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1. AHAJII3 ICHYIOUYUX JOCTIKEHDb

1.1 Anani3 cmoco0iB cradutizanii pyxy po00o4oro opraty Ha 3aaaHiii riinOuHi

KynpTuBanis ue npouec po3nymyBaHHs NTOBEPXHEBOIO WIAPy IPYHTY HA MIHOUHY
70 20 cM, 0 BUKOHYETHCS U1l YOTUPHOX IIJICH:

1) mepennociBHa KyJabTUBALS MTPOBOJUTHLCS HA TIMOMHY MOCIBY HACIHHA 3-8 cM
(B 3aJI6KHOCTI BIJI KYJIBTYPH ) KYJBTUBATOPAMH 31 CTPUTYACTUMHU JIallaMU , IO PUXJIIATS 1
NOKJIMKAaHA CTBOPUTH ONTUMAJIbHI YMOBH JUIsl IPOPOCTAHHS 1 BKOPIHCHHS HACIHHS,

2) MDKpsSAHA KyJbTHBALS MPOCANHUX KYJIbTYP BHKOHYETHCS CTPLTYACTHMH
Janamu,

3) KynbpTUBaLis MMapa 1 3HULICHHS Oyp'siHIB;

4) nmockopizHa 00poOKa CTEpHI — AJi CHIFO3aTPUMAaHHS 1 3aXUCTY BiJ €po3ii.

[Tpu kynbTHBALIi IPYHTY POOOUMIA OPraH MOKE BIAXWISATHCS Bl BCTAHOBJIEHOI
rUOUHK HE OUIbIIE HIXK HA =1 ¢M, 1 CTBOPrOBATH I'peOHI Ha mojis He Outbiie 1 cMm. [{ns
JOTPUMAHHSI BCTAHOBJIEHOI MMMOMHM XOAy JIamd HEOOXIJHO TOMOTTHCS KOMIFOBAHHS
penbedy IPYHTY, SIKE XapaKTEPU3YEThCA BEPTUKAIBHUMU BIIXWICHHIMH PI3HUX TOUOK
Jany i paMu BIZHOCHO MOBEPxHI NoJs [1]. BUBUEHHIO BIUTMBY HEPIBHOCTEH MOBEPXHI
NoJisi Ha HEPIBHOMIPHICTh TJIMOMHU XOAy JIall KyJbTUBATOPIB MPHUCBIYEHO OaraTto
nociikeHb. OcoOMIMBO BEJIMKY yBary OTPUMalO JAaHE NUTAaHHS B 3B'A3KYy 3
BUHUKHCHHSM MPOOJEMU MiABUIIEHHS POOOYHMX MIBUAKOCTEH CLIIbCHKOTOCIOAAPCHKUX
arperaris.

JIOCITHUKK BBA)KAKOTh, IO PIBHOMIPHICTH X0y Jlall KYJIBTUBATOPIB 1 CIBAIOK-
KyJIbTHBATOPIB BU3HAYAETHCS KOMIOBAHHIM POOOYMM OPraHOM HEPIBHOCTEH MOBEPXHI1
noJist [2]. [11o0 30epertu piBHOMIPHICTD MIIMOMHU XOAY, Jiana MOBUHHA BIIXWISTUCS BiJT
OPSAMOJIIHIHHOTO PyXy 1 ONUCYBATH TPAEKTOPIO MApaJICIbHY TPO(UII0 TOBEPXHI MOJS.
A nns 1poro HeoOXiaHO, MO0 CTiiika poOOYOro opraHy Mmaja HEBEJIMKY >KOPCTKICTh
NPY>KUHU, HE3HAYHE MONEPEAHE CTUCHEHHS 11 Ta HE3HAYHY Macy.

[Hma rpyma pochigHukiB [3-5], pO3IIAIaruM CTaTUYHY MOJENb JIAMOBOrO

po0oUYOro OpraHy, BBRXKAIH, IO PIBHOMIPHOCTI MMHMOMHHA XOAy MOKHA JOMOITHCH,
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HABIMAKW, 30UIBLIEHHSAM >KOPCTKOCTI IITAHTOBOI MPY>KWHH, 3YCHIIIS MOMEPEIHBOTO
CTUCHEHHS 1 MACH POOOYMX OPraHiB.

[Tpu anami3i pyxy poOo4oro opraHy B IPYHTI CJiJ BpaXyBaTH 1 Te, 10 XapaKTep
BIIJIUBY HEPIBHOCTEH MOBEPXHI MOJISl HA COITHUKOBY CUCTEMY HE OJHAKOBHIA Ha PI3HUX
MIBUAKOCTSX PYXy MOCIBHOrO arperary. Takok HEOOXIJHO BpaxoBYBATH, IO
KOJIMBAHHSI pOOOYMX OPraHiB 3aJICKUTH 1 Bl CHUJIA OMOPY IPYHTY, SIKA Ma€ HEMOCTIHHE
3HAYCHHS.

TakuM 4MHOM, B PO3TJITHYTHX pOOOTaX B MUTAHHI PIBHOMIPHOCTI MNIMOWHU X0y
JanoBuxX PoOOUYMX OpraHiB 3yCTpiyaroThes mpotupiuus. OpHa rpyna IOCIHIJIHUKIB
npardyjia 3HAWTH MO>KJIMBOCTI 3MCHILCHHS KOJMBAaHb COLIHUKIB MPH 3MiHI BIUIMBY
npO(UTIO MOAs CTBOPEHHSAM TAKMX YMOB, KOJIA COIIHMK OYB OM HEUYYTIMBUM 10 3MIH
MX BIUIMBIB 1 30epiraB MOCTIHY TTMOMHY CBOTO XOIy, «3pI3yHOuM» Wi 3MIHW. [Hma
rpyna JOCHIJHWKIB HABIAKW, MparHyiaa MIABAIIUTH KOJIWBAIbHI PYyXH COLIHUKA 3

METOIO MOJIMIIEHHS KOMTIOBAaHHS MPO(IIIO MOJIS.

1.2 AHaji3 KOHCTPYKUIiHi CTOHOK i peXumiB poOdOTH JIAaOBHUX POGOUYMX

Oprasis

[ pyHT Ma€ HEOMHOPIAHY CTPYKTYPY, KA, IpH ii 00poOiti, poOUTH Pi3HUI BILIUB
Ha poOounii opran. CPopmMysbOBaHUNA NOCIITHUKAMM [6] mpuUHIMNO 1ii 3HAPALAS HA
IPYHT (akTH4HO OYB MEpmIMM OOIPYHTYBAHHSM 3MIHHOTO XapakTepy CHJIM ONOpY.
Po3BuHEHMI mMi3HINIE, 1€ MPUHIMUII JIr B OCHOBY TEOPii B3aeMOJIi BIOPYHOUOIo
poGouoro oprany [7] 1 npy>KHO 3aKpimieHoro [8].

JUIs BUKITIOYEHHS BIUTMBY (DI3UKO-MEXAHIYHMX BJIACTUBOCTEH TIPYHTIB Ha
rMMOMHY XOJy Jamnu BHKOPHUCTOBYKOTBCS KOPCTKI croiiku (puc 1.1). OOnacts
3aCTOCYBaHHS KOPCTKUX CTOHOK XapPaKTEPHU3Y€EThCSI B OCHOBHOMY BEJTMKOIO MITMOUHOIO
00poOKH 1 TBEPAICTIO IPYHTY (YM3ENBbHI KYJIbTUBATOPH). TakKoXK JaHA KOHCTPYKILiS
CTOWKH BUKOPHCTOBYETBCS B CIBAIKAX-KYJIBTUBATOPAX HEBEIMKOI IIMPUHU 3aXOIJIEHHS
(C3C, CKII, CKC, CCB 1 1H.). /laHuii TN CiBaJIOK 3aCTOCOBYBABCS JijIsl TIOCIBIB IO
CTEPHI, @ TAKOXX HA I[PYHTaX, MIJATOTOBJIICHUX A0 MOCIBY TIMOOKOPO3MYIIyBaYaMHu.

Hapani >xopcrki croifku Buao3minwmcs (puc. 1.1 6). ['eomerpisa croiiku 2 mana
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C-noaiOHy (opmMy 1 WapHiIpHE KpirJeHHs 3. J{ns 3MiHM MOJI0KEHH Janu Oyia AoaaHa

npy»kuHa 4, sKa A03BOJIsIa AOTPUMYBATUCS IMTUOMHY X0y JIAIK.

Pucynok 1.1 - PoGounii opran Ha >kOpPCTKIA CTOMIII:
a - )KOPCTKa CTiiika; 0 - )KOpCcTKa MANPY>KMHEHA CTOMWKA

1-namna; 2-ctiiika; 3-mapHip; 4-npy;xxuHa

3acTOCyBaHHS  MPYKMHHA  JO3BOJMJIO  OTPUMATH  HENIHIAHY  MPY>KHY
XaPAKTEPUCTHKY, 110 JO3BOJIMIO YAaCTKOBO ONTHMI3YBATH MPOLEC MAIAX MEPEMIIIEHD
poOovoro oprany B TIpyHTI. JlaHl CTOWKM MarTh JOCTATHIO JKOPCTKICTH JUIS
BUKOPUCTAHHS HA BOKKUX I'PYHTAX, aji¢ BOHU HE JO3BOJISUIA KOIIKOBAaTH Penbe(d moss
Ha IPyHTaxX PI3HOI TBEPAOCTI 1 BIAMOBIAHO JOTPUMYBATUCS arpOTEXHIYHUX BUMOTH B
NOBHIH MIpi.

VY 20-x pokax 20-ro cTOmITTA B €BpONl MOYaIM IMIMPOKO 3aCTOCOBYBATHUCS
OPYXKUHHI CTOHKHM, BHUIOTOBJEHI 3 JIErOBaHWX CTancil. [lepBMHHOKO METOMO
3aCTOCYBaHHS TaKWX CTOHOK MOJsraja B MiJBHIIEHHI HAAIMHOCTI KPIMUICHHS, TaK SIK
CTiiika MOM'sKIIyBaJla yAapyd 1 A03BOJisfia poOOUYOMY OpraHy AONaTh NEPEIIKOIH.
[Tomanplie BUBYEHHS MPOLIECY B3a€MOAli PoOOYOTO OpraHy Ha MPYXKMHHOI CTOMII
J03BOJIAIIO 3a()IKCYBATH 3HUIKEHHSI TATOBOTO ONOPY 1 CAMOOUYMIICHHS BiJ Oyp'sHIB [9].

Ha puc. 1.2 nokaszani C-moaiOHiI KyJIBTHBATOPHI CTOHMKH 1 CTOWKHM CIBaJlOK-
KynbTHUBATOPiB. C-MOAIOHI CTOHKM MOXXYTh BHUKOPHUCTOBYBATHCS B CYKYMHOCTI 3
OPYKUHHUM €JIEMEHTOM, 110 T03BOJISE 301JIbIIUTH 3THHAIIbHY KOPCTKICTh CTOWKH 1 THM
CaMUM BHKOPUCTOBYBATH iX HA PI3HUX THIMAX IPYHTIB. Y MPOLEC] B3aEMOAIT 3 IPYHTOM

Jana 3a1HCHIOE KOJMBAJIbHI PYXH, SIK B HAPSAMKY PYXY, TaK 1 B MO30BKH1H TUIOLIUHI.



Pucynok 1.2 - IIpyxunH1 cToiikn C-nmogiOHO KOHCTPYKLIEH):
a - cTiiika KynbTHBaTopa «Arpidect»; 0 - criiika kynsTuBaropa KIIC-12I1M;
B - comHuK ciBanku «KAGROMASTER 4800»

3apyOikHi1 TMOCIBHI KOMIUIEKCHM MArOTh OJOYHO-MOAYJIBHY OYIOBY 1 BEIMKY
HIMPUHY 3axBary arperary (10 JEKUIBKOX JECATKIB METpPiB). JlaHI KOHCTPYKIIii
JO3BOJISIFOTE BHKOHYBAaTH KIJIbKA OMNEpaliid OJHOYACHO 1 3MEHINYKOTh KUIBKICTh
IPOXOJIIB arperary mo MOJ0 3a PaxyHOK BEIMKOI MIMPUHM 3axBary. AJie HEOOX1IHO
BPaxOBYBATH, 10 HEOAHOPIAHWI BIJIMB IPYHTY HA POOOUYMA OpraH MpU3BOAUTH MO ii
NEPEMILICHHIM, sKI HOCSATh BUMAAKOBHMNA xapaktep [3]. | B pa3i HemoCTarHbOi
JKOPCTKOCT1 CTOMKHM, TMTMOWHA pyXy Jlanu He Oyae 3aJ0BOJBHATH arpOTEXHIYHUM
BAMOTaM.

Kpim C-nomiOHux cToiiok poOoYMX OpraHiB IPyHTOOOPOOHMX Ta MOCIBHUX
MAalINH ICHYIOTh S-MOA10H1 NPY>KUHH1 CTOWKHM, KOHCTPYKIIS IKMX MMOKa3aHa Ha puc. 1.3
[10]. daHi cTOiKKA OTpUMaNK LIMPOKE 3aCTOCYBaHHS B KOHCTPYKIISIX KyJIbTUBATOPIB

TaK K, Oy y4u NPY>KUHHUMU, POOJISATE BIOpaLiitHuii BIuiMB Ha 0OpOOITFOBaHMI TPYHT.

Pucynok 1.3 - Knacugikanis S-nmogiOHUX CTOMOK:
a - OTHOPIAHA CTiiKa; O - 301pHA CTIHKA; B - CTiiiKa 3 HE3AKIHYUEHUM BUTKOM;

T - CTIiiKa 3 JOJaTKOBHUMH BUTKaMHU



8

[TapameTpu KoOJIMBaHb, sIKI 3AIACHIOE Jamna, OE3MOCEPEHBO 3aAJICKHUTh BIJ
KOHCTPYKILi# (puc. 1.3):

a - S-moaibHa oxHOpinHa cTiiika. Mae He30ipHy OyIOBY, JKOPCTKICTh CTONKH
3QJICXKUTH BIJ Matepiaity, pOpMHU MOMEPEYHOTO NEPEPI3Y 1 TOBIIMHU CTIHKH MEPETUHY,

0 - S-noniOHa 30ipHa cTiiika. CKIanaeTbes 3 ABOX NPY>KMHHUX YaCTHH: BEPXHBOT
1 HWOKHBO1. BEpXHs YaCTHHA CTOWKM MA€ BEJIMKY KOPCTKICTh 1 MOKE OyTH BUKOHAHA y
BUIJISII JEKUTBKOX TUIOCKUX €JIEMEHTIB.

B - S-noniOHa CTiiKa 3 HE3aKIHYEHUM BUTKOM. Moske OyTH K LUTICHORO, TaK 1
ckJlagHor0. KOHCTpYKIS CTOWKM JO3BOJISIE 3IIMCHIOBATH KOJIMBAHHS OUIBIIOKO
aMIUTITY 010, B IOPIBHSHHI 3 MOTIEPEAHIMHA PO3MVISIHYTUMHA CTOHKAMH.

r - S-monaiOHa cTilika 3 JOJATKOBUMM BUTKAMU MpU3HAYCHA i PpoOOTH Ha
BOKKUX I'PYHTAX, B HEl MIJBUIIEHA KOPCTKICTIO 32 PaXyHOK MONEPEYHOTO MEPEPIZY.

Ha puc.1.4 nokazani KOHCTPyKIIi S-MoA10HUX CTOHOK CYy4aCHHUX KyJIbTHBATOPIB,
Kl B JaHWI 4Yac HIMPOKO BUKOPHCTOBYKOTHCS Uisi OOPOOKHM TIPYHTY. 3acTOCYBaHHs
301pHUX CTOHOK J03BOJIsIE BUKOPHCTOBYBATH KYJIbTUBATOP HAa PI3HMX TUMAaX I'PYHTIB

HIJITXOM 3MIHHU )I(OpCTKOCTi, J0Aar04H IJIaCTUHHU A0 BerHBOi YaCTUHU CTOMKHU.

Pucynok 1.4 - KynbTHBaTOpPY 3 NPY>KMHHAMHA pOOOYMMH OpraHaMM:
a - cToiiku nepeanociBHoro arperary Kompaktomat; 6 - npyxuHHa
NOPOKHUCTA CTiiKa 3 TOJMATKOBUMM BUTKAMH; B - CTOWKH CTEPHBOBOIO KYJIbTUBATOPA

«Arpidect»; T - CTOMKHM KynbTHBaTOpa Mapku KbM

VY mpoiieci BUBYCHHS B3aeMOJI1i poO0YOro oprany 3 IpyHTOM OyJIO BIA3HAUYECHO,

oo 31 3MIHOK (I3MKO-MEXAHIYHMX BIJIACTUBOCTEH IPYHTY 1 MIMOWHM OOpPOOKH
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3MIHIOETBCS 1 MPY>KHI 3MIIIEHHS POOOYOro OpraHy, M0 OTPUMAJIO HA3BY - CTIHKICTB
X0y MO TIMOUHI.

B pe3yabpTari BUBUCHHS ILOTO sBUIIA OyJIM BUJIUJICH] 1B TOJIOBHI YAHHUKH, 1110
BIJIUBAKOTh HA CTIMKICTh X0y poO0OUYOro Oprany mo riavmOHHi:

1. Mikpopenbse®d nosist - 0coOOMMBO BIUIMBAE HA PIBHOMIPHICTh X0y MO TTTMOWHI
JanoBUX IPYHTOOOPOOHMX Ta MOCIBHUX 3HApsAb [11].

2. HenocriiiHi (13WKO-MEXAHIYHI BJIACTUBOCTI IPYHTY Mpu Horo oOpoOui
CTBOPIOKOTH 3MIHHY CHJTY ONOPY, IO Jii€ Ha poOouunii opra [12].

Benmnunnaa naHux nepeminieHb MOPIBHIHHA 3 TNIMOMHOKO X0y 1 MOXKYTh OyTH SIK
JTIHIAHUMMU, TaK 1 KyTOBUMHU. [Ipy>kHO 3aKpinieHnit poOounii opras nig Qi€ CHIIA OMOPY
IPYHTY OyZi€ 3MiHIOBATH TTIMOMHY XOAY 1 KT P13aHHS, [0 HEraTUBHO MO3HAYATUMETHCS
Ha SKICHUX TOKa3HMKax mnpouecy oOpoOku rpyHTY. TOMy XapakTepuCTHKH
00poO0JIFOBaHUX I'PYHTIB O€3MOCEPEAHBO MOB'A3aH1 3 3rMHAJBLHOI YKOPCTKICTIO CTOMKH,
SKa, B CBOKO YEPry, BCTAHOBIIOE OOMEKEHHS 1010 BAKOPUCTAHHS MAILIMHU HA TPYHTax
PI3HOTO TUMY.

[TpoBencHnii aHami3 CTOHOK poOOYMX OPraHiB KyJIbTUBATOPIB TOKA3aB, IO
3aCTOCYBAHHS MNPY>KUHHUX CTOMOK JO3BOJISIE HE TUIBKA 30LIBIIMTHA JOBTOBIYHICTh
CUIBCBKOTOCMOAAPCHKOI MAlIMHY, ajl€ 1 3HU3UTH TATOBHI OMIP arperary 3a paxyHOK
OPYXXKHUX TEPEMIIEHb poOoUYOro oprany. Benwka po3maiTicTb KOHCTPYKIH CTOMOK
0e3nocepeHb0  TOB'SI3aHO 3 MMOMHOK  00poOKM 1 (PI3MKO-MEXaHIYHUMU
BJIACTUBOCTSIMU TPYHTIB. 3aCTOCYBAHHS (JIETKMX» KYJIbTUBATOPIB Ha OIIbII BAKKHUX
IPYHTaX Npu3Beae 10 Aedopmaltii 1 BUXOY 3 JIay CTOWKH, a 3aCTOCYBAHHS «BAKKUX)
KyJbTHBATOPIB HA JIETKAX IPYHTAX HEOOIPYHTOBAHO 301JIbIIATHE EHEPTOBUTPATH B CHITY
CBOET METAJIOEMHOCTI. 3HAYUTh, ISl TPYHTIB PI3HOI TBEPAOCTI 1 (PI3UKO-MEXAHIYHOTO
CKJIaAy MAalIMHU s MEPEANOCIBHOTO OOPOOITKY IPYHTY MOBHHHI MiAOWpaTUCs
IHAVBIAYAJLHO. | TUIBKK MPaBUIIBHE 31CTABJICHHS XAPAKTEPUCTUK IPYHTY 1 KOPCTKOCTI

CTOMKH MPU3BEIE A0 MAKCUMAIBHUX SIKICHUMU MOKa3HUKaMU 0OPOOKH.

1.3 AHani3 poOiT 3 poO3paxyHKY i NPOEKTYBAHHH THYYKHX TpPyO4acTux

eJICMCHTIB

HaiinpocTiliyM NpuKIaaoM THYYKOro TpyO4yacToro €eMEHTa € MAaHOMETPUYHA

OPYXKUHA. Y MAHOMETPHYHIA MPYKUHI BUKOPUCTOBYETHCS BJIACTUBICTH MOPOKHHUCTOI
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TOHKOCTIHHOI TPYOKH HEKPYIJIOTO TMEPETHHY, IO Ae(POpMyBaTUCS MiJ TI€K0 THUCKY.
[IpyxuHa € KpUBOK TPYOKOIO, IO MAE HEKPYTIY (HOPMY MOMEPEYHOTO MEPEPIZY, AKE
Mae oJHy a00 JIB1 B3aEMHO MEPNEHANKYISPHI OCI 1 pO3TAIIOBAHE TaK, 110 OJHIA 3 HOTO
OCeii € TMPOAOBXKECHHAM paaiyca KpuBu3HM (puc. 1.5). OoquH KiHEUb MNPY>KUHU

3aKPIMJIFOETHCS B HEPYXOMOMY IITYLEPl, a IHIIANA 3'€JHYETbCS 3 MEXaHI3MOM

OCKUTBKM BCl JUISTHKKA NPY>KMHUA BypaoHa 3HAaXOOATbCS B OJHAKOBHX YMOBAX
: : : : . do :
(KpiM MICLb KpINJIEHB), BIAHOCHUA KYyT MOBOPOTY < C/IeMEHTa OyJe JOOpIBHIOBATH

BITHOCHOMY KYTYy MOBOPOTY AD/® KiHIEBOTO NepeTUHyY NpyxuHu (puc. 1.6 a).

Tomy BHpa3 aj1s NOB3IOBKHBOT AedopMallii € MOKHA MTPEACTABUTH Y BUTIISAL
AD
W—X——

81 = qu) . (11)

Pucynok 1.5 - ManomeTpuyHa TpyOyacTa npy>kuHa

HaiiGuibn  mepeMilieHdss w, 0TKe, 1 HaWOUIbLIl TOJOBXKECHHS OTPUMYIOTh
BOJIOKHA (puc. 1.6 0), po3ramoBaHi moOAM3y KIHIIB Mayioi oci nepetuny. [ToBopoT
NEPETHUHIB MPYXUHU MOB'SI3aHUN CaMe 3 MPArHCHHSM «AKTUBHUX» BOJIOKOH - 30€PErTH
CBOIO MIOYATKOBY JIOBXKUHY. BO0KHA MOOIN3Y KIHIIIB BEIMKOT OC1 - «ITacuBH1». BoJlokHa
NEPEMIIIAIOTECS B OCHOBHOMY B HANpPsAMKY OC1Zz,1 iX JOBXMHA npH Acpopmarii
NEPETHHY 3MIHIOETBCS HE3HA4YHO. Tomy, Oakaroudm NOBEPHYTHUCA OO0 KOJMIIHIX
PO3MIPIB, KAKTUBHI» BOJIOKHA 3yCTPIYAOTh OMIP 3 OOKY «IACUBHUX» 1, CTUCKAIOUM iX,
cam1 3JIMIIAI0THCSA PO3TATHYTHMH. Y HHKHIH MOJOBHHI NEPETHHY «aKTHBH1» BOJOKHA
OyyTb CTUCHYTI, & KTACUBHI» - PO3TATHYTIL. PO3Mmoa11 no3aowxHiX AedopMmaniii €1, Mae

3HAKO3MIHHMI XapakTep, o noka3anuii Ha puc. 1.6 0.
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OTxe, TOJIOBHOK YMOBOK poOOTH MPy>KMHU BypAOHa € BUKPUBIEHHS KOHTYPY
MONEPEYHOro mnepepizy. Unm Oubliie 1€ BUKPUBIICHHS, TUM Oiibiie KyToBud AD 1
JIHIAHE A, TIEPEMIMICHHS KIHIS TIPYKUHH.

SBHIIE PO3NPAMIIEHHS CIUTIOIIEHOK KPUBOI TPYOKHM MiJ M€K0 BHYTPILIHBOTO
TUCKY OYJIO MOKJIaJICHO B OCHOBY MEPIIOr0 MaHOMETPA, 3anaTeHToBaHoro B 1848 pori
napu3bkuMm MmexaHikoM E. Bypmonowm [13]. [lepma Teopetnuna poOOTa, NMPUCBsSYEHA
po3paxyHKy npy:kuH bypaona, Oyna onyoOmikoBana B 1872 pomi Ximaom [14], e 3
TFEOMETPUYHMX MO3WLINA MOSCHEHA TPUYHAHA PO3NPIAMIICHHS MPY>KUHHM M1 J1€F0 TUCKY .

Jlo Oupmn mi3HBOrO mepioay BiaHOCAThes crarti A.M. Worthington [15] 1
A.G. Greenhill [16], sik1 nar0Th JIMIIE SKICHY KapTHHY Aeopmarii TpyOku 0e3 BKa3iBKU
MOKJIMBAX WUIAXIB OTPUMAaHHS KUIBKICHUX 3aleKHOCTEH MIXK XOAOM TPyOKH 1
TUCKOM. i X poOIT XapakTepHO OUThIN TTMOOKWI PO3IIIA SKICHUX 3aJIEKHOCTEH
MDK mapameTpaMu TpyOku. Brume aedgopmanii nonepeyHoro nepepizy TOHKOCTIHHOTO
KPUBOJIIHIHHOTO CTEP)KHS HAa 3TMHAIBHY >KOPCTKICTh Brepuie Oylo AOCHIIKEHO B
pobortax T. Kapmana [17], skuif TpONOHY€ BUKOPHCTOBYBATH IMOMPABOYHUNA KOEPILIEHT

B PO3PAaxXyHKax HaMpy>KeHb 1 Aedopmanii MAHOMETPUYHOI TPYOKH.

Pucynok 1.6 - Jlepopmartii MAHOMETPUYHOI IPYKUHU

B po6Gori [18] aBropm cnpoOyBaii YTOUYHHTH ICHYHOUY TEOPIKO MUISXOM
00'eTHaHHS PO3PaxXyHKOBHUX (HOPMYIT ISl pO3PAXyHKY TOHKOCTIHHHMX 1 TOBCTOCTIHHHUX
npyuH. [[OpiBHSHHS pe3ysIbTaTy PO3PAXyHKY MO JaHIA T€OPii 3 pe3yJbTaraMyu 1HIIUX
poOIT, IO MOKA3aJIM MOKIIMBICTE 3aCTOCYBAHHS MOAU(IKOBAHOI TEOPIi U1l pO3paxyHKY
SIK TOHKOCTIHHMX, TaK 1 TOBCTOCTIHHUX NPY>KUH bypaoHa.

[InTaHHSIM PO3paxyHKY 1 MPOCKTYBaHHs NMPY>XKUH byproHa nmpucBsueH1 poOoTH 1

THIIUX TOCTITHUKIB [19], 1€ BUPILIYETHCS 3aBAaAHHS PO3PAXYHKY MPYXKUH 31 3MIHHOKO 1
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MOCTIHHOK TOBIIMHOK CTIHKKM METoJ0M Pitna B apyromy HaOmawxeHH1. Po3poliieHo
€IVHUANA QITOPUTM  PO3PAXYHKY TNPYXKUH 3 OBaIbHOK, IUIOCKOOBAJIBHOK 1
BICIMKOIIOAI0HOK (POPMOIO IOMEPEYHOTO NEPEPI3Y, MPH LIBOMY B IKOCTI pO3PaxXyHKOBOT
CXEMM TEPETHHY BUKOPHUCTAHO YHIBEpcaabHUU mnepeTwH [7]. OmHaK JaHe PILICHHS
IPOMI3JKE, 1 MICTUTh BENMKY KIIBKICTE KOE(DILIEHTIB, OO0 TOTO Y BHXITHUX
nepeayMOBax MPUHHATI JOMYLIEHHS, IO POOJISTh 3HAYHKUM BIUIMB HA TOYHICTh PILICHHS.

JIOCTIIPKEHHIO TpyO4YacTUX MPYKUH, M0 MPAIIOTh B CUJIOBOMY PEXUMI,
OpUCBAYEHO Oarato poOiT. B HUX po3paxoBYIOTh MAHOMETPUYHY MPY>KAUHY METOAOM
Pitma 3 ypaxyBaHHsM acumetpli aedopmaiii MOMEpeyHOro mnepepidy, AOCTIIKYE
MO>KJIMBICT BHKOPUCTaHHS TpPyOUacTUX MPY>KUH B SIKOCTI CHUJIOBHX €JIEMEHTIB
MEXaH13MIB 1 TPUTAIIB.

[InTanHs, NOB's13aH1 3 PO3paxyHKOM NPYXUH BypaoHa, po3rIisiHyTI 1 B Pl IHIIAX
poGiT [20], pO3MIsIHYTI METOAMKHA BHU3HAYCHHS HANPYKEHO-I€(POPMOBAHOTO CTaHY
TpyOUacTUX MPYXKUH 31 3MIHHOK TOBUIMHOK CTIHKM 1 3MIHHUM MEPETUHOM TIO
noexuHi. [Ipn  mocnimkeHHi aedopManiii 1 HaOpyXeHb Ha IJIOCKUX MOJACIAX
MJI0CKOOBAJILHOTO MEPETHHY PO3KPUBAETHCS SIKICHA KAPTUHA BIUIMBY 3MIHU TOBIIMHH
CTIHKA Ha YyTJIMBICTh 1 HanpyxXeHHs. Ha OCHOB1 €HEPreTMYHOr0 METOAY MPOBEICHI
PO3PAaxXyHKH HA MILHICTB 1 YKOPCTKICTh MPYKUH MIIOCKOOBAIBHOTO MEPETHHY.

Pi3HOMaHITTS KOHCTPYKTHBHUX PILIEHb NPYXUH bypaoHa 00yMOBIEHO 3 OTHOTO
OOKy BUMOTaMu, 110 MPEA'ABISIOTHCS A0 POOOUHMX XaPAKTEPUCTHK MPYKUHU, 3 1HIIOTO
OOKy MparHeHHsSM CIPOCTUTH TEXHOJOTIYHUN MPOLEC BHUIOTOBICHHS MPY>KHHH.
HaiiGinpmoro nommpeHHs Ha0yJM MPY>KUHHA 3 CYUITBHOTATHYTHX TPyOOK 3 PI3HUM
TUNOM mNonepeyHoro nepepidy. Ha puc. A.1 mogatky A 300paxkeHi OCHOBHI (popmu
NEPETUHIB MaHOMETPHYHUX NPYXKUH, BATOTOBJICHUX PI3HUMH
nignpueMcrBamMu. HailGiibll  [IUPOKO  BUKOPUCTOBYKOTBCS — IJIOCKOOBAJIbHA (),
emnrayHa (0) 1 BicimkonoaiOHa (B) ¢opMu mnepeTuHiB. [IpykuHa E€MINTUYHOTO
NEPETHHY NPH OJHAKOBUX rabapurax Mae OUIbIIY YYTIWBICTH Y TOPIBHSHHI 3
NJIOCKOOBAJILHOK 1  BICIMKOMOAIOHOK. [Ipy»KuHM BICIMKOMOIIOHOTO TMEPETUHY
BOJIO/IIFOTH BEJIMKOI MILHICTIO 1 KOPCTKICTHO A0 J1i 30BHIMIHIX CUJI X 3aCTOCOBYIOThH
JUIsl BUMIPIOBaHHS MIABUINEHUX THUCKIB. [[TOCKOOBaIbHOrO MEpPETHUHY 3al0e3neuye
JOCTATHIO Yy TJIMBICTh, OUIBIIY, HI’K IEPETAH Y BUTJIA/1 BICIMKH, 1 B TOH K€ Yac CIPUSIE

TEXHOJIOTTYHOCTI KOHCTPYKIIIi.



13

Kpim ¢opm, mo BoJIOAIFOTE ABOMA OCSIMH CHMETPIi, 3HAXOJAUTh 3aCTOCYBAHHS
cermeHTonoAiOHMI nepetuH (puc. A.1 r gomarok A). BiH BOJIOJIE€ TEXHOJOTTYHUMH
nepeBaraMy MjI0CKOOBAILHOTO MEPETUHY 1 MEPEBEPILYE HOro mo uyTauBocTi. [Ipyxunu
3 mepeTuHoM (puc. A.1 1 qomaTtok A), 3aCTOCOBYIOTHCS 3aKOPJAOHHUMH (pipMaMH B THX
BUIAJKAX, KOJM MAHOMETP MPALIOE€ B YMOBAX, M0 HE BHUKJIKYAKOTh MOXIHMBICTH
NEPEBUIICHHS THUCKY BHWIIE HOMIHAIBHOTO: TPUA JOCATHEHHI TPAHWUYHOIO THUCKY
30BHIILHS, TUIOCKA, CTOPOHA MPYXKUHU MPUTUCKAETHCS A0 0OMEKYBATBHOTO KOHTYPY 1
Ha NojaJiblile MiABUIICHHS TUCKY HE pearye. [lepetun (puc. A.1 € nomarok A) nie 3a
TaKUM K€ TPUHLIUTIOM.

[Ipy>xuan pomOiuHOro nepetuHy (puc. A.1 >k nomatok A) i 3 MO3T0BXKHIM
rpeOiniemM (puc. A.1 3 nmoagatok A) 3anponoHOBaHI Jyisi 30UIbLIEHHS YYTJIWBOCTI
OPY>KUHU.

[TpoBeaecHuii aHami3 poOIT MO PO3pPaxyHKy MNapaMeTpiB THYUYKHX TPyO4acTHX
€JICMEHTIB MOKa3aB, WOI0 HaWOLIbII TOYHI  pE3yJbTaTH MOXKHA OTPUMATH,
BUKOPUCTOBYKOUM METOJ HamiBOE3METTEBOI Teopli 000s0HOK. OCHOBHI MapameTpu
THYYKOTO TPyOUYacToro eJIEeMEHTa METOAOM HamiBOE3METTEBOI TEOPIi 0O0JIOHOK MOKHA
BU3HAYNTH 34 BUPA3AMMU.

UyTHBICTh € OJHIEH 3 HAMBAKIMBIIMIMX METPOJOTIYHUX XaPAKTEPUCTHK
TPyOUYaCTX MAHOMETPUYHUX MPY>KHH 1 BA3HAYAETHCS JBOMA apaMeTPaMu: BITHOCHUM

KyTOM po3kputTsd AD/® i BeNUUUHOIO XOAY BIJABHOTO KiHIIS PY>KUHU:

A

AD
p =Rl (1.2)

e I'=\/(1 — cos ®)2 + (® — sin ®);
A® — 3MiHA HEHTPAIIBHOTO KYyTa, TPa/l.
3Ha4YCHHs MO30BXHBOI 1 TONEepeyHoi aehopmMaltiii MoB's3aH1 3 BITHOCHAM KYTOM

NOBOPOTY KIHIIS TPyOYACTOrO €1EMEHTA M1 1€ THCKY:

AP 12(1—v*) [t 3m
il e (3 I (1.3)

JI€: p — 3HAYEHHS TUCKY M1 IKITHOYCHHS,

I — IPUBEICHUI paalyCc KPUBU3HH CEPENHBOI JIIHII TPyOUaCTOro €JIEMEHTA,
E — Moaynb npy>kHOCTI Marepiairy

v — koedirient [Tyaccona;

h — ToBIIMHA CTIHKK NEPETUHY €JIEMEHTA;
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Lo, M — MapaMETPH, IO BPaXOBYIOTh KPUBU3HY MOB3JOBKHBOI BICI 1 ii 3M1HMU;
A — MapameTp BHYTPILIHBOTO TUCKY B TPYOIL.

2
Lo = 4/ 12(1 — VZ) Rl;nh'

m = i — o, (1.4)
A=12(1—v?)pr3/Eh3.

R — paaiyc KpyBHU3HM NOB30BKHBOT BICI €JIEMEHTA.

Tyr 1 pam iHAeKcOM «0» 3a0€3MedYeHl BEIWYWMHU, MO0 BIJHOCATHCS JIO
HeAe(POPMOBAHOMY CTAHOM.

3ruHanpHa SKOPCTKICTh MPYXKMHU. 3MIHA KPUBWU3HM CTPMXKHS MIA  JIERO
30BHIIIHBOIO MOMEHTY, IO BHIMHAE 3 ypaxXyBaHHsIM JAc(QOpPMYBaHHS TMEPETUHY
BH3HAYAETHCS BBEICHHSM B BIIOMY (POpMYJTy OMOpY MaTepialiB KOS(PII[1€HTA 3HU>KCHHS

YKOPCTKOCTI:
1 1 M

Rm Rm KxEJz’ (1.5)

1€ J, — MOMEHT 1HEpIii MePETUHY;
Kx — xoedimient Kapmana.
Koedimient Kapmana xapaktepuszye KOPCTKICTb THYYKOro TpyO4acToro

CJICMCHTA.

B—x?
Ky = .
k E_Xzﬁ (1 6)

ne: B, & — xkoedinieHTH POPMH MONEPEYHOTO NEPETUHY,

{, — TOJIOBHU apaMeTp FHYYKOro TPyO4YacToro €1eMEHTY:

Rm'h
x = R (1.7)

a2

JI€: @ — 3HAYECHHS BENMKOT MOy BICI MOMEPEYHOTO NEPETUHY, MM.

HampyxeHHss B TpyOuacTiii MaHOMETpHYHIA NpyXuHl. [l Hanpy>keHo-
Ae(OPMOBAHOTO CTaHy MAHOMETPUYHOI NPYKMHU XAPAKTEPHO NOSBA KUIBLIEBUX
Halpy>kX€Hb O, HANPY>KCHHS B MCPUAIOHATBHOMY HANPSIMKY Oy, Hampy>KE€Hb B
HOPMAJIbHOMY [0 CEPEAVHHOI IMOBEPXHI HAMPSMKY MOXHA 3HEXTYBATH, TaK SK
BEJIMYKMHA iX Majia B MOPIBHSAHHI 3 BEJIMYMHAMH O; 1 Op. TakuM 4MHOM, B TpyOYacTiii
NPY>KUH1 BUHUKAE IBOBICHUI HANPY>KEHUH CTaH.

EKBiBaNlCHTHE HaNpy>KEHHsT B NPY>KHHI €HEPreTUYHOI TEOpii BU3HAYAKOTH 34

MIIHICTIO HACTYITHUM YUHOM:
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Oexs — \/O-% + O-% — 0103 (18)
HowmiHaabHHM THCK MPYXKUHH Prony.
[o]
Puom. = — (19)

2
Ocxnmax/P

ne: [o] — momycTrMa Hampyra marepiany npyxuau, MIa;

) = T (2) £ [t (s on (-3

(1.10)
o (M’ _ ) sinag B (Y) +v [ (m _9
q (r) - uosmaor(x)iv 1_V2r(}\)COS(X0i6( x)
ne. vy, 9 — (¢yHkuii O€3po3MIPHOI KOOPAWMHATH MOMNEPEYHOTO TEPETUHY

TPyO4acToro eJEMEHTY.
BuCHOBKH 1 MOCTaHOBKA 3aBAaHb AOCIIIHKEHb

B pe3ynbrari aHanizy KOHCTPYKLIi CTOHOK KYJIbTUBATOPHUX Jiar OyJi0 BUSBIIEHO,
0 CTaHJAPTHI CTOHKH HE MAarOTh MOKJIMBOCTI ABTOMATHYHO PETYJIIOBATH CBOKO
JKOPCTKICTh, aJaNTYKUHCh MiJ 3MIHM (PI3UKO-MEXAHIYHUX BJIACTUBOCTEH TIPYHTY. Y
3B'S3KY 3 UM Oysia c(popMyJsibOBaHA METa JOCIKEHHS: 3a0€3MECUEHHS CTa0IbHOCTI
IMIMOMHU XOAy JanoBHX poOOYMX OpPraHiB I'PYHTOOOPOOHMX Ta MOCIBHUX MAIHH 34
PaxyHOK 3aCTOCYBAaHHS CTOMKH 13 3MIHHOKO KOPCTKICTIO.

JIOCATHEHHS MOCTaBICHOI METH nepeadadae BUPILICHHS HACTYITHUX 3aB/IaHb:

- BUSSBUTH YMOBH poOOTM  KYJbTUBATOPHOK  CTOMKM Ha  Omepauisx
NEPEANOCIBHOIO 00pOOITKY I'PYHTY Ta MOCIBY.

- pO3pOoOUTH PO3PAXyHKOBY CXEMYy 1 OOrPYHTYBAaTH TE€OMETPHYHI MapaMeTpu
CTOMKM KYJIbTHBATOPA 13 3MIHHOKO KOPCTKICTHO.

- BCTAHOBUTH  OCHOBHI  3aKOHOMIPHOCTI  BIUIMBY  (PI3MKO-MEXaHIYHUX
BJIACTUBOCTEN TIPYHTY HA TIEOMETPHYHI MAPAMETPH 1 XAPAKTEPUCTHKK MILIHOCTI
OPOMOHOBAHOI CTOWKH KYJIbTUBATOPA 13 3MIHHOKO KOPCTKICTHO.

- EKCMIEPUMEHTAIBHO BU3HAUMTHU 3AICKHICTh CTIMKOCTI PyXy Jany Ha 3aJaHiid
rOuHl nmpu  OoOpoOIll TPYHTY BIJ 3TUHAJBHOI >KOPCTKOCTI CTOMKM 1 OIIIHUTH

€KOHOMIYHY €()EKTHBHICTb ii 3aCTOCYBaHHSI.
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2 TEOPETUYHI ITOJIOKEHHSA

2.1 OOrpyHTYBaHHSI IEPETHHIB CTOMKH 3 THYYKOI0 TPy0O4acToOro ejieMeHTa

3acTOoCYyBaHHS THYYKOr0 TPyO4aCcTOro €J1€MEHTA B KOHCTPYKIIIT CTOWKK poO0Y0ro
OpraHy MO>KJIMBE JIMIIIE 32 YMOBH ii TOCTATHBOI KOPCTKOCTI. J[is1 30BHINTHIX 3MIHHUX
HABAHTAXKEHb (CHJIA OMOPY I'PYHTY) BHU3HAYAKOTh 3HAYECHHS 3TMHAIIBHOTO MOMEHTY,
KWl BHKJIMKA€ HAMpPY>KCHHS B CTOWMI. JlaHI CHJIM TaKOXX BUKIMKAKOTH 3MILICHHS
pobouoro opraHy, CHIBMIPHI 3 arpoOTEXHIYHMMHM BHMOTaMH 1 caMe€ TOMY CTOHKH
HA3MBAOThCA NPYXUHHUMU. J[JI1 3aCTOCYBaHHS THYYKOTO TPyO4acToro €leMeHTa B
SAKOCTI CTOWKM poO0OYOro OpraHy KyJIbTHBAaTOpa MOBHHHI BUKOHYBAaTUCS HACTYIHI
YMOBH:

1. Bunukaroui Hanpyr, 3 IKOro BATOTOBJICHA CTIHKA, HE MOBUHHI IEPEBUILYBATH
JOMYyCTUMUX 3HAYEHb MaTepiay.

2. IlepemimenHst poGOYOro Oprasy, 10 BUHUKAKOTE BiA J1i IPYHTY, HE TOBUHHI
NEPEBUILYBATH 3HAYCHb, BCTAHOBIICHUX arPOBUMOT.

[TpoBeneHmit aHami3 CTOMOK poOOYMX OpraHiB, MOKa3aB, M0 B SIKOCTI CTOMOK
KyJIbTUBATOPHUX JIAll IIAPOKE 3aCTOCYBAHHS OTPUMAIHA CTOWKHM, SKI MAarwTh
OPAMOKYTHHMA, KPYyIJIMA 1 KulblLeBUA nepepi3. OCHOBHI TE€OMETPUYHI TNapameTpu
nepepi3iB nmokaszaHi Ha puc. 2.1. Jlyiss BH3HAQUECHHS TEOMETPUYHMX NApaMeTpiB, IO
3aJI0BOJIBHSIFOTh  YMOBM  MIIHOCTI 1 MepeMilmieHb pododoro opra"y Oyaemo
IPYHTYBATUCS HA HACTYIHUX YMOBAX 1 MPUNYyIIECHHX [21]:

1. XKopCTKICTh MPY>KHOTO €IEMEHTA CTOHKHU HE 3MIHIOETHCS 1O 11 JOBXKUHI,

2. C-noai0Ha CTiiika B CTaHi CIIOKOK MA€ MOCTIMHMI palyc KPUBU3HH,

3. Bcl OiasHKM CTOWKM, BHIJIEHI MEPETUHAMHU, HOPMAIBHUMH 10 LIEHTPATBHOI
0Ci, 3HAXOAATHCS B OJHAKOBHX YMOBaX. TakMM YMHOM, OO yBaru OEpEThCS BIUIMB
KIHIIEBUX 3arOpPTaHb CTOMKH. | K HACIIIOK II€i TINOTE3W, BUIIMBAE, 110 HOPMAJbHUN
NEPETHH CTOMKH, 0 OyJIM MIIOCKAMH 10 AcPopMaltii, 3aIAIIAKTHCS TAKUMH K 1 MICIIs
nedopmarii,

4. TlepenOavaeTbesi, MO OChOBA JIiHISA TPyO4YACTOro €JIEMEHTa 1 KOHTYp
NOMEPEYHOTO MEPEPI3Y HE POITATYIOTHCS, & JTUIIEC BUKPUBIISIOTHCS,

5. [lonepeununii NEPETHH CTOWKH CUMETPUYHO IOAO OCEH X 1Y,

6. CnpaBeauBi 3BUUaiiH1 B T€Opli 000TO0HOK TIOTE3M MPO HE HATUCKAHHI [IApiB
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1 OPO HE3MIHHICTE HOpMadl. Lle nae MOKIMBICTH PO3IVIAJATH HAMPYXKEHWH CTaH

TPyOUaACTOrO €IEMEHTA K TBOBICHHIA.

Pucynok 2.1 ['eoMeTpryHi mapaMeTpu NEPETHHIB CTOMOK:
a - MPAMOKYTHUH NEPETHH;, O - KPYTJIMil NEPETHH; B - KUIBLIEBUIH NIEPEPI3;

I - CJINTHYHE NTEpepi3

Posrnsemo B nepmomy HaOmmxkeHHI C-moAiOHy CTIHKY 3 poOOYMM OpraHoM
(puc. 2.2). Jlis rpyHTy Ha poOOYMiA OpraH MNPeacTaBise COOOK PO3MOITIEHE
HABAHTAKEHHSI HA BCKO IUIOLLY JIAU, NPOTE, SKIIO OOMEXKUTHUCS TIIbKA CTAaTUYHUM
aHaJII30M, TO MOKHA YSBHTH PO3MOJIJIEHE HABAHTAKCHHS Y BUIJISIAL 30CEPEIKEHOT

CUJIM, TPUKJIAAEHOT B TOYIII.

PucyHok 2.2 - Po3paxyHKOBa CxeMa KOHCOJIbHOI MPY>KHOK CTOHKH

C-moniOHa cTifika Mae pajalyc KpPUBM3HM T 1 LEHTpPaJbHHA KyT o, . Touka A;
MEPEMIIIAETHCS MO [IEHTPAJIbHIH JIIHIT CTOUKH, TOBEPTAOYMCH HA KYT O 1010 TOUKH A.
[Tpn nmepemimeHH1 naHoi Toukk BiacTanb A;A=L Oyae 3MiHIOBATHCS, 1 BIJIMBATH HA
3MiHy ieued X; Z;. JlJid BU3BHAUYCHHS 3HAYEHb [IUX BEJIMYMH HEOOXITHO BUPA3UTh KYT

HaxWITy Biapi3ka A;A 10 Bici 0X - KyT A.
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[Tix gieto cunu Ry poOouwmii opran Ha NPY>KMHHOI CTOWII MEPEMIINAETHCS HA

BIJICTAHb A, aJI¢ HANPSAMOK 1 3HAYEHHS LbOrO MEPEMILIEHHS HEB1IOMO. Po3kimanemo

JaHe TEPEMILICHHS Ha JIBI CKJIAAOB1 - MPOEKIIi MOBHOIO MEPEMIIICHHS Ha BiCl 0X
1 0z. Toai MOBHE MepeEMILIEHHS OYI€ BU3HAYATHCS BUPA3OM:

A=~/AZ+ A2 (2.1)

Jlist cuim peakuli IpyHTY OB’ s3aHA 3 JIAMOK 4Yepe3 KyT P, SKMii B CBOKO 4Epry

3QJICKUTh BIJl Kyra KpULICHHS 1 KyTa TEPTS . Y OOBUIBHO 0OpaHOoi Touli A; ska

HAJICKUTh CTOUI[l BUTMHAJIbHANA MOMEHT, 110 BUHUKAE BiJ Ail CUJIM OMOPY IPYHTY Oy1e

JIOPIBHIOE:

Mrx = R Z; =R, cosy-L-sin;
Mg, = R,-X; =R, siny-L-cosh; (2.2)

M= /M3, + M3,.
ne Mgy, M, — 3ruHalibHI MOMEHTH, SIKI BUHUKAKOTh BiJ MPOEKIIi CHUJIM OMOPY
I'PYHTY Ha BIC1 OX 1 OZ BIJMOBIIHO;
X 1 Z; — nedl, piBHI MPOEKIii BIAPi3Kka AA; Ha BIC1 0X 1 OZ.
[Tpu nepeMileHH1 TOYKA A; O JOBKUHI CTOMKHM 3MIHKOETBCS 1 BEMUYMHA L 1 KyT
npHu OCHOBI CTOMKM A. [ljis BU3HaYeHHs 3HAaYeHHs L po3rnsiHeMo TpUKyTHHK OAA; B
AKOMY MPU TMEPEMILIEHH] TOYKHA A;3MIHKOETBCS KyT npu BepumHi O Big 0 10 Q.
[TpoBenemMo B pO3MISIHYTOMY TPUKYTHUKY BUCOTY OB. ¥V TpukyTHuKy OAB Bennumna
AB nopisaroe 0,51, Toai BenuuuHa L, TOPIBHIOE:
AB=0,5L=r sin%=> L= 2r-sin%, (2.3)
1€ O — KYT, SKMi XapaKTepU3ye MOJTOKEHHS TOUKH A;.
JIJisi BUBHAUYCHHSI 3HAYEHb BENWYMWH X; 1 Z; HEOOXITHO BU3HAYUTU KYT A, sSIKHid
3JIEKUTE BIJ 3HAUCHHS ;.
A= mt—p—-¢& (2.4)
T Qj

Kyt 3 Bu3Hauaerhes 13 TpukyTHHKa OAB: f = P

Kyt € Bu3Hauaerbes 13 TpukyTHHKA OAC 1 3aJ1€KUTh BIJ KyTa O
T T
&= 5_(“_O‘r) :O‘r_z-
[TigcraBuM OTpHrMaHi 3Ha4Y€HHS B (2.4):
T Qj

A(O(i):‘l'[—(z—?)—(ar—g)=T[—O(r+%. (2.5)

[TincraBuBum (2.3), (2.5) B (2.2) oTpumMaem:
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. (06} . (041

Mg () = Ry Z; = 2R, - cos({) - r - sin (?‘) - sin (T[ — o + ?‘),
. . (041 o (26)
Mg, (a;) = R, - X; = 2R, -sin(y) - r - sin (;) * COS (T[ — o + ?).

Bupasu (2.6) 103BOJISIFOTh BUBHAYUTH 3HAYCHHS 3THHAIBHUX MOMEHTIB BiJl CHJIA
OMopy IPYHTY B OyAb-sKIi TOYIl MPY>KMUHHOI CTOWKM B 3aJICKHOCTI BIJIT T€OMETPIi
C-noaiOHOi cTOMKM 1 mapaMeTpiB janu. J[Jis BU3HAYCHHS MOMEHTIB HEOOX1THO 3a/1aTUCS
paniycoM KPUBU3HU CTOHKH T, HCHTPAIBHUM KYTOM CTOHKH Oy, KYTOM MNOJAPIOHECHHS

Jany a, KyTOM TEPTS ¢ 1 CHIIOI0 OMOPY IPYHTY Ry,
2.2 Bu3zHa4yeHHs reomMeTpii nepeTuHy CToiKH

JUIs  BH3HAQUECHHS TeOMETpli MEPETHHY CTOWKM HEOOXITHO BPaxOBYBATH
MAKCHMAJIbHE 3HAYCHHS CHUJIM ONOPY IPYHTY, K€ 3alCKATh B TUMY IPYHTY, ii
BOJIOTOCTI 1 TBEPAOCTI, INHOMHM OOpoOITKY 1 mnapamerpiB nanu. Ha miacrasi
JOOCHIKEHb, TP OOPOOITKY cepeaHixX IpyHTIB Ha rauOuHy 110-120 mm, cepeaHbpoi
HIBUKOCTI arperaty 10 KM/roj piBHOJIIOYA CUJIA OMOPY IPYHTY MA€ 3HAYEHHS, PIBHE
600..800 H[11].

KyT noapiOHEHHS J1anu a 3aeKXuTh Bij ii OCHOBHOT (PYHKIIIT - po3mynIyBaHHs a0o
niapizands. OnTUMabHI 3HAYEHHS JTaHOTO KyTa, SIK MOKa3ye OaraTopiuyHa MPaKTUKa,
cknanarTh 25...30° [19]. KyT TepTs IpyHTY IO METAITY 3a€KUTh Bl BOJIOTOCTI IPYHTY
1 AOro MEXaH1YHOTO CKIaay. i cepenHix (CyrMHHMX 1 CYMIIAHNAX ) [PYHTIB KYT TEPTS
B po3paxyHkax npuitmarors 20...30°. Jljis BU3HAYECHHS MOMKJIMBOCTI BUKOPHUCTAHHS
OPYXKMHHOI TPyOUyacToi CTOWKHM PO3MIISIHEMO 3alMPONOHOBAHY MOJETb 3 HACTYMHUMH
napaMeTpamu;

- KyT NoapiOHEHHs jJanu Bijx a = 30°;

- KyT TEPTS IPYHTY 00 cTanb ¢ =25°;

- KyT aii cuim onopy ¥ = 90 - 30 - 25 = 35°;

- paaiyc KpuBH3HU CTOHKHU T = 0,22 M;

- KyT KPUBU3HU CTOMKH o =150°.

[TixcraBnsieMmo 0OpaHi 3HaYeHHs B (3.6):

Mgy (o) = 2+ 600 - cos(35) - 0,22 - sin (%) . sin (180 — 150 + %) ;

=
o4 o
Mg, (a;) = 2-600-sin(35) - 0,22 - sin (?1) + COS (180 — 150 + ?1)
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Mgy (o) = 216,256 - sin (%) - sin (30 + %) :

Mg, (o) = 151,424 - sin (%) cos (30 + %)

Kyt ay, 3MiHIO€ 3HaueHHs B Aiana3oHi Bijg 0 10 o.. Pe3yabTatu npeacTaBicHi Ha
puc. 2.3. 31 30IIbIIEHHSM (f; 3rUHAJIBHI MOMEHTH MOYMHAKOTH 3pOCTaTH. Y TOJIOKEHHI,
KOJM o= 04 -1 (B HaAmomy BUMAaky - 60°), 3rWHaJbHUIl MOMEHT BiJl BEPTHKAJIBHOI
CKJIa0BOi cujaum HaOyBa€e MaKCUMAJIbHOTO 3HAYEHHs, piBHE 72 Hwm. MowmeHT Bij
TOPU30HTAJIBHOT CKJIQNOBOI CHIM B [BOMY MOJOXKEHHI Mae 3HauyeHHs 122 Hwm, a

CyMapHui 3ruHanbHUA MOMEHT -141,7 Hwm.

PucyHOK 2.3 - 3aJIe)KHICTh 3rMHAIBHAX MOMEHTIB B1J] IEHTPAJIIBHOTO KyTa CTOMKM Q!
1 - 3rMHAIBHUI MOMEHT Bi cUM Ry ; 2 - 3rMHAIbHUA MOMEHT Bij CWiiH R,

3 - cyMapHHl 3ATHHAUTBHUNA MOMEHT

[Tpu nogansIoMy pyci TOUKHA A; 3rHHAIBHANA MOMEHT BiJl CWJIH R, 3MEHIIYETHCS
1 JOPIBHIOE HYJIHO, TpH o; =120°. Ha aunsnii o =0...120° mig giero cunm R, cTrckaroTees
30BHIIIHI BOJIOKHA CTOMKM, a Ha AUIsSHII o =120...150° - BHyTpiwHI. MakcuManbHui
3TUHAJIBHAA MOMEHT CTAHOBUTH M, = 278 HM B Toui B npu o = . /1719 BUBHAYEHHS

TrEOMETPHYHUX XaPAKTEPUCTUK NEPETHHIB CKOPUCTAEMOCS YMOBOIO MIITHOCTI TPH 3TUHI:

o= M#;‘x < [o], MIIa (2.7)
ne W, — MOMEHT onopy nepepizy;

[o] — momycTuMi HapyKeHHS MaTepiany Ha 3THH.

JIist po3paxyHKiB NpUMaeMO JONMYCTHMI HANPYXXCHHS NPY>KUHHUX CTaliel Ha

3ruH [o] =210 MITa. I3 (2.7) BU3HAYMMO MOMEHT OIOPY IePePi3y CTOMKH:

Mmax
We 2 =25, (2.8)

278

—_— - . —6 1,3
e = =132-107%
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Bu3HauuMo reoMeTpuuHi napaMeTpu  PO3IJSHYTHX MEPETHHIB, sKI OyayTh
BIJMOBIAATH OTPUMAHUM yMOBaM. Pe3ynbraty npeacraBuMo y BUmisAl Tadnmid 2. 1.

Bci Buam nepeTrHiB 3 BUOpaHUMU MMapaMeTPAMHU 3aJ0BOJIBHSIOTh YMOBH MIITHOCTI
JaHOi MOJENI CTOWKHM, Tak SIK 3aJ0BOJIbHSAIOTH YMOBH (2.8). HacTynmHMM 3aBIaHHAM
JOCHIPKEHHS € BU3HAYEHHS IEPEMILLIEHHS POOOYOro OPraHy, 3 BAKOPUCTAHHIM CTOMKH
KOYKHOTO PO3IJITHYTOrO MEPETHHY.

[cHyrOTH KlTbKA pPI3HHX CHOOCOOIB BH3HAYCHHS MEPEMILICHHS KPUBOJIHIHHOI
KOHCTPYKIIi M A1€0 30BHIMIHIX ciil. HalO11bll MMPOKO BUKOPUCTOBYKOTHCS METOIA
BU3HAUEHHS MEPEMILIEHHS 3 BUKOPUCTAHHAM €HEPrETUYHMX CITIBBIJHOLIEHb HA OCHOBI

3arajibHOTO PIBHSHHS MOTEHI[IAHOT EHEPril HABAHTAXXEHOTO Opyca:

U= fL M2-dz (2‘9)

0 2Ky E ]y’
ne M, = F-1(z) - 3ruHajibHAiA MOMEHT Bij cuju F;
E - ], — )KOPCTKICTb CTOWKHM Ha 3TWH;

K- xoedinient «Kapmanay

Tabmung 2.1 - ['eoMeTprYHI MapaMeTpH NEPETHHIB

=K
" B

I'eomerpuyuni mapamerpu | b=40, h=1472 d=23.8 D=40, d=37,7 |2A=50, 2B=22 S=2.5

[Inoma, Mm? 568 445 140 545
MowmeHT inepuii, Mm* 9500 15700 26500 15280
MowmeHT onopy, MM 1400 1322 1325 1390

PosknaBmm airody cuiy Ha JBi ckiaaoBl Ry 1 R, MOKHa BU3HAYUTH MPOEKILIi
MOBHOTO TMEPEMIIICHHS] BUTLHOTO KIHIS CTOWKM Ha OCl OX 1 0z. 3HauyeHHs mieya L
MaTUME MaKCUMaJIbHE 3HAYECHHS MPU o = O (2.5). 3 omIsiay Ha, 110 5KOPCTKICTh CTOMKH
1o ii MOBXKHWHI € BEJIMYWHOIO TOCTIMHOIO 1, 3aJaBIIM 3HAYCHHS muieda L, BU3HAYMMO
NOTEHUIHY €HEePrito Opyca NPy BUTHHI:

F2.12
= (2.10)

[TepemiieHust anu Bifg OOpaHOI CWJIM MOKHA BH3HAYMTH HUIIXOM MOXIJIHO{
MOTEHIIAHOT EHEPTii MO AIFOYIi CHJII;

dau _ FL3

A= .
dF  3KiEJ.

2.11)

Bupas (2.11) no3Bonsie BU3HAUUTH MEPEMILIEHHS TUIBKH TI€i TOYKH, IO SKO{

NPUKIIAJICHA 30BHILIHS CHJIA 1 TUIBKK B HAPAMKY Mii i€l CHIIH.
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[TpoaHanizyeMo MEPEMILICHHS BIILHOTO KIHIS CTOMKA B 3aJ€KHOCTI Bij
PO3IJISIHYTUX TOMEPEYHUX NEPEPI3IB 1 3HAYEHb AIF0YOi CHiaM. Moaysib MPY>KHOCTI
NPY>KUHHOI cTaji npuiiMemo E = 2,1-10° MIla. /lng aHanisy BHKOPUCTAEMO Aiana3oH
3MIHM piBHOAIOHOI cuan omopy IpyHTy R=0...800 H. Koediumient Kapmana mis
CTaHJAPTHUX NEPETHUHIB NOPIBHIOE 1.

PesynpTatii po3paxyHKiB MpeACTaBiIeH] Ha puc. 2.4, MPEACTABISAOTH COOOK0
3AIEKHOCTI MEPEMILIEHb BIIBHOTO KiHLA po3risiHyToi C-momiOHOi CTOMKM Bix CHIU
OTOPY I'PYHTY. 31 30UTBIIEHHSM LI€T CUITM NEPEMILLEHHS pOO0YOro Oprany 3011bIIYEThCS
miHiiHo. [Tpu 3ycwim B 500 H miHiManbHe mepemimeHHs, piBHE 1,68 MM, mokasye
CTifika 3 KUIbLEBUX MepeTuHOM. Ha CTOHII Kpyrnoro NEPEeTMHY NEPEMILIEHHS
CTAHOBUTH 2,83 MM, €1INTUYHOIO - 4,16 MM 1 MAKCUMAJILHE TEPEMILIEHHS B11I0YBAETHCS
13 3aCTOCYBaHHSAM CTOMKM MPSAMOKYTHOTrO mepepidy - 4,7 mm. OTpuMmaHi pe3ysibTaTu

JOBOJSITH MOKJIMBICTB 3aCTOCYBAHHSI THYUYKHX TPYOUACTHUX €JIEMEHTIB B SIKOCT1 CTOHKH.

PucyHok 2.4 - Brune Gpopmu monepevyHoro nepepizy CTOMKM Ha MEPEMILIEHHS:

1 - npsMOKYTHHUK; 2 - €1inc; 3 - KoJo; 4 - KiTbLe

[TpoBencHwMii aHai3 JOBOAUTH MOKIIMBICTh aaNTalii FEOMETPUYHUX apPAMETPIB
CTOMKH 13 3MIHHOK KOPCTKICTIO 10 HEOIHOPIAHOCTI (PI3UKO-MEXAHIYHUX BJIACTUBOCTEH
IpyHTIB. JlaHWii BUCHOBOK 3p00JEHUI Ha M1ACTaBl HACTYTHUX PE3YJIbTATIB:

1. EninTHYHUA TEPETHH TPYXKHOrO0 TpyOUyacTOro €JEeMEHTa, IO BOJIOMIE
JOCTaTHBOK) KOPCTKICTIO HA 3TWH, MA€ TEOMETPUYHI MapameTpu (2a = 50mm, 2B = 22MM,
S = 2,5 MM), sIKi TO3BOJISIFOTh 3aCTOCOBYBATH KOHCTPYKIIIO B’ SI3KOCTI CTOMKH.

2. OrpumaHi pe3yabTaTd MOKA3ylTh, MO0 MEPEMINICHHS janyu Ha TpyO4acTiit
CTOMI MPHW 3HAYEHHI cui onopy IpyHTy 500 H, 3HaxoasTbes B miana3oli Big 1,68 1o

4.7 MMm.
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3. METOJIUKA JOCJTLKEHD

3.1 IIporpama eKCrePUMEHTAJIbHUX TOCTIIKCHb

JUts noTpuMaHHd TAMOMHHA XOJAy Janu 1 3aropTaHHs HACiHHS HEOOX1IHO
BUKOPUCTOBYBATH POOOY1 OPraHy Ha CTOMII, 10 MOKYTh 3MIHIOBATH CBOK) 3TMHAJIBHY
YKOPCTKICTh B IEBHUI MOMEHT 4acy. /{71l MPOMOHOBAHUX CTOMOK 3 MPY>KHUAM €JIEMEHTOM
NPYXHO-Ae(POPMOBAHUN CTAH 3aJICKUTh BiJl 3MIHHOI CHJIM OMOPY IPYHTY 1 3HAYEHHS
TUCKY, 110 MOAAETHCS B MOPOXKHUHY MPYKHOTO enementa. [ aiero nux Al podounii
OpraH 3[1ACHIOE EPEMILLCHHS, 5K 1 BIIMBAOTh HA PIBHOMIPHICTh IMOWHA X0y JIAIH.

ExcriepumeHTalibHI JOCTHKEHHS JaHOT poOOTH Nepen0avyaroTh BU3HAYCHHS PSAY
3AIEKHOCTEHN 1 3HAYEHB, 0 XAPAKTEPU3YIOTh POOOTY CTOHKH 13 3MIHHOKO KOPCTKICTHO.

BianoBimHO [0 TEOPETMUYHMX NEPEAyMOBAMH MpOorpaMa €KCHEPUMEHTaIbHUX
JOCHIKEHb BKIIFOUA€ B c€0€ HACTYMHI MUTAHHS

1. BU3HaUeHHd  3aKOHOMIPHOCTEH  MIK  T€OMETPHYHUMH  TapaMeTpamu
OPOMOHOBAHOI CTOWKH 1 TMOKa3HUKAMH PEKMMY poOOTH arperaty (poOouMii THUCK,
HIBUAKICTE TPOLECY MEPEMILIIEHHS JIAMK 1 ii TPAEKTOPISA PyXY);

2. BuB4ueHHs mpornecy pyxy KyJbTUBATOPHOK Jamv HAa CTOMII 13 3MIHHOKO
YKOPCTKICTIO HA P13HIiA MMOUH1 00pOOITKY IPYHTY;

3. BuBueHHs mpouecy 00poOITKY IPYHTY KyJbTUBATOPHUMH JaaMH Ha CTOMII 13
3MIHHOK KOPCTKICTIO B 3aJ€KHOCTI BIJ TEXHOJOTIYHHUX MapaMeTpiB arperary.
HIBUAKOCTI PyXy, TTMOMHN 0OPOOITKY IPYHTY, 3HAUECHHS TUCKY B T'IpaBIivHIA CHCTEMI
TPaKTOopa,;

4. ITpoBeAcHHS MOPIBHSUIBHUX J1A0OPATOPHO-MOJILOBUX BUPOOYBaHb TOCIITHUX
3pa3KiB CTOHOK 13 3MIHHOKO >KOPCTKICTIO, BCTAHOBJICHUX Ha paMi TIPYHTOOOPOOHOI

MalllnHH.

3.2 ExciepuMeHTAJIbHI 3pAa3KH CTOHOK 3i 3MIHHOKO KOPCTKICTIO

KoHcTpyKIiss mpornmoHOBaHOi CTOHKH 31 3MIHHOKO JKOPCTKICTIO CKJIQAETHCS 3

HPYKHOTO €JIEMEHTAa 1 poO00UYOro Oprany 3 €JIeMEHTOM CTaHAAPTHOI CTOMKH. OCHOBHOIO
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PoOOUYO0 YACTHMHOK) CTOMKM € THYYKHI E€JIEMEHT, MapaMeTpH SKOr0 BIUIMBAKOTH HA
KIHIIEBE IEPEMILIEHHS pOOOYOTO OpPraHy.

JUIs BHpILICHHS TMOCTABICHUX 3aBJaHb OyJIM BUTOTOBJICHI 3pPa3Ku MPY>KHHUX
€JIEMEHTIB, 1110 1CTOTHO BIAPI3HAIOTHCS OJWH Bl OJHOIO TOBIIMHOK CTIHKH 1 OPMOIO
NEPETHHY .

Hocniani 3pa3ku BurotoBisumacs 13 craineit 2X18H10T 1 cranp 10. 3pazku Oynm
OTPUMaH1 LUISXOM MPOKATKH TPyO Ha TpyOOruOl 3 MOCTYNOBUM 3MEHIICHHIM pajaiyca
rHyTTs. 3pa3kun MarTk C-nomibHy ¢opmy. B npoueci Buruny tpyda 2X18HI10T
NpHifHsIIAa eTINTHYHY (POpMY MEPETUHY, a 3pa3ok 31 ctaii 10 nmpuitHAB BiICIMKONOIOHY
(hopMy NEPETUHY, OCKUIBKM BiH Ma€ OUTbIINNA pajalyC 1 MEHIILY TOBUIUHY CTIHKH.

3paszku 31 cram 30XI'CA marote C- 1 S-noaidHy ¢opmy 1 Oy BUTOTOBJICHI
IUISIXOM TEPMIYHOI 1 MexaH14yHOi 00poOku. J[o 3pa3kiB Oyyiu mpUBApeHi WTyIEpa, s
NPUETHAHHS TIPABIIYHUX IUIAHT1B BUCOKOTO TUCKY 1 TEPMETUYHO 3aBapEH1 KIHII TPYO.

Jlo npyxxHux C-moA10HUX 3 THYYKUM €JIEMEHTOM 3pa3KiB OyJId 10JaH1 €JIEMEHTH
CTOMKH IpyHTOOOpOoOHOrO arperary Szwed. B gkocti pobouoro oprany Oyna oOpaHa
kynbTuBaropHa nana CKC 01.08.080 (cianka CKII-2.1). CykynHICTb YCIX €IEMEHTIB B
300p1 sBIsiE COOOI0 JOCHIIHI 3pa3ku PoOOYOro OpraHy CIBaJIKM 3 MOXJIMBICTIO HOro
PEryJIbOBAHOTO MEPEMIIIEHHS B IPYHTI Y BepTUKaIbHIA miommHi (puc. b.1 momarok
b). B pesyabrari Oyaum oTpuMaHi AOCIIHI 3pa3Kd 3 TE€OMECTPUYHUMHU MNapameTpamu
NPYKHUX €l1eMeHTIB (puc. 3.1), npeacrapneHumMu B Tadmumi 3.1.

Tabmung 3.1 - [TapameTpu 10CH1KyBaHUX 3pa3KiB

LlentpansHuii| Benuka |Mana Bick| ToBmuHa |LleHTpanbHMit

3pazok| Marepian ) ) .
p p paxiyc R, MM | Bich 2a,MM | 2B, MM [CTIHKH S, MM| KYT Q, Tpaj

1 Crans 10 217 74 27 3,5 175
2 30XI'CA 223 36 18 2,2 180
3 30XI'CA 230 34 20 2,2 169

>

4 |12X18HIOT 230 65 21 4 190
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PucyHok 3.1 - 'eoMeTpruHi napaMeTpy BUITPOOYBAHOTO 3pa3Ka

3.3 Meroauka npoBeeHHs1 JJa00OPaTOPHUX AO0CIIKEHD

JlaGoparopHi AOCHIIKEHHS TPOBOAWIN UIsl BCIX YOTHPHOX 3Pa3KiB HA PIZHHUX
000poTax €JIEKTPOJABUIYHA 1 HE MEHIIE MM'STH BHUMIPIOBaHb. HacToTta 0O€pTaHHS
EJICKTPOABUTYHA PETYJIOETHCS YaCTOTHUM neperBoproBaueM. JlaboparopHi
BUITPOOYBAHHS POBOAWIN B HACTYITHOMY MOPSAKY:

- BUNpoOyBaHuii 3pa3ok (PiKCyBaIA HA paMi JJAOOPaTOPHOT YCTAHOBKH,

- MOPOXKHUHY TPYKHOTO €JIEMEHTA CTOHKHA 3'€AHYBAIM 3 TIJPABIIYHOIO
MaricTpaiIto;

- Ha €KPaH KpINWIA MIJTIMETPOBHIA Martip;

- Ha poOoYOMy oOpraHi (ikcyBaiv rpad@iuHMil MOKAKYMK, KWW 3aulIaB CJIij
NEPEMINIEHHS Ha MUJTIMETPIBIII;

- KHOIKOK «ITyCK» MOJABAIM €JIEKTPOXKUBIIEHHS HA YaCTOTHHIN MEPETBOPIOBAY,

- BCTAHOBJIKOBAJIM YAaCTOTY CTPYMY, IO MOJAETHCS HA EIEKTPOIBUTYH,

- KHOIMIKOK) «MYCK» Ha YaCTOTHOMY NEPETBOPIOBAYl BKIFOUYAIM E€JIEKTPOJBUIYH,
KW 4epe3 mpykHy My(Ty OPHBOIMB B PyX LIECTEPIHYACTHMH HACOC, IO HATHITAE
piAMHA MO 3aMKHYTIM MaricTpali B 0ak;

- YOPABIIIHHAM Ba)KeJsl HA T1APOPO3NOAUTEHUKY PIAMHY MOJABAIA B MAriCTpaslb 3
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poGounm opranoM. TUCK piaAvHA (PIKCYBAIM HA MAHOMETPI,

-MpA  JOCATHEHHI MaKCUMAIbHOTO THUCKY BaXUIb TIIPOPO3NOALIIBHUKA
NEPEBOUIIM B HEHTPAJIbHE TIOJIOXKEHHSI, 1 P1AMHA M1 THCKOM 3aJIIIANIACS B MAriCTpaJll;

- rpaiuHAld  MOK&KYMK, TNEPEMIMAKYMCh Pa3oM 3  PpoOOYMM  OpraHowm,
BUKPECITIOBAB TPAEKTOPIIO 1 LIISAX MEPEMILICHHS pOO0YOro OpraHy Ha MIJTIMETPIBII,

- micas (ikcaiii pe3yabTaTiB NEPEMIICHHIM BaKENs TAPOPO3MOAUTEHUKA THCK
PIIVHU CKHJAIK B MaricTpali,

- Ha YaCTOTHOMY NEPETBOPIOBAYl 3MIHIOBAIA YaCTOTY CTPYMY 1 €KCIIEPUMEHT
NOBTOPIOBAJIN 33 BUILIEBKA3aHOIO METOUKOIO.

Y mpoliieci MPOBEACHHS €KCIEPUMEHTY TAKOK BUMIPIOBAJIM 4Yac Bij MOYATKY
nojavi TUCKY B MaricTpaib OO JOCATHEHHS MAaKCUMAJIbLHOTO THCKY 3a JOMNOMOTrOH)
cexkyHaomipa. EkciepuMeHT ikcyBamm Ha mudpoBy dotoanaparypy Panasonic.

[Ticyist OTpUMAaHHS PE3YJIbTATIB AJis KOSKHOTO €KCIIEPUMEHTY BU3HAUAIM TTOKA3HUK

PO3CIFOBaHHSI BUMIPIOBAHOI BETMUMHHM - CEPEAHBOKBAAPATUYHE BIIXUIICHHS

o= |- 3L, (xi — D2, (3.1)

JI€: N — KUIBKICTh BUMIPIB OJHOTO EKCIIEPUMEHTY;
X; — TOKaQ3HUK BAUMIPIOBAHOI BETMYMHU TIPYA N-OMY BHMIPI;
X — cepeHe apuMETUYHE BIAXUIICHHS BUOIPKH.
Mipy po3CirOBaHHS BHMIPIOBAHOI BEIMYMHU OLIHIOBAIM LUIIXOM BU3HAYEHHS
JUCIEPCIi TPOoILIECy:
K== T % == (Xg + -+ Xp). (3.2)

JUIs BU3HAYECHHsI OJHOPIAHOCTI (200 HEOJHOPIAHOCTI) MPOLECIB BUMIPIOBAHUX

BEJIMYMH BU3HAYABCS JIIHIHHUN KOe(DILI€HT Bapiari:
2 _1 ¢n _ S5\2
6=z i=1(Xi —X)~. (3.3)
Bci orpumani pe3yapTaTM Ta MATE€MaTW4YHI PO3PAXYHKH BUKOHYBAIM B

marematraHoMy naketi MathCAD.
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4 PE3YJIbTATHU EKCIIEPUMEHTIB

4.1 Pe3yabTaTu J0C/IIZKEHHS NepeMillieHHsI po0040ro opraHy Ha croiui i3

3MIHHOKO KOPCTKICTIO I/ i€ CHJIH ONOPY IPYHTY

JUis BU3HAYEHHS MEPEMILICHHS poO0YOro Oprasy Mmijx A€ CHUJIA ONOPY IPYHTY
Oyja CKJIaJ€Ha pO3paxyHKOBA CXE€Ma, fKa MOB'SA3Y€ 30BHIIIHI CHJIOBI MapaMeTpu 1
reoMeTpiro S-noai0HOo1 cTOWKM (puc. 4.1). YaBiMo Oy0BY CTOWKHM Y BUIJISAL CEPEAHBOT
JH1T YOTUPBOX MIJISTHOK 3 KPIMJIEHHSIM B TOUI A

- KpUBONIHIAHY AUTIHKY AB panmiycoMm R i eHTpanbHUM KyTOM O 3 LEHTPOM B
touri O;

- npsaMoiHiiHy auisHky BC nopsxkuHoro L, notuuna no qyru AB B Toull B;

- KpuBONiHIAHY AuUIHKY CD paaiycom R 1 eHTpaJIbHUM KyTOM Ol 3 LEHTPOM B
touri O ;

- KpUBOMiHIAHY AUIsiHKY DE pamiycoM 1 HEHTpPaTbHUM KYTOM O3 3 LIEHTPOM B
touri O3;

- B Toull E posramoByeTbes poOoumid opraH, 10 BIAYYBAE IO CHUJIM ONOPY

rpyHTy Fy, Ky po3knamaemo Ha npoekuii Fy 1 F,.

PucyHok 4.1 - Po3paxyHkoBa cxema S-1mo1i0HOi CTOMKH
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['Hyuknii TpyOUacTHii eleMEeHT po3TalyeMo Ha AUISHII AB, Tak gk mpu Takii
KOHCTPYKIIi OTpUMyeMO HaiiOuibine nepemimenHs T. E mia aiero tucky. Juisiakun BC,
CD, DE - yacTuHM CTOWKH, IO MPEACTABIAIOTE COOOK KOHCTPYKIIIO 31 CTAHAAPTHUM
NOMEPEYHUM TEPEPIZOM, IO BHUKOPHUCTOBYIOTBCS B KOHCTPYKLIAX TI'PYHTOOOPOOHMX
MAIIVH.

[Tin miero cunm onopy 1pyHTy (Fx 1 F,) 1 THCKY (P) ctiilika pobouoro oprany
BIJIUYBA€ HAMPYKEHHS 1 Jiana 31HCHIOE MEPEMIIIECHHS], 0 3aJIe’KaTh 1 B1J r€OMETPIi
cToikh. Tak A7 BU3HAYEHHS HANPYXEHb 1 MEPEMINIEHb HEOOXITHO BHU3HAYWTH
BiJicTaHl X; 1 Zi- Muiedl BiJl TOYKHA AOKJAaAaHHs 3ycuib (T. E) 10 TOUkM, B sKii
BU3HAYAKOTHCS LIyKaHl BeMWuuHU (T. Si). [Ippuomy, HEoOXiAHO BpaxoByBaTH, IO
NEPEMINIAIOYUCH IO CEPEHIN JIIHIT CTOWKHK, TOYKa S; 3MIHIOE HE TUIBKW BIJICTAHI IO
ocsx, aje 1 KyT Haxuty Biapizka (ES;) 10 oci ox.

Bupazumo kytu Aq, Ar, Az, Asdepe3 BUXiHI mapameTpu cTolKkH (puc. 4.2). Touka
Si1 mepeMimaerhes mo ay3i paaiycom R;. PosrmsiHemo tpukytHukn OFB, BO S;;. Kytn

OBF, OBS;1 1 A1 € cyMbKHUMU, cyMa IKMX JOPIBHIOE 180°.

PucyHnok 4.2 - ['eoOMeTpryHI MapaMeTpu CTOMKM B cuctemi koopauHatr XOZ

3 tpukytHrKka OFB:
=0OFB =90 - .FOB =90 — (180 -a;) 4.1)
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Y tpukytauky OBSii nmpoBoauMoO BUCOTY 3 BepmimHM O 1 BpPaxOBYKOUH, IO

TPUKYTHUK piBHOOeApeHuii (OB= OS;;= R1) maemo:

<all

<0OBS; =90 - (4.2)
3 ypaxyBanHsam 3.12 1 3.13 Bupazum A;:
<0OFB + -0BS;; + A,;= 180°;
A,=180 — -OFB — OBS;; = (4.3)

=180 — (90 — (180 — a;)) — (90 — %) = 180 — a; +
3 4.3 04eBHHO, IO IPH PyCl TOUKH S;j MO TPAEKTOPIi NEPIIOT AUITHKH KYT Ay,
3aJIeKUTh B KyTOBOi koopauHati 0 < a; < ;.

AHAJIOTYHO PO3IJISHEMO 1HIII JUISHKH CTOWKH:

r A= 180 —a,
8= ¢, + (90 —2) —90—al+a2+9o—“; =180 — a; + @, — %2,

< A;=90—p + (90 - “13) =180 — (@ — @y —a3) — 2 = (4.4)
\ =180—(ai—a2—a3+%)

Cuna onopy IpyHTy, il04a Ha poOOYMI OpraH, BUKJIMKAE 3rUHATBHUNA MOMEHT,
KWW 3MIHIOETHCS 1O JOBKMHI CTOWKH. J{JIs1 BUBHAYEHHS AAHOTO MOMEHTY HEOOXIJTHO
BHU3HAYUTH BiacTadl X;1Z; T KOYKHOT JUISHKA. 3TMHATEHII MOMEHT B JOBUILHINA TOYII

NCPCTHHY BU3HAYACTLCA HACTYIIHUM BUPA30M:

M,=F, Z
Me=F-X (4.5)

Max = M+ M2
Bupazum 3HaueHHs X, 1 Z; 4epe3 reOMETPAYH1 MapaMETPH CTOMKH.
Z1 =Z3 +Z2 +ZL +ZU
Z3 =2- R3 ' Sln(A3),
ZL =1L- Sln(AL),
Zl = 2 ) R1 ) Sln(Al) .

[TincrapuBuu 4.3, 4.4 B 4.6 oTpUMaEeMo:

Z,=2"R;- Sm( ) sm(180— (ai —a, —as +%)) +
+2-R,- Sln( ) sin (180 (al —a, + alz)) + L, -sin(180 —a;) + (4.7)

+2 Ry - sm(z) Sm(180—al+%)
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AHaJIOT14HO BU3HAYAEM X ;

X;=2"R;- Sm( ) cos(180—(ai—a2—a3+%))+

+2- R, - sin (%2) - cos (180 — (@ —ay+ “‘2)) + L cos(180 —a) +  (4.8)

+2- Ry - sm( ) cos (180 —a; + %)
CnpoctuBmm Bupasu 4.7, 4.8 1 miactaBuBmM B 4.5, OTPUMYEMO PIBHSHHS AJIst
BU3HAYCHHS 3TMHAJILHOIO MOMEHTY B Oy Ib-5IK1i TOYI[l CTOMKHA poOOYOro opraHy:
( 2:R3 szn( )szn(al az—a3+m)+

Mz — Fx .| +2R, szn( )szn(al a2+—) +Ly-sin(ai)+
2'R, szn( ) szn(a —7‘1)
. (4.9)
—2'R3- szn( ) cos(al a;—Qaz +%)—
—2-Ry sm( ‘2) (0-’1 a2+£)— Ly-cos(a;)—

M, =F, -
2

\ —2-Rq- sm( 211) cos(al—Tll)

VY Bupaszi 4.9 3HaueHHd «a;3, iy, L, @;; € 3MIHHOK KOOPJMHATOK KOXKHOI
PO3IJITHYTOT AUTSHKW 1 MPUAMAarOTh 3HAYeHHs B AlanaszoHi Bix 0 no a;3, a0, Li, aj
BINMOBIIHO. B maremarnunomy makeTi MathCAD OyB cCKiaieHHWd anropuTm
BU3HAYCHHS 3THHAJIBHOTO MOMEHTY BIJl FEOMETPIi CTOHKM. 3a BUXIAHI apameTpu Oyjiu
oOpaHi 3Ha4YeHHS S-MOAIOHOI CTOMKM JUISl JIETKWX 1 CEPEAHIX TUMIB I'PYHTIB. 3HAUCHHS
cuim onopy rpyHTy - 1000 H, kyT kpulieHHs rpyHTy podounum opranom a=30°, KyT
TEPTS IPYHTY o KIMHY ¢ = 30°. KyT ¥ BU3HaUaemo 3 BUpasy:

Y=90-0a-0. (4.10)

Pesynbratn po3paxyHKiB mpenactaBiicHi Ha puc. B.1 momarok B y Bursimi
3aJICKHOCTEH, M0 B1AOOPAX,AKOTh 3aKOHOMIPHOCTI MK 3TMHAJIBHUM MOMEHTOM, IO
BUHUKAE BI1J CUJIM OTMOPY IPYHTY, 1 TEOMETPUYHHMH NapaMeTpaMu CTOHKH poOOYOro
Oprasy.

3ruHanbHUil MOMEHT Bin Aii cunm Fy 1 F, Ha ninsnaui DE 3pocrtae 31 3011bIIEHHIM
KYTOBO1 KOOpJMHATHU ;3 10 50° mo 3HadyeHHs 119 1 -71,7 Hm BianmoBiAHO. 3HAK «-»
MoKazye, 10 30UIbIIEHHS Bipi3Ka X; HAMPABJICHO MPOTHJICKHO HAMpPsIMKY OCl OX, a
3HAYMTh, 30BHIIIHI BOJIOKHA MaTepially CTOHKH cTUCKaroThes. Ha auisaii CD 31 3M1HORO

KYTOBOI KOOPJIMHATHU (;, TUIeU€e X; MOYMHAE PYX B IO3UTUBHY CTOPOHY, IO MPU3BOAUTH
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JI0 3MEHIIEHHS (10 MOAyJIt0) MoMeHTy Bia F, 1o -30.4 Hwm (puc. B.1 6 nonarok B). Ha

naHid aisHIn MoMeHT Bia Fy 3poctae 1o touku C Bix 119 no 234 Hm. Ha ainsain BC
3rUHANBHUI MOMEHT Bix F, 3MiHIOE 3Hak 1 gocdrae 3HadeHHd 87 Hwm, a momeHT Big Fy
301mpIyeThes o 270 Hv. Ha kpuBOMiHIAHIA AUISHIN, SKA BAKOHAHA 3 BUKOPUCTAHHSIM
THYYKOr0 TPyO4YacTOro €JIEMEHTA, 3TUHAIBHHIA MOMEHT JAO0CATaE MAKCUMAJIBHOTO
3HaueHHs (170,3 Hm) npu KyTOBii KOOpAMHATI PiBHIA ;= aq -90.

3 ypaxyBaHHSIM 3THHAJIbHOIO MOMEHTY BIJI A1l cvi Fy MakcuMalibHUA cyMapHUid
MOMEHT BUHUKAE B TOUIll A 1 Mae 3HaueHHs 618,3 Hm (puc. B.1 r nogatok B).

HaiiGinpir To4HMM CrmocoOOM BH3HAUEHHS TMEPEMILICHHS AOBUIBHOT TOYKH
KPUBOJITHIHHOT OQJTKK M1 €0 30BHIMHBOT cuju € ¢opmyia Cimrcona. [IponoHoBaHa
CTIKa € CKJIQJIOBOK0 KOHCTPYKIIEKW - TpyOuacTuii enemMeHT - AB 1 dyacTuHa CTOWKH
BCDE. 3 ypaxyBaHHsIM TOTO, IO 3THHAJIBHUA MOMCHT MAa€ MaKCUMAJIBHE 3HAYEHHS HA

autsHil AB, sxopetkicte sikoro K«EJ 1 mapamerpu nepetuny a = 30 MM; B = 15 MM;
N : : E
h=3,5 mm, npuitmemo >xopctkicth ausiikn BCDE ?]

J1Jisl BUBHAYEHHS IEPEMIIIEHHST POOOYOT0 Oprany Ha TpyOJacTiii croiii Gpopmyna

CimncoHa HaOy i€ BUTTISY:

_(Llr L
AEg fO 6KLE]

(Mp(0) - M,0) + 4 My (2) - My (2) + Mp (L) - My(L)) (A1)

ne L, — MoBKKHA 1-TOi AUTBHMII CTOMKU, MM;

My — MOMEHT BiJ1 30BHIIIHBOI ¢, HMM;

M, — MOMEHT BIiJl OIMHUYHOT vy, HMM;

Ky EJ — 50pCTKiCTh IiNbHMII, SKy posrisaaemo, Hym?,

Boke 3ragana criiika ckiamaeTees 3 4 auisHok - AB, BC, CD, DE. MomenTu
BA3HAYAEMO BIJ 30BHIMHIX chi Fy 1 F, HE3alIe:)KHO OJIMH B11 OJTHOTO, a OJIMHUYHY CUJTY
HAMpaBIsiEMO B BEPTUKAILHOMY 1 TOPU3OHTAJIBHOMY HAMpsMKY MOCII0BHO. B
pe3ysibTari OTpUMyeMO 4 BHpa3d BU3HAYECHHS BEPTUKAIBHOTO 1 TOPH30HTAIBHOIO
nepeMineHHs Toukd E ctoiiku. CkinaBuIv airOpUTM PILIEHHS B MATEMAaTHYHOMY MAKET1
MathCAD, Oynu oTprMaHi 3aI€KHOCTI IEPEMILIEHHS pOOOYOro Oprany Bij CUIN ONOPY
IPYHTY 1 3MIHM KyTa MK TPAEKTOPIE TMEPEMILIEHHS pPoO0YOro opramy i

TOPU3OHTAJIBLHOIO BICCIO BiJI CUJIM OMOPY IPYHTY (puc. 4.3).
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PucyHok 4.3 - 3aJIe’KHOCTI MEPEMILIEHHS JIaly BiJl CUJIA OMOPY IPYHTY:
1 - nepemimmenns o oci OZ;, 2 - nepemimmeHHs no oci OX; 3 - cymapHe,
a - MEPEMIILCHHS JIAaNK B 3aJICKHOCTI Bl CHJIM OMOPY IPYHTY O - 3al€KHICTh KyTa

HAXWJTy TIEPEMILICHHS JIaly BiJl CUJIA OMIOPY IPYHTY

31 30UTBLIEHHSIM CHJTH OMOPY (TBEPAOCTI) IPYHTY MEPEMILLEHHS POOOUYOro Oprany
301MbIIYETECS (PUCYHOK 4.3 a) 1 MAa€ HANPSMOK MO FOPU3OHTANI - MPOTUJIEKHO XOIY
arperary 1 BepTUKaJIbHO Bropy. [Ipu 30uibmenHi cumm omopy Ao 1,2 xH cymapae
NEPEMIIIEHHSI CTAHOBUTH 5 MM, MPAYOMY MEPEMILICHHS B TOPU3OHTAIIbHIN TUIOLIKHI,
piBHE 4,1 MM, OiblIe HIXK Y BEPTUKAIBHINA (2,7 MM). 31 301bIueHHsAM cuim 10 2,5 kH
NEPEMILIEHHS JIalK KyJbTUBATOpa Aocsarae 10 MM, OI0 € MAKCHMAIbHO JOMYCTUMUM
3HAUEHHSM O arpoOTEXHIYHUM BAMOTaM. 31 30UIbIICHHSIM CHIU onopy Oineuie 2,5 kH
poOouMii opraH BKe TNEPEBUIIYE BUIVIMOJECHHS, BCTAHOBJIECHI arpOTEXHIYHUMH
BUMOTAMH.

JU1 BU3BHAYEHHS HAMTPSAMKY MEPEMILICHHS pOO0YOT0 Oprany mia A€ CUIIH OMOPY
IPyHTY OyJIO BU3HAYEHO KYT MIXK TPAEKTOPIEO MEPEMILICHHS 1 TOPU30HTAIBHOIO BICCHO
OX. 3anmexxHiCTh 3MIHMA KyTa BiJ 3MIHU CUJIM OMOPY IPYHTY MokKa3aHa Ha puc. 4.3 0. 3
aHaJII3y OTPUMAHOI 3aJIEKHOCT]1 BUAHO, IO 31 3MIHOK CHJIM OMOPY IPYHTY TPAEKTOPIs
pPyXy poO0o4YOro OopraHy HE 3MIHIOETbCA 1 € MPSIMOK0, TaK SIK KyT HE 3MIHKOETHCS 1

CTaHOBUTH 33,4°.

4.2 Jloc/aiizKeHHs1 nepeMillleHHs1 po0040ro OpraHy Ha CToiui i3 3MIHHOIO

JKOPCTKICTIO M €0 THCKY

[Tpu nogavi THCKY B MOPOKHUHY THYYKOrO TPyOUacTOro €neMeHTa B1A0yBaeThCS
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nedopmallisi NEPETUHY, IKa BUKIUNKAE MEPEMIIICHHS poO04oro oprany. Jljis BU3HAYCHHS
3HAUEHb MEPEMILIEHHS, a TAKOX HOro HanpsMKu Oyna CKIIaJeHa pO3paxyHKOBa CXeMa
S-moaiOHOT CTOWKH, MO MOoKa3aHa Ha puc. 4.4. Y cTaHi cnokor (0€3 THCKY ) HEHTPaJbHA
JiH1s cToiKM 3aiimae nonoxkeHHs ABCDE. [Ipu nmoxayi THCKY B MOPOKHUHY THYYKOTO
TpyOuacroro enementa AB BiaOyBaeTbes Aedopmanis, 1 LEHTpPaAJIbHA JIiHIS CTOWKH
3aiimae nonoxkeHHss A'B'C'D'E'. LienTpanbHuii KyT TpyOUacToro e1eMeHTa 3MiHATHCS Ha
3HaueHHs Aq; 1 mpuiiMe 3HaueHHs Aq,'. Paglyc KpuBM3HM A0 mojaadl THCKY Rj,
3MIHUTBCA 10 3Ha4YeHb Rj'. [lepemimeHHs TOYkM B MOXXHA BH3HAYUTH 34 BIJIOMUM

BHUpa3oMm [21].

PucyHnok 4.4 - Cxema [y BU3HAYECHHSI IEPEMIIIEHb TOUKHM E Mg J1€10 TUCKY

Jlis BU3HAUEHHS NEPEMILIECHb TOUKHA E HEOOX1IHO BU3HAYMTH KOOPANHATH TOYKH
10 ToJayl THCKY 1 KOOPAMHATH TOYKM Mmichas noxaadl TUCKy E'. KoopauHatu Toudku
HEOOXIHO BHMCIIOBUTH 4YE€pPE3 TEOMETPUYHI MAPaMETPU CEPEAHBOI JIHII CTOHKH -
LHEHTPAIbHI KyTH 1 palyCH:

Xg =R, sina;+L-cosa; + R, sinf —R, -sin(Bf + a,) +
+R; - sin(a, + ) — R3 - sin(a, + B + a3);
Zp=—R;-(1—cosa;)—L-sina;y —R,-cosB+R,-cos(f+a,) —
—R; - cos(a, + B) + R; - cos(a, + B + as3);

(4.12)
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Xz =R;-sina; +L-cosa; + R, sinf —R, sin(ﬂl + az) +
+Rs - sin(az + ,8') —R;- Sin(az +B + 0(3);
Z;E = —R; - (1 — coso(l) —L-sina; —R, - cosB + R, cos(B' + 0(2) —
—R; - cos(az + B') +Rj;- cos(az +B + 0(3).

(4.13)

geB=m—oy,B =T— o, KyTd CYMiXKHI 3 0 i O; BiAMOBIZHO.

JUi BU3HAYEHHS! KOOPAWHATH TOUKH E' HE0OX1IHO 3HAaTH 3HAUECHHSI LIEHTPAJIbHOTO
KyTa oy pagiyca KpHBH3HH R;, sIKi XapaKTepH3yIOThCS BiTHOCHHUM KyTOM PO3KPHTTS
(1.2). 3 ormsany Ha, O AOBXKUHA AYTH TPyOUACTOro €JIEMEHTA J0 1 MICIIs BIUIUBY TUCKY

HE 3MIHIOETLCS, MAEMO:

allRl

al'Rlzai'RiﬁRi = (414)

&
BucnoBuBIM BiTHOCHUH KyT PO3KPUTT 3 (1.2), 1 BpaxoBYyrOUH, IO 0y = 0 — Aq,

OTPUMAEMO:

Ry
_plzr2RZ2 /[ b2\ « \ -
(1 P E b-h(1 ocz> B+X2>

[ToBHE nepemimeHHs poOoYoro oprany OyJe CKIaAaTUCs 3 MEPEMILICHD MO OC1 0X

R, = (4.15)

- Ax 1 mo oci 0z - Az. 3Harounm koopauHath Touku E no medopmanii tpydyactoro

€JIEMEHTA 1] 1€ TUCKY 1 TICIIs, MEPEMILICHHS MOYKHA BU3HAYUTH 3 BUPA3Y:
AX = Xg' — X,
AZ=7¢—7g (4.16)
Ap= VAX? + AZ2
Jlis KoMIieHcanii MmepeMilieHb JIad KyJbTUBATOpa BiJ CHUJM ONMOPY IPYHTY B
MOPOXXKHUHY TPyO4aCTOro €JIEMEHTAa CTOMKM TMOJAEThCS THUCK, SKWUHA 30UIbIIYE
YKOPCTKICTb €JIEMEHTA 1, Ac(POPMYIOUYH MOMEPEYHHI NEPEpi3, MOBEpTaE poOOUmil opraxn
Ha 3agaHy mMOuHY. CriibHe pimeHHs Bupasziz 4.12...1.16 no3Bonsie OoTpUMaTH
3QIEKHOCTI MEPEMILIEHHST poOOYOro OpraHy Ha THYYKIAH TpyOdacToi CTOHII BIif
3HAUEHHS TUCKY, IO MOAAETHCS B MOPOXKHUHY CTOMKK (puc. 4.4).
OTpuMaHi 3aJIeKHOCTI MOKa3YKTh, IO 31 301IbIICHHSIM THCKY B MOPOXXHUHI
TpyOUacToro  €JAE€MEHTa  MEPEMIlICHHS  janu  30UIbLIYEThCS  JIHINHO. [J{s
KOMIIEHCYBAaHHS BIAXUJIEHHS XOAY JIAlK KyJIbTUBATOPA BIJ Aii CHJIM OMOPY IPYHTY B 1,2

kH, B TpyOuacToMy €lleMEHTI AOCUTH CTBOPUTH TUCK 2,5 Mlla npu sikomy cymapHe
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NEPEMILIEHHS JlanmK ckiaagae 10 MM, mepeMILEHHs O XOQy PyXy arperary — 9 mm, a'y
BEPTUKAJIbHIH MJIOIIMHI J1ana 3arau0atoeTses Ha 4 MM, [t 3arnubiienHs ganu Ha 10 Mmm
(BEpPTUKAJILHE MEPEMIIICHHS ) B MOPOKHUHI TPYyOUYACTOro €J1€MEHTa HEOOX1THO CTBOPUTH
tuck 5,5 MIlla. [Ipy 1boMy 3HA4YECHHI THCKY BEPTUKAJIbHE NEPEMILIEHHS JIalu

KOMIIEHCY€ BUNIMOJIEHHS B 11 CUJIM onopy IPpyHTY B 2,25 kH.

PucyHok 4.4 - 3ajie:kH1CTh NEPEMILEHHS pOOOYOro OpraHy BiJl THCKY:

1, 2 - nepeMiliEHHs IO OC1 0Z 1 0X; 3 - CyMapHE MEePEMIIIEHHS

Bukopucrtanns TpyOuacToro eiaeMeHTa 3 OTPUMAHMMH T'€OMETPUYHUMU
napaMeTpamMu J03BOJISIE 3MIHIOBATH >KOPCTKICTh CTOMKHM, 3MEHINYIOUYM MEPEMILICHHS
Jany BiJ A1i CUJIM onopy IpyHTy. [Ipyr BUKOPHCTaHHI HA IPYHTAaX, CHJIA ONOPY SKHX HE
nepesunrye 2.5 kH, nepemimeHHs Jand BiAOyBaeThCs B MEKax, BCTAHOBJIECHUX
arpOTEXHIYHUMHM BUMOramu. JlJisl TOBEPHEHHS Janmu Ha BCTAHOBJICHY IIIMOWHY B
TPyO4acTOMy €JIEMEHTI TOCUTh CTBOPUTH TUCK 2,3 MIla, npu sxomy poOouwmii opraxn

nepeMimyerbest Ha 10 Mm.

BucnoBku 3a pe3yiibTaTaMi CKCIICPUMCHTAJIbHUX I[OCJ'IiI[)KeHB

1. TeopeTM4HO OOIPYHTOBAHO MOXJIMBICTh 3MIHM 3THHAJIBHOI KOPCTKOCTI
KYJIbTHBATOPHOKO CTOWKH B MPOLeci 0OpOOKHU MOCIBIB.

2. Bu3Ha4yeHO BIJIMB KOHCTPYKIIT CTOMKK HA MEPEMILIEHHST POOOYOro Oprany i
JIEF0 CHJIM OMOpPY TPYHTY 1 THCKY. OOIPYHTOBAHO MEPEBAry BUKOPUCTAHHS THYYKOTO

TpyO4acToro enemMeHta B S-MOAIOHOI CTOHKHM, B TMOPIBHSAHHI 3 IHIIAMW THIIAMH
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KOHCTPYKUINA. [ Hyukuii TpyOuyacTHii €MEeMEHT CTOWKHM, 10 3aJ0BOJIbHSE YMOBAaM
MILHOCT1 IpH cwJTi onopy A0 1 kH, mae mapameTpu: ueHtpansHuii Kyt 165...180°; paaiyc
kpuBK3HH 210..240 MM; mapaMeTpl NEPETUHY: BEJIMKA 1 MaJia miB oci a = 30 MM; B = 15
MM; TOBILMHA CTIHKHA NMEPETUHY h = 3.5 MM.

3. Po3po0sicHO PpO3paxyHKOBI CXEMH 1 OTPUMaHl BHpPa3W, IIO J03BOJISIOThH
BU3HAUMTH 3HAUEHHS [MEPEMIMICHHS POOOYOro OpraHy Ha CTOHII 13 3MIHHOKO
JKOPCTKICTIO BIJ Aii TiAPaBIiYHOrO THUCKY 1 CHJIM ONOPY IPyHTY. J[aHi 3aleKHOCTI
NOB'AI3YI0Th 30BHILIHI CHJIOBl MAPAMETPH, T€OMETPHYHI XAPAKTCPUCTHKH CTOMKH 1
napaMeTpu nepemilieHHs podoyoro oprany. [1pu 30inbmienHi cunm onopy Bix 1,2 1o 2,5
kH cymapHi nepemileHHs janu cTaHoBIATh 5 1 10 MM BianoBiaHO. [lepeminieHHs nanu
BIAOYBAEThCA MO OPsMIA mig KyToM 0 ropusoHTam 33,4°. [Ipm CTBOPEHHI THUCKY B
TpyOuacromy enemenTi a0 2,5 Mlla cymapHe nepeMileHHs Jiank CTaHOBUTE A0 10 MM,
anpu 5,5 Mlla - 1o 22 mm. [Ipr n1pOMy BEPTUKATIBHE MEPEMILICHHS MATUME 3HAUYEHHS 5
1 10 MM BIAMOBIAHO.

4. BCTaHOBNEHO 3aJIEKHOCTI TEOMETPUYHMX MMAPAMETPIB CTOHKH 1 30BHILIHIX
cuitoBux (akrtopis. [Ipu omopi rpyHTy A0 1 kH, MakcumanbH1 Hanpy>KeHHs B MaTepiaii
cknanarotek 193,77 MITa. JI5id BU3HAYEHHS! HAMPY>KEHb B Ali TUCKY BUKOPHUCTOBYBABCS
METOJI TEOP1i 0OOJOHOK, SIKHMIA JJO3BOJIMB BU3HAUYMTH HANPY>KEeHHs, piBH1 148,2 MITa npu

tucky B 10 MITa.
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S TPAKTUYHA PEAJII3AIIA PO3POBOK

5.1 ExoJioriyna ekcneprusa

Ekonoriuna excneprtuza sBhse COOOK BPETYJbOBAHY HOPMAaMH AisUTbHICTh
€KCIEePTIB MO aHali3y, MEPEeBIpI 1 OMLIHIN JOKyMEHTalli 00 €KTIB 1 pIlIEHb, HA iX
BIANOBIIHICTh MpaBWJIaM 1 BHMOTraM OXOPOHM HAaBKOJMUIHBOIO CEPENOBUIA 1
PALiOHANBHOTO MPUPOJOKOPUCTYBAHHS B LUISIX MONEPEHKEHHS MOKIMBUX HETAaTUBHUX
HACTIAKIB JUIsl HABKOJIMIIIHBOTO CEPEIOBUIIA.

L{im ekonoriunoi excneptusu [23]:

- 3a0€3MeUeHHsT  HAYKOBOI'O BH3HAUYEHHS BIANOBIAHOCTI MPOCKTHUX PILICHb
CYYaCHHMM €KOJIOTTYHUM BUMOTaM MEPE] iX 3aTBEPAXKEHHSAM B KOMIETCHTHUX ACPKaBHUX
OpraHax;

- MONEPEHKEHHS  MOKIIMBOIO  HETaTUBHOTO  BTPYYaHHS HA  €KOCHUCTEMY
(PYHKIIIOHYIOYMX 1 TPOEKTHUX 00’ €KTIB B MPOLECI ii pearmizarii.

Ekonoriuna excneprusa OyBae ACpKaBHOK, TPOMAACHKOI0, @ TAKOXK 1HILIOTO BUIY.
BoHa € 000B’13Kk0BOK0 YMOBOKO 3aKOHO/IaBYO0i POOOTH rOCMOAAPCTRA 1 IHIIOT AISUTBHOCTI,
sKa BIUIMBAE HA CTaH HABKOJIMIIHBOTO CEPENOBMINA. B ocTaHHI poKM BiIOYBarOThCS
HETaTUBHI 3MIHM HABKOJIMIIHBOIO CEPENoBHINA, TOMY Yy 1991 pomi 25 uepBHs OyB
npuiiHaTAil 3akoH Ykpainu «[Ipo 0XOpoHY HABKOIMIIHBOTO MPUPOAHOTO CEPEAOBHILAY,
a 9 mororo 1995 poky OyB npuiiHaTHIl 3akoH YKpainu «[Ipo eKoJoriuyHy eKCnepTusy».
3a3HayeHl 3aKOHW BU3HAYalOTh MPABOBI, €KOJOTIYHI 1 COLIAIbHI OCHOBM OpraHizaiii
OXOPOHHM HABKOJIMIIHBOIO CEPENOBHUINA, BHMOIH [0 TMPOBEACHHA E€KOJIOTTYHOI
eKCepTu3n TouIo [24].

BianosiaHo 10 TeMu poO0TH 00'€KTOM 3a0pyAHEHHSI HABKOJIMIIHBOTO CEPEOBUIIA
€ TPaKTOp, IO BUKOHY€E poOOTH 3 0OpOOKM IPyHTY. TOMY, B TOCIIOAAPCTBI TPOBOAUTHCS
KOMIUIEKC 3aXOM1B MO 3aXUCTy AOBKULISA BiJ HOr0 HEraTUBHOTO BILIMBY.

JIisUTBHICTh TPAKTOPHOI OpAraav B TOMY YMCII 1 TEPUTOPIi 1€ 3HAXOAUTHUMETHCS
BiHA, @ 0COOJIMBO 3aMPaBHOI CTaHIIi, BIJIMBAE HA CTAH OTOYYIOUYOr0 CEPEAOBUINA, TOMY

MM IPOIIOHYEMO 3ax04U 110 IMOIICPCIKCHHIO 3a6p}II[HeHHH HAaBKOJ/IMIIHLOI'O CCPCAOBHIIA.
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Ha 3anpaBHiii cTaHIii ;pkepeaoM BUXOAY 3a0pyTHIOKUYMX PEUOBUH B aTMOCheEpy €
oOnasHaHHs, K€ BCTAHOBJICHE HA i1 TEPUTOPIi: CKJIAAW Ta LUCTEPHU ISl 30€piraHHs
[IMM, 3anpaBHi KOJOHKH.

3rigHo ['OCT 12.1.005-76 cucrema 6e3neku ctanaapTiB npaui «Iloeitps poGouoi
30HU. 3arajbHl CaHITAPHO-TITEHIYHI BAMOTHY, B IKOMY PETJIAMEHTYETHCS TOMYCTUMUI
BMICT IIKIJUIMBHX PEUYOBMH HA 3ampaBHId 0a3i: cipyaHwid aHriapun - 10Mr/m, oxcupa
BYTJIELIO - 20 MI/M, TBOOKCHJ 30Ty - 5 MI/M, TBEPA1 PEYOBUHU - 1 MI/M.

B 3B's13Kky 3 num 1715 3a0€3N€UYCHHST YUCTOTH MOBITPSI, KPIM JIF0UO0i BEHTWISALI Y
OPUMILIEHHSAX, MPONOHYEMO BCTAHOBUTH TMPUCTPIA AJIi OYMIICHHS MOBITPS BiX
3a0pYIHIOKOUMX PEUYOBHMH. /[ OUMIICHHS TOBITPS B NPUMILIEHH] MPOMOHYEMO A0
3arajbHOi CUCTEMH BEHTHJIALIT AOAATH WTIHAPUYHUE IUKIoH [1H-15.

[TpornoHyeMO 3aCTOCOBYBATH MICLEBY BEHTWIISILIIO 3 OYMIICHHSM MOBITPS Y
COIUTOBOMY BHUXPOBOMY MWIOBJIOBIIOBaYl. BiH a00pe ouumiae moBiTps BiA
ApiIOHOIMCIIEPCHUX YACTHH, PO3MIPOM MeHIIe 3 MKM. J[>kepenom 3a0pyAHEHHS IPYHTY 1
IPYHTOBMX BOJ Ha 3ampaBHiid 0a3l € 3ampaBHE OONaIHAHHS, CAaHBY30J, HAa HHX
IPOBOAATHCS BUKUAM 3a0PYIHIOIOUMX PIAMH Y KaHATI3ALlIFO.

CTiuHl BOAM MiAJISATAOTh B3a€MHIA HEUTpamizamli WIISXOM 3MILIYBaHHS iX y
(GUIBTP1 BIACTIHHUKY, a MOTIM MPONYCKaHHIO iX KPi3b PO3YMH BaIlHA, ¢ BOHU MOBHICTHO
HEUTPATI3yOTHCS 1 HAMPABJISKOTHCS B )KUBWIbHUH OaceiH A MO>KIIMBOTO MOBTOPHOTO
ix BukopucTaHHs. CTI4H1 BOJM MICTSATh MACTHJIA, TU3EJIbHE MAJTMBO, €TUJICHTIIIKOJIb, TYTH
Ta iHI peyoBuHU. Boun marote PH=9-10,5, ximiuauii kucens B Mexxax 9-5 r/m1 10-16
/1 eMynbCIiHMX Macna. /[aHl CTIYHI BOAM HANpPaBIISIOTHCS B 3arajlbHUN KOJIEKTOP, a
MOTIM OYMIIATUCS HA ABOX ycTaHOBKax. CTIYHI BOJAM 3 CaHBY3JIIB HAMPAaBJISIOTHCS Y
cremiabHl QUIBTPH - BIACTIHHUKY, 1€ BOHM MIAJIATAIOTh XJIOPYBAHHIO. BinmpanbsoBaHi
TEXHIYHI PIAMHU Ta MAaCTWIA, BIACTOI MM3EIBHOTO MAIBHOIO 3JIMBAKOTh OKPEMO B
creniagbHl FEPMETHYHI EMHOCTI, B IKUX BUHU BIACTOIOKOTHCS HA MPOTA31 JBOX MICSIIIB.
[ToTiM 3TMBarOTh B aBTOLIMCTEPHY 1 TPAHCHIOPTYIOTh HA MYHKT 30MPaHHs BiAMPALbOBAHUX
MacCTHJI 1 TEXHIYHUX piIAvH. Tak sik 3apa3 BiAOYBarOThCSA 3001 3 BUBO30M LIUX PIIUH, TO

OPONOHYEMO CIIAKYBATH 3a PETYJSAPHICTIO BUBO3Y, HE AOMYCKATH PO3JIMBAHHS PIIUH HA

IPYHT.
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OTmxe, AaHi 3ax0aM 3a0e3Meyarb MIHIMAJIbHUI BIUTMB HA €KOJIOTIYHY CUCTEMY MPH

00CIyroByBaHH1 TEXHIKHA Ha HaToOa3!1.

5.2 Oxopona npaui

5.2.1 AKTyanbHiCTh npodaeMu 0e3NneKH JIIMHE Y BAPOOHHYOMY CepeIoBHILi

Ta NPH HAA3BHYAITHUX CUTyaliAX

OxopoHa mnpaill B Hallllif KpaiHi 0XOILTIE 3aX0/IM M0 MOAATBIIOMY TOKPAIICHHIO
YMOB Tpalli Ha OCHOBI MexaHi3amli BaKKHX 1 WIKIAJIMBUX BHPOOHWYMX MPOLECIB,
HIMPOKOMY BITPOBAKEHHIO CYYACHUX 3aCO0IB OXOPOHHM IMpalll, YCYHEHHIO TPUYMH, O
NOPOJDKYIOTh TPABMATH3M 1 Mpo(3axBOproBaHHsl poOITHUKIB. BOHA TiCHO MOB’si3aHa 3
YMOBaMH ITpatli.

YMOBHM Mpalll - CKJIaJHE CYCIUIbHE SIBULIE, M0 (OPMYETHCS B MPOLECT TPYAOBO1
JUSUTBHOCT1  MiJ BIUIMBOM B3a€MOMOB’SI3aHUX (DAKTOPIB  COIIATIbHO-C€KOHOMIYHOTO
XapaKTEPY, K1 BIUIMBAIOTH HA 3/I0POB S, MPaL€3AaTHICTh, BIAHOIICHHS JIFOIMHU JI0 Mpaili
Ta CTYI1Hb 3aJ0OBOJICHHS B1J HE, €()EKTUBHICTH Mpalli Ta 1HII PE3yJIbTaTH BUPOOHULTBA
[25].

OxopoHa mnpami Ta Oe3meka B HAA3BUYAMHMX CUTyallisX B yMOBax
CUIBCBKOTOCIIOAAPCHKOTO BUPOOHMITBA - BAKJIMBE 3aBJAHHS, BUPIMICHHS SKOTO
3a0e3MeUnTh HOpPMaJibHI YMOBH Mpalll MpaliBHUKAMH CUIbCBKOTO Tocnoaapctsa. lle
3aX0JM MO MOAAIBIIOMY O3JOPOBJICHHIO 1 MOJIMIIEHHK) YMOB Npalli, MHAPOKOMY
BIPOBA/DKEHHIO CYYaCHHUX 3ac001B OC3MEKH, YCYHCHHIO MPUYMH, L0 MOPOKYIOTh
TpaBMaTH3M, CTBOPEHHIO HA BHUPOOHUUTBI HEOOXIAHMX TITIEHIYHUX 1 CaHITAPHO-

noOyTOBUX YMOB.

5.2.2 3aranbHi BUMOrH 0€3MeKN Mijl 4aC BUKOPUCTAHHA TPAKTOPA

J1o poGOTH Ha TpakTOpax JAOMYCKAKThCs 0coOM HE Mojioame 18 pokiB, K1 MaKOTh

NOCBIIYEHHS HA MPABO KEPYBaHHS TPAKTOPOM 1 MPOHIIUIA IHCTPYKTAXK 3 TEXHIKK O€3MEKH

[25]. Jlo3BOJISIETHCS MPALFOBATH TIILKKM HA 3aKPIMJICHUX 32 BOJIEM TPAKTOP1, THUMYACOBA



40

poboTa Ha THIIOMY TPAKTOP1 JOMYCKAETHCS MPU BIAMOBIIHOMY MHCHMOBOMY JO3BOI.
[Tepenava GyHKII# yrnpapaiHHS TPAKTOPOM THIIMM 0CO0aM, sIKi HE 3aKPIMJIEHUM 32 HUAM,
KaTeropu4Ho 3a00poHEHO. 3a00pOHSEThCA TAaKOXK JBO3MIHHA Oe3mnepepBHa podoTta 1
poboTa Ha TPAKTOPI1 y CTaH1 CI'THIHHS.

Oco0nuBy yBary ciiijJi 3B€pTaTi Ha OXKEKHY Oe3neky. Ha TpakTopax, caMmoxiqHIX
11acl MOBUHHI OyTH MPHUCTOCYBAHHS Il aBTOMATUYHOIO PEryJIFOBaHHS THTEHCUBHOCTI
OXOJIO/DKCHHST IBUTYHA a00 PEry/toBaHHS 3 poOo4yoro Micis Bojis. s 3aXucTy Bij
3aCMIYEHHS CEPLICBUHM PAlaTopa, NOBITPO3a0IpHUKA, a TAKOK MEXPEOEPHOT0 MPOCTOPY
LHUTIHAPIB IBUTYHIB TOBITPSHOTO OXOJIOKEHHS TEXHOJOTTYHUMU BIIXOJaMU (COJI0Ma,
NOJIOBA TOWIO) MOBHUHHI OyTH nepeadaveHi WBUAKO3HIMHI CITKH a00 1HII1 MPUCTPOI.

JIBUTYHU TPAKTOPIB, CAMOXITHAX MALIMH Ha 30MpaIbHAX poOOTAaX MOBHHHI OYTH
3a0e3neyeHl TAYIIHUKAMU IIyMy, ICKporacCHMUKamu a00  ICKPOBJIOBJIFOBAYaMHU.
KoHcTpykilisg iCKporacHMKa 1 1ICKPOBJIOBIOBAYaMHU MOBUHHA JO3BOJISTA OUUIIATH iX Bl
Harapy.

BunyckHi TpyOu IBHTyHAa HE MO>KHA HAIMPABJIATHA HA JIETKO3AWMUCTY POCIHHHY

Macy, a TaKOXK Ha MEXaH13MH1 MallluH, MPU3HAYEH] IS 300PY TEXHOJOTTYHUX MTPOAYKTIB.

5.2.3 Anani3 (popmMyBaHHSI TPABMOHEOC3MEYHNX CHTYaNIil

AHani3 HeOe3MeUHuX yMOB, SIKI ICHYKOTh YW BHUHHUKAKOTh O€3MOCEPEAHBO HA
BUPOOHUITBI OKA3aB, 10 X MO>KHA NOALTMTH HA ITPYyNH, sKi [26]:

- XapaKTEepU3yrTh cTaH ab0 piBEHb HEOE3NMEKUM BHPOOHWUYOro oOiagHaHHs a0o
NEBHOTO poO0YOro MiCIsi, KOHCTPYKTHBHI HEOJIKA KOHKPETHOTO By3J1a Y4 MAllWHU,

- CIOHYKAKOTh NPALKOYOro AONYCKAaTH MOMWIKHA Y MPoLeci poOOTH, HHU3bKa
KBaJTi(PiKaL[ls MPALFOFOYOT0 Ta PIBEHb 3HAHb 3 OXOPOHM Tpal;

- CTBOPIOKOTh MOKIIMBICTh MPOHUKHEHHS MPALIOIOYOro y HeOe3MeuHy 30HY B
HACIJAOK BIJICYTHOCTI BIJAMNOBIAHOTO KOHTPOJIIO 34 JOTPUMAHHSM MPaBUJI 3 OXOPOHHU
npaii.

Besike mopyiieHHs aHAIITUYHOT HJTOCTI OpranizmMy abo Horo (pyHKIIH BHACIITIOK

J1i HA JIFOAWHY OYIb-IKOr0 HEOE3MEYHOTro (PAKTOPY BU3HAYAETHCS SIK TPABMA.
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BucHOBKH.

JUts Toro mo6 Ha MmiAnpUEMCTBI TPAMWIOCS MEHILNE BHUMAIKIB SIKI 3aKIHUYIOTHCS
TpaBMamMH HEOOX1THO JOTPUMYBATUCh HACTYTHUX 3aXOMIB:

1. 3abe3neunT BUAAHHS CTAHAAPTHUX PO3MIPIB CIIEHOAATY Ta TOJIOBHHAX YOOPIB.

2. 3abe3neunTy O KO>KHOTO POOOYOro MiClsl HASBHICTb THCTPYKIIi IO BUMOTaM
Oe3MeKn Ta 3HAKK 3 NONEPEIKYBATbHUMHU HATIMCAMH.

3. 3a0e3neunT 3MEHIICHHS 3ara30BaHOCTI MOBITPs Ha Oasi.

4. O0namHaTd NPUMILICHHS [ TPOBEACHHS IHCTPYKTQKIB Ta HAaBYAHHS
MPAaIiBHUKIB 3 MUTaHb OXOPOHM Mpalli.

5. OpranizyBary NOCTIHHUN KOHTPOJIb 32 CTAHOM OXOPOHM Mparll.

BukoHaHHS 3a0PONOHOBAHUX 3aXOMAIB CHPHUITHME 3HUKCHHIO PU3MKY HEOE3IEK,

110 MPU3BENEC 0 3HUKEHHS PIBHS BUPOOHUYOTO TPABMATHU3MY.

5.3 Po3paxyHOK eKOHOMIYHOI e()eKTHBHOCTI Pe3yJ/IbTATIB JOCTIKEHHS

YMOBH PUHKY JTUKTYIOTh BAMOTH BCEOIYHOTO 3HHYKEHHS TPYIOBUX, MAaTEPIaJIbHUX
1 CHEPreTMYHWX BHUTPAT NPH BUPOOHMITBI CUIBCHKOTOCHOAAPCHKOI MPOAYKIIi 31
301IBIICHHSM BpOKaiHOCTI. Lle 0JHa 3 OCHOBHMX YMOB KOHKYPEHTOCHPOMOKHOCTI
peaTi30BaHOro TOBApPy Ha BHYTPIIIHBOMY 1 CBITOBOMY PHHKY.

Po3paxyHOK €KOHOMIYHOI €()EKTUBHOCTI MPOBEACHUIA BIAMOBIAHO 10 METOIUKH
PO3paxXyHKy poOOTH IpyHTOOOpPOOHMX MamuH 1 arperariB  [27]. EkoHOMIYHY
€(PEKTUBHICTh BH3HAYMMO [UISXOM CHIBCTABJICHHS BUTpPAaT Ha MOJEPHI3AIIIO
kynbruBaropa KIIC-4 1 npuOyTKy, OTPUMAHOIO 3a PaXyHOK 3aCTOCYBAaHHs CTOMOK 13
3MIHHOO JKOPCTKICTIO.

[TpoXyKTUBHICTE KyJbTUBATOPA 32 TOJMHY 3MIHHOI Yacy BU3HA4YaeM 10 GOpMyJIi:

W:=0,1"By - Vp- K| (5.1)
ne Bp =4M — mmprHa 3axBaTy KyJIbTHBATOPA,

V,=10 km/roa — poboya WBUIKICTE arperary,

K = 0,8 — koe(inieHT BAKOPUCTAHHS HOPMU 3MIHH.

HopmatuBHa BeMUMHA PIYHOTO HAMPAIIOBAHHS CKIIAAE:
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W, =W, T In, (5.2)
ne T=8 roa — 4yac 0OCHOBHOT poOOTH 3a 3MIHY;
J1 =20 aH1B — KUIbKICTh pOOOYMX JTHIB 34 CE30H;
n =2 — KUTbKICTb 3MiH.
3a JAaHUMU NPOBEACHOTO AHAJI3Y MOKHA BU3HAYMTH BTPATH BPO’KAKO Bl 3HAYEHHS
KBQJIPATUYHOTO BIAXWJICHHS [IIMOWHW XOAy Jam KyJbTHBaTopa. s cepiiiHoro
KyJIbTUBATOPA 0.=1,8 cM, UII MOAECPHI30BAaHHOTO - G,~0,71 cM. 3 BHILIE MPUBEAEHOTO
BUpa3y BU3HAYAEMO BPOXKANHICTBH IJIsi CEPIHHOrO KyJabTuBaropa - ¥Y.=27.4 w/ra, mis
MOJECPHIZ0BAHOIO - ¥,~29.6 11/ra. HanbaBka BpOKalHOCTI KYJIbTYPH B PO3paxyHKy Ha
1 ra Bu3Ha4aeMo 3a HOpMYyJIOHO:
AY=VYy—-VY.=2211/ra (5.3)
JlolaTKOBMIA YMCTHI JOX1]] 32 paXyHOK peanizailii TpUpOCTy BPOKaK0 BU3HAYAEMO:
Cav= AV 11, rpa/ra (5.4)
ne L, —niHa 1 neHTHepa NmeHu.

AmopTtur3auiiini BinpaxyBanHs C, BU3HauaeM 3a (popmyioro [27]:

_ Br-ar+bay

C
A 100w,

rpH/Ta, (5.5)

ne br — 6anancosa 1ina Tpaktopa MT3-82;

0T — HOpMa aMOPTU3aLIHHUX BiApaXyBaHb TPAKTOPA,

bk — Oanancoga 1iHa kynstuBaTopa KI1C-4;

Ox — HOPMa aMOPTU3aLIHHUX BIAPAXyBaHb KYJbTUBATOPA.

JIJIsi MOJIEPHI30BaHOTO KyJIbTHMBATOpa OaJlaHCOBA BapTICTh OyJe CKIagaTHCS 3

BapTOCT1 KYJIETUBATOPA 1 BUTPAT, MOB'I3aHUX 3 IepeodnaaHanusMm - Ab:

x = by + AB, rph. (5.6)
Bigpaxysanus Ha I1T 1 TO C,, rpH/ra BU3Ha4aeMo:
Br-pr+bPy
C,=—————r1pH/ra, 4.7
P 100w, p (4.7)

1€ px — HopMa BiapaxyBaHb Ha TP 1 TO Tpaktopa 1 KyJIbTHBaTopa BiAMOBIJHO.

[lina TIMM C,, rpa/ra Bu3HavaeThes mo gpopmyi [27]:

Cy ZCJV—F:l rpH/TA. (5.8)

ne Cyr —1miHa 1 KT AU3eI5HOTO NajInBa;
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q — BUTPATH NanuBa 3a roguny. (q.=4,0 Kr/ra, q,=3,5 Kr/ra).

Omutara npaui Cyp, TPH/T. BU3HAYAETHCS 10 GOPMYIL:
Crp = v(\:/_rr rpH/TA. (5.9

ne Cp — MoroiMHHa CTaBKa MEXaH13aToPa, TPH/TO.

[Tpsimi excrutyaTaiiiiiHi BATpaTd BU3HAYaEMO 1O GOpMyIi:

[Tutomi KamiTaJIOBKJIaICHHS BU3HAYaeMo 1o opmyini [27]:
— Br+by
K—W—prH/Fa, (511)
[TpuBencH1 BUTPATH:
3p = C +0,1K, rpu/ra. (5.12)

ExoHoMiuHMI e(QeKT 3acTOCYBaHHsS KyJIbTHMBAaTOpa 3 EKCICPUMEHTATBHUMU
CTOMKaMU BU3HAYAETHCS 32 (DOPMYJIOHO:
Ee = (35p-3np)*+ Cay, TpH/Ta. (5.13)
Piunuii exoHOMIYHMI €PEKT B PO3PaxyHKY Ha 1 KyJIBTHBATOD:
E, = Ee - Wy, TpH. (5.14)

TepMiH OKYMHOCTI KaniTalbHUX BKIAACHB HA MOJIEPHI3ali0 KynbTUBaropa [37]:

T ==, pokis. (5.15)

p

HageneHi po3paxyHku CBiq4aTh, M0 S-moAi0OHI TPyOYaCTI CTONUKK 3 MOKJIUBICTIO
3MIHU 3TUHAJILHOT )KOPCTKOCTI 3a0€3ME€Uy0Th PIBHOMIPHICTh X0y poO0YOro OpraHy mno
rOuHI. E(QEKTUBHICTE 3aCTOCYBAHHS CTOMOK MOJIATae B 3a0€3MEUEHHI arpOTEXHIYHUX
BUMOT IO TJIMOMHI OOPOOITKY TPYHTY, IO J03BOJIATH 30UTBIIMTHA BPOKAWHICTH 10 2,2
1/ra. PiuHmMi €KOHOMIYHMIA €(QeKT B pO3paxyHKy Ha 1 KyJbTHBArop Big Horo
3aCTOCYBAHHS 3 EKCIIEPUMEHTATLHUMH CTOMKaMU ck1aae 987695 rpH. Tepmin OKymHOCTI
BUKOPHCTAHHS MPONOHOBAHMX CTOHOK HA KYJBTUBATOPI 3 IIMPUHOK 3axBaTy 4 M

cTaHoBUTH 0,3 POKH.
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BUCHOBKH

1. BusiBineno ymoBH poOOTH JIaOBUX poOOYHMX OPraHiB HA CEPIHUX CTIHKaX MpH
NEPEANOCIBHOrO 00poOITKY IpyHTY 1 ¢ciBOM. [IpoBeaeHuli anani3 nmokasas, 10 BOHU HE B
NOBHIM Mipi 3a0e3MeuyroTh JOTPUMAHHS AarpOTEXHIYHMX BHMOI MO CTaOUIbHOCTI
ruOuHU 0OPOOITKY I'PYHTY.

2. Po3po0nieHO pO3paxyHKOBI CXEMU 1 OTpUMaHl BUpPa3W, MO JO3BOJISIOTH
BU3HAUMTH 3HAUEHHS MEPEMILICHHS POOOYOro OpraHy Ha THYYKid TpyO4acToi croifii
KYJITUBATOPHOI JTaNK BiJ [1i MAPaBIIYHOIO THCKY 1 CUJIA ONIOPY IPYHTY. 3apOnoOHOBaH1
CXEMHU BIIPI3HAIOTHCS THM, IO OMUCYOTh KOHCTPYKLIKO CEPEAHBOI JiHII S-moaidHoi
CTOMKH, IO CKJIAJAEThCS 3 TPHOX KPUBOMIHIMHMX 1 OAHIE] MPAMONIHIAHOI AUISIHKH,
NOB'A3Y0YH ii FEOMETPUYHI MAPAMETPH 3 30BHIIIHIMHA CUJIOBUMHA YNHHUKAMH.

3. OOIpyHTOBAaHO TE€OMETPHYHI MAPAMETPU THYUYKOTO TPyO4ACTOTO €IEMEHTA
CTOMKH 13 3MIHHOKO KOPCTKICTHO, IO J03BOJIsI€ CTAOLII3yBaTH X1/l Janu MPH CUJIl OMOPY
no 1 kH: nenrpanbhamii kyT 165...180°; pamiyc kpuBm3au 210..240 MM; mapameTpu
NEPETUHY. BEJKMKa MiBBiCH @ = 30 MM; MEHIIA MIBBICH B = 15 MM; TOBIIMHA CTIHKH
neperuny h = 3,5 mwm. [Ipu cTBOpeHH1 THCKY B TpyOuacTtoMmy enemeHti A0 2,5 Mlla
CYMapHE MEpPEMIllICHHS Jlanu cTaHoBUThH 10 10 MM, a mpu 5,5 Mlla - no 22 mm. [1pu
[IbOMY BEPTUKAJIBHE MEPEMIIIEHHS MaTUME 3HAYCHHS 5 1 10 MM BiMOBIIHO.

4. BCTaHOBIEHO 3aKOHOMIPHOCTI MK TE€OMETPUYHHMH TapaMeTpaMH CTOWKH,
HaNpPy>KCHHSIMH, 110 BUHUKAOTh B Marepiaii TpyO4acToro eJIeMEHTA I JI€K0 30BHILIHIX
(axTOpiB, 1 TEXHOJIOTTYHUMHU NapaMeTpaMH pyxy arperaty. OTpuMaHi 3aKOHOMIPHOCTI
NOKa3yHOTh, IO 31 30IJIbLICHHSIM CHUJIM OIOPY IPYHTY A0 1 kH MakcumanbH1 Hampy KeHHs
B Matepiaii ckiagaroTk 193,7 Mlla. I1pu cuni onopy rpynty ao 3 kH, pobouwii opran
BUMIIYONSAETBCS HA 7 MM 1 NEPEMILIAETHCS MPOTHIICKHO PyXy arperary a0 10 mwm.
301nbHICHHS [BUAKOCTI pyXy arperary 3 7 n1o 10 kM/roa, ga€ pe3ysibTaTtd CUJl OMOpy
3.,4...4,12 kH 6e3 BukopuctanHs Tucky 1 3,8...4,65 kH 3 TuckoM. 30UTbLIEHHS CUITA OMTOPY

i Ai€ro TUCKY 10 15 MIla miaTBep/pKye, 110 Jiana 3arau0iooThes 10 50 MM,
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5. BusiBieHO, 110 BUKOPUCTAHHS KyJIBTHBATOPHUX CTOMOK 13 3MIHHOKO YKOPCTKICTIO
3a0e3neuye 3a7aHy MIMOMHY PyXy Janud B MeEXKaxX, BCTAHOBJICHUX arpoOTEXHIYHUMU
BuMoramu (£10 mm) 1o 89.

6. Hapeneni po3paxyHKH cCBiguarh, WO S-moAiOHI TpyOdacTi CTOWKH 3
MOKJIMBICTIO 3MIHM 3TMHAJBHOI KOPCTKOCTI 3a0€3MEUYyI0Th PIBHOMIPHICTH X0y
pobovoro oprany mno mnOuHI. EQEKTUBHICTE 3aCTOCYBaHHS CTOHOK TMOJSTaE B
3a0€3MeUeHH] arpoTEXHIYHUX BHMOI MO MIMOWHI OOpOOITKY TPYHTY, IO JO3BOJMTH
301IBIIMTH BPOKAHHICTh A0 2,2 1/ra. PiuHnii ekoHOMIYHMN €(DEeKT B pO3paxyHKy Ha 1
KYJIbTUBATOP BIA HOr0 3aCTOCYBaHHA 3 €KCINEPUMCHTAIbHHUMHM CTOHKAMH CKIIAJE
987695 rpH. TepMiH OKYMHOCTI BUKOPACTAHHS! TPONOHOBAHUX CTOHOK HA KYJIbTUBATOPI

3 IIMPUHOIO 3axXBary 4 M CTaHOBUTH 0,3 POKH.



