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AHOTALIIA

Ocmanose K.M.  JluctaHuiiiHe  MOJaBaHHA  BOTHETAaCHMX PEYOBUH 3
relieyTBOPIOIOUYMMHU  CKIaJoBUMU. — KsamidikamiiiHa HaykoBa Tpals Ha MpaBax
PYKOTIHCY.

Hucepraiiss Ha 3100yTTS HAYKOBOTO CTYNEHIO KaHAMJAaTa TEXHIYHUX HAyK
(moxtopa imocodii) 3a crmemianpHicTIO 21.06.02 «Iloxkexna Oe3meka» (261 —
[Toxexna Oesneka). — HarioHaapHUM YHIBEPCUTET ITUBUIBHOTO 3aXUCTy YKpaiHH
JlepxaBHOI ciy>k0n YKpainu 3 Haa3BUYaliHUX cuTyarlii, Xapkis, 2018.

JlucepTallisi IpUCBSIYCHA BUPIIICHHIO HAYKOBO-TEXHIYHO1 3a7a4l 3a0€3MeUeHHS
e(eKTUBHOCT] TOXEKOTACIHHA TPHU JUCTAHINHINA TOJIayl BOTHETACHUX PEYOBUH
(BI'P) 3 reneytBoptorounmu ckiiagosumu (I'YC).

B po6oti npuBeneHi pe3ysbTaTd aHalli3y Cy4aCHOTO CTaHy TeOpii Ta MPaKTUKH
JUCTAHIIMHOT ~ Moja4yl  PIAMHHUX  BOTHETaCHUX  PEYOBHUH,  30KpeMa 3
relieyTBOPIOIOUYMMHU  CKJIQJIOBUMH, a caMe, HaBeJeHI TIepeBard Ta HEHOJIKU
BUKOPUCTAHHS BOJY Ta BOJAHUX PO3UYHMHIB ISl MIOKEKOTACIHHSA, & TAKOXK MEPCIIEKTUBU
BukopuctanHsa ['YC aig raciHHs MoXex Kjacy A Ta 3aXHUCTy HOpYydY PO3TAIIOBAHHMX
00’ €KTIB.

Buxoasun 3 aHamizy BITYM3HSHUX Ta 3apyOlKHUX ITyOJIKaIliid, a TaKoxX
MaTeHTIB 3a TEMOK JHCepTallii, BU3HAUEHO, 110 TpaauiliiiHe Oa3yBaHHS 3
3aCTOCYBaHHSAM BXE ICHYIOUMX 3aC001B MOXKEKOTACIHHS TIPU BUKOPUCTAHHI PO3YUHIB
I'VC ue 3aBxau eheKTUBHO, TOMY M HE oluIbHE. J[0CBiA MOnepeaHiX TOCHIIKEHDb Y
rajry3i 3/IIICHEHHSI MOKEXKOTaCiHHS reJIeyTBOPIOIOYMMH CKJIAIOBUMU BKa3ye Ha Opak
BIIMOBIAHOTO OO0JagHAHHA Ta TAKTUKO-TEXHIYHOTO 3a0e3IMeueHHs, IO CYTTEBO
MEPENIKOIKAE 1X MIHUPOKOMY PO3MOBCIOKEHHIO Ha mpakTuill. [IpoTe opranizaris
raciHHS TIOXKEXK 13 3aCTOCYBaHHSIM TeJICYTBOPIOIOUMX CIOJIYK BBAXKAETHCS JOCUTH
MEPCIEKTUBHUM  HAMpsSIMOM, OCOOJIMBO B OymIBIASX 1 CHOpyJdax pi3HOTO
(YHKI10HATBHOTO MPU3HAYESHHSI.

VY mitepatypi 3 moKexHO1 O€3MeKH JOCUTh 0araTo yBaru MpUAUICHO MUTaHHIM

TEOPETUYHUX 1 EKCHEPUMEHTAIbHUX JOCIIKEHb TOXKEKOTaciHHS TPy  Tojadi
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OKpEMO KOMIMAKTHUX 1 PO3MWJIEHUX CTPYMEHIB BOJM B OCEpPEIOK TMOXKEXI 3a
JIOTIOMOTO10 JaeTHUX Ta PYYHHUX CTBOJIB PI3HUX KOHCTPYKIIM. OHAK MUTAaHHSA, 110
MOB’SI3aHl 3 JAUCTaHIIMHOI Tmojadyeto OiHapHux MoTokiB ['YC Ha o00’ektH
MOKEXKOTACIHHS, JOCHIDKEHHS LHUX TMPOIECIB IMIIIXOM MOJIETIOBAHHS PyXY
ckrnagoBux BI'P/I'VC, a Takox HaykoBOro OOIpYHTYBaHHS Ta CTBOPEHHS /0 HHX
TaKTHUKO-TEXHIYHOTO 3a0€3MeyYeHHsl O TeMNepilllHbOro 4acy (akTHYHO He
PO3TISAATHUCS.

B nmaniit poG0TI MpoOBENEHO EKCIIEPUMEHTAIBHO-TCOPETUYHI JTOCTIKEHHS 3
BUKOPHUCTAHHSAM aJalTOBAHOTO METOAY (PI3UYHOTO MOJEIIOBAHHS, IO JIO3BOJISIE
imityBaTu nojavy piauHHuX BI'P un xommnonentis I'YC (BI'P/I'YC) ycranoBkamu
tunty AYITYC (aBTOHOMHaA yCTaHOBKA TaCiHHSI Te€JICyTBOPIOIOYMMH CIIOIYKaMu), 3
MIJBUILIEHOK 3pPYYHICTIO BUBYEHHS PYXy OAMHOYHUX 1 OIHAPHUX CTPYMEHIB Ha
00’€KTH TIOXKeKoraciHHs. Takoxk OyJ0 CKOHCTPYMOBAaHO 1 BHUTOTOBJICHO JBa
JOTIOMDKHUX TPUCTPOi (ikcaiii KyTiB HAXWUIy JBOX CTBOJIB-PO3MUIIOBAYIB, SKi
PO3TAIIOBYBAJIUCS HEPYXOMO Ha BIJCTaHI OJWH BiJI OJHOTO y MeEXaX BU3HAYECHOTO
1HTepBajy, B IUIOIIMHAX IX MPUIIIIOBAHHS Ha 00’€KT MOXKeKoraciHus. B pesynbrari
OyJ0 CTBOPEHO YMOBH, IO 3a0€3MEeUMIM MNPULUIBHY M0Jady JBOX HE3aJeKHHX
notokiB BI'P 'y Burisial po3nopomieHuX CTPyMEHIB, $KI IMITYIOTb pyX
reJICYTBOPIOIOUMX ~ KOMIIOHEGHTIB HA  OCEPEIOK  TOXKEeXI 3a  CIeriaIbHUMH
TEOPETUYHHUMH PO3PaXyHKAMHU.

3 MeTo BHpINIEHHS 3aBJaHb aHali3y 1 Y3TO/HKEHHS pIlleHb MI0JI0
ONTUMAJIBHOTO  (palliOHAJbHOTO) BHUKOPHUCTAHHS YCTAHOBOK MOJIOHOrO THITY
OTPUMaHI €KCIIEpUMEHTAJIbHI JaHl HAKOMHMYYBAJIMUCS, MICIS YOro arnpoOKCUMYBAIUCS
HaIIBEMITIPUYHUMHU TTOJIHOMAaMH 3a JIOTIOMOTOI0 TEOpii MIIaHyBaHHS €KCIEPUMEHTY,
Ta BIAMOBIHO 0 MOTPEO MPAKTUKH, CIIPOLIYBAIIUCS.

Ha ocHOBI OpiBHSHHS pe3yJIbTaTiB TEOPii Ta EKCIIEPUMEHTY OyJu po3po0eHi
po3paxyHKOBI Mojem mnpuiiapHoi OiHapHoi momaui BI'P/TYC Ha 00’extn
noxkexxoracinus. [Ipu yomy, — olHOYacCHOI MO/ayl BOX MOTOKIB TeJIEyTBOPIOIOYMX

CKJIaJIOBUX Ha OCEPEIOK IOXKEXKI1, IBOMA CTBOJaMHU 3 HeBelukux (10 10 meTpiB) 1 3i
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3HayHuX (Ounbl HIX 10 MeTpiB) BiAcTaHEH, KOMIAKTHUMH Ta IUIOCKO-paialbHUMU
CTPYMEHSIMH.

OtpumaHi pe3yJbTaTH CTald OCHOBOIO PO3POOKM MPHUHIIMIIOBO HOBOTO
cnoco0y momaui OiHapHuX po3unHiB ['YC Ha 00’€KT MOXKEKOTaClHHA HaBICHUMU 1
«IIPSIMOY» CIPSIMOBAHUMU TPAEKTOPISAMHU, 110 BiJIOOpaKEHO y MaTeHTI Ha BUHaxia. Jlo
OOTO K TaKUMl MiAX1A [0 TMOXKEKOTACIHHS TeJICYyTBOPIOIOUYMMHU CKJIaJlaMHu 3
BIJIMOBITHUX BIJICTaHEW MOKJIAaB MOYATOK JI0 CTBOPEHHSI TAKTMYHOTO 3a0e3MeueHHs
noxkexxoracinus ycranopkamu tuny AYI'TYC. 3anpononoBanuii ciocid 103BoJIsiE€ He
TIIBKW TABUILYBAaTH €(PEKTUBHICTH 1 OE3MEUHICTh MOXKEXKOTACIHHS, alieé i CyTTEBO
3MEHIIYBaTH MOO1YHI 30UTKH BiJ 3aJMBaHHS HUKHIX IMOBEPXIB, 110 XaPAKTEPHO MpHU
raciHHi OKEeX B OYIBJISIX 1 criopyAax HanOiibi nomupenoro BI'P — Bojoro.

Takuil miaxig 3aiBUM pa3 MIAKPECTIOE aKTyalbHICTh TEMU JTOCHIIHKEHD 100
3acTocyBaHHsA YcTaHOBOK Tumy AVYITYC 3 BiANOBIAHUM TaKTUKO-TEXHIYHUM
3abe3neyeHHssM. CaMe TYT BHMHHMKA€ 3aBJIaHHS BUKIIOYEHHS MOMWIKH NpU
npulibHIM nogaui ckinanoBux BI'P/T'YC nmo ocepenkiB moxkex, mo0 HE cTajiocs
nepeayacHoro abo 3ami3HEHOTO YTBOPEHHS TeNeBOi CyMillli B TMPOIECT pyXy
6iHapHoro notoky I'YC 10 emileHTpy MoXexi, BHACIIIOK YOr0 BOHA MOXE BUIIACTH
«B 0CaJOK» Ha MiACTynax 10 OO0’€KTy TOXeXKoraciHHs abo 3a HuM. To0To
edexTuBHICTh BukopuctanHsa ['YC B TakoMy BUTIAJKY Pi3KO 3HMKYETHCS.

3 TexXHIYHOI TOYKM 30py B JHMCEpTalii BUPILIYBAJIUCSA 3arajbHl MUTAHHA
BJIOCKOHAJICHHSI B)K€ ICHYIOUMX YCTaHOBOK, L0 IPHU3BEJIO [0 CTBOPEHHS HOBOI
ycraHoBkd AYITYC-M. B npomy ceHcl aBTOpOM PO3pOOJIEHO 1 3alMaTeHTOBAHO B
VYkpaini yothupu BUHaxoaAu. OJUH 3 HUX CTOCYETHCSA MPOBEACHHS 4-X (PaKTOPHOIO
eKCIIEPUMEHTY, J€  BIANPalbOBAaHO MPUIOM  MPAKTUYHOIO  BCTAHOBJICHHS
ONTUMAJIbHUX (palllOHAaJbHUX) TMapaMeTpiB Hacaaky MdJid CTBOPEHHS IJIOCKO-
pamiaibHOTO CTPYMEHS 3 METOI0 Iojadl TeNeyTBOPIOIOYMX CKJIAIB Ha BiJIICTaHb
noHa 10 M, 10 MOXe BUKOPUCTOBYBATHCS IIPU TaClHHI MOXKEXK 1 HA 3aXHUCT CYCIAHIX
00’€KTIB Ta 0COOOBOIO CKJany BiJl HeOe3neuHux (aktopis noxexi (HDII). Hpyruit,
32 HOBHUM IPHUHIIMIIOM, JO3BOJIE€ Bi3yaJIbHO BPaxOBYBaTH MOTOYHI BUTPATH POZUUHY

BI'P/I'YC npu noxexoraciHHi. TpeTiii — Takuid, Mo 3a0e3MeYuB KOMIUIEKTAIIIO
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HOBO1 ycTtaHOBKH AYITYC-M (sika 3amaTeHTOBaHA SK YETBEPTUN BHHAXIJ) JBOMA
CTBOJIAMHU-PO3MUIIOBAYaMHM, II0 MOXYTh mojaBaTH ckiagoBi ['YC KOMIakTHHUMH,
PO3IMUIICHUMU Ta MIIOCKO-PalialIbHUMH CTPYMEHSIMU Ha BiJcTaHb 10 10 M.

SIk moka3aHo B POOOTI, ISl TPAKTUYHOTO BHPINICHHS MUTaHHS 3
MOXKEKOTACIHHS Ta 3aXHCTYy OO’€KTIB, IO 3HAXOAATHCS MOOJIM3Y MOXKEXKi, MOKHA
BUKOPUCTOBYBaTH KUIbKa TMPOMO3UIINA, TMOB’SI3aHUX 3 TEOPETHUYHUM OMHCOM
TPAEKTOPI MOJIBOTY B aTMoc(hepl MOBITPA KOKHOTO 3 ABOX PO3MUICHUX CTPYMEHIB
BI'P/T'YC, nHaniieHux Ha 00'e€KT mokexkoraciHHs nooauHi. OaHak, BpaXOBYIOUH, 110
MaTeMaTHYHUN OMHUC JOCTKYBaHUX (I3MYHUX SBUI HE 3aBXKIW MPOCTUM, B POOOTI
3alpPOIOHOBAHO BHUKOPHUCTAHHS BIJHOCHO IMPOCTOTO aje JOCTaTHbO JOCTOBIPHOTO
OMKCY TPAEKTOPI BUIBHOTO pyxXy cTpyMmeHiB. CHpoIleHHS Tpe/iCTaBlIeHe
HaIiBEMITIPUYHOIO (POPMYJIOI0, IO Haraaye TPaaULIMHUN 3a 3alMUCcOM BHUJ OJHOI 3
KPUBHX JPYTroro MopsiaKy - napadosu.

OCKUIbKM B HaIlUX JOCHIDKEHHSX OyJI0 JOBEIEHO 1ACHTHUYHICTH (hi3HKO-
MEXaHIYHMX Ta TIAPOJMHAMIYHUX BIACTUBOCTEH BOJU Ta Jeskux napametpiB ['YC,
TO B MeXaxX 3alpONOHOBAHOIO METOAY (PI3UYHOIO MOJENIOBAaHHS PyX KOXKHOI 3
koMiioHeHT BI'P/I"YC nipu nosexoraciai, 3aipoloHOBaHO PO3IIISIATUA Oy Ib-SIKUM 3
BIJIOMHX CIIOCO0IB, MI00 TOTIM, B OCTaTOYHOMY OO’€IHAHOMY PO3B’SI3KYy
BUKOPUCTOBYBATH BIIOMUMN PHUHIIUI CYTIEPIIO3HIIIT.

Takuil miaxig 10 BUPIMICHHS MOCTAaBJIECHUX B POOOTI 3aBlaHb JOCSTHYTO 3a
JIOTIOMOTOI0  CTIPOILIEHUX 3aJIe)KHOCTEH, Kl € OCHOBOI aJTOPUTMY OIEPaTUBHOTO
BU3HAYECHHS KYyTIB IIJHECEHHS CTBOJIIB-PO3MUJIIOBAYIB I  PallOHAIBHOIO
TpacyBaHHsl cTpyMmeHiB ckiafgoBux BI'P/I'YC Ta edexTuBHOro raciHHsi Moxex 3a
nonomoror I'YC.

B nopanbmiomy Oynu po3poOiieHI Ta BTIIEHI NPAKTUYHI PEKOMEHJALli Jis
sniicaenHs nogadi BI'P/I'YC o ocepenky moskexi, Mo CTajio MOXJIMBUM 33 YMOBU
o0’eHaHHS yCIX KOMIIOHEHTIB 3alpONOHOBAHMX pillleHb (TEXHIYHUX Ta
TEOPETUYHUX) 1 peami3auii iX B HOBIA aBTOHOMHIM YCTAaHOBLI TaCIHHS

resieyTBoprorounmMu ckitagamu AYITYC-M.
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Burorosnena nocnigna ycranoka AYITYC-M (ITarent Yipaiau Ne 118440)

npu3Haue€Ha HE TUIBKM JJIA TaciHHS MOXKEX Kiacy A, a TakoX MNpuaaTHa s
JOCIIJIKEHb TAKTUKO-TEXHIYHUX XapakTepucTUK HoBuX BI'P Ta mpuiiomiB 111070
JTUCTAHIIMHOT Mogavi O1HAPHUX TeJICYTBOPIOIOYHX CIOIYK Ha Majaryi TBep i roproul
PEYOBHUHM Ta 3aXHUCTY 00 €KTIB, pO3TAIOBAHUX MOPYY.

B koHCTpyKIii 3a3Hau€HOI YCTaHOBKM 3aCTOCOBaHI pPO3pOOJICHI E€JIEMEHTH,
30KpeMa HOBI CTBOJHU-pasmuiioBadl (mateHT Ykpainu Ne 114070), mo ¢opmyroTs
IJIOCKO-pajiialibHl CTPYMEHI, a TaK0X JOJAaTKOBE IPUCTOCYBAHHS HAIIIIOBAHHS
CTBOJIIB-PO3MUIIIOBAYIB Ha OO’€KT TMOXKEKOTaciHHS 3 BepH]IKAIl€0 3a KyTaMu
MIJHECEHHs, KyTaMd OOepTaHHs, BHCOTI 1 0a30Bid IIMPUHI CUMETPUYHOIO
po3MimieHHsa. Kpim toro, AYITYC-M ykoMmIieKTOBaHa MOTPIMHUMH KOJIECAMU JIJIsI
pyXy MO cXojJax B OyIIBISX 1 CIOPYJax Ta Ma€ B CBOEMY CKJail JABl eéMKOCTI 1o 50
JITPIB, IO 103BOJIsIE BUKOPUCTOBYBATH 110 Kr reneyTBoprorounx croiyk. /st Oubi
3pyunoro Bukopuctans ['YC 3amnpononoBano mposopi emkocti (Ilarent Ykpainu
113280). HaykoBa HOBU3HA OTPUMAHUX PE3YJbTATIB MOJISATAE Y TOMY, IIIO:

— BIIEpIE pO3po0IIeHO croci0 JTUCTAHIIIHHOTO MOXKEKOTaCiHHS
reJIeyTBOPIOIOUYMME CHOJIYKaMU IIUIIXOM O1HApHOT M0J1aul KOMIIOHEHTIB BOTHEraCHOT
PEUYOBMHU HOBUMH CTBOJIAMU-PO3NUIIIOBaYaMH;

— BIEpIIe OOTPYHTOBAHO TAKTHUKO-TEXHIYHI MPUHOMH TOJa4yl HABICHUX 1
«TPSAMO» CHPSMOBAaHUX OIHAPHUX MOTOKIB TEJIICYTBOPIOIOYMX CIIOJYK Ha TaciHHSA
MOKEK1 32 JOTIOMOTOI0 CTBOJIB-PO3MIIIIOBAYIB (HACAAKIB) JJIsl AUCTAHIIIIHOL Moaayl
MJIOCKO-PallalIbHUX CTPYMEHIB BOTHETACHOI PEYOBUHHU;

— YTOYHEHO MaTeMaTH4Hl MOJel AMCTAHIINHOI mojayl piakodaszHoi
BOTHETACHOI PEYOBWHU, BIAMIHHOIO OCOOJIMBICTIO SIKMX € ypaxyBaHHS (I3UYHHX
BJIACTUBOCTEH TeEJICYTBOPIOIOUUX CIOJYK, IO JO3BOJIWJIO BH3HAUYUTH TEXHIYHI
XapaKTEPUCTUKU HOBUX CTBOJIIB-PO3MUITIOBAYIB;

— HaOyB MOJAIBIIOTO0 PO3BUTKY CHOCIO (DI3UYHOTO MOETIOBAHHS TMPOLECy
TpacyBaHHsSI  CTPYMEHIB  KOMIIOHEHTIB  Te€JICyTBOPIOIOUUX  CIOJYK,  BIAMIHHOIO

OCOOJIMBICTIO SIKOTO € TIOJaBaHHS MiJ Yac €KCIEePUMEHTAILHUX JTOCHIHKEHb Ha YMOBHI
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OCEepeIKH MOXKEXKI a00 3aXHCTy y SKOCTI BOTHETACHOT peYOBUHHU MiihapOOBaHOT BOH, III0
JI03BOJIMJIO HAOYHO BI3yasi3yBaTH PE3yJIbTATH HATYPHUX BUIPOOYBaHb.

[IpakTdHe 3HAUEHHS OTPUMAHUX pPE3yJIbTaTiB TMOJATAE B  PO3poOIl
BJIOCKOHAJICHOI KOHCTPYKITii CTBOIB-PO3MIUIIOBAYIB, 110 31ACHIOIOTh AUCTAHIIIHY
OiHapHy mnojady kKommoHeHTiB ['YC, a TakoX TaKTHUKUA I1X BHUKOPUCTAHHS, IO
J03BOJIAE O1IbIT €()EKTUBHO peaji30ByBaTH HOBI BOTHETACHI PEUYOBHMHM, a CaMe
TeJICYTBOPIOIOUl  CIONYyKW.  [IpakTWdHe 3HAYEHHs  pe3yibTaTiB  JAWCepTallii
HiATBEP/UKYEThCSI aKTaMU BIPOBA/DKEHHS Ha mpuBaTHOMY mignmpuemctsi HIIIT
«CITELITOXTEXHIKA.

Kitouosi cnoBa: reneyrBoprorodi ciosiyku (I'YC), TakTUKO-TEXHIYHI TPUHOMHU,

(bi3I/I‘-IH€ MOACIIIOBAHHA, CTBOJI-PO3IIMIFOBAY, HACAIOK.

ABSTRACT

Ostapov K.M. Remote supply of extinguishants with gel forming components.
Qualifying scientific work on the rights of manuscripts.

Dissertation for the PhD degree in technical sciences in specialty 21.06.02
«Fire safety» (261 - Fire safety). National University of Civil Defence of Ukraine,
The State Emergency Service of Ukraine, Kharkiv, 2018 .

This work is devoted to solving the scientific and technical problem of
ensuring the efficiency of fire extinguishing at the remote delivery of extinguishant
substances (ES) with gel forming compositions (GFC).

The paper presents the results of the analysis of the current state of the theory
and practice of improving the remote delivery of liquid extinguishant substances, in
particular with gel forming components, namely, the advantages and disadvantages of
using water and aqueous solutions for fire extinguishing, as well as the prospects of
using GFC, which is associated with the improvement of methods and means for
remote delivery them during extinguishing fires of class A.

In the literature related to fire safety lots of attention is paid to the issues of
theoretical and experimental studies of fire extinguishing with the individually
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compact and spray water jets to the epicenter of fire with the help of calipers and hand
fire trunks of various designs. However, questions are bound with distance transfer of
feed streams of binary GFC on the objects of fire fighting, the study of these processes
by modeling the components ES/GFC and scientific studies and create them tactical and
technical support to date is actually not considered.

In this paper, experimental and theoretical studies with the use of an adapted
physical modeling method have been carried out, which allows to simulate the supply of
liquid ESs or components of the GFC (ES/GFC) with the AESGFC type (autonomous
extinguishing with gel forming compounds), with increased convenience of studying the
motion of single and binary jets on an object of fire extinguishing. It was also designed
and constructed two auxiliary devices fixing angles of two barrel-spray, which still
placed at a distance from each other within the specified range, the planes of sight to the
object fire. As a result, conditions have been created to ensure the aiming of two
independent streams of ES in the form of scattered jets simulating the movement of gel-
forming components into the firefighting areas by special theoretical calculations.

Experimental data were collected and then approximated by the semiempirical
polynomials with the help of experiment planning theory, and, in accordance with the
needs of the practice, were simplified in order to solve the problems of analysis and
agreement on the optimal (rational) use of installations of this type.

On the basis of comparison of the results of the theory and experiment, the design
models of the aiming binary feeder ES/GFC on fire extinguishing objects were
developed. In addition, the simultaneous delivery of two streams of gelling components
to the fire cell, two trunks from small (up to 10 meters) and from significant (more than
10 meters) distances, compact and plane-radial jets.

The obtained results became the basis for the development of a fundamentally
new method of feeding the binary solutions of the GFC to the fire extinguishing objects
by hinged and «straight» directed trajectories, as reflected in the patent for the invention.
To this, such an approach to fire extinguishing gel formations at appropriate distances
laid the foundation for the creation of a tactical fire extinguishing system with the
AESGFC type. The proposed method allows not only to increase the efficiency and
safety of fire fighting, but also to significantly reduce the collateral damage from the
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pouring of the lower floors, which is typical for the extinguishing of fires in buildings
and structures the most common ES - water.

Such an approach once again emphasizes the relevance of the topic of research on
the use of installations AESGFC type with the appropriate tactical and technical support.
This is where the problem of eliminating the error occurs when aiming the components
of the ES/GFC into the fire cells, so that there is no premature or late formation of the
gel mixture in the course of the binary flow of the GFC to the epicenter of the fire, which
may cause it to fall «into sediment» on the approaches to the fire extinguishing object or
behind it. That is, the effectiveness of the use of GFC in this case is sharply reduced.

From the technical point of view, the dissertation solved the general issues of
improving the existing installations, which led to the creation of a new installation
AESGFC-M. In this sense, the author developed and patented in Ukraine four
inventions. One of them concerns the conduct of the 4-factor experiment, where the
practical application of the optimal (rational) parameters of the nozzle for the creation of
a plane-radial jet for the purpose of supplying gelling formulations has been worked out
at a distance of more than 10 m, which can be used for extinguishing fires and for
protecting neighboring objects and personnel from dangerous fire factors (DFFs). The
second invention according to the new principle, allows visually to take into account the
current cost of a solution of ES/GFC in the fire extinguishing. The third one is the one
that provided the complete set of the new AESGFC-M (patented as the fourth invention)
with two spray trunks, which can supply the components of the GFC with compact,
atomized and planar radial jets at distances of up to 10 m.

As it is shown in the work, for the practical solution of the question of fire
suppression and protection of objects that are near the fire, you can use a few
suggestions is linked to the theoretical description of the trajectory of the flight in air
each of the two fused jets ES/GFC solo targeted on fire extinguishing object. However,
given that the mathematical description of the investigated physical phenomena is not
always simple, we propose the use of a relatively simple but rather reliable description of
the trajectories of free motion of jets. Simplification is represented by a semi-empirical
formula, which resembles the traditional one-by-one type of curves of the second order -
parabolas.
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Since in our studies the identity of the physico-mechanical and hydrodynamic
properties of water and some of the parameters of the GFC was proved, within the limits
of the proposed method of physical modeling, the motion of each of the components of
ES/GFC in the fire extinguishing, it is proposed to consider any of the known methods,
then, in the final combined solution uses the well-known superposition principle.

Such an approach to solving the problems posed in the work has been achieved
through simplified dependencies, which are the basis of the algorithm for the operational
determination of the corners of the rise of the spray guns for the efficient tracing of the
jets of the components of the ES/GFC and the effective extinguishing of fires with the
help of the GFC.

In the future, practical recommendations for the implementation of the ES/GFC
delivery to the epicenter of fire were developed and implemented, which became
possible, provided that all the components of the proposed solutions (technical and
theoretical) were combined and implemented in the new stand-alone installation of
extinguishing by the gel forming AESGFC-M depots.

The pilot installation AESGFC-M (Patent of Ukraine No. 118440) is intended not
only for the extinguishing of class A fires, but also for the study of the tactical and
technical characteristics of new ES and techniques for the remote delivery of binary
gelling compounds to burning solid fuels and the protection of objects located nearby.

In the design of this installation, the developed elements, in particular new spray
guns (the patent of Ukraine No. 114070), forming a flat-radial jets and additional devices
targeting barrel sprayer on the object of verification by the fire with elevation angles,
angles of rotation, height and width of the base symmetrical placement. In addition,
AESGFC-M is equipped with triple wheels for moving up stairs in buildings and
structures, and has two capacities of 50 liters, which allows to use 110 kg. of gelling
compounds. Transparent capacities are proposed for more convenient use of GFC
(Patent of Ukraine No. 113280). The scientific novelty of the results obtained is that:

- for the first time was developed a method of remote fire extinguishing with gel
forming compounds by means of binary supply of extinguishant components with new
spray guns;

- for the first time were grounded the tactical and technical methods of supplying
hinged and «straight» directed binary streams of gelling compounds to extinguish the
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fire with the help of spray guns (nozzles) for remote feeding of plane-radial jets of

extinguishant substance;

- the mathematical models of the remote feed of the rare-phase extinguishant are
specified, the distinctive feature of which is to take into account the physical properties
of the gelling compounds, which made it possible to determine the technical
characteristics of the new spray guns;

- has further developed a method of physical modeling of the process of tracing
jets of components of gelling compounds, the distinguishing feature of which is the
feeding during experimental research into conditional cells of fire or protection as a fire
extinguishing substance of painted water, which allowed to visualize the results of field
tests.

The practical significance of the results is to develop an improved design of spray
guns, which carry out a remote binary feed of the components of the GFC, as well as
tactics of their use, which allows more efficiently to implement new extinguishing
agents, namely gel forming compounds. The practical significance of the results of the
dissertation is confirmed by the implementation acts at the private enterprise RPE
«SPETSPOZHTEKHNIKAY.

Keywords: gel forming compositions (GFC), tactical and technical methods,
physical modeling, trunk-sprayer, nozzles.
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[TEPEJIIK YMOBHHNX CKOPOYEHD

['VC — reneyTBoproroya Croiayka,;

BI'P — Borueracna pe4oBuHa,

HO®II — nebe3neuni pakTopu MOKExKi;

TI'M — TBepauii TOprOYNA MaTepia;

P3IT — pinxoda3auii 3aci0 MOKEIKOTACIHHS,

AYITYC — aBTOHOMHA yCTaHOBKA T'aCIHHS T€JICyTBOPIOIOYUMU CIIOJIYKaMH;

CTC — cxitagHl TEXHIYHI CUCTEMU,

20



21

BCTYII

AKTyaJIbHicTh TeMu. [IuTanHs miABUIIEHHS €()EKTUBHOCTI MOXKEKOTACIHHS €
BXJIMBOIO 3a7aueto Jlep>kaBHOI Ciy>)kOM 3 HaJ3BUYAMHMX CUTyallld YKpaiHu, sika
nanexa Bij cBOTO BupimieHHA. OJIHUM 13 MEPIIOPSIHUX 3aBIaHb MOXKEKOraciHHS, a
TAaKOX 3aXHUCTy CYCINHIX 3 TIOXKEXel OO0’€KTiB, € BHU3HAYEHHS CWJI 1 3aco0iB,
HEOOXIJHHMX 1 JOCTATHIX MJIg JOKam3amii Ta JikBimamii moxkexi. JlocaimkeHHsS 1
BIIPOBA/DKCHHS B TMPAKTHKY IOKEKOTACIHHS HOBUX BOTHETACHUX PEYOBHH 1
MPUHOMIB X IMOJavi BiATIOBITHIMH 3aCO0aMHU 3aTHIIIAIOTHCS aKTyaIbHIMHU.

Ha panmit MoMEHT HaMOUIBII IIOIMIMPEHOIO BOTHETACHOK PEUYOBHHOIO
3aJIMIIIAETHCS BoJa. BoHa HoCTymHA, BITHOCHO Heaopora i yHiBepcanbHa. OTHaK Mae
1ICTOTHUI HEAOJIK, 110 MOJIATa€ B MOPIBHSIHO BEJIMKUX HEMPOJYKTUBHUX BTpaTax 3a
PaxyHOK CTIKaHHS 3 MOXWIMX (BEPTHKAIbHUX) MOBEPXOHDb MajalouuX 00’€KTIB, 1110
ICTOTHO 3HWKYE ii BOrHEracHy €(peKTHBHICTh 1 IPU3BOAUTH JO JOJATKOBUX 30HUTKIB

BiJl CTOKY BOJIM, 30KpeMa, Ha HIDKHI MOBEpXH OaratornoBepxoBux Oymisens (puc. 0.1):

Puc. 0.1 HeraruBHi HaCIIiIKX TaCiHHS TOYXKEXK BOJIOIO

CyTT€BO 3MEHIIMTH BTpPaTH BOIHETACHUX PEUOBHUH, a OTXKE, MpsiMi 1 MOO1UH1

30UTKHU, TO3BOJISIE€ 3aCTOCYBaHHs rejeyTBoprorounx crnoiyk (I'YC).
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JloCHi/PKEHHSIM ~ TPOIECiB  KOAryJsIiHHOTO  CTPYKTYpPHOTO  YTBOPEHHS
KOJIOIMHUX CHUCTEM 1 PpO3YMHIB BHCOKOMOJEKYJSIPHMX CIOJNYK, a TaKOX
XapaKTePUCTUK MIITHOCTHO-AedopMaIliifHoro crany rejiB 3aimanucs I1.A. PeGinnep,
B.B. Amkenony, A.C. bemikos, A.B KamGepdop, b.A. Pxaninun, A.A. Kipees,
O.B. CaBueHko 1 6arato 1HIIUX 3aKOPJOHHMX 1 BITYM3HSIHUX BUCHUX.

Hiticno, sk BimoOpaxkeHo B poboti [32], cydacHi ['VC cknagatotbes, B
OCHOBHOMY, 3 JBOX OKPEMO 30€peKCHHX KOMIIOHEHT, IO MOXYTh PO3IIHHO-
OJIHOYACHO TMOAAaBaTUCS B ocepenok moxexi. OgHa 3 HUX SBIs€ COOOI0 pPO3YUH
TeJICYTBOPIOIOUOTO CHUTIKATy JYXKHOTO METally, IHIIA — PO3YMHH PEYOBHH, SKi
B3a€MO/IIIOYH 3 CHJIIKATAMU YTBOPIOIOTh CTIMKUNA Iellb.

I'enb Ha moBepxHI O0O0’€KTy TMOXeEXKoraciHHg (majaro4oro abo mopyy
PO3TAIlIOBAaHOTO) CTBOPIOE BOTHE3aXMCHUW IMIap, IO MEPEHIKOKAE MOIIUPEHHIO
ropinasa. llel map AOCUTH MIIIHO CaAMOCTIHHO 3aKpIIUIIOEThCS Ha TMOXMIIMX 1
BEPTUKAJIILHUX TMOBEPXHAX (HABITh HA CTEN1), 110, B MOPIBHSHHI 3 BUKOPUCTAHHSIM
IPU TOKEKOTACIHHI TUIBKK BOJM, 3HAYHO 3MEHIIIY€ BTPATH, MOB’513aH1 3 CTIKAHHSAM
BorueracHux pedouH (BI'P).

[amoro mnepeBaroro I'YC € Bucoka BOTHE3axuMCHa [is, sika OOyMOBIIEHA
OXOJIO/KYIOUOIO JIIEI0 BOJH, IO MICTUTHCS B 000X KOMIIOHEHTaX 1 B CaMOMYy Telli.
[IpudyomMy, micis BUMAPOBYBAHHS BCi€l BOAW 3 TEJIEBOI CyMIIIl YTBOPIOETHCS
MOPUCTUM IIAP BUCYIIEHOTO TeJ0 (KCEPOrelb), AKui (PAKTUYHO BUKIIIOYAE TOBTOPHE
3aiiMaHHS  TOPIOYOTO  Marepiany oOO0’€KTa 3a  paxyHOK CBO€l  HHU3BKOI
TEIJIONPOBITHOCTI.

Pasom 3 tuMm cneuudiyni ocobnuBocti nmpuitomiB noaadi ['YC Ha 00’ekTn
IMOYKEXKOTACIHHA Ta 1X TAKTUKO-TEXHIYHI AaCIIEKTH Ha [JaHHH MOMEHT Mailke HeE
PO3IIIAIaKCs, 1110 B IPUHIIUII HE TO3BOJWIO A0 LBOTO Yacy €()EeKTUBHO 1 IIUPOKO
BUKOpucTOBYBaTH I'YC B yMOBax peaibHUX MOXKEXK.

3amoBHIOIOYM 110 TPOTAIMHY, B poOOOTI BHUBYEHO CTaH MHTAHHS TMPO
KOHCTPYKTHBHI OCOOJIMBOCTI CTBOPEHHS TEXHIYHMX 3ac001B Ta npuiiomu noaaui ['YC

JI0 OCEPENKIB MOXKEX1. 3aCTOCOBYIOUHM PO3pPOOJIEHI MaTeMaTU4YHI MOJEINI 1 METOH,
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mo 0a3yloThCcsl Ha EKCIEPUMEHTAIbHOMY Matepiail (PI3UYHOr0 MOJETIOBAHHS
3alpONOHOBAHO YJOCKOHAJIEHHS BIJOMUX MPUCTPOIB 1 YCTAHOBOK MOMKEKOTACIHHS.

[HIIMMM cllOBaMHM MO’KHA CKa3aTd, 10 BUKOPUCTAaHHS Ha MOXKEXaX OUIbII
ebpektuBHUX BI'P, 30kpema I'YC, a Takok mNpuHAOMIB iX ONTUMAIBLHOTO
(palioHaIbHOT0) BUKOPHUCTAHHS — 1€ KOMIUIEKCHA 3aJa4a JBOEJAMHOrO 3aBIaHHS 3
BJIOCKOHAJICHHS 3aXOMIB MPOTHUIOXKEKHOr0o 3axucty. OJHUM 3 MEepPCHeKTUBHHUX
NUIAXiB 1X BuUpimieHHS € ¢dopMyBaHHS OUIbIl €(GEeKTUBHUX (DI3UKO-XIMIUHUX
BJIACTUBOCTEN BOTHETAaCHUX PEYOBHMH — CYMIIIEH TeJIeyTBOPIOIOYUX CKIIAJIOBUX.
[HIIMH, HE MEHII BaXXJIMBUN HAIPSIM, BITHOCUTHCS 10 BIOCKOHAJICHHS YCTPOIB 1 3a iX
nornoMororo  aucraHmiHoi  gocraBku  BI'P/I'YC 1o ocepenkiB — 3aropsiHHA
palioHATPHUMHU TaKTUKO-TEXHIYHUMH mpuiioMaMu. ToOTO HE BU3MBA€E CYMHIBIB, IO
B HAIll YaC MUTaHHA CTBOPEHHS HOBOI NMEPCHEKTHBHOI TEXHIKM MOKEXKOTraciHHs, ii
PaLlOHAJILHOTO BUKOPUCTAHHS € aKTyaJIbHOIO 33]1a4€l0.

3’630k po0O0TM 3 HAYKOBHUMHM @POrpaMaMi, IUIAaHAMH, TeMaMH.
JuceprariiiHe JOCHIIPKEHHS MPOBOAWIOCS B paMKax HayKOBO-IOCHITHOI poOOTH,
BIJIMOBITHO JI0 TMPIOPUTETHUX HANPsAMIB (PYHIAMEHTAIBHUX Ta MPUKIATHUX
TOCITIKeHb BUIMWX HaBdambHHX 3akiamiB Ta HJP JICHC VYkpainum ma 2015-2017
poku. (HAP wa 3amoBieHHsi HarioHaJIbHOTO YHIBEPCUTETY IUBIIBHOTO 3aXHUCTY
VYkpainm — Ne 0116U002011, B sxiii aBTOp MNpUiMaB yd4acThb Yy SKOCTI
BignoBiganpHOro BukoHaBms (JIOJJATOK B).

Mera i 3aBAaHHs JAOCJHiIKeHHS. METOIO JOCHIDKEHHS € 3a0e3Ne4eHHs
e(EeKTHUBHOCTI TaclHHA MOXexX reneyTBoprorounMu ckiagosumu (I'YC) 3a paxyHok
BJIOCKOHAJIEHHSI KOHCTPYKIIii CTBOJIIB-PO3MUIIOBAYIB, 110 3A1MCHIOIOTH JUCTAHIINHY
OiHapHy mnojady kommnoHeHTIB ['YC, a TakoXX TaKTUKM iX BUKOPHUCTaHHS TpHU
MOKEKOTaCiHHI.

JUis  OCSTHEHHS TOCTaBJIE€HOI METH HEOOXITHO BHUPIIIUTH HACTYHHI
3aB/IAHHS:

— IPOBECTH aHai3 CTaHy MUTaHHS 1100 BUKOPUCTaHHS BOJHUX po3unHiB BI'P i
BU3HAYUTH OI[IHOYHI XapaKTEPUCTUKU HACANKIB IS TIOXKEKHUX  CTBOJIB-

PO3MIITIOBAYIB,;
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— pPO3pOOUTH HOBY KOHCTPYKLIIIO CTBOJIIB-PO3MIUIIOBAYIB AJIi BAKOPUCTAHHS MPH
raciagi I'YC 1 3axoau cpsMOBaHi1 Ha MiJBUILIEHHS €(pEKTUBHOCTI ONEPATUBHUX 1N
nigpo3auiie JJCHC Ykpainu npu noxkekoraciiti;

— BCTAHOBHUTH PalliOHAJIbHI CMIBBIAHOUICHHS TapaMeTpiB TUCTAHIIMHOT GiHApHOT
noaaul I'YC mpu raciHHI MOXKEX 1 3aXHUCTy CYCIAHIX 00’€KTIB 3 ypaxXyBaHHAM iX
JTUCTAHIIMHOT JOCTABKU J0 OCEPEJIKIB 3aropsiHb;

— CTBOPUTH TaKTHUHE 3a0€3MEYCHHS 10 HOBOCTBOPEHHX AaBTOHOMHHUX CHCTEM
MOKEKOTACIHHS 3 IUCTAHIIHHO O1HApHOO Mogadero koMmrnoneHT ['YC.

006’exT nocaimkenns — mpouecu nmogadi ['YC Ha 00’ €KTH MOKEKOTaCIHHS.

IIpeamer mocaigaeHHss — crociO 1 MPUCTPOi JUCTAHLIWHOI MoAadl O1HAPHUX
koMIioHeHT ['YC i1 moskeskoraciHHsl TBEpAUX TOPIOYUX MaTepialiB.

Metoau JoCHiKeHHSI — EKCIIEPUMEHTAIbHO-TEOPETUYHI METOAM, METOJ
(b13MYHOTO MOICITIOBAHHS, METOIU T€OP1l MPUUHSTTS PILIICHb.

HaykoBa HOBH3HA OTpPUMaHUX pe3yJbTaTiB. Y gucepTaiiiiHii poOoTi
BUpILIEHA BAXKJIMBAa HAYKOBO-IIPAaKTU4YHA 3aJada y cdepli MOXKexKHOI Oe3neKu —
3a0e3MeyeHHs] €(EKTUBHOCTI TacClHHS IMOXKEXK TIelIEyTBOPIOIOUYMMHU CIOJyKamMHu 3a
pPaxyHOK BUKOPHMCTAHHS CTBOJIIB-PO3MMIIOBAYIB, 0 MAlOTh HOBY KOHCTPYKLIIO JUIS
3a0€3MeUeHHs] JUCTAHIIINHOI MOoJa4yl KOMIIOHEHTIB TeJeyTBOPIOIYMX CIIONYK, Ta
3aCTOCYBaHHS BIAMOBIAHMX TAKTUYHUX TMPUHAOMIB B TIPOIECT TMOXKEKOTACIHHS.
HaykxoBa HOBHM3HA OTpUMaHUX Pe3yJbTaTIB MOJSATAE B HACTYITHOMY:

— BIHEpIIC PO3p00IICHO crocio JUCTAHIIITHOTO MOKEKOTACIHHS
reJICYTBOPIOIOUHMMHM CIIOJyKaMH MIJIIX0M O1HapHOI Mojiayi KOMIIOHEHTIB BOTHETaCHOT
PEUYOBMHU HOBUMH CTBOJIAMHU-PO3NUIIIOBAYaMH;

— BHEpIIe OOTPYHTOBAHO TAaKTHUKO-TEXHIUHI MPUHOMH TOJa4yl HaBICHHUX 1
«TPSAMO» CIHPSIMOBAaHUX OIHAPHUX MOTOKIB TEJICYTBOPIOIOYMX CIIOJYK Ha TaciHHSA
MOKEK1 32 JOTIOMOTOO0 CTBOJIB-PO3MILIIOBAYIB (HACAAKIB) IS AUCTAHIIIIHOL Mmoaaql
MJI0CKO-paIialIbHUX CTPYMEHIB BOTHETACHOT PEYOBUHU;

— YTOYHEHO MaTeMaTW4Hi MOJeNl JUCTaHLiMHOI Tmodaui piakodazHoi

BOTHETaCHOI PEYOBHHM, BIAMIHHOIO OCOOJIMBICTIO SIKMX € YypaxXyBaHHS (PI3UYHHX
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BJIACTHBOCTEH TeJeyTBOPIOIOYMX CIHOJIYK, LIO0 JO3BOJMJIO BU3HAYUTH TEXHIUHI
XapaKTePUCTUKU HOBUX CTBOJIIB-PO3MUIIOBAYIB;

— HalyB MOJAJBIIOTO PO3BUTKY CIOCIO (hI3MYHOTO MOCITIOBAHHS IMPOIECY
TpacyBaHHS CTPYMEHIB KOMITOHEHTIB TE€JCyTBOPIOIOYMX CIIOJNYK, BIIMIHHOIO
OCOOJIMBICTIO SKOTO € TOJAaBaHHS IMiJI Yac EKCIEPUMEHTAIbHUX JOCHIKEHb Ha
YMOBHI OCEpeIKH TMOXexXl ab0o 3axucTy y SKOCTI BOTHETacHOi pPEYOBHUHU
nigdapOoBaHOi BOAM, IO JO3BOJIWIO HAOYHO BI3yali3yBaTH Pe3yJbTaTH HATYPHHUX
BUNPOOYBaHb.

IlpakTHYHe 3HAYEHHSI OTPUMAHUX Pe3yJIbTATIiB.

Po3po0sieH0 OCHOBHI NPHUHIMIN KOHCTPYIOBAHHSI YCTAHOBOK 1 IPHUCTPOIB
JTUCTaHIIAHOT O1HapHOi moaaui BorHeracHux cnoiiyk BI'P/I'YC st raciHHSt TBepIux
roprounx marepiani (TI'M), a Takox I 3aXUCTy CYCiIHIX 3 HUMHU OO’€KTIB, L0
JT03BOJISIE TABUIIUTH €(PEeKTUBHICTH onepatuBHUX Ak migpo3aun JJCHC Ykpainu
IpU  TOXKEXKOraciHHi. 3a3HayeHl po3pOOKH Yy KOMIUIEKCI BH3HAHI MAaTEHTHUM
B1JIOMCTBOM Y KpaiHH.

BuroToBneni 1 3amaTeHTOBaHI HaTypHI 3pa3Kd Hacajgka Ta CTBOJIA-
po3MUIIIOBava Jijisl mojiayli miocko-paaiansaux crpyMeniB BI'P/I'YC na BiacTaHi 110
10 m 1 Ha Bigctani noHag 10 M. CTBONMM MPOMILIM YCHINIHY anmpoOaIiiio B yMOBax
TIOJTITOHY.

KommiekcHuit miaxig 0 MPaKTUYHOTO BUKOPUCTAHHS OTPUMAHUX PE3yJbTaTiB
JO3BOJIMB ~ BUTOTOBUTH B BUpOOHMUMX  ymoBax  ¢ipmu [T HIII
«CIHELOITOXTEXHIKA» nocnigny ycranoBky AYITYC-M nns i BUKOpUCTaHHSA
OpU TacCiHHI MOXEX TeJIEyTBOPIOIOYUMHU CKIIAJOBUMU B OYyHdIBISIX PIZHOIO
(GyHKI10HATFHOTO TPU3HAYCHHSI.

3anpoloOHOBAHO 10 BHUKOPHUCTaHHA B ycraHoBkax tumy AVYITYC
KOHCTPYKTHBHI pIIIICHHS, TIOB’sI3aHI 13 3aCTOCYBaHHSAM MPO30pPUX OajoOHIB IS
30epiranHs 3amnacy KOMIoHEeHT ckiaaoBux ['YC, mio 103Bossie CBOEYACHO pearyBaTu
1 3MIHIOBaTH 3a3Ha4eHi OAJIOHM B CKJIAJIHIM OINEpaTUBHIMN OOCTAaHOBI MPHU TaciHHI

ITOXKCIK.
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Po3pobnieHi mpUHIMANKM CTBOPEHHS TAKTUKO-TEXHIYHOTO 3a0€3MEeUeHHS 10
HOBOi aBTOHOMHOI ycTaHOBKH AYITYC-M 3 aucranmiiiHo0 OiHApHOIO MOAAUEIO
koMItoHeHT ['YC 11 raciHis IOXKEX.

OcoOucTuii BHecok aBTOpa. [laHa auceprallisi € CaMOCTIHOIO POOOTOIO
aBTOpa. Bcl MonokeHHs, BUHECEHI Ha 3aXHUCT, Ta PE3YJbTaTH iX 3aCTOCYBaHHS
npuBeneHi B pooOotax [1-30]. B HaykoBux poOoTax, 110 OmyOJiKOBaHi Y
CHIBAaBTOPCTBI, 0COOMCTUI BHECOK 37/00yBaya MOJSATae y HACTYITHOMY.

B poGorax [1, 12] 3100yBaueM mpoBeAEHO MOKJIATHUN JITEPATYPHUM OTJIS
IIOJI0 CTaHy MUTaHHS PO TMojady BOAHUX po3unHiB BI'P 1 OiHapHHX CcKIIagoBHX
['YC Ha BOTHHMIIIE TTOXKEX] CTBOJIaMHU-pO3MMiIIoBadamMu. B podotax [2-6, 9, 15, 17, 21]
MPOBEICHO  CKCIIEPUMEHTAJIbHI  JIOCHI/DKEHHS,  HAyKOBO  OOpoOsieHi 1
cucreMaTu3oBaHo madi, mono mogaul BI'P/I'YC ngo o06’exTiB moskeskoraciHHsa. B
poborax [3,7,10, 11, 13,18, 29] 3amponoHOBaHO HOBHHM MmAXia A0 (HI3UIHOTO
MOJICJIIOBAHHS, 10 JIaB 3MOTY CKOHCTPYIOBATH 1 BUTOTOBUTHU JOCIHIJIHY YCTaHOBKY
AYITYC-M. B poborax [2,8, 12,15, 16, 20, 23-27, 30] oTpuMaHO pe3yIbTaTH
BOTHEBUX BHUIPOOYBaHb CTBOpEHOI nociigHoi yctaHoBku AYITYC-M Ta TakTuko-
TEXHIYHOro 3a0e3neueHHs 10 Hei, mo Oyno mpuiiHato no BTuieHHs Ha [T HIII
«CITELITOXTEXHIKA».

Anpobaunia pe3yabratiB aucepramii. OCHOBHI pe3yJbTaTH IUCEPTAIIHHOTO
JOCIIIJKEHHSI BUKJIaAeHl Ha: MDKHApOAHIA HayKOBO-TIPAKTUYHIA KOH(EpeHIii
«IIpob6yieMu IMBUTHLHOTO 3aXUCTY: YIIPABIIHHS, IOTIEPEIKEHHS, aBapIHHO-PATYBaIbHI
Ta cremianbHi podoTm» (M. Xapki, 2015); BceykpaiHchkili HayKOBO-IIPaKTHYHIH
KoH(pepeHli «MeTponoriyHi acnekTd NPUUHSATTS pIIEHbh B YMOBaxX poOOTH Ha
TEXHOT€HHO-HeOe3neuHnx 00’ ektax» (M. Xapkis, 2015); MiKHapoHI HayKOBO-
NpakTU4HIA  KOoHGepeHlli «YUpe3BbluaiiHble cuUTyauuu: Teopus, MpaKTHKa,
uHHOBaIm» (M. ['omens, 2016); X MixkHapoaHIi HAyKOBO-TIPAKTUYHIN KOH]epeHTIii
«ObecnieueHrne 0E€30MAaCHOCTH >KU3HEACSITEILHOCTU: TPOOJEMBbI W TEPCTICKTUBY
(M. MiHCbK, 2016); MixkHapoAHiii HayKoBO-TIpakTU4HINH KoH(epeHiii «lloxexHa Ta
TeXHOTeHHa Oesmeka. Teopiss, mnpakThka, iHHOBaIii» (M. JIeBiB, 2016); 18

BceeykpaiHcbKiii HayKOBO-TIpakTUUHOI KoH(epeHlli «CydacHHM CTaH ITUBUIBHOTO
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3aXMCTy YKpaiHU: MEPCHEKTUBH Ta IULIXU A0 €Bporeicbkoro npocropy» (M. Kuis,
2016); MixunapoaHiii HaykoBO-TIpakTHuHIA KoH(pepeHuii «[Ipobiaemu moxkexHOT
oesnexkn» («Fire Safety Issues») (M. Xapkis, 2016); VII MixuaponHiii HaykoBoO-
npakTUuHid  KOoHGepeHuii «Ype3BbluallHbIe CUTyallUHd: MPEeayNpexaAeHue U
aukBuganus» (M. Mincek, 2016); MixkHapoaHiii HayKOBO-IIPaKTUYHIM KOH]epeHIii
«IIpenynpexxaeHue U JIUKBUJAIMS YPE3BbIYANHBIX CUTYAlU: METO/bI, TEXHOJOTHH,
npoOiemMbl U TmepcnekTuBbl» (M. MiHcek, 2017); VIII MixHapoaHiii HayKOBO-
npakTuuHiii KoHpepeHiii «Teopis 1 mpakTuka TraciHHA TOXKEX Ta JIKBIgaLii
HaJ3BUYaiHUX cutyariin» (M. Uepkacu, 2017); VII BceykpaiHcbkiii HayKOBO-
npakTU4Hid KoH(pepeHii «Han3BuuaiiHi cutyariii: O0e3neka Ta 3aXHCT»; HAyKOBO-
texHiuHux ceMmidapax HYII3 Vkpainu (2015-2017 pp.).

Hyo6aikamii. 3a martepianamMmu gucepTaiiiiHoi poOoTu omyOiikoBaHo 30
HayKOBUX Tpailb: 10 crareil y cremiaiizoBaHUX HAYKOBUX BUIAHHSX, 1110 BXOJASTH JI0
nepeniky MOH VYkpainu, 1 craTts y 3apyOiKHOMY BUJAHHI (cepes OmyOiKOBaHUX
poOIT 2 cTarTi MICTIATbCS B MDKHApOAHIA HaykoBOo-MeTpuuHid 0a3i  Index
Copernicus), 14 Te3 nornosijgei Ha KOHPEPEHITIAX; T0AaTKOBO B11I0OpakaloTh HAYKOBI
pe3yabTaTh JUcepTallii S OTpUMaHKUX MAaTeHTIB YKpaiHu.

Crtpykrypa i o6car podoru. /(ucepraiiitHa pobdoTa CKIIaJaeThCsl 3 aHOTAIIIT,
BCTYIly, YOTHPHOX PpO3AUTIB, BHUCHOBKIB, OJMHAMIATH JOJATKIB Ta IMEpPeIiKy
BUKOpUCTaHUX Jukepen. [ToBuuii 00’em pobdoTu ckiagae 203 CTOpIHKK, Yy TOMY YHCII
147 cTopiHOK OCHOBHOTO TeKCTy. PoboTa mpoimtoctpoBana 38 pucyHkamu, HaBEJECHO
17 Tabmuup. CnHCOK BHKOPUCTAHHUX JIITEPATypHUX JKEpen CKiagaerscs 13 121

HallMEHYBaHb.
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PO3/1J1 1 AHAJII3 CTAHY IMTAHHS TEOPII TA IPAKTUKH

MOKEKOI'ACIHHS 3 BUKOPUCTAHHSIM CHJI 1 3ACOBIB ITOJAYI
PIIKUX BOTHETACHUX PEYOBHH 3 HEBEJIUMKHNX I 3BHAYHUX
JIMCTAHIIN

1.1 Ipo6GaeMHi MUTAHHS 3aCTOCYBAHHSI PiIUHHUX 32C00iB MOKEKOTACIHHS

3a ocTaHHE JECATWIITTS KUIbKICTh MOXKEXK B YKpaiHl HE 3MEHIIyBajach 1 Ha
ChOTOJIHI CTAaHOBHUTH OnM3bK0O 80 THC. OXKEXK Ha PiK, 30MTKU Bif skux B 2017 pori

cky1ayi nonay 7 muipA. rpH. (puc. 1.1) [31].
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Puc. 1.1 Jlunamika KUIbKOCTI MOKEX MPOTATOM ocTaHHIX 10 pokiB

3a craTtucTukow, 3 novarky 1990-x pokiB y CBITI 13 3aCTOCYBaHHSIM BOAM
JikBigyBasocst 0u3bpko 82% moskex [31]. PiguaHi 3acobu moxexoracinas (P311) va
OCHOB1 BOJM 3HAMIUIM HAWOUIBII MOUIUPEHE 3aCTOCYBAaHHS 3aBMSIKUA JIOCTYIMHOCTI,
3pYYHOCTI TPAHCIOPTYBAHHS JI0 MICIISI TIOKEXK1 Ta BUKOPUCTAHHS PI3HUX TEXHIYHUX
3ac00IB 1 TaKTHYHUX NPUHOMIB, M0 3a0e3IeuyroTh Oe3leuHy poOoTy 0COOOBOTO
ckimany noxexaux [32]. Tlomauy P3I1 Ha ocepenkud TOXEX 3IIHCHIOIOTH 3a
JIOTIOMOTOI0  CTICIIaIbHUX MpUiiaaiB (MOXKEKHUMHU CTBOJIAMU Ta Hacajakamu), IIO
NOJIAI0Th JIJISl TACIHHSI MOKEX 1 3aXUCTYy CYCITHIX 3 MOXKEXKE 00’€KTIB KOMIAKTHI,
PO3MOPONIEH], TUIOCKO-pajialibHI CTPYMEHI Ta MOBITPSHO-MEXaHIYHI MIHU BOJHHUX
po3uuHiB BI'P.

Ockinpku Boaa € ocHoBowo P3II, 1m0 yacTiiie BCbOro BUKOPUCTOBYIOTHCS MIPU

MOXKEKOTaCiHHI Ta 3aXHMCTi OO €KTIB PO3TAIIOBAHUX MOPYY 3 TOXKEKE, TO iX
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BOTHETACHA [l y TEPIIy 4epry OOyMOBIIOETHCS ii MO3UTHUBHUMHU BIACTUBOCTSIMU:
BIZIHOCHO BHCOKI 3HA4Y€HHS IIMTOMOI TEIJIOEMHOCTI 1 OCOOJMBO TEIUIOTH
napoyTBopeHHs (2258,36 kJ[x/kr), 1o poOuUTh 1i PEUYOBUHOIO, SKa BOJIOIE
HAJ3BUYAHO €()EKTHBHOIO OXOJIOKYIOUO0 Micro [33]; Boma € PO3MOBCIOIKEHOIO,
JIENIEBOI0 1 eKoJioriyHo Oe3meynoro BI'P; XiMiuHI BJIaCTMBOCTI BOAM B 0arathbox
BUIAJIKaX HE MEPEIIKO/KAIOTh 1i BUKOPUCTAHHIO B SIKOCTI BOTHEraCHOI PEUYOBHUHU
Maiike MPH BCIX KJlacaxX MOXKexK.

VY 1poMy ceHci clliji 0COOJIMBO MIAKPECIUTH, IO TMOXKEKOTACIHHS Ha OCHOBI
BOJIM € TOJIOBHUM CIIOCOOOM OOpOTHOU 3 MOKEKAMH 1 3aXUCTOM CYCIJIHIX 3 TTOKEKEIO
00’exTiB [34, 35]. OmHaK BOHA Ma€ ICTOTHHM HEIOJIK, KU IMOJATAE Y BEIUKUX ii
BTpaTax 3a PaxXyHOK CTIKaHHS 3 MOXWJIWX IMOBEPXOHb, IO ICTOTHO 3HIKYE ii
BOTHEracHy €()eKTUBHICTb 1 MPU3BOAUTH A0 TOAATKOBUX 30UTKIB BiJl CTIKAHHS BOJU
Ha PO3TaIllOBaHI HUYKYE TTOBEPXHU.

3acTocyBaHHS BOJU Ta ii pO3YUHIB JIJIsI TACIHHS MOXKEXK MIJISTXOM JUCTAHIIHHOT
nojayl iX B OCEPENOK IMOXKEXKl KOMMAKTHUMHU a00 PO3NUWICHUMH CTPYMEHSIMU
JO3BOJISIE TIOJIOJIATA TIOPIBHSHO BEJIWKI BIJCTaHI 1 CHpPUSIE TACIHHIO TIOXKEXK Y
BAXKOJOCTYNHUX Micusx. [Ipore 1 Tyt Omm3pko 90% Boau 3a3BMYail MapHO
BUTpAYAEThCs, Oe3mocepelHb0 He Oepyun ydacti B mporieci racinag [36]. Biabm
Toro, 0€3 KOPHCTI BUTpaueHa BOJIa BUMAarae J0AaTKOBOI KIJIBKOCTI 0COOOBOTO CKIIaTy
MOXKEKHO-PATYBAIBHUX TMIAPO3ALIIB, a TOJOBHE — JOJATKOBOTO 4Yacy, SKHUM
HEIMPUITYCTUMO MapHY€ETHCS MPH MOKEKOTACIHHI.

IcHye nBa OCHOBHUX HaIpPSIMKHM IiJIBUILIEHHS €()EKTUBHOCTI BUKOPHUCTAHHS
BOAM TIpH TokekoracinHi [33]. Lle yaockonaeHHs IpUCTpoiB i mpuiagiB [37] ms ii
ONTUMAJIbHOI (pallioOHaNbHOT) TMOJa4l Ha OCEPEAKHM TOXKEXKI KOMIIAKTHUMHU Ta
PO3MHUIEHUMHU CTPYMEHSMU Ta BUKOPUCTAHHS PI3HUX 100aBOK a0 Boau [38], mio
POOJIATH TaKi pO3UMHHM OUIBII e(PEKTUBHUMH 3aCO00aMH TTOKEKOTACTHHS.

Takum YrHOM, XO4Ya IMOYKEKOTaCiHHSI Ha OCHOBI BHKOPHCTaHHS TPaIUIIIHHUX
KOHCTPYKIIiH TIOYKEKHUX CTBOJIB 3 HacaJIKaMH JIJI1 CTBOPEHHS BOASHUX CTPYMCHIB €
TOJIOBHUM CIIOCOOOM OOpOTHOM 3 TOXKEXaMu, BOHO CYMPOBOKYETHCS BEITUKOIO

MapHO BHUTPAYEHOI  KIJBKICTIO BOJIM, BHACIIJIOK YOTO JOLUIBHO TEPEeUTH [0
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BUKOPUCTAHHA KOMIIAKTHUX Ta pO3MUJICHUX CTPYMEHIB BOJHUX PO3YMHIB, SIKi

MICTSITh 100aBKH, 110 MiIBUIYIOTh BOTHETACH1 BIACTUBOCTI BOJIH.

1.2 llpuctpoi nopaui pinkogasuux 3acodiB mno:kexxoracinus (P3II) nas

raciHHs MOKeK i 3aXUCTY CYCiIHIX 00’ €KTIB

Posrnsnatoun pigkodasHi 3aco0u MOXKEXKOTraciHHS OyJeMO MaTH Ha yBasl HE
Tibku cami P3I1 Ha BOAHIN OCHOBI, a ¥ KOMIUIEKCH TEXHIYHUX IPHUCTPOIB, IO
nocrtapisitoth BI'P 1o 06’extiB moxexoracinusa [39, 40]. [Ipu mpomy Hama yBara
OyJe npuaiaeHa roJIOBHUM YMHOM TEXHIYHUM MPUCTPOSIM 1 MpuiiomMam poOOTH 3
HUMH 3 TOYKHM 30py MOJadl 3 PI3HUX JUCTAHIIM KOMIIAKTHHMX, PO3MOPOIICHHUX 1
IJIOCKO-paJialIbHUX CTPYMEHIB pinkodazHux BI'P cTBomamu-posnuiaoBayamMu Ha
MOBEPXHIO/00’ €M TaaroYnX PEYOBHUH Ki1acy A 1 Ha 00’ €KTH, IO 3aXUIIAIOTHCS.

Ha cxemi puc. 1.2 gana 3aranpHa kiacu@ikailiss BUKOPHCTAHHS TOKEKHUX

CTBOJIIB Ta HACaJIKIB uepe3 skl AucTaHiiiHo nogaetses P31 npu raciHHi moxex.

CTBOJIbHI TIpHWJIAJIN TS TTOAa4l
piakodazuux BI'P

‘ 3a BUTJIAI0M BOTHETaCHOI PEYOBUHU ‘

\ Bopaani \ \ [ToBiTpsiHO-TIIHHI \

3a MpOoITyCKHOO CIIPOMOKHICTIO Ta PO3MipOM

_ - 1o HepeHOCﬂTBCH‘ : _
Pyuni JladetHi . CramionapHi
Sk npuBO3ATH

\ 3a TUIIOM CTpYMEHIB \ \ 3a crmoco6oM pO3MIIICHHS
3axucHa ; o . €HTPO- ) . o
) CyuinsHuii| Po3nunennit H. P . Mexadiuauii [laeBMaTnuHMM
3aBica OLKHUUI
3a hopMOI0 PO3NUIICHHS CTPYMEHS
. | |Posnopomennii y | Ilimocko- Posnunenuit y
Kommakrani ; : o )
BUTJISIL pakeny |paalajdbHUN = BUTIIAJL a€PO30JTI0

Puc. 1.2 3aranpha kmacuikaliiss BAKOPUCTAHHSI TIOYKEKHUX CTBOJIIB Ta HACAKIB
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1.2.1 CrBonu-posmmmoBadi P3I1 1 Hacanku 1o HUX

SIx Bimomo 3 poOoTu [40] KOHCTPYKTHBHO PO3PI3HAIOTH Takli OCHOBHI THIIU
CTBOJIIB-PO3MUJIIOBAYIB Ta HACAJKIB JO HHUX: 30BHINIHIA HWJIIHIPUYHUNA HACaJIOK
(macamok Bentypi); BHyTpimmHIN numiHapudHuid (Hacagok bopaa); KoHIYHI Hacaaku
CTBOJIIB, IO CXOJATHCS 1 PO3XOATHCS; KOHO1IaJIbH1 HACaKH.

VY mpakTuill MOXKEXOTAaClHHS IIMPOKO BHUKOPUCTOBYIOTHCS HACAAKU THUITY
KOHIYHOTO, III0 CXOAATHCS J0 BUXITHOTO OTBOPY. OO’ €KTH CEpeliHIX PO3MIpIB racsTh
1 OXOJOJKYIOTh, SIK TpaBuio, pyunumu ctBojiamu PC-50 1 PC-70 3 miamerpom
HacaJKa JJisi CTBOPEHHSI KOMIIAKTHOTO BOASIHOTO cTpyMeHs 13-19 MM 1 1is raciHHs
3HAYHUX TOKEK BUKOPHUCTOBYIOTH CTBOJM JadeTHI 3 AlaMETpOM Hacajka 25 MM i
OunbIe (Hacamaok KoHIuHuU) [41].

[Ipy raciHHI TOXEX MJIA 3aXUCTy OO0’€KTIB BEIMKHUX PO3MIPIB 1 CUIBHUM
TEIJIOBUM BIUTMBOM, 3aCTOCOBYIOTH TYpPOiHHI Ta MIUTMHHI HACAKU-PO3MUITIOBaYl, TaKi
SK: HacaJKU-pO3MWIIOBadl MmUIboBoro Ttumy PB-12 — koHiuHMii Hacalok, o
OOJIAIITOBYETHCS METAJICBUM E€KPAaHOM IIPH BHXOAI CTPYMEHS JJII OTPUMaHHS
BOJISIHOT 3aBiCH, a TAaKOXK HacaJIKku-posnumoBadi Typoinui (HPT-5, HPT-10, HPT-20).

VY Tabn. 1.1-1.2 BKa3zaHI OCHOBHI XapaKTEPUCTHUKU CTBOJIB-PO3NUIIOBAYIB 3

HacaJKaMH JIJIsl CTBOPEHHS KOMITAKTHHUX 1 po3muiieHHX cTpyMeHiB [37, 40, 42].

Tabmuus 1.1
OCHOBHI TE€XHI4HI XapaKTEPUCTUKU CTBOJIB 3 HACAJIKAMU JJI1 CTBOPEHHS

KOMITAaKTHUX BOJSTHUX CTPYMEHIB

Butpara Boau, 11/c, 31 cTBOJIA 3 IIaMETPOM HacaaKa, MM
HaIp, M 13 19 25 28 32 38 50
20 2,7 54 9,7 12,0 16,0 22,0 39,0
30 3,2 6,4 11,8 15,0 20,0 28,0 48,0
40 3,7 7,4 13,6 17,0 23,0 32,0 55,0
50 4,1 8,2 15,3 19,0 25,0 35,0 61,0
60 4,5 9,0 16,7 21,0 28,0 38,0 67,0
70 — — 18,1 23,0 30,0 42,0 73,0
80 — — — — — 45,0 78,0
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Tadomus 1.2

OCHOBHI T€XHIYHI XapaKTEPUCTUKHU CTBOJIB 3 HACaJAKaMH JIJIsl CTBOPEHHS

PO3MUJICHUX BOJSIHUX CTPYMEHIB

[apameTpu TypOinHi po3nmiIroBayi [limsouii
HPT-5 | HPT-10 | HPT-20 | Po3nwmosad PB-12
Hamip nepen 50 60 50 50
PO3MUITIOBAYEM, M
Burpara Boau, n/c 3) 10 20 12
JloBXWHA CTPyMEHS, M 20 25 35 8 (3aBica)

Sk mpaBuiO, IpU TaciHHI MOXKEX 1 MPU 3aXUCTI CYCIIHIX 00 €KTIB BiJl BILUIUBY
TEIJIOBUX TMOTOKIB [43] 3a JOMOMOrol KOMIAKTHUX 1 PO3MUJICHUX (a TakoX 1
IUIOCKO-paJialIbHUX ~ CTPYMEHIB)  KpIM  METH  MIJABUIIEHHA  €(QEKTUBHOCTI
MOKEKOTACIHHS CIJIJI JOMaratucs i CKOPOYEHHS CYMapHOI BUTpaTH BOJHU, dYacy
dhopMyBaHHS TEIJIOBO1 3aBICH 3 OJTHOYACHUM 3a0e3nedeHHsM Oe3reku e [44]. B
[[bOMY BIJHOIIIEHHI CTBOJIM-PO3MMIIIOBAYI 3 HACAJKAMHU JJIsl CTBOPEHHSI KOMITAKTHHX 1
PO3MUIICHUX BOJSHUX CTPYMEHIB, II0 3aCTOCOBYIOTHCS B JAHUM Yac MiAPO3J1JIaMU
MOXKEKHO-PITYBAJILHOI CIIYOH, HE B TOBHIIM Mipi BI/IMOBIIAl0Th 3MICTY 3aBAaHb SIKi
CTOSITh TEpe]] TOKEKHUKAMHU-PATYBATLHUKAMU Yepe3 HEBHUIIPABIAHO 3aBHINCHI
BUTPATH BOJM Ha TaciHHsA 1 3aXHCT. e, K BXKe 3a3HaYaoCs, IMOB’sI3aHO 13 3HAYHUMH
MPOTOKAMHM BOJIM HA PO3TAIOBAaHI HMXKYE OCEPENIKY MOXKEXl 00’€kTH (0COOJIMBO B
HIDKHI IOBEPXU OYAiBEIIb 1 CIOPY), 1110 MTPU3BOAUTH JO HEKOHTPOJbOBAHUX BEITUKHUX
noOIYHUX BTpAT).

Pazom 3 TuM, cTBONM-po3nuiaoBadi 3 Hacagkamu HPT-5, 10, 20 cTBOproOTH
po3nuieHl CTpyMeHi Ha BigHOCHO Benukux (monan 10-15wm) Biacransx. Ilpore,
Marouud Majui aiameTp (HEBETUKUM KYT PO3KPUTTS) HE B 3MO31 OXOMUTHU TOPIBHIHO
mupokuid GppoHT moxkexki. KpiM Toro, Ha MmakcumanbHIA BifcTaHi mojadi BI'P
BOJSIHUM CTPYMiHb, BTpayalOyu CHIIy 1HEpLii NOTOKY, MAaKCUMAJIbHO PO3MHIIOETHCS
(mms HPT-20 ust BigcTaHb JOpIBHIOE 25 M), IO HE 3aBXIU JO3BOJISE JOCSTTH
HEOOX1IHOTO pe3yibTaTy MpHu raciHHi. 3 1€l npuunHd Hacaaku Ttuny HPT nmns

raciHHS 1 OXOJIO/PKCHHS BEJIMKUX 00’ €KTIB HE BUKOPUCTOBYIOTHCS.
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VY Bumaakax 3actocyBaHHs Hacanka PB-12 mae Miciie He3HauHa 30Ha aKTUBHOT
Iii BOASHOTO CTpyMeHs (auB. Tabm. 1.2). 3 ormsay Ha BeNMKi rabapuTu peanbHUX
00’€KTIB TMOXEKOTACiHHSA, 0 HE MalOTh CTAI[lOHAPHUX CHUCTEM OXOJIOJKEHHS,
BUKOpUCTaHHSA Hacanka PB-12 He mae MOXIMBOCTI iX 3aXHMCTUTH B CHIy 3HAYHHUX
rabapuTiB.

B po6orti [45] moka3zaHo, 1110 Tpanc(opMaliisi BOJJHOTO CTPYMEHS, BUITYIIIEHOTO
B atMocdepy 31 cTBOIa/HAcaAKa 3 MUIIHAPHIYHUM BUXOJIOM CTPYMEHIO, 3 TOUKH 30Dy
(dbopMH BHUIIIAYy HOTO CKIQJOBUX YaCTUH Ma€ TPU XapakTepHi niastHku (puc. 1.3):
KOMIAKTHY (CIOYaTKy BUKHUIY), pO3[piOHEHy (IIpU BUIBHOMY pyci B arMmocdepi) 1

KpamnenbHy (B KiHIII CBOTO PYXY).

3pi3 crBONA YHacTuHU CTpYMEHS Y BIJIbBHOMY NPsIMyBaHHI

B armMocdepl

o o

Kowmmakraa | Po3apibnena | KpanensHa
yacTUHAa yacTuHa yacTUHa

Puc. 1.3 Tpancdopmariiiss BogsHOro crpymeHs: a) ¢poTo KOMIAKTHOI YaCTUHH
cTpyMeHs; 6) poTo po3apiOHEHOT YaCTUHHU CTPYMEHS; B) CXEMaTUYHE YSBJICHHS PyXy

HE3aTOTUTFOBAHOTO CTPYMEHS B MOBITPI

Ax BuaHO 3 puc. 1.3 HEPO3PUBHICTH a00 IIUIICHICTH BOJSHOTO CTPYMEHS

3a0e3MevyeThesl TUIbKU B KOMIAKTHIHN 11 yacTuHI. Y po3apiOHEH1 YacTHHI BiIOYBa€ThCS
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PO3pHB CTPYMEHS Ha BOJSHI (PparMeHTH, HUTICHICTh CTPYMEHSI MOPYLIYETHCS 1 CTPYMIHb
PO3LIMPIOETHCS. Y KpamenbHii 4acTUHI CTPYMIHb PO3MWIIOETHCS Ha O€31114 BOASHUX
Kparielb, SBJSI0YH o000 KparelbHO-BOASHUM (haker.

[Ilo cTocyeThCsl €KpaHyO4O0i 37aTHOCTI BOJSHUX CTPYMEHIB, TO JOCHTHh YacTO
Ml Yac TaciHHA TOXEX BHUHHMKAE HEOOXITHICTh B BUKOPHUCTAaHHI BOJISHUX
TEII0130JII0I0YHX 1 TETUIOBIAOMBHUX ekpaHiB [46]. ¥V 3a3HaueHOMY CEHCI 3aBJIaHHS 31
CTBOPEHHSI TaKMX CTPYMEHIB MOB’SI3aHO 3 KOHCTPYKTOPCHKMMH PO3POOKAMH Tak
3BaHOTO IILJTMHHOTO HACAJKY.

VY nmaniit poOOTI MpU PO3TIISAAHHI 3aXHUCTy OOJaJHAHHS 1 JIFOACH BiJ BILTUBY
TEIJIOBOTO TMOTOKY TIOKEXI M 4Yac TaciHHA 3 BuKopucTaHHsIM P3I1 Tex
CTBOPIOBAJIUCh TEPEAYMOBH [UIsl PO3B’SI3aHHS 3a7adl HE TUIBKM JIOKami3amii
nomupeHHst GPOHTY TOPIHHSA, a i 3aXKCTy CyCiHIX 00’eKTiB [22, 23].

[Toxibni muTaHHa AOCTiPKyBanuca B po6oTi [12] mpu po3poOiii KOHCTPYKIIIT
HAcajKa, 110 CTBOPIOE BOJISIHI 3aBIiCH. Y IIbOMY KOHCTPYKIIIHHOMY BapiaHTi HAacaJlOK
BUKOHYBABCS SIK MyCTOTUIMM KOPIYC 3 BXIJIHUM LMJIIHIPUYHUM KIHIIEM 1 BUXIJTHUM
KIHIIEM, JI0 SIKOTO Ha JIeSKIM BIACTaHI NEPHEHAUKYIISIPHO NPU€EIHAHA JITACTHHA-EKPAaH
y BuUrsaAl cerMeHTa. CTBOpPEHHS BEPTHUKAIbHOI 3aXMCHOI BOJSHOI  3aBICH
3MIACHIOETBCS IIIJIIXOM NEPETBOPEHHS pPYyXY BOJHOIO IOTOKY 3a JIOTIOMOTOIO
IUIACTUHU €KpaHy, [0 Majo CHpusie SKICHOMY, HaIiifHOMYy Ta e(GeKTHBHOMY
BUKOPUCTAHHIO Hacajaka aias uux 1muied. Kpim Toro Tyt BIACYTHS MOXJIHMBICTh
OXOJIO/HKEHHSI 00’€KTa B 30HI TEIJIOBOTO BIUIMBY IMOXEXK1 Ta 31HCHEHHS TPYIIOBOTO
3aXKCTY MOKEKHUX-PATYBATBHUKIB BiJl BIUIMBY TEIJIOBOTO MOTOKY [22].

binbim epexkTMBHUM MJi1 TaClHHS MOXKEX1 1 3aXHCTy MOPYY pPO3TAIIOBAHUX
00’exTiB € Hacanok 3a [latentom VYkpainu Ne 80884, 1m0 MICTUTh MOPOKHUCTUN
KOPIYyC 3 BXIIHUM UWIIHAPUYHUM KIHUEM 1 BUXIJHUM KIHLIEM Y BUIJIAJI TUIOCKOTO
po3Tpyda 3 TOCTPUM KYTOM PO3KPHUTTS, 3 €IHAHUX MK CO00I0, fKi YTBOPIOIOTH
BUXIJTHUN KIHEIb Y BUTJISJII JABOX MapajebHUX HAMPSIMIB 3 pajiaJbHUM IIUTHOBUM
otBOopoM [47].

[Tpunun pobGotu i#oro Takmii. CTpyMiHb BOoAM ab0 BOJHOTO PO3UYHHY,

NEePUMETP SKOr0 Ma€ IMWIHIAPUYHY (GOopMy, MOTpAIUISIloYd B KOPIYC Hacajka,
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Bipa3y K 3MIHIOE CBOIO (OpPMY 1 OCTaTOYHO (POPMYETHCS B IJIOCKO pajiaibHUAN
CTPYMiHb, SKUH PYXAETHCS MIXK JBOX MapajeIbHUX HAIMPSMIB BUX1THOTO KIHIIS, TICTIS
4yoro, BUTIKAIOYM MiJ HAIOPOM uepe3 MIUIMHHUN OTBIp B IOBITPSHOMY IPOCTOPI
YTBOPIOE BOJISIHY 3aBICY.

OnHak BIICYTHICTh B KOPHYCl IIBOIO Hacajka CIHEHIIbHUX ITUIITHIPUIHUX
MEPEropoJIOK Ha HUISIXY PYXY BOJSHOIO MOTOKY 3 OTBOpaMHU MAaJIOTO JiamMeTpa Jyis
dinpTpamii 1 «3acnokoenHs» P3I1 mepen po3muiieHHSM He Crpusie HaAIMHOMY 1
edeKTUBHOMY HOro BHUKOPUCTaHHIO. A came: Ipu 3a00pi BOJAU 3 BIAKPUTOIO
BOJIOMMHUIIIA a00 3 €MHOCTEH 3 BOJHUMHU PO3YMHAMH ISl TOXKEKOTACIHHA YacTO
TPAIUISIIOTHCA TYCTI 1 TBEPA1 BKIIOUCHHS, K1 «3a0MBalOThy MapaliesibHI HalpaBJsitoyl
BUXITHOTO KiHIA. B pesynprari posmun P3II, mo BuTikae mijg Hamopom uepes
LIUIMHHUA OTBIP B MOBITPSHUN MPOCTIP, MOXKE AECTPYKTYpYBaTHCS, B pe3yJbTari
4YOro HaJIWHICTh YTBOPIOBaHHS BOJISHOI 3aBICH Ta €(PEKTUBHICTh TaCIHHSA TMOXKEXI
OyJie 3HUKEHa.

Takuii miaxix QopMyBaHHS IUIOCKO-paJlalIbHUX CTPYMEHIB (3 YCYHEHHSIM
3a3HAYCHUX HEJNIOMIKIB), HAMH OyJI0 YJOCKOHAJIEHO 3 TEXHOJOT1YHOI TOYKH 30Dy
(IOHOATOKT). 3aBasiku 4oMmy 3a JOMOMOIOK MOJEPHI30BAHOTO Hacajka Oyio
JOCSITHYTO ITUUIKOM CTIHKOTO PIBHOMIPHOTO PO3MO/ILITY BUTPAT BOJIM Y BUTJISIL Bisijia 3

KyTOM PO3KpHUTTs 10 47° [12].

1.2.2 ABTOHOMHI YCTaHOBKH, IO 3JIMCHIOIOTH TacCiHHS TOHKOPO3MHJICHUMU
CTPYMEHSIMH BOJIHUX PO3UYHHIB

B po6orax [48, 49, 50] Ha miacTaBi JaHWX BOTHEBHX BHIPOOYBaHbH MOKA3aHO,
0 BUTpaTa BOJM Ha TAaCIHHS TOXKEX MPH 3aCTOCYBaHHI TOHKOPO3IMUJIEHOI BOJIU
3HIDKYETHCS B TIOPIBHSAHHI 3 KOMIIAKTHAUMHU CTPYMEHSIMH Yy 2-3 pasH.

JliticHo, mpu To/1a4yl BOJAM KOMITAKTHUM CTPYMEHEM B KOKEH MOMEHT 4Yacy Ha
HEBEJMKY IUJIOLLY MOTpaIuisie BIAHOCHO Benuka KuibkicTh P3I1. Ls kinbkicTh y 6arato
pa3iB MEpEBUILY€E Ty KUIbKICTb PIJIMHHU, 0 MOXKE BTpPUMATHCS Ha LI MOBEpxHI. 3a
naHuMu poOiT [51, 52, 53] ToBIIMHA BOAHOT ITIBKK HA MOXMIMX MOBEPXHIX TIIAJIKHAX

TBEpIUX MaTepiajiiB, YJIbTPa3BYKOBOIO JIyHA-IMIYJbCHOTO METOJYy, CTaHOBHUTH
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0,3+0,4 mm. Ilpu momaui BoAM y BHIVISIAI TOHKOPO3MWJIEHOTO cTpymens, BI'P
MOMAETHCSI Ha TOPIBHSHO BENHWKY Iuionry. lle mo3Bonse yHMKHYTH mMmojadi Ha
KOHKPETHY TOBEpPXHIO TOPIHHS «3alBOi» BOJIM, IO 1 JIa€ MOKJIUBICTb 3MEHIIHUTH
BTPaTH BOJAM 3a PaXyHOK ii CTIKaHHS.

Kpim Toro, takumm ycranoBkamu [54, 55] pinkodazna BI'P momaerwcs mif
BUCOKHM THUCKOM TOHKOPO3IUJICHUMHU CTPYMEHSIMHU 1 3aBJASIKM BUCOKIN IIBHJIKOCTI
NOJILOTY Kpamenb BOIU, Ma€ OUIbIy MPOHHUKAIOYY 3JaTHICTb HACHYyBaTH IOpPHU
noBepxHeBux mapiB TT'M, 3okpema, gepeBuHU. OJHOYACHO TOHKOPO3MWIEHA BOJA B
3B’A3Ky 3 IIBUJKHUM BHUIIAPOBYBAaHHSM TMOTJIMHAE BEIUKY KIJIBKICTh TEIUIa 1 KpIM
IILOT0 BUKOHY€E (PYHKIIIT 3ac00y 00’ €MHOr0 Mmoxesxoracinus [56, 57, 58].

Binomo [40, 48, 59], mo neski HOBI MOXJIMBOCTI (B YacCTHHI IIiJBUIICHHS
e(DEeKTUBHOCTI TaCiHHS OCEpEAKIB IMOXKEX1 BOJOK Ta BOJOI0 3 J00aBKaMH) Ja€
3aCTOCYBaHHS TOHKOPO3IMUJICHUX BOJHHUX PO3YMHIB 3 BUKOPUCTAHHSM YCTaHOBOK
aBTOHOMHOI'O TaCiHHS, 110 JTO3BOJISIE OTIEPATUBHO MPOTHUAISATH MOIIUPEHHIO TOPIHHS
Ha PaHHIX CTafisX Oro po3BUTKY.

B po6ori [41, 60] Bim3HayaeThCs, 0 32 JOTOMOTOI TOHKOPO3IHUIICHOI BOIU
MO>KHa €()EKTHBHO T'aCUTU MPAKTHYHO BCl BUAM TOPIOYUX MaTepiaiB, 32 BUHATKOM
€JIEKTPOOOIaTHAHHS T11JI HAMPYTOI0 Ta PEYOBHUH, SKI aKTUBHO pPEaryrTh 3 BOJOIO.
Takuit miaxig mogadi Boaud (OCOOJIMBO 13 3aCTOCYBaHHSIM PaHIEBUX YCTAaHOBOK),
3aBISKM HOro OMEPaTUBHOCTI, ICTOTHO MIJBUINYE MOXKJIUBOCTI MOXKEKHUX-
pATYBAJIBHUKIB: 3MeHINye dYac jgoctaBku BI'P 1o ocepenky moxexi, BUTpaTu
BOIHETaCHOI PEYOBUHU B MPOLIECI TaciHHA. TUM He MEHII ii 3amac y TaKuX paHIEeBUX
YCTAHOBKax YacTo OyBae€ HE JOCTaTHIM [IJIi BUPIIMICHHS OCHOBHOI 3ajadl —
JoKami3amii 3 MOJaibIIOK JIKBIALIECID TOXEXi. Xoya MPU 3aBEPIICHHI TACIHHS
OCEpEIKIB MOXKEX1 1 3aXUCTy IHIIMX OO €KTIB BOHU MOKYTh BHUKOPHUCTOBYBATHUCS
JIOCTaTHHO €(PEKTUBHO.

AHami3 OCTaHHIX TEHJCHIIIM B TOXKEXOTACIHHI BKa3y€ Ha JOCUThH IIUPOKE
3aCTOCYBaHHS METO/IIB TaCiHHS 3 BUKOPUCTAHHSM BOJM Ta IHIIMX PIAUHHUX CKJIAJIB
B TOHKOPO3IUJICHOMY BUTJISAIL € y poOoTi [61, 62]. Takuii miaxia A0 MOKEKOTACIHHS

B 3HAYHI1M Mipi OOyMOBJIEHUM TUM, 1110 BOJIA Ta il PO3UYMHHU MOJAIOTHCS B 30HY MOXKEXKI
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y BUTJISIAL aepo30i1to 3 01u3bKoi BijcTaHi. [Ipuyomy, BrmuB BI'P Ha nporec ropinns 1
MOKEKHE HABaHTAXKEHHS, NPAKTUYHO PIBHO3HAYHO €(PEKTUBHO 3a BcCiMa
HanpsMmkamu. Kparmi po3nuieHoi Bogau aiamerpoM mpuommsno 50 mxm—0,1 MM, 110
MalOTh 3/IaTHICTh PIBHOMIPHO 3MOUYYBaTH MOBEPXHIO 3a KOH(]Iirypari€ro Oyab-sKoi
CKJIQJHOCT1, MPOHUKAIOTh B TMOPOKHUHHU, HEIOCTYMHI JJi1 3BUYAHHUX CTPYMEHIB,
3HIKYIOTh TEMIIEPATYyPy CaMoi Malarovyoi peYOBUHU Ta TEMIIEpaTypy B 30HI1 FOPIHHA,
a TaKOXX TEMIIepaTypy MPOAYKTIiB ropiHHs. Po3BUHEHU TTOBEpXHEBUMA 00CIT TTOTOKY
Kpameyib jJo00pe mnoriauHae (amcopOye) dYacTKu JauMy. TakuMm YHHOM, Kparun
HANIOBHIOIOTh BCIO TMOBEPXHIO (BeCh 00CST) mayialouoro 00’€KTa 1 3aXOIUTIOIOTHCS
Ta30BUMH IMOTOKAMH, TIEPEIIKOKAIOYN TIOIUPEHHIO MOXKEXK] B HAMPSIMKY PyXy ITUX
MOTOKIB.

HocmipkeHHss 3 peanizaiii  aepo30JIbHOTO IMIyJIbCHOro posnwity BI'P
[63, 64, 65] Bemythcs B OaraThox KpaiHax cBiTy. Jlimepamu B 1iiii  oOmacti
JOCIIJKEHb Ha ChOTrOAHIMHIN neHb € ¢ipmu Dow Chemical, Factory Mutual
Research (CIITA), 1 Stockhausen GmbH&Co (Himeuunna).

B Vkpaini gocnipkeHHs B raiy3i BOJHUX PO3YMHIB BOTHETAaCHUX PEUYOBUH,
30KpeMa 3aCTOCYBaHHS iX B TOHKOPO3MUJIEHOMY CTaHi, MpoBoAAThCS 3 1998 poky Ha
6a31 YkpH/IIL3. 3a ueii vac mpoanasnizoBaHa CUpOBHHHA 1 BUpoOHUYA 0a3a YKpainu,
a TaKOX HasBHICTh HA 11 BHYTPIIIHBOMY PUHKY JIOMIIIIOK 1 100aBOK, BBEICHHS SIKUX B
peuentypy P3II nouiibHO 3 TOYKM 30py MiJBUILEHHS X BOTHETACHOI €(DEKTUBHOCTI,
EKOHOMIYHMX 1 ekosoriunux MipkyBaHb. A.I'. TpominoBiM, A.B. AHTOHOBUM 1
1O.B. [lanko npoBeieH1 JOCTIKEHHS 3 BAKOPUCTAHHIM CHEKTPAIbHOIO METOAY, SIKi
JO3BOJIJIA OTPUMATH pEe3yJbTaTH 3a €()EKTUBHICTIO PSAY COJbOBUX KOMIIOHEHTIB
TOHKOPO3MUJICHUX BOJHUX PO3UYUHIB SIK 1HTIOITOPIB MMOJyM THOTO TOpiHHS [66].

Ha choromnimHii 1eHb BIJOMO KiJbKa OPUTIHAJIBHUX METOJIIB IMiABUIIECHHS
Bor"eracHoi naii Bogu 1 P3II Ha ii ocHoBi [67, 68]. [IpakTuuHuii iHTEpEeC BUKIIMKAE
KUTbKa OPUTTHAIBHUX METO/IIB.

Ieperpis BI'P. [lossirae Bin y ToMy, 110 32 (I3MYHUMHU 3aKOHAMH BOJIa 1ICHY€E
npu atMochepHoMy THCKY 1 Temmeparypi He Ouibine 100°C. OgHak B 3aMKHYTOMY

repMEeTUYHOMY OO’€Mi MpPHU MIJBUILIEHOMY THCKY MO>XHa HArpitTd BOJIY IO 3HAYHO
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OuTbII BHCOKOI Temmeparypu. ONTHUMaTbHUMHU 7S OTPUMAHHS TOHKOTO PO3MUILY
BBAXKAETHCS Temmeparypa Boau B Mexax 160-180°C 1 tucky 7-9 atm. 3a wmiero
YMOBOIO CTPYMiHb BOJIY, 1110 BUXOJUTh 3 €MKOCTI (BOTHETaCHHUKA) TYT )K€ 3aKUIIA€ B
ycboMy 00’eMy, po30uBarounch Ha ApiOHI Kparuti. [Ipudomy TemmepaTypa cTpyMeHs,
HE3aJIeKHO Bl BUTPATH 1 MOYATKOBOTO CTYMEHIO meperpiBy, Ha Bijactadi B 20-30 cm
nagae 10 35-40°C, To0TO Takuil CTpyMiHb aOCOJIOTHO O€3MEYHUN IJis JIFOAUHU 1
3MaTHUI €(PEKTUBHO OXOJOIUTH Oyab-siKi 00’€KTH, Oyab TO TOpIOUMN MaTepiai abo
daxen moym’sl.

Tepmoximiuna nogaua BI'P. [ammii crioci6 oTpuMaHHs BOJSIHOTO CTPYMEHS 3
aHAJIOTTYHUMU MapaMeTpaMy IPOINOHY€E BUKOPUCTAHHA CIELIATBHUX TEPMOXIMIYHHUX
3apsAiB Ha OCHOBI TBEpPAMX pakeTHUX MainuB. B npomy Bumaaky Boja, sKa
3HAXOAMUTHCS B OyIb-AKId €MKOCTI OyJe eXEKTyBaTUCA CTPYMEHEM NPOIYKTIB
3ropsiHHS BUOYXY 3apsily B CIELIalIbHy KaMmepy, A€ MeperpiBaeTbCs 1 pO3MIIIOETHCS
710 MPUOJIU3HO TUX K€ PO3MIpIB, IO 1 B pasi meperpiBy. [lepeBaru apyroro cnoco0y
NOJIATal0Th B TOMY, II0O B YEPrOBOMY PEKHMMI HEMae HEOOXIAHOCTI MIATPUMYBATU
HiJBUIIEHY TEMIIEPATYpPY 1 TUCK B EMKOCTI 3 BOJIOIO.

Po3nui BoaM HacocaMu BHCOKOIO THCKY. Y PO3BUHEHUX KpaiHaX OCTaHHI
pPO3p0OKK B 00JIaCTI BOJSIHOTO IOKEKOTACIHHS TaKOXK ITOB’sI3aHI 3 aepO30JbHUM
pPO3NMJIOM BOJHU, JJIi YOO BUKOPUCTOBYIOTHCS HACOCH BHCOKOTO THCKY. Tomy
OPUPOJIHO, IO PO3POOHUKM MINIIM [UISXOM BIOCKOHANIEHHS TaKUX YCTaHOBOK
MIJBUIIEHHSM TUCKY (710 JEKUIBKOX COTEHb aTMocdep) Mpu MOPIBHSHO HEBEIHMKIN
Butpati Bogu 0,3-0,5 J:[MB/C. Jlo TeXHIYHMX HOBUHOK TaKOTO THUIY BIiJHOCUTHCS
NPUCTPIN noxexkoraciHHs Bucokoro Tucky HDL-250 nimenpkoi ¢pipmu OERTZEN 1
cuctema Kamato-FOGTEC romnanacekoi pipmu FireX.

IMnyabcHuii po3nuia Boau. B ocTaHH1 IeCSITUIITTS IHTEHCUBHO PO3BUBAETHCS
HOBa TexHousoriss mojgadyi BI'P — immynecua. CtBopeni ¢ipmoro FireX ycranoBku
IFEX, a Takox ix aHajoru: paHieBa ycTaHoBka moxexoracinus «UI'JIA-1-
0,4»(tabu. 1.3), Texnosorisa [ipca (tadin. 1.4), po3poOsieHa BITYM3HSHA yCTaHOBKA

«Tatipyn» Cesepononenpkoro BAT «XimaBroMaTnka» 3acHOBaHI Ha MPUHITUII
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immynecHOi momaui BI'P. Opnak cyTTeBMM HEAOJIKOM TaKMX YCTaHOBOK 3

TEXHOJIOTTYHOI TOUKH 30py € CKJ'IaI[HiCTI) 1X BUTOTOBJICHHS.

Tabmums 1.3
TexHiuH1 XapaKTepUCTUKH ycTaHOBKH «Irma-1-0,4»

Kinekicts BI'P, 11 1o 10
JlambHICTE Moaadi, M o 10
JlucriepcHICTh Kparieib Py BUKOPUCTAHHI BOJIU, MKM <100
HIBUKICTH CTPYMEHS B 00J1aCTi BOIHHIIA TOXKEXK1, M/C He meuie 20
Maca B 3anpaBlieHOMY CTaHi, KT

— 0€3 AXaabHOT CUCTEMU 1o 20

— 3 TUXAJIBHOIO CUCTEMOIO 1o 23
["abaputu, Mm 600x450x300
Yac nepe3apsIKu 115 HOBTOPHOTO BUKOPUCTAHHS, C 20-60

Tabmuus 1.4
Texuiuni xapakrepuctuku cuctemu ['TPC

Yac M IMITyJIbCaMHU, C 2-3
JlanbHICTh BUKUY PIIUHU, M 17
[IBUAKICTH CTPYMEHS MPU BUIILOTI, M/C 120
KinbkicTh po3nuieHoi piauHu, 1
JiameTp cTpymeHs, M, Ha BIACTaHl 5 M 3
Cepenniii po3mip Kparneib, MKM 100
MicTKiCTh Mara3uHa Jijis aTpoHiB, IIT. 17
MicTKICTh IEPEHOCHOT EMKOCTI JJIs PiUHU, JT 15
Maca cucteMu B po3psIIKEHOMY CTaHi, KT, HE OlIbllIe 14
Yac 3axucHOI 1ii, XB. 30-40
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[ToniOH1 yCTaHOBKM TMOKEXKOTACIHHS JIO3BOJISIIOTH OTPUMYBATHU PO3MHIIEHI
IMITyJICHI CTPYMEH1 3 cepeqHiM AiameTpoM Kparui 2+200 MIKpOH, BUTpadaroyu Ha
OJIUH «IIOCTPLD» TPOXH OibIe 1 JIITpa BOAU MPU MOYATKOBIM MIBUIKOCTI BUTIKAHHS 3
ctBoma 120-160 m/c (tabm. 1.5). Ilpu 1poMy TemJONMOrIMHAIOYA MOBEPXHS
posmmiieHoro Jitpa Boau gopiBHoe 300+500 MZ, 10 J03BOJIsi€ OUTBIT e(PEKTUBHO
BuKopucToByBaTH BI'P Ha BOJHIM OCHOBI 1 3aBIASKM KOMIIAKTHOCTI MPHUCTPOIB
(paHIIeBl KOHCTPYKIIil) MiABUIIUTH OIEPATUBHICTh iX BUKOPUCTaHHS TPH TaciHHI

MOKEXK 1 3aXUCTY CYCIJHIX 3 HUMH 00’ €KTIB.

Tabmums 1.5
[TouarkoBi riipoauHamiuHi mapamerpu ¢akena BI'P pist yctanoBok «Taiidyn»
No - v 103, 8.0 Uo, M/cC Oeps MM
S/ 3MouyBay iy H/m pu Q, n/c TS
@020195 W:lO
1. Bona 1000 72,8 97 155,9487 | 0,784 0,048
2. «[leracy» 1040 28,3 99 154,4122 | 0,776 0,018
3. [ITII-1 1080 30,8 101 152,9203 | 0,769 0,028
4, [10-6x 1100 65,3 101 152,1904 | 0,765 0,046
5. [10-1 1130 59,2 102 151,1148 | 0,759 0,04
6. | «Doperom» 1150 30,2 103 145,4229 | 0,731 0,024

He3Bakaroun Ha iCTOTHE PO3IIMPEHHSI MOKIMBOCTENH BUKOPUCTAHHS BOAM IpU
aepO30JbHOMY PO3MUIICHHI B TIOPIBHSHHI 3 TACIHHAM PO3MUIIEHOIO BOJIOIO, ICHYE PSiJT
OoOMeXeHb 3acToCyBaHHsS Iii€i TexHonorii [69]. Hampuknan, npu TopiHHI Ha
BIJIKPUTOMY TIPOCTOPi a€pO30JIb JIETKO BITHOCUTHCS MOBITPSHUMHU MMOTOKAMHU, a TPU
raciHHi TIIOYMX MaTepiaiiB BoJla B YUCTOMY BUTJIA/I B3araji ManoedeKTUBHA, TOMY
10 B HEJIOCTATHIN Mipl 3MOYy€ TOPIOY1 PEUOBUHHU.

OpmHak i 700aBKHM HE 3aBXIW BUKIIFOYAIOTh BHMNAAKA HAIMIPHUX BHUTPAT BOJIH

NpY TOXKEKOTaCiHHI (TaCiHHS Ta 3aXKCT), OCKUIbKM BiiomMo [36], mo Ha mMOXexi
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MaloTh MICIE BHUMAJKH MOBTOPHOTO 3aiiMaHHs Bxke oOpoOmenux P3II moBepxoHb
TOpiHHS, Kl BUHUKAIOTh BHACIIIOK TEIJIOBOTO BIUIMBY Majlalouux matepiaiiB. Tomy
CJi BIIMITUTH, 110 MUTaHHS CTOCOBHO edekTuBHOCTI P3I1 10 moBTOpHOTO 3aiiMaHHs
y 3BICHI{ Mipi 111¢ HE BUPILIEHO.

TakuMm 4YMHOM, aHaJi3 YCTAaHOBOK, IO 3AIHCHIOIOTH IOXKEKOTACIHHS
aepo30JbHUMHU CTPYMEHSMHU BOJW 1 BOIU 3 J00aBKaMH, MOKa3aB, IO MOXKIUBOCTI
e(peKTUBHOTO 3aCTOCYBAaHHS BOJH, K BOTHETACHOI PEUYOBHHH, JAJIEKO HE BUUEPMaHi 1
MOXYTh OyTH 1ICTOTHO pO3LIMPEHi LUIIXOM BHKOPHCTAHHS TelCyTBOPIOIOYUX
CTHOJY4YEeHb, XIMIYHA B3a€MOJISI MIXK SIKUMHU JI03BOJIUTH YyTPUMATH BOTHETACHY CYMIII

Ha BCPTHKAJIbHHUX Ta ITOXUJIUX ITOBCPXHIX.

1.3 YcTaHOBKHM 3 BUKOPUCTAHHSAM CTBOJIB, fIKi MOJaI0Th HA racinis ato

3aXMCT BOJAHI PO3YHHHU IreJIeyTBOPHKYHX CHOJIYK

CytreBo 3MeHmnTy BTpatd BI'P (B TOMy uwmcii 1 Boau), a, TakoX, MpsAMi 1
no0iuHI 30MTKH, T03BOJIAE 3acTocyBaHHs rejeyTBoprorounx ckiaaiB (I'YC). CyuacHi
I'VC cknagaioTbes, B OCHOBHOMY, 3 JIBOX OKpEMO 30€pexeHUuX 1 pO3aIbHO-
OJTHOYACHO MOJIAHUX KOMITOHEHT.

I'enb Ha moBepxHI O0O0’€KTy TMOXeEXKoraciHHA (majaro4oro abo mopyd
pO3TAIIOBAaHOTO) CTBOPIOE BOTHE3aXHMCHUW IMap, IO MEPEHIKOMKA€ MOITUPEHHIO
ropinus. Lleit map 1ocUTh MIIHO CaMO3aKPITUIIOETHCS HA MOXHMJIMX 1 BEPTHKAJIBLHUX
NOBEpPXHAX (HaBITh Ha CTell), M0, B TOPIBHAHHI 3 BUKOPUCTAaHHSAM MpHU
MOKEKOTAaCiHHI TIIbKM BOJAM, 3HA4YHO 3MeHlye BTpatu BI'P, moB’s3ani 3 ix
CTIKaHHSIM.

[nmoro mepearoro I'YC € ix BHCOKa BOTHE3axucHa fisi, 0 OOyMOBJIEHa
OXOJIO/KYIOUOIO JIE0 BOJIH, SIKa MICTUThCS B Teii. [IpudoMy, miciis BUMapoByBaHHS
BCI€l BOJAM 3 TE€JEBOr0 IIapy YTBOPIOETbCS MOPUCTHM IAp BUCYIIEHOTO TeI0
(kceporenb), sAKuUM (HAKTUYHO BHUKIIOYAE TIOBTOPHE 3alMaHHS 3aXHUIIAEMOTO
rOpIOYOTO MaTepialy 00’€KTa 32 paXyHOK CBO€T HU3HKOT TETUIOMPOBITHOCTI.

Sk moka3zye aHalli3 OCTaHHIX JOCSATHEHb 1 MyOJiKalii 3 JaHOTO MHUTaHHS
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[31, 32, 34], 3actocyBanHs ['YC 103BOJISIE MABHIMUTH C(PEKTUBHICTh TaCiHHS
noXex, 3HU3uTH BUTpaty BI'P, mpsmi 1 moOiuHi1 MaTepianbHi 30UTKH.

Jlomamo, 110 TEpMIHM Telb 1 TEJIeyTBOPEHHS Ta 1HII BaplaHTH, IO
BUKOPUCTOBYIOTHCS I TIO3HAYCHHS OJHOTO 1 TOTO JK SIBUINA 1 CTaHy PEYOBUHH,
4acTo 3yCTPIYatOThCS B HAYKOBIi JiTepaTypl. Pazom 3 UM, ceMaHTUYHE MOHSATTS PO
relii Ta reJeyTBOPEHHS 1Ie He Ma€ J0CTaTHbO (hOPMaIbHOI BU3HAYEHOCT] B KOJIOiIHIN
Ximii Ta cymiKHHX rany3sx Hayku [70, 71].

3 orisaay Ha Ppo30LKHOCTI aBTOPIB IIOAO BHU3HAYEHHS Tel0, HEOOX1JTHO
BI3HAYUTH, IO B JaHI poOOTI MmiJ TEPMIHOM «Tejlb» MAa€ThCS Ha yBasl
CTPYKTYpOBaHa KOJIOiTHA CHUCTEMa, IO MOBHICTIO BTPATHJIA TEKYYiCTh. Y TBOPEHHS
relll0 € MIJICYMKOM TEpPeXo/ly KOJOIMHOI CHUCTEMH 3 BIUILHO-IMCIIEPCHOTO CTaHY B
3B’si3aHO-nucniepcHuil. Lleit nporiec OOyMOBIEHMM Mdi€l0 CHJI 3YEIUICHHS MIiX
KOJIOIIHUMH YaCTUHKAMHM CHCTEMH a00 MakpoMoJeKyidamu B po3uuHi. [Ipu mpomy
JUCIIEPCHE CEPEIOBUIIE 3HAXOAUTHCS BCEPEIUHI MTPOCTOPOBOI CTPYKTYPHU, YTBOPEHOI
K pe3yiabTaT B3aeMOIl YacTWHU AuWcnepcHoi ¢da3m [72, 73]. He Bmaroumch B
noAPOOUIIl XIMIYHUX TPOIIECIB reJCyTBOPEHHS, BCE K 3ayBAXKUMO, IO B 3aJIEAKHOCTI
Bl IPUPOJIU CHJI 3UCIUICHHS, SIKI JiI0Th MDK 4YacTuHkamu, 3a IL.A. PeGinmepom
PO3PI3HAIOTh JIBA OCHOBHUX BHUIU CTPYKTYp: KOAryJjsiliiHI 1 KOHACHCAIIIHO-
KpucTaizamiiiai [72, 74]. | B Tomy 1 B IHIIIOMY BHUIIaJIKaX FOJIOBHOIO MIEPEBArOI0 TeIliB
Ta 1X CKJIAJOBUX, 3 TOUKH 30pYy MOXKEXKHOI OE3MEKH, € IX BUCOKA BOrHE3aXUCHA i,
OoOyMOBJIEHa OXOJIOJDKYIOYOIO [II€I0 BOJHU, IO MICTUTBCS B TeJICyTBOPIOIOYHMX
KOMIIOHEHTax 1 B camoMy reni. Ilpudomy, micis BUMapoBYBaHHSA BCi€i BOIU 3
T'eJICBOTO IIapy YTBOPIOETHCS MOPHUCTHH IIap BUCYIICHOTO TE0 (KCepOoresn), STKHM
(GaKTHYHO BUKIIIOYAE TTOBTOPHE 3aiiMaHHS TOPIOYUX MaTepialiiB 00’€KTa 3a PaxyHOK
CBO€E1 HU3BKOI TEIUIONpOBIAHOCTI. [Ipy 1bOMY B HayKOBIil JiTepaTypi 3a3HAYAETHCA,
10 TiABUIIICHHS TEMIIEPATYPH YCKJIQJIHIOE TeICYTBOPEHHS (OXOJIOKEHHS) PO3YHHIB
nosiiMepiB. i KOXKHOT KOJIOTAHOI CHUCTEMH 1 PO3YMHY IIOJIMEpy ICHYe NeBHa
TEeMITepaTypa, BHIIE SKOi KOAryJsIliiHe CTPYKTYpOYTBOPEHHS CTa€ HEMOXKIMBHM
[75, 76, 77].

B po6otax [78, 79, 80] Big3HauarOTh, 110 XiMi3M IPOILIECIB, SIKI MPOTIKAIOTH i
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yac CTPYKTYPOYTBOPEHHS Te€JiB, HE N0 KIHIM 3pO3YMIIHI, B MEpILy 4epry Iie
CTOCY€TbCS B3a€MO/IIi alFOMIHATHUX 1 CHJIIKATHUX PO3YMHIB. BukopucTaHHs sBHILA
reJICyTBOPEHHS TMpPU BUPIIMIEHHI MPAKTUYHUX 3aBJaHb BHUMAarae IMpPOBEJICHHSA
NOJaJbIIUX JOCTI/PKEHb MEXaHI3MIB CTBOPEHHS MPOCTOPOBUX KOATYJISIIHHUX
CTPYKTYpP B JUCIIEPCHUX CHUCTEMax 1 peryjitoBaHHS MPOLECIB CTPYKTYPOYTBOPEHHS B
I[UX CUCTEMaX 3 BUKOPUCTAHHAM (Pi3uKo-XiMiuHOT MexaHiku [81].

JIo OCHOBHMX TIapaMeTpiB 30JiB 1 Te€JIiB TPaAJAMIIIHHO BIHOCATH: dac
I'eJICYTBOPEHHS, MEXKY MIITHOCTI T'eJIF0 Ha CTUCK, B’ A3KICTh 30J1iB, CHHEPE3HUC PO3YHHIB
relliB, MOKa3HWK BOJHEBHX 10HIB reieyTBoprorodoro cepegosuma (pH) Tta iHmi
[80, 82, 83]. BinmzHavyaeThcsi 3BOPOTHA 3AJICKHICT MIXK 4aCOM CTPYKTYPOYTBOPEHHS 1
MIILHICTIO TeJiB, sika OJM3bKa N0 JiHIHHOI. BUOIp KOMIIOHEHTIB TeJeyTBOPIOIOYHMX
BOTHETAaCHUX CKJIQJIOBUX TOBHHEH TMPOBOAUTHCA 3 YypaxyBaHHAM MapaMeTpiB
CTPYKTYPOYTBOPEHHS 1 IX PEOJIOTIUHUX BIACTUBOCTEH.

Jliis migBumieHHs eeKTHBHOCTI MOXKEKOTaciHHs aBTopamu naTteHTiB [84, 85]
IPOMOHYETHCSI BUKOPHCTOBYBATH PIAKO(A3HI TEICyTBOPIOIOYl CKJIAJ0Bl, WIO
CKJIa/IaloThCcs 3 JIBOX OKpPEMO 30€peKEeHUX 1 OJHOYACHO MOJAaHMX Ha OCEpeioK
Mokeki KOMIOHEHT. [lepiia 3 HUX sBJIsi€ COOOI0 BOJAHUI PO3UYMH IeJIeyTBOPIOIOYOTO
CWJIIKaTy JyXHOro meraiy. Jlpyra — BOJHUN pPO3YMH PEUYOBHH, IO B3AEMOJIIE 3
CHJIIKATOM 3 YTBOPEHHSIM CTIHKOTO T'ejIto, IIapu SIKOTO JOCUTh MIITHO 3aKPIILTIOI0THCA
Ha BEPTUKAIBHUX 1 MOXUIMX MTOBEPXHSIX.

Ha puc. 1.3 HaBemeHo cxeMy Ja0OpaTOpPHOi YCTAHOBKH JJIi BH3HAYCHHS
yacoBUX MeX reneyrBopeHHs ckiafiB ['YC mpu iX mopadi Ha ekpaH 3 OJM3bKOi
BiacTaHi [32].

[Tontepenni excnepumenTu [82, 86] manu mifcTaBy BBaXKaTH, IO IIBHIKICTH
reJICYTBOPEHHS 3aJIeKUTh BiJ psiAy (akTopiB: KOHIEHTpallli reieyTBOproBada i
KaTajaizaTopa TeJIEyTBOPEHHS, sIKi 3HAXOSIThCA B OKPEMHX €MKOCTAX, TEMIIEPATypH,
CTYIICHSI TUCTIEPCHOCTI PO3MOPOIICHUX PIAKUX KOMIIOHEHTIB, IHTECHCUBHOCTI TOAaui,
CITIBBITHOIIIEHHS 0OCST1B PO3UMHIB, 110 3MIIITYIOTHCS.

Takox BcTaHoBieHo [76], mo 1 3abe3nedeHHs He3HauyHOro piBHs BTpat BI'P

32 paxyHOK cTikaHHs (MeHIe 5%) HeoOX1IHO 100 po3Mip Kpameidb po3NOpPOIICHOI
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. . . . . 2
piauau O6yB He Ounbiue 1,0 MM, IHTEHCUBHOCTI noJaBaHHs He Ounbiie 0,6 kr/(cM”) Ta
CHIBBITHOILIEHHS MOAAHUX OOCSTIB TejieyTBOPIOBaya 1 KaTami3aTopa relieyTBOPEHHS

Big 1:3 mo 3:1.
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Puc. 1.3 CxeMa ekciepuMeHTAJIbHOI 1a00paTOPHOI YCTAHOBKH JUJISl AOCTIIKEHHS
SBUILA T€JICYyTBOPEHHA: 1 — €MKICTh 3 BOAHUM PO3YMHOM T'eJIe€yTBOpIOBayua; 2 —
€MKICTb 3 BOJIHM PO3YMHOM KaTalli3aTopa reJeyTBOPEHHs; 3 — KoMipecop; 4 —

BEHTUJIb; 5 — PO3NWIIOBaY; 6 — 3MIHHUI eKpaH.

Ha croroani o6acTi reaeyTBOpEHHsI BCTAHOBJICH] )il BeJMKoi KuUibKocTi ['YC

[77, 81, 82] (1abu. 1.6).

Tabmums 1.6
3HaueHHS MiHIMAJIbHUX KOHIIEHTPAIl KOMIIOHEHTIB I'eJIeyTBOPIOI0UOT

cucteMu (m;) 1 (®), 110 BUKJIMKAIOTh NIBUJKE FeJICYTBOPEHHS AJI PI3HUX

CHUCTEM
[Meprmii Hpyruii OCHOBHUH TIPOIYKT | M1, | @y,
Ne KOMIIOHEHT KOMIIOHEHT peaKii % %
1 2 3 4 5 6
KapOonaTHi cucremn
1. Na,CO; CaCl, CaCO; 2 5
2. Na,CO, MqgCl,, MgSO, Mg(OH)z-MgC03* 12 14




[TpomoBxenus Tabmuii 1.6

linpokcuaHi cucremn

3. NaOH CaCl, Ca(OH),” 17 | 22
4. NaOH MgSO, Mg(OH)," 15 | 22
5. NaOH MgCl, Mg(OH)," 15 | 20
6. NaOH AlL(SO,)s Al(OH), 12 | 20
7. NaOH AICl; Al(OH); 12 18
8. NaOH FeCl; Fe(OH); 12 15
9. NaOH Fex(SO.)s Fe(OH), 12 | 16
dochaTHi cucteMu
Naz;PO;,- .
10. | NaH,PO, CaCl, Cas(PO,), 12 | 12
Naz;PO,- .
11| NaH,PO, MgCl, Mgs(PO.), 12 | 10
N8.3P04' .
12. NaH,PO, AICl; AIPO, 12 11
N8.3P04' .
13. NaH,PO, FeCl, FePO, 12 14
bopatHi cucremu
14. K,B40+ CaCIZ CaB407* 9 12
15. K,B40+ MgCIZ MgB407* 9 10
16. K,B,0- AICl; Al (B4O;); 9 12
I'incoBi cucremu
17. CaCl, Al (SOy); CaSO, 16 | 11
18. CaCl, MgSO, CaSO, 16 | 12
CujikaTHi cucteMu
19. Na,O-nSi10, CaCIZ Ca0O-nSi0, 3 3
20. Nazo'nSi02 MgC|2 MgOl’lSlOz 5 4
21. Na,O-nSi10, MgSO, MgO-nSiO, 5 4
22. Na,O-nSi0, FeSO, FeO-nSi0, 5 4
23. Na,O-nSi0, FeC|3 2Fe,05-3nS10, 7 8
24. Na,O-nSi10, AICIg 2A|20331’18102 3,5 3
25. Na,O-nSi10, A|2(804)3 2A|20331’18102 4 3
26. NaZO'l’lSiOZ NH4C| H28|03 8 8
27. Nazo'nSi02 NH4BI‘ H28|03 8 10
28. Na20n8102 (N H4)QSO4 H28|03 8 12
29. |  Na,0-nSiO; (NH,4)2SO4+ H,SiO0; 12 | 6+6
NH,H,PO4
30. Na20n8102 NH4H2PO4 HgSlOg 12 13
31. Na,O-nSi0, AIBI‘3 2A|20331’18102 3 4

"~ BrpaTu 3a paxyHOK cTikaHHs ~ 15-20%.
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SAx BumHo 3 Tabm. 1.6, HAWOLIBIT MMHUPOKI MOXKIMBOCTI TPEACTABISIOTH
CHJIIKaTHI cucTteMu. [ OUIBIIOCTI 3 HUX XapaKTepHI MIMPOKI 00JACTl IIBHIKOTO
reJIeyTBOPEHHs. Y TBOPEHI IIapH TeJl0 MAlOTh BUCOKY a/re3it0 10 pi3HUX MaTepialiB.
Jljis HUX XapakTepHa BUCOKA MIIHICTb.

KpiMm Toro, s mpoBeIeHHS CKCIEPHMMEHTIB y pobortax [32, 76]
CKOHCTPYMOBAaHO JIBI  €KCIEpUMEHTAJIbHI ~ aBTOHOMHI  YCTAHOBKHM  TacCiHHS
reneytBoprotounmu  ckmagamu AVITYC 1 AVITVYC-II, saxi mpuHIMIOBO HE
BIJIPI3HSAIOTHCS BiJ] JTaOOPATOPHOI.

Ha3BaHi yCTaHOBKM TaciHHS TeJE€yTBOPIOIOYMMH CIIOJIyKaMH MaroTh MO JBa
CTBOJIU-PO3NUIIOBAYi, 1110 PO3MWIIOIOTH CKIanoBl moToky ['YC. ¥V skocti kapkacy
JUIsT 3MOHTOBAHOI TMEPEHOCHOI PAaHIIEBOI YCTAHOBKM 3 MIpKyBaHb €pPrOHOMIKH
BUKOPUCTOBYBABCA T'OTOBHI KapKac 130J110r040ro nporturasa pipmu «Drager.

AYITYC. Jlng BOOHUX PO3YUHIB T'eJIC€YTBOPIOIOUOT BOTHETACHOI PEYOBUHU
(IB1 KOMIIOHEHTH) € JBI IIaCTMAacoBi poOOYl €MKOCTI Ha 8 JITPIB KOXKHA, IO
SBIISIIOTH COOOI0 €MKOCTI TPOMUCIOBO BUpOOIeHOTro obmpuckyBada «BII-202» 3
po6ounm TrcKoM J0 0,3 MIIa.

Tuck 0,3 MIla B 1uX €MKOCTSIX CTBOPIOETHCSA 32 JOMOMOTOK) CTaHAAPTHOIO
OaloHa 31 CTUCHEHUM TMOBITPsSIM 00°eMoM 2,0 1 (KOHTPOJIIOETHCS MaHOMETPOM
HU3BKOTO TUCKY). KOHTpOosIb THCKY B 0allOHI CTUCHEHOTO TMOBITPS 31HCHIOETHCS 3a
MOKa3aHHSIMU MaHOMETpa BUCOKOTO THCKY. IlocTiiiHUMIl THCK B poOOYHMX €MKOCTAX 3
BOJHUMHU PO3UYMHAMHU 3IIACHIOETHCS PEAYKTOPOM MPSMOi Ali, 10 BiAPEryIbOBaHUN
Ha tuck 0,3 Mlla.

[Togaya 000X CKJIAOBUX OIHAPHOIO MOTOKY BIAOYBAETHCS YEPE3 IBA OKPEMUX
CTBOJIa-po3nmiIoBada. KopeHeBuil KyT a00 KyT pO3NWILY [ PETYIIOETHCS B Me)kax
S =(4+90°) nuiaxoM MOBOPOTY HAcajJka CTBOJa-po3muiitoBaya. Jljist 3pydHoCTi 1
MO>KJIMBOCTI TIBUIKOTO TpUMUHEHHS Tonayi ckiagoBux ['YC BUKOPHUCTOBYIOTHCS
CTBOJIU-PO3MWIIOBAYl 3 py4YKaMd BiJ MNpoayBHUX micToneTiB. CIyCKOBI Tauku
MICTOJIETIB JOMYCKAIOTh MOMJIMBICTh K OJHOYACHOTO iX HATHCKAaHHS IJis Tojadi
Bizipa3zy 00ox ckimanoBux ['YC, Tak 1 HAaTUCKAHHS OKPEMO 3 3aIi3HEHHSM Yy 4Yaci, B

pasi HeoOX1THOCTI.
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AYITYC-II. V 3aranpHux pHcax aHaJOTIYHO BUKOHAHWM APYTUN BapiaHT 3

NESKUMH KOHCTPYKTUBHUMH BiIMIHHOCTSIMH, & CaMe: JJII CTBOPEHHS HAJJIUIIIKOBOTO
TUCKY B 000X IJJaCTMAcCOBUX POOOYUX €MKOCTSIX 3 BOAHMUMH po3unHamu [YC
BUKOPUCTOBYIOTBCSA MeEpeN0aYeHnii 3aBOJOM-BUTOTOBJIIOBAYEM pPYYHHI HAcoC;
3aMICTh 2-X JITPOBOro OaJlOHa CTHCHEHOTO IIOBITPSI BUKOPHCTOBYETHCA OalloH
(BMK 6,8-139-300) 06’emom 8 11; 3aMICTh CTBOJIIB-PO3IUJIIOBAYIB 3 PydyKaMHU Bij
IPOAYBHHUX MICTOJETIB BUKOPUCTOBYIOThCS MHEBMAaTU4HI (papOopo3numoBaui CO-71,

Tuck nmo 3madyenns 0,3 MIla B KoxHIH 3 pPOOOYMX €EMKOCTEH 3 BOJHUMHU
pozuriHamu ['YC CTBOPIOETHCA 3a JOMTOMOT'OI0 PYYHOTO HAcoca, 10 BXOAUTH JI0 CKIIAay
obnpuckyBaua mnHeBMaTHuHOro tumy «BII-202». banoH 31 cTHCHEHHM TOBITPSAM
BUKOPUCTOBYETbCS Ul PO3MWIY IMOJAHUX PO3YMHIB 3 pPOOOYMX €MKOCTEH 3a
JOTIOMOTOI0 PYYHUX MHEBMAaTHYHUX (apOopo3nmwmoBadiB CO-71; ams miaTpuMaHHS
crasocTti Tucky B 0,3 MIla B po6o4nx eMHOCTSIX 3aCTOCOBAHHM PELyKTOP MPSIMOI JIii.

VY mepiiomy BapiaHTI BUKOPUCTAHHS YCTAHOBKH 3/1MCHIOETHCS T1IpaBIiYHUI
po3nuia ckiaaaoBux ['YC, B OCHOBY SIKOTO MOKJIAJIEHO BUKOPUCTAHHS T1IPaBIi4HOIO
TUCKY, CTBOPEHOT'O CTUCHEHUM MOBITPSM B €EMKOCTSIX 3 PO3UMHAMH.

VY napyromy BapiaHTi 3A1MCHIOETHCA MHEBMATUYHUN po3nui. [THeBMaTuuHMit
pO3MUI  JIOCSTAETHCSI TPU BHUKOPUCTAHHI IMHEBMATHYHHX (HapOOpO3IMUITIOBAYIB,
OPUHITUI POOOTH SKUX TOJISITAa€ B PO30OMBAHHI PIAKOTO PO3UYMHY, IO MPOXOIUTH 3
BEJIMKOIO IIBUIKICTIO Yepe3 COIUIO Hacajka, Ha JApIOHOAUCIEPCHI YaCTUHKHU
CTpYMEHEM CTUCHEHOTO TMOBITPS 1 YTBOPEHHSIM (pakerna po3muiieHHSs.

3actocyBaHHs (papOOpO3MUIIIOBAYIB B SIKOCTI CTBOJIB Ma€ Taki OCOOJUBOCTI:
no-rnepuie, Npu BUKOPUCTaHHI GapOopo3nuiitoBaviB 31 30IIBIIEHHSIM KyTa PO3IMUITY
Ha KOXH1 5° 3MeHInyeTbesi BificTanb nojnayi BI'P wa 1 Merp mo wmimeHi-ekpany, a
TAKOX 3HIKYETbCS €(QEKTUBHICTh TaciHHS OCEpPEIKIB 3aropsHHs BHACIIIOK
3HIKEHHS py 11boMy KiTbKocTi ['YC Ha 30-40%, 110 moTparisie B 0CepesioK MOXKexki
[32]; mo-apyre, depe3 Te 1m0 po30MBAHHSA PIAKOTO PO3YMHY Ha JAPiOHOIMCIIEPCHI
YACTUHKHU 3IWCHIOETHCS CTUCHEHUM TIOBITPSIM, TaKOX BIJIOYBA€ThCS 10JAaTKOBA
1o/1aua MOBITPS B OCEPEIOK MOXKEXKI, 10 HE OaKaHO.

MakcumanbHa edexTuBHa JaibHICTh noxadl BI'P B mepmomy 1 npyromy
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BapianTi He Oumbiie 1+1,5 M, Mo 3rigHO 3 3araJbHUMHM TEXHIYHUMH BUMOTAMH Ta
METOJIaMU BHITPOOYBaHb BOTHeracHukiB [87, 88], cToCOBHO MiHIMAaJIbHOI JTOBXKHHU
CTPYMEHSI BOTHETAaCHOI PEYOBMHHM Yy BOTHETACHUKAaX, MPU3HAYECHMX [JIsl TaciHHA
MOJICTbHUX BOTHHIII KJIacy A — He BIJIITOBIA€ BUMOTAM.

[linroToBKa ycTaHOBOK 000X BapiaHTIB BUKOHAHHS 3BOJMTHCS /IO HAIIOBHEHHS
yepe3 BEPXHI 3AJIMBHI TOPJIOBUHU POOOUMX €MKOCTel po3unHamu komrnoneHnt ['YC.

PazoM 3 mum ciig 3a3HayuTH, MO POOOTH, MPUCBSUEHI TAaCIHHIO MOXKEXK Ta
3axucty 00’ekTiB ['YC 13 3aCTOCYBaHHSIM 3TaJlaHUX YCTAHOBOK, MOKHM HE MIIUIA Jali
EKCIIEPUMEHTATILHUX PO3PO0OK (OKPIM TaCiHHS MOJICTLHUX OCEPEIKIB IMOKEXKI).

Henoniku ycranoBok AYITYC 1 AVITYC-II BunimBamoTh 3 TOro, mo ix
3aCTOCYBaHHS HE PEriaMeHTOBAHO JIaHUMH JOCHIKEHb 30BHIIIHBOI OaliCTUKU
CTPYMEHIB JBOX BOJHMX po34uHIB KoMIOHeHT ['YC, dki ampiopi mnoB’si3aHi 3
CUHEPT1YHUM €(EKTOM 3MIIIyBaHHS CTPYMEHIB JBOX BOJHUX PO3UMHIB — KOMIIOHEHT
I'VC. Ilpuuomy, ix 3MmilryBaHHs 31HCHIOETHCS 3a PAaXyHOK YTPUMAaHHS CTBOJIIB-
PO3MUIIIOBAYIB B PYYHOMY PEXHMI, TOOTO «HA OKO» OIIIHIOIOTHCS MPOCTOPOBI
MO3HUIIIT CTBOJIIB-PO3MIIIFOBAYIB, SIK1 HAIIITIOIOTh HAa OCEPEI0K MOXKEK1 TPUOIM3HO, 10
TOTO  JOBUIBHUM YHHOM pEaII3yeTbCA OpIEHTAlls CIUIBHOI MOJadl CTPYMEHIB
koMroHeHTiB ['YC Ha o00’ekT moxexoracinHa. KpiMm Toro, mpu iX CTBOpPEHHI
TAKTHUKO-TEXHIYHUM AaCMEeKTaM 3aCTOCYBaHHS MOJIOHMX YCTAHOBOK MPHAUISIIOCS
HEJIOCTaTHBO YBarv. A IIi acleKTH B3a€MOTMOB’S3aH1 1 3 MUTAHHSMH JOCTOBIPHOCTI
TEOPETUKO-CKCIIEPUMEHTAILHOTO aHali3y, 1 3 BUTPATOI0 PEareHTIiB MpU Mo1a4l IBOX
MOTOKIB PO3YMHIB — CKJIAI0BUX (TEJIEYyTBOPIOIOYI KOMIIOHEHTH) Ha 00 €KTH
MOXKEXKOTACIHHSA, 1, BIJAMOBIIHO, 3 MPAKTUYHUM BUKOPHUCTAHHSM YCTAaHOBOK HOBOTO
THUITY.

Pa3om 3 TUM mpu raciHHi HalOUIbLI MOLIMPEHUX MOXKEXK — a 1E, SK BIIOMO,
MOXKEX1 B KUTJIOBUX, BUPOOHUYMX W aJAMIHICTPATUBHUX OYIIBISX Ta CIOpyJax —
YCTAaHOBKM JAHOTO THUNY B JaHW 4Yac HE BUKOPHCTOBYIOTHCS. A BOHHM, Ha HaIll
TIOTJISA, € BEJBMHU TEPCIICKTHBHUM HAIMPSIMKOM B IMOXKEKOTACIHHI Ha ITMX 00’ €KTax.
Od4eBuHO, TYT CJiJ OYIKYBaTH ICTOTHOTO 3MEHIIEHHS 30WTKIB BiJl HAJAMIPHOTO

3AJIUTTA BOOU.
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Hlono TeopeTyHUX AOCHIIKEHb OamicTUKU pyXxy 3BuyaitHux BI'P (3okpema
BOJIM), TO MPHUIIJIbHA iX MOJa4ya PO3paxyHKOBUMHU TPAEKTOPISIMU BUBYAJIaCh OaratbMa
aBTOpaMH.

Po3po0b11i cripormeHoro MeTomy OOYHMCIIOBAaHHS Yacy Ta JAIbHOCTI MOJIBOTY
MaTepiabHOI TOUKH B PYXJIMBOMY T'a3010A10HOMY CEpEOBUILY MTPUCBIYEHA POOOTa
[89]. Lli mocmimkeHHs 0a3ylOTbCS Ha PO3B’SI3yBaHHI AU(PCPEHIIHHUX PIBHSAHL PYXY
OJIHIET TOYKU Ta X04a AAIOTh JAOMYCTUMI PE3yNbTaTu 3 00Ky TOYHOCTI OOUHMCITIOBAHHS
TpaeKTopii 11 pyxy, ajie JUisl NPAaKTUYHUX 3aBJaHb M10KEKOTACIHHS, Ha Hall MOIJIA,
HE 3pYy4Hi, TaKk SK HE JAl0Th MOXIMBOCTI OIEPATUBHO OJIEPKYBaTH OUIKYyBaHI
pe3yabTaTH 3a MOMEPEIHIMU PO3PaXyHKAMHU.

B po6ori [90] 3a pgomomMororw po3po0ieHOI MaTeMaThuyHOi MoJeni
TIAPOAMHAMIYHUX MPOLECIB 1 TEOPli IJIaHyBaHHS €KCIEPUMEHTIB, BUBYABCS 3B’SI30K
MK JalbHICTIO MO/1ayl BOTHETACHOI PEYOBMHU B OCEPEIOK IMOXKEXKI Ta HIBUAKICTIO
BUTIKAHHA 13 COILJIA MOXKEKHOTO CTBOJIA, 3 YPAaXyBaHHIM (PI3UUHUX XapaKTEPUCTUK
pPIAMHM, CTYIEHS 11 po3nuily. 3 MPAKTUYHOI TOYKU 30py OOIPYHTOBAHO MOXKIJIMBOCTI
CTBOPEHHS MPOLEAYPU PO3POOKHU CXEM MOKEHKHHUX CTBOJIIB JIJIsl €PEKTUBHOTO TaCiHHS
MOKEX Ha OCHOBI OOUYMCIIOBAJIBHOTO E€KCIEPUMEHTY 3 MOJAJbIIOI ONTHMI3AIi€el0
ux cxeM. Aje minecnpsamoBana nojavya BI'P npu noxkexxoraciHHi TyT HE BUBYAJIACh.

binbim mpuaaTHUM 10 BUPIMIEHHS MPAKTUYHUX 3aBJaHb IMOKEXKOTaCIHHS €,
pPO3paxyHKOBHU MiAXif, oTpuMaHuid B pobotax [91, 92], me piBHSHHS TpaekTOpii
ctpymeHniB BI'P B nmekapToBiii cuctemi KOOpAMHAT TOJIaHl B MapaMeTpuy4Hiil hopmi
ab0 3amucaHl B SIBHOMY BUIJISIl. AJle TYT PO3PAXOBYIOUHM MapaMETpH TPAEKTOPIH
pyxy BI'P noTpiGHO BUKOPHCTOBYBATH 3aJI€KHICTb, IO € ABO3HAYHOIO 1 BUPAXKAETHCS
yepes creniaibHy (yHKI0 Jlambepra, sky MOXKHA BU3HAYMTH a00 3a JOIOMOTOIO
Tabnuib a00 B KoMIT 10TepHOMY cepenoBuiil Maple. KpiM Toro, TyT He po3rasganacs
3ajava OlHApHOT Mojadi reyeyTBoproounx KoMmrnoHeHTiB ['YC gBoma cTpyMeHsIMU 3
JTIBOX CTBOJIIB OJJHOYACHO, IO MaiKe BJIBIY1 YCKIIQHIOE i pO3B’S30K.

Po6ora [93] mpucBsiueHa TEOPETUYHOMY OOIPYHTYBAHHIO 1 PO3B’SI3yBaHHIO
3a/layl BU3HAYEHHS palliOHAJIBHUX MapaMeTpiB KomOiHOBaHOi momadi BI'P

(0JTHOYACHO, OJIHOYACHO-TIOCHIIZIOBHO, MOCHiJOBHO-OJJHOYACHO) Ta pO3po0Ill HOBOTO
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py4yHOoro 1 jadeTHOro cTBONIB KOMOiHOBaHOI moaauyi BI'P, a Takox cTBOpeHH!O
TEeXHIYHUX 3ac00iB KOMOIHOBAaHOI IMOJa4yl BOTHETACHUX PEYOBHMH 1 TaKTUYHHUX
NpUOMIB KOMOIHYBaHHS I0Ja4l BOTHETaCHUX PEYOBHMH 31 IITATHOIO IOYKEKHOIO
TexHikoro. OHaK BCl MUTaHHS PO3IJIAHYTI B LI pOOOTI MOB’s3aHI 3 KOAKCIaTbHOIO
M0JIaYCI0 TOPOIIKOBUX Ta BOJSHHUX CTPyMEHIB ckimamoBux BI'P, mo He Moxe
BUKOPHCTOBYBATHCS MPH TACIHHI TTOKEXK IeJICyTBOPIOIOYNMH CKIIQJOBUMH.

Takum uyuHOM, BUMarae po3poOKH cmocid IuCTaHIiiHOI OiHapHOI Tomadyi
r'eJICYTBOPIOIOUMX CKJIAJIIB JI0 OCEPEAKY MOXKEXKi, JJIs peaiizalliil SKoro HeoOX1JTHO
CTBOPHUTH SIK TEXHIYHI 3ac0o0u, 110 3a0e3meyuars nojaady Takoi BOTHETaCHOI PEYOBUHU

Ha MOTPIOHY BIJCTaHb, TaK 1 BIIMOBIAHI TAKTUYHI MPUHAOMHU 1M1 TOKEKHUX.

BucHoBKM 110 mepmomMy po3ainay

1. Xoya TIIOXKEKOTaCiHHS Ha OCHOBI BHUKOPHCTaHHS  TPAJUIIIHHUX
KOHCTPYKIIIH MOXEKHUX CTBOJIB 3 HACAJAKaMH I CTBOPEHHS BOJSHUX CTPYMEHIB €
TOJOBHUM CHOCOOOM OOpOTHOM 3 TOXKEXKaMH, BOHO CYIPOBOKYETHCS BEIUKOIO
MapHO BHTPAYE€HOKO KUIBKICTIO BOAM, BHACIIJOK YOTO JOLIIBHO MEPEUTH 10
BUKOPUCTAHHA KOMIIAKTHUX Ta PO3MUJIEHUX CTPYMEHIB BOJHMX PO3YHUHIB, SKI
MICTSTh J0OABKH, IO MiBUINYIOTh BOTHETACHI BJACTUBOCTI BOJIH.

2. AHani3 yYCTaHOBOK, LIO 3IIMCHIOIOTH MOXKEKOTaciHHS aepo30JIbHUMHU
CTPYMEHSIMH BOJM 1 BOJAM 3 J00aBKaMH, MOKa3aB, IO MOXJIUBOCTI €(PEKTHBHOIO
3aCTOCYBaHHSA BOJIM, IK BOTHETaCHOI PEYOBHHM, J1aJIEKO HE BUYEPIIaHI 1 MOXKYTh OyTH
ICTOTHO PO3IIMPEH] IUIIXOM BUKOPHCTAHHS TeJEyTBOPIOIOYMX CIOJYYEHb, XIMIYHA
B3a€MOJISI MIXK SIKUMH J03BOJIMTh YTPUMATH BOTHETaCHY CyMilll HAa BEPTHKAIbHUX Ta
MOXHUJIMX TIOBEPXHSX.

3. Bumarae po3poOku cnocid AMCTaHIIMHOTO OIHAPHOTO ITOJaBaHHS
reJIeyTBOPIOIOYUX CKJIAAIB 10 OCEPEIKYy IMOXKEXl, IJIs peanizaliil ssIkoro HeoOXiaHO
CTBOPUTH SIK TEXHIYHI 3ac0o0H, 1110 3a0e3nedarh nogayy Takoi BOTHEraCHOI peYOBUHU

Ha OTPIOHY BIACTaHb, TaK 1 BIMOBIIHI TAKTUYHI TPUHOMH 1N MOKEKHHX.
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PO3/ILJI 2. CIIOCIB JJUCTAHIIHHOI' O IMMOXKEXKOT' ACIHHSA

I'EJEYTBOPIOIOYNMMU CITIOJTYKAMUA

2.1 Bu3dHAaYeHHS TAKTHKO-TeXHiYHMX BHMOI 10 JHCTAHLIMHOI moxaui

rejieyTBOPIOIYHX CIOJIy4YeHb

BpaxoBytoun 3a3HaueHi paHilie HEAOTIKM ICHYIOUMX TEXHIYHUX PIillleHb, 1010
BukopuctanHs ['YC Ta HEMOXJIMBOCTI 1X 3aCTOCYBaHHsS Ha mpaktumi [12], mis
3a0e3nedeHAs] €()EKTUBHOTO TAaCIHHS TMOXKEXK TeICYTBOPIOIOUYMMHU —CKJIAJOBHMH,
BHU3HA4Y€Ha HEOOXIAHICTH PO3POOKH HOBUX KOHCTPYKIIHM (CTBOJIIB-pO3NUIIIOBAYIB),
10 MaIOTh BIJMOBIATH MIEBHOMY IEPETIKY BUMOT.

HMucrtanmiss nomadi ['YC mnoBuHHa OyTu Oe€3MeyHOI0 Il omeparopa-
CTBOJIbIIMKA Ta BIJANOBIIaTH 3arajbHUM TEXHIYHMM BHMOTaM Ta METoJlaM
BUNPOOyBaHb BorHeracHukiB, 3rigHo JACTY [87, 88]. B uux BuMorax 3a3HaueHo, 110
MiHIMQJIbHA JOBXHHA CTPYMEHS BOTHETacHOI PEYOBHMHH Yy BOTHETACHHKAX,
MPU3HAYEHUX JUIsl TaCIHHS MOJIETFHUX BOTHUII KJIacy A, MOBUHHA OyTH HE MEHIIE 6
METPIB.

JIBa xommnoneHTn ['YC, sKi 10 TraciHHsA TOXeX1 30epiraroTb okpemo (0e3
BCTYNY B XIMIYHY PEaKIlii0 OJJHOTO 3 JIPYTruM), Tpeda TaKkoX 1 MPH raciHHI M01aBaTH
Ha OCEPENIOK IMOXKEXKI «OKPEMO», MOOAWHIl, ajde — OJHOYacHO. Taki 0COOJMBOCTI
BukopuctanHa ['YC 00yMoBiIeHI OOMEXEHICTIO Yacy iX TIEpEeTBOPEHHS Y
MPOTUIIOKEKHUI Telb MpU 3MINIYBaHHI, 0 MOXe 3aBaauTu edextuBHIN aii ['YC
IIPU FaCiHHI MOXKEX, SIK 1€ 3a3Ha4eHO (DOPMYJIOI0 BUHAXOAY Ha HOBUM CNOCIO raciHHs
reJIeyTBOPIOIOUMMH cKianamu [83, 84].

dopMu 000X PO3MUICHUX CTPYMEHIB TOBUHHI 3a0€3MeuyBaT SIKOMOTa OLTBIIIHIA
BIJICOTOK BHKOpHCTaHHS KommnoHeHT I'YC mis raciHHS MOXeXi 3 3a7aHoi BijcTaHi
(6impmie 6 metpiB). B poGortax [4, 44] mokazaHo, IO TUIOCKO-PajiajibHl CTPyMEHI
JIO3BOJIAIOTH BUPIIIYBATH 1€ 3aBIaHHS, OXOIUIFOIOYH «OJHOYACHO» OUIbIINI (POHT

MOKEXK1, HIXK 32 IOMOMOTOr0 KOMIAakTHUX cTpyMmeHiB. Lle mpu momaui I'YC Ha Binctanb
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no 10 merpiB He mae mepemdacHO ab0 3 3ami3HEHHSM CTBOPIOBATH Tellb HA 00 €KTi
TIOKEKOTACIHHS, Pealli3yr0ur HOTro Ha Iii TUCTaHII{ OUThIT e(h)eKTUBHO.

PosMitienns, opieHTalis Ta pyx 000X CTBOJIIB Y TIPOCTOPI 1] 4ac MPHUITLTFOBAaHHS
Ha O0’€KT TMOXKE)KOTACiHHS, TMOBUHHI 3a0e3ledyBaTH MaKCHUMaJbHY €(QEKTUBHICTD
3actocyBanHa ['YC mnpu mopaui ix Ha BiJICTaHb Ouibllie 6 METPIB Ta SKOMOTa MEHIIE
3aJIeKaTy BiJl 010MEXaHIYHUX PYXIB CTBOJIBIIUKIB Pi3HOI KBaTidikaiii. B poborax [5, 6]
3allPpOMOHOBAHO BUKOHYBaTH  (DIKCaIlif0  CTBOJIB-PO3MIIIOBAYIB  3a  JIOTIOMOTOXO
CHELIATbHOTO TPUCTOCYBaHHSA JUI HAaBEJCHHS iX Ha O00'€KT TMOXKEKOTaciHHSA 3
Bepu(IKaIl€l0 Mo KyTax MiTHECEHHS 0 TOPU30HTY, KyTaxX BIIXWJICHHS BIJHOCHO
TUIONIMHYU TPUILIIOBAHHS, BUCOTI 1 0a30Biil MIUPUHI CUMETPUYHOIO PO3MIILICHHS, 110
JI03BOJIsIE OUTBII €PEeKTUBHO TOJIaBaTH Ha BiACTaHb A0 10 MeTpiB nBa kommnoHeHTH ['YC
1 HE JIONYCKae MepeIyacHoro ado 3ami3HEeHOro X 3MIITyBaHHSI.

3aranpHl TEXHIYHI XapaKTEPUCTHUKH 3allaTeHTOBAHOI MOOUIHHOI YCTaHOBKH
AYITYC-M, no ckinany siKoi BXOJATh HOBI CTBOJIM-PO3MUIIIIOBAYI, 110 3A1MCHIOIOTH
nucrtaniiiny nogauy I'YC, a came: poOouuil THCK, po3mip, 00’€M €MHOCTEH st
BOTHETaCHOI PEYOBMHM Ta 1H. MOBUHHI OYyTH MaKCUMAaJbHO HAOJIMXKEH1 O 1CHYIOUYOi
BUMOTaM JIEPKAaBHUX CTaHAAPTIB.

Takum YMHOM, AMCTaHIIHA T0/JaYa TEJICYTBOPIOIOUMUX CIIOJIYK TMOBHHHA
nepeadayaTd  OJHOYACHY ToAady JBOX IUIOCKO-padlaibHUX CTPYMEHIB 3
KOMITOHEHTAaMHU CyMIIlll Ha BIJICTaHb HE MEHIIE 6 METPIiB Tak, 100 HE JOIMYCTUTH

nepeayacHoro abo 3ami3HeHoro 3MilryBaHHs KoMIoHeHT ['YC.

2.2 TexHiuHe 3a0e3nmeYeHHs JTUCTAHIIHHOIO MOKeKOTaCiHHSA
reJieyTBOPIOKYHUMH CIOJyKAMH
2.2.1 YcranoBka AYITYC-M nns peanizarii cnioco0y AUCTaHIIAHOI mojadi

6inapaux pozunniB BI'P/T'YC

Hocmigna ycranoBka AYITYC-M [29] npusnaueHa is JAOCHIHKEHHS

TAKTHUKO-TEXHIYHUX XapaKTEPUCTUK TPOLECYy OUCTAHUIAHOI mojayl OlHapHUX
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reJieyTBOPIOIOYMX CHOJYK 1 TaciHHSA TMOXEX TBEpAUX TOPIOYUX PEUOBHH.
KoHcTpyKIlis ekcrepuMeHTaIbHOT YCTaHOBKU JI03BOJISIE BUKOPUCTOBYBATH CTBOJIH-
pOo3MIIIIOBaYl, M0 (GOPMYIOTh IIJIOCKO-pajdiaibHI CTPyMEHI, Kl OUIbII €(EeKTUBHO
nojaroTh Ha Bigctanb O6mm3bko 10,0 MerpiB aBa kommoneHTa I'YC 1 gomyckaroTh
MOJKJIMBICTB 3MIIITYBATH iX HaJ/TIepel OCEPEIKOM IMOKexki [24].

B ocHOBI cTBOpeHHSI HOBOi YCTaHOBKH OYJIO 3aKja/JIeHO 3aBJaHHs M1ABUIIICHHS
e(peKTUBHOCTI BHKOpUCTaHHS ycTaHOBOK Tuny AVYITYC, mo KOHCTPYKTHBHO
JOCSTANIOCh NUISXOM 3a0€3MEeUeHHs IIJIECIPSIMOBAHOTO JUCTAHIIMHOTO TOJaBaHHS
KOMITaKTHUX ab0 po3nuieHux crtpymeHiB ['YC B mpocTip Haa/mepen ocepenKom
MOXKEXKI TaK, U0 IX Kparull pyXaro4yuch IO 3a3[aJeriib po3paxoOBaHUX TPAEKTOPIAX,
CHOYAaTKy HE KOHTaKTYIOTh OJJHA 3 OJHOIO, a Ha KIHIEBIN CTajii MOJIbOTY B MOMEHT
JOCSITHEHHSI HUMH  HEOOXIJTHOTO TMPOCTOPY HAJ/TEpea OCEPEAKOM  TOXKEXKI
3MINIYIOTBCS 1 MID)K HUMH BIJJOYBAa€ThCSl MEXaHIYHA 1 XIMIYHA B3a€MO/IIS, B PE3yJIbTaTI
KO CYMIIII, OCIIal04M Y BUIJIS/I IIAapiB T'eji0, HAKPUBA€E MOBEPXHIO 00 €KTIB, IO
TOPSTh, JIOKAI3yI0uH 1/a00 pHUIMHSI0YM TopiHHs [21].

[locraBneHe  3aBOaHHS  PO3B’A3YETbCS  YJOCKOHAJIEHHSAM  KOHCTPYKI1
yctanoBku Uiy AYITYC, 3a paxyHOK CTBOpPEHHSI MOOLJIBHOI JOCIIIHOI YCTAaHOBKHU
AYITYC-M (puc. 2.1). Jlana ycraHoBKa MICTUTh Hecy4uit kapkac (pamy) (1), ne
BCTAHOBJICHO 1Bl €MKOCTI (2) 3 MiJBHUIICHOIO €MKICTIO KOMMOHEHT po3unHy ['YC i
nBa OajoHa 31 CTUCHEHHMM TOBITPsM (3), sIKi MarmOTh IHAMKATOPHU Bi3yaJIbHOTO
KOHTPOJIIO THCKY B €MHOCTX (4) 1 00’enHani peaykTtopoM mpsmoi aii. [Ipu domy,
koMioHeHTH ['YC, mo MICTATbCS B €MHOCTSX MiJ THCKOM CTHUCJIOTO TOBITPS,
3aBJIKA CHCTEMi CIIOJyYHMX THYYKUX NUIAHTIB (5) 3HAXOIATBCS 1 B CTBOJIAX-
posnuiroBadax (6), sKi MalOTh MO OJHOMY KpaHy JJIs iX 3aKPUTTS 1 BIAKPUTTS, IO
MOB’s3aHO 3 OKpemMow abo crhiapHOK Tmogadeto KoMrnoHeHT ['YC Ha o00’ekT
MOKEKOTACIHHS. 3alpoTIOHOBaHA KOHCTPYKIlA BIAPI3HSAETBCS THUM, IO Yy HIN
JI0JJaTKOBO Peaji30BaHO CHCTEMY HaBEJCHHS CTBOJIIB-pO3MUIOBadiB (7) Ha 00’€KT
MOXKEKOTaciHHSA 3 Bepu(ikalielo 3a KyTamMd HaxXwily JI0 TOPU30HTY, KyTaMu
BIIXWJICHHS, BHUCOTI ¥ 0a30Bii MIMPUHI CHUMETPUYHOTO po3MimleHHa 1 (ikcarrii

CTBOJIIB-PO3MHIIIOBAYIB, 1[0 BCTAHOBJICHO HA HECy4OMY Kapkaci (Ha pami) [25].
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Puc. 2.1 locnigna ycranoBka AYI'TYC-M: a) gpponransna npoekiist; 6) mpodiabHa MpOeKIis;
Kommnekryroui yactunu 10 ycraHoBku AYITYC-M: 1 — pama Bi3Kka ycTaHOBKHU; 2 — EMHOCTI 3
BOJIHUMHM po3urHamMH ckiagoBux ['YC; 3 — 6asoHu 31 CTUCHEHUM MOBITPSAM; 4 — peayKTop 3
NOKKYUKAMH TUCKY (MAaHOMETpaMH); 5 — ccTeMa CHOIYYHHUX THYYKHX IIJIaHT1B; 6 — J1Ba CTBOJIU-

pOSHI/IJ'IIOBaHi; 7— MPUCTOCYBAHHS U1 HABCACHH CTBOJIIB

Ha 3a3nauenuii ycrpit yctaHoBkd AYITYC-M oTpumMaHO NaTEHT Ha KOPUCHY
mozens (JJOJIATOK 3).

Bin Bimomux ycranoBok AYITYC 1 AYITYC-II HoBa ycTaHOBKa BiJIpi3HAETHCS
30uTbLIeHHM 3amacoM KommnoHeHT BI'P, ta moxmuBicTio aucranmiiHo (mo 10 m) 1
npuliibHO TojaBatu Ha TaciHHsA ['YC mporsrom 1-2 xBwimmH. [lpudomy mnomaua
BI'P/T'YC moxe BinOyBaTucs K 3BUYAHUMU TaK 1 TIOCKO-PaiaIbHUMKU CTPYMEHSIMHU,
AKI BXKE Ha MIACTYNax J0 OCEPeAKy MOXKEXI MOYMHAIOTh YTBOPIOBATH Telb. bararo
HOBMX KOHCTpYKTOpPChKUX piieHb AYI'TYC-M 3axunieni nareHtamu Y KpaiHu.

YcTaHoBka Moke OyTH BUKOpPHCTaHa SIK JJIS1 JOCTIIKEHb TaKTUKO-TEXHIUHUX
XapaKTePUCTHUK MPOLECY NUCTAHIIIMHOI M0/1aul BOAHUX 1 TeJIEyTBOPIOOYUX OIHAPHUX
CHOJIYK (TPA€EKTOPis, IMJIOMIA BPAXKEHHS Ta 1H.), MPU PI3HUX KyTaxX HAXWIy CTBOJIB-

PO3MUIFOBAYIB, TaK 1 IS TaCiHHS peaabHHUX Mmokex [9].
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Jlana ycTaHoBKa mpoMIiia anpoOaliir0 B yMOBax MOJITOHY, IO 3a0€3MeUrIo
MPOIIEC TMPOBEACHHS EKCIIEPUMEHTIB, B TOMY 4YHCJIl 1 MPU TaciHHI MOJACIBHUX
Boruum. Ha puc. 2.2 nokazano BumnpoOyBaHHa yctaHoBku AYITYC-M, npu
MPOBE/ICHHI EKCIEPUMEHTIB M0 TaciHHIO MOJEJNbHOrO BOTrHUINA kiacy 1A, 3

nucTadiigoo noxayero I'YC.

Puc. 2.2 Onun 3 TaAKTUYHUX TPUAOMIB, SIK TTPUKJIIA] BUKOPUCTAHHS 3aIIPOIIOHOBAHOT
yctaHoBku AYITYC-M

Pucynkom 2.2 BU3HAYA€ThCS OJMH 3 TAKTUUYHHUX MPUUOMIB O/1a4l B OCEPEIIOK
MOXEK1 KOMIOHEHT OiHapHoro mnotoky ['YC, nBoma CTBOIaMU-pO3NHIIOBAYaAMHU
CUMETPUYHO BIJJAJICHUX OJWH B1J] OJHOTO Ta HAIUICHUMHU HA BOTHMIIE 1]l pIBHUMU
KyTaMU Haxuwily 10 TOPU30HTY «, = &, 1 BIOAXWIEHHA W, =—/,, 3a 3a3Jajeriip
pO3paxoBaHUMH TPAEKTOPisIMU X pyxy. Takwii npuiiom OyB BuU3HaHMI B poOoOTI [8],
K HAUOUIBII MPUUHATHUN JJ1s1 AUCcTaHIiiHOI oaadi ['YC, 3 sIKoro 4iTKO BHUIHO, IO
3MilllyBaHHs Kpanenb koMnoHeHT ['YC Ha TpeTboMy erami iX pyXxy 3 NOAalbIIUM

OCa/IP)KEHHSAM Ha 00’ €KT1 MOKEKOTACIHHS € JOCUTh €(PEKTUBHUM ITPUIHOMOM.

2.2.2 CrtBon-posnumioBad CP-10 ans momayi miaocko-pajiadbHUX CTPYMEHIB
IIPH TTOXKEXKOTaciHHI Ha HeBeJMKI BijcTaHi (10 10 m)

Jlist Bupimenss 3apnanp nojadi BI'P/I'YC B 3akputux nmpumimnieHHsX B poOOTi
[6] 3ampormoHOBaHO BHUKOPUCTAHHS CTBOJIIB-PO3MUIIOBAYIB, SIKi 31aTHI (hopMyBaTh
MI0CKO-padianbHi cTpymeHi. [Ipudomy, sikmo momaBatu aBi kommoHeHTH [YC 3
nBox ctBomB CP-10, TO po3nuieHi MOTOKH iX CTPYMEHIB MOXHa 3MIIIYyBaTH Y

MPOCTOPI HajJ/Mepesa; OCEPeIKOM TMOoXkKexki, 00 3a0e3MeYUTH CBOEYACHE YTBOPECHHS
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reqo s ePeKTUBHOTO TaciHHsA moxkexi. OcTaHHIN, OCilalo4d Ha BOTHHUIIIE,
HaKpUBa€ 3aCTUTAIOYMM TejieM Tajardi MOBEPXHI, CIPUSIOYN TUM CaMHUM O1IbII
aKTHUBHIN JoKami3alli Ta TPUIUHEHHIO TOPIHHS YacTHUH 00’ €KTa MOKEKOTACIHHS Ha
HeBenukux (10 10 m) Biactansx. KoHCTpyKilis creniaibHOr0 CTBOJA-PO3MMIIIIOBaYa
CP-10 3axumiena nareatom Ykpainu Ne 114070 [16, 27] (1OJJATOK X).

Ha puc. 2.3 npeacrasieni 360ipHa cxema 1 poro crBona-posnuiatoBadya CP-10,
KU MOXX€ BHKOPHUCTOBYBATHCS MpHU Mojadi Ha BiAcTaHb A0 10 M KOMIOHEHTIB
BI'P/TYC KOMIakTHUMH 1 IUIOCKO-paiaiIbHUMU CTPYMEHSMU B 3aMKHYTOMY
MIPOCTOPI MPHUMIITIIEHb PI3HOTO MPU3HAYEHHS, a TAKOX Ha BIAMOBIAHUX (32 PO3MIPOM)
BIIKpUTHX MaiaaHunkax. [lokasaHl TakoX HOro KOHCTPYKTHBHI OCOOJIMBOCTI

BUT'OTOBJICHHS Ta OCHOBHHUM IIPUHIIUII pO6OTI/I 3 HUM.

r)

Puc. 2.3 CtBon-posmmmoBay CP-10: a) 36ipHa cxema; 6) poTo 3araibHOTO

BUTJISAY; B) CTBOJI 3 BIIKPUTOO KPHUIIIKOIO; T) MOJjaya CTPYMEHIO Ha BIKPUTOMY

MpoCTOpi
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CrtBon micronetHoro tumy CP-10 mictute mopoxuuctuii kopmyc (5) 3
JIeSIKOI0 BHYTPIMIHBOIO «BUOIPKOIO» MaTepiany, sika 00’€MHO IOB’si3aHa 3 OJIHOTO
OOKy 3 BXIIHUM HHJIHIPUIHUM OTBOpOM (2), 1O sIKOoro yepe3 mnepexigHuk (3)
pi3bOOBUM 3’€JHAHHAM MPUETHAHUN KyJIbOBUH KpaH (4), 10 pEryinroe mojaavy
yepe3 Hboro BojaHoro po3uuny BI'P/I'YC, a 3 mporunexxHoro 60Ky 3 BUXIJTHUM
npodTBbHO-PETYILOBAHUM TIEPETUHOM, IO YTBOPIOETHCS 3aBASKH 3MIHHUM
kpumkaMm (1) 31 crmemianbanM «II»-mogiOHMM Bupizom B HuX (7), peamnizyroun
TaKUM YHWHOM T0Jad4y BOJHHUX PO3YMHIB IJIOCKO-pajialbHUMH CTPYMEHSIMHU B
atMocdepy. Po3mip BHUXIZHOTO OTBOpPY 3a IIUPUHOIO PETYIIOETHCS 3MIHOIO
kpuiok (1) 3 «I[I»-momiOHMM BHpPI3OM 3 PI3HOK MIUPUHOK TEPETHUHY, a 3a
BHUCOTOIO — TOBIIMHOIO KOPCTKUX IJIACTUH (6), IO PO3MIILYIOTHCS MK KOPITYCOM
(5) 1 xpumikoro (1).

[Ilo cToCcyeThCs BHUIAAKIB IOXKEXKOTACIHHS 3 MOJA4Y€l0 PO3YMHIB JBOX
komrnoHeHT BI'P/I'YC, To BoHuM 4epe3 BXiJHI 0TBOpU KOpmHyciB 000X cTBojiB CP-
10, moTpamisitoud KOXHa B CBIl KOpIIYC, BUIPUCKYIOTHCS IIiJ HAMopoMm, 3
NPSMOKYTHUX MEPETHUHIB MK KOpIycaMu 1 KpUILIKaMH B MOBITPSAHUN IPOCTIp, a B
MOAATBIIOMY 3MINIYIOTHCS 1 YTBOPIOIOTh BOTHETACHY CYMIIII, 30KpeMa Tellb.

Pazom 3 muM ciig 3a3HayuTH, 10 OOWJBI 3amaTeHTOBaHI B YKpaiHi
KOHCTPYKII  CTBOJIB-po3nwiaoBauiB  [12,27] cami 1o cob0i  MOXYTh
BUKOPUCTOBYBATHCSI HE TUIBKU TMPHU TACIHHI MOXEXK, a ¥ I 3aXHUCTy JOAeH 1
CyCiHIX 3 Moexet 00’ekTiB BiA BmmBY Ha Hux HOII [20], B mepmy uepry

TCIIJIOBOT'O BI/IHpOMiHIOBaHHH.

2.2.3 Hacagox ans mojayl IUIOCKO-pafialibHUX CTPYMEHIB  MpHU
MO’KeKoraciHui Ha BigcTani noHan 10 m

Cxemu 1 KOHCTPYKIIiSi HOBOTO HacajJKa JJjisi CTBOPEHHS ILIOCKO-pajialibHUX
cTpyMmeHiB 3a mareHToM Ykpainm Ne 105235 (HAOHAATOKT), HaBeneni Ha
puc. 2.4.



Puc. 2.4 3aranpHuii BUTIISIQ KOHCTPYKIIT 1 CXeMH eJIEeMEHTIB HacaiKa JJIs
CTBOPEHHS TIJIOCKO-PaiaIbHOTO CTPYMEHS: a) KOHCTPYKTUBHE BUKOHAHHS
Hacajaka; 0) ¢oTo NPUCTPOIO 3 OOKY IIIJTUHHOTO OTBOPY; B) MEPETUH BUXITHOTO

IIITMHHOTO OTBOPY

Ha puc. 2.5 npencrasiero (oTto BUIPOOYBaHHS HATYPHOI'O 3pa3ka Hacajka

[12], om0 momayi miocko-paaianbHOro ctpymento BI'P mist moskesxxoracinus.

Puc. 2.5 Tlomaua BI'P y Burnsai nminocko-pagiadibHUX CTPYMEHIB BOJHUX PO3UYNHIB,

BIJIIOBIAHO /10 aTeHTY YKpainu [2, 4]
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Hacamox (puc. 2.4) cxiagaerbcsi 3 HACTyIHHX €JIEMEHTIB: BXIJHOTO
HWIHAPUYHOTO OTBOPY (1), AKMM MOXKE NPUETHYBATHCS 10 PYKaBHOI JIiHIi;
Koprycy (2), BAKOHAHOTO Y BUTJISAA1 TNIOCKOTO pO3Tpy0da 3 IBOX, 3’ €THAHUX MIiXK
c0000 TOJOBHHOK, IO YTBOPIOIOTHh BUXIJHHUH KIHEIb Y BUTIAAI MapajelbHUX
HaIpsSIMKIB, Ta CTBOPIOIOTh MPSIMOKYTHHH TepeTuH (4); oaHiel abo IEKIIbKOX
HWITHAPUYHUX Meperopoaok (3) 3 orBopamu Majoro gaiaMmetpy (5), Aki 3’eaHaHi
3 KOpHycoOM 2, HaNpuKjajJ TUM ke pi3b00OBUM 3’€IHAHHIM I (PiapTparii
pIAMHU 1 AUIEHHSA 1i MOTOKY Ha CTPyMEHi, 0 (GOpPMYyIOTh B IOJAJbIIOMY
MJOCKO-pajialibHUMl  CTpyMiHb. BukopucTaHHs AOJATKOBUX IMJIIHAPUYHUX
neperopoaok (3) 3 oTBopaMu Majioro giamerpy (5) He YCKIAJHIOE THUIIOBY
KOHCTPYKIII}0O Hacajka, OJHaK JO3BOJSE€ HE TINbKU QUIBTpYBaTH, a W
3MEHIIIYBAaTU BOJSHI HIJIIHAPUYHI TOTOKHU, TpaHCPOPMYIOUYHM iX B IIOCKO-
panmianbHi cTpymedi. Ilotim 11 crpymeni BI'P/T'YC BukopuctoByrThCS s
MOXKeXoraciHHs abo0 OJHUM MOTOKOM CTPYMEHIO0, a0 JBOMa MpH 3MIllyBaHHI
kommoHeHT ['YC nan/mepen ocepeakoM moxkexi. Kpim Toro, Taka KOHCTPYKIIis
Jla€ MOXJIMBICTh MiJIBUIIMTHA MIIHICTh Hacajka, WOTO PEMOHTONPHUIATHICTH 1
ehekTuBHICTh 3acTocyBanHs [20].

Ha npuKIaIi HaBEAEHUX B Tadmn. 2.1 BUOIPKOBUX TaHUX
eKCIIePUMEHTAIBHUX NOCIIKeHb, Oynu po3risuyTi [/, 10] ocHOBHI MOMEHTH
1010 CTBOPEHHS KOHCTPYKIi Hacagka 0e3 3alydeHHS OCHOBHHX IMOJOXEHb
METOJWKHU TUIAaHYBAaHHS €KCIEPUMEHTY, SKY, SIK IPaBUJIO, BUKOPUCTOBYIOThH TIPH
HassBHOCTI 0OMEKEHOT KUTBKOCTI JOCITHOTO MaTepiany (tadim. 2.1).

3 naHux Tabis. 2.1 3po3yMisio, 10 3 TOYKHU 30PYy €KCTPEMaJbHOI AaJbHOCTI
1 LINPUHU «OXOIUICHHS» (PPOHTY MOXKEXK1, MAEMO KOHKYPEHTO 3JaTHI MapamMeTpu
nepeTuny (puc. 2.4B) BUXIIHOTO IIUJIMHHOTO OTBOPY — IIMPUHA 2a 1 BUCOTA 2b —

BianoBigHO nociaiay Ne 14, mpu o =30°.
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Tadomus 2.1

JlaHH1 eKCIIEpUMEHTIB JJIs 1100y pallioHabHUX MapaMeTpiB HacaKa Mpu

OJIHAKOBIM IIBUKOCTI BUTIKAHHS BOJTHOT'O PO3UHHY 31 CTBOJIA po3nuiIoBada VoC

Yac

No J;ZI;E;, BI/ICOTa b meHHa a J_—[aJILHi.CTI) ]_HI/ngHa nojayi
(TIA IIUTMHU, MM | OIUTMHA, MM | TIOJadYi, M | TOJadi, M | CTpyMeEHH,
C

1 700 1 100 14 4 0,56
2 700 1 120 14 5 0,56
3 700 1 130 13 5,5 0,52
4 700 1 140 12 6 0,48
5 700 1 150 12 7 0,48
6 700 2 100 16 9 0,64
7 700 2 120 17 10 0,68
7 700 2 130 17 11 0,68
9 700 2 140 19 11 0,76
10 700 2 150 20 12 0,8
11 700 3 100 31 9 1,24
12 700 3 120 31 11 1,24
13 700 3 130 30 12 1,2
14 700 3 140 31 15 1,24
15 700 3 150 24 18 0,96
16 700 4 100 29 10 1,16
17 700 4 120 27 11 1,08
18 700 4 130 27 12 1,08
19 700 4 140 26 14 1,04
20 700 4 150 24 14 0,96
21 700 5 100 23 10 0,92
22 700 5 120 22 11 0,88
23 700 5 130 22 11,5 0,88
24 700 5 140 21,5 12,5 0,86
25 700 5 150 20 14 0,8

OCHOBHUMH KpUTEPISIMUA OTPUMAaHHs 0a)XKaHOTO BapiaHTa reoMeTpii Hacaaka €

OlsIbllIa JAJIBHICTh Ta IIUPHUHA MOJAYl CTPYMEHS, SIKUW 3aTHUN «HAKPUTH» TOKEKY

3a (ppoHTOM.

ToBuIMHA CTIHOK JUTTS KOPIYCy Hacajaka MpHOJIM3HO Taka K, SK 1 BHCOTa

NPSIMOKYTHOTO TEPETUHY HOro po3mnuitoBada: Onu3bko 3 mm (puc. 2.4B). OCHOBHI
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BapiiioBaHi TE€OMETpPUYHI MapaMeTpyd Hacagka: IIupuHa 2a 1 BucoTa 2b
YTOYHIOBAJKCS B XOJI JOCHIIKEHb, IO MPOBOAMINCA HAa OCHOBI BUIPOOYBaHb 3
BUKOPHUCTAHHSAM TeOpii MJIaHYBaHHS €KCIIEPUMEHTY 1 (OPMYBAINCS Y BUTIISAII JTaHUX
NacopTy-11a0bJI0Hy 10 po3pO0IIFOBaHUX CTBOJIIB/HacakiB (Tadir. 2.1).

TakuM 4YMHOM, TeXHIYHE 3a0e3IedYeHHS MAUCTAHIIMHOIO IOXKEKOraciHHSA
reJICyTBOPIOIOYMMH CKJIaJJaMUd BKJIIOYae B ceOe MpH Mojadi TeJIeyTBOPIOIYHX
CKJIaJIiB Ha BificTaHb 10 10 M 3amaTeHTOBaHY MOOIJIbHY YCTaHOBKY, IO 3a0€3Medye
IIJIECTIPSMOBAaHY  JNUCTAHIIIHHY TOAad4y CTPYMEHIB HOBHMH  CTBOJIAMH-
pO3MUIIIOBAaYaMH, OCOOJHMBICTIO SKHX € HasABHICTb 3MIHHMX KpPUIIOK 31
cneuianbHuM «II»-mogiOHUM BHpi3oM, a Npu moAadl Ha BiAcTaHl noHan 10 m
3alaTeHTOBAHUM HACaJOK, AKI 3a0e3Me4yl0Th HAKPUTTS TOBEPXHI 00’€KTIB, IIO

TopsAThb, HiapaMH I'CIIIO.

2.3 BuzHauenHsi mapamerpiB npuuniibHoi noxaui crpymenisB BI'P/T'YC

CTBOJIAMH-PO3NIJIIOBAYAMM MPH TACiHHI MOKEK

BianoBigHo 10 miiaHy MPOBENECHHS €KCIIEPUMEHTAIBHUX TOCTIIKEHb KOXKHUI
CTBOJI-po3nmiItoBad mpu mnoxadi komnoHeHT BI'P/I'YC nHa ymoBHHII ocepemok
MOXKEKI ~ BCTAHOBJIIOETHCS  TMOOJMHIII HA  CBOEMY  INTAaTHUBI  CHEIIaJIbHO
CKOHCTpYyHOBaHOMY Juisl ycTaHOBOK AYITYC.

JIist  BUpINIEHHS TPAaKTUYHUX 3aBJaHb, IMOB’SI3aHUX 3 BUIBHUM PYyXOM
MaTepialbHUX TUT B MOBITPI, 30KpeMa, 3 (OpMyBaHHSM MapaMeTpiB MPUIUIbHOI
nonaul ctpyMeHiB BI'P/I'YC na Boramiue mnoskexi ycranoBkamu tumy AYITVYC,
HayKa OaJlicTUKa JI03BOJISIE 3aMMCATH PIBHSHHS TPAEKTOPIM MONBOTY TUT (Kpameib) B
TOBITPAHOMY IIPOCTOpPI B aHANITUYHIN GopMmi. [X MaTeMaTuuHi Bupasy MpeicTaBUMO
y BUTJIAMI CHCTEM pIBHSIHB, 110 BPaXOBYIOTh BIUIMB TIE€BHOI KUIBKOCTI 3HAYYIIUX
napameTpiB.

o 6 e moka3aTh MOYKHA CKOPHUCTATUCS METOIMKOIO, BUKJIAJICHOIO B po0OTax
[94, 95, 96] o aHAMITUYHHMX MOCIIIKEHb TPAEKTOPIH PyXy BOTHEraCHUX PEUOBHMH Y

BUIBHOMY IMOBITPSIHOMY IPOCTOPI.
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2.3.1 TlosicHeHHs1, MO0 BHUKIALy AHANITUYHHUX 3aJICKHOCTEH OIMUCY OChOBOI
niHil pyxy ctpymens BI'P

Hexait ctpyminb BoM HampaBieHHUH 31 CTBOJIa-PO3MIIIIOBAYA M1l KyTOM @ JI0
TOpU30HTY (pHC. 2.6) 3 YMOBOIO, III0 BOHA PYXA€ETHhCS B aTMOC(HEPHOMY CEpEIOBHIII,
OMmp SKOrO TMPOMOPIIAHUN IMIBUAKOCTI V €JIEeMEHTapHOI YaCTHUHKU CTPYyMEHS
(xparuti). BctaHoBUMO mapaMeTpu TPaeKTOPii pyxXy IIbOTO CTPYMEHS.

IneanizyeMo mOCHiIKyBaHWI TPOIEC, BBAKAOYH, IO TMOAPIOHEHHS CaMHX
Kpareiab CTPyMEHsS 3a paxyHOK NpHUCYTHOCTI B BoaHux po3unHax BI'P/TYC
cremianbHuX 100aBOK BifcyTHE. To/l COMparounuch HA KJIACHUYHI JOCTIKEHHS PyXy
TiJla, KUHYTOrO MiJ KyTOM @ JO TOPU30HTY, TPAEKTOpIi MOJBOTY Kpameinb BI'P

OyIlyTh BUTJISIJIATH K TTOKa3aHO Ha puc. 2.6.

Puc. 2.6 IimocTpartist 70 3a7a4i BUBEACHHS PIBHSHHS TPAEKTOPIT MOJIBOTY Kparelb

BI'P 3 no4aTkoBOO MIBUAKICTIO PYXY V, M1 JI€I0 CHIU TSAKIHHS

PiBHsAHHSA TpaekTOpii noaboTy Kpanenb BI'P 3 mouarkoBoro mBuakicTs V, 0€3

oropy iX pyxy (mpu Ail CUIM TSOKIHHS) 3alUCYIOTHhCS B HAWOUIBII MPOCTUHN CIOCiO
BpPaxOBYIOUM HACTYIIHI MIPKYBaHHS.
Hexait B GesmoBiTpsHOMYy mpocTopi ctpyminb BI'P crnpsmoBano mig kyTtom

HaxXuily ¢, 3 MOYaTKOBOK IIBUJIKICTIO V, (puc.2.6). Bumrtatoun 31 cTBONA, Kpar

CTPyYMEHS CTaHyTh ONKUCYBaTH TMOAIOHI MapaboJilyHl TPAEKTOPIl, CHUMETPUUYHO
pO3TaIlOBaHl IMOJO0 OCEPEAHEHOI TPAEKTOpii OChOBOI JiHIT CTpyMeHs, sKa
CHpsMOBaHa B EMILEHTP BOTHHUIIA Moxkexi (Touka J[). Bygemo mykatu mapamerp

Z BUCOTH HaJ TOPU3OHTOM YSIBHOI OCHOBOI JIIHIT TpaeKTOpii Kpamenib, sika Oyne
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BH3HAUYATH pyX cTpyMeHs y3a0Bxk oci OX Big moyaTtky cBoro pyxy (touka O) mpwu

3a/laHMX 3HAYEHHAX V) 1 .
Z=AB-AC (2.1)

Bigpizok AC Bu3Haua€ 3HMKCHHS CTPYMEHS I JIiHIE il BHJIBOTY 3a 4ac
noaboTy g0 Toukn C, mo mo cyTi xapakTepu3ye NMPONACHUN BUIBHO MaJal0duM

TIJIOM IIIJISX, SKUW BU3HAYAETHCS (POPMYIIOIO
AC=h=gt?/2 (2.2)

ITpu mpomy OA=V,t. AOG0 iHaKIIe, MOBHUU NPOMDKOK 4Yacy pyxXy JIesKOI

«y3arajgpHeHo1» kpamti OB mo toukn C 3HaxoauThes 3 BUpa3y:
t=0A/v,. (2.3)

3 tpuxyrauka OAB Buano, mo OA= X/c0S¢, . Takum unHOM,

t = X/v,c0s¢e, . Toni:

AC = gX?/2v,” cos’ a (2.4)

[lincraBuBium 3Haigeni 3nadeHass AB 1 AC B Bupas (2.4), oTpuMaemo

IIYKaHE PIBHSHHS TPAEKTOPII:
Z = Xtga— X °g/2vZ cose, (2.5)

PiBusiaus (2.5) ommcye TpaekTopito pyxy crpymens BI'P mo ockoBiit niHii B
0€3MOBITPSHOMY MPOCTOPI i JI€I0 TUTBKU CHJIA TSHKIHHS 3 TIOYATKOBOIO MIBHJIKICTh

V, 1 ABIIsiE OO0 CUMETPUYHY apadoily BiIOMOIO BUAY.

[Ipu pyci Kkparnenb CTpyMeHs B MOBITP1, KPIM CHJIM TSKIHHS, HA HUX OyJe AisTH
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1 cuna onopy noBiTps. Cuiia onopy MOBITPsl, @ OTXKe, IHTEHCUBHICTH ii BIUIUBY Ha
ctpyminb BI'P, Moxe mepeBepiryBatu cuity TsokiHHS. Toji mapabosiiuHa TpaekTopis
OCBhOBOI JIHIT CTPYMEHsSI € aCHMETPUYHOI0, IO Maj0 MICIE MPH EKCIIEPUMEHTaX.
[Tpuuomy, 151 TEHAEHIUS TPOSBISETHCS TUM OUIBIIOI MIpOIO, UMM MEHIIEe Maca
pyxomux kpanenb BI'P (Bemuke npoOsieHHS Kparielib) 1 BUIIE MT0YaTKOBA MIBHUAKICTh
ix pyxy [10].

JUis  aHaJITHYHOTO JOCHIKCHHS pyXy OJHOTO CTPYMEHIO B TOIIOHHX
BUTAJKaX MOXKHA PO3TISHYTH TMOAady i7ealli30BaHOTO CTPYMEHS pPiAWHH 3
MOKEXKHOTO0 CTBOJIA, PO3TAIIOBAHOIO B TOYIl TMOYATKy JIEKAPTOBOi CHCTEMHU
koopauHat ZOX 1 CpsIMOBAHOTO IiJl KyTOM ¢ JIO TOPHU30HTY 3 YpaxXyBaHHSAM OIOPY
noBiTpsa. TyT 3a 3BMYAaEM TeX BBAXKAETHCS, L0 IMOYATKOBA MIBUAKICTH BHIIBOTY

«EJIEeMEHTAapHO» YaCTHMHKHM CTPYMEHsS Macor M JOPIBHIOE V,, a OMIp CepeloBUILA

HpOMOpIiiHu# (3 KoedimienToM K ) IMBUAKOCTI V YaCTHHKH CTpyMeH 0. [T03HaYHBIIH

yepe3 § MPUCKOPEHHS THKIHHSI, MAEMO cHcTeMy audepeHiiaabHux piBHAHb [10]

d?x  k dx

e T -
d?z k dz (2.6)
- .=
dt> m dt

Takox BIAOMHM € YaCTUHHHMA PO3B’SA30K III€i CUCTEMH B MapaMETPUUYHOMY

BUTIAI1

2.7)
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W a:%cosa; b:kmz(mg +kvysina); c:%.

OtpuMane pillieHHs, SKE ONMUCY€E 3MIHM KOOPJAWHAT X 1 Z B 3aJ€KHOCTI BIJ
y3arajJpHEHOI KOOpAMHATU 4yacy t He 3pydHe ISl BUKOPUCTAHHSA HA MpakTuii. TyT
OUTBII 3pyYHHUM AJIsl peaiizaiii € MaTeMaTHYHUN 3amuc PIBHSAHHSA TPAEKTOpii B

SBHOMY BHIJIsA1. Mloro BU3HAYMTH HECKJIaaHO, sAKIIO B (3.16) BUKOHATH Takl Mii:

_9¢

CIoYaTKy 3 meprioro Bupasy cuctemu (2.7) 3Haxommmo l—e ¢ =x/a. Ilotim,

9

3amicTe 1—e ¢ miactaBUMO X/« B npyruil Bupas cuctemu (2.7). B pesynbrati

bx —az

b .
OTpUMaEeMoO Z = — X —Ct, 3BIOKH t=
a ac

Tenep, niAacTaBiA04YM BUpa3 s yacy t B nepiry dhopmyiy (2.7), 3HaX0AUMO

BCIIMYHUHY X

w—al1 e—aiz(bxfaz)

3BIIKH
2
, :Ebe+£ln(1—§jj. (2.8)
a g a

Ab6o, inakiie, B cuctemi koopauaat ZOX , B SBHOMY BHUIJISIZI Ma€MO:

" ’ . ) mv, cose — XK
xkmg + xk “v, sin & + m“gv, cose In
mv, cosx

7= . 2.9
kv, cosa @9

To6to Bupa3 (2.9) omucye iaeanizoBaHy OCBHOBY JIHIIO TpaeKTopii pyxy
CTPyMEHS PIAMHM B TIOJI 3€MHOrO TSDKIHHS BpPaxOBYIOUM OMIp TOBITPS, KOJIU

mkepeno ctpymento BI'P 3HaxoauThCs B TOUIl MOYATKY KOOpAUHAT (puc. 2.7).
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Puc. 2.7 CxematuuHe ysBI€HHS OCbOBOI JIiHIT OJIbOTY Kpamneisb ctpymenst BI'P 3

ypaxyBaHHSAM OMOPY MOBITPS.

Cii BiI3HAYKMTH, 110 BU3HAYCHHS OCHOBHX TPAEKTOPIM pyxy ABOX (pHC. 2.7)
CUMETPUYHO MOJaHNX KOMIOHEHT ['YC — 0AHaKOBI KyTH @ 1 HIBUAKOCTI V, — MOXHA
3HAUTU UUITXOM PO3B’SA3yBaHHsS aHajdoriyHux (2.9) HemiHIMHUX anreOpaidyHux
PIBHSIHBb €KCIIOHCHIIIATBbHO-TPUTOHOMETpUYHOTO BUrsiay [94]. B manomy Bumaaky
CJIJT IOAATKOBO BPaxOBYBAaTU KyTH 3MIHHM HAMPSIMKY CTBOIIB (i ) BIIHOCHO HANPSIMY
noaavi koMroHeHT ['YC Ha 00’ €KT MOKeKOraciHHS.

B po6oti [97] mokazaHo, 110 po3B’sA30K piBHAHB (2.7-2.9) BmaeThCs oaepKaTh

y 3aMKHEHOMY BHUIJISAI 3 BHKOpHCTaHHAM ¢yHKIT Jlambepra W (X) , ToOTO Ti€rO

byHKII€I0, 110 3aJ0BOJIHSIE YMOBI W(X)eW(X) =X [97]. B pesyabrari y
MaTeMaTuyHoMYy cepeaoBuil Maple [98] mMokHa 3HAWTH aHATITUYHI BUpPA3M, SKi
BUPAXAIOTh 3aJICKHICTh Vo BII O 3 BHUKOpuUCTaHHSIM (GyHKIi Lambert W(x) Tta
RootOf [97].

Takum yuHOM BHUpa3 (2.9) € ocTaToYHUM MpU BU3HAYEHHI PYXY OJHOIO
CTpyMEHS y SIBHOMY BUTJIAJI B37I0OBXX OCBOBIM JIiHII TPA€EKTOpPii B TOBITPSIHOMY
CEpENOBUII, OIMp SKOTO MPOMOPIINHUN IIBUIKOCTI V €JIEeMEHTApHOT YaCTUHKHU
(kparuti) 1bOTO CTPYMEHSI.

Bigznaunmo, MmakcuMyM piBHS MOAadl TAKOTO CTPYMEHS 1O BUCOTI, sIKU Oyze

JIOPIBHIOBATHU:
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Z —Elkvﬂna+mgm g (2.10)
G mg +Kv, sin o '
1 IOCATAETHCS B TOYIII a0CIIHC
2 -
mv, sin2
Xy =0 d (2.11)

2 mg+kyysina

2.3.2 Po3paxyHok TpaekTopii pyxy komnoneHT BI'P/I'YC uepe3 nBi Toukwu.

PosristHeMo iHIIY mpakTHYHY 3ajlady, 0 BIAHOCUTHCS JO0 PYXY CTPYMEHIB
BI'P/T'YC, sixi TOBUHHI IPONTH Yepe3 3aB1JOMO BiOMI TOUYKH Y MPOCTOPI.

I[Ipy  po3poOII  TAaKTUKO-TEXHIYHOTO  3a0€3MeYeHHs 0  CUCTEM
noxexoraciHas 3 BukopuctanHsMm ['YC BUHUKae mMpakTHYHA 3aj7jadya PO3PaXyHKY
TPAEKTOPil KOKHOT 3 JIBOX KOMIIOHEHT, IO MOJAIOThCSA 3a JOMOMOTOI YCTpPOIO,
nonionoro AYITYC, Ha ocepellok MOXEXi 3a YMOBU MPOXOJKEHHSI KOXKHOT
ckianoBoi ['YC uepe3 3amaHi TOukM (Hampukiag, s ABoX KommoHeHT ['YC,
yepes3 A; 1 A, 1 Touky B. J[>kepeno CTpyMeHIB B I[bOMY BHUIAJKy 3HAaXOASTHCS B
toukax C1 i1 C2 (puc. 2.8).

Hexait moTpiOHO BH3HAYUTH KyTH CHUMETPUYHOTO HAXWIy CTBOJIB-
posmmtioBadiB Cl 1 C2 («) 1 mo4aTKOBY OJHAKOBY MIBUIKICTH BHJILOTY YaCTHHOK

(kpameinb) cTpyMeHiB (V,), IpU AKUX CTPYMEHI «OXOIUIFOIOTH» BIJIMOBIJHI TOYKHU:

A1l A, 1 B 3 Bimomumu koopauHatamu. fAxmio TpacyBatu ctpymeri BI'P/I'VC rak,
[0 BOHU OyAYTh pyXaTUCS CUMETPUYHO Micisa BUTIKaHHS 3 000X cTBOdiB Cl 1 C2,
Ta 3ampoeKTyBaTu ix TpaekTopii Ha trommuai XOZ, sk moka3aHo Ha puc. 2.8, To
1I¢ 3aBJIaHHS BIA€ThCS 3BECTH JI0 BXKe Bigomoi 3amadi [95].

Y oMy BUNAJKy JOCTATHBO PO3TJISHYTH 1 PO3B’SA3aTH HACTYIHY CHUCTEMY

IBOX PIBHSAHB 3 IBOMA HEBIJOMUMH « 1V,
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: MV, COSax — %K
xlkmg+x1k2v05|na+ngv0003aln[ 0 L J

, mv, COS«
1= 2 )
kv, cos
o LU (2.12)
2 2 MV, COSar — X,K
X,Kmg + X,K“V, sin o + m“gv, cose In
L mv, CoS«
, =
kv, cosa
de: M — Maca eJIEMEHTapHOI YaCTHHKHM CTpyMeHs (kparut Boaw), K —

KOoe(DIIiEHT OMmopy 30BHIMIHBOTO CEPEIOBUINA, J — MPUCKOPEHHS BUTHHOTO A IHHA.

z |
Vo
A(x11 Zl)
B(X3, Z2)
o
X
C1
A
\I’ 1
B
\ Az
ol

Puc. 2.8 ®ponTanbHa 1 TOPU30HTATBHA MPOEKIIiT 00 BUSHAYEHHS JBOX
CUMETPUYHHUX OChOBHUX TpaekTOpiid pyxy koMnoHeHT ['YC 115t 000X CTpyMEHIB 1110

OXOILTIOIOTH 3a7aHl Touku A 1 B

®ynxuis JlamGepra W(X) € pose’sskom pismsumst W (x)eV ™ =x. fi

HAOJIMKEH1 3HAYECHHS MOKHA OOUYHUCIIUTH TAKUM YHHOM:

2
W0+ Q, 202 QB-90+20%)
P 2p? 6pP°

2 .3 5
L Q(-12+360-22Q° +3Q%) {9}
12p%

(2.13)

P
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e P=InxiQ=Ininx.
VY po3rasHyTOMY KOMIT IOTEpHOMY TIpocTopi Maple 3a gormomMororo omneparopa
RootOf 3naxoauThcst GyHKIIOHATBHA 3aJE€KHICTh MapaMeTPiB TPAEKTOPINA BiJ KyTa

HAXWUIy @, 1 OYaTKOBOI MBUAKOCTI V,, A KOKHOTO i3 cTpyMeHiB [98].

Takum 4yuHOM, aHAJNITUYHI BUpPaA3H, IO OIMHUCYIOTh OChOBI TPAEKTOPIl PYyXy
ctpymeHniB BI'P/I'YC, no3BoiistoTh ckiactu anroputmu TpacyBanHs pyxy P3II, sxi
HEOOX1TH1 /TSI 3a0e3MeUeHHsT MOXKIIMBOCTI aHAIITUYHOTO PO3B’I3yBaHHS 3aBJIaHb, 1110
CIPHUSIOTH MIABUIIEHHIO €(EKTUBHOCTI TaCiHHA 1 3aXUCTy 00 €KTIB MOYKEKOTaCIHHS
pU BUKOPUCTaHHI MIHIMabHOT KUIBKOCTI €KCIEPUMEHTAIBHUX JAaHUX. 30KpeMa —
JEKApTOBUX KOOPAWHAT BOX-TPHOX TOYOK, Yepe3 SKi MAOTh MPOXOJUTH TPAEKTOPIi
CTPYMEHIB KOHKPETHHUX TUIOLIMH HaBEICHHS (MPULILTIOBAHHS) CTBOJIIB-PO3MUIIOBAYIB
Ha eIMIEHTP MOXKexXi a00 00’ €KTa MOXKEKOTaCIHHS.

TakuM 4YMHOM, aHalli3 OChOBUX TPAEKTOPIM, IO OTPUMaHI 3a JOMOMOTOIO
¢ynkuii Jlambepra, pyxy CTpyMEHIB I'eJICyTBOPIOIOUMX CKIIAJIIB A03BOJISIE BUBHAUNTHU
napamMeTpu MPUIIIbHOI OlHapHOi mojaayl (KyTa HaxuiIy CTBOJIIB Ta IOYaTKOBOI
IIBUKOCTI ~ BWJIBOTY  BOTHETaCHUX  pPEYOBMH)  PO3POOJIEHHMMH  CTBOJIAMH-

PO3MUITIOBAYaMHU.

2.4 TakTUKO-TeXHiUHe 3a0e3MeYyeHHs] TPHULIJIBLHOI Moaa4i HaBicCHHUX i

CIPAMO» CHIPIMOBAHMX OIHAPHHUX MOTOKIB r'eJICyTBOPIOIYHX CHOJIYK

2.4.1 IpuninpHa AUCTaHIIIITHA TI0/Ia4ya TeJCYTBOPIOIOYHX CKIIATiB

BignoBimHo 10 3aBHaHb MPOBEJACHHS EKCIEPUMEHTAIBHUX JOCIIIKEHbD,
oOuaBa CTBOJNU-pO3MIWIIOBaul mpu mojadi komrnoHeHT BI'P/I'YC wna ymoBHuUM
OCEpEe/IOK TOXKEX1 OyJIM BCTAHOBJICHI TOOJMHII Ha CBOiX INTAaTHBAaX, CIHELIAIIBHO
CKOHCTpyHOBaHuX misa yctaHoBok Tuny AVITVYC, ne crtBoin Oylio KOPCTKO
3a)iKCOBAaHO Ha BIJAMOBIJIHIA BiJIcTaHl (OJUH BiJ OJHOT0) 32 BU3HAYCHUMHU KyTaMH

HaXWIy o Ta BiIXwieHHs i (puc. 2.9).
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Puc. 2.9 ®ikcarist CTBOMIB-pO3MUIIOBAYIB MPU MPOBECHI €KCIIEPUMEHTIB:
a) ycranoBka AYI'TYC 3 1oaTKOBUMH IITaTUBAMU, 1110 320€3MEUYIOTh MPHUIIIIEHY
nogauy BI'P/I'YC; 6) cumeTpuuHe po3TairyBaHHs CTBOJIIB-PO3MUIIOBAYIB BiTHOCHO

TUTOIIMHY HaBEJICHHS, HAIIIJICHUX B EMIIICHTP MIIICHI-eKpaHy

VY no4yaTkoBOMY IOJIOKEHHI KOXEH CTBOJI HAIPABJIETHCS HA YMOBHHUM 00’ €KT
MO>KeXOTaciHHs (MIIIeHb-eKpaH), pO3TAIOBYIOYHCH B POCTOPI HA BUXITHIN MO3MUIIIT

3riziHo cxemu puc. 2.10 3 HACTYNMHHUMHM TeOMETpUYHMMH Hapamerpamu: h, i h,

piBeHb (BucoTa) OazyBaHHs cTBoJa-posmmwioBadya Cl 1 C2 mo BIJHOIICHHIO [0
00’€KTa TOXKEXKOTACiHHS; 2a — BiJICTaHb CUMETPUYHOTO PO3TAILIYBAHHS iX BIAHOCHO

IUIOLIVMHY HaBeleHHs Ha Borauiie noxexi (OXYZ) B HanpsMky oci OX; ¢; 1 v,

i=1,.2 — KyTd HaxXwiy Ta BIJXWICHHS B BIANOBIJIHUX JOMOMDKHHMX IUIONIMHAX

MPULILTIOBAHHS Ha 00’ €KT MOKEKOTaCiHHS «y 1 @

Ax BugHo 3 puc.2.10 wIA NOPaKTUYHOTO PO3B’A3aHHS NUTAaHHA 3
MOXKEKOTACIHHS Ta 3aXHUCTYy OO €KTIB, IO 3HAXOISATHCA MOOJIU3Y TOXKEKI, MOKHA
BUKOPHCTOBYBAaTH KiJlbKa TMPOTO3MINIH, TIIOB’S3aHUX 3 TEOPETUYHUM OIHCOM
TPAEKTOPIN MOJTBOTY B aTMoc(epi MOBITPS KOKHOTO 3 JABOX PO3MUIICHUX CTPYMEHIB
BI'P/I'YC, HamineHHX Ha 00’€KT ITOXKEKOTACIHHS MOOMHMHIN. MaTeMaTHYHHUHA OIHC
JTOCIKYBaHUX (DI3UYHUX SIBUII, HE 3aBXKJU MPOCTUNA TOMY, IO SIBJISIE COOOK0 OTHUC
IPOLECIB CUCTEMaMU PIBHSIHB, AKI (POPMYIOTbCS HAa OCHOBI €MIIPUYHMX JIaHUX 3
BUKOPUCTAHHAM OYJIb-TO aNpOKCUMYIOUUX IIOJIHOMIB, YU BHUPA3iB, OJICP)KAHUX B

pamMKax Teopii ONTHUMAJbHOTO IJIAHYBAHHS E€KCIIEPUMEHTY, a00 KIaCUYHUM
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eKCIIEPUMEHTAIbHO-TEOPETUUHUM LUISIXOM 3alHCYy PIBHSAHD PyXy Tid, IO KUHYTI Mij

KYTOM JI0 TOPU3OHTY.

Puc. 2.10 YMoBH npoBeIeHHS! €eKCIIEPUMEHTIB: a) PO3MIIIIEHHS CTBOJIiB-

posmutoBauiB C1 1 C2, 1110 Mogar0Th Ha YMOBHHUH OCepeioK Moxkexi (Touka E)
KOMIOHEeHTH O1HapHoro notoky I'VC: ¢; 1 @, — KyTH HaXuily 10 TOPU30HTY CTBOJIIB,
w, 1 ¥, — KyTH iX BIAXWIEHHS, 2a — BiICTaHb MK CTBOJIaMH Ha piBHI hy =h, =h;
0) hoTo «mpuIiIbHOI Moga41» 1-M CTBOJIOM OJIHOTO CTpyMeHs ckianoBoi ['YC,

B) (hOTO «IPHITLTBHOT IMOa9i» 2-M CTBOJIOM 1HIIIOTO cTpyMeHs ckianoBoi ['YC

TuM He MeHIl, 3riHO 3alpPONOHOBAHOTO METOAY (PI3MYHOTO MOJIETIOBAHHS
pyx koxHoi 3 komroHeHT BI'P/I'YC mnpu mnokexoraciHHi, MOXHa MaTE€MaTUYHO

omucaTu OyIb-IKUM 3 PO3MVIIHYTUX B POOOTI BIAOMHX CMOCOOIB, 1m00 TOTIM B
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OCTaTOYHOMY PpIIIeHHI 3aBJaHb iX 00 ’€lHaHy MAiI0 PO3TJSAATH BUKOPUCTOBYIOUHU
3BICHHMM MIPUHIIMII CYTIEPIO3UIIIi.

Tak uu iHak1e, 3 0AMICTUKY PITUHHUX CTpyMeHiB [99] BioMO, 1110 TPAEKTOPIiIO
PYXYy CYKYIHOCTI eJeMEHTapHUX TUT (Kpameib) Y BUIBHOMY MHPOCTOpI MoOxke OyTu
BU3HaHO mapabosiamu. Coijg gojgaTd, IO JJIs JOCHIKEeHb, sSKI 0a3yrThCs Ha
BU3HAYCHHI TPaeKTOpid pyxy crpyMmeHiB BI'P HamiBeMIipuyHUMH 3aJI€KHOCTIMU €
mpocta 1 3pyyHa B NPaKTHUHIA peaizamii Npomo3uIlisi — BUKOPUCTOBYBATU
HaIiBeMITIpUuHy Gopmyny [45], 110 Haragaye TPAAUIIHHUNA 1O 3aIUCy B Mapadou

JPYroro CTEeNeHs:
z=ytga - y29(1+KVZ- L, )/2V2 cosa (2.14)

Je: @ — KyT Haxwily CTBOJA-pO3MIII0Baya, M0 MO0Ja€ BOJHUNA po3unH; K —
eMIIpUYHUN Koe(illleHT, SKUH BU3HAYAE€THCA JUIA JAHOIO BOJHOIO PO3YHHY,
NOJA4Yel0 CTPYMEHsS HAa MaKCHMajlbHy aMcraHmiroo L. (mpu az300); Vo -
noYyaTkoBa MBUAKICTh BUTiKaHHSA BI'P Ha 3pi3i cTBoma-posnuimioBada; Z 1y —
MOTOYHI KOOpAMHATH TpaekTopii pyxy BI'P B moBiTpi; § — NPUCKOPEHHS BUIBHOIO
nafaiaasa; h — BrcoTa po3raityBaHHS CTBOJIA.

Take ysiBIEHHS TPAEKTOPiN PyXy CTPYMEHIB MOK€ OyTH BUKOPUCTAHO B SKOCTI
0a30BOro MpuKiaga, KUl JO3BOJUTH JOCTATHHO MPOCTO OMUCATH LIyKaHI PIIIEHHS
JI0 TpacyBaHHS CTpyMeHIB KoxkHOi kommoHeHTH BI'P/I'YC, mo HampaBiIsiOThCS
ctBoslamu-po3nuiaoBadamMu C1 ta C2 Ha ofHY 1 Ty X camy Ilijlb, Jie¢ BOHU MOBUHHI
3yctpitucs. [Ipudomy, npu moxexoracidii 3 BUKopucTaHHsM ['YC TyT HeckiIagHO
MOCTABUTHU MUTAHHS MPO BU3HAYCHHS OLIBII «CHPHUSTIMBUX» MOMEHTIB 3MIIITyBaHHS
iX KOMIIOHEHT B TIPOIIEC] MOIBOTY.

JUist mosicHeHHsT LUX 0coOIMBOCTEN (OpMyBaHHS MapaMeTpiB MNPULILIBHOT
nomaul Oinapuux ctpyMeniB BI'P/I'YC mpu moskexoraciHHl 3amuiineMo Ha OCHOBI

¢opmynu (2.14) nBa piBHSAHHS 3 ABOMa HEBIIOMUMH KyTaMH @, 1 @,, TP NEBHUX

Harnepesa 3aJaHuX yMoBax. [HIIMMU clI0BaMH, Ha MPUKIIAJl BUKOPUCTAHHS (POPMYIH
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(2.14) mokaxkemMo, fAK CIHiJ CTBOPIOBATH MEPEAYMOBH IJsi PO3POOKH TaKTHKO-
TEXHIYHOTO 3a0€3MeYeHHs] J0 BHUKOPUCTAHHS YCTAHOBOK IOKEXKOTACIHHS THUILY

AVITVYC.

3a 04aTKOBl YMOBU INpUIMEMO HACTYIHI BUXIJHI JaHHI: JUcTaHLioo L, Big
YCTaHOBKH JO OCEPEIKY MOXKEXK1; MOXIMUBICTh PIBHOCTI MOYATKOBHUX MIBUAKOCTEH
CTpyMeHIB 3 000X CTBOJNIB-pO3NMIIOBaYiB, Hanpuknan, V; =V, =V, npu piBHOMY
THCKY B 000X OJJHAKOBHX 110 KOHCTPYKLii cTBOJIaX, P.

Ha puc. 2.11 BignoBigHo a0 Bupasy (2.14) mokaszaHo HAEKiJIbKa TPAEKTOPii

ctpyMeHiB BI'P/T'YC, pyx sIKuxX po3riisiacTbCcsi B HAIMX JOCIHIKEHHSIX B IUIOMIMHAX

HaAIUTIOBAHHA Ha 00’ €KT IT0KEKOTaCIHHA.

NG

Touka E L ax

Puc. 2.11 Anpokcumyroui KprB1 pO3paxyHKOBUX TPA€EKTOPiil 3a hopmyroro (2.14): 1
12 — BUJIY HACTUJIBHUX TPAEKTOPIi; 3 1 4 — BUJIM HABICHUX TPAEKTOPI; 5 —
TPAEKTOPIS, 1€ MOKE OyTH JOCATHYTa MaKCHUMaJIbHA JTaJbHICTh MO/1a4ul CTPYMEHSI

L.« B TOPU30HTAIBHOMY HAIPSMKY IIPU KyTl HAXWIIYy CTBOJIA-PO3MUIIOBAYA

0
Omax ~ 30

Cepen 1Mx TpaekTopiil, sk BUIHO 3 puc. 2.11, Bubopom HaBicHOI 3 (o, > 30% i

HacTWIbHOI 2 (a,< 30%) TpaekTopiii Ta 3aCTOCYBAHHSIM iX Ha MOXEKi MOXKe OyTH
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3a0€3MeYeHO MOXKEKOraciHHs, TOOTO monaaanHs 060x komrnoHeHT ['YC B emineHTp

noxexl1 (Touka E), 1o 3HaxoauTbes Ha qucranuii L, Big ycranosku tuimy AVITYC.

Po3BuBaroun imei gocmimkens [32,82,76] 1momo raciHHS  ITOXKEXK
reJIeyTBOPIOIOYMMU CKJIAJOBUMHU 13 3acToCyBaHHSAM ycTaHOBOK Tully AYITYC 0yno
BcTraHoBiieHO [8,9], mo kinbkicth BI'P, ska moTpamnsie B ocepeiok MOXKexi
JTUCTAHIIMHO, HE 3aBXIu 3a0e3leuye JOKami3alilo Ta JIKBIJAII0 TOPIHHS
MOJIeNIbHOTO BorHUIa 1A. MaroTh Miclle HEMOOJUHOKI CHUTYyallli, KOJU BUHUKAE
HEOOX1/IHICTh MPOBOJUTH JTOAATKOBE TACiHHS, 3 METOIO MMOBHOT JIIKBIAAII] OXKEXI, 3a
JIOTIOMOTOI0 JIOAATKOBUX CHJI Ta 3ac00iB, B TOMY YHCIl 3 BUKOPUCTAHHSM THUX K€

AVYITYC (puc. 2.12).

Puc. 2.12 I'aciHHS TeIeyTBOPIOIOYUMH CKJIaJaMu, MOJEIBLHOTO BOrHUIIA 1A,

ycranoBkoro AVITYC-I1

VY 3B’s13Ky 3 IIUM, NPH JIIKB1Ia1li1 BAHUKAIOUKUX OCEPEAKIB TOPIHHS KJacy A, 1110
MONIUPIOIOTHCS, MOTPIOHO 30UIBIIYBATH KIIBKICTh TOJAHOT Ha OCEPEAOK MOXKEXKi
BI'P, 3apisBin MiHIMyM JIBa MOXKEXKHHUX CTBOJU. KpiM TOTO, TYT HEOOXiAHO IIe i
3aCTOCOBYBATH BIANOBIJHE TAKTUKO-TEXHIYHE 3a0e3neyeHHs. [Hakie Kaxydn MaTu 1

KBaJIi(DIKOBAaHO BHMKOPUCTOBYBAaTHM HAyKOBO OOIPYHTOBaHI pEKOMEHAAIll — SKUM
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HAlOUTbII €(QEeKTUBHUM YHMHOM NPALIOBAaTH 3 MOMIOHUM MOXKEKHO-TEXHIYHUM
OCHAIICHHSIM.

CyTh BUKIAJEHOTO CTaJl0 OCHOBOIO MaTeHTy YKpainu Ha BuHaxig «Croci0
racinag moxex» ([omarok M), ne Oyno TOCTaBICHO 3aBHAHHS ITiABHUIICHHS
e¢(EeKTUBHOCTI 1 3MEHIIEHHS BUTPAT BOTHETAaCHOI PEUYOBMHU IIPH TaCIHHI
reJIeyTBOPIOIOYMMU CKJIaJIaMHU.

['onoBHHMM y BHHaxofl € morpe0da 3/A1MCHIOBATH TaciHHSA TeJIeyTBOPIOIOUUMU
CHOJIYKaMH HUISIXOM 3MIIIYBAaHHS JBOX KOMIIOHEHT 3a PaxXyHOK IJIECIIPSIMOBAHOT
nuctanniinoi nmogaui ckiagoBux ['YC. Ilpu npomy moTpiOHO 100 MexaHiuHa i
xiMIyHa B3aeMoll Mk KomnoHeHTamu ['YC BigOyBanucs, HanpuKiaa, Ha TPETbOMY
eTami iX pyxy, 0 JA03BOJUTh 3MEHUIUTHU BTPATH BIiJl EPEIYACHOIO I'eJICyTBOPEHHS
Ta JO3BOJMUThH 3JIMCHIOBATH AaKTHUBHY M0 Ha O0’€KT moXexoraciHHsi. ToOro,
cpsiMoBYro4i AB1 ckianoBi ['YC mija pisHUMHU KyTaMH Haxwity 1/a00 BIAXUIICHHS JJis
3a0e3neyeHHs 1X pyXy 3a34ajieriib pO3paxOBaHUMH TPAEKTOPIAMU (MOXKIUBO 3
PI3HUX TOUOK 0a3yBaHHs CTBOJIIB-PO3MIIIIOBAYIB, BIIJAJICHUX OJWH BIJIHOCHO OJHOTO
Ha JesKiil BifcTaHl), (OPMYIOTHCS YMOBH CBOE€YACHOI'O YTBOPEHHS B IPOCTOPI
HaJ/TIepe]l TOXKEXKEI PIJKOI TeJICyTBOPIOIOUOI CYMIIIl PeareHTiB, MOAaIbIIOro
MOKPUTTS HEI Ta YTPUMAaHHS ii y BUIJIAAl 3aCTUTalOuOrO 3aXHMCHOTO TeN0 Ha
MOBEPXHSAX TBEPAUX PEUOBUHHU 1 MATEPIaIiB, IO TOPSTh.

TakuM YMHOM 3AIMCHIOETBCSA JIOKai3alis 1/a00 MPUNUHEHHS TOpIHHA Ta
nocsiraeTbest epexkTuBHE (3 MiHIMAIBHUMH BTpatamu) Bukopuctanua ['YC. V npomy
TaKTUKO-TEXHIYHOMY HampsiMi € TepeBard TMepel BIJOMHMH  CIIOCOOaMH
MOKEKOTACIHHS, 1[0 BAKOPUCTOBYBAJIUCS PAHIIIIE.

HaiiGinpm Onu3bpkoro 70 3ampornoHoBaHoro crnocody momaudi ['YC, Oyna
MIPOTIO3HIIiS, IO 3asiBiIeHa B poboTax [84, 85]. Bona momsrae B Tomy, mo BI'P/T'YC,
110 MOTPAIUISE B OCEPEIOK MOXKEK1, POPMYETHCS TYT K€, IUISIXOM 3MIIIyBaHHS JBOX
PO3YHMHIB HA TIOBEPXHI, 10 TOPUTH.

Henomniku nporo cnoco0y 0OyMOBIIEHI THUM, IO BiH PErJIAaMEHTY€E 3MIIIYyBaHHS
JIBOX PO3YMHIB CaM€ Ha TOBEPXHI, 110 TOPUTh, Ta 3YMOBIIOE CBOIO peali3allito

HeOe3neyHuM 1/a6o HeepekTUBHUM MeToaoM. Hampukian, He AuUCTaHIIHO, a caMe
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3BHYAHUM MPOJUTTAM JABOX KOMIIOHEHTIB Ha 00 €KT 3aXUCTY YM IMOKEKOTACIHHS 3
JIBOX €MKOCTEH 3a JOIOMOIOI0 3BHYAMHUX HAacaAkiB. binbine Toro, MiHiManbHA
JANBHICTh MOMKEXKOTACIHHS JUIsl IEPEHOCHUX Ta MEePECyBHUX BOTHETACHMKIB, 3T1HO
JACTY 3675-98 ta AICTY 3734-98 € 3 ta 6 metpiB, BiAnoBigHO. ToMy HaBpsa 4u
MOXHa BBaXaTu e€heKTUBHUM 1 crmocid momaui ['YC 3 BUKOPUCTAHHSIM B1JIOMHX
nocmigaux yctraHoBoK AVITYC 1 AVITVYC-II [1], mo 3a6e3neuytoTh epeKTUBHE
MO>KEXOTaciHHS 3 BifAcTaHi He Outbmie 1-1,5 MeTpa. ¥V 3B’S3Ky 3 UM € aKTyaJIbHUM
JOOIPAIIOBaHHS iX KOHCTPYKIIIT Ta MTUTaHb BUBEJCHHS CKIIAJOBUX OIHAPHOTO MOTOKY
Ha TIPUIUTBHI TPAEKTOPIi, OCKUTBKH CKJIAJA0BI KOMIIOHEHT Y HACHIIIOK PO30iKHOCTI
IIBUIKOCTEN MOKYTh: OJIHI — IEPEJIITATA BOTHUILE, TO/I SK 1HII — HE JOJIITATH.

Takox, y Bunajgkax 3acrocyBanHsa yctaHoBOK Tuiry AYITYC 6e3 HanexHO1 ix
nepepoOKku Ta 0€3 CTBOPEHHS JI0 HUX TAKTUKO-TEXHIYHOTO 3a0€3IMEUEHHS] € BUCOKA
BIPOT1/IHICTh HECBOEYACHOTO YTBOPEHHS Kpareib Telll0 y TOoYaTKoBiil (a3l pyxy
6inapHoro notoky I'YC 10 BorHHMINA MOXEXi, BHACIIJIOK YOro Kparwil reiro, Mo
YTBOPIOIOTHCA, OCIIaTUMYTh 1 BHNAJAaTUMyTh Ha MIACTYNAaxX JO 00 €KTy
noxexxoracinus. EdextuBnicts Bukopuctanns ['YC, B mux Bumaakax, He Oyne
BIJINIOBIIATH IMOCTABJICHIH II1JI1.

Ha pwuc. 2.13 mokazaHo, IO IIOCTaBJICHa 3ajada BHPIIIYETHCS CIIOCOOOM
OJIHOYACHOI TM0/a4ul y BOTHUIIE MOXKEX1 JBOX HE3aJEKHUX PO3MUICHUX CTPYMEHIB
o0inapHoro notoky BI'P/I'YC ctBoNamu-po3nuiatoBadyaMuy, HaIIJICHUMHA Ha BOTHHIIIE
M7 PI3HUMU KyTaMH HaXWUJy JI0 TOPU3OHTY 1/a00 BIAXWJICHHS y BIAMOBITHOCTI 3a
3a37aJIeTiIb PO3PaXOBAaHUMH TPAEKTOPISIMHM iX pyXxy mo Borauma [17, 19]. I{a 3agaga
MOXxe OyTH PO3B’si3aHAa TAaKOXX 3a YMOBOIO OJHOYACHOI IMOadl Yy BOTHHUIIE MOXKEXI
JIBOX HE3AJCKHUX PO3MIWICHUX CTPYMEHIB 3 PI3HUX TOUYOK Oa3yBaHHS CTBOJIB-
PO3MUWIIOBAYIB, BIAAAJICHUX OJIMH BiJl OJJHOTO Ha JIESIKIA B1JCTaHI.

3 puc. 2.13 BuUTIKaE, MO MPOIEC PyXy IMOTOKIB ABOX ckiIagoBux ['YC Tex
NOJAUIAEThCA, HA TpH eTanu: eran 1 — Bukuja ckinagosux ['YC B atmocdepy; eram 2 —
iX BUIBHUHA pyX BIJIHOCHO pO3TallyBaHHS 00’ €KTa TOXKEXKOTaciHHs; eTan 3 —

MoMNajaHHs Ha 00 €KT TMOXKEKOTACIHHA. YC1 TPpU €Tanu BITHOCATHCS 10 30BHIIIHBOL
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OQIICTUKM TIAPOJWHAMIYHMX TIOTOKIB BOJHUX PO3YMHIB 1 TOMY JOIYCKalOTh

NPOTHO3YBaHHS CBOI'O PyXYy B IPOCTOPI po3paxyHKOBUMH MeTofamu [15].

Ertanl Ertan 2  Eram 3 Eram 1 Eran 2  Ertam 3

5

Puc. 2.13 Cxemu nojiadi Ha ocepeoK MOMKeEXK1 ABOX HE3AJCHKHUX OJUH B1J] OJTHOTO
pO3NMIEHUX cTpyMeHIB OiHapHOro notoky I'YC cTBOIaMU-pO3NUIIIOBaYaMH,
HAIIJIEHUMU B €MILEHTP TOPIHHS 332 HE3AJIEKHUMHU TPAEKTOPISIM PyXy IIPH FacClHHI:
a) TOPU3OHTAJILHO PO3TAlIOBAHUX 00’ €KTIB; 0) MOXUJIO PO3TAIIOBAHUX

(BEepTUKAIBHUX) TOBEPXOHB, 1110 TOPSIThH

ToOTo, came TpeTiil eTan XapakTepU3yeTbCS MOMEHTOM, KOJM MOCTyHaldbH1
MIBUIKOCTI YaCTHHOK (Kparelib) TIAPOJMHAMIYHUX MOTOKIB Y310BXK oci OX Oim3bKi
OJIMH JI0 OJHOTO, a TaKOX J0 HYJbOBHX 3HaueHb. Tofl iX pyX 3MIMCHIOETHCS 3a
TPAEKTOPIEI0 BUTHHOTO MaJIHHA, a00 MPUIUHSAETHCS, KOJIU KPAIUIMHU 3yCTPIYarOTh Ha
CBOEMY MIISAXY TMOXWIO (BEPTUKAIBHO) PO3TAIIOBaHI TOBEPXHI, MO0 TOPATH, 1
OCTaTOYHO HA HHMX 3MIMIYIOTHCS YTBOPIOIOYM CYMIIl 3aXMCHOTO TENI0, JJIS SIKOTO
XapaKkTepHa 3/IaTHICTh 3aKPITUIIOBATUCS HA BEPTUKAIBHHUX 1 MOXHWIUX TMOBEPXHSIX, Y

TOMY YHUCJ1 i1 Ha CTEJIsX.

2.4.2 Taxrtuxo-TexHiuHi 3aBmaHHsi OiHapHOi momadi BI'P/I'YC Ha ocepenok
MOXKEX1 MpuU poOoTi 3 ycraHoBKamu Tuny AYITYC
Hexait momaua cxmamoBux ['YC 3HiICHIOETBCS YMOBHO 3 OJHIET TOYKH

(puc. 2.14a). Toai oueBUAHO, MO JJIS MIABUIIEHHS €(EKTUBHOCTI TaClHHS CTBOJIM-
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posmmtroBadi Cl 1 C2, mo po3mimenHi y touni O, moBuHHI OyTH Opi€HTOBaHI B
IPOCTOPl TaKUM YMHOM, HIO0 CHOpSIMOBaHI HUMHU CTPyMEH1 CXOAWIMCH B Toull E
emineHTpy moxkexi [18]. OcraHHE IIKOM MOXJIMBO 3IMCHUTH, pPO3TalllyBaBIIN
CTBOJIU-pO3MUIIOBaYl B 0a30Bii cuctemi koopamHatr OXYZ B UIOMIMHI

npunisoBanag YOZ B Touni O, sk mokasaHo Ha puc. 2.140.

a) 0)

Puc. 2.14 Tloaya cTpyMeHIB Ha MOKEXKOTaCIHHS: a) CXeMa po3TallyBaHHs CTBOJIB-

posmuintoBauiB C1 1 C2, 110 mojar0Th B €MILIEHTP MOXKEXK1 (TOYKa E ) KOMIIOHEHTH

6inapHoro notoky I'VC, ¢y~ > o, — KyTu HaXuiy CTBOJIIB 1O TOPU30HTY,
Wy =¥, =0 — KyTH BiaXwieHHs; 0) pOTO 1ogaydl KOMIOHEHT PO3NUIIEHOI BOAHU 3

onniei Toukn ycranoBkoro AYITYC nBoma crpymensmu ( o > @, ; Wy =y, =0)

1106 omepaTUBHO peasizyBaTH 3alpONOHOBaHUMN CMOCIO AUCTAHIIIHOI Moayi
noTokiB cTtpymeHiB ['YC mpu moskeKoraciHHi 3a JOTMOMOTOI0 YCTaHOBOK THITY
AVYITYC Ha npakTuili HEOOXiTHO MaTh TaK 3BaHE KOMII'IOTEpHE 3a0e3MeUeHHS
pO3paxyHKiB OaJTICTUKU PyXy PO3NMMUIEHUX CTPYMEHIB-KOMIIOHEHTIB B MOBITp1 (2.14).
Jlo yucna qocTaTHIX YMOB BHUPIIIEHHS TaKOrO 3aBAaHHS CIIIJ BIAHECTH (OPMYBaHHS
B MIPOIIEC] OMEPATUBHOI PO3BIIKHM TOKEXK1 BUX1THUX yMOB. J[0 iX 4ucia, HacaMiepes,
BIJIHOCSITBCA: TOMOrpadiss — 3HAXOKEHHS LIl Ha PiBHI (BUIIE, HUKYE) TOPUZOHTY

3pi3y CTBOJIB-PO3NUIIOBAYIB; AUCTAHIIISA A0 OCEPENKY MOXKEX1 MOBUHHA YKIAJAATUCS
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B MPUUAHATHI (A7 JaHOT OTMEepaTWBHOI OOCTAHOBKHM) HOMIHAJIBbHI MEXI MOMJIHBOTO
BUKOPHUCTAHHS YCTAHOBKM 3 TOUKHM 30py 3a0e3meueHHs aiana3oHy Jii KOHKPETHOT

ycraHoBku L, <L, ; MeTeoposoris — BiTep BIACYTHIM a00 € IOIpPAaBKH Ha BITEp; a

TaKOXX BIAMOBITHUNM POOOYHM IPOIECaM B CUCTEM1 YCTAHOBOK IOXKEKOTACIHHS THCK

F,. TakuM 4YKMHOM, BHM3HAYAETHCA TAKTHUYHUN IPUHAOM BUKOPHUCTAHHA JaHOI

YCTaHOBKH Ta 1HIII JaHi i1 parioHAJIbHOTO 3aCTOCYBaHHS, PO AK1 JAaji HTUMEThCS.

Y 3a3HaueHoMy ceHcl 3amateHToBaHMM cmoci6 momaui BI'P/T'YC Ha
MO’KEKOTACIHHS JIOMYCKAE 3aCTOCYBAHHS PI3HUX TAKTUKO-TEXHIYHUX MPHUHOMIB, SKi
Oyyu BuIIpoOyBaHi B yMOBax Imonirony [9].

VY3araapHUMO iX B XapakTEpHI JJII KOHKPETHUX MPUHOMIB TaCiHHS TaKTHUKO-
TEXHIYHI 3aBJIaHHS.

3aBnanns 1. Po3rnsiHeMo HailOUIbII HAOYHUI 1 TOMY MEPBICHO 3aCTOCOBaHUI
npu po3poOui HOBOI ycraHoBkH Tury AYITYC Bumamok, sSkuii Mae HacTyHHY
Tonorpadito 3aBaaHHs: 1) BiTep BIICYTHIN; 2) 117k (OCEPEIOK MOXKEXK1) 3HAXOAUTHCS
MPAKTUYHO Ha PIBHI FOPU3OHTY 3pPi3y CTBOJIB-PO3MUIIIOBAYIB Ta HA JOCTYIHINA JJis

pobotu Bincrani L, i pobouomy tHCKy Py; 3) ctBomm C1 i C2 po3ramoBaHi B To4Ii

O Tak, 1O IUIOIIMHHU iX TPHUIUIIOBaHHS 30irar0ThCsl 3 IJIONIMHOK HABEACHHS Ha
ocepenok YOZ(Puc. 2.14).

Sx Bxe BiAMIYANIOCs, HECKIQJAHUM 1 IUJIKOM JIOCTYITHHM CIIOCOOOM € Taka
nogava JBox ckianoBux ['YC cTBosaMu-pO3NUIIOBAYaMU, SIKY MOHA 3I1ACHUTH
akmio posramryBatu ctBojiu C1 1 C2 B Toumi O (0,0,0) cucremu koopaunatr OXYZ B
momuHl YOZ HaBeJeHHS iX Ha IIiJIb, K MTOKa3aHo Ha puc. 2.14a. Toxi pyx cTpyMeHs
onniei komnoHeHTH ['YC Oyne 371HCHIOBATHCS HABICHOKO TPAEKTOPIE€IO, a 1HIIOL -
HACTWJIBHOIO Tpaektopieto. Takuii Bapiant momaui BI'P/I'YC, moxna omnucaru

CUCTEMOIO [IBOX pIBHSHb 3 JBOMa HEBIAOMUMHU KyTaMu «; 1 «,, IPU BIIOMHX
MOYAaTKOBUX YMOBAaX: MOYATKOBI IIBHUJIKOCTI BUTIKAHHS CTPYMEHIB 3 000X CTBOJIB
piBHI V,,; IUCTaHIIsI 1O BOTHUILA BiANOBinae yMoBl Ly <L .

Axcioma. J[1g omHaKOBHX MIBHAKOCTEH BUTIKAaHHS cKkiagoBux ['YC 31 cTBOMIB-

PO3IMMIIIOBAYIB, PO3TAIIOBAHUX B OJHIA TOYIll IUIOIIMHU HAaBEJCHHS, Ha pIBHI
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OCepeNKy 3aropsiHHs, iICHy€ CHUCTeMa JBOX PIBHSAHb 3 JBOMAa HEBIAOMHUMHU KyTaMU
HaxXWJy CTBOJIIB, SIKA Ma€ HEHYJIbOBE DILICHHS, 110 BH3HAYa€ MPUIIIbHY MOAAUY
cTpyMmeHiB OiHapHoro notoky I'YC B eminieHTp ropinHs Touky E. Ilpudyomy, omHa 3
TPA€EKTOPIH € HABICHA, a Pyra — HACTUJIbHA.

SIKIIO HE BPaxOBYBATH BIUIMB METEOPOJIOTIYHHX (aKTOPIB 1 PO3MNIAAATH TaK

3BaH1 HOMIHAJIbHI YMOBH, TO PO3LIyKyBaHa 1apa KyTIiB ¢, 1 a,, MOKe OyTH 3HalcHA

3 pO3B’S3KY BIAMOBIAHOT cucTeMH piBHAHB (2.15). HasBemo ii mapameTpudHOmO 3a

napamerpom L, TOMy 110 AJIs KOJKHOTO 3HaueHHs L, 3 HaMiBBIIKPUTOrO IHTEPBAILY

0 <Ly <L, , €AMHE IiiCHE pIIIEHHS U @ 1 ¢, BASHAYUTHCS 3 JJBOX BUPA3iB:

Lotge, — 2g(1+KVAL,, )/2Vi cosa, =0, ne 30°< e <90°
Lotga, — L2g(1+KVZL,., )/2VZ cosa, =0, me 30°>a, >0

(2.15)

[HIIMMU cIOBaMU, OJJHOP1HA CUCTEMA ABOX PIBHSIHbB 3 IBOMAa HEBIJOMUMH Ma€
€IVMHUA PO3B’SI30K (HE BPAaxOBYIOUM MEPIOJUYHICTH TPUTOHOMETPUYHUX (YHKIIIH).
CyTb 1IbOTO pIlIEHHS — 3HAYEHHS KYTIB HaXWJIy CTBOJIIB-PO3MNWIIOBAYIB @ 1 Q,, O
3a0€3MeuyoTh NPUIIIbHE MONAaJaHHs B TOUKY £, TBOX CKJIaJA0BHX OIHAPHOTO MOTOKY
I'VC: 3 crBonma Cl — HaBicHOIO TpaekTopieto, 31 cTBosia C2 — HACTHIHHOIO
Tpaektopiero. [Ipu npomy, mist moegHanux B Toulll O CTBOJIB, KYTH BIAXHIICHHS BiJl

miomuHu HaBeaeHHs Y OZ mMoBHUHHI 33/10BOJIBHSATH YMOBI:

Vi =, =0 (2.16)

VY Mexax cBoix oOsiacteld BU3HAYEHHS PO3B’s30K cuctemu (2.15), 3a ymoBu
(2.16), nae HeoOXximH1 IS 3a0e3nedyeHHs] €(hEKTUBHOTO IMOXKEKOTaciHHS 3HAYCHHS

KyTiB HaXWiy CTBOJIB, SIKi BU3HAYAIOTHCA SK YHCEIbHI 3HaueHHs QyHkumiii f, 1 f,
I KOoHKpeTHMX mapamerpiB L, K, L., V,. ToOTo B Haii0u1bm 3araabHOMY

BUTJISIAL (ONTyCKAlOUX TPAHCIEHACHTHI BUKIIAQJaHH) OTPUMAEMO HACTYITHI 3HAUECHHSI:
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o = (Lo, K, Ly n Vo), e 30° < <90% 2.17)
a, = T,(Lg, K, Ly, Vo), 1€ 30°>a, >0; '

[Tpruomy, st Beix 3HaueHs L, 3 Bigkpuroro inTepsaiy (0, L, ) € TUIbKU OfHA
napa o, i @, , o 3ade3mnedye NOTPAIIIHHS 000X CTPYMEHIB B EMILIEHTp (Touka £).

BucnoBok 1. 3raganux po3B’s3kiB BUrIAny (2.17) mMoxke OyTH HECKIHYEHHO
0araTo, SIKIIO CTBOJIM PO3MIIYBaTH Ha Pi3HUX BHCOTAaX, II0J0 PIiBHS PO3TAIIyBaHHS
OCepeIKy MOXKeXi, 1/a00 Tak, M0 BOHU OyAyTh PO3MIIIYBAaTHCh OJWH BiJ] OAHOTO B
TOPH30HTAIEHOMY HanpsMKy oci OX Ha NMeBHUX (IS CIIPOIICHHS 3aBJaHHS, PIBHUX

a, =—a, ) BIICTaHAX, TOOTO CUMETPUYHO BIJHOCHO IUIOIIMHYU HaBeaeHHs Y OLZ,
SxicHuit aHai3 PO3B’SI3KIB (2.17) CBIJIYUTB, 10 pu
o =0y =y ©30° (Ly > L), kKomu momaya BIP/I'YC #ige 3 ogHOT TOUKH
(yy=0,; Y =—w, ta hy=h,=h) mocmimxyBani TpaekTopii mojadi B ocepemok
CKJal0BUX OiHapHOro motoky ['YC «3nMBarOThCS» B CBOEMY PYCl 10 OCEPEAKY
MOXKEXK1 B MPSAMOMY 1 IEPEHOCHOMY pO3yMiHHI. Tak 1110, po3TairyBaHHs CTBOJIIB OJIUH
OUI1 OJHOro, CTa€ MPUYMHOIO MepeAYyacHoro 3mimeHHs ckiagoBux [YC 3
YTBOPEHHSIM YacCTHHOK Tell0 OYKBaJIbHO BiJl NOYATKy PYXY KOMIIOHEHT 3a €JMHOIO
TpaekTopieto. B pesynbrati 1iporo yactunku cymiiii ['YC He Bci OyyTh AOJITATH J0
caMoro BOTHHIIA, a CTaHyTh ME€peIyacHO BHUMANaTH B «ocaaok» (puc. 2.15), mo He

OaxaHo.

Puc. 2.15 Ilpuxnan momadi BI'P 3 nepemqyacaum 3minryBanasM komnoneHT ['YC,

KOIM oy =y, W =W, =0 T1a h-=h,
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3aBaannsa 2. IlepeguacHOro yTBOPEHHS YaCTMHOK TellI0 MOXXKHA YHUKHYTH,
SIKIIIO PO3TANIYBaTH CTBOJIHM-PO3NMIIOBAYI B PI3HUX TOYKAX IUIONIMHHA HABEICHHS, HA
neskiit Bincrani Ah=(h.—h,) oaun Bix ogHOro 3a Bucoro (puc. 2.16), npu ubomy

HAIPaBUTHU iX HA OCEPEJOK MOKEX1 3THO 3 PO3PaXyHKOBUMHU 3HAUYCHHSIMH KYTIB

HaxXuily @ =a,, A7 TOTO K PO3TISIHYTOro AiamasoHy 3MiH L, (0< Ly <L, ). Kymn

BIAXWIEHHSA W, 1 ¥,, AK 1 paHillle MOBUHHI 3aJ0BOJBHATH yMOBI (2.16), ToOTO

wr =y, =0.

Puc. 2.16 Hauinenns (o = a, )6inapuux ckianosux I'YC Ha MileHb-ekpan, 3

METOI0 YHHKHEHHS IiepeadacHoro yreopenns remo npu Ah=(h-—h,) i w; =y, =0

B ocHoBHOMY Takuil miaxi MoXe OyTHM pPEKOMEHIOBAaHUW, KOJU TOprOYe
HABAHTAKEHHSA PO3TAIIOBYEThCS HAa TOPHU3OHTANIBHIM TOBepxHI. MaremarnuHi
BUKJIQJKU, TIOB’Si3aHI 31 CTBOPEHHSM  TAKTUKO-TEXHIYHOTO  3a0e3MeUeHHS
e(EeKTUBHOTO TMOXKEXKOTACIHHA U1 IbOT0, OYIyTh aHAJOTIYHI TONEPEAHHOMY
BUMNAJAKY (3aBAaHHA 1) BpaxoBYIOUH BIJOMY 3 aHAJITUYHOI Te€OMETpii 3aMiHy 3MIHHUX
IpU NapajeabHOMY NEPEHECEHHI CUCTEMHU KOOPAMHAT Y310BkK oci OZ.

BucunoBok 2. [Ipu nonaui BI'P 3a Bapiantom 2, OyzieMo MaTH TpaeKTOpii pyxy
000x kommoHeHT ['YC omnakoBi 3a ¢GopMoOro, IO MPUPOJAHUM YUHOM JI03BOJIUTH
MOTPAIUISITH Yy BUAMOBIIHY TOYKY MPHUIIUIIOBAHHS (To4yka F), sika 3HAXOJMThCS Ha

BigctaHi L,. OnxHak 3ayBakuMo, 10 B IOCTYHNAJIbHOMY pYyCl A0 Lidl, Kparui
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PO3MHIIEHOTO BEPXHBOTO CTPYMEHS OyAyTh 3 YacoOM OCiIaTh 3 HEBEIUKUM
BIJICTABAaHHSIM Ha TOBEPXHIO, IO 3aXHUIIAETHCS BIJ TOXKEXKI, TOOTO 3 MACSIKUM
3aIi3HEHHAM, HAKPUBAIOUU BXKE HASBHY «IUIAMY» Kparellb PO3MHIEHOTO HHKHBOIO
cTtpyMeHs. Llinkom 3po3ymisio, mo 1e siBUIle 00yMOBICHO KOHKPETHUM 3HAYEHHSIM
Ah i TyT micis 3aKiHYEHHS IIEBHOTO MPOMIKKY 4dacy Al 3’SBISETBCS MOKIIHBICTH
YTBOPEHHSI TeNl0. A 116 B YMOBax MOXKEXI MOXE HEraTUBHO MO3HAYUTHUCS, K Ha
SKOCTI YTBOPEHOT'O TEJI0 TaK 1 Ha €PeKTUBHOCTI HOTO BUKOPUCTAHHS.

3aBnannsa 3. buibim 3pydHO Ta ePEKTHBHO 3amoOIrTH IepeaYacHOMY
TeJICYTBOPEHHIO Ha NULIXY pyXy cTpyMeHiB ckianoBux BI'P mo ocepenxy moxexi,
MOXJIMBO IHIOUM cHocoOoMm. [[Is 1bOro CTBOJM-PO3NMIIOBAYl  HAJIEXKHTh
pO3TallyBaTH CUMETPUYHO BIJHOCHO IUIOIIMHU HABEJACHHS Ha BIJCTaHI 2a OJMH BiJ
onHoro (puc.2.17), 1 HampaBUTH IX Ha OCEPEIOK IMOXKEX1 MiJ PIBHUMH KyTaMu

HaxXuly o =, =« , KOXKEH y CBOIM JONOMIXKHIM IUIOLIMHI NPHUIIIOBAHHS, SKI

BIJIIOBIJTHO 0 T€OMETPUYHUX NOOYAOB NEPETUHAOTHCS M0 JiHI1, NEPHIEHANKYIIAPHINA
TOPU3OHTAJIBHIN IUIOMMHI H, 10 NPOXOJUTh 4Yepe3 TOUKY E EMiLEeHTPY MOXKEexXI.
KyTn BiAXWJIEHHA TpH UOMY TE€X IMOBHHHI OYyTHM PIBHUMHU 3 TOYHICTIO /10 3HaKa
W, =—V,, K 1 BIICTaH1 BIJAJICHHS CTBOJIIB-PO3NMIIOBAYIB BlJ] IUIOIIMHN HABEICHHS
(q =—a,) Ta npu omHAKOBIM BHCOTI iX po3ramyBanHHs h. =h, =h. Jliamazon 3MiH
L, Toi e — O< Ly <L..

Y 1mpoMy TpeTbOMy BapiaHTI MpU CTBOPEHHI TaKTHKO-TEXHIYHOTO
3a0e3nedeHHs] €(EeKTUBHOTO TIOKEKOTaciHHsA 3 BuKopuctanHs [YC B cumy

a0COJIFOTHOT CUMETPIi 3aBJIaHHS JJIs1 00JIaCTl BU3HAUCHHS ¢ MATUMEMO:

z=Ltga - 3g(1+ KVZAL, . )/2Vicosa =0 ne 90°>a, >0°

(2.18)
Ly=L,,/cosy

me L,, — peanbHa BIACTaHB BI 3pi3y CTBOJIB O OCEPEAKY MOXKEKI B3OBXK

IJIOMINH HpI/IHiHIOBaHHﬂ.
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OcranHiii Bupaz ans L, B ¢opmyni (2.18) kopurye nampHICTH Mojadi
CTPYMEHIB BIJIOBIIHO JI0 BIAXUJICHHS JAOTMOMDKHUX IUIOIIMH MPUITITIOBAHHS @ 1

@ , HA KyT /' y B3a€EMHO MPOTWJICKHI CTOPOHU IUIOIIMHU HABEJIEHHS CTBOJIIB Ha

OCEpEIOK TIOKEKI.

Puc. 2.17 Cxema nonaui BI'P Ha Bincranp L, 10 ocepenky moxesxi ABoMa

CTPYMEHSMHU MPU PO3TAILYBaHHI CTBOJIIB PO3MUJIIOBAYIB HA OJHOMY PiBHI

Opnak, BBaXarwuM, IO ;=—, Ipd CHMETPUYHOMY pO3TAllyBaHHI
IJIONIMH HAIIJIFOBAHHS, IOJ0 TUIONIMHM HAaBEJICHHS, MPH PIBHUX KyTax HaxUIy
CTBOJIIB @ =&, =@ TaK caMo, SIK 1 IIPU PIBHUX BIJCTaHAX iX PO3MIILIEHHAX BiJ
IUIOUIMHY HaBEJIEHHsS a, =—da, =a 1 Ha OJHIA BUCOTI iX pO3TallyBaHHS, OJHA 3

TPAEKTOPiN 3aBXaAu Oyjae J3epKaJbHUM BIJOOpPaKEHHSM 1HIIOI, HE3aJeKHO
HaBiCHAa BOHa a00 HacTWibHA. Tak, mo cuctema (2.15) mepeTBOPIOETLCS B OJIHE

PIBHSIHHS:
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z=Ltga—3g(1+KV2AL,, )/ Vi cosa=0 ne 90°>q, >0° (2.19)

pOSB’iIBOK JKOIro Ma€ 3aJ0BOJIBHATH TaKTUKO-TEXHIYHUM MOKJIUBOCTSIM

YCTAHOBKH 3 BIJMIOBITHUM CITiBBIHOIIICHHSM I€OMETPUYHUX TTapaMeTpiB:
L, = a/cosy (2.20)
1 Ma€ BUTJIS:

og=0=a =f(L,K Ly Vya), xe 0°<a<90° (2.21)

Puc. 2.18 ®0oT0 «IpUIILTIOBAHHS CTBOJIB-PO3MUIIOBAYIB i1 000X CTPyMEHIB

cknanoBux ['YC (v, =—y,).

3apnanns 4. Y Ouibln 3aransHOMY BapianTti (puc. 2.19) cucrema piBHSHB
(2.15) yckmamHIOEThCS HE TUTBKHM 32 PaXyHOK IMapajesIbHOTO TEPEHECEHHS] CUCTEMU
KOOpJIMHAT B HAanpsiMKy oci OZ, (5K 1 B 3aBJIaHHI 2), aje 1 32 paXyHOK CUMETPUYHOIO

PO3MIIIEHHS, BIJHOCHO TUIOIIMHU HaBeleHHs (K B 3aBnanHi 3). [Ipore, MmaTemaTuyH1
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BUKJIAIKM, TIOB’S3aHI 31 CTBOPEHHSM  TAKTHKO-TEXHIYHOTO  3a0€3MeYCHHS
MO’KEKOTACIHHS JUIS I[bOTO BUMAAKY, IPUHITMIIOBO HE BIAPI3HAIOTHCS B1J] 3aBAaHHS 3.

JIJisi TIOBHOTH BWIKJIQJACHHS PO3MVITHYTHUX 3aBIaHb IMOBTOPHUMO CXEMy TMojadi
BI'P mpu po3TanryBaHHs CTBOJIIB-PO3MMIIOBAYIB CHMETPHYHO Ha PiBHI BHcoTH h, sika
y3arajbHIOE TIPOBECHI BUMPOOYBaHHSX

Sxmo y, =—w, 1 hy =h, =h, gk e BU3Ha4yeHo B maTeHTi Ha crocid raciHHg,
TO I1Ie¥l HalOUIbIN 3araJbHUM BUMAAOK (puc. 2.19) Moxke OyTH NMpUBEACHUHN J10 BXKE
PO3TIITHYTOTO, BPaXOBYIOUH TaKe X came CUMeTpudHe po3mimieHHs cTBoiB Cl 1 C2

mono tiomuHi YOZ, mpu 3abe3nedeHi BHKOHAHHS T0AaTKOBOi ymoBH (2.19):

a/L, =cosy, .

v
: @%ﬁh)

OA=h

Puc. 2.19 Cxema nogaui BI'P nipu po3raiiryBanHs CTBOTIB-pO3MUIIOBAYiB Ha PiBHI

BUCOTH N BiTHOCHO MOKEeXi Ha JUCTaHIio L.

[Tpu boMy CyTh TIIXOY JO PIMICHHS IIi€] y3araJbHEHOI 3a/1a4l HE 3MIHUTHCS,
a cami pillIeHHs] BU3HAYAIOTHCSA 3HAYCHHSAMU (DYHKIIIN 1JIT KOHKPETHUX MapaMeTpiB,

10 B 3arajibHii opMi 3anucy Mae BUTIISIA:
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o = f(L, K, Loy Vy,8) 1€ 0°> ¢y >90° (2.22)

TakTuka moXeXOoraciHHs, TepepaxoBaHUMH TAaKTUKO-TEXHIYHUMH MPUHOMaMU
nonaaui ['YC, 0yne 3BOUTUCH O HACTYITHOTO:

1) nerepMiHyBaHHS 00’€KTa TIOXKEXKOTACiHHSA, 3 TOYKH 30py HOro
po3TalyBaHHs (BHUIIE/HUXKUYE) 3pI3y CTBOJIB-PO3MUIIOBAYIB, @ TaKOX — IiJ SKUM
KYTOM Haxujy BiH 3HaAXOJUTHCS IO BITHOIICHHIO 10 OCLOBOI JIiHIT CTPYMEHIB;

2) pO3MIIICHHS y BUXIIHIM TO3MINI CTBOJIB, B 3aJICKHOCTI BiJ MpUHOMY
nonayi ['YC, Ha BiAMOBigHI 3 MM BIACTaHI OJWH BiA OJIHOTO, 3 TMPUHHATHUM

BiJTasleHHsIM L, BiJ emiIeHTpy MOKeXKi, 3 pIBHUMHU KyTaMH BIAXWICHHS (¥1,V/, );

3) BHCTaBJCHHS BU3HAYCHUX PO3PaXyHKOBHUM IILJISIXOM KYTIB HaXWJIy CTBOJIIB

o, 1 @, IO BITHOILIEHHIO JJ0 TOPU30HTY;
4) HamaHHS OJHAKOBUX IIOYaTKOBHX IIBHAKOCTEH BWTiKaHHA V, o000oM

CTpyMeHsIM — ckiiaioBuM ['YC, 1110 BUTITAIOTh 3 IIUX CTBOJIB.

Takum 4MHOM, paHilie oTpuMaHi BHpasu i 3ajexHocTi [9, 19] MoxyTh OyTH
BUKOPDHUCTAaHI SK OCHOBa QIrOpUTMy JO BHU3HAYEHHsS KYTIB HAaXWIy CTBOJIIB-
pPO3NWIIOBAYIB MpPU pallOHATbHOMY (ONTHUMaJIbHOMY) TpacyBaHHI CTPYMEHIB
cknanoBux ['YC Ha mpakTuiii.

[limcymMoOByIOUHM PO3MISIHYTI TAaKTHKO-TEXHIYHI MOXIIMBOCTI TOXKEKOTACIHHS
I'VC Ta npoBeneHHI Npu LbOMY BUIOPOOYBaHHS, a TakKoX Oepydyd [0 yBaru
OCOOJIMBOCTI TIOKEKOTACIHHS 3 iX BUKOPHCTAHHSIM, a caMe€ — JI0 IMEBHOTO dYacy
YHHMKATH 3MILIEHHS JBOX CKJIaAoBUX KoMHOHEHT ['YC, MOXHa CTBEpAKyBaTH, LIO
HalOUIBII TPOCTO 3a0e3MeYnTH JucTaHUiiHe mnokexoraciHHs 3 ['YC moxHa npu
PO3MIIIEHHI CTBOJIIB-PO3MUIIOBAYIB CUMETPUYHO BiJHOCHO TUIONIMHU HABEJCHHS Ha
BiJCTaHl 2a oauH BiJ ofHoro Ta nmojaui BI'P mix ogHakoBUMH KyTamMH HaXWiy a0

TOPU30HTY @4 =, = 1BIAXWIEHHS Y, = —/,

biok-cxema po3po06eHoro aaroputMy npejicTtasiieHa Ha puc. 2.20
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JIAHI OITIEPATUBHOI PO3BIJIKU

! !

PO3TAIIYBAHHJ CTBOJIIB B PO3TAIIIYBAHHJS CTBOJIIB B
TOUII INIONINMHN HABEJEHH A TUIOIIWHAX ITPULIJIFOBAHHSA
«— P
3AJJAYA 1 3AJJAYA 2 3AJJAYA 3 3AJJAYA 4
a1= a,=0; a1= a,=0; ay=-day; a;=-a,=0;
h1Zh2=O; a1 = 0, hlfhzzAh; o1 = 0O, hlthZO, hlfhzzAh; o1 = 0O,

y1=-p2=0. y1=-y2=0; ay =Gz, Y1= Y2 . W1=-ye.
v v v v
BA30BI PIBHSIHHSI BA30BI PIBHSIHHSI
Lotgas — Lo?g (1+KVo?Lmax) / 2Vo? €0S a3 = 0 e 90° > gy > 30°; Lotga — Lo’y (1+KVo’Limax) / 2Vo’ €O = 0 z1e 90° > ¢y > 0°;
Lotgaz — Lo’g (1+KVe? Linax) / 2Ve? c0s az= 0 me 30° > a > 0° Lo=a/Cosy; Z=z+h.
¥ v
BUXIJIHI JAHHI BUXIJIHI JAHHI
A,B,C,D\E, VK, AB,C,D,E, VK, /
h, hy, So, p, g, [N], [:] [] h, hy, So, p, g, [N], [o] [04]
BUJ OTPUMAHUX PIIIIEHb BUJ OTPUMAHUX PIIIIEHb
a1 = f]_(LO’ K, LmaXa VO’ a) o= fl(LO, K, I—max, VO, a)
oy = fz(Loy K, Lmax, Voy a) Lo=a/ COSl//; Z=z+h
v v
KOHKYPEHTHI PIINEHHA KOHKYPEHTHI PIINEHHA
\/
//// \\\\\
_— TOYKHU JUCTAHIII
\\\\\ 0<Lo<Llmax —

~ _—
- _
~—
~ _—
~ -
— —
~

|

/ S
| OTPUMAHHST | | |
| PESYJIBTATIB [~ BUCHOBOK )

\ . P

Puc. 2.20 Anroput™ 10 CTBOPEHHS TAKTUKO-TEXHIYHOTO 3a0e3MeueHHs e()eKTUBHOTO

BUKOPUCTaHHA ycTaHOBOK TUITY AYITYC

[Ipu mpoMy ciif BIAMITUTH, [0 MOMEHT MOYATKy 3MIINTyBaHHS KOMITOHEHT
['VC noBuHeH npumanatd Ha TpeTiii abo Ha 3aKiHYEHHS JAPYroro eramy pyxy
CKJIAQJOBUX OIHApHOTO TIOTOKY B TMOBITPl, KOJM PO3MHJICHI IMOTOKHA CTPYMEHIB

MIePETUHAIOTHCS Haa/Tepe] ocepekoM noxexi (puc 2.21a 1 puc. 2.216).



a)

Puc. 2.21 Pesynbrat 3MinryBanHs koMrnoHeHT ['YC Ha TpeTbOMYy eTarli pyxy JABOX

CTPYMEHIB iX O1HApHUX MOTOKIB, HAIIIJIEHUX HA OCEPEIOK MOXKEXKI1 MO HE3AIECKHUM
TPAEKTOPISIM PyXy IIPH TaCIHHS MaJIal0unX 00’ €KTIB: a) pO3TAIlIOBAaHUX Ha
TOPU30HTAJIBHIN OBEPXHI; 0) pO3TAIIOBAHUX BEPTUKAIHLHO a00 MOXMUIIO IO

BIJIHOIICHHIO JI0 CTPYMEHIB O1HAPHOTO MOTOKY

TakuM 4YMHOM, B OCHOBY TaKTHMKO-TEXHIYHOIO 3a0€3MEUYEHHsI MPUIUIbHOI
Mo/aul HABICHUX 1 «IPsSMO» CIPSMOBAHUX OIHAPHUX TMOTOKIB TI'eJICyTBOPIOIOYHX
CIOJIy4eHb HEOOXITHO MOKJIACTH PO3TAIlyBaHHS CTBOJIIB-PO3MNWIIOBAYIB JIs MMOJayl
BOTHETaCHUX KOMIIOHEHTIB CUMETPUYHO BIJHOCHO IJIOLIMHU HABEJIEHHS Ha B1JICTaH1
2a onuH BiA oxHoro Ta mnojadi BI'P mig ogHakoBUMH KyTaMH Haxuiay [0

T'OPU30OHTY &, = &, = & TAa OJHAaKOBHUMHU BiI[XI/IJ'IeHHﬂMH =—y,, 3a0€e3MeYMBIIN TPU
1 2 1 2

HbOMY IICPCTUHAHHA PO3IMUICHUX ITOTOKIB CTpYMeHiB HaI[/ nepea oCCpCaAKOM TTOKEXKI.

BucHOBKH 110 Apyromy po3ainy

1.  JlucranmiiiHa mojayda rejieyTBOPIOIOUMX CKJIa/iB MOBUHHA NependadyaTu
OJIHOYACHY I0JIauy JBOX IJIOCKO-PaJialbHUX CTPYMEHIB 3 KOMIIOHEHTaMU CyMIIIll Ha
BiJICTAaHb HE MEHIIIE 6 METPIB TAKUM YMHOM, 100 HE JOMYCTUTH MEPEeadacHOTo abo

3ami3HeHoro 3mimyBaHHs komnoneHT 'Y C.
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2. Texuiune 3a0e3euyeHHs IUCTAHIIIHOTO [10YKEKOTaCIHHS
TeJICYTBOPIOIOUMMH CKJIaJaMH BKIIIOYA€E B ce0e 3amaTeHTOBaHY MOOUTbHY YCTaHOBKY,
mo 3abesneuye IUICCOPSIMOBAaHY JAWCTAHIIMHY T0jJa4y CTPYMEHIB HOBHUMH
CTBOJIAMHU-PO3IMUIIOBAYaMH, OCOOJMBICTIO SKMX € HAasBHICTb 3MIHHUX KPHIIOK 31
cretiayibHUM «[I»-1mogiOHMM BHUPI30M, TaKUM YMHOM, 1100 3a0€3MEeUUTH HAKPUTTS
MOBEpPXHI 00’ €KTIB, 110 TOPSATH, IIApAMHU T'eJIO.

3. AHani3 OCbOBUX TpPAEKTOPii, IIO0 OTpUMAaHI 3a JOMOMOTOK0 (GYHKINT
JlamOepTa, pyXy CTpyMEHIB Te€JICYTBOPIOIOUUX CKJIAIiB JIO3BOJISIE BU3HAYUTH
napamMeTpu TPUIIBHOI OlHapHOi Tomayi (KyTa HaxWiIy CTBOJIIB Ta IOYaTKOBOI
IIBUKOCTI ~ BWJIBOTY  BOTHETaCHUX  pPEYOBMH)  PO3POOJIEHHUMH  CTBOJIAMH-
PO3IMIITIOBaYaMH

4, B 0CHOBY TaKTHKO-TEXHIUYHOIO 3a0€3MEUYCHHS MPUIILIIBHOI oAyl
HABICHHX 1 «IIPSAMO» CIPSIMOBaHUX OlHAPHUX MOTOKIB IeJI€YTBOPIOIOUUX CIOJYYEHb

HEOOX1THO TOJIOKUTH PO3TAIlyBaHHS CTBOJIIB-PO3MUIIOBAYIB IS TTOAa4i
BOTHETACHUX KOMIIOHEHTIB CUMETPUYHO BIJHOCHO IUIONIMHU HABEJACHHS Ha BiJCTaH1

2a oauH BiJ ogHOTro Ta ogadi BI'P mijx oHaKOBHMMEU KyTaMH HAXHITY 10

TOPU30HTY & = &, = @ Ta OJHAKOBUMH BIIXMJIEHHSIMA =— 320€3IEUYMBIIHN TIPU
1 2 1 25

bOMY MEPETUHAHHS PO3MUJICHUX MTOTOKIB CTPYMEHIB HaJl/TIEPE/] OCEPEAKOM MOKEXKI.
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PO3/11 3. HEPEBIPKA JOCTOBIPHOCTI PEAJIIBALII CIIOCOBY

JIACTAHIIHHOTI' O MMOXKXEKOI' ACIHHS I'EJIEYTBOPIOIOUNMH
CIIOJIYKAMUA

3.1 Ouinka 10cTOBIpHOCTI (PI3UYHOT0 MO/IEJIOBAHHSA NPoIleCy TPACYBAHHSA

CTPYMEHIiB KOMIIOHEHTIB IeJIeyTBOPIOIOYUX CKJIAAIB

3.1.1 Ocob6imBOCTI (hi3UYHOTO MOJIETIOBAHHS

Sk 3a3Hauganocs B po3aini | (mpu MOCHIHKEHHI CTaHy MATAHHS MIOA0 TOoaadi
PIAMHHUX BOTHEraCHUX PEYOBHMH 1 iX CHONYK 10 OO’€KTIB MOMXEXKOTACIHHA) aHaji3
0CcO0JMBOCTEN POOOTH MPUCTPOIB 1 YCTAHOBOK MOXKEKOTACIHHA 31MCHIOETHCS, K
MPaBUJIO, MOCTITHUM INUISIXOM 1 MOE€AHAHHSIM MOTO 3 MaTeMaTHYHUMU METOJIaMH
TEOpiii, 1o 0a3yIThCS HA EKCIIEPUMEHTATLHOMY MaTepiaii (13UYHOT0 MOJIEITIOBAHHS
[100].

['oBopsiuM mpo Taki JOCHIKEHHS 1 MNpO MPUCTPOi AUCTAHIIAHOI Mojayi
BorHeraciux pedoBuH (BI'P) Ta reneyrBoprotounx cnonyk (I'YC) nans
MOKEKOTaciHHA TBepAUX roprounx Marepiamis (TTM) B KUTIOBHX, TPOMHUCIOBUX 1 B
HmmMX 00’ekTtax, OyJaeMo MaTd Ha YyBa3l HE TUIBKA caM TMPOIEC TaciHHA
BorHeracHuM# pedoBrHamu 1 ['YC, 1m0 momaroThCcs Ha OCEPENOK TMOXKEXKi, aje i
3MIMCHEHHS 3aXHUCTY MOXEKHUX-PATYBAJIbHUKIB BlJ BIUIMBY Ha HHUX HEOE3MEYHHUX
daxrtopis moxexi (HOIT) [101, 102].

Ha mouaTky ekcrepuMeHTaIbHUX OCHIHKCHb BUBYABCS PyX OJUHOYHHUX 1
OlHApHUX CTPYMEHIB BOJHM, WO IMITyBanu mnonayy piguaHux BIP un T'YC
(BI'P/T'YC) Ha 00’€KTH MOKEKOTACIHHSI, B IKOCTI IKUX BUKOPUCTOBYBAJIMCS MIIIICHI-
ekpanu [13]. Ilpm mwpomy 3actocoByBamucs nocuigai yctaHoBku AVYITYC i
AVYITYC-II, pospooneni O.O. Kipeeum, O.B. babenko, O.B. CaBuenko Ta
in. [104, 105], sixi mosBojsum BusHauwmthcs 3 momaucio BI'P/I'YC Ha koHKpeTHI
00’€exTH (MilIEH1) 3 TOYKH 30pYy 30BHILIHBOT OANICTUKKU HE3ATOIIIEHUX CTPYMEHIB.

3 MeTOI0 pillIeHHs 3a]a4 aHaJi3y 1 yXBaJIEHHS PO3B’S3KiB (11070 €(PEeKTUBHOTO

BUKOPUCTAHHA  MOJIOHUX  YCTaHOBOK) OTpHMaHl €KCIEpUMEHTalbHI  JIaHl
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HAaKOMMYyBaIuCsS 1 0OpoOisMca BpyyHYy Ta 3a JOMNOMOTOK MPOrpaMHOTO
3abe3neyeHHs: oOumncmoBanpHoro tuny [106]. Takox nependayanocs po3B’si3yBaTH 1
HAyKOBO-TEXHIYHI MUTAaHHS BJOCKOHAJICHHS BXK€ ICHYIOUMX, a 3TOJIOM 1 KOHKpETHI
JIeTalll CTBOPEHHS! HOBUX YCTaHOBOK JIaHOTO THITY.

Opnum 3 BapiaHTiB 00JIaJHAHHS, 110 3aCTOCOBYBAJIMCS MPU BUIIPOOYBAHHSX,
OyJIn CeKCIEPUMEHTAJIbHI YCTAHOBKHM B JIBOX KOHCTPYKTHBHHUX BHKOHAHHSX [32]
(puc. 3.1a, 1 puc. 3.16), sfki MalOThb MO JBa CTBOJU-PO3MWIIOBAYa, IO MOXKYTh
HaIpaBJIsTH HA BOTHUIIE TMOXKEXI KOXKEH OJHY 3 KOMIIOHEHT OiHApHOTO MOTOKY

BI'P/T'YC okpewmo.

Puc. 3.1 ®0oT0 ycTaHOBOK raciHHs IeJIeyTBOPIOIOYMMHU CIIOJIyKaMU: a) YCTaHOBKa
AVYITYVYC; 6) yctanoBka AYITYC-II, ne: 1, 4 — eMHOCTI 3 BOZHUM PO3YHHOM
cnonyk BI'P; 2 — penykTop; 3 — THy4Ki 3’€IHyBaJIbHI IUTAHTH; 5 — OaJoH 31

CTHCHCHHM HOBiTpHM; 6 — ABa CTBOJ'II/I-pOBHI/IJ'IIOBa‘—Ii; 7— MaHOMCTpP BUCOKOI'O TUCKY

Jlo 1poro momaBaniocsl J1Ba CHEIalbHO CKOHCTPYHOBaHUX [1] MOMOMIKHUX
npuctpoi (puc. 3.2) mis ¢ikcamii KyTiB HaXwily o 1 BIOXWIEHHS y CTBOJIB-
PO3MIIIOBAYIB, K1 PO3TAIIOBYBAIUCA HEPYXOMO B IUIONIMHAX iX HAIIUIFOBAaHHS Ha
00’€KT TOXKEXKOTAaciHHs, HI0 JaJl0 3MOTry 3a0e3MeUuTH MoJady JIBOX HE3aJIeHKHHUX

NOTOKIB Yy BUTJISI po3nopolieHux crpymenis BI'P.
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Puc. 3.2 IlpucTtpiii ayia ikcarlii KyTiB HAXUITY 10 TOPU30HTY 1 KYTiB BiIXWJICHHS
CTBOJTIB-PO3MIJIIOBAYIB: @) (hiKcarlisi OJJHOTO 31 CTBOJIIB-PO3MUITIOBAYIB ITi]T 3aTaHUM

KyTOM Haxwiy ¢; (BUI 3 OOKY BUXIJHOTO OTBOpPY); 0) 3a/1sIHHS 3aKPIiIUIEHOTO y

JONOMI)KHOMY IIPUCTPOi CTBOJIA-PO3NUIIOBAYa IPU Q) = 45° (B 360KY)

B mpomeci excnepuMeHTanbHUX IOCTIIKEHb BHUKOPHUCTOBYBAJIUCS HACTYIIHI
CTaHJapTHI MPUJIAIU Ta €JIEMEHTHU:

— pyJeTKa JUisi BUMIPIOBaHHS IMOAOJAHHUX BiJCTaHEH PYXOMHUMHU IMOTOKaMH
ctpyMeHiB BI'P abo cknanoBumu 6iHapHoro notoky ['VC;

— OapBHUK U1 miipapOyBaHHs MOTOKIB CTPYMEHIB BOJH, 1110 IMITYIOTh MTO/1ayy
['VC Ha ocepenok moxexi (Tyail 4epBOHOTO Ta CUHBOTO KOJIhOPY);

— 3MiHHI (pa30Bi) MilI€HI-€KpaHU JJisl peecTpanli mojayl NOTOKIB CTPYMEHIB
niadapOoBaHoi BOAM O BIANOBIAHOI 30HM Ha MilleHb-ekpaHi (pwuc. 3.3), ski
CKJICIOBAJIUCS 3 apKyuiiB mnamnepy A4, mo 3py4yHO i MaciuTaOyBaHHS 1
po3imdpyBaHHsS pe3yIbTaTiB eKCrepuMeHTIB [3];

— XpOHOMETp (CEKYHAOMIp) JJIS PEECTPAIlii TPUBAIIOCTI TOCTITHUX MTPOIIECIB;

— 1mudposi (oto 1 Bigeokamepa, s (Pikcarlii mpoleciB eKCnepruMEHTATbHUX

JIOCHIJPKEHD;
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Puc. 3.3 ®oTo MacmraboBaHoi pa3oBoi MillIEHI-eKpaHy

— €TAJIOHHUW METp JUIsi MaciTa0yBaHHSI peeCTPOBAHUX Ha (DOTO 1 BICOKAMEPY
MaTepialiiB JOCIIIKEHb;

— THIIWI BUMIPIOBAJIBHUM 1 IAHIIEBUIA IHCTPYMEHT.

Ockinbku B JociikeHHsX [1, 2], 3Ha4Ha KUIBKICTh MO3UTMBHUX HAYKOBHUX
pe3ynbTaTiB Oylio OTPUMAHO MpPHU MPOBEJCHI EKCIEPUMEHTIB 3 IMOJaBaHHAM Ha
YMOBHI OCepeIKu Moxexi adbo 3axucty B sikocti BI'P Bogu (3amicts ['YC), To 1eit
PI3HOBHJI €KCIIEPUMEHTIB, 3alPONOHOBAHUIA B po0OOTI, OYJI0 HA3BaHO aJaNTOBAaHUM

MeTOJI0M (HI3UYHOTO MOJIETIOBaHHS [1].

3.1.2 TlocnimoBHICT, BUKOHAHHS OMEpAIliil P MIATOTOBIIl YCTAHOBOK THUITY
AVYITYC ta nepeBipka ix npaie3gaTHOCTI

3rimno g0 3arampHux mpaBua [100], OesmeuHoi ekcruryaTarlii  CTBOJIB-
pPO3MUIIIOBAYIB TP OIIHIN Tpare3gaTHocTi ycraHoBok tuny AVYITYC 1 mus
BU3HAYEHHS iX TIAPOAMHAMIYHUX MapaMEeTpPiB 1 XapaKTEPUCTHUK, MICIs HAMIOBHEHHS
pobOYMX €MKOCTEH BIAMOBIAHUMH po3unHamMu KoMioHeHT ['YC, BUKOHYyBammcs
HacTymHi onepartii [1, 14, 15]:

— IIepeBipKa MIIHOCTI 1 TePMETUYHOCTI CTBOJIIB-PO3NUIIOBAYIB I11]T TUCKOM;

— BU3HAYCHHS (PAKTUYHUX BUTPAT;

— BU3HAYEHHS JIaJIbHOCTI 1 BACOTHU BOJSIHOTO CTPYMEHS;

— BU3HAYCHHS KyTa HaXuiy (hakena po3NuiIeHOi BOIH;
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— BU3HAYCHHSI IIMPUHU PO3MIITY CTPYMEHSI Ta AKOCTI PIBHOMIPHOCTI PO3MOILTY
Kparesb IpH 1mojadi iX Ha 00’ €KT MOXKEeKOTaciHHSI.

MexaHiuHa MIIHICTh 1 T€PMETUYHICTh CTBOJIIB-PO3IMUJIIOBAYIB IEPEBIPSIETHCS 3
BIIKDUTUMH TIEPEKPUBAIOUMMH TPHUCTPOSMHU (KpaHAMH) 1 3ariylICHAM BHXITHAM
OTBOPOM CTBOJIa-pO3MNIIIIOBaya. Yac BUTPUMKH IT1JT TACKOM HE MEHIIE 2 XBUJIUH.

BumiptoBanHs BelMYMHA POOOYOro Ta MAKCUMAJIBHO JIOMYCTUMOTO THCKY
OPOBOAUTHCA 32  JIONOMOTOI0  MaHOMETpa s  TEXHIYHUX  BHMIpPIOBaHb,
BCTAHOBJICHOTO Ha BXIJJHOMY OTBOpI CTBOJIA-pO3MUJIIOBAayYa, 1 MPU3HAUEHOTO s
i’ eqHanns noiadris [101].

KonTtposnp 3a 00carom BHUTpauy€HOI BOJM NPH BHUIPOOYBAHHSIX CTBOJIB-
po3MUiIIOBadiB  a00 HAcaIKiB MOXKE 3J1MCHIOBATHCS BHUTpaTtoMipoMm abo 3
BUKOPUCTAHHSM 3alPOIIOHOBAHUX Y po0oTi [27] mpo30pux €MKOCTEH, 3 HAHECEHUMH
Ha HUX BIJMOBIIHUMU BinMiTKamu, s ckiagoBux BI'P/I'YC 3a matenTom Ykpainu
Ne 113280, saxi B momanbpIIOMy JOIUIBHO BHUKOPHUCTOBYBAaTH TMPU 3aCTOCYBaHHI

resieyTBoprorounx ckiaaiB (Joaarok [1).

3.1.3 AmnHamiz mpoliecy mHoJa4yi BOTHETaCHUX CyMilIed YCTaHOBKAMH THITY
AYITYC 3 BUKOpUCTAHHAM METOy (PI3UYHOTO MOJICTIOBaHHS

Ak BiOMO 3 30BHIIIHLOI OQNMICTUKH HE3aTOINICHUX CTpyMmeHiB [44, 88] mo
YHUCJla OCHOBHUX MapaMeTpiB, IO XapaKTepU3YIOTh MPOLIEC M01a4ul BOJIHUX PO3YUHIB
BI'P Ha raciHHS TMOXeX, BIIHOCATBCS: TPAEKTOPIS, JMadbHICTh, BUCOTA IOAayi Ta
PO3MUII CTPYMEHSI TpU 0e3MOCEpPEeIHOMY HAOJIUXKEHI O 00’€KTY MOMKEKOTracCiHHS
[101, 103]. Tomy, Ha MOYATKOBOMY eTami €KCIIEPUMEHTAIBLHUX JOCITIKEHb OYJI0
po3po0eHO Mma0JIOH I BIANPAllbOBYBAHHS TAaKTUKO-TEXHIYHOTO 3a0€3MEUCHHS
(iHcTpykuii mo ekcrutyatarii) ycraHoBok Tuny AVITYC nHa npuknagax mnojadi
CTpyMeHiB miipapOoBaHOT BOJIM 10 YMOBHO 3aXHUIIAEMOTO 00’ €KTY (MIIICHI-EKpaHy)
CTBOJIAMH PO3MIUIIOBAYaMHU, K KOXKHUM MO OJUHII TaK 1 3 000X pa3oM, 4OTO paHilie
npu crBopeHH1 ycraHoBok TUy AYI'TYC ne pobuiocs [13].

VY 3B’S13Ky 3 IUM JiJ1s1 OTPUMAaHHS (JaKTUYHOTO €KCIIEPUMEHTAILHOTO MaTepiary

CIIOYATKY BUPIIIYBAJIOCS 3aB/IaHHs aHami3y pyxy ctpymeniB BI'P 3 ypaxyBanHsaM Tak
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3Banux [ 1] EinepeBux kyTiB ( @ KyT BITHOCHO TOPU30HTY 1 /' BIIXWJICHHS BIAHOCHO
IUTOIIMHYA HAIIUTIOBaHHS HA 00’€KT MOKEKOTaciHHs), sIKI BU3HAYAIOTh B IMPOCTOPI
koopauHat OXYZ opieHTaIlil0 CTBOJIB-pO3NUIOBaUiB (puc. 3.4), Ajii KOHKPETHOTO
TUCKYy B CHCTEMi 3a0e3nedeHHs pPOOOTH YCTaHOBOK, IO JOCHIIKyBaluCs, Ta
BIJIMTOBITHOTO MaKCHUMAJILHOTO 3HAYEHHS JaNIbHOCTI 1 BUCOTH cTpymMeHiB BI'P B
MpoIIeC] iX M0/1a4l Ha MIIICHb-EKPaH.

Ha mowatkoBoMy erami mogaya OAHOOCIOHHX 1 OiHApHUX MOTOKIB CTPYMEHIB
komnonent BI'P/I'YC, s3naiiicHioBamach 3a JOMOMOTOIO CTBOJIB-PO3MHIIIOBAYIB
HICTOJIETHOTO THITY, IIO BXOJWJIM JI0 CKJaJy 3a3HaYCHHMX YCTAHOBOK, 3a CXEMOIO

300paxeHoro Ha puc. 3.4.

/4

Puc. 3.4 YMoBHa 3aranbpHa cxema MpOBEACHHS €KCIIEPUMEHTIB Ha MIPUKIIAI1
MPULIUTIOBaHHS Ha Tokexy cTBoJiiB C1 1 C2, 1110 mo1at0Th JB1 KOMIIOHEHTH
BI'P/T'YC 3 pi3uux to4ok C1 1 C2, cuMeTpUYHO pO3TalIOBaHUX BITHOCHO TUIOITMHU
HaBeZeHHs cTBoIB XOZ Ha yMOBHUH enineHTp noxexi B Touky O (0,0,0); o4 1 @,

Ta ¥, 1 |, — KyTH OPIEHTALIl] CTBOJIIB 110 BIIHOIIEHHIO O TOPU30HTY Ta IJIOLUHU

PUILILTIOBAHHS

Ha po6Goty panneBux ycraHoBok tuny AYITYC 1 AVITYC-II cyrreBo

BIJIMBAIOTh O10MEXaHIYHI pyXH OINepaTopa-CTBOJIbIIMKA, 1[0 HAMPABISAE€ CTPYMEHI
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BI'P/T'YC Ha ocepenok mpu racinHi moxexi. Tomy s mpoBeAeHUX JAOCIIKEHb 111
YCTAHOBKM OyJM JOTMOBHEHI CHELIAJIbHUMU HEPYXOMHUMHU CTIHKaMU Yy BUIJISIIIL
NPUCTPOIB (iKkcallii KyTiB HAaXWy JI0 TOPU3OHTY 1 KYTIB BIJXHJIGHHS CTBOJIIB-
pO3MUIIIOBaYIB B TUIONIMHI mpuuiioBaHHs (puc. 3.2). Cama ycrtaHoBKa, Oyab-TO
AYITYC un AVITYC-II, po3ramoByBanacst OKpeMO BiJl CTBOJIIB-PO3MIIIOBAYIB, 5K
OyJl0 HEpyXOMO BCTAHOBJIIEHO MOpsiA Ha crikax. lle no3Bonmmino mig yac
eKCIIEPUMEHTIB 3armo0irT BIUIMBY OlOMEXaHIKU OlepaTopa-CTBOJBIINKA Ha YHCTOTY
eKCIIEPUMEHTIB Ta JOCTOBIPHICTh EKCIIEPUMEHTAIbHUX JaHUX.

Ha pwuc.3.5 HaBemeno ¢oTo, SKE€ BIATBOPIOE CXEMy TPATUIIAHOTO
MoJIeII0BaHHs npoiieciB nojgaui BI'P y Burisi ogHoro 3 npoBeeHuX BUIIPOOYBaHb.
Tyt Ha doni ymoBHOI mmomman W , BinOyBaiocs HAIUTIOBAaHHS OJHAKOBUX CTBOJIIB
Ha YMOBHY TOXEXY, /e 00UJIBa CTPYMEHsI MOJaBaIUCs Ha MIIICHb-EKPaH 3 CTBOJIIB-
PO3MUIIIOBAYiB MICTOJIETHOTO THITY, PO3TAIIOBAHMX Maibkeé B OJHIM TOYIl 3

OJIHAKOBUMHU KyTaMHU HaxWiy BIJHOCHO T'OPM30HTY « Ta BIAXWIEHHS l/; BIAHOCHO

mimi. Ile mamo 3mMory BCTAaHOBHUTH MaKCHUMaIbHY MalbHICTH IMOJa4i KOMIAKTHOTO
ctpymenst BIP/T'YC 3 ycranoBku AYITYC (Ling=4 M) Ta AYITYC-IT (Lipax=5 m).

Puc. 3.5 ®oTo BUnpoOyBaHb eKcriepuMeHTaNbHUX yCTaHOBOK TUy AYITYC
(npoexiris Ha momuHy W), 3 iMiTarli€ro moaadi motoky kommoneHnt ['YC 31 ¢cTBOJIIB-
PO3MUITIOBAYIB, PO3TAIIOBAHUX YTUIETOM (TIapaieIbHO OJWH HAJI 1HIIKUM) 3

OJHAKOBMMH KyTaMU HAXWITy 10 TOpPH30HTY ¢ = 30° Ta 3 HyIbOBHM KyTOM

BigxuireHns ¥ =0 (MakcuMaabHa HadbHICTh Ly = 5 M)
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Cnin OiOKpEecHuTH, L0 TPAEKTOPil PO3MOPOUIEHUX Kpameilb CTPYMEHIB
BI'P/TYC, Tyr 1 B TNOJAIbIIUX CKCICPUMECHTAIBHHUX  JOCIIIKEHHSIX
PO3TIAJAIOTHCA K 1X OCepEeNHEHI OChOBI JiHIT PO3NUIECHUX MOTOKIB, MPUTAMaHHI
noaionum nocnipkeHasM [102]. ToOGro, mo0 BIy4yuTH B CEpeAUHY MIIIEHI-
ekpaHy (OcepeloK IIOXKEeXi), IO 3HaXOAWThCsi Ha Bigctani L = 4,0 M Bifg
MOXKEXKHOTO-pATIBHUKA 3 YycTraHoBkowo Tumy AVYITYC, norpiOHO HaXWINTH

. ) ) _ 0
CTBOJI-PO3NUJIFOBaY B Moro moni HamigoBaHHd XOZ Ha kyT a = 300 1o

BiJTHOIIIEHHIO 10 TOPU30HTY.

3.1.4 Oninka HaKOMMYEHUX PE3YJIbTATIB

3a HeoOXI1JHOCTI MHIABUUIEHHS NPOAYKTHBHOCTI HATYpHHUX BHUIPOOYBaHb 3
nomaul ['YC, Ha moyaTKOBOMY e€Tari TeJeyTBOPIOIYl CIOJIYKH OyJ0 3amileHO
niahapOOBaHOIO BOJAOK, sIKa OLIBII JOCTYNMHA, Ta 33 CBOIMH T1IPOJWHAMIYHUMU

BiacTHBOCTAMU Onn3bka 1o I'YC (tab:. 3.1).

Tadomums 3.1

[TopiBHsBHI TiApoanHamivHi napametpu BI'P (Boga) 3 T'YC

[ToBepxHeBuM
No I'ycruna,
Po6oui po3unnu 3 HATSIT,
3/m KI/M 2
x10~, H/m

1. Bona 1000

Na,0-2,95Si10,(3%)+ 1040
2. | TYC(1)

CaCl,(3%) 1040 72,8

Na,0-2,95S10,(12%)+ 1075

3. | TYC()
NH4H,P0,4(25%) 1125

HasiBHiCTh pe3ynpTaTiB, OTPUMaHMX SK Yy BHUNAAKy IMojAayl y SKOCTI

BOrHeracHoi pedoBuHHU reneytBoprotounx cknaaiB ([YC 1 ta T'YC 2), tak 1y
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BUMAAKYy mofadi miagdapOboBaHoi BOIM JO3BOJWIO BHU3HAYUTH JOCTOBIPHICTH
3aCTOCYBaHHS JJI1 pO3POOKH MPAKTUYHUX peKoMeHaarii madapoboBanoi Boau. s
1Ib0T0 Oys0 TepeBipeHo (muB. Tabi.3.2) ykiIagaHHS Pe3yJbTaTiB 3 BUKOPUCTAHHSIM
['VC B noBipui iHTEepBay, siKi OyIu po3paxoBaHi 3 HaaiiHICTIO 0,95 3a pe3yabTaTaMu

BUKOPHUCTAHHS ImiiapOoBaHO1 BOIH,

X=X= (3.2)

o
1.96- %,
Jn

7€ N — KUIBKICTh BUIAAKIB mojadi miadapOoBaHOI BOAM, 3a pe3yibTaTaMu
3MIMCHEHHSI SKUX BH3HAYaJIWCh BIANOBIAHI MaTeMaTU4YHI OYIKyBaHHS X Ta

CepeIHbOKBAAPATUYHI BIIXWICHHS O, Ul JAIBHOCTI, IIMPUHHU Ta Yacy rojaul.

AHani3 NOKa3HUKIB, SIK1 HaBeAeHI B TaOmuil 3.2, 703BOJISE€ CTBEPKYBaTH,
mo 3 HaxiiHicTIo 0,95 118 npoBeneHHS AOCHIKEHb 100 €(PEeKTUBHOCTI
OiHapHoi momaui ['YC g0 ocepenky TOXKexXl MOXHa BHUKOPHCTOBYBAaTHU
niagpapOoBaHy BOaIY.

IIpu domy, mis BizyanbHOI 1eHTHGIKAI 1 BIAPI3HEHHS OJHIET CKIIAI0BO1
MOTOKY CTPYMEHSI Bl APYroi, 10 MOJAaBAJIUCS Ha YMOBHY IMOXEXKY, B OJHIN poOoUiif
eMKOCTI Bojaa Oyna migdapOoBaHa B 4YepBOHUM KOJIIp, B IHININ — B CHUHIN (JIMB.
puc. 3.5).

Sk 1 ouikyBanocs, pyx miagapOOBaHUX CTPYMEHIB BOJU 000X CIIOIYK IOTOKY
BI'P, mo imitye nmogauy komnoHeHT ['YC Ha 00’€KT MoKeXoraciHHs, 31MCHIOBaBCS
napabomiyHuMu TpaekTopismu (puc. 3.5). Tomy, 3a JOMOMOTO0 OTpUMAHHUX (POTO 1
BIJIEO MarepiaiiB, 13 3aCTOCYBaHHAM MiA¢papOOBaHOI BOJU, MOXIMBO JOCUTH TOYHO
BCTAHOBUTH T'E€OMETPUYHI MapaMmeTpu TpaekTopit pyxy ['YC (manpukian,
MaKCUMaJIbHY JAJBHICTh 1 BHCOTY TOJa4i) B 3aJeXHOCTI Bin EinepeBux KyTiB 1
pobodoro THUCKY (HAmopy) B KOHKPETHHX CTBOJIaX, JOJAHHUX /O YCTAaHOBOK THITY

AVYITVYC.
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Tabnuusa 3.2

Pesynbpratu nomaui komnaktHuX ctpyMeHiB BI'P/I'YC Ha Mimens-expan ycranoBkoo AYITYC 3 ogHakoBUMH KyTaMU HaXWTy

CTBOJIIB MPU PI3HUX THCKAX B YCTAHOBIII

J;i JlanmpHICTH momadi, M [[upunHa momayi, M Yac noxgaui, ¢

1 Tuck, MIla 1,5 2 2,5 3 1,5 2 2,5 3 1,5 2 2,5 3

2 I'vci 2,9 3,4 3,9 4,4 0,5 0,6 0,65 |0,75 10,75 |[0,85 [0,95 |12

3 Irvcz2 3 3,5 4 4,5 0,5 0,6 0,65 |0,75 0,7 0,8 0,9 1,1

4 g Bona dapbosana 1 | 2,8 3,3 3,8 4,3 0,5 0,6 0,65 |0,75 |0,6 0,75 |085 |1

5 CE Bona dapboBana 2 | 3 3,5 4 45 0,45 (055 |0,6 0,7 0,85 0,9 1 1,2
3

6 g Bona dapboBana 3 | 2,95 | 3,5 3,95 [45 055 (0,65 |0,7 0,8 0,75 0,8 0,9 1,15
T

7 g Bona dapbosana 4 | 2,9 345 |39 435 (055 |0,6 0,75 |085 |0,65 |0,75 |0,9 1,1

8 281 332 |381 |432 |047 |05 |061 |0,71 0,60 |0,73 |0,85 |1,02
JloBipuuii IHTEpBaJ

9 3,02 |35 |4,02 |45 |056 |064 0,74 |0,84 (082 (087 (097 |12
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Takum umaOM, 3 HaxgidHicTIO 0,95 1078 TpOBEACHHS HOCTIHKEHB OO0
e(eKTUBHOCTI OIHApHOI MMOAaul TeJeyTBOPIOIOUMX CKIAIB /0 OCEPEIKY IMOXKEXKI

MO>KHA BUKOPUCTOBYBATH IiidapOoBaHy BOIY.

3.2 Bu3HaueHHs1 KOHCTPYKTHBHHMX IapaMeTpiB CTB0JIa-PO3MUIIOBaYA
(Hacagka) s NoAA4Yi  NMOOAMHOKHX  IUIOCKO-PadiaJIbHUX  CTPYMEHIB

reJieyTBOPIOKYMX CKJIA/IB

Binmomo, mo mocmikeHHs CKIaJHUX CUCTEM, 0 SKHX BIIHOCHUTBCS poOoTa
MOKEKHO-PATYBUIBHUX MIAPO3AUTIB, MOB’A3aH1 3 CUCTEMHHUM I1JIX0JI0M, OCHOBHUM
IOPUHIIMI SIKOTO TIONSATa€ y TMpParHeHHI BpaxyBaTH SKOMOTra OUIbIIY KIJIBKICTb
napaMeTpiB 1 XapaKTEpPUCTHUK, 110 HAJAIOTh BUPIMIAIbHUN BIUIUB HA JOCTOBIPHICTH
OTpUMaHUX pe3yJbTaTiB, 0c00MBO y Bunagkax cucremu «JIFOJVMHA — TEXHIKA —
[TOXEXA» [102].

st BuBdeHHsT moaiOHux ckinagHux TexHiyHux cucrteM (CTC) po3poOreHi
MaTeMaTU4YHI METOJH, SIKi OTPUMAaJH 3arajibHy Ha3By «llmaHyBaHHS €KCIIEpUMEHTY»
a60 «Teopiss oNTUMAILHOTO E€KCIEPUMEHTY», IO JI03BOJISIE aKTUBHO BTPY4YaTUCS B
npoBejieHi npu oMy fociiau [107, 108].

Posrnsnaroun npouec nogaui BI'P/I'YC B ocepenok moxexi sik niro CTC,
dbopmanizyeMo 3amauy 1ii mogmemroBanHs [109, 110] 1 3HailimeMo omnTHMAalbHI
(pauioHanbH1) 3HAYEHHS MMapaMeTpiB MIOCKO-padlaibHUX CTPYMEHIB, II0 MOAAIOTHCS
B OCEPEIOK MOXKEXKI.

B takux 3aBpaHHSX KUTBKICTH BXITHUX 1 BUXITHHUX ITapaMeTpiB MOKe OyTH SK
3aBTOJHO BENHMKOIO. [Ipu 1IbOMy NesIKi 3 HUX MOYKHA HE BPaxOBYBaTH, SIK HECYTTEBI
JUIS  JTAaHOTO JIOCHTIPKYBAHOTO TIPOIECYy, IHIINI 3aJaTH, SK TI0YaTKOBI YMOBH.
Hanpuknan, pobounii TUcK (Hamip BOAM) B YCTAHOBI B KOHKPETHOMY BHIIQJIKY
MOJKHAa BBQ)KaTW BEJIMYUHOIO CTaNOK0. [HII, Taki sk BucoTa a i mupuHa b (x1 1 xp)
IIUTMHA Ha 3pi31 HacaJKy, JaNbHICTh 1 mmpuHa (x3 1 x4) posmuieHHs BI'P/T'YC
OyIayTh 3MiHIOBAaTH CBOI1 3HAYEHHS Ta CYTTEBO BIUIMBATH HA €KCTPEMajIbHI 3HAYCHHS

IIYKaHUX ONTUMYMIB.
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Y HaWOuIpIl  3araJbHOMY  BUIUISAI  Takl  3aBJaHHS  MaTeMaTU4YHO

(bOpMyITIOIOTHCS HACTYITHUM YHHOM:

V=0 %000%) =12,k j=12,..]. (3.2)

ey - JTOCHIDKYBaH1 3MiHHI, KPUTHYHO 3ajJeXHI BIJI TIapaMeTpiB
JOCIIJIKYBAHOTO TPOLECY; X, Xy,...,X; — MapaMeTpu HpOIECciB, L0 3MIHIOIOTHCS B
XO/Il IPOBEACHHS €KCIIEPUMEHTIB.

30kpemMa, B CTBOPEHHMX HacajJkax 1 CTBojJax-posmwioBadax [12, 27], mro
MOJIAI0Th PIIMHHI BOTHETacCHI PEYOBHHHU 1 3/1aTHI 3pOLIYBaTH BOTHHILE IMOXKEXKI Ha
nuctaHiigx a0 10 merpiB 1 monan 10 merpiB, Oyna mependadeHa MOMKIUBICTH
BapifOBaHHS KOHCTPYKTHMBHHMH TapaMeTpaMH 3TigHo mateHty [27] i mateHty [12]
(UAOLJATOKT 1 HOHATOK X). Ilpm mnpoBeaeHHi BHUIIPOOYBaHb METOAOM
(GI3UYHOTO MOJIENIOBaHHS, CTPYMEH1 BOJM MOJABAIUCS HA BIAMOBIIHY BIJCTaHb 1 3
BIIMOBIJHUMU KyTaMU HaXuIy.

Jns peectpaiii  JOCHIDKYBaHMX IapaMeTpiB 1  XapakTepUCTUK  IMPOLIECIB
BUKOPHCTOBYBAIMCh paHillle HaBENICHI MpWiagd Ta OOJagHaHHS, a Tak camo (oTo 1
Bineoarnaparypa [14].

Ha mnpukmami mociijkeHb Npare3aTHOCTI HATYpHOTO 3pa3ka Hacajaka 3a
nateHToM [12] BHKOPHUCTOBYEMO OCHOBHI OCOOJMBOCTI 3acTOCYyBaHHS Teopii
IUIaHYBaHHS €KCIEPUMEHTIB NPH KOHCTPYIOBAaHHI MOAIOHMX HAcaJKiB Ta CTBOJIB-
po3nuitoBauiB. [Ipu nboMy TpaekTopii pyxy ABox ckianoBux notoky BI'P/T'YC no
iX 3MIIIyBaHHS Haj/miepe] 00’ €KTOM MOKEKOTaciHHS MOYKHA PO3IIISIIATH HE3AJIEHKHO
3TITHO 3 TPHUHIMITY CYNEPIO3UIli, 3araIbHONPUIHATAM B MEXaHiIl, — MPUHIUITY
HE3aJIeKHOCTI J1ii PaKTopiB, B JAHOMY BHUIIAJKY IPUHITUIIOM CTBOPEHHS T'EJIO.

[Ipu moOyoBi MuaHy ekcrepuMeHTy o0 nojxaydi BI'P npu noskexoracinus
OJTHUM CTBOJIOM, 3a JIOIOMOT'OI0 MOKaJIpOBOT0 pOo3MK(PYBaHHS Bi€O 3MOMOK pyXy

BI'P, perictpyBanucs 3Ha4YeHHs Yy3arajJbHEHOTO IapaMeTrpa Y, EKBIBAJICHTHOTO
JNAJbHOCTI  MOJBOTY BOJASIHOTO CTPYMEHS 10 1T, SKUH 3alIeKUTh  BiJ

3MIHHUX X, X5, X3,1 X, (Tab1. 3.3). B ocTtaHHBOMY CTOBIUUKY Iii€] TaOuuIi BKa3aHO



103
yac pyxy Kpameib CTpyMEHS y BUIBHOMY MOibOTi. Ilpu 1poMy KyT migHECEHHS
CTBOJIa BIATOBITaB PEKOMEHJAOBAHOMY JJISI JAOCATHEHHS MaKCHMAaJbHOI JaJBHOCTI

L. 3HauenHio o = 30°.

max

Jia Oyap-sIKOTO BHAY CTPYMEHIB B MOMAIOHUX 3aBAaHHAX (OCOONMBO Mpu
oOMeKeHi BHOIPIl) 3PYYHO CKOPHUCTATUCS TEOPIEI0 ONTHUMAIBHOTO TIAaHYyBaHHS
[111, 112]. TInanyBaHHS EKCIIEPHMEHTY [IO3BOJISIE OTPHUMATH 3HAYCHHS YacCy pPyXy
Kparneyb (JaJbHOCTI mojadi) miAdapOoBaHOT BOJIM B 3aJICKHOCTI BiJI YOTHPHOX

3MIHHUX (QaKkTopiB X;, i=1,...4, OPEACTaBIAIOYM LIO 3AIEKHICTH MOJIHOMIAIBHOIO

KBaJApaTHIHOIO MOJACJUIIO.

4 4 4
y=by+ Y biX + D bxx; +> byx’ (3.3)
i=1 i=1

i=Li#]

ae 3HadeHHs by, b, b; — BiANOBIAHI KOeQIilIEHTH pErpecii NpH HyIbOBOMY

( X =1), niniiHOMY, KBaIpaTHYHOMY 3MIiHHMX Napamerpax X;; by — xoediuienTn
perpecii, [0 BKa3yIoTh Ha BIUIMB 3MIHHHX X; 1 X; Ha Y.

JIJist OTpUMaHHs MaTeMaTHYHOI MOJIENI 00JIacTl ONTUMYMY Y BUTJISAJII PIBHSHHS
(3.3) MoxHa 3acTOCyBaTH KOMIO3WUIWHUN IUIAH OPTOTOHAIBHOTO EKCHEPUMEHTY

[112] mnst 9oTmpboX (akropiB X;, i=1,...4, SKUHd Mae BHIJIAN, HABEICHUH B

tabmn. 3.3.

Tadomums 3.3

Komrmo3suiiiitHuit 1ian opTOroHaIbHOTO €KCTIEPUMEHTY

HaiimenyBaHHs axropn
X1, MM | Xy, MM X3, M Xa, M
HynboBwii piBeHb 3 125 22,5 11
[aTepBai BapiaHTIB 2 25 8,5 7
Tocix X [Tnan Yac pyxy Y
0 X, X, X3 X, ()
1 +1 1 100 14 4 0,56
2 +1 5 100 14 4 0,54
3 +1 1 150 14 4 0,52
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[Tponossxenns Tabaui 3.3

4 +1 5 150 14 4 0,48
5 +1 1 100 31 4 0,46
6 +1 S) 100 31 4 0,64
7 +1 1 150 31 4 0,68
8 +1 5 150 31 4 0,66
9 +1 1 100 14 18 0,76
10 +1 5 100 14 18 0,8
11 +1 1 150 14 18 1,24
12 +1 S) 150 14 18 1,22
13 +1 1 100 31 18 1,2
14 +1 5 100 31 18 1,21
15 +1 1 150 31 18 0,96
16 +1 3) 150 31 18 1,16
17 +1 -1,414 125 22,5 11 1,08
18 +1 5,828 125 22,5 11 1,06
19 +1 0,172 89,65 22,5 11 1,04
20 +1 3 160,35 22,5 11 0,96
21 +1 3 125 10,481 11 0,92
22 +1 3 125 34,519 11 0,88
23 +1 3 125 22,5 1,102 0,87
24 +1 3 125 22,5 20,898 0,86
25 +1 3 125 22,5 0 0,8

Ilpumitka: [lani Tabn. 3.3 mnepepaxoBaHi [0 IJIaHY OPTOTOHAJIBHOTO
excnepumeHTy [/]. Tyt x3—X; (Bucota) i X,—X, (IIMPUHA) BUXIIHOTO MEPETHUHY
Hacajzka, MM; X3—> X3 (IanpHICTB) 1 X4—>Xy (mmpuna) ¢pouty noxadi BI'P, m. Kyt

BcTaHoBIenHs Hacagka o = 30° Bixnosinae mansHOCTI L. [45].

BBenemo nepeTBoOpeHHS:

: 1Y
X, = X? —Winzu (3.4)
u=1

JIe JIUISL HAIlIOTO BMITAIKY YMciIo ekcriepumeHTiB N =25.
Koedimientn piBHsHHSA perpecii B Bupasi (3.3) nans  IEHTPaIbHOTO

KOMITO3UITITHOTO OPTOTOHAJIBHOTO TIJIaHy 3HaXO0AUMO 3a hopMyIamMu
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25 25
25 leuyu inuxjuyu inuyu
OIS S - el Y% e
Z(Xi)2

u=1

(3.5)

ij v Mii

25
leu Z(Xiuxju)2
u=1

nel, |=1..41#].
I[JISI HCHTPAJIBHOTO KOMHOBI/IHifIHOFO OPTOIrOHAJIBHOT'O IINIAHYBAHHA IOPYyroro

nopsAKy 3a dotupma ¢akrtopamu B cuctemi Maple Oyna cTBopeHa mporpama, 3a

JIOTIOMOTOI0 SIKOi 3HAXOJIMMO KOJIOBaH1 3HAYCHHS KOE(]iIlI€HTIB:

25
1 leu yu ZXZU yu

Z y, =0,86; b=t ~0,02; b=t -003;

% = 25+
z Xlu Z Xgu
25 25 25 =
Z X3u yu Z X4u yu Z Xlu X2u yu

b=t — —= 004; b,=4L— —= 02, b,=4l—— = ~0,006;
Z X3, Z X4u Z (Xlu Xou )
u=l1 u=1 u=l1
25 25 25
z Xlu X3u yu Z Xlu X4u yu Z X2u X3u yu
by=4Lt———=003b, =g;1—_0 008;b,, = -4t =-0,05;
Z(Xlu Xay)’ Z(Xlu Xgu)’ Z(qu X30)’
u=1 u=1 u=1
25 25
Z X2u X4u yu Z X3u X4u yu Z Xlu yu
Z(qux4u) Z(X3ux4u) Z(Xl)
u=1 u=1 u=1
25 25
Z X3u yu Z X3u yu Z X4u yu

Z(Xé)2 2. (%)’ 2 (%)

JlaHuii MeTon JIO3BOJISIE CHOYATKY 3HaileHy OGYHKIF0 Y BHpasuTH B

HOPMOBaHMX (0€3pO3MIPHHUX) 3HAUYEHHAX, TOOTO Y BUTJISIIL:
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y =by +b, (% —3)/2+D,(x, —125) / 25+b,(x, — 22,5) / 8,5+ b, (x, —11) / 7 +

+by, (%, —3) / 2)((x, —125) / 25) + by, ((x, —3) / 2)((%; —22,5) /8,5) +

+by, (%, —3)/ 2)((X, —11)/ 7) + b,y ((x, —125) / 25)((x, —22,5) / 8,5) +

+b,,((x, —125) / 25)((X, —~11) / 7) + by, (%, — 22,5) / 8,5)((x, —~11) / 7) +

+ (b (% —3) 1 2)% +b,,((X, —125) / 25)2 + by, (X, — 22,5) /8,5)% +

+by, ((x, —11)/ 7)2,

a TOTiM, 3pOOWBIIM BIAMOBIHI OOYMCIICHHS 32 JIAHOIO MPOTPAMOI0, 3aIMHCATH

110 (DYHKIIIIO B pealbHUX BUMIPIOBAHUX 3Ha4eHHAX X, X,, X517 X, .

Takum YHUHOM, TICIIsS Inmepexonay BiI[ HOPMOBAHHUX 3HAYUCHb OO0 PpPCaJIbHUX

3Ha4€Hb, OTPUMYEMO:

y =-112-0,04X, +0,01X, +0,07X, +0,04 X, —0,0001X, X, +
+0,002X, X +0,0006 X, X, —0,0003X , X, +0,0002X,X,, +0,0002X,X, + (3.6)
+0,004X 2 —0,00003X 5 —0,001X 2 —0,002X 7.

Po3B’s3yt0un cuctemy piBHSIHb

(;ﬂ =-0,04 +0,008x, —0,0001x, +0,006x, + 0,0006x, =0,

Xq

aﬂ — 0,02 0,0001, — 0,00006%, — 0,0003x, +0,0002x, =0,
X5

3.7
o (3.7)

Y.~0,07+0,006%, 0,001, ~0,006X; +0,0006x, =0,
X3

? = 0,04+ 0,0006%, +0,0002x, +0,0002, —0,004x, =0
X

3HaXOAMMO 3HAYCHHS 3MIHHHUX XiOpt, j=1...4, B crauionapsiii TOHYL:
XP'=329 mm; XP'=19576 mm; X3P =17,01a; XP'=2212 .

OO6uucnorYn Apyri moxiaHi ganoi moaeni (3.3)
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2 2 2
T _0008=a, Y =9V _ 00001=a,=a,
OX,0%; OX,0X,  O%.0%
2 2 2 2
Y _9Y _poo2=a,=a, 2 =Y _00006=a,=a,,
OXO%3  OX30% OX 0%,  OX,0%
2 2 2
oY _000006=a,, -°Y =9V __00003=a,=a,
OX,0%, OX,0X3  OX40X,
2 2 2
OV _ %Y _go002=a,=a, O ——0002=a,,
OX,0X,  OX,40X, OX30%5
2 2 2
Oy _ %Y _poo02=a,=a, —°J —-0004x=a,.
OXg0X,  OX,0Xq OX,0X,

3HAXOAMMO, 10 B cTarioHapHii Toumi X Pj=1..4 eKCTpeMyM Oyze mpu
Yrex =L18C.
BukopucranHs npoBeaeHMX po3paxyHKiB B cucteMi Maple [114, 115, 116]

JTI03BOJIMIIO OLIIHUTH 3HAYUMICTh Koe(DilieHTIB perpecii 3a kpurepieM CTbIOJIeHTa TpU

piBH1 3HaunmocTi 0,05 1 uymcm creneHiB cBobomn N,—-1=3. Jlama monens
nepeBipeHa Ha aJIeKBaTHICTh 3a KputepieM dDimepa mpu piBHI 3HaummocTi o = 0,05.

Ii aHami3 MOKA3Ye, 101(0) KOHCTPYKTHUBHI napameTpu Hacajaka
opt opt . :
X =33 mm, X®=1958 um 3ab6esmedaTh MakcHMadbHY e(eKTHBHICTH Mmopaui

MJIOCKO-PaialIbHUX TEJICYTBOPIOIOUMX CKJIAIIB 3 TOYKHU 30py MATBHOCTI 1 HMIMPUHU
PO3MIITY BOTHETaCHOI PEYOBUHHU.

I'padiuni iHTEepHnperanii oTpuMaHuX PO3B’SA3KIB, MpPEICTaBlIeHI Ha puc. 3.6 1
puc. 3.7, cBig4aThb OpoO Te, IO OI[IHKAa 00JacTi paliOHAJbHUX T'€OMETPUYHUX
napaMeTpiB HacajJka BIANOBIAa€ 3HAWIEGHUM poO3MipaM IIUIMHHOTO OTBOPY
KOHCTPYKIIii HAacajKa.

ToOto, miaATBepkeHA AOUUIBHICTh CTBOPEHHS 1 Mpane3laTHICTh MPUCTPOIB
JUTsl YTBOPEHHS TIJIOCKO-pajllabHUX CTPYMEHIB BOTHETACHUX PEUOBWH TPH TACIHHI
MOXKEXK 1 3aXUCTY 00’ €KTIB, 10 3HAXOAATHCS MOOIM3y MOXKexki. Taki TUMM HACAKIB 1

CTBOJIIB-PO3MUJIIOBAYIB MOXHA PEKOMEH]JIyBaTH J10 3aCTOCYBAHHS HE TUIbKU MpU
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TaciHHI MOXEX HAa 3HAYHUX BIJCTAHSX BIIKPUTHUX MaWJaHYMKIB, ajle i Ha HEBEIHUKI

JUCTAHIIT B 3aKPUTUX MPUMIIIEHHSIX OyiBEIh Ta CIIOPY/I.

1.2
1.15
1.1
1.05
y’ C1-
0.95
0.9
100

120 2

140 n
100 5 4y
X M 00 5 XLM

Puc. 3.6. I'padik ¢pyHkuii y npu Puc. 3.7. I'padix ¢pyHKUIT y IpU NEpeTHHI
NEPETHHI IUIOUMHAMMU: IUIOIMHAMMU:

X,=33mm, X, =1958mm X,=170x, X, =221n

JI1s1 IpOBENICHHST aHAJIOTTYHUX JOCIIIKEeHb, I10JI0 BUBHAYCHHSI ONTUMATbHUX
(palioHaIBPHUX) TApaMETPiB TEeOMETPii IMIIJIMHHOTO OTBOPY PYYHOTO CTBOJIA
mictojetHoro tuny CP-10 maemo momiOHi jgaHi  BumpoOyBaHb  (Tab:. 3.3).
BukopucToByBaTH Taki CTBOJM 3pYyYHO MPHU TaciHHI HE MacHITAaOHMX TMOXEX B
OyniBisax Ta cropynax [117, 118] 3 BukopucTaHHsAM po3unHiB 3BHYaiitHux BI'P Ta
reneyrBoprotounx ckinagis ['YC (tadmn. 3.4).

Tyr, sk BuaAHO 3 puC.2.3, po3MIp BHUXIAHOTO OTBOPY 3a UIUPUHOIO
perymoerbesa 3MiHOW Kpullok (1) 3 «II»-momiOHMM BHUPI3OM 3 PI3HOIO IIUPHUHOIO
MEpPEeTUHY, a 32 BUCOTOK — TOBIIMHOIO >KOPCTKUX TIACTHH (6), M0 pO3MIIIYIOTHCA
Mix kopirycoM (5) i kputkoro (1).

BpaxoByroun He CKIajgHE TEXHOJOTIYHE BHMKOHAHHS KOHCTPYKIIi CTBOJIA
nicrosnetHoro tuny CP-10, mo momyckae BapitoBaHHS T€OMETPUYHUX PO3MIPIB HOTO
BUXIJTHOTO OTBOPY MPOCTUM MiAOOPOM IIYKAHUX PO3MIPIB, 3p03YMLI0, IO 3 TOYKU

30py EKCTpEeMallbHO1 JabHOCTI 1 IMPUHU OXOIUICHHS (POHTY TOXKEXKI, MOKHA
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CIIPOCTUTH MOLIYK palliOHAIbHUX HapaMeTpiB BUPI3y CEKTOPY 3MIHHOI IJIACTUHU ¢,
Ta ii TOBIMHKM D, KOPHCTYIOUMCH BiZOMHM MPOCTHM METOAOM CIPOO i MOMHIJIOK.

Toni BodeBHMIb MaeMO KOHKYPEHTO 3[aTHI MapaMeTpu TMEpPEeTHHY  BHUXITHOTO

IIUJIMHHOTO OTBOPY BiANOBIAHO nocaiay Ne 14, mpu ¢, = 30° i b=15 mm.

Tabmuns 3.4
JlaHH1 €KCIIEpUMEHTIB 3 MiA00PY pallioHATBHUX MapaMeTpiB CTBOJIA-PO3IIIIIOBaYa

CP-10 npu IBUAKOCTI BUTIKaHHS BOJHOTO PO3UUHY 31 cTBOJda V, =16,2 m/c mix

kyrom 30°
No CE;;;Z Tosmuua b | Bupis ¢° | Janbuicts | lupuna | Yac momaui
B (IIA > | BUpIZY, MM | CEKTOpY | mojadyi, M | mojayi, M | CTpPyMy, C
1 500 0,5 10 4,66 0,4 0,57
2 500 0,5 20 4,65 0,5 0,57
3 500 0,5 30 4,33 0,55 0,53
4 500 0,5 40 4,0 0,6 0,42
5 500 0,5 50 4,0 0,7 0,42
6 500 1,0 10 5,0 0,9 0,62
7 500 1,0 20 5,67 1,0 0,7
7 500 1,0 30 5,7 1,1 0,71
9 500 1,0 40 5,83 1,1 0,72
10 500 1,0 50 6,67 1,2 0,82
11 500 1,5 10 10,6 0,9 1,31
12 500 1,5 20 10,65 1,1 1,31
13 500 1,5 30 10,7 1,2 1,32
14 500 1,5 40 10,5 1,3 1,3
15 500 1,5 50 9,0 1,32 1,11
16 500 2,0 10 8,0 1,0 0,99
17 500 2,0 20 9,1 1,1 1,12
18 500 2,0 30 9,0 1,2 1,11
19 500 2,0 40 9,0 1,4 1,11
20 500 2,0 50 8,0 1,4 0,99
21 500 2,5 10 1,7 1,0 0,95
22 500 2,5 20 7,65 1,1 0,95
23 500 2,5 30 7,4 1,15 0,91
24 500 2,5 40 6,63 1,24 0,81
25 500 2,5 50 6,66 1,3 0,82
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OCHOBHUMHU KpUTEpISIMH OTpPUMaHHS Oa)xaHOro BaplaHTa TeoMETpii
Hacajaka, SK 1 B TMONEPEIHHOMY BHIAIKYy, € JOCITHEHHS SKOMOTa OuIBIIOl
JMAbHOCTI Ta IMHUPUHUA TOJadi CTPYMEHS, IO 3MaTHUN «HAKPUTH» TOXKEKY IO
bponTy.

Taxkum umHOM, N5 3a0e3meueHHs] €()eKTUBHOI MOJadi MIOCKO-paiadbHUX
CTPYMEHIB TeJeyTBOPIOIOYMX CKJAiB BHU3HAYEHI OCHOBHI KOHCTPYKTHBHI
nmapaMeTpH CTBOJIA-PO3MIIIIOBaYa (BHPi3 CEKTOPY KOPCTKOI MIIacTUHU (Po=30° mpu
il toBmHi b=1,5 MM), skuii nependadaeTbCcs BUKOPUCTOBYBATHU I TOjayl
MIJIOCKO-paliaIbHUX CTPYMEHIB T€JICyTBOPIOIOYNX CKJIadiB Ha BiacTaHi g0 10 M, Ta
Hacajka cTtBoja (Bucota 3,3 MM Ta mupuHa 195,8 MM, mo BianmoBigae oOiacTi
paiioHadbHUX TEOMETPUYHUX IMMapaMeTpiB) y pa3l MOXKEKOTACIHHS Ha OLIbIIN

BIJICTaHI.

3.3 ExcniepumenTajibHa nepeBipka eeKTUBHOCTI c10CO0y IMCTAHIIITHOTO
MOKEKOTACIHHA TIeJIEYTBOPIOKYMMH CHOJYKAMH LUISIXOM OiHapHOI moaadvi

KOMIIOHEHTIB BOrHeracHol P€Y0BUHHA

AmnpoOatiist TakTHyHOro npuiioMy auctaniiitHoi nogayi BI'P/I'YC naBicHuMu
CTPYMEHSIMH 32 JIOIIOMOIOK0  €KCIepUMeEHTanbHOI  ycraHoBku AYITYC-M
MPOBOAMIIACS B yMOBax TNOJIroHy. IIpoBeneHi eKCIEPUMEHTH Malld 3a METy
3actocyBaHHa AYITYC-M s qucTaHIITHOTO TaCiHHS MOXKEXK KJ1acy A He TUIbKU
I'VC, ane 1 Bogoro. YMOBU TPOBEAEHHS JOCIHIIIB Oy/IM aHAJOTIyH1 (IJ11 3py4HOCTI
MOPIBHSUTLHOTO aHaizy eextuBHOCTI Bukopuctanus ['YC).

VY mepmriii cepii mocmigiB Ha MojeiabHE BOTHHUINE 1A, po3TamoBaHe Ha
nuctanilii 10 M, B SIKOCTI BOTHEraCHOI pEYOBHMHHM CIIOYATKY MojaBajacs Boja 3 2-X
CTBOJIIB-PO3IMJIIOBAYiB, BCTAHOBJICHUX Ha CIICIIaIbHUX IITaTHBAaX 1 CIIPSIMOBAHUX Ha
BOTHUIIE B CBOIX IUIOIIMHAX MPUIUIIOBAHHS TiJ] PIBHUMU KyTaMH HaXuiIy

a, =a, =30° (puc. 3.8).



Puc. 3.8 I'acinHs MomenbHOTO BOTHUINA 1 A BO/IOIO 3 BUKOPUCTAHHSIM

eKcrepuMeHTanbHo1 ycraHoBkM AYITYC-M
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ITpu pomy, Bucota po3mimeHHs ctBoiiB hy =h, ~h npaktuuyno 36iramacs 3

pIBHEM MalaHYMKa MOJIEIBLHOTO BOTHHINA 1A 3a BUCOTOIO, MPUUOMY TaK 1100 Man

micrie Bci o3Haku cumetpudnoi momaui BIPTYC (o =a,; w,=-w,), mono

pO3TalTyBaHHSIM CTBOJIIB B TUTONTMHI HABEJICHHS HAa BOTHUIIE BCi€1 YCTAaHOBKH.

OtpuMaHni pe3yiabTaTH HaBeieHl B TaOu. 3.5, me Q — BUTpaTH BOTHETACHOI

PCYOBHUHH, A t— yac raciHHSA MOACIILHOT'O BOTHHUIIIA.

Taomurg 3.5

[TopiBHsIBHA OIliHKA €()EKTUBHOCTI TaCiHHS MOJEIHFHOTO BOTHUIIA 32

JIOTIOMOT'OI0 BOJTY Ta TeJICYTBOPIOIOYHX CKIIAIB [6].

I™m 10 m

No I'vc Bona I'vC Bona

, 1 t,C Q t, C , 1 t, C Q,n t, C
1 28 | 344 | 14 94,4 4,3 53,2 8,3 | 86,3
2 34 | 319 | 7,2 65,4 3,4 52,5 7,6 | 90,1
3 2,6 | 424 | 7,3 86,5 3,4 45,6 9 83,6
4 33 | 482 | 7,6 88,7 3,5 60,8 8,1 | 86,3
5 34 | 40,7 | 7,5 91 3,1 55,3 9,3 | 89,5
6 35 | 291 | 85 102,7 3,2 45,9 8,9 | 90,8
7 29 | 36,1 | 7,7 88,5 3,9 48,5 8 80,4
8 3,1 | 293 | 85 73,8 3,5 58,5 95 | 89,2
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[Tpogossxenns Tabmuii 3.5

9 2,8 | 353 8 84,5 3,3 55,4 9,4 | 86,7
10 26 | 432 | 9,2 82,3 4 65,3 76 | 884
11 29 | 395 | 83 63,4 3,5 53,2 8 87,2
12 36 | 356 | 81 66,1 2,9 56,2 98 | 944
13 2,6 39 7,2 68,2 3,4 42,1 8,4 | 858
14 31 | 345 | 8,2 71,2 3,9 46,1 7,7 | 98,4
15 2,7 | 406 | 9,6 91,4 4,1 56 79 | 93,8
16 2,5 | 444 8 87,3 4,2 41,6 8,4 | 89,6
17 2,4 | 33,1 8 81,9 3,4 55,2 8,3 | 94,8
18 35 | 331 | 67 78,7 3,5 54,8 7,2 | 98,3
19 32 | 420 | 8,6 62,2 3,8 61,0 7,7 | 924
20 30 | 510 | 82 73,8 2,7 55,1 99 | 918

2,995 138,17 | 799 | 80,1 | 3,55 | 53,115 | 8,45 | 89,89

0,371 | 5,961 | 0,702 | 11,562 | 0,425 | 6,370 | 0,800 | 4,624

OTtpumani pe3yJabTaTH MO KOXHOMY BapiaHTy TaciHHA, OCKUIbBKHA y KOKHOMY
BUTIAJIKYy BHKOpHCTOBYBaiucs BUOiIpku 3 o0'emom N=20<30, Oynam nepesipeHi Ha
HOPMAJIBHICTh pO3mo ity 3a kputepiem [lamipo-Yinki [111].

JI71s bOTr0, HAPUKJIIAJ, CTOCOBHO J0 Yacy raciHHs MojenbHOro Boruuia ['YC

3 Bigctani 10 M coyaTky Oyiu po3paxoBaHi cepelHe 3HaYEHHS Yacy TaciHHS

n

Z tryci (10.m)

tryc (10 M) = ! n , (3.8)

e t,c —1ac raciHHs I'VC B 1-oMy J10CIIIPKEHHI, C;

CepeaHbOKBAAPATUYHE BIIXUICHHS

n

o, (10)= \/% > (trye, (1020 e (103)F ,  (3.9)

=1

Ta
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n-m, = i(tmi (100) — - (1040) f = 717,54, (3.10)

7€ M,— BUOIPKOBMI LIEHTPAJIbHUII MOMEHT JPYrOro MOPSKY.

Ockinbku  OMIHKA 1,y (10M) € pesymbratoMm 0OpOOKM — HE3aJICHKHHX

CIIOCTEpPEXKEHb, BOHU OYJM pO3TAIIOBaHI B TIOPSAAKY HECHaJaHHS 1 IO3HA4YeHI

cumBonaMu  trye (10m), trye, A0M), ...ty (10m). B Tabm. 3.6 mnpusencHa

BIIOPAAKOBAHA cepiﬂ OTPUMAHUX 3HAYUCHDb YacCy raciHHs MOJCJIbHOT'O BOI'HHMIIIA I'vcCs

BiacTadi 10 m.

Tadomurs 3.6

BriopsigkoBaHi pe3ynbTaT yacy racinas mojenabHoro Boruuma I'YC 3 Bijgcrani 10 m

n 1 2 3 4 5 6 7 8 9 10

tj, C 653 | 61 | 60,8 | 585|562 | 56 | 554|553 | 552 | 55,1

1484 | 62,1 | 59,0 | 29,0
(t__t-)z 952 (832 (522|477 | 435 | 3,94
i 7 7 6 0

n 11 12 13 14 15 16 17 18 19 20

tj, C 54,8 | 53,2 | 53,2 | 52,5 | 48,5 | 46,1 | 459 | 45,6 | 42,1 | 416

21,3 | 49,2 | 52,0 | 56,4 | 121,3 | 132,6
(ti_f)z 2,84 | 001001038

0 1 6 8 3 0
t,c 53,12
c,C 6,37
n-myp 771,02

Takox Oymna oburcnena (auB. Tab61.3.7) mpomixkHa cyma S 1o Gopmydi:

k
S=> 8y i (e — 1) =2679, (3.11)
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ne k — innmekc, skuii Mae 3HavyeHHs Bix 1 mo n/2=12; a, ;,,— xoedilieHrT,
KU Ma€ cremiagbHl 3HaueHHs JUIst 00csATy BUOIpKHU n (Mioro 3Ha4YeHHS, 1110 HaBeAEHI
B Tab1. 3.7, B3aTi 3 T26:1.10 [111]).

Tabmums 11 [111] mna  piBEs  3HaummocTi o=0,05 Ta n=20 nae

3HaueHHI\W =0,905. OckiabKku

maobn

s* 71754

W = 5 =
n-m= 771,02

=0,931>W

mabn

=0,905, (3.12)

po3noin y BiamoBigHOCTI 10 [111] BBaskaeThCsi HOPMAIBHUM.

Tabmuus 3.7
VYnopsinkoBaHa cepisi OTpUMaHUX 3HAY€Hb Yacy raciHHsA MojaenbHoro Borauma ['YC 3

BixcrTadi 10 m

k c t .c ey L € a An-tet”
20k < e " Nkt '(t(20—k+1) _tk)
1 2 3 4 5 6
1 65,3 41,6 23,7 0,4493 10,648
2 61 42,1 18,9 0,3098 5,8552
3 60,8 45,6 15,2 0,2554 3,8821
4 58,5 45,9 12,6 0,2145 2,7027
5 56,2 46,1 10,1 0,1807 1,8251
6 56 48,5 7,5 0,1512 1,134
7 55,4 52,5 2,9 0,1245 0,3611
8 55,3 53,2 2,1 0,0997 0,2094
9 55,2 53,2 2 0,0764 0,1528
10 55,1 54,8 0,3 0,0539 0,0162
S 26,787
s° 717,54

Pospaxynku, ananoriudi (3.8)-(3.12), Oynu BUKOHaHI TaKOX [JIsl aHAJI3y

BHUTpPAT BOTHETACHO1 pPCUOBUHHU Ta YacCy raciHHs MOJICJIBHOT'O BOTHHUIIIA Y
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BIIIOBIIHOCTI 0 BUXIJHUX HAHUX, [0 HaBelIeH1 B Ta0a. 3.5. BoHum mokasanu, 1o
OTpUMaHi pe3yJlbTaTH PO3MOMALICHI 3a HOpPMadbHUM po3nonaiioM. lle mo3BonmiIo
NEPEeUTH 10 TEPEBiPKH, HACKUIBKH 3HAYUMO PI3HATHCSA CEpeHI 3HAYCHHS BUTpAT
BOTHETACHOI PEYOBMHM Ta Yacy TaciHHA MOJEIBHOTO BOTHHMINA, OTPHUMAaHI TIO
HE3aJICKHUM BHOIpKaM, BUKOPUCTOBYIouH t-kpurepiii CteioaenTa [107].

B oMy BumNaAKy, HAMpUKIaA U CUTYallii, KOJM TOPiBHIOETHCS Yac TaciHHS
MOJICJTBHOTO BOTHHIIA 3 BificTaHi 10 M, po3risianack rinoresa

Hy: t-(10m) =%, , (10m) (3.13)

600a

Ta 1i aJbTepHATUBA

H,: t-@10m) =t ,,(101m), (3.14)
sIKa JOBOJAUTH BIIMIHHICTh CEPEIHIX 3HAUYCHD.
3 MeTor BHOOPY KOHKPETHOI METOAMKH pO3paxyHKy t-kpurepiro [110]
croyatky OyJjia mepeBipeHa TinoTe3a Npo PIBHICTh JUCHEPCIH. Y SKOCTI KPUTEPIIO

JUTSL TIEPEBIPKU HYJTb-TIOTE3U

HO . O-I—'.VC (1OM) = Ggoda(lOM) (315)
OyB 00panmii F-kpurepiii
2 6,37
F=9%/,="""-138, 3.16
oy 4,62 (3.16)

e o-f — OlIbIIIa 3 OIIHOK TUCTIEPCii B IBOX BUOIPKAX.

[Tpu nboMy kpuTHuHe 3HaueHHs F_, ske mpu piBHI 3HaumMocTi o = 0,05 Ta

Kp?

YHCJIi CTYTIEHIB CBOOOIU
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Orye (10.40) =Ny —1=19, 1) 1=19, (3.17)

BOJA

(A0m)=n

6o0a

ae Ny =N, ,,=20— KIIBbKICTb €KCIIEPUMEHTAIbHUX PpE3yJbTATIB, B SKUX

OILIIHIOBABCI 4Yac TaciHHA MOJEJbHOro BorHuina 3a momnomororo ['YC Ta BOan

BIJIMOBIHO, IOPIBHIOE

F, = Frasn = 215. (3.18)

Kp m

BumHo, 1110 B pO3TISHYTHX BUIAAKAX MTPABOMIPHOIO BU3HAETHCS HYJIb-TIOTE3a
(3.14) Ta nomycka€eThCsl PiBHICTD JUCIICPCIH IT1/1 Yac TaClHHS MOJICIBHOTO BOTHHIIA 32
noromoror I'YC ta Bogu.

Buxonsuu 3 mporo, cranaapTHa nomwika pizHuni S,(10.m), 3 ypaxyBaHHIM

TOTO, 10 BUOIpKKM Masoro po3Mmipy (<30), Ta 4YUCIO CTYIEHIB CBOOOIM U TIpH

OOYHCIIeHH] t-KpUTEPit0 po3paxoBytoThes [110] HacTymHUM YMHOM

S, (10) =
:\/(nFYC _1)'0-123/C+(n600a_1)'o-(§00aa.( 1 + 1 j:
nTWC'+_n800a__2 nTVC ngoda (3.19)
2 2
_ [(20-1)-6,37% +(20-1)- 4,62 '(i+ij _176:
20+20-2 20 20
N, imo+ Mawnia— 2 = 38. (3.20)
B pesynbrati
t(0m)—t . (10 53,12 -89,89

tHa6fz = ‘ WC( M) 606‘1( M)‘ = ‘ ‘ :10,91 (321)

S (10.m) 1,76

OCKIIbKH
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t . =1091>t _(a=0,05)=204, (3.22)

mab

MO>KHAa TOBOPHUTH, IO MpHu piBHI 3HauuMocTi 0=0,05 pe3ynbTaTu, OTpUMAaHHI
M dYac TaciHHA MOJeNbHOro BoTHHMmA 3 Bimcrani 10 M Bomoro Ta ['YC
BIJIPI3HSAIOTHCA.

AHasioriyHuM 4uHOM Yy BianoBigHocTi 10 (3.13)-(3.22) Oyna mepeBipeHa
BIIMIHHICTh y BHUTpaTax BOTHETAaCHOi CyMIIIl Ta yacl TaciHHS Yy BiAMOBIAHOCTI A0

BUXIJIHMX JaHUX, Kl HaBeleH1 B Tabin. 3.5. B y3aragpbHeHOMY BUIUISAI OTPUMaHi

pe3ynbTaTH HaBeAeHi B Ta0m. 3.8.

Tabnuusg 3.8
Pe3ynbraTn nepeBipku €(heKTUBHOCTI CIOCOOY AUCTAHIIMHOTO TOKEKOTACIHHS

Ir¢JICYTBOPIOIOYHUMHU CITIOJIYKaMH HIJIAXOM 61HapHOl noz[aqi KOMITOHCHTIB BOTHETacHOI

PEYOBHHHU
I m 10 m
i t,C , 1 t, C
I'VC | Boga | ITYC | Boma | I'YC | Boga | I'YC | Bona
X 2,995 | 7,99 | 38,17 | 80,1 3,55 | 8,45 | 53,115 | 89,89
G 0,371 | 0,702 | 5,961 | 11,562 | 0,425 | 0,800 | 6,370 | 4,624
F a6 2,15
Fiagn 1,89 1,94 1,88 1,38
BucHOBOK Ho Ho Ho Ho
traon 2,04
. 28,15 1,93 2,27 10,91
BucHOBOK H, H, H, H;

AHani3 pe3ynbTaTiB, 110 HaBeleHl B Ta0i.3.8, moka3ye, 0 BIAMIHHICTD y

BUTpaATaX BOTHETaCHOI CyMIIIIl Ta Yaci TaClHHA € CYTTEBOIO.
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Takum umHOM, 3 piBHeM 3HaunMocTi a=0,05, po3paxoBaHHM 3a KpUTEpiEM
CrplofieHTa, pe3yibTaTH TAaCiHHS  MOJEIBHOTO BOTHMINA 3a  JIONIOMOTOIO
pO3pO0ICHOTO0  CMOCO0Y  JTUCTAHIIMHOTO  TMOXKEKOTACIHHA — TI'eJICyTBOPIOIOYHMH
CTIOJyKaMH [UIIXOM OiHapHO1 TMOjadi BOTHETaCHOI PEYOBMHH € KPAIUMH, HIK Y
BUTAJKY TaCiHHS MOJICITHPHOTO BOTHHINA 32 JOTIOMOTOIO BOJH, IIIO MiATBEPIKYE HOTO

e(eKTUBHICTb.

BucHoBKM 10 TPeTHOMY PO3aiLy

1. 3 wmamitnictio 0,95 nms mpoBeneHHSI OCHIKEHb MO0 €(PEeKTUBHOCTI
OlHapHOT TMOJayl TeJCyTBOPIOIOUMX CKJIAIIB JO OCEPEAKY TMOXKEXKI MOXKHA
BUKOPHUCTOBYBATH TifihapOoBaHy BOAY.

2. Jlns 3abesmeueHHs e(EKTHBHOI MOAadl IUIOCKO-PaJialibHUX CTPYMEHIB
reJICyTBOPIOIOUMX CKIIAJIIB BH3HAYEHI OCHOBHI KOHCTPYKTHBHI MapaMeTpu CTBOJA-
po3nuiitoBaya (BUpi3 CEKTOPY KOPCTKOI MIIacTUHU p=30° mipu ii ToBuIMHI b=1,5 MM),
SAKUN Tiepen0ayaeThCcsi BUKOPUCTOBYBATH IS MOJadl IUIOCKO-PaialiIbHUX CTPYMEHIB
reJIeyTBOPIOIOYMX CKJIaiB Ha BifcTaHi A0 10 M, Ta Hacaaka ctBosa (Bucorta 3,3 MM
Ta mmpuHa 195,8 MM, 1m0 BiAMOBiae 00JaCTI palliOHAIBHUX TE€OMETPUUYHUX
napameTpiB) y pa3i MoKeKOoraciHHs Ha OUIBIIINA BiJICTaHI.

3. 3 piBHeM 3HauumocTi a=0,05, po3paxoBanum 3a kpurepieM CTbIOJEHTA,
pE3yJIbTaTH TACiHHS MOJIETFHOTO BOTHHMINA 3a JOMOMOTOI0 PO3POOJIEHOT0 CHOCOo0y
JUCTAaHIIAHOTO TMOXEXKOTaCiHHS TeJCyTBOPIOIOYMMH CIOJIYKaMH IUIAXOM OlHapHOi
Mo/Iaul BOTHETACHOI PEUOBMHU € KpAIMMHU, HDK Yy BUNAAKY TAaCIHHS MOJEIBHOTO

BOTHHUIIA 32 IOTIOMOT'OK0 BOJIH, 110 MIATBEPIXKYE HOTO €(PEeKTUBHICTD.
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PO31J1 4. BAPIAHTHU BITPOBA/KEHHSA OTPUMAHUX
PE3YJIBTATIB

4.1 TakTuuHe 3a0e31eYeHHs nonaqi BOTHEracHoi p€I0BUHMA YCTAHOBKOIO

AYITYC-M

[IpakTiuna peanizanis po3risinyTux npuitomi nonadi BI'P/I'YC na ocepenox
MOKEeXK1 Majlo Ha yBasl BTUICHHS PO3POOJICHUX TEXHIYHUX PIIICHb B KOHCTPYKIIIIO
HOBO1 MOO1TEHOT ycTaHoBKH AYITYC-M (AOHATOK 3). [lo Toro x a0 Hei, Tak
caMo SK 1 J0 1HIIUX MOAIOHUX YCTAaHOBOK IOXKEXOTaciHHs 3 BUKopucTaHHsIM [YC,
NOTPiIOHE 1 TAKTUKO-TEXHIYHE 3a0€3IMEUEHHS, IO XapaKTepU3y€e PYyX PO3MUICHHUX
ctpymeHiB BI'P/I'YC B moBiTpi, B 3aJ€XHOCTI BiJ NapaMmeTpiB 3aBAaHb, IO
BIIHOCATBCA 1O KOHKPETHHMX BHMAAKIB TAaCiHHS IOXKEXK 1 3aXUCTy OO0 €KTIB, SKi
3HAXOAAThCA Topyd. Hampukiaza: MoxeKoraclHHA HaBICHUMHU CTPYMEHSMH a0o
«IIPSIMOY» CTIPSIMOBAHO iX T01aYEIO.

Crig BIAMITUTH, IO PO3TIISHYTI B POOOTI BapiaHTH BUKOPUCTAHHS YCTaHOBOK
tuny AYITYC nns moxkexoraciHHsl BiJIoOpakalOTh peajibHI CHUTYaIlll pO3TIIsay
MOXKEX, J& MOXe mependadaTucss BUKOPUCTAHHSA KOMIT'IOTEPHOI  OaTiCTHUKU
[119, 120]. Tyt po3paxyHKOBHM IUIIXOM MOXYTbh OTIEPAaTHBHO BCTAHOBIIIOBATUCS, HE
TUIBKH TpaekTopii pyxy mnoTokiB ctpymeHiB BI'P/I'VC, ane 1 Ha gxkoMy NEBHOMY
eTarl HaJ/Iiepea OCepeIKOM TIOXKEXK1, MOYMHATH 3MilTyBaHHs KommnoHeHTiB ['YC 3
YTBOPEHHSIM TeNI0, SKUM HaKpUBa€ 00’ €KT MOMXKEKOTaclHHA Biapa3y, ado JOKami3ye
HOTO0 MOCTIJOBHO HAa KOXKHIM OKpeMil TUISHIIL.

VY KOXHIN 3 PO3TISHYTHX B PoOOTI 3ajay, SKi MOXHA BIAHECTH 10 Teopii
NPUUHATTS pillieHb, KepiBHUKOM racinHs mnoxexi (KI'TI) mae nabGip anmbrepHaTuB
MOXKEeKOTACIHHS, 10 3aiexaTh Big KoHkpetHux nid 3 AYITYC-M. Ckazane, B
TE€pMiHaxX Teopii IPUUHATTS pillieHb, GOPMYIIOETHCS HACTYITHUM YHHOM.

VxBanenns pimenHss KI'TI — me npouec BHOOpY OIHIET 3 MOKIMBOCTEH
(amprepHatuB — A, 1=12,3,...) HaIBHUX pEKOMEHJAIliil KOPUCTYBaueBi TEXHIYHUX

3ac00iB, MICIs peami3allli SIKUX, JHOCATAEThCS KOHKPETHUU Pe3ynbTaT (BUXIT — Ij,
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1=12,3,...). AGo iHaKIIe: aJbTEPHATHBH — L€ Ta OC3JIi4 MOKJIMBOCTEH, 3 SIKUX

BUOMPAIOTh, a BUX1J — 1I€ TOM pe3yabTaT, KU MOXe BUHUKHYTH TIpU BHOOPI Ti€l un
1HIIIOT aJbTePHATUBH.

Skuit 3 pesynpTarie |

HacTaHe NMpU BHOOpPI KOHKPETHOI aJbTepHATHBH A,
MO>KHa BH3HAUUTH B PE3yJIbTaTi PO3B’SI3yBaHHS KOHKPETHOI 3ajayi aHamizy. ToOTo
¢dbyHKIisS peani3ailii BCTAHOBIIOE BIAMOBIIHICTE MK peasli30BaHOI0 MOKJIHMBICTIO
(3rigHO 3 TPUHHATOIO aJbTEPHATUBOIO) 1 OJIEP)KAHUM B PE3yJNbTaTl MNPUUHATTS
pillIeHb HACTIAKOM (3T1IHO 3 pe3yJabTaTaMH pO3B’sI3yBaHHS 3a7a4l aHATi3Y).

®opmu onucy (PyHKIIN peamizailii 3 MaTeMaTUYHOTO aHaNi3y PI3HOMAHITHI.
30kpema, B 3aj1a4ax JOCIIKEHHs orepaliiii 1 Teopli NpUHHATTS pillieHb QYHKIISIMU
peamizaiiii, MOXe CIYXUTH YIHOPSAIKOBaHHM HaOlp — CIHUCOK BCIX PO3B’SI3KiB,
3HAMJIEHUX Ha eTanl aHal3y Yy BHIJISAl TaOnuib, TpadikiB, aHATITUYHHX
3aJIEKHOCTEM, OTPUMAHUX TEOPETHUYHO a00 EeKCHEepUMEHTaIbHO. JlaHui pe3ynbTar
MOXKHA TPEICTaBUTH Yy BUIIISAAL Tpad-cXeMH, SKICHO peasiizoBaHOi (yHKIIT IIiii,

BigHOCHO noavi BI'P/I'YC naBicHuMu a00 nMpsAMOTOYHUMH ITOTOKamHu (puc. 4.16).

/ :
' -
e‘i&‘
(5 .
2 TIpAMOTOUHE T10/1aBAHHS 06 @
SN - = TOXKEKOTACIHHS
e W2 > N .

a) 0)

Puc. 4.1 I'pad-cxema npuiHATTS pimieHHs moa0 Bapianty nogadi BP/I'YC a) uasicua
YU «IIPSIMO» CTIPSIMOBaHa 1ojjaua CTPyMEHIB Ha 00’ €KT Mokexoracinus; 0) rpad-cxema 3aB/iaHb
TMPUAHSTTS PIIICHB 3 MOXKEXKOTaCIiHHS: «+1» — MeTa TocsaTHyTa (TOKEeXKY JTiKBiToBaHO); «O» — MeTa
Y4acTKOBO JOCATHYTA (JloKamizais); «-1» — Mera He focsruyra (Jiokasizallis He JOCATHYTA);

I =1, 2,3, ... — noBHwuii nepenik ansrepHatus, 3 skux KI'TI BubKMpae, npu BAKOPHCTaHHi

AVITYC-M
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SIkicHu# aHai3 GyHKI[IOHAIBFHOTO 3B’ 513Ky MIXK albTepHATUBAMU 1 HACIHIIKAMU
BHU3HAYAIOTh TaKi y3arajibHEH1 MOKA3HUKU:

—  «l41» — 61napuumii notik BI'P/I'YC nakpuB emineHTp moxkexi B Toull £ 3
KOOpAMHATaMHU (X,Z);

— «lp»p — TOTIK CTpyMEHIB HE NOTpanuB B CIMIIEHTP, ajie OMUHHUBCI Y
MIEPUMETPI MOKEXKI;

—  «l.p» —notik BI'P/I'YC B3arani He moTpanuB Ha IJIOILY MOMXKEXKI.

PazoM 3 1M, K BHMILIMBA€ 3 aHai3y B)KE PO3IJISHYTHX 3aBAaHb (po3ain 3),
BUpa3u Buriasaay (4.1) 103BOJIAIOTE OTpUMATH TOBHUM CIHMCOK CIIiBBIJHOIICHB,
KOOpPJIMHAT aJbTEPHATUBHUX TPAEKTOPIA CTPYMEHIB B MPOCTOPI, B 3aJIE€KHOCTI BiJ
MOTOYHOTO Yacy 1 XapaKTepHUX BIACTUBOCTEH TaKTHMYHUX 3aBJaHb, HAIPHUKIA
napameTpa @ — KyTa Haxujly CTBOJIB YCTAHOBKHU HaJ TOPU30HTOM Ta 1H.

MareMaTnyHO, yCl TaKTHYHI 3aBJAHHS y3araJlbHEHO MOXKYTh OyTH OIHCaHi

PIBHAHHSIM:

max K(a, Ly, P,d,h...) (4.1)

ne K — sixicHa niiboBa (hyHKIIIS, sIKa «IIpo0iraey 3HAUYCHHS:

+1 , AKIIIO HmoXKerKa JIIKB1JOBaHA ;
K=< 0, sxmo ocepeaok JOKaJIi30BaHO;
—1 , K110 MeTa He AOCATHYTA.

HexepoBaHi mapameTpu 3aBlIaHHS, 3aJal0ThCsl KOHKPETHUMH TMOKa3HUKAMMU:
P=const — Tuck B ycraHoBmi, h — piBeHb BHCOTH 00’€KTa IOXKEXKOIraCiHHS;

Lo — Ly, =d — riubuHa onpartoBaHHs MU0 TOXKEXKI.

KepoBannmu 3miHHUMH OyIyTh: & — KyT Haxuiy; L — Bigctans Big AYITYC-M

10 00’exTa nmoxkexxoracinas. Ha iX 3MiHy HakJIa1ar0ThCsl OOMEXKEHHS
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O0<a<90°% Ly, <Ly <Ll (4.2)

ne L., — MiHIManpHa BiAcTaHb HaOmwkeHHs ycraHoBkM AYITYC-M no
00’€eKTa mokexxoracinus, L., — MakcuUMasbHa BiJCTaHb, Ha Ky MOXHA BIJJAIUTH

YCTAHOBKY B1J] 00’ €KTa MOYKEKOTaCIHHS.

3po3ymiiio, MO CUTYaIiHO OOyMOBICHI OOMEkeHHS (4.2) BH3HAYAIOTHCS B
XOJIl PO3BIIKK MOXEXi. Pa3oM 3 MM B KOXHIA 3 PO3MNIAHYTUX 3a/lad JI0JIaTKOBO
BBOJISITBCSA CBOi crnernudivydi mapamMeTpd, BJIACTUBI TOMY UM 1HIIOMY 3aBJaHHIO,
HaIPUKJIa], JaHl PO 0OCTAHOBKY MOXKEX1 (METEOPOJIOTIUHI YMOBH Ta 1H.).

Takum uywmHOM, BUOIp BapiaHTy (HaBiCHOI a0O0 MPSAMOTOYHOI) MOyl
reJICyTBOPIOIOYUX CKIIAJIB 3I1MCHIOETHCS MIJISXOM BHOOPY PIIIEHHS 3a JOMOMOTOIO
rpad-cxemMu, 110 SIKICHO pealizye PyHKIIIi 0OpaHoi 111, 3 ypaxyBaHHSAM CUTYyaI[IHHUX

0oOMe)XeHb, BU3HAYEHHX B XOJI1 PO3BIJIKH MOMXKEXKI.

4.2 O6rpyHTYBaHHS NPONO3MLiil 11010 HABICHOI MOJa4i rejieyTBOPHOIOYHNX

CKJIAJIB

[I1o6 3a70BOJILHUTU TAKTHUKO-TEXHIYHOMY oOOMexeHHI0 (4.2) mpu mojadi
BI'P/I'YC HaBiCHUMHM CTPYMEHSIMU Ha TMOXKEXOTaCIHHs, HEOOXIJHO pO3TalllyBaTu
YCTAaHOBKY Ha HeoOxigHii Biactani L(e«,w,h,a) 1 BHCTaBUTH BIANOBIAHO [0
TpaekTopii mapamerpu: h=h,=h; g =, =a; a,=—a,=a;, y, =y, =y.

besnmiu  pimeHb MBOTO  TAKTUKO-TEXHIYHOTO 3aBAAHHSA IS THIIOBOTO

MOJIeNTbHOTO BOTHHIIA 1 A TipecTaBieHo B Tabmmii 4.1. 1 Ha puc. 4.2.

Tabmuus 4.1

Pesynbratu pimenns 3agaydi nogayi BI'P/I'YC y Touky enineHTpy noxexi £

Kyt nignecenus o 30 40 50 60 70 80 89 90

Tucrannis Lo(a),m | 97 | 85 | 71 | 53 | 34 | 28 | 1.2 | -
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SIk BUOHO 3 pUCYHKY, MpHIUIbHO HamnpaBuTtu cTpymeHi BIP/I'YC Ha
TOPU30HTAILHO PO3TAIIOBAaHY Ik B TOYIll E emineHTpy BOTHHUINA MOXHA
po3ranryBaBii yctaHoBKY AYI'TYC-M Ha HecKiHYEHH1 MHOKHMHI TUCTaHIINA L .

TakTuka BeneHHS ONEpaTHUBHUX i B I[bOMY BHIIAJKy AUKTYE HACTYIHUHN
MOPSIJIOK iX BUKOHAHHS:

1) Ha miAcTaBli JAaHUX PO3BILAKK TMOXEKI MaemMo 1H(OpMALI0 PO
METEOPOJIOTIYHI YMOBH, T'€OMETPII0 BOTHHUIA Ta 3HAYCHHS IHIIMX HEKEPOBAaHUX
napameTpiB 3aB/IaHHS;

2) BpaxoByIOUH penbed micueBocTi BuOupaerbes nosuiist st AYITYC-M i
3HaXOJAThCSl MPUNUHATHI 3HaUeHHs L , Ta 1HII1 HEOOX1IHI MapaMeTPH 3aB/IaHHS.

3) Ha iX mifcTaBi BU3HAYAETHCSA HCOOXIIHUN KYT « .

/ A
2 E /// \\\
1 +¢ Ll R
A & X - / \\\I
_// / —
a / —_—
s / =
/ ===
, / =
) / _ [ [ T
K ./5,_ a S~ alo mi:I
, AR | S

Puc. 4.2 Beengenns oOMexeHb 1 HOMOrpama J1o 3ajadi 4 — mojiaya moToKy

BI'P/I'YC B TOouKky Ha piB€Hb OBEPXHI MOJAEJIBHOTO BOrHUIIA 1A
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Skmo BUSBHUTHCS, IO TAKOTO 3HA4YCHHS KyTa B Tabmuii 4.1 Hemae, Tomi
BijicTaHb BiJ ycTaHOBKU AYITYC-M 5o Micus 3aropsitHHs KOPHUTYEThCS 3 YMOB
0COOIMBOCTEN MiCIIEBOCTI.

Tob6to, mpu 3actocyBanHi AYITYC-M nns mokexoraciHHS HaBICHUMH
CTPYMEHSIMH, TOJIOBHE II1JIbOBE OOMEXKEHHS OOYMOBJICHO THM, I00 CTpyMeEHi
BI'P/I'YC moTpamisiin y TJIOMKMHY MOXexl (0axxaHo OJIM3BKO 10 EMiLEeHTPY) 3

TOYHICTIO 10 JAedkoro Al,, ToOTO BHUIAAKH, KOJIM OCBOBl JIIHII CTpyMEHIB

BHUXOJIATH 32 30HY BOTHUIIA MMOXKEXK1 (KHETOJIT) — «IEPETIT») HE PUITYCTUMI:

Y'+AL =L, (4.3)

7€ 3HAK «+» BIANOBIJA€E CUTYAIlli «HEAOJbOTY» YU «IEPEIbOTY.

Amnpo6arisi TakTHUYHOro TpudoMy gucrtaniiiHoi mnomaui BIP/T'YC
HAaBICHUMH CTPYMEHSIMH 3a JONOMOIOK  €KCIEPUMEHTAIBHOI  YCTaHOBKHU
AYITYC-M npoBoaunacs B ymoBax noiirony. IlpoBeaeHi Ha modiroHi
EKCIIEpUMEHTH Manu 3a MeTy 3actocyBaHHa AYITYC-M nns aucTasIiiiHoro
raciHiHs noxex kiacy A He Tuipku ['YC, ane 1 BOAoK0. YMOBU NpPOBEICHHS
JTOCHIAIB Oyl aHAJIOTIYHI (JJIs1 3pYYHOCTI MOPIBHSAJIBHOIO aHai3y €(pEeKTUBHOCTI
Bukopuctanss ['YC).

VY nmepmiiii cepii gochiiiB Ha MojedbHE BorHuine lA, po3TamioBaHe Ha
nuctaHiii 10 M, B IKOCTI BOTHETaCHOT pEUOBHMHM CMOYATKY IOJIaBajiacsi Boja 3 2-X
CTBOJIIB-PO3MUJIIOBAaYiB, BCTAHOBJIEHUX Ha CHEI[IaIbHUX IITAaTUBAX 1 CIPSIMOBAHUX

Ha BOTHMIIE B CBOiX IIOHMIMHAX NPHULIIIOBAHHA IiJ PIBHUMM KyTaMH HaxXuiIy
0 . .

o, =a, =30 (puc. 4.3). Ilpm dYomy, BHCOTa  pO3MIIIEHHSA  CTBOJIB

h, =h, = hnpakTuuno 30iranacs 3 piBHeM MaiijaH4YMKa MOJEJIBHOIO BOTHMIIA 1A

3a BHCOTOIO, MPUYOMY Tak, MO0 Maiu MiCIle BCi O3HAKU CHMETPUYHOI TMmojadi

BIPTYC (o =a,; y,=-,), WOAO pPO3TALIyBAHHSIM CTBOJIB B IUIOLIMHI

HaBEJICHHS HAa BOTHHUIIE BCi€1 yCTAHOBKH.
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Puc. 4.3 T'acinHs MOIeIbHOTO BOTHUINA | A BOJIOIO 3 BUKOPUCTAHHSIM

excriepuMenTaibHoi yctaHoBKM AYITYC-M: a) nokanizailisi BOTHHILA 3arOpsiHHS;

0) JmiKBigaIis TOPiHHS JOIaATKOBUM TaCIHHIM

B pesynbrari AUCTAHIIHHOTO TaciHHS BOJIOI0O MOJEIHLHOTO BOTHHINA BIAJIOCS
JIOKaTi3yBaTH TOPiHHS 3a 4ac mopsaky 1 xB. [lpu mipomy Oys0 BUTpavYeHO KOKHUM
CTBOJIOM Boju mpubau3Ho 1o 3 mitpu. B Hactymni 30-35 cekyHna, moxkexy Oyio
MOBHICTIO JTIKBIJIOBAHO JOJIaTKOBHM TaCiHHSM BHYTPIIIHIX TOPOXHHWH YKJIaJICHOTO
mTabeIto IePEeBUHU 3 BUKOPUCTAHHSM ITiITOTOBJICHOT (3araJIbHO MMPUHHATOIO B TAKUX
BUIAJIKaX TAaKTHKOIO TaciHHs) paHieBoro ycraHoBkow AVITVYC. VYV napyriit cepii
JOCTIIB Ha TaKe > MoOJelbHe BOTHHUINE 1A, TakuM K€ YWHOM I10JiaBajIuCs

xommoneHtu ['YC (puc. 4.4).

a) 6)
Puc. 4.4 T'acinns Borauma 1 A: a) nokanizanis Npy JUCTaHIIMHIN M0a41 KOMIOHEHT

I'VC na 10 m; 6) nikBigarilisi TOpiHHS J0JIaTKOBUM TaCIHHSIM
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[TopiBHSHHS TaHUX EKCIIEPUMEHTIB TTOKA3aJ, IO B pa3l JUCTAHIIAHOI MOaayi
TeJICYTBOPIOIOYOTO CKJIIATy (3aMiCTh BOIM), 3’SIBISIETHCS MOXKIIMBICTH JIOKAi3yBaTH
BOTHUIIE B JIBA pa3M IIBHIIC. A 3aBEPIICHHS TaCiHHS BOTHHUIIA MOKHA MIPOBOUTH 3
BUKOpPUCTaHHAM paHleBoi ycTaHOBKM AYI'TYC 3anpaBieHor0 BOJIOIO.

TakuMm 4yuHOM, TiJ Yac TAaciHHA HABICHUMHU CTPYMEHSMH IS TOTPAIUISHHS
BOTHETACHOI PEUYOBHHU Y IUIOMIMHY IMOXKEXKI HEOOXITHO HE TOMYCTUTH BUX1JT OCHOBUX
JIHIA CTpyMEHIB 3a 30HY BOTHHINA TMOXEXi, MPH LbOMY IMOXEKOTAaCIHHSA 3
BUKOPHUCTAHHSAM T€JICYTBOPIOIOYUX CKJIQJIIB € BJABIYl €()EKTUBHIIIUM Y MOPIBHIHHI 3

raciHHSM BOJIOKO.

4.3 Po3poOka pexoMeHAalliii CTOCOBHO «IPSAMO» CHPSMOBAaHOI moaayi

BOIHET'aCHOI PEYOBUHHU

[Hma TakTMyHa 3aJaya  — [pUIUIBHA [ojada OlIHApHOTO  MOTOKY
TeJIEyTBOPIOIOYNX CKIIAJIB «IPSIMO» CHIPSMOBAHO HA BEPTUKAIBHO PO3TAIIOBAHHMA
00’€KT TIOKEKOTACIHHS 3 JIOCUTh ONU3bKOI BIJCTaHI, HANPHUKIAT, B KUJIOMY
NPUMILIEHH] HAa MEOJIEBY CTIHKY, IIO TOpUTh. TyT, BHUCOTa PO3MIIIEHHS CTBOJIB

h,=h,=h npu nomaui BI'P/T'YC «mpsiMol0 HaBOAKOIO» (B CHIIy BiJHOCHO

HEBEJIMKMX B1JICTaHEW) ICTOTHO HE BIUIMHE HA KPUBU3HY TPAEKTOPINA CTPYMEHIB, TOMY
1o nepenrkoa (00’ €KT MOKEKOTaCIHHS ) BUHUKAE HA YACTHHI TPAEKTOPIi CTPYMEHIB,
KOH(Dirypamis Sskux OJM3bKa 10 NPSIMUX JIHIA. Y 3B’S3KY 3 MOXJIMBUM XapaKTEpOM
noji (MOTparIssHHS B €MIIEHTP BOTHUINA TOuky F), B Bumaaky nomadi BI'P/T'YC
OpsIMO  CIIPSMOBAHUMH CTPYMEHSIMH, BHHUKA€ HEOOXIHICTb YTOYHUTH JIESIKI
TakTU4H1 ocobynmBocTi. Hanmpukian, skuii Bigcotok nogadyi BI'P/I'YC nuckpetrHumMu
CTpyMEHAMH  (SKIIO TaKUi TAaKTUYHUN TPUHAOM  BUKOPUCTOBYETHCS  IPHU
MOKEKOTACIHH1) B CEPeIHbOMY Oy/1€ YCIIIIHUM?

SAxuX clij BXXUTH 3aXOJiB JJi1 3MEHIIeHHs Tuion poscitoBanHs BI'P/T'YC Ta
IHII TIMTaHHA, [0 XapaKTepU3yIOTh OYIKyBaHWM MO3UTHUBHMUA pe3yibTar? Bce e,

B3aralii, OB’ s13aHO 3 IPUPOJIOI0 CTOXACTUYHHUX TpotieciB [121].
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Jlnst Toro mo0 gaTy HAa MOAIOHI 3amUTaHHS BHYEPIHI BIAMOBIII, MOTPIOEH
OKPEMUI pO3TJIsil SIBUIL PO3CIFOBAHHSA 3 TOYKU 30PYy CTATUCTUYHUX 3aKOHOMIPHOCTEH,
BIacTuBUX iM. ToOTO, Tpeba J0IaTKOBO JOCIIIUTH 3aKOH PO3MOIITY TOYOK («IIISIM))
nomagaHHs OiHapHUX TOTOKIB B IIb, 3’SICYBaTH BHUIIAJKOBI YMHHUKH, IO
BU3HAYAIOTh MAapaMeTPU pO3CIIOBAHHA, MOPIBHATH iX MK COOOI0 3a CTYIEHEM
BaYKJIUBOCTI.

Tak, MoxHa OUIKYBaTH, L0 ISl OTPUMAHHS HAMKpaIIUX pe3yNbTaTiB MpHU
noaaul OiHapHux notokiB BI'P/I'YC B 3amaHy TOYKYy BEpPTHKaJIbHO PO3TAlIOBAHOI
it pyx cknanoBux noroky BI'P/I'YC Oyzae BinOyBatucs 3a TpaeKTOPisIMH B Mexax
MEePIIOTO eTaly iX napadomvHoro pyxy. ToOTo, Koau TpaekTopis 0JM3bKa 10 IPsIMOi
niuHii (momaua BI'P/T'YC BinOyBaeThes npsiMo cipsiMoBaHO). B 1niboMy BUmajnky, s
3a0e3MeUeHHs MonajaHHsl OIHAPHOTO MOTOKY B LLIb (EMILEHTP 3aropsiHHs ), OBUHHI
OyTH BIIOMHUMH 1 KyT « 1 BiACTaHb L,, a Takox Aeskl 1HII HMOBIpHI NMapaMmeTpu
3a/1a4l IpU NPUUAHATTI piieHb 3 BUkopuctaHHsiM AYITYC-M. Toai, KO BiIOMO
napameTpH po3citoBaHHs pH HanpaiieHHI oToky BI'P/I'YC B Touky E .

CKOpHUCTaBIIUCh KIACHYHUM MAaTeMAaTHYHUM arapaTroM, HEBaXXKO BU3HAUYHUTH
MaTeMaTHYHE OYIKYBaHHS 1 CEpEAHBOKBAJAPATHYHE BIAXWICHHS BUIAJAKOBOTO
3HAUCHHA (BLAXWJIEHHS R ) TOYKM momajaHHs MOTOKY BIJ F€OMETPUYHOTO LEHTPY
mim  («mimedi»). Ilpu 1mpomy, 11 chopomieHHsS OyneMo po3risiiatd 00 €KT
MOKEKOTACIHHS Yy BUTJISAI KoJja (TaKui MIAX1J 3pYYHHM 3 MPAKTUYHOI TOYKHU 30pYy

po3citoBaHHs cTpyMeHiB komnoHeHTiB BI'P/I'YC, o nogatoTbcs Ha BOTHUILE):

m(R)= > R1/N (4.4)

ne N —aucno cpod nmogaui BIP/I'PC guckpetHo.
BBaxatoun cucreMaTuuHy MOMUWIKY BiJICYTHBOIO, a CIIBBIIHOIICHHS J[laMeTpa

MiIlICHI 1 mapamerpa po3cCifoBaHHS piBHEUM 1/2, HMOBipHICT, momamanHs P B

EMIIEHTpP TOPIHHS TOYKU E TIpH oH1N cripo0l BU3HAYAETHCS (POPMYIIOIO:
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P=1-¢e" (4.5)

HpI/I ObOMY P - 3HA4YCHH:, AKC BU3HAYACTHC Cl'[iBBiIlHOHIeHHSIM

D(p)=12 (4.6)

ne @ — ¢ynkis Jlamnaca.
Toxi  cepenHbOKBaIpaTUYHE  BIIXWJICHHS  PO3IVISHYTOIO  BHUIIAJKOBOTO

3Ha4YCHHA 6YI[€ MaTH BUTJIAA

R=DX xNP(1-P). (4.7)

Onepyroun JaHUMH EKCIEPUMEHTIB, TMOB’SI3aHUX 3 I[0Ja4€l0 KOMITOHEHT
BI'P/T'YC nipsimo cripsiMOBaHO, MPEJCTABUMO iX y BUTJISA1 TaOauIl 4.2 1 HOMOTpaMu
(puc. 4.5). Sk yxe 3a3HayYajoCs, B I TAaKTHYHIN 3a7a4i HEOOXITHO 3a0€3ICUNUTH
NOTpAIUITHHA OIHAPHOTO MOTOKY B 3aJ]aHy TOYKY Ha TMEBHIW JUISHII, BEPTHKAIHHO

PO3TAIIOBAHOTO 00’ €KTA MOKEKOTACIHHS.

Tabmuus 4.2
PospaxynkoBi gani pobounx mapamerpiB AYI'TYC-M npu nomaui BIP/TYC
«TIPSIMOY CIIPSIMOBAHO
Biacrans L, m 89 |68 |46 |35]20]| 11 | 045 -
Kyt a, rpan 35 | 45 | 50 | 60 | /5 | 80 85 90

Taxtuka npuitaarts pimenb KI'TI TyT rpyHTyeThCs Ha OLIHII CIiBBIJHOLIECHB
MDK PI3HUMH BiICTaHSAMH L 70 emiueHTpy 1 KyTOM HaxXWily CTBOJIIB-pO3IMUJIIOBAYIB
ycTaHOBKM « . ToJi BIAMOBIIHO J0 Hamepesa 3aJaHoi TOYHICTIO &, pyX OlHapHOro

MOTOKY PO3TIIAAETHCS TITLKH HA JUISHIN TPAEKTOPIT MEPIIOTO eTaiy.
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Jis  pi3HMX BiACTaHEH [0 eMmIEeHTPYy 1 KyTiB Haxuwily YCTaHOBKH,

XapaKTepUCTHKK aaHoro mporecy (a,L) dikcoani. Pyx moToKy posrisiaerscs

TUIBKK 10 TIEPETUHY TPAEKTOPii MOTOKY 3 BEPTHKAIBHO PO3TAIIOBAHUM 00’ €KTOM
MOKeXKoraciHHs. [HIMMHU ciioBamu, B TaOnuIl 4.2 HaBeeH1 BIACTaHl, K1 UISL TaHOTO

3HAQ4YEHHS KyTa BIANOB1IAIOTh HAWKPAIIUM 3 MOXKJIMBHMX 3HaueHb L,, TOOTO Taki, 110

BEChb MpolleC yKIalaeTbes B nepimuii etan pyxy noroky BI'P/I'YC. A 3nauuth, sik
BurinBae 3 Homorpamu, y KI'TI € Habip anpTepHaTuB, ki 3a0e3Meuyr0Th BUKOHAHHS
OTIepaTUBHOI 3a/1a4l 3 MO3UTUBHUM PE3yJIbTATOM.

B mpomy BHmMaaky BXiTHMMH JaHUMH € MOJKJIMBI J[1alla30HU BIiACTaHEH Mixk
YCTAHOBKOIO 1 EMIIEHTPOM IMOXEXI TOYKOW E, a BUXIIHUMU — NPUAHSATHUN
Jlana3oH KyTIB HAaXWJIy YCTAaHOBKHU JO TOPU3OHTY, IO 3a0e3leuye MOKIMBICThH

nogaui cknanoBux BI'P/I'YC «mpsimo» cipsimoBaHno (puc. 4.5a).
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Puc. 4.5 [logaua ctpymeniB notoky BI'P/I'YC «mpsimo» cripsMoBaHo:

a) rpadiyHa UTFOCTparlis 10 3a/1a4i; 0) HoMoTrpama J0 3a/1a4i

[Topsimok  BukoOpucTaHHS  Homorpamu  HacTynHuil. [lo  ropusonTami
BIJIKJIQJIA€THCS BIICTaHb MK 00 €KTOM IMOKEXKOTACIHHS 1 YCTAaHOBKOIO; IO BEPTUKAJI
— MAaeEMO KYT HaxXWIy CTBOJIIB YCTaHOBKM JO TOPU3OHTY (puc. 4.5a). 3amrpuxoBaHa
yacTUHA HOMOTpamu puc. 4.5 0 BIAMOBINA€ 1alla30Hy XapaKTEPUCTUK PO3TAITYBaHHS

AVYITYC-M, xomu nogaya BI'P/T'YC «mpsiMo10» HaBOJAKOIO HEMOKJIUBA.
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[ro >k 3aaqy MOKHA PO3TIIAIATH B 3BOPOTHIN MOCIITOBHOCTI. 3a/1a€ThCS OJTHE

3 MOXIMBMX 3HaueHb gucraHuii L,. Toxml BinnoBiguuii OaxkaHui KyT o

BU3HAYaeThCs K mpoekiis Toukn N Ha Bick abcuuc (puc. 4.5,0). [Ipu BimcyTHOCTI
MPUIUTY KYTU MiJHECEHHS! CTBOJIB-PO3MIIIOBAYIB MPU 3aJ15THI YCTAHOBKU «IIPSIMO»

CIIPSIMOBAHO BU3HAYAIOTHCS 3 €JIEMEHTAPHOTO CITIBBITHOIICHHS

a=arctg (z/L,), (4.8)

7€ Z — BHUCOTa PO3TalllyBaHHS CMILEHTPY LIl (Touka E ), B Ky HEOOX1JAHO
HanpaBUTU OIHAPHUN TOTIK BOTHETACHOT PEYOBHUHHU.

[IpuitHATHICTD TaKOrOo TaKTUYHOTO mpuiiomy mnojadi ['YC Ha BepTHUKAIBHO
po3TanioBaHuil 00’€KT TOKEKOTACIHHS 3HAWIIOB CBOE IMIJTBEP/HKCHHS B 1HIIUX
CepisiX TMOPIBHAJILHUX EKCIEPUMEHTIB 3 JOCHigHOI0 ycTraHoBkoio AYITYC-M
(puc. 4.6).

PosmmdpyBanas ¢oto i BigeomarepiandiB MUX TOCHTIHKEHb CBITYHTH, IO
oOpaHa JUCTaHIlS 10 MOJEIBLHOTO BorHuia (6 M) 1 «mpsima» HaBojka nojaui ['YC
Ha BOTHUIIE JO3BOJMJIM BiJpa3y MPUINUHUTH TOPIHHS OO0 ’€KTa TOKEKOTACIHHS,
MUHAIOYM CTAJIIO0 JIOKaJIi3allii, mpruuomy, B HaitkopoTii TepMinn (30 cexyH).

Takum YrHOM, TIPUMHSTTS PIIICHHS KEPIBHUKOM TACIHHS MOXKEXK] Y BUMAAKY
NPAMOTOYHOI TO/Jadi BOTHETACHOI PEYOBHHH IPYHTYEThCS Ha pO3pOOJIeHIN
HOMOTpami, B sIKI peani3oBaHi OOIpYHTOBaHI CHIBBIIHOUIEHHS MIX BIJCTaHHIO 10

SMHILEHTPY MOXKEXK1 1 KyTOM HaXUJTy CTBOJIIB-PO3MUIIOBAYIB YCTAHOBKHU.
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Puc. 4.6 Cepist mopiBHSUIBHUX €KCIIEPUMEHTIB 3 ycTaHoBKo0 AYITYC-M:
a) MIrOTOBJIEHE MOJIEJIbHE BOTHHUIIIE, PIBHE 32 CYMAPHUM I10’KEKHUM HAaBaHTA)KEHHSIM /10 BOTHUILA
1A; 6) nanaro4uii BEpTUKAIBHO PO3TAIIOBAHUN MOJIEIBHUM 00’ €KT M0XKEKOTraCIHHS;
B) nuctanuiiHa nojavya I'YC 10 NpunMHEHHS TOpiHHSA MOJAEIBHOI0 BOTHUIIA; I') 3aXUCHUH T'eJlb,

SIKUM YTBOPUBCS Ha TIOBEPXHI MOJICIILHOTO BOTHUIIA B HACITIIOK MTOKEXKOTACIHHS

BucHoBKM 10 4eTBEPTOMY PO3IiTy

1. Bubip BapianTy (HaBicHOi a00 MPSIMOTOYHOI) MOJaYl TeJIEyTBOPIOIOYUX
CKJIQJIiB 3IHCHIOETHCS INIISIXOM BHOOPY PINICHHS 3a JOTIOMOTOI0 Tpad-cxemw, Mo
SKICHO peaiizye (QyHKIII 00paHOi LI, 3 ypaxyBaHHAM CUTYyalllMHUX OOMEXEHb,
BU3HAYCHUX B XOJ1 PO3BIIKH MOXKEXKI.

2. [1ix yac raciHHS HaBICHUMU CTPYMEHSIMU ISl OTPAIUISTHHS BOTHETACHO1
PEUYOBMHHU Y TUIONIMHY TMOXEX1 HEOOXIIHO HE IOMYCTUTH BHUXIJ OCbOBUX JIIHIM
CTPYMEHIB 3a 30HY BOTHHUIIA MOXKEXI1, TPU LIBOMY MOXKEKOTaCIHHS 3 BUKOPUCTAHHSAM
TeJICYTBOPIOIOUMX CKJIQAIB € BABIYI €()eKTUBHIIINM Yy MTOPIBHSAHHI 3 TACIHHAM BOJIOIO.

3. [IpuitHATTS pillleHHd KEPIBHUKOM TaciHHA TIOKEXI Yy BHIAJIKY
«MPSAMOTOYHOI» TMOJa4i BOTHEracCHOI PEYOBMHU IPYHTYETHCS Ha pO3poOJIeHIN
HOMOTIpaMi, B sIKI peasizoBaHi OOIPYHTOBaHI CIIBBIJIHOIIEHHS MIX BIJICTAHHIO 0

SMILIEHTPY MOXKEXK1 1 KyTOM HaXUJIy CTBOJIIB-PO3MUIIIOBAYIB YCTAHOBKHU.
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BUCHOBKHA

B po60Ti 3amponoHOBaHO BUPIMIEHHS BaXKIMBOI HAYKOBO-TIPAKTHYHOI 3a/adi
3a0e3nedeHHs] €(EeKTUBHOCTI TAacCiHHS MOXKEX TeleyTBOPIOIOYMMHU CIIOTyKaMH 32
PaxyHOK BUKOPHUCTaHHSI CTBOJIIB-PO3MMIIOBAYIB, 110 MalOTh HOBY KOHCTPYKIIIO JJIsI
JUCTAHIIMHOT TO/1a4l KOMIIOHEHTIB TeJIEYyTBOPIOIOUMX CHOJYK, Ta 3aCTOCYBAaHHS
BIJIMOBITHUX TAKTUIHUX MMPUHAOMIB B MPOIIEC] TIOKEKOTACIHHS.

1. 3a pe3ynbraraMu aHajizy OCOOJMBOCTEW TOXKEKOTACiHHS HAa OCHOBI
BUKOPUCTAHHS TPAJUIIMHNX KOHCTPYKIIN TMOXEXKHUX CTBOJIB 3 HAacaJKaMu IS
CTBOPEHHSI BOJSHUX CTPYMEHIB BHU3HAY€HA JIOUUIBHICTH PO3IIMPEHHS  iX
MO>KJIMBOCTEH MIJISTXOM BUKOPUCTAHHS IeJIeyTBOPIOIOUUX CIIOTYK, XIMIYHA B3a€EMO/I1s
MDK SKUMH JO3BOJIUTh YTPUMATH BOTHETACHY CYMIII Ha BEPTHKAIBHUX Ta MOXHIAX
MOBEpXHAX. BHAcCHIZOK 1IBOro BUMAarae po3poOKu crocid AUCTAHIIAHOI OiHApHOT
Mo/iaul TeJICYTBOPIOIOYUX CKJIQAIB JO0 OCEPENKYy IMOXKEXl, JUIS peai3alliiii sSKOoro
HEOOX1THO CTBOPUTH SIK TEXHIUHI 3ac00H, 10 3a0e3nedarh mojaady Takoi BOTHETaCHOL
PEUYOBHHM Ha MOTPIOHY BIJICTaHb, TAK 1 BIAMOBIAHI TAKTH4YHI MPUKHOMHU B IPOLECI
MOKEKOTACIHHSL.

2. Po3pobneHo cmocid IUCTaHIIMHOTO TOXKEKOTACIHHS T'eJIeyTBOPIOIOUNMU
CHOJIyKaMH LUISIXOM OlHAapHOi Mojadyl KOMIIOHEHTIB BOTHETacHOI pPEYOBUHU
CTBOJIAMHU-PO3IMUJIIOBAYAMU I  TOJlayl  IUIOCKO-PAIalIbHUX CTPYMEHIB, SIKUN
3abe3reuye iX 0JJHOYACHY MoJady 3 KOMIIOHEHTaMH CyMIIll Ha BiJICTaHb HE MEHIIIE 6
METpIB TakuM YUHOM, W00 HE JOMYCTUTU IepeayacHoro abo 3ami3HEHOIo
3MIIIyBaHHS BOTHEraCHUX pPEYOBHUH. TexHiuHe 3a0e3MeueHHs LbOTro CHoco0y
BKJIIOYAa€ B ce0e 3amaTeHTOBaHy MOOUIBHY YCTaHOBKY, 1[0 3a0e3reuye
[IJIECIIPSIMOBAHY JMCTAHINIHY TMOJIady CTPYMEHIB TaKMM YHHOM, 1100 3a0e3nmedyunTH
HAKpUTTS TMOBEPXHI 00’€KTIB, MO TOPSTh, IIApaMU TEII0, 3a JOMOMOTOI0 HOBHX
CTBOJTIB-po3muitoBaviB. [lokazaHo, M0 1St MPUIITEHOT TI0/1a4l HABICHHUX 1 «IIPSIMO»
CHpPSAMOBaHUX OIHAPHUX MOTOKIB T'eJIEyTBOPIOIOYUX CHOJIYK HEOOXIAHO pO3TallyBaTH
CTBOJIU-PO3IMUIIIOBAYH JJIs TI0Jja4l BOTHETACHUX KOMIIOHEHTIB CUMETPUYHO BiJTHOCHO

IUIOIMMHU HaBCACHHI Hi}l OIHAKOBHMMH KyTaMHU Haxwuily OO0 TOPHU30HTY Bi,Z[HOCHO
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IUIOLIMHY HABEJCHHS Ta OJHAKOBUMHM BIJXHJIEHHSIMH BIJIHOCHO OCI HAaBEJICHHS,
3a0€3MeUnBIIH MTPU LIbOMY MEPETUHAHHS PO3MWICHUX MOTOKIB CTPYMEHIB HaJl/Tiepea
OCEPEIKOM TOKEXKI.

3. BuzHadeHi OCHOBHI KOHCTPYKTHBHI IlapaMeTpHy CTBOJIA-pO3NUIIOBada (BUpI3
CEKTOpPY JKOPCTKOI TutacTUHU @o=30° mnpu 1ii TtoBmmHI b=1,5 MM), sSKuii
nependayaeTbCsli BUKOPUCTOBYBATH JJIsi TMOJAYl IJIOCKO-pajialbHUX CTPYMEHIB
reJieyTBOPIOIOYMX CKIaaiB Ha BijacTaHi A0 10 M, Ta Hacaaka cTBoia (Bucora 3,3 MM
ta mmpuHa 195,8 MM, 1m0 BiAmoBijae oO0JacTi parioHAIBHUX TeOMETPUYHUX
napaMmeTpiB) y pas3i MoXeKoraciHHs Ha Oiibimii BifacTadi. [lokazano, mo 3 piBHeM
3Haunmocti = 0,05, po3paxoBanum 3a kputepieMm CTbIOJICHTa, pE3yNbTaTH TaCiHHSA
MOJICJIBHOTO BOTHHUINIA 3a JOMOMOIOK PO3pPOOJIEHOr0 Cnoco0y AMCTaHIIMHOTO
MOKEKOTACIHHS ~ TeJICYyTBOPIOIOYMMHU  CIIOJIyKaMH — IUIAXOM  OiHapHOi  mojadl
BOTHETaCHOI PEYOBMHU € y JBIYl Kpammmu (K 3a KuibkicTio BI'P, Tak 1 3a wacom
raciHHs), HK Y BUIAJIKY TaCiHHS MOJICJIbHOT'O BOTHUIIIA 32 JOTIOMOTOI0 BOU. Takox,
JUTSL TIPOBEJICHHS TOCHIIKEHb 100 BJOCKOHAJIEHHS TaKTUYHUX MPUHOMIB OiHApHOT
MoJ/1aul TeJIeyTBOPIOIOYMX CKIIAJIB JO0 OCEPEaKy MoKexi 3 HauiiHicTio 0,95 MoxHa
BUKOPHUCTOBYBATH TifihapOoBaHy BOAY.

4. BnpoBaJkeHHST PO3pOOJIEHOTO CHOCO0Y JUCTAHIIWHOTO TMOMKEXKOTACIHHS
HUIAXOM OIHapHOI TMoAayl KOMITIOHEHTIB BOTHETaCHOI PEYOBMHHM CTBOJAMM-
pO3MUWIIOBaYaMM JUIsl MOJayl IJIOCKO-pajiaibHUX CTPYMEHIB TOKa3zanao, 110 Horo
3aCTOCYBaHHs TMpu BHUOOpI BapiaHTiB  (HaABICHOI a00 MPSIMOTOYHOI) MOjayl
reJIeyTBOPIOIOYMX CKIaAIB OyJie €e(hEeKTUBHUM, SKILO:

- y pa3l raciHHf HaBICHUMHU CTPYMEHSAMHM [JIsi NOTPAIUISHHS BOTHETracHOi
PEUYOBMHU Yy TUIOLIMHY TMOXEX1 HEOOXITHO HE JAOMYCTUTH BUXIJ OCHOBHUX JIiHIM
CTPYMEHIB 3a 30HY BOTHHIIA TIOKEXK1 (MIPU IbOMY TMOKEKOTACIHHS 3 BUKOPUCTAHHSIM
reJICYyTBOPIOIOYUX CKIIAJIIB € BJABIYI €(PEKTUBHIIIMM Y TTOPIBHSIHHI 3 TACIHHSM BOJIOI0);

- Y BUIAAKY NPSAMOTOYHOI TMOJadyi BOTHETAaCHOI PEYOBHMHU HEOOXiTHO
CIOMpPAaTUCh Ha pO3poOJieHy HOMOrpaMy, B SKiil peani3oBaHi OOIpyHTOBaHi
CHIBBIJHOLIEHHS MK BIJCTaHHIO JI0 EMILIEHTPY MOEXI 1 KyTOM HAaXWJIy CTBOJIIB-

PO3MUITIOBAYIB YCTAHOBKH.
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formulations to extinguishing facilities / K.M. Ostapov, Yu.N. Senchihin, V.V.
Syrovoy // Science and Education a New Dimension. Natural and Technical Sciences
— Budapest: R6zsadomb, 2017. — Issue 132 — P. 75-77

11. Pocoxa C.B. HccnepoBanwe  TpaeKTOpUil  ABMKEHUS  CTpYyH
reneoOpasyrmux coctaBoB / C.B. Pocoxa, B.B. Ceipooit, K.M. Octanos //
[TpoGnembl moxkapHoit Oe3omacHocTu. — XapbkoB: HYI'3Y, 2017. — Beim. 42. — C.
101-1009.

12. Kupee A.A. OO0 0COOCHHOCTSIX TYIICHUS TMOXXKAPOB TelIe00pa3yIOMIUMU
orHerymamumMu coctaBamu / A.A. KupeeB, K.M. Ocranos, 0. H. Cenuuxun //
[IpoGnemMu UBUIBHOTO 3aXKCTY: YIPABIIHHS, MOMEPEKEHHS, aBapIiHO-PATYBAIbHI
Ta crherianabHi poOOTH : MDKHAp. HayK-mipak. KoHG., 01-02 xoBTHs, 2015 p. : Te3u
norm. — X., 2015. — C. 73-75.

13. OcranmoB K.M. MHccnegoBanme TaKTUKTUKO-TEXHUYECKUX  AaCIEKTOB
NPUMEHEHHsT aBTOHOMHOW YCTaHOBKH TYIIEHHUS TeNeoO0pa3yloIlUMU cOocTaBamu /
K.M. Ocranos, 0. H. Cenunxun // MeTpoJsioriuHi acekTd NPUUHATTSA pILIEHb B
yMOBax poOOTH Ha TEXHOTEHHO HEeOe3MeYHUX 00’ €KTax : BCEYKp. HAyK.-TIpak. KOH(.,
28-29 xoBTHA, 2015 p. : Te3u mon. — X., 2015. — C. 169-171.

14. Pocoxa C.B. IMUTallMOHHOE MOJEIMPOBAHHUE ABUIKECHHSI OTHETYIIALIUX
cocrapisironux ['OC ycranoBkamu AYTI'OC u AYTI'OC — 11 / C.B. Pocoxa, FO.H.
Cenunxud, K.M. OcrtanoB, // YpesBbuaitHble cuTyaruu: Teopus, MpaKTHKa,
WHHOBAIIMY : MEX]. Hayd.-Tipak. KoH(., 19-20 >xoBTHs, 2016 p.: TE3UCH TOKIATOB. —

I'omens., 2016. — C. 55-56.
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15. OctanoB K.M. Cnoco0 UMHTAIMOHHOTO MOJEIMPOBAHUA TOAAYU
coctapysironux ['OC ycranoBkamu tuna AYTI'OC / K.M. Ocranos, C.B. Pocoxa //
ObecrieueHre 0€30MaCHOCTU KU3ZHEICATENIbHOCTH: MPOOJIEMbl U MEPCHEKTUBHI : X
MEXJ. HAy4H.-TIPaKT. KOHG. MOJOA. y4eH.. Kyp. (CTyad.), CAOyll. Maructp.
aJbIOHKTOB (acrtup.) 7-8 anpens 2016 roxa: B 2-x u. Y.1. — Munck: KU, 2016. — C.
151-152.

16. Cenumxun IO.H. K 3amaue o mombope paiyoHaidbHBIX MapaMeTpoB MHpU
KOHCTpYHpOBaHUM moxapHoro creona-pacnsuiurens / FO.H. Cenumxun, K.M.
Ocramnos // IloxexxHa Ta TexHOreHHa Oe3neka. Teopist, mpakTHKa, IHHOBAIlT ;| MEXKH.
HayK.-pakT. KoHP. 20-21 xoBTHs 2016 poky. — JIeBiB: JIAYBX]/I, 2016. — C. 449—
451.

17. Ocrano K.M. Pa3paboTka TakTHYeCKOro OOecnedeHus: K MPHHITHIO
pelIeHui pauoHaabHOro (onTUMasibHOro) ucnoibzoBanuss AYTI'OC mpu pabote
nByMs ctBosiamu, mnojarommmu ['OC B ouar moxkapa / K.M. Ocranos, [O.H.
CenunxuH // CydacHU CTaH LMBUIBHOTO 3aXUCTy YKpaiHU: MEPCIEKTUBU Ta HUISIXU
JI0 €BPOIEUCHKOTO MpocTopy: 18 Bceykp. Hayk.-mpakT. KOHG. psAT. 11-12 >koBTHS
2016 poky. — Kuie: XV Mixnap. Buct. popym ,,Texnomnorii 3axucty/IloxTex —
2016”. — C. 228-230.

18. OcrtamoB K.M. DkcrnepuMeHTaIbHO-TEOPETUUYECKUE  HMCCIICTOBAHUS
NnoXKapoTyweHus: reneoodpasyromumu coctaamu / K.M. Ocrano // «IIpobiemu
noxexxHoi oOe3nexkn» («Fire Safety Issues») : MexH. Hayk.-mpakT. KoHd. 28-29
xoBTHs 2016 poky. — Xapkis: HYI[3Y, 2016. — C. 31-35. (-325c.)

19. CeipoBoit B.B. OcobGennoctn OWHApHOW TOHAa4YM TeeoOpa3yrOIINX
coctaBoB Ha noxaporymenue / B.B. CeipoBoit, K.M. Ocranos, F0.H. Cenuuxun //
«IIpobnemu noxexxHoi 0e3nexkn» («Fire Safety Issues») : MeXH. HayK.-IPaKT. KOH(.
28-29 xoBTHs 2016 poky. — Xapkis: HYLI3Y, 2016. — C. 31-35.

20. Cenuuxun FO.H. Texuudeckoe ycTpoiHCTBO (HAcCaJoK) ISl CO3JaHUS
TUTOCKOPAIUATbHOMN 3aBECHI C YIYUIICHHBIMUA TAKTHKO-TEXHUYECKUMH TIOKA3aTEeISIMU

/ FO.H. Cenunxun, K.M. Ocrtanos, 0.10. Jlennapenko // Upe3BbyaifHble CUTYaIIUH:
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OpeaynpexIeHue U JIMKBUAALUUA : MEXA. Hayd.-mipakT. KoH(., Munck: HUU 11b u
MUYC pecnyommmku benapycs — 2016r., 520 c¢. — C. 251-252.

21. Ceiposoit B.B. [loxexoraciHHs 3a TOMOMOTOK YCTaHOBKHM aBTOHOMHOIO
raciafs reneytoprorounmu ckiagamu AYTI'OC-M / B.B. CeipoBoii, K.M. Ocranos
// Teopis 1 mpaKTUKaA TaCiHHS TMOXKEX Ta JIKBIIAIl HAA3BUYAMHUX CUTYaIll ;| MEXH.
HayK.-MPakT. KoH., 18-19 tpaBus 2017 p.: Te3u non. — Y., 2017. — C. 251-252

22. BmiuB riipaBIiYHUX MapaMeTpiB IIOCKOPAIIaIbHOTO BOASHOTO CTPYMEHSI -
ekpaHa Ha iHoro HepospuBHicTh / FO.FO. [lennmapenko, O.Jl. bnamyk, HO.M.
Cenunxin, K.M. OcranoB // Teopis 1 mpakTHKa TaciHHS MOXKEX Ta JIKBigarii
HAJ3BUYAHUX CUTyalld : MEXH. HAyK.-IpakT. KoHP., 18-19 tpaBusa 2017 p.: Te3u
mon. — Y., 2017. — C. 165-166

23. Y@mockoHaJeHHS KOHCTPYKINi Hacaaka Ha MOXKESKHUN JadeTHUNH CTBOJI IS
CTBOPEHHS IJIOCKO-pajiajibHOrO BOJsiHOTO cTpyMeHs-ekpaHa / FO.1O. Jlennapenko,
O.J. bramyk, FO.M. Cenunxin, K.M. OcramnoB // Teopis 1 mpakTHUKa raciHHS MOKEX
Ta JIKBIJALII HAJ3BHUYAHUX CHUTYyalli: MEXH. HayK.-MpakT. KoH(., 18-19 TpaBHi
2017 p.: re3u gon. — Y., 2017. — C. 178-179

24. OcranoB K.M. TakTtnyeckue mMpueMbl MOJAYM OTHETYIIAIIUX COCTaBOB C
ucrnoas3oBanueM AYTI'OC-M / K.M. Ocranog, B.B. CeipoBoii // [IpenynpexneHue
U JIMKBUAALMS Ype3BbIUaWHBIX CHUTyallMH: METOJIbl, TEXHOJOTHH, MNpOOJIEeMbl U
NEPCHEKTUBBI : MEXH. 3a04. HAayK.-[IpakT. KOH}., 28 anpens 2017 r.: Te3uchl JOKI. —
Munck., 2017. — C. 126-131

25. Cenumxin HO.M. CoBepiieHCTBOBaHHE YCTPOWCTB  JHUCTaHIIMOHHOM
JIOCTaBKH Tejico0pa3yroInuX cocTaBoB K oyaram Bosropanus / FO.M. Cenunxin, K.M.
Ocranos // Hamzuuaiini cutyarii: 6esneka Ta 3axuct. Marep. VII Bceykp. Hayk. -
npakT. koH®., 20-21 >xoBTHs 2017 p.: Te3u mon. — Y., 2017. — C. 171-173

26. TIlat. 105235 Vkpaima, MIIK A 62 C 31/00. Hacagox st CTBOpEHHS
IJI0CKO-pamianbHOi BojasgHOI 3aBicu / Pocoxa C.B., Cenuunxin FO.M., 'onenaep B.A.,
OcranoB K.M., Hennapenko FO.IO., 3asBHUK 1 mareHTOBiacHUK HarioHanbHMiA
YHIBEPCUTET LMBUIBHOTO 3axucTy Ykpainu. — Ne201508629. 3assn. 07.09.2015;
Hanp. 10.03.2016; broin. 5. — 4 c.
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27. TIlar. 113280 Vkpaina, MIIK A 62 C 13/00, A 62 C 35/10, A 62 C 37/12.

VYnamtyBaHHs peMOHTHO-TIpUAAaTHOTO BorueracHuka / Pocoxa C.B., Tkavosa, FO.M.
Cenunxin FO.M., T'onenaep B.A., OctanoB K.M 3asBHuk i mareHtoBmacHuk III1
[IITIT «CIHEOIIOXTEXHUKA». — Ne201606618. 3asen. 16.06.2016; Hanp.
25.01.2016; bron. 2. — 4 c.

28. Ilar. 114070 VYkpaima, MIIK A 62 C 31/00, A 62 C 31/02. CrtBou-
PO3MIIIIOBAY 3 HACAIKOM JUIsl CTBOPEHHS IUIOCKO-PaJiaibHOTO CTPYMEHIO PiTUHHOI
BorueracHoi peuoBuHu / I. A. Jlememen, B.A. T'onengep, C.B. Pocoxa, HO.H.
Cenunxun, K.M. Ocranos, 3asBHUK 1 maTeHTOBIacHUK HarlioHanbHUN yHIBEpCUTET
HUBUIBHOTO 3axucTy Ykpainu. — Ne201603989. 3asasn. 09.09.2016; Hanp.
27.02.2017; bron. 4. — 4 c.

29. Ilar. 118440 VYxkpaima, MIIK A 62 C 31/00, A 62 C 31/02.YcraHoBka
JUCTAHLIIMHOTO TaciHHS IOXKEX TreyieyTBoprorounmMu ckinagamu / [onengep B.A.,
Pocoxa C.B., Cenumxun IO.H., Cupooii B.B., OcranmoB K.M. — 3agBHUK 1
NaTEeHTOBIACHUK HalioHalbHUI yHIBEPCUTET LMBUIBHOTO 3aXHUCTy YKpaiHu. — Ne
201701600. 3asBn. 20.02.2017; Hagp. 10.08.2017; bron. 15. — 5 c.

30. Iar. 116757 VYxpaina, MIIK A62C 5/033, A62C 31/00. Croci6 raciHas
noxex / Tomengep B.A., Kipeer O.0., Cenunxun 1O .H., Pocoxa C.B.,
OcramnoB K.M., TkauoB A.D. — 3asIBHUK 1 MMaTeHTOBIACHUK
[T «HIIIT «CTIIEHITOXKTEXHIKA»». — Ne 201602864. 3asiBn. 22.03.2016; Hanp.
25.04.2018; bron. 8. — 5 c.
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JIOJJATOK B

[Iporpama HayKOBO-A0CIIIHOI pOOOTH 32 TEMOIO JUCepTallii



«3ATBEPIDKVYIO»
ITpopexrop 3 HaykoBoi po6oTa
HartionanmsHOTO yHIBEPCHTETY HMBLILHOTO
3aXHCTy YKpaiHy,
nox’rop 'rexmqlmx HayK, npodgecop,

HAYKOBO-ZIOCJIiTHOI po60TH 3a TeMOIO:
“¥YnockoHanenHs cnoco6iB noziavi releyTBOPIOIOYHX CKIAIB, MO
MiIBAILYIOTH e)eKTHBHICTD TACiHHS OBEPXHEBUX 3arOpAHE”

Howmep nepxpeectpauii pobota of /6 U ooz vy .

YMoBHe HalimeHyBaHHA — «[lomaga I'YC».

Hanpsmmox 2.

INpobnema 2.1.

lonosrwmii 3amoBmmMk — HanjoRanbHwii yHIBEPCHTET MMBINHPHOIO 3aXHCTY
Yxpainu

CniB3aMOBHHKH — HEMAe

T'onoBruii BuKOHaBens — HamioHANBHYM yHiBEpCHTET HHBLTEHOTO 3aXHCTY
Ykpainu

CriBBHKOHABL — HEMaE

Tepmin nogarky poGoru — 01.2016 p.

TepMin 3akimaenns pobotu — 12.2017 p.

Cxnaj aBTOPCHKOTO KOJIEKTHURY:
Cenauxin IOpii Mukonaliosud — kepiBHUK TeMH;
Ocranos KoctsaTHE MEXaiinoBuy — BiNOBi AL BHKOHABEITS;
Pocoxa Cepriit BonoguMuposrg — BHKOHABeIE;
Cuposwii Bononumup BaciiisoBHY — BHKOHABELLb.

OcHoBHi NHWTaHAY, HAPAMKY Ta 3371391 TOCIiHKEHHS:
- aHajli3 CTaHy NMTaHHA i OWiHKA e(eKTHBHOIO BUKOPHCTaHHA PI3HHX
HAacaloK MOXCKHHX CTBONMB JUIA TaciHHi Ta 3axHCTy 00 €KTiB
TIOXEXOTaCiHHsA, SIKi PO3MAIIOIOTH BOJHI PO3UHHM;
- Ppo3pofKa HOBOI KOHCTPYKUl CTPYMEHEYTBODIOIOYOIO NPHCTPOIO JUIA
posnuneHHs reneyteopiogoro cknaxy (I'VYC) npu racimmi Ta 3axmeri Bif
MOXEX 3 ypaxyBaHHAM KOHCTPYKTHBHO-IUIAHYBAIbHHX pillleHb 00’ €KTiB;

155



- BH3HAYeHHs paNiOHAIBHEX CHiBBiAHOMmMEHs mapamerpis GimapHoi mopmadwi
I'VC npu racingi moXexX Ta 3aX|CTi CYCiiHiX 3 HMH 06'eKTiB;

- CTBOpeHHA aBTOHOMHMX CHCTEM IIOXKEKOTaciHHA 13 3acrocyBaHaaM I'YC ta
po3pofka N0 HHX TAaKTHKO-TeXHi4HOro 3alesmedeHss, dKi MOXYTb
BHKOPHCTOBYBATHCh SIK PaHIIEBi TaK i Bi3KOBi 3aCO0H IOXKeXOraciHHs.

Mertomuka DOCi IKeHHA:
TEOPETHYHI TA eKCIIEpAMEHTANBHI JOCTiDKEHHS MOAO YIOCKOHAIICHHA

cnoco0iB Nofiadi rejleyTBOPIOKYHX CKIIAIB IS HOXKEXOTaCiHHA.

Kanennapawii rnan

HaliMeHnyBanHs# OCHOBHHX €TaNniB Ta poliT, Crpoxk
IO BHKOHYIOTECA puakoHaHHA | Popma

IIOYaTOK— 3BITY
3aKiHYEHHs

VYV nockonaneHus cnocobiB nopagi
1. |reneyTBOPIOIOYHX CKAaJiB, MO MigBHINYIOTH 01.2016 p.— )
e(EeKTHBHICTh racilHA IIOBEPXHEBHX 12.2017 p. 3BIT
3aropsHb

INepenbayysaHi pe3yibTaTH:
- CTBON-PO3NHAIIOBaY HOBOI KOHCTPYKIii JUIi BHKOPHCTAaHHS ITpH
raciHHI TeNeyTBOPIOIOUMMHE CKJIA/IaMHy;
- PpeKOMeHJalii IOJO CTBOPEHHS HOBHX aBTOHOMHHMX CHCTEM
MOXEeXOoracinus i3 3acrocypasasM ['YC, sKi MOXYTh BHKODHCTOBYBATHCH K
PaHIIEB] TaK i BI3KOBi 3aCO0H IMOMKeKOTaCiHH-;

HamnpsiMox BpoBa/pKeHHS !
MpONO3HLi] 10 NiABMINEHHIO e()eKTHBHOCTI TO/avi reIeyTBOPIOIOYHX CKIIajIiB
TIPH NOXEXOTaciHHi. ’

®opma BIpOBaDKEHHA:
CTBOJI-PO3IMIIOBAY HOBOI KOHCTPYKUIl /Ui BAKOPHCTAHHA IPH raciHHi
reJeyTBOPICIOIMMH CKIAaMK;
pEKOMEHflalii MO0 BHKOPHCTAHHY HOBHX aBTOHOMHHMX CHCTEM
noxexxoracinus i3 sacrocypatiaM I'VC, saxi MOXKYTh BHKOPHCTOBYBATHCD SIK
PaHIIeBi TAK i Bi3KOBi 3aCO0H MMOXKEXOTaCiHHA.

Ixepeno divaHcyBaHHS — 38 PaXyHOK BIIACHHX KOIITIB.

4

KepiBHuK po3pobkm HO.M. Cenunxin

BinnosinansHAl BAKOHABENb a7 K.M. Ocranos
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PEECTPALIMHA KAPTKA HAP I OKP (PK)

5436. lepwasHuii peecTpauifinuii Homep OTF6 U po 277 5256. Ocobnuei noauaukn T,
5517. PeecTpauidHWid Homep, L0 3MIHIOETLCA 7209. Craryc ukoxasus 17
5418. Ne, pata cynposigHoro nucra 0% /,’L b OF- poré o,
7146.NiacTaen Ans nposegeHHs poow HAP (QKP) 43 T 7021. Wwndp pobom

7210. flepxasHuit peectpauiitHuii Homep po6omu HAP (QKP) ronoeHOro BUKOHaBUA

BIAOMOCTI NPO BUKOHABLIA

2457. Kop aa €0PNOY (ineHmdikavjitHui Homep) 08571363
2151. MoBHe HalimMeHyBaHHs lopuar4HOT ocobu (abo MN.1.6.)
1. HauioHanbHWiA YHiBEPCUTET LMBINbHOMO 3axMCTy YKpaiHu

2. HauuoHanb Heli yHMBEDOUTET IPaXAaHCKoA 3aumTh! YKpauHsl
3. National Civil Defence University of Ukraine

2358. Cropovexe HaliMeHyBaHHs opuaudHoi ocob  HYL3 Ykpaiuu

2655. MicuesHaxoKeHHR 61023, M. Xapkis, Byn. HepHuwwescoKa, 94
2934. TenedoH / dakc {057) 707-34-20

2394. E-mail \WWW post@nuczu.edu.ua/nuczu.edu.ua

1332. Binomua nignopagkosadicte ACHC Ykpainu

1133. CexTop Hayku BY3

2142, CnieBukoHaBLli

BIAOMOCTI NPO 3AMOBHUKA

2458. Ko 3a €[PMOY (lnpeHmdbikauitHui Homep) 08571363

2152. MNoeHe HalimeHyBaHHsA opuan4HOT 0cobn (abo M.1.E.) HauioHanbHWi yHIBEPCUTET UMBINLHOM 3axMCTy YKpaiHu

2656. MicyeaHaxomKeHHs 61023, M. Xapkis, Byn. YepHuwesckbka, 94

2935. TenedoH / ®akc (057) 707-34-20

2395. E-mail / WWW “post@nuczu.edu.ua/nuczu.edu.ua
IDKEPENA, HANPAMM TA OECAMA ®IHAHCYBAHHA HLIP (AKRP)

7700. KNMKBK

7201. Hanpam diHaHcyBaHua 2.2
7023. Hasea LN

7022. Kop AUN

Kop pxepena 3aranbHwii obesar y TOMY YHCHi 3@ poKamu

thiHaHCYBaHHA dinaHcyBaHHA,
TM.MPH, 200- 200- 20-- 20--

20--

7704

TEPMIHW BUKOHAHHR POBOTH

7353. NouaTok 01.16

7362. 3aKiH4eHHR 1217

9036. Nopsakoeuii Ne; noyaTok Ta 3akiHYeHHs eTany, BuA 3BiTHOTO AokymeHTa 3 HAP (AKP); Hasea eTany

1.01.16, 12.17, 91, YpockoHaneHHs cnocobis NogaYi reneyTeopooMmnX CKNaais, Wo NiABULYIOTE €eKTUBHICTb raciHHA
noBepXHeBnx 3aropAHb
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Zreny

OCHOBHI BIAOMOCTI NMPO HAP (OKP)

9027. Hassa HAP (OKP) (1- yKpalHCbKOK MOBOIO, 2 - POCIMCHKOIO MOBOIO, 3 - @HIMINCLKOID MOBOID)
1. YnockoHaneHHa cnocobis nogaui reneyTBopioounx cknagis, WO NiABULYYIOT e(eKTUBHICTL raciHHs NosepXHeBux
3aropsiHb.

2. CoBepluéHCTROBaHWE crnocoBoB nogauu reneobpasy ol ux COCTABOB, MOBbILAIOW MX 3GXPEKTUBHOCTL TyLUeHUs
NOBEPXHOCTHBIX BO3rOpaHWiA.

3. Improving ways of presenting gelling formulations, improve the efficiency of extinguishing surface fires.

9126. Meta HAP (OKP)

YaockoHaneHHa cnocobis nogadi reney TBOPIOIONMX CKNagdiB ANS NOXKEKOraciHHA

7199. MpiopyTeT™WiA Hanpsm 3 7191.Bug HOP (OKP) 48
9153. OuikyBaHi pesynstam 03

9155. Manyab 3acTocyBaHHs

MoxexHa Geaneka

9156. EKCnepTHMiA BUCHOBOK

3AKMIOYHI BIOOMOCTI
5634. Iaexc YAK 6148

5616. Koau Temamunux pyBpuk ﬁn/ v Y‘ZJZ.

6111. KepiBHUK 10pMAUYHOT 0cO6M Capkosuia Boyg

6210.HaykoBui CTYRNiHb, BYEHE 3BaHHA KepiBHUKA 10 yrlp npodecop

41-—\/

Mignue e Mﬂ 1 et
RERANE N

6120. KepiBHuk po6oTH (1 - ykpaiHcekolo MogoI0o, 2 - pOdji \\tho'sonod _aurnlﬁcn:kbie MOBOID)
(npiss e, iM's, no Ga'r‘sxaa) .

1. CenuuxiH KOpiit Mukonaitosny
2. CeHumxuH KOpuia Hukonaesuu
3. Senchyhin Yuriy Mykolayovych

6228.Haykosuid CTyNiHbL, BYeHe 3BaHHA KepisHUka pobom  K,T.H., npodecop
/
Mignuc g;a“f

6141. BianoeiganbHuii 3a NiAroToBKyY peecTpauifHnMX APKYMeHTIB
Tenedorw  707-34-90 Kapneup Kocrastun Maxaiingsud

Mianuc

(npisauue, iM'A, no BaTbkoBl)

a/%é/&% £ @

6140. KepiaHuk sipainy YKpIHTEI

Nianwuc

6142. PecctpaTop

/7 PO * (npiseuwe! iM'A, no GaTsKoBi)
Mignue " SO AL

| QW%L L
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JOIATOK B
[HdopmartiitHa kKapTKa HAYKOBO-TEXHIYHOT MPOIYKITT



IHOOPMALIIMHA KAPTKA HAYKOBO-TEXHIYHOI NMPOAYKLII (IK HTI)
5439. lHBeHTapHUiA HoMep HTI O:ﬂ& U Ooa(_) 8_ g

5419. [lara peecrpauii
5436. lepxasHmi peccipauiithvii Homep HOP (AKP)  0116U002011

5437 lepwaenuit obnikoauit vomep HAP (AKP) 2| §UV DO2 08 a

9027. Ha3sa HayKOBO-TEXHIYHOI NPOAYKUii  (1- yKPaIHCHKO MOBOIO, 2 - POCICBKOIO MOBOIO, 3 - aHIMINCHKOK

1. Mo6inbHa aBTOHOMHA YCTAHOBKA raciHHA reneyTsopioyYumu cknagamu AYITYC-M; Creon-posnuniosay ans
aBaHHA NNOCKO-PafiNbHUX CTPYMEHIB BOTHEracHUX osuH (BP), 30 ren 4ux cknaais (YC
FaCiHHA NOXEX K . Anropvtm 4o iOHaNbHOIo T BaHHA wmeHis [YC npw BuUpiLLEHHI Pi3HWX 3aB4aHb

noxexoraciHig; MeToawqHui Nigxg 40 CTBOPEHHS TaKTWKO-TEXHIMHOrO 3abesneyertsn BukopnucTaHHa AYITYC-M
25

3 Mobile stand-alone installation of em ishi formi AUGGl_JSPM barrel for feedl ) flat-radial
rational tracing of jets GFC in solving various problems of fire extinguishing; Methodical approach to the creation of
tactical and technical support for the use of AUGGUS-M

9153. Bug 03

9155. MNany3b 3acTocyBaHHA [loxexHa Besnexa

5616. Konu TemaTtuuHux py6puk 3a fIP HT1 81.92. .
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Hacagok Ans caspsw-§  ~Lof-0-CaliansHol BOASHOT 38BICH. WO MICTMTE NYCTOTINWA  KOPNYC i3 BXIAHMM
UMMIHAPUMHUM KIHGEM 1 BaX S-u% « U8 A1 BUKOHEHO Y BUFNAAI NNOCKOrO PO3TRYGaE 3 roCTPUM KYTOM POIKPUTTS
i3 BOX, 3'€AHaHNX Mi< CSECC 172l - S yTRORIOITL BUXLIHMA KIHELS Y BAMMIAAI ABOX NARANESNbHUX HANPAMHMX i3
padiansHiM WIMMHHMM OTBORON A< BIARISHASTEEA TUW. WO y NYCTOTINOMY KOPAYGI HA wnsxy pyxy poboucro
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Y41 AEKINBKA UMNIRAPMYHAX NEPETOPSASs Mo Fad 1 "2 30ypenHs piaWHn 3 BaraTbMa OTBOpaMK Manoro AjaMeTpa.
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KopucHa Mopenb HanexuTb 0 MOKEMHO-TEXHIYHOrO OBNaAHaHHA, a caMe ans 3axucTy
ofnagHaHHs Ta Moaeid Bid BNNVBY TENNOBOrC MOTOKY hakeny NonyM's Mif Y4&C raciHHA NoXexi
PIGMHHAMK 3ac00aMit NOXENOTACIHHA, NOKANI3aLil po3noOBCIOAKEHHS HPOHTY FOPIHHA, CTBOREHHA
BOASHUX 3aBIc-gKpaHia Ta OnokyBarHR PIOKCHO MHIBKOBOK 33BICOK OCepedKiB ropiHHA, a TakoX AnA
OCaKEHHRA XMApPN CUMTbHD JiK40T OTPYAHOT pEHOBMHN.

Bigomui Hacanok Ans CTBOpeHHS BOASAHOT 3aBICH, LU0 CKNAAaETBCA 3 NYCTOTINOMO KOPMycy i3
BXIAHUM  LUMNIHADUYHAM  KIHLUEM | BMXIOHWM KiHUEM, OO0 SKOro Ha BiACTaHi nepnexaukynspHo
NpUeaHada nnacTuHa-ekpad y Burnsgli cermenTy. CTBOpEHHA BEPTUKANBHOI BORSFHOI 3aBiCH
30INCHIETLCA  LUNAXOM  NEepeBejeHHs BOAAHOTO CTPYMEHA 3 [OPUIOHTAMBHOrO HanpsMky Y
BEPTUKANbHNA HAanpaAMOK Yepes LiNMHY, YTBOPEHY MK BUXIAHWM KIHUEM KOpnycy Ta NNacTuHO-
SKPEHOM, NO AKIA TOHKOK NNIBKOK PO3TiKAETLCH 80Aa. TaKka KOHCTRYKLIA HACAAKa BUKOPUCTOBYETHCA
ANA HAVBISYaNBEHOMS 3aXWCTy NEPCOHENY Bif BANUBY TENNOBOrC NOTOKY ILAAXOM CTBOPEHHA BOAAHO!
33BICM NULLE Y BEPTMKANBHIA NNOWMHI | He ZO3BONAE 3aCTOCYBATW MOr0 ARNA CTEOPEHHA BoARHO!
33BICM Y BEPTUKANLHIA NACWMHI HA 3HAYHIA BWUCOTE YHEMOKIMBMHE CTBOPEHHA FOPW3OHTANbHO
PO3TELIOBAHOTO BOASHOMG €KPAHa, a TakoX, BHACNIAOK BiACYTHOCTI y kOprycl Hacagka 40LaTkOBWX
LUWAIHAPWYHUX NEPeropojok 3 OTBOpaMW Manoro fiametpa ana ineTpauii 7a 30ypeHHs piavki
nepes po3NWNEHHAM ¥ BUXIOHOMY OTBOPI, He Cnpuse AKICHOMY, HagiiHomy Ta edexkTUBHOMY
BWKOPWUCTEHHIO HAcaaka, KpiM TOro TyT BIGCYTHR MOXMMBICTs 34IACHEHHA HACALKOM OXOMOAKEHHR
cB'ekTa y 30HI TENNOROIO BNNBY dakeny NonyM's Ta 34IRCHEHHS rPYNOBOro 3aXWCTy NEpPCCHaNY Bid
BNAUBY Tennosore notoky [1].

HaiGawx4um aHancrom € Hacagok ANA CTBOPEHHS NNOCKO-PAAiantHOi BOAAHOI 3asick, O
MICTUTE NYCTOTINWA KOPTYC i3 BXIAHUM UMNIHAPWYHUM KIHLEM | SUXIGHUM KIHUEM, AKWA BUKOHAHO ¥
BUIMSAGI NNOCKOrO po3TpyDa 3 rocTpumM KyTOM DO3KDATTH 13 ABOX, 3'e4HaHUX MK coBolo, NNAcTUH, AKi
YTBORKKTE BUXIAHWIA KiHeub y BAMNAZI ABOX MApanenbHUX HanpAMHWX i3 pagianbHuM LifMHHIM
oTeopoM [2].

Pobound cTpymiHb 2oan abo piguHHOTG PO3UMHY, 3MOYERUE MEPUMETD AKOMO MAEE LWMIHAPNYHY
hOopMY | BUTIKAE i3 BXIAHOMS kiHUS, NOTpaNNse B KOPNYC HacaAka, SApa3sy X 3MIHKE CBOX (OPMY i
QCTATOYHO hOPMYETBCA B NNOCKOPAAIANsGHWA BOOAHWA CTPYMIHb, SAKUA PyXasTbCA MK ABOX
napanensHUX HanpaBNAKYUX BUXIAHOMO KIHUA, MICNA Yoro, BUTIKAKYA 4 HANCPOM Yepes LWimnHHINR
OTBIP ¥ NOBITPSHWIA NPOCTIP, YTEOPIOE BOASHY 3aBICY.

B Hanbnvk4oMy aHanary BIACYTHICTE y kopnyci ACASTKOBCT LMNIHAPYYHOT NEPEropoaky Ha Wnaxy
PYXy BOASHOro CTpyMEHs 3 OTBOpaMu Manoro fiameTpa 4na dinbTpauil Ta 36yperHs piguHu nepen
POSNMNEHHAM ¥ BAXIAHOMY OTBODI HE CNPUSE AKICHOMY, HAAIRKOMY Ta £(EKTUBHOMY BUKOPMCTaHHKO
Hacagka. TobTo npu 3abopi ana poboTy BOAW ¥ BIAKPUTOMY BOAOHMMLL Yt 3 EMHOCTEN CNeLianeHUX
POIHUHIB ANA FACIHHR NOXEN Y PIAVHHKX CKNAR0BMX YACTO-MYCTO GyBaTL YCTi i TBEP/i BKIOYEHHS,
ki 3aBUBaOTECA MK ABOX NapanenkHWX HanpasnAMWX BUXIAHOMO KiHUS, BHACNIZOK YOI posnun
poBouci piAWHW, Aka BuTikAE nig HaNOPOM YEpPEe3 WINMWMHAIA OTBIR Yy MOBITPSHMA NpPOCTIp, MOXE
3iNCyBaTUCR, BHACNIAOK YOMC HAAIRHICTE CTBOREHHS AKICHOT BOAAHOI 3aBICK Ta eheKTUBHICTb raciHHg
noxexi 8yayTb 3HWHeHI.

B ocHoBy rkopucHol MoZeni nocTasneHo 3agady CTBOPUTW NPUCTPIA, Y sIKOMY 3a paxyHok
3aNpONOHOBAHOMO KOHCTRYKTUBHOMC YAOCKOHANEHHR, AKE NOMRrae y TOMY, WO ¥ NYCTOTIIOMY KopPnyci
Ha Wnaxy pyxy UWNIHApUMHOre CTpymeHs Boau abo pilvHHONG pO3YWHY ANS raciHHA NoMexi
A0A&TKOBO pisbDOBMM 3'€AHAHHAM BCTAHCBMEHO OAHY YW ASKINbKA LMAIHAPUYHUX Nepercpoack
dineTpadit ta 3byperHs pianHk 3 GaraTema oTBOpPamMu Manoro diametpa gna safesnedqeHHn
HaAIAHOCTI | AKCCTI CTPYMEHA, SKUA NOJAETHCR YEPEe3 HACaA0K NPU CTBOPEHH! 3aXMCHO! BOAAHOI
3aeicd afo npu raciHHi nonym'a nowexi. Lumw 3axoaamu HIAK HE YGKNAAKIETLCR NpocTaTa
KOHCTPYKUIT Hacadka, Ska CTAE 3PYMHOK NpW eKCRNyaTalii | pemoHTi, HagdiiHow, sKicHow Ta
eeKTUBHOIO B EXCNAyaTaull, A0 TOTG X A03BONRAE 3AINCHIBATA 33XUCT NEPCCOHANY Big TENNOBOrO
NOTOKY LUNAXOM CTBOPEHHA NMAOCKO-padiantHOre BCASHOTO €KpaHa i3 WWPOKMM  AianasoHoM
3aCTOCYBaHHS,

MocTaeneHa 3afadqa BUPILYETECA TWM, WO HAcagoKk Ans CTROPEHHS NNGCKo-padiansHo! 3asicn,
AKWA MICTUTE NYCTOTINWA KOPNYS i3 BXIAHAM UMNIHAPKHUHAM KIHLIEM | BUXIZHWM KIHUEM, SKWA BUKOHEHO
Yy BUrNALI NNOCKOTO po3tpyda 3 rocTRVM KyTOM PO3KPUTTA i3 ABOX, 3'€4HAHNX Mix cOBOK, NAACTH, AKi
YTBOPHKTE BUXIAHWA KiMeub y 8UrnAQi A80X NapanenbHuX HANPAMHUX i3 pagiansHUM WinuHAUM
OTBOPOM, 3rAHO 3 KOPUCHOK MOAENni0, ¥ MyCTOTINOMY KOPNYCi Ha WNaXy pyxy poboqoro CTpymMeHs
eoAuM abo piAMHHOTO PC3YUHY ANSA TaciHHA NOMEX pisbGoBMM 3'€4HAHHAM SOAATKOBO BCTAHOBNEHD
04HY YW AeKiNbKa UMNIHAPUYHUX Reperopoiok hineTpauii Ta 3byperHs piauku 3 GaraTeMa oTBOpamMu
Manaro giametpa.

BWKOHAHHA KOPNYCy Hacagka anA CTBOPEHHS MMOcKo-pafianbHOl BOAAHOE 3ABICH Y BUFMAAI
MNOCkOro poatpyby 3 A0AaTKOM CAHIET YW GEKINBKOX UMIIHAPUYHAX NEeperopogok 3 BaraTbma
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OTBOPaMM Manoro giametpa gna dineTpauil Ta 30ypeHHA CTPYMEHS, AKMIA NOQAETLCA Yepes Hacaaok
Npyv CTROpPEHHI  3axucHoi BoAsHOl 3aBicu abo npu  raciHHi  nofym'ss noxexi, 3adesnedye
PEMCHTONPWAATHICTE, AOAATKOBY HOPCTKICTE, HEAIRHICTE Ta €REKTUBHICTL KOHCTPYKUIT, AKa 403BONRE
[OCTETHBO NPCCTO, HEAIAHO | AKICHO SMIHWTU UMAIHAPWYHY DOPMY NOTOKY BOAK, WO NOAAETLCA YEPES
LMAIHAPWIHWA BXIAHWA KiHelb, ¥ nnocky hopmy.

Ha ir. 1 npeacTaeneHo hpoHTanbHWUA BUINAL IPUCTROI, @ Ha dir. 2 - Burnag npuctpoio 36oky
LINHHHOrO oTBOPY.

MpUCTpiil CKNA[AETECA i3 BXIAHOMS YUNIHAPUYMHORG KIHUA 1, SIKUA MOXE NPUEQHYERATUCE J0
NOXEKHOTO CTBONA 23 ACNOMOIOK UMNIHAPUMHOTO PisebCBOro 3'eAHaHHA, KOPMYCY 2, BUKCHAHOIO Y
BUrNIAAI NMNOCKOTo po3Tpyta i3 ABOX, 3'€AHAHWX Mix CODOK, NNAacTHH, AKi YTBOPKIKTL BUXIOHWA KiHEUs
y BUMMAAI 480X NapanenbHWx HanpasnAYux i3 paaianbHuM WINnUMHHUM 0TBOPOM 4 Ta ACGAATKOBMX
oaHIET YM [IEKINBKOX UUMIHAPWHYHUX Neperopofok tinsTpauil Ta 30ypeHHa pigunu 3 3 GaraTema
oTBOpamu Mancro giamerpa 5, skl npuegrHani 4o kopnycy 2 pisbOOBUM 3'€AHAHHAM TOrG X dlameTpa.

Hacapck npauce HacTynHWM YuHOM. FOTiK BOAXW 8, 3MOYEHUA NepUMETP AKOro Mac UWNiHApUuYHyY
OpMYy | BUTIKAE i3 BXIAHOrG KiHUA 1, NOTPaNNsAe 8 KOpNyc 2, 4 33 QONOMOrQIC OAHIEl YW AeKinbKoX
A0AaTKOBUX LUNIHAPMYAAX NEPeropoaok binbTpauil Ta 36ypeHHs piavHn 3 insTPYETLCA BIQ rycTux i
TBEPAUX BKMNIOYEHb BIANOBIAHOMO PO3MIpY Ta 36yploeTecs Ans Bifbl RKICHOTO NepeTBOPEHHS CBoE!
hopMK, | OCTATOSRO (ROPMYETLCA B NNOCKC pafdiankHUi BOASHWA CTPYMiHb ABOMA napanenbHUMu
HaNpPaBnAQYUMK BUXIAHOMO KiHUA, NICNS YOrQ, BWTIKAKOMW nig HANCPOM Yepes WinuHHIR oTsip 4 y
NEBITPAHUA NPOCTIP, YTBOPKIE BOASHY 3aBicy. HAKWO AKWACE i3 AOAATKOBAX LUMNIHAPWYHNX dinbTpie 3
ByLe NOWKOMHEHO CMITTAM, TO MOMQ MErke 3amiHUTL YU OYUCTUTH NPU PEMOHTI Ha MICLi BUKOHaHHA
NCKEKHO-PATYBANBH X POGIT.

BWKOHEHHSA NPUCTPOK TAKUM YKHOM AQ3IBONAE HE TIMbKM HE yCKNAAHIOBATI KOHCTPYKUIKD Hacadka
Ta TpaHchopMyBaTU BOAAHWA CTPYMiHb y NAQCKY BOOAHY 38BIiCY, AKa MOXE 3acTocyBathck AnsA
NPOBEAEHHS MOXENHO-PATYBaNBHUX PobIT ¥ HARBINbW 3pyHHOMY NONOXEHHI 3 YTBOPEHHAM 3aBiCKH B
Byfb-sKi#d NAOLWMKI, @ TAKOXK NIGBULLWTI HOrO DEMCHTONPUAATHICTE, HAAIAHICTE Ta eheKTUBHICTh.

Nxepena inhopmauyii:

1. Dariusz Gil, Piotr Placek "Armatura wodna i planova®, Centralna Szkola Panstwowe], Strazy
Pozame), Czestochowa, 2003. - C. 85-67.

2. Nar. 80884 YkpaiHa, MMK (2008) A62C 31/00. Hacaaok Ans CTBOPEHHA NNOCKopaianbHol
sogaHol 3asicu / Wkapabypa M.I., Jenaaperko K.HO., Aaguenko O.1., Bitbko M.M., TulweHko €.A,
3AMBHAK | AATEHTOBNACHWK Yepkacekuit IHCTUTYT noxexHol Beaneku im. lepoie YopHotuna MHC
YKkpaiHu. - Ne a200511329; aassn, 29.11.05; onydn, 12.11.2007, Bron. Ne 18,

OOPMYNA KOPUCHOT MOZENI

Hacapok ana CTEOPeHHA NNOCKO-padiansHol BOARHC! 3aBiCK, WO MICTUTL NYCTOTINMA KOpRyc i3
BXIAHUM LMNIHAPAYHUM KiHLEM | BUXIGHUM KIHLUEM, SKWA BUKOHAHO Yy BAMMAAI NNOCKOroe posTpyGa 3
FOCTRMM KYTOM DOSKPWTTS i3 OBOX, 3'€4HaHNX MiX CoBOK, NNACTVH, AKi YTBOPIOKOTE BUXIAHUA KiHelb ¥
BUrNRA) ABOX NAPaNENntHWX HANPAMHKX i3 padianbHUM LWINWHHAM OTBOPOM, AKWA BiRPI3HAETLCSH TUM,
Lo ¥ NyCTOTINOMY KOPNycl Ha wWnsxy pyxy poGo4oro cTpyMeHs Boan abo RIAVHHOMO pPO3YMHy Ans
raciHHe noxexi pizbboBuM 3'eAHAHHAM AOAATKOBO BCTAHOBMNEHO OOHY YK AEKINbKa LUMIHAPWMHAX
neperopefok MinsTpayil T2 38ypeHHs pignHKu 3 0araTeMa cTBOPaMKU Manorc siaMmeTpa.
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FopMcHE MOLENs HANEXHTE 00 YNAWTYEAHHEA NEREMHHKY 3acobia nomexoracisia (BorHEracHHEIE)
| A0 BAocCHOHENEHHA X npodlnakTH«Hore  obonyrosyBaHHA, WO O0380nAe  ederTHEHILE
BHHOPHCTOEYBETH HE NOESHAS BOTHEMECHWEM | A0eWeBdTH [ pernaMesTHE nnadosc-sanobiEqe
oficnyroByEEHHA. A CEBME - 00 MNEpEHOCHMANEpEeCYEHWX NepBAHHMX  33cofie nomexoraciHHs
{200onlHHL | nopowkael BorderacHdes). Al ponyckawTe GiNeW TpHBanhue YTPUMEHHA B cTasl
rOTOBHOCTI G0 BMEODMCTEHHA ¥ CBOEMY CNPABHOMY CTaH! G83 NpodNEBETHYHKME | pEMOHTHHY BTRYYEHE.

Blooml nepeHocHl, nepecyedl | cTayloHapHl NpUeTpol Ta cHUCTEMA NoMEeHoOraciHHA - sogoniHHl |
NepoWKESEl 3aEa4H| BOTHEFACHWEW, Hanpienag, OM-10,, AYNT | ananorivsl, nogldsl 0o Bux 38 BdaomM
BOHETACHD] PESOBMHA, NPAETWYHO vl THNopoamMips [1].

Takox eloowml npucTpol [2] - eopgeniddl | nopowrkael BorderacHden Tany OBM-10.01, ON-58, a Tak
camo ol IHwi Tunopaasipd, BMGpadl AK NPOTOTANK.

Mepwl BENKYEKTE BOTHETECHY PEYOBHAHY, U0 IAHAMYETRCA Ny THCKOM B METANSEWA KOpRyYC
{eMiHICTE). CBM KOPAYE | 3aNIPHO-NYCKOEWA MEXaHiIm.

Opyrl Tes smicTATE METANEEAR KOPNYE, BOTHETACHY DEYOEHHY, WO PO3MILYETECA B MaTANEeEOMY
kopnycl (emHocTl) npw atmocdepsosmy Tucey, Ganos cTacnore pofouworo raay, po3TaWOBAHWA
yoepeOMHl kopnyey ato 306! | 38NIPHO-NYCHOBAA MEXaHIZM.

JaraneHMd HegoniEoM  TaEk: NpEcTpolE2 £ HeMoENWMEICTE EBl3yEnNbHOrD KOHTRONW  EKTY
HOMIHENEHOMS 3ANCEHSHHA BOTHEMSCHOM PEYCEMHOH METANEROMD HOpnycy (ess=EocT) sHacnigox
HEMN@OIGPECTI GCTAHHBOMD, WO 33E#0« Bdmaraes [arfgao 3 ACTY [3]) nposeneHHE OOCHTE EMHMX
pErNAMEHTHHY BWNpoByEAHE NPaUE3NATHOCTI BOFHEracsMels, Ix nepesapAdkd T2 npodiinEETHsHO
dlarHocTeK. NprYoMy, H8 Ue BATPEYATECA YHMEN! MATEpENEH] pacypcH.

IHWHM XBpEKTEpHWM Hegonigom asanocrie | npoToTunle & Te, WO B UMK NPHCTPOAX EBLOCYTHS
MOMNWEICTE ONERAETHEHOMD KOHTPONK BOMHeracHol peYosMHW HE  HEABHICT: ocepegels. Akl
“INEEYHITECA®, WO HE NWWE 3HMEYe ShEKTHEHICTE BHEORHCTAHHA BOMHET3CHWKIE HE NOEEHaX
yHacnlgox elgcyTHOCT] Ba®aHoro CTYNEHA OWCNepoHOCTI BorseracHol peyoeMHEld, ane | moxe apoduTe
¢ HENpHAaTHAMK 00 BWKODUCTAHHRA NPW FECIHHIL

KpiM usoro, 8 YMOBEX nosexi, ONSpaTOR, NPEUKIKYHA 3 SOFHErBCHHEOM, HOBNYC AKOG
HENPOIOPHA, HE MOWE BI3YANEHO EOHTPOMNKESTH BWTRETH BOFHEracHo! PEY0BWHH, WO CYTTEROD
ZEEAMEE NPUAHATH ONEPETHEHE DILEHHA NpO CEBOEMACHY 3AMIHY NEpERHHOMN 38c08y noMesoraciHHa
anA noganewol nigelgaull zaropadHA.

Yol nepepaxoBaHl Heaonikd HEraTHEHG BNNMEENTE HA SMEKTHEHICTE BWKOPHCTAHHA BOMHETACHHKIE
| Ha poasip saTepleneHMY BHTRET. NOB'RA3AHMY 3 nnadoBo-sanobisHrM  NpofNakTHHHWM
ofcnyroByEaHHAM.

Jagaqe kopueHol MoOen| & NOEMWEHHA &hEKTHEHOCTI BHEODHCTAHHA BOAONIHHKY | NOPOW KOEBHE
BOMHETACHWKE NpW noseworacisdl, sabesnedeqHda roToesocTl 10 00 BUKOPWCTEHHA Npd nowesax |
ZHUHEHHA MATEplENEHKMY BWTPAT nnaHoeo-zanofisHoro npodinasTeddoro obonyrosyBaHHA 38
pEEYHOK 3ACTOCYBAHHA NPOIoporo xopnycy 3l cneulaneHWMK MITESMK B3 NoBapxHl Npo rpasusHl {max
| min} 2HAYEHHA AOMD HENOBHEHHA BOTHEMECHOW PEYOEMHOK WARXOM BI3yaneHol QIEMHOCTHEN.

B ocHoBy kopMcHO| Mogen| nocTaenesl sagaqa:

BIAVANSHOMD EOHTRON EKTY FREHMYHME (max | min) 3HeYeHs HENOBHEHHA BOCHEracHO
PEYOEWHOK KOpNYCcY BorHeracHueka Sea @oro poslupadHa-zGupasHa Vafo seasyBEHHA;

onepaTHEHOl BiayaneHol oyiHkW akTy Npo HaRBHICTE ocepeqkie sorHeracsol pesMosMHW, AR
“ANEEYHITECA®, 40 FPEHAMHO JONYCTHMOMS NEW NoEesoraciHHl plasn guonepcHocTl, ¥ ToMy YWenl go
HENpURYCTHMOT cTEAIT YyTEODEHHA KOHTMOME PATHHE HACTOK,

CEOEYACHOMND BWIHEYEHHA EPMTHHHME MOMEHTIE Ha NoMexl, KoNW cnlg 33M IHWTH BOMHETACHRKS

“CEMOpYAHYBAHHA® Kopnycy (NP HeobxlgHooT| BHEODWCTAHHA 38 NPUHUWNOM CAMOCTPAUKBEHHA)
aig Al elgHocHD BHcoKol TEMNSpAETYPM, 8 OTHE, NOTEHYAHO! roToBHOCTI 00 BUKOpPWCTAEHHA B pesdmi
“EETOMATHHHOMD" NOWEHOraciHHA WNAXOM 33KM08HHA BOMHETACHHES B OCSPEd0E NoMeH].

MocTaEneHa 3agE4a BWPILYTECA THM, WO KOHCTRYKTHEH| askHw ofnewTyeadHn BogoniHsux |
NoOpOLWKOEHY BOMHETACHHKIE NOB'A3aHl 3 3amiHOW HEeNpOZOpOrd METENEBOMD KOPNYCY HE NPo3IopWR
KOPAYC 3 NaNMepHoro MaTeplany 3 HaHeCceHHAM cneulEnsHME MITOE HE NOSeREHI NPO FPEHWYSHL [Mias |
min} 3HAYEHHA AOMD HANOBHEHHA BOTHEMACHOM DEY0BUHOK .

HoscTpykyla sanponosoeadol wopuwcsol Mopenl npegcTaeneda Ha @ir. 1 T dir. 2. Bowsa
Bigolpa®aE  NPHHEHHO-HECHIQKOBWA  38°R30K Mk 38FABNEHOK  O3HEKOHW  (NPo3cpHl HoOpRyo
BOMHETACHWKA 3| cneudlanssuMe simeamn) | oulsyeaHuM peaynsTaToM - aabesneyesHa roTOBHOCTI OO
SMECTHEHOMD WOrNS BWEODUCTAHHA NPpW NOMEMax, SHAMEHHA BWTPAT Ha nnadceo-zanodixHe Ta
npodinaeTwdHe obcnyroByEaHHA BOOONMHWE | NOPOWKOENY BOTHEraCHWEE.

NocarsexdHs BamadHoro peayneTaTy rPpyHTOBAHE HE ToMY, WO 8 33A8nNedHil kopuoHid rogeni
BOMHETACHE PEYOBWHA 1 (HANDWENE] BOMHET3CHHA MNOPOWOR] 3HAXOOWTECR YoepeOWHl Nposopars
Kopnycy 2, BMEOHAHOMD |3 npozoporo nonisepsoro sarteplany 3 elgmiTeams Ha Aoro noeepxdl 3 npo
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MAECHMAneEH? | MIHIMENEHD MOENWE] 3IHAYWEHHA HaENOBHEHMHA, 33KYNOPEHOMND  38NIpHO-NYCEOSHM
MEXaHIIMOM 4 Tak, WO 38 PaEyHOK HEAMIpHOMS THCHY YoepedWwdl =opnycy 2 nopowok 1 sae
KOHCHCTEHUID gucnepcHol cymiwl eorderacsol pesosnHM, aka 800 38KaYyETeCA YCSREeOWHY NP
FENPAEU| 3aEEYHKYE BOTHETACHWEIR, BE0 YTEOPHETECA AK, HANpMENER. B O-56 npy nogaddl eTHenono
rezy 3 Ganoxa pofosoro rasy 5, AKMA 3HEXOOWTECA YoepenwHl kopnycy 2 (dir. 1), afo ax v ON-50 -
zoEH| Kopnyoy 2 (doir. 2).

3 nigroToENeHWM 0o eEETHEHOMD BMEOPMCTAHHA BOMHET3CHWKOM ONEepaTop NPEUstE HACTYIH W
UHHOM.

Mo-nepwe, Blayansso, no sigmiTea: 3 He noeepxsl kopnycy 2 onepartop NepeEOHYETECA B TOMY,
W0 BOMHETACHWE 3apAQSEHAA NOBHICTH, BOTHEracHa pevoedHa 1 3a neplog sfepirasHa sorseracHmka
HE “anexanaca® | Ma& ElgnoBlgHy AMCNepCHIETE AnA Wined noxesoracisda, Gea sMicTy y cEOEMY
CHM3Al KOHINOMERATHHE YA CTOH.

Mo-gpyre, poadnogyeasv 3anipHo-NYCKOEMA MEXEHIIM 4, ONepETOR NOAAE BOTHETECHY PRYTBMHY
1 = npozoporg Kopnycy 2 Ha of'ekT 3aropAHHA.

Mo-TpaTe, BlayaneHs OWiHWHYY plESH: HANOBHEHHA BOMHETACHOK PEw0BWHON 1 npo3cporo
Kopnycy 2 no BlaMiTEax 3, onepaTop B YMOEAX NOXEew| CEOEYACHD NPHUAMEE ONapaTHEHE PILEHHA Npo
ZEMIHY BOTHEMACH MES.

Mig yac no=exl B zaxpuToMy ob'eMl, 3AB0AKA 30ATHOCTI CEMOPYRHYBEHHA NPo3opore opnycy 1 3
noniMepHoro MaTepiany 2io gl BlOHOCHD HEBMCOKWMX TEMOERaTYp, AOCATEETECA CAMOCNPAWHESHHA
BOMHEracHWKA 38 PAXYHOR TOMD, WO GO0 NOMILAET: ¥ BOMHMILE NoEexl (HENpUEnan. “3akMaaHHAM ) |
Bl MpaUYKE AK BNeMEHT GETOMATHI0OBAHO! CHCTEMM NOXaXOraciHHA.

Dwepena Hpopsauli:

1. Byt B.MN.. Maproeckswn B.M.. Managuka 1T, Mozpees AB.. Myctosit M.O. Nepeuddl aacobe
noskesoraciHaa. TEKTHEA BEKOpWCcTaHEA: - Bug. 2-re. - Yepeacwa: AMNE im. Mepole YopHobBuna MHOC
Yepalvw, 2010, - 142 ¢

2. Excnnyataula sorderacHukle: Npaktisdun nociBane /M. OTinay, & AdToHoe, B. Kaseubkdh Ta
IH. - Kule: ¥epHAOINE. Nosindopsarexsica, 2007, - 112 ¢

30 0CETY A4207-2004 Mowewna Texdiza. TexdddHe oBocnyroByYBAaHHA BOMHEracHekE. 3araned|
TEEHMHI BMMDTA.

SOPMYNA KOPUCHOI MOGENI

Mopowkaewi ab0 B0QoNIHHHEA BOrHEracHWK 3akaqdore aBo GanoHHoro THNy, AEME WMICTETE EORNYC,
Az BloplzHAETLEA THM, WO BOMHEracHa peqdoBdHa 1 (HANDWEN&D, BOrHETACHUA NOoDoWoH)
FHAXOAWTREA YCepedWH Npo3oporo Kopnycy 2, BMEOHEHOMD 3 NPO30POrNd noniMepHoro mateplany
BIOMITEEMMW HE ROTe NoBepsdl 3 Npo MEBECMMANEHD | MIHIMEBNEHD MOMNWBELD 3HEMEHHA HENOBHEHHA,
ZEKYNODEHEND IBNEHO-NYCKOEWM MeXadizmMom 4 Tak, Wo 38 DaXyHol HAOMIpHOND TUCHY YoEpeOwH|
Hopnycy 2 NOpoWwWoK 1 MEe HoOHCWCTEeHUWi aWwcnepcHol cyMiwl BorHeracHol peqdobBdHs, Aka abdo
ZEHAYYETECA YCBPeOMHY NpM 38npacEll 3EKEYHMX BOTHeracHWela, ado yTEORHWETRCA AK. HANDWENAD, B
OMN-56 npW nogaddl cTicnore rasy 3 Ganosa pobodoro razy 5, AKME AHaXOQWTECA YyCoEREOWHH] Kopnyoy
2, abo sk y ON-50 - z330esl kopnyoy 2.
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PIIMHHOT BOTHETaCHOI pEYOBUHU
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(54) CTBOI-PO3MUIIOBAY 3 HACAOKOM [l CTBOPEHHS MMOCKOPAAIANBHOIO CTPYMEHS
PIAWHHOI BOrTHEFACHOI PEHOBUHU

(57) Pecbepar:

CTBON-po3nunioBay 3 HacafAKkoM Afs CTBOPEHHSA NocKopazianbHoro CTPYMEHS PiAUHHOI BOrHeracHoi
PEYOBUHU MICTUTbL NYCTOTINMIA KOPNYC i3 BXIAHUM LMAIHAPUYHAM KIHLEM | 3 BUXIOHUM KIHLEM, SKWit
BUKOHAHO y BUrMSAi NNOCKOro po3Tpyba 3 rocTpUM KyTOM PO3KPUTTS i3 ABOX 3'€4HAHUX MK CoB0i0
NNacTuH, siki YTBOPIOKTb BUXIAHWIA KiHeLb y BUrMsAI ABOX NapanenbHUX HanpsMHUX i3 pagianbHum
WiNMHHUM OTBOPOM. BHYTpilwHA "BuGipka" mMaTtepiany y kopnyci o6'eMHO nos'saaHa 3 ogHoro 6oky 3
BXIAHAM UMNIHAPUYHUM KIHUEM, [0 SIKOro 4Yepes nepexigHwi wWTyuep pisbBGOBUM 3'€QHAHHSM
NPUEAHAHUIA KyNbOBUW KpaH Ans 34iACHEHHS Yepes3 HbOro MnoAayi BOAM YU BOAHOTO PO3YMHY
BOTHEracHOl pe4yoBMHU y KOpNyc, skuii "3Bepxy’ pi3bbOBUM 3'€QHAHHAM 3  KOHTPYIOHYUM
NPUCTOCYBaHHAM NPUKPUTO 3MIHHOK KPULLKOIO 3i cneuianbHum "M"-nogiGHUM NpodinbHUM NpopizoMm.
3 npoTunexHoro BXiAHOMY KiHLIO GOKy 3aBAsSKM KpULUi 3i cneuiansHum "M"-noaiGHUM npodinbHUM
NpoOpi3oM Ta XOPCTKUM NiacTuHam 3 haCOHHWUMM 3pi3aMu CTBOPEHO BUXiAHWIA KiHeub y BUrnsAi
NPOMINLHOro NPAMOKYTHOrO OTBOPY, Yepe3 SiKUi 3 KOpMycy nia TUCKOM NOAAETLCS BOAHWA PO3YUH
BOrHeracHoi pe4oBuHu B aTMocgepy.

UA 114070 U
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KopucHa mogenb HanexwTb 40 NOXEXHO-TEXHIYHOro obnaaHaHHs | moxe ByTn BUKopucTaHa: Ans
NIKBIAYBAHHA MOXEX Ta 3axucTy o6'eKTiB, niogeit i NPUPOAHUX NPOCTOPIB Bif Ail NONYM's PIAUHHUMU
3acobamu noxexxoraciHHs; AN\ nokanisauii PO3aNOBCIOAXEHHS (DPOHTY rOPiHHA Ta CTBOPEHHS BOASHUX
3aBIC, €KpaHiB 41 MPOTUMOXEXHUX CMYr Ha MOBEPXHi 3emni Ta iHWUX 06'eKTax MOXEeXOoraciHHs; a
TaKoX ANA OCaAKEHHS XMap CUMbHOAIKYMX OTPYNHUX PEYOBUH.

Bigomun Hacapok, AKUA MOXHA BMKOPUCTOBYBATU SK CKIafoBY 4YaCTUHY MOXEXHOro crsona-
posnunosaya Ans CTBOPEHHS NNOCKOPaAianbHOro CTPYMEHA PIAMHHOMO MPOTUMOXENHOTO PO3YUHY,
WO CKMaaaeTbCs 3 MyCTOTINOro KOpMycy i3 BXiAHUM LMMIHAPUYMHUM KiHUEM i BUXIAHUM KiHUEM, OO
AKOrO Ha BiACTaHi NepneHAuKynapHO NpuejHaHa nnacTuHa-ekpaH y BUrnsiai cermeHta. CTBOPEHHS
BEpPTUKanbHOI BOAAHOY 3aBiCU 3AINCHIOETHCA LUNSXOM NEpEBEfEHHA BOASHOrO CTPyMeHs 3
FOPU3OHTANbLHOrO HanpsiMKy y BepTUKanbHWA HanpsMOK Yepes LWiNWHY, YTBOPEHY MK BUXiAHUM
KIHLEM Kopnycy Ta NnacTUHOK-eKpaHOM, Mo K TOHKOK MNIBKOK po3TikaeTbea Boaa [1].

OpHak, Taka KOHCTPYKLISi NPUCTPOKD MOXE BUKOPUCTOBYBATMUCSH, KPIM MOXEXKOraciHHe, nuiie ans
IHAMBIAYanbHOro 3axMCTy NepcoHany MNOXeXHWX Bif BMNIWBY TENMOBOrO MOTOKY Bifi MOXEX LUNSXOM
CTBOPEHHA BOAAHOI 3aBiCW, Ta nWWe Yy BepTUKanbHiA NIOLWWHI; YHEMOXIIMBMIOE CTBOPEHHS
FOPU3OHTaNbHO PO3TALLOBAHOTO BOASHOTO €KpaHa, a TaKoX BIACYTHA MOXIUBICTb 3AINCHEHHS
CTBOMOM-PO3NUMIOBa4YeM 3 HacafkoMm OXOnomkeHHs ob'ekta y 30HI Tennosoro BnnvBy dakena
nonym's Ta 34INCHEHHA rpynoBOro 3axucTy nepcoHany Big BNMBY TENNOBOrO NOTOKY.

Hanbinblw 6nusbkvm no cyTi A0 3anpONOHOBAHOI KOPUCHOI MOAeni € Hacagok Ansi CTBOPEHHS
NnocKo-pagianbHol BOARHOI 3aBicu, WO MICTUTb NYCTOTINUIA KOPMYC i3 BXIAHUM LUMNIHAPUYHUM KiHLEM i
BUXIAHIM KIHUEM, SKMA BUKOHAHO Y BUrNSAI NNOCKOro po3Tpyba 3 rocTpUM KyTOM PO3KPUTTS i3 ABOX
3'eAHaHnX Mk coBOI NNacTuH, SKi YTBOPKWTb BWXIAHWA KiHEUb y BWIMsSAI ABOX napanenbHux
HanpsAMHUX i3 pagdianbHUM WiNUHHUM OTBOPOM [2].

B aaHomy Hacagky pobouymid CTpymiHb BOAKU a0 PiANHHOTO PO3YMHY, 3MOYEHUI NEPUMETP SKOTO
Mae uuniHapuyHy opmy, BUTIKaKYM i3 BXIQHOTO KiHUS, NOTPannsie B MOPOXHWHY KOPMYCY, 3MiHIOE
CBOKO POpMy i OCTATOYHO POPMYETLCS B MOCKOpaAianbHU BOASHWIA CTPYMiHb, SIKWiA PYXAETbCS MiX
ABOX napanenbHUX HanpsMHWX BUXIAHOTO KiHUSA, 3'e4HaHWMX Mk coboto, nicns 4oro, BUTIKaK4M nig
HarnopoMm Yepes LLiINUHHIA OTBIpP Y NOBITPSIHWIA NPOCTIP, YTBOPKOE NNOCKOPaAianbHUA CTPYMiHb.

B uUbOMy npucTpoi, sikuii BUOPaHO 3a NPOTOTUN, BHACNIAOK HAsSIBHOCTI y KOPMYCi TEXHOMOrYHO
IMBaApHOro MOHONITHOro 06'eAHaHHs ABOX NapanenbHUX HanpPSMHWX BUXIAHOrO KiHUS i3 pagianbHum
WiMMHHUM OTBOPOM, HE Mae MOXMUBOCTI 3MiHIOBATV NapameTpu (LUMPUHA | BUCOTA) BUXIAHOI LWiNuHK,
AKi CYTTEBO BMNMBAIOTb HA SAKICHI NOKa3HUKKM POBOYOro MnockopagianbHOro CTPYMeHs (AanbHICTb i
OXOMIEHHA (POHTY NOXeXi), WO He cnpuse edeKTUBHOMY BUKOPUCTAHHIO BOTHEracHUX pPeyvyoBuH
(BI'P) npu noxexoraciHHi.

B ocHoBy KOpuCHOI Moaeni nocTaBneHo 3ajady niABWLMTU TEXHONOMYHICTb CTBOPEHHS
nnockopaaianbHUX CTPyMEHIB BOAHOrO po3ymHy BIP, wo pgocAraeTbCs  3a  AONOMOroto
KOHCTPYKTUBHWX 3MiH CTBONa-po3nuntoBaya 3 Hacaakom.

Ha opir. 1 npeactasneHo poboye KpecneHHs NPUCTPOLo, a Ha ir. 2 - OTO KOHCTPYKUii cTBONa-
poanunoBaya 3 HacagkoMm. 3a AOMOMOrol ABOX TakuX CTBOMIB MOXIIMBO NOAABaTW i KOMMNOHEHTU
reneyTBOPIOKYUX CKNaaiB.

Ctson-po3nunioBay 3 HAcagkoM [ANns CTBOPEHHS MNIOCKOPaAianbHOrO CTPYMEHS  PiavHHON
BOrHEracHOi PeyoBWHM, WO MICTUTb NyCTOTiNMIA Kopnyc 1 i3 BXiAHUM UWMIHAPUYHUM KiHUEM i 3
BUXIAHAM KIHUEM, A& NOPOXHWHA BCEpeauHi oro kopnycy 3pobrneHa 3 BHYTpillHbOW "BUBipKo"
marepiany Tak, WO NOPOXHWHA y KOpnyci 06'eMHO 3B'A3aHa: 3 ogHOro GOKy 3 BXiAHUM LMNiHAPUYHAM
KIHUEM 2, N0 SKOro Yepes nepexigHuii Wwryuep 3 pisabboBUM 3'eAHAHHSAM NPUEAHAHWIA KYNbOBUIA KpaH 4
AOns 3AINCHEHHSI Yepe3 HbOro nojadvi BoaHOro posyuHy BIP y kopnyc, skui "3sepxy" pisb6osum
3'eAHAHHAM 3 KOHTPYIOYUM NPUCTOCYBAHHAM 5 NPUKPUTO 3MIHHOK KPULLKO 6 3i cneuianbHum "M"-
noAibHUM NpodinbHUM NPOPI3OM; @ 3 NPOTUNEXKHOrO BXIAHOMY KiHUKO BOKy 3aBAsku Kpuwui 6 3i
cneuiansHum "M"-noaibHAM NPOMdIiNbHUM NPOPI3OM Ta XOPCTKUM NNACTUHAM 7 3 haCOHHUMMU 3pi3amu
CTBOPEHO BUXIAHWIA KiHEUb Y BUrNAAi NpodinbHOro NpsiMOKYTHOrO OTBOPY 8, Yepes skui 3 kopnycy nig
TWUCKOM NOAAETLCA BOAHWIA po3uunH BI'P B atmocdepy.

CTBON-po3nunioBay 3 HacagkoM Mpaule HacTynHUM 4YuHOM. [1OTIK PiAMHHOI BOrHeracHol
PEYOBUHU, 3MOMEHUIA NEPUMETP SKOTO Mae UUNIHAPUYHY DOpMY | BUTIKAE i3 BXiQHOro KiHUS 2,
noTpannse B MNOPOXHUHY kopnycy 1 Ta pgani, NpoTikawuu CKpi3b (PACOHHI BUPI3U Y KOPCTKUX
nnacTuHax 7, OCTaTO4HO (POPMYETbCS B MOCKOpafianbHWA CTPYMiHb MPSIMOKYTHUM npodinem
BUXIAHOTO KiHUS 8, niCns 4Oro, BUTIKAKOYW Nif HaANOPOM Yepes LWiNWHHWIA OTBIp y NOBITPAHOMY
MPOCTOPI, YTBOPKE NMOCKOpadianbHWiA CTPYMiHb BOAHOro po3duHy BIP B armocdepi. Poamip
BUXIAHOrO MPSIMOKYTHOTO OTBOPY 3a LUMPUHOK PErynioeTbCA 3MiHOKW Kpuwkn 6 3 "M"-nogiGHum
npodinbHUM NPOPI3OM Pi3HOI LUMPWHK (BiANOBIAHO A0 MPOPI3y KPWLLIKM), @ MO BWUCOTI - TOBLUWHOK
XOPCTKUX MMacTUH 7 3 OJHAKOBUMMW cneuianbHUMK hacoHHUMU 3pidamu, siKi CKnagarTbes ogHa Ao
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OAHOI Ta PO3TALUOBYKTHCS MK kopnycom 1 i kpuwkow 6, siki 3'eAHaHi piabOOBUM CNONyYeHHsM 3
KOHTPYHOUUM MPUCTOCYBAHHAM 5, YUM BU3HAYAETHCS BUCOTA NPSAMOKYTHOrO OTBOPY.

TakuM YWHOM, KOHCTPYKTUBHE BUKOHaHHA MPUCTPOKD [ANS CTBOPEHHA NNocKopaianbHoro
CTPYMEHS BOAHOro po3yuHy BI'P y Burnsai BuxigHoi perynboBaHOi NPAMOKYTHOI WINWHKW, Yepes sKy
noAaeTbCcs BOAHUMA POo34vH BI'P npw raciHHi nonym's noxexi 4v npu 3axucTi Big NOXeXi, Aae 3Mory
3abe3neunTi NOTPIGHY TEXHOMOTIYHICTb KOHCTPYKLII, O AO3BONSE AOCTATHLO NPOCTO i edPeKTUBHO
3MIHIOBaTU PO3MIpU NMPOMINbHOrO NPSMOKYTHOTO OTBOPY, Yepe3 sikuii B atmocdepy noaacTbes
nnockopagianbHuii CTpyMiHb BOAHOro po3yuHy BIP.

[Ixepena iHdopmaLlii:

1. Dariusz Gil, Piotr Placek "Armatura wodna i pianova", Centralna Szkola Panstwowej, Strazy
Pozamej, Czestochowa, 2003, C. 65-67.

2. Nart. 80884 Ykpaina, MIMK (2006) A62C31/00. Hacagok Ansi CTBOPEHHS MrockopagianbHoi
BoasHol 3asicu / Lkapabypa M.I"., dengapenko tO.1O., Asaverko O.l., Bitbko M.M., TuweHko €.A,
3asiBHUK i MaTEHTOBNACHUK Yepkacbkuit iHCTUTYT noxexHoi Gesnekn im. Mepois YopHobuns MHC
Ykpainu. - Ne a 200511329; 3aasn. 29.11.05; ony6n. 12.11.2007, 6ion. Ne 18.

®OPMYJIA KOPUCHOI MOAEN!I

CTBON-pO3NMNIOBaY 3 HACaAKoOM ANS CTBOPEHHSA NNOCKOPaAianbHOro CTPYMEHs PiAWHHOI BOrHeracHoi
PEYOBUHM, IO MICTUTL NYCTOTINMA KOPNYyC i3 BXIAHUM UMMIHAPWYHUM KiHUEM i 3 BUXIAHUM KiHUEM,
AKUA BUKOHAHO Yy BUIMSAI NMOCKOro po3tpyba 3 rocTpuM KyTOM PO3KPUTTS i3 ABOX 3'€AHAHUX MiX
cobo MnacTuH, SKi yTBOPIOKOTb BUXIAHWWA KiHEUb Yy BUrMSIAI ABOX NapanenbHUX HanpsMHUX i3
pajianbHUM WINUHHUM OTBOPOM, SKWW BiAPI3HAETBHCA TVWM, WO BHYTPIWHS "Bubipka" matepiany y
kopnyci 06'eMHO noB'A3aHa: 3 ogHoro GOKy 3 BXiAHUM UMMIHAPUYHUM KiHLUEM, JO SiKOro yepes
nepexigHui Wrylep pisbboBUM 3'€AHAHHAM NPUEAHAHUIA KyNbOBWUIA KpaH ANS 3A4INCHEHHS Yepes Hboro
nofadi BOAU YU BOAHOTO PO3YMHY BOFHEracHOi PEYOBUMHW Y KOPMyC, SKuii "3Bepxy" pi3bboBuM
3'€4HAHHAM 3 KOHTPYKUYMM MNPUCTOCYBAHHAM MPUKPUTO 3MIHHOK KPULLKOK 3i cneuianbHum "M"-
noaibHUM nNpodinbHUM NPOPI3OM; a 3 MPOTUMEXKHOrO BXIAHOMY KiHUK OOKy 3aBAAKM KpWLLi 3i
cneyianbHum "MN"-nogibHUM NpodINbHUM NPOPI3OM Ta XKOPCTKUM NnacTuHam 3 GacoHHUMU 3pizamu
CTBOPEHO BUXIAHUI KiHeUb y BUrnsgi NnpodinbHOro NPSMOKYTHOrO OTBOPY, Yepe3 sk 3 Kopnycy nig
TUCKOM NOAAETLCA BOAHWUI PO34MH BOrHEeracHoi pe4oBmHU B atMocdepy. .
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Komn'iotepxa Bepctka O. Meprinb

[epxasHa cnyxba iHTenekTyansHoi BAacHoCTi Ykpainw, Byn. Bacuns Jlunkiscbkoro, 45, M. Kuie, MCI1, 03680, Ykpaina

AN “YKpaiHCbKuin IHCTUTYT iHTenekTyanbHoi BnacHocTi”, syn. MnasyHosa, 1, M. Kuis — 42, 01601
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CMMETPUYHOrO pOo3MiLLieHHs i hikcaLlii cTBOMiIB-po3NuntoBadiB.
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KopucHa mofenb HanexmTb A0 NPUCTPOIB MOXeEXOoraciHHA i Moxe ByTU BUKopUCTaHa Npu raciHHi
TBEpAMX ToproUMX MaTepianis B AOCHIAHULBKUX LiNAX NpU CTBOPEHHi iHCTPYKLiA TaKTMKO-TEXHIYHOroO
3abe3neyeHHA KopucTyBayaM aBTOHOMHUX YCTaHOBOK AMCTAHLiiHOTO MOXEXOraciHHA, a TakoX Ans
3axXUCTy CYCIHIX 3 ocepefkom noxexi 06'ekTiB (TepuTopiil) Wwnsixom iX nonepegHboi 06pobku
BOrHE3aXUCHOK CYMILLILLIO.

Bipoma ycTtaHoBKa Ansa noxexoraciHHA [1], sika MicTUTb pe3epByap 3 BOTHEracHol peyoBMHO, B
[OHULLi SIKOro 3MOHTOBaHa BUMYCKHa rofioBKa Ta BY30s1 PO3CikaHHS MOTOKY, LU0 BUKOHAHUA Y BUMNSA)
BTYNKN 3 poscikaueM. Poscikau po3sTalloBaHO B pe3epByapi, NpUUYOMY BY30N pO3CikaHHSI MOTOKY €
3MiHHMM, B 3aneXHOocCTi BiJ BUAY BOrHEracHoi peyoBUHW, a BOrHEracHa peyoBWHa 3HaAXoAMTbCS Nig,
TUCKOM CTUCHEHoro rasy. Heponikom 3asHauyeHOro MpUCTPOO € Te, LU0 HasiBHICTb B pesepByapi
posnywyBaya 3 MOPUCTOr0 enacTUYHOro MaTepiany, 3yMOBMIOE HeoOXigHICTb BUKOPUCTaHHA B
KOHCTPYKUil ¢hnaHuiB, Lo [03BONATL MNpoBagUT TexHiYHe obcnyroByBaHHA po3nyllyBaya
BCcepeayHi pesepByapa. Lle Buknukae 36inbleHHs KiNbKOCTi po3'eMHMX 3'eAHaHb Ha pe3epByapi i, sk
Hacnigok, nigBuLlye iMOBIPHICTL BTpaTW repmMeTUYHOCTI i BUTOKY cTUCHeHoro rasy. Kpim uporo
3HaYHWUN rigpaBniyHUi onip po3nyLlyBaya, Yepes Sk B LLap NOPOLLKY NOTpannse CTUCHEHWIA ra3 ans
BUTICHEHHA MOpPOLUKY 3 pe3epByapa B O0CepedoK MOXeXi, 3YMOBMIOE 3pOCTaHHA TpUBamnoCTi
cnpaLboBYBaHHSA NMPUCTPOIO, a 3aKpiMNEHHA po3nyllyBaya B pe3epByapi TakKMM UYWHOM, LLO JMLle
HUXHSA 1Oro YacTMHa Mae 3Mory 3MilllyBaTiCb, Befe A0 TOro, Lo Micns cnpalboByBaHHSA YCTaHOBKN B
pesepByapi MoXe 3aSMWNTUCL AOCUTb BENIUKUIA Luap NOpOLUKY, po3TalloBaHWii y 6oKoBill NoBEpPXHi
pesepByapa. [o Toro >, BijomMa ycTaHOBKa MOXe BWUKOPUCTOBYBaTWUCb TiflbKM AfS BOTHEracHux
PeyoBUH y BUINSA] MOPOLUKY i He Moxe OyTu npuctocoBaHa Ana piavH. Bce ue BulieHaBepeHe,
3peLuTolo, 3MeHLUYe eheKTUBHICTb NOXEXKOraciHHS.

Bipoma iHWwa ycTaHoBKa ANSi MOXeXOraciHHA - iMNyrbCHWUI BorHeracHuk "TaiicpyH" [2] - akui
npu3HayeHo ANA raciHHA noxex knacy A, srigHo 3 TOCT 27331-87. KoHcTpyKLUis aHanora micTuTb
pamy Bi3ka 3 efleMeHTaMu AJ1S KPiNfeHHS Ha Hill cknajoBuX YacTUH BOTHEracHuka 6anoHHoro tuny,
OJJH CTBOJI-pO3NuMioBaya, Npu LbOMY caMm Bi30K Mae ABi 3BMYalHi MaTounHn abo 3MiHHI MaTounHK
[ONs Konic, Lo A03BONsATb NepecyBaT BOTHEraCHMK MO PiBHill NoBepxHi abo no MapLuoBUM cxozam
bypisenb i cnopya.

Heponikom, ycTaHOBKW € BUKOPWUCTAHHS TEXHONOFil iMAYNbCHOTO MOXEXOoraciHHA MOOAUHOKUMM
"nocTpinamun” nopuiit aApibHogucnepcHoi Bogu. Kpim Lporo yctaHoBKa B 3MO03i NogaBaTh BUKITIOYHO
BOAHI BorHeracHi peyosuHu (BI'P) B ocepeok noxexi i Tinbkn 3 61m3bKoi BiacTaHi, MeHwe 1 meTpa,
npuyoMmy, OAHUM CTBOMOM-PO3NUIIIOBAYEM | HeBENMUKMMU nopuismMu, Lo obmexye edeKTUBHICTb
NOXKeXOoraciHHS ycTaHOBKaMil J@HOro TuMy.

Haibinbw 6nu3bkumMu aHanoramu A0 3anponoHOBaHOI YCTAHOBKW AMNS MOXEXOraciHHs, Lo
3aABNSETbCA, € aBTOHOMHI paHLUeBi YCTaHOBKU, Taki SIK aBTOHOMHi CUCTEMM MNOXEXOoraciHHs
reneyTteopiotounmi cknagamu AYTIOC i AYTTOCH [3], ski 34iicHIOTb raciHHS noxex knacy A 3
BUKOPUCTAHHSAM BOJHUX PO3YNHIB reneyTtsopiotounx cknagis (MYC).

KoHcTpykuii yctaHoBok AYTIOC i AYTTOC-I gns raciHHS noxex pigHHuMu BIP, 3okpema
BOAHUMU po3unHamum [YC, MicTATb Hecyuwii kapkac (pamy), Ae BCTaHOBMEHi ABi €MHOCTi 3
KomrnoHeHTamu [YC i gsa 6anoHuW 3i CTUCHEHMM MOBITPAM, SIKi MaloTb iHAMKATOPW BidyanbHOro
KOHTPOMIO TUCKY B EMHOCTSX, i 06'eAHaHi peayKTopoMm npsmMol Aii.

Y nopiBHSHHI 3 aHanorom HaBeAeHi KOHCTpyKuii 3abesneuyloTb MNiABULLEHHS edEKTUBHOCTI
MOXEXOoraciHHA 3a paxyHOK BUKOPWUCTaHHS ABOX €MHoOCTEW 3 KomnoHeHTamu YC, wo po3ainbHo
36epiraloTbcs i 0f4HOUACHO NOJAAITECS B OCepeok MoXeXi KOMMOHeHT. Mepluuit 3 HUX ABnse coboto
BOJHMI PO3YMH reneyTBOPIOOYOro CUmikaTy NyxHoro MeTtany. [pyrii - BOAHWIE PO3UMH PEYOBMH, L0
B32EMOJjIOTb 3 MEPLUMM KOMMOHEHTOM, 3 YTBOPEHHSM CTIliKOro resio, Lapu §Koro A0CUTb MilHO
3aKpinMooTbCA Ha BEPTUKANBHUX | MOXUANX MOBEPXHAX.

Heponiku yctaHoBok AYTIOC i AYTIOC-I sunnusatoTb 3 TOro, Lo iX 3acTOCyBaHHS He
pernameHToBaHO AaHUMu 6anicTUKU CTPyMeHIB ABOX BOAHMX PO3uMHiB KoMMoHeHT YC, sk anpiopi
noB'si3aHi 3 CMHEpPriYyHUM e eKTOM 3MillyBaHHA CTPYMEHIB ABOX BOAHWUX PO3UMHIB KoMMoHeHT YC.
Mpwn ybomy X 3MilLyBaHHA 3A4INCHIOETLCA 32 paxXyHOK YTPUMaHHA B CTBOMi po3nuioBaviB B pydyHOMY
pexummi, To6To "Ha OKO" OLHIOITLCS NPOCTOPOBI NO3WLiT CTBONIB-PO3NUMIOBaYIB, SKi HaLiNKTL Ha
BOTHULLE MoXexi npubnusHo, A0 TOro X AOBINBHUM YMHOM peanisyeTbCs OpieHTauis cninbHoro
noaBaHHs CTPYMeHiB KOMNOHeHT 'Y C Ha 06'eKT noXeXoraciHH .

BukopuctahHa yctaHoBok AYTIOC i AYTIOC-I1 6e3 HanexHoro TaKTUKO-TEXHIUHOFO
3abe3neyeHHs Ta A0AATKOBUX KOMMIEKTYIOUWX He BUKIIOYae MOMUIIOK MepeAyacHOro YTBOPEHHS
Kpanenb rento B npoueci pyxy 6iHapHoro notoky 'YC po ocepeaky noxexi. B pesynbrati kpanni
HecBoeYacHO YTBOpEHOi CyMmilli He 3acTurnoro renio 6yayTe BuUnagaTtw "B ocad’ Ha nigcTynax
HabnuxeHHs A0 06'ekTa NoXKeXoraciHHs, i epeKTMBHICTb BUKopucTaHHSA 'YC [0 noxexoraciHHS Lumn
ycTaHOBKaMi 3HU3UTBCS.
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B ocHoBy KopucHoi Mopeni nocTaBneHo 3ajauy, Lo nonsdrae y NigBULLeHHi edeKTUBHOCTI
BUKOPUCTAHHA BOTHEracHUX YCTAHOBOK MOXEXOraciHHsA, $Ke 3AINCHIOETbCH LUMAXOM MoJaBaHHSA
BOZHUX PO3umnHIB, 30kpema YC, Lo nonsrae y BAOCKOHaneHHi kKoHcTpykuin Tuny AYTIOC 3a paxyHok
KOHCTPYKTUBHOro 3abe3neuyeHHs LinecnpsMoBaHOro AWcCTaHLUiiiHOro nojasaHHA KomnakTHUX abo
po3nopolueHnx cTpyMeHis YC cTBonamu-posnunioBayaMn B NpoCcTip Hag/nepes, ocepeaKoM ModKexi
Tak, Lo, pyXarounch no 3asjaneriab po3paxoBaHUX TpaekTopisax, kpanni cknagosux YC cnouyaTtky He
KOHTaKTYIOTb OJHa 3 OAHOM, @ Ha KiHUeBili cTagji NbOTy B MOMEHT JOCArHEHHS HUMU MpoCTOpy
Haa/nepep, ocepeaKoM MOXEX 3MILLYIOTBCS, MidXK HUMK BigdyBaeTbcsl MeXaHiuHa i XiMiyHa B3aemogjs,
B pe3ynbTaTi AKoT BOHW, OCifaroun y BUTNSA) LWapiB rento, NoKpuBaroTb NoBEPXHIO 06'€KTiB, Lo ropaTb
Y BOTHULLi, nokanisytoun i/abo NpUNUHSAIOYMN ropiHHS.

MocTaBneHa 3ajaya BUpIWYETbCA TUM, L0 B YCTaHOBLi AMCTaHUINHOTO raciHHA MOXeX
reneyTBOpIOYMMI CKNajamu, sika MICTUTb HECyumnil Kapkac (pamy), Ae BCTaHOBNEHI: ABi €MHOCTI 3
reneytsopotounmn cknagamu (FYC) i ga 6anoHu 3i CTUCHEHMM NOBITPSIM, MatOThb IHANKATOPU TUCKY
Bi3yanbHOro KOHTPONIO TUCKY B €EMHOCTSAX, SKi 06'egHaHi peaykTopom npsiMoi  Aji, npuyomy
KomrnoHeHTM [YC, o MIicTATbCA B €MHOCTSX Mig, TUCKOM CTUCIIOFO MOBITPS, 3aBASKN CUCTEMI
CMOMYYHUX THYYKNX LUMAHTiB 3HaXOAATbCH | B CTBONAX-po3nuiioBayax, siki MaloTb N0 OAHOMY KpaHy
ONA X 3aKpUTTS | BiOKpUTTA, Lo NOB'A3aHO 3 okKpeMUM abo cninbHUM nogaBaHHAM KoMNoHeHT 'YC Ha
06'eKT NoXeXoraciHHs, 3ri4HO 3 KOPUCHOIO MOZENno, Ha HecyyoMmy Kapkaci (Ha pami) BCTaHOBMNEHO
[OAATKOBO NPUCTOCYBAHHSA HaBefEeHHs CTBOMIB-po3nuioBayiB Ha 06'eKT noxexoraciHHA 3
Bepudikalieto No KyTax NigHECEHHS, KyTax pUCKaHHS, BUCOTI i 6a30Bili LUMPWHI CUMeTpUYHOro
po3MiLLeHHs i chikcauii cTBoNiB-po3nuoBaYiB.

YcTaHoBka Ans raciHHs [YC, sika MicTMTb Hecyunii kapkac (pamy) 1, Ae BCTaHOBNEHO ABi EMHOCTI
2 3 komnoHeHTamn 'YC i aBa 6anoHu 3i CTUCHEHUM MOBITPSAM 3, AKi MaloTb iHANKATOPW BidyaslbHOro
KOHTPOMIO TUCKY B EMHOCTSIX 4, | 06'eAHaHi peaykTopoMm npsMoi Ajl, npuyomy komnoHeHTn 'YC, wo
MiCTSATbCA B EMHOCTSIX Mif, TMUCKOM CTUCIIOrO MOBITPSA, 3aBAAKN CUCTEMI CMOMYYHMX THYYKUX LUNAHTIB 5,
3HaXoAsTbCS | B CTBONAX-po3nuntoBayax 6, ski MaloTb N0 0AHOMY KpaHy Ans iX 3aKpUTTS i BigKpUTTS,
Lo MoB'A3aHOo 3 okpemMUM abo chiNnbHUM noAaBaHHAM KOMMOHEHT MYC Ha 06'ekT moxkexoraciHHS,
[OAATKOBO MICTATH CUCTEMY HaBeAeHHSI CTBONIB-po3nunioBayvis 7 Ha 06'eKT moxexoraciHHs 3
Bepudikalielo no Kytax NigHECEHHS, KyTax PUCKaHHSA, BUCOTI i 6a30Bil LUMPUHI cUMeTpUYHOrO
po3MiLLeHHs i chikcauii cTBONIB-po3NMNOBaYiB, Lo BCTAHOBMEHO Ha HECYYOMY KapKaci (Ha pami).

Ha dir. 1 Ta cpir. 2 306pakeHa ycTaHOBKa, LU0 3anponoHoBaHa B CTaTWLi 3 KOMMNNEKTYOUUMM
efleMeHTaMu: pamMa Bi3ka YCTaHOBKM 1; EMHOCTI 3 BogHUMU po3unHamu cknagosux 'YC 2; 6anoxm 3i
CTUCHEHUM MOBITPSM 3; peayKTop 3 MOKaXkyukamu TUcKy (MaHomeTpamu) 4; cucTema CnonyyHUX
FHYYKUX LUNaHrie 5; gsa cTBoNn-posnunoBaya 6; npuctocyBaHHS ANs HaBEAEHHS CTBONIB 7.

OAWH 3 TaKTUYHWUX MPUIAOMIB BUKOPUCTAHHSI 3aMpOMNOHOBaHOI YCTAaHOBKM NpeACTaBIIeHO Ha
cxemax (cpir. 3, ¢ir. 4), i BU3Hauae noJaBaHHA B 0OCEPEAOK NOXEX: PO3NUNEHNX KOMMOHEHT BiHapHoro
notoky 'YC 3 ofHiei Toukn ABomMa cTBOJSlaMU-pO3NUoBayaMu, HalineHuMn Ha BOrHULe Mig pisHUMKU
KyTaMu nigHeceHHs a, i d, No 3a3ganeriab po3paxoBaHUM TpaekTopisM iX pyxy. 3Biakun Bunnueae, Lo
npouec pyxy CTpymeHiB cknagosux YC npupogHUM UMHOM MOAINSETbCA Ha Tpu eTanu: etan 1 -
YNpUCKyBaHHSA KOMMaKTHUX YacTuH cknagosux [YC B aTmocdepy; etan 2 - iX BinbHUA pyX; eTan 3 -
ocaKEHHSA Ha 06'eKT NOXeXoraciHHA.

3posymino, wWo eTan 3 xapaKkTepnsyeTbCA TUM, LLIO HAaCTae MOMEHT, KON NocTynanbHi WBUAKOCTI
yacTok (Kkpanenb) 6iHapHOro NOTOKY Y340BX koopauHaTHot oci OY cTatoTb 65M3bKi A0 HYNboBUX. Toaj
X pyx 3pgilicHioeTbcss abo No TpaeKTopii BiNlbHOrO MafjHHS Ha po3TalloBaHi Ha FOpU3OHTalbHil
noBepxHi 06'ekT noxexoraciHHsA, abo NpUNUHAETLCA, Konm GiHapHWI NOTIK 3ycTpiuae Ha CBOEMY
LUNSIXy NOXuUno posTalloBaHi nanatoui 06'ektn. Came Ha LboMy eTani po3unHn o6ox komnoHeHT 'YC
pouinbHo ¢opMyBaTh Hag/nepes ocepeakoM MOXeXi SK reneyTBoproouy Cymill kpanenb ABOX
CKNaZoBuX: 0JHa - CUNiKaT My>XHOro MeTany, Apyra - Koarynsitop i katanisatop reneyTBopeHHS.

MpoTe, yci Tpum eTann HanexaTb [0 30BHIWHbOI 6anicTUKW KOMNakTHMX abo po3nuneHux
CTPYMEHIB BOJHWX PO3UMHIB | TOMY JonyckailoTb MNPOrHO3yBaHHA CBOro pyxy B NpocTopi
po3paxyHKkoBUMM MeTogamu [4].

OueBnaHo, Wo B 060X pisHOBUAAX LIbOro 3aBAAHHSA HEBaXkKO 3HalTUM OnTUMarnbHi (pauioHanbHi)
pncTaHuil Ly, | BignosigHi il napu KyTiB NiAHECEHHSA d; i dy NpU AKUX edeKTUBHICTb MOXeXoraciHHs
6yae 3pilicHeHa HalkpalwumM YmHoM. B ogpmux Bunagxax (dir. 3) amiwysaHHA komnoHeHT 'YC 6axaHo
3pjiicHIOBaTU B KiHLi TPeTbOro eTany TpaekTopii NOTOKy; B iHLWMX (dir. 4) - B KiHLi Apyroro, Ha noyaTky
TpeTboro ertany.

Takum UNHOM BUKOPUCTAHHS A0AATKOBUX KOMMIIEKTYIOUMX, 30KpeMa CUCTeMU HaBeeHHS CTBONIB-
posnunioBayviB Ha 00'eKT MoXxexxoraciHHs 3 Bepudikauieto Mo KyTax MigHECEeHHS, KyTax pUCKaHHS,
BUCOTI | 6a3oBiil LIMPWUHI CMMeTPUYHOro po3MilleHHs | dpikcalii cTBONiB-po3NMMIOBaYiB, Lo
BCTAHOBNEHO Ha HecyyoMy Kapkaci (Ha pami), BUKMOYalTb HasIBHICTb MOMWNIOK NepeAvacHoro

187



20

25

30

35

UA 118440 U

YTBOPEHHA Kpanenb rento B npoueci pyxy 6iHapHoro notoky 'YC Ao ocepeaky noxexd i niasuLLyloTb
edekTUBHICTb BUKopucTaHHs [YC nig uyac noxedoraciHHA. 3a paxyHOK KOHCTPYKUiT YCTaHOBKM
3abe3neuyeTbca LinecnpsMoBaHe AMCTaHLiiHe NoJaBaHHA KOMMAKTHUX abo po3nopoLueHnx
cTpymeHiB YC cTBonamu-posnuntoBayamu, Lo nNigsuilye edekTUBHICTE BUKOPUCTAHHS BOrHEracHux
YCTaHOBOK MOXeXOoraciHHA. YcTaHOBKa MOXXe BUKOPUCTOBYBaTUCS MpW po3pobLi TakTUKO-TEXHIYHOTO
3abesneueHHs (Tabnuyi "cTpinb6") WNAXOM [OCNIIKEHHSA TaKTUKO-TEXHIYHMX XapaKTepucTuK npouecis
[ucTaHuUiliHoro nogasaHHA BogHUX i 6iHapHux YC (TpaekTopisi, nnolja ypaxeHHS Ta iH.) Npu pisHUX
onepaTMBHMX YMOBax 3aBAsKM Bepudikauii napameTpiB posTallyBaHHA | ikcayii cTBONIB-
posnunioBayis 3a [AONOMOrol0 HasiBHOrO [O0AATKOBOro npuctocyBaHHA. B nmopanbluomy,
BUKOPUCTOBYIOUN OTpUMaHi Tabnuui "cTpinbd”, ycTaHoBKa 3acTOCOBYETbCA ANS Ginbll edhekTUBHOro
raciHHS NoXex Ha NpakTuLy.

[brepena iHcopmauir:

1. MaTteHT Ykpaihm Ne 25297, MMK: A62C 35/02, YctaHoBKka noxexoraciHHa /Cusukos O.0.,
Tumowuenko O.M., OyHiowkiH B.O., Mpucspkriok J1.A., Binkyd .., Conogkuii M.M., NoHomapeos C.B.;
3asBHUK i nateHToBnacHuk (YkpHAOIMB). - Ne 97126114, 3assn. 17.12.1997; onyb6n. 16.09.2002, bron.
Ne9.

2. TMpoTokon 3aBOACKAX MCMbITaHMA MMNYNbCHBIX orHeTywmnTtenen “"TaidyH". (1997).
CeepopoHeLk: OAO "XumasTomaTuka". - 36 c.

3. Abpamos 0.A. leneobpasyowme orHeTylwalme U OrHesalUTHble cpeacTBa MOBbILUEHUS
acpcheKTUBHOCTU NpUMEHUTENBHO K Noxapam knacca A /HO.A. Abpamos, AA. Kupees. - XapbKoB:
HYT3Y, 2015. - 254 c.

4. Topbanb HO.N. MoxapHble paboTbl U CTBONbHAA TEXHNKA B NOXapHOI aBTOMaTUKe W NMOXapHON
oxpaHe. - M.: Moxwayka, 2013. - 352 c.

®OPMYJIA KOPUCHOI MOLEN!

YcTaHoBKa AMCTAHLiNHOMO raciHHA NoXeX reneyTBoplooUYMMI CKnagami, sika MiCTTb Hecyunii kapkac
(pamy), Oe BCTaHoBrneHi: ABi eMHocTi 3 reneyTsoptoounmu cknagamu (FYC) i gpa 6anoHu 3i
CTUCHEHMM MOBITPAM, MaloTb HAMKATOPW TUCKY Bi3yanbHOro KOHTPOMK TUCKY B EMHOCTSAX, fKi
o6'egHaHi peaykTopom npsiMoi Aji, npuyomMy KoMnoHeHTH MYC, Lo MiCTATECS B EMHOCTSAX Mifg, TMCKOM
CTUCNOro MNOBITPSA, 3aBAAKM CUCTEMI CMOMYYHUX TFHYYKUX LUMAHFB 3HaXxoAATbCA | B cTBOMax-
posnuntoBayax, Ak MaloTb Mo OJHOMY KpaHy ANA iX 3aKpUTTA | BiAKPUTTA, LLO NOB'A3aHO 3 OKPEMUM
abo cninbHUM nofaBaHHAM KOMMOHEHT YC Ha 06'eKT noxexoraciHHS, sika BiAPI3HAETbCSA TUM, L0
Ha HecyuyoMmy Kapkaci (Ha pami) BCTaHOBNEHO JOJATKOBO NPUCTOCYBaHHSA HaBeAEHHS CTBONIB-
po3nunioBayiB Ha 06'eKT MoxexoraciHHA 3 Bepudikalielo No KyTax MigHECEHHS, KyTax PUCKaHHS,
BUCOTI i 6a30Bill LLUNPUHI cCUMETPUUYHOrO PO3MILLEHHS i ¢hikcallii cTBONIB-po3nuoBauis.
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Eran 1 Eran 2 Eran 3

Eran 1 Evan 2 Eran3

Komn'toTepHa BepcTka Jl. JiuteuHeHnko

MiHicTepcTBO eKoHOMiYHOro po3BUTKY i Toprisni Ykpaiiu, Byn. M. Ipywescbkoro, 12/2, m. Kuis, 01008, Ykpaiia

0N “YkpaiHcbkuii IHCTUTYT iHTenekTyanbHoi BnacHocTi”, Byn. Masyxosa, 1, m. Kuis — 42, 01601
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3ATBEPDKYIO
Hupextop
TIIT HITIT « CTIELITIOXTEXHIK A»

A.D. TkayoB

[, “HM
\* VCELMOKTEXHIKA'

|
}

;&i» 2pugul 2017 p.

BripoBaikeHHs pe3ynbTaTiB  qucepTalifiHOl pPOOOTH «Y IOCKOHANEHHS
IMCTAaHLIMHOrO TMOJABAaHHS BOTHETACHHX pPEYOBUH 3  IelleyTBOPIOIOYUMHU
CKJIaJIOBUMHU 3 METOIO IiJBHUILEHHS e(eKTHBHOCTI IMOXKEKOTaCiHHS» BHKJIaJaua
kadenpy MOXEeXHOI TAKTUKH Ta aBapiifHO-paTyBanbHMX pobiT HVYL[3 Vkpainu

Ocranosa Kocrsatuna Muxaiinosuua

Kowmicig y ckmani: romoBu kowmicii — kepiBHuka naboparopii [T HII
«CIIELTIOXTEXHIKA» OGononunka A.l., uieHiB Komicii — HayajabHUKa
Ka(espy TMOXKEeXHOI TAKTHKH Ta aBapidHo-pATyBanbHHX pobit HYLI3 Vkpaiuu
K.T.H., JoueHta Jlicusaka A.A., HayanbHUKa KadeapH imKeHEpHO! Ta aBapiiHO-
parysanbHoOi TexHikh HYL[3 Vkpainu k.r.H., mouenta Kamunoscekoro A.S.,
npodecopa Kadeapy MOXKexHOI TAaKTUKU Ta aBapiitHO-pATyBalbHUX pobit HYI3
Ykpainu K.T.H., fouenta Cenunxina KO.M. cknanu neii akT npo Te, o pe3yIbTaT
nucepranidenx pocnimkedb Ocranosa K.M. ampoGoBaHi Ta BhpoBamkeHi y
poboty ITIT HIIT «CTIELITTIOXTEXHIKA» y Burmsmi:

- MOOLIBHOI aBTOHOMHOI YCT@HOBKH TacCiHHS TelieyTBOPIOIOUHMH CKJIadaMu
AVITYC-M;

- CTBOJa-pO3NWIIOBaya JUIi IIOJABAaHHA  IUIOCKO-PAiTbHUX  CTPYMEHIB
BorueracHux peuoBuH (BP), 3o0kpema reneyrsopiorounx cknagis (I'YC) mus

raciHHs TOXKeX Kiacy A;
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- aIrOpuUTMY [0 pauioHaJBHOro TpacyBaHHsA cTpyMmeHiB I'YC npu Bupiessi
PI3HUX 33aBJaHb MOXEKOraCiHH;

- MeTOAMYHHH MiAXiJi 1O CTBOPEHHA TaKTUKO-TEXHIYHOro 3abe3nedeHHs
Bukopuctanus AYITYC-M.

[lpuitHsiTa 10 MOCTaHOBKM Ha BHPOOHMUTBO 3alaTeHTOBaHA B YKpaiHi
ycranoBka AVITYC-M, ne BUKOPUCTOBYIOTBCS po3po6ieHi i 3amaTeHTOBaHi
CTBOJIM-PO3ITHIIIOBAYi, IPO30pPi EMHOCTI [UIs 30epiranHs po3uuHiB cknanosux ['VC
Ta Croci® s noJaBaHHA IIOCKO-PafiaibHUX CTPYMEHIB TejieyTBOPIOKYHX
KOMIIOHEHT, a TaKOX, B AKOCTI IHCTPYKILii A BHKOPHCTAHHS, aIlOPUTM LIOJO
pauioHanpHOro TpacyBaHHA cTpyMmeHiB I'YC, ski B kommiekci 6ynu anpoGopaHi
srigno 3 JICTY 3734-98.

Y pesynbTaTi NpoBEICHUX BUNPOOYBaHB BCTAHOBJIEHO, IO 3aMPONOHOBAHI
Ocranosum K.M. rtexHiuHi piwendas Ta npuiiomu nopaparHs ['YC Ha
MTOKEKOTaciHHS, JI03BOJISFOTH 311WCHIOBATH e(eKTUBHE raciHHs
reNieyTBOPIOIOYMMH CKilagaMu 3 Bijcrtani 8-10 MeTpiB, HOCSATHYTO 3MEHINEHHS

noGiuHMX 30UTKIB y 2—3 pasu, B NOPIBHSHI 3 MOKEKOTaCiHHAM BOZIOKO.

["o;10Ba Komicii
KepiBHHK JabopaTopii
I HITT «CTIELTIOXTEXHIK A» A.l. O6onoHunK

YneHu Komicii: A.A. JlicHsix

A KanuuHoscpkuit

/ 10.M. Cenuuxin
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“SATBEP/UKYIO”
[Tpopexrop 3 uaaqanbuoi J3-METOIHIHOT

ll\l \n;..
AKT \3‘003-”‘*

MPO BIIPOBA/DKEHHA PE3YILTATIB MCepTalifinoi poboTn
* JlucTaniiHe NOJABAHHA BOIHCIACHHX PCYOBHH 3 reIeyTBOPIOIOYMMH CKIIAI0-

BHMH 7
Komicia B cknani:
[onoea komicii — navaneuuk Kaenpn NOKEKHOI TAKTHKM Ta aBapiiiHo-
pPATYBAILHHX poOIT, K.1.H., goueHT Jlicuak A A.
Unienn komicii:
— JOUEHT KaheApH NOKEeKHOT TAKTHKH Ta aBapiiHO-PATYBAILHUX PODIT, K.T.H.
JyGinin J1.T1

— CTapuwimi BHKnajsau xadeapH NOKeKHO! TAKTHKH Ta aBapiHHO-PATYBATLHHX
poGiT, k.1.H. Xinsko KO.B.
CK/IATH LCH aKT MpO Te, 10 Pe3yIbTATH HAYKOBO-10CTIAN0I poboTH:
- MOOLIBHA AaBTOHOMHA YCTAHOBKA I'ACIHHA IE/ICYTBOPIOIOYHMH CKIIANAMH
AYITYC-M;
- CTBOJI-PO3MHIIOBAY JUIA NOJAABAHHA [UI0CKO-PAIAILHHX CTPYMEHIB BOrHEra-
cunx pevosnn (BP), 3oxpema reacyrsopioiounx cxkaame (I'VC) ana racinns
noxex Knacy A;
- AITOPHTM JI0 PAIHOHAILHOrO Tpacysanus ctpymenis I'YC npu supimensi pi-
3HHX 3aBJaHb NOKEKOraCIHHA,
= METOAMYHMIA MIAXIA 0 CTBOPCHHA TAKTHKO-TEXHIMHOrO 3a0e3neueHHs 10 BH-
KOpPHCTaHHA ycTaHosok Tuny AVITYC,
BNPOBA/DKEH] B HABUANBHMI nponec HaioHarsHOro yHIBEPCHTETY UHBLIBHOIO
3aXMCTY YKpaiHH npu susucHHl amcummumng | JToxexna taxruxa” (Posnin 1.
Ocnosu noxexuoi Takruku, Pozain 2. Takrwami moaomsocti [1PI1, Posmia 4,
Onepatusni aii [TPIT).
[le no3eonmio niBKIMTH ePeKTHBHICTS HABYANLHOIO MPOLIECY Ta AKICTSH
BUKJIAIAHHA ACNEKTIB B3aCMO3B A3KY AHCUMIUTIHK 3 MaliOyTHLOWO npodecicio.
JlaHuii aKT He € MICTABOI /UIA OICPKAHHA NPEMi Ta IHIIMX BHHArOPO 13

hornms HatoHanbHOro yHIBEPCHTETY LHBLIBHOTO 3axncry Vkpainu.

A 'MA JlicHAK

JUIT. JlyGinin
10.B. Xumbko

I"'onoBa komicii:

YeHn KoMiIcii:
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HA BUHAXIJA
Ne 116757

CIOCIB TACIHHSA NOKEX
Bunano sianosiano 1o 3axony Vkpainn "[1po oxopoHy npas Ha BUHAX0AH
i KopucHi Moaeni”.

3apeecrposano B [lepxasHoMy peecTpi nateHTiE YKpaiHW Ha BUHAXO/H
25.04.2018.
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{51) MIMK (2018.01)
S AG2C 5/033 (2006.01)
AB2C 31/00
MIHICTEPCTED
EKOHOMMHOMD
POIBWTEY | TOPMIBNI
YHPATHA
(12) ONAUC OO0 NATEHTY HA BUHAXIO
(21} Howep mpeo u 2016 D864 (T2) BaseaxigHurM]
(22) Dava magaiein sennen: 22,03.2016 Fonengep Bonoguwmsp Apresosny (LA,
. Kipeee Onekcasnp OnexcaHgpossdy [LA],
(24} 'E':;:::‘::;:‘:"“" 250430158 Cenumxii Kplia Muxonaiossy (UA),

Pocoxa Ceprid Bonogmmuposi4 (LIA),
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MPHEBATHE MANPHEMCTBO "HNN
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[S6) Mepenik gokyseHTIE, BIATHE 00 yaand
SHCMEQTHI0H.
Lia 80BEZ &, 15.10.2003
OnpeneneHWe NOKAZATENA OMHETYLLALWETD
CNOCOSHOCTH TENS0kpEIYsILINE OTHETYWELIMY
COCTEEOE MPH TYWEHWA MOOENEHOMD CHAFS
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{54) CNOCIE FACIHHA NOMER

{57) Pedepar:

Dasvi BuHaxly HENEHHATE 00 NOMEROTACIHHA | MoXe GYyTH BUEODMCTEHWE NDW raciHAl NoxeX. a TaKom
anA nonepensesl npoTHnoxexsEol ofpolk TESpPOWX FOpHYME peuMOBMH | Mareplanie. 3ansnsHwi
cnoclf raciHHA noses NONAFEE Y TOMY, WO ¥ OCEPADOK NOKEN] NOOAINTE BOMHETACHY PEYOBWUHY. AKY
HOpMYKITE WNAXOM SMIWYEAHHA OBOX PO3IMMHIE TeneyTEODIEYUY CHRNANOBMY, OOHIEW 3 AEME &
BOOHMA POI4EH CUNIKATY NYMHOND METANY. 8 OpYIOH € KOSMYNATOR Ta KATANBATOP FEneyTEOREHHA.
MpWw noseworaciHHl BOrHErACHY PEYOBHHY POPMYIOTE OOHOYACHUM NOOEHHAM ¥ BOTHHMWSE nowes
OEQY HEe3IANesHMY DOZNOPOWEHWY CTPYMEHIE NOTORY TeneyTEODIOEYMY CHNAQOEMX CTEONEMH-
pOZNUNIEA4YAMMA, HBYINEHEMAW HA BOTHAWE N4 PI3HAMW KyTaMmM nigeswedda Fefo peckadas y
BlgnoelaHocTl 38 3ainaneriis POIPEXKOEAHMMME TRaEekTORAMK iX pyxy OO0 BOTHWWA 3| WoHEHMEHWE
ool Todkd GaizyeeHHA cTRONlE-pozndnseaLiea. 3asenedHeEf cnocl raclHHA nose=l nonAarag y
NigEMWEHHI ABEETUEHOCTI TA 3HHMMEHH] BUTRAT BOMHEracHo! pEYOBUHA 38 DEEYHOK AOMD 33TPUMEHHA
HE noBepxsAs  OO'EETE  NOMEWOrBCHHA, B aMedHweddl 38uTeie B0 30ldcsesHA  3axogis,
BeznocepeHed NOB'AIBHWNY 3 MNOWSHOrACHHAM, 38 PAXYHOH BUKNHYMEHHA HELMIDHOMS 3aNWBaHHA
Hu#HI noeepxie Byoleans | cnopya.
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BuHazig HanexnTe 0o noMesoraciHsa | sose SyTH BMEOPMCTAEHWA NPW FBCIHHI NOEER. 8 TAKOK
anf nenepeddesl npoTinoxexHol obpolid TEepOHE ropoYKMe pesoanH | mareplanie.

Bupluyerecn 3ana4e nNigEMWEHHA PekTHBHOCTI | AMEBHIWEHHA BHTPAT BOTHEracHO! peYqOoBEMHM
(BMP) npe nowesoraciHAl, Axky QOopsyHITe WNAXOM 3MILYBAHHA QBOX pO3HMHE | 38 paxyHok
UInecnpAMOBEHOMD OWCTEHUIAHONG NoaHHA CTEONEMU-POINEN0EEYEMY GlHapHOMe NOTOKY BOOHWX
po3uMHiE OBO0X FeneyTREOpHEHMWE cknagoedy [M¥C) sanpaenasTe B NPocTip Hagnepen SBOTHHLLEM
nowesl QEOMa CTEONEME Tak, WO Kpannl posNopoWeHKE CENBA0EMY, WO PYXEHNTECA N0 3830anenis
poO3paX0BEHME TpEEToplAX, cknanoel MYC cnovaTiy He KOHTAETYHITE OOWH 3 OOHWM, 8 Ha kiHueEsld
cragll NeoTy aslwymTecR, Mk HiMK BloSyBaeTecA MexanlHHa | xiMivHe B3seMOgiA, B peayNeTaTl AkO]
BoHE, oclgawus y Bvrnagl waple ceoel plgkol cymiwi (renw), nokpueawTe noeepeHs of'ekTia, wWo
roOpATE ¥ BOrHWWI, noxanksEyosd Fabo npyun MEasH roplHAR.

TolbTo, cnpAMosyioqid gel cknagosl SlHepHore noToy MY nig plaHuMy KyTEMU NiganwedHa llabo
pucKaHHEA [KyTH Ednepa) ana be pyxy 3a 38308nerigs DOApEXcBAHWMA TRIEHTOPIAMK (MOKNWED 3
planvz Touok GazyeadHA cTeOnlB-posnunEsYlE, BlogQaneHds oQWH BIQHOCHO o0QHOMO HE AeAxld
BigcTaHl), GOpMYIRTECA YMOBM CEOEMACHOIND YTEOQPEHHA 8 npocTopl Hagnepes BOrHWLWEM NoseH
plako’ renesdgHol  cymiwl  pearesTie, NOQENBEWOMD NOEPHETTA  HEH | YTPMMEHHA ¥ BWrnaal
FECTHIEMYOID 3aXHCHOND FENK Ha NOBEQXHAX TEEPOWX DEY0BEKRH | MaTeplania, Wo ropaTse Y BOTHMLI,
anlAcHEeTeCA nokanizauyin Fado npMnidesHA roplHsa. Npy ueosMy HaledesTHEHIWE (3 MIHIMANEH MR
HENPOOYETHEH WMWY BTRATAMM] BHEOpUCToBYETECA MYC | aMeHwywTecA 30uTN, NoB'RZEH] 3 CynyTHIMK
NoHEHOTACIHHD 3HAMHAMK NPOTOKEMW BOOM | 38NWEKOH HWEHIX noeepele Syaleens | cnopya.

Blogomuh cnocld raciHya nosex [1], AKMA nonNArae B TOMY, WO Nepeg nogaddam BrF y sorHuwe
roplHEA 3giAcHOWOTE NoNepegHE asMauyeasHa pleHax of‘emie zapbamigodopManegengsol caonu |
25 % BOOQHOND pO3YWHY EpMcTEnorigpatHol conl Ale(504)k-18H:0 ynpopoes wacy, Heobxigsoro gna
rensyTEOpEHHA  cymiwl, noganewe sMILYESHHA OTPWMAaHON: rens 3 Bogon & OB'EMHOMY
cnieelgHowensHl (1.0-1,51:1.0 | nogamTe cneylaneHWM CTEONCM NPWrOTOEEHME BOTHETECHWA CENED.
AEHA MICTHTE OQBA KOMNOHEHTH. ¥ BOTHWILE NoEEe®l 3 YyTEGPEHHAM TEepAOl nNiHE HE noBepxrHl, Wwo
ropHTE.

Heponikery uyeoro cnocofly & eendel edTpate BrP, eHacnigor HeobxigHocTi nocTifHo
zafesneqwysati Aoro nepefyEaHHA HA noBepXHl, Wo ropwWTe. OCTEHHE NPpWIEOAMTE OO0 TOfO, WO
raciHHa nowew y BMcoTHMx OGygenad |y Gyalenax nigeswedol nosepeosocTl eigbyeacTeca 3
CHNYTHIMA NOWEHOTACIHHD 3HAMHAMK NPOTOREMH BOAMW | 3 33NHBE0 HUWHEHIX NoBepxie.

Hadbdinew Gndaseds go sasaenescro, & cnocld raciiHe nosex (2], Ardl nonArae B Tosy, wo BIFE,
AEY NOAEKSTE ¥ BOMHWWE NoseRl, QOopMyRTe WNAKOM IMILYESHHA OBGX PO3MMHIE HA NoBepH|, Wo
FOpMTE, COWH 3 AKMX BAKOHYIOTE ¥ BRIMALl BOOHOMD POSYAHY CHIIKETY NYWHOMD METANY. 8 ORYIdiR - ¥
BWrNALl KOBMYNATORE | KETENIZATOPA FEnNeyTECPEHHA, HENDMENAD ¥ BUINAQl BOOHOMD PO3YMHY CONend
AEdEaNeHTHHE abo SaraToBaneHTHUY MeTanle.

Heaonikw usoro cnocofy BWTIEEsITs 3 Toro, Wo elH pernaMesTye cnocll smiwyBEHHAM 4BO0X
posddHle ceME Ha nosepXHl, WO rOpMTe, AKMR IYMOBNKE CEOSY peanizauin HeBesnsyvdwm llabo
Hesf e THEH WM MeTogoM. HENpWKNaQ, He OMCTaHUIAHG, a8 caMe: QEOME ManApHMME KMcTAMR abo
FEMMBRHEM NPONATTAM QEOX KOMNOHEHTIE Ha of'EdT. WO rOpMTe, 3 QBOX MICTEOCTER 38 HONOMOros:
nikkoewx Hacanxie. Binbwe Toro, asiwysaHHA ABEOX PO34MHIE - KoMnoHedTie BFP y GeanocepenHii
BNHIEKGCT] Bl NOBERXOHE, WO FOpATE, 3rlaHe 3 BdMoramu QCTY 3675-98, nefesneydo | He saexaw
NEMAHATHE. Haepag 44 MoxHA BEAWETH edekTMEHEM | cnocilf nogesHa  woMnodedTie YO
OWCTEHLIAHD 3 BMEOPMCTAHHAM JocnlgHol yoTaHoekd “AYTOOC" [3], Gez HEnexHOrD ONpEUKEEHHA
NéTEHE BWEROSHHA Epanene cknagoedy DiHAPHOTD NOTORY HE8 npWyinesl TpaekTopll, ockinekw Kpanni
OEGX CHNAQOEMY KOMNOHEHTIE yHEcnIgok posBEHHoeT] WangroSTER MOKYTE NEPENITATH BOTHAWE, Toal
A wpannl [Hwol cxnagoeol - He QoNITETH Q0 BOrHWWE nosewl. BHacnigox ueoro rens He Gyge
yTeopesun, & cknagoel MYC - mapHo euTpadedl. | we. ¥ svnagka: 38CTOCYBAHHA YCTAHOBOK THRY
“AYTIOC" Ge3 HANEEHOMD TEKTHEOG-TEXHIMHOrD 388e3neqsHHA HE YHEMOXNWENEHD NepEIYaACHOND
YTEOREHHA Kpanens rend ng Yec nodateosdx ez Tpaeetopll pyey GlHapdoro notoky FYCS go
BOrHWILE nowesl, BHacnigok wore kpannl cyMiwl renwm, wWo YTEOPHETECA, OCIQETAMYTE |
BENAAATHMYTE “8 ocan” Ha nigcTynax go of'ekTE NoMesOraciHEA, epekTHEHICTE BUEOpUCTaHHA YT
NEM LeOMY ICTOTHO 3HHIMTECA.

B ocxoBy BMHAXO4Y NOCTEENSHO 38084Y NIQBERWEHHA edekTHEHGCT! | aMeHWeHHA BATpaTs BIP
noM  NokeworaciHHl  3a  padyHoR  WiNEcNpAMOBEHOMD  AWCTEHUIRHOMD  NOOQEHHA  CTEONEMM-
poznuneadams SlHapHoro noToky FYC, a Texox smeHwedHa 0wTele Blg aplhcsesda zaxogle,
fesnocepedHed NOB'RIAHHE 3 NOMEWOrECHHAM, 38 PaXyHOK BWENKHYEHHA MOSNWEOCTI 38NMBEHHA
Hu¥HE nosepxle Gyoieens | cnopya.

MocTaEneHa 3a0a46 NIEWWEHHA eerkTREHCCT] | 3MEHWEHHA BwTpaTd BMP npw nowesoraciHdl
BHpILYETECA cnocofosm OQHOMECHOND NOASHHA ¥ BOTHHLYE NOMER] JEOX HEIANEKHRE POINOROWEHHE
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cTpyseHie BlHapHoro noToky M¥C CTRONAMKW-POINANKEA4EMH, HELINEHWMA HE BOTHWWE N0 plasume
KyTase nigenweHdn Vedo puckasHA ¥ BlONo8iaHoCT 33 agaganerias pO3paXoBaHMMeE TRAEETORAMH X
pyxy 00 BOTHELLA 3 WoHaAMeHwWwe ogHol Toukk GazyBaHHA CTEONIB-pO3NMNDBEYEE.

Ha doir. 1 npegoTasneHa CcEemMa NOGAEHHA ¥ BOTHHWE NoEex| OB0X HEIANSKHWY 3AMH BlO DAHOTD
poznapoweHsdy crpyseds GiHapioro notoxy (YC cTEONAMU-DOSNMNOSAYEME, HELINSHEMHA Ha
BOMHWWE Mg @lzHAMA EyTamn nigenwensa of, af Valo pUcHaHHA 38 HEIANERHMMA TREEKTOpRIAMM
PYXY, ANA TECEHA MOPM3OHTANEHG POSTAWOSEHME NOBEPX0OHE, WO TOPATE, HA @ir. 2 BHAENOTMHA Crema
- ONA FEciHHA poaTAWoBSHHY EERTHEANEHO/MOXWNG NOBSPIOHE, LD TOpATE.

CnpAMoBaEHE NLG PlaHEMKY EYTEMK nigeswedsA al, o2 Vabo puceasda (3l woHaAMesws ogHol
Touen GaayeaHHA cTEONiB-poINWNNEAYIE, BILOEBNEHHY OOWH BIOHOCHOD OQHOMD Ha OeAER elgcTadi).
cknagoel GisapHoro noToky M¥C pyxEKTECA 33 3334anerile poIpaMOBAHWMH TPAEKTOPIAMA, THmM
CAMMM CTBORKEYM YMOBM CBOEM3CHOMD YTEOPEHHA B npocTopl HEAMeped BOTHWMWEM nowesl
NoAENEWGrD WapYBaHHA | YTPHMEHHA 38XWCHOID TENK HA NOBEPXHAX TEEPOWE PEYOEWH | MaTeplanie,
WO MopATs ¥ BOTHHWI, A8 3 nnusowM Yacy (He Ginewe 1 c) alo@yeacTecA TESpAIHHA rene, nokanEayia i
NEUNHHEHHA MORIHHA, 3I3BAAKH YoMy NIOBEEWLYETECA SeKTHEHICTE NOXEHOraCiHHA.

3 dpir. 1 0 cpir. 2 BuTlkae, wo npouec pyxy noTokle cknagoes: FYC NoONAETECA HA TpW dhass:
asa | - ynpuckyeadsn cenagoeny MNYC B atMochepy; dasa |l - [z slnesdi pyx; @aza 1l - nonagasHa
Ha of'ekT noweworaclHHA. Yol TpW dass HeEnexaTe 40 30eHIWHsOl GankcTueW rlapoarHasisHeY
NoTOKIE BOAHME pO3HWHIE | TOMY SONYCKAKWTE NPOTHO3YEAHHA CEOMD PYXY B NPOCTOR pPOZpaXyHEOERMK
MeTogaMi [4]. Came TpeTA a3E XAPEKTEPWIYETECA TWM, WO HECTEE MOMEHT, KONW NOCTyNansHl
WEHIKICT HACTOK (Kpanent) rigpogMHEMINHOMD NOToRyY yagoex ool X GnM3skl 40 HYNsOBMN 3HAYEHE.
Togl & pyx aglécHseTecA afo no TpasgTopll BINsHOrD NagiHHA ®HA FOPM30OHTENBHI NoBEpXHI
nowesoraciHEa, ado NpANMHAETECA, KONK TAPOAWHEMFHKE NOTE IyCTpMMas Ha CEOEMY WARKY NOXMND
pO3TAWOBEH| N3ESPEH], WO FOPATE.

MpW usomy poaduHe ofox woMmnodedTle FYC caoevacHo GOPMYHDTE B npocTopl Haginepen
BOMHWILIEM NOXeH| B HOHKPETHWA MOMEHT HOro 380AHHA ¥ BEINAL] reNeEEAHo] cyMiw| Kpanens aQgox
BOOHMX PO3YMHIE. OOWH - cWniKETY NyHHOro METENY. APYTWA - KOArymaTopa | KaTanizatopa
reneyTEOREHHA.

Mene 3gaTHWé 38KPINNEATHCA HE BEPTHEANEHWE | MOXHNAE NOBSPXHAK, ¥ TOMY SHCNI HE CTenAx.

FeayneTaT, AKMA Moke BYTH OTPHMAHWA NpM peanizaull BMHaX00Y, NONATAE B SHHHEHH| BHTRAT
BrF 3a paxysor AOMD 3ATPHMAHHA Ha nosepxHax oB'erTIE NowexoraciHyn, B smedHweHHl sGuTile lg
zqicHeHHA zaxoais. BesnocepegHes NoB'AIAHWE 3 DOHEEOTACIHHAM, 33 PEXYHOE BHENHSEHHA
HEAMIpHOTD 3aNMBAHHA HWEHIX noeepxia Byalesns | cnopya.
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DOPMYNA BMHAXOOY

Cnocif racisHa Noxes, AKMA NONATAE ¥ TOMY, WO ¥ OCSpenox noxesl NoaaKTe BOTHETECHY DEMOBHHY,
AKY POPMYIOTE WARKOM AMIWYBAHHA AB0X POIMMHIE rEneyTECpIDHEE CKNAnoans, oaHiess 3 akux &
BOAHHA PO3YMH CANIKATY NYHHOrD MaTany, a Apyrol & KoarynaTop TA EATanizaTop rensyTaopesHHa,
AKHA BIOPIZHAETLEA THM, WO NPH NOKEMOTACIHHI BOTHETACHY PEYCBMHY ORMYIOTE OOHOYACHHM
NOAEHHAM Y BOTHUWE NOXEX| JB0K HE3ANSKHUYE PONOPOWEHUE CTPYMEHIE NOTOLY FeneyTao PellMHy
CKNAA0EHMY CTREONAMM-POANMNKEAYEMH, HALINEHUMA HE BOMHUILE N0 PIZHAMH EYTAMH NIOEWILEHHA
ifafio pMCHAHHA ¥ BAONOBIAHOCTI 38 3830&NET0s POAPAX0OBAHWMH TRESKTOP RMK 1 pyXy OO BOTHMWA 3
UWyoHaRMEHWE ogHOl T4k GR3YEAHHA CTEONIB-pONUNDEAYE,
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