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B CTaTbe paccMaTpHUBaeTCs BO3MOKHOCTb MOBBILLICHUS
POU3BOJIUTEILHOCTH YCTPOMCTBA Il MOJAM(pUKAIMU JBHSHOTO BOJIOKHA 32
CYET MCMOJIb30BaHUS TOABUKHBIX OWJIBHBIX IUIAHOK; pelIaeTcs 3ajada Mo
ONpEJEICHUIO YCJIOBHM, TpPH KOTOPBIX YCTPOMCTBO Oyner paborath B
YCTAaHOBHBIIIEMCS PEKUME; MPEJCTaBICH aJrOPUTM pacyeTa yrioBOW CKOPOCTH
BpallleHHs TpenajibHbIX 0apabaHoB MoAudUKATOpa C MOABUKHBIMU OWIIBHBIMU
TUTAaHKaMHU.
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BpalllCHUA

N3BecTHO, UTO HMCIOJIB30BAHUE KOPOTKOTO JIBHSHOTO BOJIOKHA B YHCTOM
BUJIE C NMPUMEHEHUEM TPAJULMOHHBIX CUCTEM MPANCHUS XJIONKAa M IIEPCTU
3aTPYJHEHO BCJICACTBHE €r0 HMU3KOW MPSAIUIBHONH CHOCOOHOCTH. YIIYUIIUTH
COBMECTHUMOCTh JIbHSAHOTO BOJIOKHA C JPYTMMH BOJOKHAaMH BO3MOXXHO ITyTEM
MOAU(UKAIIMA €r0 CBOMCTB pPa3IMYHBIMU CIIOCOOaMH: MEXaHUYECKUMH,
XUMHYECKUMU, OuonorndeckuMu u Apyrumu. l[lomydaemoe B pesynbrare
MOAU(PUITUPOBAHHOE JIbHIHOE BOJIOKHO MOXHO TepepadaThiBaTh MO CHCTEMaM
CyXOro MpsiACHUS B CMECH C BOJOKHAMH XJIONKA, MIEPCTH, XUMHYECKHMMH
BOJIOKHAMH.

OnuH w3 croco0OB MEXaHWYECKOW MOAM(PUKAIMHA JHHSHOTO BOJOKHA —
croco0 JBYXCTOPOHHETO0 BBICOKOCKOPOCTHOTO TPEMAaHUsi BOJIOKHUCTOM JICHTHI

pazpaboran kadeapoit TIIJIB KI'TY comectHo ¢ BHUWMIIK [1]. Hns



peanu3aiu 3Toro cnocoda co31aHo ycTpoicTBo — moaudukarop. [loaroroska
KOPOTKOT'O JIBHSHOTO BOJIOKHA K MOAM(UKAIMU BKIIOYAET B ce0s Omepaiuu
KapJ0uecaHus U JEHTOPOPMUPOBAHUS.

BHewnuii BU1 ycTpoiicTBa mpeacTaBiieH Ha puc. 1 a, 6.

a) 0)
Puc. 1. Mognpukarop MJLJI-510 ¢ BepTHKAJbHBIM PacloJio:keHHeM 0apadaHoB: a)
BHCIIHUH BH/J YCTPOKCTBA; 0) BHCIIHUH BUJ TPenajabHbIX 0apadanoB Moaudukaropa

OCHOBHOW  COCTaBHOM  4YacThl0  YCTPOWCTBA JUIsi  MOAM(DUKAINH
(mTamenmupoBaHus) JILHSHOTO BOJIOKHA B JIGHTe (pUC. 2) SBISIOTCSA JiBa
TpenaibHBIX Oapabana 1, ycTaHOBIEHHBIE BHYTPH KOXyXa 2 pabodeld KaMephl

Ha TapaUIeNbHBIX Bajiax 3, KOTOPHIE C TMOMOIIBIO MPUBOJA OOECIEYUBAIOT



COTJIAaCOBAaHHOE BpallleHue OapabaHOB B OJMHAKOBBIX HampaBieHusx. Ha
OapabaHax B paJguaJlbHOM HANpaBJIEHUU PACIONIOKEHBI MOOYEPENIHO B JABYX
IUIOCKOCTAX OWibHBbIE TUIaHKK (Omia) 4: BepXHHE U HUKHUE. B moBepxHOCTH
KOXYyXa HaJ 30HOU nepeceyeHus: TPAeKTOPU KOHIIOB OMIIBHBIX MJIAHOK UMEETCS
BbIpE3, Yepe3 KOTOPbIM C TOMOUIBI0 MHUTAIONIMX BaJbIOB OCYIIECTBISETCS
1ojiaya BOJIOKHUCTON JeHThl 5. Ha GOKOBOI MOBEPXHOCTH KOXKyXa UMEIOTCS

OTBepCTHS 6 JJ1s1 BBIXO/A JJ1s1 BOJIOKHO-BO3IYIIIHOW CMECH.
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Puc. 2. Cxema ycrpoiicTBa AJ1s1 MOAH(PHUKAIUM JIbHIHOTO BOJIOKHA

Pabora Momudukaropa opraHm3oBaHa CIlEAYIOIIMM 00pa3oM. JIbHSHOE
BOJIOKHO, TMOJIFOTOBIEHHOE B BHJE JIEHTHI O, MOJAETCA C IMOMOIIBIO MaphI
MUTAIONIUX BAJBIIOB B pabOUYyI0 KaMepy, PacroyIOKCHHYI0 BHYTPU KOXKyxa 2,
TJI€ TIOJBEPTaeTCs BO3JACHCTBUIO CO CTOPOHBI pa00YNX KPOMOK OMIIBHBIX TUTAHOK
4. Tlocne ynapa 1o JIeHTE€ BEpXHUM OWJIOM, KOHIIBI BOJOKOH 3aXJIECTHIBAIOT €TO0.
[Ipu 5TOM BO3HUKAIOT MHEPIIMOHHBIE CUJIbI, CUJIbl TPEHUSI U BHYTPEHHHUE CHUJIBI
n3-3a AedopMalnuu BOJIOKHA.

B pe3ynbrate MHOTOKpPAaTHBIX YJApHBIX BO3AEHCTBHI OCIA0ISAIOTCS

MCIKBOJIOKOHHBIC CBA3HM, YTO IMPHUBOAUT K PACIOCINICHHIO KOMILIICKCOB ITYYKOB



AJIEMEHTAPHBIX BOJIOKOH Ha OT/AENIbHbIE Oojee Menkue Mydkd. OJHOBPEMEHHO
IIPOUCXOJUT OTAEIEHUE OT BOJIOKHA KOCTPBI M HELEJUTFOJIO3HBIX IPUMECEH.

OtnenuBmmecs BOJIOKHA, KOCTpPA W IbUIb TPAHCIOPTHUPYIOTCA NOTOKOM
BO3/lyXa, KOTOPBIM MOCTYMAaeT BHYTPh KOXXyXa 2 uyepe3 BbIpe3bl IS MOJauu
neHTsl. [Ipu 3TOM BO3AYIIHBIN MOTOK C OOJIBIION CKOPOCTBIO MPOXOIUT BOJIU3H
MTOBEPXHOCTH MUTAIOIINX BAJIbIOB, OUMILASI X OT MPUIUIILIErO BOJIOKHA U COpa.
[MonydyeHHoe MOAMQPHUIIMPOBAHHOE (IITANEIMPOBAHHOE) BOJIOKHO YIANISCTCS U3
30HbI 00Pa0OTKK MPUHYJUTEIBHO, TyTEM OTCOCA BOJOKHO-BO3AYIIIHONW CMECH C
NOMOILBIO BEHTUJISTOPA.

KoHCTpyKIIMST ~ONMMCAaHHOTO  YCTPOWCTBA  MO3BOJISIET  OCYLIECTBIATH
BapbUpPOBAHHUE CIEAYIOUIMMHU OCHOBHBIMHM IapaMETpaMH: YIJIOBAsl CKOPOCTH
BpallleHHsl TpenajbHbIX 0apabaHOB, CKOPOCTh MUTAHUS JICHTHI, PAANYC KPOMKH
OWJIBHOM TUIAHKHU, PACCTOSIHME OT TOYKM 3aXHMa JEHTbl 10 30HBI
Pa3BOJIOKHEHUS.

B pesynbrate peanuzanuu crocoda JBYXCTOPOHHETO BBICOKOCKOPOCTHOTO
TpemaHusi BOJIOKHUCTOW JIEHTHI Ha OIMCAaHHOM YCTpPOMCTBE Tpebyercs
o0ecreyuTh MOJIyYeHHE IITANeTUPOBAHHBIX JIBHSHBIX BOJIOKOH, MAaKCHMAaJIbHO
CXOAHBIX MO JJWHE ¥ TOJIIMHE C TEMU BOJIOKHAMH, KOTOpbIE OYIyT
VCMOJIb30BAaThCA MPU MOJYYEHUH CMECOBOW MPSIKUA WA IPYyrUX unenuu. s
ATOTO JIOJIKHBI BBIMOJIHATHCS YCIOBUS, PU KOTOPBIX MPOUCXOAUT pa3pyLICHUE
CBSI3€M MEXIy BOJIOKHAMU U NIPUMECSAMM, a CaAMU BOJOKHA IIOJYYarOT JIWIIb
He3HAYUTEIbHBIC TOBpEXKACHHS [2, 3].

B Hacrosmee BpeMs BeNyTCAd TEOPETHUYECKHME M OIKCIEPUMEHTAJIbHBIE
UCCIICIOBAHNs,  HAIPaBJICHHBIC HAa  WM3BICKAHME  IIyTEM  IOBBILICHUSA
NPOU3BOIUTENHHOCTH ycTpoicTBa [4]. OAMH M3 HUX — TOBBIIIEHUE YTIIOBOW
CKOPOCTH BpallleHUsI TpeNaJbHbIX OapabaHOB M yBEIMUYECHUE CKOPOCTU MUTAHUS
BOJIOKHUCTOW JIEHTbl. OJHAaKO B 3TOM Cilydae, Kak IOKa3aju IMPOBEJICHHBIE
WCCIICIOBAHUsI, BO3PACTAET JAOJSA BOJOKOH ITyXOBOW TIPYyNIbl U IPOUCXOIUT

YMEHBIIIEHUE CPEeAHEH JJIMHBI T0Iy4aeMOro MOAU(DUIIMPOBAHHOTO BOJOKHA.



[Tockonbky cpemHsis JJIMHA TOJYYaeMbIX BOJOKOH 3aBUCHT OT CKOPOCTH
HAHECEHUs yAapOB OWIHHBIMH IIAHKAMH TIO JICHTE, TO JJIsl €€ COXPAHCHHS Ha
MpeKHEM YPOBHE HEOOXOAMMO, YTOOBI CKOPOCTh HAHECEHHMS YIapOB OCTaBalaCh
HEU3MEHHOU. DTO MOKHO 00ECIIeUUTD 3a CUET YCTAHOBKH MOABUKHBIX OMIIBHBIX
IJIAaHOK, MIAPHUPHO 3aKPEIUICHHBIX HA TpenaabHOM OapabaHe.

B stoM ciywae, ecnu OuibHas IUIaHKa TMPU TMOJXOJE K JIEHTE OyJler
JIBUTAThCS B HAIPABJICHUH, MTPOTHUBOIMOIOKHOM BpalleHUi0 Oapadana (puc. 3),

TO CKOPOCTb HAHCCCHUA yAapa CHU3UTCA.
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Puc. 4. TpenanabHblii 6apadaH ¢ NOABUKHOM OMJIBLHOM IJIAHKOM

JIJis cOXpaHEHHUsI CKOPOCTH HAHECEHUs ynapa Ha MPEKHEM ypOBHE MOYKHO
OyJIeT yBEIMYHUTh YacTOTY BpallleHUs TpenajbHOro OapabaHa, a 3TO B CBOIO
ouepesb TO3BOIUT YBEIMYUTh CKOPOCTh MOJAaYd BOJIOKHHUCTOW JIEHTHI 0e€3
M3MEHEHHS YCIOBHUI ee 00paboTKH.

[IpencraBnser uWHTEpEC pEIICHWE 3aJadyd 10 OMPENENICHUI0 TaKo
VIJIOBOM CKOPOCTH BpallleHHWs] TpemajbHBIX OapabaHOB, TpH KOTOPOW
YCTPOUCTBO OyneT paboTaTh B YCTAHOBUBIIEMCS PEXHME, W yAap IO JIEHTE
OyZeT HAHOCUTHCS C HEOOXOAMMOM CKOPOCTHIO V.

PaccmoTpuMm  nBwkeHHWe OWIBHOW TJIAHKM B CHCTEME  OTCUeTa,

Bpaljaloleiicss BMecTe ¢ TpenaibHbiM O0apadanom. IlockonbKy 3Ta cuctema He



SIBIIIETCS MHEPUUAIBHOW, TO K CWIaM, JCUCTBYIOLIMM Ha IUIAHKY CIEAYyEeT

I[O6aBI/ITB CHJIbI HHCPLIHH. HepeHOCHy}O CUITYy MHCPLIUN MOKHO OIIPCACIINTD TaK:
F“ =mw/0C )

rie M- macca OwnpHOW TuTaHKHW, (;— YyrjaoBasg CKOPOCTh BpAIICHHUS
TpenanbHoro 6apadana; OC — paccTosiHuE MEXKY OChIO BPAILEHUS TPENAIbHOTO
6apabana (1. O) u nentpom macc rianku (T. C).

HuddepenumanbHoe ypaBHEHUE ABUKEHUS OMIBHON TUTAHKU UMEET BU/T

2
] ul
Tac z 3 — MOMCHT HWHCPpIUHU OMJILHOM IIJIaHKH, HpHHSITOﬁ 3a
OIHOPOIHBIA CTEPKEHb, OTHOCUTEIIBHO €€ OCH BpAILICHHUS; | — JUTMHA OWJIBHOM
IIJTAHKH Y - yrojl  OTKJIIOHCHUA OWJIHLHOM TIIJJaHKH OT paaruajibHOTO
HaIIpaBJICHUA, E Mi — CyMMa MOMCHTOB CHII, ﬂCﬁCTBy}OIHHX Ha 6I/IJ'IBHyIO
IUTAHKY.
_ E Gy _ ign(e)
E M. =My (F*)-M,,sign(@), (3)
My, (F™)
rac 01 — MOMCHT CHJII HHCPHHHU OTHOCHTCIBHO OCH BpalllCHUA

OMJILHOM IJIaHKH; M mp — MOMEHT CWJI TPEHHUs, ACHCTBYIOUIMX Ha OMJIBHIIYIO

IUIAHKY B IIApHUpE.
MOMEHT CHJ WHEPIMU OTHOCHUTEIBHO OCU BpAIICHUS OWJIBHOW TUIaHKHU

MO>XHO HalTH 1o opmyiie
E @y _ g0
M, (F*)=F"h, (4)
rae N - miedo nepeHOCHOM CHIIbI MHEPIHH.

sin
20c ¢ ()



IJIe @ — pacCTOSIHUE OT OCHU BpallleHUsl TpenajibHOro OapabaHa (1. O) no ocu

HIapHUPA, Ha KOTOPOM 3aKperuieHa rianka (T. Og);

Ucnonb3ys popmyinsl (1)-(5) nmomyuum:

ml?® . 1, .
—@p=——mw;alsing—-M
[Tocne npocTthix mpeoOpazoBaHuil ypaBHeHHE (6) TpUMET BU]T
M, sign(¢)
.e 2 .= mp
@+ K sing =—
J, , (7)
3a
K=.,——w
rje 5 “r-
Ecnun  BBIOpaTh paccTOssHME MEXKIY OCBIO BpAIllCHHs TPEMalIbHOTO
2
OapabaHa W OCBIO MIapHHUpA a=§|, TO TOJIYYUM K=0w,, e wuacrora

CBOOOHBIX KOJIEOaHHUH TUTAHKU COBIIAJIET C YACTOTOM HAHECEHHUS yJapoB OUIIOM
110 JIEHTE U CUCTEMa BOMJET B PE30HAHC.

Hns  toro, 4YTOoOBI  paccMaTpuBaeMas cucTemMa paborana B
YCTAaHOBHBIIIEMCSI pexXuMe TpeOyeTcsi, 4TOObl MpUpalieHrue YIrJIoBOH CKOPOCTH

BpalleHus OMIBHOW IJIAHKW 3a OJIHO B3aMMOJCHCTBHE C BOJIOKHUCTOM JIGHTOM
*
Aw, 6pu10 PaBHO TOTEpPE YIJIOBOM CKOPOCTH BpallleHUs OMJIBHOW IJIAHKH 3a
OJTHO KoJIeOaHME BCIICACTBUE JESHCTBHS CHUJI TPCHUS B IIAPHUPE AG)Z , T.C.
*
Aw, =Ao (8)
CHmWKEHUE YIJIOBOM CKOPOCTH BpaIlleHUs IUIAaHKH 32 OJHO KoJieOaHHe

Aa)z MOXHO HaWTH, HUCHOJB3Yys TeopeMy OO0 HM3MEHEHUM KUHETHYECKOU

SHEPTHHU:

T-To :ZAK, )



rne 1o, | — kuHeTHMYecKass dHEprusi OMJIBHOM IUIAHKHA COOTBETCTBEHHO IIOCIIE

yJaapa U nepea MOMEHTOM HaHECEHUs MOCIEaYIOIIEro yaapa.

YuureiBas, 4To

ZAK z_4]\4mp¢max =

. ‘Jz(wz _Aa):)z B Jza)zz

T-T
0 2 2

~—J,w,A0,

IMOJIyYUM:

Jza)zAa): =4M

mp ¢mx .

Tac (Dmax— MAaKCUMAJIbHOC 3HAYCHHUC YyIJIa OTKIIOHCHHA OWJILHOM INIaHKU OT

paaruajIbHOTIO ITOJIOKCHUS BCIICACTBUC yapa.
OTCIO,ZIa CHU)XCHUC YFHOBOﬁ CKOpOCTH BpalmiCHUA IUNIAaHKHW 3a OIOHO

KoJicOaHue

. M, -4 .
Aw, =—=2 v

J,m, (10)

[Ipupaienre yrioBoil CKOPOCTH BpallleHUs OWIBHOW TUIAaHKH 32 OJIHO

*
B3aMMOJICHICTBUE C BOJOKHHUCTOM JICHTOM Aa)2 MOKHO HAaWTH, HCHOJIB3YS

TCOPCMY 00 HM3MEHEHMM MOMEHTAa KOJIMYeCTBa ABHIKCHHUSA CHUCTCMBI. B

IIPUMEHEHUH K YIAPHBIM MPOLIECCAM MOXHO 3aIIMCATh:

(L)=(L)e =2 mIS(R),
rjae (Lz )1 (Lz )o — MOMEHT KOJIMYECTBAa JBHW)KCHUS OWJIBHOW IUIaHKU

OTHOCHUTCIIbHO OCH IIapHHpa COOTBCTCTBCHHO IIOCJIC M JO yAapa II0 JICHTC,

C e
2 ,mz [S (Fk )]— CyMMa MOMCHTOB MMIIYJIbCOB BHCIIHHMX CHJI OTHOCHUTCIBHO

OCH IIapHHPA.



JIs1 OMABLHOM IIJIaHKH:

(Lz )o = J,w,,
(Lz): szz )

TOT/IA (Lz)_(Lz )o =J,0, = J,0,y = J (0, —w,).

B cBoto ouepenp. Cuutasi, 4To yJaap HAaHOCUTCS KOHIIOM OMJIBHOMW IJIAHKU

— e .
> m,IS(RS =S,
TAac SX - UMITYJIBC CHIJI, I[CﬁCTB}’IOH.[I/IX Ha 6I/IJ'IBHYIO IUIAHKY CO CTOPOHBI JICHTHI,

B TIPOCKIMHU HA OCH OX, 0)20_ HavaJIbHas YTJIOBAdA CKOPOCTH BpalllCHHUA

OMJIbHOM TUTAHKHU.
Takum oOpa3om, MpupalleHue YIJIOBOW CKOPOCTH OWIBHOM TUIaHKU 3a

CYET €€ B3aMMOJICHCTBHUS C BOJIOKHHUCTOM JIEHTOM

S,

(0, —wyy) = Aw, = JX , (11)

z

OnpenenuM, pU Kakol yriioBOM CKOPOCTH TpenaibHoro Oapabana €0,

cuctema Oyzaet paboTaTh B YCTAHOBHUBIIEMCSI PEKUME M CKOPOCTHIO HAHECEHUS
yzapa 1o JeHTe OyZeT paBHa 3apaHee 3aJaHHOMY 3HaYEHUIO V.

IToncrasmsist (10) u (11) B (8), nonyuum:

4Mmp (Dmax
w, =

X

CxopocTh HaHeCeHUs yAapa ONpeaeseTcs:
v=wuR—-ow,l. (12)
Otcrona

wl+v (M, @
N

X

+v /R.
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YuuteiBast, 9T0 Prax 3aBUCUT OT V1, TO JUIsl pEHICHUS TOCTABICHHOU

3a/1ayu ObLT pa3palboTaH CAEAYIOIHUHA aJrOpUTM:

1. 3amaroTcs cemyroIIie mapaMeTpsl. V J, . Sy. I, R.

2. Ilo dpopmyne (11) paccuutbiBaeTCsl MpUpaAIEHUE YTIOBOM CKOPOCTU

BpalleHus: OWJIBbHON TIJIaHKU Aa)z 3a BpeMs €€ B3auMOJCHUCTBUS C

BOJIOKHUCTOM JICHTOMU.

3. Bapeupys @71 B wuccmemyemoMm uHTEpBane, ucnoaedys (12),

ONpENENAETCS YIJIOBas CKOPOCTh BpAlIEHHS OWJILHOW IUIAHKM B MOMEHT
Hanecenus ygapa W .
4. Pemas ypasenue (7) IpH HAyaIbHBIX ycnoBusax Dy = W, + Aw,

@0 =0, maxomurcs Pray .

5. Ilo (10) ompenenseTcs moTepsi YriIOBOW CKOPOCTH BpAlllCHUS TJIAHKU

*
3a cueT paboThl CUJI TPEHUS Aa)z .
*
6. Ilpu BBIOJHEHUU YCIOBUS Aa)g = Aa)g HAXOJUTCS UCKOMas yTiioBas

CKOpPOCTh BpAl€HHs TpemnanbHoro Oapabana Wq [us pasIM4YHBIX MOMEHTOB

TPEHHUsI B LIAPHUPE M mp -

BriBoabI

1. OmpeneneHsbl yClIOBHS, MPU KOTOPBIX YCTPOWUCTBO I MOAU(DUKAIINT
JHHSHOTO BOJIOKHA OyeT paboTaTh B YCTAHOBUBIIIEMCS PEXKHUME.

2. Pa3zpaboTaH anropuTt™, MO3BOJSIONIUN ONPEACIUTh YIJIOBYIO CKOPOCTh
BpalIeHus TpemnajibHoro 6apabdana momudukaTopa C MOJBWKHBIMU OWIBHBIMU

IIJJaHKaMH.
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