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TEXHNUECKNE HAYKN

Apecpvesa Enena Barenmunosna

Hoxm. mexu. nayx, enagh. Hayy.comp., OoyeHm,
@I'BY BHUN I'OYC (DL]) MYC Poccuu

2. Mockea

INPUMEHEHUWE METOJA PEI'YJIAPU3AIIMU VIS PEINEHUA HEKOPPEKTHBIX OBPATHBIX
3AJJAY TEOOPMIIBTPAIINN

AHHoTanus. s permeHns oOpaTHBIX 3aa4d ONPEACICHHUS HEU3BECTHBIX IeO(MIbTPALMOHHBIX XapaKTepH-
CTHK, a TaKKe JUIl BBIPAOOTKH MapaMeTPOB PErYJIMPOBAHUS OIMACHOTO YPOBHS TPYHTOBBIX BOJ, MTOTEHIUAIBLHO
MPUBOASIIETO K BOSHUKHOBEHUIO YPE3BBIUAIHBIX CUTYaAIH, TPUMEHEH METO/| PEryJIIpU3aliy PELIeH s o0par-

HBIX HCKOPPCKTHBIX 3a1a4 MaTeMaTUYECKOM (1)I/I3I/IKI/I.

Annotation. To solve inverse problems of determining unknown geofiltration characteristics, as well as to
develop parameters for controlling dangerous groundwater levels, potentially leading to emergency situations, the
method of regularization of the solution of inverse ill-posed problems of mathematical physics was applied.

Knioueswvie cnosa: memoo peeynsipusayuu, oopammuoie 3a0auu ceopuivmpayuu, ynpasierue puckom 4C npu

NnoOMonieHuu.

Key words: regularization method, inverse geofiltration problems, emergency risk management during flood-

ing.

Beeoenue. Tloaronnenne 3aCTPOCHHBIX TEPPUTO-
pHUii MMEET CEphE3HYI0 OMACHOCTh, T.K. OTHOCHTCS K
mpolieccam, NMPOTEKAOIKUM OCTEIIEHHO, HO KOTOPhIe
MOTYT IIPOSIBIISITECS. BHE3AITHO B BHJE KAPCTOBBIX IIPO-
BaJIOB, fehopMaItuii 1 0OpyIICHH 3MaHUH U COOPYKE-
HUH, aKTUBH3AIMN OTIOJI3HEBBIX MPOIECCOB | 1p. s
BBINOJIHEHHUS KauYeCTBEHHBIX IPOTHO3HBIX PELICHUN U
OLeHKH 3((HEKTHBHOCTH NPUMEHSEMBIX MEp U MEpo-
NpUATHI TpebyeTcs 3HaHHWE O paclpesieleHHBIX Mapa-
METpax BOJIOHOCHOTO ropu3oHTa. Crennduxa npuHs-
THSL MEp MO0 CHMKEHUIO ONACHOTO YPOBHS TPYHTOBBIX
BOJI IIPH TIOJATOIUICHUH TOPOJICKUX TEPPUTOPHH, 3a-
KJIFOYAeTCsI B TOM, YTO €TI0 MOHIKEHHE JTOJKHO HOCUTh
YOpaBIIsiEMblil, KOHTpOJIMpYeMbIl Xxapaktep. MHxe-
HEPHBIMHU PELICHUSAMHU B 3TOM CiIydae SBILIIOTCSA pas-
JIMYHBIE IPEHAKHBIE CHCTEMBI TOPU30HTAILHOTO U BEp-
THUKAIbHOTO THIIA, OTKAYKH, CTEHBI B TPYHTE, KOTOPHIE
MOT'YT OBITh CMOJICTTMPOBAHbI B BUIE TPAaHHYHBIX YCIIO-
BUH, (yHKIIMM HCTOYHMKA (C OOpaTHBIM 3HAKOM) Ha
MOJIETH Teo(HUIbTPALUH, 3aaHHOHM, HaNpUMep, u3-
BECTHBIM ypaBHeHHeM byccuHecka. 3agaun onpenene-
HUS TIapaMeTpOB YIIPABIEHHUS PEXHMOM TI'PYHTOBBIX
BOJI OTHOCATCS K OOpaTHBIM 3a7a4daM, KOTOPBIC SIBIISI-
I0TCSI HEKOPPEKTHBIMH [1,2]. OCHOBHBIE IPUYHHBL, 11O~
pOXmarone HEKOPPEKTHOCTh OOpaTHBIX 3agad Teo-
(unbTpanuy, CBOJATCS K CYIIECTBEHHOMY neduiuty
nH(OpManMK M 3HAYNTEIBHBIM OLIMOKAM HCXOIHBIX
JTAaHHBIX, a TaKXKe, MPHOIMKEHHO OMHCHIBAIOIINM TIPO-
necc (QUIBTpanMM, MaTeMaTH4eckuM MojeisiM. Kak
M3BECTHO, HEKOPPEKTHBIE 33aJjadul MMEIOT HeyCTOH4u-
BbIE PELICHUS, JOMTyCKAIOT MHOXKECTBO PELICHUN U MO-
TyT BOOOIIe X He UMeTh. [1oJ1 yCTOHIMBOCTEIO periie-
HUSI IOHUMAETCS HETIPEPBIBHAS 3aBUCUMOCTD PEIIECHUs
OT MCXOIHBIX NaHHBIX. /|1 pemeHuss HeKOPPEeKTHBIX

3a]a4 MPUMEHSIOTCS Pa3IMUHbIe METO/IBI peTyspu3a-
uuu [2]. C noMoIblo peryssipu3alii HEKOPPEKTHbIE
3a[a4l CTAaHOBSTCS YCJIOBHO-KOPPEKTHBIMHU, YTO T103-
BOJISIET TIOJIy4aTh €IWHCTBEHHOE YCTOHUMBOE pelle-
HUE.

B cnydae pemenust 00paTHBIX 3a1a4 reo(uibTpa-
LUU HEOOXOIMMO HCIIOIB30BaTh MUMEIOIIYIOCS THAPO-
T€OJIOTHYECKYT0, NH)KEHEPHYIO HH(OPMALIHIO, KOTOpas
MO3BOJIUT CYXaThb 00JacTh BO3MOXHBIX PELICHUI 00-
paTHOI HeKOppeKTHOW 3ama4yn. Takum oOpazom, Helb
UCCIICIOBAHUSA - MOJYYUTh MPUOIMKEHHBIC PEIICHU
00paTHBIX 33714, OJIN3KKE TI0 CXOIUMOCTH I10 BHIOpaH-
HOW U OOOCHOBAHHOM HOPME K TOYHOMY PEIICHHIO C
y4eToM Bcel MMeroleiics MHQOpMaIiy O PeIIeHHN.

Memoouxa uccreooganus. CyTh METONIA PETyIIs-
pusarmu (MP) 3axmrouaercs B cienytomeM. Mcxomanas
3aa4a OPMYJIMPYETCs B BApUAIIMOHHOM BuJe [2], 3a-
TeM K MHHHMHU3UpYOUIeMy (GYHKIMOHAILY H00aBiIs-
eTcs cTabMiIM3aTop ¢ MajlbIM [apaMeTpOM, MOBBIIIAKO-
UM yCTOHuMBOCTE penreHus. IIpu crpemnenun omm-
OOK MCXOJHBIX JaHHBIX U TapaMeTpa peryaspu3aui K
HYJIO, PEryJsIpU30BaHHas 3ajada HMMEET peIIeHHE,
cxosdmieecs K «MCTHHHOMY» PELICHHUIO.

Bynem paccmarpuBaTh ypaBHEHUE CTAallHOHAPHOM
IUTOCKO-TUTAHOBOH (DPMIIBTPALU B paMKaX THAPaBIINYE-
CKOH TeopuH (BEpTUKAIbHOM COCTaBISIOLIEH CKOPOCTH
¢unbTpanuu npeedperaroT)- ypaBHenue byccunecka.
K mapamerpam perynnpoBaHus ypoBHS IPYHTOBBIX BOJ
OTHOCSTCSI OTKAUKH, BEPTHKAJIbHBIE IPEHAXH, (hopMa-
JU30BAaHHBIE B BHUJIE TN00 (DYHKITHS HCTOYHHKA (TIpaBast
YacTh YpaBHEHWs), JMOO TpaHUYHBIE YCIOBHS 1-ro
mbo 2-ro ponma. PaccMoTrpuM ypaBHeHHE C TpaHHY-
HBIMU YCJIOBUSIMH 2-TO poja:



= Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 2019 5
o coH o oH
— X, ¥)—)+— (T (X, y)—) = -W(X,Y),
aXCF( y)ax) ay(( y)ay) (x,y)
(x,y)eG
G — obaracmou.cpunempayuu
H(x,y)/. = f(s),seT,
@

I'Y —l.pooa

oH
TE/F =q(s),seI’
'Y — ll . pooa

oH

TE/F = yH(s)+q(s),se’

rae T(x,y) - Ko3(hOUIHEHT BOIOIPOBOIUMOCTH,
W(x,y) - uadunsrpamus, H(X,y) - ypOBeHb TPYHTOBBIX
Bo, I - rpannma obractu QuasTpammu, G - o0xacTe
¢bunpTpanum, (S) - pacxo BOABI Ha TpaHuIle 00IacTH,
W(X,y) - uaduibTparus.

Ipeamonaraercs, ato W(X,y), H(X,y), q(s) — u3-
BECTHBI.

PaccmarpuBaeMas 3a1aua ¢ rpaHUYHBIMU YCJIOBH-
SIMH BTOPOTO pOJia MMEET EAWHCTBEHHOE PELICHHE,
ecnu HamopHas ¢yukims H(X,y), uHbMIbTpanms
W(X,Y),u3BECTHBI B KXKI0# TOUKE 001aCTH, 8 QyHKIINSA
BOJOMPOBOANMOCTH — T(X,y) 3alaHa BIOJb KaKOIro-
1160 KOHTYpa, HePECEKAIOIETO BCE «JIMHUM TOKa» 00-
nactu. ITockonbpKy 3TH TpeOOBaHUSA HE BBIMOIHAIOTCS
Ha MPAKTHKE, TO O AMHCTBCHHOCTH PEIICHHS TOBOPUTH
HE MMEeT CMbICTa. A C Yy4eTOM HETOYHOCTH W Jedu-
[UTa HCXOAHOH WHGOPMAIMKA PEYb MOXKET HIATH
TOJBKO 00 MPUOIMKEHHOM PELICHUH KOHKPETHOH 3a-

naun.OTHIIEM HJICI0 METO/Ia PErysipU3allii B orepa-
TOPHBIX TEPMUHAX MPUMEHUTEIBHO K 3a/1a4e yIpaBiie-
HUSI PEKUMOM TPYHTOBBIX BOJI.

BONBIIMHCTBO MPHUKIAIHBIX 3a/a4 MaTeMaTH4e-
CKOW (PU3MKH MOXHO MPEJCTAaBUTh B ONEPATOPHOM
Buze [2]:

Az=F @

re A — HeKOTOpEIit orepartop (auddhepeHposa-
HUsI, THTETPUPOBAHUS U T.[1.), IGUCTBYET U3 IPOCTPaH-
crBa H; — H,(rne Hi - npoctpancTBo QyHKUMIL, HHTE-
rpuUpyeMbIX B obsactu G, yIOBIETBOPSIONINX Ha Ipa-
HHLlE TPaHUYHOMY YCJIOBHIO BTOpOro poja, Hr -
MIPOCTPAHCTBO HENPEPHIBHBIX (QyHKIWi), zEH, ,FEH,,
Z-uckomoe pelienue, F- npaBas 4acTb ypaBHEHUSI.

Brmmumem ypaBraenue (1) st pemieHns: o0paTHoOM
3a/1a4y, HampuMep AJIsl onpeaeneHus: Kodpduirenrta
BOJIOIIPOBOANMOCTH B ypaBHeHHH (1):

OT 0H  OT ¢oH
oy

OX OX

+T (X, Y)AH = +W (X, y)

T( y)aa:'r= £(x, y)

W(X’ y) = _W(Xv y)

@)

Tpebyercst onpeaenuTs Ko3PPUIUEHT BOTOMPOBOIUMOCTH T (X,Y) 10 M3BECTHBIM 3HAUCHHUSIM YPOBHS TPYH-
toBbIX BoX (YI'B) - H(X,y) 1 nunbuiasTpauun W(X,Y), 3a1aHHBIM IPaHHYHBIM YCIOBUSIM BTOPOTO POJa B ONEpaTop-

HOM BUJIE.
Bsenem 0003HaueHU:

oH coH
al(X,Y)—g,az(X,Y)—E,
a. (x y)_azH +62H
S Ox? oy
z=T(X,Y)

(4)
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Torma wcxomnoe ypaBHeHue (1) mepenwiemM B
BUJIC:
0L 0L
(0 y) a0+ y)Z(y)=-Wxy)
2l ©)

Beenem nuddepeHmanbHeLi orepaTop A ypas-
Henws (1),neiicTByromuii u3 npoctpanctea Hi H>

A:(alaa+aza+a3)
X 2oy
(6)

rae Hi - mpocTpaHcTBO (YHKIHMH, HHTETpUpYe-
MBIX B 007acTé G, yIOBIIETBOPSAIONIIX HA TPAaHHIIE Ipa-
HUYHOMY YCJIOBHIO BTOPOTO poja, H> - IpOCTpaHCTBO
HETPEPBIBHBIX (HYHKLUH.

B pesynbpTare mosryduM onepaTopHyIO 3amHch 3a-

Jadu:
AZ =F,

F=-W(x,y) -

VYpaBrenue (7) umeno Obl €OMHCTBEHHOE peIIie-

-1
HEe, eciu Obl CYIEeCTBOBAI OOpATHBII OTepaTop A
U yIanoch Obl HAWTH TaKOe B3aMMOOHO3HAYHOE Ipe-

-1
oOpa3oBaHme A , 9TOOBI UCKOMBII BEKTOp Z MOKHO
ObUIO OBl ONpENeNHTh KaK PELICHHE ONePaTOpPHOro
ypaBHEHHS:

Z=A'F @

OpnHako OOpaTHBII OHEpaToOp CyIIECTBYET JUIs
BEChbMa Y3KOro Kjacca 3a/iad, KOTOpbIe He OXBATBHIBAIOT
CIIO)KHBIE ClTy4ad NMpakTHKU. OTCyTCTBHE OOpaTHOTO
oliepaTopa BieueT 3a COOOH OTCYTCTBUE OJHO3HAYHOT'O
peLIeHUs] WK BOOOIIE OTCYTCTBHSI PEILCHHUS 3aJadH.
Ecnu ke oOpaTHBIIl onepaTop CylmiecTByeT, HO He SB-
JSIeTCsl OTPAaHWYEHHBIM, TO IMOJYYEHHOE pelleHHe He
SIBIISICTCS] YCTOYHMBBIM.

Bo3HukaeT Bonpoc — Kak nepeopMyIupoBaTh 3a-
naqy (7),4To0bl pemeHre OBIIO YCTOHMYHMBBIM, €IIVH-
CTBEHHbIM M (pu3nuecku ocmbiciaeHHbIM.[Iepenuninem
3anady (7) B BapuaniMoHHOM BH7e [2]:

HAZ — FH — min
€))

e

ctBe QpyHKmid. Hanpumep,

- HEKOTOpasd HOpMa B 3aJTaHHOM IIPOCTpaH-

IAZ —F|=[[|AZ ~ F"dxdy (10)
G

3agaya MUHUMH3ALUU TOMYCKAETTAKXKE PeryJis-
pHU3AIMI0O C WCIOJB30BAHUEM OSKCIEPUMEHTATBHBIX
JNaHHbIX. Takas peryisipusanus IPUMEHSIETCS C LETbI0
CY3UTh KJIACC BO3MOXHBIX pemnieHuil. Hanpumep, us-

BECTHO, YTO KOX(PQPHUIIUEHT BOJIOMPOBOIAMOCTU OIIH-
CBIBAaCTCS HCMPEPHIBHOM, HEOTPUIATEIbHON (YHK-
nueit. Torma By 3amaqn (9) HECKOIBKO H3MEHHUM[2]:

®(Z) = |AZ ~F |+ Q|2 ~ 27 |- min )

KC
rae Z - ©ICKOMOe pellieHre 00paTHOM 3a1auy; Z
- SKCTIEpIMEHTAIIFHBIC 3HAUeHNs K03 unnenTa Bogo-

MIPOBOTUMOCTH; QlZz -7%|- crabmnuzarop (peryis-
pu3zatop) TUxoHOBA, TO3BOJIAIOLIMIA CY3UTh KIACC BO3-
MOHBIX pernenuit; A - Manblit mapamerp, obecrneunsa-
IOUIMH YMEPEHHOE BIHMsSHHE CTa0HIN3aTOPA.
apameTp A mom6upaeTcss ¢ Y4ETOM TOTpEIIHO-
CTH 3a/IaHUSl UCXONHBIX NaHHBIX. OOBIYHO BBIOOD A

CPaBHUM C HEBA3KOM HAZ -F H .CornacHo Teopuu pe-

LIEHUS. HEKOPPEKTHBIX 33124 [2], eCIH BBIIOJIHEHBI CO-
OTBETCTBYIOIIME OTpPaHWYEHHA Uil cTabmiu3aropa

Q[Z A Zo MUHUMU3UPYeT GpyHkmonan (11),

TOoraa ZO SABIIACTCA YCTOﬁqHBLIM pemICeHUeM 3aJ4a4u

(8), 6rm3kuM 1o Hopme (10) K pereHnto 3a1a4u OTHO-
CHUTEJIBHO JKCIICPUMEHTATBHBIX JaHHBIX B OTIACIBHBIX

roucax (X Yy ), (2.

Bribop crabumuzaTopa ompenensercs Crerudu-
KON HMCXOJHBIX JaHHBIX 3amaud. Ecniu motpeboBaTh
omu3octs pemenns 3amadd (10) K IKCIIepUMEHTAIb-

HeiM 3HauenusMm (Z7°), 1o crabummsatop Oymer
MMETh B

Qlz-z"]= Zhi:(Z(xk’yk)—Z”)Z@(,

rze Touka obmactu puiapTpanuu 0003HaUCHA KakK
(Xk‘ ) yk) , 5k - IOTPEIIHOCTh U3MepeHHi B K-if ckBa-
xuHe, N - KOJIMYeCTBO CKBaXKUH, B KOTOPBIX H3MEps-
9K
eres Z,,

Takum o0pa3zom, B peryIsIpU3UPOBAHHOI MOCTa-
HOBKE 33J[a4ll yCTAaHABIIMBACTCS 3aBHCHMOCTb MEXIY
MOTPEITHOCTHI0 IKCIEPUMEHTATBHON HH(pOpMAIK U
pEeIIeHHEM, a TAKXKE OJJHOBPEMEHHO PacCMaTpUBAIOTCS
TEOPETUIECKHE MPEICTABICHNUS O Fe0(IIIBTPAIIIH 1 00
9KCTIEPUMEHTAIBHBIX JJAHHBIX, TOJYYEHHbBIX Ha OCHOBE
OTIBITHO-(GMIIBTPaOHHBIX paboT (ODP) n Habmose-
HUIL.

3amava (11) sBmsercst ycToWumBOil M mpH mpa-
BUIIBHO TIOJOOPAaHHOM MapaMeTpe peryaspusanun A
pemenue 3anaun (11) Oyzer Mano oTinMYaThEs OT pe-
meHns 3a1a4d (8) W MU 3TOM IOJHOCTHIO COOTBET-
CTBOBATh SKCIIEPUMEHTAIBHBIM JJAHHBIM.

Paccmotpum 3amauy muHMM#3anuu (11).YTo6s!
¢yakunonan @(Z) uMen B HEKOTOPOH Touke Zo JIO-
KaJIbHBIH MUHHUMYM, HEOOXOINMO BBIIIOJIHEHHE YCIIO-
BHSI paBEHCTBA HYJIO TiepBoro AuddepenHnnana:

@ (Z0)=0
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Omnyckas poreaypy onpeaesieHus mepBoro aud-

(epennmana pyukuuonana @ (Zo), 3anuiieMm OKOHYA-
TEJNBHO yclioBue MUHIMYMa P (Z):

(A*A+AE)Z = A*F - AEZ™" (12)

rae A* - omepartop, CONPSDKEHHBIN K OIepaTopy
A; E - emuHUYHBIN oniepaTop;

Z* - 3KCIEPUMEHTAIbHBIC JTAaHHBIC O PEIICHUH Z.
Oneparop (A* A+ AE) ssusercss momoxurensHo

OTIpeNIeIeHHBIM 1 OTPAaHWICHHBIM H, COTIIacHO [2], Bce-
r/1a UMeeT OOpaTHBII omepaTop.

[ostomy 3amaga (11) yxe sBIsieTCS KOPPEKTHOU
Y IMEET YCTOWYHMBOE PeIICHHE!

Z = (A*A+JE) (A*F - AEZ™) 14

Perynspusanus mo3BoJIsieT MOJIyYUTh IUHCTBEH-
HOE yCTOHYMBOE PELICHNE ITyTeM BBEICHHSI HEKOTOPOI
J00aBKH C MaJIBIM NapaMETPOM.

Merton perymsipuzanuu (MP) ucmons3oBaics aB-
TOPOM MPH PEUICHHH 0OPATHBIX Ie€OPHUIbTPAOHHBIX
3aJa4, 9TO MO3BOJIMIIO ONPEAEINTh apaMeTpsl TpyHTa
(crerneHb HACHIIIEHHUS BJIAroi), JOTOJHUTENbHYIO MH-
(unbTpanuio (yTe4ku u3 KOMMYHHUKAIHA) 1 T.1. [4].

BeiBosibl: 3asaun ompeneneHusl nmapamMeTpoB BO-
JOHOCHOTO TOPM30HTA JUIS PEHICHUs OOpaTHBIX I'eo-
(bunbTpannoHHbIX 3a1a4 (K03 UIIMEHTHI BOIOIIPOBO-
JVMOCTH, TPAaHUYHBIC YCIIOBHUS WM OIIPEAEICHUE 00b-
eMa OTKauMBaeMOW BOJbI) OTHOCATCS K OOpaTHBIM
HEKOPPEKTHBIM 3a/lauaM, PelIeHHe KOTOPBIX IpeJo-
JaraeT TIIATEJIbHOE MCCIIEA0BAaHUE YCTOHYMBOCTH,
CXOJIMIMOCTH PEIIeHHMs, a TAK)Ke 000CHOBAHUSI pa3HOCT-
HBIX CXeM. MeTo perynspu3aiuy nMeeT psij napamer-
POB, BapbUpPYs KOTOPBIE MOXKHO TOOMBAThCS OoJiee 10-
CTOBEPHBIX pelIeHni 00paTHBIX 3a1a4:

e BIOOp cTabmiIM3aTopa B COOTBETCTBUH C BUIOM
MCXOAHOW MH(OPMALUH;

e BLIOOp MapaMeTpoB peryliisipu3alvi, 3aBUCS-
IIEro OT MOTPEIIHOCTEH MCXOAHBIX SKCIEPHMEHTAIIb-
HBIX JIaHHBIX, COM3MEPUMOr0 C HeBsi3koil auddepeH-
IIMaJIBHOTO OIEepaTopa;

® BLIOOp KpHUTEPUS JUIS PELICHUS IIPSIMOH 3a1a4u
Y OTIPEJICIICHNS CTEIIEHH JIOCTIKECHUS LIEJIN PETyIHPO-
BaHMSI.

Mertoj peryisipu3alii penieHuss oOpaTHBIX He-
KOPPEKTHBIX 3aad4 JiJIs ONpe/ieNieHHs MapaMeTpoB pe-
TYJINPOBAHUS MTO3BOJISIET:

® OJTHOBPEMEHHO YYHUTHIBATh KaK TEOPETUUECKHE
NPE/ICTaBICHUS O Tpoliecce I'eoQUIbTPALUH, TaK U

OTIMPaThCS Ha BCIO DKCIIEPUMEHTAIbHYIO WH(pOpMa-
1UI0, MoNTyyaeMyto Ha ocHoBe ODP u HaOrOICHUIA;

® 1ONy9aTh (PU3NIECKA OCMBICICHHBIC 3HAUCHUS
ruaporeonornyeckux (I'T) mapameTrpoB, KOTOpBIE OT-
BEYAIOT TPEOOBAHMAM ONTHUMAIBHBIX ITAPaMETPOB pe-
TYJTUPOBAHUS C LENbIO CHIDKEHUSI YPOBHSI TPYHTOBBIX
BOJI 10 3a1aHHOTO[3].

ABTOpOM OBUIM UCIOJIE30BaHBI UJICH METOJA pe-
TYJSIpU3AIAH U pa3pad0TaHbl aITOPUTMEI PEIICHUS 3a-
Jlauu YIPaBICHHUS PEKUMOM MOJ3eMHON Tuapocde-
perut npexynpexaeans YC ¢ MOMOIIBI0 pelIeHUs
SKCTpeMallbHbIX 331124 [3,4,5]. JlaHHbIN mOAX0a TaKkxke
HCII0JIb30BAJICS IPU CO3IAHUU CUTYaLlMOHHON ONTUMH-
3alMOHHOW TeO(UIBTPAIIMOHHON MOJETH 3aCTPOCH-
HOW Tepputopuu [6].

B mHacTosimiee Bpems ONBIT peElICHUs 3adad
HaXO0KJICHUS ONTHUMAaIBLHBIX YIpaBJIEHYECKUX
peieHnii (ompeaeneHus] ONTUMAIBHBIX TPaHUYHBIX
ycroBuid WM (QYHKOIHKA WCTOYHHKA C OOpaTHBIM
3HAKOM) IO CHIDKEHHUIO OTMACHOTO YPOBHSI TPYHTOBBIX
BOJI C ITOMOIIBI0 METO/Ia PEryIIpU3alii HeOOIBIION,
TeEM HE MEHEE MJaHHBIM IOAXOJ MOXKET HalTH
NPUMEHEHHUE MJISl PELICHUS HEKOPPEKTHBIX 3a1ad B

obnactu CHIDKCHHS OTIaCHBIX (akTopoB
YpE3BBIYAHHBIX CHUTYyallMH, BBI3BAHHBIX OIIACHBIMHU
THIIPOJIOTUIECKUMU u THIIPOT€0JIOTHUECKUMHU
MIPOILIECCaMH.
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Baiizazvl kvi3o1 Hazupa

Kuipevizckuii I'ocyoapcmeennviii Yuusepcumem cmpoumenscmea mpancnopma u apxXumexmypbl

um. H. Ucanosa . buuikex

ONPECHEHME KOJLJIEKTOPHO-JIPEHAKHBIX BOJI KbIPI'bI3CKOM PECITYBJIUKA

AHHoTanus: B cratee paccMoTpeHO QpopMHUpOBaHIE KOJUIEKTOPHO-IPEHAKHBIX BOJ Ha Teppuropnu Keip-
T'bI3CKOM PeCHy6J'II/IKI/I. W3naraercs MMPUMCHCHUEC Bou0c6epera}omeﬁ TCXHOJIOTUH B arpornpoOMbINIICHHOCTH IYTEM
obeccoauBaHus BOJBI Ha 3JIEKTPOAUATIU3HOM aIrapaTre 1 BTOPUIHOE €€ NCIIOJIb30BAHNE Ha OPOIICHUE.

Annotation: The article discusses the formation of collector-drainage water in the territory of the Kyrgyz
Republic. The application of water-saving technology in the agro-industry by desalting water on an electrodialy-
sis apparatus and its secondary use for irrigation is described.

Knroueswvie cnosa: 3anacos npeCHoﬁ 600bl, ONpecHeHusl, 6blCOKOMUHEPATU306AHHblLE 60()bl, KOJL/IEKMOPHO -
OpeHaicHble 800bl, 60000NPECHUMENU, UPPUSAYUST, METUOPAYUSL 3eMelb, 600HOE XO3SAUCMBO, NPUPOOHbIE U CIOY-

Hble 600bl.

Keywords: resh water reserves, desalination, highly mineralized waters, collector-drainage waters, water
desalinators, irrigation, land reclamation, water management, natural and waste waters.

JlemMuHepanu3anys NPHUPOAHBIX M CTOYHBIX BOJ
SIBJIIETCS OAHOMU U3 BaXXHEUIINX TEXHUYECKUX U IKOJIO-
THYECKHX MPOOJIEeM BCEX CTAaH MHpa. DTa CBA3aHO CO
3HAYNUTEIBHBIM POCTOM NTPOMBIIUICHHOTO BOJIOTIOTPE0-
JICHUS B 3KOHOMUYECKUX Pa3BUTHIX paifoHaX, IPUBOAS-
MM K UCUYEPIIAaHHUIO 3aIacoOB MPECHOW BOIBI U BHI3BI-
BAIOIIMM HEOOXOJUMOCTh BOCHOJHEHHUS HX 3a CUeT
ONIPECHEHUsI BHICOKOMHHEPAIN30BAHHBIX MOPCKHX H
MOJ3eMHBIX BOJ|, @ TAKXKE€ C OCBOCHHEM HOBBIX Te€ppU-
TOpHH, KPOME TOTO, B pe3yibTaTe cOpoca B €CTECTBEH-
HbIE BOJOEMBI MPOMBIIUICHHBIX, OBITOBBIX, JPEHAX-
HBIX CTOKOB U IIPU OPOLIEHUH, OCOOEHHO IIPH IPOMBIB-
HBIX TIOJMBAX, 3aCOJICHHBIX 3€MeJb, Hapsay, C
TOKCHYHBIMH COJISIMH, IPOMCXOJAWT BHIMBIBAaHHE W3
MOYBBI HEOOXOAUMBIE IS PACTCHUN MUTATENbHBIX Be-
mectB ( N, P, K, rymyc n.t.1.) BHeceHne mouyBeHHBIX
J103 yOOOpEeHHH I yIydIIeHHUs X MUTAaTeJIbHOTO pe-
JKMMa 3a4MCTYIO IPUBOAMNT K elie 6ojiee CHIIbHOMY BbI-
MBIBAaHHUIO 3JIEMEHTOB ynoOpeHui. IIpogyKThl BBIMBI-
BaHMS MOMA/IAI0T B TPYHTOBBIE, APEHAXKHBIE BODI, a 3a-
TEeM B pEKH, 03epa, MPYy/bl BBI3BIBAsI HEXKEJIATEIbHBIE
3arpsI3HEHUs OKPYXKAIOIIEH Cpebl.

IIporecc ompecHeHNs BOABI MOXKET OCYIIECTBIS-
eTcs METOJaMM JUCTWIIIALHUY, 3JIEeKTPOJIrain3a, 00-
paTHOro OcMoca, HOHHOTO OOMEHa, KCTPAKIHH, pac-
TBOPHTEIISIMH, 3aMOPAXUBAHUEM, Ta30THPATHOTO Pa3-
JeNeHNs, a Talke OHOJOTMYECKMM  METOJIOM,
OCHOBAHHBIM Ha CIIOCOOHOCTH HEKOTOPHIX BOAPOCIIEH
MIOTJIONIATh COJIM HA CBETY M OTJABATh UX B TEMHOTE.

W3 nepednciieHHBIX METO/I0B ONIPECHEHUs Hanbo-
Jlee TIepCHEKTHBHBIMM; a TakXKe pa3paOOTaHHBIMH B
Hay4YHOM IPAKTHUECKOM IIIaHE SBISIETCS AJIEKTPOAUA-
M3 1 o0paTHEIA ocMoc. Brimyckaemsle B Poccun, Ka-
3aKcTaHe, Y30eKCTaHe U 3apy0ekoM, OTIPECHUTETLHBIS
YCTaHOBKH NPUMEHSIOTCS B KOMMYHAJIbHOM, ITPOMBIII-
JICHHOM U CEJIbCKOXO03SIHCTBEHHOM BOJOCHA0KEHUH.

YHHBepcabHOTO METO/1a OTIPECHEHU S, 00ecTIen-
BAIOIIET0 MAKCHMAIBHYIO0 9KOHOMHYECKYIO 3¢ (heKTHB-
HOCTb Ha IPaKTHKE B JIIOOBIX YCIOBHAX HE CYIIECTBYET,
MOCKOJIBKY OIIPECHUTEIIHHBIE YCTAHOBKHU Pa3IHYarOTCS
MO MOIIHOCTHU U IIEJIEBOMY Ha3HAU€HHIO, a ONPECHEH-
Hasl BOAA XapakTepu3yercs: O0JBIINM pa3HOOOpa3nem
cocrasa.

B kaxmoM KOHKPETHOM cilydae BBIOOp MeTona
orpecHeHust 00CYCIIMBaeTcsi KadecTBOM HCXOJHOMN
BOJIbI, TPEOOBAHMSIMU K KaueCTBY OYMIICHHOH BOJBI,

MIPOU3BOIUTECIHHOCTRIO YCTAaHOBOK, IKOJOTHYHOCTHIO
IpoIecca U ero TEXHUKO-2KOHOMUYECKHMHU IapaMeT-
pamm.

Metox 3neKTpoaUani3a WUTPacT 3HAYUTEIHHYIO
poJib B BOJOOIPECHUTENBbHONM MHIycTpuu. Ha ero
Jnoiro mpuxonutcss okoino 10% obmero kommdecTBa
IIPOU3BOUMON B MHUpPE IIPECHOM BoAbl. Manas 3Hepro
- MaTePHUATIOEMKOCTh JIEKTPOAUAIA3HOTO 000pYyHAOBa-
HUS, BO3MOKHOCTh aBTOMAaTH3aIlMH IIPOIiecca, BBICO-
Kasg 9KOJOTMYHOCTHh TPH BBICOKOM BBIXOZE IPECHOMH
BOJIBI (10 99%), cOCcOOCTBYIOT NajbHEHIIeMy pa3Bh-
THi0 Merona. OCHOBHOM KOHCTPYKTMBHOHM YacThbIO
AIEKTPOANATIM3HOTO aIlmapara sBISETCS HOHUTOBBIC
MeMOpaHbI, B CBSI3W C 4YeM pa3pabaThIBacTCs HOBBIC
THUIIBI, HAIIpaBJIEHHBIE HA YJIyUYIICHHE X Ka4ecTBa pac-
mIMpeHne accoptuMenTa. [1o ¢pazHoMy coctaBy pas3iu-
4ar0T MeMOpaHbI TeTepPOTeHHbIE U TOMETeHHBIE.

Jis yooBiIeTBOpEeHUs HY KT OpPOIICHUS, IpeHaKa
U pa3BUTHS MENIHOPATHBHOM HAyKW, IO3BOJAIONIECH
00ecTIeYnTh OpoIIaeMble 3eMIIH BOIOH U YIOOpCHUIMEI
C IPUMEHEHHEM COOTBETCTBYIOIINX MEIHOPATUBHBIX
MEpONPUATHIA Ha KOHKPETHBIX TEPPUTOPHUAX, MOXKET
PE3KO TMOBBICUTH YPOKANWHOCTH CEJIbCKOXO3SIICTBEH-
HBIX KYJBTYP.

B KeIprei3crane MOBCEMECTHO OCYIIECTBISETCS
MeJHOpaIys 3eMellb. B CBSI3M ¢ 3TUM BO3HUKIIA HE00-
XOZMMOCTh M3Y4YHTh MPOLECC BBHIMBIBAHHMS OCHOBHBIX
MUTATENbHBIX BELIECTB U3 MOYB B TPYHTOBBIE, Jpe-
Ha)KHO-KOJUICKTOPHBIE M OPOCHUTENbHBIE BOABI MOJ
JIeWCTBHEM TI0JINBOB, BHECEHHBIX YIOOPEHUH U IPYTHX
arporexHudeckux npuemoB. Ocoboe BHUMaHKE 00pa-
LIEHO 3a 3aCOJICHMsI MOYBBI, KOTOPBIE TEPSAIOT MOYTU
BCE MUTATEIbHBIE BELIECTBA B PE3YIBTATE IIPOMBIBOK.
Tak , B MockoBckoM paiioHe B coBxo3e «bem-Tepek»
B IIPOMBITBIX OT COJIeH MouBax, B cinoe 0-60 cM conmep-
xkarcs 0,3-0,5 mr moaswxkHoro azorta 0,10-0,40 mr
ycBosiemoro docdopa B 100 r moussl, 4To Gosee yeM B
10 pa3 MeHbIIIe, YeM MPUHATO IS TI0YB, c1abo obecte-
YEHHBIX MUTATEIbHBIMH BELIECTBAMH, KOTOPBIE COJEP-
kaT 4,5 MT TOJABMKHOTO a3oTa U 6,1 Mr ycBOsSeMOro
¢docdopa B 100 r. OUBHL

B pesymnpraTe make mpu IOCTaTOYHOM YBIAaXKHE-
HUU Ha 3TUX NT0YBAX MOJIy4aOT yPOXKaH CEIbCKOX03H-
CTBEHHBIX KYJIbTYp B 2-3 pa3za HWXKE MPOCKTHBIX.
Kpowme Toro, npeHaxHble OpOCUTEIbHBIE BOJBI B ITOM
30HE Co/IepKaT 3HAYNTEIbHBIC KOJTMIECTBA DIIEMEHTOB
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ynoOpenuii, Hepenko npesbimaer [1JIK (mpenenpHO
JIOIYCTUMBbIE KOHLIEHTPALIH).

VY4uuteiBas, 4T0 OJHOM U3 BaXXKHEMIIUX HAPOJHO-
XO3SIMCTBEHHBIX 3a/1a4 B Halllel CTpaHe SBISETCS yBe-
JMYEHUE BBIITYCKA CENbCKOXO3IHCTBEHHBIX IPOIYK-
L[UH, a OpOIIaeMoe 3eMJIe/ieNie B pelIeHUuH 3TOH 3a-
a9y 3aHMMaeT 0co0oe MECTO, TO YYeT BIIHSIOLINX
(haKTOpOB MO3BOJNUT HE JOMYCTHUTHh BBIXOJ 3€MEJb M3
CTPOsl U IIOBBICUTh YPOKAHHOCTb CEJILCKOXO3MCTBEH-
HBIX KyJIbTyp Ha MEJTMOPATUBHO- HEOIarOMOydeHHBIX
3eMJLIX.

CoBpeMEHHBIM ypOBEHb TEXHUKU OpOILEHUS U
JIpeHaka W Pa3BUTHUS MENHOPATHBHOW HAayKH, MO3BO-
JsIeT 00eCHeYnTh YCTOHYMBO OJaronpusiTHOE COCTOSI-
HHUE OPOIIaeMBIX 3e€Mellb U C MPUMEHEHHEM COOTBET-
CTBYIOUIUX MEJIMOPAaTUBHBIX MEPONPHUATUN Ha KOH-
KPETHBIX TEPPUTOPHIX PE3KO IMOBBICUTH YPOKalHOCTH
CeNbCKOXO35MCTBEHHBIX KYJIBTYP.

B panee BrmomHeHHOH paboTe Hamm pazpabo-
TaHbl PCKOMCHAAIIUU 11O BI)I60py OINITUMAJIBHBIX Bapu-
AHTOB TOPU3OHTAIBHOTO JpeHaka M CIOocOOOB pacco-
JICHUsI 3eMeJib, HeOOXOJIUMBIE MPH IPOSKTHPOBAHUU
9THX MeponpusaTuii. ONTHMaNbHBIC BAPUAHTHI BEIOUpPA-
eTcsl TAKMMH, KOTOpBIe 00eCTIeYNBalOT MUHUMYM HpHU-
BEJCHHBIX 3aTpaT Ha YCTPOMCTBO IpeHaXka, a TaKKe
BOJHBIX, 3€MCJIbHBIX U TPYAOBBIX PECYPCOB ITPU COOT-
BETCTBYIOIIEM 00ecTicUeHIH TPeOyeMOoTro BOJHO- COIe-

BOI'0 peKuma.
Cr'm

40 wom 1=

30 sz

Prc. 1 Vaanemmse CcOTH EOIBL B SAEHCHMOCTE OT ICIOTHOCOTH TOKS

CTTEpEMEHTATHHbIE TANHEE IO 9eHb 5 PacTROPEX.
I=5mAlens o — o —
I=7maA cn? R
I=15

:
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Puc 2. Kosddemment onpecasrns H - KEaTHORHPOBAHEOH BODE TDH
pasTEgHcE cropocTH mpoTeka V H wmotax Re(t =25C%
DECIepHMEETATLHEIS TAHHES IOMEHE B PacTEODAK:
HCl:mr-ses/m 103 (0 ) 14300 ) 1820 );
HE0s sr—axs/m 7.7(0O) 1650 ) 2090 )
PacueTHele sHIUEHHS IOTVISHE 117 PACTEOPOE!
HC1 (D mpa K : P=0,62 n=0.284
HS04 (2) mpa K'=300: P=0,62 n=070

TalSwomm 1w30nmos lwdSwonos T (spenca)  © 1 Saaze

Uytickoli nonuHa Haubosiee KpymHEHIIUN paiioH
oporraemoro 3emuenenust Keipresckoit Pecny0mnnkw,
TUIMYHAS JJIS1 MEKTOPHBIX BIIaJANH apHIHO 30HBI, I10-
Ka3blBaeT CIICAYIONINE MapaMeTphl: KIMMAT - PE3KO
KOHTHHEHTAJIbHBIN, MUHEPAIH3alMd T'PYHTOBBIX BOJ
necrpas ot 0,1 mo 20-25 r/n u Goxee ruapokapOOHaT-
HOTO0, COTOBOTO, COTOBO-CYNIb(ATHOTO, CYTh(HATHOTO U
pEeXe XJIOPHUIHOTO THIIA.

B Uyiickom momune Keipresckoii Pecybnukuy vHa
MEJIMOPAaTUBHO — HEOJIAaronoNyYeHHBIX 3eMIISIX I10-
CTPOCHA CBBIIE 4 THICAY KUIOMETPOB TOPH30HTAIIb-
HOTO JIpeHaka Ha IUIOIAAM OKoJio 124 ThIcsu rexTa-
poB. CTpOUTEIHCTBO APEHAXKA MIPOIOIKACTCS HA BHOBD
OCBaMBaEMBbIX 3eMJISIX M HJIET PEKOHCTPYKIHS IpeHaxKa
Ha crapoopomaeMbix 3emisix. ObeccolmBaHHE KOJI-
JIEKTOPHO-IIPEHAXHBIX BOJI IIPEJIaracM OCYIIECTBISTh
METOOM  D3JIEKTpPOAWANm3a.  DIIEKTPOJHAIN3HBIC
OINPECHUTCIIbHBIC YCTAHOBKU HAJIM HIMPOKOC IMPpUME-
HEHHE 111 00paOOTKH COITOHOBATHIX MOA3EMHBIX U I10-
BEPXHOCTHBIX, MOPCKUX, CTOYHBIX BOJ C IICJIbIO UX UC-
MIOJTb30BaHNSI B KOMMYHQJIBHOM M CEIbCKOM XO3SIH-
CTBE, B DJHEPreTMKE U  JPYrUX  OTpaciax
TIPOMBIIICHHOCTH.

Ha xadenpe «BBul'TC» pa3zpaboTana u mpoBo-
JATCSI UCTIBITAaHNE HJICKTPOJUAIN3HOTO YCTaHOBKH. Pe-
3yJIBTAaThl HCCIEJOBAaHUN 10 OIPECHEHMIO KOJUICK-
TOPHO-JPEHAXHBIX BOJ IPUBEICHBI HA puc. | 1 2.

C iz
HeAV I e
5 - I-i ———————————————————————————————— 7—
| .
4 __A.I_I_ _____________________________ (_D____
:|E /0'
3 ___1_‘}_’1.__-_:'?__'_-_,5__ e e A
| T
- ___.—_\______ S S ____7'_____"__:3-:_‘_
[ T R S Sl e
I RN SN O D B

o 3O A0mem 1= 1alSsem  1uSOsoms l=4O0nom T

VmaTere COMM HCROSHON BONE B SASHCHMOCTH OT CKOPOCTH HOTORA

BECTIEPEMEHTATLHbE MANHBE N0 SSHE & PACTEODAR

A

P

=)

[ 0 40 an BO 100 120 140 160 180 200 Fe

IIpegemeHad MIOTHOCTE TOKA HPH 3MEETpodEanHs:e H-

EETHOHEPOSAHEOH EOO: P PATIHTHON MHEEDATHSAITHE EOM

H cEOpOCTHE mpotorz WV (1= 237)
DECHepHMEETATLHEIS TAHNES IOMSEHE B PacTEODAK:
H:804 csr-sps’m 7.70 ) 200(0O )
PacueTHEIe sHaYeHHe IOTVIEHE LI7 PACTEOPOE
HCI1(1.3,4) mpsa K : P=0,62 n=0.84
HS04 (2,5) mpsx P=0,62 n=070

J1= cpaEHeHER NPHESISHE PAcIeTHEE SHATEHEA ama NaCl (3 WNarS0s (4) (corpmc 1)
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YUCEJbHIAN AHAJI3 3ABPYJIHEHHSI ATMOC®EPH ITPU TPAHCIIOPTYBAHHI BYT'LULJIA
SAJIBHUYHUAM TPAHCIIOPTOM

Summary: the purpose of this paper is development of numerical model for air pollution level prediction in
work areas near railway road during coal transportation. Developed numerical model is based on the equation of
pollutant mass transfer. For numerical integration of mass transfer equation implicit change-triangle difference
scheme is used. Advantage of the developed numerical model is taking into account influence the main physical
factors onto the process of coal dust dispersion in the work area air near railway during coal transportation by railway

transport.
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AHoTauisi: MeToro poOOTH € po3poOKa YHUCETLHOT MO TS OIIHKH PiBHS 3a0pyHEHHS TIOBITPSTHOTO cepe-
JIOBHIIIA Y pOOOUYHMX 30HaX OIS 3aJ1i3HUYHOT MaricTpaii pu TpaHcroptyBanHi Byriuis. [ToOynoBana yncensHa Mo-
JieTb 0a3yeThesl Ha BUKOPUCTAHHI PIBHAHHS MacoliepeHocy 3a0pynHioBada. 1 9ucenpHOTo iHTeTpyBaHHS PiBHAHHS
MEPEHOCY BYTUILHOTO IMITy BUKOPUCTOBYEThCS HEsIBHA TTONEPEMiHHO-TPUKYTHA pi3HHLIEBa cxeMa. [lepeBaroro pos-
pobIIeHOT YHCeTHPHOT MOJIEN € MOXKIIMBICTD BPaXyBaHHSI OCHOBHUX (i3HUHIX (PaKTOPIiB Ha MPOIIEC PO3CIIOBAaHHS BY-
TUJIBHOTO MY Y poOoyiii 30H1 MOOIM3Y 3aJII3HMYHOT MaricTpai IpH TPAHCIIOPTYBAHHI BYTULIS 3a1i3HUYHUM TpaH-

CIIOPTOM.

Key words atmosphere pollution, coal transportation, railway transport, numerical simulation, differential

scheme.

Knrouosi cnosa: 3abpyonenns ammocgepu, mpancnopmysants 8y2iiis, 3ani3HUMHUL MPAHCNOPN, YUCETbHE

MO@B]HOGCZHH}Z, pi3Hm;e6a cxemda.

[ocTranoBka npodjaemu. Bizomo, mo tpancmop-
TYBaHHS BYT1JUISl y iBBaroHax IPHU3BOAUTH JI0 BEIUKOT
npobieMu, a came — IHTeHCUBHE 3a0pyJHEHHS aTMOC-
(epu, GopMyBaHHS KOHIIEHTPALIHHOTO NOJIS MTUITY Hal
BaroHOM, B TPAHCIIOPTHOMY KOPHIOPi i B pobounx 30-
Hax, MPWIErJIHX 0 MaricTpaii. ¥ 1ux po0o4nx 30Hax
3HAXOIATHCS Pi3HI MPALIiBHUKA - MOHTEPH KOJIii, CHT-
HAJIICTH 1 T.JI.

Jns BUpIICHHs 3aBAAHHS PO 3a0pyIHEHHS at-
Mochepyu BHKOPHCTOBYIOTH Mojenb [aycca [3, 4, 6],
pearnizoBaHy y BUIJISI CIEIialli30BaHUX MAKETiB TPO-
rpam tuny «KAERMOD», «CULPUF». Mognens I'aycca
HE BpaxOBY€ s BaXKIHMBHX (PAKTOPIB, SKi CYTTEBO
BILUIMBAIOTh Ha ()OPMYBAaHHS KOHIIEHTPALIHHOTO IMOJIs
Ty B poO0OYMX 30HAX OiNs 3ai3HMYHOI MaricTpari.
Ls Momens He BpaxoBye Mpodib MBUAKOCTI BITPY,
BILUIMB CaMOT'0 BaroHa Ha ()opMyBaHHsI JIOKaJILHOTO ae-
POIMHAMIYHOTO PEXUMY, (HOPMY HACHUITY CHITYYOTO Ba-
HTaXy y HamiBBaroHi i T.1.

2

ToMy BUHHKA€ BaXJIMBE 3aBIAHHS I10 CTBOPEHHIO
CY4YaCHUX YUCEIBHHUX MOJEIICH, SKi JO3BOJISLTH O 31iHi-
CHIOBATH OI[IHKY PiBHS NHJIOBOTO 3a0pymHEHHS pobo-
YMX 30H 01151 3aJ1i3HUYHOT MaricTpali Ipu TPaHCHIOPTY-
BaHHI BYT1JUIA.

Meta. MeTor0 naHoi poOOTH € pO3pOOKa YHCETb-
HOI MoOJeNi ISl MPOTHO3Y PiBHSA NHJIIOBOTO 3a0pyn-
HeHHs aTMocdepH NpH nepeBe3eHHi Byriuis. OcHOBHa
BUMOTa JI0 CTBOPIOBAHOI MOJIENIi — BpaxyBaHHS OCHOB-
HUX (i3UUHUX (HAKTOPIB NPU MOZETIOBAHHI 1 Mai BH-
TpaTH KOMII'FOTEPHOrO Yacy MpU NPaKTUYHIN peaiiza-
mii.

Metoauka. Ha mepmomy etari gociimKkeHb Oyina
MOCTaBJICHA 3a7a4a 10 BU3HAYEHHIO IHTEHCHBHOCTI
eMicii ByTiIBHOTO TIUTY TIPH Pi3Hil MBUIKOCTI MOBIT-
PSIHOTO MOTOKY, IO 001yBa€ BYTLILIA.

CxeMa JocIiiHOT yCTaHOBKH MOKa3aHa Ha puc. 1.

L

L 4

Pucynox 1 — Cxema ycmanosku: 1 — 6030yxo0yeka; 2 — mMooenb HANi88A2OHA 3 8YLIAM

B Monens HamiBBarony Hacunanoch Byriyui. Ile-
pell NPOBEICHHSIM eKCIIEPUMEHTY 3pa3KH BYT1UIs OyIIn
MOKJIaJIeH] B CyIwibHi mwadu mapku 2B-151 Ha 3 ro-
JIMHY 1 3HAXOAMINCS TaM TIpu Temneparypi 40°C.

[Tpn mpoBeneHHI eKCHEPUMEHTY 371HCHIOBAJIOCH
o0xyBaHHS Mojeni BaroHy 3 ByrummiMm (puc.l). Ilpu
NPOBEIEHHI JOCII/KEHb, B SIKOCTI 6a30BOT0 MiBBaroHa
OyB oOpaHuii HamiBBaron mapkum 12-1592. JlomkuHa
HamiBBarona 12800mmM, Bucora — 3474Mm, mmpuHa —
3134mm. @i3uuHa MOZIeNb MiBBAaroHa Oyina BUKOHAHA B
macmrra6i 1:100 (puc. 1). IIpu npoBeneHHI ekcriepuMe-
HTiB unciio PeifHonbaca ckiaano omussko 104 — 10°.
IIponyska BinOyBamacsi mpotsirom 10xB mpu pi3HIf
IIBUJIKOCTI TOBITPSIHOTO TOTOKY. Ilicis 3akiHUeHHS
NPOJYBKH 37iiCHIOBaBCs 301p Ta 3Ba)KyBaHHs BHHECE-
HOTO ByrimpHOTO muity. IBuaKicTE MOBITpSHOTO TO-
TOKY IIpH ITPOBEJICHH] EKCIIEPUMEHTY Iiepe0yBaiia y mi-
amasoni 10,5-13,4 m/c.

Ha ocHOBi 00poOKH IaHUX I[LOTO €TaIy OCHi-
JOKeHb OyJia OTpHMaHa eMITipUYHAa 3aJIe)KHICTh MacH

BYTLJIBHOTO ITHJIY, [0 BHHOCHUTHCS 3 OJMHAYIHOT TUIOMTL
BYTUJUISL Y HAlliBBaroHi IpH Pi3Hil MBHIKOCTI NOBITPS-
HOT'O MTOTOKY:
Q = 4.2-(V — V), mr/(m%c), (D)

Jie V — NIBUIKICTh MOBITPSHOTO MOTOKY, M/C, Vih —
«TpaHWYHE» 3HAYCHHsI IIBUAKOCTI, IICIs TEpEeBU-
LICHHS SIKOi MIOYMHAETHCS BIAPUB YaCTUHOK (JIOCIiTHE
3HAuUEHHS I1i€] MBUIAKOCTI cknano Vi=1.58 m/c.).

e 3nayeHHs BemmuuHH (Q BUKOPUCTOBYBAJIOCH
IIpH TIPOBEICHHI 0OYHCIIIOBAIBHOTO SKCIIEPIMEHTY Ha
0a3i po3po0IIEHOT YUCENBbHOT MO, IO MpEeACTaB-
JIeHA HUKYE.

MaTtemaTH4Ha Moaedb. /{1 IPOrHO3yBaHHS Pi-
BHS 3a0pyIHEHHS aTMoc(epH MpH BHHOCI BYTiJIBHOTO
Ty OyZeMO BUKOPUCTOBYBATH (PyHIaMEHTaIbHE PiB-
HSIHHS MacoriepeHocy [1, 2, 5, 7, 8]:
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ac , ouc  avC ., d(w-wg)C .
et ot o, T = div(ugradC) + TiL, ()8 (x — x)8(y — y)8(z — z)), @)

ae C — KOHLIEHTpAIlisl ByT'UJIbHOTO MUITY; U, U, W — KOMIIOHEHTH BEKTOPA IIBUIKOCTI HOBITPSHOTO IIOTOKY; [ =
(M, thy, Mz) — KOEDintienTH aTMOcdepHOi TypOyaeHTHOT udys3ii; Q— IHTEHCHBHICTE BUKHY 3a0py/IHIOBaYa Bijl
«Hacumy» y HamiBBarosi; 8(x — x;)6(y — ¥;)6(z — z;) — nenvra-yukuis dipaka; x;, V;, Z; — KOOPIAUHATH JDKE-
pena BUKUIY; W— IIBHIKICT IPaBiTallifHOTO OcaKeHHs muity; t — vac.

Sk 3a3Hauanocs puile, mapamerp Q po3paxoByBaBcs Ha 0a3i emmipuanoi Gopmymu (1).

[NocTaHOBKA TpaHUYHHUX YMOB JUISL TAHOTO PiBHAHHS Oyna po3risHyTa y podorax [1,2,5].

VY po3po0iieHiit uncenbHOT MOJIesi BUKOPHCTOBYIOTHCS HACTYIIHI 3aJIE)KHOCTI AJIS TOTO, 1100 3a1aTh npodiib
BITpY 1 BepTHKaNbHUN KoedimieHT aTMochepHoi nudysii [3]:

u=1u (Zz_l)p'/-lz =k (i)mtﬂx =y = kou 3)

Z1

Jie U, — MBUAKICTD BITPY Ha BHCOTI 2, (mpuiiMaeTbes z; = 10M); k; = 0,2; kg = 0,1;p = 0,16; m = 1.

YucenbHa MojJeb. J[Jsi YHCEIBHOTO IHTETPYBAHHS PIBHSIHHS MAaCOIIEPEHOCY BUKOPUCTOBYETHCS MPSIMOKY-
THa pi3HuLeBa ciTka. Konuenrpauis C HeOe3meuHoi peuoBHHH BU3HAYAETHCS B LICHTP1 PI3HULIEBUX KOMIPOK, KOM-
MOHEHTH BEKTOPA IBUIKOCTI MOBITPSHOIO CEPEOBHIIA 33/1aH] HAa MEXaX Pi3HUIIEBUX KOMIPOK.

Jlyis anpokcuMaIiil moxigHoT 3a 4acoM BHKOPHCTOByBaTHMeMO (hopmyiy [1]:

n+l _ r~n
aC  Cijp — Cij
at At
Tepen MUCKpETH3AIi€l0 KOHBEKTHBHHX MOXiTHHUX 3aIIHIIEMO X y BHTIIA CYyMHI 3HAKOTIOCTIHHHX BETMUHH:

ouC ou*tcC N ou=C
dx  Ox ax ’
ovC ov*tC N ov=C
dy ~ dy dy ’
owC ow*cC N ow=C

0z 0z 0z
u+|u| _ u—|u| v+|v| _ v—|v| w+|w| _ w—|w|
neut = U =—— ; vt = 2;v=—2;w+=—2 pwT=——
13HMIIEBI aIPOKCUMAILIi] MIEPIIUX MMOX1THUX MarOTh BATII [1]:
P 1
+ + n+l _ .+ n+1
u'C Wiy jnCipe — UijCisije Lt onH
ax ) +1Ax +1 - ,
- - n - n
0u™C Ui Civrje —WijkCije _ pin
3 ~ =L C"",
X
9 +C 17-+ . Cn+1 _ 17-+- Cn+1
VL Vitjkbijk LikZIZLIK g et
ay Ay oy ’
a —C v Cn+1 — v Cn+1
VL Vitgjebittik LkLIK - ent
ay Ay e
a +C- + Cn+1 _ + Cn+1
Wil Wirgjkbije =~ Wijkbi-1jk _ LHent
aZ ) +1AZ +1 o ,
- - n - n
Ow™C Wi Civr e — WijaCijk R
0z Az z ’
e
+ n+1 + n+1 - n+1 - n+1
It = ui+1,j,kCijk - ui,j,kCi—l,j,k _ ui+1,j,kCi+1,j.k - ui,j,kcijk
* Ax T Ax

1 T.J.— TIO3HAYEHHS Pi3HUIIEBUX ONEPATOPIiB MPH allpoOKCHUMalii KOHBEKTHBHUX MOXiJHHUX, 3aIIPOIIOHOBAHUX
y po6ori [1]. Pi3HumeBi anpokcumartii Jpyrux MoxiJHUX 3aucyroTh Tak [1]:

00 00y O OOy e g
5 #"5 & My Ax? Y x2 = My C + M€ ’
6 aC ~ irrljillrk B Clr}]_t-kl lrrllT’él B Cl?llltllvk — M— Cn+1 M+ Cn+1
@ '“yE ~ Uy Ay? Hy Ay? = Myy + My, ’
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d ac Cinj+k1+1 - Cinj+k1 lnj+k1 - inj+lél—1
_(ﬂz _) R, = U, = = 1\/Iz_zcn+1 + Mz+zCn+1-
0z 0z Az?2 Az?2

J1nst cKOpOYeHHsI 3a1MCy PI3HULIEBUX PIBHSHb TYT, SIK 1 BUIIlE, BUKOPHCTOBYIOTHCS NO3HAUEHHS BUTIISAY

+ - + - + -
Mxx' Mxx' M Myy' Mzz: Mzz:

yy’

e

n+1 n+1

chtl_cntl
+ ijk ~Ci-1jk . ag—
Mxx — Hx , Mxx

Ax?

n+1 n+1
_ ., CirrjkCijk .
Sy T

BI/IKOpI/ICTOByIO‘II/I BBe,HeHi IIO3HAYCHHA pi3HI/IL[eBI/IX onepaTopiB MOJXHa 3armcaTu BI/IXiL[He piBHﬂHHH nepe-

HOCY Y BHTJIAI:

n+1 __

ijk

n
ijk

+LEC™ 4+ L%E"“ + LHC™ I+
+L,C™ + LECM + L0 +
+oCliit =
= My C™ 4+ MEC™! + My, C™h +
+M, C™ + Mo, ™M 4+ MO +
+Q(t)4.

Ha HactymHoMy eTtami mOOYA0BU Pi3HHIIEBOI CXEMH 3IIHCHUMO PO3IICIUTIOBAHHS I[bOTO Pi3HHUIIEBOTO PiB-
HSIHHS HA Y€TBEPTOMY KPOIIl IPH IHTErpyBaHHI HA YacOBOMY iHTepBaii dt Tak:

. 1
- Ha IepuIoMy KpoIli po3IIeIUIeHHs k = "

n+1 n
ijk Cijk

At

1 o
+3 (LxCk + LiCck + LiCk) + Zci’j.k =

1
=2 (Mg C* + M C* + M, C™ + My, C™ + M_,C™ + M}, C™);

. 1 1
- Ha Jpyromy Kpolli po3memnieHns kK = n + 2;c=n + Z:

k c
Cijk — Yijk

1 o
+3 (LxCk + LyC* + L;C%) + ZCi’jk =

At .
1 t
=7 (M CF + MECE + My, CF + My, CE + M, CK + M},CC) + Z QE})Z 81
=1
- Ha TPeThOMY Kpoli po3ieryieHHs kK = n + %; c=n+ %:
Ci’;k B Cl{}k 1 L+Ck L_Ck L_Ck ack _
— +§(x +Ly;Ck + L )+Zij_1v
1 t
=2 (M CE + M CF + My, C* + M, CC + M7, C* + MJ,CE) + Z Qi)l 55
=1
- Ha YeTBEPTOMY KpoIli posiieienHss K =n+ 1;c =n+ %:
Clixe = Ce | 1 o
-rk k k kK _
A—t+§(LxC +LiCk +L3C )+Zcij =
1 t
=3 (M C* + M, CE + M, CC + M, CF + M, C¢ + M,CF) + Z Q(L})l 5.
=1

VY nuckpeTHOMY BHIIIAAL AenbTa-GyHKIis [ipaka
«pO3Ma3yeTHCS» Ha O/IHY PI3HULEBY KOMIPKY TaK, 00
30eperTu cymapHy KinbKicTh Q(t) i muty, sSika BUKHUIa-
€ThbCs 3 KOoMipku [1].

3ayBaxuMo, MmO QyHKLiA O, siIKa BUKOPHCTOBY-
€TBCS B DI3HUIEBHUX BHUpa3aX, HE JOPIBHIOE HYJIIO
TITBKA B KOMipKax, JIe pO3TalloBaHO DKEPENo eMicii

HeOe3MeyHo! pevYOBMHM. 3aCTOCYBAaHHS HAaBEICHOI
BUIIIE CXEMH PO3IIEIUICHHS JI03BOJISIE OTPUMATH Pi3HH-
1IeBi PiBHSHHS MPOCTIIIOi GOPMH, 110 Ja€ MOKITUBICTh
3IIMCHUTH TX MPOCTY NpOrpamMHy pealtizaliio.
I'pannvHa yMOBa HEMPOHUKHOCTI peai3y€eThCs B
YHCENbHIM MOJIEN 32 PaXyHOK BUKOPUCTAHHS (IKTHB-
HUX KOMIpok. JIns mpoBemeHHS OOYHCITIOBAIBHOTO
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eKCIIEpUMEHTY MOTPiOHO 3a/1aTH IUIONTY BYTLIBHOI 1O-
BEPXHI Y KO)KHOMY HalliBBaroHi Ta po3paxyBaTH iHTe-
HCHBHICTB eMicii ByrijgpHOTO Ity 3a opmyioro (1).
Pe3yabTaTu. Po3pobiena uncensHa Mojens Oyia
BUKOPHUCTAHA IS IPOTHO3Y PiBHSA 3a0pyIHEHHS aTMO-
cdepu Ha 3ami3HUYHIN ctaHnii lnapionose (/[ninpore-
TPOBCBHKa 00JIacTh, YKpaiHa). Uepes II0 CTaHIIIo 3ii-

CHIOETBCS TPAHCTIOPTYBaHHS ByTimist Ha [IpuaHinpos-
cbky TEII. Baronu 3 ByriisM pyXxarThCs 4yepe3 CTaH-
1ito 3 HeBeJIHMKOIO HBHAKicTIO. Ha puc. 2-3 nokazano
MIPOTHO3HI 30HU 3a0pyIHEHHS aTMOC(epH MPH MPOXO0-
JUKEHHI TIOTATY i3 BYTULISIM Yepe3 craHIliro LitapioHoBe.
MeTor0 po3paxyHKy OyJia OIiHKa po3MipiB, hOpMH i iH-
TEHCHBHOCTI (pOpMyeThCs 30HU 3a0pyIHEHHS P Tpa-
HCIIOPTYBaHHI BaHTaXYy.

2l

Puc. 2. 3ona 3616py()HHH}Z ammocd)epnozol nogimps (pieenv z=6m, t=8cex.)

Puc. 3. 3ona 3a6pyOHHﬂ ammocpeprozo nogimps (pieenv z=6m, t=17cex.)

Sk BHIHO 3 puC. 2, 3, IpH MPOXOKEHH] pyXOMOT0
CKJIaAy i3 BYT1JUISIM Jy>Ke MIBUAKO (DOPMYETHCS BEJINKa
30Ha 3a0pyaHeHHs. Lls 30Ha Mae GpopMy BUTATHYTOTO,
y HampsIMKy pyXy CKJIafy, eJimnca.

C, mr/m3

Ha puc. 4 moka3aHo po3MO/IiJl KOHIIEHTPAIIil ByTi-
JILHOTO ITWJTY HA Pi3HiH BiACTaHI Big CKIaLy, y nepepisi,
110 BiJTOBIZa€ 3aTI3HUYHOMY BOK3aJly Ha CTaHiii [na-
pioHOBe (cepenuHa OyaiBii). Po3moain KoHIEHTpaIIii
HABEJICHO JJI1 MOMEHTY 4acy t=15cek.

12

10

13 20 25

X, M

Puc. 4. Po3noodin konyenmpayii yeinbH020 nuiy 0L 3a1i3HUNHO20 mpakmy (pieeHs z=3m)
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3 puc. 4 BUAHO, MO KOHIICHTpAIlis BYTIHHOTO
NWIy Mae JyXe BUCOKE 3HAu€HHs OIS BOK3aly IpH
MIPOXODKEHHI CKIIAy i3 BYTUIISAM.

[ToTpiOGHO Bif3HAUMTH, IO PO3PAXyHOK PIBHS 3a-
OpynHeHHsT aTMOocdepHu Ha 6a3i moOyIoBaHOT YHCEIh-
HOI Mozeni morpedye 01t 5 cekyHI KOMI IOTEPHOTO
qacy.

BuCHOBKH 3 1aHOT0 J0C/TiIZKeHHSI T Mepcnek-
THBM. PO3risHyTa eeKTnBHA MaTeMaTWdHa MOJEIb
JUISL pO3paxyHKY piBHS 3a0pyAHEHHs aTMochepH Mmuiio-
BUMHM BUKHAAMH TIPH NIEPEBE3CHHI 3aTi3HUYHUM TpaH-
CIIOPTOM BYTLLIS. 3allpOIIOHOBaHA MOJIEINb JIO3BOJISIE
ONIEpaTHBHO PO3paxyBaTH 30HY 3a0pyJHEHHS aTMOC-
(hepu Ha MpUIIETJIH 0 3aJ3HMII TepUTOPIi.

[Nonmanpie BIOCKOHANICHHS MOJETI CIiJ IPOBO-
JIUTH B HAIIPSIMKY i1 pO3BUTKY IS PO3PaxyHKy aepou-
HaMIKH [TOTOKY MIpH OOTiKaHHI BaroHiB.
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INFORMATION AND ANALYTICAL SOLUTIONS FOR INCREASING EFFICIENCY OF
AIRCRAFT OPERATIONS OF SEARCH AND RESCUE

T'ypurwok Anamonuii

Cmapwuii npenooasamens Kageopvl a8UAYUOHHO20 NOUCKA U CHACEHUS
Hnemumym eocyoapcmeentnoco ynpasienus Haxooumcs 6 cgpepe epadcoanckou 000pombl.

Vkpauna, Kues
Houenko /Amumpuii

Cmapwuii npenodasamens Kageopsbl AGUAYUOHHO20 NOUCKA U CNACEHUS
Hucmumym 20cyoapcmeeniozo ynpasieHusi Haxooumcs 6 cgpepe epaxicoanckou 000poHbl.

Yxpauna, Kues
Kynuo Hukonaii

IIpenooasamens kagheopsl aguUayUOHHO20 NOUCKA U CRACEHUSA
HUnemumym eocyoapcmeennoco ynpasienus Haxooumcs 6 cgpepe epaicoanckou 000pombl.

Vkpauna, Kues

NHOOPMAINIMOHHO-AHAJIMTUYECKHUE PEINEHUA IS ITIOBBIINEHUSA S9OPEKTUBHOCTHU
BO3JIYIIHBIX ONEPAIIUI ITIOUCKA U CHACEHUA

Abstract. The article focuses on the necessity of creation, implementing and developing universal technolo-
gies of information-analytical activity (IAA) as a factor of influence on improving the efficiency of aircraft oper-
ations of research and rescue (AOSAR), and databases for tactical calculations.



16 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 2019

)|
EESY| |

According to the results of the study, scientific dynamic models of the functioning of a system of aircraft
operations of search and rescue (SAOSAR) and its rescue coordination centers (RCC) have been created, where
the strategic tool for the optimal decision-making for search and rescue works (SARW) is the information and

analytical product (IAP).

Key words: aircraft search and rescue, informational and analytical activity, decision optimality, factors of
influence, emergency situation, search and rescue forces, dynamic model.

Formulas: 5 :, fig.: 4, tabl.: 0, bibl.: 24

Raising of problem. Information and analytical
decisions that influence the effectiveness of ASAR
practically need for better organization and prediction
of their results when the managers (coordinators) take
different decisions, and are considered difficult for a
scientific understanding of their essence. First of all, it
is connected with the powerful lever of the optimal so-
lution in the conditions of uncontrolled development of
air crashes (AC) or other emergency situations (ES) and
the complexity of the dynamic environment and the
variability of various factors.

Research analysis and publications. The emer-
gence and development of situations associated with
SARW in the current conditions of risk and uncertainty
forces leaders of all units of the functional and territo-
rial subsystems of the Unified State Civil Protection
System (USCPS) and the subjects of the SAOSAR to
make managerial decisions in the light of a comprehen-
sive and in-depth analysis of their development and
consequences.

This is evidenced by research by scientists [1; 2;
3; 4] and documentary material by practitioners [5; 6;
7; 8] on various aspects of informational and analytical
support of the management system. The analysis of sci-
entific publications and documents demonstrates the
need for improved decision support systems, which is
constantly undergoing transformation under the influ-
ence of information and communication technologies.
It becomes highly relevant and requires research and
implementation of a set of new IAA solutions to im-
prove the efficiency of AOSAR.

Research purpose. Itis investigated, using the ap-
paratus of quantitative methods, the influence of IAA
on the optimal decision by management bodies in con-
ditions of uncertainty regarding the use of aviation
search and rescue forces (ASARF) to locate the objects
of the disaster.

Research results. The primary goal of ASARF
management is the successful organization and effec-
tive management of the AOSAR [9]. The achievement
of this goal involves the timely identification of the af-
fected object’s location (search objects), and the provi-
sion of timely assistance to the victims [10]. For the
management of International Aeronautical Search and
Rescue is advised to evaluate the success of the
AOSAR through the definition of the target efficiency,
the degree of compliance (expected performance ratio)
of the ASARF with the intended main objective
(planned for the scope of work) [11].

From this, the more successful the task is, the more
effective the ASARF and its management. Therefore,
due to the popularity of this problem or even in virtue
of it, it is proposed to implement in the context of an
AOSAR (Ef ) performance evaluation study for an op-
timal solution in uncertainty through the probability of
detecting a search object ( B, ). The obligatory evalua-
tion (E; ) is a clear definition and consideration of the

criterion of a generalizing (integral) indicator of the
factors, which have an influence on the AOSAR’s effi-
ciency ( Iy ) [12]:

Ef = P, X Ir., where Ef — 1 Q)

Conditions of uncertainty are considered to be the
state when the consequences of the decisions are un-
known due to the uncontrolled development of pro-
cesses and phenomena following the consequences of
ES, and they can only be estimated approximately. The
risk erases due to the fact that in case of non-perfor-
mance of certain works or their negative consequences
under the influence of various factors of conditions and
management, there is an opportunity to increase the
number of fatal results in the victims, to increase the
environmental consequences, and others.

During the determining the indicator’s criteria
(Ef ), which is required for making optimal solutions
and planning in conditions of risk or uncertainty, in ac-
cordance with the theory of large systems, mathemati-
cal modeling of processes and phenomena of AOSAR
can be used. For this purpose, it is desirable, using the
quantitative dependencies, to cover the whole set of
factors of conditions and management that characterize
the implementation of the AOSAR, all their diversity
and, as a result, calculate the generalized indicators of
the effectiveness of the planned actions.

The formation of a mathematical model for ( I ),
as a database for tactical calculations method, in the
most general form, should be considered using a given
mathematical function:

Ife =F(Ay; Az Ag; .5 A os By By By
B,..) (2

where F - sign of dependence (function);

A;...A,, — management factors (depending on the
decision to be taken manager (coordinator), influenc-
ing the value of E;

B, ...B, — condition factors (season, meteorolog-
ical conditions, etc.) that affect the value of E; and do
not depend on the decision of the manager (coordina-
tor).

The formula means that the value of the criteria
(indicator) of the AOSAR’s efficiency (E;) depends on
various factors.

Strategic levers of effective implementation of the
AOSAR are information, analysis and forecast. There-
fore, one of the management factors (A, ) is to pro-
vide a more qualitative and efficient organization of
AOSAR and to manage their information-analytical ac-
tivity (IAA) of the ASARF’s management organs [2;
4].

To select the optimal solution in terms of risk and
uncertainty, by evaluating the probability of detecting a
search object (B,), the activity of ASARF management
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bodies requires at least the minimum number of possi-
ble options for the projected progress of the ES. Taking
this into account, the Information and Analytical Prod-
uct (IAP) becomes the key link in the process of fore-
casting the progress of the ES associated with the
AOSAR and the involvement of homogeneous and di-
verse search and rescue aircraft (SARA) as the final re-
sult of the IAA in the form of a review or analytical
document (message) or their combinations.
Reasonableness and competence, reliability and
completeness, efficiency and relevance of the IAP ena-
ble ASARF managers to evaluate the facts of events

and events in a polyvalent way and anticipate their de-
velopment in order to effectively implement the
AOSAR.

It should be noted that among the output data to
calculate the effectiveness of AOSAR through the eval-
uation and analysis of various factors over a specified
period of time and taking into account the likelihood of
their impact (the algorithm is depicted in Figure 1), im-
portant are the indicators of probability as a prompt and
reliable receipt of IAA (P,4) and its relevance and
completeness (P,;) [13].

Assessment and

Determine the probability of detecting a search object (B, )

analysis of input data
for:

L1l

!

- object of search; Poai Py

- internal and
external
environment’s
factors;

- ASARF’s

pi

P

Frz 2

v
o

I
9

opportunities

Figure 1 - Algorithm for determining the effectiveness of the AOSAR’s implementation

where P, ;; — the probability of a prompt receipt of
a reliable AP for a search object;

P,pi — the probability of the relevance and com-
pleteness of the searched object’s AIP;

P, - the probability that the ASARF will enter the
district (district sector) after the 1AP study;

P, s —the probability of overcoming the destabiliz-
ing factors of influence under uncertainty;

P, —the probability of a task to detect a search ob-
ject by one ASARF;

PB,, — the probability of performing a task with a
given number of identical ASARF;

P, — the probability of performing a task with a
given number of different ASARF.

After performing calculations for all factors, the
probability of detecting a searched object ( B, ) with a
given number of identical (B,) or different
(P,-) ASARF, depending on the circumstances and
conditions of the ES and the detected destabilizing fac-
tors for ASARF, the probability of performing the task
during the AOSAR must be determined. In the future,
the effectiveness (determined by the target efficiency
indicator) of the AOSAR (Ey ) is estimated and an op-
timal solution in uncertainty is made.

| Decision making

+

|

Planning

(What to do, why you need to do?)

Tee =Fl Ay dgs oy Ay )

(A, ) — tools (zutematizztion

!

level) of IAA and principles of

| Setting the tasks of the ASARF

ensuring its functions as a factor of

)

influence on AOSAR's efficiency

Plamning
(How to do?)

¥

| Organization and maintenance

!

| Coordination of AOSAR

.

Control; analysis; development

recommendations

conclusions (forecasting); suggestions and

:

Figure 2 - Model of the functioning of the management process, taking into account the 1AA, to implement the
decision on the implementation of AOSAR
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IAA is not only a process of the technical nature
of collecting and processing information about the sit-
uation that emerged from the consequences of ES, but
also a creative approach to the analysis of its objects
and subjects and the assessment and qualitative and
contextual transformation into the chosen solution.
Such an approach to the analysis and evaluation of IAA
involves the effective use of scientifical techniques and
materials of operational analytical research. The practi-
cal use of these techniques and research is to identify
actual problems in order to produce useful and new
knowledge in determining the optimal solution for im-
proving the efficiency of AOSAR.

Limited or inaccurate information leads to a cer-
tain degree of incompleteness of the IAP and the adop-
tion of a subjective decision in terms of risk or uncer-
tainty.

The best way to make a decision for the implemen-
tation of ARPRs in terms of risk or uncertainty is ad-
visable to formulate using the "optimal strategy" [14]
method, taking into account the most efficient use of
aviation ASARF as outlined below.

There is a certain amount of ASARF for the im-
plementation of AOSAR [15: p.1; p.2, pp.2.5; annex]
and states (degrees) of their readiness (R; ) [16: section
2, chapter 7, p. 4, annex 3].

ASARF (of the same type and different types) in
their combination may be some set of variants (V; =
1,2 ...k ..) of decisions on the implementation of
ARPR with their values (C,,-) of these works. Option
(Vi4+1), is considered as the optimal solution from the
set of variants ( V; ), which would satisfy the condition:

Vir1 = min Csar (3)

with limited
=T 4)

where T; — time, sufficient for degrees of readi-
ness (R; ) ASARF for AOSAR according to the i-th op-
tion according to the decision within the normative time

(T,,) for such reasons as to ensure the maximum reduc-
tion of the risk of fatal outcome.

In this case, the normative time (T,, ) should in-
clude the entire volume of AOSAR [16: section 1, par-
agraph 3, par.9], given that their execution is always
associated with risk or uncertainty conditions, as well
as time expenditures for delivery of ASARF, medical
personnel and equipment, as well as delivery of victims
to safe places, etc.

In order to choose an option for AOSAR, it is ex-
pedient to determine the criterion of making the optimal
decision in conditions of risk or uncertainty. Taking
into account inadequacy or inaccuracy of the infor-
mation about the status of the search object and the risk
or uncertainty under the AOSAR’s implementation, the
optimization task may be more appropriate using the
Sevige criterion [17].

The Sevige criterion provides from a plurality of
variants ( V;) the choice of an optimal solution - more
approximated to the maximum probability of the vari-
ant Vi.,,. In this case, different indicators are used to
select the optimal solution, which maximizes the possi-
ble effectiveness of the AOSAR and minimize possible
losses.

Thus, a special attitude towards IAA objects is pri-
marily directed towards identifying and studying other
technical and organizational factors of management
and the nature of their functional crossing (interaction)
and subsequent implementation by the subjects of the
AOSAR’s coordination.

The formulated scientific problem, based on the
ever-increasing complexity and high requirements for
the implementation of AOSAR, requires a scientific so-
lution by searching for additional universal infor-
mation-analytical (forecasting, communication) tech-
nologies of the decision-support system to facilitate a
more prompt assessment of the ES’s facts and forecast-
ing options for their development according to the al-
gorithm, as shown in the diagram of Figure 3.

Providing mitial notification of

object of search (notification of ES) l
Information and analvtical (forecasting, ) A person (head, antimal
communication) technologies of the Dpt'{_"'n_s of, coordnator) who dgcision
system of support of decision-making decision | males the decision

methods (vanants) of rezsponse

1. Enowledge and message stomge (nformation) for studying the
materialand effects and conseguences of emergency situations and

44 2. Collection, analysis andsvathesiz of facts about ES

3. Wotking out the materialand drawing conchsions about the
methods (variant)ofreactionon ES

4. Checking conclusions and processing options and asseszment
solution for determining the optomal solution

Figure 3 - Decision support scheme system for making the best decision
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The results of the analysis of search and rescue
services operation in Europe and American countries
suggests that IAA management based on the natural in-
telligence and computer technologies operating infor-
mation arrays and methods for modeling the processes
of AOSAR at both state and regional and object levels.
Normative and descriptive decision making theories
and their structured qualitative (quantitative and hy-
brid), based on the processing of information and arti-
ficial intelligence, probabilistic and causative methods
and models, are used to provide optimal solutions in
terms of risk and uncertainty.

The difference lies only in the means and princi-
ples of the information and analytical process's automa-
tion concerning the search and collection, processing
and presentation of information for choosing action op-
tions (what and when to do, what to do, how to do it).
Action options are needed to make the optimal solution
(Figure 3) as the central point of the i -th quality and
efficient management process [17].

One of these factors for the effectiveness of IAA
is automation of management processes for the adop-
tion of optimal solutions for the organization and con-
duct of AOSAR [18]. Its influence on the increase of
the criterion of the effectiveness of the functioning of
the management bodies of the implementation of
AOSAR ( Qg4), With the receipt of information or since
the onset of the AC or other ES, may be a leading [19].

To determine the criterion of the indicator of con-
trol process automation's degree ( Q. — 1) for im-
proving the efficiency of the AOSAR's implementation
it is expedient to simulate the comparative evaluation
criteria of the real ( A,,,) automated control system
(ACS) with the criterion of some ideal ACS (A4, =
1). The obtained criterion of the parameter (Qg, = 1)
will be a characteristic of the degree of the automated
control system's improvement by the control processes
of the AOSAR's implementation under the conditions
considered for the use of the ASARF in order to deter-
mine the location of search objects [18, 20]:

Ay
Qdazﬁ -1 (5)

The solution of the problem of the AOSAR's con-
trol modelling, under the condition of ( Q4, — 1), in-
volves the mandatory installation in the control system
of the modern software product (SP) and the use of its
system and application software.

When constructing an automatic control system, it
is expedient to use SP based on full-featured geo-
graphic information systems and technologies (GIS
technologies) in combination with the received data of
the Global Positioning System (GPS). This will provide
the opportunity to get better results by locating the
search object and tracking its movement and optimiz-
ing the route of the ASARF, displaying them on an
online map with real-time data updates.

At the same time, one of the main tasks of creating
an internal integral structure of the automated control
system, as technology IAA for the optimal solution can
be the construction of a logical-linguistic model, along
with mathematical [19; 21; 22; 23; 24]. The first ena-
bles:

a) to predict the probability of the ES’s emergence
related to the ASARF and to identify the objects of the
search, taking into account the assessment of the impact
of various factors, and to display (reproduce) the pro-
cesses of their logical description adequately to the real
action;

b) provide on the basis of automated workplaces
(AW) the development and maintenance of solutions;

¢) simulate solving with a series of machine exper-
iments of a wide range of folding tasks for search and
rescue;

d) formalize specific content information about
search objects to ensure the organization and manage-
ment of the implementation of the AOSAR.

A generalized algorithm for the implementation of
functional characteristics of the IAA automation sys-
tem, which specifies the conditions, sequence of calcu-
lations and the procedure for the organization and im-
plementation of AOSAR, is shown in the form of a gen-
eralized algorithm in Figure 4.
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Figure 4 - A generalized algorithm for the implementation of 4OSA4R ’s functional characteristics

A generalized algorithm describes the process of
the SAOSAR's functioning and its IAA automation sys-
tem in established modes ("Reference”, "Dispatcher”,
"Search™) in time, with preservation of its logical struc-
ture and sequence of protocol procedures defining the
order of processing and data transmission for bringing
the next RCC in the required degree of readiness for the
implementation of AOSAR.

Conclusions and suggestions. IAA is an integral
part of the functioning of the SAOSAR. The main func-
tions of informational and analytical decisions are to in-
crease the efficiency of AOSAR in conditions of risk or
uncertainty regarding:

a) organizing the work and management of duties
of RCC, ASARF, and other operational forces that are
allocated to strengthen during the implementation of
the SARW,;

b) ensuring interaction and coordination between
the subjects of the SAOSAR, monitoring the complete-
ness and timeliness of the tasks.

These functions attract the attention of researchers
and practitioners who research and implement and use
IAA technology development to meet the needs of avi-
ation rescuers.

Prospects for further exploration can be the most
important problems of the development of new meth-
ods and means of intellectualization 1AA, the methods
of applying information and analytical technologies for
the adoption of optimal managerial decisions.
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CREATION OF THEORY MACHINING INTERNAL HELIX ROUND PROFILE MADE IN
REINFORCED COMPOSITES

AHoTAamisA 3 METOI0 JOCHTIPKEHHSI MOXITUBOCTI YTBOPEHHS SIKICHO HOBOTO p03’€MHOTO 3’€THAHHS IS JeTa-
JIei 3 apMOBaHMX KOMITIO3HIIIHHUX MaTepiaiiB, Oysia po3pobieHa, Ha OCHOBI PaHIIIe BiIOMOIO METOIy TEXHOJIOTis
BUTOTOBJICHHS MOI0HOTO PO3’€MHOTO 3’€THAHHS [4]. 3 ypaxyBaHHSIM BCiX peKOMEHAAIIH Uil JTaHOTO THUITY Ma-
Tepianis [1] cTBOpeHa reoMeTpist iIHCTPYMEHTY, Ta BU3HAUEHI yMOBH OOPOKH miiOpaHe 00aHAHHS Ta MPUIALIT
IUTS peaizamii MpuBeJeHOT TEXHOJIOTii 00pOOKH.

Abstract With a research objective of a possibility of creation of qualitatively new detachable joint for details
from the reinforced composite materials, the manufacturing techniques of a similar detachable joint were devel-
oped on the basis of earlier known method [4]. Taking into account all recommendations for this type of materials
[1] the tool geometry is created, and processing conditions are defined the equipment and accessories to realization
of the given technology of processing is picked up. The recommended geometrical parameters of the cutting tool
for  processing of the reinforced composite  materials the  following:  front  corner
v =20 — 30°, rear corner 0=10 — 15°, point corner § = 50 — 60°. The mode is realized on multiple-purpose the
equipment, without use of the additional equipment and devices. Taking into account all recommendations it was
also succeeded to develop new technology for a detachable joint in the reinforced composite materials. The pur-
pose of work was development of manufacturing techniques of the offered detachable joint for the details made of
the reinforced composite materials. Methods of the decision is an adaptation of earlier known mode to our condi-
tions of processing, it very well turned out. As a result of the done work everything very well managed to be
reached all objectives.

Kniouosi cnosa: apmosani xomnosuyitini mamepiaru (AKM); po3’emne 3’cOnanns;, kpyana pizvba; mexmo-
JI02isl 8UCOMOBIEHHS; ppe3epysanHsi.

Keywords: reinforced composite materials; plug contact; round thread; manufacturing technology; milling.

Beryn

Ha ceporomuimHiii 1eHb, TEXHIYHO IEpeIOBi
HIANPUEMCTBA BUTOTOBJISIOTH MPOMYKIIIIO IUBIIEHOTO
1 CHemiaThbHOTO TpPWU3HAYCHHS IJIs aBialliifHoOl 1 pa-
KEeTHO-KOCMIYHOI raiy3i. Po3BuToK miei HaykomicTKo1
TEXHIKM HEPO3PHBHO TOB'SI3aHUH 3 PO3POOKOI0 HOBUX
KOHCTPYKTUBHHX DIlLlIEHb, MPOTPECUBHUX TEXHOJIOTIH,
BIOCKOHAJICHHSIM iCHYIOYMX a00 CTBOPEHHSIM HOBHX
MatepianiB. Cepes; HOBUX MaTepialliB OCTaHHIM 9acoM
BEJIMKA yBara MpHUIUIETHCS apPMOBAHNM KOMIIO3HIIIH-
HUM MaTepianam (AKM), 1m0 Booif0Th YHIKaTbHUMHI
BiacTHBOCTsIMH. Halinommpenimumn AKM  BBaxka-
I0ThCSl BYTJICIUIACTHK Ta CKIIOIUIACTUK, 3aBISIKH CBOIM

BHCOKHMM ITOKa3HMKAaM MIIIHOCTI, TOPIBHSIHO HEBHCO-
KOIO I[IHOIO MaTepiay Ta JOCUTH HEBEIMKOK Maco0.
OcTtaHHIM YacoM, BYTJIETIJIACTHK Ta CKJIOIUIACTHK,
MTOYaJIH IAPOKO BUKOPUCTOBYBATH JIJISI BUTOTOBJICHHS
KOpPIYCHUX jerajeil. Aye mpobiema 3’€IHaHb SKi
MOJKHA 3aCTOCYBATH JIO JaHUX Marepialis, 0cCi 3ad-
I1aeThCs Ha mepuioMy Micri. Ha#Oinem 3actocoByBa-
HuMHu 11 3’eaHanas AKM, 3anummaroTbes IBa THIIA
3’€IHaHB: 3aKJETIKOBE, Ta KieioBe pucyHok 1. Lli nBa
METOJIM 3’€THAHHS JeTalel MarTh CYTTEBI HEIOJIKU.
ITepmre e Te, Mo KJICHOBI Ta 3aKJIENKOBI 3’€THAHHS
MOJKHA 3aCTOCYBATH JIO HEBEJIHMKOTO YUCIIA JeTaleH, a
OCHOBHE II¢ Te€ IO HE MOXJIMBO 0araropazoBo
po3ibpaty 3’eaHaHHs 0€3 Horo pyHHyBaHHS.
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MeraeBa 3aK/IelIKa.

AKM

Kaeitonnii map

JIncTn KoMnomMuiiNOro MITEpPIATY

AnoMinii

0)

Puc. 1 — Knetiose ma axnenxose ma 3 ’conanns AKM

Ockinbky, Mpo0iieMa CTBOpPEeHHs Ta BUrotosiaeHHss M. Durao, B. A. MaTBHeHKO BCTAaHOBWJIM, IO JaHUH
Mpane3JaTHOro Ta SKICHOTO PO3’€MHOTO 3’€IHAHHS  MPOLEC € BEJIBMH EMKHM Ta JOPOTWM, Ta BIMArae 3a-
it AKM nocuTh akTyajbHa 1 Ma€ JOCHTh BEJIMKE  CTOCYBaHHS HOBOTO IHCTPYMEHTY Ta o0iamHaHHS [5,
HApOJHOTOCHOJApChKe 3HAadeHHs Oyno 3ampomoHo-  11]. Y cBOili poOOTI mpUCBSYEHIH JOCTIIHKEHHIO 3 €I~
BaHO Uil BHpIIMICHHS IaHOi NMpoOJeMH HOBHHM THUI ~ HaHb BUCOKOHABAHTAXKCHUX JETANICH 3 KOMITO3ULIITHUX
PO3’€MHOTO0 3’€IHAHHS, T4 CaMy TEXHOJIOTIIO BUTOTOB-  MaTepialiB, IPYHTYIOUHCh Ha 3alIpOIIOHOBAHUX CIIOCO-
JIEHHSI TAHOTO 3’ € THAHHSI. 0ax 3'eqnans neraneit 3 KM, 5. C. Kapnos cTBepaxkye,

Meta poGotu 10 TPAIUIiiHI BUIH 3'€THAHD, SIKi aKTHUBHO 3aCTOCOBY-

Po3poOka Teopil (GOpMOYTBOpEHHS pi3aHHSIM  IOThCS U METAICBUX KOHCTPYKIiH, Manoe(eKTHBHI
BHYTPIIIHROi TBHUHTOBOi TOBEpXHI 3 KPYIIUM U1 KOMIIO3UTIB [6]. R. Zemann y cBoiit poboti npu-
npodizeM 3anpornoHOBaHOIO PO3’€EMHOIO 3’€JJHAHHS B CBSIUCHIH JOCITIJDKEHHIO MII[HOCTI TBUHTOBHX 3’€ll-
JETANISIX BUTOTOBJICHUX 3 apPMOBAHUX KOMIIO3UIIHHUX  HaHb, AOCHTH JAETAJIbHO JOCTIJUB MIIHICTH T'BHHTO-

Marepiais. BOro 3’€JTHaHHS BHUIOTOBJICHOTO B apMOBAaHOMY BY-
BuxJsiageHHs1 0CHOBHOI0 MaTepiany TIIEIIacTuKy [12].
JlociiikeHHIO OCHOBHUX 3’ €IHAHb IS JIeTaei 3 ApMOBaHI KOMITO3HLINHHI Marepianu JOCHTh JI0-

apMOBaHHX KOMIIO3UIIITHUX MaTepialiB MPUCBSYEHHI  POTi, MyKe CKIaTHI B PEMOHTI Ta B 3’ €THAHHI MiX CO-
poboTH 6araThOX BITUM3HSIHHUX Ta 3apyOKHUX BUCHUX. OO0, aje He3Ba)KAIOYH Ha BCI Il 03HAKH, iX JOCUTH aK-
B po6ori 4. C. KapnioBa 3anpomnoHoBaHi, HOBi CII0cOOW  THBHO BIPOBAKYIOTh Y BIHCHKOBY TEXHIKY, MaIIHHO-
3’enHaHHsA Kommo3uuiiinnx MmarepianiB (KM) 6a3y-  OyamyBaHHs, COPT i MEAMUMHY. 3ajadya OTPUMaHHS
I0ThCS Ha KOMOiHaIli1 6e3nepepBHOro 3’€IHYBAIBHOTO  SIKICHOTO Ta MPane3faTHOTO po3’€MHOTO 3’€THAHHS B
eneMeHTa (KJei, Oynb Skui iHIIWi 3’einyBatbHuii Ma-  AKM e akTyanbHOO 3aj1a4ero.
Tepiall) 3 ANCKPETHUMHM KpIIMJIBHUMH eJIeMEHTaMH Jnis peanizanii po3’€MHOTO TBUHTOBOTO 3’€JTHA-
(wrndTH, wWaitdu, pedpa) [6]. B aHamiTHUHOMY OMJIsSiAi  HHS BUTOTOBJICHOI'O B apMOBAaHOMY KOMIIO3UIIIHHOMY
[2], MicTUTBCS TOCUTD JIeTANbHUM OTIMC 3’ €JHAaHb 3 0e3-  MaTepiaii, 3alpOIOHOBAHO BHKOPHUCTaTH KPYIILy
MepepBHUM 3’€THYBUILHUM LIAPOM (HAIPUKIIAJ, KJIel-  pi3p0y TOMY IO BOHA, Kpalle 3 YyCiX THIIB pi3k0d
OBHX). TIPALIIOe Ha 3pi3 Ta XapaKTEePU3y€eThCS TOCUTH BETHUKOIO
Po6otu B. B. Bopo06’s, 5. C. Kaprora, Ta O. C.  CTIMKICTIO 1 IIiIBUIIICHUM OIOPOM JAMHAMIYHUM HaBaH-
CipoTkiHa TPUCBSYCHHI IOCTIDKCHHIO MEXaHIYHHX  TaKCHHSIM 3a PaXyHOK BiJICYTHOCTI TOCTPHX KOHIICH-
3’eiHaHb (3aKJICMKOBUX, OONTOBHMX Ta iH.) 3 KOMIO- TparopiB HampyxeHb [13]. Ilpodins naHoi pizsou
3unidHuX Matepianis [7-9]. A. A. Baker Ta M. C. Niu  mpencraBneHuid Ha PHCYHKY 2, OCHOBHI MapaMeTpu
JOCUTh JeTAJIbHO, ONMCAJM, B CBOIX po0OTax, po- sAKoi me Kpok P Ta riubmHa mpodimo t, a Takox
3p00OKYy OCHOBHHUX THIIIB 3’€IHAHb JUIA IeTajel iTanb-  30BHiHIN D 1 BHyTpiwHii D1 giametpu pi3nou ta Rii
HUX amaparis [3, 10]. Rz — pazgiycn BepmuH i BiaauH mpodiso, BiAMOBIIHO.
B cBoiXx po0oTax NOB’SI3aHUX 3 MEXaHIYHOO
00pOOKOI0 CyJacHMX KOMIO3HIIHHUX MatepiamiB L.
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Puc. 2 — Ocnoeui napamempu kpyenoi 6Hympiuihvboi pizoou



24 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 201

[ |

IcHyroTh HACTYIHI CITOCOOM OTpUMAaHHS TBUHTO-
BOT TIOBEPXHI B JETAISIX i3 apMOBAHOTO KOMIIO3HIIIH-
HOTO Marepiaiy: (OpMOYTBOpPEHHS pi3aHHIM, IIpecy-
BaHHSM, 3QJIMBKOI0 KOMIayHAa, (POPMYBaHHIM IIpO-
¢imro, oTpuMaHHA TPODITIO TPH BiAICHTPOBOMY
(opmyBaHHI Ta iH.

Jiis apMoBaHHMX MaTepiasliB Hapi3yBaHHS Pi3pOH
CIocoO0M MeXaHIYHOT 00pOOKH € NepeBaXKaroylM CII0-
coboM (popMOyTBOpEHHS Pi3pOOBOI MOBEpPXHI, IO 3a-
Oe3nedye HeOOXiHY TOYHICTH pi3pOu. IIpote He Mo-
JKHa HE BPaxoOBYBATH i TOH (akT, IO MIIHICTE 3’€1-
HaHHS, fKa 3aJeKUTh SK B (i3MKO-MEXaHIYHHX
BJIACTUBOCTEH MarepiajiB Aeranei, mo 3’€THYIOThCH,
Tax 1 Bil METO/ly OTPUMaHHS Pi3b0H, Oye HUKIOI0 HiXK
npr (GOPMOYTBOPEHHI pi3aHHAM, dYepe3 pyHHyBaHHA
apMYIOYHX [IapiB CKJIOMIACTHKOBOTO MaTepiay Ta Mno-
PYILICHHS LUTICHOCTI HOTO apMOBaHOI CTPYKTYpPH B
paiioHi yTBOpEeHH: pi3b00BOI MOBepxHi. Bee i Taku Me-
TOI (GOPMOYTBOPEHHS Pi3h0U pi3aHHAM 3HAXOIWTH IIIH-
pOKe 3aCTOCYBaHHsI Ul apMOBaHHMX KOMITO3ULIHHHUX
MaTepialiB i Mae CBOT 0OCOOIMBOCTI Ipu 00pOOIIi TaHUX
MarepiaiB, BpaxyBaBIlU SKi MOXXHA OTPUMATH JOCUTb
TOYHY i SIKICHY pi3p00BY noBepxHio [ 14]. Ha ocHOBI 3a-
3HA4YEHHX TBEPJKEHb 1 OyJI0 BUPIILICHO OTPUMATH Pi3b-
0OBY IMOBEPXHIO CIIOCOOOM MEeXaHIYHOT 0OPOOKH.

B Hamomy BHnazaky 3a OCHOBY TEXHOJIOTI] BHTO-
TOBJICHHS] TBUHTOBHUX ITOBEPXOHB, OYB B3STHH paHile
po3po0bieHuii crocid 00poOKU KPyTIHX pi3bd METOJOM
OTHHAHHS, OCKIJIBKH JIMIIE B I[bOMY METOJIi T€OMETpist
IHCTpyMEHTa He BIUIMBaE Ha (popMyBaHHS MPODIITIO
pi3pOu, a TakoX BiH (JOPMO YTBOPIOE TBUHTOBY IIO-
BEPXHIO 32 OJIMH YCTaHOB [4]. ApMOBaHI KOMITO3UTH, B
HAlllOMY BUIIAJIKy CKJOIUIACTHK, SIK BIJIOMO, Kpalle
00poOIATH TOCTPO 3aTOYECHHM pisneM. I[lepeBaroro

<3
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IIOTO METOJTy TAKOXK € Te, MO0 00poOKa TBUHTOBOT TTO-
BEPXHI BiI0YBa€ThCs 32 OAMH MPOXIiJ 1110 3MEHIIIYE Yac
00poOKH, a OTXKE i 9ac KOHTAKTYy PLKY40i KPOMKH 3
AKM TakoX 3MEHITYETHCS, 1110 TO3UTUBHO BILUIUBAE HA
caM TpoIec pi3aHHS Ta He JOIyCKAaE MUTTEBOTO 3pOC-
TaHHS TEMIIEPATYp Ta 3HOCY PIXKYy40i KPOMKH.

MexaniuHa 06poOKka KOMITO3UIIHHNX MaTepialiB
3HAYHO BiJ[Pi3HAETHCS BiJ 00poOku metamis [1]. Apmo-
BaHI KOMITO3MIIIHHI MaTepiajay TaKOXX PI3HATHCS MiXK
c00010 32 CBOIMHU BJIACTHBOCTSIMH Ta OOpPOOJISIOTHCS 3
ypaxyBaHHIM IHANBITyaTbHUX 0COOTMBOCTEH.
BimMiHHOCTI BIaCTUBOCTEH, IO BILTUBAIOTH HA 00P00-
JIIOBAHICTh MaTepiany, BCEpPEeIuHI TPYIH KOMIIO3HTIB
Habarato OUTBIN 3HAYHI, HIX HAMPUKIAA, MK MeTa-
nmamu. B cBOIO 4epry me CTBOPIOE MEBHI TPYIHOIII IpH
BHUKOHAHI 00pOOKH apMOBaHOTO KOMITO3HIIIHOTO Ma-
Tepianmy. Haifuacrimie mo4aTok BUTOTOBIICHHS BHPOOiB
3 IUX MarepiajiB BUMarae MoBHOI'O IEPEOCMHUCIICHHS
TPAIUIITHAX METOiB 0OPOOKH, TIepeIiKy BUKOPHCTO-
BYBAaHOT'O IHCTPYMEHTY, CIIOCOOY 3aKpiIUIeHHs 3aro-
TOBKH, a B JESAKHX BUIIAJKaX HAaBiTh 3aCTOCYBAaHHSI
CrienianizoBaHoro o6aaHaHHsI i ocHamieHHs [1].

B mporeci mexanigHOT 00poOku pizaHHsiM AKM
piXy4ya KpOMKa BHKIIMKA€E BiALIAPOBYBAaHHS BOJIOKOH,
ToMmy mipu pizani AKM BoHa moBHHHa OYTH MakcCH-
MaJIbHO TOCTPOIO, 100 3amo0irTH BUHUKHEHHIO TEPTS
MiX IHCTPYMEHTOM Ta 3aroToBKO0. Jlis mpHKiIanxy Ha
pUCYHKY 3 moka3aHe cBepAiio Bix xommanii Sandvik,
reOMeTpisl 3aTOUyBaHHS SIKOT0, 3T1JTHO IaHUX 3a3Haye-
Hux BupoOHUKOM 85 PT a crmas CD10. Bukopucranus
JTAHOTO CBEpHja y CYKYIHOCTI 31 BCiMa BKa3aHHMH
O3HaKaMH JI03BOJISIE NOCATATH BEJMKOI SIKOCTI HpH
06po6ii oteopis [15].

N

Puc. 3 — Csepono 6io komnanii Sandvik ons obpobru AKM [15]

Jlyist IKiCHOT Ta JIOBrOTPUBAIOi 0OPOOKH apMOBa-
HUX KOMITO3HMIIHHUX MaTepiaiiB, HMOBIPHICTH 3HO-
IIEHHS 1HCTPYMEHTY IIOBHHHA OYyTH MiHIMaJbHOIO,
OCKIJIbKH OyIb-5IKi 3MiHU T€OMETPHYHOT (OPMHU PiXKY-
YOI KPOMKH MPUBEAYTh 0 MUTTEBOTO 3POCTAHHS TEM-
neparyp B 30HI pi3aHHS i KPUTHYHOTO 3HOCY KPOMKH.
I'eomerpito iHCTpyMeHTY NOTPiOHO MiAOMUpaTH TaK Mmoo
3a0e3IeUnTH JIeTKE HEHaBaHTAXXEHE Pi3aHHs 3 BUHUK-
HEeHHSIM MiHIMabHUX cuil pizaHus [16]. 'eomerpuyHi
napaMeTpH pi3albHOTO IHCTPYMEHTY IO PEKOMEHIY-
I0ThCSL U1l OOpPOOKM apMOBaHMX KOMITO3MLIHHHUX Ma-
TepiajiB, MalOTh HACTYITHI MEXi BapilOBaHHS: IepeaHIN
kyT: v =20 — 30°, 3agniit kyT: 0=10 — 15°, Kyt 3a-
roctpenns:f = 30 — 60° [16].

OOpoOka pi3aHHAM apMOBAHOTO CKJIOILUIACTHKO-
BOTO MaTepiaiay Ma€ psiJi 0COOTMBOCTEH, SIKi 3BOJSATHCS
JI0 HaCTYITHOTO.

1 SlckpaBo BHpakeHa aHI30TPOIIiS BIIACTHBO-
creil. Bona BU3Ha4ae BiAMIHHICTH NpoLECy pi3aHHS
mpu 00poOIIi B3IOBXK 1 MOMEPEK apMyIOIUX BOJOKOH.
Cxema apMyBaHHS ICTOTHO BIUIMBA€ Ha SIKICTh 1 Tpo-

JYKTHBHICTb OOpPOOKH, TOMY IpH PO3pOOILI TEXHO-
JIOTiYHOI omeparii MexaHi9HOi 0OPOOKH KOMITO3HUIIiH-
HUX MaTepiajliB CJIif BpPaxoOBYBaTH TaKOX HAaIpPsIM
00pOOKH BIZTHOCHO HAIIPSIMy apMyBaHHSI.

2 CiaiHICTh OTPUMAHHS BHCOKOI SKOCTI IIO-
BepxHeBoro mapy. lllapyBara cTpykTypa NpU3BOJIUTH
JO TOTO, IO TNIPH 3HOIIYBAaHHI iHCTPYMEHTY BimOy-
Ba€THCs po3UIapyBaHHS MaTepiainy. Kpim Toro npu ne-
pepizaHi apMyrO4YuX BOJOKOH, OCOOJNIMBO TpU Tepe-
XpECHOMY apMyBaHHI, CIIOCTEpIra€TbCsi PO3KYHOBA-
JKYBaHHS TIepepi3aHuX BOJIOKOH, IO NPU3BOIUTEH 10
MIOTiPIIEHHST SKOCTI MOBEPXHEBOTO IIapy, TOMY iHOI
3aCTOCOBYIOTH JI0JIATKOBY 00pOOHY orepariiro, HarpH-
KJIaJ|, 3a4HCTKY.

3 Hwuzpka TEmJIONPOBIAHICTH MarepialiB, IO
00yMOBITIOE TIOT@HE BiJBEJICHHS TETUIOTH 13 30HU
pi3aHHS B CTPYXKY Ta B 00poOiroBany aertanb. Tomy
mpu o0poOIi BHUCOKOMIIHMX KOMIIO3WIIITHUX Ma-
TepiajiB OCHOBHA JIOJISl TEIUIOTH BiJJBOAMUTHCSA Hepe3
pi3anbHU 1HCTPYMEHT. 3TiJHO 3 EKCIEepUMEHTAIb-
HUMH JaHUMHU TCIUIOBHH OamaHc mpu oOpoOIi
MOJIIMEPHUX MaTepialliB HACTYIHHI: B IHCTPYMEHT —
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90%, B cTpy)Ky — 5%, B 00pobmroBany aerans — 5%,
ToNi K mpu 0OpodLi MeTamiB iHOAI 10 90% TemoTu
BITHOCUTBCSL CTPYKKOIO 1 TUtbkn 10% mormuHAETHCS
JIETAJLTIO Ta IHCTpyMeHTOM [16].

4 IHTEeHCHWBHA Jis CKIOBOJIOKHA, III0 MA€ BHCOKY
TBEPAICTH 1 a0pa3uBHY 3/1aTHICTb.

5 Bucoki npyxHi BrmactuBocTi. CHiM pizaHHS
npu 00po61i komno3utis B 10 — 20 pasiB HKYe, HIX
npu oOpoOIli MeTamniB, a MPYXHI XapaKTePUCTHUKU
BUIL, TOMY TOYHICTh OOPOOKM B MEHILiil Mipi BH3Ha-
Ya€eTHCS MPYKHAMH NeQOpMaIliiMi CUCTEMH: BEpPCTaT
— OCHACTKa — IHCTPYMEHT.

6 HeMOXIHBICTE 3aCTOCYBaHHS MAaCTHIIBHO-
oxououkyBanbHOI pituau (MOP). Lle 00ymoBIIOeTHCS
THUM, TI0 OUTBIIICTE apMOBAaHUX KOMIIO3HIIHHUX Ma-
TepiaJliB JIOCUTh CHIIBHO INOIJIMHAIOTH Bosiory. Tomy
3acrocyBanHa MOP y OaraTtbox BHIaJKax CIPUIHHSIE
3a co0010 BBEJCHHS JJOAATKOBOI OMeparii — CyIIKH BH-
poOy — abo B3araii IpU3BOAUTE OE3MOBOPOTHY 3MiHY
(hi3MKO-MEXaHIYHHUX BIACTHBOCTEH MaTepiaiy.

7 CoemmdigHi BUMOTH TeXHIKH Oe3MEKH HpH
pizaHHiI KOMIO3HIliiHOrO Martepiany. Ile moB’s3aHo 3
BUAUICHHSIM HAWAPIOHIMAX YacTOK MaTepiary NpHu
pi3anHi.

Jyxe BaXIUBY poib B 3a0€3MEUCHHI BHCOKHX
eKCIUTyaTallfHuX IMOKa3HUKIB BUPOOIB 3 apMOBaHHX
KOMIIO3UTIB BIIrpa€e cTaH MOBEPXHEBOTO MIApy BH-
poOy. BiH Mae iCTOTHHH BIUTMB Ha MIIHICTh, 3HOC,
JUCIEKTPUYHI TTOKA3HUKH, BOJIOTIOTIMHAHHS Ta iH.. Me-
XaHiYHa 00poOKa ICTOTHO 3MiHIO€ BJIACTHUBOCTI MO-
BEPXHEBOI'0 IIapy (a came IIOPCTKICTh OBEPXHEBOTO
mapy), sika BIUIMBAE SIK Ha BOAOIIOTJIMHAHHS Ta MOKa3-
HHUKH MIIHOCTI, TaK 1 Ha 3HOCOCTIHKicTh. P03pi3 apmy-
I0YHX BOJIOKOH IPU3BOANTH /10 3HMKEHHS MiITHOCTI BH-
po6ie Ha 20%.

MexaniuHa 00poOka BUPOOIB 3 apMOBaHUX KOM-
MO3UIIHHUX MaTepiaiiB iHTeHCH(]IKYE POIIEC BOAOIIO-
rimHaHHA. Lle BinOyBaeThCs 3a paxyHOK TOTO, IO IPH
00po0IIi, Mo-mepiie, 3HIMAETLCS 3aBXKAM HASBHUN Ha

MOBEPXHI MIap TOJIMEPU30BaHOT MaTpHIIi, IO € HiOH
3aXHMCHHM IIApOM; HO-JIpyTe, Mepepi3yI0ThCs apMyrodi
BOJIOKHA HAIllOBHIOBAdYa; MPH I[bOMY YyTBOPIOIOTHCS
MIKpPOTPINIMHM 1 iHII Ae)eKTH MaTepiany, o Mopy-
OIyIOTh Horo MirHicTs [17]. 3rigHo BCHOTO MpencTaB-
JICHOTO BHIIIE MeXaHi4YHa 00poOKa apMOBaHMX KOMIIO-
3ULIHHIX MaTepialliB — JOCHUTh CKJIAIHHUN Ta BHCOKO-
TEXHOJIOTIYHMHA Tpomec, 00 MoTpedye 3HAYHHUX
MaTepialbHUX HAa HAyKOBHX 3aTpaT, Ta BPaxyBaHHS
BCIX MepepaxoBaHUX 0COOIMBOCTEH [T 00pOOKH, 11100
JIOCATHYTH HEOOXiTHOTO Pe3yiIbTaTy.

Jlnst Hapi3yBaHHS KpYTJIOi pi3bOM B apMOBaHOMY
CKJIOIUIACTHKOBOMY MaTepiali 3alpOIIOHOBAHOK TEX-
HoJIoTi€ro [4], OyB BUTOTOBJIEHHH OJHO3YOMH 1HCTPY-
MEHT, 110 Ma€ TOCTpuil KyT 3arouyBaHHs. Ha nmouyarky
MIPOBEJICHHS EKCIIEPUMEHTAIBHOTO OCBOEHHS JIaHOT
TEXHOJIOTii 00pOOKH, B AKOCTI iHCTPYMEHTAIILHOTO Ma-
Tepiany Oyjla BUKOpPHCTaHA ILIBHIKOpPi3ajbHA CTallb
P6MS5, BuOip maHOTO IHCTPYMEHTAIBHOTO MaTepiaiy
OyB 3yMOBJICHH YaCTHM BUKOPHCTAHHIM HOTO B IIPO-
MHCIIOBOCTI, Ta JIOCHTh HE BHCOKOIO IIHO0. AJe Ticis
(hOpMOYTBOpPEHHS IIEPLIMX Pi3bOOBUX MOBEPXOHB OYIIO
BHSIBJICHO, IIIO BIKE TICJI Hapi3aHHA Pi3b0H B EPIIOMY
OTBOPI IHCTPYMEHT OTPUMARB 3HAYHE 3HOLITYBAHHS i 1O-
TpeOyBaB MoAAIBIIOTO 3aToTyBaHH:. Came depes npu-
YMHY LIBUJKOTO 3HOIICHHS, U OAAJIbLIMX EKCIIepPH-
MEHTiB OyJI0 BHPIIIICHO 3aCTOCOBYBAaTH B SIKOCTi iH-
CTPYMEHTAJIBHOTO MaTepiary TBEPAUH CIIaB.

OpnHo3yOuit 1HCTpYMEHT OYyB BHIOTOBJICHHH 3
0CcOo0IMBO MaJIO3epHHUCTOrO TBepHoro cmiaBy K55SF
BupoOHuK (ipma Guhring (Himeyunna). OCHOBHI Bia-
CTHBOCTI JAHOTO IHCTPYMEHTAIBFHOTO Marepialy 3a-
3HaueHi BUPOOHUKOM IpuBenieHi B Tabnuii 1. [HcTpy-
MEHT BUTOTOBJISIBCS METOJIOM PYYHOI 3aTOUYKH 31 TBEp-
JIOCIUTABHOTO HUTIHPA TiaMeTPOM 6 MM TOBKHHOIO 35
MM. Ha pucyHky 4 mpencrtaBieHHA €CKi3 BUTOTOBIIC-
HOTO OJIHO3YOOr0 iHCTPYMEHTY 3 BKa3aHHUMH OCHOB-
HUMH T'€OMETPUYHUMH IIapaMeTpaMy, sIKi Ha3HaqaIncst
3TiIHO peKOMeHalliil 3a3Ha4eHUX BHIIIE.
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Puc. 4 — Eckiz sucomosnernozo 00103y0020 iHCmMpyMeHmy
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Tabmmms 1

OCHOBHI BJIaCTHBOCTI iHCTPYMEHTAJIBLHOT0 MaTepiajy ogH03y0oro incrpymenry [18]

Mapka craBy

Bwuict xobaneTy
Co [M%]

Poszmip 3epHa
[MKM]

Teepaicts [HV]

Knacudikamis ISO
[ISO 513]

K 55 SF

9

0,2-05

1920

K10 - K30

Ha pucynky 5, a mokazane ¢oTo 0JHO3yOOT0 iIHCTPYMEHTY IO KPIMUTHCS B CHEUialbHIA BTYIII, a HA pU-
CYHKY 5, 6 3D — MoJienb iHCTpyMeHTY BHKOHaHa B cepenoBuii SOLIDWORKS.

a)

Jlyist BUKOHaHHS ()OPMOYTBOPEHHSI TBUHTOBOI I10-
BEPXHi MpeACTaBICHUM MeToAoM [4], fioro HeoOXigHO
OyJi0 ajganTyBaTH KOHKPETHO JUIs HAIIOrO BHUMAJKY.
Jis mhOoTo TOIATKOBO B CHCTEMY OOpOOKH MOTPiOHO
BBECTU PO3TOYYBaJbHUI NPUCTPIH, SKUIl JOMOMOXE
pearizyBaTtu Ipollec HapizyBaHHS pi3bOM B apMoOBa-
HOMY CKJIOIUTACTMKOBOMY MaTepialli 3apornoHOBaHOO
TEXHOJIOTi€r0. JlaHwii po3TOdyBaNEHUHI IPUCTPIiii pea-
CTaBJICHUI Ha PUCYHKY 0.

[Ticnt oTpuMaHHA BCIX €JEMEHTIB CHCTEMHU
pi3aHHs Ui TPOBEACHHS Mpolecy (pOpMOYTBOPEHHS
pi3aHHSAM Kpyriyioi pi3pOH, Ta BH3HAUYEHHS BCiX KOH-
CTPYKTHBHHUX HApaMeTPiB 111 00OpOOKH, OYII0 YCIIIIIHO

Ilaaroea
ompaeka

Pozrouyeaasamit
OpHCTPI#R

Oauozyoui
IHCTPYMeHT

Ds -]

|

N - Apmoeanuni
) - i
{ T KOMIo3umifHmi
| Dém__ | MaTepian
) D ?

N

t

D

a)‘

0)
Puc. 5 — O0no3sybuii incmpymenm 01 06pooKu Kpyenoi pizbou:

a — ¢pomo 00HO3y0020 IHCMPYMEHMY Wo Kpinumuvcs 8 cneyianvhit emyayi, 6 — 3D-uodenv incmpymenmy uxo-
nana 6 cepedosuuyi SOLIDWORKS

BUTOTOBJICHO KPYTJIy pi3b0y B apMOBaHiil CKIIOMIACTH-
KOBIH IJTACTHHI 3aIPOITOHOBAHOIO TEXHOJIOTIETO.

Cxema 00poOku Kpyriioi pi3sOHM OJHO3yOMM iH-
CTPYMEHTOM B CKJIOIUIACTHKOBOMY apMOBaHOMY Ma-
Tepiaji mpencTaBiicHa HA PUCYHKY 6, a. 3TimHO Ipea-
CTaBJICHOI CXEMH apMOBaHUH MaTepian oOpoOIsIeThCs
OJTHO3yOMM IHCTPYMEHTOM, 3aKPIIJICHUM B PO3TOUYB-
ATEHOMY TPHUCTPOL, SKUH 3aKpIIUIATHCS B LAHTOBIH
ompagui hpeseproro Bepcrara 3 UIIK mozeni 6P13D3.
Ha pucysky 6, 6 mpezncrasiene Goto nporecy ¢pese-
pYBaHHsI, Ha SKOMY TaKOX MOKa3aHi BCi €JIeMEHTH CH-
CTEMHU pi3aHHS.

0)

Puc. 6 — Obpobka xkpyanoi pisvou 6 AKM :
a — cnpowena cxema 06pooku, 6 — pomo npoyecy 0opooKu.

Pearnizanis npouecy (opMOYTBOpPEHHS Kpyrioi
TBHHTOBOI MOBEPXHI MeTooM ornHaHHA [4] BinOysa-
nacst Ha ppesepHomy Beperarti 3 UIIK mozeni 6P13D3,
U sIkoro Oylla HammcaHa CIeriajibHa Kepyroda Ipo-
rpama Ha oOpoOKy Kpyrioi pi3sou. Pexxumu pizanns
Oynu TakuMH: 9acToTa obepranHs mmuHAers n= 2000

00/xB; mogadya S,= 0,1 Mm/00. [laHi pexxumu pizaHHsS
PEKOMEH/I0BaHI BUPOOHUKOM IHCTPYMEHTAIBHOTO Ma-
Tepiany mpu 00poOIll HUM, APMOBAHUX KOMITO3HUIIIAHUX
MaTepiaiB.
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CrpoiieHa KiHeMaTHKa TpoIiecy 00poOKH pi3bou
a AKM Burisiiae HaACTYIIHAM YHHOM, pi3aJIbHOMY iH-
CTPYMEHTY HaJalOTh HPAMOJIHIMHAN pyX y3HOBX OCi
3arOTOBKH, SIK PIKYYHMH IHCTPYMEHT BUKOPHCTOBYIOTh
OTHO3YOHI IHCTPYMEHT 3 TOCTPUM KyTOM 3aTOUyBaHHS
(puc. 6), a niametp TpaekTOpii POPMOTBOPHOI TOUKH
dg-m, piBHUMIA cymi BHYTpimmHBOTO giamerpa D1 piznow,
Ta rouHi npodiiro pi3pou t (puc. 2), BCTAHOBIIOIOTH
3a PaXyHOK PO3TOYYBAJIBHOIO NPHCTPOIO (IOKa3aHHIH
Ha PHCYHKY 0), IIpU IbOMY IHCTPYMEHTY HaJaloTh
obOepTaHHS BiTHOCHO BIACHOi OCi i OJATKOBO TO-
BIZIOMJISIFOTH HOMY KOJIOBHH pyX HaBKOJIO OCi 3aro-
TOBKH, [0 Y3TO/DKEHHUH 3 HOTO MPSIMONIHIHHIM PYyXOM
TaKUM YMHOM, IIIO 32 OJMH KOJIOBHH PYX, IHCTPYMEHTY
MIOBITOMJISIOTH MIPSAMOJIHIHHINA PyX y3IOBXK OCi 3aro-
TOBKH, BCJIMYMHA SKOTO IOPIBHIOE KPOKY P Pi3pOH,
MPUIOMY JiaMeTp KOJIOBOTO PyXy MOPIBHIOE TIHOMHI
npodiro pizboH t, KpiM TOrO BiCh 3ar0TOBKH PO3TAILIO-
BYIOTP TTapajelbHO 110 BiJHOIICHHIO IO OCi 00epTaHH
IHCTPYMEHTY.

Benmunna miamerpa TpaekTopii hopMoTBOpHOL
TOYKA Agp-m, (pUC. 6, a) 11 0OPOOKH KPYTIIoi pi3pou
BU3HAYA€ETHCA 32 popMyIioro 1:

d,, =D,—t ®

ae D1 — BHyTpilIHIH giaMeTp pi3bOH, MM;

t — mbuna npodinro pizEoH, MM.

OOpoOka Kpyrioi pi3sOM BUKOHYETHCS 3 OJHIET
YCTaHOBKH 3aTOTOBKH BHYTPIIITHIHA JiaMeTp MOKHA HE
BUKOHYBaTH, ()acKy TaKOX HE MOTPiOHO BUKOHYBATH.
Juis nasoTo crmoco0y He 000B’SI3KOBUM € TaKOX BHKO-
HAHHS KaHABKH JIJISI BUXOY OJHO3y0Oro IHCTPYMEHTY.

Jns mepeBipkH Ha TMPaKTHI, 3aIpOIIOHOBAHOI
TEXHOJIOTIT ()OPMOYTBOPEHHS Pi3aHHSIM IBHHTOBOI I10-
BepxHi B geramsix 3 AKM, Oyio BHKOHAHO JEKibKa
NpOOHUX EKCIIEPUMEHTIB. BHroTOBSsUIacsS Kpyria
pi3p0a 3 OCHOBHUMH MapaMeTpaMu p=4mm, i t=1 MM,
JaHa pizb0ba HapizyBajacs Ha JiaMeTpi 5 MM, 3TiTHO
TEXHOJIOTI1 onucaHii Bumie. J[aHi eKCIIEpUMEHTH J03-
BOJIMJIA BCTAHOBUTH MOXKJIUBICTh BUTOTOBJICHHS BKa3a-
HOI pi3p0M TAaHOIO TEXHOJIOTIEO, JUIS TIPOBEJCHHS T10-
JTAJIBIINX €KCIIEPUMEHTIB.

BucnoBku

VY pe3ynbTati NIpOBEIEHOTO EKCIIEPUMEHTAILHOTO
JOCTIKCHHS, OyJla BCTAHOBIICHa MOXKIIMBICTH BHIO-
TOBJICHHS SIKICHO HOBOTO PO3’€MHOTO 3’€JHaHHS IS
JIeTajel 3 apMOBaHUX KOMIIO3UIIIITHUX MaTepianiB. Ha
OCHOBI paHimie BioMoro crocody obpobku [4] Oyna
po3po0IeHa TEXHOJOTisI BUTOTOBJICHHS NpEICTaBIIe-
HOTO 3’€THAHHS.

PearnizoBana TexHouorisl (POPMOYTBOPEHHS KPyT-
JI0i BHYTPIIIHBOI Pi360M METOIOM OTHHAHHS, 32 paxy-
HOK BpaxyBaHHS BCiX OCOOJHMBOCTEH MeXaHIYHOT
00poOKH apMOBaHHMX KOMIIO3UTIB, Ta BHUTOTOBJICHHS
0JTHO3Y0OTO 1HCTPYMEHTY 3 OCOOJIMBO MaJoO3epHHU-
ctoro TBepaoro cmiaBy K55SF meronom pyuHoro 3a-
TOYYBAHHS 13 IUIIHIPY AiaMeTPOM OMM.
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ANALYSIS OF HYPERSONIC DISPLACEMENT MEANS AND THE PROBLEM OF INERTIAL
NAVIGATION
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O0OKMOp MeXHU1eCcKux HayK, npogpeccop Kageopsl OUOMEXHUKU U UHIHCEHEPUU
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KAHOUOAm MmexXHU4eCKUx HayK, Y4eHbvlil cekpemapb 0moeia yueno2o cekpemaps,
Hayuonanvnwiti mexnuyeckuii ynusepcumem Yxpaunvl
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AHAJIM3 THIEP3BYKOBBIX CPEJCTB BbIBEJEHUS U IPOBJIEMbI MHEPIIUAJIBHOM
HABUT'AIIUN

Summary: The analysis of the modern rates of development of hypersonic technologies for means of launch-
ing spacecraft into suborbital and near-earth orbits, as well as for unmanned weapon systems, combining both
strike quality and intelligence functions. With a view to a deeper understanding of the strategic importance of
technologies based on direct-flow air-jet engines, the striking imagination of the achievements of aerospace tech-
nology with an eye to some important milestones in its history is highlighted in fragments. The design schemes
for the influence of a penetrating ultrasonic beam on inertial navigation devices, in particular, in a multiphase,
float, version, are constructed. The danger of the occurrence of local features of the gyroscope suspension at the
resonance level of wave coincidence due to diffraction phenomena is revealed.

AHHOTal[l/lﬂ: HpOBOJlI/ITC}I aHaJIu3 COBPEMEHHBLIX TEMIIOB pPa3BUTHUA THIICP3BYKOBBIX TEXHOJIOT U JJIs1
CPCACTB BbIBEACHUA KOCMUYCCKHUX aIllllapaToOB Ha Cy60p6PITaJ'ILHLI€ 1 OKOJIO3€MHbIC Op6I/ITI)I, a TaKXKe IJIsd Oecnu-
JIOTHBIX CUCTEM BOOPYKEHUA, COUCTAIOUINX B C€66 KaK yJapHbIC Ka4€CTBA, TaK U pa3BCAbIBATCIIbHBIC (l)yHKLII/II/I.
C IEJIbO OoJee FJ'Iy6OKOFO OCO3HaHuA CTpaTeFI/I‘IeCKOﬁ Ba)KHOCTHU TEXHOJIOTHH Ha 0Oase IpAMOTOYHBIX BO3AYIIHO-
PEaKTUBHBIX JBUTATENEH, (PparMeHTapHO OCBEIIAETCS MOPAKAIONINKA BOOOpaKEHHE MyTh TOCTIKEHUIN aBUAIlM-
OHHO-KOCMHMYECKOH TEXHUKH C 01"J'I$II[KOI71 Ha HCKOTOPLIC BAXKHBIC BEXH UCTOPUHN €€ CTAHOBJICHUS. CTpOSITCH pac-
YCTHBIC CXEMbI BIIMAHUA IMIPOHUKAIOUICTO YJIBTPA3BYKOBOI'O JIyda Ha HpI/I60pBI HHepHHaHBHOﬁ HaBHUranuu, B 4acCT-
HOCTH, B MHOFO(l)aBHOM, IIOILIAaBKOBOM, UCIIOJTHCHHUU. PaCKpLIBaeTCH OIIaCHOCTb BOBHHUKHOBCHUA JIOKAJIbHBIX OCO-
OEHHOCTEH MoBeca THPOCKOTIA Ha PE30HAHCHOM YPOBHE BOJIHOBOTO COBIAQJICHUS BCIEACTBHE AUPPAKIIMOHHBIX
SIBJICHHUMU.

Beenenne

[Tpnotkpoem 3aBecy Mpaka M TbMBI 3a0BEHUS
Hameil namsatu. .. BoccranoBuM Hanbosee BreyaTIIsiio-
IMHe BEXH KCTOPHHM OCBOCHUS CyOOpOHTAIBHBIX
TERRA-BbICOT 1 OmKHETO KOCMOCa.

JIro0Ooli venoBeuecKoil IEesTENBHOCTH IMPUCYIIN
MEPHOABl  HAWBBICHIETO  pAaclBeTa, HA3bIBAEMbBIC
30JIOTBIM BEKOM. On xapakrepusyeTcs MNHKOM

JIOCTUTHYTBIX PE3YJIBTATOB, JIN00, HA00OPOT, OBICTPHIM
pazButueM. Tak, 30JIOTBIM BEKOM wuckycctBa
CTaJla MPOJIOJDKUTENbHAs d1oxa Bo3pokaeHus, BIH-
TaBLIasi HAUBBICIINE JOCTUKEHUSI aHTUYHON U CpeHe-
BEKOBOH KyJbTYphl. C KOCMOHABTUKOM BCE TPOM3OIILIO
Heckonbko nHaue. Ee 30JI0TOM BEK 6bu1 HeMHOTO
OBICTpOTEYHEE, HO, BMECTE C TeM, U Ooyiee SPKUM.
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Hauarncs on c 3anmycka [lepBoro nckycCTBEHHOTO CITYT-
HHKa. ITOT )eHOMEH OBLIT MPOTYKTOM YHHUKAIBHBIX J10-
CTIDKCHUH TIPUKIIAJHOW MaTeMaTHKH M HEOECHOW Me-
XaHWUKH, PAKETOCTPOCHUS U aBUALUU, MaTepHaJIOBEIe-
HUS ¥ TEPMOIMHAMHUKH, PATHONIEKTPOHUKH H CBSI3H,
Hallle[IIMMH CBOE BBIPAKCHHE B CO3JaHMU PaKETHO-
SIepHOTO OpyXwsi. IH)XeHepHl U yUeHBIe, IIPOLIC e
Bropyro MupoByI0 BOIHHY, OUEBHIHO, paCCMATPUBAIH
3Ty paboTy Kak BKJIaJ B COXpaHEHHUE ITyCTh XPYIKOTO,
HO Mupa. U BrojiHe CO3HaBaJIK, UTO CO3/1aBaeMOe Opy-
JKHE€ MOXET CO BPEMEHEM CTaTh TAaKXKE M CPEICTBOM
MPOHUKHOBEHMS B JanbHUil kocMoc. Jlo MoMeHTa mo-
SBIICHHUS paKeT-HOCHUTENICH W KOCMHYECKHX alllapaToB
OCTaBaJICS OJMH JIUIIb LIAr. ..

VYBEL, OypHOE H CTPEMHUTEIHFHOE PAa3BUTHE KOCMO-
HaBTHUKH MPOJOJDKANOCh CpaBHUTENbHO Henonro. Co-
PEBHOBaHHE Ha ITUKE BO3MOXKHOCTEH HE MOTIIO IITUTHCS
6eckoneuHo. [IpumepHno k 1985 roay 6butH chopmynu-
POBaHBI M pEATU30BAHBI BCE HM3BECTHBIC HA CETOMHS
BUIBI KOCMHYECKOH NeSTeIbHOCTH. DTO CBA3b, HABUTA-
IS, pa3BeKa ¥ IUCTAHIIMOHHOE 30HIMPOBAHUE, HAYY-
HBIE HCCIIEIOBAHUSA, MEKIUIAHETHbIE MHCCHU H, KO-
HEYHO, MIIOTUPYeMEBIe oNeThl. O)OPMUIINCH U OTITH-
MU3UPOBAINCh TEXHUYECKHE pELIeHUs, K KOTOPHIM
pa3paboTYNKK BO3BpamaoTcs U moHsHEe. K mpumepy,
dhopma komaHaHOTO MOyt Apollo cunTaercs kmaccu-
YECKOW M KOTHPYETCsI B HOBEHIINX MPOEKTaX MAIOTH-
pyeMBbIX ammaparoB, Takux kak Orion mmu CST-100.
Bonee toro, psix 00pa3lioB TEXHUKH, CO3IAHHBIX B Ty
30Xy (K mpuMepy, kopadbis Coro3 U OTHOMMEHHas pa-
KeTa), YCHEIIHO KCIUTyaTUPYETCs U MTOHBIHE.

30JI0TOM BEK — 5To »HoXa BBICOYaNIINX Jo-
CTHXKEHUU. B TaHHOM cily4ae UMEHHO B 3TH T'OJIbl IPO-
W30IIUTH CaMBIe SIPKUE W 3aIIOMHHAIONINECS COOBITHS,
OCTaBUBIIME HEM3TIAIUMBIN ClIeJ] B UCTOPHUU [IUBHIIU-
3anuu. [lepBBIii CITyTHUK, TIEpBbIC JIYHHBIC H MEXKILIa-
HETHBIE 30HBI, NEPBBIH MUIOTHPYEMBIH IOJET, BHI-
canka Ha JIyHy, co3maHue opOUTaIbHBIX CTAHITHHA U pe-
anu3auus [EepBOM B UCTOPUM  MHOIOPAa30BOM
TPAHCHOPTHOW KOCMHYECKOH CHCTEMEI.

1. CpeacrBa BbIBeJeHHS JeTaTeJbHbIX aNma-
paToB Ha cy0opOuUTaJbHbIe U OKO0JIO3€MHbIE Op-
OuTHI

B nacrosmee Bpemsi, B CTpaHaX C pa3BHTOU pa-
KEeTHO-KOCMUYECKO MHTycTpHel Bce Oobliee BHUMA-
HHUE YIEIeTCS CO3JAaHHI0 TEPCHEKTHBHBIX CPEICTB
BBIBeZIcHHs KocMuueckux anmnapatoB (KA) Ha Tpebye-
MBbI€ TPAEKTOPUH, B YACTHOCTH, Pa3padOTKe IBYXCTY-
MEHYAThIX aBHAIMOHHO-KocMuueckux cuctem (AKC).
Pous mepBoO#i CTyneHu B cMcTeMax BO3YIIHOTO 0a3u-
POBaHUS BBIONHSAET JO3BYKOBOW CaMOJIET-HOCHTEINb
(CH), co3pmaromuii HEoOXOAMMBIC JIHHAMHUYCCKUE
MPENNOChUIKH st cTapTa BTopoi ctynenu (BC) ¢ xoc-
MHYECKMM allapaToM LEJIEeBOr0 Ha3HaueHUs Ha 0opTy
[1]. Bropas cTynens peanu3yercs 1100 paKeTOH-HOCH-
TeneM, IM00 OpOUTANBEHBIM caMoJieTOM. B HEKOTOpPBIX
CITy4asix UCIOJIb3YIOTCS IPY30BbI€ OJIOKH BBIBEICHHS.

[NomHOMacmTabHOE OCBOGHHE  KOCMHYECKOTO
MPOCTPAHCTBA NPEAYCMATPHUBAET PEIIEHUE TPeX OcC-
HOBHBIX 3a/1a4: OCYIIECTBIICHHE MEKOPOUTAIBHBIX
OKOJIO3€MHBIX IIEpPENIETOB, BKIIIOUas A0BbIBeaeHHEe KA
C OTIOPHOH Ha OoJiee BHICOKHE OPOUTHI, BILIOTH JIO T'€0-
CTaIMOHAPHBIX; KOPPEKIHsI OPOUTHI M dHEprocHalxe-
HUE OONBIINX OPOUTATBHBIX CTAHIIUK THTIA MeXTyHa-
pomHoit Kocmuueckoit Cranmun (MKC); BhIBeneHue

KA Ha oTneTHBIE TPaeKTOPHH, a TAKKE HA OPOUTHI JIJIS
nosieta k maHetaM ContneuHoli cucmembl.

B mmane pemraemoil mpoOneMbl, CaMbIM YSI3BH-
MBIM 3JIeMEHTOM KOHcTpyKiuu PH k noctosiHHO H3Me-
HSIOMIUMCSL TPEOOBAaHMAM ITYyCKOBBIX YCIIYT SIBIISIETCS
roJIoBHOM asponuHamuueckuit oOrekarens (I'AO), B
momo0TexarensHOM npoctpancTse (I111) koToporo pas-
Memaercst kocmuueckuil anmapar (KA). Ilpoucxons-
e IMHAMHUYecKie n3MeHeHns B cnekTpe KA, manu-
PYEMBIX 7Sl BEIBEACHHUS, IPUBOJAAT K TOMY, UTO, C O~
HOW CTOPOHBI, YBEIIMINBAIOTCS A0COTIOTHBIC 3HAUCHUS
Macchl KA, BIJIOTHYIO MPUOIMKAasCh K HIKHEU rpa-
Huue Bo3MoxkHocTer PH Tsxkenoro kiacca, a ¢ gpyroi
— TIOBBILIAETCS YAEIbHBIN Bec 3a1ad Mo gocraBke KA
Ha BBICOKHE OPOUTHI.

[IpakTuueckass KOCMOHABTHKA YKpaWHBI TpeTy-
CMaTpHBACT UCIOJIH30BaHUE JJIST PCHICHUS 3TUX 327129
pakeT-HocuTenel knacca JJHEIIP v 3EHUT — 2.

Hctopust pa3BUTHS BO3IYIIHO-KOCMHUYECKUX CH-
CTEM M BO3AYIIHO-KOCMHYECKHX CaMOJeTOB [2] BeleT
CBOM oTcueT oT OombapaupoBIInKa-anTunona Eyrena
3unrepa (I'epmanus), nepsas monoBrHa XX CTOJNETHS.
I'epmanckue pa3pabOTKH HANUIA MPOJOJDKEHHE B TO-
JIeTax aMepuKaHcKkoro X-1 mpoexkramu co3aHus MHO-
JKECTBA OJHO- M ABYXCTYIIEHYATHIX BO3AYIIHO-KOCMH-
yeckux cucteMm [3]. Ha Bpems cosznmanus [llammaa,
onpezeNieHHbIe ycnexy yxe umenuck u B CCCP B pam-
kax mnpoekrta “Cmmpanb” [4]. OcylecTBIsIUCH JIET-
HbI€ HCIIBITAaHUS YMEHBIICHHBIX MaKeTOB B BHIE Oec-
MMAJIOTHOTO OpPOWTANEHOTO pAaKeTOIDIaHa (ammapaThl
BOP), nakonet, 661 co3nan bypan, KOTOPBIA MOXKHO C
MTOJTHBIM [IPaBOM OTHECTH K MPECTIKHBIM H KpaifHe He-
00XOMMBIM HCCIIEIOBATEILCKUM MPOEKTaM. Tak e,
Kak u [IIATTJI, on elie He ObLI MOJHOLICHHBIM U, TEM
Oouiee, peHTaOCNIbHBIM JIETATENILHBIM armaparoM. Bme-
CTe C TeM, YOeAHWTEeIFHO IPOJIEMOHCTPUPOBAN He3a-
YpSAIAHbIE BO3MOXKHOCTH aBTOMAaTHYECKH YIpaBise-
MOTO IBIDKCHHS M Tocaaku. Ha Hem OBUIO TakXke BBI-
NOJHEHO  TEIUIO3alIUTHOE  MOKPBITHE  OyAymux
KOCMHYECKHX KopaOiei.

Bo Bcex cTpaHax, KOTOpBIE H3TOTOBISIOT pa-
KETHO-KOCMHUYECKYIO0 TEXHHKY, Ha OCHOBE MHOTOJIECT-
HHUX JOCTIDKEHHH MPOEKTUPOBAHMS BO3IYIIHO-KOCMHU-
YECKUX CHUCTEM pPOXKIaeTcss OECKOHEYHOE MHOKECTBO
npoexToB. Jlunupytot 3necy CILLUA,

T'epmanus, Anonus [5] u Unousa [6]. Dtu cTpaHbl
OTKa3aJIMCh OT IPOEKTOB MPEIBIAYIINX JIET B BHAC
200-300-monubix KOCMIYECKHX OOMOApIHMPOBITUKOB
1 MIEPEOPUCHTUPOBAINCH Ha MajiorabapuTHBIE ara-
patbL.

Bpewmst BbIeHII0 CBOM TPUOPHUTETHI B CO3aHUH
BO3JYIIHO-KOCMUYECKUX JIA. OmNBIT 3KCIUTyaTaluu
HIATTJIOB nmuxtyer HEOOXOJAMMOCTh CO3JIaHus Oec-
MUJIOTHBIX CUCTEM. Y CTAHOBJIEHO, YTO UCHOIb30BAHUE
CKIKCHHBIX T'a30B JJIS TOIUIMBA YBEIMYMBAET MAcCy
JIETAaTeJILHOTO amnnapaTa, OJAHOBPEMEHHO YCIIOXKHSIS
ycIoBHs 3KCIUTyaTanuu. IloaToMy oTmaercss mpeamno-
YTEHHE HCIIOJIF30BAHUIO OIBITAa ONTHMAJBHBIX pa3pa-
0OTOK, KOTOPbIE BBINOJIHSIIMCH ISl BOGHHOTO HCIIOJIb-
30BaHMsI. HecoOMHEHHO HACYUTHBIM NPEACTaBISIETCS
TIOUCK 9KOJIOTMYECKH 0E30IacHBIX aHAJIOTOB JIBUTaTe-
JIell BOGHHOT'O Ha3HA4YEHHUS.

BosnymHo-kocMuueckast cucremMa He TpeOyer
CTapTOBBIX IUIOMIAJIOK Ha KOCMOJAPOMAax, MOTOMY HTO
MOJET OCYILECTBIIATH CTapT C OOpTa caMmoJjiera, KOTo-
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pBII B3JIETAET ¢ adpoapoma, b0 ¢ Kakoi-mudo 1Io-
HIaJKH MOOWIIEHOTO 0a3upoBaHus. Bo3mymHo-koCMH-
YyecKasi CHCTeMa B YKpauHe MOXKET M JOJDKHA co37a-
BaThCsl, OIMPASICh HA COBPEMEHHBIC TEXHOJIOTHHU H, B TO
JKe BpeMsI, C UCIIOJIb30BaHIEM paHee anpoOnpOBaHHBIX
TEXHUYECKUX PEIICHUN B chepe KOHCTPYUPOBAHHUSI OT-
JIENBHBIX CPEICTB OaymucTHIecKux paket. Llemecoob-
Pa3HO ONHPATHCS HA OMBIT H3TOTOBJICHUS aMITYJIH3HPO-
BaHHBIX JKMIKOCTHBIX JBHMIaTeliell ¢ MacCoM, OIU3KOM
K Macce camoseToB-uctpedurencii. OHH, K TOMY Ke,
MOTYT BBITIONHATH GYHKIUU Maputessix. Heobxoammo
00paTuTh BHUMAHHE HA OTPAOOTAaHHBIC TEXHOJOTHH
W3TOTOBJICHHUS ~ yTOJb-YTICPOIHBIX  KOHCTPYKIIHH,

=3
(L]

h—

Puc. 1. Paxema BLUE ORIGIN

HaHECEHUS IOKPHITHH U T. 1. IMeeT CMBICI TPHoOIIaTh
K PELICHHIO TEKYIIHUX MPoOJIeM UMEFOIHECs JOCTHKE-
HUSI TPOEKTHPOBAHMSA, W3TOTOBICHHUS M HCIIBITAHUS
KOHCTPYKIUH pakeT U CaMOJIETOB K COBPEMEHHBIM TeX-
HOJIOTHSIM, WCIOJIb30BATh OMNBIT aBHAIMOHHOM Ipo-
MBIIIJICHHOCTH, B YaCTHOCTH, B JIBUTaTEIECTPOCHHH.

B natauy, 22 saBaps 2016 ., 9acTHas KOCMHYeE-
ckast komnanus BLUE ORIGIN ocymecrBuna ucro-
PpUYECKUI TECTOBBIM 3aIlyCK PAKETBI-HOCUTENS C KO-
pabnem NEW SHEPARD. B noner ornpaBuiace Ta xe
pakerta, xotopas 23 Hos0ps 2015 r. cMorna B3neTeTh,
Habpatb BbicOTy /00,5 KM, a 3aTeM MSATKO IMpPU3EM-
JIUTHCS Ha TATE PAKeTHBIX IBUTaTenet (puc. 1).

nepeoﬁ cMoena 631ementb 60 6m0p0ﬁ pas u ycnewuwrno npu3emiumscs Ha pakemnoﬁ miee

B HOBOM moOJIETE, TA XKE paKeTa JJOCTHIIIA CYyOOp-
O6utansHOM BBICOTHI /(01,7 1M, cOpOCHIa Kamncyay Koc-
mudgeckoro kopadiast NEW SHEPARD, mocne wero mpu-
3eMJIIIach Ha ctapToByio miomiaaky. NEW SHEPARD
TaKOKe YCIICIIHO OIYCTHIICA Ha 3emi0 ¢ IOMOIIBIO T1a-
pauttoroB. Takum o6pasom, BLUE ORIGIN npoge-
MOHCTPHpPOBaJIa BO3MOXXHOCThH TIOBTOPHOTO HCIIOJIB30-
BaHMsI IEPBBIX CTYINEHEH paKeT-HOCUTEICH.

Komnanus SPACE X 21 mexadps 2015 r. takxke
YCIIENIHO OCYIIECTBMIIA YIPABISEMYIO MOCAAKY Iep-
Bo# ctynenn paketsl-Hocutenss FALCON 9, nmpuuem
3TO OBLI KOMMEPYECKNH KOCMUYECKH 3aITyCK C BBIBO-
JIOM CIIyTHHKA Ha 3aJlaHHylo opOuTy. B To ke Bpems,
BLUE ORIGIN noxka Tectupyet Bo3BpaIaeMyo pa-
KETY B CyOOpOHTANIBHBIX TTOJIETAX.

[lepBble ycmemHble TOCAIKH paKeT-HOCHUTENEH,
0e3 npeyBelnueH s, MOKET PACCMATPUBATBCS KaK BbI-
JIafolieecsi HICTOPUYECKOe COObITHE, MOCKOJIBKY CTOH-
MOCTb OJTHOPa30BOM paKeThl SBIISIETCS OCHOBHOM CTa-
ThEH PacXoJIOB NPU COBPEMEHHBIX KOCMHUYECKHX 3a-
nyckax. Iloka KOMIIaHMM He pEIIAITCS O3BY4YHTh
CTOMMOCThH HOBTOPHBIX 3aIlyCKOB, HO paHee, OCHOBa-
teabr SPACE X Mnon Mack 3asBJisi1, 4TO TOBTOPHOE
WCIIOJIb30BAaHUE PAKETHI MO3BOJISIET YMEHBIIUTH pac-
XO/JIbl Ha 3aIlyCK, 110 KpaiiHel Mepe, B COTHIO pa3. Takoe
paIrKaIbHOE COKpalleHHe CTOMMOCTH ITyCKOB CTaHET
HAvyaloM [0-HACTOSIIEMY MAacIITaOHOrO OCBOCHUS
kocMoca. OCHOBaTeNIM YacTHBIX KocMuuecknx Komra-
HHUI MEUYTAIOT 0 MUJUIMOHAX JII0JIel, paboTaloIuX BHE
npenenos TERRA-npocTpancTsa.

Kpome TOro, orpoMHoe 3HaueHHWE HMEET OTpa-
00TKa TEXHOJIOTHH BEPTHKAJIBHOIO CITyCKa Ha TAre pa-
KeTHBIX aBurareneid. Kak mokaspiBaet mpakTuka, napa-
IIIOTBl — 3TO CIIMIIKOM I'POMO3JIKUI, HEHaICKHBIH 1
HEJOCTATOYHO TMOKas TEXHOJOTWS BO3BPAIICHUSA W3

KocMoca. Pakera, min kopabib Ha pakeTHOU TsTE, MO-
TYT NPU3EMIIATECS ¢ TOYHOCTBIO IO HECKOIBKHX MET-
POB, MaHEBPHUPOBaTh, CHUKATH IMEPETPY3KU IIPH IIO-
caZke JO0 OKOJOHYNEBbIX 3HaueHHH. OTATh Takw,
TOJIBKO C ITOMOIIBIO0 PAKETHOW TATH MOKHO 0O€30TacHO
MOCaauTh KOCMUYECKHE KOpabiiu Ha HeOecHbIE Tena,
HE MMEIOIINe COOCTBEHHOW aTMOC(EpHl, a TakKe Ha
TUTAHETHl C pa3pexeHHOW aTtMmocdepoi, Hampumep,
Mapc. B OyaymieM, TEXHOJOTHUH, KOTOPBIC CETOIHS
anpoOupyroT YacTHBIE KocMudeckne Kommanum, Mo-
TYT CTaTh OCHOBOH OOJBIINX MHOTOPa30BEIX KOpadiei
HAa OCHOBE HCITOJIF30BAHMS JCUICBOTO TOILTUBA, MOTY-
YaeMOTO U3 MECTHBIX PECYPCOB APYTHX IIJIaHET.

YacTHast KOCMOHABTHKA, IIOX0KE, HAYMHAET MOHE-
MHOT'Y OIlepeXaTh TOCYJapCTBEHHYI0 KOCMOHABTHKY B
cylecTByomen rouke. Jlyist 10cTaBku JroAe Ha op-
OWUTy, KOCMUYECKHE areHTCTBA yXe OTHAI0T IMPEearo-
YTEHUE U, B OCHOBHOM, OPUEHTUPYIOTCS Ha YACTHUKOB.
[lepBBIM cliemano CTaBKy Ha KOMMEPYECKHH KOCMUYe-
ckuil tpancnopr HACA, Tenepp kK aMepHUKaHCKOMY
areHTCTBY NMPUCOCTUHIIINCH U €BpOTIeHIbl. B Oirokaii-
mue Henenu EBpomneiickoe Kocmuyeckoe AreHTCTBO
(EKA) nommumrer koutpakt ¢ Kommanueit SIERRA
NEVADA, kotopas pa3pabaTbiBaeT MHOTOpa3OBbIH
yenqnok DREAM CHASER is mojietoB B 0KOJI03eM-
HOM 1npoctpaHcTBe. EBpomeiickoe Kocmuueckoe
ATEHTCTBO YK€ HHBECTHPYET B IPOCKT $36 Man U 11a-
HUpPYET B JaJbHEHIIEM MIMPOKO HCHONb30BaTh YEll-
HOKH YaCTHOW KOMIAHWU JJIsl peIIeHHs 3a/1a4 COoBep-
LIEHCTBOBAHUS TEXHOJIOTUH B YCIOBUSIX MHKpPOTPaBU-
Tallid, a Talke I OTpabOTKH IPAKTHIECKUX
nepeneroB k MexayHaponusiM Kocmuueckum Cucre-
mam [7].

2 Becnuaorneie annapartsl. [lnanupyrommue
cpelcTBa J0CTABKH MOJI€3HOI0 rpy3a
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s 3ammTel TeppUTOpHABHEIX pyOekel rocy-
JapcTB M IpWJEramouiell akBaTOpUM B HacToAIIee
BpEMS CITyXKaT OaJUITMCTUYECKHE, MEKKOHTHHEHTAIb-
Hble U KOCMHYECKHE PaKeThl Pa3IMYHOro Kiacca U
cpenctB 0a3WpoBaHMS, ATOMHBIN MOABOIHBIN (IIOT U
pakeTHbIE BOICKa CTPAaTETHYECKOT0 Ha3HAYEHUS.

Jsmwxennem Oammictuaeckux paker (BP) B pe-
JKMME TOUCKa 1IeM ¥ HaBe/ICHHS Ha LIeJIb OCYIECTBIIS-
eTcsl ¢ TOMOIIBI0 MHEPIUAIBHBIX WM PaJNOWHEPIIH-
anbHBIX cucTeM. Hanboee Halle)KHBIMU CIIEyeT CUH-
TaTb TEPBBIE, MOCKOIBKY TOJBKO OHM OONamaroT
pelIaoIUM JOCTOMHCTBOM — A8MOHOMHOCMbIO. JTO
Ka4eCTBO MO3BOJISIET PEATU30BBIBATH OJTHOBPEMEHHBII
3aIlyCK OOJIBIIOTO KOJHMYECTBa pakeT, oOecreuyrBaeT
JOCTATOYHYIO CTENEHb HE3aBUCHMOCTH CTAPTOBBIX I10-
3ULUHA U, KPOME TOTO, ITOJIEPKUBACT BBICOKYIO O0ero-
TOBHOCTb, a TAK)K€ HAJICKHOCTh HAXOAAIINXCS Ha Ooe-
BOM JIS)KYPCTBE CPEACTB TAKTHYECKOW nanyOHOI aBra-
muu  (TTIA), crpaterndeckoii OoOMOapAUPOBOYHON
aBuanuu (CBA), kopaOenbHBIX 3€HUTHBIX PaKETHBIX
KOMILUTEKCOB (Harpumep, kiaacca @POPT ¢ 64 paketamu
C-300), HaxosIIMXCs HA BOOPY>KEHUHU KpeicepoB C
ra3oTypOMHHBIM [JBHUTAaTeJIEeM pPAaKETHBIX YCTaHOBOK
kinacca bA3AJIBT c¢ xpbuiateiMu pakeramu [1-500
(cBepxTouHast cTpensba B pagmyce 500 xu), a TaKxke
OECHMJIOTHBIX JIETATESIBHBIX anmnaparoB (aBTOHOMHBIX
po6oTOB), 00TamArOIINX CBOOOIOH MIEPEIBIKEHHISL, PO-
6otos-carniepoB ( Mini-Andros), HakoHeI, AUCTaHITH-
OHHO YIpaBJsieMbIX ammapaToB. [l 3amau eoewnHol
pazeeoku, PasMUHHAPOBAHUS aKBATOPHH, MOPAKCHHS
JKMBOM CHJIBI B 30HE BOCHHBIX KOH(JIUKTOB M Ap. BCE
GoutbIIee MPUMEHEHHNE HAXOIAT POOOTEHI.

Henp3st ocTaBuTh 0e3 BHUMaHMSI TaKKE HOGbIU
mun opyscusa Ha ocHoBe BIUIA — becnuromnuxu-xa-
muxaoze. Kommanus MBDA mpencraBuna opyxue,
pa3paboTaHHOE B COOTBETCTBHH C KOHIETIINEH pa3BH-
THSI TIEPCHEKTUBHBIX OECIMIIOTHBIX CHCTEM BOOPYXKe-
HUSI, COUETAIOIINX B ce0e KaK yapHbIe, TaK ¥ pa3Be/ibl-
BaTeJbHbIE QYHKIMH. DTH 00pa3lbl OCTYIIST B CEPHIA-
HOE TPOU3BOJICTBO B TedueHHWe Ommkaidmmx 20 Jer.
AHQJINTHKY YTBEPXKIAIOT, YTO OeCcnuiomHuKU-KaMu-
Kao3e BO MHOTOM CQOPMHPYIOT OONHK BOWH OyIy-
IIETO0.

B Hacrosimee Bpems paszpaboTaHbl GoeTpHIIackl
qutst BITJTA, netictBytomux co cpennux BeicoT — MALE.

Takue anmapaTsl CO BpeMEHEM CTaHYT OCHOBOM OTHe-
BOM TIO/JIEPIKKU CYXOITyTHBIX BOHCK M CMOTYT o0ecre-
YUTh MOJHHEHOCHOEC HAHECEHHE YIapoB, YaCTHIHO
OTOJIBUHYB Ha 3a/IHUH IUIaH apTHUICPHIO U TSDKEIbIe
PEaKTUBHBIE nuI0Mupyemole NCTPEONTEIH.

Tak, opyxwue Vigilus Bkarouaer B cebs mysbT
YIpaBICHUSI CHCTEMOH, OOEKOMIUIEKT W ITyCKOBYIO
ycTaHoBKy Armatus, criocoOHyIo coueTaTh pa3jinuHble
KOMOMHAIINN MaJbIX, CPEIHUX U KPYMHBIX Ooempura-
coB. IlyckoBasi ycTaHOBKa OCHaleHa OECIpPOBOIHOM
CHCTEMOH mepenadn MHGOPMALMH, YTO CYIIECTBEHHO
pacummpseT BO3MOXKHOCTH HCIIOJIB30BaHUSI CHCTEMBI
VIGILUS. Cucrema VIGILUS npencrasnset coboii HO-
BOE MIOKOJICHUE OPYXHsl, KOTOpOe obecrieunBaeT oOHa-
pyXeHHE U HACHTH()UKAINIO yeau ¢ TIOMOLIBIO JIHIIIb
oHOH TaTopMbl U, B TOXE BpeMs, B KpaTdaiiime
cpoku [8, 9].

Camoe rinaBHOe — OECNMIIOTHHUKH HaXOZISTCS B
BO3/lyXe HAMHOTO JOJbLIE, YeM JII000i nuromupye-
Mblii camoJieT (Beob olepaTropbl MOTYT padoTaTh MO-
CMEHHO). DTO 3HAYUT, YTO C TOYKH 3PEHHUS TaKTHUKH
00s1, HaJ TPOTUBHMKOM HENPEPHIBHO HAXOAWUTCS U
HEYCHIITHO CIICIHT 32 HAM “‘Hedpemarouee 0ko” Oectu-
JIOTHO# MarnHbl. TakiuM 00pa3oMm, 3a OTUH TOJBKO BbI-
ner, Hampumep, MQ-9 REAPER wmoxer mopa3uts
oonelne yeneu, yeMm, Hanpumep, A-10C. OcobeHHO B
YCIIOBHUSIX aCHMMETPUYHON BOWHBI, KOTIa MPOTUBHUKA
HEOOXOANMO BBICICIKUBATH HA TPOTSDKCHNH JUTUTEIb-
HOTO BpeMEHH. JTa MalllHA OTIMYHO 3apEeKOMEHIIO-
Baja ceOs He TOJIBKO BO BpeMs OOEBHIX NEHCTBHU B
Upake n Agpeanucmane, HO 1 B OXOTE 32 TEPPOPUCTAMH
10 BCEMY MHPY.

ITpuHATO CUMTATH, YTO BO BpeMs “HacTosmei”, a
HE MapTH3aHCKOH BOWHBI, OECITMIIOTHUKH TTOCHITLITIOTCS
Ha 3eMIIIO [T0CIe HAXKaTHs “BOJIICOHON” KHOTIKU CTaH-
WU PagHodNIeKTpOHHOHM 60pp0sl POB. Ha camom xe
neine, 6oesbie BITJIA yuiib 4aCTHYHO [TOIBEPIKESHBI 10-
mexam curHainy GPS. Cssi3b ¢ BITJIA ocymecTBisiercs
[0 CIyTHUKOBOMY KaHajy, a €ro MOJaBHUTh CJIOKHO.
Haxownern, B cixyuae norepu curnana GPS, 6ecrmnot-
HUK MPOJIOJDKUT BBIMOJHSATH CBOK MHUCCHIO, HJIH BEp-
Hercst Ha 0a3y, HO TOJNBKO MOJ HENOCPEACTBEHHBIM
yIpaBJeHUEM Oomeparopa.

Taxum obOpazom, 6onsine u cpenane BITJIA Bce
ocTpee U HaCTOWYMBEH TPEOYIOT COBPEMEHHBIX TEXHO-
JIOTHI CITYTHHKOBOH CBsI3H (pHC. 2).

Puc. 2. Bonvwue u cpeonue BIIJIA mpebyrom cogepuieHHbIX MexXHOI02Ull CRYMHUKOBOU C8A3U
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C 3TOM 11eab10, OECITMIIOTHUKH MMOIKIIOYAIOTCS K
CHUCTEeMaM aBTOMAaTHU3MPOBAHHOTO IUIAHUPOBAHUS U
nognepxkn muccuit BBC (AFMSS) mytem monkirode-
HUS K TAKTHYCCKOUW JIMHUU CBS3M, Hampumep, L-3, a B
MEPCIEKTUBE — K €IMHOM aBTOMATU3MPOBAHHON CETH
Heterogeneous Air borne Reconnaissance Team
(HART). Bce atu Texnonorum caenarot BITJIA mocra-
TOYHO YCTOWYMBBIMHU TPOTHB DBJICKTPOHHBIX CPENCTB
OOpBOBL

3. TI'nodaibHBIE U PerHOHAILHbIE HABHTAIH-
OHHBbIE CHCTEMBI

B mocnennue roasl HaOJMOMACTCS CTPEMHUTEIh-
HBI pOCT MHPOBOTO pHIHKAa HaBHUTaTopoB. OHU HAXO-
JIT TPUMCHEHHC TPU PEHICHUM 3alad YIpPaBICHUS
JIBIDKCHHEM B aBHAIIMH W PAKETOCTPOCHHUH, Ha MOP-
CKOM TPAHCIIOPTE, B TEOJIC3UU U KapTOrpapuu, MpH mo-
3UINAOHUPOBAHIH CYXOIYTHBIX OOEBBIX CpEACTB, a
TaK)Ke Ha3eMHOTO TPAHCIIOPTA, BKJIOYAs TINYHBIN aBTO-
TPaHCIOPT.

Cucrema GPS (Global Positioning System) co3na-
Bayach U1 NMPUMEHEHHS TOJNBKO B BOCHHBIX IEIIAX.
Ona Hauana padotath B KoHIle 80-x — Havane 90-x ro-
JoB, onHako 10 2000 roa UCKYCCTBEHHBIE OIpaHUYE-
HUS Ha OIpeleJIeHHe MECTOMOJIOXKEHHS CYIIIECTBEHHO
CHEPKUBAIH BO3MOXHOCTH €€ UCIIOJIb30BaHUS B TPaK-
naHckux mensx [10].

[Mocne oTMeHBI OTpaHWYCHUI HA TOYHOCTH OTIpe-
JIeIIeHIs] KOOPAMHAT, omunoOKa cHu3miack co 100 mo 20
M (B mocnennux nokoneHusx GPS-npuémHukoB npu
WICaTbHBIX YCIOBHAX OIIMOKA Y€ HE IPEBBIIIACT 2
M). Takue ycnoBusl MO3BOJIMIIN UCTIONIB30BATh CUCTEMY
JUTS IAPOKOTO KpyTra OOMINX U CIEIMaIbHBIX 3a1a4:

— ompejeNeHre TOYHOTO MECTOIOJIOKEHNUS;

— HaBWTAalUs, ABIKCHHE 10 MAapUIPYTy C HpHU-
BSI3KOH K KapTe Ha OCHOBAHHMH PEaTbHOTO MECTOTOJ0-
KCHUS;

—  CHHXPOHHU3aIHs BPEMEHHU.

Poccwuiickuit ananor GPS — [JIOHACC (rmo-
OaybHAsi HaBHWTAIlMOHHAs CIYTHUKOBAsl CHCTEMa) —
OpuTa pasBépHyTa B 1995 romay, HO B CBSI3U C HEIOCTa-
TOYHBIM (PMHAHCHPOBAHUEM U MAJIBIM CPOKOM CITYKOBI
CIYTHHKOB OHA HE IOJIyYWJIa MIHPOKOTO PacIpOCTpa-
HeHUs. BTOPBIM pOXJIEHHEM CHCTEMBI MOYKHO CUUTATh
2001 ron, koraa ObUIA IPHHSATA LIEJEBas IIporpaMMa ee
passutus, 6marogaps kotopoit [JIOHACC Bo306HO-
BIJIa IOJHOIICHHYTO pabdoty B 2010 romy.

B Hacrosmee Bpems Ha opOure pabotaror 24
cinytHuka [ JIOHACC, oHU 0XBaThIBalOT HAaBUTal[MOH-
HBIM CUTHAQJIOM BECh 3€MHOM 11ap.

Celiuac, Ha cTtaauu pa3pabOTKUA HAXOJATCS eIle
JIBE CIIyTHHKOBBIE crcTeMbl — eBpomneiickas GALILEO
u kuraiickas COMPASS.

GALILEO — coBmecTHbIit ipoekT EBporneiickoro
coroza u EBpomneiickoro Kocmuueckoro AreHTCTBa,
aHoHcupoBaHHBINA B 2002 roxy. M3HayaipHO Mpenmno-
naranock, uto yxe B 2010 rogy, B pamkax 3TOoH cu-

CTEMBI, Ha CPEIHEH OKOJI03eMHOM opOuTe OymyT pado-
tatb 30 crryTHHKOB. Ho 3TOT mitaH He ObUT peaan3oBaH.
BnocnenctBun,  matoil  Hayana  9KCIUIyaTallUU
GALILEO onpenenunu 2014 ron. OxkoHYATEIBHO 0KH-
JaeTcs, 4TO MONHO(YHKINOHAIBHOE HCIIOIb30BaHHE
cucteMbl HauHeTcst He panee 2020 roaa.

COMPASS - 570 crnemyrommas CTylieHb pa3BHTHUS
KUTalCKOU pecuoHanbHol HaBUTALMOHHOW CUCTEMBI
BEIDOU, koropast 6p111a BBeIcHa B SKCIUTYaTAIHIO I10-
cie 3amycka 10 cnytHukoB B konlie 2011 rona. Ceituac
OHa o0ecrieunBaeT MOKPHITHE B TpaHuax Asuu u Tu-
XO0Keancko20 pe2uoHa, Ho, Kak oxwunpaercs, k 2020
TOAy CHCTEMa IEPEPAcTET B INIOOATBHYIO.

Smart Antenna — Mojynb, cocToAMMI U3 Kepa-
MHYECKOIl aHTEHHBI W HABUT'AIMOHHOTO NPHEMHHKA.
[IpenmymiecTBa: KOMIIAKTHOCTh, OTCYTCTBHE HE00XO-
JVMOCTH COTJIAaCOBAHMS, yJCIIEBICHUE Pa3paboTKH 3a
CUET COKPALIEHHs CPOKOB U3TOTOBJICHUSL.

MCM (Multi Chip Module) — uum, BxiIrOYaro-
LM Bce KOMIIOHEHTHI HAaBUTAIMOHHOTO MIPUEMHHKA.

OEM — »skpanmpoBaHHas IUIaTa, BKIFOYAOIMIAs
BY unTepdeiicHbIil mpoleccop U MpoIeccop 4acToT
ocuoBHoi#i momocer (RF-frontend + baseband), SAW-
GUIBTPBI M 00BS3KY. DTO Hamboliee MOIyJsipHOE pe-
LIEHHE Ha JaHHBI MOMEHT.

To4HOCTH OIpezeIeHUss MECTOIOJIOKEHHS 00b-
ekta mo GPS cocraBmser B cpenHeM /5 m, OHa SIBIIS-
eTCsl CIEICTBUE HCIOJIb30BAHUS HETOUHBIX CHT'HAJIOB,
BJIMSIHHEM aTMOC(EPHBIX YCIIOBHI Ha pacrpocTpaHe-
HHUE PaJHOCHTHANIA, Ka4eCTBOM KBapIIEBBIX I€HEPATO-
POB B IpueMHUKax ¥ 1p. OHAKO, C TOMOIIBIO METOJIOB
KOPPEKLIH, NPEICTABISIETCSI BO3MOKHBIM YIIydIICHHAE
TOYHOCTH OIIPEJENICHNUs] MECTOIIOJIOKEHUSI OOBEeKTa.
Orta texHonorust HaseiBaetcs Differential GPS. Cyuie-
CTBYET JIBa METOJIa KOPPEKLUH: Ha3eMHbIH U CITyTHH-
koBeid DGPS.

B HazeMHBIX MeTo/laX KOPPEKIMH, Ha3eMHbIC
cTaHIMM JUQPepeHIHaANBHBIX MONPABOK MOCTOSHHO
CBEPSIIOT CBOE 3aBE/IOMO W3BECTHOE MECTOIOJIOKEHHUE
C CHUTHaJlaMM HaBHTAllMOHHBIX cITyTHHKOB. Ha Oase
9TOi MH(OpPMaLUK BBIYHCISIOTCS KOPPEKTUPYIOIINE
BEJIMYMHBI, KOTOPBIE MOTYT OBITH MEPEAaHbl C MOMO-
mpio YKB- mim JIB-nepenarunka Ha MOOWIIBHBIE
DGPS-npuemanku B popmare RTCM. Ha ocHOoBanumn
HOJIy4YeHHOW MH(pOPMAIMU MOTPEOUTENIh MOXKET KOp-
PEKTHPOBATH NPOLIECC ONPEETICHUS COOCTBEHHOTO Me-
cTomnooXeHus. TOYHOCTh ATOr0 METO/1a COCTaBIsIeT 1-
3 mempa M 3aBUCHUT OT PACCTOSHMS JI0 NepefaTInKa
KOpPEKTHpYIOLIeil nHPOPMAIIMU U KauecTBa CUTHATIA.

CHyTHHKOBBIE METOJbI, TakKHe Kak CHCTeMa
WAAS (Wide Area Augmentation System) (puc. 3),
nocrynHast B CeBepHoit Amepuke, n cucrema EGNOS
(European Geostationary Navigation Overlay System),
JoctynHas B EBporne, IUIIOT KOPPEKTHPYIOIINE JTaH-
HBIE C TEOCTALMOHAPHBIX CITyTHUKOB, TAKMM 00pa3oM,
Jocturaercss Oojplias o0JacTh NpHeMa, 4YeM IpH
Ha3eMHBIX MeToax (puc. 4).
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Puc. 4. Jlonoanumenvhoie cucmemor WAAS (Wide Area Augmentation System)
na meppumopuu CILIIA

CIyTHUKOBBIE ~ CHCTeMBI  Iu(depeHInaNbHO’
koppekiuu (SBAS — Space Based Augmentation
Systems) IMO3BOJSIOT YIYYIIUTh TOYHOCTH, HAJIEK-
HOCTb U OOCTYITHOCTH HaBHFaHHOHHOﬁ CUCTEMBI 3a
CYeT MHTErpalli BHEIIHWX TAaHHEIX B IpoIlecce pac-
yera.

OmHEM U3 OCHOBHBIX IIAPaMETPOB, BIHAIONINX Ha
TOYHOCTH ONPCACIICHUA MECTOIIOJIOKEHUA 1 CTaOMIIb-
HOCTB TIpHUEMa, SIBIIICTCS YyBCTBUTEIHHOCTh. OHA, KaK
MPaBUJIO, OMPEAETAeTCS KadyeCTBOM MAaJIOIIyMSIIETo
YCHIINTENS] Ha BXO/E NPUEMHHKA M CIIOKHOCTBIO pea-
JU30BAaHHBIX AJITOPUTMOB ITUGPOBOK 0O0PaOOTKH.

Kpome onpenenenus mectononoxenus [ HCC
MPEOCTABIAIOT HH()OPMAIMIO O TOYHOM BPEMEHH.
Kak npaBuio, Bce mpueMHUKH HMMEIOT BbeIxoj PPS
(pulse per second, IMITyTIbCOB B CEKYHAY) — CEKYHJ-
Hast MeTKa (/ [y), KoTopas TOYHO CHHXPOHHU3HPOBaHA
¢ BpemenHoi mkanoit UTC.

Hapmo monaraTh, MMEIOIIMMUCS U pa3BOpadnBac-
MBIMH CETOJHS CHCTEMaMH{ TO3UIIMOHUPOBAHUS JEII0
He orpaHuuntcs. Ha coOCTBEHHBIMU PErHOHATEHBIMU
CHCTEMaMH I'€OTTO3UIIMOHUPOBAHUS CETOIHS yKe pabo-
TaeT psA FOCYNapCTB, HATIPUMED, TAKUX Kak Kumaii u
Huous.

4. T'umep3BYKOBBIE CpPEACTBAa HANAJEHUA W
BHeIIHeil pa3BeaKH

AHATUTAKA ¥ CHEUHANUCTHl YTBEP)KOAIOT, YTO
CTpaHa, KOTOpasi CMOXET IepBOH B MUpE 00eCeYuTh

CepUIHOE MPOU3BOICTBO BEICOKOTOUHBIX THIIEP3BYKO-
BBIX PAKET, CO31aCT, TEM CaMbIM, JUIsi ce0sl cepbe3Hoe
BOGHHOE IpEeUMYyINecTBO B mwupe. [Ipexne Bcero, B
cTpaTermueckoM Macmrabe. OOBSICHEHHE ATOMY CO-
CTOUT B TOM, YTO PaKeTHl, JIETAIINE CO CKOPOCThI0 7 M
MPaKTHYECKHU HEYSI3BUMBI JIJIsl COBPEMEHHBIX CPE/ICTB
MIPOTHBOBO3LyIIHOW 06opoHns! (I[IBO), camu xe cro-
COOHBI YHHYTOXATh 3alHMIIEHHbIE 10 IOCIETHEMY
CJIOBY TEXHUKH KaK Ha3eMHBIE, TaK M MMOJBOJHBIC 00b-
exTbl. Ilo cBoeMy MOTeHIMAy, THIEP3BYKOBOE OpY-
KM€ CPAaBHUMO TOJBKO C TAKTHUYECKUMHU SIJCPHBIMHU
6oenpunacamu [11].

Poccus v Hnous B HacTosIIee BpeMs yXKe TECTH-
PYIOT COBMECTHO pa3pabOTaHHYIO CBEPX3BYKOBYIO
kpbutatyto pakety BRAHMOS, koropast netur co cko-
POCTBIO B JIBa pa3a MPEeBBIIIAIOIIEH CKOPOCTh 3ByKa. B
3aBepuiatoneil (haze HaXOAUTCS TAKIKE HOBasl €€ MOJIH-
¢bukanus - BRAHMOS - 2, kotopast OyeT runep3ByKo-
BO 1 gocturHer ckopoctd 7 M. TlonoGHOTrO Opy)ust
TI0Ka He CYLIECTBYET HU B OJJHOM CTpaHe MHpa. JTa pa-
KeTa MOXET CTapToBaTh ¢ MOPCKOW, Ha3eMHOW M BO3-
IYIIHOH m1athopm.

B kauecTBe anbTepHATHBBI OaJUITMCTUUECKHM pa-
keram, CIIIA pa3pabaThIBAlOT THIIEP3BYKOBBIE JIETa-
TesibHbIe annapatsl (173/14) B BUae KpbUIATOM pakeTsl,
T.€. ¢ COOCTBEHHBIM JBUTaTeneM, 00braHo I TIBP/], nmi
B BHJIE IUTAHUPYIOIIETO CHApsAa, THIIEP3BYKOBYIO CKO-
pPOCTb KOTOPOMY COOOLIAIOT MapIIeBbIE CTYIECHH
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OOBITHBIX OAJUTHCTHYECKUX pakeT. Tak, pa3pabaTriBae-
mast HeiHEe B CII[4 mporuBopakera SM-3 BLOCK II1A
yaiie BCEro YHOMHHAETCS B CBSI3M C MOJCpHH3AIHEH
amepukanckoi [TPO (puc. 5). Ona, momoOHO npeabIy-
M Moaudukanusam SM-3, Oyzaer npuHsTa Ha BOOPY-
xenue cucrembl [TPO Mopckoro 6asupoBanus Aegis.

AmepukaHcKue BoeHHBIE 00BsBIH B 2010 roxy,
gyro Ha 6asze SM-3 BLOCK IIA Gyner takxke co3aaHa
ylapHast cucteMa OOJbIION JTAIBHOCTH I10J1 KOJOBBIM
HasBanmeM Are Light. IIpenmonaraercs, uto Mmapiie-
BBIE CTYIEHH ITPOTHBOPAKETH BHIBEAYT Ha THIIEP3BY-
KOBYIO CKOPOCTb AJIAHUpYIOwull annapam, KOTOPBINA
cniocoOeH mporueteTs 10 600 kv U AOCTaBUTH K yeau
6oerosoBky maccoit 50-700 kI". O01ias 1aabHOCTD MO-
neta Bced cucrteMbl coctaBUT 3800 xkm, MpUYeM Ha
Yy4acTKe CaMOCTOSITEIILHOTO JIBIIKSHHUS THIIEP3BYKOBOM
IUIaHep MOJIETHT He MO0 OaJUIMCTHYEeCKOH TPaeKTOpHH,
YTO CO3JaCT BO3MOXKHOCTh MaHEBPUPOBAHHS C LEIIbIO
obecrieueHns1 TOYHOTO HaBeJICHHsI Ha OOBEKT Hopaxe-
Hus. Hacrosiieil n3toMUHKOM IIPOEKTA MOKHO CUUTATh
Ty 0COOEHHOCTB, 4TO Oyarofaps yaupukauuu ¢ SM-3,
pakeTHas cuctema Are Light cmoxer pasmeratscst B
TeX K€ BEPTHKAJIBHBIX IMYCKOBBIX yCTaHOBKax, KOTO-
pble TpegHa3HaueHbl Uil I[POTUBOpAKeT. Takux
“ene30” B pactiopsbkennn BMC CILLIA HacuuTBhIBaeTCS
okoio 8500.

Eme B 2003 romy riaBHBIM “MO3roBod HEHTpP”
aMEepUKaHCKOW OOOpOHHOW TMPOMBIIUICHHOCTH —
arearctBo DARPA, cosmecrHo ¢ BBC CIIA, 00b-
s nporpammy FALCON. B mepeBone ¢ aHrmmii-
CKOTO, 3TO CIIOBO O3HAUaeT “coxon” W, K TOMY XK€, 5B-
asiercst ab0peBHaTypoil caMoro Ha3BaHMS POTPaMMBI,
JIOCIIOBHO pactir@poBbIBarOIIecs Kak “Ilpunocenue
CUbL NPU 3aNYCKe ¢ KOHMUHEHMANbHOU Yacmuy meppu-
mopuu CIIIA”.

[Mporpamma mnpenycmarpuBajia pa3paboTKy He
TOJBKO Pa3TOHHBIX CTYIICHEH, HO TaKXKe U pa3paboTKy
rUIep3ByKoBoro IaHepa B uHTepecax GLOBAL
PROMPT STRIKE. Hactbto 3T0# mporpaMmsl ObLIO

Ocobennoctsio BLOCK IIA siBisieTcs 3asiBjIeHHAs CIIO-
COOHOCTB TiepexBara Ha ONpeIeICHHOM y4acTKe TPaeK-
TOPHH MEKKOHTHHEHTAIBHBIX OAIITUCTUIECKUX PAKET,
YTO MOCIYXHUT OCHOBAHHEM JJISl BKIIFOUCHHS CHCTEMBI
Aegis B cocTaB CTpaTerHYECKOM MPOTHBOPAKETHOMN
oboponsl CIIIA.

0)
Puc. 5. Ilpomusopaxema SM-3 BLOCK IIA: a) SM-3 na niowaoxe, 6) — momenm cmapma

co3nanue OecrioTHOro camonera HTV-3X Ha rumep-
3BYKOBBIX NPSIMOTOYHBIX JIBUTATEIISX.

ITnauep Hypersonic Technology Vehicle-2 (HTV-
2), IMEOIINil BUJ pa3pe3aHHOro MO JUTHHE KOHYCa, B
anpene 2010 roaa npoiwen JIeTHbIE UCIBITAHUS C TOMO-
o Hocuresnss MINOTAUR IV u goctur BnosiHe 2u-
nep36yko60ii ckopocTtH B 20 Maxos.

B 2011 romy ammapar Advanced Hypersonic
Weapon (AHW), B uem-To cxoxuii ¢ HTV-2, ycneniso
CTapTOBAJI B COCTABE TPEXCTYIIEHYATOU PAa3rOHHOM CU-
CTEMBI C MYCKOBOM miowmaaku Ha octpose Kayau Ia-
8alicko20 apxunenaza W JTOCTUT HCIBITATEIBHOTO IO-
nmurona uM. Pefirana Ha aroiie Keaoowcenelin.

AMepHUKaHCKHE KOHCTPYKTOPHI  IapajuIeNbHO
HEOJIOTUH TUIEP3BYKOBOIO IUIAHEpa CTaIH OCY-
IIECTBIATH Pa3pabOTKy THIEP3BYKOBBIX KPBUIATHIX pa-
KEeT — CaMOJBWXYIIMXcs amnmaparoB. PaszpaboraHHas
kopropareir BOEING, pakera X-51 non HazBaHueM
WAVERIDER (“ocemnaBmast BonHy”), Onaronaps
CBOEH KOHCTPYKILUH MOXET HCIOJIb30BaTh IS TOIY-
YEHUs! JONOJIHUTEIbHON MOJBEMHOM CHJIBI 3HEPTHUIO
YIApHBIX BOJH CHIIEP3BYKOBOTO IMOJIETA.

I'unep3BykoBo# moseT Ha ckopoctu 20 M 1o3Bo-
JISIET IOCTAaBUTH IOJIE3HBIH IPy3 B TEUEHUE OJJHOTO Yaca
B MO0YI0 TOUKY Tu1aHeThl. Kpome Toro, ncuesaet HeoO-
XO/IMMOCTb HWCIIOJIb30BaHMS HESJICPHBIX OaJIMCTHUe-
CKHX PAaKeT, IyCK KOTOPBIX MOXET CIPOBOLHPOBATH
OTBETHBIH SAEPHBIN ylap, 1a, K TOMY e, 0OHapyXHBa-
€TCs C TOCTaTOYHO OOJIBIIOTO PaCcCTOSTHUS.

I'unep3BykoBBI€ CpeACTBA HAMAJEHUS U BHELUTHEH
pa3BeIKM UMEIOT 00JIee MOJIOTYIO TPASKTOPHIO JIBIKE-
HUSI, @ TaKXkKe 00J1aJaf0T CIOCOOHOCTBIO MOSIBIATHCS B
BO3IYIIHOM MIPOCTPAHCTBE NMPOTUBHHUKA HEOXHIAHHO,
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4TO pa3pemraeT 3PpPEeKTUBHO MPEO0IEeBATH IIO0YIO CH-
cremy [1BO (puc. 6). B pamkax nporpammsl IH Hame-
YeHbl MaclTaOHbIe MCCICIOBaHUSA T'MIEP3BYKOBBIX
TEXHOJIOTHH MO IIATH MarucTpaJbHBIM HaNPaBJICHUSIM

— cucmemuvl MenI03auWUmsl, a’poOUHAMUKd, Hagede-
HUe, Hagueayusi u ynpasienue 08udiceHuem,; 0oopyoo-
8auue u 0gueamenu.

Puc. 6. Dxcnepumenmanvras eunepsgykosas pakema c I'TIBP/] X-514 WAVERIDER (CLLIA)

IIpu ckopoctu 20 M camoner HX HarpeeTcs 10
TeMrepaTyphl npesbimatomeii 2000 °C. D10 cooTser-
CTBYET TEMIIEpaType B TOPHUIIE JOMEHHOU Ineyu. Ta-
KM 00pa3oM, IpoOJIEMbI C HATPEBOM H TIOCIIEIYOIIINM
paspylieHreM OOLIMBKH BECbMa aKTyaJbHBI WM SIBJIA-
I0TCS. OCHOBHOW NPUYMHON MHOTHX HEYIAYHBIX HCITBI-
TaHUH runep3ByKoBoi pakeTsl X-51 1 runep3BykoBOro
O6ombOapaupoBmuka HTV-2.

Ha ceroansiiinmii 1eHb 3 HEKTHBHBIM CPEICTBOM
60pBOBI ¢ IEpeTrpeBOM KOHCTPYKIIHH B KOCMOHABTHKE,
pakeTocTpoeHun U HaBuramuu ssisiercs ABJISLINS
(ot mat. Ablation — otasiTHe). OTO cocod 3 hexTrs-
HOTO CHIDKEHHS IeperpeBa KOHCTPYKIIMOHHBIX 3Jie-
MEHTOB (pro3eirsika, o0TeKkaTeNel nim ABurareist Habe-
TaloLIM ITOTOKOM WJIM PEaKTHBHBIM (TEIJIOBBIM) (ha-
KEJIOM 3a c4eT oTOOpa TEIUIOTHl Ha IUIaBiieHHE (I
HCIIapeHHe), a MOXKET M Ha MPSMYIO BO3TOHKY CIIOS
CIEIUAIBHOTO 3aUTHOTO MaTepHana.

bonee mnomyBeka Ha3zax, B pasrap XOJOZHOH
BOWHBI, KPBIJIATBIE PAKETHI BUUCTYIO TPOUTPAIIN OAIIH-
CTHYECKUM Ha TI0JIe CTPATErHYECKOr0 OPYXKHS Jallb-
Hero paauyca aeictBus. U Bce xe, B TpsLyInX KOH-
(imKTax 1Mo-BUANMOMY, INIABHBIM apIyMEHTOM CTaHEeT
He OayumicTHyeckas “0ybuna”, a CTpeMUTENBHBIN U KO-
BapHBIN “Kkpoliambiil KuHMCAn”.

5. Bo3HHNKHOBEeHHE NOMOJHHTEIbHBIX MOrpell-
HOCTell HHepUHAJBHBIX cMcTeM 00PTOBOIl annapa-
TYpBL.

AHanu3 NorpemHocTeil n3MepeHuil npoBeaeM ¢
MO3ULUI COBMECTHOT'O, OZIHOBPEMEHHOT'O BO3JIEHCTBUS
JIBYX BO3MYILIAIOIINX (hAKTOPOB — KHHEMAaTHYECKOTO 1
MPOHMUKAOMIETO aKyCTHYECKOTO M3ITyYEHHS] BEICOKOTO
ypoBHS — /50 oF w Beiie. KoHkpeTn3upyem BHauale
CoJIepXKaHNe U IPUPOTy IposiBIeHH niepBoro [12, 13],
a 3areM u BToporo [14, 15], BHelIHero BO3MyILEHUH.
Haunewm ¢ Toro, 910 3TO JOJKHBI OBITH HE TONBKO BCE
BpeMsI NPHUCYTCTBYIOIIME (AKTOPHI, HO W THITUYHBIC
JUTS TIEJTOT0 Kilacca U3AETNH — JeTaTeIbHBIe armapaTsl
yIpaBisieMble, OECIIMIOTHBIE JIeTaTeIbHBIE aIlaparThl,
JTUCTAHIIMOHHO YIpaBiIseMble, TUCKOKPBUIBIE aIlia-
partsl, TakTH4eckas nanyonas asuanus (TIIA), crpare-
rudeckast 6ombapauposouHas apuanus (CBA), kpsiia-
TBIE PaKeThl Pa3IMYHON MOIU(UKALMK U CPEACTB Oa-
3UPOBaHUS.

OcraBiisisi B CTOPOHE BOIIPOC 0COOEHHOCTEH ITOTO
JBIDKCHUS 7S alllIapaToB Pa3IMuHOTo Kilacca, OCTaHO-
BUMCsI Ha HanboJIee CII0’KHOM U3 UMEIOIIUXCS — Ha Y-
JIOBOM JIBIDKEHHU Kopiryca JIA.

CBsbKeM C  KOPIYyCOM CHCTEMY KOOpIMHAT

Olelzl , IIPHYEM OC OX1 HaIIpaBHUM BJIOJIb €0 IPO-

HOHLHOﬁ OCH, a OCH Oyl u OZl PpacmoIOKUM B IIIOC-

KOCTH inaHroyta (puc. 7).
B xauecTBe omopHON CHCTEMBI KOOPAMUHAT BBIOE-

peM TpOHKy ocei, CBsI3aHHBIX ¢ 3emrueli: OCh Oé’

HalpaBUM BCPTUKAJIBbHO BHU3, OChb Og — pacioJio-

JKHM B TOPU30HTAIBHOM IIIOCKOCTH, HATIPUMED, COBME-
CTUM C JIMHHEH 3aJaHHOTO Kypca, TPEThIO OCh, OCh

077 , HallpaBUM IEPIEHAUKYJISIPHO MIEPBBIM JIBYM.

[TycTb, B MOMEHT CTapTa JeTaTeNbHBII anmapar
3aHHMAeT IIPOU3BOJIbHOE NosIokeHue. [IpoBenem uepes
€ro IEHTP MAaCC INIOCKOCTb, NMEPICHINKYISIPHYIO IIPO-
JOJBHOI OcH (ITOCKOCTH LIMAaHT0yTa) 0 MepPecedeHust

C TOPU30HTAIBHOU MJIOCKOCTHIO Og 1] . Ilo iunuy 1ie-
pecedeHns 3THUX IUIOCKOCTEH, 00O3HAYMM ee ON,

HaIpaBUM OCb 0771 U NIOCTPOUM B T'OPU30HTAILHOMN

IJIOCKOCTH OCh Oé:l’ MEePIEHIUKYISPHYIO 0771

B kauectBe yrioB Diinepa BbiOepeM yroi MmoBo-
pOTa BOKPYT' BEPTHKAIM FOPU30HTAIBHON KOOPIMHAT-

HOM ITOCKOCTH 77 J0 COBIIAACHHUA €€ C OCAMH

051771~ OTOT yroj Ha30BEM YTJIOM PhICKaHUS (D .

YTroJa noBopoTa BOKPYT JIMHUU Y3JI0B KOOPJAUHAT-
HOW TUIOCKOCTH 5104’ JI0O COBMEIICHHUS OCH 051 c
MPOJIOJILHOM OCBIO PaKeThI-HOCUTES OX nasosem
YIJIOM TaHraxa u 0603HaunM OykBoi I/ . B sTom ciry-
yae och Og 3aiiMeT MOJIoXKEeHHEe Og 1 B IUIOCKOCTH
LITaHroyTa.

Haxonern, yrom moBopoTa IJIOCKOCTH 7]106; 1

BOKpPYT HpOHOHLHOﬁ OCH alrapara OX HAa30BEM YT-

JIOM KpeHa ¥ 0003HauuM OYKBOH 0.
COOTBETCTBYIOIIUE MIPUHSITON MOCIIE0BATEIHLHO-
CTH TIOBOPOTOB YIJIOBBIE CKOPOCTH OyIyT HalpaBJICHBI
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.

0 BEpTUKAIN (w) , 1O JIMHUU Y3JI0OB (l//) " BIOJIb

—
.

B Tom cmydae, Korja anmapat cTapTyeT ¢ HEIo-
JBIDKHOTO OCHOBaHMA, T.€. OCH Oé: 774’ HeTIo-
JBIDKHBI, TPOEKIUH YIJIOBOH CKOPOCTH Ha OCH

—

ocu JIA (9) (puc. 7).

OX, Y, 2, cessannsie ¢ kopmycom JIA coctapsior:
w, = 0 —psiny;
o, = @SIiN@Ccosy + y CoS Y, (1)
w, =@Ccosdcosy —ysind.

[Ipoexuu yrioBoil CKOpOCTH Ha OCH OxyZ , CBSI3aHHBIE C ITOIUIAaBKOBBIM IOJABECOM, ONIPEAECIIAIOTCS COOT-
HOIIEHUAMH (pHc. 8):
@, = ®, COS f+ w, sin f3;
_ . . 2
w, =—w, sin B+ o, cos f3; @

w, =, + B,

pu4emM

0=0(t), y=y(t), p=p(t)

Puc. 7. Cxema yenos Diinepa

Ecnu xe crapT ocymecTBiseTcs ¢ OpOUTANBHON CTyNEHH, MO0 C IUIOMAaJKd MOOMIIBHOTO 0a3upOBaHMUS,
CIIEIyeT €€ YIIIOBYIO0 CKOPOCTb NPEABAPUTEIBHO PA3IOKUTH IO OCSIM Og 774/ . B paBHOI1 cTeneHH 3TO OTHOCUTCS
K YTJIOBOM CKOPOCTU CYTOYHOTO BpAIlEHUs 3emiu.

B nanbHeitmeM Oyziem cuurtarh yrodi o (t) , @ TaK)Ke TMPOU3BOJIHBIE TI0 BPEMEHH 0 (t) u @(t) MaJIbIMU

BCIIMYMHAMMU. yl"J'IOByIO CKOpOCTB l/./ Hpe,I[CTaBI/IM B BUC
Y =0t o,

rae (00 — [IOCTOsAHHAA BEJIMYUHA, U3MEpAeMan Z[I/I(I)(i)epeHLII/Ipy}OH.II/IM TUPOCKOIIOM, HAIIPpUMEDP, IIPU BBINOJI-

Henuu JIA npegycmorpenHoro IloneTHsIM 3a1aHUEM MaHEBPUPOBAHUS B BEPTUKAIbHOM MIOCKOCTH, T.€. MO YTy
TaHIaxxa l//(t) ,a a)yl O (U — Majioe BO3MYIICHHE ITOH YrIoBoi cKopocTh. Takoit peknM uMeeT MecTo, B

YaCTHOCTH, P JBIKCHUH allapaTa Mo MPorpaMMHOI TPaCKTOPHH B TIOMCKAX yeiu.
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Puc. 8. Bosmywennoe cocmosinue nodgeca 2upockona npu 38yK080M 8030elicmeuu

W3 cxemsl, n300paxeHHOH Ha pHUC. 8, CIEIyeT, YTO COCTABIIIOLINE (a)

) 51 (a) ) HE OKa3bIBAIOT BJIMU-
X )y i)y

SAHHWS Ha NOIrpCUIHOCTh I/ISMCPGHHﬁ, T.K. COBIIAJIaOT C HAIIPpaBJICHUEM BCKTOpa KUHETHUYCCKOI'O MOMEHTAT H .B

TO K€ BPEMs, KWHECMATUYCCKNEC BO3MYIICHUA (C()Xl

momenra M 1 (puc. 8):

) u ((!)yl ) NPUBCAYT K MOABJIICHUIO THPOCKONHNYICCKOIO
y y

M, =H [—(9'— psiny )sin 8+ (gsin G cosy +y'/cosé?)cosﬂ]. @)

OueBHIHO, YTO 3TO IOTPEIIHOCTH H3MEpPEHHUH,
00yCIIOBICHHBIE JEHCTBHEM TOJIBKO OJJTHOT'O BHEITHETO
(hakTOpa — YIIOBOTO IBIKEHHMS THIIEP3BYKOBOTO JIA.
VccnenoBaHMIO 3TOTO THIIA IOTPEIIHOCTEH, paBHO KaK
¥ METOJIOB MX yCTPaHEHHUs], MOCBAIIEHb! padOTHl MHO-
T'HX CIIEIHAINCTOB U B TAaHHOM KOHTEKCTE HE SIBJISIOTCS
MPeZIMETOM NPUCTAIILHOIO BHUMAHUSL.

OOpaTuMcsl K M3Y4EHHIO TPHUPOIBI BO3ICHCTBHS
MPOHHUKAOIIETO aKyCTHYECKOTO M3JIyYEeHHUs] BEICOKOTO
YPOBHSI Ha THPOCKOTI ¥ BBISICHUM MEXaHHU3M TOSBICHUS
JIOTIOTHUTENBHBIX TOTPENTHOCTEH U3MEPEHUH NpH pa-
6oTe mpmbopa B aKyCTHUECKOM peBepOepariMoOHHOM
MPOCTPAHCTBE.

Ilpupooa noseénenus OONOIHUMENLHBIX NOZPEUl-
Hocmell

Wzydas BnusHUE IUQPPAKINOHHBIX SBICHUN Ha
MOJBEC TUPOCKOINA, OrPaHUYMMCS PACCMOTPEHUEM
TOJIBKO CMELIAHHOW KpaeBOM 3alauu, T.6. U3YyYEHHEM
J(paKIMOHHBIX SBJICHUH Ha MMIIEAHCHOH TOBEpX-
HOCTH, KaK IIPEICTAaBIIAIONICH HANOOJIBIINN IpaKTHIe-
CKH MHTEpec. Pe3ysbTaThl OyHATYPHBIX CTEHJOBBIX
WCIBITaHUH Ha ycTaHoBke “Cupena” MHcTHTYTa Mpo-
onem npounoctu uM. I'.C. [Tucapenko HannonanpHOM
aKaJeMUH HayK Y KpauHbI HOATBEPANIH IPAaBIUILHOCTh
aToro BeiOopa. [TonaBKoBEIN TO/IBEC HE SBIIsIETCS a0-
COJIFOTHO MATKHM (3a1a4a Jlupuxie), Ho 1 He o0agaeT
abCOJIFOTHO JKECTKON MOBEpXHOCThIO (3amada Heii-
mana). Ilpu akycrmueckux nasnenusx B 150 06 u
BBIIIIE, MOBEPXHOCTH IIO/IBECA TEPEXOOUT U3 abco-
JIOMHO MEepOoll B Pa3psil UMNEOAHCHO, T.€. TAKOH, Ha
MMOBEPXHOCTH KOTOPOU MO ACHCTBUEM CHUIIOBOTO BO3-
JIeHCTBUS CO CTOPOHBI IPOHUKAIOIET0 U3IYYEHUS BO3-
HHUKAIOT YIOpyrHe MePeMEIIEeHHs MOBEPXHOCTH B TPEX

HAaIPaBJICHUSIX — BIOJIb IPOTSHKEHHOCTH HOIIaBKa (KO-
opauHata Z), B OKPY)KHOM HarpasiieHuH (110 mapaii-
J7Ienu, KoopAuHata (0 ) U B IIONEPEYHOM HAMpaBIEeHUH

(B IUIOCKOCTH LINAHrOyTa, KOOPIUHATA w ).

Jo Tex mop, moKa IMOBEPXHOCTH IOJBECAa MOXKET
CUMTATBCs aOCOJIOTHO TBEPAOH, BCe CBO¥CTBA MO-
IUTaBKa COCPEIOTOYCHHI B OJJHOM IMapaMeTpe — B MO-
MeHTe nHepiy. OTcoa ciaeyeT ¥ MeXaHU3M OIHca-
HUSI IOTpenHoCcTH mpudopa [16-18].

Ecnu ke MOBEpXHOCTh IpeBpaliaeTcs B umne-
O0aHCHYI0, U COBEPIIACT BHIHYKICHHBIE YIIPYTHE Iepe-
MEIIEHHSI, TO B CHJIy HHEPIMAIbHBIX CBOWUCTB THUPO-
CKOIIa, YIPYTO-HAIPSHKCHHOE COCTOSIHUE TojBeca Oy-
JeT BOCIPUHHUMATBCS TMPUOOPOM KaK  BXOIHAsS
BEJIMYMHA W TOPOXKIATh OMOIHHUTEIBHYIO IOTPEIl-
HOCTB U3MEPEHUH B BUJIE PEAKIINU HA “I0J#CHYI0” YTIIO-
BYIO CKOpPOCTBH KOpITyCa JIETATeNIFHOIO ammapara. Tak
KaK TIOBEPXHOCTh MOIUIABKOBOTO IMOJBECA JIOCTATOYHO
BEJIMKA, TO M MHTErpajibHas MOTPEIIHOCTh OyJeT I0-
CTHTaTh 3HAYUTEIFHBIX BEIHYHUH. [IpUueM omacHbI He
CTOJIBKO MEPUOTUYECKHE €€ COCTABISIONINE, CKOJIBKO
HMEIOILUE MECTO CUCTEMAaTHYECKUEe KOMIOHEHTHI [19-
20].

I'mybokoe n3yueHue sIBICHUST YOSAMTENIBHO IMOJI-
TBEPIWIO TOT TE3HC, YTO HEXKEIATEIbHBI HE CTOJIEKO
VIOPYTHe TEePEeMEIICHAS COOCTBEHHO ITOBEPXHOCTHU
I0J[BECa, CKOJBKO COBOKYITHOE OJHOBPEMEHHOE IeH-
CTBHE Ha NPHOOP KMHEMATHYECKOTO BO3IMYILECHHS CO
CTOPOHBI KOpITyca JIETaTeJILHOTO armiapaTta B BHJIE €ro
YIJIOBOTO JBMYKCHUS W YIPYTHX ITEPEMEUICHUN MO-
BEPXHOCTH TOZBECA O] BIMSHUEM MPOIIEAIIETO aKy-
CTHYECCKOTO M3IYYCHUS W BBI3BAHHBIX MM TU(PPAKIIHU-
OHHBIX 3¢ (HeKTOB. JI0MKHBIM 00pa30M HACTOPAKUBAET
U TOT (paKT, YTO KHUIKOCTATUICCKUI MOJBEC SBJISCTCS
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MPEKPACHBIM MPOBOJIHMUKOM 3BYKOBBIX BOJH M HUKOUM
00pa3oM He CITY)KHT PACCESTHUIO YJHEPTHHU MTPOILIEIIIETO
noist. B wrore, cama uzesi MOIUIAaBKOBOTO TO/BEca B
ATHX YCJIOBHUSX MEPEXOAUT Ha 3BIOKYIO MOYBY HEHA-
JKHOCTH OOPTOBOM ammapaTypbl HPH AKCILTyaTalu-
OHHOM HCIIOJIb30BAHUU TUIICP3BYKOBBIX JICTATCIBLHBIX
ammaparos [21, 22].

Cnenyet 0ocobo ykasaThb elle Ha OJIHy OIacHOCTb
JUIsl IpUOOPOB HHEPLUATLHOM HABUTAIIUK — MHOTOIIHK-
JIOBOC HATPYKCHUE, UMCIOIIIEE MECTO, HATIPUMED, B JIc-
TaTeNbHBIX alMaparax [UIMTeIbHOTO ACHCTBHUS. AKY-
CTHYECKAsl OTPEITHOCTh MOIIABKOBOT'O UHTETPUPYIO-
IIEro TMPOCKONa B JJAHHOM ciiydae OyaeT Bce Bpems
CYMMHUPOBATbCS U, B UTOTE, MOXKET MPHUBECTH K He-
IITATHBIM CHUTYaIMsM. B 4acTHOCTH, €CIH 3TH TMpH-
OOPBHI SIBIAIOTCS YyBCTBUTCILHBIMH SJIEMEHTAMH TPEX-
OCHOM MPOCTA0MITN3UPOBAHHON TIAT(HOPMBI OTITHKO-

9JIEKTPOHHOH ammapaTypsl, ONTHYECKUX TOJOBOK HH-
(pakpacHOT0 caMOHaBeICHUs, THPOKOMITACOB M I'MPO-
TEOI0JIUTOB.

BrlmensnoskeHHOe HaBOAUT HA MBICIb, YTO JUIA
aKyCTHIECKUX ITOJIEH CYIIECTBYIOIINE pacdeTHBIE MO-
JIeTIM TIOTPEIHOCTEH TUPOCKOIOB TPEOYIOT KpUTHYE-
CKOTO M BCECTOPOHHETO mepeocMbiciueHus. [Ipexne
BCEro, MOJIBEC CIIeyeT pacCMaTpUBaTh KaK CUCTEMY C
pacIipeseneHHbIMI TapaMeTpaMy WIIH TUCKPETHO-He-
NIpEepBIBHBIMU NTapamerpamu. Kpome Ttoro, HeoOxo-
JUMO O00s3aTENbHO YYHTHIBATH HEM3MEHHO IIPHCYT-
CTBYIOLIYIO Kauky (ro3enspka. Kcratu roBops, Takoit
MOJXOJ, B TIOJIHOH MEpEe COOTBETCTBYET HMEIOLIMMCS
peanusiM HaTypHBIX yCIOBHUI.

Takum 06pa3oM, OTIPaBHON TOUKOW IPU TOCTPO-
€HMH PacUeTHBIX MOoJieNel ClIelyeT CUUTaTh COU3MEpPHU-
MOCTb TIPOTSKEHHOCTH IOJ[BECA THPOCKOIIA C TIOJIOBH-
HOH JUIMHBI BOJIHBI ITPOHUKAIOMIETO aKyCTUYCCKOT'O U3-
nyuenwust [23-25].

Huxnuuecku deghopmuposannoe cocmosinue (2 < k)

IIpuMem 3ByKOBOE JaBJI€HUE B MaJAOIIEH BOJHE PABHBIM:

R, = Poexpi| ot—K,R, (2,0) |, @

— @
rae Mg — JaBleHHe B Nafaroleil BojHe; ko = 1— - BonHOBOI Bektop; C — ckopocTh 3ByKa; N —emm-

C

—

HUYHBII BEKTOP HAIIPaBJICHUs PACIIPOCTPAHECHUS BOJIHBI, RO — paauyc-BEKTOP TOUKH IIOBEPXHOCTH IIOILIABKO-

BOro nojBeca. Toraa, 3ByKOBbIC IaBJICHHS B TIaJjalollell, OTpaKEHHO U NpOoLIe/ei BOIHAX OYAyT OMHCHIBATHCS

COOTHOIICHUAMHU —

B=PR, expi[a)t —k, (Rcosgcose, —Rsingsing cose, —zsin g, sin 52)]; ®)

P, = P,y expi[ ot —k, (—~Rcospcose, — Reospsing cose, — zsingsing, ) |; @)

P, = P, expi| wt —k,(Rcospcosg —Rcosgpsineg cose, — zsing sing, ) |. @)

Bremnuee JUHAMHUYCCKOC BOS,I[eﬁCTBPIe Ha MIOIJIaBOK B OCEBOM, OKPY’KHOM U NONICPCUHOM HAITPABJICHUAX 6y-

JCT OMNPECACIATHECA BBIPAKCHUSAMMU!

0

Gy (t.2,9) :%Z Pox [(l+ B+ A)expi (@t +kyzsing, sing, )coskp +

k=0

+(1+B— A)expi(at + ky zsing sing, )sinke |; @

1 0
Qo ('[, Zi(”) :E

k=0

= [(1+ B+ A)expi(at + ko Rsingsing cose, )sinke +

+(1+ B — A)expi(mt +ky Rsingsing cose, )coske |; @

1 0
s (t’ Z’(D) = >

k=0

Poi | (1+ B+ A)expi (et —ky Rcospcos e, )coske +

+(1+ B - A)expi( @yt +ky Rcospcos g )sinke |, o)

a KOOpAWHATHBIE (PYHKINH TogBeca OYIYT CTPOUTHCS B BUIE:
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U, Z[ 2(1-2) coskgcosz +al” (t)z*(1-z) sinkgsin z}; (11)
U, Z[ (1- z) sinkgcosz + b’ ( )z 2(1—Z)ZCOSngSin z}; (12)

W = Z[CS) (t)z*(1- z)4 coskpcosz +c? (t)z*(1- z)4 sinkesin z} (13)
k=0

Ocenecummempuunoe 0e@opmuposannoe cocmoanue (k 21) B sTOM ciydae Bo3MymIaromme BO3xei-

CTBUA UMCIOT BUI —

O (t,2,00) = % Po[ (1+ B+ A)expi(mt +kyzsing sing, )cos g +
+(1+B - A)expi(amt +kyzsing sing, )sing|;
Oy (1, 2,00) = % Po[ (1+ B+ A)expi(ayt + ky,Rsingsin g, cose, )sin g +
+(1+B— A)expi(mt +kyRsingsing cose, )cosp |;

Oy (t,z,go)=%P10 [(1+ B+ A)expi(amt —kyRcospcos e, )cos g+

+(1+B— A)expi(at + kyRcospcos g )sing |, (14)
2 KOODIMHATHEIC (hyHKIJHH HMEIOT CICAYIONIYIO CTPYKTYDY:

U,(tz,¢)=2*(1-2) expia)lt(ai(l) cospcosz +a'? sin psin z); (15)
U,(t,z,p)=2°(1- z) expla)lt(bl cospcosz +b® sin gsin z) (16)
W(t,z,p)=2"(1- z) expla)lt( cospcos z +c\? sin psin z). an

PackpriTHe IpUPOIBI IBICHUS JOCTATOYHO YOS IUTEIHHO MPOSCHIACTCS Ha IPUMepe HeCTAI[OHAPHON 3a1aun
B3auMO/JICHiCTBUA. B paMkax TpeXMepHO# MOJEIM CUNTAEM, UYTO BCIIEACTBHE AU(PAKIIMOHHBIX SBICHUI HA HMITC-
JTAHCHOW TIOBEPXHOCTH TOBECA TUPOCKOIIA AIIEMEHTHI 000JI0UEUYHON YaCTH COBEPIIAIOT YIPYTHE ITepeMEIIeHUI
BJI0JIb IIPOTSKEHHOCTH IOIUIABKA, B OKPY’KHOM HAIPaBJIEHUU U B IONEPEYHOMN IUIOCKOCTH C OTHOCUTENIbHBIMU
ckopocTsiMu (puc. 9) —

U, (t,2,0)=i0z?*(1-z)’ expia)lt(al(l) cos¢cosz +al” sinpsin z):ia)Uz; (18)
Uw(t,z,go):ia)zz(l—z) explcolt(bl sinpcosz + b COS(DSInZ)—Ia)U ; (19)
W(t,z,gp):ia)z“(l—z) expla)lt( cosgcosz +c\?singsin z):ia)W. (20)

BE11eMB B IJIOCKOCTH IIITAHTOYTa JIBa JIEMEHTAPHBIX 00beMa 070 (08W maccer OM , IOCTPOUM CXEMY
BO3HHKHOBEHUS DWIEPOBBIX CHJI MHEPITUH, KOHKpeTHee cril nHepiu Kopuommca, 1ig A1ByX pexuMoB JIA — nup-

KyJISIIMK C YTIIOBOH CKOPOCTbI0 () M TPEXOCHOH Kauku (rozenska [23].
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Puc. 9. Croorcroe osudicenue nogepxnocmu noogeca 2upocKkona
Lupxynayus
IlycTb anmapar BbINOIHICT MAHEBPUPOBAHUE C YITIOBOH CKOPOCTBIO (U . Jl1st IPOCTOTHI IPUMEM €€ [OCTO-

SIHHOM 10 BEJTMYHUHE.

IToBepXHOCTH MOIIaBKa COBEPIIAET CI0KHOE JIBI)KEHHE. YIIPyTHe ee CMELIeHUs o AeHCTBUEM IIPOHHKa-
JOIIET0 AKyCTHYECKOTO M3ITY4YEHHS SBISIOTCS OTHOCHUTEIBHBIM JABIKEHUEM, IUPKYJIIINS BMECTE C JICTATEIIHHBIM
annapaToM SIBISIETCS TIEPEHOCHBIM JIBIDKEHHEM. TakuM 00pa3oM, 3JIEMEHThI MOBEPXHOCTH OyIYyT UCIBITHIBATH

yckopenus Kopunommca WCl = 2((_50 X Uz (puc. 1, a), WCz = 2((_30 X U¢ (puc. 10,06) n ch = 26(_30 xW

(puc. 10, B). Bo3nukarourye mpu 3ToM cuibl uHepuuu Kopuonuca

dF, (U,)=—-dmW,; dF, (U,)=—-dmW,; dF, (W)=—dmW,

MOCTYXaT IPUYUHON MPOSIBIEHUS] MOMEHTOB cuJl HHepImu Kopuomrca

dM, (U,)=2Rsing, dm; dM, (U, )=2RW, dm; dM, (W )=2RW, dm.

Awm ‘w Awa

/ AT
O R
W,

g

3

Puc. 10. Mexanusm 603nuknosenust momenmog cun unepyuu Kopuonuca na yupkyniayuu

HpI/IHI/IMaSI BO BHHUMAaHHUE, UTO h D R , T.C. UTO TOJILIIMHA ITOIJIaBKa HAMHOI'O MEHBIIIE €ro paanyca, rnocjie
HWHTCTPUPOBAHUA 110 BCel IOBEPXHOCTHU TOABECA, ONPCACITIAEM ITOJIHBIC 3HAYCHU S ,Z[eﬁCTBy}OLHPIX MOMCHTOB!:

M‘;(UZ):SIF?0 iU ; (21)

u
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M°(U¢)8|F§)° ioU ; (22)

u 4

Mg (W)=0, (23)

rac I — MOMCHT UHCPU U MOJABM)KHOM YaCTH OTHOCHUTEIBHO BBIXOIHOM ocu, ocu Z .

YUT00KI YE€TKO YACHUTDH BECb MCXAaHU3M SABJICHUS, TPEACTABUM BEKTOPbI MOMCHTOB B BUJIC X COCTABJIAIOMINX

IO HaNpaBJICHUSIM 0_)0 u H (puc. 11).

Ynpyeue nepemewjenus nosepxnocmu nooseca 6 nanpagienuu e2o npomsicennocmu (puc. 11, a). Benuunna
BO3MYIIAIOIIETO MOMEHTa 0ToOpakaeTcs ¢popmyoit (21) —

u

low, .
I\/IC(UZ)z8 F\C)OO ioU_(t,2,9). (24)

BexTop MOMEHTa HampaBJIeH BJOJIb OCU NIOJIBECa, T.€. BIOMNb ocH Z , 3a pucyHoK. Ero Benuuuna Oyner mpo-
MOPIMOHAIFHO aKyCTHUECKONW MOTPEITHOCTH Iprbopa, a BIusAonIie (hakTopsl cieayioT u3 Gopmyn (15) u (18).
VYnpyeue nepemewjenusa nogepxnocmu 6 OKpyscHom nanpasienuu, 60oas napanreau (puc. 11, 6). I[lpencraBus

BCKTOpP MOMCHTA CUJI HHEPIUU Kopnonnca B BUAC IBYX COCTABJISIOIINX M 1 u M 2~

M, (t)=M,sin2¢p;

- (25)
Mz(t)=2M¢,sm 0,
II0CJIC MHTETPUPOBAHKS 110 YTy () B OKOHYATEILHOM BHJE YCTAHABIHBACM MX 3HAYCHHUS —
M, (t)=M,(t);
(26)
M, (t)=7M,(t),
rie M (t YA )=i | w iU (t YA ) | — MomenT uHepiY TOABIKHO# YaCTH TIOBECA C TH-
| o\ M @ R 0 p\M @), pa )i Ji|

poarperaTOM OTHOCHUTCIIBHO BBIXOZ[HOﬁ OoCH.
OueBUIHO, YTO HAMOOIBIIYIO OMACHOCTH MPEACTABIISAET COCTABIISIONIAs Ml (t, Z, (0) , T.K. BBI3BIBACT IIpe-
OEeCCUuro rI/IpOCKOHa OTHOCHUTEJIBHO OCH IIOABECA.
@, x H =M, (t,2,9); @7)
MU, (t,2,p)
w,= .
HR

(28)

Paccyn(zxaﬂ AHAJIOTMYHO, MOKHO YCTAHOBUTH CTCHCHbL BJIMAHHWA paJUaJIbHBIX YIPYTrUX HepCMGIIIGHI/Iﬁ

W (t,Z,9) (puc. 11, 5).



42 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 201

|

Awa

A Wy Wy

a)

6)

Puc.11. BO3MyM/[LZlOM/[u€ MOMEHMbl, 6bl36AHHbLE YNPY2O-HANPANCEHHBIM COCMOAHUEM
NONIABK06020 nodseca cupockona

HecMoTps Ha cTpemMuTENnbHOE pa3BUTUE ANBTEP-
HATUBHBIX CPEJICTB HABUTAIlUH, B YACTHOCTH, II100aJIb-
HBIX CIIyTHUKOBBIX pPaJMOHABUTALIMOHHBIX CHCTEM
knacca « TPAH3UT» v «[JUKAA» c ncroiib30BaHuEM
HU3KOOPOWTANBHBIX ~ MCKYCCTBCHHBIX  CITyTHHKOB
3emin, a takxke cpenueopoutanbHeix «NAVSTAR» u
«JIOHACC» nyist obecrieueHust onepaTuBHOM HaBHUTa-
LMY Ha3€MHBIX, BO3AYLIHBIX U KOCMUUYECKUX ammnapa-
TOB B PEXUMaX OTKPBITOTO W 3aKPBITOTO KaHAJOB,
MHEpPLHAJIbHBIE CUCTEMBI B HACTOALLEE BPEMS BCE K€
OCTaIOTCS OJJHUMU W3 CaMbIX HaJIeKHBIX Ha IOJBYIK-
HBIX 00BEKTaX, TaK KaK OONAJar0T MPHHITUIHAIHHEIM
JIOCTOMHCTBOM — aBTOHOMHOCTBIO. K cIIOBY ckasats,
Mexnynapoanast Kousenuust SOLAS-74 npunsina pe-
1IeHue 00 0053aTeNIbHOM YKOMILJIGKTOBaHHH CY/IOB BO-
nousmenieHreM Boie 500 T rupocKonuYecKuM KOM-
acom.

BoiBoasbl u npepsioxenusi. [IpoBeneHHbIN cpaB-
HUTEJbHBI aHAIN3 MPCUMYINECTB OaUTUCTUYCCKUX
PaKeT ¥ TUIEP3BYKOBBIX CPEACTB Il JOCTABKH I0JIE3-
HOTO Tpy3a B 3aJlaHHYIO TOYKY IpPU DPEIICHHUH 3a/1ad
00OpOHBI H 0YEPUCHO 11eTeCO00Pa3HOCTh IIPUMEHEHUS
TeX, WIM UHBIX, TeXHONOTHH. J[oka3aHO, 4TO B ycJO-
BUSX THUIIEP3BYKOBOIrO IOJIETAa MPOHUKAIOLIEE aKyCTH-
YeCcKoe N3IyYCHHE MOXKET OKa3aTh pelIaomiee Bo3aei-
CTBUE HAa BO3HUKHOBEHHUE JOMOJHUTEIbHBIX MOTPEI-
HOCTEH HMHEPLHAIBHBIX CHCTEM 6opToBoi
annaparypbl. [locTpoeHHbIE pacueTHBIE CXEMBbI SIBJIE-
HUS TTO3BOJISIOT NMTPOBECTH aHAJIOTOBYIO M YHCICHHYIO
OLICHKY BJIMSIHMS TPOHUKAIOLIUX 3BYKOBBIX BOJH Ha
MEXaHHYECKHUE CUCTEMBI OOPTOBOW MHEPIIMAIBLHOM arl-
naparypbl, B TOM YHCIIE, B SKCTPEMaIbHBIX YCIOBUAX
PE30HAHCHOTO TUIIA HA OCHOBE BO3HUKHOBEHHS BOJIHO-
BOI'O COBIAJEHUS. YCTaHOBJIEHO, YTO PACUYETHBIE MO-
JISTA TTOTPENTHOCTEH MHEPIUATBLHBIX CUCTEM JTOJIKHBI
MPOBOAUTCS C YYETOM YIPYTOHM MOJATIMBOCTH JIEMEH-
TOB CHCTEM I10/IBECA THPOCKOIIOB, YTO TPEOyeT NpHCyT-
CTBUS B PACUETHBIX MOJIEIISIX IEPSHOCHBIX M KOPUOJIU-
COBBIX CWJI MHEpLUH, TOYHee ux MoMeHToB. [locrnen-
HUN TE3UC MO3BOJISIET BBISIBUTH s dext
W30MPATEIHbHOCTH KHHEMATHYECKUMHU MapaMeTpaMu
YIJIOBOI'O JIBMKEHUSI KOPILyCa-HOCHUTENS 4acTOT aKy-
CTHYCCKOW BHOpAIM TMOBEPXHOCTU MOJBECA H BHI-

SIBUTH, KPOME TIEPHOIMUECKUX COCTABIIIOIINX, CHCTE-
MaTHYeCKUE MOIPELUIHOCTH WHEPLMANBLHON amnmapa-
TYpHI B HATYPHBIX ycioBusax. Hammane ¢ dexra nzou-
paTeNbHOCTH YaCTOTAaMHM YIJIOBOTO JIBUXKEHHUS KOpITyca
JIA 4acToT aKyCTHYECKOW BHOpaIlMH IOBEPXHOCTH
MoJ[Beca THPOCKOIIA MO3BOJISIIOT MPAaBUIILHO BBHIOPATh
TEXHUYECKHUE PEIICHHs] OOPHOBI C ITUM BIUSHUEM — aK-
TUBHBIMH, TTACCHBHBIMH JTN0O METOaMH aBTOKOMIICH-
CalliH.
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HEAT ANALYSIS OF POWERFUL ELECTRICAL MACHINE FOR COOLING FAILURE

Kencuuvkuit Onee I'eopezitiosuu

O0OKMOp MEXHIYHUX HAYK, NPOGIOHULL HAYKOBULL CNIGPOOIMHUK,

Incmumym enexmpoounamixu HAH Ykpainu
Bnacenxo Temana Cmanicnagiena

Kanouoam QizuKo-mamemMamuyHux HaykK, 3a6i0yeay i0oiuny,
Incmumym npobaem 6e3nexu amomnux erekmpocmanyivi HAH Yxpainu

Xeanin /lenuc Izoposuu
IHoICEHep,

Incmumym npobaem 6e3nexu amomnux erekmpocmanyitt HAH Yxpainu

AHAJII3 HATPIBY NOTYKHOI EJIEKTPUUYHOI MAIIIMHHU ITPU NIOPYILIEHHI
OXOJIOJKEHHA

Summary: A three-dimensional mathematical model of heat transfer processes in a stator winding bar of
powerful turbogenerator is developed. Heat levels of bar elementary conductors for different number and location
in a bar of hollow conductors with failure or absent circulation of refrigerant are determined. With help the math-
ematical simulation proved when in single column the number of adjacent no-circulation hollow conductors not
exceed three the turbogenerator TGV-250-PT3 can be operated without any restrictions on the active load. When
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located close up the four stopple hollow conductors, the active load should be reduced to 85% from the nominal
load, and at the five - down to 75 % from the nominal load.

AHoTtanis: Po3pobieHa TpuBEIMipHa MaTeMaTHYHa MOJIENb Nepediry TeIIOOOMIHHHX TMPOIIECiB y CTEPIKHI
0OMOTKH CTaTopa MOTYXHOro TypOoreHepaTopa. BusHaueHi piBHI HarpiBy eJeMEHTApHUX HPOBIIHUKIB CTEPIKHS
TIPY Pi3HUX KUTBKOCTI Ta pO3TaITyBaHH] ¥ CTEPKHI IOPOKHUCTHX IPOBITHUKIB, MUPKYIIALIS XOJIOJOATSHTY B IKHX
nopyueHa abo BiCYTHs. 3a JIONOMOrOI0 MaTeMaTHYHOTO MOJEIIOBAHHS JIOBEJEHO, 10 Y BUIAJKY, KOJIH B OJI-
HOMY CTOBIYMKY KiTBKICTB ITOPYY PO3TAIIOBAHUX TOPOKHUCTHX MPOBIIHUKIB, MUPKYILLIA Y IKUX BIICYTHS, HE
HepeBHUILy€e TphoX, TypOorenepatop tuny TI'B-250-I1T3 moxe ekcruryaTyBatucst 6e3 OyAb-sIKUX OOMEKEHB I10
AKTHBHOMY HaBaHTa)KCHHIO. [IpH po3TalIOBaHUX MOPS YOTUPHOX 3aKyNOPEHHX HOPOKHUCTHX MIPOBITHUKAX aK-

THUBHE HaBaHTa)XEHHS Mae OyTH 3HIKeHe 10 85 % BiJ] HOMiHAJBHOTO HABAHTAXKEHHS, a IPH I’ SITH — 10 75 %.
Keywords: turbogenerator, stator, winding, bar, refrigerant.
Krouosi crosa: mypboeenepamop, cmamop, 00MOMKA, CMepiHCerb, X0JI000A2eHN.

IMocranoBka npodJaemu. CTBopeHHs TypOOreHe-
paTopiB BEIHMKOi MOTYXKHOCTI Oymo OM HEMOXKIHBUM
0e3 3acTOCyBaHHS Cy4aCHHX CHUCTEM OXOJOJKEHHS
HaOUTPIII HABAaHTAXKCHUX Y EJICKTPOMArHiTHOMY
BiiHOWIEHH] By3miB. [lepur 3a Bce Le crocyeTbes 00-
MOTKH crartopa. BrhpoBamkeHHs O6e3mocepeqHBOro
PIIMHHOTO OXOJIOJPKEHHSI CTEPIKHIB OOMOTKHM cTaTropa
no3sosmito go 3000 A/cM migBHINWATH JiHINHE HaBaH-
TaKCHHS TypOOTCHEPATOPIB 1, IK HACIIIOK, 301IBIITHTH
OIIMHIYHY MOTYXHICTh €HEProOJIOKiB, 30KpeMa i aToM-
HUX eJIeKTpOCTaHIii. CbOro/iHI OANHIYHA MTOTYKHICTh
OimBIIOCTI €HEepProOJIOKiB aTOMHHX EJIEKTPOCTAHIIN Y
1000-1300 MBT € 3BMYaiiHUM SIBUILIEM.

Pa3om 3 TuM, 3p03yMiNo, 1110 BIPOBAKEHHS 0e3-
HOCEPEAHBOr0 PiTMHHOTO OXOJIOMKEHHS OOMOTKH CTa-
TOpa MOB’s13aHe 13 CTBOPEHHSM JIOJJATKOBHUX CHCTEM 3a-
Oe3MeyYeHHs MIATOTOBKH Ta IUPKYILLIl TUCTHIATY,

KOHTPOJIIO ¥ MIATPUMKH HOTO IieJIeKTPUYHUX MOKa3-
HMKIB, TOIIO. | Bl HaMIMHOCTI BCIX €JIEMEHTIB CHCTEMU
OXOJIO/PKCHHSI OOMOTKH CTaTOpa 3aJIeKHUTh HAIHHICT
TypOOTreHepaTopa B eKCIUTyaTallii B IJIOMY.

AHaJi3 ocTaHHiX AochilkeHb i myOJikaiii.
Heo0xigHOIO IMepefyMOBOIO HAIIIHOCTI TypOOTeHepa-
TOpa B SKCILTyaTaIlii € 3a0¢3MeUCHHS IIIIBHOCTI PiIH-
HOI CHCTEMH OXOJOIKEHHS, 0COOIMBO, BCEPEINHI KOP-
nycy. KoxxeH crepkeHb 0OMOTKH CTaTopa CKJIaIa€ThCs
i3 TPaHCIIOHOBAaHUX EJIEMEHTAPHHUX IPOBITHUKIB, Ya-
CTHHA 13 SKUX BUKOHaHI MOPOXXHUCTHMH 1 MalOTh Ka-
HAIIA, TI0 SKHUX BJACHE 1 MUPKYIoe TucTWwiit. [lopy-
LIEHHS IITBHOCTI HOPOKHUCTHX MPOBITHUKIB IPU3BO-
IUTH 10 BUTOKY IHCTHIIATY, 3BOJIOKCHHIO TOJIOBHOT
i30IIA11i1, 3HIDKCHHIO 11 eNeKTPUYHOI CTilKoCTi 1,
HACaMKiHellb, 10 ii eJIEKTPUYHOr0 IPo0OTo.

LlITyuep rosoBku [Tarpy6ok

CTEPIKHs ¢droporiacToBoro

HIIAHTY
CrepkeHb {
00OMOTKH !
[oF -

Puc. 1

[Ipu BUSIBIICHHI TeUi MUCTHIATY BCEPEAMHI KOp-
nycy TypOoreHepaTop MOBHHEH OyTH HEeraitHO 3ynuHe-
HHUH, PEMOHTHHM IIEPCOHAJIOM BHKOHYETHCS oOCTe-
KEHHS CTaHy CHCTEMH OXOJIOJUKEHHS 3 METOI0 JIO-
KaJtizalil Ta MOXIIMBOTO YCYHEHHS YIIKOJUKEHb. SIKIII0
NPUYUHOIO T€Yi € YNIKOMKSHHS eJIEeMEHTapHOIro Mo-
POXKHUCTOTO MPOBiHKUKA (200 NEKIJIBKOX) arperar 3a-
3BUYal BUBOJMTBCA Yy JOBIOTPUBAIMKA PEMOHT,
OB’ SI3aHUH 13 3aMIHOIO YIITKOPKEHOTO CTEPIKHS.

B TtypOoreneparopax [neAknXx BUPOOHHUKIB
(manpuknan, Il «3aBog «EnektpoBakmair», M.
XapkiB) KOHCTPYKIiA MiABOAY JUCTHIIATY 10 TOOOBHX
YacTHH BHKOHaHa po36ipHoro (puc. 1 [1]). [Ipu Buss-
JICHHI TOPYIIEHHS MIUTBHOCTI MOPOKHUCTUX EJIEMEH-
TapHUX TPOBITHUKIB B CTEPKHI IIJIAHT MiJBOY JUCTH-
JISITY BiJ’€THY€ETHCS, TOJOBKA PO3KPUBAETHCS 1 3’sIB-
JSIEThCSL JOCTYII JIO BXOMIB JUCTHIISTY B HOPOXKHHUCTI
MPOBIMHUKH. SIKIIO BiJOMO, SIKi caMe TOPOKHHUCTI

MPOBIIHUKHA MalOTh TPIIIMHU Y CTIHKaX, BOHHU 3ariy-
HIYIOTHCS (3aMaI0I0ThCST) 31 CTOPOHU BXOJY JUCTHIITY
(cropoHa Typ6inn). Tum caMuM BHKIIOYa€ThCS HEOO-
X1JIHICTh HETAWHOTO MPOBEJCHHS PEMOHTY, 1 poOOTH i3
3aMiHM YIIKOJKEHOTO CTEPXKHS MOXYTb OyTH BHKO-
HaHi IiJ 9ac HaOIMKIOT0 CepeHhOr0 a00 KamiTaib-
HOTO IUIAHOBO-TIONIOPE/KYBAJILHOTO PEMOHTY. 3BH-
YafHO,  KIJIBKICTh  3arfyIIEHHX  IOPOKHHUCTHX
MIPOBITHHKIB ITIOBUHHA OyTH 00MEKEHOI0, TEMIIEpaTypa
CTEpIKHS TPH 1[[bOMY He MOBUHHA MEPEBHIIYBaTH rpa-
HUYHMX  3Ha4eHb, 10  BIANOBINAIOTH  KJacy
HarpiBocTiiikocTi i30msmii 00MoTku. Tak B iHCTPYKIIT
3 ekciutyaranii TypOorenepatopis BupoOHuuTBa JI1
«3aBox «EnexTpoBaXkmann KilbKiCTh 3arayIIeHUX T0-
Py pO3TANIOBaHMX OPOKHUCTHX IIPOBIIHHUKIB HE O~
BHHHA [EPEBUIYBaTH JBOX. Pa3zoM 3 TUM, He3po-
3yMLIO, IO pOOUTH, SKIIO KUTBKICTh
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3ariylIeHUX MPOBIIHUKIB OlybIla, 1 BOHH pO3Ta-
IIOBaHi Y CTEPXKHI OKPEeMO OAWH BiJ OJHOTO.

Merta po60oTH. MeTOX0 BUKOHAHOTO JIOCIIIKCHHS
€ BU3HAUCHHS MAaKCUMAaJIBHHX TEMIICpaTyp CTEPIKHS
OOMOTKH CTaTOpa IpH PI3HUX BapiaHTaX KiIbKOCTI i
pO3TaIlyBaHHS MO HEPETHHY 3arilylICHUX IOPOXKHU-
ctux nposigHukiB. Illo no3BosuTh CcdopmysroBaTH
OOTpYHTOBaHI BHCHOBKH II[OJI0 MOXITUBOCTI €KCILTya-
Tauii TypOoreHepaTropa B OCHOBHUX peKUMax 0e3 00-
MEKeHb a00 HEOOXiJHOCTI 3HIKCHHS HAaBAHTAKCHHS B
3aJIeXKHOCTI BiJl KUIBKOCTI 1 pO3TallyBaHHS Y CTEpIKHI
3ariyHIeHNX MOPOKHUCTUX TPOBIAHUKIB.

Bukaang ocaoBHOro martepiany. Ilepe0ir Terro-
BUX TPOLECIB JOCHIKYETHCSI Ha MaTeMaTHYHIH MoO-
JIeNi CTEepKHS OOMOTKH cTaTopa TypOoreHeparopa

.
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N

ravy

VaVavs

iy TI'B-250-2I1T3. TypGoreHeparopy LOTO THUILY
eKCILUTyaTyIOTbCs Y ckiani eHeproOmokiB Ne 3 i Ne 4
AEC «Kaiga» i eneprobmokie Ne 5 i Ne 6 AEC
«Rajasthany (Iumis).

Oco0JMBICTIO KOHCTPYKLIT CTEPKHIB € IX BHrO-
TOBJICHHS 32 MPUHIHIIOM «pobeib y poberi», Komu ix
mepetuH (puc. 2) MICTUTh JBa TPAHCIIOHOBAHHUX
CTEep>KHi, OJTUH 13 SKHUX PO3TAIIOBaHUI BCepenuHi iH-
roro. /1yt BHYTPIIIHBOTO CTEPKHSI Ha OJIMH IIOPOKHH-
CTMH TPOBIAHMK MpUIANAE JBa CYLIIBHUX, Ui
30BHIIIHBOTO — Tpu. Taka KOHCTPYKIis 3abe3rneuye
e(eKTUBHMH BI/IBiJ] TETUIOBHUX BTPAT BiJI €lIEMEHTapHHUX
NPOBIAHKKIB HABITH MPU YaCTKOBUX IMOPYIICHHSIX LIHP-
KyJSIIii  XOJIOMOAareHTY B OKPEMHUX MOPOKHHCTHX
MIPOBITHAKAX.
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Puc. 2

[Ipu CcTBOpPEeHHI pPO3pPaxyHKOBOI MaTEeMAaTHYHOL
Mojieli Tiepediry TermIo00MiHHUX MPOIEciB MpUHHATA
HU3Ka IPUIYIICHB, SKi CIPOIIYIOTh PO3PAaXYHOK i pa-
30M 3 TUM HE BIUTUBAIOThH HA iX JTIOCTOBIPHICThH peab-
HUM (i3UYHHUM ITIpoIiecaM MOJEII:

BPaxOBYIOYH HASIBHICTh TPAHCIIO3HIIT €lIeMeHTap-
HUX MPOBIAHUKIB, MPUUHATO, IO TCIUIOBUAUICHHS B
MiJli pO3MOALIEHI PIBHOMIPHO;

TEIUIOBI BTPATH B CTaJli OCEP/Isl CTaTOpa B pasiaib-
HOMY HalpsIMKY 3aJlaHi 3a pe3yJibTaTaMH eKCIIepUMEH-
TaNBHUX TOCIIKCHB JUIsl TypOOreHepaTopa aHaIorTiv-
HOT moTyxHOCTi [2];

€JIEMEHTH PpO3paxyHKOBOI o00iacTi posrisia-
FOTBCS SIK OHOPIHI aHI30TPOIIHI TiJIa 3 ycepeTHEHUMHU

TerI0(Gi3NYHIMH XapaKTEPUCTHKaMU MaTepiaiiB 110
BiJINIOBITHOMY HANpPsIMKy B MeXKaX €JIEMEHTaApHUX PO-
3paxyHKOBHX 00’ €MiB;

Koe(illieHTH TETUIOBIAadi 3 OX0JIOHKYIOUUX TI0-
BEPXOHb BH3HAYAKOTHCS IO BiIMOBITHUM KpUTEPialb-
HUM 3aJIeKHOCTSIM Ta eKCIIEPUMEHTAIBHUM JaHUM [2-
4];

3aJIEKHICTD TETIO(I3UIHUX napamMeTpiB
(kKoedilieHTIB TEIUIONPOBITHOCTI, MUTOMOI TYCTHHH,
TEIUIOEMHOCTI) MaTepialiB OOMOTKH 1 oceplisi cTaTopa
BiJl TEMIIEpPaTypH HE BPaxOBYEThCS HpPU BHUOOPI po-
3paXxyHKOBOI OOIAcTi BPaxOBYETHCS CHMETPIS 1
MEPiOINYHA TIOBTOPIOBAHICTh CJIIEMCHTIB KOHCTPYKIT
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0OMOTKH 1 OCepAs cTaTopa, yMOB OXOJIOKEHHS 1 Tell-
JIOBUJIIJICHB IO KOJIy CTaTOpa; BTPATU B MiJl CTCPIKHS
Ta B CTaJli OCEPAs CTAaTOPa, a TAKOXK Terutodi3myHi ma-
pameTpu (KOehillieHTH TEIUIONPOBIAHOCTI, MTHTOMOI

TYCTHHH Ta TEIUIOEMHOCTI) 3aJaf0ThCA IS OUIKyBaHO1
PO3paxyHKOBOT TEMIEPATYpH.

65
60
55
50
45

415
Puc. 4

3 ormsiy Ha HaBeJCHI MPUITYIICHHS, KOHCTPYKTUBHI OCOOIMBOCTI Typ6oreHepaTopa Ta HasBHY CXEMY IIHp-
KYJIALIT XOJ00areHTIB PO3IISIAETHCS MOJBOBA 3a/1a4a CIUIBHOTO PO3PaXyHKY TPUBHMIPHOTO TEeMIIEPaTypHOTO
TOJISL IS CEKTOPA MAaKeTy ocep/is Ta 0OMOTKH cTaTopa. Po3paxyHKoBa cxema OXOILTIOE 3y0IieBe (a30Be) MieHHS
craropa (puc. 3). I ma30Boi YaCTHHA OOMOTKH MaTEMAaTHYHO KOPEKTHO OMKCAHO TEIUIOBHIT 3B 30K 13 0cepIsiM

(cramnro) cratopa. AHAJIOTIYHO ONMCAHUH TEIIOBHM 3B’ 30K IIOBEPXOHB ITAKETY 3 OXOJIOKYIOUNM BOIHEM.
Onuc TeMIepaTypHOTo TIOJIi BUKOHAHMM 3a JOIMOMOIOI0 CUCTEMH IU(EpeHIiaJbHUX PIBHSIHb TEIJIO-

MPOBIAHOCTI

00

c(6,l)p(6,1
(0.)p(01)2 -
3 HaCTyHHI/IMI/I rpaHI/IqHI/IMI/I yMOBaMI/I:

Ay 0O

=div(2(6,1)-grad6)+aq, (6,1)

eXI —_ +__ — JIs1 OXOHOI[)KyIO'-H/IX KaHaJ11B HOpO)KHI/ICTI/IX HpOBl}IHI/IKIB
O, o)

OXI =+ ——— _ 114 30BHIMIHIX TeMIOO06GMIHHUX MOBEPXOHB TTAKETA OCEPAS CTATOPA;
(04

Xi i

He-0)-
0,(¢-0)]=+

e O - TeMIiepatrypa B 00J1acTi aHali3y;
| — BigmoBiHAa MPOCTOPOBA KOOPIMHATA;

A6, (5+0)-

3paxyHKOBO1 001aCTi;

Ak[ﬁi(§+0)—

—1 ((t3 + O) — Ha MexXi JAOTUYHUX TOBEPXOHb €JICMEHTIB po-

0,(¢-0)]

Oxi — Koe(illi€HT TEeTIOBiIavi 3 BiAMOBIIHOT MOBEPXHI;

K = 7\4](
KOHTaKTY);

F« — TermonpoBinHicTh KOHTAKTY (F« — mToma Ta A« — eKBiBaJCHTHUI Koe]iieHT Terwionepeaadi

¢, p, A — MITOMA TEIUIOEMHICTb, IIITBHICTB 1 KOE(IIiEHT TeMIONPOBIAHOCTI 00IaCTi aHATI3Y.

VY 3aranbHOMY BWIUIAI 3a/lada € HeJiHiIHHOIo, il
BUPIIIEHHS 3iHCHIOETHCSI METOJOM CKiHYEHHUX elle-
MEHTIB y TPUBUMIpPHiH (IIpOCTOpOBiii) mocTtaHoBi [5].
ITepenbavaeThbes, 0 PO3TIISTHYTA KpaioBa 3a/1a4a € KO-
PEKTHOIO, TOOTO BOHA MAa€ PIllICHHS 1 TUTBKU OJHE, SKE
Oe3rnepepBHO 3aJEKUTh Bill BXigHMX naHuX. [Iporec
MOMIMPEHHS TEIUIa B 3arajlbHOMY BUIJIS/I OIUCYETHCS
3aKOHOM 30epeXeHHs eHeprii (PiBHAHHAM TEIJIOBOTO
OanaHcy).

JIoCTOBIpHICT CTBOPEHOI MaTeMaTHIHOI MOJENI
nepediry TermooOMIiHHMX TIPOILECiB Y CTEpXKHI 00-
MOTKHM CTaTOpa MpH MOPYIIEHHI IUPKYJSLII X0JI0/0-
areHTy TepeBipeHa NUIIXOM CITIBCTaBIEHHS pe3yiib-
TaTiB TECTOBUX PO3PaxyHKIB i3 JaHUMM LITATHOI CH-
CTEMH TEMJIOBOTO KOHTPONIO [l HOMIHAJIbHOTO
PeKUMY HaBaHTaXXCHHS TypOoreHeparopa (puc. 4).
MaxkcuManpHAKA HAarpiB 'y HOMIHAJBHOMY PEXHMI
HaBaHTaxcHHs ckianae 70 °C (cTainp makeTy B 30Hi JHA



[ |
EESY)

= Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 2019

47

nasa). Po301kHICTh MiX OTPUMAaHHUMH Ha MaTeMaTHY-
HIif Mojeni TemIrepaTypaMH aKTHBHHX €JIEMEHTIB
(Mizp cTepKHiB, 3aTi30 MAKETIB) Ta eKCIUTyaTalliHHUMHU
JaHUMH cknana He Oinbie 10 %, mo cBiq4uTb Npo Bi-
JIIOBITHICTE MOJIEIN peaTbHIM TEIUIO(i3HIHNAM MPOIIe-
caM.

VY pe3yibTaTi MOJEIIOBAHHS IOPYLIEHHS 0XOJIO-
JUKEHHSI (NPUIMHEHHS LUPKYISLIl XOJI0JI0areHTy) B
OKPEMHX €JICMEHTAPHUX NPOBITHUKAX BCTAHOBJICHO,
10 NP HOMIHAJILHOMY HaBaHTaXXEHHI 1 MPUMUHEHH]
UPKYJSINii JUCTHISTY Y IBOX PO3TAlIOBAaHHUX ITOPYY
MOPOXKHUCTHX €JIEMEHTapHUX MPOBIIHUKAX MaKCUMa-
JBHA TeMIIepaTypa Mifi CTEpXKHs HE MEePEBUIIYE MPH-
nyctumux 3HaueHb (140 °C) 1 npu Temneparypi AuCTH-
maty 40 °C ckmagae 111 °C (puc. 5a). Sxmo uupKys-
Iisl JUCTWIIATY BIACYTHS y TPbOX €JEMEHTapHHUX
MOPOXKHUCTHX IPOBIIHUKAX, TO MaKCHMyM TeMIIEepa-
TYPH MiJli 3aJISKUTh BiJl IXHBOTO B3aEMHOTO pO3TaIlly-
BaHHI. SIKIO 3aKyMmOpeHi MPOBIAHUKA PO3TAIIOBaHI y

OIHOMY CTOBITYHMKY, Temmeparypa nocsarae 113 °C
(puc. 56). Konu x 11l NpoBiTHUKU 30CEpeKEH] Y KyTO-
Bilf 30HI MEPETUHY CTEPKHI MAaKCHUMyM TEMIIEpPaTypH
MOJKE CATaTH IPaHUYHO HPHUITYCTUMHX 3HA4YEHb (pHC.
56).

To6T0 y BHIAAKy, KOJIH B OJZHOMY CTOBITYUKY
KUTBKICTP ~ TIOpPYY  PO3TAlIOBAaHUX  IOPOKHUCTHX
MPOBIIHUKIB, LMPKYJSLisl y SKUX BIJICYTHS, HeE
TIEPEBHUIILYE TPBOX, TypOorenepaTop MOXKe
eKCITyaTyBaTucs 0e3 Oynb-SKMX OOMEXeHb 10
AaKTHMBHOMY HaBaHTa)XEHHI0. Takuil ke BHCHOBOK
MOYKHa 3pOOHTH JUIS BUINIAJIKY YOTUPHOX 3aKYHOPEHHX
NPOBIJHMKIB,  SKIIO  BOHM  pO3TAlIOBaHI Yy
BHYTPIIIHEOMY CTep)kHi. MaKCHMallbHI TeMIepaTypu
Migl B mux Bumagkax craHosisaTs 113 °C 1 105 °C,
BIINOBITHO, 1 BigBEACHHS HAUIMIIKOBUX BTpaT
3IIMCHIOETBCA 332 pPaxyHOK TEIUIOBOIO 3B’SI3KY MIX
BHYTPIIIHIM 1 30BHIIIHIM CTEP>KHSIMH.

— 11 113 “141
f_\l\ L | 110 130
I . 120
‘_X 90 \ 90 110
| B 1100

80

80 90

| 1170 70 ; 80

\ 60 60 70

60

50 50 50
/ w15 I v41,5 / v41.5

a) 0) 6)
Puc. 5
Sxmo TpH 3aKyIOPEHUX MIPOBITHHUKA Jis BUIaaKiB iHIIMX KOMOiHAII TOPYIICHHS U~

30Cepe/pKeH] B OJJHOMY Miclli (HAlpUKiIaa, OfuH — Y
30BHIIIHBOMY CTEpPXHi, a 2 — y BHYTPIIIHBOMY, a00
HaBNaKW), MaKCUMaJbHI TEMIIEpaTypu JOCATaIOTh
rparugHoro piBHA (140 °C). Ile BuMarae mocuieHHS
KOHTPOJIIO HITATHUMH 3aco0aMu — TepMOMETpaMu
OTI0pY, SIKi PO3TAIIOBaHI MK CTEPIKHSAMH, a TAKOXK Ha
BUXOMl JMCTWIATY 13 CTepxKHs. SIKI0 y mepuoMmy
BUTAJIKy i3-32 HAsBHOCTI TPAHCHO3HWIIII iMOBIPHICTP
(hikcarii mopymeHHs CTaHOBUTH He Oinbire 5 %, To Ha
BUXOJl JAWCTWIATY IMIABHIIEHHS TEMIIEpaTypu y
MOPiBHAHHI 13 HOPMaJIbHUM CTAaHOM CTAaHOBUTH Maike
3 °C, mo Moxe OyTtH 3adikcoBaHO 1 CIyryBaTu
03HAKOI0 MOPYILICHHS OXOJIOKEHHSI.

[pu OiMbIIM  KIJIBKOCTI  MOPOXXKHUCTHUX
MPOBIAHUKIB, IHPKYIAIIS XOJOJOAreHTy B SKHX
BIZICyTHS, MaKCHMyM TEMIIEpaTypH 3aJICXKUTh BiJ iX
B3a€MHOTO pO3TamryBaHHS. | mpm iX KoHIEHTpamii B
OJTHIN 30HI MakCHMallbHI TEMIIEpPaTypH IEPEBUILYIOTh
NpUIycTUMi 3HaYeHHA. Tak, npu 4-0X MPOBITHUKAX B
OnmHIM 30HI MakcuMyMm craHoBUTH 160 °C, i,
BINOBITHO, TIpH 5-TH 170 °C. TIlomampma
eKCIUTyaTalisi TypOoreHepaTopa B TakuMX BHUIMAIKax
MOXIMBA JIMIIE TpU  OOMEXEHHI  aKTUBHOTO
HaBaHTAXEHHS. Tak TIpH pPO3TAIOBAaHUX MOPAL
YOTHPHOX 3aKYHNOPEHHMX IMOPOXHUCTUX HPOBITHUKAX
aKTHBHE HAaBaHTA)XEHHsS Mae OyTH 3HIDKEHE 10 85 %
BiJl HOMIHAJIBHOTO, a TIpH 11’ ATH — 110 75 %.

PKyJIsiLii (PO3KUIAHHS 3aKYIOPEHHX MPOBIJHHKIB 110
TIEPETHHY CTEP)KHS) HEOOXiHE MPOBEJICHHS JJ0AATKO-
BUX JOCII/IKEHb 32 YKa3aHUMU HarpsMkamu. [Ipu He-
00XiTHOCTI THMYacoBOi eKCIUTyaTamii TypOoreHepa-
TOpa 13 HasIBHICTIO 3aKYMOPEHUX MPOBIIHKUKIB y CTEp-
)KHI OOMOTKH cTaTopa, IOBHHHI OyTH BHW3HauYeHI
Kputepii, ki 0 BHM3HAYaJIM MNPHUITYCTHMY KiJIBbKICTh
YIIKOPKCHHX TPOBIIHUKIB Ta IX MOJINBE B3a€EMHE PO-
3TamryBaHHs y ctepkHi. OqHouacHO Mae OyTH BHU3HA-
YEHUH NPUITYCTUMHI piBEHb HaBaHTaXEHHs TypOore-
HepaTopa i3 YIIKOIKEHOI0 0OMOTKOIO.

BucHoBku

BrpoBamkenHss  6e3mocepeHbOTO  PiAMHHOTO
OXOJIOJDKEHHS CTEPKHIB OOMOTKHM CTAaTOpa JI03BOJIMIIO
MTiABHUIUTH JIiHIIfHE HaBaHTaKEHHS TypOOTEeHEepaTopiB
1, SIK HAacCJliT0K, 30UTBIIUTH OAMHUYHY MOTYXXHICTh CHe-
pro6ioKiB, 30KpeMa i aTOMHUX €JIEKTPOCTaHIIiH, aie
Taka CHCTEMa OXOJIOJDKEHHS OOMOTKM craropa
OB’ sI3aHa 13 CTBOPEHHSIM JOJATKOBUX CHUCTEM 3a0e3-
TIEYCHHS MIATOTOBKH Ta LUPKYJISNi JUCTHIATY, KOHT-
POJIIO ¥ MiITPUMKH HOTO ieNEKTPHYHUX MOKA3HUKIB 1
T.J., 0 3HIKYE HAMIWHICTh eKCIUTyaTalii TypOooreHe-
paropa B IiJIOMY.

3a T0moMoror po3podIIeHOT TOIHOBOT TPHBUMIP-
HOi MaTeMaTW4HOi MoOJeNi Iepediry TemIooOMiHHMX
MIPOIIECIB Y CTEPXKHI OOMOTKH CTaTOpa MOTYKHOTO TYp-
Goreneparopa JOCIiIKeHO MAKCUMaJIbHI TeMIIEpaTypt
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CTEPKHSI OOMOTKH CTaTopa MpH MOPYIICHHI ITUPKYJIs-
il xononoareHTy. BeraHoBIEHO, 10 Y BUITAJIKY, KOJIU
B OJJHOMY CTOBITYHKY KiJIBKICTb OPYY PO3TalIOBAHUX
MOPOXKHUCTHX MPOBITHHKIB, LUPKYJIALIS Y SKUX BiJ-
CyTHS, HE NEpPEeBUINYy€E TPbOX, TypOoreneparop TI'B-
250-TIT3 moxke excruryatyBaTHCsl 0e3 Oyab-sKHX 00-
MeXeHb 10 aKTHBHOMY HaBaHTa)xeHHI0. [Ipu po3raiuo-
BaHMUX TIOPSA YOTHPHOX 3aKYHOPEHHX IOPOKHHCTHX
NPOBiHUKAX aKTHBHE HAaBAHTA)XCHHSA Mae OyTH 3HH-
keHe 10 85 % BiJ HOMIHANBHOTO, & MPU ITSTH — 10
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THE TESTING OF PULSATION CHARACTERISTICS OF THE KAPLAN TURBINE 30

Kypoonanuzooa Cauoaboynno Lllamcynno

acnupaum, 3amecmumens JJupekmopa xackaoa

Bapzoockux I'9C, OAXK «bapku Touuxy, Taoxcuxucman

T'ynaxmaooe Amunorncon A60yoxncabooposuu

KaHOUOam mexHu4ecKux Hayk,

2NAGHBII CReYUATUCT YIPABIEHUSL INEKIMPOIHEPLETNUKU

Munucmepcmea snepzemuxu u 600Hwix pecypcog Pecnybauxu Tadocukucman
Kodynuees 3aiinanooyoun Banuesuu

O0OKMOP MEXHUYECKUX HAYK, npogheccop, ieH Kop.,

Jlupexmop Uncmumyma 8o0usix npobdnem, euoposnepeemuxu u sxonoeuu AH PT

TECTHPOBAHMUME INYJbCAIIMOHHBIX XAPAKTEPUCTUK I'NAPOTYPBUHBI 117130

Summary. Current study discusses the general laws of the formation of pressure pulsations in the flow parts
of the hydraulic turbine in order to ensure their reliability, which contribute to the durability of the hydraulic unit.
In the practice of operating hydro power plants, there are cases of significant vibration of hydraulic units. Accord-
ing to [2], the causes of these vibrations can be divided into three main groups, according to the origin of the
disturbing forces: mechanical, electrical and hydrodynamic. In this paper, we will consider only hydraulic disturb-
ing forces. Key words: pulsation, pressure, Kaplan turbine, cavitation, runner, spiral case, guide vane, draft tube.

AHHOTalIl/Iﬂ. B cratne paccMaTpuBarOTCA O6HII/IC 3daKOHOMEPHOCTHU (1)OpMI/Ip0BaHI/I$I IIyJbCalun JaBJICHUSA B
IMPOTOYHBIX YACTAX FI/I}IpOTyp6I/IHI>I C IICJIBIO UX HAJIC)KHOCTDH, KOTOPHIC CHOCO6CTBy}OT JOJITOBEYHOCTHU Tuapoar-
perara. B IMPAKTUKE SKCIUTyaTallunu FHILpOBHeKTpOCTaHIII/Iﬁ Ha6J’IIOIIaIOTCH ciiyyau 3HAYUTEIHLHON BI/I6paL[I/II/I Tua-
poarperatoB. CormacHo [2] mpUYIMHBI THX BHOPAIMii MOTYT OBITH pa3/ieIeHBl Ha TPH OCHOBHBIE TPYIIIIBI, B COOT-
BETCTBUU C MPOUCXOKJACHUEM BO3MYHIAOMINX CUJI: MEXAHUYCCKUEC, DJICKTPUICCKUC U TUAPOJAUHAMHUYCCKUEC. B
HacTosmei pabore MbI OyZeM paccMaTpHUBaTh JIHMIIh THAPABIMYECKUE BO3MYIIIatonie cuibl. KirtoueBble cioBa:
myJjabcanud, 1aBJICHUE, IOBOPOTHO-JIONACTHA FI/IIlpOTyp6I/IHa, KaBUTallus, pa60qee KOJIECO, HaHpaBJ’IHIOHII/Iﬁ arira-
par, oTcachiBaromas Tpyoa.

Beenenue. B moBOpoTHO-I0IACTHEIX TYPOHHAX B
IIPOLECCE PEryIupoBaHus padouue JIONacTH OTCTAaIoT,
KaK TMpaBWiIO, OT TOTO TIOJIOKEHHUS, KOTOpOE OHHU

JTOJDKHBI KMETh COTJIACHO KOMOHWHATOPY, CBA3aHHOMY C
CEpBOMOTOPOM Harmpasisironiero ammnapara. OObIYHO B
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cydae 3aKphITHs HAIIPaBJIAIOIIECTO armapara U OTCTa-
BaHHUA PaOOUYHMX JIOHACTEN IPUBEACHHEIN PacXo Yepe3
TypOMHY H B IIEPBOE BPEMS MOILIHOCTEL OyayT OOJIBIIIE,
a IIPH OTKPBITUH, HA000POT, MEHBIIIE, YeM TOTa, KOraa
COIJIAaCHO KOMOWHATOPHOW 3aBHCHMOCTH OTKPBITHE
U YrojJ IIOBOPOTAaCOOTBETCTBYIOT Apyr Apyry. Iloso-
POTHO-JIOTIACTHAS TYpOHUHA OTIIMYASTCS OT MPOIIesuIep-
HOI1 Te€M, 4YTO JIOIIACTH €€ pabouero Kojaeca He 3aKpell-
JIeHbI HeoABHKHO. C ITOMOIIBIO CIIEIMAILHOIO MeXa-
HU3Ma, HaXOAIIErocs BHYTPH BTYIKH pabodero
KoJieca, JIOMACTH MOTYT IMOBOPAYMBAThLCS, IIPHUEM I10-
BOPAYMBAIOTCS OHH OJHOBPEMEHHO C IIOBOPOTOM JIOIIA-
TOK HAIPaBJIAIONICTO ammapaTra, TakkuM o0pa3oM, Kak
Obl HM M3MEHUJINCH HAIpaBJICHUE W CKOPOCTH IO-
TOKa BOJIbI, BBIXOJSINETO M3 HAIPABJISIONICTO ajira-
para, J0macTu pabouero Kojeca 3Toi TypOMHEI Beeraa
OBIBAIOT IIOBEPHYTHI HaAMOOJee BBITOAHBIM 00pPa30M
[9]. OcoGennoctpi0 TYypOUHBI, OOYCIOBHBILEH ee
Ha3BaHUE, SBIISICTCS BO3MOXKHOCTH Pa3BOPOTa JIOIMa-
creit (KOTOPEIX, K CIIOBY, MOKET OBITH OT 3 10 8 IITYK).
MexaHH3M pa3BOPOTa pa3MEIIaeTcs BO BTYIKE pado-
4ero Kojeca W TPUBOAMUTCA B JCHCTBHE JaBICHUEM
Macia.

Ilynbcanuu naBiieHUs: B IPOTOYHOM YaCTH FUAPO-
TypOHH BO3HUKAIOT B pe3yIbTaTe KOJIeOaHHs aOCOTIOT-
HOM CKOPOCTHU B paccMaTpHUBaeMoi Touke. ITH Kojeba-
HUS BBI3BIBAIOTCS Pa3TNIHBIMU HCTOYHUKAMH:

— TypOYJCHTHBIMHU ITyNbCAIMSIMH CKOPOCTU TIPH
00TeKaHUU HJIEMEHTOB MPOTOYHON YaCTH;

— BpaIlleHHEeM HEepPaBHOMEPHOTO IOJIST CKOPOCTEH,
co371aBaeMoro pabo4yrmM KoJecoM;

— B3aUMOJICHCTBHEM pPEIIeTKH padodero Koieca ¢
HEPaBHOMEPHBIM TIOJIEM CKOPOCTEH, CO371aBacMbIM
CIHpaAILHONW KaMepoH, KOJIOHHAMH CTaTopa U Harpas-
JISTFOLTUM armapaToM;

— BpallleHHEM BUXPEBOTO KTYTa;

— KojiebaHuEM pacxojia Yepe3 MPOTOUYHYI0 YacTh
MIPH peXXuMax ¢ OPCHPOBaHHON MOIIHOCTHIO [1].

Henpio HacTosmel pabOTHI ABJSIETCS UCCIIEIOBA-
HUE MyJIbCalliy JaBJICHHUS B MPOTOYHON YacTH THIPO-
TypOusnsl [1J130.

OO0mue 3aKOHOMEpPHOCTH (POPMUPOBAHUS ILYJI-
canum aaBJjeHus. [lyapcanym gaBneHust B MPOTOYHBIX
YaCTSAX THAPOTYPOUH OTHOCATCS K SIBICHHUSIM, KOTOPBIC
CMOCOOCTBYIOT CHHKCHHMIO UX HAJIEKHOCTH M JIOJITO-
BeyHOCTHU. [103TOMY OJTHOM U3 BakKHEHIIMX 3a7ad MpU
MPOEKTUPOBAHUH HOBBIX THAPOTYPOUH W MOJAEpHU3A-
WY THAPOTYPOUH, OTPaOOTABIINX CBOU PECYPCHI, SB-
JISIETCS] IPOTHO3WPOBAHUE MyJIbCAITUI TaBIEHUS U pa3-
paboTKa MEPOTIPUATHI MO X YCTPAHCHUIO WITH CHIXKE-
HHUIO.

[Ipouecc mynbcauuii AaBlI€HUs CIIOKHBIN, OH CO-
JIEPKUT OOJIBIIIOE KOJTMYECTBO KOMIIOHEHT, UMEIOTITIX
Pa3IUYHYIO NPUPOAY U COUYETAIOIIUXCS B PA3IUUYHBIX
KOJIMYECTBEHHBLIX OTHOIICHMSIX B 3aBHCHUMOCTH OT I1a-
paMeTpoB pexrMa U BBIOOpa MECTa MPOTOYHOH YacTH,
rae HccleAyercsi ypoBeHb mynbcauuid. JKryToBbie
MyJIbCAIIUU BO3HUKAIOT B Pe3ylbTaTe ABM)KCHUS BUX-
PEBOTO XKI'yTa B OTCAcHIBAarOIIEH TpyOe Ha OOJNBIIMH-
CTBE PEKMMOB Pa0OTHI KECTKOJOMACTHBIX THAPOTYP-
6uH. OOOPOTHEIC MYNBCAIUH OOBICHIIOTCS HATUIUEM
MMKa CKOPOCTEH 3a HAMpaBJSIIONIMM aIllapaToM B pe-
3yJIbTaTe HEPABHOMEPHOTO IOJBOJA JINOO HEpaBHO-
MEpHBIM IIIaroM JIOTIACTEH B pEIIeTKe paaruaibHO-0ce-
BBIX WJIM HEOJMHAKOBBIMHU YIJIAMH YCTAHOBKH JIOTIA-
CTell y  TIOBOPOTHO-JIOMACTHBIX  THAPOTYPOHUH.

JlomacTHbIE MyNbCAIIMK BOSHUKAIOT B PE3YJIbTATE dHEP-
rooOMeHa MEXIy MOTOKOM U peIleTKamMu Mpoduieit
THIPOTYPOMH BCEX THIIOB, KOTOPBIH MPUBOIUT K HE-
PABHOMEPHOIA 3MIOPE CKOPOCTEH 32 pabOYUM KOJISCOM.
JlonaTouHble MyJabCalMy BO3HUKAIOT M3-3a IIaroBOM
HEPaBHOMEPHOCTH TOTOKA 3a PEIICTKOW HAINpaBIIAIO-
IIeTo ammapaTa ¥ BOCIPHHAMAIOTCS pabodnM Kolre-
COM; TyJIbCAI[MH, BOSHHUKAIOIIUE 32 CUCT BUXpeoOpa3o-
BaHUS NPH 00TEKAHUH OTICIBHBIX AJIEMEHTOB IIPOTOY-
HOW YaCTH U PEIICTOK KOJIOH CTaTOpa, HAMIPABIISIOIICTO
ammapara, pabodero koneca. Ilynbcarum, BEI3BaHHBIE
KAaBUTAI[MOHHBIMH SIBJICHUSIMH B TMPOTOYHON 4YacTu
THIPOTYPOUH U TYypOYJICHTHOCTHIO TIOTOKA.

YacToThl HEKOTOPBIX OTMEUYCHHBIX KOMIIOHCHT
ITyJTECALIAIN TABICHUS COCTABIISIOT:

4acTOTa JKI'YTOBBIX MYJbCAIMA 3aBUCUT OT Tapa-
METpPOB peXMMa U U3MEHSETCS B IIHPOKOM JHATa30HE
or =0,2 10 =1,5+2 000pOTHBIX;

n
06opoTHBIe yacToTH coctamsior f o =— T
60
JIOTIACTHBIC YaCTOTHI 3aBUCSAT OT YHCINIA JIOMACTeH
W 4YacTOThl  BpalleHHss  pabodero  Kojeca
f n-z
"0 "

JIOTIATOYHBIC YACTOTHI 3aBHUCAT OT YHMCJIA JIOIIATOK
HApaBJIAIOLUICTO alliapaTa U 4aCTOThI BpalllCHUA pa60—

4qero KoJieca TakK KakK BOCIIPUHUMAIOTCA 50\%¢
(M
qon 60 BRIt

B stux BEIpakeHMsX: N - 9acTtora BpalieHUs pa-
004ero Koyjeca , MHH Y} Z - 9HCIIO JIONAacTel paboydero

KoOJIeca, ZO - YHCJIO JIOTIaTOK HaIpaBJIAOIIECTO aIria-

pata.

Y HOBOPOTHO-JIOMACTHBIX THAPOTYPOHH, KOTOPHIE
paboTaroT Ha KOMOWHATOPHBIX PEXUMAaX, KTyTOBBIE
MyJbCAllUM JABIEHUS HE BO3HHKAOT. OJHAKO NpHU
nycke [1JI ruapoTypOUH 1 3KCIUTyaTallui UX Ha TOHHU-
JKEHHBIX Harpy3Kax BCTPEYarOTCA PEXHUMBI, KOTOPbIE
HE BXOJIST B IMaNa30H KOMOMHATOPHBIX. ITO OOBSICHS-
eTcs, IPEXkK e BCEro, OTPaHUIEHUEM X01a MOPIIHS Cep-
BOMOTOpa y MEXaHHW3Ma IIOBOPOTA JIOMAcTeil B AMama-
30HEe MalblX (OTPUHIATENHbHBIX) YIJIOB YCTAaHOBKH W3
KOHCTPYKTHBHBIX CcOOOpaxkeHHH. B pesynpraTe 3THX
00CTOATENLCTB IIOBOPOTHO-JIONIACTHBIE THAPOTYPONHBI
MOTYT paboTaTh B MPONEUIEPHBIX pexumMax. [loaTromy
HCCIIeIOBAaHUE IIyJIbCAL[HOHHBIX XapaKTEPUCTHUK Ha
MIPONEIUIEPHBIX PEKIMAX OMPABIAHO.

Bonpoc 3KcnepUMEHTaIbHOIO  HCCIIEAOBaHUS
NyJIbCaluil JaBIE€HUs B IPOTOYHON YacTU IIOBOPOTHO-
JIOTIACTHOH THIPOTYpOUHBI HANOOJIEe TOJTHO MPECTAB-
JICH B IEPHOINYECKOil meuaTn B padore [3]. 3meck mpo-
BEJICH aHAJIN3 BO3MYIIAIOIINX CHJI B ITOTOKE, IPUBO/S-
KX K MyJIbcanusM JaBiieHns. B oOmem ciryyae mysb-
Calli B TIOTOKE BBI3BIBAIOTCS HE CTAIIMOHAPHOCTHIO
ToJIel CKOpOoCTe M AaBJIEHUH, 00YCIIOBICHHOM:

a) TypOyJIEHTHOCTHIO ITOTOKA; 0) HEpaBHOMEPHBIM
MI0JIBOJIOM BOJBI CIIMPAIbHON KaMepoil 1 0TBOAOM MO-
TOKa OTCachIBalIeld TpyOo#; B) HAIMYMEM KOJOHH
CTaTOpa M JIONATOK HANPABJISIONIETO aNapara; I') BUX-
peoOpa3oBaHreM TPH OOTEKAHWU JIIEMEHTOB KOH-
CTPYKLMH THIPOTYpOUHBI; 1) KaBUTAIMOHHBIMH SIBJIC-
HUSIMU; €) IEPEXOJHBIMU PEKUMAMH.
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B pabote xopomo packpbITa IPHYHHA BO3HUKHO-
BEHHMsI ITyJIbCALIUI ¢ 000POTHOI YacTOTOM, KOTOpas 3a-
KITFOYaeTCsl B HAJIMYUH KA HEPaBHOMEPHOCTH IIOTOKA
MOCTYMAOIIEro CO CIIUPaIbHON KaMephl.

Taxoke yOequTeNIbHO PACCMOTPEH MEXaHU3M BO3-
HUKHOBEHUS IMyJbCallUil ¢ JJOMAaTOYHOM 4acTOTOM, Kak
pe3ysIbTaT B3aMMOJEHCTBHS pabodero kKojeca ¢ HepaB-
HOMEpPHBIM IO IIary MOTOKOM 3a HalpaBISIOLUM all-
MapaToM.

Ilynpcanum pnaBiaeHUs C JIONACTHOW YacTOTOM
OOBACHSIOTCSI KaBUTAIL[MOHHBIMH SIBICHUSAMH M IIaro-
BOW HEPaBHOMEPHOCTHIO ITOTOKA 32 pabOYHM KOJIECOM.
AMIUIATYa MTyJIBCAIAN 3aBUCHT OT peXMMa pabOTHI
TypOMHBI M PACCTOSIHUS OT PaCCMaTPUBAEMON TOUKH JI0
JIOTIaCTH PaboYero Koyeca.

O0cy:xneHnne pe3yJbTaTOB TECTUPOBAHUS. JKC-
MepUMEHTAIBHBIC HCCIIEOBAaHNS BBINOJHINCH C HC-
MOJIb30BAHUEM OOJIBIIOTO KOJMYECTBA JATYMKOB JIaB-
JICHUSI, YCTAaHOBJICHHBIX B Pa3JIMYHBIX MECTAaX MPOTOY-
HOM 4aCTH, YTO MO3BOJIMJIO IIPOaHAIN3UPOBATh YPOBHU
MyJIbCalyi B MOJBOSIINX OpraHax, kamepe pabodero
Kojleca M B OTcachlBawolei Tpybe. MccnemoBanus
MyJIbCaliii TPOBEAEHBI B PEXMMax, OXBATHIBAIOLINX
3HAYUTCIIbHYIO 4aCTb IOJIA yHHBepC&HLHOﬁ XapakTe-
PUCTHKH TYpOMHBI NPH M3MEHEHHM YIJIa YCTAaHOBKH

nomacteii ot -11,5° 70 120w npu n 5 = 120 + 157 Mun’

!, B GONBIIMHCTBE CEUEHMH IPOTOYHON JacTH Kojeha-
HUS JaBJICHUS] UMEIOT JOCTATOYHO CJIOKHBIN, HO Iepu-
onudeckuit xapakrep. Hambonpimuit nHTEpec i Hac

100

NPENCTaBISIOT PE3YJIbTATEl U3MEPEHHs MyJIbCcaluii B
KaMepe pabouero koyieca U BO BXomHoM auddysope
oTcaceIBalommeil TpyObl. 31ech 3a)MKCHPOBAHEI B OC-
HOBHOM IIyJIBCAIIMH C JIONACTHOIM 1 000pOTHOM YacTo-
TOH. MakcuManbHasi aMIUIATY1a HAOIOAAaeTCs Ha JIo-
MacTHOW YacToTe. MaKCUMANbHBIC aMILUTUTYbI MyJIb-
calii JaBJICHUS 3apETHCTPUPOBAHBI HAa CTEHKAX
paboueit kamepsl Ha ocH IOBopoTa Jionactel. [locnen-
Hee 00BACHACTCS TeM, YTO JaTYHK, YCTAHOBJICHHBIN B
Kamepe paboyero kojeca, pUKCHpyeT H3MEHEHHE 1aB-
JICHWs, COOTBETCTBYIOIIEe IIeperany AaBICHUS Ha pa-
0oueil ¥ TBUILHOH CTOpOHAX MepUEpUIHHOTO TPOPHIIL
JIOIACTH TIPH €€ IIPOX0KICHHNHA MUMO TOYKU YCTAaHOBKH
JIATYHKA.

Tak, Mo JTaHHBIM HAaTYPHBIX MCIBITAaHUH THAPOAr-
perara Nel3 Bomkckoit I'DC (III 587-Bb-930) na pe-

xume N, =75 MBr (N, =123, Q,=695, H =26,72),

MakcHUMaJibHas JBOMHAs aMIUIUTYAa KoJeOaHuii JaBie-
HHS Ha CTEHKE KaMepbl pabouero kojeca COCTaBisja
109%. MonenbHble UCILITAHUS 3TOH T'MAPOTYPOHHEI
(ITJT 587-100) moka3anu ypoBeHb myibcamuii 95,5%.
Ha (Puc.1) npuBeneHsl pe3ynbTaThl H3MEPEHUS MYJIb-
calui JaBJICHHS B HECKOJBKHX IOscax paboueil Ka-
Mepbl MOJEIBHOM rHAPOTYpOUHLL: 2 mosic - 30Ha Bxoza
OTOKa B pabouee Koneco; 3% mosic - ochk IOBOPOTA JIO-
nacrei; 4 mosc - 30Ha BBIX0O/a OTOKA C Pab04ero Ko-
neca; 5% mosc - mox pabovMM KOJIECOM.
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OTHOoCKUTEeNbHOE PacToAHKE OT OCK NOBOPOTa NONacTK

Puc. 1 Yposenw nynvcayuii dasnenus 6 kamepe pabouezo Koneca cudpomypounsl

IIJT 587-100 na pescume: ni=141,8MuH-1; Ql =1163 n/c; =+5

AHaJIOTHYHBIE PE3YIALTATHI IOJYYEHBI BO BPEMS
HCIBITAHUH MOIEIBHBIX ruaporypOun CapaToBCKOU
I'DC (ITJI 661-46) [8]. [Tynbcaruu qaBiIeHNS B Kamepe

pabouero Kojeca Ha OCH IOBOPOTa JIoNIacTell Ha KOM-
OMHATOPHBIX peKUMax gpocturatot 98,8 %.
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IIpuBeneHHBIC TPUMEPHI ITyIbCAllii TaBJICHUS B
Kamepe pabo4ero KoJieca Aal0T OCHOBaHHUE C/IeJIaTh BbI-
BOJIBI 00 aKTYaJIbHOCTH 3a1adH, KOTOpasi pacCMaTpUBa-
eTcsi U HeOOXOAMMOCTH IIPOBE/ICHHS TEOPETHUECKHX
UCCIIETOBAaHUI

HccnenoBana 3aBUCUMOCTB ITyJIbCAIIHOHHBIX Xa-
PaKTEpUCTHK OT pekuMa padoTHl THAPOTYpOHHEL. OT-
MEYaeTcsl YBEJIMUCHHE MHTEHCUBHOCTU MYJbCAlUH C
YBEIMYECHUEM pacxona. MI3MeHeHne puBEIeHHbBIX Ya-
CTOT BpallleHHs] padovero Kojieca He BhI3BIBAET CyIIIe-
CTBEHHOTO M3MEHCHHS ITyJbcaliuii JaBieHus. Perymn-
pOBaHME Haropa Ha WCIBITATEIBHBIX CTEHAAX IyTeM
M3MEHEHUS TOPU30HTA HIDKHETO Obeda B Kamepe mpo-
THUBOJABJICHUS HE MTO3BOJISCT BHISIBUThH YETKOM 3aBUCH-
MOCTH aMIUIUTYJ MyJbCcalUd OT JEMCTBYIOLIETO
Haropa. OTHAKO pacCMOTPEHHE MaTepHaioB MOKa3bl-
BA€T, YTO YPOBEHb MHTEHCHBHOCTH ITyJIbCAIIMH HA JIO-
MacTHOI YacToTe B KaMepe p.K. ¥ BO BXOJHOM aAuddy-
30pe OTCachIBaIOLIEH TPYOBI ITOYTH HE 3aBHUCHUT OT OT-
METKH HWKHero Obedpa. Tak kak mynbcanMOHHbBIE
UCTIBITaHUS TIPOBOJHIINCH IPH KOMOMHATOPHBIX PEXH-
Max, CBeI[eHI/II‘/II O JXTYTOBBIX IIyJIbCallUAX B PacCMOT-
peHHO# paboTe Her.

B pab6oTs! [7] Ha OCHOBaHUY aHAN3a PE3yIbTaTOB
MOJIENBHBIX U HATYPHBIX UclibiTanuil Bomkcekoit u Ca-

MIPEABAPUTENBHBIX PACUYETOB MOBOPOTHO-TOMACTHBIX
THAPOTYPOUH IPUHUMATh CJIETYIOIINE 3HAYSHHUS MTYJTb-
calluii NaBICHHUSA:

a) B ciupanbHOi kamepe 5 — 10%; 6) B kamepe pa-
6ouero xomeca 100%; B) B BEpTHUKAIBHON YaCTH OTCA-
ceiBaromeld Tpyost 15 — 20%; r) B ropu30oHTaNIBHOI Ya-
CTH oTcachIBaromet Tpyosr 5 — 15%.

B pabote [5] npeacraBieHsl MaTepuabl SKCIEPH-
MEHTaJILHOTO WCCIICIOBAHUS ITyJIbCALIMHA JABICHUS B
PO u IIJT rupporypOuHax. 31eck aBTopa B OObIIeH
Mepe HHTEPECOBAIN HU3KOYACTOTHBIE XKI'YTOBBIC ITyJIb-
caluy, o3TOMy OoJjibliiee BHUMaHHUE YIEIsUIOCh aHa-
3y pe3ynpTaTtoB ucneitaHus PO ruaporypoun u I1J1
THAPOTYPOUH B MPOTNENIEPHOM PEXUME, TIE STOT BUI
MyJIbCAAi SABIISCTCA TPEOOIafaroIIiuM. Y CTAHOBIICHO
KaueCTBEHHOE COBIIaJie-HHUE MyIbCAllHOHHBIX XapaKTe-
PHUCTHK 3THX THAPOTYPOHH.

Ha koMOHHATOPHBIX pexxumax paboThl THIPOTYP-
ounsr [1J1 548 B pabote [4] 3aperucTpupOBaHEI ITyJIhb-
calu¥ CPaBHUTEIHLHO HEOOIbIIOW HHTEHCUBHOCTH, KO-
TOpBIE TI0O MHEHHUIO aBTOpPa HOCST OECIIOPSIIOYHBINA Xa-
pakTep M, TO3TOMY, UM HE aHAJIU3UPYIOTCA.
[IpencraBnenHble B paboTe NaHHBIE 00PAOOTAHBI HAMHU
U IIPUBEJCHBI B BHJE H30JIMHUI MyJbcaluil B Ioje
YHHBEpCAJbHOM XapaKTepHC-THKH, NPHUBEICHHON Ha

PATOBCKOW THIIPOINEKTPOCTaHIIUKA pekoMmeHayeT mias  (Puc. 2).
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Puc.2 - Ilynvcayuonnas xapaxmepucmuxa cuopomypounst I1/1 30 Ha KOMOUHAMOPHBIX pesrcuUMax

B TakoM Bupe naHHBIE 3KCIEPUMEHTHI JIydIle
MIOJTAIOTCS aHANN3Y M TIPEICTABIISAIOT JIsl HAC OTpesie-
neHHbll nHTepec. CTaHOBUTCS OUEBUAHBIM, YTO 3Ta Xa-
pPaKTepUCTHKA COTJIACYeTCS C IaHHBIMU IPHUBEICH-
HBIMH B pabote [3], aMIuIMTyAbl JIOTIACTHBIX ITyJIbCa-
U JaBJIEHUS YBEIWYHMBAIOTCA C YBEIWICHHUEM
pacxoja.

JanHas SKclieprMEHTaJ bHAs WCCIECIOBAHUS Ha
MOJIETIBHBIX THAPOTYpOMHAX BBIIOJNHINCE Ha Ka-
tdenpe TuapoMammH XapbKOBCKOTO HAIMOHAIHHOTO
TexHu4Yeckoro ynuBepcurera «XI1W», u Ha runpasin-
geckoM cTteHne B AO «TypbOoaTtom» m Ha HaTypHOM
rUApOTYpOMHBI BhINOJHIIAch Bo Bomkckoit I'DC Ha
ruapoarperate Nel3. T'maporypOunHas ipaboparopus

AO «Typboarom» sBIsIETCSI OXHOW W3 KPYIHEHIINX
CpeIy BEAYUINX THAPOMAIIMHOCTPOUTEIBHBIX (GHupm
MHpa Kak I10 OCHAIIEHHOCTH SKCIIEPUMEHTAIILHBIM, U3-
MCPUTEIIBHBIM W BBIYUCIUTCIIbHBIM 060py11013aHI/1eM,
TaK 1 10 BO3MOXXHOCTH BBITIOJHEHHS] HAYYHO-HUCCIIEI0-
BaTeNILCKUX paboT B 061acTu TuApoTypOOCTpOoeHus. B
COCTaB J1a0OPaTOPHUH BXOJAT IIECTh KPYITHBIX THAPAB-
JIMYCCKUX CTCHOAOB IJIA OTpa6OTKI/I OHEPIrCTUYCCKUX,
KaBUTAI[OHHBIX, CHJIOBBIX, IYJIbCAIIMOHHBIX M IPYTHX
CIICHHAJIbHBIX XapaKTCPUCTHUK THAPOMAIIWH W 3aTBO-
PpOB.

Ha (Puc.3) npuBeneHsl pe3yibTaThl W3MEpPEHUS
YPOBHSI ITyJIbCAllMi JaBJICHUS B OTCACBIBAIOILCH TpyOe
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OJTHOM M3 MOJENBHBIX MOBOPOTHO-JIOMACTHBIX T'HAPO-
TypOMH Ha KOMOMHATOPHBIX pexnuMax [6].
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Puc. 3 Ilynvcayuonnas xapakmepucmurxa mooenvhou euopomypounwvt I1J130/3169-25

W3 anHamm3a TpHBEACHHOM XapaKTCPUCTHUKH
MOXXHO OTMETHUTh OCHOBHBIC 3aKOHOMEPHOCTH IIPO-
ecca IMyJIbCAlli TaBJICHHUS B ITOBOPOTHO-JIONIACTHOM
THAPOTYpOMHE TIPH KOMOMHATOPHBIX PEeXHMax - Ipe-
MMYILIECTBEHHOE BIMAHHUE pacxoja (yriaa yCTaHOBKH
nomnacteit). Ha 3Tux pexnmax mpeBalupyIOMIUMHU SB-
JISTFOTCSI ITyJIbCAIMH C JIOTIACTHOM 4aCTOTOM.

BeiBoabl. IIpu ucnosnb30BaHUM I[IOBOPOTA-JIO-
MacTHOHM r'UApOTYpOUHEI € €T IMyJIbCAallMOHHON Xapak-
TEPUCTHUKOH M Ha OCHOBAHMHU IIOJNYYEHHBIX TaHHBIX
paccUnTHIBAIN OCHOBHYIO KPUTEPHIO 3()(HEKTUBHOCTH,
C COIIOCTaBJICHUEM PACUYETHBIX 3HAYEHUN C HOPMATUB-
HBIMH. B pe3ynpTare 3TOro conocraBieHust MOXKHO Cy-
JUTH O TIPUEMJIEMOCTH HJTH HEIIPUEMIIEMOCTH IIPOEKTa,
T.€. KOraa Teosep. < Tpacu , TO MOKHO IIPUATH K BBIBOJY O
TOM, YTO cpejacTBa OyXyT BO3BpalieHsl 3a 1,6 roxa.
[IpoBenéHHble HCCleI0BaHMS MTOKA3AIH, YTO AAIbHEH-
IIee YCOBEPIIEHCTBOBAHHE MPOTOYHON YaCTH BBICOKO-
HAIIOPHOW TUAPOTYpOUHBEI TpeOyeT momydeHus Ooiee
TOYHOH MH(OPMAILINKU O BIUSHUU FEOMETPUUECKUX T1a-
paMeTpoB Ha SHEPreTUUECKUe MOKa3aTeNu. 3HaAHUE Ta-
KX 3aKOHOMEPHOCTEH JaeT BO3MOXKHOCTH PEIINTh 3a-
Jlady ONTHUMH3AIMK BHIOOpPa OCHOBHBIX T€OMETpHYe-
CKHX TapaMeTpOB JJIEMEHTOB IPOTOYHOHW YacTH Ha
CTauu €€ NPOEKTUPOBAHMUS.
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DEFINITION OF LINEAR MOTION WHEN CALCULATING THOSE CONCRETE ELEMENTS ON
THE STIFFNESS
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@I'BOY BIIO «Kocmpomckas cenbCKoX03sUCMBeHHAS. AKA0eMUs»

ONPEJIEJIEHUE JIMHEWHBIX NIEPEMEIIEHUI ITPA PACYETE )KEJE30BETOHHBIX
93JIEMEHTOB HA ) KECTKOCTb

Annotation

The aim of this work is to clarify the method of calculating the characteristics of strength, which will provide
higher reliability used in the design of quantitative values of the ultimate resistance of the materials used. As
concrete is a very brittle material has em cause of the destruction limit of the linear deformation occurring in the
areas that can be identified by a current or former experimental ways. In article variants of calculation of move-
ments of sections which are dangerous for a beam are made. Proposed by Professor Abramov L. M. the method of
determining displacements allows to more accurately determine the deformation criterion, which increases the
reliability of the calculated characteristics.

AHHOTAUUA

HGHLIO ,I[aHHOI\/'I pa6OTBI SABJACTCA YTOUHCHUE MECTOAUKHU PACUCTA XAPAKTECPUCTUK IIPOYHOCTH, YTO obecrieunT
6oJee BBICOKYIO HaJIe)KHOCTB HCIIONIB3YEMbIX IPH MPOSKTUPOBAHUN KOJMYECTBEHHBIX 3HAUYCHNUH TPEIENbHBIX CO-
MPOTHUBIECHUH HCIIOJIb3YEMBIX MaTepHanoB. beToH kak BecbMa XpyNKUi MaTeprana UMEeT IPUYMHOM paspyleHus
MpEaACIIbHBIC JIMHEWHBIE HC(I)OpMaHI/II/I, BO3HUKAIOIUE IO TEM HANIPABJICHUAM, KOTOPbIC MOTYT 6I)ITI) OIIPEACIICHBI
PaCUYCTHBIM WJIN SKCIICPUMEHTAJIbHBIM IIYyTAMU.

B craTtbe npousBeneHsl BapHaHTHI pacyeTa NepeMenIeHHH CeueHH, KOTOphIe SBIAIOTCS s Oalku orac-
HbMH. [Ipeanoxennas npodeccopom AdpamossiM JI.M. MeToaMKa onpeiesieHns IepeMelleHN TTI03BOIsIET Ooliee
TOYHO OTIPENENINTH Ae(OPMAMOHHBIA KPUTEPHUH, YTO TIOBBIIIAET HA/IE)KHOCTD PACYETHBIX XapaKTEePUCTHK.

Keywords: displacement, deformation, power section, rigidity, strength, beam.

Knouesvie cnosa: nepemeujerue, aeqbopmauuﬂ, CUNOBOTL YHuacmok, HcecmrKkocnib, npo4Hocmao, oanka.

Pacuér Ha KEeCTKOCTh CTPOUTENIBHBIX 3JIEMEHTOB Hopmamu pexkomeHm0BaHO ISl Ciy4yaeB, KOTJa
HOpPMaMH PEKOMEH/IOBaH KaK OJWH M3 OCHOBHBIX BH-  IPOTHOBI KeIe300€TOHHBIX JIEMEHTOB 3aBUCST B OC-
JIOB pacy€Ta 1Mo BTOPOH TpyIie MPeneibHBIX COCTOSl-  HOBHOM OT M3THOHBIX JiehopMaIs, ONpeaesaTh X 10
HUH. Ero BEIMONHSIOT, IPOBEPSIs BHIMOJIHCHHS YCIOBUS  (opMyie:

HEpaBEHCTBA: L
f< fun ® f=[M (lj dx
o A\ @
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OpnHako, IOCKOJBbKY IPOSKTUPOBIIMKA HHTEpe-
CyeT He NPOrud B MPOU3BOJIBHOM CEUCHUH, & MAaKCHU-
MaJbHBIA MPOTHO 3MeMenTa, To yciosue (1) crenyer
npeoOpa3oBaTh K BUILY:

Icmax < fult (3)

Kpowme Toro, ucrosnp3oBanue BoipaskeHus (2) Bo3-
MOXHO TOJIBKO ISl OHOIIPONETHBIX OATOK, NMEIOIINX
OJIMH Y4acTOK, Ha KOTOPOM aHAJINTHYECKUE BBIpaxke-
HHE Ul N3THOAIOIIEro 3JIEMEHTa MOXKET OBITh 3allH-
CaHO B OJHO3HAYHOM JICTEPMHUHHPOBAHHOM BBIpaxe-
HUH. Bo BceX OCTaNmbHBIX CiTydasx BeIpakeHue (2) cire-
JIyeT UCTIONb30BaTh B BHJE MHTETrpajoB Mopa:

f = jIM—Mldx

El, 4)

ITpn sToM BenWYMHA « = » OJHO3HAYHO MOXKET
OBITH OIpesieNieHa TOJIBKO B TOM CEYEHUH paccMaTpu-
BAaeMOTO 3JIEMEHTa, B KOTOPOM IIPHIIOKCHA €TMHUIHAS
cuina. U 310, 6e3ycliOBHO, HE O3HAYAET, YTO B 3TOM Ce-
YEHHH TPOTrU0 dJieMeHTa OyJeT MaKCUMAaJbHBIM, Tak
K€ KaK He 03HAYaeT W TO, YTO KPUBU3HA YNPYTOH JH-
HUM (LCHTPAILHOM OCH 3JIeMEHTa) OyAeT MaKCHMallb-
HOH B TOM CEUCHHH, TI€ BO3HUKAET MaKCUMAIIbHBIH 13-
ruOaromuif MOMEHT.

be3ycnoBHO, pa3OoWB pacCYUTHIBAEMBIN 3JIEMEHT
Ha YYacTKU IO COOTBETCTBYIOIIMM IIpaBUIaM pa3-
OWBKH, MOXHO ITOCTPOUTH KPUBYIO MTPOTHOOB H IO HEHl
OIIPEACINTh MAaKCUMAJIBbHOE 3HaueHHE MNporuda st
BCETO PACCMaTPUBAEMOT0 SJIEMEHTA.

Ho ananutnyecku 3a1a4y MOXKHO PELIUTH NPOLIE,
UCTIONB3Ysl YHUBEPCAIIbHBIC YPAaBHEHHS IPOTUO0B U yT-
JIOB ITIOBOPOTA CEYEHU I MHOTOOTIOPHOT'O KeIe300eTOH-
HOTO 3JIEMEHTA.

3amucaB sl paccMaTpUBaeMOM YHpPYyrod cH-
CTeMBl 2 ypaBHEHHs, ONpEICINB MOCTOSHHBIE WHTE-
TPUPOBaHMS, UCIIONIB3Ys TPaHUYHbBIE YCJIIOBHUS MOKHO
HalTH BCE KOOPAMHATBHI «X» CEYEHHH, B KOTOPBIX
HMEIOT MECTO JKCTpEeMallbHble 3HA4eHHs HPOrHOOB.
BribpaB mo abcoOTHON BENWYMHE MaKCHMAaTbHBIN
poru0, MO>KHO 3aICaTh YCIOBUE KECTKOCTH B hopMe
(3), uTO U ABNIAETCS PEUICHUEM ITOCTaBICHHON 3a7aduu
pacueTa Ha KECTKOCTb.

PaccMoTpuM perieHne JaHHOTO BOIIpOca € IpH-
MEHEHHEM 2 CIOCOOOB ONpeJesieHns IepeMEICHH B
CTaTHYECKHU OMPEIEINMBIX OaKax.

Cnoco6 Bepemaruna: uHTerpan nepeMHOKEHUS
IBYX (YHKIHMH, OTpaHWYMBAIOIINX OIIIOPHI, MPHUYEM
OJlHa M3 KOTOPBIX MpeAcTaBiIseT coboil mpsMyro Ju-
HUIO, a JIpyras sIBISETCS KPUBOJIMHEHHOM, paBeH Ipo-
W3BEJICHUIO  IUIOMANU  (QUIYpbl  KPUBOJIMHEHHON

SMIOPBI, HA OPIMHATY U3 3MIOPBI, OTPAHUYEHHON Ips-
MOW IMHHEH, KOTOPYIO OEepyT IO LEHTPOM TKECTH
IJIOIIAINA SIIOPbl, OTPAHUYEHHON NPOU3BOJIBHOW JH-
HUeH.

b

Puc. 1. Onpeoenenue nepemewyenuii cnocobom Bepewazuna

BI;Ipa)KeHI/IC HUHTCTPUPOBAHUEC 3aITUIICTCA B BUAC:
T

L

[Em -Mndx =CQn-ve

i
u

COOTBGTCTBCHHO, TNEPEMEIICHUC!

Amn =

Qn-ve

"y

E-J

st perienust 3anaun OyneM paccmarpuBaTh OeToHHYI0 Oaiky pazmepamu 100x100%400 MM, BBIIOJIHEHHYIO
13 IByX HanboJiee pactpocTpaHeHHBIX Mapok 6eToHa B15 u B30 nmpu 1ByX caMbIX 9acThIX BApHAHTAX 3arpyKEHUS

Oaku.
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1 BapuanT:
Aro—75:H F=10kH Rb=2.5¢+ A
.
0.1 0.3

Puc.2 Pacuemnas cxema
Pewmenue:
Paccmorpum paBHOBecue Oanku. M300pasum neiicTByromue Ha 6anKy crutbl. [ IOTy4eHHON TUIOCKON CH-
CTEMBI CUJI COCTaBUM TPU ypaBHEHUS PaBHOBECUS [l OTIPEAEICHUS pPeaKkIiy OIIop.

ZYzo:RA—F+Rb=O

ZMazo: —~F-01+Rp-04=0

F-0.1
RBZWZZ.SKH

Ry=F—Rp=10-25=75kH

Pa3buBaem Hamry 6anky Ha 2 ydacTka, Kak MOKa3aHO Ha pUC.2 U HAXOJIWUM 3HAYECHHs MOMEPEUHOU CUIIBI U
MOMEHTA B KXJIOM CEUCHHU:

I yyacTok:
Ql = RA = 75KH,0 SX]_ < 01
M; = —Rp " xy;
Mi (g —gy = —7-5-0=0xHmM; My, _,)==7.5-01=-075kHm
II yuacroxk:

Q,=—-F+R,=-25kH,0<x; <0.3
M; = =Rp - (0.1 +x;) + F-xy;
Mz, =01y = =75 (0.1+0) + 100 = ~0.75 kHm;
Mz, 05y = =75+ (0.1+03) +10-03 = 0 kHm

IToxaxxem MOJYYCHHBIC 3HAYCHU S HA IMHOPAX Q u M.

7.5

ES==

I

Puc. 3 3niopbz nonepevHsvlx Cul u u32u6aiou4ux MOMEHRMOoe6

IlepBasi cucTeMa BKJIOYAET BCE PEalbHBIC HArpy3KH, a BTOpas CHCTEMa BKJIIOYACT TOJIBKO CIMHHYHYIO
HArpy3Ky, KOTopas AeHCTBYET Ha KOHCTPYKIHIO. EnuHmYHast Harpy3ka npeactaBisieT co00il (UKTUBHYIO WK HC-
KYCCTBEHHO BBEJIEHHYIO HATPY3KY, KOTOPasi HO3BOJISET ONPEACIHUTE IepeMelIeHue A KOHCTPYKIIUH MIPH JISHCTBHA
pealbHBIX Harpy30K. EqMHIYIHAS Harpy3Ka MPHUKIAIBIBACTCS B TOM TOYKE KOHCTPYKIIUH, IEPEMEIIICHIE B KOTOPOit
ompenesieM, U ICHCTBYET B HANPABICHUH HCKOMOTO MepeMeIieHust. PAacCMOTPHM BTOPYIO CHCTEMY Ha IpPEICTaB-
JICHHOM BBIIIIE OajKe.
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0.75kH P=1kH Rb O.QbVH‘

Puc.4 3aepysicenue eOunuunou Hazpy3xou

Paccmorpum paBHOBecue Oanku. M300pa3uM feiicTByromue Ha 6anKy cuitbl. 11 MOJIy4YeHHOU TUIOCKOU CH-
CTEMBI CHJI COCTaBUM TPH YPaBHEHHUS PAaBHOBECHS JIJISI OTIPEICICHHUS PEaKIiH OTIoP.

ZYzO:RA—P+Rb=O

ZMa=0: —P-01+Rz-04=0

P-0.1
RB =W= 0.25 kH

Ry=F—Rg=1-0.25=0.75«kH

PaszbuBaem Hamry Oanky Ha 2 ydacTka U HaxoauM 3HaueHust Q 1 M B KaKIOM CeUCHHH:

I yyacTok:
Q; =R, =0.75kH,0 <x; <0.1
M; = —Rp " Xy; Ml(x1=o) = —0.75-0 = 0 kHvm;
Ml(x1=o.1) = —0.75-0.1 = —0.075 xHm
II yuacrox:

Q,=—-P+R,=-025kH,0<x, <0.3
M; = =Ry - (0.1 +x,) + P xy;
Mz gp=0.1) = —0.75-(0.1+0)+1-0 = —0.075 kHm;
Mz, —03) = —0.75 (0.1 +0.3) +1-0.3 = 0 kHm
TMokaxkeM MoJTyYeHHBIE 3HaYEHHs Ha dmopax Q u M.

e

Sriopa Q  (IIMESIII

0.25

I 0 O N A 8 A AR
—,

=

|

| |

| | |
L :
[ fTWﬂImT]H =) -mrmmmllmlmllwhmmrm |

0075

Jnopa M

Puc.5 Onioper euympennux ycunuti om oeucmeus eOUHUYHOU Hazpy3Ku

OHPGHCHHGM MPOCKIHUU IEHTPOB TAKECTU (1)I/Il"yp OIMIOPbI H3FI/I6aIOHII/IX MOMCHTOB

| I

~0.015

‘ M | -f‘j\ — Mea

T N
|

0,07 ‘395‘ 0,1 ‘ 02

Puc.6 Cxema 0na onpedenenust npoekyuti Yyenmpos msicecmu
MOl = 0.002 M02 = 0.003

HaXOI{I/IM miomaan TpeyroJbHUKOB, MOJTYUCHHBIX IMTPU NOCTPOCHUU SITIOPLI OT pEaJIbHbIX HAIPYy30K:

1
Wy =5 0.1-7,5=0.0375 m?
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w, = l 0.3-7,5=0.1125 m?
2

HepeMemeHHe B 33/IaHHOM TOYKE PpaBHO!

0005
Bl

1
y= ﬁ((0.0375 -0.0525) + (0.1125-0.125)) =

Tak kak 6anka pazmepamu 100x100x400 MM, TO HAXOAMM MOMEHT MHepIMH | 1 KBagpaTHOro ceyenus | =
0.1*

—=—=83-10"°um*

12 12

_ 0005 _ 0.005

- s 6etona B15 E=23-10%y = =—————=10.026mM
GEL_ 231038310
- st 6erona B30 E=32-10°y = —= = —————=0.019m
EI 32-103-8.3-10
2 BapHaHT:
‘ Ra=37.5kH - M=T5kHMm Rh=37.5kH
‘.J j Y
[ |
0.2 jﬂ’ 0.2
| |
Puc.7 Pacuemnas cxema
Pemenue:

PaccmoTpum paBHOBecue Oanku. M300pa3uM neiicTByromue Ha 6anKy crutbl. [ OTy4eHHON TUIOCKON CH-
CTEMBI CIJI COCTaBUM TPU yPaBHEHUS PAaBHOBECHUS [T OTIPE/ICICHUS PeakIiK OTIop.

ZY=0:RA—Rb=O

ZM3=0:M—RB-0.4=0

M
Rg =57 =375kH

RA = RB = 375 kH

o

Pa3buBaem Hamry 6anky Ha 2 ydacTka, Kak MOKa3aHO Ha pUC.7 W HAXOJUM 3HA4YeHUS MOMEPEYHOW CHIIBI U
M3ruOaroIero MOMEHTa B KaX/IOM CEYCHHH:

I yyacTok:
Q; =R, =375kH,0<x,; <0.2
M; = —Rp"xq;
Ml(X1=0) ==7.5-0=0xHwm;
Ml(x1=0.2) = —37.5-0.2 = —7.5 kHm
I yuacrok:

Q, =R, =375kH,0<x; <0.2
M, = —Ry - (0.2 + x;,) + M;
MZ(x2=o.1) = —37.5-(0.2+0) + 15 = 7.5 kHwm;
—37.5-(0.2+0.2) + 15 = 0 kHm

MZ(x2=0.3) =

Iloxaxem NOJIYUYCHHBIC 3HAUCHHS Ha SIIOpax Q u M.

37.5

7.5

‘k_
.l

Jntopa M

Puc.8 Oniopvr snympennux ycunuii
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HepBa;I CHUCTEMaA BKIIIOYACT BCE PCAJIBHBIE HAIrpy3KH, a BTOpas CHUCTEMa BKIIIOYACT TOJBKO C€AWHUYIHYIO
HarpyskKy, KoTopas I[eflCTByeT Ha KOHCTPYKIHIO. EL[I/IHI/I‘IHaH Harpyska npeacTaBjisai€T CO60f/i (I)I/IKTI/IBHyIO WJIHN UC-
KYCCTBCHHO BBe}IéHHyIO HarpyskKy, KOTopad Mo3BOJIACT ONPCACIIUTb NIEPEMEILICHNUC A KOHCTPYKIIUHU ITpU ﬂeﬁCTBHH
PpCajibHBIX HArpy3o0K. E[[I/IHI/I'{HEUI Harpyska NpuKjIaablBacTCsd B TOM TOUKE KOHCTPYKIUHU, IEPEMCUICHUC B KOTOpOﬁ
ONpeeNsieM, U JENCTBYET B HANPABICHUHM HCKOMOTO IlepeMelieHus. PaccMOTpUM BTOPYIO CHCTEMY Ha IPECTaB-
JICHHOH BBbIIIE Oalke.

‘ Fa=0.52«H P=1KkHM |-?.b=C'.":,~|\H‘

0,2 0,2

Puc.9 3aepyoicenue eOunuunou Hazpy3xou

Paccmotpum paBHoBecue Oaiku. M300pa3um aeiicTByronye Ha 0anky cuibl. [ noixyuyeHHON MIIOCKOW CH-
CTEMBI CHJI COCTaBUM TPU YPaBHEHUsI PABHOBECHS AJISI ONIPEEIICHHUS PEAKIIH OIIOP.

ZY=0:RA—P—Rb=0

ZMa=0: —P-02+Rz-04=0

_cP02_
B= 04 . 7F

RA = _RB = 0.5 xH

PazbuBaem Hairy 6anky Ha 2 yyacTKaud HaxoauM 3HadeHus1 Q u M B KaKI0M CeYCHUU:

I yuyacTok:
Ql = RA = OSKH,O SX]_ < 02
M1 = _RA * X1, Ml(X1=0) =-05-0=0 KHM;
Ml(x1=0.2) = —0.5-0.2 = —0.1 kHm
II yuacrok:

Q; =R, =05kH,0<x; <0.2

M, = =R, - (0.2 + x,) + P - xy;
Mz, —01) = =057 (0.2+0) +1-0 = 0.1 xHy;
MZ(X2=0.3) =—-05- (02 + 02) +1-0.2=0xkHwM

IokaxkeM MoJTydeHHbIC 3HaYCHUs Ha dmropax Q u M.

5 '
dniopa Q E]}]]]HIGJI||II||I|||||II||||||II|||||I||II||||I||I|||||I|||||||II|||||||II||||II|II|||||I||I||||II||||||||II||||I|II||
| |
|
|

|
|
| —oq | |
| oo e

Puc.10 Dnioper snympennux ycuauti om 0elcmeust eOUHUHHOU HasPpy3KU

Snwpa M

MOl = MOZ = 0.066

OHPGHCHHGM 3HAYCHUA MOMCHTA O] ICHTPAMHU TAKECTHU ABYX IMOJTYYCHHBIX TPCYTOJIbHUKOB!
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| ~0.1 |

0,1 ‘ 0,1 ‘ 0.1 ‘ 01

Puc.11 Cxema 0na onpedenenusi npoexyuii YeHmpos maxicecmu

1
Haxoaum miomaau TPEYTOJIbHUKOB, ITOJIYYCHHBIX IIPHA NOCTPOCHUH 3MIOPHI OT PEAJIbHBIX HATPY30K W, = 5 .

0.2-(=7,5) = —0.75 M2w, = =+ 0.2+ 7,5 = 0.75 M2

2
[epemernienue OyaeT paBHO:
1 0
y= ﬁ(—(0.066 -0.75) + (0.066 - 0.75)) = B 0

W3 Bcero BhIIIECKa3aHHOTO MOYKHO YBHIETh, YTO NMPH BTOPOM BapHaHTE CXEMBI 3arpyKeHUs OalKu MBI HE
II0JIy4aeM IIEPEMELICHNS B TaHHOM CEYCHHH.

Metoa MaxkcBena-Mopa

M—a.c.
B[

s

P-6.10.
Puc. 12. Cxemvl 015 onpedenenus 0600weHbIX nepemeuenut

3anumeM npuOIIKeHHY0 hopMyry Makcseiuta — Mopa, KoTopast HCIIOJIB3YeTCsl JIs OTIpeieTIeHusI iepeMe-
IIEHUH B M3TN0AEMBIX TNIOCKUX CTEP>KHEBBIX CHCTEMaX M HE YUMTBHIBACT BIMSHUS HA MEPEeMEIeHHs TPOIO0IbHON
U TIOTIEPEYHOM CHUI:

M- -M.
5i =IT'dX (5)

Urto0kI Bocmionb30BaThes (hopmyroi MakcBemia — Mopa, Hajgo:

1) onpenenuTh U3TUOAONINI MOMEHT Ha Ka)KJIOM y9acTKe OT 3aJaHHON Harpy3KH;

2) 0cBOOOANTD KOHCTPYKIIHIO OT 3aJJaHHOW HATrPy3KHU M 3arpy3HUTh €€ €AMHNIHON 0000IEHHON CHIIOH, COOT-
BETCTBYIOIIEH HICKOMOMY NEPEMEIICHUIO

3) noacTaBUTh NPOM3BE/ICHUE N3TNOAIOIINX MOMEHTOB OT Harpy3KH M OT €JMHUYHON 0000IIeHHOH Crilbl B
MHTETPal ¥ IPOUHTETPUPOBATH 1T0 BCEH JIITMHE KOHCTPYKITHH.

1 Bapuanrt:

‘ Ra=7.5kH F=10kH Rb=2.5kH ‘

0,1 0,3

Puc.13 Pacuemnas cxema
Pemenue:
PaccmoTpuM BTOpYIO CHCTEMY Ha IPEACTAaBICHHON BHIIIE Oasike
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‘ Ra=0.75kH FP=1«kH Rb:DAZSKH‘
0,1 0,3

Puc. 14 3acpyscenue edunuuno nazpyskou

0.1

[lepeMenieHne B 3aJ@HHON Touke OyleT paBHO: y = i(fo (Mp; * Mg)dx + + foo'3(Mpz - Moz)dx) =

1 0.1 0.3
~([377.5%, - 0.75%,) dx + [ *(2.5%; - 0.25x,)dx) =

0.625x,3

5.625%,3 ‘0.1 N
3EI

3EI 0

__0.0075
T 2EI

‘0.3
0

EI
4(5.625%,2) dx + [>(0.625x,2)dx ) =
0 0

1
EI

HaXOZ[I/IM MOMCHT MHCPUHHU AJI1 KBAAPAaTHOI'O CCUCHUS:

a* 014
=—=——=83-10"°m*
12 12 0.0075 (?40075
- g 6etona B15 E=23'103y= - = 3 — = 0.039m
ofbs _ PIER0
- nnist 6etona B30 E=32-10%y = = = - — =0.028 M
EI 32-103-8.3-10
2 BapHMaHT:
‘RO=37,5KH - M=15kHm Rb=37.5kH
0,2 ’ 0.2 QL
Puc.15 Pacuemnas cxema
PaccMoTpuM BTOpYIO CHCTEMY Ha MPEACTaBISHHON BhINIE OaJKe.
‘ Ra=0.5kH P=1kHm Hb:(‘:_bw—m
) )
/ l;
_;_I_j - o x|
0,2 0,2

Puc.16 3azpyoicenue edunuunoil Hazpy3koti

HepeMemeHHe B 3aﬂaHHOﬁ TOYKE PABHO:

0.1 0.3

1
Y= H f (Mp1 - Mgq)dx +J (Mpz *Mgp)dx | ==
0 0

_10
=50

OCHOBHBIE BBIBOJIBI

1. Tlpennmaraemas HOpMaMH METOAWKA IPOTHOOB
JKEJIe300€TOHHBIX MHOTOOIOPHBIX OaJOYHBIX CHCTEM
HE TI03BOJIAET YCTAaHOBHUTh MAaKCHUMAaJbHBIE 3HAUYCHUS
pOruOOB YIPYroro 3J1eMeHTa, T.K. He T03BOJISIET yCTa-
HOBUTHb KOOPAWHATBHI CEUEHHH, B KOTOPBIX IPOTUOBI
MMEIOT MaKCUMaJIbHbIE 3HAUCHMSI.

0.1

1
0 J (37.5x%; * 0.5%;) dx + j (—37.5x, - 0.5%,)dx
0 0

0.3

2. HWcnonk3oBaHue nHTErpaioB Mopa st orpe-
JIJICHUS TIEPEMEIIEHUH CeUeHMI 0aIoK MO3BOJISET TO-
JMyYUTh JAUCKPETHBIC 3HAYCHUS IEPEMEIICHUH, HO HE
MMO3BOJISICT HAXOAUTH KOOPIANHATHI CEYCHUH, TTOTYUNB-
X HauOoJIbIIKE (B TOM YHCIIC MAKCHMANBHBIC) ITepe-
MEILIEHMS.

3. IlpumMeHeHMe yHHBEPCAJbHBIX YpaBHCHHA
MPOruOOB ¥ YIIIOB MOBOPOTA MO3BOJISIET KPATKO U J0-
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CTAQTOYHO IIPOCTO PELINTH 3aJady OnpeleseHus Koop-
JMHAT CEYCHUH C HanOOJIBIIUMH NEPEMELICHUSIMH, a
TaKKe PEIIUTh 3aJady HAXOXKICHUS MaKCHMAJIbHOI'O
13 BO3MOXKHBIX nepemMelneHnid. Takum obpaszom, npen-
JaraeMasi METOAMKa pacyera OTJIMYAeTCs 3HAYUTEIIb-
HOM MpPOCTOTOH, MHUHHUMAaJbHBIM YPOBHEM CHYe€Ta, a
I7IaBHOE, MO3BOJISIET YYHUTHIBATh HMEHHO MaKCHMalb-
HBIE MTPOTHOBIL.
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COLLAGEN HYDROLYZATE AS COMPONENT OF FOODSTUFFS OF HEALTH NUTRITION

/3100a H.A.
Kanouoam meouyunckux nayx,

doyenmragheopvl MexHoI02UU PeCmMopana u 300p08020 NUMAHUsL
Odecckas HayuoHaIbHAs akademus nuwjegvlx mexnonocuii Odecca

3emnsakoesa O.B.

accucmenm Kagheopvl MexHOL02UU PECMOPAHA U 300P06020 NUMAHUSL
Ooecckasn HayuonanvbHas akademus nuwesvlx mexuonozuti Odecca

Onuiinux M.HU.
macmep-Kypc

Kagedpvl mexnono2uu pecmopana u 300p08020 NUMAHUs

Ooecckasn HayuonanvbHas akademus nuwesvlx mexuonozuti Odecca

I'NJAPOJIN3AT KOJUIAT'EHA KAK KOMITIOHEHT IMPOAYKTOB IIMTAHUA 31OPOBbsA

Summary: The article deals with modern approaches to the development of technologies for obtaining hy-
drolyzates. Collagen hydrolyzate is also considered as a source for the treatment of diseases associated with joint
pains. The expediency of using collagen hydrolyzates for obtaining biologically valuable food products has been
proved. Since proteins and polypeptides play a key role in the life of the organism. Scientific and practical interest
in substances of protein nature is explained by the diversity of their functions in metabolic processes.

Key words: characterization, collagen hydrolyzate, collagen, isolation, nutrition

Problem statement. Permanent collagens ex-
change processes in our body takes place during the
whole human life. Old fibrils are replace by new one all
the time. When we are young, collagen production and
degradation are in dynamic balance, but during matura-
tion of tissues, degradation is being more intenssive.
UV radiation, smoking cigarettes, stress and unhealthy
diet lead to the degradation of natural collagen structure
and to earlier senility [1].

Modern lifestyle characterized with permanent
lack of time results in consumption of a highly
processed food which does not have any beneficial
effect on our health. Inbalanced and incomplete diets

can be a reason of many diet depended diseases. If we
care about healthy lifestyle, we have to include
nutrient-rich food to our normal diet. Diet supplements
are such kind of health beneficial substances which
contain concentrated source of nutrients or other
components causing positive physiological effects.
Diet supplements are produced in the form of powder,
capsules, powder in sachets, liquid in bottles with
droppers or in other forms suitable for proper dosage. It
is well recognized that diet supplements are not
medicines and their use is not regulated by the
pharmaceutical law [1].
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Collagen plays an important "regulatory role” in
the human body - the functioning of the connective
tissue (the quality of structuring, ensuring the resilience
and elasticity of tissues, preventing its dehydration,
providing a reversal of the deeper layers of the skin and
inducing its level, and it can also reduce metabolism
and hormonal disorders [2].

The body must constantly go through the process
of protein synthesis. Collagen, the structural units of
which are amino acids, is formed by the splitting of pro-
teins from food. The formation of proteins is suspended
if at least one essential amino acid is missing. When
shaping your diet, it is important to consume foods that
increase collagen production.

For many years, collagen was considered insolu-
ble in water and non-digestible. The reason for this is
that the native collagen is not exposed to the trypsin
contained in the gastric medium, however, it is hydro-
lyzed by the bacterial enzyme collagenase [3].

Generally, a collagen is used in cosmetics,
biomedical and pharmaceutical industry [4, 5].

Also, collagen hydrolyzate is used in
confectionery (to improve the structure and
stabilization of foam), dairy products (as stabilizers and
texture agents), bakery (to provide stabilization,
emulsification and gelling), low-fat (to provide a
reduction in fat, cream-like and taste sensations), in
meat processing (to ensure water binding, for example,
in ham), in winemaking and the production of fruit
juices (as tonic) [6-9].

The source of collagen is, most often, waste from
the food industry, because collagen is contained in the
skin, tendons, cartilage, etc. For a long period, collagen
of animal origin was used in all spheres. From the
beginning of this century, the priority positions are
transferred to collagen, separated from hydrobionts,
most often, from the waste products of sea fish
processing, so-called "marine collagen”. It has a
number of advantages over the analogue of animal
origin. This, in the first place, has a more structural
similarity with human collagen, which provides
biocompatibility. The level of collagen absorption by
the body of fish is 1.5 times higher than that of collagen
derived from pig hides. Antigenicity, ability to
biodegradation are important.

Fish collagen has a smaller molecular weight and
size than cattle, which makes it possible to better absorb
this protein. Therefore, it quickly enters the
bloodstream, and then enters into each cell of the body.
This leads to the synthesis of the necessary substance
in the articular tissues, bones and skin.

Collagens consist of a high amount of glycine
(about 33% amino acid residues), proline (12-14%), 4-
hydroksyproline (<14%) and 4-hydroksylysine (1.5%)
[1,10]. The last substance will not be fully assimilated,
therefore its presence can be detected in the blood.
Hydroxyproline stimulates the growth of skin cells,
frontal lobes and bones, which results in the synthesis
of collagen [11]. Tryptophan and cysteine were not no-
ticed [1,12]. Fish collagen is also hypoallergenic,
because it is 96% identical to human protei [1, 11, 13].
10 g of collagen contains 9.4 g protein, 10 mg of
sodium and a small amount of calcium, potassium, iron.

In such tissues as skin, bones, fins, the bulk of pro-
teins of fish of the genetic nature are concentrated. The
main advantage of collagen is the lack of toxicity and

carcinogenicity, weak antigenicity, high mechanical
strength, resistance to enzymes, regulated lysis rate in
the body, the ability to form complexes with chon-
droitin sulfate, glucosamine and other carbohydrates,
stimulation of the regeneration of the body's own tis-
sues [14].

Fish products play a major role in the rational
food intake of millions of people worldwide. Therefore,
the creation of new generation food products, based on
marine hydrobionts having improved nutritional and bi-
ological value, is of great significance to accommodate
the increasing demand for high-quality protein fish
products. These types of foods, rich in essential com-
ponents, are intended to replenish the amino acid and
bioenergetic deficiencies of the organism. [15].

Actual scientific researches and issues analysis.
The extensive processing of industrial fish is
accompanied by the formation of secondary resources,
the scope of which is quite wide, but not fully used. The
main direction of recycling of secondary fish resources
is to obtain from them biologically valuable
components whose physiological role is due to their
ability to influence metabolic processes, to participate
in the formation of tissues of the human body, to
provide preventive action, to act as general restorative
means.

Currently active search of new sources of raw
materials and methods of their processing into high-
quality food products is being conducted. Any industry
in the processing industry always has the task of
increasing the efficiency of the use of raw materials,
reducing waste production, expanding the range and
improving the quality of products. This is especially
true for such valuable exhausting, but renewable when
properly used raw materials as hydrobionts [16].

It is critical to underscore that at the moment in-
terest in waste from the fish processing industry
(glucosamine, chondroitin, polyunsaturated fatty acids,
phospholipids, biocalcium, phosphorus, etc.) as a
source of valuable biologically active substances does
not weaken. In addition, secondary fish resources are
valuable raw materials for obtaining various
therapeutic and stimulating drugs, because they contain
numerous bioactive components that have an immune-
active property, the ability to normalize blood pressure,
and to activate digestive processes.

A variety of technologies have been developed to
obtain biologically valuable components, such as
chondroitin sulfate and hexosamines from cartilage
tissue hydrobionts, collagen and hyaluronic acid from
fish skin, enzyme preparations from fish organs [17].

Identification of previously unsettled parts of
the general problem. Collagen was previously thought
to be a defective protein of low biological value, but
these views have now been revised, as there have been
studies that prove the biological value of prolin and
oxyproline contained in collagen proteins in large
numbers (30% of the total the amount of amino acids),
as well as the source of glycine (up to 30%). These
proteins are the structural components of the articular
and vascular tissues of man and the lack of proline and
oxyproline contributes to the development of diseases
of the musculoskeletal and cardiovascular systems.
Despite the fact that collagen is the main protein of the
joints, collagen inners have relatively recently started
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to be used for the treatment of arthritis and arthrosis
[18].

In humans, collagen comes from food after its heat
treatment. Denatured kind of collagen is medicinal and
food gelatin. Collagen proteins and gelatin under the
action of enzymes of the gastrointestinal tract (GIT) can
be cleaved to amino acids and polypeptides. The large
length of the molecules and collagen fibrils having a
relatively high molecular weight prevents their
effective  digestion. The collagen hydrolyzes,
containing a set of amino acids and polypeptides, are
more accessible to digestion in the human body.
Getting into the blood of amino acids accumulate in
connective tissues and cells. Hydrolyzed collagen, as a
source of specific amino acids, can be a building
material for the biosynthesis of the matrix of these
tissues [19].

Osteoarthritis (OA) affects millions of people in
the United States, and the number of people with OA is
predicted to increase as the population agesl. Cur-
rently, there is no cure for OA, so management of the
disease is focused on reducing pain, maintaining mo-
bility, and minimizing disability. In recent years, sev-
eral investigators have suggested that some substances
may be capable of repairing damaged articular cartilage
or at least decelerating its progressive degradation. One
such agent that has been investigated is the nutritional
supplement collagen hydrolysate [20].

Previous clinical studies confirmed the
effectiveness of collagen hydrolyzate in the treatment
of OA. The use of this agent was based on the
substantiation that the hydrolyzed collagen contains a
host of amino acids that play a role in the synthesis of
collagen, one of the two main protein components of
the cartilaginous matrix. It is assumed that the
administration of this agent can stimulate chondrocytes
prior to the synthesis of the collagen matrix and provide
symptomatic improvement in OA [19, 21].

According to modern notions, with age-related
cartilage degeneration, depolymerization and reduction
of components of proteoglycans, primarily chondroitin
sulfate, change the hydrodynamic properties of
cartilage and reduce the rate of diffusion of nutrients in
it. As a result, the main cartilage substance is reborn,
disappears in some places, is replaced by a connective
tissue. The main chondroprotectors are glucosamine
and chondroitin sulfate - components of articular
cartilage, which are part of the proteoglycans and
glycosaminoglycans of cartilage tissue.

Currently, for the production of biologically active
substances (BAR) chondroprotective action, bone and
bone graft cartilage tissue of cattle is used that is
significantly mineralized and contains less than 1%
cartilage tissue. An alternative to this type of raw
material is bone and cartilage tissue that remains after
the processing of fish. Among the known methods of
obtaining BAD chondroprotective action, the most
effective is enzymological, based on the use of enzyme
preparations. Positive results of the use of enzymatic
hydrolysis in  the  preparation of  drugs
chondroprotective action confirm the rationality of the
use of raw materials of bone and cartilage tissue pike
perch. Using bone and cartilage tissue increases the
yield of the finished product and enriches the finished
dietary supplements necessary for the body with natural
minerals [22].

Products of hydrolysis of collagen (gluten, gelatin,
etc.) have a positive effect on the state and function of
useful intestinal microflora, actively stimulate
secretory and motor functions of the stomach and
intestines [18, 23]. Elements of the connective tissue -
glucosamine and mucopolysaccharides, like food
fibers, have cationic character properties that cause
excretion of various toxicants from the body,
participate in the regulation of cholesterol metabolism
[18].

According to many researchers, the beneficial
effects of oral administration of collagen hydrolyzates
are the result of overcoming the intestinal barrier with
biologically active peptides that enter the bloodstream
and become available for metabolic processes [24].
Collagen hydrolyzates are used for medical purposes,
such as high-energy supplements, geriatric preparations
and intestinal soluble drugs, diet therapy or weight
control, as well as in the treatment of patients with
specific digestive, absorption and amino acid
metabolism disorders. Tests also included clinical
treatment of patients with malnutrition associated with
trauma, burns, cancer and liver encephalopathy [25].
Collagen hydrolyzate is a good source of amino acids
for people suffering from anorexia, anemia and
vegetarians (due to lack of meat in their diet).
Biologically active supplements containing collagen
hydrolyzate, which improve the regeneration of
tendons or joints in physically active athletes with joint
pain associated with activity [19, 24].

It has been shown that the orally consumed
hydrolyzate of collagen is absorbed in the intestine and
is accumulated in the cartilage. In particular, taking a
hydrolyzate of collagen stimulates a significant
increase in the synthesis of macromolecules of
extracellular matrix chondrocytes [20]. According to
medical data, clinical trials have shown that taking
collagen hydrolyzate reduces pain in patients with
osteoarthritis and osteoporosis. It is believed that 15%
of the world's population suffers from diseases
associated with joint pain. Thus, the disease of joints
associated with other commonly occurring agents of
high-risk diseases is becoming a growing problem.
Growing risk factors are old age (over 50% of elderly
people suffer from rheumatism), sex (large numbers of
patients -children, especially after menopause), body
weight (huge body weight is the cause of joints
overload and leads to joint pain), constantly excessive
sports activity, joint injuries (eg, dislocation),
metabolic diseases (eg diabetes) [26]. Hydrolyzed col-
lagen has been shown to be involved in cartilage matrix
synthesis [24].

For almost two decades, scientists have studied the
relationship between therapeutic trials for diseases of
the joints and collagen, gelatin or collagen
hydrolysates. In many studies, researchers took a dose
of 10 g of collagen hydrolyzate per day as a safe dose
and well tolerated by patients. In addition, clinical trials
have shown that this level of daily intake of proteins
can reduce pain compared to patients in the placebo
group [19].

Objective statement of article. The aim is to
analyze the technologies of production and distribution
of collagen hydrolyzate, the search for new sources of
collagen.


https://www.multitran.ru/c/m.exe?t=1791291_1_2&s1=%EA%E0%F2%E8%EE%ED%ED%EE%E5%20%F1%E2%EE%E9%F1%F2%E2%EE

64 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 2019

)|
EESY| |

Statement of basic materials. Good incentive for
the development of new technologies for the
production of collagen is the urgent environmental task
- the rational use of protein-containing waste products
for the processing of fish products. At present, the
production of fish products is accompanied by the
formation of a large number of secondary protein-
containing raw materials (bones, fins, skin, scales,
inwards, etc.), which makes up from 30 to 70% of the
mass of raw material that does not find its application
with the preservation of bioactive functional.

It should be noted that to date there are a number
of methods for isolating the collagen hydrolyzate,
presented both in scientific publications and in patents.
It is necessary to emphasize on the values of molecular
weight (MW) collagen, which is controlled by different
methods, most often such as electrophoresis, Malda.
Depending on the method of determination, the
quantitative value of MW may vary slightly. However,
in general, it can be said that the macromolecular
collagen has a MW of 200 kDa, a hydrolyzate (low
molecular weight) collagen < 15 kDa. In this case, the
coefficient of polydispersity (the ratio of the average
mass and the average molecular weight) is important,
which characterizes the "spread” of the values of the
MW collagen.

In practice, the use of a set of techniques allows
the obtaining of a fine-dispersed high-molecular
collagen, a collagen hydrolyzate with a value below the
threshold value of MW and a collagen with a wide
range of MW, starting with high molecular weight and
finishing with a hydrolyzate (low molecular weight).
Significant advantage of hydrolyzate (low molecular
weight) collagen before macromolecular or collagen
with a wide range of MW is the ability to absorb more
effectively both in the digestive tract and organs of the
human system: the skin, hair and nails. The most
suitable for the allocation of low molecular weight
collagen are currently methods of chemical (alkaline,
alkaline-salt, acid) and hydrolysis. In the latter case,
proteolytic enzyme preparations are used, as well as
complex additives containing several enzymes.

The collagen hydrolysates are produced in a
controlled hydrolysis process to produce soluble
peptides. The raw material is washed, homogenized
and demineralized with dilute mineral acid or alkali.
The raw material is extracted in several stages with
warm water. Further enzymatic degradation of gelatin
leads to the final product, which is a collagen
hydrolyzate [19, 24, 26].

In the works of modern scientists and other lead-
ing scientists, [27, 28, 29] the allocation of fish collagen
from fish skin was considered.

It is established in [30] that the effect of enzymes
on collagen is different. For example, specific enzymes
of collagenase and collagen mucoproteinase - have a
special effect on collagen molecules. Nonspecific
enzymes (trypsin, chymotrypsin, bacterial proteases,
pepsin,  papain, ficin, bromelin,  elastase,
mucopolysaccharidase, amylase, etc.) have a different
profile of effect and split mainly denatured collagen
peptides, contributing to increased solubility.

In some cases, for hydrolysis of collagen- or
keratin-containing proteins that are poorly soluble in
water and have a large number of peptide bonds that are
not subjected to enzymatic hydrolysis, pre-acid

hydrolysis is used, and after partial or complete transfer
of proteins to the soluble state, they undergo further
transformation into hydrolyzates by means of enzyme
preparations [30].

This study [15] aims to study the protein
composition of the source material obtained from low-
value species of fish of the family of cod, that is, pussy
and bunches, for further use and development of
innovative processing technologies of hydrobionts. The
fish protein was fractionated using several extractions
of homogeneous fish raw materials with solutions of
increasing ionic strength and pH.

Hydrolyzed collagen, as a source of specific
amino acids, can be a building material for the
biosynthesis of the matrix of these tissues. From
extracts of skin tissue received pharmaceutical gelatin.
In order to enhance the absorption of desalin, additional
enzymatic hydrolysis was performed [19].

Collagen hydrolyzate from the skin of cattle
"Collimin-80" was obtained under the influence of
enzymes of the pancreas of pigs [31]. "Collamin-80"
contains amino acids, dipeptides, tripeptides and
polypeptides.

In [32], the amino acid biopotential of the Baltic
laced scales and Moroccan sardines were studied for
use in gaming machines for sport nutrition of its
hydrolyzates obtained by enzymatic and hydrothermal
pathways.

In [33], it was shown that the calf obtained from
the calf is cleaved at low temperature by pepsin
splitting and has the properties similar to those of the
commercial collagen.

For more effective use of inadequate resources,
[34] from the deep sea seabream skin (Sebastes
mentella), acid-solubilized collagen (ASC) and pepsin-
allylated collagen (PSC) were isolated.

Also, in the study [35, 36] the collagen isolated
from the Baltic cod spit was characterized.

In order to obtain collagen biopolymers [37, 38,
39], enzyme preparations were used to obtain a high-
soluble protein product and exclude the possibility of
deep hydrolysis of raw materials to low molecular
weight products.

The Technology of Restaurant and Health
Nutrition Department of the Odessa National Academy
of Food Technologies has developed a technology for
obtaining a collagen hydrolyzate from a scales of carp
using alkaline hydrolysis. [40] Studies have shown that
the resulting product has foaming, stabilizing and
sorbing properties. [41-43]

Conclusions from this study and prospects.
Thus, the search for new sources of collagen, its isola-
tion and preparation of hydrolyzates is an urgent task of
biotechnology. Getting biologically valuable foods,
which are enriched with collagen hydrolyzate will
ensure the expansion of the market for functional
products.
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PA3PABOTKA CUCTEMbI ABTOMATUYECKOT O YIIPABJIEHUS, OBECIIEUUBAIOIIASA
PEAJIM3ALINIO ITPEJAEJBHBIX T'PAHNYHBIX IUKJIOB

Summary: Synthesized automatic control system finishing turning operation, the use of which allows to
ensure the stability of indicators of qualities when implemented by the system NPC limit boundary cycles. Inves-
tigation of the process of finish turning were used in solving a number of practical problems finishing of details
on the automated equipment. Production tests showed, what is the processing of products on heavy machines at
the final turning, compared to traditional methods, consistently provides high quality surfaces.

AHHOTalIl/Iﬂ: CHHTeBHpOBaHa CHUCTEMa aBTOMATUYCCKOI'0 YyIIpaBJICHUA onepauneﬁ YUCTOBOT'O TOYCHU, IIPH-
MEHEHHE KOTOPOH MO3BOJISIET 00ECTIeYNTh CTAOMIBFHOCTD TIOKa3aTeNleil KauyecTBa pH peanu3anuu cuctemoit YITY
MpCACIIbHBIX I'PAHUYHBIX HHUKJIIOB. Brinmonnennsie HCCIICA0BAHM IPpOLECCa YUCTOBOTIO TOUCHUS OBLIM HCIIOJIB30-
BaHBI IIPU PEIICHUH Psi/ia MPAKTHYECKUX 3a1a4 (pUHUIIHON 00paboTKHU eTaneii Ha aBTOMAaTH3UPOBAHHOM 000pY-
JOBAaHHU. HpOI/IBBOIlCTBCHHI)Ie HCObITaHWA TOKa3aJu, 4YTO IpU O6pa60TK€ I/I3,H€J'II/II71 Ha TsKCJIBIX CTaHKaX IpU 4Yu-
CTOBOM TOYECHHHU, IO CPABHCHUIO C TPAAUIHUOHHBIMU METOAAMMU, CTaGI/IJ'lBHO O6eCHqu/IBaeTC$[ BBICOKOE€ KQUE€CTBO
MOBEPXHOCTEH.

Key words: adaptive control, technological system, heavy duty lathe, precision, cutting depth, boundary cy-
cles, Kalman-Bucy filter.

Knrouesvle ciosa: aoanmuenoe ynpasjieHue, mexHojocudeckas cucmema, msicenvlil m0KaprllZ CMAaHoK,
MOYHOCMY, 21YOUHA pe3aHus, epanudnble yukiol, puibmp Kaivana - borocu.

IocranoBka mpoOaembl. B Hacrosiee Bpemst
YICTOBOE TOYEHHE Ha TSDKEJIIOM OOOPYNOBAaHHM OCY-
HIECTBIAETCS C NPUMEHEHHEM TPaJULMOHHBIX METO-
JIOB, KOTOPBIEC HE B MTOJHOW MEPE YUUTHIBAIOT BIUSTHHE

CITy4aiHbIX (DAKTOPOB, CHUYKAIOIIUX CTAOMIBHOCTD MO~
KazaTenell kauecTBa 0oOpaOOTaHHBIX H3IEIWi. BoJb-
[IMe Macchl M rabapuThl JeTajiel, UX YHUKAIbHOCTD,
BBICOKasi CTOMMOCTB, TPYIOEMKOCTh MEXaHHYECKON
00paboTKu TpeOyrT oOecneueHuss O0COOBIX YCIOBUH,



L im
EESY

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 2019 67

KOTOpPBIE CYIIECTBEHHO OTIMYAIOTCS OT TPaAUIHOH-
HBIX pELICHUH AJIsl JIETKUX U CPeAHHUX CTaHKOB. [Ipu
00paboTKe W3Ienuii Ha TSHKEIBIX CTaHKaX y4eT HecTa-
LIMOHAPHOCTH MPOLIecCca, CBI3aHHBIN C U3MEHEHHEM CO-
CTOSIHUS TEXHOJIOTHYECKON CHCTEMEI, TIPH pa3paboTKe
TEXHOJIOTHYECKHUX MPOLECCOB U METOJIOB YIIPABJICHUS
TOKapHBIMU CTAHKAMH TIO3BOJIUT YBEIHMYUTH IPOU3BO-
JUTEIBHOCTB MPOIecca, CHU3UTh Ce0eCTOMMOCTh 00pa-
0OTKHM neTaje, MOBBICUTh TOYHOCTH YUCTOBOTO TOYE-
HUSL.

Jnsa onepauuii 94MCTOBOTO TOYEHHS BBINOJIHSE-
MBIX Ha TSDKEJIBIX CTaHKaX OTCYTCTBYIOT TWHAMHUUe-
CKHE MOJICIH, OTPaXKarolie 3aKOHOMEPHOCTH H3MEHe-
HUSl TapaMeTPOB KauecTBa, MPU BO3ACHCTBUM Ha TeX-
Honormyeckyto cucremy (TC)  croxactmueckux
BO3MYIICHUN HE MO3BOJISIIOIINE OCYILECTBISTH CHHTE3
CHCTEM YTIPABICHHUSI COOTBETCTBYIOIIUMH TEXHOJIOTH-
YECKUMHU MPOIECCAMH.

s crabunm3anuy mokasaTelieii kadecTBa TEXHO-
JIOTHYECKUE PEIKUMBI Ha3HAYAIOTCS MCXOs U3 HebJa-
TONIPHUATHBIX YCIOBHUH, HalIpUMep, BO30OHOBIICHHE pe-
JKYIIUX CBOMCTB M3HOLIEHHOTO MHCTPYMEHTAaM MPOU3-
BOJUTCS 3HAUYUTENIFHO paHbIIe, UM TOTO TPEOYeT ero
JIEHCTBUTENbHOE COCTOsHUE. [Ipu TPOTHO3UPOBAHUU
cocrostHusl TC HMCTONB3YIOTCS TPAaOUIMOHHBIC NETep-
MUHUPOBAHHBIE MOJIENH TPOTEKAHUS TEXHOJIOTHYe-
ckoro npomecca (TII), ocymecTisieMbie ¢ IpUMEHE-
HHUEM TPaIUIIMOHHBIX PEKUMOB pe3aHus, CIOCOOOB TH-
arHOCTHKH ¥ ynpaeneHus [1].

AHaJIM3 NOC/IeAHUX UCCIeOBAHMI U My0/IuKa-
uui. IIpyHUMas BO BHUMaHUE MHOTOIPAHHOCTb BbI-
TIOJTHEHHBIX UCCIICIOBAHHUS, B TO K€ BPEMsI CIIEAYET OT-
METHUTh, YTO JIO CHUX MOP HEJAOCTATOYHO M3yUeH MeXa-
HU3M  (PopMOOOpa3oBaHHUA  IMOBEPXHOCTEH  MpH
YUCTOBOM TOYEHHUHU Ha TSKEJBIX CTaHKaX.

[Ipu mpon3BoACTBE U3EINI Ha TSHKEJIBIX CTAHKAX
CTpPEMSATCA peain30BaTh FPAaHUYHBIA TEXHOJIOTUYECKHI
UK (IpOTrpaMMy YIIpaBJICHUS ), ONITUMH3HPOBAHHYIO
0 3aJJaHHOMY KpuTepuio [2]. MeToauka mocTpoeHHs
M pacdueTa TaKWX LUKIOB ONpEAeIsIeTCs aaeKBaTHO-
CTBIO MOJIETIEH, XapaKTePU3YIONINX TEXHOJIOTUIECKUI
MPOIIECC, BOBMOXKHOCTBIO TIOJTYYCHHS COOTBETCTBYIO-
nier pabouyeii napopmanuu 00 U3MEHEHHUSIX B COOTHO-
MICHUSX W YCIOBHSAMHU OCYIISCTBICHHS TEXHOIIOTHYC-
CKOH omepanui ¢ MUHUMAJIbHBIMU OTKJIOHEHUSIMH OT
3aJlaHHBIX LIMKJIOM 3HaueHui [3]. B cuny Toro, 4to co-
crostare TC u3MeHseTcs ¢ TeYeHHEM BPEMEHH, TIPU 00-
paboTKe MapTUH U3CIUH IS KaXI0H NeTaan paccau-
TBHIBAIOT CBOI COOCTBEHHBIN IUKJI, KOTOPBIA OTpabaThI-
BaeT cuctema ¢ YITY. Ognako naxe ceMeicTBO TaKUX
IIUKJIOB HE oOecreymBaeT 3aJaHHOI0 KadecTBa o0pa-
OOTKH T.K. HE YYUTHIBACT BIMSHUS BHEITHUX BO3MYIIA-
fonmx ¢akropos. [losToMy manpHelIee COBEpIICH-
CTBOBaHHE MpoOIiecca BOZMOXKHO 3a CUET NPUMEHEHUS
aJIalITUBHBIX CUCTEM.

BoiesieHne HepelIeHHBIX paHee YacTel o0me
npo6iaemsbl. [Ipu 00paboTke gerayieli Ha TSKEIBIX
CTaHKaxX, MpH OTPabOTKE BBICOKOMPOU3BOIUTEIHHBIX
UKJIOB HAONIONACTCS TOTEPS YCTOWYMBOCTH TIPO-
1ecca, BeIpaXeHHasl B BUJE CYIIECTBEHHBIX KoJeOaHni
(hakTudeckoi TIyOWHBI pe3aHus. s ycTpaHEeHUsS
3TOTO HEJOCTaTKa HEOOXOIUMBI TOYHBIE CBEACHUS 00
9TOM MapaMeTpe.

OnHUM U3 ITyTeH OleHKU (TUArHOCTHKH) tf- dak-
TUYECKOH TITyOUHBI, SBJIACTCS ONpPEICICHHE TTyOUHBI

pe3aHMs IPU U3BECTHOM HA4aJIbHOM 3HAYEHUH PACCTO-
StHUSL 0T 0a30BO¥ MOBEPXHOCTH MHCTPYMEHTA 10 LIEH-
Tpa BpallleHHs AETaIN U CKOPOCTH €ro U3MeHeHus. Ta-
KM€ H3MEpEHUS HEBO3MOXHO OCYLIECTBUTh TOYHO,
BCJIEACTBHE TOTO, 4TO PAn (hakTopoB, BO3AEHCTBYIO-
KX Ha Ipolecc 00padOTKH, He MMEIOIIX 3aKOHOMEP-
HOTO XapaKTepa, OKAa3bIBAET CYIIECTBEHHOE BIMSHUE
Ha IOrPElIHOCTh M3MepeHuil. B yacTHOCTH, Cilydaii-
HBIM OKa3bIBAeTCs, KaK TEKyllee OTKIOHEHHE painyc-
BEKTOpA 3arOTOBKH, TAK U TEKYIL[EE COCTOSIHUE FE€OMET-
pHUYECKUX apaMeTpoB HHCTpYMeHTa [4].

Heasn crarpu. IlocTpouts cucTeMy aBTOMaTHUE-
ckoro omnruMmansHOro ymnpasieHus (CAY) cpemMom
MIpUITyCcKa MpOoIiecca YUCTOBOTO TOUEHMS Ha TSXKEINBIX
CTaHKax IpH paboTe B pe)KMMaxX MPEAeIbHBIX TPAHIY-
HBIX IIUKJIOB.

H3i0:xeHne 0CHOBHOr0 MarepuaJa. Penienue
3aa4n 00 OILICHKE HEH3MEHSIEMBIX TapaMeTPOB MOXKET
ObITH 00eCIeYeHO NMPUMEHEHWEM MOAXOAa, OCHOBAH-
HOTO Ha TPHMEHEHHH CXEM CO «CTOXaCTHUYECKUM
HaOmonarenem» [5], Tae oeHKa HEN3MEHAEMbIX KOM-
MIOHEHT IPOM3BOJUTCA MO Pe3yJNbTaTaM MOJAEIMPOBa-
HUSl AWHAMHKH TEXHOJOTMYECKOH CHCTEMBI, C BXOJI-
HBIM CHTHAJIOM, COOTBETCTBYIOILINM CUTHAIy yIpaBie-
HUS, MOCTYMAIOUIEMy Ha pPEalbHbIM JUHAMUYECKUI
00BEKT — TEXHOJIOTHYECKYI0 cucteMy. Jlist yuera Biu-
SIHASL CTATUCTMYECKUX CBOMCTB TEKYIUX OTKIOHEHHH
paanyca-BEKTOpa 3arOTOBKM H COCTOSIHHS HHCTPY-
MEHTa, HE0OX0IMMO JIOMIOJHUTEIBHO K BXOJJHOMY CHUT-
HaJly NOJaBaTh Ha BXOJ MOJEIHN CHCTEMBI CIy4aiHbIN
IIpoIecC ¢ TAaKUMHU XK€ CTOXaCTHYECKHUMH XapaKTepH-
CTHKAMH, KaK Yy TEKYIIEro OTKIOHEHHsS IeOMeTpHhue-
CKUX NapaMeTpOB MHCTPYMEHTA U pauyC-BEKTOpa 3a-
rotoBkU. COOTBETCTBYIOIIMN CIydyallHBIH BXOIHON
CHT'HaJI MOXKET OBITh TIOJIy4YeH NPH OMOIIH GopmMupy-
toutero ¢uibtpa [6].

BeixonHas koopanHarta popMupyomiero GpuisTpa
II0 CBOMM CTAaTUCTHYECKMM IapaMeTpaM COOTBET-
CTBYET TapaMeTpaM KOMIOHEHTHI AMHAMHYECKON CH-
CTEMBI, XapaKTEepPHU3YIOLIEH MpOLecChl BO3ACHCTBUSA
JIe3BUS pe3lia Ha 3aroTOBKY (C HATMYHEM IKCIICHTPH-
cHTeTa) B rporecce ToueHus. st HacTpoek popMupy-
IOIIET0 (PHUIIBTPA UCTIONB3YIOTCS PE3YJIbTAThl CTATUCTH-
yecKkoi 00paboTKH MpoHUIOrpaMM MOBEPXHOCTH 3aro-
TOBKH M PE3YJIbTaTOB U3MEPEHUHN DPEKYILLEH KPOMKHU
pesna.

C TedyeHHEM BPEMEHH, 3HAYCHUS NEPEMEHHBIX U
X OLEHOK HaOirojareneM HEeM30€XKHO pPacXOIsTCs
BCJIEACTBUE, HAIpUMEp, OTJIWYMM JIEHCTBUTENIBHBIX
3Ha4eHUN OTKJIOHEHUH pajguyc-BEKTOPOB U UX MOJE-
neit. llemecooOpa3Ho uCHONB30BaHUE OJOKa TO-
CTPOHMKH cocTosiHMH HaOmonarens B ¢popme (uiibTpa
Kanmmana-brrocn, KOTOpBI OCYIIECTBISET HEOOXOAH-
MYI0 KOPPEKLHIO BXOJHBIX CHI'HAJOB, OOecIe4nBas
MUHUMAaJIbHO BO3MOXHOE 3HAUEHHE CPEIHEKBAAPaTH-
4ecKOro oTkiIoHeHus [5]. [lomyueHHbIe OLIEHKH UMEIOT
HANMEHBIIYIO0 U3 BO3MOYKHBIX JUCIEPCUIO (TIPH yCIIO-
BHH TrayCCOBCKHX IITYMOB U3MEPEHHUH) ¥ IPUTOIHBI IS
HCIONB30BaHUs B CHCTEMAX YNPAaBJICHUS MO OTKIIOHE-
Huto. Takast cuctema (puc. 1) HODKHA CTaOWIM3UPO-
BaTh PEXHUMBI OTHOCUTEIBHO PEKUMOB, 3aJaBAEMBIX
YCIOBHSMH T'PDAaHMYHOIO TEXHOJOTHYECKOTO LIHMKIA C
MUHHUMAJIBbHO JOIyCTUMBIMU 3aIlaCaMu.

C TedeHneM BPEMEHH, 3HAYCHNUS BBIXOAHBIX IIEpe-
MEHHBIX U UX OLEHOK HabJroaTesneM Hen30exHo pac-
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XOJIATCA BCIEACTBHE, HAapUMeEp, OTIHYHUA AeicTBH-  Qopme ¢minpTpa Kammana-Beiocu oTciexnBaromero
TENIBHBIX 3HAYEHHH OTKJIOHEHMH BEJIMYMH U MX MOAE-  IHKJI IPOrpaMMHOTO YIPaBJCHUS ¢ MHHUMAJIBHO J0-
TeH. ITyCTHMBIMH 3aIIaCaMH.

B paspaborannoit CAY mis Hauay4dIiiero oueHu-
BaHMS ITapaMETPOB MPOIIECCa UCTIONb3yeTCs OJIOK MO/~
CTpOMKH cocTosiHuM (HabOmronarens JIbronnOeprepa), B
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Puc. 1. Cucmema ynpaeiernus, 06ecnequ6aiomaﬂ peaiuzayuro npedeﬂbyblx CPAHUYHBbIX YUKIO06

[Tpu usmepenun (HazoBbIX KOOPAMHAT C MOMOLIBIO JIa3€PHBIX MHTEPHEPOMETPOB U JIATYMKOB MOJIOKEHHUS C
rayCCOBCKHUMH ITyMaMH, H3MepeHus oueHKu coctostanit TC (puc.2, 3) 6ynyT uMeTh HAUMEHBIIYIO U3 BO3MOX-
HBIX JUCTIEPCHIO [5], 4TO MO3BOJIAET UX MCIIOIB30BATh B CUCTEMaX yIPABICHHS M0 OTKIIOHEHHUIO OTHOCUTEIHHO
PEXXHUMOB, 3a71aBa€MBIX YCIOBHSIMHU TPAHUYHOTO IUKJIIA.
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Puc. 2. Konebarnus 2nybumvl pe3anus npu 4ucmosom modeHuu no mpaouyuonnoi cxeme (6ez CAYTII)
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Puc. 3. Konebanus enybunsl pe3anus npu 4ucmo8om modeHuu ¢ ucnonvzosanuem npeonazaemoi CAYTII
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BeimonHeHHbIE MCCIEAOBAHUS TIpoLiecca YHCTO-
BOT'0 TOYECHUS OBUIH UCIIOJIb30BaHBI TPH PELICHUH psijia
MPAKTHYCCKUX 3a7a4 (UHHULOTHON 00paboTKH aeraneit
Ha aBTOMaTU3UPOBaHHOM 000PYIOBaHUH.

Ornenka 3¢ ¢pexruHocTr CAY TII gncroBoro to-
YEHUsI P OTBITHO-TIPOMBIIIIIEHHOH IKCIITyaTaluy Ha
«K3TC» (r. Kpamaropck) mpoBOguimuch mpu oOpa-
6oTke neraneit u3 cranu 40X, HHCTPYMEHTOM C PEXY-
e MIIaCTUHON U3 CMEIIAHHOM KEPaMHKH Ha OCHOBE
okcuna amoMunus (CC650). Jlnana3zoH uccieayeMbIX
PSXUMOB PE3aHUS ONPENEISUICSA IO CYIIECTBYIOIINM

pexkomernarusm [7]. Ipu Touennn B kauectee COTC
UCIIOJIB30BAIA PACTBOPHI, PEKOMEHIOBAHHBIE TSI 00-
pabOTKH COOTBETCTBYIOIIEH KATETOPHH MaTePHATIOB.

Bce 3arotoBkm, 00pabOTaHHBIE CO CTa0MIIH3a-
el NUKIa 10 MIEPOXOBATOCTH TOBEPXHOCTH, JO-
MyCKy HA W3rOTOBJICHUE, OUEHUIO OTHOCHUTEIHHO OCH
COOTBETCTBOBAITK TPEOOBAHUAM TEXHOJIOTHUECKOMN JI0-
kymeHTauu. OTMEUEHO YiTydllIeHHEe Ka9eCTBa U MOBbI-
mIeHne CTa0WIBbHOCTH Tmporecca (puc. 4, puc. 5,
tabum. 1).

Puc. 4. Kpyenoepamma oemanu 0opabomanHoii no 3a600CKOU MEXHOI0SUU

Puc. 5. Kpyenoepamma oemanu 06pabomantoil no npediazaemor mexHoio2uu
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Tabmuma 1

CpaBHl/ITeJII)HI)le pe3yJbTaThbl Ka4€CTBA HOBerHOCTeﬁ BaJIKOB, 06p360TaHHLIX mo Cyll[ec’l'Blellleﬁ H
npenﬂaraemoﬁ TEXHOJOTHAM

OTKIOHEHHE OT 3a/[aHHOTO pa3Mepa A vxm IIIepoxoBaToOCTh MOBEPXHOCTH Ra, MKM
HO 33B0)ICKOI>1 TCXHOJIOI'UHN
. JIACTIEPCHUS . JIACTIEPCHS
max min 2 ) max min 2 )
", MKM 0", MKM
- 1 0,025 0,0100 6,4 - 1 0,63 0,41 1,3x10°
= =
5 2 0,023 0,0090 5,5 5 2 0,62 0,51 0,4x1073
g 3 0,024 0,0120 4,0 '; 3 0,63 0,46 0,7x10°3
3 0,023 0,0103 53 3 0,62 0,46 0,8x10°
Ilo nmpeasiaraeMoi TEXHOJOTUU
) ,Z[I/ICHGPCI/IH ) ,I[I/IC]'[epCI/Iﬂ
max min 2 2 max min 2 2
o, MKM 0", MKM
- 1 0,020 0,0090 3,36 - 1 0,41 0,30 0,34x103
=~ =
= 2 0,014 0,0050 2,3 = 2 0,32 0,22 0,28x103
; 3 0019 | 0,0080 2.8 ; 3 0,40 0,29 0.35%10°
Z; 0,017 0,0073 2,82 Z; 0,376 0,27 0,32x103
i1z 1,35 1,41 1,85 i 1%; 1,64 1,703 25

BeiBoasl u npenioxkenns. [Ipennaraemas CAY
obecrieunBaeT HAWIYUIIYI0 OLCHKY BEKTOpa COCTOS-
HUSI TEXHOJIOTHYECKOW CHCTEMBI, YTO IO3BOJIAET VIS
YIIPaBJICHUs MPOLECCOM KPOME CKOPOCTHBIX XapakTe-
PHUCTUK (HampuMep, NOJauH) HCIOIb30BaTh UX CKOPO-
CTH M3MEHEHUs, TO €CTh PeaIM3yeTcs YIpaBJICHHE I10
CKOPOCTH TIEpPEMEIIIEHNUS pe3lia U €r0 YCKOPEHHIO.

3T0 NO3BOJIMIIO B CPABHEHUH C TPAAUIIMOHHOHN 00-
paboTkoii obecrmeunTh CTaOWIBHOE KadecTBO oOpa-
OOTKM M CHU3UTH 3HAUEHHS TUCIICPCHHA 110 pa3Mepy Io-
BepxHocTell — B 1,85 pasa, o mepoxoBaroctu — B 2,5
pasa

Hcnonp3oBanue npemnaraeMoro crocoba u CAY
MO3BOJIMJIO CHHM3UTHh BpeMsi Ha 00paboTKy leTaiei.
Haubonee 3HauMTeNFHO BpeMsl CHWKAeTCsA IS
1-it 3aroroBku — B 1,42-1,5 paza, myst Bropoii — B 1,38-
1,40 paza. B cpeaneM npou3BOAUTEILHOCTH MpoLiecca
TOUYEHMS TOBEPXHOCTEH BaJIKOB MoBsImaeTcs Ha 20%.

Takum 00pa3oM, BBHINOJHEHHBIE B MPOHU3BOJI-
CTBEHHBIX YCIIOBHSAX HKCIEPUMEHTAIBHBIE HCCIIE0Ba-
HUSI TIOATBEPXKIAIOT BBICOKYIO 3¢ ¢dexTnBHOCTE CAY
cTaOMIIN3aIUH IUKJIAa ¥ BO3MOXKHOCTB IIMPOKOTO IPH-
MEHEHHs Pa3padOTaHHBIX METOJMK B aBTOMAaTH3HPO-
BaHHOM IIPOM3BOJICTBE.
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OCHOBBI HAPAMETPUYECKOI'O MOJAEJIUPOBAHUSA TYPBOT'EHEPATOPOB

Summary: The analysis of the methods of modernization of Turbogenerators of a classical design is made
on the basis of requirements to reliability. Existing designs of Turbogenerators are studied and their strength mar-
gins, as well as reliability characteristics of their main units, are determined. The optimal method is chosen namely
the method of parameterization of Turbogenerators design. It is proposed to use parameterization for designing of
serial Turbogenerators of low power.

Key words: Turbogenerator, parametric modeling.
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Introduction

There are several world schools of generator
building. As a rule, many of them rely on the experi-
ence of using their design decisions, and each high-
power machine is unique.

Due to the fact that when designing of new electric
power plants, the period between designing and com-
missioning is significantly shortened, it became neces-
sary to search for new methods for reducing the con-
struction time.

At that it is necessary to provide reliability of de-
sign at more high level.

In this connection, there is a need to find new con-
cepts for the designing and calculations of Turbogener-
ators.

Based on the analysis of the existing designs of
Turbogenerators, we can say that they all repeat each
other as a whole.

In [1,2] it is described the development of Turbo-
generators of Western firms. If we emphasize the typi-
cal designs, then we can assume that these designs can
be parameterized and in the preparation of TCP (Tech-
nical-Commercial Proposals) it is possible to consider
parametric models for one series. In the near future, we
are waiting for the transition to air cooling, and this
means that there shall be a need to create highly-used
machines.

Purpose of the Work

The Tasks of Studying:

- To analyze the ways of modernization of Turbo-
generators of classical design.

- Select the optimal method of parameterization of
the design of Turbogenerators.

- Consider the existing designs of Turbogenera-
tors, determine the strength margins, as well as the re-
liability characteristics of the main units.

- Propose a parameterization of the design for se-
rial Turbogenerators.

- Propose a series of Turbogenerators based on
parametric modeling.

Basics of Parametric Modeling.

Parametric designing and modeling.

One of the main promising directions of technical
objects designing is increasing of efficiency due to the
creation of parametric design by different methods. The
parametric design model allows significantly reduce
the time required for the designer to make changes to
the original data or after carrying out of the verification
calculation [3].

Parametric modeling (parameterization) is model-
ing (design) using the parameters of model elements
and the relationships between these parameters. Para-
metric modeling is significantly different from the
usual two-dimensional drawing or three-dimensional
modeling. The designer in the case of parametric design
develops a mathematical model of objects, with param-
eters that change the configuration of the part, the mu-
tual movement of parts in assembly.

The basic types of parameterization include:

1. Tabular parameterization consists in creating of
a table of parameters for typical parts. Developing of a
new part sample is done by selecting from the table of
standard sizes. The possibilities of tabular parameteri-
zation are very limited, since it is usually impossible to
specify arbitrary new parameter values and geometric
relationships.

2. Hierarchical parameterization (parameteriza-
tion based on the history of constructions) consists in
the fact that during the construction of the model the
entire construction sequence is displayed in a separate
window in the form of a "tree of construction". It lists
all the auxiliary elements existing in the model,
sketches and performed operations in the order of their
creation.

In addition to the "tree of construction" of the
model, the system remembers not only the order of its
formation, but also the hierarchy of its elements (rela-
tionships between elements). Parameterization based
on the history of constructions is present in all CAD
systems using three-dimensional solid-state parametric
modeling. Usually this type of parametric modeling is
combined with variational and / or geometric parame-
terization.

3. Variational or dimensional parameterization is
based on the construction of sketches (with overlapping
of various parametric links on the sketch objects) and
the imposition of constraints by the user in the form of
a system of equations that determine the relationships
between the parameters.

Variation parameterization allows you to easily
change the shape of the sketch or the size of the param-
eters of operations, which makes it convenient to mod-
ify the three-dimensional model. Geometric parameter-
ization is parametric modeling, in which the geometry
of each parametric object is recalculated depending on
the position of the parent objects, its parameters and
variables.

The parametric model, in the case of geometric pa-
rameterization, consists of construction elements and
image elements. Elements of construction (design
lines) define parametric connections. Elements of an
image include image lines (with which designer lines
are drawn), as well as design elements (sizes, inscrip-
tions, hatchings, e.t.c.)

Some elements of the construction may depend
from other elements of the construction. Elements of
construction may contain parameters (for example, the
radius of a circle or the angle of a straight line). When
one of the model elements changes, all the elements
that depend on it are rebuilt in accordance with their
parameters and the ways they are assigned.

4. Geometric parameterization allows for more
flexible correction of the model. If it is necessary to
make an unplanned change to the geometry of the
model, it is not necessary to delete the original con-
struction lines (this can lead to loss of associative rela-
tionships between the model elements); you can draw a
new line of construction and transfer the image line to
it. For the parameterization, different tools are used [6,
7].

The Methods of Turbogenerators Designing

In order to correctly consider the possibility of pa-
rameterization of Turbogenerators design, it is pro-
posed to determine the strength margins for one type of
Turbogenerators, taking into account existing methods
at the time of commissioning of the unit, taking into ac-
count possible correction for refinement for finite ele-
ment methods (or three-dimensional modeling).

At that, the failure of large units can be considered
in the context of the rules of "Technical Operation of
Electric Power Stations and Networks".
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According to the results got in the work of Mr.
Kobzar K. A. [8], the modernization of constructions
was carried out by increasing of power by 10%. Conse-
quently, it can be concluded that the strength margins
have been reduced, provided that the reliability indices
are saved and maintained at the same level.

The concept of performing calculations by the
methods of mathematical modeling in a three-dimen-
sional formulation was developed by Mr. Tretyak A.
V., including:

1. The analysis of the general design of the unit.

2. The causes of failure by three-dimensional
modeling are considered.

3. Correlation of the existing methods with the
data obtained in p. (2).

4. Optimization of the design taking into account
the maximum zones of strength margins.

5. Choice of optimal design.

In order to determine optimal parameters of de-
signing it is necessary to consider the basic stages of
designing preparation which include:

- development of designing task, sketch design
project;

- manufacturing and testing prototype sample;

- designing of the technical project, working pro-
ject;

- manufacturing and testing of items from experi-
mental lots;

- the development of the design according to the
test results;

- specifying of the working project and its regis-
tration;

- transfer of the working project and its registra-
tion;

- transfer of the working project to the bodies of
technological preparation of production.

The initial for designing of new products is the de-
sign (technical) task, which is compiled by the Cus-
tomer (Enterprise) or on his behalf by the designing or-
ganization.

Based on the analysis of the customer's design task
and the comparison of various versions for possible
product decisions, a comparative evaluation of deci-
sions, taking into account the design and operational
features of the developed and existing products, as well
as patent materials, a technical proposal is prepared
namely a set of design documents containing technical
and technical and economic grounds for the further de-
velopment of the project.

One of the most advanced and most innovative,
combining the experience of generations and the inde-
fatigable ardor of youth in it-self was the school of Mr.
Gruboi Alexander Petrovych.

It was he, who laid the basic principles of the pos-
sibility of transition from two-dimensional modeling to
three-dimensional. And a qualitative leap was achieved
by combining the leading experts of the "old school"
and "the youth". At that, the basic dogmas laid down by
Mr. Stanislavsky L. Ya. have been preserved, but rather
even toughened. The best criterion for determining of
quality was time. The characteristic feature of the ma-
chines was reliability.

In the 60-°s of the 20th century, the design team of
SE "PLANT "ELECTROTYAZHMASH" under the
guidance of Mr. L. Ya. Stanislavsky the tests were car-
ried out at Turbogenerators rated 200 MW and
300 MW with hydrogen and hydrogen-water cooling at
SDPP.

It was established by the tests carrying out that the
design requires partial refinement that is why the fol-
lowing changes were made:

1. The norms for gas-tightness of welded struc-
tures and generator assemblies were toughened (the sta-
tor casing, the ducts, the shields, the end terminals,
e.t.c)

2. The oil shaft seals were modernized in order to
reduce oil leaks into the generator, which reduced the
consumption of hydrogen. Corrosion resistance of the
working surfaces of the casings was improved.

3. The design of a current lead of a closed type ro-
tor the design of Mr. Khlopkov O.N. was put in to prac-
tice.

4. In order to eliminate the hydrogen ingress into
the bearing No. 6 of the shields in the parts:

a) Cooling of the structural elements of the shield
in the area of the casing of the 6-th bearing was im-
proved.

b) Fastening of the intermediate bush of the outer
shields was changed, which made it possible to increase
the gas-tightness of the detachable joints.

5. In order to eliminate getting of compound into
the stator connecting busbars, they were reconstructed:

6. Thermoset insulation instead of compounded
insulation was put in to practice (1969, July).

7. The norms for the rotors balancing in a racing
balancing pit were toughened from 30 microns up to
20 microns.

8. The rotor of the generator was modernized with
put in to practice additional milling of the rotor poles in
order to reduce its different rigidity.

9. For the first time, a new design of the brush-
holders device was put in to practice.

At the basis of the analysis of taken decisions
strength margins were determined (Table 1).
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Table 1
Strength margins of Turbogenerators of various power.
Cl. _— . TGV-200 TGV-300
Nos. Description of Parts and Units Strength margin Strength margin
1 Rotor tooth 2.07 2.2
2 Surface of internal boring 1.9 1.78
3 Rotor neck 24 1.96
4 Retaining ring n = 3000 1.9 1.92
n =3600 1.19 1.58
cut 5 5.15
> Wedge of the Rotor Slot bend + compression 2.6 2.62
6 Rotor Copper 1.34 1.45
) bush 2.02 -
7 Axial Fan blade 1389 -
wheel 2.75 2.75
8 Compressor casing 1.53 1.83
blade 2.07 2.07
9 Spring of suspension 1.38 14
10 Pressing down flange 1.16 1.42
11 Pressing down finger 1.25 1.76
12 Foundation bolts 2.12 2.24

Now it is necessary to consider the reliability criteria of Hydrogenerators.
Basic Requirements to Reliability
Due to the fact that the requirements of normative technical documentation divide constructive elements into
resource and non-resource units (Figure 1), the main requirements for Turbogenerator units are given for reliability

assessment.

Types of Turbogenerafors unifs

Resource Units

Non-Resource Units

Figure 1 — Types of Turbogenerators units

Turbogenerator shall be connected to the network
by the precise synchronization method. At emergency
situations elimination at the station or in the power sys-
tem, it is allowed to switch-on in the network with the
self-synchronization method. It is allowed for the
whole service life of Turbogenerator to switch-on it in
to the network not more than 10,000 (up to 330 starts
per a year). At the same time, Turbogenerator shall
meet the "Technical requirements for the maneuvera-
bility of power units of thermal power plants with con-
densation turbines™ approved by the Ministry of Elec-
trical Engineering, Ministry of Energy and the Ministry
of Energy of the USSR dated 01.09.86. It is also al-
lowed to work with variable daily load schedules, in-
cluding passing maxima not less than twice a day.

Indicators of operational lifetime and reliability
include service life that is not less than 30 years, the
availability factor shall be not less than 0.995 at failure
time shall be not less than 18,000 hours, average time
between failures of 12,000 hours and average opera-
tional complexity of planned repairs of 2,070 standard
hours. The established resource between overhauls is 5
years.

The first repair of Turbogenerator with the rotor
withdrawal shall be carried out no later than 8,000
hours after commissioning.

Turbogenerator design shall provide easiness of
maintenance, assembly and disassembly of its assem-
bly units and meet the requirements of maintainability,
taking into account the minimum complexity of repairs.

Characteristics:

Reliability of Turbogenerator in the conditions
and operation modes established by the technical con-
ditions shall be characterized by the following indices:

Readiness factor, p. u. - 0,996;

Time between failures, h- 27000;

Service life at observation of the terms and
amounts of planned inspections and repairs, years - 40;

Resource between overhauls, years- 8;

Average operational complexity of planned re-
pairs, norm-hours - 13770.

The failure of Turbogenerator is considered by its
condition according to the criteria.

At the same time, the criteria for failures of the
main units can be tabularized, presented below.
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Criteria for failures of resource units:

1) The stator core.

- Temperature, measured as per individual stand-
ard resistance temperature detectors or for their entire
group controlling heating of the core, exceeds the max-
imum permissible value.

- Vibration measured with the stationary sensors,
above the maximum permissible value,

- Removable crushing of the tooth zone.

- Removable melting of teeth zone after local
short-circuits to the stator casing.

- Unscrewing of nuts for fastening of the pressing-
down flanges.

2) The stator winding.

- Short-circuit of the winding to the casing.

- Phase-to-phase short-circuit.

- Turn-to-turn short-circuit.

- Temperature, measured as per individual stand-
ard resistance temperature detectors or for their entire
group exceeds the maximum permissible value.

- Insulation resistance relatively to the casing
lower maximum-permissible value.

- Loosening of the bars fastening in the slot part.

- Phases DC resistance or the difference between
them differs from the maximum permissible values.

3) The rotor winding.

- Short-circuit of the winding to the casing.

- Turn-to-turn short-circuit.

- Decreasing of the insulation resistance relatively
to the casing lower than permissible value.

- Temperature, measured as per winding resistance
over maximum-permissible value.

- Open of circuit.

- DC resistance differs from limiting-permissible
value.

Criteria for failures of non-resource units:

1) The stator casing.

- Emerge of cracks in the places of welding.

2) The rotor shaft and retaining ring.

- Removable micro-cracks and fractures of teeth.

- Formation of colours of tarnishing and micro-
cracks on the fit surfaces of the retaining rings and rotor
shaft.

- Corrosion of the centering ring of the retaining
ring.

3) The thrust bearing,

- Heating over limiting-admissible value.

- Melting out of babbitting.

- Breakage of the resistance temperature detectors.

- Reducing of insulation resistance of the thrust
rings of the bearing casing.

So, after considering the basic requirements to de-
signing and steps on technical modernization, you can
consider a series of Turbogenerators.

Turbogenerators with Air Cooling

Turbogenerators with indirect air cooling of T2 se-
ries were manufactured at SE  “PLANT
"ELECTROTYAZHMASH" from the middle of the
last century. In total, more than 130 Turbogenerators of
this series were manufactured.

The design of Turbogenerators of T2 series was
improved in developed Turbogenerators series TA.

In 1998 Turbogenerator TA-6-2 rated 6 MW with
voltage of 6.3 kV, which is successfully in operation at
the enterprise "Silur" Ltd. was manufactured.

Since 1999, Turbogenerator TA-12-2 rated 12
MW with a voltage of 10.5 kV is in operation at Zapo-
rozhsky Aluminum Plant (ZALK, Ukraine).

In India, at the cement plant in Diamond since
1999, Turbogenerator TA-15-2TV3 rated 15 MW,
3000 rpm, with stator voltage of 11 kV with a brushless
excitation system is in operation.

The series of Turbogenerators TA was further im-
proved by the usage of direct air cooling of the rotor
winding conductors, at that in the modification the let-
ter "M" is applied.

In 2001, for Mironovskaya TPP (Ukraine), Turbo-
generator TA-120-2MU3 with complete air cooling
rated 120 MW was designed, which was thoroughly
tested at the enterprise stand and is in operation.

In 2006 at SE “PLANT

"ELECTROTYAZHMASH" the head specimen of
Turbogenerator type TA-35-2MU3 with air cooling
rated 35 MW, with a rotational speed of 3000 rpm was
manufactured and tested, and which was installed and
successfully operated at the Zaporozhskyi Metallurgi-
cal Plant (Ukraine).

Figure 2 — Turbogenerator T4-6-2MU2 rated 6 MW with air cooling



76 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #3(43), 2019

)|
EESY| |

In 2009-2010 the production prototype of Turbo-
generator TA-6-2MU2 (Figure 2) with stator voltage of
6.3 kV was tested.

Based on the design of the TA-6-2MU2 Turbogen-
erators rated 4 MW, 6 MW and 8 MW can be designed
with closed or opened air cooling system with parame-
ter adjustment depending on specific environmental
conditions and operating conditions.

For low power generators, "Parametric design"
can be considered for tabular and geometric parameter-
ization. As a limiting factor, electrical parameters and
mechanical parameters were used. In terms of mechan-
ical strength, it is necessary to take into account the in-
crease of the rotor body length, to ensure the necessary
vibrational state of the construction at the proper level.

In connection with above mentioned at the basis
of parameterization rules and changing of admissible
strength margins a series of low power Turbogenerators
with air cooling was developed.

Applied parameterization methods allows to de-
velop one project instead of three separate ones, which
saves at least a year necessary for the preparation of de-
sign and technological documentation.

Conclusion

In the presented work the main methods of param-
eterization of complex technical objects are considered.
The main ways are indicated which let design highly
used Turbogenerators of high power.

The strength margins are calculated of the main
design elements and the necessary reliability indices
which are characteristic for resource and non-resource
assemblies of high-power Turbogenerators.

For the first time a series of Turbogenerators based
on parametric modeling of Turbogenerators with air
cooling is presented.
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