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AKTyalbHICTh. ABialliifHa TEXHIKa HEBIJ'€EMHO TOB’S3aHA 3 BHCOTOIO 1 i1
MOTPiOHO BUMIprOBaTH. YMM JOpOKUYE TEXHIKA TUM TOYHIIINN Mae OyTH BUCOTOMIP,
aJ/pKe HIXTO He X04e 1100 HoBeHbKHI F35 mpu MmaneBpax 011 3eMiIl po30UBCS Yepe3
MOXUOKY BUCOTOMIpPY. SIKIIO 5k MM TOBOpPHMO Ipo BOeINg To TyT Bxke MUTaHHS HE
(biHaHCIB a KUTTA COTHI APYroi Jitoae. TakuM YMHOM TOYHICTH BUMIPIOBAHHS
BHUCOTH € BKpail BXJIMBOIO 1 YUM TOYHIiIIEe OyJie BUCOTOMIp TUM Kpaie. Came Ha
noTpeOl B OLIbII TOYHHUX BUCOTOMIpAX 1 IPYHTYETbCS aKTYyalbHICTh JaHOI TEMH
MaricTepchKOoi AUCepTallii .

MeTow  gocaigakeHsi € TOPOEKTYBaHHS  TOYHOrO 1 HaAIMHOIO
aeporpaBIMETPUYHOIO BUCOTOMIPY fAKUM OyJe B 3MO31 BUMIPIOBATH BHUCOTY 3
BHUCOKOIO TOYHICTIO, MaTUME (DYHKIIIT CAMOKOHTPOIIIO 1 CAaMO/I1arHOCTHUKH.

3aBaaHHA TOCJIIKEHHS:

- BUBYEHHS OCOOJIMBOCTEN KOHCTPYKIIII aepOTpaBiIMETPUYHOTO BUCOTOMIpY;
-CKJIaJJaHHSI MATEMAaTHIHOI MOJIEJIi aepOrpaBiMETPUIHOTO BUCOTOMIpA,;
- IPOBEICHHS JOCITI/DKEHHS CTATUYHOT, IMHAMIYHOT | YaCTOTHUX XapaKTePUCTHUK;
- POBEJICHHS PO3PAXYHKIB OCHOBHUX €JIEMEHTIB KOHCTPYKIII1 MpUady;
- PpO3IJISHYTH OCOOJUBOCTI TIOEMHAHHS aepoOrpaBIMETPUYHOTO BHUCOTOMIpa 3
6oprosoro I[IEOM;
006’€KkTOM HOCTiIKEHHS €: KOHCTPYKIIiSl aepOrpaBIMETPUYHOTO BUCOTOMIpA .
IIpeameroMm  fmocChaigkeHHsI € aHai3  aepOrPaBIMETPUUYHOTOMETOY
BUMIPIOBAHHS BUCOTH Ta HOTO MOJIEpHI3allisl.

KurouoBi ciioBa: aeporpasimerpuunuid, 6oprosa [IEOM
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ABSTRACT
Volume of work - 108 pages;
Number of illustrations - 7;
Number of tables - 26;
The number of sources by reference - 26;

Topicality. Aviation technology is inherently height-related and must be
measured. The more expensive the technique, the more accurate the altimeter should
be, because no one wants the new F35 to crash due to an altimeter error when
maneuvering near the ground. If we are talking about Boeing then the issue is not
the finances but the lives of hundreds of other people. Thus, the accuracy of height
measurement is extremely important and the more accurate the altimeter is, the
better. It is on the need for more accurate altimeters that the relevance of this topic
of the master's thesis is grounded.

The purpose of the study is : to design an accurate and reliable airbrush
altimeter that will be able to measure the height with high accuracy, will have the
functions of self-monitoring and self-diagnosis.

Objectives of the study:

- study of the features of the design of an aerogravimetric altimeter;
- drawing up of a mathematical model of an aerogravimetric altimeter;
- conducting research of static, dynamic and frequency characteristics;
- calculations of the basic elements of the device design;
- to consider the peculiarities of the combination of an aerogravimetric altimeter with
an onboard PC,;
The object of the study is: the design of the airbrush altimeter.
The subject of the study is: the analysis of the air gravimetric height
measurement method and its modernization.

Keywords: air gravimetric, on-board computer

Apk.

M/ 118 1m11.003.00.000.113

3MH.

Apk. Ne dokym. llidnuc | Aama




2 1172 0 4
IO 02111 010237007 o) i S 3)
2. Ormnsp 1 aHasi3 aHATOTIB 00’ €KTY TIPOCKTYBAHHS ....uvvveneeenneenneennneannsn. 6
3. [IpOEKTHO-KOHCTPYKTOPCHKUM POBIUT  +.uvvtenreereenneenneeneeenneenneannenns 17
3.1. BuBig 6apoMeTpUIHOT POPMYITHL ...vvviinriiiiiiiieeiiieiie et eiieeaieeans 17
3.2. Koncrpykiis i onuc poOOTH aeporpaBiMeTpUYHOTO
1537 (670 ¥0).Y 5| o - 21
3.3.Po3paxyHOK OCHOBHHMX €JIEMEHTIB KOHCTPYKITT ....cevvvveenriiennninennnnnn. 22
3.3.1. Po3paxyHOK aHEPOITHOT KOPOOKH .....uvvererieeanreeanneeennnneennnennns 22
3.3.2. Po3paxyHok TepMo komrieHcaTop Nol........oooviiiiiiiiiiiiinn. . 26
3.3.3. Po3paxyHok Tepmo kommeHcaTopa No2 ........ooiiiiiiiiiiiiiiiiaa, 29
3.4. Po3poOka MaTeMaTUUYHOT MOJEI] BUCOTOMIPA «..uvureeennreenneeennnnennnnns 32
3.4.1. CtpyKkTypHa cxeMa BUCOTOMIpa i aHaJli3 CTATUYHO1
XAPAKTEPHCTHKH . .uutvveeeennetteeeenntaeeeennntaeeeennaeeeeannneeeeareaesens 32
3.4.2. AHai3 TUHAMIYHOT XAPAKTCPUCTHKH ....cccvvvreeenereeeennrereeessreesessssnnsansnnsns 35
3.4.3. AHaJi3 YaCTOTHUX XAPAKTEPUCTHK ....cevveerevrennss .. w37
3.5. PO3PaXYHOK HAMITHOCTL ...uveinntintteente et eteeateeteeteeaneeaneeanearenenns 39
3.6. P03p0o0Ka MIKPOTIPOLIECOPHOT HACTIHH . .vvvennreennnreeennrniennneeannneereeennnes 43
4. AHani3 CTaTUYHOI Ta JUHAMIYHOI TOYHOCTI BUCOTOMIPA ..vvvvneveeennnenreeennnnn 04
4.1. Crarnuna xapaktepuctuka BucotoMipa AI'C ..., 54
4.2. AHai3 CTAaTHYHOT TOUHOCTI TIPHUTATY .. vvvevenveeeenneeeenneeenneeeannsenreeeannnes 58
4.2.1. AHaMI3 METOAMYHUX TTOXHOOK. ... uuvtentteteeinieeeeenieaneeneanenen. 58
4.2.2 TeMIePATYPHI TIOXMOKH . . ... ueeeenntteennneeeneeeanteeaaneeeannneennnns 58
4.2.3. [Toxubka cipruynHEH1 HETOCKOHAIICTIO aHEPOiia..........ceeuvns......59
4.2.4 TToxuOKa Bijl CICKTPUIHOTO TEPETBOPIOBAUA. .. .uvrernereennreennnsns 59
4.3. AHam3 TUHAMIYHOT TOUHOCTI TIPHIIAIY .. vvvenrreeannreennrneeanneeeensrnreenns 62
5.PO3POOKA CTAPTAIT TIPOCKTY .. uvveenteeenteeeenteeeanteeeaseeaseeeaneeeaaneearannenns 67
5.1. Cratuyna xapakrepuctuka BucoroMipa AI'C ..., 67
5.2. AHasi3 CTATUYHOT TOUHOCTI TIPHIIAILY . 'vvvueennneeennneeennneeennnesennamnneeens 72
5.3. AHai3 AMHAMIYHOT TOYHOCT] TIPHITAMTY «.vnnreeennnneeanneeennneeensenneennnns 74
5.4. AHami3 CTATUYHOT TOUHOCTI TIPHIIAILY + v neersennnaeennneeenneeeanneeenreennneens 84
5.5. Anami3 AMHAMIYHOT TOYHOCTI TIPHITAILY .vvvennreenreenneenneennneennennanneenns 88
|37 (03 (0):3:9 7 SR PP PRP PP 92
CITFCOK JTITEPATYPH «vveeuuvreeurreerureeeureenseeeasseeesseessseeesssessssesessseessseesssesesssessnsssees 94
D 1031 s & 24 % SR PP 95
Apk.

M/ 118 1m11.003.00.000.113

3mH. | Apk. Ne dokym. llidnuc | Aama




Beryn

B nHamr yac po3BHUTKY aBiaIliiHOTO MPWIaI00yyBaHHS XapaKTePU3YETHCS
MOSIBOIO HOBUX MPUJIAIIB Ta CUCTEM , IUPOKUM 3aCTOCYBaHHSIM
KOMIICHCAIlIMHUX METO/1IB BUMIPIOBAHHS, TTOJAJIBIIIMM PO3BUTKOM TEOPii
MOXHOOK, a TAK0XK BUCOKOC(EKTUBHUX MAJIOTa0apUTHUX OO0YHCITIOBAIBHIX
MAIIIHH.

Pexumu monbpoTy JITAIBHOTO MPUCTPOIO BU3HAYAETHCS CYKYMHICTIO BETUKOTO
yucia napaMmerpiB. [lapameTrpu B mpolieci MOJbOTY O€3YNMUHHO 3MIHIOIOTHCS SIK
YHACJIIJIOK BIUIMBY Ha JITaJIbHUM amapaT 30BHINIHIX 30yplOBaHb, TaK 1 BHACIIIOK
cnenu@iky 3a7aHoi porpamMu MojaboTy. st 3a1cCHeHHS Oe3MeYHOTr0 KEPOBaHOTO
MOJILOTY HEOOX1JTHO 3a0e3NeYUTH 0e3yNMMHHUN BUMIpP IEBHUX ITapaMeTpiB, JJIS 4OTO
1 CIIy’KaTh aBlalliiHi MPUJIaaH, Y T.4. 1 BACOTOMIPH.

OCHOBHMMH TOKa3HUKaMU SIKOCTI 1 €(EKTHUBHOCTI aBlallliHUX MpUIadIB €
BHCOKA TOYHICTb 1 HAJIAHICTh y CKIAQJHUX EKCIUTyaTallliiHUX yMoOBax, MaJl
rabapuTy 1 Maca, a TaKOK HEBHCOKA BAapTICTh MPU CEPIMHOMY BUTOTOBJICHHI. J1Jis
3a0€3MeUeHHs] TI1IHOrO PIBHS IMX IIOKA3HUKIB HEOOXIJTHO BECTHU PO3POOKY
aBlalllfHUX MPUIIAJIIB HA CY4YaCHOMY HAyKOBO-TEXHIYHOMY PIBHI.

B nanuii yac inTepec 10 JOCHIKEHHS IpaBITAlifHOTO MOJI 3eMITi 3pIC Y 3B'SI3KY
3 PO3BUTKOM 3arajibHO1 1 pO3BIJHUIIBKOI I€0Ie311, PAKETHOI TEXHIKHU 1 HEOOX1IHICTIO
BU3HAUEHHS XapaKTePUCTHK TPaBITAllIHHOTO TIOJNS, TOJOBHUM YHHOM Y
MaJIOBUBYEHUX pailoHax.

[Ipu aeporpaBIMETpUYHUX BHMIpax HEOOXITHO 3a0€3MEYUTH TPUBATICTD
TOYHOT'O BUMIPY BUCOTH HaJ OyAb-SIKOIO, HABITh BaKKOJIOCTYITHOO MICIEBICTIO.

Jlanuii ~ IUIIOMHUI  MPOEKT 1  pO3IUIIa€E  MOMKJIMBICTb  CTBOPEHHS
aeporpaBIMETPUYHOIO BHCOTOMIpPA, 110 J03BOJIIE BUMIPIOBATH BUCOTY 3 3aJaHOIO
BHCOKOIO TOUHICTIO TPOTATOM TPUBAJIOro yacy. Tak sk XxapakTepucTUKU aTMoc(epu
HE 3QIMIIAIOTHCS MOCTIMHUMU 1 3MIHIOIOTHCS B 3aJI€KHOCTI BiJl 4acy poKy 1 Ao0u,
HIMPOTH MICLS, METEOPOJIOTIYHUX YMOB, COHAYHOI AKTHBHOCTI ¥ 1H., TOMY
PO3p0o0IIFOBalIbHA HAMU MPUCTPIA TaKOXK MOBUHEH OYTH 3aXHUILIECHUM BiJI IIUX 3MiH,
Yy X04a 0 MaTH 3MOTY 3BOJIUTH Il BIUTUBU J0 MiHIMyMY. Lle Takoxk crocyerbes i
PI3HMX MEXaHIYHUX BIUIMBIB (KOPOTKOYACHUX 1 TPUBAJIMX MEPEBAHTAKEHb, TOTAHOT
30a71aHCOBAHOCTI1 BY3JIB 1 JieTasiei 1 0co0aMBO BiOpariiii) 1 iHIMUX (PaKTopiB, TAKUX
SK MarHiTH1 ¥ eIeKTPUYH1 NOJIsA, paaialliiiHl BUTPOMIHIOBAHHS 1 T. 1.

Po3poOui npunagy s BUMIpIOBaHb BUCOTH B aBlalllMHUX TPaBIMETPUUYHHUX
CUCTEMaX Ha OCHOBI 0apOMETPUYHOTO METOLy BUMIPIOBaHb BUCOTH 1 IPUCBIUECHUI
JTAHUW TUTDIOMHUNA TPOEKT.
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1.TexHiuHi BUMOI'H

AeporpaBiMETpUYHUIN BUCOTOMIP BUKOPUCTOBYIOIOTH 11100 BUMIPIOBATH BUCOTY

HaJ[ pIBHEM MOPS [IPH BIJOMOMY aTMOC(EPHOMY THCKY 3 BUCOKOIO TOYHICTIO

3a3Buyail Taki MOPUCTPOi BUKOPHUCTOBYIOIOTHCS TPU aepOrpaBIMETPUUYHHIA

BUMIpax Yy aBiamii. Takuif BHCOTOMIp 3000BsSI3aHMM MaTH TEKI TEXHIYHI

XapaKTEPUCTHUKU:
- Jllartla30H BUMIPIOBAHO1 BUCOTH 0...1000 Mm;
- abcooTHA MoXnOKa BUMIPY BUCOTH HE OBHUHHA MEPEBUIIYBATH +1Mm;
- poboya Temreparypa -50...+60°C;
- yac 0e3BIIMOBHOI poOOTH 4000 roauH;
- 4ac 3aCMOKOEHHS PYXOMOI CUCTEMH >0.25;
- pagiyc MemOpaHu 25 mm;
- MOJIE JIITaKa Ha BUCOTI 3000 Mm;
- IBUJIKICTh PyXY JiTaKa 300 km/rox.

2. 0TI I AHAJII3 AHAJIOT'IB OB'€EKTA ITPOEKTYBAHHA
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[lpunaan, mpuszHayeHi AJiE BUMIPY BUCOTH TMOJBOTY JIiTaKa HaJl 3€MHOIO

MOBEPXHEI0, HA3WBAIOTHCS BUCOTOMIpaMH [6].

[Ipy monpoTax JiTakiB pO3PI3HAIOTH aOCOIIOTHY, BIAHOCHY, HIMCHY 1

O0apoOMETpUYHY BUCOTH:

- abcoJroTHA BUCOTA BIIPAXOBYETHCS Bl PIBHSI MOPS;

- BIJIHOCHA BHCOTA BiAPaxOBYETHCS BiJ JACSKOTO OOPAaHOTO PIBHS, HAIPUKJIIA],
B1JI MICIIS UM 3JIETy TIOCAIKH;

- JIiiicCHa BUCOTA BIAPAaXOBYETHCS B MICIISI, HAJ SIKUM 3HAXOAUTHCS JIITAIbHUMA
amapar y TaHH MOMEHT 4acy;

- OapoMeTpuyHa BHUCOTA BIAPAXOBYETHCS BiJ] MICIS 3 33JJaHUM aTMOC(HEpPHUM
THCKOM.

3a3BUYail BAKOPUCTOBYIOTh TaKi METO BUMIPIOBAHHS BUCOTH TIOJIbOTY:

bapomeTrpuununii,akyCTUUHUHN, paJIlOXBUIBOBINHN, ONTUYHUHN Ta IHEPLIIHHUIA.

[TpuHuun Aii 6apoMeTPUYHOTO BUCOTOMIpA 3aCHOBAaHUI HAa BUMIPIOBaHHI1

TUCKY aTMoc(epu. Bigomo, 1110 31 301IbIIIEHHSIM BUCOTH 3MEHITYETHCA 1 TOTOYHE
aTMoc(epHuil TUCK. JlaHnii TPUHITUT TTOKJIAICHO B OCHOBY MIPWJIANTY, SIKUN

HaCIpaB/l BUMIPIOETbCSI HE BUCOTY, a TUCK MOBITPSL.

BucoTa nosiboTy moBITPSIHOTO CyJIHA HaJl 3¢MHOIO (200 BOJHOT) MOBEPXHEIO
OOYHUCITIOETHCS TIO PI3HUII TUCKY TIOBITPS B TOUIll 3HAXOKEHHSI CyIHA 1 TUCKY Ha
MOBEPXHI, HAJ[ TKOI0 BOHO 3HAXOIUThCSI. ATMOC(EepHU TUCK HA TTOBEPXHI (K
MPaBUJIO, B palloH1 aepoAPOMIB MOCAIKH, TIPCHKUX MACUBIB 200 BEJIMKUX
HEOE3MEeYHUX MEePENIKo/]) MOBIIOMIISIETHCS €KIMaKy HA3eMHUMH ciTy>k0amu. J1ist
MPaBUIILHOTO BiJOOpaXeHHS! BUCOTH MOJBOTY Ha MPHUIIAJIl HEOOXITHO BPYUHY
BCTAaHOBUTHU BEJIMYMHY aTMOC(EpPHOTO TUCKY Ha 3eMJIl (a00 THCK, HaBeJEHE 10
piBHs Mops1). HempaBuiibHa yCTaHOBKA €KIMaKeM TaKOTO THCKY MPHU MOJIbOTaX 3

HYJIbOBOIO BUIMMICTIO HE pa3 cTaBaja MPUYMHOKO aBiakatacTpod.
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[ToTpiGHO BIA3HAYMTH, 1110 B aBiallii MOXKYTbh 3aCTOCOBYBATHUCS KLJIbKa
BapiaHTIB YCTAaHOBKHU THCKY OapomMeTpuyHOro BucotoMipa. ¥ Pocii i neskux
kpainax CH/I npu noiapoTax HUXKYE €IIeTOny epexoay (Huk4e HUKHbOTO
CIIEJIOHY) MPUIHATO BCTAHOBIIOBATH TUCK aepoipoMy (IIPH 3aXO0/l1 HA MOCAJIKY 1
BUJIIT) 200 MiHIMAJIBLHHUM TUCK HA MapIIpyTi, HABEJIEHE 0 PiBHSI MOPs (TIpH
MOJILOTAX MO MapUIPYTy). Y OUIBIIOCTI KpaiH CBITY HM)KYE HIXKHBOTO E€IICIIOHY
BIJITIK BUCOTH BUKOHYIOTH 110 TUCKY, HABEJICHUM IO PIBHS MOPS

[Tpunnmn xii PB 3acHoBaHuii Ha BUMIpIOBaHHI BIPI3KY Yacy MK MOCHIIKOIO
1 IpUHOMOM €JIEKTPOMAarHiTHUX XBWUJIb, BIIOUTHX B1J MOBEPXHI, 10 SKOT
BHUMIPIOETHCS BUCOTA (3eMulst a0 Boaa). Ha BimMiHY BiJT OapOMETpUYHHUX
BHUCOTOMIPIB PaJIlOBUCOTOMIP BUMIPIOE CIIPABXKHIO BUCOTY MOJILOTY, TOMY HE
3aJIEKUTH BIJl HASIBHOCTI 1H(OpMaIIli PO TUCK MOBITPS, BIAPIZHIETHCS TAKOXK
O1IbII BUCOKOIO TOUHICTIO. Ha mpakTuill pagioBUCOTOMIP BUKOPUCTOBYIOTHCS Ha
MaJIMX BUCOTaX, MOOIM3y 3eMHOT (200 BOJIHOT) OBEPXHI, TOMY SIK 3aCTOCYBaHHS
JaHO1 TEXHOJIOT1] 3 BEJIMKMX BUCOT BUMArae MoTy>KHOTO JXKepesla BUIIPOMiIHIOBAHb,
a TaKOX arapaTtypu, 31aTHOT €(hEKTUBHO MPOTUCTOSTH MEPEIIKOIAM.

KonctpyktuBHo npunaj ckinagaerbest 3 CBY panionepenaBayva, cripsMoBaHa
aHTEHa SIKOr0 PO3TAIIOBAHA «HA YEPEB1» MOBITPSHOTO CyJ/IHA, IpHUiiMaya BiIOUTOTO
CUTHAITY, IPUCTPOIB OOPOOKH CUTHAJIIB, a TAKOXK 1HAMKATOPA HA MIPUIIAIOBIN
JIOIILII €KINaXxy, Ha SIKUI MepearoThes IaHl Mpo MOTOYHY BUCOTI. PagioBucoTromip
ninstees Ha PB manux Bucot (Hanpukian, BiTunsHani PB-3, PB-5), ski
MpU3HaYeH1 i1 BU3HaYeHHs BUCOT 70 1500 MeTpiB 1, K paBUIIO, PAIIOIOTH B
pexumMi 6e3nepepBHOI paaloIoKallii, 1 BACOTOMIpH BeIUKUX BUCOT (Oubie 1500
M, Ha 3pa3ok PB- 18, mo Bumiproe Bucotu a0 30 kM), 3a3BUUail pairol0Th B
iMITyJibcHOMY peskuMi. [IpakTuuno y Bcix PB € curnanizarop manoi BUCOTH, 110
MOJa€ CBITJIOBUM 1 3BYKOBUH CUTHAJ MIPU 3HIKEHH1 BUCOTH HIDKYE 3aJ1aHOT,
BCTAHOBJICHO1 JIbOTYUKOM.

Jlo HeNloMiKIB MpUIaay MOXKHA BIAHECTH BUPAKEHY CIPSIMOBAHICTh

BUMIPIOBaHb (HAIPSIMOK IPOMEHS TepeiaBada, ClpsMOBAHOTO MEPIICHANKYISIPHO
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BHM3). 3 Ii€] IPUYUHMU 3aCTOCYBAHHS PAJIOBUCOTOMIPY €(PEKTHUBHO TiJIbKH B
PIBHUHHIHM MICIIEBOCTI Ta MPAKTUYHO MAPHO B T1PCHKUX 1 CHIIBHO MEPECIUCHUX
paioHax. Y kpeH PB noka3sye 3aBullieHy BUCOTY, TAK SIK BUCOTA - BEPTUKAIbHUMN
KaTeT TPUKYTHUKA, & TPOMIHb PaJiIOBUCOTOMIP B KPEH CIIPSIMOBAaHUM 11O
rinoTeHysi, TOMy MpH 3HAaYHUX KpeHax (Oinbiue 15-20 rpagyciB) moxe
BKJIFOYATHCS MOIEpeKyBalibHA CBITJIOBA CUTHAMI3aIlis. TaHTaxKy 3a3BuYail He
BPaxOBY€ThHCS, TaK K y TPAHCIIOPTHHX JIITATHHUX anapatiB BiH PIAKO MEPEBUIILYE
srajani 15-20 °. KpiM Toro, BUKJIHMKAE MUTaHHS €KOJIOTIYHICTh PallOBUMIPIB, TaK
AK JUTs1 3a0e3neYeHHsT He00X1JHOT TOUHOCTI HEOO0X1HO 3aCTOCOBYBATH

KOPOTKOXBHJIbOBI ITOTYHI IepeaBadi, 1110 HECYTh ABHY HEOE3MeKy s
oiochepn.[7]

Ha puc.2.1 npuBenenuil rpadik 3MiHM B 4acl YacTOTH f1 BUIIPOMIHIOBaHUX

KOJIMBaHb (CYIIJIbHA JIHIA ) 1 4aCTOTH f2 BinbuTnx KONHBaHB ( MyHKTHUpHA JiHis).

JIiHig 4gacroT f2 3MillleHa BOIK BIACTaBaHHS CTOCOBHO JIHIT 4acTOT f1 Ha

Bennuuny T . Lle BigOyBaeThCsi TOMY 1110 B KO’KEH MOMEHT 4acy, 4acTOTa BIIOMTOTO
CUTHAJTY BIJIPI3HSAETHCS B/l YACTOTH MPSMOTO CUTHAITY Ha BEJIMYUHY, 1110 PIBHA 3MiH1
YaCTOTH MPSIMOTO BUIMPOMIHIOBaHHS 32 yac T MPOXOKEHHS PaJloXBUIIb BiJI JIiTaKa
110 3eMutl 1 Ha3aza

Pi3Humg gactor
F=f-f , (2.1)

BHU3HAYEHA 32 JIONOMOTOI0 JE€TEKTOP HU3bKOI YacCTOTH 1 BUMIPSHA YaCTOTOMIPOM,

CITY)KUTh MIpOIO JIHCHOT BUCOTH MOJILOTY. .[7]
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Puc. 2.1. I'pagik 3MiHM YaCTOTH KOJIMBAHb Y Pa10BUCOTOMIP1 O€3yNMUHHOT JI1i

Pi3Huig B yactorax

e | - BIJICTaHb MDXK TIepeaBaJIbHOIO Ta MPUHMAILHOIO aHTEHOIO;

H — pcajibHa BUCOTA IIOJbOTY,

8 . .
c=3-10m/c - IMBHUJKICTh PO3MOBCIOPKCHHS PaJIlOXBUJIb.

Jlns Tpumanns 3anexHocti F Bin H marmmenmo pisnsuus Binpiskis kpusnx

JHIHA, K1 ONMUCYIOTh 3aKOH BUMIPY YaCTOT f1if, (muB. puc.2.1)
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fi=fo-(1xa 7). (2.3)
fr=fy-lxa-(t-1)). (2.4)

Ockinskr H>>1 | 10 mMoxna npoirsopysarn B uncensuuky | B mopismsiHHi 3

2H , TAKMM YMHOM Ma€EMO

2fy-a
F="Y%".H=S-H, (2.5)
C
2fy-a , . .
qe S =——— - 4yNHBICTh  pAJiOBHCOTOMipa  GE3MEPEPBHOIO
C
BUIIPOMIHIOBaHHS.

UyTIaMBICTh 3pOCTA€ Pa3oM 3 CEpeHIM 3HAYCHHSIM YacTOTH foi KoedirieHToM

A, 110 XapaKTepu3ye TIIMOUHY MOYJISIT YaCTOTH.

BenuunHa CepeiHbOro 3HAYCHHs 4yacToTd piBHseTses T0=400...600Mzy, B

TOi yac AK amIuIiTyaa 3Minu yacroru gopisuioe £0.5% Bix cepennnoro 3nauenns
npu giana3oni BumiproBanux Bucot Big 0 o 1500 M. .[7]

IIpy npu3eMIIEHHI JliTaka OpKIa NEPEKIIOYAEThCs Ha Manuii xianason (Bix 0 go
150m), npu npomy ammuiityma Momyssanii yactoru 30inbmyerses B 10 pasis — mo

+5% Bix cepenHbOro 3HaAYEHHS YACTOTH.

OcHoBHI moXHOKHU pagioBUCOTOMIpa Oe3repepBHOI J1i HACTYIIHI:

- TMOXHWOKHU BIJ TEPENIKO]] MPUINMATBHOTO Ta MEPEAaloyoro paaioTpaKTy, II0

CIIOTBOPIOE IIPUHUHATUN CUTHA,;

- moxubku Bix HecrabinsHocTi mapamerpie To i @, mo BHKIMKAOTH 3MIHY

4yTIAMBOCTI S, a OTKe, i MacIITaby BUMIpY.
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Uepes 301IbIIEHHST BUCOTH TMOJBOTY MOTYXHICTh BIJIOMBAHOTO CHUTHATY PI3KO

3MEHIIYETHCS 1 BIH CTa€ HEMOMITHUM Ha (OHI pajlioNepenIKo/I.

[HTEHCUBHICTh KOPUCHOTO CUTHAIY MO>KHA MIABUIIUTH 32 PaXyHOK 301IbIICHHS
MOTYXXHOCT1 pajiionepenaBaya, OJHAK WOro CIOXWBHA TMOTYKHICTh 3pOCTa€e

IPOMOPIIHHO 4-TO CTyNeHs 301JIbIICHHS] BUCOTH.

Bu3HaueHHsT  BETMKWX  3HAYCHb BUCOTH  TOJIBOTY  3IACHIOETHCS
PaIOBUCOTOMIPOM IMITYJIBCHOI JTii, 110 TIPAITIOE K pamioiokaTop. PagioBucotomip
(muB. puc.2.2) MICTUTH B cO01 NpuiiMay 1 mepeaaBay, IPUIOMY BUIIPOMIHIOBAHHS
pPagioXBWIIb BUPOOJSETHCS HE O€3MepepBHO, a  IMITyJbcaMH (JUCKPETHO),IIO0

PO3MiIeHI JOCUTh TpUBaIMMHU nlay3amu ( puc.2.2). .[7]

T

A A Awiwl
TR VY V'V +

Puc. 2.2. IMnynbcu BUCOKOYACTOTHUX KOJMBAHb

CriBBIAHOIICHHS! MK MHUTTEBOIO TOTY>KHICTIO Py . Bunineno B POCTOpPI B

iMIyIibCi i cepenniit noryxnocti Pegp nepenasada pisnserses

Pism _ T (2.6)
Pcep 70 |
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ac

T - nepion mix immynscamu;

70 - TPUBAJIICTh IMITYJIBCY.

[TpuHLIMIT BUMIpYy BHCOTH PagiOBUCOTOMIPOM IMIYJIBCHOI i MOKHA OMHCATH
Tak. AHTEHa KOJIEKTOp IpUMae J1Ba TOCITOBHUX IMITYJIbCH — IPSIMUIA Ta BITOUTHI
Bia 3emuti. OOuaBa IMITYJIBCH IMIACUITIOIOTHCS 1 TTOAAIOTHCS HA KaTOHO-TIPOMEHEBY

TpyOKy, Ji¢ BIUIUBAIOTh HA €JIEKTPOHHHUI MPOMIHb 13 KPYTOBUM PO3TOPHEHHSIM.

k1o pyx mpoMiHs MO KOJY BijJ HYJbOBOI OIIIHKM IIKaIH OyJie MOYMHATHUCS B

MOMEHT 4acy MOYaTKy MPsSIMOTO IMITYJIbCY, a MiJ Yac MPUXOAY BIIOUTOTO IMITYJIbCY
CJICKTPOHHUU TPOMIiHBb OJEPKUTHh PaTialIbHAN CIIECK, TO KYTOBE IOJIOKCHHSI O

IIbOTO CIUIECKY Oy/ie MPONOPIIIHHUM BHCOTI 1110 BUMIPIOETHCS:

2H -1\ 20
a=0Q-7=0Q- =~ -H=S-H, (2.7)
C C
2Q) , .
ne S =——— uymmBicTs npuiany;-+prenns £2. OnHAK TPH 3aHANTO BEIMKiH

MIBUIKOCTI TMPOMiIHb MOXE€ 3pOOUTH KiTbKa OOOpPOTIB JO MOMEHTY MPHUXOIY
BIJIOUTOrO IMITyJIbCY 1 BHHHMKHE IOXMOKa IOKa3aHb, IOB'A3aHAa 3 HE3HAHHIM

KUJIBKOCT1 00OPOTIB, 3p00JECHUX MPOMEHEM.

[ToxuOku pamaioOBUCOTOMIPOB IMIYJILCHOI [Ii 1€ CYKYIHICTh 3 TMOXHOOK BIJ

paaionepeniko 1 MoX1UOOK BiJ MIHIMBOCTI KYTOBOT IIBUAKOCTI PO3MOBCIOIKEHHS.

PamioBucoTtomip  IMIOyJbCHOTO  BUIPOMIHIOBAHHS ~ HENPUIATHUWA IS

BUMIPIOBAHHS Y€ MalluX BHCOT, TOMY IO BiH Ma€ BIJHOCHO BEJIHKY 30HY

HEUYYTJIMBOCTI, 3yMOBJICHY THM, III0 Ha MaJluX BUCOTax 4yac 7 B IMOpPIBHSHHI 3
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TPUBAJICTIO IMITYJIbCY 70 , YEPE3 IO MPSAMUH 1 BIAOUTHI IMITYIbCH 3JTUBAIOTHCS 1 1X

HE BIAETHCS BIJIPI3HATH OAMH BiJ OJTHOTO.

AKYCTHYHHUI METOJ] BUMIPY BHCOTH MOJBOTY CXOXKHH 3 PaJlOXBUIBOBUM, alie

BIJIPI3HSAETHCS TUM, 110 3aMICTh €JIEKTPOMAarHiTHUX KOJUBaHb Kl TCHEPYIOThCS Ha

JiTaKky 1 B1AOMBAIOTHCS BiMl 3eMJl BHKOPUCTOBYIOTHCS 3BYKOBI KOJIMBAHHS.

3acHOBaHMI Ha IOMY MPUHIIMII JIIi BUCOTOMIpP CKJIAAAa€eThCs 3 JKkepena 3ByKy Al 1

npuiiMada 3ByKy A2, pO3TAalIOBAHMX Ha JiTaky Ha Bincrami | omum Bim omHoro

aHAJIOT1YHOTO MpUMMady 1 eMITEepy aHTEHHU PaJlI0BUCOTOMIpa

UYac 3a axuil 3ByKOBHUM CUTHAJ JOXOAUTH B JTiTaKa 10 3eMJll 1 Ha3a 1, MiCis HOoro

BIZIOUTTS, 3aJIC)KUTH Bl IIBUAKOCTI PyXYy JriTaka.[7]

__2H 2.8)
al_p2

e d= \/ K- g- R-T = Io A/T — MBHAKICTP PO3MOBCIOIKEHHS 3BYKY B

ToBiTpi B M/C ;

K - nocriitna agiabatu, piBHa Jy1s oBiTps 1.4;

R - rasosa nocriitna (R=29.27 m/epao);

T - a6comoTHa TemmepaTypa nositps B K;

U - MIBUAKICTb MOIBOTY B M/C.

3MH.

Apk.

Ne dokym.

llignuc

Aama
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Puc. 2.3. Jliarpama npoxoKeHHS 3BYKOBUX KOJWBaHb BiJl JJiTaka 0 3eMJi 1

Ha3az

[IpsiMuii curnan Moxke OyTH TIepeaHuil Bifl JUKepesia 3ByKyY JI0 MpuiiMada 3ByKYy
HE IO TOBITPIO, a Yepe3 APOTOBE MoeIHAHHS ( Oe3MocepeHbO Bijl €ICKTPUIHOTO

ICHCpaTOopa 3BYKOBHUX KOJIMBAHb ) vy ObOMY BHUITIAJKY 4aC IIPOXOIKCHHIA IIPAMOIO

L= % - (2.9)

[HTepBa yacy Mi>k MPUHUMAHHSM MPSMOTO 1 BIIOUTOrO CUTHAJIIB:

2H I
r=lmh =
a“-v° ¢ (2.10)

CUTHAITY

3 ornsay Ha Te, 10 Yac t1 JTy’K€ MaJIui B TOPIBHSIHHI 3 2,10 OJIEPKUMO
2H

a —v (2.11)

Apk.
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Bumiproroun iHTepBan 4yacy 7, MOXKHa BU3HAYUTH BUCOTY MOJIBOTY, JJIS YOTO

OTpMMaHI 3BYKOBI CHTHalli MOTPIOHO KOHBEpPTYBaTH B enekTpuuHi. Crocoou

BUMipy 7 MOXYTh OyTH aHAJOTIYHUMH, SIK 1 B pagioBucoTomipax. .[7]

AKYyCTUYHOMY BHCOTOMIPY IpUTaMaHHI HACTYIIHI METOAWYHI TMOXHOKH, IO

BIJICYTHI B Pa/llOBUCOTOMIpaAXx:

TEeMIEpaTypHa MOXuOKa, 00yMOBIIEHA TUM, 1110 HIBUAKICTh PO3IOBCIOKEHHS
3BYKYy B TOBITpPI MPOMOPIliiiHE KOPEHI0 KBaJApaTHOMY BiJ aOCONIOTHOI
teMriepaTypu. Ll moxnbka 3mMiHIO€ YyTIUBICT NpUiIaay ( MacmTad BUMIPY ).
TemnepaTypHa moxnbka Moxe OyTH 3MEHIIEHA NUIIXOM BUMIPY TEMIIEpATypU
HABKOJIMIIHBOTO TOBITPSI 1 BBEJAEHHSM Yy MpUJIA[ CXEMU TeMIIepaTypHOI
KOMITIEHCAIlli;

IIBUJIKICHA TOXHOKA, OOyMOBJIEHAa TUM, III0 Yac MPOXOJKEHHS 3BYKOBOTO
CUTHAJIy BIJ JTaka a0 3eMil 1 Ha3aa 3aleXHUTh BIJ LIBUIKOCTI PYyXy
JiTanpbHOro amaparta. [Ipy MBUAKOCTI MOJBOTY, IO MEPEBUILYE IIBUIKICTb
3BYKY, BIJOWTHI CUTHAJI y3araji HIKOJIA HE IOBEPHETHCS Ha JIITAK, Yepes3 110
aKyCTUYHUN METOJ] BHUMIPY BHCOTH HE3aCTOCYeEMO NIpU TMOJBOTI 3
HAJ[3BYKOBOIO IIBHUJIKICTIO;

noxuOKa BiJ MEPElIKoJ, CTBOPIOBAHMX IIYMOM aBiaJBUTryHa. BinHocHa
BEJIMYMHA I1€] TOXUOKHU pOCTE 31 301IBIIEHHSIM BUCOTH , OCKIJIBKH TIPH IIbOMY

3MEHIIYEThCS TIOTYKHICTh BIIOUTOTO CUTHATY.[7]

OnTu4yHUIl METOJ| BUMIPY BHUCOTH MOJBOTY AHAJIOTITYHHMM pPajlOXBUIBOBOMY 1

3aCHOBaHMM Ha BIAOWUTTI BiJl 3eMJli CBITJIOBOIO TPOMEHS. EMITEpOM CIIyKUTh

ONTUYHUN KBAaHTOBUM TreHeparop ( Jazep ), npuilMadyeM — (HOTOEIEMEHT.

CriBBiAHOIICHHS, 110 BU3HAYa€ YacOBHH 1HTEpBal 7 MDK IPUHAOMOM IPSAMOTO 1

B1IOUTOr0 CUTHAIIB, OTPUMaHE ISl palilOBUCOTOMIPIB, 3AIMIIAETHCS B CUJIL 1 JIJISt

Ja3epHOTO BUCOTOMIpA.

Apk.
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[ToxuOKka 1HEPLIHHOTO BHCOTOMIpa CKJIAJAIOTHhCS 3 MOXUOOK aKceIepoMeTpa,
MOXWOOK BiJ HETOYHOI KOMIICHCAIlll CHWJIM Barm Ta IOXHOOK I1HTETPyHOYOro
npucTporo. OCHOBHUM HEAOJIIKOM METO/Y € HapOCTAaHHS MOXHOKH 3 yacoM. Tomy

JUISL peastizallii iHepIiiHOro MeTOAy HeOOX1AH1 peIr3iiHI MPUCTPOi.

VY pe3ynbTari NOPIBHAHHA PO3TJSHYTUX METOMAIB MOXKHA BHSIBUTH, IO AIMCHY
BHUCOTY IOJHOTY BUMIPIOIOTH PaJIlIOBUCOTOMIPH, aKyCTUYH1 1 ONTHUYHI BUCOTOMIPH,
TOOTO BHCOTOMIpPH, 3aCHOBaHI Ha BJIACTUBOCTAX 3EMHOI TOBEPXHI BIIOWMBATH
XBUJIbOB1 KOJMBAHHS; IHEPLIMHUNA METOJI BHUMIPIOE BITHOCHY BHCOTY, a

OapoMEeTpUYHUI BUCOTOMIP — 0apOMETPUYHY BUCOTY.

AKYCTUYHUN 1 ONTHUYHUA METOAM MNPAKTUYHO HE BUKOPUCTOBYIOTHCS JUJIS
JITaJIbHUX anapariB: aKyCTUYHUNA METOJ] IPUHIIUIIOBO HE MOKe OyTH 3aCTOCOBaHUMN
Ha HaJA3BYKOBHX IIBHIKOCTSIX IIOJIbOTY, @ Ha JO3BYKOBUX BIH HE 3HAMIIOB
3aCTOCYBaHHS 4epe3 BeNMKI MOXUOKHU, OJJHAK HE BUKIIOYEHA MOXKIIUBICTH HOTO
BUKOPHUCTAHHS 3a/171s1 TOOYI0BU IIOCAIKOBOT0 NPUJIaay; ONTUYHUI METO MOKH 111e

HC OACPIKaB IPAKTUYHOI'0 3aCTOCYBAHHA.

OCHOBHE 3aCTOCYBAaHHS Ha JIITAJbHUX amaparax 3HalmuM OapoMeTpUyHUi,
pPaJIOTEXHIYHUH 1 B MEHIIIOMY CTETEH1 1HEPIIMHUI METOIU BUMIPY BUCOTH MOJIBOTY.
OO0sacTh 3aCTOCYBaHHS 1HEPUIMHOTO METOAY OOMEXeHa JITAIbHUMHU anaparamu

KOPOTKOYACHOT /i1 Uepe3 HapOCTaHHS 3 YaCOM MMOXHOKH BUMIPY BHCOTH.

VY naHomy AMIUIOMHOMY IPOEKTI MU BIJ AU iepeBary 06apoMeTpuaYHOMY METOTY
nepes paaioTeXHIYHUM, TaK K 0apOMETpUIHUN METO] HaWOLIbIIe MiIXOAUTh IS
IPOEKTYBaHHS aepOrpaBIMETPUYHOTO BUCOTOMIpA 3 3aJJaHUMH XapaKTePUCTUKAMH,
1 MM 3MOKEMO TOMOTTUCSI HEOOX1AHOI TOUHOCTI BUMIPY Ta 3MEHIIHUTH BILJTUB P13HUX

necTabuni3yrdnx (paKTopis.

V3B  3a  OCHOBY  0OapOMETpUYHHMII  METOJ  BUMIPY  BHUCOTH  Ta
BUKOPHCTOBYBABIIM BU3HAYEHE KOHCTPYKTUBHE PIIEHHS MU Oy/leMO HaMaraTucs
JIOCATTH TIOCTABJICHOTO Mepe/l HaMHU 3aBJIaHHS CIIPOEKTYBAaTH aepOrpaBiMETPUUHUN

BHUCOTOMIP.
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3. MIPOEKTHO-KOHCTPYKTOPCBHKHM PO3JILI

3.1. BuBeaenns 6apoMeTpu4HOi (popMy.iu

bapomerpuunuii METOT BUMIpIOBaHHS BUCOTH OCHOBAaHUI Ha 3aKOHOMIPHOCTI
3MIHU TUCKY MPH 301IBIIIEHHI BUCOTH . BUKOPHUCTOBYIOUM HACTYIHI JOBOJAM MOKHA

OTPUMATH ITI0 3AJICKTHICTh YEPEe3 PO3PaXYHOK.

[IpencraBumMo cobi a aTMmocdepi CTOBOUMK MOBITPSA IIJIOIIA IEPETHHY STKOTO
nopiBHioBatuMme F(puc. 3.1). TIoBiTp 1110 3HAXOUTHCA BHU3Y CTOITYUKA Oyie
CTBOPIOBATU TUCK Pg, B CBOIO 4epry THUCK Ha BUCOTI SIKy MU MO3HauyuMo H Oyne

Oyne nopiBHIOBaTH Py

ol H

H=0 PPy

Puc. 3.1. InmrocTpariist 17151 BUBEICHHSI 0apoMeTpUudHO1 hopMyIH

Apk.
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SIK11o B3STH B TOBIIMHI HOTO CTOBITYMKA ACSIKHN 00BEM MOBITPS 3 TOBIIMHOO
sky mo3Hauumo dH Toi pisauis tucki dP sika gie Ha 1ieit o0beM Oyie HiBeJIhOBaHO

MacoOI0 TOBITPS 110 3HAXOAUTHLCS B CEPEIUTI IILOTO 00beMY ,popmyria:
-F* dP =F*p*g*dH, (3.1)
7ie § — MMTOMA Bara MoBiTps ycepeauHi mapy, BH /.,
3uak ="y (opMysi BKa3zye Ha T€ IO MPU 3POCTaHHI BUCOTU THUCK

SMCHIIIYE€TBHCA.

Mu 3H2€MO , 1110 Y TUCKY(20COIIOTHOT0) , TEMIIEpATypH Ta3y 1 TUTOMOI

BATH € 3AJICKHICTh KA BU3HAYACTHCA JAHOI0 (OPMYJIOIO :
P:P/(PHHT)*T), (3.2)
P (S P — a6COHIOTHI/Iﬁ TUCK B Ha, Rnum — YHiBepcaHBHa ra3oBa cTajia

(Rnum = 287.05287 Iloc/(ke'K)); T - remmeparypa B K.

B3sBuu popmyny (3.1.1) 1 miacraBuBum B Hel (3.1.2) Mu oTpuMaeMo:
dp/p= - 1/(Pnun*T)* g*dh,
abo AKWOo nepemMHodNCUmuy i NOOIIUMU YACMUHY WO Npagopyd HA NPUCKOPEHHS.

ginvrozo nadinus — g, (9¢=9,80665 r/c?.)) ompumaemo

dp/p= - s /(Puun™T)* (g*dh)/ gs , (3.3)
[Tpu 3MiH1 YaCTUHU IO MPABOPYY 3 BPaXyBaHHIM M1ABUIIICHHS TOTSHIIIATY CHIIH
TSDKIHHA (T€OMOTEHIIANy) , IKUi MOXHA BIJTHECTH /10 3BUYANHOTO
MPUCKOPECHHS,IIPU3BOINTH JI0 TABUIIICHHS BUCOTH:

dH=dP/ go= (g*dh)/ g, , (3.4)
[ToTentian cuiy TSKIHHS BU3HAYAE MMOTEHIIAHY €Heprito atMochepu ska
BIJIHOCUUTHCS JI0 OAUHUITL MACCH BITHOCHO PIBHS B3STOTO 32 HYJIb .
Maemo

dp/p= - 9c /(Ppn™T)* dh, (3.5)

Apk.
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[I{o6 inTerpyBatu (3.1.5) Ham oTpi6HO T 1110 3HAXOAUTHCS 3 IPABOT YACTUHU

BT3HAUUTH uepe3 H.
T=To+ B* (H-Ho), (3.6)
ne To Ta Hp 11e TemmnepaTypu 1 TUCK SIK1 B3ST1 3 OYATKY BiA1JIKY BUCOTH .
Ham mu 6epemo (3.1.6) Ta BcraBmsiemo 1oro B (3.15) 3aais oTpuMaHHs
TU(EPEeHLIHHOTO PIBHIHHS:
dp/p= - 9 /Puum™ (dh/(To+ B *(H-Ho)), 3.7)
[IpoinTerpypasiu (3.1.7) 3miBa B3sBIIM Mexi1 Py Ta P 1 Takum xe unHOM

npaBy 4acTh Tiku 3 Mmexkamu B Ho Ta H Mu maemo:

—Oc

P:po |:1+ ﬂ(H - HO)j|ﬂ'Rnum ’ (38)

To

Jle B — TemnepaTpHuii rpamient mo aopisuioe, £ =—0.0065 K/y;-

PO —THCK Ha IIOYAaTKYy ,

Py =101325T 7= 760 3y 1y pm.cm.

®opmyJsia TUCKY TAKAM YHAHO MAaTUME BUTJIAL :

9e

PP, .{H ﬂT‘HV'Rm | (3.9)

0

Skuro piBHicTh (3.1.8) Mu niepepaxyemo BigHocHO H Ta 3 BpaxyBaHHSAM 3aaHUX

napameTpiB TO OTPUMAEMO

_BRouum
ST e

Yepes piHus (3.1.10) Mu 6aunMo sIK BUCOTA SIKY MM BUMIPIOEMO TIPE/ICTABIISIE

c00010 (DYHKIIIIO 3 YOTHPHOX 3MIHHUX:

H=J[‘(P,P0,To, B)

Apk.
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Maroun 110 3aJ€KHICTh MM OTPUMAIM BHUCHOBOK IIO BHUMIPIOBAHTH BUCOTY

0apoOMETPOYHUM METOJIOM MOKHA HE3aJICKHO BiJl PIBHSI MOPS 1 JJI1 BUMIPIOBAaHHS
HaM noTpioHo yuiie 3Hatu P, Po, To Ta ,8, a mak AK Po, To Ta € MOCTIMHUMH TO

BHUCOTa 3aJICKaTUMC JIMIIIC Bi,ZI TUCKY

H = f(P).

Apk.
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3.2. Koncrpykuis i onuc podoTu aepo-
rpaBiMeTpU4YHOr0 BUCOTOMIpa
MexaHi4Ha YacTUHA TPUCTPOIO 3HAXOAUTHCS B KOPOIIl sika Mae aiameTp 90Mm Tta
repMETUYHO 3arasHa. B cepenuHi po3miieHo 3 aHepoinHi Kopooku-11 ,11o
IPEICTaBISIIOTh Y0000 Yy TIMBHI €IeMEHT NMPUCTPOI0. BoHM pearyroTs Ha THCK

30BHIIIHBOI CEPEIM SIKUN TTOIAE€THCA BCEPEIUHY KOPITYCY BUCOTOMIpY.

Komnu BrcoTa 3MIHIOETHCS TO KOPOOKH Yepe3 PI3HUIIO TUCKY MiIAAI0ThCS
nedopmMariii , sika B CBOIO Uepry 3a JJOIOMOTIO BCTAHOBJIEHOI'O 3BEPXY B YKPIILICHIN
Kpuui komrencaropa Nel Burortosienoro 3 Oimeraiy -10, Tsru -9 ta

komneHcatopa Ne2 Takok BUTOTOBIEHOTO 3 OiMeTary -7 mepeaaeThest Ba-8.

Konu BHacniA0K BUILEBKa3aHOTO BaJl-8 MOUMHAE MOBEPTATUCH BiH NOBEPTAE 32
co0010 3y04acTHil ceKTop-4 sIKUid B CBOIO Yepry NPUBOAUTH 10 OOEPTaHHS TPUOKH-

14. Ha Tii1 5xe oci 1m0 i TpuOKa -14 3HaX0aUThCA U CTPIJIKA 3 TOTEHI[IOMETPOM.

AHaepoiHi KOpOOKH Ta NMepeAaTOYHUN MEXaH13M MIITHaH1 TAKUM YUHOM 11100 npu
BucoTi 1000m ctpinka 3pobmiia Tinku 1 o6ept. [Jo peui 30BHI MIKay MPUCTPOIO
OyJ0 mporpaayioBaHoO I TOKa3aHb COTEHb Ta JIECATKIB METPIB.
Komnencarop Nel ta No2 BcTaHOBIICHI 3317151 TOTAIICHHSI HETOYHOCTEHN TTpUIaay
BUKIIMKAHUX TEMIIEpaTypHUMH (paKTopamu.
[ITo6 yHuKaTh MOXUOKM BUMIPIOBAHHS & caMe MOTOJIMYHOI OyJI0 TPUIHSTO
pillIEeHHS] BCTAHOBUTH BCIO KOHCTPYKIIIIO HA YKPITIJIEHY MiJCTaBKY -3 110 MalOUH
KpeMaibepy -15 Moxe 6e3 mpobiieM 06epTaTy BCIO KOHCTPYKIIIT IO OC1 10 He
BiJIMIHHA BiH OC1 CTpUIH
Boanouac 3 mijictaBko1o-3 B pyX NPUXOIUTH 1 IIKajIa TUCKY OapoMeTpa-2 sKy
MO’KHA MOMITUTH 3aBJASKU BIKHY B OOKOBII YaCTHHI MPUCTPOIO
Taxk sk aHepoigH1 KOPOOKH MOTPIOHO SKOCHh BPIBHOBXXUTH TO OYJI0
BCTAHOBJICHO MPOTHUBATY -5 AKY MOEIHAHO 3 BAJIOM -§ 3a JIOOMOT'0I0 LIApHIPIB.
Jlist ycyHHs modTa B KOHCTPYKIIIT 0yJ10 10AaHO MPYKUHY -D.

[{ina moAIKY B IPUCTPOIO PIBHAETHCS SMM/TIOIIIKY
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3.3. PO3paxyHOK OCHOBHMX €JICMEHTIB KOHCTPYKUIil

3.3.1.Po3paxyHOK aHEePOIiAHOI KOPOOKHU
[Ipu po3pyxyHKYy AHEPOImHMX KOPOOOK HE Ciij 3a0yBaTd IO iX B CHCTEMI TpHU
MTYKW,I0 3pO0JICHO I MIiABUINECHHS TOYHOCTI. Po3paxoByBatm Oymemo 3ia
METOIUKaMHu B3sTuMu 3 [1].
Buxingni gani 11 po3paxyHKy:

- PI3HUILA THCK 1110 BUMIPIOETHCA :

AP = 101335 _:-' 14+ — 0.0063 -_:I}I}EI' ": -0.0065 -287.03287
288 .13 |

101325 :- {42 0 .0063 '_J'_'IDI} -: 065 -287 05287 _
288 .15 /

= 4344 482 iz

- TOMyCTUMHM MPOTUO aHEPOiMHUX KOPOOOK CKIIaae 3MM a OJIHOI KOPOOKH He

oimpme 0.5 mMm;
-MeMbapHa aHepoina Mae 6yTn pagiycom R=25MmMm;

-MaTepiaioM oOpaHuM T MeMOpaHu cTana oepritieBa Oponsza BrB2. Matepian

Ma€ BUCOKI MPY>KHI BIIACTUBOCTI.

J7ist po3paxyHKy 3 BpaxyBaHHSAM BUKOpUcTaHHs BrB2 nam 3HaioOUTHCS 3HATH

JIesIK1 Ioro mapaMeTpH Takl siK;
- moaynb FOnra E=1.33 * 10°MIlIa;
- TpaHHUILS TEKYYOCTI G,,=1280MIla;
- TPaHULIS MIITHOCTI an:1350MH MI1a;
- MeXa MPY>KHOCTI Gy:960 MITa;

- MeMOpaHa 3 CHHYCHUM Ipodinem.
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Tak sik BUMIpIOBaHHS BUCOTH B MpHJIAJIl BiJOYBa€ThCs uepe3 MeMOpaHa IO
YyTJIMBa 10 THCKY , TO MPOEKTYBaTH MOTPIOHO Tak MIO0 XapaKTEPUCTUKHU Oyiu

IIPYKHUMU 10 TUCKY.

Tyt Ham 3Ha00UTHCS BUBEACHE paHiie piBHAHHS (3.1.9) 1 3BOPTHSI 3aJI€KHICTh

MPUCTPOIO 3yMOBJIEHA TIEPEMIIIICHHSIM IIEHTPY KOPOOOK:

. (H=-3000) d
=52|.ﬂ!_— |

.k J6 (3.11)

iy

IS (H‘3000) — € IOKa3aHHs IIPUCTPOIO B M,

k- KoeQIlli€HT nepenadi Bill Oci MepelaTHROI0 MeXaHi3MYy [10 IIIKATIL:

= ‘-lre.' ) 'ﬁ:l )

o

& FYIFH

e k ] —IepellaTHE BLIHONIEHHS MK 3y04aTHM CEKTOpOM 1 TPHOKOK Ha oci

500 *11 )
k=20 —o54 03 M
5.76 pad

CTPLJIKIL, fi’j fo;|

Ay, — posmip mxamu; A,=35000m;

KyT Ha SIKHIl MaKCHMCAIbHO 3MOXE MOBEpHYTHCH crpimku = 330 ° abo
5,76pao;
[Inede B mepenaTouHiii cxemi
d - Mneue s nepeaaTouHIN cxeml, d=6mm.
p=200 g5y o3 M
5.76 pad
OTpHMYEMO:
@ = #{H —3000)=sin| w1
L 95493 -
Apk.
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Bukopucrapim 3B's130k Mk JgedopMaiiiero MeMOpaHu 1 HAJJIUIIKY TUCKY MH

OTpUMAJIH NPYKHUHN XapaKkTep MEMOapHKHU

P.-R? Q) o
T=a—+b-—
E-h h h

(3.12)

3a 10noMoror Kyoi4HOTro piBHSHHA YTOUHIOEMO T€ 110 OTpuMaiid B (3.3.2)

3
P=A-o+B - (3.13)
SIKIo mpoaHali3yBaTH OCTAaHHI BUBEICHI PIBHSHHS MOXHA OyJe BHUBECTH

3aJICKHICTh MIXK X KO€(II1EHTAMHU.

E E
‘4:—4-3'13-{1_: B:—4-h-b. (3.14)
R R
[Tpubpasiu 3 piBHSIHB N vu OTPUMAEMO
a_A ( = T (3.15)
» B \Rr* h

Tak sixk Mu BUKOpUCTaTU Koe(dilieHTH a 1 b ,IKi B CBOIO Yepry MaroTh

3aJICKHICTh BiJl BeJIEYMHU rodpa TO po3paxoByeEMO iX 3a (hopmyiaMu :

2-(B+a)(+a)

——; (3.16)
3 k-lfl—f“/;,_J
'.\ a
32-k- 3 |
bzﬁ- l—_ 2 ; (3.17)
a—9 |6 (a-3)(a+3)!

ne M ne xoediuient IMyaccona, ©=0.3.

Apk.
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Tak sik OyJI0 BUKOPUCTAaHO CUHYCHUH TTPOQ1Ib TO :

|k1:j~ o=

bl . .
£l o "'_1 . a*=,..-;1.,u-;:‘
2-h

ne H — roubuna rodpysarss; h — toBmma Martepiany.

Koiu Mu MiHs€MO MOPIBHAHY TTTHOMHY 11oGpu MU MaemMo piBHsAHHSA (3.3.5).

Y HpoMy KoedimienTH a i b MoxyTh MinsTHCH Yepes 3anexmicts g0 H/N

Marouu pisnicms (3.3.4) MU BU3HAYaEMO TOBIILY MEMOAPHKH h:

B-R*
h="—"—. (3.18)
E-b
['mbnna rodpyearss [ nopisHmoe:
H:(E]-h. (3.19)
\ h

I[JI?I BU3HAUYCHHS KOMCHOIL INIOIIMHKU 3 BiIIHOBi,ZIHOI-O A0 IIPAKTHYHOI'O

BUKOPHCTAHHS MOXHUOKOI0 BUKOpUcTaeMo (popmyiy[18]:

F@ :%F'(R2+R'?‘+?‘El (3.20)

Ie 1" — paniyc TBepIoro HeHTpa.
IIpuitvarodi = MM, MaeMo:

)
i

F=-7-(25%+25.5+5%)=811.6:00/%,

3

Apk.
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3.3.2. Po3paxyHoKk OiMeTaivHOTO

kommeHcaropa Nel

OCKiTbKHA BUCOTOMIp MPAIIOBATUME Yy CEPEIOBUIII JIe TEMIIEpaTypa € 3MIHHUM
rmapaMeTpoM TO MOTPIOHO YCYHYTH MOXHUOKY IHCTPYMEHTAJIBHOTO THMY IO Oyze
BUKIIMKaHAa 3MIiHOIO Temmeparypu. s mporo Oyae TpPOBEACHO pPO3paxyHOK

koMrieHcatopa Nel BUTOTOBJIEHOTO 3 OiMeTaly.

Hawm Bigomo 1110 HeToYHICTh BUMIptoBaHHSI AH mae B co01 2 yacTuHU:

AH =A-AG+B-H-AG,
_ Y Ry, Ty B- g Ry 3

e A

o o
OS¢ =]

3 momnepeaHix a0ciiIiB 0yio BU3Ha4eHo 1o A*AO=5,23M, BpaxyBaBIIy 11 1 TE
110 3MiHa Temrepatypu 6yze 6:am3bko 20 ‘C Mu orpumaemo mo A=0,26m/ °C.

3actocyBaBiii  (opmMysly OapOMETPUYHOIO BHUMIPIOBAHHS BHCOTH MU

PO3paxyeMO HACKIIbKU 3MIHUTBCS TUCK MPHU 3MiHI BUCOTH Ha 0.26 M

_ 9.80665
—0.0065 -0.26} ~0.0065287.05287

>

=101325 —101325(1 +
\ 288.15

3.19/7a =3.19-10"° MITa

Jlami po3paxy€eMo HaCKIJTbKH 3MIHUTh CBOE TIOJIOKEHHS YKPITUIEHUN TIEHTD .

3wmina nonoxxerHss (D1 memOpaHu po3paxoBYEThCS TaK:

AP'=4-o,+ B0y, (3.21)

Apk.
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https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%B4%D0%B5%D0%BB%D1%8C%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%B4%D0%B5%D0%BB%D1%8C%D1%82%D0%B0

lre 3HAaUeHHs KoedimieHTIB:

A4=8439-10">. B=9.4585-10""

Toxmi

3.19:107° =8.439-10 %@, +9.4585-10 &}

Maroun 1110 piBHICTh MOKHA PO3paxyBaTH HACKIJIBKU 3MIIIYy€THCS MeMOpaHa:

@, =3.75: 107> 2.

VYKpimieHuil HeHTp aHEePOIAiIB 3MICTUTHCS B 6pa3iB Aai:

-3 -2
®w=6-w;=6-3.78-10 " =2.27-10 “mm.
TakuM HEXUTPUM YHHOM OYJI0 BU3HAYEHO HACKIILKH Ma€ MEPEMIIIAaTHCh HaIIl
KOMIIEHCATOP Ul KOMIIEHcaLlil MoXuOKu mpu 3miHi Temneparypu Ha 1 °C.
Tenep po3paxyeMo MaKCUMAIbHUN BUTUH IPY>KUHU IIPU 3MiHI TEMIIEPATYPH :

2’12

——= ] AG, (3.22
h+h,

ne &1 1 &/ — KOe(illeHTH THIIHOrO PO3IIIPEeHHA AKTHBHOTO I
MACHBHOTO IIapiB BiJIOBIIHO;

.7'11 i /1, — TOBIIINHA AKTIBHOTO i ACHBHOTO INAPY BiIIIOBiIHO;
[ — noexuna DiMeTamy;
A@ - 3miHa TeMmepaTypu, 10 BHKINKAE IepeMilleHHs A
VY sikocTi GiMeTana Ha posib KoMIeHcaTopa O0yso o0pano meTtan MapkyBaHHs Th

Jlnst komneHcaTopa odupaemo Oimeran mapku 97HJI. Bin mae HacTymH1

XapaKTEPUCTHKH :

- KOe(IIIE€HT JIIHIHHOTO PO3MTUPEHHS

Apk.
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24..26107%/1...1.510°°%1/°C

1210% /1510* MITa.

- MOAYJb MPY>KHOCTI
ToBuuHa 6imMetany npuiiMemo 1ma 1.5mMm

Busnauaemo Hait0ibIy 4yTTEBICTh OIMETAIY:

W _ [E;

h, E,

=0.89

JI1s1 BU3HAYEHHS OCTaTOYHOTO PO3MIPY KOXKHOTO MIapy OiMeTany po3BsA3yEMO

CUCTCMY !

(3.23)

Iy +h,=1.5

Iy =0.71um; =y =0.79um.

Tenep Bi3HaYa€MO SIKOT IOBKUHU Ma€ OyTH KOMIIEHCATOP JJIs aJleKBaTHOI

poOOTH B CUCTEMI:

!_\/ A-(+hy)

0.75-(aty —ty)- A

- 227-107° '(0-?1+0'?9) =42 6:mu

0.75-(26-1)-107°-1

Takum ynHOM KOMIIEHCATOp TeMIiepaTypHoi noxuoku Nel OyB po3paxoBaHUil.

Apk.
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3.3.3. Po3paxyHok komneHcaTopa Ne2

Marouu 3a1€KHICTb:

B-H-AGQ

MoskHa 3p0OUTH BUCHOBOK IIIO TIPH 3pOCTaHHI TEMIEPATypH 1 A1 TUCKY
aHepoinu OyayTh 3aKOHOMIPHO J1e()OPMOBaHI 1 3 3pOCTaHHSAM TeMIepaTypu
nedopmMairist TakoxK OyJie 3poCTaTH 110 B CBOIO YEPTY MPU3BEE A0 MOXUOKH
BUMIpIOBaHHA. J[J1s1 yCyHEHHS TaKOi HETOYHOCTI NOTPIOHO BUKOPHUCTATH
KOMIIEHCATOP SIKUI 3MIHUTh NEpEeAATOYHE YHUCIIO 3aBISKU MOJIOBKEHHIO
kpuBommna. Takum ynHOM KomneHcaTopoM No2 Oyzie BUCTYNATH IUTACTUHA 3
Oimerany.

HeTouHicTh BUMIpIOBaHHS NPOSBISTUMETHCS HEOMOCEPEIKOBAHO HA LIKaI
NpWIaay y BUTISIAIL BIAXUJIEHHS CTPpUIKK . Tak cTpiika Oyze BiAXuiaeHa Ha

BIJICTaHb :
a' =a-B, (3.24)
lle & - MaKCHMANBHIIT KYT IOBOPOTY CTPLIKIIL, a=330%

A -  TemmeparypHmii koedili€HT MOy  IPYKHOCTI,
A=3,110" 1/°C.
BIiInoBIAHO 10 HANIIX PO3PaxyHKIB y II. 3.4.2
B-H-AG= 0,35 m,
Binkita B nopierroe npu 3gauernsx A =3000i1 A6=20°C.

B=5.9-10"°1rc:
o' =330-5.9:107° =1.95-10"".

3 mepeIaTHROTO BiIHOIMEHHS NPIUTAIY MacMO:

M/ 118 1m11.003.00.000.113

3MH.
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™y

P . .
a—a =iy, -arcsin o (3.25)

51€ Iyp ¢. — IePeATHE BiIHOIICHHS, Iy =1 1,
(Dp — MAaKCHMANBHHII IIPOIHH OIIOKY &HEpOiIHNIX KOpOOOK,

@Wo=3 MM,

] . .
d' — joBmuHEa meua IepeIaTHROTO0 MeXaHi3My, HeoOXimHoTo
1A KOMIeHcalll IOXIIOKI.

3BiacH
d=__%% _ 2 < =6+3.21-10
Na-a') . (330-1.95-10"
sinf —— | sin
Imp.c 11

[I{o6 moracuTy HETOYHICTH MOTPIOHO B3SITH METAJ 3 UYTJIUBICTIO SIKa JIOPIBHIOE:

5:i:3.21-10‘5.u.ufﬂc ,
AG

ze A - mepemimenns KinmeBoi Kpamki opn Harpisarsi Ha 1°C.

BI3Ha491IMO BLICTAHB Bl Miclld KPINUIEHHA KOMIIEHcAaTopa 10 MicIld
NIpHEIHAHAA TATIL

Tenep moTpiOHO BUpa3yBaTH SK JaJEKO BUI 3aKPIIUICHHS KOMIIEHCATOpa
3HAXOJHUTHCS TTA.

BusHauumo BiJIcTaHb BiJ MicClsl KpIIJIEHHS KOMIIEHCaTopa [0 MIiCLs

MPUETHAHHS TSTH.
Po3paxyHok BeaeMO 3a METOJIMKOIO, BUKJIAJCHOO B [1].

bimeran 6yno o6pano mapku 17XHI'T , BiH Ma€ Taki XapaKTepUCTUKH

Apk.
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- IUTOMIIIT BHTIIH 0,075 1/°C;
- Koe(illi€HT MiHIITHOT O pO3IIIpeHHS
17-19/8.5-9-10~°1/°C;
- MOYTb IPYAKHOCTI 19/16,5- 10*MITa.
Kepyrounce KOHCTPYKTOPCHBKMM PO3YMIHHSIM OyJIo OOpaHO po3Mip IS
KOMIIEHCaTOpa
3 KOHCTPYKTUBHHUX PO3YyMiHb BUOMPAEMO TrabapuTHI PO3MIPH KOMIIEHCATOpA:
TORIIIITHA h=1,5 mm;
IIPIIHA b=4 mm.
3MIIICHHS HE3aKPIIJICHOTO KIHIIS MPY>KUHU MOXKHA 32 PIBHSIHHSM :
3 oo

A== =.]
4 h

5
-

- A8, (3.26)

e Oly 1 Olp -- xoedimieHTH MIHIITHOTO pO3INIPeHHS, BiIIIOBIIHO
AKTIBHOIO i TACIIBHOIO ITapy.

4-21-h 4.321-10°-15

[ = = e = 2.83.mm
3'(&1_{22)'&6 3'(1?_9)'10_ '].

Takum ynHOM OYJIO YCTAHOBJICHO MIO PI3HUILIS Y BIICTAHI MIXK KPITIJICHHSM

TATH 1 IPY’KUHHOTO KOMIIEHCATOpa MOBUHHA OYTH 3MM .

Apk.
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3.4. Po3poOka MmaTeMaTHYHOI MO/IeJIi BUCOTOMIpa

3.4.1. CTpykTypHa cxeMa BUCOTOMIpA i aHAJII3 CTATHYHOIL

XapaKTepPUCTUKH

CrpykTypHa cxeMa PUCTPOIONPEICTABIEHA HA PUC.3.3:

Puc.3.3. CtpykTypHa cxema npuiany

1-Jlanka sika O3HA4Ya€ METOAMKY BHUMIpIOBaHHS 1 KOoHBepTye BucoTy(H) B

Tuck(P);
2-NpYKUHHKI eeMeHT sikuii KouBepTye THCK(P) B mepemimenns ®

3- mepemarouHuMii MexaHi3M skuii TpaHchopmye mepemimenHs ® B kyr

noBopoTy crpinku &

4 — noTeHIioMeTp, IO MepeTBOPIOE KyTose nepeMiments & B manpyry U .

Apk.
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[TornsaemMo  Ha  BJACTMBOCTI  JIAHOK  JAaHOiI  CTPYKTYpHOI  CXeMu

XapakTepHcTika |-0i TaHKII Ma€ BHIJIAI, BiAMOBITHO 10 dopMymH

(3.1.9)
' H _ﬁ-R‘Iﬂ
P=P-|1+ p i\ AR
TD
XapakTeplcTIIKa 2-01 TaHKIL, 3rinHo ( 3.3.16)
P-R* @ @

s =a —+b-—
E-h h h
[I{o6 nikana BUMiproBaHHA Oyjia pIBHOMIPHOIO MOTPIOHO 1100 aHEPOIiAN Maju
JIHIAHY XapaKTepUCTUKY IO BUCOTI, IHAKIIIE KaKy4YH PIBHICTH | 1 2 JTaHKU Mae

JIOPIBHIOBATH :

JJist oTpUMaHHs PIBHOMIPHOT IIKaJIU, OJIOK aHEPOITHUX KOPOOOK MOBUHEH MaTH
JHIAHY XapaKTEPUCTUKY IO BUCOTI, TOOTO CTATUYHE PIBHSAHHSA 1-01 1 2-01 JaHKU Ma€e

BUTJISII;

o=0C-H

ne C' —9yTInBicTs aHEpOinHOI KOPOOKII IO BIICOTI.

Jlnd cIpollleHHH OpHilMeMo, 0 NepelaTHe BLIHONIeHHS 3-01 JIaHKII
MIOCTIITHO 1, OTKe, XapaKTepHCTHKa [Toro Oyile MaTI BHIJIAI:

o=1 @

Je i— ImepeldaTHe BiIHOIIEHHS IepelaTHEO-MHOXKHOTO h-lEXE’lHi?M}’.

TakuM YMHOM XapaKTEPUCTHUKA MPUCTPOIO MATUBE BUTIIS] :
a=I1w

3 IbOTO PIBHSIHHS MOKHA 3aKJIIOUUTH 1110 3aJICKHICTh Oy/i€ JIiHIHA.

Apk.
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[TamsTaroun mo npu Bucoti S00M cTigKa poOUTH MOBHUM(Mailke) MOBOPOT B

330 ©, moTpiOHO BU3HAYMTH MEPEAaTOUHE 3HAYEHHS PUCTporo K

R’:E:f-C, (3.27)
H
33 2D 4 :
k=39 _066%% _1152.1072 2%
500 M M

CraTuHa XapakKTepUCTHKAa MPHUCTPOIO AKUIM MPOEKTYyeThcs € miHiiHOow0. o nae
3MOT'Yy BTCAHOBJIIOBATU PIBHY IIKaNy SIKy 3HAQYHO MPOCTIIIE BUTOTOBIJIATU ,0KPIM
Hporo ii rpaJyloBaHHS MOXKEe OYyTH 3/iMICHEHE SK EKCIEPEeMEHTaJbHO TaK 1

aHamTH4HO. Taka mKana 3HaYHO 3py4HIllIA IPU 3YUTYBaHH: 1HQOpMaIi .
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3.4.2. AHati3 TMHAMIYHOI XapaKTePUCTUKN

JIMHAMIYHOIO XapaKTePUCTHKOI Ha3WBalOTh TE€ SK pearye cucrteMa Ha

CTYIIHYATE OAMHUYHE 30ypeHHS.

JIiHaMidHA XapaKTepIICTHKA MPILTaITy Mae BITIIAI:

(3.28)
e & =0.938; 7=0.0183.
Yac 3acCIOKOEHHS CUCTEMHU BU3HAYA€THCA I10 ,Z[I/IHaMi‘-IHiﬁ XapaKTepI/ICTI/IHi. Yac

3acroKOeHHS Lsgen — 1ie 4ac, sIKmil MPOJAIIOB 3 MOMEHTY CTPHOKOMONIOHOT 3MiHHA

BHUCOTH, BiJ] IOYATKY PyXY PYXJIHBOI CUCTEMH BUCOTOMIpa IO MOMEHTY, NPU SIKOMY

3HAYEHHSI BIIXWJICHOT BETUYMHHU KyTa a(t) PYXJIMBO1 CUCTEMU BIJIPI3HIETHCS BIJ

CTAJIOr0 He OUIBII, Hi’K Ha 3HAYCHHS MPUIYCTUMOI TOXHOKH. [5]

Yac 3aciokoeHHST Bi3bMEMO PIBHUM 1 550, =0.12

CTale 3Ha9YeHHS peryIL0BAHOI BeIIIIIHIIL:

a, =0.25-10"" pao simosizae 7, = 0.02¢.

CTane 3HA4YSeHHA pEl’}’m{)BHHGI BeIITYITHIT:

a,, =lima(t)=0.250348-10"" pao.

BenmdiiHa IepeperyIIoBaHH:

o, — o

max
{I(‘ m

Apk.
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~0.250085-107" —0.250348-107"

0.250348-10" 1007 =0.1%

Iepiox xomars 1 =0.33 c.
27T _19.04c7",
T

BrmacHa yacToTa KOMIBaHE (0 =

YI1cI0 KOINBAHE — J .

UYac 3amizHeHHs t; piBHUM NMPOMIKKY 4Yacy IO 3HAXOAUTHCS MDK MOYATKOM
30ypeHHs 1 MOMEHTOM KOJM Ha BHUXiJ TOJAETHCS IOJOBUHA BIJ YCTaJEHOTO
3HaueHHs: t;=0,005c.

JlorapugmivyHimi  JeKpeMeHT 3aracaHHs  CIICTeMII Q’M 1110
XapaKTepH3Vye MBIIKICTh 3aracaHHsA KOIIBAIBHOTO IpoIlecy

. 25 1071 _
d,::hl@'?—mﬂ:m“ 0348 10_1:1.05.10 3
. 0.250085-10

T (imax | Giji]max — OBl AMIUNTYyIH M[OPYY pPO3TAIIOBAHIIX

eKCTpeMYMIB KpIIBOI HepeXifHoro Iponecy. UM OLnblne JorapiidMidHI]
JNEeKpeMeHT 3aracaHHd, THM INBIJINIE BiAOYBA€TbCA  3aracaHHA
MepeX1IHOTO IIPOIIECY.
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3.4.3. AHaJIi3 YACTOTHUX XaAPAKTEPUCTUK

OmHMUM 3 HaUTIPOCTIIIN METO/IIB TOCIIHPKEHHS BILUTUBY TUHAMIKHA HA CUCTEMY €
JOCIIJIKEHHSI YaCTOTHUX XapaKTEPUCTHK I1i€i CUCTEMHU.

AMmmiTyaHa (a30dacToTHaA XapakTeplcTika (ADUX) mae OificHY 1
MHIIMY 9acTIIHII:

W(jn)=X(n)+ j-Y(n). (3.29)
e
Ec-(l—i"2 -nz)
X(n)= . : (3.30)
2 2 £2 2 2
(I—T‘ '??.")‘ +4-&-T"n
- 2-k-&-T-n
Y(n)= —— (3.31)
(1-72 -2 +a.£2.72 2
3raroun ADYX Mu B3MO31 I13HATHUCH HACKIJIBKHA CHUCTEMA CTIMKA.
3a kputepiem HalikBucrta - 3aMKHyTa cucTema cTiiika, skmo A®UX
PO3IMKHYTOI CHCTEMH HE OXOILIIOE KParKy 3 KOOpJIWHATAMHU (-1; j(O)) pu

3mini wactotr o6epranns N Bix 0 o ¥.[5]

3BEpHYBIIM yBary Ha IOMNEpeHe BU3HAYEHHS MOXKHA 3pOOUTH BHUCHOBOK IIIO
CHUCTEMa Yy HaC CTIHKa.

AMIUTITY/IHA YaCTOTHA XapaKTEPUCTHKA 1€ 3aJEKHICTh aMIUNTYJU KOJHMBaHb
CTPUIKH IO aMIUTITY/IM KOJIMBaHb BUCOTH B1J] KPUBOI YaCTOTH BX1IHOI'O CUTHAITY IO

3MIHIOETBCA CiHycoiganbHO[5]. AUX cucTeMu Mae BUTIIS!

K(n)= k . (3.32)

\/(1—3"3’- n*f +4.22. 7% 0

ATIUTITYJTHO YaCTOTHA XapaKTEPUCTHKA € BKpail HEOOX1THOO JIJIsl 1HKEHEepa, TaK SIK

BOHA JIO3BOJISIE I3HATUCH TIPH SIK1M TPaHUYHINA YaCTOTI BITHOIIIEHHS aMILTITY/I CTaHE

OINTUMJIBHUM YU IIPUITYCTUMHUM.
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CMyTa NpOIyIIeHHs IpIady: 1, = 381

MagciMansHe JHAYCHHA BIIHOIISHHA H]»ﬂ'IJIiT}’.I[:

K, =1.7554-10"% ma wacrorin, =0.

max

da3oBa yactoTHa Xapaktepuctuka (PUX) BimoOpakae 3anexHICTh pi3HUII (a3

MDK KOJMBAaHHSAMHU BXIJHOTO CHTHAJIY 1 BHUXIJIHOTO CHUTHAJy IO 3MIHIOETHCS

CIHYCOI1JIaJIbHO:
. 2:&.T+n
o(n)=—arctg———. (3.33)
1-77-n"

OUX curnamizye Ha BIIXUJICHHS CTPUIKH BiJ MOKa3aHb BUCOTH .

Jlorapu(MiuHO YaCTOTHOIO aMIUTITYJHOIO XapaKTEPUCTHKOI Ha3UBA€ETHCA
3aJIEKHICTh B1J] YACTOTH BX1JJHOTO CUTHALY MOJYJISl YACTOTHO1 XapaKTEPUCTUKH, 1110

300pakeHa B Jorapudmiuaomy Macirabi[5].:

L(n)=20-1gK(n). (3.34)

Jlorapudmiunoro  (a30-4acTOTHOM XapaKTEPUCTHKOIO ?(N)  Hasupacthes

3aJICKHICTh aPT'yMEHTY YaCTOTHOI XapaKTEPUCTUKH BiJ jjoraprudma qactoTu[5].:

. 2:&-T+n
o(n)= —m*cz‘gl 2

(3.35)

~
£l

‘1

[ ]

™~

3unaroun JIAGUX mu B3MO31 CyIUTH TIPO CTIAKICTh HAIIIOI CUCTEMHU .
CTIMKICTIO Ha3UBaIOTh 3MOTY CUCTEMHU MTOBEPHYTUCH B PEKUM PIBHOBATH MiCIIS

30ypeHHH.

Cucremy MOXKHa BBaXKaTH CTIHKOIO TaK SIK IEPETHH Bicl X MPOXOAUTH JIiBIIIIE

BIJl IEPETUHY Bicl Y.
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3.5. Po3paxyHok HajgiiiHOCTI

HaniitHicTh mpenicTaBiaseTbCs AEKITbKOMA BJIACTUBOCTSIMM:
0€3B1IMOBHICTb, JIOBTOBIUYHICTh, PEMOHTOIPU/IATHICTb.

Be3B1IMOBHICTD 11€ MOXKJIMBICTh IIPHUCTPOIO MpaIroBaTu 6e3 300iB 13
3a/IaHOI0 TOYHICTO Oe3MepepBHO.

JIOBrOBIYHICTS 11€ XapaKTEPUCTHUKA IPUCTPOIO SIKA MPOSBIISETHCS B
30€peKEeHHI1 MPale3/[aTHOTO CTaHy MPOTATOB JIESIKOI0 yacy (3a3Buyai

BKa3aHOTO B MACIOPTI) MPH aJIeKBATHOMY BUKOPHUCTAHHI.
PeMOHTONPHUIaTHICTH MPOSIBISETHCSA B MOKIIMBOCTI 0OCITyTOBYBAHHS
MPUCTPOIO T4 PEMOHTY HOTO MPU HEOOX1THOCTI.
Komnu npoBoanTECS po3podKa npusiagy TO HOro HaJliMHICTh CTAHOBIIATH Taki
dakropu:
1) HACKUJIbKHU AKICHI BUKOPUCTAHO €JIEMEHTH UM JAeTal. Jlerai noBuHHi
Oyu TOULTEHUMU,AKICHUMHU 1 BIJIMOBIJIATH XapaKTepy MPUCTPOIO.
2) cii BHKOPUCTOBYBAaBTH B)K€ YHI(IKOBaHI €JIEMEHTH, II¢ IiJIBUIIUTH
TEXHOJIOT1YHICTh MPUCTPOIO 1 MOJETIIUTH POOOTY 3 HUM .
3) npaBUIIBHO PO3paxOBaHMI PEKUMU POOOTH ,ITPH HEPO3PAXOBAHUX PEIKUMAX
netani OyayTh BIJIMOBIISITH SIK 11O CITUCKY.
4) BUKOPHUCTOBYBATH MOIYJbHHI MPUHIKIT TOOY0BU KOJIH 11€ MOXKIIUBO, KOJIH

710 JIeTaj NPOCTO JICTATUCh TO 1 PEMOHT il 3pOOUTH IPOCTILIE.
Po3paxyHOK HalIHHOCTI IPUCTPOIO 3pOOUMO TaK '

1) mopaxyeMo CKilbKM OJHOTHUIHUX YacTHH Mi;

2) opaxy€eMo CKiJIbKM THIIB 9acTUH npucTporo Mi;

3) BU3HAYAEMO IHTEHCUBHICTb BIJIMOBJICHB 1O (hOPMYJIi:
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Jlani 3BoauMo B Tabmmiro 3.1.

m

A=Y A k;n;, (3.36)
i=1
ne A; — IHTeHCHBHICTb BUIMOBJEHb IpI HOPMATBHHX YMOBaxX

poOOTH eneMeHTIB OPHIAiB, yeepeIHeH] 3HAUCHHA,

k

f{'.:,- - Koe(iIlleHT, 0 BpaX0BYE BiIXIIIEHHS Bl HOpMalIbHOI podoTIl,

= 1.

3MH.
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o po3paxyHKY HaifiHOCTi

Tabmima 3.1.

HaiiMeHyBaHHA | THI IHTeHCIIBHICTE BIIMOBJIEHE, 1/T0]
elleMeHTIB 1y ] A1 05 2; 10

B710K aHepolIHIIX KOpoOoK 1 4.0 4.0
Bomnocok 1 0.11 0.11
Kabens 3 0.02 0.06
Kopoye 1 0.2 0.2
Kinsme 1 0.3 0.3
Omopa 1 0.6 0.6
ITincTara | 1.0 1.0
Bice 2 0.35 0.7
ITepenadi 3yduacTa 3 0.12 0.36
ITiIIMITHIIKI Ka4aHHS 2 0.5 1.0
IToTeHIioMeTp 1 3.0 3.0
IIpoxmaaki 2 0.0012 0.0024
IIpyKITHI 2 0.11 0.22
3'etHAaHHA pi3E00BI 15 0.02 0.3
MTtndgTn 3 1.6 4.8
Tarn 2 0.7 1.4

OllepAKIIMO, IO CYMapHa IHTEHCHBHICTE BIIIMOB/IEHE [IOPIBHIOE

1=18.05-10"°1/2.

3MH.
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5) BH3HAYAEMO cepelHill 4ac HapoOITKy IpIUTaly 10 BiIMOBIEHHS

1

7 = (3.37)

CE, /1

6) BI3HAYA€MO IMOBIPHICTE O€3BiIMOBHOI poOOTH

P() = e M (3.38)

ImoBIpHICTE D€3BIIIMOBHOI po0OTH NpHnaxy Ha 2000 romus:

P(r)ze—ls.ﬂﬂ-m“ﬁ-zmﬂ —0.965.

IO € MPHITYCTHMIM I poOOTH JaHOTO MpILIagy.
7) BizHa4gaeMo dac 6e3BiIMOBHOL poOOTH

t=T,,-[1- P(2)].

t=55400-(1-0.965) =1939romm.

(3.39)
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3.6. locaigskeHHsI MiKPONIPOIeCOPHOI YACTUHH

Mikpomporiecop — 1e npucTpiit 00poOku gaHuX (1 KepyBaHHS) 13 THYYKOIO
JIOT1KOI0 pOOOTH, BUKOHAHE 32 IHTErPajJIbHOI0 TEXHOJIOTIEIO.

MII 3pobuinu peBosIIoLio y BUMiptoBaibHIN TexHili. Lle 3B's13aH0 3 mopy4
iXHIX 0COOMMBOCTEH, OCHOBHUMH 3 SKHI € IpOrpaMyBaHHsI 1 BIIHOCHO BEJIHKa
O00YHCITIOBANIbHA TTOTYKHICTD, 1110 CIIOJIYYA€ThCS 3 BUCOKOIO HAIMHICTIO, MAJIMMU
rabapuTamMu, Macoro, €HeproCIOKUBAHHSM 1 BapTICTIO.

3aBAsKA MaJorabapuTHOCTI, MIKPO TOTYKHOCTI1, BUCOKOI HaJ{IMHOCTI 1
HU3KOI0 BapTOCTI MIKPOIIPOIIECOP CTaB €JIEMEHTOM YHIBEpPCaJIbHOTO 3aCTOCYBaHHSI.
Horo uy10Bi BIACTHBOCTi CTBOPHIIM MEPEILYMOBH ISl BOYIOBYBAHHS
OOYHUCTIOBAILHUX CUCTEM Y PI3HUX MIPUCTPOSIX.

BOyznoBaHna y BUMiproBaibHUIN HpUIIa MIKPOIIPOLECOPHA CUCTEMA
PO3IIMPIOE KOTO MOKIIMBOCTI, 10J]a€ HOMY HOBI SIKOCTI:
0araroyHKI10HAJIBHICTh, P13KE IMiIBUIIEHHS MOTY>KHOCTI, CIIPOLIEHHS 1
MOJIETIIEHHS KepyBaHHs, (YHKI10HAIbHY THYYKICTh, MOKJIMBICTb 3/111ICHEHHS
caMOKaIiOpyBaHHS, MiJIBUILIEHY HAIIMHICTh 1 EKOHOMIYHICTHbMIHIATIOPHICTD
KOHCTPYKIIii, @ TAKOXX JTI03BOJISIE aBTOMATU3yBaTH CTATUYHY 00pOOKY
pe3yabTaTiB BUMIpPY. 3'IBIIIMCS IIJIKOM aBTOMAaTU30BaHi, IPOrpaMHO-KepOBaHi
MPWIAIHI, IO PAAUKAIBHO IMiIBUIIYIOTh MTPOYKTUBHICTH TIpaIli 1 1110
JTIO3BOJIAIOTH BUPIIIYBATH 3aj1aul, 110 paHillie B3araji He ctapuiucs. L1 npunaau
Ha3WBAIOTh “IHTENICKTyalbHUMHK . CaMe Ha TXHE CTBOPECHHS OPIEHTYIOTh

ChOTOAH1 MaitOyTHIX (axiBiiB Mpuiago0yayBaHHs [26].

YucnenHi 3aaa4i, po3B'sa3yBani 3a qonoMmorow MII cucrem, Ha
CHOTOHIIIHIN JIEHb YK€ BaXKKO MIIaI0ThCS TIepepaxyBaHHio. YacTo ix
M1IPO3IISIOTH TT0 BUSHAYEHUX KJlacax 3a/iady KepyBaHHS:

- IPOTPAMHO-JIOTIYHE KEPYBaHHS;
- ctabimizaiis ( OpieHTaIlisl, CIIOCTEPEKESHHS );
- BUBEJICHHS Ha PEXUM ( ONITHUMAJIbHE KEPYBAHHS CTaTHKOIO,

eKCTpeMaJIbHE KePyBaHHS, ONTUMAaJIbHA IBUIAKOIISN);
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- IPOTrpaMHEe KepyBaHHS,

- ajanTaris i T.1.

["'ooBHA 0cOOMMBICTE pOOOTH BOYIOBAHOI CUCTEMHU B OYb-IKOMY PEKUMI —
11e poboTa B peajlbHOMY 4Yaci 3 JKepeaaMu 1 puiiMadamu iHdopMmaiii,
npecTaBiIeHol B UG poBiid hopmi.

®yukiii [IEOM B po3po0:toBaibHOMY Hpuiiai

BOynoBana y npunag [IIEOM moske B3siTH Ha ceOe i psia QyHKIIH,
TaKHUX fIK:
- KEepyBaHHS PEKHUMOM BUMIPIB;
- MIJBUILEHHS TOYHOCTI BUMIDY;
- 00poOKa pe3ysbTaTiB BUMIPIB MO MPOTPaMi;
- cTalbui3allisg 4aCTOTH OUTTSI BUCOTOMIPA 3 YACTOTHOIO MOAYJISIIIEIO;
- CTaTU4YHa 00poOKa pe3yNbTaTiB BUMIPIB;
- iHTepdeiicHl GyHKIIT i 1H.

OCKIIBKH aeporpaBiMETPUYHUIN BHCOTOMIp MPAIIOE Y KOMILIEKC] 3 IHITUMHU
BUMIPIOBAJILHUMU IPUCTPOSIMU HA OOPTY JIiTaka, HEOOXITHO PO3TIISIHYTH
0CO0JIMBOCTI #OT0 MoegHaHHs 3 6opToBOrO [IEOM i BapiaHT 00CIyroByBaHHS 3a
npiopiteTamu.

VY SKOCTI IepCOHANIBHOT €JIEKTPOHHOT 00YNCITIOBAIEHOT MAITUHU
BUKOpUCTOBY€EThCA PC.

3riJiHO 3aBJIaHHA HA JUTUIOMHUM MTPOEKT Y PO3ALTL Oy pO3IIISIHYTO OJUH 3
MO>KJIMBHX BapiaHTIB YBOAY BUMIPIOBANIbHOT 1H(MOpMAaIlii 3a

JIOTIOMOTOI0 MikpokoHTposiepa STM32W108 .

Apk.

M/ 118 1m11.003.00.000.113

44

3mH. | Apk. Ne dokym. llidnuc | Aama




puznauenns STM32

Mixkpokontponepu STM32W108 tury «cucrema Ha kpucrani» (SoC) ,,
cTBOpeHui Ha 0a3i 32-po3psauuii sapo ARM Cortex-M3, mictuth BOy10BaHY
dbaemr-nam'sth (06csr 128 kbaiita) Ta O3V (006csr 8 k6aiT), 1 TAKOK B 3MO31
IpaloBaT 3 4acToToTOI0 6, 12 yn 24 MI'm. [linTpumka Habopy IHCTPYKIIiif
Thumb-2 3abe3neuye npekpacHy MIIBHICTh KOIY. MIKpOCXEeMHU BKIIOYAIOTh B
ceOe YOTUPH TAaKTOBUX F€HEPaTOpa 1 CUCTEMHU MEPEKITIOUEHHS MK HUMU Ha
BUIIAJIOK 3HUKHEHHS OJHIET 3 TAKTOBUX YaCTOT.

PaniouactoTHuit Moyb mpairoe 3a yactoti 2,4 I'T'iy mpu mBraKoCTi
oominy nanumu 0 500 k61t / ¢ Ta miarpumye ctangapt IEEE 802.15.4.
Amnapatuuit MAC-iaTepdeiic miaBuinye eKOHOMIYHICTD 1 MIBUAKICTb POOOTH
cucteMu. BuxigHa noTyXHICTh NepeaTuyruKa JopiBHIOE 3 1bMm (y 3BUYaliHOMY
pexuMi) 1 Moke OyTu mporpaMHo 30uibiiieHa 10 7 nbm. [Ipu HeoOxigHOCTI
OTPUMAaHHS 111e O1JIbIIIE PE3YIbTYI0UOT MOTYKHOCTI MOYJIMBO I IKITIOYUTH
30BHIIIHIKN BU-niacuntoBay. YyTiuBiCTh NpHiiMadya B HOPMAJIbHOMY PEKHUMI
cknanae -99 nbwm 1 koudirypyerncs 10 -100 1bm (ripu 1% moxuOKu 11040 MaKETIB,
po3mimieHns 20 6aitt). st miaBumieHHs 6e3neku nepeaadi JaHuX MATPUMYIOTh
mupyBaHHs 3a JOOMOTOI0 anapaty Kpunrorpadiudoro npuctporo AES128.

OcnogHi o6sacti Bukopuctanusa STM32W108 1e:

* OXOpOHHI CUCTEMH Ta CUCTEMH CUTHAJII3allii;
* [Ipuctpoi ynpaBiinHs OyIMHKaAMU Ta CIIOPY/IaMH;
* [HTeneKkTyanbH1 €HEPrOCUCTEMU;
* besnpoBiaHi gaTunku s cerent ZigBee Pro;
Cucrembl JOMAITHBOT aBTOMATUKH 1 YIIPaBIiHHS Ha puc.3.4 rmokasaHa CTpyKTypHa

cxema CTM32.
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Puc. 3.4. CtpykrypHa cxema STM32

Oco6uBocTi nodyaoBu i po6orun STM32
Ha6ip nepudepiitnnx moxynis STM32W108 Bkirouae B cede:

* 16-xananbHui 12-pazpsanuii AL,

* Kontpounep nocnigoBuoro inrepdeiicy USCI, mo mpairtoe B
pexxumax UART / SPI/ TWI;

* Tpu 16-pa3psanux taiimMepa, 12 kaHasniB MOPiBHSAHHA / 3axBaTa /
HINM;
* 24 xoHirypaiiHi JiHii BBOIy / BUBOJY 3arajbHOI0 Ha3BHU 3

tpurrepami llImiznra Ha BXozg;

* 'Hydkuit HACTPOIOBAaHUHN KOHTPOJIEP PO3MIIIEHHS BEKTOPHUX May3.
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Hanpyra >xuBneHHst MiKpocxeM cTaHOBUTH 2,1 ... 3,6 B 1

* 277 Ma-pexuM MpUHOMY;

* 31 MA- pexxuM 1epeadi (BUXiaHa MOTYKHICTb 31bM);

* V crani nocuienoro crnoxuBanug (O3VY ta perictpu GPIO B
pexumi cniokuBaHHs) - 400HA / 800 HA 3 BKIIOYCHUM / BUKITIOUCHUM
CUCTEMHUM TaMEPOM.

Mikpocxemu BUITyCKatOThCs B 48-BuBotHOMY Kopityci QFN, po3mipom 7x7
mMm. .[19]

Pagiouacrornmii (PY) moayan

Panmionpuiimau STM32W 108 BuKOHaHUH 32 CXEMOIO CYNEepreTepoauHHOIO
npuiiMaya 3 HI3bKOK0 npoMixHoi gactotoro (ITH). Moro apxitekrypa
ONTHUMIi30BaHa MiJ] CIIBICHYBaHHS 3 HIIMMH HNPUCTPOSIMHU, SIKI IPALIOIOThH B
niama3oHi yactoT 2,4 I'T'u (WIFI 1 Bluetooth) mpu HeBUCOKI# criokuBaHii
MOTY>KHOCTI.

PanionepenaBad BUKOPUCTOBYE €PEKTUBHY apXITEKTYPY, B SIKIM MOTIK
JaHUX 0e31ocepeIHbO MOTYJIIO€E 4acTOTy nepedynoByeTbess BU-reneparopa
(VCO). BOynoanwii mijgcummtoBad noty>kHocTi (PA) 3a6e3neuye HeoOX1HMIA
piBEHb BUXIJIHOTO curHainy. LludpoBa migcucrema ynpasisie TPaKTOM Mepeaayi
(Tx) 1 kamiObpyBaHHSIM BUX11HOT TOTY)HOCTI. [Ipu podoTi STM32W108 3
30BHIIIHIM MiICHIIOBa4YeM noTykHocTl (PA) ang ynpasniHHs 30BHIIIHIM BY
KoMyTaTopoM BUKOPUCTOBYIOThCS curHaim TX ACTIVE a6o nTX ACTIVE.

Boynosanuit VCO Ha yactoty 4,8 I'T'11 1 meTyieBuit GiabTp MIHIMIZYIOTh
KUIBKICTh 30BHIIIHIX KOMIOHEHTIB. JlJi1 poOOTH BHYTPILIHBOI CUCTEMH (ha30BOTO
aBTomiacTporoBaHHs yactoTu (PLL) HeoOXimHMIA TITEKU KBAPIIOBUH PE30HATOP HA
yactoty 24 MI 1.

VY pexumax npuitomy (Rx) 1 nepenaui (Tx) iHTepdeiic noctymny 10
cepenoBuiia (MAC) mns 306epiraHHst TaKeTiB BUKOPUCTOBYE BHYTPimHIO RAM.
Monyns MAC 3a0e3neuye anapaTHy (UIbTpAIiO MAKETIB BIAMNOBIIHO 10

cnerudikaiii IEEE 802.15.4. Bin KOHTpOJI0€ TOYHE TOTPUMAHHS YaCOBUX
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XapaKTEPUCTUK MPOTOKOITY, 3SMEHITYIOYH MOMUJIKM CUHXPOHI3a1lli, 00yMOBJIEH1
IPOrpaMHUM CTEKOM, 1 TAMYACOBI BUTPATH Ha peaizallito MpoTOKOIy nepenadi
JaHuX, 1 3a0e3neuye cuuxponizariito st anroputMy [EEE 802.15.4 CSMA-CA.

[udposa yacTuHa npuiiMaya BUKOPUCTOBYE CHHXPOHHUM JETEKTOP, 1100
reHepyBaTH CUMBOJH J1s anapaTHoro 6110ky MAC. Kpim Toro, nuudposuit
npuiiMad MiCTUTh TIAPOTPaMH KajaiOpyBaHHS aHAJIOTOBOT YaCTHUHU 1 YIIPaBJI1HHS
KOe(IIiEHTOM MOCUJICHHS B YChOMY TpaKTi npuiiomy. .[19]

BoOynoBana nmam'saiTh

Flash-mam'ste STM32W108 ckinanaerses 3 128 kOaliT OCHOBHUI ITaM'saTi,
2048 OaiiT cucteMHo1 obxacTi Ta 512 OaiT A 30epiraHHs TpU3HAYEHUX IS
KOpHUCTyBada KoHCTaHT. ['apanTtyerbes 1o 1000 mukiiiB 3anucy / CTUpaHHs pU
yacy 30epiranus iH(opmanii moHaa 100 pokis.

[IporpamyBanns flash-nam'sti MoxxHa 3411CHUTH 200 Yepe3 iHTepdeiic
Serial Wire / JTAG 3a 101moMororo cepBiCHOI YTUJIITH, 3aCHOBAHOI Ha KO, 1110
po3mitnyeTbest B RAM, abo 3a 101MOMOror0 mo4aTKOBOrO 3aBaHTaKyBaya 3a
JIOTIOMOT'OI0 CTIEI1aIbHOTO MPOTPAMHOTO 3a0€3MeUeHHS /ISl 3aBAaHTAKECHHS «HA
JHOTY» a00 JJIsI MOCIIIIOBHOI 3aBaHTaXKeHHs. HalmpocTimmii mociioBHUM
3aBaHTa)XyBau MporpamyeTrbes sk yacTuHa FIB mpu BUpOOHUIITBI MIKPOCXEMHU.

O6nacTpk cTaTuyHOI TaM'siTi 3 1oBUTBHUM AoctyrioM (RAM) STM32W108
Mae o0car 8 k6ait. Xoua sinpo ARM® Cortex-M3 3a6e3neuye nod61TOBUI 10CTyN
70 111€1 00J1acTi mam'sTi, CTaHaapTHA KOHGITYpaIlis MOAYJIsl 3aXUCTY MaM'siTi
(MPU) He 103BoJIsIE BUKOPUCTOBYBATH 1110 (yHKIIiF0. .[19]

TaxkToBi reneparopu

o cxknany STM32W108 BX0ATh YOTUPU TAKTOBUX I'€HEpaToOpa:

Bucokouacrotauii BuyTpimHii RC-reneparop (OSCHF), sikuit
BUKOPHCTOBYETHCS SIK CHCTEMHHH JKEPEIIO TAKTOBOI YaCTOTH (32 3aMOBYYBAHHSIM)
IIpY MOJja41 HanpyTH xapuyBanHs. HoMiHanpHa 9acToTa MICIs CHCTEMHOTO
CKHMJIaHHS CTaHOBUTH 12 MI'11. BuibiIicTh IPOBIHIIIN, BUKIIOYAIOYU Paa10-MO1YIIb,

Moske moBHO(DyHKIIoHaBbHO TpaitoBaty Bim OSCHF. Ockinbku kKpok 9acToTu
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OSCHF cranoButs 0,5 MI'11, a 17151 #ioro kaniOpyBaHHsI BAKOPUCTOBYeThCs BU
KBapIOBHUIl pe30HaTOp, TOuHICTh ycTaHOBKU YacToTd OSCHF cranosuts + 250
k['11 = 40 ppm, 110 MOK€ BUSBUTHCS HEJIOCTATHIM JiJi1 HOpMajbHO1 podotn UART
1 AL

Bucokouacrotauii kBapuoBuit reneparop (OSC24M), anst po6OTH SIKOTO
MOTPiOHE 30BHINIHE pe30HATOp Ha yacToTy 24 MI'11 3 TounicTiO + 40 ppm. 3
METOI0 MiHIMI3allii CTIOKUBAHOT TOTYKHOCT1 KBapIIOBUI TEHEPATOP Ma€
porpamMoBaHy cxemy 3MmilieHHs. Bes nepudepis, BKIIIO4arou pagioMo1yib,
MOe TTOBHO(DYHKITIOHATIBHO TpaiitoBaty Bijg OSC24M. [lpu Buxoi 3 naxy
KBapILIOBOI'O pe30HaTopa Ha yacToTy 24 MI'11 MexaH13M anapaTHOi 3aXUCTy
3Mmyllye cucrteMmy nepeitu Ha3zan 1o BY RC-reneparopa, sik 10 TOJOBHOTO
JUKEpelia TAKTOBO1 YaCTOTH, 1 B KOHTPOJIEP NEPEPUBAHb HAIXOIUTh
HeMackupyemoe nepepuBanHs. s HopmansHOi podoTu npukiaane 110 mae
PO3pI3HATH JKepena cuaxpoHizanii: nepudepii - OSCHF a6o OSC24M, ockinbku
TaKTOBI YaCTOTH B KO)KHOMY BHUIIJIKy MOXYTb BIIPI3HATHUCS.

Husbkouactothuii BHyTpimHiil RC-renepaTop (OSCRC) BukoHye QyHKIIIIO
BHYTPIIIHBOTO JXKEpesia MITOK yacy. HoMiHanpHa 9acToTa micis BUXOY 3
CUCTEMHOI CKUJaHHs cTaHOBUTH 10 kI'11 1 KamuOpyeTcss mporpaMHUM
3abe3neuennsM Big ST. Ilicns nactpoitku OSCRC na wactory 10 k'
KaJiOpyeTcs 1poOoBUil NUIBHUK HA N, 1100 OTpUMATH 3pa3KOBUM TAKTOBUIA
curHas CLK1K 3 gactororo 1 kI'm. .[19]

IlepepuBanus

VY cucremy nepepuBanb STM32W108 BXoa4Th:

CrannmapTHUI KOHTPOJIEp BKJIaJAeHNX BekTopHUX nepepuBanb (NVIC) sapa
ARM® Cortex-M3, skuii 3a6e3neuye 00poOKy nepepruBaHb BEPXHbOTO PIBHS;

Hucnieruep noaiit (EM), sixuii 3a06e3nedye 00poOKy nepepuBaHb APyroro
piBHSI.

Moayni NVIC 1 EM yTBOpIOIOTh HAHIIPOCTIITY 1€pAPXIUHY CTPYKTYPY IS

o0poOku nmepepuBanb. Bei mepepuBanns npyroro piBHs Big EM nepenatotbest Ha
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BepxHii piBeHb niepepuBanb B NVIC. Taka nBopiBHEBa iepapXisi J03BOJISIE
3I1ACHIOBATH SIK MIPEIM3iiHE YIPaBIIHHA JDKEpEIaMu MepepuBanb, Tak 1 rpyoe
yIpaBIiHHS BciMa nepudepitHUMU MPUCTPOSMHU, JO3BOJISIIOYH [IUM IPUCTPOSIM
MaTH BJIACHI BEKTOPH NEPEPUBAHbD.

[IpiopuTeT 611BIIOCTI TEPEPUBAHb MOKHA 33/IaBaTH MPOTPAMHHUM LUISIXOM.
Bunsitku Reset, NMI 1 Hard Fault B 3a3HaueHOMy HOPSIIKY 3aBXKIH MalOTh
HAWBUIIMIA IPIOPUTET 1 HE KOHPUTYPUPYIOTCS TporpamMHo. J[Jist BCIX 1HIINX
BUHSTKIB MOXHA IPU3HAYUTH TMSATIPA3PSIAHUN HOMEP MPIOPUTETY, TP LIOMY
HIDKYOTO 3HAYCHHSIM BIANOBIIa€ BUIIUKM MPI1OopUTET. SKIO AEsKI MalOTh
OJIHaKOBHI MporpaMHO-KOH(piryposanuii piopuret, To NVIC BUKOpUCTOBYE
MPIOPUTETH, 3a]]aH1 arlapaTHO 1 301ral0ThCs 3 TOJIOKEHHSIM BUKITFOUSHHS B TaOJIHUIII
BUHSITKIB.

Hanpuxknan, sikio onHoyacHo BuaroThes 3anutu Big IRQA 1 IRQB, 1 Bonu
MaroTh OJTHAKOBH, 3a1aHuii mporpamuo npioputeT, To NVIC 06pobisie IRQA
NEePIINM, OCKUTBKHM BIH Ma€ OUTbII BUCOKUM anapaTHuil npioputeT HiK [RQB .

[lepepuBaHHsIMU BEpXHBOTO PIBHS yNpaBIstOTh N'sTh perictpiB NVIC sapa
ARM® Cortex-M3: INT_CFGSET, INT_CFGCLR, INT_PENDSET,

INT _PENDCLR i INT_ACTIVE. 3anuc «0» B Oyab-sikuii 01T Oyb-SKOTO 3 IIUX
I'ITU PETICTPIB HE MPU3BOIUTH Hi 70 akuX Mii. 3amuc «1» B 0it INT CFGSET
no3Bousie, a 3anuc «1» B 01T INT _CFGCLR 3a00poHse nepeprBaHHs BEPXHBOTO
piBHs. 3anuc «1» B 6it INT PENDSET 3amyckae, a 3anuc «1» B 61T

INT PENDCLR ouumiae nepepuBants Bepxaboro piBas. INT ACTIVE ne moxe
OyTH MOAM(IKOBAHUI 1 BAKOPUCTOBYETHCS ISl BKa31BKM aKTUBHOIO MEPEPUBAHHS.

[lepepuBanHs MO>KHA MIOCTABUTH B YEPTY 1 OUMCTUTHU B OyIb-SIKUH Yac, aje
HISIKE TIEpEPUBAHHS 3 UepTrH He Oyjie 00poOJIeHO A0 TUX Mip, TOKU HE Oye
BcTaHoBJIeHa BianoBigHa Macka (B perictpi INT CFGSET), sika no3Bouisie
npoxopkeHHs nepepuBanHs. ko BcranosieHo 0iT INT CFGSET i BianoBigawmii

oiT INT _PENDSET, To nepepuBaHHs NOMMUPUTHCS 1 Oyae 00pobsieHo. SAkiio 61T
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INT CFGSET 0yae BcranosiieHo miciist 6ita INT PENDSET, To nepepuBanss
TaKOX MOIHUPUTHCS 1 0y1e 00pobIIeHO.

3a neranpHoto 1Hpopmartieto po BUHATKA NVIC 1 Cortex-M3 moskHa
3BepHyTHUCA 10 TOKyMeHTiB K ARM® Cortex-M3 Technical Reference Manual» 1
«ARM ARMv7-M Architecture Reference Manualy. .[19]

JAucneryep moaii

VY TOM Yac K cTaHAAPTHUN KOHTPOJIEP BKIAJACHUX BEKTOPHUX IIEPEPUBAHD
anpa ARM® Cortex-M3 3a6e3neuye 06pooky nepepuBanb B CPU, qucneruep
noiii 3a0e3nedye 0OpoOKy MepepuBaHb IPyroro piBHsA. Y qUcIeT4ep Moii
HAJXOJUTh BEIUKA KUIbKICTh PI3HOMAHITHUX anapaTHUX NIEPEPUBAHb Bij
nepudepii, sSKi MOTIM NEPETBOPIOIOTHCS B HEBENIUKY Ipymy nepepuBanb B NVIC.
Bci nepepuBanHs 1pyroro piBHS BiJ mepuQepiiHIX TPUCTPOIB 00'€HYIOTHCS 10
«ABO» B onne nepepuBanns B NVIC. .[19]

Hepudepiiini moxy.ti

KonTtponep nocninosuoro intepdeiicy SCI. BOynoBanuii koHTpoJiep
MOCJIIIOBHOTO 1HTepdeiicy Mae nBa kaHanmu oominy nanumu SC1 1 SC2. Kanan
SC1 mosxHa koH(pIrypyBatu ajst onepaitiii SPI (rosioBHUIA a00 MIAMOPSIKOBAHUI),
TWI (tinbku Benyunii) abo UART, a kanan SC2 - nns onepauiit SPI abo TWI.

Anagnoro-undposuii nepersoprosau (ALII)

AL STM32WI108 € nenpra-curmMa nepeTBOPIOBAYEM TMEPIIOTO HOPSIAKY 3
HACTYITHUMU MOKJIUBOCTSMH:

Jlo3Bia go 12 6iT;

Yac nepetBopenns 5,33 mkc (188 kI');

HudepeniiaabHe Ta aCUMETPUYHE TIEPETBOPEHHS B1Jl IECTH 30BHIMIHIX 1
YOTUPHOX BHYTPIIIHIX JKEPEIT;

JIBa giana3zoHy BX1JHOT HApyrH (B AU(epeHIaIbHOMY PEXUMI): BIJI -
VREF no + VREF i Bin -VDD PADS no + VDD_PADS;

Bubip BHyTpilIHbOro a00 30BHIIIHBOTO JKepena onopHoro Hanpyru VREF:

BHyTpiHiT VREF (Moxe OyTu JOCTymHMIA U1 30BHIIIHBOT CXEMHU);
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[udpora miacTporoBaHHS HANPYTH 3CYBY 1 Koe]illl€eHTa MOCUIICHHS;

CremianmizoBanuit kanan DMA 3 pexxumMamMu 0THOPa30BOTO abo
Oe3mepepBHOTO MEPETBOPEHHS 1 3alIUCOM PE3yJIbTaTiB BUMIPIOBAHHS
oesnocepenubo B RAM, munaroun CPU.

Ockinpku Monysb AL migTpumMye poOoTy, IK B HECCUMETPUYHOMY, TakK 1 B
nudepeHIiaIbHOMY PEXUMI, HOro BXOAM 3aBXKIU MPALIOIOThH B
nudepeniianrbHoMy pexumi. HecumeTpuune nepeTBOPEHHsI BAKOHYETHCS IPU
MIJKJIF0YEHHI OHOTO 3 TudepeHItiaaibHuX BXOAIB 10 Jkepena 3 Hanpyrow VREF /
2, B TOM 4Yac sIK MOBHICTIO Ju(epeHItiaabHi ornepallii BAKOPHCTOBYIOTh 00H/IBa
BxoJu. .[19]

Taiimepu

Ha monaTox no nBox TariMepam 3arainpHoro npusHadeHHs STM32W108
MICTUTB: CTOPOXKOBUH TaliMep JIJIsl 3aXUCTY MPOTrpaMHOTO 3a0e3MeueHHs B1j 300iB 1
synuHku CPU; 32-po3psiquuit Taitmep pexxumMy O4iKyBaHHs, BAKOPUCTOBYBAaHUIMA
JUTs1 30€piraHHs CUCTEMHOIO Yacy 1 BUBEJEHHS MIKPOIPOLIiecopa 3 CIUISIY0Tro
pexXUMY Uepe3 3a/laHuii MPOMIXKOK Yacy, 1 CTAaHIapTHUN TakMep CUCTEMHUX MOI1H
ARM® B koHTpOJIEp] TIEpEPUBAHD.

[:kepesia ;KuBJICHHA

STM32W108 MICTUTh TPU CUCTEMU JKEPE KUBJICHHS. 3aBXKIU BKIFOUCHUN
BHCOKOBOJIbTHUH JIKepeno xuBJIeHHs 3a0e3neuye poooty GPIO 1
GyHKIIOHYBaHHS KPUTUYHUX OJIOKIB MiKpocxeMu. Perita 0J10Kku MiKpocxeMu
JKUBJISITHCS BiJl HU3bKOBOJIBTHUX CTa01113aTopiB. HU3bKOBOIBTHI JKEpena
YKUBJICHHSI MOYKHA BiJIKJTFOUUTH TP TIEPEXOIi B CIUITYUI PEXKHUM, 10 JOJATKOBO
3MEHIIy€ €HeProCOKMBaHHs. BHyTpiiHi cTabinizaTopu 3a0€3Me4yoTh
OTpUMaHHA Hanpyr xuBjeHHs 1,25 B 1 1,8 B 3 Heperyiab0BaHOro Hanpyru
KUBJIIEHHS MiKpocxemu. Buxiza cradunizaropa Hanpyru 1,8 B mae 30BHIIIHIN
GITBTP 1 MOXKE BUKOPUCTOBYBATHUCS 30BHINIHIMHA aHAJIOTOBUMH O10kamu, RAM 1
flash-nam'sttro. Buxin cradinizaropa vanpyru 1,25 B Mae 30BHinmHiNi GUIBTP 1

BUKOPUCTOBYETHCS JIJIS1 KUBJICHHS Ipa MIKPOTIPOIECopa.
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Pe:KuMH 3HMKEHOT0 eHeProCnoKUBAHHS
STM32W108 mae HaHU3BKUM CHIOKUBAHHSIM €HEPrii B pexXuMi IITUO0KOT0O
CHY 3 MOXKJIMBICTIO BUOODPY criocoOy TakTupoBaHusi. Taiimep BUXOAY 31 CTaHy
O€3IIsNIPHOCTI MOYKHA TaKTIpOBaTh a00 BiJI 30BHIIIHHOTO KBApIIOBOTO pE30HATOPA
Ha yacTtoTy 32,768 kl'11, abo Bix curHaimy 9actotoro 1 k1, oTpuMaHOTro MiIeHHSIM
gactoTH 10 kI'11 Big BHYTpimHLOT0 RC-reneparopa. s pexxumMy 3 HaMEHIITUM
CHEPTrOCTIOKUBAHHSIM BCE TAKTOBI T€HEPATOPH MOKHA BUMKHYTH, TOMY IIIO
MiIKpocxema OyJie TPOKUIATUCS TUTHKH 30BHIMIHIMY TToAisiMU 3 BUCHOBKIB GPIO.
STM32W108 BoJio/11€ MIBUIKUM YacoM IpoOykeHHs (Trurose 3HaueHHs - 100
MKC) 31 CTaHy INIMOOKO1 CHY O MOMEHTY BUKOHAHHS nepioi iHCTpyKuii ARM®
Cortex-M3.[19]
3po0rMO BUCHOBKH 10 IAHOT0 PO3ALIY:
3acrocyBanns MIIC B aeporpaBiMeTpuaHOMY BHCOTOMIPI JO3BOJIHTH:
o 3amam'siTOByBaTH B IIaM'sIT1 TPYIy JIAaHUX 1 pOOUTH CTaTUUHY
00poOKy pe3ybTaTiB BUMIPIB,;
o MIJKJIF0YaTH JO BUMIPIOBAJILHOT CUCTEMH Nepudepiiini
npucTpoi  ( HampuKIAI, APYyKYyHoUl );

o MIIBUIIUTH TPOIYKTUBHICTH 1 aBTOMATHU3yBaTH MPOIEAYPY

00po0OKH;

o 30UTBIIUTH KUTBKICTh QYHKIIIH, BAKOHYBAHUX BUMIPIOBAJILHOIO
CUCTEMOIO;

o M1JBUILIUTH TOYHICTh BUMIPY
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4. AHAJII3 CTATUYHOI TA TJUHAMIYHOI TOYHOCTI BUCOTOMIPA

4.1. CtaTnyHa XapaKkTepUCTHKA BUCOTOMipa

{06 mochiauT XapakTepUCTUKY NPUIIaAy B CTATUIIl BI3bMEMO ISl IOYATKY

CTPYKTYPHY CXeMY MPUCTPOIO sika 300paskeHa Ha puc.4.1

H P W e @

L U
5 |

Puc. 4.1. CTpyKTYpHa cXeMa IIpHIaIy

¥

— 1

1-yMOBHa NTaHKa, O BigoOpakye MeTOoI BHMIpY i IepeTBopye BHcOTY h v
TICK P;
2-NpV:KHHIT eleMeHT, M0 TMepeTBOPATh TICK Py IepeMilleHHA ©
(aHepoinHas KOpoOKa);
3-mepe1aTovHO-MHOKYBATIBHIII MeXaHi3M, 110 MepeTBOPIOE MepeMillleHHA M
V KYT IIOBOPOTY CTPIIKH & ;

4-pelyKTop;
5-IOTeHIlioMeTp, IO NepeTBOpYe KyTOBe NepeMillleHHd o Y HampyTy U.

[IpoBeneMo orisaL KOKHOI 3 JIAHOK .

XapaKTepIHCTIIKA IepIIol TAHKI Ma€ B
1
/ =

_ '1_‘1'-'
P= | T,

T

(4.1)

H — BHcora;

p— atMocdepHHIT THCK Ha BHCOTI h;
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To- TemnepaTypa MoBiTpsi Ha BUCOTI HaJl pIBHEM MOPSI , I PO3PaXyHKIB

npuiimaemo To=288K [9];
R- yHiBepcanbHa rasopa ctaia , R=29.27 m/rpan.

XapakTepICTIKA IPYTOl JTaHKI MAae BIIJ

(e .
of =arcsmn | — +sm gy |
L a /

(4.2)

Iie ¢ - IOTOYHHII KYT BUIXIUIEHHS KPHBOIIIIIIA;

(g —[I09ATKOBHII KyT BLIXIUIEHHA KPHBOIIIIIIA;

a — IIeY0 KPHBOIIIIIIA;
 — MepeMillleHHA BepXHBOT0 KOPCTKOTO LeHTPY aHepoia.

XapakTepuCcTHUKa YETBEPTOI JJAaHKHU
(4.3)

p="-la—a)

L R
() —

1€ @ — KyT 00epOoTy MOKKUMKA,;
Z1 -4MCJIO I0JJaTKOBH 3YOIIIB |
Zp- 4YMCIIO 3yOIliB TPYOKH.

XapakTepucTrKa I’ ITO1 JIAHKUA Ma€ BUA[S]:

U=k-o, (4.4)

ne U — Hanpyra BUX0y KOHBEPTOPA,

K — xoeditieHT mponopiiiHOCTI.
Tak sk 1IKana npuiaay y Hac JiHiiHa TO A7 IPUCTPOIO OyJie mpaloBaT

Ne dokym. [lignuc | Aama

3aJIEKHICTD :
$=S"-HiU=k-S"H, (4.5)
1e S —3aj1aHa IYTINBICTE IPIUIALY.
e Cy — Koe(ilieHT TBepI0CTi aHepoLIHOTo OI0KY.
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BukopucToByo4H BUILETIPUBEACHI (DOPMYIIH PO3PAXOBYEMO BIIACTUBOCTI

aHepoigHux kopoobok.IlapameTpu st po3paxyHka OyJio B3sITO HACTYIIHI:

qyTIUBICTB NpucTporo ¢=0.32 rpaa/m, MaKCUMaJIbHE BIAXHIICHHS CTPLIH

Pmax=330° MaxcumanbHa BucoTa BUMiproBaHHA Hiax=3000M, MakcMMabHe

. . . -3
3MIIIEHHS YKPIMJICHOI CePEeIMHU “max =3MM; TIeUe KpuBoIHma a=6-10 "~ m,

BiJTHOIIICHHS YHCIIa 3yOI[iB 3y04aToro ceKTopa 70 3yOIliB mecTepHi

Zio10

Zy

) e 1Y
IIOYAaTKOBMI KyT HAXMJIy KpUBoImma % =9,

OTtpumani 1aHi 0yJio 3aHECEHO B Ta0uULo 4.1.

3MH.
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PozpaxyHEKH XapakTepHCTHE AHEPOITHOTO OIOKY

Tabmung 4.1.

Brcota, | Atmocdeprmi tacy P 3niHa THCKY, Tepemimerna Kyt moso-
B AP Tla HOPCTEOTO LEHTPY poTy
MM.PT.CT IIa Amepoin- | Ogeiei CTPATEH
HOTO MeMOpaHH | mprmamy
amoxy, 107
10-3
0 760 101325 000 000 0000 0
50 7555 100725 600 0.165 0.028 16
100 751 100125 1200 0.329 0.055 32
150 746.5 99525 1300 0.4593 0.082 48
200 742 58925 2400 0.655 0.109 &4
250 7375 98325 3000 0.816 0.138 80
300 7335 97791 3534 0.975 0.162 56
350 729 97192 4133 1.133 0.189 112
400 7245 496552 4733 1.250 0.215 128
450 7205 96059 5266 1.444 0241 128
500 716 895455 5866 1.597 0.266 144
550 T11.5 -94858 6467 1.748 0.291 160
600 7075 594325 7000 1.897 0.316 176
650 703 93125 7600 2.043 0.341 192
700 699 93192 8133 2.187 0.365 208
750 695 92659 86606 2.329 0.388 224
800 690.5 52059915 | 9266 2.469 0.412 240
850 686.4 16 5809 2.605 0.434 258
500 687.2 50964 10361 2.735 0.456 272
1000 674.1 50414 10911 2.870 0.478 288
304

3MH.
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4.2. AHaJIi3 CTATUYHOI TOYHOCTI MPUJIATY

4.2.1. AuaJji3z MeTOIMYHUX MOXUOOK

HeTouHoCTi METOIMYIHOTO TJIaHY CIIPUYHHSIIOTHCS HEOTHOPIAHICTIO penbeda ,
nepenajaamMu THCKY Ta TEMITepaTypH.
Po3paxyemo moxuOKy Biji HEOAHOPITHOCTI MTOBEPXHI 3EMJI:

AH, =H —H,,

A W

ne H, — BicoTa Miclg Haz piBHEM MOpH;

Hjy — BlIcoTa Haj piBHEM MOPA BiTHOCHO AKOI BICOTOMIp Ja€ MOKa3aHHA.

Hertounicts AH; BHpaxoBYIOTh 32 JOMOMOI'OO CHEliabHUI reokapT . s
BIJIOMUX MapIIpyTiB Taka MOXHUOKa Oy/le aBTOMAaTUYHO HIBEJIbOBAaHA 3 PAXYHOK
MIKporpolecopa 3 BiAnoBigHuM 10, K10 K KapT HeMa TO J0BEIEThCS
BUKOPHCTOBYBATH KOPEKIIIIO Yepe3 KpemMabepy.

4.2.2 TemnepatypHi noxudku

[ToxnOKuM MOBsI3aHi 3 TEMIIEPATypOIO0 BUHUKAIOTH KOJIHM MPUJIA]] TIOTPAILIsE B
TEMIIEpaTypHU PEXKHUM SIKUW BIIIMIHHHUI BiH TOTO B IKOMY BiH OYB IrpajyiOBaHUM.

OCHOBHI TPUYUHU MOXUOOK TEMIIEPATYPHOTO IJIAHY €:
-JIiHIMAHA qedopMaliis AeTaneil npuiany;
-Henoctitinicts Mmoayis FOHra mist matepiany.
3a3maneriip MPOAYMaBIIH 1€ MOMEHT JIJIsl BATOTOBIICHHS TSTH 11O TIOETHYE
YYTJIUBUMN €JIEMEHT 1 MepeIaTOYHUN MeXaHi3M OyJI0O BUKOPUCTAHO MaTepia 1110
Ma€ MaIuil KOeQIIl€HT PO3IMIMUPEHHS TOMY IIbOIO MIOXUOKOK MOKHA HEXTYBaTH.

B Toii camuii yac moxuOKy 1110 BUHMMKAE Yepe3 HEMOCTIHHICTh Moy FOHra

MO’KHa KOMIICHCYBATH 3a paxyHOK KoMrieHcaTopiB Nel ta No2
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4.2.3. IloxuOka cnpuYuHeHi HeIOCKOHAJIICTIO aHepoiaa

[Toxubka 1110 Ma€ B CBOil OCHOBI HEIOCKOHANIICTh aHEPOia MPEACTABIAETHCS

riCTepPE3NCOM Ta MPYKHBOIO 1HEPIIHHICTIO KOPOOOK.

[Ipu iboMy TOXHOKa sika BUHUKA€E BHACTIOK TICTEPE3UCY 1 NMPYKHIN

1HepIiHOCTI Moke OyTu 3BeAeHa 10 0,05% mpu sKicHI TepMOoOpOOTTi.

TakuM YMHOM 3arajibHa MOXUOKa BiJ] HEJOCKOHAJIOCTI aHepoiie He Oyie

nepeBuIyBaTH 1M npu BUcoTi monboTy 3000m

4.2.4 TloxuOKa Bijl eJIEKTPUYHOI'0 NepeTBOPIOBAaYA

HeTouHicTh cippuynHEHa EPETBOPIOBAYEM II€ CYKYITHICTb 3 IBYX YaCTHH:

[ToxnOku nepeBanTaxeHHs sika Ha BUcoTi 3000M BUIachTh 2 M Ta

IToxnbOxa BiI[ CICKTPUYHOI'O IICPCTBOPIOBAYA CKIAOA€THCA 3 IBOX I[O,ZIaHKiBl

MOXUOKH BiJ HaBaHTaKEeHHS, 110 1715t BUcoTH 3000 M 1acTh 2 M 1 BUTIAJIKOBY

noxuoky — 0.6 m.

Pa3zom Taka noxu6xka 6ynae ,6 M st 3000M BucoTH.

B tabnuii 4.2 npoBeaeHO NOPIBHSUIBHUM aHall3 MOXUOOK B CTATHYHOMY PEXKUMI

AHATIZ cTATHIHIIX IOXHO0K

Taomma 4.2.

+
N ITpiramHI DopMVIH UicenbHe MeTommm  3MeHINeHHA
TOXII00K BIIZHAYEHHA 3HAYeHHA TOXIIO0K
oX1I00K
1] 2 3 4 5
1| 3minennsa AH,=H,—H, 3aIekKITh Bim| 1. Kopextiia IIo
pHILEdY penpedy reorpadita-
MicIeBOCTI MiCIeBOCTI, HIIM KapTam.
TIOBHICTHO 2. Kopeklia o JaHIM
KOMIIRHCYETE-CA | IpO
THCK Ha 3eMIi
OTPHUMAHITX IO PAIio
2| 3miHa AH,=R-T, 3anesKITs BLI 3a momoMo-
TOYAaTKOBOTO 3MIHH THCKY | TOO [IPIICT-
THCKY HAa 3eMiIi TIOBHICTIO KOM poro Kpe-
-IIeHCYVEThCA Maa’epil
I
Apk.
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IIpotoBxeHHA Tadl. 4.2

-

4

N

3MIHEHHA ce-
penbol TeMIle-
paTypH BO3IyXa

3aleKITE  BiJ
BIICOTII 1
3MiHeHHA
TeMIepaTypil.
KoMIIeHCYETE-
cA

BuMiproeThCa
TeMIlepaTypa
Ha Bucoti H,
o pazio
nepelaloThes
IIaHi TeMIIEpa-
TYpH Y IIOBep-
XHI 3emui;
MIOTIPABKA
BII3HAYAEMO
10 aepOHaBI-
ramiiiaiii mi-
HifKI

IIIxamoBi
TOXIIOKI

IIpeneOpiraem
0

Touna
PO3IIXOBKA
IIKAIL;
VBaKHHIT
TOYHHIT
MIOKAa3aHb

Ta
3BIT

Tepta

0.64M

301IBIIeHHEA
e eKTHBHOL
ILIOII] aHe-
poiza;
3MEHIIEHH
TepT4 y Mil-
IIHITHIKAX

HeBpiBHOBaKeHI
netaneil

CThk
IepeIaToIHo-

MHOXKYBAIIBHOTO

MeXaHi3My

3aleKITE  Bill
TIPHCKOPEHH

Touna
DanaHCcipoBKa
PVXIIHBILX
neTaneil

3MH.

Apk.
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[TpomoexeHnd Ta0T 4.2,

1 |2 3 4 5
7 | 3miHeHHd mMHIH | - IIpenedpirae- | IlepegaTodHO-
-HHX  pO3MIpIB MO MHOKYEAIb-
IeTAIeH Mg HHIA MeXaH13M
BILTHEOM 1a UE 3 MaTe-
TeMIIepaTypH plamry Koedi-
thireHTH M-
HIHHOTO pO3-
LTHpeHHS
IKHX MAIo
BIOPI3HAIOTE-
ca
bl HenoreHa _ B, -11-203) 0.35M Toaaa
B1IKAYEKA 273- £ BIIKAYKA
aHepoina aHepoina
9 | BuMiproBaHHA AH;=Ai-R-w|T,—7-H| | 3anexute B | BUKOpHCTaH-
MOV TIPYK- TeMOepaTypH | HA KOMIIeH-
HOCT1 MaTepiana Ta BHCOTH caTopiB
aHepoina
10 | HemockoHaneH | BH3HaYaeTbed 0.15% Touma TepMo-
HY  YYTIHBOIO | eKCIepHMeHTATBHO 1.5m omd | 0OpoDKa aHe-
elIeMeHTa 1000m poima; TOYHE
0.75 gma 500M | BH3HA9EHHA
PO3paxyHKO-
BO{ XapakTe-
pHCcTHEHR YE
11 | TrodTH B ONIO- BH3HaUaeThCH KoMIeHCVIOTE | 3aCTOCYBAHHSE
pax, IIapHipax | eKCIepHMeHTATBHO ¢ Ha BHXOIHOI
Ta  3y04acCTHX EiCl BOTOCKA
napax
12 | ExeKTpHYIHHI - 0.26% IIigoipka
NIepeTBOPIOEAY 2.6M BIIOIIOBLTHHX
mg. 1000 MaTeplamiE Ta
1.3 m-900M pasMepiB
CymapHa MOXHOKA BHCOTOMIPA oes | 7.4 oog 1000m
BpaxyEBaHHA NOTeHIIOMeTpHIHero | 6.8M 14 500M
NepeTEOpIOBaYda

CymMapHa IMoXHOKa BHCOTOMIpa

10m gmoa 1000m

&M gmg 500m

3MH.

Apk.

Ne dokym. llidnuc

Aama
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4.3. AHaJIi3 IMHAMIYHOI TOYHOCTI PHJIATY

Jliig moyatky 3anuiieMo Au.piBHHHS HAIIOT CUCTEMH :

mx+Bx+CxxF,_ = fi1) (4.6)

Je m-Maca IIpHEeJeHa 0 FHOPCTROIO HEHTPY TYTIHEOTO £/1eMeHaT]

B-npeenenuii koedimenT geMibVEAHHT.

C-npuBenenH# KoedimieHT :&»:epcmncrij

Frep-TIpHBEIEHA CHIIA TEPTA

fit)-cHIa giroua Ha Oy TIHBHE eIeMeHT.

Jl11s po3paxyHKy 4acy NepexiHoro mpouecy moTpioHO 3HATU Macy , )KOPCTKICTh
Ta CHIIy TEPTS YyTIMBOrO enemMeHTa. Macy 10 kpyrieHoi ocHoBA UE BupaxoByemo

dbopmyIIoro :
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. (deY & (da)
m= | — ] +0 ] —| 47
;m_,l. o | Z‘ \da | (4.7)

AJe N0 — eIeMeHTapH4a Maca,

.:!‘L — BJIEMEeHTAPHANA MOMEHT 1HepIIi;

de - JIHIHe 3MIMeHHET TOYKH IpHBeIeHHY,

dm; - KVTOB TePeMIITEHHA TOUKH OPHEIATSHHT 1-1 CHIIH;

dp; - KVTOBe TIepeMIITeHHs TOUKH [IPHEIATSHHS |-T0 MOMEHTY;

da : -
T - HIOpelaTHEe BITHOIMEHHA % TOYKH ]I[EHEE,HE:HHH J0 TOYRM
i

TIPHETATEHHS 1-1 CHITH,

de ) . )
T_ npeddTHe BITHOIMEHHA E}ﬂ TOYEH HEHBE,HEE[ELH J0 TOUEH _]—FG
a

MOMEHTY.

[TpuHIMIIOBI Macu Ha SIKi Jli€ 1HepLisA —1e OJJOKM aHEepOiliB Ta MPOTUBAra sika

3aKOHOMIPHO Ma€ TaKy K Bary sik OJIOKH .
OpieHTOBAaHA Bara 00Ky aHepOiIHHX KOpPODOK
0,=0,, =18 -10"H.
Maca 6yne gopismiopars: e = M = 181077

OHOBHOIO IPUYHMHOKO 1HEpIIIT Oy/e 3y0YacTuii CEeKTOp , BiCh Ta BCE IO Ha Hil.

Bupaxyemo MOMEHT 1HepIIii 3y0uacToro cekropa:

J=me ‘T 4.8)

i=l

[I{o6 monermuT 06YMCIEHHS BI3bMEMO 3yO0UacTUil CEKTOP SIK IJIOCKY PIirypy a

TIPOTUBAry oMy SIK TOUEUHY Macy LIO pO3TAIOBHA Ha BimmajeHi =710,

J, . =823-10"ke- M’

Apk.
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JIy1st MoabIIoro CIIPOIIEHHS 00U CIIEHHS 1HEPITli TepeaaToyHol PyHKIT
MOA1IMMO BICh Ha TPU CKJIQJOBHUX: ITWJIIHIP,TIBLHEIIHAP a AeTajl 3 BicCl.

[Ipo10BXKY€EMO PO3PAXYHKHU 3 BPaXyBaHHSM MONEPEIHBOCKA3aHOTO:

J  =97-10"xe-m?

anu

Tomy 110 3y04acTHii CEKTOp PO3MIIIEHO HAa OCl MEXaH13MY, TO 3arajbHa
1HEepIIs

J o=J. +J _  =62.100+97-10° =9.2-10"xz- "

A R o.n .

MOMEHT 1HepIii CTPLUIKH

J =14-107ke-m*

[lepenaroyHa 3aJeXHICTh BICI CTPUIKHU Ta 3MIIIEHHS YKPITJIEHOI OCHOBH :

a Sl — - Ty 3 3
I-xal'l.'_'"?ﬂl{'f _.,_I_.(;I 1 . 10° 107 .
s _ - gy = ———— 11—?-11=.-:~9.4 pam/M.

do do chl _o " 605
d

[lepenaToyHa 3an€XHICTh YKPIIJIEHOTO HEHTPY Ta OBOOPOTY OCI

NepeIaTOYHOr0 MEXaHI3MY :

d - 7. .
! =—'-#= 3620
deo 7 a-Ccosd ]

[lepenaTouyHa 3aneXHICTh MK BCIIO MEPEAATOYHOTO MEXaHI3My Ta 3MILLIEHHS
YKPIIUIEHOTO IIEeHTpa:

= — 36207
deo a-cosa -

Apk.
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OcTaTouHO OpHBeJeHA Maca OyIe JOpPIBHIOBATH

m=18-107-1+92-107-362"+1.4-107"-3620 =6.7-10"" %z .
JXopcTKicTh 4yTJIMBOIO €1€MEHTA BU3HAUAETHCS

¢ _im, [AF)_&F
! =N Aw | do

JIy1st OOUHCIICHHSI IPEJICTABUMO XapaKTEPUCTUKY TIPY>KHOTO €JIEMEHTA 5K
JHIMHY a i1 )KOPCTKICTB OYJ1€ TOPIBHIOBATH Cwax=3* 103 M

_F, AP, 74-107°-11457
© 3-107°

max

= 2826.1H/ m

¥

IIpHBeneHa cHia TepTa: F,, =53-107H .
MarcHMAaTbHA CHIA J1F04a HAa YV TIHBHH eleMeHT

F=F, AP =74.10 -11457 =85H
YacToTa BIAcHHX KOITHEAHE

"1'7=JE= |' 2826 205
m 6.7-107°

F,_ 85
c 2826

30Ha 3aTyXaHHA

Aw, = =18-10"m

ApudpmeTruHa HETOYHICTh TaCUTh KOJMBaHHS nponopiiiHo 4* A GOy, 3a o1He

KOJIMBAHHSA .

[lepexinHuii mporiec 3racHe sIK TIAbKUA aMILUTITy1a KOJIMBAHS 3PIBHSAETHCA 3
30HOI0 3aTyXaHHS

TakuM YMHOM MaMIUTITY/a 32 KOJIMBaHHS 3MeHIyeThes Ha 4 *0,6=2,4%, oTxe
3arajbHa KIJIbKICTh KOJIMBAHHA CKIagaTuMe N=42

3Harouu 110 BJaCHA YacTOTa KOJUIMBaHHS npuiiany e k=205 , M pobumo

BHCHOBOK 110 Yac MEePEX1THOTO Mpoliecy oyme:

Apk.
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3a oMH 1epioJ] KONMBaHb aMILTITY Ay 3MeHmyemo Ha 4+ 0.6 =2.4% 1opnj

TIOBHE YKCIIO KOJMBaHb Oyzme " =42,

Tax sik yacTOTa MPUBATHUX KOJUBaHb Npuiany k=205, To yac nepexigHoro

npotiecy :

42
—— =0.2c.
o 205
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5. PO3POBKA CTAPTAII ITPOEKTY «AeporpaBiMmeTpu4HHii BUCOTOMIp»
5.1 Onmuc igei npoekTy

B nonepennix poszainax 0ysao 3po06sieHO MOPIBHIIBHUIN aHaJIi3 METOIIB
BUMIPIOBAHHS BHCOTH, PO3POOJICHO KOHCTPYKIIIIO BUCOTOMIPY, TPOBEICHO
PO3paxyHOK OCHOBHHMX €JIEMEHTIB KOHCTPYKIIIi , TPOBEACHO aHali3 HOTro
HAJIHHOCTI , pO3POO0JICHO CXeMa MOE€THAHHS 3 MIKPOIIPOIIECOPOM Ta MPOBEICHO
aHaJII3 CTATUYHHUX Ta JUHAMIYHUX MTOXHOOK.

B nmaHomy posmimi Oyne PO3IVIAHYTO  METOJ  yAOCKOHAJIEHHS
aeporpaBIMETPUYHOIO BUCOTOMIpPY, IO MOJSTae Y BUOOP1 MIKpOIIpolecopa ,ioro
HaJalITyBaHHS Ta ONTUMI3allil Mij MOoTpedu BUCOTOMIPY.

Inest mpoekTy nossirae B po3po0O1ii TOYHOTO 1 HAJIIHHOTO
aeporpaBiMETPUYHOrO BUCOTOMIpA , III0 YTOYHEHO HaBEJeHO B Tad. 5.1

VY tabnuii 5.1 300paxeHo 3MICT 1/1€1 Ta MOKJTMB1 0a30B1 MOTEHIIIITHI pUHKH, B

MeXax SIKUX MOTPIOHO IIYKaTH TPy NOTEHLIMHUX KIIIEHTIB.

Tabmuis 5.1.
Omnuc 17€e1 cTapTal mpoeKTy
3wmicrt igel Hanpsimku 3acTocyBaHHs Buronu ans kopuctyBava
ABianis Bucoka TouHIiCTh
reoaesisa
BucokoTounuii Bucoromip o
reo(l)i:z,pn(a HaI[lI/IHICTI)

OTxe, MPONOHYETHCS HOBUM MPUCTPIN AJi1 BUMIPIOBAHHS BUCOTU B 00J1acTI
3aCTOCYBaHHS I'paBiMETPIi, 1110 3a0€3MeUUTh BUCOKY TOUHICTh BUMIPIOBAHHS HABICTh
B MICIISIX 3 arPECUBHUM CEPEAOBHIIEM 3aBISIKH BHUCOKIN HAIIHHOCTI.

Mopddoaoriuna kapra
3a [0MOMOTOI0 BUKOPUCTaHHS MOP(QOJOTIYHUX KapT HEOOX1ITHO

3TeHepYBaTH 17€f0 CTBOPEHHS BUCOTOMIpY, SIKUM MIr O 3a0e3meunt MOTpiOHY

Apk.
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TOYHICTh BHUMIPIOBAaHHS BPAaXOBYIOUM Pi3HI (QakTopu Ta BOAHOYAC Oyau O

TEXHOJIOTIYHUM B TUTaH1 TabapuUTIB.

Busnauenns QyHKIii:

BumiproBaty BUCOTY 3 BUCOKOIO TOUHICTIO.

MaTu BUCOKY UyTIUBICTb.

Martu HeBeuKi rabapuTH 1 Bary.

CTifKiCTh MUy 10 HABKOJIHIIHIX 3aBajl

[lomanHs Ha KapTi IIMPOKOTO CHEKTpa €IEeMEHTApHUX pIlIeHb, TOOTO

albTEPHATUBHUX 3aC001B peaizallii KO)KHOI (PYyHKITIT.

Mopdgonociuna kapma

Tabnuys 5.1.1

OcHoBHI [TpomixHi pilieHHs
napameTpu 1-me 2-re 3-Te 4-te
Tun Aeporpasi | Pagiotexniu | GPS ["amma-nipoMeHeBHi
BUCOTOMIpa | METPUYHU | HUU
|
[apopmariitna | Kom6iaoB | Lludposuit | Mexaniuna | -
IIaHeIb aHUU
Bara o 0,5kr 0,5..1ke 1..2 ke o 0.2kr
HianazoH 1..1000m | 0,5..100m 100..10000m | 100..20000xr
BUMIPIOBaHHS
Kinac ToyHocT! | 3BMYaiiHM | CIIELIAJIBHUNA | BUCOKHH cepeaHin
i
BapricTb Bucoka Bucoxka, npunbaTHa | Huseka
MIPUMHATHA

OOpanHsi MO OJHOMY NPHIHATHOMY €JE€MEHTAPHOMY PillICHHIO AJIsi

KOKHOI (pyHKIII.

3MH.

Apk.
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TemMHUM 3aTeMHEHHSM TIOKa3aHO HAWOIIBII  ONTUMAJIBHY CHUCTEMY
XapaKTepUCTUK JJI1 BUCOTOMIPY . bumblml CBITAMM — 3amacHUA 1 JEmo
IHHOBAIIMHIIUN BapiaHT.

Bin nepenbavae BUKOPHUCTAHHS PaliOTEXHIYHUX BUCOTOMIPIB 3aMiCTh
OapOMETPUYHUX 1 MA€E MEHIIIMH J11alla30H BUMIPIOBAHHS 110 MO3UTHBHO BIUIMBAE Ha
TOYHICTb ,ajI€ TAKOTr'0 Jlana30Ha MO)Ke He BUCTaYaTH OUIBIIOCTI KIIIEHTIB.

OT1xe, 0OpaHa MHOIO KOMIUICKTALlisl TOBApY HaJliuye B co01
aeporpaBIMETPUYHUIN TUIT BUCOTOMIpa, KOMOIHOBaHy iH(OpMalliiiHy MaHelb, Bary
1o 0.5 kr, giana3on BuMmiproBanHs Bix 1M g0 1000M, cierianbHIM KJIacoM
TOYHOCTI 1 TPUHUHATHOIO I[IHOIO

IlepeBaru i1HHOBALIHOT pO3POOKU CUCTEMMU:

- 3MeHIIIeHHS Bard BUCOTOMIPA;
— 3abe3neueHns BUCOKOi TouHocTi (Kiac 1)

1. Tosap 3a 3a0ymom. BucoTomipu BUT1IHI JJIsl CLIOKUBAYa, OCKUIBKU 1X
TOYHICTh BUIIIA, HIXK HOr0 aHaioriB. BiH BUT1AHUM /151 TOBapOBUPOOHUKA. OCKITIBKA
co01BapTICTb HMOro BUTOTOBJIEHHSA Oynae Jenio OUIbIIOK, HDK I[IHA 3BUYAHHUX
BHUCOTOMIPIB, a 30yT rapaHTOBaHUH.

2. Tosap y peanvHomy euxkonanni. Bucotomipu 3a rabapurtaMmy MEHIII 3a
CBO1 aHaJOTW 1 MalOTh MEHIIYy Bary .BoHM MOXYTbh SIK MOHTYBAaTHCS B aBlallliHy
TEeXHIKY 0€3 0COOJIMBHX 3aBaJl HA PO3CY1 KOHCTPYKTOpa 0€3 00OMEXKEHb ,iX Jiana3oH
BUMIpIOBaHb CTaHOBUTH Bix 1 M 1o 1000M, Ta TounicTs — 0,01%.

Tosap 3 niokpinnennam. I'apanTiiHUNA TEPMIH eKCIUTyaTallii cTaHOBUTH 10
pokiB. Toap Moke OyTu odopMIICHUI BIAMOBIIHO 3a MOOAKaHHSIM 3aMOBHHUKA.
Mo>kJIMB1 BapiaHTH BCTAHOBJICHHSI KOHTPAKTY Ha MOCTaBKY. MOKIMBUI MTPOJIaX y
kpeauT Benukux(oueine 50) 1 cepennix(10-50) moctaBok.

Jlani mpoBOAMMO aHaji3 MOTEHIIMHUX TEXHIKO-€KOHOMIYHUX TepeBar ijei

MOPIBHSHO 13 IPOIO3UIIISIMU KOHKYPEHTIB:
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XapaKTePUCTHUK 1]1€7;

TOBapiB-3aMIHHUKIB YW TOBapiB-aHAJOrIB, IO BXX€ ICHYIOTh Ha pHHKY, Ta
poBOAMMO 301p 1H(POpMaIii 111010 3HAYEHb TEXHIKO-€KOHOMIYHUX MOKA3HUKIB JIJIs

171€1 BJJaCHOTO MPOEKTY Ta MPOEKTIB-KOHKYPEHTIB BIAMOBIIHO JO BU3HAYEHOT O BHILE

— BHM3HAYAEMO TONEPETHE KOJO KOHKYPEHTIB (MPOEKTIB-KOHKYPEHTIB) ab0

BHU3HA4Ya€EMO

nepemiky;

MOKa3HUKK, IO MarTh a) ripmi 3HadeHHs (W, cmabki); 0) anamoriuni (N,

— IPOBOAMMO TOPIBHSUIBHUNA aHalli3 MOKA3HUKIB: IJISl BIACHO] 1/1€1 BUZHAYEHO

nepesik

TEXHIKO-€KOHOMIYHUX

BJIACTUBOCTEN

HEUTpaJIbH1) 3HAUYCHHSI; B) Kpallll 3Ha4eHHs (S, cuibH1) (Tadm. 5.2).

Tabaung 5.2.

BusnaueHHs! CUIIBbHUX, CTAOKUX Ta HEUTPAIBHUX XapaKTEPUCTHK 1€ MPOEKTY

Ta

(TMoTeHIi#H1) TOBapH/KOHIICTIIIIT

TexHiKo- KOHKYPEHTIB W N S
cmalk | (HeuT
Ne | exonomiuHi Koky- Konky- ( (cunbH
a pa-
1/ | XxapakTepuc Konky- peHT2 peHT3 a
Miit K . CTOpO | JbHA
1| - peHntl C- Greising CTOpO
] HPOEKT Ha) CTOpO
TUKH i€l B/I-20 CHM | erGTD Ha)
Ha
-300F, | 1100
1. | Tounicth +0.5m | £10m +0,Im | £0.5m - - +
Poboua | - - - -
2. | temnepaty |25..+50° | 20..+50° |10..+4 | 10...+50 - - +
pa C C 0°C °C
Baprictb 5000rp
3. 4000rpa | 2000rpH 8000rpu - + -
TIPUCTPOIO H
HasBHicTb .
) ) | Bigeyr | HasaBuu
4. | mikponponr | Hassumii | Bigcyrnii | . - - +
Hil i
ecopa
Apk.
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TeMrepaTypa Ta MOXJIMBICTh MOIAJIbIIIOT MOAepHi3alii. HamiiHICTh cucTemMu

CKJ1agHiCTh
) Hyxe Cxianu
5. | mogepnizan | [Ipocro Cepenne - -
) CKJIaJHO 0
1*
Poboua
6. 0-1000m | 0-2000M 0-100m | 0-9000 - +
BHCOTA

Crraonicms MoOepHizayii™ Maemvcs Ha Y8a3i HACKIIbKU CUCMeEMA NPUCMPOIO 8IOKpUMA

07151 nodanvbuoi pobomu i mooepHizayii

Sk mokazaHo B TaOJUIl, OCHOBHIMH TIE€pEeBaraMu MPOEKTY € TOUYHICTh ,poO0da

3a0e3MevuyeThCsl HaIMHUM KOPITYCOM MPHUCTPOIO 110 B KYIIi 3 TOYHICTIO 1

MO>KJIMBICTIO MOJIEpHI3aIlil IEPEKPUBAE MOKIIUBI HIOAHCH 3 I[IHOIO Ta POOOUOIO0

BHUCOTOIO.

3MH.
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5.2 TexHoJIOTiYHNI ayaUT i€l MPOEKTY
BuzHnaueHHsT TEXHONIOTIYHOI 3/IIMCHEHHOCTI 11e1 MPOeKTy Tepeadadae aHais

CKJIQJIOBUX fK1 BKa3aHl B Ta0muId 5.3.

Tabmuis 5.3.
TexHosoriyHa 311MCHEHHICTh 1/1€1 TPOCKTY
. ' JlocTynHICTh
Ne [nes mpoexk- TexHounorii 11 HasBHicTp
TEXHO-
n/n Ty peamizanii TEXHOJIOT1H W
Jorii
CTBOpEHHS CtBOpEHHS Icnyroua HoctymnHa
BHUCOKOTOYHOTO 1 BHCOTOMIpY Ha TEXHOJIOT 151 TEXHOJIOT 15
Ha/IIHHOTO OCHOBI 3 YyTJIUBUX
aeporpaBiMETPUYHOTO | €IEMEHTIB 1
BHUCOTOMIpPY iHTerparis ix 3
. MIKPOIIPOIIECOPOM
' Kowm0inamis pisanx | IcHyroua Hocrynna
THUITIB BUCOTOMIPIB B | TEXHOJIOT1s TEXHOJIOT1s
OJIHY CUCTEMY
MognepHi3zartis He icuyroua HoctynHa
iCHYI04O01 MoJIeni TEXHOJIOTIA TEXHOJIOTISA
BHUCOTOMIpY
OOpana TexHoJIoT1s peainizanii 11ei npoekTy: CTBOpEHHS BUCOTOMIPY Ha OCHOBI 3 YyTIMBUX
€JIEMEHTIB 1 IHTEerpawis iX 3 MIKpOIIPOLECOPOM

[IpoanamnizyBaBiy Ta0auIkO 3.2 MOXKHA 3pOOUTH BUCHOBOK, 1110 TSI
peamizaliii 17ei mpoeKTy, HallkpaliM BapiaHToM Oye mepiiuii BapiaHT:
CTBOpEHHS BUCOTOMIPY Ha OCHOBI 3 UyTJIMBUX €JIEMEHTIB 1 IHTETpallis iX 3
MIKpPOITPOLIECOPOM .

Sk 4yyTnuBI €e1eMeHTH OyyTh BUKOPUCTaH1 aHEPOiH1 KOPOOKH 110
IPAaLOTh HA OCHOBI OapoMeTpuyHOro Meroay. Bonu OyayTh moeqHaHi Mix
co0010 B cUCTEeMY sIKa OyJie MiAKII0UEHA JI0 MIKPOIPOIECOPHOI TIIATH , IO MAaTUME

BIJIMOBITHE TTPOTpaMHe 3a0€3MEeUeHHS IS ONTUMI3aIlli iX poOOTH ,caMoaHali3y Ta
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1H. . Bin i7ei koMOiHyBaHHS pi3HUX BUCOTOMIPIB OyJI0 BUPIIIEHO BIIMOBUTHUCH B
3B’SI3KY 3 HEJIOJIIKaMH 1HITHUX TUITIB BUCOTOMIPIB HEXTYBAHHS SKUMH HIBEJIOE
KOPHCHICTh CUCTEMH a IEPEKPUTTS HEMOMIKIB Bipa3y ACKITbKOX BUIIB
BHCOTOMIpIB Oy/ie He peHTa0eTbHUM.

[TepeBaru maHoro BapiaHTy TaKOX B TOMY , III0 BC1 HEOOX1THI TEXHOJIOT1{
BXKE ICHYIOTb 1 HE MOTPIOHO pOOUTH CEPHO3HUX 1 3aTPATHHUX JOCHIKEHD IS
OTpUMaHHS pe3yabTary. B MailOyTHhOMY MOTPIOHO Oy/1e TPOBECTU JTOCTIHKEHHS
Ta MOJIEPHI3yBaTH OCHOBHI MEXaHIUHI YaCTUHU KOHCTPYKIli 3 BUKOPUCTAHHAM
KOMIO3UTHHUX MaTepiaiiB i ONTUMI3YBaTH BUPOOHHIITBO 32 PAXyHOK BUKOPUCTAHHS
31 IPUHTEPIB, KOJH Il TEXHOJIOT1l CTaHyTh O1JIBII JOCTYITHUMHU 1€ JO03BOJIUTH
CUJIBHO 3MEHIIIUTH COO1BAPTICTh MPUCTPOIO.

TexHosorii moTpiOHI /I peasizailii € JOCTYITHUMHU B LIJIOMY .
MikponpoliecopHa miata y BUIbHOMY AOCTYII 1 3 HE0 He Oyze npoliem,
MEXaHI4H1 YaCTUHU KOHCTPYKIIIi TAaKOX HE € CEPHO3HOI0 MPOOIEMOIO , TPOOIEMOIO
MO>KE CTaTHU YYTIMBUIA €JIEMEHT — aHEepPOiAHa KOpOOKa Ky MOTPiOHO 3aMOBIIATU Y
CIeliali30BaHUX BUPOOHUYUX KOMILIEKCAX ,II10 B IUIOMY XOY 1 € CKJIAJTHUM aJie
MOJIKMBO. [1i1ICyMOBYIOUM MOXHA AIMTH BUCHOBKY 1110 TEXHOJIOT1S BXKE ICHYE 1

JOCTYITHA JJIsI peati3altii.
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5.3 AHaJi3 pUHKOBHUX MOKJIUBOCTEN 3aMyCKY CTAPTANIPOEKTY

BusHaunMo pUHKOBI MOXIIMBOCTI, SIKI MOKHa BHUKOPHCTAaTH TiJ Yac

PUHKOBOIO BITPOBA/I>)KEHHS IIPOEKTY, Ta PUHKOBI 3arp0O3H, IK1 MOKYTh MEPEIIKOAUTH

Horo pearizariii.

CnoyaTKy mpoBeJeMO aHalli3 MOMUTY: HasBHICTh MOMUTY, 0OCST, NMHAMIKa

PO3BUTKY pUHKY (Ta0muis 5.4).

Taomurs 5.1.

[TonepenHsa xapakTepUCTUKA MOTEHIIHHOTO PUHKY CTapTan-IIPOEKTyY

J\/@ [Toxa3HUKM cTaHy PUHKY (HaliMEHYBaHHSI) XapakTepucTuKa
/o
1 KinbKicTh TOJIOBHUX TPaBIIiB, O] 10
2 3aranbHUM 00CsT TPOAaXK, TPH/YM.0J1 HEBIZIOMO
3 JuHaMika puHKY (SIKiCHA OLIIHKA) CTarHye
4 HasiBHicTH 0OMexeHb JIJ1s BXOAY (BKa3aTu XapakTep BIJICYTHI
0OME)KEHBD )
3) Crienudiuni BUMOTH 710 CTaHAapTH3aMii Ta ceprudikamii
BinmoBigHICTh MiXKHAPOTHUM
crangaptam: I'OCT 17.2.4.08-90
6 CepenHst HOpMa PeHTA0CIBHOCTI B Tamy3i (abo 1o 30
PUHKY), %

PuHOK BHCOTOMIpIB € JOCUTH CHEHU(BIUHUM 1 CKIATHUM JJIsl BXOAY Yepes

HOT0 4acTKOBY 3akpuTicTh. OCHOBHOIO MPOOIEMOI0 € (haKT TOTO IO AIMCHO BEJIHKI

KOMITaHii He Oy1yTh 3BepTaTH yBary Ha HOBY HEBEJIIMUKY KOMMaHito . TUM He MeHII

BX1J] HA PUHOK MOJKJIMBUI Yepe3 MaJIeHbKI (pipMH 1 MIAIPUEMCTBA K1 TOMIOMOKYTh

CTBOPUTU BIATOBIIHY pPEMyTaIlil0 1 TMEPEeUTH B 3aKPUTUH CETMEHT PHUHKY

BpaxoByroun BullieckazaHe peHTAO0ENbHICTh MPOIYKTY OyJie POCTH MPOMOPIINHO

JIOBIP1 10 KOMITaHii, TOMy TIPH BXOJll HA PUHOK Ba)XJIMBO HE THATHCH 32 BUCOKOIO

peHTa0ENBbHICTIO a HAMPallbOBYBATH KIIIEHTCHKY 0a3y.

3MH.

Apk.

Ne dokym.

llignuc
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Hagani Bu3HauaeMo MOTEHIINHI TPYNM KII€HTIB, X XapaKTEpPUCTUKH, Ta

dhopMyeEMO OPIEHTOBHHM MEPETIK BUMOT JI0 TOBApY IS KOXKHO1 Ipynu (Tadi. 5.5).

Taomung 5.2.

XapakTepucTUKA MOTEHIIMHUX KIIEHTIB CTAPTAM-TIPOEKTY

' BiaminnocTi y
[TineoBa o
. MOBEJTIHII PI3HUX Bumoru
Ne | TTotpeba, mo hopmye ayuTopis . .
. ' MOTEHIIHHUX CITO’KHBAYiB 0
/i PUHOK (1p0BI1 _
IJTHOBUX TPYII TOBapy
CErMEHTH PHHKY) o
KIJIIEHTIB
1 [Torpeba y Tounomy i | ABiaris, daxkropu Bucoxka sikicTb,
HaTITHOMY reojesis, 30BHIITHBOTO HaTIHICTB,
aeporpaBiMETPUYHOMY | TOCIIDKEHHS MapKETHHTOBOTO 1HIMBI Ty IbHUN
BHCOTOMIpi MOPCBHKOTO JHa CEPE/IOBHINA, miaxin,
,reodizuka. ¢iHaHCOBI ONTHMAJIbHE
MO>KJIMBOCTI, CIIIBBIIHOIIEHHS
nedinuT HeOOX1THUX | I[IHU Ta SKOCTI,
Marepiaiis, HasIBHICTh
IHUBIyalbHICTb, CEPBICHOTO
CIIPUMHSATTS. 00CITyroByBaHHS.

BupoOHuKY niTakiB 1 B LUIOMY JIITaIbHUX anapaTiB OydyTh 3alliKaBJICHI y
BUCOTOMIPI BHMCOKOi TOYHOCTI, 3 IHIIOTO OOKY JOCHIJHUKH SKI 3aiMaroThbCs
reojie3i€r0 1 reodi3MKOI0 OIHATh HAAINHICTh 1 TOYHICTH BUCOTOMIpYy. Tak sk
cuctemMa OyZie OCHOBaHA Ha Cy4acHIN MIKpONPOLECOPHIA MiaTi TO MOJAEpHI3aLis
BUCOTOMIpPY Mia pi3HI MOTpeOu He Oyne mpoOJIeMO0 M0 JO3BOJHUTH 3 YACOM IIE
O1JIbIIIE PO3IIUPUTH KOJIO CITOKUBAYIB.

[Ticns BU3HA4YEHHS MOTEHINIWHUX TPYN KIIEHTIB MPOEKTY, Tpebda MPOBECTH
aHai3 PUHKOBOTO cepenoBuia: (akTopiB, IO 3arpoXylOTb  PUHKOBOMY
BITPOBAKCHHIO TIPOCKTY Ta (PaKTOpH, IO Jal0Th MOKJIMBICTh HOTO PO3BHUTKY.

daxkTopu 3arpo3 nepeniueHi B Tadnwuii 3.6.
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dakTopu 3arpo3

Ta0murg 5.3.

o
e daktop 3MicT 3arpo3u MoskJMBa peakilisi KOMITaHi1
n/m
1. [TocunenHs: KOHKypeHIil | 3MEHIIEeHHS MPOJaXy [Momyk  mapHepis, [IOJapyHKH,
Ha PUHKY. 3HWKKH; HAYKOB1 JOCTIKEHHS IS
MOKPAIIEHHS MMapaMeTPiB CUCTEMHU.
2. BiacytHicTh  HamiiHMX | 3MEHIIECHHS MPOIAKY [Tormyku mocTa4aqbHHUKIB 32 MEKaMU
MOCTa4YaIbHHUKIB KpaiHu.
BHCOKOSKICHOTO
oOJIaiHAHHS.
3. Hecnpusarnusa ®diHaHCOB1 30UTKH 3MEHIIIEHHST WIHU TOBapy, IOLIYK
JepaBHa  MOJATKOBa 1HBECTOPIB, TAPTHEPIB.
MOJIITUKA, KPU3a.
4, ExoHnomiunuii hakTop Kopucrysaui He O0ynyTh Posmupenns  ¢yHkuid, — 3aMiHa
KYITYBaTH CUCTEMY KOMITOHEHTIB, 3HM>KEHHS LiHU.
5. | Texniunwuii pakrop BincyrHicTh nocTymy 10 [Momyk mapTHEpiB, HAaJIAroHKEHHS
TEXHOJIOT1H MPUCTPOIB HA | KOHTPAKTIB
SIK1 BCTAHOBITIOIOTh
BHUCOTOMIp

OcHoBHUMU 3 (PaKTOPIB 3arpo3 € BIJICYTHICTh HAAIMHUX MOCTAYAIbHUKIB, TaK

K, OJJHUMH 3 TOJIOBHUX KOMIIOHEHTIB aepOTrpaBIMETPUYHOTO BUCOTOMIPY € SIKICHI

KOMITOHEHTH (aHEPOiIHI KOPOOKH , KpEMAIIbEPU MIKPOIPOLIECOPHI TJIaTH Ta 1HIIE).

Ha sKicTh mpHCTpOIO BIUIMBAE 3HAHHS CUCTEMHU B Ky BiH OyJe 1HTETpPOBAaHUM .

Takoxx 1iHa Ha 0OJIaJJHAHHS TMOCTAYAJIBHHUKIB MOBUHHA OYyJIWd TOMIPHOIO, 100

MPUCTPIii OyB KOHKYPEHTOCTIPOMOKHHUM 32 BapTICTIO.

AJie mopsif 13 KOJIOM 3arpo3 iICHYIOTH 1 TIeBHI MOKIUBOCTI (Tabmuts 5.7).

3MH.
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Ne dokym.
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Tabmuis 5.4.

DaKTOpU MOKIIMBOCTEN

®daxTop 3MiCT MOXKIIUBOCTI MoxrBa peaxiisi KoMIaHii
/11
1. Buxin Ha HOBI pUHKH 30UIBILIEHHS KIJIBKOCTI [TinBUIIICHHS TOTUTY, 3 Ty9CHHS
MIPOJIaXKiB 1HO3EMHUX IHBECTULIN
2. MOoXIIUBICTH CepgicHe [TinBUIIICHHS TTOTIHTY,
PO3IIMPEHHS TEPETIKy | 0OOCITyrOBYBaHHS, JIOTATKOBUN TPUOYTOK
MOCIyT MOJICpHI3allis
MO>KJIMBOCTEN MPUCTPOIO
3. | MoxuBicTh SIKicHe MOKpaIIeHHs [TigBUIIIEHHS MTOTIUTY Ta LiHHU,
PO3pOOKH BIACHUX OCHOBHHX TapameTpiB MOIIYK MapTHEPiB
IHHOBAI[IHUX PIlIEHb | MPOAYKTY
4, Iomnimnmennus OHoBieHHs codTa 1 MapkeTHHroBe AOCIiHKCHHS,
CTIIOYKUBYHUX ajanTaiis Horo Jist 301IBIIICHHS TIOIUTY, HAYKOBE
XapaKTePUCTHK KOPHCTYBavKa JIOCIT IPKCHHS
BIIPOBAKYBAHUX
pileHb
5. | Honynspu3zanis 301IbIIEHHST KUTBKOCTI [Tocayru MapKeToJIoriB
MPOJAXIB 32 PaXyHOK
KOHTPAKTIB 3
BUPOOHUKAMU
AEPOTEXHIKH

S0 mpucTpiit 3apeKOMEH/Iye Ha YKpaiHChKOMY Ta MIKHAPOJHHUX PUHKAX,

IIe MOCMpHUSE HE TIIBKU 30UIBIICHHIO TMOMWUTY, ajle ¥ IIIBHINCHHIO JIOBIPH JIO

MPOAYKTY , IO B CBOIO YEPTry J03BOJUTh BUWTH HAa PUHOK BEIMKUX KOMMAHIN 1

MPaIfoBaTH 3 BAPOOHUKAMH HATIPSMY.

[licns mpoBeleHHA aHaji3y PUHKOBOTO CEPEAOBMINA MPOBEIECHO aHAJI3

MPOMO3HIIii. 3arajibHi pUCH KOHKYPEHIIIi Ha PUHKY HaBeJeHO B Ta0. 3.8

3MH.

Apk.

Ne dokym. llidnuc

Aama
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Taomung 5.5.

CryneHeBuii aHali3 KOHKYPEHIIIi HA pUHKY

Oco6auBOCTI KOHKYPEHTHOTO

cepelloBHIIA

B yomy nposiBiseTscs qaHa

XapaKTepUCTHKA

Bouius Ha AistIbHICTH
MiIPUEMCTBA (MOXKIIUBI 1T
KOMIIaHii, mo6 Oytu

KOHKYPEHTOCIIPOMOKHOIO)

1. YUncTta KOHKYpEHIIis

ExoHOMIYHE CyITEepHUIITBO MIXK
Cy0’€KTaMU €KOHOMIYHHX
MIPOIIECIB, KOJIA KOJICH 3 HUX
(KommaHis, MiATPUEMEITD,
CITO’KMBAY, MpaIliBHUK Ta iH.) HE
MOJKE€ BIUIMBATH HA 3araJIbHY
CUTYaIlil0 Ha PHHKY a00 1ei
BIUIMB € TAKMM HE3HAYHUM, 110

HUM MO’KHA 3HEXTYBATU

Konnentparist 1isUTbHOCTI
MiIPUEMCTBA HA HOBU3HY Ta

SIKICTh TOBapy

2. HauionansHa

Mix KOMITaHISIMH BCEpEIHHI

KpaiHu

Bapianis 06’emiB
BUPOOHUIITBA, CITIBIpAIS 3

aBlaliiHUMU KOMITaHIIMUA

3. 3a ramy3eBor0 03HAKOIO
BuyTtpimnbsoranysesa

KOHKYpPEHLis

KonkypeHntHa 60poThba Mix
MIiIPUEMCTBAMH B MEKaX

OJIHI€T Tamy3i

@opMyBaHHs pUHKOBOI

BapTOCTI TOBapy

4. KoHKypeHi1ist 3a BUAaMU
TOBapIB:

- TOBapHO-BU0BA

KonkypeH1is Mixk ToBapamMH

OJHOTO BUAY

Y 10CKOHaNIEHHsI TPOYKTY Ta

JI0JIJaBaHHS HOBUX (DYHKIIIH

5. 3a xapakrepoM
KOHKYPEHTHUX IepeBar

- IIHOBA

I{inoBa. ;151 3HaYHOT YacTKH
CITO)KHMBAYIB II1HA €

BHU3HAUYaIbHOIO MTPHU BUOOPI

3HMKEHHS [IHU Ha
MPOAYKIIIIO , T0JaTKOBI

BUTpATU

6. 32 IHTEHCUBHICTIO

KoHkypeHTH1 kommaHii

3HIDKEHHS 1[iH Ha TOBap;

- Mapo4Ha MPOIMOHYIOTh MOAI0HUH KOHIIEHTpAIlis TisUTbHOCTI Ha
MPOIYKT SKICTh MPUCTPOIO; 3aKyITKA
Apk.
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SKICHUX TIPUJIAJiB, CTBOPCHHS

BJIACHOI TOPTOBOI MapKH

3aranpHl pUCH KOHKYPEHIT Ha PUHKY IMOKa3aiu, IO JaHHWN Mpuiana

KOHKYPEHTOCTIPOMOKHHI Ha PHUHKY CIOKMBadiB. He3anexHO Biag 1HTEHCHUBHOCTI

KOHKYPEHIIIiT JIJIs1 KOXKHOI (PipMu HEOOX1THO po3po0IIsiTH €(h)eKTUBHY CTPATETIIO, 1110

3a0e3neynTh TepeBary Haj KoHkKypeHTamu. [Ipu dopmyBanHi crparterii dipma

NMOBUHHA 3HATH 1 BPaxOBYBaTU psAl (akTopiB, MO y OyAb-sIKiid Tamxy3i 1CTOTHO

BIUIMBAIOTh HA IHTEHCUBHICTh KOHKYPEHIII].

KOHKYPEHIIIi B ramy3i.

[licnsa aHamizy KOHKYpEeHLIi MpOBEAEMO OUIbII J€TalbHUN aHall3 yMOB

Tabmus 5.6.
AHaJli3 KOHKYpeHIlii B rany3i 3a M. Tloprepom
[psmi o
TloTenmiiini ] ToBapu-
KOHKYPEHTHU [ToctayanbHUKHT Krnientu .
. KOHKYPEHTHU 3aMIHHUKHU
Ckiag B raiysi
OBI BinnocHo
~ 1 000 Bucoxuit Hesenuxka
aHayl3 ) ) HCBEIIUKA ®akropu
"Bepron" Oap’ep co01BapTICTh, . _
y _ co0iBapTIiCTh 3arpo3 3 60Ky
«KC» BXO/DKEHHS B | SIKICTh TOBapy, o ‘ ‘
o ‘ ,HaJIIHHICTh 3aMiHHHKIB €
«Greisinger» | puUHOK JI0Bipa 10 OpeHay
Bucu | [nTeHcHuBHE [ToTenmiiini ina, ymoBu Bapricts cucremn, | BincytHe
OBKH: KIIIEHTH €, € cHiBIIpalli, SIKICTb,
MOJKJIMBOCTI KUTBKICTh rapaHTiHHUN CTPOK
BUXOJly Ha oOJIagHaHHS
PUHOK

Ha ocHoBi1 anamizy KoHKypeHIlli, mpoBeieHOro B Tabn. 3.9, a Takox i3

ypaxyBaHHSAM XapaKTEPHUCTHK 1/1e1 TPOCKTY , BAMOT CIOKHUBAYiB JI0 TOBapy (TalII.

3.5) Ta ¢gakTopiB MapKETUHIOBOTO cepeaoBuiia (tabdin. 3.6, 3.7) MoxHa 3pOOUTH

BHCHOBOK, IO IPOCKT HE IMOBHUHCH IIOCTYIIATHCH B SIKOCTI KOHKYpPCHTaM, MAaTH

3MH.

Apk.

Ne dokym.

[lignuc | Aama
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BHUCOKI TTOKa3HUKMA TOYHOCTI 1 HAAIMHOCTI Ta JAOJATKOBY (DYHKITIOHAIBHICTH, TI00
3aJJOBOJILHUTH MOTPEOH KOPUCTYBadiB B IaHil Tairy3i Ta 3aTy9UTH KOPUCTYBaya JI0
npUIO0aHHS IPOTYKTY.

OCHOBHMMH  yMOBaMHU  3a0€3MEYeHHS KOHKYPEHTOCIPOMOXHOCTI  €:
3aCTOCYBaHHS HAyKOBHX ITiJXOIB JI0 CTPATETIYHOTO MEHEDKMEHTY; 3a0e3MeYCHHS
€THOCTI PO3BUTKY TEXHIKHM, TEXHOJIOTii, €KOHOMIKH, YIPaBIIHHS, 3aCTOCYBaHHS
Cy4aCHUX METOJIB JOCIIKEHHSI ¥ po3po00OK (MporpamMHO-IIbOBE TIaHYBaHHS,
Teopisd MPUUHATTS PIIIEHb 1 T.1.); PO3IJIA] B3a€MO3B'SI3KIB (YHKIIH YIpaBIiHHS
OyAb-SIKUM MPOLIECOM Ha BCIX CTaAisX >KUTTEBOTO IMKIY 00'€kTa; (GOopMyBaHHS
CUCTEMHU 3aX0/1iB 13 3a0€3MeUCHHs] KOHKYPEHTOCIIPOMOXKHOCTI Pi3HUX 00'€KTIB.

[3 npoBemeHoro Bulle  aHalizy BU3HAUYEHO  MHepenik  (pakTopiB
KOHKYPEHTOCTIPOMO>KHOCTI, 5IKl HaBeieHO B Ta0:. 3.10

Tabmuusg 5.7.

OOrpyHTyBaHHS (DAKTOPIB KOHKYPEHTOCITPOMOMKHOCTI

OOrpyHTYBaHHS (HaBEICHHS YMHHHKIB, 1110 POOJISATH
Ne ®dakrop
_ dakTop /Ui MOPIBHIHHSI KOHKYPEHTHHUX MPOEKTIB
/Tl | KOHKYPEHTOCHPOMOKHOCTI

3HAYYIIUM)
1 Buxopucranus SIKiCTh MPOYKIi, TOYHICTH MTAPAMETPIB TECTYBAaHHS,
BHCOKOTEXHOJIOTTYHOTO BHCOKA JIOCTOBIPHICTh OTPUMAHUX PE3YJIbTATIB,
oOaHaHHA CaMO/1arHOCTHKA MPHIIAIB

2 HasBHicTb kBamipikoBaHux | JIOCTOBIpHICTh OTPUMAHUX PE3YNbTaTIiB, FapaHTisd

CHIBPOOITHUKIB. MPaBUJIbHOT poOOTH 00JIaJTHAHHS

3 JoctynHicTb I{iHa € cepeIHbOIO AJIs1 PUHKY

4 MoxuBicTh MOAEpHi3alliii [TpucTpiit miATPUMYE MOXKIIUBICTh TOMOBHEHHS HOTO
eJIEeMEHTaMH JIJ1s1 OUTbII TOYHOT'O HAJIAIITYBaHHS M1

CHUTYyaIIiI0

5. | Tounicts Bukopucranns gexinekox YE y noenansi 3

MiKPOITPOLIECOPHOIO MJIATOIO

6. | HaniifHicT CrieuianbHuil 3aXMILIEHUI KopIyc
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[TopiBHsITbHUY aHANI3 CUIIBHUX Ta CIAOKUX CTOPIH

«AeporpaBiMETPUYHHUI BUCOTOMIPY

Ta0murg 5.8.

PeiiTuHT TOBapiB-KOHKYPEHTIB Y
No banu
@®akTop KOHKYPEHTOCTIPOMOKHOCTI nopiBHsAHHI 3 «Greisinger»
n/n 1-20
3|2 |-1] 0 | +1 | +2 | +3
1 BukopucTaHHs BHCOKOTEXHOJIOTIYHOTO 16 +
o0nagHaHHA
2 HasBHicTh kBamiiKOBaHUX 15 +
CIIBpOOITHUKIB.
3 JlocTymHICTB 16 +
4 MonuBicTh MOAEpHi3allii 20 +
5. | Tounictp 18 +
6. Haniiinicts 18 +
3 tabmunp 5.10 Ta 5.11 G6auumo, 1mo (HakTopu KOHKYPEHTOCHPOMOXKHOCTI
CYyTTEBI Ta MalOTh BEIMKUM TMO3UTHUBHUA BHECOK IMPH BIPOBAHKEHHI HOBOTO
porpaMHOro 3abe3neueHHs ISl PO3paxyHKy KOHIEHTparlii mmry. OCHOBHOIO
MepeBarol0 Ta rOJIOBHUM JIOCATHEHHSIM € BHUCOKa SAKICTh MPOAYKTY Ta TEXHIUHA
NIATPUMKA HA IPOTA31 BCbOTO TEPMIHY HOTO BUKOPUCTAHHS CIIOKHUBAYEM.
Tabmus 5.9.
SWOT- anani3 crapramn-mpoexTy
CunpH1 CTOpPOHU: CnaOki cTOpoHHU:
1. TouHicTs; 1. HenocrartHiii miamma3oH BHOCT JJIs
2. PobGoua Tremneparypa; JeSIKHX 3a]1a4;
3. HasBHicTh Mikpompoliecopa; 2. Lina
4. MOXIIUBICTh MOJICpHI3AIlii;
5. Texniune 0O6cIyroByBaHHS.
Apk.
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MO>KJIMBOCTI: 3arposu:

1. Po3mmpeHHs nepesiky mociyr; 1. [TocuneHHsT KOHKYpEHITii Ha PUHKY;

2. Buxin Ha HOBI pUHKH, 2. HecnipusitiiuBa iepkaBHO-TI0/1aTKOBA
3. Po3po0ku B1acHUX iHHOBAI[iHMX PIIEHb; | MOJITHKA;

4. ITokpallleHHSI XapaKTEepUCTUK CUCTEMU; 3. Kpuza

5. [Monynsapu3artisi. 4. BiacyTHICTh HAMIMHUX MMOCTAYIBHUKIB

BUCOKOSKICHOrO 00J1aIHAHHSA

Tpeba  mepenbauaTy MOSIBY HECHPUATIMBUX YMOB, TaKUX SK TOsSBa
OHOBJICHUX IPUCTPOIB Y KOHKYPEHTIB Ta HECTAOIbHICTh PUHKY JIJII MOYKJIMBOCTI
IIBUJIKOT pEaKilisi Ta 3MEHILICHHS MOAAIbIINX HacHiJKiB. [Ipu 1poMy moTpiOHO
MOKpAIlyBaTH PEMyTallilo, HAPOILYBAaTH KIIIEHTChKY 0a3y 3a paXyHOK criBiparii adbo
KOJ1000palliil 3 KOMITaHIsIMU IO OB’ S3aH1 3 aBlalli€l0 Ta PeKJIaMu, YIOCKOHATICHHS
Ta BUKOPUCTAHHS 1HHOBALIMHUX TEXHOJOTIH .

Ha ocnoBi SWOT-ananizy po3po0iieHO aJlbTepHATUBU PUHKOBOI MOBEIIHKH
JUTsl BUBEJICHHS CTApTaI-TIPOEKTY Ha PUHOK Ta OPIEHTOBHUN ONTHUMAJIBHUHN Yac iX
PUHKOBOI peaii3auii 3 Oy Ha MOTEHLIWHI IPOEKTH KOHKYPEHTIB, IO MOXKYTh

OyTH BUBE/ICHI HA PUHOK.
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Taomurs 5.10.

AHBTepHaTI/IBI/I PHUHKOBOI'O BIIPOBAKCHHA CTAPTAII-TIPDOCKTY

AJlbTepHaTUBA
Ne (Opi€eHTOBHUI KOMILIEKC VIMOBipHICTh OTpUMAaHHS o
) ) ) Crpoxku peanizanii
/1 3aX0/1iB) PUHKOBOT pecypciB
IMOBEIIHKA
1 [Tormryk iHBeCTHIIIMA Cepenns 2-5 micALiB
2 30UIbIICHHS PHHKY 30yTY Cepenns
3aBJSKH CITIBITparli 3
. 1-3 poku
JIOCJTI THUIIBKUMHU LIEHTPaMHU
,pexIami
3 3MeHIICHHS 1IIHN Ha Bucoka o
. 6 MicsAIIB
MPOIYKT. AKIIi1
4 Buxin Ha M>KHApPOIHUN Bucoka
2-4 poxu
PUHOK

[IpoBiBIIM aHaII3 aJbTEPHATUB PUHKOBOT'O BIPOBAIKEHHS CTapTal-TIPOEKTY,
MO’KHa 3pOOUTH BUCHOBOK, III0 HAHOUJIbLI ONTUMAIbHUMHU aJbTE€pPHATUBAMU OYAYyTh
30UTbLIEHHS! pUHKY 30yTy 3aBASKH pPEKJaMl Ta pO3LIMPEHHS PUHKY 30yTy B KyIi 3
3MEHIIICHHSIM I[IHU Ha MPOAYKT B MIEBHI MEP10/U peaizallii 301JIbIIeHHS pUHKY 30yTy
,OCKUIBKM cTpaTerisi 30UIbLIEHHS PUHKY MOCIYr 4Yepe3 pPeKIaMy Ma€ CEepEelHIO
HAMOBIPHICTIO OTPMMAaHHSI PECYPCIB Ta BIJIHOCHO CTUCJI1 CTPOKH peatizalii, ToMy AJis
MiBUIIEHHS €(EKTUBHOCTI B IUIaH BApTO JOJATH CTPATETIIO0 aKIid Kl OyIyTh

CIPUSATU PO3LIUPEHHIO KI1EHTCHKOT 0a3u 1110 B MaliOYyTHbOMY MPHUHECE BUTOTY.
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3mH. | Apk. Ne dokym. llidnuc | Aama
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5.4 Po3po0sieHHSI pUHKOBOI CTpaTerii MpPoeKTy

Po3po6ienHs pUHKOBOI CTpaTerii mepiuuM KpoKoM mepedayae BU3HAUCHHS

CTpaTerii OXOIJICHHS! pUHKY: OIMHUC HITLOBUX IPYIl MOTEHIIHHUX CIIOKHUBAYIB.

Bub6ip minpoBUX rpyn NOTEHIIHHUX CIIOYKHUBAYiB

Tabmuma 5.11.

Onuc OpieHTOBHUI
npodiio l'oToBHICTH TIOTIHT B .
. ] IHTEHCHBHICTD [Ipocrora
Ne TBOBOT CIIOXXHBAYiB MeEKax
‘ ) KOHKYPEHIIii B BXOIY Y
n/n rpynu CIIPUHHSTH THOBOT ‘
. CerMeHTI CETMEHT
MOTCHIIIMHUX | TIPOAYKT rpynu
KITIEHTIB (cermeHTy)
ABianiiigi
1. | xkomnaHnii BHCOKHI Bucoka
2. | I'eonesiiini cepenHii Cepennst
MiITPHEMCTBA rOTOBI
Haykogi cepenHin
3. | rpynu
3aiHATI Cepenns
reo(i3UKok0

Ski uiaboB1 rpynu 0OpaHo: MPUBATHI BIACHUKH KUTIOBOI HEPYXOMOCTI; Oy 1iBEIbHI

KOMIIaHii;

ITix yac aHanmizy NOTEHUIHHUX TPYI CIOXXUBAYIB OyJI0 MPUHHATO PILLICHHS 110

KOMIIaHis Oy/ie IpaIfoBaTH 13 aBiallitHUMKU KOMIaHISIMU

[TpoBiBiK aHasi3 MOTEHIIIHHUX TPYI CIIOKUBAY1B, 00pAHO IJIHOB1 TPYITH, IO

MPEICTABIICHI KOMIIAHISIMU 110 BUTOTOBJISIIOTH JIITANbHI anapaTty 30KpeMa JIiTaku 1

3aIliKaBJIeHl Y BUCOTOMIpax BHCOKOi TOYHOCTI. Ha OCHOBI MpoBeAeHOro aHalizy

o0paHO cCTpaTerito OXOIUICHHS PHUHKY

MAapKCTHHIY.

CTparerito  AuQepeHIiioBaHoro

Jlist pobotu B oOpaHOMY CErMeHTI pUHKY HeoOximHo copmyBaTu 0a30BY

CTpaTerito PO3BUTKY.

3MH.

Apk.

Ne dokym.

[lignuc | Aama
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Buznauenns 6a30Boi cTpaTerii po3BUTKY

Ta0Omurg 5.12.

Kirouosi
O6pana
Ne Crpareris KOHKYPEHTOCIIPOMOYXKHI bazoBa cTpareris

aTbTepHATHBA o .

/o OXOIUIEHHS PUHKY | IO3HULIi BIAIOBIIHO 10 PO3BHUTKY*

PO3BUTKY MPOCKTY
00paHoi aJbTepHATUBU
OpienTup He SIkicHe 00OnaaHaHHS; YV nockoHaeHHS

3amyyeHHs

CIIOKMBAaYiB

TUIBKY Ha aBialiio
a i Ha
BHPOOHUKIB
KBaJPOKOIITEPIB
Ta 1HIINUX
JITATBHUX
MIPUCTPOSIX.
Pexnama ta
CTBOPCHHS
CTIMIKOTO MOMUTY
Ha TOBap; SIKICHE

oOJIaTHAHHS.

OnruMalibHe
CHIBBIJIHOILIECHHS [iHA-
sKicTh; ToOUHICTB 1

HAIIHAHICTD

AJBTEpPHATUBOIO PO3BUTKY MPOEKTY € 3aJy4yeHHS CIIOKMBAYiB, HE TIIbKH

BEJIMKMX aBlaKOMMAaHIM ,a i Ip1OHMX BUPOOHMKIB JIITadIbHUX anapartiB. [locTauanHs

SAKICHOTO 00JIaiHAaHHS ONTUMAJIBHOI IiHA Ta TOYHUM MPUJIAJ] € OCHOBHOIO TTO3UIIIEIO

KOHKYPEHTOCTIPOMOKHOCTI JaHO1 aJlbTePHATHBH.

HactynmHuMm Kpokom € BUOip cTpaTerii KOHKypeHTHOI HoBeAiHKH (Tad. 5.16).

3MH.

Apk.

Ne dokym. llidnuc

Aama
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Taomurs 5.13.

Busnauenns 6a30Boi cTparerii KOHKYPEHTHOI ITOBEIIHKU

Yu € npoexr

Yu Oyzme kommaHis

IIYKaTu HOBUX

Ywu Oyne kommaHist

KOMIOBATA OCHOBHI

Ne ) ) Crparerist KOHKYpEHTHOT
«IEPLIOMPOX1ALEM» CMOXHBaYiB, a00 XapaKTePUCTHKH '
n/a ‘ OBEIIHKHU*
Ha PUHKY? 3a0upaTu ICHYIOUUX Y TOBapy
KOHKYpEHTIB? KOHKYpEHTa, 1 sIKi?
[Iponykr He € byne 3abuparu Kommnanis He Oyne | [lo3uris cnenudigamx
«IEPLIOMPOXiALEM» | ICHYIOUHMX Ta UIYKaTH | I[IJICHAIPaBJICHO BIZTUyTHUX
Ha PUHKY HOBUX KOIIIOBAaTH XapaKTePUCTHK
MPUCTPOT

KOHKYPEHTIB, BCi
30iru B
KOHCTPYKUIi OyTh
CyTO 3arajJbHUMU 1
OCHOBHA CXeMa
HPUCTPOIO €

VHIKaJIbHOIO

V 36’s3Ky 3 mum, wo po3mip puHKO8020 cecMenmy € 8eIUKUM, NPU YbOM) GIiH

ABAAEMBCSL 00CUMb NPUOYIMKOBUM, CMPAMmMe2icl0 KOHKYPEHMHOI N08eJiHKU 00paHO

«NOULYK HOBUX CHONCUBAYIE [ 3AOUPAHHA ICHYIOUUX )Y KOHKYpeHmigy. OCHOBHO

cmpamezi€ro npu ybomy HOSUHHO Oymu mypooma ma 3a60108aHHS NPUXUTLHOCHE

cnoatcusada. l[e MOIHCHA 3p06umu 3d paxXyHOK I’llb@l/tu;eHHﬂ mouyHoCmi npucmporo ma

BUCOKOI MexXHIUHOI IKOCMI 00CNY208Y8AHHSI.

Ha ocHOBI BUMOI' CHOKMBa4diB 3 OOpaHOIrO CErMEHTY JI0 MOCTaudajbHUKA 1

MIPOJYKTY, @ TAKOXK B 3aJIEKHOCTI B/l CTPATET1i pO3BUTKY Ta CTpaTErii KOHKYPEHTHO1

MOBEJIIHKA  PO3p00JIIEMO

CTpaTerito TMO3WIIIOBAHHS SKa BHU3HAYAETHCA Y

dbopMyBaHHS PUHKOBOI1 MMO3HIII1, 32 TKUM CIIO’KUBa4l MAIOTh 17ICHTU(IKYBATH TPOCKT

3MH.

Apk.

Ne dokym. llidnuc

Aama
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BusznauenHs cTpaterii mo3uilioHyBaHHS

Taomurg 5.14.

Bucoka
TOYHICTB,

HAIIAHICTH

A

Kitrouosi Bubip acormiartii, sxi
Bumoru no
Ne baszosa KOHKYPEHTOCIIPO MaroTh chopMmyBaTu
ToBapy ) ) ) )
1/ ‘ ) cTpareris MO>KHI MO3ULIT KOMIUICKCHY TTO3HIII0
LUJIBOBOI
1| PO3BUTKY BJIACHOT'O BJIACHOTO TIPOEKTY (TpH
ayuTopii
CTapTan-mpoeKTy KIJTFOYOBHX )
Bucoka sixicts, | Yaockonanens | TouHicTh,HamiiiHi | Bucoka TOYHICTD,

CThb, MOXJIUBICTH

MoOepHi3alii

HAIIMHICTh .aIallTUBHICTb

Pe3ynbraToM maHOro MIAPO3AUTY € CHUCTEMa pPIlIeHb MO0 PUHKOBOI

MOBEJIHKHA KOMIIaH1i, BOHA BU3HAYA€ B AKOMY HampsiMi OyJie MpauroBaTi KOMIaHis

Ha PUHKY

3mH. | Apk.

Ne dokym.

[lignuc | Aama
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5.5 Po3po0JieHHSI MAPKETHHIOBOI IPOrPaMM CTAPTAN-NIPOEKTY

[Tix gac po3poOIeHHS MApPKETUHTOBOI IPOTPaMH TIEPIIUM KPOKOM € po3poOKa

MapKETUHIOBOi KOHLEMIII TOBapy, SKMW OTpUMaEe croxuBad. Y TtaOmuii 5.18

MiCYMOBYEMO PE3yJIbTaTU aHANI3y KOHKYPEHTOCIIPOMOXKHOCTI TOBapYy.

Taomurg 5.15.

BusHaueHHs KIIFOYOBHUX MepeBar KOHIEMIT MTOTEHIIIHHOTO TOBapyY

Buropa, sxy KirouoBi nmepeBaru nepes KOHKypeHTaMHu (1CHyr04i
n/m Hotpeba MIPOTIOHYE TOBAP a00 Taki, 1o NOoTPiOHO CTBOPUTH)
1 TounicTe Tounuii npuctpiii | binbia TouHiCTH
2 Haniiinicts Bucoxka Hanigicts | biiblna HamiiiHICT
3 SxicTh SxicHi BukopucTanHs JauIe SKiCHUX KOMIUIEKTYIOUUX
KOMIUIEKTYOUi
4 AJIanTUBHICTh HasBHicTb BukopucTanHs ~ MIKpOIPOIIECOPHOT  IJIATH  JUIS
MOKJIMBOCTI peatizariii MOXJIMBOCTI yTOCKOHAJICHHS
yIOCKOHAJICHHS
MIPUCTPOIO
BusnaueHHsT KJIIOYOBUX TIepeBar KOHIEMIII MOTEHIIMHOrO TOBapy €
BOXJIMBUM €TarioM B PO3pOOJIEHHI CTapTam-MpoeKTy JJIS 3aJ0BUIBHEHHS TOTpeO 1
3a0€3MeUeHHs] BUTOJIM SIK JUIsl CHOKMBA4iB, TaK 1 JJisi TOBApOBUPOOHUKIB. Tomy
BUTITHUMHU CTOPOHAMH TOBapy o0OpaHo: BHUCOKY TOUYHICTB, HaJIWHICTH ,IKICTh Ta
aJJanTUBHICTB 0 YMOB BUKOPHCTAHHS.
Apk.
MJI T118 1mm1.003.00.000.113 88
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Apk. Ne dokym.
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TaOmurg 5.16.

Onuc TpbOX PiBHIB MOJIEIII TOBAPY

PiBHi TOBapy

CyTHicTb Ta CKIIJ0B1

I. ToBap 3a Bucokotounuii nmpriiaz 3 moxuokor 0Jm3bKor0 110 0 , BUCOKOK HAMIMHICTIO ,
3alyMOM npocTuil B Moaudikaiii i BCTAHOBJICHHI.

II. ToBap y BnactuBocTi/XapakTepucTUKH M/Hm Bp/Tx /Ta/E/Op
peabHOMY 1.JloBroBiunicTs (y pasi npobiem 3 M Tn

BHKOHAHHI MPUCTPOEM CUCTEMA MTOBIJOMHTH PO

HEOOXIHICTh YyCYHYTH

TTOIIKO/IPKCHHS )

2.Bucoka tounicth (6mu3bko 1% Hwm Tn
OXUOKN)

3.Bucoka HagiliHICTh M Tx
4. Mae MOXIHUBICTh MOAU(IKaITi M Tx

SIKiCTh: TEXHIYHHMU PETJIAMEHT , Pe3yIbTaTH TECTYBaHHS CHCTEMH, TATCHT

[TaxyBanus: CrienianbHUM KeIC 7151 KOKHOTO MPUIIaTy

Mapka: Aralange corp

III. Tomap 13

MIKPITIIEHHSIM

Jlo mpojaxy : BAOCKOHAJIEHUN aeporpaBiIMETpUYHUN BUCOTOMIP

[Ticns mpomaxy : OHOBJICHHSI CUCTEM, allprpei]i KOMIIIEKTYIOUUX

[Torenmuiiiauii ToBap OyzAe 3aXUILEHO BiJ KOMIIOBAHHS 3@ paXyHOK JIOTOTHUITY, BBECHHS KOMEPILIHHOT

TAEMHUII Ha cucTeMy ( CHCTeMa «I11J1 KJIF0Y»), TaTEHTYBaHHS PO3POOICHOTO METOY.

[Ticns onucy TpUpIBHEBOI MO/IEIII TOBapy HEOOX1AHO BUSHAUYUTH IIHOBI MEXI,

SKUMHU HEOOX1THO KepPYBAaTHCh MPU BCTAHOBJICHHI I[IHA HA MOTEHIIMHUNA TOBap, 1€

nepeadayae aHai3 I[iH TOBapiB KOHKYPEHTIB, Ta JOXOAIB CIIOKUBAYIB MTPOIYKTY.

Apk.
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Apk. Ne dokym.
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Bu3HaueHHS MeX BCTaHOBJICHHS HiHI/I

Tabmmis 5.17.

PiBens noxonis

BepxHst Ta HUOKHS MeXi

Ne PiBens I1iH Ha PiBeHs I1iH Ha ) )
. [IBOBOT TpyNn BCTAQHOBJICHHS L[IHH Ha
/11 | TOBapH-3aMiHHUKH | TOBapH-aHAJIOTH .
CHOXHBAYiB TOBap/MOCIYTY
16000 - 1000000 21Hc.-50000

Iiau Ha BUcoTOMIpH JexkaTh B Mexkax Big 2000 1o 50000 ta B 3araapHOMY
3aJIeXaTh BiJl YyTJIMBOTO €JIEMEHTa, TOYHOCTI, €KCIUTyaTalliiHUX YMOB, MEX

BUMIPIOBaHHS , JOBIOBIYHOCTI Ta AOBIpH 10 OpeHAa.

Taomurs 5.18.

dopMyBaHHS CUCTEMHU 30yTy

Crneuudika 3akymiBenbHoi |  DyHKIIT 30yTY, SIKi Ma€e
Ne ) i I'nnbuna OnrumanbHa
MTOBE/TIHKH IIILOBUX BUKOHYBaTH
/11 o KaHally 30yTy cucrema 30yTy
KIIIEHTIB MMOCTaYaIbHAK TOBAPY
PerymspHi 3aMOBIeHHS Hanaromxkenus 0 BupoOHuku
KOHTPAKTIB JJIs1 TOCTABOK, JITaKiB Ta
MOIITYK MapTHEPIB , THIIHAX
MEPErOBOPH 3 KOMITAHISIMU TTaTbHUX
JUISL OTPUMaHHS TeHIEPY MPUCTPOIB

Jlist 3a0e3nedyeHHss eEeKTUBHOI pealti3alii CcTapTan-nmpoeKTy ONTUMaTbHOIO
CUCTEMOI0 30yTy 00paHO NMpsAMui, 6€3 3aIydeHHs MTOCEPEAHUKIB MiK BUPOOHUKOM
Ta criokuBadeM. [[71s1 eKOHOMIT KOIITIB ITONEPEHE 3aMOBJICHHS Oy POBOIUTHCS
3a JIONIOMOT'O0 €JIEKTPOHHOTO CalTy.

Ta6mmmsa 5.19.

KoHrerniiisi MapKeTUHrOBUX KOMYHIKaIIii

Crnenudika Kanamu KirogoBi '
) o ) ) 3aBaHHA Konnenmis
Ne | noBemiHKM | KOMyHIKalill, sKUMH | MO3HLII, 00paHi
) PEKIIaMHOTO PEKIIAMHOTO
/| IUIOBUX KOPHUCTYIOTHCS TSt '
o . o . TIOBiJOMJICHHS 3BEpPHEHHS
KJTI€HTIB TBOBI KIIIEHTH MO3HI[IOHYBaHHS

Apk.
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OpienTartis
Ha peryJsipHi

IIOCTaBKH

®dopmainbHI KaHATH

KOMYHIiKarlii

Bucoxka sxcTs,
TOYHICTD 1
HalIAHICTD

puiagy

[adopmyBanHs
CIIO’KHBAYiB;
PosButok
TIOTINTY;
CTuMyntoBaHHSA
IPOJAXKY;
[Tomyk
BUTTIHUX

MapTHEPIB;

Jlanna
cucTeMa €
IHHOBAIIIHOIO

Ta YHIKQJIbHUM

Pe3ynbpraTom qaHoro miAmyHKTY € OPIEHTHP HA PETYISPHI MOCTABKU ,KIIFOYOB1

MO3MUIIII: BUCOKA SIKICTh, TOUHICTh Ta HAJIWHICTh IPUIIATY.

3MH.

Apk. Ne dokym.

llignuc

Aama
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5.6 BucHoBku

B nanomy po3zini npoBeeHO MapKETUHTOBUIN aHalli3 CTapTar-MpoeKTy AJIs
BU3HAUEHHS 3arajlbHO1 MOXJIMBOCTI 1Or0 pPUHKOBOTO BIIPOBA/KEHHS Ta MOXKIIMBUX
HaANPSMIB peanizalii I[bOro MPOeKTY.

HaBeneHo 3MmicT 171€1 cTapTan-npoeKTy, HanpsIMKH 3aCTOCYBaHHsI Ta BUTOJIU
Juis KopucTyBaya. [IpoBeieHo aHami3 pUHKY [TOKa3ye Ta aHali3 HOTEHIINHUX
TEXHIKO-€KOHOMIYHHUX MepeBar i/1ei MpoeKTy Ta MPOEKTiB MOTEHIIITHIX
KOHKYpEHTIB. BU3HaueHo nepenik ciadKux, CUIbHUX Ta HEUTPAIbHUX
XapaKTEPHUCTHK Ta BIACTHBOCTEH 11e1, HA OCHOBI sIKUX Oyia cpopMoBaHa
KOHKYPEHTOCIPOMOKHICTh MailOyTHBOTO MTPOEKTY.

HeBia'eMHOI0 YaCTMHOIO MapKETUHTOBOI'O aHAJII3y CTAJI0 BU3HAUEHHS
TEXHOJIOTTYHO1 31IHCHEHHOCTI IpoeKTy. [licas nporo Oyno BU3HAYEHO PUHKOBI
MO>KJIMBOCTI Ta OI[IHEHO MOTEHIIHHI 3arpo3u JJIs IJIaHyBaHHS HAMIPSIMKIB
PO3BUTKY ITPOEKTY, BPaXOBYIOUH CTaH PUHKY, IOTPEOU MOTEHUIMHUX KOPUCTYBAUIB
Ta MPOIO3HUIIIT KOHKYPEHTIB.

Takox Oyyio BU3HAYEHO MOTEHITIHHI TPYITU KIIEHTIB, iX XapaKTePUCTUKH, Ta
OpIEHTOBHUH MEPEIIK BUMOT JI0 TOBAPY ISl KOXKHOI IPYIIH, TPOBEACHO aHaJI3
PUHKOBOTO CEPEIOBUIIA: BU3HAUEHO (PAaKTOPH, 110 CIIPUSIOTH PUHKOBOMY
BIIPOBAKECHHIO MPOEKTY, Ta PaKTOpH, 1110 HOMY MEPEIIKOHKAI0Th; aHaJII3
MPOTO3UIIIT Ta aHaTiI3y KOHKYPEHIIi.

Ha ocHoBi nomnepeaHix 1oCiiKeHb 0ys10 BU3BHaUYEHO (haKTOpH
KOHKYPEHTOCTIPOMOYKHOCTI, 33 JOMOMOTOI0 SIKMX MPOBECHO aHAi3 CHIIbHUX Ta
CaOKUX CTOPiH MPOEKTY, Ta npoBeneHo SWOT-anani3, Ha OCHOBI SIKOTO
pO3p00JIEHO aTbTEpHATUBU PUHKOBOT OBEIIHKH ISl BUBEICHHS CTapTal-IIPOEKTY
Ha PUHOK.

BpaxoBytoun Bce BHIlleBKa3zaHe OyJi0 3p00JIEHO BUCHOBOK, 1110 HE3BAXKAIOUH
Ha HasIBHUM MOMUT PUHKY , HAABHICTh NOTEHIIITHUX KJIIE€HTIB i

KOHKYPEHTOCIPOMOKHICTh MMPOEKTY Ha TEXHIYHOMY PIBHI HOTr0 €KOHOMIYHUUN

Apk.
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yCIiX € TOCUTh CyMHIBHUM. Crierudika aBialliiHOTO pUHKY HE A€ HOBOMY
MIPUCTPOIO BijIpasy IMICIsl MOSIBU HA PUHKY CTaTH «XITOM» 1 PI3KO MiTHSATUCH,
npuUCTpiil Mae cebe 3apeKOMEeHyBaTH 1 MPOUTH O€37114 TECTIB JOKU HOTO
PUBUKHYTD B3STH JIHCHO BEJIMKI KOMITaHii. 3 OrJIsAy Ha 00CTaBUHU JOIIIBHIIIAM
BBaKAIO TOIIYK MApTHEPIB cepes] KOMITaHil 0 BXKe 3aiiMarOThCsl pO3POOKOIO
TEXHIKH JJIs aBiallii 1 MPOMOHYBaHHS IM MapTHEPCHKUX BITHOCHUH y BIIPOBAKEHH1

JTAHOT'O MPOEKTY Y PUHKOBUH OOIr.

M/ 118 1m11.003.00.000.113
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BucHoBku

1. Y X011 BUKOHAHHS IUILIOMHOTO MPOEKTY PO3POOIICHO

aeporpaBiMETPUYHUIA BUCOTOMIP 3 HACTYITHUMH TE€XHIYHUMU

XapaKTEePUCTUKAMMU:
- MOXHUOKa BUMIPY BUCOTHU 1 m;

- iIMOBIpHICTH 0€3B1IMOBHOI poO6oTH Ha 3000 roauH 0.965;
- 4aC 3aCHOKO€HHS PYXJIUBO1 CUCTEMHU 0.12 c;
- BEJIMUMHA NIepEpEryIFOBaHH 0.1%;

- yac 3ari3HIOBaHHS 0.005c.

2. Po3risiHyTO 0COOJIMBOCTI TOEIHAHHS aeporpaBiTAlliiHOrO BHCOTOMIpa 3

ooptoBoro ITEOM Ta MOXIJIMBICTH OOCIYroByBaHHsI MO mpiopiteraM. B skocTi

MEePCOHANIbHOT 00UYMCIIOBANIbHOT MamuHu Oyio B3sito PC . Posrnsnyro oauH 3

MOXXJIUBHUX

BapIaHTIB

BBOJly BHUMIPIOBAJIbHOI 1H(poOpMAIli 3a JIONOMOIOKO

Mikporpoiiecopa STM32, Haii01IbIl AOCTYMHOTO BapiaHTy BBOAY 10 OOPTOBOI

[TEOM.

3.V nopaTkax mpejcTaBiieHO crieidikallli cKiagalbHUX KPECIeHb.

3MH.

Apk.

Ne dokym.

llignuc
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MamnHocTpoenue, 1981.- 195 c.

11.Jo6ponenckuit  FO.II.,  ABmammonnoe  obopymoBanue. —  M..

Mamnoctpoenue, 1989. — 262 c.

M/ 118 1m11.003.00.000.113

3MH.

Apk. Ne dokym. llidnuc | Aama
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12.Munocepauan  FO.B., CemenoB E.JI., Kpeuko FO.A., Pacuer wu
KOHCTPYHPOBAaHHWE MEXaHU3MOB IIPHOOPOB M YCTAHOBOK. — 2-¢ M31., mepepad.

u jo1m. — M.: Mammunoctpoenue, 1985.- 408 c.

13.Hectepona H.I1., KoBanenko A.Il. u np., D1eMeHTbI TPUOOPHBIX YCTPOMCTB.:
KypcoBoe npoektupoBanue. B 2-x gactsx / [lox pen. O.®. Tumenko. — M. :
Bricmr. IlIkoma, 1978. — 328 c., uin.

14.0OctadneB B.A., Bucnoyx C.I1., Aatontok B.C., MeToanueckue ykazanusi 1o
BBITIOJTHEHUIO TE€XHOJIOTMYECKOW YacTu auruioMHoro mpoekra. — K.: KIIH,
1984. - 48 c.

15.11epBunkuii FO./1., Pacuer u KOHCTpyMpOBaHUE TOUYHBIX MEXAHU3MOB. — HU3]1.
2-e, norm. u nepepadort. JI: Mammnoctpoenue, 1976.

16.IIpoexkTrpoBaHuE NaTYMKOB JJI1 U3MEpPEHUs MexaHudeckux BenuuuH / Ilon
pen. E.Il. Ocaguero. — M.: MammnocTtpoenue, 1979. — 480 c.

17.CpaBOoYHUK KOHCTpYKTOpa TOUHBIX pudopoB / [lox pex. U. A. Jleuna. — M.:
Mamunnoctpoenue, 1967.- 743 c.

18.CnpaBounuk no conportuienuto matepuaios / [log pen. C.I1. @ecuka. — 2-e
u3., nepepad. u gon. — K.: byniensnuk, 1982.- 280 c.

19.KoposneB A. PoiHOk MukposieKTpoHUKU( CIPABOYHUK IO 3JICKTPOHHBIM
KOMIIOHEHTaM): [EnekTponnuii  pecypc]. —  Pexum  pmocrymy:

http://www.gaw.ru/html.cgi/txt/publ/micros/index.htm/.
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Apk. Ne dokym. llidnuc | Aama
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HAIIOHAJIbHUM TEXHIYHUI YHIBEPCUTET YKPATHA
«KHIBCBbKUHU NOJITEXHIYHUMA IHCTUTYT
imeni ITOPSI CIKOPCBKOI'O»

[MpunangoOyaiBaUN (hakyiapTeT

Kadenpa npuiaamnodynyBaHHS

«Ha npaBax pykomnucy» «J10 3axucTy IOMyLIEHO»
YK 3aBinyBau kadenpu
Kupunuyk 10.B.
(migmmc)
(13 2 20_ p‘

Maricrepcbka quceprauist

31 cneniajgbHOCTI 152 Metposiorid ta iHdopMaIiiiiHO-BUMIPIOBAJILHA TEXHIKA

M/ 118 1m11.003.00.000.113

3mH. | Apk. Ne dokym. llidnuc | Aama

Apk.
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Ha TEMY: «AeporpaBIMETPUYHUN BUCOTOMIP»

Bukonas : ctynent 6 kypcy, rpynu _ III-81mn

(mucp rpymu)

bounapenko Auton OneroBuy

(pi3Buie, iM’s1, T0 OATHKOBI) (miamuc)

HaykoBwuii kepiBHUK __ J.T.H., ipod.be3Becinbaa O.M.

(mmocaza, HAyKOBHH CTYIIIHb, BUCHE 3BaHHS, MPi3BUILE Ta IHIMiaIN) (migmmuc)

KOHCYHBTEIHT CTapTal-IPOCKT J.€.H. JOIECHT bospHIlIHUKOBA K.O.

(Ha3Ba po3ainy) (HayKOBHI CTYIiHb, BUCHE 3BaHHSI, Pi3BHUIIIE, 1HIITIAIIH) (mizmmc)

Peniensent

(mocazia, HAyKOBHH CTYIIiHb, BUCHE 3BaHHs, IPI3BHUIIE Ta iHiliany) (TiAIHC)

3acBiuylo, 10 Y i MaricTepchKii

I[HCGpTaI_[ﬁ HCMaA€ 3aIlI0O3UYCHD 3 IIpallb

IHITUX aBTOPiB 0€3 BIAMOBIIHUX
IIOCUJIAHb.

Crynent

(migmuc)

Kwuis — 2019 poky

M/ 118 1m11.003.00.000.113

3mH. | Apk. Ne dokym. llidnuc | Aama

Apk.
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HaunioHanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu

«KHIBCHbKUM MOJITEXHIYHUN IHCTUTYT

imeni Iropsa Cikopcbkoro»

IMpunano6yaiBHUI haKyIETET

Kadenpa npunanobyayBanas

PiBens BUIIOT OCBITH — APYTHi (MaricTepChbKUii) 3a OCBITHBO-TTPOPECIITHOIO

pOTpamMoro

CoeniajapHICTh

3ATBEP/)KVYIO
3aBinyBau kadenpu

(mipnuc) (iHinianu, npi3BHUILE)
«_» 20 p.

3MH.

Apk.

Ne dokym.

llignuc

Aama

M/ 118 1m11.003.00.000.113
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3ABJAHHS

HA MaricTepCcbKy AUCEPTALII0 CTYAEHTY

(pi3BuIe, iM’s1, IO OATHKOBI)

1. Tema guceprariii

HAYKOBHM KEPIBHUK MaricTepchKoi quceprarii

(pi3BHILe, iM’s1, O OAaTHKOBI, HAYKOBHUH CTYIIiHb, BUCHE 3BaHHS)

3aTBEP/IKEH1 HAKa30M I10 YHIBEPCUTETY BT« » 20 p.Ne

2. CTpOK MOJIaHHS CTYICHTOM JUCEPTaIlii

3. Ilepenik 3aBaHb, siK1 HOTPIOHO PO3POOUTH

4. Tlepemnik rpagiuyHoro (UTFOCTPATUBHOTO) MaTepiaiy

5. OpieHTOBHUI NepeniK MmyOmKamini

6. KoHCcynbTaHT po3auty guceprartii

Apk.

M/ 118 1m11.003.00.000.113
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' o [Tigmuc, nata
. [Ipi3Buinie, 1HiIiaaK Ta Mocaaa
Po3min 3aBIaHHA | 3aBIaHHSI
KOHCYJIPTaHTA
BUIAB IPUITHSB
Po3spobka
cmapman-
npOeKmy
7. Jlata Bumadi 3aBOaHHS
Kanenmapuuit nnan
Ne Ha3Ba eramiB BUKOHAHHS CTpok BUKOHAHHS .
. _ . _ IIpumiTka
3/ MaricTepchKOi AucepTartii eTamiB aucepTarii

3MH.

Apk.

Ne dokym. [lignuc | Aama
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CryneHr

HaykoBuit kepiBHUK AucepTalii

(migmmuc)

(inimianm, npizBuUIIe)

(migmuc)  (iHimiand, mpi3BHINE)

3MH.

Apk.

Ne dokym.

llignuc

Aama
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HanionanbHui TexHiYHMI yHIBepcuTeT YKpaiHu

«KuiBcbKuil nmoJitexHivHui iHcTuTyT iMeHi Irops Cikopcbkoro»

IpuaaxooyaiBHuii

(na3Ba iHCTUTYTY/(aKyIbTETY)

3ATBEP/KVIO
3aBiqyBay kadenpu

TpunagoOynyBanas

(na3Ba kadenpu)

M. .I'epaimuyk

(migmuc) (iHimiany, mpi3BuIIe)

« _» 20

THAUBIAYAJBbHU HABUAJIBHUH ITJIAH
HIAI'OTOBKU MATICTPA

3a crneaibHIcTIO 152 Metposioris Ta iHQopMalliiHO-BUMIPIOBAILHA TEXHIKA

3a OCBITHBOIO TIporpamoro IHdopmalliiiHo- BUMIpIOBaIbHI CUCTEMHU _Ta TEXHOJIOTII B

nprwiago0yayBaHHI

cryaenta_1,2 xypcy_IlI-81mn rpynu

(mpizBHmIe, iM’s1, IO OATHKOBI)

1. 3apaxoBanuii Hakazom pekTopa Big 27.08.2018p. Ne 2648c¢
2. Tepmin naBuanss 3 01.09.2018 p. mo 31.12r0 2019 p.

3. HaykoBwmii kepiBHUK

(HayKOBMIA CTYIIiHB, BUCHE 3BaHHs, NIPI3BHIIE Ta iHiliamm)

4. Tema HaykoBoro pociimpkenss (Tema crapTan-mpoexTy’)

* Jlns MaricTpaHTiB MPAKTUYHOTO CHPSIMYyBAHHSI.

M/ 118 1m11.003.00.000.113

3mH. | Apk. Ne dokym. llidnuc | Aama
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5. HaykoBwii KepiBHHK 1 TeéMa HayKOBOTO JIOCII/KEHHS (CTapTaI-poeKTy*) yXBajieH] pillIeHHsM

kadenpu :
poTOKOJ Ne BIJI
Apk.
MJI 118 1m11.003.00.000.113
3mH. | Apk. Ne dokym. llidnuc | Aama 104




3ATBEP/IXKYIO
3aBigyBau kadeapu

TpunagoOynyBanas

(na3Ba xadenpu)

(i amc) (iniwiany, npi3BuILIe)

« _» 20 p.

IInan po6oTH Ha mepMii pik HABYaAHHS

Kinexicts BigmiTka
Ne ) ] Dopma
Ha3Bu HaBuasbHUX JUCLUIUTIH KpeInTiB ' _ HAYKOBOT'O
n/n 3BITHOCTI _
€KTC KepiBHUKA
I cemectp
MonemtoBanHs iHGpOpMaITiHHO-
1 ‘ 4 €K3aMeH
BUMIPIOBAJIbHUX CHCTEM
2 | Po3poOka crapram-mpoeKTiB 3 3aITiK
HaykoBa po0oTa 3a TEMOIO MaricTepchbKoi
3 | mucepranii - 1. OcCHOBU HAyKOBHUX 2 3aI1K
JIOCITiIKSHb
[ndopmariiiiii Ta iHTENEKTYyalbHI CUCTEMHU 1 )
4 5 3aMiK
TEXHOJIOTi -1
[apopmaTuBHICTH (Hi3MIHUX TPOIIECiB-2. KypcoBa
5 1
Kypcosa po6ora pobora
6 | [npopmaTuBHICT (i3UMYHMX MpoLeciB -1 3,5 €K3aMeH
BumiproBanbeHi koMIuiekcu-1:
7 | InTenextyanbHi BUMIpIOBaJIbHI KOMIUIEKCH 4 3aJliK
napameTpiB pyxy
8 | Hogi iH¢popmartiiiHi TexHoorii 6,5 €K3aMeH
IT cemectp
[HTENneKTyanpHa BIACHICTh Ta
1 | mareHTO3HaBCTBO -2. [laTeHTO3HABCTBO Ta 2 3aJiK
HaOyTTs mpaBa
Apk.
M/ 118 1m11.003.00.000.113 105
3mH. | Apk. Ne dokym. llidnuc | Aama




Metoau ontuMizartii iHpopmaIiiHo- ‘
2 ' 4 3a1iK
BUMIPIOBJTLHUX CHCTEM
[TpakTUKyM 3 IHIIOMOBHOTO HayKOBOTO
3 | cinkyBaHHA - 1. [HIIOMOBHE HayKOBe 3 3aJiK
CIIJIKYBaHHSI
OcHOBU 1H)KEHepii Ta TEXHOJIOTI1 CTaIo0ro )
4 2 3alllK
PO3BHUTKY
HaykoBa po0oTa 3a TeMO¥O MaricTepcbKoi
5 | nuceprartii - 2. HaykoBo-gociigHa po6ora 2 3aITK
3a TEMOIO MariCTepchKoi qucepramii
[ndopmartiiini Ta iHTENEKTYaJIbHI CHCTEMH 1
6 5 €K3aMeH
TEXHOJIOTT -2
BumiproBanbHI KOMIUIEKCH-2:
7 | IHTenekTyanbHi BUMIPIOBAIbHI CUCTEMHU 4,5 eK3aMeH
KOHTPOJIIO TTapaMeTpiB BiOparii
Kowmm'roTepHe ociKeHHs 3ac00iB Ta
8 . . 6,5 €K3aMeH
00'eKTiB BUMIpIOBaHHS -1
9 Komm'toTepHe nociikeHHs 3ac00iB Ta KypcoBa
1
00'exTiB BUMiptoBaHHs -2: KypcoBa po6oTa pobota
[HTeNneKTyabHa BIACHICTh Ta
10 | marenro3HaBcTBO -1. [IpaBo 1
IHTEJIEeKTYyalbHOI BIACHOCTI
3MiHM (JOTIOBHEHHS) JI0 IIJIaHYy:
*Tema MaricTepcbkoi qucepranii
3aTBEpPKEHA HAKa30M PEKTOpa BiJT « » 20 p. Ne

* Jlns MaricTpaHTiB NPAKTUYHOTO CIIPSIMYBAHHSI.

3MH.

Apk. Ne dokym. llidnuc | Aama
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HaykoBuii kepiBHUK

Marictpant

3MH.

Apk.

Ne dokym.

llignuc

Aama
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3BiT MaricTpanTa 3a nepMii pik HABYAHHS:

Pimenns 3acizanns xapenpu, npoTokos Ne BiJ[ 20 p.

Cekperap kadenpu

3aBinyBau kadeapu
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3mH. | Apk. Ne dokym.
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