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“IncTUTyT MexaHi3aii Ta enekrpudikallii ciIbChKOro rocrnoaapcTsa’

AHANI3 TPAHCMOPTYBAHHA CTPIYKU JIbOHY B
NMPECYBAJIbHY KAMEPY NPEC-NIABUPAYA

Y cmammi  nasedeno  pesynomamu  ananizy — npoyecy
MPAHCNOPMYBAHHS CMPIUKY cmebeil IbOHY 8 NPeCyBAbHY KAMepy 3MIHHO20
00 ’emy pynonnoeo npec-niobupaua. Hagedeno 3anexcnocmi 0151 USHAYEHHS
napamempie cmpiuku cmeoei 1bOH).

MNPEC-TIIABUPAY, IPECYBAJIbBHA KAMEPA, HECKIHYEHHI
IMACH, CTPIYKA JIbOHY, PYJIOH.
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IToctanoBka mnpoOnemu. CyuacHa TIpakTUKa IOKasye, IO
HaOUIBII TOMIMPEHUMH Ta IIEPCHEKTUBHHMH, OCOOJMBO B yMOBax
HEBEJIMKHUX T'OCIOAAPCTB, € mpolecu (popMyBaHHS PYJIOHIB JIbOHOCHPOBUHU
y TNpecyBaJIbHUX Kamepax 3MIHHOro 00’eMy. THIIOBHMH € Taki HEIONIKA
PYJAOHHHX TIpec-Mia0MpayiB: yHACTIIOK MPOKOB3YBAHHSI HECKIHYCHHHUX
maciB Ha NpHUBOAHMX OapabaHax abo BaymKax cre0iia IMEepeTHParoThCs,
MepeIUTYTYIOTECS  Ta  CKPYYYIOTbCS 1, TEPEKONIYIOYHCh  BiJTHOCHO
TO3/IOBKHBOI OCi PYJIOHY, YTBOPIOIOTH Ha HOT0 MOBEPXHI TakK 3BaHy “CITKY”;
3HA4YHI BUTpATH IIMNaraTy IpU BiJOKPEMJIEHHI IIapiB CTPIYKH cTeOen y
pyiaoni (ma 1ra HeoOXimHO OiNg 3 KM INmaraTy); HEMOXJIUBICTh
3a0e3Me4nTH PIBHOMIPHUI PO3MOII MIIIBHOCTI JIbOHOCHPOBUHHU y PYJIOHI;
3HAYHI ITONIKO/KEHHS Ta YIIIJbHEHHS BHYTPIIIHIX MIapiB CTpiuku creben
(cepueBnHM) pysaoHY (NEpeyIIUIBHEHHS CEPUEBHHHU IOTIpIIyE IPOLEC
CYyIIIHHS Ta BUMOYYBaHHS PYJIOHIB); CKJIaJgHICTh y (opMyBaHHI 3apojka
PYJIOHY Ta CTBOPEHHI YMOB #oro o0epTaHHS B MpecyBalbHIi Kamepi;
CIOCTEpIraloThCs HaMOTYBaHHsI cTeOenl Ha 00EpTOBI MOBEPXHI poOOUMX
OpraHiB KaMepu; BHX1J 3 JaJdy HECKIHYEHHMX IaciB YHACHIZOK IX PO3TATY
npu 30UTBIICHHI CHIM HATATY JUISl YIIUTBHEHHS 30BHIMIHIX IIApiB CTPIYKH
creben y pyinosi [1, 2, 3, 4, 5].

Jlyisi BU3HAYEHHsI MapaMeTpiB PYJOHY miJ yac Horo (hopMyBaHHs
npec-migdupayeM HEOOXiHO BCTAHOBUTH IIapaMeTpU CTPIUKH cTede
JIbOHY, SIKA HaIXOAUThH y IpecyBalbHy kKamepy. Ilix "ac TpaHCIIOpTYBaHHS
CTpiuku creOen JIbOHY 3HAYeHHs ii OKPEMHX IapaMeTpiB  MOXYTh
3miHmoBarucs [1, 2, 3, 4, 5].

AHAaJIi3 OCTaHHIX JA0CTiIKeHb i mMy6rikamiii cBiUUTh TIPO Te, 10
B JIiTEpaTypi Majo yBaru NpHIiJIeHO BUBUSHHIO MPOLIECY TPAHCIIOPTYBAHHS
CTpiuKU cTe0el JIbOHY B IMPECYBaIbHY KaMepy 3MIHHOTO 00’ €My PYJIOHHOTO
npec-nixoupaya [1, 2, 3, 4, 5].

MeTa ocaigKeHHs — IPOAHANI3yBaTH MPOLEC TPAHCIIOPTYBAHHS
CTpiukH cTebern T-0HY B IPECyBaJIbHY KaMepy 3MiHHOTO 00’ €My pyJIOHHOTO
mpec-iadupaya.

Pesyabratu frociimkenns. Kinbkicts creben i, Ha oqHOMY MeTpi
JOBXMHH CTPiYKM JIbOHY, SKa pO3CTEJCHA Ha MOBEPXHI JILOHOBHIIA
JOHO30MPAIBHOK MAIIMHOK 3 NIMPUHOIO 3aXBaTy OpalbHOro amaparta B,
BH3HAYAETHCA 32 (DOPMYIIOIO:

ié:io‘B:io'nﬁ'bﬁ' (1)

ne i, — kimekicte creGen Ha 1 m? moms (rycrora crebiocror); Ny, by —

BIIMOBITHO KiJBKICTh pOOOYMX CEKI[iM Ta IIMpWHA 3aXBaTy ONHI€I CeKmii
OpayBHOTO amapaTa JbOHO30HMpabHOI MammHi [ 1, 2, 3, 5].
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[TinbupanHs 3 MOBEpXHi JLOHOBHIIA CTPIUKU CTEOET JHOHY Ta ii
TPAHCIIOPTYBaHHSA B MpeCyBalbHY Kamepy Mpec-miadupaya CXeMaTHYHO
nokazaHo Ha pwuc. 1. [lpm aHami3i mnpuiiMaeMo Taki JOMyIICHHS: a)
PYJIOHHMIA Tpec-miadupad i dYac poOOTH 3MIMCHIOE IOCTYATBHUMH,
TIPSMOTIHIHHAN Ta PIBHOMIPHUH PyX B3/IOBXK CTPIYKH CTEOEN JIbOHY, SKa
pO3CTelicHa Ha TIOBEPXHi JHOHOBHINA; 0) CTpiuKy cTeden JIbOHY OymaeMo
PO3TIISIATH SIK AUCKPETHE CEpelOBHUINE, IO CKIATA€ThCsl 3 OKPEMHX IIapiB
creben, KOKeH 3 KX IMPEACTaBIsie cOO00 TPYIy MapalielibHO BKIAJCHUX
OMH Ha OJHOMY OJIHAKOBHX cTeOen macoro M, nmiamerpom d i
JOBXHHOIO | ; B) cTpiuku creben JbOHY, SIKI MiAOMPArOThCs 3 MOBEPXHi
JBOHOBUIA IIpec-Mij0upayeM, HE HAKIAJalOThCd OAHA HA  OJIHY,
NPSIMOIiHIIHI, PIBHOMIpHI 32 TOBIIMHOIO, 0€3 PO3PUBIB, MEpPEILTyTYBaHHS,
CKpy4YyBaHHSI Ta Iepekocy cre0en, a Tako Oe3 BIJHOCHOTO 3MIIEHHS
cre0en 3a JI0BKHHOIO.

ITig gac pyxy arperaTy 3i IIBHIKICTIO V, B3JOBXK CTPidKH cTeOen

JBOHY | KiJIbKIiCTh cTeOen |, Mo MiIOMpaeThes ManblIMU ITiIoupava 2 3a

OJIMHHUIIIO Yacy, JTOPIBHIOE I,

«-V, . Taka X KilbKicTh cTeOeN 3a OAMHHIIIO

yacy Oyle HaIXOOWTH Y IpecyBallbHy Kamepy mnpec-mindoupada. OTxe,
CIIpPaBeJIBAa PIBHICTS!

i=i,-v, =i -V, =gV, (2)
ne i, — KimpkicTh creben Ha | M JOBXKHMHM CcTeOIOBOI CTpiukH, siKa
pyXaeTbcs Ha KOXYXy MifOMpada B 30HI Ail foro mamsmiB; V; — KOJIOBa

IIBUAKICTh MajibLiB Hmigbupava;i; — KiAbKicTh creben Ha 1 M JOBXKHHH

cTeOI0BOI CTPIUKM y PynoHi 9; V,, — IIBHAKICTh HECKIHUCHHHX IaciB 5 Ha

BEAYYHX BaJMKax 6, sKa JIOPIBHIOE KOJOBHM IIBUAKOCTSM Ha OapabaHi 3 i
BiI0IiHOMY BaJIHKy 4.

Hdns  skicHoro migOWpaHHA 3  MiHIMAIBHUMH  BTpaTaMu
JIEOHOCHPOBUHM ITOKAa3HUK KiHEMAaTHYHOI'O pPEXHMY poOOTH MmigOmpada
A=V, /Vi >1, Tobro V; >V, , a ToMy, 3 ypaxyBaHHAM (2), Mae Micue

HepiBHicTh i, <i,. Omxe, mixg 4ac migbupaHHs CcTeGJIOBOI CTPIUKHM BOHA
pO3IyIIyeThCs, 11 MITBHICTE 3MEHITYeThCs. Lle sBHIe XapakTepu3yeThes
3MEHIICHHSIM TOBIIMHHU CTEOJOBOI CTPIUKHM, SIKA PYXaeTbcs Ha KOXKYXY

migOupaya B 30Hi i HOTO MaibIiB.
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i 3 E ¢ i
Puc. 1 — Cxema migOupaHHs 3 TIOBEPXHi JHOHOBHUINA CTPIYKH CTEOEN JbOHY
Ta i TPaHCHIOPTYBaHHsS B INpPECYBaJIbHY Kamepy Mpec-minoupaya:
1 — crpiuka creben JboHy, 2 — migbupay; 3 — Oapaban;
4 — BinOifiHMIA Baauk, 5 — HECKIHYEHHI macu; 6, 8 — BaJIMKH;
7 — mianpyxuHeHa pamka; 9 — pynoH; 10 — moBepxHs JIbOHOBHILA

VYHacnigok Toro, mo V, >V, y AeKilbKa pas3iB, cTebnoBa CTpiuka,

sIKa HaJIXOJUTH Bif mif0upaya 2, yIijbHIOETHCS MEepes HAMOTYBaHHSM 11 Ha
pyioH 9 y mpecyBalbHii KaMepi 3MiHHOTO 00’eMy. A TOMY, 3 ypaxyBaHHSIM
(2), mae wicie HepiBHICTH |, <iy. JlaHe sBHINE XapaKTEPH3YETbCS

301JIBIIIEHHSM TOBIIMHU CTEOJIOBOT CTPIYKH Ta ii IITBHOCTI.
3 (2), BpaxoByroun (1), BU3HAUMMO KiNbKicTh iy creben Ha | M
JIOBXKUHH CTEOJIOBOI CTPIUKHU Y PYJIOHI:
s =0/Viy =1V [Viy =lo gy, vy ®)
3rifHO 3 NPUHHATAMM JONYLIEHHSIMHM BH3HAYMMO KiNbKicTh K
creben y KOKHOMY IIapi cTe0el CTpiuKh y PYIIOHI 32 (GOPMYIIO0:
ko= iy /10° = dyy -y -0y by v, [(10%-v, ), @)
ne d=d., — xiamerp oaHoro crebna B mapax crebern y MigiMeTpax, sKHi
JOPiBHIOE CEpETHROMY 3HAUCHHIO JliaMeTpa cTedra B CTpiii cTe0er IHOHY.
ToBumHa h, crebnoBoi crpiuku Ha Gapabani 3 (puc. 1) mepern

IMOYaTKOM ii HAMOTYBaHHA Ha PYJIOH 9, 3 ypaxyBaHHAM (4) 1 mMpUAHATHX
JIOMYIEHb, TOPiBHIOE:

hy :dﬁéla'kﬁ/]-o3 = ﬁzéé By Ny by - v, /(106'Vi.'r ) (5)
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Ha mpaxTwii, 3aBAsSKd KPUBONIHIHHOCTI cTeOeN 1 HEMIUTEHOMY iX
yKIIaJaHHI B CTpiuKy, TOBIIMHA h. creOmoBoi cTpiuku Oyme Oinpmma. Sk
TUIBKK CTeONOBa CTpiUKa IOYHE HAaMOTYBaTUCh Ha PYJIOH ii TOBIIMHA
3MEHIIYETHCSI BHACKIIOK J1ii poOOYMX OpraHiB MpecyBaJIbHOI KaMepH i Baru
pYJIOHY.

Maca m, creben CTpiuKM JBOHY, IO MOAAIOTHCS B MPECyBaNIbHY
KaMepy 3MIiHHOTO 00’ €My 3a OJJMHUITIO Yacy, 3 ypaxyBaHHIM (2), TOpiBHIOE:

My =M-0 = Mgy -0V, =My i5- Vi s (6)

Ie M=my, — Maca ofHOro crebma B Imapax creben, ska OPiBHIOE

CepeIHLOMY 3HAUCHHIO MaCH cTe0J1a y CTPIYIIi.
ITo3HaYUMO TOOYTKH Mgy -5 TA My -i; BiIIOBigHO sIK M, 1 My,
II0 XapaKTepPU3yOTh MAacCH OIMHHUI[ JOBKMHH CTEOJIOBOI  CTPIUKH

Bi/MOBIIHO Ha JIbOHOBMILI Ta B pynoHi. Sk BumumBae 3 (6), Maca mM;
OIIHOTO MeTpa JIOBXKHMHHU CTEOJIOBOI CTPIUKU y PYJIOHI 3aJIEKUTh BiJl TPHOX
mapaMmeTpiB: m,, V, Ta V,;. Ilpudomy mepmmii 3 muX mHapaMeTpiB

3aJIeKUTh BiJl BPOXKAHHOCTI (, JIbOHOCUPOBHHM, JpPYIHil Tapamerp

BH3HAYAETHCS 32 MAKCHMAaIbHO MOXXIMBAM 3HAUYCHHSIM IPOAYKTHBHOCTI
poboTu arperaty, a TpEeTili — 3aJIeKUTh BiJl KOHCTPYKIII MPUBOILY pOOOYMX
OpraHiB TpecyBajJbHOI KaMepu pYJIOHHOro mpec-miadupaya. Skio

paxysatu (1) i samexwmicts m, =gq,-B/10°=q,-n,-b,/10°, ne m,
BUMIPIOETBCS B KI/M, (|, —BII/Ta, a B —y MeTpax, Toxi 3 (6) omepxumo:
H 2
my :mﬁéa'lo'nﬁ'bﬁ'vi /Vi.'r :mé.kéﬂ :qe.r'|r~1.bﬁ.|((,)€J /]_0 , ©)
e Ky =V, [V, =My /m, — xoedilienT yminbHioBanHs cTe6n0Boi cTpivkn
JILOHY TIepe/i HAMOTYBAHHSM i1 Ha PYJIOH y MpecyBalbHiN KaMepi 3MiHHOTO
00’eMy.

BucnoBkn. BpoxaiiHiCTb (|, JIbOHOCUPOBUHU Y BUIJIAM]
JILOHOTPECTH MPUOJIM3HO 3HAXOAUThCsI B Mexax Big 20 mo 50 wra [1], a
30MpaHHs JbOHY B YKpaiHi 3AIHCHIOETHCS MEPEBAXKHO JIHOHO30MPATbHUMHU
xomOaiinamu JIK—4A, mia sxux N, =4 i b, =0,38 m [l], Tomy Mmaca
m, ~0,3...0,8 xr/m. llIBuakicte pyxy V, arperaty 3aleXHTb BiJl yMOB
oro po0OoTH (XapaKTEpPUCTHK IIOBEPXHI JILOHOBHUINA Ta PO3CTEICHUX
CTEOJIOBUX CTPIUOK) i 3MIHIOETHCS MPUOIM3HO B MeXax Binm 6 mo 10 km/rox
(abo Bix 1,67 mo 2,78 m/c). 1lIBunkicTh V,; HECKIHYEHHHMX MaciB 5 Ha

BEeAy4MX Banukax 6 (puc. 1), fka IOPIBHIOE KOJOBHUM IIBHAKOCTSIM Ha
6apabani 3 i BinbOiiHOMY Banmuky 4, npubmm3Ho ctanoBuTh 0,9 M/c. OTxe,
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koedimieHT K,  yIIIbHIOBaHHA CTEONIOBOI CTpiYKM JIBOHY Hepen

HaMOTYBaHHSIM ii Ha PYJIOH 3MIiHIOETHCS MPUONIM3HO B Mexax Bif 1,86 mo
3,09.

Ha puc. 2 nobynosaro rpadix Gpynkmii m, =m,(m,,v, ).

-

{36 ]

Puc. 2 —3anexnicth Macu M, 1M JIOBXHHM CTEOIOBOI CTPIUKH y PYTOHI
Bim Mach M, 1M HOBXHHHU Ii€i CTPIYKM Ha JHOHOBHIINI Ta

MIBUIKOCTI pyXy V, arperaty

Sk 6auMMo 3 OTPHMAHHX PE3yNbTATiB aHANi3y, B PYIOHI Maca M;

OITHOT'O METpa JOBXKUHH CTEONOBOI CTPIUKKA MOXe MPUAMATH 3HAYCHHS BiJ
0,56 mo 2,47 xr/m. 3 ypaxyBaHHAM IBOTO aHaNi3y OyIe NpPOBEICHO
JIOCITIJDKEHHSI TIpo1iecy pOpMYyBaHHS PYJIOHY 31 CTPIUKH CTEOEI JIbOHY.
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AOCNIMKEHHA NPOLIECY BIAXUIEHHA BiA HAMNPAMKY PYXY
HA CXUNAX MOTOBJIOKA 3 CAOUJIbHOIO MALLIMHOIO

OO0tpyHmMoBano  3aCmMocy8anHs  po3cadoCcaouNbHOi  MAWUHU 3
MEeXauizMoM NONepeuHo20 nepemiujents caounvhux cekyiti. Ha ocHosi
Oazamoghaxmopro2o excnepumeHmy UHAYEHO ONMUMATbHI 3HAYEHHA
Gaxmopie, npu aKux iOXuieHHs aspe2amy 6i0 3a0aH020 HANPAMKY DYXY €
MIHIMATTOHUM.

CAIWJIBHA CEKIISI, COIIHHUK, BIIXWJIEHHSA, ®AKTOP,
I'PYHT, CXHUJI

IMoctanoBka mnpo6aemu. OIHIEIO 3 OCHOBHHX  Omepamii 3
BHUPOIIYBAHHSA PO3CaJAHUX KYIBTYp € iX CagiHHA, SKICHE MEXaHi30BaHE
BUKOHAHHS $KOi BHpINIEHO B pIBHUHHAX YMOBaX 3 3aCTOCYBaHHAM
BEJIMKOrabapuTHOI TEXHIKH. MexaHi3allisl 1aHOi omepallii BUKIUKA€e TEBHI
TPYAHOII B yMOBax CXWIiB (70 12°), OCKINBKH CIIOCTEPIraloThCS MPOIECH
MOPYIICHHST KypCOBOI CTIMKOCTiI arperatiB. OTke po3poOka arperary Iuis
CaJiHHSA PO3Caail B YMOBaX CXIJIIB € aKTyaIbHOIO 1 BXKIIMBOIO 331a9€IO0.

AHani3 octaHHix Aocaimkens i myOaikaniii. PoscamocammmsHi
mamman CKH-6A, CPHM-4 [5] npusHaueni uis poGOTH Ha piBHHHH.
3acrocyBaHHA 1X CXWiIaX NPU3BOAWTH MO BIAXWIICHHSA BiJl 3aJaHOTO
HanpsIMKY PyXy 1, BIAMIOBIHO, 10 HESIKICHOrO BUKOHAHHS OTeparlii caliHHs
pozcanu.
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