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Ilpoananizoeano pyx mouxku niogicy wmane ma po3pobieHo Mamemamuiny mMooensb cioponpusionol
C8EPONOGUHHOT YCMAHOBKU OJisl GUSHAYEHHS 3AKOHIG PYXY i1 eleMeHmi8 8npoo0esc pobOY020 YUKIY Y NPo-
yeci 6CMOKMYSAHHSA MA HAZHIMAHHA. 3aNpONOHO6AHI PO3PAXVHKU, 00360JI0Mb GUOPAMU PAYIOHATbHI
pexcumu i excnayamayii ma 6ymu 0CHOG0I0 07l PO3POOKU HOBUX MEXHOLOSIUHUX PilleHb, CHPIMOBAHUX
HA 3HUMICEHHS! OUHAMIYHUX HABAHMAICEHD
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Ipoananuzuposanno Osudicenue Mmo4Ku nooseca Wmane U papadomana Mamemamuyeckas Mooeib
2UOPONPUBOOHOU CKBANCUHHOU YCINAHOBKU 051 ONpedenenusi 3aKOH08 OBUICEHUsL ee IeMEeHMO8 HA CKBO3-
HKe pabodezo Yyukia npu noCmynu ecacvléanus u Haenemanusi. Ilpednooicennvle paciemsl, nN03601510M
8610paAMb PAYUOHATIbHBLE PENCUMBL €€ IKCHIYamayuu u Obims 0CHOBOU 051 pa3pabomKu HOBbIX MeXHON0-
2UHECKUX PeueHUll, HANPAGLEHHbIX HA CHUMNCEHUE OUHAMUYECKUX HACPY30K

KittoueBbie ciioBa: He()Th, CTAHOK-KaJalika, IITaHra, 100b4a

In the article the analysed motion of point of barbells and the mathematical model of downhole fluid-
izer is worked out determination of laws of motion of her elements on the draught of duty cycle at the step
of suction and festering. Offered calculations, allow to choose the rational modes of her exploitation and
be basis for development of new technological decisions of the dynamic loading sent to the decline
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Beryn. BunmoOyTok HagTH 3 IONMOMOTOI0 MITAHTOBHX HACOCHHUX YCTAHOBOK — HAWIOMIMPEHININH.
[TanroBa HacocHa YCTaHOBKA CKIIAJIAETHCS 3 BEPCTATA-KAUaJIKH, TUPJIOBOTO CATbHUKA, KOJIOHW HACOCHHUX
IITaHT 1 HACOCHO-KOMIIPECOPHUX TPyO, BCTABHOrO abo HE BCTABHOIO CBEPJIOBHHHOTO Hacoca. J{is
3akpimieHHs B konoHi HKT BcraBHOro Hacoca, SIKMH CIYCKA€ThCsS Ha KOJIOHI INTAHI, 3aCTOCOBYIOThH
3aMKOBYy omnopy. LlunmiHapu He BCTaBHMX HACOCIB CIIYCKarOTh Y CBEpJIOBHHY Ha KiHIi koioHu HKT, a
TUTYH)KEp Ha KiHII KOJMOHM HacOCHWX IiTaHr. LIupokwii criekTp 3acTOCyBaHHSI IITAHTOBHX HACOCHHX
YCTaHOBOK 3yMOBIIIO€ aKTYaJIbHICTh POOIT CIIPSIMOBAHUX Ha MiJBUIICHHS €()EKTHBHOCTI iX pOOOTH.

Amnani3 uMciaeHHMX KOHCTpykuid mpusomi LIICHY, mo 3’sBuauCch Ha mpoMmuciax 3a octaHHi 20
POKIB, TIOKa3ye, IO OCHOBHOIO TEHICHITIEIO iX PO3BUTKY € IEpI 32 BCE 30UTBIICHHS JIOBKUHH XOIY TOYKH
mifBiCKK mTaHr. KpiM Toro ije MoOmykK TaKMX KIHEMAaTHYHUX CXEM Ta KOHCTPYKIIH 3pIBHOBaXKYHOUH
MPHUCTPOIB, SIKi JO3BONHIN O 3MEHIIUTH rabapuTh (a BIAMOBIIHO, 1 MACy) MPHUBOMY, 3MEHIIUTH 3yCHJLIS,
IO Jit0Th Ha (YHAaMEHT, MiHATH HaJiiHICTh MPUBOAY. BIocKoHANIEHHS YCTaHOBOK CYIPOBOKYETHCS
30UTBIIEHHSIM KUTBKOCTI KOHCTPYKIiHA, B SKHX BHKOPHCTOBYEThCS O00’€MHHI TiIPONPUBIA, IO
OOyMOBIIGHO HOTO BHCOKOK) EHEPrOEMHICTIO Ta TMPOCTOTOI0 TMEPETBOPEHHS 00EpTOBOIO PyXy
BHCOKOOOOPOTHOTO JIBUTYHa B TOBUIBHHMN 3BOPOTHO-TIOCTYNMAaJbHHWA pyX MiABiCY mTaHT. Bimoma
TiIPONpUBIIHA INTAaHTOBa TJIMOMHOHACOCHA YycTaHoBKa [1,2], 10 MICTUTh CBEpIJIOBUHHUI Hacoc,
TiIpaBmiyHl HIWAIIHAPY PO3MIIICHI OJWH HAJ OIHUM, HWXHIM 3 SKUX BCTAHOBJICHO Ha TpaBepci,
3aKpirieHili Ha KOloHI HacocHo-kommpecopaux Tpyd (HKT), pesepByap aunst pianHu, TigpaBiivyHi JiHiT 1
po3noniibHUK. Hemomikom BiIoMOI KOHCTPYKIIIT YCTAaHOBKH €: 11 HeCTIHKICTh, OCKUIBKU BCE 00JIaHAHHS
MOHTYEThCS Ha TpaBepci, 3akpimieHid Ha koimoHi HKT; ckimaana cucteMa OOB'S3KH TiIpaBlIidHHX
HATIHAPIB, PO3MILIEHUX OAWH HAaJ OJHUM, IO 3HAYHO 30UIbIIYE BEPTHUKAIbHHNA rabapUT yYCTAHOBKH 1
YCKIIQJHIOE MOXKJIMBICTh BUKOHAHHS 11 00cmyroByBaHHs. € Takok kKoHCTpyKIist [ITHY 3 rHyukuwm 3B's13k0M
kononu ITaHr 3 konmonoto HKT [3,4,6], sika MICTUTH pamy, sSIKy MOHTYIOTh Ha THpIi CBEpPJJIOBHHH,
TpaBepcy, y cepenHii yactuHi skoi npuenHano kojony HKT, nea mapaiienbHO po3TaiioBaHi CHIIOBI
TipaBmiyHi MWIIHAPH, 3’€JIHAHI 3 TPaBEPCO, TiApaBivHI JiHIT 1 po3noniibHUK. Hemomikom BimomMol
YCTaHOBKHM €: KiHEMaTH4Ha CKJIaJHICTh B3a€MOil OONaJHAHHS, HEIOCTATHsS JOBIOBIYHICTH T'HYYKOI
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3B’S13KH, HEOOX I/IHICTh MEPiOUYHOrO 3MalyBaHHS TIap TEPTHL.

IMocranoBka 3aBaanHsi. OCHOBHMUM BHKOHABYMM €JIEMEHTOM YCTAHOBKH € BepCTar-Kadalka Ta
BCTaBHUI a00 HE BCTaBHHI CBEPAJIOBHHHMM Hacoc. Big HaIIHOCTI WX BY3JIiB 3aJICKUTh €KOHOMIYHA
e eKTUBHICTh HAPTOBHIOOYBHHX miAnpueMcTB. [lopsn 3 mepeBaramu, 1o 3a0e3NeUyOTh MacoBe
3acrocyBanHs IIICHY B pi3HMX eKCIUTyaTalliiHO-TEXHONOITYHUX YMOBaxX, € IUIMHA P HETOMIKIB, IO
CYTTEBO 3HMXKYIOTh e(eKTHBHICTh iX poboTH. B mepmry depry e moB’s3aHe 3 THUM, IO TPH XOJi
IUIYHXKepa BBEPX Ha KOJOHY INTAHI Ji€ BJIacHA Bara Ta Bara CTOBIA PIAMHM; IIPH XOII BHU3 Jisl Baru
pinmHN mepenaetbes TpyOam. [loeaHaHHS 3MIHHMX TIO BEIWYHMHI 3YCHJIb 3 BEIHMKOI) BIIACHOIO Baroro
KOJIOHH IITAHT BUKIIMKAE 1X CKIAIHHWI HANPYKECHUI cTaH. ToMy MiBHINEHHS MPale3aTHOCTI IIMX BY3JIiB
€ KITIOYOBOIO 3aJIauero JUIsl 3HWKEHHS co0iBapTocTi 100yTOl HApTH, IO 3yMOBIIOE aKTyalbHICTh POOIT
CIIPSIMOBAHMX Ha MiZBHINECHHS e(heKTHBHOCTI iX poboru. OTke, METOI JaHOI CTaTi € OCTIHKEHHS PyXy
KOJIOHH ILITAHT, @ TAKOXK ii KOJIMBaHb B MOMEHT MOYATKY pyXy IUIYH)KE€pa HacoCy Bropy.

Pesyabrarn. PosrisHemo dasm 1mukiny pyxy eneMeHTiB TigpaBmiyHoro npuBoma LITH. 3a
y3arajbHEHY KOOPIMHATY S MPHHMEMO BiJIalieHHs TOYKH minpicy B mranr (puc. 1) Bim ii HUKHBOTO
nojoxeHHs. O4eBUIHO, 10 S € OJHOYACHO BIITAJICHHSM TPaBEPCU BiJl HIDKHIX MEPEMUKAUIB 8, a TaAKOK
BiJ[IAJICHHSIM TOPIIHIB TiPaBIIYHAX KOJIOH (TIAPONMIIH/PIB Bi iX HUKHBOTO TTOJIOKEHHS).

[ukn moYMHAETHCS 3 MOMEHTY TIepEMIIICHHST TOYKH IMiIBICY IITAHT BiJ il HIXKHHOTO MONOKeHHs. [1pu
BKITIOUCHHI HIJKHIX KIHIIEBHX TIEPEMHUKAUIB TIONAETHCS CHUTHAN Ha PO3MOAUIHBHHK (TIEpPEKITIOUCHHS
po3moiTbHIKa TpuBae MeBHUU mpomikok yacy (0,05..3,0c) [1]. Konmu po3mominbHUK 3HAXOMUTHCS B
ceperHbOMY TIONOXKEHH1 OOMJIBI Ti/IpaBiiuHi JiHil (HarHiTalbHA Ta 3JIMBY) IMEPEKPHUTI, HIBUKICTh TOYKU
mifiBicy mTaHr piBHa HymO. [Ipu mepexosi 30J0THHKA PO3MOAUIPHHKA 3 CepenHboro (HEHTpaibHOTO)
TIOJIO’KEHHS B JIiBE TIOJIOKEHHSI HarHITAIbHA TiIpaBIivyHA JIiHiS BIIKPUBAETHCA, a JiHIs 371MBY 3aJIHIIAETHCS
3akpuTor0. Poboua pimuHa mocTynae mijx mopuiHi rigponwmisapiB. TpaBepca, a Takok i Todka MiiBicy
IITaHT TIOYMHAIOTH CBill pyX BBepx. Ilepma ¢asza — e dasza HeycraneHoro pyxy Touku B mpu 11 pyci
BBepx. BoHa MPOMOBKYETHCS Bii MOMEHTY MOYATKY PyXy TOYKH Mi/IBiCYy i IITAHT 0 MOMEHTY ii pyxy 3
MOCTiHOM IBHIKICTIO. [[fo a3y MokHa po30uTH I1e Ha ABI miB ¢a3u. Ilepia miBdasa MOYMHAETHCS 3
MOMEHTY I0YaTKy pyXy TOYKH MigBicy B mTaHT i 3aKiHYyeThCS MOMEHTOM, KOJHM IIBHAKOCTI BCIiX
MOTIEPEYHHX TIepepPi3iB ITaHT 3PIBHAIOTHCA.

MoMEHT, B SKWH 3ycHIISl B HIDKHBOMY TIepepi3i y IITaHT, OUTA IUTYH)Kepa, € TaKUM, TPU SKOMY
MOYMHAETHCS PyX IUTyHXKepa BBEPX, SIBJISI€ cOOOI0 KiHElb Mepiiol miB ¢a3u pyXy TOYKH IMiJBICY IITAHT i
OJIHOYACHO TIOYaTKOM JApyroi miBgasu il pyxy Beepx. [pyra miBdaza mpoJoBKyeThCS 10 THX Mip, MOKU
IUIYHXKEP HE AOCATHE MOCTIMHOI IBUIKOCTI, TOOTO 1is MiB (pasa € miB (a3orw posrony miyHxepa I1ITH.

Jaui Hactynae apyra ¢asa — dasa ycranenoro pyxy. Lls ¢asza naiitpusanimia B yaci. [InyHxep Hacoca
Ma€ MOCTIHHY MIBUJKICTD 1 IPH IIbOMY CBEP/UIOBHHHI BYIJIEBOHI (HadTa) MOCTYNAIOTh HA TIOBEpXHIO. SIK
TUTBKH TpaBepca BMHKA€ BEPXHi KiHIIEBI TIepeMHKadi, MOAA€ThCS CUTHAJ Ha IYNBT YIPABIiHHSA, @ 3 HHOTO
Ha pO3MOAUTHHHK. [lepexiiioueHHs pO3NOALIbHAKA BiJIOYBAETHCS MPOTSATOM IEBHOTO MPOMIKKY Yacy (B
PO3MOAITBPHUKAX 3 TiAPABIIYHAM Ta EJICKTPOTiIPAaBIIYHIUM KEpyBaHHSM TIependadcHa MOMKIHBICTb
perymnoBaHHs IBUAKOCTI pyxy 3omoTHHKa (dac peepcy (0,05...3¢) [5]. Ilpomixok yacy, depe3 sKuii
HATHITaJIbHA JIiHIS CTa€ IOBHICTIO TMEPEKPHUTON0, BIAMOBIAE Yacy TalbMYyBaHHS pyXy IOpIIHIB
rimpaBiiyHEX KoloH BBepX. Lle € Tpers daza uukiny poOOTH yCTaHOBKH, TIPH SIKiil BUAKICTh PYXy TOUYKH
MIZBICY IITAHT MaJa€ BiJ yCTaJICHOIo 3HauYeHHs 10 Hy/s. [licias mbOro Mae Miciie MpOMDKOK 4acy, KOJIH
TOYKA MiZBICY IITAHT HEPyXoMa, IO BiAMOBila€e deTBepTiid (asi MUKy poOOTH YCTaHOBKH. TpHUBANICTH
i€l a3y He3HaYHA 1 3aJISKUTH BiJ] KOHCTPYKIIIi PO3NOALIBHUKA 1 HOrO IONEPETHBOTO PETYIIIOBAHHSI.

[Ticns 11bOro BIAKPUBAETHCS CKUOBA TiApaBiIivyHa JIHIA 1 [T Barol TPaBepCH 1 MPUETHAHOIO 10 Hel
o0naiHaHHS TIOYMHAETHCS PyX TOYKH MIJBICY IITAHT BHU3. Ha mouatky pyxy TOYKH MijIBiCy IITAHT BHHU3
TUTYH)KEp Hacoca 3HAaXOAUTHUMETbCS y HEPYXOMOMY CTaHi JI0 THX Iip, TIOKM PO3MISHYTI IITaHTH HE
CKOpOTATHCS 710 HOMIHANBHOT AOBKUHH. [IpoMiXKOK "acy BiJ MOYATKy pyXy TOUKH MiIBiCY IITAHT BHU3 JIO
MoYaTKy pyxy IUTyH)Kepa Hacoca € IATor ¢a3or HuKily podord ycraHoBkH. lllocra dasza poboru
YCTaHOBKH MPOJOBXKYETHCS BiJ] MOYATKY PyXy HAcOCa BHHU3 JJO MOMEHTY BKIIIOUCHHS TPABEPCOI0 HIDKHIX
nepemukadiB. Ha 11iii ¢a3i 3akoH pyxy TOUKHM MiIBiCY WITAHT, OYEBUIHO, HE Oyle MPOMIXKKOM 4acy pyxy 3
MOCTIHOI MIBHIKICTIO, IO 3YMOBJICHO 3MIHHHAM OIOPOM PiIUHM, SIKA BHINTOBXYETHCS 3 TiPaBIIYHHX
KOJIOH, & TAKOX 3MIHHMM OITOPOM PiIMHMU, SIKA PyXa€ThCd y CKUIOBIH rifipaBiiuHiil MiHii.

B MomeHT, KomuM TpaBepca BKIIOYA€ HWKHI KIiHIIEBI TEepeMHUKayi, MOMAETbCS CHUTHAN Ha ITYJIBT
VIpaBIiHHSA, a 3 HbOIO Ha PO3MOAUIBHMK 1 BifAOyBaeThcs Horo nepeximtoueHHs. CKHIOBa JIiHIA
3aKpUBAETHCS, 3aKPUTOIO € HarHiTaiubHa JiHIA. HacTymae rambMyBaHHS pyXy TOPIIHIB B TiApaBIidYHHX
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KOJIOHAX, 4 OTKe i raJbMyBaHHs PyXy TOUKH MifBicy mTaHr. Yac ransMyBaHHS € JOCHTh KOpoTKuM. Moro
MPOMIXKOK TPUBA€E BiJl MOMEHTY TOYATKY MEPEKIIOUEHHS PO3MOAUTHHUKA JI0 MOMEHTY TIOBHOTO 3aKPHTTS
CKHJIOBOI JIiHIT (MOMEHT, KOJIM PO3MOAUTEHUK TIONa/Ia€ B HEHTpaIbHE MONOKEHHS, TIPU IbOMY CKUOBA 1
HaTHITaJIbHA TiApaBIivHI JiHil mepekpuTi). [IpoMikOK Yacy ranbMyBaHHS PyXy TOUYKHM MiJIBiCY IITAaHT €
CbOMOIO (ha30t0 MUKITY poOOTH YCTaHOBKH. | Ha KiHEIb MPOMDKOK 4acy, MPOTATOM SKOTO TOYKa IiIBICY
IITAHT 3HAXOAUTHCS Y HEPYXOMOMY CTaHi y HIDKHBOMY 1 MOJOXKEHHI, € BOCBMOIO (Da3010 MUKy poOoTH
ycranoBkd. Yac 1i€i ¢a3u — 1ie yac BiJl MOMEHTY 3YIIMHKH TOYKH IiJBICY IITAHT JI0 MOMEHTY TOYaTKy
BiJIKpUBaHHS HATHITAIBHOI JIiHIT (IOYATKY JPYroro MUKy poOOTH YCTAHOBKH).

, 0%u B 0%u

(1)
ox* ot?
MPH TIOYATKOBUX YMOBaX
ou
u —0 Of _,x
Yi0=% o= @
1 TAKMX TPaHUYHUX YMOBAX:
Giu 0%u
u -0 2.0 — 7. Ot
W _g=0 @’ O =m0 (3)
I
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1 nibgaza » 2 nibgaza

2 2| 4] 5|

1 gaza Z gaz J @aza\4 gaza|s gaza 6 gaza 7 @aza |8 gaza

1-a ¢aza — ye gaza pozeony mouxu niosicy wmane (nicis nei U=const) (1-a nispaza — npomiswcox uacy 6io
MOMeNmy NOYamKy pyxy mouku niogicy 00 MOMeHmy no4amKy pyxy WiyHoicepa Hacoca ésepx,; 2-a nie ¢aza —
NPOMIDICOK Hacy, uepes aKull 6Ci nepepisu KoNoHU wmane po3eansiomucs 0o weuoxocmi U=const); 2-a ¢haza
yemaneno2o pyxy mouku niosicy wmane eeepx 3 U=const; 3-1 (paza — npomisicok yacy, npomszom k020 weuoKicms
mouKu nidgicy wmane smenwumocs 8i0 U=const 00 nymsi, 4-gpaza npomisicox uacy, npomsicom siko20 moyka niogsicy
WMane Hepyxoma y 6epXHboMY HONOJICEHHI, 5-a (a3a — NPOMIJICOK Yacy 6i0 MOMEHNY ROYAMKY PYXy MOYKU NIOGICY
wmane 6HU3 00 MOMEHMY HOYAMKY PYXY HAYHIICEPa HACOCA 6HU3, 6-haza — RPOMINCOK Yacy 6i0 MOMEHNY NOYAMKY
PYXY HIYHIICEPA HACOCA BHU3 00 NOYAMKY NEPeKPUmmsi CKUOO0B80i Ninii (nouamxy eanobmyeanns); 7-a aza —
NPOMIJICOK Hacy 6i0 noUamkKy nepeKpummsi CKUO0680I JIHII 3ynuHKU MOYKY Niosicy wimane;, 8-a (paza — npomisicox
uacy nepebyantsi mouKuy NiOGICY WMane y HUNCHbOMY HONONCEHHI

Pucynox 1 — ®a3u pyXy TOYKH IiABicy IITAHT NPOTATOM OJHOIO il UKy

BinbHI KOMMBaHHS KOJIOHH INTAHT, SIKi BAHUKAIOTh B MOMEHT MIOYATKy PyXy IUTyHXepa Hacoca BBEPX,
SK yKe OyJI0 TIOKa3aHO BUIIIE, OMUCYIOTHCS XBHILOBUM PIBHSIHHIM

3amauy (1), (2), (3) po3B’sA3yeEMO METOIOM pO3MOALICHHS 3MiHHMX (MeTomoMm dyp’e). IIpu npomy
YaCTKOBUH PO3B 30K MU(PEPEHIIIHHOTO PIBHSIHHS IIYKAEMO Y BUTISIII

u=X(x)-7() “)
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TOOTO BBAXKAEMO, 110 MEPEMILIICHHS 1 MO)KXHA TOJaTH y BUIVISAL ABOX OIHAKOBHX (YHKIIIH, OIHA 3 SKUX
3aJIeKUTh TUTBKKA BiJi apryMeHTy X, a Jpyra — TUIbKH Bij aprymeHty ¢. lle o3nawae, mo mis
3HAXO/DKEHHS 1 HeoOXinHo 3Haiitu X (x) i T(¢). Ilincrasnsemo (4) B (1) i orpumyemo

a’X"/ X=T/T (5)

s BUKOHaHHS PIiBHOCTI (5) s Oyab-sKMX X 1 ¢ HEOOXimHO, 100 KO)KHA YacTUHA PIBHSHHS
JopiBHIOBAJIA TOCTiiiHiH, AKy T03HauMMO Yepe3 p° . Tofi OTpUMaeMo 1Ba PiBHAHHS
.o 2
T+ pT=0; X +£_x=0 (6)
a
P03B’5130K IMX OAHOPITHUX PIBHAHL MAa€ TAKWUH BUIIIS;

T = A4-cos pt+ B-sin pt, (7
T=C-cos?*+ B.sin?X. (8)
a a

{06 3anoBonbHHUTH Tepiriid rpanuvHid yMoBi (3), HeoOximHo B (8) mpuitaatu C=0. 3 npyroi
TpaHuYHOI YMOBH (3) MaeMo:
dX

_— 2
2 dX _ X d’T
at X/ T=-ml X/ 0 ©)

a0o0 MiCIIsl IepEeTBOPEHb OTPHUMAEMO
m-PlogPl_y (10)
a a

PiBusinas (10) — TpaHCUEHIICHTHE YacTOTHE PIBHSIHHSA, sike Mae Oe3nid kopeHiB. [lapamerp p —

. -l
4acToTa KOMMBaHb CUCTeMH. J1Jis 3pydHOCT] BBEIEMO MO3HAYCHHS P B.
a

[MoBHu# po3B’s30k 3aaadi (1), (2), (3) orpuMaeMo cyMyBaHHSIM BCiX YaCTKOBHX PO3B’s3KiB, TOOTO

Py X
a

u= an(x)-Tn(t)zi(An -cos p,t+ B, -sin pnt)-sin

abo

/ a

=Y X,(x) T (Z):iKA” coss 2ty s .a.z).sm Lx

Cranmi A4, i B, 3HaX0IMMO KOPHCTYIOYMCh NOYATKOBUMH yMoBaMH (2). Ockinbku npu ¢t =0, u =0
To 1e o3Hadae, mo A4, =0. Jlnd 3HaxomkeHHA Koe]ilieHTiB B, BUKOPUCTOBYEMO JPYTy HOYaTKOBY
yMoBy (2)
ou

o :OOB.ﬂ"'a't.' X, 12
=0 ; ; ; sin ; vl (12)

Jani xopuctyemocsi crnocodoM, HaBeneHUM B poborti [7]. s nboro JiBy i MpaBy 4acTHHY PIBHSHHS

ﬂi"x
/

MHOXXHAMO Ha Sin 1 iHTerpyeMo B iHTepBaii Big 0 10 /, TOOTO
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J.sm (ZB 't~sin ﬂ”l'xjdx=ﬂv~§~sin¥dx (13)

Jiist oTpuMaHHs pe3yNbTatry iHTerpyBaHHs piBHsSHHS (11) 3HaX0AMMO TaKi iHTErpau:

v jmﬁﬁ 1 (1_sin2[},]
2 2'ﬁi

v I1x~sinﬂ J __cosﬂl.+smf3i;
! B B
jolx-sin ﬂ"l'x~sin ﬂ”l'xdxz—m-l-sin B, -sin B, . (i #n).

Pe3ynbraTté ocTaHHBOTO IHTETpajia OTPUMAHO IPY BUKOPUCTAHHI YACTOTHOTO PiBHSIHHSA (9).
[MixcraBnsemo pe3ynsraté Tphox iHTErpatisB B (11)

Bi~M~i[l—Mj—m~l~sinﬂl{ Bn~B"'a~sinﬂn}=
[ 2 2-B, n=1,2,3 111+1 !

=v~l( cosﬂ 1nf§l] (14)

I3 (11) Buano, 110

B, -a . a .
B - "la-smﬂn:v—Bi-ﬂlla-smﬂi

n
n=1,2,3,....i-1,i+l

Tomy, Oynemo matu

B,.ﬂi'a,[1_Mj—m~l'smﬁi'(V_Bi'ﬁl

a .
«SIm p. | =
l 2 2'ﬁi ﬂlj

cosfB. sinf,
[ cosB sing) 5
B B
[Tpu BpaxyBanHi (5) i3 OCTAaHHBOTO PIBHSHHS OTPUMAEMO
4.v-[-sin B,

(16)
a'ﬂiz '(2'ﬂi +Sin2ﬂi)

P =

B pesynbraTi QyHKIlIA MEepeMillieHHs MONEPEYHHUX IMepepi3iB KOJIOHU IITAHT, BUKIMKAHUX KOJTMBHHX
porecoM oye

sin 3, - ﬂ at

4-v-| & / . pB,x
— . . n 17
e & nz'(2-ﬂn+sin2ﬂn) T o

JlonaTkoBe AMHAMIYHE 3yCHUJUISA y TOYIN MIABICY INTAHI 3YMOBJICHE KOJIMBHHMM ITPOIIECOM Y KOJIOHI
IITaHT B MOMEHT IIOYaTKy PYyXy ILUTyH)Kepa Hacoca BBEpX

ﬂat

sin 3, -
ou 4.-v < /
F,=E-A,-—=—"E-4,-)

oxX a " nz-(z-ﬂn+sin2ﬂn)

(18)

Yac ogHOro UKy poOOTH TMOMHHOI YCTAHOBKH JIOPIBHIOE Yacy pyXy TOUYKH IiJIBICY IITAHT Bropy 3
HWKHBOTO TOJIOKEHHS TUTIOC Yac 11 pyXy 3 BEPXHBOTO IMOJOKEHHS B HIDKHE 1 TUTIOC 4Yac nepeOyBaHHS
TOYKH TIi/IBiCY IITAHT y BEDXHBOMY Ta HUKHBOMY HEPYXOMOMY cTaHi. To0TO ¢ ~ 27,64 c.
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Tpy6onpoBifHui TpaHCOOPT HadTH

Ha ocHoBi po3po6ieHoi MaTeMaTu4HOi MOJIENi YCTaHOBKH [Tl BUAOOYTKY HA(TH CTBOPEHO JITOPUTM
i mporpamy Ha MoBi @OPTPAH mnpu pyci KONOHH KOJNW IiIOTh CHIM PO3TATY MPUKIAJAEHI A0 HeEl i
OTpUMaHO pe3ynbTaTH po3paxyHky. Ile ¢asza migHimManHg HadTH 13 TUIacTy Ha moBepxHIO. [lo gaHMX
noOynoBaHo rpadikd 3aleXHOCTI  pyXy TOYKHM HiaBicy B dYaci (Ti mepeMimieHHsS, IIBHIKICTH 1
npuckopeHHs). Ha pucynky 2 moka3aHO mNepeMilllcHHS, Ha PUCYHKY 3 — IIBHAKICTH 3 SIKOKO BOHA
PYXa€eThesl, @ Ha PUCYHKY 4 TIPUCKOPEHHSI.

Amnani3 rpadikiB mokasye, m0 TOYKa MEPEMIlICHHS MiJBICY MITAHT y 4Yaci 3MIHIOETHCS 332 3aKOHOM
S =0.0044 +1.0491 - ¢, a mBHIKICTH 11 3pocTae 1o 3akoHi V' =0.0044 +1.0491-¢, B ToW ke 4ac
NPHUCKOPEHHsI Ha TIOY4aTKy pyXy pi3ko TMajgae, a TMOTIM IUIABHO 3HWXKYETHCS II0  3aKOHY

W = 04859+ L1581

BucnoBok. B crarti mpoaHanmizoBaHWH pyX TOYKH IIJBICY INTAHT Ta PO3POOJICHO MaTeMaTHYHY
MOJIC/Ib TIAPONPHUBIAHOT CBEPIIOBUHHOI YCTAHOBKH JJIsi BHM3HAYCHHS 3aKOHIB pyXy II €lIeMEHTIB Ha
MpoTsi3i poOOUOro WUKIY MPH XOAI BCMOKTYBaHHS Ta HarHiTaHHS. 3amporoHOBaHI pO3paxyHKH,
JIO3BOJISIIOTh BUOpATH pallioHaIbHI PSKMMH 11 eKCIulyaTallii Ta OyTH OCHOBOIO IS PO3POOKH HOBHX
TEXHOJIOTIYHMX PIIIeHb CIPSIMOBAHUX HAa 3HWKCHHS IMHAMIYHUX HaBaHTaXXCHb, IO JIIOTh Ha JeTaji
LICHY.
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MepemilleHHA TOUKKU NigBiCy WTaHr BBEpX
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Yac

Pucynok 2 — 3anesxkHicTh TOUKH NepeMillleHHs MiABicy Bix yacy
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PucyHnok 3 — 3anexuicTh IIBUAKOCTI TOYKH MiABiCY Bin yacy
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Tpy6onpoBifHui TpaHCHopT HadTH
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Pucynok 4 — 3ajeskHicTh NPpUCKOPEeHHA TOUYKHM MiABiCY BiA yacy
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