There is a need to ensure that the gas turbine unit natural gas is not used the energy potential of the exhaust
gas after drying and granulation, and the efficiency of the gas turbine does not exceed 30%.

In the proposed method is implemented trigenerative thermodynamically perfect, energy-efficient,
high-tech, environmentally friendly high efficiency method of drying and granulation of mineral fertilizers with
the use of the technological process of renewable energy (wind and solar).

Completely eliminates the use of natural gas and other fuels with full energy. Implemented regenerat-
ing principle with the generation of electricity, heat and cold. Completely no harmful emissions into the at-
mosphere.

Key words: mineral fertilizers, drying and granulation, renewable energy, energy conservation.
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YOK 514.18
Y3ATrANIbHEHE HATYPAJbHE TA MAPAMETPUYHI PIBHAHHA KITACY CMNIPANEWN,
A0 AKUX BXOOATb BIAOMI KPUBI

C. ®. Mununaka, 4.7.H., npod.,

T. C. Kpemeub, K.T.H., AOLEHT

HauioHanbHuin yHiBepcuteT Biopecypcis i NpMpoaoKopUCTyBaHHsS YKpaiHu;
T. M. 3axapoBa, K.T.H., CyMCbK1IA HaLliOHaNbHU arpapHUi yHiBepcuTeT.

CopopmyrnbosaHo mnidxid 00 KOHCMPYHBaHHS M/I0CKUX KPUBUX, OrucaHux rnapamempuyHuMu pPieHsIH-
HAMU y DYHKUIT HamypanbHO20 napamMempa, Ha OCHO8i 3adaHHs Kpueoi 8 rnosisipHiti cucmemi koopOuHam. 3a
doromozor po3pobrieHo2o nidxody ompuMaHo y3azarbHeHe HamyparbHe ma napamempuyHi PiIGHAHHS, SKi
onucyroms WUpoKuli cnekmp cnipanel, 00 siko2o 8xo0ssmb desiki 8idomi Kpusi. BidyarnizogaHo Kpusi, ompu-
MaHi 3a OorMoMoz20t0 3arnporoHo8aHo2o nidxody. HasedeHo y3azanbHeHe HamyparibHe PIBHSIHHS ompuma-
HUxX Kpugsux. HaeedeHi y cmammi kpuei He su4yeprnyromb QOPMOMEOPHi MOXIUBOCMI 3arporoHo8aHO20

niéxody.

Knroyoei cnoea: kpuea, cripans, HamyparnbHuUl napamemp, rnapamempuyHi pi@HSHHSA, HamyparbHe

pigHsIHHS, O08XUHa Oyaul.

MoctaHoBka npobnemun. Cepen pisHo-
MaHITTS (POPMOYTBOPEHHS MAOCKUX KPUBMX OCOBNN-
BE Micue 3ariMaloTb KpWBi, OnNucaHi HaTypanbHUMM
abo napaMeTpUYHUMK PIBHSAHHAMUK Y pyHKUIT HaTy-
panbHOro napameTpa (QOBXWHW BnacHoi ayru). 3o-
Kpema, oudpepeHuiansHa reomeTpis notpebye onucy
KpMBUX X HaTypanbHUMU pPIBHAHHAMKU. Dopmynn
Ceppe-®peHe, ski € 6a3oBMMM AN OOCHIOXKEHHS i
KOHCTPYIOBaHHSA KPUBMX, MOXYTb 3aCTOCOBYBATUCHA
00 KpUBMX, 3adaHux came y Takin dpopmi. Kpmsi niHii
B NEBHMX YMOBax MarwTb MeXaHi4yHi BNacTmBOCTI, a
TOMY LUMPOKO 3aCTOCOBYIOTbCA B TexHiui. Hanpu-
Knag, umkrnoiga € 6paxiCTOXpOHOK Npu pycCi YacTUH-
KM NO MOBEPXHi Mig Aieto cunu BnacHoi Baru npu
BigcyTHocTi onopy pyxy [1]. MNigBiweHa B ABOX TOu-
Kax rydka Baxkka HUTKa npunmae popMy NaHuoroBoi
ninii [2]. MepexigHi NiHiT Ha 3ao0KpyrneHHsx 3anis-
HUYHUX KONiM NPOEKTYIoTb Yy hopmi ayr knotoign [3]
abo nemuickatn bepHynni [4]. B 3yGuatux 3adyen-
NeHHAX Npodinb 3yba BMKPECMNOETbCA MO EBOJIb-
BeHTi kona [5]. MNpodinem BepTUKanbHOro nepepisy
AHTUMPWKLINHOI M'ATM  KapyCcenbHOro  TOKapHOro
BepcTaTa € Tpaktpuca [6]. [pu npyXHOMY 3rvHaHHi
TOHKMX KOHCOJSbHO 3aKpinneHnx CTEePXHIB Ha 3HaYHYy
BENWYMHY Nig Qi€ NpyKnageHoi cunm ix Bicb Npun-
mae dopmy knotoign [7]. Okpemy rpyny KpuBMX
npeacTaBnsalTb TPAEKTOPIl pyxXy MaTepianbHOi Ya-
CTMHKWM MO LUOPCTKIA noBepxHi abo nnowwmHi [8, 9].

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcutety

[eski cneuianbHi NiHii NOBEPXHi MalTb MeXaHiyHi
BMacCTMBOCTI, 5K, Hanpuknag, reogesunyHi, ki MOXyTb
OYyTU rPaHUYHUMUN TPAEKTOPIAMU PYXY YacCTMHKM MO
noBepxHi Npu Benukux ii weungkoctax [10], abo niHii
YKOCY, SIK BipOrigHi TpaekTopii pyxy BOAHMX MOTOKIB
[11]. He 3Baxatoumn Ha Te, WO B TEXHILi LUMPOKO 3a-
CTOCOBYIOTbCS KPMBI NiHii, onucaHi napameTpu4yHuMmn
PiBHAHHAMM Yy dOYHKUiT HAaTypanbHOro napameTpa, y
HayKoBIi/ niTepaTypi NNOCKi KpWBI, ONUCaHI y Takomy
BUrNsiAi, 0GMeXeHi He3HaYHUM Nepenikom.

AHani3 ocTaHHix gocnimxeHb i nyonikauin.
MapameTpuyHi pIBHAHHA KPMBOI HE 3aBXOu MOXHa
3HaWTK NpW HasABHOCTI 1i HaTyparbHOro pPiBHAHHS. B
TakoMy BUMNagKy cnig 3acTocoByBaTW YMCESbHI Me-
TOOW iHTerpyBaHHs. TakoX MOxHa HabnwmkeHo Oy-
aysatn KpuBi rpadoaHanituiHummn metogamu [12]
abo  3acTocoByBaTW kKiHemaTuyHWi nigxig [12]. Onsa
BiJLWYyKaHHA MapaMeTpuUyHUX PIBHAHb cripanen vy
yHKLii HaTypanbHoro napameTpa y npadi [14] 6yno
3anpornoHOBaHO BUMKOPUCTOBYBATU MIOCKi i30MeT-
pWYHi CiTkn, a y npaui [15] — cynposigHuin TpuUrpax-
HUK ®peHe. [poTe pdocnimkeHb KPUMBWUX MiHIN Ha
OCHOBI HaTyparnbH/UX NapameTpiB B NPUKMagHin reo-
meTpii obmanb, Wo He Bignosigae npobnemam npu-
KNagHoro 3acTOCyBaHHS.

MeTa Ta 3aBAaaHHsA gocnigXeHHsA. [TonoBHu-
TW Krac Mnockux cnipanen y yHKLUiT HaTypanbHOro
napameTpa HOBMMUW KPUBMMMU i3 po3pobKoto nigxony
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00 X KOHCTPYHOBaHHS.

Buknaa ocHoBHOro martepiany AocnigxeH-
HA. BisbMemMo nnocky kpvBy, 3agjaHy B NONSAPHIN
CMCTEMI KOoOpAMHAT 3arnexHOCTAMWU pagiyc-BekTopa
p Big kyTa noro nosopoTy ¢: p=p(¢). byaemo BBa-
xaTtuy, wo obugea Ui napameTpu € yHKUiaMU OOB-
XUHWM Oyrn S kpuBoi, To6To p=p(S) i @=@(s). MNapa-
METPUYHI PIBHAHHA KPUBOT 3anuULLYTbCS:

X = pCoSy;

; 1

y = psin . (1)

Y BuWNagKy, KONW He3anexHoK 3MiHHOW B

piBHAHHAX (1) € AoBXwWHa AyrM S, NOBMHHA BUKO-
HyBaTUCH PIiBHICTb:

X2+y?=1. )
3Haxogumo nepLi noxigHi piBHAHBL (1) o na-
pameTpy s:
X'= p'cosp— pe'sin g;
y = p'sing+ pp’cose.
Micna nigctaHoBku (3) B (2) oTpyMaemo:
12 2 12
pr+piet =1 4)
PosB’sxxemo (4) BiGHOCHO @=¢(S):

o[V g -
Yo,

Omxe, Npu HanexHoMmy BuWBOpPiI 3anexHOCTi
P=p(s), sika [O3BONUTbL NpoiHTerpyeatn Bupas (5),
MU OTPUMAEMO NIOCKY KPUBY Y PYHKLIT HaTypanbHO-
ro napametpa.

PoasrnsHemo npuknag. Hexan 3anexHicTio
p=p(s) byne HacTynHa:

p=as", ©)
e a, N— NoCTiNHI BENNYMHW.
3a dopmynoto (5) 3Haxoanmo:

[1—(asn+s"—-1)2
0= j. 1-(a*nxs ) ds =

axs™

®)

s1n/1-a2nZs=2+2n 4 gnArcSin[ans 147 ©6)
a(l1-n)

MigctaBuBwn (5) i (6) B (1) Mu oTpumaemo
NSIOCKY KPUBY, B SIKOI He3anexHOoK 3MiHHOK € O0B-
XWHa BnacHoi ayrn. B 3aranbHOMy Bunagky, 3a
LMW PIBHAHHAMM MOXHa OTpUMaTK 9K BigoMi, TaK i
HeBigomi kpuBi. [Inga ix aHanisy 3Hangemo KpuBUHY
OTPUMaHO| KPMBOI 3a BiAOMOK POPMYIOH0:

a?n(2n-1)s2n—s?

_ , "2 n2
k=yx""+y T axsltna[s2_genzsen’ @)

Bupas kpuBuHM (7) CNpOLLYETLCA NPU NEBHMX
3HayeHHaX N. Hanpuknag, npu n=0 Mu oTpumaemo
k=1/a — const. B ubomy Bunagky oyage kono. lNpu
n=1 i3 (7) oTpumaemo: k = “(1;2), T06TO Norapud-
MiYHY cnipanb, OCKiNbkW i HaTyparnbHe pPiBHAHHSA
mae Burnag k=c/s, ge ¢ — crana. Wonpasga, Bupas
(6) nicnsa iHTerpyBaHHsa He Moxe 6yTn BuKOpuCTa-
HWIA, OCKIMNbKN 3HAMEHHUK NepeTBOPHETLCA B HYIb.
Tomy mu crnipoLyemo nigkopeHeBui Bupas npu n=1 i
nicns Wboro iHTerpyemo:

0= f v 1a—Sa2 ds = dl—aZLog[S]. (7)

Omxe norapndmiyHy cripanb OTPUMYEMO MpK
NiHINHIN 3aneXxHOoCTi pagiyc-BekTopa p=as i HaBe-
OeHin B (7) 3anexHocTi kyTa @.

Bupas kpuBuHWM (HaTypanbHOro piBHAHHSA) (7)
CYTTEBO CNpPOCTUTLCA Npu n=1/2. B ubomy BMNagky
MaTMMeMo:

-2

o= a/ars—a?’ ()
3Hak «MiHyc» B (8) He Ma€e CyTTEBOro 3Ha4YeH-
HA, OCKINMbKM NpW NOro 3amiHi Ha «nnocy» dgopma
KPMBOT HE 3MIHIOETLCS, a TiNIbKM 3MIHIOETLCS HaNpsim
3aKpyyyBaHHA (B HawoMy BUMNagKy ue chipanb).
LlikaBo, sk Take CNpOLLEHHSA HaTyparnbHOro PiBHAHHSA
Bigobpa3nTbcst Ha dopmi kpueoi. Ha puc. 1 HaBe-
AeHi KpuBi Npu n=1/2, a TakoX Npu 3HaYeHHi n, He-
3HayHO BigMiHHOMY Big 0,5 B CTOpPOHY 36inbLUeHHS

ab0 3MeHLLEHHS.

a

Puc. 1. Cnipani, nobynoBaHi npu pi3HNX 3HAa4YeHHsIX cTanoi n B 3anexHocTsx (5) i (6) i a=0,5:
a) n=0,4; 6) n=0,5; B) n=0,6

BisyaneHo BuaHO, wWwo npu n=0,5 wWinbHicTb
3aKpy4YyBaHHSA BUTKIB MpUONU3HO OAHaKoBa; Mpu
n<0,5 WinbHiCTb HAamMOTyBaHHsS 0O nepudepii 3poc-
Tae; npyu n>0,5, WinbHICTE HAMOTYBaHHA 0O nNepu-
depii ameHwWwyeTbeA. Kpim Toro, kpuea npu n=0,5 no
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opMi Haraglye eBONbBEHTY Kona. SAKLWO B PiBHAHHI

(8) cTaniit @ HapgaTV 3HadYeHHs @ =V 2I yepes iHwwy
cTany r, To HaTtypanbHe piBHSHHSA (8) Habyae Burns-
ay:

BicHMk CymcbKOro HauioHanbHOro arpapHoro yHiBepcurtety
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1

kK=o ©)
V2rs—r?

PiBHAHHS (9) Bigpi3HAETLCS BiA4 HATYpanbHOro
PiBHSIHHS €BONIbBEHTM KOMa CTasnow r?, a ue 03Ha-
Yae, WO BOHO € PIBHAHHAM €BOMbBEHTW Kona
pagiyca r, SKWO CcTanin a Hagatum 3Ha4vyeHHs

a=+/2r , nuwe BiANiK Ayrv NOYHETLCA HE i3 HyNS, a
i3 NMOYaTKOBOro 3Ha4YeHHA So=r/2. TakMMm YUMHOM,

cnipanen, Ao AKoro BXoAAaTb BigOMi KpuBi, a came:
npu n=0 — kono, npu n=0,5 — eBONbBEHTa KoNa, Npu
n=1 — norapudmivyHa cniparnb.

BucHoOBKM Ta nepcnekTMBM noganbLumnx
pocnigxeHb. Po3pobneHun nigxig ta oTpumaHi 3a
Noro AOMOMOroto cnipani y HaTyparbHii napameTpu-
3auii 4O3BONAKTL PO3LWUPUTU KNnac KpUBKX, Onuca-
HUX y TakoMmy Burnsagi. [lo Toro x HaBegeHi y crTarTi
KpvBi He BMYepnyloTb (OpPMOTBOPYI MOXMMBOCTI

3anponoHOBAHOrO MiAxoay.

HaTypanbHe PIBHSAHHSA (7) ONWCYE LUMPOKUA CNEKTP
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lNununaka C.®., Kpemey T.C., 3axapoea T.H. O6GOBLEHHOE HATYPAJIbHOE U lTAPAMETPU-
YECKWUE YPABHEHWS KITACCA CIUPAJIEUA, B KOTOPbIA BXOAT U3BECTHbIE KPUBBIE.

CebopmynuposaHo Modxod K KOHCMPYUPOBAHU MIOCKUX KPUBbIX, OMUCaHHbLIX napamempuyecKumu
ypasHeHUsIMU 8 GbyHKUUU HamyparibHO20 napamempa, Ha OocHoee 3adaHusi Kpueoli & nosspHol cucmeme
koopduHam. C rniomouwbto paspabomaHHo20 nodxoda rosy4eHo 0bobuweHHoe HamyparbHOe U napamempuye-
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CKUe ypasHeHUs, Komophbie Onuchbiearom WUPOKUL criekmp criupasnel, 8 Komopbili 8Xxo0sim HEKOmopble U3-
8eCmHbie Kpusble. Busyanu3uposaHo Kpuebie, rMosly4eHHbIE C MOMOWbI0 NpedrioxeHHo20 nodxoda. lNpusede-
HO 0606WEeHHOE HamyparibHOe ypasHeHUe Mosy4YeHHbIX Kpusbix. [TpueedeHHbIe 8 cmambe Kpuebie He ucqep-
nbigarom ¢hopmoobpasyroujue 803MOXXHOCMU MPedrioXeHHO20 Modxoda.

Knrodeenle cnoea: kpueas, crnuparnb, HamypasnbHbil napamemp, rnapamempuyeckue ypasHeHUs,
HamyparnbHoe ypasHeHue, OruHa dyau.

Pylypaka S., Kremetz T.S. Zakharova T. GENERALIZED NATURAL AND PARAMETRIC EQUA-
TIONS OF THE CLASS OF SPIRALS, WHICH INCLUDES FAMOUS CURVES.

Differential geometry requires a description of curves by their natural equations. Formulas Frenet-
Serret which is the basis for the research and construction of curves can be applied only to the curves de-
fined in this form. Despite the fact that the technology is widely used spiral curves, in the scientific literature,
flat spirals described in the function the natural parameter are limited to only two, namely the involute range
and logarithmic spiral.

A lot of practical technical problems require the curves, which can be described by the parametrical
equations in the function of natural parameter. These problems include the problem of bending of the sheet
material, constructing of agricultural tools by the predetermined requirements, tasks of kinematics and dy-
namics of complex motion of a point, theoretical mechanics problems that operates of natural way of setting
of point motion and so on. In this case, you can always find the natural equation of curves, which has a wide
practical application in particular in differential geometry. Scientists developed methods of constructing
curves in the function of the natural parameter by using the flat isometric grids, with accompanying Frenet-
Serret formulas, on the surfaces of rotation and so on. These methods can extend the class of curves, which
can be described by the parametric equations in the function of the length of own arc.

In the article the approach of designing of flat curves in a natural parameter is developed. Also general-
ized natural and parametric equations that describe a wide range of spirals, which includes some famous
curves, are received. Natural equation which is received describes a wide range of spirals, which includes the
famous curves, especially circle, involute of the circle, logarithmic spiral. The got in the article results are visual-
ized.

The developed approach and obtained by it a spirals in natural parameterization can expand the class
of curves described in this form. Also curves which are found in this article do not exhaust the possibilities of
shaping of the proposed approach.

Keywords: curve, spiral, natural parameter, parametrical equations, natural equation, length of arc.

CratTa Haginwna B pegakuito: 16.09.2016
PeueHseHT: A.7.H., npod. MNasntoyeHko A.M.

Y[OK 631.613:631.53.04:620.952
OBI'PYHTYBAHHS HAMPAMKIB HAYKOBUX OOCHIOXEHb MIABULLEHHA AKICHUX MOKA3HUKIB
CIBBM BIOEHEPTETUYHUX KYJNIbTYP HA CXUNOBUX 3EMIIAX MANOI KPYTU3HU

B. M. MNpuwnsak, K.T.H., AOUEHT, BiHHMLbKWIA HaLuioHanbHUIA arpapHUin yHiBepcuTeT

Ha ocHosi memodie aHanizy ma cuHmesy obrpyHmMoeaHo rpiopumemHi HarnpsMKu Haykosux OO0C/Ii-
OXeHb Mid8UWEHHST SIKICHUX MOKa3HUKI8 cigbu bioeHepaemuy4HUX Kyfbmyp Ha CXUsio8uX 3eMJIsiX Marsioi Kpy-
mu3sHu. [Jo makux HarnpsiMkie 8i0HECEeHO: penbedh nosisi ma o220 MiHnugicme, meniopamueHi pobomu i mex-
HiYHI 3acobu Onsi 3abe3rneyYyeHHs iX BUKOHaHHS; agpOoXiMiyHI xapakmepucmuKku ma mexHOs102i4Hi erracmugo-
cmi rpyHmy, memoOdu U criocobu ix gu3aHadyeHHsi;, bioeHepeemuyHi Kynbmypu, K cupoguHa 0s1s1 eupobHuum-
ea bionarnus; cieo3MiHU 6ioeHepeemMUYHUX Kyrbmyp; epo3ilHi npouecu y mexHonozisx ciebu Ha cxunax ma
po3pobka azpomexHidHUX 3axodie ix 3arobicaHHs — MYyHKMUPHE HaKOM8aHHS [PyHMY rornepek cxuny,
MyrnbyyeaHHs; ocobrnueocmi byHKUIOHY8aHHS Ci8arloK ma 8UKOHaHHS HUMU MEXHO02iYHUX rpouecie Ha
nonsix 3i 3SMiHHUM pernbeghom Micuegocmi 3ariexxHO 8i0 KOHCMPYKMUBHUX CXeM | mury pobo4yux opeaHie;
8uyeHHs1 akal. .M. BacuneHka, ik MemoooriogidyHa ocHoga O0CiOXeHHST (yHKUIOHY8aHHS MOCI8HUX MawuH i
agpezamie y mexHorioaisx ciebu bioeHepeemuyHUX Kyribmyp y CKrnadHUX penibeOHUX yMoegax.

Knrovoei cnoea: bioeHepeemudyHi Kyribmypu, cxunoei 3emri, cieba, cigasnka, nepednocigHuli 06pobi-
MOK rpyHmMy, 8ucigHul arapam, HacCiHHSI.

MoctaHoBka npobnemu. Cisba 6GioeHepre-
TUYHUX KynbTyp (BK) Ha cxunax manoi KpyTu3Hu (8o
3 — 4 rpag.) — HeobGxigHa Ta Hag3BMYaMHO BiOMNOBI-
JanbHa onepauis TexHornorii 3emnepobcTea. Big
PO3BMTKY HayKM 3 PO3B’si3aHHSA NPOBNEMHUX MUTaHb,
WO BWHUKaKOTb Y Ui ranysi, piBHSA TEXHIYHOro 3a-
Ge3neYeHHs CinbCbKO-rocnoaapcbKoro BUPOBHMLIT-

Ba, CBOEYACHOCTI Ta AKOCTi NpoBeAEeHHs CiBOW, 3Ha-
YHOI MIpOI0 3aneXxuTb YpPOXaWHICTb KyrnbTyp, cODi-
BapTIiCTb BMPOLLEHOT MpoayKuii Ta peHTabenbHicTb
arpobisHecy 3aranom. PauioHanbHe EeKOHOMIYHO
obr'pyHTOBaHe MnOegHaHHSA TMMOOKOro, OCHOBHOTO,
noBepxHeBOro obpobiTKiB I'PyHTY Ha CXUINOBUX 3eM-
NAX y TEXHOMOrIAX MiAroTOBKM I'PYHTY A0 ciBbu BK i,

BicHMk CymcbKOro HauioHanbHOro arpapHoro yHiBepcurtety
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