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Annomauusn. PaccMaTpuBaeTcs Ipo0ieMa Ha3eMHBIX YaCTOTHBIX UCITBITAHUI JISTKUX KOHCTPYKIINI, TAKMUX KaK
JIMHaAMMYEeCcKU ITogo0HbIie Moaeau (JIIIM) nomacTeii BUHTOB U3 IMOJUMMEPHbBIX KOMITO3UIIMOHHBIX MaTEPUAIOB,
3aKJIIOYAIOIIASICS B HAIMYNM UCKAXEHUI N3MEPSIEMbIX XapaKTEepUCTUK M3-3a TIPUCOSIMHEHHBIX MAcC, JOITOJI-
HUTEIbHOM XXKECTKOCTU U NeMIT(UPOBAHUS, BHOCUMbBIX KOHTAKTHBIMM 3JI€KTPOAMHAMUYECKMU BO30yIUTE-
JIiMU BUOpaumu. [IJ1sh OLIeHKY TaKOro BJIMSIHUSI BBITIOJTHEHBI YaCTOTHBIE MCIBITAHUS U IIPOBEACHO CpaBHEHUE
XapaKTepUCTHUK, 3apETUCTPUPOBAHHBIX Pa3HBIMU METOIAMU: KOHTAKTHOE BO30YX/I€HUE U UBMEPEHUE, OECKOH-
TaKTHOE BO30yXIeHNE ¢ 0ECKOHTAKTHBIM U3MEPEeHUEeM. DKCIIEPUMEHTAILHO IIOATBEPXKIASHO, YTO IIPUMEHEHME
KOHTaKTHBIX CPEICTB MCIBITAHUI MTPUBOAUT K POCTY 3HAYECHUM PE30HAHCHBIX YACTOT 34 CUET YBEIWYEHUS
JKECTKOCTHU CUCTEMBI, IIpUYeM KapTUHBI Ppe30HAHCHBIX (pOpM KojieOaHMii He n3MeHs10Tcs. CaeaH BBIBOI O TOM,
YTO TEXHOJIOTUSI TOJTHOCThIO OECKOHTAKTHBIX HA36MHbBIX YACTOTHBIX UCTIBITAHUI, OCHOBaHHAsI HA COBMECTHOM
MMPUMEHEHUM YCTPOMCTBA OECKOHTAKTHOI'O BO30YKIeHMSI KOJIeOaHMIA 1 JTa3epHOTO AOIIJIEPOBCKOTO BUOpOMETpa,
MO3BOJISIET UCKIIIOUUTD IMAapa3suTHOE BJIUSIHUE CPEICTB BO30YKICHUS U U3MEPEHUSL.
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Abstract
Ground vibration testing is a special technological process, during which dynamic characteristics of the mechanical
structures are being determined in the assigned frequency range, primarily spectrum of the resonant (close to natural)
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frequencies, mode shapes, modal damping factors and generalized masses of the vibration tones. The purpose of
such tests consists in creating a frequency passport (certificate), verifying and correcting the test object computed
dynamic scheme or its aggregates, comparing dynamic characteristics of the full-scale structure and its model, and
monitoring characteristics compliance with the specified requirements. For the external harmonic force application,
the electrodynamic type exciters with constant field (vibrators), the force from which is being transmitted to the test
object by the special rod with elastic hinge, fixed directly in the selected point of the load, are employed as a rule.
The traditional method of contact excitation of vibrations by the attached vibrators has a number of disadvantages
for the objects of low specific gravity. Despite modernization of both vibrators themselves (application of rare-earth
magnets and and lightweight coils) and application of the force sensors, physical contact inevitably distorts the
inertial-and-rigidity properties of the object. To start with, it is worth noting the the additional attached mass and
additional rigidity occurrence, the presence of parasitic damping, the existing nonlinear electromagnetic effects
in the coil circuit, as well as possible frequency losses in the extended cable lines. This problem is being solved by
implementing a contactless vibration excitation method, which was demonstrated by comparative ground-based
vibration testing of the dynamically similar model of a rotor blade from the polymer composite materials. The
experiments were conducted by three methods:

1) standard procedure, where attached vibrators and contact sensors (accelerometers) are being employed;

2) a completely contactless method, in which the excitation is being performed with an impact hammer or a special
contactless device, while measurement is being conducted with the laser Doppler vibrometer;

3) a L hybrid . method when vibrations are being excited by an attached vibrator, and their measurement is being
performed contactless.

Analysis of the obtained results confirmed that the [ icontact| excitation creates additional parasitic stiffness in the
vibrator-rod-structure system when measuring vibrations with a laser vibrometer, which was clearly demonstrated by
the increase in the frequency values of the five lowest tones. At the same time, application of the standard contact
technique leads to a general underestimation of resonant frequencies due to the attached masses of sensors and
their cables. The patterns of the mode shapes (nodal lines) herewith remained almost identical for all methods,
which confirms the adequacy of the separation of the shapes themselves, but proves the absolute resonant frequency
values incorrectness during the contact measurement. The errors elimination method (the data extrapolation with
two vibrators with various weight of the coils) applied by the colleagues is non-effective due to the high labor costs.
The technology of fully contactless ground based vibration testing developed at TSAGI became an alternative and
optimal solution. Application of the specialized device for the contactless excitation of mechanical vibrations paired
with a laser vibrometer completely eliminates negative impact of the test equipment on the recorded data. This
approach ensures high reliability of the results for the structures of any scale, from light rotor blades to full-size
fuselage floor beams, opening a new frontier of precision in experimental aeroelasticity and strength.

Keywords: ground vibration testing, electrodynamic type vibration exciters, rotor blade, polymer composite materials,
resonant vibration frequency
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Bsenenue

Hazemnbie yactoTHbie ucnbiTanus (HYM) koH-
CTPYKIIMIA, T. €. 9KCIIepPUMEHTAIbHOE OMpeneiieHre
OCHOBHBIX TMHAMUYECKUX XapaKTepUCTUK (YaCTOT,
(opM 1 TIoKazaTeJiei 3aTyXaHNsI PE30HAHCHBIX TOHOB
KoJsiebaHUit), KaK MpaBUJIO, MPOBOASTCS IMPU UCTIOIb-
30BaHUU OJHOTO U3 IBYX PEXKMMOB BO30YKICHUSI: TIPU
CBOOOIHBIX 3aTYXaOLIUX WU ITPU BBIHYKACHHBIX KO-
snebanusx 17 4]. B cnyyae oTanumsi CBOMCTB 00beKTa
UCTILITAHUI OT CBOWCTB JIMHEMHOW CUCTEMBI, B TOM
YUCIIe HaJTUIKsT OOTBIIOTO AeMIT(UPOBAHMUS, UCTIONb-
3YIOT PEXUM TeHepalluu BbIHYXIEHHbIX KOJeOaHUM,
CO3IaBaeMBblif TPUCOEANHEHHBIMU 3JICKTPOIUHAMMU -
YECKUMU BO3OYIUTEIIMU BUOPALMM C TTIOCTOSIHHBIM
nojeMm (BCB) [5 7].

K o0bektam ucnbitanunii DJJCB kpensircs ¢ mo-
MOIIBIO CTIEIMATbHBIX COSTMHUTEBHBIX 3JIEMEHTOB

yrnpyrux (puc. 1) Miam XecTKUX MeXaHUYeCKUX
C WIApHUPHBIMU y371aMu TsT [87 10].

Puc. 1. [Ipucoenunenne B CB K 00beKTY UCTIBITAHUIA:
DJCB, 2 ' manda;

yIpyras TAra ¢ BCTPOSHHBIM JaTYMKOM CHJIBI;
KOHCTPYKIIHUS (JIOTIacTh BUHTA);

paMa UCTIBITaTeIbHOTO CTEHA

U N W~

K ocHOBHBIM TpeOOBaHUSIM, IPEIbSIBISIEMBIM K
CUCTEME «KOHTAaKTHOro» Bo30yxaeHust npu HUMA,
OTHOCHTCS YCIIOBUE MUHUMAJIBHOTO BIMSTHHS HAa MHEP-
LIMOHHEIE, JKECTKOCTHBIE M IeMIT(hUPYIOIINE CBOMCTBA
uccaenyemoit KoHcTpykiuu [117715]. YaosnerBopeHue
3TOMY YCJIOBUIO JOCTUTAETCSI HECKOJbKUMU TEXHUYE-
CKMMMU pellieHusIMu. Bo-nepBriX, HEOOXOAUMO MOI0-
Opatb Hy>kHbI HomMuHaI DJICB mist HUU kKoHKpeTHOI
KOHCTPYKIIMH, YYUTHIBASI, YTO €TO JIEKTPOMATHUTHAS
cHUCTeMa B HACTOsIIIee BpeMsi HAMHOTO 3(h(eKTUBHEE,
yeM B 1980-X ronax: HOCTOSIHHbIE MATHUTBI | U3 BbICO-
KOTIPOUHBIX CIIJIABOB C PEKO3eMeIbHBIMU MeTaIaMu
(HarmpuMep, MarHUTHI Ha OCHOBE HEOnMMa, kKejeza 1
0opa MMEIOT Maccy MeHble Ha 67% 1Mo CpaBHEHMUIO C

MPUMEHSIBLIMMUCS paHee CIlJlaBaMU aJIIOMUHUS, HU-
KeJIsT M KobauteTa [ 16]), TomBIKHas KaTyIlIKa |- Majiora-
OapuTHas 1 Jierkasl (HarmpuMep, B ycTpoiictBe Prodera
EX12, pazBuBaloiem nuHamudeckyto crty 10 H, macca
MOABUKHOM cucTeMbl coctaBisieT Bcero 30 r [17]).
Bo-BTOpbIX, BMECTO KOCBEHHOI OLICHKU MTPUJIOKEHHOM
K OOBEKTY UCITBITAHMI BHELITHE I BO30Y>KIAIOIIEe CHUIIbI,
KOTOpasi Onpeesisiach HalllMMU MpeAllieCTBEeHHUKaMU
TOJIbKO MO HATPSKEHUIO (MJIM CUJie TOKA) YCUIIUTENST
MoOIIHOCTH [ 12], 111 HEMOCPEACTBEHHOTO U3MEPEHMUS
BXOAHOI'O CUJIOBOTO YCWJIWS NMPUMEHSIOT NaTYMKU
cuiibl (puc. 1), koTopblie 3akperuisitorcst Ha Tsire 3J1CB
CO CTOPOHBI CaMOi MCCIIenyeMOoi KOHCTpYKUMH [16].
Cuwuraercd [ 18, 19], 4To AJIsT OCTOBEPHOTO U3MEPECHUS
rnepeaaToyHoi hyHKIIUM, T. €. TOCTPOEHMST aMIUTUTY/I-
HO-YaCTOTHOI XapaKTePUCTUKMU, TePEUUCIEHHBIX Mep
JIOCTaTOYHO.

Opnnako nipu HYUM obGnamaromux mMajabiM yaeib-
HBbIM BE€COM KOHCTPYKIIMIA, K KOTOPbIM, HallpuMep,
OTHOCSITCSI TMHAMUYecKu TonoOHbie Moaeau (JITTM)
JionacTeit BAHTOB U3 MOJMMEPHBIX KOMITO3ULIMOHHBIX
MaTepuayioB (Macca = 2 KT IIPU JJIMHE KOHCOJIA = 2 M
u xopae = 0,3 M), HaKJIaAbIBAIOTCS TOMNOJIHUTEIbHbIE
orpanunueHus. Tak, B [5, 15] ykazaHo, 4TO HETUHEN-
Hble 3 deKThl BIUSHUA IMpucoeauHeHHoro H1CB
(pacceuBaHue Toka oopatHoii D C B LIeNU KaTYILIKH)
Ha HCcClieNyeMyl0 KOHCTPYKIIMIO MUHUMAaJIbHBI TOJIbKO
MPU MaJIbIX Xoaax ero mroka. CienoBareabHO, BaxKeH
BbIOOD TOYKHU MPUJIOXKEHUS TMHAMUYECKON CUJIBI.
Hamnpumep, ripu iposenenun HY M nomacty BuHTA €
IPAHUYHBIMU YCIIOBUSIMU «BBIBEILIMBAHMST HA HOXAX»
(JiormacTb ¢ TpedyeMbIM MOMEHTOM 3aTSIKKU (PUKCUPY-
eTcst 00JTOBBIM COEIMHEHUEM B pyKaBe BTYJIKW BUHTA,
KOTODBIiA, B CBOIO 0OYEPEb, HACaKeH Ha BaJl, lIIapHUPHO
ONUpAIOLIUIACS Ha ClielMalibHble TUCKHU, 3aKPETJIEH-
HbIe HA TAPUPOBOUYHOM CTEH/IE) KelaTeIbHO BIOMPATh
TOUYKY BO30YXJeHHUS KoJeOaHUI KaK MOXHO OJIMXKe
K ocu BpaleHus (puc. 1).

M3mepsiemble XapaKTePUCTUKU MOTYT MCKaXKAThCs
He TOJIbKO M3-3a BJIMSIHUSI MPUCOEAUHEHHON MacChl
nonBKHBIX yacTeit D CB, BHoCMMOro HeMMHEeHOTO
neMrirupoBaHusi, 0OYCIOBIEHHOTO 3J1€KTPOMAarHuT-
HBIMU CBOMCTBAMU LIETIU KATYIIKH!, U TOTIOJTHUTEIbHON
>KECTKOCTH U IeMIT(pUPpOBaHUsI MEXaHUYECKOM CUCTe-
MbI Pe3b00BBIX coenuHeHn «1ToK DA CB 1 ynpyras
TsIra | JaTUYMK CUJIbI | KOHCTPYKIIMSI», HO TaK3Ke U3-3a
pa3nuuuil B pexuMax paboThl YCUJIMTENS MOIIIHOCTH
«T10 HATIPSDKEHUIO» WU «I10 TOKY» [15].

Eliie onHMM MCTOUHUKOM ITOMEX MOTYT OBITh KaOeIu
MPOTSIKEHHBIX JIMHUI «TeHepaTop CUTHaja || YCUJIU-
TeJab MomHocTu [ BJICB», B ciyyae 3HaYUTEIbHON
yIaJIeHHOCTU MCMBITaTeIbHOTO CTeHIa OT paboyero
MecTa ornepaTtopa. Jaxe eciv ycTpaHeHbl Mapa3uTHbIE
rapMoHUKHM ceteBoro nuranus (50 I1r), a Takke MUHU-
MaJIbHbBI UCKaXXKEHUS NTUCKPETU3ALIMU U KBAHTOBAHMUS
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CUT'HAJIOB IIpY LIM(pPO-aHATIOTOBBIX (aHAJIOTO-IU(PPO-
BbIX) mpeoOpazoBaHusx [20, 21], To B ITMHHON IMHUA
CYIIIECTBYIOT TaK Ha3bIBaeMasl YaCTOTHAs 3aBUCHMOCTD
MOTepb U YAaCTOTHAsI 3aBUCUMOCTb CMEKTPalbHBIX
KOMITOHEHTOB TTepelaBaeMoOro CUTHaja, He CBSI3aHHast
¢ motepsimu [22].

DkcnepumenTsl ¢ JIITM nonacru Bunra u3 [IIKM

HYMU nonsepranace JAIIM nonactu BuHTa (puc. 2),
MMeIo111as1 CTEKJIOIIaCTUKOBBIH JIOHXKEPOH KopodJaTo-
TO CEUEHMSI, TICHOTLTACTOBBII 3aITOTHUTETh XBOCTOBOIT
YacTU, YIJIECTEKJIOTUIACTUKOBYIO OOIIMBKY U TPOTUBO-
(marTepHbIe TPy3bI ¥ CHAOXKEeHHAS TeH30IaTYNKAMH.

s sKcnepuMeHTaaIbHOTO OMpeneJeHus] JuHa-
MMUYECKUX XapaKTepUCTUK TTPUMEHSIIUCH CIIEIYIOIINe
CIOCOOBI:

1) KOHTaKTHBIE BO30YKIeHNE 1 U3MEpeHUE Koneba-
HUit; ucnonb3oBaHue mrTaTHoi Mmetonuku LIATU [1], ¢
npuMeHeHueM 128-KaHaJlbHOIO reHepaTopa-aHaln3a-
TOpa YaCTOTHBIX XapaKTepUCTUK Ha 0a3e 0J10koB LMS
SC316 u LMS SC317S ¢ ycunureassMy U3MepUTETbHbI -
mu V12-L SCADAS 111, K KOTOpBIM HETTOCPEICTBEHHO
nonkmovaanuch fatyuk cviabl PCB 208C02 u naTyuku

Puc. 2. PacnonoxeHue Touek Bo30yxaeHust (O)
u uaMepenus () konebanwmii

yckopeHus (akcenepomerpbl) PCB 333B32, a takxke
B CB Prodera EX 303A (3kBUBaJIeHTHas1 Macca ero
MOJIBMKHOTO y3J1a COCTaBIIsIeT 54 T Ipu COOCTBEHHOI
yacToTe KojebaHuii =13 I, MakcuMalbHOE pa3BUBa-
emoe ycuaue | 50 H), curHan Ha KOTOpPBIA mOCTyIal
¢ ycumnmutelst MolmHOCTH Prodera A436; Bo30Oy:kneHMe
KonebaHuii B Touke / (puc. 1 u 2);

2) OeCKOHTaKTHbIe BO30YXIeHUE U U3MEpeHUe
Koyie0aHMIi; UCIIOIb30BaHue pa3paboTanHoii B LIAT'U
0a30BOIi MTPOMBIIILIEHHOM TeXHOJI0TUHM [23], ¢ mpuMe-
HEHMEM CKaHMPYIOIIETo JJa3epHOTO JOTUIEPOBCKOTO
Bubpometpa Polytec PSV-400H4, Kk koTopoMy Hero-
CPENCTBEHHO TTOIKITIOYATUCh JIMOO YIapHBIN CUIION3-
MepuTeNnbHBIN MoToToK PCB 086C02 = BO30Oy:kKIeHME
KosiebaHuil B Touke 2 (puc. 2), 1mb0 yCTpOMCTBO Oec-
KOHTaKTHOTO BO30YKIEeHUSI MEXaHUYECKMX KOoJleOaHu i
(YBBMK) [24] 11 Bo30yxXneHue KoaebaHUii B TOUKe 3
(puc. 2);

3) koHTakTHOE Bo30yxneHue (DJCB Prodera EX
303A ¢ ycwutenem Prodera A436) u 6eCKOHTaKT-
Hoe u3MmepeHue (Buobpometp Polytec PSV-400H4)
KoJiIeOaHMIA.

3HayeHNMe YacTOThl BpalllaTeIbHBIX KoJaeOaHuUit
JIOMACTU BOKPYT LIapHUpa (B IMJIOCKOCTH B3Maxa) CO-
crasuio 0,88 II.

PesynbraThel npoBeaeHus HYM AIIM nonmactu
BuHTa n3 IIKM u aHanm3a 3aperucTpupOBaHHBIX
JaHHBIX MpPeacTaBAeHbl B BUJAE YUCICHHBIX JaHHBIX
YaCTOTHOTIO CIIEKTpa C HAUMEHOBaHUEM TOHOB (Tao1. 1)
U rpachMKOB pe30HAHCHBIX (OJIM3KUX K COOCTBEHHBIM)
¢ opM KonedaHuii B BUIE CTOII-Kagpa aHUMUPOBAHHOM
KapTUHBI C OLIEHKOM y3JI0BbIX IUHUIA (TabI. 1).

Pesynbratet HUU ¢ ynapHbIM BO30YKI€HUEM HOCST
WLTIOCTPATUBHBIN XapakTep.

IIpencraBneHHbIe B TaOJ. | YuclieHHbIE JaHHBIE
OYEBUIHO MOATBEPXKIAIOT, YTO UCCAeIOBaHHAs B 9KC-
TeprMeHTaX CUCTEMA, COCTOSIIAS U3 00BEKTa CIThI-
TaHWI (JIONMACTh BUHTA), COBOKYITHOCTHU MOABUXKHBIX
yacteit DJ1CB 1 371eMeHTOB, COEIMHSTIONINX €TI0 C 00b-
€KTOM UCHBbITaHUI, MpUoOpeTaeT NOMOTHUTEIbHYIO
XKECTKOCTb B ciaydae npucoenuHeHHoro DCB, yto
SIPKO WILTIOCTPUPYIOT MSITh HU3LIKMX TOHOB KOJeOaHU i
(u3mepeHue 6e3 TaTYNKOB).

ITpumenenue mratHoil metoquku LIAT'U ¢ KoH-
TaKTHBIMU CPENCTBAMM BO3OYKIECHUS W M3MEPEHMUS
KoJieOaHU I TPUBOAUT, KaK MPaBUJIO, K YMEHbILIEHUIO
3HAYeHUII Pe30HAHCHBIX YaCTOT, B OTJIUYME OT Oec-
KOHTaKTHOM TeXHOJIOTUH, UTO OOBSICHSIETCS 1oOaBe-
HHEM Macc Habopa JaTIMKOB U UX COCTUHUTETbHBIX
Kadesnei.

Kaptunsl pe3oHaHCHBIX (hopM KoedaHmii (Tad. 2)
MOKAa3bIBAIOT MPAKTUYECKOE TOXIACCTBO, HECMOTPS Ha
KapAIMHAJIBHOE pa3Indne KakK (PU3NIeCKUX MPUHITUTIOB
U3MEepEeHUsI TapaMeTpoB KojiebaHWii, Tak U Tpacdude-
CcKoro o(hopmIeHUSI.
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Tabauya 1. DKciepyMeHTabHbIe 3HAUCHUsI 6e3pa3MepHbIX PE30HAHCHBIX YACTOT p
U JIorapu(MUIEeCcKrX TeKPeMEeHTOB & KojlebaHMit JTomacTu

Bo30yxnenne kojaedaHmii
Haumenosanue DJICB MounoTok YBBMK
3aPerVICTPHPOBANHOTO M3mepenue konedanmii
TOHA PE30HAHCHBIX
KoJe0anuii JATINKAMHA JIa3epHBIM JI0ILIEPOBCKUM BUOPOMETPOM
p 9 b4 p b4 S

M3ru6 1-ro ToHa 0,993 0,051 1,004 1,001 1,000 0,024
M3ru6 2-ro ToHa 3,303 0,023 3,361 3,342 3,340 0,026
Kpyuenue 1-ro tona | 6,503 0,036 6,623 6,607 6,597 0,036
M3ru6 3-ro tona 7,467 0,034 7,523 7,512 7,528 0,040
M3ru6 4-ro tona 11,92 0,009 12,52 12,01 11,96 0,091
M3ru6 5-ro ToHa 18,94 0,052 18,90 18,94 19,13 0,191
Kpyuenue 2-ro Tona | 23,02 0,051 23,21 23,18 23,39 0,075

Ycrpanenue BausiHus npucoeaunennbix DJ1CB
Ha JKCNePUMEHTAJIbHBIE TAHHbIE

Cy1iecTByeT HeCKOJIbKO TEXHUUYECKUX PEIIeHU 1o
9KCIIEpUMEHTaAJIbHOMY OIpeNneeHU0 Pe30HaHCHBIX
4acTOT KoJiebaHUiT HEMOCPENCTBEHHO HUCIBITYeMOTO
00beKkTa, 0€3 MOrpelIHOCTeN, BHOCUMBIX CPENCTBa-
MU BO30yxXneHUs KonebaHuit. Cpean HUX MOXKHO
OTMETUTh JO0CTATOYHO 3(hheKTUBHBIN criocod [25],
OCHOBHBIMM HEJOCTaTKaM1 KOTOPOTO SIBJISTIOTCS 00JTb-
[Ie BpeMeHHBIE 3aTPaThl Ha IIOBTOPHBIC M3MEPEHUS
U TIepecTaHOBKM 000pyIOBaHUsI, a TAKXKe TPEOOBaHUE
Hamaust ABoiiHoro Hadbopa DJ1CB ¢ paznyatommmMucs
MaccaMu MOIBUKHBIX YacTel.

DTUX HENOCTATKOB JIMIIEH HOBBIM Tmoaxon [23],
HUCIIONb3YIOIIMI YCTpOicTBO [24], mpeniokeHHOoe
aBTOpOM c Kosuteramu. [IpumeHeHue yctpoiicTBa 6ec-
KOHTaKTHOI'O BO30YKIEHUSIMEXaHUUECKUX KOoleOaHu i

Puc. 3. Onun u3 BapuaHToB pacrnonoxeHus YbBMK
OTHOCHUTETbHO O0BEKTA UCTIBITAHUI
(onactu BUHTA) Ipu npoBeaeHuu HUYM

(YBBMK) (puc. 3) B COBOKYITHOCTH C JIa3€PHbBIM JI0-
IUIEPOBCKUM BUOPOMETPOM MO3BOJISIET MEPEUTH Ha
YPOBEHb «IMOJTHOCTBIO 0eCKOHTaKTHBhIX HU M ».

BriBoapl

B xome mpoBemneHHOro 3KCIIepUMEHTAIbHOIO MC-
cJieIoOBaHMsI ObLIM MOJIyYEeHBI CAEIYIOIIMe 3HaYMMbIe
pe3yJIbTaThl:

1) nokazaHo, UTO TPaAMLIMOHHBIN METOM «KOHTAKT-
HOTO» BO30YKIEeHMSI KOJIeOaHUI BHOCUT CYILIECTBEHHbBIE
WCKaXXeHUST B PE3yJIbTaThl UBMEPEHUI TUHAMMYECKUX
XapaKTePUCTUK JIETKUX KOMITO3UTHBIX KOHCTPYKIIUIA;

2) BBISIBIIEHbI OCHOBHBIE ICTOUHUKU MTOTPELIHOCTEI
IIPY KOHTAKTHOM METOJIE, B TOM YHCJIE:

MOSIBJICHUE JOITOJHUTEIbHONM MPUCOSTMHEH-
HOIt MaccChl;

BO3HMKHOBEHME Mapa3uTHON n100aBOYHON
JKEeCTKOCTH,

nmapasuTHoe AeMIlUpoBaHue;

HEIMHEWHBIE 3JIEKTPOMarHUTHBIE 3((EeKThHI
B BUOpaTopax;

BO3MOXKHBIE€ YaCTOTHBIE MOTEPU B IJIMHHBIX
KaOeJbHBIX TUHUSIX;

3) noaTBEePKACHO, UTO UCIIOIb30BAHNE «TUOPUIHO-
ro» croco6a (KOHTaKTHOE BO30YKIeHUe C 06CKOHTAKT-
HBIM M3MEPEHMUEM) TaKXKe CO3[AeT TOMOTHUTEILHYIO
Mapa3uTHYIO XKECTKOCTh B CUCTEME «BUOpATOp  Tsra
KOHCTPYKLIHSI»;

4) yCTAaHOBJICHO, UTO «KOHTAaKTHBIW» METOM MpU-
BOIUT K CUCTEMAaTUYECKOMY 3aHVXKEHUIO 3HAUCHUI
PE30HaHCHBIX YaCTOT.

[IpoBeneHHoOe UCCIemOBaHME ITO3BOIMIIO:

MOATBEPAUTH TEOPETUYECCKUE MPEATIOT0XKEHUS O
BJIMSIHMUA KOHTAKTHOTO BO30YXXKIEHUS Ha Pe3yJIBTaThl
WUCITBITAaHUIA, U3JIOKeHHbBIe B padoTax [./Ix. DBruHCa,
B.N. CmrpicnioBa, B.A. bepHca u np.;
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Tabauya 2. Tpaduku pe3oHaHCHBIX (hOpM KosieOaHWIi B BUIE CTOIM-Kajpa aHUMUPOBAHHOIN KapTUHBI
C OLIEHKO y3JIOBBIX JTUHUIA
N3rud N3ru6 Kpyuenue N3ru6 N3ru6 N3rud Kpyuenne
1-ro ToHa 2-ro TOHA 1-ro ToHa 3-ro Tona 4-ro ToHA 5-ro Tona 2-ro TOHA

H3mepeHue Koae0aHuii JaTINKAMEA

H3mepenue Koe0aHuii Ja3e€pHBIM A0IIEPOBCKMM BHOPOMETPOM
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JIOTOJIHUTD CYIIECTBYIOIINE CBEACHMS IIPAKTUYC-
CKMMM JTaHHBIMM O XapaKTepe MCKaXXKeHUI dKCIIepH-
MEHTaJIbHBIX JaHHBIX TP UCIOJIb30BAaHUU Pa3IMIHBIX
METOIOB BO30OYK/ICHMSI;

000CHOBATh HEPALIMOHAIBLHOCTD 3aIIaTeHTOBAH -
HOIro MeTolIa KOMIIEHCAIlMK MOrpeIIHOCTe ImyTeM
SKCTPAIOJISILIUN Pe3YJIETaTOB U3MEPEHMS PE30HAHCHBIX
YacTOT C MCMOJIb30BaHUEM JIByX BUOPATOPOB, UMEIO-
LIMX TTOABVXKHbBIE YaCTU Pa3HOI MaCCHI.

Pa3paboTaHHas1 TeXHOJOTUS O0ECKOHTAKTHBIX

WUCIIBITAHUI:

obecrneuynBaeT BHICOKYIO TOCTOBEPHOCTD PE3YJib-
TaTOB [UIS1 KOHCTPYKLIUA JIIOOBIX PA3MEPOB;

YCTpaHSeT BIUSHUE UCTIBITATEIbHOTO 000pyIO-
BaHMSI Ha perUCTpUpyeMble JaHHBIE;

OTKPBIBAaeT HOBBIE BO3MOXKHOCTH B 00JIACTH DKC-
MePUMEHTAIBHON a3pOYyNpPYyrocTu U IMHAMMYECKOM
MIPOYHOCTH;

MOXKET MPUMEHSThCSI KaK JJIsl JeTKUX Majiora-
0apUTHBIX 3JIEMEHTOB (JIOMACTU BUHTOB), TaK W IJIS
KPYITHOMACIITAOHBIX KOHCTPYKUMI (CUJIOBbIE OaKu
dro3emnsxa).

[TonydeHHbIe pe3yabTaThl UMEIOT BaXKHOE 3HAYCHUE
NI Pa3BUTHUSI METOMOB 3KCIIEPUMEHTAIBHOTO HC-
clenoBaHUSI IMHAMUYECKUX XapaKTepPUCTUK JErKUX
KOMITO3UTHBIX KOHCTPYKIIHIA.
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