis tuny (3.43) Bupasu st TOJIOBHUX
KOOpAMHAT y BUIsAAI GyHKIIH vacy Si(t), Sa(t),...,S6(t) 3a momomororo BiamoOBIIHOTO
JIHIHHOTO TIEPETBOPEHHS, MEPEHAeMO JI0 MOYATKOBUX y3arajlbHEHUX KOOpJIWHATaM
Ai(t), d2(t), 93(t), pi(1), pa(1), p3(b).

Tax po3B’sI3yeThCs 3a1a9a PO BUMYIIICHI KOJIMBAHHS MiIPECOPHOT yCTAHOBKH B
3araJbHOMY BHIIAAKy, KOJIM cucTeMa audepeniianbuux piBHsHb (3.39) He
PO30MBA€ETHCS HA OKpEeM1 He3aJIe)KH1 OJTHA B1J OJTHOI TPYIH PIBHSAHB. B psii 4acTKOBHUX
BUIIAJIKIB, SIKI PO3MVISIHYTI B MyHKTI 3.1, TakoXk sIK JyIsl BJACHUX KOJWBaHb, MAEMO
HE3JIC)KHI IPYNH PIBHSAHD 3 TI€I0 BIAMIHHICTIO, IO 1X IIpaBi YaCTUHU PiBHI HE HYJIIO, a
BIJIMOBIHUM y3araJlbHEHUM cuiaM. Po3paxyHOK BUMYIIEHUX KOJMBAaHb MPHU LOMY
CIIPOILY€ETHCS.

Hampuknan, ans BuUnanaky, Mpyd BUKOHAHI MOHTaXy Ha aMOPTHU3aTOpax, KOJIH
BIJIIIEHTPOBI MOMEHTH iHEPIlli BUPOOY NOPIBHIOIOTH HYJIIO, SIKU TTPU TAPMOHIYHOMY

30y/I’K€H1 Ma€EMO HACTYIHY CUCTEMY PIBHSHb:

B1185 + az385 = W cospt;

BesPs + Aes3 = My cospt;

B1161 + @1181 + @150, = Wi cospt;

Bss®, + a158; + assp, = M, cospt; (3.44)
P18, + @228, + azap1 = W cospt;

PaaPq1 + a240, + aysp1 = My cospt.
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[lepuri nBa piBHSAHHS HE3aJe€XKHI Bl IHIIUX, 1 1X PO3B’SI3KU JJIi BUMYILIEHHUX
KOJMBaHb MalOTh BUTJISL!

JUTSL IOCTYTAIbHUX KOJIMBaHb B3JJ0BXK OC1 Z

03 = Az COS pt, (3.45)

ne
(az3 — ,311292)

A3

JU1s1 00epTaabHUX KOJIMBaHb HABKOJIO OCi Z

p3 = D3 COS pt, (3.46)

IS
M

b, = .
3 (ags _.866p2)

Tpers 1 yerBepTra Tpynmu pIBHSHB CKIAAAIOTHCA 13 JIBOX B3a€MO3B’SI3aHUX
PIBHSHB, IO BIiANOBIZAIOTH CKJIQJHUM KOJMBaHHAM B IulomuHax ZX 1 ZY. Ix

PO3B’SA30K.

@2 = D2 COS pt, (3.47)

Jc

_, oW a?
b, =M, — =Me : (“55— 5551’2 - ;5> ;

(a11 = B11P?) . a1 — P11P?
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01=A Cos pt, (3.48)

Jc

_ asW
a M., — 15771
15 ( 2 (ayg — 311292))
2
_ 2 _ Aqig )
(ass Pssp (@11 — B11P?)

A = W1 - t(aqq- 311192) ;

JUTA CKJIQIHUX KOJMBAHb B IutomuHl ZY

@1 = @1 COS pt, (3.49)
e
— “24W2 a3, >
&, =M, — | @ga_ 2,
! ! (azz — P110?) ( s4-Pasp a1 — Pf11P?
02 = Az cos pt, (3.50)
e
_, ay W
M. — 24 VW1
_, a24< Yo (g - .311292)) 2
A, =W, — — t (az2- B1107) -
Agq — Paap? — ( _24 2))
a2z — B11P

3.3 BiacHi Ko1MBaHHS MiIPECOPHUX CHCTEM NMPH HAABHOCTI 1eMIipyBaHHSA

[IpakTruHe BCTaHOBJIEHHS 00’ €KTY Ha Mpy>kH1 amopTusaTtopu. Lo onuparotbes
Ha HEPYXOMY OCHOBY, 4YacTO . BHUKOHYEThCSI 0€3 BpaxyBaHHs JeMII(pyBaHHS B

aMopTHu3aTopax. HpI/I ObOMY BBAXXa€TbC:, 10 piSHI/II_[ﬂ MK BJJACHUMM Ta BHUMYHIICHHUMHA
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4acTOTaMH CUCTEMH JJOCTATHHO BEJIMKA, & PE30HAHCH BiJICYTHI. AJle JOCATTH I[LOTO Ha
MpakTull OyBae BaKKO, TaK AK 30yKyl0ul HAaBaHTA)KEHHS HEPIAKO MalOTh CKIIATHUI
MOJIIFAPMOHIYHUNA YaCTOTHHUM cHeKTp. [30msmis BCiX 30yMKyIOUUMX TapMOHIK IBOTO
CrieKTpy abo xoua O BUKIIOYEHHS MOXJIMBUX PE30HAHCIB CTAa€ HE3A1HCHEHOIO
3amadero. ToMy IPUXOTUTHCS MUPUTHUCS 3 ACSIKUMU 13 Pe30HAHCIB, 1110 BUKIHKAIOTHCS
OKPEMUMHM TapMOHIKaMU 30yIKYyH4oro crnekrpy. OCHOBHOIO MNpOOJIEMOI0 B IUX
BUTIQ/IKaX € OTPUMAHHS MIHIMAJIBHOTO IIOCUJICHHS B PE30HAHCI 32 paXyHOK BBEJICHHS B
CHUCTeMy 3HAYHOTO JeMIQyBaHHA. MaTeMaTHYHUN OMKHC KOJWUBAaHb CHUCTEMH 3
neMiyBaHHSIM BHKOHYETHCS 3a JIOIIOMOT'OI0 y3arajibHEHUX piBHsSHB Jlarpanxka [2],
10 MalOTh KOEPIIIEHT AeMI(pyBaHHS, KOMIIJIEKCHO BBEJICHUN B PIBHSIHHS.

Mami KonWBaHHS TaKOi CUCTEMH XapaKTepU3YIOTh IIICTh Yy3arajJbHEHHX
KOOPJIMHAT 0i, 02, 03, @1, ¢2, (3, TPU 30CEPEIHKCHUX TMapaMerpa — Koe]ilieHTH
’KOPCTKOCTI Cx. Cy, Cz, Maca yCTAaHOBKH M1, IICTh MOMEHTIB iHepii Iy, ly, |z, | xy, lyz, Ik 1
IIICTh 30CEPEHKEHUX MapaMeTpiB - KoeilieHTH AeMIYBAHHS Yy, )y, V2, Yox , Y0y, X0z
aMOpPTHU3aTOPIB B HAMIPSIMKY Ta HABKOJIO BiAnoBiaHUX oceit X,Y,Z.

SKIIo 3HEXTYBaTH TIPOCKOMIYHUMHU e(eKTamMu 00epTaroumx Mac 1 Macor
amopTtu3aropa, JudepeHiianbHl pIBHIHHA BJIACHUX KOJMBAaHb CHUCTEMH, IO
aMOPTHU3YETHCS, MOKHA CKJIACTH 3a JOTIOMOT 00 y3arajJbHEHUX PIBHAHB Jlarpanika, siki

JUTSL KOYKHOT KOOPIMHATH MOYKHA TIPEJACTABUTH Y BUTJISI

d (Jr AU

dt \ ox; (3:51)

0e Xj= 01, %, 0, Y1, P2 P35 i = I %y Vo Yoxs Yoy, Yozy T, U, %, Xj KOMITIEKCHI QyHKITIT
qacy.

Benmnuuna yj, mo Bxoauth y Bupasz (3.51), € exBiBaieHTHHM Koe(illi€eHTOM
AeMIyBaHHS BCi€l CHUCTEMH B IIUIOMY TO | - W TOJIOBHIM koopawHati. [lpm
napajieibHOMy 3’€IHaHI aMOPTHU3aTOPIB E€KBIBAJICHTHUN Koe(DilieHT aemmndyBaHHS

CUCTEMH BHUPAXKA€TbCs yepe3 KoediieHTu aemMidyBaHHS OKpPEMHUX aMOPTU3aTOPIB

HAaCTYIIHUM YHMHOM!
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n
Ck
Vi = z Vik P
k=1

SIKu10 BC1 aMOPTU3aTOPHU BUTOTOBJIEH] 3 OTHOIO Martepiaiy, TO

n

Yik
Vi = TZ Cx = Yjk,

k=1

TOOTO €KBIBAJICHTHHM KOE(IIIEHT AeMI(yBaHHS CHUCTEMU JOPIBHIOE KOEQILIEHTY
neMrQyBaHHs OJTHOTO aMOPTH3aTOpA.

Sxuo mpunycTuTH, MO Yj = Yjk, Mo KoedimieHT aemrdyBaHHS OJHOTO
aMopTH3aTopa 1o KOXHil | - i KOOpJMHATI MOYKHA MTO3HAYUTH BIJIIOBIHO Yepe3 J, J
Y2y Yoxs Yoy )0z

Y dyskmii Bif y3araabHEHMX KOOPAMHAT IIOTEHIIaJIbHA EHEPTisl CHUCTEMH
npeacTaBieHa Bupasom (3.4), a kinetuuna - Bupasom (3.6). Tomi, BUKOHABIIN il
BignoBigHo  piBHgHHIO  (3.51), OTPUMAEMO  IMICTh  B3aEMOIIOB’SI3aHUX
nudepeHIliaIbHUX PIBHSIHb BJIAaCHUX KOJIMBAaHb CHUCTEMH 3 JAeMIIpyBaHHA B

3araJbHOMY BUNIAJKY:

.311(:3:1 + (1 + iy ) (@116 + @159, + a1693) = 0;
.311('3'2 +(1+ iVy)(a2252 + azsp1 + Az693) = 0; (3.52)
B1163 + (1 + iy,)(@3363 + az,pq + azs;) = 0;

LaaP1 + Bas@Pr + PacPs + (1 + iVox)(“44<P1 + (0240, + (3403 + Ay5Py + Agep3) = 0;

BasP1 + BssP2 + PsePs + (1 + iVoy) (as592 + 1561 + a3563 + 4591 + A56903) = 0;
PicP1 + BseP2 + PecPs + (1 + iVoZ)(“1651 + 0260, + Aye®1 + A5 + AgeP3) = 0.

OcCKUTbKHM MaTeplaau aMOPTU3aTOPIB 130TPOIHI, KOEPIUIEHTH %, % ¥, Jox, Yoy, Joz
B OJTHOTO 1 TOT'O K aMOPTHU3aTOPA MPAKTUYHO MOXKYTh OYTU MPUUHSITI OJHAKOBUMHU Ta

piBHUMH ¥, [4].
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3.4 I3os010uMii epeKT aMOPTU3ATOPIB

VYcTaHOBIIOIOYM O0’€KT Ha 130JIATOPH BaXJIMBO OLIHUTH OTPUMAaHUIl B
pe3yabTati ePeKT, IKUi BUpaKaeThCs B 3MEHIIIEHI KOJIMBAaHb B IOPIBHSHHI 3 NII0YUMU
BiOpanisiMu.

1106 ouiHUTH 130/110I0UM €PEKT 130JATOPIB MOTPIOHO aHANI3yBaTH BUMYILIEHI
KOJIMBaHHS MIAPECOPHOi cucTeMu. SKIIo 30ypKyroul CHUIM MEepIOAUYHI, TO 3PY4YHO
poOUTH AOCHIIKEHHSI METOJIOM TOJIOBHMX KoopauHaT. Hampukian, BBOASYM IIICTh
TOJIOBHMX KOOPJIMHAT Si 1 BIMMOBiAHI iM y3aranmbHeHi 30ymkyroui cumu Wi(t), oe i
-1,2,...,6, &g KIHEMATUYHOI Ta TMOTEHIIAIBHOT EHEpPrii MiAPEecOpHOT CHUCTEMU

OTpUMAEMO BUpa3 0€3 UjieHIB 3 B3a€MHUMU JOOYTKaMHu KOOpPIMHAT:

SIkuro po3rismyBaTH BIacH! KOJMBAHHS MIAPECOPHOI YCTAaHOBKHU, 3HEXTYIOTh
neMIpyBaHHSM CUCTEMHU, JTYMAIOYH, 110 CHJIM CIPOTHBY HE HACTLIBLKH BEJHKI, 1100
CYyTTE€BO BIUIMBATH Ha BJIACHUX 4YacTOTax CHCTeMH. Aje aemnyBaHHS CYTTEBO
BITUBAa€ Ha €(PEKTUBHICTH BIOPOI30JAIlii, OCOOMMBO KOJIW PI3HUISI MK YacTOTaMHU
30y/IPKEHHS 1 BIACHUMHU KOJTMBAaHHSMH CUCTEMH Ha0yBa€ Mallux 3Ha4eHb. Po3riasiHeMo
JIBA OCHOBHHUX THMH JAeMI(yBaHHS, SKI 3yCTPIUalOThCS B MPAKTHUI BiOPOIZ0IISIIIi:
B’S3KE Ta 332 PaXyHOK BHYTPIIIHHOTO MOTJIMHAHHS B MaTepiai.

VY Bunaaxky B’s3koro AemndyBaHHS CHJIA 3aTyXaHHS JIHIMHO 3aJieaTh Bij
IIBUIKOCTI Ta €HEprii, MO MEePEeXOaUTh B TEIJIO 3aBISKH CUJIAM 3aTyXaHHS, MOXKHA

omucat (PYHKITIEIO PO3CIIOBaHHS, SIKY MPEICTABUMO B TOJIOBHUX KOOPAMHATAX:



62

OR . ) o .o .
[Ipu ubomy ¢, CHJIa 3aTyXaHHs, MO Ji€ HA i - W TOJNOBHIA KOOpAMHATI
l

hi — BixnmoBiIHKUN KOSQIIIEHT B’ I3KOTO TEPTSI.

BianoigHo mo piBHsHHS Jlarpanxa

d 6T+6U_W(t) OR | OT
dtds;  ds; " 9s;  ds;

3pobuBmu 3 U, T ta R meBHi omepairii, OTpUMaEMO WIICTh HE3aJEKHUX OJUH BiJ

OJHOI'O }II/I(l)epeHHiaJ'IBHI/IX piBHSIHB BI/IMYIIIGHI/IX KOJIMBAHb HaCTYHHOFO BI/IFJ'ISI,Zly:
:Bi:s:i + hiSi + a;S; = Wi(t). (353)

VY Bumnagky aemndyBaHHS 32 paXyHOK BHYTPIIIHBOT'O TMOTJIMHAHHS €HEprii B

Marepiaji 130J1ATopa 3 piBHAHB Jlarpamka BuIy

U oT
+ A +jym) 5= Wi(t) + =—
l

dt 9s; ds;

OTPUMAEMO IIIICTh HE3AJIEKHUX OJUH Bil OJHOTO JUEpPEHIlIATbHUX PIBHIHD

BI/IMymeHI/IX KOJIMBAHb
BiSi + (1 + ju)a;s; = Wi(t). (3.54)

SIK0 MpUIMYCTUTH, MO CUJIM 30YIKeHHS € TapMOHIYHUMHU (YHKITISIMH Yacy,

TOOTO

Wi(t) = Wmisin pit



63

1€ Pi — yacToTa 30yIKEeHHS.

Toni piBasaES (3.53) 1 (3.54) MaTUMYTh BUTJIS:

IBi:S:i + hi‘éi + a;S; = Wmisinpit, (355)
IBi:S:i + (1 +jMi) + a;S; = Wmisinpit, (356)

ne koedimieHT neMn@yBaHHS ) 130JSTOPIB Yy BUTJISAAI MallMX KOJMBaHb CUCTEMHU

MO>KHA BBa)KaTH MOCTIMHUM mapamMeTpoOM.

BaminuBmu W sin pit uepes WpielP'', MokHa 3HAWTH YaCTKOBI PO3B’SI3KH IS

(3.55) Ta (3.56) y Burmsiai

— _ - 7 't
s; = AelPit,

1e A — KOMIUIEKCHA aMILTITy/1a 3MIIICHHS.
SIKIIO MifCTaBUTH BKa3aHUU po3B’s30k B piBHsHHS (3.55) 1 (3.56) oTpumaemo

BIJTHOIIIEHHS, SIK€ OB’ A3y€ KOMIUICKCHI aMILIITY M 3MIIIEHHS 1 CUITK 30YKEHHS,

Wi = A(a; — Bip? + jpihy);

Wi = Aa; — Bip? + jym i),

3BIIKM MOJIYJIb CHIIM JUIsl TIEPIIIOTO 1 APYTOTO BUITAIKIB

Wini = \/(ai — Bip{)? + pihi, (3.57)

Wi = \/ (a; — Bip})? + vha?, (3.58)

VY niHifiHUX cucTeMmax BiOpOI30JsLil MPU BUMYUIEHUX KOJIMBAHHAX, IO

30y/DKYIOTBCSI  30BHIIIHBOIO TapMOHIYHOK CHJIOKO, BC1 €JIEMEHTH CHCTEMH
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KOJIMBAIOTHCSI 3 YACTOTOIO 30BHIIIHBOI CHIIM . Y3arajabHeHa CUia, sIKa i€ Ha ONIOPHY

OCHOBY M1 130JIATOPaMU B HAIIPSIMKY KOOPJIMHATH Sj AJI MEPIIOTO BUMAIKY

U oR |
mi =5t = asi+ sy,
l l

a00 B KOMILJIEKCHUX aMILTITy1aX

W, = A(a; + jpih,

TOJI1 MOJTYJ b CHJTU

W,;,=A4 /aiz + p?h?. (3.59)

JIjist ipyroro BUMAIKy

ou
Wi = 35 (1 + jym,)ais,
l

a00 B KOMITJIEKCHUX aMILTITy1ax

Wi = Ala; + jYmi

TOJI1 MOJYJTb CHJIH

Wi = Aq; /1 +y2; (3.60)



65

BinHolieHHst cunu, 1m0 i€ Ha OCHOBY IMPU HAasBHOCTI 130isTOpiB. [0
BIIMOBIIHOT CHWJIM, fIKa Ji€ B 00’€KTI, Ha3UBAIOTh KOE(QILIEHTOM BIOPOI3OJIALIi 7.

Takum 4MHOM, 11 KOOPAWHATH Si Y BUIIAAKY B’ S3KOTO AEMII(PYBAHHSA MAEMO
s y y y

 Whi al + p?h? B 1+ 4y2D? B
T W~ (i — BpDZ +pZRZ (L= yDZ + 4y2D?
4y292
— 272 +92
= rerry (3.61)
(1-v*)+ 752
44 +9

p. . . a;

i€ Y = — — BiJIHOIIEHHS YaCTOTH 30y)KEHHS [0 BIACHOI; w; = [— — BJIacHA 4acTOTa

w; > Bi
l l

h; _ 1)
2Biw; o V42492

HiIpecOpHOl CHCTEMH 10 I-H TOJMOBHIN KoopauHati; D =

. o .. T . o
BIAHOCHUH KoeilieHT AeMII(pyBaHHS KOJUBaHb; ) = j= —  norapuMidHHUII
Bia

Bi% 1
hZ 4
JEKPEMEHT 3aTyXaHHS KOJMBAaHb CUCTEMH B HAIMIPSIMKY i -1 TOJIOBHOI KOOP/IMHATH.
JIis mIeCTH TOJOBHHUX KOOPAWMHAT OTPUMAEMO ImicTh mofionmx mo (3.61)
BUpa3iB I 7.
IIpu nemmndyBaHHi, ke OOYMOBJICHO BHYTPIIIHIM IOTJIMHAHHSM €HEPrii B

Marepiaini i3074Topa, KoeirieHT BiOpo130s1iii BU3HAYAETHCS IO (hopMyIIi:

/ 2
n = mi _ 1+ Vi, (3.62)
l Wmi (1 - y2)2 + yl\%[i’
_ Dbi, _¥i_ 9 .. . .
ey = o M, == - KOeQillieHT  AeMI(yBaHHA  130JIITOPIB;

¥ — Koe(IIIEHT «IOTIWHAHHSI 130JITOPIB.

®opmyna epeKTUBHOCTI BIOPOI30ISATOPIB 3aITUCYETHCS TaK:
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D =(1-n) - 100%. (3.63)

Mo>kHa HaBECTH JIEKUIbKa BIACTUBOCTEHN BIOPOI30JIALIIi:

a) BEJIMYMHA 7 HE3HAYHO BIAPI3HAETHCA BIJ] OJUHUIIL, SIKIIO YacTOTa 30yKEHB p
Majia B MOPIBHAHI 3 YaCTOTAMH BJIACHUX KOJMBAaHb CHCTEMH, IO 130JIIOETHCS O 1
3aCTOCYBaHHS aMOPTH3aTOPIB € MAPHUM;

0) SKIIO BJacHa 4YacTOTa I130JII0I0YOT CHCTEMU (O MPUOJIU3HO CHIBMAAAE 3
4acTOTaMu 30Y/KEHHS p, TOOTO BITHOIIEHHS YacTOT Y HAOJIMXKAETHCS JI0 OJMHUIII,
Koe(DiIieHT 7 3pocTae, MPU MaJIoOMy JaeMII(pyBaHHI aMILTITYId KOJIMBaHb MPUHMAIOTh
BEJIMKUX 3Ha4eHb. [Ipy’kHA cCTeMa IMOBUHHA OYTH BUKOHAHA TaK, MO0 MOXKIIUBICTh

BHUHUKHCHHS PE30HAHCY 6}’.]121 BUKJIFOUCHA,
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Pucynok 3.8 — PezonancHi kpuBi
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B) 130JISI1[is1 KOJIMBAaHb JIJIsl BCIX 3HA4YeHb jAemi(yBaHHsI Oyae e€(heKTUBHOIO 3a

YMOBH, KOJIH BITHOIIEHHS 4acTOT (quB. puc. 3.8)
p.
y=—>v2.
W;

ToMmy patioHanabHa 130151115 00’ €KTY 3 MEPIOAUYHUMHU 30Y/KEHHSIMU TOJISATAE B
YCTAaHOBJIEHI WOro Ha 130J5TOpU 0€3 JO0JaTKOBOrO JeMI(pyBaHHS, MPU LBOMY

BIZTHOIIICHHS YacTOT OakaHO MaTh B Mexkax 2,5 <y < 5 [3].
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4 IPAKTUYHA YACTHUHA

4.1 AaropuTm 3axucTy 00’€KTIB Bill MeXaHiYHUX 30ypeHb

1.BXI/]

2. KlJIbKlC

ANNANTIARA

/ f
/ 3512‘;1’1” /
/ /

4.BxigHi
JlaHi

5.Cratnynuii

PO3paxyHOK
CHCTEM

aMopTH3aIii

N

Pucynok 4.1 — Yactuna Nel anroputmy 3axucrta 00’ €KTIB Big MEXaHIYHUX 30ypPEHD
YH y y



Yoy

6.Bubip
aMOpPTHU3ATO

piB

l

7. JluHAMIYHUH
PO3paxyHOK
CHCTEM
aMmopTH3arii

:

8.Po3paxyHok
e(heKTUBHOCTI
pobotu
aMopTH3aIii

Hi

9y >+2

TaK
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10.BuBenenus
pO3TallyBaHHS Ta
THIIIB

aMOPTH3aTOPIB

\_,I/

11.BUXIJ]

Pucyuoxk 4.2 — Yactuaa Ne2 anroputMmy 3axucrta 00’ €KTiB Bl MEXaHIYHUX 30ypPEHD
YH y y
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Kpok 1. Hauano anropurmy.

Kpok 2. Bubip KUIbKOCTI aMOpPTU3ATOPIB.

Kpok 3. Hauanbhi n1aHi (yMOBH €KCILTyaTallii: TeMIIepaTypa, BOJIOTICTh, TUCK).

Kpok 4. Bxinni qani (onuc BiOpoH30II0eMOi KOHCTPYKIIi C BKa31BKOIO BETUYHH
1 KOOpAWMHAT Mac 1i KOHCTPYKTHUBHUX BY3JIB, XapaKTEPUCTHUKUA MOXIMBUX 10
3aCTOCYBaHHSI  BIOPOI30JISITOPIB,  KOOPJAWHATA  MOMKJIUBHUX MICIb  YCTaHOBKH
BIOPO130JISTOPIB, MapaMeTpy 30BHINIHIX MEXaHIYHUX 1, MIHIMaJbHE JOMYCTHUME
3HAUEHHS PE30HAHCHMUX YacTOT, HeoOX1AHE mociabiaeHHs BiOpalii 1 mepeBaHTaKeHHs
pU yAApHIH JTii, TOYaTKOB1 KOOPAMHATH YCTAHOBKHU BIOPO130JIATOPIB).

Kpok 5. 3aBnaHHg MIHIMagbHUX IMOYATKOBUX KOPCTKOCTEH BIOPOI30ISATOPIB
BUXOASYA 3 YMOBH MIiHIMaabHOTO JONMYCTUMOTO CTAaTHYHOTO HAaBaHTAXKEHHS Ha
BIOPO130JIS TOPH.

Kpok 6. Ilpomemxypa BuOOpYy aMopTH3aTOpiB (SIKIIO aMOPTH3aTOPH, SKi
3aI0BOJILHSIOTH BXIJIHUM JaHUM 3aKIHYMIACh, 3MIHIOEMO 1X KUTbKICTB).

Kpok 7. luHamiuHM# pO3paxyHOK CHCTEM aMOPTH3allii.

Kpok 8. Po3paxyHok epekTuBHOCTI pOOOTH aMOPTH3aIlii.

Kpok 9. IIpoBoguTbcs TOpIBHSHHA OOYHCICHOTO 3HAYCHHS TIJI00abHOTO
KPHUTEPIIO0 ONTHMAIBHOCTI 3 MiHIMAIbHUM 3HAYCHHSIM, OTpUMaHuM Ha (j-1) -My 1ukiIi
o6xomy. SIkmo .y> V2, To myHKT 10, SKIIO HeMae - B IYHKTi 4 3MiHIOEMO F€OMETPHYHE
PO3MIIICHHSI aMOPTU3ATOPIB.

Kpox 10. BucHOBOK po3ranryBaHHs Ta THIIIB aMOPTH3aTOPIB.

Kpox 11. Kinens anroputmy.
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4.2 JlaGopaTopHi po0OTH CTATHCTMYHOIO PO3PAXYHKY CHCTEMH

amopTu3auii

MeTor0 CTaTHCTHYHOTO PO3PaxXyHKy CHCTEMH aMOpTH3allii € BU3HAYCHHS
CTaTUCTUYHUX HABAHTAXXEHb HAa KOXXEH 3 aMOPTH3aTOpIiB 1 MOAAJBLIMN BHOIp
TUIIOPO3MIPY aMOPTHU3aTOPIB BIAMOBIAHO 10 3HAWIEHUX HaBaHTaXeHb. [HOII OyBae
HEOOX1THO BU3HAYNUTH YW YTOUYHUTH KOOPAMHATH PO3TAIIYBAaHHSI aMOPTH3aTOPIB - I1€
JI03BOJISIE PO3TANYBATH AMOPTU3AaTOPH BiIIMTOBITHO /10 YMOB PaIlioHAIBHOT'O MOHTAXKY.

Cxema MOHTaXy aMOPTH3aTOPiB BHOMPAETHCS 3aJICKHO BiJl YMOB €KCIUTyaTallii
Ta KOHCTPYKTHBHHMX MOJKJIUBOCTEH aMopTH3aToOpiB. BU3HAYCHHS CTaTHCTHYHUX
HaBaHTAXXCHb HA aMOPTU3AaTOPH 1 KOOPAMHATH iX PO3TallyBaHb IS JCIKUX CXEM
aMOPTHU3aTOPIB PO3TIAHYTI HIDKYE. LICHTp TSKKOCTI 00'€KTa IPUIMAETHCS 3a TTOYATOK
NPSIMOKYTHOI cHCTeMH KoopauHaT X, Y, Z, ocCi SKOi CHpsSMOBaHiI MO TOJIOBHUM
IEHTpaTbHUM oOcsaX iHepiii o6'ekrta. [lepenbavaerbes, MmO 00'€KT MOHTYETHCS Ha
aMopTH3aTopax TaKuM YHHOM, IO KoopJAuHaTHa IwiomuHa XOZ po3TaiioBaHa
TOPU3OHTANIBHO, a BiCh Y, OT)KE, BEPTHKAIIBHO.

3'enHaHHS aMOPTHU3aTOPIB IMapajeabHO POOUTH CHCTEMY OLIBII KOPCTKOIO, a
3'€MHaHHS X TOCIIIOBHO - M'sKiIoro. Lleii BUCHOBOK MoOke OyTH NOIIMPEHUN Ha
JOBUIbHE YHCJIO aMOPTH3aTOPiB, 3'€IHAHUX MDK COOOI0 OyIb-SKHMM YHHOM. SIKIIO,
HAIPUKJIAJ 3'€qHAHI TOCIIIOBHO P aMOPTH3aTOPIB 3 OJHAKOBUMH CTaTUCTHYHHMU

MpOrMHAMU &, 1  TaKUX TPyl 3'€AHaHI MK COOOI0 MapajelbHO, TO 3arajbHUM

CTATHCTUYHHI MPOTHH NPH TOMY K HaBaHTaXEHHI nopiBHIoE & = (p/q)d,.

4.2.1 JlabopaTopHa podora Nel

BusHaunTt cTaTMCTUYHI HaBaHTaXCHHS HA aMOPTH3aTOPH, TOYKH KPIMJICHHS
SKUX PO3TAIIOBaHI B TOPU3OHTANBHIN TutonuHI XOZ, 1m0 MPOXOAUTHh Yepe3 IEHTP
Baru OJIOKY, SIKIIIO BOHU MAlOTh HACTYIIHI 3aJ]aHl KOOPJAUHATH:

SKIl0 aMOpTU3aTOpU PO3TAIIOBAaHI B TOPU3OHTaNbHIN miomuHi XOZ, TO

BEpTHKAJIbHA KoOpauHaTa y = 0.
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Jlns 3amaHoro 3aBaaHHs Oyino po3poOlieHe mporpaMHe 3a0e3nedyeHHs Ha MOBI

nporpamysanHs Pascal (ZlomaTok A).

4.2.2 JlabopatopHa podora Ne2

AMOpPTU3YEMHI OJOK BCTaHOBJIIOETHCS HAa TPU aMOpPTH3aTOpa, KOOPAMHATH

JIBOX 3 HMX BU3HAueH1. TpeTiit amopTU3aTop Moke OyTH BCTAHOBJIEHUI Ha B1JICTaHI Z,

BiJT OCI, 1110 MPOXOAUTH Yepe3 IICHTP Baru 0J10Ky. [ToTpiOHO BU3HAYNTH HaBaHTAXKCHHS
Ha aMOPTH3AaTOPH, a TAKOXX BHOpATH TOJIOKEHHS TPEThOI'O aMOPTH3aTOpa TaKUM
YUHOM, 11100 OyJin 3a0e3MeueHl YMOBH PaIliOHAIBHOTO MOHTAXy CUCTEMHU.

Jliis 3amaHoro 3aBaaHHs Oyio po3poOsieHe mporpamMHe 3a0e3nedeHHs Ha MOBIi

nporpamyBanHns Pascal (lomatok B).

4.2.3 JlabopatopHa podora Ne3

3nHaiiTu HaBaHTaxeHHs P, P,, P, P, KO BiIOM1 KOOpJIMHATH TOUYOK KPITUJICHHS

: : . PP
BCIX IIECTU aMOPTHU3ATOPIB, a TAKOXK BiIOM1 HABAHTAXEHHS 5’ 6.

Jlns1 3amanoro 3apaadHs 0ys10 po3poOIieHe mporpamMHe 3a0e3MeueHHs] Ha MOBI

nporpamysanns Pascal (JlomaTok B).

4.2.4 JlabopaTopHa podora Ne4

3a 3alaHUMH KOOpJMHATAMHU TOYOK KPIMJICHHS aMOPTU3aTOPiB, PO3TAIIIOBAHUX
B JIBOX BEPTHUKAJIBHUX IUIOIIMHAX, TAKUX IO X, =X, =X; =X, = X5 = Xg = X; =X =—D, 1
BIIOMOMY HaBaHTa)XCHHI P,, MOTpiOHO 3HAWTH HEBIAOMI CTATHYHI HABaHTAKCHHS

P,P,.P,P, PP, P

JIns 3amanoro 3aBaaHHs Oyso po3poOlieHe mporpaMHe 3a0e3ledyeHHs Ha MOBI

nporpamyBanns Pascal (lonarok I').
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4.2.5 JlabopaTopHa podora NeS

[loTpi6HO CHpPOEKTYBaTH MPOCTOPOBY CHUCTEMY, fIKa CKJAJAETbCA 3
4 aMOpTHU3aTOPIiB TaKWUM YMHOM, 100 BOHAa 3a/J0BOJIbHSAJIA yMOBaM
palliOHAJILHOTO MOHTAXYy, a TAKOX BU3HAYUTU CTATUYHI HAaBAaHTAXXEHHHA Ha
aMmopTu3aTopu. BpaxoByrwuu, mo x1=x2, X3=x4, MNOTPIOHO BHU3HAYUTHU
HaBaHTaeHHd P1, P2, P3, P41 KoopAvHaTH V1, y2, Z1.

Jns 3aaHoro 3aBJaHHs 0yJi0 po3po6JieHe MporpaMHe 3abe3nedyeHHs Ha

MoBi nporpamyBaHHs Pascal (JlogaTok [1).

4.3 lIpakTHyHa pPoOOTa 3 IMHAMIYHOI0 PO3PAXYHKY CHCTEMH aMOpPTHU3aIlil

Ta 1l e)eKTUBHOCTI

IToctanoBka 3amaui. HeoOxigHo i30iroBaTH OJ0K Macorw 45 Kr, CKIaIoBl
€JIEKTPOPAIIOETIEMEHTH SKOTO BUTPUMYIOTH TpaHuuHe BiOpompuckopenHs 10g (mo
TV). Ilo nmanuMm, B MiclsIX KpIIJIEHHS 00’ €KTIB TPHOXKOMITIOHEHTH1 BiOpalliiHi
nepeBaHTAXECHHS, 1110 JocsararoTh 159 Ha yactoTi 500 I'11 1 29 B yacToTHOMY Jliama3oHi
30 - 80I'm. JliniiiHI mEepeBaHTAXKEHHS 110 OCAM J0CATaroTh npu oMy 30g. [3omsTopu
MOBMHHI MaTH MiHIMaJbHYy Macy Ta rabaputHi po3mipu. Ilepemimenns Ooky Ha
130J1TOpaxX He MoBUHHE nepeBunyBat £10mMm. JKopcTKiCTh MPOBOIB 1 KaOeiB, Mo
MITBOJATECS J1O0 OO0 €KTY, JIOMYCKAEThCSA OO HE BpaxoByBaTH. SIKImIo Bimowmi
KOOPJAWHATH KPIIUICHHS 130JITOPIB X | = 25, xo = 25, x3 = =25, x4 = =25, y1 =18,
y2 =-18, y3 = — 18, y4 =18.

A TakoX BioMi MOMEHTH iHeplii 00’€kTy BimHOCHO ocedt X, Y Ta
Z:L,=21xkr*m% ly,=3,0kr* ™% I, =4,5kr » M2

Po3B’s3anHsA. 3 METOO PO3B’SI3KM OKpeMHX (OPM KOJMBAaHb 00’ €KTY, IO
aMOPTH3YETHCSA 1 HAOIMKEHHS BCiX IIECTH WOTr0 BJIACHUX YacTOT OJHA J0 OJHOI
MpUNMAaEMO CUMETPUUHY CXEMY KPIMJIEHHS 00’ €KTYy HAa YOTUPbOX aMOpPTHU3ATOpax, SIKi
pO3MillleH] HAa BEPTUKAIbHINA CTiHI. B 1IbOMYy BUNAJKy LIEHTP TSOKIHHS 00’ €KTy Oyne

CHIBMaJaTH 3 LEHTPOM OSKOPCTKOCTI, a TOYKM KpIMUICHHS aMOpTHU3aTOPiB
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PO3TAIIOBYIOThCSI CUMETPUYHO BIIHOCHO IUIOIIMHM, IO MPOXOJIUTh 4Yepe3 LEHTP
TSDKIHHS 00’ €KTY.

Ane cioyaTKy 3HaiJIeMO CTaTUYH1 HABAaHTAKEHHS Ha 130JITOPU JUIsl TOrOo, 1100
BUOpATH THUII 130JI1TOPA.

Slkmo B cucremy (2.6) mimcTaBUTH BiOMI KOOPIWHATH, TO BOHA MaTHME

BUTJIAA:

P, + P, + P, + P, = 45;

25P, + 25P, — 25P; — 25P, = 0;
18P, — 18P, — 18P, + 18P, = 0;
450P, — 450P, + 450P; — 450P, = 0.

(4.1)

H_IO6 BU3HAYUTH CTAaTHYHI HAaBaHTa)>KEHHS Ha AMOPTHU3AaTOPH BUKOPUCTAEMO

bopmyny (2.12), aie crioyaTKy 3Hai1eM0 BU3HAYHHUKH 110 opmyiam (2.14) — (2.17):

D;=-18 - 18 -(-25) -(-25-25)-18-(-25) (-18) -(25+25) -25-18-18-(-25+25)=
=-18.18-25.50-18-25-18-50-25-18-18-0=-405000-405000 = -810000,

D,= -18-18+(-25)-(-25-25)-18-(-25) -(-18) -(-25+25)-25.18-18-(25+25) =

= -18-18-25.50 -18-25.18-0-25-18-18-50 = -405000 — 405000 = -810000,

D; = 18-18-25.(-258-25) - 18-25-18-(25+25) -25-18-(-18) -(25-25) =

= -18.18-25.50 - 18-25-18-50 + 25.18-18-0 = - 450000 — 405000 = 810000,

D, = -18-(-18) -25-(-25-25)-18-(-25) -(-18) -(25-25) - 25-(-18) -(-18) -(258+25)=
= -18-18-25.50 - 18-25-18.0 - 25-18-18-50 = -405000 — 405000 = -810000.

[Totim BimmoBigHO dopmyiri (2.13) orpumaemo D = -3240000.

Toxi HaBaHTa)KEHHS MOYKHA BU3HAYHUTH 3a Gopmyrnamu (2.12):

p. — 810000 025 .45 =1125-10%H

1™ 3240000 v o ’
—810000

P, = .45 = 0,25 - 45 = 11,25 - 10* H;

—3240000
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—810000 \
Py = — - oo05° 45 =025 45 = 11,25+ 10" H;

—810000 \
Py = —>r000g" 45 = 025 45 =11,25- 10* H,

3HAUIIOBIIM CTATUYHI HABAaHTAXEHHs, TENep IO KaTajlory 3HaXOJAUMO

130JIITOPU OJHOTO 1 TOTO K TUIIOPO3MIipy. B sSIKOCTI Takux 0OMpaeMo 130JIATOPU TUITY
. . . : H .
APM]I, sxi maroTe BiOpauiiini sxopctkocti €; = 100-10* = — mo oci izomsaTopa;
M
— a — 4 H .. . ,
Cx = Cy = 82-10" — — nmepneHAuKyIsipHO oci 13omaTopa. [lepemimennss o0’exTy Ha
M

amopTu3aropax npu Jii JiHidHoro nepeBantaxeHHs 309, craHoBUTh A =7 + 8§ MM . 3
XapaKTepUCTUKH «CWJIa — TMepeMillleHHs» Y i3omsaTopiB tuny APMJI BiOpartiitai
KOPCTKOCTI MPAKTUYHO HE3MIHHI MIPH 111 JIHIHHOTO HABAHTAXKEHHSI.

l'oai mpu po3MillieHH1 13015TOPIB HA 00’ €KTI, 10 MOKa3aHO Ha PUCYHKY 4.1,

BJIACHI YaCTOTH CHCTEMHU MOKHA BU3HAYHUTH 13 piBHAHB (3.29) — (3.34).

Al
e
-~ RN

-

higy ot -
VA | T Y

|

I yad N )

¢ Al N \l
4 i}l “ﬂ' O

a=180uu, b=250m1

Pucynok 4.1 — Po3ramryBaHHs 13074TOPiB Ha 00’ €KTI

YactoTa BIacHHUX IIOCTYIMAJIbHUX KOJHMBAaHb B3O0BXK oci X, 3HaxX0AuMO IIO

dopmyi (3.29)

4-82-104 1
Wy = BT ~ 268c " = 42,65TL.
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YacToTa BIacCHUX MMOCTYINIAJIbHUX KOJMBAaHb B3JI0BK oci Y, 3HAaXO0JUMO IIO

dopmyi (3.30)
4-82-10%
Wy = =~ 268 ¢! ~ 42,65 'L

YacToTra BIIACHHUX MNOCTYNAJIbHUX KOJIMBAHb B3I0BXK oci Z, 3HaxXO0AnMO 3a

dopmyioro (3.31)

4-100-10% 4
w3 = a0 ~ 298 ¢ = 47,43 I'L..

3a hopmyitoro (3.32), 3Hait1eMO YaCcTOTY BJIIACHUX KOJHMBaHb HABKOJIO OCi X

~ 248 ¢! =~ 39,47 '

|4 (100 10%- 0,182 + 82 10* - 0)
“a4 = 21-10-1

3a ¢opmysioro (3.33), 3HaliIeMO YacTOTY BJIIACHUX KOJUBaHb HABKOJIO OCi Y

~ 288 ¢! = 45,84 'L

|4~ (82-10%- 0+ 100 - 10% - 0,252)
®s = 30-10-1

3a popmymoro (3.34), 3HaitieM0 4acCTOTy BIaCHUX KOJMBAaHb HaBKOJIO oci Z

~ 263 ¢! = 41,86 I'L,

_|4-(82-10*-0.18 + 82 10% - 0,252)
@e = 45 -10-1
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EdektuBHICTS po60TH aMOPTU3ATOPIB 3HAXOAUMO 110 popMmyii (3.62). Taxk, npu

Otpumaemo

1 f 1
= \/(1 —160.4744)% 25432

i3a ¢popmyioro (3,63)

~ 0,00627,

3 =(1-0,00627) - 100% ~ 0,993729 - 100% ~ 99,37%,

a mpu

0
= = ~ 10.54,
w3 4743

OyneMo MaTH

1 / 1
_ ~ ~ 0,00908,
1 Ju —111.13)2  |12128.75

3 =(1-0,00908) -100% =~ 0,9992 -100% =~ 99,92%.

Otxe, TakuMm urHOM amoptu3atopu APMJI i3omrorots Bix 99,37 no 99,92%.
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BUCHOBKH

Y naniii poGoTi Oysl0 HaBeAeHO OCOOJMBOCTI €KCIUTyaTalii CHUCTEeM
aMopTu3allii, yMOBU palliOHAJLHOTO MOHTa)XXy aMOPTH3aTOPiB, a TAaKOX HaBeJACHUU
AJTOPUTM IIPOIIECY 3aXUCTY CKIATHUX 00’ €KTIB BiJl MEXaHIYHUX 30YPEHb.

VY nepuriii rnaBi Oysio HaBEIEHO MPHUKIAAM BUKOPUCTAHHS aMOpPTU3AaTOPIB B
PI3HUX rany3sx, 1 B BIAMOBIIHOCTI 3 IIUMU MPUKIagaMu 0ysiu chopMyIb0OBaHi BUMOTH
0 aMmopTtusaTtopiB. Takoxx Oyna HaBeaeHa kiacu@ikallisi MEXaHIYHMX BIUIMBIB Ha
pazioeNIeKTpOHHY amaparypy. | Bkazano, mo aemndepu, AUHAMIYHI TaCHUKH Ta
BIOPOI30JISITOPU YTBOPIOIOTH B CYKYITHOCTI BIOPO3aXUCHI MIPUCTPOI, SIKI TOUISIOTHCS
Ha MTACUBHI Ta aKTUBHI1 BUIM BIOPO3aXUCTY.

Y apyriii rnaBi BHUBENEHO YMOBY paIliOHAIFHOTO MOHTaXy BHpPOOYy Ha
aMOpPTU3aTOPH, a TaKOX HAaBEJICH1 MPUKJIAAN BUKOPUCTAHHS TUX YU IHIIUX CHCTEM
amopTu3allii B pi3HUX cpepax Ta MexaHI3MaxX. byio BU3Ha4Y€HO, 1110 BUKOPUCTOBYIOUH
YMOBY palliOHATBHOTO MOHTaXY, CKJIaJal0Th MOTPIOHE YHUCJIO pPIBHAHBb, 3 SKHUX
3HAXOJAThCS BaroBl HABAaHTAXKEHHS HA aMOPTU3AaTOPH, a TAKOK HEBITOM1 KOOPIUHATH
1X po3TalryBaHHs.

VY Tperiii riaBi pO3MVISTHYTI BUIAIKH 32 HASBHOCTI BUMYIIEHHX KOJIMBAaHb
00’ekTy Ha 130/15TOpax Oe3 AemMIpyBaHHs, a TAKOXK BJIACHUX KOJHUBAHb MIAPECOPHUX
CUCTEM TIPY HASBHOCTI AeMII(yBaHHS Ta 130JII0I0YUH €EeKT 130TOPIB. 3 IIE€I0 IULTIO
BUKOPUCTAHO JWHAMIYHUNA PO3PaXyHOK CHCTEM aMOpTH3allii, METOI SKOTO €
BHU3HAYCHHS YaCTOT BJIACHUX KOJMBAaHb CHCTEMH, MTapaMeTPU BUMYIICHUX KOJIMBaHb
00’ €KTYy, 10 130JTF0ETHCS 32 BIJOMHUMH MTapaMeTpamMu KOJIMBaHb OCHOBH Ta BCTAHOBUTH
e(heKTUBHICTD BIOPOI30JIAIIIT CHCTEMH 130JISITH1.

AHaji3 MOl CHCTEMH J03BOJHB BIJIMITUTH MOJKJIUBICTh BUKOPHUCTAHHS
OMMHMCAHOTO B TPETiH IIaBi MAXOMy A OUTBII JETAITBHOI PO3POOKH CHCTEMHU 3aXHUCTY
00’€eKTa BiJ] MEXaHIYHUX 30ypEHb.

CkimameHo mporpaMu HamucaHi Ha MoBi Turbo Pascal, mias 3HaxomkeHHs

CTaTUYHUX HABAHTAKCHb HA AMOPTU3ATOPU Ta KOOPAMHAT IX PO3TAIlyBaHHS.
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Ha ocHOBI Bumiecka3aHoro mnoOyAOBaHUN alIrOpPUTM MPOLECY 3aXHUCTY

CKJIaAHUX 00’ €KTIB BiJl MEXaHIYHUX 30ypEHb.
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JTOJATOK A

IMporpama na Turbo Pascal ans po3paxyHky craTHYHMX HABaHTaXKeHb y CHCTEMi

3 YOTMPbOX aMOPTHU3ATOPiB

3agaya. BuzHaunTu CTaTUYHI HABAaHTaXEHHS HA aMOPTU3aTOPH, TOUKU
KPIIUICHHS SIKUX PO3TAlllOBaHl B FOPU30HTaNbHIN TuionuHi XOZ, 110 NPOXOIUTh
yepe3 LEeHTpP TSKIHHA 0J10Ka, SIKIIO0 BOHUM MalOTh HACTYITHI KOOPIUHATH:

X1=17,X2=15 X3=-1, X4 = -3,

Y1=0,Y2=0,Y3=0,Y4=0,

Z1=20,72=-3,723=-7,724 =10.

Ko nporpamu:

type
mas = array[1..4] of integer;
masl = array[1..4] of real;
var dd,i: integer;
X : mas;
y : mas;
Z : mas;
D : mas;
P : masi;
begin
X[1]:=17;x[2]:=15;x[3]:=-1;x[4]:=-3;
y[1]:=0;y[2]:=0;y[3]:=0;y[4]:=0;
2[1]:=20;z[2]:=-3;z[3]:=-7;z[4]:=10;
for i:= 1 to 4 do write (' X",i," =" x[i]); writeln();
for i:= 1to 4 do write (' Y',i," =" y[i]); writeln();
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for i:= 1 to 4 do write (' Z',i,' = ',z[i]); writeln();

DI1]:=z[2]*z[4]*X[3]*(X[4]-X[2])+z[2]*z[3]*X[4]*(X[2]-X[3])+z[3]*Z[4]*X[2] *(X[3]-
X[4]);

D[2]:=-z[1]*z[4]*X[3]*(X[4]-X[1])-z[ 1]*z[3]*X[4]*(X[1]-X[3])-z[3]*z[4]*X[ 1] *(X[3]-x
[4]);

D3I:=z[11*z[4]*X[2]*(X[4]-x[1])+z[1]*z[2]*X[4]*(X[1]-X[2])+z[ 2] *Z[4]*X[1]*(X[2]-
X[4]);

D[4]:=-z[1]*z[3]*X[2]*(X[3]-X[1])-z[1]*z[2]*X[3]*(X[1]-X[2])-z[2]*Z[3]*X[1]*(X[2]-X
[3D);

writeIn('D1 =", D[1]);writeln('D2 =", D[2]);writeln('D3 =", D[3]);writeIn('D4 =
', D[4]);

dd:= D[1]+D[2]+D[3]+D[4];

writeIln('D = ",dd);

for i:= 1 to 4 do begin

P[i]:=D[i]/dd;

write(' P',i," = ",P[i],'G");

end;writeln();

writeIn("Sum Pi = ',p[1]+p[2]+p[3]+p[4]);

end.

Pe3yabrar:

X1=17
X2 =15



X3=-1

X4 =-3

Y1=0

Y2=0

Y3=0

Y4=0

Z1=20

2 =-3

Z3=-1

Z4 =10

D1 =-3648

D2 =-9180

D3 =-68820

D4 = -43632

D =-125280
P1=0.0291187739463602G
P2 =0.0732758620689655G
P3 = 0.549329501915709G
P4 = 0.348275862068965G
SumPi=1

84
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JIOJIATOK B

IIporpama na Turbo Pascal ans po3paxyHky craTHYHMX HABaHTaKeHb y CHCTEMi

3 TPHOX AMOPTH3ATOPIB M VISl 3HAXOMAKEHHSI KOOPAUHAT X CHCTEMI OJJHOI0 3 HUX

3agaua. brok, sikuif aMOpPTU3YETHCS, BCTAHOBIIOETHCS HA TPU aMOPTH3aTOPU
KOOpJIMHATH JIBOX 3 HUX BU3HaueHi. Tperiil aMopTu3aTop MoxKe OyTH BCTAaHOBJICHHIM
Ha BIACTaHI1 Z3 BiJ] OCi, 10 MPOXOJIUTh Yepe3 UEHTP TxKiHHA OoKy. Tpeba BuU3HaunuTH
HaBaHTa)XEHHS HAa aMOpPTU3AaTOpPH, a TaKoXK OO0paTh TOJOXKEHHS TPEThOro
aMopTU3aTOpa TAKUM YUHOM, 11100 Oynu 3a0e3nedeHi yMOBH pallioHATbHOTO MOHTAXYy
CUCTEMH.

X1 =15, X2 =-3,

Z1=15,72=10,Z3=-3.

Ko nporpamu:

type

mas = array[1..3] of integer;

masl = array[1..3] of real;

var i integer;

X,p : masl;

Z : mas;

begin
X[1]:=15;x[2]:=-3;
z[1]:=15;2[2]:=10;2[3]:=-3;
for i:= 1 to 2 do write (" X',i," = ", x[i]); writeln();
for i:= 1 to 3 do write (' Z',i," =",z[i]); writeln();

X[3]:=(X[1]*x[2]*2[3]*(z[1]-z[2]D)/(z[1]*x[2]*(z[3]-z[2])-x[1]*z[2]*(z[3]-z[1]));
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writeln(' X3 =", x[3]);
P[11:=[31*x[2]-x[3]*z[2])/((z[3]-z[1])*(X[2]-x[1])-(x[3]-x[1])*(z[2]-z[1]));
PI21:=E[11*X[3]-x[11*Z[3])/((z[3]-z[1])*(X[2]-x[1])-(x[3]-x[1])*(z[2]-z[1]));
PIBI:=[21*x[1]-x[2]*Z[1])/((z[3]-z[1])*(X[2]-x[1])-(x[3]-x[1])*(z[2]-z[1]));
for 1:=1 to 3 do write(' P',i," = ",P[i],'G");writeln();
writeln('Sum Pi = ",p[1]+p[2]+p[3]);

end.

Pe3yabrar:

X1=15X2=-3
Z1=1572=1023=-3

X3 =0.205479452054795
P1=0.0277777777777778G
P2 =0.192307692307692G
P3 =10.77991452991453G
SumPi=1
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JIOJIATOK B

IIporpama na Turbo Pascal qis po3paxyHky cTaTHMHMX HABAaHTAaXKeHb y CHCTEMi

3 IeCTH AMOPTH3ATOPIB

3apaua. 3HaliTu HaBaHTaxeHHs P1,P2,P3,P4, aK110 BiJIOM1 KOOPJIUHATH TOYOK
KPIIUICHHS 1I€CTU aMOPTHU3aTOPIB, a TaK BIJIOMI HaBaHTaKeHHs P5,Pé6.

X1=1,X2=5,X3=-5 X4=5,X5=4, X6 =-1,

Z1=2,72=5,73=5,24=-2,25=-6,26=-9,

P5 =0.29G, P6 = 0.34G.

Koa nporpamu:

type

mas = array[1..6] of integer;

masl = array[1..6] of real;

var i: integer;a,b,u,delt,d: real;

p : masl,

Z,X : mas;

begin
X[1]:=1;x[2]:=5;X[3]:=-5;X[4]:=5;X[5]:=4;x[6]:=-1;
z[1]:=2;2[2]:=5;z[3]:=5;2[4]:=-2;z[5]:=-6,2[6]:=-9;
p[5]:=0.29; p[6]:=0.34;
for i:=1 to 6 do write (' X',i," = " x[i]); writeln();
for i:=1 to 6 do write (' Z',i," = ',z[i]); writeln();
for i:= 5 to 6 do write (' P',i,' = ",p[i],'G"); writeln();
a:=1-p[5]-p[6];
b:=-x[5]*p[5]-x[6]*P[6];
u:=-2[5]*p[5]-2[6]*p[6];
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delt:=-z[S5]*x[5]*p[5]-z[6]*X[6]*P[6];
writeln(fa="a,'G b ="b,'Gy="u,'G delt =",delt,'G";
d:=((x[2]-x[1])*(z[3]-z[1])*(z[4]*x[4]-z[1]*X[1])+
(XBI-X[AD*(@[4]-z[1])*z[2]*x[2]-z[1]*x[1])+
(X[4]-x[1D)*(z[2]-z[1])*(z[3]*X[3]-z[1]*X[1])-
(X[4]-x[1D*@[3]-z[1])*(z[2]*x[2]-z[1]*X[1])-
(z[4]-z[1]D)*(Z[3*X[3]-z[1]*x[1])*(xX[2]-X[1])-
@[A*x[A]-z[1]*X[1]D)*(X[3]-x[1])*(z[2]-z[1]));
writeln(" D =',d);
p[1]:= (M/a*a*d)*((a*x[2]-b)*(a*z[3]-u)*(a*z[4]*x[4]-delt)+
(@*x[3]-b)*(a*z[4]-u)*(a*z[2]*X[2]-delt)+
(a*x[4]-b)*(a*z[2]-u)*(a*z[3]*x[3]-delt)-
(a*x[4]-b)*(a*z[3]-u)*(a*z[2]*x[2]-delt)-
(a*z[4]-u)*(a*z[3]*x[3]-delt)*(a*x[2]-b)-
(a*z[4]*x[4]-delt)*(a*x[3]-b)*(a*z[2]-u));
p[2]:= (-L/a*a*d)*((a*x[1]-b)*(a*z[3]-u)*(a*z[4]*x[4]-delt)+
(@*x[3]-b)*(a*z[4]-u)*(a*z[1]*x[1]-delt)+
(@*x[4]-b)*(a*z[1]-u)*(a*z[3]*x[3]-delt)-
(a*x[4]-b)*(a*z[3]-u)*(a*z[1]*x[1]-delt)-
(a*z[4]-u)*(a*z[3]*x[3]-delt)*(a*x[1]-b)-
(a*z[4]*x[4]-delt)*(a*x[3]-b)*(a*z[1]-u));
p[3]:= (L/a*a*d)*((a*x[1]-b)*(a*z[2]-u)*(a*z[4]*x[4]-delt)+
(@*x[2]-b)*(a*z[4]-u)*(a*z[1]*x[1]-delt)+
(a*x[4]-b)*(a*z[1]-u)*(a*z[2]*x[2]-delt)-
(@*x[4]-b)*(a*z[2]-u)*(a*z[1]*X[1]-delt)-
(@*z[4]-u)*(a*z[2]*x[2]-delt)*(a*Xx[1]-b)-
(@*z[4]*x[4]-delt)*(a*x[2]-b)*(a*z[1]-u));
p[4]:= (-L/a*a*d)*((a*x[1]-b)*(a*z[2]-u)*(a*z[3]*x[3]-delt)+
(@*x[2]-b)*(a*z[3]-u)*(a*z[1]*Xx[1]-delt)+
(@*x[3]-b)*(a*z[1]-u)*(a*z[2]*Xx[2]-delt)-



(@*x[3]-b)*(a*z[2]-u)*(a*z[1]*x[1]-delt)-
(@*z[3]-u)*(a*z[2]*x[2]-delt)*(a*x[1]-b)-
(@*z[3]*x[3]-delt)*(a*x[2]-b)*(a*z[1]-u));
for ;=1 to 4 do write (' P',i," =",p[i],'G"); writeln();
writeln('Sum Pi =",p[1]+p[2]+p[3]+p[4]+p[5]+p[6]);

end.

Pe3yabrar:

Xl=1
X2=5
X3=-5
X4=5
X5=4
X6 =-1
Z1=2
Z2=5
Z3=5
Z4=-2
Z5=-6

Z6 =-9
P5=0.29G
P6 = 0.34G
a=0.37G
b =-0.82G
y =4.8G
delt = 3.9G
D =-840
P1 =-54335.61G
P2 = 59972.71392G

89



P3 = 47525.54688G
P4 =-17421.894G
Sum Pi = 35741.3868

90
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JTIOJATOK I

IIporpama na Turbo Pascal ans po3paxyHky craTHYHMX HABaHTaKeHb y CHCTEMi

3 BOCBMHMX aMOPTH3aTOPiB

3agayva. 3a 3alaHUMH KOOPJAMHATAMH TOYOK KPIMJIEHHS aMOPTU3aTOPIB, SIKI
pO3TAalllOBaH1 Y ABOX BEPTUKAJIbHUX MOBEPXHSAX, TaAKUX, 0 x1=x2=x3=x4=q,
x5=x6=x7=x8=—b, 3 BIIOMUM HaBaHTAXKECHHSM P8, moTpiOHO 3HANUTU HEBITOMI
craTuyH1 HaBaHTaxxeHus Pl, P2, P3, P4, P5, P6, P7.

X1=9,X2=9,X3=9,X4=9,X5=-9, X6 =-9, X7=-9, X8=-9,

Y1=9,Y¥2=9,Y3=-7,Y4=-7,Y5=-6,Y6=-6,Y7=9,Y8=9,

Z1=9,72=-9,723=10,Z4=8,25=-6,26=6,27=9, 28 =-9,

P8 =0.2G.

Ko nporpamu:

type

mas = array[1..8] of integer;

masl = array[1..8] of real;

var i: integer;q,b,u,delt,d,a,d1: real;

p : masl,

Z,X,y : mas;

begin
X[1]:=9;x[2]:=9;X[3]:=9;X[4]:=9;x[5]:=-9;x[6]:=-9;x[ 7]:=-9;X[8]:=-9;
y[1]:=9;y[2]:=9;y[3]:=-7;y[4]:=-7;y[5]:=-6;y[6]:=-6;y[ 7]:=9;y[8]:=9;
z[1]:=9;z[2]:=-9;2[3]:=10;2[4]:=8;2[5]:=-6;2[6]:=6,;2[ 7]:=9;z[8]:=-9;
p[8]:=0.2;
for i:= 1 to 8 do write (" X',i," = ', x[i]); writeln();
for i:= 1 to 8 do write (" Y',i," = ",y[i]); writeln();
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for i:= 1 to 8 do write (" Z',i,’
for i:= 8 to 8 do write (' P',i,’
b:=(9/(9+9)-0.2);
u:=-9*0.2;
0:=9*0.2; a:=0.5;
write ‘a="a,'GB="b,'Gy="u,'G Q =", q,'G"); writeln();
d:=((y[61-y[51)*(z[7]-z[5])-(y[7]-y[5])*(z[6]-z[5]));
writeln(" D =',d);
p[5]:=(1/d)*(b*y[6]*z[7]+y[7]*q+u*z[6]-u*y[6]-y[/]*Z[6]*D-z[7]*u);
p[6]:=(1/d)*(u*z[7]+b*y[7]*z[5]+y[5]*a-z[5]*u-a*y[7]-z[7]*Y[5]*b);
p[7]:=(/d)*(y[6]*a+u*z[5]+b*y[5]*z[6]-z[5]*y[6]*b-z[6]*u-y[5]*0);
for i:=5to 7 do write (' P',i," =",p[i],'G"); writeln();
delt:=-(y[S]*z[5]*p[5]+y[6]*z[6]*pI6]+Y[7]*z[7]*P[7]+Y[8]*Z[8]*PI8]);
writeln(’ delt = ",delt,'G");
d1:=((y[2]-y[1])*(z[3]-z[1D)*(y[4]*z[4]-y[1]*z[1])+
(YBI-y[AD*(z[4]-z[1])*(y[2]*z[2]-y[1]*z[1])+
(Y[4l-y[1D)*(z[2]-z[1])*(y[3]*z[3]-y[1]*Z[1])-
(Y[4l-y[AD)*z[3]-z[1])*(y[2]*z[2]-y[1]*Z[1])-
(@[4]-z[AD)*(y[31*z[3]-y[1]*z[1])*(y[2]-y[1])-
(Y[4T*z[4]-y[1]*z[1D)*(y[3]-y[1])*(z[2]-z[1]));
writeln(" D1 =",d1);

" Z[i]); writeln();
“P[i],'G"); writeln();

p[1]:=(1/d1)*(y[2]*z[3]*(a*y[4]*z[4]-delt)+y[3]*z[4]*(a*y[2]*z[2]-delt)+y[4]*z[2]*
(@*y[3]*z[3]-delt)-

y[41*z[3]*(a*y[2]*z[2]-delt)-z[4]*(a*y[3]*z[3]-delt) *y[2]-(a*y[4]*z[4]-delt)*z[ 2] *y[
3]);

p[2]:=(-1/d1)*(y[1]*z[3]*(a*y[4]*z[4]-delt)+y[3]*z[4]*(a*y[1] *z[1]-delt)+y[4]*z[1]
*(a*y[3]*z[3]-delt)-
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y[41*z[3]*(a*y[1]*z[1]-delt)-z[4]*(a*y[3]*z[3]-delt)*y[1]-(a*y[4]*z[4]-delt)*z[1]*y[
3]);

p[3]:=(1/d1)*(y[1]*z[2]*(a*y[4]*z[4]-delt)+y[2]*z[4]*(a*y[1]*z[1]-delt) +y[4]*Z[1]*
(a*y[2]*z[2]-delt)-

y[41*z[2]*(a*y[1]*z[1]-delt)-z[4]*(a*y[2]*z[2]-delt)*y[1]-(a*y[4]*z[4]-delt)*z[ 1] *y[
2]);

p[4]:=(-1/d1)*(y[1]*z[2]*(a*y[3]*z[3]-delt)+y[2]*z[3]*(a*y[1]*z[1]-delt)+y[3]*Z[1]
*(a*y[2]*z[2]-delt)-

y81*z[2]*(a*y[1]*z[1]-delt)-z[3]*(a*y[2]*z[2]-delt)*y[1]-(a*y[3]*Z[3]-delt)*z[1]*y[
2]);

for i:= 1to 4 do write (' P',i," =",p[i],'G"); writeln();

writeIn('Sum Pi =",p[1]+p[2]+p[3]+p[4]+p[5]+p[6]+p[7]+P[8]);

end.

Pe3syabrar:

X1=9,X2=9,X3=9,X4=9, X5=-9, X6 =-9, X7=-9, X8 =-9,

Y1=9,Y¥2=9,Y3=-7,Y4=-7,Y5=-6,Y6=-6, Y7=9,Y8=0,
71=09,72=-9,723=10,2Z4=8,25=-6,26=6,27=9, Z8 = -9,

P8 = 0.2G,
a=0.5G, B=0.3G,y=-1.8G. Q =1.8G,
D = -180,

P5=0.12G, P6 = 0.3G, P7 = -1.97372982155583E-17G,
delt = 22.68G,



D1 =-9216,
P1 =0.188125G ,P2 = 0.030625G, P3 = -1.83375G, P4 = 1.995G,
SumPi=1

94
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TIOJIATOK ]I

IMporpama na Turbo Pascal niisi po3paxyHKy cTaTHYHHX HABAHTAXKEHb Y

NPOCTOPOBOI cUcTeMIi 3 4 aMOpPTU3aTOPIB.

3agaya. [ToTpiOHO CIIPOEKTYBATH MPOCTOPOBY CUCTEMY, sIKa CKIaJa€Thes 3 4

aMOpTI/ISaTOpiB TaKUM YHHOM, IJ_[06 BOHaA 3a0BOJIbHAJIA YMOBaAM pauiOHaanoro

MOHTAXXy, 4 TAKOX BU3HAYNUTU CTaTU4YH1 HABAaHTAXKCHHS Ha aMOPTHU3aTOpPHU.

BpaxoBytouu, 1o x1=x2, X3=X4, IOTpIOHO BU3HAYNTHU HaBaHTaxxeHHs P1, P2, P3, P4 i

KOOpJIHMHATH Y1, V2, Z1.

X1=Xx2=3, X3=X4=-1, y4=1, Z5=5, z4=8, A1=1,1, 4,=1,3.

Ko nporpamu:

const n=4; G=1;

var

x:array[1..n] of integer;
y:array[1..n] of real,
z:array[1..n] of real;
p:array[l..n] of real;
1,J,8,b:integer;
lymdal,lymda2,alpha,beta:real;
fl:text;

begin

assign(f1,'D:\lab5.txt");
reset(fl);

fori:= 1 to 4 do read(f1,x[i]);
read(f1,y[4]);



read(f1,z[2]);

read(f1,z[4]);

read(fl,lymdal);

read(fl,lymda2);

close(f1);

writeln("KoopauHathl Touek KperieHuUs: aMOpTH3aTopa.:');
writeln("X1 X2 X3 X4 Y4 Z2 Z4 lymdal lymda2";
for i:=1 to n do write(x[i]," 9;

write(y[4],");

write(z[2],' );

write(z[4],");

write(lymdal," ',lymda2);

y[3] := -lymda2*y[4];

z[3] := -lymda2*z[4];

z[1] := -lymdal*z[2];

a = X[1];b :=-x[3];

alpha := (G*b)/(a+b);

beta := (G*a)/(a+b);

y[1] := (-beta*y[3]*z[4])/(alpha*z[2]);

y[2] := -(y[1)/lymdal);

p[1] := alpha/(1+lymdal);

p[2] := (alpha*lymdal)/(1+lymdal);

p[3] := beta/(1+lymda2);

p[4] := (beta*lymda2)/(1+lymda2);

writeln();

writeIn('Pe3ynbTaTel oacueToB:');

writeln("X1 X2 X3 X4 Y1Y2Y3Y4Z12Z27Z3Z4Y,
for i := 1 to n do write(x[i],"");

for i := 1 to ndo write(y[i]:1:2,"");

for i := 1 to ndo write(z[i]:1:2,"");



writeln();

fori:=1tondo

writeln('P',i," = ",p[i]:1:4,*G");
end.

Pe3yabrar:

KoopOMHaTH TOodYeR KpeNNeHMA aMOopTH3IaTopa:

X1 Xz X3 X4 T4 Z2 Z4 1ymdal
3 3 =7 -7 T -5 -8 1.1
PEB}’J’IBTETH OoOoCYeToE .

X1l Kz X3 X4 Tl T2 T3

3 3 -7 -7 6.24 -5.67 -59.10
Fl = 0.3333"CG

B2 = 0.366T7*G

B3 0.1304*%G

P4 = 0.leSe*G

T

1lymdaZ2

T4
.00

1.3

5.

Z1
50

Z2
-5.00

Z3
10.40
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