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PA3PABOTKA ABTOMATU3UPOBAHHOUN CUCTEMEI
AUCTAHUHOHHOI'O OTTIOBETUEHHWA IMTPH JOCTH)XEHHH
IMMPEJEJIGHO JONMYCTUMOHN KOHLIEHTPAITHMH T"'A3A

Haitnenos Jmurpuii CepreeBrd
Ammaiicxuit kpaii, 2. Craszopod, MBEOY « COIINe 155, 11 knace
e-mail: hikikodern(@gmail.com

Annoranps. Lem maHHoH paGoTH 3aKimioyanack B pazpaloTke aABTOMATH2HPOBAHHOH

CHCTEMBI, CIIOCOOHOH TUCTAHLIMOHHO KOHTPOIMPOBATh BEPOSTHOCTL YTEUKH IPOIaHa H oIepa-
THBHO OTIOBELIATEH COOTBETCTBYIOILME CIY3KOBI O CTENEHH PHCKA ABAPHITHOIN CHTYALII.
AKTYalBHOCTD CTIEAYET U3 TOTO, YT0 B POCCHH H3-3a YTeUKH OBITOBOTO Tasa MPOHCXOIAT ACST-
KH B3pHIBOB. }IX MOXeT OBITh MeHBIIE, eClTH AKTHBHee Pa3pabaTHBaTh M BHEIPATb CHCTEMEI
KOHTPOJI YTEYEK Ia3d. Peal30BaHHbIe HA HEJOPOTHX 3EKTPOXHMHUSCKHX CEHCOPAaX.
B urore GbL10 YCTAHOBIEHO, YTOG HA OCHOBE MOJYNPOBOJHHKOBOIO TAaTYHKA BO3MOKHO CO3JATh
JUCTAHIMOHHYIO CETh OINOBeIleHH: A00HEHTOB H CIIELHANBHEIN CY:k0, OTBEYAIOIMX 3a GeraBa-
PUIHOCTD paboTel 00OpYI0BAHHS. TEM CaMBIM CBOJS K MUHMMYMY PHCK TParHUSCKHX MOCTIE-
CTRMIt, CBS3AHHEIX ¢ MOBBIIIEHHEM KOHLIEHTpALHH raza. [[pHMeHeHHe TaHHOTO YCTPOLCTRA 1103-
BOJIMT IIOBBICHTH 0€30MIACHOCT HMCTIONB30BAHIS Ta30BOr0 000PYIOBaHIS B MHOTMOKBAPTHPHBIX
JoMax H obecneunTs Ge20MacHOCTb Mo ¢ OrPAHHYEHHBIMH BO3MOKHOCTIMH.

KarueBble ¢oBa: JaT4MK. aBTOMaTH3HpOBAaHHAs CHCTEMA. JUCTAHLMOHHBLA KOH-
TPOINb, Ta?, yTeuka ra2a, KOHLIEHTPALHs [a3a, JUCTAHLIMOHHAS CETh OIOBeIeHHS.

Mecto BbIMo0JIHeHHs1 pafoTbl PaGoTa BemomHeHa Ha Gase MBOY «COIII Ne 15»,
Hayunpri pykoBogurens: baGanuna Haranbs Anatomeepna, MBOY «COIIl No 15», yumrens
078351938

OnucaHKe HHHOBALHOHHOMH pa3paboTku

Lens paGoTHI COCTOANA B TOM. YTOOH pa3paboTaTh aBTOMATH3HPOBAHHYH) CH-
CTEMY. CNOCOOHYIO JHCTAHIMOHHO KOHTPOJHMPOBAaTh BEPOATHOCTh YTCUKH MPONaHa H
OMEPATHBHO ONOBEIATH COOTBETCTBYIOLIME CMYKObI O CTENMEHH PHCKA aBApHIHOM CH-
TyauHd. MBI BBLABHHYJH THIOTE3Y O TOM. YTO HA OCHOBE JOCTYIHBIX HA JAHHBIH MO-
MEHT JATYHKOB raza H MHKPOKOHTPOJICPOB BO3MOYKHA pa3spalOTKa CHCTEMBI AUCTAH-
IHOHHOTO KOHTPOJSI H ONOBSIICHHS COOTBETCTBYIOLIHX CHYyKO B CIy4ae PHCKA BO3-
HHKHOBSHHA ABAPHITHOH cHTvAauuH. TAK KAK HATEKHOCTb JAHHOM CHCTEMBI 2ABHCHT OT
TEXHHMECKHX XAPAKTSPHCTHK JATYHMKA, OBUIO PEICHO MPOBECTH IETANBHBIH AHAIH3
CYLUISCTBYIOIIHX MOJCNEeH JATYHKOB H HX BO2MOKHOCTEH [1]. B urore 6nin BhiOpan
NOTYIPOBOJHHKOBEIN JATYHK, TAK KAK OH HMEET HEBBICOKYIO CTOHMOCTD H CIOCOOEH
H3MEPATh KOHUEHTPALMIO GOJIBIIOTO KOJHYECTRA rA30B.

CyIeCTBYIOIUHE HA CErOJHA TA20AHATH3ATOPH HS HMEKT B KOMIURKTE CH-
CTEMBI JHCTAHUHOHHOTO YNPABICHWA, MO3TOMY OBLIO PIUCHO JOMOJIHHTH CYLIECTBY-
WM JATMHK CHCTEMOM THCTAHUHOHHOTO yopaeneHua [2]. Ha makeTHo# mare 6ruia
MPOH3BeICHA COOpPKA YCTPOMCTBA, COCTOALICIO H2 MHKPOKOHTpoIepa, Bluetooth mo-
Ay, JATYHKA H npoBooB (Puc. 1).



PucyHok 1- Mogenb ycTpoiictea

Janee 6bi10 pa3paboTaHO NPOrpaMMHOE OGECreveHmre, a TakKe NPUHLMNK-

a/lbHaA CxXema pa6OTbI ONCTaHUMOHHOIO Aatymka, KOTOopasd npeacraBnieHa Ha PUCyHKe

2.

MOGM/JbHOE Bluelool/1 Moy MuKpoKoHTpoONNEep
yCcTpouncTBo (@) (@) ArcKwwto

M UKPOKOHTpOsINEp

Blve(ool1 mogynb
( AY ATCKLLIO (@)

[AaTtyunk rasa

PUCYHOK 2 - MpuHLMN fefCTBUS ANCTAHLMOHHOIO AaTuMKa YyTeUKM rasa

Mpouecc paboThbl AEMOHCTPALMOHHON YCTaHOBKU BbIFNSAMT CNeAyroWmmM 06-

pasom:

1
2.

3anyckaeTca NpuIoxKeHue.

CumnTbIBaKOTCSA HACTPOIKM, W, ECNM BKKOYEH aBTOMATUYECKMIA CTapT, NPUIOXeHWe
aBTOMAaTUYeCKM HauMHaeT nocbl1aTh Yepes onpefenéHHbIe NMPOMEXYTKN BPEMEHU
3anpocbl MUKPOKOHTpO1epy AMLUNO, MHaYe OXUAAET HaXKaTUA KHOMKKM “3iin”
ATALINO MPMHMMAET U aHIM3NPYET JaHHble, cofepKalmecs B 6ydepe.

Ecnu nepsbIM CMBO/IOM ABNSeTCA “1°, TO MPOM3BOAUT 3aMep KOHLEeHTpaLmu rasa B
Cpefe, OKpY>KatoLLeid AaTumK, U OTNPaBAseT 3HAYeHME KOHLEHTpauun rasa B ppT
(«yacTax Ha MuMoH»; 1ppT = 0,001 npomunse).

AniirolLl npunoxeHne aHanu3MpyeT BO3BPALLEHHbIE AaHHbIE - CPABHMBAET 3Haue-
Hrie KoHLUeHTpauum ¢ MAK.

Ecnn KOHUEHTpauma He npesbllLaeT AOMYCTUMYIO, Ha 3KpaH BbIBOAWTCA CTaTyc
“BesonacHo”. B cnyyae, Korga KoHueHTpauus sbiwe MNAK, HaunMHaeTca Uuka npo-
BEPOK W Ha 3KpaH BbIBOAMTCA CTaTyC “metartna’. Ecnm Ha npoTsXeHWu BCero Lmkna
COXPaHAETCA MOBbLILIEHHAsA KOHLEHTpaums, cTatyc u3MeHseTcs Ha “OnacHocCTb”,
MHaye CUETUMK cOpacbIBaeTCa M CTaTyC BO3BpaLlaeTcs K “besonacHo” [3, 4].



Mcnonb3oBaHWe pa3paboTku

Ha ocHoBe JaHHOIA YCTaHOBKM MOXET ObITb CO3fjaHa CETb YCTPOWCTB, NpeAHasHa-
YeHHbIX A5 06ecneyeHnst NPoTNBOaBapuiiHOW 6e3onacHOCTV [5]. [aHHbIA NpUHLMM
paboThbl NPeACTaBEH Ha PUCYHKe 3.

ITABHbIV LIEHTP

08M-mogynb (38M-moaynb 08M-moaynb 08M-moaynb 08M-mogynb
n n n n n '

T 1 1 ar n
MWUKpOKOHTpONiep MUKPOKOHTposinep  MUKPOKOHTponsiep  MWKPOKOHTposinep  MUKPOKOHTponnep

H n H H H
Jartunk rasa JaTtyuk rasa JaTtyuk rasa JaTtyuk rasa JaTtyuk rasa

PucyHok 3 - Cxema CMCTeMbl OMoBeLeHUs

CpaBHeHVEe C CYLLECTBYHOLLMMM aH/I0ramm

OfHO U3 rnaBHbIX npenmyLecTs pa3pa60TKV| - eé ueHa. Vicnonb3oBaHve He-
L0pOrnx 3NeKTPOXMMNYECKNX CEHCOPOB MO3BOMNIO CYLECTBEHHO CHU3UTb 3aTpaThbl,
H806X0,CI,VIMbIe ana co3gaHnA ,D'aHHOVI CUCTEMbI, MPW 3TOM HE CU/IbHO XEPTBYA eé TouY-
HOCTbIO U HaAEXHOCTbIO. Henb3s He OTMETUTL HaJIuMe AMCTaHLMOHHOIO OMOBeLLEHNS
- aHasorn, nocrtaensemMmble An14a pAnoBoro I'IOTpe6VITEI'IFI, He MMEKT TaKOin BO3MOXHO-
CTW.

BuW3Hec-npuBIeKaTelbHOCTb Pa3paboTKy

KommepquKaﬂ nepcrekTmea pa3pa60TK|/| 3aK/Iio4aeTcqa B BO3SMOXHOCTUN MWU-
HUMM3aLUMN NCNOoJb3yeMbIX KOMMNOHEHTOB, TEM CaMbIM ewé cubHee CHWkasa eé c06-
CTBEHHYIO CTOMMOCTb 6e3 norepu q)yHKLI.I/IOHaJ'IbHOCTI/I.

Cnuncok nutepatypsbl:

1 Pasbupaem gatumk yTeukm rasa / Xabpaxabp - [3neKTpoHHbI pecypc] - Pexum
poctyna: LUp8://babrababr.1/po81/256215 (nata obpalyeHus 15.07.2017).

2. Mogynb paTyuvka o6HapyXeHusi nponaHa, BOoAopofa v nponaH-6yTaHoBbIX (hpak-
UM B OKpyXKatoLleid cpege | HoBocTv MuKpoanekTpoHukn | CblpPT6.rv - [Snek-
TPOHHBIA pecypc] - Pexxum pocTyna:
LUp://cblpiinG.rn/neNe8/Tobnl_6alcblka_obnarn2beluya propana yotoroba_1 prop
an-bulanoylll akc.bllT (gata o6paweHns 10.05.2017).

3. Mp-2plll" | ATtperka - [OnekTpoHHbli pecypc] - Pexum pgoctyna:
blip://iile8.atpeTka.rn/6ala8bleel8/Mp-2.p6" (gata 06paLLeHna 11.09.2017).
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4. Promuk, C. M. 1000 1 ogua MuKpokoHTpoepHad cxeMa. Kuura 1 / C. M. ProMuK.
—M. : Jomka-XXI, 2012. — 356 ¢.

5. Xapros, B. 4. Mukpoxoutpowiepst AVR. IpakTHKYM 11 HAMHHAROIUX: YvyeOHoe
nocobue / B. 4. Xapros. — M. : MI'TY um. H. 3. Baymana, 2012, — 280 ¢.

VIIK 62-852
PA3PABOTKA BETPOT'EHEPATOPA JUIS CJIABLIX BETPOB

Jnurpuee Huxonaii INetporuy
PecmyGmika Caxa (SIkytua), . Axytek, MOBY COIII Ne 17, 9 kiace
e-mail: kolya-dmitriev-2002(@mail ru

Annoranns: B naHHolt padoTe ormicaHa pazpaboTka BETPOreHepaTopa, COUETAIOIETo
MONOKHTEbHBIC CTOPOHBI KIACCHYSCKUX MPOTRIUISPHBIX U TYPOHHHBIX THIOB. [IporneiepHeie
paoTAIOT MPH CIILHEIX BETpax, HO MPH OYeHb CIBHOM BETpe CKOPOCTh BPAILEHHS OYeHb BhI-
COKasl H MPeJCTABIACT ONACHOCT IS OKPYKAIOILMX, TakK KaK CKOPOCTb Kpas JIOTIACTH MOXKET
JOCTHIaTh CKOPOCTH MM, TYpOHHHEET xKe, HMed GONBIIVIO MApYCHOCTE, padoTaeT IpH crmadom
BETPe, HO TNPH CHIBHOM MOXKET Pa3pyILHThCH, IO3TOMY ero JeNaloT H3 MACCHBHEBIX JeTaueil.

B npeaioskeHHol paGoTe BepTHKATBHBIC JOMACTH COSIUHEHB KPBUIBYATKAMH, a caM
TeHepaTop 3aKkpellleH K roejsecy. B pesynprate nmpH crmaboM BeTpe BeTporeHeparop padoraer
KaK OOBIMHBIH TYPOMHHOIO THIIA, a [IPH YCHICHHH BETPa BETPOICHEPATOP OTKIOHACTCS OT Bep-
THKANBHOH OCH H HAYMHAIOT padoTaTh KPBLIBYATKH, HO CKOPOCTH MX BpallleHHs 3aMelIsercs
MapyCHOCTh BEPTHKABHBIX JOMACTH. YyTo 00ecTieunBacT Je30MacHyIo KeluTvaTalgeo. Ha Ber-
poreHepaTop IoNyYeH MaTeHT Ha n3o0peTeHue Ne 2622678,

Karuesbie ci1oBa: Betporenepatop, TypGiHa, IPOICIUIED. BETP, JOMACTS.

Mecto BbinojineHus1 pabotbl. PaGoTa BeIIONHeHa Ha Gaze MOBY «Cpempsis ofiwe-
ofpazoBatenbHad mkona Ne 17» (¢ yrnyGneHHBIM H3y4YeHHeM OTJENBHBEIX NpeiMeToB) I. SkyT-
cka. ITaTeHT Ha U300peTeHHe 0QopMILUICS Ha Oase LieHTpa HHTSIUICKTYATBEHOH COGCTBEHHOCTH
Cesepo-BoctouHoro deaepanenore yiueepeutera nMenn M K. AmmocoBa. Hayurrie pykopo-
muremd: PurnHoBa Hagesxaa UumutoBHa, yumtens ¢usiku MOBY COII Ne 17, JIMutpues
[Terp MBaHOBHM, 3aB. CEKTOPA OTHENA TeNSKOMMYHHKAIGH JerapTaMeHTa HH(popMaTH3alpm
CB®V umenn MK, Ammocopa. KoHcymbTaHT-naTeHTOBST; BHHOKYPOB AdaHacuii AdaHache-
e, qupexTop LleHTpa mHTeekTyanbHoi coGctBenHocTH Cepepo-Boctoumoro denepansHoro
yHueepcHTeTa HMeHH M. K. AMMOCOBa, JOLIEHT, KaHH, TeXH. HAyK.

OnucaHue HHHOBALHOHHOH pa3paboTku

CyIEeCTBYIOT ABA THNA BETPOTCHEPATOPOB: NPONCIUICPHBIC H TYPOHHHBIC.
IMponennepHsie padoTAKOT NPH CUIBHBIX BeTPax. a TYpOHHHBIC NMpH CIAOBIX BETPax,
IMpennaraeMoc H300PETEHHE COUETAET MOJOKHTENBHBIE KauecTa o0oux. [Iponemnep-
HBIH BETPOTCHEpaTOp HE paloTacT MpH CIaldoM BETPE, a MPH OUCHb CHIBHOM BETPE
CKOPOCTH BpPAaLCHHA QUYCHb BHICOKAA H NMPEACTAB/LIET ONACHOCTh AA OKPYIKAFOILMX,
TAK KAK CKOPOCTD KPAas JIOMACTH MOJKET JOCTHIATh CKOPoCTH myaH [1]). TypOunmsiii xe,
HMed GONBIYI MAPYCHOCTH, paboTaeT mpu cnaboM BETpe, HO NMPH CHIBHOM MOMET
PAPYLIHTHECA, IOITOMY €r0 JeJAT H3 MACCHBHEIX getaneii [3]. Oba Thna BeTporene-
paropos TPeOYIOT OCHOBATEIBHOM H TOMHOM YCTAHOBKH [4].

PazpaGoTaHHAd MHOH YCTAHOBKA COUETAST B Cede MpeHMYIUSCTBA 00OHX TH-
MOB BETPOTSHEPATOPOB.


mailto:kolya-dmitriev-2002@mail.ru

PucyHok 1- V1306paxeHne BeTpOreHepaTopa, coyeTatollero B ceGe NpenmyLLecTBa
nponennepHbIX N TYpGUHHBIX BETPOreHepaToOpoB

Ha cxeme (puc. 1) nsobpakéH BeTporeHepaTop, rae: 1- anekTporeHeparop, 2
- NPYXuWHa, 3 - KpblIbYaTKa, 4 - BePTUKa/IbHbIe loNacTy, 5 - Touka nogseca.

B 2013 rogy 6bin CNpoeKTUpOBaH BETPOreHepaTop TypbUHHOro Tuna, UCXoas
13 ngei [2], Ho ¢ OfHOM TOYKON NofBeca, YTO MO3BOAAMN0 eMy NPV CUbHOM BETPE OT-
K/IOHATLCA OT BEPTMKa/IbHOW OCKM M YMeHblLaTb CBOH MapycHocTb. lMocne aHanmsa
MCMbITaHWI BETPOreHepaTopa 6bI10 BbIABAEHO, YTO NPY OYeHb CU/bHLIX BETPax reHe-
patop cnabo paboTaeT, 1 Obla BbIABUHYTA WMAEA - COEAVHUTL MPOMENNEPHbIA U Typ-
OMHHbII BETPOreHepaTop B OLHO YCTPOICTBO. [Npeanaraemoe n3obpeteHue He TpebyeT
OCHOBATE/IbHOIN 1 BbIBEPEHHOM YCTAaHOBKM 1 Mpuy ciabom BeTpe paboTaeT Kak TypouH-
HbIiA BETPOreHepaTop, a NPy CUMbHbIX BETPaxX - Kak NponennepHblii BETPOreHepaTop,
MpW 3TOM UCMOMb30BaHMe BEPTUKAIbHbIX SI0NACcTei He faéT eMy CUMIbHO PackpyTWTb-

€S, UTO 0BECTEUMBAET GE30MACHYIO IKCTTyaTaLMio (PUCYHOK 2).
ETIm T i ez i

PucyHok 2 - PaboTa BeTporeHeparopa



MOLLHOCTb BETPOBOIO I'IOTOI% paccunTbIBaeTcs no gopmyne [6]:
P=—=_(Ap)?®

t 2 ( :
rge E - aHeprus BeTpa, |- Bpems (C), V- ckopocTb BeTpa (M/C), p - MIOTHOCTb BO3AY-
Xa, A - nnowanps. W3 atoii hopmynbl BUAHO, YTO MOLLHOCTb BETpa BO3pacTaeT Ha Tpu
CTeMeHu B 3aBUCMMOCTU OT CKOPOCTM BeTpa. [ns nonyyeHus sHeprum ot BeTpa B 1 BT,
npv ckopocTu BeTpa 0,5 M/c, Heo6X0AMMO UMETb MoLaAb TYPOUHbI He MeHee 2 M2 B
TO >Xe BpeMs MOLLHOCTb BO3AYLLUHOIO MOTOKa Mpu CKOpoCTM BeTpa 30 M/C C TOW e
nnowagbio TypbuHbl, focturaet 32 KBT, UTO MOXET NMPUBECTU K PaspyLLUEHMIO BETPO-
reHeparopa.

Mnowaap BeTporeHeparopa npu cnabom BeTpe COOTBETCTBYET AUaMeTpy Typ-
OUHbI, YMHOXEHHOr0 Ha J/IMHY BEPTWKa/IbHbIX NI0NacTeld, a Npu CUbHOM BETpe NJio-
Wafb TYpOUHbI YMEHbLUAETCA A0 MOMepeyHOro CeveHUs BETPOTYPOUHbI, PaBHOro
MOLLAAN KPbUbYaTKM.

Mpepnaraemoe M306peTeHre He TPebyeT OCHOBATE/NIbHON U BbIBEPEHHOI yCTa-
HOBKM 1 Npwu cnabom BeTpe paboTaeT Kak TypOUHHBIA BETpOreHepaTop, a Npu CUbHbIX
BETpax - Kak NpornenfiepHbI BETPOreHepaTop, Mpu 3TOM MCMOMb30BaHWE BEPTUKASb-
HbIX flonacTeil He JaéT eMy CWIbHO PacKpyTUTbCH, YTO ob6ecrevmBaeT 6e30MacHyto
aKcnyaTaumio (pucyHkmn 3 u 4).

PucyHoOK 3 - SKcnayaTalus BeTporeHepartopa

B pekabpe 2015 r. yepes LIeHTp MHTennekTyanbHo cobcTBeHHOCTU CeBepo-
BocTouHoro degepansHoro yHusepcuteta M. M.K. AMMocoBa 6bina nofaHa 3asBka
Ha n3o6peteHve. [o nogayun 6bin NPOBEAEH NATEHTHbIV MOWCK HA 3MEKTPOHHbIX UC-
TouHMKax u pecypcax NoeNeNeiindalenl.r, NeNoNe.noogle.rw/aityanceli_palein 8earcb u
NoNoNe /ip8.Tv Ha HOBM3HY. A B mpoLecce Movcka MHOI 6bi10 06Hapy)XXeHO aBTOPCKOe
CBMETENbCTBO Ha M306peTeHMe BETpOreHepaTopa poAHOro gefyliku Atnacosa Huko-
nas Eroposuua [5], KoTopoe 661710 UCMOB30BAHO B KAYeCTBE aHanora CBoero 13obpe-
TeHus. Takke B Ka4ecTBe aHanora 6bia MCMOMb30BaH KOHCOMbHbIA BeTpoarperat [7] u
BAHTOBas BETPO3HepreTuyeckas ycrtaHoBka [8]. MonoXuTenbHoe pelleHne O Bblgaye
narteHTa 6bI10 nonyyeHo 30 mapTa 2017 roga, a 30 uoHs 2017 roga nonyyeH cam na-


http://www.findpatent.ru/
http://www.google.ru/advanced_patent_search
http://www.fips.ru/

TEHT Ha u306peTeHne Ne 2622678 «BeTposHepreTuyeckas yCTaHOBKa» (PUCYHOK 4)

(81

PucyHok 4 - 3kcnnyaTauus BeTporeHeparopa

PUCCHECRAS GRI(EE AT
T g

PucyHok 5 -MaTeHT Ha M306peTeHne BeTporeHepaTopa
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Hcnonp3oanue pa3paboTku

TTpoMBILIEHHBIE BETPOTESHEPATOPH! MPOMEJICPHOTO H TYPOHHHOTO THMA Tpe-
OYIOT MOCTOAHHOTO OOCHY)XKHBAHMA, T.K. HCHBITHIBAIOT NMPEISTbHBIC HATPY3KH MPH
CHIBHBIX BeTpax. [IpeanaraeMelii BETPOTSHEPATOP MO3BOMACT CISNATH HEOOCIy KHBAe-
MBIH HIH C JIHTEJIBHBIM LHKIOM PadoTel BeTporeneparop. PabGora setporeneparopa
mpu CAAOBIX BeTpax MO3BOJACT MOJVHMATh IICKTPOOHEPIHIO HA (oNee AMHTEIBHOE
BpeMs. ueM OOBMUHBIC BETPOTCHEPATOPBI H JAHHOE H300pPETEHHE MOXKET OBITH
HCIOJIB30BAHO B TEJICKOMMYHHMKALMOHHBIX CETAX B TPYAHOJOCTYNHBIX palioHax. Mmi
Ans ONaroycTpoHCTBA OXOTHHUBHMX H30YINCK: OCBELICHMS., MHTAHHE PAaTHONPHEMHBIX
VCTPOHCTB,  3apgakH  MOOHIBHBIX  YCTpoHCTB.  [IpHMEHEGHHE  HOHHCTOPOB
(KOHACHCAaTOPOB OONBIIOH EMKOCTH) NO3BOJIHT HAa MablX TOKAX HAKaNIHBATh
SMCKTPOSHEPTHI0 B JHOOBIX KIMMATHYECKHX VCIOBHAX M TNPH  HEOOXOTHUMOCTH
3apoKaTh AKKYMYJATOPHL, TpeOyrHoIMe I 3apaakH NOBBILCHHBIH ToK. Takke
HOHHCTOPHI, B OTJMUHE OT AKKYMYJATOPOB, HE HMCHT OTPAHHYCHHS MO KOJHYECTBY
LHKJIOB 3apA7a H pa3pana.

BH3HEC-TIPHBICKATE ILHOCTh PAsPaOTKH

OrpoMHAd TEPPHTOPHA HAIICH IUIAHETHI HE O00ECHeMeHa CeTeBHIM
IMEKTPHYSCTBOM, H NPHMEHSHHE IMPOCTOro, JOArOBEMHOro, ymoOHOro B obpameHHU
BETPOTEHEPATOPa, Pa3pabOTAHHOTO MHOK, MOKET HMETh OONBLIOH Chpoc, dTo
obecnmeMuT OH3HEC-TPHBIIEKATEIBHOCTD 419 MPOH3BOIHTSICH.

CIHCOK JIHTEPATYPBL:

1. Kaprues, B. M. BetposHeprerika / B. M. Kaprues (1 gp.]. - M. : Hutepconapuentp, 2001,
-62c.

2. Posim. MH. Berpormpmsmuapl [OnexTpoHHBIi pecype]. - PexuM  gocTyna:
http://rosmmn./VETRO_girland htm.

3. ®arees, E. M. Betpopurarenu H BeTpoycTaHoBkU. — M. : OI'H3-Cembxosrus, 1948, — 544
c.

4. D.J. De Renzo. Wind power: Recent developments. — Michigan: Noyes Data Corp., 1979, —
347 p.

5. Tlerpos, E. H. u ap. Berposuepretuveckuii arperat / EH. [letpoe, EI'. Ctapoctun, HE.
Atnacos, H.B. Mepkypee H.B.. BK. Kommynapos // Tlarent CCCP Ne 1250697, - 1985,
Eion. Ne 30.

6. DHeprMs M MOLHOCTE BeTpa [DJNEKTpOHHBIL pecype]). -  PexuM  gooTyna:

https://planetcalc.rv/4773/.

Tlar. 2115826 P®. KonconpHeli BeTpoarperar / CMymbereiit 1. /7 20.07.1998.

Tlar. 2484295 P®. BanrtoBas BeTpo3HepreTHUueckas ycTaHoeka / M B.B.. KanuteHko

H.B., Kopotkoe A.H., Hooxamor AL // 10.06.2013 Bron. Ne 16.

9. Tlar. 2622678 P®. BetposHepretuiueckasa yctaHoeka / Jimutpues I1.H. Jmurpuce H.IL. /
Bion. — 2017 —Ne 17.
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YK 616-01/-099

YCTPOVICTBO JU11 BEIPABOTKU YYBCTBA PUTMA U OTPABOTKA
CHJIBL YV JAPA MULTI SENSOR

Jymrepos ITapen Cepreepuu
Cseponoscras obnacme, 2. Examepuntype, MAOY auyeit No 110 usm. 1K Tpuuainod,
10 raace; E-mail: dps2(@bk.ru

AnHoTanus. B coBpeMeHHOM MHpe IPOHCXOTUT TO, YTO MPOHCXOIUT. BCE OOMNbIeMy
HHCITY JeTei B BO3pacTe OQH, JBa roJa CTaBATCA JUArHO3LBI, CBAZaHHBIE C JBHIaTENTbHBIMI HIIH
MCHTAJIBHEIMH HapyIIeHHsIMU. CYILECTBYIOT [Ba MHTSPAKTHBHBIX MeTpoHoMa (IM) u (B-
Trainer). 13-3a uX PEICOKOH CTOMMOCTH U HoBpeMeHHol omnatel (10-13 py6/nvam) 2auatus Ha
HHTePaKTHBHOM MCTPOHOME JOCTYITHBI He U1 BeeX ceMel. B maHHoM paboTe MpHBeACHO OM-
CaHHe CO3JAHH U TecTHpoBaHHA NpuGopa Multi Sensor. OH uMeer aBe PYHKIRI — HHTEPAKTHE-
HBIH METPOHOM M MHTCPaKTHBHBI JHHAMOMETD. 3aHITHSI HA HHTCPAKTHBHOM METPOHOME CIIO-
COOHBI BHIPAGOTATh UYBCTBO PHTMA, KOTOpOE CIOCOOCTBYET OOPA30BAHHMIO CBA3EH MEXIy
HelfpoHaMu B Mosre., HamucaHHas Ha s3pike Processing/Wiring mporpaMya oGpaGaThBaeT 3Ha-
YeHHe ¢ TeH20Pe3HCTHBHOTO IaT4HKa (MepyaTKi), MOCHIIAT CHIHAMEL B HAYIIHHKH, aHATH3HPY-
eT pe3yIbTaThl, BEIBOJUT HA DKPAH 3HAMEHHE H BKIIIOYAET CBETOJHO b MonajaHiii. CoznaHHoe
VCTPOHCTBO MO3BOISIET TPSHHPOBATh CHITY YJapa H YYBCTBa PHTMa. H3-3a CTOMMOCTH MEHBILICH,
YeM ¥ aHATIOTOB, BO3MOXKHO MOHIBHTE CTOHMOCTE 3AHATHA H CIeNaTh ero Golee NOCTYIHBIM.

KarueBble ¢10Ba: HHTEPaKTHBHBI METPOHOM, MEHTATIBHBIC HAPYIICHHA, JABHT aTelIb-
HEIe HapYILLIeHHd, THHaMOMeTp, cGopka, IUIaTa, YCTPOHCTBO, JOCTYIHOCTD, NPOrPaMMHPOBAHIE,
NpoekTHpoBaHHe, 3D mevaTs, 3D MoJeb,

Mecto BbinonHeHus paborel. PaGota Obuia prmomHeHa Ha Gaze MAOY mmiea
Ne 110 um. JLK. I'puimHol (MaTeMaTideckitt kiuy0 muues Ne 110) r. Exatepunsypra. beuiu
HCTIONBb30BaHE! pasIMuHBIE HHTEPHET pecypesl. Hay'Hpni pykoBogutens: TokMakosa Haranes
Bacumepna, MAOY muues Nol 10 um. JI. K. ['prnmmiHoi, yuMTelh MATEMATHKH, 3acTyKeHHBI
VUUTSNb POCCHU.

OnHCAHHE HHHOBALMOHHOMH pa3paboTku

ITpubop umeer a8e PyHKUHH — HHTCPAKTHBHBIH METPOHOM H HHTEPAKTHBHBIH
JHHAMOMET, B OTJIHYHE OT AHAJIOTOB HMEIOT TOJBKO ()Y HKUMIO HHTEPAKTHBHOTO MET-
POHOMA.

HHTepaKTHBHBIH METPOHOM — 3TO KOMILICKS YITPAKHEHHI H YCTPOHCTBO C HC-
MOJTE30BAHHEM OOPATHO#H CBA3M, KOTOPOE KTPSHHPYST» 0OIACTH MOBKEMKA H FOJIOBHO-
r0 MO3ra, OTBEYAIIHE 34 PHTM, T.€. CIIOCOOHOCTH BOCIPOU3BECTH PHTMHYHEIC NOCTIE-
JOBATENBHOCTH [1].

HHTepakTHBHBIH THHAMOMETP TPEHHPYET CHIY ¥IAPA MO MePYATKE/KOBPHKY
eIlIe A0 3aHATHH HA HHTEPAKTHBHOM METPOHOME. UTO YOPOINAeT paloTy HAa HHTESPAK-
THBHOM METPOHOME [2].

OTH 1Ba KOMIUIEKCA YNIPAKHEHHH CTIOCOGHBI YIYULIHTh (DYHKIHH MO3Ta Ae-
Tel. CTpajaoLX ABHIATETbHBIMH H MCHTATbHBIMH HAapy IICHUAMH [3].

ITpuGop COCTOHT M3 NMIATHL. KOPIMYCa. AaTUHKA yAapa (MepyaTkH). MPOBOAOB H
HayHHKkoB [4. 5]. Kopmyc pacnedatan Ha 3D mpueTepe H3 Oemoro PETG mnactuka.
NPSUMYIIECTBOM KOTOPOTO SBIETCA GOMBINAS YAAPONPOUYHOCTH, a HAKIANKA — H3 3€-
JaeHoro PLA nnactuka, IIpuMEHeHHE YCTPOHCTBA AJIA 3aHATHI MO3BOJLIET YMEHBIINTE
CTOHMOCTb CTaHAAPTHOrO 20 MMHYTHOTO 3aHATHA ¢ 600 pyOneit no 305 pyGaeit. Jro
JETIACT 3aHATHA HA HHTEPAKTHBHOM METPOHOME JOCTYIHEH,
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CpaBHEHHE C CY IICCTBYIOIHMH AHAIIOTAMH

AHANTHHPYSA JAHHBIC TAOIHMIB! 1, BHAHO, MTO CTOMMOCTb 000Dy JOBAHHA HHO-
CTPAHHBIX MPOH3BOTHTSICH ropaszoo BeiLie, yeMm v Multi Sensor, HO mpH 3TOM OHH HE
HMEHT (PYHKUMIO TPSHHPOBKH CHIIBI ¥aapa. TAlcke 3a 2AHATHA HA HHTEPAKTHBHBIX
METPOHOMAX AHANOTOB B2BIMASTCA MOBPEMEHHAA OIIATA 32 HCMoub2oBanue. 7§ v B-
Trainer u 10$ ¥ IM. B urore 310 CKA3BIBACTCA HA CTOMMOCTH 3AHATHAL

TaGnuia 1 - CpapHeHHe XapaKTePUCTHK CYILICCTBYIOMIMYX YeTpokicTs M Multi Sensor [6, 7, 8]

5 Ilena Crpana Llena gaca Fp—
POH3BOACTBA ¥ OPOH3BOAHTENA '
B-Trainer 3700% IOxnas Kopea 7% HnrepaxTneneiit
METPOHOM
Interactive 5600 % CIlIA 108 HnutepakThBHelit
Metronome METPOHOM
Molti Sensor 29528 Pocens 0 HHTepakTHBHBII
METPOHOM,
HHTEPaKTHBHbIH
JHHAMOMETP

Hcnonp3oBanne pa3paboTkH

Yerpoticteo Multi Sensor npefiHa3HA4EHO K HCIOJB30BAHHIO B peaCHIHTALM-
OHHBIX IIEHTPAX /UL BOCCTAHOBNICHHS ()Y HKIUMI MO3Ia. PH 3AHKAHHH, NIPH HAPYIUCHHH
KOOPAMHAIMH JBHKCHHA. B CaaMKax., MKOJAX BO3MOKHO HCIOJIB30BAHHE AN MOBbI-
LICHHS BHHMaHHA ASTCH. M}’SBIKEIHTaMH H TAHIOPAMH — IJ11 COBCPLICHCTBOBAHHA Yy B-
cTBa puTMa. CIOPTCMEHAMH — JJIM MOBIICHHA CKOPOCTH PEakLHH [9].

Bu3HeC-npHBIEKATEABHOCTD Pa3palboTKH

ITpeacraBneHHoOe yCTPOHCTBO 00IAIAET BBICOKHMH NMEPCHEKTHBAMH KOMMEP-
YeCKOro HCoNb30BAHHA. Multi Sensor nmeeT (yHKUHIO HHTEPAKTHBHOTO JHHAMOMET=-
P2 MOMHMO HHTCPAKTHBHOTO METPOHOMA H CTOMT rOpa3i0 IJELICBIEC HHOCTPAHHBIX
YCTPOHCTB, KOTOPBIE HMEKOT TOJBKO (DYHKIMIO HHTCPAKTHBHOTO Merponoma. [pex-
CTABICHHOE YCTPOHCTBO MOXKET COKPATHTD 3ATPATHI JEOJCH HA OINIATY 3AHATHH H Coe-
JATh HX JOCTVITHEE.

CIHCOK JIUTEpaTypPhl

1. Topmons! cyacTes. Kak NpHyyHTh MO3T BBIpadaTelBaTh CEPOTOHHH, Jo{aMIH, HIOPOUH U
okcutoluH. Jloperta Bpoitrumr, 2016.

2. TlporpamMmMa MHTSPaKTHBHOTO METPOHOMa [DJEKTPOHHBIA pecype] — PeskuM aoctyma:
http://schl 708uz.mskobr. ni/files/programma_interactive_metronome.pdf. {02.07.17.)

3. IuTepakTHBHEIH METPOHOM [[2neKTpoHHBLT pecypce] — PexunM noctyna:
http:/Awww.pa6é . ru/services/interaktivny-metronom/ (10.09.17)

4. H3amepenue cwibl yaapa [ OnekTpoHHbIH pecype] — Penaim goctyna:
http://silaest.com.ua/math/3-izmerenie-sila-udara/1 (12.10.17)

5. TIpuGop [DnekTpoHHBLi pecypc] Bukimemia — Pexud noctyma: https://ru.wikipedia.org,
¢BOGOAHBIA. ((03.11.17)

6. Tlarent [OnexTpoHHEIH pecypc] — Pexaim gocTyma:
http:/findpatent.ru/patent/232/2322279.html (05.11.17)
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7. TlpuSop TpeHep [DnexTporHeni pecype] — Pesaim goctyna: http://b-trainer.gospartner.com/
(08.8.17)

8. BaHk maTeHTOB [ DNeKTpOHHELI pecypc] — PexuM poctyna:
http://bankpatentov.ru/mode/13217 (23.07.17)

9. VHTepakTHBHEIH METPOHOM [3neKTpoHHELT pecypc] — Pexaim gocTyma:
http:Aalioplus rw/interaktivnyy_metronom/ (23.07.17)

YK 623.4.052.52, 531.558, 531.55.019

MPULTE]T CO BCTPOEHHBIM BATUTMCTUYECKHM KAJIBKYJIATOPOM

JIykOBHHKOB AHApeH ANCKCECBHY
2 Hprsmex, MBOY 2. Hprymexa JTuyeir Ne 1, 11 knace
e-mail: a.lukovn@yandex.yu

Annoranns. B paGore rokasana nporpaMMHas peaH3aIig MaTeMATHYECKON MoIenH
Makxkos A4 co37aHus CalMCTHUSCKOTO KalbKyILiTopa. Co3llaHa IOMHOCTRIO paGoTococoGHas
CXEMA MPHLIENA, BKIIOYAIOAA B ceGsl TabHOMED H BCTPOSHHEET GATLTHCTHYECKIT KATBKY IATOP.
[TpaBWIBHOCTE MOKa3aHIG CHCTEMBI MIPOBEPEHA Ha MPAKTHKE IYTEM CPaBHEHHS PACUSTHEBIX JaH-
HEIX GalLTHCTIMECKOTO KATBKYISTOPA M MOMYYeHHEIX MPH NPakTHeckoil c1pemsde. M3 npoee-
JSHHOTO HCCIEIOBAHNA BUTHO, YT0 CalMMCTHYECKMI KATIbKYJIITOP MOKa3kBAET XOpolliee COBIa-
JeHHe ¢ JaHHBIMH PEATBHEIX OTCTpelnor. ClenaH GoTooTueT ¢ CO3JAHMM MPHIIENa H OTCTpeNnax
mynb. [IpesnoskeHHasd cxeMa MOXKeT GBITh PeATH30BaHa KAK B BOEHHBIX, TAK H IDATAHCKHX
TMpULIETTIaX TSl VBETHYCHHU TOYHOCTH CTPENIBOB M YMEHBIIEHH] BPEMEHH TIOATOTOBKH K CTPE/Ib-
6e, uto ocobo akTyanbHO 14 GeIcTpoMeHTIONIeHe 00CTAHOBKH.

KarueBble c10Ba: ONTHUCCKIGT MpHLE. SaUTHCTHYECKHI KalbKYISITOP, JIa3epHBLi
JATBHOMED, BHEIHAA GATLTHCTHKA, TOYHOCTE CTPEMBORL, MeTeomapaMeTpEl, epHBainid, dpdext
Kopuonuca.

MecTto BbinonHeHus padoTbl PaGota BrmonHeHa Ha Gaze MBOY r. Mpkyreka Ju-
Ueit Ne 1. Hayuwsie pykoBoguTeny: MensHiKoBa Mapust iBaHOBHA, YUHTEIb MaTeMATHKH BBIC-
el kpamuukanuoHHoH Kateropui MBOVY r. Hpkvreka Jluueit Ne 1; JlykoBHikoBa AHHa
AnexcaHuporHa, 3aBeayiomas CagHckol comHeuHolH oOceppatopueii HC3® CO PAH, kann.
(u3.-MaT. HayK.

OnHCAHHE METOIHKH

Teopemiryeckaa yacme

CyIIeCTBYST MHOJKECTBO NMEPEMEHHEIX. BAUSIOIMUX HAa TOYHOCTb NPH CTPENb-
Oc Ha oJbiue AaNbHOCTH. HEKOTOpHIE H3 HUX PACCMATPHBAJIHCEH B MPEABITY IHX MO-
HX pabotax [l. 2]. K HHM OTHOCATCA. COMPOTHBIICHHE BO3AYXa. aTMOCepHOE AaBne-
Hue. KpoMe YKazaHHBIX ()aKTOPOB, MPH JBIDKCHUH CHAPAIA B BO3MYXE TPeOYeTCs YUH-
THIBATH: NepHBALIIO, 3dpexT Kopromuca u BiuaHue Betpa [3].

Bnuanue etpa

Berep OKashIBACT 3HAYMTENBHOE BIHAHHE HA MOJET CHAPANOB. OTO BIHAHHE
TeM GoMbILE. YeM OONbIIE CKOPOCTb BETPAa H MEHBLIE BEC H CKOPOCTh CHapAnoB. Betep
MOJKET OBITh MOMYTHBIM, BCTPEUHBIM, HAMPABICHHBIM MO YTJIOM K MIOCKOCTH CTPEb-
Obl. BaiaHue NpOAONBHOIO BETPA HA JBILKYIUMECA CHAPAN CBOJMTICA K H3MCHCHHIO
CONPOTHBICHHA BO3IyXA BCACICTBHE H3MEHCHHA CKOPOCTH CHAPAIA MO OTHOIICHHIO K
atMoc(iepe: mpH MOIMYTHOM BETPE CONMPOTHBICHHE BOZIYXA ¥MEHBIIACTCA, A MO3TOMY
JANBHOCTh NMOJETA CHAPAAOB YBEJIHYHMBACTCA, NMPH BCTPEMHOM — YBEIHMHBACTCA, A


mailto:a.lukovn@yandex.ru

JaIbHOCTb MONéTa yMeHbluaeTcs. Hambonee CyLUeCTBEHHbIM U3 BCEX METEOPOsIOrnye-
CKUX (DaKTOpOB, BAWSIOWMX HA MONET CHapAAoB, MUH W My/b, ABNAETCA 60KOBOIi Be-
Tep. BOKOBOV BeTEp OTKIOHAET CHapsAfAbl B CTOPOHY OT NAOCKOCTM CTPeNbObl, MPUYEM
OTKJ/IOHEHUS MOTYT JOCTUraTh JaXe Mpyv YMEPEHHOM BETPe 3HAUMTESIbHbIX BEIMUMH.
Uem 6onbLUe AMCTaHUMS CTPeNbObl, TeM 60/bLUMe 3(eKT OKasbIBaeT BeTEP Ha MosneT
Mynu, YTO NPOSBASETCA B OTKMIOHEHWM TPAEKTOPUM NyAX OT NPAMOW IMHAN B TOPU30H-
Ta/IbHOIi MIOCKOCTY.

[nsa Toro, uTo6bl paccunTaTh BAWSHWE BETPA HA My/t0, HEOOXOAMMO Kiaccu-
thvumposaTb BeTep. JlydwnMM MeTOAOM ABAseTCA YacoBass cuctema. Co CTPesikoM B
LIeHTpe 4acoBOro MexaHu3ma, Lenswmmes B uudpy "12", Betep knaccuuumpyetcs Ha
TpW TvNa: "MonHbIA BeTep”, "non-BeTpa”, "6e3-BeTpa” (PUCYHOK 1). "MonHbiii BeTep"”
03HauaeT, YTO CW/a BeTpa NOMHOCTLIO BAUSET HA NOMET Mynu. 3TO BeTep, AYHOLLMWIA C
HanpaeneHnin 3 1 9 yacoB. “Mon-seTpa" 03HAYAET, YTO BETEP TOW K& CKOPOCTW, HO
OYIOLLMIA NOA YIIOM K HanpaB/feHUIO MOfeTa Nysn, OTK/IOHAET ee C CUOW BNONOBUHY
MEHbLLEN, YeM MOMHbIA BeTep. TakoBbIMM BETPAMM ABASIOTCA BETPbl C HanpaBneHui
1,2,4,5,7,8,10, n 11 yacoB. "Be3-BeTpa" 03HA4aeT, YTO BETEP AYET BLAO/b Hanpas/ieHus
noneta NMynM W BANSHWUA Ha €e MOJeT He OKa3blBaeT. TaKoBbIMU ABMAKOTCA BETPbI C
HanpaeneHuin 6 n 12 yacos.

Beep we
YATHIBAATES

YSHTHESETCR
NONOERHE

Y wpaerca
nonomE
IR
Berep we
Y-TuIBRRTCH

PucyHok 1- YacoBasi cuctema Knaccuukaumnm setpa

Mpw BbINO/IHEHWM PacYETOB, CBA3AHHLIX C BETPOBLIM CHOCOM, TO/IbKO KOMMO-
HEHTa MOMepeyHoro BeTpa MMEET 3HaueHue. B HEeKOTOpbIX Cnyyasx, MOXHO WMETb
BEPTUKa/IbHbIE KOMMOHEHTLI BETpa, NpeAcTaBnsAowye coboil BeTep, AYHOLWNIA CHU3Y
BBEPX U CBEPXY BHU3 Yepe3 TPAeKTOPUIO Noneta Ny/b. 3TV BEPTUKA/IbHbIE 3HAYEHNS
BeTpa 06bIYHO He HaCTOMIbKO CW/bHbl, KK rOPM3OHT&/IbHbIE KOMMOHEHTbI BETPa, HO
BCE PaBHO HY)XXHO YUWTbIBaTb BEPTUKa/IbHbIN BETEP.

Bpems 3aepXXKu - 3TO pasHMLA Mexay peasibHbIM BPEMEHEM MO/eTa U Bpe-
MEHeM oseTa B BakyyMme, TO eCTb, 6€3 CONPOTMBAEHNS Bo3Ayxa. B obLuem Buie Bpems
3a[EPKKN:

T = K- m= @

roe: T In- Bpems 3agepxku (cekyHibl), KI - peanbHoe Bpems noneta nynu (CekyH-
Ibl), KOTec - TeopeTuyeckoe Bpems noseTa B BakyyMe (CeKyHZbl).
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PeanbHblit BeTPOBOM CHOC NPAMO MPONOPLHOHANICH BPeMEHH JAJCKKH H
CKOPOCTH MOTICPEYHOr0 BeTPa. [0BOPA CIOBAMHU, BETPOBOIH CHOC — 3TO MPOCTO BpEMA
3A0EPKKH, YMHOKEHHOE HA CKOPOCTD MONEPSYHOTo BeTpa. opMynia BETPOBOTO CHOCA,
BBIPAKCHHOTO MEPe3 BPEMA 3AIEPKKH:

Wd =W 5 *T lag (2)
rae: Wy— BeTpoBoit cHOC ((yTeD), W, — monepeunsii Berep (PyTel B CCKyHIY), Tiey —
BPEMA 3ATESPKKH (CeKYHIBI). TaK KAK CKOPOCTh BETPA OOBMHO H3MEPICTCA B MHIAX B
4ac. H BETPOBOI CHOC B ArOMAX, clemyromas (opMyna BKIFOUAET KO3(GHUIHEHT ne-
PEBOAA ¢ HCMOMB30BAHHEM OOIETIPHHATHIX €HHHL

Wy=17.6%¥W  * T, (3)
re. Wy — BeTpoBoii CHOC ((PyTeI), W, — nonepeuHbii BeTep (QyThl B CekyHY), Ty —
BpEMA FaNEPKKH (CCKYHIBI). Ha BpeMa 3af¢pKKH BIHAKT ABA KITHUCBBIX MYHKTa:
OanmucTHYeCKHH Ko3(QHIMEHT H Ay TbHAA CKOPOCTh. T.K. STHMH 3JIEMEHTAMH MOJKHO
YIpaBmATh. JAMBHOCTE A0 LCHH H aTMOC(EPHBIC KOHAHIHH TAKKS BIHAKT HA BpeMs
3a7CPIKKH. HO OHH HE 3aBHCAT OT CTPEJIKA.

Kak Oannucriueckuii ko3QQHIMEHT BAUACT HA BPEMA 3aACPIKKH

ITyau ¢ GompuiuME BK HMEHOT MEHBLIEE BpeMA 3aJSPIKKH.

Kak AyJIbHag CKOPOCTh BAMACT Ha BPEMA 3ATCPIKKH

B obuiem, 60npmas Oy IbHAS CKOPOCTh YMEHBIIACT BPMA 3AJSPKKH.

Kos(MpHUHEHT CONMPOTHBICHUA BO3Oyxa OyIer MEeHBIIMM HA $oMee BBICOKHX
CKOPOCTAX, H MOTOMY A (0Nee BBICOKMX CKOPOCTEH XAPAKTCPHBI MEHBIUHE JOJH
BPEMEHH 331epyKku. Bpema 33amep)kku MEHbIUe U MyJb, BBHICTPEIHBAEMBIX C Oonee
BBICOKHMH JYJbHBIMH CKOPOCTAMH, T.K. YBeIHYCHHE JyJNbHOH CKOPOCTH 3((eKTHBHO
CKUMACT THHHIO BPEMCHH MOJIETA (BPEMA MOJICTA B BAKYYME H BPEMA 3ATEPKKH CHKH-
marorea 0d6a). U yeemrieHue IyIBHOH CKOPOCTH TAKOKE YMEHBIUACT JOMH BPEMCHH
3aIEPKKH BO BPEMEHH MOJETA H3-22 §0Mee HH3KOTO KOMPHLHEHTA COMPOTHBICHHA,
CBOHCTBEHHOTO 00JIee BHICOKHM CBEPX3BYKOBHIM CKOPOCTAM.

CoBMecTHOe neiicTHe H6ammCTHUSCKOro KO3(MPHIHEeHTa W TyNBHOH CKOpO-
CTH HA BPeMA 2JSPIKKH

[TpuBegenHasn Hipke POPMyNa MOXKET OBITh HCMOMB30BAHA IS MPOTHO3HPO-
BAHHA CKOPOCTH IyJIb PA3IHYHOTO BECa. OAHOTO H TOTO e KaMHOpa, BBHICTPEIHBACMBIX
H3 QAHOTO H TOTO KE NMATPOHA HA OJJHOM H TOM K& JABJICHHH.

VW,
V= —— €y
w,

PA

rae; V; — CKOpOCTb MyJIM, KOTOPYIO BBl HINETE. B (h1/c, V| — CKOPOCTH IYJIH. KOTOPYIO
BHI 3HaeTe. B (OT/c. W — BeC My, KOTOPBIi BB HIICTE, B rpaHax, W — BeC MyJIH, KO-
TOPBIH BBl 3HACTE. B IPaHax.

HecmoTpa Ha To. uTO GoMce TOKEIBIC MYJIH HAMHHAKOT MONET Ha Ooniee Men-
JEHHOH CKOPOCTH H HMEIOT OOJIbIee MOJHOE BpeMA MojeTa. fonee BBHICOKHI Oamn-
CTHYECKHIH KOYPHLHEHT HE TOJBKO KOMINECHCHPYET 3T0, HO H MPHBOHT K NMOSBJICHHIO
NMPSHMYLIECTRBA AN (0ee MEANCHHOH M TAxenol mynd. IIpH ONMMHAKOBOM YPOBHE
HAYABbHOI SHEpruH, 0ojice TAxENasA My B HTOre OyAeT HMETh MEHBINGE BpEMS 3a-
JACPKKH, MOTOMY UTO YBEIHUMBINMICA CaUTHCTHUCCKHI KO(DPUUHEHT YMEHBIIACT
BPEMA 3aIEPKKH CHIbHES, YeM YMEHbIUHBIUAACA CKOPOCTh YBSIHYHBAET ero. MuHH-
MAJIbHOS BpEMA 3aICPKKH BCETAA PEANTH3YSTCA ¢ MyJieil, HMRIOLeH camplii GompLoii
SanmmucTIvMecKHit KOYMPHUHEHT (CAMOIH THKEIOH), JOCTYMHOH B JAHHOM KAMuOpe.
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Haumyvimag cTpaTerua npoTHBOICHCTBHA HEONMPEICICHHOCTH BETPOBOTO CHO-
€a — 3T0 MHHHMH3ALHA 3TOH HEOMPEIENCHHOCTH M €€ BIHAHHA. Bpemd 3amepsKku
¥MEHBIIACTCA NMPH HCTIOJIB30BAHHH IyJIb C BHICOKHM OaHCTHMECKHM KO3 (ULHeH-
TOM H BBICOKOH AyJIbHOH CKOPOCTH. [Tpu BEIGOpPE KOMIPOMHCCA MEHKIY ITYJIAMH C HH?2-
KHM GALTHCTHMECKHM KOY(MPHLHEHTOM (MAMNBIH BeC) HA BHICOKOI CKOPOCTH B CPABHE-
HHH C IMYJIAMH C BBICOKHM OGATTHCTHYCCKHM KO3(DPHUHEHTOM (TDKETBIMH) HA ¥MEHb-
LICHHBIX CKOPOCTAX, MyJIH ¢ BEICOKHM OAILTHCTHYSCKHM KO3DPHUHEHTOM HA MCHBIUHX
CKOPOCTSX MOKA3BIBAIOT MEHBIIEES BPEMA 3aICP:KKH H MEHBILE CHOCATCA BETPOM [5].

T'upockonmiyeckuii CHoc (JlepHBanya)

Tupockom4eCcKuit CHOC, HIH JASPHBALUSA MPOHCXOANT TONBKO B TOPH30HTANb-
HOIl IIOCKOCTH, H OOBIYHO OKA3BIBACT MCHBILGE BIIHAHHE, UEM BETPOBOIT CHOC. Tak Kak
JACPHBALHA — 3TO JCTSPMHHHCTCKAA NMEPEMEHHAA, OHA GoJIee MPEACKA3YEMA, 4eM BET-
poBoii CHOC. JIepHBAlHA — YHHKABHOE MOCICACTBHE CTA0MMI3aLuK BpameHueM, Cta-
OuH3aUHg BpalCHHEM paf0oTacT MOTOMY. UTO OCh BPAILCHHA MyJIH KECTKAd, H 3Ta
HECTKOCTb OKa3BIBACTCA (0Nice MPOUHOM. YeM a’pOAMHAMHYECKHHE ONPOKH/BIBAIOILH I
MOMCHT, NPHJIAracMbIif K HOCHKY NyJH. YacThiO (YHIAMECHTAJBHOTO ONPEACICHUS
CTAOHILHOCTH (OMEPCHHEM HJIH BpALICHHEM) SBIACTCA TO, UTO CHAPSA OCTAeTCA
HANPaBJICHHBIM HA HaGerarommii Bo3ayIIHBIT MOTOK. BOT MoueMy €C/IH MBI BBICTPEIIH-
BAEM CTPENy NOX BBICOKHM YIJIOM, CTPRNA CIEAyeT KAK (Nmorep BIOJb CBOCH TPACKTO-
PHH H BTBIKASTCA B 3eMMO OCcTpHeM Bneped. Ilynm, crabuiH3HpyeMble BpALICHHEM,
JEIAIOT TO JKe CAMOE, HO JKECTKOCTh OCH BPAIICHHA ITyJIH MPOTHBOJCHCTBYET MPHPOI-
HOH CKIOHHOCTH CHAPAZA CIEAOBATH KAK (MIOTEp BIONB TPAEKTOPHH. 3TO MPOTHBO-
JCHCTBHE CIIOCOOCTBYET HCKPHBICHHIO OCH BPAILEGHHA MYMH C TPACKTOPHH, H 3TO HC-
KPHBIICHHE 2AIYCKAET MPOLECC, KOTOPbIi MPUBOIUT K JSPHBALIHH.

Korna oce BpalueHHA My BBHIHYKICHA CIEIOBATH (KAK (UIrOrep) TpaeKTopHH,
OHA PEarHpyeT HA ITO, HAMIPABIAA CBOM HOCHK Y¥Th MOJ YIJIOM BINPABO JJI1 CTBOJIOB C
NPABBIMH HAPE3aMH, M BJICBO AJIA CTBOJIOB C JNEBBIMH Hapesamu. CTabuim3Hpyemasn
BPALLCHHEM IyJIA CIEAYET TPACKTOPHH MOTOMY, MTO OHA CTAOHIBHA, HO B OTIIHYHE OT
CHApA1A, CTAOHIH3HPYEMOT0 ONEPSHHEM, OHA PEAarHpyeT HA 310 HeGONpIHM HEmIoC-
KHM YTJIOM, H3BECTHBIM IO HA3BAHHEM PHICKAHHA MOKOA (yaw of repose). Tot daxr,
YTO PHICKAHHE MOKOA HANMPaBIECHO BNPaBO A CTBOJOB C NMPAaBBIMH HAPE3AMH. 3aCTaB-
JMET MyJIO MOBOPAYHBATh Ce0A B 3TOM HANPABICHUH. PHICKAHHE MOKOA AN AANBHHX
TpacKTOpHI THOHYHO HE MpeBOCXOMT 0.1 rpamyca. Tak 4TO 3TOT 3(EeKT pasBopoTa
ABISCTCA HE OUCHb CWIBHBIM B JHOOOH KOHKpeTHOH Touke. TeM He MeHee, addekr
NOJPYIHBAHUS ABJIACTCS MOCTOAHHBIM. H HApacTaeT N0 CYINECTBEHHBIX YPOBHEH Ha
JANbHUX TPACKTOPHIX,

IIpu BO3ACHCTBHH HA THMPOCKON BHEIMHEH CHIBI €r0 OCh OTKJIOHACTCA B TY
CTOPOHY, I¢ OKAKETCS MOJTYYHBLIAA HMITYJIBC TOUKA dYepes 3/4 obopota. OTKIOHEHHE
OyaeT TeM QoJIbINE, YeM CHIbHEE AcHCTBHE BHEIIHEH CHITBI. ECIH BHENIHAA cHa OyaeT
AcHCTBOBATh HA THPOCKON MOCTOAHHO. TO €T0 0Ch Oy AET OMHCHIBAThL KOHYC. ['HpoCKom.
COXPaHsA TOPH3OHTANBHOE MOJOKEHHE, CBOHM CBOOOIHBIM KOHIIOM OYAET ONHCHIBATH
KOHYC BOKPYT TOYKH Oonopsl. [IpuMep MpeuecCHOHHOTO ABIKEHHA OCH BONMKA HA PH-
CYHKe 2.

DopmMyIIa A4 PACYETA JSPHBALIHH

Hdna pazpaborku HopMyIBI JepHBALMH OBLIO HCMOMB30BAHO HECKOJBKO HC-
TOMHHKOB JAHHBIX N0 ACPHBALMH, BKIIOYASA JAHHBIE, OMYyONIHKOBAHHBIE B KHHIE Po-
Hepra MakKon «Cospemennas Bremnaa bammctakay» [4]. ®akrop rupoCckonmdecKoi
CTAOHNBHOCTH COISPKHT HHOPMALHIO 0 HHEPLHABHEIX/BECOBEIX CBOHCTBAX IYJIH, A
TaKKe 00 AIPOIHHAMHUECKOM ONMPOKHABIBAKIUEM MOMEHTE, HIPANLESM OOJBLIVEO




ponb B npouecce Aepusauuun. Kpome Toro, Bpems MoseTa nynn oTpaxaeT UHgopma-
Lm0, onpefensemyto ee fynbHON CKOpocTbio, BK 1 npoigeHHo gansHOCTbIO. MpuBe-
[EeHHasA HWkKe opmyna ABNSETCS AMNUPUYECKOA MOMbITKOW BOCMPOW3BECTU AOCTYM-
Hble AaHHbIe MO AepuBaLym C UCMOIb30BaHUEM 87 1 BPEMEHW MOJeTa.

[Jepueaunsa = 1,25(84 +1.2)10" 183 (5)
roe: AepviBaums - fepuBaums B Atolimax (B HampaBieHWU Hapes3os), 84 - (hakTop rmpo-
CKOMWYECKO CTabUNBbHOCTU, pacCuMTaHHbIA No NpaBuy Luara HapesoB Mwunnepa, laT
- Bpems noneta nysu.

PUCYHOK 2 - TMpeLeccnoHHoe ABMKEHME 0CU BONYKA

BpawiaroLascs nyns unm cHapsg AeAstTCA O4eHb CUTbHBIMU TMPOCKONamm.

MMpockonuyeckas cTabubHOCTb

CTabuibHOCTb My/N 3aBUCKT OT TMPOCKOMNYECKOR CTabWUAbHOCTY, T.€. OT La-
ra HapesoB CTBOMia, CKOPOCTW NyAM U MJOTHOCTW BO34yXa, B KOTOPbIA 3amnyckaeTcs
nyns. Fmpockonuyeckast CTabubHOCTL abCoONOTHO HeobxoaumMa Ans TOro, YTo6bl My-
NS NeTena HOCMKOM Briepeqd 1 paboTaeT cregyrowmm obpasom. Bpalatoulasnca macca
MY FTEHEPUPYET TMPOCKOMUYECKMIA 3(hDeKT, AeNatOLLMiA OCb MM XKECTKOM, CNOCo6-
HOW COMPOTMBAATLCA OMPOKMAbIBAIOLLEMY MOMEHTY. DQMEKT XKECTKOI OCK - 3TO TO,
YTO MO3BO/MISIET BPALLAOLLEMYCS BEpXY COXPaHATb CBEpXY, a FMPOCKOMY COXPaHsThb
CBOK opueHTaumio. Ecnim 6bl nyns 3anyckanach 6e3 HaBefeHWs BpaLLeHWs, aspoguHa-
MUYecKasi Cuna, NPUIOXKEHHas K ee LIEHTPY AaBneHus (B HOCOBOM YacTu), co3gaBana
6bl OMPOKMAbIBAOLLMIA MOMEHT, KOTOPbI/A Obl ONMPOKUHY/ Ny/0, ¥ OHA Havana 6bl Ky-
BbIPKATLCA M3-3a OTCYTCTBUSA TMPOCKOMMUYECKOI CTabunbHoCTU. Ecnm nyns BpawaeTcs
[0CTaTOYHO ObICTPO, ee OCb OYAET AOCTATOYHO XXECTKOW ANS COMPOTUBEHUS adpoau-
HamMM4eCKOMy MOMEHTY, AEMCTBYIOLLEMY Ha €6 HOCWK, KOTOPbIA MbITaeTCs 3acTaBuThb
ee HauaTb KyBblpkaTbcA. Ecnu BpalleHue [OCTaTOYHO ObICTPOE, FOBOPAT, YTO Nyns
afleKBaTHO MMPOCKOMMYECKM CTabunmnsmposaHa. Eciu BpalleHne He JOCTATOUHO ObICT-
poe, Myns NOTePsIeT CBOK) OPUEHTALMIO N HAYHET KyBbIPKATbLCA.

daKTop rMpOCKONNYECKOR cTabunbHOCTK (84) - 3TO Mepa MMPOCKOMMYECKON
CTabuIbHOCTI, BO3HMKAIOLLERA Y Myn B pesynbTaTe BpalleHus. dopmyna ctabuibHo-
c™v Munnepa:

30T

8 onya+12) ©

roe: T - Bec nynum (B rpaHax), n - Lar HapesoB CTBo/Ma (B Kanmbpax Ha 060poT), 7 -
Kanmbp nynu (B grolimax), 1- anuHa nynu (B kannbpax).

Ecnun 8g 6yget 6onbwe 1,0, nynsa 6yAeT rupocKonmMYeckn ctabuibHoi. Ecim
OMpoKMAabIBatoLWwmin 84 6yaeT meHblue 1,0, nyns He 6ygeT CTabunbHON.

Ahpext Kopuronuca



ApexT Kopuonuca BO3HMKAET Kak CnefcTBME TOro, YTO CTpenbba uaet us
OfHOV TOUKM Bpallaroweiica ciepbl (3emnm) B Apyryro Touky. ekt Kopuonuca
0YeHb Cab, N UM MOXHO MpeHebpeyb A/1 6ONbLUMHCTBA NMPAKTUYECKMX CTPEKOBbIX
NpUMeHeHWiA. ekt Kopronmca oveHb €nab, HO ero MOXHO CMpOrHO3MpoBaTh U
YYECTb.

AhhekT Kopuonuca MMeeT Kak BEPTUKATbHYIO, TaK U FTOPUSOHTA/IbHYH) KOM-
MOHEHTbI, HE3aBMCHMMbIe APYT OT Apyra. FOpu3oHTasbHas KOMMOHeHTa adekTa Ko-
pvonmca NoHOCTLI0 OMPeAenseTcs LWMPOTOM NONOXKEHNS CTPesiKa Ha 3emne, 1 Ha Hee
He BAMSAET a3nMyT CTPpe/bObl. /15 LUIMPOT K CeBepy OT 9KBaTOpa, rOpU30HTa bHAsA KOM-
noHeHTa AdipekTa Kopronuca Becerga 6yget HanpasneHa Bnpaso. [ns WKMPOT K Kry
OT 3KBaTOpa OTK/IOHeHMe 6yfeT BneBo. OpU3OHTa/IbHOE OTK/IOHEHMe Kopuonnca mu-
HUMa/IbHO Ha 3KBATOpe, M PacTeT MO Mepe TOro, Kak Bbl HampasnseTech 6Mke K no-
ntocam. BepTukanbHasi KOMNOHEHTa OTKIOHEHMS Kopuronuca 3aBMCUT OT LWIMPOTbI NO-
NOXKEHUA CTPESiKa U asumyTa CTpenbObl. [pn cTpenbbe Ha BOCTOK CTPenoK bydeT no-
nafiaTb BbILLE LieNW, U Npu CTpenbbe Ha 3anag - Hwxke. Mpu cTpensbe Ha cesep Wam or
BEPTMKa/IbHas KOMMOHEHTa OTK/IOHeHUs Kopuonuca GyAeT HyneBO He3aBMCUMO OT
LUMPOTBI.

"opu3oHTaNbHBIN athdekT Koprnonnca 3aBUCKT TOMBKO OT LUMPOTHI MECTOMO-
NOXEHWS BbLle UK HWXKEe 3KBaTopa. YUem danblue OT 3KBaTopa, TeM 60siee CUIbHBLIM
6yneT oTkIoHeHne Kopwonuvca gist cTpensbbl Ha OAHY U Ty XXe fanbHOCTb. dopmyna
[N15 pacyeTa ropusoHTaNIbHOro OTK/IOHEHMA Kopronuca

OX2&T(bal)
"OpW30HTaNbHOE OTK/IOHEHNE = (7
Maye
rfe: TOPU30OHTa/IbHOE OTK/IOHEHME - 3TO OTKNOHeHWe Kopwonwuca B dytax, O - Cko-
pocTb BpaLeHus 3emnn (=0,00007292 paa/c), X - ganbHOCTb A0 Uenm (B (hyTax), bal -
Balla LUMpOTa OT 3KBaTopa (+ A4/15 CEBEPHON LUMPOTBI W - [/15 OXKHOI WMPOTLI), Yae -
CpefHsAs CKOPOCTb My/n B (hyTax B CEKYHAY.

MonoxuTenbHbliA (+) pe3ynbTaT 03Ha4YaeT CHOC BMPaBO, OTPMUATESbHbIA (-)

YKa3bIBAET Ha CHOC B/1eBO. A(heKT Kopmonmca XopoLLo BUAEH Ha pUcyHke 3 [6].

Ceseprbin NOAXOC

geoglobus.ru B CeepHom

NOAYLIapHK BCE
ABMKYIIHECA

g TEAQ OTKAOHAIOTCSH
L BNPaso

B IOMaiom

NOAYLAPHHM BCE

ABMyLIMECH

TEAA OTKAOHAIOTCA
BACBO

UcxoaHOe HanpaBaeHKe

KOMHBIA NOAIOC ™ ABMNCHMA

M 3MeHeHHOe HanpasneHve
ABWXEeHUA

PucyHok 3 3thekT Kopuronuca



rlpaKTI/Il—IeCKaFI 4acCTb

Ha ocHose thopmyn 1-7 u ¢ ucnonb3oBaHveM metoanku MakKos 6bina cosga-
Ha nporpaMma 6anncTUYECKOro KaibKynsTopa. VIcnoib3oBanch S3bikn NporpamMmmMm-
poBaHus laya u Piiylon. CyLliecTBytoLMe Ha LaHHbIA MOMEHT 6anIMCTUYECKNE Kaslb-
Ky/nSiTOpbl He BCTPOEHbI B MPULENbI U peasin3oBaHbl B BUAE MPUIOXKEHWA Ans CMapT-
(hOHOB M/IN MNAHLLETOB, YTO B MOJIEBbLIX YCMOBUSAX HEMPAKTUYHO [7]. A Te, YTO BCTpOe-
Hbl, HE ABMAIOTCS MOMHOLEHHLIMU BANINCTUHECKUMI Ka/lbKYNATOPaMM U He MO3BOS-
0T NMPOBOAWTbL MOJIHOLIEHHbIE BBIYMCIEHMSI C YUYETOM BCEX METeornapameTpoB. Peanu-
30BaHHbIi MHOK MPOrpaMMHbIV KOMMIEKC BCTPOEH B npuuen. Hhopmauusa focTynHa
[N CUMTbIBaHWS B OKynsApe. [/ aToro npuvuen 6bin gopaboTtaH. Bnok-cxema Bblymc-
NNTENbHOR YacTun NpeACcTaB/ieHa Ha pucyHke 4.

Meteoctasis Jlarnma
NABACHHR
TEMNIEPATYPHL
Bluetooth C THPOCKON,
2 aKceepoMeTp
Raspberry Pl
RS-232 SPI ¢ e
Dxpan Onrirseckas
- CHCTeMA
JancHOMEp

PWUCYHOK 4 - BIOK-CXeMa BblYNCANTENBHOI YacTy npuLiena

B ocHose nexunt MukpokommnbiotTep Kakpbeny Pl 2ero, Ha KOTOPOM BbIMOJI-
HAKOTCA BCe BbluMCneHUs. K HeMy MOAK/OYEHb! [ATYMKW [aBneHus, Temneparypsbl,
rMPOCKON, akcenepoMeTp, MeTeoCTaHUMA U fanbHOMEP, KOTOPbIE CNYXXaT UCTOYHMKA-
MM BXOAHbIX MapaMeTpoB. Nocne 06paboTkuM faHHbIX BCA MH(OpMaLys BbIBOAWUTCS Ha
3KpaH Mpv NOMOLLY ONTMYECKON cucTeMbl. ONTUYeCcKas YacTb NpuLena npescTasieHa
Ha pucyHke 5. Co3gaHHbI MPULEN C BbIYMCANTENbHBIM 6/I0KOM MOKasaH Ha puc. 6.

baox
anexT
posam
dpast

Cobuparowas
A

Vo

=

OfsexTin Caeropemirent OSopasmBarman cHeTems Oxynap

PucyHok 5 - OnTuyeckas 4acTb npuuena



PucyHoK 6 - Co3aHHbIi NPULLEN C BbIUUCAUTENbHBIM 6/10KOM

[na npoBepkn nNpaBWIbHOCTM paboTbl GaNMCTUYECKOrO  KaslbKynaTopa,
BCTPOEHHOr0 B Npuues, 6bl1n NPoBeAeHbI MPOCTPenbl B peasibHbIX YCnoBusaxX. Bxog-
HbIMW MapameTpamu SBAANUCL MeTeofaHHble (aTmoctepHoe fasneHve 969,4 rla,
Temneparypa Bozgyxa +28°C, BnaxxHocTb 38 %), wmpoTa 52,29778 rpagycos 1 a3umyT
uenn 35 rpagycos.

Ta6nuua 1- CpaBHeHMe AaHHbIX 6aNIMCTUYECKOTO KabKy1aTopa U JaHHbIX peanbHbIX

NpoCTpenos
AunctaHuwms, [aHHble 6annmMcTnyeckoro [aHHble peasbHbIX NPOCTPENOB
M KanbKynaropa
BepTukanbHas ["opu30HTaNbHAA BepTukanbHas ["opu3oHTanbLHas
cocTaBnaoLLas cocTaBnaoLLas cocTaBnaoLLas cocTaBnAoLLas
MOA MOA MOA MOA
200 2,17 0,1 2,2 0
250 3,58 0,13 3,6 0
300 51 0,16 51 0,2
400 8,52 0,22 8,7 0,3
500 12,39 0,29 12,7 0,4
600 16,77 0,36 171 0,5

PacxoxaeHns B 3HaUeHNAX FOPU3OHTa/IbHOI0 OTKIOHEHUA MOXXHO OTHECTU Ha
BO3,D.€I7ICTBI/Ie BE€TPa Ha BCEW TPAEKTOPUN ABMXXEHUA NY/N. Kak nokasaHo BblLLE, Yy4eT
BETPOBOro cHoCa Ha BCel ANCTaHUMN NPaKTUYECKN HEBO3MOXKEH. PacuyeTHble 1 peanb-
Hble 3Ha4YeHUA BEPTUKa/IbHOIO OTK/1I0OHEHNA 613K,

CpaBHeHVE C CYLLECTBYHOLLMMM aHa/I0ramm

OfHUM U3 BaXKHeMLMX (PaKTOPOB ANs MPELU3VOHHON CTpenbobl ABNseTCS
TOYHOE onpefeneHne AucTaHuMM 0 Uenn. OTeyecTBEHHAs MPOMbILLNEHHOCTb He
B COCTOSIHWW NOKa MPEeLSIOKNTb KOHKYPEHTOCMOCOBHbIE [anbHOMEPbI FPaXKAAHCKOro 1
BOEHHOMO Has3HayeHWs, W BblbMpaTb MPUXOAUTCA W3 MPUOOPOB 3apyOEXHbIX QUPM
(Hanpumep, tupmbl Carl 2188 [8]). HegasHO Ha pbIHOK MpULLAM NPMOOPLI, COBMELLa-
towye B cebe He TOMbKO MpULEn U JalbHOMEP, HO M BCTPOEHHLIA GaiiMcTnyecKuii
Kanbkynatop (Harnpumep, dupmbl 8taroy8kl [9]). CTpenku Ha 60/bLUME PACCTOAHMA
TaKkXe UCMO/b3YT NPOrpamMbl, CMOCOOHbIE PacCUMTaTh TPAEKTOPUIO My/M C YYETOM
MaKCUMa/IbHOTr0 KO/IMYecTBa NapamMeTpoB (Kambp 1 Bec, 6anmcTnieckmin Koahpuym-
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€HT, CKOPOCTh IYJIH H3 KOHKPETHOTO OPYKHA, BHICOTA YCTAHOBKH MPHLENA, TEMIICpa-
TVPA H BIAKHOCTb OKPYAKOWCH cpeasl u T.m). a1 HX HCMOMb30BaHHA Tpedyerca
TepMOMETp, BApOMETp, OTPEJeITHTENb CKOPOCTH BETPA, NMPH MPHCTPRIKE JKEIATEIBHO
3AMEPHTh HCTHHHYKO CKOPOCTh My H. CYINCCTBYIOIUHE HA JAHHBIH MOMEHT OANTHCTH-
YeCKHE KAJBKYATOPBI HE BCTPOSHHI B MPHUEIHI H PEATM20BAHB B BHIC MPHIOKSHHI
A CMAPT(GOHOB HIH MIAHIIETOB, YTO B MOJICBHIX YCIOBHAX HEMPAKTHYHO. BeTpoen-
HBIC B MPHUEIB! JTHOO HE ABIAIOTCA MOJTHOUCHHBIMH OATTHCTHYECKHMH KAMBKYATOPA-
MH H HE MO3BOJLIOT NPOBOAMTH MONHOICHHBIC BBIUUCICHHA C YUCTOM BCEX METEOMNA-
PaMETPOB MHOO CTOAT COTHH THICTY pyOneii,

Hcnonp3oanue pa3paboTkH

JlaHHAd cxeMa MOKET OBITh PEalH30BAHA KAK B BOCHHBIX. TaK H TPAKIAHCKIX
NPpHICIAX 1M ¥ BCITHYCHHA TOYHOCTH c1peJ11>61>1 H YMCHBIICHHS BPCMCHH MOATOTOBKH
K cTpensie, uTo 0co00 akTyanbHO A OBICTPOMEHAIOLICHCS OOCTAHOBKH.

Bu3HeC-MPHBIEKATENEHOCTH PA3PAbOTKH

B pabore moKa3aHA MPOTPAMMHAA PEANM3AUHA MATEMATHYSCKOM MOIEIH
Makkod 1 co3ganii GaumHCTHMECKOTO KambkymTopa. Co30aHA MOJTHOCTRI paboTo-
CHOCOOHAT CXeMa NMPHLENA, BRTIOMAIOWAL B cebd JATbHOMEpP H BCTPOCHHBIH OAIH-
CTHYCCKHI KANBKYJATOP. [IPABHIIBHOCTD MOKAAHHE CHCTEMBI MPOBEPEHA HA MPAKTHKE
NyTEeM CPABHEHUA PACYCTHBIX JAHHBIX OATHCTHYECKOTO KANMBKYIATOPA H MOJTY YeHHBIX
MPH MPAKTHYMECKO#H cTpempbe. Ha cerogHAmnmii JeHb CTOHMOCTD MOJOOHBIX TOTOBBIX
MPULCIOB COCTABIACT COTHH THICAY pyOneit. JlasepHrie JATBPHOMEPHI MOMKHO MPHOO-
PeCTH OTIENbHBIM VCTPOoHcTBOM (0T 13000 py6.). BammnCTHMECKHIT KANBKYIIATOP C¥-
IIECTBYET KAk MpoTpaMMa And cMapTdoHa (0T 300 py0.). BCTPOCHHLIH B METEOCTAH-
wio (0T 30 000 py6.), Tak H JOMONHHTENBHEIE YCTPOICTBA A npuuenos (ot 100000
py0.). MeTeocTaHmua npoaaeTcs no ueHe o1 4000 pyo.

IIpH H3TOTOBNCHHH MpHUENA OBLMH 33aKYIUICHBI KOMIUICKTYIOIHE HA CYMMY
okomo 15 000 py6. (Bxmouan nasepHeii MOTyNb, Raspberry PI Zero, pazmiuHbie Aat-
YHKH, ONTHYECKHE 3IEMEHTHI). IIpEeHMYINECTBOM CO3AAHHOrQ MHOK NpPHUEHA CO
BCTPOSHHBIM GAJNTHCTHUECKHM KANBKYJATOPOM H JANBHOMEPOM ABIMCTCA: OBICTpOTA
NOATOTOBKH K padoTe; JaNbHOMEP, KANBKYJATOP. METCOCTAHLMA H BBIMHCIHTEIIBHBIH
OnoK B OMHOM YCTpolCTBE. BCA HH(POPMAIHA BHAHA CTPENKY H HET HEOOXOIHMOCTH
OTBICKATECA OT NMPHUETMBAHNSA, HEOOMbINAsA CTOHMOCTh YHHBEPCAILHOTO YCTPOHCTRA,
NPHIOMHOCTh HCMOMB30BAHHA KAK U1 HAPE3HOTO, Tak H LA INAAKOCTBOJBHOTO OpY-
YKHA; BO3MO)KHOCTD IPHMEHEHHA BHELIHHX YCTPOHCTB (JAIbHOMEPOB, METCOCTAHLHIH).
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M3rOTOBJIEHYE PAVIOVYITPABJISIEMOM MOJEJIM CAMOJIETA
«(IECCHA 150» B JOMAIIIHUX YCJIOBHAX C PACUETOM
BHUHTOMOTOPHOM I'PVIIIILI

Canoros Aprem Hropesu4
Hexoecxas obracme, oep. Hepuuno, MOY «llepuauncras cpeduns wxona», 9 knace
e-mail. sapogov_02(@mail i

AHHOTALWSL. ABHAMOJCIM MTpaloT OGONBIIYVIO polb B pasBHTHH aBHaimi. Ha
HMX NIPOBEPSIOT HJeH H TeXHHYecKHe HOBHHKH, BeIyT Hay4HEIe HccnenoBaHud. Jleralomnpe Mo-
JTH — 3T0 CPEACTBO IS NPOBEPKH MPaBWIBHOCTH TEOPETHYECKUX pacueroB. Hanbonee cmox-
HEIMH B H3TOTORIIEHHH, HO H HAHOOIee HHTEPECHBIMH, ABAIOTCH PaJHOYIIPARIAeMEIe TeTaloIe
MoZemd. 1lentb paGoTHL: co3faHue PajlovIipaBisieMoi MoJenu caMoneTa «LleccHa 150» B jo-
MAILIHHX YCIOBHAX, 6€3 crelpalbHOro oGopyA0BaHKA H3 MOAPYYHOro MarepHata. Paguoypae-
JsieMasi MoJeIb caMonieTa «LleccHa 150» — MoJenb caMolieTa ¢ BEPXHHM PacTiONOKeHHEM KPhI-
Ja. MoJenu caMoNeToB ¢ BEpXHHM PACTIONONCHHEM KpbUla M V-00pasHbIM YITIOM Kpblla Gonee
YCTOIUMBEL B MojieTe, 0ONajaloT BHICOKMMH ILTAHHPYIOIMMH CIIOCOOHOCTAMH. Takasd MOJeNhb
XOPOILA T MONYUCHHA IEPBOHAYATbHBIX HABBIKOB VIIPABIICHIA PafHOYIIPABISIEMOH MOJEIH, €8
JerKo PEeMOHTHPOBATb IPH CIYMHBILMXCS IMONOMKAX. JITS BBITONHEHH: IOCTABIEHHOH LEeTH
paccuMTaHa BHHTOMOTOpHad rpymma (BMIN) pamioynpapiseMoi MogeH «lleccHa 150w, paspa-
GoTaHA NEILAroBas HHCTPYKLMA ee MOCTpoeHHd. B JoMAllHIK YCIOBHAX U3 COBEpIIEHHO 00BM-
HOIO MaTepHana, KOTOPBIi B HACTOAILESS BPEeMI JOCTYIEH IS BOEX JKEMAIOILMX, IOCTPOSHa H
HCITHITAHA MOJIENb paJHOYyIpaBiemore camonera «LleccHa 150%, MpoBeIeHHOE HCIBITAHHE.

KntoueBbie ¢/10Ba: pATHOYIPABIAEMAT MOJETE CAMOJIETa, TEXHONIOTHS H3TOTORIEHHA,
MOILIAroBask HHCTPYKLHMS. YepTeX. BUHTOMOTOpHad rpyima (BMI), $roseispk. Kppulo, IMIAHTOYT.
KHIE, PYIE BEICOTHL, M€POHBI, CEPBOMALLMHKA, JIOHXKEPOH, HEPRIOPHL, TATH, 3NEKTPOMOTOP, pe-
[YJSITOP CKOPOCTH, MPHEMHUK paHOYIIPaBIcHI, aKKYMYILITOP.

Mecro Bbinonnenus paborbl PaGota BrmionHeHa Ha Gaze MOV «llepunmckag
cpeaHAs KoMa» Benvkonykckoro palioHa ITIckobekoit oGnact. Hayunphi pykopogurens: 1lla-
Gaepa Maprapura AnekcaHApoBHa, yuHTeM: HeTopHH MOV «[lepuniHckas cpeqHAa MKONay.

Onucanne pa3paboTkH
Beeoenue

ABHAMOZENH  HIPAKOT OomplyKd pods B pa3BuTHH ABHAUHH. Ha
HHX NPOBSPAXOT HIACH H TEXHHUCCKUE HOBHHKH, BEAYT HAYUHBIC HCCNeAOBaHMA. HIMeH-
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25

HO HA MOJCIAX MPOBEPASTCA TEOPHA, PpACUETBI M NPAKTHYSCKAA  NPABHIIb-
HOCTb MPEANONOKSHHH, 3AJ0KeHHBIX B OCHOBY IPOEKTA JITATSNBHOTO anmapara. Jle-
TAOWHE MOJENH — ITO CPEACTBO A1 MPOBEPKH NPABHIBHOCTH TEOPESTHYECKHX pacye-
T0B [1]. Haubosnee CIOMHBIMH B H3TOTOBJICHHH, HO H HAHOONCE HHTSPECHBIMH, ABIA-
HOTCA PAIHOY PABIACMEIC JICTAIOLIHE MOJCITH.

Lens paboTel — CO3mAaHHE PATHOYNpABIACMOH Mogemu camojera «LleccHa
150» B JOMALIHHX YCIOBUAX, 0€3 CnenHanbHOro 080py I0BAHHA H2 MOAPYYHOTO MATE-
pHana.

3amauu:

—  H3YYHTb JIMTEPATYPY O COZIAHHH PAJHOYPABIAEMEIX MOJCTICH;

—  H3YYHTb METOIBI pacyeTa PaaHOy MPaBIIcMOH MOJEITH;

—  H3YYHTb TeXHOJOTHIO H3TOTOBJICHHA PAJHOYNPABIMEMOH MOJCTH CaMOJIe-
Ta «LleccHa 150»;

—  PacCuHTaTh BHHTOMOTOPHYIO rpynmy (BMI');

- pa3paboTaTh MOIIATOBYE0 HHCTPYKUHIO MOCTPOSHHA PATHOYIPABIASMO
moaerm «LleccHa 150»;

—  CaMOCTOATENBHO H3TOTOBHTH JAHHYE) MOJACHB H3 MOJPYUHBIX MAaTCPHAIOB
B JOMAIIHHX YCTIOBHAX

— TPOBECTH HCMBITAHHE CO3NAHHOH PagHOyMpaBIIeMOH MOJEIH caMojeTa
«leccHa 150%.

OcHoBaHHeM BBIOOpa TOCTPOIKH pPamMOYNpaBMIACMOH MOJENH caMoJeTa
«lleccna 150» aBmaerca 1o uro. aBHamonemb «lleccHa 150» — Moaemb camoneTa C
BSPXHHM PAacloNIOKCHHEM KpbUIa. MOASHH CaMONCTOB ¢ BEPXHHM PacTONIONKSHHEM
Kphina H V-00pa3HbIM YIJIOM Kpblia fonee YCTOHYMBHL B IONETE. 00MANAI0T BEICOKHMHU
TUIAHUPYIOIEMH CIOCOOHOCTAMH. Takad MOJENb XOpolua JUIi MONYUCHHS NEPBOHA-
YaNBHBEIX HABBIKOB YNPABJICHHA PaAHOYNPAaBIAECMOH MOJIEIH. €€ JIETKO PEMOHTHPOBATh
NpH CIYYHBIIMXCA MOJOMKax [2]. H3roToBHTE TAKyIO MOJETHE MOMKHO M3 MOAPYYHBIX
MATEPHATIOB.

B naHHoll pafoTe NMpeACTaBICHa METOAUKA PAacueTa BHHTOMOTOPHOH IpyIIbl
(BMI'), mowmarosas HHCTPY KUHA H3TOTOBJICHHA MOIEITH.

JanHad pa3paboTka MOKET OBITh HCMIOJIB30BAHA B ABHAMOISIHHBIX KPYIKKAX,
ABHAMOJCITHCTAMH H3TOTAB/IHBAKOLINX MOJEIH B JOMAIIHHX YCIOBHAX.

Onucanue paboTel

1. JauHbIe MOZEIH. 34 OCHOBY B2AT rOTOBBII 00LIMi yepTex Momenn «Lecc-
Ha 150» [3]. Pasmepsl mepecHMTBIBANHCH, JOMOMHANUCE. BBHIMONHANCA YepTeK MOICIH
«eccua 150» B mactade 1:1 (Pucynox 1).

Jdmina appamMogend 784 mm. PazMax kpeuma 976 MM. MakCHMAIBHAA MOJICT-
HA4 HATPY3Ka Mogenn cocTaBigeT 400 rpamm.

2. Pacuer BHHTOMOTOPHOH TIpyHNbl pagMOYNpPaBIACMOH MOJCITH caMonieTa
«leccHa-150». Jina pacuera BHHTOMOTOpHOH rpymmel (BMI') HCnomb3yercs MeTOIH-
Ka. ONHCAHHAA Ha caiire "Tlapkduaaep” B cTaThe BMI'
http.//www parkflyer.m/ru/blogs/view_entry/454/), "IIpakTH4eCKHE COBETHI H pacué-
" [4].

Kakapiii THO MOASTH MpEIHA3HAYEH AN CBOHX ULENEH. COOTBETCTBEHHO ¥
KAKIOTO THIA MOACTH CAMOJIETA €CTh CBOA HATPY3KAa. B 3aBHCHMOCTH OT HArpy3KH Ha
KPBUIO H MOACOPA BCEX KOMILIEKTYIOIUX MOASH MO-PasHOMY BEAST ¢e0d B BO3AYXE.
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B 22aBHCHMOCTH OT TOTO, KAKHM CTHJIEM BBl XOTHTE JETATh (MEIICHHBIH MOJIET, OBICT-
PBIi MONeT, MUIOTAKHBIH TOJNET) PACCUHMTBIBAETCA BHHTOMOTOpHAA rpymma (BMI).
Mogenn cCaMONeTOB ¢ MEHBILUCH HATPY3KOH JIeTAIOT MEINCHHEe, HX Jerye MoCAIuTh H
JIer4e MAHEBPUpPOBATh. OHH OMEHB XOPOLIO [UTAHHUPYIOT, HE CBAMHBAIOTCA mpH OOKO-
BOM BHpKe. ECi ¥ MOJeNH MEHbLIHMiT BEC, TO HE CTOHT CHIBHO KPENHTBH KPBUIO H
notpedyercsa Gonee cnadas CHIOBAA YCTAHOBKA, HO MPH BeTPEHOH moroje Mojens Oy-
JeT Xy)Ke YIPABIATbCA. ECNH YBEHMHBATE HATPY3KY, TO BCE BBILIC MEPEYHCICHHOE
O¥I¥T YXOAUTH B OTPHIATEILHYIO CTOPOHY. Moaeas caMonéra OyAeT neTaTh OBICTPEE.
HO YXyJILIATBCA €10 MUIAHHPYIOILIHE KAYSCTRA,

Mos MOIes AODKHA JIETaTh MENICHHO, ¢ MHIOTAXKHBIMH BO3MOYKHOCTAMH.
COOTBETCTBEHHO A H3TOTABIHBAN &€ KaK MOKHO Jerue. IT03ToMy Harpyska Ha KpbUIo
CTajia MEHBIIE,

Heuzamens

Jn1 ¢BOGH MOJCITH, MPEIHASHAUCHHON 11 BHIMOJHECHHS KJIACCHYSCKOTO MH-
JoTaXKa, A moAOHpan Tary Asurarend Ha 100 rpamMm QoubLIE BECA CAMOJIETA NPH BECE
camojera 300 rpaMM. HekoTopele nMpOM3BOAMTEM ABHraTeNci Aud aBHAMOJENCH MH-
LIYT MOINHOCTh. NMPH YCIOBHH HCMONB30BAHHA AKKYMYJATOPOB ¢ 00Jice BBICOKHM
HanpsokeHHEM. TTo3ToMy HEOOXOAMMO pacCuMTaTh MOIMHOCTh JBHrATeNdd C YUETOM
HCIOJIB3YEeMOTO AKKYMY TOpa. HeoOXoauMblH AKKYMYIATOP MHLIETCA MPOH3BOIHTE-
JeM JBHIATENA, A TAKKS MHIIETCA PEKOMEHIYEMBIH BHHT K KLKIOMY H3 CITHCKA AKKY-
MYJATOPOB, KOTOPBIC PEKOMEHIOBAHBI )11 JAHHOTO JBHUTATEIA.

Buwm

Ha BunTaXx eCcTh 0003HAYEHHA — JJIHHA BHHTA B JFOHMAX M IIAT BHHTA. JIHHA
B MEPBYIO OMepedb PeryHpyeT ILIowaap 00 yBaeMbIxX pynei. Uem Goblue BHHT, TEM
ayqume 6yger Mogemb ympaBmAThCA. HeoOxoauMO YYHTHIBATH 2AKOHOMEPHOCTb, HMEM
GombLIC BHHT, TEM C MEHBIIHM KOMIHMSCTBOM OAHOK HEOOXOIHMO HCTIONB20BATH AKKY-
MyJaTop. Mol BHHT amuHOM 9x4,7 mIOHMOB H aKKyMyJaTop 2S, To ecTh 2 OaHKu.
VMenpwad JmuHy BHHTA ¢ 9x4,7 10 8x4 moiiMOB HEOOXOIHMO HCIOJIB30OBATH AKKYMY-
marop 3S. Ilar BHHTA OmpesendeT CKOPOCTh MOTOKA BO3OYXa, OTOPACBIBAEMOTO OT
BHHTA. OT IATA BHHTA 2ABHCHT CKOPOCTH CAMOJIETA H OT3BIBMHBOCTH CAMOJIETA HA OT-
KJIOHGHHH CTHKOB PaJHOANNAPATYPBL

Koumponep osucamens (ESC)

3Has ABMraTe]lb H BHHT. KOTOPBIi 1 OVAY HCMONB30BaTh. 4 MOTY moao0parhb
ESC. 4 Haxoxy HeoOxoauMyro HHPOpMAINIO O TOKe NOTPeOJCHHA NBHraTens
C HAlllHM BHHTOM. 3Had TOK MoTpeQieHus ApHratend. 1 nogodpan ESC ¢ ToxoM Ha 5-
10 A pbime Toka notpednenus neuratenst. He crour 6pars ESC ¢ TOKOM paBHBIM TOKY
NOTPeONEHHS ABHIATEN. HHAUE PEryarop OyIeT CHIBHO TPEThCA HIH AaKE MOMKET
BBIHTH M3 CTpos. EE 0MMH mapaMeTp peryaaropa CKOpOCTH — HANpsUKEHHE, ¢ KOTO-
pbM OyaeT paloTaTh PEryJIaTOp. OHO MOKA3BIBACT KOMHYECTBO 0AaHOK aKKyMYJLATOPA.
koTopeie OyayT paborats B ESC.

Axrxyamvasmop

li-pol aKKyMyIITOp OYCHb KANPH2HBIH B HCTIONB30BAHHE H B XPAHEHHE, JKE
OMACEH T.K. OH MOJKET 3aroperbCs, eClH He coOmoaarh TeXHHKY OelomacHocTH. Ce-
ayer coOmoaaTe CIeOyIOLIME NMPABHIAT H20EraTh MOBPSIKICHHA BEpXHEH 000M0MKH
AKKYMYJATOPA, KOHTPOJMPOBATh MPOLECC 2APAIKH, HE MOJABATH HA MOTO-YCTAHOBKY
TOK, KOTOPBIX MPEBBIILACT TOKO-0TAAMY AKKYMYJATOPA.

Y aKKYMYJATOPA, €CTh MAPAMETPHI HAMPDKSHHE, EMKOCTh H TOKO-0TIA4A.

1) Ot HAPsDKEHHA AKKYMYJATOPA 3aBHCHT BbiOOp ESC, aBUraTend H BHHTA.
HanpsmkenneMm peryIupyroTcs o8opoTsl asuratesia. Urods HCIOIB20BATE, HAPHMED,
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akkyMymarop 3S, neobxoauMa HHpOpMAUHA 00 MOTICPKKH JAHHOTO AKKYMYJATOPA
JBHTATEIEM H PEIyIATOPOM, YKAZAHHAA NMPOM3BOIHTENEM. TepMHH HANMPAKCHHE B
ABHAMOJCTIH3ME MPAKTHYSCKH HE HCTONB3YIOT, A4 BMECTO HHX HCHOJIB3YIOT TEPMHH
OAHKH HIH SYSHKH. AKKYMYJIATOP COCTOHT M3 TAK HAZBLIBAEMEIX OAHOK, T.€. H3 OTILIb-
HBIX MANCHBKHX AKKYMYJATOPOB. JIiA MOMyUeHHA HYKHOTO HANPAKEHHA HX COSIHHA-
0T NoCaeI0BaTenbHo 25-7.4V (Bompta), 35-11.1, 45-14.8V. MHHHMANBHOE HALIPAXKE-
HHe ogHOH Oanku npumMepHO 3.20V. Hmvke 3T0r0 mopora He CIeoyeT paspsmKATh AKKY-
MYJITOP. HHAUC OH MOXKET B3AYTHCA HIIM MEpecTaTh paloTaTh B IUTATHOM pPeKUME. Y
ESC ecte mmoc AN MHTHOOJMMEPHBIX aKKYMYJIATOPOB, €CTh OTCEYKAa HAa 0aTapero.
3T0 O3HAUACT, YTO PEry/ITOP OTKMOYACT MHTAHHE HA CHCTEMY, C/IH HANMPKCHHE HA
oamol OaHke HIzke 3.6V. 2) EMKOCT BIHAET HA MPOJOKHTEIBHOCTh PA0OTH CHIO-
BOH ycTaHoBKH. Hanpumep, y Hac eCcTh akkyMyarop 10 AMmnep B 4ac. T.€. akKyMy -
TOp mpopaloTaeT vac npH notpefmaeMoM Toke 10 ammep. Hy:KHO MOMHHTB, 4TO &M-
KOCTh H TOKO-OTJAuYa B3AHMOCBA3AHBL 3) TOK0O-0TAAuYa MOKAIBIBACT MAKCHMAJIBHBIH
TOK, KOTOPbIH MOXKET OTAATh aKKyMyJaTop. Toko-oTAaya oGosHauaeTcs OykeoH "c".
Hanpumep, 20¢, 35¢ u ap. MakcHManbHBIH TOK HAXOAMTCA No (opMyae: Makc. Tok =
TOK0-0TAa4A (C) X eMKOCTh aKKyMyJITOpa (AMNep.) ECu B34Th aKKYMYJIATOP ¢ TOKO-
oTrnadeH MeHpIEH MoTpedMAeMOro ToKa ABUIaTelld, TO ABHIaTe b OyAcT padoTaTh HE
BO BCKO MOLIHOCTB, AKKYMY IATOP OyIeT CHIBHO IPETBCA, B3IYBATECA H B JAMBHCHIIHM
OyIer He MPHIOJCH AMIA HCTIONB30BAHHA.
3. MeTromgMKa H TEeXHOJIOTHA H3TOTOBIEHHA PAIHOYNPABIIEMOH MOJCTH
«eccHa 150» B JOMAIIHAX YCIOBHAX H3 MOTOJIOMHOM ITHTKH.
3.1. paBuna u yMEHHA, HOOOXOIHMBIC AJIA MOCTPOSHHA PATHOYMPABIASMOM
monerm «Lleccha 150»: CneaoBaTh MOIATOBOM HHCTPYKUHH, COOIIONATE TOUYHYIO T€0-
METPHIO, YMCHHE NAATH.
3.2.Marepuanel H HHCTPYMEHTHI 14 H3TOTOBJICHHA:
= YEeTBIPE MHCTa MOTONOUHOH IITHTKH ( MOTOMOYHAd ILTHTKA o6me;10cwru-(aa H HCITONB3YETCA B
CTPOHTENbeTBe). [ImiTka NpoUHas U JIeTkas, HMSHHO 3T0 TIO3BOILIET U3TOTOBHTD U3 HEe MO-
Jenb. OHa NpocTa B IPHMEeHeHHH PeMOHTHEIX paboT,

= KapaHjarlr,

- OymMara;

— JMHSHKa;

—  KaHLCAPCKHH HOXK.

—  OOBIMHBIA M ABYCTOPOHHMHI CKOTY

—  wiei “Turan”;

— - anekTpopHraTels (Turnigy 28-22-CQ 1400Kv);

— jBa ceppoaprratens (HXT300 5g win noaoGHEIe ),

- mea cepoasuratend (HXT900 9g i noaobHeie),

- perymirop 20A ESC;

- akkymyngrop ZIPPY Flightmax 1800mAh 3SIP 25C;

—  BO3ayIHELNT BUHT THIIA GWS 8%6 nmi 934.7,

= DIEKTPOHHKA 1A YIIPaBICHHA PaIIOKOMAHTAMIH.

3.3. Ilpouece H3rOTOBNCHHA MOACITH

H3roToBACHHE PagHOYNPABAACMON MOJCSIH BHIMOJIHANOCE HA OCHOBE PEKO-
MeHnanuit «PaauoynpaeaseMas Moaens caMonieta Cessna 150» [5].

Hlaz nepestit: BHINONHASM UuepTe:K MOJCNTH. 32 OCHOBY B3AT FOTOBBIH 00 muii
yeprex Moaenu «LleccHa 150»[5]. PasMephl mepecuUHTBIBAKTCA, AQMOJHAKTCA. BbI-
noJHAeTCA Yepresk Moaend «LleccHa 150» B mMacmiraGe 1:1 (PucyHoOk 1), KOTOpHIH 3a-
TeM HeOOXOAMMO pacmeuarark Ha npuHTepe. ITocne 3TOro uepre:xu BBIPE3AHTCA H
MPHKJICHBAOTCA HA MOTOJIOUHYIO INTHTKY, 3aTEM €LIE pa3 BRIPE3akoTCA.


http://usamodelkina.ru/jelektronika/
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War sTopoi: Jdenaem dro3ensx_(PucyHok 2). BOKOBUHbI (Pro3ensa HY>KHO
CKenTb. Ha 60KoBMHaxX (ro3enisxka pasmeyatoTcs pebpa ecTKoCcTu. C Hapy»KHOW cTo-
POHbI GOKOBUH (hHO3ENISHKA HYXKHO MPUKNEUTb YCUNUTENN, a TaKkKe caenaTb 0TBepCTuMA
4na fepxatenei kpbina. Tenepb MOXHO BK/eMBaTb pedpa XEeCTKOCTMW, WX eLle Hasbl-
BAIOT LUNAHIOYyT. BaXKHO OTMETUTb, YTO MOTOLLUMAHIOYT YCTaHaB/IMBaeTcA TakuM obpa-
30M, YTO6ObI MPUKPENEHHbIA K HEMY ABUraTe/b /Mlb HEMHOrO BbIXOAMN 3a Mepej-
HIOKO rpaHb (tozenska. OH M3roTaB/MBaeTCA M3 [BYX C/I0EB MOTO/IOYHON MAUTKW, B
HEM HY>XHO CfenaTb Npopesun 415 TOro, 4Tobbl B 6aTapeiiHblii 0TCEK NPOXOAN BO3AYX.
B LinaHroyTbl Nof KPbIIOM HYXHO BKNEUTb [epPeBAHHbIE MAIOYKU, C MOMOLLLIO HUX U
pe3nHOK BYfeT yaepKnBaTbCa Kpblo.

PucyHok 1- Pabouue yepTexu pagmoynpasnsemoin mogenu «LleccHa 150». ®oTo aBTOpa. [ata
ncnonHeHns: despanb 2017 T.

PucyHok 2 - N3roToBneHmne (rosensxa. ®oTo aBTopa. [JaTa ucnonHenms: gespans 2017 r.



War TpeTwnii: JenaeM Kuib 1 pynb BbicOTbl (PucyHok 3). O6e pyrneBble
M0CKOCTY M3roTaBNMBAIOTCA U3 ABYX CI0€B MOTOMOYHOW nNamTku. KpensaTcs pynm ¢
MOMOLLIbHO 0ObIYHOT0 KaHLENIAPCKOro CKoTHa. ['paHn Kuns/ctabunusatopa v pyns, Ko-
Topble OyayT conmpukacaTtbCd, Heo6X0AMMO CTOYMTb nog yrnom 45 rpagycos.
C nomoLuplo CKOTHa coefuHseM ob6e feTanu € [ABYX CTOPOH. Kwunb W pynb BbICOTHI
BKJ/1IEMBAEM B (PHO3E/IAK.

LUar veTBepTbliii: Jenaem Kpbino ans mogenn (PucyHok 4). B uepTexxe moge-
NN €CTb TPEYro/bHWKN (HEPBIOPbI), HO OHW B JAHHOW MOZENN HE HYXXHbI. V13 BHYTpeH-
HUX YacTeli HamM NOHAZO6MTCA TOMbKO IOHXEPOH. [1Be YacTU NIOHXEePOHa HYXXHO CKne-
UTb BMecCTe, 3TO OyJeT AOBOMbHO KPEMKMWIA NIOHXEPOH Kpbina. Temnepb HeobXoaymo
BbIpe3aTh [Be 4acTu OOLUMBKK, a B LIEHTP MepBOli 0OLUMBKM Haf0 BK/IEUTb NTOHXXEPOH,
CNnefoBaTe/lbHO, BTOPOI HaKpblBaeTCA YacTblo 06LWMBKWU. [lanee aBe 4acTu OOLUMBKY
CKNenBatoTCs € ABYX CTOPOH. [ TOro ytobbl CHOPMUPOBATL HOCUK, HYXKHO Clenatb
cpe3 Mog yrnom B 45 rpagycoB OT HVDKHEN rpaHu Kpbifa 40 Haknagku. 3atem, YTobbl
ybpaThb 3ayCeHuLbl, 3TO MECTO HYXXHO 06paboTaTh LUKYpPKOW. 3afHIOI0 4acTb TOXe
HY)XHO cpe3aTb M 00paboTaTb LUKYPKOA. Ha 3akniounMTeslbHOM 3Tane CKIeMBakoTCs
KOHCO/MN Kpblna Mexay cob0i. [1s aTux ueneil oTanyHo nogoiifet Kneit pereHt. Ca-
MOE /1aBHOe B 3TOM Jiefle - TOYHOCTb.

PucyHok 3 - /13rotoBneHve Knns n pyns BbicoTbl. POTO aBTopa.
[ata ncnonHeHns: gespans 2017 T.

PucyHok 4 - W3roTtoBneHme Kpbina. ®oTo aBTopa. [JaTta ucnonHeHuns: gespans 2017 T.



LLar naTelia: JenaeM 3anepoHbl (PUCYHOK 5). DMepoHbI HY>KHO akKypaTHO OT-
pe3aTb Mo IMHUAM, YKa3aHHbIM Ha yepTexke. HaselunBatoT 3/1ePOHbI KNacCUYeckn - Ha
CKOTH.

PucyHok 5. MisrotoBneHue anepoHoB. ®oTo aBTopa. [arta ucnonHeHus: gespanb 2017 .

LLar wecToii: YcTaHOBKa CepBOMALLMHOK A8 PY/is BbICOTbI U pyNs ynpase-
Hus. CHayasa cepBoABuratenn 060pauvBalOTCs ABYCTOPOHHWUM CKOTYEM, & 3aTeM C
MOMOLLbIO HETO MPUK/ENBAIOTCA KYCKW NMOTONOYHON NAUTKW. [ns pyns ynpasneHus u
419 Py NS BbICOTbI UCMOJb3YETCA MaLllMHKa BECOM 5 rpamMm. [/ MalMHOK Bbipe3aroTcs
MeCTa B CTpaTernyeckux MyHKTax, a 3aTeM OHW BK/emsatoTcs. [n4 yCTaHOBKW CepBo-
MaLLUVHKM B BEPXHEW YaCTW KPblna HY>HO CenaTb 0TBEPCTHE, CePBOMALLMHKA AO/MKHA
KacaTbCsa NIoHXepoHa. O6e MaLUMHKM AOMKHbI PacronaraTbca TakMm 06pasoM, YToObl
MX Kayanky CMOTPE/IN OT CepefnHbl Kpbiia. Mocne YCTaHOBKM MALLMHOK HY)XHO Cfe-
natb TAMW W NOAKMOUUTL UX K PY/EBLIM NAOCKOCTAM, a TakXKe cepeofsurareniam. Taru
M3roTaBnmBaeTcs 13 6ambyKOBOI MaNoYkM U KaHLENsSPCKol ckpenkn. CHavana oTpe-
38eM HYXXHYIO J/IMHY Nanoyky, 3aTeM pasrnbaeM CKpernky v OTKYCblBaeM HeB60/bLUON
Kycoyek. Kycoyek CKpenku MpuKiaabiBaeTcs K nanovke n UKCUPYETCa Npyu NOMOLLU
Cynepk/ies, 3aTeM MecTo Hax/nécta 06MaTblBaeTCA HUTKaMK U MPONUTLIBAETCA Cynep-
KneeMm, TO Xe caMOe [jenaeTcs C Apyrovi CTOPOHbI. TAra noAKItoYaeTcs K CepBOMaLLH-
Ke, K Py/t0 BbICOTHI, K PY/HO YNpas/eHns:

LLlar cegbMoii: YCTaHOBKa 3MeKTPOHUKW. [N Hayana npunaveaeM npoBoja
OT MOTOpa K PerynsTopy CKOpoCTW, 3aTeM Tpex-MNMHOBbIV NPoBOJ OT perynaropa noj-
COeAMHAETCA K NPUEMHUKY pagnoynpasneHus. K perynsropy CKOpocTU HYy>XHO npuna-
ATb pas3béMm, cob0Aas NoNAPHOCTL. B 3TOT pasbém OyfAeT NOLKUaTbCA akKyMy/s-
Top. lNeped NOAK/MOYEHVEM CNedyeT MpPOBepWTb, HE 3aMblKatoT N MPOBOLA MOTOpa
Jpyr C Opyrom, rocrie TOro Kak BCE NMpOoBepuIv MOXHO MnogkntoyaTts. CHavana BK/H-
yaeM nepefaTyvk, a NoToM NoAaém nuTaHuWe Ha cucTemy (MOLK/HOYaeM aKKyMysaTop
K perynsaropy CKOpocTW), ABWraTenb 13AacT XapaKTepHblid 3ByK (nuck). Bepém B pyku
MOTOP U HEMHOIO MOAHMMAaEM PYUKY rasa BepX, UTo6bl MOTOP CTasl C/IErka BpaLaThCs.

[Janee onpegensem HanpasneHWs BpalLeHUs MOTOpa, KOTOPbIA AO/MKEH Bpa-
LaTbCA MPOTUB YACOBOW CTPeNKW. Ecnu mMoTop BpallaeTcs B MPOTUBOMONOXKHYHO CTO-
POHY, TO HY>XHO MOMEHATL ABa U3 TPEX NPOBOAOB MeCTaMW, UMEHHO Tora moTop 6y-
[eT BpaLLaThCa B MPOTUBOMO/OXHYIO CTOPOHY. Mposepsiem elwg pas. Eciv Bcé paboTa-
€T NpaBWU/IbHO HYXXHO M30/11MPOBaTh NMPOBOJA M30MEHTOI. [oce 3TOro MOXHO CTaBUTb
MOTOP Ha MecCTO, MPUKPYTWB ero Npy NOMOLLY HebOsbLLUUX BUHTOB, Terepb NpPoKnagbl-
BaeM PerynsTop BHYTPb (htO3eNisHka U NpUKIeMBaeM Ha LBYCTOPOHHWIA CKOTY, danee
TakkKe NPUKNEMBaEM NPUEMHUK U K HEMY MOAK/OYAEM PErynaTop v CepBOMALLIHKMN.
B nepBblii KaHa/T NPUEMHMKA BCTaBNSETCS «3/IEPOH», BO BTOPOI KaHas BCTaBMAETCA
Py/b BbICOTbI, B TPETWI KaHaN BCTaBNAETCA PErynsaTop, B YETBEPThI/ KaHa BCTaBMseT-
CA py/ib Hanpas/eHns. Ha 3TOM yCTaHOBKa 3/1IEKTPOHMKM 3aKOHUEHa.



LLlar BOoCbMOIA: 3ak/THounTeNbHBIA 3Tan coopku._[ina Mogenn moHagoomTcs
M3roTOBWTb KPbILIKY 6aTapeiiHOro OTCeKa, OHa [eflaeTcs AO0BOMbHO NPOCTO. HyXHO
Bblpe3aTb HaKNaAKy OnpejeneHHon WnpuHbl. C BHYTPEHHEl CTOPOHbI HaKMafku BKe-
UTb pebpa XEeCTKOCTN. PUKCUPYETCA KPbILLIKA NPY MOMOLLY PE3VHOK.

4. WcnbitaHne mogenn (PucyHok 6). Mogenb OTMYHO cebsi BegeT
paboTatoLLemM, TaK 1 Npuy BbIK/IOUYEHHOM ABuraTene. Takke nopasfoBana ee MaHeBpeH-
HOCTb. YTO6bI MOBLICUTL MPOYHOCTL MOAENN K YAAPHBIM Harpyskam, caenatb eé 6onee
3aMETHOIA, KOPNYC HY>XHO 0OKNeMBaTb LBETHLIM CKOTHEM.

EAVHCTBEHHBI MUHYC «LleccHbl 150» - 3TO (DPOHTa/IbHOE PaCMOfIOXKEHME
[BuraTens, T.e. Mpy CUILHOM NafeHny HOCOM B 3eMJ/TH0 MOXKHO C/IOMaTb Basl ABUraTeNs
nn NorHyTb ero. O6a cnyyas AenatoT ero HeBO3MOXKHbLIM ANS AafibHelLLero Ucnosb-
30BaHUA.

Mogenb 04eHb XOPOLLO BefET ce6s B BO3AYXE, Kak C BKIOUEHHLIM ra3oM, Tak
1 6e3 Hero. Mpyn OTMYCKaHWM CTUKOB MOZE/Nb HEMIoX0 BbIPaBHWUBAETCA U NETUT MeA-
NEHHO, NNaBHO, 0YeHb MaHEBPeHHO. OHa YA06HO CaanTCa Ha 3eMITHO.

)

PucyHok 6 - 3anyck paguoynpasnsemoin mogenun «LieccHal50»,
(hoTO aBTOpa, Aarta UcnonHeHus: anpens 2017 T.

5. BbiBOAbI:

- pagvoynpasnsiemas Mogenb camoneTa «LleccHa 150» co3fgaHa B AOMaLLHMX YCIo-
BUsIX, 6e3 crneymnasbHOro 06opyfoBaHms, 13 NOAPYUHOro MaTepuana;

- paspaboTaHa MowlaroBasi MHCTPYKLMS MOCTPOEHWs PaAvoynpaBfiseMoii MOAeNn
«LleccHa 150»;

- MpOBEAEHO MCMblTaHMe CO3A4aHHOW paamoynpasnsemMoii Mogeny camoneta «LleccHa
150»;

- CTOMMOCTb CamMOCTOSITE/TbHOTO M3rOTOBJ/IEHMA MOAENN B ABa pasa feLleBnie nokyn-
HOIA rOTOBOW MOZENu.

CpaBHEHVE C CYLLECTBYHOLLMMM aHaIoramu.

[JaHHas pagmoynpaensemas Mofenb camoneta «LleccHa 150» oTnnuaeTcs
MPOCTOTOM W AOCTYMNHOCTLIO €8 M3rOTOBMEHUS B [JOMALLHUX YCNOBUAX U3 AOCTYMHbIX
MaTepuanoB. Mogenb UMeeT HeboMbLUMe pasmepbl, ee MOXHO pa3obpaTb. Takum 06pa-
30M, peLaeTcs npo6aeMa TPaHCMOPTUPOBKM MOAENN.

KaK mpu
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Hcnonp3oanue pa3paboTku

Mogens mokaszana XOpowHe JIETHRE Ka4ecTBA. OHA YCTOMMHBA K BETPY, HME-
eT GONTbLIVIO CKOPOCTh H 001a0aeT OTIIMMHBIMH IIAHEPHBIMH XApAKTEPUCTHKAMHU. Bee
3TH XAPAKTEPHCTHKH MOMOTYT HCMOJB30BATH JAHHYKY MOJCIB B KAYSCTBE CAMOJIETA-
Tpenepa. IIpeacraBneHHAd paspaboTka MOMET OBITh HCMOJIB30BAHA JETBMH H B3pOC-
JBIMH JJIA H3TOTOBJICHHA pPagHoynpaBmseMoii momenu camonera «LleccHa 150» B
ABHAMOJENBHBEIX KpPYJKKAX, JOMAIUIHHX YCHOBHAX. Paspa0oTaHHas momaroeas HH-
CTPYKIHA H3TOTOBICHUS MOACTH MOKET NPHMEHATHCSA B MOCTPOHKE APYTHX MOJCICH.

BusHeCc-MpHBICKATEILHOCTH PA3paloTKH

T'oToBYIO aBHAMOJCHL MOKHO MPHOOPECTH CTOMMOCTRIO oT 8000 pyOneh u
Beilie. ONUCaHHAsA B JAHHOH paloTe MOACIB O4EHb JIETKA B H3TOTOBICHHH. DTO caMas
PacnpoCTpaHEHHAad MOJECL CPEAH HOBHYKOB M MOAXOJIHMT A1 HAUHHANIHX aBHAMO-
AcnHCTOB. FIMeeTCo peanbHasd BO3MOXKHOCTh CO3IAHHA HaOOpa-KOHCTPYKTOPa JaHHOI
MOJETH. B CpaBHEHMH C TOTOBBIMH AHAJOTAMH CTOHMOCTh 3aTpaT HAa HM3TOTOBICHHE
JAHHOH MOJACTH B JBA pa3a MCHBILE.
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KOHLEIMTHS COBMECTHOI'O HCTIOJIb30BAHMS SDJIEKTPOJABUI ATEJLSI
KOJIECHO-T'YCEHHMYHOI'O NBHXUWTEILA

CmupHoB VsaH Hropesuu
2. Mocraa, FTBOY Hixona Ne 2089, 11 xnace

AHHoTanusA. MHorue oGpasipl GOeBOH TEXHMKH B HACTOMIICE BPeMs CO3JAIOTCS Ha
ABYX OCHOBHBIX THIIax JTBHXKHUTENEH. KOIecHOM H T'YCECHIYHOM. KonecHrle MallMHEI HMEIOT
GomelnM pecypc XOIOBOH, HO MPOXOJHMOCTEL HX B pa3bl MEHEHILE, YeM ¥ I'YCEHHHBIX. B HacTo-
SeH padoTe MPOBOJUTCA IMOMCK KOMIIPOMHCCHOTO PEIICHHI. KOTOPOE COBMEILANe OB B cede
IONE3HbIE Ka4YecTBA BBIICYKA3ZAHHBIX JTBHXKUTENIEH. Hp}{ 3TOM LEIbIO IMOCTABIICHO ITOBBICHTE
BEDKHBASMOCTh JKHMIIAka M 0GOcBOH MAlMHBI B LEIOM 32 CYET IIPUMEHEHUI KOJICCHO-
T'YCEHMYHOI'0 IBITAITTENA. KOIIeCHO-I‘_VCBI—Hr‘I'-l}ﬂ:.H::I JBHAHTEIb HCIIOMB30BANICA H paHee, HO BBHIY
OTCYTCTBHA Ha TOT MOMEHT TEXHOTOTHIH, KOTOPhI¢ MOTIH 3HAYMTEIBHO YIIPOCTHTE KOHCTPYKLIMIO
MAINHBI H YIYYIIITH eé XAPAKTEPHCTHKIH, OT €ro IIPHMEHEHHA B G0EeBLIX MAIIMHAX OTKAZAIHCE.
B paGoTe NpOBOAUTCS aHAIM3, KAaK COBPEMCHHBIC TEXHONIOTHH CMOTYT IIO3BONIHTE (K THBHO
HCIONIB30BATh COBMEIICHHBINA THIT JBHKHTEA.
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KnroueBbie ¢/10Ba: KONECHO-TYCEHHMHAA MAILMHA, NPOXOTHMOCTE, GaHIAXK, HHIUBH-
IOyaIbHas TIOBECKa KaTKOB, OVKCOBaHHe, BENYILHE KOecd, IYCEHHULIBL.

MecTo BbInonHeHns pabotel: Padora 6bL1a BriMonHeHa Ha Oa3e kadeaprr «MHoro-
LEIEBbl¢ T'YCEHUYHBIC MAIMHBI M MOOWIBHBIE poSotel» MITTY muM. H.3. Baymana, HayuHerit
pykopoguTenb. CTamyxiH AHTOH AlleKCeeBHY, JoLEeHT kadenpsl «MHorouenessle ryceHHEEe
MalMHE! 1 MOCHIBHBIE poSoTel» MI'TY uM. H.D. bayMaHa, kaHA. TeXH. HavK.

Onucanue pa3paboTkH

Pa3pa0oTka BOCHHOH TeXHHKH 3Ta Ta 00MACTh, TAC POCCHICKAA HIVKSHEPHAA MBICTh
HE OTCTACT. 4 B HEKOTOPBIX OONACTAX JaKe OMEPEKaeT 3apyOeskuble aHANOTH. [103T0-
My MOK CTATBIO XOTEJOCh OBl HAYATh ¢ OJMHOH H3 MOCNEAHHX MyOIMKALMI 0 HOBBIX
ofpa3uax poccHiickoil BOSHHOH TeXHHKH. MuHOGOPOHB! PocCHH ONMy0IHKOBANO BH-
JACOPOJHEK TNPHMECHEHUA GoeBIX poGoToB «CoparHuHk» U «Hepexta» Ha TAKTHKO-
CTMELHANTBHOM 3AaHATHH BO B3AUMOJCHCTBHH ¢ MOTOCTpeNKaMH 27-i reapackckoii Ce-
BACTOMOJLCKOH OTHAEHABHOH MOTOCTpenkoBoil Opuraael. IIpuuem poGor «CoparHHk»
pa3paboTaH Ha IyCCHHUYHOM Xxofy, a «Hepext» — xomecHslii. [1] ITo cyTH, oHH mpen-
CTAB/STIOT H3 Ce0s MAIUHHBI Pa3BEIKU H HABCACHHA APTHILICPHIICKOTO OTHA. H HETUIOXO
nokazamu ¢e0d Ha yucHHAX. OMHAKO MALNHHBI, KOTOPBIC MEPSABHIAKTCA TONBKO Olia-
roJapA IyCEeHHLE, XOTA H OONATAIOT MOBBHIMEHHOH MPOXOIHMOCTBIO, HMEIOT CVLIE-
CTBEHHBIH HEJOCTATOK. B CITYYMAH HX 00S3IBIKUBAHHA HA NoJie 004, IKHIAKY MPUIET-
C4 YCTPAHATH MOJOMKY IOJ OTHEM MPOTHBHHKA. Tak, MmO HOPMATHBY 3aMeHA 00eHX
ryceHHl TaHKA T80 cocTaBmaeT 1 4ac HA OTMETKY «OTIHYHO» [2]. Jaxe ecnu u3 CTpos
BBILIIA OJHA TYCEHHLA — 3TO Yke Gonpmas mpodnema.

ITo onpeneneHHIo, )KUBYMECTh — CBOWCTBO NMPOTHBOCTOATH MOPAKAIOLUCMY
BO3JEHCTBHIO MPOTHBHHKA H COXPAHATH GoecnocoOHoCcTh. OHA CKIAIBIBAETCA W3 MO-
JABH)KHOCTH, HE3AMETHOCTH, 3ALUHIUEHHOCTH, MPUrOIHOCTH K peMonty. [pu pazpabor-
K€ HOBOH MALIMHBI HHKCHEPHI CTAPAIOTCA MOBBICHTH 3TH mapamerpsl. Beas yem gons-
LIe MAIIHHA HAXOOHTHCA HA mone 605, Tem Gonplue mOIB3bI OHA NPHHOCHT. Jig 3Toro
CIELHAIHUCTH MPHOErarT K Pa3HBM KOHCTPYKTHBHBIM PEILSHHAM, MOBBIIIASA, KAK MPa-
BHJIO, OJHH HIH CPa3y HECKOJIbKO MAPAMETPOB XHBYYeCTH MammHbl. Kak mpumep,
MOKHO MPHBECTH CBEPXTOKENDIH TaHk Panzerkampfwagen VIII «Mausy (puc. 1) [3].

Ha ykazaHHOM NMpHMEpE XOpOLIQ BHAHO. KAK HEMEIKHE HHKEHEPHI MBITATHCH
MOBBICHTb 3AIMHINGHHOCTh MAIUHHBL NMYTEM MHOTOKPAaTHOTO VBEIHUCHHS TOJIIHHBI
OpoHu. Jlpyroit npuMep, caMelif ObICTpPBIA ryceHH4HBIH podoT «Ripsaw» [4] (puc. 2).
3a cueT HU3KOTO MPO(DHIL H OUECHb BRICOKOH CKOPOCTH 3TAa MAIIHHA MOJKET HE3AMETHO
H OBICTPO NEPEBHIATHCA NO MO0 004, a MPH NEPEABIKECHHH C MAKCHMANBHOH CKOPO-
CTBIO. OKOJIO 120 KkM/4, po0OT CTAHOBHTCA NMPAKTHYECKH HE YA3BHM JUI MOPAKCHHA
JIETKHM CTPEJTKOBBIM OPY KHEM.

W3yuad noAoOHBIC MAINHHBI, 3a71ACIIBCA BOTIPOCOM. @ MOJKHO JIH COBMECTHTh
B OJHOH MAIIHHE XOPOLIVIY MPOXOAMMOCTb. YNPABILIEMOCTb, BBICOKHE MOKA3aTEIH
CKOPOCTH, MPOCTOTY OOCITYKUBAHHA H JPYTHE KAYECTBA. MOBBILAMIHE *KUBYYECThH
MALUHHEL?

W3 uCTOpHH CO3JAHHA BOCHHOH TEXHHKH MOYKHO IPEINONIOKHTD, YTO B ITOM
niane Sonee Bcero OpLIH HHTEPECHBI TAHKH cepuu BT,

B mexabpe 1929 roma B CLLUA npubeIIA COBETCKAS JSNETALHA BO INIABE C
HAYATBHHKOM YIpPaBieHHA MexaHmzamuu H MoTopm3aunn PKKA H. Xanenckum. Ko-
MHCCHIO 3AHHTEPECOBAIH TAHKH KOHCTpYKTOpa K Y. KpHCTH, CnieuHanH3HpoBABLIE-
rocd HA MPOSKTHPOBAHHU OBICTPOXOIHBIX KOJNECHO-TYCSHHYHBIX TAHKOB [3]. CoBer-
CKAsA JeNETALHA 3aKYIHIA HECKOIBKO OMBITHBIX 00pasuoB TaHkoB Kpuctn. Mammub!



npoLun 06KaTKy, fopaboTKy ¥ B UTOre GblIv NOCTaBMEHbI B CEPUIHOE NMPOM3BOLCTBO
nog kogom BT2, uTo 3HauMT «BbICTPOXOAHbIA TaHK 2». MalunHa 1 Bnpasgy OTAnva-
Nacb XOPOLUMM NS TOr0 BPEMEHW MOKa3aTeNnsMy CKOPOCTM - 72 KM/Y MO LLOCCE Ha
Konécax, U 51 KM/4 Ha ryceHuuax. Mo3xe cTanu NosBAATLCA HOBble TaHKM 3TON e
cuctembl - BT5, BT7. Bce OHM 6blnn co3faHbl AN NPUMEHEHUS B HACTyNaTe/bHbIX
onepauusx, HasblBaeMbIX Takke «[yb6okas onepauus». KOHCTPYKTMBHO BT 3Hauu-
Te/bHO BbIAENANNCh U3 BCEX TaHKOB TOW 3noxu [6].

PucyHok 1- CBepxTsénblit TaHK Pan2erkatplxagen VIII «Maiiz»

PUCYHOK 2 - T'yCeHUYHbIli po6oT «LIJa,u,a»

[(naBHOe OT/IMUME COCTOAN0 B TOM, YTO MepefHue KaTKW MallvHbl MOT/iM MoBopa-
YMBaTbLCA, KOra TaHK ABVKeTCA Ha Konecax. (puc. 3)

OfHako C pa3BUTMEM TaHKOCTPOEHWS MalUuHbl cepun BT ywnu Ha BTOpOIA

MnaaH, NOTOMY YTO Obl/IM MI0XO0 3aLMLLEHBI OPOHEN 1 He MOrn 3((EKTUBHO BOPOThLCA



C HOBbIMM HEMELKMMMW TaHKaMW. A yBesMyeHvue 6POHEBOI MOLLM He MO3BOAMSNO0 3¢-
(heKTVBHO MCMO/b30BaTh KOMECHBIN NpuBog, (Koseca yBsanm B rpyHTe) [7]

PucyHok 3 - PyneBoit KaTok TaHKOB cepun BT

MpeB30iATK TaHKK KprCTW NOMbITAINCL UHXEHEPLI 13 BenukobpuTaHnm, pas-
paboTaB TaHK «TeTpapx». OHM yunn BCe HeoCTaTKU MOABECKN 3HAMEHUTOTO aMepi-
KaHCKOT0 KOHCTPYKTOpa, B TOM YMC/Ie TO, YTO Mpu ABMKEHUM GE3 FyCEHUL, KPoMe re-
pefHeli napbl ynpae/sieMbiX KOIEC, OCTa/IbHble HE MOT/IM NMOBOPAYMBATLCS BOKPYT BEp-
TWKanbHOM ocu. MpaBda, M MepefHsis OCb He MMeNa YMCTOr0 KaueHus Mpu MoBopoTe
TaHKa, TaK KakK BHELUHEe KOMECO MO OTHOLUEHWIO K LiEHTPY MOBOPOTA MPOXOAU/IO0
GonbLUOl NyTb, CKOMb3s MPU 3TOM MO FpyHTY. OcTasbHble Xe Koneca TaHka Tuna
«KpuCTU» 1 BOBCE He MOBOPAYMBA/INCH BOKPYN BEPTUKAIbHOW OCM W MPU MOBOPOTE
CKOMb3UNK elle 6orblle. B pesynbTaTe CKOMKEHUE Bbi3bIBAO MOBbLILEHHbIA U3HOC
Pe3VHOBbLIX GaHAaKel KaTKOB, a Takke Mopyy clabblX rPYHTOBLIX A0POTr. AHFMYaHe
MOZOLLNM K PELLEHWIO HEOBbIYHO. OHM COXPaHWIM OCHOBY MOABECKU «KpUCTW», HO
3HAUMTE/NLHO MOLEPHM3MUPOBANM €€. [ NOBbILLEHWS MPOXOAMMOCTY W MOBOPOT/INBO-
CTU Ha KOMIECHOM X0y WHXeHepbl Npuiann BCeM AOPOXHLIM KaTkaM CrnocoBHOCTb
MOBOpauMBaTLCA BOKPYT BEPTUKANbHON ocu. [MpuyeM, 3a cUeT NPUMEHEHWS| UHAWBN-
[AyasnbHOI NOABECKU KAaTKOB, OHW NOBOPA4MBA/INCh HA pasHble YIibl [8] (puc. 4)

PucyHok 4 - Cxema NofioXXeHNA KaTKOB TaHKa "TeTpapx" npu nosopoTe



TaHK NoMyYM/T MOLLHbIA ABMraTenb, a MawvHa umena maccy go 10 1. B utore
yaenbHas MOLLHOCTb 6blia Ha ypoBHe 20 . C. Ha TOHHY, CKOPOCTb OKOMO 70 Km/Y.
Bo3HMKaeT BONpoc, a Mor 6bl «TeTpapx» ABUraTbCs Ha Konecax 6e3 ryceHuy? Aa, mor
6bl, TO/ILKO Ha MO CKOPOCTU M Ha HeOO/bLUOE pacCTosHKWe. B npoTMBHOM criydae
Habnoganack 6bl MPOGYKCOBKA BeAyLUMX KOMIEC KaK Ha TBEPAOM, TaK M Ha MSTKOM
rpyHTe 1 faxe ux feopmaums. OgHako ABMXEHUE Ha Kofecax, B KayecTBe nocnefHe-
ro LWaHca, 661710 BMOJHE BAXKHLIM Ka4eCTBOM.

UT06bI MOBLICUTL MPOXOAMMOCTb KOIECHO-IYCEHUYHOM MalUMHbI Ha Kosiecax
[0 TOro YpOBHsl, 4TO6bI OHa MOrfia YBEPEHHO MPOATK MO MPOCENOYHON MECTHOCTY B
cnyyae cbpoca ryceHulbl, He06XOAUMO MPUMEHUTb MPUHLMM MOMHOro npueofa U
CKOpee BCEero He MeHee 4-X nap Konec.

B KayecTBe npumMepa pacCMOTPUM peasibHYH KONeCHYH) 60eBYH0 MalUMHY C
nonHbiM npusogom BTP - 90. OHa UMEeEeT Hennoxre XapakTepuUCTUKM, Takue Kak: CKO-
poctb 100 Km/4 Mo fgopore, BO3MOXHOCTb M/1aBaTb, 3anac xoja B 800 KM Mo Luocce.
TakKe BMeCTUMOCTb - MallMHa paccuutaHa Ha 10 yenosek (3 akunax + 7 4yenosek
fecaHTa) [9].

MonHoro NprBOAa MHXEHepbl JOCTUIN 3a CYET TOFO, YTO K KaX40M nape Ko-
NleC NPOBe/Y BaJl, YTO XOPOLUO BUAHO Ha cxeMe (puc. 5) Ho cTouT OTMETUTb, YTO Npu-
MEHEHWE CNOXHOM CUCTEMbI NPUBOAA MPU OJHOM ABUraTesne KOHCTPYKTUBHO YCNOX-
HAET MALLMHY, YTO YMEHbLLUAET ee HafleXXHOCTb.

PucyHok 5 - Cxema TpaHcMmuccumn BTP-90

PelwmnTb NpobiemMy CO CNOXHbLIM YCTPOWCTBOM MPUBOAA KOMEC, MOXKHO 6biio
Obl NPYMEHMB COBPEMEHHbIE TEXHOOMMW, & UMEHHO - 3/1EKTPUYECKUIF MOTOP-KOMECO.
MoTOop-KONeco NpeacTaBsieT cob0i arperat, 06beANHSIIOLLNIA KOECO 1 BCTPOEHHbIE B
HEero TArOBbI/ 3MEKTPOABUraTeslb, CUMOBYHD Nepefady M TOPMO3HYHKO CUCTEMY (TaKMM
06pasom, Kaxaoe MOTOP-KOMeCO MMeeT NHAMBUAYanbHbIA npusoa) [10] YcTaHasnuBa-
eTcsl, Kak MpaBu/io, B NOJBELUEHHOM K paMe KpOHLUTelHe (B Cyyae, Korja Komeco He
fBNseTCS ynpaB/isieMblv) nnbo B YCTaHOBNEHHOM B MoBOPOT-
HOI Lande noAWwmMnHUKe (B Cnyyae, KOrAa KOMeco ABMSETCH OfHOBPEMEHHO BeAYLLMM
1 ynpasnseMbiM). Takum 06pa3om, NPUMEHWNB MOTOP-KO/ECO, He NMPUAETCS TAHYTb Basl
K KaJoli nape Kosiec, yNpoCTMB TEM CaMblM KOHCTPYKLMIO TpaHCMUCCUM. Takke Bbl-
XXMBaeMOCTb MalUVHbl C MPUBOLOM MOTOP-KONECO MOBBLICUTCS 32 CYHET MPUMEHEHNS
nonHoro npveoga. To ecTb B Cy4ae, eCnv BCe 8 KOMec BefyLUME, Mbl MOXEM OTK/O-
yaTb NOBPEXAEHHbIe B 60K OCU 1 ABUraThCS AafibLLe.

K coxaneHnto, B OTKPbITbIX UCTOYHUKAX He TaK MHOrO yromuHaHuii 06 06-
pasuax nofo6Horo Bufa ABurateneid. Ho Bce ke MHe yanoch 03HAKOMUTCS C HEKOTO-
PbIMU MaLLMHAMK C MOAOGHLIMU KOHCTPYKTUBHBLIMMW PELLEHUAMU, Hanprumep, camocsa-



nbl BenAs [11] BoMbLUMHCTBO MalUWMH 3TOM Mapku MMEKT MOTOP-Koneca, KOTopble
MUTaIT AM3e/bHble reHepaTopsbl.

Takum 006pa3oM, Kak MOKa3aHO Bbllle, KOECHO-TYCeHNYHas MaluvHa bypert
abheKTBHA NpW HEOO/bLLOM Bece M COOTBETCTBEHHO rabaputax. [1oaTomy, Kak pe-
abHbIA NPOTOTUM A1 pacyeTa paccMaTprBaemMas B paboTe MalumHa 6ygeT MMeTb cre-
Zytolme rabaputbl: 8 METPOB B AAMHY, 3,5 METPOB B LUMPUHY U 2,8 METPOB B BbICOTY.
MalumHa 6yfeT ycTaHOB/IeHa Ha TPAHCMUCCUIO € 4 napamuy KOnec-KkaTkos. Mo 065mky
OHa CKopee Bcero, oHa 6ynet cxoxa ¢ BMIM u BTP. Ho camoe BaXkKHOE, YTO MeHsieTcs
KOHLeNUMsa KONeCHO-ryCeHNYHON MallmHbl, MOS pa3paboTka npecnefyeT Lefb MoBbI-
CWUTb XXMBYYECTb XOL0BOW YacTu, yBennumTb eé pecypc. MNpeanonoxuTensHoO Ha ryce-
HMUAax 6yAeT BO3MOXXHOCTb MPUMEHEHUSA «KaYatoLLMXCS» KAaTKOB U TMOKOW MyCeHWLbI.
O6/MK MaLLUHbI MPeACTaBMEH Ha 3CKU3e, BbINOMHEHHOW B nporpamme «Komnac» [12]

(puc. 6).

— -

PrcyHoK 6 - 9ckus KOI'IGCHO-FyCGHI/NHOI?I MallWHbI C 3IEKTPUYECKMMIN KonecaMn-moTopamm

Y>e celiuac npefnonaratoTcs BO3MOXHbIE NMPeMMyLLEeCTBa U HeJOCTaTKMN Npo-
eKTUPYEMOWA MaLLIUHBI.

MpenMyLLecTBa - BO3MOXHOCTb MEpPefBuratbCs, Mpu MpakTUHeckn NobbiX
(He KpUTWMYECKMX) NOBPEXAEHWUSX TPAHCMUCCUM U NOBbIX YCNOBUAX OKPYXaroLLei
cpefbl, Pecypc X0A40BOW 4aCTW, MakCHMaslbHas CKOpPOCTb BMEPe] W Hasaf, ynpas/se-
MOCTb (B CNyyae NPUMeHEeHUs py/eBbIX OMOPHbIX KATKOB), NPOXOAMMOCTbL (MO cpaBHe-
HUIO C KOMECHBIMM Mall1Hamu), NPocToTa TPAHCMUCCUK (He Hado TAHYTb Ba K Kax-
[lOMy Konecy).

HefoctaTkn - CNOXHAsA KOHCTPYKUMM OMOPHbIX KAaTKOB CO BCTPOEHHLIMU
aneKTpoaBuraTensmm, nx 60MbLUIOM BEC, HEAOCTATOUHAA EMKOCTb aKKyMy/NATOpa.

[ns npoBepkun pacyeToB, BbIPabOTKM PeKOMeHAALMA N0 ONTUMabHOMY Npu-
MEHEHMIO TaKOM MallWHbI, BbISB/IEHWIO HELOCTATKOB Oblna caenaHa ynpoLleHHas mac-
wrabHas Mogenb faHHOR MawwmHbl B Mactabe 1:30 (puc. 7).



PucyHok 7 - Tpouecc co3faHnsa mogenu

Mogenb 6bina caenaHa ¢ UCMob30BaHNEM CIeAYHOLIMX KOMIMOHEHTOB 1 Ae-

Tanemn:

- 8 He3aBVCVMbIX 3N1EKTPOABMraTenei

- 8 KO/EC C LUMHAMMU U3 XXECTKOW pe3uHbl

- 2 TYCEHWLbI, N3TOTOBMIEHHbIE W3 31ACTUYHO TKaHU N KOXU

- akkymynatop Ha 10000 wab

- Kopnyc 13 Npo3payHoro akpuna 6 MM

- COeAVHWTENbHbIE NPOBOJA

[JaHHasa mMofiens (puc. 8) No3BOMAET HarsAHO NMPOTECTMPOBATL MOKO ML O

MPUMEHEHUM UMEHHO 3NIEKTPUYECTBA B KAUECTBE UCTOUHMKA SHeprn. B mMogenu Gbiim
MPUMEHEHbI 3MIEKTPOABUIATE/NIN, A HE KOMECO-MOTOP, M3rOTOB/IEHWE KOTOPOTO 3aHSIO
6bl MHOrO BpeMeHU. OAHAKO C NMPaKTUYECKOI TOUKY 3pEHUS MPUMEHEHUE 3/IEKTPOABU-
raTens B MOAENM PaUMOHAIbHO, TaK Kak U Ha UX MPUMEPe MOXHO CyauTb 06 athdek-
TUBHOCTMU.

Bbin NpPoBeAeHbI Pa3/inyHble 3KCNEepPUMEHTbl Haj MOAENbIO. B unx xopge A

caenan cnefytoLLye BbIBObI U 3aMeUaHus:

JaHHas MallyHa MOXET MepeABUraThCs U BbIMOMHATL Pa3NYHbIE 3a4a4N
OBWKEHME AaXKe Ha OAHON Nape KaTKOB BMOJIHE BO3MOXHO
3HeproaheKTMBHOCTL MallMHbl HaXO0AWTbCA Ha YAOBMETBOPUTENBHOM YPOBHE
(3amac xo4a Harpy>eHHoN Mogenu 6bi1 He O4eHb BbICOK)
3a CYET BbICOKOrO KpYTALLEro MOMEHTa, Npy paboTe BCex 8 ABuraTeneii HarpyXeH-
Has MojeNb crnocobHa 3abypatbCs B FOPKY C Yr0M HaknoHa B 60 rpagycos, ganee
MPOVNCX0AW/IO CBa/IMBaHME
ryCeHULbI 113-3a Pa3HO CKOPOCTU BPaLLEeHNs KaTKOB MHOTAa CBa/IMBA/IMCh

Takvm 06pa3oM, MOXHO CAenaTb BbIBOA 0 HE06XOAMMOCTU POBHOI Harpysku

MallMHbI MO BCel A/MHe, AN MpefoTBpalleHnss AedopMalvy KaTKoB C 6GonblUeit
Harpy3Koii, NCMoMb30BaHWE BbIPABHUBATENS CKOPOCTM BPALLEHWS KaTKOB ANs NpeaoT-
BpaLLEHMs cOPachIBaHS MYCEHWLbI.



OTAenbHO X0Tenochb 6bl OTMETUTL 6a3y nnTaHnA. COBpEMEHHbIe aKKyMY/ATO-
Pbl HE UMEKOT BbICOKOW EMKOCTH, noaTomy, Nno MOEMY MHEHUKD, CTOUT NMPUMEHATb MO-
6UNbHbIE CrOCOObI noasapsaakn, To €CTb 3apsXaTb MallMHY MpAMO B MOJeE. MoxHo
Tak>Xe BOCMN0/1b30BaTbCA CO/THEYHLIMU NaHENAMW.

PucyHok 8 - Mogenb
CpaBHeHue C CyLLECTBYOLWUMY aHanoramm

AHanoros 60eB0V MaLIWHbI C 3/IEKTPUYECKMMU KOMECaMU-MOTOpPaMm B Kade-
CTBe ABWKUTENS B AOCTYMHbIX MHE WCTOYHMKaX He HaigeHo. Ho ecnm cpaBHMBaTH
MO0 pa3paboTKy C TOYKMN 3PEHMSI KONMECHO-TYCEHWYHOM MaLUVHbI, TO aHa/loramm MoX-
HO cuuTaTb BCe TaHKM Ha ocHoBe noaseckn Kpuctu. KOHeUuHo, UCMonb3ys COBPEMEH-
Hble TEXHOMI0rMN MOXHO CYLLECTBEHHO YNyulnTh cucTeMmy Kpuctu. UTak, npuMeHuB
3/IEKTPUYECKOE KOMIECO-MOTOP, Y MAalUMHbI Pe3KO MOBbILIAETCA MPOXOAMMOCTbL M0
FPYHTY Ha Kofiecax, MOBbILLAETCA PECYPC XOA0BOW YacTy, YNpOLLAeTcs 06Cny>KMBaHwe,
MO CPaBHEHWIO C KiaccuyecKMmy TaHkamu Kpuctn. OgHako MOBbILLIAETCS BEC CaMOiA
XO[J0BOWA, B pe3y/bTaTe Yero yxyalwarTcsa Apyrue XapakTepuCTUKU MaluuHbI: TPy30-
NOLBLEMHOCTb, JaB/IEHWE Ha FPYHT, 3amnac X0fa, U3-3a OTCYTCTBUA MOLLHbIX aKKyMys-
TOPHbIX GaTapei.

Tak Kak pa3pabaTbiBaeMas MallvHa 6yaeT UMeTb YHUKaNbHYIO CUCTEMY MOA-
BECKW, NUTaHMA, TO OyfeT HeobxoaMMo pa3pabatbiBaTh U Apyrue YHUKaNbHble CUCTe-
Mbl U MOZY/IN, YTO MOXET CU/IbHO OFPaHUUUTL Chiepy eé NPUMEHEHMS.

OTAenbHO XOTenoch 6bl CPaBHWUTL C MPOXOAALMMK Ceiivac ncnbiTaHus 6oe-
BbIMM poboTamu «CopaTHUK» 1 «HaxnebHWK». O6a OHM MOMHOCTbIO ABTOHOMHbI U
YyNpaBAftoTCA AMCTaHUMOHHO. OfHAKO UCMOb30BaHWE B HUX TPAAULMOHHOIO ABUXU-
Tena fenaeT uX KpaiHe ysisBUMbIMA, Npy 06e34BMKMBaHMI OHM NPeKpaLlakoT BbINO/-
HeHue 3afaun. Mos paspaboTka no3BOMUT GeCrnuIOTHLIM poboTaM 6bITh 6onee Hesa-
BUCUMbIMW 1 KaK MOXHO [0/1bLLIE COXPaHATL 60eCnoCOOHOCTb.

Mcnonb3oBaHWe pa3paboTku

Kak 6b1110 YKa3aHHO BbllLe NCNO/b30BaHME MallUHbl MOXXET ObITb OrpaHu4eH-
HbIM. 10 MOEMY MHEHUH, MaKCMMa/lbHO Ll,enecooﬁpasHo 6y,qu NPUMEHEHNE 3TON Ma-
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wuHEsl B kayectBe BMIT wmu BMJI'. Ecni paccMATpHBATh €& B KavecTse GoeBoii Ma-
LUHHBI IEXOTHI, TO 3TO MOOHIIBHOES, BOOPY)KEHHOE CPEICTBAMH NMOJABICHHA H OOPBOEI C
NEeXOTOH MPOTHBHHKA, CPEIHE3ALUMIUCHHOE TPAHCMOPTHOS CPEICTBO AIA MEepeMelue-
HHA H NoIepxH »uBoi cuisl. BMIT u BMJ] pacyuTaHa HA TpAHCMIOPTHPOBKY MOTO-
cTpenkoBoro otaeneHud [12]. Takke CTONT OTMETHTh THLIHHY PAGOTHI dMCKTPHHECKO-
r0 KOJIECA-MOTOPA, BO3MOMHO, 3TO HAJST MpHMeHeHHe HA moJie 6oa. Moa paspaboTka
MOBBILIAET KHBYHMECTh IKHNAKA H AecaHTa BMII, uTo H ABIAETCA OCHOBHOH KOHLCH-
el Moel pa3paloTiu.

BuzHeC-MpHBICKATE TEHOCTD Pa3paboTKH

51 He HCKIIOYAK) TOTO, YTO JAHHAA pa3paloTka MOKET MOYUHTh MPOJOIDKE-
HEe. [T03TOMY NPUMEPHO NMPEACTABMO, KAk ¢€ MOKHO HCMOMB30BaTh B chepe OH3He-
ca. Bo-nepBBIX, HCTIONB30BAHHE ICKTPHUYSCTBA KAK TOIUIHBA CTAHOBHThLCA BCe Donee
NOMYMPHBIM Ceifdac. 3TOT BHJ 3HEPTHH BBITOJHES ¢ SKOHOMHUECKOH TOUKH 3PCHHSA.
B0-BTOPBIX, YHHKATBHOCTD PA3pabOTKH ABIASTCA OCHOBHBIM ILTFOCOM 1A Om3Heca. To
€CTh INIABHOE MPEHMYIUECTBO B TOM, YTO TAKHX IPSUIOKSHHI, MO KpaHHEeH Mepe, Hi-
BSCTHBIX MHE, CEeH4AC HA pBHKE HeT. B-Tpersux, paspabarsiBaemMan MAIUMHA HE 337y~
MBIBAETCA KAK OCHOBHASA CepHifHAdA, A HA000POT, KAK CNEUHANBHAA H Y3KOHANPABJICH-
HA4, A 3HAMHT, €€ MOMKHO NMPHMEHATH KAK IKCTIICPHMEHTANBHYIO, 111 OOKATKH HOBBIX
TEXHOJOTHIA.
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MOJHUOHKALIA THPOCKYTEPA «SDF DRIVER»

Toporkankus 3axap BraguMupoBuM
Ceeponoscrag obaacmn, &. Examepunovpe, MAOY Juyei Ne 110 wnm. JLK. Ipuwnnoi,
10 xnace; e-mail: vip.zakhari(@mail.ru

AnHoTanus. 1enk NpoekTa COCTOHT B CO3JAHMM COGCTBEHHOTO H3ASTHA Ha $ale TH-
pockyTepa H mMoxyia Citi Transmitter [1], [2]. Bruto npoeeaeH cpaBHHTENBHELT AHATI3 BHIOB
THPOCKYTEPOR (THPOCKYTEPI MOYKHO Pa3feniaTs I JBYM OCHOBHBIM BHIAM: MO KOHCTPYKLIH H
no JuaMeTpy Kofec). 3 BHIOpaHHBIX MHOK) XapaKTCpHUCTHK. ObUIM BBIGpaHBI 1()-mrOHMOBEHIC
KOINeca, TaK Kak o CIeYIOMM KPHTePHIM (NPOXOIHMOCTh, MAKCHMANEBHAS CKOPOCTD, HATPY 3-
Ka M Mpoder). OHH MPEBOCXOJAT ApYTHe Kolleca ¢ pasMepaMu (0T 4,4 moiiMa Jo 8 moiiMos) (3]
Taxke Gpu1 npoBesieH aHanuz Moxyneii Citi Transmitter. B pabore 51 ucronszoBan HeGOMEILON
GarakHbO MOIYIIb HA KOJMecaX, TaK Kak HeT HeoOXOJMMOCTH I NepeBoskH OONBIIMX IPY30B
[41. [5]

TpoexT co3fapancsd Ha MPOTOKeHIM ABYX JeT. [TosToMy Ha mepHon 2017 rofa Orlla
co3JaHa MOJeNb YcTpoiicTea B mporpamme SolidWorks 2014, B mepuon xomua 2017 roja u
Hayana 2018 roma OpUT BRIABIEH pAjd HeJOCTAaTKOB Mojenn. M B mpolecce cozNaHHd M3JenHs
OBUTH peIlicHBl BO3HUKILME MpoGiaeMbl. [34eMHe HEOHOKPATHO TeCTHPOBATIOCh M COBEPIICH-
CTBOBATIOCE. B HTOTe GBLTO MOMY4eHo 3akoHueHHoe u3gemde “SDF Driver”. “SDF Driver” co-
BEPILEHHO ApYTroe ManoradapUTHOS TPAHCTIOPTHOS CPEACTBO I €3/l 10 TOPOLY, KOTOPOE MO-
KT HCIIOMB30BAThCA MOIbMH € OT PAHIYEHHBIMH BO3MOMKHOCTIMH.

Tlpu HarmHCaHKU NPOeKTa OB HCTIOTb30BaHb] PA3IMYHBIC HHTSPHET-PECYPCH, IIPOBe-
JeHo o0IleHHe C SKCIIepTAMH B COOTBETCTRYIOIIE obmacTi, OBUT BEOTONHEH aHAH3 1 oGoble-
HHe NOJTTYYeHHOH HHpOPMaL.

Kawueble ¢1oBa: rupockytep. Citi Transmitter, Moy, quaMeTp koiec, 3D Mo-
Jenk, uzpenye “SDF Driver”, MO ¢ OrpaHHMeHHEIMH PO2MOKHOCTIMH.

MecTto BbInoaHenns padoThl PaGoTa ObUTa BHIIOMHEHA Ha Gase IWKOIEl MAOVY JIu-
pert No 110 um. JLK. I'prmmmoii (MaTeMaTHueckiii kny0 mimed Ne 110); sapoga AtoM Crpoit
Kommuieke. Brumi venonbsoBaHel pa3zMYHBE HHTCpPHET-pecypchl. HayuyHBIi pyKOBOUTCIE:
ToxmaxoBa Hatanes BacunbeBHa, MAOY mumes Ne 110 um. JI K. I'punmnHo#, yuuTtens MaTeMa-
THKH, 3acly>KeHHBIH yuHTeNb POCCHH.

OnHCAHHE HHHOBALHOHHOH Pa3paboTKu

CosmaHue H3AETHA OBUIO Pa3AENcHO Ha 4 3Tana:

1. TToaroroBurembHBIH 3Tan. Ha 3toM sTame Gl npouseencH cOop HEGOpMaIA 1O
temaM: I'upockyTep H Citi Transmitter.

2. 3D-pusyamuzauus. Cosaanne 3D Monemu B nporpamme SolidWorks2014,

3. Kommnexramua. COop KOMIUIEKTYIOIMMX. H3 KOTOPBIX OYAET COCTOATD H3eme [6].
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4. Co6opka. CosgaHue nsgenus “86P bnyer”.
5. [opa6oTka.

BbiBneHMe oWNBOK 1 UX NpejoTBpaLeHmne
B faHHbI/i MOMEHT BPEMEHU M3feNne HaxXOAMTCA MeXy NATbIM 3TarnoM W YeTBepPTbIM
3TanoM, Tak Kak B X0fie NPOoBefeHUs TeCTOB NPULLIOCH BULOU3MEHSATL CUCTEMY YTpaB-
Nenns [7]. Bcero 66110 NPOBELEHO YeTblpe TecTa, Moc/ie YeTBEPTOro Tecta u3fenve
noexano. Msgenue “8BP Bnyer” cnoco6HO YNyULNTb XXM3Hb O6bIYHbIX FpaXaaH, a
TaKKe rpakaaH C OrpaHWYeHHbIMU BO3MOXHOCTAMU. Tak Kak 3a CYeT 3aKpernseHHOM
0cu b kaTaHue cTano 6onee yao6HbIM 1 npakTUyHbIM [8], [9].

PucyHok 1- OCHOBHOW BUA Mogenn

Mcnonb3oBaHWe pa3paboTku

“8BP bnyer” coBepLUeHHO ApYyroe Manora6apuTHOe TPaHCMOPTHOe CPeLCcTBO
[LNA e34bl M0 ropojy, KOTOPOe MOXET WUCMONb30BaThCA /IOAbMU C OrpaHUYeHHbIMA
BO3MOXHOCTAMM.

PucyHok 2 - W3genue B Hayane c60pku

BW3Hec-NpuBeKaTelbHOCTb Pa3paboTKu

Ecnu cpasHuBaTh “8BP Bnyer” ¢ rupockytepamu, TO MOXHO 3aMETUTL YTO
CTOMMOCTb YCTPOWCTBA BbilLe. MpK 3TOM NOrMYHO CPaBHUBATL €ro C 31eKTPOCKYTEPOM
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AT J'ﬂO,‘IBﬁ C OrpAHHYCHHBIMH BO3MOKHOCTAMH, OﬁﬂaﬂalOT CXOXXHMH XApaKTCPHCTH-
kamu. “SDF Driver” memesse B 2 paza no CPABHCHHIO € YMCKTPOCKYTEPOM I JTHOIeH
C OIrpaHHYCHHBIMH BO3MOXKHOCTAMH.
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MO IBOIHBIM POBOT-TUTAHEP C [TOBOPOTHBIM MEXAHU3MOM
W3MEHEHUS ITTABYYECTH

Hogax Anexcanap Baaumosny
2. Mocrea, FTBOY Hlxosa Ne 1524, 11 xace

AHHOTANHS. HPC,HJI&I‘ 4eTed B aBTOHOMHBIX HEOOMTACMBIX MOJBOJHBIX AIMIapaTaX He-
MOJB30BATh HOBBIM BAPHUAHT MEXAHHM3Ma M3MEHEHHUS IUIABYYECTH — MEXAHHUCCKUI MMOBOPOTHBIA.
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[ns yBennmueHns nosnesHon Harpysku NpuMeHsTCs MOAYNN, CNOCO6HbIE CamMy MPUCOeAUHNTLCS
K annapaty. MpeanoxeHa dhopma Kopnyca, NMPOYHOCTHbIE pacyéTbl CAMOro annapara v npuco-
eAVHUTENbHbIX Moayneil. MocTpoeHa Moaenb annapata npeanaraemoit hopmbl, rae cam aBTo-
HOMHbIVi HeO6MTaeMblli NOABOAHBIN annapar ABNSeTCs NOABOLHbIM MAAHEPOM.

KntoueBble cnoBa: MexaHW3M W3MEHEHWUS NfaByyecTi, aBTOHOMHbIA HEO6UTaEMbINA
NoABOAHbLIV annapat, NoABOAHbIA NnaHep, MOAYNbHbIA, MeXaHW3M CTbIKOBKW, MPOYHOCTb, (op-
Ma Kopnyca.

MecTo BbINO/HeHUst paboTbl. Pa6oTa BbiNosHeHa Ha 6a3e MOCKOBCKOro rocygap-
CTBEHHOI0 TEXHWYECKOr0 YHMBepcUTETa MMeHu H.O. baymaHa. HayuHblii pykoBogmTenb: Matu-
KOB KOHCTaHTWH KOpbeBMY, KaHA. TEXH. HayK, AOLEHT Kadeapbl «MHoOrouenesble ryceHWYHble
MaLLUMWHbI 1 MOBU/bHbIE PO6OTbI».

OnwcaHve paspaGoTKy

Ha “6opTy” nofgBogHOro pobota ecTb HECKONbKO 0653aTebHbIX KOMMOHEH-
TOB, 0€3 KOTOpbIX POBOT MOMPOCTY He CMOXET [ABMraTbCsi, 3TO 3/EKTPOABUraTesib
(opyrve gBurateny He MOAXOAAT, TaK KakK HUKaKoro TOM/MBA KPOME 31eKTpuyecTsa
[epxaTb Ha 60pTy HEBO3MOXHO M3-3a Pa3MepoB annapaTa W ycroBuii paboTsl) 1 ABW-
XWTefb, 3HEpPreTUYecKas ycTaHOBKa.

Momumo 0bs3aTeNbHbIX KOMMNOHEHTOB Takke annapaT AO/MKEH HeCcTW Mones-
HYIO Harpysky B Buge NpubopoB. 3Ty maccy paHee Bcerfa 6panv B NogBOAHbIA anna-
pat [1, 2, 3]. Ho 310 BeAET K OrpaHNYeHU0 KonvecTsa 06opynoBaHus, KOTopoe Mo-
XKET HEeCTV MOABOAHLIA PO6OT, U, Kak CNeAcTBUE, OrpPaHUYEHHOCTb (DYHKUMIA, XOTA B
HEKOTOPbIX MPOeKTax Npeanarany UCnonb3oBaTb CeTb NOABOAHBIX annapaTos [4], uto
MO3BONSAET PacLUMPUTL KPYT OAHOBPEMEHHO BbINOMHAEMbIX 33434, OfHAKO 3TO C/I0XHO
peann3oBartb.

# npegnaralo HOBbLIA METOZ, peLleHns gaHHol npobiembl. CyTb €ro 3ak/ova-
€TCA B TOM, YTO NOABOAHbIA PO6OT NpUN/bIBAET B TOUKY NPOBeAeHMS paboThbl, a 3aTem
emy cbpacbIBaroT B CNeLuanbHO Kancyne 06opygoBaHue.

PaHee MOAY/bHbIV NPUHUMN 6blN peain3oBaH Ha aBTOHOMHOM MOABOAHOM
annapate «lasva» [3], HO B TOM BapuaHTe WCMOJIHEHWS CaM annapar COCTOsAN U3 MO-
Oynei, KOTopble MO BbiTb 3aMeHeHbI TONbKO H0AbMU Ha nosepxHocTw. Mpegnara-
eMblil BapuaHT MPUCOEAVHAETCS CaM, HO OH YXyZllaeT 06TekaeMoCTb annapara 1 no-
pOXAaeT HOBYO Mpo6sieMy: Kak Moimartb 3Ty Kancyny? Beab mano Toro, 4to Heobxo-
OMMO 0Ka3aTbCst B TOYHOM TOYKE B MIOCKOCTY, TaK €L 1 Ha OnpeaenéHHol rnybuHe.
PelleHvieM npobnembl CTbIKOBKM SBNSETCA CMESYHOLWMA anroputMm: No SOCTXEHUN
onpefenéHHoM rny6nHbl Kancyna oCTaHaBMBAETCS, @ 3HAUMT, cuna Apxumeaa CTaHo-
BUTCS PaBHOI Cue THKECTW. B TakoM ciyyae aTo 060pyfoBaHMe He ByAeT Harpyxartb
po6oTa, Aa v “noiimatb” 3Ty Kancyny 6yaeT nerye, Tak Kak K Heli MOXHO OygeT nog-
M/bITb B 1060/ MOMEHT BPEMEHM.

Ho 15 aToro Heo6x0AMMO PeLLnTb CleLyHoLLMe BOMNpOChI:

1 PaspaboTaTb CUCTEMbI NO3ULMOHNPOBAHMA COPACHIBAEMON KanCybl OTHOCUTE/bHO
NoABOAHOro0 poboTa;

2. YnpasneHue nmbo ApxvMeLoBOI CUON, NNBO CUOI TAXKECTW 415 TOFO, YTOObI Ha
KaKon-To perynupyemoii raybuHe Kancyna nepectasana 6bl NOrpy»xarbes.

[JBwkeHne nogsofHOro poboTa OCYLUECTBASETCA HECKOMbKMMU Crnoco6amu.
MepBbiM CcrNocO60M MepeaBuU>KeHUs ABMSETCA WCMOMb30BAHUA ABVKUTENS, KOTOPbIA
HEeMoCPeACTBEHHO Pa3roHAET anmapar C NOMOLLBI CUIOBOM YCTaHOBKU. OfHako Ans
aBTOHOMHOIO MOJBOAHOr0 po60Ta TakoW BapuaHT 1S MOCTOSAHHOrO MCMO/b30BaHMA
HEBO3MOXKEH 13-3a 60/bLUMX 3aTPAT 3HEPrUM, HO OH TaKXKe 1 Heobxoaum (Hanpumep,
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yro0bI “MOHMATE” KANCYJIY WIH HCCICIOBATH AHO). Biopweivm cnocobom nepedsuice-
His ABIICTCA IIAHHPOBAHHE MOJ BOIOH (IBIDKCHHE 32 CHET mpeodpa’oBaHHA MOTEH-
LHAIBHOH YHEPrHH Ppod0TA B KHHETHHMECKYIO). 3TOT Cnocod obnagaeT KAk NpeHMyLie-
CTBAMH, TAK U HEJOCTATKAMH.

IMpeuMyiuecTsa:

- Huskoe sHepronoTpedIeHUE:

Henocrarku:

- Hukuii ko,

- Huzkas ckopocts apmwkeHnd [1, 2];

- HenocToaHCTBO rIyOHHBI, HA KOTOPOi HAXOIHTCA ANMAPAT.

Tak KAk HMEHHO HH3KOE 3HEPromnoTpeONeHHe HrpaeT pPeluarIyrd POk A
ABTOHOMHOTO MOJABOJHOTO ANMAPATA, KOTOPBIH OOIDKEH NEPSABHIATECA ITHTCIBHOS
KOJIMMECTBO BPEMEHH, TO BTOPOH BAPHAHT ABNACTCA €IHHCTBCHHBIM BO3MOXKHBIM IPH
NepeIBIKCHHH HA OombmiHe paccToAHWA. TakHe MOJBOJHBIC “ILIAHSPH HAZBAJH
raiaepaMu.

Bapuanmer osuxcumeneli 0rs 2aaitdepa

B mepByro ovepeab, OHH IJODKHBI H3MEHATh OOBEM ammapara. Tarke OHH
JOJDKHBI CMEIUATH LEHTP TOKECTH annapara. [Ipu 31oM rnaiioep HAa4YHHAET BCIUTHIBATE
HIH Ha00OPOT TOHYTh. JABHTAajACh MPH 3TOM NOJ HEKOTOPBIM YITIOM K MOBEPXHOCTH BO-
Apl. Teneps o caMuX BapHaHTax [5].

Tepgetti, xusmuveckutl. B OCHOBE XHMHYECKOTO MEXaHH3MA H3IMCHCHUS IIaBY-
yecTH (nanee, MHIT) ne:xuT ABACHHE PE3KOTO YBENHUCHHS 00BeMa BOJOPOMA, BOSHH-
KAKIIEE B Pe3yIbTAaTe PEaKUMH FHAPHAA JHTHA ¢ MOpCKoH BoJOH. Ipu 3TOM MOpCKa
BOJA BHITECHACTCA H3 PEAKTHBHOH KAMEpBL. CO3AaBas H3OHITOUHYIO IIABYUeCTh. [Tomy-
YEHHBIH NMPH 3TOM BOAOPOA MOKET HCTIONb30OBATHCA U CO3AAHHS 3JCKTPOHEPIHH B
TOIUIHBHBIX 3JIEMEHTAX JJI1 NHTAHHA CHCTEMBl YNPAaBACHHA M HABHIAHOHHO-
H3MEPHTEIBLHBIX NPHOOPOB.

Bmopoi, snexmpuvecxuti.
Ceifyac HCTIOMBL3YIOTCA BAPHAHTHI eKTpHueckoro MUIT:

1) nepekauku pabouei KHIKOCTH MEKIy BHYTPEHHEH M BHELIHEH (TO OTHOIIE-
HHIO K IIPOYHOMY KOPIYCY) IMACTHYHBIMH €MKOCTAMH;
2) H3MeHeHne 00rémMa 3a6opTHOH Boapl B OamnacTHeIX uucTepHax. g zabopa

BOBI CTPABIIMBAIOT BO3IYX M3 OAIACTHBIX UHCTEPH, NPH ITOM MPOHCXOJUT NOTPYIKe-
HHE MOJABOJHOTO ANNAPATA, 4 A BCIUIBITHA BBHIIABIMBAKT BOTY H3 0AMNACTHBIX UH-
CTEpH, MOJABAA B HUX BO3AYX U3 Pe3epByapa CKATOro Bo3ayxa [6].

3) H3MEHEeHHe 00bEMA KaMep ILIABYHECTH, MPEIACTABIAMUX c000it rudkue 060-
JIOMKH, OJABAsA B 000MOYMKH BO3AYX H3 Pe3epByapa CO CHKATHIM BO3IYXOM HIIH CTPaB-
JHBasA Bo3myx 3a 6opr. [Tpu Takom cnocobe pery IMpOBAHKA IIABYHMECTH A4 BCIUIBITHA
annaparta B 000JI0MKY MOJAIOT CHKATHIH BO3OYX H3 Pe3ePBYapa, BCISICTBHE MEro 00beM
00O0JIOYKH YBEIIHYHBAECTCA H ANNAPAT BCIIBIBACT. I MOTPYKEHHA ANMAPATA CTPABIH~-
BAKOT MACTh BO34yxa H3 000104KkH, 001beM 000I0MKH YMESHBIIACTCA H ANMAPAT MOTPY-
#aerca, IIpH KamIOM TAKOM BCIUTHITHH H MOTPYACHHH PAcXOAYETCA 4acTh BOBIYXA.
3aMacéHHOTO B PE3EPBYaApPE CKATOTO BO3AY XA, YTO NMPH YACTHIX MEPEMEILCHUAX annapa-
TAa BBEPX H BHU3 OIPAHHYUBACT BPeMA €r0 NpeObIBaHusA OA BOAOI [7].

Tpemud, mepmuvecxus. B TePMHYSCKOM BAPHAHTE MEXAHH3MA H3MCHCHHA
IIABYYUECTH HCMOJB3YETCA MPUHIUMI H3MEHEHHS aTPEraTHOTO COCTOAHHA BOCKOOOpas-
HOTO pa0ouero Tena. B TEMIbIX MPHNIOBSPXHOCTHBIX CJIOAX BOABI pafouee TeIO Harpe-
BACTCA. MUABHTCA H PACHIHPAESTCA. JTO PACIMPEHHE NMpeodpasyeTca B CKATHE KUAKO-
CTH B aKKYMYJATOpe »Hepruu. [lorpykeHHe riaiacpa MHHUMHPYETCA NEPEKAYKOM



XXMAKOCTN U3 BHELLHEN eMKOCTW BO BHYTPEHHUIA pe3epByap. [py TemnepaTypax Huxe
TOYKM 3aTBEPAEBAHMA CXKaTuve paboyero Tena MepeBOAUT XMAKOCTb U3 BHYTPEHHEro
pesepByapa 06paTHO B TeMJI00OMEHHWK. [19 BCM/IbITUSA, 3HEPIUs, HaKONUBLUAACH B
aKKyMyfiaTope, NPoOu3BOAMT PaboTy M LMK/ NOBTOPAeTCA. Ha CerofHs OCHOBHbIM He-
[0CTaTKOM TePMUYECKOrO rnaiiaepa ABnseTca Heo6xo4MMOCTb B Nepenage TemnepaTyp
He MeHee 10°C. 310 06CTOATENLCTBO OrPaHNYMBAET MPUMEHEHNE TEPMUYECKMX FNaii-
[lepos Ha 65% MupoBOro okeaHa.
MepBbIil BapyuaHT UCNOHEHNS aneKTpuyeckoro MM s npegniarato MCMob30BaTb Ans
Kancynbl B CBA3W C NPOCTOTOM KOHCTPYKLMU W 3KcmayaTauum. COoOTBETCTBEHHO, Mpu
MOrPY>XEHNN Ha OnpefenéHHyto rnybuHy 6yaeT nepekaumBaTbCsa XWAKOCTb U3 pesep-
Byapa B OKpY)aroLlyr cpefly uiu Boo6Lle cbpacbiBaTbCsi 6annact, 4To ceiivac uc-
Mob3yeTcs Ha BO3LYLUHbIX Lwapax [8].

B OCHOBHOM e Kopmyce Jiydlle Mcnonb3oBatb Apyroii MUWI, KoTopbii s
paspaboTan cam. PakTUUeCKU, MOV BapuaHT MOXKHO CUMTaTb MEXaHUYECKMM.

MexaHn3M U3MeHeHUs nnasyyecTn

Bo Bpems BCMbITUA/NOrpYXXeHWA rnaiaep ABMKETCA Mo HEKOTOPbIM YI/iIOM
K ropusoHTy. [lanee pacCMOTPUM HWXHIOK TOUKY TPaeKTopun. B Heil LeHTP TskecTy
MCKYCCTBEHHO (ABUraTenieM) CMeLLAeTCsi, U KOpMyC NoBOpa4MBaeTcsa 40 BepTUKaIbHO-
ro NoMOXKeHust (M. puc. 2). M3-3a 3TOro pasHOCTb AABNEHWUI HA HVDKHWIA 1 BEPXHWIA
MOPLLUHW YBE/IMUMBAETCA, M OHW MEepeaBUraloTCs BBEPX, & W3-3a TOr0, YTO HUKHWIA
MOPLUEHb MMEET MEHbLUYIO M/I0LWab, YeM BEPXHWIA, TO YBenuumBaeTcs 06bEM BCEro
rnangepa. 3aTeM MopLleHb PUKCMPYETCA Ha MeCTe M 13-3a YBENMUMBLLEACA CUMbl Ap-
XuMefa rnaigep HaumHatoT BCMJbIBATb.

B BepxHeli Touke, YTO6bI FNaifgep Havan MOrpyXarbcs AOCTATOYHO €ero mno-
BEPHYTb (& 3HA4WT, NOpLUEHb C MeHbLLEl MAOLLAAbI0 OKaXKeTcs CO0KyY) (cm. puc. 1).
C TOUKM 3peHs (PU3MKM OMMLLEM NPOUCXOAALLEE B HUXKHEW TOUKE:
2 3aKOH HbHOTOHA A4N151 MOPLUHENA:
p0*81+7*8§=p0*82+ro*a*b*82 (1).
Ipe 81 - nnowags BEpXHero MOPLUHSA, 82 - HVDKHEr 0.
[ns Bcero rnaingepa :
PHuz=ro*p*(Y+MeWayY)-M*a, roe JeHa Y= b*(81-82)
B BepxHeli e Touke:
Peepx=ro*ag*y-M*g
OueBMAHO, YTO [O/MKHO BbINOMHATLCA: PBepx<0, a PH13>0, a Takxe ypasHeHue (1).
Cxema:

PucyHok 1- [naiifep B BepXHeii Touke (MOPLUHM FOPU3OHTa/bHBI)

MpoyHOCTb Kancynbl
Hambonee npouHoli sBnseTca (opma Liapa, Mo3TOMy A MpeAnarar Kancyny
cenatb WapoobpasHoii. Hke npefcTasneH MeTog pacyéTa wapoobpasHoii (hopMbl Ha
MPOYHOCTb.
MpeacTaBum cebe WapOBOIA cocyf, NOABEPraroLniica AeNCTBUKO BHYTPEHHETO
M BHELUHEro paBHOMEPHbIX AaBneHuid. MycTb a M b 0603HAYAOT COOTBETCTBEHHO
BHYTPEHHWIA 1 HAPY>XHbIA paguychl LWapa, a pan pb- BHYTPEHHEE U Hapy>KHOe JaBne-



HWsl ra3oB. POpPMY/ibl A1 OMpeaeneHnst TaHreHUManbHbIX (<17, ) 1 paguanbHbIX (
<T,.) HanpsbkeHwuia [10].
S - 23(2r® +4°)
d é 2r3(b3—a3) ¢ 2r3{b3—a3}’
& (2r +57) 393(43 +r3)
& =Pa—at 3 3V Y2 333
r (b =il ) 7 (b -a )

a3(%r3 +b3)

PucyHok 2 - naiifep B HUXHel Touke (MEHBLUWIA MOPLUEHb CHU3Y)

[nsi cnyyas OAHOrO BHELLHEro [AaBfieHNs Pb HAWGO/bLUEE PACTATMBAIOLLEE TaHTeH-
LMasibHOe HanpsxeHe GyaeT Ha BHYTPEHHE NoBepxHOCTK cocyaa (r = a):

b3* (a3 + 2 *a3)
9T = ~Pb» *2 *a3*(b3— a3
MpoyHOCTL KopMyca camoro rnaiigepa

[ns pacyéTta NpoyHOCTW, HEOOXOAMMO eé MaTeMaTuyeckoe 3agaHue. Ocu Koopau-
HaT OTMEYEHbI Ha PUCYHKe 3

Y

— '
[ Ly=131L

L e

Pucynok 3[11] = OcecHMMETPHUYHBIA KOPITYC ITOABO/THOM 10 IKH

JTa (hopma 3aaéTca aNmMncaMun. Y paBHeHWe amnca:
(x =x0)2 (y —y0)2

+ =
az b2
Mpy aToM, 3anauncy, 3afatoLiemMy HOCOBYHO 4YaCTb, MPUHAAIEXAT TOUYKM C KOOop-
AnHatamun (1/3 b; 0) n (0; 1/8LY), a 3agatoremy 3afHtor0 YacTb: (-2/3 b;0) n (0; /8 b) n B
nepBoit Touke yron paseH 10°. OTcloga nonyyaemM CUCTEMY:



2 b »———— =g

-

PelwmB 3Ty CUCTEMY A1l KOHKPETHOTO 3HAYEHUs b MOXHO MOYYUTb 3Ha-
UEHWs1 BCEX OCTa/IbHBIX MapaMeTpOoB.

HanpsbkeHue B M/IOCKOCTW, MeEPREHAUKYNSPHON MAOCKOCTW 3CKM3a, W
HanpaBneHHas K OCW CUMMETPUKM, GYAeT PacCUMTLIBATLCS aHAIOMMYHO LUapy, TO
€CTb:

b3* (a3 + 2 *a3)

= - *.
A; pTMb'Z*aS*(b3- a 3)

Mo ocn x B |'|p0VI3BOJ'IbHOI7I TOYKE OHO 6y,ﬂ|ET PaBHO:
WI(x)"
a = p*/(X) *5T(arc1,q A \)/1
X

MonHasa HanpsXXEHHOCTb BYAET PacCUUTLIBATLCA, KakK KOPeHb 13 CyMMbl KBAL-
paToB 3TWUX ABYX HanpskEHHocTel. [Janee Hago 6GyneT TOMbKO BblOpaTb MakCUMalb-
Hoe.

loe 1- paccTtosHMe Mexay TOYKaMy MepeceyveHust BHELLUHEA 1 BHYTPEeHHel
yacTsiMm Kopnyca 1 npamoi y=P(x).

Kpbinba UrpatoT posib U3MEHEHUA HanpasfieHna ABWKeHUS (CM. puc. 4), Tak
Kak 6e3 HUX Teno 6ygeT MPOCTO TOHYTb WAW BCM/bIBaTb BEPTMK&IbHO, @ KPbl/bS Xe
MEHSIOT Hanpas/eHWe LBVKEHNS.

[BXKeHne Mo ropusoHTasIM CO3faETca 6narofaps 3aKOHY COXpaHeHust UM-
nynbca. Mpu NOrpy>KeHnn BHU3 NOJ yYrIoM (He Kak TOMop) BOAa M3MeHseT Hanpase-
HWA ABMKeHMA (TaK CKasaTb, OTTAIKUBAETCA OT KPbI/a) C BEPTUKAbHOMO Ha YaCTUYHO
rOPU30HTa/IbHOE, MPUOBPETasA HEKOTOPLIV UMMYbC.

PucyHok 4 - Posb Kpblnbes

Py - uMnNynbC, CO3/1aBaeMblii HaGeraroLMM MOTOKOM BO/bI CHW3Y, CO3[aBae-
MO0 [IBWXKEHMEM BHM3, PX - MMMYNbC, CO3/aBaeMblii HaGEratoLyM MOTOKOM BOfpbI
cnepeay, CO34aBaeMOro ABUXEHMEM Brepé,

Py=Y*PO [9]



Cnpoeuypyem Ha ocu X y:

Pyx=py*co8 a Pyy=py*8ww a

Cnpoeuvpyem Ha ocu X’ ny’:

Pyx’=2*py*81na*co8a Pyy’=py*(81ns2 a - co8n2 a)

Mpy 3TOM UMNybC pX BYAET Nepefasarb HA OCU X™ NY
Pxx’=px*(81rJ/12 a-co8/12 a) Pxy’=2*px*8Lw a*co8 a

B ropusoHTanbHOM HanpasneHwWn rnaligep OyaeT pasroHATbCA 40 MOMEHTA,
Korga umnynbc, nepegasaemblii cnyckoM (MOABEMOM) MO OCK X', He YpaBHAETCS Npo-
eKLMen umMnynbca OT CaMOr0 FOPU3OHTAIbHOrO ABWMXKEHUS B CYMME C CWJ/IOW BSA3KOrO
TPeHWUs 1 N06OBbLIM CONPOTMBAEHWEM. pefBapuTENbHbIA PACcUET MOXHO MNPOBECTMU,
Hanpumep, B nporpamme Amnloiie8kCPB, ofHako Ans 3TOro Heob6XOAMMO BbiGpaTb
(hopmy Kpblfa.

CTblKOBKaA

P06OT JO/MKEH CaM COEAUHUTLECS C TeM, UTO K HEMY MPUCOEAVHSIOT, N UMEH-
HO C Takoi nNpo6nemoii CTONKHYANCh NPU NPOEKTUPOBAaHWUU CTbIKOBOUHbIX MeXaHu3-
MOB B KOCMOCE.
Ha KocMmyeckmx annapatax Ha [aHHbIi MOMEHT MCNOMb3yTCA aHApOrvHHO-
nepudepuiiHble arperatbl cTbikoBKM (AMAC-95) [12]. OgHako B HEM 6yfeT ocTaBaTb-
€A BOJA MOCANe CTbIKOBKM, YTO HE06X0AUMO M36exaTb, B TO BPeMs Kak B 60/ee CTapom
arperate CTbIKOBKW - CUCTEMe CTbIKOBKM 1 BHYTpeHHero nepexoga (CCBIM) (cm. puc.
5) - MOXHO n36exaTb 3TOr0 HeflocTaTKa. bonee TOro, Tak Kak ofjHa YacTb 3TOi cucTe-
Mbl NPeACTaBNeHa LWTbIPEM, TO Karncyna Oy4eT OpUeHTMPOBATLCA 3TOW YaCTblO BHU3, B
CBSA3M C YeM MOXHO 6yfeT Mcrnonb30BaTh 60/1ee MPOCTON MeXaHU3M MO3ULMOHMPOBa-
HWS ero 4ByX YacTeil.

PucyHok 6. Cxema pa6oTtbl CCBIM

BunaHO, 4TO MOXHO 3aUenuTLCA 3a “LUThbIPb” - ero MecTOMNO/IOKEHWE onpese-
NNTb NETKO, TaK Kak OH OyeT HaX0ANTLCA CHU3Y Karcyribl.
Kak BAHO 13 cxemsbl (puc. 6) B NyHKTe B, Npy CTbIKOBKE B KOCMOCE CTEHKU CTbIKYHOT-
€S HanpsMyto (Ha CXeMe M300paXKeHbl KaK LITbIPbKM N0 60KaM nog HOMEpPOM 7 1 OT-
BEPCTVE A4NA HEro nog Homepom 8), 6e3 Kakunx-nmbo JONOMHUTENbHLIX AEACTBUWIA, YTO
HeZoNyCTUMO NOA BOAON, TakK Kak 3TO MOXET BbI3BaTb KOPPO3WO MaTepuana (3aimtue



BOAbl B KOPMYC MpW CTbIKOBKE): CTECTBEHHO, He KOprnyca, HO, Hampumep, NpOBOAOB
NpY MOAK/HOYEHUN aKKYMYNATopa, MO0 ke BOOGLLE OCTAHETCA MPOMEXYTOK MEXAY
MPOBOAHWMKOM U ero npojo/hKeHWeM, 3ar0NHEHHbIA BOAON. A npeanarato pelunTb 3Ty
npobneMy TakMm 06pasom: chenatb NPeABapUTENbHYHO “O4MCTKY” OT BOAbl. 3TO MOX-
HO peann3oBaTh ABYMs crnocobamu: 1) NAOTHbIM MpUAEraHMeM Karncysbl K po6oty; 2)
OTBe/leHMeM BOJbI, NIOTHO NPWXATOW K CTEHKaM, HarnpumMep, Pe3MHOBOM YacTu, KOTo-
pas npy ABMXEHUW NPOCTO “CMaxHET” BOAY.

LocTaska n copoc

JocTaBuTb [0 TOUKM CTapTa MOXHO /IM60 Ha Kopabsne (B TOM uuc/ie U pAagoM C
6eperom), Nn6o Ha camonéte. Ecnm goctaBnAT Ha Kopabsie, TO HUKaKMX Npo6/ieM HeT,
a ecnu Ha camoniéTe, TO Heo6xoaMMmo, YTOOLI rnarifep Bblaepxan copoc B Bogy. [ns
3TOrO rnangep HyXHO MOMECTUTb B CreLManbHYHO Kancyny uanm 3aMesanTb ero 4su-
YXEHMEe C NOMOLLIbIO MapalutoTa. Tak Kak rnaigep MMeeT BbICTYNatoLWmii MeXaHn3M 13-
MEeHEHWS NaByyecTy, TO JiyyLle WCMOob30BaTh napawlioT. OH LO/MKEH OTKPbITLCA Ye-
pe3 HeKOTOpOoe KOMMYECTBO BPEMEHW, & NPU BXOXAEHWUWN B BOAY OH [O/KEH OTCOeAu-
HUTBLCA.

[nsa aToro napawioT He06X0AMMO MPUCOEANHUTL CNeAyHOLWMM 06pasoM (cae-
naTb “‘caxapHblii 3aMOK”™) (CM. PUCYHKM 7, 8): CTPOMbl NPUCOEAUHUTL K “MON3YHKY” B
(hopve ABYyTaBpa, KOTOPbIi HAXOAUTCA HA HAKMOHHbIX PenbCax, YToObl OH HauYMHanN
Cbe3xkatb, KOrfa eMy Hu4ero He Mellaet. YTobbl 3Ta cucTeEMa CamMOMNPOW3BOSIbHO He
OTKPbINACh, HE0OXOAUMO YeM-HUOYAb MOAMEepPeTb “NMOM3YHOK”, N OJHUM W3 NyYLLnX
BapVaHTOB SIB/SETCA caxap.

Pucynok 7 — Kpervienue napannora, BUj cOOKy.

PucyHOK 8 - KpenneHue napawitoTa, BUg CBEPXY

VICTOYHMK 3HEprum

[ns paboTbl rnaiigepa Heo6xoAMMa 3NEKTPOIHEPIrMa AN CBA3W, a TakxKe AN
aKTUBHOrO ABWXKWTENSA, €CNi Takol OyfeT UCMo/b30BaTbCA. A 3HAUUT, He06X04VMbI
akKymynaTopbl (Tem 60s1ee, Nof BOAOI HEBO3MOXHO MCNOMb30BaTb ABUraTeNy cropa-
HWUS, a TaKXKe B CBA3M CO CNOCOOOM MepemeLLeHus rnaingepa HEBO3MOXHO YCTaHOBUTb
Max0BWUHbIV akKyMynsaTop). HanbonbLueii EMKOCTbIO MO OTHOLLEHUIO K Becy 0bnaja-
0T NNTWIA-VOHHbIE aKKYMynSTOpbl. [py 3TOM OH BMOSIHE YAOBNETBOPAET YCI0BUAM
paboThbl rnangepa: gvanasoH Temnepatyp - oT -20°C go 60°C, npu Temnepatype 25 C
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H paspage 100% =~1,6% B mecsan, YaempHad 3HeproéMkocts: 110 ... 243 Brw/kr [15].
IMpu 3T0M B MOPCKOif BOJEC MPEIOCTABIACTCA YHHKAIBHAA BOZMOMKHOCTB: 3apKAThH
AKKYMYJATOP ¢ MOMOLUBKY CONCH, COJSPKALIMNCA B HOH. 3TO MOIKHO OCYIUECTBHTD C
MOMOILBIO BOJAHOTO AKKYMYJIATOpa. OH pabdoraer 61arogapd BOHHKHOBESHHIO TOKA B
JMEKTPONHTE MEKIY MAPOH METAIOB. 3HAYHT, KOTIA 2apsAl HA OCHOBHOM AKKYMYJIfA-
TOPE CTAHOBHTCA MAJICHBKHM, TO MOKHO 2aJHTh BOIY B BOJAHOH AKKYMYJIATOD H 2aps-
JHTH OCHOBHOM.

CpaBHEHHE ¢ CYIECTBYOLIHMH aHANIOTAMH

Ipenno:xeH HOBBIH BapDHAHT MEXAHM3Ma H3MEHCHHA IUIABYYECTH, KOTOPBIH
HE MMEET OTPAHHYEHHA HCMOMb30BAHMSA H3-3d MPUPOAHBIX YCJIOBHI, a Takke pafoTact
OoJlee AONTO MpH 3aTpaTe TOH e 3HEPTHH, TEM CaMBIM CO3AAB BO3MOMKHOCTbL $ojee
penxo oOCTyKHBaTh IMalaep. NPEANOKEH BAPHAHT MPHCOSAHHEHHSA JOMOIHHTEIbHBIX
Moy el 0e3 yUacTHs 4ENOBEKA. HE HMEET ABWKHTENA AMA OBICTPHIX NMEPEMEILCHHI,
HO pa3palOTKA TAKOBOTO BO3MOMKHA H ABJICTCA JANBHCHIIHM PA3BHTHEM HPOEKTA.
TeXHUHMECKHE XAPAKTEPHCTHKH HE ONIPEACTICHBI, TAK KAK 111 HX TOYHOTO ONPeJENCHHA
HeoOXOIHMO MPOBOJHTH KCIICPHMEHT ¢ MOJHOMACIITAOHOH MOIEIBIO.

Hcnoms30BaHue paspaloTku

OCHOBHBIE 33Ja'H, PEIIAEMble TIPH MOMOIIH ABTOHOMHBIX HEOOHTACMBIX MO
BOAHBIX anmaparos [13], ¢ ycTaHOBKOIT HA HUX HEOOXOAHMOTO I 3TOro 000pyIoBa-
HHEA:
1. OG30pHO-NOHCKOBBIEC PafOTHI.
2. TeonoropassenouHble pabOThL: CHEMKA MOPCKOTO JTHA, KAPTOrpahHPOBAHHE PeNlbe-
da.
ToanéaHble paboThl: NPOKIANKA Kalead H TPy SOMpPOBOIOB.
OxeaHOrpadHUSCKHE HCCTICIOBAHUS.
PaGoThI BOSHHOTO HA3HAYCHHS.

SNk w

Bu3HeC-NpHBIEKATEILHOCTD PAa3paloTKH

B03MOKHOCTD ABWKEHHS 0€3 JOMOMHHTEILHOIO HA3EMHOTO O0CITYKUBAHHA B

TEUCHHE JIOJITOTO BPEMEHH.
3axmoyenue

TpeAnosKeH pAa YCOBSPLICHCTBOBAHHI B 00J1aCTH ABTOHOMHBIX HEOOHTASMBIX
MOJBOAHEIX AMMNAPATOR. HOBBIH MEXAHH3M H3MCHCHHA NIABYYECTH, KOTOPBIH HE HMEET
OTPaHHYCHHH HCTONB30BAHHA TCPPHTOPHANBHBIX H SHEPTCTHUCCKHX, HCTIOIB30BAHHE
CHELHAMBHBIX CAMONPHCOCIMHMIONIUXCA MOAYJIeH, Ofaroiapsd KOTOPBIM BO3MOKHO
H3IMEHEHHE BHIMOTHASMBIX (OYHKLHH B MPOIECCe MIABAHHA MPAKTHUCCKH 0€3 yuacTus
MOIei, MPemiokeH Cnocod MOAAPAIKH AKKYMYJIATOpoB. [IpH 3TOM BCE 3TO BIOJHE
pPeaATH3yeMO HA MPAKTHKE,
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AHHoTanus, CTaThd MOCBAIICHA 0630[))’ H ACTAIbHOMY aHalTH3Y OCHOBHBIX H3BCCT-
HBIX Ha CEro HAIHMI JeHE THIIOB JRIDKHUTENEH JTd IaHeToxo a. B cTathe 3aTparHpaerci npo-
OIeMa TOTO, UTO Ha JAHHBL MOMEHT HE CYILIECTBYCT JEHCTBHTEIBHO YHUBSPCAIIBHOTO JJIA JTHO-
Goit TIOBEPXHOCTH ABITKHITENA. B nmammoii cTaThe Takxke MNPEeNCTABNCHA KOHLEINA IBITKITTEN],
HMCHOILICTO Pl JOCTOHHCTE IICpe] CYIICCTBYIOIMMH Ha CETOTHAINMHI ASHb THIAMH. I TTaBHOE
H3 HHX — CIOCOGHOCTD TNEPESABHTATECA 10 MOBEPXHOCTH PAIDIYHOIC THIIA, IIPEOJONeBaTh Ipe-
IATCTBHA PA3NIYHOIO poja H IBHIaTbCad B moGoM HarpapIcHI. B kauecTee HccCIeORATENb-
CKOH 3agaum ObUTa ONpEACIICHA MOIBITKA OLUCHHTE BO3MOKHOCTD PCAlIM3allHi JAHHOTO JBHAKH-
TEIA.
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Kntoyesble croBa: [ABMXUTENb, NIAHETOXOA,

MecTo BbINoMHeHNS paboTbl. PaboTa BbiNoNHEHa Ha 6a3e Kadenpbl «MHorouenesble
ryCeHWYHble MallVHbl 1 MO6UAbHbIE Po60Tbl» MITY M. H. 3. baymaHa. HayuHbIii pykoBoau-
Tenb: Banepuii Hukonaesny HaymoB, JOKTOp TeXHWYECKMX Hayk, npoteccop MITY um. H.3.
baymaHa, 3acny>XeHHblil gedtenb Hayku P®, naypeaT npemuu Mpe3ngeHta PO B o6nactu obpa-
30BaHmA.

OnucaHue paspaboTKm

B 1957 rogy, BMecTe C 3arnyCcKOM MepBoro UCKYCCTBEHHOIO CryTHUKA 3eMu,
Hayanacb KoCMM4eckas apa yenoseyecTsa. C Tex Mop NPOAO/MKAETCA aKTUBHOE M3yuye-
HWe 1 OCBOEHME KOCMOCA, W, OYEBUAHO, A5 3TOrO NMPUB/EKAETCA PasfiMyHas KocMuye-
cKaa TexHWKa. Tak, B pafe Cry4vaeB He3aMeHWMbIMU OKaKYTCH TaKue TeXHWYEecKue
YCTPOWCTBa, Kak MnnaHeToxofbl. M1aHeToXoabl BbINOMHAIOT PAj BaXXHbIX 3afad, 6yab
TO MepeBO3Ka KOCMOHABTOB W FPY30B W/IN Xe UCCef0BaHNe NMOBEPXHOCTY PasNYHbIX
HebeCHbIX Ten, NO3TOMY B UCC/IEf0BaHNN KOCMOCA M1aHETOXO04bl He3aMeHNMbI.

MnaHeToxofam NPUXoANTCA paboTaTb B 3KCTPEMASbHbIX YC/OBUAX, NO3TOMY
e[iBa /1 He rNaBHOIi N CaMOin CNOXHOI 3afjadell B UX NMPOEKTUPOBAHUMN ABMSETCS BbIGOP
TNa ABVKUTENS U ero pasmMepoB. VIMEHHO ABVXKWTENsSM CTOUT YAenuTb 0c060e BHU-
MaHwe.

Ha pa3nuuHbix naaHeTax CyLLECTBYHOT pas/ivyHble TUMbl MOBEPXHOCTENR ”
FPYHTOB, YTO BAMSET Ha BbIGOP TUNA ABVKUTENs. OLeHKa TUna NOBePXHOCTM ABNAETCS
TONbKO MPUGAN3NTENBHON B CUY HEM3YUEHHOCTU MCCedyeMOro He6ecHOro Tena, yTto
MOXET NPUBECTW K HEMpaBWIbHOMY BbI6OPY ABWXWUTENS, @, ClefoBaTebHO, K HEBbI-
MO/IHEHMIO NMOCTAaB/IEHHbIX Mepes M1aHeTOX0A0M 3aay U faXe K ero novepe.

MpumeHeHWe npegfiaraeMoin MOAENn ABVKMTENS CNOCOGHO YBENMYMTbL Npo-
XOAMMOCTb B CMIOXHbIX TPYHTOBbIX U penbehHbIX YCNoBuAaX. 3TO AoCTUraeTcs npume-
HeHWeM MHOro crnocoba nepegswdkeHns. BMecTo nepefaun KpyTsLLEro MOMeHTa OT
3NeKTpoABUraTens NoCPeACTBOM KMHEMATMYECKON Lienu, Kak B 60/bLUMHCTBE CNyYaes,
MJ1aHETOX0Z NPUBOAMTCA B ABVXEHWE C NOMOLLBbIO PEaKTUBHOMN TArM CUCTEMbI COMeN,
yMpaBnseMbIX C MOMOLLbH KOHTPO/IEPA U CUCTEMbI faTumKoB (Puc. 1).

1 2

4
PUCYHOK 1- KoHLeNTyanbHas Mofe/b NpeanaraeMmoro ABMxnuTens

3
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. TInatdopma, Ha KOTOpOH YCTAHOBIEHA CHCTEMA YIIPARIEHMS COIUIAMHM, 3amac TOIUIMBA, A
TaKke MoJesHas Harpyska (I1pH Hanuyii TOMBKO OAHOM OCH IUTaTopMa rHPoCTaSHIM3HPO-
BaHA).

2. CHcteMa PEAKTHBHBIX COTIC, MEXAHM'ICCKH TMPHBA3AHHAA K KOJICCY.

TlonyocH ¢ TOILIHBHEIMH TPy GOMPOBOJAMH BHY TPH.

4. Koneco.

Hy>KHBIH BEKTOP TATH NMOJACPHKHBACTCA 33 CYET MOCTOAHHOIO Mepepacnpene-

JCHHS CHJIBI TATH OTICIBHBIX COMEJ ¢ MOMOINBIY KOHTPOIUIEPA, YTO MO3BOJSICT JBH-

FaThCs MO MOBEPXHOCTAM C JIEOOBIM YKJIOHOM, BIUIOTh J0 BEPTHKAIBHBIX.

ITpeuMyIIeCTBa AAHHOTO JBHKHTEA.

1. BO3MOXKHOCTb ABHIATECA B JIOOOM HAMPABICHHH, BILIOTH J0 NMEPEIBH)KCHHA IO
BCPTHKAJIbHBIM ITOBCPXHOCTAM.

2. JIBIKSHHE OCYILECTBIACTCSA HE 3A CHET CHABI TPEHHA, A 34 CHET PCAKTHBHOM TATH,
YTO CHHYKACT MPOOYKCOBKY H YBEIIMMHBACT MPOXOIUMOCTb.

Henmocratku u mpobnemer:

1. OrpaHHyMEeHHOCTH 3aMACA TOIUTHEA H HEOOXO0IJHMOCTh MOCTOAHHOTO MOMOJHCHHA €10
3amaca.

2. CnoyKHAA KOHCTPYKUHA H CHCTEMA YIPABICHHA MO CPABHECHHIO C IPYTHMH THIAMH
IBHYKHTEIICH.

3. TIpobnema KOMIEHCALMH BECA AMIMAPATA A9 CHIDKSHHA PACX0JA TOIHBA.

Haubonee octpo cront mpodieMa OTpaHHYSHHOCTH 3AmMaca TOILIMBA, H €2

MOJKHO PEIIHTh HCTIOJMb30BAHHEM aTMOC(EPHOTO ra3a. MpH YCIOBHH, UTO HMESTCA aT-

Mocgepa. Jlng 31010 BO3MOMKHA YCTAHOBKA KOMNpeccopa And ¢Oopa rasa Ha annapare.

mi00 HAa aBTOMATHYECKOH CTAHIHH. KOTOPas. Kak MPaBUJIO, OTIPABJACTCA Ha HeOEeCHOE

TENO B Mape ¢ WIAHETOX0I0M. OMHAKO B MEPBOM CIYUAE 3TO MPHBEICT K YBEIHUCHHIO

MAacChl annapara. a, 3HAUHT. K YMCHBIICHHIO MQJIC3HOH HAarpy3KH. BO BTOPOM — K Orpa-

HHYCHHI0 PanHyca. B Mpeneiax KOTOPOro anmapaT MOJKET NMepeMelaThes 0e3 pHCKa

ero notepH. KpoMe TOro. npH HCMOJB30BAHHH aTMOC(EPHOTO rasa HEBOZMOMKHO NpH-

MCHEHHE TPAAHIHOHHBIX XHMHUCCKHX PAKCTHBIX ABHTATeNCH, a BOSMOKHO JHIUb Bbl-

OpachIBaHHE Trasza MOJA JABICHHEM 4Yepe3 COIUI0 HJIH HCMOJL30BAHHE ICKTPHUECKHX

PAKETHBIX JIBHTaTCNEH. OAHAKO TAra NOCACAHHX HECOH3MEPHMO MaNa Mo CPABHEHHIO C

XHMHYECKHMH PaKkeTHBIMH ABHraresiMH [1]. BeueacTsue »1oro B AaHHOM CIIy4ae He-

BOSMQKHO OOCCTICUHMTh HYJKHYIO TATY. Tak, B 3EMHBIX YCIOBHAX MMM ODECMEUCHHSA

NOJHOLUECHHOH PAGOTHI ABIKHTEIA AN KAKIOTO KHWIOTPAMMA anmapara 6e3 KoMneHca-

LHH Beca HeoOx0auMo obecieynTh TATY, KAK MHHEMYM, B 1 kr¢ = 9,807 H. Hike mo-

KA32QHA 3aBHCHMOCTb CKOPOCTH HCTSYCHHA YACTHL OT CEKYHIHOIO PacxoJa TOIUIHBA

(®. 1) [2).

Nad

_ Am
|Fp|—|u * F

. Am
rae Fp — BCJIHYHHA PCAKTHBHOH TATH, # — CKOPOCTb HCTCYCHHA YaCTHL rala, I —pac-
X04 MacChl TOIIHBA 33 CAHHHILY BPEMCHH.

Dopmyna 1. PacueT CKOPOCTH HCTEYCHHA YaCTHIN HCXOAA H3 PA3HOTO PacX0ja TOMITHEA
H BEJIHYHHBI PEAKTHBHOM TATH.
Jna npEMepa HHAKE MPHBEACHA Ta0MHLA PE3yNbTATOB PAcuCTOB Pa3IMYHOMN
CKOPOCTH HCTEMEHHA YACTHL, HCXOIA H3 PA3HOre pacxoja tormea npu Fp = 10H
(Taba. 1).
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TaGmmia 1. Pacuer pazmircHoil CKOpOCTH HCTEYeHHT YacTHI{ HCXOAA H3 pa3HOI0 PacXoaa TOILTH-
B4.
CexyHaHsli
pacxon Macceel TOILNHBA
(0bbeMa BO3IVXA)
CKOpOCTb HCTEUSHHA
YacTHO UK ofecneye- | 2+ 107w 10%mic 2+ 10%uic 10%mic 2+ 10%mic
Hus ara 10 H

5% 10 %kric  [LO 3kric 5% 10 %kric 10~ 3kric 5+ 10 %kric
4+ 107 nc) )82+ 1074 mic) (441073 vic) [8,2+ 1073 vic)| (4+ 1072 mic)

OMEBHIHO, YTO B JAHHOM CIIy YA€ HCTIONB30BAHHE BO3OY XA WIH OPYToro AaTMo-
Cc(pepHOTO ra%a BOMOKHO JIHIUP NMPH GOJBIIOH MPOH3BOIHTENIBHOCTH KOMIPECCOPA
HJIH €MKOCTH TOIUTHBHOTO 0aKa, B MPOTHBHOM CIIy4ae O¥JeT pes3K0 OTPAHHMEHO BpeMd
OecrpepsieHOM padoTel muaHeToxoda. KpoMe Toro, B GONBIIHHCTBE CITyyaes odecrne-
YHTh HEOOXOTHMYH CKOPOCTh HCTEMEHHA MACTHI MOXKST JHINb XHMHYSCKHH PEAKTHB-
HBI{ JBHIATENb, MTO HE MO2BOJAET TOBOPUTH CErOIHA 00 HCMOMB30BAHHH ATMOC(HEPHO-
0 raza B KAMECTBE TOIUIHBA.

Komnencaunei CHIBI THKECTH MOYKHO YMEHBLIHTH KAK HEOOXOJHMYIO CHITY
TATH, TAK H PACX0] TOIUTHBA. KOMIICHCHPOBATE BEC ANMAPATA MOYKHO Iy TEM HCIOJIB30-
BAHHA TA30B C IUIOTHOCTBIO MEHBLICH, MEM IIOTHOCTh ATMOC(EPBI, TAKHX, KAK TeJIHIA.
B TakoM Ciry4ae Koneco JOJDKHO HMETh IePMETHMHY IO KAMEPY, COAepXKAIyIo ra3. Ou-
HAKO 3T0 MQKET MPHBECTH K 3HAYUTEIBHOMY VBCIIMUCHHIO ra0apUTOB ABIDKHTENA, TAK
KAK 1T NOJTHOM KOMIICHCAIIMHE BECa, PABHOTO | Kre. HeoGX0MMO 0koMo 0.96 M’ remus
(®. 2. nnd yCNOBHIH 3eMITH).

PgV= pregV+mg,
IJIE ), H Pye — MIOTHOCTH CPeAb! (BO3YXA) H IelIHd COOTBETCTBEHHO (MPH HOPMAJIBHBIX
VCNOBHAX). M — Macca anmapara. a g — YCKOpPEeHHe CBOGOAHOTO MajcHHA Ha 3eMie (=
9,807 M/CE); 00BEM UACTH ¢ MONEIHOH HATPY3KOH MaJl MO CPABHEHHIO C HEOOXOTHMBIM
00BEMOM TefIHA, MOYTOMY HM MOKHO NpeHeOpeUyb.

(Pe-Pr)gV=mg

m RE

— - 3
v= pe—pHe  1,225k/mM3—0,178ke/ae® ~0.96 M
®opmyna 2. PacueT 00peMa. HOOOXOAMMOTO I KOMICHCAIIMH ¢THHHIIBI MACChI anmna-
para
Lenecoobpazuee BCEro 2amoIHATE KONECA TA%0M LI KOMIICHCAUHH Beca. [
NPOCTOTHI PACYETA MPHMEM, MTO KOJIECO HMEST LHIHHIPHYECKYIO QopuMy, Toraa oovem
KoJieca 6y IeT paCCHMHTHIBATECA CNEIYIOHM 00pasoM:

—T(D2 — 472y = L
V—4(D 4r°)yw Py

rae D — guamerp koneca, r — pamHyC JUCKA, W — IIHPHHA KOJIECA, 1 — MACCA IIAHETO-
X0Ja.
Dopmyaa 3. Pacuer 00beMa komeca a4 2aJAHHOH MACCHI YCTPOHCTBA.

Jna mpHMepa HIKe NMpHBEAGHA TaOMHLA pe3yIbTAaTOB pacyeToB rabapHTOB
KoJieca mpH m=1 kr, B KauecTBE paaHyca AMCKA MPHHAT PaAHyC OCH, KOTOPBIH Malx Mo
CPaBHCHHIO ¢ PaJIMYCOM KOJIECA. O3TOMY HM MO:kHO npeHeOpeus (Tabn. 2).

Tabmima 2. Pacuer rabapurop koneca (ipu m=1 Kr)
W, M 0,1 0,2 0.3 0.4 0.5 0.6 0,7 038
D, M 247 1,75 1,43 1,23 1,10 1 0,9 0,87




Kak B1gHO, Mpv NOHON KOMMEHCaLMM Beca Aaxe Mpy HeGO/bLUOA NONE3HONM
Harpyske rabaputbl ABKUTENS ByayT 60MbLIMMK, NO3TOMY 0YEBWAHO, YTO MCMOb30-
BaTb TaKyl0 KOHCTPYKLMIO LieNecoobpasHo Ub Mpu HEBOMbLUMX MOME3HbIX Harpys-
Kax.

Kpome Toro, B yCnoBmsxX KOCMOCa BO3MOXHbI pe3Kve nepenagsl Temnepatyp,
Mo3TOMY MaTepwas, U3 KOTOPOro AO/DKHA BbIMOHATLCA repMETUYHAs Kamepa, Cogep-
Xallas ras, JO/MKeH 6bITb TEPMOYCTONUMBLIM. Ha CerofHALWHMA feHb BeAyTCsa uccne-
[OBaHMS TaKMX rMOKMX 1N TEPMOYCTONUMBBLIX MaTEPUAIOB, B YaCTHOCTU, A1t CO3AaHNs
HaZlyBHbIX MOAyneii AN KOCMUYECKMX CTaHUMIA, HaxXOAALMXCH B IKCTPeMasbHbIX
YC/IOBUSX OTKPBITOro kKocmoca [3].

Mpy OTCYTCTBMM KOMMNEHCALMW CUMbl TSXKECTWN BCNEACTBME OTCYTCTBMSI HEOO-
XO4UMOCTM Cc03faBaTb Koneca ¢ 60/1bLMMM rabaputamm LiesiecoobpasHo 1CMnosb30BaTh
[BYXOCHYIO CXemy annapata. B gaHHOM cryyae, O4eBMAHO, Konecam He Tpebyetcs
repMmeTuyHas 060104Ka, CNOCOBHAA yaepXKMBaTh ras, Mo3TOMY MpegfiaraeTca CTpoMTb
NX U3 META//INYECKONA CETKM C Ha/IMYMEM FPYHTO3ALENoB M KapKaca »XecTkocTu. Mpu
MPYMEHEHUN [BYXOCHOW CXEMbl OTCYTCTBYET HEO6XOAMMOCTb MPUMEHEHWSI TMPOCTa-
61nmn3aumm, 4TO NOBbILIAET HAAEXHOCTb KOHCTPYKLMM.

1

PucyHoK 2 - Mogenb ABYXOCHOrO ABUMXUTENs
Cuctema peakTUBHbIX COMeN, MeXaHW4eCKN NpUBA3aHHAA K Kosecy.
Monyocu ¢ TONMBHbIMK TPYOONPOBOLAMU BHYTPU.
Koneco.
Mnatcopma, Ha KOTOPOW yCTaHOBNEHA CUCTEMA YNPaB/eHNs connamm,
3anac TONAuBa, a TaKXXe Mosie3Has Harpyska.

O603HaueHus:

A

[Insi CHYXKEHMS! pacxofa TOMMBa BO3MOXHO TakKXKe MPUMEHEHNE KOMOUHMPO-
BaHHOTO CMoco6a NepeABYKEHUS MYTEM UCMO/b30BaHUS HapsiLy C PeakTUBHLIMU fBU-
ratensiMm aNeKTPUYECKX MOTOp-Konec. TaK, Ha POBHOV MOBEPXHOCTW 6€3 GOMbLUMX
YK/IOHOB BO3MOXHO MPKYMEHEHWE 3M1EKTpoABUraTeneid, a npu Heo6XoAMMOCTM MOTyT
MOAK/IOYATLCS PeakTVBHbIE COM/a. Takoe pelUeHVe YBEMYMBAET Maccy anmapara,
OfJHaKO CMOCO6HO YBEMNYUTL PANYC ero BOSMOXKHOIO MPUMEHEHWs, a Takxke 60/b-
LIYH HafEXHOCTb BCNEACTBUE YMEHbLLIEHUS PUCKA MOTEPM MIaHETOX0AA MOC/e UcYep-
naHus 3anaca Tonamea. LienecooGpasHee BCEro NPUMEHSTb aCUHXPOHHbIE 31EKTPO/BU-
ratesim BCMEACTBYE MX MPOCTOThbl U HAAEXHOCTM, NMPU 3TOM Ha/Muue reHepaTopHOro
peXxvMa Heobs13aTeNlbHO BCEACTBIE HEGO/MbLUMX CKOPOCTEN ABMXKEHWS MIaHeToxoaa
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CpaBHEHHE C CY IICCTBYIOIHMH AHAIIOTAMH

Ha GOMBIMHMHCTBE IUIAHETOXOJOB HCTIONB3YIOTCA KOJNECHBIE ABIKHTEIH [3].
HIX KOHCTPYKTHBHOE HCIIOJIHCHHE YPE3BBMANHO pasHooOpazHo. KoeCHEIH JBHKHTEIb
HMEET CBOH XApPAKTEPHbIC 0COOEHHOCTH.

ITpenMyLecTBA KOMCCHOTO ABHKHTEIIA:
Bricoxuii KITJ,
Manas Macca.
B03MOKHOCTD IMHPOKOTO NPUMEHEHUS HA PA3AHUHBIX TPYHTaX.
IIpocToTa KOHCTPYKIIMH, 2 3HAYHT H GOJIBIIOH CPOK CIYIKOBI H HATEIKHOCTH,
H3BeCTeH TakoKe TyCECHMYHBIH ABHOKHTENB, OAHAKO BCICACTBHE CBOMX 0CO-
OeHHOCTEH H HEOCTAaTKOB HH HA OJTHOM H3 IUTAHETOXOJOB OH HE MPHMEHANCS. a JIHLIb
OCTaBaJICA HAa YPOBHE NMPOSKTOB H MAKETOR. [6]
TIpenMYIIECTBA [YCEHHMHOTO ABIKHTEIS,
1. Hu3kas Harpy3ka Ha KATKH.
Huskoe yaeabHOE NaBJCHHE HA TPYHT M JIy4IIas NPOXOIHMOCTS MO CPAaBHEHHIO ¢
KOJICCHBIM ABIKHTETIEM.

HenocTaTku ryCEHHYHOTO ABHKHTENA.

1. Boicokad N0 CPABHEHMIO ¢ KOJICCHBIMH JABIDKHTEILIMHE Macca H CJI0KHOCTh KOH-
CTPYKUHH.

2. DHICTpBIH H3HOC TPYIMUXCA JETATCH.

3. BepoATHOCTB PACKIHHKH OBIDKHTEI KAMHAMH HIIH PA3PHIBA H COPOCA TyCEHULBL.

KpoMe KONECHBIX WIH TYCEHWMHBIX JBIDKHTENCH, H3BECTCH KOJCCHO-
LIATAIOLIHI ABIKHTENB, paspabotku kotoporo Bemucs B CCCP. O cocroan u3 xomo-
BOTO KOJIECA, YCTAHOBJICHHOTO IMAPHHPHO HA KOHUE PhIYATA, MOBOPOTHO YCTAHOBICH-
HOTO APYTHM KOHLOM K KOPITYCY TPAHCIOPTHOTO CPEICTBA.

ITpenMyLeCcTBA JAHHOTO THIIA JBHIKHTEIIA:

1. BrICOKAA IPOXOIHMOCTB.
2. Heckompko pekumMOB paloTHI: KONCCHBIH XOJ HA TBEPIOM IPYHIE H KOJCCHO-
IWATAOLIHI B yCIOBHAX Ge310poksd [7].

Henocrarku:

1. Bonee clnokHas KOHCTPYKUMA H BCIEACTBHE 3TOr0 MEHBINAA HAJCKHOCTD MO CPaB-
HEHIIO ¢ KOJICCHBIM JABIDKHTEJIEM,

BechMa HEOOBIMHEBIM ObIT PEKHM KOJMECHO-IIArarouero xoaa. Kojeca onsoro
0opTa MEpPeABHTaNHCh B BEAYINEM PEKMME HAa JANMHY 1Ara, MpHYEM KAKI0E KOJIECO
NEPSBHIANOCH B CHEN NMPEABLAYINET). UTO CHOCOGCTBOBAJIO YBEIHUCHHIO TATOBBIX
CBOMHCTB. 3aTeM KOJieca BPAIANHCh. HHTCHCHBHO MOTPY/AICh B TPYHT, YTO CO3IABAJIO
XOpOoLIHii Y0P, H ¢ MOMOIIBK) MEXaHH3MA LIATAHHA MPOUCXOIHIIO CMEIIECHHE KOPIyCa
MAIHHBI HA BeTHUHHY 1ara [8]. He MeHee HHTEPECHBIM OBLT CIIOCO0 MOBOPOTA TAKOTO
TPAHCTIOPTHOTO CpeAcTBa. OH OCHOBBIBANCS HA CO3AAHHH Pa3HOHANPABJICHHOTO TATO-
BOTO YCHJIHS NPOTHBOMOMOMKHBIX GOPTOB. HO KpalHHE KOJIECa MPOTHBONONOKHBIX (Op-
TOB pal0TalH B PEXKHME KOJIECHOTQ XO7A ¢ PasHOHANpPABICHHBIM BPALICHHEM. a KAaK
MHHHMYM OJHA MAPA CPEIHHX KOJIeC paboTana B WATAOILEM PEXKHME C PAZHOHANPAB-
JNEHHBIM MOCTYHATSIBHBIM IBIKeHHEM [9]. K coxxameHuro, JAHHBIH ABWKHTEIb HE
HCIIOJTB30BANCA HA MPAKTHKE, A OCTAJICA JTHIIb HA YPOBHE MOJHOPAZMEPHOTO MAKETA.

Tawke H2BECTeH MPBHITAIMI CIOco0 mepenBKeHUuA annapata. OH mpuMe-
HHM HA IUTAHETAX H APYTHX HEOECHBIX TeNaX, rae CHIA THKSCTH MEHBLIE 2MHOH B
COTHH H THICAYH PAa3, MIEPEIBIKSHHE C MOMOLUBIO TPAIHUHOHHBIX JBIKHTENCH MOKET
BBI2BATH Pl mpodaeM. 310 obecneueHne yCTOMHBOCTH, PA3TOH, TOPMOKESHHE H T. 1.

-Fawt\.)!—l
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CyTh 31010 cocoba COCTOHT B TOM, 4TO ANMAPATY COOOLIACTCA HEKOTOPAA HAYAIBHAA
CKOPOCTB, 4 JANbHEHINee MepeMEILECHHE MPOHCXOIHT 32 ¢4eT CBOGOIHOrO moieTa mo
SanmmucTHYeCKOH TpaekTopuH. IIpH TakoM cnocobe BOZMOMKHO MPEOJONCHHE MPemmaT-
CTBHIi, CYLIECTBCHHO NMPEBHILIAKILMX Pa3Mepsl CaMoro ammapata. Kpome toro, npH
MPLTAKIIEM CNocode MepeaBHKCHHA MOTYT HCHOJIB30BATBCA KOHCTPYKTHBHBIC dJIe-
MEHTHI AMNAPATA, KOTOPBIe HEOOXOIUMEI IJI1 MOCATKH HA MOBEPXHOCTH [10].

Kaxk BHIHO, HH OOHH H3 H3BCCTHBIX B OTKPBITBIX HCTOYMHHKAX ananeneﬁ HE
ABMACTCA YHHBCPCAJNBHBIM, A JTHIIb NMPCAHAZHAYICH A1 NBHXKCHHA IO OINPCACTICHHOMY
BHIY MOBEPXHOCTH M MOJKET NPEOMOJICBATh MPENATCTBUS ONPESACNICHHOTO THNA. Tak,
HH OJMH H3 H3BECTHBIX CETOAHA ABHKUTECH HE COCOOCH NPEO0NeBaTh NPeMATCTBUSA
¢ CONMBIIHM YKJIOHOM. HE TOBOPA YK€ O BEPTHKANBHBIX MOBEPXHOCTAX, YTO ABILICTCA,
0€3YCNOBHO, OJJHHM H3 IJIABHBIX HEAOCTATKOB BCEX CETONHAIIHUX ABHKHTETICH.

OrniuurebHad 0COOCHHOCTh MpEANAaracMoll MOJCNH JABWKHMTENA. KOTOpas
ABIMICTCS €6 MPSHMYIUESCTBOM CPEAH APYTHX KOHCTPYKLUI, — BO3MOKHOCTD JBHTAThCA
B MO0OM HANpABJCHHH MO MOBEPXHOCTH ¢ MOOBIM YKMOHOM. OJHAKO NaHHAd KOH-
CTPYKUHA. B OTAMUHE OT JAPYTHX. HMEET CYIUSCTBCHHBIC OTPAHHYCHHA MO BPSMEHH H
JANBHOCTH HCTIOIb30BAHHA, TO €CTh MOMKET HCIIOMB30BATHCS HE A MOCTOSHHO paso-
ThI, a 71 BBIQJHEHHS CIOKHBIX CTICIHANIBHBIX 33/1a4, UTO B JAJMBHCHIIICM ONpPENEAeT
06IACTh HCMONB30BAHKA TAKOH KOHCTPYKLHH.

Hcnonpszoanne pa3paboTku

IpeanaracMas MOAETs ABHKHTENA B CHITy COOTHOIUCHHA CBOHX radapHTOB K
NOJIC3HOM HAIPY23KEe HE MPeOmONAraeT HCHOMB30BAHHE €€ KAK TPAJUUHOHHOE TPAHC-
nOpTHOE CpeacTBo. TakkKe B CHIY OTPAHHYEHHOTO 3aMACA X0JA JAHHOE YCTPOHCTBO
MOSKET MPUMEHATHCA A BRIOJHEHHA Y3KOCISLHATH3HPOBAHHEIX 3aga4. Beneacreue
TOTO, MTO MAKCHMANBHO d(dekTnBHAg paboTta OyaeT JOCTHrATECA NPH HAMHYHH KOM-
NEHCALMH BeCa, Uenecoo0pasHO HCMONB20BATh JAHHYI0 KOHCTPYKUHMIO B YCIIOBHAX
HAmMEA atMocheprl. CJepa NMPHMEHSHHA TAKOH KOHCTPYKIHH — HE CTOJIbKO KOCMOC,
CKOJIBKO 3eMJIA H €if NOJOOHBIC MIAHETBI.

Bosmorxsbie 006JaCTH MPUMEHEHHA TBHYKUTEIIA:

1. Cnacarensusie onepaund MUC (mocTmkeHHE TPYIHOIOCTYIHBIX MECT, JOCTABKA
CPEACTB CBA3H H MSIUKAMEHTOB B 30HY UC, nepeMeleHHe o CIOKHBIM THIAM MO~
BEPXHOCTEH: ropam, 6010TaM, JIGIAHBIE TOPOCAM H T.IL),

2. CHeNneoNoTHA H TOPHOPYAHBIE Pa3paboTKH (BHACOHCCICIOBAHHA, AHAJM3 TA30BOMH
0OCTaHOBKH H cOOpP APYTHX HAYUHBIX MAaTEPHANIOB B MELICPAX).

3. BOOPYXXCHHBIE CHJBI  (pa3BEABIBATSNBHAA  JEATCNIBHOCTb,  MHHHPOBAHHE-
Pa3MHHHPOBAHHE M T.I1.),

4. KOCMOC (BBINOJHEHHE CIOXKHBIX 33434 MO H3YUCHHIO H (poTorpadHpoOBaAHHIO TPYI-
HOJOCTYTIHBIX YUACTKOB NMOBEPXHOCTH IJIAHETHI).

BuzHeC-MpHBICKATE TEHOCTD Pa3paboTKH
JIaHHBIH NMPOCKT ABIAETCA HEKOMMEPYECKHM. a MpeanaracMas KOHCTPYKIHA

NPEIHASHAYEHA MU BHINOJIHCHHA CNICHHABHBIX 33734, MOTOMY MPHBICKATEIBHOCTH
A9 OH3HECA OH HE HMEET.,

CIHMCOK JIUTEpaTy bl

1. DneKTpHUSCKHE PAKETHBIE JBHTATSITH - CripaBOYHIK / URL:
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BBIBOP KOJIECHOIO ABUKHTEJLA )14 IVHOXOA

Kypenkos [Tasen [TaBnos4
2. Mockea, TBOY Hlxona Ne 1420, 12 kaace
e-mail. pavellurenkov2000@mail.ru

AnHoTanns: Mcxoas U3 OTCYTCTRHA BEMBIICHHA YHHBEPCATLHOTO KOMECHOIO TBHKH-
Teld A1 TPaHCTIOPTa, HCTIONB3YEMOro Ha JIyHe, aBTOpOM MPOH3BEICHO HCCIENOBAaHHE PasIHy-
HBEIX MoJeneii KONecHBIX JBHKUTENel ¢ TOMKH 3PEHHS COOTHECEHHS 3ATPAT SHEpPrHH, H NpocTo-
TBl KOHCTPYKTHBHBIX ICMEHTOB, a TAKKe BO3MOKHOCTH YCTPAHCHHS HEHCIIPaBHOCTEH MpH Mo-
JIOMKE B palovHX YCIOBHAX (HEMOCPSACTBEHHO Ha JIYHHOM noBepxHocTH). [Ipeanoken omH U3
BAPHAHTOB KOJECHOTO JBIDAHTENA, B KOTOPOM, TI0 MHEHHIO aBTOpPa, COMETAIOTCS BCe HEOOXO0IH-
MBI¢ YCJIOBHA U1 €T0 ONTHMAJILHOTO NPHMeHeHHs HA MOBePXHOCTH JIYHBL

KntoueBble ClOBa: KONECHBIH JBIDKHTENb, TATOBO-CLENHEIE CBOICTRA, SHepreTHye-
CKHe MOTEPH, KOX(PPULICHT GYKCOBAHIS, B3aHMOJCHCTBHE NBHKHTCIA ¢ TPYHTAMH. YIIPYTHE
Kolleca, SHEPTHs TBHTATeN.

MecTto BbInoaHenns paGotsr: PaGoTa BpmoNHeHa Ha kKadeape CM-9 B MockoBckoM
roCyIapCTBeHHOM TEXHIYeCKOM YHHBepcHTeTe HMeHH H.D. BaymMaHa Ha SKCIEpHMEHTATBHOM
cTeHe “TpyHToBOM Kanan™. HayuHent pykoBoautens: A.T.H., npod. Haymos Banepuii Huxomna-
epmy, MI'TY umenn H. 3. baymana, npodeccop kadeapsl CM-9 dakymbTeTa CNElHAIBHOTO
ManmHocTpoeHus MITY umenu H.3. BaymaHa, 3acnyxeHHbIi Jedrens Hayku Poccriickoit
e aeparym.

OnHCAHHE HCCNETOBAHHA

EOHHCTBEHHBIM €CTECTBEHHEIM CIIYTHHKOM 3emud aBigsercd JIvaa, Mccneno-
BAHHE YKA3AHHOTO KOCMHMECKOTO OOBEKTA MPOBOIHTCA JOBOJIBHO HHTCHCHBHO, HO
JOCTATOMHBIX CBEISHHH, HA OCHOBAHHH KOTOPBIX MOJKHO TOYHO CMOIETHPOBATH BCE
PHCKH H MPOOIEMBI, KOTOPHIE, HAIIPUMED, CIISAYST YMHTHIBATH TPH AHAIH3E MEePCrek-
THB CO3IAHHA 00HTAeMO#t 6a3el HA JIyHe, J0 CHX MOpP HE HMEETCA, YTO MOITBEPKIASTCA
HAYMHBIMH HCCJICIOBAHHAMH MO PAIHYHBEIM TEXHHYSCKUM HAMPABACHHAM [1]. OxHuM
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H3 KOHCTPYKTHBHBIX JJICMCHTOB TPAHCHOPTHBIX CPCICTB H HX CHCTCM, HCIOMb3YCMBIX
B YKAZAHHBIX YCIIOBHAX ABJACTCA ABIDKHTEL — VCTPOMCTBO M MPeoOpa’oBAHHA
SHEPTHH NMPHPOJHOTO UCTOMHHKA WIH MEXAHHMECKOTO OBHIATENA B MOJIE3HYIO padoTy,
00eCTICMHBAKOLLY IO ABHKEHHE TPAHCIOPTHEIX CPe,

C cepeannsl apaguaroro pexa mpoBogumeie B CCCP u CLLIA pabotsl mo co-
3JAHHIO MALUHH U MCPeIBIYKCHHA MO JIVHE H JPYTHM IUIAHETAM CIOCOOCTBOBANH
MOSABICHHIO HA CBET HEOOBMHBIX KOHCTPYKUHH KOJECHOTO ABIKHTCIA. 3T0 000CHO-
BHIBJIOCH PA3IHYHBIME (PaKTOpaMU, KOTOPBIC HE OKA3HIBANOT Pe3KOTO BIHSIHHA HA pa-
00Ty YCTPOICTRBA B 3¢MHBIX YCHOBHAX. Tak, peskue KoNeOaHHA TEMIEPATypHI HA NO-
BepPXHOCTH JIYHBI 3aCTABWIH KOHCTPYKTOPOB Cpasy € OTKA3AaThCA OT MPHMEHEHHS
PE3HHOBBIX IIIHH.

AMEPHKAHCKHE KOCMOHABTHL NMpHOBIBIINE HA JIYHY, MEpeNBHIAMMCh HA SKH-
NAKE ¢ YCTRIPBM S HEQOBMHBIMH KOJISCAMH HA CTAJIBHBIX «IMHHAX», ECIH ¢Tams 3aMe-
HHJIa COOOH pesHHy, TO pOJb BO3AYXA B3AIH Ha Ce0s THTAHOBBIC KONBL@A, KOTOPHIC BbI-
ACPKHBAIOT OONBIINE HATPY3KH H JOMYCKAIOT CHIbHBIE Ae(QOpMAlMH IIHH, HaOPaHHBIX
BPYUHYIO H3 CTANBHBIX MOJIOC, COCAHHEHHBIX OIIMHKOBAHHOM POSASLHOH MPOBOJIOKOIL,

DTHMU BCeM H3BECTHBIMH KOHCTPYKIMAME, YoKe MOOHIBABINHMU Ha JIyHe. Aa-
JIEKO HE OTPAHHYHBACTCA NMEPEeYeHb HEOOBMHBIX KOJECHBIX 3KUMAKEH. paspaboTaHHBIX
B CIIIA B cepenune 60-X rogoB, KOTJa HAYANACH HACTOAILAA JHXOPAIKA B JEJie paspa-
6oTKH KOCMIMeCKOTO TpaHcnmopTa. Hampumep, Ha nyHHOM aBroMoOmne Qupmbr «ben-
JHKC» BBICOKHE KOJIECA HATIOMHHATH IMAPHKOBHIH MOJLMHIHHK, TOJBKO BMECTO LIAPH-
KOB OBINO YCTAHOBICHO MHOMKECTBO KPYIJIBIX IPY)KHHHBIX Konleu. PasBuTHeM 3TOit
MALIHHEI CTAJT CKIATBIBAIOIHHCA TPeXKOJecHbI TyHoxod, Ha mosepxHocTs JIyHEI OH
ObUT JOCTABIEH B CJIO/KSHHOM COCTOSHMH, a MO NPHOBITHH HA MECTO HASHAYCHHA Pa3-
BCPHYJICA MO, ACHCTBHEM CKATOTO BO3myXa. Kaxmoe H3 ero xomec CocToano H3 MHO-
FOYMMCIICHHBIX YIPYTHX JEMEHTOB H3 THTAHA H NMPHBOJHIOCH B JBIJKEHHE BCTPOCH-
HBIM 3MICKTPOIBHIATEIIEM.

HHrepecHO OTMETHTD, YTO HASA KONeC (&3 Pe3HHOBBIX IUHH KAK OBl MeperkH-
BAET «BTOPYIO MOJIOJOCTb» — POJHIACH OHA ewe B HA4Ale 20 BeKA KAK OJHO H3
CPeOCTB 3aMEHBI JOPOTHX B TO BpeMA MHSBMOWHH, Torma ObI0 BBLABHHYTO MPeasio-
EHHE HCMOMB30BATh B KAYECTBE YIPYTHX YIEMEHTOB MHOTOUHC/ICHHBIE IHIHHAPHYES-
CKHE MPYXHHKH, IIpakTHKa A0OKa3ana MOJHYIO OECNepCNeKTHBHOCTH TAKUX KOJIEC Ha
3eMIe. a BOT B KOCMOCE OKECTKHE» IIMHBEI MPHIOAMINCH, Ha 3eMie CTaabHbIe KOTeca
COXPAHHJIHCH TOJIBKO B BH/E MOJNBIX CTAJLHBIX 0apalaHOB C BHICOKHMH IPYHTO3aLCHA-
MH. VX CTaBAT Ha BE3ASXOABI, HCMOMB3YEMBIE B 0CO00 TSLKEBIX YCIIOBHAX.

CyIIECTBYIOT pa3HOOOPasHbIC BHABI ABIKHTENCH, HO NPESAMETOM JAHHOTO HC-
CNENOBaHHA ABMACTCA NPHMEHEHHE KOECHBIX ABHKHTENCH HMEHHO Ha JIyHe,

Ha sxcnepuMeHTATBHOM CTeHNe “I'pyHTOBOIH KaHAM ObUT MPOBEACH pAN HC-
CNEIOBaHHI ¢ LENbI0 MPOrHO33a BO3ZMOKHOCTCH ABHXKHTENA B COCTABE KOJECHOH Ma-
LIHHB! IPH H3MEHEHHH 3HAYCHHH TATOBO-CLUEMHBIX CBONCTB H MOTEPh IHEPTHH B 3aBH-
CHMOCTH OT yCHOBHﬁ BBaHMOIICﬁCTBH_SI KOJIECA € OMOPHBIM OCHOBAHHEM.

MeToauKa NMPOBEISHHA YKCISPHMEHTANBHBIX HCCICIOBAHHI C LENBH MOy -
YeHHA MPSICTABICHHBIX XAPAKTEPHCTHK OMHPACTCA HA VPABHEHHE IHEPIETHYCCKOTO
Gananca, CyTb KOTOPOTO 3AKIOYAETCS B TOM, MTO MOABOAHMAA JHEPTHA K PABHOMEPHO
KATAIIEMCA KOJISCY PACXOAVETCA HA COBEPIICHHE PAGOTH MPOIOIBHOH CHIIBI H HA MO~
TePH MPH B3AHMOICHCTBHH C OTIOPHBIM OCHOBAHHEM.

Kak w2BecTHO, ABIKEHHE ABTOMOOWIIA BBICOKOH MPOXOJHMOCTH IO HECBA3-
HBIM TPYHTAM XApaKTepH3YeTCA OONBIUHMH 3ATPATAMH JHEPTHH, OOYCIOBICHHBIMH
3HAMHTEbHBIM O¥KCOBAHHEM BeayLIHX Kouiec. Takoe OYKCOBAHHE, CBAZAHHOES C IKCKA-



BaLueli rpyHTa 1 6Y/b403epPHbIM 3(HEKTOM, NMPUBOANT K 3HAUMTE/bHBIM 3HEpPreTuYe-
CKMM 3aTpaTaM. SHEpreTMyeckne MoTepu YBENIMUMBAIOTCS NMPU BO3PACTaHWK KO3(u-
UmMeHTa GYKCOBaHUS, a KO3((hMLMEHT CBOGOAHON TAMM Npu 3TOM pacTéT. [IBUKeHue
BO3MOXHO TO/bKO C OMPeAenéHHbIM OrpaHMYeHHbIM 3HaueHem Tarun. C poctom GyK-
COBaHWA TAIra NepecTaéT YBENMUMBATLCS, W BCA 3HEPrUs ABUraTens yXoAuT Ha npeogo-
NEHVIE YBENNYMBAIOLLEIACS CUMbI COMPOTUBNEHUS ABVKEHNS.

MofBoAMMas 3HEPrvsi K PABHOMEPHO KaTsLLEMCS KOJECY pacxXodyeTcsi Ha co-
BepLUEHVe PaboThbl NPOJO/LHOW CUMbI U Ha MOTEPU MPU B3aUMOAEACTBUM C OMOPHbIM
OCHOBaHMeM:

MK *MK = PX *¥YXK+ /M *PX *¥YXK
Foe MK - KpyTALWMiA MOMEHT, NOABOAMMBINA K KOMeECy.

Px - npogonbHasa cuna, ,EI'EI\/’ICTByPOLLI,aFl Ha OCb KoJieca.

Pr - BepTukasibHas cvna, [EMCTBYHOLLAS HA OCb KOJECa.
Torza BblpaXeHWe 15 ONpeseneHns YaenbHbIX 3HEPTeTUHECKUX NOTEPb C YUYETOM, UTO

th=Px/ P r, npumet Bug;

_Mk wmk Px_ MK MK (D
Pr Yxk Pr Pr Y XK

Mpy CPaBHEHMN TAFOBO-CLIEMHBIX XapaKTEPUCTUK pasfinuHbix 06pasuos (KK,
ceTyatblii Top ¢ 50% LUEBPOHHBLIM MOKPBLITUEM, METIOYNPYroe KOeco) Gbiiv nosy-
UeHbl CieAyHoLLVie Pe3Y/bTaThbl:

350 1 f’ O6pasel XK

300 -

250

200 0O O6pasey QJMpMEI
BowHr (cetuatblii TOp

150 € 50% LeBPOHHLIM
NOKpbITUEM)

100 - 0 O6pasey m K

50
0 - . . .3

JlocTaTouHO CNOXHO caenatb BbIGOP MpM TakKoM OO/bLIOM CNEKTpe pasHoo6-
pasusi BApUaHTOB ABWXKMTENEN. YHNBEPCAIbHOTO ABWKMUTENS Ans JIyHbl He BbISBNEHO.
Kaxaplii ABWKWTENb YHUKANIEH M UMEET CBOE MPeMMYLLEeCTBO Mepes ApYruMu, HO C
YUYETOM 3KCMEPUMEHTaIbHbIX AaHHbIX 6Gbl10 pelleHo 0CcTaHoBMTbCA Ha o6pasue MK
(MeTannoynpyroe Koneco).

Cpegu nccnefoBaHHbIX MOenei npeacTasneHbl 60nee 3((eKTUBHbIE B YaCTM
3aTpaTt 3Heprum, HO ¢ 6osee CNOXHOIM KOHCTPYKUMeid. Bbibop aBTOpa 060CHOBaH 1
HEoOXOAMMOCTbIO Y4eTa NPOCTOThbl YCTPAHEHUS HEMCMPABHOCTEW Npu MOIOMKe B pa-
604nX ycnoBusx (HENOCPEACTBEHHO Ha JTYHHOI MOBEPXHOCTY).
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K 3KCIIyaTAUHOHHBIM JOCTOHMHCTBAM BHIOPAHHOTO BAPHAHTA CICIYET OTHE-
CTH JCLUCBH3HY HATOTOBIICHHA, YCTOMUBOCTE K HOOIATOMPHATHEIM BHEIIHUM BO31CH-
CTBHAM, MAJbIH BEC KOHCTPYKUHH, OTCYTCTBHE PHCKA MPOKOJIA OANIOHA, HAOEKHOCTB,
JONTOBEYHOCTbD.

JokazaHa COCOOHOCTE BRHIOPAHHOTO 00pA3LA B IIHPOKHX MPEISIAX BAPBUPO-
BATH PATHANBHYH JKECTKOCTD, YTO MO3BOJIACT VJIyHIIHTH MPOXOIUMOCTD TPAHCIOPTHO-
ro CpeACTBA H CHIDKACT BO3JCHCTBHE HA IPYHT. JIAHHBIH BHIBOJ TAKOKE MOITBEPIKICH
AHCCEPTALMOHHBIMH HCCACIOBAHMAMH [2].

B BBIOpaHHOM aBTOPOM BAPHAHTE ABHJKHTEIS COUCTAKOTCH BCE HEOOXOMHMBIC
VCIIOBHA JIA1 €10 ONTHMANBHOTO NPHMEHESHHA HA MOBEPXHOCTH JIVHEL

CpaBHEHHE C CY ICCTBYIOIHMH AHAIIOTAMH

Koneco mnaHeToxoJa JOJUKHO OJHOBPEMEHHO COYETaTh B Ce0e MHOXKECTBO
TpefoBaHHii, H YTOOBI CKA3aTh Mapy CJIOB MPO KAKIOS. OAHOM CTAThH HEAOCTATOUHO.
IMosToMy pacCMOTPHM HECKOJBKO BAPHAHTOB KOJIEC, CO3MAHHBIX ¢ 1970 roaa (paspa-
Gotka JlyHoxoaa-1, -2 Ha fase BHUHMTM) u no Hamux AHEH, OTMETHB HX OCHOBHBIC
OCOOCHHOCTH.

V nepeoro ofpasua, Jlysoxona-1. paspaborarHoro BHUWTM, koneca cocTo-
AT H3 TPeX THTAHOBLHIX 000J0B, C 2AKPEIIEHHOH HA HHX CTAJMBHOH CETKO# C rpyHTO2a-
LENAMH H3 TOTO ke THTAHA. Ha TBepoii moBEePpXHOCTH OMOPA MPOUCXOAHT HA CPeIHHIH
0601, HA MATKOM e TPYHTE 0001 MPOHHKAST IIIyO0Ko H Torga paboTaeT ceTka.

B crnegyomeM BApHAHTE KOJNCCO MOIPECCOPHBACTCA C MOMOLUBIY YIPYTHX Me-
TAJUTHYECKHX JICHT, 4 B MOJSPHUZALHH TAKOTO MOAX0JA — € MOMOILUBIY LWIHHIPHYE-
CKHX NPY>KHH BIOJb OCH KOJIECA.

Jna muaHeT ¢ CHIbHOI rpaButanuei (Mapc, 3eMiid) oT HempOMHOM CETKH OT-
KA3BIBAIOTCA B MOJIb3Y CIUIOLIHON MOBEPXHOCTH C IPYHTOZAUENAaMH (0601049K0BOE KO-
TIeCo).

Taxolt THI ABH/KHTEIIA BO3MOKCH 111 MPHMCHEHHA H HA JIYHHOH NMOBEPXHO-
CTH, ¢ y4eToM Oosee KECTKOTO IPYHTA €& MOBEPXHOCTH (3], a TAKKE HHTEHCHBHOMH
GoMOapAMPOBKH NMPOTOHAMH H AJpPaMH FaJaKTHYECKOTO H COJMHEYHOTO KOCMHYECKOTO
H3MY4YEHHSA, YTQ HHHIHHPYET HHTCHCHBHBIC MOTOKH BTOPHUHBIX YaCcTHI{ B MPHIOBEPX-
HOCTHBIX CJIOSIX JIYHHOTO TPYHTA. H TpeOyeT MOBBILCHHBIX YCNOBHIT O€30IACHOCTH
ASATCNIBHOCTH YEIOBEKa [4].

OTMETHM, UTO BO BCEX KOHCTPYKUMAX CTApalOTCs 00ECHEYHTH XOPOIIYIO
CHETUIIEMOCTh ¢ TPYHTOM (TPYHTO3ALCMBL CeTKa). HEOONBINOH BeC (OTCYTCTBHE
CILIOIIHBIX AHCKOB, IO BOSMOKHOCTH CETKA H CIHIBL, JTUOO CIUIOIIHOE HO MOJOE KOJIe-
C0), IOAPECCOPHBAHNE (CIHIBI, MPY)KHHBI H T.I,), MEPBI MPOTHB DOKOBOTO CHOI3AHUA
(xapakTepHBbIi BHITYKJIBIH THOO BOTHYTHIH NPO(HIIL).

CrneayeTr OTMETHTD, YTO NPH NPOBCACHHH JAHHOTQ HCCIICIOBAHHS TAKOKE YUH-
THIBAIHCh BBIBOABL, COACpKaNIHecs B uccneaosanuu K B, Jlamina [5] B 4acTH 000CHO-
BaHHA OCHOBHBIX NAPAaMETPOB KOJCCHOTO ABHKHTENA NMEPEKATHIBAIOIMETOCA THMA AJLA
ropHeX MamuH, OG0CHOBAHHE XAPAKTEPHCTHK KPYMHOTAOAPDHTHBIX KOJIECHBIX JBHYKH-
TeNeH 0T KOMMO3HUHOHHBIX MATEPHANIOB HA OCHOBE CTEKJIOIUIACTHKA OBLIO MPEIMETOM
ncenegosanna A B, Kapramosa [6]. Bompoc NmOBBILEHHA TATOBO-CLUENHBIX CBOHCTB
KOJICCHBIX ABIKHTSNCH MAIIHHHO-TPAKTOPHBIX arperatoB paccMarpusanca M.M. Ma-
XMYTOBBIM [7]. MoaenupoBaHHe KOJIECHBIX IBIKHTEICH, paOTAIOLIHX B KPHTHMECKHX
YCIOBHAX 3KCILTYAaTAUHH, ObU10 mpeameToM Hecneaosanud B.IT. Llapesa [8], n Tamoke
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VYHTBIBANOCH ABTOPOM NMPH MPOBEICHHH CPABHHTCIBHBIX XAPAKTCPHCTHK PANTHYHBIX
KOJICCHBIX JABIKUTENCH.
Ho ykazaHHbBIC HCCIEIOBAHHA MPOBOIWIHCH MHOO 111 HCMOMB30BAHHA KOJIEC-
HBIX JIBI)KHTENEH B YCIOBHAX 3eMIH A4 paboThl B CEIBCKOM XO3AHCTBE HIH B TOPHBIX
YCIIOBHAX.
Hcnonp3oanue pa3paboTku

JIyHOXOABI CTANH MEpBOil PaSHOBHIHOCTHIO JIYHHOTO TPAHCTOpTa. COBETCKHE
JYHOXOIBI NMPEIACTAB/LIOT COOOH MONHOCTBH) AaBTOMATH3HPOBAHHBIC CPEACTBA NEpe-
MCIICHHSA. YNPABIIEMBIC ¢ 3eMIM. Y aMEPHKAHCKHUX JYHOXOAOB BOIMTEIAMH ObLIH
KOCMOHABTHL. B gampHekIIeM B X0A¢ 0CBOSHHA JIyHBI NPEANOIAracTCa CO3IaTh CaMble
PazHOOOpasHBIC CPEACTBA MEPEMEIUECHUS, CIOCOOHBIC NEHCTBOBATD B YCIOBHAX MOJHO-
ro BaKyyMa. OCJa0NeHHOM TAKECTH H Pe3KHX KoJeO0aHHH teMnepatypbl. PaccMOTpHM
HEKOTOPbIC H3 ONMYOIHKOBAHHBIX 3apy0eiKHBIX NMpoeKTOB, IIpeskae BCero, MoMUCPKHY.
4YT0 H B JANbHEHINEM MpPEANOJIAracTCs HCMOJAb30BaTh B JIYHHOM MHpPE JBIKYLIHECS
annapatbl JBYX THIOB. aBTOMATHYECKHE CaMOIBILKYINHECA NAaGOPaTOPHH. OCHALICH-
HBIE HCCNSAOBATEIbCKOM ammapatypoi 1 HccnenoBaHua JIYHBI, H TPaHCTIOPTHBIC
CPeacTBa, MPETHASHAYCHHBIC 1A nepeMeleHuH mo JIyHe. B yCnoBHAX 00Mer4eHHOTO
BeCA BHINJAT MEPCHEKTHBHBIMH H NMPBITAKINME JIYHHBIC ammapatel. Crabummsanus
MPH MPEDKKAX 00€CIeMHBACTCA CNEMHATBHOH THPOCKONMMMECKoH cucremoif. [pemraro-
LIHE ANMNAPATHI, OYEBHIHO, OCOOCHHO XOPOLIH TAM, ¢ MPIATCTBHA (KPYIHBIE CKAMBI
I T.IL.) MEIIAKOT NEPEMEIUATBCA HHOMY JIYHHOMY TPAHCIIOPTY.

Eie opurHHANBpHEe CAMOIBHKYILHICA AMNAPAT CO CHEPHHMECKHM KKOJISCOM.
31a cepa H3 CeTH METAJUIYECKHX 00pydei coeqHHeHA ¢ KAOHHOH C MOMOLIBIO Kap-
JAHHBIX MOABecOB. OCHOBHOI JABHIATEINh B 3TOM JIYHHOM Be3ICXO0IE, HAOMHHAKOLICM
3EMHOE «IEPEKATH-NOJNIE», PAKeTHBIH. OH CO3JAET TATY, 3ACTABILIOILYIO Be3JeX0] Ka-
THTBCA B HY KHOM HANPABJICHHH. JIpyrHE PEAKTHBHBIC ABHIATENH YIIPABIAIOT MONOKE-
HHEM KAOHHBI H MOTYT TAICKS HCMOJIB20BATBCA M1 VACPKAHHA BEIEX0JA HA CKIIOHE
KaKoli-HHOY b MyHHOI ropel. ECTB B 3TOM Be3aex0me M JNCKTPHHMECKHE JBHIATEIIH,
YIPABIAIOIINE KAPIAHHBIMH moapecaMu. BricOkan MAHCBPEHHOCTH H MPOXOIUMOCTD,
BEPOATHO, CACMAIOT CEPHUECKHE BE3NEXOABI CaMBIM MOMYJAPHBIM BHAOM JYHHOTO
TPaHCTIOpTa.

Cpeau MepCEKTHBHBLIX MOACNEH JIYHHOTO TPAaHCNOpTA o0pallarT Ha cefs
BHHMAHHE CAMOXOJIbl ¢ OTPOMHBIMH HATYBHBIMH OaIOHAMH. JTH HAAYBHBIC 3JICMCH-
Thl KOHCTPYKUMH YMCHBILIAKT JABICHHE aNNapaTa Ha TPYHT H TEM CaMBbIM O0JIEr4arnT
€ro MePSMELICHHE IO Ty HHOH MOBepXHOCTH. OCHOBOH anmapara CITy KHT HHIHHAPHIC-
CKHIl KOPIYC. KOTOPBIH B TO K€ BPEMs ABIACTCS OCHIO HATYBHBIX KoJiec. B 310H ocH
Pa3MEILECHBI FEPMETHUCCKH H3OJHPOBAHHBIE OT BAKYYMa OTCEKH JUIA 3KHIAKA, aNnapa-
TYPBI, CHCTEM JKH3HEOOECTICUEHHS U ynpaBieHHA. Kopnyc anmapara cTa0HIH3HPOBAH.
a KOJieca KPYTATCA OTHOCHTEIILHO HEero. Ha KOHLAX OCH pa3MEILICHBI JBA PEAKTHBHBIX
ABHTaTed, 00eCNeHBAOINME MATKYE) MOCAAKY 3TOro Be3Aexona Ha JIyHy. 3aTtopMa-
JKHBAsA OJHO KOJIECO OTHOCHTENBHO IPYTOro, MOYKHO MAHCBPHPOBATH HA JYHHOH mO-
BePXHOCTH [9].

Jna BCeX DAHHBIX MPEIIKEHHI HEOOXOIMMO BHIOPATH ONMTHMANBHBIH JBH-
JKHTEJTb, YTO H ABIAIOCH LCHBIO MPOSKTA.

Bu3HEC-NPHBIEKATENBHOCTE Pa3padoTKH

3aMenyuBIICECS PA3BHTHE KOCMHYESCKOH TeXHHMKH mocnie 1970-x roaoB He
NO3BOJIET AYMAaTh, YTO KOJOHH3ALHA KOCMOCA — NIETKO JOCTHXKHMAA H BO BCEX CITy4Ya-
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AX ONMPABIAHHAA Ueb. B cuiy cBoeit OiH30CTH K 3emie (TpH JHA MOJIETa) H J0CTATOM-
HO XOpOIIeH H2yMeHHOCTH TAaHAmWADTA, JIyHA yKke JABHO PACCMATPHBACTCA KAK KAHIH-
JAT A MECTA COIAHMA MEJIOBEYECKOH KOMOHHH.

Ho xoTA COBeTCKHE H AMEPUKAHCKHE MNPOTPAMMEI HCCICOOBAHHA Jly-
HBI MPOISMOHCTPHPOBAIIM NMPAKTHMECKY IO OCYILECTBHMOCTD MONETA HA JIvHy (Ovayuu
IPH STOM OYSHb JOPOTOCTOALHMH MPOSKTAMH), OHH B TO K& BPeMA OXJAJHIH IHTY3H-
a3M COIAHHUA JTyHHOMH KOJIOHHH. 31O OBLIO BBHIZBAHO TEM, MTO AHAMH3 0OPALOB MBUTH,
JAOCTABICHHBIX KOCMOHABTAMH, MOKA3aJl 04SHb HHU3KOE CONCP/KAHHE B HEH NIETKHX ie-
MEHTOB, HEOOXOAMMBIX JJIf1 OAACPKAHHS JKH3HOOOSCIICUEHHES.

HecMoTpa Ha 3TO, ¢ PasBHUTHEM CPEICTB KOCMOHABTHKH H YACIUCBICHHEM
KOCMHUECKHX NONETOB, JIyHA NMPeACTAaBIACTCS NEPBHYHBIM O0BEKTOM JJI1 OCHOBAHHS
Oazpl. Jlng yuéHBIX JIyHHad 0aza ABIACTCA YHHKAJIbHBIM MECTOM MM NPOBEACHHA
HAYUHBIX MCCICAOBAHHH B OONACTH IUIAHETQUOTHH, AaCTPOHOMHH, KOCMOJIO-
THH, KOCMHYSCKOH OHONOTHH H APYTHX AUCUHIUIMH, VI3y4yeHHE JYHHOH KOPBI MOMKET
Jath OTBETHl Ha BakHelimMe BOMpPOCHl 00 00pa3oBaHHH H JanbHEHIICH 3BOJIO-
e COoNHEYHOH CHCTEMBI, CHCTEMBI 3eMs —JIyHa, MOABNCHHM SKH3HH. OTCYTCTBHE
atMocgephl U 60J1ce HH3KAsA TPABHTALHS MO3BOJMIIOT CTPOHTh HA JIVHHOMH NMOBEPXHO-
CTH 00CEPBATOPHH, OCHAIEHHBIE ONTHYECKHMH H PaJHOTEICCKOMAMH, CMOCOOHBIMH
MOJIYYHTh HAMHOTO OONee JeTambHble H METKHE H300pKEHHA yIATIEHHBIX 0OMACTei
BceneHHOM, YeM 3T0 BO3MOKHO HA 3eMIe, a 0O0CIYy)KUBATh H MOJEPHH3HPOBATH TAKHE
TENECKOMEI TOPA3I0 MPOLIE, MEM OPOHTAIbHEIE 00CEPBATOPHH.

JIyHa 06nagaeT H PasHOOOPA3HEIMH MOJIE3HBIMH HCKOMAEMBIMH, B TOM MHCIIE
H UCHHBIMH I MPOMBIIICHHOCTH METAUIAMH — JKENe30M, AMIOMHHHEM, THTAHOM;
KPOME 3TOr0, B MOBEPXHOCTHOM CJIO€ JIYHHOTO IPYHTA, PTOJIHTE, HAKOILIEH PeAKUET HA
3eMie H30TON renuii-3, KOTOPBIH MO)KET HCIOJB30BATECA B KAYSCTBE TOIUTMBA A
NMEPCIICKTHBHBIX TEPMOAJCPHBIX PEAaKTOpPOB. B HACTOMALIEE BpeMA HAYT paspaboTku
METOJHMK MPOMBILIICHHOTO MOMYMEHHA METANUIOB, KHCIOPOJA H IelHA-3 H3 PErojiuTa;
HAHJEHBI 3271EKH BOIAHOTO JIbJA.

InyGoxuii BAKYYM H HANHMHE JSWEBOH COJTHEYHOH IHEPTHH OTKPHIBAIOT HO-
BbIC TOPHOHTHI A EKTPOHHKH, METALTYPTrHH, MeTAIIO00pAbOTKH H MATEPHANIOBR-
JACHHA.

DaKTHYECKH YCIOBHS A1 00pabOTKH METANIOB H CO3TAHHA MUKPOYICKTPOH-
HBIX YCTPOHCTB Ha 3eMJie MEHee OJIarOMpHATHBI H3-32 GOJBIIOTO KONHYSCTBA CBOGOI-
HOTO KHCJIOpPOAA B aTMOC(epe, YXYIIAKIIETO KAUeCTBO JIHThS H CBAPKH, JCNAKOIIETO
HEBO3MOJKHBIM MOIYUCHHE CBEPXYHCTBIX CIUIABOB H MOJJIOKEK MUKPOCXEM B GOJBINHX
o0péMax. Taike NPeNCTABNACT MHTEPEC BBIBSACHHE HA JIYHY BPEAHBIX H OMACHBIX
NPOH3BOACTE.

JIyHa. Gyarojaps CBOMM BMICUAT/MIOLINM JIAHAMA(GTAM H 3K30THYHOCTH, TAK-
€ BBINLIIHT KAK BEChbMA BEPOATHBIH OOBEKT JUIM KOCMHUECKOTO TYPH3MA. KOTOPBIH
MOJKET MPHBJICUb SHAUHTENBHOE KOJIHYECTBO CPEICTB HA €€ OCBOSHHE, CMOCOOCTBOBATh
MOy JMPH3ALME KOCMHUECKHX MYTCIISCTRBHIL, 00CCIe HBATH MPUTOK JEOACH 111 OCBO-
€HHA NVHHOH moBepxHoCcTH. KocMmMeckuii TypusMm OvaeT TpeOGoBaTh OnpeIeaéHHBIX
HH()PACTPYKTYPHBIX peiieHuil. PazBuTHE HHOPACTPYKTYPHL B CBOK ovepeab, Ovier
cnocobCTBOBATEH HoNee MACIITADHOMY MPOHHKHOBEHHIO YSIOBEYCCTBA HA JIVHY.

Hupexrop UucTuryTa kocMuMecknx uecnenopanuii PAH JILM. 3enéubrii cun-
TAET, YTO MPHIOIAPHEIE 00NACTH JIVHEI MOYKHO HCIIONB30BATH AIA PASMELUCHHA POC-
CHICKOH HITH MEXK Iy HAPOIHOIH HAy“HOH 6a2w1 [10].

TocymapcTBenHas kopnopanua «POCKOCMOC» HE IUTAHHPYET MoaéToB Ha Mape
B 0003puMoM OyIyiieM, BMECTO 3TOr0 MpEeamoOMHTas COCPeIoTOMHTHCA HA Gonee pe-
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ANBHBIX BAPHAHTAX. B kavecTBe OCHOBHO# LeH B 0003pHMOM Oy IyIIEM YCTAHOBICHO
HAMPABJICHHE Pa3paboTKH MHIOTHPYEMBIX NmojéroB k Jlyne. B CBA3H ¢ 3THM mpogos-
yaercda paboTa HAZ pasBHTHEM CYILECTBYFOLIMX KOCMHMECKHX CPeACTB, ¢ MOMOLUBIO
KOTOPBIX MOABHTCA BO3MOKHOCTb OPTAHH30BBIBATH MOJIETHI H BHICAAKY HA JIVHY.

B paMKax DAHHOTO HAMPABICHHA MPOJODKAETCA TeCHOS COTPYIHHYECTBO C
NASA B HaCTH BO3MOKHOCTH PRAMH3ALHH OVIVILHX COBMECTHBIX NMPOEKTOB, KACAKO-
LIHECA OCBOCHHA JANBHETO kocMoca [11].

TakuM 00pasoM. HCCNEIOBAHHE BO3MOMKHOCTEH NMPUMECHCHHA KOJNECHOTO Me-
TAUIOYNPYTOrO ABHKHTENA ABIACTCS MEPCTICKTHBHBIM HANpPaBICHHEM, KOTOpoe OyaeT
BOCTPe0OBAHO B MPOLIECCE Pa3BHTHA HE TONBKO BOSHHO-KOCMHYECKOH OTPACiH. HO H
TOProBO-NPOMBILIJICHHOTQ HANPABICHHA SKOHOMHKH.
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AnnoTanps: TIpakTideckasd 3HAMMMOCTE PaGOTHI COCTOMT B OLIeHKE 3(PheKTHBHOCTH
HCTIONB30BaHMA ONPEAICHHOH (OPMBI CTYITHH IIATOX0Ja B PA3HBIX BHIAX Ae(GOPMHPYIOILETocs
TPYHTa € LENEIO MOBEIUeHH] 3(hdeKTHBHOCTH LIaraioieit MalmHel. Belia H2yueHa H NpoaHATH-
3MpOBaHa JTHTEpaTypa Ha TeMy «CTYIHS IIaroXoa». ¢O3JaHBl MAaKeThl CTYITHCH ¢ MOCISIYIO-
[IUM TPOBEASHHEM HCTIBITAaHMIA. $1 BBISICHIUL, UTO caMoH ONTHMAaIbHOH GopMol ¢TYIIHU OyIeT
KOIILITO KaGaHa, TAK KaKk OHO OKA3BIBAET HAMMEHEILeE JABRIEHHE Ha JebopMHUpyeMbIi IPYHT.
PesynmpTaTel MpOBEICHHBIX MHOH HCTIBITAHII NPEACTABNISHB! B BUAE IpadpHKoB. UTO MO3BOILIET
Gonee HarIBsIIHO 03HAKOMHTECS ¢ 3ToH TeMoit. PACCMOTpPEHBI NepPCIIeKTHREL IPAKTHYECKOTO MPH-
MEHEHHS [AraloIMX MAllH.

Kitouepbie ¢10Ba: maroxo, edbopMUpyeMELit [PYHT, JaBleHHe, ILTOIATE CTYITHH,
MPEUMYILECTBA [IAraroIlelf MAIHEL

Mecto Boinonaenns paborel. Padota ppmonteHa Ha 6aze kadeapsr “MHoroweneerie
['YCEHHYHBIC MAILMHB] 1 MOSWIBHBIE poSoTel” MI'TY um. H.3. BayMmana. HayuHbIi pyKoBo U~
Terb: Mankos KoneTanTuH FOpReBHY, KaH[, TeXH. HayK. JOLICHT Kadeap! “MHororeesbie
I'yCeHHYHEIE MAIMHEI 1 MOOHTEHEIE poboTel” MI'TY umM. H.3. BayMaHa.

Onucanue paspaboTku

B paznu4HBIX HCTOYHHKAX HMEKOTCA CCBHUIKH O TOM, YTO MEPBAd IUArAIOASA
MalMHA MOABMIACH e B 230 romy 1o PoxxaecTtea XpHCTOBA — 3TO Obla ACPEBAHHANL
Jomans ¢ nMoBo3koi (apTop JIto Banb. Kutaif). CaMble nepBhIc anmnaparhl — MIATAMOIIHE
MOBO3KH HJIH MEXaHHUYECKHE JOImaAH. OHH KOMHPOBAMM JBIKSHHE SKHBOTHBIX C IO-
MOIIBIO KECTKOH MEXAHHUECCKOH PIMAKHOM KOHCTPYKIHH. CxeMy HMEHHO TakoH KOH-
CTPYKIMH B 1663 1. oOHapyx#auia aHTmMiickas sxcneauuua B Agpuxe. KoHeuHo 3TH
MAIIHHBI JIHIIb HMHTHPOBANH IIATaHHE H He 00NajamH ajanTaluel K MOBEPXHOCTH
NIEPEIBIDKSHHIA.

B 1824 roay aurmmianuH Jlapua ['OpAOH MOCTPOHI TPEXKOMECHBIH NMAPOBOi
JAWTHKAHC CO CTMEIHANBHBIME «HOTAMH». M300peTaTenb MOUEMY-TO HE BEPHI B BO3-
MOJKHOCTH KOJIECHOTO JBIDKHTCIL. NO3TOMY H COOPYAHJ CHOKHCHINYIO CHCTEMY H3
LIECTH «HOT». C MPHBOAOM OT MapoBOH MamHHEL [IpH MOOUEpPeAHOM COMPHKOCHOBE-
HHH C JOPOTOH «HOTH» OTTAJIKHBANHCH OT Hee, COOOIAA IKHMAKY MOCTYNATEIBHOE
apuxenue [1).

B 1878 r. pycckum MaTeMATHKOM W MeXaHHKOM I1.JI UeGrpnueBrm paszpabo-
TaH 00pa’el TAK HA3BIBASMOH CTONMPOXOIAILEH WArAWeH MamuHEL, Mamunaa Yebpi-
LICBA MOKA3AJA MPHHUHMIHANBPHYIO OCYILECTBHMOCTh INATAIOLIETO VCTpoicTea [2]. B
CCCP »KCnepHMEHTH IO LATAKOIIHM MALUHHAM HAYATHCH HA pyOeske 70-x 80-x rooos
20 Bexa. B mepmox 1972-1975 rr. ObUmH CO33AHBI MPOTOTHIBI IIATAIILHX MALUHH —
pobotoB: B MHCTHTYTe MALUHMHOBEIEHHA AKATEMHH HAYK PYKOBOIHTEIH — AKAIEMHK
H.H. Aprobonesckuii, npodeccoprr ATl Becconor u H.B. YMu0B, B UHCTHTYTE MpH-
KJIATHOH MATEMATHKH AKKAJEMHH HAYK — PyKOBOIOHTENB nmpoekta [ E. OXouHMCKuHii,
B MI'Y — pykopoautess npoekta E A Jdepannn. [Mo3onee B 1975 r. Ha 6a3e »THX pas-
paborox cosmectHo ¢ MM um. M.B. Kenapmua AH CCCP u BHUMTPAHCMAIIL
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Obu1 co2maH GONBIOH HATYPANBHBIH MAKET IECTHHOTOM MALUHHBI, KOTOPas ObLIA CHo-

cobGHA HecTH uenoBeka. Macca MamuHbL 750 Kr., CKOpOCTh ABWKeHHA (0,7 KM/4, TPY30-

MOIBEMHOCTE 50 Kr, JopoHbni npoceeT 1,5 M. PaboTel Mo HCCNEIOBAHHIO LIECTHHO-

THX ANNAPATOB MPOBOIHIHCE H MPOIOJDKAIT MPOBOJATCA H B HACTOALICE Bpems [3].

PoGoTh! yKe JABHO HCHOB3YIOTCA B PasHBIX cdiepax ku3Hu. Lenp Moeit paboTsl uay-

YEHHE IATAIOIMHX MALUHH, TAK KAK OTPOMHBII MOTEHUHAN 2aJI0/KSH HMSHHO B LIATAKO-

KX poOoTax, OHH 001aTAKT HAHOOBIIEeH MAHEBPCHHOCTHIO. MOTYT NMOJHHMATHCA IO

CTYNICHAM, MPEOJONCBATh PBBl H paloTaTh TaM, INIE HE MOTYT NMPOHTH KOJNECa H Iyce-

HHIBL. 51 QUEHb 3aMHTEPECOBAICA 3TOH TeMOH M PEIUHMA Y3HATH O HHX QOJBINE. HO

NPEKAS PEIIHI BBIACHUT KAaKYH) CTYIHK) LIArOXQAa Jiydine BhIOparts. Bes unpopMma-

LA HA 3TY TEMY. UTO €CTh Cei4ac. oucHb pa3OpocaHa H He NOCTaTOuHO o0mupHa. U 4

nepen cobol MOCTaBHI 3a0a4y co0paTh H CHCTEMATH3HPOBATD 3TY HHOOPMaLHIO. a TaK

K€ TOMOJHHTD €€ THYHBIMH HCCJIEAOBAHHAMH.

Hayusnsle MeToABL. MpHMEHeHHRBIE B HTP:

I TeopeTuueckue

1) Tlouck M H3YUCHHE THTEPATYpHl, CTaTeH NO BHIOpaHHOH TeMe. BrutH moaoGpaHsI
MaTepHajibl H CTAThH MO TEME IMAralolMx poGoTOB. Tak ke ObIIH H3YUCHBI HE-
CKOJIBKO HCTOUHHKOB MOCBAICHHBIX PA3JIHYHBIM CTYIHAM JKHBOTHBIX TAKHX KAK:
CTYIHA YEJIOBEKA, KOMBITO JIOWATH, KOMBITO KabaHa.

2) Amnanmu3 v cuHTe3. Bed BRI nepevucneHHas HHPOPMALHA OBLIA MPOAHATH3HPO-
BAHA, CHCTeMATH3HPOBAHA H H2JIOKEHA B CTAThe. TAK ke moKe HTa HH(POPMALHA
NEPEHECEHA H3 CTATBH B TCOPETHYCCKYI0 HACTH MPOSKTHOH PaboTHI M B mOcnen-
CTBHH B MPE3CHTALMH, [JJ¢ OHA HeCKOJIbKO PAa3 PEIAKTHPOBANAC. TaK e MPOBO-
JUIACH CHCTEMATHZAUMA H AHANH3 TOH HHOOPMALHH, KOTOPYIO 4 MOJYYAN BO
BPeMiA CBOHX NMPAKTHHECKHX HCCIICIOBAHHIA

3) Abcrparmposanne. BeigeneHne CYLIECTBCHHBIX MPU3HAKOB H OTBICYCHHE OT He-
cywecTBeHHBIX. [TocTanoBka 22324 u ueneii HTP u ppracHeHHE OCHOBHBIX (DAKTO-
POB, KOTOpBIC BIWAIOT HA NMPOXOIHMOCTh CTYINHH INATOXOJA MO PA3HBIM BHIAM
rpyHra. Byner mu croma ¢ HauGounpiuei niomwamapi0 OKA3bBATE HAUMCHBLICE JAB-
neHne Ha rpyHr? CymecTBeHHble (PAKTOPHI IUIOWADb CTYMHH, MACCA TPy?a,
YCTAHOBKU U JABJICHHE.

11 DMnupHuecKHe

1) Onsrr. Co3naHue MOASTH CTYMHEH. DKCNMEPHMEHT NMPOBOJMICA ¢ TPEMS BHIAMH
CTYNHEH: CTYMHA B ¢opMe Iapa. CTyNHA B (opMe KONbITa kabaHa, CTYMHA B (popMe
kombiTa Jomaau. Co3faHa CHEHHANBHAS YCTAHOBKA JUI HCMBITAHHA MOACNCH
CTYNHEH 1MAroxoja, H Jajxee MpOH3BOJHIHCh HCTIBITAHHE CTYMHEH mwaroxona. Jina
KaKAOTO HCIBITAHUE TOTOBHJCA OTACNBHO TPYHT. HaGop IPY30B HCHOJB3YEMBIX
NpH HCTBITAHHAX ObLT OHH.

2) HabmoneHHA M 3KCNEPHMEHT. IIPOH3BOAMIMCh HCIIBITAHHE CTYMHEH IIAaroxona.
Ja KaKZOre HCMBITAHHA TOTOBHIICA OTACHBLHO IpyHT. Hafop rpy3oB ucnommsye-
MBIX TPH HCOBITAHHAX OBUT OAUH, IIPOHIBOJHIINCH B3BEIHBAHHA YCTAHOBKH, 3a-
MepPbl MOTPYKEHHA PAa3HbIX BHIOB CTYNHEH B TPYHT MOI PA2HOM HArpy2koii. Pe-
IVIBTATHI HCIBITAHHH (PHKCHPOBAIHCE.

3) CpaBHeHHe M AHAMHM?. Pe3yabTaTHL, MOMYMCHHBIE ONBITHBIM NMYTEM, CHCTEMATHH-
POBAHEI H 3AHECSHBI B TAOIIHIIBI 111 CPABHEHHSA H AHAIH?A.

III MaremaTuyeckue

1) Pacuersr IMpoussegensl pacveTH ¥aeasHOrO JapneHusa mo dopmyne: p=F/S no
KOKIOMY BHIY CTYIHH IIATOXOJA.



2) TMocTpoeHue guarpamm 1 rpadukoB. osyyeHHble pe3ynbTaTbl UCMbITaHUIA Npes-
CTaBNeHbl B BUAE AnarpaMmm v rpavkoB OTAENbHO MO CTyMHe B Bue Liapa, Ko-
MbiTa KabaHa 1 KoMbITa fowwaap.

3) 0606weHMe. MpoaHanM3MpoBaHbl Pe3y/bTaTbl MPaKTUYECKMX WCCNefOBaHWA
onbiToB. CAenaH BbIBOA: NYYLUMMU MOKasaTesiMym 061afaeT CTYMHS Luaroxoga B
(hopme KoMbITa kabaHa. PasHuua Mexay pesynbTaTaMy UCCNefoBaHWn BO3HUKAET
13-32 YBE/IMYEHUs NJIOWaanM CTYMHU W B MOCNEACTBAM YMEHbLUEHWS AaBneHus
YCTaHOBKM Ha FPyHT.

MepeyeHb 3KCNEPUMEHTAIbHOW TEXHWUKMW, MPUMEHEHHOW NpW BbIMONEHUN

HTP: co3gaHbl MakeTbl CTYMHW LLAroxXo4a B Bue Lwapa, KOmMbiTa fowwaau, Konbita Ko-

6aHa, co3faHa yCcTaHOBKa [/19 pa3MeLLeHns rpysa, B kayecTse rpysa ucnonb3osanach Y

OrHeynopHOro KMpnuya, NOAroTOBKa PasHbIX BUAOB FPYHT (MECOK, CnaboyBnaXHeH-

HbIiA MECOK, CMeCb MecKa W FMWHbI B pasHbIX NPOMOPLUUAX U CTEMEHU YBNAXKHEHUS),

B3BELUMBAHMSA YCTAHOBKWM W Fpy3a MPOM3BOAUAUCL Ge3MeHOM, FybuHa Morpy>KeHus

CTYMHW B FPYHT M3MepANach C MOMOLLGHO JIMHEKN.

MpreMbl MHXEHEPHO LeATeNbHOCTH:

1) MpoBogunuch cneupanbHble pacyeTbl MpW CO34aHMKN YCTAHOBKM AN UCMbITaHWS
CTynHeii. [anee npoucxoamno eé NpoeKTMpOBaHWe W CO3LaHue.

2) bBbinnm NpoBeAeHbl pacyeTbl MIOLWAAei CTYMHER, AaBNeHWUS KaAoW CTYMHW Ha

FPYHT Npy pasHbIX BUAax Harpysku

3) Co3gaHue cpaBHWUTENbHbIX Tabnuy, rpadukos, AuarpaMmM Ha OCHOBE NpOAenaH-

HOVi pab0oTbl, YNOMWHABLLMXCS BbILLE.

AHanM3Mpys CyLLeCTBYIOLME BUAbI ABVXMTENEA, MOXHO 3aMeTUTb, YTO HeT
HU4ero 60/ee COBEPLLEHHOrO, YeM MPUPOAHbIE cuCTeMbl. MeHs 3aMHTepecoBas BO-
Mpoc, YTO MO3BOMISIET OfIEHI0 NPEOAO0/eBaTh TOMKME 6010Ta U CKOMb3KUIA CHEXHBbIN
HacT - 3TO LUMPOKMe KonbiTa. [py CONPUKOCHOBEHWMWU CO CHETOM WK TOMKWUM FPYH-
TOM, OHW LUMPOKO Pa3ABUraloTcs, yBenuyvBas nnoladb onopbl, y Bepbiogos, nay-
LLMX MO NYCTbIHE LUMPOKWE KOMbITA, 3HAYMT, CTOMA C HaMbO/bLUEN NIOLWaAbI0 OMOopbl U
6yneT 006nagaTb HavMeHbLUMM [aBfieHMe Ha [FPyHT, a CnegosaTesbHO 06n1afath
HauyyLWMMKU NoKasaTensaMu. 3TOMY 5 1 NOCBATWII CBOM UCCNef0BaHuA. S n3yuun mMa-
Tepuasibl O BCTPEYAIOLLMXCS B OKPY>XKAtOLLE cpede CTomax: CTOMa 4YefioBeka, sana
MJIEKOMUTAIOLLMX, KOMbITO XMBOTHOro[4] (PucyHok 1).

- TREPA0E porosoe 06pasoBaHUe BOKPYT
ANCTANIBHBIX NMAJIBUEBBIX
dananHr KONbITHBIX M/IEKONMHUTAIOLMX

- C'l')’llHll IlHﬁU BCH KOHEMHOCOTH y Ht'K()'l‘(')Pth
MJIEKONHTAWMX. B OCHOBHOM GhIBaeT MIIrKumM
OKOHYAHHEM KOHEYHOCTH.

- AMCTaAbHBIH (JaTbHKWI) OTAEe KOHEeYHOCTH
CTONOXOASLMX HETBEPOHOIMX, Npeacrasaser coboi
CBOJI, KOTOPbBIH HEMOCPEACTBEHHO CONPHKACAETCS C
HUIKL‘PXII(,)(_"l'hll) 3CMIITM M L‘A‘Iy)l(ll'l' (lll()p()" llpH
CTOSIHMH ¥ TIEPEABIKEeHHH.

PucyHok 1 - KonbITo, Nnana, cTona yesnoBeka



B xofe npakTuyeckux paboT 6bln co3faHbl YEPTEXU U MaKeTbl pasHbIX BU-
0B cTynHel waroxofa (PUCYHOK 2), a UMeHHO, B opme wapa (PUCyHOK 4), KonbiTa
nowapgun (PucyHok 5) u KonbiTa kabaHa (PUCYHOK 6).

PucyHok 2 - Co3gaHue MakeTa CTYMHW LIaroxoaa

MoouepefHO roToBUACA TPYHT B éMKOCTK (Ta3): 1. MunHa: a) He yBNaXXHeH-
Hasa (0% Bnaru), cnabo yenaxHénHasa (10% Bnaru), yBnaxHeHHas (20% Bnaru); nepe-
yBnaxHeHHas (40% Bnaru); 2. MNecok: a) He yBNaXHeHHbI# (0% Bnaru), cna6o yBnax-
HEHHbI (10% Bnarun), yBnaXHeHHbIn (20% Bnaru); nepeyBnaXHeHHbIW (40% Bnaru);
3. Cwmecb (75% rnnHbI+25% necka): a) He yBnaxxHeHHasa (0% Bnaru), cnabo yBrax-
HéHHas (10% Bnaru), yBnaxHeHHasa (20% Bnarun); nepeysnaxHeHHas(40% snaru); 4.
Cwmecb (50% rnnHbI+50% necka): a) He yBnaxHeHHasa (0% Bnaru), cnabo yBAaKHEH-
Haa (10% Bnaru), yBnaxHeHHan(20% Bnaru); nepeybBnaxHeHHas(40% Bnaru); Cmecb
(25% rnnHbI+75% necka): a) He yBnaxxHeHHasa (0% Bnaru), cnabo yenaxHénHasa (10%
Bnaru), yBnaxHeHHas (20% Bnaru); nepeyBnaxHeHHas (40% Bnarn).

B kauecTBe rpysa ucrosb3oBaHa 4acTb KPacHOro OrHeymopHOro Kupnuya.
MpousBefeHO B3BelLMBaHWe rpy3a U YCTAHOBKW 6e3MeHOM: Macca rpysa pasHa 1,2 Kr;
Macca ycTaHOBKM paBHa 0,6 Kr. MakeT nooyepéaHo norpyxasncs B rpyHT, CBepxy pac-
nonarascs Ha ycTaHoBKe OfJUH rpys3, ABa, TPWU rpys3a, TO ecTb MOCTENeHHO yBe/nnymnsa-
nacb macca Harpyskum oT 1,8 kr go 5,4 kr. PaspaboTaHHass MHOK yCTaHOBKa U ¢par-
MEHT 9KCMNEPUMEHTA, NOrPY>XXEHUSA CTOMbI B FPYHT MpeAcTaBeHbl HA PUCYHKe 3.



PucyHok 3. Torpy»eHue B rpyHT CTYMHW B BUAe LIapa

PucyHoK 4 - YepTéx cTonbI B (hopme Luapa

C nomoLLblo NMHeRKN i NPOU3BOAWA 3aMep TNYGUHbI cnefa oT CTynHeld. Pe-
3ynbTaTbl UCCNEA0BAHMA NPUBeAeHbI B rpadinkax (PUCYHKM 7, 8, 9):
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4.50 1 rpys
4.00 77 norpyxeHue
3.50 A : 7 B FPYHT (CM)
3.00 N~ 7
2.50 " — f
2.00
150 —fa\ '/ A\ i\
1,00 +— — 2 [Py3a
0,50 ==& norpy>eHue
0,00 e et et e pot it e o o e ot e et e Oy i et i BrpyHT (CM)
& @ 2 2 D D D
¥ & o S e
’be"é\ & & Q«“’b & v\q, & v\f’ Qe}@ v\:\
2 .&’0 ,\c,df@ d}é‘ ‘)Q"\@ &é' ‘,‘(5‘“ ‘}x&o
‘@Q & X X x
*Q* _g:b S N 3 rpysa
R S & é'c;b"z" & @Qg“ & ss»‘& Morpy>eHue
s Vb & &g S B FPYHT (CM)
Vv &9 A
VNS NS
& ) & & )
& &S

PUCYHOK 7 - Pe3ynbTaTbl MOrPY>KeHWsi CTYMHW B (hopme Luiapa
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PYCYHOK 9 - Pe3ynbTaTbl MOTPY>XEHUS CTYMHM B (hopMe KonbiTa KabaHa B rpyHT

MponsBeaeHbl pacyéTbl yaenbHOro fasaeHns no gopmyne: p=P/8[5]

Moe P=78 ,aw=wl+w?2 ,rge Tl-macca ycTaHOBKW; T2-macca rpysa
KonbiTo KoHA 8~10cm2 Llap 8=50cm2 KonbiTo KabaHa 8= 56¢cm2
p1=0,12(kr/cm?d p1=0,07(kr/cT2) p1=0,07(kr/cT2)
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p2=0,2(xr/cm?) p2=0,17(xr/cm?) p2=0,16(xr/cm?)

p3=0,28(xr/cm?) p3=0,25(xr/cm?) p3=0,23(xr/cm?)

BriBoa: B xoge mpaktideckux paboT ObUI0 YCTAHOBICHO, YTO CAMBIMH JTyV4-
LIHMH MOKA3ATEAMH 00JAJAeT CTYMHA WAroxoJa B opMe xompita kKadaHa, TAK KAk
OHA OKA3BIBACT CAMOE MEHBLICE JABICHHE HA TPYHT H, CIEIOBATEIBHO, OYIET pa3yMHO
HCIOJIB30BATh HMEHHO 3Ty (JOPMY CTYNHH LA WAroXoJa. PasHHIA MEXTy pesyibTa-
TAMH BOBHHKACT H3-32 YBIIHYCHHA IUIOIIAIH CTYIHH.

CpaBHEHHE ¢ CYIECTBYIOLIHMH aHAJIOTAMH

HIara}oume MALUHHEI M0 CPABHCHHIO C KOMECHBIMH H IryYCCHHMHBIMH MALUHHA-
MH HMEHOT P4l NMPEHMYIUECTB INEpen TPAJHUHOHHBIMH TPAHCMOPTHHIMH CPEeICTBAMH
NP JBHKCHHUH MO MOBEPXHOCTH CO CHOMXKHBIM PeMbe(OM. TAKHMH KAK NMPECeuéHHAs
MECTHOCTb. 3aBAJIbl, @ TAKKS BHYTPH 30AaHHH H COOPY)KCHHI, rA¢ HEOOXOAMMO mepe-
MEIATLCA MO JIECTHHIAM H Y3KHM KOPHUIOpAaM H INAXTaM. B OTIHYHE OT KOJECa HIH
TYCEHHIBI, HOTH MATarolIcii MAIIMHBI HE NEPEMEIIAROTCA 1O TPYHTY. @ NEPEHOCATCA Ha
HOBOE MeCTO. Baroaapa 3ToMy. MalllMHA MOYTH HE HCMBITHIBACT COMPOTHBICHHE Cpe-
ABl NPH NMEPEMEIUCHHH. UTO MPAKTHUECKH HCKIFOYACT MPOOYKCHPOBKY HAa MECTE. H BO
MHOTHX CNy4YafAX MO3BOJAET O0OHTHCH O¢3 IpyHTO3aUEnoB. B crmydadx. korna xkena-
TENBLHO HIH HEOOXOMHMO. UTOOH CJIEN OT ONOP LENeBoi MOOHIbHOMH MIaTGOpMBI HMEN
JUCKPETHBIH XapakTep, AOCTOHHYIO 3aMEHY IIATaroIUeH MAlIHHE HAWTH HEBO3MOMKHO.
B HeH HCNOMB3YIOTCA, 3AIOKCHHBIC B NMPHHIMIEC IIATAHHA. BO3MOXKHOCTH Pa3BA3KH
JABHJKSHHA KOPIYCa MAIIMHB OT ONMOPHOH NMOBEPXHOCTH, YTO YMEHBINACT I'YOHTEIBHOE
BO3JEHCTBHE HA IUIOOOPOIHBIH CNOH 2eMIH NPH JBIKCHUH. 3TH 0COOEHHOCTH MALIH-
HbI C IIATOBBIM JBHYKHTENIEM MOTYT OBITB BOCTPOOOBAHBI MPH CO3IAHHH CEIILCKOXO34i-
CTBEHHEIX poboTOB [6].

Hcnonpszoanue pa3paboTku

TpaaHLHOHHBIC KONICCHBIC H I'VCEHHYHBIC TPAHCTIOPTHBIC MAIUHHBI OCTABILKOT
3a cO0O0H HEMPEPLIBHYIO KOJICHO, TPATA HA 3T0 3HAYHUTEIBHO GOJBLIVIO SHEPTHIO. YeM B
CHyuac MEpeABHKSHHA LIAraMM, KOTAA B3aHMOJCHCTBHE ¢ IPYHTOM NPOHCXOJHT TOMb-
KO B MECTax ymopa cron Hor. IToMHMO 3Toro mararommii cnocol nepeaBWKeHHS 00-
nmazaer u Gompei MPOXOIHMOCTEIO HA MIEPECEUCHHOH MECTHOCTH BIUIOTH J0 BOZMOK-
HOCTH NEPEIBHIATHCA MPBDKKAMHE, MPEOJONIEBATh NPenATCTBHA H T.1. [Ipu maraomem
Cnoco0e MEHbLIE PA3PYILACTCA TPYHT, YMTO, HAPHMED, BAYKHO B TYHIpPE. TaKue MALIH-
HBI NPEJNONATaeTCAd HCNOJB30BATh, HANMPHMEP, M1 PEMOHTHBIX pPaboT HA ¥4aCTKAX
HepTe- H razompoBOIOB, MPOJIKEHHBIX HA TPYAHONPOXOIHMOH TeppHTOpHH [7].
IMpennaraerca HCMOIB30BAHHE LATAKOIIHX POOOTOTEXHHYSCKHX KOMIUIEKCOB 1A ABA-
PHHHO-CIIACATENBHEIX PAOOT B 3KCTPEMANBHBIX YCIOBHAX H JMHKBHIALHH MOCIEICTBHI
MPHPOJHBIX H TSXHOTSHHBIX KaTtacTpod [8]. Mmeerca onbIT mpoBeOeHHA ¢ MOMOLUBHY
LIATAFOLUMX MALUHH PEMOHTHO-BOCCTAHOBHTENBHBIX PAOOT HA OMHCTHBIX COOPYIKEHHAX
MPOMBILLICHHBIX MpeanpuATHii [9]. Bo3MOKHO NMPHMEHEHHE LIATAIOIIHX ANNAPATOB B
BOGHHBIX LENAX, M TPAHCMOPTHPOBKH TPY30B, KOHTPOJIA MOCIEICTBHH AIEPHOTO,
XHMHUECKOTO H OHOJIOTHUYECKOTQ HAMAACHHA, Pa3BSAKH, TOCTAHOBKH JHIMOBOH 3aBECHL,
pas0opkH paspyLICHHH 37aHHH H MPOBEACHHA CHACATE/BHBEIX ONepauuii B ropojax
nocne sacpHoi SoMOapAUPOBKU WIH CTHXHIHBIX OeacTeuii. Ilararmue MaIIiHHEL He-
3AMEHHMBI JUI1 OHCKA H PAa3MHHHUPOBAHHA MHH, JJI TYIUCHHSA JISCHBIX NMOKapoB. -
(peKTHBHEI IIATAOIIHE MAIHHBI B CEILCKOM XO3AHCTBE A1 NOJHEa noje [10].
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BuzHeC-MpHBICKATE TIBHOCTD Pa3paboTKH

BriGop onTHMANBHOH CTONBI IIATOX0JA MO3BONAECT SHAUMTENBHO CHH3HTH 3a-
TpaTel 3HEPIHH HAa XOABOY, Tak kK& YMCHBIICHHE JABJICHHE INATOX0AA HA TPYHT
YMEHBIIACT pa3pylIaroliee NeiiCTBHE MIArOXOAA HA MOUBY. T€M CaMBIM Jenad ero 6o-
Jiee SKOJOTHYHBIM [11].
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3D PYUKA, TIEHATAIOIAA JIET KOTVTABKHUMI METAJTTAMH

XuwmkeBid AHacracusa CepreeBHa
Kpacuooapexuit kpaii, 2. Apvasup, MEY JOJ « JHTT» 2. Apmasup, 9 kaace
khilkevich-viltorijal@rambler.ru

AHHoTAUA. BO3MOKHOCTE MEUaTH METAIAMH JaBHO Gy Iopaxiia YMBl (aHTacTOB U
YUEHEIX BO BCEM MHpe. DTO KazaIoCh YeM-TO PaHTACTHUECKHM, HePealbHEIM, HeJOCTIDKHMEIM B
omokaiiiem o6o3pumom GyayieM. OJHAKO B COBPEMEHHOM MHpe 3D-mevaTe MeTanoM yike
HMKOTO He YIUBIACT H pacCMaTPHBACTCS KaK OJHa M3 HauGollee MEPCHNEeKTUBHBIX TeNHOIOTHIA
TexHuMeckoro nporpecca [1, 9, 10].

Knwuesbie cioa: 3D-nievats, 3D-pyuka, «TpeXMepHas IIeYaTh», IBTEKTHKA,

MecTo BoINoaHeHns padoTbr: paGoTa BemonHeHa Ha Gaze MBY JTOJ «llentpa jer-
CKOT'O (FOHOILIECKOTO ) HAYYHO-TEXHHYECKOTO TBOPYECTBa, I. ApMaBHp. HayyHbIi pyKoBOIHTEINE:
[MTvmimcy EBrenit ManenoBuy, 2apeayronnii naGopatopueii ITHTT, moyerHsii paGoTHK obpa-
30BAHISL
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TToxonenna 3D-npHHTEPOB CMEHAXOT APYT OPYTra, HO NMPHHUMI HX PabOTHI
OCTAETCA MPEeKHHM. COMEPEIHBIM TEXHOJNOTHMECKMM mpopeiBoM B obnactu 3D-
MOJEMPOBAHHA B MPOCTPAHCTBE ABIATCA 3D-pyyka. 3T10T ramkeT Hveer HeGobIune
pazmepsl, HamoMuHAeT B padore FDM-npuurep. Pyuka nmogaepasaer OpICTPYIO 3a-
MEHY HHTH, MOYKHO HCMIOJB20BATh MIACTHK ABS mmun PLA. 'maBHoe OTmHMHE TAKOH
pyukH — ee Hebonpwoi Bec (0T 40 r), IProHOMHMHAA KOHCTPYKUMA, JOCTYIHAA LEHA
(2000-2300 py6.) [2].

210 - anekTponpuop (padoTacT OT Po3eTKU ¢ 220v). HO HEKOTOPbIC YCTPOH-
CTBa QCHALICHHI MEPe3apOKaArIUMECA 0aTapeaMHu.

Paznuuarot cneayroume BUas! 3D pyuek:

-  XOJOJHBIC (MeMATAOT OBICTPO 3ATBEPICBAIOIMME CMOJIAMH — (POTONOJIH-
MEpaMH). YCTPOHCTBO HE COJCPIKHT HATPCBATENLHBIX JMEMEHTOB, (POTOMONIHMED 3a-
TBEPOCBAET MOJ, BOZICHCTBHEM BCTPOSHHOTO HCTOYHHKA YIBTPA(HONCTOBOTO CBETA.
PaboTaroT 0T AKKYMy TATOPHBIX GaTapeit,

— TOpAUHE (HCMOMB3YHOT PAsIHYHBIC MOMHMEPHBIC CIIABHI B (JOPME KATYLICK
C MIACTHKOBOH HUTBIO). [TpHHEIHT paboTel ropsueii 3D pyyKH 3aKIOYACTCA B TOM, YTO
B 33IHIOK) UaCTh KOPIYCa B CTNCLHANBHOS OTBEPCTHE 3aNpPaBIACTCA IIACTHKOBAS HHTh,
BCTpOCHHBIH MEXaHH3M aBTOMATHYECKH MOABOAMT HHTh K 3KCTPYJAECPY. TAC OHA pac-
MIABMIETCA H BBIIABIHBAETCA B PACIUIABICHHOM BHIE HAPYKY (4. 5].

B cBoeii HecnenoBaTembCKoil paboTe, MPoBEPAa BO3MOMKHOCTB MCHATH JIETKO-
MIABKHMH METAJLIAMH, MBI OCTAHOBHIH CBOH BBIGOp Ha 3D pyuke «Rovermate 3D art»
31

Pyuka «Rovermate 3D art» umeer LCD 3kpaH, HA KOTOpOM OTOOpAXKACTCH
TEMIICPATYPA; HMEET KHONKH PETYJIHPOBKH TEMIICPATYPHI HATPEBA H CKOPOCTH NMOJAMH,
PEKHM MOJAMH: IKCTPY3HA NOPAMEro PaciiaBl; PHCOBAHHE: TPEXMEPHOE (DOPMOBAHHE;
CKOpOCTh MOJAMH: peryviaupyerca. Ham BpiGop 00¥CIOBIEH TEM, YTO 3TA PyHvKa JOCTA-
TOMHO HATEKHA H HMEET MAIYEO CTOHMOCTB.

TpoH3BOIMTENH 3AABIIOT CISIYIOLIHE TEXHHMECKHE TAPAMETPDI

— HanpsKCHHE MHTAHHA: 9 BOJBT.

— moTpebmseMBlIi TOK: 2 aMmepa.

- motpedmieman MOWHOCTE: 18 BarT;

— Temmeparypa Harpesa: 60 — 230°C:

- nomumepHas Huth 1,75 mMm: ABS/PLA.

Auanazon goctynueix Temneparyp 3D pyvukn «Rovermate 3D art» oqHO3HAM-
HO ONPEIEIHI B KAYSCTBE PACXOJHOTO MATSPHANA CILIAB OJIOBA CO CBHHLOM B JBTEK-
THEE [7-9].

3BTEKTHKA — COCTAB CMECH ABYX H 00J€e KOMIOHEHTOB, IUIABALHHCA IPH
MHHHMAJIBHOH TEMIEPATYPE IUIABICHHA. 3TOH IBTCKTHMECKOH 30HE COOTBETCTBYET
cMech onoBa H cBHHLA [TOC 60 —TTOC 61, spmonnennoii mo F'OCT 21930-76 uT'OCT
21931-76 [6].

Brifop nmpumod, a He MPOCTO CMECh OJIOBA H CBHHLA OOYCIOBICHA TEM, UTO
KAHH(OJIb. HAXOIAAACA BHYTPH OJIOBIHHO-CBHHLIOBOH TPYOKH NpeaoTBpaiaeT obpa-
30BaHHE TUIEHOK OKHCEHf METAJIOB. JTH NMPUMOH HMEKOT TEMNEPATYpPY IUIABJICHHS IO
r'OCT 183°C [20].

Jra TeMneparypa XOPOIIO COrIAcyeTca ¢ JHATMA30OHOM TEMMEparyp 3ajdBJcH-
HOH py4KH.



OnucaHme paspaboTku

Hamu 6biin Ha HayasbHOM 3Tare BHeCeHbl KOHCTPYKTUBHbIe M3MeHeHus B 3b
pyuky «Koyertale 3B ait». [Npon3BogMTENN 33BN LMaMETP UCNOMb3yeMoro pac-
XO[HOr0 MaTepuana paBHbll 1,75 mm. Bawkaiiwwii gnametp npunos MOC-61 no
FOCT 21931-76 1,5 mMm. 310 MOTPe6OBa/I0 BHECTU KOHCTPYKTMBHbIE U3MEHEHWS B
MEeXaH13M Mofayu - HeobXxoAuMo YBENMUUTL AUAMETP MPUXKUMHOIO PosiMKa K 3ybya-
TOMY PO/IMKY.

Ilaara yapasJjenusi

PucyHok 1- YcTpolictBo 3B pyuku «Koyertale 36 aii»

JlabopatopHble MCMbITaHUA NOATBEPAVAN HALLe MPESMoNOXKEHNe O BO3MOX-
HocTy 3B nedyaTty NerkonnaBkUMM MeTaiiaMu ¢ NOMOLBH 36 pyyku, C UCNO/b30Ba-
HMEM pPacXofHOro mMatepuana; npunoin MOC-60 1 61.

B 1O >ke Bpems Obinn BbifeNeHbl CrefytoLme HeJOCTaTKuU:

- HW3Kas Npou3BOAMTENIbLHOCTL 36 MeyaTy fIerkoniaBKuMmn MeTaniamu ¢ no-
MoLLbio 3B pyuKuy;

- HEeBbICOKas MeXaHM4ecKas NPOYHOCTb BblIOpaHHOM Mogenn 36 pyuku;

- HM3Kaa ToyHoCTb 36 neyatu ¢ NomoLLbio 36 pyuyku.

O6Hapy>KeHHble HefoCTaTKM NOCTaBUAM Nepes Hamu HeoOXOAMMOCTb KOH-
CTPyMpoBaHus co6CTBeHHOW 3B pyyku. B HacTosLee Bpems NPOBOASATCA 3aBepLUao-
LLye UCMbITaHWSA, U3yYaeTCs MNaTEHTOCMOCOOHOCTb TEXHUYECKOrO PeLLEHNs aBTopa.

B xoge npoBefeHHON uvccnefoBaHns 6Obin pa3paboTaH cBoi cnocob 30-
MeyaTu NerkonaaBkMMy MeTaniaMu ¢ nomowbio 3b-pyuku; paspabotaHa U U3roToB-
NeHa 3b-pyuka, cnocobHas OCyLLecTBAATL NeyaTb NErKonaaBKumMm MeTainaMu.

lMNpakTuyeckas 3Ha4MMOCTb

3aKntoyaeTcs B TOM, YTO HaMu BrepBble 6Gblna paspaboTaHa 1 onpoboBaHa B AeCTBUN
TEXHONMOrMA MeyaTu NerkonnaBKMMM MeTannamy U UX CrjaBamy C WUCMoMb30BaHWeEM
30-pyuKu.

5VI3H€C-I'IpI/I B/IEKATENBbHOCTb

3aK/OYAETCS B TOM, YTO Fa/pKeT MOXKET 6bITb UCMO/b30BaH KaK B TBOPYECTBE, Tak U B
pa6oTe, TpebytoLLEel MENKOrO PEMOHTA C MOMOLLbHO NIErKOMIaBKUX METa/II0B. AHas0-
MYHble pa3paboTkn 1 Mogenu 30-pyyKu, NevaTaroLLeil IerkonaaBkuMy MeTaniamm, B
npogaxe OTCyTCTBYtOT. CnefyeT OTMETUTb JOCTYMHOCTb PAaCXOAHOrO MaTepuasa, Ko-
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TOPBIH MOJIHOCTHIO COOTBETCTBYET MOACITH YCTPOHCTBA H HE TPeOyeT JONMOIHHTEIBHO-
r0 MOHCKA HHOTO MATSPHATA.
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PA3PABOTKA CHUCTEMBI BOJISIHOI'O OXJTAXKNEHHS TTEPCOHAJILHOT'O
KOMITBIOTEPA

PaGuesird Kupun AnekceeBHY
2. Examepuntvpz, MAOY muyeii No 110 um. /1. K. Fpmunnion, 8 kaace
E-mail: kirill500123@gmail.com

AnHoTanus. Llenp mMpoekTa COCTOMT B CO3JAHMM IPOTOTHIIA CHCTEMBI BOJSHOTO
ONTaXIeHHd, 00NajaloIere OMTHMATEHOH CTOHMOCTBIO, HI3KHM YPOBHEM IIIYMa H BEICOKOI
MPOHM3BOJUTEIBHOCTHIO. BBUT NPpoBeficH CpaBHUTSIBHBIT aHAM3 BUAOB CHCTEM ONJICKACHMS, a
TaK’Ke TpeyIoJKeHHOH CHCTEMEI ¢ CHCTEMAMH BBICOKOM CTOHMOCTH, Takux kak Corsair H105,
Thermaltake Water 3.0 Riing RGB 240 u T.4. Y¢TaHOBICHO, UTO MPEACTABICHHA] CHCTEMa MO-
KeT KOHKYpHporaTk ¢ goporoctosimmi CBO. Co3gana 3D mogmens. PeambHag Modene Haxo-
JUTCS B CTaUH ¢OOPKH MOMITOBOM cHeTeMBl. 1peAcTaBIeHHBIH POTOTHIT MOKET HUCTIOND 30BATh-
¢ Kak ¢ Gonee TpeGopaTelbHBIMU NpoLieccopamil (Harpumep, AMD FX-8350), tax u ¢ o0pmM-
HEIMH. BEIBIEHEI ITPeHMYIIECTBA HAJ CHCTEMAM, OGIaTaloNEMI BEICOKON CTOMMOCTEIO IO
CIEAYIOIMM KPUTSPHAM: pacceHBacMas MOIHOCTE, YPOBSHD IYMa, MaTepHABL, a TAaKkKe pas-
Meprl. TIpH HarmcaH NpoexTa GEUTH HCIONE30BaHEl PA3TIMHEIE HHTEPHET-PECYPCHL, TIPOBeIe-
HO 00ILEHHE ¢ SKCTIICPTaMH B COOTBETCTBYIOLIEH OOIacTH, GBUT BBIMOIHEH aHATH3 H 0GO0ILEHHE
TMOJIYYeHHOH HHGOPMALGTH.

KawueBble ¢ioa: CHeTeMa BOJSHOTO ONIQKICHHS. IPOLECCOp, OXTAKIAROILAL
KUIKOCTE, ONTHMANBHAY CTOMMOCTh, MHHOBAIMOHHBEH MOTEHIMAN, BRICOKAs NPOH3BOIUTENIb-
HOCTD, ¢Oopka, 3D Mogens.
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MecTo BbInoanenns padornl PaGora Gpma ebmonHeHa Ha Gaze MAOY mmues Ne
110 uM. JLK. T'prninioii (MaTeMaTHyeckuid K1y0 aues Ne 110). Beum uenonesobaHbl pasiny-
HEIe HHTepHeT pecypchl. Hayuwbhi pykoBogurems: TokmakoBa Hatanes BacunrepHa, yuuTenb
MaTeMaTHKH MAOY matea Nel 10 um. JLK. I'prnintofi, 3acnykeHHbI yuMTenb PoccHu.

OnHCAHHE HHHOBALHOHHOH Pa3paboTKu

CHCTeMa BOAAHOrO OXJIAKACHHA MPEACTABIACT CO00H KUAKOCTHOS OXTANIE-
HHE, KOTOPO¢ MPOH3BOJIMTCA MPH MOMOLIM OTBOAA TEMIA OT KAKOro-nudo Tena npH
KOHTAKTE ¢ XOQUOAHOH KHAKOCTBIO [1]. JIaHHBIH METOA HCTIONMB3YETCA BO MHOTHX C(e-
PAx MPOMBIMUICHHOCTH, HAPHMEDP, HA MPOH3BOACTBAX ILIACTMACC HIIH MPOMHX MPOH3-
BOICTB IPH OXJVKISCHHH CAMOT0 000y IOBAHHA, KOTOPOE MOCTOAHHO HATPEBACTCA.

B pesynbraTe 65110 BEACHEHO, MTO CHCTEMBI JEJIATCA HA 3 BHIA' KYJIEPHI, K¥-
nepsl ¢ TemnoBeiMH TpyOkamu, H CBO. Tocneanad umeer 3 THNA LHPKYIMLHH 22-
MKHYTHIH, HE3AMKHYTHIH, a Tarkke OTKpbiThiH. CBO knaccupuumupyeTrcsa B COOTBET-
CTBHH C MEXAHH3MOM, KOTOPBIH BOCHPOH3BOJHT CAMY LIHPKY JALHIO,

BuabI CHCTEM OXNTOKICHHA [+4]:

1. Kynepsl JIaHHBIE CHCTEMBI ABJMIOTCA OJHHMH H3 CaMBIX NMEPBBIX, OHH MPOJOJ-
JKAKT HCMONb30BAThCA B KOMMBHOTEpAX. Yallle BCEro MX HCMOMB3YVIOT H3-33 HX
ueHbI-1o 500 py6aeit 3a mrTyky. Ho M 3pekTHBHOCTH HMX Takke Mana-
paccenBacMad MOIHOCTE 10 90 BT B cpeaHeM.

2. Kynephl ¢ TeNNOBBIMH TpYOKaMH. DTa CHCTEMA OXNJAKICHHS OTIHYAETCA OT
OOBIMHOTO K¥JIEPA TEIUIOBBIMH TPYOKAMH, KOTOPHIE MOMOTAKOT OTBOIUTH GOJbLIe
Termna. B HmwkHeH yactu TpyOKH HCIAPACTCA SKHIKOCTh (B OCHOBHOM JUCTHIUTH-
POBAHHAA BOIA), KOTOPaa 3abupaer ¢ coboii Temno, a 3aTeM KOHIEHCHPYETCA B
BEPXHEH YacTH TPYOKH.

3. Cucrema BoggHoro oxnaxicHui (CBO). JaHHAs CHCTEMA OXJKICHHA HMEST
HAHUBBICIHIT KO3(POHUHEHT pacCeHBaeMOl MOIMHOCTH-MpUMepHO 225 BT [6]. OHa
HMeeT GObIIOe KOJMHHMECTBO KOMIOHCHTOB H 3AHHMAST MHOTO MECTA, YTO ABIA-
€TCA €€ HEOOCTATKOM.

Tune! pupxy winmit CBO f4]

1. 3amkHyTHIC. B JAHHBIX CHCTEMAX KMIKOCTh UHPKYJIHPYET, 3a0Hpas TeIo
¥ Kakoro-mudo TeNa, a 3aTeM OXJIDKIACTCA B OXIATHTEIE.
2. HezamxuyTeie. B 3THX CHCTEMAX CAM TENIOHOCHTENb MOJACTCA CHAPYIKH

CHCTEMBI, a 3aTE€M HANPABIACTCA BO BHEIUHIOIO CPEAY.

3. OrkpoiThic. B faHHOH CHCTEME HArpeBaTeNh MOMEIUCH B TEIJIOHOCHTEb,
3AKTFOYCHHBIH B OXJIQAUTEIb.

THN. COOTBETCTBY HOLIUMIA MEXAHH3MY WHPKY UMY /4]

I. HupkynauuoHHble. JIaHHBIE CHCTEMBI paGOTAKT 3a CUET MOMIIBL/HACOCA.

KOTOPBIH TOJKAET JKHUIKOCTb,

2. KoHBeKkTHBHBIE. B AaHHBIX CHCTEMaX T&NO (MCTOYHMK TEIJA) NMPOTEKaeT
4Yepes KakOH-MTHG0 HarpeBaTeb 3a CUET TEIIOBOH KOHBEKLIMH.

Cocrasmonpe /1]

CHCTeMa BOASHOTO OXMAKACHHA 00IAAET CNeAY FOIHMH KOMITOHEHTAMH [3]:

1. TTomna, o6eCneYHBAKOIIAA IHPKY IALHEO KUIKOCTH MO CHCTEME;

2. Paguarop OXnaKaeHHs (BO3MOKEH BAPHAHT C BO3AYIUHBIM OXJIAKICHHEM)

3. Boaobnoxk (Barepbaok), pACHIOIOKSHHBIH HA MPOLECCOpe (HCTOMHHKE TEIIA), KOTO-

pbIii 00eCIeMHBACT MEPEIAYY TEIA JKHIKOCTH.
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4. TpyOxu A1 nepe Aty ;KHAKOCTH MO BCEM KOMIIOHSHTAM CHCTEMBI.
AHATH? CHCTEMBI.
IMpunuun padorer CBO ¢ rennoesiMu TpyOkamu [3).

3a cueT TOro, MTO MOMNA TOJKACT SKHIKOCTh, OHA LHPKYJIHPYET (3aMKHYTHIH
BHI, LHPKY JALHH), 3a0Hpas TeIWI0 ¥ MPOLECcCopa, MpoTeKad mo Bogodnoky. 3aTeM BoJa
NOCTYIAET Mepe3 CHIHKOHOBYIO TPyOKy, 06ayBaeMyI0 BCTPOCHHBIM B KOPIMYC BEeHTH-
JATOPOM, B KYJIEp C OTPE3AHHBIM OCHOBAHHEM. OH coaep kT B cebe TennoBrie TpyOKH,
OTKY/JAa *KHAKOCTH OTIACT HA PAJUATOp H BHIBCTPHBACTCA KyJepoM. Manee yike oxa-
AKICHHAA KHAKOCTb ONATH NMEPETEKACT Yepes CHIIHKOHOBBIC TPYOKH K MOMIE. KOTOpast
€€ TOJKACST MO TOMY K& «MapLIpyTy». B KauecTBe KHAKOCTH MOKET HCTIOJB30BATHCS
JAHCTHLTMPOBaHHAA BOJA. [ TOro. YTo0bI BBLACTHTE XapakTepucTHRY CBO u ee mpe-
HMYIIECTBA HAJ JPYTHMH CHCTEMAaMH, HHPOpMALiA ObUIa MPEACTABICHA B BUIE CXCMBI
(Tabnuua 1).

XapakTepHCTHKA MPOBOHIIACH 33 CYET 3aBOACKHX CPEAHHX NMOKA3aTeNcH CH-
CTEM OXJIAZKICHHS Pa3HBIX BHAOB.

Tabmmia 1. Ormrmrenshele ocoberHocTi CBO [10]

Bun MobGuaeB0CTh LieHa (pyv0) Paccenpaemad IITyM (ab)
MOmHOCTS {BT)
Kynep ObnapacT 300-500 90 (cp.) 28-30 (cp)
HeOONbLUIHM
PasMepOM
Kvnep Obnamaer 500-4000 120 (cp.) 28 (¢p)
C TeIUIOBbIMH CPSITHHM
TpyOKaMH Pa3MEPOM
BonaHoe 3aHHMaeT Bee MecTo | 5500-20000 230 (cp) 24 (¢cp)
OXMAKICHHE B CHCTSMHOM G/10KS

Takke A BBIASTWI IIOCH H MUHYCB CBO:

Tabmma 2. [Tmiock! 1 Musyce CBO [9]

IImoch Munveb
1. COBOKYTIHOCTD BOJAHOH H BO3IYIUHOK 1. HamoOHOCTD B OTOMIHBAHHE OCHOBAHUA
CHCTEMBI OXMTAKICHHA. Kynepa.

2. MOWHOCTD 00 CPABHEHHIO ¢ OXTAXICHHEM 2. PeryiapHoe o0CIy)KHBAHHS CHCTEMBI,
gepes O0bIUHBIE KYTIEPBI.

3. BosmoxnocTs rubkoli MOISpHU3annN 3. CucTeMa 3aHHMAST MHOTO MECTA B
CHCTEMBIL. CHCTEMHOM Gioke.

Hexoma wz tabnuu, MoxkHO BbCHHTH, yto CBO obnagaer Gonpmmm mpe-
HMYLUSCTBOM HAJ APYTHMH BHIAMH OXJAXKICHHA, HO OHA 001agaeT GONBLINMH pasMe-
PAMH H BBICOKO# CTOHMOCTBIO, YTO 4 H XOTeN ObI HCIPABHTB.

Cocrasnmomue CBO [8]

IpeanosxkeHHas cHCTeMa 00JanaeT CICAYIOIMHMHE KOMIOHEHTAMH. BOXOOJIOK
NPOLECCOpa, MPOLIECCOP, MOMMA. PE3epBYap. PaaHaTOp, BEHTHIATOP. TEMIOBLIE TPy O-
KH. CHJIHKOHOBBIE TPYOKH.

Hoocvem pacceueaemoa MOMHOCIY U WVMaQ

Yro0el BBLCHHTH OCHOBHBIC mNoKazarenn CBO. H3MEPHIT pacCceHBAEMYHO
MOIMHOCTh H LIYM. UTOOB! H3MEPHTH PACCEHBACMYHO MOINHOCTH (BT). CloskuI MOoKasa-
Teau Hemomb3yemoro kynepa DEEPCOOL Ice Blade 100 (105 BT ¢p.) [5] ¢ oTpe3an-
HbIM OCHOBAHHEM H MOIIHOCTH MEXAHH3Ma MOMITBI ¢ JHCTH/UTHPOBAHHOH BOOH, KOTO-



pas 3abupaeT Tensio y npoueccopa JIMB PX-8350. OH cunTaeTcq OAHUM M3 CaMbiX
TpeboBaTenbHbIX, HO, MOMYYEHHOW paccenBaemoii MolHocTh B 305 BT emy GygeTt fo-
CTaTo4HO. MMOrpeLHoCTY TaKkxke foNycKaTbes He 6YAyT, TakK Kak /IMHWA OT CepeayHbl
CUNIMKOHOBOW TPYOKM, COEAMHSIOLLEN MedHble TPYOKM Kynepa, 40 CepeAnHbl HYDKHEN
CU/IMKOHOBOM TPYOKM pa3fenunT ABe YacTu CUCTEMbI OT 3TOF0 YPOBHS POBHO MOMO/aM.
UToO6bI M3MEpUTHL LLYM, S MPOBEN Te Xe AelCTBUSA, TOMbKO C MoKasaTesieM CaMoro Luy-
mMa. B utore a nonyuun 24 6, 4To ABASETCA HENAOXUM pe3y/bTaToM. [MonyyeHHble
JaHHble 1 ohopmMun B BUAe Tabnuupl 3.

Tabnvua 3. MoacyeT paccerBaeMoli MOLLHOCTY 1 LLyMa.

BogsHas cuctema QoA TberwaHake Jirciic Ther-
oxnaxaeHus H105 Nealer 3.0 CooHng waHake
(Kynep ¢ Tennosbl- KHn§ KOB Nealer 3.0
MU TpybKamm) 240 Preerer 360  VMuwale
PaccenBaemas 305 290 280 310 300
MoLHoCTb (BT)
Wywm (46) 24 37.7 26 25.5 21

V3 37O Tabnnupbl MOXXHO MOHATb, YTO MPeACTaB/EHHas CMCTEMA OMepeXxaeT
Mo NoKa3aTe/siM paccemBaeMoli MOLLHOCTM 1 LLyMa CUCTEMbI BbICOKOI CTOMMOCTH.
C6opka

Mepeg cbopkoit cucTembl s cozgan 36 mogens NpoToTuna (PUCYHOK 1).

PucyHok 1- 3B mMogenb npoToTuna

[nsa cObopku cucTeMbl MHe MOHaA06UTCA raeyHbIii K4, HOXOBKA, (UTUHIY,
4penb 1 Wypynbl 415 3aKpenieHns pagmaropa B CUCTEMHOM 6/10ke. [NepBbIM AenioMm
HaJo OTMWANTL OCHOBAHWE Ky/iepa HOXXOBKOI. 3TO HYXXHO [/ TOro, YT06bl COEANHUTD
Kyfiep C OCTaJlbHOW CMCTEMOI CMIMKOHOBOW TPyOKoiA. [anee fenaem OTBEPCTMS Ha
KOHLaX MefHbIX TPyOOK (auaMeTp 8 Mm) Ans fasbHeLero cCoeMHeHNs Tpy6oK.

Cnegytolym LLAroM yCTaHaB/1BaeM Ha NpOLLeccop MeaHbIi Bof0610K yepes
cneuvanbHble Kpenexn. [anee coegmHsieM BoLo6/10K ¢ pesepByapom/momnoli u 1 ten-
NIOBOW TPY6OKOW CUAMKOHOBLIMW TPYOKamu.

Cnegytolym LWIarom ycTaHaBIvBaeM 2 CUMKOHOBYIO TpyOKy Mexay pesep-
ByapoM UK 2 TensioBoii TPybKoi. Bce coegmHeHus ykpennsem qutuHramm. Cucrtema
roToBsa.
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CpaBHEHHE C CY IICCTBYIOIHMH AHAIIOTAMH

PazpaGotanuenii mpotoTun o61agaeT CHeIVIOIHMH NMPEHMYIIECTBAMH HAX
MPOYHMH AHAJIOTAMH: HH3KAA CTOHMOCTD (2300 pybneit), J0CTATOMHO HH3KHIH YPOBEHb
wyma (24 J16) 1 OOHOBPEMEHHO BHICOKAA MPOH3BOIHTCIBHOCTE (PACCEHBAEMAS MO LU~
HOCTh gocturaet 305 Br). Tawke cucreMa MOKET rHOKO MOIEPHHIHPOBATECA H OO~
cTpanBaTeCA mog mpovue [MK, MT0, HECOMHEHHO, ABIACTCA ILIFCOM.

Hcnonp3oBanue pa3paloTkH

PazpaGoTaHHBIH MPOTOTHI CHCTEMBI BOAAHOTO OXJIMKICHHA MOMKET HCIOMb-
30BATHCA HA PASIIHYHBIX CEPBEPAX, MPSANMPHATHAX, A TAKKE B JOMALIHHX YCIIOBHAX.
CucTeMa MOXKET HCTIONMB20BATECA B pATHYHBIX IT-00macTax, uro onpenenser €& akry-
ANbHOCTh HA JAHHBIH MOMEHT.

Bu3HeC-npHBIEKATEABHOCTD Pa3padoTKH

[TpeacraBneHHbIH TPOTOTHI 0OIATAST BHICOKUMH NMEPCIIEKTHBAMH KOMMeEpYe-
CKOTO HCNONB20BaHHA. CHCTEMA 00MAJAET JOCTATOMHO HH3KOH CTOHMOCTBIO, B TO JKE
BpEMA HCIOJIB30BAHHBIC MATCPHANDBI TAKKE JOCTATOMHO HEOOPOTHE, YTO TAKKE IOId-
YEPKHBAET BHITOJHOCTD. [IpeICTABICHHBIH MPOTOTHI MOMET COKPATHTb 3aTPATHI JIO-
AcH Ha CHCTEMBI OXJIAKACHHA KOMMBIOTEPA. NMOBBICHTL MPOH3BOAHMTEILHOCT NMPOIIEC-
COpa. a TaloKe NPeAOTBPATHTD MOMOMKY TTK.
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NCCIEAOBAHHE BO3MOXHOCTH IMOJYYEHHS BUHAPHOI'O JIbIA
C UCTIOJIb30BAHHEM BAKYYMHBIX TEXHOJIOI'MH

BapkoBa AHACTACHA AHIPECBHA

Mocxosckas obracmy, 2. KpacHo3namenck,
MBOY COHINe 4 ¢ VHOII un. I'K. JKvxosa, 11 xnace
e-mail: anastasiia_barkovalcomail yu

AnHoranus. PaGota noceallleHa H3yYeHHMIO MPHPOJHOIC XIajoreHTa — OHHApHOro
JbJa, a Takke pa3paCoTKe VCTAHOBKU WIS €ro NONy4eHus. B mpoliecce HecnenoBaHud Gblla
YCTAHOBIEHA 2ABHCHMOCTE ¥ IeIbHO TEIUTOTHI HCITapEeHHs OT TABIEHIA, pa3paboTaH METON FKC-
MEPUMCHTANTBHOIO HCCTICAOBAaHHA M CO3JaHa SKCIICPHMEHTAaNbHai ycTaHOBKa. PaGoTa mMeer
MepCreKTHBLL B 0ONACTH IHILEBOI NPOMBIINIEHHOCTH (HAIIPHMep, MONEKYIIPHAT KyXHA), @ TaK
XKe B MemHiuHe (IoNy4eHHe IMMLEBHIX N00aBoK, TeKAapcTB B TBEPIOM BHIe). BEIM caenaHb!
BBIBOJBI O TOM, UTO B IIEPCTICKTHBE NMPAKTHUCCKU MIOG0E BEIUECTBO MOKHO 3aMOpakHBaTh 03
XHMHYECKHX J0OABOK.

KarueBbie ¢/10Ba: X0NOJWIBHBIE YCTAHOBKH, NIPHPOIHEIC XIaJOHOCHTEIH, CHHAPHBI
néx, crocobbl MonyyeHs GHHAPHOTO JBbJa, YASNBHAT TEIUIOTAa HCIIAPEHHS, SHTPOIHA, BAKyyM-
Hasl YCTaHOBKA.

MecTto Bhimoanenns padorbr PaGota BrmomHeHa Ha 6aze ®TEOY BO «Mockoe-
CKUIf rOCyJapCcTBeHHBIM TeXHUUCCKII yHIBEpeuTeT HMeHH H.3. Baymana», HayuHpni pykoBo-
muresb: Benopa Ombra BramiMupoBHa, ZOLCHT Kadeapsl «BakyyMHasd M KOMIIPeccopHasd TeX-
Huxa» MI'TY um. H.D. BayMaHa, kaHJMIaT TEXHHYECKHX HAYK.

OnucaHue HHHOBALHOHHOM pa3paboTku

PazButHe XONOAMIBHON TEXHHKH HA CCTOAHAIHHE JCHb HAXOAMTCA MO BO3-
ACHCTBHEM JKECTKUX IKOJOTHUECCKHX TPeOOBAaHMH, KOTOpbIe OOYCNOB/ICHBI NMPHMEHE-
HHEM CHHTETHUECKHX XJAJATCHTOB, Pa3pylUAIUMX O30HOBBIH CIIOH 3eMIH H CNOCO0-
CTBYIOLIMX YCHIECHHIO «TapHHKOBOTO 3hdekTa» atmocdeps [1]. B cBA3H ¢ 3THMHU CO-
OBITHAMH BCE OONBIIMA HHTEPEC BBISHIBACT NMPUMCHCHHE MPHPOMHBIX XJIATATCHTOB,
OJIHMM M3 KOTOPBIX ABJIACTCA OHHAPHBIH JIGA — CYCMEH3HA MEJIKHX KPHCTAIUIOB JbJA,
pasMepon, Kak mpasmiao, mexxay 0,01 MM 1 0,4 MM B BOZE WIH BOAHOM pacTeope [2].
MaccoBas 10111 IbJa B CMECH MOKET H3MEHATHCH oT 10% 10 60%. B 3aBUCHMOCTH OT
obnacTH Hemoap30BaHuA [3].

CywecTByeT ABa OCHOBHBIX criocoda noayueHHs OHHAPHOTO Jbaa [4]:

1) cockabmuBaHHE KPHUCTAUIOB NbJA, OOPAYIOIHXCA HA OXJDKICHHOH MOBEPXHOCTH
MIACTHH HIH TPYO,
2) oOpaoBaHHE KPHCTALIOB JbIA B 00BeMe MEPEOXIAKISHHOH KHIKOCTH.

Kaxapnit cnocod HMeeT CBOH MPSHMYIUSCTBA, O YeM CBHICTENBCTBYET HX Ia-
paNIeIbHOE HCMOAB30BAHHE PARHEIMH (pupMamu [35].

Bropoii cnocob moayyveHHd OHHAPHOTO JbJA OCYINSCTBIACTCA ¢ HMOMOLIBEO
BAKYYMHBIX TEXHOJNOTHH, PEANH3ALHA KOTOPBIX BO3MOKHA B BAKYYMHO-BBITAPHBIX
(BAKYYMHO-HCTIAPHTE IBHBIX) H BAKYYMHO-CYOTHMALIMOHHBIX YCTAHOBKAX.

CxeMa BaKYYMHOTO I€HEpaTopa A NOTYYCHIA GHHAPHOTO JThAa (puc. 1)
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PUCYHOK 1 - BaKyyMHbIii reHepaTop G1HapHOro fibda. 1- repmokamepa ¢ KOMMNosuuuelt U3 Bofbl
M YacTu Nbaa; 2 - (hopcyHKa Ans pacnbiieHns Bofbl; 4 - BaKyyMHbIi Hacoc-Kommnpeccop; 5 -
KOHfIeHCcaTop; 6 - BCrOMOraTe/ibHbIi BaKyyMHbI Hacoc

TexHONormsa nonyyvyeHna 6MHapPHOro Nbja B BaKyyMHO-BbINapHO KpucTanaum-

3alMOHHOM YCTaHOBKEe OCYLLeCTBNAETCA B Clefylolieil nocnegosatenbHocTu. [Ansa
Hayana co3gaeTcsa npeaBapuTesibHOe paspexeHue, Heo6xoaMMoe A1 paboTbl OCHOB-
HOro BaKyyMHOro Hacoca, ¢ NoMOLb0 BCNOMOraTe/lbHOro BakKyymMHOro Hacoca. Kak
TONbKO faBfieHWe B repMoKamepe JOCTUIHET Heobxoammoro 3HadeHus (1350 - 3350
Na) BKNOYaeTCs OCHOBHOWM Hacoc, KOTOpbIA co3gaeT paboyee faBneHue Ha ypoBHe 200
Ma, Npu KOTOPOM NPOWUCXOAUT NpeaBapuTeNbHbIli NpoLecc BaKyyMHOro KWUMEHUs u
OXNTAXAEHNSA XXNAKOCTU. B repmokamepy, B KOTOPO Noafep>KnBaeTca AaB/ieHUE 0KOMO
200 Ma, HenpepbIBHO pacnbliseTca Boja Yepe3 QOPCYHKU. B nonete NnponcxognT uc-
napeHne XNWAKOCTU C MOBEPXHOCTW Kanau, 4yacTb ee MepexofuT B MapoBylo ¢asy, 3a
CYET Yero KpuUcTannusyrTca najarolne Kanav, oTKauyMBaemble Napbl HaNpaBAsalTCA B
KOHJeHcaTop, B KOTOPOM MPOMCXOAWUT OTBOJ Tenna 3a cyeT oxnaxjawolwein soabl [6,
7]. Takum 06pasom, B HUIKHel 4acTn repMoKamepbl HakanansaeTcs 6MHapHas cMecb C
yacTuuamu nbfa, gnameTp KoTopbiX He npeBblwaeT 500 MKM. B ganbHeiwem negaHas
CYCNEeH3nA /1IerKo NepeKaynBaeTcs ¢ NOMOLLbIO LeHTPOo6eXHbIX HacocoB no Tpy6onpo-
BOAY K MNOTpebuTento xonoga.
[na 60nblINMHCTBA TBEPAbIX NULLEBbLIX NPOAYKTOB MeTO[ 3aMOPO3KK B BaKyyMe ABNA-
eTCA HauNyyLlnMm, Tak Kak npu 3ToM He 06pasytoTcsa KpynHble KpUcTanbl fbga, KOTO-
pble MOrn 6bl U3MEHUTbL CTPYKTYPY Tena, 3aMopaKnBaHne NPOUCXOLUT PAaBHOMEPHO U
6bICTpO.

PrcyHHOK 2 - >KuBas KneTka PucyHok 3 - KrneTka,
nogseprLuascs 3aMopaXknBaHuIo B BaKyyme



Mpy 3amep3aHUM BOAbl B KIETKe 060/I0UKA KNETKU COXPAHSIETCS, KNeTKa He
pa3pyLUaeTCsl, YTO BUAHO M3 CPaBHEHMs puc. 2 1 puc. 3. Takum o6pasom, npu 3amopa-
YKMBaHWUW B BaKyyMe COXPaHSIETCS NOPUCTOCTb 1 MPOHNLAEMOCTb KNETKM f151 BOABI.

PucyHok 4 - TpoHMLAaeMOoCTb KIeTKU

[ins Bcex BeLLECTB BaXKHEMLUMMU MOKa3aTeNsMU SBMIAKOTCA KPUTUYECKAs TEM-
nepatypa (Temnepatypa, Bbille KOTOPOW ra3 He MOXeT ObITb NMpeBpaLLeH B XXWMAKOCTb
M30TEPMUYECKM HU NPU KaKOM AaBneHWn) 1 TemnepaTypa TPOWMHOM Toukn (Temnepa-
Typa, NPV KOTOPO BELECTBO MOXKET HaXOAUTLCA OJHOBPEMEHHO B TPEX arperarHbiX
COCTOAAHUSAX).

Ha pucyHke 5 npegctasneHa T-8 guarpamma, no KOTOPO MOXHO OMpeaennThb
pasnnyHble TEPMOAMHAMINYECKME MapaMeTpbl. 34eCb HarMsSgHO BUAHO, YTO TEMMepaTy-
pa KUMeHUs 3aBUCUT OT [aB/IeHNS, MPX KOTOPOM OHO MPOVCXOAUT.
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PucyHok 5 - T-8 gmarpamma ns HEKOTOPOro BeLlecTsa

[nsa nsyyeHns npouecca BakyyMHOW KpuCTanamMsauum pacCMOTPEHA CNeayto-
Wwas 3agaya: B TennomnsonnposaHHoOW Konbe HaxoguTcs Boga npu 0cC. OnpegenuTs,
KaKyr 4acTb BO/bl MOXHO MUCNapuUTb NPU YCN0BUW, YTO BCA OCTaBLLASACA B KOnbe Bofa



3aMep3HeT. Ha pucyHKe 6 npeactaBneHa YCTaHOBKA, MO3BO/AOLLIAA PELINTL JaHHYHO
3afayy onbITHLIM MyTeM.
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Pu1cyHOK 6 - YcTaHOBKa 47151 BaKYYMHOW KpucTasimsaumm

B npouecce ee pelleHMs ¢ nomolbio T-8 guarpammbl 6bl1a nonyyeHa 3aBu-
CMMOCTb Y/AeNIbHOV TennoTbl NnapoobpasoBaHnsa oT gaBneHunsa (Tabnuuya 1).

Tabnuua 1. 3aBMCUMOCTb y/eNbHOI TennoTbl Napoo6pasoBaHmns BoAb! OT AAB/EHNS

P, kMa T, oC T, K b, KIK/Kr
19000 340 613 800
4000 250 523 1700
100 100 373 2260
10 48 321 2380
1 9 282 2480
0,611 0 273 2500

Pe3ynbTaToOM AaHHOr0 WUCC/e0BaHUS ABNAETCS OnpeaeneHne A0NU UCNAapUB-
LIelics YacTu XUAKOCTU ANA PasfMUHbIX BELLeCTB NpW TemrepaType TPOWHOW TouKu,
napameTpbl BeWecTB NpeAcTaB/ieHbl B Tabnuuye 2.

Ta6nuua 2. CBoiicTBa pasNNuHbIX BELLECTB

YpenbHasn YpenbHaa — Temnepatypa [MpoueHT
Tensota TensoTa TpoIiHOI ncnapmBLLeics
nnaefeHus, X napoobpaso-  Touku, T1, oC yacTun
KIDK/KT BaHus, b,
KIDK/Kr
Boga 334 2500 0 12
STWNOBbLIA CNNPT 108 840 -114,3 1
A30T 25,5 198 -210 11
AMMnakK 333 1370 -77,75 20
MeTaH 32,6 510 -183,15 6

MpakTuyeckas YacTb WCC/IEf0BAHMUA 3aKMOUaeTCAa B CO3faHUM 3KCMepUMeH-
TaNbHOI YCTaHOBKM A/1A MOMyYeHUs BOAbl B TBEPAON (hase NyTeM BaKyyMHOro ucna-
peHus, cxema KOTOpoii npeacTaBfieHa Ha pUcyHKe 7.
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PurcyHoK 7 - Cxema aKcrepMeHTasIbHOM YCTaHOBKM

B - BeHTUNDb
BO - BakyymmeTp o6pasyosblii (0 KFC/CM -100-1 Krc/cm2)
BH - BakyyMHbl i Hacoc 2HBP - 54M (20 Ma- 1,3x 10-3 Na)
BT - BakKyyMMeTp MOHW3ALUOHHO-TepMoOonNnapHbl i BUT -2
K1 -kamepa (0, 75 n)
K2 - kamepa (45 n)

Ha ocHoBe faHHOW cxeMmbl 6blNna pas3paboTaHa aKcnepMMeHTanbHaa ycTaHOB-

Ka, npefjcTaBneHHasa Ha pucyHke 8. Mocne npoBefeHns onbiTa 6blN NonyvyeH nén, pop-

Ma KOTOpPOro nNpeagcTaBaeHa Ha pucyHke 9.

PUCYHOK 8 - JKCMepuMeHTasIbHas ycTaHOBKa



PucyHoK 9 - PesynbTaT onbiTa

MonyYeHHbIi GUHAPHbINA Ned ABNSETCA YNCTbIM BeLLeCTBOM. JaHHas TeXHOMN0-
rMsi Nonyunna WUpoKoe NpMMeHeHe BO MHOTUX OTPACcNsX NPOMbILLIEHHOCTH, a TaKxXe
ABMSAETCS OUEHb MEPCMNEKTUBHbLIM NMPOEKTOM /151 AanbHEeRLWNX NcCnef0BaHuii.

CpaBHeHWe C CYL,eCTBYIOLMMMN aHaloramm

CrtpaHa MpoussognTesnb TexHonoruna
WNcnanaunsa OPIMNMMAK OPT1M-1CE
Poccusa Ewiprre blyelce
KaHapga 3WWNEbb BeepcbIU

BPH-105

Liquid Ice System COPTIM @ ICE

Refrigeration Capacity
Pre-cooler; Intearated pre- s &

Variable production range

Filtration: A

Minimum salt concentration tam re e 3%} Condanser

Power Consumption
PucyHok 10 - TexHU4YecKme XapaKTepUCcTUKM reHepaTopa 6muHapHoro nbga OPTIMAE

Bce OHM UCNONBL3YKTCA B NPOMBbILU/IEHHBIX LeNAX, TO eCTb UMEKT 6onblumne
BECOBbIEe XapaKTepUucTuku.

Vcnonb3oBaHue pas3paboTKu

[JaHHasa paspaboTKa MOXET MPUMEHATLCS B MeAULMHE, NPU XMPYPrUYecKnx
onepaumsix Ans runoTepMuy BHYTPEHHUX OpraHoB. Takke HaxoauT NPUMeHeHWe npu
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nepBoil MOMOLUM MPH KAMHLIPHOM KPOBOTEUSHHH, KOTJA CPBIBAOTCA GoNbIHe muia-
CTBI KOkd. B 3TOM Cyyae OUHT He 3G ()eKTHBEH, H 411 OCTAHOBKH KPOBOTEHCHHA PAHY
MOKHO TOKPHITh OHHADHBIM JIbaOM. B mpOMBILLICHHOCTH OHHAPHBIH &I MOMKET HC-
MOJTB30BATECA HA CYAAX LA 3aMOPAKHBAHHA BBUIOBJICHHOM PHIOBI H MOPEIPOIYKTOB.
OH NOJHOCTBI 00BOMAKMBACT PHIOY H, TeM CAMBIM, JOJIbLIE COXPAHACT €€ moTpedH-
TENbCKHE KA4eCTBA. B MPOH2BOICTEE rA2HPOBAHHBIX HAMHTKOB YCTAHOBKA MOKET MPH-
MEHATBHCA B CTPAHAX ¢ IPAZHOM BOJOM, IIe B HAHTKH 3AMPRILEHO J00ABIATh KyOUKH
Jbaa. [losToMy OHHApHBIA NEA ABIIETCS BASKHOH 4YacThIO HX NMPOHM3BOACTBA. B cenb-
CKOM XO3AHCTBE MOHO HCMOJB30BATh UM OXJAKIACHHA MOJNOKA, PPYKTOB H OBOIICH
(HanpuMep, OPOKKOIH, OPIOCCENBCKAA KaNyCcTa. MOPKOBb). KOTOPHIE 33 CUET GHHAPHO-
ro mbaa OyAyT JOJbIIE COXPaHATh MOTPeOHTENBCKHE KadecTBa. Ha Macomepepabarsi-
BAKOLIMX NMPEANPHATHAX MOJKHO HCTONB30BATh B HEMPEPHIBHOM PEKUME AT OXJIAKIE-
HHA (paplla B MPOLIECCe KyTTEPOBaHHA. DHHAPHBIN JieA NPHMEHAETCA A OXNAKICHHA
BO3AYXa B MPHIIABKAX MaraszHHa.

Bu3HeC-npHBIEKATEABHOCTD Pa3paboTKH

OAHUM M3 MEPCNECKTHBHBIX HANPABNCHHH pasBHTHA ABIACTCA METHIMHA. JIeKapCTBO
MOKET OBITP MONYMEHO C MOMOIIBKY BAKYYMHOTO HACOCA, KOTAA KANCYJIA ABIACTCA
TBSPOBIM BELICCTBOM, 4 CAMO JIGKAPCTBO JKMAKHM, NMPH 3TOM OHO HE PAZHOCHICA IO
BCEMY OPTAHH3MY [0 CPICTBAM IBIDKCHHA KPOBH, A JOCTABIMETCA HMEHHO K GONBHO-
MY MECTY.

Ewme ogHuM NepCHeKTHBHBIM HANPABICHHEM SABIACTCA MOIYYCHHE MONC3HOMH €JbI, B
KOTOPOH HE COICPIKATCA OMACHBIC A 300POBbA KOHCEPBAHTHI H IUIA €€ MPHIOTOBIC-
HHA HE HCTMOJb3YeTCA “XHMHA. TpodoOrHa-HAYKA O BIHAHHE NMHIUH HA SKH3HEIEs-
TENBHOCTh 4eNOBEKA. Tpo(ONOTHA YTBEPIKIACT: NHTAHHE OKA3BIBACT BIHAHHE HE
TOJILKO HA 3I0POBBE B LEJIOM, HO H HA HE CBA3AHHBIC C MPUEMOM MHIUH BSLIH:

. HacrpocHue:

) KpeatuBHbie CIOCOOHOCTH;
. PaboTocnoco0HOCTD;

. JyIIEBHEIH HACTPOI,

HMEHHO MO3TOMY JEOAM AOJUKHBI MUTATHCS MPABHIBHO. TEXHOJOTHA MOMyUCHHA OH-
HAPHOTO JIbAA MOKET HCTIOIB30BATHCA JUI MOMYUCHHA “GHHAPHEIX  NpoaykToB. Hekof
aHanmoTHeEl ABMAETCA MOJNEKYMPHAd KyXHA. «MONEKYIIpHAad TacTpPOHOMHA» — 3T0
B3IJIA/ HAa €y HE KAK HA LETBHBIC MPOIYKTEL, a KAK HA COBOKYTHOCTh MOJICKYJI, HME-
IOIMUX CIEeUH(QHUECKHE PH3HUECCKHE H XHMHYECKHE CBOHCTBA, KOTOPBIC MOJKHO H3Me-
HATb NPH MOMOIMH XHMHYECKHX NpOLEccoB [8]. «Paz0uBKa Ha MONEKYJIBD» H ABIACTCA
KIHOUOM K MPHTOTOBJICHHK) 3K30THUCCKHX ACTB. Ho ansa MPHIOTOBRJICHHA MHINH JdH-
HBIM METOAOM HCTIONB3YHOTCA JKHMIKHI a30T. aIbTaHAT HATPHSA. XJIOPH KAJBIHA H T.A.
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PA3PABOTKA CHUCTEMBI OXJTAXIEHWA [MTPOLIECCOPA [TEPCOHAJIBHOT'O
KOMITEIOTEPA C UCTTOJIL3OBAHWEM 3JIEMEHTA ITEJIBTEE

Puibakoe Anexceit Bagumosiy
Mockoecxas obracme, 2. Pevmos, MBOY «/Tuyeiis, 11 xaace
e-mail: alexsey.psp@vandex.ru

AnHoTauus. Hayuso-TexHirdeckad padoTa MOCBAILEHA aKTYalbHOH Ha CEroJHAILHHI
JeHDb MpoONIeMe — OXITKICHHE PasIMUHBIX KOMIIOHEHTOB BBIYHCIMTEIBHOMN TEXHHKH, B NIEPBYIO
oyepeb MpoLieccopa MNepcoHanbHOre KoMIbioTepa. PaccMOTpeHE! 0coGEHHOCTH TepMOIIEKTPH-
eCTBa H €0 BO3MOKHOCTH IIPH CO3JAaHHH TepMOCTaSIIH3ALMH HICKTPOHHOTO 0GOpYI0BaHHA,
ABTOP NPHUXOJHT K BHIBOJY, UTO OyAyllHe CHCTEMBI OXNTaKIeHHA OyyT HEIIPeMeHHO CPS3aHHEI
¢ TEPMOITEKTPHYCCKHMH 3PPEKTaMu,

KmoueBblie cioBa: TEPMOBIEKTPHYECTBO, MOIY.IH HeJIbTbe, ONTaKIECHHE, IMEPCOHAIb-
HBI KOMIBIOTEP, MPOLECCOP.

Mecto BpmoHeHAs padoThl: PaGoTa BRIIONHEeHa Ha Gase MockoBekoro rocynap-
CTBEHHOI® TEXHHYECKOI0 YHHBEPCHTETA HMMEHH HD5. Baymaua, C HCIIOMB30BAHIIEM Hay4HO-
TeXHUYECKOTO MaTepHalla, onyueHHoro npH nposeaeHu HITOKP Ha kadenpe Temwnodusuky, a
TaKXe ¢ NpHENeYeHHeM NpHGopHoro odopy noBaHg nadopaToph « TermmmoMaccobMeHa» ToH ke
kadenpel. Hayyneni pykosogurenb: Kacpkop Cepreii Hocudopia, MI'TY uM. BayMana, ctap-
LIMIT NpernoJapaTelhb.

Onmucanue paspaloTKH

BbMHCIHTENPHAA TEXHHKA B COBPEMEHHOM MHPE HIPAST BLKHYHK) POJib, OT
CTAOHNBHOM paBOTBl KOTOPOI HANMPAMYEO 3ABHCHT OOJNBIIHHCTBO TEXHOJMOTHMECKHX
mpoueccos. B cBorw ouepens paboTa BBHMHCIHTCIBHONH TEXHHKH COIPOBOMKIACTCA
GOMBPIIMM BBLICTICHHEM TEILIOTH H KAK ObI HE CTAPAIHCH NMPOHM3BOJUTEIH €€ KOMIO-
HEHTOB YMEHBIUHTH BBIICJICHHE TEIIA, BAYKHOCTb CHCTEM OXJIKIEHHA OCTACTCA HEH3-
MCHHOI.

B pa3paloTaHHOH CHCTEME OXMKACHUSA HCMQB3YIOTCA TEPMOIICKTPHYSCKUE
SMEMEHTBI, HIH MOMPOCTY TOBOPS «dNeMeHTH [lensThe». B pom KOMIOHEHTA, KOTO-
peIii OyJIET YUaCTBOBATh B MPOLECCE OXNAKACHHA, B3AT LEHTPAJIBHbIH NPOLECCOp nep-
COHAJIBHOTO KOMIBIOTEPA. JTOT BRIOOP HE CIyYacH. Bo-mepBHIX. COBPEMEHHBIH KOM-
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NbloTepHbIA nNpoueccop 06M1agaeT Hau6oMbLIMM KOMYECTBOM BblAeNSieMOI TennoThl,
NoaTOMY €ro OX/laXKAeHVEM HY)XXHO 3aHUMAaTbCSl B MEPBYI0 o4Yepedb, TaK Kak, OH fBNS-
eTCA «MO3roM» MepcoHasibHOro KOMMbIOTepa M Yem flydlle ero 0X1aAuTb, TEM yylue
6yneT paboTaTb Becb KOMMblOTEp B Le/foM. BO-BTOpbIX, M3HAuyasibHO B MpPOLECCOp
BCTPOEHbI BCEBO3MOXHble AAaTUMKM, KOTOpble CMEAAT 3a ero paGoToil, eCTeCTBEHHO K
3TUM AaTuMKaM MOXHO MONYUUTb AOCTYN M HAMHOIO 3P(eKTMBHEE NPOBOAUTL McCCe-
[0BaHus.

Naes pa3paboTKM 3aK/10YaeTcs B TOM, UYTO6bl «MOMECTUTb» MeXAy NpuUBbIY-
HbIM pafmaTtopoM (KOTOPbIA OCYLLLECTBAAET MPOLECC 0TBOAA WM pacCcenBaHMs TemnnoThbl
0T KpucTanna npoueccopa) afieMeHT MeNbTbe B POSIN TEMIOBOTO Hacoca (PUCYHOK 1).

Kynnep(Pagwarop)

n
poueccop 3nemeHT MNenbrbe

Marepuncxa A nnara

PUCYHOK 1 - MpuHUMNMaibHasi CXeMa 3KCMepUMeHTasIbHOM YCTaHOBKM

Mpun nogaye HaNpPsHKeHUA Ha 3/1EMEHT OH 6yaeT NPOM3BOAMTL «MepPeHOoCc» Ten-
NOThI C MpoLeccopa Ha caM paavaTop (PUCYHOK 2), COOTBETCTBEHHO KO/IMYECTBO Mepe-
HECEHHOW TennoThl 6yaeT 3aBUCETb OT MOLLLHOCTM MOAY/S U peXxxuma ero paboThbl.

Xonon

o[l e
)

Tenno

PucyHoK 2 - MpuHUmn paboTbl anemeHTa MNenbTbe

O[fHaKO He CTOWT 3a6bIBaTb, YTO NPU BbICOKON MOLLLHOCTY MOAY/S1 BO3MOXHbI
oTpuLaTebHble 3HAUeHUS TeMNepaTypbl Ha KPbILLKe NpoLeccopa, YTo Hac KpaliHe He
ycTpauBaeT (oTpuuaTefbHble TemnepaTypbl UpeBaTbl 06pa30oBaHMeM KOHAeHcaTa Ha
CTEHKAax MOAYNsA, YTO MOXeT nary6Ho CKasaTbCA Ha PYHKLUMOHWPOBAHUW LEHTPaNbHO-
ro npoteccopa), a cfefoBaTtesibHO, 6yAeT Bbl6paH ONTUMAa/bHbIA 3N1eMEHT ANs NoA-
JepXaHus 61aronpusaTHO TemnepaTypbl npoleccopa 6e3 pucka 06pasoBaHMs KOH-
AeHcaTa. MyTeM U3MeHeHUA PeXMUMOB PaboTbl MOAYNS MOXHO A06MTbLCS MaKCUMasib-
HOU 3DMEKTMBHOCTM OXNAXAEHUS, a TaKXe MUHMUMA/bHbIX 3aTpaT 3/IEKTPO3IHEPrun
[1].

Mepea TeM Kak NpucTynaTh K 3KCMEPUMEHTaNlbHbIM WCCMef0BaHUSAM, 6bIf0
peleHo CoCTaBUTb MofeNb pa3pabaTbiBaeMoii CUCTEMbI OXnaxaeHus. Lienbio mogenn-
poBaHUsSi 6bINI0 BbISIBNEHWE XapaKTepa MOBefeHWsA 3/ieMeHTa WM Kackaja 3/1eMeHTOB
noj TensioBOi HarpysKoi, a Takxe pacuyeT Heo6X0AMMON CU/bl TOKA U HaMpsHKeHus,
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KOTOpBIE CNeAyeT MOJATh HA MOIYJIb, JAOBI MOJMYMHTh OT HEr0 HYI)KHYIO MOLIHOCTB
OXIAKICHHA H HEOOXOIUMOH (DHKCHPOBAHHOH TeMIEPATYpBL. XAPAKTePHCTHKA

Hanbonee moaxoaawero MomyJia [lensTee mpuseneHa B Tabnuue 1.

Talbmuiia 1. XapakTepHeTHKa TepMoaiekTpuieckoro Moayiad TEC1-12715

HaspaHue Moy id TEC1-12715
Paboyee HANMpLKESHHE 12-15V
Paboumit Tok 15A — max
XOJIOIOMPOH3BOIHTE IBHOCTD 136 Br
MaTtepuan p-BeTBH Bi;Te;
MaTtepuan n-BeTBH Bi-Sb

OCHOBHOH CIIOKHOCTBHY NMPH MPOBSICHHH PACMETOB OydeT ABIATHCA MPHHSA-
THE TEMIEPATYPHI TOPAHEr0 H XOJNOJHOTO CIACB TePMOINIEMEHTa. MBI HE MOYKEM CKa-
3aTh HABEPHAKA, KAKAA Temmeparypa OyzeT yCTAHOBICHA B MOCIHEACTBHE TEIUIOBOTO
PABHOBECHA MEKIY XOJIOJHBIM CIIAEM TEPMOIIEMEHTA H KPHIWKOI mpoueccopa. Y-
THIBAA MOIHOCTH MOJYJIA, ACHO, YTO TEMICPATYPA mpoueccopa OymeT BAPbHPOBATHCA
ot 313 K o 333 K. Jna 3Tux 3HAYCHHIT TEMIIEPATYPHI HEOOXOIMMO BEMHCIHTL COOT-
BETCTBYIOLIHI KO3()(HIHEHT TEPMOICKTPHUCCKOH TOOPOTHOCTH Z:

2 a1
z:_D Z 7K 2
Jo

raoe o— KO3 PUUHESHT TepMoaC, MKB/K
K — K03 puuHeHT TeNIONPOBOIHOCTH, BT/ cM*K
p — YAenbHOE COnpOTHBICHHE, OM-CM. [2].
1) B Tabnuue 2 mpeocTABNCHBI JAHHBIC LA pacuera KO3((HLHEHTA TepMO-
MEKTPHHECKOH JOOPOTHOCTH p-n [3].

TaGmimia 2. [TapaMeTphl MAaTEpHAIOB P-1l KOHTAKTOB (4]

TTapaMeTp Bi-Sh Bi,Tes
z, K 510 1,8:107 (300 K)
o, B/K 180-10°° 60 10°°
i, BT/ eneK 2,9-107 7.5-107
1 1 .
=—, 4500 1,585-10
£ OM-cM

JoOpOTHOCTD P~ MAPBI BBMHCIIACTCA 1O (PopMyJIe:
2

a -
Zp = == =0,837-107 K",
e} Ky
— + ——
o, o,
raoe uHAeKC 1 cooTBeTCTBYET Matepuany Bi-Sb.

HHASKC 2 COOTBETCTBYET Marepuany BisTe; [5]
2)  3amamuM YCIOBHS,
XonononpoU3BOAHTENPHOCTE (KOMHUECTEO TEIUIOTHI CHHMAEeMOll ¢ mpoueccopa)
IPHHATAT O = 50 Br.
ITpuMeM TeMIeparypsl Clace.
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¢ Topsuero, cOpachIBAOIIETO TEMIO paAHATOpY (OyNEM CUHTATB, UTO €ro TeMNepa-

Typa NOCTOAHHA) — T = 323 K
s  XO0J0OHOTO, MPHHHMAKLICTO TSILIOTY OT KPHIIUKH MPOLECCopa —

Ty=303 K.

Takag TeMmepatypa XOJOIHOTO CHAA NMPHHATA W3 COOOpKEHHH OMarompuaATHOH
TeMICPATYPH! UCHTPANBHOTO mMpoueccopa. FIMeHHO K 3TOH TeMmeparype Mbl H Oyaem
CTPEMHTBCA. [6]

3) 3amaeM HCTOYHMK HanpsxeHus: V=12B
4) Janee onpeaenaeTCa XOM0AUIBHEI KO3(pHIHEHT MAUIHHEI, TepMO3IEKTPHIECKOE

OXJIKAAIIEE YCTPOHCTBO MOJKET paloTarh B JBYX OCHOBHBIX PE/KHMAX — PEIKHME

MAKCHMANBHOTO XOMOJHIBHOrO KO3QPUIUHEHTa &, H PeKHME MAKCHMANbHOMH

XONOAOTIPOH3BOAMTEMBLHOCTH Q.. B mepBoM cmyuae mpuGop Haubonee 3ddek-

THBHO OyJeT mpeo0pasoBbIBaTh MOTPEOMAEMYIO 3IEKTPHUECKYI0 SHEPTHIO B «XO-

JOA». BO BTOPOM CIy4Yae B YUIEPO SKOHOMHYHOCTH MOKET OBITh NOIYy4EHO

HauQoJbIIee MOHIDKCHHE TeMmeparypsl. ITOCKOMBKY B paccMaTpuBacMOH 3amaue

HeoOX0IMMO 00ecneuHTh HEOOMBIIOH Mepenan TeMnepaTyp. TO YCTPOHCTBO JOJIK-

HO PaboTaTh B PEKHME Eay, AMA KOTOPOTO CHpaBeAnnBa dopmyna [6, 7. 8].

- T,
ﬂ/1 +0.52(T, +7,) - =
| 7
= = = 0, 41 .
T,-T, J1+0.52(T, +7}) +1

Ipu momy4eHHH JAaHHOMH (HOPMYIBI HCMONB30BANACE MOJENE. HE YUHTHIBAKO-
wasa 3¢pexr TOMNCOHA. KOTOPHIH B JAHHOM Ciyuae OyAeT MPeHEOPEKHMO Mall H3-3a
OTHOCHTEJIBHO HEBBICOKOH Pa3HOCTH TEMINEPATYP.

5) TIotpedngemMad MOIHOCTh TEPMOIEMEHTA [6]:

-2 _15195mr

gm&’(

81113.‘(
6) Teneps MOYKHO BBMHCIIHTB CHITY pabouero Toka:
i =% =10,16 A.

C nOMOIIBI) MPOBEACHHBIX PACYCTOB MBI Y3HANH. KaKYK CHIY TOKA CICAYET
NOJABATh HA TEPMOBIEMEHT, UTOOH! JOCTHYD HY)KHOTO HAaM 3HAUCHHS TEMIEPATYPHl H
XONOAHIBLHOTO KO3((HIHECHTA, a TAKKES — KAaKOH IO MOIIHOCTH JOJUKEH OBITH pamHa-
TOp. KOTOPbIH OyIET OTBOAMTE TEIUIO OT «TOPMICH» CTOPOHEI 3neMeHTa Ilenbree. Ipu
NPOCKTHPOBAHHH 3KCNEPHMEHTABHON YCTAHOBKH 3T0 OYACT HIPaTh BASKHYIO POJIb,

CpﬂBHeHHe C CYIICCTBYIOLUHMH AHAJIOTAMH

Jlnd mpoBeNEHHA CPABHEHHSA CIENOBAIO M3YUHTh PBIHOK MOXOKHX CHCTEM
OXJIAKICHHS, OCHOBAHHBIX HAa NMPHHIMUNE «MEPEKAUKH» TEMJAa METOJOM BHEAPCHUS B
CHCTEMBI OXJIAXKICHHS 3MeMeHTa [lensThe. B pe3yabTaTe NeTaNbHOrO H3YUCHUS BBIAC-
HIJIOCh, YTO HA JAHHBIH MOMEHT HET KPYIHBIX NMPOHIBOJHTENCH KYJIEPOB C 3IEMEH-
TOM IlenbThe. B OCHOBHOM €CTh OOJBINOS KOJHYSCTBO SHTY3HACTOB, KOTOPHIC NbITA-
I0TCA OOBEIHHHTL «TEMJIOBOH HACOC» C CYIIECTBYHIUMMH CHCTEMAMM BO3JIY IHOTO
HIIH BOASHOTO OXNaxAcHUA. K COKaeHUIO. MHE HE YJAJI0Ch HAHTH BPasyMHTEIBHOTO
MATEPHANA H Pe3YJIbTATOB TECTHPOBAHHA TAKHX KOMOHHHPOBAHHBIX CHCTEM, MOITOMY
NPHISTCA CPABHHBATE PA3pabOTKy ¢ OOBMMHBIMH MPEACTABHTCIIMH BO3JYIUHBIX CH-
CTEM OXJIKICHHA.



[ns cpaBHeHNs B3AT Kynep ArcHc CooMngAlpTe 11 PbM8. 3aTeM NOCTPOeHa
Tabnmua 3 4na HarnagHoOCTU CpaBHEHMS.

Ta6nuua 3. CpaBHeHVe CUCTEM OX/TaXKaeHUSA

Cucrtema oxnaxgeHus Mogaynb MenbTbe + Kynnep Arciic Cool>x§Alp>ke 11
Ha ropsuyto CTOpoHy PLW5
(TSP 122 BT)

LleHa, py6. 1320 700

(Mmosynb + paguatop)
T3P*, BT 50 50
MopaepXaHue NOCTOSHHOM 3aBuUCUT OT TemnepaTtypbl
Temnepartypbl EcTb oKpy>aloLeii cpeabl
Temnepatypa 30°C Mpwn Temnepatype okpyxatoLiei
npu NOAKNOYEHUN Tenno- cpegbl ~ 25 °C
BOIi Harpysku 31-32°C
MoTpebnsemas MOLWHOCTb ~130BT ~10BT

* KOHCTPYKTMBHbIe TPeGoBaHWs MO TemnaooTBOAY - Be/MYMHA, MOKasblBaloLlasl, Ha 0TBOJ Ka-
KOP TenfoBoi MOLLIHOCTM IO/MKHA BbITb paccUMTaHa CUCTEMA OX/IXKAEHMS MpoLeccopa Um
ApYroro nosynpoBoAHNKOBOro npuéopa.

He npoBofs KakKuMX-TO OCOBEHHbIX PacyeToB BUAHO, YTO pa3paboTaHHas cu-
cTema YCTynaeT 06bIMHOMY Ky/epy C BO3AYLUHbIM OX/aKAEHUEM BO MHOTMX MyHKTAX.
HeocnopumbIM MKOCOM SBASETCS TO, YTO paspaboTaHHas MOZENb OXNAXKAEHUS Cro-
coGHa MOAAEKMBATL MOCTOSHHYH TEMMEPATYpy BHE 3aBUCMMOCTM OT TemmepaTypbi
OKpY)KatoLLeli cpefbl. [NaBHbIM Xe MUHYCOM GYAET SBMATHCS YPe3MepHOe 3Hepromno-
TpebneHue Bcell yCTaHOBKW. K COXaleHWO, Bce COBPEMEHHbIE MOAYNM MenbThbe MMe-
tOT OYeHb HM3KWiA KM, 13-3a 3TOro NpUXOAMTLCS TPATUThL LOBO/BHO GO/BLIOE KOMU-
UECTBO 3/1EKTPO3HEPTUM, Aabbl MONYUMTh AECTBUTENBHO CYLLECTBEHHbI pe3ynbTaT B
OX/TXKAEHMN.

Mcnonb3oBaHWe pa3paboTku

Pa3paboTaHHas cucTeMa OX/TaXAEeHUS MOXET ObITb BOCTpeboBaHa BO MHOIMX
0Tpacnsax COBPEMEHHOTO MPOM3BOACTBA: MALLMHOCTPOEHMWE, 3HEPreTUYeCKas, CenbCKo-
XO03AMCTBEHHAsA U T.[4., T4e OXNaX4aeMblii 06BEKT [O/MKEH UMETb NOCTOSAHHYIO Temne-
patypy. Beuay 3Toro paspaboTka MOXeT UMETb Ae/10 TaKXKe KaK albTepHaTVBHbI Ba-
PUaHT CUCTEMbI OX/IXKAEHUA KaKOW-IMB0 TEXHUKW WK ee OTAeNbHbIX KOMMOHEHTOB.
M3-32 OTHOCMTENIbHON KOMMAKTHOCTM OHa MOXET ObiTb MCMO/b30BaHa TakXKe B BOEH-
HOI TEXHUKE: OXNaXAeHNe NPMBOPOB, MUKPOCXEM, BI0KOB MUTaHMS.

BU3HeC-NPUBNEKATENbHOCTL Pa3paboTKy

Ecnn paccmaTpuBaTh CUCTEMbI OXNaXAEHUA C TOUKU 3PEHUS MOLLHOCTU, TO
HU3LWME CTYMEeHW 3aHMMaK0T BO3AYLUHbIE, BbIlle CTOST CUCTEMbI BOASHOrO OXnaxae-
HUSI, UMEIOLLIME CPEAHIOK MOLLHOCTb, 33 HAMMW UAYT CaMble MOLLHbIE W CaMble CIOX-
Hble B KOHCTPYKLMW (DPEOHOBblE XOMOAM/bHbIE CUCTEMbl. Ecnm e 6paTb cucTemy
OX/IXKAEHUS C BHeApeHVeM B Hee Moayns NenbTbe, OHa MOXET OTHOCWTLCA MOYTKM K
noboin kareropuy (eCnm COOTBETCTBEHHO MOLLHOCTb MOAYNst OyfAeT OTHOCKMTENbHO
BbICOKOM). COOTBETCTBEHHO C MOBbILUEHMEM MOLLHOCTU U KOIMYECTBA MOAYNEN MOXHO
[06UTbCSA [OBOMLHO HU3KMX TEMMEpaTyp, YTO B CBOK Ouepefb KpaiiHe Heo6Xxoaumo
MpW BbINOHEHUM Pa3INYHbIX 3afay, CBA3aHHbIX C npoLeccopamu. Hanpumep, Takas


https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B3%D1%80%D0%B5%D0%B2
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BE%D1%85%D0%BB%D0%B0%D0%B6%D0%B4%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80%D1%8B
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320a44 KAK «Pa3sroH» mpoueccopa Tpedyer 0T CHCTEMBI OXIVKICHH OONBIIOH MOILHO-
CTH, YMTO JOBOJIBHO TPYIHOJOCTHMMMO, 4 TO H IMPOCTO HEBO3MOXKHO (Pe4b HACT O CH-
CTeMAX BOZIYIMHOTO H BOIAHOTO OXJIAKICHHA). BCaeacTere 3T0r0, MOKHO OA3HPOBATH
CHCTEMBI OXJAKICHHA C TSPMOIICKTPHYCCKHM MOIYJIEM KAK JOBOJBHO CBOCOOPA3HBIE
KVJUIEPEI, MPSAHAZHAMEHHBIC A4 OMBITHHIX MOJIb30BATENEH, U HMEHHO OHH OyIyT
HMETh CIPOC ¢ TAKHX CHCTEM OXJILKICHHA. TAKKE HE CTOHT 3A0BIBATH, MTO YJICMEHTHI
[NensThe MPEeBATH BEIICICHHEM GOMBLIOTO KOJIHYECTBA TEIJIOTH], KOTAA CBOCH «X0I01-
HOH CTOPOHO!H OHH 3a0HPAIOT TEIUIO ¥ MPOLECCOPa. HA ropayei MPOUCXOAUT €¢ aKTHB-
HO¢ BBUICTICHHE» [9]. DTy TEMIOTY MOKHO TaKKEe CHUHTATh YHHKAILHOCTHIO MOV H
HCNONTB30BATh BQ BTOPOCTENICHHBIX 33Aa4aX. Hampumep, kak 3aMeHa 000rpeBaTe/io B
KOMHATE (ropga4yas CTOPOHA MOJYJA BhLACILIET GOJBIIOE KOMHYECTBO TEMMOTH, AQCTA-
TOUYHOE AJ11 000TrPeBa MAICHBKOTO NMOMEICHHA HA MPOTOKCHUH GOIBLIOTO MPOMEHKYT-
KA BPECMEHH).

IIpHMEHEHHE TEPMOMICKTPHUSCKHX MOAYJCH OUCHB OOIIHPHOE. H. MHE Ka-
KETCA. B OyAyIEeM HM OyAST BBIACICHO OTACIBHOC MECTO, IMIC OHH CTPABATCA CO CBO-
eif 3amaueH Jydyle BCEro, a 0COOCHHO B KAYECTBE CHCTEM OXJIAKACHHA.
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PA3PABOTKA MAKETA NMOPTATUBHOI'O TASOAHA/I3ATOPA,
VNCCNEOOBAHWVE EIO 3HEPIOMOTPEBNEHNA

bxaHrnpsH Meopruid Cepreesuy
MockoBckas obnacTb, r. PeyTos, MBOY "/luueit ”, 11 knacc
e-Tal:]ango$ka@ gTal coT

AHHOTaUua. B gaHHOI cTaTbe paccMOTPeHbI Chepbl MPUMEHEHUS Fa30aHaIN3aTopoB,
onpejenseTcs MakcUMaibHOe MpuemsiemMoe Bpemsi paboTbl Ha NPUMepe MOPTATUBHOIO YCTPOM-
CTBa, PaccMOTpeHa BO3MOXHOCTb MOBbILLUEHWS BPEMEHW aBTOHOMHOW paboTbl MOPTaTMBHbBIX
YCTPONCTB METOA0M NOBbILLEHUS S3HEPTO3IP(EKTNUBHOCTM MUKPOKOMMPECCOPOB, a TakxKe Co34aH
MakeT UCMbITaTe/IbHOro CTeHAA, NO3BO/AIOLLENO NPOM3BOANTL OLEHKY 3HepronoTpebieHns nop-
TaTUBHbIX YCTPONCTB W €ro OTAe/bHbIX COCTaBMSAIOLWNX, KaMBPOBKY U OTCTPONKY C Liefbio
onpegeneHns Hambonee ahheKTUBHOIO peXKMma NUTaHUS.

KnoueBble cnoBa: rasoaHanusarop, AaTyvK rasos, 6/10K CEHCOPOB, aHepronoTpebne-
H1e, MMKPOKOMINPeCcop.

MecTo BbINonHeHUs paboTbl. Pa6oTa BbiNoiHeHa Ha 6a3e MOCKOBCKOro rocygap-
CTBEHHOr0 TEXHNYECKOro yHMBepcuTeTa uMeHn H.9. BaymaHa Ha 6a3e kadegpbl “BakyyMHasn u
KOMMpeccopHas TexHUKa”. HayuHbIli pykoBoguTens: Kropmkues HO.B., goueHT MITTY mm. H.2.
BaymaHa, KaHf,. TexH. HayK.

OnucaHme paspaboTku

"a30aHa/IM3aToOpP - WM3MEPUTENbHBIA NPUBOP A1 ONpeaesieHNs KaueCTBEHHOIO
M KONWYECTBEHHOTO COCTaBa CMeCel rasoB. Pa3nmMuatoT rasoaHasM3aTopbl Py4YHOro
JeicTBUS 11 aBTOMATUYECKNE.

B KauecTBe noTpeGWTENeli 3HEPT M B ra30aHa/IM3aTOpax BbICTYMNAOT OTAE/b-
Hble [AaTUYMKM rasoB, COMYTCTBYHOLME AATUMKM (TEMMEPATYPa, BAAKHOCTL), & TakKke
YCTPOIicTBa BbIBOAA MH(hOpMaLyK. [lanee OHU pacCMOTPEHbI B OTAE/LHOCTU.

MobyanTens pacxoga rasa MKM-7
MarHuTo3neKTpuyecknii MemMbpaHHbI KOMNPeccop - YCTPOICTBO, MpefHa-
3HaueHHOe [/ NepeMeLLeHns U CKaTUA rasa, OCHalLEHHas MarHUTO3NeKTPUYECKUM
Np1BOLOM. Takue KOoMMIpeccopbl 06bIMHO 06/1a4al0T CPAaBHUTENBHO HEOOMbLUMMI 3Ha-
YeHUAMK NPOU3BOAMTENBHOCTM (10 1 M3uac) v co3gasaemMoro nepenaga gasneHns (4o
0,5 6ap), a TaKkxke cpaBHUTENBHO HeBOMbLIMMM rabapuTamu 1 Maccoii [1].

PucyHok 1. MobyanTtens pacxoga rasa MKM-7

1 TMpowussoamTensHocTb: 0T 0,03 go 0,16 n/MuH (He MeHee)
2. MutaHue: HanpsbkeHue oT 3 go 10 B, meaHgp vacToToin 400 Iy


https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BC%D0%B5%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D0%B3%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D0%B3%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A1%D0%BC%D0%B5%D1%81%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7

3. Tok notpebnieHns: He meHee 30 MA NP HaMpsHKeHN NMuTaHws 5 B
4. TabapuTHble pasmepsbl: 25*25*%18 mm
5. Macca: 29 1. [2], [3]

MKM-7 - MUKpoKomnpeccop 06bEMHOro Tuna. CxaTue rasa NpoucxoguT B
pe3ynbTaTe yMeHbLUEHNsS 06bEMA Kamepbl CXXaTus BCMeLCTBUE MOCTYNaTebHOro ABu-
YKEHUA KPYT/IO TMOKOA MeMBpaHbI, 3aKaToi N0 NEPUMETPY MEXAY OrPaHUYUTENbHbIM
[MCKOM 1 KOPMNyCcoM.

Ha ocHoBaHMM aHanm3a paboumx xapaKTepuCTMK MUKPOKOMMPECCOPOB Onpe-
JeneHbl TpeboBaHWA K NobyauTento pacxofda. Ha OCHOBe BbISIBNIEHHBIX NMPEVMYLLECTB
OTHOCUTE/IbHO aHa/I0roB MCMosb3oBaHne MKM-7 B KauecTBe NobyauTens pacxoja 4/is
MepeHOCHOro rasoaHasm3aTopa Npu3HaéTcs LenecoobpasHbIM.

LaTuuk razaM 09 (yrapHblil ras, yrneBsofopoaHble rasbl)

PucyHok 2. laTtuuk raza M”9.

[JaTtumk rasa, NOCTPOEHHbI Ha 6ase rasoaHanmsatopa M”-9, Mo3BosnseT 06-
HapyXWBaTb HaMuMe B OKPY>KatOLLIEM BO3JyXe Yr/1eBOLOPOAHbIX ra3os (MpornaH, Me-
TaH, H-0yTaH) 1 yrapHoro rasa (CO). MNMpeacTaBneH Ha pUcyHke 3.

XapakTepucTVKN 3HePronoTpebieHns gaTyvka:

*  HanpspkeHve nutaHmnsa: 1,5/5B
* [oTpebnsiemblin TOK: 70/ 150 MA
e OHepronoTpebneHne gatumka: 105 .. 750 mBT

.

PucyHok 3 - [laTuuk Temnepartypbl

OaTuuk TemnepaTypbl *818B20+

PaboTa fjaHHOr0 JaTyMKa OCHOBaHa Ha CBOMCTBax MOr/OLLEHNs rasa nosepx-
HOCTbIO HarpeToro okcmfa. JTO TOHKasA M/eHKa OKMCK MeTaina Ha KpeMHWeBON nna-
CTUHE, A1 pa3meLL,eHns KOTOPOIA UCMOb3YHOTCA Te Xke MPOLECChl, YTO U NPy U3roToB-
NEHUN KOMMBIOTEPHBIX MUKPOCXeM. or/oLeHme NpocToro rasa NnoBepxHOCTbIO OKCU-
[ia rasa obpasua c rnoc/efyolWmm KaTaIMTUY4eCKUM OKUCIIEHNEM BefET K U3MEHEHUIO
3/IeKTPNYECKOro COMPOTUB/IEHNS OKCUAHOIO Matepuaia  MOXeT BbITb COOTHECEHO C
KOHLeHTpaumein rasa obpasua. MonynpoBOAHMKOBbIE AATUMKW rasa HarpesaloTca Ha
MOBEPXHOCTM 40 MOCTOSIHHOM TemnepaTypbl Bbiwe 200-250°C A1 YCKOPEHNUs CKOpo-
CTW peakuMy N COKpaLleHWNs BO3LEWCTBUIA, BbI3BAHHbLIX W3MEHEHWEM OKpYXKatoLLeli



TemnepaTypbl. [M01yNPOBOAHNKOBbIE [ATUMKM ra3a XapakTepusyloTcs MpOCTOTON M
[OCTaTOYHOl CTeneHblo HagEXHOCTW, MOryT 06/1afaTh BbICOKOW CTEMeHbI YyBCTBM-
TeNbHOCTU. OHW LUMPOKO NPUMEHAIOTCA MPWY NPOU3BOACTBE HEAOPOrUX [LEeTeKTo-
poB 6bITOBOrO rasa. OfHako B NMPOMbILLIEHHOCTY OHU CKOPee HeHafeXHbI, NOCKO/bKY
HeA0CTaTOYHO TOYHLI NPW ONPeAeneHNn OTAe/NbHbIX ra3oB, Ha HUX TakXKe BUAOT ne-
penagbl aTMOCepHOI TemnepaTypbl U BAaXHOCTU. BO3MOXHO, 1x TpebyeTca npose-
pATb HECKO/IbKO Halle, Yem OCTa/lbHble TUMbl AaTYMKOB, MOTOMY YTO OHW W3BECTHbI
noTepeli YyBCTBUTENbHOCTU, €CM WX He KOHTPONUPOBaTb PerynsipHo. OHW Takke
MeJJIeHHO pearvpytoT 1 BOCCTaHaBNMBAKOTCA NOC/e BO3AENCTBMA Bbibpoca rasa. [4]

Jatunk Temnepatypbl "~818B20+ n03BONAET ONpeAenaTb TemrepaTtypy
OKpY>KaloLLIero Bo3gyxa B AmanasoHe ot -55...+125 °C. B cocTase rasoaHanvsaropa
MCMO/b3YeTCs Kak CONyTCTBYHOLMIA AaTUVK.

XapaKTepucTUKu 3HepronoTpebneHns gaTyumka
* HanpskeHue nutaHua: 3-5,5 B
» ToTpebnsiemblin TOK Npu 6e3gericTaumn: 750 HA
» [oTpebnsemblii TOK npu onpoce: 1 MA
* [oTpebnsiemas MoLLHOCTL: <10 MBT [5]
pacnyecknit MOHOXPOMHBIA 3KpaH 128*64

pathmyeckmii akpaH B rasoaHan“3aTopax MCnonb3yeTcs S8 BblBOLA U3Me-
PEHHbIX AaHHbIX W BM3yaam3auum npoyeit pabouein nHdopmaumu. [JaTyuvk npeacras-
JIeH Ha pUCYHKe 4.

>

PucyHok 4 - T'padyecKunini MOHOXPOMHbI 3KpaH

XapaKTepuCTUKW:
*  HanpsxeHve nutaHna: 4,5 - 55 B.
*  [NoTpebnsieMblil TOK 1OTUKK: 4 MA.
*  [oTpebnsieMbIil TOK MOACBETKN: 64 MA.
* [MoTtpebnsemas mowHocTh: 350 MBT.[6].

Ha pucyHke 5 npegcrasfieHa guarpaMma 3HepronoTpebneHns KOMMOHEHTOB
rasoaHanm3aTopa nNpu pasnyHbIX crocobax nuTaHws nobyauTens pacxoga. M3 gna-
rpaMMmbl BUAHO, YTO Hambonee 3HepProéMKMMK KOMMOHEHTAMU ABASIOTCH MUKPOKOM-
Mpeccop v AaT4nkm rasos. [103TOMy Mpu BbIGOPe METOAA CHUXEHMA 3HepronoTpebe-
HWA NOPTATUBHbLIX ra30aHasM3aTopoB B NEPBYIO Ouepelp credyeT obpallaTh BHUMaHWe
Ha CHWXeHWe 3HepronoTpebieHns JaTYMKOB rasa v nobyanTens pacxoa.

B xofe Hay4HO-TeXHUYeCKo paboTbl 6611 COOGpaH MakeT rasoaHanuM3aTopa Ha
6ase nnatbl AriAwno NAO. Mpu nogade HanpsXKeHUs BKIHOYAETCH MUKPOKOMMPECCOP
M napannenbHO emy HarpeBaeTcs gaTyuMk Mp9. Mocne Harpesa BO34yX MPOXOAWT
yepe3 670K CEHCOPOB M BblkauuMBaeTcs OTTyAa .C MOMOLLUbID KHOMOK MOXHO
perynupoeatb 4acToTy, amnauTyfly W CKBaXHOCTb. JTO BCe BbIBOAMTCA Ha
MOHOXPOMHOM 3KpaHe. Ha Hem Takke BbIBOAATCA pe3y/bTaTbl u3MepeHuii. [anee
paccMOTPUM OCHOBHbIE 3M1EMEHTbI B OTAENbHOCTY.



mNob6ygutens

pacxopa

m laTumnkm
aHanMsnpyemoro
rasa

m BcnomoratenbHble

3NeMeHTHI

PucyHok 5. uarpamma sHepronotpe6eHns NopTaTMBHOIO rasoaHamsaropa

PucyHok 1- YCTpoicTBO MakeTa
1- MOHOXPOMHbIN 3KpaH, 2 - 610K CEHCOPOB, 3 - MUKPOKOMMpeccop,
4 - KHOMKW ynpasneHus, 5- nnata Aridwno We,
6 - noBblLalOLW e N NOHMXKAKOLW e CTaBUAN3ATOPbI, 7 - MOAYNW pene, 8 - CUNOBOI KoY

B xofje 3KcnepumeHTa Mbl 3anyckanuW Haw MakKeT rasoaHanusatopa npu
pa3nuMuHbI X pexnmax pa6oTbl. B Ta6bnuye 1 npeAcTtaBneHbl pe3ynbTaTbl 3KCNepUMeEHTa.
M bl Mcnonb3oBanu HanpsXeHue 0T Tpex BONLT, T.K NPU HanpsXeHUW PaBHOM ABYM
BONbTaM, yCTaHOBKA He MOKa3biBana HYXHY HaM NPOM3BOANTENbHOCTb. HanpsaxeHue
6onee NATb BONbT Mbl Tak Xe He paccmMaTpuBanu, T.K yXe NPU HanpsX eHUn 5 BONbT K

yacTtoTe 400 Ny Bpemsa paboTbl HAac He ycTpaueano.

Ta6nuua 1. Pe3ynbTaTbl 3KCMepMMeHTa Mo M3MepeHMto paboTkbl MakKeTa rasoaHanimaTopa

HanpsxeHue YacTtoTa EMKOCTb YacToTa Bpems paboThbl
akKymynatopa N3MepeHmns
3B 200 9y
3B 300 84 31 MuH
3B 400 8y
4B 200 8y
1pas
4B 300 Okono 7000 MAY B 10 MUHYT 74 19 MuH
4B 400 64 57 MUH
5B 200 74
5B 300 64 31 MUH

5B 400 6u
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B xo03e nccnenoBaHua ObLIO BBIBSICHO, MTO MAKCHMANBHO MPHEMIICMOS Bpe-
M padoTHI PH PA3HBIX YACTOTAX o0ecneyHBACTCA NpH HANpsbreHUuH 3B. Tawke 610
BBIBSIEHO, YTO MPH HANPMKeHHH 3B MakcuManoHoe Bpemsa paboTsl (9 4) razoaHaiHsa-
TOp BbIFACT MpH 4acTote oT 200 30 300 ['u. B Oy aywmem NmIaHHPyeTCA OCHACTHTH Ma-
KET KOPITYCOM, CIENATH €ro MOOHIIbHEE, A TAKKE MPOITHTh BpeMsa paboThL

CpaBHEHHE C CYIUECTBYIOIHMHU AHATIOTaMH

IIporoTHn. KOTOpPBIH 0BT CO3AaH BO BPEMA HAYUHOH DPaGOTHL. MMEST pAA
NPCHMYILECTE MO CPaBHCHHIO ¢ aHajgoramu. IlepBBIM H3 HHX SABICTCS ILICHA.
AHamM2Hpya pabovne XapAKTePHCTHKH CO3IAHHOH MOJCNH C YiKe CVINCCTBYIOLUHMH,
TO MOMKHO YBHIETB, MTO LCHBI NMPCBOCXOIAT UCHY HAIICTO YCTPOHCTBA B HECKOJBKO
pa3. BTopeiM NpeHMYIHECTBOM ABIMETCA MOIYIbHOCTh. Paspabotanuriii crenn obma-
JAeT MOJYJIBHOH KOHCTPYKUMEH, BO3MOKHBI CIICIYIOIHE H3MEHSHHA KOHCTPYKUHH:

¢ VCTaHOBKA H TECTHPOBAHHE Pa3IYHBIX MHKPOKOMMPECCOPOB H MHKPOHA-
COCOB

¢ 3amena O50Ka CEHCOPOB HA APYTO€ YCTPOHCTBO, BOAMOKHOCTD MOJCITHPO-
BATh PAbOTy PaIHYHBIX IOPTATHBHBIX YCTPOHCTB

¢ VYcranoeka AKB npyroro nmpHHUMNA ACHCTBHA M APYroH €MKOCTH. MOJ-
KIOUEHHE K CTAHAAPTHOI 3eKTpoceTH [7].

Ho y MakeTra Hallero yCTpoHCTBA HMEKOTCS MHHYChL IlepBhIM. H HABEpHOE
BOKHSHINMM, ABIAETCA mnporpammuoe obecnedyenne. Ecim mpousoiimer cboit B
MPOTPAMMHOM O00CCIIEUeHHH, TO AN VCTpaHeHHA OWHOKH HeoOxomumo o6majarp
HEKOTOPBIMH 3HAHHAMH B IMPOTPAMMHPOBAHHH.

Hcnombsosanue paspaboTku [8]

B BosbIuHHCTBE OTPACHei MPOMBILIEHHOCTH B PA3MHMHBIX TEXHOIOTHMECKHX
NPOLECCaX YaCTO MPHMEHAIOTCA rashl, TPEOYIOIHE NOCTOAHHOTO KOHTPOIM OTCYTCTBHS
YTEUEK ¢ LEIbI0 0fecnieycHH Ge30MacHOCTH NMPOH3BOACTBA H CHIDKCHHA PHCKOB JU
nepcoHana. [l 3TOro YCTAHABIHBAKT CHCTEMB! 00HAPYKEHHA TA30B IS MOCTOSHHO-
ro KOHTPOJIA YPOBHSA padoueii cpepl.

DTH CHCTEMBI, COCTOAINHE H3 [a30AHAIH3ATOPOB, KOHTPOJIEPOB. YCTPOHCTR
OMOBELICHHA H HCTIOHHTENIBHBIX YCTPOHCTB, BHIMONHSIOT (DYHKIHH PAaHHEro Mpeny-
NPKACHHA O PA3BHTHH ONMAcHOH CHTyauHu. TeM caMbIM CHCTEMBI 0OHAPYKCHHA Ta30B
NO3BOJLIOT JIOKAJTH30BATh PA3BHTHE OMACHBIX CHTYALHH HA PAHHHX CTANHAX. 4 TAKAE
VBEIIHUHBAKT NEPHON BPEMEHH NI NMPHHATHS COOTBETCTBYIOIHX 3AIMHTHBIX MEp H
ACHCTBHIA IO YCTPAHCHHI) ABAPHHHBIX CHTY allHii.

B Hactosdmiee BpeMA C(epbl HCTIONBL3OBAHHA Ta30aHAH3ATOPOB OUYEHb 00-
LIHPHBI — OT HeTera’oBoil MPOMBIIICHHOCTH, A0 NMOJ3EMHBIX ABTOMOOH/IBHBIX TOH-
HeNeH. PACCMOTPHM HEKOTOPBIE H3 HHX.

1) Hedrerazopad npOMBILICHHOCTE BKIOYACT B ceba OGoNbInOe MHCIO
HANPABICHHI MPOH2BOICTBEHHOH JSATENIBHOCTH, OT PA3BEIKH HA CYLIC H HA wwenbje,
MPOH3BOICTBA HE(TH H ra3a H 4O HX TPAHCMOPTHPOBKH, XPAHEHHA H MEeperoHku. JaH-
HBIC BHABI JEATSIBHOCTH XAPAKTEPHAYIOTCA HATHMHEM GONBLIOTO YHCIIA OTHSOMACHBIX
razo00pasHbIX YIIEBOAOPOAOB, KOTOPHIE MPEICTABIIOT COOO0 CePLE3HY IO OMACHOCTD.
FoproMmM ra3aM 4acTO CONMYTCTBYIOT TAK K& TOKCHYHBIC TA3bI, TAKHS, HAMPHMED, KAK
CEpOBOAOPOA,

Tunosbie 00BEKTHI, TPEOVIOLINE KOHTPOIA 3AarA30BAHHOCTH
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pasBeAOUHBIC OYPOBBIC YCTAHOBKH,
JKCILTY ATAUHOHHBIC TIAT(QOPMEI,
Ha3¢MHbIC He(hTe- H Ta30XpaHHIIHILA;

¢  He(renepepabaTHIBAIOLIME 2ABOIBL.
KontpoaupyeMeie raser:

¢ Toproune: yriaeBoAOPOAHBIE Fa3hl.

¢  TOKCHYHBIE. CEPOBOJOPOA, YTapHELI ras.

2) MenHIMHCKHE YYPCHICHHA MPHMCHMIOT TOPIOYHE H TOKCHUHBIC BEINECTBA.
NPEKAS BCETO. B CBOMX HCCIEAOBATENBCKUX JaGopatopusaX. KpoMe TOro. MHOTHE Me-
JULHHCKHE YYPEKICHHA PACMONATaleT MECTHOM 3HEProCHCTEMON H aBapHIlHBIMH re-
HEPATOPHBIMH CTAHIMAMH ¢ 3aNacOM TOIIHBA,

TunoBble 00BEKTHL TPEOYIOIINE KOHTPOJIS 3ara30BAHHOCTH,

e 1A0OpaTOpHH;

¢ pedpIKSPaTOPHBIC YCTAHOBKH,

¢  MAIIMHHO-KOTEJIBHBIC OTICICHHA.

¢  KOHTpOIHMpYEMBIC rassl:

Toproune: METaH, BOAOPO. Naphl AH3EABHOIO TOMIHBA. TOKCHYHEBIE. YTapHbI
a3, XJop, AMMHAK, STHICHOKCHI H Ae(DHLIHT KHCIOPOJA.

3) INpuMeHeHHe B MPOH3BOACTBSHHBIX MPOLECCAX ONACHBIX BEIUECTB, B MACT-
HOCTH JICTKOBOCIUIAMCHAIOILMXCA, TOKCHMHBIX H KHCIOPOIOCOASPKAILKX A30B, Tpe-
Oyer MOCTOAHHOTO MOHUTOPHHIA CUTYAUUH. Beap Hen30eKHO B X04€ HAPYLUICHHA TeX-
HOJIOTHH MPOH3BOACTBA, MPOH3BOICTBEHHBIX ABAPHH H HHUHICHTOB MOTYT CIIVYATBCA
Y¥TEHKH IA30B, KOTOPHIC MPSICTABILIOT MOTEHUHANBHYIO OMACHOCTE /11 MPOMBILLICH=
HOTO MNPEJNPHATHA, JKOJOTHH, NMEPCOHANA M JHOJCH, NMPOKHBAIINUX MOOIH30CTH.
[MpuMenerne CHCTEM OOHAPYIKEHHA rA20B MOZBOJACT CYILSCTBEHHO CHH2HTh PHUCKH H
MOBBICHT 0€20MACHOCTH MPOH3BOICTBA.

BH3HEC NPHBIEKATEILHOCTD

Joporoii u cnokubiit mpubop ¢ GOIBIHM KOIHMMECTBOM JOMONHHTESIBHBIX
({yHuxumit He Beerna ynoben H HagexeH. [Ipu pazpaborke mpubopa BOKHO OPHEHTHPO-
BATBCA HA TpeOOBAHHA, BBIIBHraeMele moTpedureneM. 310 Takue (AKTOPHI, KAK exe-
FOJHAA CTOHMMOCTHAA IKCILTYATAUHA, TEXHHYECKOe OOCITY)KHBAHHE, MOBSPKA, CTOH-
MOCTB PACXOAHBIX MATEPHANIOB H Op. Jua Gonee IETANMbHBIX BBIBOJOB HEOOXOIHMBI
SKOHOMHYECKHE PACUETHL,
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CO3JAHYE IMPUBOPA, PABOTATOIIEIO HA KMPJIMAH-®®EKTE

Kapenun Hukura Banepbesuu
Mypsancxas obaacme, 2. Cresxciozopex, MEOY OOHI Ne 269, 9 knace
e-mail. kilka.tehnili@vandex.ru

AHHOTaI.ll-Iﬂ. B HacToO4qIIEE BpEMA CO3JaHa Bcenmpﬂax acColHaLyig Mo H3Y4YCHIIO ’3(1)-
¢exra Kupmian. B npoGineMe HaZeKHOTO HCCTICAOBAHMS COCTOAHMA EJIOBEKa METOA rasopas-
pxm-loﬁ BH2YAIMH3ALRI ABIACTCA MPHOPHTETHBIM. Pazmrmeiva ABPTOpaMH JOKazaHO, YTO IIEK-
TPOMarHHTHOE Q1€ YETOBEKa — HOCHTEND LmQ)opr»mLum O €ro COCTOAHHH.

Ilerms paGoThl: co3paTe Npubop LI HeCleJoBAHHA H200paXKeHH il npeaMeToR H GHoMo-
THYECKUX O0BEKTOB ¢ NIOMOILBIO KipmiaH-3p{)eKTa B KONBHOH TaGopaTopHH.

Me’l'OJIbI HCCIIEJORPAHHA! CHCTEMAaTH3alHA MAaTEPHANA IO ITPHHITHITAM paﬁom K.I—‘[p.fll—‘l—
aH-TIPHOOPOB; AHATH3 CXEM, CIIOCOGOB COOPKU MpUGOPOB. PaccuMTaHBI MapaMeTphl, OIMCaHa
METOMHKA CO3TaHHA npnﬁopa, C IIOMOLIBIO KOTOPOI® HCCIEIOBRAHBI CBEHYCHIIA NPEIMETOB H
MalbLEB PYK.

B XOQJE FKCIIEPHMEHTOR BBIACHHIOCH, YTO JaMIIa pONHM3H rlpn60pa MOJKET 3aXHIaTbCA
0¢3 MPOBOJCB. ITOT HHTEPECHBI 3 QeKT MBI 5y M H3YYaTh B CISAVIOLINX HCCISAOBAHMAX.

Knwuesbte ¢ioBa: npuGop. Kupnnan-3Q@dekT. cBeucHHe MPEIMETOB, JUATHOCTHKA,
razopa3paiHasd BH3YalH3aLg, SHeproHHGOPMALHOHHOE MoTIe.

Mecto BbInonHeHns1 paboTbl. PaGoTa BbmoMHeHa Ha Gase MBOVY OOIIL Ne 269 B
nKomeHoH nmabopaTtopui «3KcnepHMeHTapHyM». Hayunbele pykoBoguremd: OrHeBa Mapuha
BramivupoBHa, yuutens ¢usuiy, Kapennna Keenna I'eHHamieBHa., yyMTeNnb MaTeMaTHKH,
MEQY OOIII Ne 269.

Onucanne HHHOBAMOHHO pa3paboTKH

B HacToswmee BpeMsa MeTod ra’opaspaaHoi Buayanmsauns (dddext Kupnuan)
ABJIACTCA SOIHHCTBCHHBIM METOJOM, NMOZBOLTOIHM OBICTPO, JOCTOBEPHO U Ge30macHo
HCCIIEIOBATh (PUAHYMECKOS, MCHXOIMOLHOHATBHOE H JHEPIETHUECKOE COCTOAHHE 1EJI0-
Beka [1].

C HayuHOM TOMKH 3peHHA, 3QexTt KHupauaH MOKET CTaTh OCHOBOM HOBOTO
NOHHMAHHA MPOHCXOMKICHHA H PASBHTHA PASIHUHBIX OHO3HEPTETHUECKHX MPOIECCCOR B
OPTaHH3ME YEIOBEKA M HX B3AHMOACHCTBHA ¢ MOJAMH PasIMuHON mpuponsl [2]. 3a
nocneanue 20 mer odopmiacHsl IlareHTH Mo HCMOMb3oBaHIIO KupmaH-addexra B
MEIHIHHE H B CHCTEME PKOIOTHUECKOTO MOHHTOPHHTA, B NMEpPCIEKTHBE 3TOT METOXN
OyIeT KaKk NPaKTHYCCKHIT HHCTPYMEHT HA CTOJIE JE000ro Bpaua [3].

Oﬁmaz HOCIMQHOBKQ npoﬁﬂemm U €€ 8436 C HAVYHO-NPAKMUYECKUMY 3ada-
HYaMH.

Kupmuan-3¢Qrexr (Kupnuanosa avpa) — 3T0 NMIAZMEHHOE CBEMEHHS ICKTPO-
pa3paIa HA MOBEPXHOCTH OHOJOTHMECKHX OOBEKTOB, KOTOPBIE NMOMEILAKTCA B NEpe-
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MeHHOe 3NeKTpuyeckoe none yactoTel oT 10 go 100 klu, npu HanpaxeHuun oT 5 fo
30 kB.

B npob6neme HajeXHOro uccnefoBaHUA (GU3MYECKOTO COCTOAHMA YenoBeka
MeTOJ[ rasopaspsafHoOii BM3yanusaumu ABAAEeTCA NPUOPUTETHLIM. BnepBble 3To cBeye-
Hue Habnw fgan npocdeccop NinxteHbepr ewe B 1777 roay [4]. HecoBeplweHCcTBO anna-
paTypbl, MCNONb3yeMOh ANA BU3yanusaumum 3aToro aspthekrta AONroe BpeMa NPenAaTCTBO-
Bano 6onee rny6oKoOMY €ro M3y4eHuio.

Xunbpa Knapk B 1989 roay oTkpbina, 4TO ANA XMUBblX 06beKTOB KOHpUTypa-
UMA M3NYyYeHUS 3aBUCUT OT 3NeKTPONPOBOAHOCTU OpraHusmMa, 4uTo obycnasnumBaeTcs
NCUXO3IMOLMOHANBHBLIM COCTOSHMEM WUCNbITYyemMoro, paboToil cepAeyHO-COCYAMUCTOMW
cuctembl u T.4. [4]. BukTop ApAaMeHKO NONYYUN KUPNMAHOBCKME M306paxeHUs Ha
NIOMUHUCLEHTHOM 3KpaHe, Ha 3nekTpocTaTMyeckoi 6Gymare, Ha Tepmorpaguuyeckux
nnacTuHkKax.

Hanb6onbw Mt HayyHoO-NnpakTMYeCKW MHTepec NpefcTaBAAKT MUCCNefOBaHUSA
CBeYeHMA 6GMONOTNYECKUX 06BLEKTOB, B OCHOBHOM, OpraHusmMa 4yenoseka M BOfAbl, Kak
OCHOBHON cy6CTaHUWM XU3HKN [2].

Necatunetna cynpyru C.A. Kupnuaw n B.X. KupnumaH npoBognmam nmccnepo-
BaHMA Pa3NNUYHblX XapaKTepUCTUK CBeYeHUH BCEBO3IMOXHb X 06bEKTOB, KOTOpPble NO-
nyuynnu okono 30 aBTOPCKUX CBUAETENbLCTB Ha M306peTeHns B anektTporpaguum. W meH-
HO MO3TOMY NoO Ceii JeHb B MUPOBOW NMTepaType YyTBepAMNOCb Ha3BaHMe 3TOro MeTopfa
- OO0 PEKT KUPAWMAH. KupnnaH-fnarHocTuka OCHOBaHa Ha BblIBJIEHUUN COCTOAHMUA
YenoBeka MO CBeYEHWU GMONOTNYECKUN aKTUBHbBIX TOYEK Ha KOHYMNKAX NanbLeB.

C.O. KupnnaH nomeuw,an B none npegmeTbl, poTorpathmupys cBeyeHne NUCTbeB
fepeBbeB N COGCTBEHHbI X pyK. CylW ecCTBEHHO pa3nMyanocb CBeYeHUe PyK 340p0OBOTO,
3aboneBW ero MAM NpPOCTO ycTaBW ero yenopeka. ® otorpadmm KupnmaH-ceeyeHUs X u-
BblX W HEXMUBbI X NMpeAMEeTOB MNpeAcTaBneHbl Ha pucyHkax 1 u 2. Takue ob6pasoBaHus

accoLUMMpylo TCA C «aypoi» KXUBbI X CyL ecTB.

PucyHok 1- V3nyuyeHuie nanbLa YenoBeka B COCTOSIHUM FapMoHmK (1) 1 n3nyyeHue nanbLa Ye-
J10BeK; TosAHUK cTpecca (2) [4].

PucyHok 2 - BnnsiHve amoLMii YenoBeKa Ha aypy. W3nyyeHue YenoBeka B COCTOSIHUN
NCMX03MOLIMOHA/IBHOTO BO36Y>XXaeHUs (1) 1 n3nyyeHme YesioBeKa nocse 03goposneHus (2) [4]

M HOTOUYNCNEHHBIMU NCCNEAOBAHNAMMU pPa3NMUYHbL X aBTOPOB Yy6eAMTEeNbHO [O-
Ka3aHo, 4TO 371eKTPOMAarHNMTHOe NONe YenoBeKa 3aBUCUT OT NCUXMYECKOTOo U pU3NO0N0-
rMYyeckoro coctosHuMa yenoseka. Co3gaHa BcemupHas accouymaumsa no M3yyeHutw 3g -
hekta KupnunaH, unsobpetatoT npubopbl, No3BonA W Me pacWwMpuTb BO3MOXHOCTMK

HayuyHoro noumcka [5].



Cynpyrn KupnvaH [okasaiu, YTO 3/1eKTPOMarHUTHOE MoJsie YenoBeka - 310
HOCUTENb MHA(OPMALLMKN O ero (Pr3NYECKOM 1 MCUXO3MOLMOHATILHOM COCTOSHUK. [pw
HOPMa/lbHOM TEUEHWUW 3HEpPruu, KNEeTKU opraHu3ma (yHKUMOHUPYIOT FapMOHUYHO.
Ecnu paBHOBECHbI PUTM HapyLUaeTCs, TO U3MEHSETCA U (DYHKLMOHNPOBaHNE KETOK.

MpuHuun pa6oTbl KupnuaH-npu6opa: Ha OAUH 3/IEKTPOL MOLAETCA BbICOKOE
MepeMeHHOe HamnpsbkeHWe ¢ YacToToi - oT 1 go 40 kB npm 200-15000 Iy, Adpyrum
3MIEKTPOJOM CNYXUT caM 06BLEKT. ECnm 00BLEKT - YenoBekK, TO OH He 3asemsertcs. Ec-
NN 00BEKT - MpeaMET HEXMBOW MpPUPOAbl, TO ero Hago 3asemnuTb. Oba anekTpoaa
pasfeneHbl MeXxay co60li M30N1ATOPOM M CI0EM BO34yXa, MOJIEKY/lbl KOTOPOro NoABep-
ratoTcs gvccouuaumn nog AeiCTBUEM CUABHOMO 3/1EKTPOMAarHUTHONO MO/s, BO3HUKa-
IOLLLEr0 MEeXAY 3M1EKTPOAOM 1 06 BLEKTOM.

Ma3opaspagHas Bu3yanusaums aypbl KupnvaHa nofobHa ctaTMYeckuM pasps-
[lam Ha npegmeTax [6]. B BO3OYLUHOM MPOMEXYTKE MeXAy OOBLEKTOM U 3/1IeKTPOAOM,
MPONCXOAAT MONAPM3aLMA WU MOHM3AUMSA 3NEKTPUYECKUM MOSIEM BbICOKOW YacTOTbl
monekyn asoTa (78% N2), kucnopoga (21% 0 2 n gyokucy yrnepoga (C02 - ocHos-
HbIX KOMMOHEHTOB BO3AyXxa. B pesynbTare 06pa3yeTcs MOHW3MPOBaHHBIN ras, T.e. ras ¢
OTZeNeHHbIMU 3M1EKTPOHaMK, 061afatoLLMMI OTpULIATENbHBIMUW 3apsifamu, Co3fatoLLn-
MU 3/71eKTPONpPOBOAALLYyt0 cpedy [2]. O6pa3oBaHMe aTOMapHOro asoTa BpeAHO Ans op-
raHu3mMa. oatomy paboTaTb Hago B MPOBETPUBAEMOM MOMELLEHUN. IOHHBIW TOK - 3TO
paspas KOPOHHOro BMAa Mexy 06bEKTOM W 3/1eKTPoLoM. DopmMa KOPOHbI CBEYEHUS,
€8 NJIOTHOCTb, APKOCTb M NOBEPXHOCTHOE pacrpefeneHne onpesensoTcs, B OCHOBHOM,
3NeKTPOMAarHUTHbIMU NapameTpamm 06bekTa. Mpu nepexode 31eKTPOHOB C BbICLIMX
3HEPreTUYECKNX YPOBHE BO3HUKAET M3/TyHeHne KBaHTa cBeTa - (DOTOHA B BMAE U3Ny-
yeHus [2].

CBeyeHne 00beKTa BUAHO Yepes Mpo3payHblii 3N1EKTPOL, MOXHO ctoTorpadm-
poBaTb. [N XMBbIX 06BEKTOB KOH(UIypaLus U3nyyeHUs 3aBUCUT OT 3/1EKTPONpPOBOJ-
HOCTM OpraHun3Ma, Yto 00ycnaBMBaeTCs NCUXOIMOLMOHA/IbHBIM COCTOSAHUEM UCMbITY-
emMoro, paboToii cepe"HO-COCyANCTON cuctembl U T. 4. [3].

KnpnnaH-3thdekT no3BonsieT M3yyaTb COGCTBEHHOE 3/1EKTPOMarHUTHOE Mose
06beKTa Npy B3aMMOZENCTBUAN C BHELLUHWMM 3/1EKTPOMArHUTHBIM MOEM, a TakKe B3au-
MOZENCTBIE 3NEKTPOMArHUTHOIO MO C APYrMMU MOASMM - TEMN0BbIMKY, MH(paKpac-
HbiMK 1 gp. [2].

[na c6opkn Hawero KupnwaH-nprbopa B paboTe 1MCnonb30BaHO 060pyaoBa-
Hue, nNpescTaBneHHoe B Tabnuue 1

Tab6nuua 1. O6opygoBaHue

[Mpouee T1 MpepoxpaHuTenb 1A

TpaHcopmaTtop T2 BbICOKOBO/IbTHbIV TPAHCHOPMATOP FOPU3OHTaTb-
HOI pa3BepTKM

TpaHcthopmaTop T1 TpaHcthopmaTop (NepBuUHas 06MoTka 220 B,
BTOpMYHas 06moTKa -30 B)

KoHLeBoI1 BbIK/O4YaTe b 81 Tymb6nep 1 060 ABMXKKOBbIV NepekstoyaTenb

HeoHoBas namna - Jtobasi HeoHOBas flamna

IMpoyee T1 MpepoxpaHuTesnb 1A

TpaHcopmaTtop T2 BbICOKOBO/IbTHbIV TpaHCHopMaTop ropy30H-
Ta/lbHOl pasBepTKu

TpaHcthopmaTop T1 TpaHchopmaTop (NepBuyHas 06MoTka 220 B,

BTOpMYHas 06moTKa -30 B)

KoHLeBoI1 BbIK/O4YaTe b 81 Tymb6nep 1 1060 ABMXKKOBbIV NepeksoyaTenb
HeoHoBas namna - Nio6ast HeoHOBas namna



CosgaHune Knpnnau-npuéopa

HanmeHoBaHWe anemeH- O603HayeHne Tun/HomuHan
Ta
Ovon b1, b2 Avog L5404 nnm sKBUBaNIEHTHbIA Kpem-
HUWEBbIN BbINPAMUTENb
PesucTopbl K1, K2 3,3 Om, 10 BT, NpoBOMOYHbIN pe3ncTop
K3 330 Owm, 1/8 BT, NpoBOMOYHbI pe3ncTop
KoHpzeHcaTopbl C1 1000 MK®, 50B 2neKTpPONUTUYECKNTA
KOH/leHcaTop
(67 4,7 MK® MoNnacTepHbIA NN Kepammye-
CKWii KOHZEHCATOP KOHAeHcaTop
C3 0,022 MK® MonmacTepHbI MK Kepammye-
CKui
TpaH3ucTop C1 MJ15004 MOLLHbI KpeMHUWEBbIN N- p-Nn
TpaH3ucTop

MpuHymnnuanbHas cxema peruncrtpaymm KupnmaH-adhdpekTa W BHEWHUNA BUA

fetanein, Heo6xoauMbl X Ana pa6oTbl npubopa, npegcTaBAeHbl Ha pPUCYHKax 3 u 4.
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PucyHok 3. Cxema peructpaumm KupnvaH-aggekTa

s

Pucynok 4 — Buemnuit By jgeraseit

CywecTBy T U ApPpYyruMe NPpUHLWNMWANbHbIe CXeMbl perucrpauyuum Kunpnuad-
spdhekta ("Knupnuan-potorpapmua” Mutepa N13Aq).
Xop paboThl
M3roTaBnmMBaemM N3 TEKCTONUTA MOHTaX HY OCHOBY.
1. MN3roTaBanMBaeM [BYXNONYyNnepUOAHbLI A BbINPAMUTENb C NMOHMUXAWNUM TpaHCchoOp-
mMmaTopom, o6ecneynmBat W MMy HanpaxeHue 20-25 B n Tokn 3-5 A, 0603HaUYeHHbI W
Ha cxeme T1.
2. lononHWTenbHO Ha (G eppuTOBbLIN BbLICOKOBONbTHbLIA TpaHChOpPMAaTOp FOPU3OH-
TanbHOW pa3BepTKM OT Tenesmsopa, HamaTbiBaeM Ha Kapkac okono 20-40 BMUTKOB

NepBMYHON OBMOTKMN.



3akpennsem Ha ocHOBe TpaHchopmaTtop 6n10Ka NUTaHMA.
Cob6upaem TpaH3NCTOpP Ha pafgmuatope » MOHTUPYEM Ha nnaTy.
M OHTMpPpYeM BbICOKOBONbTHBLIA TpaHChOpMAaTOp.
Mpuctynaem K MOHTaXy KOHjeHcaTopa.

Mpucrtynaem K MOHTaXy NPOBONOYHOTO CONPOTUBAEHMNSA.

MponM3BOANM OKOHYATENbHbLI I MOHTaX AeTaneil M pacnaiiky NpoBOAOB NO CXeMe.

© o N o o M w

MonyyaemM KOHCTPYKLMWIO, NpefcTaBAeHHYO Ha pUCyHke 5.

PucyHok 5

10. W3 cTtaporo npumb6opa M3roTaBnmBaemM KOpPNycC, CBEPNUM U MOHTUPYEM Bbl KNt Ya-
Tenb, NpejoXpaHUTenb W MHAUKATOpP BKA YeHUs npubopa.
11.PacnavBaeM BbICOKOBONbTHbLIN NPOBOJ U 3a3eMNeHue.
12.Momeu,aem, NONYYEeHHY 3N1eKTPUYECKYIO CXeMYy B Kopnyc.
13. M3 BYyX CTEKON C NMOMOLW b [BYXCTOPOHHEro CKOTYa U CUNIMKOHA U3roTaBNMBaeEM
MOHWTOPbLI, NTPOMEXYTOK MeXAY CTeKNnamMu n 3anonNHAemM CONEHOW’ BOJOM.

AneKTpoabl

Ecnn cpenaTtb npo3payHbli 31eKTpoOA, TO MOXHO HabnwpgaTb Kupnuas-
3 (peKT B peXnNMe peanbHOro BpeMeHW. Ero MOXHO cpenaTb N3 ABYX CTEKON, MeXAy
KOTOPbLIMW HYXHO 3anWTb TOHKWIW CNON NOJCONEHHOR BOoAbl. TonwmHa cTekna 6yper
onpeaenAaTb AManekTpuyeckue ceoiictea npubopa, a ToNWMWHA CNoA BOAbl GypfeT BAKM-
ATb Ha NPO3pPayHOCTb CaMOro anekTpopa. B kauyecTBe nNopBojga HanpsAXeHWss Heob6Xxo-
AWMO NPUMEHUTb HepXaBel W Ml KOHTaKT. TOK Ha BbiXxojge npubopa MOXeT MUMETb
CUNY B HECKONbKO AeCATKOB MUNNMaMMNep W HanpsaXeHWe B HECKONbKO feCATKOB KUNO-
BONbT. Takoi TOK ANA YeNO0OBEYECKOTO OpraHnaMa cMepTeneH.

O6uian cbopka

Mpubop cobupaem B efMHbI Kopnyc. FnaBHoe, 4TOo6bl OH 6GblN CAENAH N3 He-
npoBoaswWNX MaTepnanos. Ans pa6oTbl C NPO3payYyHbIM 31eKTPOAOM HEOGXOAUMO CO-
OpYAWTbL CcNeuynanbHbl i Kopnyc, KOTOpPbIA 6Gbl MO3BONAN BCTPOWTb B KOPMNYC 3epKano
nopg yrnom 45 rpagycoB ans ypo6crea Habnw geHna, m ANS BO3MOXHON PoTOo- maun
BUJeOCbEMKN. B pesynbTaTe co6paHb ABe MoAuMUKaALMMK KupnnaH-npub6opa ans

W KONbHOW nabopaTtopum (pUcyHok 6).

PucyHok 6 - [1Be mogndmkaumn KnpnmnaH-npnbopa

Mepbl 6e30nacHOCTM
1. He npunkacaTbCd K OTKPbITbIM AeTanam npubopa, yepes3 KOTOpble TeYET TOK BblCO-

KOrFro HanpaXeHunsa.



Hukorpga He 3a3eMNATb XUBble 06beKTbl - ONACHO ANSA XUIHU.

Ecnu unccnepgyembli 06beKT pacTeHWA, TO OHW Tpebyw T 3a3emneHnsa. X uagkoctu

Takxe He0OGXOAMMO 3a3eMNAThb.

He nccnepoBaTb XMUBble 06beKTb MeHee yeM npu 500 My, T.K. MOXeT NPOU3OKTH

npo6oil guanekTpuka.

He npukacatbcs K 06beKkTaM BO BpeMs Nojayn HanNnpsa>X eHUS Ha 3NeKTPOj.

Heo6Xxof4uMMO CHATbL C ceb6a BCe MeTannMyeckne NpeaMeThbli: yKpall eHUs, yachl .

He nccnepoBaTh Nt e, KOTOPble UMEIT MCKYCCTBEHHbIe Npubopbl XMnW3Heobecne-

YyeHUR.

Ecnn B KayecTBe MUTAaHUA MpUMeHAeTCA akkymynsatopHas GaTapes, To B npuéop

Heo6X0AMMO BCTPOUTL NpPefOXpPaHUTeNb Ha CAyYail KOPOTKOTO 3aMblKaHNA.
WcnblTaHue npubopa

C nomMolW b0 HEOHOBOW NamMnbl onpejenseM HanWume BbICOKOFO HanpsaxeHus (pu-

CYHOK 7).

PucyHok 7

[anee Mbl 3axuraem namnouyky 6e3 npoBoAOoB. DTOT ahheKT GblN HEOXMUAAHHBI M
(cm. Bupeo bMp8://yall1.8k/1/PyMpKnuCb32PayYp )

Ha MOHMTOP BblKNajblBaeM pa3Hbie MpegMeThbl.

M bl Habnio fgaem ux cBevyeHue. PesynbTaTbl (GoTorpagupoBaHnMa 3aBUCAT OT
4yacToThl 3KkcnepumeHTa. CBeYeHWe CTAHOBUTCA NNOTHLIM, APKUM N WHTEHCUBHLIM,
YTO He AaéT BOSMOXHOCTN WHTepnpeTaLnu CHUMKOB [4].

M bl Habniogaem KupnumaH-apdekT Ha KpecTuKe, Lenoyke, MOHeTe M NUCTOYKeE
pacTeHus U KupnmaH-aypy Ha nanblax cBoeil pyku (cm. poTo Ha PUCYHKe 8 U BU-
neo no cculnke bitp8://yall1.8k/1/PyNpKuCb32Payp).

PUCYHOK 8 - W3nyyeHme ncTa pacTeHusl, LEMoYKmM, MOHETbI, NasibLia PyKu


https://yadi.sk/i/FvUQKnCh32FaYp
file:///C:/Users/PC404/Downloads/https

CpaBHeHVEe C CYLLECTBYHOLLMMM aH/I0ramm

B Poccuu B 1882 rogy HapkeBuy-Mogko 1306pén yCTPORCTBO, (DMKCHpYHO-
LLiee CBeYeHWe NpefMeToB Ha (potonsacTuHke. OnbIThl Tecna B 1900 rogax nokasanm
BO3MOXXHOCTb ra3opaspsjHOi BU3yanu3aLmm XX1BbIX OpraHn3MOB.

B 1930 r. cynpyru KupnvaH uccnefjoBanm cBeveHne 06beKTOB B 3/1eKTpOMar-
HWTHOM Mo/e (MCTOYHMK HaNPsXKeHUs - TpaHcgopmatop Tecna). Mpubop kpacHogap-
ckoro umamotepanesTa C.[. Kupnuava (3anateHToBaH B 1949 ropgy), nossonseT
HabntoaaTb CBEYEHWS, MOPOXKAAeMble BbICOKOBO/bTHbIMW PaspsfaMu B YenoBeKe U
LPYTuX 06beKTax.

CraHncnas PomaHwWii pa3paboTan CheKTp YCTPOWCTB KOHTPONA MaTeprasioB 1
KOHCTPYKLWIA, paboTalolmx Ha ocHose adipekTa KupavaH 1 He MOAAAIOLLMXCA KOH-
TPOMIO TPAAULMOHHBIMU METOAaMU. TN METOAMKM Bblnn NCMOMb30BaHbl B PaKeTHOM
oTpaciu. Takoke OH co3fan annapart rasopaspsaHoi BU3yanmsaummn, KOTOpbIiA NO3BONAN
nony4yaTb MHMOPMALMIO O XXWU3HeLeATeNIbHOCTW OpraHv3ma, MpPOoBOAUTL PaHHIOK 3KC-
npecc-auarHocTuky [7].

B HacToslLLee Bpems Ha MeXyHapoAHOM YPOBHE NMPOBOAUT pa3paboTKu 1 uC-
cnefoBaHns adpekta Kupnmad npodeccop KoHcTaHTUH [eopruesny  KopoTkos
(CaHkT-MNeTepbypr). OH cO34an YHUKaNbHBIA KOMMbIOTEPHbIA KOMMNAEKC anmnapaTtypsbl
"OBY-Cartera" c npsiMbIM BBOLOM ra3opa3psgHbIX M306paxXeHnii B KomnbioTep [7].

Mpu6opbl, NO3BONAIOLLME UCCEA0BaTb COCTOSHME OpraHu3ma yenoseka: M'PB
kamepa, KupnmaH npubop ¢upmbl "BroTeid", annapat "Hdopaii” n npnoop PIK-1 -
perucTpatop apdekta KupnmaH.

Mcnonb3oBaHWe pa3paboTKu

B nepcnekTviBe Mbl XOTWM YCOBEPLUEHCTBOBATb KOHCTPYKLMIO HalLero npu-
6opa 15 OLEHKM COCTOSAHUSA BOAbI B HALLEM PErOHe, YUMTbIBAA TeHAEHUMIO obpalLe-
HUs 06LLECTBEHHOrO BH/MaHWA Ha Npo6/ieMbl 3KONOMMYECKOr0 XapakTepa. Takoke pyc-
CKO-Kopelickast (hvpma «Hyra-BecT» NpoBOAMT OLEHKY COCTOSIHMS BOAb! (PUCYHOK 9).

PucyHOK 9 - MpuMepbl KupnnaH-cBeveHUst BoAbl, Pa3NvuHbIX N0 MUHepasibHOMY COCTaBy

C NOMOLLBIO HaLLero npuéopa MOXXHO OLEHMBATbL Ae/CTBME HA OpPraHu3M ye-
NOBEKA KOHTAKTUPYHOLLMX C HUM OGBEKTOB, MPOBOAUTL MOHUTOPUHI COCTOSHUS 340-
POBbS LLKO/ILHUKOB B MEAWULIMHCKMX KaBuHeTax Lkon. B Poccum B LieHTpe uH(opma-
LUMOHHON MeanUMHbI «APMef» NpoM3BOAUTCA AMArHOCTKA W 3KCMPecc-OLeHKa
3HEPrococTOSHUSA OpraHM3Ma C nomolblo npubopa POK - (pervcTpatop atidekTa
KupnuaH) ¢ dmkcauyein n306paxeHns Ha peHTreHOBCKOM MW LiBETHOW (DOTOMNEHKE.
Bpems foBeseHus paspaboTku [0 AeiicTytowero obpasua - 1 rog,
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Heobxomgumoe 060pyIOBAHHE: 3MEKTPOHHBIH MHKPOCKON HWIH (JoTO (BHIEO)
KAMEpa BBHICOKOTO PA3PELUCHHA.

3armouenue

Bruienensl o0nactH npumeHeHHA mpuOopa, pabdotaromero Ha Kupimax-
@upexTe: paHHAA JUATHOCTHKA YJIOBEKA M JKHBOTHBIX, OLCHKA MCHXOIMOLHOHANBHO-
r0 COCTOSHHA “EJIOBEKA, BEUBICHHE PELMIHBA OONE3HH, OLCHKA TEPANIEBTHYECKOTO
JCHCTBHA MPENAPATOB, OLEHKA COCTOAHHA BOJBI.

B pesyapTaTe SKCNMICPHMEHTOB BBIABICHA B3AUMOCBAZH MEXKTY SHEPrOHHGPOP-
MALMOHHBIM TOJIEM YEIOBEKA H (PYHKIHOHANBHBIM COCTOSHHEM OPraHH3Ma YEJOBEKA
Ha ocHoBe Kupmian-3ppekta. PaspsaaHblii mpoulecC HAXOMUTCA B 3aBHCHMOCTH HE
TOJILKO OT OOJIE3HEHHOTO. HO H OT SMOLHOHANBHOTO COCTOSHMA 00BekTa, ConmocTarmasn
(doTorpadyeckue CHHMKH OJHHX H TEX JKE€ JIHCTCB PACTCHHIT HITH OJHOTO H TOTO e
VYACTKA HaIIEH KOKH, 3aMETHO, UTO HA MOBTOPHBIX CHUMKAX HEKOTOPbIC JECTAJH HHO-
IJa HJIH MCHAKT CBOC MECTOMOJNIOJKCHHE, MITH COBCEM HCUE3AKT, a HHOM pa3, Haobo-
POT. MOAB/STOTCA HOBBIC JETAJH, UTO CBHACTEILCTBYET O ABHKCHHH, O KaKHX-TO MpO-
LECcax. MPOUCXOAIKX B KHBOM OPraHH3Me, JTa AHHAMHKA JeTanc CBA3aHa ¢ Mpo-
LECCAMH JKH3HEACATENbHOCTH.

Paccuuransl mapaMeTpel M CO3AaHBI aBe Moaupukanuu Kupnuax-nputopa
AU HCCNETOBAHWA H300PAYKEHUH MPeIMETOB H OHONOTHYECKHX 00BEKTOB B IKOJbHOH
IaGopaTopHH.

C moMOWpBK COOpAHHBIX MPHOOPOB B IIKOJBbHOH JaGopaTopuu ObLIa mpoBe-
JeHa cepua  IkcmepumeHtoB. [IpeacraBmensr  (OT0O W BHISOMATEPHAIBI
(https://yadi. skAVFYUQKnCh32FaYp) cBeueHHA HEKOTOPBIX MPEIMETOB (KPECTHK, Le-
MOYKA, JIHCT PACTCHHA) H MAJBLUCB PYK, MOJYYEHHBIX C MOMOIIBKY COZIAHHBIX MpHOO-
poB.

B xome IKCHepHMEHTOB HEOKHIAHHO BBUACHWIOCH, YTO JAMNA BO/mzH pabo-
TAIOWEro npHOOPA MOXKET 3AXKUraThCA €3 MPOBOJOB. 3TOT HHTEPECHBIH PHEKT MBI
OyneM H3y4aTh B CIICIYIOHX HCCICIOBAHHAX.

Bu3HeC-NpHBIEKATEABHOCTD Pa3paldoTKH

JIroam Bcerna CTPEMHIHCH YBHICTh H HCCIIEIOBATH IHEPTETHHECKOE MOJIE Ye-
noeeka [6]. Merox Kupnuan mo3sossier pacmosHars OONe2HH HA paHHEH craguu. B
Poccuu 3tH paboTel OBUIH HAZONTO 3aCEKPEMEHBI, J0 HEIABHETO BPEeMEHH ekt
Kupnauas wxpoko HCMOMb30BATHCA TOJIBKO 32 pybeskon [4].

Hemenxuii pau Ilerep MaHaensb. aHaTM3HPYA CHHMKH CBCUCHHSA NANBIECB Na-
LHEHTOB, pa3paloTan TabMMIpL KOTOPHIS MO3BOSIOT ONPEACIHTD COCTOAHHE ONpene-
JICHHBIX OPTAHOB H CHCTEM IO XapaKTCPHCTHKAM “CBeUCHHA" MajbLEB PYK H HOT. B
HACTOAIEE BpeMdA B KIHHHKAX mpodeccopa Manaems B I'epManuu, IlIeeHinapun. As-
cTpuu, lONMAHAMH NpPH NOMOLIM 3HEPreTHUECKOH KOPPEeKUHH (LBETOIMYHKTY PBI)
VCOCIHO JieyaTcsa GONBHBIC H MPOBOAATCA JANBHCHINHE HAYYHO-HCCISAOBATETbCKUE
pabotsi [8].

B PoccuH MOKHO TAKKe MPUMEHATH HALI NPHOOP A KHpIHAH-THAr HOCTHKH,
Takke ¢ MOMOLIBIO JAHHOTO NPHOOPa MOMKHO OLEHHBATh ACHCTBHE HA OPraHH3M Y4eNo-
BCKA KOHTAKTHPYHOIUX ¢ HUM OOBEKTOB, MPOBOAUTH MOHHTOPHHI COCTOAHHA 30PO-
BbS NIKOJTbHHKOB B METHIMHCKHX KAOHHETAX HIKQJL

YYHTBBAA MHPOBYH TEHICHUHIO 0OpALICHHA OOIISCTBEHHOTO BHHMAHHA HA
mpodIeMBl SKOJIOTHYECKOTO XAPAKTEPA, Mpubop MOMHO MPHMEHHTH I OLECHKH CO-
CTOSAHHA BOOBI.
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YAK 617.3

«SIPKO» — [MPOT'PAMMHO-ATTTTAPATHBINH KOMITTEKC KOPPEKLIUH
OCAHKH JJTA TTOAPOCTKOB

SIpoukas Onbra AHTOHOBHA
Mypmanckas obracms, 2. Mypmanck,
MEBOV «Mypamaricxuit axadesveckuil myedts, 8 kaace
e-mail: anting@listu

Annotanus. [TpoGaeMa HapyILeHH OCAHKH SBISCTCA OJHOM U3 aKTYaIBHBIX TIPoGIeM
MO JPOCTKOBOTO BO3PACTA.

Uem Hamell paGoTel — ¢O3JAHHE NMPOTPaMMHO-AIIIAPATHOTO KOMIUIEKCa KOPPEKLIMH
OCAHKH AT MOAPOCTKOB «SIPKO»? Ha 0CHOBE HCTIOMb30BAHHA ONTTHYECKH CRA3aHHEIX HOTOpE3H-
CTOPa H CBETOAHMOA, A TAKAKES MUKPOKOHTPOILIEPA,

Mel npeanaraeM B OJHOH KOHCTPYKIMH NPHGOPA COBMECTHTH IPYIHOH H 3MEKTPOH-
HBI koppekTop. Ha Iy moApocTka HafeBaeTes IpyAHOH KOPPEKTOp. NoJoGpaHHBI NOJ, ero
pocT opToregoM. B npoMexyTkax Mexay pedpaMH JKeCTKOCTH KOPPEKTOpa 3aKpeIIIoTCa SIa-
CTHYHBIE TpYOKH. Ha 0/THOIH cTOpOHE TpYOKH KPEIHMTEs CBETOAMOA, Ha JApYTol — GoTOpesHeTOop.
[TpaBWbHOE MONOAKCHUE CIIMHEL (PUKCHPYETC] MMKPOKOHTPOJUICPOM IYTEM 3allOMUHAHMS 3Ha-
yeHnq Ha ¢oropezrcrope. [IpH OTKIIOHEeHIH NTOI0KEeHUS CITHHEI pebGeHKa 0T HOPMaNbHOTO TPy 6-
Ka U3TH0aeTes U 3HaUYeHHE Ha (QOTOPEsHCTOPE MEHSISTCA, MOCTIE YeT0 MOJAETes CHTHAMT JIA [IPH-
BIICYCHHA BHHMaHIA peGemca B LENAX BEOIPAMICHIT CITHHEL

B xoae paGoTH Haj MPOSKTOM CO3JaHBl U alpOCHPOBAHEL TPH JSHCTBYIOLHE MOJCITH
YCTPOICTBA, B TOM Micle cobpaHa aBTOHOMHAsS JEHCTBYIOI@A MOJEN: Ha ocHoee Arduino
NANO u Bluetooth momymss HC-06. Mpi paGoTacM Haj MPWIOKESHHEM IS MOCHIBHBIX
yCTpolicTe Ha 6aze Android ¢ BOZMONKHOCTIMI 3BYKOBOH H BU3YATBHOH HHIMKALRH. TIpHIoske-
HUe cobupaeT M MpeJoCTARIAET MONEB30BaTEAM (pe0eHKY H ero poJurelsiM) pasHooOpazHYIo

* «SIPKO» — «Apoukoii KOPPEKTOP OCAHKHY.
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HHGOPMAIMIO, HAMTPHMED, O TOM, KOTIa H KAKOH MepHOJ BpeMEHH B TeUeHHe THA PpeOeHOK CYTY-
JIUICH, CKOJIBKO a3 IIO3BOHOUHHK ObUT B HCKPHBICHHOM IOJIOKCHHH.

Hpmcmqecxas[ JHAYHMOCTD p{lﬁOTbI COCTOHT B CO3JAHIH ITPOrpaMMHO-aIdIapaTHOero
KOMIUIEKCa KOPPEKLIMH OCaHKH TS NOJpOcTKeB. Hallle veTpolicTBo peKOMEHAOBAaHO K BHEAPES-
IO MypMAHCKHMM 06IaCTHBIM HEHTPOM JIeYeOHO (PH3KYIBTYPEL U CIIOPTHBHOH METHIMHEL

KamwueBble ¢10Ba: 0CaHKa, IPYJIHOH KOPPEKTO], CKTPOHHBI KOPPEKTOP, PEKIIMHA-
TOp, MPOrpaMMHO-ATIIAPATHELT KOMILTIeKC, MUKPOKOHTporLIep, ¢otopezucTop, ceeromio], An-
droid, Bluetooth Momyb.

MecTo BbINOJAHeHHs1 padoThl. PaGora BemonHeHa Ha Gaze ®I'BOY BO «Mypman-
CKHIt rocyJapCTReHHBIH TeXHHYeckui yHuBepcHTeT». Hayumble pykoroquTerni AueHko Brukro-
pyd BraguMHpoBHa, KaHA. TeXH. HavK. MPOPEKTOP 110 HHHOBALMOHHOM JeATCIIBHOCTH H MEKILY-
Hapo HoMy coTpyanrvecTey OI'BOY BO «MypMaHCKHI rocy JapcTBeHHEIH TexHIYecKui YHH-
BepeuteTy; Spoukiii Cepreft AHTOHOBHY, ¢TYJeHT 4 Kypca @I BOY BO «MypMaHCKii rocy-
JAPCTBEHHBIH TEXHHYECKHI YHUBepcHTeT». HayuHbhit KOHCYIETaHT: Oxkerop [puropuit AHape-
epu, actipanT GPIBOY BO «MockorcKiti rocy JapcTBEHHBI TeXHUYECKMI VHHBEPCUTET HME-
i H.3. Baymanan.

OnHCaHHE HHHOBALHOHHOM pa3paboTku

ITpoOmeMBl ¢ MO3BOHOUHHKOM YBEITHUHBAKTCA ¥ UCTOBEKA C KAXIBIM IOJIOM
Pa3BHTHA TEXHOJNOTHH. PaHBIE YENOBEKY NMPHXOJHIOCH MHOTO ABHTaThCA, YTOOHI CO-
XPaHHTh CBOKO KH3HB, AOOBITH €AY, HO C PACUBETOM HBHIH3AUHH CO3AABAIHCH NPe]-
METhI, OOJICTUAKOLIHE YEIOBEKY SKH3Hb, B T.U. CTYJbA, Kpecna. Markas medems. Hror
TAKOTO0 COBEPIICHCTBOBAHMA — BCE (OMbIUE MOACH HAXOAATCA JJMTCIbLHBIH NMEpHON
AHIHH B CHASUCM MOJIOKCHHH. JIIOAH CHAAT B TPAHCIOPTE, MHOTHE PaboTaloT CHASL.
NPHXOAS JOMOH. TakKe CTAPAOTCA YIOTHO YMOCTHTBECS HA AHBAHE HIH B KOM(OPTHOM
kpecne. Takoe MONOYKEHHE CTANI0 €CTECTBEHHBIM, OJTHAKO OHO BJICYET 3a co00il HenmpH-
ATHBIC NIOCNICACTBHA B BHAS MPOO/IEM ¢ MIO3BOHOUHHKOM.

J1 Toro uToOB! ONPEASTIHTD. HACKOJBKO MPoOaeMa HAPYLISHHS OCAHKH ¥ Jig-
Tel H MOJPOCTKOB AKTYAJBbHA, MBI OOPATHIHCH ¢ 3anpocoM B MemuuuHCKHH HH(OP-
MauuoHHO-aHAMHTHMECKHH ueHTp [TOBY3 «MOKB um. I.A. Bagngusa» MunuCTEp-
CTBa 3apaBooxpaHeHnd MypManckoit 061acTu ¢ mpoce0oil MPeIOCTABHT CTATHCTHME-
CKHE JAHHBIC MO HTOTAM NMPOBSIEHHBIX MPOQHIAKTHMECKHX OCMOTPOB ACTelH H moI-
POCTKOB-LIKOMBHHKOB B MypManckoit o6mactu. Ham npegocraBumm ganHbie 3a 2015
roJ, H, MPOAHANH3HPOBAB HX, MBI MOKEM CICNATH CJICTyHOLHe BRIBOILL B 2015 rogy B
Mypmanckoit o6mactn 6pumn obcneaopanpl 118 852 pebenka B Bospacre go 17 ner,
obyuaromueca B 00pAZ0BATENBHBIX OPIAHH3AUMAX PCTHOHA, H3 HHX JCTEH B BO3PACTE
g0 14 ner — 105 602 vyenopeka, B Bopacte ot 14 g0 17 ner — 13250 yenosek, u3 06-
crnenoBaHHBIX geteil 1172 pebenka (okono 1%) HMEKOT AHATHO3 «CKOMHO3», 12229
qenoBek (10,3%) HMEIOT JHATHO3 «HAPYIUEHHE OCAHKHY». ECIH CPABHHTE MOKAZATENH ¥
obcnenoBAHHEIX JdeTeii B Bo3pacte 10 14 net (1) u gereit B Bospacte ot 15 mo 17 ner
(2), TO MBI BHAUM CICAYIOIUYI KApTHHY. B MPOLUCHTHOM COOTHOIUCHHH B NEpBOH
rpynne o0cneA0BaHHEIX 658 uenosek (0,6%) HMEIOT AHATHO3 «CKOMHO3» H 9368 ueno-
Bek (8.9%) HMEIOT AHArHO3 «HAPYIIGHHE OCAaHKH». BO BTOPOil rpymne 514 vemopek
(3,9%) HMEIT AHATHO3 «CKOMHO3» H 2861 uenosek (21.6%) HMEIOT AUATHO3 «HAPY-
LIEHHE OCaHKM». TakuM ofpa3oM. QUEBHAHO. YTO NMpobieMa HApYIUCHHA OCAHKH ¥ Je-
TeH H NOJPOCTKOB B HACTOALIEE BPeMA aKTyalbHA. H K KOHLY OKOHYAHHA LIKOJIBI CHTY-
allHs C COCTOAHHEM 30POBbS ACTEH ABHO YXYALIASTCA,

A1 Toro uTo0bl ONPECTNTh, HACKOJBKO AKTYAIBHOCTD MPOOIEMBbI OCO3HAIOT
JEOAM PasHBIX BO3ZPAcTHBIX TPYMI, MBI TAKKS NMPOBEIH HCCICAOBAHHE ¢ MOMOLIBIO
Google-}popMsI B COLICETAX.
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Lens paGoTsl — CO3TAHHE MPOTPAMMHO-AMMAPATHOTO KOMILICKCA KOPPEKLHH
OCAHKH 114 nmoapocTkoB «APKO» HA OCHOBE HCHOJIB20BAHHA ONTHMECKH CBA3AHHBIX
(POTOPE3HCTOPA H CBETOIHOIA, A TAKKE MHKPOKOHTPOIIISPA.

3azaqu:

1. H2y4urh CYLISCTBYIOIUHE MOJCHH KOPPESKTOPOB OCAHKH YEJOBEKA, B TOM
YHCTIEe I JeTeH H NOIPOCTKOB.

2. TIpoaHANH3HPOBATH JOCTOMHCTBA H HEJOCTATKH CYIUECTBYHOIMHX MOJCNei
KOPPECKTOPOB OCAaHKH.

3. W3y4HTh THMBHI JATUHKOB, KOTOPHIC MQJKHO MPUMEHHTH NPH CO3TAHHH MO-
JENH KOPPEKTOPa OCAHKH.

4. Paspa0oTaTh NPHHUHIHANLHYIO CXEMY MOJECIH KOPPEKTOpa OCAHKH JiA
NOAPOCTKOB.

5. Coznarb ONTHMANBHYIO MO pasMepy H YIOOCTBY HCTMONB3OBAHHA ACH-
CTBYIOILYIO MOJETL KOPPEKTOPA OCAHKH ISl O APOCTKOB, MPOBECTH €& HCTBITAHHA,

T'unmotesa: 3exTHBHEE pelmaTh NPOOIEMEl KOPPEKLUHH OCAHKH ¥ MOAPOCT-
KOB MOMOYKET COBMEILECHHE B OAHOH KOHCTPYKUMH IPYAHOTO KOPPEKTOpa H IEKTPOH-
HOTO KOPPEKTOpA.

OOBEKT HCCTIGTOBAHNA — KOPPEKTOPHI OCAHKH UETIOBEKA,

Ipeamer HCCNEIOBAHHA — KOMOMHHPOBAHHBIE KOPPEKTOPHI OCAHKH A4 MOM-
POCTKOB (C HCMOJIB20BAHHEM (POTOPEIHCTOPA H MHKPOKOHTPOJLIEPA).

Meroasl HCCNEIOBAHHA: H3YMEHHE JIHTEPATYPBl MO TeMme paboTHL, CPaBHH-
TENbHBIH AHATH3, MOJCTHPOBAHHE, SKCIICPHMEHTANBHBIH METOL,

Pabora Ham co’mAHHEM NPOTPAMMHO-ANMAPATHOTO KOMILIEKCA KOPPEKLHH
ocaHKH 1 moapocTkoB «APKO» navara B mekabpe 2016 roga, B 2017-2018 rr. Mb1
NPOJOIDKACM HAIIE HCCNEIOBAHHE B LCIAX CO3JAHHA ¥OOOHOTO M MPAKTHYHOTO KOM-
OMHUPOBAHHOTO KOPPEKTOPA OCAHKH M MOJPOCTKOB, COSTUHAIOLIETO B cebe 0Obr-
HBIA H 3JICKTPOHHBIH KOPPEKTOP.

IIpobaema napviwernua ocanky Yerogexa

ITpo6neMa HAPYIIEHHA OCAHKH ABIACTCA OOHOH H3 AKTYANbHBIX MpodIeM CoO-
CTOAHHA 3UOPOBBA B JSTCKOM M MOIOPOCTKOBOM BO3pacte. Te HApYLICHHA, KOTOPBIS
NOSBHIHChH B MEPHOA (POPMHPOBAHHS ONMOPHO-ABHIATEIHHOIO anmapara. B JanbHeii-
LIEM MPHBOJAT K 3a00/ICBAHHAM NMO3BOHOUHHKA, XPOHHUCCKHM 3a00NCBAHHAM CEpASY-
HO-COCYZIMCTOH H ABIXaTCTLHOH CHCTEM, HEBPOJOTHUECKHM 3a0oeBanuaM [1]. Hapy-
IICHHE OCAHKH HAa PAHHHX CTATHAX Iopasno 3(¢eKkTHBHEE NOATACTCA WAMAMIHM METO-
JAaM JICUCHHA, YeM €T0 3amyLICHHBIC (popMbl. HapyIUCHHA OCaHKH CBA3AHBI B OCHOBHOM
C YXYAIECHHEM pafoThl MBIILI TYJIOBHINA, CBOOOAHAA OCAHKA MPHHHUMASTCA UETIOBE-
KOM aBTOMATHUECKH, 6€3 0COG0T0 MBIIICYHOTO HANPIKEHHS.

OnuH 13 HanQoNee YaCTHIX MEXAHH3MOB HAPYLICHHA — CTATHUCCKHH. OJHO-
CTOPOHHAA HATPY3KA HA MBILIIBI CIHHBL H KHBOTA OT CHCTEMATHUECCKOTO MPeOHIBAHKA
B HEYAOOHOH paGoueii mo3e, HEMPaBUITBHOM MO3¢ 3a MAPTOH HJIH 32 CTOJIOM, HOIUCHHH
TAKSCTH B QAHOH pyke HIM Ha mueue, Ha paHHell CTaguu NMPOHCXOAUT HApyIUCHHE
pacIpeneneHHd HATPY3KH HA MBIIULEL, KOTOPHIE VASPKHBAKOT MOZBOHOMHHK B Ipa-
BHJIBHOM MOJOKEHHH. B pes3ynsrare pasBUTHE MBILIL, PACTIONOKSHHBIX C PA3HBIX CTO-
POH OCH MO?BOHOMHHKA, MPOHCXOIHT HEPABHOMEPHO, CHIA M TOHYC OQHHX MBIUL IO~
BBILUAETCA, APYTHX — MOHIDKAETCA, MTO BHIZBIBAET HCKPHBIICHHE OCH.

CTpagaer CBA20YHBIN ANMAPAT, HAMHHASTCA IJe(POPMALHA TNl IO3BOHKOB,
MPOHCXOIHT HX CMEIUeHHE. [TOCTOAHHOS HANPKSHHE MBILLUL, BBI3BIBACT VCTATIOCTH M
6om. IMponcxomut medopMansa pedep, yMEHbIACTCT 00BEM JBIXAHHA, PAZBHBAETCA
CKJIIOHHOCTB K XPOHHYCCKHM 2200NCBAHHAM BHYTPEHHHX OPTaHOB, HEBPOJIOTHMECKHM



3aboneBaHMAM. [Ona nedeHUs U NPOPUNAKTUKA HapyLUEHUA O0CaHKM U CTaTUYeCKUX
feopmaynii nokasaH creunanbHbIi KOMMONEKC FMMHACTUYECKUX ynpaxHeHun [2].
Ha3HauaeTca maccax, njaBaHWe, UCNO/Ib30BaHME CneLuanbHblX NpucnocobneHnii ans
CHa, 0TAbIXa U NneYyebHOW (hM3KYNbTYpPbl, CAHATOPHO-KYPOPTHOE fleyeHne. B KoMmMnekc
NIeYeHNS BblpaXKeHHbIX AepopMaLmii TakxKe BXOAUT HOLUEHME KOPPEKTOpa 0CaHKMN.

KoppeKTopbl ocaHKK pa3paboTaHbl TaKMM 06pa3oM, YTOObl UCKTOYNUTL HeXe-
naTenbHOe BO3[eliCTBME MPUM MAKCUMaSIbHO BO3MOXHOM MOMOXUTENbHOM 3 eKTe.
ANacTUYHOCTb paccyuTaHa Tak, YTO MNPy MUX MCMOMNb30BaHUM COXpaHsAeTCss HEO6XO0AU-
Mblii PU3NONOTNYECKNIA 06bEM ABMXKEHUIA N HOPManbHasa paboTa MbILEYHOro annapa-
Ta. MpoUCXoANT pasrpyska MbiLlL, UCMbITbIBAOLWMNX HANPSXKEHNE U CMELLaLLUX 0Cb
No3BOHOYHMKA. B TO e BpeMsi oc/iabfieHHble, «MepepacTsaHYTble» MbIlLbl HAUMHAKOT
COKpalaTbCsi B HOBOM, MPaBW/IbHOM MOJIOXKEHUM, HaMNpPsHKeEHUE WX HOpMasn3yeTcs.
dopmnpyeTcs CO6CTBEHHbI HOPMasibHbIA MblLUEYHbI KOPCET, yaepXXuBawLWwnii no-
3BOHOYHWK B NPaBUbLHOM MOMOXeHUU. CTMXalT 601K, yBennynBaeTcs 06beM ABUXKe-
HuiA. Mpu HoweHnMn dukcaTop NobyxfaeT 60NLHON0 CamMoOCTOSATENIbHO YAepXMBaTb
TYynoBuLLe B NPaBWIbHOM MOMI0XeHUU. HopMmanbHas ocaHKa CTAHOBUTCS MPUBbIYHOM
[3]. KoppekTopbl 0CaHKM NPaKTUYecKy He UMEKT OC/TIOXKHEHWA 1 NPOTUBOMOKAa3aHMWIA.

Buabl KOPPeKTOPOB OCAHKK YenoBeka

B 3aBUCMMOCTW OT Ueneld, npecnefyeMbliX NpPU feYeHUN UCKPUBMEHWUA, N OT
TSDKECTM 3ab60/ieBaHUA MPUMEHSIIOT pasfIndHble BUAbl OPTOMEAUYECKUX YCTPOMICTB:
peKIMHATOPbI, TPYAONOSICHUYHbIE KOPCEThI, FPYAHbIE KOPPEKTOPbI.

PucyHok 1 - PeknunHaTop

ONeKTPOHHbIA Npnbop ANA KoppeKuum ocaHku. Kpome MexaHUUYeCcKUX Kop-
PEKTOPOB 0CaHKMK, CYLLLEeCTBYET 3/IEKTPOHHbINA (puc. 2).

Pa6oTaldT OHWM O4YeHb MPOCTO - AOCTATOYHO 3aKpenuTb Npubop B YyLO6HOM
MecTe, CTOA C MaKCUManbHO NpaBubHOM 0caHKoM. Mpn HaxaTM KHOMKW B 3TOM MO-
noXxeHnn npnbéop 3a@MKCUpyeT NPaBUIbHOCTb 0CAHKN U BCAKWUIA pas Npu UCKPUBJIEHUN
CNUHbI 6yaeT nogasaTb curHan [8].

MepBas n BTOpas paboune Mogenn KOppekTopa 0CaHku 4nd NOAPOCTKOB, CO-
3aHHble Ha ocHoBe AblnuTo MbIO

YcTpoiicTBO cocTonT M3 nnatbl Ariiwno MMO, KOB ceetognoaa, 6enoro cee-
ToAamofa BHYTpU Tpybku, coTtopesnctopa, ancnnes Nebla 5110, 6aTapen Ha 9B. Cxe-
Ma JaHHOro yCTpoicTBa npeAcTaB/ieHa Ha PUCYHKe 3.

Ha cnuHy pebeHka ofeBaeTcs KOPCET C MPUKPEN/IEHHON K ero cepefuHe 4vep-
HOli Henpo3pauyHoli Tepmoycagkoi. Ha ogHOM KOHLUe eé 3akpennéH ¢oTopesmcTop,
NOAK/IOYEHHbI Yepe3 aHanorosbin nopt A0, 5B 1 nopT ONed, Ha apyrom - 6enblii
CBETOAMOS, MNOAKNOYEHHbIM Yepe3 7 undgposoi nopT v nopT ONed. Mpu UCKPUBAEHUN
pe6eHKOM MO3BOHOYHMKA TepMoycajKa crmbaercs, U KOMYeCTBO CBETa, MOCTynatLe-



ro co ceetogmofa Ha (hOTOPe3nNCTOpP, YMeHbLLAETCSA, U3MEHSAETCSA ero COnpoTUBIEHNE,
UYTO PerncTpupyeTcsi MMKPOKOHTPOIIEPOM. DKCNepMMEHTaNIbHO MOJTyYeHO, YTO Mnoka-
3aHMA, nocTynawliMe ¢ ¢GoTopes3ncTopa «B HOPME» - MPU NPsMON CnuHe pebeHKa -
NPpUHMMAT 3HayeHMs okono 900. B cnyvyae WCKPUBMEHWSI MO3BOHOYHMKA pebeHOK
BMAWUT Ha ycTpoicTBe (B chopme KOpob6ouku) mameHeHue uBeTa KOB-cBeToamopga c
3e/1IEHON0 Ha KPacHbIli, 1 Ha 3KpaHe NosBAseTcsa Hagnucb «ONs, cNMHa», NpPU 3TOM No-
KazaHusa 6ygyT HMxe 850 (puc. 4).

PUCYHOK 2 - NEKTPOHHbI KOPPEKTOP 0CaHKM

=y I g H : o

o : ; e {sck

e O i : oo 2—, SDA

Arduino 1 :" + 23 A0
.

[ H [

ReF o2

s s

0115 EMON

PaM

s

= i ew__jcs
an

FY
2
>

P

111l

P

L=

cnp GHD 84

PucyHok 3 - Cxema KOppeKTopa 0CcaHKu Ha ocHoBe Ariiwno LIbIO

B npoBeAeHUM 3KCMepuMMeHTa Mo anpobauuy ycTpoiicTBa NMPUHANN y4yacTue
yyawmecsi MypMaHCKOro akafjeMmyeckoro nuuesi. Mo mtoram npoBeféHHbIX UCNbITa-
HWIA 1 3aMepoB JaHHbIX CPefHUE MONyUYeHHble 3HAUYeHUS BbININ 0TPaXKeHbI B rpaduKax.

[Ona obecnevyeHnss paboTbl ycTpoicTBa 6Oblia HanucaHa nporpamma Ha C-
06pa3HOM s3blKe NPOrpaMMUPOBaHUS.
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PucyHoK 4 - "padmKkn ncnbiTaHUiA KOPpPeKTopa 0CaHKKU Ha ocHoBe Ariwno LIbIO

CpaBHeHMe BYX NepBbIX felicTBYOLWMX MOeneii ycTpoiicTBa

B saHBape 2017 ropa 6bina cobpaHa nepeas felcTBYHOLLaA MOAeNb YCTPOW-
CTBa, MpoBefeHbl €€ ucnbiTaHUA. Mogenb BbIMOMHSMA CBOM (DYHKLUMW, HO MMeNna psf
HepgocTaTKoB. Pasmep ycTpolicTBa 6b11 gocTaTovyHo 6onbwinm (10 cm x 10 cm X 7 cm).
OCHOBHbIM HeAOCTaTKOM Mofenu 6bi10 OTCYTCTBUE €€ aBTOHOMHOCTW. Y CTPOWCTBO B
X0fle UCMbITaHWIA NPUXOAUNOCE fiepXaTb B pykKax (puc. 5). Bblnm npo6nembl ¢ MHAMKaA-
LMel Npy NOMOLLM CBETOAMOAA U3-3a OTCYTCTBMSA BO3MOXHOCTU ero ukcauum, oTme-
Yanucb 06LLMe HefoCTaTKM C60PKU, B TOM YMC/e M3-3a UCNOMb30BaHWSA MaKeTHOM nna-
Tbl BMECTO MeYaTHOIA.

PUCyHOK 5 - IMepBas AeicTBYytoLan MOfe/lb KOPPEKTOPA OCaHKM

Mbl  OpPUCTYNUAN K KOHCTPYMpPOBaHWO BTOPOW MOAENU YCTPOICTBA,
B KOTOPOM nocTapanucb YCTpaHWUTb HefoCTaTKW MepBONR fAelicTByloweid mogenu. B
mapTe 2017 roga 6bin1a cobpaHa BTOopas AelicTByoLWwan Mofenb yCTpoicTBa, B anpene -
mae 2017 roga nposefeHbl eé ucnbiTaHnsA. [laHHas MoAesb UMeeT 3HAUYUTE/IbHO MEHb-
wue pasmepbl (8,5 ¢cM X 7 ¢cM X 3 CM) MO CPaBHEHMWIO C NMePBOA.

OHa BbINOJ/IHEHA B BUAe KOMMAKTHOro 6/10Ka, KOTOPbIA KPenuTca Ha Mosic pe-
6éHKa. YCTpoMCTBO paboTaeT aBTOHOMHO OT 6atapeu 9 BonbT. [Nna U3roToBNEHUA faH-



HOW Mofjenu mcnonb3oBaHa nevyaTHaa nnata. NMpo6nembl ¢ UHAMKaALMNER ycTpaHeHbl 6na-
rogapa XXecTKoMy MeTannunuyeckomy hukcatopy (pucyHkum 6, 7).

Pa6oyasa moaenb KoppekTopa 0CaHKM And NOAPOCTKOB, CO3J4aHHAsA Ha OCHOBE
Aréwno blAbIO

MpuHMUMas BO BHUMAaHWEe akKTyanbHOCTb Npo6GnemMb HapylWeHUSs OCaHKW Yy
NOAPOCTKOB, Mbl He OCTAHOBMUNWCb Ha CO34aHUN ABYX MMel LW MUXCA N paHee ONUCAH-
Hbl X felcTBYO W WX MOAenei, a pew nnm NPOJONXMUTL Hawn pa3paboTku, 4Tobbl yco-
Bepll eHCTBOBATL Halle YCTPOWCTBO.

Bnarogaps TecTUpPOBaHMI WKONBHWUKOB W UX POAMTeENneidl Mbl onpefenunun oc-
HOBHble KayecTBa W BHELW HME XapaKTepUCTUKN CO3JaBaeMOro KoppekTopa - YyAOGHbI A,
Nerknin, npocTtoin, Hegoporoi, UMet W UK CBA3b C TENEPOHOM, aBTOHOMHbI 1.

M bl nocTtaBunun nepepj cob6oil HOBbIE 3afayn:

1) elfe yMeHbW UTb pa3mep n Bec ycTpoiicTea;
2) [06aBUTb 3BYKOBY M BU3YaNbHY WHAMKALUIDO WCKPUBNEHUS OCAHKMK;
3) co3faTb NPUNOXEHWEe ANA ONepaLUMOHHOW cuctembl Aniroll agnsa ceasn

ycTpoiicTBa C TenehoHOM.

PucyHKu 6, 7 - P0TO BTOpOIA ACTBYIOLLEN MOZENM KOPPEKTOPa 0CaHKM

HoBoe ycTpoiicTBo cocTtouT M3 nnatel Ardiwno KAKO, 6enoro csetoguoga
BHYTpW Tpyb6ku, poTtopesncrtopa, akkymynartopa Ha 11,1B, Blunelooll mogyns HC-06.

CxemMa jJaHHOTO ycTpoiicTBa m3obpaxeHa Ha pucyHke 8.

el

PucyHok 8 - Cxema KoppeKTopa 0caHKM Ha ocHoBe Ariiwino KAHO



CBs13b C TeneoHOM ocyLLecTBNsSAETCA ¢ nomouibio Blueloolih mogynsa HC-06.
[Ons noAKAl4YeHMs MOAyNa Mcnofb3oBanucb MaTepuanbl caiita wllp://aridwno-
pro)ecl.nel.

C nomouwbto nporpammbl Anirolll 8!uiito mMbl paspaboTanu NpunoXeHune ans
MO6MbHbIX YCTPONCTB Ha 6a3e Anirolll ¢ BO3MOXHOCTSIMU 3BYKOBOW W BU3yaNbHOWA
MHANKaLUN.

MpuHuMn paboTbl Npubopa 3akNYaeTcs B C/AELYHOLLEM. Y CTPONCTBO KaXayto
CeKyHAy oTnpaBnseT Ha Anivroll (B Hawem cnyyae - TeneoH) AaHHble 0 NMOMOXEHUN
CMWHbI U B Cy4Yae UCKPUBMEHUS OCaHKM MPUIOXEHMe cpasy XXe onoBelLaeT pebeHKa
BU6paumeli 0 TOM, 4TO CAUHY HY>XHO BbINPAMUTb. TakXXe B NPUNOXKEHUU peasin3oBaHbl
PUKIA-yBeLOMNEHUSA - B Cy4vae UCKPUBMEHUSA CMUHbI NPUIOXeHWe HanuweT «CKopee
BbINpAMNANTeC! Y Bac celivac oYeHb BpeAHas nosax», a B c/iydae ¢ NPsAMONA CAUHON -
«Tak gepxaTtb (cnuHy)! Y Bac xopowlas ocaHKa». Y CTPOMCTBO NMUTaeTcs OT ABYX akK-
KymynatopoB Kablion Ha 3,7B KaXAblii, CymMMapHOe NojaBaemMmoe Hanps>XeHne cocTaB-
nsaet 7,4B (pucyHku 9, 10).

PucyHku 9, 10 - ®0oTO TpeTbeli AeiCTBYIOLLEN MOZENM KOPPEKTOopa OCaHKM

Mo cpaBHEHMIO CO BTOPOI MO/eNIbl0 YCTPOCTBO 06/1a4aeT MEHbLLIMMMN pasMe-
pamu 1 BecoM, 60/blueli aBTOHOMHOCTbIO U 3HAUMTENbHO GONbLIMM (PYHKLMOHANIOM 3a
CUeT BO3MOXHOCTEM MOGUIBHOTO MPUIOXKEHMSI,

CpaBHeHWe ¢ fecTBYOW UMY aHanoramu

CyLlecTByIOLLME B HaCcTOsILLEe BPEMS 3/1eKTPOHHble KOPPeKTopbl o6najarT
pALOM cepbe3HbIX HEeJOCTATKOB: OHWM MOryT cpabaTbiBaTb, KOrja 4e/fioBeK NpuUHUMaeT
ropu3oHTasbHOe MOJIOXEHME, MPY NONbITKE 3aBA3aTb LWHYPKN UKW NOAHATL NpeaMeT ¢
nona, owmnbawTCA M NOJAIOT CUTHa/Nbl BO BPEMS CUAEHWUS C HAK/IOHEHHOW CMUHOWA.
ViMetoLmecs 3NeKTPOHHbIe YCTPOMCTBA ML NpefynpexaalnT 0 HenpaBu/bHOW Mo3e
YesioBeKa.

C Haweli TOYKU 3peHus, Hambosee MPaKTUYHO COBMECTHOE MCMOMb30BaHMe
KNaccu4ecKoli 1 3NeKTPOHHOW Mogaeneli KOppeKTopoB. Tak, BPeMsi HOCKM opToneaunye-
CKOro rpyAHOro KoppekTopa 06bl4HO He MpeBbllaeT 4 4acoB, Jafiee U3 Hero MOXHO
yoanuTb pe6pa XECTKOCTU W MePesioKUTb KOHTPO/Ab OCAHKW Ha Halle 3/1eKTPOHHOoe
yCTpONcTBO. MO3TOMY Mbl MPEAIOXUNN B O4HO KOHCTPYKLUW Npubopa COBMECTUTb
rpyAHO KOppeKTop (MNun pe-KNuMHaTop) U pa3paboTaHHbIi HaMW 3M1eKTPOHHbIA KOp-
peKTop.
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IIpakTHueckas 3HAUMMOCTh PalOTHI COCTOMT B CO3AAHHH NPOrPaMMHO-
annapaTHOTO KOMIUIEKCA KOPPEKLHH OCaHKH 1na moApocTkoB «SIPKO» («Spoukoii
KOPPEKTOP OCAHKH)).

B xone paGoThl HaJ MPOSKTOM MbI MOCETHIH MypMaHCKHUIT 00NaCTHOIH LEHTD
JeucOHOH (HIKYIBTYPBI H CIOPTHBHOH MEIHIMHEL, TTIE BCTPETHIHCh C €10 PYKOBOIH-
TeNeM — INAaBHBIM Bpa4OM LICHTpA, KaHAUNATOM MCAMUMHCKHX HayK AHATONHEM AH-
ApeesrdeM HazapbebiM. OQueHb BAUKHO. UTO HAINA paboTa ObLIA MOJIOKHTESIBHO OLE-
HeHA. [IpHMEHEeHHEe HAIUEro YCTPOMCTBA COBMECTHO CO CPRICTBAMH Jie4eOHOH (u3-
KVJIbTYPBI, (PHZHOTEPANIHH H MACCAKEM, ¢ TOUKH 3PEHHA CNMICLUHATHCTOB LEHTPA, JACT
noJoKUTEMbHEIH d(pext. Hama pazpaborka pekOMEHIOBAHA HMH JJIA BHCAPCHH.

Bu3Hec-npHBIEKATEABHOCTD Pa3paboTKH

CTouMOCTD pa3pabOTAHHOTO HAMH NPOTPAMMHO-ANNAPATHOTO KOMILIEKCA
KOPPEKUHH OCAHKH A MogpoCTKOB «SPKO» criaapiBaeTca H3 CTOUMOCTH €ro OCHOB-
HBIX KOMIUIEKTYHOIWHX: OOBMHBIH KOPPEKTOP OCAHKH mpuHodpeteH 3a 950 pybneit, Ar-
duino NANO - 600 py6.; akkymyarop 200 py6. x 2 = 400 py6.; Bluetooth moaym HC-
06 - 350 py6.; npoeoaa, TpyOka, (oropesucrop, ceerognoa — 100 py6.; uroro - 2400
pyo.

B Poccun, u B MypMaHCkoit 061ACTH B YACTHOCTH, O JAHHBIM MypPMAHCKOTO
0061aCTHOTO LEeHTPA JieueOHOH (HAKYABTYPBl H CIIOPTHBHOH MEIHLHHBI, OYCHb MHOTO
PeOAT HMEHHO ¢ HAPYIUCHHEM OCAHKH B JETCKOM H MOIPOCTKOBOM Bo3pacte. COrIacHO
NPOBSICHHOMY HAMH TECTHPOBAHHIO LIKOJNBHHKOB, A B OCOOCHHOCTH — HX POIHTENEH,
OHH OCO3HAOT BAJKHOCTb COXPAHCHHA MPABHIBHON OCAHKH 1A OyJyero 3m0pOBbA H
X0TeMH OBl BOCNOJIB30BATLCA COSAAHHBIM HAMH YCTpoiicTBoM. TakuM 00pa3’oM, MOMKHO
CHAENaTh BBIBOA, UTO MPOM3BOJACTBO AAHHOIO NMPOAYKTA OYJET OTIHYATHCS CTAbHIBHO-
CTBIO J1arofaps perysipHOMY CIIPOCY.

CIHCOK ITUTepaTyphl

. TykacoBa, H. A. PeaGunuraipia geteif co ckommiozoM. YuelSnoe rocoSue / Poc. Mea. akaz.
MOCTISUMIVIOMHOTO 00pasoBaHi. — M., 1998, - C. 3-20.

2. Kon, 1. H. Peabunuraius GONMBbHBEIX CKOMHO30M MO3poHOUHMKA. — M. Memmma, 2001, —
145 ¢,

3. Kotemepa, 1. A. Ckonmo3 MO3BOHOMHMKA: JIeYeHHE H MPoQIIakTHKa. — M.: DxeMo, 2004, -
272¢c.

4. Tlotamiyk, A. A. JleyeSHad Qusiieckas KVIBTYpa B JeTCKOM Bospacte. — CIIG.: Peus, 2007,
—464 c.

5. Dupinoneaua i gereit. T. 14, Texauka / T, pea. M. Akcénopa. — M.: ApanTat, 2000,
-688¢.

6. DHigkitoneaua Ams gereit. T. 16, Gusuka / T'n. pea. B.A. Bonomus. — M.: Apanra+, 2000, -
448 c.

7. Opronemusi. OcO0SHHOCTH HCIIONB30BaHHA KOPPEKTOpa OCAHKM [DMEKTPOHHBIM pecype).
PesxuM goctyna: http://Awww.dobrota ru/page/page374. himl.

8. O0630p KOPPEKTOPOR OCAHKH C OT3BHIBAMH BpadeH, LeHAMH H MPOTHBOIOKA3aHMAMH [Onek-
TpoHHBOA pecype]. PexxuM goctyna: http:/prokoksartroz. ru/obzory/korrektor-osanki-kakoj-
luchshe-otzyvy-vrachej-protivopokazaniya.

9. Koppekrop ocaHkd. Kak HCMpaBHTR 0OCAaHKY [DMeKTpOHHBEA pecype]. PexuM moctynma:
https://polzavred. ru/kak-ispravit-osanku-korrektor-osanki. html.



118

10. Kak H cKoIbKO HOCHTB KOPPEKTOP OCaHKH (MHCTPYKLIA ) [ DNeKTpoHHEH pecype]. Pexaim
Joctyna: http://www.osanka, biz/stat/kak-i-skolko-nosit-korrektor-osanki-mstruktsiya. php.

YK 621.36

HUCMOJIE30BAHUE HU3KOUHTEHCHBHON &OTOTEPAITUH
AJTA BOPBBHI C AJUIEPTHYECKHUMH PEAKLIUAME OPIAHH3MA

Opecroga [Momiua MaparosHa
Mocroscxaa obracmv, 2. Pevmos, MAOY «Jluyeiry, 11 xnacc, e-mail: orestovap@mail

AnHotauus. Kaxmpni naTent yenoBek Ha 3eMiie CTpaJaeT TeM KM HHEIM BHIOM AllIep-
riy. JleyeHue almeprii Kak TakoBoe (PaKTHUECKH OTCYTCTBYET, TK. B GOJNBIIMHCTBE CIIVUAEB.
anepruveckas peakinid ABIIETCS OTOGPAKEHHEM OTHOLUEHHS OPraHH2MA KOHKPETHOTO YeJloBe-
Ka K KOHKpeTHOMY aivnepreHy [1]. T1pu HM3KOMHTCHCHBHOM OGIYUSHHH KPOBU GOJBHEIX ¢ M-
MyHoteddrnproM Habmogaercd TpaHCchOPMALY HMMYHOITTOGY IMHOB M2 HH3KOABHIHOTO CO-
CTOSIHHA B BHICOKOABHUHOS, H TEM CaMBIM YMeHBIIACTCS aleprifueckas peakimi [2. 3). Bnus-
HHe HHU3KOHHTEHCHBHOTO 0GMYYeHHS Ha COCTOAHHE MOPAKEHHEIN YYaCTKOR KOXKH MOJKET ompe-
JeTATRCS 110 H3MepeHiio kodddrnmienta muddysHoro otpaxkerus. Kospdmmenr mibdyinoro
OTPaKeHHA MOMKHO ¢ BBICOKOH TOUHOCTBK) M BOCIPOH3BOJMMOCTHIO OTPEACISTE MOCPEICTBOM
HHTErpaTEHOTO (GOTOMeTpa, NpelCTABIMIomero coboit chepy ¢ NaMGEPTOBCKHMM IOKPEITHEM
BHYTpEHHEH MOBEPXHOCTH M MOMEILEHHBIM TyAa (oTONpHEMHHKOM [4]. B pesynpTate MHOTO-
KPATHOIO OTPAXKEHHS CBETa OT MOKPHITHS (OTONMPHEMHHK PETHCTPHPYET CPETHIOK HHTEHCHE-
HOCTD M3Ty4eHHA, TMOMABILYIO BHYTPh cephl uepes HeGOMbILoe oTBepeTHE. [TockonbKy amnep-
THA HA MOBEPXHOCTH KOMM OOBMHO NPOABNACTCA B BHIE BOCIATEHIS, B KaUeCTBE MOJEIBHEIX
00pasLioB OBUTH B3ATHI KYCKH OYMAarH pasiMYHBIX LIBETOB, HAHOOJNCE MIOXOKHX Ha LIBET KOXKH,
APKO-PO30BOI0 1BETA, HATIOMHHAIOILMIT BOCTIAIEHHYIO KOXKY, A TAKKe YepHBI1 H Oenblii, YToOk
ONpeeNHTh JHATIA20H PErHCTPHPYEMBbIX HHTEeHCHBHOCTel miuddy2Ho oTpaxeHHoro curHana. Ha
MOJICTBHBIX FKCTICPHMEHTAX MOKA3aHO, HTO MPEIOKEHHAT METOUKA KOHTPOA COCTOSHHUS T10-
BEPXHOCTHBIX KOHEIX IIOKPOBOR MOYKET NMPHMEHITHCHA B MEJHLRHCKOI NMPAKTHKE.

KmoueBbie ¢10Ba: bruoMe M=, alIEPrHUESCKHE PeaklH, aBUTHOCTE aHTHTRN, HH3-
KOMHTEHCHBHas POTOTeparisi, HHTerpanbHELT GoToMeTp.

Mecto BoImoIHeHHs padoThl PaGoTa BemomHeHa Ha Gaze MI'TY um. H.D. Baymana.
Hayunbni pykoBogurenn: 3mueBckod I'puropuii Hukonaepny, KaHd. ¢H3.-MAaT. HAyK, JOLIEHT
kadeapel BMT1 MITVY um. H.3. BayMaHa.

Onucanue pa3paboTku

Beeoernue

OCHOBHBIMH 3JICMEHTAMH HMMYHHOH CHCTeMBI OPTAHH3MA ABIAIOTCA Oelbie
KIETKH KpoBH — JuMpouursl (T- u B-rnerku). ITpomenmue vepe3 THMYC (BHIOMKO-
BVIO JKene3y) JMUM(JOLHTH H3BECTHH KAK T-MHM(OUnTHI, WiH T-KIeTKH. AHTHTENA,
BHIPAOATHIBAEMbIE B-KIETKAMH H MOCTYMAKIUME B KPOBb H APYIHE »KHIKOCTH Opra-
HH3MA, OTHOCAT K (JAKTOPAM TYMOPANBHOTO HMMYHHTETA. JALMHTA OPraHH2MA, OCY-
LIECTBIMEMAA C MOMOIUBK0 T-KIETOK, HAZBIBACTCA KISTOMHBIM HMMYHHTETOM, TAK KAK
B €€ OCHOBE JISKHT B3AHMOACHCTBHE OTICIBHEIX KISTOK C AHTHIeHAMH [1].

AHTHIeH MOKET BRI3BIBATH 00a THIIA HMMYHHOTO 0TBeTA. Bosnee Toro, B opra-
HH3ME MPOHCXOIMT ONPeICIeHHOS B3auMoaeiicTeue Mexay T- u B-kneTkanmu, npuiem
T-KIeTKH OCYIIECTBIIAIOT KOHTPOJIb HAL B-kneTkamu. T-KI€TKH MOTVT MOJABIATH B-
KJICTOUHBIH OTBET HAa 0E3BPEIHBIC I OPraHU3MA UYIKSPOAHBIC BEIICCTBA WM, HA000-
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pot, modykaate B-k1eTkn BHIpAOATBIBATE AHTHUTENIA B OTBET HA BPSIHBIC BEIUSCTBA C
AHTHINEHHBIMH CBOHCTBAMH. [TOBpe)KICHHE HIM HEIOCTATOMHOCTb JAHHOH KOHTPOJIH-
PYIOLIEH CHCTEMBI MOJKET NMPOSABIATHCA B BHIC AJUIEPTHMECKHX PEAKUHI HA BEILECTEA,
00BrMHO 0€30MACHBIC 411 OPTAHH3MA.

IIpH HH2KOMHTEHCHBHOM OOJVMEHHH KPOBH GOJBHBIX ¢ HMMYHOZe(QHIHTOM
Habmozanace TpaHCPOPMALHA HMMYHOTJIOOYIHHOB H3 HH2KOABHIHOTO COCTOAHHA B
BBICOKOABHIHOE (ABHIHOCTh — MPOYHOCTH CBA3H MEKIY AHTHIEHOM H AHTHTENOM) [1,
2]. MMy HOTTIOOY THHBI OTBETCTBCHHEI 33 OTKIHK OPTaHH3Ma Ha aHTHICH (pa3ipakH-
TeNb) H B HH3KOABHAHOM COCTOSHHH NMpPH HEMpaBHIbHON padoTe T-KICTOK OHH ABMNA-
HOTCA MPHYHHOH aIEPrHYeCKoi peakiuu. ECIH NEPEeBECTH HX H3 HH3KOABHUIHOTO CO-
CTOSIHMA B BHICOKOABHAHOE, 3T0 OCIA0HT aJIEPTHUECKY IO PEAKIHIO.

Lfeav pabombi: HCCNEIOBAHHE BO3MOMKHOCTEH KOHTPOIS (POTOTEpancBTHYC-
CKOT0 BO3ACHCTBHA HA HMMYHHBIC PEaKUMH MyTEM H3MEpeHHA Koa(puiuueHTa Aud-
(P¥3HOTO OTPAKEHHA JA3CPHOTO HIIYYCHHA OT KOKHBIX NMOKPOBOB. OKPAcka KOTOPBIX
MEHACTCA NMPH AJNICPTHYCCKHX MPOSBICHUAX.

3adayu, pelacMele I JOCTHAKCHHS NIOCTABICHHOH LETH:

H3YMHTb MEXAHH3M MOABJICHHSA AJUVIEPTHMECKUX PAKIHIA,
H3YUMTb NPUHIEIN paloTh HHTETPAIBLHOTO (POTOMETpA.

¢ coOpaTh YCTAHOBKY JJ1 NPOBEICHHA H3MEPECHHIT,

e  mpoBecTH H3MepeHHA ko3 duuuenta quddyiHOrO OTpKEHHA 0OBHEKTOB
PA3HBIX LBECTOB,

¢ NPOBECTH OOMYYSHHE KOJKHBIX MOKPOBOB 10 H MOCHE HAHECCHHS ajlNiepre-
Ha H HA OCHOBEC NMOJYUCHHBIX AAHHBIX AaThb PEKOMEHMIAIMH K MPOLEAYPE KOHTPOILA
O0MyucHHS YUACTKOB MOBEPXHOCTH TENA, HA KOTOPHIX MPOSBIACTCS ANICPrHUCCKas
peakm,

Memooduxa uzmeperuit

Jna NOCTIKEHHA MOCTARNEHHOH Hem TpeboBanock HAHTH KpHTEPHIl, IO KO-
TOpOMY OYJET ONMPEACIIThCH BIHAHHE HU3KOHHTEHCHBHOTO OOMYUCHHS HA COCTOSHHE
NOPAXKEHHBIX YYAaCTKOB KOKH. TakuM KPHTEPHEM MOCHYKHI KO3(PHIHEHT audidy3-
HOTO OTpOKeHHA. UToOBl YCTAHOBHTB, MEHACTCA JIH BHIIUCYKA3AHHAA XAPAKTEPHCTHKA C
H3MCHCHHEM LBeTa 00BeKTa, MHE MOHAJOOWIOCH Cnemyromee 000pyIOBAHHE. HEOH-
TeJIHEBBIH JIA3Ep, HHTETPAJBHBIH (OTOMETD, 00TIOPATOP (NPEePHIBATEMD MOTOKA OT JAa-
3epa W1 CO3JAHHA NEPEMEHHOTO CHIHANA, JOCTYIHOIO BBICOKOMYBCTBHTEIIBHOMY
npHEMY ¢ MOCIEAYIOLIHM YCHJICHHEM), ONTHHECKAA CKAMbA ¢ HAGOPOM ONTHHMECKHX
CTOJIHKOB.

Wurerpamsupiii QoToMeTp npeacrasmier codoli noayio cdepy, BHIOCICHHY O
H3HYTPH H C NOMELICHHBIM BHYTPb (DOTOIHOOOM, PETHCTPHPYIOLIHM MHOTOKPATHO
OTPAKEHHOS BHYTPEHHEH MOBEPXHOCTBIO Cpeprl HATyveHHe. BBOIUTCI OHO BHYTPB
cdieprl ¥epe3 HeOONMBIIOS OTBEPCTHE, IIOLWAND KOTOPOTO MAJIA MO CPABHEHHIO C IO-
BEPXHOCTHIO C(pepbl. B pesyIbTarte MHOTOKPATHOTO OTPAKEHHA H3MYHMEHHA MOMAJAKO-
WAd HA WIOWAIKY (POTONPHEMHHKA WHTEHCHBHOCTB HE 3aBHCHT OT PACHONOIKSHHA
NMPUEMHHKA H TEM CaMBIM HE TPeOyETCA AOMOHHTENIBHOH IOCTHPOBKH, KPOME NMPUKJIA-
JAbIBAHHA OTBEPCTHA (DOTOMETPA K HCCleAyeMol MopepXHOCTH 00nekTa [4]. Tk. an-
Jeprus Ha Koke OOBINHO MPOABIASTCA B BHAS BOCMANCHHA, B KAUSCTBE 00PasLOB ObUTH
B3ATHI KYCKH OyMarl pa3MH4HBIX IBETOB, HAHOONCE MOXOXKHX HA LBET KOMKH. APKO-
PO30BOTO LBETA (HAMOMHHAKOIIMIA BET BOCMANCHHOH KOXKH). a TAKKE EPHBIH H O¢-
JBIH, UTOOB! ONPEICTHTS MPAHHYHEIC SHAUCHHS (PHCYHOK 1).



PrcyHoK 1- MogenbHble 06beKTbI /15 MU3MepeHUs Angdy3HO 0TPaKEHHOIO curHana

YcTaHOBKa AN NPOBeJEeHUA HEOBGXOAMMbI X U3MEPEHU, BKAO YAt W ass HEOH -
renvesbl it nasep, paboTatownit Ha gNnMHe BONHb 632,8 HM, o6TiopaTop (NnpepbiBaTensb
noToKa M3Ny4yeHMs OT nasepa ANA CO3AaHMA NMepPeMEHHOTo CUMTHana ¢ PoTONpPUEMHMKA,
perucTpupyemMoro W3MepuUTeNbHbLIM yCUNUTenem), MHTerpanbHbli GoTomMeTp, oTBEp-
cTWe KOTOPOro ynaBnnWBaeT OTpaXeHHoe OT o6Gpa3ya nasepHoe M3Ay4YeHUe, M3MEpK-

TeNbHbLIW yCUNNUTENb, NPUHUMAIO W U CATHAN C pOTONPUEMHMKA, NOKA3aHa Ha PUCYHKe

2.

PucyHok 2. 3KcnepmmeHTaanaﬂ ycTaHoBKa. [MosACHEHUA B TeKCTe

Pe3ynbTaThbl U3MepeHuii

MonyyeHHble pe3ynbTaTbl NpuBefeHb B Tabnuuye 1. M3 Hux cnepgyet, 4To
HauMeHbW N KodahPULUMEHT ANPGHY3HOro OTpaeHuMas MMeeT KYCOK 4YepHOro useTa,
Hamb6onbwmnit - 6enoro, a ocTanbHble BblXOAAT 3a AMAaNasoH Norpew HoCTel Apyr Apy-
ra; cnefoBaTeNbHO, Mbl MOXEM JOCTAaTOUYHO ONpefeneHHO PasNuUYNTb N3MEHHUE LBETa,

OCHOBbIBafiCb Ha KOs dhuumeHtTe UG EHY3HOro oTpaxeHmns.



Tabnvua 1 PesynbTaTbl U3MepeHUi MHTEHCUBHOCTM AU(EY3HOr0 OTPadKeHNS OT NOBEPXHOCTH
(haHTOMHbIX 06bEKTOB

(B TabnnLy BHECEHbI NOKA3aHUS U3MEPUTENBHOTO YCUANTENSA, HANPsSHXKEHMe Ha BXO4e KOTOPOro NponopLuo-
HaNbHO MHTEHCUBHOCTU, Nonajarleid Ha naowaaky hoToanona)

LiBeT haHTOMa MokasaHune AbcontoTHas OTHOCKTEeNbHas

npué6opa, MB norpewHocTs, MB norpewHocTb, %
YepHblIit 0,58 0,12 20
TeMHO-6exeBbli 2,05 0,15 7
CBeTno-6exesblii 2,6 0,5 19
BexeBblii 2,18 0,52 20
TeMHO-p030BbIii 1,75 0,05 2
ApKO-p0O30BbIii 17 0,2 10
Benblii 2,93 0,23 8

[Nanee 6bIN0 NpOBeAEHO MCCnNefOBaHMe HenocpeaCTBEHHO Ha Koxe. B kaue-
CTBe aNnnepreHoB 6Gbl AU B3ATbI: PacCTBOP N TONA, NOJ, PaCTBOP GPUNNNAHTOBOFO 3ene-
HOTOo (3eneHKa), XNWAKOE MblNO, MOtO LW ee CPeacTBO (PUCYHOK 3).
CHayana 6bln n3MmepeH KOapdUUuneHT AN PY3HOTro oTpax eHUs Koxun 6e3 Bos3fgeiicTemnsg

annepreHa. PesynbTaTbl NpeAcTaBieHbl B Tabnuue 2.

PucyHok 3 - Vcnonb3yemble 06pasLibl annepreHoB

Tabnuua 2. 3HayeHns1 KoaththuLmeHTa AUPPY3HOro 0TpakKeHMs OT NOBEPXHOCTU KOXU 6e3 BO3-
[JeicTBMA annepreHos

MecTo n3MepeHus MokasaHue A6CON0THan OTHOCKTeNbHasA
npuéopa, NOrpeLHoCTb, NorpeLHoCTb,
mB mB %
YKasaTeNbHbli ThinbHas 2,7 0,3 10
nanew, CcTOpoHa
;eaazzﬂra Mogyuweyka 2,9 0,1 3
3anfacTbe 2,5 0,5 20

3atem B o6nacTb 3anAcTba 6bIAKM NO oyepean HaHeCeHbl annepreHanbl (pMCyHOK

4). PesynbTaTbl M3MepeHUh npusepeHbl B Tabnuue 3.



PrcyHOK 4 - HaHeceHUWe a/iiepreHoB Ha KOXY 3arsicTbs

Tabnuua 3. PeynbTaTtbl n3amepeHuin KoagdmumeHTa andgy3HOro 0TpakeHs KOXN 3ansicTbs
B MPUCYTCTBUM a/I/IePreHoB

Anneprex lNMoka3aHue AbcontoTHas OTHOCUTeNbHaa
npubopa, mB norpewHocTs, MB norpewHocTs, %
PacTtsop ntorons 2,5 0,5 20
Vog 1,6 0,4 20
3eneHka 05 0,05 10
XXunpgkoe mMbino 2,6 0,4 15
Motouee cpeicTso 2,5 0,5 20

Kak BUAHO N3 Tabnuubl, TONbKO 3eNeHKAa M MOJ CYyL eCTBEHHO M3MEHUNN KO-
IphuymeHT ANPPY3HOTro oTpax eHns ob6bekTa. 3TO 06BACHAETCA TEM, YTO OHU UMEKW T
XapaKTepHblii L4BeT, B OTAMUYME OT OCTalbHblX annepreHoB. ANnepruyeckoil peakuunu
He Habnw ganocb B CUNY UHAUBULYANbHbBIX OCOGEHHOCTEN UMMYHHON cuCTeMbl 06bek-
Ta, a TaKXe W3-3a Manoro BpeMeHU BO3AedCTBNA annepreHa.

YT06b y[OCTOBEPWUTLCA, UYTO KO3hDOUUMEHT AMBDOY3HOro oTpaxeHuws peii-
CTBUTENbHO MEeHAETCH NPU CUNbHOM W3MEHeHUW LBeTa 06bekTa, 6GbIN CAenaH NMPOKON

yKasaTenbHOro nanbua u ero o6nyvyeHune (pucyHok 5).

PUCYHOK 5 - MpoKon 6e3bIMAHHOIO NasibLia C BbICTYMUBLLIMM MATHOM KPOBYU

PesynbTaThl M3mepeHuit (tTabnuuya 4) nokasanm, YTo NATHLI W KO KPOBU CUNbHO

BNNAET Ha KO3 P UUMEHT ANDPY3HOTO OTpaxXeHMUs.
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Ta6mrma 4. H3meperue kosdduimenta quddy3HOro 0TpaykeHHd OT MATHBILKA KPOBH HA [10-
BEPXHOCTH KOXKHU

MMokazanne AbcomoTHas OTHOCHTEBHAS

npxGopa, MB norpemsocTs, MB NOTrPESIHOCTD, %o
Be3 npokona 29 0,1 3
C OpOKOSIOM 0.7 0.2 20

Obcyxcoetie pe3viivmamos 4 8618o0b!1

KoadpduuueHt mudy3HOro OTpaKeHUs JA3CPHOTO H3IYYCHHA OT NOBEPXHOCTH
KOYKH MOKET CIIYKHTh XapaKTePHBIM MOKA3aTelieM aIEPrHYECKOH peaKklMH OpraHu3-
Ma. H3MepeHHe 3T0r0 K03 (HIHEHTA ¢ OMOIIBIO HHTETPATLHOIO (OTOMETpa obecme-
YHBAET HEOOXOMHMYH0 UYBCTBHTESIBHOCTh H BOCHPOH3BOAHMOCTh Pe3yasTaToB. [Ipu
(oToTepaneBTHMECKOM BO3ICHCTBHH HAMEPEHHE KO3IPPHUUHEHTA OTPAKSHHA B 30HAX
OPOABICHHA AIEPTHYECKHX PEAKUHE MOBONHT KOHTPONHPOBATh JHHAMHKY H3MEHE-
HHA MMMYHHBIX PEAKIHI U TEM CAMBIM OMPEISIATh HEOOXOIHMY 0 LA ONTHMATBHOTO
ocnabneHHA AICPTHYSCKHX peakumit go3y obmyuenna. Jlo2a o6aydueHHA YUHTBHIBAET
HHAHBHIYANBHBIE OCOOCHHOCTH OOBEKTA HCCIEIOBAHUA H MOKET OMPEIe/ATECA KAK B
X0I€ OTACIBHOTO CEAHCA OOy YSHIA, TAK H B TEYCHHE BCETO KYPCA JICUCHHSA.

CpaBHEHHE C CYIIECTBYOIHMH aHAJIOTaMH

B HACTOALIMI MOMEHT AHANOTHMHBIX AMNAPATOB, KOTOPHIE Obl 0CnAbIAH H
CHHMAJIH CHMITOMBI AJUICPTHYCCKHX PEAKLHI, KAK TAKOBBIX, HE cymecTByeT. Mmeror
MECTO IMPHOOPBI, TAK K¢ OCHOBAHHBIC HA HCHOJb30BAHHH HH2KOMHTEHCHBHOTO H3ITY-
YeHHA, KOTOPBIE NMPEAHAZHAYEHB! V1A BO3ICHCTBHA Ha HAMOJO2UNECKUT 04ae & dhaze
obocmpenus eocnamimensroco npoyecca. OOHUM U3 IHAKUX GRRAPAIIOS AGAACHICA
npubop npouseodumeiit Toxckum Havuno-uccredosamenvcrkum uncmumymonm "Iecka-
Yuugepcan”.

Tadnuiia 5. CpaBHeHHE PHOOPOB HU3KOHHTEHCHBHOM Teparii

Hazranue npuGopa Hurerpanehblii poToMeTp + Nasep Annapat "T'ecka-¥Hupepcat”
JITHHA BOMTHBL, HM 6328 660+-15
Momuocts H3myucHns, MBT 11 10

T1nomaae OGIYUSHHA, oM 5 10

Iena, pyo. 8 570 4300

W3 Tabmuup! 5 BHOHO, ¥TO 004 npHOOPA MPHMEPHO OIHHAKOBHI IO MOKA3ATE-
neM, HO pa’paboTanHblil anmapar gopoxe "Iecka-YHHBepcan" NpHMEPHO B JBA pasa.
310 BBI3BAHO TeM, 4ro "['ecka" — mopratuBHBET npuOOP H€3 MOWHOTO JA3epa, TOrJa
Kak pa3pa0OTaHHBIH anmapar CTAlHOHAPHBLIH H Hy:KAaerca B nasepe. Ho paspaboran-
HBI annapaT MOKHO MEPSBECTH HA MEHEe MOINHBIH Nasep 0e3 yimepda A (yHKIHO-
HaNBbHOCTH. IIpeHMyIIECTBOM ke pa3palOTAHHOTO anmapara ABJAETCA TO, YTQ OH HE
TOJIKO MOKET OCNA0IATh BOCTANCHHE HA KOJKE, HO H ¢ €r0 MOMOIIBE) MOXKHO CICAHTH
32 AHHAMHKOH H3MESHCHHH aJUIEPrHYeCKOH peakuli H B COOTBETCTBHH ¢ 3THM OMpene-
JATb KYPC JICHSHHS.

Hcnonp3oBanue pa3paboTku
PazpaloranHad cucreMa OyAeT NMPHMEHATHCA B MEAHUHHE A OCIA0NcHUS

ANEPrHYSCKHX PCAKIHMA OPraHH3Ma, BOCCTAHOBJICHHA MOBPEKACHHEIX MOKPOBOB H
YMEHBUICHHA BOCTIANICHHA TKAHCH.
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BuzHeC-MpHBICKATE TIBHOCTD Pa3paboTKH

ITo cTaTHCTHKE. KAKIBIH IATHIH UECIOBEK HA 3E€MJIE CTPAajacT TEM HIIH HHBIM
BHIOM ajuteprud. OHa MOJKET NPOABIATHCS KaK BBICBIMAHHAMH HA KOXKE H 3yJ0M. TAK H
NMPUBECTH K 00JICE CepbesHBIM MOCACICTBHAM — 0TEKY KBHHKE HIH aHA(PHIIAKTHUECKO-
My IHOKY. JICUCHHE aNepruH Kak TakoBOE (PAKTHUECCKH OTCYTCTBYET, T.K. B OOJBLIHH-
CTBE CIYYACB aWICPrHYECKAd PEakia ABIIECTCA OTOOPAKEHHEM OTHOLUCHHA OPraHH3-
Ma KOHKPETHOTO UEJIOBEKa K KOHKPETHOMY ajuiepreHy. Hu3kOHHTEHCHBHAA QOTOTEpa-
NHA MO3BOMAET 0CNAbNATE alIEPrHUECKYI0 Peakiiio. Yixe Gomee 20 neT Hazax Aoka-
3AHO MOJIOKHTEJILHOE BIHAHHE HH3KOHHTCHCHBHOH (JOTOTEPANMH HA OPTAHH3M YeJo-
BeKA. B MacTHOCTH, B psae paboT OTPAKESHO MOBHIIIEHHS ABHAHOCTH AHTUTEN [2, 3].

Taxum 06pa3oM, JAHHBIH MPOCKT MO2ZBOJIHT YIPOCTHTh U YCKOPHTD JICYCHHE
OONMBHBIX ¢ AUICPTHEH, MO3BOJIHT paspaboTars ya00HbIH Kype peabumuTaunH. Taioke
JAHHBI MPOEKT HMeeT GONpIIHE MePCHEKTHBHI PAZBHTHA B OyI¥LIEM, T.K. CEPbEIHO
OONEeryNT JKH3Hb JEOJAM C AJLICPTHAMH.
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CO3JAHHE BHOHMYECKOI'O ITPOTE3A ITPEAIUIEYLA H KHCTH

CexauéB ApTéM JIMHTpHEBUY
2. Mocxea, F'BOY wirona Ne 2089, 11 xaace
e-mail: artem_selachev@inbox.ru

AHHoTanus: B 1aHHOMN cTaThe NpEACTaBIEH BAPHAHT CO3JaHHS] GHOHHYECKOTO TIPOTe-
24 MpeJIievbi Ha 6aze MUKPOKOHTpoLTepa Arduino. OMHCAHB! IPHHIMITEL PAGOTEL JaHHOH MO-
JIeTIH, B OCHOBY KOTOPBIX BXOJUT MOJIYUCHHE ¢ TIOMOILBIO JaTYHKOB GCHOCHTHAIOB MBI H IIpe-
061)a3013amie €ro p BATIBKT])HHGCKJ‘H?I cHTHAT. Takke OIMCAHEI CIOCOORI TIIPOH3ROJICTRA IPOTE3a.
YkasaHsl OTIIHYMS pa3paGoTaHHOTO MPOTE3a [0 CPABHECHHUIO ¢ COBPEMEHHBIMH aHATIOTAMH,

KnroueBbie c10Ba: BHOHIMECKHIT MPOTE3, aHATOMMSA, SMEKTPOPU3HONOrHs, GHOHUKA,
Arduino, npotes, 3D-MoaeTHPOBaHHE.

MecTo BbInOAHEHHA padoTnr: PaGoTta Gelia mpoBenena Ha Gasze kabeap «BMTI» u
«BMT2» B MoCKOBCKOM TMOCYAApCTBEHHOM TeXHHYECKOM YHHBepcHTETe HMeHH H.. bayMana.
Hayumpni pykopogurens: KoGenes Anekcanap BuxtopoBud, accHeTeHT Kadeapsl BMT2 MITY
uM. H.3. Baymana.

Onucanne paspadoTKH

B 1ene uenoseka 6omee 600 ckeneTHbIX MbIUL, 00LIAS MACCA KOTOPBIX CO-
CTABIMIET Y JKEHINHH J0 28-33% 0T Macchl Tema, ¥ MyMHH — 10 40-43%, ¥ coprcMe-
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HOB — 43-55%. [Mpumepno 50% oOwel MACCH CKeNETHBIX MBILUL MPHXOIHTCA HA HHK-
HHE KOHEMHOCTH, J0 30% — HA BepXHHE KOHEMHOCTH H 10 20% — HA MBILILBI TOJOBHI H
TYJIOBHILA. Y OOJBIUMHCTBA MBIIIL HMCHOTCA Opiowiko, venier, H conogrda, capyt. [o-
JOBKO#H MBILULBI CHHTAKT KOHEL €€, OOPALICHHEIH K MPOKCHMANBHOMY OTICHy TeMA.
lonoBka n OpIOIIKO MPOMHO CPAIICHHI KOHLAMH C C)YXOoXCumuamy, tendae, mocped-
CTBOM KOTOPBIX MBIIUA MPHKPEIUIACTCA K KOCTH. CBA3B C KOCTBIO OCYILECTBIIACTCA
Yale 3a CYET BOJMOKOH CYXOKWIHA, MPOHHKAOLIHX Yepe? HATKOCTHHUY B KOCTHYIO
TKAHb (Mpo0OJANIHE BOJOKHA). BONBIIMHCTBO MBIINL HMEET OAHO OpIOLIKO H ABA
CYXO)KHJIHA U COOTBETCTBEHHO JIBEC TOUKH MPHKPEIICHHA: MPOKCHMANBHYI) — HAUao
MBILINB! H AUCTANBHYIO — MPHKPENCHHE MpIUEL TIpH aHaMH3e MONOKECHHI H ABHIKE-
HHH TeJIa YEJIOBEKA BAKHO Pa3fiH4aTh TAK HA3BIBACMbIC MOJBHKHYIO H HEMOABHKHY O
TOuKkH. HenoaBI:KHAA TOUKA YacTO COBNMAAET ¢ TOUKOH HAYaja MBIIIIBL. MOJBIKHAL —
C TO4KOH NpHKpeneHH. OnHAKo B TPYAOBOIl H CIIOPTHBHOM ASATEIBHOCTH YEJIOBEKA
HEPEIKO MOJBIDKHAS U HEMOABWKHAS TOUKH MSHAKOTCA MECTAMH, CIEIOBaTeNIbHO, Ta-
KO€ AcNeHHE YCIoBHO [1]. Mblmupsl npeanneyba ASIATCA Ha JBE IPYNIBL NEPEAHION
(crubarenu) H 3aaHI0K0 (pasruOaremu). K nepeoi OTHOCATCA cemb caubameneit kucmu
u nanvyes W oéa nporamopa’, CruGaTe M NANBIEE OCYIIECTRIIOT YPE3BLMANHO TOH-
KHE H BRICOKOAH((ePCHIMPOBAHHBIC ABHKCHHA. KOTOPHIC CBOHCTBCHHBI JIHIIB YETO-
BCKY pPA3yYMHOMY. braromapsa CHeUMANBHBIM YIP@OKHCHHAM MOKHO JOCTHTHYTh
HEOOBIMANHOH TOMHOCTH H CIIOKHOCTH ABIDKCHHIL. BO BTOPYIO IPYOIY BXOIHT O¢esmb
paszubamenes Kycimi ¥ npeonieubs W OOHH cviuxamop. Bce OHH pacmonaralorca B
HECKOJBKO CJI0EB. B KH3HEIEATSIBHOCTH KKIOTO “EJOBEKA KHCTh B LEIOM, H 0CO-
OCHHO MANbLBI, HIPAIOT NEPBOCTCNEHHYH PONb, TAK KAK OHH HEMOCPEACTBEHHO BBI-
NOJHAIOT ABIDKCHHA H COMPHKACAKOTCA ¢ MPEIMETAMH. Bce 3TH JABIKEHHA OCYILECTB-
0T GONBIIOS KOJNHYECTBO MBINL MPeAICYbd M KHCTH. [TocnenHue pacmonararoTcsa
TOJIbKO HA JAZOHHOH MOBEPXHOCTH, HA THUIBHOM CTOPOHE JHIUB MPOXOIAT C¥ XOMKHIbA
MBIIIL-PAsTHOATENCH, NOKAMX HA MPEAIUeYbe. MBIIB! KHCTH JCIATCA HA TPH
TPYINBL MBILLBI BO3BBILUCHHA OOJBLIOTNO NANBLA H BO3BBILICHHA V NANBLA, OCY-
LICCTBIMIIOIHE ABWKEHHA KHKIOTO H3 3THX MANBLCE, CPSIHAA IPYNNA OCYLIECTRIIICT
asikeHna [1-IV nampues. Mpimne! 6ompmoro naneua HanGosee pa3sBHTHL Y 4EJIOBEKA
Pa3syMHOTO MO CPAaBHEHHIO ¢ APYTHMH NMPHMATAMH. TaK KaK OHH H3HAYANBHO MPHCIO-
CoOMEHBI A1 TPYJOBBIX NPOLECCOB [2].

BepxHHe KOHEYHOCTH ABJISTHOTCA CAMBIMH NOABIDKHBIMH 3BCHBSIMH aNnapara
ABIDKCHHA TNA ueoBeka. Hapany ¢ 3THM OHH NMPHCTIOCOOJEHB! K 3HAUHTEIBHBIM CH-
JOBLIM HarpyskaM. Bc€ MHOroo0pasHe NBHKCHHE BEPXHHX KOHCYHOCTEH B TPYAOBOM
(MJH CIIOPTHBHOH) ACATEIBHOCTH YEJIOBEKA CXEMAaTHYSCKH MOYKHO MPEACTABHTD B BHIIC
CISTYIOIHX OCHOBHBIX (JOPM: MEPESKIIATBIBAHIE H MIEPSHOC MPEIMETOB, MOAHATHE HITH
VACp’KaHHE NPEAMETa HAa BECY. OTTAJKHBAHHE (JBIDKCHHE OT Ce0s), MOAHHMAHHE
(omyckaHHE) BepXHEH KOHEUHOCTH C MOCIEAY FOIHMH MaHHITYJAUHAMH KHCTBIO. YAap-
Hbl¢ JBIDKCHHA. NPOHATOPHO-CYNHHATOPHBIC MBIDKCHHS, BpALICHHS. AABICHHE HA
NPEeAMET B BEPTHKAIBHOM HANPABICHHH,

IMepeknagbIBAHHE H TMEPESHOC MPEAMETOB — HAHOOMEE PACHPOCTPAHCHHAL
({opma apwreHHIT CBOOOIHOM BePXHEH KOHSUHOCTHHY, IPH 3TOM NMPLANICHBE H KHCTh B
GOMBIIHHCTBE CITYYMAEB MOy IPOHHPOBAHHBIE. PAGOTA MEILIL HANPABICHA HA CrHOAHHE

: Hpor{amp — MBIINIA, IMMOBOPAYMBAIOIAA NPENILIEYEE IO IMOMOKEHII, TPH KOTOPOM KHCTH 06-
PallcHa TaJOHBKY BHH3. B s1oM monoskeHHH JIYUCBAasA H JIOKTCBad KOCTH MEPCKPCIIHBAIOTCS.
C\rmﬂ-mmp — MBIIIIA, IMOBOPAYMBAIOILAA INTPEIIUIEYbE IO IOJIOXKEHIA, IIPH KOTOPOM KIHCTE 00-
PaIlCHA TaTJ0HBIO BBEPX.
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JNOKTeBOroO, pasrHOAHHE W NMPHBEICHHE (peKe CrHOAHHEe) JIVYe3AmACTHOTO H pasruda-

HHE H NPHBEICHHE (PEXKE OTBEICHHE) IUICUSBOTO CYCTABOB. B maHHOM Ciyyae cokpa-

LIAKOTCA, PEOIONICBAasA OOMBIICE HIH MEHBLICE COMPOTHBIICHHE, CNCIYIOIHE MBIILIBI:

MOBEPXHOCTHBIH H DIYOOKHE CrHdATeNH MANBLEB, Jy4eBOH CrHOATENs H Ty4eBbie Pas-

rubaTeny 2aniacTes, MICHETy4eBad MBIILA, IBYJIABAA MBIILILA IJICYA, HAJOCTHAA, NO-

JOCTHAA, MOANOMATOMHAA MBILILBI, H B HEKOTOPBIX CIYHAAX — LIHPOYAHILAA MBIILA

CITHHBL

IoauaTHe WM YAEp:KaHHE MpeaMETa TpedyeT. KAk MPaBHIIO, MOy IPOHHPO-
BaHHOTO (peke MPOHHPOBAHHOTQ) MOJIOKEHUA NPEIIICUbs H KHCTH. [IpH 3TOM OCHOB-
Hasg paloTa MBI HANMPABJICHA HA CKATHE MAJBUEB M CTHOAHHE JIOKTCBOTO (HHOTIA H
IJICUECBOT0) CYCTaRa H NMPESHMYINEGCTBCHHAA HATPY3KA MAJAcT Ha CrudaTeu NajbIeB,
NIEYE-TYYEBYIO MBILILY, JYUCBOH CrHOATENb H JYUCBbIC PA3rHOATENH 3amACThA. JABY-
INABYH0 MBI TJeYa H 0TYACTH CONBIIYIO TPYAHYI0 H NCPEIHIOK YacTh JCTbTOBH/-
HOH Mpimnel. TIpH yaepkaHuH npeaMera (HOLUSHHE Ipy3a B BBHITAHYTOH pYKE), MOMH-
MO COKpaIllcHHs CTHOATe e NableB, B SHAYHTEIBHOM MEpe HANPKCHBI BCE MBILHLBI
CBODOHOH BEpXHEH KOHEYHOCTH, UTO NPEIATCTBYET NEPEPACTSUKCHHI) CBA30UHOTO
anmapara. Ilpu cnaGoM pasBHTHH MBILIL BEPXHHX KOHEYHOCTEH (v ACTEH, MOAPOCTKOB.
HCTOINCHHBIX JIFOACH) HOIUCHHE TAKECTSH MOMKET NMPHBECTH K TPAaBMHPOBAHHI) CBf-
30MHOTO ANMNAPATA.

B (pyHKUHOHANBHOM OTHOLICHHH HAHOONEE BAKHOM YMACTHIO BEPXHEH KOHEY-
HOCTH ABIACTCA KHCTh. BONBINAA CNOKHOCTE H 2HAYHTSNBbHOES pasHOOOpazue IBIOKE-
HHIi, COBEPIIAEMBIX KHCTBIO, 00€CIIeMHBAETCA IIIABHBIM 00paoM ClieayouMMH 00CTo-
ATEJIBCTBAMH:. HAJIHMHEM HAHOOIee CoBEepLICHHBIX (OPM MPOTHBONOCTABICHHA $0Nb-
woro naneul; JuQQePeHUHPOBAHHOCTD ABHKCHHH KHKIOTO H3 NAMBLECE, OONBIIOM
MOJBHYKHOCTBIO JIYUS3AIVICTHOTO CYCTABA, YSTKOH KOOPIHHALMEH BCEX BHIOB JBIKE-
HHA KHCTH H KOHEYHOCTH B LENOM, 00yCnOBIeHHOH (yHKUHEH UCHTPANBHOH HEPBHO
cucremsl (LIHC) 3, 4].

Jaunslii npore3 paboTaeT MO NMPHHLHITY CYHTHIBAHWA OHOMOTEHUHANA MBILLII,
3a OCHOBY OBUTIH B3ATH HECKOJIBKO YK€ CO3IAHHBIX MPOTE30B;

1. TIpores anrmmiickoii koMmanuu «BeBionic». Haiimken SxIaHa, H3BECTHBIH BIA-
Jenel MoAOOHOH OHOHHUECKOH pykH, pomoM H3 AHrMHH. OH JHINHICA CBOSH
HACTOALICH PYKH BCIEACTBHE HECUaCTHOro cmydad. Ho remeps Hadimxenm sxuber
NONHOICHHON KM3HBK. JAHHEIH TPOTE3 MMEET OTPOMHYI0 CTENEHb CBODOJBL
NpeAHA3HAUEH 1A JHoAcH ¢ HOGOH CTENEHBH) HHBAMHAHOCTH, HAYHHAA OT aMIy-
THPOBAHHBIX KOHEYHOCTEH BBHILIE JIOKTS, 3AKAHUHBASA MApaH30BAHHBIMH YACTAMH
tena. TIpuHUHN pa0oTsl JOBOJABHO MPOCT. JIATYHKH VJIABIHBAKT MHHHMAJIbHBIC
COKPAIICHHA MBILIL H NEPESAAT HMITYJILCH HA MOTOPBL. KOTOPBIE B CBOK) QUepeb
NpPHBOJAT B ACHCTBHE MpOTES [5].

2. EIe 0aHH NpoTE3. HO HA T0T pas u3 Poccuu. Kommanua «MoOTOpHKa». H3BECTHAA
CBOHMH TATOBBIMH OIO/UKSTHBIMH MPOTE3aMHU, CO37aNa OHOHMUYESCKHIH NMPOTes. KO-
TOPBII MOJHOCTBK) HameuataH Ha 3D-npuxrepe. Ero nmpuHImn paloThl OUEHB
CXOK C BBILICYIOMAHYTHIM OHOMpoTe2oM [6].

Mos paspaboTka pabotaer Ha 6aze mardopmsel Arduino. Beuto oBa BApHAHTA:
Arduino Nano mmi Arduino Uno. PasHuua ux B HECKONBKHX BEIIAX: 3T0 (opmpakrop
H MOIIHOCTP mpoueccopa. Ho TAK KaK HX XapaKTePHCTHKH B OCHOBHOM CXOJKH, HAITPH-
Mep THI MPOLECCOpa, A BRIOpan Nano noromy, ¥ro GopM(pakTop JOBOJBHO KOMIAKTEH
ornocuTenbHo Uno (1.85 cm x 4.2 ¢m npotus 6,9 cm u 5,3 cm).[7]. Ha pucyake 1 mo-
Ka3aHa maatgopma Nano Ha cneunampHoi Shield-nnare. JaHHAA MiaTa paCIUHpEHHA



Mcnonb3yeTca ANa yBennm4yeHna KonmyectBsa nogcoegnHAemMbl X CEPBONPUBOAOB K KOH-

Tponnepy U MUHUMMNU3NPOBAHUIO CKAUYKOB HanpsAXeHNA.

PucyHok 1- 8bleM - nnata gnsa Ariiwino

PucyHok 2 - EMO - 3ensor

L aHHbI W KOHTpPONNEpP NO3BONAET CUUTATb MUKPOCOKpPALW EHUA MbIW L W NPUOG-
p3yeT B curHan gns Ariiwno. Cxema NOAKNIO YeHNS AaTYMKOB, NPUEMHUKA, OTAENbHO-

ro UCTOYHMKA NUTAHUA M ATAWINO NoKa3aHbl Ha pucyHke 3.



PucyHok 3 - Cxema nogksoyeHns

TakxXe HuUXe npegcraBaedH Npumep NPpowW UBKK ANA Ariiwno, ceA3blBato W e

pa6oTy gatuukoB u cepsonpusopgos [9].
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PucyHok 4 - Tporpavma Ans npoLuvBKM MUKporoLeccopa

B 6yaywem nnaHupyeTcs fo6aBuTb B CeTb fJBa paguomopynsa, utobb He 3a-
BUCETb OT ANMHbL NPOBOAOB. [ aHHbI/i MPOTE3 MOXHO CUYMTaTb MOAYNbHbLIM, Tak Kak
KaX Ayl 4YacTb MOXHO HaneyataTb Ha 36-npuHTepe U ecnu GypeT nonomka, To cpasy
MOXHO 3aMeHWUTb. [lnd 3TOr0 MOXHO WCMNONb30BaTb padHble 36-Aun3aiiHepbl, Takne Kak
Alloliekk 3b Takk, Callam 30M “orkk. Ha cnepytouem pucyHke npefcrtaBneH Bapu-

aHT 3b- mofjenb npoTesa.



PucyHok 5 - BapuaHT npoTesa.
CpaBHeHMEe C CyW eCTBYO W MUMMN aHanoramu

[aHHbII NpoTe3 B OCHOBHOM GYyfAeT KOHKYypMUpoBaTb B HEKOTOPbI X acnektax c
nNpoTe3oM OT KOMMNaHWU «M OTOpUKMU». Hanpumep, MOAYNbHOCTb U Gl gxeT. Kaxablii
971eMEeHT, BNNOTb AaXe A0 annapaTHOW YacTu, MOXHO 3aMeHWTb 6e3 ocob6blx 3aTpat. A
610 4XeT faHHON pa3paboTKN NPUMEPHO 2-4 ThICAYMN, OfHAKO, CAMbBIM AOPOTrMM OKasan-
CA MMWO3NEKTPUYECKUIH AaTUMK(CTOMMOCTbL HayumHaeTcs OoT 1 TeicAauum un 6onee) m3-3a

cBoell pegkocTm.
MWcnonb3oBaHune pa3paboTkm

CnekTp NPUMeEHEHUSA faHHON pa3pabOTKM JOCTATOYHO BeNMK: HauuHas oT pa-
ANO3NEKTPOHUKN N 3B-MOAeNnMpoOBaHNA, 3aKaHYNBAsA KOMMEPUYECKUM NPOTE3NPOBAHMN-

eM U NPOTEe30CTPOEHNEM.
BusHec-npnBneKaTeNbHOCTb pPa3paboTKm

OTOT NPOTe3 OYeHb AeW eBbl N NOAXO[AWMA ANA NOBCEAHEBHOW HYXfAbl, TO
eCTb OH MOXeT QYHKLMOHMPOBATbL NMOUYTKU Kak 340poBas pyka. ECnum nocTaBUTb Ha KOH -
BeliepHoe NPOM3BOALCTBO, TO 3TO NPUHECET XOPOW YW NpPUBGbLINbL, TaK KakK faHHas OT-
pacnb NpPoTe30CTPOEHMSA Ha CErOAHAWHUW JeHb He OYEeHb pa3BMUTaAa MU MOXHO ChenaTtb

He60NblW OV NPOPBLIB, NNOC AelW eBN3HA NPOM3BOACTBA.
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N3YYEHHE THCBATTAHCA BPAIITAIOINWXCA TEJI IMTPH IMTOMOIITH
KOMITBIOTEPHOI"O MOJETTHPOBAHH A

CyTrarun Anekceit MakCHMOBHY
2. Mocrea, TBOY Muozonpogunenstit auyeii Ne 1501, 11 rnace
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Annoranus. B pa60Te METOJOM KOMIIBIOTEPHOI'0 3KCIIEPHMEHTA H3YYEHbl THHAMITYE-
CKHe 0COOEHHOCTH JBHIKEHHS BPALAOILMXCA TEN A CNTy4YaeB, KOIr'JA OCh BPALlCHHA COBIIAJAET
H He COBMAJACT ¢ OJHOH H3 DIABHBIX LCHTPATBHBIX ocelf HHeplH. PaccMoTpeHa nmpodneMa Ga-
JaHCHPOBKH BpaILl@IONHXCA TEL l'[poana.mzupomrcbl 0COGEHHOCTH CTaTIHYEeCKOro, MOMEHTHOTO
H JMHAMHUCCKOTO JUCOanaHca.

KnroueBbie ciioBa: KOIwﬂ'[blOTepl{blf[ SKCIEPHMEHT, MOMEHT HHEPLHH, I'MABHBIE LIEH-
TPATBHBIE OCH HHSPLMH, CATAHCHPOBKA BPAINAIOIIETOCA TENa, CTATHYCCKHH AHCOATaHe, Mo-
MEHTHBIT JucOanaHe, THHAMHYECKIT qucOanaHC.

Mecto BbINoIHeHHs1 padoThl PaGoTa BBIIOMHeHa Ha Oase MoCKOBCKMI rocynap-
CTBEHHBIH TexXHMYeoKkHii yHEBepeuTeT M. H. 3. baymana, kadeapsr PK-6. HayuHelii pykoBomu-
Termb: Benonoxko Ilaeen TleTpoBid, MockoBCKiiT rocy 1apCcTBeHHEBIH TeXHIMECKHE YHHBEPCHTET
uM. H. 3. Baymana, kadenpa PK-6, noueHT kadeaps! PK-6. KaHIHAAT TeXHIYECKIX HAYK.

Onucanue paspaboTkH

Bgedenue

D} PeKTUBHBIM COBPEMEHHBIM HHCTPYMEHTOM KOMIBHTEPHOTO HCCNETOBa-
HHA MEXAHHYECKHX CHCTeM ABJIAKOTCA MAKETH MOJCITHPOBAHUA JAHHAMHKH CHCTEM
TBepIpIxX Ten. Kaykapiii makeT HALCIEH HA PeIUCHHE OMPSICNCHHEBIX 32324, B 3ABHCHMO-
CTH OT CIIOKHOCTH, XAPAKTEpA H LENH HCecneaoBanui [1, 2].

IIpu BrIMOAHSHHH PAGOTHI OBUT HCMOB30BAH MAKET Y HUBEPCAIBHBIH MEXa-
HE3M (UM). UM nmpegHasHAYSH M4 ABTOMATH2ALHH MPOLECCA HCCISIOBAHHA MeXa-
HHYSCKHX 0OBEKTOB, KOTOPEIC MOTYT OBITh IMPEICTABICHBI CHCTEMOH A0COMOTHO TBepP-
JBIX T€JI, CBA3AHHBIX MOCPEICTBOM KHHEMATHYSCKHX H CHIIOBBIX 31eMeHTOB. K mo 106-


http://worldofscience.ru/biologija/8809-biomekhanika-dvizhenij-verkhnikh-konechnostej.html
http://worldofscience.ru/biologija/8809-biomekhanika-dvizhenij-verkhnikh-konechnostej.html
http://arduino.ru/Hardware%20/ArduinoBoardNano
http://arduino.ru/Hardware%20/ArduinoBoardNano
https://github.com/aurobots/Arduino-EMG-sensor
https://github.com/aurobots/Arduino-EMG-sensor
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HBIM OOBEKTAM MOKHO OTHECTH JOKOMOTHB, BAIOH, MAHHITY IATOPBI, PA3IHYHEIC Ma-
LUHHBI H MeXAHH3MBI [2].

IIpu MCONB30BAHHH JIHIUB AGCOIOTHO TBEPOBIX TeN HAKJIAJBIBAKOTCA OIMpe-
JCJICHHBIE OTPAHHMEHHA HA KIACC 3agad, pewaembie ¢ momowpie UM. Ho make ¢
HAIOYKEHHBIMH OTPAHHYSHHAMH 3TOT KJIACC JOCTATOMHO BeqHK. C ucnmonb3opanne UM
PELUAOTCA MPAMBIE H OOPATHEIC 320AMH KHHEMATHKH, JHHAMHKH H yhpaBleHud. [Ipak-
THYSCKH HEOTPAHHMEHHO YHCIO Ten B CHeTeMe. Kommnexke UM nmo3BosigeT noJHOCTEIO
ABTOMAaTH3HPOBATH ONEPAIMH C HCMOMB30BAHHEM OONBIIOrQ YHCIA TEN, UTO IHAUH-
TEMBHO MOBBIIIACT NPOH3BOAUTEILHOCTE TPY A HCCHEA0BaTe M [2].

IMporpaMMHBIli KOMIUIEKC «YHHBEPCANBHEI MEXAHH3M» MOKET OBITH MOJE-
3€H BCEM. KOTO HHTEPECYIOT MPOONeMBbl MCCICAOBAHHH AUHAMHUECCKOTO MOBEACHHA
MAIHH H MCXaHH3MOB. YHHBEPCANbHBIT MEXAHH3M HMEET B CBOSM COCTABE H HEKOTO-
PO€ KOJMUECTBO JOMOMHHMTEIBHBIX MOAYJCH, KOTOPHIE PacIUMPAIOT (PYHKIUHOHAb-
HOCTb KOMIUICKCA, HAMpPHMEP, JKEJICSHOAOPOJKHBIN MOMYJIb. MOTYJIL CBA3H C
Matlab/Simulink 1 MHOTHE ApyTHE [2].

Ocrosrasg wacmp

B [3] paccMOTpeHBI OCOOCHHOCTH 3KCNMEPHMEHTANBHOTO ONPEACHCHHA MO-
MEHTA HHEPIIMH TBEPAOTQ TENA OTHOCHTEILHO HEKOTOPOIH (DHKCHPOBAHHOH B TEJE OCH,
PACIIONOYKEHHE KOTOPOH B 00LIeM CITy4ae MPOH3BOIBHO.

[TpuBEegeHB! NPHMEPH, WLMOCTPHPYIOLIHE CIOMKHOCTH, BO3HHKAIOLIHE NPH
MPOBCICHHH H3MEPSHHIT B X00¢ HATY PHOTO SKCIEPHMEHTA.

[Toka3ano, ¥T0 HCMOJB30BAHHE KOMIBIOTCPHOTO JKCIEPHMEHTA MO3BOJIACT
mIyOKe MOHATE CYTh YKCIIEPHMEHTA HATYPHOTO, 60Mee TIATENbHO paspaboTaTh METO-
JHKY €ro MpOBEISHHA.

BaKHO OTMETHTB, MTO NPH MOJCTHPOBAHHH JHHAMHKH CHCTEM TBEPIBIX TEI
cpeancrBaMH nakeroB, nogoOubIX UM, KMHEMATHMECKHE H JUHAMHMECKHE XAPAKTEPH-
CTHKH JBIKCHH, MOANSKAILHNE H3MEPEHHIO B CIy4ae HATYPHOTO 3KCNEPHMEHTA, BBI-
YUCILOTCA M JOCTYIIHBI JJI1 AHATH3A B MPOLECCE MOACTHPOBAHMUA.

B panme cmyuaeB HATYPHBIC H3MEPEHHA HSJOCTYIHBI, 4 BO3MOKHOCTH HATYD-
HOTO 3KCHEPHMEHTA MO CPABHEHHIO ¢ KOMIBIOTEPHBIM OrpaHiMeHbl. TakuM obpasoM,
MO’KEM TOBOPHTH O KOMITBFOTEPHOM 3KCMEPHMEHTE, KaK O PaCLIHPAIOILEM BO3ZMOKHO-
CTH 3KCIIEPHMEHTA HATYPHOTO [3, 4].

B moATBEpKACHHE CKa3aHHOTO PacCMOTPHM Gofee MOAPOOHO ONHCAHHBIN B
[3] XOMOBIOTEPHBIH 3IKCMICPHMEHT., HIMOCTPHPYIOIMH BaKHOE NOHATHE TEH30pa
HHEPLHH H JAOLIMI NPSACTABICHHE O INIABHBIX LEHTPANBHBIX OCAX HHEPLHH TBEPAOTO
TelNa, a TakAe o npobreMe AHCOANAHCA BPAILAIIHXCS TS

BanaHCHpOBKA BPAlAIIUXCA TSN — NMPONECC YPABHOBCIIHBAHHSA BpaLIAlO-
IHXCSA YacTeH MAIHHBEI — POTOPOB 3NEKTPOABHIaTeNcH M TYPOMH, KOJEHUATHIX BAJOB,
LIKHBOB, KOJEC aBTOMOOIIA ¥ JAp. BalaHCHPOBKA BHIMONHASTCA KAK MPH nmoMomu a-
JAHCHPOBOYHBIX CTAHKOB, TAK H HEMOCPEICTBCHHO BO BPeMA PKCIUIyaTanud, banaHcH-
POBKA BKJIFOUACT B Ce0d ONPEeACNCHHE 3HAUCHUI H YITIOB JHCOANAHCA H YCTAHOBKY
KOPPEKTHPYIOILHX MACC A1 YPABHOBELIHBAHHA POTOPA.

B moboM Tene MOXKHO BHIIEJIHTH TPH TJIABHBIC LEHTPAIBLHBIC OCH HHEPLHH,
MEPECEKAIOIIMEC B LCHTPE MACC, OPTOTOHANBHBIC Apyr apyry. HecoemageHme ocu
BPALLEHHA POTOPA ¢ OJHOH H3 ITABHBIX LICHTPAIBHBIX OCEH HHEPLHH MPHBOIUT K MO-
ABICHHIO HCCKOMIICHCHPOBAHHBIX I.leHT[)Oﬁe}K_HbIX CHJI, MOMEHTOB H BO3HHKHOBCHHI)
COOTBETCTBYIOLLHX PEAKUHIT CO CTOPOHEI OCH BpaweHuA. HecOanaHCHpOBAHHAS JETATB
BbI2BIBACT BHOPALMIO MALUHHEI, MPUBOIHT K H2HOCY, YMEHBIUCHHIO CPOKA CITY)KOBI H
BO3MO)KHOCTH aBApHH [3].



B 3aBMCMMOCTM OT B3ayMHOTO PacrofIOXKEHNS OCY BPALLEHWS U TaBHOW LieH-
TPasbHOM OCU WHEPLMM X-X , PasfiMyaloT Cregyrowye Buibl HeypaBHOBELUEHHOCTU
potopoB (puc. 1): a - CTaTWYeCKyto, KOrfga 3Tu Ocv MapannefibHbl; 6 - MOMEHTHY!HO,
KOrja oCu nepeceKaroTcs B LIEHTPE Macc poTopa 8; B - AMHAMUYECKYH, KOrga ocu n-
60 MepecekatoTCA BHe LIEHTPa Macc, MO0 He MepeceKaroTCsi, a NMepeKpeLLMBatoTCs B
npoctpaHcTee [6].
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PucyHok 1- Bugbl gncbanaHca

B peanbHbIX TEXHUYECKMX YCTPOMCTBAX NS BbISIBNIEHUA Pa3NyHbIX BULOB
ancbanaHca MPOBOAAT HaTypHble 3KCMEPUMEHTbI. [1s 0GHapY>XeHWsi CTaTUYecKoro
AncbanaHca [OCTaTOMHO CTaTWYeCKOro 3KCMepUMEeHTa. PacrofoXuB OCb BpalLeHWs
FOPU30HTANbHO, NIErKO 06HapYXUTb, YTO TeNo OyAeT HaXxoAWUTLCA B PaBHOBECWM TO/b-
KO B MOMOXEHWW, KOTAa LIEHTP Macc pacrofioXeH B BEPTUKaIbHON NI0CKOCTU, NPOXO-
OslLell yepe3 0Cb BpalleHusi. B ciyvae MOMEHTHOrO AucbanaHca npy rOpu3oHTaIbHO
PacnoOXeHHOM OCU BpaLLeHUsl MOJMOXEHNe paBHOBeCUS Tena GyAeT 6e3pasnyHbIM.
BbISIBUTL MOMEHTHBIN AcbanaHc MOXHO TO/bKO MyTeM AMHAMUYECKOrO 3KCMeprMeH-
Ta.

OfHaKo npu AYHaMWYecKOM 3KCMEPUMEHTE A1 OMpefeneHnst Cuil peakumm
CO CTOPOHbI OCK BpalleHns TpebyeTcs CroXHOe AoporocTosiiee o6opynoBaHue. Ha
pUCYHKe 2 NPeACTaBEH CTaHOK, MCMOMb3YHOLMIACA 4151 6asaHCMPOBKM KOMEC B LUMHO-
MOHTaXXHbIX LiEXax.

BaXKHbIM MPeMMyLLECTBOM PacCMaTpPMBaEMOro KOMMbIOTEPHOTO 3KCMepUMEH-
Ta N0 CPaBHEHUIO C aHANIOMMYHbIM HaTYPHbIM SIBNISETCS:

* B03MOXHOCTb MPOM3BONLHO 33aTh TPEGYeMble KMHEMATUYECKVE NapaMeTphbl ABU-
XeHus (B paccMaTpUBaeMOM CNy4ae - MPOW3BO/bHYK CKOPOCTb BpaLleHus Tena
OTHOCUTE/IbHO MPOU3BOJLHOI OCK);

* B03MOXHOCTb 06ecneunTb MPUNOXKEHUE BHELLHUX CM (CU/bI M MOMEHTA peakLinm)
K Tesly B OAHOI NPOM3BOJIbHO BbIOPaHHOM TOYKE Ha OCU BPaLLEHNS;

»  BO3MOXHOCTb NIErKO U3MEPUTL CUTY U MOMEHT pPeakLum.

Wccnegyem paccMOTPEHHbIE Bbille BUAbI AMcGanaHca npy noMoLLmM KOMMbH-
TEPHOro 3KcrnepumeHTa. Mogenvpyem BpalleHve C NOCTOAHHOW Yra0BOW CKOPOCTbHO
Tena LnanHApMYecKoli hopMbl C paBHOMEPHBIM pacnpefeNieHneM MAOTHOCTM Mo 06b-
emy. MonoxeHne ocy BpalleHus (UKCUPOBaHO W B Tene, W B MHEPLMaIbHOM Mpo-
cTpaHcTBe. Mpy 3TOM TeNo 3aKpensieHo Ha OCU BPaLLeHUs NnLLb B OfHON Touke. [aH-
Has MOJefb, He peasM3yemas B HaTypHOM 3KCMEpUMEHTE, MO3BO/SET HEMOCPEACTBEH-
HbIM MOZENIMPOBAHUEM MOTYYUTL 3HAYEHMSA CU/IbI U MOMEHTA PeaKLMm co CTOPOHBI OCK
BpaLLEHNs B TOUKE 3aKpern/ieHus.



PucyHoK 2 - BanaHcMpoBOYHbI CTaHOK

PaccmoTpum cnyuyaih otcytcTBua gucbanaHca. Ha puc. 3 msobpaxeHb ocwu
HenoABUXHOW MHePLUMNANbHOW CUCTEMbl KOOPAWHAT, BepTUKaNnbHas 0Cb ABAAETCH OCbiO
Bpalw eHnsa. MonoxeHne oCW Bpal eHMA B Tene coBnagaeT C OCb CUMMETPUU LUNUH-
Apa, KoTopas, MPU CAEeNaHHbI X Bblle NPeANONOXEHUAX, ABAAETCA OfAHOMN W3 rNaBHbIX
LeHTpanbHbl X 0oCeil MHepuum Tena. LLeHTp mMacc Tena 3akpenneH B WapHUPHOI ToukKe,
coBmajat u et ¢ Hayuanom KooppaMHaTt. Mpu BpalweHWM Tena ¢ NOCTOAHHOIW yrnosoi
CKOpPOCTbI, fleiCTBYO W Me HAa HEFO CMNa M MOMEHT peakunWu B WWAapHUPHOW TOYKe paB-
Hbl Hynio. B aTom nerko y6eanTbCca HemocpeACTBEHHbB M MojenupoBaHuem. Ha puc. 3
n3obpaxeH GpparmMmeHT aHUMauuu, npegnonaraouw el otobpaxeHne AelcTBYO W UX Ha
TeNno CUAbl M MOMEHTa peakLuuyW B WapHWpe B BUAe Bpaljalo L NXCcA BEKTOPOB C Haya-
NOM B WapHUPHOW Touke (Havyane KoopaguHaTt). Cuna m MOMEHT peakuuum oTCyTCTBYO T,
COOTBETCTBYlO W Me BEKTOpPb He oToGpaxatTca. Ha puc. 4 npusefeHb rpadumkn npo-
eKUMA cunbel N MOMEeHTa peakUuMW Ha FTOPU3OHTANbHY OCb HEMOABUXHON CUCTEMbl

KoopAauHaTt, AnA N 60ro MoMeHTa BpeMEeHWN paBHbI X HY/Nt0 .
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PrcyHOK 3 - Ocb BpalLieH!s COBMafaeT C 0Cbio CUMMETPUMN LMAMHAPA. Teno 3aKpensieHo
B Hauasie KOOpPAMHAT 1 BPALL@ETCs! C NMOCTOSIHHOW YI/10BOI CKOPOCTbHO.
Cwna v MOMEHT peaKLMW 0TCYTCTBYOT



PaccmoTpum cnyvalh ctatmuyeckoro gucbanaHca (pumc. 1la). Ocb BpaweHus B
Tene napannenbHa rnNaBHoOM LeHTPanbHOW OCUM MHepLUMMU, HO He coBnajfaeT C Hei, a
CMel, eHa Ha HEKOTOPY BEeMYMHY, MeHbW Yyl paguyca ymnuupgpa. LbenTp macc Tena,
Takum o6pa3oM, He coBmajaeT C HayanoM KOOPAMHAT - WAPHUPHOW TOYKON - N paB-
HOMEPHO ABUXETCH NO OKPYXHOCTU, PAaCNONOXEHHON B roOpM3oOHTaNbHOW NnockKkocTH,
npoxoafwei 4yepe3 Hayano KoOOpAuHaT. B 3Tom cnyvyae cuna peakuum B WwapHupe
npeacTaBnsaer co60/ BeKTOP MOCTOAHHOMW ANWHbBI, NPOXOAALW U Yepe3 Hayano KOOPAM-
HaT M LeHTp mMacc Tena, T.e. paBHOMEpPHO BpalW ato W Miica ¢ yrnoBoil CKOpPOCTbIO, paB-
HOW yrnoBOoW ckopoCTW BpauweHus Tena. Ha puc. 5 npepcTaBneH Kafp aHumauum,
HarnagHoO WNNCTPUPYO W el Bpalw eHne BeKTopa CUNbl peakuumnw B wapHupe. Ha puc. 6
npeacTaBneHbl rpa@ MKW NpoeKLUNW BEKTOPOB CUNbl U MOMEHTA peakuuMum Ha TOPU3OH-
TanbHY HEMOABUXHYW O0Cb. M OMEHT peakuum OTCYTCTBYET, MPOEKLUNSA CUNbl peakymnm
M3MeEeHAeTCA MO FTapMOHMYECKOMY 3aKOHY, YTO COOTBETCTBYeT PaBHOMEpPHOMY Bpale-
HWIO BeKTOpPa NOCTOAHHOW ANUHBI.

s [ bl b

PUCYHOK 4 - TIpoeKLMM CU/bl U MOMEHTA PeaKLyK Ha FOPU30HTA/IbHYIO OCb HEMOABUXKHOM Cu-
CTeMbl KOOPAMHAT, paBHble HY/0 Ans NH060r0 MOMEHTa BPeMeH
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PucyHoK 5 - CTaTuyeckuii guc6anaHc. Ocb BpalleHUs napansiesibHa ocv CUMMETPUM LInHAPA.
LleHTp Macc cMeLleH OTHOCUTE/IbHO Havana KoopauHaT B ropusoHTasIbHOl NiockocTw. Teno
3aKpensieHo B Hayasle KOOPAMHAT W BpaLLaeTcsl ¢ MOCTOSIHHOW YrioBoi CKOpPoCTbHo. Cuna peak-
UMM B LLIAPHUPE - MOCTOSIHHbIV MO BeIMUMHE BEKTOP, PaBHOMEPHO BpaLLatoLLMiicsa B FOPU30H-
Ta/IbHOM NMMI0CKOCTU
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PUCYHOK 6 - MpoeKuysi CU/bl peakLyn Ha HeMoABUKHYHO FOPU30HTa/IbHYHO OCb M3MEHSIETCS Mo

rapMOHNYECKOMY 3aKOHY. BEKTOP CU/bl PeaKLMM UMEET MOCTOSIHHYIO A/IHY U OCYLLIECTBASIET
paBHOMEpHOE BpalLLigHe B TOPU3OHTa/IbHOM NIOCKOCTU. MOMEHT peakLmy PaBeH Hy /o

PaccmoTpum cnyyaii momeHTHOro gucbananca (puc. 16). Llentp macc Tena
coBnajaeT C HayanoM KOOPAWHAT - WApPHUPHOW TOYKON - W nNpu BpaweHWW Tena
HenoABMXeH. OCb BpalyeHUs B Tene cocTaBnNfeT C rNaBHOW LeHTPanbHOW OCblo MHep-
LWKN HEeKOTOPbLIA yron. B 3aToM cnyyae MOMEHT peakuyuu B WapHupe npeacraBnseT co-
60/ BeKTOpP MOCTOAHHON AAWHbL, PaBHOMEPHO BpalW arWMIACA C YrNoBOW CKOPOCTbIO,
paBHOW yrnoBoi ckopoCTW BpalweHus Tena. Ha puc. 7 npegctaBneH Kagp aHumauwu,
HarnfagHoO MNNwWCTpUpyloWweil Bpalw eHMe BeKTOpa MOMEHTa peakuuwm B WwWapHupe. Ha
puc. 8 npegcTaBneHbl rpaMKU NPOEKLUM BEKTOPOB CUNbl U MOMEHTA peakLynmm Ha ro-
PU30OHTAaNbHYK HeNOLBUXHYW ocb. Cuna peakumWm OTCYTCTBYeT, MPOeKLWS MOMEeHTa
peakunWm M3MEeHAEeTCA NO FTapMOHMYECKOMY 3aKOHY, YTO COOTBETCTBYEeT PAaBHOMEPHOMY

Bpal eHNio BeKTOpa NOCTOAHHOW ANNHBI.

S
PUCYHOK 7 - MOMeHTHbIIi auc6anaHc. Ocb BpaLLEHWs He napan/ieibHa 0cu CUMMETPUN LUIVH-
Apa. LIeHTp macc coBnagaeT ¢ HadasioM KoopAuHaT. Teso 3aKpensieHo B Havasie KoopauHaTt v
BPALLAETCS C NOCTOSAHHOM YrI0BOW CKOPOCTLI0. MOMEHT peaKLy B LUIAPHUPE - NOCTOSIHHbIA Mo
BE/IMUMHE BEKTOP, PAaBHOMEPHO BPALLAIOLLMIACS B FOPU30OHTaNIbHOM MI0CKOCTU
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PUCYHOK 8 - MpoeKLmMs MOMEHTa peaKLMi Ha HEMOABUKHYIO FOPU30HTA/IbHYIO OCb U3MEHSIETCS
Mo rapMoHNYECKOMY 3aKOHY. BEKTOp MOMEHTa peakLmy UMeeT MOCTOSIHHYHO A/IMHY 1 0CY-
LLLECTB/ISIET PABHOMEPHOE BPALLIEHWE B FOPU30HTA/IbHOM MA0CKOCTM. CUna peakuyy paBHa Hymto
aons  cnydyas AWHamuuyeckoro Aauc6anaHca

PesynbTaTbl MOJenupoBaHus

(puc. 1 B) npegcTaBneHbl Ha puc. 9 u puc. 10. B3aumMHOe NONOXEeHUEe OCU BpalW eHUA K

oOCn cmmmeTpumn LUMnnMHApPpa TakoBo, 4YTO Cuna peakKymm M MOMEHT peakKuunum coHanpas-

NeHbl .
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PUCYHOK 9 - [MHaMuUuecKuii anc6anaHc. Ocb BPALLEHWS U 0Cb CUMMETPUM LINMHAPA - CKpe-
LyBatoLLMeCs NPpsMble. BEKTOPbI CW/bl PeaKLyv B LLIAPHUPE Y MOMEHTA PeakLyy B LLApHMpe
MIMEIOT NMOCTOSIHHYIO /IMHY 1 BPALLAIOTCS C NOCTOSIHHOM YrI0BOM CKOPOCTbIO

BbiBOAbI

Komnbio TepHoe
CTBaMu nakeTtoB, NOAOGHbIX LLM, MMeeT He TONbKO MpuKnagHoe (peweHne npakTuye-

MoOAennpoBaHWe AUHAMUKW MeXxaHU4YeCKUX CUCTeM cCpef-

CKMX 3ajiay), HO U MeTOoOAMYeckoe (KOMNbIO TEPHAsA UMUTALUA HAaTYPHbIX 3KCNEPUMEH -

TOoB, cnoco6cTByto W an 60onee rNy6o0KOMY MOHWUMAHUI CYWHOCTU CNOXHBIX NOHATMA

TEOpPeTUYECKON MeXaHUKN) 3HaAUEHMNE.



PycyHOK 10 - TTpoeKLmMm Cuibl i MOMEHTA PeaKLn Ha HEMOABUXHYIO TOPU3OHTa/IbHYHO OCb
M3MEHSIIOTCS MO rapMOHMYECKOMY 3aKOHY. BEKTOpbI MMEOT MOCTOSAHHYHO AUIMHY W OCYLLIECTB-
NS0T PaBHOMEPHOE BPALLEHNE B FOPU30HTaIbHOI NIockocTh. CoBnageHne (a3 cooTBETCTBYET

CNy4aro coHanpas/IeHHOCTY BEKTOPOB

CpaBHeHWe C CyL eCTBYIO W MMM aHanoramm

OTnMYyaeTcs OT CylW eCTBYO W MX aHanoros 60n1ee NOAHbLIM UCNONb30BaAHNEM

BO3MOXHOCTEe COBPeMEHHbI X KOMNbI TEPHbBI X MHCTPYMEHTOB.
Mcnonb3oBaHne pa3paboTkm

MoxeT 6bITb NpUMeHeHa B yye6HOM npouecce, NM60 NpM CaMOCTOATENbHOM
M3y4YyeHUMN KypcoB “dunu3nka”, “Teopermyeckas MmexaHuka”, “komMnbio TepHOe MOAENNpPO-

BaHue” .

BusHec-npuBnekaTenbHOCTb pa3paboTky

MoxeT 6bITb MCNONb30BaHa B AUCTAHLMUOHHbIX MHTEPaKTUBHBLIX Oﬁy‘{ﬁ}OLLlI/IX

cucrtemax.
CnM1CoK NUTepaTypbl:

1 Konynaesa, C. H. MaTemaTnyecKoe 1 KOMMNbIOTEPHOE MOAeIMpoBaHne. YyebHoe nocobue /
C. H. KonynaeBa— TomMmcK : LLIKOMbHbIA yHMBepcuTeT, 2008. - 208c.

2. [porpaMMHbIA  KOMMNAEKC YHMBEPCAIbHbIA  MexaHu3M [DneKTPOHHbIM  pecypc]. -
Mip7/™" M unTMb.ra/pages/Tiex. piip?M=1

3. CytaruH, A. M. VccnegoBaHue KauyeCTBEHHbIX OCOGEHHOCTEM AMHAMWMKN MeXaHUYecKux
cUCTeM METOAOM KOMMNbIOTEPHOrO akcnepumeHTa / A.M. CyTaruH // Katanor HHOBaLWOH-
HbIX pa3paboToK MOCKOBCKOI0 MOMOAEXHOr0o HayyHoro copyma (r. Mocksa, 21-24 Hoa6ps
2017 r.). - M. :HTA «AlMN®dH», 2017. - C. 25-40.
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6. YpaBHOBeLUMBaHVME MeXaHW3MOB W 6GanaHCMpOBKA POTOPOB [ONEKTPOHHLIA pecypc], -
M1p://1TT-uTK. bT81M.rn/leclmred/lecl 5.blT.
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HCCIEJOBAHUE 3OPEKTA MATHYCA ITYTEM MOJEJIMPOBAHUA T10-
JIETA &YTBOJIbHOI'O MAYA B ITPOI'PAMMHOM KOMITIEKCE SOLID-
WORKS

Hamnees Banentn BagmvoBru
& Mockea, 'BOY HHixona Ne 417, 11 kracc
e-mnail. vintnnmividgmail.com

AnnoTanpa. 3ddext Mardyca — 0fHO M3 MHTEPECHEIX (PHIMMECKIX SBIEHHUI, KOTO-
poe MOXKHO HaGMOJATh MpH MOJICTE 3aKPYUCHHOTO (YTGOIBHOTO HIH TCHHHCHOTO MA4a, IIapo-
00pa3HEIX CHApANOB U Np. CHIEBL, BOHUKAIOIINE B PE3yIIBTATe 3aKPYUHBAHHA, MOTYT H3MEHATH
TpaeKTOPHIO JBIDKCHUS OOBCKTOB. NMPHBOJUTL K M3MEHEHHIO MECTa MX TNPH3CMICHUS H JaKe
MPUIARATE 0OBEKTAM JOMONHHTENIEHYIO JBIKYILYIO CHTy. B paboTe mocTapneHa 3agava u2yye-
1 3¢ddexTa Marnyca myTeM MOAEHMPOBAHHS IMoneTa PyTOOMBHOIO Maua. s pelieHus mo-
CTABJICHHOH 3aJaud B MpOrpaMMHOM KoMITIekee SolidWorks cosfaHa AUHaMHYECKas MOJSIb, B
KOTOpOH YYHTBHIBAIOTCH A3POIHMHAMIMECKHE CIIEL, BEI3bBaroMe >ddexT Marnyca. Ha ocHora-
HHH pa3paGoTaHHOM MOJAIH BBIIONHCHO NIApaMeTPHYECKOe MOJSTTHPOBAHHE ONIpeIETeHH 3aBH-
CHMOCTH CHI a3pOMHAMIIKI OT nocrynaremmoﬁ CKOPOCTH H YacTOTHI BpaIlLCHHA MAYA.

Knwuebte ciopa: ekt MarHyca, cila COMPOTHBICHHUA., MOASTIMPOBAHHE, TPack-
Topus noneta, SelidWorks, Flow Simulation, aspomHamMiieckie CHIbL, XOTI-arl.

MecTo BbIMVIHeHHS1 padoThl PadoTa BRMONHEHA Ha §ase KadeAphl CHCTEM aBTOMa-
TH3APOBAHHOTO MpoekTHpoBaHUA (PK-6) MOCKOBCKOr0o rocyapcTBCHHOTO TEXHHUYECKOTO YHH-
pepcuTera uMeHH H. 3. BaymaHa (HalMioHATHHENT HCCIenoBaTeNbeKiii yHuBepcurer) (MITTY
uM. H.3. Baymana). Hayuneri pykoBogutens: KyspMiHa [HHa AHaTONMBCBHA, Kadeapa CHCTEM
AaBTOMATH2HPOBAHHOI'O IIPOCKTHPOBAHIA, cmpu.mﬂ MPEero JaBaTeNb, KAHI. TEXH. HAYK.

Beeoernue

Sddexr, cBAAHHBI ¢ HCKPHBICHHEM TPASKTOPHH MOJNETA 3aKPYUYCHHOTO
00BekTa. OBUI BNSPBBIC HCCTICAOBAH H 00OCHOBAH HEMELIKMM YueHbIM I'eHpuxoM Mar-
HYCOM. B UeCTh KOTOPOTO SBICHHE H NMOJYUHIO CBOS HA3BaHHE, OH HCCTEAOBAN TPAacK-
TOPHH NOJICTOB MYIUEYHBIX A1EP ¢ H3MECHEHHBIMH LICHTPAMH TKSCTH, TPACKTOPHA H
JAANTBHOCTD MOJIETa KOTOPLIX MECHANIACH B 3aBHCHMOCTH OT PasMCIUCHHA LCHTPOB TAKCE-
CTH ASP B MOMEHT BBICTpENIA.

BrocaeacTBuu 3HAHHA OCOOCHHOCTEH BO3HHKHOBCHMA H BOSACHCTBHMA CHIBI
MarHyca ObUTH NONIOKEHB B OCHOBY H30OPETEHHS HOBOTO BHJAA MAPYCHOTO CYJHA (po-
TOpHOE CyaHO PneTTHEpa). Npubopa CTaCHIM3ALHE NMONeTa CPEpHYSCKHX My XOm-
ana u mp.

B manHoii paboTte B kaMecTBe mpeaMera HecyenoBanua 3¢ Jiexra Maruyca Boi-
Opan moner (GpyrOOMBHOrO MA¥Aa B BOZOYIUHOM MPOCTPaHCTBE. OCHOBAHHEM TAKOTO
BHIOOpA ABIACTCA BBICOKAA H3YMEHHOCTh JAHHOH (DH3HMECKOH MOIENH H OTHOCHTENb-
HAA MPOCTOTA, KOTOPAd MOBOJMET HCCIEOBATh (DH3MKY mpouecca 6e3 ydera yCmokK-
HAIOLIHX (DAKTOPOB.

TMomyyeHHbIS PE3yNBTATHI HCCIEIOBAHHA MOTYT OBITh HMCIOJB0BAHBI A
myveHnsa ppexra Marnyca B apyrax QHIHMECKHX CHCTEMAX (MOJIET ChEepHYSCKHX
yJIb, IBHYKEHHE TN B BOIHBIX CPEJAX H MP.).
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OnuncaHune paszpaboTaHHOW Mogenm

Ans peweHMs nocTaBNeHHOI 3ajayum B cucTemMe aBTOMATU3MPOBAHHOINO MpPoO-
ekTuposaHua 8o0M "ork§ 6bina co3gaHa MOfeNb, UMUTUPYO LW as yaap HOrM no QyrT-
6onbHOMY MA4yy. B cocTaB mMojgenu BXOAAT 4 B3aMMOCBA3aHHbIX KOMMNOHEHTa: MAY,
hparMeHT pyT60NbHOTO NONA, BOPOTa U «HOTa». M3o6paxeHNne KOMMNOHEHTOB MOfenun

npueefeHo Ha pucyHke 1.

PucyHoK 1. 3nemeHTbl Mofenu noneta yT60/1bHONO Msiva
a) MsY; 6) hparmeHT (PyT60MBHOIO MOMS; B) BOPOTA; I) «HOra»

XapaKTepuMCTUKKN 31eMeHTOB MO/JeNn npefgcTaBneHsl B Ta6nuuye 1.

Ta6nuua 1. XapaKTepucTuKM 3eMEHTOB MOAenu

3neMeHT mMofe-

™ Macca (kr) Pa3mepsbl (M) Matepuan
Mgy 0,41 K=0,11 Pe3nHa, nnoTHOCTL 41 KrIM§
®parmeHT nons - 45x45 -
Boporta - 2.64x7.52 -
Hora [1] 7 b=0,42 Pe3uHa, nnoTHocTb 1036 KF/M§

3aMeTUM, 4TO MOAenb HOFM MpeAcTaBNeHa B BUJA 3NeMeHTa, Bpalatowerocs
BOKPYl OCW, HaxoasdlWweiWca B «KONEHHOM cycTaBe». OTO MNO3BONAET paccmMaTpuBaThb
MOZAenb HOMW, Kak pblyar.

Tak kak B 80l "Oork§ HeT BO3MOXHOCTMN CO3aTb NONbI A 31EMEHT C BHYTpPEH-
HUM faBneHMeM, 6bIN0 MPUHATO pelleHNe YMeHbW UTb NNOTHOCTbL MaTepuana mMmsaya u
cAenaTb €ro CNNOLW HbI M.

Mopenb nccnepoBaHns AMHaMuUKW noneta pyT60NbHOT0 MsA4Ya NpuBefeHa Ha

pucyHke 2.



PUCYHOK 2. Mogenb uccneoBaHns AUHaMUKY NosieTa (yT60/1bHOT0 Msaua

B HauanbHOM COCTOSIHWM MsH pacrofiarancs Ha paccTosiHim 11 MeTpoB OT Bo-
pOT, yAap NpoucxXoauT nog yrnomM 30 rpadyCcoB Mediy BEKTOPOM CKOPOCTU 1 MIOCKO-

CTbHO M0AS, C HAY&/TbHOM CKOPOCTLIO 25 M/C 1 YacToTol BpalleHns 5 060poToB B ce-
KyHOy

OnpegeneHe HavanbHbIX YCOBUIA MOAEMPOBaHMS

Ha HauyanbHOM 3Tarne MOAENMPOBaHNS pacCMATPMBAETCS NOMET Maya Nog BO3aelicTBY-
eM cubl TskecTn (9,8 W/ c2) B 6e3B03AYyLLIHON cpefe.

UacToTa BpallleHVst feTaii, NpeacTaBnstoLLeli «<HOry», onpegenseT cuiy yaapa no
MsiYy, U ero HadaslbHyrH0 CKOPOCTb. UTOObI Onpejennts 4actoTy BpaLLEeHWs, BOCMO/b-
3yEeMCsl 3aKOHOM COXPaHEHVSt UMMNy/bca:

MV = 1V

M2nKn = 1V
TV

n= M2nK.
rge M - macca Horu, Kr; V - CKOPOCTb TOYKM Ha KOHUe pbiMara; K - paccrosHue ot
LieHTpa Macc [0 LeHTpa BpalleHus, M; M - YacToTa BpalleHust Horn, 06/MuH; T - Mac-
camMsua, Kr; V- CKOpOCTb Msua, M/C.
PaccTtosiHue Mexay LEHTPOM BpaLLEHWst U LIEHTPOM Macc K MOXKHO HaliTu no Koopau-
Haram mMogenu «Horuy, rge 01 - Touka, SABMSAHOWAACA OCbO BpalueHus Horu, a 02 -
LIEHTP ee Macc (PUCYHOK 3):



PucyHok 3. Cuctema Msy-«Hora»

x1= 114 x2 = 114
yl= -931,675, y2 = -785,421;
rl=-150,437, r2= -239,142.
3pecb x1, y1, rl - KoopfMHaThl LeHTpa BpalWeHUs MOJeNn HOru; x2, y2, r2- Koop-

AWHaTbl UeHTpa macc MoAenun Horu.
K = 7 (x2- X2+ (y2- yh2 + (22- ro2-=
7(114 - 114)2+ (-785,421 + 931,675)2+ (-239,142 + 150,437)2

K =721390,233 + 7868,577 * 171 mm = 0.171 m.
3HayeHne napameTpa ¥ =25 M/c BbIG6pPaHO Kak cpefjHee 3HauYeHWe CKOPOCTU HOTW NpHu
ypape pyt6onucta [2].
0.41 «25
* 1.36 06/c * 81.77 06/MWUH.
7-2n- 0.171

Mocne pacyeToB fABUXEHNA mAvya B 8oll "ork§ Molon, 6blna nonyvyeHa na-
pabonnuyeckas TpaekTopusa, m3obpaxeHHas Ha pucyHke 4. Tak Kak May agnaetca ¢ u-
3M4eCcKUM 06bEKTOM, TO MOXHO paccmMaTpuBaTb ero nNoneT Kak f[BUXEeHUe N 6Goro
ApYyroro Tena, HayaBlW ero CBOe ABWUXEHWEe NOA YrNOM K FOPU3OHTY. PaccMoTpuM fABW-
XeHue nNyweyHoro aapa B 6e3Bo3fywHoOM npocTpaHcTee [3]. MOXHO yBUAETb, 4TO

TpaekTopuei ero noneta, Takxe apnaetrca napa6ona (pucyHok 5).

,—‘r—“‘\

PucyHok 4. TpaekTopus rnoseTta Ma4va nonyyeHHas 8 3oLLLLIorks



=" Boasosdyuinoe npoCmpaNces

PucyHOK 5. TpaeKTopusi moneTa siapa nosyyeHHast TEOpeTuUecku

Ha ocHoBaHMM MPOBEAEHHOIo aHanM3a U CpaBHEHNA Pe3yNbTatoB C TeEopeTU-
YECKVMU pacyeTamy, CAENaHO 3aKoHeHne 06 aaeKBaTHOCTU CO3aHHOM B MpOrpaMmM-
HOM Komriekce 8olL~orkg mogenm.

[ns  noBbILWEHWA TOYHOCTM pa3paboTaHHOM MareMartnyeckor Mogenu
(HanprMep, TOYHOTO 3afjaHVsl TOUKW yaapa M HarnpaBfeHVsl Hada/lbHOM CKOpOCTW),
BMECTO 3/IEMEHTa «HOra» B COCTaB MOZEeMM b1 BBeAEHb! HaYalbHbIe NOCTynaresb-
Hasi CKOPOCTb WM YacToTa BpalleHUs Msda (PUCYHOK 6). [locne 3ameHbl TpaeKkTopust
noneta Ms4a He M3MEHWNach, YTO MOATBEPXKAAET SKBUBAIEHTHOCTb MPOU3BENEHHON
3anveHbL

Pl

N

PuncyHok 6. 3ameHa anemeHTa Horm Ha COBOKYIHOCTb CUN
YueT aspoanHamMnyecKux cun

MpeAcTaBneHHas Bblllie MOAENb NpoLecca yaapa Horv Mo ¢yT60/1bHOMY MsHy
MMEET CYLLIECTBEHHOE [OMyLLEHNE, CBSI3aHHOE C OTCYTCTBMEM yueTa TakKUX aspoavHa-
MUUYECKMX CUN, TAKUX KaK cuna MarHyca u cuna CornpoTtyBeHuS..

Cuna MarHyca nposiBMisieTcsl Npy BpaLLEHWM ABWDKYLLETocs Tena B Tekydeld
cpege. M3-3a pasHoCTV faBneHuii obpasyemoli BpalleHeM, cuna MarHyca cmvellget
TeNo B CTOPOHY BPALLEHS], UTO NMOKA3aHO Ha pUCyHKe 7, rae V - CKOpOCTb MOTOKa Te-
Kyueli cpefibl OTHOCUTENLHO MsYa, Y - MOoCTynareNbHasi CKOPOCTb TOUEK Ha NMOBEPXHO-
CTU MaYa, aP - cuna MarHyca. B 6o/bLUMHCTBE CydaeB AaHHbIV atiheKT nposiBnsiercs
13-3a HEPOBHOCTEN Ha NoBEepPXHOCTM BpalLiarolLLierocs Tena [4].



PucyHok 7. Cvna MarHyca

Cuny cCONPOTUBNEHNSA MOXHO 0603HAUYUTh KakK CUNY TPEHWS MeXAYy ABUXY-

WnMMca TeNOM U conpuKacal W MMca ¢ HUM cnoem Tekydeid cpepbl [5].
Ana aHanus3a ABUXEHUA 06bEKTOB B BO3AYWHbBIX M XMUAKUX cpefgax B CAMP
aHanusa Mote 8ltmlalion.

8oLl "ork§ mmeercAa MOAYyNb rasormMipoAnHamMuYeckoro

M oAynb No3BONSAET CAMYAMPOBATb ABUXEHNE MOTOKOB TEKYUYUX BelW ecTB N PAacCCUYNTHI -

BaTb UX AelicTBME Ha TBepable Tena [6].
Mopgenbs coctouT M3 maya paguycom 0,11 ™M, KoTopbl i o6ayBaeTca Hanpas-

NEeHHbLIM NOTOKOM, C 3afflaHHO ckopocTbto . UMutayuusa ahdekta M arHyca, peannsyetcs

nyTem Bpal,eHWeM BCei cMcTemMbl BOKPYTF OfHOW M3 oceii KoopAanmHaT (PUCyHoK 8).

r

PucyHok 8. Mogenb Msava Anst uccneaoBaHna B Mogyne Vo 8rtulaiion
Pe3ynbTat MOAeNMpoBaHUS MoJsieTa MaYa C y4eTOM CUJT a3pOAMHAMUKN NPUBELEH HA PUCYHKe

96.
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Magnus Force

oS

0)
PucyHok 9. CKopocTb nosieTa Msiya B CeHeHnn
a) TeOpeTUYECKN-MOyHeHHas KapTa CKOPOCTY nosieTa Msaya B ceveHunn [7];
6) nony4yeHHasi B Mo 3TMM 10N KapTa CKOPOCTU B CEYEHUN

CpaBHeHWEe NONYyYeHHbI X Pe3ynbTaTOB MOJEeNMPOBAHMA C JaHHbBIMWU CTaTby
dpa ®oHTeca [7], noka3ano, afekBaTHOCTb pa3paboTaHHOW MOAeNnn: Ha KapTe CKOpPO-
cTel BMAHO, 4TO Bpaw ato W uilcas May B NnoToke Bo3Aayxa o6pasyeT 3a co6oi nonocy, B
KOTOPON CKOpPOCTb BO3/JYyXa MUHMManNbHa, a co CTOPOHbL Bpal,eHUs o6GpasyeTcs 30HA

NMOHWXEHHOTO faBneHUs (PUCYHOK 9a).
BBejeHue B CUCTEMY aapoOfAMHAMMUYECKNX CUA

C uenbl onpefeneHWs 3aBUCUMOCTM asapoAMHaAMMUUYeECKMX cuUA OT mocTyna-

TeNbHOW CKOPOCTM W YAacTOThbl Bpal,eHWss MAYa, B Bbl W EONUCAHHON MoAenmn 6GbINO Npo-



Be/leHO MnapameTpuyeckoe MccnejoBaHWe C ABYMS M3IMEHAW W MUMWCA napameTpamMu:
nocTynaTtenbHOW CKOPOCTHLI M HacTOTOW BpaweHns.

B pamkax uccnepoBaHua 6blna BbINONHEHA cepus M3 25 pacyeToB C pa3nmny-
HbIMU 3HAYeHMAMMN NOCTyNnaTeNnbHOW CKOPOCTN NONeTa MAYa MU €ro 4acToTbl BpalyeHMNA.

3HauyeHMa yacToTbl I BapbupoBanuch B AnanasoHe oT 5 0 9 o6/cek, a NTWHEeNAHOW CKO-
poctun V - o1 22 go 33 m/c.

Y Kka3aHHble AnanasoHbl BeNMYNH BblGpaHbl Ha OCHOBAHWUM AaHHbBIX M3 CTaTbu
fpoueHTa Kadheapbl hu3nkn B KO ro-BocTO4YHOM yHuBepcuteTe Jlynsmanbo, Pata AnaiiHa
[2]. Tpadhnkn 3aBucumMocTN cun MarHyca m conpoTuBneHns ot utepaynit (1 cexkyHpa

paBHfAaeTca 20 nTtepaymam), npmBefeHbl Ha pucyHke 10.

Cuna conpoTuB/IEHUSA

onn

50 100 150
NTepaunn

a)

Cuna MarHyca

[N]

Utepayumn

6)
PuicyHoK 10. Mpadku 3aBMCUMOCTM CUN OT NOCTYNaTeIbHO 1 BpallaTe/lbHol CKopocTel

a)cuna conpoTuseHus; 6) cuna MarHyca
Mo paHHbIM, n306paxXeHHbBIM Ha rpahukax, 6bINM coOCTaBAeHb Tabauuysbl,

oTo6paxatlme 3aBUCUMOCTb a3poANHaAMMUUYECKUX CUN, OT NnocTynaTenbHON CKOpoCTH
M yYyacTOThl BpaweHna maya (tTabnuuybs 2 n 3).
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Tak kak B SolidWorks Flow Simulation mMomenupyeTcsa moner Maqa mapas-
JICJIbHO 3CMIIe ('I‘OJ'IBKO B 3TOM CIIYYA< HANMPABJICHHC ABHIKCHHA, MAPAUICIBHO INIOCKO-
CTH BPALUCHHA), 2HAYCHHA B TAOIHUE ABIOTCA CPSIHHMH APH(IPMETHYCCKHMH BCEX
3HAYCHHH HA rpaHKAX.

TalGmuna 2. Cuta Marnyca

wafe) 5 6 7 8 9
V(M/c)
22 473 -12.80 22340 _17.00 -16.40
25 6.04 -10.00 17.70 2852 21.90
27 22,50 6,90 2120 2856 2950
30 0.53 790 -10.30 2530 -36.80
33 419 22,90 29,30 20,10 2920

Tabmma 3. Cuna conpoTHBeHus

v(o6/c)
5 6 7 8 9
V(n/c

22 4.94 10.00 17.70 13.00 12.50
25 6.33 8.80 13.90 21.70 16.90
27 540 7.26 16.00 21.60 22.40
30 5.99 8.66 9.80 19.10 27.80
33 6.03 7.74 10.20 16.00 22.50

B mozemi noTOK HANMPABIIEH MO OCH Z, BPALLEGHHE MPOHCXOIHT BOKPYT OCH Y
o 4acoBOH CTpesnke. Ecu onmuparsCa HA TEOpHIO, TO CHila MarHyca J0JDKHA JeHCTBO-
BATH MO OCH X, HO PE3yIBTATHI MOKA3HIBAIOT 0OPATHOE HATIPABICHHE.

Cornacxo uccnegopanmwiM cryaenTos [eddunay XommMCKoro YHUBEPCHTE-
Ta, MPEACTABICHHBIM B padote (8], mopeaenne cumpl MarHyca ONHCHIBACTCA TAK: LA
BPALIAIOLIKXCA Wwapos Habmoganca 3ddexr Marnyca, u 6010 06HAPYIKEHO, ¥TO 06-
parHbe 3(dexTer Marnyca Bo3MOXKHBI IPH HH3KHX MHCIAX Peitnomaca. Takke B me-
JOM PE3YIBTATHI MOKA3AMH OOPATHOE MOBEIEHHE CHIIBI MarHyca nmpu BHICOKOM YHCIIE
PeHHOMBACA H CKOPOCTH BPAINCHHA.

ITo nomyyeHHOMY HaGOpPY TOUECK BBHIIOJHEHA HHTCPNOJALHA NMOXHHOMOM C
HCTIIONIB30BAHHEM OHJMAMH-CHCTEMBI MaTeMaTH4YeCKHX pacdyeToB WolframAlpha [9]. B
Pe3YIBTATE PACUCTOR MOJTYYEHBI KOI(HPHIMCHTH OTMHOMOB YETBEPTOM CTENEHH.

P o= x*  35%3 + 195x2 1111x +138 (1)
mTg 12 8 12

B 4 15x3 + 331x2  787x +686 2)
©7 4 2 4 2

Pe2yIbTATH HHTEPMOALMH MPUBSICHEI HA PHCYHKE 11.

3aMeTHM. UTO BBIPXKCHHA 1 H 2 MOKAIBIBAKOT 3aBHCHMOCTh a3POJHHAMMYE-
CKHX CHJI TOJIbKO OT OJJHOH NMepeMEHHOM (4aCTOTH BPAIlCHHS ). IIPH 3TOM BTOpas nepe-
MCHHas (MOCTYMATeAbHAs CKOPOCTh) 3a(MKCHPOBAHA H HMMEET CPSAHEC FHAUCHHE H3



BCEX ONMbITOB(25M/C). 113-3a 3TOr0 BBEAEHVE CWbl MarHyca v COnpoTUBIEHUSI B MO-
Jenb Mo!ton MocpecTBOM 3TUX BbIpadKeHUn ByaeT He MpaBWIbHLIM, U BBEAEHHbIE
CUNbl HE OKAXKYT BEPHOTO IEMCTBYS, TaK Kak OHWU 3aBUCAT M OT YacToTbl BPALLEHUs], 1
OT NoCTynaTeNbHOW CKOPOCTU, KOTOPbIe M3MEHSIKOTCS BO BPEMEHU.

PucyHok 11. Mpachmku asaposrHaMUHECKUX CU1 B 3aBUCUMOCTU OT YacTOTbI BpaLLleHUs
a) cua conpoTmBeHns; 6) cuna MarHyca

B cBA3M C 3Tm 6bU10 NPUHATO peLleHne, BBECTUN CU/y COMNpoTmMBIEHNA MO-
2

cpeactBom hopmynbl CTokca: Pc = — |— , B KOTOpPO C - KO3(pMUMEHT CONpOTMBAE-

HUS, pB - MNOTHOCTb BO3AyXa, 5 - nnowaap B3aVMOAEWCTBYHOLLEN MOBEPXHOCTU,
V —CKOpOCTb Ms4a.

Cuna MarHyca 6yaeTt BBegeHa B mogenb Mo!ton ¢ MOMOLLHO MeToaa ToHeK
[JaHHbIX (BBEAEHME TOUYEUHbIX 3HAYEHUIA CU/Ibl B KOHKPETHbIE MOMEHTbI BPEMEHM) CO-
OTBETCTBYHOLLMX HaYa/lbHbIM MapamMeTpam yaapa, nofyyeHHbIX Mocnie pacyetoB CUfl B
P1loNe81mnlalton (pucyHok 106).

B xope cozganva mogen Mollon, 6bina obHapy»keHa npobnema, CBs3aHHas ¢
BBOAOM B C/ICTEMY BEKTOPHbIX BEMMHNH (HaYa/lbHbIX CKOPOCTER, Cun 1 T.M.), KoTopast
He NO3BO/sNAa KOPPEKTHO NMPUIOXUTbL HEOBXOAUMbIE CUMbl K MOZenn Maua. Cuna npu-
naranacb He K LEHTpY Macc, a Mno KacaTeflbHOM K cthepe, YTO CO34aBaio HEHY>XKHOe
BpalLLEHVe.
3ameTnm, YTO npunodkeHre Moion paccuUmTbIBAET ABVDKEHUE TeN, YUUTbIBAsA MX Maccy,

HaYabHbIA UMIMNY/LC U AEACTBYHOLUME HA HUX BHELLHWE CWbl, NPW 3TOM hopma Tena
He BNMSIET Ha pacyeT. /ICXoas U3 3Toro, AN PeLLEHNS BbILLEONCAHHOM Npo6nemMb|



Oblna co3gaHa MoLENb MsiHa C yCEUYEHHbIMM C MOMOLLBHO niockocTel (Plane3, Plane 4 n
T.4.) CTOpOHamK (PUCYHOK 12), NO3BOMMBLLIAS KOPPEKTHO BBECTU CWibl B 801LLINOrkE
Molon.

PucyHok 12. Mogenb msva

Tak Kak cuna ConpoTUBIEHMS MEHSIET CBOE HarnpaB/eH e BO BPeMS ABVDKEHWS
MsHa, U 13-3a HEBO3MOXKHOCTU CO3aHrsi B BOM”OrK§ M3MEHSIHOLLIEVCS O BEKTOPY
CWbl, BbIIO NPUHSTO PELLEHME Pa3NIOKUTL ee Ha NpoeKLmn, Ha ocn OY 1 OX, 4to
ByneT onmcaHo Hke. Mocne pacyeTa ABVKEHMS Msiva 6e3 yueTa aspoavHaMUYECKUX
cun 6bIN NONYYEH rpadik U3MEHEHVS BEIMUMHBI CKOPOCTU Mstua (PUCYHOK 13) 1 3Ha-
YeHvie ee Npoekumn Ha ocb O X, paBHOe 22w/ ¢. Ee 3HaueHve OCTaeTcsl MOCTOSIHHbIM,
TaK Kak BeM4MHa CKOPOCTU MEHSIETCA U3-3a U3MEHEHIS B CBOKO o4epesb ee BepTu-
Ka/lbHOI CcocTaBnsAtoLLeh (Mpoekumm Ha ocb OY), Ha KOTOPYHO AENCTBYET YCKOPEHUSI

cBoboAHOro nagenna g = 9,806 m/c2.

BeHuka

.
[}

Velocity7 (meter/sec)
5
I

2 = T + y T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Tune (3ec)

PUCYHOK 13. rpadMK M3MeHeHMs BeNMUMHbI MOCTYNatoLLei CKOPOCTM MsYa;

Tak Kak BEKTOp CW/bl COMPOTUBIEHMSI HANMPaBEH NPOTMBOMONOXHO BEKTORY
CKOPOCTW, TO 3Hast 3HAUEHUsI CKOPOCTY MsiHa 11 ee NMPOEKLIMM Ha Ocb Mo dopmyne 3
MOXHO paccumTaTb KOCUHYC YTna BEKTOpa CKOPOCTM OTHOCUTENBHO ock O X OTHOLLIE-
HUST MEXKIY MPOEKLMSIMA U BEMMUMHOM CUNbI COMPOTUBNEHNSI.



cosa = —

(3)
Cps” 2 Yx Cps” 2
Pcx = co3 a 2 v 5 (4)
Cpe” 2 Z Cpp® 2
Pcy = 3Ta 1-
cy 2 2 (5)

Mo dhopmynam 4 u 5 66NN paccymMTaHbl M BBeJeHb B Moion npoekuuu cunbl
conpoTuBAEHNSA.
Ha pucyHke 14 nsobpaxeHa MoAgenb MA4Yya C NPUNOXEHHBIMW K HEMY cCunamu

(cTpenkn CMHEro uBeTa) MW HayanbHOW CKOPOCTbI (KpacHas cTpenka).

X

PucyHok 14.Mogens Moiion

Fpapuk cunbl M arHyca BBefjeHHbI I METOAOM TOUYEK AaHHbI X, NpeACTaBAeH Ha

pucyHke 15.

Vo dam b A R

PucyHok 15. Cuna MarHyca

Mocne pacuyeTa ABUXEHNSA MAYa C y4yeTOoM CuUAbl MarHyca n cConpoTuBreHMNSA,

6Gblna monyvyeHa TpaekToOpMA noneTa MA4ya, ykasaHHas Ha pucyHke 16.



PucyHok 16. TpaeKTopusi NoneTa MaYa c y4eToM aspoaMHaMUYecKmX Cun; a)Bug cooky;
6)(hpoHTaNbHbIV BUE; B)BUA CBEPXY; I')BUL B U3OMETPUN;



CpaBHeHVEe C CYLLECTBYHOLLMMM aH/I0ramm

M3yueHne addpekta MarHyca ABnsioCcb MpeAMeTOM WCCNefoBaHUA MHOTMX
YUYeHbIX C MOMEHTA ero OTKPbITUA. 3TOMY BOMPOCY MOCBALEHO MHOIO Hay4Ho-
TeXHWUYECKMX paboT. Tak B paboTe [10] onucaHbl pe3y/nbTartbl UCCNELOBAHMA NOABLEM-
HOI cunbl MarHyca cthepuyeckux Tefl, BbIMOJHEHHOIO MpW MOMOLLM CreumaibHOro
MOZENbHOro YCTPOICTBA 3anycka. B 3HaunTenbHOM yncne paboT nprBeseHbl MaTema-
TUYECKME MOJEeNN uccnefoBaHus adekta MarHyca B Buie airedbpanyeckmx 3aBucu-
MOCTeli C MoCneAyHoLMM NOCTPOEHNEM FpaduKOB C NpUMeHeHneM nakeToB MalLICAI,
Mallab [11] v np.

JocTonHCTBOM pa3paboTaHHOW B pamMKax WCCNefoBaHUS MOAENM B Mpo-
rpaMMHOM Komrsiekce 80M”0rk§ B CpaBHEHMM C CYLLECTBYIOLMMU aHasoramu fe-
naTCs:

* MpOCTOTa U3MEHeHWs NapameTpoB mMogenu (Beca MsYa, Ha4abHOM CKOpPOCTH U Ya-
CTOTbI BpaLLeHus 1 np.);

* BO3MOXHOCTb MapameTPUYECKOro aHaims3a - WCCNefoBaHUA 3aBUCMMOCTU Mapa-
METPOB TPAEKTOPUW, CKOPOCTEN 1 CWT OT HaYa/IbHbIX YC/I0BUIA;

* HarnagHoOCTb NOMYYeHHbIX pesybTaToB MOAE/IMPOBAHNS;

*  LUMPOKWMIA CNEKTP MUccneLyeMblX NapameTpoB (CKOPOCTH, CUAbl, faB/eHnsa 1 np.);

* BO3MOXHOCTb Y4eTa 60MbLIMHCTBA WM3BECTHbLIX BHELUHMX YCNOBWIA MCCEAYemOoro
rnpoviecca;

* paspaboTaHHasd MOAENb MOXET CMY)KUTb OCHOBOI CO34aHWs HOBOW MOAENw,
Hanpvmep, Mofenu noneta nynu.

Vcnonb3oBaHue pa3paboTku

BosgeiictBre cunbl MarHyca Ha pasnnyHble 00bEKTbl MOXHO HabnogaTb B

60/1bLLOM Yncne (U3MYECKUX MPOLECCOB, OKPYXXAtOLWMX HAC B MOBCEAHEBHOM YXU3HMW.
Ba)xHOCTb MCCnefoBaHNs 3TOMO ABMEHNS He Bbi3blBaeT COMHEHMIA. OCO6YI0 npakTuye-
CKYI0 3Ha4/MOCTb MCCnefoBaHKA athdekTa MarHyca UMetoT crefytoLLme CUCTEMbI:
1 CwvcTemMbl Nycka chepuyeckux cHapafos. CerogHs OAHUM M3 MPUOPUTETHBIX
HanpasfeHW yCoBePLLEHCTBOBaHNS MPUBOAOB 3anycka LWapoobpasHbIX CHapsaa0B AB-
nseTca pa3paboTka Tak HasblBaeMblX MOAY/ei xon-an, obecrnevnBatoLLmx cTabunmnsa-
LMIO MONeTa cHapaja 3a CYeT UCKYCCTBEHHOrO 3akpyumBaHWs U co3fgaHuns cunbl Mar-
Hyca (pucyHok 17) [12].

PucyHOK 17. MprmeHeHWe Mogy el Xomn-an Ans cTabuamnsaumm noneta ceprieckmx cHapsaoB

2. MapycHble cyga. B 1922 rogy AHTOH ®neTTHep M300pen pOTOPHOE CYAHO
(pvcyHok 18), ocHoBaHHOE Ha ucnonb3oBaHUMK AfhekTa MarHyca [13]. Ocobas KOH-



CTPYKLUMSA poTopa MO3BONMAA YBENWYUTL ABUXYLW YO CUNY CyAHAa B HECKONbKO pas.
Monbl TKN CO3f4aHNA aHaNoOroB Takoro ABUraTens NPon3BOAATCA U NO Ceil feHb.
3.

PucyHok 18. MapycHoe cygHo «bykay» ¢ ycTaHOBMEHHbIMW HA HEM poTopamn dneTTeHepa

4. CuncTembl 3anycka maveil. MonynapHble B HacTosl,ee BpeMs MalW MHbL NO 3a-
NycKY MAuYel WMWPOKO WCNONbL3YTCA Ha TPEHWPOBKAX CNOPTCMEHOB (puMcyHok 19).
MpaBunbHble NapamMeTpbl 3anycka MAa4yei ¢ yyeToM cunbl MarHyca no3BoNsaT pa3HooG-

pasuTb BapuMaHTbl TPpaekTOPWiA Nnoneta m TeM CaMblM YyAYyUYlW MTb KA4eCcTBO TPEHUPOBOK.

PucyHok 19. MalumHbl 3anycka msdeli

PaspaboTaHHas Mofenb MOXeT 6GbiTb MCNONb30BaHa ANA NPOEKTUPOBAHMWSA
ONMMWCaHHbIX Bblle yCTPOWCTB, a TakXe APYTMX CUCTeM, B KOTOpPbI X TpebyeTcs onpepge-

nNeHne 3aBUCUMOCTKN CUN a3apogMHAMUKN OT NCXOAHbBIX NapaMeTpOB CUCTEMbI .
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BuzHeC-MpHBICKATE TIBHOCTD Pa3paboTKH

PaspafotanHad Moaens mojera GyTOONBHOTO MAUA. MO3BOJMIOLIAS YUHTHI-

BaTh CHJIbI 23POJHMHAMHKH. MOMKET OBITH JIETKO MOAH(HUMPOBAHA AJA ONPEACICHHUS
3aBHCHMOCTEH IBIDKCHHA TS/ ¢ APYTHMH XaPAKTCPHCTHKAMH (YA, TCHHHCHBIH MAY H
np.) H ¢ YYETOM JApyroro Habopa BHEIUHHX YCIOBHH. Takad ru0kocTh MO3BOMSET HC-
MOJb30BATh MOJECHL B MPOUECCE MPOSKTHPOBAHHA MAINMH 3amyCcKa MAueH, MOMyJeH
CTAOHIH3ALMH AJIA OPYsKHii, NapyCHBIX CYJIOB, CAaMOJIETOB H Mp. DT0 MO3BONHT COKPa-
THTh CPOKH H NOBBICHTb KAa4YeCTBO MPOCKTHPOBAHHA, CHH3HTh TPYJAQ3aTpaThl 3Tana
MOJETHMPOBAHHA H 3ATPATHI HA CO3JAHHE HATYPHBIX MOJCICH.

14,

1.

12.

13.

CIHCOK JTHTEPATYpPHL:

TepMan, M. ®uzuxa oprammsMa uenoBexa / M. T'epman ; Ilep. AMMenmbKyMaHIL,
C B Pepenro. — M «HMutemwnext». 2011, -994¢.

Amoit, P. Bpamente pyt6onsHoro maua. — 2010 — [SnexTpoHnbii pecype]. - Pexaim go-
cryvma: hitps:/Awww wired.com/2010/49/the-curving-soccer-ball/ .

Huxudopos, HH. Apmunmnepus / HH. Hixudopoe, I1L1. Typrun, A.A. KepeSuos,
C.I I'amuenxo ; noa o6y, pen. M.H.Yictakosa. — M.:Boenzunar MO CCCP, 1953, — 480
C.
KpacHoB, H.®. AspomuHaruika Ten pamennd / H®. KpacHoB — M.: ManmHoctpoeHie,
1964 1. - 572 c1p.

Kuratiropoackiii, A.J1. Beenennie B ¢puznky / A .M. Kurairoponckuii. M.: Hayxka, I'maBHag
peAaKips PH3HKO-MaTeMaTHYECKOH IUTepaTyphl. 1973, — 684 ¢.

SolidWorks - [OnexTpoHHEL pecypc]. - Pexain JOCTYIIA:
http:/Avww. solidworks.ru/products/447/

®onrec, 3. DddexT MarHyca a H MIUM YeMITHOHATA MUpa o GyToomy. — [OnekTpoHHEL
pecype]. — Pexan goctyma: https://www.comsol.ru/blogs/magnus-effect-world-cup-match-
ball/

Kappe, M.J. TloHuMaHHe adpoJMHAMMKH Bpamfaromerocs ¢yroombHOre Maya /
M. A Kappe, C.P.I'ymewn, C O Xake ; mon pea M. XySapa, IM. Xamue, P.JI. Mexra /
MesxayHapoHAA acCoLMaLsA CIIOPTHBHOH HHKeHepuH — 2004 — [DneKTpoHHBLET pecypc].
- PesxaM poctyma: htp://shura.shu.ac.uk/2212/,

Woltram Alfa - [DnexTpoHHELH pecype]. - PexumM JOCTYIA
http://www. wolframalpha.com

Kopcykos, B.C. 3kenepHMeHTaTbHBIE HCCISIOBAHHA NOJBEMHOM CHIBI Marnyca v cie-
puueckux Ten / B.C Kopcykoe, BJ.[Itefiep // Yuenrie 3armicku ITATH. — 1992 — T.
XXIII, Ned, - C.100-102

Kopsxima M. C. Mogenupopaue rnonera Maua ¢ yueToM s¢dexkra Maruyca / Maremaru-
YecKoe MOJCIMPOBAHHE B €CTECTBEHHBIX Haykax. —2016 - T.1 - ¢. 155-160

Kay6xo, M. JmkGez: xom-amm ria3aMM TeXHHYECKH IIOJKOBAHHOIC Plajenbla /
W KnySko. - 2013 -  [DnekTpoHHBOT  pecype]. - PexuM  Joctyma:
http:/mutsboltman. blogspot.ru/201 5/01/blog-post_12.litml

Tlapyca B BHie konouH: 3hidext Maruyca. — 2016 — [DnekTporHbiit pecype]. - Pexam
Joctyna: http://integral-russia.ru/2016/07/19/parusa-v-vide-kolonn-effekt-magnusa/


https://www.wired.com/2010/09/the-curving-soccer-ball/
http://www.solidworks.ru/products/447/
https://www.comsol.ru/blogs/magnus-effect-world-cup-match-ball/
https://www.comsol.ru/blogs/magnus-effect-world-cup-match-ball/
http://www.wolframalpha.com/
http://nutsboltman.blogspot.ru/2015/01/blog-post_12.html
http://integral-russia.ru/2016/07/19/parusa-v-vide-kolonn-effekt-magnusa/

YK 524.386
OTKPBITHE H UCCJIEAOBAHHE HQBOFI KATAKT3MUYECKOH
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AnHoTanmsl. [lepeMeHHBIC 3Be3fBl MPEACTABIMIOT CO00I HMHTEpECHBE KIace
KOCMITYECKITX OGBCKTOB, B HACTOAILEE BPEMA TEMIT OTKpblTI{ﬁ HOBBIX IIEPEMEHHBIN 3BE€3]] BO3POC,
JaHHBIE STHX OTKPBITHH BaKHBI JUISI OHAJM3Q IIOBSACHHS, IUIAHMPOBAHMSA HaOIIOACHHH
HEKOTOPEIX 3Be3] ¢ HA3GMHEIX H KOCMHYECKHX obcepBaTopiii, KOMIBIOTepPHEIX Mojened. B
padoTe NMPEATIPHHATA MOIMBITKA OCHAPYKUTD M MPOBECTH HCCIIEIOBAHHE IICPEMEHHOMH 3B B
3TOM 3aKMIOYacTCd aKTyallbHOCTh H HOPBH3HA. OcoBeHHOCTERIO HCCIETOPAHHA ARITACTCA TO, UTO
g H2yveHHd $parMeHToB 2Be3JHoro HeGa GBLTH PEIOPAHEI CHHMKH €ro HOHOTO MONYIIAPHI.
Lleny paloTel — MoMCK H OCHapYXeHHE HOBOH IMepeMeHHOH 3BE3BI, M MCCICAOBAHHE &&
XapaKTepHCTHK: 6necm, KIacc 3RE31EI, NEPHO THUHOCTH. MeTO,ElBI HCCIIEJOPaHHA!
SKCTICPHMEHTATIBHBI, SMITHpHYecKuit. B XoJe npoBeaeHHBIX HaGMIOAeHIG Y IaIoch OOHAPY KUTh
MEPEMEHHYIO 2BE€3JY B IOKHOM MNONYIIAPHI B CO2BE3TIH C‘Ipe_uua, HCCICHOBATE €€
XapaKTEPHCTHKH, 3aPETHCTPUPOBATE ¢ Ha oQHIMAaIbHOM calfTe H BHeCTH B MeskayHapo THBI
peecTp nepeMeHHBIX 2B&21 AAVSO VSX.

KarueBble c1oBa: nepeMeHHas 3Be3fia. KaTaKIM3MITIecKad MepeMeHHasd. Kpubas
Orecka, 3Be3/Hasd BETHYMHA, IEPHO, 3BE3IBI, OTIeCK 3Be3/bL. GeTbIi KaplK.

MecTto Bemmonnenns paborel. PaGota BemonHeHa Ha Oaze: MBOY «Jhme «Opy-
mur»;, OO0 «JlaGopaTopusa HaYYHOTO TBOPYECTBA» — JICTHIGH HayyHBLi Jareps «JIAHAT», op-
TaHH3yeMbIt nabopaTopHell HAYMHOTO TBOPYECTRA CIELHATHM3HPOBAHHOTC Y4eOHO-HAYYHOIO
LeHTpa MOCKOBCKOTO rocyJapeTBEHHOTO YHMBepcHTeTa UMeHu M.B. JloMoHocosa), Tocyaap-
CTBEHHOTO acTpoHoMIMeckoro HHCTUTYTa uMeHH [LK. IlltepuGepra. HayuHehi pyKOBOTHTENE:
Bvirakosa Onbra MuxaitiosHa, MBOV «Jliueii «Ipymum, yyurenb $uUsHkH. KOHCYNBTaHT:
Henucenkoe [exuc BrnamuMupoBid, peayiuit HHKeHep ['0CyIapCTBEHHOIO ACTPOHOMHYECKOTO
uHetuTyTa MM, [LK. ItepuSepra MI'Y uMeru M.B. JloMoHocoBa.

OnHCAHHE HHHOBALHOHHOH Pa3paboTku

B 21 Beke OypHOE pa3sBHTHE HOBBIX TEXHOJOTHH CACNANH BO3MOMKHBIM H
MPOCTBIM TO. HAa UTO PAHBILE YXOAWIIH rOAbl KPOMOTIHBOrO TpyAa. JIOCTYNHOE MHOTHM
00OpYIOBaHHE — TENSCKON H COBPESMCHHBII NEPCOHANBHBIH KOMNBIOTEp — AaéT
BO3MOKHOCTh OTKPBIBATh H HCCNCJOBaTh COTHH M THICSYH HOBBIX NMCPEMECHHBIX 3BE3A.
MO:KHO JIH B 3TOM CJIyuae CKa3aTh, UTO 00NACTh ACTPOHOMHH, CBA3ZAHHAA C MOHCKOM H
HCCTIGAOBAHHEM 3BE3AHON MEPEMEHHOCTH, YK€ HCUEPNAHa WIH XOTA OBl ONH3KA K
aToMy? Ha maHHBI MOMEHT, HET. U OCODEHHO 3TO OTHOCHTCA K Haluell IalakTHke.
OcHoBHag mpo0JeMa 3aKIFOUASTCA B CIOKHOCTH H JOPOTOBH3HE H3TOTOBJCHHA
CHHMKOB 3Be3MHOrO He0a. COOTBETCTBEHHO, HCCICAOBATEb, YacTO BBIHYMKICH
OTPAHHMHTBCA H3BICKAHHAMH B OTHOCHTEIBHO HEOONBIUHX MO IUIOIATH YYACTKAX
HebecHoit cdepsl [1]. Tnaoa Ha HeGO, MONMHOS MEPLAIIHX 3BE3d, MOHHMACIIB, MTO
JKH3Hb HA 3€MJIE — 3TO TOJBKO HAMANO MYTH, MHOTOE HY)KHO NOHATH, HCCIEIOBATH H
H3Y4HTB.

TTepeMenHas 2Be31a — 3Be31a, OJICK KOTOPOi H3MEHACTCA CO BPEMEHEM B pe-
3VJIbTaTe MPOUCXOIALNMX B &€ paiioHe PU3HUECKHX mpoueccoB. CTporo roeops. Ojeck
M0G0 3BE3ABI MCHACTCA CO BPEMEHEM, B TOH HIH HHOM cTeneHH. HanpuMep. BeIHMH-
Ha BbIACHAeMOH CONHUEM PHEPrHH H3MEHACTCA Ha 0.1 % B TeUCHHE OUHHANIATHICT-


https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D0%B5%D0%B7%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B5%D1%81%D0%BA_(%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%8F)
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HET0 COJIHEMHOTO LHKIA, MTO COOTBETCTBYET H3MEHCHHIO A0COMOTHOMH 3BE3THOM B~
YHHBI HA OJHY THICAMHYIO. [TepeMeHHOH HA3BIBACTCA 3Be20A, HAIMEHEHH OJiecka KOTo-
poii ObLIH HATENHO OOHAPYKEHBI HA JOCTHTHYTOM YPOBHE HAOIMOOATEIBHOM TEXHHKH.
JIA OTHeCeHHA 2Be2dbI K PAPAIY MEePeMEHHEIN JOCTATOMHO, YT0OBI OJIeCK 2Be2abl XO0-
T4 OB1 OJHAIKABI MPETEPNICT UAMEHEHHE [2].

ITpruupaMH H3MEHEHHA Onecka 2Bé3m MOTYT OBITH. PAIHANBHEIC H HEPAJIH-
AmbHBIC IYJIBCALHH, XPOMOC()CPHAA AKTHBHOCTD, MEPHOIMMECKHE 3aTMCHHA 2BE3X
B TECHOI ABOHHON CHCTEME, MPOLECCHL. CBAZAHHBIE ¢ MEPETEKAHMEM BEILECTBA C OAHOH
3B€31Bl HAa JAPYTYI0 B JBOHHOH CHCTEME, KaTacTpO(HUCCKHE NPOIECCHL TaKHE
KAaK B3pBB CBEPXHOBOIH. He crieayer myTaTh MEPEeMEHHOCTH 3BE3N ¢ HX MEPLAHHEM,
KOTOPOE MPOHCXOJMT H3-3a KoJeGaHHH BO3AyXa 3eMHOMH arMocgepsl. IIpun Habmone-
HHH H3 KOCMOCA 3BE3MIBI HE MEPLAKT [2].

SIpKOCTh. TOUHEE. OIECK 3BE3A ACTPOHOMBI H3MEPSIOT B 3BE3AHBIX BETHUHHAX.

BunuMas 3B&3AHAA BENHUYHHA — MEpa APKOCTH HeOEeCHOTo Tema (Tou-
HEE, OCBEINEHHOCTH, CO3IABAcMOH 3THM TEIOM) ¢ TOUKH 3PCHHA 3¢MHOTO HabmoaaTe-
J4. OGBIMHO HCTIONB3YKOT BEJIHYHHY. CKOPPSKTHPOBAHHYIO J0 3HAUCHHA, KOTOPOE OHA
HMeNa OBl MPH OTCYTCTBHH arMocdepsl. UeM apue 0OBEKT. TEM MEHBIIE €T0 3BE3IHAS
BeMHuMHa [3. ¢. 29].

PaznpyHbIe NMPHYHHEB! ICPEMEHHOCTH NMPHBOJAT K PA3IHMHBIM HAOMOJATENb-
HBIM MPOABICHHAM, T.€. KpHBBIM Oniecka. Kpusag 6necka — PpyHKupa uaMeHeHna Onec-
KA ACTPOHOMHYECKOrO 0OBEKTA BO BpeMeHH. JIJAHHOE MOHATHE NMPHMEHHMO KAK K Ca-
MOCBeTALMMCA OOBEKTAM (3BE31aM), TAK H K 0OBEKTAM, OTPAKAKOIIMM CBET OiH3Ie-
s»amero ceeriwia (ConmHua, 38e3ae1). B pomm Takux 06BEKTOB MOTYT BBICTYMATH IUIAHE-
ThI, HX CIly THHKH, ACTEPOHIB! H OpyrHe (4, ¢. 111]. BriiBneHHe A1 epeMEeHHOI 2Be3-
JbI H3MEHCHHIT MePHOIA MOYKET MHOTOS CKA3aTh O Hell. Tak, K H3MEHEeHHAM NMEePHOIA
NPHBOJMT ABHKEHHE My NbCHPYIOWIEH 3BE3/bI BOKPYT CITY THHKA. ABHKCHHE 3aTMECHHOM
Naphl BOKPYT TPETHETO TE1A. BPAIUCHHE JTHHHH aNCH/ 3aTMCHHOH CHCTEMBI. H3MCHEHHE
CTPYKTYPHI MyJIbCHPYHOWIEH 3BE3AbI, KOTOPOE MOMKET. B YACTHOCTH, HEMOCPEACTBEHHO
OTpakaTh €€ 3BOJIOLMIO [5].

Bce nepeMeHHBIE 3BE3ABI MEHIOT CBOH ONECK MO PasHBIM MPHUHHAM, MO3TO-
My ObLa pa3paboTaHa KIACCH(HKALMA MO 3TOMY NMpH3HAKY. Celtuac B KIACCHPHKAIUH
NEPESMEHHBIX 3BE3/ BBIACICHO HECKOBKO GOJBIIMX TPYNI. KaKAasd H3 KOTOPBIX CO-
JACPAKHT B ce0e MOArpyNnbl, KyJa OTHOCATCS 3BE3B! C OAHHAKOBBIMH NMPHUHHAMHU T¢-
peMEHHOCTH. PaccMOTpHM 3aTMEHHO-TICPEMEHHBIE 3BE3IBI — 3TO CHCTEMBI H3 JBYX
3B&31, CYMMAPHBIH OIeCK KOTOPBIX MEPHOIHMECKH H3MEHACTCA C TEYCHHEM BPEMEHH.
IMpwinHOl H3MeHeHHA Onecka MOryT OBITH 3ATMEHHA 3BE3T APYT OPYIOM, HIH H3Me-
HEHHE HX (JOPMBI B3JAHMHOH IPABHTALIHEH B TECHBIX CHCTEMAX, TO €CTh MEPEMEHHOCTH
CBA3AQHA C H2MEHCHHEM TeOMETPHUSCKHX (JAKTOPOB, 2 He ¢ (PURHMECKOH MEepEeMESHHO-
CTHIO. 3Be30a ¢ OoNbLICH CBETHMOCTBIO — IJIABHAA, ¢ MEHBIICH CBETHMOCTBIO — CITYT-
HHK [6].

3arMeHHBIe mepeMeHHbIe THnA Anrona (EA) — kpuBble §eCKa MO3BOJSIHOT
(PUKCHPOBATh HAYANO H KOHEIl 3ATMECHHIL, B MPOMEKYTKAX MEKAY 3aTMCHWAMH OJIeCK
OCTA€TCA NMPAKTHYESCKH MOCTOAHHBIM.

3armeHHBle nepeMenHbie THNA 3 JTupel (EB) — JIBoiiHBIC 3BE3ABI ¢ 3UIHICOH-
JaNbHbIMH KOMITIOHCHTAMH. HEMPEPHIBHO MEHAIOIHMH OJIECK, B TOM UHCNIE H B IIPOMeE-
IKYTKE MEKIY 2aTMEeHHAMH. OOA2aTeNIbHO HAGIOAETCA BTOPHMHBIH MEHHMYM. [Tepn-
0Ibl, KAK MPAaBWIO, Gonpwe 1 JHA.
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3arMeHHbIe nepeMeHnsle THNA W boapmoii Measeauusl (EW) — KOHTAKTHEIS
CHCTEMBI 3BE31 CIICKTPAILHEIX KIAaccoB F 1 6onee mozouux. HMeroT nepuoas! meHee 1
JHA H AMILTMTY 361 00BrHO MeHbIuHe 0,8m. [2]

KarakmaMHu4eckne nepeMeHHbIe — KJIACC ACTPOHOMHMECKHX 00BeKTOB, OTHO-
CAIMXCA K MEPEMEHHBIM 2BE3JAM M MPOABIAIOLIHE KATAKIH3MHMECKYIO (BCIBILLE-
HYK0) AKTHBHOCTbH. [IpeacTaBiaioT CoOoH TEeCHBHIC ABOMHBIC CHCTEMBI, COCTOAINNE H3
Genoro kapauka (IIABHAA 3BE20A) H KOMIAHBOHA, PO KOTOPOTO YAIlE BCEro HCTOJ-
HAeT MaJlOMacCHBHas cjalo MpO3BOMHOLHOHHPOBABILIAS 3BE3AA IMIABHOH MoCneaOBa-
TENALHOCTH. TO €CTh KPACHBIH KAPIHK.

HHorga poik KOMIAHBOHA MOKET HCNONHATL H JPYroi 00BEKT — HANPHMEP.
CyOrMraHT MJIM KpacHBIH I'HraHT. KaTakmH3MHYECKHE (B3PBIBHBIC H HOBONOJOOHBIC)
NEPEMEHHBIE 3BE3MBL [IepeMEHHOCTD 3THX 3B&3/ BHI3BAHA B3PHIBAMH, MPHYHHOH KOTO-
PHIX ABIAIOTCA B3PHIBHBIE MPOLECCH B HX MOBEPXHOCTHBIX COAX (HOBEIEC) HJIH ITYOOKO
B HX HeMpax (CBEpPXHOBBIC) [2].

Benbie KapaMKH — NPOSBOMIOLHOHHPOBABIIHE 3BE3ABI C MACCOH, HE NPEBBI-
maroimeh npeaen Yaxnapacekapa (MakCHMaNTbHAsA Macca. NMPH KOTOPOH 3BE3Ma MOKST
CYIUECTBOBATH KAK OEINBIi KapJHK), THIMEHHBIC COOCTBCHHBIX HCTOUHHKOB TEPMOAICP-
HOH 3HEprHH.

Benpie kapinHkH MpeACTABIAIOT COOOH KOMMAKTHBIC 3BE3OBI C MACCAMH, CPAB-
HEMBIMH WIH GonpmiMH, veM Macca CONHLA, HO ¢ paguycamu B 100 pa3s MEHBIUHMH H,
COOTBETCTBEHHO, BOIOMETPHMECKHMH CBETHMOCTAMH B ~10 000 pa3 MeHbIIe COTHEM-
Hoii. Temmeparypa Moxxer gocturats ot 100.000K-200.000K [7].

HabmoneHusa 1 MeTOIBI HCCIEIOBAHHA MEPEMEHHO# 3BE3IbL

Ana vecnegoBanuA OpUTH 2aKA%aHBI CHUMKH ¢ obcepsatopun Siding Springs,
HAXOJALIEHCA B ABCTpanuu. Tak KAK CeBEPHOS MOJYLIAPHE Y)KE JOCTATOMHO XOPOLUO
H3YMEHO, COOTBTCTBCHHO LWIAHC HAHTH NEPEMCHHYIO 3BE3AY YBIMMHTCA, €CIH
3aKA2aTh CHHMKH C TEICCKONOB, HAXOMAIMXCA B IOKHOM nomymapud. [Inomamka
Opula  BRIOpAHA MCXOOA M3 ONATONPHATHBIX YCJOBHIT BHIHMOCTH BO  BpeMd
Habmogenuii (aBryct 2017 roga) u GoNbIOTo KOMMMECTBA 3Be31 B moje. Teneckom, ¢
KOTOpOro ObUTH cmenaHbsl CHHMKH, HA3BBaeTcsa T31. Observatory: Siding Spring —
Australia - MPC Q62. XapakTepHCTHKH: pacTiofio:KeH Ha BbicoTe 1122 M Ham ypoBHEM
Mopa. MEHHMaNbHAA BHICOTA HABEACHHA, MPUMEPHO 25°, pednektop + I13C Matpuua
+ GoxanbHBIH peayKTOP.

ITouck ¥ HCCNENOBAaHME TNPOHM3BOMMIMCE B Mporpammax: MaximDL u
Muniwin, ¢ TOMOIBIY KOTOPBIX, HCCECAOBANACH OKPECTHOCTD CO3Be3MHs CTpenbua. Ha
HAJIMHE 3BE3A. 3aM0AO3PCHHLIX B IEPEMEHHOCTH.

B nporpamme  MaximDL, npenHasHaueHHOH — ama  o0paloTku
ACTPOHOMHYECKHX H300paKeHHH, MyTéM ONHHKOBAHHA CHUMKOB., ObUTa CACTAHA
aHMMaIMA A1 NpOCMOTpa YUaCTKOB 3BE3AHOrO Heda. B pesyibrate HaO/MONCHHA H
H3YUYEHHSA 8 pasHBIX MJIOLIAIOK, HA KaKIOH H3 KOTOpBIX Okoyo 20.000 3BE3A, ynanoch
OOHAPYKUTb MEPEMEHHYIO 3BE3AY HA PHCYHKE 1.

ITpoaHanu2HpOBAB 3BE3dY, H3MCHAIOUIVIO ONECK, MPHCTYNHIH K JETATBHOMY
€€ HCCNETOBAHHIO. I MPOBEPKH, MEPSMEHHOCTH 3B30bI, HEOOXOIHMO OMPEICIIHB €€
koopamHATBl 19:21:27.38, -31:13:49.53  Ha 2Be3aHOM Hebe, mMpoBEPUTH ¢ MOMOIUBHY
APXHBOB, ACHCTBHTENLHO JH 3TO 3Be3Ja, a4 He Je(eKT KAMEPBl WIH MEPUAHHE,
MPOHCXOIALLEE H3-3A KONICOAHHH BO3Oy XA 3eMHO aTMOC(EpDI.

JanpHeHmmM 3TanoM paGoTel ABIAIOCH ONPEIENCHHE MEPHOJA H3MEHEHHS
Orecka.


https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8

PucyHok 1- O6HapyeHHas nepeMeHHast 3Be3aa (B LieHTpe hoTo)

Ha cHumkax 15 aBrycta 2017 rofa 3Be3ga ¢ KoopauHaTtamu 19:21:27.38, -
31:13:49.5 nokasana U3MeHeHUs APKOCTU, 3aMeTHble rnasoM. Bbino paccumTaHo, 4TO
3Be3ga MMmeeT 6necK paBHbIW - 17,87, a B 3aTmMeHunm - 19,4T, TO eCTb 3aTMeHUs
CcOCTaBNAT 0KoMo 1,5T 3Be34HON BENUYMHbLI, YTO ABASETCA aMNAUTYLOA M3MEHEeHUA
6necka. KpuBas 65ecka, NocTpoeHHas B nporpamme MaxlTt A/, BblisiBUNA 3aTMeEHUSA
rny6uHon okono 1,5 3Be3gHbIX BennUmnH (17,8-19,41).

Ana BbIUNC/IEHUA nepuofa U3MeHeHus 6necka norpe6oBanuncb
[ONONMHUTENbHbIE CHUMKMW MOBTOPHOro HabnwfeHusa 3Be3gbl. B pesynbTate
npou3BefileHbl WCCNefoBaHWA B nporpaMMe MuWTW M C MNOMOLWbI pPacyeToB
nporpammbl ~wbiec!, onpegeneH nepuos wn3MeHeHUs 6ecka 3Be3fbl pPaBHbIN
0,094277 pHen (2,2626 yaca) Ha pUCYHKe 2.
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PUCYHOK 2 - TMepuof n3meHeHWs 611ecKa nepemeHHol 38e3/bl

[Ons yTOUHEHMS nmepuoja MCNonb30BasMCb apxXmBHble faHHble 0630pa NeEAT
3a 2001-2002 ropga, cob6CcTBEHHbIe HabMOAEHNS Ha aBCTpasIMNCKOM Teseckone 3a 17,



19, 20 n 28 aBrycta 2017 rofga u cocTaBneHa kpueasa 6necka 3a 15 asrycta 2017 ropa
Ha pucyHke 3.

Magnitude

1:03 11:07 11412 11445 11410

Date: 15.08.2017

PucyHok 3 - Mepunog n3meHeHns 61ecka nepeMeHHol 3Be3apl 15.08.2017

Mocne aHanus3a NOAYYeHHbIX fJaHHbIX, CHOPMYNMpPOBaH BbLIBOA O TOM, 4YTO
3Be3fa ABNAETCA YyNbTpahMONETOBbLIM WCTOYHWKOM, a Mepuoj MeHAeTcHs O6bLICTPO M
HeperynapHo, 3sHauynT o6HapyXeHHas nepeMeHHas 3Be3ja NPUHAANEXUT cpasy K ABYM
Knaccam: Kataknusmuuyeckasa (CY B3aumopgeiicTBytou as [BOAHAaa cucrtema ¢ 6enbim
KapAWKOM W BTOPUYHBLIM KOMMNOHEHTOM) M 3aTmeHHasa (E), yuTo ABnNAeTCA PeAKOCTbIO,
BeAb W3 BCeX OTKPbITbIX NepeMeHHb X 3BEé3a (0KOno 474 TbicAY), KaTaknam3amumyeckune
COCTaBNAKT BCErO OAWH NPOLEHT.

Permcrtpayns nepeMeHHOR 3Be3Abl: NO NONYYEeHHbLIM KOOpAMHATAM Mbl UCKanu
yKaszaHHytlo 3Be3fy B katanore AAY 80 ¥Y8X (MexpgyHapogHas accouyunaymsa Habnto -
faTenelh nepeMeHHb X 3Be3d Yanable 8!ar 1niiex). B aTomM kaTtanore gaHHas 3Be3fja He
6blna 3aperncTpupoBaHa.

Ha ocHoBaHuW 3TOro 6bl1 cApenaH BblBOJ, HTO JaHHan 3Be3ja ABNAETCA HOBOM
nepeMeHHOW. 3Be3fy CUMTAlOT NepeMeHHON M BKAO 4Yald T B COOTBETCTBYlO W Me KaTano-
rm, ecnu ee 3aatmMmocthepHbl 6n1eckK B ynbTpaMoneToBOM, BUAUMOM UAN MHPpPaKpac-
HOM AMana3oHe MeHaeTcAa (MeHAnca) B macwTabax, o6HapyX UMbl X NPU AOCTUTHYTOWR
TOYHOCTU Habnw geHMNn 3a WHTepBan BPeMEHMU, OXBauYeHHbI i HabNO feHMAMMU Takoh

TOYHOCTWU Ha pPUCYHKe 4.

&

PoY: 1.99" -1 -
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PUCYHOK 4 - CHUMKM yuacTKa He6a ¢ NepeMeHHO 3Be3/10i B pasHbIX CNEKTPasIbHbIX
[manasoHax: MHppaKpacHoM, BUAMMOM 1 YNbTpadnoneToBom

o) 2mass 0SS GALEX



B KkaTanoru nepemeHHbl X 3Be3J MPUHATO BKNIO YaTb NUWb 06bEKTH, Yy KOTO-
pblX BblABAEHb M3MeHeHUs Gnecka B ynbTpaguonetoBOM, BUAUMOM MU WHDpakpac-
HOM fManasoHe. MNepeMeHHOCTb B pajjMOAjManasoHe MNW B PeHTIEHOBCKOM fJunanasoHe,
6e3yCNoBHO, AenaeT NOUCK ONTMYECKOW MepeMEHHOCTW 3Be3fbl BeCbMa MepcnekTUB-
HbIM, HO NepeMeHHOW 3Be340i Takoi 06bekT 6yfeT 06bABNEH NULW b NOCNE yCNewWwHOrOo
3aBepl eHns aToro nomcka [1].

Mocne aToro MoXHO 6bINO OTNPaBAATbL 3Be3AY ANSA perncrpayum Ha opuum-
anbHoOM caliTe B MexXfyHapojgHOM peecTpe nepeMeHHb X 3Bé3g AAY80 Y8X [8].

3Be3fa 3aperncrTpupoBaHa noj HaseaHuem ban Y1 [8] HapucyHke 5.

Details for Revision 1 7]

L0g in lo revieve addions alases from SHBAD

rme | [ Dan V1

AAVIO UID
Corstelation | Sagmarus » Sequence
J00,0 | 192127.33-3113485 (290 3640531 23042) ¥ Search nearty

B1950.0 | 1213 1550 3918347
Galactic coord, | 7064 -19.522

Other names | GALEX J192127 3.341349 (RALEX J1S2927 L3134 S55_192127 £311348
{Intenal only) | USHO-AZ 0 052540560552  USNO-B1.0 08537-0835133
Nl logged in} » Add name

Variability type | GV ©
Spectsal type
Mog. range | 178-19.2 OV ©

Discoveser | Dasil Panoy
Epoch | 13 Aug 2097 (HJD 2457880 957) % Ephemeris
Quiburst
Period | 0094277 @ 22625 )

HReselacipse dur. | -~

Som: refarences may D2 CNe 10 vieW In new window. Roll over ndex numier b view aubmisaicn detalis

i
1 | Denisenko, FUV= 19 66 NUV= 1078 (GALEX). Discovered by 10 grade shuder! Danil Pasov during LANAT
| Denis summar 20800l on Mekscope Net T31 mages

PuUcyHOK 5 - Pervctpaups nepemMeHHo 38e34bl Ha oprumansHoMm caiite AAV 80 V8X

MpoaHannsnpoBaB MONYyYeHHbIe pe3ynbTaTbl, MOXHO NPUATW K pPAAY BblBO-
NOB: B XOfe NpoBefAeHHbI X HaGNlo feHUN KOCMUYEeCKNX 06bEKTOB C NOMOLW b CHUMKOB
Teneckona T31 c o6cepBatopun 8L w§ 8pnn§§, B ABCTpannuu, B OXHOM NoAywapuum B
cospe3anun CTpenblua yaanocb o6HapyXunWTb nepeMeHHYytl 3Be3fy. B pesynbTaTe aHanu-
3a POTOMETPUYECKUX AaHHbI X 3NEKTPOHHbLI X apXMBOB M MPOBEAEHUA NUCCNefOBaHUIA:
yfanocb NocTpouTb KpuByt 6Gnecka, onpefAennTb 3Be3fHY BeNWUYWHY, Nepuoj 3Be3-
Obl. OTKpbITas nepeMeHHas 3Be3ja 6blna 3apermcTpupoBaHa Ha opuLumManbHOM caliTe u

BHeceHa B MeX/yHapofHblii peecTp nepeMeHHbl X 38634 AAY 80 ¥Y8X.

CpaBHeHWe C CyL eCTBYIO W UMW aHanoramm

3Bé3f knacca CY+E (3aTMeHHas, nepemMeHHasa, KaTaknu3amumyeckasn), BHECEH-

HblX B MexXfyHapofHblii peecTp nmepeMeHHb X 3Bé34 AAY 80 ¥Y8X, Bcero 15. Mpwn
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PACCMOTPEHHH B moOJIe Co3Be3aus CTpelnbua HAXOZHICA TOJIBKO JABE. OTKPHITAY HAMH
3Be31a Dan V1 ¢ nepuogom 0,094277 u ewe oana ¢ umenem OGLE-IV BLG501.24
34934, Ho e€ nepuoa 0,3587 oTIHYACTCA, A TAK E PAIMMHBI Y HHX 3BE3IHBIC BEJIHMH-
Hel 17,8 — 19,2: CV 1 19,0 — 20,3 t'. 12 31010 CricayeT, 4T0 OTKPBITAsA 3Be31a Dan V1,
HE HMEET AHAJIOTOB CPeIH MOIFOOHBIX OTKPBITHIX H 3APETHCTPHPOBAHHBIX 3BE3d KIACCA
CV+E.

Hcnonp3oBaHue paspadoTkH

TpakTHuecKas H TEOPETHUECKAA 3HAYHMOCTD, PE3Y/IbTaThl MPOBEICHHOTO HC-
CICIOBAHHA MOTYT OBITh HCTIONB30BAHBI VI PEIUCHHA 32324 3BE3IHON CTATHCTHKH,
TAK K& MATEPHAT MOKET OBITh MOJECH WA YTOYHEHHS TSOPHH NEPEMEHHBIX 2B&31.
JlaH MaTepHan 41 VCTAHOBICHHA CTATHCTHYECKOM 3ABHCHMOCTH OJHHX NAPAMETPOB
3BE€30 OT APYTHX H BHECEH BKJIAI B PA3BHTHE TCOPHH BHYTPEHHETO CTPOSHHA H 3BOJIKO-
LHH 3Be31,

B xoze npoBeneHus paboThl MOMYMEH PAX HOBBIX PE3YIBTATOB. OTKPHITAA Me-
PEeMEHHAd 3BE€31a, HCCIEJOBAHA MO BCEMY JOCTYMHOMY (poTorpaduyeckomy MaTepHa-
Ty, MTO MO3BOJIHIO OJHOZHAYHO KIACCHPHUMPOBATH MEPEMEHHYIO, ONMPEICITHTD Je-
MEHTHI H3MEHEHHA OJIeCKA, MOCTPOUTE KPHBYIO O1ecka.

BH3HEC-TIPHBICKATE TLHOCTh PA3PaCOTKH

MatepHansl 0 OTKPHITHIO H HCCIICIOBAHHIO HOBOH mepeMeHHO# 3Be3mbl Dan
V1 MOKHO HCTIONB30BATH B KOMMEPYSCKHX ILE/IX NPH OTKPHITHH KOHCYJIBTALHOHHO-
MPAKTHYECKOTO LEHTpA AMA ACTPOHOMOB-moOUTENei . B LEeHTpe MOMKHO OKA3BIBATH
CICOYIOLIME YCHYTH, B TOM YHCIE HHTCPHET YCIYTH: NPSJOCTABICHHS MATEPHAIOB,
00y4eHHE MPHEMAM ACTPOHOMIMIECKHX HAOMFOICHHUH, CO3AAHME 00y YAKOIHX MPOTPaMM
AU IIKOJBL. MJIH BY33. NMPSJOCTABICHHE BO3ZMOMKHOCTH KIHEHTY CaMOCTOATENLHOTO
HCCTICIOBAHHA 3BE3AHOrO HeGa Ha MpeaMeT OOHAPY KSHHA NMEPEMEHHOH 3BE3ABI ¢ MO-
MOIIBH) HMEIOLICTOCA B HamumH Teneckoma Sky-Watcher BK P1145AZGT ot koMna-
Huu SynScan GOTO. JlaHHy0 NeATENBHOCTE MOKHO CONMPOBOXKAATE PACNPOCTPAHEHH-
€M CYBEHHPHOM NMPOAYKIMH (aBTOPYYKH. (yTOOMKH, NAKEThI, KAJCHIAPH, MATHHTH H
npoyce) ¢ H300pakeHHEM (PparMeHTa 3BE3IHOTO Heda mepeMeHHOM 38e3abl Dan V1 u
JOTOTHIOM LEHTPA, YTO ABJAETCA PA3HOBHIHOCTHIO HMHIKEBOH PEKJIAMBbl. JTH NpeJi-
MeTHI Oy YT BHICTYNATh HE TOJIBKO B KaUECTBE HOCHTENEH HHQOPMALHH, HO H arCHTOB
BOSACHCTBHA HA ayAMTOPHIO. KOMMYHHKAIMIO C KOTOPOH HEOoOXOMMMO BBICTPOMTD.
CyBeHHpHad pexaaMa 3Q(CKTHBHO MOBBICHT Y3HABAaGMOCTh 3a CUET TOTO. UTO HOCH-
Teb ABIACTCA (PYHKIHOHANBHBIM MPEIMETOM H HCTIONIb3YETCS B OBITY.
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YK 616-093

PA3SPABOTKA UMMYHOXPOMATOIPA®NYECKOIO METOJA PAHHEW
OVNATHOCTUKW KAPVECA 3YBOB Y NETEWU

CrenaHoBa Mapus AnekcaHgpoBHa
Kuposckas o6nacTb, r. Kupos, KOTOAY «Jluueil ecTecTBeHHbIX Hayk», 10 knacc
e-Taii: Tary31337@Tal.rn

AHHOTaumMsa. B paHHOlM paboTe paccMaTpuBaeTCs BOMPOC KOHCTPYMPOBAHWA TeCT-
CUCTEMbI /19 MMMYHOXPOMATOrpamMyeckoro MetToga AMarHOCTUKM kapueca 3y60B. VIMMyHO-
Xpomatorpaguyecknii MeTo He06X04MM [/ PaHHEro BbISB/IEHUS Kapueca 3y60oB y feTell. YKa-
3aHHbIN METOf ABNSAETCH HEMHBa3VBHLIM. MpU UCCNeA0BaHNM UCMONb3YETCA POTOBAs XXUAKOCTb
(cnoHa). B pesynbTaTe paboTbl OblM U3yUeHbl KauYeCTBEHHbIE U KOIMYECTBEHHbIE XapaKTepu-
CTVKN MUKPOOPraHn3MoB, YHacTBYHOLLMX B MeXaHWU3Me pasB1TUSA nopaxkeHus 3y6oB. Onpegene-
Hbl KapvecoreHHble 6akTepun Ha Bcex aTanax 60nesHW. B pesynbTare NpyMeHeHUss UMMYHO-
Xpomatorpadgmueckoro Metoga 6yayT CBOEBPEMEHHO OKasaHbl SieyebHble MEpOnpUSATUS U CO-
XpaHeHbI 3y6bl.

KntoueBble cnosa: TpaHCU/IIOMUHALMS, MMMyHOXpoOMaTorpagusi, Kapuec 3y60B,
MWKPOOPraHn3Mbl,  CTPENTOKOKK,  flakTobauwnnbl,  KOMJOWAHOE  30/10TO,  CTOMATos10-
rma,MeguLmHa.

MecTo BbINOHEHUA paboThbl. PaboTa BbiNosIHeHa Ha 6a3e Kadeapbl MUKPOBMONornm
1 Bupyconorun ®reOyY BO «KnpoBCKuMii rocyaapCTBEHHbIV MeAULUHCKWIA YHUBEPCUTET» Mu-
HUCTepCTBa 34paBoOXpaHeHns Poccuiickoin degepaumn. Mpu BbINOMAHEHUU PaboTbl ObLIN UC-
No/b30BaHbl PeaKTUBbI U 060pyA0BaHNE UMMYHOXVMUYECKOA 1 MMKPOGMONOrnyeckoi nabopa-
Topun. HayuHblii pykoBoguTenb: KoneBaTbix EkaTepuHa lMeTpoBHa, 3aBefytowimii Kadespoi
MUKpobuonorum n supyconorun ®reQY BO Kuposckuii TMY MuH3sgpaBa Poccun, AOLEHT,
KaHAMAAT MeAULIMHCKUX HayK.

OnmncaHne NHHOBAaLWMOHHOW pa3paboTkn

Mo paHHLIM BceMmpHO opraHmsaumn 3gpaBooxpaHeHns (BO3) 3abonesae-
MOCTb Kaprecom 3y60B B pa3HbIX CTpaHax coctaensieT 80 - 98%: 1-3%- B cTpaHax
3anapgHoi EBponbl, 80-97%- B pernoHax Adpukn, Asun, CHI [1]. CyLlecTByHOT Ka-
priecoreHHble 6akTepum pogoB 8lreplococcn8, “acobaclli8, AcinoTtyces. Hanbonb-
wyro porb urpaet 8lreplococcn8mimlang. [na AuarHOCTUKW Kapreca MpUMEHSIKOTCA
MHOrOYUCNIEHHbIE METObL BU3yanm3auysl, 30HOVUPOBaHVEe aMan, MepKyccus, Tepmo-
METPUS,, 3NEKTPOLOHTOMETPUS, TPAHCWITKOMUHALMS, KUCNOTOYCTOMYMBOCTL SManu,
OKpaLLvBaHve, peHTreHorpamMma, gumccypotommsa u 1.4. [2]. Hu oguH 13 nepeuncnex-
HbIX METOO0B B JOMALLHMX YCNOBUAX BbIMO/MHUTL HEBO3MOXHO. [M03TOMY paspaboTka
9KCMPEeCCHOro JOCTYMHOTO ANs1 HaceneHus criocoba paHHelr AMarHOCTMKW Kapueca
3y00B ABNSETCH aKTya/bHOIA.


https://astro-world.ru/peremennye-zvyozdy-chto-eto-i-kakie-oni-byvayut/%23i-4
https://astro-world.ru/peremennye-zvyozdy-chto-eto-i-kakie-oni-byvayut/%23i-4
https://www.aavso.org/
mailto:mary31337@mail.ru
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Lens necneaoBaHuA: paspaboTka HMMY HOXPOMATOTPA(DUMECKOTO TECTA A1 PAHHEH

JHATHOCTHKH Kapueca 3y00B y JeTei.

3a0a4H HCCNeAOBAHUA'

1. M3y4urh 4ACTOTY BEIeTALHH KAPHECOTEHHBIX MHKPOOPTAHH3MOB HA MOPAKSHHBIX
2v0ax y gereit 3-4 ner.

2. CKOHCTPYHPOBATP TECT-CHCTEMY M1 HMMYHOXPOMATOTPA(QHYSCKOTO AHAJH3A
(MMXA).

3. CpaBHHTB 3(eKTHBHOCTD H UYBCTBHTENLHOCTE IMX A ¢ TpaHCHIMFOMHHALHEH.

B coBpeMcHHOH MEMHIMHCKOH NMPAKTHKE C KAKIBIM TOAOM BO3PacTacT pojib
NMafopaTOpHOH AHATHOCTHKH KAK OCHOBHOTO HHCTPYMCHTA NOCTAHOBKH JHATHO3Aa H
MOHHTOPHHTA TepanHH. OTHHM H3 OYPHO Pa3BHBAKOIIMNCA H BOCTPEOOBAHHBIX METO-
0B MalopaTopHOH AMATHOCTHKH SBJMIETCS HMMYHOXpoMaTorpaduyeckuii aHanus [3.
4, 5].

UMMVYHOXPOMATOIPAGUUYECKUM AHAJIN3 (MXA) - MeTon ompe-
JACTICHUS HAJTHYHA ONPSACICHHBIX KOHICHTPALHIT BSIIECCTB B QHONOTHUSCKHX MATepHAa-
Jax (MOYa, LENBbHAA KPOBb, CBIBOPOTKA MJTH MJIA3MA KPOBH, CJIOHA. Kalx H T.A.). JaH-
HBIH BHJA aHAIM3a OCYINSCTBIMICTCSA NMPH MOMOINM HHAHKATOPHBIX MOJOCOK, MAJIOUEK.
NaHeNelH HITH TECT-KACCET. KOTOPhIE 00ECNICUHBAOT ObICTPOTY MPOBCACHHS TECTHPOBA-
Hua. IXA — CpaBHHTENBHO MOJOIOH METOI AHATH2A, OH MACTO 0003HAMACTCA B JIHTE-
parype TaKKe KAK MeTOod CyxOoi HMMYHOXHMHM, CTpun-tecT, QuikStripcassette,
QuikStripdipstick, KkCHpecc-TeCT HIH JKCOPECC-AHAMH3. 3TH HAZBAHMA CBAZAHBI C
OBICTPOTOI MPOBEICHHA 3TOT0 METO.JA AHATH3A.

IpuHUHD DeHCTBHA HMMYHOXPOMATOTPA(HHMECKOTO TECTA COCTOHT B TOM, YTO
IPH NOTPY>KEHHH TECTA B (DH3HONOTHYCCKYIO SKHIKOCTh OHA HAYHHAET MHIPHPOBATH
BIOJIb MOJOCKH MO NPHHUMIY TOHKOCIOHHO#H Xxpomarorpadmu. TToaswkHoH (asoi B
JAHHOM CHIyMae ABNACTCA (DHIHONOTHMECKAA »KHIKOCTh. BMmecTe ¢ >KHIKOCTBIO JBH-
AYTCA H AHTHTENA ¢ KpacuTeneM. Ecim B 310 M IKOCTH NPHCYTCTBYET HCCICTySMBIH
AHTHreH (rOpMOH, HH(GEKUHOHHBIN WIH OHKOJIOTHMECKHH MApKep), TO MPOHCXOIHT €ro
CBA3BIBAHHE, KAK C MEPBBIM, TAK H CO BTOPHIM THIOM AHTHTEJN, YTO ABIACTCA YIKE HM-
MYHOJIOTHYSCKHM METOJ0M aHANH3A. [IpH 3TOM NPOHCXOJHT HAKOIUICHHE AHTHICH C
KPacHTENIeM BOKPYT AHTHTEJN, HECTKO HMMOOWJIH30BAaHHBIX B TecT-30He HXA-
MOJIOCKH, YTO MPOABISETCS B BHAC APKOH TeMHOH monochl. HecBA3ABIIHECS AHTHTENA C
KpacHTENeM MHTPHPYIOT Jajlee BAOGL MOJOCKH H HEH3DEKHO B3AHMOACHCTBYIOT CO
BTOPHYHBIMH AHTHTSJAMH B KOHTPOILHOH 30HE. IIe M HAOMOAASTCa BTOpas TEMHAA
nonoca. B3auMOACHCTBHE (M TEMHAA MOJOCA) B KOHTPOJBHOH 30HE AOJDKHBI NPOSB-
JATBCS BCErAa (€CIM aHANH3 NPOBSACH NMPABWIBHO). HE3ABHCHMO OT NMPHCYTCTBUS HC-
CHCAYEMOTO AHTHICHA B (DH3HOMOTHUCCKOH JKHAKOCTH. Pe3yNbTaThl ONpeac/LIOTCS
BH3YaNIbHO HJIH KOMIBIOTEPHOH 00paloTKOH OTCKAHHPOBAHHOTO H300PAKEHHA,

VIMMy HOMOTHYECKHH METOA AHANH3A OCHOBAH HA PEAKLMH MEKAY AHTHTCHOM
H COOTBETCTBYIOIM €MY AHTHTEJIOM. AHTHICH — BEIUECTBO, KOTOPOE UY:KEPOJHOE
JUSI OPTaHH3Ma UENIOBEKA H KOTOPOS MOKET 3aIYCTHTH HMMYHHYHO CHCTEMY (3aIllHT-
HYIO PEAKUHIO). AHTHTENA — TO OEJKH, KOTOPHIC BHLISIIMOTCA KICTKAMH HAIICTO Op-
TAHH2MA MPH BHSOPSHHH B HETO AHTHICHA. MeToa HMYHHOIH XpoMaTorpadHl 0CHOBAH
HA 0COOEHHOM CBOMCTBE AHTHTEN CBA3HIBATHCA C AHTHICHOM CHEUH(PHYSCKHM (TO eCTh
H30HPATSIBHEIM) 00PA30M. 3TO O3HAMACT, YTO KAKIOS AHTHTENO ¥3HAET H CBAZBIBACT-
CA TOJIBKO C ONpeICNeHHbIM AHTHreHOM. Ha 3T0i YHHKANBHOMH 0COOEHHOCTH AHTHTEN H
OCHOBAHBI BCE HMMYHOJOTHYECKHE METOIBI aHANH3A B ToM MHCHEe H XA, IMpuuem
ONpeJeIAeMBIM «AHTHICHOM» B JAHHOM METOIE AHAMH3A MOKET CIYKHTh H OMpPeIesis-
eMoe B OHOMATEPHAIE AHTHTENO K HHOEKUHOHHOMY ATCHTY WIH A¥TOAHTHTENO, TOTAA
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OCTANBHBIC HCMIONMB3YEMBIE B TECTE AHTHTENA OyIyT ABIATHCA AHTHAHTHTCHAMH. B
HUXA-TecTax HCMOAb3yeTCd TPH THIA AHTHTEL.

1. PacTBopHMEBIC MOHOKJIOHALHBIC AHTHTEA K HCCICTYSMOMY AHTHICHY HIIH
AHTHTENTY, KOHBIOTHPOBAHHBIE ("CIUMTHIE") C KOJUIOMIHBEIM 30J0TOM — KPACHTEIEM,
KOTOPBIH MOKHO JIeTKO HICHTHOHUHPOBATH JAKE B CAMBIX MAJBIX KOHUCHTPALHAX.
3TH AHTUTENIA HAHCCEHHI BOJIH3H YYACTKA MOTPYIKeHUA TECT-IOJIOCKH B (PU3HOIOTHYE-
CKYHO JKMIKOCTB (MOMY, KPOBbB).

2. TloMMKIOHANLHBEIE AHTHTENA K HCCICAYEMOMY AHTHUICHY MHJIH aHTHTEIY,
HECTKO HMMOOHIH30BAHHBIC B TECT-30HE MOJIOCKH.

3. BropHYHBIC AHTHTSIA K MOHOKJIOHATBHBIM AHTHUTSIAM, JKECTKO HMMOOH-
JH30BAHHBIE B KOHTPOJILHOH 30HE TECT-NOJOCKH.

IIpuHUHn paoThl TECTOB HA HAPKOTHKH HECKOJBKO OTIHYACTCH OT APYIHX
TECT-CHCTEM. YCTpolicTBo HXA-NOMOCKH OTIHYACTCA TEM. YTQ B TECT-30HE HMMOOH-
JH30BaHBl HCKYCCTBCHHBIC AHTHICHBL CNOCOOHBIC CHNECHH(HUECKH CBASBIBATHCA CO
cBoOoHBIME aHTHTENAMH. ECin necnenyemslii anTureH (HapkoTHk) HE mpucyTcTByer
B (DH3HONOTHYECCKOH JKHIKOCTH. YYAaCTKH CBA3BIBAHHA AHTHTEN (3MHTONBI) OCTAHOTCA
CBOOOMHBIMH. H OHH CNIOCOOHBI CBA3BIBATBCA ¢ HCKYCCTBCHHBIMH AHTHTCHAMH B TECT-
30He, 00pasyd TEMHYK NOJOCY 33 CUCT KOHBEOTHPOBAHHOrQ kpacutremsi. CooTBeT-
CTBEHHO €CITH HCCICIYSMBIH AHTHICH MPHCYTCTCTBYET B JKHIKOCTH, TO AHTHTENA, CBA-
3ABIUKHCH C HHM, YK€ HE MOTYT B3AHMOJCIHCTBOBATH C AHTHICHAMH B TECT-30HE U 00pa-
30BAHHA TEMHOH MOJIOCH TAM HE MpoHCXxoauT. Ho B 060uX Cryuadx (ecau aHANH3 mpo-
BCJCH NMPABHIBHO) MPOHCXOOHT CBA3BIBAHHE "OKPAIUCHHBIX" AHTHTEN CO BTOPHYHBIMH
AHTHTEIAMH B KOHTPOJILHOH 30HE H O00OpAa30BAHHE TAM TEMHOH MOMOCH. Bo3morkHbIC
BAPHAHTHI MPH NPOBSICHHH AHANHAA. OJHA MOJOCA — OTPHUATEJIBHBIH PEAYIBTAT, ABS
NOJIOCH — IOJIOKHTEILHBIH PR3YIBTAT, HET MONOC - AHAIIHS POBSICH HEMPABHIBHO.

OCHOBHBIMH NPSHMYLICCTBAMH HCHOJB30BAHMA HMMYHOXpOMATorpadmde-
CKHX TECT MONOCOK ABJIAKOTCA:

1) TTpocroTa B yooOCTBO — MO3BOJAET MOJYHHTh PE3¥IBTAT (AHAIH3 H Nep-
BHMHOE MPEICTABNEHHE O nprduHe 3abonepanist) 6e3 000pYIOBAHHA H CHELHANBHBIX
HABBIKOB

2) HaaeKHOCTh— JOCTOBEPHOCTD TECTOB AOCTHracT 92-99,8%, npH TOM Kaxk-
ABIA TECT HMEET BCTPOCHHBII BHY TPSHHHIT KOHTPOMIL

3) DKOHOMHYHOCTh— MHHHMAJIBHBIC 3aTPaThl Ha MPHOOPETEHHE TECTA H 9KO-
HOMHS BPEMEHH Ha NMpPOBESACHHE 00CNeA0BaHKA. B posHHLE CTOMMOCTD oaHOro HDA-
HccneaoBaHud B 5-10 pas nopoxe MXA H mojgyyeHHe pe3yibTaTa MHHHMYM Ha Cle-
AV N¢Hb

4) AHOHHMHOCTh — 4TQ OCODEHHO BA/KHO NMpH BBHIABACHHH 3a00NCBaHMI, Te-
PENaBagMBIX MOJIOBBIM MyTEM. APYTHX HHOESKIHOHHBIX 3a00I¢BaHMIL. a TAKKE BBUIBIC-
HHH (paKTOB YNOTPeONCHHA HAPKOTHYSCKHX BELICCTB

5) He3aBHCHMOCTD — He TpeOYeT NpeNBapUTSIbHOH MEAHIMHCKON KOHCY/Ib-
TaIlHH H PEUENTA Bpa4a.

Asnaace 3QPeKTHBHBIM CPSICTBOM JHATHOCTHPOBAHHA, YKCHPECC-TECTHI MO3-
BOJUIFOT BH3YANBHO B TEYCHHE HECKOJBKHX MHHYT ONPEIEITHTh H OUCHHTD COACPKAHHE
AHTHI€HOB, AHTHTEJ, TOPMOHOB H IPYTHX JHATHOCTHYCCKH BA)KHBIX BELICCTB B Opra-
HH3ME YEJIOBEKA, IKCIPECC-TECTHI OTIIHYAKTCA BEICOKOH CTENCHBIO MY BCTBHTSIIBHOCTH
H TOMHOCTH, 00HAPYxuBasA Oonee 100 BHaoB 3a00eBaHHI, BKIIOYAIOLIMX TAKHE PAC-
MPOCTPaHEHHBIE OONE3HH KAK TyOepKyJé?, CHOHIMC, TOHOPEIO, XJIAMHIHO?2, PA3IHY-
HBIC BHABI BUPYCHBIX T€MATHTOB, H Op., A TAKKE BCIO TAMMY NPUMEHAEMBIX HAPKOTH-
YeCKHX BEIUECTE MPH BBICOKOH JOCTOBEPHOCTH ONpPEOCiCeHHA. BaOKHBIM IpPeHMYLIe-
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CTBOM JAHHOTO BHIA TECTOB ABIMETCA HX NMPHMEHCHHE B JHATHOCTHKE INVitro, HE Tpe-
Oyrowei HemoCPEICTBEHHOTO MPHCY TCTBHA 00CIeAyeMOro NMALIMSHTA.

OoHAKO HMMYHOXPOMATOTpAHYECKHE TECT-NMOJIOCKH HE JIHIUCHBI HEJOCTAT-
KoB. Kacaerca 310 HAOCKHOCTH, Y¥BCTBHICIBPHOCTH H DJKOHOMHYHOCTH TECTOB.
H‘c'l;[eH(HOCTB H Y¥BCTBHTCIBHOCTE 3ABHCHT, BO-IICPBEIX, OT KAYCCTBA HCMOJAbB3YCMBIX B
TECTE MOHOKIIOHAJIbHBIX AHTHTCI H, BO-BTOPBIX, OT KOHLUCHTPAUHH AHTHICHA B onoma-
TEPHATIC. KauecTBO MOHOKIOHANMBHBIX AHTHTEJ 3ABHCHT OT CIOCOOOB HX MOTYICHHA,
OUMCTKH H (DMKCAIMH Ha HOCHTEJe. KOHLEHTpalus aHTHIEHA — OT CTaaHH 3a00JeBa-
HHA H KoJHuecTBa OHOMatepHana. KonmuecTBo OHOMaTepHana 0COOCHHO BAaKHO NPH
HCNONTB30BAHUH LCABHOH KpOBU. IIpH 3TOM CYIECTBEHHYH) POJIb HIPACT €MaTOKPHT.
T.€. COOTHOIICHHE NIa3Mbl H (DOPMEHHBIX 3IEMEHTOB. IIpH BBHICOKOM T€MaTOKPHTE
CHHJKaeTCA KOJIMUECTBO MIA3Mbl ¢ aHTHICHOM, METPHPYIOLICH BAOML MONOCKH. Temme-
paTypa, OT KOTOPOH 3aBHCHT CKOPOCTh B3aMMOJCHCTBHE AHTHTENA ¢ AHTHICHOM. BaKHA
TOJILKO JIJ11 BPSMECHH MOCTAHOBKH TecTa [6. 7].

Hccnenosanu 3y0sl neTeii B BO3pacTe 3—4 JET, BHEIUHHN OCMOTP NMPOBOAMI
Bpau-cToMaronor. IlepByro rpynmy COCTaBHJIM JeTH 0e3 KapHO3HOro mpouecca (15
YENOBEK). BTOPYH) IPYNIY — MAUHEHTHI ¢ HAYaNbHOH cTaguel kapueca (15 denosek).
CTepHIBHBIM KOMMEPYSCKHM TAMIOHOM Opajii MasOoK C MOBEPXHOCTH 3Y0OB B TpaHC-
nopTHYIO cpeay Kapu-Bimp, poTOBYIO JKMIKOCTh, JOCTABIUIH B MHKPOOHOIOT HMECKY HO
MAGOpaTOPHIO, BHICEBAIM HA MHTATEIbHBIC Cpeasl. KomyMOuiickuii arap a1i KyJIbTH-
BHUPOBAHHA CTPENTOKOKKOB, KenToMHO-conieBoit arap (JKCA) — mma cTaiHIOKOKKOB,
JlakrobaxArap — ana makrobauwnn, AnaspoArap — ama Gakrepuii poga Actinomyces.
Haentuuuuposanu B 6moxumireckux tectax Lachema(Uexua) [3]). Mopdonormye-
CKHE CBOHCTBA H3YMAJIH NPH NPHIOTOBICHHH (PMKCHPOBAHHBIX MPEMNAPATOB C OKPAILLH-
BAHHEM MeTOZOM ['pama. B yCnoBHAX CTOMATONOTHYECKOH MONHKIHHHKH BPA4H METO-
JoM (ubpoONTHYSCKOH TPAHCHUIFOMHHALUMH ONMPEISIMLIH PAHHIOI CTAJHIO KAPHECa.
POTOBYIO KHIKOCTh HCHOJIB30OBAMH B HMMYHOXpomaTtorpadireckom meroge (UXM)
A BBMBICHHA AHTHTEHOB Streptococcusmutans ¢ MPOMHTAHHON CreUH(IMECKHMH
MPOTHBOCTPENITOKOKKOBBIMH AHTHTEJIAMH MOJOCKOH H3 XpoMatorpadueckoii Oymars.
AHATHUPYA Pe3VILTATH OAKTEPHOJIOTHYECKOTO HCCIEIOBAHHA, HEOOXOTHMO OTME-
THTB NpeodaanaHue GakTephit poaa Streptococcus ¥ MAlMEHTOB BTOpOit rpynmsl (Tab-
mina 1).

Tabmmia 1. YacToTa BereTalliH KapHECOTEHHBIX MUKPOOPTaHH3MOB Ha TIOBEPXHOCTH 3V00B ¥
Jereit 3 —4 et

Ne | T'pyrmet Streptococcusspp. Lactobacillusspp. Actinomycesspp.
/| ofcuenyeMBIX

1 1 rpynma (n=13) | 6 (4)%) 8 (53.3%) 4 (26.6%)

2 2 rpvmma (n=13) | 11(73.3%) 10 (66.6%) 10} {66,6%)

Cpean CTPENTOKOKKOB THIHPYET BHA Streptococcusmutans v JeTei, CTpaJArIHX Ka-
puecom (Tabnuua 2).

Talbmuua 2. YactoTa pacnipocTpaHeHus Streptococcusmutans
['pyImbl 06¢IeT0BAHHBIX Streptococcusmutans Streptococcussalivarius
1 rpyrma 5(33,3%) 6 (40%)
2 rpynna 13 (86,6%) 10 (66,6%)
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IIpu pazpaborke Tecr-momenn MXM HCOOMB30BATH XPOMATOrpAUHMECKYH)
OyMary, HA KOTOPYIO C MOMOIIBKY HMEKTPO(dOpesa HAHECTH MOJBHYKHBIE MOHOKIIO-
HANBHBIE AHTHTEJIA K HCCIeIyeMOMY AHTHIEHy Streptococcusmutans, KOHBIOTHPOBAH-
Hble ("CIIHTEE") C KOJUIOHIHBIM 30J0TOM — KPACHTENEM, KOTOPBI MOKHO JIETKO HICH-
THOHUHPOBATH JAKE B CAMBIX MAJBIX KOHUCHTPALHAX. 3TH AHTHTEJIA HAHECEHHBI BOIH-
3H YHMACTKA MOTPYKEHHA TSCT-MIONOCKH B (DHHOIOTHHMECKYIO JKUIKOCTD (POTOBAA JKHI-
KOCTh). [IpH H30BITOMHOM COICPYKAHHH KAPHECOTSHHOTO Streptococcusmutans B poTo-
BOH HAKOCTH peOCHKA MPOHCXOAHT OKPAIIHBAHHE XPOMATOrpaHUecKOi MONOCKH.
IMpu cpaBHeHHH ¢ QHOPOONTHYECKUM TPAHCH/UTHOMHHHPOBAHHEM YCTAHOBICHO MOA-
TBSKICHHE AHATHO3a B 61% cimyuaes (1adn. 3).

TaGnuia 3. CpaBHHUTSIBLHAS XapaKTePHCTHKA METOJ0B paHHEH JHATHOCTHKH KapHeca 3yY00B

["pyrmmst HvmyHoxpoMaTorpadueckiii dubpoomnmiyeckoe
00CIISIOBAHHBIX METOJL TPaHCHWITIOMHHHPOBAHHE

1 rpyrma 2(13,3%) 4 (90%)

2 rpynna 9 (60%) 13 (86.6%)

TakuM 00pasoM, MPH JATbHEHINIEM YCOBEPIICHCTBOBAHHHE NPEIAracMOro Me-

TOJA MOYKHO TPHMEHATH €r0 B JOMAIIHHX YCIOBHSX, TAaK KAK MPOBOJHTCS BHE Opra-

HH3Ma YETIOBEKA, HCCIEAyeMBlii MaTepHa oT GOJBHOTO — POTOBAA KUAKOCT.

Bbtgoowt

1. B monocTH pra y MAIEHTOB ¢ KAPHOSHBIM MOPAKCHHEM 3Y0OB UAIle BETETHPYIOT
Gaxrepun poaoe Streptococcus. Lactobacillus, Actinomyces.

2. Cpemu CTPeNTOKOKKOB JIHAUPYET Streptococcusmutans.

3. HmmynoxpoMatorpaduMeckuii MeToa NoITBePKIACT JHATHO3 B 60% CIy4aes.

{Ipaxmuyeckue pexoyenoayuy

1. Heobxomumo mpoIo/DKHTh pa3paboTKy CO3JAHHA HMMYHOXPOMATOTPA(QHYECKOTO
METOJA AHATHOCTHKH KAPHECA 3y00B HA PAHHUX CTATHAX.

2. UXM HY)KHO HCMONB30BATH OJUH PA3 B MECAL C LCIBI0 OOHAPYKEHHA MOBPE)KIC-
HHA 2y00B B HAUATBHOM MEPUOIE.

CpaBHEHHE C CYIIECTBYOIHMH aHAJIOTaMH

CpapanBami ¢ PpuOPOONTHYECKOH TPAHCHILTIOMHHALMCH, KOTOPAA MPHMEHA-
€TCA B NMPAKTHYECKOH cToMaTonorud. ®udpoonTHyeckoe TPAHCHLUIFOMHHHPOBAHHE
OCHOBAHO HA OCBEICHHH 3y0a ApkuM cBeroM. [IpH 3TOM NOPAMKEHHBIE KAPHECOM
YYACTKH OKA3BIBAKOTCA 0Oee TEMHBIMH H COZJAIOT XOPOIIO 3aMETHYIO moychepy Ha
(ore 3g0poBOH dvMam. Takoe 06CcnenoBAHHE MPOBOIAT B TEMHOH KOMHATE H HCIOJb-
3YKOT XOJOIHBIH CBeT. JIIOMHHECLEHTHAS DHATHOCTHKA 3AKITIOMAETCA B OCBCIUCHHH
3y0a yasTpaduoneToBbIM CBeTOM, OGBINHO JIVY CBETA MPOMYCKACTCH Yepes CNeIHAllb-
HbIH GuAbTp (GHIBTP Byaa). B TakoM CBeTe ASBIK KAXKETCA OPAHAKEBBIM, 3AOPOBBIC
3yOBl HMEIOT CHEHO OCTBIH OTTCHOK. a KApHO3HEIC — GoJice TeMHbIE. I'paHHIB! Mopa-
/KCHHBIX YYaCTKOB 3/ICh QUCHb XOPOLNQ 3aMETHBl H MO3TOMY JETKO PaCTO3HAKOTC.
CylecTByeT TakKe METOJ] NA3CPHO-HHIYLHPOBAHHOH (uiyopecucHUHH. B Hem 3y0
OCBEINAETCA JIA3CPHBIM JIYHOM, H MO CTMIEKTPY €r0 COOCTBCHHOTO H3NIYUCHHS JENacTCs
BBIBOJ O LETOCTHOCTH 3Maymu 3y0a. IIpubopsbl Ang TakoH AUATHOCTHKU HEBEMKH H
ABISOTCA XOPOLUMM MOACHOPbEM B H3YUSHHH KAPHECOTSHHOH CHTYALHH B TNOJOCTH

pra.
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HMniy HOXpOMATOTpA(MECKHIT AHATTH3 — METO, OCHOBAHHBIH HA PA2ICTICHHH
YACTHIL METOIOM MAPHOH CBAZKH H PEAKUHH MEKIY AHTHICHOM H COOTBETCTBYHOLUHM
€My AHTHTSIOM B OHOJIOTHYSCKHX MATEPHANAX (MO4A, CIFOHA, LEJbHAA KPOBb, CHIBO-
POTKA WIH IUIA3MA KPOBH H T.IL). JAHHBIH BHI AHAJIH3A MPOBOJHTCA C MOMOIUEIO CIe-
LHATBHBIX JKCOPECC-TECTOB, TeCT-MOJNIOCOK WM TecT-Kaccer. [IpH HCMONb20BAHHH B
Ka4ecTBe 00BEKTA POTOBYIO JKHAKOCTh TECT MOKET OBITh HCMONB20BAH A1 PAHHETO
BBUIBJICHHA KAPHECA B JOMALIHHX YCIIOBHAX.

Hcnone3oBaHie pazpa0boTki

B nauHoit paloTe onpeaeneHsl YCAOBHA KOHCTPYUPOBAHHA HMMYHOXPOMATO-
rpaduueckoro MeToAa IS ONpEeACHACHHA QHTHIGHOB BOSOYIHMTENA  KapHeca
(Streptococcusmutans). IlpencraBneHHas paspa0oTka MOMKET OBITh HCIOJB30OBAHA
TPaKTAHCKHM HACENICHHEM B JAOMAIIHHUX YCJIOBHAX H B CTOMATOIOTHUCCKHX YUPEKIe-
HHAX C UCIBIO BBIABICHHA Kapueca 3y00B HA PAHHHX CTAXHAX. MeTod HeHHBASHBHBII,
Oe360ne3HeHHBIH. B kaMecTBe HCCIEIYEMOTO MATEPHANA HCMOMB3YSTCA POTOBAA »HI-
KOCTb (CJIFOHA), KOTOPYKH ¥I0OHO COOMpATh B KOHTCHHEDB WIH HEMOCPSICTBEHHO
HAHOCHTH HA MOJOCKY B 3ABHCHMOCTH OT BHIA JH3AMHA.

BH3HEC-NPHBIEKATEILHOCTD PAa3paloTKH

B HacTosmee BpeMsa KOMHMECTBO MALHSHTOB, CTPAJAKIUHX KAPHECOM 3y00B
HEYKIOHHO BO3pacTaerT, no JaHHeiM BO3 cocraBmier 76% Bcero HaceneHus. [Ipu He-
CBOEBpeMEeHHOM obpameHnu K croMatonoraM k 2030 rogy 3a06051€BAéMOCTb COCTABHT
90%. PubpoonTHYECKAA TPAHCHUNOMHHALMA IOCTATOMHO JOPOTOCTOALMH METOX,
JHATHOCTHKH TMOPAXKCHHA 3yOO0B, BBINOJHHTE KOTOPBIH MOXKHO TOJILKO B YCIIOBHAX
CHeLHATH3HPOBAHHOH MOMHKIHHHKH. OnbiTHee 06pazuel XM noka umerot cebecro-
uMocThb 437 pybneit. Pa3paboTaHHbBIH HMMy HOXpoMATOrpad)HHMeCKHil TeCT paHHeH JHa-
THOCTHKH KapHeca 3y00B NMPH MPOMBILLICHHOM MPOH3BOACTBE H MACCOBOM MPHMEHE-
HHH OyJeT HMeTh HH3KYI0 cebectonmocTh o1 20 pybaeit go 200 pybneli B 3aBHCHMO-
CTH OT AM3afiHA YNAKOBKH (CPABHHBAJH ¢ TECTOM A ONPEACIHCHUS OEPeMEHHOCTH).
OnbITHBIE 00pasLbl HMEHOT Ce0ecTOUMOCTD 437 pyQueii.

TaxuM 00paszoM. MOXKHO CACNATH BBIBOJ, YTO MPOH3BOACTBO JAHHOTO NMPOIYK-
Ta OyJeT OTNHYAThCA CTAOHIBHOCTBIO H3-32 PETYIIPHOTQ CIPOCa BCEX CIOEE H BO3pac-
TOB HACEJCHHA.
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Annotanus. Llemb paSoTel: co3JaTh NPUHTEP B MPHEMIEMOM LICHOBOM JHAIA30HE,
KOTOpbI 6y JeT meyaratk TekcT wprdToM Bpaitna. Jng yeemMeHHs cCKOpocTH nevaTH paspado-
TaThb HOBBIM MEXAHH3M, CTOMMOCTBH CO3JAHMS KOTOPOTO OYIET 3HAUYMTCIBHO MEHBIIE, UEM Y
MPHHTEPOR OT KOMIIAHHIH ITPOH 3RO THTENCH.

Merobl ¥ NIpHEMEL B OCHOBe TPHHIMNOB IeuaTH LipUdToM bpaling nexur uaes
"HaGHBaHIA TOICTOH Mrmoit” penteda, cooTBeTCTRYIOEro WpndTy Bpaiina. g kaxmoii Gyk-
BEI pa3paboTaHa npoledypa, KoTopasd "HAKaNbBaeT" ONpeNenéHHBI! pUCYHOK. [l peamizaigm
JaHHOH HfieH B mporpaMme mis 3D MoJenupoBaHKA ObUTH paszpaGoTaHbl MOIYIH (1], a 3aTeM
oHH OBUTH pacnevaTaHe! Ha 3D-npuHTepe. B kadecTBe "Mo2ra" ycTpoHCTBA HCMOMB30BATICA MHK-
POKOHTpoIIep Arduino,

Bemox: Peamuzaipid qaHHOH HIEH CO3JAHIS MPHHTEPa Bpaitna Mo3poIHT 3HAUHTENEHO
YMEHBIIHTDL CTOUMOCTD IO CPABHEHHIO ¢ MPOMBIIUVICHHBIMHA 00pa3sLaMH, a TAKKe VBEIHYHT CKO-
POCTB IIEYATH, TO €CTh MOBBICHT MPOH3ROIHTENbHOCTE NPHHTEPA.

KnawueBble ¢fiopa: MPHHTEP AT CICTIBIX, NpHTEP bpaitna. mpudt Bpaitnd, ctou-
MOCTD NpHHTepa Bpaiis, CudauoTeka L CIEIBIX.

MecTo BhInomHeHHs paboTel. PaGota BrmomHeHa Ha Gaze TIOMEHCKOTO Mpe3HIeHT-
CKOT'O KaJeTCKOrO YUWIMILA. Bo BpeMd co3/aHisl MPOSKTa HCTIOMBb30BAlach paHOIeKTPOHIKA,
MHKPOKOHTpomep Arduine M HeHCNPAaBHBII CTPYHHBOT NpuHTEp. ma cosgaHud MoJeneil Ie-
YaTHBIX MoJyJicH HenonbsoBanack nporpaMma AutoCAD u 3D-miprHTep.

Onucanue paspaboTkH

B snoxy OypHOrO pasBHTHA HAYKH H TEXHHKH MOABACTCA MHOKECTBO pas-
JOTYHBIX HOBOBBEICHHMIT B CaMBIX pasiH4HBIX o0nacTax. Bce mpHBBIUHOE CTapoe CTpe-
MHTELHO CMEHACTCA Ha HCOOLIKHOBCHHOE. HOBOE, K KOTOPOMY Tak HE NMPOCTO MpH-
BHIKHYTh. HayuHo-TexHHueckni mporpecc GopMHpYeT HOBBIH 00pa3 BCEro TOTo, uTO
OKPY’KACT YENIOBCKA H HA MEPSIOBLIX PYOEKax ITHX H3MEHEHHH CTOMT HOBAA OTPACID
— poboToTexHHKA [2]. 3aKOHOMEPHO NPEINOJIOKCHHE, YTO €CIH POGOTOTEXHHKA TAK
6ypHO pazsuBaeTca B Poccuu, 32 H BO BCEM MHPE, TO HABEPHAKA, C HCMONb30BAHHEM
NOTCHUHANA poGOTOB MOKHO NMPHIYMATh, KAK MOMOYb H PRIICHHIO COBPEMEHHBIX MPO-
OremM cnenbX H CIAGOBHAALIMX EOJCH.

Kak ke coBpeMEHHbIC TEXHOIOTHH, H, B YJACTHOCTH, POOOTOTEXHHKA — PEIUAET
ITH mpodaeMb1?

BoT mpuMepHBIC THIHYHBIE AHOHCH CTATEH B 0OJIACTH MEIHUHHCKOH poboTo-
TEeXHHKH'

«...POGOTOTEXHHYCCKOS HANPABICHHE B XHPYPIHH CSiMAC AKTHBHO PA3BHBA-
eTCs BO BCEM Mupe. HCCneIoBAHHA H MPAKTHMECKHE MONBITKH CO3JAHHA pobOTOB-
XHPYPIOB HAYT YK€ CBBILE 20 JET...»

«...5-NeTHEE NApOBaHHE NMPH MOMOIH Henopororo 3D-npHHTEpa H CBOHX AH-
3alfHEPCKUX HABBIKOB CO3Aan uexoa Ama IPhone, ¢ mOMOIBIH KOTOPOro cMapTdoH
NPEBPALIACTCS B MOMHOLCHHBII METHIUHCKHH CTETOCKO. . . »
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«...Paspaborana HOBBI mpoTe? KOMAHIA yuMeHbIX u3 [lIBeHuapckoii BrICICH
TexHmdMeckoH wkoarl Lropuxa (ETHZ), kotopeie kpoMe 0GBMHOTO MPOTE3A MPHMEHH-
JH HOBOE HMIUIAHTHPOBAHHOE YCTPOHCTBO, obecmednBaromee OOPATHYIO CBA3B C
HEPBHBIMH OKOHYAHHAMH B PYKE HMEJIOBEKA...»

Y AHBHTEJIbHO, HO O0JIbIIAA MACTh MEIHIIMHCKHX CTATeH, CBAZAHHBIX C pobo-
TOTeXHHKOH, JISKAT B 0ONACTH JOporux TexHoaorui [3]). OToensHO MOKHO paccMar-
puBath poGOTOB MOHCKOBHKOB-COPTHPOBLIHKOB (IOHCK, COPTHPOBKA H BHLIAMA JIe-
KApCTB), HO K MEAUIUHHE OHH OTHOCATCA MOCTONBKY-TIOCKObKY, TAK KaK MOTYT HCKaTh
H COPTHPOBATH YTO YTOJHO OT KAHLUEIPHH JIO MPOPOIICHHBIX CAKEHIEE B TCIUIHIAX,
OCTaNBbHBIE POCOTH3HPOBAHHAIC NMPOCKTEI MOKHO KIACCHPUIUHPOBATL MO CIEAYIOIIEM
HANpPaBJICHHAM. XHPYPIHA H HMIUIAHTATHL OPTONCAMS H NPOTCIHPOBAHHE. TPCHANKEPHI
H CHMY JUITOPBI — H QUEHb PEAKO BCTPEUAKTCA Y3KOHANPABICHHBIC, ¢THHIYHBIC CJTyYaH
KAKHX-HO0 H300peTeHuil, 00NervyarNuX *KH3Hb HE3AOPOBHIM HoMAM. K noaofHBIM
pOCOTH3HPOBAHHBIM HHCTPYMEHTAM H OTHOCHTCA MOI NpHHTEp, NedaTarmuil mpHdQ-
TOM Bpaiins.

A30yvka DBpaiinn mpeactaeaser cofolf pembe(hHO-TOUECHHBIH TAKTHIBHBIH
LIpU(T. NPSAHASHAYCHHBIH A9 MECHMA H UTCHHS HE3PTUHMH H IJIOXO BHIAIHMH
JEOTBMH.

JIyu Bpaium (1809-1852 rr.) apingerca aBTopos >1oro anpasuta. OH caM ObLT
CIICTIBIM, OJHAKO JTOT0 HEJOCTATKA HE OBLIO ¥ HEro mpu poKacHHH: OyIy“H CBIHOM
CAMIOKHHKA, B BO3PACTE 3 JNET OH HIPai ¢ OTHOBCKHMH HHCTPYMCHTAMH H CIy4AHHO
NOPAHHKJ INIA34, PHMEM HACTONBKO CHIIBHO, MTO MOJHOCTHH JHIUHIICA 3PSHHUA.

Hecmotpsa Ha 310, JIyn Bpaiinb TAHYICA K 2HAHWAM, H YK€ B MOIPOCTKOBOM
BO3PAaCcTe OH 3aOyMAJICA O TOM, KAKHM 00pazoMm oH OyaeT mony4aTh HHWOPMALMIO H3
KHHT. Bckope emy B royioBy NMPHLLIA HOEA COZNAHHA CNCUHANBHOrO wpudTa 11 cue-
MBIX, 4 3a4 OCHOBY OH B34J «HOMHOH WWPH()T», KOTOPHIl HCNOJIB30BANH BOSHHBIC IIA
nepenavH coodIeHHIT B TEMHOE BpeMA CYTOK. BnocnencTeun OH yCOBEpPIICHCTBOBAM
CBOIO MEPBOHAMAILHY KO pa3paboTky H B 1829 roay omy6GmkoBan HeGOMpLIIYIO OPOLIIO-
PY. B KOTOPOil ONHCAN OCHOBHBIC NMPHHUMMNBI NMONB20BAaHWA cBoei a30ykoit. B 1837
roJy BbILLUIA MEPBAA KHHra, KOTopas Obuia Hanevarana mpudrom bpaitna. 31o Obuia
Heropua PpaHIKH, OJHAKO OHA HE MOJYUHNIA NMPU3HAHHA, MOTOMY YTO HE BCE JIOAH
NOHHMAJTH BO3MOMKHOCTH HCTIONb30BAaHHA a30ykH bpaiina. Ceoli OKOHUATENBHBIH BHI
a36yka bpaiing oOpena Tonbko k 1937 roxy.

I'pamMaTH4eckHe 0COOCHHOCTH MuChMa MO bpaiimo: u3-3a 0CO0CHHOCTECH
nmpudra Bpaiiis B MECBME HA €r0 OCHOBE CACNAHBl HEKOTOPHIC M3MEHCHHS MPABHI
Ha0opa TekcTa. B pesymbrate 4ero uenoBek. 00y4aBIIMECA NO CHCTeMe bpalima. koTo-
POTO TaKKe NMPHHATO HA3BIBATh «OpaliIMCTOMY. BMOCISACTBHH MOXKET JOMYCKaTh pai
XApAKTePHBIX OIMHOOK MPH HAMHCAHHH OOBMHOIO TEKCTA. HANPUMEP, €CITH He3pTUHit
YeoBek OVIST BBOJUTH TEKCT HA ANANTHPOBAHHOM A paGoThl O¢3 MOMOLIH 3PESHUS
KOMIIBIOTEPE.

B 1enoM MOKHO BRUICHTE CACAYIOLIME OTIHYHA BpaiineBCKoro nuchMa:
YACTOE HIHOPUPOBAHHE 3arJIABHBIX OYKB.
OTCYTCTBHE 3HAKA MPOoOeIa mocne 3amaToi;
OTCYTCTBHE 3HaKa NMpo0ena nepen THpE,
OTCYTCTBHE MPoOena MEKITY 2HAKOM HOMEPA H MHCIIOM,;
HCTIONB30BAHHE OHOTO H TOTO K¢ CHMBOJIA M1 0003HAUCHHA MOXOMKHX NYHKTY-
AUHOHHBIX 3HAKOB. HAampuMep, THpe H Acduca. Tak kak B Bpaiine CylecTeyer
JHIIb OAHH-CAHHCTBEHHBIH CHMBOJI OAOOHOTO poja.



be3 creynanbHOro AOMOMHUTENBHOMO O6y‘-IeHl/IF| He3pF|l-II/Il7I YeJI0BEK BcCergja
LoonyCKaeT I'IO,CI,06HbIe OLLNGKMN, Ha6|/|paﬂ 00bIYHbIA TEKCT, TaK KaK B CUCTEME 5pa|7|]'|9|
OHW ABAKTCA CTaHAAPTHBIMW NpaBU1aMun.

MpuHTep bpaiina

Llenb npoekTa - co3gaHue LOCTYMHOro YCTPOWCTBA ANA CnenbiX 1 cnabosu-
JALIMX NI0AeN, KOTOpoe nevaTaeT WpndTom Bpaiina. LieHa npoMbILLieHHbIX 06pa3LoB
npuHTepa bpaiina konebnetca ot 126 000 py6neit go 4 200 000 py6neii. Boicokas
CTOMMOCTb 00YCNOB/IEHA CMOXHbLIM MEXaHU3MOM nedyaTy. Pa3paboTaB HOBbI MeTOZ
neyaTn, MOXHO B pasbl CHU3WUTb CTOMMOCTb NPUHTEPOB. IMpuHTep Bpaiina npegHasHa-
UeH AN19 HaHeceHWs penbethHO-TOYeUHOro LpudTa bpaiing gna cnenbix 1 cnabosuas-
Wwux Ha 6ymary opmata A4. [ns Toro, 4to6bl N306pasnTb BykBy, B WpW(Te bpains
MCMOMb3YHOTCA LWECTb TOYeK. TOUKM pacnofioxeHbl B ABa cTon6ua. MNpu nevatyt TOUKK
MPOKaNbLIBAIOTCS, M MOCKOMLKY YMTaTb MOXHO TO/IbKO MO BbIMYK/bIM TOYKaM, neyatath
TEKCT NPUX0AMUTCA C 06PaTHOM CTOPOHbI NUCTa. TEKCT neyaTaeTcs cnpasa Haneso, 3a-
TEM CTpaHULLA NePeBOPaYMBAETCA, U TEKCT YATAETCA CNeBa Hanpaso. PaspaboTaH aeii-
CTBYHOLLMIA MpOTOTMN YCTpoiicTBa. OH MpefCcTaBneH Ha pucyHke 1

PucyHok 1 - [eiicTBYIOLWMIA NPOTOTUMN YCTPONCTBA

MpenmyllecTsa:
+  Hwu3kas cTOMMOCTb MO CPaBHEHMIO C MPOMBbILLIEHHbIMK 06pasuamuy. LieHa npoTo-
Tuna coctasnseT 5000 py6nei.
»  [laHHbIA NpUHTEP paccuMTaH Ha CTaHgapTHyto bymary opmata Ad. s npuH-
TepoB KOMMaHWIA-Npoun3BoANTeNel He06X0AMMA CrieLmanbHas naoTHasa bymara
*  OTKpbITbIl 4OCTYN K NporpaMMHOMY o6ecrneyeHnto. Monb30BaTenb MOXET usme-
HATb PacCTOSHME MeXaY TOUKamm Ans usyyeHus wpndta bpains



. OuHamnk n AC” 3kpaH 8x8 n0o3BONAKT WCMOML30BATL MPUHTEP B KauyecTse
YCTPOIACTBa A4NA n3yyeHus wipudta Bpaiins. MpuHTep BbIBOAMT HameyaTaHHble
OYKBbI Ha 3KpaH W MPOroBapuBaeT nx

*  He6onbLuoii BeC 1 pa3mep yCTPONCTBA 4ENAt0T ero NpakTUYHbIM

HepocTaTku:

o TpuHTEp He NoaAepKMBaET ABYXCTOPOHHIOK MNeyarb

. CKOopoCTb MPOTOTWMNA HM3KasA, Tak Kak OH neyataeT No OAHON Touke. s pelue-
HUS AaHHOM nNpobneMbl 6yAeT NCNO/Mb30BaHa Maes CKOPOCTHON nevaTy WpudTom
Bpaiins

Anpobauua
[na npoBepky NpOCTOTbI YTEHMA Ha WpndTe Bpaiina Gbina cobpaHa rpynna

13 20 kageT. Jluct hopmara A4 Bkntoyan B ced6s 100 cMMBONOB. ITOT NUCT Bbl CKPbIT

OT rna3s kaget. Tawkke KajeTam fasanacb paclumgpoBka wpudTa bpaiing gna Toro,

4TOObI OHW MOF/IN NOYYBCTBOBAaTb OYKBY M Ha3BaTb €. 3a NpPoBefeHVE MUCCnes0BaHns

MaKC/Ma/lbHOe KO/IMYeCTBO OLLUMOOK, 3aperncTpupoBaHHoe y KajeTa, PaBHANOCh YeTbl-

pém cvmBonam. MOXHO cfenatb BblBOL, YTO BEPOATHOCTb AOMYCKa OLIMOKM Mpu yTe-

HUM Ha WpndTe Bpaiinsa pasHa 4%.

I'IepcneKTwBu pasBnTNAa

« [MoagepXaHue KOHTaKTa C LieNeBoit ayauTopuen

» Ob6ecneyeHre NpocToro cnocoba MCNob30BaHWS NPUHTEPa

* 3anucb MHCTPYKLWMM B 3BYKOBOM hopmaTe

* T1OMCK UHbIX METOLOB Meyatu

*  YBe/MYeHne CKOPOCTY Meyatu

» Co3aaHue MOBWIbHBIX MPUNOXKEHWI ANs NevaT COoBLLEHNI

» Co3aaHue KOMNbIOTEPHOI MporpamMbl Ansa yao6cTea nevatu

» [o6asneHve cMBONIOB MaTeMaTUKu

 [ogknoyeHrie 4ONOMHUTENBHON Neputepun (KnaBmaTypa co wpndtom bpaiins)

*  YBenunueHue KoNM4ecTsa A3bIKOB 15 neyaTu wpudtom bpaiina

* BO03MOXHOCTb NneyaTu Ha incTax pasHoro gopmara

» Co3spaHue nonHoii 36 mogeny npuHTepa 415 0bLlero goctyna

» CoBepLUEHCTBOBaHVE MOy CKOPOCTHOI Mevatu

* BHegpeHue NpoAyKTa HYXAAloLLMMCS OpraHu3aumusam

PeweHne I'Ip06}'IeMI:I CKOpoCcTWN ne4yaTwu
PeLueHve npobiembl CKOPOCTU MeyaTh 3aKno4aeTcs B UCMO/b30BaAHUA MUK-
pOMOTOpPOB (PUCYHOK 2) M CneuuanbHbIX MOAYNeR, HamevaTaHHbIX Ha 36 mpuHTepe

[4]. B ogHOM Mogyne ByAeT pacnofioxeHo 6 OTBEPCTWIA, B K&XKAOM M3 KOTOpbIX ByaeT

HaxXo4UTbCS MOTOP, OTBEYAOLLMIA 3a BbIABVKEHWE OAHON Mrbl (pucyHok 3). Coeau-

HWB 3TX MOZY/W, Mbl MOMYYNM LIENYIO CTPOKY, KOTOPas CMOXET 3a 3 CeKYHAbl Harneyva-

TaTb 16 CMMBOJIOB (PUCYHOK 4) .
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PrcyHOK 2 - MnKpomoTopbl



PucyHok 3. Mogenb ofHOro mogyns

PucyHok 4 - CTpoka mogynei
CpaBHeHVe C CyLEeCTBYHOLLIMMU aHarioramuy

KomnaHun Y1eN®P18 yanensieT CTOMMOCTBHO CBOUX MPUHTEPOB. TeXHONorns
neyat KOMNaHM1 yHnkanbHa! Ho paHHbI BapyaHT NPUHTEPOB LOCTYMNEH He KadKao-
My. CTOMMOCTb NpuHTEPOB OT Y1eNdP1i8 konebnetcst ot 128 000 py6neii (pUcyHoK 5)
[o 4 220 000 py6neii (pucyHoK 6).

PeLleHvem faHHOl npobieMbl 3aHUMaMCb KOMaHabl MOoAbIX M3obpetare-
nei. TexHuKa neyarn y Hac otimdaimcb. OHU npegnaratoT Habmearb CMMBOSIbI MO Of-
HOIM TOUKe, a JaHHbIA NPOEKT MpegnaraeT neyararb LEenyto CTPOKY CUMBOMOB. Ecnn
CPaBHUTb CTOMMOCTb MPOEKTOB, TO B LIEHE JaHHbIN NPOEKT TOXE BbIAIPbIBaET. Heko-
TOpble NYyHKTbl PasBUTUA MPOEKTOB COBMajator. locnefHne pesynbratbl pas3BUTUA
npoekTa aTnxX ABYX KOMaH[ 6biin onybnnkosaHbl B 2015 rogy. MoxxHO caenarb Bbl-
BO[, YTO peLleHVeM JaHHOM NpobneMbI nepectann 3aHumarscsl. Lienb gaHHOro npoek-
Ta- pewmTb 3Ty NPo6remMy [0 KOHLA.
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PucyHok 5 - EwBraiie YleteP118
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BHMBo! Cospgatenb MNpuanos Cepreii 7 Braduo. Cos,anenQ UJ96XéM BaHep,q;Km

Vicnonb3oBaHvie pa3paboTky

Bo Bpems noe3gkun Ha ¢opym «MpoeKTOpui» yaanock noobLarscs ¢ veno-
BEKOM, MoTepssLLIVM 3peHue. Vim okasarica PycnaH ButpsHioK. o ero cnosam, nsyde-
HVe Wpudta Bpaiinsa saBnseTca akTyaibHOW NpobnemMoit Ana cnenbixX U cnaboBMaALLMX
nogeri, a neyatb nMTeparypbl Tem 6onee. PeabunmtaunoHHbIM LieHTpaM HeobXoav Mo
[iaHHoe ycTpoiicTBO. C ero NMoMOLLBIO NIK0AW, MOoTepsiBLLUME 3peHne, CMOTYT NPaKTUKO-
BaTb HaBbIK/ YTEHNA Ha LpudiTe Bpaiins, a Takke CMOryT camm nevyararb Heobxoau-
Mble JIOKYMeHTbI. PycnaH BUTpsSHIOK nogaepykan naeto co3aHus 4OCTYMNHOro MpuHTe-
pa Bpaiins, nevaratoLLEero ¢ MakCUMasibHOM CKOPOCThHO.

Takke Mbl Obpallannce Bo Bcepoccuiickoe 06LECTBO CrenbiX B THOMEHMW.
MmeHHO Tam 6bIn onpo6oBaH npuHTep Bpaina sepcum 2.0. LieneBoii ayamutopumn no-
HpaBWiacb uaes npoekra. MNMoMMMO 3TOro, UM MOHPaBWIACh WAes WUCMOoNb30BaHUA
CTaHAapTHbIX NMCTOB (hopmata A4 ans nedvarn. EANHCTBEHHbI MUHYC, Ha KOTOpbIi
06paTnv BHMaHWe - CKOPOCTb nevarn. A nogpobHO pacckasan O nepenekTmeax pas-



BUTUSI MPOEKTA 1 MPO TO, KaK si cOGMparoCh YCKOPUTL Npouecc nevarn. bbrio taroke
pekoMeHIOBaHO HaHeceHWs penbetiHOM MHCTPYKUMM Ha Koprnyc npuHTepa. B Heit
[LO/MKEH 6bITb ONMCaH NOAPOBHbLIA anropUTM MUCMONb30BaHNS.

EcTb ntogy, KOTopble Ha rpaHy notepu 3peHns. OHK 3apaHee U3y4aroT LLpUAGT
Bpaiinsa gns Toro, YTO6bI B GyAyLLEM UM ObUIO MPOLLE OPUEHTUPOBATLCS B MPOCTPaH-
CTBE M MonyyaTb MHOPMAaLMIO U3 NeYvaTHbIX UCTOUHMKOB. 151 HUX PEKOMEHAOBaIN
[06aBuTbL CBETOANOAHYIO MaTpuLly 8x8. Ha Helt 6yaeT oTobpavkaTbCsl OyKBa, KOTOPYHO
neyaraer NpPUHTEP B HACTOSLLMIA MOMEHT. [JOMOAHUTL MPOEKT Takke MoXHO U bCh
3KPaHOM f/15 TOrO, YTOObI 3psYKe NOAXN MOIN MOHSATb, YTO NevartaeT NpUHTep.

Celivac naET NPOLECC HACTPOMKY 3BYKOBbIX CUrHaoB. MpuHTEp 6yaeT npo-
roBapvBaTh KadKablii CUMBOJ, KOTOpbI ByaeT nevararb.

Naoes npoekTa 3anHTepecoBasia BOC ropoga TromeHn. OHW Hagerotcs, yTo
[@HHbIi NPOEKT ByAeT YCNeLIHO 3aKOHYEH U CTaHeT JOCTYMHbIM A5t NOKYNKU. OHU
COrMacunMcb COTPyAHMYaTb, NPOBOAUTL anpobauyito HOBbIX Bepcul, aenarb 3amMeda
HVSI U MOMOraTb COBEpLLIEHCTBOBATL €ro. B Gnvpkalillee BpeMs OHW HanULLIYT PEKOo-
MeHaTeNlbHOe NMCLMO, B KOTOPOM BYAyT yKa3aHbl BCE MKOChI Y MUHYCbI JaHHO Bep-
cm.

[ns Toro, 4to6bl HAYUUTLCS YUTaTh NO Bpaiinto, MHorMe cneuvanicTbl Npea-
nararoTt BOCMO/b30BaTbCsi CNeLnanbHON HacTeHHoM a3bykoii (1800 py6.) nnm TakTuib-
HbIMM BykBaMK 4nsi 00ydeHnst (2000 py6.). Brarogapsi HaLlemMy NPOEKTY N4 CMOryT
CaMOCTOSITE/TIbHO BHOCUTb M3MEHEHMS B YaCTb MpOrpaMMbl, KOTOpasi OTBEYaeT 3a pac-
CTOSIHVE MEXIy TOYKaMM 1 CUMBONaMK. 310 0bneruunt nlydeHne asbyku bpaiins.

CpefHsisi CTOMMOCTb KHUIM, HaneyaraHHo/ as3bykoii Bpaiins, goxogut [o
2000 py6neli. C NOMOLLBIO HALLIEro NMPOEKTa U PeCcYpCoB UHTEPHETA MHOAM CMOTYT ca-
MOCTOSATENIbHO pacrieyararb cebe pasivuHble uTepaTypHble Npon3BeseHs.

Bu3Hec-NpyBneKaTebHOCTb Pa3padoTKy

[JaHHbIM MPOEKTOM 3aMHTEPECOBaHbI LIEHTPbLI peabunntaumn (75 pervoHarb-
HbIX oTaeneHnii BOC, 7 cneumanm3vpoBaHHbIX LEHTPOB, 69 GUBMOTEK AN1si crenblX),
a TaKkKe VHAVBMayaNbHbIe MoNb30BaTeN U UX cemMbh (45 000 eXKerofHo CTaHOoBSATCS
VHBaIIMAAMU 113-3a HapyLLIEHWS 3pEHNSI).

CroumocTb npoekrta

Crapblii CTPYiHbIA NpUHTEP 1 OO0 py6neii
MoTopbl (2 waroBbix
MoTopa, 1 cepsoMoTOp)
Ariiwno bino 500 py6nei
JlononHutenbHble getanm
(moaynu, nposoga)

1300 py6neit
MpotoTtun "MpunHtep 2.0"

800 py6neii
O6Lwasn ctoumocTb npoekTa: 3 600 pybneii
(B 35,5 pa3a gelueBne camoro AeleBoro NpuHTEpPa oT KOMNaHuii nponssoguTenei)
|_|pl/l COo30aH NpUHTEPa NCMNoNb30BavICA HeI/ICI'IpaBHbIVI CprI7IHbIVI NpUHTEP,
AriaLno n mMoaynu, npeacraB/ieHHbIe BTa6I'IVILI,e BblLLEE.

CnM1CoK NUTepaTypbl:

Mpeako, M. 123 3KcneprMeHTa No po6oToTexHUKe, 2007.
Bunbsmc, xed: «Po60T cBOMMM pyKamm» 1 1 2 Bbin. 2006.
dunmnnos, C. A. Po6oToTexHUKa ansa geteli n poguteneid. 2013.
tOpeBnY, K. . OcHoBbI po6oToTEXHMKK. 2003
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HAYYHO-TEXHHYECKHE PAZPABOTKH

ABTOMOBWIb HA SJIEKTPOMATHUTHOM IMOIBECKE

yxun Anape#i Hropeenu
Xaumor-Mancuiioxuii aemonosmmstii okpy2-FOI'PA, 2. Cypaym,
MBOY COIL N 46 ¢ YIIOI, 9 knacc

AnHoTanns. CyILECTBYeT HECKOMEKO PHAOB ABTOMOOHIBLHEIX ITOJBECOK, 0ONAJaOmMN
PAAOM HEJOCTATKOB (HEIOCTATOUHBE KOM(OPT IpH MepeIBUKECHIH, BBICOKas! CTOMMOCTD, IUIO-
Xasg PeMOHTONPUIOJHOCTE). HenaBHo MoSBHIACEH Hied CO3JAHHA SNEeKTPOMATHHUTHOIT MOJBECKH,
MOCITY>KMBILAA MTOBOJOM K JAHHOMY HCCIIEAOBAHMIO.

Tlemsio paGoTel gensgercsa paszpaboTKa 3MEKTPOMArHHTHOH MOJBECKH IS MOJETH ap-
TOMOGIUIA U BELIBICHHE €& TPEHMYILECTB H HETOCTATKOB. [13T0TOBCHIE MOJRIH aBTOMOGHIA ¢
NepCNeKTHBHOI SNeKTPOMAarHMTHOH MOJBECKOH, a Takyke MpoBepka ere B jeHcTBuH. B xoge
HCCTIeJOPAHHS GBLTH H3YYeHB! PA3HBIE THITEI MOABECOK (HX (QH3IMecKHe H TEXHHYECKHEe ACTIEKTEI
VCTPOHCTBA).

Jn JOCTICKEHHA LeNTH OBLTH NOCTABEHEI CIEIYIOLIHE 30004

HccneaoBaHue pa3iHUHBIX THIOB aBTOMOOHIBHBIX MOABECOK
Pa3zpaboTka u onuCaHHE YCTPOHCTBA YMECKTPOMATHHTHOM MOJBECKH
WsroroBncHue AcHCTBYIOLICH MOJEIH

OnpeaencHUE OCHOBHBIX NAPaMETPOB MOJCIH.

PafoTa OTHOCHTCS K NMPUKJIATHBIM METOAAM Hccnenosanus. JlopaboTka pabo-
TOCTIOCODHOCTH 3JICKTPOMATHHTHOH NMOABECKH NPOH3BOAWIACE KCMECPHMEHTAJBHBIM
METOAOM. MYTEM NMOADOpPA PE3HHOBBIX AMOPTH3ATOPOB.

1. Buael noABECOK

OnHakARL, MPOEKAT MO KOUKAM, f 3aAyMAJCA. a MOUYEMY KE MALIHHA CACT
POBHO 1O MIOX0it Aopore. OTBET HAINEACA B HHTePHETE. OKasBIBACTCA. AN TOTQ. UTO-
OBbI MallIHHA €XaJla POBHO H YCTOMUHEO, CYILECTBYET ONMPEACHCHHAA CHCTEMA, KOTOpas
HA3BIBACTCA aBTOMOOHIbHAA mMoABecka. IITHPOKO M3BECTHBI 3 BHMA ABTOMOOHIBHBIX
NOJBSCOK — THAPOMEXAaHHYECKasA, MHEBMATHUECKas. THApaBmrieckad. CaMad pacmpo-
CTpPaHCHHAsA — THAPOMEXAHHUECKAA, YCTAHABIHBACTCA HAa OOJBINMHCTBO COBPEMEHHBIX
aBTOMOOH/ICH. OHA COCTOMT H3 MEXaHHYECKOH YaCTH H THAPABIHUYECKOTO AMOPTH3ATO-
pa. Mexannueckas 4acTh JeHHTCA HA 3 BHIA:

a. IlpyxuHHAZ
6. Peccopnaa
B. TopcuoHHaA

1.1. M'apoMexaHmeCKad NoJBECKA

TuopoMexaHHYeCKas NOIBECKA COCTOHMT M3 AMOPTH2ATOPA M NPYKHHBL
AMOPTH3AaTOp COCTOHT H3 UHIHHIPA, BHYTPH KOTOPOrO HAXOIHTCA mopwenb. Ha
NOPIUHE €CTh KIANIAHBL ¢ PA2HBIM MPOXOIHEIM CEMEHHEM H C PANIHMHON POy CKHOH
CnocOoOHOCTEHY. B OOHY CTOPOHY, MPH CHKATHH, MACIO “Meépe? KiamaHel OyIeTr mpoxo-
AUTH OBICTPO. B Opyryio CTOPOHY. MPH PACTDKSHHH, KIANAHB OyOyT MPOIYCKATH MAC-
JI0 MEIICHHO, POABIAA CONMPOTHBIICHHE pacTsokeHmto. (Puc. 1).

Hocmouncmea:

1. HepBbicOKkad CTOHMOCTD

2. Hang:xHocTh

Heoocmameu:

1. CrOsKHOCTB MPH PeryHPOBKE KIHPSHCA

*
[ 4
*
*
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PUCYHOK 1- cocTaBnsitoLLMe MAPOMEXaHUYECKOIA MOABECKM

1.2 MNMHeBMaTVyecKasi rnogsecka

Bonee KOMPOPTHOW SBNSIETCA MHEBMATMYECKasi NMOABECKA, OHA yCTaHaB/MBa-
etcd Ha GOMbLUMHCTBO asToMOGUneli nmpemuym-knacca (Metceliek-beur, /AL,
Yollstagewn) (Puc. 2)

PucyHoK 2 - MHeBMaTMyeckas rnojsecka

B MHeBMaTU4ecKol NoABECKE MPY>KUHHbIE aMOPTU3ATOPbl 3aMEHSIHOTCS MHEB-
MaTu4eCcKUMN. MNHeBMaTUUeckue 6a1noHbI NPeacTaBnakoT CO60M pe3vHOBbIE NOAYLLIKY,
B KOTOPblE C MOMOLLHO KOMIMPECCopa U3 pecrBepa HarHeTaeTcs onpeaeneHHoe fasne-
HVie BO3ayXa.

JocTounHcTBa:

1. BO3MOXHOCTb PErynMpoBKM KIMPEHCa N YKECTKOCTU OTAENbHbIX CTOEK B [BUKe-
HUW.

2. MnaBHbIi XOf 1 OTCYTCTBUE LLyMA.

HepocTaTKu:

1. Hu3Kas peMOHTONPUrogHOCTb.

2. TInoxo nepeHocuT HU3KKe TeMnepatypbl U JOPOXKHbIE peareHTbI.

1.3. TngpasnMyeckas noasecka

Mpn N3rotoBNEHNN LLIOY-KapOB LLUMPOKO NPUMEHSIETCA rMapaBnnyeckas noj-
Becka. (Puc. 3).

B rvgpaBnMueckori nogBecke BMECTO aMOpTU3aToOpOB MCMO/b3YHOTCS rMapo-
CTOWKW UMW TMAPOMNOLLEMHUKN C OYEHb GOMbLUMM pabounmM XOofoM. Ha BepxHuii Ko-



HEL, KabKaOol CTOKM HaBMHUMBAKOTCA OCOOble Llapbl v rugpoctepbl, KOTopbie Bbl
NOSHAKOT PO/b MPY>KMH. YCTPOEHb! OHU MpefenbHO NPOCTO: MOMOCTb BHYTPU cdepbl
pasgeneHa Ha ABe 4acTu ynpyroi mMemo6paHoi, ¢ OfHOW CTOpPOHbI ciepa 3anonHeHa
asotom (gaeneHne ot 35 ao 60 atmocthep), a c Apyroi CTOPoHbI MeEMOpaHy NoanupaeT
crneuvanbHoOe Macro.

PucyHok 3.

JocTonHcTBa:

1. [lonroBeYHOCTb.

2. OdyeHb NNaBHbIN X0f, MArde BefeT cebs Ha AMaX, HEXXe/N MHEBMAaTUYECKas.
3. MeHsITb KIMPEHC MOYXKHO Ha IF0601 CKOPOCTY U iadke Ha NoBOpOoTax.
HepocTaTKu:

1. HW3KaA peMOoHTONPUroaHOCTb.

2. BbIcoKas LieHa 3a peMoHT.

3. BbIcoKas CTOMMOCTb.

= Kaxgblii 13 npefctaBneHHbIX BUAOB MOABECOK He obecreuviBaeT OMTU-
Ma/lbHbIi GalaHC MeXKdy YrpaBisieMOCTb0 M KOMGIOPTOM. [poLecc peLueHus aTmux
3afa4 KOHPAMKTYET Apyr C ApYroMm.

= B npeacraBUTeNbCKUX cefaHax Nnofsecka 1U3HavaisHO NPOEKTUPYeTCa AN
KOMCDOPTHOrO NEPEABKEHNS, HO B pe3ynbTate aBTOMOOWIbL NPUOBpETaeT 3HaunTe b
Hble KpeHbl B NOBOPOTax 1 packayvky Ha BOMHUCTbLIX Oporax.

e B CMOPTUBHbLIX aBTOMOBUNAX Cutyaumsa npamMo npoTmMBONOJ/IOKHaA —
ynpasnAaemMocCTb obecneynBaeTcsl YKECTKOCTbIO noaBeckKy, 3a CYET yero CTpagaeT KoOM-
hopr.

C peLLeHreM 3TUX 3a4ad CrpaB/seTcs afeKTpoMarHnTHas nogeecka. (Puc. 4)
CoBpemMeHHOe aBTOMOOWIECTPOEHNE CTPEMUTCS K BHEAPEHMIO 3neKTpomMobunen. U
YTOObl HE MCMNONBL30BaTb NULLHMX CUCTEM B noaBecKy, ydlle BCEro UCrnonb30Barb
3NEKTPOMArHUTHYHO MOABECKY.

14. 3neKTpoMarH1THas rogsecka

B 1980-x rogax amepvkaHckas komnaHus BO8SE paspaboTana yHUKalbHyo
aBTOMOOWIbHYHO MOABECKY, KOTOpas 06ecrneunBaeT ONTUMasIbHbIA GanaHc MeXxay
YMPaBSeMOCTBHO YU KOMAIOPTOM.



MpoLECC peLleHns 3TUX 33Ja4 KOHJIMKTYET apyr C APYroM, B pesynbTare
YET0 KOHCTPYKTOPbI BbIHYXKAEHbI UATU Ha KOMIMPOMMCC.

B npeacTaBUTENbLCKUX cefilaHax MofBecKa M3HauaibHO MpPOeKTUpyeTcsl NS
KOM(hOPTHOrO ~ MepedgbkeHnsl, HO B pesynsTate  aBToMOGWIb — MproGpeTaeT
3HaunTeNbHbIe KPeHbl B MOBOPOTAaX U packaudky Ha BOHUCTbIX A0POrax.

PVCYHOK 4 - 3neKTpoMarHuUTHas! NoABecka

B CNOpTWBHbIX aBTOMOOWISX CUTyaums MpPsSMO  NPOTUBOMONOXKHAsA -
YNpaBnseMoCcTb 0BGEeCNeYBaETC MECTKOCTbIO MOABECKM, 3a CYET 4Yero Crpajaet
komcopt.  KomnaHms BOS8E, WM3BECTHbIA NPOM3BOAUTENL aKYCTUHMECKUX CUCTEM,
nonpoboBasia pewmnTtb 3Ty NpobreMy HecTaHgapTHbIM — 06pa3oM.  VHkeHepbl
CKOHCTPYVMpOBa/IM ~ MOABECKY  HA ~ OCHOBE  TPaAULIMOHHOM  KOHCTPYKUMU
rPOMKOroBOpUTENS. 3BYKOBOM AMHAMUK aKyCTUYECKON CUCTEMbI paboTaeT 3a CUET
NepeMeLLiEHS] 3BYKOBOA KaTyLLK/ C MeOHbIM MPOBOAOM B MarHWTHOM none. Mof
[elicTBMeM 3MIEeKTPUYECKOTO TOKa KaTylllka COBEpLIaeT JMHEVHble KonebaHus,
UMEHOLLYIE aMMINTYy B 3aBUCYMOCT/ OT MOLLIHOCTM TOKAa B BUTKaX KaTyLLIKU.

[JaHHbI  adpekT MpUMEeHWTM K aBTOMOBWILHOMY amopT3atopy U B
pesynsTarte Ha CBET MNosiBWIaCh 3MEKTPOMarHUTHasi MoABecKa, GEeCKOMMPOMUCCHO
peLLaroLLan 13BeYHYH0 NpobnemMy GanaHca komdopra M ynpasnsieMocTi. B ocHose,
pa3paboTaHHOW «BOKe» CUCTEMbI HaXOAUTCA JIMHEVHbIA 31eKTpOMarHUTHBIA MOTop,
yCUMTEb MOLLIHOCTM Ha KabXKI0e KOMeco 1 Habop anroputMOoB YrpaBieHUs.

B kauectBe [JeMNMpyloLLIEero 3aneMeHTa B Heli paboTaeT NMHEWHbI
3MeKTpoABUraTenb B COOTBETCTBUM C airopUTMamiy YNpae/istoLLEro  KOHTpo/nepa.
JNEKTPOMOTOP 3aMEHSIET CTaHAAPTHbI aMOpTM3aTop, ero LUTOK NpeacTasnsieT coboi
MOCTOSIHHBIA MarHWT, B KOPMyC BCTPOeHa OOMOTKa, a KaTyllka MpeacTaBnsieT coboi
cratop. MarHWTHbIN LUTOK COBEPLUAET BO3BPATHO-NMOCTyNareNbHbIe ABVDKEHUSI MO
LnMHe OBMOTKM cTatopa noj AeliCTBMEM YNpaBfiseMblX 3NeKTPUYECKUX CUTHasOB,
KOTOpble FEHEePUPYHOTCS CrieuyabHbIMA YCUNUTENAMW.  YNPaBnsieT STUM IMHEHbIM
3MeKTpoABurateneM cneuvianbHbI KOHTpoep. Hanmpumep, Korga nogsecka Boke
nonagaet B siMy, MOTOP BbITArMBaEeT aMOpTH3aTop, UTOObI aBTOMOOWIb He NMPOBa/IWICS.
Korga aBTOMOGWIbL BbIXOAUT M3 SiMbl, MOTOP COKpallgeT BbIXOf amopTtvsaropa C
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MOMOILUBKY YCHAMTEMA. Takum oOpaszom, moasecka Bose Tpedyer meHee TPHIUATH
MPOLEHTOB YHEPTUH, MOTPeOI1eMoil OOBIMHBIM ABTOMOOHIBHBIM KOHIULHOHEPOM.

ITomnpecka Bose ympaBndeTcs CHCTEMOH MATEMATHMECKHX AJITOPUTMOB,
MOMYMEHHBIX Omarogapa 24-1eTHHM HCCIEIOBAHHAM. JAHHBIC ANMTOPUTMBI PAbOTAIOT,
OTCIIE)KMBAA H3MEPSHHA CEHCOPHBIX JATYMKOB, MOCHUIAY KOMAHABI HA CHJIOBBHIC
YCHJIHTEJIH, PACHOJIOKEHHBIC BO BCEX YIIAX ABTOMOOHMA. (OOOpPYIOBAHHBIH TAKOH
MOABECKOH ABTOMOOHIIE MOMTH JIHIIEH KPSHOB B MOBOPOTAX M HPH J3TOM TuOKo
amanTHPYETCA MNON JOPOXKHBIC YCIOBHA, ASMOHCTPHPYA BBICOUANINHIL YPOBCHB
koMdopra s nmaccakupoB. Takad KOHCTPYKUHS HE TONBKO 3(QeKTHBHO TracHT
kodefaHusa. HO M ODGCMCUMBACT HEBEPOATHBIC BOIMOMKHOCTH A4 HaCTPOMKH
ynpasngeMocTH. K mpuMepy. ecimu meped aBTOMOOHTEM NOABHTCA MPEMATCTBHE. TO
CMELHANBHBIE AATYHKH ONMPEACTAT €I0 BBICOTY, JAANYT KOMAHTY 3ICKTPOMAarHUTHOMH
MOABECKS H MAIIHHA MPOCTO MEPSCTHT UEpe3 MPEMATCTBHE, NMPH YeM MPH3EMIICHHE
OyoeT CTOMb MATKHM YTO HH BOAMTEIb. HH MAcCaKHPbl 3TOTQ MNPAKTHYSCKH HE
NOYyBCTBYHOT. CHCTeMa OblIa HCMBITAHA, HO B CEPUITHOE MPOH3BOACTBO, K COKANCHHIQ,
TaK U HE Momaja.

PepomommH B aBTOMpPOME HE CIYYHIIOCH NMO BMONHE OaHAMBHON NpHYMHE:
CBEPXCOBPECMEHHAA M CIOKHEHINIAA CHCTEMA OKa3ajdach CIMIIKOM JAOpOroH a
HCTIOJIb30BAHUA HA CEPHIHBIX ABIOMOOHIAX H mpoektr Obum 2amopokeH. OmHAKo
HIDKCHEPbl KOMOAHHH «BoSe» pPACCHHTBIBAIOT CHH3HTH Ce0SCTOMMOCTH M BIIOJIHE
BO3MO)KHO HOBBIC ABTOMOOHIH NPEICTABHTENIBCKOTO KIACCA OVOyT OCHALIEHEHI
AMMEKTPOMATHHTHOH MOJBECKOH, HY a4 B MOCHCIYIOLIEM OHA MOABMTCA M HA OOBMHBIX
rOpOACKHX MALIHHAX [1].

2. YCIpOHCTRO W NPHHUME JCHCTBHA 3ICKTPOMATHHTA
Ipocreliunii 3NMEKTPOMATHHT MPEICTABIAET U3 Ce0A KATYLIKY C CEPISHHHKOM

H3 (PePPOMATHHTHOTO MATEePHANA. B HEM TaKoke MPUCYTCTBYET AKOPB, KOTOPBIH CITy-
HHT 1A NePeJaYu MEXAHHHEeCKoro yCeunna. Hampumep, B perne, AkOpb MPHTATHBACTCA
K JJICKTPOMATHHTY, H OJHOBPEMCHHO 3AMBIKACT KOHTAKTBI.

Tak kaK JHHHH MATHHTHOTO NOJIA 2AMBIKAIOTCA HA AKOpe, 3T0 ewe Oombiue
VYCHIJTHBAET 3TO MarHUTHOE TOJIC.

ITpH NpOTEKAHUH TOKA YEPe3 MPOBOAHHK, BOKPYT HETO CO3JACTCA MATHHTHOS
noJie. 3TO MATHUTHOE MOJI¢ MOMKHO YCHJIHTh. €CJIH NMPHAATH MPOBOAHHKY QOpMy Ka-
TymkH. Ho BCe e 3T0 elie He MICKTPOMAarHur. BoT eciM B 3Ty KaTYIUKY NMOMECTHTD
CEPACUHHK M3 (JeppOMArHHTHOTO MaTepHala (HANMpHMEp. KeNie3a), TOrAA OH CTAaHET
SMEKTPOMarHHTOM.

Koraa Tok mpoTekaeT mo o0MOTKE SIEKTPOMATHHTA, OH CO3JACT MATHHTHOS
NoJie, THHHH KOTOPOTQ NMPOHH3BIBAKT CEPACUHHK. TO €CTh ()epPOMArHHTHBIH MarepH-
an. Iloa AcHCTBHEM 3TOIO MO, B CEPACYHHKS. MEMbyalize 00NacTH, KOTOpbIE 00Na-
JAAKOT MUHHATIOPHBIMH MATHHTHBIMH MOJIAMH, Ha3BIBAIOIHECA AOMECHAMH, MPHHHMAIOT
YIOPAJOUCHHOE MOJNOJKECHHE, B pe3ysbTate. HX MarHMTHBIC MOJI CKJIAABIBAKOTCA. H
obpazyeTcs 0gHO OONBLIOE H CHIBHOE MATHHTHOS MOJS, CIOCOOHOE MPHIAHYTH OOJb-
wHe mpeaMetsl. [IpideM, YeM CHIbHEE TOK, TEM CHIBHES MATHHTHOS IOJIS, KOTOPOE
obpazyercsa anekrpomMarHuToM. Ho Tak OyaeT mpoHCXOOHTH TONMBKO OO0 MATHHTHOTO
HACBHILCHHA. 3aTE€M MPH YBSIHMEHHH TOKA, MATHHTHOS MOJC OYIET YBEIHMHBATECA, HO
HE3HAMHTEIBHO.

Ecnu TOK B 2neKTpoMarHuTe yopare, TO JOMEHEI CHOBA MPHMYT 6e2 ynopano-
YSHHOE MOJIOKSHHE, HO YACTh HX BCE JK€ OCTAHETCA HANMPABICHHBIMH OJHHAKOBO. 3TH
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OCTABLUHECA HANMPABJICHHBIMH JOMEHBI, Oy Iy T CO33aBATh HEGOMBLIOE MATHUTHOE MOJIE.
3TO ABJICHHE HA3BBIBACTCA MATHHTHBIM THCTEPE3HCOM [2].

Ewe co spemén Makceemna u Papages, OCHOBONMOJIOKHHKOB TCOPHH MPHME-
HEHHA NICKTPOMATHHTHOTO MOJA B MPAKTHMECKHX LEJAX, KOHCTPYKTOPHI H HHKEHEPHI
NOCTOAHHO NBITAKOTCA PACIIHPHTH TPAHHLBI HCMOJB20BAHHA TAKHX ABICHHH KAK
CBEPXMPOBOAUMOCTD H MATHHTHAA HHIYKUHA. Beap 3T0 OTKPBIBACT WHPOYAHILHE BO3-
MOKHOCTH mepea yeyoBeMecTBoM. Ho Tonmpko B 80-X rogax 20 Beka ABICHHE YICKTPO-
MAarHeTH3Ma HayajIu MPHMEHATh C MPAaKTHUCCKHMH IenaMu. B 1982 roay Owin moctpo-
€H MEPBLIH MOE3/, KOTOPBIH MEPCABHIA/ICA HA MATHHTHOM MOAYIIKE H JOCTHIAT CKOPO-
cTH 501 kM/yac. IT0 H MONOMKUJIO HAUaJI0 HOBHIX pa3palOTOK, B TOM YHCJIC H B aBTO-
MOOHISCTPOSHHH [3].

2_1. TIpakTHYECKOE NPHMEHEHHE TCOPHH 3IEKTPOMArHUTHOTO MOMA B ABTOMO-
OUIECTPOCHHH

Ho HapaGOTKH. MOJYUYCHHBIC B XOA¢ KOHCTPYMPOBAHHA MATHHTOMNIAHOB, Ha
JAHHBIH MOMEHT a0COMIOTHO HE MPHIOAHBI I aBTOMOOHIA. MarHMTHasg MOAYINKA,
CYJIINAs TAKHE MPSHMYIIECTBA. KaK OTCYTCTBHE TPCHHA KAYCHHA. Majoe NOTpeOIcHHE
SHEPTHH H OTCYTCTBHE aMOPTH3HPYIOILHX ¥ 3JI0B, TPpeOyeT:

- YCTPOHCTBA CHEUHANBHBIX JOPOT;

- CBOIMT HA HET OCHOBHOE MPEHMYIUCCTBO KOJIECHOTO TPAHCIOPTA — YHHBEP-
CAJIBHOCTb.

Ha saHHBIi MOMEHT OCHOBHBIC YCHIHA KOHCTPYKTOPOB HANPABICHBI HA YCO-
BCPIICHCTBOBAHHE XOJOBOH HACTH ABTOMOOH/IA MyTEM BBCICHHA JICKTPOMATHHTHBIX
YIIPABJLIOIIHX JJIEMEHTOB.

Mo 2aMeiCHy HCCNIEIOBATENEH, MATHHTHAA MOJBECKA, YIPABIAEMAA CHTHATIAMH
6opToBOre KOMIBIOTEPA, 00eCMeMHT HEOBIBATYIO MATKOCTH XOJA, HANEKHOE VIepKa-
HHE HA JOPOTe, TeM CAMBIM CYIIECTBEHHO MOBBICHT KOM(OPT H YPOBEHB 6€30MACHOCTH
TPAHCTIOPTHOTO CPEACTBA.

2.2, ®opuMy Bl A PACHETA HHIYKTHBHOCTH KATY LUKH

51 peluI H3TOTOBHTB MOJENH aBTOMOOHIIA ¢ 3MEKTPOMArHHTHOM NMOABECKOIH
NPOBCPHTH, ACHCTBHTCIBHO JIH 3MCKTPOMarHHTHAA MOJBECKA TaK XOPOILUA. KaK €€ ONH-
CBIBAIOT,

B03MOKHO, MHE YJACTCA HM3TOTOBHTH ACTANIH 3ICKTPOMArHHTHOH NMOABECKH
HEOONBIIOH CTOMMOCTH. B OCHOBE 3EKTPOMATHHTHOH NOABECKH. KAk CISAYET H3
HA3BaAHMA. ABJBIFOTCA YICKTPOMAarHUTHI.

IlepBOHAUANBHO S PEIUHA H3TOTOBHTH 3ICKTPOMATHHTEI CAMOCTOATEIBHO,
PACcCUMTATh HIEMEHT JOBOJBHO MPOCTO, PACCUHTHIBACTCA MO ONMPEASICHHO (opMy e
H 3aBHCHT OT HEKOTOPBIX OOCTOATENLCTB;

Or €€ reoMEeTPHYECKHX PASMEPOB, UHCIA BHTKOB H CNOCO0a HAMOTKH KATYII-
kH. UeM QoJbIIC IHAMETP, ANHHA HAMOTKH H YHCJI0 BUTKOB KaTYIIKH, TeM OOMBILE €€
HHIYKTHBHOCTb.

Ecnu KaTyWmKa HAMATBIBACTCA IUIOTHO BHTOK K BHTKY, TO HHIYKTHBHOCTDH €€
Oyner HoNbIIE MO CPABHSHHIO ¢ KATYLIKOH, HAMOTAHHOM HEIUIOTHO, ¢ MPOMEIKYTKAMH
mekTy BHTKAMH. Korga Tpebyercs HAMOTATh KATYLUKY MO 33JAHHBIM Pa3MepaM H HeT
MPOBOJA HY)KHOTO THAMETPA, TO MPH HAMOTKE ¢€ (onee TOJICTHIM MPOBOJOM HAJO HE-
CKOJIBKO YBEIIHYHTb, A TOHKHM — YMEHBLIHTh YHCIO BHTKOB KATYIUKH, 4TOOBI momy-
YHTb HEOOXOIUMYIO HHIYKTHBHOCTD [4].
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Bce npuBefeHHble Bblle COOGPaxXeHMs cnpaBeAMBbl NPU HaMOTKe KaTyll ek
6e3 heppuUTOBLIX CEPAEYHUNKOB.

PacuyéT OfHOCNOMNHBIX UMANHAPNYECKUX KaTylW eK NPOU3BOAMTCA NO hopmyne:

. CD r*"r

4,58 + 10/
rae b— ungyktusnocts katywku, Ml u; B — guamerp katywku, mm; 1— gnuna
HamMoOTKNW KaTywkn, mm; M — 4yucno BuTKoB KaTywku. Mpu pacyéte KaTyw K MoryT

BCTPETUTbLCA ABaA CAyYan:

a) No 3affaHHbLIM FTeOMEeTPUYECKNM pasmMepamM HEOGXOAMMO ONPEAENNTb UHAYKTUBHOCTD
KaTyw Ku;

6) Npn M3BECTHOW MWHAYKTUBHOCTW ONMpPeAeNnTb HNCNO BUTKOB M JuaMeTp NpoBofja
KaTywKu.

B nepBOM cny4yae BCe MCXOAHbIe flaHHbI e, BXOASWME B POPMYNY, N3BECTHbI, N pacuyér
He NpeAcCTaBNAeT 3aTPYAHEHNI.

Mpumep. Onpeaenum MHAYKTUBHOCTb KaTyW KU, M306Pax eHHON Ha PUCYHKe; ANS 3TO-

ro NOACTaBUM B hOPMYNYy BCe HEOOGXOAMMbI € BENUYUYMHBI:

(10)2 x 202

1= 4,6 MKIH
4,5 x 18 + 10 x 20

Bo BTOPOM cAy4yae W3BECTHb AuaMeTp KaTywWwKW W AAMHA HAMOTKM, KoTopas, B CBOK
oyepefb, 3aBMCUT OT YMcna BUTKOB W fuameTpa NnpoBoAa. NNo3TOMy pacyeT PeKOMEH-
AyeTcs BeCTW B cnefytoleil nocnefoBaTenbHOCTN. MCXOAN N3 KOHCTPYKTUBHBIX CO06-
paXeHWit onpejensioT pasmepbl KaTywWwKW, AMamMeTp U ANWHY HaMOTKM, a 3aTeM pac-
CUMTBLIBAOT YNCNO BUTKOB NO hopMyne:
751 x (9B + 20/)
n = B
Mocne Toro kak 6yfeT HalifjeHo YMCNO BUTKOB, ONMpefenstoT gnamMeTp nposoja C M30-

nayveih no hopmyne

o
rae W— puametp nposoga, mm, 1— pnuna o6motku, mm, M— wucno sButkos [5, 6].
Ho, M3roTOBNEHHbIH MHOK 3NeKTPOMArHWT NONYYNUNCA fLOBONbLHO FTPOMO3AKUM U He

o6najan He0O6X0OAMMOIW MOW HOCTbLIO, NO3TOMY MPULW NOCb NOKYNaTb 31€KTPOMArHUTHI

B MarasumHe.

3. MporpamMmmHasn 4yacTb
YTo6bl ynpaBnAaTb 3N1eKTPOMArHUTamMm A pelwlun UCNONb30BaTh NporpamMmmumpyemyio

nnaty Ariiwno (Puc. 5).

PucyHok 5 - Mporpammupyemas nnata AriiLuno



A nogKn4YMn K nnarte ynbTpasBYKOBOM AaTymK pacctosiHus (Pyc. 6) u pene
(Pvic. 7), kKoTopoe bygeT Bkovatb coneHomgbl (Puc. 8). B pesynbtare s cobpan anek-
TPUYECKYHO LieMb, KoTopas YAOBNETBOPSIET BCE MOM TPeGoBaHUSI HA AAHHOM 3Tare.

(Pwvc. 9).

PVCYHOK 6 - ¥YNbTpasByKOBOI faTy

MK pacCToAHNA

PucyHok 8 - ConeHowvgbl

PucyHok 7 - Pene

PucyHok 9 - CobpaHHas aneKTpuyeckas
Lenb

3aremM s Hanrcan NpPorpaMMy, Kotopast 6yAeT ynpassiTb BCEMM AEMEHTAMN.

nl Kelay = 4;

Inl1n8n =9;
eciioPT = 8;

YOIV 8elup()

{pu.lMoﬁe(Kelay, OWTUT);
8enal.be§w (9600);
pwMoite(1n8PT, OWTUT);
pwMoiie(ecboPT, MPUT);
pwMoiie(Kelay, OUTPUT);

}
YoM loop()

long ivraiion, V8lance;
111811a1Nenle(1n§Pw, bONe);
4elayMlcroSecon4§(2);
111§11a1Nenle(1n§Pu, bIHObI);
4elayM1cro8econi18(10);
111811a1Nenle(1n§Pw, bONe);
vraiion = pul8eln(ecboPw, bItObI);
M8{ance = (iuraiton/2) / 29.1;

1 (M181anee < 20)

({17|§17|aFN9n1e(Ke1ay, bltObl);
}

el8e

&/HU‘II:&(KEEV, HONY,

}

4elay(500);

}



B uTore, Korga nepeq AatyuvMkoM MosiBnsieTcs NpensTcTBue Ha onpeaeneHHoM
pacCTOsHWA, OH MOJAET CUrHan Ha pefne, KoTopoe GyeT 3aMbIKarb LieMb C coeHonaa-
MY, NPUNOAHUMAS MOABECKY aBTOMOGUNA. Iocne npoe3aa NpensiTcTBUS aBTOMO6WTL
NPUHMMAaET NepBOHaYabHOE MOMOYKEHME.

4. TexHonorusa n3rotosneHns

TexXHONorusa M3roToBeHUs AeicTBYIOLLE MOJENN [OBO/LHO Mpocta. A Ky-
NuA JOCTaTouHO GO0NMbLLOK aBTOMOGWb Ha paguoynpasneHnn. [Ins Toro, 4tobbl anek-
TPOHHbIE CXEMbl He KOHIMKTOBaIM MeXay COBON, 51 yaanui 3NeKTPOHMKY Mo paauo-
yMpaBfeHUIO. YCTaHOBW/ Ha KOPNYC aBTOMOOWUISA COBpaHHY0 MHOIO LeMb, U3 a/ltoMU-
HUA (419 YMEHbLLEHNA BECa) N3roTOBUN JOMOMHUTENbHbIE KPENeXHble 3eMeHTbI Co-
NeHovaos. VI ¢ MOMOLLBIO 3TUX KPENeXHbIX 3M1eMEHTOB YCTaHOBW CONMeHOMAb! Ha
KOpryc aBToMobwiA. MNepBoHaYa/ibHO A NNaHMPOBa YCTaHOBUTL [Ba CONeHOMaA: OanH
Ha MepefHIor NoABECKY, BTOPOU Ha 3afHIOK), HO MX MOLLIHOCTM He XBaTWIO AN NOAb-
ema aBToMOoOW1S, U MHE NPULLNOCL YCTaHOBUTL Tpu coneHouga. (Puc. 10-12) BHyTpu
aBTOMOOWIA S YCTAHOBW 3MEKTPOHMKY, UCTOUHUK NuUTaHus. Monyunncs AeicTByro-
LM 06paseL, aBTOMOOWNSA C 3NEKTPOMArHUTHOM NogBeckoi (pucyHke 13.)

PucyHok 10 PucyHok 11

PucyHok 12 PucyHok 13 - [eicTBytowmin obpasel, aBTo-
MO6W/IS B 3/1eKTPOMar HUTHOM NoABECKOA

5. PacyeTt 3KOHOMUYECKUX 3arpar

Mogenb aBToMo6Uns Ha paguoynpasneHny - 3000 pyo.

ConeHougpl 3 Wwt. - 378 pyb6.

Mnata Ariwno MO - 162 py6.

YnbTpa3ByKOBOW AaTumK - 47 pyo6.

Pene - 32 py6.

WNToro - 3619 py6, 13 KOTopbIX 619 py6. 3arpaveHo Ha U3roTOBNEHNE NOA-
BECKW.
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6. JaKmoueHHe
MHe yIan0ch H3rOTOBHTD OMBITHBIH 00pasel MOJENH ABTOMOOHIIA ¢ YIeKTPO-
MATHHTHOIH moaBeckoii. [ToaBecka moKa TONBKO PEATHPYET HA NMPEMATCTBHA, HOIHHMAA
H ONyCKaA kopmyC aBTOMOOHMA. B JampHelmeM 4 NMIAHHPYH 2ANpOrpaMMHpPOBATH
MOIBECKY 111 BOJIee CIOMKHBIX JOPOKHBIX YCIIOBHIL.
IMapaMeTpsl JeHCTBYIOWICH MOJCH:
1. Beictpoaeiicteue 0,5 ¢
2. VBenmmyuBaHHE KIHpeHCa Ha 50%
DNEKTPOMarHHTHAs NOABECKA, NPH COXPAHEHHH TAaKHX JOCTOHHCTB KAK:
1. BO3MOKHOCTB PErYIHPOBKH KIHPEHCA H JKSCTKOCTH OTACIBHEIX CTOCK B JBH-

FKCHHH.
2. QucHb NNaBHBI XOA H OTCYTCTBHE LIYMA.
3. Hane:xHOCTS.
4. BhICOKad peMOHTONPHIOAHOCTb.

YeTpaHser BCe HEJOCTATKH NMPEACTABICHHBIX CETOAHA B MPOAAKE MOABECOK.
CIHCOK THTEPATY PRI

l.  VYhuxanbHag apTOMOOWILHAY MOJBECKA ABTOMOOHNS. [BNEeKTpoHHEBE pecypc] — pesaM
Joctvma:  https://www.popmech.r/vehicles/236038-video-unikalnaya-elektromagnitnaya-
podveska-dlya-avtomobiley/

2. DneKTpoOMAarHUT [OnexTpoHHBLA pecype] - PEKHM JoCTVIa

http:/electroandi.nv/elektrichestvo-i-magnetizm/elektromagnit. html

DNeKTPOMArHUTHAs TOABECKA _ KAK OHa YCTpOSHA [DMEKTPOHHBIH pecype] — pekuM

noctyna: https://auto.today/bok/3 1 08-elektromagnitnaya-podveska-kak-ona-ustroena. html

4. Kak mpoH3BecTH pacteT KaTYLIKK HHIYKTUBHOCTH [DNEKTPOHHBIA pecype] — pekHM J0-

cryna http:/the-mostly.ro/misc/how_to_calculate_inductors.html

Xpamoe, Y0.A. Bubnuorpadimeckini cripapourmik «@uzikiy. — M. : Hayka, 1983,

6. DnemeHTapHbOi yueOHMK Qusuxu / mog ped. [ C. JlanaeSepra. — T. [-IL. — M.: Hayka,
1972.

»

el

3PPEKTUBHOC T ITPHMEHEHHWA HOHHCTOPOB B CHICTEMAX
SJIEKTPOITUTAHNA T'OPOACKOI'O TPAHCIIOPTA

Hoaxumanckuii Esrenuii Tapacosuu
Kpacuoapcxuit kpaii, Emenvanosckuit paiion, n. Conombl,
MBOY Coaonyoeckan COIIL 11 knace

HayuHble pyKOBOJTUTEIH:
Hoarxumancxuit HH, yuumens vepuenus, pyKosodumens HaVIHo-nexniiveckozo kyba «Ilanzo-
aunay, MBOY Cononyoscxas COII
Hoaxumancxas H.E., yauneas usuwu MEOYV Conouyoecxaa COLI

AnHoTanusl. COBPEMEHHAS MICKTPOHHAA TEXHMKA IHMPOKO HCTIONB3YET B KauecTBe
NEPE3aPSKAEMBIX HCTOYHHKOB TOKA SHEPrOHAKOIMTEIBHBIE MICKTPHUECKHE KOHACHCATOPHl —
HOHHCTOPEL [IpH HCMONBIOBAHMH B KayecTPE€ HCTOMHHMKOB TOKA BHEPrOHAKOIHTETBHEIE BIIek-
TPUYECKHE KOHASHCATOPE HMEIOT DAL MMPEUMYILECTB Mepe]] aKKYMVIITOPAMH: OHH MOTYT 3KC~
ILTYATUPOBATECA B ILHPOKOM HHTepBaTle Temmepartyp (o1 —60 mo +125 °C u Brone) Ge3 obemy-
JKHBAHMS M 3aMeHBI B TCUEHHE BCETO CpoKa CyX0bl (o 20 eT H Golee), HMEIOT GONBILOS KO-
THUYECTEO LUKIIOB B PEXHME «3apaaKa-paspaakas (> 10° IMKIOB) Gez 3aMeTHOroe YXy/IIeHH:


https://www.popmech.ru/vehicles/236038-video-unikalnaya-elektromagnitnaya-podveska-dlya-avtomobiley/
https://www.popmech.ru/vehicles/236038-video-unikalnaya-elektromagnitnaya-podveska-dlya-avtomobiley/
http://electroandi.ru/elektrichestvo-i-magnetizm/elektromagnit.html
https://auto.today/bok/3108-elektromagnitnaya-podveska-kak-ona-ustroena.html
http://the-mostly.ru/misc/how_to_calculate_inductors.html
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MapaMeTPOR;, MMEIOT BBICOKYIO YIETbHYIO MOIIHOCTE (JecATkH KBT/Kr), 3apgkatoTcs OueHb
OBICTPO (MPAKTHUSCKH MTHOBEHHO ).

VYHHKaNTbHOE coYeTaHHe }’,EIGJ'IBHOI::I SHEPI'HH, y‘,lIBJTbHOﬁ MOIIHOCTH H GONBIIOTO KOMH-
eCTBa LHKIIOB B PEAKHME «3apaKa-paspsiika» HOHUCTOPBI BechMa 3 (PeKTHBHO HCIIONb3YETCS B
HOBEIX pa3paboTkax anekTpomobimneii. OCHOBHOH HCTOYHMK 3IEKTPOSHePIHH B STHX H3JEIHAX,
00eCTICUMBAIOIIT TPeOVEMYHO BeTIMYMHY Mpodera. — darapes TOIUIMBHBIX MIEMEHTOB MM aK-
KYMYIATOPOBR — 3alIlUEH OT IIEPErPY30K MOIYIEM H3 IMOCIEJORATENNBPHO COSTHHEHHBIX HOHH-
cTopoB. Brarojapg sToMy MOIYIIO YIaeTed PEILMTH Cpa3y HECKOIbKO MpodieM: Mpodlemy
CTAPTa M YCKOPEHMS B TEUCHHE HECKOIBKHN CEKYHI J0 HEOOXOIUMOH CKOPOCTH JBHKCHHS,
npobneMy peKkylepalMH SMeKTPOSHepIrHH NPH TOPMOJKeHHH, MpoOneMy YBelH4eHHs CpPOKAa
Gy kOBl OCHOBHOTO HCTOYHHKA MISKTPOYHEPTHH.

IIC.le NMPpOoCeKRTa! IOKaz2aTek BO3MOMHOCTb HCIIONB3OBAHHA HOHHCTOPOB KAK CPEACTBA
PEATHM3aLIHH ABTOHOMHOTO XOJa JJISI 0OBMHBIX TPOJUICHOYCOB H aBTOOYCOB ¢ MEKTPOIBHIATE-
JIeM.

3ana4M: MPOBSCTH JMTSPATYPHBOT 0030p 00 HOHUCTOPAX; CO3JATh NPUHLIMITHAIBHYIO
cXeMy IMHMTaHHMA SNEKTPOJBPHTAaTeNs ARTOMOOHIS HA OCHOBE HOHHCTOPOB, CO3NATH OIBITHYIO
YCTAHOBKY JUIS 3apSJKH HOHHCTOPOB Ha 2MEeKTPoMOoGHIe, CMOJeTHPOBaTh PaboTy aBTOHOMHOTO
XOJa MEKTPOMOCIIIS Ha MAaKeTe,

B xogae 6ria pazpaGoTaHa MOJeNb 3MEKTPOMOCHIA NS TOPOJCKOre 0OINecTReHHOIo
TPAHCTIOPTA ¢ BHEIIHEH MOA3aPSIKOH HOHHCTOPOB.

Hasuavenue u 061aCTh NPHMEHSHHA HOHUCTOPOB

HoHHCTOPBI — 3TO 3HEPrOHAKONHTENBHBIC KOHICHCATOPHI C JBOHHBIM JJEK-
TpuecKuM caoem [1]. TepMHH «HOHHCTOP» (AHAOT — CYNIEPKOHASHCATOP) OTHOCHTCA
K MOJNEKY/SPHBIM HAKOTIHTEIIAM SHEPTHH W BriepBbIe 3apeructpupoean B OAO «HHUH
Iupukora» [2]. OHu NPeBOCXOIAT AKKYMYJIATOPHEIC OATApeH B MaCTH pecypcea, ObicT-
POJCHCTBHA, JUANA30HA PAbOMHX TEeMIEPATYP, YACIBHOH MOLIHOCTH B PEKHME pa3ps-
A2 [3]). MoHHCTOPB! JKONOTHMHEL, 3KOHOMHMHBL, He TPeOyIoT obcmyxupanni. [lospne-
HHE HA OTCHMECTBCHHOM PHIHKES NPOMBILIICHHO OCBOCHHBIX HOHHCTOPOB MO3ZBOJMAET
OPHCTYIHTG K COZJAHHIO MOPTATHBHBIX ABTOHOMHBIX HCTOYHHKOB JICKTPONHTAHHA C
YIYYIEHHBIMH JHCPTETHYCCKHMH XAPAKTEPHCTHKAMM. [ IABHOE JOCTOHHCTBO HOHH-
CTOPOB 3TO — HA HECKONBKO MOPAIKOB GONBIIAS EMKOCTD, MeM ¥ JIFOOBIX APYTHX KIAC-
COB KOHACHCAaropoB. VIOHHCTOPHI MO YJCIBHOH YHEPTHH H Y ACTBHOH MOIMHOCTH 3aHH-
MAaKT NPOMEKYTOYHOE NMOJOKESHHE MEHKTY XMMHYSCKHMH HCTOYHHKAMH TOKA (aKKy-
My IATOPAMH) H 3CKTPOIUTHICCKHME KOHACHCATOPAMH. HO B OTIHMHE OT aKKyMYyJIf-
TOPOB COXPAHSIOT PaboTOCNOCOOHOCTh B LIHPOKOM TEMIEPATYPHOM JHANA30HE OT —50
Ao +85°C mpu 4yuCHe UMKIOB 3apax — paspsan Ao 106. Mx éMKOCTh COCTaBIET IO He-
CKOJIBKHX ThICAY (apan npH HanpsokeHUH OoT 2.3 a0 5 B [4]. B otnuuse 0T akkyMy -
TOPOB HOHHCTOPH HE HY/KAAHTCA B OOCHYKHBAHHH B TSUECHHE BCETO CPOKA SKCIUTYa-
TauHH. B HHOCTpaHHOH JHTEpaType HOHHCTOPHI M3BECTHBI MOA HA3BAaHHAMH,
supercapacitor. ultracapacitor. nltracap H BapHAHTBI COUETAHHA 3THX TCPMUHOB. B ka-
4eCTBE 3JCKTPOOB B HOHHCTOPAX Yallle BCETO NMPHMEHIIOTCA MHKPONOPHCTHIE SMCK-
TPOHHBIC NMPOBOJHHKU ¢ BHICOKOH VACTBHONH MOPUCTOCTBE). HATPHMEP. PaIHUHBIC
AKTHBHPOBAHHBIE YTIEPOIHBIE MATEPHANBL OHH COASPKAT OONBLIOE KOMHYECTBO MOP C
pazmepamu nopAaka 10-9M (06JACT HAHOPA3MEPOB) H HMEIOT Y ACIIBHY O MOBEPXHOCTH
Gonee 106 m*/xr [3). IOHHCTOPHI ABITOTCA MPOIYKTOM BBICOKHX TEXHOJOTHH, B HX
paboTe HALLMH MPHMEHSHHE KBAHTOBBIC 3Q(eKTH H 3D ()eKTH MEKMOJICKY IAPHBIX B3a-
HMOJEHCTBUIH. 3THM OOBACHAIOTCA MX BBICOKOS OBICTPOIECIHCTBHE, BHICOKAA YICTbHAL
EMKOCTB H JAPYTHE CBOHCTBA, OTIHMIOIUHE HOHHCTOPBI OT 3MSKTPOJIHTHMECKHX KOHICH-
CaToOpoB H AKKYMyYJATOpHBIX Oatapeii (ADB). ITo cpaBHeHHIO ¢ MTHH-HOHHBIMH AD,



HallefULIMMM MPUMEHEHVE B KOCMMWYECKON annapatype, MOHMUCTOpbl 06/1afatoT YHU-
Ka/bHOM KOMBVHaLMel aKcnnyaTauMoHHbIX XapaKTepuUCTUIK:
- Ha nopsiaoK 6orbLueli MIOTHOCTHH MOLLIHOCTY;
- BbICTPbIM 3apPsA0oM 1 FNyH6OKUM paspsigoM;
- BO3MOXHOCTBLHO paboThbl B XKECTKUX KTMMATUYecknx ycnosusix (o1 -50 go +85°C);
- 6O/MbLLMM KOMMYECTBOM LIMKNOB 3apsiga- paspsga (o 106);
- CpOKOM cny>k6bl 4o 20 fier.

YHVKa/lbHbIM CBOWCTBOM MOHMCTOPA SIBASIETCS AIUTENbHOE BPEMS COXpaHe-
HMA 3apsga 13-3a HEMMHENHON 3aB1CMMOCTM TOKa caMopaspsia OT HanpsbkeHus. Tak,
Mocne CHWKEHUS HanpsbKeHWs Ha MoH1cTope 40 ~70% OT HOMUHAIBbHOMO MO NPUYMHE
camopaspsa, CPOK XpaHeHUs1 OCTaBLLEroCcs 3apsia Pe3K0 YBENMUMBAETCH OT HECKOSb-
K/X MECSILIEB I0 HECKOMbKKX NeT [2]. MNMoTepu aHeprum Npuy 3apsake, paspsiake v Bbide-
NEHVie Tenna MUHAMa/bHbI IOHCTOPbI OTIMYAKOTCS BbICOKOM YCTOMUMBOCTBIO K Npe-
BbILLEHVIO HAMPSHKEHWSA, a No 3aBEPLLEHNIO CPOKA CMY>KObl NX MOXHO YTUIM3NPOBAaTb
6e3 yllepba OKPY>KaroLLIEl cpefe, OHM COOTBETCTBYHOT CTaHgaptam KoH8 cornacHo
AvpekTyBe EBpocoto3a 2002/95/EC. Hanpumep, B 60pTOBbIX KOCMUYECKUX CUCTeMax
TPaAVLMOHHO UCMNOMb3YKOTCA akKyMYSATOpHble 6arapeu, OfHako Mpoucxogsuve B
H/X XUMWYECKME MPOLIECChl MOTYT MPUBECTM K MX OTKasy, KOTOPbli HEBO3MOXHO
npeasuaeTb 3apaHee. B CBA3W C 3TUM B CTPYKTYpe CUCTEMbI INIEKTPONUTaHNS JO/MKEH
ObITb MPesyCMOTPEH Pe3ePBHbI UCTOUHNK, 3aryCK KOTOPOro NPOM3BOAMWTCS B TEUEHVE
10-15 mc nocne OTKIKUEHWUST OCHOBHOTO. 151 3TOl Lenv uaeanbHO NOoAXOoAsT UOHU-
CTOpPbI, KOTOPble MIHOBEHHO KOMIMEHCUPYHOT MPOBasibl B 3NIEKTPONUTaHNM U COBMECTHO
C aKKyMynsiTopamn MOryT 06ecrneunTb HenpepbiBHyt0 paboTy 60pTOBOM CETWU.TUMbI
WOHNCTOPOB MNpefCcTaBneHbl Ha pUcyHKe 1

/ ULTRACAPACITORS
3000 Farads | 2.7 VDC
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PucyHok 1 - Twurbl MIOHUCTOPOB
Ha pucyHkax 2 n 3 npeacrtasfeHbl NPUHUMN paboTbl MOHUCTOPA U CXema Co-
€VHEHVST NOHWUCTOPOB.



AnekTpocTatyeckuii AneKTponUTMYECKUii  C ABOMHbLIM 3NEKTPUUECKUM ClIOEM

S d clx
A Alp3
= e e
LY V¢
d 0 o0
0° a
e=
AneKkTpoj / Pasgenutenn
{ AKTUBMPOBAHHbIi yroNb

SnexTpoas! u3
HAHOCTPYKTY PUPOBAHHOTO ToxoBbI# KONNEKTOP
marep

Cenaparop

e}

S LLSSSSSTSSS SIS,

TR TT T LT

X
Kpuiwka xopnyca
Puc.2. MpuHUun paboTtbl MOHUCTOPa

rlapannenbuoe coeguHeHue KoHaeHcaTopos
cymma c1

Cobw,. =C1+C2 —e P —
C2

MocneposaTtensHoe coepuHeHne KOHAeHCaTopoB
npousseaeHue AenéHHOoe Ha CyMMY

C1*C2 C1 Cc2
COGI.LL = C1+0C2 =I—0—|I—

PucyHok 3 - CoefnHeHNe NOHNUCTOPOB

TexHn4ecKme XapakTepuCTKM MOHUCTOPOB
B Ttabnvue 1 npmBefeHbl CpaBHUTESNbHbIE XapaKTepUCTUKMA MOHWUCTOPOB U aK-
KYMY/IATOPOB.
Brok-cxema OMbITHOrO 06pasua KOMOWHMPOBAHHOIO MWCTOYHUKA MUTaHUS
npviBefeHa Ha pUCyHKe 4.



Ta6nuua 1. CpaBHUTENbHbIE XapPaKTePUCTUKIN MOHUCTOPOB U aKKyMy/ISITOpOB

AKKYMYAaTOpbl NoHuctopsl
MokasaTenu NnTnii-
KucnoTtHble LLlenoyHsble MpombILWNEHHbIe
NOHHbIE
YpensbHas aHeprus, 20 . .40 15 ..80 80 . .220 2..10
BT u/kr
YpensbHas MOLLHOCTb, 100 . . 300 500 .. 1300 800 . . 3000 1200 ... 1500
Bt/kr
KonunyecTso LuKnoB 100 . . 400 300 .. 2000 300 ... 500 1000 000
Pa6oune Temnepatypsl, -20 . . +40 -50 ... +85
°C

7 N 12 13
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+ >

t 14 15
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PucyHok 4 - Bnok-cxema onbITHOro 06pa3u,a KOM6VIHI/IpOBaHHOFO NCTOYHMKa NUTaHNA

AKKymMynaTop 1, Hanpumep, NUTUA-UOHHbIA Tuna 4/1MA-2 1 610K NOHUCTO-
poB 2, Hanpumep, Tuna PCKO6503027 coefuHeHbl NapanfiefnibHO U MOAK/OYeHbl K
KnemmMmam 3 4715 COEAMHEHUNA C 3apALHbIM YCTPOMCTBOM OT BHELIHEro MCTOYHUKA NUTa-
HUA (HanpuMep OT CO/IHEYHON 6aTapewn) yepe3 AMOAbl pasBA3KW 4, 5, Hanpumep, Tuna
KA203M. lMpwn aToM B LeNb 3apafa akKymMynaTopa BK/IIOYEHO TOKOBOe pene 6, Hanpwu-
Mep, Tvna PCT14-1, a yepe3 ero HOpMasnbHO OTKPbITbIA KOHTAKT 7 MOAK/IIOUYEHO pene
HanpsHKeHUs akkymynsatopa 8, Hanpumep, Tuna P3B-820 (NonHble cXxeMbl NOAKOYe-
HUA pene 6 1 8 Ha pUCYHKe He NoKasaHbl).

HopmanbHo O0TKpbITble KOHTaKTbl (HOK) yka3aHHbIX pene 7, 9, 10 BKIOYEHbI
B Lienb 3apsja COOTBETCTBEHHO akKymynaTopa 1 M moHuctopa 2. [ONONHUTENbHbIN
NepeKNAHOM KOHTAKT 11 pene HanpsXeHUs akKyMynaTopa BBeAEH B 06LLYIO Lenb MNU-
TaHMA CcTabunmsmpoBaHHbIX npeobpasoBaTenel HanpsHXkeHna 12, 13 ¢ BbIXOAHbIM
HanpsixxeHnem 28 n 5 B, Hanpumep, Tuna MTC15028828 (Mex= 10 - 40 B, =28
B, 150 BT) n K7803T-500 (Mex= 4,5 - 28 B, esx= 5 B, 2,5 BT), B BXOAHOW LeNn KO-
TOPbIX YCTAHOBJIEHbI YrpaBnsemMble Kawoun 14, 15, Hanpumep, TpaH3ucTopbl KT710A.
Pa6oTa onMcaHHOro MCTOYHMKA NUTaHMA OCYLLEeCTBASAeTCA crefyloumMm obpasom. B
MCXOAHOM COCTOSIHWMW MpPW MOAK/IOYEHUM BHELIHEro 3apsgHoOro ycrpoincrtea 3 mpowuc-
X0AMT 3apsf akKyMynsaTopa yepe3 06MOTKY pesie Toka 3apsaga 6 no uenu: +3 - 4 - 6 -
3. Bonblioli HavanbHbIN TOK 3apsja akkymynatopa 1 npuBoguT K cpabaTbiBaHUIO pene
6 1 3amblkaHuto ero HOK 7. Mpu aTom cpabaTbiBaeT pefie HaNnpsHKeHUs akkyMmynaTopa
8, 3aMblkaeT cBon HOK 9 1 nogkntoyaeTcsa Ha 3aXXUMbl aKKymynaTopa 1 gnsa KoHTpons
ero HanpshxkeHus 3apsga. Kpome Toro, pesie HanpshKeHUs akkymynatopa 8 3aMblkaeT
cBoit HOK 10 B uenu 3apsja MOHUCTOPA 2, a TaKXe NepeBOAUT CBOM NepeKUHONW KOH-
TakT 11 Ha NMoAKNKYEeHMe Lenn Harpysku K akkymynatopy 1. Anon pasBA3Kn 5 npe-
NATCTBYeT nepefjaye 3Heprum oT MOHUCTOPA 2 B akKkymynatop 1. Mo mepe yMeHblLUe-
HUA TOKa akKymynsaTopa 1 B npouecce 3apsfja NPoONCXOAUT oTnajaHue pesie TokKa 3aps-



Ja 6 n pasmvbikaHe ero HOK 7. KOHTposb HanpsbkeHus Ha akkymynsatope 1 ocy-
LLECTBNSETCS C MOMOLLBHO pefe HanpsbkeHns 8. Mpy yMeHbLLEHUM HanpsbKeHVs 3apsifa
aKKymynaTopa 1 Hke 3af@HHOro AOnyCTUMOrO YPOBHS (YXO4 B «T€Hb» COMHEUHOM
Garapen, 60nbLIOE NOTPEGEHNE Harpy3KO) NPOMCXOANT OTMagaHve pene Harpshke-
HMSA 8 1 ero NepekMaHoN KOHTaKT 11 nepeBoauT Lenb NUTaHUS Harpy3ku Ha 3apsbkeH-
Hbli MOHUCTOP 2. MpU CHWKEHUN TeMMepaTypbl Kopryca akkymynstopa 1 Hwke 3a-
[JaHHOro JOMycTMMOrO YPOBHSI €70 HanpsbkeHve 3apsa YMEHbLLAETCH, UTO Takoke
NPUBOAUT K cpabaTbiBaHMIO pefie HarnpsbkeHUs 8 akkymynstopa 1 U nepeknioyeHuo
€ro NepexkgHoro KoHtakra 11 Ha nuTaHue Harpysku OT MOHWCTopa 2. Mpu JocTuKe-
HUWN HOPM&/bHbIX TEMMEPaTypHbIX YCOBUA akKyMynsiTop 1 BHOBb BBOAUTCH B CXeMy
N ero 3apsn MOXKET MOMOMHATLCA OT BHELLHEro UCTouyHvKa 3. Mepegadva sHepruv B
Harpy3ky NpoucxoauT NyTéM 3aMbIKaHVS YNPaBIsSiEMbIX 3NEKTPOHHbIX Knoveld 12, 13
Ha BXOfe CTabuIN3MPOBaHHbLIX NpeobpasoBarenein HanpsbkeHns 14, 15. YnpasneHune
Ktodamm 12, 13 OCyLLeCTBASETCA MO CreuyaibHOM NOTMUYecKoi cxeme. 3Ta cxema
npefycMarpmBaeT NOCTOSIHHOE MPOBOASALLIEE COCTOSIHME KIKOUEl Npu paspse akkymy-
natopa 1 v HEBO3MOXXHOCTU MPUEMA YNPaB/SAoLLEro CUrHana Ha 3Ty KkoUKn ¢ 3eMin.
B atom cnyyae npovcxXoguT aBTOMAaTMYecKuli nepeBof NMUTaHWsA Harpy3ku OT 3aps-
YKEHHOro MoHMcTopa 2. JnnTenbHOCTb MUTaHUSA Harpy3ky B TakOM aBapUiiHOM pedku-
Me, Hanpumep, TOKOM [0 2A MOXET COCTaB/ATb HECKOMbKO [ECATKOB MUHYT. Kak
npuMep, NpefiaraeMblii CTabuUIM3NPOBaHHBLIN KOMOWUHUPOBaHHBIA MCTOUHWK 3NEKTPO-
NUTaHN MOXET ObITb BbINOMHEH HA OCHOBE: - IUTUIA-MOHHOM akKyMynsTOpHoOM 6ata-
pen 29,2B B coctaBe ABYyX anemMeHToB Tuna 4J/1IMA-2, 14,6 B, 2400 mAY, coefVHEH-
HbIX NOCNefoBaTebHO;

- 6noka wuoHuctopoB 27 B, 65 @ B cocraBe [ecsATU 3EMEHTOB
PCK065032027, 650 ®, 2,7 B, coeanHEHHbLIX NocnefoBaTte/bHO; - MpeobpasoBarese
HanpsbkeHuss ~C/"~C tuna MTC15028828 (lUx =10-40 B, Weix = 28 B) u
K7803T-500 (LUx = 4,5- 28 B, LWWbix = 5B). 306peTeHne 0THOCUTCA K KOMOHNPO-
BaHHbIM VCTOYHVKaM 3MIEKTPOMUTaHNSA W, B YACTHOCTU, MOXKET 6bITb MCMO/ML30BaHO B
KayecTBe 60PTOBOro MCTOUHUKA NUTaHMA KOCMUYECKOro annapara, BbINONHEHHOro Ha
6aze [|ByX HaKONUTENEN SHEPIM - MOHCTOPE 1 akkymynsitope [1].

CxemMy ONbITHOTO 06pasua KOMOVHMPOBAHHOIO UCTOYHMKA MuTaHus [1] Mbl
NPUMEHWN Ha NEKTPONUTAHNM MOZLENN SNEKTPOMOOUS.

B xoge paboTbl 6b1M1 NPOBEEHbI IKCMEPUMEHTbI C MOHUCTOPaMK, B XO4€e KO-
TopbIX 6bl1a NpoBefeHa X 3apsaka MpyY NOMOLLW CONMHEYHON Gatapen U TMHENHOro
reHeparopa (pycyHku 4-5).
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PucyHoK 4 - 3apsiika MOHUCTOPOB OT COJ1- PucyHok 5 - 3apsiika noHmnctopa
HeuyHoW 6aTapen 0T /IMHEeNHOro reHepaTopa



Ha prcyHke 6 npeacTaBneHbl rpatiki 3aBYCMMOCTU BPEMEHU TOPeHUs CBe-
ToAMoaa OT BPEMEHM 3apsia. Ha pucyHKe 7 NMokasaH rpadivik camopaspia MoHKCTopa.
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PUCYHOK 6 - "padkun 3aBMCUMOCTM BPEMEHMN FOPeHIsi CBETOAMO/AA OT BpeMeHU 3apsaa

FpaduK camopaspafa MoHUCTOopa
uVv

6 (1 dapaa, 5 BonbT)
5 -~
a — —

10 15 20 25 50 120 180 240 GLmMin

Pucynok 7 — I'padmk camMopaspsijia HOHHCTOPa

Wccnenyn rpadvky, yo6eamnmeb, YTo BpeMsi rOPeHUst 3aBUCUT OT BpeEMEHW 3a-
PALKM U EMKOCTUM MOHWCTOPOB. Ecnn 3apsigutb MOHUCTOP [0 HOMWMHAIBHOIO Hanps-
>KEHWSA, TO B NepBble MUHYTbI Habnogaetca HebonblUoe MnajeHue HanpsbkeHrs. A B
[a/bHeNLLeM HarnpskeHe COXPaHSETC HECKO/MbKO CYTOK.

B xoge paboTtbl 6blia CNpoeKT1poBaHa MOAE/b SNEKTpoMobuisa (puc. 8), pas-
paboTaHa Mofe/b 3EKTPOMOBUNSA C oHUCTOpamMu (puc. 9) 1 NynbT ynpaeneHns (puc.
10).

Mogenb aBTobyca (prcyHkn 11 1 12) npeactasnsieT coboii pamy C ycTaHOB-
NEHHbIMU Ha Hel ABYMS aneKTpoasurarensMmm HanpsbkeHvem 4,5-5 B. OgunH w3 asura-
Tenein NPUBOAUT B ABVDKEHVE MOAE/b, a APYroi NogHMMAaeT M onyckaeT naHtorpad
(KOHTaKTHYHO BUNKY) AN 3apsiiku MOHUCTOPOB. Ha pame Tak ke yCTaHOB/MEeH WUOHWU-
CTOp EMKOCTLIO 1® 1 HanpsbkeHvem 55 B, pagvonpuémMHuK 418 ynpasneHus Moae-
b0, KOTOPbI/ MUTAETCA OT MOHMCTOPA. VIOHNCTOP 3apshKaeTCs OT BHELLHETO MCTOYHW-
Ka NUTaHUS NOCTOAHHOIO Toka Yepe3 aganrep. MNynbT ynpasneHus npegHasHayeH ans
yrpaBneHs1 MOAE/bLIO N KOHTPONS 3apsiiky MoHUCTopa. Ha nynbTe ycraHOBMEHO 2-X



KaHanbHOe paauoynpasneHue. MNpu 3apsiake MoHKCTopa B TedeHre 10 cek MogeNb ABU-
raeTcsi B TEUEHME 2-X MUHYT, NPoxXoasa nyTb 6 MeTpoB. Bec Moaenu aBTobyca 120 T.

PucyHok 8 - O6wwiunii BUA paspabaTbiBaeMoii MOAeNN 31eKTPOMOOW/ISA Ha MOHUCTOpax
Moazapsagka 3neKTpomobuns Ha aBTo6YCHOM 0CTaHOBKe. 1 - CT0/16 aBTO6YCHON OCTaHOBKY; 2 -
KOHTaKTHasi Kopobka; 3 - maHTorpad; 4 - Kopnyc 3/1eKTpoMobus

PurcyHOK 9 - 9neKTpoMobub C MOHUCTOPOM PucyHok 10 - MynbT ynpasneHus
PucyHok 11 - O6wuii Bug Puc.12. O6wmii BUA MOAenn 3fieKTpoMooumns
3/1IeKTPOMO6UNA € NaHTorpagom Ha noHucTopax. MNogzapsska aneKTpoMoom-

1191 Ha aBTOBOYCHOW OCTaHOBKe
C 2012 roga napTHEPbl TECTUPYHOT HAa OHOM M3 KOMMEPYECKUX JIMHUN
B LLlaHxae 17 onbITHLIX 06pa3L0oB CynepkoHAeHcaTopHbIX aBTobycoB (L'racap Buk)
(puc. 13). Korpa Takas MallvHa MOAbEDKAET K OCTAHOBKE, BOAUTE/b HaXKMMAET Ha
KHOMKY Y Haf, KpbILLe NogHMMAaeTCs! TOKONPUEMHMK. OH MOAK/KOUaEeTCs K ABYM Mpo-
BOJAM, BUCALLMM Haf 3eMnéii COBHO MpoBofa Tponneibyca (HO Mo AAvHe He BbIXO-
[ALIMM 38 TePPUTOPUIO OCTAHOBKM). YTOBbI NPUHATL MOPLMIO SHEPTW, AOCTATOUHYHO



Ans 6pocka K cnefytoLlemy NyHKTy Ha MapLupyTe, LLIracap Buk Tpe6yeTcs Bcero age
MUWHYTbI: 3TO MPOUCXOAWT, NMOKa NaccaXkvpbl BbIXOAST M BXOAST B aBTOGYC. Anpobaums
TexHonornn B LLlaHxae nokasana BbIrofy «CynepasTobycoB». Bo-nepBbIX, U 3TO ef-
Ba/IM He [MaBHOE, OHY MO OLEHKE MapTHEPOB OKa3a/Cb NpUMEpHO Ha 40% feluesne,
yeM  aBTOOYCbl  C/MTUEBO-MOHHLIMW  aKKymynsitopaMu. o cpaBHEHWUIO
C TPO/NeibyCoOM OHW BbILLIN SKOHOMMYHEE (TYT CrofHa MCMoMb3yeTcsl peKynepaums
3HEPIVN NPY TOPMOXKEHWM, MOSICHSIFOT VHXEHEPDI).

PUCYHOK 13 - CymnepKoHAeHCATopHbIe aBToByChi B I. LLlaHxae

3aKodeHne
N3yumB nutepartypy W, B3siB 3a OCHOBY NMPUHLMNNAILHYHO CXEMY KOMOUHNPO-
BAHHOMO MICTOYHMKA NUTaHWS, Mbl CO34a/IN NMPOEKT 3MEKTPOMOGUIA AN FOPOACKOro
O6LLIECTBEHHOIO TPAHCMOPTA C BHELLUHEN NOA3apsAKOA MOHVCTOPOB.

CnM1CoK NUTepaTypbl:

1 Tanywko, A. V. VccnegoBaHne CBOMCTB MOHUCTOPOB U 3(h(DEKTUBHOCTU UX NPUMEHEHMUSA B
cUCTEMax 3NeKTPONMTaHNs KocMudecknx annapatoB / A.W. Manywko, FO.U. F'pom, A.H. Na-
3apes, P.C. CanmxoB (OAO «HNN3M»).

2. MaHKpawkuH, A. MoHncTopbl Panakowic: (m3nka, NpuHUMN paboTbl, napameTpbl // Komno-
HeHTbI 1 TexHosorum. - 2006. - Ne 9.

3. BbnoxuH, A. B. dnekTpoTexHunka/ A. B. BnoxuH. - M. : MawmnHocTpoeHme, 2014.

MpowwmH, B. M. 3nekTpoTexHuka/ B. M. MpowwH. - M. : MalumHocTpoeHune, 2013.

5. PycCKuil MHXeHepHbI nopTan. Mip://%aviNe.ra881lanen8Teenns.rn/-pyccknii MHXeHepHbIiA
nopTaJl.

&

BO3MOXHOCTV OUEHKN YTOMNAEMOCTU LUKONbHNKOB
MO MOKA3ATENAM MYNbCA, OKCUTEHALUWWN KPOBU KNCNOPO40OM
N APTEPUANBHOIO OJABNEHUNA

Be33y6oB ApTéM PomaHoBWY,
Camapckas obnacTb, r. Camapa,
MAQOY «Camapckuii MefnKko-TexHuuecknit nuueii» r.o. Camapa, 11 knacc

HayuHblli pykoBoamTenb: BenokoHeB Bnagymup ViBaHoBUY, A-p Mef. Hayk, npodeccop,
3aBeflytownii Kaeapon xmpypruydeckmx 6onesHein @reOY BO CamlrMY MuHsgpasa PP

AHHOTauusa. O60CHOBaHWEe KPUTEPWEB, HAaMpPaB/ieHHbIX HA BbISB/IEHWE PaHHWX MpPU-
3HAKOB YTOM/ISIEMOCTU Y LUKOMIBHUKOB W paspaboTKa MpoguMIaKTUUeCKUX MeponpusTuii,
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HaNPapeHHBIX HA HX NpelyIpeskIeHe HMeeT BaxHoe 3HaveHne. B paGoTe npuBeeHs! pe2yik-
TaThl OLEHKH BO3MOKHOCTH UCTIONb30BAHHS MOKa3aTeIeH YacTOTH Iynbea (UCC), okcHTeHalms
KpoeH kucaopoaoM (SpO2) u aprepHanbHoe JapieHye (A]l) 11a BEIABIEHHS paHHHX MIPH3HAKOB
YTOMISIEMOCTH Y IIKOJIBHHKOB CTAPILMX KIAccoB. B HecIeoBaHUH NPHHUMATA YUacTHE OJHA U
Ta e IpyIma MKOMLHHKOB 13 5 yesiopek 2000 roja poxaeHHd, y KOTOpEIX oceHblo 2016 u 2017
B TeyeHHe 1 Mecdlla MPOBOMUIH 3aMeEphl YKA3aHHBIX MOKA3aTeIeH J0 Hayana YPOKOB H IMOCHe
OKOHYAHHA 2aHATHIH. CTATHCTHYeCKMiT aHATH3 JAaHHBIX NMPOBOJIH C ITOMOILUEIO NAKeTa NpH-
KIagHBIX porpamMM SPSS 21, kpurepueB CTBIOACHTa U 0JHO(AKTOPHOIO AUCTICPCHOHHOTO aHa-
Ji3a. B KauecTBe OIMUCATENIBHBIX CTATHCTHK B paloTe NPHBeAEHB cpeliHee apudMeTHyeckoe (M)
H CpemHeKBaapaTHyecKoe oTIoHeH e (SD): M+SD.

B Bospacte 16 neT v HechneyeMbIX IO JaHHBIM ABYX(AKTOPHOTO AUCTICPCHOHHOTO
aHaJT3a MIOPTOPHBIX H3MEPEHHI YCTAHOBIEHO BIMIHHE JHA Hedenu Ha UCC u Ha HachIlEeHHe
KPOBHU KHCIIOPOJOM, KOTOPOS JOCTOBEPHO CHUAANOCH K KOHIYY Helemd (p<().001). V IKONbHH-
KOB B BO2pacTe |7 mer k koHIfy y4eOHOH HeJelmu oTMeYaeTCd JoCTOBepHoe MoBbnleHue All, uro
Hapay co CHIDKeHHeM SpO2 U TaxuKapIueil CBUACTIBCTBYST 06 HX MOBBIIICHHOM YTOMIIEMO-
ctu. CnenoparentHo, nokazaren UCC, SpO2 u AJl, o6rekTiBHO OTpaxarolue bH3HOIoTHYe-
CKO€ COCTOSHHE OPIaHH2Ma, MOTYT OBITH HCIIONB30BAHEI B KAYECTRE KPHTEPHEB OLICHKH YTOMIA-
€MOCTH YUCHHKOB BO BpeMsI y4eSHOIO MpoLecca.

KnroueBbie ¢/10Ba: NIKOILHHKH, OLIEHKA YTOMIIeMoCTH, KpuTepuu UCC, SpO2, AT

1. HapyeHue B3aUMOACHCTBHA OPraHH3Ma C BHEIIHEH Cpenoli NpHBo-
AUT K (YHKUHOHANBHBIM CABHTaM, K (PH3HOJOTHUECKUM H MOPQOJOTHYECKHM OTKIIO-
HEHHAM. NMPHBOJAINMM K 3a00JICBaHMAM. Y IIKOJBHHKOB C HApyLICHHSAMH CEPIACUHO-
COCYAMCTOH CHCTEMBI OTMEUACTCA Pa3ApPaXKHTCIbHOCTD, MOBBILCHHAA YTOMILIEMOCTD.
HH3Kasg paGoTOCNOCOOHOCTD. OCNA0NCHHE MAMATH H KaK CCACTBHE CHIDKCHHE YCIICBa-
€MOCTH. MOTYT BO3HHKATH TOJIOBHBIE G0MH, §0OMH B 00/1aCTH CEPALA, OABIIKA. IIOXOH
coH [1]. OcHoBHO¥H OOBEKTHBHEBIN MPH3HAK YTOMJICHHA — CHIDKESHHE padoTocnocobHo-
CTH. YTOMJICHHE — CIIOKHOS fABICHHE, PA3BHBAIOIICECA BO BCeM opranmsme. Hecnemo-
BAHHA OoTeMecTBeHHBIX (m3uonoroB — MU.M. Ceuenosa, W.I1. TTasnoea, H E. Beeaen-
ckoro, A.A. Yxromckoro, JI.A. Opbenn, I'.B. ®ombopra u ap. — ybeaurenbHo moxa-
3a7H, YTO B BOSHUKHOBCHHH M PA3BHTHH YTOMICHHA HCPBHAA CHCTEMA HIPACT BEIy-
Ly poab [2]. HepeHag cucteMa HauGonee MyBCTBHTEIBHA K H3MEHEHIIM BHEIIHEH
cpensl. Takue (pakTOpbl YTOMICHHA, KAK HAKOIVICHHE B KPOBH NPOAYKTOB JKHIHSACA-
TENBHOCTH KJIETOK, YMCHBIUCHHE COACP/KAHHA B KPOBH Caxapa. HeAOCTATOK MPH HEKO-
TOPBIX YCIOBHAX KHCIIOPOJA B KPOBH. MOHILKAIOT paboTOCIOCODHOCTH OPraHH3Ma HE
NpAMO, a TIABHBIM 00pasoM OMOCPEACTBOBAHHO — 4epe3 LEHTPANBHYIO HEPBHYIO CH-
cTeMy. Bce 3T dakTophl BCTpUaroTCA NpH 00YUCHHH HIKOJBHHKOB, TIO3TOMY paspa-
0OTKA METOAOB. HANPABJCHHBLIX HA YMCHBIICHHEC HX BIMAHHMA HAa OPTaHH3M. HMECT
Ba’KHOE MPAKTHYECKOS IHAUCHHE.

W3BeCTHO HECKOJBKO MOAXQOAOB. ¢ MOMOIUBIY KOTOPBIX MOXKHO OLCHUTH CTE-
NeHb YTOMIIMEMOCTH OpPraHH3Ma NpH (H3HUYeCKoH H YMCTBEHHOH Harpyske. Tak. HK.
CwmupHoB [3] npennaract npo6sl A ONPENeNeHHS aAaNTAIIHOHHEIX BOSMOMKHOCTEH
OPraHH3MA MyTEM OLCHKH B 0aJIIAX YACTOTH MYJNECA YYALIETOCS B MOJIOKCHHH «CHAL?,
B MMOJOKEHHH «CHIA» C 3zuep>m(oi’l ABIXAHHA, MPH BBIXOIC H3 MOJMKCHHA «HA KOPTOY-
KAX>» B BEPTHKAJIBHOS MOJOKSHHE, mocne 20 mpucetanuii u 20 HAKIOHOB TyJI0BUIA. B
HTOre OANMBI CYMMHPYHOTCA, H MPOBOAMTCA CPABHHTEIBHBIN AHANH? PE3YJIBTATOB JH-
HAMHKH 3THX NOKa3aTeaeii Y KQKIOTO LUKOJBbHHKA.

H3y4yeHHe BO3MOIKHOCTH HCHOJB30BAHHA AMA 3THX LENeH HECKONBKHX (H-
3HOJIOTHYECKHX IOKA3aTeNeH COCTOAHHA OPraHH3Ma, TAKHX KAK 4YaCTOTAa IIyJib-
ca (UCC), oxcureHaund kpou kucinopoaoM (SpO2) u aprepuansHoe mapaeHue (All),
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MO2BOJIHT MPOBECTH MHOTO(AKTOPHBIH KOPPSIALHOHHBIH AHATH3 H ¢ 6onbLei crene-
HBIO JOCTOBEPHOCTH OLECHHTH YPOBSHB ¥TOMIACMOCTH LIKOJIBHHKOB.

Lene HCCNEIOBAHHA — YCTAHOBHTD BO3MO)KHOCTH OLEHKH YTOMJIEMOCTH Op-
TAHH2MA Y WIKOJBHHKOB CTAPIUHX KJACCOB MO MOKA3ATEIAM IMYJIbCA, OKCHICHALHH KPO-
BH KHCIIOPOIOM H APTePHAILHOTO JABNCHHA H 3AKOHOMEPHOCTH HX H3MCHCHHIH.

MaTtepHan H METOIBI

HccnenopaHue MpoBEACHO C YYaCTHEM OAHOH M TOH K€ IPyNNbl INKOJBHHKOB
H3 5 yenosek 2000 roaa posKIEHHS. ¥ KOTOPBIX OCEHBIO 2016 mMpoBoAWIH 3aMEpHI ua-
CTOTHI MYJIbCA H OKCHTCHAIHE KPOBH KHCIOPOAOM. a B 2017 HCCreaoBaNH T¢ e MoKa-
3aTeNH MUK apTepHaNbHOS JapicHHE. M3MEpeHHA NMPOBOMHIH A0 HAuajla YPOKOB H
NOCNE OKOHYAHHA 3aHATHH. [IyJIbC H OKCHICHALMIO KPOBH KHCJIOPOAOM H3MEPANH C
NOMOINBKD MyJMbCOKCHMEeTpa Moaenu Fingerpulsoxymeter OXY10, a aprepHanbHOe
JaBJIEHHE ¢ MOMOLIBIY TOHOMeTpa Omron R1.

CTaTHCTHUCCKUH aHAMH3 JAHHBIX MPOBOJHIH C MOMOIIBK) MAKeTa NMPHKJIA-
HeIX nporpamm SPSS 21. CpaBHeHHs nokasatencii KapaHOPeCTHPATOPHOH CHCTEMBI
YTPOM H JTHEM BBIMOJHSAIH ¢ MOMOILUbK) NMAPHOTO KpHTepHA CThIOACHTA. CpaBHECHUA
noKasaTeNieH Mo AHAM HEASHH NMPOBOAWIH C MOMOILIBI OTHO(PAKTOPHOTO AHCTICPCHOH-
HOTO aHAH32. B Ka4eCTBe OMHCATENBHBIX CTATHCTHK B PaboTe MPHBEICHBI CpPeIHES
apubpmetiveckoe (M) H cpeaHekBagpaTHyeckoe oTkionenue (SD): M+SD. Ha rpadu-
KAX NPSACTABICHBI CPSOHUE H HX 93% JoBepuTebHbIe HHTEPBAbl. KpuTHUYecKkoe 3Ha-
YESHHE YPOBHA 3HAMHMOCTH (P) IPHHHMAIH PaBHBIM (0,05,

Pe3ybTaThl H HX OOCYIKACHHE

B Bospacte 16 nieT y HCCHEOYEMBIX MO JAHHBIM JBYX(AKTOPHOTO JTHCIECPCH-
OHHOTO 3aHANH3A MOBTOPHBIX H3MEPCHHIT YCTAHOBICHO BIMAHHE AHA Heaemu Ha YCC
(tabmuua 1) Ha mocneaunx ypokax YCC Bospactaer ¢ 67.8+3,3 (3mech u jpanee
Mz=SD) B Hauane Heaenu A0 74.1£3.7 yn/MuH B KoHIE (p<0.001), H 0TMEUACTCA OTCYT-
CTBHE BIWIHHA HOMepa ypoka Ha UCC (p=0.218) (pucyHok 1). B Bo3pacte 17 net He
BBUIBJICHO BIIHAHHE MHA HeAeaH kak Ha UCC (p=0.477), tak u Ha w3meHeHne YCC o
Ha4ana H nocye OKOHYaHHA YPOKOB (p>0.05) (pPHCYHOK 2).

Tabmimia 1. AScOMOTHRIE NOKAa3aTeIH YaCTOTH ITYJIbCa B 3aBUCHMOCTH OT YpOKa M JHA HEACTH
(20161.)

Mynec JeHb Hemenn
BC] Bt Cp Yr Ir C6 p
Ypok
Meant3D Meant3D Meant3D Meant 5D Meant3D Meant3D
1 69.7+3.4 69.0+2.2 72134 | 72,0£2,6 - - 0,001
2 70.7+3.2 72.4x3.0 71.8+28 | 71,4£3,6 | 70.8«25 | 72.8+3.0 0,164
3 69.7+3.4 73.2+2.6 721222 | 72,7£3,2 | 72.2£3.6 | 73.6£3.5 0,002
4 69,3240 70,424,1 71,3+1,9 | 72829 | 73,1£26 | 72,6425 0.001
5 67.5+3.6 68.6+3.9 73.1x23 | 72,6£3,1 | 74.2£3.4 | 74.0£3.5 | <0.001
6 67.8+3.3 67.7+4,0 73.9+23 | 720£3,6 | 72.4+3.0 | 74.1£3.7 | <0.001
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PucyHok 1- [yHaMuKa nynbcay LWKObHMKOB B TeueHune Hegenn (2016 r.)
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PucyHoK 2 - [InHaMuKa nynbca y LWKObHMUKOB B TeueHue Hegenn (2017 r.)

B Bo3pacre 16 neT y vccnemyemblx Mo AaHHbIM ABYX(haKTOpHOro aucnepcu-
OHHOr0 aHanM3a NOBTOPHbLIX U3MEPEHWI YCTAHOBNEHO BVSHWE OHS HELEMN Ha Hacbl-
LeHne KpoBu Kucnopogom (p=0,018) u oTcyTcTBME BAMSIHUE HOMEPaA ypoka Ha 8p02
(p=0,636) (Tabnmua 2). Tak, ecnm Ha NepBbIX ypoKax BO BCE AHW HeAeNn HacbILEHME
KPOBW KMCOPOAOM OCTaBa/ioCh HA HEM3MEHHO BbICOKOM YPOBHE, TO nocre 5-6 ypokos
B Hayane Hegenn OHO 6bu1o 98,9+1%, a K KOHUY Hegenn CHwkKanocb o 97,1+1,5%
(p<0,001), koadhpuumeHT koppensummn 1 = -0,25 (p=0,001) (pucyHok 3). B mogenm
MHOYKECTBEHHOW NMHEWHOM perpeccun ycTaHOBMeHa MNOMOXKUTENbHas 3aBVICYMOCTb
UCC oT gHA Hegenv 1 otpylaTtefibHas OT HacbILLEHVS] KPOBU KUCNIOPOLAOM (KoadhdmLm-
€HT geTepMuHaumm mogenn = 15%).

I Br C'p It I (&)
AEHE HETEMT
PucyHok 3 - [lnHaMuKa OKCUreHaumn y LUKOMbHNKOB B TedeHne Hegenn (2016 r.)
Tabnumua 2. A6CoNOTHbIE NokasaTeny 8p02 B 3aBUCMMOCTU OT YpoKa U aHs Hegenm (2016 r.)
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SpO2 Jenb venenn
I Bt Cp qr IIr Co P

YPOR Tt | MeantS | MeantS | MeantS | MeantS | MeantS
SD D D D D D

1 98,6£1, | 99,2£0,8 | 98.9¢0.8 | 98,7%1,1 - - 0.192
2

2 0841, | 98,0£1,5 | 98.7x1.4 | 98.0:1,1 | 98.821.2 | 98.6=1.2 | 0.265
3

3 08,060, | 98,5212 | 986511 | 98,7211 | 98.5:1.4 | 98.5:1.4 | 0.871
9

2 98.3£1, | 990£1,0 | 98.651.2 | 98,811 | 98711 | 98.4=1.1 | 0.366
4

5 0R.0c1, | 993108 | 98.4x13 | 98,7:1.1 | 986214 | 97.1=1.5 | <0001
0

5 99350, | 993409 | 98.6:1.5 | 98414 | 98412 | 98.3=1.5 | 0.020
7

CneoBaTeIbHO, AMHAMHKY MyJbca H SpO2 ¥ MIKOMbHHKOB 10 KIacca MOMKHO
PACCMATPHBATE HE KAK PEAKLMIO CEPACMHO-COCYAHCTOH CHCTEMBI HA THIIOKCHHMECKYIO
THIOKCHIO, 4 KAK PEAKUHIO HA YTOMJICHHE C BKJIFOMEHHEM BBHICLIHX HEPBHBIX LCHTPOB B
Per¥ILHIO PHTMA CePIOUA.

Y uccneayeMeix B Bopacte 17 net (Tabmuua 3) BHIABICHBI JOCTOBEPHBIC H3-
MEHCHHA OKCHICHALIMH KPOBH KHCIIOPOIOM, CHCTOJIHYECKOTO H JHACTONHHMECKOTO Ap-
TEPHANTBHOTO JABJICHHA B TE€4EHHE Y4eOHOTO OHA: K OKOHYAHMIO 3aHATHH AJl cTamo
BoIe HA 7% (p<0,001), a SpO2 cHm3umace Ha 1% (p<0,001). XoTd H3IMEHEHHI OKCH-
TeHALMH MHHHMAJNbHBI, OHH CTATHCTHYECKH 3HAMHMBL, TAK KAK ¥ BCEX HCIBITYEMBIX
OTMEMEH OJHOHANPABICHHBIH Xxapaktep udmeneHni. JanHasa peaxuuwsa 6pU1a 0IJHHAKO-
Boii Bo Bce guu Hemesin. UCC y 17-NeTHHX HE MPETepneBasa CyLCCTBEHHEIX H3MEHE-
HHii B TeYCHHE Y4eOHOTO JHA HaH YueOHOH Heaemu, omHako Opima HAa 21% BeIIE aHA-
JOTHYHBIX JAHHBIX B YTPSHHHE MACHI ¥ 3THX JK€ HCIBITYEMBIX B 16-IETHEM BO3pacTe H
cocrapmia 82.0+10.4 yu/MuH (p<0,001 no CpaBHEHHIO C NPOLIBIM HCCIEAOBAHHEM).
Y nonoBuHbl 17-neTHUX 00CACAOBAHHBIX B HAUale YYeOHOTO AHS OTMEUSHA TAXHKAD-
aust ot 80 Ao 105 ya/MuH, X0Ts B npountoroaseM uccaenosanun YCC 80 ya/MuH 0T-
Meuanack B 1-3% ciyuaes, a onee BBICOKHE 3HAYCHHA HE 3aPETHCTPHPOBAHBI (PHCY-
HOK 3).

Ipu aHamu3e rpa)MKOB HA PHCYHKAX 4. 5 M 6 BHAHO, UTO JOCTOBEPHO H3ME-
HHJIHCh OKCHICHALWA, CHCTOIHYECKHE H THACTONHYeCKoe AJl — K KOHITY AHA OHO CTa-
JIO BBHILIE, A OKCHICHALHS CHH3HIACh. XOTH H3MCHESHHA OKCHICHALHH H KAKYTCA MU-
HHMAJIBHBIMH, OHH BCE PABHO CTAaTHCTHUECKH SHAYMMBEI, TIOCKQJBKY Y BCEX HCMBITYE-
MBIX B NOJABJHOIIEM OOJBINHHCTBE CITY4AEE NMPOH30IIET OXHOHATIPABICHHBIH Xapak-
TEP H3MEHCHMH (MAPHBIE TECTHI QYEHb MYBCTBHTCIBHBI). HeoOX0MHMO OTMETHTD, YTO
BCE MPOHCXOJALMHS H3MSHEHHA CATYPALHH KHCIOPOAOM ObUTH B (PHIHOMOTHMECKHX
mpeaenax — SpO2 HM pa3y He CHIDKAJCA 3O VPOBHA MeHee 95%.
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TaGmmia 3. AGcomoTHEIe MoKAa3aTenH wibca, SpO2. ANC, AT u A/l mynbCOROIo B 3aBHCHMO-
CTH OT JHSI HeJem (2017 1.)

JeHb IMokazatens ¥1po JeHb PazHocTb, | PasHOCTE, P

HeneNn abc %

Ix IMynpe 81.7x11,5 85.0+8.3 34+128 4% 0.256
Oxcurena- 98,6+0,9 97.3£1.2 -1,3£1,3 -1% <0.001
1155]
ANC 119,6+12.2 126,2+10,9 6,6+14.1 6% 0.051
AT 71,0£7.1 77.4+9.9 6,4+11.5 9% 0.024
AJl myneco- 48.6+£14,0 48.9+8.3 0,3£12.7 1% 0.931
BOC

Bt IMynbe 84,1£79 84.7+06.3 0,6+11.2 1% 0.813
Oxcurena- 98,8+0,7 97.2£1.0 -1,6£1,5 -2% <0.001
nua
ANC 114,789 120,6+9,4 59+125 5% 0.050
AT 69,2+7,7 73.0£9.3 3,8+11.2 5% 0.150
All myneco- 45.5+7.6 47,6+74 2,119,7 5% 0,345
BOS

Cp IMynbe 78.3+12,1 82.3+8.0 4,0£125 5% 0.167
Okcarcna- 98.2+0.8 97,24¢1,0 -1.0+£1.3 -1% 0,002
nes
ANIC 117,974 126,3+9,1 8,4x11.2 7% 0.003
AN 71.9+£3.9 79,2474 7,349,9 10% 0,004
Al myneco- 46,0+6,8 47,1+8,7 L1£11,1 2% 0,663
BOG

Yr ITynse 84,2410.1 82,7488 -1.5£13.2 -2% 0,617
Oxcurena- 98.3+1.2 97,3+1,0 -1.0£1.4 -1% 0,005
nps
ANC 114.2+£10,0 122.0+£10.7 7.8+14,2 7% 0,024
AN 73.3£7.1 76,8+10.7 3.6+11,0 5% 0,165
AJl myneco- 41.048.5 45,248.7 4,3£13,3 10% 0,168
BOE

ITr ITynse 81.9+8.3 82,9477 1.0£13,5 1% 0,757
Oxcurena- 98.8+£0.9 97,1£0,8 -1.7£1.1 2% <0,001
[i(5;]
ANC 117,747.1 125.9+£10.9 8.2+13,1 7% 0,011
AN 72.0+5.3 77,5+8,0 5,549.6 8% 0,020
Al nvisco- 45,7+8,7 48.4+8.5 2,7£11.5 6% 0.308
BOE

Cé ITynse 82,0+120 85,4+7,0 3.4+12,7 4% 0,253
Oxkcurena- 98,2£1,1 97.5+1.1 -0,7£1,5 -1% 0.049
1l35]
ANC 1153483 1254+11.8 | 10,2+11.0 9% 0,001
AT 72,8+8,2 82.3+11,5 9,5+12.4 13% 0.003
AJl mvibco- 42.5£10,6 43.1£10,3 0,7+11.2 2% 0.798
BOE




98,05
98
97.95
979
97.85
978

97.75

bl

SpO

97,7
97.65
97.6
97.55
[ITn Br p It IIr 6
JIEHB HETET

PucyHoK 4 - [InHaMnKa OKCUreHaumn y LLIKO/TbHUKOB B TeyeHue Heaenun (2017 1.)

A

ITH B1 Cp "r It CY
JEHE HEETIT

PucyHok 5 - AnHamuka ALC y WKONbHUKOB B TeueHue Hegenn (2017 r.)

[n Br Cp Ur Ir Co

JIEHB HEJTETI
PucyHok 6 - OnHamuka AL y WKONLHMKOB B TeveHue Hegenu (2017 r.)

Ha prcyHke 7 nokasaH rpadvik guHammku AJl nynbCOBOIO Y LUKOMLHMKOB B
TeyeHve Hegenn (2017 T.)
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JIEHB HEJTEJITT
PucyHoOK 7 - OnHamuka AJ], NyNbCOBOrO Y LLKOMbHUKOB B TeueHue Hegenu (2017 r.)

O6ey»kaeHve

Cpeay LLKONbHUKOB, 0By4atoLMxXcsi B NPOUIbHBIX Knaccax, COXPaHAHTCH
HeraTtvBHble TEHEHLMM B COCTOSHUM 3[0PO0BbA MOAPOCTKOB. BbigenaroT 5 rpynn 310-
poebs. K | rpynne OTHOCAT nNpaKTMyecky 300poBbIX geTeit. K |l oTHOCAT getein ¢ He-
3HAUUTENBbHBIMW OTKIIOHEHUSIMU B 300POBbe, (PYHKUMOHANTBHBIMU MK Mopdionormye-
CKUMN OTKIOHeHVAMU. K Il - cO CKpbITbIMK, HE MPOSBIAIOLLMMUCA XPOHUYECKMMM
3a60neBaHVSIMA, 60 C BPOXKAEHHO naTtonorveid. 1V rpynny - BbICTaBASKOT Y AeTeli C
HM3KOW COMPOTUBAAEMOCTbIO OpraHM3Ma, C XPOHUYECKVMUN 3a601eBaHMsIMA Ha CTaaumn
cybxkoMneHcaumn. B V rpynny BXOAAT feTU C UHBAMAHOCTLIO, TSXKENBIMU MOPOKamMm
pasBUTKSA N OHKOIOMMYECKMIN 3a60neBaHVsMU [4, 5.

Mo pa3nMuHbIM JaHHbBIM, YMC/NO MOAPOCTKOB, BXOAALUMX B MEPBYHO rpynny
300poBbs, konebnetcs ot 2,5% go 15%; Bo BTOpYHO rpynny 340poBbs - OT 25% go
52,2%; B TpeTbto rpynmny 340poBbs - oT 40% go 65,5% [6]. 9K AaHHble cBUAETENb-
CTBYIOT O 3HAUMTE/IbHOM HapyLUEeHUM 300POBbSA Y LLKO/bHMKOB. [poBefeHHoe 1cchne-
[lOBaHVe NoKasano, YTO Y LUKONLHUKOB B Bo3pacte 17 feT K KOHUy y4e6Hol Hegenn
OTMeYaeTcs AOCTOBEPHOE MoBbileHVe Afl, 4YTO Hapsidy co CHwkeHvem 8p02 mn Taxu-
Kapaveli cBuaeTeNnsLCTByeT 06 MX MOBbILLEHHOW yToMssieMocTW. CnefoBare/ibHO, 3T
nokasarefii MOXHO UCMO/Nb30BaTb B Ka4ecTBe KpUTepMEB OLEHKU (hakTopoB, Crnocob-
CTBYHOLLIMX Pa3BUTLIO 3a00NEBAHNI.

BbiBogb!

1 Y WKOMbHMKOB B Bo3pacte 17 feT K KOHLY y4ebHOW Hefenm oTMeYvaeTcsl noBbILLe-
Hve AJl, cHwkeHve 8p02 n yyalleHue nynbca, YTo AOCTOBEPHO CBUAETENLCTBYET O
pa3BUTUN Y HUX YTOM/IAEMOCTMW.

2. TMokazatenm UCC, 8p02 n AJl, 0O6LEKTMBHO OTpavKatoLLMe (M3MNONorMieckoe co-
CTOSIHME OpraHu3Ma, MOryT ObITb UCMOb30BaHbl B KAYECTBE KPUTEPUEB OLIEHKU
YTOMNSIEMOCTY YHEHMKOB BO BpeMs y4ebHOro npoLecca.
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YUEBHbI hpe3epHO-CBEPNUNIbHBLIN CTAHOK C Uny
AnAa ONTUMN3 ALV N3TOTOBNEHWA SNEMEHTOB MEXAHWYECKNX
KOHCTPYKUMWIA N SNEKTPOTEXHUYECKUX CXEM

YKpacuH Makcum AnekceeBuy
KocTpomckas obnacTb, r. KocTpoma,
MBY 4O LleHTp ecTecTBEHHOHAY4YHOro pa3BnTusa ropoga Koctpombl «3KOchepar,
06befnHeHne «PafnoTexHUYecKoe KOHCT pyupoBaHue»

HayuHbIii pykoBoauTeb:
LLlectakoB AnekcaHap AnekcaHaposud, MBY [0 LleHTp ecTeCTBEHHOHAYYHOro pasBuUTUs
ropoga Koctpombl «3KOctepa», negaror 4ONONHUTENBHOr0 06pasoBaHus,
Meparor-HoBaTop Poccuiickoi Hay4HO-coumanibHoM NporpaMmbl «LLar B 6yayLyee»

AHHOTaumsA. B nobutensckon unm yuebHoM pagmMoTeXHUYECKOW nabopaTtopun ecTb
OCHOBHbIe NPO6/eMbl: U3rOTOB/MEHME 3/IEMEHTOB MeXaHUYECKUX KOHCTPYKLUMIA U U3roTOB/IEHNE
3/1IEKTPOTEXHUYECKMX NAaT. ITU NPOLLECChl TPe6YOT BbINOHEHNA ABYX BUAOB paboT: (hpesepo-
BaHWA 1 cBepneHus. MpobnemMbl Npy faHHbIX paboTax BO3HUKAIOT B CBA3WN C MUHMATIOPHOCTbIO
N3roTOBNSEMbIX 3/IEMEHTOB M MX 6OMBbLLIOW MNOTHOCTBIO HA U3AENNAX, 3TO AenaeT Heyao6HbIM 1
onacHbIM MNPOBOAUTL [JaHHble pPa6oTbl BPy4Hy. B pesynbTate NpoBeAéHHON Hay4yHO-
NPaKTMYeCKOM paboTbl paspaboTaH U cobpaH (hpe3epHO-CBEPNbHBINA 2B cTaHoK ¢ UMY ans
N3rOTOB/EHNS 3/IEMEHTOB MeXaHNYECKMX KOHCTPYKLUMWI U 3NeKTPOTEXHNYEeCKUX nnat. Paspabo-
TaHo NporpamMmMHoe obecrieyeHmne 415 YNpasieHUs CrPOeKTUPOBaHHbIM 1 cO6paHHbIM 060pYya0-
BaHWem yepe3 bPT nopT vnn M8B-BPT npeobpasosaTesib 0T NePCOHa/IbHOTO KOMMbIOTEPa UK
HoyTOyKa.

B no6utensckoii unm yueGHol paamoTeXHMYEcKoi nabopatopun ectb oc-
HOBHblE NPO6MEMbI, 3TO;
-/3rOTOB/NEHNE 3NEMEHTOB MEXaHNUECKUX KOHCTPYKLNIA;
-U3rOTOB/NEHNE ANEKTPOTEXHUYECKMX NfaT.

3T npouecchl TPebytoT BbIMOMHEHUs ABYX BWOOB paboT: (ype3epoBaHus U
cBeprieHysi. MpobnemMbl NPU JaHHbIX PaboTax BO3HMKAIOT B CBA3M C MUHUATHOPHOCTLIO
U3rOTOB/SIEMbIX 3NIEMEHTOB U UX GOMBLLIOKA MIOTHOCTLIO HA U3AENVSIX, 3TO AenaeT He-
YAOGHBLIM U OMacHbIM MPOBOAUTL AaHHbIE PabOoThbl BPYUHYHO. HayuHO-MpaKThyeckas
pa6oTa Mo NPOEKTVPOBaHMIO 1 KOHCTRYMPOBaHMIO CTaHKka ¢ UMY HanpasneHa Ha pe-
LLIeHVe AaHHbIX Npo6nem. CTaHOK NO3BO/MUT NPOU3BOANTL CBEpNeHVe U qypesepoBaHe
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HE BPYYHYIO, 4 ¢ HCnoup20oBaHueM UITY, 10 ecTh YHANEHHO. 3TO HCKIOMALT JHOOVIO
BEPOATHOCTh ONMACHOCTH AV YHMALUMXCA HPH MPHMEHSHHH JAHHOTO O0OpPYIOBAHHA B
yuyeOHOH i moduTenbCkoi madoparopuu.

Lens paGotsr: peeHue npoOaeMsl HATOTOBICHHSA YMCMEHTOB MEXAHHYSCKHX
KOHCTPYKUHH H 3IEKTPOTEXHHMECKHX IUIAT B YCJIOBHAX MOOHTENBCKOH WIH YueOHOIM
PATHOTEXHHUMECKOH TAB0paTOPHH.

3agauu paboThI:

—  MPOSKTHPOBAHHE KOHCTPYKUHH y4eOHOro manorabapumtHoro  (Qpesepho-
ceepawibHOTO 2D cranka ¢ UITY;

—  MPOSKTHPOBAHHE H COOPKA CXEM: CXeMa yNpaBicHHA yepe3 LPT mopt KoMNbOTE-
pa ABHraTC/LIMH H HCIIOMHHTCIBHBIMH 3ICMCHTAMHE CTAHKA! CXEMa JIJI1 KOHTPOIA
0o0paTHOH CBA3H ammapaTHOH YaCTH CTAHKA C €0 MOMAYJEM YHCJIOBOIQ IpO-
rpaMMHOTO YTIPABJCHHA HAa MEPCOHANBHOM KoMmbroTepe. cxeMa USB-LPT anan-
T¢pa Ha OCHOBE AVR MHKPOKOHTPOILIEpA.

-  HANMHCAHHE MPOTPAMM: MPOTPAMMA A YNPABACHHA CTAHKOM, NMPOTpaMMa i
KOHTPOJIA OOPATHOM CBA3M ANMNAPATHOMN YACTH CTAHKA C €r0 MOIYJICM MHCJIOBOTO
MPOTPAMMHOTO YNPABJICHHA, MPOIIHBKA AVR MHKPOKOHTPOIIEPA ANA CXEMBI
USB-LPT agmamnrepa.

B nponecce paboThl HAA MPOSKTOM ObUTH HCNOJIB30BAHEI CIEIYFIIHE METOIBI
HCCTICAOBAHKA.

Teopemuyveckuit.

AHATH3 BO3MOKHBIX PELICHHH TAHHBIX MPOOAEM ¢ HCTOJIB30BAHHEM O0OpPY-
JOBAHHA, NPENIAaracMOro celuac NPOMBIIICHHOCTBI). PacCMOTpEHa BO3SMOKHOCTH
KOHCTPYHPOBAHUS H COOPKH 0GOPYAOBAaHHS AJA ONTHMH3AIMH NPOLECCOB H3TOTOBNIC-
HHA MEXAHHYECKHX KOHCTPYKUMA H SMEKTPOTEXHHUECKMX Miart. M3yueHa BO3MOK-
HOCTb YNPaBJIcHHA annapaTHOH 4acThio CTaHka uepe3 LPT mopt xomnerotepa. Hiyue-
HBI BO3MOKHOCTH apaiieepa LPT nopra Iptwdmio.sys.

[Ipoexmmviit.

CnpoeKTHpOBaHA KOHCTPYKUHA YUeOHOrO Manora0apHTHOrO (ppesepHo-
ceepiumbHOro 2D cranka ¢ UITY. CnpoekrHpoBaHa cxema ympasiieHHA uepe3 LPT
NOPT KOMIBIOTEPA ABUTATCIAMH H JPYTHMH HCTIOMHHTEIbHBIMH 3IEMEHTAMH ANMAPAT-
HOTO MOJYJIA CTAHKA.

TTpaxmuneckui.

CobpaHa KOHCTPYKUHA Y4eOHOTO MATOTA0APHTHOTO (ppesepHO-CBEPIHIIbHOTO
2D cranka ¢ UITY. Cobpanna cxema ympasienus vepe3 LPT mopt koMmeroTepa JBHra-
TeIMH H JPYTHMH HCHOJHHTEILHBIMH IEMCHTAMH ANNAPATHOTO MOJYIA CTAHKA.
Hanucana nmporpaMMa g ynpaeieHua CTaHkoM. CodpaHa cxema 4y KOHTpOJA 00-
PATHOH CBAZH ANMAPATHOH YACTH CTAHKA C €0 MOJYJIEM YHCIOBOTO MPOTPAMMHOTO
yvopaBreHwi. Hanmucana nporpaMMa KOHTPOXA 0OPATHOM CBA3H CTAHKA C €r0 MOIYIEM
YHCTIOBOTO mMporpamMmHoro ynpasneHus. Cobpana cxema USB-LPT aganmrepa Ha OCHO-
Be AVR mukpokontpomnepa. Hamucana npommBka AVR MHKPOKOHTPOIIEPA LA
cxempl USB-LPT anantepa.

3Kcnepu,wemnaﬂbnbu?.

IpoeencHa anpofanus pa3paboTaHHOTO H COOPAHHOTO CTaHKA NMPH H3TOTOB-
JCHHE MEXaHHYECKHX KOHCTPYKIMI A1 nadopaTopHbIX paGoT TEXHHYECKOH Hanpas-
JEHHOCTH MO IporpaMMaM «PaJIHOTeXHHUECKOE KOHCTpYHpoBaHHEe» H «HOHble Kymn-
OuHBI», peamusyeMbx B IeHTpe «IKOcdepa», a Taoke NpH H3TOTOBJICHHH 3MIEKTPO-
TEXHHUYECKHX MIAT H3 (ONBIHPOBAHHOTO CTEKJIOTEKCTONHTA, IPHMEHASMBIX NpH cOOp-
K€ CTAHAAPTHBIX PATHOTEXHHYECKHX YCTPOHCTE MO TEMATHUECKUM MIAHAM MPOrPaMM.
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(OCHOBHOE COACPIKAHHE

ITpu 06yuyeHHE B CCKUMH HAYYHO-TCXHHYMECKOTO TBOPYCCTBA HA 3AHATHAX B
obveauHeHHAX «PaguoTexHuueckoe KOHCTPyHpoBaHHE» H «lOHble KymuOuubr
Habmonaercd pag npodnaeM. [NABHEIMH H3 HHX ABJIAIOTCA. HATOTOBICHHE 3ICMEHTOB
MEXAHHYCCKHX KOHCTPYKLHH H H3MOTOBIEHHE YEKTPOTEXHHHMECKHX IUIAT.

ITpo6neMbl NpH JAHHBIX PAGOTAX BOSHHKAKOT B CBA3H ¢ MHHHATIOPHOCTBIO H3-
FOTOBIMIEMBIX IEMEHTOB H HX OOJBIIOH MIOTHOCTHIO HA H3JCNHAX, 3TO IEJAET He-
YAOOHBIM H OIIACHBIM MPOBOAMTH AAHHLIC PAlOTHI BPYUHY 0.

Ilepen Ha4yanoM paloThl MO HAYUHO-TCXHHYECKOMY MPOCKTY I MPOBEN TEOpE-
THYECKOE HCCICAOBAHHE, H3YUMB TO. KaK JAHHBIC NMPOOJIEMBI MOTYT OBITH PEIUCHBI C
HCIOJIL30BAHHEM O0OPYAOBAHHA. NPEANAracMoro Ceiuac MpOMBIILIEHHOCTHIO. H3ro-
TOBHTH 3JICMEHTBI MEXaHHYSCKUX KOHCTPYKIHH, a TAKAKE 3CKTPOTCXHHYECKHE TUIATHI
AT 3AHATHH HAYYHO-TEXHHUCCKHM TBOPYECTBOM, B YACTHOCTH PaTHOTEXHHYCCKHM
KOHCTPYHPOBAHHEM MOKHO OTACIBHO C MPHMEHEHHEM CBEPIHJIBHBIX H (pe3cpHBIX
CTAHKOB.

CTaHKH MOTYT OBITh NMPUMEHEHBI KaK PYYHBIC. TAK H C YHCIIOBBIM NPOTPaMM-
HBIM YOpaBACHHEM. PyuHBIE CTAHKH HMEHT OTPAHHUCHHS HCMOJb30BAHHA B JACTCKHX
O00BCAHHCHHAX B COOTBETCTBHH ¢ NMPABMJIAMH TEXHHUKH (0€30MACHOCTH A Pa3IHYHBIX
BO3PACTHBIX KATErOpHil y4amuxca. Kpome 310ro Ha py4HBIX CTAHKAX CIIOYKHO H3rOTO-
BHTb JAHHBIC JIEMEHTHI B CBA3H C GOJIBIIHM KOJIHYECTBOM HX THIOB H CIEUH(PHKALHIA.
KpoMe py4HBIX CTAHKOB H3rOTOBHTH JAHHBIE JIEMEHTH MOKHO HA MPOTPAMMHPYEMBIX
CTAHKAX ¢ YHCIOBBIM MPOTPAMMHBIM YNPABACHHEM. JAHHBIC CTAHKH HE HMMEKOT Orpa-
HHYCHHH MO TeXHHKe Ge30macHOCTH, TAK KAK PaboTa HA HHX MPOHCXOJHT YIANEHHO.
VYyeHuk pabotaer 3a KOMIBIOTEPOM, A CTAHOK BBINOJHACT €10 KOMAHIBI, HO JAHHBIC
CTAHKH HMEIOT CIIHIUKOM OOJBIUYEO CTOHMOCTB, KOTOPAd HEMPHEMIICMA I ACTCKHX
00Bbe JMHEHHHT TEXHHYECKOTO TBOPYECTBA, K TOMY K€ MPH BBIXOJE TAKHX CTAHKOB H3
CTPOA HX PEMOHT OMEHb JOPOTOCTOSL,

Hexond w3 mpoOBSISHHOTO aHATIH3A, 00beanHeHHA «PATHOTEXHIMECKOE KOH-
crpyupoBanne» H «HOHble KynuOUHBY H3 CeKUHH HAYMHO-TEXHHYECKOTO TBOPHECTBA
pemns 0OBSIHHATD CBOH YCHIHA H NMOMBITATECA CHPOEKTHPOBATH M COOPATH CBOI
(Ppe3ePHO-CBEPNHIbHBIH CTAHOK C YHCJOBBIM NMPOrPaMMHBIM YNpaBdecHHEM. CTaHOK
JOJUKEH MMETh TOT K¢ Ha0op (VHKUMIH. 4TO U NMPOMBINUICHHBIC CTAHKH. HE HMETh
OTpaHHUCHHH MO TeXHHKE 0e30MacHOCTH. [IPOCKT CTAHKA JOJLKEH YYHTBHIBATH TCXHH-
YeCKHE YCIOBHA JaloparopHii 00beIHHCHHIL. a Tak e HX MAaTCpPHANbHBIC BOZMOKHO-
CTH.

VYHTHIBaA HMEHILHIICA ONBIT MO NPOCKTHPOBAHHIO HIEMEHTOB MEXAHHUECKHX
KOHCTpYKuHit [1, 2, 3], 6BIIO peLICHO MPHMEHHTh B CTAHKE KOHCTPYKUHKO, KOTOpas
CIPOEKTHPOBaHA B nporpaMme « KOMITAC-3D YueGHag Bepcus» (OeCTLIATHAA) H JaeT
MpPENCTaBICHHE 0 MEXAHHUYEGCKOH KOMIOHOBKS CTaHka. Ha Hecymel KOHCTpPYKIMH-
CTAHHHS NMAPAJICIBHO APYT APYIY 3aKPENJICHB ABS HANpPaB/LIOLIME, HA KOTOPBIC
VCTAQHOBJICHA KapeTka, 0DCCIEUHBAOIAA NepeMenIcHUE Padouero HHCTPYMEHTA B Io-
PH2OHTANBHOM IUIOCKOCTH BIOJb CTAHKA, TO €CTh BIOb padoMeli MIoCKOCTH (o OCH
«X»). Pabouas mnoCKOCTh 3AKpeIUICHA HAJ TOH mapoil Hampasimowmx. Ha kaperke,
NMEePSMEILAOILEHCA BAOMb CTAHKA, 3AKPEILUICHA BTOPAA MAPA HANMPABILAIOLIMX, TAK XKE C
KAPETKOM. 3T KAPETKA ABHXKSTCA BBEPX-BHH3 H 00ecneMHBaeT nepemMeieHue paboye-
r0 HHCTP¥YMEHTA B BEPTHKAJIBHOMH IWIOCKOCTH (IO OCH «Z»). Ha kapeTke BepTHKATBHO-
r0 NePEeMELICHHA PACIONIOKEHA TPEThA MAPA HANPABJLAIOLIMX TAK K& CO CBOCH KapeT-
Koit. OHA YCTAHOBICHA MOMEPEK CTAHKA H 00eCneYnBAET NepeMeleHue pabovero HH-
CTPYMEHTA B FOPH30HTAIBHOH IIOCKOCTH MO OCH «Y». Ha KapeTke oCH monepeMHOro
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nepeMeLeHHA Pabodero HHCTPYMEHTA (0Ch «Y») PACIONOMKEH ABHIATEb PabGoyero
HHCTPYMEHTA C MATPOHOM A €r¢ YCTAHOBKH. B DATPOH MOXKET YCTAHABIHBATBHCA
(pe3a win CBEPIO B 3ABHCHMOCTH OT MOCTABICHHOM 3JaMH.

TTocne TOrO, KAK KOHCTPYKUHA CTAHKA OBLIA COPOSKTHPOBAHA MBI CTAJIH Pe-
LIATH 3AJa4y IO €r0 MHCIOBOMY IMPOTPAMMHOMY VIIDABIEHHIO.

B 6ompummncTBe O50k0oB UITY, npeanaraeMeIx MPOMBILUICHHOCTHIO A1 y4el-
HBIX HJIH JEIOOHTENBCKHX LEJICH, YIPABICHHE MPOUCXOIUT Yepes COM mopr kommbro-
Tepa. Jg peanu3aliu AaHHOTO HHTep(eHca ynpasneHua TpeOyeTcs GoMblIee KOHUe-
CTEO AcTaNeH H YCTIOKHACTCA CXeMa Ooka. CaMbIM JIETKHM AN YTIPABNCHHSA BHEIIHH-
MH ycTpolictBaMu saBigercsa LPT mopr xommerotepa. IlpH ero HCnoAb30BaHHH YIPO-
LIACTCA CXEMa ApaliBepoB YNPaBICHHA ABUTATS/AMU NMEPEMEILCHHA padouero HHCTPY-
MEHTA PPE3CPHO-CBEPIUTBHOTO CTAHKA.

Tocne onpeaeneHH KOHCTPYKIMH CTaHKA H HHTepdelica ynpaeaeHUA mapa-
JEbHO CTajH PELHaThCsl JBE¢ 3aJaY: HAMKCAHHE MPOTPAMMHOTO O0CCHCUCHHA I
Onoka UITY H NpoeKTHPOBAHHSA 3KICKTHYSCKOH CXeMbl Onoka UIIY.

IIporpaMMHOe OOCSCIICUCHHE MBI PEINHIH PEAH30BaTh B BHAC ABYX TNpPO-
rpaMM: TPOTPaMMBI IS PEaSM3ALHH BOSMOKHOCTH NOCTPOCHHS H NOCICAYIOIIETO
(PpesepoBanus rpadIueckuX H30OPOKEHHH H MPOrpaMMbI I aBTOMATHUECKOTO Me-
PEeMEILEHHA CBEPIHITLHOTO HHCTPYMEHTA.

ITporpamMmuoe obecnedenne HamucaHo B cpeme Delphi ¢ HCmoOmb30BaHHEM
apaiisepa LPT nopra Iptwdmio.sys.

Ha 3kpaHe nosABIAETCA OKHO C PA3MEMEHHOH KOOPIHHATHOH MIOCKOCTHIO.

B 3TOM OKHE pa3MEMAIOTCA JIHHHH M MOCHEIVIOLIET0 HX H300paykKeHHA
(({pesepoBaHia) HA 3aroToBke. [Tocne TOro KAK HA BHPTYANBHYEO KOODIHHATHYHO
IUIOCKOCTh HAHECSHBI JIHHHH, HUKHMACTC KHOMKA «DpelepoBAHHE» H CTAHOK HAYHHA-
€T CBOH paboTy.

JAHHAT MPOrpaMMa MOYKET HCTIONMB30BATHCA I (PPE3epOBAHHA TOKOMPOBO-
JILIHX JOPOIKEK HA (OJBIHPOBAHHOM CTEKIOTEKCTONMTES, A HATOTOBICHHA MEXAHH-
YeCKHX ICMEHTOB Y4YeOHBIX pOGOTH3HPOBAHHBEIX KOHCTPYKUHI, A JCKOPATHBHOTO
({pesepoBaHu.

Bo BTOpoii nporpaMMe. B MPOrpaMMe CBEPIICHHA, Ha BHPTYATBHY HO IVIOCKOCTD
BMECTO THHHH HAHOCATCSA TOUKH.

B ofenx mporpaMMax NMPHCYTCTBYET ONIMS COXPAHECHHA (haiia ¢ pasMeUcH-
HOH BHPTYaJIbHOH MJIOCKOCTBIO H MOCNEAYIOLICH 3arpy3koii 3Toro (aiina. Ita onuus
MOJKET OBITH MPHMEHEHA NMPH HEOOXOAUMOCTH OJUHAKOBOTO (DPe3cpPOBAHHA WIH CBEp-
JEHHS HA HECKOUBKHX 3aroToBKax. Takike B NMporpaMMe (B MCHKO) HMEETCS ONIMA
OCTAaHOBKH mpoLecca Qpe3epoBaHusa, KOTOpas MOKET ObITH NMPHMEHEHA. €CITH B NpPOo-
LECCe MPOH3OLIET KakoH-mb0 cOoH.

TTocne Tore Kak MBI ONPSASTHINCEH, YTO CTAHOK OyJeT ympasnarses ot LPT
NOpTA KOMIBIOTEPA H YIPABIMEMBIMH B CTaHKE OYAYT TPH JBHraTesl. KOTOphIE 00ec-
NEYHBAKT MEPEMEIICHHE Pe3la MO TPEM KOOPAUHATHBIM OCAM, MPHIIIO BpeMA NpH-
CTYNHTh K MPOSKTHPOBAHHIO YICKTPOHHOH YACTH CTAHKA, A HMEHHO OOKA YHCIIOBOTO
NPOTPAMMHOTO VIIPABIEHHA.

B mpennaraeMeix mpoMbInuieHHBIX Onokax UITY nmepeMeleHne oCyIecTBI-
€TCs 32 CYET LWATOBHIX ABUraTeneii. CxeMpl YIPABICHHA IATOBBIMH JBHTATEIAIMH J0-
BOJIBHO CJIOJKHBIE H3-32 TOTO CIOMKHO H NPOTPAMMHOE YOPABICHHE MMH. B Cramke
ObUIO PEICHO TMPHMEHHTD YICKTPOABUTATEH MOCTOAHHOTO TOKA, TAK KAK YIPABIATH
HMH Jierye, paboTaroT oHH 03 PHIBKOB, B OTJIHYHE OT LUATOBBIX ABHTATSICH, H OHH B
GOMBIIOM KOJIHYSCTBE HMEHTCA ¥ HAC B 00beauHeHHH. COOTBETCTBEHHO, MPH HCIIOJb-
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30BAHHH IEKTPOABHIATENICH MOCTOAHHOTO TOKA BMECTO LIATOBBIX ABHIATENCH COKpA-
LIAKOTCA PAcX0dbl HA COOpPKY (pe3epHO-CBepIHIBbHOTO CTAHKA. [locne Toro kak Gruia
pazpaboTana cxema OJ0KA MHCIOBOTO MPOTPAMMHOTO YIIPABIEHHA, MOXKHO OBUIO MpPH-
CTYNATP K pa3paboTke KOMIIOHOBKH MEXAHHYCCKHX 3IEMEHTOB  (ppesepHo-
CBEPIIHIBHOTO CTAHKA, TO €CTh K MPOSKTUPOBAHHIO CAMOH KOHCTPYKIHH CTAHKA.
Janee pemanace 3agada mno noadopy MarepHana H jetaneii mia cOopku Hawero (pe-
3epHO-CBepMHAbHOTO 2D cranka ¢ UITY. Jdna cOopkn MEeXaHHMECKOH OCHOBBI CTAHKA
OBII0 PEIICHO HCMOB30BATh JICTKOAOCTYIHBIC ManoradapuTHBIC METaUTHUCCKHE H3-
JASTHA XO3MHCTBCHHBIX HY KA (YTOJKH, NPOQHIH. peHKH, INMHILKH. OONTHI H Ap.).

B anexrpHueckoil yacT craHka H Omoke UITY BOCMOMB30BATHCA TEMH ACTa-
JEIMH. KOTOPBIC CCTh B HAJIHIHH B oﬁhennneunn «PaAHOTEXHHYESCKOE KOHCTPYHPOBA-
HHE», B cTaHke NPHMCHCHBI 3JICKTPOIBHIATCIH NOCTOAHHOIQ TOKA € LECIBHY YICIICE-
JICHUS €70 CTOMMOCTH (OHH B QOJBIIOM KOJHUCCTBE HMCIOTCA B 00BbeAHHEHHU «Panuo-
TEXHHUYECKOE KOHCTpYHpOBaHHe). JIna o0ecrmeucHHs CTabUIIBHOTO MEPEMEICHHA pa-
0Gouero MHCTPYMECHTA JBHIaTCIM YCTAHOBICHBI BMECTE CO CTAHIAPTHBIMH CXEMAMH
cTa0HIHM3ALHH YaCTOTH BPaLIcHHA. [IepeMellicHHE KapeTOK MO OCAM OCYIUECTBIETCSA
3a CUET BHHTOBBIX IIMHICK, COCAHHCHHBIX C POTOPAMH ABHTATENCH.

DNEKTPHUECKAs 4aCTh CTAHKA COCTOMT H3 OCHOBHOTO palouero MBHraTeNs H
Ormoka YHCIOBOTO mMporpaMMHoro ympasieHus [4, 5]). brnok UITY momuxen obecnevu-
BATH MEPSABIKEHHE MO TPEM KOOPIHHATHBIM oCaM. Cxema Omoka paboraer cnemyro-
oM 00pazoM: pa3paboTaHHAA B NMPOLECCe NMPOSKTHPOBAHHA CTAHKA MPOTPaMMA
YOpaBieHWA BeLIaeT HA BbiBOAbI LPT mopra normeckue ypoBHu «O» H «1». K coot-
BSTCTBYIOLIHM BBIBOJAM NMOPTA MOJKMIOYSHBI OAbI TPAHZHCTOPHBIX Kmoueld VT1 —
VT7. Tpanzuctopsl VT1 u VT2 ynpaBmaror nektpoMaruutHeiMi pene Kl v K2, x
KOHTAKTOM KOTOPBIX NMOJKMOYCH JABUTATENb MONEPSHHOH MOJAYM HHCTPYMEHTA B ro-
pU2OHTANBHOH MIOCKOCTH. € NMOMOINBIO NEPSKMOMEHWA EKTPOMATHHTHBIX Ppele
OCYLIECTBIMETCA KOMMYTAUHA MUTAIIIECTO HANMPsDKeHHA (12B) ¢ KOHTAKTAMH 3MEKTpO-
asurarend M. Tpu srwnovenun pene K1 apuratens M1 HAYHHACT KPYTHTBCA BIPABO,
mpu BmoueHHH K2 — Bnepo. Korma 06a pene BBIKIIOYCHB! — JBUTATENb HAXOIUTCA B
MOJIOYKEHHH MOKOs, TAK KAK HA 004 ero KOHTAKTA MOJAETCA OTPHUATEILHBIH MOTEHLUH-
an. YnpapJcHHE JBHTaTeLIMH NMpPOJONBHOH NMOJAYH B FOPH3OHTANLHOH MIIOCKOCTH H
NOABEMOM H OMYCKAHHEM HHCTPYMEHTA B BEPTHKAIBHOM MIOCKOCTH OCYLICCTBIACTCA
N0 TOMY K¢ MPHHUMIY. JIBHraTeab MpoaOJbHON noja4u M2 ynpaBmdeTcs TpaH3HCTO-
pamu VT3 1 VT4 u pene K3, K4. JIpuratens noaseMa H OMYCKAHHSA HHCTPYMCHTA B
BEPTHKANBHOH NIOCKOCTH (M3) ympaBmaeTca TpaH3ucTopaMu VIS u VT6 u pene K5,
K6. BrmoueHHe OCHOBHOTO paGodero ABMrarea M4 oCYLICCTBIIETCA ¢ MOMOIUBIO
TPAH3UCTOPHOTO Koua VT7, KOMIEKTOPHOH HArpy3KOH KOTOPOrQ, ABMACTCA ABHIra-
TENb.

ITocne TOro Kak CTaHOK H cxeMa Onoka UITY Ol co0paHBbl, NOABUNACE BO3-
MOJKHOCTb H3MEPHTb KOHKPETHBIE XaPaKTCPUCTHKH:
-pasmep pabouecli KOOPAHHATHOM IIOCKOCTH.
-MACIITAO KOOPIHHATHOM IIOCKOCTH;
<KOPOCTH NMepeMEICHHA (PPe3bl MO KOOPIHHATHEBIM OCAM
-IHCKPETHOCTD MEPSABIKEHHA (DPe3bl.
-BO3MOKHAA IIIyOHHA TOMEHHA.

B ¢BA3H ¢ BBMBICHHEM 3THX XAPAKTEPHCTHK NPOTpPAMMHOE odecmeveHHe
MPHHATO VKS 3AKOHMEHHEBIH BHI

Tenepbs mpu 2amyCKe MPOTPAMMBI OTKPHIBACTCA HE OKHO ¢ KOOPIHHATHORM
MIOCKOCTBK), 4 OKHO HACTPOEK. B 3TOM OKHE MOMHO YCTAHOBHUTH CIECIYIOLIHE
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NAPAMETPEL. CKOPOCTh JBH)KCHHA KAPSTOK MO OCAM MPOJONBHOTO H MONEPSMHOrO
NePeMELICHHA HHCTPYMCHTA B TOPH3OHTAIBHOH IUIOCKOCTH M MO OCH MOJABEMA H
OIMYyCKAHHA HHCTPYMEHTA B BEPTHKAMBHOH IIOCKOCTH; pasmMep paboyei KOOPIHHATHOH
MIOCKOCTH, MACINTAG KOOPAHHATHO#H IUIOCKOCTH.

TTocne TOrO0 KAK HACTPOHKH YCTAHOBICHBI HAKHMAETCA KHOMKA «Hauarts
({pesepoBanne» uau «Havate CBEpIEHHE» B 2ABHCHMOCTH KAKAS H3 NPOTPAMM
samymeHa. [locne HAKATHA HA KHONKY HA SKPAHE MOABIAETCA OKHO C PAa3MEYCHHOM
KOODAHMHATHOH MIOCKOCTRIO. PafoTa mpoaomkaeTca N0  OMMCAHHOMY  paHee
ANTOPHTMY.

Janee peluaguch 3a7a4H MO MPOSKTHPOBAHHIO H COOPKE CXEMBI, 3 TAKOKE MO
HAIHCAHHMK) MPOTPaMMbI KOHTPOJI 00PATHOH CBA3H CTAHKA ¢ KOMIBHTEPOM.

J11 KOHTPOJIA TOYHOCTH BBIMOHCHUS (PPE3CPOBAHHA H CBEPICHHA COOPaHO
KOHTPOMBHOE YCTPOHCTBO «MIIIHMETPY.

YCTpOHCTBO HHHUHANH3HPYETCA B ONEPALMOHHOH CHCTEME HA KOMMBIOTEPES
kak USB HID u. cooTBeTCTBEHHO, He TpelyeT npalipepos. IIpHHIMNHAMBHA CXEMA
YCTpONCTBA BRIMOJHEHA Ha O0CHOBE AVR MukpoxoHTpoanepa AT tiny45. Ha ananoro-
BBIC BXO/JbI MOCTYNAKT CHTHAMEI C ABYX JAaTYHKOB. KOTOPBIE B HH(PPAKPACHOM JHAMA-
30HE H3MEPAIOT PacCTOAHHE OT YCTPOHCTBA A0 OTpakareleH Mo ABYM KOOPAHHATHBIM
ocaM — X H Y. MHKPOKOHTPOJLIEP € MOMOLUBI HAITMCAHHOM HA A3bIKe «C» MPOLIHBKH
OUH(pPOBHIBAST 3TH CHTHANBI H OTMPABIAET B BHIE ABYX O0k0oB mo 10 GuT KOKIBIH HA
USB mopt komnproTepa. Ha HOKKH BBHIBOOHTCA LH()POBOH CHTHAN ¢ MOCHSIYIOLICH
ornpaBkoi HAa USB nmopt kommnbrotepa. [TuTanHe MEHKPOKOHTPOILIEPA HAPSDKEHHUEM 5
BOJIBT OCYLIECTBIACTCA Takke 0T USB mopta («=» H «+»). UHcna ¢ MHKPOKOHTPOJLIEPA
06pabaTHIBAKOTCA MPOTpaMMOii HA koMmbroTepe. [TporpaMma HAMHCAHA HA sA3bike CH/.
N3 nporpammer 6ubmiorexe USB Scope mepenarorcs MaeHTHOHKATOPHI Y¥CTPOHCTBA.
OHA CHHTBIBACT JAHHBIC, NPHXOIAHE ¢ MHKPOKOHTPOILIEPA, COOTBETCTBYIOILEIO Me-
pemaHHBIM HISHTH(OHKATOPAM, H NMEPECHUIACT 3TH JAHHBIC B mporpamMy. C mepBeIM
OI0KOM TAHHBIX, TO €CTh ¢ TEMH JAHHBIMH, KOTOPbIC MpHX0JAT oT mepeoro AL, k
KOTOPOMY MOAKIFOMEH JATHHK H3MEPSHHA PACCTOAHHA MO OCH «X», mporpaMma pado-
TAET TAK: MPH CABHTAHHH JATHHKA OTHOCHTEIBHO OTPAXKATENCH MEHAETCA HANMPKEHHE
ot 0 10 2.5 BOMBT. KOTOPOE MPUXOAHT HAa AITIT MHUKpOKOHTpOLIEpa. MHKPOKOHTPOI-
JEp. B CBOK) OUEPEAb. OTNPABIAET B MPOrpaMMy Ha KOMMBHOTEPE YHCaa ot 0 xo 1023,
NPOTNOPLUHOHATIBHO H3MEHEHHAM HANpOKeHUA. B OKHE mporpaMMbl 0TOOpakacTCs H3-
MCHCHHE PacCTOAHHA OT JATUHKA A0 OTPAKATeNs B MHJUTHMETPAX. @ TAKKE H3MCHACTCS
NOJIOKEHHE OCH «X» NATUHKA OTHOCHTEIBHO BHPTYANbHOH pabouei MIOCKOCTH B OKHE
nporpaMMbl. PasMep mIoCKoCTH H MacIuTad 0TOOpaKeHHA 33AaK0TCA NPEBAPHTEILHO
B OKHE HACTPOCK, B 3ABHCHMOCTH OT TOTO, HA KakoM 000pYIOBAHHH NMPHMEHACTCA KOH-
TPOJIBHOE YCTPOHCTRO. CO BTOpPBIM OJIOKOM JAQHHBIX, TO €CTh ¢ JAHHBIMH CO BTOPOTQ
ATII. mporpamMmMa pabOTaeT TaK XK KaK ¢ MEPBBIM, TONBKO OTOOPAKCHHE MPOUCXOIUT
OTHOCHTEJIBHO OCH «Y ».

TaxuM 00pa3oM, B MPOrpaMMe 0TODPaXKACTCA PeallbHOS MONOKeHHE pabounx
HHCTPYMEHTOB HA ydMeOHOM ManoraGapurHoM (pelepHo-cBepmwibHoM 2D craHke ¢
UITY, a He MONOXKEHHE, 3AJAHHOE MPOTPAMMHO. [IpH KPHTHYSCKOM OTKJIOHSHHH pPe-
ANBHOTO TMOJIMHKSHHA MHCTPYMEHTA OT MOMMKEHHA, 3AJAHHOTO MPOTPAMMHO, CTAHOK
mpekpatHr padoty. JOmyCcK HA OTKJIOHSHHE 33JAeTCA B HACTPOHKAX mporpammer [lo-
cre COOPKM CTAHKA, 3MEKTPOHHBIX CXEM A4 VIPABICHHA H KOHTPOA M HANHCAHHA
MPOTPAMMHOTO 0GECTIeMeHHA MOKHO OBLIO NMPOBECTH HKCMCPHMEHTANBHBIH 3AMVCK
BCEro KOMILICKCA B MOJHOM oObeme. TIpu 3ToM OBLIA BEMBICHA mpodueMa, CBA3AHHAL
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C TeM, MTO YIPABJIEHHE CTAHKOM NMpOoHCXOauT 0T LPT mopra, KOTOPBIf HMEeTCA JANCKO
HE HA BCEX COBPCMECHHBIX KOMITBIOTCPAX.

Jnd pemeHnd 3Toi mpodaeMsl MBI COOPATTH MPOCTYIO CXeMy mpeodpasoBaTemt
uutepdeiica USB-LPT nHa ocroBe AVR mukpokonTponiepa. Haw npeobpasosarens
oﬁmae'r CICOYIOIIHMH BO3MOKHOCTAMH!

— HHHUIHAMM3AIEsA NONHOUEHHOro LPT mopra mpH MOAKTIOUEHHH MEPEXOMHHKA K
NEPCOHATBHOMY KOMIBIOTEPY .

— 4eThIpe perkuMa paborthl, kak 1o ECP. EPP 1.9, SPP u ECP+EPP:

— BO3MOXKHOCTH BeIGOpPA agpeca mopta (378N, 278h mibo 3BCh);

— MOKHO YNPaBIATE HCMOCPCACTBCHHO BBIXOAHBIMH H BXOJHBIMH NMHHAMH MNOPTA,
HCTIONB3Y A CTAHAAPTHEIE Apatisepsl LPT-nopra.

B npeobpasoparene mpHMeHeH MHKpOKOHTpoiuiep AT Mega8. HCoOmb3yIO-
LM CTAHAAPTHBIH A/ BCEX MHKPOKOHTPOJUIEPOBR 3TOH CepHH MPOTOKOJ OOMEHA aH-
HBIMH C ICPCOHAJIBHBIM KOMIBIOTEpOM uepes USB unrepdeiic.

3aKmo4eHHE

TakuM 00paszoM, MO HTOraM NPOBECACHHOH HAyYHO-NPAKTHYECKOH pabGoThI
paszpaboTaH H co0paH ¢pe3epHO-CBepIHIbHBIH 2D craHok ¢ YUITY ang H3rOTOBICHHUS
JNEMEHTOB MEXAHHMECKHX KOHCTPYKUMET H JNCKTPOTeXHHYECKHX mmar. PaspabortaHo
MPOTpaMMHOE 00eCHIeYSHHE AIA YIPABIEHHWA CIPOSKTHPOBAHHBEIM H COOpaHHBIM 060-
pyooanuem uepes LPT mopt mnu USB-LPT mpeoGpasoBatens OT NmEPCOHATIBHOTO
KOMITBIOTEPA HIH HOYTOYKA.

Anpobaus CTAHKA H MPOTPAMMHOTO 00eCieMeHHA 11 YIPABICHHA HM, ObU1a
MPOBEOCHA HA  MPAKTHYSCKHX  3AHATHAX B jJabopartopud  oObeOHHEHHA
«PagHOTEXHHMECKOS KOHCTPYHpOBAHHE» LeHTpa «IKOcdepa» NpH H3rOTOBIEHHH
MEMEHTOB MEXAHHYECKUX KOHCTPYKUHI H 3MEKTPHMECKHX IUIAT A1 3AHATHIH HAYYHO-
TEXHHYECKHM TBOPYECTBOM.

PesympraTe! paboThl HAT POSKTOM
CnipoeKTHPOBaHO H COOPaHo:
1. KoHctpykupa yueOHOro mamorabapuTHOTO (pesepHo-CBepawbHore 2D
craHka ¢ UITy.
2. Cxema ynpaeneHus yepe3 LPT nopT KOMNBIOTEpa ABHTATEIAMH H HCIION-
HHTEIbHBIMH 3TEMCHTAMHU CTAHKA.
3. Cxema 11 KOHTpOJA OOpaTHOH CBA3H ammapaTHOH YacTH CTAHKA C €ro
MOy JIEM YHCIOBOTO MPOTPaMMHOTO YIPABICHHA HA NEPCOHANBHOM KOMIBIOTEPE.
4. Cxema USB-LPT npeo0pasoBare/q Ha 0CHOBe AVR MHKPOKOHTPOICpa.
HanucaHsl mporpaMMBI H NPOIIHBKA.
1. TlporpaMmsl 14 YNpaBdeHHA YueOHBIM MaNOTabapHTHEIM ¢pesepHO-
CBepIIUIBHBEIM 2D cTaHkoM ¢ YUIIY.
2. TlporpaMma A4 KOHTPOJA OOpaTHOH CBASH anmapaTHONH YaCTH CTaHKA ¢
€ro MOIyJIEM MHCIIOBOTO MPOTPAMMHOIO YIPABICHHA.
3. TIpoumBka AVR mukpokourpoimepa pas cxemer USB-LPT npeo6pa3sosa-
TCIA.
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MPHUEOP IJTA IMPOBEPKH PABOTBI KAPJHUOT PAGA

Anexcees Cepreit BnaguMupoB4
Boponexncexas obracm, 2. Bopores, Ecmecmeenno-mexunyeckuii Koieoxe
Boponewnccro20 20cy0apemeentoco MexXHIYeckoz0 VRUGEPCHmema,
cmyoenm 4 xypea

Hayumrie pyKOBOIUTENH:

JlapmiHckas Ceerana HpanoeHa, CtapoayOuea Eneta [1BaHoBHa
TIpenoaapaterm Bricieii KBATHGHKALMOHHOH KATErOpHH
©CTECTBCHHO-TEXHHYECKOTO KO
BOpOHe)KCKOl‘O roCy JapCTBEHHOI'® TEXHITYECKOI® YHHBEPCHTETA

B nocneanue roapl SEICTPO PABHBAETCA KADIHOMOTHA B 00JACTH AHATHOCTH-
KH H JCMEHHA CepICHHO-COCYIHCThIX 3a0oneBanuii. Kak oxaspiBaerca, GHosnekTpmrie-
CKHE MPOLECCH B OPTAHH3ME ABIAKOTCA HCTOMHHKOM JHATHOCTHMECKOH HHPOPMALHH O
COCTOAHHH H IEATENIBHOCTH TKAHSH M OPraHoB. PerucTpauma noTeHUHANOB, BOZHHKA-
IOIMX HA MOBEPXHOCTH H BHYTPH TeJA, MOYKET MPOH3BOIHTHCA JMHTESIBHO H MHOTO-
KpaTHo 0e3 KaKUX-THOO GONCSHEHHBIX OLMYINEGHHIT HIM BPETHOTO BO3ICHCTBHA Ha Op-
FaHH3M.

B mHArHOCTHKE cepAcHHBIX 3a00NeBaHHI Hemb3d 00OHTHCH 6€3 3MEeKTpoKap-
AHOTPAPHUIECKOrO HOCNEIOBAHNK, NPECTABIAKIIETO CO00H aHANH3 PETHCTPHPOBAHUS
KPHBOH H3MEHEHH OHOMOTEHLHANOB cepaua [1].

OnexTpokapauorpad Asngerca npuGOPOM. NPEITHASHAYCHHBIM 11 H3MEPCHUA
HanpsOKeHHIT H BPEMCHHBIX HHTCPBANOB B BHAC 3IEKTpokapavorpammel. HauGonee
BKHBIM TPeOOBAHHEM K TAKOMY NpPHOOpPY ABJMETCA NMPEAOCTABICHHE Bpauy ODBEK-
THBHOM, JOCTOBEpHOH H TOYHOH HHQOpMaIMH 00 HHTEPECYIOIIMX MapaMeTpax HIH
XApAKTEPHCTHKAX AHATHOCTHPYEMOro OuooOBekTa. IIoNMydyeHHE HENOCTOBEPHOH HH-
(opMalMH MOKET MPHBECTH K HAHECCHHIO BpEeJa 3AOPOBBIO UETOBEKA. [1osTOMY Ana
MOBBILICHHS TOYHOCTH 3NIEKTPOKApAHOIPAMMEBI HEOOGXOIHMO NEPHOIHYECKH TMPOBO-
JHTh METPOJIOTHHMECKYEO MOBEPKY paboThl 3nekrpoxapauorpada. OouumM w2 Haubomee
BKHBIX HCTIBITATENIBHEIX MPHOOPOB B CEPBHCHOMN MACTEPCKOH MO 0OCTYKHBAHHIO Me-
JHUHHCKOH TeXHHKH ABIASTCA mpuOOp o mpoeepku padoTel kapauorpada (recrep
KT um cumymarop maumenta) [2]. ChnpoeKTHpPOBAHHBIH MpHOOP MOJKIIOYAETCA K
mekTpokapaorpady u nogaet THouuHbI cHrHan KT um kakoii-nubo apyroi cur-
Han Takue CHMYJATOPEI OOBMHO CTOAT JOPOTO. A MPeLIATASMBIH BAPHAHT Oyaer OT-
JIYATBCA UCHOH, KAMECTBOM, HAIE)KHOCTHIO KOHCTPYKLHH H IPOCTOTOH B padore 3a
CYET MEHBLIETO KOJIHYECTBA YIEMEHTOB, JEKTPOPATHOIIEMEHTH], BXOIALUME B POSK-
THPYEMYIO CXeMY — COBPEMEHHEIS, MAJIOTA0APHTHEIC, HX MOYKHO HAHTH B JHOOOM MAra-
3HHE HJIH HA CTAPBIX [IATAX.


http://shemopedia.ru/izgotovlenie-pechatnyih-plat-prostyim-uf-metodom.html
http://falstad.com/circuit/circuitjs.html

MpoekTupyemblii Npnéop npegHasHayeH 18 NPoBepKM paboTbl Kapauorpa-
0B 1 KapLMOMOHUTOPOB. Y Hero npeaycMoTpeHa BO3MOXHOCTb NOAK/OYATb Kabesb
nayueHTa (4 mm), 3.0 (Pro Bepcus) N KOHTaKTbl TUMA «KHOMKAa» UAN «3aXKNUM».

Mpu6op Ans NnpoBepky paboTbl KapamMorpagoB reHepupyeT CUrHasbl Kak nps-
MOYTFO/IbHO/ (hOpMbl C [A/IUTENbHOCTbIO WMMMy/AbCca PaBHOW ANWTENBHOCTM nNays3bl
(CKBaXXHOCTb paBHasa 2), TakK M CUTrHa/bl, UMUTUPYOWKNIA paboTy cepaua (Kapguono-
[OGHbIN CUrHan), pucyHok 1.

PucyHOK 1 - Kapanonofo6HbIii curHan, npsiMoyrosibHbIA curHasn

Mpun6op MoXeT 6bITb UCNONb30BAH AN18:

- NPoBEPKN amMnAUTyAbl 3anuMcu co BCeX OTBefeHWI. [na 3TOoro Ha Bbl6paHHYIo
rpynny otTBegeHuin nogaetcs M-o06pas3Hblil curHan amnanTygom 1 mB n yacTtoTol
1y (60 ya/MuH) nnmn 2 'y (120 ya/muH).

- npoBepkn o6uen yHKLUNOHANbHOCTW 3neKTpoKapamorpados, npnbop hopmMupy-
eT Kapamonofo6HbIn curHan yactoton 1 Iy (60 ya/MUH) No BCEM OTBEAEHUAM
OlHOBPEMEHHO WAN Ha BbI6GpPaHHYI FPpynny 0TBeLEHWUIA.

O6wwnin Bua npubopa npeacTaB/ieH Ha pUCyHKe 2.

OCHOBHbIe XapaKTepUCTUKK Npubopa ans Nnposepku paboTbl Kapanorpados [3]:

- CUTHan NpPSAMOYrosibHON hopMbl amnanTygoi 1.0 mB, n yactoToii 1y (60 ya/mnH)

n2rmuy (120 ya/mnH);

- CuUrHan, uMnTupyrwWwmnn paboTy cepgua, MMeeT HEHOPMMUPOBAHHYK amMnauTygy

(nopsigka 1.0 mB) n dhmkcmpoBaHHyto yacTtoTy 11y (60 ya/MuH);
- peXuMbl BbIX0fa - CUrHaN Ha BblI6PaHHYK rpynny OTBeAeHWA WAM CUTHAN O4HO-
BPEMEHHO MO0 BCEM OTBELEHUSM;

- yactoTa curHana ctabunmsmMpoBaHa KBapuem, aMnaMTyja - BCTPOEHHbIM cTabunu-

3aTOPOM HanpsHKeHus;

- Hanps)eHue nuTaHus, 3B ;

- TOK noTpebneHuns, 20 MA;

- rabapuTHble pa3mepbl, 180x100x40MMm;

- pabouuin guanasoH Temnepatyp, 0..,.+50°C;

- [OnanasoH TemnepaTyp xpaHeHus, 30..+50°C;

- OTHOCUTeNbHasa BNaXHOCTb BO3AyXa, He 60nee 85%.



PucyHoK 2 - 3B mogenb npubopa Ans npeepKu patoTbl Kapavorpaga

CraBunacb 3ajaya, 4TOObI NPUBOP OblN MOPTATUBHBLIM (Ma/lorabapUTHLIM,
NErk1M), NUTa/IC OT BCTPOEHHOTO aKKyMy/siTopa M UMEN KOHTaKTbl N1l MOAKIHYe-
HMA Kak Kapamorpacos, Tak U KapavoOMOHUTOPOB. 111 NPOCTOTbl KOHCTPYKLUUN pe-
LLeHO 060l Ch 6e3 MMKPOKOHTPO/NIEPa, Tak Kak reHeprpyemMasi MMKPOKOHTPO/IEPOM
cepusi QKT curHanoB, HEOGXOAVIMA NNLLIb A5 MPOBEPKU aBTOMATUYECKON NMOCTaHOBKU
[AnarHosa Kapauorpadanmm.

CTpyKTypHasi cxemMa NpoeKTypyeMoro npubopa A1 NpoBepKy paboTbl Kap-
AvnorpadoB 1 KapAMoOMOHUTOPOB MpefcTas/eHa Ha pycyHke 3.

Cxema
3apgaowmin | | [lenutens (hOPMUPOBAHMSA
TEHepaTop 4acToTbl KapauonoaoBHoro
CHrHana

50 A Tan <R
~ ~_  |Kommyratop 7w .

120 L |oTBegenui jf

§

UcTounuk
NUTaHUA

PucyHOK 3 - CTpyKTypHas cxema npuéopa Anst NpoBepKu pa6oTkl Kapavorpadga

Pa6ora nprbopa Ha OCHOBaHWN CTPYKTYPHOWN CXEMbI.
«3afaroLLpii reHepaTop» 3adaeT yactoTy (32.768KlL), ganee yacTtota nogaercs
Ha «ennTenb 4YacToTbly, rAe YactoTta pasgensercs. [onyyaroTcs CUrHanbl ¢ YacToTomn
1Ty (60 ya/mMvH) n 2 Ty (120 yo/MuH), Tak »xe npv nepekntoveHun (82) penvtenb
YacTOTbI NOAAET CUTHaUT Ha «cxeMy (BOPMUPOBaHMA KapamonogobHOro curHanas, Bno-

CneacTBUM hopMUPYETCS CUTHAN, MUMUTUPYHOLLIWIA paboTy cepala ¢ (IMKCMPOBaHHOM
yactotoi 1Ty (60 ya/MuH).



MepekntoyvaTens 81 cAyXWUT A5 MepPeK/IlOYEHUS MexXay vactoTamu npsimMo-
yronbHoro mmnynsca (1 'y (60 ya/muH) n 2 'y (120 ya/MnH), a nepeknioyaten 82
HYXeH A5 NepeKkIl0YeHUs MeXAy KapAMonofo6HbIM U MPSIMOYTrO/bHbIM CUTHaNamu.
[anee curHan noctynaeT Ha KOMMYTaTop OTBeAeHW, rae BNOCNeACTBMM MojaeTcs Mno
BCEM OTBEJEHUAM OfHOBPEMEHHO WM/IN Ha BblIGPaHHY Fpynny 0TBefeHWIA.

Mcxona M3 TeXHUYECKOro 3afjaHus Ha NpoeKTUpoBaHWe npubopa, 3a OCHOBY
B351/IM CXEMY 3/1EKTPUUECKYI0 MPUHUUNMANbHYIO, NPeACcTaBeHHY0 Ha PUCYHKe 4.
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PucyHok 4 - Cxema aneKTpuueckasi IpUHLpNnaibHas npruéopa Ans npoBepku paboTbl
Kapavorpada

[Ons ymeHbLIeHNS 3aneKTponoTpebneHns B cxeme npuMeHeHbl KMOTT Mukpo-
cxembl [5]. KBapueBblii reHepaTop U AeNuTeNb 4acToTbl cobpaHbl Ha anemMeHTax bb1,
21, K1, K2, C1, C2. YT06bl yny4ywmnTb 3KCNAyaTalMOHHble XapaKTEPUCTUKN, B CXEMY
6b1n BBeAEH NPOCTOW hopMmmupoBaTenb KapanocurHana Ha mmkpocxeme 662.

[Ns NpocToThbl NepeKknYeHns YyacToTbl mexay 1y (60 ya/muH) n 2 'y (120
YA/MWH) BbINO/IHEHO TO/IbKO A/1 NPAMOYTO0/1bHbIX UMNY/bCOB.

Cxema (opmupoBaHuUS KapaumonogobHOro curHana cobpaHa Ha anemeHTax
Bbb2, C3, C4, K3..,K7, ¥Yb1. NMoacTtpoeYyHbiMu conpotusneHnamm K10 n K11 perynum-
pyeTcsa BbIXO4HAA aMNAMTyja cUrHana B pexunme KapanmonofobHOro curHana u B pe-
XXUMe NPAMOYTo/ibHbIX UMMY/IbCOB.

CseTtognog Hbl nutaeTca oT 6aTtapen M AABASETCA caMbIiM 3HepronoTpebnse-
MbIM 3/1eMEHTOM. M03TOMY Ha Hero 6yaeT NojaBaTbCA He MOCTOSAHHbIN TOK, a NPSAMO-
YrofibHble UMMYNbCbl, YTO MO3BOMMT COKPATUTL €ro aHepronoTpebneHne n obecneynTb
KOHTPO/1b MaKCUManbHOro KonnyecTsa QPyHKLUNNA:

- VMHAMKauMA BK/OYEHUSA NUTaHNS;

- MHAMKauuMAa BbiXoga NPAMOYro/ibHbIX UMMYNbCOB;

- MHAMKauma paboToCNOCOGHOCTU KBapLEBOro reHeparTopa W fenuTens 4a-
CTOThI.

[nsa ynpoleHna KOHCTPYKLUMKM npubopa 4159 NpoBepKM paboTbl Kapauorpadga
1 B TO XX€ BPeMs, 4Tobbl 06ecrneymnTb CeNeKLUI0 CUTHana no pasHblM 0TBeAeHMAM (4nA
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JOKATH3AUHH HEHCIIPABHOTO OTBeICHHA) OBLT MPHMEHEH MEXAHHYCCKHH MepPeKIFHA-
Tenb S4.

Pezucropet R15...R24 uMer0oT nocTosHHOE cCompoTHBiIeHUe 4,7 KOM, 4TO CO-
MOCTABHMO C COMPOTHBICHHCM TEJIA MCIOBCKA. C HHMH IO HCKAKEHHAM 3AIHCH YIEK-
TPOKAPIHOTPAMMBI BBIABIIIOTCA TAKHE HEHCTIPABHOCTH, KAK YTeYKH HA SKPAH B Kabemt
MALIMCHTA H B 3AIHTHBIX JHOJAX BXOIHBIX LENeH KapaHorpadloB H KAPIHOMOHHTOPOB.
BrmosHeHA TPACCHPOBKA MEYMATHOMH [UIATHI, KOTOPAA MPESICTABICHA HA PHCYHKE 3.
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PucyHok 5 — [TeyaTHas niata npuGopa 114 NPoBepKH PadoTH Kapuorpada

HsroraBmmBaeTcd IWIATA XHMHYECKHM METOAOM C HAHCCEHHCM PHCYHKA METO-
Jgom wenkorpaduu. Inara oguocToporHas u3 creknorekcronnta Mapku C®1-50-1.5 u
umeet pasmepsl 80 x 50 x 1,5 mM. Tarke HA maare pacnoyaraeTcsa otcek ¢ Garapeeit.
[MnaTa KpenuTea K KOPMyCy ¢ NOMOIUbI BHHTOB M3,

IMepeoiii pin MEKpocxeMbl DD1 COTIACHO MEKTPHYSCKOM MPHHLHITHANBHOH
cxeMme coemuuiaercs ¢ 14 pin mukpocxemsl DD2 [6]. Ha mnare ke 310 COeAMHESHHE BbI-
NOJHACTCA ¢ MOMOIUBIO NMEPEMBIYKH U3 MPOBoAa. FIMeeTca Takke elle OIHO COeMuHe-
HHE ¢ MOMOLIBKY mepeMbdkH 310 R3. R4 ¢ moacTpoeunsiM pesuctopoM R10. Takoe
pellicHHe He TpeGyeT AOMONHUTEIBHOTO MPOKIANBIBAHHA MPOBOJHHKOB. Takoke NMpH
NPOCKTHPOBAHHH NpHOOpa /UM MpoBepkH paloTsl kapaHorpada Oblma coOpaHa 3D
MOJIETh POSKTHPYEMOIi IeUaTHOM MIATHL, KOTOPas MPEACTABICHA HA PHCYHKE 6,

Bce OCTaNbHbIC ACTANH: MEPSKMOYATENH, BHIKITIOUATENH, «HMHTATOPBI KOKI» (Pe3H-
cTopsl R15-R24), Oy ayT npUnasgHbl HABSCHBIM MOHTAKOM K THE3AAM.

CoOpanHas cxema OyaeT paoTarh cpasy Noche NOAAYH MHTAHHA, HO AJA NO-
JYUCHHS COOTBETCTBYIOIHX XAPAKTEPHCTHK HEOOXOAHMO NPOBECTH HECTOMKHYHO
Hanaaky. OHa BKIOYAET B Ce0A PeryIHPOBKY MOACTPOSUHBIMHE PEIHCTOPAMHE 33 JAHHOI
AMIUTHTYB! HAa BBIXOJAx mpuOOpa 11 mpoBepku paborsl kapmuorpada [7]. A momy-
YEHHOTO BBIXOJHOTO MPAMOYTOJLHOTO CHIHANA C HECKOJbKHME (DHKCHPOBAHHBIME
SHAMEHHAMH AMILIMTYAbI H “MACTOTBI XBATAST I OGONBIUMHCTBA METPOJIOTHYECKHX
MOBEPOK.



PUCYHOK 6 - 3/ Mogienlb nevaTHol NaaTbl npruéopa 41s NPoBepKM paboTbl Kapavorpaga

YunuTbiBas (OyHKUMOHabHOCTL Mpr6opa, TOYHOCTL BOCNPOM3BELE-
HUSI CUrHa/ia, a Takke Mo-HaCTOALWEMY Mable pasMepbl M BEC, MOXKHO YTBEPXKAATb,
YTO JaHHbI NPUGOP Ans NPOBEPKY PaboTbl KapavMorpagoB U KapavioMOHUTOPOB MO-
ET BbITb UCTONb30BAH KAK OCHOBHOM «MHCTPYMEHT» UHXKEHEPOB U METPO/OroB, pa-
6OTaLOLLMX B «MOMEBbLIX YCNOBUAX>.

Cnu1CcoK ninTepaTypbl:

1 AraxaHsH, T. M., HuknTaeB, B. I. 3MeKTPOHHbIe YCTPOACTBA B MeAULIMHCKMX Mprbopax:
Y4ebHoe nocobue. M.: HAAY MN®U, 2010. - 480 c.

2. TOCT P 50.2.009-2011 'CW. 3nekTpoKapanorpadbl, 31eKTPOKapANOCKOrbl 1 3/1IeKTPoKap-
AnoaHanmsaTopbl. MeToguka nosepku. - M.: MocctaHgapT Poccmmn: CtaHaapTUHGOPM.

3. BbapaHosckuit AJ1., Hemmpko A.M. KapanoMoHWUTOpbL. AnnapaTypa HenpepbIBHOrO KOH-
Tponsi: YuebHoe nocobue ans BY3oB. - M.: Paguno u cBsisb, 1993. - 248 c.

4. Kostopa, A.B. lMpobrembl MeTponornyeckoro obecrieveHns 3neKTpoKapavorpapuyeckoi
TexHUKM // C60PHUK TPYJOB MOMOAbIX YUeHbIX BCepocCUINCKOR HayUYHOM LLKOSbI Mo 61uome-
ONUMHCKOM nHXeHepun BM-2009. - Cn6.: CM6ra-TY. - 2009.

5. Mypawko B.B., CipyTbiHCKuii A.B. 3nektpokapguorpagmsa. - M. MEOnpeccuH-
thopm,2001.- 307 c.

6. Mukpocxema 4060. - ONeKTPOH. [aH. - Pexxum foctyna
M1p8://Vb.cblp41p.rn/205/00C000205332.p41

7. T'OCT 1EC6 0601-2-51-2011. L3nenns MeguuUUHCKKe aneKTpuyeckume. Yactb 2-51. YacTHble
TpeboBaHMS 6e30MacHOCTU € YYETOM OCHOBHbIX (DYHKLMOHa/IbHbIX XapaKTepucTuK K perun-
CTPUPYIOLLMM 1 aHa/IM3NPYIOLLIMM OfHOKaHa/IbHbIM M MHOTOKaHa/IbHbIM 3/1EKTPOKapamo-
rpagam. M.: CtaHgapTuHthopm, 2013.

Y® CEHCOP HA OCHOBE MOPWNCTOW
HAHOKPUCTANIMYECKOW NAEHKMN 2 W

Mwup3oeB-LLIoBKprHCKMIA Pam3n MypafoBumy
Pecny6nnkaflarecTaH, r. Maxaykana, MBOY «Jluueit Ne 8», 11 knacc

B nocnegHve Tpu AecATUNETUsI B CBSI3W C TpeboBaHNAMN MeVLIMHBI, BGUOTEX-
HOMOT WA, 3KOMOTUM, KOCMUYECKOWN 1N BOEHHOM TEXHUKM ynbTpadmoneToBas (YP) ¢o-


https://lib.chipdip.ru/205/DOC000205332.pdf
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TO3JICKTPOHHKA ABIACTCA HHICHCHBHO PA3BHBAIOLIMMCA HANPABICHHEM MATSPHANOBE-
JeHud H npubopocTpoenus. ['maBHo# 0cobeHHOCTEHY YO (HOTOICKTPOHHKH ABIACTCA
HEOOXOAUMOCTE PeTHCTPHPOBATH CJIAOBIC CHTHAJBIL, JEKALIHE B YIBTPAPHOICTOBOM
guanasoHe (10 — 380 uM), HA (poHEe MOIMHOTO BHIHMOTO H HH()PAKPACHOTO HATYMEHHA.
BbesycnoBHO, noTyIpoBoAHHKOBEIE (hoTo3nekTponpeodpasoparenu (PI1) HMEIOT BHICO-
KVIO 3 KTHBHOCTB, MaNbie BeC H rabapHThl, HE YBCTBHTENBHEI K MATHHTHBIM MMO-
M, UMEHT GONBIIVI0 HATSKHOCTD, YeM CTEKJIAHHBIC BAKYYMHBIE (JOTO3ICMEHTHL. B
HaCTOAIlee BpeMA HauOoJbluce pasBurhe noiayuwin Y@ OIT va Gasze kpeMHHA. (oc-
({una rajuieg, apceHHIA TaTHA-aMOMHHHA H KapOuaa kpeMHua. Hemocrarkom ®IT Ha
ocHoe Si H GaP sBngeTCA Manas IHPHHA 3ANPEILCHHON 30HBI JAHHBIX MATEPHAJIOB.
T.€. OHH YYBCTBHTEJIbHBI HE TONBKO K YD, HO H K 0oNice AMHHHOBOJIHOBOMY H3JIYuc-
HHIO, UTO TPeOyeT HCMOMBb30BAHHA AOCTATOUHO CJIOKHBIX CHCTEM CBeTO(IBTPoB. DI
Ha OCHOBE IHPOKO3OHHBIX OKCHA0B GaN-AlGaN u SiC IHMIICHB JAHHOTO HEAOCTATKA
H OHH ABJAIOTCA OCHOBOH COBPEMEHHOH NMPEUH3HOHHOH M 3KCTPEMANLHOH (PoTOMICK-
TPOHHKH  («CONTHEYHO-CNENbIS» NPHOOPH MOHMTOPHHTA BOCHHOTO. KOCMHYECKOTO,
NPOTHBONOYKAPHOTO H 3KOJOTHYECKOIO HasHAUCHHS). OCHOBHBIM HEJOCTATKOM JaHHO-
ro eiaa OIT ABMIETCA CIOKHOCTD H AOPOTOBH3HA TEXHOJIOTHH HX H3TOTOBJCHHS [1].

IlepcnekTHBHBIM MATEPHATIOM JNIA H3TOTOBJICHHA Y “yBCTBHTCBHBIX NMPH-
6opoB, HIWECHHBIM MHOTHX BBIILENICPEYHCICHHBIX HEIOCTATKOB, ABETCA OKCHI LHH-
KA (Zn0). BEICOKHI MOTEHUMAT YTOTO MATEPHANIA B ONTOYIEKTPOHHOH MPOMBILILICHHO-
CTH CBA%AH C TAKHMH CBOHCTBAMH, KAK BBHICOKAA PATHALMOHHAA CTOHKOCTD, OONMBIIASA
MOIBIDKHOCTH HEKTPOHOB, Pa3Mep 2ampelueHHoH 30HbI (3,3 3B npH KOMHATHOH TeM-
neparype) [2]. KpoMe Toro, CHIIbHOE BIMAHHE MOBEPXHOCTHBIX COCTOAHHKI ZnO HA ero
IMeKTpopu3IdecKHe mapaMerpsl [3], a TAKKe OTHOCHTENBHAA MPOCTOTA TEXHOJOTHH
(OPMHPOBAHHA TOHKHX HAHOCTPYKTYPHBIX INIEHOK H MACCHBOB YNOPAJOYCHHBIX H
HEYNIOPAIOUCHHBIX MHKPO- H HAHOCTPYKTYP HA OCHOBE ZnO ¢ AHOMAIIBHO PA3BHTOM
NMOBEPXHOCTBIO, JENTAKOT OKCHI LIHHKA OJHHM M3 OCHOBHBIX MATEPHANOB AJIA AKTHBHO-
ro cnoa Y@ u razopsix gatuukos [4, 5]. Haubonee npocTiM METOOOM MOJTyMEHHA HA-
KPHCTAILTHMECKOTO Citosi ZnC ¢ pasBHTOH MOBEPXHOCTHIY ABIACTCA IOBYXCTAIHIMHBIH
cnocod, 3AKTIOMAIIHICA B NPEIBAPHTEIILHOM HAHECCHHH HA MOMJIOMKKY TOHKOH
NICHKH IHHKA H MOCIEAYIOUIEM OKHCICHHH 3TOH NIECHKH B KHCIOPOACOACpIKAINEH
arMocdepe [6. 7].

Kax ObI10 MOKa3aHO paHee. NPH MArHETPOHHOM PACNBUICHHH MHILIEHH METaJ-
JI4ECKOT0 LMHKA TPH NMOBLIIICHHOM JABJCHHH palouero rasa aproHa B pesyJ/IbTaTe
ra3o(asHOH arperaTH3alHH NPOAYKTOB PACTBLICHHA (MApOB LHHKA) HAa MOANOXKKE
(POPMHPYHOTCA KOPA/UIOBHAHBIC MacCHBBI HEYNOPANOUEHHBIX CTPYKTYP LHHKA C aHO-
MAaJIbHO pa3BHTOH MOBEPXHOCTHEO (PHCYHOK 1). [IpoBencHHBIH peHTreHO(A30BLIH aHa-
JIH3 MOKA3aJL UTO AAHHBIEC CJIOH HHHKA ABJLHOTCA aMOP(HBIMH.

W3BeCTHO, UTO AN MOBBILCHHS YYBCTBHTEIBHOCTH TOHKOILICHOUHBIX CEHCO-
POB Ha OCHOBe ZnQ CleAyeT YBSNHUMBATH MJIOLIANE HX AKTHBHOH NOBEPXHOCTH, a
TAKKE YMYULIATh KPHCTAUMYHOCTh OOPAsYIOIIHX YMyBCTBHTCIBHBIH CIOH OKCHIHBIX
HAHOZepeH. B CBAH ¢ 3THM OBINA MPEANPHHATA MOMBITKA MOJYYEHHA NOPHCTOTO CIOA
ZnO myTeM TePMHMECKOTO OTXKUTA HA BO3AYXE MPEABAPHTEIBHO CHHTESHPOBAHHOTO HA
MOJJIOKKE KOPAUIOBHIHOTO AMOP(HOrO CIOA LHHKA B KHCIOPOJ COOSPKAILEH aTMO-
cepe. UccnesoBAHKA MOKAZANH, MTO MOJHOE OKHCIICHHE LHHKA ¢ 00pa30BaHHESM mpo-
3paqHOTo oA ZnO MPOHCXOIMT NMPH TeMneparype omkura T, = 400°C. Ha pucyHke
2 mpeAcTaBleHB MHKPOGOTOrpadH NOBEPXHOCTH H MOMEPEUHOTo CKoMa cioes Zn0.
NOJTYYCHHBIX MPH TEMNCPATYPE OTKHIA IUHKOBOTO ¢1os 400 1 450°C. MOJKHO BHJIETS,
YT TePMOOKUCICHHE NpH 400°C He NPHBOAKT K CYLIECCTBEHHOMY H3MEHEHHIO MOP(O-



NOTM MOBEPXHOCTU MO CPaBHEHUIO C UCXOAHOM LWHKOBOWM NNEHKOW, OfHAKO MIeHKa
CTAHOBUTCS HEMHOrO 6o/ee MNOTHOW. Ha NoBEpPXHOCTU M MOMNEpPeYHOM CKOfle pasnu-

UY/MbI OTAENbHbIE 3epHa pa3mepoM He 6onee 20 HM, KOTOPbIX 06pasyeT BbinyKible
ckonneHvsa guametpom 4o 500 Hm.

PI/IcyHOK 1- MMKpquOTorpaqm;l I'IOBerHOCTIA (a) v nonepeyHoro ckona (6) cnos 2n,
NoAYyYeHHOr0 METOAOM MarHETPOHHOTO PacnblNeHNs LVUHKOBO MULLIEHUN MPY MOBbILLIEHHOM
faBneHumn paboyero rasa (P*. = 5MMa)

300nm

300nm

PucyHok 2 - MukpogoTorpagum noBepxXHOCTY (a, B) U MONEPeYHOro ckona (6, r) cnoes 2n0,
NoJlyYeHHbIX NPU OKUCNEHUM CNoeB 2N Ha Bo3gyxe npu T = 400 (a, 6) 1 450°C (8, r)



OkucneHune bn go bnO npu 60nee BbicOKON TemnepaType (450°C) npusoanT
K 60/1ee CyLLeCTBEHHOMY M3MEHEHUIO CTPYKTYpPbl NNeHKW. B pesynbTaTe oTxura gop-
MUpyeTCcs MopucTas HaHOKpUCTanM4yeckass nneHka bnO ¢ pa3BUTON MOBEPXHOCTbIO,
cocTosiLasn 13 3epeH OKPYr/10i hopmbl ¢ XxapaKTepHbIM pasmepom ~ 60 HM. Pasmep nop
(MeXx3epeHHOe NPOCTPAHCTBO) 6bl/1 MPUMEPHO TaKUM Xe.

MpoBeAeHHbIN peHTreHo(as3oBbIl aHanM3 nokasan, YTo B pe3ynbTaTe TepMO-
OKUC/NEHUs aMOpP(HOro LMHKOBOr0 €05 npu TemnepaType 450°C o6pasyeTcsi HaHO-
KpucTanamMyeckas naeHka bnO ¢ rekcaroHanbHOW cTpyKTypoli BlopumTa (PUCyHOK 3).
Mpu 3TomM Ha gudpakKTorpammMe c/0si MOJIHOCTbID OTCYTCTBYHT pedfieKCbl, COOTBET-
CTBYIOLLME MeTanMuyeckoin dase. OueHKa gucnepcHocTn ¢asbl bnO no dopmyne Ce-
nsikoBa-LLleppepa nokasana, 4To cpejHUli pa3mMep HaHOKpUCTanIMToB bnO B chopmu-
poBaHHOI OKCUAHON NNeHKe cOcTaBNAN 27 HM.
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PucyHok 3 - [udpakTorpamma nieHky bnO, nonyyveHHOM Ha Npu OKUCAEHWM €Nos b Ha BO3-
ayxe npu T =450°C

lMonHoe okucneHve UMHKA U POPMUPOBAHUE OKCUAHOW MNJEHKW Takxke Moj-
TBEPXJanocb pesynbTaTamum wucciefoBaHWSA MNPO3PayYHOCTM OKUCNEHHLIX cnoeB. Ha
pUCYyHKe 4 npeAcTaB/fieH CNEKTP ONTUYECKOro NPonycKaHusa naeHky bnO, nony4veHHoO’
nyTeM OKWUCAEeHNA LMHKOBOro cnos npu 450°C. M0oXHO BUAETb, YTO B pe3ynbTaTe OT-
XWUra nsHayanbHO HenpospayHas njieHKa LMHKa CTaHOBUTCA NPOo3payHoli B BUANMON 1
MH(paKpacHoi o6nactax cnektpa (X > 380 Hm). CymMMapHbIA cpefHUin KoahpuumeHT
NPO3PaYHOCTM MJEHKN N CTEKNAHHON Noasoxku CoTw g 2947 B BUAMMOM guanasoHe
cnekTpa coctaBnAan T > 78%. Kpail nornoweHns naeHkM bnO HaxoAuTCSA Ha rpaHuLe
Y® 1 BUAUMOro fManas3oHoB, T.e CUHTe3MpOoBaHHasA N/eHKa 3pMeKTUBHO Moraowiaet
nagatowee Y® unsnyveHne ¢ aHepruein KeaHTa E > 3.25 3B. BHewHnii Bug cnektpa
TakXe CBUAETENbCTBYET 0 Pa3BUTOM pesibede NOBEPXHOCTU MAEHKU U ee NOPUCTOCTH.

Takum o06pas3om, mccnefoBaHUs MOPQONOrMU, MUKPOCTPYKTYPbl U ONTUYe-
CKMX CBOWCTB NMEHOK bnO, Noay4eHHbIX OKWUC/EHWEM KOpas/ioBUAHOIO MaccumBa
HeynopsajoYeHHbIX CTPYKTYP UMHKA, MoKasanu, 4To npu TemnepaType oTxura Topk>
400°C UMHK OKMCNAeTCS NOTHOCTbIO, NPy 3TOM hopMupyeTcsa nopucTasa naeHka bnO ¢



HaHOKPUCTa/ITMYECKO CTPYKTYPOI, UMEHOLLAS BbICOKUIA KO3M(ULMEHT MOMMOLLEHNS B

Y@ obnactu cnekrpa.
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PucyHOK 4 - CneKTp ONTMYeCKOro nponyckaHus nneHkn 2nO (KpacHas NMHUS), NOSTyYeHHOR Ha
CTEKNAHHON Noaokke C oTT [ 2947 (YepHas LUTPUXOBas NNHNSA)
NPV OKUC/IEHUW ¢Nos 21 Ha Bo3gyxe npu T = 450°C

[Janee cvHTE3VpPOBaHHbIE CNOW GblUIM UCTMONb30BaHbI B Ka4ecTBe aKTMBHOMO
cnosi hoTope3nCTUBHOIO Jatvmka Y®-gnanasoHa (PP). Ans atoro npensaputensHO
Ha Mo/ IOKKe MOAMKOP (2X3 ¢M) C MOMOLLBHO MacoK METO0M MarHETPOHHOIO pacrbl-
NeHns Bblia chopMypoBaHa cUcTeMa BCTPEYHO-LUTLIPbKOBbIX 3/1EKTPOA0B U3 NaTUHbI.
Tononorusa anNeKTpoaoB MpeacTasfeHa Ha pucyHKe 5. LLUnpuHa oTaenbHOro LWibipbka
cocTasfsfa 2 MM, a PaccTosiHe MeXay COCeIHUMU LLUTbIPLKOBbIMY 3nekTpotamn 0,5
MM. 3ateM noBepx CHOPMUPOBaHHbIX 3IEKTPOLOB HAHOCW/ICA aMOpPMHbIA CMON LyHKa
C KOPaioBUAHOM CTPYKTYpOii. [anee NpoBOAUIN OKVCNEHNE CCHOPMMPOBAHHOTO Crost
21 nytem nojy4acoBOro TEPMUHECKOIO OTKMra B OTKPLITOW atMocepe ¢ 1Cnonb3o-
BaHvem Tpybuartoi neun npm Temnepartypax 400 (P Nel) n 450 °C (PP Ne2).

M3mepeHrst BOMbT-aMMepPHbIX U BPEMEHHBIX XapaKTepyCTVK NMPOBOAUINCE Ha
MynbTUMETpe Keiibley2000; B kayectBe UCTOUHMKA Y P NPUMEHSIICA CBETOAMOAHDIN
NCToYHMK AVaE”N-340 MoLIHOCTBIO 40 MBT 1 ganHol BOMHLI 340 HM. Vi3mepeHns
NpPoBOAWNN NPU KOMHATHOM Temneparype 25°C (+2).

Ha pucyHke 5e npeactasneHbl BOMbT-aMrepHble XapakTepUCTUKMA 060MX
®PJ. ConpotuBneHvie Npuy BbIKMKOUEHHOM Y @ MoAcBETKE 060MX 06pasLoB ObIIO Bbl
COKVIM M HaxoAwnochb 3a npegenamMn naMepeHnin Mynstumetpa (K > 125 MOm). Mpu
BK/HOUEHHOM Y @ MOACBETKE CONPOTMBIEHVE 060MX 06Pa3LOB 3HAUNTENBHO YMEHbLLIA-
NI0Cb, BOMbTAMMEPHbIE XapaKTepUCTMKN MpU 3TOM ObU MHERHBbIMW. 13 HakioHa
MOXHO cfenarb BbIBOf, YTO COnpoTMBieHne obpasua ®PJL Neol, nonydyeHHoro npu
400°C, nNpuv BKNKOYEHHO Y ® noacBeTKe MeHble conpoTtmeneHns ®P Ne2, nonyyen-

Horo npy 450°C.



Ha pucyHke 6a npeacTaB/ieHbl BPeMEHHbIe 3aBUCMMOCTU U3MEHEHUA COMPO-
TUBNEHNA POTOPE3NCTUBHbBIX AaTUNMKOB Nel 1 Ne2 npu BKAOYEHUN U BbIKIOUYEHUN Y D
nogcseTkn. Mo ocu opanHat npeactasneH napametp KOK, rge 3a KO npuHAT npegen
n3MepeHus conpotusneHnsa mynbtumetpa Kelbley2000 (125 MOwm), a K - Tekyuiee
3HayeHne N3MepsaeMoro conpoTuUBAeHNA GOTOPE3UCTUBHONO gaTumka. MOXHO BUAETb,
4yTo conpoTtuBneHne ®P Nel npu BKAOUYEHHON Y P noacBeTKe 3a 1 MUHYTY YMEHb-
waetca B 24 pasa, Torga Kak conpotusneHve @ P/ Ne2 3a 370 Xe BPeMS YMeHbLUaeTCsa
npumepHo B 15 pas. 3TO MOXHO 06BACHUTL TEM, UTO yAe/lbHasA NOBEPXHOCTb aKTUBHO-
ro cnosa 2n0, nonyyeHHoro npu 400°C, Bbllwe, YeM B c/iydae cuHTe3a 2n0 njeHKH
npun 450°C (PucyHok 2). OgHaKo npu OTKAUYeHUN Y d noacBeTku obpasey dPO Nel
(I > 3 MMHYT) XapakTepusyeTcs 3HauMTeNbHO 60onee ANNTENbHLIM MPOLECCOM BOCCTa-
HOBJ/IeHUS Mo cpaBHeHUto ¢ ®PL Ne2 (I ~ 50 ceKyHf), UTO MOXET OblTb 06BACHEHO C
TOYKWN 3PEHUNSA KPUCTANTMYHOCTN DOPMUPYEMbBIX NNEHOK 2N 0 - B C/Ayyae oTXura npu
60nee BbICOKOW TemnepaType YMeHbLUAeTCA MIOTHOCTb MOBEPXHOCTHbIX COCTOSHWIA,
cnyXauwmx LeHTpamm 3axsaTa cBOO0OAHbIX HOCMTeNel 3apaga.
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PucyHok 5 - Cxema co3faHusi MakeTa (pOTOpesnCcTOPHONO JaTumka
(A - HaHeceHMe NJaTUHOBbLIX BCTPEUHO-LUTbIPbKOBbIX 3/1eKTPOA0B METOLOM MarHeTPOHHOro
pacnblneHus; b - HaHeceHMe aMOpgHOro €10s 2N MeTOLOM MarHeTPOHHOr O pacnblieHns; B -
TEPMOOKMC/IEHNE CNOS LMHKA 0 OKCMAA LIMHKa B Tpy6yaTol neuu; O
- hoTorpacmsi Noy4eHHOro MakeTa (h0TOPE3UCTUBHOIO faTUMKa) U BO/IbTaMMepHble XapaKTe-
PUCTUKW U3rOTOBJIEHHBIX (DOTOPE3UCTUBHbIX AaTUMKOB Ne 11 Ne 2 B yCoBUAX

Y® noacBeTKn

Ha pucyHke 66 npeacTaBfeHHas BpeMeHHas 3aBUCMMOCTb M3MEHEHUs napa-
MeTpa KOK gns o6pasua ®PA Ne 2 npu BKAKYEHUN U OTKAKOYeHUN YD noacBeTKu
ONS pa3NINYHbIX PacCToOAHUM ™ Mexay uccnefyeMmbiM AaTUMKOM U UCTOYHUKOM YD
n3nyyeHnss. MoXxHO BUAETb, C POCTOM N (YMeHbLUeHMEM [03bl MNajalLlLero Ha jaTumk
Y® wnsnydeHus) napamerp KOK CcOOTBETCTBEHHO YMeHbLUAeTCHA, NPU HEU3MEeHHON
ONNTENbHOCTU Mpolecca BOCCTAHOBAEHNA A0 MCXOAHOro cocTosaHmA (I~ 50 ceKyHp),
4YTO MOXET ObITb UCMO/b30BAHO NPY CO34aHUN LaTUMKOB, paboTaroLWmnx B pexmme 40-
3UMeTpPOB.
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Pucynox 6 — CriekTp oITH4ecKoro IpoIrycKaHus IieHku ZnO (KkpacHast TMHUS ), TIOJTyYeHHOH Ha
CTEKNAHHOW nog/iokke C oTT 4 2947 (YepHast LUTPUXOBaAs IMHNSA)
NPV OKUCEHMM €NoA 2N Ha Bo3ayxe npu T = 450°C

BbiBogbI

Takum 06pas3om, B XOAe BbIMONHEHMS paboTbl Oblf ONTUMM3MPOBaH MPOLECC
N3roTOBMEHUST MakeTa (hOTOPE3UCTMBHOIO Jartyunka YP-guanasoHa Ha OCHOBE HaHo-
KPUCTAINYECKOW NOPUCTOM MneHkn 2n0. M3yyeHbl XapaKTepucTMK OTKIMKa M3ro-
TOB/IEHHOIO (DOTOPE3UCTVMBHOIO AaryMka Ha BO3AENCTBUE YNbTPaoneToBoro n3ny-
yeHusl. MokasaHo, YTO A4/ NOTyYEHM ONTUMATbHBIX XapaKTePUCTUK AaTymKa NpoLecc
OKWC/IEHMS UCXOAHOr0 aMopdHOro ¢ost 2N Heo6xoANMO NPOBOAUTL NMPK TeMneparype
450°C, obecrnevrBaroLLEro NosHyH TpaHcopMaumio aMopgHOro LMHKa B HaHOKPW-
cTamyeckyro gaszy 2n0 ¢ coxpaHEHMEM NMPUEMIEMO CTENEHN MOPUCTOCT hopMI-
pyemMoro OKCUAHOro Criosi.

CnM1CcoK NuTepaTypbl:

1 bBnaHk, T. B. MNonynpoBoAgHMKOBbIE (hOTO3/1IEKTPOMNpeobpasoBaTenn Ansi yNbTpagunoneToBoi
o6nactu cnekTpa/ T.B. bnaHk, KO.A. Monbgbepr // dTI. - 2003. - T. 37, Ne 9. - C. 1025—
1055.
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2. Tlamkepwu, I'. A. u ap. CeHcoprl yIETPadHONETOBOIO HATyYeHHI Ha OCHOBE MOHOKPHCTAT-
JIMYECKUX HAaHOCTPYKTYP OKCHJA LIMHKA Ha MoIokkaxX HuoOata Uty / [Tanmesmu I A,
Pormot I1. 1., ¥nesmoea B. A., 3azepun A. 1. // Nowname HaipioHamsHol akanemMiu Hayk Be-
napycu. 2015. T. 39. B. 2. C. 34-40.

3. Ghosh SP., Das K.C., Tripathy N. et al. Ultraviolet photodetection characteristics of Zinc oxide
thin films and nanostructures // IOP Conf. Series; Mat. Sci.&Eng. 2016, V. 115, P. 012035.

4. Tltaummx B.B., u ap. POTOPE3MCTOP BIIMHEI'O Y®-AHAITA30HA HA OCHOBE

HAHOKPUCTAJUIMYECKOHN TUIEHKH ZNO / ITraumyk B.B., 3amGypr E.I'.. Bapsapes

I0.H., bxyroin B.H., Hoprikos P.C. // @yHaaMeHTabHEIE HecaegoBanud. 2012, B. 11. C.
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Hsueh T.-J., Hsu C.-L. // Sensors and Actuators B. 2(X)8. Ne 131. P. 372,
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POBOT - MOXXAPHBIN

Hamcapaes AMranad PHHUHHAOPKHEBHY
abaixanvckuii kpait, Mozotimviickuii paiton, ¢. Hazan-Ona,
MAOY «dlazan-Oavcras cpedunas obueobpaszosaneavias wrkoar, 10 xwace

AnHoTranns. Hieeil Kk CO3TAHIIO JaHHOTC MPOEKTA TIOCIYKIIO TO, MTO 3a MOCIeTHIe
rofbl B CTpaHe MPOMCXOTHT GOMBIIOE KOMMIECTBO CTUXMIMHBEIX OefcTBHiL. CTpajaloT MHOIH.
EeromHo B Haieif CTpaHe B PeyJIETaTe MOMKAPOR MIOTHOAIOT JHONH.
Ienb MpoeKTa: CO3JATE MOJETB-NPOOGPa3 poGOTA-TIOKAPHOTO, KOTOPEL CITYXIT GBI
Il oGHApYKEeHUS, TPSAYNPEKICHIS H JIOKATH3ALMH T10kapa A0 MPHOBITHA TIOKaPHOH KOMaH-
bl
JlaHHas LeNb JOCTHraeTes MoceA0OBATEIBHBIM PELIEHHEM CIISAYIOLINX 3aa:
®  CKOHCTPYHMPOBATH MOJETL PoOOTA, BHIIOTHAILIETC (PYHKIMH MOMOLIHHKA MOKAapHOro I
TIOKaTH3aIHH NOJKAPOR.

¢  CO3aTh MporpaMMy I poGoTa, KOTOpasd MO3BOMMNIA OBl eMy JBHTATECS B ONPEeTeHHOM
HaIpaBJICHHH, TIpH O0HApY)KeHHH 0Yara Tokapa NpeIyNpeJuTh ClIyx0y 0XpaHbl 00BeKTa U
TIOKaTH30BaTh ero J0 NPHUOBITHA MOMKAPHEIX.

Cerofsi 3aHATHI HAYKOM H TeXHHKOH NONb3yIoTea MOMYBIPHOCTBI) ¥ MOJIOAEKH,
YyacTHe B TEXHHUECKOH NEATCTLHOCTH MOMOTAcT PasBHTh HHTEPEC B HTOH 00NacTH.
AKTHBH3UPOBATh OCBOCHHE HOBBIX TEXHOJIOTHH, BRIOpaTh OyayLIyR mpodecciro. B
CBA3H C BBEJCHHEM B IIKOJC mpeaMera «POOOTOTEXHHKA», MEHA 3aHHTEPECOBAN KOH-
ctpykrop LEGO MINDSTORMS EV3. D10 He NpOCTO JCTCKAA UIPa. a Ieiad HayKa,
o0peAUHMIOIAA B ¢e0A (DH3HKY. MATEMATHKY, HH(OPMATHKY, AHTTIHHCKHI A3bIK. 5]
PEIIHIT H3VYHTH AAHHYEO HAYKY, YTOOB! BOIIOIIATE B POGOTAX CBOH MPOSKTHL. MeToap!
MPOBSICHHBIX HCCIEIOBAHHH, KOHCTPYHPOBAHHE, MOJCIHPOBAHHE H IMPOTPAMMHPOBa-
HHe. OCHOBHEIC Pe3YJIbTATH HAYYHOTO HCCIEIOBAHHA, Pa3paboTaHa MOIeIb-Ipoodpas
pobota-noxkaproro Ha ocHoee LEGO MINDSTORMS EV3.

B mocnegHue rogbl B CTpAaHE MPOHCXOAHT GONBIIOE KOJHYSCTBO CTHXHITHBIX
Oeocruit. Crpagaror moan. Ocoboe MECTO 3AHHMANOT MOKAPHL EJKerogHo B HALICH
CTPAHE B Pe3VIIETATE KHKAPOB MOTHOAKT JIOAH. 3THM OSICTBHAM COMYyTCTBYET OO0Jb-
LIHE 3KOHOMHMECKHE MOTepPH. BBHIOPOCH B aTMOC(epy GONBIIOro KOIHMECTBA MEIKO-
JHCTIEPCHBIX MACTHIL CAKH H YTIACKHCIOTO ras3a, MOroWeHHe Kucaopoga, OcobeHHo
OMACHBI MOKAPHI B OOJIBLUIMX TOPTOBHIX LEHTPAX, CIOPTHBHBIX KOMIUIEKCAX H T.I., IO
GoMbLIHE CKONIICHHA OIS,
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OTCYTCTBHE TEXHHMECKHX BOZMOMKHOCTEH, HEBHICOKHIT YPOBEHD OPTAHH3ALHH
OXPAHBI OCIOKHAIOT 3aJa4¥ OOPBOBI ¢ MOKAPAMH.

HaubGonee cnoHo#i H TpyIoeMKOM ABIACTCA JNOKAMH2AUMA Nokapa. s
MPIOTBPALICHHA THOCTH MOJCH O4YeHb BAKHBIM (DAKTOPOM ABIASTCA PAHHEE OOHADY-
HEHHE 04Ara MOYKAPA H ero NOKAMH3ALMA. [IpH TOKATH3ALHE HOKAPA OCY WECTBIAETCA
OCTAHOBKA PACHPOCTPAHEHHA MOKAPA MyTEM HENMOCPEICTBEHHOTO BOICHCTBHA HA €ro
TOPALIYI0 KPOMKY C LENbH HCKIFOMEHHA BO3MOXKHOCTH BO30GHOBICHHA €ro pacmpo-
CTPaHCHHA.
3anmauH NpoeKTa:
® CKOHCTPYHPOBATB MOACHTh pPo0OTA, BHIMOMHAIETO (PYHKIHH MOMOLIHHKA

MOYKAPHOTO 1A TOKAITH3ALHH TI0/KAPOB.

* CO3AaTh MIporpaMMy Aiud po0oTa. KOTOpad MNO3BOMHIA OBl €My JBHIAaTkCS B
OIpenecHHOM HANpABJIcHHH H NpH OOHApY:KEHHH 0uara no:kapa npeaynpeIuTs |
JIOKAH30BATh MOKAp AC MPHOBITHA NOKAPHBIX.

IMpenMer HCCAENOBAHKA: MPOLIECC OOHAPYKEHHA H JIOKAIH3ALHH NOKAPA C MOMOIIBIO

ABTOMATHYECKHX ABTOHOMHBIX NEPEMEIAKOLIUXCS YCTPOHCTE.

I'nnoTesa: ecmi OyAET CO3AaHa MOACTL-NIPoo0pas pofoTa-NoxKapHOro Ha OC-
HoBe LEGO MINDSTORMS EV3, T0 BO3MOKHO B OyAyINEM CKOHCTPYHPOBATh pe-
albHOE ABTOMATHYMECKOE ABTOHOMHOE MEPEMELIAOLICECS YCTPOHCTBO JIA Mpemympe-
YKICHHA O BOSHHKHOBSHHH TOKAPA H €r0 JIOKAJH3ALHH, A TAKKE OPTAHH20BATDH MPOH3-
BOJICTBO poOOTA-TIHKAPHOTO B MPOMBILLICHHBIX MACIITAGAX.

OxuIaeMble Pe3yIbTATLI

e  YMEHHE MpOrpaMMHpoBarh B cpeae LEGO MINDSTORMS EV3.
®  YMEHHE KOHCTPYHPOBATH PANIHYHBIC MOJENH poGOTOB
¢  TpHMEHEHHE poGOTOR.

QOCHOBHEIE METOIBI PEATH3ALNH MPOEKTA — MOJCTHPOBAHHE, KOHCTPYHPOBAHHE H

NporpaMMHpOBAHHE HalleH MOJENH C  NOMOLIBKD  KOHCTpykropa LEGO

MINDSTORMS EV3 H IONONTHHTENBHBIX JATUHKOB.

MartepuanbHbIe peCypebl

- KOHCTPYKTOP ¢ mporpaMMHbiM oOecnedennem Lego Mindstorms EV3— 2

Habopa;

- KOMIBHTEP.

Iranel paspadoTKH NPOEKTA
I.  OpraumsanHoHHLIH >TAN

3HAKOMCTBO ¢ KOHCTPYKTOpoM LEGO EV3;

*  H3VYCHHE OCHOB mporpamMupoBanid B cpeae LEGO MINDSTORMS EV3;

IIL.  JTan peaM3auHH NpPoeKTa

paspaloTka MEXaHH3Ma podoTa Ha OCHOBE KOHCTpYKTOpa LEGO EV3.

® COCTABNEHHE MPOTpPaMMBI IIA ympaBieHHa pobotom B cpeae LEGO
MINDSTORMS EV3;

®  TECTHPOBAHHE MOZCIH POOOTA, YCTPAHEHHE Je(PEKTOB H HEHCIPABHOCTEIH.

IIL  3akTHYHTeILHLIH TAN

¢ 3alIHTa NPOSKTa

IeMOHCTPALHA MOJSTH poboTa

Hpaxmuqecxaﬂ YQCiHDb

ITpooymaB BCe KOHCTPYKUHOHHEIC 3JICMEHTHI, A MPHCTYNHI K KOHCTPYHPOBA-
HHIO MOJCIIH.

JmA CO3IaHHA MOIENH PpoSoTa — MOMOLIHHKA S HCIIOIB30BAN



*  nporpammHoe o6ecneveHne bEOO Mwl181lort8 BY3

*  Habop B6ECO Mw8lort8 BY 3:

e Mogynb EV3 - cnyXWUT UEeHTPOM ynpaB/fieHUs U 3HEPTreTUYEeCKOW cTaHLuei
ANs poboTa;

e GONbLIOK MOTOpP - MO3BOJISIET OCYLLECTBUTL ABUXEHUE PO6OTa;

e JaTyuK LBeTa - OpraHusyeT ABVXEHWE MO NNHUK;

e TemnepaTtypHbliAi  AaTyMK -  OnpejensieT  W3MeHEHWs  TemnepaTypsbl
OKpYy>XXatoLLel cpeapbl;

*  YNbTPa3BYKOBOW AaTUMK - TEHEPUPYET BOJIHbI U CUUTbLIBAET UX OTPaXeHUs
4N 06HapY>XeHUa U U3MepeHns pacCcToAHUA A0 06beKTa.

Mogenb nsobpaxeHa Ha pucyHke 1

PucyHok 1- Mogenb po6oTa - noxapHuka Ha ocHoBe bEOO MLUVSTOKMS8 EY3

Mogenbs po6oTa - noXKapHuka Ha ocHoBe bEOO MLLIBSTOKMS8 EY3

C6opKy poboTa S Ha4an ¢ XOA40BOW YacTu, KOTOPYI A pewwinn cobpaTb Ha oc-
HoBe 6a30BOW mMofenu poboTa. [BMKeHMe poboTa OCYLLEeCTBSIETCA N0 AMHUK. Cnerka
NPULLIOCL NOMYYUTHCA HAZA NPOLLecCCOM Mofayun BoAbl U ero npekpawieHns. Ans pewe-
HUSA JaHHOW 3ajauun 6blna UCNOb30BaHa CUCTeMA ANs NepenBaHUSA pPacTBOPOB B Me-
anuuHe. MpuHUMN paboTbl pob0Ta-MOXapHOro B CAeAyOLWeM: ¢ NOMOLbIO [aTYNKOB
LBeTa ABVDKETCSA MO IMHMMW, KOTopas 3ajaeT TPaeKTOPUIO ABUXeHWSA poboTa, Mpu no-
BbILUEHUN TemnepaTypbl, TeMMNepaTypHbIi faTuMK ONpefeNUT 3TO WU AACT KOMaHAy
«nofaTb BOAY» NPU YMeHbLUEHNUN TeMnepaTypbl NOCTYNUT KOMaHa «MNpeKpaTuTb Mno-
fadvy Bogbl». Mpy 06HapyXeHWN ovara noxapa po60T oTNpaBUT coobLLeHne - Npegy-
npexfjeHue Hanpumep, feXYPHOMY B MOXapHY 4acTb WU B CNyX6y oxpaHbl 06beK-
Ta yepes Blueloolll

[anee s co3gan nporpammy Ans ynpasfeHMs po6oTOM B cpefe nporpammu-
poBaHua "EOO MLLUWNNB8TOBMS8 EV3 (MpunoxeHue 1).

McnbiTaHua po6oTa nokasaHbl Ha hoTorpadusax (PUCYHKM 2, 3 n 4).



PucyHok 2 - cnbiTaHnsi po60Ta-noXkapHoro

PUCYHOK 3 - VcMbITaHysi MOAEeIM po6oTa-MnoXKapHoro

PucyHok 4 - VcnbiTaHnsi po60oTa-noXkapHoro

3aKnwuyeHune
1 B xope peanusaummn npoeKTa A Hayuuics:

- CaMOCTOSITE/IbHO pewlaTb TeEXHMYECKMe 3ajayn B NPoLEecce KOHCTPyMpoOBaHUSA
po6oToB (NMaHMpoBaHWe MNpPeAcTOAWMX [AEeACTBUIA, CaAMOKOHTPO/b, MPUMEHSATb
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nony4yeHHele 3HAHHA [1. 2, 3, 4], nmpHeMBI W ONBIT KOHCTPYHPOBAHHA C
HCIIOJIB30BAHHECM CIICUHAJILHBIX JJICMCHTOB H T.,I[.);

—  CO37aBaTh ACHCTBYIONIHE MOJCH POOOTOB HAa OCHOBE KOHCTpykTOopa LEGO!

— CO20ABATH MPOTPAMMBI HA KOMMBHOTEPE HA OCHOBE KOMIIBIOTEPHOI
mporpamssl MINDSTORMS EV3;

— TNEepenaBath (3arpy:KaTh) NporpaMmel B EV3;

— KOPPEKTHPOBATH MPOTPAMMBI IPH HEOOXOTUMOCTH,

— JEeMOHCTPHPOBATH TCXHHMECKHE BO3MOKHOCTH pOOOTOB;

— H3NIArarh JOTHYECKH NPaBUIIBHO ACHCTBHE CBOSH MOJEIH (MPOEKTa).
2. B Hauane naHHOi paloThl ObUIA BBIABHHYTA THIOTE3A. BOSMOXKHOCTH CO3JAHHA
po0oTa noskapHOrQ. eI OyIeT Co3IaHa €ro MOASIb-NPoodpas poboTa-MoKAPHOTO HA
ocHoee LEGO MINDSTORMS EV3 [5. 6. 7].
3. HcnbITaHHEA MOKA3BIBAKOT. YTO CO3AaHue TpeOyeMoit Moaem Bo3MoxHO. Llems paGo-
Thl AOCTHTHyTa. ['MIOTE3a AOKazaHa IKCMICpHMEHTANLHBIM myTeM. CosmaTte po0oTa
NOXKAPHOTO BO3MOXHO. Peanmmsauus momo0Horo poGoTa MOMKAPHOTO. AacT BO3MOXK-
HOCTb €0 HCHOJIb30BAHHA B CMIACATES/IHHBIX ONEPALHAX, B BOCHHBIX LEJIAX,
4. TTepcnekTHEB AaMbHEHIIHX A0pa0oTOK. BHECTH H3MEHEHHS B KOHCTPYKIHIO poGo-
Ta. 3AMEHHTh CHCTEMY AU MEPSIHMBAHHA PACTBOPOB B MCIMIMHE HA IMEKTPHUECKYIO
NOMITy A OY THIHPOBAHHOH BOBL.

CIHCOK JTHTEPaTYpPHIL:

l.  TlepBeri mar B poSOTOTEXHHKY. MPAKTHKYM mma 5-6 kmaccoB / J.I'. Konocoe. M.: B1-
HOM. JlaGopatopus sHammif, 2012, - 87 ¢.

2. Tlepsbii mar B poSoToTexHuky: padovad TeTpame nus 5-6 kmaccos / J1I'. Konocor. M.:
BHUHOM. JlaGopatopys sHaHuMiA, 2012,

3.  Oummmoe, C. A. PoSotoTexsika ana jereit u pomuteneit / C.A. @umurmos. — CII6.:
Hayxka, 2016, - 195 ¢.

4. OGpasoBaTenbHad poOOTOTEXHHKA B JOTIONHUTILHOM 00pa3oBaHHH ILKOIBHUKOB: MeTos.

noco6ue / Tixa6ypr E.E., BrmokypoBa A B. — Homkap-Ona: OAHO «Mudocdepar, 2011.

-32¢.

TIporpammuoe oSecnieverrie MINDSTORMS EV3.

6. A Contimwum of Making and Leaming [DnexTpoHHBET pecype]. — PexuM aocTyma:
http://www.lego.com/education/

7. PoGotel H  pooToTeXHMKa  [DNEKTpOHHBET pecype]. -  PewuM  JocTyna:
http:/Awww.prorobot.ru/

hdd

OrmuicaHie aropuTMa
{(x npunoxceno 1)

Co31aeM HernpepbPHBL LK O]

B Teno 1pMxiIa samuceBaeM NporpaMMy JBHKEHHA ¢ IIOMOILBIO NPONOPLMOHATBHOTO YIIPaB-
TIEHMA € JBYMS JATHHKAMH.

AHATH3HPYEM COCTOSHUE TEMIICPATYPHOIO JATUMKA M Pe3VILTaT 33aBOJUM B OJIOK cpaBHE-
HuA. Ecimi Tekyliee 3HavyeHHe GONBIIES 3aJaHHOTO, TO BBIXOJHOH MapaMeTp Onoka GyJeT
paeHa HcTiHa, B MOOEIX ApyrUx ciyvaix GyaeTr papHa JIoxke.

4. TlomyueHHOE 3HAUCHHE 3aBOJUM B CTPYKTYPY BapHaHTa. Ec/i 3HaucHHE MCTHHHO, TO OCTa-
HaBmeaemcs, yepez Bluetooth nepenaem cooGimeHne B noxkapHyio oxpaHy o6 oOHapy KeHHH
ouara nosapa, BRIIOYaeTCes MOTOP, NMOJKIOUCHHBE K MopTy D ¢ MolHooTs +2() (ogaeTes
BOJIA), €CTH TeKyIlee 2HAYEHHE TeMIIEPATYPHOTO IaT4YMKka CTAHOBHUTCS MEHEIIe 3aJaHHOTIO,
TO CHOBA BKIKOYACTCsl MOTOP, MOAKTIOUCHHBE K opTy D ¢ MolHOocTe -20 (Mojaya BOJRI
npexpamaercs ). Bropyio BeTKy CTPYKTYPBI BAPHAHTA OCTARIIEM My CTOI.

| o=

bt
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N3YYEHWME BAVNAHNA XPU3OTUNLUEMEHTHOW MNbl/TIN HA OPTAHN3M
YENOBEKA

byTypnak Banepusa AnekcaHgposuua
Benropopgckas o6nacTs, r. benropog,
FbOY «b6enropoACKNn MH>KEHEPHbIN IOHOWeCKWU nnuei-nHTepHaT», 11 knacc

HayuHble pyKoBoauUTeNN:
Kpuctanosa HaTanbs AHaTO/NbeBHA, YUnTENb 6GUONOTUN;
HaymoBa fTiogmMuna HuKonaesHa, fOLEHT, KaHf,. TEXH. HayK,
Katheapa HeopraHuyeckas xumus bI'TY mum. B.I. LyxoBa

Ha HacToAwmii MOMeHT B BenropoAckoii 061acTM XOpoLlo pa3BMBAeTCs UH-
OVUBUAYANbHOE XUNULLHOE CTPOUTENLCTBO, U XPU30TUNCOLepXKallue W3LeNns MOXHO
BCTPETUTb MOBCEMECTHO - 3TO TEPMOMW3ONALUOHHbIE, TEMNON30NALNOHHbIE U CTPOU-
TeNbHble acbecToBble M3aenus U cMmecu. B nmpouecce nx npoussogcTBa Ha benropog-
CKOM acbecToLeMeHTHOM 3aBOfe W NMpwW JanbHelweld akcnnyatauum obpasyeTcs Xpu-
30TUNILEMEHTHAs Mblb, o6najatolas GUMONOTMYECKON arpecCUBHOCTbH BCMefCTBUE
BbICBOGOXAEHNA XPU3OTUNOBbLIX BONOKOH, 06nafjatolinx KaHLeporeHHbIMU cBOCTBa-
MU. DKOMOormyeckas oueHka 3h(MeKTUBHOCTU MPUMEHEHUA XPU3OTUNCOAEPXKALLNX U3-
[ennii BKAOYaeT OLEHKY 3KOIOrnyeckoi 6esonacHocTn nponssofctea [1, 2], oueHky
3KCMNAyaTaLlMOHHbIX XapakTepuctuk [3]. Bonpoc 6M0N0rnyeckoii arpeccCUBHOCTU Xpu-
30TUNLEMEHTHON NbIIN UHTEPECYeT COBPEMEHHbIX YUYEHbIX 4aBHO. AKTUBHO U3y4yaeTcs
BAUSHME ac6eCcTOLEMETHOW NbINN Ha AbIXaTeNbHY CUCTEMY YeNOBeKa B pe3ynbTaTe ee
nonajaHnsa Bo Bpems Baoxa [4]. OfHaKo, BONPOC AeACTBUS XPU3OTUNLLEMEHTHON NbiNK
Ha OpraHu3Mm 4enoBeKa MO-MPeXHeMY OCTaeTcs OTKPbITbIM, TaK Kak Nbilb nonajaeT B
OpraHnW3M 4YefnoBeKa He TOSIbKO 4epe3 AblXaTesbHYK, HO U Yyepe3 MuULieBapuTeNbHYIO
CMCTEMY B pe3ynbTaTe NpornaTbiBaHUA.

Mpo6nema: MNpy NPOM3BOACTBE U 3KCMNyaTaLUnM XPU3OTUALEMEHTHbLIX U3fe-
NUiA B OKPY>XaloLyl cpeay nonajaeT XpuU3oTULEMeHTHas Mbiib, obnagatwouias 6mo-
NOTUYecKol arpecCUBHOCTLIO BCMEACTBUE BbICBOOGOXAEHUS XPU3OTUNOBLIX BOMOKOH C
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HEH3MEHHBIMH (KAHLEPOTEHHBIMH) CBOHCTBaMH. CleJ0BATeIBHO, GONbLIOS BHHMAHHE
HEOOXOAUMO YIEIATh MPOPHIAKTHKS XPHIOTHIOOYCIIOBICHHBIX 2200 ICHHIH.

Axmyarsrocime npobaemer: B Poccun 80% XpH30THIA HCMONBYETCA A
MPOH3BOJACTBA  XPH3OTHILUCMEHTHHIX H3JEMHH W BompoC  GHOJOTHYeCKOi
ArPECCHBHOCTH XPH30THILEMCHTHOH MBIMH NPOJOIDKAET OCTABATHCA OTKPBITHIM.
[MosroMy NMPencTABIACT HHTEPEC H3YMEHHE NMyTH PACIUCTLICHHA My4KOB XPHUOTHIIA HA
€AMHHYHBIC BOJIOKHA KAK B MOJCHBHBIX IKCIEPHMEHTAX, TAK B JKHBOM OPTAHH3ME.

Tunomesa: TlpeObBaHHE XPH3OTHIUCMCHTHON MNBIMH B KHCIOH Cpene
NPHBOJHT K CTPYKTYPHBIM H3MCHCHHAM B KPHCTAJUTHUECKOH PEINCTKE BOJOKHHCTOH
COCTABJAIOLICH.

Obvexm: o0pasubl XPH3OTHIUECMEHTHOH NBUIM, coOpaHHOH B MecTe
PacMHIOBKH XPH3OTHILEMEHTHBIX H3JCIHH Ha mH{epHOM mpoussoactee Ne 1 OAQ
«benALT».

fIpeosern: N3yueHHe BEIIECTBEHHOIO, B TOM YHCJIE H XHMHUYECKOTO COCTABA.
CTPYKTYPHBIX M3MCHEHHH B KDHCTANIMYECKOH pEIIETKE BOJOKHHCTBIX YACTHIL
XPH3OTHIIIIEMEHTHOH NBUIH B KHCJIOH Cpeae.

Ieav: DKCMEPHMEHTANBHO H3YUHTh BEIMECTBCHHBIH H XHMHYECKHH COCTaB.
CTPYKTYPHBIC H3MEHCHHS B KPHCTa/UIHMECCKOH pPEIICTKE BOJIOKHHCTBIX YacTHIY
XPH2OTHILEMEHTHONH MBI ¢ NOMOWBK  (HIHKO-XHMHMECKOTO MOICITHPOBAHHA
MPOLECCOB, NPOHCXOAAWMX B OPTAHH3ME YESTIOBEKA.

Jaoauu:

—  H3YYMTb HAY4HYIO THUTEPATYPY IO TEME HCCIICAOBAHHS,

-  nogodpath METOJMKH A1 H3VYCHHA BEIUECTBEHHOTO, XHMHYECKOIO COCTAaBa,
CTPYKTYPHBIX H3MEHCHHH HCCIeTyeMBIX 00pasLOB;

—  MNPOBECTH IKCMEPHMEHT MO H3YYCHHIO COCTABA H KOJHYECTBA MyYKOB XPH30THIIA
B o0pasuax acOeCTOLEMEHTHOM MBUIH B 3aBHCHMOCTH OT pH Cpenbl H BpeMEHH 3KCTO-
SHIHH,

—  ONPRIENHTH 3ABHCHMOCTB MEXITY BHICBOOOKICHHEM CBOOOIHBIX NMYYKOB XPH30-
THAA OT BpeMeHu B pH cpeasr,

- H3YYHTh CTeneHb BIuwAHuA pH cpeast Ha CIPYKTYPY acOeCTOLCMEHTHOH MBUTH.

Memoowt uccredoeanus: IKCTICPHMEHT, HAOMOACHHE, ONHCAHHE, H3MEPSHHE,
MATEMATHYCCKHIA.

Xapaxmepucmuxa pabomer. NPHKIATHOE HCCICIOBAHHE.

Jnauumocine. XPHUIOTWILEMEHTHBIC H3JEMHA BKIOYCHB B MCPEHEHb Be-
LIECTB, NMPOIAYKTOB NMPOH3BOICTBEHHBIX NMPOLCCCOB H OBITOBBIX (DAKTOPOB, KAHLEPO-
TeHHBIX A MesIoBeka [3]. HecMOTpa HA BAXKHOCTE BONPOCA, OO CHX MO HE JOCTATOM-
HO H3VYCHBI MOCICACTBHA MONMAJAHUA XPH30THILEMEHTHOH NMBUTH B OPTAHH3M YeJIOBe-
KA, KOTOPBIE MOTYT MPHBECTH K XPH30THIOOY CIOBICHHBIM 3a00neBanwiM. ECm B xome
paboTel OvIeT YCTAHOBICHO, MTO B KHCIOH Cpeae XPH2O0THJIOBBIE IMVYKH PACHAJATCA
HA BOJIOKHA, TO 3TO MOMKET IOCITYKHTh KPHTEPHEM AJIA OLCHKH YKOJOTHMECKoi Ge3-
OMACHOCTH ACOECTOLEMEHTHOM MBLITH.

Xapaxmepucmuxa obberma uccnedoeanta - acbecm u xpusomur-acbecm

AcCOeCT ABIACTCA YHHKAMBHBIM BHIOM HEMETAIIHMECKOTo ChIpbda. Illupokoe
NpHUMEHEHHE ac0ecTa OOBACHASTCA HANHUHEM ¥ HETO KOMIUIEKCA YHHKAJIBHBIX MOJIE3-
HBIX CBOHCTB. B UaCTHOCTH, XPH30THI-ac0ECT XapPAKTCPH3YETCA BBICOKHM MNPEACIOM
MPOYHOCTH HA Pa3phiB, AOCTHTAKIHM 300 krc/MM®, JIma CpaBHEHHA NPEaes MPOYHO-
CTH Ha paspsis ctam 110, . 120 kre/MM*, cTeknoBoNoKHA — 130, kanpoHa — 60, MeaHO#
NMpPOBONOKH — 40 Krc/MM-. IMEHHO BBICOKHt Npenea NPOYHOCTH HA Pa3phIB BOMOKOH
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acbecta H 00YCIOBHII IUHMPOKOE HCMONB30BAHHE €r0 B MPOH2BOICTBE aCOCCTOLCMEHT=
HBIX H3OCIHH.

Xpmsotua-achect — Mgs(OH);[Si401] — BOTOKHHCTEIH MHHEPAN TPYIIIBI CEP-
NMEHTHHA, 00pazyeT 00BMHO CYOMApaIeIbHBIC ATPETaThl, JIETKO PACIUSIUIIOLIHECT HA
BeChMA TOHKHE BOJOKHA [6, 7]. Xpu30THI-ac0eCT OrHeCTOHKHH H LISTIOYCY MOPHBIH; B
oTnrMue 0T aM(PHOGOTOBEIX ACOECTOB PA3NATAeTCA B COJMHOM KHCIOTE, OCTABIAA BO-
JOKHHCTBIH CKeJleT KpemHezemMa. B acGecTOeMEHTHBIX HAIeIHAX XpPH20THI-achect
BBIMQJIHACT POJIb HE TOJIBKO ApPMHPYIOIIETO MAaTEPHAMA. B PE3YIbTATE €10 KOUIOHAHBIX
CBOHCTB acOeCTOLEMEHTHAA CMECh MPEACTABIAET CODOH CHCTEMY, B KOTOPOH mpoTe-
KAKT CJIOKHBIE (DH3HKO-XHMHUECKHE NMPOLECCHL

Aapaxmepucmura npedmema Uccaed08aHUs — XPU30MUIGEMERMHAT NbLTb

B HacToAIEe BpeMA NPH3HAHO, YTO HACANBHAA CTPYKTYPA XPH3OTHIIA COCTOHT
H3 JABYX 3JICMEHTAPHEIX CETOK — OJIHA MOCTPOCHA H3 KPEMHEKHCIOPOAHBIX TETPAdIPOR.
BTOpas ABIICTCA OpyCHTONOAOOHOH OKTa3IpHUECKOil. JIBe TPeTH HOHOB THAPOKCHIA B
OpycHTONOOOOHOH CeTKE 3aMEIUEHBI KHCIOPOJAOM KPEMHEKHCIOPOIHBIX TETPAasApOB.
PasMep kpeMHEKHCTIOPOMHOH ceTkH Si-Os MEHBIIE. YeM pa3Mep OpyCHTONOJOOHOMH
CETKH, UTO 00ECTICUHBAET HCKPUBICHHE H 3aKpYYHBAHHE CI0A. OOHapy:KEHO. YTO BO-
JIOKHA XPH30THJA YNMAKOBAHBl B NMYYKH H MPOMEKYTKH MEKTY HHMH 3aNOJIHCHBI
aMOP{PHBIM HIH MEIKOKPHCTALTHMECKHM MatepuanoMm [10]. B mpouecce 3kcmmyara-
LHH ACOECTOLEMEHTHBIX H3IEIHIT BOMOKHA ACOECTA HE MOTYT BBIICJIATECA C MOBEPXHO-
CTH acOECTOLEMEHTA B MEPBOHAMATILHOM «4HCTOM» BHIE, 63 000JI0MKH H3 MPOIYKTOB
THAPATALHMH NOPTAAHIUEMEHTA. 3T0 OTHOCHTCA KAK K BIMAHHIO HA BOJIOKHA XPH30THII-
acBecTa COCTABIMIOIIMX BO3IYXA OKPYKAIOLISH CpeIbl, TAK H BHYTPEHHEH cpeasl op-
raHu2MAa 4enoBeka. [1o JAHHBIM HCCNEIOBAHHH OKPY)KAIOWICH Cpeapl B BO3AYXE MPO-
MBIIICHHBIX TOPOJOB NMPHCYTCTBYIOT ATPECCHBHBIE TA3Bl H JHCNEPCHBIC BEIICCTBA.
TMoHATHO, ¥TO BCS XMMHYSCKHE COCTABILIIOLIME 3THX BEINCCTB AICOPOMPYIOTCA MO-
BEPXHOCTHHY A00eCTOBBIX BOJIOKOH H MOTYT B TOMH WJIH HHOH CTENCHH NMOBIHATH HA HX
MOBEPXHOCTHBIE, (PH3HKO-XHMHMECKHE, A TAKKEe OHONOTHMECKHE CBOHCTBA.

OnHHM H3 KPHTEPHEB OLCHKH BOJMOKHHCTBIX MATCPHANIOB ABIETCA H3YHMEHHE
OHOMOTHYCCKHX CBOHCTB. B CBA3H € 3THM, MPEICTABILACT HHTSPEC H3YYCHHE MEXAHH3-
Ma BO3AHCTBHA OHONOTHYSCKOTro (pakTopa (KHMCHAd CpeAa) Ha MbUb., COASPKALIYIO
BOJIOKHA ac0eCTa. MOTOMY KaK OHH ABJLIIOTCA KAHLECPOTCHHBIMH. MaxkcumanbHas
KHCJIOTHOCTh B JKEIyJKE 4ElOoBeKka MO:KeT cocrtaBmath 0,86 pH. MHHHManBHO BO3-
MOKHBIH NMOKa3aTeNb MOAASpKHBAacTCA Ha ypoBHe 8,3 pH. OaHako MaHHOE 3HAucHHE
HANpAMYK 3aBHCHT OT OTAS]A OpraHa (B mpoceere Tena opraHa — 1.5-2.0 pH: nHa mo-
BEPXHOCTH snuTeHa — 1,5-2.0 pH: B riyOuHe snutenug — npumepso 7,0 pH: B aHTpy-
Me — 6,0-7,0 pH; JykoBHIIC ABCHAAUATHNCPCTHOH KHIUKH — 5.6-7.9 pH)[8].

Memoduru usv4enus 6etecmeeHozo, XUMUYECKO20 4 CINPYKMYPHBIX U3MeHe-
Hull & uccneoyemom mameptare. Pabora npoBoAWIACh Ha Kadeape obIueH H Heopra-
Hudeckoil xuMuu BI'TY uM. BT, Hlyxoea. O0beKTaMH HCCIen0OBaHMil GBITH 00pasLibl
XPH3OTHIIIEMEHTHOH MbUIH, COOpaHHOH B MECTE PACTHIOBKH XPH3IOTHIIEMEHTHBIX
maenuii Ha mupepuoM 3aBoge Ne 1 OAO «benALIW», XpH30THIUCMEHTHAA NHUIb,
B3ATAA C TOTO XK 32B0Ja, 00paboTAHHAL COMHOH KHCIIOTOH.

HcecnenoBaHud MPOBOOMIH HA PEHTrEHOBCKOM aH(ppakromerpe JPOH-3.0; ¢
noMompl0 MHKpockona NU-2E H TPAHCMHCCHOHHOTO JJEKTPOHHOTO MHKPOCKOMNA
JEM-100C. Orbop neimu u ee m3yyMenne mposoguaucs mo N'OCT «M3oenna texHme-
ckue. Meroapl mabopATOPHEIX HCNIBITAHHI HA XHMMHMECKHH M BELISCTBESHHBIH COCTAB
XPH2OTHILEMEHTHOH MBLITH,


http://zheludok24.ru/diagnostika/antralnyj-otdel/
http://zheludok24.ru/diagnostika/antralnyj-otdel/
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Omnpir Ne 1. MccnesoBaHHe HCXOIHOTO 00PA3LA MBLTH
Jnd onpegeneHHa HCXOAHOTO 00pasua mbUTH OBLIH MPOBEICHBI PEHTIEHO(DA-

30BbIH H neTporpaduecknii aHamu3bl [8]. Pentrenod)a3oBrii AHATH3 BBIMOJIHAIH HA
penrrenoeckoM guppakromerpe JPOH-3,0. Oma mpo6 aclecToueMEHTHOH NbUH
GOMBLIYI0 MACTh CHEMOK MPOH3BOJWIH B CICIYIOIUEM PE)KHME: MNPSOS H3MEPEHHA —
4000 unM/C; MOCTOAHHAA BPeMeHH — 1 C.

Ana mony4eHua Honee veTkoi JHPPAKIHOHHON KAPTHHBI MPOBOIMIH CHEMKY
C BpAILCHHEM KPHCTAJIIOB NMBUTH, YYACTBYIOIUMX B OTPASKSHHH. DTy 4acTh CHEMOK IPO-
BOAMIH B MOHOXPOMATHYECKOM PEHITCHOBCKOM H3JIYYEHHH C BpallcHHEM 00pasLOB B
Pa3M4HBIX peskuMax: mpeaen usMeperud 1000-2000 uMn/c. mocTosHHAA BpeMeHH 0,5;
1. 2,5 ¢, ckopocTh MOBOPOTA CueTyHka 1;2:4 OIMHH; meab Ne 3 - 0,5; 0.25 MM [11].
IMerporpadurieckuli aHATH3 BBIMONHAIH HAa OOJBUIOM YHHBEPCATLHOM MHKPOCKOMNE
NU-2E B npoXoAdileM CBETE C aHATHM3ATOPOM M 0€3 aHAIM3ATOPAa NMPH YBEIHUYCHHAX
625" u 1250,

Onbir No 2 BiugHHA KHCIOH Cpe/bl HA XHMHMECKHH COCTAB XPHIOTHIIEMCHTHOH TbI-
JH
JUIA HCCIENOBAHHS BIAMSAHHA KHCJIOTHOCTH CpeNibl HA XHMHUECKHIT COCTaB BO-

JOKHHCTBIX MACTHL, XPH30THILEMEHTHOH MbUTH OBUIH MPHTOTOBIEHBI PACTBOPHI COJIA-

Holt kucnotel ¢ pH=3; pH=4; pH=6. MeToauka 2aKmo4anace B cneayiomen [12]:

1. XpH30THILEMEHTHYIO bUTh B KOJIMMECTBE | I' MOMEINANH B MPOOHPKY M MPHITHBAIH
20 M1 pACTBOpA COMTHOM KHCIOTHI

2. PacTBopsl roTOBWIH CregyrOmuM oOpasom: K 60 MI JUCTH/UTHPOBAHHOH BOIBI
npumaBaan 10 ma 0,1M pacTBopa CONAHOH KHUCIOTHI MOJMYMANH KHCIIBIH PACTBOD
pH=3; x 60 M JUCTHILTHPOBAHHO# BOABI MpHIHBATH 5 M 0, 1M pacteopa comaHoi
KHCIOTHI MOMyMATH KHCiblii pactBop pH=4; x 60 MI IZHCTHIMHPOBAHHOH BOJBI
npuaBain 2,5 ma 0,1M pacTBopa COJIAHOH KHCIIOTHI MOJTYMAMH KHCBIH PACTBOD
pH=6.

3. TIpo6wl XPU2OTHIIICMEHTHOH NBUTH BBIICPKHBAIM B KAXIOM PACTBOPS B TEYCHHE
24, 1 ¢y, 3 cyT., | Hex mpu Temneparype 36°C.

4. Tlo HUCTEYCHHM BBINCYKA3AHHOTO CPOKA MPOOLI MPOMBIBATH JHCTHUTHPOBAHHOH
Bojoi. Jlanee HcchmemyeMble MpoOBl H3YUANH B PACTPOBOM HOHHO-ICKTPOHHOM
MHKPOCKONE NpH yBeauueHHH 200, 500, 5000*, 10000 %,

5. AHaNMH3HpOBAIH HX XHMHUCCKHH COCTaB.

6. TIo MONYUEHHBIM 3NEKTPOHHOMHKPOCKOMHYECCKHM CHHMKAM MNPOBOJHIM BH3Yallb-
HbIif MOJICYET KOJIHYECTBA BOJIOKOH H MYYKOB.

Oneir No 3. XuMuueckuii aHanus npo6 nocie npeOblBaHUS B KHCTIOH cpeae

Jna onpeacneHHA XHMHYECKOTO COCTaBa MpoaykToB oOpaGotku X1I-meums
OBIT NPOBENEH SHEPTOAMCTICPCHOHHBIH MEKPOaHamH3. HceneaoBaHus OCYILECTBISIH B
AMOHCKOM (TPAHCMHCCHOHHOM) MPOCBEUHBANOIIEM IEKTPOHHOM MHKpockome JEM-
100C ¢ yCTPOHCTBOM HAKIOHA 00BEKTA HA + 60°, MHKPOCKON OCHALUCH MPUCTABKOH
«KEVEX-5100», mo2BoMIOLICH ONpPEeIeIATh SMEMSHTHBIH COCTAB OOBEKTOB PA3MEPOM
ot 25 HM. Ilpemapathl A1 MCCNEAOBAHHH NPUIOTABAMBAMH M3 BOJHBIX CYCHEH3HH
H3YUAEMBIX MATEPUAJIOB.




Pe3synbTaTthl CO6CTBEHHbIX VICCJ'Ie,U'OBaHVIIZ

PesynbTaThbl onbiTa Ne 1. MiccnegoBaHme NCX0AHOro obpasua nbinn

PeHTreHotasHbI aHanM3 nokasasn, 4To B cocTaB obpasua nbian BXOAAT: XpU-
30TuA-acbecT (CBA3AHHbIM KNMHKEPHbIMU MaTepuanamu) - 29%; kBapy - 7%; KanbuuT
- 36%; aparoHuT - 6%; KINHKepPHble MaTepuansl - 22%.

Mpn neTporpamnyecknx NCCnefoBaHNAaX NblM YCTAHOBIEHO, YTO OHa cofep-
>XUT, B OCHOBHOM, HEBOJIOKHWUCTbIE JUCMepPCHble YacTuubl pasmepom oT 1 o 15 MKwMm.
Mo MWHepanornyeckoMy cocTaBy 4acTWULbl MblW NPeLCTaB/eHbl MeIKOMO3auYHbIM
Kanbuntom - CaC03 B 04YeHb HE60/MbLLIOM KONM4YecTBe - A0 5% - aparoHuTa U KBap-
uem - 802 doTorpammn Xpn3oTua LEMEHTHONM Nbl/M NPeACTaBAeHbl HA pUCYHKax 1m

2, a pesynbTaTbl onbiTa - B gudpakTorpamme 1 [1].

PucyHok 1 - WcxogHas acbecTouemeHTHas Nbib (hoTorpadums)

PUCYHOK 2 - Ac6ecToLieMeHTHasi Mbllb NOc/e NPebbiBaHUSI B PacTBOPE COMSIHOM KUCNOTbI
(dhoTorpachuns)

[ydpaxTorpamma 1 PesynbTathl onbma Ne 1 PeHTreHOBCKas MOpOLLIKOBas AyidipaKTorpamma nb i

AT e—




Pe3ynbTarbl onbita Ne 2. BANSHUSI KUCNO cpefbl Ha XUMMYECKMiA cocTaB

mMax 1m 2.

Tab6numua 1. Pe3ynbTtatbl onbita Ne 2. KonnyecTBO My4YKOB 1 BOSIOKOH XpU30TW/Ia B 3aBUCMMOCTY
0T BPeMeHM 3KCno3numm 1 pH cpegpl
BonokHa

Bpemsa
MHKyb6aumn

NcxogHoe 1800
KO/1-BO

2 yaca 1503
24 vaca 2407
72 vaca 18005
7 cyToK 27010

XPU3OTUILEMEHTHON MbIn

B pesyrbTate yCTaHOBNEHA Mpsiviasi 3aBUCUMOCTb MEXKIY MPOAOIKUTENBHO-
CTbIO HAXOXIEHUsI XPU3OTUILEMEHTHOM MbINMM B pacTBopax KUCMOTbl ¢ pH cpedbl
2,4,6. Mpu yBenmueHur pH 1 BpeMeHn HaxoyXKaeHVisi B pacTBope YBENMUMBAETCS KO-
YECTBO CBOGOAHLIX BOMIOKOH BCNEACTBUE pa3pyLLEHUs XPU3OTMIOBBLIX My4YKOB, KOMM-
YECTBO KOTOPbIX YMeHbLLAETCS. Pe3ynbTaTbl OnbiTa yKaszaHbl B Tabnvue 11 guarpam-

PH pactBopa

4
1800

12002
24004
15007
27009

Ounarpamma 1. PesynbTathl onbiTa No 2

KonnyecTBo BONOKOH Xpu3otuna B

6 3
1800 1200
9005 601

15003 305
15004 303
45002 0

XpVI3OTI/II'ILI,eMeHTHOVI nblnn

2 vaca

24vaca 72 vaca

mpH3 mpH4 mpH6

[Ounarpamma 2. Pe3ynbTatbl onbiTa No 2

[Myykun

PH pacTtBopa

4
1200

603
304
602
301

24008 25004 e
18005
7 cyrak

KonuyecTBo ny4koB xpu3oTuna B

XpMBOTMﬂLJ.eMeHTHOIZ nbin

I 302 305 304 304 303 I 301
I I I 0 0
mce 24 ypca 2unca cyren

pH3 mpH4 mpH6

1200

302
304



PesynbTartbl onbita Ne 3. Xrmudeckuii aHanma npob nocne npebbiBaHust B KMUCON cpe-
ne
B XxMMmueckoM cocTaBe MpOAyKTOB 06paboTky XLI-Mblanv No faHHbIM 3Hep-
roAMCrNepPC1OHHOrO MMKpPOaHaM3a OOHapYXKEHO YMEHbLLIEHVE KOM4YecTBa OKCuaa
»enesa 1M oKcrga MarHusl (BXOASLLMX B aparoHUT) 1 yBENMYeHVe KONMYecTBa okeuaa
Ka/bLIsi 1 OKCUA KPEMHMS, BXOAALLMX B XpU30TW. Pe3ynbTarbl onbita Npeacrasne-
Hbl B Tabnmue 2.

Tab6numua 2. PesynbTathbl onbita Ne 3. XMMUYeCKNiA cocTaB NPOAYKTOB 06paboTku XL-nbinn no
JIAHHBIM DHEPro/IUCIIEPCHOHHOTO MUKPOAHAIN3A

Ne Kuciaornocrs Bpems Cosepxanue 0KCcHI0B, %
cpeabl IKCHO3HUHH
MgO Si0, CaO Fe,0;
1. pH4 2 4aca 19,82 33,75 3,18 0,39
2 pH4 1 Heens 5,67 46,06 4,79 0,21
BbiBOAbI:

1 O6pasupl XpU3OTWILEMEHTHOA MbIMM MO AaHHbIM MNETporpatMyecKoro
aHanm3a cogepkar 1-2% xpusotuna (guamvetp 1-2 mkv, anvHa 15 Mkm, pegko go 20-
60 mMkMm. BcnefcTBme TOro, YTO KaHUEepPOreHHOCTb BOMIOKOH 3aBMCUT OT COOTHOLLIEHWS
LNMHBI U fyamMeTpa BOMOKOH (B HOpMe 3:1 1 NponopLMOHa/bHO yBENMYMBaEeTCa npu
COOTHOLLIEHUN 10:1), MOXHO NPEANONOXKUTb, YTO MCXOAHas Mblib 0bnajaeT kaHuepo-
reHHbIMY CBOVCTBAMN.

2. MNocne K1UCNoOTHOWM 06paboTKM YBENMUNMBAETCH YMCNIO BOTOKOH B 06pasLe v
YMEHbLLIAETCA KOMMYECTBO MyYKOB (MapaiieflbHO - BOMIOKHUCTLIX arperaroB) Xpu3o-
TUna BCNEeACTBME paspyLLEHWS LIEMEHTHON OBO/0YKN BOKPYr arperaroB BOMOKOH U
crnefoBarteflbHO, BbICBOOOXAEHUSI 60fiee TOHKUX MYYKOB XPU30TWNG, YTO AOMNONHU-
TeNbHO YBENMYMBAET KaHLIePOreHHOCTb.

3. AHa/IM3 3HEProgmcrnepCHbIX CrEKTPOB XPU3OTUILEMEHTHOW NbIN MOKa-
3bIBaET YMEHbLLEHNE KOMYECTBa B CTPYKTYPOOOpa3yoLLMX BOMIOKHaX XpU3oTunia ane-
MEHTOB >Kefie3a 1 MarHusi, HanpoTVB - 3HaYUTENbHOE YBENMYEHVE KaybLMS N KpEeMHUS,
KOTOpbIE 3aMEHSIKOT XENEe30 1 MarHuii B KPUCTa/TMHECKON peLLETKe XpU3oTia.

4. TMocne 06paboTKN XPU3OTUILEMEHTHOM MblIM PACTBOPOM COMIAHOM KUC/O-
Tbl HA BOMTOKHaX 3a(IMKCMPOBaHbI Crefibl KOPPO3MOHHOIO MPoLEecca, KOHTYP BOIOKOH U
camoli MOBEPXHOCTU pa3MbIT.

5. MuKpogupaku/oHHbIE KapTUHKM MPOLYKTOB 06paboTKy XpU3oTuiue-
MEHTHOW MbIM PacTBOPOM COMSIHOW KUCNOTbl CBUAETENLCTBYHOT O CTPYKTYPHbIX U3-
MEHEHUSIX KPUCTANTMHYECKOM peLLeTKY, OCOBEHHO MOC/e BbIAEKKU €8 B TEUEHNE He-
nenn.

6. HaunbonbLLyto onacHOCTb AN1S YenoBeKa NPeacTas/sioT BbICBOOOAMBLLIEC
U3 My4KOB XPU3OTWIOBbIE BOJSIOKHA, KOTOpble BEposiTHee BCero, 6yayT MMETb Heus-
MeHHble (KaHLieporeHHble CBOIACTBA).

CnM1CoK NUTepaTypbl:

1 BapuHoBa, J1. C. O nosunumm Poccuiickoin defepalumn no BOMNPOCY MCMOMNb30BaHUS XPU30-
Tunosoro ac6ecta / /1.C. BapuHoBa, C.B. Konsiga// MexayHapoaHasi KoHgepeHUust “bes-
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HCCIEAOBAHUE METOAOB CHXEHNS BETHYUHBI CTATHYECKOT'O
SJIEKTPHYECTBA B YCJIOBHAX KPAMHET O CEBEPA H APKTHKH

Kom ITomua
Awaro-Hewenxuit oxpve, 2. Hoewiit Ypenzoit, MBEOY Niammazus, 10 knace

Hayumbiii pykopoaurens: [lepmikor Cepreit Muxaitnosiy,
r. Hoernii Yperroit, MBOY T'uMHa3Hs, yIHTEND DHIUKH

Beenenue
CornacHo JaHHBIM BEAYLIMX (DHPM NO CO3AAHHK) MHKPOICKTPOHHKH. €XKe-
TOAHO (PHKCHPYHOTCS SHAUHTSIBHLIC MATCPHANBHBIC H (DHHAHCOBBIC MOTCPH M3-3a He-
JOCTATOYHOTO COOMOACHHA MEp MPEAOCTOPOKHOCTH OT BOSACHCTBHA CTATHUYECKOTO
snekrpryecTBa (ESD). Ha mpou3BoAcTBax. mocie BHEAPEHHs mporpamMms! mo ESD -
3aLIHTE H KOHTPOJI, MPOH3BOAMTEIAM TEISKOMMY HHKALIMOHHOTO 00OpPYI0BaHHS ¥ Aa-
JOCh 3HAYHTENEHO CHH3HTH NOTEPH OT Opaka Ha KoHBeiiepe. CepBHCHBIE TEXHHYECKHE


http://www.gastroscan.ru/dubinsky.htm
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/5724907895
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CIy>#OBI TAK K& CTPeMATCA MPHMEHATH B MpoLecce paboTsl Meps 2aumThl 0T ESD.

BocnpuuM4HBEIE K EKTPOCTATHYECKHM 3APAIAM TONY MPOBOIHHKOBBIE MPH-
GOPBI H CXEMBI OABSPTAKTCA ONACHOCTH HE TOMBKO B MPOLECCE H3TOTOBIEHHA H pe-
MOHTA, HO H KCILTYaTaUHH. B HHTEHCHBHO PA3BHBAIOLICM MHPE TEXHOJOTHH H paspa-
GOTOK 4ENOBEeK ¢ KAMXKIBIM JHEM CTPEMHTCA BCE OONBLIC HCMONB30BATH PA3IIHHMHBIC
TeXHHMECKHE CPeICTBA: B MPO()eCCHOHALHOH IeATENbHOCTH, 00yvueHnH, OrITy. 3ava-
CTYIO, HEOOCTATOMHO TPAMOTHOE 00pallCHHe C YCTPOHCTBAMH, HECOOMOICHHE TEXHH-
YeCKHX YCIOBHII NpH paloTe anmapaTyphl MOTYT CTaTh NPHYHHAMH BBIXOJA H3 CTPOsS
MHKPOCXEM H3/ICITHE.

IIpeacTaBnaeT HEMANbIH HHTEPEC HCCNENOBAHHE METOAOB 3ALUHTBEI OT SMEK-
TPOCTATHUYCCKHX 3apsAAoB Ha Teppuropuax Kpafivero Cepepa H APKTHKM, HMCHOIMUX
0CO0bIE KTHMATHYECKHE XapPaKTEPHCTHKH,

B ¢BA3M ¢ 3THM. HEOOXOAHMMO ONPEACIATE ONTHMANTLHBIE YCIIOBHA IKCILTYaTa-
IHH TeXHHUECKHX YCTPOHCTB. C MPUMECHCHHEM METOJOB CHH)KCHHS BEJIHYMHBI CTaTH-
YeCKOro 3apsja.

OOBEKT HCCIEMOBAHKA: CTATHUECKOE MICKTPHUECTBO.

IIpeaMeT HCCACNOBAHHA: CNIOCOOBI CHIKGHHA BEJHYHHBI CTaTHYSCKOTO 3JICK-
TPHUECTBA.

Tunote3a: MOBBILEHHE OTHOCHTENBHOH BIIKHOCTH BO3J¥XA B JKHIBIX H
YueOHBIX MOMELICHUAX CNIOCOOCTBYET CHIDKCHHIO BETHYHHBI CTATHYECKOTO 3apsia.

Lenp uccnemoBaHuA: BBIABHTH 3(P(KTHBHOCTH VBIAKHEHHA BO2IYXA KAK
cnoco0a CHIDKEHHSA BEJTHYHHBI CTATHYECKOTO 3ApAia.

3azayun HCCIe JOBAHHA:

W3yqurs CBeIEHHA 0 CTATHYCCKOM JNEKTPHYECTBE H NMPHYHHAX €0 MOABJICHHA,
Cobpare MOJENB INCKTPOMETPA;
Onpegenurs METOIHKY OLCHKH MOKAZAHUI JIEKTPOMETPA;
Way4urs mpuOOPEI 414 H3MEPSHHA OTHOCHTRIBHOH BIAKHOCTH BO3OYXA H TeMIC-
PATYPHI OKPYIKAOIIEH Cpempl, YCTPOHCTBO H MPHHUMN PAabOTHI THIPOMETPA NCH-
xpomerpureckoro BUT-2;
5. TIposectu ¢G0P MPAKTHYECKHX JAHHBIX,
6. IlpoaHanH3HPOBATh MOMYUCHHBIE PE3YIbTATHL

Metoapl: H3Y4EHHE TEOPSTHYESCKHX HCTOYHHKOB IO TEME. 3KCNEPHMEHTAIBHOE
NPaKTHUECKOE HCCACAOBAHHE, 00padoTka H aHAMH3 MOMYUCHHBIX JAHHBIX. ONHCAHHE
PE3YBTATOB HCCIICAOBAHHA.

+ o=

Tnasa 1

B npoMBINNIEHHOM NPOH3BOACTBE TOBAPOB HAPOAHOTO MOTPeONCHHA 3aya-
CTYK MpeofafaeT HCMOMB30BAHHE «MATCPHAJIOB. 00JANAIOIIX HH3KOI 3MEKTPOnpo-
BOJHOCTBI0 H CIIOCOOHBIX. MOTOMY JJIMTEIBHO COXPAHATh MICKTPHUCSCKHE 3apafbl.
JUBNEKTPHKH B pe3yJIbTAaTe B3aUMOACHCTBHI MEKTY CO00OH HITH ¢ METAJIAMH B OTpe-
JACTICHHBIX YCTIOBHAX CMOCOOHBI 3JICKTPH3OBATECA. TO €CTh NMPHOOPETATh 3apaabl CTa-
THYSCKOTO ICKTPHHMECTBA TOTO HIH HHOTO 3HAKa» [1, 2].

[Toa craTHyMecKHM MEKTPHYECTBOM IMPHHATO MOHHMATH JIEKTPHUECKHE 3apsi-
JbI, HAXOJAWHECA B COCTOAHHH OTHOCHTEJBHOTO MOKOA, PACHPEIENCHHBIC HA MOBEPX-
HOCTH WIH B 00BeMe THIICKTPHKA, HIH HA MOBEPXHOCTH H30JHPOBAHHOTO IMPOBOJHH-
KA. [lepemeinenHne 3apA0B CTATHMECKOTO JNEKTPHHMECTBA B MPOCTPAHCTBE OOBIMHO
MPOHCXOIHT BMECTE C HAYICKTPH3OBAHHBIMH TCJIAMH.

ITo Ppu2HKO-XHMHYECKOMY CTPOSHHIO BCE TSN HICKTPHHMSCKH HEHTPAILHEI, TO
€CTh OONAJAIOT PABHBIM KOJMHHMECTBOM IOJIOYKHTENIBHBIX H OTPHUATENBHBIX 3ApPAIOB.
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Teno ABIAETCA HAIMEKTPH3OBAHHBIM, €CIIH COICPKHT H30BITOK 3MEKTPHYCCKHX 3aps-
JOB Kakoro-mu6o 3Haka. TIpouecc 3MEeKTPH3ALHH 3AKIHMACTCA B TOM, MTO OZHO TEJO
NpHOOPETAET HIIH OTIACT APYTOMY NICKTPHHMECKHE 3apAIbl MPSHMYLIECTBCHHO OJHOTO
3HAaKA, OOMEH 3apAIaMH MEKIY B3AHMOICHCTBYIOIIMMH TEJIAMH MPOHUCXOJHT HA Ipa-
HHLE HX CONPHKOCHOBEHHA HIH BONHZH HEe 34 CHYET CIIOMKHBIX (DH3HKO-XHMHYECKHX
mpoueccoB. Mepo# IMeKTPHALMH ABIAETCA KOMMMECTBO JIEKTPHUSCKOTO 3apsia, me-
peleImero ¢ OMHOTO TENA HA OPYTO€ B XOJe HX B3AHMOJCHCTBHA.

OnekTpU3alEA B 3HAUMTENBHON Mepe 3aBHCHT OT MPHPOABI MaTePHANOB. HMX
3MEKTPONPOBOJHOCTH, XAPAKTEPa B3AHMOACHCTBHA, «3apAAbl CTATHYECKOTO 3MEKTPH-
4eCTBA MOTYT OBITh PACIpEACICHBI HA MOBEPXHOCTH AHINCKTPHKA HIH B €r0 00BeME B
3aBHCHMOCTH OT CTPYKTYPHI, (Ja3HOTO COCTOSHHA AHMIECKTPHKA M T.IL» [1, 2]. OGmas
BCJIMUHHA 3apsaia HA JH3JICKTPUKE 3aBHCHT HEMOCPEICTBCHHO OT KOJHUYSCTBA HAMICK-
TPH30BAHHOTO MPOAYKTA H €T0 Pa3MEPOB.

BhIIeIOT TPH OCHOBHBIX NMPOLIECCA 3JCKTPH3ALHE MATCPHANOB: TODaBICHHE
3apAJ0B. YJANCHHE 3apANOB H pa3AcCHHE 3apsIoB.

Kak TakoBoe. HAMHMYHE M HAKONMCHHE 3apAna Ha JHO00H NMOBEPXHOCTH. B
YACTHOCTH NOJTYMPOBOAHUKOBOI TEXHHKH, OOBINHO, HE BEACT K €10 NMOBPEKACHHIO HIH
H3MEHEHHIO XapaKTEPUCTHK AQ TEX MOP, MOKA YEPE3 310 H3JACIHE HE MPOH3OHACT K-
TPOCTATHHMECKHH PA3PAI, BO3SHUKAKO M MPH COSTHHEHHH TEN C PA3IHYHBIMH JIEKTPO-
CTATHMECKHMH MOTCHLIHAIAMH.

Tak, Ha BopoHe)KCKOM 32B0OJE MOMYNPOBOIHUKOBBIX MpuHOOpOB B 1966 romy
BO BPEMA CEPHIHOTO BBHIMYCKA MEPBBIX OTCHCCTBEHHBIX KPSMHHEBBIX HHTCTPAILHBIX
cxeM (HC) gHomHO-TPAH3HCTOPHOH NOTHKH cepui 104 ¢ JHINEKTPHMECKOH H30ALHEH
JNEMEHTOB 2a()HKCHPOBAH MHOTOYHCICHHBIH BBHIXOJ H3 CTPOA CXEM PAJTHOIIECKTPOH-
HOH ANMAPATYPHI, BBI2BAHHBIH OTPHUUATENBHBIM BO3OCHCTBHEM 3NICKTPOCTATHHECKUX
3ap410B.

B MOMEHT KACAHHA NMPOBOIALICTO TENA, NMPOHCXOJHT HMITYJIBCHBIH pPA3pAd,
KOTOPBIH MOYKET MOJHOCTBIO WIH MACTHMHO NOBPSAHTh mMpuOOp. Xapakrep BO3acH-
CTBHA PAa3pAIa HA MOJYNPOBOJHHKOBBIC M3JCIHA OT PAga (PaKTOPOB. eMKOCTH, BRJIH-
YHHBI HAKOIUICHHOTO 32pA1A, CONPOTHBICHHA TEIA YEIOBEKA.

B kauecTBe CMOCOOOB 3AIMUTHI OT CTATHUYECKOTO ICKTPHUYESCTRA. pa3pabarsl-
BaK)T MEPBI NPSAOTBPAICHHA BOSHHKHOBEHHA CTATHUCCKUX 3APAA0B H YCKOPSHHA HX
CTCKaHHA HA 3€MJIO. a TAKKE 3aLUMTHI MPHOOPOB OT OMACHBIX BO3ZACHCTBHIH 3apana:
VBCIIMUCHHE MOBEPXHOCTHOH M O0BEMHOH NMPOBOAHMOCTH MATEPHAJIOB. 323¢MIICHHE.
HOHH3ALHA BO3AYXa (TeHepalusa HOHOB 00¢HX MojupHOCTeH). Takue HOHH3ATOPRI HC-
NONL3YIOTCA JUIA JIOKANMBHOH HEHTPATH3ALHH 3apAl0B HEMOCPSACTBEHHO HA palounx
MECTaX WIH JK¢ HMH JOTOJHAHT BCHTHAUMHOHHBIE CHCTEMBL UTOOBI MOTOK OT(HIbL-
TPOBAHHOIO BO3AYXA HOHH3HPOBAJCA, H MPOHCXOAWIA HEHTpamH3alug 3apiaioB Ha
CTEHAX. MOTOJIKAX, MOBEPXHOCTAX 000PYAOBaHMA (PHCYHOK 1).

Kak OIHMH U3 METOAOB MOJABICHHA CTATHUCCKOTO 3SKTPHUECTBA, NMpPH 3a-
TPYAHCHHH B 00CCIICUSHHH 3a3¢MICHUSA, CIEAYET PACCMOTPETh VBEJIMUCHHE BIAKHO-
CTH BO3IyXA B MOMCIUCHHH.

Takoe npeanonokeHue 00YCIOBICHO OCOOSHHOCTAMH MOKAZATENCH BIAKHO-
CTH BO3I¥XA B paiioHax Kpaiitnero Cepepa u Apkrukn. Tonpko B koHue 80-x rogos XX
BeKA OBLI BBMBIICH 3TOT (DAKTOP MPHPOIHOM CpedBl, B TAKOH € Mepe XapaKTepPHBIH
JUIA BBICOKHX IMHPOT, KAK H XOJO0I, H CTPEMHTEJIBHBIE MEPENATbl TEMICPATYP. 3T0 —
HH3KOE CPETHETOAOBOS abCOMOTHOE COACpKAaHHE BOJSHBIX MapoB B aTMocdepe, Tak
KaK MpH CHIBHOM MOPO3€ BJIara BBIMEP3acT. B XOIOMHOM KIMMATe CEBEPHBIX PETHO-
HOB Takad a0COJIFOTHAA BJIAKHOCTb XapaKTEpHA HE TOJLKO AJIS OTKPBITOTO MPOCTPaH-



CTBa, HO N ANA XWUNbIX, Cl'ly)KeﬁHbIX N Npon3BoACTBEHHbIX I'IOMeUJ,(-‘,‘HVII‘/'I. Tak Kak, B
CBA3N C npeoﬁna,u,aHvleM, 3a4acTylo, 3KCTpeMasZibHbIX TeMMNepaTyp OKpPyXXakuwero Bo3-
AyXa, Temnepartypa ceTeBOW BOAbl B CUCTEME OTOM/IEHNA HOMEU_[EHMVI nogaep>XmnBaeTca
Ha MaKCcUMasbHbIX 3HAYEHNAX, YTO U BNIEYET 3a COBON MOCTOSIHHOE CHMXKEeHMe BNAXKHO-
CTn Bo3ayxa.

NMOCOBbI 3ALLNUTBI O
CTATUYECKOIro
SNEKTPUYECTBA

VBENVYERVE
NOBEPXHOCTHOV 1
OBbEMHO 3AIEM/IEHHE VIOHU3ALIMA BO3ZYXA YB/AKHEHME BO3AYXA
NPOBOAMMOCTH
MATEPVIATIOB

PucyHOK 1 - Crocobbl 3almThl NPUGOPOB OT ONAacHbIX BO3AeCTBUI 3apaaa

["naBa 2

B xoje NpakKTW4YecKOW 4acTu McCnefoBaHUsA MCMOMb30Basocb BCMOMOraTesb-
HOe 060pyfloBaHME: TUTPOMETP, 3/IEKTPOMETP U YBNAXHUTENb BO3AYyXa.

[nsi n3amepeHUs 0THOCMTENbHOW BMIAXHOCTM BO3AyXa M TeMmmepaTypbl OKpy-
Xatowein cpefbl 6b11 UCNOMb30BAH LWKO/bHBIA TMIPOMETP ncuxpomeTpuyecknii BUT -
2, NpUMeHsieMblli Ha ypoKax U3NKMN.

OnpefeneHve nokasaHWii 0THOCUTENbHOW BA@XHOCTM BO3JyXa B NMOMeLLLeHUN
OCYLLLeCTB/ISIETCA Ha OCHOBaHUW CPpaBHEHWUA MokKasaHuii ABYX TepmomeTpoB. OfuH ”3
TepMOMeTPOB OCTa&TCA CYyXMM, Kanunasap Apyroro TepMomMeTpa - BAaXHbIl. Y TosLe-
HVe Kanunisapa «BMaxHoro» TepMomeTpa, rAe Haxo4uTCA OCHOBHOW 06bEM TepMoOMeT-
PUYECKOW XWULKOCTU, TONY0Na, BIOXEH CneunanbHblii Tpy6yaTblii TKaHeBbIli maTepuan
(pnTunb), KOTOPBLIA XOPOLLIO BNUTLIBAET BOAY. BTopoli KoHel 3TOro matepuana nome-
LLleH Ha HEeCKO/IbKO CaHTMMETPOB B OTKPbITbIA KOHeL, M30THYTOl CTEKNSIHHOW TPYy6KU
(NuTaTenb), B KOTOPYK HanuTa 06blyHas Boga (MPesnovTUTENbHO, AUCTUNNPOBAH-
Hasl). Becb maTepuan 0Ka3blBaeTCS CMOYEHHbIM W, NOJ BO3A4eNCTBMEM LUPKYNALUK
BO34yXa, Boja ucnapsieTcs U oxnaxpgaeT Konby Kanunnsipa. 3a cHET 3TOro nokasaHus
«CYXOr0» U «BNaXHOro» TEPMOMETPOB OT/INYAKTCA. DTO U SABNSETCA K/IHOUYEBLIM MO-
MEHTOM [/ ONpejesieHns 0THOCUTENIbHOM BAAXHOCTW BO3fyxa. [lanee octaétca ToNb-
KO cuMTaTb MOKa3aHUSA «CyX0oro» TepMOMEeTpa W OonpeAennTb pasHULy MNoKasaHuii
MeXY «CYXUM» U «BJIAXHbIM» TepMOMeTpOM. OTHOCUTENIbHYI0 BMAXHOCTb BO3jyXa
onpegensoT No NCUXPOMETPUUECKOW Tabnuue, NpuKpenaéHHON Ha Kopnyce npubopa,
B TOUKE MepecevyeHUs TeKyLleil TemnepaTypbl «CyX0ro» TepMOMeTpPa U pasHuLbl TeEM-
nepaTyp Mexay «CyxXumM» n «BaXXHbIM» TEPMOMETPOM.

[ns yBnaxHeHns Bo3fyxa B NMoMeLLeHUn Obls1 UCMOoNb30BaH NapoBoi yBiax-
HUTeNb Bo3ayxa Polall, ocHaléHHbIM ABYX/IMTPOBLIM pe3epByapoM Ans BoAbl. ITOro
06BbEMa [0CTATOYHO A1 6 YacoB HenpepbIBHOrO MCNO/b30BaHWSA ycTpolicTBa. MpuH-
LuMn AeicTBUA yBNAXHUTENS BO3yXa 3aK/H0UAETCA B HEMPepbIBHOM paboTe ABYX 3/eK-
TPOAOB, HarpesawLlMX BOLY B annapaTe [0 KUNEHUA M KOTopble npeobpasyloT ee B
nap. Mo6unbHbIN 1 YCTONUYMBLIA - 3TOT BUL YBNAXHUTENA ABNSAETCS 0YeHb pacnpo-
CTpaHeHHbIM annapaToM. [aHHasa Mogenb npubopa MMeeT PErysIMpoBKY MHTEHCUMBHO-
CTU YBNAKHEHUS.



Lnsi oUeHKM BenMuMHbI 3apsiaa CTAaTMYECKOro 3MeKTpuyecTBa Obln cobpaH
anekTpomeTp (PUCyHOK 2, PucyHok 3) [3, 78]. OcHOBa 3aneKTpoMeTpa - 3TO MOneBowv
TpaH3ncTop 3EV5. «MoneBbIMW Ha3bIBaKOT TPAH3MCTOPbI, YMNpaBNseMble 3neKTpude-
CcKMM nonem. X pabota o6ycnoBneHa B OCHOBHOM HOCUTENISIMM OHOW MOMSIPHOCTY,
NMOSTOMY WX Ha3bIBatOT NHOT4a YHUMNONSAPHbIMWY [4, 486].
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PucyHOK 2 - CxeMa 3/1eKTpoMeTpa

PucyHok 3 - C6opKa 3neKTpomeTpa

KoHgeHcatop C1 mmeeT Marbiii TOK YTEUKM U pabodee HanpsbkeHve 1000 B,
€ro emKocTb B npegenax 100-1000 nd. Pesuctop K2 orpaHMuvBaeT MakKCUMalbHbINA
TOK Yepe3 M1KpPoaMIepMeTp C TOKOM MOIHOrO OTKIOHeHWsA 50 MKA. Ha nvueByro na-
Hefb BbiBEAEHa pyyKa MOTEHLMOMETPAa YCTAHOBKU HY/S, KHOMKAa «06HyneHus» 8B1,
BbIK/OUare/b NuTaHns 8A1, aTarke 3a3eMIsatolLye BUHTBIL. B KauectBe aHTeHHbI Uc-
Mo/b3yeTcs OLMHKOBaHHasA CTavlbHas MiacTnHa.

Mocne c6opku Npubopa NPOM3BOAUTCS HACTPOMKa. [insi 3TOrO, HaXKaB KHOMKY
8B1, cnepyeTt BbIBECTU MOTEHUMOMETPOM K! CTpesky Ha cepefiuHy LKa/bl U ODKaTb
KHOMKy 8B1. Tenepb N0 OTKIOHEHWIO CTPENKU MOXHO CYauTb 00 U3MEHEHUN 3neK-
TPUYECKOr0 Mo BOKPYr nprbopa. Mpr oTnyLLEeHHOM KHOMke KoHaeHcaTtop C1 coxpa-
HSEeT NoTeHuman 3arBopa, HO eCNM Ha aHTeHHY AeNCTBYHOT afieKTpuyeckue nons, To
HanpsbKeHve Ha 3aTBOpE M3MEHSIETCH, UTO NMPUBOAUT K OTK/IOHEHUIO CTPENKW. Havkarne
KHOIMKY «0B6HYNEeHUs» JOMKHO BO3BPpALLATL CTPENKY K cepefviHe Lkabl (DUCYHOK 4).



Mpy NPUGIIKEHUN HASNEKTPU3OBAHHOIO TeNa K aHTEHHE, MPOWCXOAUT OT-
KOHEHME CTPENKN MWITMAMMEPMETPA B TY WU MHYHO CTOPOHY OT CEpeayHbI LLKabl, B
3aBMCUMOCTU OT 3HaKa 3apsida. st OLEHKM BEMMUMHBI 3aPsifia YCNOBHO MPUHSATLI 3Ha-

YEHUST: HU3KUIA, CpedHuiA 1 BbICOKWIA. Mepen KakabIM OMbITOM BHOBb MPOW3BOAUTCS
MOBTOpHas HaCTpoliKa.

PucyHOK 4 - T'MrpoMeTp 1 3NeKTPOMETP

[ns npoBeneHusi nccnefgoBaHUs BbIGpaHbl Neproibl BpEMEHN C OObIYHbIMM
ana pervoHos KpaiHero CeBepa HU3KVMMK Temrepatypamy OKPY>KatOLLIEro BO3dyXa:
sAHBapb (2016r.), HOSI6Pb U Aekabpb. B KayecTBe yuaCTHMKOB MPAKTMYECKOW vacTui
uccneaoBaHVs NpUBEKaNCL yyaluyiecs TMMHasnn. OnbITHbIE MNOLWAAKK - CTaHaapT-

Hble KabvHEeTbI LLUKOMbI, niowaasio 32-35 M2 060pyaoBaHHbIe MUKPOMPOLECCOPHONA
TEXHWKOM (PUCYHOK 4 - CM. BbllLe, PUCYHOK 5).

PucyHok 5 - Pa6oTa ¢ MHANKaTOpOM

B pesynbrare yCTaHOBNEHO, YTO BEMMYMHA JNEKTpM3aUMM HapacTaeT npu
Temnepartype OKpy>KatoLLEro (Hapy>kHOro) Bosgyxa -28°C 1 Hke.



Tak >e BbISIBMIEHO, YTO HaMbO/bLLIasA YacToTa HaKOMIeHUs 3apsiia CTaTniecko-
ro 3NeKTpMYecTBa CPeHEro 1 BbICOKOrO 3HaYeHUs (IMKCpyeTcs Npu OTHOCUTENbHOM
BNaOKHOCTWN BO3dyxa Hwke 51% v Temnepatype Bo3gyxa +24°C B nomewieHin. Pe-
3y/bTarbl NPaKTMYECKOoro arana UccnefoBaHus NpeactasneHbl B Tabnmue 1

[ns oueHkn athheKTMBHOCTM MOBbILLIEHWS BNaXKHOCTU BO34yXa B MOMELLEHWN
npou3BefeH aHan3 JaHHbIX, MONYyYEHHbIX OMbITHbIM MYTEM. VI3MeHeHVe BeMnUnHbI
3apsifia CTaTMYeCKOro 3MeKTpUYEeCTBa OMpeaeneHo Ha OCHOBaHUM MOKa3aHWUi MHAWKa-
TOpa, YCNOBHO pasfefieHHbIX Ha TPY YPOBHSA: HU3KWIA - OT O A0 7, cpefHuid - oT 8 Ao
16, BbicokuiA - OT 17 fo 25 (pA). PacueT adiheKTMBHOCTM (rocne yBa>KHEHNS BO3AY-
Xa) BbINOMHEH HA OCHOBaHWWN CpPaBHEHVS CYMMAPHOWN YaCTOTbl CllydyaeB CpefHero u
BbICOKOrO YPOBHS.

Mpuy NpUMEHEHUN YBNaXKHUTENSA BO3/yXa OTHOCUTE/IbHas BadXKHOCTb BO34yXa
noBbIlaeTcs Jo 63-65%, Npy aTOM CTeneHb INeKTpu3aumm Ten cHmkaetcs ot 60 o
100% (PucyHoOK 6 grarpamma 1).

BbiBogb!

B pagy mep 3awpmbl OT CTATUYECKOro 3/IEKTPUYECTBA, MPEemynpeXaatoLLmX
BO3MOXXHOCTb BO3HVIKHOBEHVS 3MIEKTPOCTATUYECKOTO 3apsifia M CHYDKAKOLLMX BENNMUYNHY
noteHumana 3apsga go 6e30nacHoOro ypoBHs, Havbonee JOCTYMHO YBNa>KHEHVE BO3[y-
Xa B MOMELLEHNN.

Ta6n|/|u,a 1 13MeHeHMe BeNNUNHbI 3apsja CTaTUYECKOro 3/IEKTPUYeCcTBa

[Jata Temne-  Temne- [0 yBnaxkHeHuA Nocne yBnavxHeHUs
patypa  partypa Briaxk- IMokasaHus Briaxk- MokasaHuA .
OKp. B HCTb  pynykatopa, pA  HOCTE VHyKaTopa, >
BO3MyXa, MOMELLEHMY, BO3YyXa, BO3yXa, pA &
°C o % % %
- 8 17 o & Y :
7 16 25 7 16 5 %
16.01.16  -30 +24 50 1 2 2 62 4 1 - I&
17.01.16  -32 +24 49 - 2 3 57 3 2 - 60
18.01.16  -32 +25 48 - 4 3 58 5 2 - 714
19.01.16  -32 +24 53 1 3 3 61 6 1 - 83,3
26.11.16  -27 +24 51 - 3 6 62 7 2 - 77,8
271116 -32 +22 5 2 4 - 63 6 - - 100
28.11.16  -32 +23 50 - 3 7 61 8 2 - 80
29.11.16 -29 +24 51 - 4 4 62 7 1 - 87,5
06.1216 -2 +22 56 3 3 - 65 6 - - 100
071216 -35 +25 48 - 4 5 56 6 3 - 66,7
08.1216  -33 +24 57 3 3 1 64 6 1 - I&
09.1216  -36 +23 5 5 4 - 63 8 1 - 5
101216  -38 +24 47 - 3 7 56 6 4 - 60

WTtak, rmnotesa vccnesoBaHus MOATBEPAMNACH: MOBbLILLEHNE OTHOCUTENbHOM
BMI@)KHOCTM BO34yXa B YYEOHbIX MOMELLEHMSIX CNOCOOCTBYET CHKEHWUIO BEMYVHBI
CTaTN4EeCKOro 3apsifa.

ONTMMaibHOE 3HaYeHne BNaXKHOCTW BO34yxa COocTaB/seT oT 57 o 65%. -
(heKTMBHOCTb OBLLIErO YBMaXKHEHNS BO3[yXa Kak Crnocoba CHXKEHVS BEMYMHBI CTaTu-



YeCcKoro 3apsifa, 0OCO6EHHO B NPOLOMKUTENbHBbIE Neprogbl NpeobnafgaHns HA3KMX TeM-
neparyp OKpy><atoLLIero (Hapy>kHOro) Bo3ayxa B pernmoHax KpaiiHero Cesepa, cocTas-
nsiet ot 60 go 100%, YTO MOXXET CNY>XKUTb PeKOMEeHAaUMen K UX NOBCEMECTHOMY MC-
MO/Mb30BaHMIO.
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PUCYHOK 6 - OLieHKa 3(h(heKTUBHOCTY MOBbILLEHWS BNI&XKHOCTY BO3/lyXa B NOMELLEHWUN

MpUMEHEHNE YBNaXKHUTENEA N VOHM3ATOPOB BO3AyXa B MOMELLIEHVSIX, B TOM
yncne WKOMbHbIX KabyHeTax, 060pyaoBaHHbIX MUKPOMPOLECCOPHON TEXHUKOW, NO3-
BO/ISIET CHM3UTb BEPOSITHOCTb 3MEKTPOCTATUYECKOro paspsiia, 06ecrneynts COOTBET-
CTBYHOLLIME TEXHUYECKME YC/IOBUSI U TPAMOTHYHO 3KCIUTyaraumio, HaaeXXHyto 1 Gecrie-
peboiiHyto paboTy AOPOrocTosLLEN annapaTtypbl.
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