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BCTYII

AKTya/lbHiCTb TeMHM. AHa/I3 BUKOHAHWX HayKOBO-AOCHIAHUX pobiT, Mo
NOCHIKEHHIO KOHCTPYKLIN ICHYIOUUX BEpPCTaTIB-KAYaoK, a TaAKOXK YMOB poboTH
rnubuHHOro obJaaHaHHs MOKa3ajiu, U0 ICHYE PE3EPB Ui BAOCKOHAJIEHHSA Ix
KOHCTPYKLIM Ta palloHaJIbHOTO BUOOPY XapaKTePUCTUK BUKOHABYMX MEXaHI3MIiB.

Ha npakrTuii, npu ekcrulyaraull CBep/UIOBUHH, BU3HAYEHHS TEXHIYHOIO
cTaHy TJMOMHHOrO Ta Ha3eMHOro OOJlalHaHHs [IPOBOJMTLCS HA OCHOB;
MOpiBHAHHS MIMCHUX HABaHTa)XK€Hb, OTPUMAHUX Oe3nocepeIHiMU BUMIPIOBAHHIMY
Ta TEOPETHYHUX pPO3paXyHKIB. B 3B’s3Ky 3 LIMM € Ba)XJIMBOKO 3adaya pPo3poOKu
JIOCTOBIPHOI MaTeMaTU4YHOI MOIei CBEPJIOBUHHOI IITAHIOBO1 ITMOMHOHACOCHO]
yctaHoBKH (CIIHY), a pans cTBOpeHHS SKiCHMX CHCTEM MiarHOCTHKH Ta
YIpaBIIHHS  BEPCTAaTOM-KauyajKol -  MOJENIOBAHHS  PEXHUMIB  po6OTH
rMAOMHOHACOCHOI YCTaHOBKHM. lle mae MOIMBICTH BAOCKOHAJIUTH METOIUKH
MPOTrHO3YBaHHSI TEXHIYHOTO CTaHy TIJIMOMHHOrO HAacoCy, HaBaHTaKEHOCTI

[ITAHTOBO1 KOJIOHM Ta 3MdiMCHIOBaTH yNpaBliHHS BEPCTAaTOM-KAa4alKoK 3

HaWMEHIIUMHU 3aTpaTaMU eHeprii.

Cy4acHa KOMIT'IOTepHa TeXHiKa Ta BIPOBAa/KEHHS iI B ycCiX ramyssx
HaTOBOI TIPOMMCIIOBOCTI [J0O3BOJISE CKOPOTUTM 3HA4dHi 00’€MM OOYHUCIIEHb i
MEePerTH BIA CIPOLUEHUX MOMIENEH 10 MaTeMaTHYHUX MOJIeNiell BepCTaTi B-Kauyaok,
[0 BPaxOBYIOTh HAaWIOBHIIIE TEOMETPUYHI, KiHEMAaTW4YHI Ta eKCIUIyaTalliiHi
[MapamMeTpH sIK Ha3€MHOTI'0, TaK 1 INIMOMHHOI0 00J1aTHaHHS CBEP/IJIOBUHM.

Mera 1 3apa4i gociaigxeHHsi. MeToro poOGOTH € MiABULIEHHS ehEeKTUBHOCTI
poboru CIIIHY muisxoM pauloHadbHOro BHOOpPY IapaMeTpiB BUKOHABYOLO
MEXaH13My 1 3a0e3IeYyeHHs SIKICHOTO 3p1BHOBaKEHHSI BEpCTaTa-KadalKHy.

3aoayi 0ocnioHceHb:

1. Po3poburu MaTeMaTU4YHY MOJEJIb CBEPAJIOBUHHOT [LITAHTOBO1
MUOMHOHACOCHOI YCTAaHOBKHM 3 BpaxyBaHHSM KiHEMAaTUYHUX 1 MaCOBHUX

XapakKTepUCTUK BHKOHABYOI'O MeEXaHI3My Ta IlapaMeTpiB TIJIHOMHHOTIO

oOTamHaHHS.
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2. Po3pobut MeTOAMKy BMOOpPY palioOHaJIbHHUX MapaMeTPiB BUKOHABYOIO
MexaHi3My, sika 6 3abe3nedynsia 3MEHILIEHHS! KPYTHOIO MOMEHTY peayKTopa
Ta HaBaHTa)XeHb OIMOp Bajla KPUBOLUMUIIA.

3. Bu3HayuTH BIJMB TEOMETPUYHMX, MaACOBUX Ta eKCIUyaTaliiHUX
xapakTtepucTuk CILLIHY Ha KpyTHHI MOMEHT KpUBOUIMIIA.

4. TlpoBecTH aHasl3 METO/IB 3PIBHOBAXKEHHSI BEPCTATIB-KAYaJIOK B YMOBaXx
eKCIIIyaTalil CBepUIOBUH. PO3poOUTH METOAMKY BHMKOHAHHS SKICHOLO
3pIBHOBaXKEHHSI 110 JAIIOUYUX HaBAaHTAXKEHHSIX TOYKM ITiABICKM LLITAHT.

5. Po3pobuti cxeMy mpucCTpor 1 KOMIeHcalii Bil’€MHOrO MOMeHTy
KPpUBOILIMIIA Ta  BUIFOTOBUTH  €KCIIEPUMEHTAJIbHY  YCTAHOBKY  IJis
MOJICJIFOBaHHS HAaBaHTa)KE€HHS BY3J1iB BepCcTaTa-KadajKHy.

O0’€exT n0CaIAKEHHs — CBEPUIOBUHHA IITAHIOBA ITMOMHOHACOCHA YCTAHOBKA.
IIpeameT Q0CTiAKeHHS — BAKOHABYMiI MeXaHi3M BepcTaTa-KadaiKH.
MeTtoan pocmimkeHHs. [ po3s’s3Ky MOCTaBIEHMX 3a1ad BUKOPHUCTOBYBAIHUCEH

MCTOIH.

TCOPETHYHOI MEXaHIKM Ta Teopil MeXaHi3MiB i MaluH I (GOopMyBaHHS

MaTeMaTH4YHOl MOZeNi BHUKOHAaBYOrO MeXaHi3My i1 Ha 1 OCHOBI BH3Ha4YeHHS

HaBaHTaXX€Hb B KIHEMaTUYHUX Mapax, 3BeI€HOr0 MOMEHTY Ha KPUBOILHUII Bif CHJI

OIIOpPY 1 3p1BHOBAXKYHO4YOTrO0 MOMEHTY

TeOpli MeXaHi3MiB i MammMH [as BHOOPY palliOHAIBHUX rapaMeTpiB
BUKOHaBYMX  MEXaHI3MIB  BEpCTATiB-Ka4YaJOK [0  KPUTEPIl0  KPalloro
3p1BHOBAKyBaHHSI;

CKCIICPUMEHTAIBHUA  METOJA AWHAMOMETPYBAaHHS - [JIi OTPUMAaHHS
3JIEKHOCT] AIF0YOr'0 HaBaHTa)XKEHHS B TOYIll MiABICKY IITAHT Bif ii [IepEMIIIEHHS;

€KCIIEPUMEHTAJIBHUM  METOA  3pIBHOBaXXyBaHHS BepCcTaTa-Kadajikd 34
JIOTIOMOT'0X0 aMIIEePKIIIIIIB — Ul KOHTPOJIIO SKOCTi BAKOHAHHS 3PiBHOBA)KYBAaHHS B
YMOBaX €KCIUTyaTalil CBepIJIOBHUHH;

MaTeMaTH4H1 Ta (Pi3UW4YHI METOAM 3 BUKOPHUCTAHHSIM KPUTEpiiB MomiOGHOCTI —

[IPA pO3pOOII CXeMHM E€KCIIEPUMEHTAIbHOI YCTAHOBKH Ta MOJEJIOBAHHI PEXKHUMIB

po0OTH BepcTaTa-KayaskH.
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HaykoBa HOBH3HA OJCPKAHUX pe3yiabLTaTiB  rondgrac B noriMoOiaeHHl  Ta
PO3BUTKY TEOPETUYHUX  Ta EKCIIEPUMCHTAIILHUX  OCHOB  JIOC/IJIKEHHSA Ta

BIOCKOHAJICHHS KOHCTPYKTUBHHX | CKCIUIyaTallMHUX XapaKTEPUCTUK BEpCTaTiB-

KadaJlOK.

Ha OCHOBI TEOPETHUYHHX 1 CKCIEepUMEHTAILHUX JIOCHIIKEHb BCTAHOBIEHO
B32€MO3B’ SI30K MK '€OMETPUYHUMU, KIHEMATHUYHUMU TAa CUIIOBUMM NapaMeTpamMy
BUKOHABYMX MEXaHi3MiB BepcTaTiB-Ka4yasiok, [0 J103BOJMIO OOTPYHTYBATH BUOIp
pallioOHATBHUX  KOHCTPYKTMBHMX  TapaMeTpiB 3 yMOBM  TIOKpalll€HHs
3piBHOBAXKEHHSI, 3MEHIIEHHs HaBaHTa)XEHOCTI OKpPEeMMX BY3JIIB 1 Jerajiei
BepCTaTiB-Kayajlok Ta 3MEHIIEHHsS €HEeprocroKuBaHHA MPUBIIHUX JABUTYHIB NPU
pi3HUX pexumax excruryarauii CILIHY.

Ctpykrypa Ta oGcsir poGorum. Marictepcbka poboTa CKIaIa€ThCs 13
BCTYIy, I’SITH PO3/iJIiB, BUCHOBKIB, CIHMCKY BUKOpucTaHux mkepen 13 110 Hass.

OcHOBHHUM 00csAr poOOTH cTaHOBUTH 189 CTOpIHOK, B TOMY yucil 61 pUCYHOK Ta

13 TaONIULb.
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PO3I1J11

NOCHIKEHHS CMTOCOBIB EKCIUTYATAUITI HA®TOBUX
CBEP/JIJJOBUH

1.1. Cnocobu ekcniyarauili HaQTOBUX CBEPAT0BUH

3abe3rneyeHicTh YKpaiHUu TMNajJIUuBHO-€HEPIreTUYHUMHU PECYPCAMU OJHe 3
HalroJOBHIIIMX 3aBJaHb HalLlOHAJIbHOI €KOHOMIKM, 0€3 PpO3BHUTKY #AKOro
HEMOXJIMBE YCITIIIHE 3I1ACHEHHS COUIaIbHUX , EKOHOMIYHMX 1 HayKOBO-
TeXHIYHUX nporpam. Hadrta Ta raz Hadyiu ayxke LIMPOKOIO BHUKODHCTaHHS B
HawoMy KMTTI. HadTta, raz ta npoayktu ix nepepodku sBISIOTBCA HE IHLIe
BUCOKOKJIODIHHMM TMalvBOM, ade i LIHHOK CHPOBHMHOKO LT XIMIYHOI
NPOMHUCIOBOCTI. I3 HabTH Ta rasy orpumytoTs cnupTd, GopPuCIH, aleTuIeH,
ITY4HI OapBHUKM, CUHTETHYHI BOJIOKHA, O;TMBH, 10POKHI MOKPUTTs. HadTa Ta ras
MaloTb BeJIMKI TMepeBard Mepea BCiMa IHIUMMM BHIaMH [MalHBa, SAK IO
KaJIOPIMHOCTI, Tak 1 nmo wuiHi. IlpoTsroM ocTaHHIX pOKIB raly3b CTalLII3yBala
BUPOOHHUUTBA 1 3abe3neynna BUIoOyTOK HadbTH Ha piBHI 4,2 MIIbHOHA TOH 1 rasy

18 MLIBSIpAIB KyOIYHUX METPIB.

PecypcHa ©0a3a HadTOrazoBuaoOyBHOI NMPOMHCIOBOCTI YKpalHU 3a YMOB
e(EeKTUBHOIO BUKOPHCTAHHS [all MOKJIMUBOCTI HE JIMIIE CTaOLII3yBaTH, a ¥y
IIEPCIIEKTUBI ¥ MIABULLIMTU OOCATU BUAOOYTKY MaIMBa.

Slkmo migoM MOpoAyKLIl BiA BUOOK Ha IOBEPXHIO BIAOYBA€ETBCS 3a PaxXyHOK
[UIACTOBOI €HEprii, TO TaKy E€KCIUIyaTallld CBEPIAJIOBHH HA3UBaKOTh (QOHTAHHOI.

Axuio x and migdoMy HadTH Ha MOBEPXHIO IJIACTOBOIO THCKY HE BUCTAYac 1 B

CBEpP/UIOBUHY IIOJAIOTh €HEPrilo, TO TaKy eKCIUIyaTalllld Ha3WuBarTh

MeXaHIi30BaHo10. [25,48]

B Hamié kpaiHl 3aCTOCOBYKOTH HAaCTYIIHI CIIOCOOM eKCILTyaTallil HaTOBHX

CBEPIJIOBHUH:

1) ®oHTaHHa eKCIuTyaTallis;

2) KomnpecopHa;
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3) HacocHa sika B CBOXO 4epry MOAISIETHCS HA:

a) eKcCrulyaTallisi CBEpAIOBUH LUTAHTOBUMH MIMOMHHUMM HACOCHMMH YCTaHOBKaMH

(LUTHY);

6) ekcrTyaTallis CBepAJOBHH 3aHYpPECHUMH BIILIEHTPOBUMHU HACOCaMM.
1.2 ®oHTAaHHA eKcnJiyaTaulss HapTOBUMX CBEPAJIOBHH

SlBuie nigiioMy HadTH y CBEpPUIOBHHI 3 BHJOK Ha IMOBEPXHIO M OIERO

IacTOBOI €eHeprii Ha3uBae€ThCs (OHTAHYBaHHSM, a CIOCIO eKcriyarauii —

(pOHTAHHHM.

[TpakTHKa eKcrulyaTallii CBep/UIOBMH MOKa3ye, IO B MEPEBaXHIH OLIBIIOCTI
BUMAJAKIB (POHTaHyBaHHs BigOyBaeTbCS OMHOYACHO 3a PaXyHOK TJIPOCTaTHYHOIO
Haropy Ta €Hepril rady, o po3wupseTbesa. B Takux (GOHTAHHHX CBEPIATIOBHHAX
npyd BUOIMHA 30Ha 3aroOBHEHA TiJIbKU HadTOK 3 PO3YHMHEHHM B Hiii ra3oM, TOOTO
onHo1O (asoro. Ilo mipi maromy HadpTH B CBEpJIOBUHI Yy HAIPSIMKY THpJia THCK
3SMEHIIYETBCS, 1 KOJNW BiH CTa€ pPiBHMM THCKy HacH4eHHs, 13 HaTH MOYHHAE
BUIAUIATUCS PO3YMHEHUH ra3, Tooto apyra daza. [17,56]

JIBOX®a3HUH NOTIK OIJISTh Ha TPU OCHOBHUX PEXUMH PYXY:

1) pexum miHu (Puc. la), npu skomy Oynpbamiku raszy Oinbmx abo MeHII
P1IBHOMIPHO pO30OAUJIEH] B ITOTOL HaTH;
223

2) ,, 41T oyHUN pexuM (Puc. 16), konu ras 1o po3MIHPIOETECS YTBOPKOE B MMOTOLII

HadTH BeJIHKl OyIbpOaIIKy;

3) pexxuM ,,Tymany’ ( Puc. 1B), npu sKoMy IOTIK ra3zy pyXxa€Tbcs 1o LIEHTPY TPyOH

1 3aXOILTIOE 32 COOOI0 KpaluIMHU HaTH.

Ha npakTuil 3ycTpiyaroThCs BCl TPHM BUIAM PyXy ABOGA3HOro MOTOKYy. B

NEIKUX CBEPIJIOBUHAX BCl L1 PEXUMHU MOXYTh ICHYBAaTH OJHOYACHO, B HHIKHIM
YaCTHHI CBEpAJIOBHUHHM MEpIIMH pexXuM, B CepelHiii 4YacTUHI — Apyruii, a B
IPUYCTHOB1M YaCTHUHI — TPeTiii. [56]

ObnanHaHHs (QOHTAaHHMX CBEPIJIOBUH BKJIIOYAE Ha3eMHe Ta IliJA3eMHe

OOJIalHAHHA BIZHOCATH HacocHO-kKommpecopHi Tpyou (HKT). BoHU SBISIOTH
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1.3 KoMnpecopHa eKcnjyaraiis CBepiioBrH

[lo mipi 3HMAKEHHA BEJIMYNHHU [171aCTOBO1 euepri'i, nedIT q)omap;m

Ipouec GoHTaHyBaHHA MOXkKe OyTH BIAHOBICHMH TMOA24EI0 MO OalMaky

-rvmeswx B cepuioBuHy HKT cTrcHyTOro mositps abo rasy. Iak sk ctucayte

-

5zi7p7 2060 ra3 OTPUMYIOTh BUKOPHCTOBYIOUM KOMIIPECOPH, TO CMOCIO WTYYHOTO

— _.---r-r-l-'ﬁll'"""'""""

_0HETZEYBZHHA 3 BHUHKOPHUCTAHHSM LIHMX areHTIB Ha3UBarOTh KOMIIDECODHHM.

- m— e
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Puc. 1.7 CxemH
a) — BOIJIEYOro; 6) — 0/IHOMNJIEHOrO.

B ocTaHHI POKM NMPHUBOJM IITAHTOBUX rIUOMHOHACOCHUX YCTAHOBOK CTajlH

BUITYCKAaTH YKPAiHCBKI 3aBOJIM: “Hadronpommaiu” ( M.OXTHpKa) -CK3-1.5-710;
CK9-3.5-5500; CK12-3.0-5500; CK15-5-9-500 Ta “Baxmaimimnekc” (M.KuiB):
CK3-1.5-710; CK12-3.0-5500, “JIninpoBakmam” — YCK-32-1,6-7,1; YCK-63-3,2-
28: CK-125-3,2-56 Ta iH. [14].

Benuka KUIBKICTH CXeM OaqaHCHMpHHUX NPUBOJIB NMPUBOAMTH AO TOrO, IIO
pO3POBASIOTECS METOAMKM Ul BHOODY BEPCTATIB-Ka4aJOK 3 HEOOXIIHUMH
KiHEMAaTHYHUMHM XapakTepucTHkamu [15], BHAOOYTOK HaQTH AKAMH Oyne
HaUOLIbII eEeKTUBHUM.

B CILIA HauionansHowo Acouiauieto JepxaBaux Ciyx00BLIB 3 THTaHb

Eneprii (NASEQ) po3pobeHa nporpaMa o eHepro30oepeKeHHIO pH
BUI00YTKY HadTu CILIHY [16], 3rigHo sikoi npaBUIBHHUH niadip XxapaKTepHUCTHUK

Ha3eMHOro 061alHaHHs Ta iX KOHTPOJb IPHU eKCILTyaTalll J03BOJIA€E

3EKOHOMMUTH 3HAYH] KOIIITH.

Excnayamauia nagpmoeux ceeponoeun 3anypeHum i0 UeHMpPOEUM HACOCOM

EnextpoBiaueHTpoBi HacocHi ycraHoBkd ( Puc. 1.6) cxiaparoTees: i3

BIALIEHTPOBOIrO Hacoca 4, eJNeKTPOABUIYHA 1. KOAOHU IiIHOMHHUX Tpyo 11,

OpoHBOBaHOrO Kabeso 5, rupsoBoi apmatypu 10, kaGenbHoro 6apabany 7 Ta iHie

JOTIOMIXKHE obiagHaHHA. [5,23,16]
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B VYkpaiHi LIHPOKO BHKOPHCTOBYIOTh 3aHYpPEHl BIAUEHTPOBI HACOCH. Ix
BUKOPHCTOBYIOTb B THX BHIAJKaX, KOJW NOTPIOHO BUKOHYBAaTH IHTEHCHUBHMI
Binbip HaQTH 13 CBEpAJIOBMHM MpPU BENIMKIA TIUOMHI 3a)IsIraHHS NPOAYKTUBHHX

JIaCTIB, 4 TAKOXX B CBEPAJIOBMHAX 3 arpeCUBHMMM TJIACTOBUMHU BOLAMMU.
1.5.MeToam miATPHMKM MJIaCTOBOI eHeprii B HapTOBUX CBEPAJTOBHHAX

B npoueci ekcrimyaranii HahTOBUX CBEpIIOBHH eHepris HadhTOBMX ILIACTIB
MOCTYIIOBO 3HMXYETHCS. SIKII0 HE BUKOHYBAaTH 3aXOJiB IO IITYYHOMY iAoMYy
HaQTH 13 CBEPAJIOBHHH, TO Binbip HabTH i3 MOKIAmiB CIIOYATKY CKOPOYYEThCH
4aCTKOBO, a IMOTIM IOBHICTIO.

B npomuciosiii IPpaKTHLIl, AK OyJIO BXe 3a3HaYE€HO BHIIE ITIAHOM HaAPTH 13
CBCP/UVIOBHHH BHKOHYIOTH KommpecopHuM croco6om, IIIT'HY, EBH. Ilotpi6Ho
BIA3HAYUTH, IO Li CIIOCOOH OoTpeOYIOTh 3HAYHUX 3aTpaT(€eHEepreTUYHHX), KpIM

LIBOr0 KOeilieHT HahTOBiqNAYI 3aTHIIAETHCS HU3BKUM.

B nanumit MOMeHT MmIMpPOKO BUKOPHCTOBYIOTH METOMH MiATPUMKH ILIACTOBOTO
TACKY CBE€pPIJIOBUH. CyTHICTP LMX METONIB 3aKIIOYA€ETbC B TOMY, IO B
MPOAYKTHBHI IUIACTH HACHITalOTh BOXY, IIOBITPS YW Tra3 B KiJIBKOCTSX,
KOMIICHCYIOYH B1HiOpaHy i3 ruiacty HapTy. TakuM 4MHOM eHepris BUTpaueHa Ha
MAHOM Ha(TH, BiHOBIIOETHCS MOBHICTIO ab0 IUIACTOBA E€HEPris MiATPUMYETHCS
Ha ONTUMAJIBHOMY THUCKY.[77]

Meton 3aBOIHEHHS ILIACTIB € OCHOBHMM METOJOM ITi ATPUMAHHS ILIaCTOBUX
TUCKIB. BiH mo3Bosisie HapouryBaTH J0OYTOK HadTH IIBUAKAMH TEMIIAMH IIPH
YMOBI, 1110 00’€M 3aKa4KH BOAU KOMIIEHCY€E BifOip HadTH i3 muiacry.

B moknanax HadTH 3 HasABHICTIO ra30BOI WIANKM, HATHITAHHA ra3y B 11 MiABiIIEHY
YaCTUHY MIATPMMY€E THCK B Hil, a 3Ha4uTh 36epirae piBeHb He6iTY HadTOBHX
CBEPIJIOBHH.

Ilpy mATPUMII MJIACTOBOTO THCKY 3HAYHO IIPOAOBXKYETHCS HaMOibLI

€eKOHOMIYHA eKCIUTyaTalis(oHTaHHa), MOKpallyeThcd KoedilieHT HabToBiaaaui

Ta MIABULIYETHCSA TEMIT BIHOOPY Ha(TH i3 IIACTIB.
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1.6. BucHoBkH 10 po3aiay

1.3a0e3neyeHicTh YKpalHU MNaTWBHO-CHEPreTUYHUMHU pECcypcaMy OJHE 3

HaWrOJNIOBHIIUMX 3aBJaHb HALIOHAIbHOI E€KOHOMiKM, 0€3 pO3BUTKY SKOro

HEMOXJIMBE YCMilIHE 3AIHCHEHHS COUIAJIBHMX , EKOHOMIYHMX 1 HayKOBO-

TEXHIYHUX MTPOrpam.

2.B Hawiili kpaiHi 3aCTOCOBYIOTH HACTYIHI CrlocobM eKcrutyararii HapTOBUX

CBEPAJIOBHH: (hOHTaHHA eKCIJIyaTalis, KOMIIpECOpHa, HaCOCHA sKa B CBOK YEPTy
MOOUISIETHCS HA.

3.1lpaBunbHa excrutyaranis (OHTAHHOI CBEpUIOBUHM 3BOAMUTBCS IO

3a0€3M€YeHHsT OBIOro QOHTaHYBaHHSA Ta HaWOiABII pALIOHAIBHUX BUTPAT

[IACTOBO1 €Heprii. B mepeBaxuiit GinpirocTi BUMaaKiB MpaBUIbHA €KCILTyaTAaLlis

QOHTAHHUX CBEpIOBMH JOCATA€ThCS 32 paxyHOK oOOMeXeHHs1 neberty

CBEPIJIOBHHH.

4. Axmo Ha HadTOBOMY pomoBHuI a60 MOGIH3Y HBOTO 3HAXOAATHCS a30Bi
IUIaCTH 3 BHUCOKHMM THMCKOM Ta SIKIIO 3aIracd TaKoro ra3sy IOCTaTHBO BEJIUKI, TO
JOLULIBHO BHKOPHCTOBYBATH €HEepril0 ILLOro raszy I IaioMy HaQTA 3
CBCPIVIOBHHH, IO NPUIIMHWUIA (QOHTAHYBaHHS BHACIIAOK ITaAlHHS IUJIACTOBOIO
TUCKY.

5.Cmoci® BumpoOytky wHadtu 3a gomomororo IIITHY  mocuts
PO3IIOBCIO/DKEHIN B Hamlii kpaidi. JlaHuM criocobom MoxkHa moOyBaTH Big 1 1o

500 T HadTM Ha n00y. OpHak B OUIBIIOCTI BUMAAKIB TJIIMOMHHO-HACOCHY

eKCILUTyaTalll0 3aCcTOCOBYIOTb B Puco Ta cepenHponeOiTHMX HadTOBHUX

CBEpIJIOBHHAX.
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BM3HAYaAJIOCh Ul BIJI'€MHOrO HANpsiMKy KyTOBOI LUBUIKOCTI KPHUBOILLUMIA.
MoJKHA Bi3HAYHUTH, 11O TIPU PYCl TOYKHU IMIJABICKM LUTAHT Bropy:
]) HaliMeHIle 3HAYeHHs MAKCUMaIbHOI LWIBMAKOCTI BiANOBiAae BepcTaTaMm-

kayaakam UP12T-3-5500 Ta RM-320D-256-120, a wsuakicts Bepcrarta-kayanky
CK12-2.5-4000 6inbmia Ha 13% ;

2) Ha T1oYaTtKy pyXy Bropy HahOuiblie 3Ha4Ye€HHA MAaAKCUMAaIbHOIO
MPUCKOPEHHS y CXeMH 3 JIOJIaTHIM Jie3aKciajioM, TOAI fIK TpW KiHIi pyxy Bropy
3Ha4YEHHS NPUCKOPEHHS I BCIX CXEM MPAKTUYHO HE BiAPI3HAIOTHCH.

[Ipu pycl TOYKM NMIABICKM LITAHT BHU3:

|) HaliMeHIue 3HayeHHs MaKCUMaJIbHOI LIBUAKOCTI BiAINOBigae BepcTaTy-

kaqanul  RM-320D-256-120, a, B nopiBHsIHHI, 3HaYeHHs LIBUAKOCTI BepCTaTa-

kadanku UP12T-3-5500 Ginsie na 18%, Bepcrara-kauanku CK12-2.5-4000 — ua
29% BIATIOBIOHO;

2) HalMeHIlEe 3Ha4YeHHS MaKCHMAaIbHOIO MPUCKOPEHHs TaKOX y BepcTara-

kaganku  RM-320D-256-120, a, B MOpPIBHAHHI 3 HUM, 3HA4Y€HHs ITPUCKOPEHH:

BepcTaTa-Kadanku UP12T-3-5500 6inpiie Ha 33%, Bepctara-kadanku CK12-2.5-
4000 — Ha 27% BIANOBIAHO.

Mo>xHa 3pOoOMTH BUCHOBOK, 110 BepcTaT-Kayanka RM-320D-256-120 6yze
CTBOPIOBAaTH Kpallll YMOBH IJisi po6oTH rnuOuHHOro obiiaaHaHHsi. Popma #Horo
rpadika MBUAKOCTI € HaWOiIbIl HAGIMKEHOI OO0 TapMOHIMHOrO 3aKOHY, TOMY
MOJXXHa BBa)XaTH, IO YMOBHU 3P1BHOBa)XXYBaHHS II1€1 IITMOMHOHACOCHOI YCTaHOBKH

OyIyTh KpallliMHU.

[IpoexTyrouu BepcTar-kayajikKy Ha MaKCUMajJbHY IOBXHHY XOIy, MOXHa

BUOpaTH p13H1 BaplaHTHU CIIBBIJHOIIEHHS N'€OMETPUIHUX PO3MIPIB JIAHOK.

o ‘ . 3 4 ¥
IneansHUM Oyjie CITIIBBIJHOLUIEHHS PO3MIPIB IIPU IKOMY >0 ma |- —0.

[ k

YuMm OuIblIe BIAPI3HAIOTHBCS PO3MIPU JIAaHOK BepcTaTa-Ka4dajKW Bl 1[€aJlbHHUX,
TOOTO YMM KOPOTILMI B HEOMY IIATYH i 3aJHE IUlede OGanaHcupa (Mpu MOCTIMHIN
JIOBXHWHI XO4y IUTyH)Kepa INIMOMHHOIO HAcoCy), TUM Tiplili HOro eKcIulyaTalliH]

BiIacTuBOCTI. B OyBmiomy PagsHcbkomy CoOr031 BUITYCKaJIMCh BEPCTATU-KAYAIKH 3

e 7|
CIIIBBIOHOIIEHHSIM |—|~0,4 Ta

r :
: Z =(,5, 1l 3Ha4Yye€HHs BUOMpPAIKCH 3 YMOBH
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eKOHOMIT KaIiTaJbHUX BKJIaJeHb IPU BUIOTOBJIEHHI BepCTaTa-KayajikKd Ta Oro

dbynnameHTy [23, 68] i He BpaxoByBallM eKCIuTyaTauiiHi BUTpatH. I1poTte, BUTpaTH
Ha JIIKBiJaLlilo pe3yJibTaTiB BIAMOB Ha3€MHOI'0O Ta rNMUMOMHHOrO 061alHAHHS 3HAYHO
[epeBUIIyIOTh EKOHOMIIO OTPUMaHy B pe3yJIbTaTi 3MeHILUEHHS MaTeplaIOEMHOCT]
Np¥ BHUIOTOBJIEHHI OJIHOTO Bepcrara-kadajiku. Tak, ais nopiBHSHHS, BapTiCTh
pepctarta-kadyasiku tdany CK12-3-5500 cranoButh 220 THC. pH. BapTicTs Bcix
3aKiHYEHHUX PEMOHTIB IITAHIOBOI INIMOMHHO-HACOCHOT YCTAaHOBKH 3a 1998 PIK IO
HI'BY “onunanagroras” craHoButh 1831,708 Tuc.rpu. [69], To6T0 B 8,3 pasa

OLIBILIIE.

Tomy npu po3po6ui HOBUX cxem BEPCTaTIB-Ka4yaJIOK HEOOX1IHO:

. Bubupatu  cxeMy  BHKOHABYOTroO Me€XaHI3My 3  HalMeHLIUMH

MaKCHUMAJIbBHUMHU 3HAYEHHSIMU HIBUIKOCTI Ta [IDUCKOPCHHJAMHU TOYKH II1ABICKHU
[ITAHI.

2. Hamaratuce no6usatuck HaMKpaloro cniBrnaalHHI ¢QOpM KpPHUBHUX

IIBUIKOCTEH TOYKH ITABICKM WITAHT Ta [IPOTUBAr, 110 BHKOPUCTOBYKOTHCS I

3pIBHOBaXKYBAaHHS BEPCTATA-KAYATKIL.

Psmom aBropis BKa3y€TbCs Ha BIUIMB TIE€OMETPUYHUX [apaMeTpiB
BUKOHABYOI'0 M€XaHi3My Ha poboty ILICHY [70, 71]. PazoM 3 TUM 10O CHUX [11p He

[IPUBE/ICHO IOPIBHSHHS I€pPEBAr Ta HEONIKIB aKCiaTbHUX Ta [I€3aKCI1aJIbBHUX CXEeM
BHKOHaBYOI'0 MeXaHi3My.

ToMmy, BHM3HauMMO 3amexHicTh KiHeMATHYHMIX XapaKTEPUCTUK OBOILICYMUX

BEPCTaTIB-Ka4aJlOK BiJ HACTYITHUX FEOMETPUYHUX ITapaMeTPiB:

- PO3MIpiB JIAaHOK BUKOHABYOIr'O MEXaHI3MY;

- KyTa Je3akciany ;
- KyTa TUCKY MIX LIATYHOM Ta GalaHCHpOM;

2

- 0e3poamipHuX nmapameTpis -’Z:,

2.2. NocigskeHus BILTHBY r€OMETPHYHHX NIapaMeTPiB JIAHOK BHKOHABYOI'O

MEeXaHI3My BepCTaTa-KaYyaJaKH Ha 3MIHY HOro KiHeMaTHYHHX napamerpiB
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Bniue xoopounam posmMIMCHNA OROpU banancupa Ha zeomempuuni
pO3MIpU Kpusoiuna ma wiamyna

AHani3yloun PpIBHAHHS 2.3-2.4 BU3HAYACMO, IO 3MiHY TIEOMETPUYHUX
pO3MipiB KPUBOILMIA Ta LIATYHA [P YMOBI OCTIAHOT JIOBKUHYU XOj1y IyHA&Eepa
(Hn, = const) 1 riey 6aiaHcupa k, k) MOXKHA OTpUMaTH JIBOMA LUISXaMu (1UB. PUC.

2.1):

] — mugxoMm 3MIHM BijactaHi X (), MIXK ONOPOIO KPUBOLIKIIA TA CTOAKOM

banaHCHpa NPH MOCTIHHINA KOOpAMHATI Y02 ;

2 — 3MIHIOIOYH BUCOTY Yo, po3MillieHHs Touku GanaHcupa Mpu nocTiixii

KoopaAuHaTI X 0, -

B nepmomy BANAAKy, kKoau X 0, <k-cos( % ) - OTPHMAEMO CXeEMy

septiala-Kavaiku 3 BiIN’€eMHMM ge3akcianom. [Ipu MocTyrnoBoMy 36i1bLUeHHi

BIACTaH1 X O, AOBXHWHAa KpPUBOIIMIIA Ta [IaTyHa Oyae 3poCcTaTd [0 TOro q4acy,

oK X =k-cos( % ) - OTpPUMaeMoO aKciaJlbHy CXeMy MeXaHi3Ma. [Ipu

MOJABIIOMY 30UIBIIEHHI KOOpAMHATH X 0, TOOTO mpu X, >k-cos( % ] =

OTPHMAEMO CXEMY Be€pCTaTa-Ka4yaiKH 3 JOIATHIM Ie3aKClaIOM.

Jlanazon 3MiHuM koopauuHar X 0, Ta Yo, , Ipu AKOMy iCHye MexaHi3Mm

SCpCTaTa-Ka4alkd Ta TIpaHWYHI 3HAa4YeHHS KOOPAMHATH X O, > BHU3HAYUMO

MACTaBUBIIM B PiBHSHHS (2.2) 3HaYeHHS MOBXKHHU
PiBHSHB (2.3), (2.4).

Puc.

KPHBOLIMWIIA Ta IIaTyHa 3

-  HaUMEHIIIUH PO3MIpP KpPHUBOIIHWMA BIAMNOBIIa€ cxXeMi 3 0JaTHIM

I€3aKC1aTIOM MPH IPaHUYHOMY 3HAYeHH] X (';I;X ;
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- B JIe3aKClaJIbHUX CXeMaX 3MEHLIEHHs po3Mipy KpUBOILMIIA MIPUBOIUTH IO

OIHOYAaCHOI'0 3pOCTaHHs PO3MIpY LIATYHa.

Puc. 2.5B,r IeMOHCTpy€ 3aJIeXXHICTh PO3MipiB KpHUBOWIMNA Ta [IaTyHa Bif
BHCOTH ONOpH OanaHcupa. Sk BUAHO, AJs aKCialbHOT CXEMU MeXaHi3Ma 3pOCTaHHSA
BUCOTH OIIOpY OaslaHcHpa He BIJIMBAE Ha PO3Mip kpuBowmmna. JUis re3akciaibHux

CXEM 3aIeKHICTh MK PO3MIPOM KPHMBOLLMIIA Ta KOOPAHHATOO Y02 - HeJIIHIHMHa,

MIHIMaJIbHE 3HAYeHHsS JOBXWHHM KPHMBOILIMMA BiATNOBiZae MeBHIH BUCOTI yaE. o
2

3aIXHTH BIJ KyTa Je3akciany. Yum Ginblumnit et Kyt — TUM iHTeHCHBHILIE BIIIHE

3MIHH BHCOTH omnopu 6GanaHcupa Ha po3Mip KpuBowwumna. I'padiku 1,2 nobynosani
JUISL CXEM 3 NONaTHIM Je3akcianoM st KyTiB O = 5° ta 10° rpadiku 4,5 — mis
CXeM 3 BII'€MHUM Je3akcianom mpu O = 3° Ta 7°. 3 pucyHka 2.5T BUAHO, IO IS

BCIX CXE€M ICHYE€ JIHIMHA 3aJIe)XHICTE Mi 3POCTAaHHSIM KOOpAWHATH Y02 Ta

JIOBXXHHOIO LIaTyHa.

Bnnue kyma oezakciany

[HImIMM FCOMETPUYHUM T[apaMeTpoM, IO BIUIMBAE HA KIHEMaTHYHI

[TApaMETpH BEpCTaTa-KadalKW, BUCTynmae KyT pae3okciamry &  (muB.puc.2.1),

SHAa4CHHS SIKOI'O 3aJIE)KUTh B[ KOOPAUHATH T. X 0, (puc.2.6):

2([2 = 72)— h12
2(!2 - rzj

Kyt nesakciamy 6 mokasye cmiBBiZHONIEHHS MiX XOJNOCTHM i POGOYHM

& = arccos (2.16)

XOOM MEXaHI3MY:

Ppx — P
0 = s - - IPH @ > 180, (2.17)

W P px
2

I, @ pysPxx - KYTH pOOOUYOTro Ta XOJIOCTOTIO XOAiB KPUBOLIMIIA.

g IPH @,y <180,

Hepe3 mel KyT BHU3HA4aeThbCs KoOe(dilli€HT 3MiHU cepeaHbOl LIBHUAKOCTI

IUIYH)Xepa rITUMOMHHOI0 HAcoCy:
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safiMeHIIe 3HaYeHHs WBUIKOCTI TOUKH MiIBICKHA [ITAHT MOXHA OTPUMATH 1A

—

cXEeMH 3 NOAATHIM ae3aKciajioM rnpu obepTaHHl KpUBOLIKMIIA 32 FTOANWHHHUKOBOIO

cTpinKoIO (CBEpUTOBHHA cripapa),
 MaKCUMATBHOAOMYCTUME 3HAYCHHA KyTa Jie3aKciaiy, npH KoMy BiAOYBa€ETHCH

‘ i 3 _ .
p03pHB KIHEMATUYHOTIO JaHLora juisl ¢xXxemM 3 Bijl €eMHUM Je3aKciasioM, CKJladac

16°. U1 cxeM 3 J0jaTHIM ae3akcianom — 22,5".
3 puc. 2.86 caiaye, 1mo:
. MeHLUl 3HAa4YeHHs NMPUCKOPEHHA JUIA pyXy Bropy MOkKHa OTpUMATH UIA CXEM 3
A0AATHIM [1€3aKCI1aIOM;
. cXeMy 3 OIHAKOBHUM 3HaYEeHHAM MaKCHMAIBHOTO MPUCKOPEHHsA TOYKH MiABICKA

[ITAHT U1 XOJOCTOro Ta po604oro xoay MOKHA OTpUMATH TUIBKH 3 JOAATHIM

Ne3aKC1aJIOM;
- TMPUCKOPEHHS TOYKM [MiABICKM pi3ko 3pocTae Mnpu HaOIWKEeHHl IO
MaKCHMMaJIbHOAOITYCTUMOI'O JOAATHOIO 3HaYeHHSA KyTa Je3aKciaiy.

Bnaue kyma muckKy

JIng Toro mo® BBeCTM TIpaHUYHI YMOBHM NpH CHHTE3l TI€OMETPHIHHX
mapaMeTpiB BUKOHABYOTO MeXaHi3My, BUKOPUCTAEMO JOMyCTHMMH KyT THCKY. Lle
KyT MK HanpsMOM IUBMAKOCTI OaraHcupa Ta WIATyHOM. 32 pOOOYMH LHKII

BepCTaTa-Ka4dyalkKy Lied KyT 3MiHIOeTbCs 3a popmysioro (auB. puc. 2.1):

v 2+ k? ~d,*
yV=——=acos

(2.19)
2 2-k-1

['padik 3MiHM KyTa TUCKY 3a 00epT KpHUBOIIUIIA TOKa3aHUH Ha puc. 2.9. Kyt
TUCKY HabyBa€e MakCMMaJILHOTO 3HAa4YeHHs [ABidi, MiJ KiHELb XOAY TOYKH MI1JIBICKH

Bropy Ta BHHM3. JIOCHiUKeHHs 3MiHM KyTa TUCKY MPOBEIEMO Ul MOCTIHHUX:

BUCOTH omopu OanaHcupa Yp,, XOdy TOYKH MIABICKA IUTAHI Ta AOBXWUHHU

3aIHBOTIO IUJIeya OajaHcupa.

3MIiHIOIOYM MOJIOKEHHA ocl 00epTaHHsas (J; KpUBOILIMIIA BIAHOCHO OCl1 OIOPH

OanaHcupa, Ui OyAb-sKOI CXEMH BepcTaTa-KadyalKyu, MOKHA BU3HAYUTHU IPaHUYHI
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spageHHs X g’l’" Ta X g’lax, npu SKMX He BHUKOHYETBCH YMOBa iCHYBaHHS

MeXaHI3MY.
[Mpu X g’lm - OTPMMA€EMO IpaHM4YHe 3HAYEeHHs iCHyBaHHS MMapaMeTpiB cXeMH
* & 5 N max
BUKOHABYOTO MEXaHi3My 3 BiJI’€MHUM [I€3aKClajoM, IpU X o CXEMH 3

NoJaTHIM JI€3aKC1aJIOM.

Ha puc. 2.9a noka3zaHo rpaiky 3aJie)KHOCT1 KyTa THMCKY U1 BUKOHaBYOIo

» L] ’ . . 3
MeXaHi3My BepcTaTa-KadaJiki 3 Bl €éMHUM (rpadiku 1,2), HyJ1bOBUM (rpadik3) Ta
nonaTHIM ne3akcianom (rpadiku 4,5). MakcumanbHi 3Ha4yeHHsl KYTIB THUCKY IS
ne3aKcialbHUX CXeM Pi3Hi AJis XO[y TOYKM MiABICKH LUTAHI Bropy Ta BHH3. [l
aKClaJIbHO1 CXEMH 3HAYEHHS KYTiB THCKY — OJJHaKOBE.

Ha puc. 2.96 MmoxHa 6auuTu 3MiHy MakCMMalbHUX 3Ha4€Hb KYTIB THCKY Ul

BUKOHABYOTO MeXaHi3My BepcTaTa-Kayankd NpHd 30iibLIeHHI BIACTaHI X, -

KOOPAMHATH ONOpHM OanaHcupa BiAHOCHO OCi OOepTaHHS KpHBOLIMINA. 3a

JOIIOMOI'OX0 JaHUX I'pa@ikiB MOXXHAa BUOUpPATH CMiBBIAHOLUIEHHA MaKCHMYMIB KyTIB

THCKY IJIS XOJIOCTOI'O Ta poO0O4Y0ro XomiB.

Bnnue ocnoenoi 6e3po3mipHoi xapakmepucmuKu

. y _
Ha3zeemo cniesiOHOwWeHHA — - 0cHOBHOIO 6e3po3mipHoro xapakmepucmukoto (OBX).

/

BB OBX BHU3HAaYMMO IIpU MOCTiHHIN MOBXHHI XOLy TOYKH II1JBICKH

ITAHT, JOBXXWHI IIE€PEeAHbOr0 Ta 3aTHHOrO IJIedel OajaHcupa.

BigoMo, 10 MO OCHOBHIM 0e3p0o3MipHiNi XapaKTEepPUCTHILl BEAETHCSA OLIIHKA

KiHEMaTHYHHUX XapaKTEPUCTUK BUKOHABUYOI'O MEXAaHI3MYy Be€pCTaTa-KadyallKH.

[IpoTe TiIBKM IO BEJIWYMHI LBOIO CIIIBBIAHOIIEHHS HE MOXXHA CyAMTH IIpO

SIKICTh BUKOHAHHsS BepcTaTa-kadankud. Ha puc. 2.10 a,0 moOynoBaHO 3aJIe)KHICTH

. . . r
OBX Bix nmono)xeHHs oci 6anaHcupa. Sk BUIHO, CHIBBIAHOLIEHHS — 3pPOCTa€ IpH

[

3MEHIIEHH] BiJ’€MHOro Ae3akKcially, # 3MeHINY€ThbCS IpH 301IbILIEHH] JOJAaTHOIO

ne3akciany. Ha
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— y .V : ; i Y v )j . . . *
([#k” __'., Y aan — (I).:‘Gﬁ )- C0S ((/)j V)z ) -} ((](;w,’ -+ (I,"p - Q)m[) ) SN ¢’2 Sin (ﬂj
Y e e e e e e ot et il E
Ko cos(p; — ¢, )

((G son - d),'!:m ) ki k ' COS P 3 + (d);:;p o (Dfrm ' k%) $ SIN P3 + Fko ' k%) 1 COS ¢)2

AGCOMOTHI 3HAUCHHS Peakilli BU3Hauacmo 3a (hopmysiamu:

Ry, = (R ) + (RS

R, = Nr(l‘)l}’z)2+(1e;r2 )2 *

dopmyiy (2.24) MOXKHA CHPOCTUTH, BU3HAUMBILUM peakilli yepe3 KyT IOBOPOTY

B R ——

4

banaHcMpa Ta KYT THUCKY. OCKUIbKM Macor LIaTyHa HEXTYEMO, TO MOKHa

NPUHHATH, 11O peakuii B onopax A Ta B — oaHakosi, To6T0 Rjp = Rp3 1, B Oy/ab-

SKUH MOMEHT 4Yacy, BOHM HamnpasJjieHi B310BXK 1aTyHa AB. Maca KOJIOHM LITaHT Ta

CTOBNA PIAMHHU 3BOJIUTHCS B TOYKY MiABICKHM wTaHr [74], TO Macy TpaBepCH, Tuia Ta

rOJIOBKM OaJlaHCHpa TaKOX IMPUBOAUMO B LIFO TOUKY

Mpyp k T mg '_(_]f__ kl)—_rmem ' kl
kl

mz'—_—

, (2.25)

ne My, Mg, My,, - Maca TpaBEPCH, TLIA Ta TOJIOBKUA OajlaHCHPA.

Takum 9rMHOM, peakuii Rj5 Ta Ry3 3alHIIyTHCS SK:

R =k_1_(Fko+mZ'g)'COS(7r_¢7_L)__
N cos(v) ’

R, ‘(k*‘@
k, |

Ro3 = (2.26)

['padiku 3anexHOCT1 abCOMIOTHUX 3HAYE€Hb pEakiliii BHUKOHABYOIro MeXaHi3My

ABOIUICYHOI'O BCPCTATd-KAa4YaJIKH BiI[ KyTa IIOBOPOTY KpPpHBOIIIMIIA ITOKA3aHO Ha pHC.

2.14. J1n1s nopiBHAHHS HaBEOEHO 3HAYEHHS CUJIM KOpUCHOTO onopy (rpadik 2).

3 a”Ham3y rpadika BUIHO, IO I JBOILUIEYOI'O BEpcTaTa-KadaliKyi peakiis Ris,
1110 [1€ B 3’€JHAHHI IIaTyHa 3 KPUBOILIIMIIOM, Ma€ 3Ha4e€HHs Ta GopMy OJIU3bKY

IO CHJIM KOPUCHOTI'O OMOpPY, a HalO1JIb1LI HaBaHTaXXE€HOIO € oIopa dajaHCcHUpa.
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Ha puc. 2.146 mnpoBeleHo MOpIBHAHHA peakid Ry ans BepcTaTiB-Kayaiok
aKciaJIbHOT Ta Jie3akCiaibHOl cxeMH. llpu 0/JIHaKOBOMY HaBaHTaXeHHI TOYKH
MiABICKM LITAHI HaOLIbLIe 3HAYEHHS peakilli BIAINOBIJAE CXeMi BepcTarTa-

xayaJIKy 3 JOJATHIM JIe3aKC1aJIOM.
MOMEHT, SKUHW JI€ HAa BajJly KpPUBOULIMIIA, TAKOX MOXHAa 3anNucaTd 3

BUKOPUCTAHHAM cripoiueHol gopmynu (2.26) (puc. 2.2):

M = k| 'Vz__(Fko_*' mx 'g)'COS(_” - ;) sin(p, "'V)g)
. k cos(v)

+M,,, (2.27)

;
nie Myp=|Gup -1 + Gy - mzax .cOSQy - MOMEHT, CTBOPEHMIA

MpoTHBaraMy Ta Baror0 KpuBOILMIIA, NPH KPHBOLIMITHOMY 3P1BHOBaXyBaHHI;

Gpp,Gyp - Bara KpUBOLUMIIA Ta IPOTHBAT.

3a nomnomorow ¢opmymu (2.27) MOKHa MNPOBOJMTH aHaili3 BIUIHBY

reOMETPUIHMX Ta MacCOBHX IapaMeTpiB BUKOHABYOrO MeXaHi3My Ha MEXaHIYHY

XapaKTEPUCTHUKY KDYTHOIO MOMEHTY KpuBoluuna (puc. 2.15a).

Bepcrar-kauaika skicHoO 3pIBHOBAXEHUH B TOMY BHUNAIKy, KOJH

. . . max
MAaKCUMYMH KPYTHHUX MOMEHTIB I XOAy TOYKH MNIABICKH ILUTAHT Bropy M, Ta

ma
UL 11 Xony BHU3 M, OyayTh ONHAaKOBUMH. B TOMy BHMNAAKy, KOJH
3p1BHOBXYIOUYMH MOMEHT, IO CTBOPIOIOTh ITPOTHMBArd HEOOCTaTHIM, MakKCHMYM
KPyTHOI'O MOMEHTY KpHMBOLUMIA I XOXy Bropy M| X 6yae NepeBHIyBaTH

BIANIOBIAHE 3HAYE€HHS MaKCHUMyMa JUIS XO4Y BHHU3 — BepCcTaT-Kadajika Oyme
HEJI0O3pIBHOBaXXeHUW (puc. 2.156). I HaBmaku, SKIIO 3piBHOBAXXYIOUHMU MOMEHT
[IEpEBUIIYE€ HEOOX1HE 3HAYEHHS — MAaKCUMYM JUIsl XOAYy Bropy Oyae MeHIIHiH, HiX
MaKCUMYM JUIS XOAy BHH3 — BepCTaT-Kadajika Oyne rnepe3piBHOBaXKeHHUIl (pHC.
2.158).

JIKicHe 3p1BHOBa)XXyBaHHs ILUTAaHIOBOI I''TMOMHHOI yCTAHOBKHM BIIJIMBA€ HAa
poOOTy MNpPHUBIIHOrO JBUICYHA Ta pemyKTOpa. HaliMeHIlle CITO)XKHMBaHHS
€JICKTPOCHEPrll AOBUTYHOM BIAOMNOBiZae MiHIMyMy cCepeaHbOKBAaIpPaTUYHOIO
BIAXMUJIEHHS! KPYTHOI'O MOMEHTY KpuBoIuuma [27], a TakoX XapaKTepH3yEThCS

KoepiieHTOM (GOopMH KPyTHOrO MOMeHTY [32]:




HITaHI,

G ;i - Bara CTOBIIA PiIMHU B TpyGax HKT;

H - niiicHa OBXXHHA X0y WIYHXepa rambunHoro Hacocy:
€;,€2 - KOCQIUIEHTH, WO 3amexaTh Bij KOHKPETHOro THmy
Ka4yaJIKH,

1 - YUCII0 XUTaHb Oanancupa 3a po6oyuis LIAKJI.
3 ¢opmynn (2.28) crigye, '
noTplOHO 3abe3nedyBaTv sk MmoykHA

BEpCcTaTa-

AM
Al = (2.29)
np
max max
sl S , : ;
ae AM = 3 - BIAXWJIEHHS MaKCUMyMiB KPyTHHUX MOMEHTIB,

AOMaTHE  IIPM  HENO3pPiBHOBa)KEHOMY BepCTaTi-Kadaili, BiX’€MHE mpw
epe3pIBHOBAXXEHOMY.
HopMmanena poGora 3y6uarmx I€peiad penyKTopa BHUMAara€ BiICyTHOCTI

B1JI’€MHOI YaCTHUHH KPYTHOTO MOMEHTY, AKHAaMMEHIIIOT0 YHCJIa 3MiH HOro 3HaKy Ta

MIHIMI3alii Bi’€MHOI 4YacTHHH. YMOBH HOPManbHOI pOOOTH peaykTopa Ta

PCAYKTOpa MOXHA NOCATTH 34 PaxyHOK 30iJbILICHHS OIHOrO 3 MaKCHUMYMIB HOro

NOMATHOIl YaCTHHHM.

Tak, posrmsimaroun rpadiku mMexaniunoi XapaKTEPUCTUKHU 3PIBHOBAXKEHHUX

BEPCTATIB-Ka4aJOK aKciadbHOI Ta [Ae3aKCiabHHX  CXeM (puc. 2.15a) moxxHa

BII3HAYUTH, IO MiHIMaJIbHE CCPEAHBOKBAaApAaTUYHE BIAXUIIEHHS MOMEHTY € Y
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cxeMM 3 JIOIaTHIM Je3aKciajioM, HalMeHIUMi Bia’e€MHMHA MOMEHT Bianosizae
aKciaJIbHIA CXEMI.
Ananiz 6njiuey 006ICUHU REPEOHBbO20 MA 3AOHBOZO HIeYeil barancupa
Po3rngHEMO BIUIMB CHIBBIJAHOWEHbL MEPEAHLOr0 Ta 3aJHLOrO [LIeua

GanaHcupa Ha KpYTHUH MOMEHT kpuBolumna. [TopiBHAHHA MpoBeaeMo 1718 cxeMy 3
Hy/1bOBUM  JIC3AKCIATIOM  NpK  yMOBI  MOCTIAHOT JI0BAKMHM XOAy ILIVHKepa

sarnubHOro Hacoca. Jlnsi nboro posrasuemo TPU BaplaHTU CliBBIAHOLIEHHS
NOBXUH TU1eY banancupa: kk,; = 1; k/k;=1.4: k/k,= 0.7,

KIHEMaTHU4HI Ta CUJIOBI XapaKTepUCTUKH LI NepuIoro BUMaIKy NMpHAMeMo

sa 6a30B1 (TaON. 2.4). T'padiku kpyTHOro MOMEHTy KPMBOIMNZ 115 cXem 3

p13HMMHU NTOBXKHHAMH TUIeueli GanaHcupa nokasaxi Ha puc. 2.16.

30UIbIUEHHS 3aAHBOrO IMleya OaslaHcupa Ha 40% mnpuBede 10 3POCTaHHS

po3MIplB EPHBOIIMNA Ha 38% Ta koopamHaTi po3MimieHHS OCI KPUBOIIMIIZ Ha

0 : X .
42%. llpu 1BOMy mnoripmyrortees kigesaTwasi XapaKTepUCTHKH — 3pOCTac

IMBUAKICTE Ta IIPUCKOPEHHS TOYKM IMiIBICKM LITAHT. 30 IBIIVIOTECS MAKCHMVMH

KpPyTHOI'O MOM@HTY: Ha 9% 11 nonaTHOro 3uagenus ta aa 80% - Bi1 €MHOIO.

30UIBIIIEHHS {ICPEHBOrO 1UTIe4Ya OataHcupa 10 crniBBiaHomeHHs Kk;=0.7

MpUBCAC A0  3MCHILICHHS NOBXHMHHM KpuBommna Ha 28%. [loxpamarscs

KIHEMaTH49H] XapaKTePUCTHKH. BHACIIZOK HBOro 3MIHHTLCS dopMma rpadixa

KPYTHOTO MOMEHTY KPHBOIIMIMA, HOr0 MaKCHMYMH 3MEHIIATHCSA: J0JaTHA 9acTHHA

Ha 8%, B11 €eMHa — Ha 60%.

1a0munsg 2.4

BIumiB n0OBXXHHH I1ed OaraHcHpa Ha KiIHeMaTHYH] [IapaMeTpH

KinemaTuuHi | k=1 | kk=14 kk:=0.7

M 1.2 | 1.66 B 0.83
X1 Bropy
Viewe 106 109 1.04
aal{, M/c? B j1.3 B ] 1.4 ] 11.14
!’ Xi1 BHH3 e
(Vieme 115 1.25 ~ [1.07
ag, M/c* | ai 1.4 ' 1.57 1.17
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Ay Ay = MAMETPH UWTAHS, TLIYHAESPR T2 OTBOPIB BUYCEHOTO Ta

HArHiTAIBHOrO KIaNaMiB IrIMOHHHOIO HacoTa;

Puum- Pp - TYCTHHA MATEPIATY WITAHT T2 PLIME:

CBEPLIOBHHHE;
H jyp — BRHAMIYHUE DiBeHD DinMHy B CKCILTYATAMIAMIE KO ToH]:

- . -

Ps:Pcg- MBIAHUE THCK piauMuy Ha THPI CRBEPLIOBMHM T2 THCK Ta3y HAT

piIMHOIO B CBEPIIOBMHI;

. 8 o
Asn» A5y - BIPETA THCKY ¥ BIYCHEOMY T2 H2THITATSEOMY LIZNZHEY.

B Th I KY HABAHTAXCHHS TOYRE MiOSICK® [ITAHT 3

[V zemozcTpye pze.3.1. Sk

o THECKIB, MPEBOIETS A0 MOXHOKH,

g2 MOEe adocsraty 40°%.

IhacTasuBE 3Hz29enmEs F max-Fmin B (3.2), orpmzevo GopMyay

OCHOBEEX IZPaMeTpis

o (3.3)
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[Tepiua yacTHUHA bopmyn XapaKTepU3ye BIIJIUB FrCOMETPUYHUX

XapaKTEpHCTHK BUKOHABYOro Mexanismy BepcraTa-roiaanku, Apyra — FMMOUHHOrO

o6lalHaHHs Ta XapaKTEePUCTUK ra3op1AMHHOI CyMilll B CBEPJIOBHHI.

3.1. Pesxxumu poGorTn BEPCTATIB-KAYAJIOK

Pe>xxum po6oTu BCPCTaTa-kavanku moxe 6yTH CTATUYHUM 1 IUHAMIYHUM.

Jnsl BU3HaYeHHs 3AKOHY 3MIHM IMHAMiYHOIO HABAHTAYKEHHS B 3aJI€)KHOCTI

BIl KIHEMaTHYHHUX MNapamerpip BEpCTaTa-Kayajkd Ta TIUOMHHOrO OOJagHAHHS

SAMBIEMO - CHIly  mepuil Bin Macwm - xomoMm WTAHr Ta CTOBMNA PIAWHU, LIO

SHaxXOAM1ILCA Hall IUTYHXXepoM rmubunnoro Hacoca, SIK:

Fiy=mg-ag, (3.7)

AC my =m,,,,, +m pio - Maca, sika BpaxOBY€ETLCS IIPU PYCl Bropy;

ME =Mym - IPYU pyci wranr BHU3;

Mywm - Maca KOJOHM ImTaHr, 3aHYPEHO1 B PIOAWHY;

" pio - Maca PIMHY, IO 3HAXOMUTHCS HAT LTy H)KepOM MNIMOMHHOIO Hacoca,

@k - IIPUCKOpeHHs Touyku K ronopiu OaslaHcupa.

11 BU3HayeHHg BIUIMBY TIDUCKOpEHHS Ha IHepLiliHe HaBaHTAXXEeHHS

3allMIIEMO JIiHiliHe IIPUCKOPEHHS TOYKM TMiOBICKM IIITAHT yepe3 KyTOBe
MPUCKOPEHHS OasnaHcupa:

aK=83-k,=(H’;-a)f+g,-H'3)-k1, (3.8)
ne &3, k; - Kyrose {IPHCKOPCHHS Ta JOBXXWHA IEPEAHBOrO IJIeya OanaHcupa
BEepCTaTa-Ka4yaJIKu;

IT3,II3 - mepma Ta jpyra mnepenaTousi QyHkuii OamaHcupa, sKi
BH3HA4alOThCA 32 hopMynamu (2.9), (2.10).
lIpuitHsBIIN, A7 NEPMAHEHTHOrO pPyXy, IO KPUBOLLUUIT PYXa€ThCH 3

[OCTIHHOIO KYTOBOIO IIBHUIKICTIO, TOOTO @;=const i &£=0 Ta 3anucaBIIy KYTOBY

WBUAKICTh KPHBOIIWIA YepPe3 YacTOTy OOGEepTaHHS, OTPUMAEMO dbopmyny s

aHaJI13y BIUIMBY YHCEJI KaYaHb HAa IIPUCKOPEHHS TOYKH ITiABICKY IITAHT:
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T w D
:90-0-'H3 ‘n] ‘k] (3.9)

dg

3 ¢popmynu (3.9) BHJIHO, 10 3MIHA NMPUCKOPEHHS TOYKH MIABICKH IUTAaHT, a

OTKE€ M CHJIM IHepuil, BinbyBaeThes BIZATIOBIIHO JI0 JIPYrol IepeaaTouyHol byHKiT

Lleri nmpouec AAPaKTePU3Y€EThCS KYTAMH (., (9, - CIPUAHATTS Ta rnepeaayi

Baru PIIMHU (puc. 3.2a). Ll xytu ananoriugi KOE(ILIEHTY BTPaTH XO4y IUIYHKEpa

[23], saxuii BUKOPUCTOBY€ETHCS npu MoOyno0Bi AMHAMOIPAMHU:

Gy .. o
3= pzc)ELHac ' A] + A1 ’ (3_10)

wm mp

ne G,
L

io — Bara pIIMHM, 110 3HaxoauThes B kotoni HKT Ham [TYHXEPOM;

nac — TIMOMHA MiABicku Hacoca: E — MOJIYJIb TIPY>KHOCTI MaTeplajly LITAHT;

Awm, Amp — NNIOWA MONEepeyHOTO nepepisy wranr ta HKT.

Makcumanbne AUHaMIYHE HaBaHTaXCHHS [IpyA XOA1 Bropy Oyze OISATH TOl,

KO @cn = 0, TOOTO Ha HeBeNMMKUX rMHGUHax. B IbOMY BHNAAKy Maca pPiJAUHHU

HHBHAKO  TMEPENA€TbCd Ha IITAHTM, a B TOYIi IiABICKM IUTAHT i€ 3HAYHE
MPUCKOPEHHs. 30UIbIUIEHH] KyTa CIPUMHSTTS HABAHTAYKEHHS BIAOYBA€ETbCS NPH
3POCTaHHI MNIMOWHHU PO3MILIEHHS ITAHIOBOrO HACOCA 260 HOro flamMeTpa.

Ha puc. 3.26,8 npuseneni Teopernuni AWHAMOI'paMHu, MOOyaOBaH1 IJI YHUCTO
CTaTHIHOTO HaBaHTaXX€HH Ta 3 BpaXyBaHHSIM JMHAMIYHOI CKJIAAOBOL. Po3paxyHku
BUKOHAHI Ul Hacoca HiaMeTpoM 44MM, 0PU YacTOTi XWUTAHL OanaHcupa —
0,6ka4./xB. miua rmubuHU migsicku 700M Ta 2000M. Sk BHJIHO, 3pOCTaHHS BTpPaTH
X0y INPHUBOAWUTH O 3MEHIIEHHS 3aJIE)KHOCTI MaKCHMMAaJIbHOTO HABAHTAXKEHHS Bil
JMHaMIYHOI CKJIaIOBOi, TOMYy Ha BEJIMKHUX TIMUOHMHAX — G6IM3LKO 2000M,

HaBaHTaXXCHHS TOYKWU IIIABICKH INTAHT MOYXHA BHM3HAYATH 332 CTATWYHUMMN

CKJIIAIOBHUMMU.
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HeratuBHMI BIIMB CHJIK iHEPLIT nIpu PYCl BHHU3 MOSCHIOETBCS THUM, 1110 BOHa

CIpUsi€ 3MEHLIEHHIO MIHIMAJIBLHOIO HaBaHTAXCHHS HA MOYaTKy XOAy TOYky

MiABICKK IWITaHr BHM3. Lle cyTreBo juis Bepcraris-kayanok - OanaHcupuum Ta

KOMOIHOBAHUM 3pPIBHOBAXXYBAHHAM, OCKIiJIBLKH PO3paxXyHOK HeobxiaHoi Bary

6aJJAHCHUPHUX MPOTUBAr 0a3yeThCs HA 3HAYCHH] MIHIMAJILHOTO 3yCHIIIS.

LITAHT 3pYyHO CKOPUCTATHCH 3HAYEHHAM KoedillieHTa AMHAMIYHOCT; [75]:

max
Ka - FOL{H %
max

ch

(3.11)

max ¢ o
ne Fep ™ - MakcUMapHe HAaBAHTA)X€HHS BU3HAUEHE [IPU BpaxyBaHHI TUIBKH

CTAaTUYHOI CKJIQIOBOT ;

max
OUH

MaKCUMaJIbHe AaBAaHTAXXEHHS, BU3HA4Ye€HE IIpH BpaxyBaHHI

MakcuManeHi 3HaYenHs CUJIM, IO 1€ B TOYLI MiABICKH [OTaHTI, OyOyTh
BU3HAYaTHUCh 3a HpopMmynamu:

Fom =Fo - K53, (3.12)
Fin=F .gH. (3.13)

B H : . :
ne F,, F,, - CTaTU4HI HaBaHTaKeHHS [IPU PYC1 LITAHT Bropy Ta BHU3:

HKT na mnynxep;
F - 3yCHIINA Ha IUTyHXep TUO6MHHOTO HAacoca 3 CTOPOHHM CTOBIIA DiJUHH,

AKa 3HaXoauThCs 3a Tpybamu HKT.
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3rigHo popmyn (3.5), (3.6), (3.9), (3.12) Ta (3.13) OCHOBHHUMH 3MiHHHUMH

napameTpamMu  obnannanns  CIUTHY, gxi  prnnmsarots Ha Koe(ilieHT

AUHAMITHOCT1, a OTXKC U Ha PeXHM poGoTy BepCcTaTa-Kayajaku, BUCTYNAIOTh:

a) KUTBKICTh KauaHb Ganancupa (6 < n < 14 xau./xB):
A ./XB);

6) NOBXHMHA XONY TOYKH MiNBICKM 1yTapuT (0.5 <H < 4m);

') AlaMeTp LUTAHT Ta 1yHxepa (16 <d,,,, < 25MM, 28<d,,<95);

2

A) TyCTHHA PIAMHK B CBEpANOBHH (200 < Pp < 1050kr/Mm>);

Ta THCK raszy B cBepaioBuHiI (0.1< p,<
0.6MlIla, 0.1< p_.< SMITa).

[lapameTpu a) — r) - PEry/IboBaH1, TOOTO 3Ha4YeHHs 1X 3ada€THCA MPH BUOOPI

HEOOXITHOTO  peXXUMy SIIKAYKM 1 3aIMmIaeTbess MOCTIMHUM MiA 4Yac 3afaHoro

eplony POOOTH BepcTaTa-kayagky [lapamerpu n) - k) 3anmexars Biag cTaHy

rasOplAMHHOL  Cyminnl B ceepanoBun| | MOXYTh 3MIHIOBAaTUCh B IIpolec] Ii

eKCILIyaTarrii.

Posrnsuemo  sanexwuicts HaBaHTa)X€HHs MNpPUBOAY BlA  IOCTIHHUX

[lapaMeTpiB.

llpn upomy 6ynemo BBAXaTH, M0 3MIHHI NapaMeTpy NPUUMaIOTh 3HAYEHHS,

AKI 320€3MeYyloTh MiHiMalbHe HaBaHTAKEHHS MPUBOAY BepCTaTa-TONIAIKHA:

Pr=1050Kr/M*; Hyuw = 0; p, = 0.1MITa; p.= 0.1MITa.

J1aMeTpa, 110 MOB’A3aHO 3 1X TEXHIYHUMHU XapakTepuctukamu [17].

BianoBinHo mo puc. 3.3a KOEDILIEHT OUHAMIYHOCTI 3MEHIIYEThCSA IIPH
3POCTaHHI IVIMOMHHM MiABICKM Hacoca Ta 30inblIeHHI Aiamerpa ruryHxkepa. JUis

MO4aTKy XOAy WITAHI Bropy Ta HAIIPUKIHII XOAYy 1X BHHU3 3aBxau Ky >1. Ilpwu
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3asIeKHICTh  KoediienTa JIMHAMIYHOCT] BiZl JIOBKUHU XOIY € HEJIHIMHOI, 110

MOACHIOETLCSA BILIMBOM NOBXMHM Xozty Ha JIpyry nepeaatouHy (pymnkuiro Ganancupa

[Is1 HEJIIHIHHICTD 30UIblIy eTh ey "IPH 3pocTannl yucen kavanb 6anancupa (puc. 3.36).

BIuMB ryCTHHU raszopinmmio; CYMILlll TIPOABJIACTLCA B TOMY, IO TpU MycKy

CBEPUIOBUHHM B pOOOTY, B Hijj SHAXO/MThCsl pliMHa, IyCTUHA AKOI BUOMpacThes 73

yMOBH BUACYTHOCTI 1T BUKM 1y 3 CBepuioBunu |76 ms

THCKY. 2K mnpasuno J1actToni

3PIBHOBAKYBAHHA I1ACTOBOIO

TUCKH  BIIPI3HAIOTHCHA 10 BCiM Mmiomi poaosuia
(n0AaTOK A) TOMY rycTuma PUIMHM, HaBiTh Mpu

po6OTY, B KOMKHI1M CBEPIUIOBUH]

3aITyCKYy BeEpCTaTa-roulajiku B

MOX€ OyTtu pisHoto. [licas nodyarky po6orw

rMMOMHOHACOCHOT  yCcTaHOBKY 'YCTHHA rasopiauHHOI cyMimi 6yae MnocTymnoso

cymiul  Oyne HPUBOIUTH po SPOCTaHHsT HaBaHTaXXEHHS BepCcTaTa-KadallKH,

[HIIMM 3MIHHMM TapaMeTpoM, SAKHUM

Ka9aJlkvi BUCTynae AUHAMIYHUMN piBEeHb PIAWHH B
CBCPUIOBMHI, CTBOPIOIOYM THCk MIANOPY Ha BXOMi B 1M

JIIHAP TJIUOMHHOIO HACcOCy
[77). llpm mycky BE€pCTara-

Ka9allkn pIBeHb pIiAMHH 3HAXOOWTHCS HA THPII

CBEP/UIOBHHAX Ha(®TOBOIO

popoBumia HI'BY “Jlomunanadroras”, B ta6n. 3.1 — [TapaMeTpH, BU3HAYEH] 10 LMX

OMHaMorpamax.

['padikn HaBaHTa)XEeHHs, NMOKa3aHi Ha puc. 3.4a-r, IEMOHCTPYIOTh poboTy 32

MM Hacoca Ha pI3HHUX INTMOMHAX, rpadiku puc. 3.41-% — poOOTy HacocCiB JiaMeTpiB

44mMM, S7MM Ta 70 MM Ha ONHAKOBiM TIMOMHI mimBicku. Sk BUOHO 3 Tabm. 3.1

3POCTaHHs ITIMOMHM MIABICKM Ta JiaMeTpa IUTyH)Kepa Hacoca He 3aBKIH TPHBOIUTE

10 30UTBIIIEHHs Baru PiiMHH, OCKUIBKH ii IyCTHHA BiAMiHHA B PI3HUX CBEPAJIOBHHAX.
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Ananiz icuyouux stemooia

JSTHEMO Tnipa ac '
Poar PaBy wactumy pisnsims (3.2), sika BpaxoByc BnAMB Macu

crara-Ka TP
gaHOK BEP WUTKH Ha xpyTuuit moment kpusommma, Ha ocTaToUHy hopmy

> BIUITMBAIOTE: AT :
MOMEHTY BATA  KPUBOWUMIIB,  KPUBOITUITHUX poTuBar Ta

' BOKCHA Maca 06; y¢
He3p1BHO 6¢Ulﬂncupa Buswavanuumum € sromms wa KPYTHUU MOMEHT

Hor .L
kpuBOLIMIIA, HOTO Mach Ta Baru nporygar s PO3MIIIEHUX HA HEOMY.

Macy 3pIBHOBaM VO - -
y 3P YIOUMX nporunar NMPU  pO3MITIIEHH]
MOXHA BU3HAYUTH

X Ha KpHUBOLIUIAX,
3 YM
» 3 YMOBHU PIBHUX 3Hayent MaKCUMYMIB KPYTHOTO MOMEHTY

3 YMOBH MIHIMYM
(79), 3 Y IMy CCPeIHLOKBANPATHYHOrO TAHIEHIIIATHHOMO 3YCUILIIA Ha

H1 [35], abo 3 . e
matyHl [35], YMOBHU piBHOCT] polIT 3a pobGouunit umxn [80] (Haitbineus

OCTUH Ta TOLIMPEHUI :
np P METO1). HPH LHbOMY HeOoOXIiaHe 3Ha4YeHHS Baru [poTUBar

pO3PaXOBYETBCS O HACTYIHij hopmyi [23]:

an =G’wm+_'6p50’ (317)

YHXXEPOM TIHOHHHOIO HAcCoCYy.

-
B poboti [45] allpONIOHOBaHa (opMysia KA A0JaTKOBO BPaXOBYE Macy

fleTaJIed BEPCTaTa-KavYyallky Ta neski PEOMETPUYHI PO3MIpPH HOTO TaHOK:

Goan lsy +k-1L.G
k ban ‘6an K
G = (G Y SGM) “ Al

.
k k R’

(3.18)

ne Gguy, Gy, - Bara Ganancupa Ta KpuBommmna:

k;,k - BEIMYHMHA MEPEIHBOrO Ta 3aJHHOIO IJleya OaslaHcupa;
l 60 - BIACTaHB Bifl OCi ONOpY GanaHchpa 10 LEHTPY HOro Barwy;

r] - BIACTaHb BiZl OCi 00€pTaHHs KPUBOLIMUIIB 0 LEHTPY HOTO Bary:

¥ - paalyC YCTaHOBKHU MaJIbLSI KPUBOIIIUIIA;
R - BIICTaHb BiJl LIEHTpa Baru MpOTHBAr 10 Oci 00epTaHHS KPUBOIIHIIIB.
Mg cniiBcTaBiieHHs pe3ynbTaTiB po3paxyHKiB no popmynax (3.17) ra (3.18)

MPOBEICHO BHU3HAYEHHsI Baru IPOTUBAar, pO3MIILIEHUX Ha KpPHUBOLIMUIIAX, 3



Po3paXyHKH HEOOX11HOT Bary MPpOTHBAr Ta Micus X po3MilleHHS Ha KPUBOLUHITAX

no popmynax (3.18) ta (3.19) jajors AKICHMX Pe3yNbTaTiB B TOMY BUIIAKY, SKIIO
piauHa — JlerasoBaHa i

JMHAMIYHUI  piBeHb He 3HAXOAMTBCS Ha MPUKOMI
~THOMHHOrO Hacoca.

» IO 3HAXONUTHCH R CBEPIUIOBMHI, Ta AMHAMIYHUN pPiBEHB

pIUIMBAIOTL HAa MakKCumanpye HaBaHTa)X€HHsS] TOYKM MIABICKA IUTAHT, IKOMY

BIANOBIIAC MAKCUMAaNbHe 3Hayeys KPYTHOTO MOMEHTY KPHUBOILIHIIA.

Bepcrar-kavanka AKICHO  3pDiBHOBAYKEHUH B TOMY BHUINAJKYy, SKIIO

MakCUMYMH KPYTHOTO MOMeHTy g X0y

BrOpy Ta BHH3 PiBHI MDX coboro. B
TOMY BHIIQAKY, SIKIIO

MaKCHUMyM MOMeHTy mis XO4y Bropy Oyae mnepeBUIyBaTH
MaKCHUMyM MOMEHTY

AJIE - Xomy BHM3 —  BepcTaT-Kadajka Oyne
HeI03P1BHOBAXKEHUM.

| HaBIIaK¥, TIpU mnepeBuUIlleHHI HEOOXiMHOro 3HAYEHHS

3p1BHOBXXYIOUOIO MOMEHTY, MAaKCHUMyM nnsi Xomy Bropy Oyne MEHIIWM 3a

MakCHMyM 1P XOZIl BHU3, BepCTaTa-Kayaika — [epe3piBHOBaYKEHMIA.,

lomMy ymoBy piBHOCTI Makcumymis KPYTHJIBHOTO MOMEHTY KpHWBOIIMUIIA

JOLIIJIBHO BHUKOPUCTATH JUIS BU3HAYEHHS HEOOX1HO1 BiACTAaHI  PO3MilLEHHS

MpOTHBAl' HA KPUBOIIMNAX. BusHauenus Heo6XinHol Baru MIPOTUBAr MPOBEAEMO 3

yMOBHU MIHIMYMY aMILTITYIHA KPYTHOTO MOMeHTY [79]:

Mo 4 MM
DX X%

ne Mp" ,M;" - MakcuManbHi 3HayeHHs 3BEIEHOTO MOMEHTY BiJl CHIH

KOPUCHOI'O OIOPY, IO M€ B TOYIl NIABICKU IITAHT, I XOAYy Bropy Ta BHU3.

B poboTi [17] nponoHy€eTbCsl BU3HAYATH MAaKCUMaJIbHI 3HAYE€HHS KPYTHOIO

MOMEHTY 3a ()OPMYJIOHO:

M., .. =12H[300+0,236(F,. — Fpn), (3.21)
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Y KpauHbOMY BEPXHbOMY MOJIOKEHH] KPUBOULIUIIA CUJIA 1HEPUIT MiACUTIOE 110

ppoTHBar, B LCH HaC BOHa cnpusic smeninenio HaBaHTAXCHHS onop peaykropa. [lin

yac pyXY KPHBOUIHMIIA 10 npyroro KPauHLOT O

qOCTYITOBO 3MCHLUYETLCS |

[MOJIOXKCHHS [IS MTPOEKLIT CUAM iHepLii
BOHA nopisuioe  “0” npu  #oro FOPU3OHTATILHOMY

nonoxeHHL. 11 yac nomanpiyorg PYXY KpuBoLIMMNa 10 HOro KpaHuOro HUMKHBLOTO

ONIONEHHS MPOCKIUS CHIIN iHepyyjj 301IbLIyE /1110 CHITM Baru KPUBOIIUITHKX MpOTUBAr

JKEHH] KPUBOILLIMIIA.

KpuBomuuma. Hanpuxinan, mis

o o : :
Kadanku UP12T goygq CIIDUSIE 3MIHI HaBaHTaXeHHs Ha 6% MpH KiTbKOCTI

06epTIB KPUBOLUMIIA Nyg, = 6.5 00./XB. Ta nocsirae 21% MPH Ny, = 12 00./XB.

BIUMB CHIH HepUii Ha kpyTapj; MOMEHT KpHBOILIMIIA LITFOCTPYE pHUC. 3.56.
KpHBa I BIAIIOB1OAe lIOIIaTKOBomy MOMEHTY B1l CHJIM iHepLIiT, [0 M€ Ha

KPUBOLIMII BEPCTaTa-Kadaky PY Nyp = 6.5 06./xB, KpHBa 2 — IPH Ny, = 12 06./XB.

Bruius AOJAaTKOBOro MOMeHTy BII CHIH iHepui'f [MpoTHBar i1 CXEM 3

o ) 9 " i .
3 BIA €MHHNM JI€3aKClaJIOM ITpu KYTY @1max TOYUHaE OJIITH MaKCUMaJIbHUU MOMEHT BI1JI

CUJTH KOPHCHOLO OTIOpPY 1B 1€l yac cuna inepuii cripisie Horo 36UTb e Hi.,

Tomy nis mokpartieHss ymos 3PIBHOBAXYBAHHS B CXEMaX BEPCTAaTiB-KAYalloK 3

B IIEPIILy YEPry, BEPXHIX ITPOTHUBAT.

nsi  cxemMu BepcTaTa-roMoaikd 3 [ONATHIM  Ie3aKcialiom KPHWBOILIMITH
00EepTaAIOTHCS B IHIITy CTOPOHY, TOMY B nepuny ¢gasi MOMEHT CHJIM 1HepIi HaBIIaKu
JoriOMara€ KOMIIEHCYBaTM MOMEHT BIJI CWIM KOPHCHOro omnopy. BukoHyBaTH
3pIBHOBXYBaHHS HEOOX1IHO, IIEPEMILLYIOYH B MIEPLLIY YePry HIKHI IIPOTHUBAIH.

3 dopmynu (3.22) MOXXKHA BU3HAYUTU HEOOXIJHE MaKCUMaJlbHE 3HA4YEeHHs

MOMEHTY MacC MpOTHUBATr.



ropH3OHTATEHOMY PO3Miluenni kpusommuna | KYT @3

Mpy ULOMY Oyae 6au3bKUM 110
180, TOMy MOHa 3anucaru, o

M =1 G

i
ip max —

np Ln;; + G,(p "'gz + IT’ 'k, (G,.’, +d)";) (323)

Smax

f
U A HauCHHs nepmof

"epenarounoi pywkuii 6anancupa, uio
BLAMOBIAAE TTONIOKEHH] “PUBOLIMNGA nipu ¢, = 180",
3HAHWIOBILIHN  HEO6X| /e 3HAYCHHST MakCUMAIILHOTO 3IPIBHOBAKYIOYOTo
MOMEHTY, MOXHa BU3HayyTy HEOOXinny pary OanaHCUpHUX TpoTUBAr npu ix
pO3MIICHHI HA KPUBOIIMUT ;115 BUKOHaHH 3piBHOBaKYyBAHHA:

M
< 8 - Ay (3.24)

"Pmax

L = o
AC "Pmax ~ MAKCHUMaLHO MOXIMBa Biagane NMpOTUBAr AJIS AAHOIO TUITY

BepCTaTa-Ka4yajky.

Busnauenns Heooxionoi

éacu  npomueaz npu ix pozmiwenHi Ha
banaHcupi

KpyTHUIT MoMeHnT Y BEpPCTaTiB-Kayanok 3 OalaHCUPHUM 3pPiBHOBaKYBaHHAM

» 100 CTBOPIOIOTH OanaHcHpHi mpoTuBary, [IPUBEACHUN 1O
KpHUBOILIHIIA Ta 3 BpaxyBaHHSIM HOro Barwy, HE3PIBHOBAXXEHOT MacH OaslaHcupa Ta

MPOEKIIH IX CHJI iHepuii BU3HaYaeThCs 33 dopmyoro:

r
ARGEH y ) kP 1 x kp .
an = (pr - @Kp y cos @, +<Z5Kp 3 -Sing; +

+1T', -k, - [(G -+ @})- cos(@; )+ D% - sin(p, )]+ (3.25)

> H; *Lgnp * [(Gﬁnp 8 (Dgnp ) -cos(7 + ?3)+ @gﬂp -sin(7 + @3 )]

ne L, L, BIZACTaHb BiJl OCi KayaHHs GalaHCcHpa 10 LIeHTPY Mac MIPOTHBAT;

Y JIAET lHep1l OaJlaHCUPHUX IPOTHBAr Ha oCcl X 1ta YV
D D’ @6np [IPOEKLIl CHIIH 1HEPII p p

IUB. puc. 2.12).
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Busnaunsiim 3a popmynoio (3.20) neobxinne 3nadeHHs MaKCUMaJIbHOTO

HEOOXIIHOTO  3PIBHOBANCYIOY OO MOMCHTY, 3HAXOJIMMO MaKCUMAJIbLHUHA MOMEHT,
110 MOBUHHL CTBOPUTH Ganancupui nporupary

6 4
pa— 1 H‘, |
M”ﬂ max MH/J max ('er : 2[ = (J): ' k/ I (326)

Imax °

[Tic)ist OO 3HAXOMMO HeoOXiiny Bary 6anancupunx nporusar s

BUKOHAHHS 3PIBHOBANKY Ba 113

7
M
Gfinp 4 _L"/’ s , (3.27)
P min

ne Ly, . - MiHiMaibHo MOJKJIMBA BIJICTAHb PO3MIILIEHHS NTPOTUBAT LI

JIAHOT'O TUITY BepcTaTa-roianky.

IHepii OajlaHCUPHUX TIPOTUBAI Ha

HaBaHTAXCHH3A ONOp penykropa Tta if Brijme Ha KPYTHUA MOMEHT KPUBOILIHUIIA.

3HAYCHHS NPOEKIN cunm IHepIiT Bu3Hayaemo 3rigHo dopmyn (2.20). Puc.

3.6 IeMOHCTPYE 3MIHY Wi€i CUIM Ta 3BeaeHOrG MOMEHTY BiJl CWJI 1Heplll 3a OJMH
00epT KPUBOILIIHUIIA.

Onopa  OGamancupa  aBomIeyoro Bepcrara-roMjaJku €  HauoOuIbll

HaBaHTAXEHOIO (IUB. puc. 2.14a), TOMYy MNpOEKIlss CUIM 1HEeplll Ha BICh Y,

BifnoBiAHO 10 LBOro Ha mno4yarky dazu | Ta HanpukiHul IV ¢a3u nmosopoTty
KpMBOLUMIIA CHJIA 1HEPLIT OalaHCUPHUX NPOTUBAT JI01ATKOBO HaBaHTaXXy€e Oropy, a

B II ta IIl ¢azax — possanrakye. JlonarkoBe HaBaHTakeHHs ckiuanae 7% pu

mecTd obeprax KpUBOLIMNA 3a XBMIMHY Ta jocarae 40% mpu 15 06./XB.

PosBaHTaxyrouuii edexr € MeHmMM i ckiagae 4% mnpu wectd obeprax

KpUBOILIMIIA 32 XBUJIUHY Ta 24% 1nipu 15 06./XB..

[lo3uTuBHMIN BIJIMB CHJIM iHepLil Ha KPYTHUHA MOMEHT KPUBOILMIA IOJIArae
B ToMy, mio B I ta IIl ¢a3zax pyxy kpuBommna BOHa CHpPUSE [0JaTKOBOMY

30UIbLIEHH]I 3piBHOBaXYyKOYOro MOMEHTY Ha 3% mpu IIecTd obepTax KpHUBOLIMIA
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banaHCHPHE 3PIBHOBXYBaHHs 103BOJISIE OTPUMATH MEHIII 3HAYEHHS KPYTHOIO

MOMEHTY  KpPHBOILHMITHOTO Bana, a omke ¥ eHeprocroXMBaHHS MPHUBIAHOIO

apuryHa, B HOPIBHARHL 3 KpuBowmnnum 3pisHoBaxyBauusm (puc. 3.7). i uporo
puly 3PIBHOBAXYBAHHS pesepc (B’ eMHa

MpaKTHYHO BIJICYTHI.

YyaCTUHA) KPYTHOIO MOMEHTY

Henomxk uboro Tumy 3pIBHOBaXKyBaHHs — Ginbla Bara NpoTHBAr B

nop1BHAHHL 3 KPUBOWMIHUM. Bu3HauWTH CHiBBiZHOIIEHHS MiX Baro

KPUBOIIMITHUX T  OanaHCMpHMX mpoTMBAr MOKHA NPUPIBHABIIA 3HAYEHHS

geoOXITHUX 3PIBHOBAXKYIOYNX MOMEHTIB, TOOTO M np max = M }?p max -

: : :
OCKIIbKY 3aBXau [7 3mae = 0.5, TO npu 01HaKOBOMY HaBaHTa)XEHH1 TOYKH

mABICRM  TUTAHT - Bara OamancupHux mnporusar 6yae IepeBHUILYBaTH Bary
KPUBOUIMITHUX. SMEHIINTH 3HAYEHHS Li€] BATH MOJKHa, 30UTBIIYIOYH I1T1e9e Ly, -

Busnauenna  Heobxionoi egaru npomueaz npu - KOMOIHOBAHOMY)

3PIGHOBAMNCYBAHHI

IIpy xoMO1HOBaHOMY 3piBHOBaXXyBaHHI YacTHHA MPOTUBAr PO3MIIIYETHCS Ha
OaJlaHCHP1, YaCTHHA HA KPUBOIIUII. 3alUIIEMO ¢opMyny aj1si BU3HAYEHHs Baru
KpHBOLIMIIHUX TIDOTHUBAl 3 BpaXyBaHHSAM Baru OajlaHCUPHUX IIPOTUBAl Ta MACOBHX
XapaKTEePUCTHUK T1JIa Ta TOJIOBKM OallaHcupa, a TAKOX Baru TpasepcH. [1omnepeaHso

paxyemMo, IO Bara OaJaHCHPHUX IPOTHUBAr PO3MIIIYETHCS HA BIACTAHI K —

NIOBXXUHHU 3aHBOTO IUIeya OajaHcupa.

Bary Tu1a, ronoBku OajaHcMpa Ta Bary TpaBepCHU IIPUBENEMO B TOUYKY

pO3MIILIEHHs] OaJJaHCUPHUX MPOTHUBAr 3 YMOBHM PiBHOCTI CTATHYHUX MOMEHTIB Mac
73]

Gmp : k__ G6a.n (k.f o k) _E;z?ﬂ ; k]

Gy = ;
2. k,

(3.28)
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ne Gppyr G ooy G, - Bara Tisia, rojioBku 6anancupa ta para TpaBepcH,

3piBHOBa}Ky}O'-{Hﬁ MOMEHT, o ©Oyae aisgT¥ Ha KPUBOLIMITHOMY  Bajy

pu3HaYMThCA 3 Gopmynu (3.22) B AKiH 10aTKOBO Bpaxyemo Bary Ta cuim

igepuii 6anaHCUPHUX NPOTHUBAT':

M::;fi B (an s @é’p). — (ka + d),fp)'%’z— ‘COS P, +

(3.29)

3 popmynu (3.29) MOKHA BUIHAYUTU BILIUB MacH [MPOTUBAr, PO3MILIEHUX Ha

KpUBOLIMIIAX Ta 6aﬂaHCHp1 BEpCTaTa-Ka4yajJK¥ Ha 3pIBHOBAKYHOYUM MOMEHT.

HeoOX1AHUM 3PIBHOBAKYIOYUNA MOMEHT He 3a71eKUTh BiZI BHOOpPY THIIY

3pIBHOBAAKYBAHHA 1 BU3Ha4aeThess 3 dopmyau (3.20). CniBBiAHOILLIEHHS Baru
npoTHBAr, L0 BCTAHOBIIOIOTBCS Ha KPMBOILUMIII Ta OalaHCHUpi, BU3HAYUMO 3

kL - ) _
ymMOBH MIHIMYMY BIA €MHOl YacTUHM KPYTHOIO MOMEHTY, IO [dl€ Ha

KpUBOWMMI. 3 puc. 3.7 BuaHo, mo mnpwu OajlaHCUPHOMY 3pPIBHOBa’KyBaHHI
BI'€EMHA YaCTHHAa MOMEHTY MpaKTU4YHO BiACYyTHA. ToMy mpuiiMeMo, IO Bary
OanaHCUPHMX IIpOTHBAr MpU KOMOIHOBaHOMY 3piBHOBa/XKYBaHHI MOTPIOHO
nigidpaTy TaKoro, 10O KOMIIEHCYBaTH BiZl’€MHE 3Ha4eHHS MOMEHTY, BUKITUKAHE

KPUBOLLIMITHUMH IPOTUBAraMu. 3MIHa 3HaKy KPYTHOIO MOMEHTY BiJOYBAETHCS B

KIHIIl XOAy BHM3, KOJIM Nepllia nepeaarodda QyHkuis 6anancupa I71'; npuiiMae

MiHIMaJbHE 3Ha4YeHHs. HeoOxiaHe 3HadyeHHs Baru OajlaHCUPHUX NPOTUBAr UM

KOMIIEHCallll 3Ha4€HHs B1JI' EMHOIO MOMEHTY:

Giry =——— -Gy, (3.30)



97
. lonycTume 3HaveHns BrpaTy

BIATIOBIAAE NepeMileyy; UTyHIKepa NMpHU SKOMY IIBUIAKICTS -

X BEJIUY -
3Ha4HHU “H BTpaTa xony (UTYH)XXepa focsrae npu HaBaHTaXeHHI TOYKU

MiABICKM LUTAHT BCpCTaTa-kayanky, Onm3bkomy 10 120kH.

. BniiuB rexmij .,
3.4 CXHIMHOrO cTaHy rauGunHOro Hacoca Ha KPYTHHH MOMEHT

- SASYTHL NDORYCKn piipnnw B marmitammis e MPUHOMHIA YacCTHHI

HacocCa, a TaKOX B KOJOH] HAaCOCHO-KOMIIPECOPHUX TPYO.

Pazom 3 TuM, B mponeci CKCIUTyaTamll CBEepIJIOBUHM TAaKWM CTaH Hacoca
HEMOXKJIUBUU.

PO3riIsIHEMO, SIK BIUIMBAIOTH CTAHH FIUGHHHOLO o0nanHaHHSA Ha KPYTHHUMH

MOMEHT KpHuBoIlIUmna. /Uia usoro [IPOBEIEMO 1X MaTEMaTUYHE MO TFOBAHHS.

He3anoenenna piounor yunindpa nacoca
He3amoBHEHHsl LUIIHApPAa TIMOMHHOTO Hacoca DiAUMHOK 06YMOBIIOETHCS
normajaHHsAM B Hacoc rasy. lle Moxe CIpUYMHATHCE: 3aCMOKTYBaHHSIM a3y 3
3aTpyOHOI0 NMPOCTOPY IPH IMOHMIKEHHI JUHAMIYHOTO PiBHS PiIMHU B CBEPIOBUHI
0 IPUAOMY HACOCY Ta BUCOKOMY ra3oBOMY (haKTOpl B CBEPJIOBHUHI (IIpH LBOMY

ra3 rocTyImnae 3 mjacra pa3om 3 Ha)Toxo).




SHJI = S((/)I.f) y llC[)QMll_llCIIllsl lllell)l(L‘!p']* 1)
I*Jf:cx.\*']*:rtin 3 MGI(CIfIMmlhlIC Ta MilliMfull

; HC |II.Illilllrl'il}l(Gilllil TOY KK lli)ll;i(;j{'w
LL[TEIHF';

. g K - L Ny N
K - xoediuicin Hanonue sy Hacocy
KpyTHMI MOMer

Ha puc. 3.1]

MO 110 hopmyni (3,1).
ITOKa3

AHO  pesynpraTn
(IHAPAa TIIHOMHHOrO |y

p“'lp{l){ylll(y HllJlHIiy HCSATTOBHCH
acocy 1]

A KPYTHUI -
©KPYTHUMIR MoMerr KpuBotimia, Hesanosmess
BMJINBAE HA MaKCUMYyMm KPYTHOTG MOME

aTHE 31 | ' ATKY XOJ/IY BHUS, HHOHUKAIOYY
poro AOA 1a4CHHS, Tay HE3aNoBHeHNs Haco

m 0

KPYTHOro
OMEeuT |
MEHTY npy X0/l BHU3 na 2%

alflOBHEHHA Hacoca Ky =
H 09) Ha 300/0 I]p” KH

0.9.

Npy  KoehiieHT]

= 0.7 ta pocsarae 42% npu Ku =

[Ipyn 3HaYHOMY 3Me | ot
L HILICHH] Koediienra Harnosuenns
1IOYBAETBCA  3pPOCTaN - .
BLAOYB P 5 BINeMHoj 1aCTHHM  KpYTHONO MOMEHTY KPMBOILIMIIA
(puc.3.116).

10 3Ha4YeHb, HUK4ye (.5

®opMa  nuHaMorpamu IPH TIporyckax piiWHM B HarHITAIBHIN YaCTUHI

KOHyCca IPUUOMHOI'0O KjamaHa 1 T.1) [78].

IIpy nporycKy plAMHM B HarHITajJdbHIM YacTHHI Hacoca IOJipOBaHWH IITOK,
B MpoLECl mepenaydyl HaBaHTAXKEHHSA 3 TpyO Ha INTaHIH, IIEPEMILLYEThCS Ha
NOJATKOBY BENWUYMHY, SKa 3aJ€XWUTh Bill 00’€My piOWHM, IO MNepeTekiaa MiA
INyHXep. BHacmmok 1poro rnepenadya HaBaHTAXKCHHS BIIOYBAETHCS MOBUIBHILIIE,

S8 & oL
10 NPUBOJAUTH O 3MEHILUEHHS KyTa HaxWiy JIHI AB CrpuMHATTS HaBaHTaXXEH
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TO BIAOyZeThCA 3pUB nojayi Hacoca, MpHU LUbOMY
mMakCMMYM KPYTHOTO Momenrty Npyu  Xoi

{0CATAE JICAKOTO 3HAYCHHs i

BIrOpy Jocsrae cBOro HamWMEeHILUOro

HA 1 3MILYEThC - - .’
3Ha4CH " Ha KYT ¢, no BigHowenui 1o HOpMaJILHOT po6OTH Hacoca

3.13). Popma k _
(pHcC- ) P PYTHOro momenra PO3paxoBaHa [Uis HaMMeHIIOoro jiamMerpa

jllaMeTpaM HaCoOCiB.

BuIBLI TOrO, BILIWH " : ‘ o : : ‘
; B BUTIKaHHusg R Har"H1TaibHIM 4YaCTUH1 HacOCIB OUIBLIMX

. iB € OlIbII 3Ha ~ . _
niaMeTp THHM, OCKinbku 36i1bImEHHS lliaMeTpy Hacoca Beje MO

aHHsJA BTPATH Xo : _ ;
3p0oCT Y Tomy 3PUB mnojayi, B Hacocax BeEJIUKUX J1aMETPIB

MOMEHT INpUrMae

13 LUJIiHApa Hacoca IPHUILLIBUIALIYE

npolec HEPEIail HABaHTaXeHHs 3 Tpy6 Ha IITAaHI'W, TOMY TNPUAOMHUU KJilalaH

BIAKPABAETBCS PAHIIIE, HDK IpU CIIpaBHOMY Hacocl (auB. puc. 3.120, Touka B').

PinnHa, BUTIKalOYM depes mpuitomuy YaCTHHY Hacoca, [ell0 3MEHIIYE
MBUAKICTH IPOLIECY II€peaayi Baru PIIMHU 3 IUTAHT Ha TPyOu npu X041 BHU3, TOMY
HarHiTAIbHUH KJIalaH BIAKPUBAETHCS Mi3HINle, YUM Mpu HOpMaJIbHIM poOOTI
Hacoca (Touka D). Tlo Mipi HaGnmxenHs momipoBaHOro WTOKY [0 KpaHBOTO

HIWKHBOI'O ITOJIOXKEHHS, IIBHAKICTh HMOro Majgae i HacTynmae MOMEHT, KOJM BOHA

CTa€ pIBHOIO IUBHJIKOCTI BHTIKaHHS, IpM LbOMY paHillle 3aKPHUBAETHCS

HarHITAJIbHUM KJ1anmaH (Touyka A').
Ha puc. 3.14 mnpuBeneHo rpapikd KPYyTHOTO MOMEHTY KpPHBOILMIIA,

no0ynoBaHi 3 BpaxXyBaHHSIM BUTIKAaHHS B IPUMMaJIbHIN YaCTHHI.

SAx MoxxHa 6a4yuTH 3 puc. 3.14a, BUTIKaHHsS B NPUHOMHIM YacTHHI Hacoca

HOI'O MOMEHTY IIPpU XOIi
BININBAE B OCHOBHOMY Ha 3Ha4Ye€HHsS MaKCUMyMy KDYyT Ty Ip



» IPHU niepexoai 3 28

- A CHIIM KOpHUCHOTO oMo

[MOJIIPOBAHOIO IUTOKY Bif

AJTA TOBXUHHU xoay 1,5 M Tta 6 ka4/xs.

jgeplIiH1 HABAHTKCHHA CKnanaote 4% Bixg sHavenus cum KOPHCHOTO OMopy, a
npu 30UIBIICH] TOBXHMHH XONy BABiYi 3pocTaioTs 1o | 1 %;

5. 3OLIBLIEHHS YHMCEI KAYaHB 3 6 00 12 xa4/xB. Mg 1OBXKUHMU X0y TOYKH

1igBiCKH PIBHOMY 3 M IIDUBOIUTH 0 3POCTaHHsT OUHAMIYHUX HABAHTAXEHb

pepCTaTa-Ka4dalKH 3 11% no 24%:
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PO3JIIJI IV

XAPAKTEPHCTI/IKA POZIOBHUIILIA

4.1. I'eonioro-

q IMIIAaHA, 3 IMIBHOY] - :
paJIK Ha miBneHg nepetuHae [IpoKOMEHKIBCBKE Ha(TOBE

M
150 M.

KnimMaT  palioHy

akCcuPHUCBHI a S :
OcomoTsi BIIMITKM penbedy KOJIUBAIOTHCSI B MeXaX Bl 140-

IOMIDHO-KOHTHHEHTAILHUH, 3  CepeIHbOPIYHOIO
0 iz
remnepaTyporo + 8 °C, MiniPuceua TeMnepatypa B ciyni —15°C...-25 °C, a

vakcUPHCBhHA B JIMITHI MOXE CsATraTy oo + 40 °C. CepenHpopiyHa KIJIbKICTH oIraalB

500-600 MM.

CTpyKTypa BHSBIIEHA TEeMaTUYHUMMH nocipkeHusmMua  1968-1972 pp. Mo

ru6GOKOro OYpIHHS BOHA IMiATOTOBNIEHA reodi3HYHUMH poSotamu B 1973 poui mo

ceiCMIYHMX YMOBHHX TIOpHM30HTax cepeanboro (V63) i mmxaboro (VB., VB))

kapoory. Y 1975 p. BBemena B OypiHHS cBepioBHHA 1, a yepe3 plK IIpH
BUNpoOYBaHH1 ITPOJAYKTHBHOI'O IOpU3oHTY B-16B (iHT. 2516-2523 M) oxmepkaHo
dontaH HaTU AebiTOM 85 T/100y Yepe3 WTyLep AlaMeTpoM 6 MM.

B 1977 poui poaoBuile BKJIIOYeHE 10 Jlep)kaBHOrO OanaHcy.

Bcroro nmpobypeHo ciM CBEpIUIOBUH: M'STh 3 HUX MOLIYKOBI 1 pO3BiAyBallbHl,

1Bl OLIHOYHO-eKCIUTyaTaliiHi 3aranbHuM obcsarom 19700 m. CeepanoBHHaMH




kpdATO TOBILY OCanOYyHyy . ;
po3 p apOOHATHO-TepUreHH HX MOPJL BIJL MCTBEPTUHHUX

| YTBOPEHHS OKeMOPIHCHKOro pyupamenty.
OCI1AHO-IIPOMHUCIIOR .

1 . 4 eKcnyararis po3rovyara p 1976 poui
oBUHOIO Nel. [Toy Y :

cBepAl ATKOBUI ne6iT HadyTi cranoBun 67,9 /106y .

3 [ Iporsarom
: eKCIlTyaTalii Bj
qeplOAY YyaTallll BIH nocrynopg SHWXKyBaBcst 1 B 1993 pou

HE TIepeBuiyBap

nocsir 54%. Pewum pospoObku
qoxnaxy HPYXHOBONOHaNMipuuii. Beyore BUJIyuyeHo 2173 -

, ruc, 1 nadpru, abo 93%
04ATKOBHX 3aIIACIB.

a 1.01 1994 p. ponog . .
H I 3HaxoaumoCs Ha 3aBepluaiibHii cTajil po3pobKu.

Cmpamuzpagin
B TIe€OJIOTIYHIN § ' :
YZOBI HpOKOHeHKlBCbKOFO HATOBOIO  POJOBUILA

iMalOTh YYacThb OCanoR; . . : _ .
nphH AOBI nopony KaM'siHOBYTIJILHOT, NEPMCHLKOT, TpiacoBol,

1, KPEMOSIHOI, I - .
opchKOl, KP » HlaJIeoreHoRo;, HCOrC€HOBOI, YeTBEPTUHHOT CHCTEM.
KaM'sSIHOBYT'UIbHA CHCTeMma C

[IpeACTaBJIC€HA HWXXHIM, cepennim Ta BEPXHIM BiJJ1iJ1

B cKJianl

AMH,

H ' e : :
H)KHLOKaMﬂHoByrlanHx OCaJlIB  BUJIIISIIOTLCH  YTBOPEHHI

pepXHPOBISCHLLKOTO 1 cepmyxiscrkoro spyciB.  Hasisuicts  BiJKJIAI1B

HIWKHPOBI3CHCLKOTO Ta  TypHelcrkoro sipycis cBepmioBun rimbokoro GypiHHs He

ginTBep/UKEeHO. BOHM pozmuri. YTBOpeHHsI Bi3eiichbKOro sipycy Hey3roJKeHO

saIAraloTh Ha B1IKJIamax TOKEMOpPIHCEKOro pyHnamenry.
BepxHboBi3elicbkuii sipyc C,V,.

[IpeacTaBiIeHHH IEPEBAaXXHO LIIIBHUMHU, HE BAIHSKOBUMM | BaANHIKOBUMH
CTIOMUCTUMH aprijiTaMH, cepel SIKUX 3YCTPIYAETLCS MPOIJIACTKM  KBapLIEBUX
M@HUKIB, AJIEBPOJIITIB, BaHAKIB. [10TyXHICTb Bi3eHChKHX Biakiaaais 500-550m.

CepnyxiBcbkuii sipyc C,s.
JTITONIOTiYHO YiTKO Bimpi3HAETbCA Bif Bi3eHCHKMX BIJKJIA/LIB MOPIBHAHO

OIIBIIMM PO3BHUTKOM IIiII[AHUKIB 1 BATHSKIB. BIAKIAJAEHHS CEpIyXOBCHKOIo sIpyCy

V3rOIKEHO 3ajsraloTh Ha YTBOPEHHSIX BEpPXHBOI'O Bizer0. HuxkHbO KapObOHOBa

TOBIIA yCKIaqHEeHa TEKTOHIYHUM MOPYLICHHAM pisHux ammity. IlepeBaxatoTb B
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Banjk "
AWKMpebL ki sipyc C_ b,
JiTATBCS HA BEPXHio j ]
HUXKHIO T -
OBII. Huxug

TOBILA CKJIaZieHa TepeBaKHO

manukis. [Toryxkhicts 100-

- e CI'UIaﬂe - . . 1

| , Ha  Bianosizno MimHWMH i cepeaHbO
ueMeHTOBaHI’IMH MIIaHuKany He _
3 750 M TYXKHICTh HuxHix TOBII| MIIIAHHUKIB CTAHOBUTH
120-~ :

xapOOHY"

1 MILHI, 4acTO riuHucTi. KLIBKICTD 1X
;011BLIIYE€TBCA 3BEPXY BHH3 110 pospiay. [TotyxHicTs 300-330 M.

Bepxniii kap6ou C ..

[IpeaCTaBJICHUH TEPUTECHHUMH YTBOPEHHSAMH, B HWXHIA YaCTHHI

sanAralo9uMHy 0e3 BHAMMOI [IePepBU Ha BiIKIazax MOCKOBCHKOLO sipycy. BepxHs
gacTHHA B O0CS31 apayKOPHUTOBOI CBITH (KACiMOBCBKHE 1 IKeNIbChKHid SIpyC)
pPO3MHTA 1 Ha Ppo3pi3l BIACYTHA. BigknafeHHs ckiamgeHi NiCKOBHKAMH,
a1eBpOJIITAMHU 1 apruliTaMu. IHOAI 3ycTpivarThCs MpOIIAapKU BamHsAKiB. TOBIIMHA

BePXHBOKaM'SHOBYTLIIbHUX B1AKIaaIB 70-170 M.

[Tepmcebka cuctema P.
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BEPXHBLOIO KapOboHYy

' o HAsIBHOCTI  OpraHiyHux 3a/MIlKiB, B
quHi po3p13Y, HHa NIepMepkyx BIZIKJIa/1iB Mac e
| 0

ey®

cel:’e JIVH BIJIAIJT — HUKHINA.

e '
KOBHKIB BUpaKECHUX [epeBaxHo

KOJIbOPOBHMH PI3ZHO3epi o .
| PHHCTHMY, "MICKOBUKaMK, rimnaMu i aprisiTamMu, |
-10JIOMITOBA CBHTa, npeﬂCTaBHeHa »

_ _ UIAHO-TJIMHUCTUMHU TOPOJIaMM |
JUToNnoriuHo oy

BH 1
PaXKeH; ‘-Iepe,IIyBaHHﬂM HE3HAYHUX 11O

giaknalHd TPIlacy 3ansraiory,

ToBIIl 69-109 wm. [ 1uHHUCTA

1acC nperacTa ‘
roBILd Tp1acy PCACTaBJICH] [IePEeBaAXKHO SICKDABO KOJIBOPOBMMHM T JIMHAMH.

ﬂoT)’?KHiCTB FJIMHUCTOI TOBIII 122-280) M.

KOpcbka cuerema J.
Bigxiagd FOPCBKOl CHUCTEMH 3aJIral0Th 3 KYTOBOK HEBIAMOBIAHICTIO |
;ga4yHiIM NEPEPHUBOM B CKIIATHO HAKOMWYEHIN Ha PO3MHUTIN MOBEPXHI1 MNIMHUCTOIL
ropimi Tpiacy. FOPCBKI BIIKJIAmM BUAIIAIOTECS B 06'eMi CEPENHBOTO 1 BEPXHBOIO

signiiB. CepeaH1N BIAAUI MPENCTaBAeHUN 6al0CEKUM 1 6aTCEKUM SIPYCOM.
bailoCBKHH SIpYC CKJIAaJ€HWM alIeBpOJiTaMM, IIiCKAMH 3 PAaKOBUHHUM

feTputoM. Y BEPXHIM YaCTHHI PO3pi3y NepeBakaloTh INIMHHU Cipi Ta aJeBpOJITH.

ToBma ocamiB 49-74 M.

baTchKkUM SIPyC B HMDKHIM YaCTHUHI CKJIAIEHUH TNIMHAMU rojly00oBaTO-CipUMH

3 H3AMHM CHIEPHUTY, Y BEPXHIM Y4aCTHHI PO3pi3y-NICKOBUKAMH 1 ajeBpOJITaMH 3

IpomIapkaMy rIuMH. 1oBia BiakiaaaiB 95-108 M.



Ha  po3murTiii [MOBEPXH] : g
| HI  KIMepljKa.
. oOTi9HO  BOHM  BHpajey; P

[MCKaMM |

[ToTyHICTB 0camiB 40 M.
TekmoHIKa

B TEKTOHIYHOMY  BIOHOWIEHHI [IpokomneHkiBchke HaTOBE pPOJOBHUIIE

3HAXOJMTBCS B MEXKaX MIBHIYHOTro 6opty JIHinpoBebko-IoHEbKOi 3aMauHH.
3a gJaHUMHU Teo(dI3UYHUX IOCITIIDKEHb | OYpIHHSI CTPYKTypa € HEBEIMKOIO
PHCOAMIIITY THOXO KYTIONOBHIHOK CKJIAAKOIO, TIOPYIIEHOIO CKHJIaMH, 11 pO3MIp Y
Mexax 13orincu -2400 m 2,5x2,1 kM.
CkreninHa yacTuHa [IpOKONEHKIBCHKOT CKIaAKHU 1O MOKPIBIIi MPOAYKTHBHOTO

ropu3oHTy B-16 po30uTa Ha winuit psa 61okiB. AMIutitTyna ckuais Big 40 go 70

M.



l,[poM”CﬂOBe CKYITICHHST nadyry SHAXOMTHE 1 MBne e
-HHO-CX111H0A
CKTOD SIKOI'o CKJia ‘De e,
ﬂﬂﬂﬂﬂ ko P ACHUA cepennno SCPHUCTHM K MCKORBMK
ﬂ‘ ‘ AM U
SUMEeTP U
[1p gpocTaranns.  Kyry Haxury bt e
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A . PEKINHANBbHUX  uac
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pr,(ryp” IyKlyplmmy WIaHT poaosuy; ABIIAC
C rp““”y AHTUKIITHANILHY Ckitajiky ., G
M
1C) ' "
.. YO3PIBY  CKIAJIK: 1] .
" q0  pO3pi3y AKA - BUNonoxyeryes | Ha piBHI ro
| PU3OHTIB
ME303010 SABJISC o600 ¢ *
BiﬂKﬂa)la" | PYKTYphy €pacy
Heo@(iﬂuo BIAMITHTH, 1O TekToHiyye NnopymieHus [TPOSsIB
' I _ IACTHCH nUIIe Ha
. 2H] 4i3eHChKUX 1 CePNyXoBchKux BIJIKJIa1iB :
plBH HUAHBOTO KapboHy 1 nume

(TOpaMHU BCIX TOKJIa i
K0J1eKTOP AI1B PONIOBHIIA SABASIOTHCS MiCKOBHKH Ta AJIeBPOITITH.

pBHA HYaCTHHA CKIanena . : :
ﬂpon}’KT UCPeIIapyBaHHsAM mickiB. MICKOBHKIB 3

U aJIeBPOJIITIB :
smapkaM P Ta  TnuH. KepHom Bigkmamm MPAaKTUYHO  He

p

1. Tumn .
OxapaKTepﬂ?’OBaH KOJIEKTOpa Ha [Tpokonenkincbkomy HahTOBOMY pOIOBHILI

cBep[AIOBHH CKJIaJ1a€

= 2 O . . >
0,569x 10~ mxm*. Ha Npog1il KOJEKTOPCHKi AyKe BiIPI3HAIOTHCS, L€ 03HAUaE,

mo Taka HEOJAHOPIAHICTh B IIPOHUKHOCTI BIOOpPa)Ka€eTbCs B CEPeaMHI 1UapiB

MIIAHUKIB.

I'iopozeonoziuna xapakmepucmuka

XapaKTeprCTHKa IUIACTOBUX BOJ MPOAYKTHBHUX FOPU30HTIB OLIBII IIHPOKO

DOSKPHBAE  TiAPOreOJIOTiuHYy  XapaKTepPUCTUKy  pOXOBHINA.  PO3TIIsIarovuu



[lig3eMHl  BOIM

Hapra IlpokonenkiBcpkoro HadrtoBoro pPONOBUINIA Ma€ OCUTH

cneudraHEi cknan. Ilpy npoMy #oro ryctiHa 3MiHIOETbCS B Meskax B1A 836,7 no
888,3 kr/M> 1 ckitamae B cepeqHbOMY 877 Kr/m°, B SI3KICTE npu 50°C 3MmiHIOETHCS
Bix 2,29 no 4,13 wmlla-c. Hadra Bucokomapadinmcra, cmonucrta. Bwmict i
(KNaJaroTh TaKl KOMIIOHEHTH sK: rapadinu — 5,9 %, cmonu — 4,3 %, achanbTeHH —
305 %, cipka — 0,8 %.ITouatok kumiHHsS HadTH ckiamae Bin 43 mo 58°C. Ilo

"eOXIMIYH1 i Knacudikanii — MeraHoBoHadTeHoBa( BiamosiaHO 18,5 1 61,81%).




| BCl winHj
» 11IpornaH, 6)’T8.H, CIT

: Ka, resu, merany
anobyTo¥ AR € FORUIBHAM. 3anacu gagyy, rasy ’ y
b

KOHIEHCcaTy | KOMIIOHEHTIB,

ﬂKi M

103UTUBHUX  PE3YJIBTATIB  TIEOJIOTIYHMX i Teodi3WYHUX  MOCIIDKEHB y

reBupoOyBaHUX CBEPUIOBUHAX.

Kareropis C; - 3amacu mokimaxy (HMOro 4YacTUHM), HASBHICTh SKUX

00rpyHTOBaHa JaHMUMU I'€OJIOTTYHUX 1 Fe0(I3UUHUX AOCTiIKeHb. [1igpaxoByOThCs

y HEPO3BIJAaHUX YACTHUHAX IMOKJIAAy, Kl MPHIATaloTh A0 AUISHOK 3 3a11acoM OBl

BUCOKMX KaTeropiil; B MPOMIKHMX 1 BHIIE 3aJralodux HEBUIPOOYBAHMX IJIaCcTax

PO3BLAAHMX POJOBHILI.



X04ya .
MOT0  yTBOpeHHs ciig mMoOB’s3yBaTU 3

U PYHHYBAHHS MOKAnN;

OﬂeCaM JIAAIB B ' . : :

1p | YTII€BOAHIB KaM’SHOBYTJIbHUX BiJKJIa[1B IIPH
yTBOpeHHl COJIAHOI'O mTOKy,

B KaM’ STHOBYT
'JIbH ' . .
MX BIAKJIanax nokmaau BYTIJIEBOOHIB NIPUYPOYCHI

- IaalB  OalIKUPCBKO
o BLUIKI P 10 Ta cepnyxoBcbkoro spyciB. HadTtoBl mnoknaau

HBO KOH
6e3M10CCPEA TAKTYIOTE 3 constuuM mrokoMm. Tlo UX TIOKJIaJax Ma€ Micle

nokna{iB BYTJICBOIHIB. Cminx simaMitutu, mo s 3aKOHTYPHIHA 30H1 KOJIEKTOpH

[OBHICTIO 3aMIMIEHI IIIPHMUMH mopomamu. Iloknag mo MOGYZOBAX MOMXKeE
fe3rrocepeIHBPO KOHTAKTyBaTH 13 IITOKOM Ha BiITHOCHO BY3bKIM IUISHI HIMPHUHOIO
0 300 MeTpiB, a Ha OUISHLI OOBXHHOK 1300 MeTpiB BimminseTscs Bim LITOKA
30HOIO 3aMIILIEHHS KOJIEKTOP1B mrpuHowo 200-500 meTpis.

XapaKTepHOX BIAMIHHICTIO Ha(T KaM SHOBYTIJIBHMX BIJKJIAIIB €

BeTMKUI BMIiCT mapadiHy, KU 1o Mipi 3HWXKeHHs Temneparypu Bunagae B HKT 1

JHAYHO YCKJIAJHIOE yMOBH BUA00YyTKy. HadTu Oaiocy mpakTU4HO HE MaroTh




‘ xo4dya IIO CK'Ha}Iy H 1 19
ap1HY = BIAPI3HSAI0TECY Bl Ha
. . T
3P xoPCHRHX BiAKTazi, T Gawmkupcekux Ta
1
oo 4.2.

POKI 0By Ha@TOHOCHiCTE & . 1983 POLL, konmu 6yno BeranosaeHo
11pol\/ﬂ”c No3. 3 eHOMaH‘EUIb6CbKHX BIJIKJIa 1ax BEPXHBOI Kpeinau
BepﬂHOBHHO}O 23. 3 TOrO yacy BeHeThcy : '

C

IPOMHUC/IOBUH npuriuB HadpTH i3

B1IKJIaITi
ceHOMAHCPKUX BIIKIIANIB OTpumagg g CBEPIJIOBUH] 8§ i3 IHTepBany 4190-4221 M,

) 1€6iT HAQTH CTaHOBHB 7() M3/106.
CBep/UIOBHHA Ne8 Ha nappix Jac ekcr

1yaTy€ naJieoreHOBHM MNOKIAamd, SIK
oxpeMHii 00’ EKT PO3pO6KH.

Y 1989 - 1990 poxkax IPOMMCIIOBHMH NpHILIMB HaTH 3 CEHOMAaHCBHKUX

piIKIAAIB OIEPXKAHO B CBEPIUIOBUHI Ne4, B skiit 3 IHTepBany 4200 - 4218 M nebit

padi cki1aB 195 M°/n0o6y Ha 6,2 MM WITYNepl, a 3 inTepBany 4224 - 4240 M - 134

w100y Ha 4,5 MM LITYyIIEDI.

CBepaioBruHa 4 BBeleHa B ekcrryataui;o 01.08.91p. i3 ceHOMaHCHKMX

0K1a/iB, K1 €KCIUTyaTy€e Ha[ali.

Ha nowatky 1990 poxy cBepmioBunoro Nell PO3KPUTI CEHOMAaHCBKI

BUIKTaAM Ha MiHiPUCBHIM rmubuHi [epuoro OJ0Ky i mpH ix BUNpobOyBaHHI Y
BIKPHTOMY CTOBGYpi OTPMMAHO He3HAYHHMil TPHILTHB PO3YMHY 3 HapToro. B

KOIOHI ceHOMaHChKi BimKiIamu po3kpuUTi nepdopauiero y 1992 poui B iHTepBaii
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oﬂOHOCHm HACTHHI NoKa AKOU e
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OHOCHy HaCTHHY HOKJ]a}_ly_
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» O pliienni - 1993-1995pp. posnouzr
HHS €KCTUTYaTalli My |

bypIHHA d “BePANOBYY 30, 31, 32 § 35 UL BHPOGITKY 32

pChKOTO TOKIIATy.

3aKIHYEHHS 6ypiHH51M

Iacis

y 1998 poui CBEPLIOBUY
BUATE QOHA - BHAOGY By CBepIOBMY

[IoCUIUTYH
pOﬂOBHI—ua'

30 1 32 I03BOIAIO

CHCTEMY po3podxm
Ha nmanmii yge

Klanax: y
THC.T., B CCHOMaH-ane0CEkOMy — 4666/747 THC.T., B
mpcBKOMY ~3648/584 Tuc.1.



PospoOKa PONOBUINg 1999 K, - i
K A HOTHPMA CHREDIIORU s ..
i 8 eKcmnyatymayy PMa  CECDIIOBUIARY-

Y
8P ABGCHKHiL. Y 1995 o, HOBW i HOKItan, cuepmonunmy Iy 4 111~
- o OKAX “1r 10 : .

HOMaH POkax MAKIHY e | OYPIHIgM CECPIIOBUIHK 30 i 3D
¢ 1'31'” Ban06yBaHHﬂ ] JCTA 1 “ . 1 32,
pej}rﬂb npe€ACTABJIEHH npo oAt CCHCMiH] NOCHIJIHeH Y JICIIO

12! ? TC€OJIo1
gl Y4y 6 - : | .
o HeHHA MAPAXYHKORyy Ma L. PONOBHILIA, 1o a0 miacTany
‘ , q . ’ a - . _
8 yTO Pamerpig 6 KOMIOMY HOKany 1 no poposuury
§ ui‘TOMy ’
C Poaon )
a AaHMH Ha HIe 4y 9
& OMMTHCy 1y Crajii JOCHI IHO-NPOMUCTOBOT
" .
3arajibBHOMY, nepegir- |
B y Tlp P YCHOBHKY NOoKasHukin POEpOOKHU  cenomaH-
o NMOKJ1aa OKOnep ki
;1bachor BCBKOro PONIOBUIIIA NpUueCCcHo B 1a6ammi 2.1,

Jlavii rtabauui, 3aikcHUMO
MaH-aL6Cchbkoro NMOoKJ1aay.
CKCIUTyatanii ceHOMaH-aTL6CLKOrO

OKHa BUIIIMTH TpU eTanu ioro

a1y, epLUnii 3 akux 6yB BBEACHHUI ¥
;OC'_[L,IHO.HPOCMHCJIOBY PO3pobky CBEPJUIOBUHO

0 3 B 1986 poui, a apyrwuii
5epTIOBHHOKO 8 B 1988 pouii.

Ha 3aBepIleHH] aaHoro eranmy B 1991powi Oyia
sgefieHa B CKCIULYATaUllO CBepanoBuna 4 gy CCHOMaH-anp0Chki Bimknaau. Llei

o1all TaKOK XAdPAdKTCPHU3YEThCH nopiBHﬂHo MMOCTIAHUM piBHeM mopquoro
5700yTKy Ha@TH Ha piBHi 30 THc.T. Ta PI3KMMH KOIMBaHHAMM a30BOrO (GakTopy
51392 M°/T 10219 M/T.

Jlpyrui €Tal €KCILTyatauii XapakTepusyeTscs CIIOYaTKy IOCTYIIOBHM
3p0CTaHHAM IIOPIYHOr0 BHAOOYTKY HadbTH Bif 37,4 thc.T. y 1992 poui mo 48,5
meT. y 1994 poil, a HOTIM MOCTYNOBUM MaAiHHAM 10 piBHA 26 THC.T y 1998 pouii.
¥ 10/l 9ac ra30BUH (PAKTOp MajaB MOCTIHHO, Mo4YnHaI04YM 3 1992 poky Bixg piBHS
3873/t mo 180 M3/T y 1997p, i Tinkku B 1998 poui BiH pizko 3pic g0 piBHsS 312
/1. e MOXITHBO OyJ0 CHpUYMHEHO PI3KUM IaJiHHAM IUIaCTOBOIO THCKY MO
nBag 34,4 MITa, sikuii € HUK4e THCKY HacudeHHs 35,4Mlla, 10 MOIJIO NPU3BECTH

1 1 1 OI0 BHJIOOYBHHX
10 Pi3KOr0 BHIiJIEHHsS ra3y y IUIAcTi i #Oro mpopuBOM A0 BHO 106yB



yBaTH cBEPJIOBUHU

anydt

M TInactosyi;

.

o1l
» -eHOMAHCBKOMY TIOKJIany — 4106/1554 TUC.T;

21OT€HOBOMY TOKJIany — 224/47 TUC.T;

o 1pOCHKOMY TIOKIIAZy — 1064/386 Tuc.t;

- OpCHKOMY noknany —4052/1013 tuc.t

3anacd TAJICOTCHOBOTO TIOKIIANy NpeHyioThes cBepmiosuHol 8 y 6momi 111,
(raHoM Ha 1.01.2020 p. cymapuuii Bumo6yTox Ha®TH 3 noknany ckiamae 33,4
qor, mo Bimmosigae 70,9 Y BumoOyBHMX 3amaciB i xoediuienty BHITyueHHS
s (KBH) 0,149 npu kiHuesomy 0,21. V II Ta IV 610KaX YHCISTLCS 3amacH
it knacy 122 y pos3mipi 174/37 tuc.T, ki Ha JaHMH 4Yac PO3MNIANAIOTHCS SK
repcnekTHBHI. Yepe3 He3HayHl 00’€MM 3amaciB po30yproBaHHS MOKJIamy He
nependayeHo, BIH PO3IIIAAAETHCS K 00’ €KT IOBEPHEHHH.

Kpeitnsauii (cenoMaH-aibpOChKUi) TOKIa] po3po0iseThesl CBEPATIOBHHAMM 3,

4130y I 6nomi i cBepanoBuHamu 11, 32 —y IV Guomw. 3anacu HadTh Kiacy 111 B

WX Onokax 06ikOBaHi y po3mipi 5170/1940 Tuc.T



BHUI006 . 127
HODYTOK HadTH 3 Kpeimanorg NOKIany cknamae s
€ 5622

» - Koediuienr

IOKJIa " :
acH JopChKOTO AY APCHYIOThCS | To HaCTKOBO TiNIbKKU B Onoui 1V

YTO Koebiuienrty
Buno6ysni 3anacy peaiizoBani Ha 2.8
T€, L0 Iepcrie ' '

spaxyBaTH Te PCICKTUBHI 3amacy y bnokax II i IV cxnanaors,

axoﬂﬂquOMy BUIOOYTKY HahTtu 28 TUC.T JNOCSTH
" g B adTH 0,009 (x1HUEeBUM 0,26).
g4

. gperAAHHM TIOKJIAN, IOPCbKMH moknan € ocHoBHUM MePCIEKTUBHUM

oK1

[1aJICOT€HOBUH Yepe3 He3HayHi 3allacu,
6’€KTOM’
0

ABIISIETBECA 00’ €KTOM

108 s
CymapHHH BUIOOYTOK IO POJOBMILY CKiajae 623,6 THC.T, IO CTAaHOBUTH

0.8 %o B i 100yBHHX 3anacis. I1o ponosumy nocsirayto KOE(QILIEHT BUITYyUYECHHS
W,

Ha(pTI’I 01066

4.3. AHAJ1i3 T€XHOJIONII | TEXHIKH eKCIIyaTanii CBepaJIOBHH i

TEeXHOJIOTTYHUM peskumM podoTH

Cragom Ha 01.01.2020p. y BumoOyBHOMYy ¢onni ITpokomeHKIBCHKOIo
J0I0BHIIA 3HAXOAUTHCS IICTh CBepAIoBHH (3, 4, 8, 11, 30,32) 13 sAkux 4oTHpH
1 Bl OBHU
(cepanoBuny 3,4, 11,30) eKCIUTyaTyOTh CEHOMAHCBKI BIAKIIAJEHHS, CBEPUIOBUHY
' 1 ] 1 BI CHHSI.
- maneoreHosi, a cBepMIOBHHY 32— CEHOMAHCBKI 1 IOPCHKI BIAKIAA

Cheprnosunm  3,4,11,30,32- (GOHTaHYIOTh. PexuM poboTH — TIOCTIMHHM.

- : yaTarl
CeeprnoBrna 8 eKCIUTyaTyETbC MEXaH130BaHUM cIIocoOOM  EeKCILTyaTall



axOﬂﬂﬂa

° cpHTHI [IOBHICTIO).
1

[lin 4ac TIpPOBeAeHHs KP 1],03.55

qonepe

HpORO0OBOTO N1€0ITy Ha 8-10 1/n, ajye

cepelt AOCATHYTH BIJHOBJIEHHS PiBHA

fonepeRHIX neOITIB TakK 1 He Bramocs. Ha piBHI 50-60 T/n ne6it TPUMaBCs 10
sepecst 1989p., @ 3 XKOBTHA 1989p. pisko smenmmses no 28 T/ 3HOBY 4epe3
yTBOPEHHA mpoOKH Ha BHOOi cBepanoBuHM. Bu6biit oumcThnm mim  gac
moseneHHs KP 03-14.12.89p. OpnodacHo Gyna mposemena CKO mmacra 3
[0JaIBIIMM OCBOEHHSIM CBEPAJIOBUHH a30TOM.

[le61T cBepmIOBHHHM miclsa Lboro craHoBuB Bim 40 mo 301/m, TOOTO
I0CATHYTH piBHIB BHUIOOYTKY, sKi Oynau OO mpoBefeHHs peMoHTy (50-60 1/n)
OBy He Bmajocs. HalBiporigHimoO NPUYHHOI TaKOro 3MEHIICHHS

Bi100yTKY i He BimHOBJIEHHs AeOiTIB Micisd MPOBEACHHS PEMOHTIB BBAXAEMO



B 1992, 1993, 1994 1a & 2000p.p.

fl
3y ot 1995-2003p.p. cBepmoBUKg I .
PAllo€ CTabinbHO 3 OAHIEI 3YITMHKOIO.

(paKTOpiB gig 500 oo 900Mm?/T.

gqoBuHa 4 IIpokomneHk] ,
CeepAa P CHKIBCBKOI'O pOIOBMINA BBeJeHA B E€KCIUTyaTallllo
01,08.9113- 13 CEHOMAHCBKMX TOKIaniB. PoGora cBepmioBMHM BigMIYa€THCS
CTa6iJIbHiCTIO. 3yONUHKHA CBEPIJIOBUHMU IOB’S3aHI i3 NPOBENEHHSIM HEOOX1THUX

npoMHCIIOBHX MOCHIIKEHB, TeIoBUX 00pobok (TO) (3akayyBaHHS TrapsInux

pOST-IHHHHKiB nmapa¢iHiB) Ta BCTAHOBJICHHA LEMEHTHOTO MOCTa 3 METOIO 130JISI1111

IpHIUTHBY BOH.

Excrutyaraniss CBEpAIOBHHU MPOBOAWTBRCH Hd mTyLepi AiaMeTpoM 4 MM.

WeHIIEHHS CepeIHBOA000BOIO BunoOyTKy HaTH BinOyBanocs B epil pOKH

ekCITyaTallll 1 CTaHOBHIIO iz 101 mo 60 1/n. [IporaromM HacTyIHUX pokiB (1994-

1996p.p.) BHIOOYTOK cTaO1IPHUM B MEXaX Bix 64 mo 55 1/m. Ilo MpUYMHI NaJIHH]

11aCTOBOrO TUCKY MPOTSITOM oCTAHHIX POKiB BUIOOYTOK 3HM3HBCH 21O 25 T/A.

~ CepmnoBuHa 11 HpOKOHeHKiBCBKOI"O popoBuIlla BBECHA

04.03,92p‘ BpaxoByI04H JIOCBiZL poOOoTH romepefHiX CBEPATOBHE eKCILTyaTarls

B eKCILIyaTalllo



peMOHTiB CEPEAHBOI0GORY}; ne6iT cpe
pai1o

ge B8 B €SHATTITAF. TEPMIH (Bia 10 go 3¢ 1i0), a Hagar;

g 4711 3HOBY 3MEHIIIy€eThCs Yepes
~gHs HOBOI IIPOOKH.
y180P

yicall CIIOCTEPIIACIBCH DI3KE 3MeHmenny ILTacToBoro tucky Big 69,8 mo 39.3

\[Ta. P060Ta CBEPUIOBUHHU CTabinbHa.

waHCHKMX BIIKJIAICHHSAX 3 22 T/1 110 12 T/1 NOSCHIOETBCSH 3HIKEHHSM [IACTOROMO
mexy Bill 66,9 MlIla o 33,7 MITa Ta nepioguynum yTBOpeHHIM mimanux MPOOOK
3 CBED/UIOBMHI, SK1 JIIKBIJIOBYB&JIMCh NIpU npoBeneHsi KP. 36inemenns ne6iry
nicng diKBigamil MpoOOK HE CIOCTEPIrajoch, IO BKa3ye HAa HEMNOBHY OYHCTKY
BH00K0 BiZ MICKY.

[aginus nebity 3 6 T/a 10 3 /4 MO IOPCHKOMY MOKJIay TaKOX MOXKHA MOsC-

T4 NOCTIfHMM yTBOPEHHSM IiaHKUX [POOOK.



g 131

HEPE3 BHUCHAXKEHHS
3aﬂz;lciiil\/l

opoi eHepril B HaHOJIMKYMH Yac nepeiine na AKTHUBHY (Da3y pO3BUTKY pekuMy
act

qeoro rasy, 1O IPHU3BEJC N0 CYTTEBOrO 3HMKEHHS KiHLEBOro KoebimieHty
F1Z
po3

" prJTydeHHS (ouikyBaHu# 0,208 nmpotu 3aTBepmKeHoro 0,41)
1A TO

s Cranom Ha 01.01.2020p. y BumoGyBHOMY ®oHai IIpokomeHkiBChKOrO

ayila 3HAXOAUTHCS LIICTh CBEpANOBHH (3, 4, 8, 11, 30,32) i3 sxux doTHpH
DOJIO

bK1 BIOKIJIQIEHHS, CBEPIJIOBUHY
(chepAIOBHHH 3,4, 11,30) excrryaTyloTh CEHOMaHC KJIa D

| eOrCHOBI, @ CBEpIUIOBUHY 32— CEHOMAHCBKI 1 IOPCBKI BIIKIIAJICHHI.
. mia [OBI,

CBepIVIOBMHU NeNe3,4,11,30,32- ¢oHTaHyIOTb. Pexum pobOTH — TOCTIHHUM.

i eKCILUTyaTallll
CeepioBuHa Ne8 eKCIUTyaTy€ThCS MEXaH130BaHUM criocobom Ty

P | un: 4 roa. — I)()60Ta
. e b
UITAHPOBUM MIMOMHHUM HAcOCOM. I'€XHUM pO60TH H@plO)lI/I'-IH

N rop. ~ HAKONTUYEHHS.




AKE  BUKOHyeThes o HaOnMxeHux

. Tty HPOMY  BHCTymaroTs KIHEMaTUyHj

i BEPEISEraIaIEN e 1apaMeTpu ruGuHHOrO O0NamHauHy:

pUOMHHOTO  HACOCA,  TMbnHa  jioro CIIyCKY, TYCTHMHa piguuu g

5.1. IlpoBeaeHHs MonepeaHbLOro 3pIBHOBAKYBAHHS

Po3paxyHOK [TIOIIEPEAHBOTO 3p1BHOBA)KYBaHHS BE€pCTaTa-KavyalKu
0
cg Ticiisl HOTro PO3MIIICHHS Ha CBEPATIOBMHI mepe MEPIIUM 3aITYCKOM
€Th
pKOHY

. .1g 3MiHH TAPAMETPIB TTHOMHHOr0 00J1aIHAHHS.
gbo TIC

[lpy ToNEpeaTHBOMY 3pIBHOBa)XYBAHHIO PO3PAaXYHOK KPYTHOIO MOMEHTY

(pUBOIIHIIa IPOBOIHUTHCS T10 dopmymi (3.1).

e . . . . e
Jlng BU3HAYEHHS HEOOXIJHOI KUIBKOCTI Ta BIACTaHI PO3MILIEHHS NPOTH
% ! [THOMY Bally
JBHAYAETBCS MAKCUMAJIBHHUM KPYTHHM MOMEHT, 110 1€ Ha KpUBOIIHUIHOMY ;
I usoro popmyia (3.1) 3amucyeTbCs y BUIIAAL

J. 1
MKP=M33_(MG+MHP)’ ol




- i \J ud-na
g - Py
A Hii B PHBOWM, MoMm l
qrrafls; RS BHavaeTLcq 5q b T Cuam, g g &
.zP Opm ; CR g :
cF ¥ I O
';lﬂl e 353116}{1414 MOMeHT Ba Y aMy (3 5) Ta (3 6)-
.2 OHa
{ grHi nornepeaHbo BmHa“a‘incﬂ ; BYOro MexaunMy Beper
kP ©3 Bpax bt
) YBaHHg oy
.,. JI
b‘] MG - ltG“: H; k! +G rkp lHepu“
¥ 3 coslp,)
s KOHCTPYKTHBHa He3piBHOBa)K (5.2)
CHICTY 6
UlaHcy
o pa g -
asepcoro, e ePeBaHTaxey,, Gaur *00pui 3 ronoskor
P dHCHUpP]a R
3 Gor * cyMapHa Bara aBsox SOT— Pa B Oik TpaBepcy:
K 9
" qaKCHUMAJIbHA ,[[OB)KHH
. IO YTBOPIOE Kpugp
o) KYT, PHUBOILIYY BicCio X

np2 - COS(@I o ﬂ2 )) ’ (53)

- Bara ojHiel
np2 AHIEL TIApU KpuBOmmMIHYX MpOTUBAr Ta BIACTaHI X

f ot

IIe an 2 np]"

g Ha KPpABOIIMIIAX;

p03MimeH
B fp — KyTH SMIIICHHA NEHTPY Mac MPOTHMBAT BiZHOCHO OCl KPHMBOIIHUIIA
i 4.1).
6) npu 6aTaHCHPHOMY 3P1BHOBa)KYBaHHi
an - G6np ' L5np ' H; > (5.4)

3) mpx KOMOIHOBaHOMY 3pIBHOBA)XyBaHHI:
My =G '(lnpl -cos(p; + ﬂl)"'lnpz -cos(@; — /82))"'
+Gﬁnp 'Lﬁnp o3

3

(5.5)

' WBar.
ne Lg,, - BiACTaHB 10 UEHTPY Mac OaJlaHCUPHUX MPOT




3
phater =% 136
Inp
(5.1 1)
? quHﬂ OprFHHCTbCﬂ J10 Haﬁ6|ﬂhﬂjo
3 'O Lo
pe O. Jlan
ﬁﬂoﬁﬂ iﬂleHHH npOTHBAI' Ha KPUBOIIMIax (puc. )) | BuGup Crice
M : <
m’Frﬂp"g a oro BAPIAHTY MPUAMAEMO Taki py e .
g K : P JUts non:
ﬁp‘ y{ﬁop)’ T ma€c HalMeHILe BilXuney s, i PIBH s 11g-
" MO - Of Niniy
’]ﬂﬂ{fﬂﬂﬂ aﬂpﬂ IA"IHOFO BIHXHJ]E:HHﬂ); (y\*l()Ba '\lel‘wyMa
f B
o g xpyTHOTO MOMHTY Ha mporg pos
6 HUK
-{P !jMy Y MaloTs, GyTH

guit 1

! ' 1 MOX
1BHOBaA)>XYBaHH]I -
0 L TBHOMY 3p XY OXHa IOOMTHCE MIHIMaQJIBHOTO #Oro

f - pﬂMOJ‘IiHiﬁHOCTi.

0K
e : .
I apaiidy HaBaHTXEHOCTI ONOp KPHBOLUMITHOIO Bala HeOoOXiIHO

Ro1 =\/(;0X1')2 +(R(I)/1)2, (5.12)

; R0)§ - IPOeKIIisl peaKilii, 10 Ji€ B OIIOPi KPUBOILMIIA Ha BICh X

I

lj- 3HayeHHs peakiii, O i€ B OMOP1 KPHBOILKIIA IIPH MPOESKIIL Ha BICh Y:

i g g g g S




.3 CxeMI/I BUKOHAHHS GanaHCHpHoro 3piBHOR
o a) HabOPOM BaHTaxis;

6) BaHTAXEM CTaJol Bary.

O BIIJIUB
e 6:HIOCte[I)e,IIHlE:' d€ Ha CHO)I(HBaHHﬂ CJIIEKTpoeH
ﬂgﬁlfl (ayaniki T2 Ha noro KK/ [36].

chaTa' . e¢). -

0O oonito  KoediuieHTt

4 i imi3all Y ®opmu KPYTHOro MOMEHTY MpPOBOAMMO
3qafqu MiHIMYM CCPCIHBOKBapaTUYHoro BIIXHUJIEHHS BUpa3y

34

gl

guKH il [UTYH)Xepa TIJIMOMHHOIO Hacoca

(HHHaMofPaMa)’ F€OMETPHUYHI TIapaMETPH BHKOHABYOLO MEXaHI3My BepcTaTa-

1K T qo4aTKOBa B1JICTaHb PO3MIilIEHHS [POTHBAr.
a1

[Ipy LIBOMY 3HAHUCHHA 3BCIICHOI0 MOMEHTY KpPUBOLIMIIA PO3PAaXOBYETHCA 3

PaXyBﬂﬂHﬂM KUTBKOCTI1 TIap MPOTHBAr, BaplaHTy iX pO3MillleHHs Ha KPUBOLIMIIAX
;

3 BpaxyBaHHﬂM cu 1Heplll. llapanensHo npoBoauThCs MOPiBHAHHSA 3HAYEHHS

.. ' OIOpax KPUBOIIUIIHOTO Baa.
akitiif, 0O AOTE B At .

HajikpallldM TMPHHMAETHCA BaplaHT 3pIBHOBaXXYBAaHHS BepCcTaTa-KadalKh

pi SKOMy OTPHMAEMO MiHiMaJbHe 3Ha4YeHHd Bupazy Gopmynmu (4.16) Ta

minMeHIIe 3Ha4eHHSA peaxuiﬁ B OIIOpaX KPUBOILUIIHOTO Bay.
3a TAaHOK METOIAUKOK ITPOBEACHO [epeBipKy CTYINEHs 3PIBHOBa)XXYBaHHS

44 "
KPCTATIB-KAa4aIOK, 10 BHUKOPHUCTOBYIOTHCH B HI'BY “Jlonunanadroras” BAT

“prHa(bTa”.

' ' H13M
[Ipu IbOMY BUKOPHCTaHI reoMeTpHuYHI rmapaMeTpy BUKOHABYOI0 M€Xa y

¥)CTrara-kayanxkm UP12T-3000-5500, gKUl EeKCILIyaTy€eTbCs Ha OLJIBIIIOCT]

: g2 : 7 3
cBepMOBHH I_H“By 3HaquHH CHJIM, 110 1€ B TOYIII [11IB1CKH [IITAHI, HpHHHHTO




iy KiHIIl XOy IUTaHT BrOpY, Ha MpoTssi 110BOPOTY KpHBowmMna Bix 60° 70
MOME

[ ] [ ] , : ‘
[1 K H5S 1 B1 €EMHOI'O M M Ty HII

XOMy IUTAHT BHU3,
|

131 KyTa OBOPOTY BiZ 295° o 360°. Makcumanssi 3magenss B’ EMHOTO
1 ]]pOT
Horo MOMEHTY IS XOAy Bropy Ckyianarothk 8.5kHwm, s Xoay BHU3 — [ 5xHwm.
KpyT | . -
-KaYaJIKK MOXXHA TIIpH 3MEHILeHHI  BiACTaHi
lokpamuTH pOOOTY BepcCTaTa-Ka P

HOT'O
ovimenHs mpotuBar 10 0.68Mm. Ilpu 1poMy 3MeHmAThCS MaKCHMYMH KpYT

% 1 MMAEMO TUIBKH
IOMEHTY Ha MOYaTKy XO0ay BHH3 10 26 kHwM, To6T0 Ha 60% i oTp

WY YaCTHHY BiI’€MHOrO MOMEHTY KPHBOLIMTIA.




; . -III xBagpanTax,

3 : :
I CXEeMHU 3 AOMATHIM [Oe3aKcClajioM

gepGB"ﬂKHO B 1 kBagpaHTi. J{ns GBI ——

rpaiPiKiB 3JIeXKHOCT] IIOBHOI peakmii R

AHAMI3Y TPOBOOUTHCS nodynoea
01 Ta 1 mpoekuii Ré’l, R(J)Cl BiX KyTa
1080pOTy KpABOLIHIIA.
B 0O '
HampuKkJiaz, nonatky b, mpuseneno cunosi XApAKTEPUCTUKKA BepCTaTa-

quaTkd OONATHOrO  JI€3aKCIaly: 3HA4YeHHA KPYTHOrO MOMEHTY KpHMBOIIHIIA,
6COMIOTHOTO 3HAYEHHS peaKiil R01 Ta 11 TPOEKUidl s TphOX BapiaHTIB

ipoBe/IeHHsT 3PiBHOB)XYBAHHS — IIUIAXOM DeryiiOBaHHs BIACTaHI PO3MIlLCHHS
.PXHBOI MTApH KPHBOIIUIIHUX IPOTHBAT, HIKHBOI MapH Ta OJHOYACHO JBOX Tap

(ws. puc. 5.2a,6,8). 3 rpadikiB a, 0 (AOHaTOK B) MoXHa BiJ3HAUMTH, IO
HFKpaliM BapiaHTOM [Jig ITPOBEICHHA 3piBHOBAXYBaHHS € pETyJOBAHHA

| _ :
PSMIIIEHHSIM BEepXHiX OaJaHCHPHHX BaHTaXIB. [Ipy  1BOMY OTPHMAEM

X 5o b OMEHTIB
HHMeHIIe 3HaYyenHs SK JONATHHOTO Tak 1 Bl €MHOIO KpPYTHHX M

PHBOIIHIA.



KaJajok [82, 92].

" ocHOBI aHaM3y MaTeHTHOI iHbopmanii Ta POOIT, MpPUCBSYEHHX namiii

. MOXK '
[93, 94, 95 ], Ha BHAUINTH Tpwu OCHOBHUX HaNpAMKH MO SKUX

KC€PYBaHHA poboTO Bepcraris-

« ja3eMHOTO, TaK i ITTMOUHHOTIO 00J1aIHAHHS;

. po3pobka MaTEMAaTHYHHMX MOJENeH Ta KOMI'IOTEpPHHX Mporpam Uis
poseleHHS PO3II3HABaHHS CTaHy Ta BHPOOITKY ONTHMAIBHOTO YIPaBIiHHS
w604rM pOIIECOM ITTUOMHHO] YCTaHOBKY;

- po3poOKka HOBHUX JaBaylB Ta IPUCTPOIB I 3HATTS AAHHX, MO AKHX
'WBOTHTBCS aHATTI3 pOOOYMX XapaKTePUCTHK BEPCTATIB-Kadallok.

[lopsin 3 THM, II03a yBarolw 3aJdIIMABCA L€ OAHH CHJIOBUH IapaMeTp

BE :
TaTa-Kavanky, o SIKOMY JJOCHTH TOYHO MOXXHa [IPOBOJUTH JIAarHOCTYBAHEA AR




!
|

- — — e
= TSI — il —— e

- MOME

gt oM

KPHBOHIHHa gir B OCHOBY TOCIIZIOTOBIPHOL TeMaTHku “Po3pobka Ta mpomucioBi
[ITK 1m0 KepyBaHH ’

’ npoﬁoﬁyBaHH’q PY t0 BEPCTAaTOM-Ka4qasKor”, sika BUKOHYBaJIach

102-2003p- ATA BAT “Yxpnagra” [98].

(xema YUPaBIIHHA BEPCTaTOM-Ka4aJlKOK Ha OCHOBI JaBaya KpPYTHOTO

52

gTy OKa3aHa Ha pHC. 4.8.

J{nst BUMIPY KpPYTHOIO MOMEHTY Bajla ICHY€ KiIbKa METOMIB: METOJ

yNMipIOBAHHA HOPMAJIBHHUX Ta TaHTeHUIMHUX NedoMallii Bajna TeH3onaBaqyaMH [99,

100], enexrprraHi MeToau [101].

llpucmpiii dna Komnencauii 6id’emnoi vacmuHu Kpymnozo MOMEHMy
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. 2 1) L
e HGPIBHOMIPHOCT' DOPMU 1. , PUBLTo e .

Kay !
VKK Ta OPU3BOAMTL [0 36inblIeHEHs

oty

m(omeaHHﬂ eneKTPOCHEPTIL.  lIuTaHHs  BupismioBanHs liarpamMH  KPyTHUX
B
goHaHUX T HAyKOBUM  KEPIBHHITBOM K.B.Tipa B VYkpaincexkomy

oiTp I'OCTPO 1 B 1HIINX Taly3sx mpomucioBocti. Tak Bizomo pax

06iTa BH

p : . . .
igHOMY {HCTUTYTL. | OJIOBHA 1]1€s MPOBEAEHHS LMX POOIT MOATaE B TOMY,

jomrp2
o A 3piBHOBAX
HUA MOMEHT, IO 3MIHIOETHCS BIAMOBIAHO [0 3aaHOl MPOrpamH.
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