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Bsenenue

[ToBeneHue >KMBBIX CYIIECTB B MPUPOJIE SIBISETCS KIIOYOM K CO3/IaHUIO
HOBBIX TEXHMYECKUX CPEJICTB, HCIONB3YIOMUX MEXaHU3Mbl, BBIpAOOTaHHbBIC
YKUBBIMU CYILIECTBAMHM B XO0/]I€ IBOJIIOIIMOHHOTO 0TOOpa. Harpumep, 1ocock Ha myTH
K MECTY HEPECTHIIMILA CITOCOOEH MPEO0JI0JIEBATh BOAOIA bl 3HAUUTEIBHOU BHICOTHI,
BbIOpaB y OCHOBaHHS BOJOMNAJa WM MOpOra KakoW-HUOYIb KaMEHb B KayeCTBE
TOYKHU OTIOPHI, YIIEPIINCh B HETO XBOCTOM, C CUJION yJapsieT Mo BOJE, BhIIPHITHBAs
Ha BBICOTY 2—3 M U OINHUCHIBas B BO3ayXe 4—6-MeTpoBYIO Ayry. MOXKHO 3aMETHTb,
YTO IIPH TaKOM IPBDKKE XBOCT Jiococs OyneT noTpedsth B cpeaneM 80 Bt [1,2] B
TO K€ BPEMsI TEXHUUYECKOE CPENICTBO, COBEpPILAONINE TOJOOHBIE NEHCTBUS, OyaeT
NOTPEONATh MOILIHOCTb, u3MepsAemyrd B KBT, uto mis nococa ¢usmuecku
HEJOCTHKUMO. YUYEHBIE JIO CUX IIOP JIOMAIOT TOJIOBY HaJl BOIIPOCOM: KaK HEKOTOPHIE
pBIOBI CITOCOOHBI JIBUTAThCA B BOJE, KOTOpasl SIBISETCS IUIOTHOW Cpenoi, co
CKOPOCTSIMH, CPaBHUMBIMU CO CKOPOCTBIO JIEFKOBOTro aromMoOwisa? Hampumep,
Pr16a-nmapycHuk criocoOHa pa3BuBaTh cKOpocTh a0 109 km/4, a Peiba-meu — mo 97
kM/4. CKOpoCTh Meu-pblObl Npu HamajaeHud gocturaer 140 km/4. oHa, He
MOCTPaJIaB, MOKET MPOOUTH OOIIUBKY cyHA [3].

Korga peiba mibIBET B BOJE C Takod OOJIBIION CKOPOCTBbIO, TO OHa
UCIIBITBIBAET OrpoMHOE J1000Boe compoTtuBieHue (4’000 H). Yuénble BbIACHWUIH,
4TO JJI1 TOTO, YTOOBI PbIOE IUIBITh B TAKUX YCIOBHSX, €€ XBOCTOBBIM MBIIILIAM
HY>KHO 3aTpavyuBaTh MOIIHOCTh aBTOMOOMIIbLHOTO MOTOpa (100 Jo1a uHbIX CHIT U
73,55kBT). Pb10BI AbIIIaT KUCTIOPOJOM, KOTOPBIN OHU U3BJICKAIOT U3 BOJIBI )KaOpamu
U KOTOPBIA COJEPKUTCS B OTHOCUTEIBHO MAaJIOM KOJIMYECTBE. OHEPIUH,
MOJIy4aeMoi 3a CYET OKUCIIUTENIbHBIX MPOLIECCOB B MPOILECCE AbIXaHUs, OyAET SIBHO
HEJOCTAaTOYHO JJIsl TOTO, YTOOBI 3aTpayrBaTh TaKyl0 OrPOMHYIO MOIIHOCTh. Torna
y4€HbIE COLIMCh HAa MHEHHUH, YTO pbl0a KaKMM-TO 00pa3oM crocoOHa B KpaiHe
OOJBIION CTENEHW CHIKATh J000Boe comporuBieHue [4]. Ppiba mnapycHukK
G (HEKTUBHO HCTONB3YET TYpPOYJIEHTHOCTh, TO €CTh BOAA OOTEKaeT TEIo He
MOCJIONHO, KaK IMpHU JJAMUHAPHOM JBUXKEHUHU, a 00pa3ys ObICTpbIE 3aBUXPEHUS,

KOTOPLBIC IIOMOI'arOT pr6e CHHXKATb COIIPOTUBJICHUC BOJLI IIPH IIJIaBaHUH.


https://ru.wikipedia.org/wiki/%D0%A2%D1%83%D1%80%D0%B1%D1%83%D0%BB%D0%B5%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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[To MmoeMy npeoNoKEHUI0, TOMUMO OCOOEHHOCTEN 00TeKaeMoi (hopMbI U
O0COOEHHOCTEW Tena pbIOBI, TIABHYIO pOJib B €€ OBICTPOM JIBJKEHHM WIPAET
XBOCTOBOW IIJIaBHUK, UMEIOIMIMKA 0COOYI0 KOH(HUTYypamuio M yMNpyTrHe CBOWCTBA.
[TosiBUNack uaes 0 Co3gaHUM ABUKHUTEINS, padOTAIOMIEr0 MO MPUHIIUITY, KOTOPHIH
UCITOJIB3YIOT «CBEPXCKOPOCTHBIE PBIOBD», IJIABAIOIINE C BBICOKUMH CKOPOCTSMHU.
OTOT BOJHOBOM JBHXHUTENb OYyJET COCTOSATh M3 IUIACTHUHBI, UMEIOIIEH 0CO0YI0
dbopMy, IIMHY, BBICOTY U MaTepuall, MPUBOJSAIIMICS B JIBUKEHUE JIBUTATEIIEM,
COBEPIIAIIINM LHMKINYECKUE KOJEOaHWs BIEBO W BIPABO C ONpPEAEIEHHOU
4acTOTON BOKPYT BEPTUKAIBLHOM OCH.

Hano ormeTuTh, 4TO TakoW ABWXKUTENb OyaeT Oonee 3P (GEeKTUBEH, yeM
rpeOHOM BUHT, OH OyaeT notpedsiarh Menblue ToruBa. Eciu KIIJ nomounoro
aneKkTpoMoTopa MoxeT aocturath 10 50% [5], To KIIJI aBuxkutens «XBOCTOBOM
IJIaBHUK pbIOBI» OyieT B paiione 90. J[aHHbBIN JBUKUTEIh MOXKET OBITh HCIIOIb30BaH
Ha TOABOAHBIX OaTuckadax, H3ydarOUMX T[OJBOJHOE JHO, a TakXKe Ha
UCCIIEIOBATENbCKUX CY/1aX, U3YUYaIOIINX OKEaH.

JBrxuTENb «XBOCTOBOW IUJIABHUK PBIOBDY OyIeT OEpekHO OTHOCUTCS K
¢ope u ¢ayHe BomoémMa, B KOTOPOM HCIOJIb3YETCS. DTO CBSI3aHO C TEM, YTO
KoJieOaTeNbHbIE JBUKEHUE HE CIOCOOHBI NMPUYMHUTH OCOOBI Bped pacTyLIUM
BOJIOPOCIISIM W pbl0aM. Y Hero OyJeT BBICOKas MPOXOAUMOCTb, OH HE OyJner
TpebOBaTh OYKHCTKH OT BOJOPOCIEH B OTIIMYUU OT TPpeOHOTO BUHTA. J[BMKUTEINb
MOKET OBIThb MCIOJb30BAH HAa MEJIKOBOJAbE, MOCKOJIBKY OH CMOXET MpPOUTH Ty
TIIyOUHY, T/l HAXOJAUTCS HIKHSIS TPaHb JBUXKUTENS, KOTOPAsk MOKET OBITh BHIIIIE,
4yeM Ta rTyOnHa, Ha KOTOPYIO OOBIYHO YCTAHABIMBAIOT TPEOHON BUHT, YTO TTO3BOJIUT
CYJIHY, O4Y€Hb OJIM3KO MOAXOAUTH K Oepery. I1o ¢puzmdyeckoir 0COOCHHOCTH CBOETO
JIEUCTBUS TaKOW JBWXKHUTENb OyAeT paboTath OECIIyMHO, B OTIUYHE OT TPEOHOTO
BUHTA, MO0 MPUYUHE OTCYTCTBUSI KOBETALIMOHHBIX ITY3BIPHKOB, KOTOpHIE HE OyAyT
BO3HMKATh Y BOJIHOBOTO JBM)KHUTEIISA, 32 CUET €r0 IJIABHOIO ABMKEHUS. JTO Oyner
C0CcOOCTBOBAThH MPOAJICHUIO CPOKA CITYKOBI.

Jjist Toro, 4TO0BI MOKHO OBLIO pa3padoTaTh MPOTOTUIl TAKOTO JBHKUTEII,

MHOI COBMCCTHO C HAYYHBIM PYKOBOJUTCIICM OnL1a CO3aaHa SKCIICPUMCHTAJIbHAsA



4

YCTaHOBKA, C MOMOIIbI0 KOTOPOM OBLJIO MPOBENCHO UCCIEI0BaHKE, HAIIPABICHHOE
Ha TOHUMAaHUE TOTO KakKOW BKJIAJl BHOCUT B OBICTpOE MEpPEIBUKEHUE PHIObI
XBOCTOBOM IIJIABHUK, a TAK)KE HA OTPEICTICHUE €T0 TTapaMeTpPOB.

Takum oOpazoM, MOXXHO 0003HAYMThH MpoOJIeMy paboTel. B momBomaHOM
MHUpE OOUTAIOT PHIOBI, CIIOCOOHBIC MTEPEMEIIAThCS B BOJE C OOJBIIION CKOPOCTHIO.
[{enecoobpa3Ho MPOBECTH UCCIIEA0BAaHUE, KOTOPOE OyAET HAIIPaBICHO HA U3yUYCHUE
JTAHHOTO SIBJICHHSI C MOMOIIBI0 cOoOpaHHOM ycTaHOBKU. Kpome 3Toro, si omuury
pe3ynbTaThl AKCIEPUMEHTOB, IO3BOJISIONINE OIPEACIUTh TapaMeTpbhl HOBOTO
JBYDKUTEIS, 00ECIIeUUBAIOIINE €r0 HanOOoIbIIy0 3 ()EKTUBHOCTD.

[lenpto paboTHI ABJISAETCS UCCIEIOBAHUE TBUKUTENS, CKOHCTPYUPOBAHHOTO
10 AaHAJIOTHH C XBOCTOBBIM IIJIABHUKOM PBIOHI.

JJist TOCTHKEHUS TAaHHOM eI HEO0XO0IUMO PEIIUTh CIIeYIONINE 3a/1auu:

-MIOHSITh, TOYEMY PHIOBI CIIOCOOHBI TaK OBICTPO JBUTATHCS B BOJIE;

-C03/1aTh SKCTIICPUMEHTAIILHYIO YCTaHOBKY;

-OIpPEICNIUTh TIApaMETPbl BOJHOBOTO JIBIDKUTENS JUIA TOCIEIYIONICH
pa3palboTKH,

HoBuzna paGoThl MpOSBISIETCS B TOM, YTO B HACTOSAIIMNA MOMEHT HE
BCTpPEYACTCS YIIOMUHAHWA O CYIIECTBOBAHUHU IKCIIEPUMEHTAIBHBIX YCTAaHOBOK ITO
W3YUYCHUIO BO3JICHCTBUS JBIKECHUS MEXaHHUYECKOTO aHajiora XBOCTAa PBIOBI Ha
OKPYKAIOIIYIO BOJTY.

PaboTa mMmeeT MpakTUYECKYI0 3HAYMMOCTh, TOCKOJBKY JaHHBIH CIOCO0
co3laBaTh TATY paHEE HHUKOT/Ia HE HCIOJB30BAJICA B KOPaOJIECTPOCHHH, CYIa,
WCIIOJIB3YIOIIME BOJIHOBOM JABWXKHUTENb OyayT oOJagaTh HOBBIM HabOpOM
BO3MOXKHOCTEH, UTO JellaeT WCCICAOBaHHWS B  JaHHOM  HAMpaBIICHUU

IICPCIICKTUBHBIMMU.
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OcHoOBHAaA 4aCTh

H3rorosiieHne HCCIEI0BATEILCKON YCTAHOBKH

MHoOlI COBMECTHO C Hay4YHbIM PYKOBOJUTEJIEM pa3paboTaHa M coOpaHa
ycranoBka (IIpunoxkenue 1, pucyHok 1) mpenHazHaueHHasl AJisl UCCIEAOBAHUMN
napaMeTpoB CO3JaHHOTO HAMHU BOJHOBOTO JABWkUTENs. OHA MpeACcTaBiIseT coOon
KOJIbIIEBOM OacceiiH. B Boje yCTaHOBJIEH BOJHOBOM JBWKUTEIb, ITOJTHOCTHIO
noTpy’KeHHbIH B Boay. OH NPUBOAWUT B JBIKEHHE BOIY B 0OacceilHe, CKOPOCTh
KOTOPOM ONpEaENaeTCss ¢ IOMOIIbIO0 IUIOCKON JIOMaTKM C WIJIOW Ha KOHIE H
TPAHCIIOPTUPA YEPE3 ONPEACICHUE YIJIa OTKIOHCHUS.

JlanHast ycraHoBka coctouT u3 (IIpmnoxkennel, puCyHOK 2): OCHOBHOTO
KopItyca OacceiiHa; BOJIOHETIPOHUIIAEMOM INIEHKH; pa3IeIUTEeIIbHON ITEPErOPOIKH C
KPEIUICHUSIMU; TacUTENIe TOBEPXHOCTHBIX BOJIH; CTaOMIM3AaTOp IMOTOKA,
VM3MEPUTENBHON IUIOCKOM JIOMATKU C WIJION Ui M3MEPEHMSl yIyia OTKIIOHCHMS,
TPAHCIIOPTHUPA; AICKTPONPUBOA C KPOHIITEHHOM JIJI1 CMEHHBIX IIJIABHUKOB; OJIOKA
MATaHWsA; TEHEPATOpa YacTOT; HECTAIMOHAPHOTO TEPMOMETpa I KOHTPOJIA
TeMIIepaTypbl BOJIbI

[Ipu paGoTe BOJHOBOTO JBHXKHUTENSI Ha TOBEPXHOCTH BOJbBI CO3/IAIOTCS
noOOYHbIE KOJIeOaHus1, KOTOPhIE PACKAUUBAIOT U3MEPUTEILHYIO CTPEIKY U CO3/1aI0T
MOMEXM TMPHU CHATUM TOKazaHUM. [ X ycTpaHEHMS HMCIOIB3YIOTCS TacUTeNId
MOBEPXHOCTHBIX BOJIH.

[ToTok, co3maBacMblii BOJTHOBBIMH JBUKUTEIEM HEOJIHOPOJEH 10 CKOPOCTH
3a CYET TOT0, YTO MPH BOJJHOBOM JIBM>KEHHUM BOJA PA3TOHSIETCS UMITYJIbCHO. Tak ke
MOTYT CO3/laBaThCs MOOOYHBIE KOJICOAHMS, CBSI3aHHBIE C PaOOTON JBUIKUTEIS,
KOTOpPbIE MOTYT CO3/aBaTh JOTIOJHUTEIbHBIE TTOMeXU. YTOOBI CKOPOCTH MOTOKA
caenaTh 060jee paBHOMEPHON U CIJIaIUTh KOJICOAHHUSI cCaMOM BOJbI, BOSHUKAIOIINUX
BCJIEJICTBUE PAOOTHI ABMIKUTES, UCTIONB3YETCS CTAOUIM3AaTOP MOTOKA.

BonHoOBOM ABWXXHTEIbL MPUBOJMTCA B JBMXKEHHUE DJICKTPOIPHUBOJIOM
(ITpunoxenune 2, pucyHoK 1), Hecyied 4acThbiO KOTOPOrO SIBJISICTCS MarHUTHas

CUCTEMA, B35ITas U3 KECTKOTO JMCKAa KOMIIbIOTEPA. DJIEKTPOIPUBO]I TPUBOJUTCS B
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IBUKeHHE ycuiuTeabHou cxemoi (IIpunoxkenue 2, puCyHOK 2), cOOpaHHOW Ha
mukpocxeme TDA7056B. Ona ycunuBaetr cUrHajl, UAyIIMM ¢ TeHepaTopa 4acToT,
nuTaemas 0JOKOM nuTaHus. PerymupoBaTe YpOBEHb CUTHAJIa MOKHO C IOMOIIBIO
0JIOKa MUTaHUS U TOTEHIIMOMETPOM, BXOJSIIUM C COCTaB YCHUJIMTEIbHOW CXEMBI.
DJEeKTPONpPHUBOJ, KpPENmUTCs TakuM 00pa3oM, 4YTOOBI HCCIEIyeMblH TUIaBHHUK
Haxonwics BHyTpH kanana ([Ipunoxenue 2, pucyHok 3).

brok  mnuranus ~ oOecrieuyuBaeT  (PYHKIMOHUPOBAHME  JIBHDKHUTEIIS.
OnTuManabHOE HaIpPSHKEHUE, KOTOPOE CIEAYEeT MOJaBaTh HA YCUIIUTEIbHYIO CXEMY
AIEKTpOIpUBOaa- SV.

I'eneparop wyactor (mozens FY3200S-20M) mo3BOisIeT COBEpIIaTh
KoJie0aTenbHbIE ABMKECHUS JABUKUTEIIO C 3ajaBaeMoil yactoroil. [Ipu nzmenenunu
4acTOThl HAa TEHEPATOpPE CKOPOCTh IOTOKA MEHSETCd W KaXJOM YacToTe
COOTBETCTBYET CBOSI CKOPOCTh OTOKA. J[aHHBIN reHepaTop CrocoOEeH FeHepUpOBaTh
CUTHAJ pa3HOM 4acToThl, U (GopMbl. B aHHBIX SKCIEPUMEHTAX MCIOJIb3YETCS
curdHasl GopMbl «CUHYC», TaK Kak 3Ta (hopma MO3BOJUT JBMXKUTEIIO KOJEOAThCs

PaBHOMEPHO.

IIpoBenenue ucciaegoBaHum

CKOpOCTh TOTOKA MOJKET 3aBUCETh OT CJEAYIOIUX (HAKTOPOB: JIMHBI
IUIAaBHUKA; IIMPUHBI TUIABHUKA; TOJIIMHBI IUIaBHUKA; MaTEpHalia, U3 KOTOPOro OH
U3rOTOBJICH; (POPMBI TJIaBHMKA; YacTOThl KOJEOAHMH IJIABHUKA; AMIUIUTYIbI
KOJIeOaHM IJTABHUKA.

3ajaya HKCHEPUMEHTa COCTOMT B TOM, YTOObl HAMTH ONTUMAalbHbIE
napamMeTpbl  BOJIHOBOTO  JABWXKHUTENS, TMpPU KOTOPHIX OyAeT JIOCTUTHYyTa
MaKcHUMaJbHasi CKopocTh. [[st ux ompenenenus 00bII0e KOJIMUECTBO Pa3IMUHbIX
sKcriepuMeHToB. M st Toro, yToObl HayaTh MOHHMMATh 3aKOHOMEPHOCTH OBLIO
NPUHATO peuieHue 3adukcupoBaTh (GOpMY B BUAE MPSIMOYTOJIbHOM IUIACTUHBI U
Marepuan, W3 KOTOpPOro OHa wu3rorosieHa. llepBas cepusi SKCIEPHMEHTOB
MPOBOJMIACH MPHU MOCTOSTHHOW mmHpuHed,3 cM, TonmuHe 0,6 MM U aMIUTUTYe

KoJieOaHMs TUTAaBHUKA TIPU BXOJHOM HampsbkeHuW 8V u u3meHsemon nuHe. J[is
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KQ)KJIOTO 3HaYEHUs JUIMHBI [IJIJaBHUKA MCCIIEJ0BAIACh 3aBUCUMOCTh OTHOCUTEIIBHON
CKOPOCTH IIOTOKA, OIPENEIIEMOM YIJIOM OTKJIOHEHMS JIONATKH, BBIpAXKCHHAs B
rpagycax, OT 4acTOThl KojiebaHui maBHUKA. [ 3TOM cepun m3MepeHuid ObuH
BBIOpaHbl TUIaBHUKHU ciaeayromux iuH:30 cMm; 25¢Mm; 20 cm; 15 cm; 10 cm; 5 em.
Bropas cepusi S3KCHEpUMEHTOB MPOBOAWIACH C TEMH K€ NapaMeTpaMu, HO IMpHU
MEHBIIEH aMIUTUTY/I€, IPH BXOAHOM HAIPSKEHUU — DV.

OO0s13aTENIBHBIM YCIIOBUEM B KaXKIOM SKCIIEPUMEHTE SIBIISIETCS OJMHAKOBBIN
yYpOBEHB BOJIbI B OacceliHe, TaK KaK OT 3TOT0 3aBUCHUT €€ MHEPTHOCTh U CUJIa TPCHHUS
O CTEHKH U JHO OacceilHa, 4TO MPHUBOJUT K MOMEXaM B H3MepeHusix. Tak ixe
00s13aTeIbHBIM YCIIOBUEM SIBIIIETCS MOJIHAS MOTPYKEHHOCTH IJIABHUKA B BOAY, TaK
KaK MpU YaCTUYHOM TIOTPY>KEHUU IUIAaBHUK HCIOJIB3YET HE BCHO pabdouylo
IUIOCKOCTh, TO3TOMY HOTPYKEHHASI YacTh KOJIEOIETCs ¢ OJHON XapaKTEpPUCTUKOH, a
Ta, YTO B BO3AYXE C IPYroil, u 4em Oouibllie OH Oy/IeT HaXOJUTCS HaJ BOJOU, TEM

OoJiblle OyAET 3TO OTJIMYHE.

Pe3yabTarhl 3KCIIEPUMEHTOB

B mepBpix skcnepuMeHnTax yactora MeHsutach ¢ maroMm B 0,1Hz, uToOwbI
Oonee YETKO ONPEAEIUTh 3aBUCUMOCTb OTHOCUTEIBHOM CKOPOCTHM IOTOKa OT
YaCTOThl B HCCIEAyeMOM nuana3oHe. lIepBbI SKCIIEpUMEHT MPOBOAWICS C
IJIABHUKOM JUTHHOUW 30 CM. C LIeJIbI0 TPOCIICKUBAHUSA MTOKA3aTENsl OTHOCUTEIIBHOM
CKOPOCTH NMOTOKAa HAa Pa3HOW 4acCTOTE IJIi YTOYHEHHMS MAPAMETPOB JAJIbHEUIIETO
X0/1a 3KcrepuMeHTOB. OH MOKa3all, YTO HA MAJIBIX 4YACTOTaX CKOPOCTh IIOTOKA PE3KO
M3MEHSETCSI Ha HEKOTOPBIX NPOMEXKYTKaX, Ha KOTOPBIX, i YTOYHEHUS
3aBUCHUMOCTH I1€JIECO00pPa3HO MEHATh 4yacToTy ¢ marom B 0,01 Hz.

B mepBoil cepur SKCHEPUMEHTOB YYBCTBUTEIBHOCTH HW3MEPUTEIBHOU
JonaTtkyu Obljla HauMOOJIbIIEH, TaKk Kak Ha HEW OTCYTCTBOBAIM YTSKEJSIOIINE
MAarHuThbl, ¥ U3MEPEHUS MPOBOJWIUCH IIPU BXOJHOM HaIpPsHKEHUU, paBHOM 7V. B
OTOM CEPUM H3MEPSUIACh TOJBKO OTHOCUTENBHAs CKOPOCTh NOTOKA. llepBblii

AKCTIIEPUMEHT MPOBOAWICS B JAMamnazoHe uccieayembix vactor 1,0Hz — 7,2Hz,
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pe3yJabTaThl OKCHEPUMEHTa TMpelacTaBieHbl Ha pucyHke. ([Ipunoxenue 4,
pucyHokl):

[locne mepBoro sKcrnepuMeHTa ObUIO BBIIIBUHYTO MPEANOJIOKEHHUE, YTO
CKOPOCTh IOTOKA, MPHU MPOXOKIECHUHA CAMOT0 MAaKCUMAJIBHOTO 3HAYEHHS, TOJKHA
MOHOTOHHO YyOBIBaTh, TaK KakK TIpH JAJbHEUIIEM YBEIWYECHUU YaCTOTHI
OTHOCHTENIbHAsI CKOPOCTh MOTOKAa yMeHbIanach. Jlanee Oblga mpoBefeHa mepBast
cepHsl SIKCIIEPUMEHTOB 10 U3YYEHHUIO 3aBUCUMOCTH IIPHU 00Jiee BHICOKMX YaCTOTaX,
KOTOpasi MpOXOJuJia MPU TE€X K€ YCIOBUSX, HO C PACIIUPEHHBIM IHANA30HOM
yacToT- 10 60Hz.

B mepBoM 3KcCliepUMEHTE CEpUU HUCCIEAOBANICS IIaBHUK JMHOU 30 cwM,
MCCIIEIOBAHUE MPOXOAUII0 BHavasie B auanazone 1,0 — 7,0Hz ¢ marom 0,1Hz, a
3ateM B quanaszone 7,0 — 14,0Hz ¢ marom 0,5Hz. (ITpunoxenue 4, pucyHok2):

Bo BTOpOM 3KCIIEpuMEHTE CEpUU UCCIEA0BANICS IUIABHUK IIUHOMN 23,4 cM.
B nmanHOM 3KcniepUMEHTE M3YUE€HHE MPOXOAWIIO 0oJiee JIeTallbHO: nuama3oH 1,0 —
20,0 Hz npoxoauncsa marom 0,1 Hz, a nanee auanazon 21 — 60 Hz npoxoaumcs
maroMm 1 Hz, tak xak paccmorpeHue nmanazoHa yactoT cseimie 20 Hz mmeno
03HaKOMUTENbHBIX Xapaktep (IIpunoxenue 4, pucyHok 3).

[Momsonss wrorn (IIpwnoxxenue 4, pucyHok 1) ObUIO BBISICHEHO, YTO
M3HAYaJIbHOE MPEIOIOKEHUE O MOHOTOHHOM YOBIBAHUM OTHOCUTEIHLHON CKOPOCTH
MOTOKA MOCJIE MPOXO0XKACHUS MaKCUMyMa Obljla HEeBEpHA, TaK KaK IIPH MPOXO0KIECHUN
MaKCHMAJIbBHOTO 3HA4YE€HUsI OTHOCHUTEJIBHOM CKOPOCTU TOTOKA TaKKe HMEHUCH
JIOKaJIbHbIE AKCTPEMYMbl MakCUMyMa M MUHUMyMa. Ha ocHOBaHuu aHanuza
3aKOHOMEPHOCTh BO3SHUKHOBEHHUSI BEPIINH I'pauka 3aBUCUMOCTU OBLIIO BBIJIBUHYTO
MIPENOJIOKEHHUE O TOM, YTO OHU MOTYT BOSHUKATh B MOMEHT PE30HAHCHBIX SIBJICHUMN
B HCCJIEYeMOM IUIaBHUKE, W TMPEIINOIaraeTcsi, YTo Ha IJIABHUKE YKJIaJbIBACTCS
OMpeIeIEHHOE KOJIMYECTBO JIJTUH BOJIH, KOTOPBIE KpAaTHBI JIPYT APYTry 1O JJIMHE B
KaXJIOM MaKCUMYM€E 3aBUCUMOCTH.

Jlanee Obuta mpoBefeHAa BTOpas Cepus SKCIEPUMEHTOB, B KOTOPOM
UCCJIEI0BAJIACH 3aBUCUMOCTh OTHOCUTEIBHOM CKOPOCTH MOTOKA OT YaCTOTHI IS

KKJIOTO TUTABHUKA 33JaHHOU JUTHHBL. OTpeaensioch Kakol U3 MJIaBHUKOB OyJeT
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JlaBaTh MAaKCUMAaJIbHYI0 CKOPOCTb MTOTOKA, U CJIeI0BAaTEIbHO, OyaeT 3(pPeKkTUBEH B
ucrosnb3oBanuu. Takke uHccnefoBaiach MOTpediiseMas  3JIEKTPOIPUBOIOM
MOIITHOCTh TMpPH HCHOJIb30BAHUM ONPEIENEHHOr0 IUIaBHUKA. B 3Toil cepum
uccnenoBaics auana3zoH yactor 1 — 100 Hz (3a uckmrouennem auanazona 1 — 60
Hz, B koTOpoM HccienoBaics miaBHuK JyHou 30 cm), mpoxoauMblii ¢ marom 1 Hz,
U OPEAnojarajioch B MECTE JOKaJbHOIO 3KCTpeMyMa (MUHHUMyMa U MaKCUMyMa)
YMEHBIIIATh Al ©3MEHEHUS YaACTOTHI U YTOUHATH YACTOTY JIOKAIBHOTO 3KCTPEMYyMa
c 0oJyiee BBICOKOW TOYHOCTHIO. JTa CEpHsl SKCICPUMEHTOB YK€ HYXKIalach B
YMEHBIICHUU YYBCTBUTEJIBHOCTU JIOMATKU (TIOJI0KEHHE OOJBIIMX MAarHUTOB Ha
orMmeTke 70%), Tak Kak P MajbIX YrilaX OTHOCUTEIbHAS MOTPEIIHOCTh MEHBIIIE,
BXOJIHO€ HaIPsKEHUE HA yCUIIUTENb — 8V. B 3TOM cepun ucciie10Banuch miIaBHUKH,
umerommue aauHy:30 cm ([Tpunoxenune 6, pucyHokl), 23,4 cm (Ilpunoxenue 6,
pucyHok 2), 16,3 cm (ITpunoxxenue 7, pucyHok 1),10 cm (IIpunoxenue 7, pucyHOK
2)

[Tocne mpoBeneHHsT BTOPOIl CEpUU SKCIIEPUMEHTOB, IJISI MOATBEPKIACHUS
MOJYUYEHHBIX PE3YJbTaTOB HY)XHO OBLIO €€ pa3 MOBTOPUTH ATy CEPUIO, U BCE
pe3yAbTaThl JOJKHBI COBNAcTh. HO Mpu MOBTOpEHUH 3KCIIEpUMEHTA IS TIJITABHUKA
anuHo 30 ¢M COBMAJEHHUE MOKAa3aHWM HE MPOM3OILLIO. JTO CBS3aHO C TEM, YTO
BHAYaJIe 3TOT DKCIEPUMEHT MPOBOAWICS B JICASHOW BOjJE, a MOTOM B BOJIE
KOMHATHOU TeMrieparypsl. Torga crano siCHO, YTO TEMIIEpaTypa BOJbBI BIHSET Ha
U3MepsieMble MOKa3aHusl, IOATOMY BCE MOKa3aHUs CKOPOCTU MPU ITOM YBEINYUIIUCH
B OOJIBIIIYI0 CTOPOHY, TO €CTh BSI3KOCTh BOJIbI YMEHBIIIAETCSA TPH YBEIUYECHUU
TeMriepaTypsbl. Takum oOpa3om, oKa3aHus, U3MepseMbie IPU pa3HOM TEMIIEpATYpeE,
CpPaBHEHMIO HE TIO/JICKAT, IMOCJI€ YeTO0 ObLIO MPUHSITO PEIICHHE, YTO B CISAYIONIeH
CepuM DJKCIIEPUMEHTOB TeMIlepaTypa BOJIbI B OacceliHe OyIeT TOCTOSHHO
KOHTPOJIMPOBaThCs U UMeTh Temmeparypy 22°C. OaHako OCHOBHbIE TEHJICHLUU
CepUll DKCIIEPUMEHTOB MPU Pa3HON TeMmIepaType MOTYT OBITh COIOCTaBJICHBI C
HEKOTOPOU J0JIEW NOTPEUIHOCTH.

Teneps cpaBHUM rpaduku OoTHOocUTeNbHOM ckopoctu (IIpunoxenue 8§,

pucyHok 1) u momiaocTH (IIpunoskenue 8, pucyHok 1). Mbl BUIUM, 4TO U B IIEPBOH,
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U BO BTOpPOM CEPUU HKCIIEPUMEHTOB CKOPOCTb IMOTOKAa YBEIUYUBAETCSA IMPHU
YMEHBIICHUU JJIMHBI MCCIIEyeMOro IUIaBHHKA, U YEM OHA MEHbIIIe, TEM BBIIIE
OyZneT CKOpOCTh TOTOKa. TakkKe BO BCEX CEPHUSIX DJKCIECPUMEHTOB Tpaduku
OTHOCUTEJIBHOM CKOPOCTH BOJbl W MOIIHOCTH (2 cepus) HUMEIOT OOIIyIo
KOH(HUTypaIHio, 9TO0 MOXKET MOATBEPAUTH MPEANOI0KEHNE O TOM, YTO B MOMEHT
BO3HUKHOBEHUS JIOKAJIBHBIX SKCTPEMYMOB MaKCUMYyMa Ha IJIABHUKE YKJIaIbIBACTCS
KaKoe-TO ONpeIeIEHHOE YHCIIO JUTMH BOJIH, KpaTHBIX 0,5 OT 0011el IJTUHBI BOJHBI.
Jlanee Oymer mpoBeaeHA TPEThA CEpHsl IKCIEPUMEHTOB, B KOTOpPOHl Oymer
YUUTBIBATBHCS JUIMHA BOJIHBI, YKJIAJbIBAIOIIASACS HA IUIABHHUKE, MPU KaXKIOM

HU3MCPCHHH IJI TOT'O XKC Ha60pa IIJTTAaBHHUKOB.

3akirouenue

B pabGore ¢ wucnoib3oBaHWEM pa3pabOTaHHONW HSKCIEPUMEHTAIBHOU
YCTAHOBKUA OBUT TMPOBEACH psAJ AKCICPUMEHTOB HAJ MOJIEIBI0O XBOCTa PBHIOBI.
HccenenoBanach CKOpPOCTh TEYEHHUSA IIOTOKA BOJBI, CO31aBAa€MOI0 BOJHOBBIM
nBrkuTeneM. [Ipr 3TOM CKOpOCTH ITOTOKAa MOXKET 3aBUCETh OT CIEAYIOIIMX
(bakTOpOB: NIMHBI MJIABHUKA; LIMPUHBI TUTABHUKA; TOJIIMHBI IUIABHUKA; MaTepHaa,
U3 KOTOPOI'O0 OH WM3TOTOBJIEH; (POPMBI IMJIAaBHHKA; YAaCTOThl KOJEOAHU TJIaBHUKA;
aMIUTMTYbl ~ KOJeOaHMW IJIaBHMKA. B pa3HbIX cepusiX HCCIeJOBaHUMN
(buKCHpOBAIUCH BCE MapaMeTpPhl 3a UCKIOYEHUEM OJHOTO, OT 3HAUE€HUN KOTOPOTO
MCCIIE0BAIACh 3aBUCUMOCTD. bBUIO BBISIBJIEHO, UTO YEM KOPOUE IUIABHUK B PAMKAX
BbIOpaHHBIX pPa3MEpPOB, TEM OOJIBIIYIO CKOPOCTh IOTOKA OH CO3JAeT. HA OCHOBAaHUU
MOCTPOEHHBIX TPaUKOB CEPUIl IKCTIEPUMEHTOB OBLIO BBISIBIEHO, YTO YE€M KOpOUe
IUIaBHUK B paMKaxX BbIOpAHHBIX pa3MEpOB, TeM OOJIbLIYI0 CKOPOCTh MOTOKA OH
CO3/Ja€T, IIPU OTOM 3aTPAaYMBACTCS HaUMEHbLIEE KOJIMYECTBO SHEPrUh. MOITHOCTD
CTAaHOBUTCS HAMMEHBIIEH, KOTAa JOCTUTAETCS TOCIEAHUN JTOKAIBHBIM SKCTPEMYM
Ha TrpaduKe OTHOCUTEIHHOM CKOPOCTH, HE3aBUCUMO OT JUIMHBI IJIaBHUKA, YTO
MOJKET OBITh CBSI3aHO C TEM, YTO HA IAaHHOM YaCTOTE BOJIa BJOJIb IUIABHUKA HAUMHAET
T€Yb OCOOBIM 00pa3oM, YTO MPHUBOAUT K YMEHBIIEHHIO CONMPOTUBIIECHUS BOJBI.

KpOMe 9TOIro, B XOAC BBINIOJHCHHA JSKCIICPUMCHTOB OBUIH OTMCYCHBI SABJICHHS,
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BJIMSIOLIME HA CKOPOCTh MTOTOKA, HAIIpUMeEpP, (POPMUPOBAHUE CIIU3H HA IJIACTUHE B
Clly4ae CTOSYE€d BOJbI, YTO IMOBBIIMIAET IVIAJKOCTh MOBEPXHOCTH U YBEIUYUBACT
OTHOCUTEJIBHYIO CKOPOCTh MOTOKA, & TAKXKE HA CKOPOCTH BIIMAET TEMIIEPATYPHBIN
PEXKUM.

Jlanee miaHupyeTcs MPOBECTU CEPUU DKCIIEPUMEHTOB, B KOTOPBIX OyIET
NOATBEPKIAATHCA NPEIANOJIOKEHUE O YKIAABIBAIOMIMXCA CTOSYMX BOJHAX Ha
IUTABHUKE, HO YK€ C APYTUM MaTepuaioM. Jlajiee, onpeaesuB UCKOMbIE TapaMeTpbl
U yOeTUBIINCH B UX JOCTOBEPHOCTH, MOXHO OyET HETOCPEICTBEHHO MPUCTYATh

K M3IOTOBJICHHUIO ABUKUTCIISA «XBOCTOBOH MJIaBHUK pBI6I)I)).
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[Tpunoxenue 1

Pucynox 3 Paznenutensras neperopoaka. CiaeBa n300pakEéH BH]T
pasaeuTeIbHON IEPEeropOJIKH CHU3Y, 10 ceperHe — cBepxy. CrpaBa u300paxeHo

MpUJIETaHue Pa3eIUTENbHO IEPErOPOIKU KO JHY OacceiHa.

Pucynox 4 Mzameputenb OTHOCUTENHHONW CKOPOCTH C Pa3HBIX PAKyPCOB.



13

[Tpunoxenue 2

Pucynok 1 Dnexrponpusoj. CieBa n300paxEéH BUI AIEKTPONPUBOAA

CBEpXY, a ClpaBa — BU/J] COOKY.

R A /ol

C2

R

wified - pitent§iome {fachod pitanie

PucyHok 3 D1eKTponpuBO/] Ha IEPETOPOKE.
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[Tpunoxenue 4
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Pucynok 1. I'padux 3aBUCHMOCTH OTHOCUTENBHOI CKOPOCTH MOTOKA OT
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YaCTOThI, MOJYUYCHHBIN MOCIIE MEPBOro IKCIIEPUMEHTA.
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Pucynok 2. I'paduk 3aBUCUMOCTH OTHOCUTENIBHON CKOPOCTH MOTOKA OT

qaCTOThI, HOqueHHBIﬁ ITOCJIC IICPBOI'0 SKCIICPUMCHTA 1 CCpHuHn.
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Pucynox 3. I'paduk 3aBUCHMOCTH OTHOCUTEIBHONW CKOPOCTH MOTOKA OT

4acTOTHI, MOJYUYEHHBIN MOCIIE BTOPOTO SKCIIEpUMEHTa 1 cepuu.

IIpunoxenue 5
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Hroru nepsoii cecun
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Pucynoxk 1. CpaBHUTENBHBIN IpauK ISl HCCIETYEMBIX TIIABHUKOB U3 -1

CCPHH SKCIICPUMCHTOB.



[Tpunoxenue 6

IlepBbiii IKCIIEPUMEHT BTOPOM CEpUH
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Pucynok 1. I'paduk 3aBUCHMOCTH OTHOCHUTEIBLHON CKOPOCTH TTOTOKA U

MOIITHOCTH OT YaCTOThI, IJIs1 ucciiexyeMoro miaBHuka 30 cM (2 cepus).

Bropoii 3xciepuMeHT BTOPOi cepuu
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Pucynox 2. I'paduk 3aBUCHMOCTH OTHOCUTEIHPHOM CKOPOCTH ITOTOKA U

MOITHOCTH OT YaCTOThI, I UCClIeyeMoro miaBHuka 23,4 cm (2 cepus).
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[Tpunoxenue 7

Tperuii 3KCIEPUMEHT BTOPOU cepuu

16 3,7

14
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10
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Hz

Pucynok 1. I'paduk 3aBUCHMOCTH OTHOCHUTENIBHOIN CKOPOCTH MTOTOKA U

MOITHOCTH OT YaCTOThI, JI UCClIeIyeMoro miaBHuka 16,3 cm (2 cepus).

YeTBepThlil IKCIIEPUMEHT BTOPOM CepUU
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10
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Hz

Pucynox 2. I'paduk 3aBUCHMOCTH OTHOCUTEIBHOW CKOPOCTH ITOTOKA U

MOIIIHOCTH OT YaCTOTHI, JAJI UccleayeMoro miaBHuka 10 cm (2 cepus).
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[Tpunoxenue 8

HToru Bropoii cepru 3KCIIEPUMEHTOB (OTHOCUTEIbHAS

CKOPOCTH)
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Pucynoxk 1. CpaBHUTENbHBIN rpadK OTHOCUTEIBHON CKOPOCTHU JBMXKCHUS

I KaKJ0I'0 IIJITaBHHKA.

HNToru BTOpOIi CepUr IKCIIEPUMEHTOB (MOIIIHOCTD)
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Pucynok 2. CpaBHuUTENbHBIH TpaduK MOIIHOCTH, HOTpeOIsieMoin

QJICKTPOIIPUBOAOM, JJIA KAXKIAOTI'O IIJTAaBHHUKA.



